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Linh vue ky thuét duge dé cap

Sang ché dé cap dén quy trinh san xuét L-axit amin bang phuong phap 1én
men bang cich sit dung céc vi sinh vét thudc ho Enterobacteriaceae, mang gen proP
duoc 1am suy giam, dén céc vi sinh vét thich hop cho qué trinh san xuét néu trén va

cac polynucleotit ma hoa cac bién the cua chat van chuyén ProP.

Tinh trang ky thuét ciia sang ché

Céc hop chit hoa hitu co, cu thé hon L-axit amin chta luu huynh, 1a c6 y
nghia kinh t& quan trong. L-xystein duoc sir dung lam chét bd sung vao thuc phim,
lam nguyén liéu diéu ché dugc chat (vi du N-axetylxystein) va ding 1am my phim.
Axit amin L-metionin dong vai tro chu dao lam thtrc dn cho dong vét va 1a mdt trong
s§ axit amin thiét yéu khong thé tao ra dugc bang con dudng sinh tong hop trong qua
trinh trao dbi chit cuia dong vat c6 xwong séng. Khi nudi dong vat phai dam bao du
lwong axit amin nhit dinh trong thtrc an. Tuy nhién, vi L-metionin, chang han, thuong
¢ & cac loai cay lam thirc an thong thuong (nhu cdy dau twong hodc ciy ngt cde) véi
luong qua thip dé dam bao lam ngudn dinh dudng cho dong vat tdi wu, dic biét 1a dbi
v6i lon va gia cam, s& c6 lgi néu phdi tron metionin nhu 14 chét phu gia ctia thirc 3n
dong vét. Dong vét c6 xuong sdng cé thé chuyén hoa D-metionin thanh L-metionin c6
hoat tinh sinh hoc. Do dé, raxemat cia D- va L-metionin thuong dugc bd sung vao
thirc an dong vét. Pong vt c6 thé chuyén hod L-homoxystein thanh L-metionin bang

cach chuyén hoa metyl, va do d6 L-homoxystein c¢6 thé thay thé L-metionin.

Céc hop chit hitu co dugce dé cap sau day dung dé chi mét hodc nhiéu hop
chat duoc chon tir nhom gém cac L-axit amin, tt hon néu L-axit amin chua luu
huynh, dac biét 1a L-metionin, L-xystein, L-xystin, L-homoxystein va L-homoxystin.

L-metionin 1a dugc uu tién.
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Trong tinh trang k§ thudt, cac axit amin nhu metionin dugc diéu ché bang
cach téng hop hoa hoc. Truge tién phuong phip didu ché nay bao gbdm viéc cho
acrolein phan ing v6i metyl mercaptan dé tao ra 3-(metylthio)propionaldehyt ma chét
nay lai phan ng v6i xyanua, amoniac va cacbon monoxit dé tao ra hydantoin. Cudi
cung, hydantoin c6 thé duoc thiy phan thanh raxemat, hén hop dang mol ctia hai chét
déng phén 14p thé, D- va L-metionin. Vi dang c6 hoat tinh sinh hoc ctia phén tir nay
chi 1a dang L, dang D ¢6 mit trong thic dn gia suc trudce hét phai dugc chuyén hoéa
bing cach trao dbi chét bang qua trinh khtr va chuyén hoa amin thanh dang L hoat
tinh.

Nguoc lai v§i metionin, phan 16n cac axit amin ¢6 ban chét protein tu nhién
khac nhu L-threonin, chéng han, chua yéu duoc tao ra béng cach 1én men vi sinh vat.
Qua trinh dya trén diéu 1a céac vi sinh vat c6 cac qua trinh sinh tdng hop thich hop dé
tbng hop nén cac axit amin ty nhién. Hon nita, nhiéu quy trinh 1én men nhu vy cho
chi phi san xuét rat kinh té do sir dung cac nguyén liéu ré tién nhu glucoza va cac mudi

v co, va con chuyén van dang L c6 hoat tinh sinh hoc clia axit amin nhat dinh.

Da biét ring nhiéu hop chét c6 thé dugc tao ra bang cich 1én men ching
Enterobacteriaceae, dic biét 13 Escherichia coli (E. coli) va Serratia marcescens. Do
c4c quy trinh nhu vy c6 y nghia quan trong, nén nguoi ta luén cb ging cai thién cac
quy trinh nay. Cac phwong phap cai thién quy trinh co thé bao gdm cac bién phap lién
quan dén cong nghé 1én men, vi du viéc khuéy trén va cung cép oxy, hodc thanh phén
ctia mdi trudng dinh dupng, nhu, vi du, chon loc duong dugc stt dung hodc néng do
dudng trong qué trinh 1én men, hodc cho dén budc hoan thién dang san pham, vi du

bang cach sac ky trao doi ion, hodc cdc ddc tinh bicu hién noi tai cia chinh vi sinh vat.

Cac qua trinh sinh tong hop axit amin & cac chung kidu dai chiu su kiém soat
trao ddi chét nghiém ngat dé cac axit amin dugc tao ra chi dé dap tmg nhu cau noi tai
ciia t& bao. Do d6, mdt yéu cau quan trong dé c6 quy trinh sén xuét hiéu qua 1a c6 cac
vi sinh vat thich hop ma khac véi céac sinh vat kiéu dai c6 san luong san xuit dugc
tang 1én dang ké, vuot qua nhu cau noi tai (san xuat qua mirc), dé san Xuét axit amin

mong muon.
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Céc vi sinh vat san Xudt qua mirc axit amin nhu vy co thé duoc tao ra béng
céc qué trinh gy dot bién/chon loc kinh dién va/hodc bing cac k¥ thudt téi to hop dic
hidu hién dai (“k§ thuat didu khién trao ddi chét”). Céc ky thuat tai td hop trude hét
bao gdm viéc nhéan dién gen hodc alen gdy ra su san xuét axit amin qua mirc do sy cai
bién, hoat hoa hoic lam bt hoat. Sau d6, cac gen/alen nay dugc dua vao chung vi sinh
vat hoac dugc lam bét hoat bang cach st dung cac k¥ thuét sinh hoc phén tir dé dat
dwoc su san xuit qua muc toi wu. Tuy nhién, thong thuong chi bang cach két hop

nhiéu bién phap khac nhau méi mang lai qua trinh san xuét that sw hiéu qua.

L-metionin, cing véi lysin va threonin, 1a thu dugc tir aspartat. Luu huynh
duoc dua vao & dang L-xystein (théng qua Xystathionin 13 hop chét trung gian) duoc
chuyén thanh L-metionin théng qua qua trinh chuyén luu huynh. Nhém CHj cta L-
metionin ¢6 ngudn gbc tir qua trinh trao ddi chat C1 va dugc chuyén thanh L-
homoxystein bang cic MetE hodc MetH metionin synthaza (xem: Greene RC (1996)
trong Neidhardt FC et al. (eds.) “Escherichia coli and Salmonella”, 2™ edition, cac
trang 542-560). Cac chung va quy trinh san xuét bang phuong phap 1én men L-
metionin di duoc mé ta cho E. coli trong vi du WO2006/001616 hoac
W02009/043803.

Hondrop et al. mo ta sy ting truong cla E. coli trong mdi truong chtra
metionin (Protein Engineering for Therapeutics, Part B, Vol. 290, No. 11, p. 59). Don
yéu cau cip patent chau Au sb EP2479279A1 md ta qua trinh 1én men cla céac axit
amin chira luu huynh, trong d6 cac vi sinh vat dugc sir dung thé hién cac hoat tinh ting
hodc gidm cua cac enzym lién quan va/hodc cac chét van chuyén va/hogc chét xuét

metionin.

ProP 14 tai dong van hoa tan proton/tuong thich cla E. coli, va do d6 la mot
trong cac chit van chuyén & E. coli ¢6 hoat tinh trong didu kién ting thim thiu
(Grothe et al., Journal of Bacteriology 166, 253-259 (1986); Racher et al.,
Biochemistry 38, 1676-1684 (1999); Wood, Methods in Enzymology 428, 77-107
(2007)). Khi ¢0 su tang nbéng do thidm th4u ctia méi trudong bao quanh té bao, thé ning

nude cia moi trudng giam di va cac phan tor nude khuéch tan theo gradient thdm thau
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ra ngoai té bao. Ap sudt strc truong cla té bao giam di, va dan dén, protein té bao chét
bi mit v6 hydrat héa lién quan chirc ning cia ndé. Do qua trinh mét nude ndy, qua trinh
trao ddi chét cta té bao va su phan chia té bao bi dimg lai. P& ngin ngira qué trinh
ndy, cac vi sinh vat da phat trién cac kidu khac nhau trong qué trin tién hoa, vi du bang
cach tong hop va/hodc hép thu chét dugc goi 1a céc chét tan tuong thich. Néu cac chét
béo vé c6 trong tu nhién nay, vi du prolin hodc glyxin betain, 1a c6 san & moi truong
bén ngoai, thi su hép thu ching, 1a nhanh hon va thuén lgi hon vé mit nang luong,
dugc uvu tién hon so voi su tbng hop clia vi sinh vat (Wood, Microbiology and
Molecular Biology Reviews 63, 230-262 (1999)). Tai déng van ProP thudc ho MFS
(siéu ho chét tao thuan lgi chu yéu) va lam xtc tac sy hép thu prolin, glyxin betain,
prolin betain, ectoin va cac co chét twong tu vé mit cAu tric ddng van chuyén véi
proton vao té bao trong didu kién ting thAm thau. ProP 1a chit van chuyén trudc tién
ma céc dac tinh cam Ung thAm thau va didu hoa thdm thau dugc phat hién trong hé
théng duoc hoan nguyén. Mién dau tan C c6 kha ning tao ra motif cudn xodn dugc
cudn xoin. Sy tao thanh mién nay déng vai trd quan trong cho sy diéu hoa tham thiu
va ¢6 thé cho su cam tng kich thich thdm thiu (Culham et al., Journal of Molecular
Recognition 13, 309-322 (2000)). ProP dugc hoat hoa béng su tang noi tai néng do ion
kali va bang su don lai dai phan t& gidng nhu liposom gin protein (proteoliposome)
bang cach sir dung polyetylen glycol (PEG) c6 chiéu dai mach khac nhau (Racher et
al., Biochemistry 40, 7324-7333 (2001); Culham et al., Biochemistry 42, 410-420
(2003)). Mic du ProP c6 kha nang cam Ung tinh trang stress thAm thiu ma khong cin
cac yéu td bd sung, tuy nhién hoat tinh dﬁy du cta chét mang in vivo doi héi sy c6 mat
cua protein ProQ t& bao chit (Kunte et al., Journal of Bacteriology 181, 1537-43
(1999)).

Mellies et al. md ta viéc loai b gen proP ¢ E. coli v6i muc dich diéu tra chuc
nang cua proP trong bdi canh bi sbc thAm thu (Journal of Bacteriology, Vol. 177, No.
1, p. 144-151).

Do do, trude diy da biét chat van chuyén ProP cla E. coli v€ chirc nang cua

no trong viéc diéu hoa tham thau.
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Cac tac gia sang ché nay da bat ngd phat hién ra rang theo sang ché su san
xuat L-axit amin béi cac vi sinh vat thudc ho Enterobacteriaceae c6 theé dugce tang 1én

bang cach l1am suy giam gen proP.
Ban chét ki thuét clia sang ché

Muc dich cua sang ché 1a tao ra quy trinh va vi sinh vét, c6 kha nang san xuat

qua murc axit amin chtra Iuu huynh, cu thé hon 1a san xuat gia tdng L-metionin.

Déi tuong thir nhit cia sang ché 1a quy trinh san xuét L-axit amin hodc chit
phu gia thirc an gia suc chira L-axit amin béng cach 1én men vi sinh vat thudc ho
Enterobacteriaceae, khac biét & chd, st dung vi sinh vat c6 gen proP da dugc lam suy
giam, trong d6 suy gidm c6 nghia la hoat tinh hay ndng do cua protein ProP dugc giam
xubng con tir 0 dén 75% hoat tinh hay ndng do cia protein trong vi sinh vat ma ko
phai 1a tai td hop dbi véi protein tuong tmg. Vi sinh vat néu trén sn xuét L-axit amin

va tot hon néu tiét L-axit amin vao moi trudng xung quanh.

Ngoai ra, vi sinh vat lam cho L-axit amin tich liy t6t hon néu trong moi
truong va/hodc bén trong té bao (su tich lay), véi uu tién dac biét 1a sy tich 1ty trong
moi truong.

Mot dbi tuong nita cua sang ché 14 vi sinh vat thudc ho Enterobacteriaceae,
mang gen proP duoc 1am suy giam, khac biét & chd, vi sinh vat nay san Xuat qua mirc
L-metionin va t&t hon néu tiét chat nay vao méi truong nay, tdt hon néu tao ra su tich
liy L-axit amin trong moi truong va/hodc bén trong té bao, t6t hon néu trong moi
truong, khac biét & chd, vi sinh vat c6 mot hodc nhiéu ddu hiéu dugc chon tir nhém sau
day:

a)  polynucleotit duoc biéu hién qua mic mi hoa mot hodc nhiéu hop phan

ctia hé théng véan chuyén CysPUWA thiosulphat/sulphat (EC 3.6.3.25),
b)  polynucleotit dugc biéu hién qua mirc mi hoa CysH 3’-phosphoadenosin
5’-phosphosulphat reductaza (EC 1.8.4.8),
¢) polynucleotit dwoc biéu hién qua mirc ma hoa mot hodc nhiéu hop phan

ctua CysJI sulphit reductaza (EC 1.8.1.2),
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d) polynucleotit dugc biéu hién qua mirc ma hoa CysK xystein synthaza A

(EC 2.5.1.47),

e) polynucleotit dugc biéu hién qua mirc ma hoa CysM xystein synthaza B

(EC 2.5.1.47),

f)  polynucleotit duoc biu hién qua mic mid hod CysE serin

axetyltransferaza (EC 2.3.1.30),

g) polynucleotit dugc biéu hién qua mirc ma hoa mot hoac nhiéu hop phan
ctia hé théng phéan cit GevTHP-Lpd glyxin (EC 2.1.2.10, EC 1.4.4.2, EC 1.8.1.4),

h)  polynucleotit duoc biéu hién qua mirc ma hoa LipA lipoyl synthaza (EC
2.8.1.8),

i)  polynucleotit dugc biéu hién qua mirc ma hoa LipB lipoyl-protein ligaza

(EC 2.3.1.181),

j)  polynucleotit dugc biéu hién qua mic ma hod SerA phosphoglyxerat

dehydrogenaza (EC 1.1.1.95),

k)  polynucleotit dugc biéu hién quia mic ma hoa SerB 3-phosphoserin
phosphataza (EC 3.1.3.3),

1)  polynucleotit duoc biéu hién qua mitc m3d hoa SerC 3-
phosphoserin/phosphohydroxythreonin aminotransferaza (EC 2.6.1 52),

m) polynucleotit dugc biu hién qua mac md hoa GIyA serin
hydroxymetyltransferaza (EC 2.1.2.1),

n) polynucleotit duoc biéu hién qua mtc ma hoa ThrA aspartokinaza I va

homoserin dehydrogenaza I (EC 2.7.2.4, EC 1.1.1.3),

0) polynucleotit dugc biéu hién qua mirc ma hod LysC aspartat kinaza (EC

2.7.2.4),

p) polynucleotit dugc biéu hién quid mirc md hod Hom homoserin

dehydrogenaza (EC 1.1.1.3),
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q) polynucleotit duoc biéu hién qua mirc md hoa MetX homoserin O-

axetyltransferaza (EC 2.3.1.31),

r)  polynucleotit dugc biéu hién qua mirc ma hoid MetA homoserin O-

succinyltransferaza (EC 2.3.1.46),

s)  polynucleotit duoc biéu hién qua mirc ma hod MetB xystathionin gama
synthaza (EC 2.5.1.48),

t)  polynucleotit duogc biéu hién qua mirc ma hoa AecD B-C-S-lyaza (EC
4.4.1.8, con duogc goi 1a beta-lyaza),

u) polynucleotit duoc biéu hién qua mirc ma hod MetC xystathionin beta-

lyaza (EC 4.4.1.8),

v)  polynucleotit duoc biéu hién qua mirc md hoa homoxystein S-

metyltransferaza doc 14p voi MetE B12 (EC 2.1.1.14),

w) polynucleotit dugc biéu hién qua mac ma hoa homoxystein S-

metyltransferaza phyu thudc MetH B12 (EC 2.1 1.13),

x)  polynucleotit duoc biéu hién qua mac mi hod MetF metylen
tetrahydrofolat reductaza (EC 1.5.1.20),

y)  polynucleotit dugc biéu hién qua mrc ma hoa mot hodc nhiéu hop phin
ctia chét xuit BrnFE L-metionin ra khoi Corynebacterium glutamicum,

z)  polynucleotit dugc biéu hién qua mirc ma hoa mot hodc nhiéu hop phan
clia chét xuét YgaZH valin Escherichia coli (62682, b2683),

aa) polynucleotit dugc biéu hién qud mioc ma hoa chit vin chuyén
Escherichia coli YjeH gia dinh (b4141),

bb) polynucleotit dugc biéu hién qua mic ma hoa mot hodc nhiéu hop phan
ctia PntAB pyridin nucleotit transhydrogenaza (EC 1.6.1.2),

cc) polynucleotit duoc biu hién qua miac md hod MetZ O-

succinylhomoserin sulphhydrylaza (EC 2.5.1.48),
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dd) polynucleotit duoc biéu hién qua mirc ma hoa Pyc phosphoenolpyruvat

carboxylaza (EC 4.1.1.31),

ee) polynucleotit duoc biéu hién qua mirc md hod RDL2 thiosulphat

sulphurtransferaza (EC 2.8.1.1),

ff) polynucleotit duogc biéu hién qua mic ma hoa thiosulphat—thiol

sulphurtransferaza (EC 2.8.1.3),

gg) polynucleotit duoc biéu hién qua mic ma hoa thiosulphat—dithiol

sulphurtransferaza (EC 2.8.1.5),

hh) hoat tinh gia ting clia MetA homoserin O-succinyltransferaza (EC
2.3.1.46),

ii)  hoat tinh gia tang ctia CysE serin axetyltransferaza (EC 2.3.1.30),

jj)  1am suy giam gen metJ mi hoa chét diéu hoa phién ma sinh tébng hop L-
metionin (Met]) (b3938, ECK3930),

kk) lam suy giam gen pgi md hoa glucoza-6-phosphat isomeraza (Pgi, EC
No. 5.3.1.9) (b4025, ECK4017),

1I) 1am suy giam gen thrB ma hoa homoserin kinaza (ThrB, EC 2.7.1.39)
(b0003, ECK0003),

mm) lam suy gidm gen metK ma hod S-adenosylmetionin synthaza (MetK,
EC No. 2.5.1.6) (b2942, ECK2937),

nn) lam suy giam gen dapA ma hoa dihydrodipicolinat synthaza (DapA, EC
No. 4.2.1.52) (b2478, ECK2474),

00) lam suy gidm gen pck ma hoa phosphoenolpyruvat carboxykinaza (Pck,

EC No. 4.1.1.49) (b3403, ECK3390),

pp) lam suy giam gen purU ma hod formyltetrahydrofolat hydrolaza (PurU,
EC No. 3.5.1.10) (b1232, ECK1227),

qq) lam suy gidm gen pykA ma hoa pyruvat kinaza II (PykA,
EC No. 2.7.1.40) (b1854, ECK1855)
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rr) lam suy giam gen pykF ma hod pyruvat kinaza I (PykF, EC 2.7.1.40)
(b1676, ECK1672),

ss) lam suy gidm gen metQ ma hod cau tric siéu phan tr cia chat van

chuyén L-metionin (MetQNI) (b0197, ECK0197),

tt) lam suy gidm gen metl ma hod cau tric siéu phén t& cta chat van chuyén

L-metionin (MetQNT) (b0198, ECK0198),

uu) lam suy gidm gen ma hod metN cau tric siéu phan tir cua chat van

chuyén L-metionin (MetQNI) (b0199, ECK0199),

vv) lam suy giam gen dcd ma hoa deoxyxytidin-5'-triphosphat deaminaza

(Dcd, EC No. 3.5.4.13) (2065, ECK2059),

ww) lam suy giam gen yncA ma hod N-axyltransferaza gia dinh (YncA,

Kham pha trao ddi chat: Metabolic Explorer W02010/020681) (b1448, ECK1442),
xx) lam suy giam gen rpoS ma hoa yéu t6 RpoS sigma (b2741, ECK2736),
yy) lam suy gidm chét diéu hoa protein MetJ.
zz) lam suy giam S-adenosylmetionin synthaza MetK,

trong d6 “lam suy giam” c6 nghia 1a hoat tinh hay ndng d6 cua protein tuong
ung dugc giam xubng con tir 0 dén 75% hoat tinh hay néng do cta protein trong vi
sinh vat ma khong phai 1a tai t6 hop dbi véi protein twong (mg va trong do “biéu hién
qua muc”, “ting cuong” hodc “hoat tinh gia tang” c6 nghia la hoat tinh cla protein

trong tng dugc ting 1én so v6i ching loai hoang dai v6i hé s it nhét 2 lan.

Tét hon néu, vi sinh vat cho mirc sdn xuat ting 1én va tot hon neu ti€t L-axit
amin mong mudn trong qud trinh 1én men quy trinh, so v6i chung ban dau hodc ching

cha me dugc sir dung ma khong mang gen proP dugc lam suy giam.

“Dugc lam suy giam” theo sang ché dung dé chi gen proP hodc dugc biéu
hién & muc thép hogc da duoc tit di hoan toan.

~, 66

Trong ban md ta nay, thudt ngit “su suy giam” theo sang ché ding dé chi viéc

lam gidm hodc han ché hoat tinh hodc nong do ndi bao cua mot hodc nhiéu enzym
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hodc protein, cu thé hon trong ban mo ta nay chit van chuyén ProP, & vi sinh vat, ma
duoc ma hoa béi ADN tuong Ung, cu thé hon trong ban mo ta nay 1a gen proP, bing
cach st dung vi du trinh tu khoi dau yéu hon so véi & vi sinh véat hoac chiing cha me
ma khong phai 1a tai t6 hop vé enzym hodc protein tuong tmg, hodc bang cach str dung
gen hodic alen ma hod enzym hodc protein c6 hoat tinh thap twong tng, hodc bét hoat
enzym hoic protein hoac khung doc mé hodc gen twong Ung, va, néu thich hop, két

hop cac bién phép nay.

Céac bién phap lam suy giam thong thuong lam gidm hoat tinh hodc ndng do
clia protein tuong tng tir 0 dén 75%, 0 dén 50%, 0 dén 25%, 0 dén 10%, hogc 0 dén
5%, hoat tinh hoac nf”)ng d6 cua protein kiéu dai, hodc hoat tinh hodc néng do cua
protein & vi sinh vt hodc chiing cha me ma khong phai téi t6 hop doi voi enzym hodc
protein twong Gng. Vi sinh vat hodc ching cha me khong tai t6 hop duoc hiéu 14 ding

dé chi vi sinh vat ma duogc xir Iy 1am suy gidm hodc han ché theo sang che.

Co thé dat dugc su lam suy giam, vi du, bang cach lam giam hodc lam han ché
hodc biéu hién cta gen hodc khung doc md hodc déc tinh xtc tac cua protein enzym.

C4 hai bién phap c6 thé dugc dung két hop, néu thich hop.

Su biéu hién gen c6 thé dugc lam giam bang quy trinh nudi ciy thich hop,
bing cach cai bién di truyén (dot bién) cu tric tin hiéu cla bicu hién gen, hodc la
bang cong nghé ARN déi nghia. Vi du vé cAu trtc tin hiéu cta biéu hién gen 1a gen
kim ham, gen hoat hod, gen didu khién, trinh tu khoi dau, gen 1am suy gidm, vi tri gin
két ribosom, codon bat dau va trinh tu két thic. Thong tin vé van dé nay co thé duoc
nguoi cod hiéu biét trung binh trong linh vuc k§y thuét nay tim thdy, vi du, trong Jensen
and Hammer (Biotechnology and Bioengineering 58: 191-195 (1998)), trong Carrier
and Keasling (Biotechnology Progress 15: 58-64 (1999)), Franch and Gerdes (Current
Opinion in Microbiology 3: 159-164 (2000)), Kawano et al. (Nucleic Acids Research
33(19), 6268-6276 (2005)) va trong céc gido trinh da biét thuoc linh vuc di truyén va
sinh hoc phan ti, vi du gido trinh ciia Knippers (“Molekulare Genetik”, 6th edition,
Georg Thieme Verlag, Stuttgart, Germany, 1995) hoac cia Winnacker (“Gene und
Klone”, VCH Verlagsgesellschaft, Weinheim, Germany, 1990).
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Céc dot bién ma gay ra su thay dbi hodc su giam dic tinh xdc tac cla protein
enzym da dugc boc 16 trong tinh trang k§ thuat; Vi du ma co thé duoc dé cap dén 1a
cac nghién ctru cia Qiu and Goodman (Journal of Biological Chemistry 272: 8611-
8617 (1997)), Yano et al. (Proceedings of the National Academy of Sciences of the
United States of America 95: 5511-5515 (1998)), Wente and Schachmann (Journal of
Biological Chemistry 266: 20833-20839 (1991)). C6 thé xem tOng quan trong cic gido
trinh d biét ctia nganh di truyén va sinh hoc phén tir, vi du gido trinh ctia Hagemann

(“Allgemeine Genetik”, Gustav Fischer Verlag, Stuttgart, 1986).

Cac dot bién ma co thé duge xét dén 1a déng hoan, di hoan, cai xen va lam
khuyét it nhit mot (1) cip bazo hodc nucleotit. Tuy thudc vao anh huong cua thay thé
axit amin gay ra do dot bién dén hoat tinh enzym, c6 thé ké dén dot bién sai nghia hoic
dot bién vo nghia. Dot bién sai nghia dan dén thay thé axit amin da biét trong protein
bing mot axit amin khac, cu thé hon 1a thay thé axit amin khong béo toan. Qua trinh
nay lam suy gidm chitc nang hodc hoat tinh cla protein néu trén, ma dugc giam tr 0
dén 75%. 0 dén 50%, 0 dén 25%, 0 dén 10%, hodc 0 dén 5%. Dot bién vo nghia gay ra
codon dirng trong viing ma hoa cia gen va do d6 lam cho qua trinh dich ma bi két thuc
sém. Viéc cai xen hoac lam khuyét it nhat mot cap bazo trong gen dan dén dot bién
dich khung do m{t axit amin khong ding dugc két hop vao hodc qua trinh dich ma bi
két thic sém. Néu do qué trinh dot bién tao ra codon ding trong ving ma hod, thi
twong tu vay qua trinh dich ma s€ bi két thuc sém. Tuong tu, viéc 1am khuyét it nhit
mot (1) hodc nhidu codon thudng lam mét hoan toan hoat tinh cia enzym.
WO 03/074719 d& cap dén viéc giam biéu hién gen bang cach &rc ché dot bién codon

dimng trong ving ma hoa bang chat tic ché t-ARN thich hop.

Céc chi din dé tao ra cac dot bién nhu vay 1a da biét trong tinh trang k¥ thuat
va c6 thé tham khao trong céc gido trinh di truyén va sinh hoc phén tir da biét, vi du
gido trinh cta Knippers (“Molekulare Genetik”, 6th edition, Georg Thieme Verlag,
Stuttgart, Germany, 1995), cua Winnacker (“Gene und Klone”, VCH
Verlagsgesellschaft, Weinheim, Germany, 1990) hodc cia Hagemann (“Allgemeine

Genetik”, Gustav Fischer Verlag, Stuttgart, 1986).
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r
A2

“Pugce lam suy giam” va “biéu hién & mirc thap” dung dé chi dac biét 1a véi
gen proP rang hoat tinh va/hodc ndng do cua chét van chuyén ProP dugc giam di bang
céc bién phap duoc thé hién trén day tir 0 dén 75%, 0 dén 50%, 0 dén 25%, 0 dén 10%,
hoac 0 dén 5%, hoat tinh va/hoic n(‘)ng do6 cua protein kiéu dai, hodc hoat tinh va/hodc
ndng do cia protein & vi sinh vat hodc ching cha me ma khong tai to hop chit van

chuyén ProP.

Theo sang ché, t6t hon néu L-axit amin dugc san xuat qua mirc boi vi sinh vat.
“S&n xuit qua muc” theo sang ché ding dé chi kha ndng san xuat L-axit amin dugc

tang lén déng ké vuot hon nhiéu nhu cau ndi tai cua vi sinh vat.

Tét hon néu L-axit amin theo sang ché 1a axit amin chira luu huynh, dac biét la
L-metionin, L-xystein, L-xystin, L-homoxystein hodc L-homoxystin, dac biét tdt hon

néu L-metionin.

Vi sinh vat theo sang ché va dugc st dung trong cac quy trinh theo sing ché
t6t hon néu c6 khac biét 1a ¢6 kha nang chéng chiu metionin ting 1én so véi céc vi sinh
vat khong c6 gen proP dugc lam suy giam. Tbt hon néu, chung c6 kha nang phat trién
ngay ca ¢ ndng do L-metionin 12 50 hodc 60 gam trén mdt lit, dac biét tt hon néu
ngay ca & néng d6 L-metionin cta 70, 75, 80, 90, hodc 100 gam trén mot lit, vi chiing
c6 thé chéng chiu néng dd metionin cao nhu vay. S6 liéu vé muc dung nap lién quan
dén L-metionin tdt hon néu duoc do trén trén mdi truong thach t6i thiéu c6 ndng do L-

metionin twong Ung.

Céc ching c6 khang metionin nhu vay co thé duoc phan 1ap bang cach chon
loc trén méi truong thach t6i thidu chira metionin, bat ddu tir chiing E. coli da san xXuét

L-metionin.

Vi khuén khang metionin theo sang ché dugc tao ra bang cach sir dung t5t hon
]a cac phuong phap chon loc nhu da dugc md ta trong tinh trang k¥ thuét, c6 thé tham
khao cac phwong phap nay vi du trong Miller (A Short Course in Bacterial Genetics, A
Laboratory Manual and Handbook for Escherichia coli and Related Bacteria (Cold
Spring Harbor Laboratory Press, 1992)) hodc trong “Manual of Methods for General
Bacteriology” of the American Society for Bacteriology (Washington D.C., USA).

12



48541 13/125

Dé thue hién cu thé dot bién & gen proP, c6 thé ap dung quy trinh gay dot bién
truc tiép tai vi tri béng cach st dung oligonucleotit dot bién (T. A. Brown:
Gentechnologie fyr Einsteiger [ti€u dé gbc: Gene Cloning and DNA Analysis — An
Introduction], Spektrum Akademischer Verlag, Heidelberg, Germany, 1993) hoac
phan g chudi polymeaza (PCR), nhu md ta trong s6 tay ctia Gait: Oligonucleotide
synthesis: A Practical Approach (IRL Press, Oxford, UK, 1984) hodc cia Newton va
Graham (PCR, Spektrum Akademischer Verlag, Heidelberg, 1994). D& diéu khién dot
bién, vi du c6 thé ap dung kit gdy dot bién truc tiép tai vi tri Quick Change Site-
Directed Mutagenesis cua Stratagene (Amsterdam, Netherlands). Bing cach ap dung
cac phuong phap nay bao gdm khuéch dai gen proP nhu dugc mod ta trong tinh trang
k§ thudt nho tro gitip ctia phan @mg chudi polymeaza (PCR) bat dau tir tong AND duoc
phén 1ap cia chung kiéu dai, nhan dong gen néu trén vao vt truyén plasmit thich hop,
va sau d6 dua ADN dén quy trinh gay dot bién. Nho cong nghé “GeneSOEing” (cit
ghép gen bing cach kéo dai doan ldp Gene Splicing by Overlap Extension, Horton,
Molecular Biotechnology 3: 93-98 (1995)), tham chi ¢6 thé thu dugc dot bién diém
bang PCR. Ciing ¢6 thé 4p dung qué trinh tong hop gen de novo (vi du bing
GENEART AG, Regensburg, Germany) cua trinh tu nucleotit dé tao ra dot bién & gen
proP. Cac dot bién tao ra c6 thé duoc xéac dinh va kiém tra bing cach xac dinh trinh tu
ADN, vi du bang phuong phip ciia Sanger et al. (Proceedings of the National
Academy of Science USA 74 (12): 5463-5467, 1977).

Céc alen tao ra nay c6 thé dugc két hop vao nhiém sdc thé cua chung thich

hop, vi du bang cach bién nap va phuong phap thay thé gen hodc alen.

Mot phuong phap thong thuong, dugc mod ta béi Hamilton et al. (Journal of
Bacteriology 171, 4617 — 4622 (1989)), 1a phuong phap thay thé gen v6i su trg gitip
ctia dan xudt pMAK?705 sao chép mdt cach co diéu kién pSC101 hodc cia pKO3 (Link
et al., Journal of Bacteriology 179: 6228-6237). Tuong tu, c6 thé 4p dung cac phuong
phap khac nhu phuong phap duge mo ta trong tinh trang k¥ thuét, vi du phuong phép
ctia Martinez-Morales et al. (Journal of Bacteriology 1999, 7143-7148 (1999)) hodc
phuong phép cua Boyd et al. (Journal of Bacteriology 182, 842-847 (2000)).
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Céc phuong phap théng thuong khac bao gbm viéc két hop thong qua cac
trinh tw nam chin tuong dong ngén 12 manh ADN dugc tao ra bang PCR hoic téng
hop gen truc tiép vao nhiém sic thé nho trg giup ctia Lambda Red recombinaza, hodc
tién hanh thay thé (Proc. Natl. Acad. Sci. USA 97(12), 6640-6645 (2000); Nature
Genetics 20, 123 — 128, 1998).

Tuong tu co thé chuyén, bﬁng cach lién hop hodc tai nap, céc alen tao ra nay

vao cac ching khac nhau.

Céc trinh tu axit nucleic proP co thé duoc tim théy trong dit liéu cia National
Center for Biotechnology Information (NCBI), the National Library of Medicine
(Bethesda, MD, USA), dit liéu trinh tu nucleotit cia European Molecular Biologies
Laboratories (EMBL, Heidelberg, Germany va Cambridge, UK) hodc ngudn dir lidu
ADN cta Nhat (DDBJ, Mishima, Japan).

Cho muc dich minh hoa, trinh tu da biét cta gen proP cua Escherichia coli
duoc liét ké trong SEQ ID NO: 1, va trinh tu da biét ctia gen proP cua Salmonella
enterica va Shigella sonnei tuong tu thudc vao ho Enterobacteriaceae, dugc liét ké
trong SEQ ID NO: 3 va SEQ ID NO: 5. Cac protein dugc mé hoa boi cac khung doc
nay duoc liét ké béng SEQ ID NO: 2, SEQ ID NO: 4 va SEQ ID NO: 6. Céac trinh ty
nucleotit nita cho gen proP dugc tim thdy, vi du, & céac loai Enferobacteriaceae sau:
Shigella boydii (S6 truy cap: NC 007613); Shigella flexneri (S6 truy cap:
NC 004741); Shigella dysenteriae (S truy cap: NC_007606); Citrobacter rodentium
(S6 truy cap: NC_013716); Erwinia pyrifoliae (S6 truy cap: NC_012214); Klebsiella

pneumoniae (S6 truy cap: NC_011283).

Protein dugc ma hoa béi gen proP cua Escherichia coli K12 con dugc goi la
chit van chuyén MFS nhay cam thAm théu ProP hodc 1a tii dong van hoa tan
proton/tuong thich (S6 truy cap: 11612 (Vang: 4328525-4330027); cac tén gen khac:
b4111, ECK4104); Grothe et al., Journal of Bacteriology 166, 253-259 (1986);
Racher et al., Biochemistry 38, 1676-1684 (1999); Wood, Methods in Enzymology
428, 77-107 (2007)).

Mo ta van tat cac hinh vé
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Fig.1 thé hién ban do plasmit pCC3.
Fig.2 thé hién ban d6 plasmit pME-RDL2a.
Fig.3 thé hién ban do plasmit pMAK_proP-M8.
Mo ta chi tiét sang ché

Theo mét phuong an duoc uu tién theo sang ché, gen proP dugc lam suy giam
[a gen c6 mirc ddng nhat trinh tu it nhit 80%, tot hon néu it nhit 90%, dic biét Ia it
nhit 95%, dic biét 14 it nhit 98%, 99% hodc 100%, dua trén tét hon néu trinh tu

polynucleotit ddy dit cia SEQ ID NO: 1, 3, 5 hode 7, déc biét tét hon néu dva trén
trinh tu polynucleotit day du ctia SEQ ID NO: 1.

Céc tai liéu tham khao trong lin vuce lién quan dén cac gen proP va céc khung
doc m& cua cac gen proP néu trén da dugc chi ra trén diy. Céc gen nay ¢ thé dugc st
dung theo sang ché theo cach thich hop dé 1am suy giam gen proP. Ngoai ra, cic alen
cua gen hodc khung doc mé ma tao ra tur sy suy bién ma di truyén hodc tinh dén dot
bién c6 nghia trung tinh vé& mit chic ning cling c6 thd dugc sir dung dé tao ra gen
proP dugc lam suy giam. Viéc sir dung gen ndi sinh hodc khung doc m& ndi sinh 1a

duoc uu tién.

Céc alen ctia gen proP chtra dot bién c6 nghia trung tinh v& mit chic ning bao
gbm, ngoai c4c alen khac, céc alen tao ra khong nhidu hon 40 hoic khéng nhiéu hon
30 hoiic khong nhidu hon 20, t5t hon néu khong nhidu hon 10 hogc khong nhiéu hon 5,
rat dac biét tdt hon néu khong nhiéu hon 3 hodc khong nhiéu hon 2, hoic chinh xéc

mdt thay thé axit amin bao toan trong protein dugc ma hoa béi ching.

Trong trudng hop axit amin thom, thay thé bao toan 1a cac thay thé trong d6
phenylalanin, tryptophan va tyrosin dugc thé cho nhau. Trong truong hop axit amin ky
nuéce, cac thay thé bao toan 1a cac thay thé trong d6 leuxin, isoleuxin va valin dugc thé
cho nhau. Trong trudng hop axit amin cé cuc, thay thé bao toan 1a cic thay thé trong
do glutamin va asparagin duoc thay thé cho nhau. Trong trudng hop axit amin kiém,
thay thé bao toan 1a c4c thay thé trong d6 arginin, lysin va histidin duoc thé cho nhau.
Trong truong hop axit amin c6 tinh axit, thay thé bao toan 1a cac thay thé trong d6 axit
aspartic va axit glutamic dugc thay thé cho nhau. Trong truong hop axit amin chira cac
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nhom hydroxyl, thay thé bao toan 1a céc thay thé trong d6 serin va threonin dugc thay

thé cho nhau.

Tuong tu, cling c6 thé st dung céc trinh tu nucleotit ma hoa cac bién thé cua
cac protein dugc dé cdp, ma ngoai ra con chtra doan kéo dai hoac cit cut bai it nhét
mot (1) axit amin & d4u tan N hodc C. Doan kéo dai hodc cit cut nay tao thanh khong

nhiéu hon 10, 5, 3 hodc 2 axit amin hodc géc axit amin.

Céc bién thé thich hop cling bao gbm cac bién thé ma hoa protein trong do it
nhéit mot (1) axit amin dd dugc cai xen (cai xen) hodc dugce loai bo (khuyét doan). S
luong t6i da cac cac cai bién nhu vay duoc goi 1a indel ¢6 thé anh hudng 2, 3, 5, nhung

khong c6 trudng hop nao nhiéu hon nhiéu hon 10 axit amin.

Céc bién thé thich hgp ciing bao gdm céc bién thé thu dugc bang cach lai, dac
biét la trong diéu kién nghiém ngit, bang cach st dung SEQ ID NO: 1, SEQ ID NO: 3
hodc SEQ ID NO: 5 hoac mot phﬁn cua ching, dic biét 1a ving ma hod va/hodc trinh

tu bo trg véi chiing.

Nguoi c6 hidu biét trung binh trong linh vuc k¥ thuat ndy c6 thé tim thay cac
chi dan lién quan dén viéc nhan dién trinh ty ADN bﬁng cach lai trong céac tai liéu
trong s6 d6 co s6 tay “The DIG System User’s Guide for Filter Hybridization™ tix
Boehringer Mannheim GmbH (Mannheim, Germany, 1993) va trong Liebl et al.
(International Journal of Systematic Bacteriology 41: 255-260 (1991)). Qua trinh lai
dién ra trong diéu kién nghiém ngit, tirc 1a co thé néi tao ra chi cac thé lai trong d6
mau do va trinh tu dich, tirc 1a cac polynucleotit dugc xir ly bang mau do nay, 1a it nhat
70% d@)ng nhét. P nghiém ngit cua diéu kién lai, bao gém cac budce rira, da dugc biét
dén 1a chiu anh hudng hodc dugc xac dinh bang cach thay d6i thanh phan dung dich
dém, nhiét do va ndng do mubi. Phan Gng lai thuong duge thyc hién & diéu kién
nghiém ngit twong ddi thip so véi cac budc rira (Hybaid Hybridisation Guide, Hybaid
Limited, Teddington, UK, 1996).

