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Linh vie k§ thuat dwoc dé cip
Sang ché d& cap dén vi sinh vat tai tb hcjp san xudt putrescin hodc ornithin, va

phuong phép san xuit putrescin hodc ornithin bang cich st dung vi sinh vat nay.

Tinh trang k§ thuit ciia sang ché

Céc amin c6 ngudn gbc sinh vat (Biogenic amine - BA) 13 cac hop chit nifor
ma duoc tao ra chii yéu boi qué trinh tAch nhém carboxyl ciia axit amin hodic amin héa
va chuyén héa amin cia aldehyt va keton. Cac amin c6 ngudn gdc sinh vat nay cd
phan tir luong thip va dugc tong hop trong cic qué trinh trao d6i chit & vi sinh vat,
thuc vat, va dong vat, nho d6 duogc goi 1a cac yéu t§ cAu thanh va thuong duge tim
thdy trong cac té bao clia chiing.

Trong s& d6, putrescin duoc tim thiy trong vi khudn gram 4m hodc ndm va cé
mit véi ndng dd cao & cac loai khac nhau, va do d6 putrescin dudc cho 13 ¢6 vai trd
quan trong trong qua trinh chuyén héa ciia vi sinh vat. Néi chung, putrescin 13 nguyén
liéu thd quan trong dé tong hop polyamin nylon-4,6 va duogc tao ra chit yéu bang cach
t6ng hop héa hoc. Quy trinh tong hop héa hoc 14 quy trinh 3 budc bao gém phan tng
oxy héa nho xic tac, phan tmg st dung hop chét xyanua, v phan tng hydro héa sit
dung hydro &p suét cao. Do d6, c6 nhu ciu phét trién phuong phap than thién hon véi
méi trudng va c¢b hiéu qua ning lugng hon bang cch sir dung sinh khéi.

Trong bdi canh nay, cac phuong phap khic nhau dé san xuét putrescin & néng
d6 cao bang cach bién ddi E. coli va vi sinh vét thudc gibng Corynebacterium d3 dugc
boc 16 (Cong bd don qudc t& s6 WO 06/005603; Cong b don qudc té s6 WO
09/125924; Qian ZD et al., Biotechnol. Bioeng. 104 (4): 651 - 662, 2009; Schneider et
al., Appl. Microbiol. Biotechnol. 88 (4): 859 - 868, 2010; Schneider et al., Appl.
Microbiol. Biotechnol. 95: 169 - 178, 2012).

Mit khac, ornithin 1a nguyén li€u dugc tim théy rong rai trong thuc vat, dong

vét, va vi sinh vat, va duoc ding l1am tién chét dé sinh tong hop arginin, prolin, v
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polyamin. Ngoai ra, ornithin con dong vai trd quan trong trong con dudng tao ra ure tir
axit amin hodc amoniac va quyét dinh chu trinh ornithin trong qu4 trinh chuyén héa
in-vivo ca sinh vt bic cao. Ornithin 13 chat ¢6 hiéu qua trong qua trinh tao co va khir
chét béo trong co thé, va do d6 né duge ding 1am chét bd sung dinh dudng va ciing
duoc ding 1am duoc pham dé 1am thuyén giam bénh xo gan va réi loan chirc ning gan.
Cac phuong phap san xuét ornithin bao gdbm phuong phap st dung cazein sita lam
enzym tiéu héa va phuong phdp st dung E. coli hoic vi sinh vt thudc giéng
Corynebacterium (Patent Han Qudc s6 10-1372635; T. Gofoh et al., Bioprocess
Biosyst. Eng., 33: 773 - 777, 2010).

E. coli va vi sinh vét thudc gibng Corynebacterium déu qua céc con dudng
sinh t6ng hop twong tu nhau dé tao ra putrescin hoic ornithin, nhung ching ¢6 sy khac
biét nhu sau. Trudc tién, vi sinh vt thudc gibng Corynebacterium qua “con dudng
vong”, trong d6 axit glutamic dugc chuyén héa thanh axit N-axetyl-L-glutamic va
N-axetyl-L-ornithin dugc chuyén hoéa thanh L-ornithin boi arg] (ornithin
axetyltransferaza hai chirc /N-axetylglutamat syntaza, EC 2.3.1.35). Trai lai, E. coli
lién quan t&i qua trinh sinh tong hop putrescin hodc ornithin bing “con dudng thing”,
trong do argA (N-axetylglutamat syntaza, EC 2.3.1.1) va argE (Axetylornithin
deaxetylaza, EC 3.5.1.16) thay thé vai trd cta argl trong vi sinh vit thudc gibng
Corynebacterium.

Trong vi sinh vét thudc gibng Corynebacterium, di biét ring nhom axetyl tai
tudn hoan gifra ornithin va axit glutamic trong ArgJ. Tuy nhién, trong E. coli, ArgA
gin nhém axetyl clia axetyl-CoA vao glutamat dé tao ra N-axetyl-glutamat, va ArgE
N-axetyl-ornithin s& phan hity N-axetyl-ornithin d tao ra ornithin va axetat (Schneider
et al., Appl. Microbiol. Biotechnol. 91, 17 - 30., 2011).

Cu thé, operon pta-ackA (pta, phosphotransaxetylaza; ackA, axetat kinaza) va
axetyl-coenzym A synthetaza (acs) duoc goi 1a cac gen ding dé tdng hop axetyl-CoA

bing cach sir dung axetat.

Ban chit k§ thuit ciia sdng ché
Vén dé ky thuat

Céc tac gia sang ché d3 c6 nhiéu nd luc dé cai thién kha ning san xuat ornithin
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va putrescin cua vi sinh vat thudc giong Corynebacterium, va do d6 céc tac gia sang
che da phéat hién ra rang viéc dua argd va argE cb ngudn gdc tur E. coli vao vi sinh vét
thudc giong Corynebacterium c6 thé cai thién dugc khd nang sdn xuat ornithin va

putrescin.

Giai phap k¥ thuat

Muc dich cta sang ché 13 d& xuét vi sinh vat tai t6 hop san xuét putrescin hoic
ornithin v&i hiéu suét cao.

Muc dich khéc cta sang ché 1a d& xuit phuong phép san xuét putrescin hoic

ornithin bang cach st dung vi sinh vat néu trén.

