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Linh vuc k§ thuat dwoc dé cap

Sang ché dé cap dén phuong phép san xuat moét cach hiru hiéu axit amin
dang L nhu axit L-glutamic, L-glutamin, L-prolin, L-arginin, L-asparagin, axit

L-aspartic, L-lysin, L-methionin, L-threonin va L-isoleuxin bing cach 1én men.
Tinh trang k§ thuit cia sang ché

Céac axit amin dang L c6 thé dugc san xuit theo phuong phap cong
nghiép bang cach 1én men chu yéu sir dung vi khuan san sinh axit amin dang L
goi 14 vi khudn Coryneform thudc ching Brevibacterium, Corynebacterium hoic
Microbacterium, hodc cac chung dot bién cia ching (vi dy, xem tai li€u phi
sang ché 1). Nhu cac phuong phép san xuat axit amin dang L bang céch 1én men
str dung céc chiing vi khuan khéc, da c6 cic phuong phép da biét sir dung vi sinh
vat thudc ching Bacillus, Streptomyces, Penicillium hodc twong ty (vi du, xem
tai liéu sang ché 1), cic phuong phdp st dung vi sinh vét thudc ching
Pseudomonas, Arthrobacter, Serratia, Candida hoac tuong tu (vi du, xem tai
liéu sang ché 2), cac phuong phép st dung vi sinh vat thudc ching Bacillus,
Pseudomonas, hodc Serratia, Aerobacter aerogenes (hién dugc goi la
Enterobacter aerogenes) hodc tuong tu (vi du, xem tai lidu sang ché 3), cic
phuong phap sir dung ching dot bién Escherichia coli (vi dy, xem tai liéu séng
ché 4), va v.v.. Ngoai ra, cac phuong phép san xuét axit amin dang L st dung vi
sinh vat thudc ching Klebsiella, Erwinia, Pantoea hodc Enterobacter cling da

duoc bde 10 (vi dy, xem cac tai liéu sang che tr 5 dén 7).

Ngoai ra, cling da bdc 10 cac k¥ thuat khac nhau dé gia tang kha ning san
sinh axit amin dang L bang cach tang cuong hoat tinh ctia enzym dé sinh tong
hop axit amin dang L st dung céc k¥ thuat ADN tai t6 hop. Vi du, di biét ring
viéc dua gen méd hoéa xitrat synthaza co ngudn gbc tir Escherichia coli hodc
Corynebacterium  glutamicum vao vi khuan Corynebacterium hoic
Brevibacterium 13 hitu hiéu dé gia ting kha ning san sinh axit L-glutamic cta vi
khuén Coryneform (vi du, xem tai liéu sang ché 8). Hon nira, cling da c6 bao cdo
1a viéc dua gen xitrat synthaza c6 ngudn gbc tir vi khuan Coryneform vao vi

khuin Enterobacterium thudc chung Enterobacter, Klebsiella, Serratia, Erwinia
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hodc Escherichia 13 hitu hiéu dé gia ting kha ning san sinh axit L-glutamic cia

vi khuan (vi dy, xem tai li€u sang ché 9).

Cacbonic anhydraza 12 mot enzym tham gia vao qué trinh chuyén héa
cacbon dioxit va gdc bicacbonat. Pa c6 bio cdo 1a Escherichia coli cb hai loai
cacbonic anhydraza, titc 1a, Can (cacbonic anhydraza 2) va CynT (cacbonic
anhydraza 1) (c4c tai liéu phi sang ché 2 va 3). Ciing rd rang 13 Can 13 cacbonic
anhydraza loai P, va khong thé thiéu cho su phat trién cta Escherichia coli duéi
&p sudt riéng phan cua cacbon dioxit & khi quyén binh thuong. Can va CynT
duoc ma hoa lan luot biang cic gen yadF va cynT. Ciing da biét ring, trong
Corynebacterium glutamicum, cic cacbonic anhydraza loai B va y da duogc phat

hién, va loai p déng vai trd chinh (xem tai liéu phi sang ché 4).

Nhu qué trinh san sinh céc chét hitu ich sir dung cacbonic anhydraza, da
biét viéc sir dung chung trong viéc san xuét ruou etylic tir nguyén liéu rau qua
chura lignoxenluloza cho bude xtr Iy so bd nguyén lidu tho (xem tai liéu sang ché
10). Ngoai ra, dd c6 bdo céo 13, trong viéc nghién clru sy gia tang f-cacbonic
anhydraza cta vi khuin Corynebacterium, khong gia ting luong lysin sinh ra
(xem tai lidu phi sang ché 4), va tinh hiéu qua cta viéc gia ting B-cacbonic
anhydraza dén viéc san sinh chédt va twong quan gitta hoat tinh ctia B-cacbonic

anhydraza va ning suat clia axit amin dang L van chua duoc biét dén.

Tai liéu trich din

Tai liéu sang ché 1: Patent M§ s6 3,220,929

Tai liéu sang ché 2: Patent M¥ s 3,563,857

Tai liéu sang ché 3: Cong bd don Nhat (KOKOKU) sb 32-9393

Tai lidu sang ché 4: Cong bd don Nhat khong xét nghiém (KOKAI) sb 5-244970
Tai liéu sang ché 5: Cong bd don Nhat khong xét nghiém sb 2000-106869
Tai liéu sang ché 6: Cong bd don Nhat khong xét nghiém s 2000-189169
Tai liéu sang ché 7: Cong bd don Nhat khong xét nghiém sé 2000-189175
Tai liéu sang ché 8: Cong bd don Nhat sb 7-121228

Tai liéu sang ché 9: Cong bd don Nhat khong xét nghiém sd 2000-189175
Tai liéu sang ché 10: Cong bd don patent M§ s6 2008/0171370
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Tai liéu phi sang ché

Tai liéu phi sang ché 1: Akashi K. va cong su, Amino axit Fermentation, Japan
Scientific Societies Press, 195-215, 1986

Tai li¢u phi sang ché 2: J. Biol. Chem, 267, 3731-3734, 1992

Tai li€u phi sang ché 3: Smith K.S., Ferry J.G, "Prokaryotic Cacbonic
Anhydrases", FEMS Microbiol. Rev., 24(4):335-66, 2000

Tai liéu phi sang ché 4: Appl. Microbiol. Biotechnol., 63, 592-601, 2004
Bén chit k§ thuit ciia sang ché

Muc dich cua sang ché 1a d& xuit phuong phap méi dé san xuét axit
amin dang L, didc biét la axit L-glutamic, L-glutamin, L-prolin, L-arginin, L-
asparagin, axit L-aspartic, L-lysin, L-methionin, L-threonin hodc L-isoleuxin,

bang cach 1én men.

Céc tac gia sang ché da tién hanh cac nghién ctru khac nhau dé dat dugc
muc dich néu trén. Két qua 1a ho di phat hién ra rang bang cach nudi ciy vi
khudn Coryneform cho kha ning san sinh axit amin dang L va cai bién dé gia
tdng hoat tinh cacbonic anhydraza (tir ddy cacbonic anhydraza goi la B-cacbonic
anhydraza trir khi duoc chi ra cu thé), axit amin dang L nhu axit L-glutamic, L-
glutamin, L-prolin, L-arginin, L-asparagin, axit L-aspartic, L-lysin, L-methionin,
L-threonin va L-isoleuxin c6 thé dugc san xudt mot cach hitu hiéu, va da hoan

thién sang ché.
Do d6, sang che de cap dén céc khia canh sau.

(1) Phuong phép san xuét axit amin dang L, bao gbém budc mudi cy vi
khudn Coryneform c6 kha ning san sinh axit amin dang L trong moi truong dé
tao ra va tich tu axit amin dang L trong moi1 trudng hodc cac té bao vi khuén, va
thu gom axit amin dang L tor mdi truong hodc céc té bao, trong d6 vi khuén
Coryneform da néu dugc cai bién dé gia tang hoat tinh ctia cacbonic anhydraza.

(2) Phuong phép theo muc (1), trong d6 hoat tinh cua cacbonic
anhydraza da néu duoc gia ting bing cich ting sO ban sao cua gen ma hoa
cacbonic anhydraza, hodc béng cach cai bién trinh tu kiém soat biéu hién cua

gen.

(3) Phuong phap theo muc (2), trong d6 gen ma hoa cacbonic anhydraza
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la ADN duogc xéc dinh theo (a) hodc (b) sau day:

(a) ADN bao gdm trinh tu nucleotit ctia cac sb nucleotit tir 562 dén 1182 cua
SEQ ID NO: 11, hodc trinh tu nucleotit cia SEQ ID NO: 13, hoac

(b) ADN ma c6 thé lai véi trinh tu bd sung cia trinh ty nucleotit ctia cac sd
nucleotit tir 562 dén 1182 cia SEQ ID NO: 11, hodc trinh tu nucleotit cia SEQ
ID NO: 13 duéi cac didu kién nghiém ngit, va ma hoa protein c6 hoat tinh cua
cacbonic anhydraza.

(4) Phuong phap theo muc bat ky trong sé cac muc tir (1) dén (3), trong
d6 vi khuan dugc cai bién thém dé cho hoat tinh cia D-xyloza-5-phosphat
phosphoketolaza va/hodc hoat tinh fructoza-6-phosphat phosphoketolaza.

(5) Phuong phap theo muc bat ky trong sé cac muc tir (1) dén (4), trong
d6 vi khudn duoc cai bién thém dé gia ting hoat tinh ciia phosphotransaxetylaza.

(6) Phuong phap theo muc bat ky trong s6 cac muc tir (1) dén (5), trong
d6 vi khuan duoc cai bién thém dé gia ting hoat tinh cia pyruvat carboxylaza.

(7) Phuong phap theo muc bt ky trong sd cac muc tir (1) dén (6), trong
d6 vi khuan duoc cai bién thém dé gia ting hoat tinh ctia phosphoenolpyruvat
carboxylaza.

(8) Phuong phap theo muc bt ky trong s6 cac muc tir (1) d&én (7), trong
d6 axit amin dang L dugc chon tir nhém bao g@)m axit L-glutamic, L-glutamin,
L-prolin, L-arginin, L-leuxin va L-xystein.

Theo phuong phép san xuat ctia sang ché, cac axit amin dang L nhu axit
L-glutamic, L-glutamin, L-prolin, L-arginin, L-asparagin, axit L-aspartic, L-
lysin, L-methionin, L-threonin va L-isoleuxin c6 thé dugc san xudt mot cach
hiéu qua.

MO ta vin tit hinh vé

Fig.1 thé hién lugng tich tu axit amin dang L quan sat dugc v6i ching

gia tang cacbonic anhydraza (BCA).
M5 ta chi tiét sang ché
Sau ddy, sang ché s& duoc giai thich mot cach chi tiét.

<1> Vi khuan Coryneform dugc sir dung cho phuong phap cua sang ché
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Vi khuén Coryneform duoc sir dung cho phuong phap theo sang ché 1a vi
khuén coryneform c6 kha ning san sinh axit amin dang L va cai bién dé gia ting
hoat tinh cua cacbonic anhydraza. Vi khuén Coryneform dugc st dung cho
phuong phép theo sang ché co thé thu dugc bing cach st dung vi khuan
Coryneform c6 kha nang san sinh axit amin dang L nhu chung cha me, va cai
bién né sao cho hoat tinh ctia cacbonic anhydraza cia né duoc gia ting. Vi
khuén Coryneform dugc st dung cho phwong phap theo sang ché co thé 1a vi
khuén Coryneform vdn ¢6 kha nang san sinh axit amin dang L, hodc ¢6 thé 1a vi
khudn Coryneform cho kha nang san sinh axit amin dang L bing céch nhén
gibng st dung phuong phap dot bién, k¥ thuat ADN téi to hop, hodc twong tu.
Theo sang ché, "vi khuin Coryneform" ciing gdm vi khuan da duoc phan loai tir
tredc thanh chung Brevibacterium ma hién dugc phan loai vao ching
Corynebacterium (Int. J. Syst. Bacteriol., 41:255-260, 1991), va vi khuan thudc
ching Brevibacterium, céc vi khuan nay cling c¢6 quan hé gan giii v6i ching
Corynebacterium. Céc vi du vé vi khuan Coryneform nay bao gdm cac vi khuan
sau day:

Corynebacterium axetoacidophilum

Corynebacterium axetoglutamicum

Corynebacterium alkanolyticum

Corynebacterium callunae

Corynebacterium glutamicum

Corynebacterium lilium

Corynebacterium melassecola

Corynebacterium thermoaminogenes (Corynebacterium efficiens)

Corynebacterium herculis

Brevibacterium divaricatum

Brevibacterium flavum

Brevibacterium immariophilum

Brevibacterium lactofermentum

Brevibacterium roseum

Brevibacterium saccharolyticum

Brevibacterium thiogenitalis
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Corynebacterium amoniacgenes

Brevibacterium album

Brevibacterium cerinum

Microbacterium amoniacphilum

Céc vi du cu thé v& cac vi khudn nay gdm céc chiing sau day:
Corynebacterium axetoacidophilum ATCC 13870
Corynebacterium axetoglutamicum ATCC 15806
Corynebacterium alkanolyticum ATCC 21511
Corynebacterium callunae ATCC 15991

Corynebacterium glutamicum ATCC 13020, ATCC 13032, ATCC
13060

Corynebacterium lilium ATCC 15990

Corynebacterium melassecola ATCC 17965
Corynebacterium thermoaminogenes AJ12340 (FERM BP-1539)
Corynebacterium herculis ATCC 13868

Brevibacterium divaricatum ATCC 14020

Brevibacterium flavum ATCC 13826, ATCC 14067
Brevibacterium immariophilum ATCC 14068
Brevibacterium lactofermentum ATCC 13869
Brevibacterium roseum ATCC 13825

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

Brevibacterium cerinum ATCC 15112

Microbacterium amoniacphilum ATCC 15354

Céc chiing nay, vi dy, c6 ban bdi American Type Culture Collection (dia
chi: 12301 Parklawn Drive, Rockville, Maryland 20852, P.O. Box 1549,
Manassas, VA 20108, United States of America). Tic 1a, cac ) dang ky dugc
gan cho mdi chiing, va céc chung c6 thé dugc dat bang cach sir dung cac s diang
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ky nay (xem http://www.atcc.org/). Cac sb dang ky ctia cac chung duoc liét ké
trong danh muc ciia American Type Culture Collection. Chiung AJ12340 dugc
ky gui ngay 27/10/ 1987 tai National Institute of Bioscience va Human
Technology, Agency of Industrial Science and Technology, Ministry of
Economy, Trade va Industry (hién nay 1a co quan quéan ly doc ldp, National
Institute of Advanced Industrial Science va Technology, International Patent
Organism Depositary, Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi,
Ibaraki-ken, 305-5466, Japan) véi phién ma sé6 FERM BP-1539 theo cac quy

dinh cta cong udc Budapest.

Theo sang ché, "kha ning san sinh axit amin dang L" ¢6 nghia 1a kha
ning cua vi khudn Coryneform duge st dung cho phuong phép theo sang ché dé
tich tu axit amin dang L trong méi truong, khi vi khuan dugc nudi cdy trong moi
truong nay. Kha ning san sinh axit amin dang L nay c6 thé 1a dic tinh ma chung
hoang dai cua vi khuén Coryneform cd, hodc dic tinh c6 dugc hodc gia ting

bang cach nhan gidng.

Céac vi du vé axit amin dang L bao gém L-lysin, axit L-glutamic, L-
threonin, L-valin, L-leuxin, L-isoleuxin, L-serin, axit L-aspartic, [.-asparagin, L-
glutamin, L-arginin, L-xystein (Xystin), L-methionin, L-phenylalanin, L-
tryptophan, L-tyrosin, L-glyxin, L-alanin, L-prolin, L-ornithin, L-xitrulin, va L-
homoserin. Tuy nhién, céc axit amin dang L c6 ngudn gdc tir axit oxaloaxetic va
axetyl-CoA duogc uu tién, va axit L-glutamic, L-glutamin, L-prolin, L-arginin, L-
asparagin, axit L-aspartic, L-lysin, L-methionin, L-threonin, va L-isoleuxin dic

biét dugc vu tién.
<1-1> Truyén kha ning san sinh axit amin dang L

Sau day, cac phuong phép dé truyén kha ning san sinh axit amin dang L
cho vi khuén Coryneform va vi khudn Coryneform duoc truyén kha ning san

sinh axit amin dang L s&€ dugc gidi thich dya vao cac vi du.

Céc vi du v& phuong phap dé truyén hoic gia tang kha nang san sinh axit
L-glutamic bang cach nhéan gidng, vi du, bao gdm phuong phép cai bién vi
khuan sao cho su biéu hién gen ma héa enzym tham gia trong qua trinh sinh
téng hop axit L-glutamic. Céc vi du vé enzym nay tham gia trong qu4 trinh sinh
téng hop axit L-glutamic, vi du, bao gdm glutamat dehydrogenaza, glutamin

synthetaza, glutamat synthaza, isoxitrat dehydrogenaza, aconitat hydrataza,
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xitrat synthaza, phosphoenolpyruvat carboxylaza, pyruvat carboxylaza, pyruvat
dehydrogenaza, pyruvat kinaza, phosphoenolpyruvat synthaza, enolaza,
phosphoglyxeromutaza, phosphoglyxerat kinaza, cc glyxeraldehyt-3-phosphat
dehydrogenaza, triosephosphat isomeraza, fructoza bisphosphat aldolaza,

phosphofructokinaza, glucoza phosphat isomeraza, va v.v..

Céc vi du vé phuong phép dé gia tang sy biéu hién cac gen nay nhu néu
trén bao gém viéc dua plasmit khuéch dai thu duoc béng cach dua doan ADN
chira bat ky mot trong s cic gen ndy vao plasmit phtt hop, vi du, plasmit chira it
nhat gen chiu trach nhiém sao chép va cac chitc ning ting sinh ctia plasmit trong
vi khudn Coryneform, ting s6 ban sao ciia gen bat ky trong sd cac gen trén
nhidm séc thé béng cach tiép hop, chuyén gen, hodc twong tu, va viéc dua dot
bién vao ving khéi déu cta gen bat ky trong s6 cac gen nay (xem cong bd don
qudc t& W095/34672)

Khi st dung plasmit khuéch dai néu trén, hodc sb ban sao duoc gia tang
trén nhidm séc thé, gen khai dau dé biéu hién cac gen nay ciing c6 thé 1a gen
khoi dau bat ky toi chimg nao gen khoi dau déng chic niang trong vi khuin
Coryneform dugc chon, va co thé 1a doan khéi dau cua ban than gen su dung.
Luong biéu hién clia gen ciing c6 thé duoc kiém soat bang cach chon phu hop
doan khéi ddu. Cac vi du vé vi khuan Coryneform dugc cai bién bing cac
phuong phdp nay nhu néu trén sao cho sy biéu hién gen xitrat synthaza, gen
phosphoenolpyruvat carboxylaza va/hodc gen glutamat dehydrogenaza dugc gia
ting gdm vi khuan Coryneform dugc boc 16 trong WO00/18935 va v.v..

Su cai bién dé truyén kha nang san sinh axit L-glutamic c6 thé thu duoc
bang cach khir hodc giam hoat tinh ctia enzym ma xtc tic phan Gng r& nhanh tir
con dudng sinh téng hop axit L-glutamic va tao ra hop chit khic véi axit L-
glutamic. Cac vi du vé enzym nay xuc tac phan tng r& nhanh tir con dudng sinh
tbng hop axit L-glutamic va tao ra hop chat khic véi axit L-glutamic gdm
isoxitrat lyaza, a-ketoglutarat dehydrogenaza, phosphat axetyltransferaza, axetat
kinaza, axetohydroxy axit synthaza, axetolactat synthaza, format
axetyltransferaza, lactat dehydrogenaza, glutamat decarboxylaza, 1-pyrolin

dehydrogenaza, va v.v..

D¢ khir hodc loai bd céc hoat tinh cia cac enzym nay, dot bién cd thé

dugc dua doan khoi dau vao cic gen cla cdc enzym trén nhiém sic thé bang
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phuong phép gy dot bién thong thudng sao cho cac hoat tinh ndi bao cua cic
enzym bi khir hodc loai bd. Viéc dua dot bién nay co thé thu duoc, vi du, béng
cach sir dung tai to hop gen dé loai bo cac gen ma héa cic enzym trén nhiém sic
thé hodc cai bién trinh tu kiém soét biéu hién nhu gen khoi ddu hodc trinh tu
Shine-Dalgarno (SD). Su dot bién ciing c¢6 thé thu dugc bing cach dua dot bién
dé thé axit amin (dot bién sai nghia), codon két thic (dot bién vo nghia), hoac
dot bién dich khung dé bd sung hodc x6a mdt hodc hai nucleotit vao cac viung
mi héa cac enzym trén nhiém séc thé, hodc x6a bo mot phan cac gen (J. Biol.
Chem., 272:8611-8617, 1997). Cac hoat tinh ctia enzym ciing c6 thé bi giam
hodc mét bing cach thiét ké gen ma héa enzym dot bién, ma viing ma hoa cua
n6 bi x6a, va thé né cho gen binh thudng trén nhiém sic thé bang céach tai td hop
twrong ddng hoic twong tu.

Vi dy, dé giam hoat tinh cta o-ketoglutarat dehydrogenaza, sy cai bién
c¢6 thé dugc tién hanh bang cach sir dung gen sucd (odhA) mi héa phan doan

Elo cua enzym.

Trinh ty nucleotit cuia gen sucA va trinh ty axit amin dugc ma hoa nho do
duoc thé hién 1a c4c trinh tu SEQ ID NO: 9 va 10. Vi dy, sy gdy gen sucA c6 thé
duoc thuc hién bang phuong phap dugc moé ta trong vi du mé ta dudi dy sir
dung céc doan moi cia SEQ ID NO: tir 1 dén 6.

Ngoai ra, cac vi du vé céc chung c6 hoat tinh cua a-ketoglutarat
dehydrogenaza giam, vi du, bao gdm cac ching sau day:
Chung Brevibacterium lactofermentum AS (W095/34672)

Brevibacterium lactofermentum AJ12821 (FERM BP-4172, patent Phap
56 9401748)

Brevibacterium flavum AJ12822 (FERM BP-4173, patent Phap sb
9401748)

Corynebacterium glutamicum AJ12823 (FERM BP-4174, patent Phép s6
9401748)

Céc vi du vé cac phuong phép khac dé truyén hoic gia tang kha ndng san
sinh axit L-glutamic ciing bao gdm phwong phép truyén kha nang khang lai axit
twong ddng ctia axit hitu co, cht trc ché chudi ho hap, hoic twong tu, va phuong
phap truyén tinh nhay cho chét e ché tdng hop thanh té bao. Céc vi du vé céc

-10-
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phuong phap ndy bao gdm phuong phap truyén kha niang khang lai cac
benzopyron hoic naphtoquinon (cong bd don Nhat khong xét nghiém sé 56-
1889), phuwong phép truyén kha niang khang lai HOQNO (cong bd don Nhat
khong xét nghiém sé 56-140895), phuong phép truyén kha ning khang axit o-
ketomalonic (cong bd don Nhat khong xét nghiém s 57-2689), phuong phép
truyén kha ning khéng lai guanidin (cong bé don Nhat khong xét nghiém sb 56-
35981), phuong phép truyén tinh nhay penixilin (cong bd don Nhat khong xét
nghiém s 4-88994), va v.v..

Céc vi du cu thé vé cac ching khang nay bao gdm cac ching sau day:

Brevibacterium flavum AJ11355 (FERM P-5007, xem cong bd don Nhat
khong xét nghiém sb 56-1889)

Corynebacterium glutamicum AJ11368 (FERM P-5020, xem cong bd
don Nhat khong xét nghiém s 56-1889)

Brevibacterium flavum AJ11217 (FERM P-4318, xem cdng bd don Nhat
khong xét nghiém sé 57-2689)

Corynebacterium glutamicum AJ11218 (FERM P-4319, xem cong bd
don Nhat khong xét nghiém sé 57-2689)

Brevibacterium flavum AJ11564 (FERM BP-5472, xem cong by don
Nhéat khong xét nghiém s 56-140895)

Brevibacterium flavum AJ11439 (FERM BP-5136, xem cong b don
Nhat khong xét nghiém sb 56-35981)

Corynebacterium glutamicum H7684 (FERM BP-3004, xem cong bd
don Nhat khéng xét nghiém sb 04-88994)

Céc vi du vé phuong phép truyén kha nang san sinh L-glutamin, vi du,
bao gdm phuong phép céi bién vi khudn sao cho su biéu hién gen ma hda enzym
tham gia trong qué trinh sinh tong hop L-glutamin duoc gia ting. Céc vi du vé
enzym tham gia trong qud trinh sinh tong hop L-glutamin, vi du, bao gom
glutamin synthetaza va glutamat dehydrogenaza (cong bd don Nhat khong xét
nghiém s6 2002-300887).

Su cdi bién dé truyén kha ning san sinh L-glutamin cling c6 thé thu duoc

bang viéc giam hodc x6a bd hoat tinh clia enzym xidc tac phan tng ré nhanh tir
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con dudng sinh téng hop clia L-glutamin va tao ra mot hop chét khac. Vi du, c6
thé thu duoc viéc khtr hoat tinh cia glutaminaza ndi bao (cong bd don Nhat
khong xét nghiém sd 2004-187684).