Vi du, co thé sir dung dung dich dém 5x SSC & nhiét do vao khoang 50°C -
68°C cho phan ng lai. O day, cac mau do cling c6 thé lai v&i cac polynucleotit ¢6 do
ddng nht it hon 70% so véi trinh tw cia mAu do. Cac thé lai nhu vy 1a kém 6n dinh
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va duoc loai bo béng cach rira trong diéu kién nghiém ngit. Diéu nay co thé dat duoc,
vi du, bang cach giam ndng d6 mudi xubng 2x SSC va, néu thich hop, sau d6 0,5x
SSC (The DIG System User’s Guide for Filter Hybridisation, Boehringer Mannheim,
Mannheim, Germany, 1995), v6i nhiét do dugc thiét 1ap vao khoang 50°C — 68°C,
khoang 52°C — 68°C, khoang 54°C — 68°C, khoang 56°C — 68°C, khoang 58°C —
68°C, khoang 60°C — 68°C, khoang 62°C — 68°C, khoang 64°C — 68°C, khoang 66°C
— 68°C. Khoang nhiét do dugc uu tién vao khoang 64°C — 68°C hodc khoang 66°C —
68°C. Tuy chon co thé giam noéng do mudi dén ndng dd twong tng véi 0,2x SSC hodc
0.1x SSC. Biing céch tang dan nhiét do lai & cac buée vao khoang 1 —2°C tir 50°C dén
68°C, ¢6 thé phan 1ap manh polynucleotit ma 13, vi du, it nhit 70% hofc it nhat 80%
hodc it nhat 90%, it nhit 91%, it nhét 92%, it nhit 93%, it nht 94%, it nhat 95%, it
nhat 96%., it nhét 97%, it nhit 98%, hodc it nhét 99%, ddng nhét véi trinh tur clia mau
do duge st dung hodc trinh tu nucleotit dugc thé hién trong SEQ ID NO: 1, SEQ ID
NO: 3 hoic SEQ ID NO: 5. Cé thé xem céc chi din bd sung lién quan dén diéu kién lai
trén thi truong & dang “cac bo kit (vi du DIG Easy Hyb from Roche Diagnostics
GmbH, Mannheim, Germany, Catalogue No. 1603558).

Gen proP dugc 1am suy gidam ma hod protein chit van chuyén ProP tét hon
néu ¢6 trinh tur axit amin it nht 85%, ddc biét 12 it nhat 90%, ot hon néu it nhat 95%,
dic biét tbt hon néu it nhét 98%, it nhit 99%, hodc 100%, ddng nhat v6i trinh tu axit
amin ctia SEQ ID NO:2, SEQ ID NO: 4, SEQ ID NO: 6 hodc SEQ ID NO: 8, t6t hon
néu véi trinh tu axit amin cia SEQ ID NO: 2, t5t hon néu d6 dong nhét néu trén 1a trén
toan bd chiéu dai cta (cic) trinh ty duge néu ra. Tét hon néu protein chét van chuyén
ProP chtra hoac vé co ban c6 chiéu dai 500 axit amin, v6i chiéu dai 500 axit amin 1a
duoc uu tién. Protein ProP duogc uu ti€n rat dic biét néu chira hodc co trinh ty axit
amin cta SEQ ID NO: 2, ma trinh ty nay co thé tuy ¥ bao gém khong nhiéu hon 40,
khong nhidu hon 30, tét hon néu khong nhiéu hon 20, khong nhiéu hon 10, khong
nhidu hon 5, khong nhidu hon 3, khong nhiéu hon 2, dac biét tét hon néu khong nhicu
hon mdt, thay thé axit amin bao toan. Céac thay thé axit amin bao toan vé co ban khong

]am bién ddi hoat tinh ciia chit van chuyén ProP, tirc 1a theo sang ché &t hon néu hoat
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tinh néu trén duoc bién ddi boi thay thé axit amin bao toan néu trén khong nhiéu hon

10%, tinh theo trinh tu bat du.

V& diém nay, thuat ngi “v& co ban c6 chidu dai 500 axit amin” tinh dén
truong hop 1a ¢ su cai xen hodc lam khuyét mot (1) hoac nhiéu, khong nhiéu hon 10,
9, 8,7, 6,5, 4,3 hodc 2, axit amin trong polypeptit hoac & dau tan N hodc C cua
polypeptit néu trén din dén su thay dbi nhe chiéu dai cia polypeptit dugc ma hod
trong cac loai hodc ching khic nhau thudc ho Enterobacteriaceae. Mot vi du cua
polypeptit ndy 1a protein ProP cta Erwinia pyrifoliae. Trong truong hop nay, chiéu dai

ctia polypeptit ndy (xem SEQ ID No:8) 1a 501 axit amin.

Theo cac phuong an duoc uu tién theo sang ché, su lam suy gidm cua gen
proP ctia SEQ ID NO: 1 dat dugc béi gen ¢6 dot bién bat ky trong sb cac dot bién sau:
a)thay thé nucleobazo guanin ¢ vi tri 971 hodc vi tri tuong duong cua trinh

tu polynucleotit cia SEQ ID NO:1 bang nucleobazo thymin;

b)thay thé nucleobazo thymin & vi tri 1399 hodc vi tri twong duong cua

trinh tu polynucleotit cia SEQ ID NO:1 bing nucleobazo xytosin;

c)thay thé nucleobazo guanin ¢ vi tri 1234 hodc vi tri tuong duong cua

trinh tu polynucleotit cia SEQ ID NO:1 bing nucleobazo thymin;

d)lam khuyét nucleobazo adenin & vi tri 854 cla trinh tu polynucleotit cua
SEQ ID NO: 1;

e)lam khuyét mot hoac nhiéu nucleobazo tir vi tri 1173 dén vi tri 1223, tt
hon néu lam khuyét tAt ca nucleobazo tir vi tri 1173 dén vi tri 1223, cua trinh tu

polynucleotit cia SEQ ID NO:1;

f) cai xen nucleobazo xytosin ¢ vi tri 842 cua trinh tu polynucleotit cua

SEQ ID NO:1;

g) cai xen mdt hodc nhiéu nucleobazo & vi tri 973, t6t hon néu cai xen 19

nucleobazo & vi tri 973, cta trinh ty polynucleotit ciia SEQ ID NO:1;

h) cai xen mot hodc nhiéu nucleobazo & vi tri 183, t6t hon néu cai xen

1359 nucleobazo & vi tri 183, ctia trinh tu polynucleotit cia SEQ ID NO:1.
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Do d6, theo cac phuong an dugc uu tién theo sang ché, gen proP dugc lam
suy giam la polynucleotit c6 mirc ddng nhét trinh tu it nhat 80%, t6t hon néu it nhat
90%, dic biét 1a it nhat 95%, dac biét tot hon néu it nhat 98%, 99% hoic 100%, tinh
theo polynucleotit cia SEQ ID NO: 1, t6t hon néu tinh theo trinh ty day da cua
polynucleotit cia SEQ ID NO: 1, va ma ngoai ra nhét thiét ¢6 mot hodc nhiéu, t6t hon
néu chinh xac mot, dot bién sau so v6i polynucleotit cia SEQ ID NO: 1:

a) thay thé bd ba ma hoa L-arginin & vi tri 324 cia SEQ ID NO: 2 hodc vi
tri twong duong cuda trinh tu axit amin bing bd ba ma hod axit amin dugc chon tur
nhém bao gém L-leuxin, L-isoleuxin va L-valin, tdt hon néu 1a L-leuxin;

b) thay thé bo ba ma hod L-tyrosin & vi tri 467 ciia SEQ ID NO: 2 hodc vi
tri twong dwong cua trinh tu axit amin bing bo ba ma hoa axit amin dugc chon tir
nhom bao gém L-lysin, L-arginin va L-histidin, tdt hon néu 1a L-histidin;

¢) thay thé b ba ma hod L-axit glutamic ¢ vi tri 412 cia SEQ ID NO: 2
hodc vi tri twvong duong cua trinh tu axit amin bang bd ba ma hod codon dung;

d) lam khuyét nucleobazo adenin & vi tri 854 clia gen proP cia SEQ ID
NO:1;

e) lam khuyét mot hoac nhiéu nucleobazo tr vi tri 1173 dén vi trf 1223, tdt
hon néu lam khuyét tit ca nucleobazo tir vi tri 1173 dén vi tri 1223, cia gen proP cia
SEQ ID NO:1;

f)  cai xen nucleobazo xytosin & vi tri 842 ctia gen proP cua SEQ ID NO:1;

g) cai xen mot hoac nhiéu nucleobazo & vi tri 973, tdt hon néu cai xen 19
nucleobazo & vi tri 973, ctia gen proP cua SEQ ID NO:1;

a) cai xen mot hodc nhiéu nucleobazo & vi tri 183, tdt hon néu cai xen
1359 nucleobazo & vi tri 183, ctia gen proP cua SEQ ID NO:1.

Viéc nhan dién duoc néu 1a dua trén polynucleotit cia SEQ ID NO: 1 & ban
mo ta nay trong mdi truong hop dung dé chi trinh tu polynucleotit ma khoéng c6 mot

hoic nhidu dot bién bét budc duoc dé cp trén day.
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“Vi tri twong duwong” dugc nhan dién mot cach dé dang béng cach so sanh
trinh tu axit amin bing cach cach sip xép, vi du nho chuong trinh Clustal W
(Thompson et al., Nucleic Acids Research 22, 4637-4680 (1994)) hoac nho chuong
trinh MAFET (Katoh et al., Genome Information 2005; 16(1), 22-33).

Tét hon néu vi sinh vat theo sang ché va dugc st dung trong cac quy trinh
theo sang ché thudc ho Enterobacteriaceae 1a vi khuan thudc giéng Escherichia,
Erwinia, Providencia hoac Serratia, dac biét 1a giéng Escherichia. Puc uu tién dac

biét 1a Escherichia coli.

Trong cac quy trinh theo sang ché dung dé san xuét L-axit amin, dic biét 1a L-
axit amin ch@a luu huynh, tdt hon néu qué trinh 1én men dugc thuc hién trong moi
truong chtra ngudn Iru huynh vo co. Ngudn lwu huynh ¢ thé duoc st dung 1a mudi
ctia axit dithiosulfuric (thiosulphat), néu thich hop cing véi cac ngudn luu huynh khéc

nhu sulphat, sulphit hodc dithionit, vi du (xem vi du don EP 11151526.8).

Tt hon néu L-axit amin duge 1am tich liiy trong méi truong 1én men 16ng thu

dugc va sau do, khi thich hgp, duoc phén lap, dugc gom va/hodc duoc tinh ché.

[-axit amin ciing c¢6 thé duoc phan 1ap hodc duoc gom cung véi cac thanh

phan tir mdi trudong 1én men long va/hodc sinh khoi.

Luong vi khudn duge phén 1ap hodc clia qué trinh 1én men st dung né xét vé
mdt hodc nhiéu thong s& dugc chon tir nhém gdm ndng do san pham (san pham trén
thé tich), hiéu suét san phim (san phim tao ra trén mdi ngudn cacbon tiéu thu) va su
tao thanh san pham (san phim tao ra trén mdi don vi thé tich va thoi gian), hodc céac
thong sb6 quy trinh khéac nira va két hop ctia cac thong s& nay, t6t hon néu duoc cai
thién it nhét 0,5%, it nhat 1%, it nhét 1,5% hofc it nhit 2%, tinh theo ching ban dau

hodc ching cha me hodc quy trinh 1én men bing cach st dung cc chiing nay.

Trong quy trinh theo sang ché, dé san xuét L-axit amin vi khuin c6 thé dugc
nudi céy mot cach lién tuc — nhu md ta, vi du, trong PCT/EP2004/008882 - hodc mot
cach gian doan trong quy trinh gian doan (nu6i ciy theo mé) hodc trong quy trinh cip
gian doan hoac quy trinh cip gian doan lap lai. Tom t4t vé phan ban chét chung céc

phuong phép nudi cdy da biét c6 trong gido trinh cua Chmiel (Bioprozesstechnik 1.
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Einfyhrung in die Bioverfahrenstechnik (Gustav Fischer Verlag, Stuttgart, 1991)) hodc
trong gido trinh cta Storhas (Bioreaktoren und periphere Einrichtungen (Vieweg

Verlag, Brunswick/Wiesbaden, 1994)).

MBoi trudng nudi cdy hodc mdi truong 1én men duge st dung phai dép Ung
thich hgp nhu cau cua chung cu thé. Mo ta v& méi trudng nudi cdy cac vi sinh vat khéac
nhau duogc néu trong Manual of Methods for General Bacteriology of the American
Society for Bacteriology (Washington D.C., USA, 1981). Cac thuat ngit moi truong

nudi cdy va moi truong 1én men hodc méi truong l1a dung thay duge cho nhau.

Ngudn cacbon ma c6 thé dugc str dung 1a cac dudong va hydrat cacbon nhu, vi
du, glucoza, sucroza, lactoza, fructoza, maltoza, mat duong, cac dung dich chtra
sucroza tur cac quy trinh san xuét duong tlr cdy cu cai duong hodc duong mia, tinh bot,
dich thuy phan tinh bdt va xenluloza, diu va cic chét béo nhu, vi du, dau déu nanh,
dau huéng duong, dAu tur loai than ci moc dudi dit va diu dira, cac axit béo nhu, vi
du, axit palmitic, axit stearic va axit linoleic, cac ruou nhu, vi du, glyxerol, metanol va
etanol, va cac axit hitu co nhu, vi du, axit axetic. Cac chét nay co thé duoc sir dung

don 1& hodc dudi dang hdn hop.

Ngudn nito ¢6 thé dugc sir dung 1a cac hop chét hiru co chira nito nhu pepton,
dich chiét nAm men, nudc thit, dich chiét malt, dich chiét ngo dac, bot ddu nanh va ure,
hodc cac hop chdt vé co nhu amoni sulphat, amoni clorua, amoni phosphat, amoni

cacbonat va amoni nitrat. Nguén nito ¢6 thé duoce st dung don 1é hodc dudi dang hon
hop.
Ngubn phospho ma c6 thé duogc st dung 1a axit phosphoric, kali dihydro

phosphat hodc dikali hydro phosphat hogc cac mubi chira natri tuong Ung.

Tét hon nita néu méi trudng nudi ciy chira cac mudi, vi du & dang clorua, cua
kim loai nhu, vi du, natri, kali, magie, canxi va sat, nhu, vi du, magie sulphat hoac st
sulphat, la cac chit cin thiét cho su phat trién. Cudi cling, cac chit sinh trudng thiét
yéu nhu axit amin, vi du homoserin, va cdc vitamin, vi du cobalamin, thiamin, biotin

hodc axit pantothenic, ¢ thé dugc st dung thém ngoai cac chét dugc dé cap trén day.
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Hon nita, cac tién chat thich hgp cta axit amin cu thé c6 thé duge cho vao moi

truong nuodi cay.

Céc nguyén lidu néu trén c6 thé duoc cho vao moi truong nudi cay lam mot

14n hodc dugc cp theo cach thich hop trong qué trinh nu6i cy.

Do pH cua moi trudng nudi cdy dugc khéng ché bang cach st dung céc hop
chét kiém theo cach thich hop nhu natri hydroxit, kali hydroxit, amoniac hodc trong
nude amoniac, hodic cac hop chét axit nhu axit phosphoric hodc axit sulfuric. D6 pH
thuong dugc diéu chinh dén gi4 tri nam trong khoang tir 6,0 dén 9,0, tbt hon néu nam
trong khoang tir 6,5 dén 8. Pé khéng ché qua trinh tao bot, c6 thé sir dung cac chét
chéng tao bot nhu, vi du, este cla axit béo va polyglycol. pé duy tri do 6n dinh coa
plasmit, co thé dua vao mdi trudng cac chét c6 tac dong chon loc thich hop nhu, vi du,
céc chét khang sinh. Dé duy tri didu kién wa khi, dua oxy hodc cac hdn hop khi chira
oxy nhu, vi du, khong khi vao moéi truong nudi ciy. Tuong tu ¢ thé str dung céc chit
16ng duogc lam giau hydro peroxit. Qua trinh 1én men duoc thuc hién, néu thich hop, &
4p suét nang cao, vi du & 4p suét ndm trong khoang tir 0,03 dén 0,2 MPa. Nhiét do moi
truong nuodi ciy thong thuong nam trong khoang tir 20°C dén 45°C va t6t hon néu nam
trong khoang tur 25°C dén 40°C. Trong cac quy trinh gian doan, qua trinh nuoi chy
dugc tiép tuc cho dén khi tao ra luong axit amin mong mudn t6i da. Thong thuong dat
dugc muc dich nay trong thoi gian tir 10 gio dén 160 gio. Trong cac quy trinh lién tuc,

c6 thé mat thoi gian nuoi cay lau hon.

MBbi trudng 1én men thich hop dwge md ta trong céc tai licu vi du nhu US
6,221,636, US 5,840,551, US 5,770,409, US 5,605,818, US 5,275,940 va US
4,224.,409.

Phuong phéap xic dinh L-axit amin da dugc boc 10 trong tinh trang k¥ thuat. Vi
du, co thé thuc hién phép phén tich, nhu dugc md ta trong Spackman et al. (Analytical
Chemistry, 30, (1958), 1190), bang cach sic ky trao dbi ion v6i qua trinh tao dan xudt
ninhydrin sau dé, hoac ¢o thé duoc thuc hién bé‘mg HPLC dao pha, nhu md ta trong
Lindroth et al. (Analytical Chemistry (1979) 51: 1167-1174).
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Sau d6 t6t hon néu modi trudong 1én men 16ng duge tao ra theo cach nay dugc

xtr 1y thanh san phim ran hoic 16ng.

MBoi truong 1én men 16ng dung dé chi moi trudng 1én men trong do6 vi sinh vat
da dwoc nudi chy trong mot thoi gian nhat dinh va ¢ nhiét do nhat dinh. T6t hon néu
moi trudng 1én men hodc moi truong duge sur dung trong quaé trinh 1én men bao gdm
chét hay hop phin bat ky dam bao qua trinh nhan 1én cua vi sinh vat néu trén va tao ra

axit amin mong muon.

Khi hoan thanh qu4 trinh 1én men, méi truong 1én men l6ng thu duoc theo do
chtra a) sinh khéi cua vi sinh vat, dugc tao ra do sy nhan té bao vi sinh vét néu trén, b)
axit amin mong mudn dugc tao ra trong qu4 trinh 1én men, c) céc san pham phu hiru co
duogc tao ra trong qua trinh 1én men, va d) céc chit cAu thanh cdc moéi truong 1én
men/mdi trudong 1én men dugc st dung hodc ciia cic nguyén liéu nhu, vi du, cac
vitamin nhu biotin, axit amin nhu homoserin hodc cac mudi nhu magie sulphat, ma

khong dugc tiéu thu trong qua trinh 1én men néu trén.

Cac san phém phu hitu co bao gbm cac chat dugc tao ra bdi cac vi sinh vt
dugc sir dung trong qué trinh 1én men tuy y ngoai L-axit amin cu thé mong mudn va
ma chét nay c6 thé dugc tiét ra. Cac chét bao gdbm L-axit amin chiém it hon 30%, 20%
hodc 10%, so voi axit amin mong mudn. Ngoai ra céc chét nay bao gdm cac axit hitu
co mang tir mot dén ba nhom carboxyl, vi du nhu axit axetic, axit lactic, axit xitric,
axit malic hoic axit fumaric. Cubi cling, cac chét nay ciing bao gom céc dudng vi du
nhu trehaloza.

Cac moi trrong 1én men 16ng dién hinh ma thich hop cho muc dich cong
nghiép va dugc uu tién theo sang ché c6 ham luong axit amin nam trong khoang tir 40
g/ke dén 180 g/kg hoac 50 g/kg dén 150 g/kg. Ham lugng sinh khdi (sinh khéi kho)
thong thudng nam trong khoang tir 20 dén 50 g/kg.

Theo d6, sang ché con dé cap dén cic polynucleotit c6 mirc ddng nhét it nhét
80%, t6t hon néu it nhit 90%, dic biét 1a it nhét 95%, dac biét la it nhat 98, 99 hodc
100%, tinh theo trinh tu cia SEQ ID NO: 1, tdt hon néu mic déng nhét duogc néu ra

lién quan dén trinh ty ddy di ciia SEQ ID NO: 1, khac biét & chd polynucleotit nay
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nhét thiét c6 mot hodc nhiéu dét bién so v6i polynucleotit cia SEQ ID NO: 1, duoc
chon tu:

a)thay thé bd ba ma hoa L-arginin & vi tri 324 cta SEQ ID NO: 2 hoéc vi
tri twong duong cua trinh tu axit amin bang bo ba ma hod axit amin dugc chon tir
nhom bao gém L-leuxin, L-isoleuxin va L-valin, t&t hon néu 13 L-leuxin;

b) thay thé bo ba ma hoa L-tyrosin & vi tri 467 ctia SEQ ID NO: 2 hoac vi
tri twvong duong cia trinh ty axit amin bang bd ba mi hoda axit amin dugc chon tir
nhom bao gdm L-lysin, L-arginin va L-histidin, tét hon néu Ia L-histidin;

c)thay thé bd ba ma hoa L-axit glutamic & vi tri 412 cua SEQ ID NO: 2
hoic vi tri tuong duong cua trinh ty axit amin béng bd ba ma hoa codon dung;

d)lam khuyét nucleobazo adenin & vi tri 854 clia gen proP cia SEQ ID
NO:1;

e)lam khuyét mot hodc nhiéu nucleobazo tir vi tri 1173 dén vi tri 1223, tt

hon néu 1am khuyét tAt ca nucleobazo tr vi tri 1173 dén vi tri 1223, cta gen proP

cia SEQ ID NO:1;
f) cai xen nucleobazo xytosin & vi tri 842 ctlia gen proP cua SEQ ID NO:1;

g) cai xen mot hodc nhiéu nucleobazo ¢ vi tri 973, tot hon néu cai xen 19

nucleobazo & vi tri 973, ctia gen proP cua SEQ ID NO:1;

h) cai xen mot hodc nhiéu nucleobazo ¢ vi tri 183, tot hon néu cai xen

1359 nucleobazo & vi tri 183, cua gen proP ciia SEQ ID NO:1.

Cac nhan dién néu trén dua trén polynucleotit cia SEQ ID NO: 1 trong moi
trrong hop ¢ day lién quan dén trinh tu polynucleotit ma khong chira mot hoac nhiéu

dot bién bat bude duge dé cap trén day.
Ut tién dic biét 1a mot hodc nhidu dot bién bat bude dugc chon tir:

a)thay thé nucleobazo guanin & vi tri 971 hodc vi tri twong duong cia trinh

tu polynucleotit cia SEQ ID NO:1 bang nucleobazo thymin;
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b)thay thé nucleobazo thymin & vi tri 1399 hodc vi tri twong duong cua

trinh tu polynucleotit ctia SEQ ID NO:1 bang nucleobazo xytosin;

c)thay thé nucleobazo guanin & vi tri 1234 hodc vi trf twong duong cia

trinh tu polynucleotit cia SEQ ID NO:1 bang nucleobazo thymin;

d)lam khuyét nucleobazo adenin & vi tri 854 ctia trinh tu polynucleotit cia

SEQ ID NO: 1;

e)lam khuyét mot hodc nhiéu nucleobazo tlr vi tri 1173 dén vi trf 1223, tbt
hon néu lam khuyét tAt ca nucleobazo tir vi tri 1173 dén vi tri 1223, cua trinh tu

polynucleotit cia SEQ ID NO:1;

f) cai xen nucleobazo xytosin ¢ vi tri 842 cta trinh tu polynucleotit cia

SEQ ID NO:1;

g)cai xen mdt hodc nhiéu nucleobazo & vi tri 973, tot hon néu cai xen 19

nucleobazo & vi tri 973, cua trinh tu polynucleotit ciia SEQ ID NO:1;

h)cai xen mot hoac nhiéu nucleobazo & vi tri 183, t5t hon néu cai xen 1359

nucleobazo & vi tri 183, cua trinh tu polynucleotit cia SEQ ID NO:1.

Theo sang ché, cac polynucleotit dugc dé cap trén day theo sang ché t6t hon
néu dugc khac biét bang cach lai véi mot hodc nhiéu polynucleotit bd tro véi SEQ ID
NO: 1, 3 hodc 5, tét hon néu bd trg v6i SEQ ID NO: 1, tét hon néu trong diéu kién lai
nghiém ngat, tdt hon néu diéu kién nghiém ngit nay dat dugc bang budc rira trong do
khoang nhiét do nam trong khoang tr 64°C dén 68°C va ndéng do mudi ctia dung dich

dém ndm trong khoang tir 2xSSC dén 0,1xSSC.

Dic biét duge uu tién néu cac polynucleotit theo sang ché c6 muc dong nhat
trinh tur it nhit 90%, tét hon néu it nhit 95%, dac biét 1a it nhat 98%, 99% hoac 100%,
s0 v6i cac polynucleotit ciia SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID
NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO: 21 hodc SEQ ID NO: 23.

R4t dic biét dugce uu tién néu céc polynucleotit theo sang ché 1a va/hoic chira
céc polynucleotit cia SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO:
15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO: 21 va SEQ ID NO: 23.
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Sang ché con dé xuat cac vat truyén chira cac polynucleotit theo sang ché.

Theo do6, sang ché con dé xuét cac polypeptit c6 muc ddng nhét it nhat 80%,
t6t hon néu it nhat 90%, dic biét 1a it nhit 95%, dic biét 1a it nhat 98%, 99% hodc
100%, so v6i trinh tu ciia SEQ ID NO: 2, khéc biét & chd, polypeptit nay nhat thiét c6

mot hodc nhiéu dot bién so véi polypeptit cua SEQ ID NO: 2, dugc chon tu:

a. thay thé L-arginin & vi tri 324 cta SEQ ID NO: 2 hodc vi tri tuong
duong cua trinh ty axit amin bang axit amin dugc chon tir nhom bao gbm L-leuxin, L-

isoleuxin va L-valin, tot hon néu la L-leuxin;

b. thay thé L-tyrosin & vi tri 467 cia SEQ ID NO: 2 hoac vi tri twong
duong cta trinh ty axit amin bang axit amin dugc chon tir nhom bao gdm L-lysin, L-

arginin va L-histidin, t6t hon néu la L-histidin;

c.  lam khuyét 17 axit amin tir vi tri 392 dén vi tri 408 cua SEQ ID NO: 2

hoic vi tri trong duong cuda trinh ty axit amin;

d.  lam khuyét 1én dén 420 axit amin & dau tan C, tinh theo trinh tw ctia SEQ
ID NO: 2, tbt hon néu 1am khuyét 88, 163, 202, 212 hodc 420 axit amin ¢ dau tin C

cua trinh tu axit amin cia SEQ ID NO: 2.

Cac nhan dién duogc néu ra & day ding dé chi cac dot bién cua a va b so voi
trinh tu diy di cia SEQ ID NO: 2, déi véi cac dot bién ¢ va d trong mdi truong hop so
v6i ving nhé cta trinh ty ciia SEQ ID NO: 2 ma khong c6 ving khuyét doan duoc chi
ra.

Céc polypeptit dugc uu tién theo sang ché 1a cac polypeptit c6 mirc ddng nhat
trinh tur it nhit 90%, tdt hon néu it nhit 95%, dac biét 1a it nhat 98%, 99% hoac 100%,
s0 vdi cac polypeptit cia SEQ ID NO: 10, 12, 14, 16, 18, 20, 22 hodc 24.

Cac .polypeptit ddc biét duoc uu tién theo sang ché 1a va/hoic chira céc

polypeptit ciia SEQ ID NO: 10, 12, 14, 16, 18, 20, 22 hodc 24.

Sang ché con dé cap dén cac vi sinh vat tai td hop mang cac polynucleotit

va/hodc céc vat truyén va/hodc cac polypeptit theo sang ché.
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Tét hon néu céc vi sinh vat theo sang ché va cac vi sinh vat duoc st dung
trong cac quy trinh theo sang ché ¢6 hoat tinh enzym aspartat kinaza (EC 2.7.2.4) tang
1én, v6i wu tién cho céc alen tinh khang co ché tc ché nguoc. E. coli ¢6 ba aspartat
kinaza khac nhau dugc ma hod béi gen thrd, metL hodc lysC. Theo sang ché, uu tién

didc biét 1a c6 hoat tinh ThrA aspartat kinaza tang lén.

Con tbt hon nita néu cac vi sinh vat theo sang ché va cac vi sinh vat duoc str
dung trong cdc quy trinh theo sang ché dugc khac biét & chd c6 hoat tinh MetA
homoserin O-succinyltransferaza (EC 2.3.1.46) va/hodc CysE serin axetyltransferaza

(EC 2.3.1.30) dugc tang lén.

Ngoai ra co thd 1am ting sinh tong hop L-metionin bang cach lam suy giam
hodc lam khuyét protein diéu hoa MetJ dugc ma hod boi gen metJ. Met] la chét rc ché
ch yéu qua trinh sinh tdng hop L-metionin & E. coli. Theo d6, ngoai ra theo sang ché

con uu tién 1a gen metJ dugc lam suy giam.

Céc vi sinh vét theo sang ché va cac vi sinh vat duoc st dung trong cac quy
trinh theo sang ché con tdt hon nita néu dugc khac biét & chd ¢ hoat tinh MetK S-

adenosylmetionin synthaza (EC 2.5.1.6) giam.

Ngoai ra ¢o thé t6t hon néu qua trinh san xudt axit amin chira Iuu huynh bang
céch st dung vi khudn thudc ho Enterobacteriaceae dé tang cudng mot hodc nhiéu
enzym trong cac qua trinh sinh tdng hop axit amin da biét hodc enzym cua qud trinh
trao dbi chit bd sung (anaplerotic) hodc enzym dé san xuét nicotinamit adenin
dinucleotit phosphat gidm hodc enzym ciia qua trinh duong phén hodc enzym PTS

hodc enzym cuia qué trinh trao dbi chét luu huynh hodc dé tang hoat tinh cta chang.

Theo cac phuong 4n duge uu tién hon nita, vi khuan sén xuat L-metionin ¢6

mdt hodc nhiéu dic diém duge chon tir nhém bao gom:

a) polynucleotit duoc biéu hién qua mic mi hod mot hodc nhiéu hop phén cua hé

théng van chuyén CysPUWA thiosulphat/sulphat (EC 3.6.3.25),

b) polynucleotit dugc biéu hién qua muc mad hoa CysH 3’-phosphoadenosin 5°-

phosphosulphat reductaza (EC 1.8.4.8),
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¢) polynucleotit dugc biéu hién qua mirc ma hoa mot hoac nhiu hop phan cta CysJI

sulphit reductaza (EC 1.8.1.2),

d) polynucleotit duoc biéu hién qua mirc ma hoa CysK xystein synthaza A (EC
2.5.1.47),

e) polynucleotit dugc biéu hién qua mirc ma hod CysM xystein synthaza B (EC

2.5.1.47),

f) polynucleotit duoc biéu hién qua mirc ma hoa CysE serin axetyltransferaza (EC

2.3.1.30),

g) polynucleotit dugc biéu hién qua mirc ma hoa mot hodc nhiéu hop phén ctia hé

thdng phan cat GevTHP-Lpd glyxin (EC 2.1.2.10, EC 1.4.4.2, EC 1.8.1.4),
h) polynucleotit dugc biéu hién qua mirc ma hoa LipA lipoyl synthaza (EC 2.8.1.8),

i) polynucleotit dugc biéu hién qua mic ma hoa LipB lipoyl-protein ligaza (EC

2.3.1.181),

j) polynucleotit dugc biéu hién qua mioc mad hod SerA phosphoglyxerat

dehydrogenaza (EC 1.1.1.95),

k) polynucleotit dugc biéu hién qua mic ma hoa SerB 3-phosphoserin phosphataza

(EC 3.13.3),

1) polynucleotit — dugc biu hién qua mac md hod SerC  3-

phosphoserin/phosphohydroxythreonin aminotransferaza (EC 2.6.1.52),

m) polynucleotit dugc bidu hién qua mirc ma hoa GlyA serin hydroxymetyltransferaza

(EC 2.1.2.1),

n) polynucleotit duoc bidu hién qua mirc ma hoa ThrA aspartokinaza I va homoserin

dehydrogenaza I (EC 2.7.2.4, EC 1.1.1.3),
0) polynucleotit dugc biéu hién qua mirc ma hoa LysC aspartat kinaza (EC 2.7.2.4),

p) polynucleotit duoc biéu hién qua mirc ma hod Hom homoserin dehydrogenaza (EC

1.1.1.3),
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q) polynucleotit dugc biu hién qud mic ma hoa MetX homoserin O-

axetyltransferaza (EC 2.3.1.31),

r) polynucleotit dugc biu hién qud mic md hod MetA homoserin O-

succinyltransferaza (EC 2.3.1.46),

s) polynucleotit dugc biéu hién qua mic ma ho4d MetB xystathionin gama synthaza

(EC 2.5.1.48),

t) polynucleotit dugc biéu hién qua mic ma hoa AecD B-C-S-lyaza (EC 4.4.1.8, con

duoc goi la beta-lyaza),

u) polynucleotit duoc biéu hién qua mirc ma hoa MetC xystathionin beta-lyaza (EC

44.1.8),

v) polynucleotit duoc biéu hién qua mirc ma hoa homoxystein S-metyltransferaza doc

lap voi MetE B12 (EC 2.1.1.14),

w) polynucleotit duoc biéu hién qua mirc ma hoa homoxystein S-metyltransferaza phu

thuoc MetH B12 (EC 2.1.1.13),

x) polynucleotit dugc biéu hién qua mirc md hod MetF metylen tetrahydrofolat

reductaza (EC 1.5.1.20),

y) polynucleotit duoc biéu hién qua mic ma hoa mot hodc nhiu hop phan ctia chat

xuat BrnFE L-metionin ra khoi Corynebacterium glutamicum,

z) polynucleotit dugc biéu hién qua mic ma hod mdt hoac nhiéu hop phén cta chét

xuét YgaZH valin Escherichia coli (b2682, b2683),

aa) polynucleotit duoc biéu hién qua mic ma hoa chét van chuyén Escherichia coli

YieH gia dinh (b4141),

bb) polynucleotit dugc biéu hién qua mic mi hod mdt hodc nhidu hop phan cla

PntAB pyridin nucleotit transhydrogenaza (EC 1.6.1.2),

cc) polynucleotit duoc biéu hién qua mac mi hod MetZ O-succinylhomoserin

sulphhydrylaza (EC 2.5.1.48),
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dd) polynucleotit duoc biu hién qud mic mid hoda Pyc phosphoenolpyruvat

carboxylaza (EC 4.1.1.31),

ee) polynucleotit dugc bidu hién qud mic md hod RDL2 thiosulphat

sulphurtransferaza (EC 2.8.1.1),

ff) polynucleotit duoc bifu hién qud mac md hod thiosulphat—thiol

sulphurtransferaza (EC 2.8.1.3),

gg) polynucleotit duoc bifu hién qud mic mid hoa thiosulphat—dithiol

sulphurtransferaza (EC 2.8.1.5).

Céc diac diém duoc uu tién 1a mot hodc nhiéu dic di€ém duogc chon tir nhom

bao gom:

a)polynucleotit dugc biéu hién qua mirc ma hod mot hodc nhiéu hop phan

cta hé théng van chuyén CysPUWA thiosulphat/sulphat (EC 3.6.3.25),

b) polynucleotit duoc biéu hién qua mic md hoa CysH 3’-

phosphoadenosin 5°-phosphosulphat reductaza (EC 1.8.4.8),

¢)polynucleotit dugc biéu hién qua mic ma hod mot hodc nhiéu hop phan

cua CysJI sulphit reductaza (EC 1.8.1.2),

d) polynucleotit dugc biéu hién qua mirc ma hoa CysK xystein synthaza A

(EC 2.5.1.47),

e)polynucleotit dugc biéu hién qua mic ma hod CysM xystein synthaza B

(EC 2.5.1.47),

f) polynucleotit duoc biu hién qua muic ma hoa CysE serin

axetyltransferaza (EC 2.3.1.30),

g) polynucleotit duoc biéu hién qua mic ma hod mot hodc nhiéu hop phén

cua hé thong phan cit GevTHP-Lpd glyxin (EC 2.1.2.10, EC 1.4.4.2, EC 1.8.1.4),

h) polynucleotit dugc biéu hién qua mtrc ma hoa LipA lipoyl synthaza (EC
2.8.1.8),
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i) polynucleotit dugc biéu hién qua mic ma hoa LipB lipoyl-protein ligaza

(EC 2.3.1.181),

j) polynucleotit duoc biéu hién qua mic ma hod SerA phosphoglyxerat

dehydrogenaza (EC 1.1.1.95),

k) polynucleotit duoc biéu hién quid mic ma hoa SerB 3-phosphoserin

phosphataza (EC 3.1.3.3),

1) polynucleotit dugc bifu hién qud mic mid hod SerC 3-

phosphoserin/phosphohydroxythreonin aminotransferaza (EC 2.6.1 52),

m) polynucleotit duoc biéu hién qua mic md hod GlyA serin

hydroxymetyltransferaza (EC 2.1.2.1),

n) polynucleotit dugc biéu hién qua mirc ma hoa ThrA aspartokinaza I va

homoserin dehydrogenaza I (EC 2.7.2.4, EC 1.1.1.3),

0) polynucleotit dugc biéu hién qua mirc ma hoé LysC aspartat kinaza (EC

2.7.2.4),

p) polynucleotit duoc biéu hién qua mic m3d hoda Hom homoserin

dehydrogenaza (EC 1.1.1.3),

q) polynucleotit duoc biéu hién qud mic md hod MetX homoserin

axetyltransferaza (EC 2.3.1.31),

r) polynucleotit dugc biéu hién quia mic ma hod MetA homoserin O-

transsucxinylaza (EC 2.3.1.46),

s) polynucleotit dugc biéu hién qua mic ma hoa MetB xystathionin gama

synthaza (EC 2.5.1.48),

t) polynucleotit dugc biéu hién qua mirc ma hod AecD B-C-S-lyaza (EC

4.4.1.8, con duoc goi la beta-lyaza),

u) polynucleotit dugc biéu hién qud mirc ma hod MetC xystathionin beta-

lyaza (EC 4.4.1.8),
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v) polynucleotit dugc biéu hién qua mic ma hoa homoxystein S-

metyltransferaza doc 14p vdi MetE B12 (EC 2.1.1.14),

w) polynucleotit dugc biéu hién qua mtc ma hoa B12 homoxystein S-

metyltransferaza phu thudc MetH (EC 2.1.1.13),

x) polynucleotit dugc biéu hién quid miac ma hoa MetF metylen

tetrahydrofolat reductaza (EC 1.5.1.20),

y) polynucleotit dugc biéu hién qud mic ma hod RDL2 thiosulphat
sulphurtransferaza (EC 2.8.1.1).

Céc dic diém dugc uu tién rat dac biét ¢ ban mo ta nay duogc chon tur nhom

bao gom:

a) polynucleotit duoc biéu hién qua mirc ma hoa ThrA aspartokinaza I va

homoserin dehydrogenaza I (EC 2.7.2.4, EC 1.1.1.3),

b) polynucleotit duoc biéu hién qud mic md hoda CysE serin

axetyltransferaza (EC 2.3.1.30),

c¢)polynucleotit duoc biéu hién quid mic ma hoa LysC aspartat kinaza (EC

2.7.2.4),

d) polynucleotit dugc biéu hién qua mitrc md hoda Hom homoserin

dehydrogenaza (EC 1.1.1.3),

e) polynucleotit duoc biéu hién qud mic mi hoa MetX homoserin

axetyltransferaza (EC 2.3.1.31),

f) polynucleotit dugc biéu hién qua mic mi hod MetA homoserin O-

transscucxinylaza (EC 2.3.1.46),

g) polynucleotit dugc biéu hién qua mirc ma hod MetB xystathionin gama

synthaza (EC 2.5.1.48),

h) polynucleotit dugc biéu hién qud mic ma hoa AecD B-C-S-lyaza (EC

4.4.1.8, con dugc goi la beta-lyaza),
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i) polynucleotit dugc biéu hién qua mtc ma hod MetC xystathionin beta-

lyaza (EC 4.4.1.8),

j) polynucleotit duogc biéu hién qua mirc md hoad homoxystein S-

metyltransferaza doc lap voi MetE B12 (EC 2.1.1.14),

k) polynucleotit dugc biéu hién qua mirc md hod homoxystein S-

metyltransferaza phu thudc MetH B12 (EC 2.1.1.13),

1) polynucleotit dugc biéu hién qud mic mad hod MetF metylen

tetrahydrofolat reductaza (EC 1.5.1.20),

m) polynucleotit dugc biéu hién qua mGc ma hoa RDL2 thiosulphat

sulphurtransferaza (EC 2.8.1.1).

Theo sang ché, thuat ngit “bi€u hién qua muc”, “ting cudng” hoac “hoat tinh
duoc ting 1én” dé cap dén sy gia tang hoat tinh enzym ndi bao cia mot hodc nhicu

enzym & vi sinh vat, dugc mé hoa béi ADN tuong ung.