Hiéu qua c6 loi cia sang ché

D3 khang dinh duoc rang vi sinh vat thudc gibng Corynebacterium san xuit
putrescin hodc ornithin theo sang ché c6 thé cai thién dugc lugng putrescin hoac
ornithin dugc tao ra khi dua vao vi sinh vat ndy argd c6 ngudn gbc tir E. coli va argE
c6 ngudn gbc tir E. coli, va ngoai ra, khi ting cudng con dudng st dung axetat. Do do,
vi sinh vat theo sang ché c6 thé duoc st dung mot cach rong rai dé san xuét putrescin
hodc ornithin, v ngoai ra, c6 thé dugc sit dung mdt cach rong rdi 1am phuong tién hiru
hiéu va theo cich mong mudn dé cung cdp cic nguyén lidu thé nhiam tao ra cic san
pham polyme khac nhau, trong d6 putrescin hodc ornithin dugc ding 1am nguyén liu

thd, xudt phat tir khia canh kinh té va méi trudng.

MG ta viin tit cac hinh vé

Fig.1 12 so d6 minh hoa con dudng sinh téng hop (con dudng vong) dé san
xudt putrescin va ornithin & vi sinh vét thudc gibng Corynebacterium (A) va con
dudng sinh tdng hop (con dudng thing) dé san xuit putrescin va ornithin & E. coli
(B).

Fig.2 1 so d6 minh hoa con dudng sinh téng hop cai thién dugc kha ning san
xuét putrescin va ornithin bang cach dua argd cé ngudn gbc tir E. coli va argE cb
ngudn gbe tir E. coli vio vi sinh vét thudc gibng Corynebacterium, & tinh trang biéu

hién argJ.
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M5 ta chi tiét sang ché

Theo mdt khia canh, sang ché dé cap dén vi sinh vat cai bién thudc giéng
Corynebacterium san xuét putrescin hodc ornithin, trong d6 hoat tinh cia.
N-axetylglutamat syntaza thu duoc tir E. coli va axetylornithin deaxetylaza thu dugc tir
E. coli dugce dua vao.

Theo mot phuong &n lam vi dy, sang ché dé cap dén vi sinh vat cai bién thudc
gidng Corynebacterium san xut putrescin hodc ornithin, trong d6 N-axetylglutamat
syntaza c6 ngudn gdc tir E. coli bao gdm trinh tur axit amin néu trong SEQ ID NO: 1.

Theo m6t phuong 4n l1am vi du khéc, sang ché d& cip dén vi sinh vat cai bién
thudc gidng Corynebacterium san xuit putrescin hodc ornithin, trong dé axetylornithin
deaxetylaza c6 ngudn gdc tir E. coli bao gdm trinh tu axit amin néu trong SEQ ID NO:
3.

Van theo mot phuong an lam vi du khac, sang ché dé cip dén vi sinh vat cai
bién thudc gidng Corynebacterium san xuit putrescin hodc ornithin, trong d6 vi sinh
vat thubce gidng Corynebacterium dugc chon tir nhém bao gém Corynebacterium
glutamicum, Corynebacterium ammoniagenes, Corynebacterium thermoaminogenes,
Brevibacterium flavum, va Brevibacterium lactofermentum.

Van theo mot phuong an lam vi du khac, sang ché dé cap dén vi sinh vat cai
bién thudc gibng Corynebacterium san xuét putrescin hodc ornithin, trong dé hoat tinh
cua operon phosphotransaxetylaza va axetat kinaza (operon pta-ackA) dugc ting
cuong hon nita so véi hoat tinh noi sinh ctia no.

Van theo mot phuong 4n lam vi du khéc, sang ché dé cap dén vi sinh vat cai
bién thudc gidng Corynebacterium sin xuét putrescin hogc ornithin, trong d6 operon
phosphotransaxetylaza va axetat kinaza bao gom trinh tu axit amin néu trong SEQ ID
NO: 5 hoac 7.

Van theo mot phuong an lam vi du khac, sang ché dé cip dén vi sinh vat cai
bién thudc gibng Corynebacterium san xuit putrescin hodc ornithin, trong d6 hoat tinh
clia axetyl-CoA synthetaza c6 ngudn gbc tir E. coli (acs) duogc dua vao tiép nira.

Vin theo mét phuong an 1am vi du khac, sang ché dé cap dén vi sinh vt cai
bién thudc gidng Corynebacterium sin xuit putrescin hodic ornithin, trong do

axetyl-CoA synthetaza c6 ngudn gbc tir E. coli (acs) bao gdm trinh tir axit amin néu
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trong SEQ ID NO: 9.

Van theo mot phuong 4n 1am vi du khac, sang ché dé cip dén vi sinh vat cai
bién thudc gidng Corynebacterium san xuét putrescin hodc ornithin, trong d6 hoat tinh
ctia ornithin decarboxylaza (ODC) dugc dua vao tiép nira.

Van theo mot phuong an 1am vi du khac, sang ché dé cap dén vi sinh vt cai
bién thudc gidng Corynebacterium san xuét putrescin hodc ornithin, trong d6 hoat tinh
clia i) ornithin carbamoyltransferaza (ArgF), ii) chét van chuyén tiét glutamat, hodc iii)
ornithin carbamoyltransferaza va chit van chuyén tiét glutamat con dugc 1am suy yéu
hon nira so v61 hoat tinh ndi sinh cua né.

Van theo mét phuong 4n lam vi du khac, sang ché dé cip dén vi sinh vit cai
bién thudc gidng Corynebacterium san xuét putrescin hodc ornithin, trong d6 hoat tinh
clia it nhat mot chit duoc chon tir nhém bao gém axetyl gama glutamyl phosphat
reductaza (ArgC), axetylglutamat syntaza hodc ornithin axetyltransferaza (Argl),
axetylglutamat kinaza (ArgB), va axetyl ornithin aminotransferaza (ArgD), dugc ting
cuong hon nira so véi hoat tinh noi sinh cia no.

Vén theo médt phuong 4n lam vi du khac, sang ché dé cap dén vi sinh vat cai
bién thudc gidng Corynebacterium san xuit putrescin hoic ornithin, trong d6 hoat tinh
clia axetyltransferaza con duoc 1am suy yéu hon nita so v6i hoat tinh néi sinh ctia né.

Van theo mét phuong an 1am vi du khac, sang ché dé cap dén vi sinh vét cai
bién thudc gibng Corynebacterium san xuit putrescin hodc ornithin, trong dé
axetyltransferaza bao gdm trinh ty axit amin néu trong SEQ ID NO: 30 hoc 31.

Van theo mot phuwong 4n 1am vi du khac, sang ché dé cap dén vi sinh vét cai
bién thudc gidng Corynebacterium san xuat putrescin hodc ornithin, trong d6 hoat tinh
ctia chét van chuyén tiét putrescin dugc tang cudong hon nita so véi hoat tinh ndi sinh
cua no.