Céc vi du vé cac phuong phép truyén hodc gia ting kha ning san sinh L-
glutamin ciing bao gdm viéc truyén kha nang khang lai cac dong déng cua axit
amin va v.v.. Cac vi du cu thé bao gébm gdm viéc truyén kha ning khang 6-
diazo-5-oxo-norleuxin (cong bd don Nhat khén_g xét nghiém s6 3-232497),
truyén kha ning khang dong ding purin va/hodc kha niang khang methionin
sulfoxit (cong bd don Nhat khong xét nghiém sb 61-202694), truyén kha nang
khang axit o-ketomalonic (cong bd don Nhat khong xét nghiém sé 56-151495),
truyén kha ning khang peptit chtra axit glutamic (cong bd don Nhat khong xét
nghiém s 2-186994), va v.v..

Céac vi du cu thé vé& vi khudn Coryneform c6 kha ning san sinh L-
glutamin bao gdm céc chiing sau day:

Brevibacterium flavum AJ11573 (FERM P-5492, cong bd don Nhat
khong xét nghiém sb 56-151495)

Brevibacterium flavum AJ12210 (FERM P-8123, cong bd don Nhat
khong xét nghiém sb 61-202694)

Brevibacterium flavum AJ12212 (FERM P-8125, cong bd don Nhat
khong xét nghiém sb 61-202694)

Brevibacterium flavum AJ12418 (FERM-BP2205, cong bd don Nhat
khong xét nghiém sb 2-186994)

Brevibacterium flavum DH18 (FERM P-11116, cong b don Nhat khong
xét nghiém sb 3-232497)

Corynebacterium melassecola DH344 (FERM P-11117, coéng b6 don
Nhat khong xét nghiém sd 3-232497)

Corynebacterium glutamicum AJ11574 (FERM P-5493, cong bb don
Nhat khong xét nghiém s 56-151495)

Céc vi du vé phuong phép truyén kha nang san sinh L-prolin, vi du, bao
gdm phuong phap cai bién vi khuén sao cho sy biéu hién gen ma héa enzym

tham gia trong qué trinh sinh téng hop L-prolin dugc gia ting. Céc vi du vé
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enzym tham gia trong qua trinh sinh téng hop L-prolin, vi du, bao gdm
glutamat-5-kinaza, y-glutamylphosphat reductaza, va pyrolin-5-carboxylat

reductaza.

Su cai bién dé truyén kha ning san sinh L-prolin ciing c6 thé duoc tién
hanh bang cach giam hoic x6a hoat tinh clia enzym xuc tac phan ung r& nhanh
tir con dudng sinh tong hop L-prolin dé tao ra mot hop chit khéac. Céc vi du,

chdng han, bao gom viéc giam hoat tinh cia ornithin aminotransferaza ni bao.

Céc vi du vé phuong phép truyén kha nang san sinh L-arginin bao gdm
phwong phép cai bién vi khuan sao cho sy biéu hién gen ma hoa enzym tham gia
trong qué trinh sinh tong hop L-arginin duoc gia ting. Cac vi du vé cac enzym
sinh téng hop L-arginin bao gdm mot hoic nhidu enzym dugc chon tir N-
axetylglutamyl phosphat reductaza (argC), ornithin axetyltransferaza (argJ), N-
axetylglutamat kinaza (argB), axetylornithin transaminaza (argD), ornithin
carbamoyl  transferaza  (argF), argininosucxinat synthaza  (argG),
argininosucxinat lyaza (argH), va carbamoyl-phosphat synthaza.

Mot phuong phap truyén kha ning san sinh L-arginin khac 1a phuong
phép truyén kha ning khang dong déng cta axit amin hodc twong tw. Céc vi du
vé vi khuan thu dugc bang phuong phap nay bao gdm vi khudn Coryneform thé
hién L-histidin, L-prolin, L-threonin, L-isoleuxin, L-methionin, hodc dinh dudng
sinh truéng L-tryptophan ngoai kha ning khang 2-thiazolalanin (cong bd don
Nhat khong xét nghiém sé 54-44096); vi khuan Coryneform khang axit
ketomalonic, axit flomalonic hoic axit monofloaxetic (cong bd don Nhat khong
xét nghiém s6 57-18989); vi khuén Coryneform khang argininol (cong bd don
Nhat sb 62-24075); vi khuén Coryneform khang X-guanidin (X thé hién dan
xuét cia axit béo hodc mach béo, cong bd don Nhat khong xét nghiém s6 2-
186995); vi khuan Coryneform khang arginin hydroxamat va 6-azauraxil (cong
bb don Nhat khong xét nghiém s 57-150381), va v.v..

Ngoai ra, do L-arginin, L-glutamin va L-prolin bao gdm axit L-glutamic
nhu ciu tric co ban, vi khuan c6 kha ning tao ra mot axit amin bét ky c6 thé
duoc nhan gidng bang cach khuéch dai gen ma héa enzym xuc tac phan ng tao
ra axit amin dang L bét ky tir axit L-glutamic trong vi khudn san sinh axit L-

glutamic nhu néu trén.

Ngoai ra, con dudng sinh tong hop ctia L-xitrulin va L-ornithin 13 chung
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v6i con dudng sinh tong hop L-arginin, va do dé kha ning tao ra ching c6 thé
duoc truyén biang cich gia ting céc hoat tinh clia enzym cia N-axetylglutamat
synthaza (argA), N-axetylglutamyl phosphat reductaza (argC), ornithin
axetyltransferaza (argJ), N-axetylglutamat kinaza (argB), axetylornithin

transaminaza (argD) va axetylornithin deaxetylaza (argE).

Nhu vi khudn Coryneform c6 kha ning san sinh L-xystein, vi du da biét
vi khuan Coryneform ma hoat tinh ctia serin axetyltransferaza noi bao duoc gia
tang bang cach cé serin axetyltransferaza mét nhay v&i su te ché hoi tiép boi L-
xystein (cong b6 don Nhat khong xét nghiém s 2002-233384).

Céc vi du vé phuong phap truyén kha ning san sinh L-valin, vi du, bao
gdm phuong phap cai bién vi khudn sao cho su biéu hién gen ma hoa enzym
tham gia trong qué trinh sinh tong hop L-valin dwoc gia ting. Céac vi du vé
enzym tham gia qué trinh sinh tong hop L-valin gdm cac enzym dwoc ma hoa
bang cac gen c6 mit trén ilvBNC operon, tic 13, axetohydroxy axit synthetaza
mi héa bang ilvBN va isomero-reductaza ma hoa bang ilvC (W0O00/50624). Do
ilvBNC operon chiu su diéu tiét biéu hién cua operon béi L-valin va/hodc L-
isoleuxin va/hodc L-leuxin, nén mong mudn 13 loai bo sy suy giam dé tranh su

trc ché biéu hién b&i L-valin tao thanh.

Vi khudn Coryneform cé kha ning san sinh L-valin cting ¢6 thé thu duogc
bang cach giam hodc loai trir hoat tinh cua it nhit mot loai enzym tham gia trong
qua trinh trao d6i chét lam giam sy san sinh L-valin. Vi du, c6 thé thu dugc viée
gidm hoat tinh cua threonin dehydrataza tham gia trong qua trinh téng hop L-
leuxin, hodc hoat tinh cia enzym tham gia trong qua trinh téng hop D-
pantothenat (WO00/50624).

Céc vi du v& cac phuong phap truyén kha ning san sinh L-valin cling bao
gdm truyén kha nang khang dong ding cua axit amin hodc twong tu. Cac vi du
vé vi khuén thu duoc béng phuong phép, vi du, bao gém céc chung dot bién ma
la dinh dudng thu dong v6i L-isoleuxin va L-methionin, va khing D-riboza,
purin ribonucleosit hodc pyrimidin ribonucleosit, va c6 kha ning san sinh L-
valin (FERM P-1841, FERM P-29, cong b6 don Nhat s§ 53-025034), cac ching
dot bién khéng cac polyketit (FERM P-1763, FERM P-1764, cong b don Nhat
56 06-065314), va cac chung dot bién khang L-valin trong moéi truong chira axit

axetic nhu ngudn cacbon duy nhat va nhay cam véi cac déng dang cua axit
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pyruvic (axit B-flopyruvic, v.v.) trong moi truong chtra glucoza lam ngudn
cacbon duy nhat (FERM BP-3006, BP-3007, patent Nhat s6 3006929).

Céc vi du vé vi khudn Coryneform duoc truyén kha ning san sinh L-
alanin, vi du, bao g@)m vi khuén Coryneform thiéu hoat tinh ctia H'-ATPaza
(Appl. Microbiol. Biotechnol., 2001 Nov., 57(4):534-40), vi khuan Coryneform
trong d6 gen aspartat B-decarboxylaza duwoc khuéch dai (cong bd don Nhat
khong xét nghiém sd 07-163383), va v.v..

Céac vi du vé vi khuin Coryneform duoc truyén kha ning san sinh L-
lysin gdm cac ching khang dong dang ciia lysin hodc cac chiung dot bién didu
hoa trao dbi chét c6 kha nang san sinh L-lysin. Céc vi du cu thé bao gdm S-(2-
aminoetyl)-xystein (sau day viét tat 1a "AEC") khang céc ching dot bién
(Brevibacterium lactofermentum AJ11082 (NRRL B-11470) v.v., xem cong bd
don Nhat sb 56-1914, 56-1915, 57-14157, 57-14158, 57-30474, 58-10075, 59-
4993, 61-35840, 62-24074, 62-36673, 5-11958, 7-112437 va 7-112438); cac
chiing dot bién can axit amin nhu L-homoserin cho su phat trién cua ching (xem
cong bd don patent Nhat s 48-28078 va 56-6499); cac chung dot bién thé hién
kha nang khang AEC va con cn axit amin nhu L-leuxin, L-homoserin, L-prolin,
L-serin, L-arginin, L-alanin va L-valin (xem Patent My s6 3,708,395 va
3,825,472); cac chiing dot bién san sinh L-lysin thé hién khang DL-a-amino-¢-
caprolactam, o-amino-laurolactam, dong ding cia axit aspartic, thubc sulfa,
quinoit va N-lauroylleuxin; c4c ching dot bién san sinh L-lysin thé hién khang
oxaloaxetat decarboxylaza hodc chat tic ché enzym dudng ho hip (cong bd don
Nhat khong xét nghiém s 50-53588, 50-31093, 52-102498, 53-9394, 53-86089,
55-9783, 55-9759, 56-32995, 56-39778, cong bd don patent Nhat sé 53-43591
va 53-1833); cac chung dot bién san sinh L-lysin doi héi inositol hodc axit axetic
(cong bd don Nhat khong xét nghiém s6 55-9784 va 56-8692); cac chung dot
bién san sinh L-lysin d& chiu axit flopyruvic hodc nhiét do 34°C hoic cao hon
(cong bd don Nhat khong xét nghiém s§ 55-9783 va 53-86090); cac ching dot
bién san sinh L-lysin cta vi khun Brevibacterium hodc Corynebacterium thé

hién khéng etylen glycol (Patent My s6 4,411,997), va v.v..

Ngoai ra, vi khudn Coryneform duoc truyén kha ning san sinh L-lysin
ciing c6 thé thu duoc bing cach gia ting hoat tinh ctia enzym sinh tong hop L-
lysin. Su gia ting hoat tinh ctia enzym nay c6 thé dat dugc bang cach ting sb
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béan sao clia gen ma héa enzym trong céc té bao, hodc bang cach cai bién trinh tu
kiém so4t biéu hién cta ching.

Céc vi du vé cic gen ma hoa cac enzym sinh tong hop L-lysin gdm céc
gen md hoa cac enzym cia con duong diaminopimelat nhu gen
dihydrodipicolinat  synthaza (dapA4), gen aspartokinaza (lysC), gen
dihydrodipicolinat reductaza (dapB), gen diaminopimelat decarboxylaza (lysA4),
gen diaminopimelat dehydrogenaza (ddh) (W096/40934 ddi véi tat ca cac gen
néu trén), gen phosphoenolpyrvat carboxylaza (ppc) (cong bd don Nhat khong
xét nghiém s 60-87788), gen aspartat aminotransferaza (aspC) (cong bd don
patent Nhat s& 6-102028), gen diaminopimelat epimeraza (dapF) (cong bd don
Nhat khong xét nghiém sb 2003-135066), va gen aspartat semialdehyt
dehydrogenaza (asd) (WO00/61723), cac gen ma hoa cac enzym cuia con dudng
axit aminoadipic nhu gen homoaconitat hydrataza (cong b don Nhat khong xét
nghiém s6 2000-157276), va v.v., vi khuin Coryneform cai bién bang cach s
dung cic gen nay dugc boc 1§ trong cong bd don Nhat khong xét nghiém s 10-
215883, 10-165180, WO96/40934, v.v..

Nhu gen mé héa aspartokinaza III (IysC), gen cai bién sao cho enzym
duogc khtr nhay dé we ché hdi tiép bang L-lysin tdt hon dwoc st dung. Gen lysC
cai bién dé khir nhay wc ché hi tiép c6 thé thu dugc bang phuong phép duoc
md ta trong Patent My s 5,932,453.

Ngoai ra, vi khuan Coryneform duogc truyén kha ning san sinh L-lysin c¢6
thé c6 hoat tinh clia enzym gidm ma xtc tac phan tmg tao ra hop chat khéc véi
L-lysin hodc c6 thé thiéu hoat tinh nay, hodc céc gen co thé bi khtt hoat tinh cia
enzym ma tadc dong nguoc dén su san sinh L-lysin, hodc ¢o thé bi thiéu hut hoat
tinh d6. Cac vi du vé céc enzym nay bao gdm gdm homoserin dehydrogenaza,
lysin decarboxylaza (cadd, ldcC), va enzym malic, va cac chiing trong dé cac
hoat tinh cia cdc enzym nay giam hodc mét dugc bdc 10 trong W095/23864, va

V.V..

Céc vi du uu tién vé vi khuén Coryneform duoc truyén kha ning san sinh
L-tryptophan 13 vi khuin trong d6 mét, hai hodc nhiéu hoat tinh trong s6 hoat
tinh ctia anthranilat synthetaza, hoat tinh ctia phosphoglyxerat dehydrogenaza,
va hoat tinh cua tryptophan synthaza dugc ting cuong. Do anthranilat
synthetaza va phosphoglyxerat dehydrogenaza chiu su trc ché héi tiép 1an luot
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bdi L-tryptophan va L-serin, nén cac hoat tinh ciia enzym cua n6 c6 thé dugc

tdng cuong bz?lng céch tao ra vi khudn c6 enzym dot bién loai khur nhay.

Hon nita, kha ning san sinh L-tryptophan ciing c6 thé dugc truyén bang
cach dua ADN téi t6 hop chtra operon tryptophan. Hon nita, kha ning san sinh
L-tryptophan c6 thé dugc gia ting hodc truyén bang cach gia ting su biéu hién
gen md hoa tryptophan synthaza trong operon tryptophan (frpBA). Tryptophan
synthaza bao g@)m cac phan doan a va §, ma lan luot duge ma hoa béng cac gen
trpA va trpB. Trinh ty nucleotit cuia operon tryptophan va trinh tu nucleotit cua
trpA va trpB dugc dang ky la mi truy cdp ngin hang gen s6 101714
(W02005/103275).

Céc vi du vé vi khuén Coryneform duogc truyén kha niang san sinh L-
tryptophan gdm Brevibacterium flavum AJ11667 (xem cong bd don Nhat khong
xét nghiém s6 57-174096).

Céac vi du vé vi khudn Coryneform dugc truyén kha ning san sinh L-
tyrosin gdm Corynebacterium glutamicum AJ11655 (FERM P-5836, xem cong
bd don patent Nhat sd 2-6517), va Brevibacterium lactofermentum AJ12081
(FERM P-7249, xem cong bd don Nhét khong xét nghiém sb 60-70093).

Céc vi du vé vi khuan Coryneform c6 kha nang san sinh L-phenylalanin
bao gdm chung thé hién sy khang dinh dudng sinh truéng tyrosin va L-
phenylalanyl-L-tyrosin (cong b don Nhat khong xét nghiém sb 5-49489) va
Brevibacterium lactofermentum AJ12637 (FERM BP-4160, xem cong bd don
patent Phap khong xét nghiém sb 2,686,898).

L-Tryptophan, L-phenylalanin, va L-tyrosin 14 tit ca cac axit amin thom
va ¢6 chung con duong sinh tdng hop. Cac vi du vé cac gen ma hoa cac enzym
sinh tong hop cho céc axit amin thom nay bao gdm deoxyarabino-heptulosonat
phosphat synthaza (aroG), 3-dehydroquinat synthaza (aroB), dehydrataza cia
axit shikimic, shikimat kinaza (aroL), S5-enolpyruvylshikimat-3-phosphat
synthaza (aroA), va chorismat synthaza (aroC) (cong bd don patent Chéu Au
khoéng xét nghiém sd 763127). Do d6, kha ning san sinh axit amin thom c6 thé
duoc gia ting bang cach ting sb ban sao ciia gen ma héa bét ky mot trong sd cac
enzym ndy trén plasmit hodc bo gen. Pa biét ring cic gen nay dugc kiém soat
bang gen kim ham tyrosin (fy7R), va nén hoat tinh ctia enzym sinh tong hop axit

amin thom ciing c6 thé dugc gia tang bang cach x6a gen #yrR (xem cong bd don

-17-



22884

patent Chau Au khong xét nghiém s6 763127).

Hon nita, cac vi du vé vi khudn Coryneform cé kha ning san sinh L-
threonin gdm Corynebacterium axetoacidophilum AJ12318 (FERM BP-1172,
xem patent My sb 5,188,949), va v.v..

Céac vi du v& vi khudn Coryneform duoc truyén kha niang san sinh L-
leuxin bao gdm Brevibacterium lactofermentum AJ3718 (FERM P-2516, 2-
thiazolalanin va khang B-hydroxyleuxin, va isoleuxin va dinh dudng thu dong

methionin).

Céc vi du vé& vi khuin Coryneform c6 kha ning san sinh L-isoleuxin gbém
Brevibacterium flavum AJ12149 (FERM BP-759, xem patent M§ sb 4,656,135),

va v.v..
<1-2> Tang cuong hoat tinh ciia cacbonic anhydraza

Bing céch cai bién vi khuén Coryneform dugc truyén kha ning san sinh
axit amin dang L nay nhu d& néu trén sao cho hoat tinh cta cacbonic anhydraza
ctia n6 duge gia ting, vi khuan Coryneform dugc st dung cho phuong phép san
xut theo sang ché c6 thé thu duoc. Tuy nhién, hodc cai bién dé gia ting hoat
tinh cua cacbonic anhydraza hodc truyén kha ning san sinh axit amin dang L ¢6
thé duoc tién hanh trudce tién.

Thuét ngit " dugc cai bién dé gia tang hoat tinh ctia cacbonic anhydraza"
bao gdm trang thai ma s cic phan tir cacbonic anhydraza trén mdi té bao dugc
gia tdng, cling nhu trang thai ma hoat tinh trén mdi phén tir cacbonic anhydraza
dugc gia ting, so véi ching cha me hodc ching hoang dai, hodc tuong tu. Hon
nita, chung hoang dai st dung lam dbi tugng so sanh, vi du co thé 1a chung
Corynebacterium glutamicum (Brevibacterium lactofermentum) ATCC 13869
hodc ching ATCC 13032.

Su ting cuong hoat tinh cua cacbonic anhydraza c¢6 thé duoc khéng dinh
bang céach so sanh hoat tinh ctia cacbonic anhydraza hodc lrgng mRNA cia gen
m3 héa cacbonic anhydraza v6i chung hoang dai hodc chiing chua cai bién. Cac
vi du v& phuong phép khing dinh lugng biéu hién bao gbm lai phuong nam va
RT-PCR (Molecular Cloning, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, USA, 2001). Hoat tinh ctia enzym hodc lugng biéu hién co6 thé duoc gia

tang toi mic bat ky mién 1a né duge gia tang so v6i mire cua chung hoang dai
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hoic ching khong céi bién, va vi du, mong mudn 12 tang khong thép hon 1,5 1an,
t6t hon nita khong thip hon 2 1an, vin t6t hon nira khong thap hon 3 14n, so véi

muc, vi du, cia chung hoang dai hodc khong cai bién.

Cacbonic anhydraza 14 enzym tham gia trong chuyén déi qua lai cia
cacbon dioxit va gdc bicacbonat (EC 4.2.1.1). Hoat tinh ctia cacbonic anhydraza
c6 thé dugc do bang phuong phap ctia Wilbur va cong sy (Wilbur K.M,,
Anderson N.G., Electrometric va Colorimetric Determination of Cacbonic
Anhydrase, J. Biol. Chem., 176:147-154, 19438).

Nhu cdc gen mi hda cacbonic anhydraza (gen ca) cua vi khuén
Coryneform, hai loai gen, gen ma héa cacbonic anhydraza loai B (bca) va gen
méi hoa cacbonic anhydraza loai y (gca), dd duoc bdo cdo. Tét hon nita,
NCglI2579 cta ching C. glutamicum ATCC 13032 dang ky tai Ngén hang gen
(twong Gng voi bca, soi bd sung tir 2837954 dén 2838577 c6 mi truy cip
BA 000036.3) co thé dugc st dung. Trinh tw nucleotit cia gen dugc thé hién 1a
SEQ ID NO: 13 (vung mé héa twong ung v6i cac s6 nucleotit tir 1 dén 621), va
trinh ty axit amin cia protein ma hoa dugc thé hién 1a SEQ ID NO: 14. Hon nita,
trinh tu nucleotit cia gen bca cia ching C. glutamicum ATCC 13869 duoc thé
hién 1a céc sd nucleotit tir 562 dén 1182 trong SEQ ID NO: 11, va trinh tyr axit
amin cuda protein mi hoa dugc thé hién 1a SEQ ID NO: 12.

Ngoai ra, gen ma co thé duoc str dung cho sang ché, nhu gen twong dong
clia gen ca c6 ngudn gde tir vi sinh vat khac co thé dugc sir dung, mién 13 n6 c6
thé biéu hién protein ma thé hién hoat tinh ctia cacbonic anhydraza trong vi
khuan Coryneform. Nhu 13 twong dong cua gen ca ¢6 thé duoc tra ctru bang
cach st dung BLAST hodc tuong ty dua vao trinh ty nucleotit cua cac sb
nucleotit tir 562 dén 1182 ctia SEQ ID NO: 11 hodc trinh tu nucleotit cia SEQ
ID NO: 13 (http:/blast.genome.jp/).

Do trinh ty gen bca ma co thé duoc st dung cho sang ché da dugc lam
sang td, vung bao gdm bca va ving kiém soét bea c6 thé thu duoc bang PCR su
dung céc doan mdi duogc tao ra trén co sé trinh tw nucleotit néu trén, vi du, cac
doan mdi duoc thé hién 1a SEQ ID NO: 7 va 8, va ADN nhidm sic thé cta vi
khudn Coryneform 1am vat mau. Cac twong ddng bca cia cic vi sinh vat khac

ciing c6 thé thu dugc theo cach tuong tu.

Hon nfta, do trinh tu nucleotit cia gen bca cé thé khac nhau tuy thudc
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vao céac loai hodc ching vi khuén Coryneform, gen bca dugc sit dung cho sang
ché khong bi gidi han ¢ trinh tu nucleotit cua cac sb nucleotit tir 562 dén 1182
cua SEQ ID NO: 11 hodc trinh tu nucleotit cia SEQ ID NO: 13, va n6 ¢é thé 1a
gen dot bién hoiic cai bién nhan tao ma ma héa protein ¢é trinh tw SEQ ID NO:
12 hoac 14, nhung bao gém su thay thé, x6a, chén, bd sung, v.v., cia mot hodc
nhiéu géc axit amin & mot hodc nhiéu vi tri mién 1a protein nay c6 hoat tinh ctia
cacbonic anhydraza. Méc du sb ¢6 nghia 1a thuit nglt “mdt hodc mot $6” c6 thé
khac nhau tuy thudc vao céc vi tri trong cAu trac ba chiéu cua protein hodc cac
loai gdc axit amin, cu thé, sb nay co thé nam trong khoang tir 1 dén 20, t6t hon
12 1 dén 10, t6t hon nita 12 tir 1 dén 5. Su thay thé, x6a, chén, bd sung, dao géc
axit amin hodc tuong tu mo ta & trén cling co thé bao gé)m cac loai do dot bién
xudt hién tu nhién trén co s cac khac biét ca thé, hodc khac nhau vé cac loai vi
sinh vat chira gen bca (dot bién hoic bién di).

Su thay thé néu trén t6t hon 1a sy thay thé bao ton ma 14 su thay thé trung
4p, tirc 1, mot sy thay thé ma khong din dén thay ddi chirc ning. Dot bién bao
tdn 1a dot bién trong d6 su thay thé xay ra qua lai gitta Phe, Trp va Tyr, néu vi tri
thé 1a axit amin thom; trong sb6 Leu, Ile va Val, néu vi tri thé 1a axit amin ky
nudce; gitta Gln va Asn, néu no 13 axit amin phén cyc; trong sb Lys, Arg va His,
néu né 1 axit amin c6 tinh kiém; gitta Asp va Glu, néu né 13 axit amin c6 tinh
axit; va gitta Ser va Thr, néu n6 13 axit amin c6 nhém hydroxyl. Cac vi du cu thé
vé thay thé bao tén bao gém: su thay thé Ser hodc Thr cho Ala; thé cta Gln, His
hodc Lys cho Arg; su thay thé cta Glu, Gln, Lys, His hodc Asp cho Asn; su thay
thé cia Asn, Glu hodc Gln cho Asp; su thay thé cta Ser hoic Ala cho Cys; sy
thay thé cua Asn, Glu, Lys, His, Asp hodc Arg cho Gln; sy thay thé cua Gly, Asn,
Gln, Lys hodc Asp cho Glu; sy thay thé cua Pro cho Gly; su thay thé cua Asn,
Lys, Gln, Arg hodc Tyr cho His; su thay thé ctia Leu, Met, Val hoac Phe cho Ile;
su thay thé cua Ile, Met, Val hodc Phe cho Leu; sy thay thé cia Asn, Glu, Gln,
His hodc Arg cho Lys; su thay thé cua Ile, Leu, Val hodc Phe cho Met; su thay
thé cua Trp, Tyr, Met, Ile hodc Leu cho Phe; su thay thé cua Thr hodc Ala cho
Ser; su thay thé cua Ser hoic Ala cho Thr; su thay thé cua Phe hoic Tyr cho Trp;
su thay thé cua His, Phe hodc Trp cho Tyr; va su thay thé cia Met, Ile hoic Leu
cho Val.