V& mit nguyén tic hoat tinh enzym c6 thé dugc tang 1én, vi du, bang cach
ting s6 lugng ban sao cua trinh tu gen hodc cic trinh tw gen ma hod enzym nay, bang
cach sir dung trinh tu khéi d4au manh hoic béng cach str dung gen hodc alen ma hoa
enzym tuong Gng c6 hoat tinh dugc tang 1én, va bang cach két hop cac bién phap nay,
néu thich hop. Vi dy, cac té bao dugc cai bién di truyén theo sang ché duoc tao ra béng
cach bién nap, tai nap, lién hgp, hodc két hop ctia cac phuong phép nay, voi vat truyén
chtra gen mong mudn, alen cta gen nay hodc mot phan ctia ching, va vt truyén co
kha ndng lam cho gen néu trén dugc biéu hién. Pac biét la dat dwoc sy biéu hién khac
loai bang cach hop nhit gen hodc alen nay vao nhiém sdc thé cau té bao hodc vt

truyén sao chép ngoai nhiém sac the.

Téng quan vé kha nang lam tdng hoat tinh enzym trong té bao véi vi du
pyruvat carboxylaza dugc néu trong DE-A-100 31 999 tai li€u nay duoc két hop vao
ban md ta nay theo cach vién dan va ndi dung bdc 1§ cia tai liéu nay vé kha ning lam

tang hoat tinh enzym trong té bao tao thanh mot phan ctia mo ta séng ché.
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Su gia tang hoat tinh enzym c¢0 thé dat dugc, vi du, béng cach tang sb lugng
ban sao cua cac polynucleotit twong Ung ¢ nhiém sic thé hodc ngoai nhiém sic thé lén

it nhat mot ban sao.

Mot phuong phap dugc st dung rong rai dé 1am tang s6 lugng ban sao bao
gbm viéc két hop polynucleotit twong tmg vao vat truyén, t6t hon néu 14 plasmit, ma

dugc sao chép boi vi khuan.

Vi du vé cac vt truyén plasmit thich hgp cho Enterobacteriaceae 1a cic vat
truyén tach dong thu duge tr pACYC184 (Bartolomd et al.; Gene 102: 75-78 (1991)),
pTrc99A (Amann et al.; Gene 69: 301-315 (1988)) hodc cac dan xuit pSC101 (Vocke
and Bastia; Proceedings of the National Academy of Sciences USA 80(21): 6557-6561
(1983)) co thé dugc st dung. Cac plasmit thu duge tir pCL1920 (Lerner, C.G. and
Inouye, M., Nucl. Acids Res. (1990) 18:4631 [PMID: 2201955]) ciing dac biét thich
hop. Céac vat truyén plasmit thu dugc tir nhiém sic thé nhan tao ctia vi khuan (bacterial
artificial chromosome: BAC), nhu vi du pCC1BAC (EPICENTRE Biotechnologies,
Madison, USA), ciing thich hop dé lam ting s6 luong ban sao cta cac polynucleotit

tuong ung & E. coli.

Ngoai ra, cac gen nhay, yéu tb cai xen (yéu t6 IS: insertion element) hodc thé
thuc khudn c6 thé duge st dung lam vat truyén. Cac hé théng nhu vady dugc mo ta, vi
du, trong cac ban mo ta patent US 4,822,738, US 5,804,414 va US 5,804,414. Yéu
t5 IS I1SaB1 nhu dugc md ta trong WO 92/02627 hodc gen nhdy Tn 45 cua plasmit
pXZ710142 (dugc néu trong “Handbook of Corynebacterium glutamicum” (nha xudt

ban: L. Eggeling and M. Bott)) c6 thé dugc st dung theo cach tuong tu.

Mot phuong phap dugc dung rong rai khac dé dat duoc su biéu hién qua mirc
la qua trinh khuéch dai gen & nhiém séc thé. Trong phuong phap nay, it nhat mot ban
sao bd sung ctia polynucleotit quan tdm dugc xen vao nhim sic thé ctia vi khuan. Cac
phuong phap khuéch dai nhu vy duge md ta, vi du, trong WO 03/014330 hodc WO
03/040373.
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Mot phuong phép khac dé dat duoc su biéu hién qua muic bao gom viée lién
két gen hoidc alen tuong Umg theo cach chirc nang (dugc lién két c6 diéu khién) véi
trinh tw khoi diu hodc caxet biéu hién. Céc vi du da biét vé cac trinh tw khéi dau thich
hop cho E. coli 1a céc trinh ty kKhoi dau T3, T7, SP6, M13, lac, tac va trc dugc mo ta
béi Amann et al. (Gene 69(2), 301-315 (1988)) va Amann va Brosius (Gene 40(2-3),
183-190 (1985)). Trinh tu khé1 dAu nhu vay c6 thé dugc cai xen, vi du, nim trudc cia
gen quan tim, thong thudng & khoang cach khoang 1 - 500 nucleobazo tir codon bit
dau. US 5,939,307 bdo cdo réng viée két hop cac caxet biéu hién hoic trinh tu khéi
dAu nhu, vi du, trinh tu khéi dau tac, trinh tu khédi dau trp, trinh tu khoi dau Ipp hoac
thé thuc khuin & PL va trinh tu khoi dau PR, vi du nam trude operon threonin cua
nhidm séc thé, co thé dat duoc su ting biéu hién. Trinh tu khéi dau cta thé thuc khuén
T7, trinh tu khoi dau gear-box, trinh tu khai diu nar hoic trinh tu khoi dau cua gen
1rsG, mpB, csrA, cstB, ompA, fusA, pepQ, rplX hoac rpsG ¢o thé duoc st dung theo
cung cach nhu vdy. Céac caxet biéu hién hoic trinh tu khoi diu nhu vay ciing c6 thé
duoc st dung cho biéu hién qua mirc gen duogc lién két v6i plasmit, nhu mo ta trong
EP 0 593 792. Bing cach sit dung alen lacIQ lai ¢6 thé khéng ché biéu hién cia gen
duoc lien két voi plasmit (Glascock and Weickert, Gene 223, 221-231 (1998)). Ngoai
ra, c6 thé khéng ché 1am hoat tinh cta trinh tuw khoi dAu duoc tang 1én do cai bién trinh

tu cua ching bﬁng mot hoac nhiéu thay thé, cai xen va/hoidc lam khuyét nucleotit.

Néu nhu su gia ting hoat tinh enzym dugc thuc hién bang cach gy dot bién
gen noi sinh, thi cac dot bién nhu vay c6 thé duoc tao ra bang phwong phap thong
thuong theo cach khong huéng dich, vi du bang céach chiéu xa bing UV hoic bang hoéa
chét gay dot bién, hoic theo cach hudng dich bang cac phuong phép k§y thuat di truyén
nhu lam khuyét), cai xen va/hoac thay thé nucleotit. Cac dot bién néu trén tao ra céc té
bio duoc cai bién di truyén. Cac enzym dot bién dic biét duoc wu tién dic biét la cac
enzym khong bi trc ché béi co ché nguoc, hodc it nhét 13 ¢6 co ché uc ché ngugc giam

di so v6i enzym kié€u dai.

Néu su gia ting hoat tinh enzym dugc thuc hién béng cach tang biéu hién cta

enzym, thi vi du, sb luong ban sao cta gen twong tmg dugc tang Ién, hodc trinh tu khéi
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dau va ving diéu hoa hodc vi tri gin két ribosom nim trude gen cau tric duge gy dot
bién. Caxet biéu hién duoc két hop nam trude gen cAu truc ciing 6 tdc dungnhu vay .
Trinh ty khéi du cim tmg c6 thé gitip bidu hién ting thém & thoi diém bat ky. Ngoai
ra, tuy nhién, gen dugc goi la “gen ting cudng” cling co thé quy 1a gen nhu 12 trinh tu
didu hoa ma twong tu cling 1am tang bidu hién cta gen bang twong tic duge cai thién
gitta ARN polymeaza va ADN. Bién phép kéo dai su tdn tai cia ARN thdng tin twong
tu cung cai thién su biéu hién. Ngoai ra, hoat tinh enzym cling tang 1én bang cach ngin
su thodi bién cua protein enzym. Trong ban mo ta nay, gen hodc cac ciu trac gen hoic
1a c6 mat & plasmit c6 sb lugng ban sao khac nhau hoac duge hop nhét vao nhiém sic
thé va duoc khuéch dai. Theo cach khac, ngoai ra c6 thé dat dugc bicu hién qua mirc
ctia gen quan tdm bang cach thay dbi thanh phan ctia moi trudong va quy trinh nuodi cy.
Ngudi ¢6 hiéu biét trung binh trong linh vyuc k¥ thuat nay c6 thé tim c4c chi dan trong
s6 cAc tai liéu Martin et al. (Bio/Technology 5, 137-146 (1987)), trong Guerrero et al.
(Gene 138, 35-41 (1994)), Tsuchiya and Morinaga (Bio/Technology 6, 428-430
(1988)), trong Eikmanns et al. (Gene 102, 93-98 (1991)), trong EP-A-0 472 869, trong
US 4,601,893, trong Schwarzer and Pyhler (Bio/Technology 9, 84-87 (1991)), trong
Reinscheid et al. (Applied and Environmental Microbiology 60, 126-132 (1994)),
trong LaBarre et al. (Journal of Bacteriology 175, 1001-1007 (1993)), trong WO-A-
96/15246, trong Malumbres et al. (Gene 134, 15-24 (1993)), trong JP-A-10-229891,
trong Jensen and Hammer (Biotechnology and Bioengineering 58, 191-195 (1998)) va
trong cac giao trinh da biét v& di truyén va sinh hoc phan tir. Cac bién phap da néu

trén, gidng nhu dot bien, tao ra cac té bao dugc céi bien di truyén.

Ngoai ra, cac vat truyén plasmit nay ciing thich hop ma nh¢ chung c6 thé ap
dung quy trinh khuéch dai gen bang cach hop nhét vao nhidm séc thé. Sau khi tai t
hop twong dong bang cach lai chéo, cac ching thu duge chira it nhét hai ban sao cta
gen quan tdm. Quy trinh cho E. coli dugc md ta, vi du, trong Link, A.J., Phillips, D. va
Church, G.M. (1997), J. Bacteriology 179: 6228-6237.

36



48541 37/125

Ciing c6 thé str dung cac quy trinh qua trung gian recombinaza, vi du cac quy
trinh duoc mé ta boi Datsenko KA, Wanner BL., 2000, Proc Natl Acad Sci USA.,
97(12):6640-5, dé xen doan hodc lam khuyét ADN trong nhim sic thé.

Cum tir “hoat tinh enzym dugc tang lén so véi ching kiéu dai hodc chung bét
dau ctia n6” duge si dung trén day va trong phan giai thich sau day t6t hon néu ludn
dung dé chi hoat tinh ctia mot enzym cu thé da dugc tang 1én vé6i hé s6 it nhat 2, dic
biét t6t hon néu it nhat 10, ngoai ra t5t hon néu it nhit 100, ngoai ra con t5t hon nita
néu it nhat 1000 va tot nhét néu it nhit 10000. Té bao theo sang ché c6 “hoat tinh
enzym dugc tang 1én so véi ching kidu dai hodc chung bt dau” ngoai ra con bao gbm
dic biét 1a té bao ma ching kiéu dai hogc ching bat du khong c6 hoat tinh hogc it
nhit c6 hoat tinh khong thé phat hién dugc cua enzym néu trén va chi c6 thé phat hién
dugc hoat tinh ciia enzym nay sau khi lam tang hoat tinh enzym, vi du bang biéu hién
qua muc. V& diém nay, thuat ngft “biéu hién qua mic” hodc cum tir “tang biéu hién”
duoc su dung trong phan giai thich sau déu ciing bao gbm trudong hop trong d6 té bao
bét dau, vi du t& bao kidu dai, khong c6 bidu hién hoic it nhét c6 biéu hién khong thé
phat hién va chi nhé cac quy trinh téi tb hop méi c6 thé phat hi¢n dwoc biéu hién cta

enzym nay.

Céc phuong phap x4c dinh hoat tinh enzym ctia cdc enzym khdc nhau co thé

xem trong tai liéu.

Biéu hién cua cac enzym hodc gen dugc dé cap trén day c6 thé dugc phat hién
béng phan doan gel protein mot va hai chiéu va sau d6 nhan dién quang hoc néng do
cia protein trong gel nay, bang cach st dung phan mém danh gié thich hop . Néu nhu
su ting hoat tinh enzym chi dua trén sy tang biéu hién cla gen tuong ng, thi su tang
hoat tinh enzym c6 thé duoc dinh luong theo cach don gian béng cach so sanh phan
doan protein mdt va hai chiéu gitta té bao kiéu dai va duoc cai bién di truyén. Phuong
phéap thong thuong dung dé diéu ché gel protein trong trudong hop vi khuin va nhan
dién protein 1a quy trinh dugc mo ta cia Hermann et al. (Electrophoresis, 22: 1712.23
(2001)). Tuong tu, co thé phan tich ndng do protein bang phuong phap lai tham Tay

voi khang thé dac hiéu cho protein s& dugc phat hién (Sambrook et al., Molecular
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Cloning: a laboratory manual, 2nd ed. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY USA, 1989) va danh gia bang quang hoc sau do bang cach sir dung
phan mém thich hop dé do ndng d6 (Lohaus and Meyer (1989) Biospektrum, 5: 32-39;
Lottspeich (1999), Angewandte Chemie 111: 2630-2647). Hoat tinh cia protein gin
két véi ADN c6 thé duoc do bing thir nghiém dich chuyén dai ADN (con duoc goi 1a
tri hodn gel: gel retardation) (Wilson et al. (2001) Journal of Bacteriology, 183: 2i51-
2155). Tac dong cda protein gin két voi ADN dén biéu hién cua cac gen khac c6 thé
dugc phat hién bang phuong phap thir nghiém dung gen thong béo khéc nhau dugc mod
ta 13 (Sambrook et al., Molecular Cloning: a laboratory manual, 2nd ed. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY USA, 1989). Hoat tinh enzym noi
bao ¢6 thé duoc xac dinh bing cac phwong phap khac nhau da duge mo ta (Donahue et
al. (2000) Journal of Bacteriology 182 (19): 5624-5627; Ray et al. (2000) Journal of
Bacteriology 182 (8): 2277-2284; Freedberg et al. (1973) Journal of Bacteriology 115
(3): 816-823). Néu nhu trong phin giai thich sau khong chi ra cc phuong phap cu thé
dé xac dinh hoat tinh cta enzym nhét dinh, thi tdt hon néu su tang hoat tinh enzym va
ciing nhu sy gidm hoat tinh enzym duoc xdc dinh bang phuong phip nhu dugc md ta
trong Hermann et al., Electophoresis, 22: 1712-23 (2001), Lohaus et al., Biospektrum
5 32-39 (1998), Lottspeich, Angewandte Chemie 111: 2630-2647 (1999) va Wilson et
al., Journal of Bacteriology 183: 2151-2155 (2001).

Ngoai ra, dé san xudt L-axit amin, dic biét 1a L-metionin ¢ thé tdt hon néu
han ché dugc cac phan (mg phu khong mong mubn (Nakayama: “Breeding of Amino
Acid Producing Microorganisms®, trong: Overproduction of Microbial Products,

Krumphanzl, Sikyta, Vanek (eds.), Academic Press, London, UK, 1982).

Do doé, dé cai thién su san xut L-metionin trong E.coli, c6 thé ¢6 loi néu dugc
lam suy giam, tuy y tat di, mot hodc nhiéu gen, hoac lam giam biéu hién, dugc chon tir
nh6m bao gdm:

a) gen metJ ma hoa chit didu hoa phién ma sinh tobng hop L-metionin

(Met]) (b3938, ECK3930),

b) gen pgi mid hoa glucoza-6-phosphat isomeraza (Pgi, EC No. 5.3.1.9)
(b4025, ECK4017),
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c) gen thrB mi hoa homoserin kinaza (ThrB, EC 2.7.1.39) (b0003,
ECKO0003),

d) gen metK mi hod S-adenosylmetionin synthaza (MetK, EC No. 2.5.1.6)
(b2942, ECK2937),

e) gen dapA ma hod dihydrodipicolinat synthaza (DapA, EC No. 4.2.1.52)
(b2478, ECK2474),

f) gen pck ma hoa phosphoenolpyruvat carboxykinaza (Pck, EC No.
4.1.1.49) (b3403, ECK3390),

g) gen purU ma hoa formyltetrahydrofolat hydrolaza (PurU, EC No.
3.5.1.10) (b1232, ECK1227),

h) gen pykA mai hoa pyruvat kinaza I (PykA, EC No. 2.7.1.40) (b1854,
ECK1855)

i) gen pykF ma hod pyruvat kinaza I (PykF, EC 2.7.1.40) (bl676,
ECK1672),

j)  gen metQ ma hoé cu tric siéu phén tir cua chat van chuyén L-metionin

(MetQNI) (b0197, ECK0197),

k)  gen metl ma hod cau truc siéu phén tir cia chat van chuyén L-metionin

(MetQNI) (b0198, ECK0198),

1)  gen ma hod metN cau tric siéu phén tir cua chat van chuyén L-metionin

(MetQNI) (b0199, ECK0199),

m) gen ded mi hoa deoxyxytidin-5'-triphosphat deaminaza (Dcd, EC No.
3.5.4.13) (b2065, ECK2059),

n) gen yncA mi hod N-axyltransferaza gia dinh (YncA, Kham pha trao doi
chit: Metabolic Explorer WO2010/020681) (b1448, ECK1442),

o) gen fnrS ma hoda gen diéu hoa FnrS sRNA (b4699, ECK4511),
p)  gen rpoS mi hoa yéu td RpoS sigma (b2741, ECK2736).

Céc dic diem dugc vu tién dic biét dugc chon nhém bao goém:
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a)gen metJ ma hoa chit diéu hoa phién ma sinh tong hop L-metionin

(Met]) (63938, ECK3930),

b)gen metK ma hod S-adenosylmetionin synthaza (MetK, EC No. 2.5.1.6)
(b2942, ECK2937),

c)gen pck mi hod phosphoenolpyruvat carboxykinaza (Pck, EC No.
4.1.1.49) (b3403, ECK3390),

d)gen purU mi hoa formyltetrahydrofolat hydrolaza (PurU, EC No.
3.5.1.10) (b1232, ECK1227),

¢)gen pykA mi hod pyruvat kinaza II (PykA, EC No. 2.7.1.40) (b1854,
ECK1855)

fygen pykF ma hod pyruvat kinaza I (PykF, EC 2.7.1.40) (b1676,
ECK1672),

g)gen metQ ma hoa cau truc siéu phén tr cia chat vén chuyén L-metionin

(MetQNI) (b0197, ECK0197),

h)gen metl ma hod cau tric siéu phan tir ctia chat vén chuyén L-metionin

(MetQNI) (b0198, ECK0198),

i) gen metN ma hoa cau trac siéu phén tir cla chat vén chuyén L-metionin

(MetQNI) (b0199, ECK0199),

j) gen yncA ma hod N-axyltransferaza gia dinh (YncA, Kham pha trao doi
chét: Metabolic Explorer W02010/020681) (b1448, ECK1442),

k)gen rpoS ma hoa yéu t6 RpoS sigma (b2741, ECK2736).

Cac dac diém duogc wu tién rat dac biét ¢ ban mo ta nay dugc chon tir nhom

bao gdm:

a)gen metJ ma hoa chit diéu hoa phién ma sinh tébng hop L-metionin

(Met) (b3938, ECK3930),

b)gen metK ma hod S-adenosylmetionin synthaza (MetK, EC No. 2.5.1.6)
(b2942, ECK2937),
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¢)gen metQ ma hod cau tric siéu phén tir clia chat van chuyén L-metionin

(MetQNI) (b0197, ECK0197),

d)gen metl ma hoa cu tric siéu phan tir ciia chat van chuyén L-metionin

(MetQNI) (b0198, ECK0198),

¢)gen metN ma hod cau trac siéu phan tir cla chat vén chuyén L-metionin

(MetQNI) (b0199, ECK0199),

f) gen yncA ma hoa N-axyltransferaza gia dinh (YncA, Kham pha trao doi
chét: Metabolic Explorer WO2010/020681) (b1448, ECK1442),

g)gen rpoS mé hod yéu td RpoS sigma (b2741, ECK2736).

Néu thich hop, tién hanh cac bién phap lam suy gidm bd sung cho hodc duoc
két hop thich hop v6i céc bién phap néu ra dé lam ting gen nhdm lam ting san xut

metionin.

Theo sang ché, cac vi sinh vat san xuat L-axit amin truéc khi thuc hién do
luong theo sang ché khong bao gdm ching kiéu dai va thong thuong st dung céc
chung ding trong phong thi nghiém nhu, vi du cac ching DH50, DH56mcr, W3110,
MG1655, MC4100, Y1089, H560, BL21 va MM152.

Tuy nhién, c4c vi sinh vt san xuat L-axit amin c6 the thu dugc tir cac ching

kiéu dai néu trén va ching ma phong thi nghiém thuong duge sir dung.

Do d6, tot hon néu chiing vi sinh vat ban dau thu duoc tir nhém bao gém
Escherichia coli MG1655, Escherichia coli W3110, Escherichia coli DH5a,
Escherichia coli DH10B, Escherichia coli BW2952, Escherichia coli REL606.

Mot vi du vé chung san xuét hoic tiét L-metionin ma duoc vu tién theo sang
ché 1a chung san xuat E. coli MG1655 Amet] metA*11 Ptrc-metH Ptrc-metF Ptrck-
cysPUWAM PtrcF-cysJIH ApykF ApykA Ptrc09-gevTHP ApurU Ptrc36-ARNmst17-
metF, mang plasmit sian xuit pME101-thrA*1-cysE-Pgap-metA*11 va pCCIBAC-
serB-glyA-serA-serC (W02009/043803).

Mot vi du nita vé ching san xuét hodc tiét L-metionin ma duoc wu tién theo
sang ché 1a ching san xuat E. coli MG1655 Amet] Ptrc-metH Ptrc-metF PtrcF-
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cysPUWAM PtrcF-cysJIH Ptrc09-gcvTHP, mang plasmit san xuat pME101-thrA*1-
cysE-Pgap-metA*11.

Ching san xudt E. coli MG1655Amet] Ptrc-metH Ptrc-metF  PtrcF-
cysPUWAM PtrcF-cysJIH Ptrc09-gevTHP ¢6 thé duge tach dong bang hang loat tai
nap va xtt Iy P1, nhu dugc mo ta trong don yéu cdu cip patent WO2009/043803.
Chiing nay dua trén co s& chiing kiéu dai E. coli K12 MG1655. Cac cai bién sau duge

dua vao hé gen clia chung nay:
° Gen metJ cho chit (rc ché sinh tong hop L-metionin dugc lam khuyét.

° trinh tu khoi dAu trc manh duogc cai vao phia truge gen metH (ma hoa

metionin synthaza phu thudc cobalamin).

° trinh tu kh&i ddu tre manh duoc cai xen & phia trude gen metF gen (ma

ho4 5,10-metylentetrahydrofolat reductaza).

° trinh tu khoi diu trcF manh duoc cai xen & phia trudc operon
cysPUWAM. cysPUWA ma hoa chét van chuyén hép thu sulphat/thiosulphat. cysM ma

hoa xystein synthaza B.

e  frinh tu khoi dau trcF manh duge cai xen ¢ phia truéc operon cysJIH.

cysJI ma hoa sulphit reductaza va cysH ma hoa 3'-phosphoadenylyl-sulphat reductaza.

e trinh tu khéi dau trc09 manh dugc cai xen & phia truéc operon gevTHP.

gevT, gevH va gevP ma héa ba hop phan ctia hé théng phan cat glyxin.

Viéc nhan dong plasmit san xuét E. coli pME101-thrA*1-cysE-Pgap-metA*11
duge mo ta trong cac don yéu ciu cip patent WO2007/077041 va WO2009/043803.
Plasmit nay 1a plasmit c6 s& ban sao thap (plasmit ban sao thap) trén co s& vat truyén
pCL1920 (Lerner, C.G. and Inouye, M., Nucl. Acids Res. (1990) 18:4631 [PMID:
2201955]). Plasmit tréng, pME101, c6 gen lacl’ gen ma hoa alen dugc biéu hién manh
ciia chét tc ché lac. Gen thrd*1 duge tach dong nam sau trinh tu khai dau trc manh
ma c6 thé duoc e ché boi chét trc ché Lac. Gen nay ma hoa bién thé ¢ tinh khang co
ché e ché nguoc cia E. coli ThrA aspartat kinaza/homoserin dehydrogenaza. Nim

phia sau, theo cung mot hudng, la gen cysE cung v6i trinh tu khéi dau tu nhién cua no.
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Gen nay ma hoa serin axetyltransferaza & E. coli. cysE dugc theo sau bdi trinh tu khoi
dau E. coli gapA manh ma khdng ché biéu hién ctia gen metd *11. metA*11 ma hoa

bién thé tinh khang co ché e ché nguoc cliia homoserin O-succinyltransferaza E. coli.

Vi du vé cac vi sinh vat tiét hodc san xuat L-metionin ma dugc vu tién theo

sang ché c6 thé dugc dé cap la cac chung sau:
- E. coli TF4076BJF metA#10 + metYX(Lm) (WO2008/127240; trang 46);
- E. coli W3110AJ/pKP451 (EP 1 445 310 B1, trang 7, vi du 4);

- E. coli WAthrBCAmetImetK32 pMWPthrmetA4ASA9 (Y oshihiro Usuda and
Osamu Kurahashi, 2005, Applied and Environmental Microbiology, Vol. 71, NO: 6,
cac trang 3228-3234);

- W3110/pHC34 (WO01/27307 trang 13, vi du 3);
- E. coli ECM2 (EP2205754A2, EP2326724A1 va EP12156052,8).

Céc vi du tiép theo vé cic vi sinh vat thich hop khic nhau duge md ta trong

Gomes et al. (Enzyme and Microbial Technology 37 (2005), 3-18).

Trinh tu nucleotit cia gen hodc khung doc mé (ORF) ctia Escherichia coli 1a
da biét trong tinh trang k¥ thuét va co thé xem trong trinh tu hé gen cta Escherichia
coli dugc cong bd boi Blattner et al. (Science 277: 1453-1462 (1997)). Enzym ndi
sinh ddi véi co thé chi (metionin aminopeptidaza) da dugc biét dén 1a c6 thé tach loai

axit amin metionin & dau tan N.

Cac giai thich chi tiét hon vé cac thuat ngit cta sinh hoc di truyén va phan tir
6 thé xem trong cac gido trinh da biét ctia nganh sinh hoc di truyén va phan tir nhu, vi
du, gido trinh cta Birge (Bacterial and Bacteriophage Genetics, 4™ ed., Springer
Verlag, New York (USA), 2000) hodc gido trinh cia Berg, Tymoczko and Stryer
(Biochemistry, 5" ed., Freeman and Company, New York (USA), 2002) hodc s6 tay
ctia Sambrook et al. (Molecular Cloning, A Laboratory Manual, (3-volume set), Cold

Spring Harbor Laboratory Press, Cold Spring Harbor (USA), 2001).
Thuat ngit “gen” ¢ ban md ta nay dung dé chi phan axit deoxyribonucleic
(ADN), bao gdm céc thong tin san xuat (hién m3) axit ribonucleic (ARN) thir nhét ma
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bao gdm thong tin san xuét (dich ma) protein (polypeptit), trong trudng hop polypeptit
¢6 hoat tinh (p)ppGpp synthetaza II. Néu nhu gen hodc polynucleotit bao gbm thong
tin san xudt protein thi con dugc goi 1a ma hoa protein hodc polypeptit bdi gen hodc
boi ARN. Céc gen va polynucleotit ndi sinh dung dé chi khung doc m¢& (ORF), gen
hoic alen va cac polynucleotit ctia ching twong ng c6 trong quan thé cia mot loai.
Céc thult ngir “gen” va “open reading frame: ORF” (khung doc m¢) dugc sir dung

theo sang ché 1a dong nghia.

Thuat ngit “polynucleotit” thong thuong dung dé chi polyribonucleotit va
polydeoxyribonucleotit, ma co thé 12 ARN hoiac ADN khong cai bién hodc ARN hoic
AND céi bién.

Thuat ngit “polypeptit” dung dé chi peptit hodc protein chira hai axit amin
hodic nhidu hon dugc ndi v6i nhau thdng qua lién két peptit. Cac thuét ngit polypeptit
va protein dugc sir dung ddng nghia. Protein 1a nim trong khoi cAu tric co ban cia tat
c& cac té bao. Protein khong chi tao nén cAu trac té bao ma con 13 “cd mdy” phan tir

van chuyén céc chat, xtc tac cac phan tmg hod hoc va nhan biét cc chat tin hicu.

“Axit amin chuan (proteinogenic)” dung dé chi cac axit amin dugc tim thiy
trong céc protein tw nhién, tirc 1a trong protein cia cac vi sinh vat, thuc vat, dong vat
va ngudi. Dac biét hon, cac axit amin bao gém L-axit amin dugc chon tir nhom bao
gém axit L-aspartic, L-asparagin, L-threonin, L-serin, axit L-glutamic, L-glutamin,
glyxin, L-alanin, L-xystein, L-valin, L-metionin, L-isoleuxin, L-leuxin, L-tyrosin, L-
phenylalanin, L-histidin, L-lysin, L-tryptophan, L-prolin va L-arginin, va ca
selenoxystein. Cac axit amin chuén ludn 1 cac d-axit amin. Nguyén tir cacbon 6 la
khong d6i xtimg cho tht ca cac axit amin chuén (ching 14 cc phan tir khong d6i ximg),
chi trir axit amin glyxin: c¢6 hai chét dong phan d6i anh & mdi trong sd cic axit amin
nay. Chi mot trong s6 hai chat dong phan déi anh 1a chuén, do la L-axit amin: 1a co cau
cAn thiét tdng hop protein — ribosom, tRNA, aminoaxyl-tRNA synthetaza (ma tich
tRNA bang axit amin) va cc axit amin khac c6 ban chét khong ddi xtimg va c6 thé

nhan biét chi bién thé L.
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Thudt ngit “bidu hién gen” (goi tit 1a “bidu hién”) thong thuong dung dé chi
biéu hién cua thong tin di truyén bang kiéu hinh. Theo nghia hep, biéu hién gen dung
dé chi su phién ma mot gen thanh ARN, su dich ma sau d6 ARN thanh polypeptit ma

6 thé co hoat tinh enzym.

“Chung bét dau” (ching cha me) dung dé chi chung vi sinh vat ma dugc ap
dung bién phap xu ly dé 1am ting san xuAt mot hodc nhidu axit amin, peptit hodc
protein, hodc bién phap dé lam tang hoat tinh cia mot hoac nhiéu enzym (vi du bién
phap din dén bidu hién qua mic). Chung bit ddu c6 thé 1a ching kiéu dai hoge ching

da dugc cai bién trude ddy (vi du vi sinh vat san xuat L-axit amin (ching san xuat).

“Kiéu dai” ctia té bao thudong ding dé chi té bao ma hé gen ctia n6 6 trang théi
nhu dugc phat trién trong tu nhién trong qua trinh tién hoa. Thuat ngt nay duoc st
dung dé chi ca té bao toan va cc gen don lé. Do d6, dac biét thuat ngit “kiéu dai”
khong bao gom cac té bao hodc gen, ma trinh ty gen chung da dugc cai bién, it nhat

mot phan, béi con ngudi bing cac qua trinh tai t6 hop.

Sang ché s& dugc md ta chi tiét hon sau day dua trén cic phuong an duge 14y

lam vi du.

Mbi truong tdi thidu (M9) va day da (LB) duoc st dung cho Escherichia coli
di dugc md ta boi JH. Miller (A Short Course in Bacterial Genetics (1992), Cold
Spring Harbor Laboratory Press). Trir khi dugc mo6 ta khac di, qua trinh phén 14p ADN
plasmit tir Escherichia coli va t4t ca cac k¥ thuat lién quan dén phén cit gi6i han, ghép
nbi, xir Iy bang Klenow va xu ly bing phosphataza kiém dugc thuc hién theo
Sambrook et al. (Molecular Cloning - A Laboratory Manual (1989) Cold Spring
Harbor Laboratory Press). Trir khi dwgc mo ta khac di, qué trinh bién nap Escherichia
coli duoc thuc hién theo Chung et al. (Proceedings of the National Academy of
Sciences of the United States of America 86: 2172-2175 (1989)).

Trir khi duoc mo ta theo cach khac, nhiét do u cho cac ching san xuat va cac

thé bién nap 1a 37°C.

Vi du thue hién siang ché
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Vidul

Sang loc céac dot bién dung nap L-metionin

Chung E. coli san xuét L-metionin ECM2 dua trén c6 s& chung kiéu dai K12
MG1655. Nhu md ta trong EP2205754A2, EP2326724A1 va EP12156052.8, ching
ECM2 nay mang alen metA c6 tinh khang co ché wc ché nguoc, lam khuyét gen met],
yncA, pykA va pykF, bién thé cua gen spoT, va trinh tu khoi dau tang cudng & phia
truée mdi trong sd cac gen metH, metF, gevT, cysP va cysl.

1.1 Nhan dong gen serC vao plasmit pUCI8

Gen serC tir Escherichia coli MG1655 dugc khuéch dai nho phén Gmg chudi
polymeaza (PCR) va sau d6 duoc tach dong vao plasmit pUC18 (Fermentas GmbH,

St. Leon-Rot, Germany).

Cac doan mdi PCR serCF(Xbal) va serCR(HindIIl) c6 & dau 5' cua ching
trong moi trudng hop 6 nucleotit ngiu nhién tiép d6 1a trinh ty nhan biét cac
endonucleaza gidi han Xbal (TCTAGA) va Hindlll (AAGCTT) tuong tng. Cac
nucleotit 13 dén 38 cia serCF(Xbal) gin két trong hé gen MG1655 E. Coli tir vi tr
956619 dén 956644. Cac nucleotit 13 dén 37 ctia serCR(HindIII) gan két trong hé gen
MG1655 cta E. coli tix vi tri 958028 dén 958004

serCF(Xbal) (SEQ ID NO: 25)

5' AGGTGCTCTAGAGTCCGCGCTGTGCAAATCCAGAATGG 3'

serCR(HindIII) (SEQ ID NO: 26)

5' TACACCAAGCTTAACTCTCTACAACAGAAATAAAAAC 3

Gen serC dugc khuéch dai bang cach sir dung phan tng chudi polymeaza
(PCR) bang cac doan mdi serCF(Xbal) va serCR(HindIII) va biang ADN polymeaza
Phusion (Finnzymes Oy, Espoo, Finland). ADN hé gen cta E. coli MG1655 dong vai
trd 1am khudn miu. Manh ADN thu dugc c6 kich cp 1434 bp. Manh nay dugc phén
cit bﬁng cac endonucleaza gi6i han Xbal va HindIII va duoc tinh ché béng kit tinh ché

PCR QIAquick (Qiagen, Hilden, Germany). Plasmit ADN khong dugc metyl hoa
pUC18 dugc phén cit bang cac endonucleaza gidi han Xbal va HindIII va dugc tinh
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ché bang kit tinh ché PCR QIAquick (Qiagen, Hilden, Germany). Sau do, plasmit da
dugc phan cat duge ghép ndi véi san phém PCR va duogc bién nap vao E. coli DH5a..
Cac dong plasmit chira gen serC dugc nhén dién bang cach phan cit gi¢i han va xac

dinh trinh tw ADN. Plasmit thu dugc dugc goi la pUC18-serC.
1.2 Nhan dong gen serA vao plasmit pUC18-serC

Gen serA tir Escherichia coli MG1655 duge khuéch dai bing phan tmg chudi
polymeaza (PCR) va sau d6 dugc tach dong vao plasmit pUC18-serC.

Doan mdi PCR serAF(Xbal) c6 & diu 5' ctia n6 6 nucleotit ngau nhién tiép do
1a trinh tu nhan biét endonucleaza gi¢i han Xbal (TCTAGA). Céc nucleotit 12 dén 33
ofin két trong hé gen MG1655 ciia E. Coli tir vi tri 3055199 dén 3055220. Doan moi
PCR serAR(SHSSNB) c6 ¢ diu 5° ctia né 6 nucleotit ngau nhién tiép do6 1a trinh tu
nhan biét cac endonucleaza giéi han Sacl, HindIIl, Sphl, Smal, Notl va Bglll. Céac
nucleotit 49 dén 58 ghn két trong hé gen MG1655 ctia E. coli tir vi tri 3056880 dén
3056861.

serAF(Xbal) (SEQ ID NO: 27)

5' CTGTAGTCTAGATTAGTACAGCAGACGGGCGCG 3'

serAR(SHSSNB) (SEQ ID NO: 28)

5
CAAGAGCTCAAGCTTGCATGCGATTCCCGGGCGGCCGCAATAAGATCTCC
GTCAGGGCGTGGTGACCG 3'

Gen serA dugc khuéch dai bang cach sir dung phéan ung chudi polymeaza
(PCR) bang cac doan mdi serAF(Xbal) va serAR(SHSSNB) va bang polymeaza ADN
Phusion (Finnzymes Oy, Espoo, Finland). ADN ctia h¢ gen cia MG1655 E. coli dong
vai tro 1am khudn miu. Manh ADN thu duge c6 kich cp 1731 bp.

Manh nay dugc phéin cit bing cac endonucleaza gioi han Xbal va Sacl va
duge tinh ché bing kit tinh ché PCR QIAquick (Qiagen, Hilden, Germany). Tuong tu,
plasmit pUC18-serC duoc phan cit bang cac endonucleaza gioi han Xbal va Sacl va

duge tinh ché bang kit tinh ché PCR QIAquick (Qiagen, Hilden, Germany). Sau do,
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Plasmit da duoc phan cat nay duoc ghép ndi voi san phém PCR va duoc bién nap vao
E. coli DH5a.. Dong plasmit chia gen serA dugc nhan dién béng cach phan cit gioi

han va xéac dinh trinh tu ADN. Plasmit thu duoc dugc goi la pUC18-serAC.
1.3 Nhén dong gen serB vao plasmit pUC18-serAC

Gen serB tir Escherichia coli MG1655 duoc khuéch dai bang phan tmg chudi
polymeaza (PCR) va sau d6 dugc tach dong vao plasmit pUCI8-serAC.

Doan mdi PCR serB(Sphl) ¢6 & ddu 5° clia n6 6 nucleotit ngau nhién tiép do 1a
trinh tu nhan biét endonucleaza gi6i han Sphl (GCATGC). Nucleotit 13 dén 34 gan két
trong hé gen E. coli MG1655 tir vi tri 4622816 dén 4622837.

doan mdi PCR serB(Smal) ¢6 & diu 5° cia n6 6 nucleotit ngau nhién tiép d6 la
trinh tu nhan biét cic endonucleaza gi¢i han Sall (GTCGAC) va Smal (CCCGGQG).
Nucleotit 54 dén 75 gin két trong hé gen E. coli MG1655 tir vi tri 4623887 dén
4623866.

serB(Sphl) (SEQ ID NO: 29)

5' CCATGCGCATGCCCACCCTTTGAAAATTTGAGAC 3'

serB(Smal) (SEQ ID NO: 30)

5
CCGCATGTCGACATCCCGGGGCAGAAAGGCCCACCCGAAGGTGAGCCAGT
GTG

ATTACTTCTGATTCAGGCTGCC 3!

Gen serB dugc khuéch dai bang cach st dung phan Gng chudi polymeaza
(PCR) bang cac doan moi serB(Sphl) va serB(Smal) va bang polymeaza ADN Phusion
(Finnzymes Oy, Espoo, Finland). ADN cta hé gen cua E. coli MG1655 dong vai tro
Jam khu6én mau. Manh ADN thu dugc ¢6 kich cp 1137 bp.

Manh nay dugc phan cit béi cac endonucleaza gidi han Sphl va Smal va duoc
tinh ché bang kit tinh ché PCR QIAquick (Qiagen, Hilden, Germany). Twong tu,
plasmit pUC18-serAC duoc phan cit bang cac endonucleaza gidi han Sphl va Smal,
duoc khir phosphoryl bang phosphataza kiém va dugc tinh ché bang kit tinh ché PCR
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QIAquick (Qiagen, Hilden, Germany). Khi do, plasmit da duoc phan cit nay dugc
chép néi v6i san phim PCR va dugc bién nap vao E. coli DHSa. Céc dong plasmit
chtra gen serB dugc nhén dién bang cach phan cit gidi han va xdc dinh trinh tw ADN.

Plasmit thu dugc dugce goi la pUC18-serBAC.
1.4 Nhan dong gen glyA vao plasmit pUC18-serBAC

Gen glyA tir Escherichia coli MG1655 dugc khuéch dai bang phan tmg chudi
polymeaza (PCR) va sau d6 dugc tdch dong vao plasmit pUC18-serBAC.

Doan mdi PCR nam sau glyA c6 & dAu 5° ctia n6 6 nucleotit ngiu nhién tiép
d6 13 trinh ty nhan biét endonucleaza gi6i han Bglll (AGATCT). Nucleotit 13 dén 35
ofin két trong hé gen E. coli MG1655 tir vi tri 2682063 dén 2682085.