Vin theo mét phuong 4n lam vi du khac, sang ché d& cap dén vi sinh vat cai
bién thudc gibng Corynebacterium san xuét putrescin hodic ornithin, trong d6 chit van
chuyén tiét putrescin bao gdm trinh tr axit amin néu trong SEQ ID NO: 26 hoic 28.

Theo khia canh khéc, sang ché @& cap dén phuong phap san xut putrescin hoic
ornithin, bao gém céc budc:

(1) nudi cay vi sinh vat cadi bien thudc giong Corynebacterium sén xuat
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putrescin hodc ornithin trong méi trudng; va

(i1) thu hoi putrescin hodc ornithin tir vi sinh vat da dugc nudi céy hodc moéi
trudng nay.

Theo mot phuong an 1am vi du ctia sang ché, vi sinh vét cai bién thudc gibng
Corynebacterium 1a Corynebacterium glutamicum.

Dudi day, sang ché s& duoc mo ta mot cach chi tiét.

Theo mot phuong 4n, sing ché d& cap dén vi sinh vat cai bién thudc gibng
Corynebacterium san xuht putrescin hodc ornithin, trong dé hoat tinh cua
N-axetylglutamat syntaza c6 ngudn gdc tir E. coli v axetylornithin deaxetylaza c6
ngudn goc tir E. coli duoc dua vao.

Trong ban md ta ndy, thuit ngit “N-axetylglutamat syntaza” duoc ding dé chi
enzym ma 1am trung gian cho phan tmg san xuit N-axetylglutamat tir giutamat va
axetyl-CoA, va N-axetylglutamat d& dugc tao ra tir d6 c¢6 thé duoc sir dung lam tién
chét ciia ornithin va arginin.

Theo sang ché, N-axetylglutamat syntaza c6 thé bao gbm, vi du, protein c6
trinh ti axit amin néu trong SEQ ID NO: 1, va protein bit ky, ma cé mirc do tuong
ddng 13 70% hoidc cao hon, cu thé 13 80% hodc cao hon, cu thé hon 13 90% hoic cao
hon, cu thé hon nita 14 95% hodc cao hon, con cu thé hon nita 14 98% hodc cao hon, va
cu thé nhét 12 99% hodc cao hon, so vé6i trinh tu axit amin néu trén, voi diéu kién
protein ndy c6 hoat tinh chii yéu ctia N-axetylglutamat syntaza, ma khong chi gi6i han
G do.

Ngoai ra, cac protein c6 hoat tinh néu trén cé thé c6 sy khac nhau vé trinh tu
axit amin, theo loai va ching vi sinh vat. Do d6, N-axetylglutamat syntaza theo sang
ché c6 thé, vi du, cé ngudn gdc tir E. coli, dit n6 khong chi gi6i han & do.

Péi véi trinh tr c6 mic do tuong déng so v6i trinh tu néu trén, néu trinh tu
axit amin 13 trinh tir vé co ban 12 twong tu hodc tuong tng v6i hoat tinh sinh hoc cia
protein cé trinh tir néu trong SEQ ID NO: 1, nhan thdy ring trinh tu axit amin chira
doan khuyét, cai bién, thé, hodc bd sung mot phan trinh tur 13 ciing ndm trong pham vi
clia sang ché.

Polynucleotit mi héa N-axetylglutamat syntaza theo sang ché c6 thé bao gbm,

ma khong chi gidi han &, polynucleotit ma héa protein cé trinh ty axit amin néu trong
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SEQ ID NO: 1, va protein bét ky, ma c6 mic do tuong déng 1a 70% hoac cao hon, cu
thé 14 80% hoic cao hon, cu thé hon 12 90% hoic cao hon, cu thé hon nita 13 95% hodc
cao hon, con cu thé hon nita 14 98% hodc cao hon, va cu thé nhét 1a 99% hogc cao hon,
so v6i trinh tur axit amin néu trén, v6i didu kién polynucleotit ndy c6 hoat tinh tuong tu
so v6i hoat tinh ctia N-axetylglutamat syntaza, va vi du, trinh tu polynucleotit néu
trong SEQ ID NO: 2 ¢6 thé dugc bao gom.

Trong ban mé ta ndy, thuit ngit “axetylornithin deaxetylaza” duogc ding dé chi
enzym ma lam trung gian cho phan Ung li€én quan t&1 sy tao ra axit axetic va ornithin
bang cach 1am trung gian cho qua trinh thiiy phan axetylornithin.

Theo sang ché, axetylornithin deaxetylaza c6 thé bao gbm, ma khong chi gidi
han &, protein c6 trinh ty axit amin néu trong SEQ ID NO: 3, va protein bat ky, ma cé
muc do twong déng 12 70% hoic cao hon, cu thé 13 80% hoic cao hon, cu thé hon 1a
90% hodc cao hon, cu thé hon nita 1a 95% hogc cao hon, con cu thé hon nita la 98%
hodc cao hon, va cu thé nhit 13 99% hodc cao hon, so véi trinh ty axit amin néu trén,
v6i didu kién protein ndy c hoat tinh chu yéli cua nhém axetyl tdch ra va ornithin tir
axetylornithjn. '

Ngoai ra, cac protein c6 hoat tinh néu trén cé thé c6 sy khic nhau vé trinh tu
axit amin, theo loai va chung vi sinh vat. Do d6, axetylornithin deaxetylaza theo sang
ché c6 thé 14 chét ¢6 ngudn gbc tix E. coli, cho di né khong chi giéi han & d6. Pbi véi
trinh tu c6 mitc d twong ddng, néu trinh tu axit amin 13 trinh trr vé co ban 1a twong tur
hodc twong tmg véi hoat tinh sinh hoc ciia protein cé trinh ty néu trong SEQ ID NO: 3,
nhin théy réng trinh tu axit amin ¢6 doan khuyét, cai bién, thé, hodc bd sung mot phﬁn
trinh tir 13 cling ndm trong pham vi clia sang ché.

Polynucleotit m3 héa axetylornithin deaxetylaza theo sang ché c6 thé bao gbm,
v6i didu kién polynucleotit nay c6 hoat tinh twong tr so véi hoat tinh cia protein
axetylornithin deaxetylaza, protein nay c6 trinh tu axit amin néu trong SEQ ID NO: 3,
hoic polynucleotit ma hoéa protein, ma c6 mirc d6 tuong ddng 13 70% hodc cao hon, cu
thé 12 80% hodc cao hon, cu thé hon 1& 90% hodc cao hon, cu thé hon nita 12 95% hoac
cao hon, con cy thé hon nita 13 98% hodc cao hon, va cu thé nhat 14 99% hoic cao hon,
so voOi trinh tu axit amin néu trén, vi duy, trinh tu polynucleotit néu trong SEQ ID NO:
4.