Ngoai ra, gen bea c6 thé bao gbm trinh tu nucleotit ma hoa protein gibng
khong dudi 80%, t5t hon 1a khong dudi 90%, t5t hon nita khong dudi 95%, dic
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biét t6t hon 13 khong dudi 97% véi toan bo trinh tir axit amin SEQ ID NO: 12
hodc 14, va co6 hoat tinh cia cacbonic anhydraza. Ngoai ra, mirc thoai hoa cla
gen cb thé thay dbi tuy thudc vao vat chi ma gen bca duge dua vao, va do dé
céc codon c6 thé duoc thay bang cac condon phil hop véi vat chi da chon.

Ngoai ra, gen bca c6 thé ma hoa protein vé6i trinh tw dau cudi C hodc N
kéo dai hoadc bi x6a, mién 1a protein c6 hoat tinh ctia cacbonic anhydraza. Do dai
clia trinh tu axit amin duoc kéo dai hodc xda c6 thé 1a 50 géc axit amin hodc it
hon, t8t hon 1a 20 hodc it hon, t6t hon nita 10 hoic it hon, dic biét tét hon 1a 5
hodc it hon. Cu thé hon, gen bca co thé ma hoa protein cé trinh tu axit amin cta
SEQ ID NO: 12 hodc 24, nhung trong d6 trinh tu nay dugc kéo dai khoang 5
dén 50 gbc axit amin & phia dau cudi N hodc dau cudi C, hodc 5 dén 50 gbc bi
x6a & dau kia.

Céc gen nay tuong dong véi gen bea md ta & trén co thé thu duoc bang
céch cai bién trinh tw nucleotit ctia céc s6 nucleotit tir 562 dén 1182 ciia SEQ ID
NO: 11 hodc trinh tu nucleotit cia SEQ ID NO: 13 sao cho protein dugc ma héa
bdi gen chira cac thay thé, x6a, chén, hodc bd sung géc axit amin & céc vi tri dic
hiéu, vi du, bdi gay dot bién gen & vi tri ddc hiéu. Ngoai ra, cac gen tuong déng
cling c6 thé thu dugc bing cach xir Iy dot bién thong thuong da biét, nhu cac
phuong phap m6 ta dudi ddy. Vi du, trinh ty nucleotit néu trén c6 thé duoc xir ly
b%mg hydroxylamin hodc twong tu trong 6ng nghiém, hodc vi sinh vét, vi du, vi
khuan Coryneform, chira gen c6 thé dugc xir Iy bang birc xa tia tir ngoai hodc
tdc nhan giy dot bién dién hinh dugc st dung dé gay dot bién, nhu N-metyl-N’-
nitro-N-nitrosoguanidin (NTG) hodc etyl metansulfonat (EMS), hodc dot bién co
thé dwoc dua nhan tao vao bca bing cach tai td hop gen trén co sé PCR ¢6 161,
x40 tron ADN, hodc StEP-PCR, sao cho c6 thé thu dugc gen bca hoat tinh cao
(Firth A.E., Patrick W.M., Bioinformatics, 2005 Jun 2, Statistics of Protein
Library Construction).

Céc vi du vé& gen bca cling bao gdbm ADN ma lai véi trinh tu bd sung cta
trinh tu nucleotit ctia céc s nucleotit tr 562 dén 1182 cua SEQ ID NO: 11 hoac
trinh ty nucleotit cia SEQ ID NO: 13, hoic mau do ma c¢6 thé duoc tao ra tir cac
trinh tw ndy dudi cac diéu kién nghi€m ngit va ma héa cho protein ma cé hoat
tinh cua cacbonic anhydraza. “Céc diéu kién nghiém ngit” c¢6 thé 1a cac diéu

kién ma duéi cac dicu kién nay su lai goi 1a lai dic hiéu duoc tién hanh, va su lai
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goi 1a lai khong dac hiéu khong duoc tién hanh. Céc vi du vé cac diéu kién nay,
vi du, bao gém cac diéu kién ma & d6 cac ADN ¢6 su tuong déng cao vdi nhau,
vi du, cdc ADN c6 su tuong d@)ng, vi du, khong thép hon 80%, khong thép hon
90%, khong thép hon 95%, hoéc khong thép hon 97%, lai v&i nhau, va cac ADN
c6 sur trong ddng thdp hon cac muc néu trén khong lai v&i nhau. “Cac diéu kién
nghiém ngit” ciing c6 thé bao goém céac diu kién rtra ma dién hinh trong qua
trinh lai phwong nam, vi du, rira mot 1an, hodc hai lan hodc ba lan, & néng do
mudi va nhiét d6 1 x SSC, 0,1% SDS & nhiét do 60°C, t6t hon 1a 0,1 x SSC,
0,1% SDS & nhiét do 60°C, t6t hon nita 0,1 x SSC, 0,1% SDS & nhiét do 68°C.

Trinh ty riéng phan cla trinh tw nucleotit ctia céc s nucleotit tir 562 dén
1182 cua SEQ ID NO: 11 hodc trinh tu nucleotit cia SEQ ID NO: 13 cling cé
thé duoc st dung 1am mAu do. MAu do nay ciing c6 thé duoc tao ra béi PCR sir
dung cac oligonucleotit dugc tao ra trén co s§ cua mot trong cac trinh tu
nucleotit ndy lam céc doan moi va doan ADN chtra bat ky mot trinh tu nucleotit
c6 céc sb nucleotit tir 562 dén 1182 ciia SEQ ID NO: 11 va trinh tu nucleotit ctia
SEQ ID NO: 13 1am vt mau. Khi doan ADN ¢6 chiéu dai khoang 300 bp duoc
st dung 1am mau do, vi dy, cac diéu kién rira sau khi lai duéi cac didu kién néu
trén duoc léiy vidula2x SSC, 0,1% SDS & nhiét dd 50°C.

Luong biéu hién gen bea c6 thé duoc ting cudng bing cach tang sd ban
sao0 clia gen bea. Vi du, s ban sao cia gen c6 thé duge tang bang cach thit doan
chira gen bca vao vecto, tot hon 13 vecto nhidu ban sao, ma cd chirc nang trong
vi khuan Coryneform, dé tao ra ADN tai td hop, va bién nap ADN nay vao vi
sinh vét ¢6 kha ning san sinh axit amin dang L nhu néu trén. Theo cach khac,
sau khi bién nap ching hoang dai cua vi khuan Coryneform bang cach dwa ADN
tai t6 hop nhu néu trén, kha nang sén sinh axit amin dang L c6 thé dugc truyén
cho vi khudn bién nap. S8 ban sao ctia gen cfing c6 thé dugc gia tang bang cach
chuyén ban sao duy nhét hozic nhidu ban sao cua gen bca vao nhiém séic thé vi
khuén. Viéc chuyén gen bca vao nhidm sic thé c6 thé duoc khéng dinh béng lai
phuong nam st dung phan gen bca 1am mau do.

Su biéu hién gen bca cling c6 thé dugc tdng cuong bang cach cai bién
trinh ty kiém soat biéu hién cua gen bea. Vi du, trinh tu gen khéi dau cua gen
bea cb thé duge thay br?mg gen khéi diu manh hon, hoac béng cach tao ra trinh
tu gen khéi dau sét v6i trinh tw dong nghia (WO00/18935).
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Céc phuong phap cai bién vi khuan Coryneform dé tang cuong hoat tinh
clia cacbonic anhydraza duoc gii thich dudi ddy. Cac phuwong phép nay cé thé
duoc tién hanh nhu dugc mo ta trong sd tay nhu Tach dong phan tu (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor (USA), 2001).

Luong biéu hién ciia gen bea ¢ thé duoc gia ting bing cach tang s6 ban
sao clia gen bca, va sb ban sao c6 thé duoc gia tang bang cach khuéch dai gen
beca st dung plasmit nhu dugec mod ta dudi day. Trudce tién, gen bea duge nhan
ban vo tinh tir nhidm séc thé cta vi khudn Coryneform. ADN nhiém sic thé ¢6
thé duoc tao ra tir vi khuan duéi dang thé cho ADN, vi du, b%lng phuong phap
cua Saito va Miura (xem H. Saito va K. Miura, Biochem. Biophys. Acta, 72, 619,
1963; Text for Bioengineering Experiments, Edited by Society for Bioscience va
Bioengineering, Japan, 97-98, Baifukan Co., Ltd., 1992), hodc twong tw. Cac
oligonucleotit dé sir dung trong PCR ¢6 thé duoc tong hop trén co so thong tin
da biét néu trén, va vi dy, cic oligonucleotit téng hop dugc thé hién trong cac
trinh tw SEQ ID NO: 7 va 8 c6 thé duoc st dung dé khuéch dai gen bca.

Doan gen bao gém gen bca dugc khuéch dai béng PCR c¢6 thé duoc thit
vao ADN vecto c6 thé sao chép tu dong trong céac té bao cua Escherichia coli
va/hodc vi khuan Coryneform dé tao ra ADN tai td hop, va ADN tdi t6 hop nay
c6 thé dugc dua vao Escherichia coli, ma 1am cho hoat dong sau d6 dé dang hon.
Céc vi du v& céac vecto ¢ thé sao chép tu dong trong cac té bao cta Escherichia
coli gdm pUC19, pUC18, pHSG299, pHSG399, pHSG398, RSF1010, pBR322,
pACYC184, pMW219, va v.v..

ADN néu trén duoc dwa vao vecto ma c6 chlrc ning trong vi khuin
Coryneform. Vecto ma c6 chic ning trong vi khuén Coryneform, vi du, Ia
plasmit c6 thé sao chép tur dong trong vi khuan Coryneform. Céc vi du cu thé vé
plasmit ma c6 thé sao chép ty dong trong vi khuan Coryneform bao g0m plasmit
pCRY30 dugc md ta trong cong bd don Nhat khong xét nghiém s 3-210184;
cac plasmit pCRY21, pCRY2KE, pCRY2KX, pCRY31, pCRY3KE, va
pCRY3KX duge md ta trong cong bd don Nhat khong xét nghiém sb 2-72876 va
Patent My s6 5,185,262; cac plasmit pCRY2 va pCRY3 dugc md ta trong cong
bd don Nhat khong xét nghiém sb 1-191686: pAM330 duoc md ta trong cong bd
don Nhat khong xét nghiém s6 58-67679; pHM1519 dugc md ta trong cong bd
don Nhat khong xét nghiém sb 58-77895; pAJ655, pAJ611, va pAJ1844 duoc
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mo ta trong cong bd don Nhat khong xét nghiém s 58-192900; pCG1 dugc md
ta trong cong bd don Nhat khong xét nghiém sd 57-134500; pCG2 dwoc md ta
trong cong bd don Nhat khéng xét nghiém sé 58-35197; pCG4, pCGl1, v.v.,
duoc mo ta trong céng bd don Nhat khong xét nghiém sé 57-183799; va pVK7
duoc mo ta trong cong bd don Nhat khong xét nghiém s 10-215883.

Hon nita, néu doan ADN cho phép plasmit sao chép tu dong trong vi
khudn Coryneform dugc cit bo tir bat ky mot trong céc vecto ndy va doan nay
dugce chén vao vecto bat ky trong sd cac vecto néu trén cho Escherichia coli,
vecto thu dugc c6 thé dugce sir dung lam cdi goi la vecto con thoi ma co thé sao
chép tu dong ca & Escherichia coli va vi khuan Coryneform.

Pé diéu ché ADN tai td hop bang cach thit gen bca vao vecto ma c6
chirc nang trong vi khuan Coryneform, vecto dugc cit bing enzym gi6i han phu
hop véi cac dau ciia gen. Vi trf ctia enzym gi6i han nay c6 thé duge dua trude
vao oligonucleotit téng hop duoc st dung dé khuéch dai gen bca. Viéc thét
thuong duoc tién hanh bang cach sir dung ligaza nhu T4 ADN ligaza.

DPé dua plasmit tai td hop dugc tao ra nhu dugc mo ta & trén vao vi
khuan Coryneform, phuong phap bién nap da biét bat ky duoc bdo cdo dén nay
c6 thé duogc st dung dung. Vi du, cac té bao nhan c6 thé duoc xir ly béng canxi
clorua dé gia tang tinh thAm cho ADN, ma dé dugc béo cdo cho Escherichia coli
K-12 (Mandel, M. and Higa, A., J. Mol. Biol., 53, 159, 1970). Ciing vy, cac té
bao kha bién co thé duoc tao ra tir cac té bao sinh trudng va ADN c6 thé duoc
dua vao céc té bao nay, ma da dugc bao cao dbi v&i Bacillus subtilis (Duncan,
C.H., Wilson, GA. va Young, F.E., Gene, 1, 153, 1977). Mot phuong phap khac
14 tao ra cac té bao tiép nhén ADN vao cac thé nguyén sinh hoic hat cau dé dang
tiép nhan ADN tai to hop, va ADN tai t6 hop c6 thé dugc dua vao cac té bao nay,
ma d3 biét dbi véi Bacillus subtilis, cic xa khuén, va nAm men (Chang, S. va
Choen, S.N., Mol. Gen. Genet., 168, 111, 1979; Bibb, M.J.,, Ward, J.M. va
Hopwood, O.A., Nature, 274, 398, 1978; Hinnen, A., Hicks, J.B. and Fink, GR.,
Proc. Natl. Acad. Sci. USA, 75, 1929, 1978). Ngoai ra, vi khuén Coryneform
cling c6 thé dugc bién nap bing phwong phap xung dién (cong bd don Nhat
khéng xét nghiém s6 2-207791) hoic bang phuong phap chuyén bing cach tiép
hop (Biotechnology (NY). 1991 January; 9(1):84-7).

S6 ban sao ctia gen bea ciing c6 thé dugc gia ting bing cach hop nhat
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nhiu ban sao cta gen bca vao ADN nhidm sic thé cta vi khuan Coryneform,
ma c6 thé dugc hoan thanh bing cach téi té hop tuong dong. K§ thuat nay duoc
tién hanh béng cach nhim vao trinh tu ma c6 mat trong nhiéu béan sao trén ADN
nhiém séc thé. C4c trinh tu nay cé thé bao gém ADN lap di lap lai hoac bién dbi
lap lai ¢6 & dAu cudi ctia nguyén tb co thé dbi chd. Theo cach khac, nhu duge
boc 16 trong cong bd don Nhat khong xét nghiém s6 2-109985, nhiéu ban sao
cua gen bea 6 thé dugc dua vao ADN nhiém sdc thé bang cach két hop chiing
thanh transposon, va chuyén transposon (cong bd don Nhat khong xét nghiém sb
2-109985, 7-107976; Mol. Gen. Genet., 245, 397-405, 1994; Plasmit, 2000
November; 44(3): 285-91).

Ciing c6 thé hiéu dugc 1a phuong phap chén gen bca vao plasmit c6
ngudn gbc sao chép ma khong thé sao chép trong vat chi, hodc plasmit ¢6 ngudn
gbc sao chép ma khong thé sao chép trong vat chii va kha ning gy ra sy chuyén
béng cach tiép hop véi vat chu, va dua plasmit thu dugc vao vat chu dé khuéch
dai gen trén nhiém sic thé. Cac vi du vé plasmit nay bao gdém pSUP301 (Simo
va cOng su, Bio/Technology 1, 784-791, 1983), pK18mob hodc pK19mob
(Schaefer va cdng su, Gene, 145, 69-73, 1994), pGEM-T (Promega Corporation,
Madison, WI, USA), pCR2.1-TOPO (Shuman, Journal of Biological Chemistry,
269:32678-84, 1994; patent My sb 5.487.993), pCR Blunt (Invitrogen,
Groningen, Netherlands; Bernard va cong sy, Journal of Molecular Biology,
234: 534-541, 1993), pEM1 (Schrumpf va cdng su, Journal of Bacteriology,
173:4510-4516, 1991), pPBGS8 (Spratt va cong su, Gene, 41:337-342, 1986), va
v.v.. Vecto plasmit bao gém gen bca dugc chuyén vao vi khudn Coryneform
bang cach tiép hop hodc bién nap dé chuyén gen vao nhidm sic thé. Phwong
phap tiép hop dugc mod tad vi du bdi Schaefer va cong su (Applied and
Environmental Microbiology, 60, 756-759, 1994). Phuong phap bién nap vi du
dugc mo ta boi Theirbach va cong su (Applied Microbiology va Biotechnology,
29, 356-362, 1988), Dunican and Shivinan (Bio/Technology 7, 1067-1070,
1989), va Tauch va cong sy (FEMS Microbiological Letters, 123, 343-347,
1994).

Hoat tinh ctia bca cling ¢6 thé duoc ting cuong bang cach thay thé trinh
tw kiém soat su biéu hién tu nhién, nhu doan khoi du cia gen bca, trén ADN
nhiém séc thé hodc plasmit véi gen khéi dau manh hon. Cac phuong phép khac

bao gdm budc cai bien yeu to tham gia vao viéc kiém soat su biéu hién gen bca,
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nhu gen diéu khién hodc gen kim ham, hoic thit gen két thuc manh (Hamilton
va cong su, Journal of Bacteriology 171:4617-4622). Vi du, doan khéi dau lac,
doan khéi dau trp, doan khéi dau trc, doan khoi dau PS2, va v.v., dugc biét 1a
cac doan khéi ddu manh. Céac phuong phéap dénh gia dd manh ctia doan khéi dau
va céc vi du vé cac doan khéi diu manh duge md ta trong giéy Goldstein va
cong su (Prokaryotic Promoters in Biotechnology, Biotechnol. Annu. Rev., 1,
105-128, 1995), va v.v.. Ngoai ra, nhu dugc bdc 19 trong WO00/18935, d6 manh
cia doan khéi dau c6 thé dugc gia ting béng cach tao ra mdt vai thay thé
nucleotit trong viung doan khéi dau cua gen dich dé tao ra trinh tu sat véi trinh tu
ddng nghia. Vi dy, ving -35 c6 thé duoc thay bing TTGACA hoic TTGCCA,
va ving -10 ¢6 thé dugc thay bang TATAAT hodc TATAAC. Ngoai ra, di biét 1a
hiéu quéa dich ma cia mRNA bi anh huong dang ké boi viée thay thé mot sb
nucleotit trong ving dém gitta vi tri gén két ribosom (RBS) va codon mé dau
dich ma, cu thé, trinh tu & ngay trude codon mo dau, va chiing c6 thé duogc cai
bién.

Céc vi du vé vung trugc cua gen bca, vi du, bao gém vung cic s6
nucleotit 1 dén 561 cua SEQ ID NO: 11. Trinh tu kiém so4t biéu hién nhu doan
khéi dau trude gen bea cling c6 thé duoc nhén ra bing cach sir dung vecto tra
ctru doan khoi diu hodc phan mém phan tich gen nhu GENETYX. Bing cach
thay thé hodc cai bién doan khéi du nhu dugc mo ta & trén, su biéu hién gen
bca dugc gia ting. Sy thay thé trinh tu kiém soét biéu hién c6 thé dat duoc vi du
béng cach str dung plasmit nhay nhiét. Su cai bién trinh tur kiém soat biéu hién
c6 thé két hop véi su gia ting sé ban sao cua gen bca.

Su gia tang luong biéu hién cling co thé dat duoc bé“mg cach kéo dai thoi
gian séng sot cia mRNA hodc ngan ngura su phan hiy cta protein duoc ma hoa

trong céc t€ bao.

Nhu cac gen ma héa cacbonic anhydraza cta Escherichia coli, cac gen
yadF va cynT ma hoa hai loai cacbonic anhydraza, lan lugt Can (cacbonic
anhydraza 2) va CynT (cacbonic anhydraza 1) d4 dugc béo céo, va cac gen nay
cling c6 thé duoc s dung thay cho gen bca néu trén. Nhu yadF, yadF cia
Escherichia coli dang ky tai ngan hang gen (ma truy cap EG_12319) dugc ldy vi
du. Trinh ty nucleotit ctia gen nay duoc thé hién 1a SEQ ID NO: 27 (ving ma
héa: 201 dén 860), va trinh tu axit amin dwgc méa héa dugce thé hién 1a SEQ ID
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NO: 28. Nhu gen cynT, cynT cua Escherichia coli (ma truy cap EG 10176)
duoc léy vi du. Trinh tuy nucleotit clia gen cynT ndy duoc thé hién la SEQ ID
NO: 29 (ving ma héa: 201 dén 857), va trinh ty axit amin dugc ma hoa duoc thé
hién 12 SEQ ID NO: 30. Gen ma héa protein gidng 80% hodc cao hon, tét hon 1a
90% hodc cao hon, tét hon nita 95% hodc cao hon, dac biét tot hon 12 97% hodc
cao hon toan bo chidu dai ciia bat ky trinh tw nao trong sé cac trinh tu axit amin

nay, va co hoat tinh ctia cacbonic anhydraza cling c6 thé dugc sir dung.

Vi sinh vat dugce str dung cho phuong phép san xuét theo sang ché c6 thé
la vi sinh vat cai bién d& truyén hoat tinh cua D-xyloza-5-phosphat
phosphoketolaza va/hodc hoat tinh cta fructoza-6-phosphat phosphoketolaza

ngoai gia tang hoat tinh ctia cacbonic anhydraza.

Hodc mot hodc ca hai hoat tinh cia D-xyloza-5-phosphat
phosphoketolaza va hoat tinh cta fructoza-6-phosphat phosphoketolaza ¢ thé
duoc truyén. Trong phin mé ta nay, D-xyloza-5-phosphat phosphoketolaza va
fructoza-6-phosphat phosphoketolaza c6 thé dugc goi chung 1a phosphoketolaza.

Hoat tinh cta D-xyloza-5-phosphat phosphoketolaza c¢6 nghia 13 hoat
tinh d& chuyén hoa xyloza-5-phosphat thanh glyxelaldehyt-3-phosphat va axetyl
phosphat v6i sy tiéu thu axit phosphoric dé giai phong mot phan t H,O. Hoat
tinh nay c6 thé duoc do bing phuong phap dugc moé ta bai Goldberg, M. va
cong su (Methods Enzymol., 9, 515-520, 1996) hodc bang phuong phap duogc
mo ta bdi L. Meile (J. Bacteriol., 183:2929-2936, 2001).

Hoat tinh cta fructoza-6-phosphat phosphoketolaza c6 nghia 1a hoat tinh
dé chuyén hoéa fructoza-6-phosphat thanh erythroza-4-phosphat va axetyl
phosphat v6i sy tiéu thu axit phosphoric dé giai phong mot phan t H,O. Hoat
tinh nay c6 thé dugc x4c dinh bang phuong phéap duoc md ta boi Racker, E.
(Methods Enzymol., 5, 276-280, 1962) hoic bing phuong phap dugc mo ta boi
L. Meile (J. Bacteriol., 183:2929-2936, 2001).

Hoat tinh phosphoketolaza c6 thé dugc truyén bing céch dua gen ma héa
phosphoketolaza vao cic té bao vi khuin Coryneform bing cach st dung
plasmit, bing cach két hop gen ny vao nhidm séc thé cua vi khuin Coryneform,
hodc tuong tu.

Vi khuin Coryneform vén khong c6 hoat tinh cuia phosphoketolaza,

-27-



22884

nhung hoat tinh ctia phosphoketolaza cé thé dugc truyén bang cach dua plasmit
chira gen ma hoa phosphoketolaza c6 ngudn gdc tir sinh vat khéc vao céc té bao
vi khudn Coryneform, nho viéc két hop gen ma héa phosphoketolaza c6 ngudn

gdc tir sinh vat khic vao nhiém séc thé clia vi khuan Coryneform, hodc twong tu.

Gen ma hoa D-xyloza-5-phosphat phosphoketolaza c6 thé thu dugc bang
PCR st dung ADN nhiém séc thé cia vi sinh vat c6 hoat tinh cia D-xyloza-5-
phosphat phosphoketolaza lam khuon, hodc twong ty. Céac vi du vé vi sinh vt
nay bao gém vi khuan nhu vi khudn axit lactic, vi khudn dong héa metanol, vi
khuén déng hoa metan, vi khuin thudc chung Streptococcus, Axetobacter,
Bifidobacterium, Lactobacillus, Thiobacillus, Metylococcus, Butyrivibrio,
Fibrobacter hodc tuong tu; cac nim men thudc chiung Candida, Rhodotorula,
Rhodosporidium, Pichia, Yarrowia, Hansenula, Kluyveromyces, Saccharomyces,

Trichosporon, Wingea, hoac tuong tu, v.v.