DPoan mdi PCR nim truéc glyA c6 & du 5° clia né 6 nucleotit ngiu nhién tiép
d6 13 trinh tw nhan bit endonucleaza giéi han Notl (GCGGCCGC). Nucleotit 15 dén
33 gén két trong hé gen E. coli MG1655 tir vi tri 2683762 dén 2683744

ndm sau glyA (SEQ ID NO: 31)

5' ATCTAAAGATCTGTTACGACAGATTTGATGGCGCG 3'

ndm trude glyA (SEQ ID NO: 32)

5' TTCATCGCGGCCGCGAAAGAATGTGATGAAGTG 3'

Gen glyA duoc khuéch dai bang cach st dung phan tng chudi polymeaza
(PCR) bang doan moi nim sau glyA va nam trude glyA va bang polymeaza ADN

Phusion (Finnzymes Oy, Espoo, Finland). ADN ctia h¢ gen cta E. coli MG1655 dong
vai tro 1am khuon mau. Thu duoc manh ADN c6 kich cp 1726 bp.

Manh nay dugc phin cit bang cac endonucleaza gi¢i han Bglll va Notl va
duoc tinh ché bang kit tinh ché PCR QIAquick (Qiagen, Hilden, Germany). Tuong tu,
plasmit pUC18-serBAC dugc phan cit bang cac endonucleaza gioi han BglII va Notl
va duoc tinh ché bing kit tinh ché PCR QIAquick (Qiagen, Hilden, Germany). Sau do,
plasmit da dugc phin cat nay duoc ghép ndi v6i san pham PCR va dugc bién nap vao
E. coli DH5a. Dong plasmit chira gen glyA dugc nhén dién bang cach phin cat giGi
han va xac dinh trinh tw ADN. Plasmit thu dugc dugc goi la pUC18-serB-glyA-serAC.
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1.5 Nhan dong cac gen serB-glyA-serAC tir pUC18-serB-glyA-serAC vao
pCC1-BAC

Plasmit pUC18-serB-glyA-serAC dugc phan cit bang endonucleaza giGi han
HindIIl, va cac manh AND nay dugc tach phan doan béng cach dién di trén gel
agaroza. Manh ADN 5,9 kb chira cac gen serB, glyA, serA va serC dugc phan lap tu
gel nady. Manh nay dugc ghép ndi v6i vat truyén sin dang nhin dong la plasmit
pCCIBAC (Hind IIT) tir Epicentre /Madison, USA), ma da dwgc phan cit bang
HindIIl, va dugc bién nap vao E. coli EPI300. Cac dong plasmit chira manh ADN
chira serB, glyA, serA va serC duoc nhén dién bang cach phan cit gidi han va xac dinh

trinh tu ADN. Plasmit san xuét thu dugc duoc goi 1a pCC3.
1.6 Nhan dong plasmit san xuit pME-RDL2a

Plasmit san xuit pME-RDL2a dugc tach dong nhu dugc md ta trong don EP
sb 11151526.8. Plasmit nay bao gbm ctia gen cysE Escherichia coli, cac alen tinh
khang co ché trc ché nguoc cia cac gen thrA va metA cia Escherichia coli, va gen
RDI2a ma hod thiosulphat sulphurtransferaza RDL2p cla Saccharomyces cerevisiae.

Ngoai ra, plasmit nay bao g6m gen khang streptomycin.
1.7 Bién nap ching ECM2 bang plasmit san Xuét

Ching ECM2 duoc bién nap bang plasmit san xuét pCC3 cia Vi du 1.5, va
céc thé bién nap duogc chon loc bang 20 mg/l chloramphenicol. Sau do, cac té bao nay
dugc bién nap béng plasmit pME-RDL2a cua Vi du 1.6 va cac thé bién nap thu dugc
duoc chon loc bing 20 mg/l chloramphenicol + 100 mg/l streptomycin. Ching thu
dugc duge goi la ECM2/pCC3/pME-RDL 2a.

1.8 Sang loc va xac dinh trinh tur cac dot bién dung nap L-metionin

Cac dot bién dung nap L-metionin dugc chon loc bing cach dan mong tién
oibng cdy ching ECM2/pCC3/pME-RDL2a trén cc dia chira moi truong tbi thiéu
PC1 (Bang 1, v6i thach 14 g/1) chia 75g/1 L-metionin (Merck, Frankfurt, Germany).
Tién giéng cdy nay chira 10 ml méi truong tién nudi cly (10% mdi truong LB chira
2,5 o/l glucoza va 90% moi trudng t6i thiéu PC1) duge cdy 100pl dich nuodi ciy té bao
va duge nudi cdy & nhiét do 37°C trong thoi gian 10 gio.
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Chat Nong do
ZnSO4 * 7 H20 4 mg/l
CuCI2 * 2 H20 2 mg/l
MnSO4 * H20 20 mg/1
H3BO3 1 mg/1
Na2MoO4 * 2 H20 0,4 mg/1
MgSO4 * 7H20 1 g/l
Axit xitric * 1 H20 6,56 g/l
CaCl2 * 2 H20 40 mg/l
K2HPO4 8,02 g/l
Na2HPO4 2 g/l
(NH4)2HPO4 8 g/l
NHA4CI 0,13 g/l
(NH4)2S03 5,6 g/l
MOPS 5¢g/l
NaOH 10M dwoc diéu chinh dén pH 6,8
FeSO4 * 7 H20 40 mg/1
Thiamin hydroclorua 10 mg/1
Vitamin B12 10 mg/1
Glucoza 10 g/l
Isopropyl-thio-B-galactosit (IPTG) 2,4 mg/l
Spectinomycin 50 mg/l
Chloramphenicol 20 mg/1

Sau 5 ngay u, cac khuan lac don ctia cac dot bi€n dung nap L-metionin dugc

phén 1ap tir cac dia.

Dé chun bi cho viéc xé4c dinh trinh tu, cac dan xuat cia cac dot bi€n dung nap

L-metionin cua ching ECM2/pCC3/pME-RDL2a ma khong con chira plasmit pCC3

va pME-RDL2a dugc phan 1ap sau nhan trong mdi truong LB khong chira chat khang

sinh cho khoang sau thé hé. Cac ching thu dugc nay la nhay véi streptomycin- va

chloramphenicol.
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Phan 1ap ADN nhidm séc thé tir 8 dot bién. ADN nay dwoc st dung cho viée

xac dinh trinh tur toan bo hé gen (GATC, Constance, Germany).

So v6i chimg ECM2 nay bét diu, nhén thiy chi c6 dot bién & gen proP. Bang

2 sau day liét ké cac dot bién nay. Trinh tu cua céc alen proP dugc thé hién & SEQ ID

No: 9 dén SEQ ID No: 24.

Bang 2:

Chung dot bién & gen proP Loai dot bién Tén dot bién
DM2321 E412%* Thay the AA M8 (SEQ ID NO:9-10)
DM2322 Cai xen sau C nucleotit vi tri 842 Cai xen nucleotit M3 (SEQ ID NO:11-12)
DM2323 | Lam khuyét nam sau A nucleotit vi tri 854 Lam khuyét M4 (SEQ ID NO:13-14)

nucleotit
DM2324 Y467H Thay thé AA M11 (SEQ ID NO:15-16)
DM2325 | Lam khuyét 51bp tir vi tri nucleotit 1173 dén Lam khuyét M7 (SEQ ID NO:17-18)
1223 nucleotit
DM?2326 cai xen 19 bp nam sau nucleotit vi tri 973 Cai xen nucleotit M6 (SEQ ID NO:19-20)
DM2327 R324L Thay the AA M5 (SEQ ID NO:21-22)
DM2328 | caixen 1359 bp nam sau vi tri nucleotit 183 Cai xen nucleotit M2 (SEQ ID NO:23-24)

Theo hiép uéc Budapest, cac chung DM2321, DM2322, DM2323, DM2324,
DM2325, DM2326, DM2327 va DM2328 dugc ndp ndp luu & DSMZ (Deutsche

Sammlung von Mikroorganismen und Zellkulturen GmbH, Inhoffenstraoe 7 B, 38124

Brunswick, Germany) vo6i dit liéu DSM DSM 25095 (= DM2321), 25096 (=
DM2322), 25097 (= DM2323), 25098 (= DM2324), 25099 (= DM2325), 25100 (=
DM2326), 25101 (= DM2327), va 25102 (= DM2328) ngay 23/8/2011.
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Vidu?2
Phat hién hoat tinh cia dot bién proP dung nap L-metionin

Hoat tinh ProP cua dot bién proP dugc xéac dinh béng cach phan tich vi du su
hép thu prolin cita ching DM2328 so sanh véi ching ban ddu ECM2. Cho muc dich
nay, 10 ml tién gidng cdy 1 dugc @ bing cach ldc trong moi truong LB & nhiét do
37°C trong ngay. 1 ml tién gidng cay duoc chuyén vao 20 ml mdi trudng M9 1a tién
gidng cdy 2 va duoc nudi ciy qua dém. Tién gidng ciy 2 duge cdy dén OD600 bang
0,2 trong 50 ml mdi truong M9 méi. Sau do, cac té bao nay dugc nudi ciy trong thoi
gian 3-4 gio, tiép theo rira ba l4n bing dung dich dém M9 dugc lam lanh bang da,
duoc didu chinh dén OD600 bang 2 va dugc bdo quan trén da.

Su hép thu prolin duoc xac dinh bing [14C(U)]L-prolin dugc dénh du phong
xa (hoat tinh dac hiéu: 1,85 MBq; Hartmann Analytic, Germany). Cho muc dich nay,
trong mdi trudng hop 2,3 ml huyén phui té bao dugc cho vao thung co khudy va duoc
bd sung niang luong & nhiét 4o 37°C trong thoi gian 2 phut bang cach bd sung 10 mM
glucoza. Viéc do luong vén chuyén duoc bét dau cung véi viéc khudy bing cach bd
sung 20 pl L-[14C]-prolin & ndng d6 24,6 mM. O cac thoi diém khéc nhau, (0, 15, 30,
45, 60, 75, 90, 105 va 120 giay) 14y ra 200 pl trong mdi truong hop va dugc hut bang
pipet trén cac bd loc bang soi thiy tinh (Millipore). Méi truong xung quanh duge loai
ra bang cach hut bang cach xir 1y bang cach loc chan khong, va sau do, cac té bao nay
duoc rira hai in bang 2,5 ml dung dich 0,1 M LiCl. Cac b loc duoc xi Iy bang 3,8 ml
dung dich nhap nhay (Roth, Karlsruhe, Germany), va do hoat tinh phong xa bang may
dém nhép nhdy (LS 6500, Beckman Instruments, Munich, Germany). Téng hoat tinh
trong hdn hop phén tng dugc xéac dinh bang cach do mau truc tiép ma khong can loc.
Po mirc ri trong mot phut (dpm) cho mdi miu. Tinh hoat tinh hép thu theo nmol/phit
(mg chét kho) (0,36 = hé thitc chét kho cta E. coli [mg/ml OD=1]). Mitc van chuyén
theo nmol/mg*phut 1a thu dugc tur phan tuyén tinh ctia cac dong hoc hép thu. Bang 3

sau ddy cho sd trung binh cua ba do ludng song song.
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Béang 3:
Chung Mitc van chuyén L-prolinnmol/mg*phut)
ECM2 2,39
DM2328 1,27

Vidu3

Bién nap cac ching DM2321, DM2322, DM2323, DM2324, DM2325, DM2326,
DM2327 va DM2328 bing plasmit san xuat

Cac chung DM2321, DM2322, DM2323, DM2324, DM2325, DM2326,
DM2327 va DM2328 duoc bién nap bang plasmit san xuat pCC3 cua Vi du 1.5, va céc
thé bién nap duogc chon loc bang 20 mg/l chloramphenicol. Sau do, cac té bao nay
duoc bién nap bé‘mg plasmit pME-RDL2a cuia Vi du 1.6, va cac thé bién nap thu dugc
duge chon loc bang 20 mg/l chloramphenicol va 100 mg/l streptomycin. Cac ching
thu duoc dwoc goi 1a DM2321/pCC3/pME-RDL2a, DM2322/pCC3/pME-RDL2a,
DM2323/pCC3/pME-RDL2a, DM2324/pCC3/pME-RDL2a, DM2325/pCC3/pME-
RDIL 2a, DM?2326/pCC3/pME-RDI 2a, DM2327/pCC3/pME-RDL2a va
DM2328/pCC3/pME-RDL 2a.

Vidu4

Thir nghiém dic tinh trong thir nghiém binh lic-binh thét ¢o

Dic tinh ctia ching san xudt L-metionin E. coli dugc danh gia bang céc thi
nghiém san xuét trong binh thot ¢6 hinh nén dung tich 100 ml. Tién gidng cdy trong
mdi trudng hop 10 ml mdi trudng tién nuodi ciy (10% mdi truong LB chira 2,5 g/l
glucoza va 90% moi truong t6i thiéu PC1) da duogc cdy 100 pl nudi ciy té bao dugc
nudi cdy & nhiét do 37°C trong thoi gian 10 gio. Sau do, cac tién gidng ciy nay dugc
dimg dé cAy trong m&i truong hop 10 ml mdi trudong tdi thiéu PC1 (xem Bang 1 & Vi
du 1) dén OD 600 nm béng 0,2 (Eppendorf Bio-Photometer; Eppendorf AG, Hamburg,
Germany) va moi truéng nudi ciy duoc nudi cdy & nhiét do 37°C trong thoi gian 24
gid. Nong do L-metionin ngoai bao duge xac dinh bang phuong phap sac ky trao ddi
ion va dugc tao dan xuit sau cot bang cach phét hién bang ninhydrin bang cach sir
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dung thiét bi phan tich axit amin (Sykam GmbH, Eresing, Germany). Nong do glucoza

ngoai bao duoc xac dinh bang cach str dung thiét bi phan tich glucoza YSI 2700 Select

Glucose Analyzer (YSI Life Sciences, Yellow Springs, Ohio, USA). Cac két qua dugc

dua ra trong Bang 4. Sau 24 gio glucoza da dugc st dung hoan toan trong ca hai nudi

cay.

Bang 4: Nong do L-metionin trong mdi trudng 1én men long cia cac ching E. coli

duogc thir nghiém
Chung OD(600nm) L-Metionin (g/1)

ECM2/pCC3/pME-RDL2a 3,27 1,71
DM2321/pCC3/pME-RDL2a 3,04 1,83
DM2322/pCC3/pME-RDL2a 3,38 1,83
DM2323/pCC3/pME-RDL2a 3,20 1,83
DM2324/pCC3/pME-RDIL2a 3,38 1,82
DM2325/pCC3/pME-RDL2a 3,44 1,83
DM2326/pCC3/pME-RDL2a 3,23 1,87
DM2327/pCC3/pME-RDL2a 3,22 1,99
DM2328/pCC3/pME-RDL2a 3,12 1,86
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Vidu5
Nhan dong céc alen proP M8, M4 va M6 vao plasmit pMAK705

Céc alen proP M8 tir DM2321, M4 tir DM2323 va M6 tr DM2326 duoc
khuéch dai bang phan tng chudi polymeaza (PCR) va sau d6 dugc tach dong vao
plasmit pMAK705.

Cép doan mdi dugc thiét ké trén co s& céc trinh tu thu duoc cho céac alen proP
(xem Vi du 1), trong mdi trudng hop lam cho manh chira dot bién nhét dinh duoc
khuéch dai. Sau d6, manh nay co thé duogc tach dong vao plasmit pMAK705
(Hamilton CM, Aldea M, Washburn BK, Babitzke P, Kushner SR (1989); J Bacteriol.;
171(9): 4617-4622).

Poan mdi PCR proPmut1(NotI) ¢6 & dAu 5” ctia né 4 nucleotit ngdu nhién tiép

d6 14 trinh tu nhan biét endonucleaza gi¢i han HindIII.

Poan mdi PCR proPmut2(BamHI) c¢6 & diu 5” ctia né 4 nucleotit ngau nhién

tiép d6 1a trinh tu nhan biét endonucleaza gi¢i han BamHI.

Céc nucleotit 13 dén 32 cta proPmutl(Notl) gén két tir vi tri 4328800 dén
4328819 trong hé gen cua E. coli MG1655. Cac nucleotit 13 dén 37 cua
proPmut2(Notl) gin két tir vi tri 4330303 dén 4330322 6 hé gen E. coli MG1655.

proPmut1(HindIIT) (SEQ ID NO: 33)
5' GTCAAAGCTT ATATGGTCGCCAGAAGATCC 3'
proPmut2(BamHI) (SEQ ID NO: 34)
5' GTCAGGATCC TCAGCCGCATTACACAGTTG 3'

ADN hé gen cta cac chung DM2321, DM2323 va DM2328 (xem Vi du 1)
dong vai tro lam khuoén mau.

Trong mdi truong hop, manh ndi dot bién tuong g & gen proP dugc khuéch
dai bang cach st dung phéan tng chudi polymeaza (PCR) bang polymeaza ADN
Phusion (Finnzymes Oy, Espoo, Finland). Manh tr DM2321 (mang proP-M8), chura
dot bién E412*, ¢6 kich cp 1564bp (SEQ ID NO: 35). Manh tir DM2323 (mang proP-
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M4), chira khuyét mot “A” nim sau vi tri nucleotit 854, c6 kich cp 1542bp (SEQ 1D
NO: 36). Manh tir DM2326 (mang proP-M6), chira doan cai xen 19bp nim sau vi tri
nucleotit 973, ¢6 kich cp 1563bp (SEQ ID NO: 37).

T4t ca 3 manh nay dugc phan cit bang bing endonucleaza gi¢i han HindIII
und BamHI va duge tinh ché bang kit tinh ché PCR QIAquick (Qiagen, Hilden,

Germany). Sau do, cac manh nay dugc su dung dé ndi vai plasmit pMAK705.

Plasmit pMAK705 dugc phén cat boi endonucleaza giéi han HindIII und
BamHI, dugc khtr phosphoryl bang phosphataza kiém (Alkaline Phosphatase, Calf
Intestinal, New England Biolabs, Frankfurt .M., Germany) va dugc tinh ché béng kit
tinh ché PCR QIAquick (Qiagen, Hilden). Sau d6, plasmit nay dwgc phdi tron véi cac
proP nhit dinh va dugc ghép nbi bang ligaza Quick DNA (New England BioLabs,
Frankfurt, Germany). Cac hdn hop ndi nay dugc bién nap vao E.coli DH50 (Grant et
al.; Proceedings of the National Academy of Sciences USA, 87 (1990) 4645-4649).
Céc dong plasmit chinh xac duoc chon loc bang 20 mg/l chloramphenicol va dugc
nhan dién b%mg cach phan cat gi6i han va sau d6 xac dinh trinh tu cdc doan xen. Cac
plasmit thu dugc nhu vdy duoc goi la pMAK_proP-M4, pMAK proP-M6 va
pMAK_ proP-M8. pMAK_proP-M8 dugc thé hién bang cach vi du trén Fig 3.

Vidub6
Gay dot bién gen proP & ching E.coli ECM2

Alen kidu dai proP trén nhim séc thé & ching E.coli ECM2 sn xuat L-
metionin (xem Vi du 1) dugc thay thé trong mdi truong hop bang céc alen proP M4,
M6 va M8 ma lam trung gian tinh khang metionin. Cho muc dich nay, ching nay dugc
bién nap trong mdi truong hop bing phuong phap duc 156 dién bang cac plasmit
pPMAK_ proP-M4, pMAK_proP-M6 va pMAK_proP-M8 (xem Vi du 5). Céc plasmit
PMAK c6 gen c6 tinh khang chloramphenicol va diém khoi dau sao chép nhay cam
nhiét do. Plasmit nay dugc sao chép bang E.coli & nhiét do 30°C, nhung khong phéi &
44°C. Cac hdn hop bién nap dugc dan mong trong mdi trudng hop trén thach LB chira
20mg/1 chloramphenicol va dugc U ¢ nhiét do 30°C trong thoi gian 40 gid. Sau do, cac

t€ bao nay duge bo ra bang cach sir dung vong cy, tai tao huyén phu trong méi trudng
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LB va pha loang 10000 14n trong moi trudng LB. 100 pl pha loang nay dugc dan
méng 1én thach LB chita 20mg/l chloramphenicol va dugc U 0 nhiét do 44°C trong
thoi gian 24 gio nira. Két qua 13, chon loc cac khuén lac trong d6 c4c plasmit

pMAK_ proP-M4, pMAK_proP-M6 va pMAK_proP-M8 dugc hop nhit vao nhidm sic
thé trong mdi truong hop. Trong mdi trudng hop mot trong céc khun lac nay dugc
dan mong trén thach LB chira 20mg/l chloramphenicol bang cach str dung vong ciy va
duoc U ¢ nhiét do 44°C trong thoi gian 24 gio. Dot bién dwa vao dugc phét hién bang
phuong phap PCR chuin (Innis et al. (1990) PCR Protocols. A guide to methods and

applications, Academic Press) béng cach str dung cdp doan mdi sau (xem Vidu 11):

proPmutl(HindIII) (SEQ ID NO: 33)
5' GTCAAAGCTT ATATGGTCGCCAGAAGATCC 3'
proPmut2(BamHI) (SEQ ID NO: 34)
5' GTCAGGATCC TCAGCCGCATTACACAGTTG 3'

San phidm PCR thu dugc trong mdi trudng hop duge xac dinh trinh ty bing
cach st dung ca hai doan mdi & GATC (Constance, Germany). T4t ca ba alen proP
duoc chuyén nap trong mdi truong hop vao ching E.coli ECM2, v6i cdc ching thu

duoc duoc goi la ECM2_proP-M4, ECM2_proP-M6 va ECM2 _proP-M8.
Vidu7

Bién nap cac ching ECM2 _proP-M4, ECM2_proP-M6 va ECM2_proP-M8 bing cac

plasmit san xuét

Céac chung ECM2_proP-M4, ECM2_proP-M6 va ECM2_proP-M8 dugc bién
nap bang plasmit san xuat pCC3 ctia Vi du 1.5 va cac thé bién nap dugc chon loc bing
20 mg/l chloramphenicol. Sau do, cac té bao nay dugc bién nap bang plasmit pME-
RDL2a cua Vi du 1.6 va céc thé bién nap thu dugc dugc chon loc béng 20 mg/1
chloramphenicol va 100 mg/l streptomycin. Céac ching thu dugc dugc goi la
ECM2 proP-M4/pCC3/pME-RDL 2a, ECM2_proP-M6/pCC3/pME-RDL2a va
ECM2_ proP-M8/pCC3/pME-RDL2a.
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Vidu 8

Thir nghiém dac tinh trong thir nghiém binh Jic-binh thot cb

Dic tinh cia cac chung san xuit L-metionin E. coli ECM2_proP-
M4/pCC3/pME-RDL2a, ECM2_proP-M6/pCC3/pME-RDL2a  va ECM2 proP-
M8/pCC3/pME-RDL2a dugc danh gid bing thir nghiém san xuat trong binh thot cd
hinh n6n dung tich 100 ml. Tién gidng ciy trong mdi trudng hop gébm 10 ml moi
truong tién nudi cy (10% moi trudng LB chira 2,5 g/l glucoza va 90% mdi truong tbi
thiéu PC1) da duoc cdy 100 pl nudi cy té bao duge nudi cdy ¢ nhigt do 37°C trong
thoi gian 10 gio. Sau do, cac tién gibng ciy nay duoc dung dé cdy trong mdi trudong
hop 10 ml méi truong téi thiéu PC1 (xem Bang 1 & Vi du 1) dén OD 600 nm bang 0,2
(Eppendorf Bio-Photometer; Eppendorf AG, Hamburg, Germany) va moi trudng nudi
ciy dugc nudi ciy & nhiét do 37°C trong thoi gian 24 gio. Nong do L-metionin ngoai
bao dugc xac dinh bang phuong phap sdc ky trao dbi ion va dugc tao dan xut sau cot
bing cach phat hién bing ninhydrin bing cach sir dung thiét bi phan tich axit amin
(Sykam GmbH, Eresing, Germany). Nong dd glucoza ngoai bao duge xac dinh bing
cach st dung thiét bi phan tich YSI 2700 Select Glucose Analyzer (YSI Life Sciences,
Yellow Springs, Ohio, USA). Cac két qua duoc thé rhién trong Bang 5. Sau 24 gio

glucoza da dugc st dung hoan toan trong ca hai nu6i cay.

Bang 5: Nong d6 L-metionin trong mdi truong 1én men 16ng cua chung E. coli

dugc thtr nghiém

Chung OD(600nm) L-metionin (g/1)
ECM2/pCC3/pME-RDL2a 3,27 1,71
ECM2 proP-M4/pCC3/pME-RDL2a 3,38 1,83
ECM2_ proP-M6/pCC3/pME-RDL2a 3,04 1,87
ECM2_proP-M8/pCC3/pME-RDL2a 3,22 1,83
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YEU CAU BAO HO
1. Quy trinh san xuét L-axit amin hodc chit phu gia thirc an chira L-axit amin
béng cach 1én men vi sinh vat thudc ho Enterobacteriaceae, khac biét & chd, str dung
vi sinh vét trong d6 gen proP dugc lam suy giam, voi két qua 1a hoat tinh hay ndng do
cua protein ProP dugc lam giam xudng con tir 0 dén 75% hoat tinh hay nong do cta

protein trong vi sinh vit ma ko phai 12 tai td hop ddi véi protein twong ng.

2. Quy trinh theo diém 1, khac biét & chd, gen proP da dwoc tit di.

3. Quy trinh theo diém 1 va 2, khac biét & chd, vi sinh vét san Xuét qua muc L-axit
amin.
4. Quy trinh theo diém bat ky trong sé cac diém néu trén, khac biét & chd, vi sinh

vét cho L-axit amin tich liiy trong moi trudng.

5. Quy trinh theo diém bét ky trong sb cc diém tir 1 dén 4, khac biét & chd, vi

sinh vat cho L-axit amin tich lily trong té bao.

6. Quy trinh theo diém bat ky trong sé cac diém néu trén, khac biét & chd, L-axit
amin 12 axit amin chtra luu huynh, t6t hon néu 1a L-metionin, L-xystein, L-xystin, L-

homoxystein hodc L-homoxystin.

7. Quy trinh theo diém 6, khac biét & chd, axit amin chta luu huynh nay 1a L-
metionin.

8. Quy trinh theo diém bat k¥ trong sb cic diém néu trén, khac biét & chd, vi sinh
vét ¢6 kha ning chdng chiu metionin tang 1én so véi vi sinh vat khong c6 gen proP
dugc lam suy giam, kha nang chéng chiu metionin tang 1én duoc hiéu c6 nghia 1a vi
sinh vat van c6 kha ning tang truéng & ndng do L-metionin 1a 50gam/lit.

9. Quy trinh theo diém bat ky trong sé cac diém néu trén, khac biét & chd, vi sinh
vat thudc ho Enferobacteriaceae la vi khudn thudc giéng Escherichia, Erwinia,
Providencia hoic Serratia, dac biét 1a thude giéng Escherichia, dac biét tdt hon néu 1a
Escherichia coli.

10.  Quy trinh theo diém bat ky trong sé cac didm néu trén, khac biét & chd, gen

proP 13 gen c6 muc ddng nhét trinh tu it nhét 80%, t5t hon néu it nhit 90%, dic biét 1a
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it nhat 95%, dic biét 1a it nhét 98%, 99% hoic 100%, so vdi trinh tu polynucleotit cia
SEQ ID NO: 1, 3, 5 hodc 7, ddc biét t5t hon néu so véi trinh tir polynucleotit cia SEQ
ID NO: 1.

11.  Quy trinh theo didm bat ky trong sb cac diém néu trén, khic biét & chd, gen
proP dugc 1am suy giam la polynucleotit co mirc ddng nhit trinh tw it nhét 80%, t6t
hon néu it nhit 90%, dic bidt t5t hon néu it nhit 95%, dic biét 1a it nhét 98%, 99%
hozic 100%, so véi trinh ty polynucleotit cia SEQ ID NO: 1 va ma ngoai ra nhat thiét
¢6 mot hodc nhidu dot bién sau so véi polynucleotit cia SEQ ID NO: 1:

a. thay thé bd ba ma hod L-arginin & vi tri 324 ctia SEQ ID NO: 2 hoac vi tri
twong duong cua trinh tu axit amin bing bd ba ma hoa axit amin duoc chon tir nhom
bao gém L-leuxin, L-isoleuxin va L-valin, t5t hon néu 13 L-leuxin;

b. thay thé bd ba ma hod L-tyrosin & vi tri 467 cua SEQ ID NO: 2 hodc vi tri
twong duong cua trinh tu axit amin béng b6 ba ma hoa axit amin dugc chon tir nh6m
bao gém L-lysin, L-arginin va L-histidin, t6t hon néu 1 L-histidin;

c. thay thé bd ba ma hoa L-axit glutamic & vi tri 412 cta SEQ ID NO: 2 hoéc vi
trf twong dwong cua trinh ty axit amin bing bd ba ma hoa codon dimg;

d. 1am khuyét nucleobazo adenin & vi tri 854 clia gen proP cua SEQ ID NO:1;

e. lam khuyét mot hodc nhiéu nucleobazo tlr vi tri 1173 dén vi tri 1223, tdt hon
néu lam khuyét tit ca nucleobazo tir vi tri 1173 dén vi trf 1223, cua gen proP clia SEQ
ID NO:1;

f. cai xen nucleobazo xytosin & vi tri 842 ctia gen proP ctia SEQ ID NO:1;

g. cai xen m{t hodc nhi€u nucleobazo & vi tri 973, tot hon néu cai xen 19

nucleobazo & vi tri 973, ctia gen proP cta SEQ ID NO:1;

h. cai xen mot hodc nhiéu nucleobazo & vi tri 183, t5t hon néu cai xen 1359

nucleobazo & vi tri 183, ctia gen proP ctia SEQ ID NO:1.

12.  Quy trinh theo diém bét ky trong sb cac diém néu trén, khac biét & chd, qua

trinh 1én men dugc thuc hién trong méi truong chira ngudn luu huynh vé co.
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13.  Quy trinh theo diém bét ky trong s6 cac didm néu trén, khac biét & chd, L-axit
amin dugc gdy tich lily trong m6i truong 1én men 1ong thu dugc va sau do, néu thich

hop, dugc phén 14p, duge gom va/hodc duge tinh ché.

14.  Quy trinh theo diém bét ky trong s cic diém néu trén, khic biét & chd, L-axit
amin duoc phan lap hodc dugc gom clng véi cac thanh phan tir moi trudng 1én men
16ng va/hodc sinh khéi.

15. Vi sinh vat thudc ho Enterobacteriaceae, mang gen proP dugc lam suy giam,
khéc biét & chd vi sinh vat ndy san xuét L-axit amin va tot hon néu tiét cic chat nay
vao moi truong nay, khac biét ¢ chd, vi sinh vat ndy c6 mdt hoac nhiéu d4u hiéu duoc

chon tir nhom sau day:

a) polynucleotit dugc biéu hién qua mic ma hod mot hodc nhiéu hop phan cia

hé théng van chuyén CysPUWA thiosulphat/sulphat (EC 3.6.3.25),

b) polynucleotit dugc biéu hién qua mirc ma hoa CysH 3’-phosphoadenosin 5’-

phosphosulphat reductaza (EC 1.8.4.3),
¢) polynucleotit dugc biéu hién qua mirc ma hoa mdt hodc nhiéu hop phan ctia
CysJI sulphit reductaza (EC 1.8.1.2),

d) polynucleotit dugc biéu hién qua mirc ma hoa CysK xystein synthaza A (EC
2.5.1.47),

e) polynucleotit dugc biéu hién qua mirc ma hoa CysM xystein synthaza B (EC

2.5.1.47),

f) polynucleotit dugc biéu hién qua mirc ma hoa CysE serin axetyltransferaza

(EC 2.3.1.30),

g) polynucleotit dugc biéu hién qua mirc ma hoa mot hodc nhiéu hop phan cta
hé théng phan cit GevTHP-Lpd glyxin (EC 2.1.2.10, EC 1.4.4.2, EC 1.8.1.4),

h) polynucleotit duoc biéu hién qud mic mad hoa LipA lipoyl synthaza (EC
2.8.1.8),

i) polynucleotit dugc biéu hién qua mirc ma hoa LipB lipoyl-protein ligaza (EC

2.3.1.181),
62



48541 63/125

j) polynucleotit duoc biéu hién quia mirc mi hod SerA phosphoglyxerat

dehydrogenaza (EC 1.1.1.95),

k) polynucleotit dugc biéu hién qua mitc md hoa SerB 3-phosphoserin

phosphataza (EC 3.1.3.3),

1) polynucleotit duoc biu hién qud mic md hod SerC 3-

phosphoserin/phosphohydroxythreonin aminotransferaza (EC 2.6.1.52),

m)  polynucleotit dugc biu hién qua mac md hod GlyA serin

hydroxymetyltransferaza (EC 2.1.2.1),

n) polynucleotit duogc biéu hién qua mac ma hod ThrA aspartokinaza I va

homoserin dehydrogenaza I (EC 2.7.2.4, EC 1.1.1.3),

0) ting cuong hoat dong clia enzym aspartate kinaza, dac biét 1a polynucleotit

duoc biéu hién quéa mirc ma hoa LysC aspartat kinaza (EC 2.7.2.4),

p) polynucleotit dugc biu hién qua mac mid hod Hom homoserin

dehydrogenaza (EC 1.1.1.3),

q) polynucleotit dugc biéu hién qua mic mi hod MetX homoserin O-

axetyltransferaza (EC 2.3.1.31),

r) polynucleotit duoc biéu hién qua mic mia hod MetA homoserin O-

succinyltransferaza (EC 2.3.1.46),

s) polynucleotit duoc biéu hién qua miac ma hoa MetB xystathionin gama

synthaza (EC 2.5.1.48),

t) polynucleotit dugc biéu hién quid mac md hod AecD B-C-S-lyaza (EC

4.4.1.8, con duoc goi 1a beta-lyaza),

u) polynucleotit duoc biéu hién qua mirc ma hoa MetC xystathionin beta-lyaza

(EC 4.4.1.8),

v) polynucleotit dugc biéu hién qua mac ma hod homoxystein S-

metyltransferaza doc 1ap voi MetE B12 (EC 2.1.1.14),
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w)polynucleotit dugc biéu hién qua mic ma hod homoxystein S-

metyltransferaza phu thuéc MetH B12 (EC 2.1.1.13),

x) polynucleotit duoc biéu hién qua mic ma hoa MetF metylen tetrahydrofolat

reductaza (EC 1.5.1.20),

y) polynucleotit duogc biéu hién qua mic ma hoa mdt hodc nhiu hop phan cua

chit xuit BrnFE L-metionin ra khoi Corynebacterium glutamicum,

z) polynucleotit dugc biéu hién qua mic ma hoa mot hodc nhiéu hop phan cta

chit xuét YgaZH valin Escherichia coli (b2682, b2683),

aa)  polynucleotit duoc biéu hién qud mic mi hoa chit van chuyén

Escherichia coli YjeH gia dinh (b4141),

bb)  polynucleotit duoc biéu hién qua muc ma hod mot hoac nhiéu hop phén

ctia PntAB pyridin nucleotit transhydrogenaza (EC 1.6.1.2),

cc)  polynucleotit duoc biu hién qua mac mid hod MetZ O-

succinylhomoserin sulphhydrylaza (EC 2.5.1.48),

dd) polynucleotit dugc biéu hién qua mtc ma hoa Pyc phosphoenolpyruvat

carboxylaza (EC 4.1.1.31),

ee) polynucleotit dugc biéu hién qua mioc md hoa RDL2 thiosulphat

sulphurtransferaza (EC 2.8.1.1),

ff)polynucleotit dugc biu hién qua mic md hoad thiosulphat—thiol

sulphurtransferaza (EC 2.8.1.3),

gg) polynucleotit duoc biéu hién qua mic mi hoa thiosulphat—dithiol

sulphurtransferaza (EC 2.8.1.5),

hh) hoat tinh gia ting cia MetA homoserin O-succinyltransferaza (EC
2.3.1.46),

ii) hoat tinh gia tang ctia CysE serin axetyltransferaza (EC 2.3.1.30),
jj) lam suy giam gen metJ ma hoa chit diéu hoa phién ma sinh tébng hop L-

metionin (MetJ) (3938, ECK3930),
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kk)  1am suy giam gen pgi ma hod glucoza-6-phosphat isomeraza (Pgi, EC
No. 5.3.1.9) (b4025, ECK4017),

Il)l1am suy giam gen thrB ma hod homoserin kinaza (ThrB, EC 2.7.1.39)
(b0003, ECK0003),

mm) lam suy giam gen metK ma hoa S-adenosylmetionin synthaza (MetK,

EC No. 2.5.1.6) (b2942, ECK2937),

nn)  lam suy giam gen dapA ma hoa dihydrodipicolinat synthaza (DapA, EC
No. 4.2.1.52) (b2478, ECK2474),

00) lam suy gidm gen pck mé hod phosphoenolpyruvat carboxykinaza (Pck,

EC No. 4.1.1.49) (b3403, ECK3390),

pp)  lam suy giam gen purU ma hoa formyltetrahydrofolat hydrolaza (PurU,
EC No. 3.5.1.10) (b1232, ECK1227),

qq) lam suy gidm gen pykA md hoa pyruvat kinaza 1I (PykA,
EC No. 2.7.1.40) (b1854, ECK1855)

rr)lam suy giam gen pykF ma hod pyruvat kinaza I (PykF, EC 2.7.1.40) (bl676,
ECK1672),

ss)  lam suy giam gen metQ mi hoa ciu truc si€u phén tir cua chat van

chuyén L-metionin (MetQNI) (b0197, ECK0197),

tt) lam suy giam gen metl ma hoa cau tric siéu phan tur cua chét van chuyén L-

metionin (MetQNI) (b0198, ECK0198),

uu)  lam suy gidm gen md hod metN cau trac siéu phan t cua chat véan

chuyén L-metionin (MetQNI) (b0199, ECK0199),

vv) lam suy giam gen dcd ma hoa deoxyxytidin-5'-triphosphat deaminaza

(Ded, EC No. 3.5.4.13) (b2065, ECK2059),

ww) lam suy giam gen yncA ma hod N-axyltransferaza gia dinh (YncA,

Kham phé trao dbi chét: Metabolic Explorer WO2010/020681) (b1448, ECK1442),

xx)  lam suy giam gen rpoS ma hoa yéu t6 RpoS sigma (b2741, ECK2736),
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yy)  lam suy giam chét diéu hoa protein Met].
zz)  lam suy giam S-adenosylmetionin synthaza MetK,

trong d6 “lam suy gidm” ¢ nghia 1a hoat tinh hay ndng do cua protein trong Gmg duge
giam xudng con tir 0 dén 75% hoat tinh hay ndng d6 cta protein trong vi sinh vat ma
khong phai 1a tai td hop dbi v6i protein twong ng va trong do “piéu hién qua mirc”,
“tang cudng” hogc “hoat tinh gia ting” c6 nghia 12 hoat tinh ctia protein twong Ung
duoc ting 1én so voi ching loai hoang dai véi hé s6 it nhét 2 1an.
16. Vi sinh vét theo diém 15, khac biét & chd, vi sinh vit nay lam cho L-axit amin
tich Ifly trong té bao.
17. Vi sinh vét theo diém 15, khac biét & chd, vi sinh vat ndy lam cho L-axit amin
tich iy trong mdi trudng.
18. Vi sinh vt theo diém bét k¥ trong s6 cdc diém tir 15 dén 17, khdc biét chd,
gen proP da dugc tat di.
19. Vi sinh vat theo didm bét ky trong s6 cac didm tr 15 dén 18, khac biét & chd, vi
sinh vat nay c6 kha ning chéng chiu metionin tdng 1én so voi vi sinh vt ma khong gen
proP dugc lam suy giam, trong d6 kha ning chéng chiu metionin ting lén dugc hidu
c6 nghia 1a vi sinh vat van c6 kha ning ting trudng & ndng do L-metionin 1a 50gam/lit.
20.  Visinh vét theo didm bat ky trong s6 cac diém tir 15 dén 19, khac biét & chd, vi
sinh vat thudc ho Enterobacteriaceae 1a Vi khuén thudc giéng Escherichia, Erwinia,
Providencia hodac Serratia, t5t hon néu thudc giéng Escherichia, dac bict t5t hon néu
1a Escherichia coli.
21. Vi sinh vat theo diém bét ky trong s cac didm tir 15 dén 20, khéc biét & chd,
gen proP 1a gen c6 muc ddng nhét trinh tu it nhét 80%, tdt hon néu it nhét 90%, dic
biét 1a it nhit 95%, dic biét 1a it nhit 98%, 99% hodc 100%, so véi trinh fw
polynucleotit cua SEQ ID NO: 1, ctia SEQ ID NO: 3, cua SEQ ID NO: 5 hodc cua
SEQ ID NO: 7, dic biét t6t hon néu cia SEQ ID NO: 1.
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22, Visinh vt theo didm bt ki trong sé cac diém tir 15 dén 21, khéc biét & cho,
gen proP dugc lam suy giam la polynucleotit c6 mirc ddng nhét trinh ty it nhit 80%,
tt hon néu it nhat 90%, dic biét 1a it nhit 95%, dic biét 1a it nhit 98%, 99% hodc
100%, so v&i trinh ti ddy di ctia polynucleotit ctia SEQ ID NO: 1 va ma ngoai ra nhit
thiét c6 mot hodc nhidu dot bién sau so v6i polynucleotit ciia SEQ ID NO: 1:

a. thay thé bo ba mi hoa L-arginin & vi tri 324 cta SEQ ID NO: 2 hodc vi
tri twong duong cua trinh ty axit amin bang bd ba ma hoé axit amin dugc chon tur
nhém bao gém L-leuxin, L-isoleuxin va L-valin, tét hon néu 1a L-leuxin;

b. thay thé bo ba mi hoa L-tyrosin & vi tri 467 cua SEQ ID NO: 2 hoac vi
tr{ twong duong cla trinh ty axit amin bing bd ba ma hod axit amin dugc chon tir
nhém bao gdm L-lysin, L-arginin va L-histidin, t6t hon néu 1a L-histidin;

c.  thay thé bd ba ma hod L-axit glutamic ¢ vi tri 412 cta SEQ ID NO: 2
hoic vi trf tuong dwong cta trinh tu axit amin bang bd ba ma hoa codon dimg;

d.  lam khuyét nucleobazo adenin & vi tri 854 clia gen proP cua SEQ ID
NO:1;

e.  lam khuyét mot hodc nhiu nucleobazo tir vi tri 1173 dén vi tri 1223, t6t

hon néu lam khuyét tit ca nucleobazo tir vi tri 1173 dén vi tri 1223, cua gen proP cua

SEQ ID NO:1;
£ cai xen nucleobazo xytosin & vi tri 842 ctia gen proP ctia SEQ ID NO:1;

g.  cai xen mét hodc nhiéu nucleobazo & vi tri 973, tot hon néu cai xen 19

nucleobazo & vi tri 973, cia gen proP ctia SEQ ID NO:1;

h.  cai xen mot hodc nhiéu nucleobazo & vi tri 183, t5t hon néu cai xen 1359
nucleobazo & vi tri 183, ctia gen proP ciia SEQ ID NO:1.
23.  Polynucleotit c6 mirc ddng nhét it nhat 80%, tét hon néu it nhit 90%, dic biét
la it nhat 95%, dic biét 1a it nhét 98%, 99% hoic 100%, so voi trinh tw ciia SEQ ID
NO: 1, khac biét & ch, polynucleotit ny nhét thiét c6 mdt hodc nhiéu dot bien so voi

polynucleotit cia SEQ ID NO: 1, dugc chon tur:
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a. thay thé bd ba ma hoa L-arginin & vi trf 324 ctia SEQ ID NO: 2 hoac vi
trf tuong dwong cua trinh tu axit amin bing bd ba ma hoa axit amin dugc chon tix
nhém bao gém L-leuxin, L-isoleuxin va L-valin, t4t hon néu 14 L-leuxin;

b. thay thé bd ba md hoa L-tyrosin & vi tri 467 ctia SEQ ID NO: 2 hodc vi
tri tuong dwong cua trinh tyr axit amin bing bd ba ma hoa axit amin dugc chon tir
nhém bao gdm L-lysin, L-arginin va L-histidin, 16t hon néu 12 L-histidin;

c.  thay thé b ba ma ho4 L-axit glutamic & vi tri 412 cua SEQ ID NO: 2
hoic vi trf tuong dwong cta trinh tu axit amin béng bd ba ma hoa codon ding;

d. lam khuyét nucleobazo adenin & vi tri 854 cua gen proP cta SEQ ID
NO:1;

e.  lam khuyét mot hoic nhiéu nucleobazo tir vi tri 1173 dén vi tri 1223, ot
hon néu 1am khuyét tit ca nucleobazo tir vi tri 1173 dén vi tri 1223, ctia gen proP cua
SEQ ID NO:1;

f  cai xen nucleobazo xytosin & vi tri 842 ctia gen proP clia SEQ ID NO:1;

g, cai xen mdt hodc nhiéu nucleobazo & vi tri 973, tot hon néu cai xen 19

nucleobazo & vi trf 973, ctia gen proP cta SEQ ID NO:1;

h. cai xen mot hodc nhidu nucleobazo & vi tri 183, tot hon néu cai xen 1359

nucleobazo & vi tri 183, ctia gen proP cua SEQ ID NO:1.