32373

Ngoai ra, polynucleotit ma héa N-axetylglutamat syntaza hodc axetylornithin
deaxetylaza theo sang ché c6 thé duoc lai héa véi trinh tu polynucleotit néu trong SEQ
ID NO: 2 hoic SEQ ID NO: 4 hoic doan mdi c6 ngudn gbe tir trinh tu polynucleotit
trong cac diéu kién nghiém ngit, va n6 cé thé 13 loai cai bién cia N-axetylglutamat
syntaza hodc axetylornithin deaxetylaza c6 chic nang thong thuong. Trong truong hop
néu trén, thuit ngir “didu kién nghiém ngit” duoc ding dé chi didu kién cé thé xay ra
qua trinh lai hoa ddc hiéu giita cac polynucleotit. Vi du, didu kién nghiém ngit 1a diéu
cu thé dugc mé ta trong cc tai liéu vién din (vi du, J. Sambrook et al., supra).

Trong ban mé ta ndy, thudt ngit “mirc d6 twong ddng” duge dung dé chi muc
do déng nhit v&i trinh ty axit amin nhat dinh hodc trinh tu polynucleotit, va cé thé
duoc biéu hién béng ty 1¢ phén tram. Nhu dugc sir dung trong ban moé ta nay, trinh tu
tuwong dong c6 hoat tinh gidng hodc twong tu vdi trinh tu polypeptit hodc trinh tu
polynucleotit nhat dinh c6 thé dugc biéu thi bing “o% mirc do twong ddéng”. Vi du, %
mic d6 twong ddng c6 thé duoc xac nhan bang cach sit dung phan mém tiéu chuin,
nghia 14, BLAST 2.0, d tinh toan c4c théng sé nhu diém sb, mic d6 dong nhét, va
murc d§ tuong tu, hodc bfing cach so sanh céc trinh ty thong qua thir nghiém lai hoa
phuong Nam, va diéu kién lai héa thich hop cén xac dinh c6 thé dugc x4c dinh bing
phuong phap di biét dbi voi ngudi cé hidu biét trung binh trong linh vuc k§ thuat nay
(vi du, J. Sambrook et al., Molecular Cloning, A Laboratory Manual, 2nd Edition,
Cold Spring Harbor Laboratory press, Cold Spring Harbor, New York, 1989; F.M.
Ausubel et al., Current trinh tu in Molecular Biology, John Wiley & Sons, Inc.,
New York).

Mt khéc, vi sinh vat theo sang ché c6 thé bao gdm ca loai tr nhién va loai cai
bién, vi du, vi sinh vat thubc gibng Escherichia, gibng Shigella, gidng Citrobacter,
gibng Salmonella, gidng Enterobacter, gidng Yersinia, gibng Klebsiella, giéng
Erwinia, gidng Corynebacterium, gidng Brevibacterium, giéng Lactobacillus, gidng
Selenomanas, gidng Vibrio, gibng Pseudomonas, gibng Streptomyces, gibng
Arcanobacterium, gidng Alcaligenes, v.v.. Cu thé, vi sinh vat theo sang ché c6 thé 13 vi
sinh vat thudc giéng Corynebacterium, cu thé hon, vi sinh vat dugc chon tir nthém bao
gbdm Corynebacterium glutamicum, Corynebacterium ammoniagenes,

Corynebacterium thermoaminogenes, Brevibacterium flavum, va Brevibacterium
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lactofermentum, va cu thé hon, Corynebacterium glutamicum, nhung khéng chi gidi
han & cac gidng nay.

Cu thé, trong ban mod td nay, thudt nglt “vi sinh vit thudc giéng
Corynebacterium san xuét putrescin hodc ornithin” duge dung dé chi vi sinh vat thudc
giéng Corynebacterium san xuét putrescin hodc ornithin & trang thai tu nhién; hodc vi
sinh vat thudc gidng Corynebacterium san xuit putrescin hodc ornithin di dugc tao ra

bang cach dua kha ning san xuét putrescin hodc omithin vio gidng bb me cia nd, ma
| khong thé san xuét putrescin hogic ornithin.

Vi sinh vat, c6 kha nang san xuét putrescin hodc ornithin hodc cé thé san sinh
putrescin hodc ornithin, c¢6 thé kha ning san xut ornithin cai thién, ma dugc ding lam
nguyén liéu thé dé sinh tdng hop putrescin, bing cich cai bién hoat tinh cla
axetylglutamat syntaza (chuyén héa glutamat thanh N-axetylglutamat), ornithin
axetyltransferaza (ArgJ, chuyén héa axetylomithin thanh ornithin), axetylglutamat
kinaza (ArgB, chuyén hoéa axetylglutamat thanh N-axetylglutamyl phosphat), gama
glutamyl phosphat reductaza (ArgC, chuyén héa N-axetylglutamyl phosphat thanh
N-axetylglutamat semialdehyt), va axetyl ornithin aminotransferaza (ArgD, chuyén
héa axetylglutamat semialdehyt thanh N-axetylornithin) dé ting cudng hon nita so véi
hoat tinh ndi sinh cta chung, dé ting cudng con dudng sinh téng hop tir glutamat
thanh ornithin, mic dit khong bi gidi han cu thé & do.

Ngoai ra, vi sinh vét co thé duoc cai bién dé hoat tinh suy yéu cua ornithin
carbamoyltransferaza (ArgF, c¢6 lién quan t6i sy tong hop arginin tir ornithin), protein
c6 lién quan t6i su xuét glutamat, vi/hodic protein axetyl héa putrescin, hon so véi hoat
tinh noi sinh ctia ching; va/hodc d& dua hoat tinh cta ornithin decarboxylaza (ODC)

vao.