Gen ma héa fructoza-6-phosphat phosphoketolaza cé thé thu duoc bing
PCR st dung ADN nhiém séc thé cua vi sinh vat ¢6 hoat tinh cta fructoza-6-
phosphat phosphoketolaza lam khuén, hozc twong tu. Cac vi du vé vi sinh vat
ndy bao gdm vi khuan thudc ching Axetobacter, Bifidobacterium, Chlorobium,
Brucella, Metylococcus, Gardnerella, hodc tuong tu; cac nim men thudc chung

Candida, Rhodotorula, Saccharomyces, hodc twong tu, v.v..

Vi du cu thé v& gen mi héa D-xyloza-5-phosphat phosphoketolaza bao
g0m gen xpk4 mi hoa D-xyloza-5-phosphat phosphoketolaza cta Lactobacillus
pentosus MD363. Trinh ty nucleotit ciia n6 duoc dang ky tai co s¢ dit liéu
EMBL/ngan hang gen véi s§ phién ma AJ309011 (Posthuma, CC. et al, Appl.
Environ. Microbiol., 68(2), 831-7, 2002, SEQ ID NO: 15).

Gen xpkl c6 ngudn gdc tir Lactobacillus plantarum cling c6 thé duoc str
dung. Trinh ty nucleotit ciia n6 dugc dang ky tai co so dit liéu EMBL/ngéin hang
gen v&i s6 ving phién md NC_004567: trinh ty bd sung (tr 2362936 dén
2365302) (Kleerebezem, M., et al, Proc. Natl. Acad. Sci. U.S.A. 100 (4), 1990-
1995, 2003, SEQ ID NO: 17).

Ngoai ra, cic vi du vé cac gen tuong ddng clia cac gen nay bao gdm gen
cta Lactobacillus plantarum 1am trinh tu bd sung c6 ma truy cip ngan hang gen
NC 004567 (tir 3169067 dén 3171478), gen cua Streptococcus agalactiae ma
hoa trinh ty axit amin cia mé truy cdp ngan hang gen NP 736274, gen cua
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Lactococcus lactis subsp. Lactis ma hda trinh tu axit amin cua mé truy cép ngin
hang gen NP 267658, gen cua Lactobacillus johnsonii ma dugc dang ky la ma
truy cdp ngan hang gen NC 005362 (696462 dén 698867), gen cua
Lactobacillus acidophilus ma hoéa trinh ty axit amin cia ma truy cip ngan hang
gen YP 193510, va v.v..

Gen ma hoda protein cd céc hoat tinh cia cd D-xyloza-5-phosphat
phosphoketolaza va fructoza-6-phosphat phosphoketolaza ciing c6 thé dugc st
dung. Céc vi du vé gen nay bao gdm gen xfp cta Bifidobacterium lactis. Trinh tu
nucleotit cia n6 dugc dang ky tai co s¢ dit liéu EMBL/ngéan hang gen dudi dang
s6 ma truy cap la AJ293946 (Meile, L. et al, J. Bacteriol., 183(9), 2929-36, 2001,
SEQ ID NO: 19).

Nhu 13 cic gen twong ddng clia gen xfp, ciing c6 thé st dung gen cia
Bifidobacterium longum ma hoéa trinh ty axit amin cila ma truy cdp ngén hang
gen NP_696135, gen ctia Chlorobium tepidum ma hoa trinh ty axit amin cia ma
truy cip ngén hang gen NP 662409, gen cua Brucella suis ma hoa trinh tu axit
amin cua ma truy cdp ngan hang gen NP 699578, gen ctia Brucella abortus ma

héa trinh ty axit amin ciia ma truy cép ngan hang gen YP 223570, va v.v..

Ngoai ra, gen phosphoketolaza c6 thé 1a ADN lai v6i trinh tu bd sung
cia trinh tu bét ky trong sb cac trinh tu nucleotit hodc mau do ma c6 thé duoc
tao ra tir trinh tu bd sung duéi cac diéu kién nghiém ngdt, va ma hoa protein c6
hoat tinh cta phosphoketolaza. Ngoai ra, ciing c6 thé sir dung ADN ma hoa
protein giéng 80% hodc cao hon, t6t hon 1a 90% hoic cao hon, tdt hon nira 95%
hodc cao hon, dic biét t6t hon 1a 97% hoidc cao hon véi toan bo chidu dai cua
trinh ty axit amin SEQ ID NO: 16, 18, hoac 20, va cd hoat tinh cuia
phosphoketolaza.

Vi sinh vat dugc st dung cho phuong phép san xuat theo sang ché c6 thé
1a vi sinh vat cai bién dé gia ting hoat tinh cua phosphotransaxetylaza so véi
chung hoang dai, ngoai tdng cudng hoat tinh cia cacbonic anhydraza.
Phosphotransaxetylaza 13 enzym tham gia trao ddi chét axit axetic. O
Escherichia coli, n6 chiu trach nhiém vé phan rng ma tao ra axetyl phosphat ti
axit phosphoric va axetyl-CoA, ma 1a mot phan cia con dudng chinh sinh ra axit
axetic. Mat khac, d3 biét r.%lng, & Corynebacterium glutamicum, hoat tinh cua

phosphotransaxetylaza gia ting khi axit axetic dugc dong hoa, va axetyl-CoA
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duoc sinh ra. Ngoai ra, cling da biét raing RamB, ma 13 yéu td phién ma, dugc
tham gia trong viéc kiém soat 4m tinh hoat tinh ciia phosphotransaxetylaza
(Microbiology, 145, 503-513, 1999; Journal of Bacteriology, 186, 9, 2798-2809,
2004). Hoat tinh ciia phosphotransaxetylaza c6 thé duoc ting cudng bing cach
gia ting s6 ban sao ctia gen mi hoa phosphotransaxetylaza, cai bién doan khéi
diu ciia gen ma héa phosphotransaxetylaza, hodc twong ty, nhu trong trudng
hop gia tang hoat tinh cua phosphotransaxetylaza néu trén. Ngoai ra, sy gia tang
cling c6 thé dat duoc béng cach x6a gen ramB néu trén, hodc cai bién vi tri gén

két protein RamB nam truéc gen mi héa phosphotransaxetylaza.

Nhu 12 gen mid héa phosphotransaxetylaza (gen pta) cia vi khudn
Coryneform, trinh tu nucleotit NCgl2657 ciia ATCC 13032 ddng ky tai ngan
hang gen (soi bd sung tir 2936506 dén 2937891 clia ma truy cip NC 003450.3)
6 thé duoc s dung. Trinh ty nucleotit cia gen nay l4n luot dugc thé hién 1a
SEQ ID NO: 21, va trinh ty axit amin dugc ma hoa dugc thé hién 1a SEQ ID
NO: 22. Ngoai ra, trinh tu nucleotit cia gen pta cua ching C. glutamicum ATCC
13869 dugc thé hién 1a cac sb nucleotit tir 1214 dén 2641 trong SEQ ID NO: 23,
va trinh tr axit amin ma hoa bang gen duogc thé hién 1a SEQ ID NO: 24.

Ngoai ra, nhu 14 gen ctia sing ché, gen tuong dong ctia gen pta cb ngudn
géc tlr vi sinh vat khac c6 thé duoc st dung mién 1 n6 ma hoa protein thé hién
hoat tinh cia phosphotransaxetylaza trong vi khudn Coryneform. Gen tuong
dong nay cua gen pta c6 thé dugc tra ciu bang cach su dung BLAST
(http://blast.genome.jp/) hodc twong tu dwa vao trinh tu nucleotit cia cac
nucleotit tir s6 1214 dén 2641 cia SEQ ID NO: 23.

Trinh ty nucleotit ctia gen pta ma c6 thé duge st dung cho sang ché da
dugc lam sang to. Do d6, ving chita gen pta va trinh tu kiém soét su biéu hién
ctia n6 c6 thé thu duoc bang PCR (phan ting chudi polymeraza, goi 1a White, T.J.
va cdng su, Trends Genet. 5, 185, 1989) sir dung cac doan mdi duge tao ra trén
co s& trinh tu nucleotit da biét, vi du, cac doan moi SEQ ID NO: 25 va 26, va
ADN nhiém séc thé cua vi khuin Coryneform lam khudn. Gen twong dong cua
gen pta ¢ ngudn gbc tir vi sinh vat khac cling c6 thé thu duge theo cach tuong
tu.

Trinh tu nucleotit ctia gen pta c6 thé khac nhau tuy thudc vao loai hoac
chiing vi khuan Coryneform, gen pta dugc sir dung cho sang ché khong bi gioi
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han & trinh ty nucleotit ctia cac s6 nucleotit tir 1214 dén 2641 ctia SEQ ID NO:
23 hoic trinh tu nucleotit cia SEQ ID NO: 21, va né c6 thé 1a gen dot bién hoac
gen dugc cai bién nhén tao ma héa protein c6 trinh ty SEQ ID NO: 24 hodc 22,
ma bao gém cac thay thé, x6a, chén, bd sung, v.v., mdt hodc mdt vai géc axit
amin & mot hodc nhiéu vi tri mién la protein dugc méa hda cé chic nang cia
protein Pta, hoat tinh ctia phosphotransaxetylaza. Mac du s 1a thuét ngir “mot
hodc mot vai” co thé khac nhau tuy thudc vao cac vi tri trong cu triic khong
gian ba chiéu ciia protein hodic cac loai gbc axit amin, cu thé, gia tri nay c6 thé
nam trong khoang tir 1 dén 20, t6t hon 14 tir 1 dén 10, t5t hon nita la tir 1 dén 5.
Céac thay thé, x6a, chén, bd sung, dao géc axit amin hodc tuong ty mo ta & trén
cling co thé bao gém cac loai do dot bién xuét hién tu nhién trén co sé cac khéc
nhau riéng biét, cdc khac nhau vé loai vi sinh vat chtta gen pta (dot bién hodc

bién di), hodc twong tu.

Hon nita, ADN m3 héa protein giéng khong dudi 80%, t6t hon 1a khong
dudi 90%, t6t hon nita khong dudi 95%, dac biét tot hon 1a khong duéi 97% véi
toan by trinh ty axit amin SEQ ID NO: 24 hoic 22, va c¢d hoat tinh cua

phosphotransaxetylaza ciing cé thé dugc st dung.

Vi khuan Coryneform duoc sit dung cho phuong phép san xut theo sang
ché ¢6 thé 1a vi sinh vat cai bién dé gia ting hoat tinh cta pyruvat carboxylaza
so v6i ching hoang dai, ngoai cic cai bién néu trén. Nhu 13 gen pyruvat
carboxylaza, vi du, cac gen c6 ngudn gde tir vi khuén Coryneform va vi khudn
Bacillus c6 thé duoc sir dung, va gen pyc cua chung C. glutamicum ATCC 13032
(ma truy clp ngin hang gen NCgl0659) va gen pyc clia B. subtilis (patent Chau
Au s6 1092776) c6 thé dugce sir dung.

Vi khuan Coryneform dugc str dung cho phuong phap san xuit theo sang
ché c6 thé 1a vi khudn cai bién dé gia tang hoat tinh phosphoenolpyruvat
carboxylaza so v6i chung hoang dai, ngodi cic cdi bién néu trén. Nhu 1a gen
phosphoenolpyruvat carboxylaza, vi du, cic gen c6 ngudn gbc tir vi khuln
Coryneform va vi khuan Escherichia c6 thé duge sir dung, va gen ppc cua chung
C. glutamicum ATCC 13032 (mai truy cdp ngan hang gen NCgl1523) va gen ppc
c6 ngudn goc tr chiung E Coli MG1655 (ma truy cdp ngin hang gen
NP_418391) c6 thé duoc sir dung.

Do phosphoenolpyruvat carboxylaza c6 thé chiu su @rc ché hdi tiép boi
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axit aspartic, tot hon 1 cai bién sao cho enzym nay duoc khit nhay véi su tc ché
hdi tiép boi axit aspartic (patent Chau Au s 0723011).

<2> Phuong phép san xut axit amin dang L

Axit amin dang L c6 thé dugc san sinh bang cach nudi cdy vi khudn
Coryneform thu duoc nhu duge md ta & trén trong moi trudng dé san sinh va
tich tu axit amin dang L trong moi trudng nay, va thu axit amin dang L tor moi

truong nay.

Mdi trudng dién hinh chira ngudn cacbon, ngudn nito, va cic mudi
khoang ciing nhu cic chat dinh dudng vi luong hitu co nhu céc axit amin va cac
vitamin cAn thiét c6 thé duoc st dung lam modi truong duogc st dung cho viéc
nudi cdy. C6 thé sir dung hodc méi truong tdng hop hodc mdi trudng tu nhién.
Bét ky loai ngudn cacbon va ngudn nito nao ciing c6 thé duoc su dung cho mdi

truong mién 1a chiing c6 thé duogc tan dung boi chiing dugc chon dé nudi cay.

Céc duong nhu glucoza, glyxerol, fructoza, sucroza, maltoza, manoza,
galactoza, cac hydrolysat tinh bt va cic molaza c¢6 thé dugc sir dung 1am ngudn
cacbon. Ngoai ra, cac axit hitu co nhu axit axetic va axit xitric, va cac ruou nhu
etanol ciing c6 thé dugc s dung don 1¢ hoic két hop véi cac ngudn cacbon khéc.
Amoniac, cac mudi amoni nhu amoni sulfat, amoni cacbonat, amoni clorua,
amoni phosphat va amoni axetat, cAc mudi axit nitric va v.v. ¢6 thé duoc sur dung
lam nguén nito. Céc axit amin, cac vitamin, cic axit béo, cic axit nucleic, cic
nguyén t& chira cic chit dinh dudng chira cac chét nhu pepton, axit casamin,
dich chiét nAm men, va san phim phén hily protein dau nanh, va v.v. c6 thé duoc
st dung 1am cac chit dinh dudng vi lugng hitu co. Khi ching dot bién dinh
dudng sinh truong can axit amin hodc turong tur cho sy phat trién cua n6 duogc st
dung, chét dinh dudng can thiét tt hon duoc bd sung. Cac mudi axit phosphoric,
cac mudi magie, cac mudi canxi, cdc mudi sat, cac mudi mangan va v.v. ¢0 thé
dugc st dung lam céac mubi vo co.

Viéc nudi cdy cé thé dugce tién hanh duéi dang moi truomg nudi cy hiéu
khi, trong khi nhiét do 1én men t6t hon dugc diéu chinh dén nhiét do nim trong
khoang tlr 20 dén 45°C, va d6 pH nam trong khoang tir 3 dén 9. Khi d6 pH giam
trong khi nuoi céy, canxi cacbonat c6 thé dugc bd sung, hodc moi truong dugc
trung hoa bang chat kiém nhu khi amoniac. Axit amin dang L dich nhu axit L-

glutamic duogc tich tu v6i lwong déng ké trong méi truong nudi cdy, vi du sau 10
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dén 120 gid nudi cdy dudi cac diéu kién nay nhu duge mo ta & trén.

Ngoai ra, khi axit L-glutamic dugc san sinh, viéc nudi céy ¢ thé duoc
thuc hién bang cach két tia axit L-glutamic trong mdi trudng bang céach sir dung
mdi trudong 10ng 1am méi trudong duoc didu chinh dé théa man diu kién ma dudi
didu kién nay axit L-glutamic dugc két tia. Cac vi du vé céc didu kién ma duéi
cac diu kién nay axit L-glutamic duoc két taa, vi du, bao gém do pH nam trong
khoéang tir 5,0 dén 4,0, tot hon 1a do pH nim trong khoang tr 4,5 dén 4,0, tot hon
nita do pH nam trong khoang tir 4,3 dén 4.0, dic biét tot hon do pH = 4,0 (cong
b6 don patent Chau Au khong xét nghiém s 1078989).

Viéc thu gom axit amin dang L tir méi trudng nudi cdy sau khi nudi cy
c6 thé duoc thuc hién bang phuong phép thu gom da biét. Vi du, sau khi cac té
bao duoc loai bo tir moi trudng nudi cdy, axit amin dang L c¢6 thé duge thu gom
biang cach c¢6 méi truong dé két tinh axit amin dang L, sic ky trao ddi ion, hoic
twong tu. Khi viéc nudi céy duoc thuc hién dudi cac diéu kién nay ma axit L-
glutamic duoc két tua, axit L-glutamic két tua trong mdi truong c6 thé duoc thu
gom bang cach ly tm hoic loc. Trong truong hgp nay, axit L-glutamic hoa tan
trong moi trudng c6 thé duge két tinh va sau do tach khoi nhau bing axit L-

glutamic d4 két tua.
Vi du thye hién sdng ché

Sau day, sang ché s& dugc giai thich cu thé dua vao vi du. Tuy nhién,
sang ché khong bi gi6i han & cac vi du sau day.
1. Thiét ké ching C. glutamicum ATCC 13869 duoc khuéch dai boi bea

Chung thiéu hut sucA4 duoc st dung lam chiing cha me dé khuéch dai gen
bca. Ching thiéu hut sucd c6 thé duge thiét ké bang phuong phap mo ta dudi
day.
(1-1) Thiét ké ching thiéu hut suc4

Chung thiéu hut suc4 cua ATCC 13869 (ATCC13869AsucA) duoc thiét

ké nhu sau.

Gen sucA ma héa phan doan Elo ctia a-ketoglutarat dehydrogenaza bi
pha v& bang céach sir dung plasmit pBS3 mang gen sacB ma héa levan sucraza.
Pé thiét ké vecto mang sacB dé pha v& gen, pBS3 dugc mo ta trong cac cong bd
don quéc té s6 WO2005/113745 va WO2005/113744 duge sir dung.
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Poan gen bao gém sucAd c6 ngudn gbc tir chung C. glutamicum ATCC
13869, nhung thiéu ORF thu dugc béng cach chéng 1én PCR str dung, lam céac
doan mdi, cac ADN tdng hop chi ra dua vao trinh tu nucleotit ctia gen cua C.
glutamicum ATCC 13032 (SEQ ID NO: 9, mi truy cap co sé dir liéu ngan hang
gen NC_003450) di duoc md ra cong khai. Cu thé, PCR duogc tién hanh theo
cach thong thuong v6i ADN nhiém sic thé cua ching C. glutamicum ATCC
13869 1am khuén va cdc ADN tong hop ctia céc trinh tw SEQ ID sé: 1 va 2 lam
cac doan moi dé thu dugc san phdm khuéch dai cua phia déu cudi N cia gen
sucA. Mot cach riéng biét, dé thu duoc san phdm khuéch dai cua phia diu cudi C
ctia gen sucA, PCR dugc tién hanh theo cach thong thudng véi ADN bd gen cua
ching C. glutamicum ATCC 13869 lam khuén va cac ADN tong hop cua cac
trinh ty SEQ ID NO: 3 va 4 lam cac doan moi. Céc trinh tu nucleotit cua cac
trinh ty SEQ ID NO: 2 va 3 duoc bd sung cho nhau, va co clu truc sucA thiéu
hut toan bd trinh tu ORF .

Sau d6, dé thu dugc doan gen sucA thiéu hut trinh tu bén trong, luong
tuong duong ctia cic san phdm gen néu trén cua cac phia dau cudi N va dau cubdi
C cta sucA dugc tron 1dn, va st dung 1am khuén dé thuc hién phuong phap PCR
duoc tién hanh theo cach thong thudng véi cac ADN tdng hop cua trinh tu SEQ
ID NO: 5 va 6 lam céc doan mdi va nhd d6 thu duge san pham khuéch dai gen
sucA dua vao b??mg dot bién. San phém PCR tao ra duoc lam sach theo cach
thong thudng va sau d6 dugc phan cét bang BamHI, va san phim thu duge duge
chén vao pBS3 néu trén & vi tri BamHI. Cac té bao kha bién cia Escherichia
coli JM109 (Takara Bio) dugc bién nap béng ADN thu duoc, duoc dit trén moi
trudong dia LB chira 100uM IPTG, 40pg/ml X-Gal va 25ug/ml Km, va nudi cy
qua dém, va céac khudn lac mau tréng xuét hién dugc gom lai, va tach thanh tirng
khuén lac riéng 1& dé thu duoc cac thé bién nap. Cac plasmit dugc chiét tir cac
thé bién nap thu duoc, va plasmit ma san phim PCR dich dugc chén vao dé
dugc dat la pPBS3AsucA.

(1-2) Thiét ké chung thiéu hut sucA4

pBS3AsucA thu dugc trong (1-1) néu trén khong chra bat ky ving cho
phép sao chép tu dong plasmit trong cac t& bao vi khuan Coryneform. Do d6, khi
vi khuan Coryneform duoc bién nap v6i plasmit nay, chung trong do6 plasmit nay

duoc két hop vao nhiém sic thé bing cach tai td hop tuong ddng xuét hién dudi
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dang thé bién nap mic du né xuat hién & tan sb thdp. Chung C. glutamicum
ATCC 13869 dugc bién nap bing phuong phép xung dién sir dung plasmit
pBS3AsucA ¢ ndéng dd cao, duoc sir dung trén mdi truong dia CM-Dex (5g/1
glucoza, 10g/l polypepton, 10g/l dich chiét ndm men, 1g/l KH,PO,, 0,4g/l
MgS0O,-7H,0, 0,01g/1 FeSO4 7H,0, 0,01g/l MnSO4 7H,0, 3g/l ure, 1,2g/]
hydrolysat du nanh, 10pg/l biotin, 15g/1 thach, dugc diéu chinh dén d6 pH =
7,5 bang NaOH) chtra 25pg/ml kanamyxin, va nudi cdy & nhiét d6 31,5°C trong
thoi gian khoang 30 gio. Chiing phat trién trén moi trudng nay 1a ching trong d6
gen khang kanamyxin va gen sacB c6 ngudn gdc plasmit dugc chén vao hé gen,
két qua 13 su tai to hop tuong dong gitta doan gen sucA cia plasmit va gen d6
trén hé gen ctia ching ATCC 13869.

Sau d6, cac thé tai t6 hop thir nhat nay duoc nudi ciy qua dém & nhiét do
31,5°C trong mdi trudng 1ong CM-Dex (duoc tao ra bing cic thanh phan cua
moi truong dia CM-Dex ngoai trir thach) khong chtra kanamyxin, méi truong
dugc pha lodng mdt cach phu hop va duge st dung cho mdi truong Dex-S10
chtra sucroza 10% (100g/1 sucroza, 10g/l polypepton, 10g/1 dich chiét nAm men,
1g/1 KH,PO,, 0,4g/1 MgSO,4-7H,0, 0,01g/l FeSO,-7H,0, 0,01g/1 MnSO,4-4H,0,
3g/l ure, 1,2g/1 hydrolysat d4u nanh, 10pg/l biotin, 15g/1 thach, dugc diéu chinh
dén d6 pH = 7,5 bang KOH) khong chira kanamyxin, va viéc nudi cdy dugc tién
hanh & nhiét d§ 31,5°C trong thoi gian khoang 30 gio. Két qua 13, c6 thé thu
dugc cac ching dugc danh gia 1a tro nén khong nhay cam véi sucroza do loai

trir gen sacB thu duge tlr su tai td hop twong ddng thir hai.

Céc ching thu dugc nhu mo ta & trén bao gdm cac chiing trong d6 gen
sucA dugc thay bing gen loai dot bién co ngudn gbc tir pPBS3AsucA va céc
ching trong d6 gen sucA dugc quay trd lai chung hoang dai. Du gen sucA 1a gen
loai dot bién hoic loai hoang dai ¢o thé d& dang dugc xac dinh bé’mg cach truc
tiép sir dung cac té€ bao thu duoc bang cach nudi cdy trén moi truong dia Dex-
S10 dbi véi PCR dé phat hién gen sucA. Cac ching ma tao ra san pham PCR
nhé hon céc ching thu duge v6i ADN nhiém sic thé cua chung ATCC 13869
dugc st dung 1am khuon trong phép phan tich st dung cac doan mdi dé khuéch
dai PCR gen sucA (cac trinh ty SEQ ID NO: 5 va 6) duoc st dyng lam ching
thiéu hut sucA trong cac thi nghiém sau day. |

Kha ning san sinh axit L-glutamic ctia cac chung thiéu hut suc4 duoc

-35-



22884

danh gia theo phuong phép sau day. Céc chiing dugc nudi cdy trén moi trudng
dia CM-Dex, va cac chiing phat trién trong méi méi trudng nudi cdy & nhiét do
31,5°C cung véi lac trong 20ml méi truong chira 30g sucroza, 1g KH,PO,, 0,4g
MgSOy, 15g (NH,4),S04, 0,01g FeSO4-7H,0, 0,01g MnSO4-7H,0, 13,7ml
hydrolysat ddu nanh, 200pg thiamin hydroclorua, 300pg biotin, va 50g CaCO;
trong 1 1 nuwdc cit (pH duoc diéu chinh dén 8,0 bing KOH) chita trong binh thét
c¢b Sakaguchi. Khi tat ca glucoza trong mdi trudong duoc tiéu thy, sy nudi cdy két
thiic. Nong d6 axit L-glutamic dugc do dbi v6i chat ndi bé mit trong dich nudi
cdy duoc pha lodng thich hop bang nudc sir dung Biotech Analyzer (AS-210,
Sakura SI). Chuing ma thé hién hiéu suét 1én men axit L-glutamic cao dugc chon
va chi dinh 1a ATCC13869AsucA.