24.  Polynucleotit theo diém 23, khac biét & chd, polynucleotit nay duoc lai vo1 mét
hodc nhiéu polynucleotit dugc chon tir nhom bao gém polynucleotit bd trg voi SEQ ID
NO:1, polynucleotit b6 trg véi SEQ ID NO:3 va polynucleotit bd tro v6i SEQ ID
NO:5, tét hon néu polynucleotit bd tro v6i SEQ ID NO:1.

25. VAt truyén chira polynucleotit theo diém 23 hodc 24.

26.  Polypeptit c6 mirc ddng nhét it nhAt 80%, tét hon néu it nhat 90%, dic biét 1a it
nhat 95%, dic biét 1a it nhat 98%, 99% hodc 100%, so vdi trinh tw ctia SEQ ID NO: 2,
khac bidt & chd, polypeptit nay nhat thiét c6 mot hode nhiéu dot bién so voi polypeptit
cta SEQ ID NO: 2, dugc chon tur:
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a. thay thé L-arginin & vi tri 324 cia SEQ ID NO: 2 hoac vi tri tuong
duong cla trinh tu axit amin béng axit amin duoc chon tir nhém bao gém L-leuxin, L-
isoleuxin va L-valin, tt hon néu 1a L-leuxin;

b. thay thé L-tyrosin & vi tri 467 cia SEQ ID NO: 2 hodc vi tri tuong
duong cua trinh ty axit amin bang axit amin dugc chon tir nhém bao gbém L-lysin, L-
arginin va L-histidin, t6t hon néu 1a L-histidin;

c. lam khuyét 17 axit amin tir vi tri 392 dén vi tri 408 ctia SEQ ID NO: 2
hodc vi tri tuong duong cua trinh tu axit amin;

d.  lam khuyét 1én dén 420 axit amin & dau tan C, tinh theo trinh tu ciia SEQ

ID NO: 2, tt hon néu lam khuyét 88, 163, 202, 212 hodc 420 axit amin & dau tan C
cta trinh tu axit amin cia SEQ ID NO: 2.

27. Vi sinh vét tai t& hop mang polynucleotit theo diém 23 hodc 24 va/hogc vat

truyén theo diém 25 va/hoic polypeptit theo diém 26.
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<120> QUY TRINH SAN XUAT L-AXIT AMIN HOAC CHAT PHU GIA THUC AN GIA sUC BANG

cicH LEN MEN VI SINH VAT THUQC HQ ENTEROBACTERIACEAE VA VI SINH VAT THUQC HO

48541

Danh muc trinh tu

Evonik Degussa GmbH

ENTEROBACTERIACEAE
<130> 2011E00314

<160> 38

<170> PatentIn version
<210> 1

<211> 1503

<212> ADN

<213> Escherichia coli
<220>

<221> CDS

<222> (1) ..(1503)
<223> Ving md hdéa proP

<400>

1

atg ctg aaa agg aaa aaa
Met Leu Lys Arg Lys Lys

1

att att
Ile Ile

ggt aat

gat gac ggt aaa
Asp Asp Gly Lys
20

gca atg gaa tgg

Gly Asn Ala Met Glu Trp

tac gca
Tyr Ala
50

atg gtt
Met Val

65

ctt ggc

35
tta ggt aaa gtt
Leu Gly Lys Val

gct gca ctt gcc
Ala Ala Leu Ala
70

gga ctc ttc ttt

Leu Gly Gly Leu Phe Phe

aag atc
Lys Ile

att ggc

85
ctc gct atc act
Leu Ala Ile Thr
100

tta ata ccg tcc

Ile Gly Leu Ile Pro Ser

115

ctg ctg ttg atc tgt aag
Leu Leu Leu Ile Cys Lys

130

tat acc
Tyr Thr

145

ggg gcg tcg ata
Gly Ala Ser Ile

150

3.5

gta
Val

ctg
Leu

ttc
Phe

ttt
Phe
55

act
Thr

ggt
Gly

att
Ile

tac
Tyr

atg
Met
135

Lttt
Phe

aaa
Lys

cgt
Arg

gat
Asp
40

ttc
Phe

ttc
Phe

atg
Met

gtg
Val

gac
Asp
120

gca

Ala

gtt
Val

ccg
Pro

aaa
Lys
25

ttt
Phe

ccg
Pro

tcc
Ser

ttg
Leu

att
Ile
105

acg

Thr

caa
Gln

gcg
Ala

att
Ile
10

gcc
Ala

ggt
Gly

999
Gly

gtt
Val

ggc
Gly
90

atg
Met

att
Ile

ggt
Gly

gaa
Glu

acc
Thr

att
Ile

gtt
Val

gct
Ala

ccce
Pro
75

gat
Asp

tcg
Ser

ggt
Gly

ttc
Phe

tac
Tyr
155

ctt
Leu

acc
Thr

tat
Tyr

gac
Asp
60

Lttt
Phe

aaa
Lys

atc
Ile

att
Ile

tcg
Ser
140

tcc
Ser

cgt
Arg

gca
Ala

ggt
Gly
45

ccc
Pro

ctg
Leu

tat
Tyr

agt
Ser

tgg
Trp
125

gtc
Val

cct
Pro

gat
Asp

gca
Ala
30

Lttt
Phe

agc
Ser

att
Ile

ggt
Gly

acg
Thr
110

gca

Ala

ggc
Gly

gac
Asp

gtc
Val
15

tca
Ser

gtt
Val

gtg
val

cga
Arg

cgc
Arg
95

ttc
Phe

ccg
Pro

ggt
Gly

cgt
Arg

acc
Thr

ctg
Leu

gct
Ala

cag
Gln

ccg
Pro
80

cag
Gln

tgt
Cys

att
Ile

gaa
Glu

aaa
Lys
160

48

96

144

192

240

288

336

384

432

480
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cgt
Arg

gtg
Val

gcg

Ala

ccg
Pro

ccg
Pro

225:

ggt

Gly

RS

tac
Tyr

gtg
Val

aac
Asn

atg
Met
305

cgt
Arg

gtg
Val

ctg
Leu

acg
Thr

cgt
Arg
385

ggt
Gly

ctg

ggc
Gly

ctg
Leu

aac

Asn

tta
Leu
210

gcg
Ala

ttg
Leu

tgg

Trp

act
Thr

ctg
Leu
290

atc

Ile

ttt
Phe

ttg
Leu

att
Ile

ggc
Gly
370

tac
Tyr

ctg
Leu

atg

ttt
Phe

ggt
Gly

ttc
Phe
195

999
Gly

ttc
Phe

cag
Gln

cgc
Arg

tac
Tyr
275

cat

His

ggt
Gly

ggc
Gly

gcg
Ala

ttt
Phe
355

gtt
Val

agc
Ser

acg
Thr

atg

atg
Met

gcg
Ala
180

ctc
Leu

att
Ile

cag
Gln

gat
Asp

agc
Ser
260

tac

Tyr

tac
Tyr

atg
Met

cgt
Arg

atc
Ile
340

gcc
Ala

atg
Met

gcg
Ala

cca
Pro

cct

ggc
Gly
165

ggc
Gly

gat
Asp

atc
Ile

cag
Gln

ggc

Gly

245

ctg
Leu

atg
Met

tcc
Ser

ctg
Leu

cgt
Arg
325

ccg

Pro

999
Gly

gct
Ala

ctg
Leu

acg
Thr
405

gcc

agc
Ser

gtg
Val

tgg
Trp

999
Gly

cat
His
230

ccg’

Pro

ttg
Leu

ttg
Leu

gaa
Glu

ttt
Phe
310

ccg

Pro

gcg
Ala

tta
Leu

tct
Ser

gcg
Ala
390

ctg
Leu

tat

tgg
Trp

gtg
Val

ggc
Gly

ctt
Leu
215

gtc
Val

aaa
Lys

aca
Thr

ctg
Leu

gac
Asp
295

gtc
Val

ttt
Phe

ttt
Phe

ctg
Leu

acc
Thr
375

gcg
Ala

gcg
Ala

tac

ctg
Leu

gtg
Val

tgg
Trp
200

tac
Tyr

gat
Asp

gtc
vVal

tgt
Cys

acc
Thr
280

cac

His

cag
Gln

gtg
Val

att
Ile

atg
Met
360

ttg
Leu

gca
Ala

gcc
Ala

ctg

48541

gac
Asp

tta
Leu
185

cgt
Arg

ctg
Leu

aaa
Lys

tcg
Ser

att
Ile
265

tat
Tyr

999
Gly

ccg
Pro

cta
Leu

ctg
Leu
345

ctg
Leu

cca
Pro

ttt
Phe

tagg
Trp

atg

ttc
Phe
170

att.

Ile

att
Ile

cgc
Arg

ctg
Leu

ttt
Phe
250

ggt
Gly

atg
Met

gtg
Val

gtg
Val

ctt
Leu
330

att
Ile

gcg
Ala

gcg
Ala

aat
Asn

ctg
Leu
410

gta

ggt
Gly

tcg
Ser

ccg
Pro

cat
His

gaa
Glu
235

aaa
Lys

ctg
Leu

ccg
Pro

ctg
Leu

atg
Met
315

ggt
Gly

aac
Asn

gtg
Val

atg
Met

att
Ile
395

gtc
Val

gtg

tct
Ser

acc
Thr

ttc
Phe

gcg
Ala
220

cag
Gln

gag
Glu

gta
Val

agt
Ser

att
Ile
300

ggc
Gly

agt
Ser

agt
Ser

atc
Ile

ttc
Phe
380

tcg
Ser

gaa
Glu

gcg

att
Ile

att
Ile

ttt
Phe
205

ctg
Leu

ggc
Gly

att
Ile

att
Ile

tat
Tyr
285

att
Ile

ttg
Leu

gtt
Val

aac
Asn

ctt
Leu
365

ccg
Pro

gtg
Val

agc
Ser

gtg

gcc
Ala

gtc
Val
190

atc
Ile

gaa
Glu

gac
Asp

gcc
Ala

gcc
Ala
270

ttg

Leu

atc
Ile

ctg
Leu

gcc
Ala

gtc
Val
350

aac
Asn

acg
Thr

ctg
Leu

tcg
Ser

gtt

999
Gly
175

ggc .
Gly

gct
Ala

gag
Glu

cgt
Arg

act
Thr
255

acc
Thr

tcg
Ser

gcc
Ala

agt
Ser

ctg
Leu
335

atc

Ile

tgc
Cys

cat
His

gtt
Val

cag
Gln
415

ggt

ttt
Phe

gaa
Glu

ctg
Leu

act
Thr

gaa
Glu
240

aaa
Lys

aac
Asn

cat
His

att
Ile

gac
Asp
320

ttt
Phe

ggc
Gly

ttt
Phe

atc
Ile

gcc
Ala
400

aat
Asn

tta

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296
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C<210>.

Leu Met

atc acc
Ile Thr

gcg aca.

Met Pro Ala Tyr
420

ggc gta acc atg
Gly Val Thr Met
435

‘CCg gcg gcg tca

Ala-. Thr .Pro Ala Ala Ser

450
gag cat
Glu His
465
att gcc
Ile Ala

cga att
Arg Ile

<211>
<212>
<213>

<400>
Met Leu

1

Ile Ile

Gly Asn

Tyr Ala

50

Met Val

65

Leu Gly

Lys Ile

Ile Gly

Leu Leu
130

tac gat aat atc
Tyr Asp Asn Ile
470

gat ttg cag gcg
Asp Leu Gln Ala
485

gat gaa taa
Asp Glu
500

2‘

500
PRT
Escherichia coli

2

Lys Arg Lys Lys

Asp Asp Gly Lys

Ala Met Glu Trp
35

Leu Gly Lys Val

Ala Ala Leu Ala
70

Gly Leu Phe Phe
85

Leu Ala Ile Thr
100

Leu Ile Pro Ser
115

Leu Ile Cys Lys

Tyr

aaa
Lys

gat
Asp
455

gag
Glu

aaa
Lys

Val

Leu

Phe

Phe

55

Thr

Gly

Ile

Tyr

Met
135

Leu

gag
Glu
440

ata
Ile

cag
Gln

cgt
Arg

Lys

Arg

Asp

Phe

Phe

Met

Val

Asp

120

Ala

48541

Met
425

acg

Thr

cag
Gln

aaa
Lys

acc
Thr

Pro

Lys

25

Phe

Pro

Ser

Leu

Ile

105

Thr

Gln

Val

gca
Ala

gaa
Glu

atc
Ile

cgc
Arg
490

Ile

10

Ala

Gly

Gly

Val

Gly

Met

Ile

Gly

Val

aat
Asn

gcg
Ala

gat
Asp
475

ctg
Leu

Thr

Ile

Val

Ala

Pro

75

Asp

Ser

Gly

Phe

Ala

cgt
Arg

aag
Lys
460

gat
Asp

gtg

Val G

Leu

Thr

Tyr

Asp

60

Phe

Lys

Ile

Ile

Ser
140

Val

ccg
Pro
445

gaa
Glu

att
Ile

Arg

Ala

Gly

45

Pro

Leu

Tyr

Ser

Trp

125

Val

Val
430

ttg

Leu

att
Ile

gac
Asp

caa
Gln

Asp

Ala

30

Phe

Ser

Ile

Gly

Thr

110

Ala

Gly

Gly

aaa
Lys

ctc
Leu

cac
His

cat
His
495

Val

15

Ser

Val

Val

Arg

Arg

95

Phe

Pro

Gly

Leu

ggt
Gly

gtc
val

gag
Glu
480

ccg
Pro

Thr

Leu

Ala

Gln

Pro

80

Gln

Cys

Ile

Glu

1344

1392

1440

1488

1503
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Tyr

145

Arg

val

Ala

Pro

Pro
225

Gly

Tyr

Val

Asn

Met

305

Arg

Val

Leu

Thr

Arg

385

Gly

Thr

Gly

Leu-

Asn

Leu
210

Ala

Leu

Trp

Thr

Leu

290

Ile

Phe

Leu

Ile

Gly

370

Tyr

Leu

Gly

Phe

Gly

Phe

195

Gly

Phe

Gln

Arg

Tyr

275

His

Gly

Gly

Ala

Phe

355

Val

Ser

Thr

Ala
Met
Ala
180
Leu
Ile
Glo
Asp
Ser
260
Tyr
Tyr
Met

Arg

Ile

340

Ala

Met

Ala

Pro

Ser

Gly

165

Gly

Asp

Ile

Gln

Gly

245

Leu

Met

Ser

Leu

Arg

325

Pro

Gly

Ala

Leu

Thr

Ile

150

Ser

Val

Trp

Gly

His

230

Pro

Leu

Leu

Glu

Phe

310

Pro

Ala

Leu

Ser

Ala

390

Leu

Phe

Trp

Val

Gly

Leu
215

Val

Lys

Thr

Leu

Asp

295

Val

Phe

Phe

Leu

Thr

375

Ala

Ala

Val

Leu

Val

Trp

200

Asp

Val

Cys

Thr

280

His

Gln

Val

Ile

Met

360

Leu

Ala

Ala

48541

Ala

Asp

Leu

185

Arg

Lys

Ser

Ile

265

Tyr

Gly

Pro

Leu

Leu

345

Leu

Pro

Phe

Trp

Glu

Phe

170

Ile

Ile

Leu

Phe

250

Gly

Met

Val

Val

Leu

330

Ile

Ala

Ala

Asn

Leu

Tyr

155

Gly

Ser

Pro

His

Glu

235

Lys

Leu

Pro

Leu

Met

315

Gly

Asn

Val

Met

Ile

395

Val

Ser

Ser

Thr

Phe

Ala

220

Gln

Glu

Val

Ser

Ile

300

Gly

Ser

Ser

Ile

Phe

380

Ser

Glu

Pro

Ile

Ile

Phe

205

Leu

Gly

Ile

Ile

Tyr

285

Ile

Leu

Val

Asn

Leu

365

Pro

Val

Ser

Asp

Ala

Val

190

Ile

Glu

Asp

Ala

Ala

270

Leu

Ile

Leu

Ala

Val

350

Asn

Thr

Leu

Ser

Arg

Gly

175

Gly

Ala

Glu

Arg

Thr

255

Thr

Ser

Ala

Ser

Leu

335

Ile

Cys

His

Val

Gln

Lys

160

Phe

Glu

Leu

Thr

Glu

240

Lys

Asn

His

Ile

Asp

320

Phe

Gly

Phe

Ile

Ala

400

Asn
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405
Leu Met Met Pro Ala Tyr Tyr
420
Ile Thr Gly.Val Thr Met Lys
435
Ala Thr Pré Ala Ala Ser Asp
450 455
Glu His Tyr Asp Asn Ile Glu
465 470
Ile Ala Asp Leu Gln Ala Lys
485
Arg Ile Asp Glu
e - 500
<210> 3
<211> 1503
<212> ADN
<213> Salmonella enterica
<220>
<221> CDs
<222> (1)..(1503)
<223> Vung md hbéa proP
<400> 3

atg ctg aaa
Met Leu Lys

1

atc
Ile

ggc
Gly

tac
Tyr

atg
Met
65

ctc
Leu

aag
Lys

att
Ile

aac
Asn

gcg
Ala
50

att
Ile

ggc
Gly

atc
Ile

gat
Asp

gcg
Ala
35

ttg

Leu

gcc
Ala

999
Gly

ctg
Leu

agg
Arg

gat
Asp
20

atg
Met

ggt
Gly

gcg
Ala

tta
Leu

gcg
Ala
100

aaa
Lys

ggt
Gly

gag
Glu

aaa
Lys

ctg
Leu

ttc
Phe
85

atc
Ile

aaa
Lys

aaa
Lys

tgg
Trp

gtc
Val

gcc
Ala
70

ttt
Phe

acg
Thr

ata
Ile

ctt
Leu

ttt
Phe

ttt
Phe
55

acg

Thr

ggt
Gly

att
Ile

Leu

Glu
440

Ile

Gln

Arg

aaa
Lys

cgc
Arg

gat
Asp
40

ttc
Phe

ttt
Phe

atg
Met

gtg
Val

48541

Met
425

Thr

Gln

Lys

Thr

ccg
Pro

aaa
Lys
25

ttt
Phe

ccc
Pro

tcc
Ser

ctc
Leu

att
Ile
105

410

Val

Ala

Glu

Ile

Arg
490

att
Ile
10

gcg
Ala

ggt
Gly

ggc
Gly

gtt
Val

ggc
Gly

atg
Met

Val

Asn

Ala

Asp
475

Leu

aca
Thr

att
Ile

gtt
Val

gcc
Ala

ccc
Pro
75

gat
Asp

tcg
Ser

Ala

Arg

Lys
460

Asp

Val

ctg
Leu

acc
Thr

tat
Tyr

gat
Asp
60

ttc
Phe

aaa
Lys

atc
Ile

Val

Pro
445

Glu

Ile

Gln

ggc
Gly

gcc
Ala

gga
Gly
45

ccc
Pro

ctg
Leu

tac
Tyr

agt
Ser

Val
430

Leu

Ile

Asp

Gln

gat
Asp

gcc
Ala
30

ttt
Phe

agc
Ser

att
Ile

999
Gly

acc
Thr
110

415

Gly

Lys

Leu

His

His
495

gtg
Val
15

tcg
Ser

gtt
Val

gtc
Val

cgt
Arg

cgc
Arg
95

ttc
Phe

Leu

Gly

Val

Glu
480

Pro

acc
Thr

ctg
Leu

gcc
Ala

cag
Gln

ccg
Pro
80

cag
Gln

tgt
Cys

48

96

144

192

240

288

336
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atc
Ile

ctg
Leu

tat
Tyr
145

cgc
Arg

gtg
Val

gag
Glu

cca
Pro

cca
Pro
225

999
Gly

cac
His

gtg
Val

aac
Asn

atg
Met
305

cgt
Arg

gcg
Ala

ctg
Leu

acc

999
Gly

ttg

Leu..

130

acc:
Thr

gga
Gly

ctg
Leu

aat
Asn

ttg
Leu
210

gcg
Ala

ttg
Leu

tgg
Trp

acc
Thr

ctg
Leu
290

atc
Ile

ttc
Phe

ctg
Leu

att
Ile

999

tta
Leu
115

ttg

Leu.

ggc

Gly

ttt
Phe

ggc
Gly

tte
Phe

999
Gly

ttt
Phe

cag
Gln

cgt
Arg

tac
Tyr
275

cac

His

999
Gly

ggt
Gly

gcg
Ala

ttt
Phe
355

gtg

atc
Ile

ctg
Leu

gcg
Ala

atg
Met

gcg

Ala
180

ctt
Leu

J195 .

att

Ile

cag
Gln

gat
Asp

agc
Ser
260

tac

Tyr

tat
Tyr

atg
Met

cga
Arg

atc
Ile
340

gca
Ala

atg

ccc
Pro

tgt

Cys.

tcg
Ser

gag
Glu

att
Ile

cag
Gln

999
Gly
245

ctg

Leu

atg
Met

tct
Ser

ctg
Leu

cgt
Arg
325

ccg
Pro

ggt
Gly

gcc

tct
Ser

aaa
Lys

atc
Ile
150

agc
Ser

gtg
Val

tgg
Trp

ggt
Gly

cac
His
230
ccg

Pro

ttg
Leu

ctg
Leu

gaa
Glu

ttt
Phe
310

cca
Pro

gcc
Ala

ttg
Leu

tcg

tac
Tyr

atg
Met
135

ttt
Phe

tgg
Trp

gtg
Val

ggc
Gly

ctc
Leu
215

gtg
Val

aaa
Lys

tca
Ser

ctc
Leu

gat
Asp
295

gtg
Val

ttt
Phe

ttc
Phe

ttg
Leu

aca

gcg
Ala
120

gcg
Ala

gtc
Val

ctg
Leu

gtc
Val

tgg
Trp
200

tac
Tyr

gat
Asp

gtc
Val

tgt
Cys

acc
Thr
280

cac

His

cag
Gln

gtg
Val

atc
Ile

atg
Met
360

ttg

48541

acg
Thr

cag
Gln

gcg
Ala

gat
Asp

ttg
Leu
185

cgt
Arg

tta
Leu

aaa
Lys

tcc
Ser

atc
Ile
265

tac

Tyr

ggc
Gly

ccg
Pro

att
Ile

ctg
Leu
345

ctg
Leu

ccg

atc
Ile

ggc
Gly

gaa
Glu

ttt
Phe
170

atc
Ile

att
Ile

cgc
Arg

ctg
Leu

ttt
Phe
250

ggt
Gly

atg
Met

gtg
Val

gtg
Val

atg
Met
330

att
Ile

gcg
Ala

gcg

ggt
Gly

ttc
Phe

tat
Tyr
155

ggt
Gly

tcg
Ser

ccg
Pro

cat
His

gag
Glu
235

aaa

Lys

ctg
Leu

ccg
Pro

ttg
Leu

atg
Met
315

ggc
Gly

aac
Asn

gtg
Val

atg

atc
Ile

tcg
Ser
140

tcg
Ser

tct
Ser

acg
Thr

ttc
Phe

gcg
Ala
220

cag

Gln

gag
Glu

gtg
Val

agc
Ser

att
Ile
300

999
Gly

agc
Ser

agt
Ser

att
Ile

ttt

tgg
Trp
125

gtt
Val

ccg
Pro

atc
Ile

att
Ile

ttt
Phe
205

ctg
Leu

ggc
Gly

att
Ile

att
Ile

tac
Tyr
285

atc

Ile

ctg
Leu

att
Ile

aac
Asn

ctg
Leu
365

ccg

gcg
Ala

ggc
Gly

gat
Asp

gcc
Ala

gtc
Val
190

atc
Ile

gag
Glu

gac
Asp

gcc
Ala

gcc
Ala
270

ctg

Leu

atc
Ile

ctg
Leu

gcg
Ala

gtt
Val
350

aac
Asn

acg

cca
Pro

999
Gly

cgt
Arg

gga
Gly
175

ggec

Gly~

gcc
Ala

gag
Glu

cgc
Arg

acc
Thr
255

acc

Thr

tcg
Ser

gcc
Ala

agc
Ser

ctg
Leu
335

att
Ile

tgc
Cys

cat

ata
Ile

gaa
Glu

aaa
Lys
160

ttc
Phe

gag
Glu

ctg
Leu

acg
Thr

gaa
Glu
240

aaa

Lys

aac
Asn

cat
His

att
Ile

gac
Asp
320

ttc
Phe

ggc
Gly

ttt
Phe

att

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152
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Thr

cgt
Arg
385

ggt
Gly

ctg
Leu

att
Ile

gca
Ala

gag.

Glu"

465
att
Ile

cgt
Arg

Gly
370

tat
Tyr

ctg

Leu

-atg

Met

acc
Thr

acg:

Thr
450

cat

Hisw

gcg
Ala

atc
Ile

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

<400>

Val

agc
Ser

acg
Thr

atg
Met

ggt
Gly

Met

gcg
Ala

cca
Pro

ccg
Pro
420

att
Ile

435

cca
Pro

t}ac

gag
Glu

gat
Asp

4
500
PRT

TYr.

gcg
Ala

gat

Asp.

ctg
Leu

gaa
Glu
500

Ala

ctg
Leu

acg
Thr
405

gcg
Ala

tcc
Ser

gcg
Ala

aat

Asn.

cag
Gln
485

taa

Ser

gcg
Ala
390

ctg
Leu

tat
Tyr

atg
Met

tcg
Ser

att

Ilei

470

gtc
Val

Thr
375

gcg
Ala

gcg
Ala

tat
Tyr

aaa
Lys

gac
Asp
455

gag

Glu’

aaa
Lys

Salmonella enterica

Met Leu Lys

1

Ile

Gly

Tyr

Met

65

Leu

Ile

Asn

Ala

50

Ile

Gly

Asp

Ala

35

Leu

Ala

Gly

Arg

Asp

Met

Gly

Ala

Leu

Lys

Gly

Glu

Lys

Leu

Phe
85

Lys

Lys

Trp

Val

Ala

70

Phe

Ile

Leu

Phe

Phe

55

Thr

Gly

Leu

gct
Ala

gcc
Ala

ttg
Leu

gag
Glu
440

atc
Ile

cag

‘Gln-

cgt
Arg

Lys

Arg

Asp

40

Phe

Phe

Met

48541

Pro

ttt
Phe

tgg
Trp

atg
Met
425

acg

Thr

cag
Gln

aaa

tcg
Ser

Pro

Lys

25

Phe

Pro

Ser

Leu

Lys

Ala

aat
Asn

ctg
Leu
410

gtc
Val

gcc
Ala

gaa
Glu

atc

Ile

cgt
Arg
490

Ile

10

Ala

Gly

Gly

Val

Gly

Met

atc
Ile
395

gtg
Val

atc
Ile

aat
Asn

gcg
Ala

gac

Asp..

475

ctg
Leu

Thr

Ile

Val

Ala

Pro

75

Asp

Phe
380

tct

Ser

gaa
Glu

gcg
Ala

cgt
Arg

aag
Lys
460

gac
Asp

gta
val

Leu

Thr

Tyr

Asp

60

Phe

Lys

Pro

gta
Val

agc
Ser

gtg
Val

ccg
Pro
445

gaa
Glu
atc

Ile

cag
Gln

Gly

Ala

Gly

45

Pro

Leu

Tyr

Thr

ttg
Leu

tcg
Ser

ata
Ile
430

tta
Leu

att
Ile

gat

caa
Gln

Asp

Ala

30

Phe

Ser

Ile

Gly

His

att
Ile

cag
Gln
415

ggc
Gly

aaa
Lys

ctg
Leu

cag
Gln

cat
His
495

Val

15

Ser

Val

Val

Arg

Arg

Ile

gcc
Ala
400

gat
Asp

ttg
Leu

ggc
Gly

ggc
Gly

gaa

Glu..

480

ccg
Pro

Thr

Leu

Ala

Gln

Pro

80

Gln

1200

1248

1296

1344

1392

1440

1488

1503
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Lys

Ile

Leu

Tyr

145

Arg

Val.

Ile

Gly

Lew

130

Thr

Gly

Leu
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55
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65

Glu
Pro
Pro
225
Gly
His
Val
Asn
Met
305
Arg

Ala

Leu

Asn

Leu

210

Ala

Leu

Trp

Thr

Leu

290

Ile

Phe

Leu

Tle

Leu

Leu
115

Leu:

Gly

Phe

Gly

Phe

195

Gly

Phe

Gln

Arg

Tyr

275

His

Gly

Gly

Ala

Phe

Ala
100

Ile

Leu:

Ala

Met

Ala

180

Leu

Ile

Gln

Asp

Ser

260

Tyr

Tyr

Met

Arg

Ile

340

Ala

Ile

Pro

Cys

Ser

Gly

165

Gly

Glu

Ile

Gln

Gly

245

Leu

Met

Ser

Leu

Arg

325

Pro

Gly

Thr

Ser

Lys

Ile

150

Ser

Val

Trp

Gly

His

230

Pro

Leu

Leu

Glu

Phe

310

Pro

Ala

Leu

Ile

Tyr

Met

135

Phe

Trp

Val

Gly

Leu

215

Val

Lys

Ser

Leu

Asp

295

Val

Phe

Phe

Leu

Val

Ala

120

Ala

Val

Leu

Val

Trp

200

Tyr

Asp

Val

Cys

Thr

280

His

Gln

Val

Ile

Met

48541

Ile

105

Thr

Gln

Ala

Asp

Leu

185

Arg

Leu

Lys

Ser

Ile

265

Tyr

Gly

Pro

Ile

Leu

345

Leu

Met

Ile

Gly

Glu

Phe

170

Ile

Ile

Arg

Leu

Phe

250

Gly

Met

Val

Val

Met

330

Ile

Ala

Ser

Gly

Phe

Tyr

155

Gly

Ser

Pro

His

Glu

235

Lys

Leu

Pro

Leu

Met

315

Gly

Asn

Val

Ile

Ile

Ser

140

Ser

Ser

Thr

Phe

Ala

220

Gln

Glu

Val

Ser

Ile

300

Gly

Ser

Ser

Ile

Ser

Trp

125

Val

Pro

Ile

Ile

Phe

205

Leu

Gly

Ile

Ile

Tyr

285

Ile

Leu

Ile

Asn

Leu

Thr

110

Ala

Gly

Asp

Ala

Val
190

Ile

Glu

Asp

Ala

Ala

270

Leu

Ile

Leu

Ala

Val

350

Asn

Phe

Pro

Gly

Arg

Gly

175

Gly

Ala

Glu

Arg

Thr

255

Thr

Ser

Ala

Ser

Leu

335

Ile

Cys

Cys

Ile

Glu

Lys

160

Phe

Glu

Leu

Thr

Glu

240

Lys

Asn

His

Ile

Asp

320

Phe

Gly

Phe
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Thr

Arg

385

Gly

Leu

Ile

Ala

Glu

465

Ile

Arg

Gly
370

Tyr:

Leu

Met

Thr

Thr

355

Val

Thr

Met

Gly

435

Pro

450.

His

Ala

Ile

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

<220>
<221>
<222>
<223>

<400>
atg ctg aaa
Met Leu Lys

1

att
Ile

ggt
Gly

tac
Tyr

att
Ile

aat
Asn

gca
Ala
50

Tyr

Glu

Asp

5
1503
ADN

Ser:

Met

Ala

Pro

Pro

420

Ile

Ala

Asp

Leu

Glu
500

Shigella

CDS

Ala

Leu.

Thr

405

Ala

Ser

Ala

Asn

Gln
485

Ser

Ala

390

Leu

Tyr

Met

Ser.

Thr
375

Ala

Ala

Tyr

Lys

Asp

360

Leu

Ala

Ala

Leu

Glu

440

Ile

© 455, .

Ile
470

Val

sonnei

(1) ..(1503)
ma hdéa proP

vuang

5

gat
Asp

gca
Ala
35

tta
Leu

agg
Arg

gac
Asp
20

atg
Met

ggt
Gly

aaa
Lys

ggt
Gly

gaa
Glu

aaa
Lys

aaa
Lys

aaa
Lys

tgg
Trp

gtt
Val

Glu

Lys

gta
Val

ctg
Leu

ttc
Phe

ttt
Phe
55

Gln

Arg

aaa
Lys

cgt
Arg

gat
Asp
40

ttc
Phe

48541

Pro

Phe

Trp

Met
425

Thr

Gln

Lys

Ser

ccg
Pro

aaa
Lys
25

ttt
Phe

ccg
Pro

Ala

Asn

Leu
410

Val

Ala

Glu

Ile

Arg
490

att
Ile
10

gcc

Ala

ggt
Gly

999
Gly

Met

Ile

395

Val

Ile

Asn

Ala

Asp
475

Leu

acc
Thr

att
Ile

gtt
Val

gct
Ala

Phe
380

Ser

Glu

Ala

Arg

Lys
460

Asp

Val

ctt
Leu

acc
Thr

tat
Tyr

gac
Asp
60

365

Pro

val.-

Ser

Val

Pro
445

Glu

Ile

Gln

cgt
Arg

gca
Ala

ggt
Gly

ccc
Pro

Thr

Leu

Ser

Ile
430

Leu

Ile

Asp

Gln

gat
Asp

gca
Ala
30

ttt
Phe

agc
Ser

His

Ile

Gln
415

Gly

Lys

Leu

Gln

His
495

gtc
Val
15

tca
Ser

gtt
Val

gtg
Val

Ile

Ala

400

Asp

Leu

Gly

Gly

Glu
480

Pro

acc
Thr

ctg
Leu

gct
Ala

cag
Gln

48

96

144

192
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atg
Met
65

ctt
Leu

aag-

Lys

att
Ile

ctg
Leu

tat
Tyr

gtt
Val

ggc
Gly

atc
Ile

ggc
Gly

ctg
Leu

130:

acc
Thr

145 ..

cgt
Arg

gtg
Val

gcg
Ala

ccg
Pro

ccg
Pro
225

ggt
Gly

tac
Tyr

gtg
Val

aac
Asn

atg
Met
305

cgt

ggc

Gly

ctg
Leu

aac
Asn

tta
Leu
210

gcg
Ala

ttg
Leu

tgg
Trp

act
Thr

ctg
Leu
290

atc
Ile

ttt

gct
Ala

999
Gly.

ctc:

Leu

tta
Leu
115

ttg

Leu

999
Gly

ttt

Phe

ggt
Gly

ttc
Phe
195

999
Gly

ttc
Phe

cag
Gln

cgc
Arg

tac
Tyr
275

cat
His

ggt
Gly

ggc

gca
Ala

ctc
Leu

gct

Ala

100

ata
Ile

atc
Ile

gcg
Ala

atg
Met

gcg
Ala
180

ctc

Leu

att
Ile

cag
Gln

gat
Asp

agc
Ser
260

tac
Tyr

tac
Tyr

atg
Met

cgt

ctt
Leu

ttc

Phe.

85

atc
Ile

ccg
Pro

tgt
Cys

tcg
Ser

ggc
Gly
165

ggc
Gly

gac
Asp

atc
Ile

cag
Gln

ggc
Gly
245

ctg
Leu

atg
Met

tcc
Ser

ctg
Leu

cgt

gcc
Ala
70

ttt
Phe

act
Thr

tcc
Ser

aag
Lys

ata
Ile
150

agc
Ser

gtg
Val

tgg
Trp

999
Gly

cat
His
230
ccg

Pro

ttg
Leu

ttg
Leu

gaa
Glu

ttt
Phe
310

ccg

act
Thr

ggt
Gly

att
Ile

tac
Tyr

atg
Met
135

Tttt
Phe

tgg
Trp

gtg
Val

ggc
Gly

ctt
Leu
215

gtt
Val

aaa
Lys

aca
Thr

ctg
Leu

gac
Asp
295

gtc
Val

ttt

ttc
Phe

atg
Met

gtg
Val

gac
Asp
120

gca
Ala

gtt
Val

ctg
Leu

gtg
Val

tgg
Trp
200

tac

Tyr

gat
Asp

gtc
Val

tgt
Cys

acc
Thr
280

cac
His

cag
Gln

gtg

48541

tcc
Ser

ttg
Leu

att
Ile
105

acg
Thr

gcg
Ala

gac
Asp

tta
Leu
185

cgt
Arg

ctg
Leu

aaa
Lys

tcg
Ser

att
Ile
265

tat
Tyr

999
Gly

ccg
Pro

cta

gtt
Val

ggc
Gly

atg
Met

att
Ile

"ggt

Gly

gaa
Glu

ttc
Phe
170

att
Ile

att
Ile

cgc
Arg

ctg
Leu

ttt
Phe
250

ggt
Gly

atg
Met

gtg
Val

gtg
Val

ctt

10

ccc
Pro
75

gat

Asp

tcg
Ser

ggt
Gly

ttc
Phe

‘tac

Tyr
155

ggt
Gly

tcg
Ser

ccg
Pro

cat
His

gaa
Glu
235

aaa

Lys

ctg
Leu

ccg
Pro

ctg
Leu

atg
Met
315

ggt

ttt
Phe

aaa
Lys

atc
Ile

att
Ile

tcg
Ser
140

tcc
Ser

tct
Ser

acc
Thr

ttc
Phe

gcg
Ala
220

cag

Gln

gag
Glu

gta
Val

agt
Ser

att
Ile
300

ggc
Gly

agt

ctg
Leu

tat
Tyr

agt
Ser

tgg
Trp
125

gtc
Val

cct
Pro

att
Ile

att
Ile

ttt
Phe
205

ttg

Leu

ggc
Gly

att
Ile

att
Ile

tat
Tyr
285

att
Ile

ttg
Leu

gtt

att
Ile

ggt
Gly

acg
Thr
110

gca
Ala

ggc
Gly

gac
Asp

gcc
Ala

gtc
Val
190

att
Ile

gaa
Glu

gac
Asp

gcc
Ala

gcc
Ala
270

ttg
Leu

atc
Ile

ctg
Leu

gcc

cga
Arg

cgc
Arg

ttc
Phe

ccg
Pro

ggt
Gly

cgt
Arg

999
Gly
175

ggc
Gly

gct
Ala

gaa
Glu

cgc
Arg

act
Thr
255

acc
Thr

tcg
Ser

gcc
Ala

agt
Ser

ctg

ccg
Pro
80

cag
.Gln

tgt
Cys

att
Ile

gaa
Glu

aaa

Lys
160

ttt
Phe

gaa
Glu

ctg
Leu

act
Thr

gaa
Glu
240

aaa

Lys

aac
Asn

cat
His

att
Ile

gac
Asp
320

ttt

240

- 288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008
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Arg

gtg
Val

ctg-
Iles

Leu

acg
Thr

cgt
Arg
385

ggt
Gly

ctg
Leu

atc
Ile

gcg
Ala

gag
Glu
465

att
Ile

cga
Arg-

Phe

ttg

Leu

att:

ggc.