Trong ban mé ta ndy, thuit ngit “dua hoat tinh” ¢6 thé dugc ding dé chi hoat
tinh cta protein, ma khong c6 mat hodc suy yéu & vi sinh vat, méi duoc dua hodc gia
tang & vi sinh vat tuong tng. Cu thé, n6 c6 thé bao gdm viéc chén hoic phan phéi gen
ma héa protein, ma khong c6 mdt & vi sinh vat, vao vi sinh vit cén biéu hién & do,
hodc cai bién protein dé gia tdng su biéu hién protein, ma khong duogc biéu hién hoic

hau nhu khéng duge biéu hién ¢ vi sinh vat, nhung khong chi giéi han & dé.
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Mait khac, theo sang ché, viéc cai bién nhu viéc dua hoat tinh, gia tdng hoat
tinh, hoat tinh suy yéu, v.v., c6 thé xay ra théng qua quy trinh bién nap. Trong ban mé
ta ndy, thuit ngit “bién nap” dugc ding d& chi quy trinh dua vecto, bao gdm
polynucleotit ma hoa protein cu thé hoic trinh tu khéi ddu c6 hoat tinh manh hodc yéu,
v.v., vao té bao chi, do d6 din t6i su biéu hién protein dugc mi héa boi polynucleotit
hodc cai bién nhifm séc thé & t& bao chu. Ngoai ra, polynucleotit bao gdm ADN va
ARN m3 hda protein dich. Polynucleotit c6 thé dugc chén vao & dang bat ky cho t6i
khi n6 ¢6 thé duge dua vao té bio chi va duoc bidu hién hoc cai bién & do. Vi dy,
polynucleotit co thé dugce dua vao té bao chu & dang cat-xét biéu hién, 13 ciu tric gen
bao gbm tit ca cac nguyén td thiét yéu can cho su tu biéu hién. Cat-xét biéu hién cd
thé thudong bao gém gen khéi dau lién két linh hoat v6i polynucleotit, tin hiéu két thic
su phién m3, mién gin két v6i ribosom, va tin hiéu két thic su dich mé, va c6 thé 13 &
dang vecto biéu hién c6 kha nang tu sao chép. Ngoai ra, polynucleotit c6 thé duoc dua
vao té bao cha & dang vdn c6, va lién két linh hoat vé6i trinh tr thiét yéu dé biéu hién
n6 trong té bao chit, nhung khong chi gi6i han & dé.

Ngoai ra, trong ban md ta ndy, thudt ngit “lién két diéu khién” duoc dung dé chi
su lién két chuc nang gifta trinh tu khéi dau, bat diu va lam trung gian dbi voi su
phién mi polynucleotit ma héa protein cu thé theo sang ché, va trinh tu gen.

Trong ban mé ta ndy, thut ngit “vecto” dugc dung dé chi cu tric ADN bao
gbm trinh tu nucleotit clia polynucleotit ma héa protein quan tdm, trong d6 protein
quan tdm nay duoc lién két diéu khién vdi trinh tu diéu hoa thich hop sao cho protein
quan tAm nay c6 thé dugc biéu hién trong vat chi thich hop. Trinh tu diéu hoa bao
gdm gen khéi ddu c6 kha niang bit diu su phién ma, trinh tu diéu khién bt ky dé diéu
hoa qué trinh phién m4, trinh ty ma héa mién gin két véi mARN ribosom thich hop,
va trinh tu diéu hoa su phién ma va dich ma. Vecto, sau khi bién nap thanh té bao chu
thich hop, c6 thé duogc sao chép hoic c6 chirc ning khéng lien quan téi bo gen ciia vat
chil, hoic c6 thé duoc hop nhét thanh b gen clia chinh vat chu.

Vecto dugc st dung trong sang ché c6 thé khéng bi gi¢i han cu thé véi diéu
kién vecto ndy c6 kha ning sao chép trong t& bao chi, va vecto bit ky da biét trong
linh vuc nay c6 thé duoc st dung. Vi du vé vecto ¢6 thé bao gém cac plasmit tu nhi€én

hodc tai to0 hgp, cosmit, virut, va thé thuc khuan. Vi du, doi véi vecto hodc cosmit

-11-



32373

vecto cta thé thuc khuén, pWEI5, M13, MBL3, MBLA4, IXII, ASHII, APII, t10, t11,
CharondA, Charon2lA, v.v., ¢ thé dugc st dung; va dbi véi vecto cia plasmit, chung
dua trén pBR, pUC, pBluescriptll, pGEM, pTZ, pCL, pET, v.v., ¢6 thé duoc st dung.
Vecto cin ding trong sang ché c6 thé khong chi gidi han cu thé & cic vecto nay va
vecto bat ky di biét trong linh vuc ndy c6 thé duoc st dung. Cu thé, pDZTn,
pACYC177, pACYCI84, p'CL, pECCGI17, pUCIY9, pBR322, pMWI118, pCCIBAC
vectors, v.v., c6 thé duoc sir dung.

Do do, polynucleotif mi héa protein dich c6 thé dugc thé bang polynucleotit
cii bién bang cach sir dung vecto dé chén nhidm sic thé trong vi khudn. Viéc chén
polynucleotit vio nhidm sic thé c6 thé dugc thuc hién bang cch sir dung phuong phap
da biét trong linh vuc k¥ thuat ndy, vi du, bang cach tai td hop ddng nhét, nhung
khong chi gii han & d6. Do vecto theo sang ché c6 thé dugc chén vio nhiém sic thé
bang cach tai t6 hop dong nhat, nén chit danh ddu chon loc d x4c nhin viéc chén vao
nhiém sic thé c6 thé con duge bao gém nita. Chat danh diu chon loc dugc dung dé
chon loc t& bao bién nap, nghia la dé x4c nhan xem liéu polynucleotit dich dugc chén
vao hay khéng, va chit danh diu tao ra cac phenotyp c6 kha ning chon loc nhu tinh
khang thudc, yéu cdu vé chat dinh dudng, tinh khang véi cac tac nhan gy ddc té bao,
va su biéu hién protein bé mit c6 thé duoc st dung. Trong cac trudng hop trong d6 céc
tac nhan chon loc duoc xi 1y, thi chi c¢6 céc té bio biéu hién chit danh ddu chon loc ¢
thé sdng sét hogc biéu hién cac tinh trang vé kiéu hinh khac, va do dé céc té bao bién
nap c6 thé duoc chon mdt cach dé dang.

Vi sinh vat thudc gidng Corynebacterium theo sang ché c6 thé 13 vi sinh vat cai
bién thudc gidng Corynebacterium san xuét putrescin hodc ornithin, trong d6 hoat tinh
cua operon phosphotransaxetylaza va axetat kinaza (operon pta-ackA) dugc ting
cuong hon nita so v6i enzym ndi sinh cua né.