(1-3) Thiét ké plasmit dé khuéch dai bca

Dé thiét ké ching trong d6 su biéu hién ciia gen cacbonic anhydraza
(bea) duge gia ting, vecto con thoi pVK9 dwoc xtr Iy bang BamHI, san phdm
thu duge dugc cit bang doan ADN mé héa enzyme (thu duoc bang cach khuéch
dai bang PCR sit dung céc trinh tw SEQ ID NO: 7 va 8 lam cac doan mdi va
ADN nhiém sic thé cta ching C. glutamicum ATCC 13869 1am khuon, va xit Iy
béng BamHI), san phém cit duoc si dung dé bién nap cac t€ bao kha bién cla
Escherichia coli IM109 (Takara Bio), va cac t& bao dugc sir dung trén moi
truong dia LB chira 100uM IPTG, 40pg/ml X-Gal va 25ug/ml Cm, va nudi cdy
qua dém. Sau do, cac khuén lac mau tréng xuét hién duoc gom lai, va tach thanh
céc khudn lac riéng dé thu duogc cac thé bién nap. Céc plasmit duoc chiét tir cac
thé bién nap thu dugc, va plasmit trong do gen bca dugc cit theo hudng tién
tuong Uing véi gen lacZ dugc chi dinh 1a pVK9-bea.

pVK9 la vecto con thoi thu dugc bang cach cit thanh diu bang vi tri
Avall cua pHSG299 (Takara Bio) va chén doan, ma thu duoc bé“mg cach cét xén
viing pHK4 (cong bd don Nhat khong xét nghiém sé 05-007491) ¢6 thé sao chép
tu dong trong vi khuin Coryneform v6i BamHI va Kpnl, va cit thanh dau béng
viing nay, thanh vi tri diu bang ctia pHSG299.

Céac ADN tdng hop ctia cac trinh ty SEQ ID NO: 7 va 8 ¢6 thé duoc chi
ra dua vao trinh tur nucleotit cua gen cacbonic anhydraza cua Corynebacterium
glutamicum ATCC 13032 da dugc cdng khai (ma truy cap dit li€u ngén hang gen
NC _003450, trinh tuw SEQ ID NO: 13).
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(1-4) Dua plasmit dé khuéch dai bea vao ching ATCC13869AsucA

Céac chung thu dugc bing cich bién nap ching ATCC13869AsucA véi
pVK9 (plasmit dé dbi chiig) va pVK9-bea (plasmit dé khuéch dai bea). Su bién
nap duoc tién hanh bang phuong phép xung dién, va cic té bao dugc sir dung
trén moi truong dia CM-Dex chira 25pg/ml kanamyxin, va nudi chy & nhiét do
31,5°C trong thoi gian khoang 30 gio dé thu dugc cac thé bién nap. Céac ching
duoc dua v6i mdi plasmit néu trén duge chi dinh 1a ATCC13869AsucA(pVK9)
va ATCC13869AsucA(pVK9-bca).

2. Khing dinh hiéu qua gia ting su tich tu axit L-glutamic trong chiing
ATCC13869AsucA tang cuong bca

Hiéu qua khuéch dai bca dugc danh gid bang cach sit dung hé thdng
danh gi4 sy nudi ciy trong binh thét c¢b dd néu o muc (1-2).

(2-1) Sy tich tu axit glutamic dugc quan sat v6i ching gia tdng bea

Anh huéng cta su gia ting bea dbi véi su cai thién tich tu axit L-
glutamic dugc danh gia bang ching C. glutamicum ATCC13869AsucA(pVK9)
va ATCC13869AsucA(pVK9-bea) bang cach nudi cdy theo cling cach nhu cach
duoc st dung dé danh gia chiing thiéu hut sucA duge mo ta trong (1-2) néu trén.
Céc két qua thu duoc sau khi nudi cdy trong thoi gian 12 gioy duge thé hién trong
bang sau ddy. RS rang 1a lwong tich tu clia axit L-glutamic 13 cao hon déi véi
chiing gia ting bca so voi chiing ddi ching (n = 4).

Béang 1
Tich tu axit L-glutamic sau khi nuéi cay
trong thoi gian 12 gid (g/1, trung binh +
d6 1éch chuin % (n = s6 mau))
ATCC13869AsucA(pVKD9) 7,1£0,63 (n=4)
ATCC13869AsucA(pVK9-bca) |8,0+£0,78 (n=4)

(2-2) Su tich tu axit amin dang L. dugc quan sat voi chiing gia tang bea

Anh hudng cia sy gia tdng bca ddi véi su cai thién tich tu axit amin
dang L duoc danh gia bang ching C. glutamicum ATCC13869AsucA(pVK9) va
ATCC13869AsucA(pVK9-bea) bang cach nudi cdy theo cling cach nhu cach
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duge st dung dé dénh gia ching thiéu hut sucA dugc md ta trong (1-2) néu trén.
Mot mau ddi voi mot trong s6 cac chit ndi trén bé mit nudi céy thu duoc sau khi
nudi cdy cua hai loai chiing trong thoi gian 24 gid dugc pha loang 51 1an bang
axit clohydric 0,02 N, va céc axit amin dang L khac nhau trong khi pha loang
duoc dinh lugng bang thiét bi phan tich axit amin (L-8500, Hitachi Co., Ltd.).
Céc két qua dugc thé hién trén Fig.1. RS rang 1 c4c luong tich tu cua axit L-
aspartic va L-alanin dugc ci thién bang cach ting cudng bca so voi chiing d6i
ching (n = 2).

Giai thich danh muc trinh tu

SEQ ID NO: 1: Trinh tu nucleotit cua doan mdi dé pha v& gen C. glutamicum
ATCC 13869 sucA

SEQ ID NO: 2: Trinh ty nucleotit ciia doan mdi dé pha v& gen C. glutamicum
ATCC 13869 sucA

SEQ ID NO: 3: Trinh tu nucleotit cua doan mdi dé pha v& gen C. glutamicum
ATCC 13869 sucA

SEQ ID NO: 4: Trinh ty nucleotit ciia doan mdi dé pha v& gen C. glutamicum
ATCC 13869 sucA '

SEQ ID NO: 5: Trinh ty nucleotit cua doan mdi dé& khuéch dai gen C
glutamicum ATCC 13869 sucA

SEQ ID NO: 6: Trinh ty nucleotit ciia doan mdi dé khuéch dai gen C.
glutamicum ATCC 13869 sucA

SEQ ID NO: 7: Trinh tg nucleotit cia doan mdi dé khuéch dai gen C.

glutamicum bca

SEQ ID NO: 8: Trinh tu nucleotit cua doan mdi dé khuéch dai gen C

glutamicum bca

SEQ ID NO: 9: Trinh tu nucleotit cuia gen C. glutamicum ATCC 13869 sucA
SEQ ID NO: 10: Trinh ty axit amin cta C. glutamicum ATCC 13869 0-KGDH
SEQ ID NO: 11: Trinh ty nucleotit cia gen C. glutamicum ATCC 13869 bca
SEQ ID NO: 12: Trinh ty axit amin cta C. glutamicum ATCC 13869 bca

SEQ ID NO: 13: Trinh ty nucleotit cua gen C. glutamicum ATCC 13032 bca
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SEQ ID NO: 14: Trinh tu axit amin cda C. glutamicum ATCC 13032 bca

SEQ ID NO: 15: Trinh tu nucleotit ciia gen Lactobacillus pentosus MD363 xpkA
SEQ ID NO: 16: Trinh tu axit amin cia Lactobacillus pentosus MD363 XpkA
SEQ ID NO: 17: Trinh tu nucleotit ciia gen Lactobacillus plantarum xpkl

SEQ ID NO: 18: Trinh tu axit amin cia Lactobacillus plantarum Xpkl

SEQ ID NO: 19: Trinh tu nucleotit ciia gen Bifidobacterium lactis xfp

SEQ ID NO: 20: Trinh tu axit amin cta Bifidobacterium lactis Xfp

SEQ ID NO: 21: Trinh tu nucleotit ctia gen C. glutamicum ATCC 13869 pta
SEQ ID NO: 22: Trinh ty axit amin cia C. glutamicum ATCC 13869 Pta

SEQ ID NO: 23: Trinh tu nucleotit cia gen C. glutamicum ATCC 13032 pta
SEQ ID NO: 24: Trinh ty axit amin cia C. glutamicum ATCC 13032 Pta

SEQ ID NO: 25: Trinh ty nucleotit cia doan moi dé khuéch dai gen C.

glutamicum pta

SEQ ID NO: 26: Trinh ty nucleotit cia doan moi dé khuéch dai gen C.

glutamicum pta

SEQ ID NO: 27: Trinh tu nucleotit cia gen E. Coli MG1655 yadF
SEQ ID NO: 28: Trinh tu axit amin cda E. Coli MG1655 YadF
SEQ ID NO: 29: Trinh tu nucleotit ciia gen E. Coli MG1655 cynT
SEQ ID NO: 30: Trinh ty axit amin cia E. Coli MG1655 CynT

-39-



22884
YEU CAUBAO HO
1. Phuong phap san xut axit amin dang L, bao gdbm budc mudi cdy vi khuan
Coryneform c6 kha nang san sinh axit amin dang L trong moi truong dé san sinh
va tich tu axit amin dang L trong mdi trudong hodc trong céc té bao vi khuan, va
thu axit amin dang L to modi truong hodc céc t bao, trong d6 vi khudn
Coryneform da néu da duoc cai bién dé gia ting hoat tinh cacbonic anhydraza,
trong d6 axit amin dang L dugc lya chon tir nhém bao gém axit L-glutamic, L-

glutamin, L-prolin, L-arginin, L-leuxin va L-xystein.

2. Phuong phép theo diém 1, trong d6 hoat tinh ctia cacbonic anhydraza di néu
dugc gia ting bang cach gia ting sé ban sao cua gen ma hoa cacbonic anhydraza,
hoac béng cach cai bién trinh tu kiém soét biéu hién ciia gen.

3. Phuong phap theo diém 2, trong d6 gen ma hoa cacbonic anhydraza 13 ADN
bao gdm trinh ty nucleotit ciia cic s nucleotit tir 562 dén 1182 ctia SEQ ID NO:
11, hoac trinh tu nucleotit cia SEQ ID NO: 13.

4. Phuong phap theo diém 1, trong d6 vi khudn da dugc cai bién thém dé truyén
hoat tinh D-xyloza-5-phosphat phosphoketolaza va/hodc hoat tinh fructoza-6-
phosphat phosphoketolaza.

5. Phuong phap theo diém 1, trong d6 vi khuan duoc cai bién thém dé gia ting
hoat tinh phosphotransaxetylaza.

6. Phuong phép theo diém 1, trong d6 vi khuan dugc cai bién thém dé gia tang
hoat tinh pyruvat carboxylaza.

7. Phuong phép theo diém 1, trong d6 vi khuan duoc cai bién thém dé gia ting
hoat tinh phosphoenolpyruvat carboxylaza.

8. Phuong phap theo diém 1, trong d6 vi khuan Coryneform 1a Corynebacterium

glutamicum hodc Brevibacterium lactofermentum.
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Danh muc trinh tw
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> gag o

Glu

ase
Thr
515

.
get

Ala

toe
Ser

gac
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ceu ged

Pro A

gre g

Val
340
cag

Gln

ace g

Thr Asp
tac ac
Tyr Tha

aag

Lys

[orit
His
420
cea
Pro

ate

Ile

gag
Glu

ace

Thr

ace

aac
Asn
405
cte

Leu

tgg

Trp /

ace

Thr

Tty
Leu
485

Loaco

Thr

gea
Ala

gag
Glu

gaa

Glu

gee
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310

gag

1 Glu

1aag ¢

Lys

gl get

¢ Ala

gat
Asp

orea ¢

- Pro

390
ace

Thr

ate
Ile

(st es:]

Pro

gat

atg
Met
470
aag
Lys

tgg

Trp

gag
Glu

aac

Asn

ggt
Gly
550
gea

ety
Leu
455
ace

Thr

gte
Val

ctg
Leu

cag
Gln

tte
Phe
535
gca
Ala

g8C

o glc

Val

toe
Ser
360
tic

Phe

cgl

Arg

gic
Val

gac

Asp

cac
His
440
gae

Asp

ety
Leu

gge
Gly

cag
Gln

aag
Lys
520
ctg
Leu

gaa
Glu

cag

aee ¢

Thr
345
ggt
Gly

tow

I

Trp

tgg
Trp

atg

Met

ace
Thr
125
cge

Arg

Arg

cge

Arg

toc
Ser

gac
Asp
505
tac

Tyr

cag
Gln

got
Ala

gge

L gEC gr

Gly ¢

LA

Glu

gat
Asp

gea

Ala

cag
Gln
410
aac

Asn

gac

Asp

L ace

Thr

Bag

Glu

gaa
Glu
490
cge

Arg

ate

Ile

ace

Thr

cte

Leu

cte

1480

1576

1624

1672

1720

1768

1816

1864

1912

1960

2008

2104

2152



tic
Phe

Pro

gaa

Glu

a4ac

Asn

gc caa

cac
His

ate
Ile
635
cea
Pro

gge ¢

Gly

gea

Ala

ctg
Leu

cag
Gln
715
gea
Ala

ggt
Gly

tac
Tyr

cge
Arg

aag
Lys
795

¢ Gln

cte
Leu
620
aag

Lys

gtg
Val

acce

Thr

gat
Asp

cgt

Ar I

cte
Leu
780
atg
Met

Leu

gt
Val

ate ¢

Ile

atg
Met
605
ggt
Gly

gte
Val

atg
Met

1 gac ¢

Asp

gac
Asp

cgt
Arg
65
cge
Arg

tat
Tyr

Met

gte
Yal

Asp

ate
[le

=y

DD

g ggr

Gly

cag
Gln

gan
Glu

tce ctlg
Ser Leu
gaa ggt
Glu Gly

Tyr

cca
Pro
750
cge
Arg

gEC
Gly

gag
Glu

655

soaag

I Asp Gly Lys
670

gea gge ctg
Ala Gly Leu
685
gge tac gac
Gly Tyr Asp
age tic ace
Gly Phe Thr
gac tac goc

Ala
735
gag
Glu

tic
Phe

cac
His

cte
Leu

Ser Ala
560

gul atg
Gly Met
aag cea
Lvs Pro
gge cag

Gly

gge
Gly

act
Thr
640
ate
Ile

act

Thr

gte
Val

ace
Thr
720
aag
Lys

gea

Ala

ggce
Gly

aac
Asn

ate
Ile
300

Gln

cag
Gln
625

got

Ala {

gle
Val

gttt
Val

> ate

Ile

gega
Gly
705
ace

Thr

gca
Ala

gtt
Val

aag
Lys

gaa
Glu
785
acc

Thr

lle

cea

Pro

ctg
Leu

ate
e
610
cac
His

cge

Arg

gty
Val

glg
Val
690
ggce
Gly

z’\?’i}\

cac

His

gea
Ala
595
gat
Gly

ctyg
Leu

ceg
Pro

gea

Ala

cea
Pro
675
cea
Pro

ace

Thr

cca gac
Pro Asp
ttc gge
Phe Gly
gte tgg
Val Trp

gac
Asp
770
get
Ala

ggce

755
gte
Val

gat
Asp

cge

22884

Thr

cgt
Arg
580
tee
Ser

ggce
Gly

cag

Gln

tee
Ser

aag
Lvs
660
ctg

leu

gaa
Glu

ate
Ile

tee
Ser

tge
Cvs
740
gtt
Val

tte
Phe

gat
Asp

gag

Gly Arg Glu

Ala

265
gEL
Gly

ate

Ile

tee
Ser

atg
Vet

cac
His
645
CHE

Gln

ctg

Leu

ace

Thr

cac
His

age
Ser
725
cca

Pro

gg8c

ate

Ile

cot
Pro

acc
Thr
805
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cge

Arg

tte
Phe

gat

Gly

Phe
630
ctg
Leu

gac

Asp

cte

Leu

ate

[le

ate
Ile
710
cge

Arg

gtc
Val

cag

- Gln

gac
Asp

tee
Ser
790
gtt
Val

Gly

cLe

Leu

aac
Asn

gac
Asp
615

¢ gge

Gly

o
<
o

tac

Tyr

cac

His

aac
Asn
695
gtg
Val

Gln

dac

Asn

gag
Glu
600
glg
Val

gac

Asp

got

Ala

ctig
Leu

ggt
Gly
680
oty
Leu

gtg

Val 7/

¢ oatg
- Met

cac

His

gea
Ala
760

cogtt

Val

ace

Thr

get
Ala

Gly Leu
a70

gtg ctg

Yal Leu

585

1l gaa

Phe Glu

aag

Lys

gge
Gly

gtt
Val

gac
Asp
665
gac

Asp

got
Ala

Cac

His

gte
Val
745
acc
Thr

Lac

"},lv.

gag

Glu

aac
Asn
650
aag

Lys

gel

Ala

aag

Lys

aac

Asn

tac
Tyr
730
aat

Asn

gag

Glu

tge tac
Cvs Tyr
cag cca
Gln Pro
cag tac

Gln

Tyr
810

2296

2392

2440

2488

2584

[
o
]
S

2680

2776

2824

2872



dce

Thr

1Ca

Ala

gte
Val

ggc
Gly

gag
Glu
875
aac
Asn

gte
Val

ggt
Gly

tee

Ser

gcg
Ala
9h5
gEC
Gly

gca
Ala

gle
Val

cag
Gln

ggcC
Gly

ggc
Gly

gaa
Glu

gte
Val

aag

Lys

tee
Ser
860
cte
Leu

tac
Tyr

ace
Thr

tee
Ser

cge
Arg
940
ace

Thr

aac

Asn

ggC
Gly

gtt
Val

ace
Thr

cag
Gln

cag
Gln

gac
Asp

gle
Val

gaa
Glu
845
cag

Gln

ctg

Leu

cac

His

gaa

Glu

ety
Leu
925
cge
Arg

get
Ala

aac
Asn

atg
Met

gea
Ala
1005
ate
{le
1020
acc
Thr
1035
ggc
Gly

cLg

Leu

cge
Arg
830
gge
Gly

ang

Lys

gaa
Glu

cea
Pro

ggt
Gly
910
gct
Ala

ggt
Gly

ggcC

Gly

990
tgg
Trp

ate
Ile

tce
Ser

cte
lLeu
81a
gac
Asp

gge
Gly

(SR
Leu

clyg
Leu

cgt
Arg
895
g8C
Gly

aac

Asn

ace
Thr

gag
Glu

aag
Lys
975
tte
Phe

gaa
Glu

gat

gga
Gly

tic
Phe

aag
Lys

cca

Pro

gga
Gly
880
gtg
Val

ate
[le

tec
Ser

tte
Phe

tte
Phe
960
tte
Phe

gag
Glu

gea
Ala

gag

et
Arg

cac

His

aag

Lvs

cac
His
865
cag
Gln

get
Ala

gac
Asp

ggc
Gly

ace
Thr
945
aac
Asn

ctg
Leu

tac
Tyr

cag
Gln

tac

Asp Glu Tyr

aag ctg ate

Lys

gac
Asp

Leu

cac
His

Ile

tet
Ser

g4

Gly

S
Zag

Asp

Ala

ceca

Pro

tgg
Trp

cge
Arg
930
cag
Gln

gte

Val

ggc
Gl Y

tte
Phe
101
gte
Val
102
ctt
Leu
104
tee
Ser

22884

gac cte tec aac gaa gal goa gaa
Asp Leu Ser Asn Glu Asp Ala Glu
820 825
cag atg gas tet gty tic aac gaa
Gln Met Glu Ser Val Phe Asn Glu
835 840
get gag gea cag ace gge atc ace
Ala Glu Ala GlIn Thr Gly 1le Thr
855
ctt gag ace aac ate tee cgl gaa
Leu Glu Thr Asn [le Ser Arg Glu
870
tte gee ame ace cca gaa gge Lte
Phe Ala Asn Thr Pro Glu Gliy Phe
885 890
gltt get aag aag cge gic toe tot
Val Ala Lvs Lys Arg Val Ser Ser
8900 905
gea tgg gge gag cte cle gee tte
Ala Trp Gly Glu Leu Leu Ala Phe
915 920
ttg gtt cge ottt gea ggt gaa gat
Leu Val Arg Leu Ala Gly Glu Asp
935
cge cac gea glt gee ate gac cca
Arg His Ala Val Ala Ile Asp Pro
950
cte cac gag ctt geca cag tece aag
Leu His Glu Leu Ala Gln Ser Lys
965 970
tac aac tee gea cilg acce gag tac
Tyr Asn Ser Ala Leu Thr Glu Tvyr
980 985
tac tcc gta gga aac gaa gac Lo
Tyr Ser Val Gly Asn Glu Asp Ser
995 1000
gge gae tte gee aac  gge got
Gly Asp Phe Ala Asn Gly Ala
0 1015
tee tea gge gaa got  aag tg
Ser Ser Gly Glu Ala Lys Trp
5 1030
ctg ctg cet cac gge tac gaa
Leu Leu Pro His Gly Tyr Glu
0 1045
gea cgt ate gag cge tte ctg
Ala Arg Ile Glu Arg Phe Leu
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2968

3016

3064

3112

3160

3208

3256

3304

3352

3400

3448

3493

3628



cag
Gln

ced

Pro

clg
Leu

aac

Asn

aag

Lys

ang

Lys

ttg
Leu

gtt
Val

gag
Glu

cag
Gln

cac
His

tee
Ser

cac
His

ctg
Leu

gea
Ala

aag

Lys

aag

Lys

tte
Phe

gty
Val

gea
Ala

cgl
Arg

get
Ala

gat g

Asp

cte
Leu

cga

Arg /

cag «

Gln

1050
tge
Cys
1065
AUC
Asn
1080
cgt
Arg
1095
get
Ala
1110
cna
Gln
1125
aag
Lys
1140
aag
Lys
1155
ate
Ile
1170
clt
Leu

cca

Pro

get
Ala

toe
Ser

.

s3]
W
[

€]

cge
Arg

gaa

gag

Glu

i

s Phe

cly glt

Leu

geo
Ala

gre

Val

gte
Val

Glu Met

goee
Ala

coa

Pro

Bag
Glu

get
Ala

gag
Glu

tee

Ser

ate

{le

atyg

Met

aag gag
Lys Glu
atg cte
Met Leu
gge tac

Tyr

Asn

tg ate

cag
Gln

gag

Glu

{le

tee
Ser

gca
Ala

GHC

Asp

ctg

Leu

aag

Lys

cac
His

cet

Pro

*cag

Gln

ceg
Pra

icoe
Ser

-
b D3
e

(o0 I o
ey
=

1055
atg
Het
1070
clg
Leu
1085
Tl

> Phe

1100
cea
Pro
1115
gat
Asp
1130
gioe
Val
1145
gac
Asp
1160
cea
Pro
1175
aac
Asn
1190
gge
Gly
1205
aac
Asn
1220
ace
Thr

1235

> it

Leu
1250

22884

Hel

Thr

cgt

Arg Arg

HOC ong
Ihr Pro
gaag ¥ac

Glu

oCa

Pro

tee
Sey

BEa

Gly

att
Ile

g2et
Ala

Coa

Pro

atg

Yot

gea

Ala

ate
[le

Asp

ane ¢

Agn

gge
Gly

Cge g

Arg /

ceg

Pro

Bag

Glu

tgg

Trp

cia

Pro

act

Thr

gac

Asp

tte

Phe

@na

Glu

Ceg

Pro

BAg

Glu

1060
[aRars|
Pro
1075
clg
Leu
1090

- oatg
o Met

1105
gag
Glu
1120

gra gat
la Asp

ctg

lLeu

Cogac

5 Asp

aac

Asn

alg
Met

gLt
¢ Val

get
Ala

1135
tae
Tyr
1150
ate
Lle
1165
cEe
Arg

1180

s cle

Leu
1195
tac
Tyr
1210
Ccge
Arg
1225
goei
Ala
1240
tte
Phe
1255

taagtcttta tagitcetgea clagectaga gggecttatg vagligtgaat

aaggeeottt ttgetgeegt gettgectaa gpt

feges

fEey

aagge atgaaacgaa

cacgatetet tecagtacttt tgetaagtgg cigetectee acttccacca

g

210>

10
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Ser T

toe

oA

Ser As

cltg

Leu Arg

glic ac

Val

geg

Ala

ate
[le

ttc
Phe

cag
Gln

cge

Arg

ang
Lys

Bag
Glu

cacacageat
tetgtgepgt

cgeagetega

gaa
Glu

ate

Ile

tee

Ser

gtt
Val

gag
Glu

gtt
Val

gtg
Vil

get
Ala

3673

3718

3763

3808

3853

3898

3943

3988

4033

1078

4123

4168

4273
4333
4393
4394



11> 1207
Q212> T
213>

<4007
Met Leu Gln

1
Val

Arg

Leu

Asp

Val

Asp Lys

65
Thr

Lys
Glu
Val
Gly
145
Pro
Asn
Ile
Ala
Thr

225

Pro

Thr G

Pro

Prao

Thr

Pro

130
Ile

Thr

Arg

Ser

His
210

Leu |

Thr
290
Pro

Asp

PRT

Corynebacterium glutamicun

16

Lys
115
Gln

Leu

[le
20
Ala

Met

Arg

fr Thr

4 Pro

100
Pro

Gln

Phe Lvs

Lys
Arg
275
Val

Arg

Tyr

a Thr

Mot
180

Thr H

5 Asp

Met
260
Ser
Ser

Leu

Pro

85

Lys

Ala

Pro

Ser
165
Val

Met

| Pro

Gly
245
Asn
Arg
Leu

Thr

Ala
325

Leu Arg

s Leu

Ser

Phe

Glu

Glu

Ala

Lys

- Ie

150
Val

Asn

Asn

Glu
230

a Lys

Leu
135

Ala
40

Gln Phe
Phe Glu
Gln Pro
Pro Ala

Thr
120
Pro

Ala Lvs
Arg Asp

Aszn
215

His

Ser Arg
Phe Ser
Lys Gly

Thr

Lys
310
Glu

Asn
205
Gly

Phe

Gln

e Gly

200
Ser

Ala

Glu

 Lys

280

Pro

Gln

{05
Ala

Met

Leu
185

T Y1/

Tyr

2 Asn

Leu
Phe
265
Leu
Gly

Gly

Gly
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Gin

10

Y Ser

Ser

90

Ala Lvs Als

Pro

t Pro G

Pro
170

Lys

Asp
lLeu
Val
250
Leu
Thr
Gly
Thr

Ala
330

't Asp

155

Ala

Arg

a Met

Val

Gly
235
Val

Ala ¢

Met

Ile G

Ile
315
Ser
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y Gln

140
[le

Arg

Thr

Val

Ile Asp G
220
Leu Ala

s Ala Lys

Arg

Lys
205

Asp

285

y Thr

[le Gly

Glu

Asp

- Asn

s Glu

30

Asn

a Pro

116
Glu

Pro |

Leu
Met
Gly

190
Ala

Tle

- Glu

270
Tyr

Arg

Val

Arg

Val T

15
Lys

Ser
95

Arg

Ser

Phe

Arg

Tip

Val

1 Ala

80
Ala

Val

Ser

s Arg

[le
160
Glu

Gly Lys

Val

s Asp

Lys

255

Asp

Gln

Met

s Pro

leu
240
Glu

[le

Gly

1s Ser

Gly

Leu
335

Ser
320
Ala



Glu
Arg
Arg
Asn
385

Gly

Ser

Leu
Val
leu
370
Val

Val

Arg

ro Gly

Ser

Gly
465
Ala

Arg /

Lys

Ala

Arg
545

Leu
450

Gly

Asp

Gly

Met
435

Thr |

Gly Lvs

Ala Ty

Ala Ile

Met
Pro
Gln
Gln
625
Ala
Val
Val

Ile

Gly

Ile
610
His
Asn
Arg

Val

Val
690
Gly

Asp

Hig /

Ala
595
Gly
Leu
Pro
Ala
Pro
675

Pro

Thr

Val
340
Gln

Gly

Gly 4

Thr As

Lys
His

420

I.') 10

Glu

- Thr

Arg
500

Asn
405
Leu

Val Pro
Trp Asp

hr Met ]