Gly
370

tac

Tyr

ctg
Leu

atg

acc
Thr

aca
Thr
450

cat

His

gcc
Ala

att
Ile

<210>

<211>
<212>
<213>

<400>

‘Met..

6

6

Gly

gcg
Ala

ttt
Phe
355

gtt
Val

agc
Ser

acg
Thr

atg

Met..

ggc
Gly
435

ccg

Pro

tac
Tyr

gat
Asp

gat
Asp

500
PRT
Shigella

Arg

atc
Ile

340

.gecer
Ala:

atg
Met

gcg
Ala

cca
Pro

cct

Pro.

420

gta
Val

gcg
Ala

gat
Asp

ttg
Leu

gaa
Glu
500

Met Leu Lys Arg

1

Ile Ile Asp Asp

20

Gly Asn Ala Met

35

Arg
325

ccg

Pro

999
Gly

gct
Ala

ctg
Leu

aca
Thr
405

gcc

Ala.

acc
Thr

gcg
Ala

aat
Asn

cag
Gln
485

taa

Pro

gcg
Ala

tta
Leu

tct
Ser

gcg
Ala
390

ctg
Leu

tat

Ty,

atg
Met

tca
Ser

atc
Ile
470

gcg
Ala

sonnei

Phe

ttt
Phe

ctg

Leu

acc
Thr
375

gcg
Ala

gcg
Ala

tac

Tyr.

aaa
Lys

gat
Asp
455

gag
Glu

aaa
Lys

Lys Lys Val

5

Gly Lys Leu

Glu Trp Phe

Val

att
Ile

atg
Met
360

ttg
Leu

gca
Ala

gcc
Ala

ctg

Leu:

gag
Glu
440

ata
Ile

cag
Gln

cgt
Arg

Lys

Arg

Asp
40

48541

Leu Leu
330

ctg att
Leu Ile
345

ctg gcg
Leu Ala

cca gcg
Pro Ala

ttt aat
Phe Asn

tgg ctg
Trp Leu
410

atg gta
Met Val
425

acg gca
Thr Ala

cag gaa
Gln Glu

aaa atc
Lys Ile

acc cgc
Thr Arg
490

Gly

aac
Asn

gtg-
Val

atg
Met

att
Ile
395

gtc
Val

gtg
Val.

aat
Asn

gcg
Ala

gat
Asp
475

ctg
Leu

Ser

agt
Ser

atcr

Ile-

ttc
Phe
380

tcg
Ser

gaa
Glu

gcg
Ala.

cgt
Arg

aag
Lys
460

gat
Asp

gtg
Val

Pro Ile Thr Leu

10

Lys Ala Ile Thr

25

Phe Gly Val Tyr

11

Val

aac
Asn

ctt
Leu.
365

ccg
Pro

gtg
Val

agc
Ser

gtg

Nal.

ccg
Pro
445
gaa
Glu

att
Ile

cag
Gln

Arg

Ala

Gly
45

Ala

gtc
Val
350.

zac:
Asns

acg
Thr

ctg
Leu

tcg
Ser

att
430

ttg
Leu

att
Ile

gac
Asp

caa
Gln

Asp

Ala
30

Phe

Ile.

Leu
335

atc
Ile

tgc

Cys:

cat
His

gtt
Val

cag
Gln
415

ggt

Gly..

aaa
Lys

ctc
Leu

cac
His

cat
His
495

Val
15

Ser

Val

Phe

ggc
Gly

[ of o ol
:Phe:

atc
Ile

gcc
Ala
400

aat
Asn

tta

Leui. ..

ggt
Gly

gtc
Val

gag
Glu
480

ccg
Pro

Thr

Leu

Ala

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1503

83/125



10

15

20 .

© 0250
Tyr

30

35

40

45

50

55

60

65

Tyr

Met

65

Leu

Lys

Ile

Leu

145

Arg

Val

Ala

Pro

Pro

225

Gly

Tyr

Val

Asn

Met

Ala
50

Val

Gly.

Ile
Gly
Leu
130
Thr
Gly
Leu
Asn
Leu
210
Ala
Leu
Trp
Thr
Leu

290

Ile

Leu

Ala.

Gly

Leu

Leu

115

Leu

Gly

Phe

Gly

Phe

195

Gly

Phe

Gln

Arg

Tyr

275

His

Gly

Gly

Ala

Leu
Ala
100
Ile
Tle
Ala
Met
Ala
180
Leu
Ile
Gln
Asp
Ser
260
Tyr

Tyr

Met

Lys

Leu

Phe

85

Ile

Pro

Cys

Ser

Gly

165

Gly

Asp

Ile

Gln

Gly

245

Leu

Met

Ser

Leu

Val

Ala

70

Phe

Thr

Ser

Lys

Ile

150

Ser

Val

Trp

Gly

His

230

Pro

Leu

Leu

Glu

Phe

Phe

55

Thr

Gly

Ile

Tyr

Met

135
Phe
Trp
Val
Gly
Leu
215
Val
Lys
Thr
Leu
Asp

295

Val

Phe
Phe
Met
Val
Asp
120
Ala
Val
Leu
Val
Trp
200
Tyr
Asp
Val
Cys
Thr
280

His

Gln

48541

Pro

Ser

Leu

Ile

105

Thr

Gln

Ala

Asp

Leu

185

Arg

Leu

Lys

Ser

Ile

265

Tyr

Gly

Pro

Gly

Val

Gly

90

Met

Ile

Gly-

Glu
Phe
170
Ile
Ile
Arg
Leu
Phe
250
Gly
Met

Val

Val

12

Ala

Pro

75

Asp

Ser

Gly

Phe”

Tyr

155

Gly

Ser

Pro

His

Glu

235

Lys

Leu

Pro

Leu

Met

Asp

60

Phe

Lys

Ile

Ile

Ser

140

Ser

Ser

Thr

Phe

Ala

220

Gln

Glu

Val

Ser

Ile

300

Gly

Pro

Leu

Tyr

Ser

Trp

125

Val

Pro

Ile

Ile

Phe

205

Leu

Gly

Ile

Ile

Tyr

285

Ile

Leu

Ser

Ile

Gly

Thr

110

Ala

Gly

Asp

Ala

Val

190

Ile

Glu

Asp

Ala

Ala

270

Leu

Ile

Leu

Val

Arg

Arg

95

Phe

Pro

Gly

Arg

Gly

175

Gly

Ala

Glu

Arg

Thr

255

Thr

Ser

Ala

Ser

Gln

Pro

80

Gln

Cys

Ile

‘Glu

Lys

160

Phe

Glu

Leu

Thr

Glu

240

Lys

Asn

His

Ile

Asp
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305

Arg

Val

Leu.

Thr

Arg
385

_Gly
2550

Leu

Ile

Ala

Glu

465

Ile

Arg

Phe

Leu

Ile

Gly
370

‘Tyr

Leu
Met
Thr
Thr
450
His

Ala

Ile

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

<220>
<221>
<222>
<223>

<400>
atg aaa tta cgt agg aag cgt gtt aag cct atc gga tta aag gac gtc
Met Lys Leu Arg Arg Lys Arg Val Lys Pro Ile Gly Leu Lys Asp Val

1

7
1

Gly

Ala:

Phe-

355

Val
Ser
Thr
Met
Gly
435
Pro
Tyr

Asp

Asp

506

ADN
Erwinia pyrifoliae

CDS
(1) ..(1506)
Vung m& hbéa proP

7

Arg

Ile
340

Ala

Met

Ala

Pro

Pro

420

Val

Ala

Asp

Leu

Glu
500

Arg
325

Pto

Gly

Ala

Leu

Thr

40Q5.

Ala

Thr

Ala

Asn

Gln
485

5

310

Pro

Ala

Leu

Ser

Ala

390

Leu

Tyr

Met

Ser

Ile

470

Ala

Phe

Phe

Leu

Thr

375

Ala

Ala

Tyr

Lys

Asp

455

Glu

Lys

Val

Ile

Met

360

Leu

Ala

Ala

Leu

Glu

440

Ile

Gln

Arg

48541

Leu

Leu

345

Leu

Pro

Phe

Trp

Met

425

Thr

Gln

Lys

Thr

Leu

330

Ile

Ala

Ala

Asn

Leu

410.

Val

Ala

Glu

Ile

Arg
490

10

13

315

Gly

Asn

Val

Met

Ile

395

Val

Val

Asn

Ala

Asp

475

Leu

Ser

Ser

Ile

Phe

380

Ser

Glu

Ala

Arg

Lys

460

Asp

Val

Val

Asn

Leu

365

Pro

Val

Ser

Val

Pro

445

Glu

Ile

Gln

Ala

Val

350

Asn

Thr

Leu

Ser

Ile

430

Leu

Ile

Asp

Gln

Leu

335

Ile

Cys

His

Val

Gln

415

Gly

Lys

Leu

His

His
495

15

320

Phe

Gly

Phe

Ile

Ala

400

Asn

Leu

Gly

Val

Glu

480

Pro
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acc
Thr

ttg
Leu

gcc
Ala

cag
Gln
65

ccg

Pro

cag
Gln

tgt

Cys

atc
Ile

gaa
Glu
145

aaa

Lys

ttt
Phe

gaa
Glu

cta
Leu

act
Thr
225

gaa
Glu

aag
Lys

aac

att
Ile

ggc
Gly

tac
VT
50

atg
Met

tta
Leu

daa
Lys

att

Ile

ctg
Leu
130

tat
Tyr

cgt
Arg

gtg
Val

gcg
Ala

ccg
Pro
210

ccg
Pro

gga
Gly

cac
His

gtg

att
Ile

aat.

Asn
35

‘gca

Ala

att
Ile

ggc:
Gly

ata
Tle

ggt
Gly
115

cta

Leu

acc
Thr

ggc
Gly

ctg
Leu

agt
Ser
195

ctg
Leu

gcg
Ala

ttg
Leu

tgg
Trp

acc

gac
Asp
20

gcc

Ala

ctg
Leu

gcc
Ala

ggc
Gly

ctg
Leu

gat
Asp

atg
Met

999
Gly

gcc
Ala

ctg
Leu
85

teg

Ser

100

tta

Leu

ttg
Leu

999
Gly

ttt
Phe

ggt
Gly
180

ttc
Phe

ggt
Gly

ttc
Phe

gcc
Ala

aaa
Lys
260

tat

atc
Ile

ctg
Leu

gct
Ala

atg
Met
165

gcc

Ala

ctt
Leu

atc
Ile

cag
Gln

gat
Asp
245

agc
Ser

tac

gcc
Ala

gag
Glu

caa
Gln

ctg
Leu
70

ttc
Phe

ata
Ile

ccg
Pro

tgt
Cys

tcc
Ser
150

ggc
Gly

gga
Gly

gaa
Glu

atc
Ile

cag
Gln
230

999
Gly

ctg
Leu

atg

aga
Arg

tagg
Trp

gtt
Val
55

gca
Ala

ttt
Phe

acc
Thr

tct
Ser

aaa
Lys
135

atc

Ile

agc
Ser

ctg
Leu

tgg
Trp

999
Gly
215

cat
His

ccg
Pro

ctg
Leu

ctg

tta
Leu

ttc
Phe
40

ttc
Phe

acc
Thr

999
Gly

att
Ile

tat
Tyr
120

atg
Met

ttc
Phe

tgg
Trp

gtg
Val

ggc
Gly
200

ctt
Leu

gtc
Val

caa
Gln

gcc
Ala

ctg

48541

cgt
Arg

gac
Asp

ttc
Phe

ttc
Phe

tcg
Ser

att
Ile
105

gcc
Ala

gcg
Ala

gtt
Val

ctg
Leu

gtg
Val
185

tgg
Trp

tat
Tyr

gac
Asp

gtc
vVal

tgc
Cys
265

acc

aag
Lys

ttt
Phe

ccc
Pro

tcc
Ser

ctg
Leu
90

atc

Ile

tcg
Ser

cag
Gln

gct
Ala

gac
Asp
170

ctg

Leu

cgt
Arg

ctg
Leu

aag
Lys

tca
Ser
250
atc
Ile

tac

14

gcg
Ala

ggc
Gly

ggc
Gly

gtg
Val
75

gg9
Gly

atg
Met

att
Ile

ggc
Gly

gaa
Glu
155

ttc
Phe

att
Ile

att
Ile

cgc
Arg

ctg
Leu
235

ttt
Phe

ggt
Gly

atg

att
Ile

gtt
Val

gcc
Ala
60

ccc
Pro

gat
Asp

tcg
Ser

ggt
Gly

ttc
Phe
140

tac

Tyr

ggt
Gly

tca
Ser

ccg
Pro

cac
His
220

gaa
Glu

aaa
Lys

ctg
Leu

ccg

aca
Thr

tat
Tyr
45

gat
Asp

ttc
Phe

.aaa

Lys

gtc
Val

atc
Ile
125

tcg
Ser

tca
Ser

tcc
Ser

gcg
Ala

ttc
Phe
205

gcg
Ala

aag
Lys

gag
Glu

gtg
Val

agc

gct
Ala
30

ggt
Gly

cca
Pro

ctg
Leu

tac
Tyr

agt
Ser
110

tgg
Trp

gtg
Val

ccg
Pro

atc
Ile

gtt
Val
190

ttc
Phe

ctt
Leu

ggc
Gly

att
Ile

att
Ile
270

tac

gcc
Ala

ttt
Phe

999
Gly

atc
Ile

ggc
Gly
95

acg

Thr

gca
Ala

ggt
Gly

gat
Asp

gcc
Ala
175

atc

Ile

gtg
Val

gaa
Glu

gat
Asp

gcc
Ala
255

gcc
Ala

ctg

tca
Ser

gtt
Val

acg
Thr

cgc
Arg

cgc
Arg

ttc
Phe

ccg
Pro

ggt
Gly

cgc
Arg
160

gga
Gly

ggt
Gly

gcg
Ala

gag
Glu

cgg
Arg
240

act
Thr

acc
Thr

tcg

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864
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Asn

cat
His

att

Ile
305

gac.

Asp

ctg
Leu

ggt-

Gly

ttC;
‘Phe-:

atc
Ile
385

gcc
Ala

aat
Asn

ctg
Leu

ggc
Gly

cag
Gln
465

cag
Gln

ccg
Pro

Val

aac
Asn
290

.atg-

Met

aaa
Lys-

acg
Thr

ctg

Leu

.acc
Thr:

370

cgc
Arg

ggc
Gly

ttg
Leu

gta
Val

gct
Ala
450

gaa
Glu

atc
Ile

cgt
Arg

<210>
<211>
<212>

<213>

<400>

8

501
PRT
Erwinia pyrifoliae

8

Thr
275

ctc
Leu

ttg
Leu

ttc
Phe

ctg
Leu

att
Ile
355

999

Gly:

tac
Tyr

ctg
Leu

tat
Tyr

acc
Thr
435

gcg
Ala

cat
His

gct
Ala

atc
Ile

Tyr

cat
His

999
Gly

ggt
Gly

tca
Ser
340

ttt

Phe

gtc

Val.

agt
Ser

acg
Thr

atg
Met
420

999
Gly

cct
Pro

cac
His

gag
Glu

aac
Asn
500

Tyr

tat
Tyr

atg
Met

cgt
Arg
325

gta
val

gcc
Ala

atg

Met..

gcg
Ala

ccg
Pro
405

cca
Pro

att
Ile

gcg
Ala

gat
Asp

ctt
Leu
485

gag
Glu

Met

tcg
Ser

ctg
Leu
310

cgc
Arg

ccg
Pro

999
Gly

gca

Ala.

ctg
Leu
390

acc

Thr

gct
Ala

atg
Met

gct
Ala

aat
Asn
470

gaa
Glu

taa

Leu

gaa
Glu
295

ttt
Phe

ccg
Pro

tgc
Cys

ctg
Leu

tca
Ser
375

gcc
Ala

gct
Ala

tat
Tyr

atg
Met

tcg
Ser
455

atc
Ile

gca
Ala

Leu
280

gat
Asp

gtg
Val

ttt
Phe

ttt
Phe

ctg
Leu
360

agc

Ser..

agt
Ser

gcc
Ala

tat
Tyr

aag
Lys
440

gat
Asp

gaa
Glu

aaa
Lys

48541

Thr

cat
His

cag
Gln

gtt
Val

atg
Met

345
acg

Thr

ctg

gcc
Ala

gcc
Ala

ctg
Leu
425

gaa

Glu

atg
Met

cat
His

cgc
Arg

Leux

Tyr

ggc
Gly

ccg
Pro

att
Ile
330

ctg
Leu

ctg
Leu

ccg

Pro:

ttt
Phe

tgg
Trp
410

atg
Met

acg
Thr

gct
Ala

aag
Lys

tcg
Ser
490

15

Met

gtg
Val

gtg
Val
315

atc
Ile

atc
Ile

gcg
Ala

gcg

Ala

aac
Asn
395

ctg
Leu

gtc
Val

gcc
Ala

gaa
Glu

atc
Ile
475

cat
His

Pro

atg
Met
300

atg
Met

ggc
Gly

aac
Asn

gtg
Val

atg

Met..

380

atc
Ile

gta
Val

gtc
val

aat
Asn

gcg
Ala
460

gca
Ala

ctt
Leu

Ser
285

atc
Ile

ggc
Gly

agt
Ser

agc
Ser

atc
Ile
365

ttc

Phe.

tcg
Ser

gaa
Glu

gcg
Ala

ctg
Leu
445

aaa

Lys

gat
Asp

att
Ile

Tyr

att
Ile

ctg
Leu

atc
Ile

ggc
Gly
350

ctt
Leu

ccc
Pro

gtg
Val

acg
Thr

gtg
Val
430

ccg

Pro

gag
Glu

att
Ile

tat
Tyr

Leu

atc
Ile

atg
Met

gcg
Ala
335

gtg
Val

aac
Asn

act

Thr.

ctg
Leu

acc
Thr
415

att
Ile

ctg
Leu

atc
Ile

aac
Asn

caa
Gln
495

Ser

gcc
Ala

agc
Ser
320

ctg
Leu

atg
Met

agc
Ser

cat

His ..

gtt
Val
400

agc
Ser

ggt
Gly

cgt
Arg

ctg
Leu

gag
Glu
480

cat
His

912

960"

1008

1056-

1104

1152

1200

1248

1296

1344

1392

1440

1488

1506

87/125



10

15

20

30

35

40

45

50

55

60

65

Met

Thr

Leu

Ala

Gln

65v‘

Pro

Gln

Cys

Tle

Glu

145

LyS

Phe

Glu

Leu

Thr

225

Glu

Lys

Lys

Ile

Gly

Tyr
50

Met

Leu

TIle

Lys
Ile
Leu
130
Tyr
Arg
Val
Ala
Pro
210
Pro

Gly

His

Leu

Ile.

ASn

35

Ala

Tle

Gly

Gly

115

Leu

Thr

Gly

Leu

Ser

195

Leu

Ala

Leu

Trp

Arg

Asp

20

Ala

Leu

Ala

Gly

Leu

100

Leu

Leu

Gly

Phe

Gly

180

Phe

Gly

Phe

Ala

Lys

Arg

Asp

Met

Gly

Ala

Teu

85

Ser
Ile
Leu
Ala
Met
165
Ala
Leu
TIle
Gln
Asp

245

Ser

Lys
Ala
Glu
Gln
Leu
70

Phe
Ile
Pro
Cys
Ser
150
Gly
Gly
Glu
Ile
Gln
230

Gly

Leu

Arg

A r'g

Trp

Val

55

Ala

‘Phe-

Thr
Ser
Lys
135
Ile
Ser
Leu
Trp
Gly
215
His

Pro

Leu

Val

Leu

Phe

40

Phe

Thr

Gly

Tle

Tyr

120

Met

Phe

Trp

Val

Gly

200

Leu

Val

Gln

Ala

Lys
Arg
25

Asp
Phe
Phe
Ile
105
Ala
Ala
Val
Leu
val
185
Trp
Tyr
Asp

Val

Cys

Pro

10

Lys

Phe

Pro

Ser

Teu

90

Ile

Ser

Gln

Ala

Asp

170

Leu

Arg

Leu

Lys

Ser

250

Tle

16

Ile

Ala

Gly

Gly

Val

75

Gly

Met

Tle

Gly

Glu

155

Phe

Ile

Ile

Arg

Leu

235

Phe

Gly

Gly

Ile

Val

Ala

60

Pro

Asp

Ser

Gly

Phe

140

Tyr

Gly

Ser

Pro

His

220

Glu

Lys

Leu

Leu

Thr

Tyr

45

Asp

Phe

Val

Ile

125

Ser

Ser

Ser

Ala

Phe

205

Ala

Lys

Glu

Val

Lys

Ala

30

Gly

Pro

Leu

Ser

110

Trp

Val

Pro

Ile

vVal

190

Phe

Leu

Gly

Ile

Ile

Asp

Ala

Phe

Gly

Ile

Gly

95

Thr

Ala

Gly

Asp

Ala

175

Tle

Val

Glu

Asp

Ala

255

Ala

Val

Ser

Val

Thr

Arg

Arg

Phe

Pro

Gly

Arg

160

Gly

Gly

Ala

Glu

Arg

240

Thr

Thr
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Asn

His

Ile

305

Asp

Leu

Gl ya

Phe

Ile

385

Ala

Asn

Leu

Gly

Gln

465

Gln

Pro

Val

Asn

Thr
275

Leu’

290

Met

Lys

Thr

Leu,

Thr
370

Arg

Gly

Val

Ala

450

Glu

Ile

Arg

<210>
<211>
<212> ADN

Leu

Phe

Leu

Ile

355.:

Gly

Tyr

Leu

Tyr

Thr

435

Ala

His

Ala

Ile

1503

260

Tyr

His

Gly

Gly

Ser

340

Phe

Val

Ser

Thr

Met

420

Gly

Pro

His

Glu

Asn
500

Tyr

Tyr

Met

Arg

325

Val

Ala

Met

Ala

Pro

405

Pro

Ile

Ala

Asp

Leu

485

Glu

Met

Ser

Leu

310

Arg

Pro

Gly

Ala

Leu

390

Thr

Ala

Met

Ala

Asn

470

Glu

Leu

Glu

295

Phe

Pro

Cys

Leu

Ser

375

Ala

Ala

Tyr

Met

Ser

455

Ile

Ala

Leu

280

Asp

Val

Phe

Phe

Leu

48541

265

Thr

His

Gln

Val

Met

345

Thr

360

Ser

Ser

Ala

Tyr

Lys

440

Asp

Glu

Lys

Leu

Ala

Ala

Leu

425

Glu

Met

His

Arg

Tyr

Gly

Pro

Ile

330

Leu

Leu

Pro

Phe

Trp

410

Met

Thr

Ala

Lys

Ser
490

17

Met

val

Val

315

Ile

Ile

Ala

Ala

Asn

395

Leu

Val

Ala

Glu

Ile

475

His

Pro

Met

300

Met

Gly

Asn

Val

Met

380

Ile

Val

Val

Asn

Ala

460

Ala

Leu

Ser

285

Ile

Gly

Ser

Ser

Ile

365

Phe

Ser

Glu

Ala

Leu

445

Lys

Asp

Ile

270

Tyr

Ile

Leu

Ile

Gly

350

Leu

Pro

Val

Thr

Val

430

Pro

Glu

Ile

Tyr

Leu ¢

Ile

Met

Ala

335

Val

Asn

Thr

Leu

Thr

415

Ile

Leu

Ile

Asn

Gln
495

Ala

Ser

320

Leu

Met

Ser

His

Val

400

Ser

Gly

Arg

Leu

Glu

480

His
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<213>

<220>
<221>
<222>
<223>

thay thé AA

<400>
atg ctg.aaa
Met . Leld . Lys

1

att
Ile

ggt
Gly

tac

Tyz.. -
RN {0 EE

atg
Met
65

ctt
Leu

aag
Lys

att
Ile

ctg
Leu

tat
Tyr
145

cgt
Arg

gtg
Val

gcg
Ala

ccg
Pro

att
Ile

aat

Asn

gca
Ala

gtt
Val

ggc
Gly

atc
Ile

ggc
Gly

ctg
Leu
130

acc
Thr

ggc
Gly

ctg
Leu

aac
Asn

tta
Leu
210

Escherichia coli

CDS
(1) .
vuang

9

gat
Asp

gca
Ala
35

tta
Leu

gct
Ala

gga
Gly

ctc
Leu

tta
Leu
115

ttg
Leu

999
Gly

ttt
Phe

ggt
Gly

ttc
Phe
195

999
Gly

. (1236)
mid hobéa alen
E412*)

agg

Arg-

gac
Asp

atg
Met

ggt

Gly

gca
Ala

ctc
Leu

gct
Ala
100

ata
Ile

atc
Ile

gcg
Ala

atg
Met

gcg
Ala
180

ctc
Leu

att
Ile

aaa
Lys

ggt
Gly

gaa
Glu

aaa

Lys

ctt
Leu

ttc
Phe
85 -

atc
Ile

ccg
Pro

tgt
Cys

tcg
Ser

ggc
Gly
165

ggc
Gly

gat
Asp

atc
Ile

aaa
Lys

aaa
Lys

tgg
Trp

gtt
Val

gcc
Ala
70

ttt
Phe

act
Thr

tcc
Ser

aag
Lys

ata
Ile
150

agc

Ser

gtg
Val

tgg
Trp

999
Gly

proP M8

gta
Val

ctg
Leu

ttc
Phe

ttt
Phe
55

act

Thr

ggt
Gly

att
Ile

tac
Tyr

atg
Met
135

ttt

Phe"

tgg
Trp

gtg
Val

ggc
Gly

ctt
Leu
215

aaa
Lys

cgt

Arg.

gat
Asp
40

ttc
Phe

ttc
Phe

atg
Met

gtg
Val

gac
Asp
120

gca
Ala

gtt
Val

ctg
Leu

gtg
Val

tgg
Trp
200

tac
Tyr

48541

thay thé g bi3ng

ccg
Pro

aaa
Lys
25

ttt
Phe

ccg
Pro

tcc
Ser

ttg
Leu

att
Ile
105

acg
Thr

caa
Gln

gcg
Ala

gac
Asp

tta
Leu
185

cgt
Arg

ctg
Leu

att
Ile
10

gcc
Ala

ggt
Gly

999
Gly

gtt
Val

ggc
Gly
90

atg
Met

att
Ile

ggt
Gly

gaa
Glu

ttc
Phe
170

att
Ile

att
Ile

cgc
Arg

18

acc
Thr

att
Ile

gtt
Val

gct
Ala

ccc
Pro
75

gat
Asp

tcg
Ser

ggt
Gly

ttc
Phe

tac
Tyr
155

ggt
Gly

tcg
Ser

ccg
Pro

cat
His

ctt
Leu

acc
Thr

tat
Tyr

gac
Asp
60

ttt
Phe

aaa
Lys

atc
Ile

att
Ile

tcg
Ser
140

tcc
Ser

tct
Ser

acc
Thr

ttc
Phe

gcg
Ala
220

cgt
Arg

gca
Ala

ggt
Gly

ccc
Pro

ctg
Leu

tat
Tyr

agt
Ser

tagg
Trp
125

gtc
Val

cct
Pro

att
Ile

att
Ile

ttt
Phe
205

ctg
Leu

vi tri 1234 gay ra

gat
Asp

gca
Ala
30

ttt
Phe

agc
Ser

att
Ile

ggt
Gly

acg
Thr
110

gca
Ala

ggc
Gly

gac
Asp

gcc
Ala

gtc
Val
190

atc
Ile

gaa
Glu

gtc
Val
15

tca
Ser

gtt
Val

gtg
Val

cga
Arg

cgc
Arg
95

ttc
Phe

ccg
Pro

ggt
Gly

cgt
Arg

ggg
Gly
175

ggc
Gly

gct
Ala

gag
Glu

acc
Thr

ctg
Leu

gct
Ala

cag
Gln

ccg
Pro
80

cag
Gln

tgt
Cys

att
Ile

gaa
Glu

aaa
Lys
160

ttt
Phe

gaa
Glu

ctg
Leu

act
Thr

48

96

144

192

240

288

336

384

432

480

528

576

624

672

90/125
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ccg
Pro
225

ggt
Gly

tac
Tyr

gtg
Val

aac
Asn

atg
Met
305

Arg

gtg
Val

ctg
Leu

acg
Thr

cgt
Arg
385

ggt
Gly

gcg
Ala

ttg
Leu

tgg

Trp

act
Thr

ctg
Leu

ttc
Phe

cag
Gln

“€gc
‘Arg

tac
Tyr
275

cat
His

290 .

atc
Ile

Phe

ttg
Leu

att
Ile

ggc
Gly
370

tac

Tyr

ctg
Leu

‘tttigge”

ggt
Gly

Gly

gcg
Ala

ttt
Phe
355

gtt
Val

agc
Ser

acg
Thr

cag
Gln

gat
Asp

agc
Ser
260

tac

Tyr

tac
Tyr

atg
Met

Arg

atc
Ile
340

gcc
Ala

atg
Met

gcg
Ala

cca
Pro

egt:

cag
Gln

ggc
Gly
245

ctg
Leu

atg
Met

tcc
Ser

ctg
Leu

icgt.

Arg
325

ccg
Pro

ggg
Gly

gct
Ala

ctg
Leu

acg
Thr
405

cat
His
230

ccg
Pro

ttg
Leu

ttg
Leu

gaa
Glu

ttt
Phe
310

ccg
Pro

gcg
Ala

tta
Leu

tct
Ser

gcg
Ala
390

ctg
Leu

gtc
vVal

aaa
Lys

aca
Thr

ctg
Leu

gac
Asp
295

gtc
Val

Tttt

Phe

ttt
Phe

ctg
Leu

acc
Thr
375

gcg
Ala

gcg
Ala

gat
Asp

gtc
Val

tgt
Cys

acc
Thr
280

cac

His

cag
Gln

gtg.

Val

att
Ile

atg
Met
360

ttg

Leu

gca
Ala

gcc
Ala

48541

aaa
Lys

tcg
Ser

att
Ile
265

tat
Tyr

999
GCly

ccg
Pro

Leu

ctg
Leu
345

ctg
Leu

cca
Pro

ttt
Phe

tgg
Trp

cta

ctg
Leu

ttt
Phe
250

ggt
Gly

atg
Met

gtg
val

gtg
Val

ctt
Leu
330

att
Ile

gcg
Ala

gcg
Ala

aat
Asn

ctg
Leu
410

gaa
Glu
235

aaa
Lys

ctg
Leu

ccg
Pro

atg
Met
315

ggt
Gly

aac
Asn

gtg
Val

atg
Met

att
Ile
395

gtc
Val

cag
Gln

gag
Glu

gta
Val

agt
Ser

att
Ile
300

ggc
Gly

agt
Ser

agt
Ser

atc
Ile

ttc
Phe
380

tcg
Ser

taa

gtt.

cgt
Arg

ggc
Gly

gac
Asp

att
Ile

act
Thr
255

gcc
Ala.

att
Ile

acc
Thr

gcc
Ala
270

tat
Tyr
285

ttg
Leu

tcg
Ser

att
Ile

atc
Ile

gcc

ttg
Leu

ctg
Leu

agt
Ser

ctg
Leu
335

gcec

Val Ala

atc
Ile

aac
Asn

gtc
Val
350

ctt
Leu
365

aac
Asn

tgc
Cys

cat
His

ccg
Pro

acg
Thr

ctg
Leu

gtt
Val

gtg
Val

agctcgcaga

Ala T

gaa
Glu
240

aaa
Lys

aac
Asn

cat
His

att

gac
Asp
320

ttt
Phe

ggc
Gly

ttt
Phe

atc
Ile

gcc
Ala
400

atctgatgat
taaccatgaa
tacaggaagc
atattgacca
cgcgaattga
<210>
<211>

<212>
<213>

10
411
PRT

<400> 10

gcctgectat
agagacggca
gaaggaaatt
cgagattgcc

tgaataa

tacctgatgg tagtggcggt
aatcgtccgt tgaaaggtgc
ctcgtcgagce attacgataa

gatttgcagg cgaaacgtac

Escherichia coli

19

ggttggttta
gacaccggcg
tatcgagcag

ccgcectggtg

atcaccggcg
gcgtcagata
aaaatcgatg

cagcaacatc

720

768

‘816 -

864

912

960

1008

1056

1104

1152

1200

1246

1306

1366

1426

1486

1503

91/125
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65

Met

Ile

Gly

Tyr

Met

65

Leu

Ile

Leu

Tyr

145

Arg

Val

Ala

Pro

Pro

225

Gly

Tyr

Leu
Ile
Asn
Ala
50

Val

Gly

Lys:Ile

Gly

Leu

130

Thr

Gly

Leu

Asn

Leu

210

Ala

Leu

Trp

Lys

Asp

Ala

35

Leu

Ala

Gly

sTeus

Leu

115

Leu

Gly

Phe

Gly

Phe

195

Gly

Phe

Gln

Arg

Arg

Asp
20

Met

Gly

Ala

Leu

Ala:

100

Ile

Ile

Ala

Met

Ala

180

Leu

Ile

Gln

Asp

Ser
260

Lys

Gly

Glu

Lys

Leu

Phe

85

Ile

Pro

Cys

Ser

Gly

165

Gly

Asp

Ile

Gln

Gly

245

Leu

Lys

Lys

Trp

Val

Ala

70

Phe

Thr.

Ser

Lys

Ile

150

Ser

Val

Trp

Gly

His

230

Pro

Leu

Val

Leu

Phe

Phe

55

Thr

Gly

Iler

Tyr

Met

135

Phe

Trp

Val

Gly

Leu

215

Val

Lys

Thr

48541

Lys

Arg

Asp

Phe

Phe

Met

Val,

Asp

120

Ala

Val

Leu

Val

Trp

200

Tyr

Asp

Val

Cys

Pro

Lys

25

Phe

Pro

Ser

Leu

Ile.

105

Thr

Gln

Ala

Asp

Leu

185

Arg

Leu

Lys

Ser

Ile
265

Ile

10

Ala

Gly

Gly

Val

Gly

Met.

Ile

Gly

Glu

Phe

170

Ile

Ile

Arg

Leu

Phe

250

Gly

20

Thr

Ile

Val

Ala

Pro

75

Asp

Ser,

Gly

Phe

Tyr

155

Gly

Ser

Pro

His

Glu

235

Lys

Leu

Leu

Thr

Tyr

Asp

60

Phe

Lys

Ile..

Ile

Ser

140

Ser

Ser

Thr

Phe

Ala

220

Gln

Glu

Val

Arg

Ala

Gly

45

Pro

Leu

Tyr

Ser.

Trp

125

Val

Pro

Ile

Ile

Phe

205

Leu

Gly

Ile

Ile

Asp

Ala

30

Phe

Ser

Ile

Gly

Thr

110

Ala

Gly

Asp

Ala

Val

190

Ile

Glu

Asp

Ala

Ala
270

Val

15

Ser

Val

Val

Arg

Arg

95

Phe

Pro

Gly

Arg

Gly

175

Gly

Ala

Glu

Arg

Thr

255

Thr

Thr

Ala

Gln

Pro

80

Gln

Cys

Ile

Glu

Lys

160

Phe

Glu

Leu

Thr

Glu

240

Lys

Asn

92/125
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Val Thr Tyr Tyr Met Leu

275

Asn Leu His . Tyr Ser Glu
290 .

Met. Ile
305

Arg Phe

Gly Met Leu Phe
310

Gly Arg Arg Pro
325

Val Leu Ala Tle Pro Ala

Leu Ile

340

Phe Ala Gly Leu

355 .