Theo sang ché, operon phosphotransaxetylaza va axetat kinaza (operon
pta-ackA) 13 cic operon bao gdm cic gen lam trung gian thudn nghich déi v6i con
dudng trao d6i chit, trong d6 axetyl-CoA da duoc tao ra tir glucoza hodc pyruvat duoc
chuyén héa thanh axit axetic thong qua axetyl phosphat, va con dudng trao d6i chit
theo huéng nguoc lai.

Theo sang ché, operon phosphotransaxetylaza va axetat kinaza c6 thé bao gdm,
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ma khong chi gi6i han & d6, cac protein bao gdm trinh tir axit amin néu trong SEQ ID
NO: 5 hodc SEQ ID NO: 7, hoic protein bat ky, ma c¢6 muc d6 tuong ddng 70% hodc
cao hon, cu thé 12 80% hodc cao hon, cu thé hon 12 90% hodc cao hon, cu thé, cu thé
hon nira 12 95% hoic cao hon, con cu thé hon nita 12 98% hoic cao hon, hodc cu thé
nhét 12 99% hoic cao hon, so v&i trinh tu axit amin néu trén, voi diéu kién protein vé
co ban 1a 1am trung gian cho phan ung tao'ra axetyl-CoA tir axit axetic.

Ngoai ra, do trinh tir axit amin ctia cic protein c6 hoat tinh c¢6 thé thay d6i theo
loai hodc giéng cua vi sinh vat nhit dinh, ﬁén operon phosphotransaxetylaza va axetat
kinaza theo sang ché c6 thé khong chi gidi han & cac operon c6 ngudn gbc tir d6. Nhan
thdy rang trinh tr axit amin bat ky, ma c¢é mirc d6 trong ddng so vé6i trinh tw néu trén
va c6 hoat tinh sinh hoc vé co ban 14 tuong tu hodc twong tmg voi protein 6 trinh tu
néu trong SEQ ID NO: 5 hoic SEQ ID NO: 7, c6 thé ciing thuéc pham vi ciia sang ché,
mic di trinh tu axit amin c6 thé bi khuyét, cai bién, thé, hodc bd sung mét phan trinh
tur.

Polynucleotit ma hoa operon phosphotransaxetylaza va axetat kinaza theo sang
ché c6 thé bao gébm polynucleotit mi héa axit amin c6 trinh tu néu trong SEQ ID NO:
5 hodc SEQ ID NO: 7, hoic polynucleotit ma héa protein c6 mirc d6 tuong ddng 70%
hoic cao hon, cu thé 13 80% hodc cao hon, cu thé hon 14 90% hoic cao hon, cu thé hon
nita 12 95% hoic cao hon, con cu thé hon nita 1a 98% hodc cao hon, va cu thé nhét 1a
99% hoic cao hon so véi trinh tu axit amin néu trén, va cu thé nhit 13 c6 thé bao gém
trinh tu polynucleotit néu trong SEQ ID NO: 6 hodc SEQ ID NO: 8.

Trong ban md ta ndy, thuét ngit “su gia ting hoat tinh” khong nhitng bao gdm
vi€éc minh hoa hi¢u qué hitu hi€u hon so véi chiic nang ban dau do viéc dua méi hoat
tinh hodc ting cudng hoat tinh ctia chinh protein, ma con bao gém viéc ting cuong
hoat tinh ctia né bang cach ting cudng hoat tinh cta gen ndi sinh, khuéch dai gen noi
sinh tir yéu t6 noi sinh hodc yéu t6 ngoai sinh, 1am khuyét yéu t6 diéu hoa dé wc ché sy
biéu hién gen, ting cudng sb luong ban sao gen, dua gen tir bén ngoai vao, cai bién
trinh tu diéu hoa su biéu hién, va cu thé, tang cudng hoat tinh enzym do thay thé hoic
cai bién gen khoi dau va dot bién trong gen, v.v..

bic biét, theo sang ché, viéc tang cudng hoat tinh cé thé duoc thuc hién béng

cach:
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1) ting cudng sb luong ban sao polynucleotit ma héa enzym,

2) cai bién trinh tu diéu hoa su biéu hién dé ting cudng su biéu hién

polynucleotit,

3) céi bién trinh tu polynucleotit trén nhidm sic thé d& gia tang hoat tinh cia

enzym, hodc

4) cai bién bang cach két hop cac cach néu trén, |

nhung phuong phap nay khong chi giéi han & do.

Viéc tang cuong sd lugng ban sao polynucleotit (phuong phép 1) c6 thé duoc
thue hién & dang trong d6 polynucleotit nay duoc lién két didu khién v6i vecto, hoidc
bang cach chén polynucleotit vao nhiém sic thé cua té bao chi, mic di phuwong phap
nay khong bi gioi han cu thé & d6. Cu thé, sb luong ban sao ciia polynucleotit trong
nhiém sic thé cia t& bao chu c6 thé dugc ting 1én bing cach dua vecto ma cé thé thay
thé va khong ké chuc ning cua té bao chi va vao polynucleotit ma héa protein theo
sang ché dugc lién két didu khién; hodc ¢6 thé dugc tang 1&€n béng cach dua vecto, ma
¢6 thé chén polynucleotit vao nhiém sic thé cia té bao cha va vao polynucleotit duoc
lién két diéu khién, vao té bao chu.

Sau d6, viéc cai bién trinh ty didu hoa su biéu hién dé ting cudong su biéu hién
ctia polynucleotit (phuong phap 2) c¢6 thé duoc thuc hién bang cach cai bién trén trinh
tu bang cach 1am khuyét, chén, thé khong bao toan hoic bao toan trinh tr polynucleotit,
hoic két hop cac cach nay dé ting cudng hon nita hoat tinh cia trinh tu diéu hoa su
biéu hién, hoic béng céch thé trinh tu polynucleotit b%lng trinh ty polynucleotit c6 hoat
tinh manh hon, mic dii phuong phép nay khong bi gi6i han cu thé & d6. Trinh ty didu
hoa su biéu hién bao gdm gen khoi dau, trinh ty khoi ddu, trinh tw mi hoa vi trf gin
két voi ribosom, va trinh tir didu hoa két thic su phién ma va dich ma, mic du khéng
bi gidi han cu thé & do.