470

Leu Lys

485
Thr

Gln Als

Phe

* Leu

Ser
Gly
Gln
Ser
Lys
660
Leu

Glu

Ile

Glu

Glu

c Ala

565

¢ Gly

Ile

Ser

Met |

His
645
Gln
Leu

Thr

His

Trp
Glu
Asn
Gly
550
Ala

Arg

Phe

Asp

Leu

fle

Ile

s Leu

a Val

Ser

a7
SRR

Met 4

Val
Leu
Gln
Phe
235
Ala
Gly

l.eu

Asn

y Asp

615

> Gly

Lvs
520
Leu
Glu
Gln
Asn
Glu

600
Val

Glu Ala

~ Leu

s Gly

680
Leu

Val

Thr

425

3 Arg

Arg Thr |

Arg
Ser
Asp
505
Tyr
Gln
Ala
Gly
Val
585
Phe
Lys
Gly

Val

Asp
665

Asp /

Ala

Asn

22884

sly Glu

Glu
490
Arg

Ile

> Thr

Phe

Thr Lvs

Leu

Leu /

570
Leu

Glu
Tyr
Glu
Asn

650

Lys

Ile
B35
Pro

Gly

la Ala

.vs Leu

Gln
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S(;’.IM

Leu

Ile
380

1 Asp

Leu

Asp

¢ Ser

460
Leu

Glu
Gln
TY T

540
Pro

Leu
620
Lys
Val
Val
Phe
Arg

700
Ile

Thr

A rg
365

Phe

'IV v}" .I.“
350
Thy

Val Pr

Ser

Ile
145
Val

- Thr His

Ala
Lys
525
Val
Leu
Va]
Ile
Met

605
Gly

Val S

Met
Asp
Ala
685

Gly

Gly

o Glu Als

Trp
430
Glu
Gly
Arg
Ile
Gly
510
Leu
Gly
Met
Val
Val

590
Glu

Ser

Glu

Gly
670
Gly

Tyr

Phe

Asp

Met

Ala

Tyr
415
Val
Thr

Gly

Leu

Ser
Met
Thr
400

Arg

Gln

Leu Asp

495
Met

Asn

Gln Lys

Asp
Ile
575
Gly

Gln

Glu

Ser
560
Gly
Lys
Gly

Gly

Thr
640

 Ile

5 Thr

Gly
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705 710 715 720
Thr Pro Asp Ser Ser Arg Ser Met His Tyvr Ala Thr Asp Tyvr Ala Lys
725 730 73
Ala Phe Gly Cys Pro Val Phe His Val Asn Gly Asp Asp Pro Glu Ala
740 745 750
Val Val Trp Val Gly Gln Leu Ala Thr Glu Tyr Arg Arg Arg Phe Glv
755 760 765
Lys Asp Val Phe [le Asp Leu Yal Cvs Tyvr Arg Leu Arg Gly His Asn
770 775 780
Glu Ala Asp Asp Pro Ser Met Thr Gln Pro Lvs Met Tyr Glu Leu lle
785 790 795 800
Thr Glv Arg Glu Thr Val Arg Ala Gln Tyr Thr Glu Asp Leu Leu Gly
805 810 815
Arg Gly Asp Leu Ser Asn Glu Asp Ala Glu Ala Val Val Arg Asp Phe
320 825 830
His Asp GIn Met Glu Ser Val Phe Asn Glu Val Lvs Glu Gly Gly Lys
835 840 845
Lvs Gln Ala Glu Ala Gln Thr Gly Ile Thr Gly Ser Gln Lys Leu Pro
850 855 360
His Gly Leu Glu Thr Asn Ile Ser Arg Glu Glu Leu Leu Glu Leu Gly
865 870 875 880
Gln Ala Phe Ala Asn Thr Pro Glu Gly Phe Asn Tyr His Pro Arg Val
885 890 895
Ala Pro Val Ala Lys Lys Arg Val Ser Ser Val Thr Glu Gly Gly Ile
900 905 910
Asp Trp Ala Trp Gly Glu Leu Leu Ala Phe Gly Ser Leu Ala Asn Ser
915 920 925
Gly Arg Leu Val Arg Leu Ala Gly Glu Asp Ser Arg Arg Gly Thr Phe
930 935 940
Thr Gln Arg His Ala Val Ala Ile Asp Pro Ala Thr Ala Glu Glu Phe
945 950 955 960
Asn Pro Leu His Glu Leu Ala Gln Ser Lys Gly Asn Asn Gly Lys Phe
965 g70 975
Leu Val Tyr Asn Ser Ala Leu Thr Glu Tyr Ala Gly Met Gly Phe Glu
980 985 990
Tyr Gly Tyr Ser Val Gly Asn Glu Asp Ser Val Val Ala Trp Glu Ala
995 1000 1005
Gln Phe Gly Asp Phe Ala Asn Gly Ala Gln Thr Ile Ile Asp Glu
1010 1015 1020
Tyr Val Ser Ser Gly Glu Ala Lys Trp Gly Gln Thr Ser Lys Leu
1025 1030 1035
ITle Leu Leu Leu Pro His Gly Tyr Glu Gly Gln Gly Pro Asp His

1040 1045 1050

Ser Ser Ala Arg Ile Glu Arg Phe Leu Gln Leu Cys Ala Glu Gly
1055 1060 1065

Ser Met Thr Val Ala Gln Pro Ser Thr Pro Ala Asn His Phe His
1070 1075 1080
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Leu Leu Arg Arg His Ala Leu Ser
1085 1090

[le Phe Thr Pro Lvs Ser Met Leu
1100 1105

Ala Pro Glu Asp Phe Thr Glu Val
1115 1120

Asp Asp Pro Asn Val Ala Asp Ala
1130 1135

Leu Val Ser Gly Lys Leu Tyr Twi
1145 1150

Lys Asp Gly Arg Asp Asp lle Ala
1160 1165

His Pro T1le Pro Phe Asn Arg Ile
1175 1180

Pro Asn Ala Glu Glu Val lLeu Phe
1190 1195

Gln Gly Pro Trp Pro Phe Tyr Gln
1205 1210

Pro Asn Met Pro Lys Met Arg Arg
1220 1225

Ser Thr Ala Thr Gly Val Ala Lys
1235 1240

Gln Leu 1Ile Asp Glu Ala Phe Glu
1250 1255

{2100 11

211> 1471

<212> ADN

<213> Corynehacterium glutamicum

220>

221> CDS

222> (562)..(1182)

<400> 11

gtegataage tettgetttt tegcaggece

gtacacgega cgeacgticg tatcgaccac

gaccegegege geegtgtaat caccgatecce

cggeacceteg ceggeatget tttegacgat

cetacgtgga tagececaact tgeccecacga

gaaatettce ggagtgggee attittecat

gacgggagtt tgttggctca tcacctetga

atcacgeccac gcecaagatege gggeattitge

agctgtaaat gacatgacct aaatgattgt

ccgagtggaa gaatagaget

| Thr Lvs

- Glu

s Ser

22884

Asp Leu

Arg Asn Lys

Ala

[le Val

Glu

Val

1 His

Val Ser

Val His

cgeaaggtaa
CEECACECER
CEECaaCgey
caccteogea
cecgeaaaate
ccactcacge
aaggagaatt
tctaaaccac
actgactgge

t atg cct ttg cgt aat
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Phe

Leu Als

Arg Ile

Ala

Gln Asp Glu

Leu

Arg Arg

Gln

: Arg
1095
Ala
1110
Gln
1125
Lys
1140

Lys

Ala

Ser

__
&
s

Arg
1155

Glu
1170
Leu
1185

Ala

Pro
1200
Pro

1215

Glu

1230
Leu

1245

Glu

cglecggeta
tgeceaaaat
agecagcegeoet
cattecttea
teateggtge
caaatcgget
ceceeatgetg
acgagcaggg

acattaggtic

-a Leu

Ala G

Ala

Val

Val

Lys

Met Leu

Gly Tyr

Ala Asn

Leu

cecgegegetg
gaaacgecege
ceaccgtate
accteagege
Legeatticge
cgactegege
aagtattggg
ctgtttgaaa
atacgtcaca

gtt gat aga act ccg

60
120
180
240
300
360
420
480
540
591



cee gea gta
Pro Ala Val
tlte aac gaa
Phe Asn Glu
cge aat ggg
Arg Asn Gly
45
cga glg coa
Arg Val Pro
60
gttt gte cgt
Val Val Arg
75
ate gaa tac
Ile Glu Tyr
gge cac gaa
Gly His Glu
gge ggt gea
Gly Gly Ala
125
gea cca tee
Ala Pro Ser
140
gaa ttc gag
Glu Phe Glu
1556
cgt tet cea
Arg Ser Pro

att
Ile

age
Ser

ggecgtggge agtgtggtit
tgecaagact ctgggtttit
ttgagaaccg gttgggaacc

ggi
Gly

aag
Lys

tig
Leu

aac
Asn
205

teg
e

f'rp

gat
Asp
30

cad
Gln

gt
Val

act
Thr

BOC
Ala

tee
Ser
110
ctt
Leu

att
ile

gaa
Glu

gag

Glu

cge

Arg
190
gtg
Val

gaa
Glu
15

cga

Arg

acg

Thr

TaE
gaa

Glu

gee

Ala

act
Thr
95

tgt
Cys

(e

Pro

ggt
Gly

gea
Ala

cea

Pro

cet

Pro

Tttt
Phe

gga
Gly
§0

gaa

Glu

ggt
Gly

cac
His
160
cat
His

cga
Arg

Met
I

ctg ot

Leu

“ac

Asn

gea

Ala

att
Ile
65

gaa
Glu

tee
Ser

gea
Ala

gge

Gly

gee
Ala
145
gtt
Val

cag

Gln

cte
Leu

got
Ala
50

ttt
Phe

ate

[le

ate

Ile

gttt
Val

tac
Tyr
130
aag

Lyvs

gty
Val

ang

Lys

tet
Ser

Leu

goe

Ala

1 gac

Asp
35

gt
Val

gac

Asp

cte

Leu

gge

Gly

gea
Ala
115
caa

Gln

gea

Ala

gca

Ala

gLe

Val

gac
Asp
195

22884

Arg Asn

gga auc

Gly Asn

20

gee ceg

Ala Pro
L¢oatt

gte

Val

gac

Asp

ott
Val
100
gea
Ala

cga
Arg

o7
gag

Glu

Thr

gaa
Glu
180

ggt

Gly i

Ile

get

Gly

can
Gin
85

cea

PI. 0

act
Thr

gttt
Val

ggc

Gly

gta

Val

165
acc

Thr

Val Asp Arg Thr
gaa aga Lic atc
Glu Arg Phe lle
25
cge aga aaa gaa
Arg Arg Lys Glu
10
teo tgl tea gat
Ser Cys Ser Asp
55
ot ggt gac cte
Leu Gly Asp Leu
70
gea gig ctt gea
Ala Val Leu Ala
ttg gtt ate gte
Leu Val Ile Val
105
gea gea gea ctt

Ala

ttg

Leu

Ala

glta
Val
135
age

Ser

caa

Gln

gr gag

act

s Thy

Glu

gaa
Glu

Ala
120
gaa

Glu

tee
Ser

ctg -

Leu

ttg

Leu

cet
Pro
200

Leu

aag

Lys

atce
Ile

Pro
10
agt

Ser

ctt
Leu

tct
Ser

ttt
Phe

tce
Ser
90

atg
Met

gaa
Glu

gtt
Val

aag
Lys

tee
Ser
170
ate

7 1le

att
Ile

tagttttcgg tetgagatig cctatgateg gtgattiggg

ccagglttitg gaacgectgt
ggacacaggt geccagaagtt

gecacgecagt tigatcgetg tggaaactat cacaattccec
gacctegea
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ggtagttegg geggactcaag ttagagaaac

ceggltitaga
cggetitita
gtectgaaca

cagacaggceg
ggtttagaga
ggtaatcttg
gcgaaaaagt

639

687

879

927

1023

1071

1119

1167

1222

1282
1342
1402
1462
1471



210>
2110
212>

213>

400>
Met Pro
1

Leu Leu

Asn Gln

Ala Ala

50
Ile Phe
65

Glu Tle

Ser lle

Ala Val

Gly Tyr
130

Ala Lys

145

Val Val

Gln Lys

Leu Ser

210>
211>
212>
213

<2207
<221>
222>

<400>

12
207

PRT

Corvnebacierium glutamicum

12
Leu

Ala
Asp
35

Val
Asp
Leu
Gly
Ala
115
Gln
Aln

Ala

Val

Gly
20
Ala

Val

Val
Asp
Val
100
Ala
Arg
Glu

Thr

Glu
180

y Gly

¢ Asn

Asn G

Pro {

Glin
85

Pro
Thr

Val

Gly

Val

165

Thr

¢ Leu

70
Ala

Leu

Ala

Asp

Arg

Yal
Ala
Val

135
Ser

1 Gln

Gly Glu
Thr Glu

Arg
Phe
Lys

40
Ser

Ala
120
Glu
Ser
Leu

Leu

Pro
200

Thr
Ile
25

Glu
Asp

Leu

Ala

le Val

105
Leu

Leu
Gly

185
Val

Corvnebacterium glutamicum

CDS

(1).. (621)

13

22884

Pro
10
Ser

Pra Ala Val T

Leu Arg

Ser

Phe

5 Val

Lvs
Ser
170
Ile

fle

Val Val Arg T

Ile Glu Tyr

Gly His Glu

Gly Gly Ala
25
Ala Pro Ser
140
Glu Phe Glu
155

Arg Ser Pro

Ile Gly Leu

Ser Lys Asn
205

Ala
Ser
110
Len
Ile
Glu
Glu
Arg

190
Val

» Glu Ala

15

Arg Pro

Thr Pro

Glu Phe

- Ala Gly

80
Thr Glu
95h

Cys Gly

Pro Gly

Leu Glu

His His

160
Ile His
175

Tvr Arg

Gly

atg cetl ttg cgt aat git gat aga act ccg cec gea gta tgg gaa gea
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Met
1
tig

Leu

gea

:J\ l o

att
Ile
65

gaa

Glu

toe
Ser

gea

Ala

ggc
Gly

gee
Ala
145
gtt
Val

cag
Gln

cle
Leu

Pro

ettt

Leu

Cocag

Gln

ate

Ile

ate

{le

git
Val

tac
Tyr
130
aag
Lys

aag
Lys

tet
Ser

210>
211>
212>
213>

<400>
Met Pro Leu Arg Asn Val Asp Arg Thr Pro Pro Ala Val Trp Glu Ala

Leu A

gee

Ala

gac

Asp

35
atlt
Val

gac

Asp

cte

Leu

gEC
Gly

gea
Ala
115
a8

Gln

gea

Ala

gea

Ala

gte

Val

14
207
PRT

gttt
Val
100
gea
Ala

cga
Arg

gag
Glu

acg
Thr

gaa
Glu
180

> ggt
y Gly

g Asn

hl

1 ane

r Asn

> ceg

Pro

caa
Gin
85

eca

Pro

act
Thr

gtt
Val

gge
Gly

gta
Val
165
ace

Thr

cgt
Arg

Val Asp
gaa aga
Glu Arg
CEC aga
Arg Arg
tee tgt
Ser Cys
b5

cte ggt
Leu Gly
70

gea gty
Ala Val
ttg gtt
Leu Val

gca

Ala

ttg
Leu

ctyg
Leu
150
aac
Asn

geca

Ala

att
Val
135
age
Ser

caa

Gln

gag

y Glu

gaa
Glu

Arg

tie
Phe

aga
Arg
40

tca

Ser

gac

Asp

ot
Leu

ate

Ile

gea
Ala
120
gaa

Glu

tee
Ser

ctg

Leu

ttg
lLeu

cet
Pro
200

Thr

ate
Ile
25

gaa

Glu

gat
Asp

clce

Leu

ECg
Ala

gte
Val
105
ctt
Leu

ang

Lys

ate

{le

ttg
Leu

gea
Gly
185
gta
Val

Corynebacterium glutamicum

14

22884

Pro

agt

Ser

cit
Leu

tet
Ser

ttt
Phe

tee
Ser
90

atg
Met

gaa
Glu

gti
Val

aag
Lys

tee
Ser
170
ate

Ile

att
Ile

Pro

tic
Phe

Cge

Arg

cga

Arg

git
Val
75

ate

Ile

g8C
Gly

ggc

Gly

gea
Ala

Ala

et

Asn

aat
Asn

gtg
Val
60

gie
Val

gad

Glu

cac

His

ggt
Gly

cea
Pro
140
tte
Phe

cgt tet
Arg Ser
att ggt

age
Ser

-56-

e Gly

aag

&

Lys

gan g

Glu

ygH
Gly
45

cea

Pro

cgt
Arg

tac

Tyr

gaa

Glu

gea
Ala
125
teo
Ser

gag
Glu

Cea

Pro

ttg
Leu

aac
Asn
206

[rp Glu
15

Al cga

Asp Arg

30

caa acg

glit

Val

act
Thr

gee

Ala

tee
Ser
£10
ettt
Leu

att
[le

gaa
Glu

gag
Glu

cge
Arg
190
glg
Val

Thr

ey -
gag ¢

Glu

goe
Ala

act
Thr
95

tgt
Cys

cee

Pro

cta

lLeu

cac

His

att
lle
175
tac

Tyr

ggt
Gly

Ala

cca
Pro

gga
Gly

gaa
Glu

cac
His
160
cat

His

cga

Arg

tag

192

240

288

346

384

432

480



l.eu Leu
Asn Gln

Gly Tyr
130
Ala Lys
145

Val Val

Ala
Asp
35

Val

Asp

s Leu

e Gly

Ala
115
Gln
Ala

Ala

Gln Lys Val
Leu Ser Asp

210>
Q211>
212>

213>

220>
221>

222>

400>
atg tet
Met Ser
1

tac tgg
Tyr Trp

gal aat
Asp Asn

196

15
2367
ADN

Gly Asn Glu

20

Ala Pro Arg
Val [le Ser
Val Gly Leu

70

Asp Gin Ala
85
Val Pro Leu

100

Ala Thr i

Arg Val Leu
Glu Gly Leu

150
Thr Val Asn

165
Glu Thr
180

Gly

Gly

Arg Thr

a Ala

Arg Phe lle

25
Arg Arg Glu
40

Cys Ser

55
Glv Asp

Val Leu

Val l1le
Ala
120

Val Glu L

135
Ser Ser lle

Gln Leu Leu

Glu Leu

Gly
185
Pro Val

200

Corynebacterium glutamicum

DS

(..

15
aca
Thr

cgt
Arg

cect
Pro
3b

(2364)

gat tac tca

Asp Tyr Ser
5

get gee aac

Ala Ala Asn

20

tta tta caa
Leu Leu Gln

tca cca gea
Ser Pro Ala
tat tta tca
Tyr Leu Ser

25
cgg cca tta
Arg Pro Leu

40

a Ser

22884

Val Ala Pro

144

s Glu Phe
155

Ser

170

Ile Ile

Arg Ser

Gly

Ile

Ser Lys

tat ttg
Tyr Leu
10

gtt ggt
Val Gly

caa

Gln

cas
Gln
aag get agt

Lys Ala Ser

-57-

125

10 15
Ser Phe Asn Glu Asp Arg Pro
30
Leu Arg Asn Gly Gln Thr Pro
15
Ser Arg Val Pro Val Glu [le
60
Phe Val Val Arg Thr Ala Glv
75 30
Ile Glu Tyr Ala Thr Glu
90 95
I Met Gly His Glu Ser Cys Gly
110
Glu Gly Gly Ala Leu Pro Gly

Ser lle Leu Glu
Glu Glu His His
160
Pro Glu Ile His
175
Leu Arg Tyr Arg
190
Asn Val Gly
205
aaa gl gal aag
Lys Val Asp Lys
15
ettt tat tta aaa
Leu Tyr Leu Lys
30
gac gltt aag gtt

Asp
45

Val Lys Val

96

144



cac

His

geg
Ala
65

gt
Val

cea
Pro
50

catl
His

gaa
Glu

ot gat
Leu Asp
gaa gy

Glu

got
Ala

gaa
Glu
145
cet
Pro

gge
Gly

aac
Asn

tet
Ser

tac
Tyr
225
cet
Pro

gaa
Glu

act

Thr

act
Thr

tee
Ser
130
ot

Leu

gat
Asp

CUa

Pro

gat
Asp

anc
Asn
210
tte
Phe

gaa
Glu

ang

Lys

tta

Leu

ggt
Gly

ate

1le

cti
LLeu

ggt
Gly

atg
Met
115
cat

His

gaa

Glu

tta
Leu

geg
Gly
195
cea
Pro

gas
Glu

aag

Lys

ate
Ile

cea
Pro
275
cet
Pro

gat

Gly

“aae

Asn

coa

Pro

act
Thr
100
caa
Gln

goet
Ala

tac

: Tyr

ate
Ile

goa
Ala
180
gea
Ala

acg
Thr

BEC £

cac
His

UEE &

Arg

gat
Gly
85

tac
Tyr

a2aa

Lys

get
Ala

tea
Ser

gee
Ala
165
act
Thr

gly
Val

att
ile

Ser Met

gttt cac

Val His
245

aaa g

Lys
260
gta
Val

aag
Lys

tgg
Trp

teca
Ser

#0g

Thr

oLl

Leu

oet
Pro

att
lle
150
gea

Ala

LA

Ser T

tta
Leu

Lttt
Phe

asae

Asn

230
cea

Pro

coatt

Ile

ceg

Pro

tgg
Trp

gat

Asp

tte
Phe

gaa
Glu
135
tea

Ser

cea

Pro

ggt
Gly
215
tgg
Trp

©oacy

y Thr

MA PE R

e Asn

L gge

¢ Gly

At
Ile

aag
Lys
120
aca

Thr

Gln

ate
[le
200
CEy

Arg

gaa

(lu

tta

Leu

aug
Lvs

ate
Ile
280
BEC
Gly

att
[le

ang

Lys

caa g

Glin

tat
Ter
105
caa

GIn

22884

Lae gt

- Gly

in

glg atg

Val det
40

col gaa

Pro Glu

coda ggo

;.,‘ 0

toan
Ser
185
ttg

Leu

act
Thr

ord

Pro

get
Ala

aac
Asn
265
gte
Val

gae

Asp

gttt
¢ Val

gat
Gly
170
acg

Thr

ade

Asn

Lot
Ser

ate

Ile

ang

Lys

0

L

gel ¢
Ala

aag

Lys
ctt
Leu

gat

Asp

11t
Phe
235
gce

Ala

tte cge
Phe Arg

ang

Lys

ate
Ile

-58-

alt

t1e

Phe

ate
Ile
140
gea

Ala

EAS3Y

Gly

Phe

atg t

Lys Met
Lee aac

cac
His

aic

[le

gua

Glu

tte ate
Phe 1le
anc gee
Asn Gly

205
gaa aag
Glu Lys

220
gtt

Val

atg
Met

gaa
Glu

gat
Asp

aac

u Asn

cet
Pro
285
gat
Gly

© Asn

cag

- Gln

110
get
Gly

Coate

[le

tea
Ser

95

gat g

Asp

gge g

Gly

gaa ggt
Glu Gly
ol gac
LLeu Asp
tee gaa
Ser Glu
175
aae cea
Asn Pro
190
Tttt aag
Phe Lys
ate aag