Thr Gly Val Met Ala Ser

370

Arg Tyr
385

Ser Ala Leu Ala
390

Gly Leu Thr Pro Thr Leu

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

<220>
<221>
<222>
<223>

<400>
atg ctg

405

11

1504

ADN

Escherichia coli

CDS

(1)..(867)

vVuing md hdéa alen
vi tri nucleotit

11
aaa agg aaa aaa

Met Leu Lys Arg Lys Lys

1

att att
Ile Ile

ggt aat

gat gac ggt aaa
Asp Asp Gly Lys
20

gca atg gaa tgg

Gly Asn Ala Met Glu Trp

tac gca
Tyr Ala
50

35

tta ggt aaa gtt
Leu Gly Lys Val

Leu

Asp

295

Val

Phe

Phe

Leu

Thr

375

Ala

Ala

Thr

280

His

Gln

Val

Ile

Met

360

Leu

Ala

Ala

proP M3

842)

gta
Val

ctg
Leu

ttc
Phe

ttt
Phe
55

aaa
Lys

cgt
Arg

gat
Asp
40

ttc
Phe

48541

Tyr

Gly

Pro

Leu

Leu

345

Leu

Pro

Phe

Trp

Met

Val

Val

Leu

330

Ile

Ala

Ala

Asn

Leu
410

Pro

Leu

Met

315

Gly

Asn

Val

Met

Ile

395

Val

Ser

Ile

300

Gly

Ser

Ser

Ile

Phe

380

Ser

Tyr

285

Ile

Leu

Val

Asn

Leu

365

Pro

Val

(xen doan vung dudi

ccg
Pro

aaa
Lys
25

ttt
Phe

ccg
Pro

att
Ile
10

gcc
Ala

ggt
Gly

999
Gly

21

acc
Thr

att
Ile

gtt
Val

gct
Ala

ctt
Leu

acc
Thr

tat
Tyr

gac
Asp

cgt
Arg

gca
Ala

ggt
Gly
45

ccc
Pro

Leu

Ile

Leu

Ala

Val

350

Asn

Thr

Leu

Ser

Ala

Ser

Leu

335

Ile

Cys

His

Val

C cua

gat
Asp

gca
Ala
30

ttt
Phe

agc
Ser

gtc
Val
15

tca
Ser

gtt
Val

gtg
Val

His

Ile

Asp
320

Phe

Gly

Phe

Ile

Ala
400

acc
Thr

ctg
Leu

gct
Ala

cag
Gln

48

96

144

192

93/125
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65

atg
Met
65

ctt

Leu.

aag
Lys

att
Ile

ctg
Leu

tat
Tyr

gtt
Val

ggc
Gly

atc
Ile

ggc
Gly

ctg
Leu

130

acc
Thr

145{V,

cgt
Arg

gtg
Val

gcg
Ala

ccg
Pro

ccg
Pro
225

ggt
Gly

tac
Tyr

gtg
Val

taa

tcggtatgcet gtttgtccag ccggtgatgg gcttgctgag tgaccgtttt ggccgtegtce
cgtttgtgct acttggtagt gttgccctgt ttgtgttggc gatcccggceg tttattctga
ttaacagtaa cgtcatcggc ctgatttttg ccgggttact gatgctggcg gtgatcctta

actgctttac gggcgttatg gcttctacct t

ggc

Gly

ctg
Leu

aac
Asn

tta
Leu
210

gcg
Ala

ttg
Leu

tgg
Trp

act
Thr

gct
Ala

gga

Gly

ctc
Leu

tta
Leu
115

ttg
Leu

999
Gly

ttt
Phe

ggt
Gly

ttc
Phe
195

999
Gly

ttc
Phe

cag
Gln

cgc
Arg

tac
Tyr
275

gca
Ala

ctc
Leu

gct
Ala
100

ata
Ile

atc
Ile

gcg
Ala

atg
Met

gcg
Ala
180

ctc
Leu

att
Ile

cag
Gln

gat
Asp

agc
Ser
260

tac
Tyr

ctt
Leu

ttc
Phe
85

atc
Ile

ccg
Pro

tgt
Cys

tcg
Ser

ggc
Gly
165

ggc
Gly

gat
Asp

atc
Ile

cag
Gln

ggc
Gly
245

ctg

Leu

atg
Met

gcc
Ala
70

ttt
Phe

act
Thr

tcc
Ser

aag
Lys

ata
Ile
150

agc
Ser

gtg
Val

tgg
Trp

999
Gly

cat
His
230

ccg
Pro

ttg
Leu

ttg
Leu

act
Thr

ggt
Gly

att
Ile

tac
Tyr

atg
Met
135

ttt
Phe

tgg
Trp

gtg
Val

ggc
Gly

ctt
Leu
215

gtc
Val

aaa
Lys

aca
Thr

ctg
Leu

ttc
Phe

atg
Met

gtg
Val

gac
Asp
120

gca
Ala

gtt

Val

ctg
Leu

gtg
Val

tag
Trp
200

tac
Tyr

gat
Asp

gtc
Val

tgt
Cys

acc
Thr
280

48541

tcc
Ser

ttg
Leu

att
Ile
105

acg
Thr

caa
Gln

gcg
Ala

gac
Asp

tta
Leu
185

cgt
Arg

ctg
Leu

aaa
Lys

tcg
Ser

att
Ile
265

tac
Tyr

gtt
Val

ggc
Gly
90

atg
Met

att
Ile

ggt
Gly

gaa
Glu

ttc
Phe
170

att
Ile

att
Ile

cgc
Arg

ctg
Leu

ttt
Phe
250

ggt
Gly

tat
Tyr

ccc
Pro
75

gat
Asp

tcg
Ser

ggt
Gly

ttc
Phe

tac
Tyr
155

ggt
Gly

tcg
Ser

ccg
Pro

cat
His

gaa
Glu
235

aaa

Lys

ctg
Leu

gcc
Ala

ttt
Phe

aaa
Lys

atc
Ile

att
Ile

tcg
Ser
140

tcc
Ser

tct
Ser

acc
Thr

ttc
Phe

gcg
Ala
220

cag

Gln

gag
Glu

gta
Val

gag
Glu

cctgcattac tccgaagacc acggggtgct gattattatc

22

ctg
Leu

tat
Tyr

agt
Ser

tgg
Trp
125

gtc
Val

cct
Pro

att
Ile

att
Ile

ttt
Phe
205

ctg
Leu

ggc
Gly

att
Ile

att
Ile

tta
Leu
285

att
Ile

ggt
Gly

acg
Thr
110

gca
Ala

ggc
Gly

gac
Asp

gcc
Ala

gtc
Val
190

atc
Ile

gaa
Glu

gac
Asp

gcc
Ala

gcc
Ala
270

ttt
Phe

cga
Arg

cgc
Arg

ttc
Phe

ccg
Pro

ggt
Gly

cgt
Arg

999
Gly
175

ggc
Gly

gct
Ala

gag
Glu

cgt
Arg

act
Thr
255

acc

Thr

gtc
Val

gccattatga

ccg
Pro
80

cag
Gln

tgt
Cys

att
Ile

gaa
Glu

aaa
Lys
160

ttt
Phe

gaa
Glu

ctg
Leu

act
Thr

gaa
Glu
240

aaa

Lys

aac
Asn

gca
Ala

gccagcgat gttcccgacg catatccgtt

240

288

336

384

432

480"

528

576

624

672

720

768

816

864

917

971

1037

1097

1157

94/125
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acagcgcgcet
tggcggectg
tagtggcggt
tgaaaggtgc:
attacgataa

cgaaacgtac

ggcggceggea
gctggtcgaa
ggttggttta
gacaccggcg
tatcgagcag

ccgcctggtg

48541

tttaatattt
agctcgcaga
atcaccggcg
gcgtcagata
aaaatcgatg

cagcaacatc

cggtgctggt
atctgatgat
taaccatgaa
tacaggaagc
atattgacca

cgcgaattga

tgccggtctg

gcctgectat

agagacggca

gaaggaaatt
cgagattgcc

tgaataa

acgccaacgc

tacctgatgg

aatcgtccgt.

ctcgtcgagce

gatttgcagg

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

<400>-

Met Leu Lys

1

Ile

Gly

Tyr

Met

65

Leu

Lys

Ile

Leu

Tyr

145

Arg

Val

Ile
Asn
Ala
50

Val
Gly
Ile
Gly
Leu
130
Thr

Gly

Leu

12
288
PRT

Escherichia coli

12

Asp
Ala
35

Leu
Ala
Gly
Leu
Leu
115
Leu
Gly

Phe

Gly

Asp

Met

Gly

Ala

Leu

Ala

100

Ile

Ile

Ala

Met

Ala

Arg-

Lys
Gly
Glu
Lys
Leu
Phe
85

Ile
Pro
Cys
Ser
Gly

165

Gly

Lys

Lys

Trp

Val

Ala

70

Phe

Thr

Ser

Lys

Ile

150

Ser

Val

val

Leu

Phe

Phe

55

Thr

Gly

Ile

Tyr

Met

135

Phe

Trp

Val

Lys

Arg

Asp

Phe

Phe

Met

Val

Asp

120

Ala

Val

Leu

Val

Pro

Lys

25

Phe

Pro

Ser

Leu

Ile

105

Thr

Gln

Ala

Asp

Leu

Ile

10

Ala

Gly

Gly

Val

Gly

90

Met

Ile

Gly

Glu

Phe

170

Ile

23

Thr

Ile

Val

Ala

Pro

75

Asp

Ser

Gly

Phe

Tyr

155

Gly

Ser

Thr

Tyr

Asp

60

Phe

Lys

Ile

Ile

Ser

140

Ser

Ser

Thr

Leu’Arg

Ala

Gly

Pro

Leu

Tyr

Ser

Trp

125

Val

Pro

Ile

Ile

Asp

Ala

30

Phe

Ser

Ile

Gly

Thr

110

Ala

Gly

Asp

Ala

Val

Val

15

Ser

Val

Val

Arg

Arg

Phe

Pro

Gly

Arg

Gly

175

Gly

Thr

Leu

Ala

Gln

Pro

80

Gln

Cys

Ile

Glu

Lys

160

Phe

Glu

1217

1277

1337

1397

1457

1504

95/125
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60

65

Ala

Pro

Pro.

225

Gly

Tyzx.

Val

25

Asn

Leu

210.

Ala

Leu

Thr.

<210>
<211>

<212>

<213>

<220>
<221>
<222>
<223>
nucleotit 854)

Phe
195

Gly.

‘Phe

Gln

Arg

Tyr

180

Leu

Ile

“Gln

Asp

Ser
260

Tyrx

Asp

Ile

Gln

Gly

245

Leu

Met

275. -0

13

1502
ADN
Escherichia coli

CDS
(1)..(897)
vung m& hda alen

<400> 13
atg ctg aaa
Met Leu Lys

1

att
Ile

ggt
Gly

tac
Tyr

atg
Met
65

ctt

Leu

aag
Lys

att
Ile

aat
Asn

gca
Ala
50

gtt
Val

ggc
Gly

atc
Ile

gat
Asp

gca
Ala
35

tta

Leu

gct
Ala

gga
Gly

ctc
Leu

agg
Arg

gac
Asp
20

atg
Met

ggt
Gly

gca
Ala

ctc
Leu

gct
Ala

aaa
Lys

ggt
Gly

gaa
Glu

aaa
Lys

ctt
Leu

ttc
Phe
85

atc
Ile

Trp

Gly

His
230

Pro

Leu

Leu

aaa
Lys

aaa
Lys

tgg
Trp

gtt
Val

gcc
Ala
70

ttt
Phe

act
Thr

Gly

Leu

215

Val

Lys

Thr

Leu

Trp

200

Tyr

Asp

Val

Cys

Thr

280. -

proP M4

gta
Val

ctg
Leu

ttc
Phe

ttt
Phe
55

act

Thr

ggt
Gly

att
Ile

aaa
Lys

cgt
Arg

gat
Asp
40

ttc
Phe

ttc
Phe

atg
Met

gtg
Val

48541

185

Arg
Leu
Lys
Ser
Ile

265

Tyr
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cgc
Arg

ctg
Leu

ttt
Phe
250

ggt
Gly

atg
Met

tgc
Cys

ggt
Gly

ttc:
Phe”

tac
Tyr
155

ggt
Gly

tcg
Ser

ccg
Pro

cat
His

gaa
Glu
235

aaa
Lys

ctg
Leu

ccg
Pro

tga

att
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Gly

Ala

Leu

Ala

100

Ile
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Trp
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Trp
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Met

Cys

Glu

235

Lys

Leu

Pro

Gln

Glu

Val

Ser

Gly

Ile

Ile

Phe
285

proP M1l (thay thé t bang c

gta
vVal

ctg
Leu

ttc
Phe

ttt
Phe
55

act

Thr

ggt
Gly

att
Ile

tac
Tyr

aaa
Lys

cgt
Arg

gat
Asp
40

ttc
Phe

ttc
Phe

atg
Met

gtg
Val

gac
Asp
120

ccg
Pro

aaa
Lys
25

ttt
Phe

ccg
Pro

tcc
Ser

ttg
Leu

att
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1392

1440

1488

1503
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Ile

Leu

Tyr

145

Arg

Val

Ala

Pro

Pro

225

Gly

Tyr

Val

Asn

Met

305

Arg

Val

Leu

Thr

Gly

Leu.

130

Thr:

Gly

Leu

Asn

Leu

210

Ala

Leu

Trp

Thr

Leu

290

Ile

Phe

Leu

Ile

Gly

Leu
115

Leu

Gly

Phe

Gly

Phe
195

Gly

Phe

Gln

Arg

Tyr

275

His

Gly

Gly

Ala

Phe

355

Val

Ile

Ile

Ala

Met

Ala

180

Leu

Ile

Gln

Asp

Ser

260

Tyr

Tyr

Met

Arg

Ile

340

Ala

Met

Pro

Cys

Ser

Gly

165

Gly

Asp

Ile

Gln

Gly

245

Leu

Met

Ser

Leu

Arg

325

Pro

Gly

Ala

Ser

Lys

Ile

150

Ser

Val

Trp

Gly

His

230

Pro

Leu

Leu

Glu

Phe

310

Pro

Ala

Leu

Ser

Tyr

Met

135

Phe

Trp

Val

Gly

Leu

215

Val

Lys

Thr

Leu

Asp

295

Val

Phe

Phe

Leu

Thr

Asp
120
Ala
Val
Leu
Val
Trp
200
Tyr
Asp
Val
Cys
Thr
280
His
Gln
Val
Ile
Met

360

Leu

48541

Thr

Gln

Ala

Asp

Leu

185

Arg

Leu

Lys

Ser

Ile

265

Tyr

Gly

Pro

Leu

Leu

345

Leu

Pro

Ile

Gly

Glu

Phe

170

Ile

Ile

Arg

Leu

Phe

250

Gly

Met

Val

Val

Leu

330

Ile

Ala

Ala

30

Gly
Phe
Tyr
155
Gly
Ser
Pro
His
Glu
235
Lys
Leu
Pro
Leu
Met
315
Gly
Asn

Val

Met

Ile

Ser.:

Trp
125

Val.

14Q.. .

Ser

Ser

Thr

Phe

Ala

220

Gln

Glu

Val

Ser

Ile

300

Gly

Ser

Ser

Ile

Phe

Pro

Ile

Ile

Phe

205

Leu

Gly

Ile

Ile

Tyr

285

Ile

Leu

Val

Asn

Leu

365

Pro

Ala

Gly

Asp

Ala

Val

190

Ile

Glu

Asp

Ala

Ala

270

Leu

Ile

Leu

Ala

Val

350

Asn

Thr

Pro

Gly

Arg

Gly

175

Gly

Ala

Glu

Arg

Thr

255

Thr

Ser

Ala

Ser

Leu

335

Ile

Cys

His

Ile

Glu. ..

Lys

160

Phe

Glu

Leu

Thr

Glu

240

Lys

Asn

His

Ile

Asp

320

Phe

Gly

Phe

Ile
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370

Arg Tyr
385

Gly Leu

Leu Met: Met

Ile Thr

Ala .Thr

450

Glu.His.
o ABT T

Ile Ala

Arg Ile

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

<220>
<221>
<222>
<223>

<400>
atg ctg
Met Leu
1

att
Ile

att
Ile

aat
Asn

ggt
Gly

tac
Tyr

gca
Ala
50

atg
Met

gtt
Val

Ala Ala

390

Ser Leu

Thr Thr

405

Pro Leu

Pro Ala

420

Tyr

Gly Val Thr Met

435

Pro Ala Ala Ser

Ile
470

His Asp Asn

Gln
485

Asp Leu Ala

Glu
500

Asp

17

1452

ADN

Escherichia coli

CDS

(1) ..(1452)

ving m& hdéa alen
vi tri nucleotit

17
aaa
Lys

aaa
Lys

aaa
Lys

agg
Arg

gat
Asp

gac
Asp
20

aaa
Lys

ggt
Gly

atg
Met

tgg
Trp

gca
Ala
35

gaa
Glu

tta
Leu

aaa
Lys

gtt
Val

ggt
Gly

ctt
Leu

gct
Ala

gca
Ala

gcc
Ala

48541

375

Ala Ala Phe Asn

Ala Ala Leu

410

Trp

Met Val

425

Tyr Leu

Glu
440

Lys Thr Ala

Asp Ile Gln Glu

455

Glu Gln Lys Ile

Lys Arg Thr Arg

490

proP M7 (khuyét
1173 d&én 1223

att
Ile
10

gta
vVal

aaa
Lys

ccg
Pro

ctg
Leu

cgt
Arg

aaa
Lys
25

gcc
Ala

ttc
Phe

ttt
Phe

gat
Asp
40

ggt
Gly

ttt
Phe
55

ttc
Phe

ccg
Pro

999
Gly

ttc
Phe

tcc
Ser

act
Thr

gtt
Val

31

Ile

385

Val

Val

Asn

Ala

Asp

475

Leu

380

Ser

Glu

Ala

Arg

Lys

460

Asp

Val

Val

Ser

Val

Pro

445

Glu

Ile

Gln

Leu

Ser

Val

430

Leu

Ile

Asp

Gln

doan 51bp tu

acc
Thr

att
Ile

gtt
Val

gct
Ala

ccc
Pro

ctt
Leu

acc
Thr

tat
Tyr

gac
Asp
60

ttt
Phe

cgt
Arg

gca
Ala

ggt
Gly
45

ccc
Pro

ctg
Leu

gat
Asp

gca
Ala
30

ttt
Phe

agc
Ser

att
Ile

Val

Gln
415

Gly

Lys

Leu

His

His
495

gtc
Val
15

tca

Ser

gtt
Val

gtg
Val

cga
Arg

Ala
400

Asn

Leu

Gly

Val

Glu
480

Pro

acc
Thr

ctg
Leu

gct
Ala

cag
Gln

ccg
Pro

48

96

144

192

240
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ctt
Leu

aag

Lys’

att
Ile

ctg
Leu

tat
Tyr
145

cgt
Arg

gtg
Val

gcg
Ala

ccg
Pro

ccg
Pro
225

ggt
Gly

tac
Tyr

gtg
Val

aac
Asn

atg
Met
305

cgt
Arg

ggc
Gly

atc

Ile.

ggc
Gly

ctg
Leu
130

acc
Thr

ggc

Gly

ctg
Leu

aac
Asn

tta
Leu
210

gcg
Ala

ttg
Leu

tgg
Trp

act
Thr

ctg
Leu
290

atc
Ile

ttt
Phe

gga
Gly

ctc:

Leu

tta
Leu
115

ttg
Leu

999
Gly

ttt
Phe

ggt
Gly

ttc
Phe
195

999
Gly

ttc
Phe

cag
Gln

cgc
Arg

tac
Tyr
275

cat

His

ggt
Gly

ggc
Gly

ctc
Leu

gct.
“Ala’

100

ata
Ile

atc
Ile

gcg
Ala

atg
Met

gcg
Ala
180

ctc
Leu

att
Ile

cag
Gln

gat
Asp

agc
Ser
260

tac

Tyr

tac
Tyr

atg
Met

cgt
Arg

ttc
Phe
85

atc:
Ile’

ccg
Pro

tgt
Cys

tcg
Ser

ggc
Gly

70

ttt
Phe

act.
‘Ile

Thr

tcc
Ser

aag
Lys

ata
Ile
150

agc
Ser

165. .

ggc
Gly

gat
Asp

atc
Ile

cag
Gln

ggc
Gly
245

ctg
Leu

atg
Met

tcc
Ser

ctg
Leu

cgt
Arg
325

gtg
Val

tgg
Trp

999
Gly

cat
His
230

ccg
Pro

ttg
Leu

ttg
Leu

gaa
Glu

ttt
Phe
310

ccg
Pro

ggt
Gly

att

tac
Tyr

atg
Met
135

ttt
Phe

tgg
Trp

gtg
Val

ggc
Gly

ctt
Leu
215

gtc
Val

aaa
Lys

aca
Thr

ctg
Leu

gac
Asp
295

gtc
Val

ttt
Phe

atg
Met

gtg
Val

gac
Asp
120

gca
Ala

gtt
Val

ctg
Leu

gtg
Val

tgg
Trp
200

tac
Tyr

gat
Asp

gtc
Val

tgt
Cys

acc
Thr
280

cac

His

cag
Gln

gtg
Val

48541

ttg
Leu

att
Ile
105

acg
Thr

caa
Gln

gcg
Ala

gac
Asp

tta
Leu
185

cgt
Arg

ctg
Leu

aaa
Lys

tcg
Ser

att
Ile
265

tat
Tyr

999
Gly

ccg
Pro

cta
Leu

ggc
Gly
90

atg
Met

att
Ile

ggt
Gly

gaa
Glu

ttc
Phe
170

att
Ile

att
Ile

cgc
Arg

ctg
Leu

ttt
Phe
250

ggt
Gly

atg
Met

gtg
Val

gtg
Val

ctt
Leu
330

32

75

gat
Asp

tcg
Ser

ggt
Gly

ttc
Phe

tac
Tyr
155

ggt
Gly

tcg
Ser

ccg
Pro

cat
His

gaa
Glu
235

aaa
Lys

ctg
Leu

ccg
Pro

ctg
Leu

atg
Met
315

ggt
Gly

aaa
Lys

atc
Ile

att
Ile

tcg
Ser
140

tcc
Ser

tct
Ser

acc
Thr

ttc
Phe

gcg
Ala
220

cag
Gln

gag
Glu

gta
Val

agt
Ser

att
Ile
300

ggc
Gly

agt
Ser

tat
Tyr

agti.

Sex

tgg
Trp
125

gtc
Val

cct
Pro

att
Ile

att
Ile

ttt
Phe
205

ctg
Leu

ggc
Gly

att
Ile

att
Ile

tat
Tyr
285

att
Ile

ttg
Leu

gtt
Val

ggt
Gly

aegr
Thr
110

gca
Ala

ggc
Gly

gac
Asp

gcc
Ala

gtc
Val
190

atc
Ile

gaa
Glu

gac
Asp

gcc
Ala

gcc
Ala
270

ttg

Leu

atc
Ile

ctg
Leu

gcc
Ala

cgc
Arg

ttc..
Phel

ccg
Pro

ggt
Gly

cgt
Arg

999
Gly
175

ggc
Gly

gct
Ala

gag
Glu

cgt
Arg

act
Thr
255

acc
Thr

tcg
Ser

gcc
Ala

agt
Ser

ctg
Leu
335

80

cag
Gln

tgt:
Cys

att
Ile

gaa
Glu

aaa
Lys
160

ttt
Phe

gaa
Glu

ctg
Leu

act
Thr

gaa
Glu
240

aaa
Lys

aac
Asn

cat
His

att
Ile

gac
Asp
320

ttt
Phe
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gtg
Val

ctg
Leu

acg:

Thr

cgt
Arg
385

atg
Met

acc

Thr.

acan

Thr

cat
His

gcc
Ala
465

att
Ile

ttg
Leu

att
Ile

ggcr
Gly.

370
tac

Tyr

atg
Met

ggc
Gly

ccgr

Pro

tac
Tyr
450

gat
Asp

gat
Asp

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

<400>

gcg
Ala

ttt
Phe
355

.gtt

agc
Ser

cct

Pro

gta
Val

Ala
435

gat
Asp

ttg
Leu

gaa
Glu

18
483
PRT

Val

gcg:

atc
Ile
340

gcc
Ala

atg
Met

gcg
Ala

gcc

.Ala

acc

Thr

420

gcg

Ala

aat
Asn

cag
Gln

taa

ccg
Pro

999
Gly

gct
Ala

ctg
Leu

tat
Tyr
405

atg
Met

tca.

Ser

atc
Ile

gcg
Ala

gcg
Ala

tta
Leu

tct
Ser

gcg
Ala
390

tac

Tyr

aaa
Lys

gat.

Asp

gag
Glu

aaa
Lys
470

Escherichia coli

18

Met Leu Lys

1

Ile

Gly

Tyr

Met
65

Ile

Asn

Ala

50

Val

Asp

Ala

35

Leu

Ala

Arg

Asp

20

Met

Gly

Ala

Lys

Gly

Glu

Lys

Leu

Lys

Lys

Trp

Val

Ala
70

ttt
Phe

ctg,
Lew-

acc
Thr
375

gcc
Ala

ctg
Leu

gag
Glu

ata
Ile

cag
Gln
455

cgt
Arg

Val

Leu

Phe

Phe

55

Thr

att
Ile

atg
Met
360

ttg
Leu

tgg
Trp

atg
Met

acg

Thr

.cag.:

Gln
440

aaa

Lys

acc
Thr

Lys

Arg

Asp

40

Phe

Phe

48541

ctg
Leu
345

ctg

Leu

cca
Pro

ctg
Leu

gta
Val

gca
‘Ala
425

Glu

atc
Ile

cgc
Arg

Pro

Lys

25

Phe

Pro

Ser

gaa.

att
Ile

gcg
Ala

gcg
Ala

gtc
Val

gtg
Val
410

aat
Asn

geg.

Ala

gat
Asp

ctg
Leu

Ile

10

Ala

Gly

Gly

Val

33

aac
Asn

gtg
Val

atg
Met

gaa
Glu
395

gcg
Ala

cgt
Arg

aag-.

Lys

gat
Asp

gtg
Val
475

Thr

Ile

Val

Ala

Pro
75

agt
Ser

atc
Ile

ttc
Phe
380

agc

Ser

gtg
Val

ccg
Pro

gaa.

Glu

att
Ile
460

cag
Gln

Leu

Thr

Tyr

Asp

Phe

aac
Asn

ctt
Leu
365

ccg
Pro

tcg
Ser

gtt
Val

ttg
Leu

att
Ile
445

gac

Asp

caa
Gln

Arg

Ala

Gly

45

Pro

Leu

gtc
Val
350

aac
Asn

acg
Thr

cag
Gln

ggt
Gly

aaa
Lys
430

.ctc

Leu

cac
His

cat
His

Asp

Ala

30

Phe

Ser

Ile

atc
Ile

tgc
Cys

cat
His

aat
Asn

tta
Leu
415

ggt
Gly

gtc

Val

gag
Glu

ccg
Pro

Val

15

Ser

Val

Val

Arg

ggc
Gly

ttt
Phe

atc
Ile

ctg
Leu
400

atc
Ile

gcg

Ala -

gag
Glu

att
Ile

cga
Arg
480

Thr

Leu

Ala

Gln

Pro
80

1056
110%
1152
1200

1248

1296

1344

1392

1440

1452
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Leu
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Gly
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Gly
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Gly
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Val

Ala

Pro

Pro

225

Gly

Tyr

Val

Asn

Met

305

Arg

Leu

Asn

Leu

210

Ala

Leu

Trp

Thr

Leu

290

Ile

Phe

Gly

Leu.

Leu-
115°

Leu

Gly

‘Phe

Gly

Phe

195

Gly

Phe

Gln

Arg

Tyr

275

His

Gly

Gly

Leu

Ala

100

Ile

Ala

Met

Ala

180

Leu

Ile

Gln

Asp

Ser

260

Tyr

Tyr

Met

Arg

Phe
85

Ile

+Pro

Cys

Ser

Gly

165

Gly

Asp

Ile

Gln

Gly

245

Leu

Met

Ser

Leu

Arg
325

Phe

Thr

Ser

Lys

Ile

Gly

Ile

Tyr

Met
135

Phe

150 .

Ser

Val

Trp

Gly

His

230

Pro

Leu

Leu

Glu

Phe

310

Pro

Trp

Val

Gly

Leu

215

Val

Lys

Thr

Leu

Asp

295

Val

Phe

Met

Val

Asp

120

Ala

Val

Leu

Val

Trp

200

Tyr

Asp

Val

Cys

Thr

280

His

Gln

Val

48541

Leu

Ile

105

Thr

Gln

Ala

Asp

Leu

185

Arg

Leu

Lys

Ser

Ile

265

Tyr

Gly

Pro

Leu

Gly

Met

Ile

Gly

Glu

Phe

170

Ile

Ile

Arg

Leu

Phe

250

Gly

Met

Val

Val

Leu
330

34

Asp

Ser

Gly

Phe

Tyr

155

Gly

Ser

Pro

His

Glu

235

Lys

Leu

Pro

Leu

Met

315

Gly

Lys

Ile

Ile

Ser

140

Ser

Ser

Thr

Phe

Ala

220

Gln

Glu

Val

Ser

Ile

300

Gly

Ser

Tyr

Ser

Trp

125

Val

Pro

Ile

Ile

Phe

205

Leu

Gly

Ile

Ile

Tyr

285

Ile

Leu

Val

Gly

Thr

110

Ala

Gly

Asp

Ala

Val

190

Ile

Glu

Asp

Ala

Ala

270

Leu

Ile

Leu

Ala

Arg

95

Phe

Pro

Gly

Arg

Gly

175

Gly

Ala

Glu

Arg

Thr

255

Thr

Ser

Ala

Ser

Leu
335

Gln

Cys

Ile

Glu

Lys

160

Phe

Glu

Leu

Thr

Glu

240

Lys

Asn

His

Ile

Asp

320

Phe
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Val

Leu

Thr.

Arg
385

Met

Thr

His

Ala
465

Ile

Leu

Ile

Gly

Ala

Phe
355

Val

3707

Tyr

Met

Gly

Pro

Tyr

450

Asp

Asp

<210>
<211>

<212>
<213>

<220>

<221>

<222>

<223>
973)

<400>
atg ctg aaa
Met Leu Lys

1

att
Ile

ggt
Gly

tac

att
Ile

aat
Asn

gca

Séer
Pro

Val

“Ala:

435

Asp

Leu

Glu

19

1522
ADN
Escherichia coli

CDS

Ile

340

Ala

Met

Ala

Ala

Thr
420

AlaiSer.

Asn

Gln

Pro

Gly

Ala

Leu

Tyr

405

Met

Ile

Ala

(1)..(1014)
ma hbéa alen

vung

19

gat
Asp

gca
Ala
35

tta

agg
Arg

gac
Asp
20

atg
Met

ggt

aaa
Lys

ggt
Gly

gaa
Glu

aaa

Ala

Leu

Ser

Ala
390

Tyr

Lys

Asp

Glu

Lys
470

aaa
Lys

aaa
Lys

tgg
Trp

gtt

Phe

Leu

Thr

375

Ala

Leu

Glu

Ile:

Gln
455

Arg

Ile

Met

360

Leu

Trp

Met

Thr

.Gin.

440

Lys

Thr

proP Mé

gta
Val

ctg
Leu

ttc
Phe

ttt

aaa
Lys

cgt
Arg

gat
Asp
40

ttc

48541

Leu

345

Leu

Pro

Leu

Val:

Ala
425

Ile

Arg

Glu..

Ile

Ala

Ala

Val

Val:
410.

Asn

Ala

Asp

Leu

Asn

Val

Met

Glu

395

Ala

Arg

Lys

Asp

vVal
475

Ser

Ile

Phe

380

Ser

Val

Pro

Glu

Ile

460

Gln

Asn

Leu

365

Pro

ser

Val

Leu

Ile

445

Asp

Gln

Val

350

Asn

Thr

Gln

Gly

Lys

430

Leu

His

His

(xen doan 19bp nam dudi

ccg
Pro

aaa
Lys
25

ttt
Phe

ccg

att
Ile
10

gcc
Ala

ggt
Gly

999

35

acc
Thr

att
Ile

gtt
Val

gct

ctt
Leu

acc
Thr

tat
Tyr

gac

cgt
Arg

gca
Ala

ggt
Gly
45

cccC

gat
Asp

gca
Ala
30

ttt
Phe

agc

Ile

Cys

His

Asn

Leu

415

Gly

Val

Glu

Pro

Gly

Phe

Ile

Leu

400

Ile

Ala

Glu

Ile

Arg
480

vi tri nucleotit

gtc
Val
15

tca
Ser

gtt
Val

gtg

acc
Thr

ctg
Leu

gct
Ala

cag

48

96

144

192

107/125



10

15

20

25

30

35

40

45

50

55

60

65

Tyr

atg
Met
65

ctt

Leu.

aag
Lys

att
Ile

ctg
Leu

tat;
TyL.

145

cgt
Arg

gtg
Val

gcg
Ala

ccg
Pro

ccg
Pro
225

ggt
Gly

tac
Tyr

gtg
Val

aac
Asn

atg
Met
305

Ala
50

gtt
Val

ggc
Gly

atc:

Ile

ggc
Gly

ctg”

Leu

130

‘ace.
Thr”

ggc
Gly

ctg
Leu

aac
Asn

tta
Leu
210

gcg
Ala

ttg
Leu

tgg
Trp

act
Thr

ctg
Leu
290

atc
Ile

Leu

gct
Ala

.gga"
Gly-

ctc
Leu

tta
Leu
115

ttg
Leu

999

Gly

ttt
Phe

ggt
Gly

ttc
Phe
195

999
Gly

ttc
Phe

cag
Gln

cgc
Arg

tac
Tyr
275

cat

His

ggt
Gly

Gly

gca
Ala

ctc
Leu

gct
Ala
100

ata
Ile

atc
Ile

gcg

Ala.

atg
Met

gcg
Ala
180

ctc
Leu

att
Ile

cag
Gln

gat
Asp

agc
Ser
260

tac

Tyxr

tac
Tyr

atg
Met

Lys

ctt
Leu

ttc
Phe
85

atc
Ile

ccg
Pro

tgt
Cys

tcg

Ser.

ggc
Gly
165

ggc
Gly

gat
Asp

atc
Ile

cag
Gln

ggc
Gly
245

ctg
Leu

atg
Met

tcc
Ser

ctg
Leu

Val

gcc
Ala
70

ttt
Phe

act
Thr

tcc
Ser

aag
Lys

ata

Ile.

150

agc
Ser

gtg
Val

tgg
Trp

999
Gly

cat
His
230

ccg
Pro

ttg
Leu

ttg
Leu

gaa
Glu

ttt
Phe
310

Phe
55

act
Thr

ggt
Gly

att
Ile

tac
Tyr

atg
Met
135

ttt
Phe

tgg
Trp

gtg
Val

ggc
Gly

ctt
Leu
215

gtc
Val

aaa
Lys

aca
Thr

ctg
Leu

gac
Asp
295

gtc
Val

Phe

ttc
Phe

atg
Met

gtg
Val

gac
Asp
120

gca
Ala

gtt

Val.

ctg
Leu

gtg
Val

tgg
Trp
200

tac
Tyr

gat
Asp

gtc
Val

tgt
Cys

acc
Thr
280

cac

His

cag
Gln

48541

Pro

tcc
Ser

ttg
Leu

att
Ile
105

acg.

Thr

caa
Gln

gcg

gac
Asp

tta
Leu
185

cgt
Arg

ctg
Leu

aaa
Lys

tcg
Ser

att
Ile
265

tat
Tyr

999
Gly

ccg
Pro

Ala.

Gly

gtt
Val

ggc
Gly
90

atg
Met

att:

Ile

ggt
Gly

gaa
Glu

ttc
Phe
170

att
Ile

att
Ile

cgc
Arg

ctg
Leu

ttt
Phe
250

ggt
Gly

atg
Met

gtg
Val

gtg
Val

36

Ala

ccc
Pro
75

gat
Asp

tcg
Ser

ggt
Gly

ttc
Phe

tac
Tyr
155

ggt
Gly

tcg
Ser

ccg
Pro

cat
His

gaa
Glu
235

aaa
Lys

ctg
Leu

ccg
Pro

ctg
Leu

atg
Met
315

Asp
60

ttt
Phe

aaa
Lys

atc
Ile

att
Ile

tcg
Ser
140

tcc
Ser

tct
Ser

acc
Thr

ttc
Phe

gcg
Ala
220

cag
Gln

gag
Glu

gta
Val

agt
Ser

att
Ile
300

ggc
Gly

Pro

ctg
Leu

tat
Tyr

agt
Ser

tgg
Trp
125

gtc
Val

cct
Pro

att
Ile

att
Ile

ttt
Phe
205

ctg
Leu

ggc
Gly

att
Ile

att
Ile

tat
Tyr
285

att
Ile

ttg
Leu

Ser

att
Ile

ggt
Gly

acg
Thr
110

gca
Ala

ggc
Gly

gac
Asp

gcc
Ala

gtc
Val
190

atc
Ile

gaa
Glu

gac
Asp

gcc
Ala

gcc
Ala
270

ttg

Leu

atc
Ile

ctg
Leu

Val

cga
Arg

cgc
Arg
95

ttc
Phe

ccg
Pro

ggt
Gly

cgt
Arg

999
Gly
175

ggc
Gly

gct
Ala

gag
Glu

cgt
Arg

act
Thr
255

acc
Thr

tcg
Ser

gcc
Ala

agt
Ser

Gln

ccg
Pro
80

cag
Gln

tgt
Cys

att
Ile

gaa
Glu

aaa
Lys
160

ttt
Phe

gaa
Glu

ctg
Leu

act
Thr

gaa
Glu
240

aaa
Lys

aac
Asn

cat
His

att
Ile

gac
Asp
320

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

108/125



10

15

20

25

30

35

40

45

50

55

60

65

48541

cgt ttt ggc cgt cgt ccg ttt gtg cta ctt gcg tcc gtt tgt gect act
Arg Phe Gly Arg Arg Pro Phe Val Leu Leu Ala Ser Val Cys Ala Thr

325

330

335

tgg tag. tgttgccctg tttgtgttgg cgatcccgge.gtttattctg. attaacagta: ..

Trp .

acgtcatcgg

. cgggcgttat

tggcggcggce
ggctggtcga
tggttggttt
cgacaccggc
atatcgagca
cccgectggt
<210>
<211>

<212>
<213>

20
337
PRT

<400> 20
Met Leu Lys
1

Ile Ile Asp

Gly Ala

35

Asn

Ala
50

Tyr

Met
65

Val

Leu Gly Gly

Lys Ile Leu

Ile Leu

115

Gly

Leu Leu Leu

Leu

Ala

cctgattttt
ggcttctacc
atttaatatt
aagctcgcag
aatcaccggc
ggcgtcagat
gaaaatcgat

gcagcaacat

Arg Lys

Asp
20

Gly
Met Glu
Gly Lys
Ala

Leu

Phe
85

Leu

Ala
100

Ile
Ile

Pro

Ile Cys

Lys

Lys

Trp

Val

Ala

70

Phe

Thr

Ser

Lys

gccgggttac
ttgccagcga
tcggtgetgg
aatctgatga
gtaaccatga
atacaggaag
gatattgacc

ccgcgaattg

Escherichia coli

Val Lys

Leu Arg
Phe

Asp

Phe
55

Phe

Thr Phe

Gly Met

Ile Val

Tyr Asp

120

Met Ala

Thr

tgatgctggce
tgttcccgac
ttgccggtct
tgcctgecta
aagagacggc
cgaaggaaat
acgagattgc

atgaataa

Ile
10

Pro Thr

Lys Ala Ile

25

Phe Gly Val

Pro Gly Ala

Val Pro

75

Ser

Leu Gly

90

Asp

Ile
105

Met Ser

Ile Gly

Gln Gly Phe

37

ggtgatcctt
grcatatccgt
gacgccaacg
ttacctgatg
aaatcgtccg
tctcgtcgag

cgatttgcag

Leu Arg Asp

Thr Ala Ala

30

Tyr Gly Phe

Asp Pro Ser

60

Phe Leu Ile

Lys Tyr Gly

Ile Thr

110

Ser

Ile Trp Ala

125

Ser Val Gly

aactgcttta
tacagcgcgce
ctggcggcect
gtagtggcygg
ttgaaaggtg
cattacgata

gcgaaacgta

Val
15

Thr
Ser Leu
Val Ala
val

Gln

Pro
80

Arg

Arg Gln

95

Phe Cys

Ile

Pro

Gly Glu

1008

1064

1124

1184

1244

1304

1364

1424

1484

1522
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Tyr
145

Arg

Val

Ala

Pro

Pra..

130

Thr

Gly

Leu.

Asn

e

210

Gly Ala

Phe Met

Gly Ala
180

Phe Leu
195

Gly Ile

. Phe Gln

225

Gly

Tyr

Val

Asn

Met

305

Arg

Trp

<210>

Leu

Trp

Thr

Leu

290

Ile

Phe

<211>

<212>
<213>

<220>

<221>

<222>

<223>

Gln Asp

Arg Ser
260

Tyr Tyr

275

His Tyr

Gly Met

Gly Arg

21

1503

ADN
Escherichia coli

CDS

Ser

Gly

165

Gly

Asp

Ile

TGln

Gly

245

Leu

Met

Ser

Leu

Arg
325

(1)..(1503)

thay thé AA R324L)

Ile

150

Ser

Val

Trp

Gly

His

135

Phe

Trp

Val

Gly

Leu
215

Val.

230 .

Pro

Leu

Leu

Glu

Phe

310

Pro

Lys

Thr

Leu

Asp

295

Val

Phe

Val
Leu
Val
Trp
200
Tyr
Asp
Val
Cys
Thr
280
His

Gln

Val

48541

Ala
Asp
Leu
185
Arg
Leu
Lys
Ser
Ile
265
Tyr
Gly

Pro

Leu

Glu

Phe
170

Ile.

Ile
Arg
Leu
Phe
250
Gly
Met
Val

Val

Leu
330

38

Tyr

155

Gly

Ser

Pro

His

Glu

235 .

Lys

Leu

Pro

Leu

Met

315

Ala

140

Ser

Ser

“Thr

Phe

Ala

220

Gln

Glu

Val

Ser

Ile

300

Gly

Ser

Pro

Ile

Ile

Phe

205

Leu

Gly

Ile

Ile

Tyr

285

Ile

Leu

Val

Asp
Ala
Val
190
Ile
Glu
Asp
Ala
Ala
270
Leu
Ile

Leu

Cys

Arg

Gly

175

Gly

Ala

Glu

Arg

. 240.