Gen ngoai sinh khéi d4u c6 hoat tinh manh, thay vi gen khéi dau ban dau, c6
thé duoc lién két v6i vimg nam nguoc chidu cia don vi biéu hién polynucleotit. Vi du
vé gen khoi ddu c6 hoat tinh manh c6 thé 13 gen khai dau CJ7, gen khéi déu lysCPI,
gen khéi ddu EF-Tu, gen khoi déu groEL, gen khéi ddu aced hodc aceB, v.v., va cu
thé hon, mirc do biéu hién c6 thé dugc cai thién bang cach lién két linh hoat véi gen

khéi dau lysCPI c6 ngudn gbe tir Corynebacterium (WO 2009/096689) hodc gen khoi
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dau CJ7 (Patent Han Qudc s6 10-0620092 va WO 2006/065095), nhung gen khai dau
c6 hoat tinh manh khéng chi bi giéi han & do.

Hon thé nita, viéc cai bién trinh tr polynucleotit trén nhiém sic thé (phuong
phap 3) c6 thé dugc thuc hién bing cach cai bién trinh tu diéu hoa sy bidu hién bang
cach 1am khuyét, chén, thé khong bao toan hodc bao toan trinh trr polynucleotit, hoic
két hop cac cach nay dé ting cudng hon nita hoat tinh ciia trinh tur polyhucleotit, hodc
bang cach thé trinh tu polynucleotit bang trinh tu polynucleotit cai thién cé hoat tinh
manh hon, mac di phuong phap khong bi giéi han cu thé & d6.

Cu thé, theo sang ché, hoat tinh ciia operon phosphotransaxetylaza va axetat
kinaza (operon pta-ackA) c6 thé 1 gia ting so v6i hoat tinh ndi sinh ctia né bing
phuong phép bat ky dugc chon tir nhém bao gdm phuong phap ting cudng sb luong
bén sao ciia operon trong t& bao, phuong phép dua doan cai bién trén trinh tu didu hoa
su biéu hién operon, phuong phap thé trinh tu diéu hoa su biéu hién cta gen trén
operon bang trinh tu c¢6 hoat tinh manh hon, phuong phép thay thé cic gen m3 hoa
enzyme bang cac gen di tao dot bién trén nhidm sic thé dé ting cudng hoat tinh cia
enzym ciu thanh nén operon ndy, va phuong phap dwa doan cai bién trén gen trén
nhiém sic thé dé ting cudng hoat tinh clia enzyme cu thanh nén operon. Cu thé,
phuong phéap thay thé trinh tu diéu hoa su biéu hién gen trén operon co trinh tu ¢6 hoat
tinh manh hon ¢6 thé thu dugc bing cach thé gen ndi sinh khéi déu cia operon
axetylaza va axetat kinaza bang gen khai dau CJ7, gen khoi dau lysCP1, gen khéi dau
EF-Tu, gen khoi ddu groEL, gen khéi diu aced hoic aceB, v.v., nhung viéc thay thé
khong chi bi gi61 han & do.

Trong ban mé ta nay, thuat ngit “hoat tinh ndi sinh” dugc dung dé chi tinh
trang hoat hoa clia enzym & trang théi khong dugc cai bién dugc tao ra ban diu boi vi
sinh vat, va thuit nglt “tdng cudong hon nita so véi hoat tinh ndi sinh cia n6é” dugce
dung dé chi tinh trang gia ting cta hoat tinh ctia enzym tao ra béi vi sinh vét sau khi
khuéch dai, nhu dua gen c6 hoat tinh hodc ting cudng sb lugng ban sao ciia gen twong
ting, 1am khuyét yéu t6 didu hoa su trc ché qua trinh biéu hién ciia gen ndy, hodc cai
bién trinh tr didu hoa su biéu hién, vi du, stt dung gen khéi du cai thién, so véi hoat

tinh tao ra béi vi sinh vat trude khi khuéch dai.
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Theo sang ché, vi sinh vat thudc gidng Corynebacterium san xuét putrescin
hodc ornithin, trong d6 hoat tinh ciia axetyl-CoA synthetaza c6 ngudn gbc tir E. coli
(acs) c6 thé duoc dua thém nita vao do.

Theo sang ché, axetyl-CoA synthetaza (acs) 13 enzym ma 1am trung gian cho
phan Gmg dé tao ra axetyl-CoA tir ATP, axit axetic, va CoA.

Theo sang ché, axetyl-CoA synthetaza c6 thé bao gém, ma khong chi gidi han}
& d6, cac protein cé trinh tur axit amin néu trong SEQ ID NO: 9, hoic protein bt ky c6
muc do tuong déng 12 70% hoic cao hon, cu thé 1a 80% hoic cao hon, cu thé hon 1a |
90% hodc cao hon, cu thé hon nita 12 95% hoic cao hon, con cu thé hon nita 13 98%
hodc cao hon, va cu thé nhit 13 99% hodc cao hon, so véi trinh tu axit amin néu trén,
v6i diéu kién protein ndy c6 hoat tinh 1am trung gian chi yéu cia viéc tdng hop
axetyl-CoA.

Ngoai ra, do trinh tu axit amin ctia cac protein c6 hoat tinh c6 thé thay dbi theo
loai hodc cac gidng ciia vi sinh vat nhit dinh, axetyl-CoA synthetaza (acs) theo sang
ché c6 thé khong chi gidi han & ngudn gbc ma nd tao ra tir d6, va vi dy, nd co thé co
ngudn gbc tir E. coli. Nhan thy ring trinh tu axit amin bat ky, ma c6 muc do twong
déng vOi trinh tu néu trén va c6 hoat tinh sinh hoc vé co ban 1a tuong tu nhu hodc
tuong Urng vdi protein ¢6 trinh tu néu trong SEQ ID NO: 9, ciing ¢6 thé thudc cia sang
ché, mic du trinh tu axit amin c6 thé c6 doan khuyét, cai bién, thay thé, hodc bd sung
mot phén trinh tlI ,

Polynucleotit ma héa axetyl-CoA synthetaza (acs) theo sang ché cé thé bao
gbm polynucleotit ma héa protein bao gbém trinh tr axit amin néu trong SEQ ID NO: 9,
hodc protein bt ky c6 mirc d6 twong ddng 13 70% hoic cao hon, cu thé 13 80% hoic
cao hon, cu thé hon 13 90% hodc cao hon, cu thé hon nira 12 95% hoac cao hon, con cu
thé hon nita 1a 98% hodc cao hon, va cu thé nhét 14 99% hodc cao hon, so véi trinh tu
axit amin néu trén, va cu thé nhét 13, n6 c6 thé bao gdm trinh ty polynucleotit néu
trong SEQ ID NO: 10.

Vi sinh vat thudc gidng Corynebacterium theo sang ché c6 thé 1 vi sinh vat cai
bién thudc gibng Corynebacterium san xuat putrescin hodc ornithin, trong d6 hoat tinh
cua ornithin decarboxylaza (ODC) dugc dua thém nita vao do.