[le

ggt
Gly

gaa

Glu

gat
Asp
270
aag

Lys

tca
Ser

Lys

gace

Asp

gee
Ala
255
gac
Asp

gEC
Gly

tic
Phe

tat
[ y e

tac
80

tac

Tyr

gg¢

Gly

Toaac

Asn
160
ace

Thr

ate

Ile

att
[le

caa

Gln

gat
Asp
240
gte
Val

get
Ala

tgg
Trp

cga
Arg

192

240

288

D
53k

480

H28

(93]
~J
fay

624

672

-3
3
fs

768

864



get
Ala
30b
gat

Asp

aat

Asn

tet
Ser
TS
i,

tac
'{*yr

gao
Gly

act
Thr

gaa
Glu

get
Ala
465
tit
Phe

caa

Gln

aag
Lys

gAC
Asp

get

290
cac

His

geg

Ala

gaa
Glu

gea
Ala
450
gaa
Glu

gea ¢

Ala ¢

cac
His

tac

Tyr

cat
His
530
gaa

Cag

Gln

tta g

Leu

gat
Asp

C pea

att
[le

Ala Ar

365
goe

Ala

cal

His

ceg
Pro
5156
aat
Aszn

dag

ttg
Leu

get

Gly

gat

Asp

gaa

y Glu

420
caa

Gln

got
Ala

 teg
: Trp

- tac

Tyr

©aag

 Lys

500
tea

Ser

288
Gly

aag

atg

Met

aac

Asn

gee

Al
Ala

gtt
Val
405
ace
Thr

tgg
Trp

gge
Gly

tta
lLeu

gaa
Glu
485
tgg
Trp

Leu

tac
Tyr

cet

L ttg

- Leu

goe

Ala

Lla

Leu

aac g

Asn
350
ate

Ile

atg
Met

alg

Met

cgg
Arg

gaa
Glu
470
gee
Ala

t1a
Leu

Doaac

Asn

ace

Thr

ang

Lys

tea

Ser

gaa

Glu

gte
Val
455
gyt

Gly

cgl
Arg

att
Ile

cac
His
s B

330

tat

22884

gac caa
Asp Gin
Ltes Latl

ot Y]‘\fr

330

gat gat atce
Asp Asp lle
J45
aac cea 41e
Asn Pro lle
$60
aac tie cgt
Asn Phe Arg
anag caa gat
Lys Gln Asp
ang aac cca
Lys Asn Pro
410
aac ogg tta
Asn Arg Leu
425

gat
Asp
440
Ltg

Leu

aag

Lys

ate
Ile
520
caa
Gln

ate

att
[ie

gat
Asp

gle
Val

CegE
Arg

gee
Ala
505
geg
Ala

gat
Asp

cge

cae

His

got
Ala

tta
Leu

gt
Val
490
aac
Asn

dda

Lvs

act

Thr

gat

Asp

atg

Met
395
gat

Asp

tat
Tyr

[ er:1

Pro {

caa

Gln

act
Thr
475
gte
Val

gaa

Glu

tca
Ser

ggt

Gly

tat

300

gac

- Asp

[SE92)

Pro

gaa
Glu

aatl

Asn

tac
Tyr
380

anc
Asn

ggt
Gly

tia
Leu
460
ggt
Gly

gac
Asp

ctt
Leu

act
Thr

gee
Ala
540
tta

atg ¢

Met

aag

Lys

att
{le

gat
Gly

365

gee g

Ala

o
o Val T

tie
Phe

glte
Val

- agt

Ser
445
tet
Ser

cgt
Arg

tca
Ser

gac
Asp

glg
Val
525
itg
Leu

cea

catl
His

gaa cle
Glu Leu
335
ale coa
{le Pro
350
ggg gtt
Gly Yal
gttt gat
Val Asp

tgg

cgg

Arg

ttt
Phe
430
gac
Asp

gaa

Glu

goe
Ala
320
tte
Phe

actl
Thr

gat

Asp

acy

Thr

tea gac
Ser Asp

tta
Leu
415
gaa

Glu

Cad

Gln

400
tit
Phe

ace

Thr

tac

"{‘y }..

cac caa
His Gln

cat gge
His Gly

atg
Met

tgg
Trp
510
tte
Phe

act
Thr

ttg
Leu
495
cEg
Arg

caa
Gln

ttg
Leu
480
acg
Thr

aag
Lvs
caa
Gln

cat ttg
His Leu
gac gee

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1438

1536

1584

1632

1680



Ala
545
aae

Asn

ate
Ile

att

[le

tgg
Trp

gee
Ala
625
cat
His

get
Ala

tic
Phe

aac
Asn
705
aca
Thr

gca
Ala

gece
Ala

ate

Ile

aad
Lys
785

tee
Ser

aac

Asn

gaa

Glu

gea
Ala
610
gga
Gly

gat
Asp

> tlg

Leu

gaa

Glu

cat
His
690

cac

His /

eca

Pro

aaa

Lys

ttt
Phe

cgt
Arg
770
ggt
Gly

=
=

ttg
Leu

tac

Tvr

gaa
Glu
595
age
Ser

acg

Thr

age

Ser

aag

Lys

Tttt
Phe

; Lyvs

tta

leu

gtg
Val
580
get
Ala

acE

Thr

gad

Glu

tte
Phe

Lia
Leu
660
gac
Asp

gl tac

tte
Phe

tet

Ser

gtt
Val
755
gac
Asp

ttg
Leu

: Tyr

tta
Leu

gat

Asp

gea
Ala
740
caa
Gln

gce
Ala

aaa
Lys

Pro

got
Ala
565
gtt
Val

aag

Lys

gac
Asp

cea

Pro

cca
Pro
645
cgt
Arg

cat
His

gaa
Glu

cac

His

gtc
Val
725
att
Ile

gac

Asp M

gga
Gly

taa

Glu
550
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cgt cog gtt tec gaa gag gec atc gaa gge atg gac aag tac tgg cge 217
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gte gee aac tac atg tot ate gge cag ate tac otg cgl age aae ccg 265
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Leu Met Lys Glu Pro Phe Thr Arg Asp Asp Val Lys His Arg Leu Val
50 55 60

gge cac Lgg gEe ace ace ocg gge otg aac tic ctt cte gee cac ate 361
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370

Leu

Tyr

35

Pro

Thr

Ala
Gly
Tyr
115

Arg

Thr

Gln
195
Ile

Arg

His
Ile
Cys
275
Tyr
Phe
Pro
Gly
Ser
355
Ile

Lys

Gly

Ala
Ile

180
Ser

Pro
His
260
Asp
Pro
Ile
Leu
Trp
340
Ile
Gly

Leu

His

Thr

- Pro

His
85

Ala
Pro
Phe
Gly
Tyr

165
Gly

Arg
Gly
70

Gln

Gly

Asn

Asn Lys

e Ser

Tyr
245
Arg

Ile L

Met
Asp
Ala
Met
Lys
Ala
Pro

Gly
405

s Leu

Asp
230
Glu

Gly
310
Ser

Glu
Glu
Asn
Glu

390
Trp

Asp

2o

Leu As

Gln

Thr

Ile

- Tyr

135

s Tle b

Asn
215
Glu
Phe
Phe
Ala
Tle
295
Lys
Ala
Ser
Asp
Pro
375

Leu

Gly

40
Asp

Asn
Ala
Thr

120

Pro

Ile

y Glu

Val
200
Gly
Glu
Val
Ala
Ala
280
Phe
Lys
Arg
Tyr
Val
360
Asn

Asp

Gln

Yal
Phe
Thr
Gln
105

Lvs

Gly

s Glu

Met
Ala
185

Asn

Tyr

Leu H

Ala
Glu
2656
Ala
Arg
Thr
Asp
Lys
345
Thr
Ala

Gln

Val

22884

Lys
Leu
Val
90

Ser
Asp
Gly
Gly
Asp
170

Glu

Pro

Gly
250
Leu

Gln

Thr T

Glu
Thr

330
Pro

Asn

Tyr

Glu
410

Tyr
Glu
Ile
Gly
155
Asn
Thr
Arg

Ile

s Asp

235
Phe

Phe

Thr

Gly
315

Glu

Glu

a Phe

Gly

Glu
395
Ala

-73-

1s Arg

60
Ala

Ile

Tle

Ala

Pro

140
Glu

Pro S

Gly

Thr

Ala
220

Phe |

Asp

Glu

Asp

Lys
300

Ser T

Ala
Glu
Met
Gly
380

Ile

Pro

45

Leu
His
Met
Asp
Gly
125
Ser

Leu

Pro
Asp

205
Asn

Asn
Thr
Asp

285
Gly

His
Leu
Pro
365
Arg

Thr

Arg

l.eu
Leu
190
Gly

Pro

> Arg

Glu
Ile
270
Met
Trp
Arg
Phe
Phe
350

Lys

Ile

Gly

Asn

Pro
95

Thr 7

Gln

Phe

v Tyr

Phe
175
Ala

Ile

Thr

Gly

Asp

255

Phe
Thr
Thr
Ala
Glu
335
Asn
Gly
Arg
Val

Leu
415

Ala
160
Val
Thr

Val

Met
240
His
Asp
Arg
Cys
His
320
Val
Ala
Glu
Glu
Lys

400
Gly



Arg
Arg
545
Val

Phe

Lys

Ala
625
Gln
Ala
Asn
Ala
Val
705
Tyr
Gln
Asp

Lys

Phe

Tyr

> Gly

450
Asn

Cys

e Trp

Gln
Lys
530
Gln
Leu

Ala

Ser

a Thr

610
Ala

Val
Ala
Val
Met

690
Leu

Gly
Arg
Tyr

770
Gln

ys Arg

- Thr Lys

Ser
His
515
Pro
Asp
Leu

Thr

Thr
595

Trp 11

Glu’

Val
Ser
Val
675
Ser
Phe
Arg
Ser
Tyr
755

Ala

Phe

420
Asp

Lyvs
Ala
Gly
Ser
500
Ala
[le
His
Asn
Asp

580
Asn

Trp
Leu
Asp
660
Asp
Asp
Ala
Pro
Thr
740
Ala

Asp

Ala

Asp
Glu
Gln
Yal
Phe
485
Tyr

Lys

Ser

Asn

Lys
565
Ala
Lys
Thr
Lys
Ala
645
Ala
Leu
Glu
Tyr
Asn
725
Thr
Leu

Lys

Val

Ile Ile

Thr Ala

Trp Asp
455

Thr Gly

470

Leu Glu

Glu Ser

Trp Leu

Ser Val
535

Gly Phe

550

Thr Phe

Asn Met

Ile Asn

Leu Asp
615
Trp Ala
630
Ala Ala

Leu Asn
Ile Lys
Asp Phe
695
His Ser
710
His Asp
Thr Pro

Gln Ala

Ile Asn
775
Asp Asn

Lys
Ser
440
Asn
Gln
Ala
Phe
Glu
520
Asn
Ser
Asn
Leu
Ala
600
Glu
Ser
Gly
Lys
Leu
680
Ala
Tyr
Asn
Phe
Lys
760

Glu

Gly

Asn
425
Asn
Gly
Val
Tyr
Val

505
Ala

Asn
Leu
585
Ile
Val
Asn
Asp
Met
665
Gln
Asp
Ala
Phe
Asp
745
Ala

Leu

Tyr

22884

Asn

Arg

Tyr

Val

Len

490
His

Thr V

Leu

5 Gln

Asp
570

Ala T

Phe
Arg
Ala
Val
650
Gly
Ser
Leu
Gln
Thr
730
Met
Leu

Asn

Asp

Prao

Leu

Leu

Asp

DOD

His

Lys
635
Pro

Ile

Ser Ly

Phe
Asp
715
Val
Val
Glu

Glu

Ile

-74-

Asp
Asn
Ser
460

Gin

Thr

Arg
Ser
540

Pro

Val

» Ala

Gly

a Glu

620
Ser

Thr

Thr
700
Val

Val

Arg

Leu

Phe

780
Pro

Ser
Ala
445
Ala

l.eu

Gly

3 Asp

Glu
525
Ser
Gly
Thr
Glu
Lys
605
Leu
Asn

Gln

Phe

s Glu

685
Ala

Arg
Gly
Val
Ile
765

Arg

Glu

Phe
430

Thr T

Leu

Asn |

Arg

Val

1 Glu

His
495

Met

e Pro T

Lys Cys

590
Gln

Glu

Asp

Glu

Lys V

670
Asn

Tyr
Asn
750
Asp

Lys

Phe

Asp
Lys
Leu
Lys
735
Asp
Ala

Thr

Thr

Val

- Glu

Asp
His
480

Gly

Leu

Ser
560

> Tyr

Phe

Ala

Val
640

e Met

Val
Glu
Pro
Ile
720
Glu
Met
Asp

Ala

Asp



785

Trp Val Tyr Pro Asp

805

Thr Ala Ala Thr Ala

210>
211>
212>
213>

220>
<2215
{222>

<400>

820

21
1386
ADN

790

Val Lys Val Asp

Gly Asp Asn Glu

825

Corynebacterium glutamicum

ChbS

(1)..(1383)

21

atg tet
Met Ser
1

ttec gat
Phe Asp

cte acc

Leu Thr

geg gac
Ala Asp
50

acg ttt
Thr Phe
65

ctg ctg
Leu Leu

gta aac
Val Asn

gag cca
Glu Pro

cte gaa
Leu Glu

130
cgc gea
Arg Ala

gac
Asp

gga
Gly

tac
Tyr
35

cte
Leu

tte
Phe

gta
Val

aat
Asn

atg
Met
115
cca
Pro

cge
Arg

aca
Thr

tte
Phe
20

ctg ©

Leu

cte
Leu

gac

Asp

gac
Asp

gee
Ala
100
ceg
Pro

gtc
Val

gca
Ala

ccg
Pro

gat

Asp

Pro

get
Ala

gee
Ala

aag
Lys
85

gge
Gly

gat
Asp

atg
Met

gag
Glu

acc

Thr

ttg
Leu

¢ gac

Asp

gag g

Glu

cag
Gln
70

caa
Gln

gea
Ala

aag
Lys

agc

Ser

cac
His

tca
Ser

gaa

Glu

gaa
Glu

gge
Gly

gtt
Val

ctg
Leu

gce
Ala
135
tee
Ser

get otg

Ala Leu |

gaa gta
Glu Val
25

gaa ctla
Glu Leu
40

cca get
Pro Ala

> gee get

Ala Ala

aag cac
Lys His

gtt gca ¢
Val Ala Al

105
cge aag
Arg Lys
120
gaa ctc
Glu Leu

cac att
His Ile

22884

795

800

Glu Thr Ser Met Leu Ser Ala

810

ate

get
Ala

ttt
Phe

gtg
Val

acce

e Thr

gca
Ala

gta
Val

ate

[le

cte
Leu
75

goet
Ala

e
—_— )
o

=

gtg
Val

gaa
Glu

ctg
Leu

-75-

a0
acg

Thr

gac
Asp

tee
Ser

atc
Ile
60

g8C ¢

Gly

ctt
Leu

ttt
Phe

cge

Arg

aac
Asn
140
cca
Pro

gle
Val

ctt
Leu

aaa

Lys

ggt
Gly

Val

get
Ala

acc
Thr

aac
Asn
125
tgg
Trp

gaa
Glu

adc
Asn

g8a
Gly
30

gtt
Val

gta
Val

> cca

Pro

cge
Arg

gct
Ala
110
cac
His

ctg
Leu

ggt
Gly

315

cge
Arg
15

gtt
Val

cte

Leu

gga
Gly

gtg
Val

acce
Thr
95

gaa
Glu

agc
Ser

cte
Leu

gac
Asp

age
Ser

cgg

Arg

gcg
Ala

aac
Asn

cta
Leu
80

cag
Gln

caa
Gln

aac
Asn

aag
Lys

gac
Asp

48

96

144

240

288

336

384

432

480



145
gac
Asp

gaa
Glu

gat
Asp

tca
Ser
225
tee
Ser

gta
Val

cag
Gln

cte
Leu

adac
Asn
305
geca
Ala

tee
Ser

ate
Ile

gat
Asp

aag
Lys
38b
tte

cge
Arg

> atc

Ile

ettt

Leu

cct
Pro
210
aag
Lys

tac
Tyr

tece
Ser

atce
Tle

atg
Met
290
ceg
Pro

aaa
Lys

tac
Tyr

gac
Asp

gega
Gly
370
aag
Lys

cct

ate

Ie

acg
Thr

ggc
Gly
195
cge
Arg

age
Ser

tte
Phe

ggt
Gly

atc
Ile
275
gtg

Val

aac

Asn

act

Thr

tce
Ser

get
Ala
355
cca
Pro

atg
Met

gac

ttg

Leu

ate
[le
180
clg

Leu

clg

Leu

gea
Ala
260
aaa
Lys

ctg

Leu #

cca

Pro

Ala

act
Thr
340
ottt
Leu

ctt
Leu

cca
Pro

ctg

atlg
Met
165

ctg g

l.eu

CHC

His

gag

Glu

act
Thr

acc
Thr
245
gea
Ala

act
Thr

act
Thr

goa
Ala
325
gege
Gly

gea
Ala

cag
Gln

gac
Asp

gaa

150
get
Ala

ctt
Leu

gaa

Glu

ate
Ile
230
atg
Met

aac

Asn

git
Val

> ggg
g Gly

get
Ala
310
caa
Gln

aac

Asn

gaa
Glu

tic
Phe

tct
Ser
390
gce

geoe

Ala

> gat

y Asgp

anc

Asn

tte
Phe
215
gat

Asp

atg

Met

acce

Thr

ced

Pro

cga ¢

Arg
295
gaa
Glu

ttt ¢
Phe G

tee
Ser

gea
Ala

gac
Asp
375
gac
Asp

gga

cac

His

cug

Gin

cea gte

P o

acl ges
Thr Ale

200

gee
Ala

gaa

Glu

gte
Val

acc
Thr

gge

cge
Arg
360
gee
Ala

gte
Val

aac

gaa
Glu

geeo

Ala

cac

His

gea
Ala

265

1 gea

Ala

tgg ¢

Trp

ctt
Leu

> oatt
r Ile #

gga
Gly
345
cga
Arg

gee
Ala

gct
Ala

atce

22884

clLg
Leu
170

aag 4

Lvs

tac

Tyr

cad

Gln

cge

Arg

dac
Asn
250
cac

His

tce

Ser

gte
Val

ggc
Gly

ggc

155
ctt
l.eu

ctg

Leu

tte

Phe

gaa
Glu
235
gge
Gly

ace
Thr

gtoe

Val

gat

Asp

o aag ge

e Lys G

gte
Val

geg
Ala
220
ate
Ile

gac

Asp

att
Ile

gttt
Val

gge
Gly
300
ate

Ile

cge

o Arg

gat
Asp

ceca
Pro

ccg
Pro
380
gca
Ala

aaa

caa

Gln

aat
Asn
205
gag
Glu

alg

Met

gee

Ala

aag

Lys

tet
Ser
285
gac
Asp

gee
Ala

gta
Val

gtg
Val

gaa

Glu L

365
ggt
Gly

aat
Asn

act

gac
Asp

cge
Arg
190
ceg

Pro

ctg
Leu

aag

Lys

gac
Asp

cea
Pro
270
tee
Ser

tgt
Cys

gtt
Val

gce
Ala

gat
Asp
350

¢
o)

gtg
Val

gtg
Val

gca

ate
Ile
175
get

Ala

clg

lLeu

gat

gga
Gly
255
age
Ser

ate
Ile

get

&

Ala

gtg
Val

ate
Ile
335
cge
Arg

tge
Cys

gcg
Ala

ttt
Phe

caa

160
tgt
Cys

ace
Thr

aca

Thr

> aag

Lys

att
Ile
240
atg
Met

ttc
Phe

tte
Phe

gtt
Val

tca
Ser
320
ttg
Leu

gee
Ala

gte
Val

CEC
Arg

ate
Ile
400
cge

576

624

768

816

364

912

960

1008

1056

1104

1152

1200

1248



Phe

dqee g

Thr 6

cea

Pro

dea

Thr

Pra Asp

210>
211>
212>
213>

<400>
Met Ser Asp

1
Phe

Leu
Ala
Thr
65

Leu
Val
Glu
Leu
Arg
145
Asp
Asp

Glu

Asp

Asp
Thr
Asp
50

Phe
Leu
Asn
Pro
Glu
130
Ala
Arg
Ile
Leu

Pro
210

caec

s His

L aae

Asn

435

4 goc

Ala

22
461
PRT

Leu

gce
Ala
420
gac

Asp

ate

[le

Glu
405
oty

Leu

ctt

Leu

aea

Ala

gea

Ala

fce

Ser

gea

Gly Asn

gttt ggt

Val Gly

cgt gge
Arg Gly

440
att cag

Thr Ala Ile Gln

455

[le

ceg
Pro
425
gea

Ala

gea
xl\ l a

Corynebacterium glutamicum

99

Gly
Tyr
35

Leu
Phe
Val
Asn
Met
115
Pro
Arg
Ile
Thr
Gly

195
Arg

Phe
20

Leu
Leu
Asp
Asp
Ala
100
Pro
Val
Ala
Leu
1le
180

Leu

Leu

Prao
5

Asp

Pro ?

Ala

Ala

Lys
85

Gly

Asp
Met
Glu
Met
165
Leu
His

Glu

Lys
Ser
His
150
Ala
Gly

Leu

Glu

Ser Ala

Glu Glu

Glu Glu

40
Gly Pro
55

Val Ala

Gly Lys

1 Val Val

Leu Arg
120

Ala Glu

135

Ser His

Ala His

Asp Pro

Asn Thr
200

Phe Ala G

216

Leu
Val
25

Leu

Ala

Ala

22884

Gly Tyr Lys Thr /

410
att
Ile

aca

Thr

gga
Gly

Leu

Ala

is Val

Ala
105
Lys
Leu
Ile

Gln

Val
185

Ala ]

90

Ala 2

Ala
Phe
Val
Leu

170
Lys

Gln

clg

Leu

gre

Val

gga
Gly

Thr

a Ala

Val

Tle

Leu

75
Ala

Glu

Leu
155
Leu

[le L

Leu

Phe

-77-

Thr

Asp

Ser

Gly

Leu

a Phe -

Arg /

Asn
140

Pro G

Val

Leu

Lys
45

Val

s Glu

Asn
205
Glu

cta

Leu

ate

[le

» taa

Asn
Gly
30

Val
Val

Pro

Arg

- Ala

110

His S

Leu
Gly
Asp

Arg
190

Pro L

Leu

a Gln

415
aac

Asn

gte
Val

Arg

15
Val

Leu
Gly
Val
Thr

95
Glu

Leu
Asp
Ile

175
Ala

Arg

Arg

aaa

Lyvs

aac

Asn

Ser
Arg
Ala
Asn
Leu
80

Gln

Gln

- Asn

Lys
Asp
160
Cys
Thr

Thr

Lys

1296

1386



Ser
225
Ser
Val
Gln
Leu
Asn
300
Al
Ser
Ile
Asp
Lys
385

Phe

Thr

Lys
Tyr
Ser
[le
Met
290
Pro

Lvs

Tyr

Asp /

Gly
370

Lys M

Pro

Gly

Val

Val
450

210>
211
212>
213>

<220>
221>
222>

<400>
ttccaaagtc tggeacacga ggtectgaga ctiggaatea
tgcatcgtaa tecaatgteet cagggticac gatcacctceg
ttcetteagt tccaacggag tgaacttege ctgageaggt

cacttcetta gectgattet tageccaaget

Ser
Phe
Gly
Ile
275
Val

Asn

Thr

Asp

His

Asn
435
Ala

23
2644
ADN

Val
Gly
Ala
260

Lys

Leu

Pro 1

Ala

>r Thr

340

a Leu

Leu

- Pro

Leu

Ala
420
Asp

Ile

Thr
Thr

245

Ala

Ala
325
Gly
Ala
Gln
Asp
Glu
4056
Leu

Leu

Thr

Ile
230
Met

Asn

- Val

- Ala

310
Gln

Asn

Glu

Phe

Ser

390

Ala

Ala

Asp

Met

Thr

Pro

; Arg

295

Glu

Glu

Val

Thr

Glu

280

Leu

Phe Gly

Ser
Ala
Asp

375

Asp

Ser Ar

Ala

Gly
Arg
360
Ala
Val
Asn

Gly

Gly
440

s Gln

Ala Arg Glu
235
His Asn Gly
250
Ala His Thr
265
Ala Ser Yal

Trp Ala Phe

Leu Gly Glu

315

[le Asp Pro
330

Gly Gly Ser
345

Arg Leu Asn

Ala Val Asp

Ala Gly Gln
395
Ile Gly Tyr
410
Pro Ile Leu
425

Ala Thr Val

Ala Gly Gly

Corvynebacterium glutamicum

CDS

(1214) .. (2641)

23

ctcatagaca

-78-

[1e Met Lvs Asp lle

240
Asp Ala Asp Gly Met

25h

Ile Lvs Pro Ser Phe

270
Val Ser Ser [le Phe

285
Gly Asp Cys Ala Val
300
[le Ala Val Val Ser

320
Arg Val Ala Ile Leu
335
Asp Val Asp Arg Ala
350
Pro Glu Leu Cys Val

Pro Gly Val Ala Arg
380
Ala Asn Val Phe Ile
400
Lys Thr Ala Gln Arg
415
Gln Gly Leu Asn Lys
430
Pro Asp Ile Val Asn
445
Arg Ser
460

cgacgagecet getecgaage
atggtgtegg aatgatcaag
ccacgacgac caaaaacglg
ttgtcaggga tttcagtaac