Thr

255

Thr

Ser

Ala

Ser

Ala
335

Lys

160

Phe

Glu

Leu

Thr

Glu

Lys

Asn

His

Ile

Asp

320

Thr

Ving mad héa alen proP M5 (thay thé g bang t & vi tri 971 gay ra
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<400>

atg
Met
1

att:
Ile.

ggt
Gly

tac
Tyr

atg
Met
65

ctt
Leu

aag
Lys

att
Ile

ctg
Leu

tat
Tyr
145

cgt
Arg

gtg
Val

gcg
Ala

ccg
Pro

ccg
Pro
225

ggt
Gly

ctg
Leu

att
Ile:

aat
Asn

gca
Ala
50

gtt
Val

ggc
Gly

atc
Ile

ggc
Gly

ctg
Leu
130

acc
Thr

ggc
Gly

ctg
Leu

aac
Asn

tta
Leu
210

gcg
Ala

ttg
Leu

21
aaa
Lys

~gat
Asp

gca

Ala:

35

tta
Leu

gct
Ala

gga
Gly

ctc
Leu

tta
Leu
115

ttg
Leu

999
Gly

ttt
Phe

ggt
Gly

ttc
Phe
195

999
Gly

ttc
Phe

cag
Gln

agg
Arg

gac:
Asp”

20

atg
Met

ggt
Gly

gca
Ala

ctc
Leu

gct
Ala
100

ata
Ile

atc
Ile

gcg
Ala

atg
Met

gcg
Ala
180

ctc
Leu

att
Ile

cag
Gln

gat
Asp

aaa
Lys

ggt:

Gly

gaa
Glu

aaa
Lys

ctt
Leu

ttc
Phe

aaa
Lys

aaa:
Lys-

tg9
Trp

gtt
Val

gcc
Ala
70

ttt
Phe

85, .

atc
Ile

ccg
Pro

tgt
Cys

tcg
Ser

ggc
Gly
165

ggc
Gly

gat
Asp

atc
Ile

cag
Gln

ggc
Gly
245

act
Thr

tcc
Ser

aag
Lys

ata
Ile
150

agc
Ser

gtg
Val

tgg
Trp

999
Gly

cat
His
230

ccg
Pro

gta
Val

ctg:

Leu

ttc
Phe

ttt
Phe
55

act
Thr

ggt
Gly

att
Ile

tac
Tyr

atg
Met
135

ttt
Phe

tagg
Trp

gtg
Val

ggce
Gly

ctt
Leu
215

gtc
Val

aaa
Lys

aaa
Lys

cgt
Arg

gat
Asp
40

ttc
Phe

ttc
Phe

atg
Met

gtg
Val

gac
Asp
120

gca
Ala

gtt
Val

ctg
Leu

gtg
Val

tagg
Trp
200

tac

Tyr

gat
Asp

gtc
Val

48541

ccg
Pro

aaa
Lys
25

ttt
Phe

ccg
Pro

tcc
Ser

ttg
Leu

att
Ile
105

acg
Thr

caa
Gln

gcg
Ala

gac
Asp

tta
Leu
185

cgt
Arg

ctg
Leu

aaa
Lys

tcg
Ser

att
Ile
10

gcc
Ala

ggt
Gly

999
Gly

gtt
Val

ggc
Gly
90

atg
Met

att
Ile

ggt
Gly

gaa
Glu

ttc
Phe
170

att
Ile

att
Ile

cgc
Arg

ctg
Leu

ttt
Phe
250

39

acc
Thr

att
Ile

gtt
Val

gct
Ala

ccc
Pro
75

gat
Asp

tcg
Ser

ggt
Gly

ttc
Phe

tac
Tyr
155

ggt
Gly

tcg
Ser

ccg
Pro

cat
His

gaa
Glu
235

aaa
Lys

ctt
Leu

acc.:
Thr

tat
Tyr

gac
Asp

ttt
Phe

aaa
Lys

atc
Ile

att
Ile

tcg
Ser
140

tcc
Ser

tct
Ser

acc
Thr

ttc
Phe

gcg
Ala
220

cag

Gln

gag
Glu

cgt
Arg

gca.-gca

Ala’

ggt
Gly
45

ccc
Pro

ctg
Leu

tat
Tyr

agt
Ser

tgg
Trp
125

gtc
Val

cct
Pro

att
Ile

att
Ile

ttt
Phe
205

ctg

Leu

ggc
Gly

att
Ile

gat
Asp

Ala
30

ttt
Phe

agc
Ser

att
Ile

ggt
Gly

acg
Thr
110

gca
Ala

ggc
Gly

gac
Asp

gcc
Ala

gtc
Val
190

atc

Ile

gaa
Glu

gac
Asp

gcc
Ala

gtc
Val
15

tca
Ser

gtt
Val

gtg
Val

cga
Arg

cgc
Arg
95

ttc
Phe

ccg
Pro

ggt
Gly

cgt
Arg

999
Gly
175

ggc
Gly

gct
Ala

gag
Glu

cgt
Arg

act
Thr

255~

acc
Thr

ctg:

Leu

gct
Ala

cag
Gln

ccg
Pro
80

cag
Gln

tgt
Cys

att
Ile

gaa
Glu

aaa
Lys
160

ttt
Phe

gaa
Glu

ctg
Leu

act
Thr

gaa
Glu
240

aaa
Lys

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768
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tac
Tyr

gtg
Val

aac.
. Asn.

atg
Met
305

cgt
Arg

gtg
Val

‘ctgx

Leu

acg
Thr

cgt
Arg
385

ggt
Gly

ctg
Leu

atc
Ile

gcg
Ala

gag
Glu
465

att
Ile

cga
Arg

tgg
Trp

act
Thr

ctg:

Leu
290

atc
Ile

ttt
Phe

ttg
Leu

att
Ile

ggc
Gly
370

tac
Tyr

ctg
Leu

atg
Met

acc
Thr

aca
Thr
450

cat

His

gcc
Ala

att
Ile

<210>

cgc
Arg

tac
Tyr
275

cat.

His

ggt
Gly

ggc
Gly

gcg

Ala

-ttt

Phe
355

gtt
Val

agc
Ser

acg
Thr

atg
Met

ggc
Gly
435

ccg
Pro

tac
Tyr

gat
Asp

gat
Asp

22

agc
Ser
260

tac

Tyr

tac
Tyr

atg

Met

ctt
Leu

atc

Ile

340

gec.-

Ala

atg
Met

gcg
Ala

cca
Pro

cct
Pro
420

gta
Val

gcg
Ala

gat
Asp

ttg
Leu

gaa
Glu
500

ctg
Leu

atg
Met

tccu
Ser:

ctg
Leu

cgt
Arg
325

ccg

Pro’

gg9g.

Gly

gct
Ala

ctg
Leu

acg
Thr
405

gcc

Ala

acc
Thr

gcg
Ala

aat
Asn

cag
Gln
485

taa

ttg aca
Leu Thr

ttg ctg
Leu Leu

gaa gac
Glu Asp
295

ttt gtc
Phe Val
310

ccg ttt
Pro Phe

gcg ttt
Ala' Phe

ttasctg
Leu Leu

tct acc
Ser Thr
375

gcg gcg
Ala Ala
390

ctg gcg
Leu Ala

tat tac
Tyr Tyr

atg aaa
Met Lys

tca gat
Ser Asp
455

atc gag
Ile Glu
470

gcg aaa
Ala Lys

tgt
Cys

acc
Thr
280

cac

His

cag
Gln

gtg
Val

att
Ile

catg.:

Met
360

ttg
Leu

gca
Ala

gcc
Ala

ctg
Leu

gag
Glu
440

ata
Ile

cag
Gln

cgt
Arg

48541

att
Ile
265

tat
Tyr

999
Gly

ccg
Pro

cta

.Leu

ctg
Leu
345

Leu

cca
Pro

ttt
Phe

tgg
Trp

atg
Met
425

acg
Thr

cag
Gln

aaa
Lys

acc
Thr

ctg.

ggt
Gly

atg
Met

gtg
Val

gtg
Val

ctt

Leu

330

att
Tle

~9ca

Ala

gcg
Ala

aat
Asn

ctg
Leu
410

gta
Val

gca
Ala

gaa
Glu

atc
Ile

cgc
Arg
490

40

ctg
Leu

ccg
Pro

ctg
Leu

atg
Met
315

ggt

Gly.

aac

Asn-

gtg.

Val

atg
Met

att
Ile
395

gtc
Val

gtg
Val

aat
Asn

gcg
Ala

gat
Asp
475

ctg
Leu

gta
Val

agt
Ser

att
Ile
300

ggc
Gly

agt
Ser

agt

Ser

aftc.

Ile

ttc
Phe
380

tcg
Ser

gaa
Glu

gcg
Ala

cgt
Arg

aag
Lys
460

gat
Asp

gtg
Val

att
Ile

tat
Tyr
285

att
Ile

ttg
Leu

gtt
Val

aac

Asn-

ctt.

Leu
365

ccg
Pro

gtg
Val

agc
Ser

gtg
Val

ccg
Pro
445

gaa
Glu

att
Ile

cag
Gln

gcc
Ala
270

ttg
Leu

atc
Ile

ctg
Leu

gcc
Ala

gtc
val
350

aac.

Asn

acg
Thr

ctg
Leu

tcg
Ser

gtt
Val
430

ttg

Leu

att
Ile

gac
Asp

caa
Gln

acc
Thr

tcg
Ser

gcc
Ala

agt
Ser

ctg
Leu
335

atc
Ile

tgc
Cys

cat
His

gtt
Val

cag
Gln
415

ggt
Gly

aaa
Lys

ctc
Leu

cac
His

cat
His
495

aac
Asn

cat
His

att
Ile

gac
Asp
320

ttt
Phe

ggc
Gly

ttt
Phe

atc
Ile

gcc
Ala
400

aat
Asn

tta
Leu

ggt
Gly

gtc
Val

gag
Glu
480

ccg
Pro

816

864

912

960

1008

1056

1104

1152

1200

1248

1344

1392

1440

1488

1503
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<211>
<212>
<213>

<400>

Met Leu.Lys:

1

Ile

Gly

Tyr

Met

Ile

Asn

Ala

val

65. .-

Leu

Lys

Ile

Leu

Tyr

145

Arg

Val

Ala

Pro

Pro
225

Gly

Ile

Gly

Leu

130

Thr

Gly

Leu

Asn

Leu

210

Ala

500
PRT

Escherichia coli

22

Asp

Ala
35

50

Ala

Gly

Leu

Leu

115

Leu

Gly

Phe

Gly

Phe

195

Gly

Phe

1Arg

Asp
20

Met

Ala

Leu

Ala

100

Ile

Ile

Ala

Met

Ala

180

Leu

Ile

Gln

Lys

Gly

Glu

Lys

Leu

Phe

85

Ile

Pro

Cys

Ser

Gly

165

Gly

Asp

Ile

Gln

Lys

Lys

Trp

vVal

Ala

70

Phe

Thr

Ser

Lys

Ile

150

Ser

Val

Trp

Gly

His
230

Val

Leu

Phe

Phe

55

Thr

Gly

Ile

Tyr

Met

135

Phe

Trp

Val

Gly

Leu

215

Val

Lys

Arg

Asp

40

Phe

Phe

Met

Val

Asp

120

Ala

Val

Leu

Val

Trp

200

Tyr

Asp

48541

Pro

Lys

25

Phe

Pro

Ser

Leu

Ile

105

Thr

Gln

Ala

Asp

Leu

185

Arg

Leu

Lys

Ile

10

Ala

Gly

Gly

Val

Gly

Met

Ile

Gly

Glu

Phe

170

Ile

Ile

Arg

Leu

41

Thr

Ile

Val

Ala

Pro

75

Asp

Ser

Gly

Phe

Tyr

155

Gly

Ser

Pro

His

Glu
235

Leu

Thr

Tyr

Asp

Phe

Lys

Ile

Ile

Ser

140

Ser

Ser

Thr

Phe

Ala

220

Gln

Arg

Ala

Gly

45

Pro

Leu

Tyr

Ser

Trp

125

Val

Pro

Ile

Ile

Phe

205

Leu

Gly

Asp

Ala

30

Phe

Ser

Ile

Gly

Thr

110

Ala

Gly

Asp

Ala

Val

190

Ile

Glu

Asp

Val

15

Ser

Val

Val

Arg

Arg

95

Phe

Pro

Gly

Arg

Gly

175

Gly

Ala

Glu

Arg

Thr .

Leu

Ala

Gln

Pro

80

Gln

Cys

Ile

Glu

Lys

160

Phe

Glu

Leu

Thr

Glu
240
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Gly

Tyr

Val.

Asn

Met
305

Arg

Val:

Leu

Thr

Arg

385

Gly

Leu

Ile

Ala

Glu

465

Ile

Arg

Leu

Trp

Thr

Leu

290

Ile

Phe

Leiz

Ile

Gly

370

Tyr

Leu

Met

Thr

Thr

450

His

Ala

Ile

Gln

Arg

Ty
275.

His

Gly

Gly

Ala i

Phe

355

Val

Ser

Thr

Met

Gly

435

Pro

Tyr

Asp

Asp

Asp

Ser

260

Tyr

Tyr

Met

Leu

Tle

340

Ala

Met

Ala

Pro

Pro

420

Val

Ala

Asp

Leu

Glu
500

Gly

245

Leu

Met

Ser

Leu

Arg
325

Pro.

Gly

Ala

Leu

Thr

405

Ala

Thr

Ala

Asn

Gln
485

Pro

Leu

Leu

Glu

Phe

310

Pro

Ala.

Leu

Ser

Ala

390

Leu

Tyr

Met

Ser

Ile

470

Ala

Lys

Thr

Leu

Asp

295

Val

Phe

Phe..

Leu

Thr

375

Ala

Ala

Tyr

Lys

Asp

455

Glu

Lys

Val

Cys

Thr

280

His

Gln

Val

Ile

Met

360

Leu

Ala

Ala

Leu

Glu

440

Ile

Gln

Arg

48541

Ser

Ile

265

Tyr

Gly

Pro

Leu

-Len.

345

Leu

Pro

Phe

Trp

Met

425

Thr

Gln

Lys

Thr

Phe

250

Gly

Met

Val

Val

Leu
330

Ile.

Ala

Ala

Asn

Leu

410

Val

Ala

Glu

Ile

Arg
490

42

Lys

Leu

Pro

Leu

Met

315

Gly

Asn.

Val

Met

Ile

395

Val

Val

Asn

Ala

Asp

475

Leu

Glu

Val

Ser.

Ile
300

Gly

Ser

Ser.

Ile

Phe

380

Ser

Glu

Ala

Arg

Lys

460

Asp

Val

Ile

Ile

Tyr

285

Ile

Leu

Val

Asn.

Leu

365

Pro

Val

Ser

Val

Pro

445

Glu

Ile

Gln

Ala

Ala

270

Leu

Ile

Leu

Ala

Val.:

350

Asn

Thr

Leu

Ser

Val

430

Leu

Ile

Asp

Gln

Thr

255

Thr

Ser

Ala

Ser

Leu

335

Ile

Cys

His

Val

Gln

415

Gly

Lys

Leu

His

His
495

Lys

Asn

His

Ile

Asp

320

Phe

Gly .

Phe

Ile

Ala

400

Asn

Leu

Gly

Val

Glu

480

Pro
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cratt

‘Gly

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

23
2852
ADN

<220>
<221>".
<222>..
<223>

(1).

<400> 23
atg ctg aaa
Met Leu Lys
1

“att-

Ile Ile Asp

aat
“ASHL

ggt gca

35

tta
Leu

tac
Tyr

gca
Ala
50

tta
Leu

aac
Asn
65

agg
Arg

taa gacgatgcct cgcgttcttc aattgcegttt tgtaggetgt

gtcccacgaa
ttagttcttc
gtcgtcaatt
ttcctttgcea
aatttgccat
taatgatgtt
tccttttecga
aagtgatacg
gcctatcatt
catgtcaaag
gatataatca
ccggtcagca
tctgctgtcg
tagtcgccat

caatctcttt

CDS™.

gat.

Ala.

(243)

Ving ma. héa  alen
vi tri nucleotit

agg aaa
Arg Lys
5

gac ggt
Asp Gly
20

.atg gaa
Met:Glus

ggt aaa
Gly Lys

gtt gaa
Val Glu

tggccacctg
ttttcggatc
aaaaatgcgg
cgcaaagcat
cgcagacggt
agcaatagca
cgattctcgc
gcaatgagac
acagtggttt
cgcattcctt
gcttctccaa
atgcgtatct
gttagctcaa
tcagcgctgce

ccgcttgtac

aaa
Lys

aaa
Lys

tgg.
Trp:

gtt
Val

cca
Pro
70

48541

Escherichia coli

proP M2
183)

gta
Val

aaa
Lys

ctg
Leu

cgt
Arg

ttc
Phe:

gat
‘Asp-.
40

ttt
Phe
55

ttc
Phe

tct
Ser

gaa
Glu

taagctccag
cggcacttct
cgagtagatt
ccaggtgcag
aacaatcagc
catggcccgce
tgagcagtcg
gtgccggaaa
caccgttctt
ctgcagttaa
aagcaagtga
cgtctgcegt
aatcagtgaa
cgcccccggg

aacccgtaac

(xen doan 1359bp ndm dudi

ccg att
Pro Ile
10

acc
Thr

aaa
Lys
25

gcc

Ala Ile

ttt
Phe:

ggt
Gly.

ccg
Pro

gct
Ala

999
Gly

tgc
Cys

gaa
Glu

gac
Asp
75

atgaccattt
gggggggaaa
agcaaatatc
caaacttttg
cacttgctct
tgcttccagce
ggttttactg
gggagctccg
accgcaatcc
ccagcgcaat
gcggatacat
ttgcgcaaat
ctgacaggta
cgcactgatt
tgcggcgegt

43

atx:

gtt
Vall

~tat

ctt
Leu

cgt
Arg

gat
Asp

gba
Ala
30

gca
Ala

acc
Thr

ggt ttt

Tyr Gly

ata
Ile

ccc
Pro

gac
Asp
60

tcg
Ser

gtg
Val

gcc
Ala

cagggat

ttgttattct
tccagcgatg
cacgctttcg
agccgcttaa
gctgaatatt
gtttccgect
attaatgctt
gcttttttat
agcccgcgca
cctcgccagt
tcgggacgeg
cggtccagcc
tgaggatcat
gctgttccat

acagcaagtg

Phe:

acc
Thr

gtc
vVal
15

tca
Ser

ctg
Leu

gtt
Val

gct
Ala

gct
Ala

agc
Ser

cct
Pro

cgt
Arg
80
act
ccacaacgag
gctggattat
cgagttcagg
aagccagttc
catcttccgg
gaactactcg
tttcgggagg
tacctgaatt
gaaaacccat
gaacccggac
aaccgaatcc
gttcagcgtc
atcccatatg
cgacaagacg

tttgtgcggce

48

96

144

192

240

293

353

413

473

533

593

653

713

773

833

893

953

1013

1073

1133

1193
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aagtatgcca

tgttgcaacg

gccgtaagcecs
tagagcceeg-
aattgctgac:

taccacaacc:

cttgccactt
ttgggcgata
agtacgttct

ctgctgttga

tcgatatttg:

gactteggtt.

attgtcggcg
ccgttaggga
cagcatgtcg
tcgtttaaag
attgccacca
aacctgcatt
ctgtttgtcc
ctacttggta
aacgtcatcg
acgggcgtta
ctggcggcegg
tggctggtcg
gtggttggtt
gcgacaccgg
aatatcgagc
acccgcctgg
<210>
<211>

<212>
<213>

24
80
PRT

<400> 24

aaccagtcgg
tcatggagct
agccccagac
gcattacgtg
cagttatcgt
cttaagttag
tcteccegttee

aatatggtcg

gtattggctt

‘tctgtaagat

ttgcggaata
ctattgecgg
aagcéaécﬁt
ttatcgggct
ataaactgga
agattgccac
acgtgactta
actccgaaga
agccggtgat
gtgttgccct
gcctgatttt
tggcttctac
catttaatat
aaagctcgca
taatcaccgg
cggcgtcaga
agaaaatcga

tgcagcaaca

48541

cggcattccg
gagcccatge
gtagcagagt
ccgaagtatc
gagagtaatt
cgcttatggg.
ctttctgatt
ccagaagatc
aataccgtcce
ggeacaaggt
ctcccectgac
gtttgtgctg,
cctcgattgg
ttacctgcgé
acagggcgac
taaatactgg
ctacatgttg
ccacggggtg
gggcttgctg
gtttgtgttg
tgccgggtta
cttgccagceg
ttcggtgctg
gaatctgatg
cgtaaccatg
tatacaggaa
tgatattgac

tccgcgaatt

Escherichia coli

cagccgcttce
agtgacttca
tgcagcatca
cagttcttcg
catcggcacg
gctgacccca
cgaccgcttg
ctcgctatca
tacgacacga
ttctcggtcg
cgtaaacgtg
ggtgcgggcg
ggctggcgta
catgcgctgg
cgtgaaggtt
cgcagcctgt
ctgacctata
ctgattatta
agtgaccgtt
gcgatcccgg
ctgatgctgg
atgttcccga
gttgccggtce
atgcctgcect
aaagagacgg
gcgaaggaaa
cacgagattg

gatgaataa

aggagagcca
cgtaatgaca
cgaatttcgce
ggcttaccaa
ttaaatcata
gcgtgcagat
gcggactctt
ctattgtgat
ttggtatttg
gcggtgaata
gctttatggg
tggtggtgtt
ttcecgttcett
aagagactcc
tgcaggatgg
tgacatgtat
tgccgagtta
tcgccattat
ttggccgtcg
cgtttattct
cggtgatcct
cgcatatccg
tgacgccaac
attacctgat
caaatcgtcc
ttctecgtcga

ccgatttgca

cgtcagataa
tcccececggg
ggcggcegggat
tatgggccag
tcaggcgtaa
ggttgctgca
ctttggtatg
tatgtcgatc
ggcaccgatt
taccggggceg
cagctggctg
aatttcgacc
tatcgctcfg
ggcgttccag
cccgaaagtce
tggtctggta
tttgtcgcat
gatcggtatg
tccgtttgtg
gattaacagt
taactgcttt
ttacagcgcg
gctggcggcee
ggtagtggcg
gttgaaaggt
gcattacgat

ggcgaaacgt

Met Leu Lys Arg Lys Lys Val Lys Pro Ile Thr Leu Arg Asp Val Thr

44

1253

1313

1373

1433

1493

1553

1613

1673

1733

1793

1853

1913

1973

2033

2093

2153

2213

2273

2333

2393

2453

2513

2573

2633

2693

2753

2813

2852
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20..

Ile Ile Asp Asp Gly Lys
20

Gly Asn Ala-Met Glu' Trp
35 .

Tyr Ala‘Leu Gly Lys Val
50

Asn Leu Arg Val Glu Pro
65 70
<2I@>..-25.

<211> 38

<212>: ADN

<213>“"Egéherichia coli

Lo

30

35

40

45

50

55

60

65

<220>
<221> d&u hiéu misc
<222> (1)..(38)

Leu

Phe

Phe

55

Ser

<223> Doan mdi serCF (Xbal)

<400> 25

Arg

Asp

Phe

Glu

Lys

25

Phe

Pro

Glu

48541

10

Ala Ile

Gly Vval

Gly Ala

Cys Asp
75

aggtgctcta gagtccgcgc tgtgcaaatc cagaatgg

<210> 26
<211> 37
<212> ADN

<213> Escherichia coli

<220>
<221> d&u hiéu misc
<222> (1)..(37)

<223> Doan mdi serCR(HindIII)

<400> 26

tacaccaagc ttaactctct acaacagaaa taaaaac

<210> 27
<211> 33
<212> ADN

<213> Escherichia coli

<220>
<221> d&u hiéu misc
<222> (1)..(33)

<223> Doan mdi serAF (Xbal)

<400> 27

ctgtagtcta gattagtaca gcagacgggc gcg

<210> 28
<211> 68

45

Thr

Tyr

Asp

60

Ala

Ala

Gly

Pro

Ser

Ala

30

Phe

Ile

Val

15

Ser

Ser

Pro

Leu

Ala

Ala

Arg
80

117/125
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48541

<212> ADN
<213> Escherichia coli

<220>

<221> .dAu hiéu misc

<222>  (1)...(68) v
<223% . Doan.mdi serAR(SHSSNB)

<400> .28
caagagctca .agcttgcatg cgattcccgg gcggccgcaa taagatctcce gtcagggegt

ggtgaccg
<210> 29
<211> 34

<212> ADN
<213> Escherichia culi

<220>
<221> d&u hiéu misc
<222>. (1)..(34)

<223>»" .Bdan mdi. serB.(Sphl).

<400> 29
ccatgcgcat gcccaccctt tgaaaatttg agac

<210> 30
<211> 75
<212> ADN

<213> Escherichia coli

<220>

<221> d&u hiéu misc
<222> (1)..(75)

<223> Doan mdi serB(Smal)

<400> 30
ccgcatgtcg acatcccggg gcagaaaggc ccacccgaag gtgagccagt gtgattactt

ctgattcagg ctgcc

<210> 31
<211> 35
<212> ADN

<213> Escherichia coli

<220>

<221> d&u hiéu misc

<222> (1)..(35)

<223> pPoan mdi n3m dudi glyA

<400> 31
atctaaagat ctgttacgac agatttgatg gcgcg

<210> 32
<211> 33
<212> ADN

<213> Escherichia coli

46
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48541

<220>

<221> dAu hiéu misc
<222> (1)..(33)
<223> nam.trén glyA

<400>" 327
ttcatcgegg: ccgcgaaaga atgtgatgaa gtg

<2103 33"
<211> 30
<212> ADN

<213> Escherichia coli

<220>

<221> .. d4du hiéu misc

<2225.(1y . ..(30) .
<223> Doan mdi proPmutl (HindIIT)

<400> -33°

o5

gtcaaagct§ atatggtcgc cagaagatcc

<210> 34
<211> 30
<212> ADN

<213> Escherichia coli

<220>

<221> d&u hiéu misc

<222> (1)..(30)

<223> Doan mdi proPmut2 (BamHI)

<400> 34
gtcaggatcc tcagccgcat tacacagttg

<210> 35
<211> 1564
<212> ADN

<213>. Escherichia coli

<220>

<221> d&u hiéu misc

<222> (5)..(10)

<223> Trinh tu nhan biét HindIII

<220>
<221> d6t bién
<222>  (969)..(969)

<223> M8 db6t bién: thay thé a bdng t & vi tri 1234, gay ra E412~*

<220>

<221> d&u hiéu misc

<222> (1534)..(1539)

<223> Trinh tu nhan biét BamHI

<400> 35

gtcaaagctt atatggtcgc cagaagatcc tcgctatcac tattgtgatt atgtcgatca

gtacgttctg tattggctta ataccgtcct acgacacgat tggtatttgg gcaccgattc

47
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. tgtttgteca

tgctgttgat
cgatatttgt
acttcggttc
ttgtcggcga
cgttagggat-
agcatgtcga
cgtttaaaga
ttgccaccaa

acctgcatta

tacttgcgtc

tttattctga

gtgatcctta

catatccgtt
acgccaacgc
tacctgatgg
aatcgtccgt
ctcgtcgagce
gatttgcagg
gaaacggatg
taatctctga
gtttatgaaa
tggtttgcca
tgccggtttt
tcag

<210>
<211>

<212>
<213>

36
1542
ADN

<220>
<221> dau
<222> (5).
<223>
<220>
<221> doét
<222> (588

ctgtaagatg
tgcggaatac
tattgccggg
agcgaacttc
tatcgggcett
taaactggaa
gattgccact
cgtgacttac

ctccgaagac

-gccggtgatg

cgtttgtgct
ttaacagtaa
actgétttac
acagcgcgct
tggcggecetg
tagtggcggt
tgaaaggtgc
attacgataa
cgaaacgtac
gcctgatgtg
cgcgcatact
gtttaactac
cgtactgatc

gcaggaaaaa

hiéu misc
. (10)

bién
) .. (589)

48541

gcacaaggtt
tccectgacce
tttgtgctgg
ctcgattggg
tacctgcgcec
cagggcgacc
aaatactggc
tacatgttgc
cacggggtgce
ggcttgctga

acttggtagt

cgtcatcgge

gggcgttatg
ggcggcggcea
gctggtcgaa
ggttggttta
gacaccggcg
tatcgagcag
ccgcctggtg
acgctgtctt
ctcctccagg
cgtgttcagc
tttcttcagce

ctgccegtga

Escherichia coli

Trinh tu nhan biét HindIII

tctcggtecgg
gtaaacgtgg
gtgcgggegt
gctggcgtat
atgcgctgga
gtgaaggttt
gcagcctgtt
tgacctatat

tgattattat

‘gtgaccgttt

gttgcecctgt

Ctgatttttg

gcttctacét
tttaatattt
agctcgcaga
atcaccggcg
gcgtcagata
aaaatcgatg
cagcaacatc
atcaggccaa
ttaacggagg
gtgctggtgg
cgtacccagg

tgcaactgtg

48

cggtgaatat
ctttatgggc
ggtggtgtta
tccgttettt
agagactccg
gcaggatggc
gacatgtatt
gccgagttat
cgccattatg
tggccgtegt
ttgtgttggc
ccgggttact
tgccagcgat
cggtgetggt
atctgatgat
taaccatgaa
tacaggaagc
atattgacca
cgcgaattga
ttgaactctt
agagtgcaat
tcagcagctt
cccgcecgtgcece

taatgcggcet

accggggcegt
agctggctgg
atttcgacca
atcgctctge
gcgttccagce
ccgaaagtct
ggtctggtaa
ttgtcgcata
atcggtatgc

ccgtttgtgce

gatcccggceg

gatgctggceg
gttcccgacg
tgccggtcectg
gcctgectat
agagacggca
gaaggaaatt
cgagattgcc
tgaataagct
aaggttcact
gaaaaaccgt
tctttatatc

ggaagtctct

gagcggccgce

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1564
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<223>
854

<220>
<221>
<222>
<223>

dau
(153

<400> 36.
gtcaaagctt.
gtacgttctg:
tgctgttgat
cgatatttgt
acttcggttc
ttgtcggcga
cgttagggat:
agcatgtcga
égtttaaaga
ttgccaccaa
cctgcattac
gtttgtccag
acttggtagt
cgtcatcggce
gggcgttatg
ggcggcggcea
gctggtcgaa
ggttggttta
gacaccggcg
tatcgagcag
ccgcctggtg
acgctgtctt
ctcctccagg
cgtgttcagc
tttcttcage
ctgccegtga
<210> 37

<211> 1563

<212> ADN
<213>

hiéu misc
3)..(538)

atatggtcgce

tattggctta

ctgtaagatg
tgcggaatac
tattgccggg
agcgaacttc
tatcgggctt
taaactggaa
gétﬁgccact
cgtgacttac
tccgaagacc
ccggtgatgg
gttgccctgt
ctgatttttg
gcttctacct
tttaatattt
agctcgcaga
atcaccggcg
gcgtcagata
aaaatcgatg
cagcaacatc
atcaggccaa
ttaacggagg
gtgctggtgg
cgtacccagg

tgcaactgtg

48541

Trinh. tu nhan biét BamHI

cagaagatcc
ataccgtcect
gcacaaggtt
tcccctgacce
tttétgctgg
ctcgattggg
tacctgcgcce
cagggcgacc
aaatactggc
tacatgttgce
acggggtgcet
gcttgctgag
ttgtgttggc
ccgggttact
tgccagcgat
cggtgetggt
atctgatgat
taaccatgaa
tacaggaagc
atattgacca
cgcgaattga
ttgaactctt
agagtgcaat
tcagcagctt
cccgcegtgcec

taatgcggcet

Escherichia coli

tcgctatcac
acgacacgat
tctcggtecgg

gtaaacgtgg

gtgcgggegt

gctggcgtat
atgcgcigga
gtgaaggttt
gcagcctgtt
tgacctatat
gattéttatc
tgaccgtttt
gatcccggceg
gatgctggcg
gttcccgacg
tgccggtcectg
gcctgectat
agagacggca
gaaggaaatt
cgagattgcc
tgaataagct
aaggttcact
gaaaaaccgt
tctttatatc
ggaagtctct

gaggatcctg

49

tattgtgatt
tggtatttgg
cggtgaatat
ctttatgggc
ggtggtgtta

tcecgttettt

agagactccg

gcaggatggc
gacatgtatt
gccgagtttt
gccattatga
ggccgtegte
tttattctga
gtgatcctta
catatccgtt
acgccaacgc
tacctgatgg
aatcgtcecgt
ctcgtcgagce
gatttgcagg
gaaacggatg
taatctctga
gtttatgaaa
tggtttgcca
tgccggtttt

ac

atgtcgatca
gcaccgattc
accggggcegt
agctggctgg
atttcgacca

atcgctctge

gcgttccage ™

ccgaaagtct
ggtctggtaa
tgtcgcataa
tcggtatgcect
cgtttgtgct
ttaacagtaa
actgctttac
acagcgcgcet
tggcggectg
tagtggcggt
tgaaaggtgce
attacgataa
cgaaacgtac
gcctgatgtg
cgcgcatact
gtttaactac
cgtactgatc

gcaggaaaaa

g6t bién M4: khuyét doan cta vung ndm dudi A cta vi tri nucleotit
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<220>
<221>
<222>
<223>

dau

<220>
<221>
<222> .
<223>

<220>
<221>
<222>
<223>

dau

<400> 37
gtcaaagctt

gtacgtfctg

tgctgttgat

‘cgatatttgt

acttcggttc
ttgtcggcga
cgttagggat
agcatgtcga
cgtttaaaga
ttgccaccaa
acctgcatta
tgtttgtcca
tacttgcgtce
tttattctga
gtgatcctta
catatccgtt
acgccaacgc
tacctgatgg
aatcgtccgt
ctcgtcgage
gatttgcagg
gaaacggatg
taatctctga

gtttatgaaa

(5).
Trinh tu nhan biét HindIII

-dét:
(722) ..(740)
Pot.

hiéu misc
. (10)

bién

bién M6

hiéu misc

(1553)..(1558)
Trinh tyu nhan biét BamHI..

atatggtcgce
tattggctta

ctgtaagatg

.tgcggaatac.

tattgccggg
agcgaacttc
tatcgggctt
taaactggaa
gattgccact
cgtgacttac
ctccgaagac
gccggtgatg
cgtttgtgct
ttaacagtaa
actgctttac
acagcgcgcet
tggcggectg
tagtggcggt
tgaaaggtgce
attacgataa
cgaaacgtac
gcctgatgtg
cgcgcatact

gtttaactac

48541

cagaagatcc
ataccgtcct
gcacaaggtt
tcccctgacc
tttgtgctgg
ctcgattggg
tacctgcgcc
cagggcgacc
aaatactggc
tacatgttgce
cacggggtgce
ggcttgctga
acttggtagt
cgtcatcggc
gggcgttatg
ggcggcggea
gctggtcgaa
ggttggttta
gacaccggcg
tatcgagcag
ccgcctggtg
acgctgtcectt
ctcctccagg

cgtgttcagce

xen doan 19p ndm dudi

tcgctatcac
acgacacgat
tctcggtcgg
gtaaacgtgg
gtgcgggcgt
gctggcgtat
atgcgctgga
gtgaaggttt
gcagcctgtt
tgacctatat
tgattattat
gtgaccgttt
gttgccctgt
ctgatttttg
gcttctacct
tttaatattt
agctcgcaga
atcaccggcg
gcgtcagata
aaaatcgatg
cagcaacatc
atcaggccaa

ttaacggagg

gtgctggtgg

50

vi tri nucleotit 973

tattgtgatt
tggtatttgg
cggtgaatat
ctttatgggc
ggtggtgtta
tcegttettt
agagactccg
gcaggatggc
gacatgtatt
gccgagttat
cgccattatg
tggcecgtegt
ttgtgttggc
ccgggttact
tgccagcgat
cggtgctggt
atctgatgat
taaccatgaa
tacaggaagc
atattgacca
cgcgaattga
ttgaactctt
agagtgcaat

tcagcagctt

atgtcgatca
gcaccgattc
accggggcegt
agctggctgg
atttcgacca
atcgctctgce
gcgttccagce
ccgaaagtct
ggtctggtaa
ttgtcgcata
atcggtatgc
ccgtttgtge
gatcccggeg
gatgctggcg
gttcccgacg
tgccggtctg
gcctgectat
agagacggca
gaaggaaatt
cgagattgcc
tgaataagct
aaggttcact
gaaaaaccgt

tctttatatc

60
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48541

tggtttgcca cgtactgatc tttcttcagc cgtacccagg cccgecgtgec ggaagtctct

tgccggtttt gcaggaaaaa ctgcccgtga tgcaactgtg taatgcggcect gagggatcct

cag

<210> 38

<211>. 3503
<212>":ADN
<213>

<220>
<221>
<222>
<223>

gene
(100

<400> 38

“ttctttogeg

gcctgecgtet:
tgacgcaggt
éfﬁtéccggd
gctggaagga
agcaaatttt
gttttatcgt
gcccgcaagce
cagagagtat
cgaccgttcc
cggcagataa
ggatgccacg
ctgtaaattt
aagttgatca
cgtcaactgg
gttacagaga
ctggcgtttg
aaaaccgatt
taccgcagca
tgcttacgceca
tgcacttgcc
tatgttgggce
gatcagtacg

gattctgctg

1)..(2503)

tgtgcagctt

gacattggtg

cgcgqagcat
g;tgcéécag
aaaggcgtta
tacccgctgg
tctggaggag
ggtggcgttyg
caatgcggca
gacgggcggyg
acaacccgtt
actctgttca
ggcgtaaata
caaatttaaa
tttgattgta
ttgcatcctg
cggaaatggg
acccttcgtg
tcactgggta
ttaggtaaag
actttctccg
gataaatatg
ttctgtattg

ttgatctgta

Escherichia coli

Vung md hdéa proP

cagacatgga
gaaaaactgg
ctggcgcetgce
caaéftgccg
acgcaacgag
cgtgctgggg
ttgcgetggg
ttgctgggtg
ccgaccacgce
gagcatgctg
tgctggtcag
gcgcagcgtc
atcagttaca
cactggtagg
cattccttaa
caattcccge
ccaactctgc
atgtcaccat
atgcaatgga
tttttttecc
ttccectttet
gtcgccagaa
gcttaatacc

agatggcaca

cgaacggcgg
cgtcgatgct
tgcaaaaaat
ccttgtéﬁga
gcctactggt
cgtataacgc
gggcatttgg
atttgctcga
gtcactatta
attttttaag
tgacccaacg
tggcgggggce
tcaatgagtc
gtaaaaaggt
ccggagggtg
tccecettttg
gaggaaagct
tattgatgac
atggttcgat
gggggctgac
gattcgaccg
gatcctcgcect
gtcctacgac

aggtttctcg

51

catgttaaat

ggatcccggt
ggatcaccgc
gtggttttéa
gcaggcaggt
ctggtcgttg
cgatgcctge
gaaagcgaca
ccatcagtgg
ttggctggga
ctggcaaact
aatgctcgag
ctaaacgaaa
cattaactgc
taagcaaacc
cggccgtege
atgctgaaaa
ggtaaactgc
tttggtgttt
cccagcgtgce
cttggcggac
atcactattg
acgattggta

gtcggcggtg

gcgccgcetta
catctggcac
cagcactctg
gcccgttgﬁc
gatcagagcg
cctgggcgcet
cgtctgggaa
caacatctgg
tttgcctctt
aagtggacca
gtcgcgetgg
gaaatcttct
tccatgtgtg
ccaattcagg
cgctacgcectt
gctgattttt
ggaaaaaagt
gtaaagccat
atggttttgt
agatggttgc
tcttectttgg
tgattatgtc
tttgggcacc

aatataccgg

1500

1560

1563
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ggcgtcgata

gctggacttc

gaccattgtc:
tctgcegtta:
ccagcagcat

agtctcgttt

ggtaattgcc

gcataacctg

tatgctgttt-

tgtgetactt:

cagtaacgtc

ctttacgggce:

cgcgctggeg
ggcctggetg
ggcggtggtt
aggtgcgaca
cgataatatc
acgtacccgce
gatgtgacgc
catactctcc
aactaccgtg
ctgatctttc
gaaaaactgc
cccgccataa
atcaatacct
aatcataatg
taacatccgce
tagcagggtt
gacatcttcc
cgccagttgc
tgctacatca
tggcgttcge

ggtcaggcga

tttgttgcgg
ggttctattg

ggcgaagcga

:gggattatcg

gtcgataaac

aaagagattg
accaacgtga
cattactccg
gtccagccgg
ggtagtgttg
atcggcctga
gttatggctt
gcgécattta
gtcgaaagct
ggtttaatca
ccggcggegt
gagcagaaaa
ctggtgcagc
tgtcttatca
tccaggttaa
ttcagcgtgce
ttcagccgta
ccgtgatgceca
cggctgtcca
ggtccttcat
ttgctgcctt
agcagggttg
tgctgtcgcet
agcagtttta
agcagctggg
atgtgatgcg
agttcgtgceg

ctgaccagat

48541

aatactcccc
ccgggtttgt
acttcctcga
ggctttacct
tggaacaggg
ccactaaata
cttactacat
aagaccacgg
tgatgggctt
ccctgtttgt
tttttgcegg
ctaccttgcc
atatttcggt
cgcagaatct
ccggcgtaac
cagatataca
tcgatgatat
aacatccgcg
ggccaattga
cggaggagag
tggtggtcag
cccaggcccg
actgtgtaat
tacgtacaaa
cttcaactgc
gcgggctgta
catcaccctg
ggtcgagcat
catgttgata
agacgctctc
ttttcgeccag
cgacgtcagc

cgtttaacgc

tgaccgtaaa
gctgggtgceg
ttggggctgg
gcgccatgceg

cgaccgtgaa

ctggcgcagce

gttgctgacc
ggtgctgatt
gctgagtgac
gttggcgatc
gttactgatg
agcgatgttc
gctggttgcc
gatgatgcct
catgaaagag
ggaagcgaag
tgaccacgag
aattgatgaa
actcttaagg
tgcaatgaaa
cagctttctt
cgtgccggaa
gcggctgaca
cgctttactc
catgaccgcect
acgatgggcg
aacggtgatg
ggtactgagt
attaccggaa
catcatctga
cagttccaga
ggtaaacaac

Cgaaaccacc

52

cgtggcttta
ggcgtggtgg
cgtattccgt
ctggaagaga
ggtttgcagg
ctgttgacat
tatatgccga
attatcgcca
cgttttggcce
ccggcegttta
ctggcggtga
ccgacgcata
ggtctgacgc
gcctattacc
acggcaaatc
gaaattctcg
attgccgatt
taagctgaaa
ttcacttaat
aaccgtgttt
tatatctggt
gtctcttgcc
atacttaacc
aactccccgce
ccgtcatcectt
ttttctacca
tcggcggegce
tcgtcatacg
gaaaatgact
tcaagccgtg
tgcaaacgca
ctttcgttat

gcttcgattt

tgggcagctg
tgttaatttc
tctttatcge
ctccggegtt
atggcccgaa
gtattggtct
gttatttgtc
ttatgatcgg
gtcgtcecgtt
ttctgattaa
tccttaactg
tccgttacag
caacgctggce
tgatggtagt
gtccgttgaa
tcgagcatta
tgcaggcgaa
cggatggcct
ctctgacgcg
atgaaagttt
ttgccacgta
ggttttgcag
ccagaccaat
atttactctc
cttgcagctt
ggtttcgcaa
tctctggcaa
aggggagaat
gtccggcacg
ccactaacgg
cccecegecag
ccagcgtgcet

cgagggtggc

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420
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gctgtgaatg gcaatgggcg ttaagttgtc ggcggtgcgc gcttccagct ctttttgcag 3480

ctccgccage gggcgggtga tgce 3503

53