60
120
180
240



tagecagetca
accaacance
atcatagaaa
cegaagateo
caactoetcea
cttgtecate
aacaccataa
gteegtgteg
aacggeaaca
atgtggagta
faatggtgee
gleggggagt
ccecattaat
cgeaacttgtl

tegecagtcet
goetacettet
cecaacgaact
tggtogecag
acagtgatgt
acatigtgea
cggatcaaac
gatttcatea
cgeanaggge
tgtgageggg
ctgetatcaa
attggggeget
gltggggtgaa
aaccgeteeg

tegecaaaat
cageagaaag
cgeeagegee
tagegeeagt
cettgeegae
gggacticac
Cganaggege
acaaatcaga
gagacatata
gttecactag
coetecatga
ttgetggags
gagetgtaan
tattgtttic

22884

ACgAgCAAC
atccecagtig
ccacgaacct
ggagaacacyg
clecaatgtig
gatgeeoltg
tggeatgegt
cgegtagatt
aagttegatt
tagattcgac
tacgtggtaa
cagatttgte
gltaccgetlaa

tacggeaata

Lecaacgeca
cgticaaagt
tecagateag
atogeglteat
ceraaggaaac
atgegagggt
teaaaaagat
cetgetggac
cettaanggg
tecetateggg
gtgcagactla
acgelgegeg
aaacltitgea

ageatttgteg

cgltaccgac
teggatigeo
aacetggaac
agaactcacg
geagetgete
gatcaggege
caatetgeac
ctgcaccgac
gtictaaaaa
glgegactge
ataaaggeca
ctitcataga
aaggetgett
ctgetcanag

300
360
420
480
540
6500
660
720
780
840
900
960
1020
1080

cgtggaalty agateggttt gaaaattaca aaataaaact ttgeaaaccg ggetgtacge 1140
aaggeggacg aacgetaaac tatgtaagaa atcacaactt ceccleagta gtgeccaggag 1200
geacaagcrl gaa gtg tea tea atg aga agg tie agg clg asa cla gaa 1249

Val Ser Ser Met Arg Arg Phe Arg Leu Lys

Leu Glu

1 ) 10
agg cga tgl atg tet gac aca ccg ace tca get ctg ate ace acg gte 1297
Arg Arg Cys Met Ser Asp Thr Pro Thr Ser Ala Leu Ile Thr Thr Val
15 20 25
aac cge age tte gat gga tte gat tig gaa gaa gla gea gea gac ctt 1345
Asn Arg Ser Phe Asp Gly Phe Asp Leu Glu Glu Val Ala Ala Asp Leu
30 35 40

gga glt cgg ctc acc gac cig cce gac gaa gaa cta gaa gta tec aaa 1393
Gly Val Arg Leu Thr Asp Leu Pro Asp Glu Glu Leu Glu Val Ser Lys

45 50 55 60

gtt cte geg geg gac cte cte get gag gegg cca get cte ate ate ggt 1441
Val Leu Ala Ala Asp Leu Leu Ala Glu Gly Pro Ala Leu lle Ile Gly

65 70 75
gta gga aac acg ttt titc gac goe cag gte gee get gee cte gge gte 1489
Yal Gly Asn Thr Phe Phe Asp Ala Gln Val Ala Ala Ala Leu Gly Val
80 85 90
cca gtg cta ctg ctg gta gac aag caa gge aag cac gtt get ctt get 1537
Pro Val Leu Leu Leu Val Asp Lys Gln Gly Lys His Val Ala Leu Ala
95 100 105
cge ace cag gia aac aat gee gge gea gtt gttt gea gea gea ttt acc 1585
Arg Thr Gln Val Asn Asn Ala Gly Ala Val Val Ala Ala Ala Phe Thr
110 115 120

get gaa caa gag cca atg ccg gat aag ctg cge aag get glg cge aac 1633
Ala Glu Gln Glu Pro Met Pro Asp Lys Leu Arg Lys Ala Val Arg Asn

125 130 135 140

cac agc aac ctc gaa cca gte atg age gec gaa cte tit gaa aac tg 1681
His Ser Asn Leu Glu Pro Val Met Ser Ala Glu Leu Phe Glu Asn Trp

145 150 155
ctg ctc aag cge gea cge gea gag cac tce cac att gtg ctg cca gaa 1729

-79-



ggl
Gly

gac

Asp

cge
Arg
205
ceg

Pro

ctg
Leu

ang

Lvs

cca
Pro
285
teo

Ser

- gat
Asp
365
cta
Leu

gtg
Val

Leu

gac

Asp

ate
Ile
190
got

Ala

clg
Leu

oge

Arg

gat
Asp

gga
Gly
270
age
Ser

ate
Ile

L get

Ala

- glg

Val

ate
Ile
350
CEC

Arg

tge
Cys

gCE
Ala

Lys

gac
Asp
175
tgt
Cys

Aace

Thr

AL

Thy £

aag

Lys

att
lle
255
atg

Met

tie
Phe

tic
Phe

Arg
160
gAC

Asp

gac

Asp

Ala A

gaa ot

Glu

Ala

ctg ©

cge ate ttg

Arg lle Leu

ale acg ate

Ile Thr Ile
195

ot gge

Leu Gly Leu

gal cot
\sp Pro
225
tea aag
Ser Lys
240
tge tac
Cys Tyr
gla tec

Val

cag

Gln

ol

Leu

@aac
Asn
320
gea

Ala

teo
Ser

ate
Ile

satl
Asp

T aag

Lys
400

Ser

ate

Ile

atg
Met
305
ey

Pro

daa

Lys

tac
Tyr

gac
Asp

gga
Gly
385
aag
Lys

age
Ser

tic
Phe

ggt
Gly

ate
{le
290
gtg
Val

aac

Asn

act

Thr

tee

Ser

got
Ala
370
cea

Pro

atg
Met

g ooty

Leu

gte
Val

BEC
G [ Y

gea
Ala
275

AAA

Lys ~

ctg

Leu

cod

Pro

gea
Ala
act
Thr
355
ctt
Leu

ctt
Leu

cca
Pro

Glu

atg
Met
180
clg

Leu

gag

Glu

act

Thr

ace
Thr
260
gea
Ala

gea
Ala
340

gge ¢
Gly

gca
Ala

cag
Gln

gge gat
Gly Asp
cll aac
Leu Asn
gaa 1o
Giu Phe
230
ate gat
{le Asp
245
atg atg

Met

HAC
Asn

gttt
- Yal

g8z

Gly

got
Ala
425
can
Gln

gaa i

Glu #

tte
Phe

tet

Ser {

405

Met

ace

Thr

ceca

Pro

cga
Arg
310
gaa

Glu

tit
Phe

R i T

coa

Pro

act
Thr

215

g,\.{‘ ¢

Ala

gaa

Glu

gte
Val

ace

Thr

gaa
Glu
295
ctg
Leu

cag
Gln

ggc
Gly

¢ ggc

Gly

CgEC

a Arg

375
gec
Ala

gte
Val
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cag

iw Gin

gta
Val
200
gca
Ala

gee
Ala

Cac

His

gea
Ala
280
gca
Ala

teg
Trp

ottt
Leu

att
[1e

ggd
Gly
360
cga
Arg

goc
Ala

got ¢

Ala

o Yal

clyg
Leu
185
cag

Gln

Ltae
Tyr
oad

Gln

CEe
Arg

ang
Asn
265

CAac

His T

Ser

gea
Ala

gat
Gly

gatl
Asp
345
gge

Gly

cit
Leu

gte
Val

Leu
170
[

Leu

ate

e

oty
Leu

tic

Phe

gaa
Glu
250
gge
Gly

gaa
Glu
330
cet

Pro

tea
Ser

aae
Asn

gac
Asp

 cag

Gln
410

Glu

caa

Glin

SHY
gag

s Glu

gte aat

Val Asn
220

gCg gag

Ala Glu

235

ate atg

Ile ¥

gac
Asp

eoatt
- Ile

gtt

- Val

gEC
Gly
315
ate
Ile

Cge
Arg

gat
Asp

oea

Pro

ceg
Pro
395
gea
Ala

aag

Lys

tet
Ser
300
gac

Asp

gce
Ala

gta

Val

gtg
Val

gaa
Glu
380
ggt
Gly

aat
Asn

1825

187:

1921

1969

2065

2113

2161

2267

2401



glg
Val

gea

Ala

ofa
Leu
ate

fle

taa

ttt
Phe

cas
Gln
430
ane

Asn

gto
Val

210>
211>
€212>
213>

400>
VYal Ser Ser

1
Ser

Asp
Thr
Asp
6b

Phe

Leu

Glu
145
Ala

Arg

Ile

Asp
Gly
Asp
50

Leu

Phe

Val

y Met

130
Pro

Arg

Ile

Thr

ate
Ile
41b
cge

Arg

aga

Lys

aac

Asn

24
476
PRT

tte
Phe

ace

Thr

cca

Pro

aca

Thr

cet gac ctg

Pro Asp Leu
gl Cac goe
Gly His Ala

435
gle aac gac
Val Asn Asp

450

gla gece ate

Val |

[le

gaa
Glu
420
ctg

Leu

it

Leu

aca

Thr

gee

Ala

gea

Ala

teo
Ser

gea

Ala

Corynebacterium glutamicum

24

Thr
Phe
35

Leu
Leu
Asp
Asp
Ala
115
Pro
Val
Ala

Leu

Ile
195

Met
Pro
20

Asp
Pro
Ala
Ala
Lys
100
Gly

Asp

Met

Glu K

Met
180
Leu

Arg
5
Thr
Leu
Asp
Glu
Gln
8b

Gln

Ala

Arg
Ser
Glu
Glu
Gly
70

Val
Gly

Val

's Leu

Ala
150
Ser

a Ala

Asp

Phe

Ala

Glu

Arg
Leu
Val
40

Leu

Ala

A Ala

ys His

Val
Arg
135
Glu
Hisg

His

Pro

Ala
120
Lys

Leu

Leu
Ile
25

Ala

Glu

Leu T

Val
105
Ala
Ala

Phe

> Val

Leu
185
Gln
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gga

Gly

gt
Val

(9]
R
=

=

att
Ile
470

Lys
10
Thr

Ala

a Leu

90
Ala

Ala

Val

Glu

Leu

170
Leu

Ile

aac

Asn

gee
Gly
455
cag

Gln

Leu

Thr

Asp

Ser

e Tle

75
Gly

Leu
Phe
Arg
Asn
155
Pro

Asp

Lys
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atc

[le

it oceg

v Pro

440
gca

Ala

gea

Ala

Glu

Val

Leu

Asn
140
Trp
Glu

Gln

Glu

gEe
Gly
425
att
Ile

aca

Thr

gga

Gly

Arg
Asn
Gly

45
Val

; Val

Pro
Arg
Ala
125
His
Leu
Gly
Asp

Arg
2056

Lac

T vr

ctg

Leu

gre
Val

gga

Gly

Arg
Arg
Val
Leu
Gly
Val
Thr
110
Glu
Ser
Leu
Asp
Ile

190
Ala

ane

Lvs

cag

Gln

cot

Pro

cge d

Arg

475

Cys
Ser
Arg
Ala
Asn
Leu
95

Gln
Gln
Asn
Lys
Asp
175
Cys

Thr

Met
Phe
Leu
Ala
Thr
80

Leu
Val
Glu
Leu
Arg
160
Asp

Asp

Glu

2593

2641

2644



leu
Pro
225

Lvs

Tyr

Asp
Gly
385
Lys
Pro
Gly

Val

Val
465

Gly Leu His

210
Arg

Ser

Phe

er Gly

¢ [le

290
Val

3 Asn

Thr

v Ser

Ala
370

Pro

Met

Asp

Asn
450
Ala

2107
211>
212>

<E13>

<2207

223>

<400>
cggeggtacct ataaagtteg attecttaaa ggggtic

Leu

Val
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Ala
275

Lys

Leu

Pro T
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Thr

356

Leu f

Leu G
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Leu

is Ala

435
Asp

Ile

25
37
ADN

25

Glu
Thr
Thr
260

Ala

Thr

Asp
Glu
420
Leu

Leu

Thr

Poan modi

Leu
Glu
[le
245
Met
Aszn

Val
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- Ala
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a Gln

y Asn

Glu /

Phe

Ser

405

Ala

Ala

Ser

Ala

Asn
Phe
230
Anp
Met
Thr
Pro
Arg
310

Glu

Phe

Asp
390
Asp
Gly
Val

Arg

Ile
470

Trinh ty nhan tao

Thr
215
Ala
Glu
Val
Thr
Glu
295
Leu
Gin

Gly

Gly

a Arg

375
Ala

Val

Asn

Gly
455
Gln

Ala T

Glu
Ala
His
Ala
280
Ala
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Leu
Ile
Gly
360
Arg
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265

His T

Ser V

Ala P
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345
Gly
Leu
Val
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Gly
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- Leu

Glu
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Asp
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Leu

Val

Val

e Ala

235

Ile
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315
Ile

Arg

Asp

Pro

Pro
395

Ala
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Asn
220

Glu

Val

Glu
380

Gly

Pro Leu Thr As

Leu Arg
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s Pro Ser P

285

Ser lle

a Val Val

Ala lle

350
Asp Arg
365
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Val Ala

Phe

a Val

Ser
335

Leu
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Val
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Ser



22884

210> 26

211> 38

212> ADN

<213>  Trinh tw nhan tao

{2207
<223>  Doan mdi

<400> 26
cgeggatecg tgecaatgee attagetgeg teclectg

210> 27

211y 1063

{212> ADN

<213> Lscherichia coli

<2200
€201>  CDS
2222>  (201).. (860)

<4007 27

cecgetiega cotgeaaate tatcccacga agegectigaa cgecgeetgg ataggttitt
ttaagetgtt gaagtitecag tgcaatggte ataaattttt acttacctta cgttcttaca
ctitatetgt ggttiaaate gteceggagt tgcectatat tagecaaacg taattatitg

gttacaggtc gltaacctce atg aaa gac ata gat aca cte atc age aac aat
Met Lys Asp Ile Asp Thr Leu Ile Ser Asn Asn
1 5 10

geca cta tgg tca aaa atg clg glg gaa gag gat coce ggeg 11t it gag

Ala Leu Trp Ser Lys Met Leu Val Glu Glu Asp Pro Gly Phe Phe Glu
15 20 25

daa clg gea caa geg caa aaa cog cge ttt cta tgg att gga tgt tee

Lys Leu Ala Gln Ala Gln Lys Pro Arg Phe Leu Trp Ile Gly Cvs Ser

30 3h 40
gac agt cge gttt cct gea gaa cgt tta acc ggt cll gag cog ggc gaa
Asp Ser Arg Val Pro Ala Glu Arg Leu Thr Gly Leu Glu Pro Gly Glu
45 50 55

cte ttt gtt cac cglt aat gtt geot aac ctg gte att cac act gac ctg

Leu Phe Val His Arg Asn Val Ala Asn Leu Val Ile His Thr Asp Leu

60 6h 70 H

aac tge ctt tee ptg gtt cag tat pea gtg gat gta cte gaa gtt gaa

Asn Cys Leu Ser Val Val Gln Tyr Ala Val Asp Val Leu Glu Val Glu

80 85 90

cac att att atc tgt gge cac tac ggt tge gge gge gta caa geo gea

His Ile Ile Ile Cys Gly His Tyr Glv Cys Gly Gly Val Gln Ala Ala
95 160 105

-83-

38

60
120
180
233

281

473

521



gag
Glu
140
tat
Tyr

cag
Gln

cty
Leu

cgt

Arg

aaa
Lys
220

teccageagaa tcacttigee gatatacgge agatgacggt aacgetlglge gtaatcaatg

cegtaaccea ceacaaacte atcegggale gagaaaccga taaattctac cgggacglte

22884

gaa aac ccg gaa olg ggg olt ale aac aac 1€g
Glu Asn Pro Glu Leuw Gly Leu Ile Asn Asn Trp
110 115
gatl atce 1gg Lie aaa cat age tea ttg cte gg
Asp Ile Trp Phe Lys His Ser Ser Leu Leu Gly
125 130 138
cge cgt ctg gat ace ttg tgl gaa ctg aac gte
Arg Arg Leu Asp Thr Leu Cys Glu Leu Asn Val
145 150
aac ctg gge cac tee ace att atg caa leca geg
Asn Leu Gly His Ser Thr lle Met Gla Ser Ala
160 165
aaa gtlt acc att cac gge tgg gee tac gge att
Lys Val Thr Ile His Gly Trp Ala Tyr Gly lle
175 180
cgl gat cotg gat glt ace gee acc aac cge gaa
Arg Asp Leu Asp Val Thr Ala Thr Asn Arg Glu
190 195
tac cgl cac ggg atl tee aac cte aag clg aaa
Tyr Arg His Gly Tle Ser Asn Leu Lys Leu Lvs
205 210 215

taaaaalgee atgeeggalg caacacatece ggeaacttca

acttcacgac gggacggttl atccageage gta

210> 28
<211> 220
212> PRT

<213

> Escherichia coli

400> 28

Met
i
Met

Gln

Ala

Asn

65

Val

Lys Asp Ile Asp Thr Leu lle Ser Asn Asn Ala
5 10

Leu Val Glu Glu Asp Pro Gly Phe Phe Glu Lys

20 25
Lvs Pro Arg Phe Leu Trp Ile Gly Cys Ser Asp
35 40

Glu Arg Leu Thr Gly Leu Glu Pro Gly Glu Leu

50 55 60

Val Ala Asn Leu Val Ile His Thr Asp Leu Asn

70 75

Gln Tyr Ala Val Asp Val Leu Glu Val Glu His

85 90

-84-

ctg clg cat
Leu Leu His
120

gaa atg ccg
Glu Met Pro

atg gaa cag
Met Glu Gln

tgg aaa cge

Trp Lvs Arg
170

cac gac gec

His Asp Gly

185

ace clt gag

Thr Leu Glu

200

cac gee aac

His Ala Asn

cacttactecg

ate

Ile

cda

Gln

glg
Val
1556
Bgg
Gly

tig

Leu

caa

Gln

cac
His

Leu Trp Ser Lys

15
Leu Ala Gln
30
Ser Arg Val
45

Phe Val His Arg

Ala

Pro

Cys Leu Ser Val

80

Ile Tle Ile Cys

95

obY

617

665

761

809

o
(o]
-~

910

970
1030
1063



22884

Gly His Tyr Gly Cys Gly Gly Val Gln Ala Ala Val Glu Asn Pro Glu
100 105 110
Leu Gly Leu Ile Asn Asn Trp Leu Leu His Ile Arg Asp Ile Trp Phe
115 120 125
Lys His Ser Ser Leu Leu Glv Glu Met Pro Gln Glu Arg Arg Leu Asp
130 135 140
Thr Leu Cys Glu Leu Asn Val Met Glu Gln Val Tyr Asn Leu Gly His
145 150 155 160
Ser Thr 1le Met Gln Ser Ala Trp Lys Arg Gly Gln Lys Val Thr Ile
165 170 175
His Gly Trp Ala Tyr Gly Ile His Asp Gly Leu Leu Arg Asp Leu Asp
180 185 190
Val Thr Ala Thr Asn Arg Glu Thr Leu Glu Gln Arg Tyr Arg His Gly
195 200 205
Tle Ser Asn Leu Lys Leu Lys His Ala Asn His Lys
210 215 220

210> 29

211> 1060

<212> ADN

<213> Escherichia coli

<220>
221> DS
222> (201).. (857)

<400> 29

gecagglttgge agacgtgeaa cgeactggeg geacgggtga agetgecatg ttcagecacg

gcaagaaaatl aattgatatg tcgagagage attcgcaacc tataagtaaa tccaatggaa

ctecatcataa atgagacttt taccttatga caatcggega gtagtctgee tctcattcea

gagacagaca gaggltiaacg gtg aaa gag att att gat gga ttc ctt aaa ttc
Val Lys Glu Ile Ile Asp Gly Phe Leu Lys Phe
| 5 10

cag cge gag gea ttt ccg aag cgg gaa gee ttg ttt aaa cag ctg geg

Gln Arg Glu Ala Phe Pro Lys Arg Glu Ala Leu Phe Lys Gln Leu Ala

15 20 25
aca cag caa agc ccg cge aca ctit ttt ate tee tge tee gac age cgt
Thr Gln Gln Ser Pro Arg Thr Leu Phe Ile Ser Cys Ser Asp Ser Arg
30 35 40
ctg gte cct gag ctg gtg acg caa cgt gag cect gge gat ctg ttc gtt
Leu Val Pro Glu Leu Val Thr Gln Arg Glu Pro Gly Asp Leu Phe Val
45 50 55

att cge aac gecg gge aat ate gte cet tec tac ggg ccg gaa cce ggt

Ile Arg Asn Ala Gly Asn Ile Val Pro Ser Tyr Gly Pro Glu Pro Gly

60 65 70 75

-85-

281

329

377

425



gge gttt tet get teg gtg
Gly Val Ser Ala Ser Val
80
gac att gtg att tgl ggt
Asp Ile Val Ile Cvs Gly
95
goe age tglt cag tge atg
Ala Ser Cys Gln Cys Met
110
cgt tal gee gat tea gee
Arg Tyr Ala Asp Ser Ala
125
gat tta cecg tea aaa get
Asp Leu Pro Ser Lys Ala
140 145
cag tig get aat ttg caa
Gln Leu Ala Asn Leu Gln
160
gag ggg cgg ate gee otg
Glu Gly Arg Ile Ala Leu
175
age ale gea gel ttt gac
Ser Tle Ala Ala Phe Asp
190
gct aat cct cge gtt tgt
Ala Asn Pro Arg VYal Cys

205

gag
Glu

cat

His

gac

Asp

cge
Arg
130
geg
Ala

act

Thr

can

His

ggc
Gly

gee
Ala
210

22884

Tat geo gte get
Tyr Ala Val Ala
85
teo aac tgt gge
Ser Asn Cys Gly
100

cat atg cel gec
His Met Pro Ala
115

gte gtt aat gag
Val Val Asn Glu

geg altlg gta ogt
Ala Met Val Arg

cat cca teg gtg
His Pro Ser Val
165
gge tgg gte tac
Gly Trp Val Tvr
180

gea acce cge cag
Ala Thr Arg Gln
195

ata ccg cta cge
Ile Pro Leu Arg

taacctiatt titaaaccal caggagltee accatgattc

attegtetig atettgecga tgecatittg cteageaaag

geegagattg ccgacggeac cggtetggea gaagecttig

264 &

cageaggege tteeigecga cge

210> 30
Q11> 219
212> PRT

213> Escherichia coli

{400> 30

VYal Lys Glu Ile Ile Asp

1 5

Pro Lys Arg Glu Ala Leu

20

Arg Thr Leu Phe Ile Ser
35

Val Thr Gln Arg Glu Pro

Gly

Phe

Phe Leu Lvs Phe
10
Lys Gln Leu Ala
25

A

geg olt cge gta tot 4
Ala Leu Arg Val Ser
90
geg atg ace geo att 521
Ala Met Thr Ala lle
105
gte tec cac tgg ctg 569
Val Ser His Trp Leu
120

geg cge ceg vat tee 617
Ala Arg Pro His Ser
135
gaa aac gte att get 665
Glu Asn Val Tle Ala

155
cge ctg geg cte gaa 713
Arg Leu Ala Leu Glu

170
gac att gaa age gge 761
Asp Ile Glu Ser Gly
185
ttt gtg cca ctg gee 309
Phe Val Pro Leu Ala
200

caa ccg ace gea geg 857
Gln Pro Thr Ala Ala

215

agtcacaaat taaccgcaat 917
ctaaaaaaga tcteteattt 977

taaccgegyge tttgetgggt 1037
1060

Gln Arg Glu Ala Phe
15
Thr Gln Gln Ser Pro
30

Cys Ser Asp Ser Arg lLeu Val Pro Glu Leu

Gly

40
Asp Leu Phe Val

-86-

45
Ile Arg Asn Ala Gly



Asn
65

Gly
Met
Ala
Ala
145
Gln
Leu
Asp

Cvys

50
[le

1 Glu

His
Asp
Arg
130

Ala

Thr

Gly

Ala
210

Val
Tyr
Ser
His
115
Val

Ala

His

is Gly

Ala
195
Ile

Pro
Ala
Asgn
100
Met
Val
Met
Pro
Trp
180

Thy

Pro

Ser Tvr
70

Val Ala

85

Cys Gly

Pro Ala

Asn Glu

Val Arg
150

Ser Val

165

Val Tyr

Arg Gln

Leu Arg

55

Gly

Ala

Val
Ala
135
Glu
Arg
Asp

Phe

Gln

215

Pro Glu

Leu Arg

a Met Thr

105
Ser His
120

Arg Pro H

Asn Val

Leu Ala

1le Glu
185

Val Pro

200

Pro Thr

Pro

Val
90
Ala

Ser

lle ¢

Trp Leu
His Ser

Ile
[Leu
170
Ser

Leu

Ala

Ala

155

Glu G

Gly S

Ala |

Ala

-87-

Arg

Asp
140
Gln

Ser

e Yal

- Cys

110
Ala

Pro

AMa

y Arg

Ala
190
Pro

Asp
Ser
Asn
[le
175

Ala

Arg

a Ser

30

s Cys

v Cys

Ser
Lys
Leu
160
Ala

Phe

Val