Trong ban mé ta ndy, thudt ngit “ornithin decarboxylaza” dugc dung dé chi
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enzym tao ra putrescin bang cach 1am trung gian cho qua trinh tich nhém carboxyl ciia
ornithin. Mic du vi sinh vat thudc giéng Corynebacterium khéng c6 enzym sinh téng
hop putrescin, nhung khi ornithin decarboxylaza (ODC) dugc dua vao tir bén ngoai,
thi putrescin duoc xuit ra ngoai té bao do putrescin dang dugc tdng hop. Ormnithin
decarboxylaza c6 thé duoc dua vao tir bén ngoai cé thé dugc st dung theo sang ché
v6i diéu kién n6 c¢6 hoat tinh néu trén, khong ké vi sinh vt c6 ngué)n géc tir dau, va cu
thé, vi sinh vat ¢4 nguén géc tir E. coli ¢6 thé dugc dua vao.

Vi sinh vat thudc gidng Corynebacterium theo sang ché c6 thé 13 vi sinh vat cai
bién thudc gidng Corynebacterium san xut putrescin hodc ornithin, trong do, hoat tinh
ctia i) ornithin carbamoyltransferaza (ArgF), ii) chit vin chuyén tiét glutamat, hodc iii)
ornithin carbamoyltransferaza va chit van chuyén tiét glutamat dugc 1am suy yéu tiép,
so voi hoat tinh ndi sinh cta né. Chat van chuyén tiét glutamat thudc gidng
Corynebacterium c6 thé 1a NCgl1221.

Vi sinh vat thudc gidng Corynebacterium theo sang ché c6 thé 12 vi sinh vat cai
bién thudc gidng Corynebacterium san xuat putrescin hodc ornithin, trong d6, hoat tinh
ctia it nhét mét dugc chon tir nhém bao gdm axetyl gama glutamyl phosphat reductaza
(ArgC), axetylglutamat syntaza hodc ornithin axetyltransferaza (ArglJ), axetylglutamat
kinaza (ArgB), va axetyl ornithin aminotransferaza (ArgD) dugc tdng cuong hon nita
so vo1 hoat tinh ndi sinh cia no.

Ngoai ra, vi sinh vét thudc gidng Corynebacterium c6 thé 13 vi sinh vat cai
bién thudc gidng Corynebacterium san xuat putrescin hodc ornithin, trong d6, hoat tinh
clia axetyltransferaza, cu thé hoat tinh ctia NCgl1469, duoc 1am suy yéu tiép so véi
hoat tinh ndi sinh ctia no.

Cubi cing, vi sinh vat thudc gidng Corynebacterium cb thé 1 vi sinh vat cai
bién thudc gibng Corynebacterium san xuit putrescin hodc ornithin, trong dé hoat tinh
ctia chét van chuyén tiét putrescin, cu thé hoat tinh cta NCgl2522, dugc tang cuong
hon nita so véi hoat tinh n6i sinh ctia n6é

Nhu duoc st dung trong ban md ta ndy, “hoat tinh suy yéu” khong nhitng bao
gbm viéc dua ra hiéu qua kém hon so v6i chirc ning ban dau do su giam sut hoic bét
hoat hoat tinh ctia chinh protein, ma con bao gém su giam vé hoat tinh cta né bing

cach gidm hoat tinh ctia gen noi sinh, hoat hoa yéu to diéu hoa dé c ché sy bi€u hién

-17-



32373

gen, giam sb luong ban sao gen, cai bién trinh tu didu hoa su biéu hién, va cu thé, bat
hoat hodc giam sut hoat tinh enzym do thay thé hoic cai bién gen khéi dau va dot bién
trong gen, v.v..

Cu thé, theo sang ché, hoat tinh suy yéu c6 thé duoc thue hién bfing cach:

1) 1am khuyét mot phan hodc toan b polynucleotit ma hoa protein,

2) cai bién trinh tuy didu hoa sy biéu hién dé lam giam su biéu hién
polynucleotit,

3) cai bién trinh tu polynucleotit trén nhiém sic thé dé Iam suy yéu hoat tinh
ctia protein nay, va

4) phuong phap da dugc chon tir cac cach két hop néu trén,

nhung phuong phap nay khong chi bi gidi han ¢ dé. ,

Cu thé, phuong phap lam khuyét mét phan hodc toan bd polynucleotit ma héa
protein ¢ thé duoc thuc hién bang cach thé polynucleotit ma hoa protein noi sinh dich
trén nhiém sic thé bang polynucleotit ¢6 doan khuyét mot phan trinh tu polynucleotit
hodc gen danh dAu sir dung vecto dé chén nhiém sic thé trong vi khuan. Trong ban mé
ta nay, thut ngit “mot phan” c6 thé bién déi tuy thudc vao loai polynucleotit, nhung
n6 c6 thé duoc ding dé chi cu thé tir 1 dén 300, cu thé hon 1a tir 1 dén 100, va cu thé
hon nita 1a tir 1 dn 50.

Ngoai ra, phuong phép cai bién trinh ty didu hoa su biéu hién c6 thé dugc thuc
hién bing cach cai bién trinh tu didu hoa su biéu hién bing cach 1am khuyét, chén, thé
khong bao toan hoic bao toan trinh tu polynucleotit, hoic két hop cac cach nay dé lam
suy yéu tiép hoat tinh cia trinh ty diéu hoa sy biéu hién, hodc bé’mg céch thé trinh tu
polynucleotit bang trinh trr polynucleotit ¢6 hoat tinh yéu hon. Trinh tr diéu hoa su
biéu hién bao gém gen khéi dau, trinh tu khéi dau, trinh ty m3 héa vi tri gin két vai
ribosom, v trinh ty diéu hoa két thuc su phién ma va dich ma.

Ngoai ra, phuong phép cai bién trinh tu polynucleotit trén nhiém sic thé co thé
dugc thuc hién bing cach cai bién trinh tu bing cach lam khuyét, chén, thé khong bao
toan hodc bao toan trinh ty polynucleotit, hodc két hop céc cach nay dé 1am suy yéu
tiép hoat tinh ctia enzym, hodc bing cich thé trinh tu polynucleotit bing trinh tur
polynucleotit cai thién c6 hoat tinh manh hon.

Ngoai ra, phuong phap 1am khuyét yéu t§ diéu hoa ma tc ché sy biéu hién ciia
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polynucleotit ctia enzym c6 thé duoc thuc hién bang cach thé polynucleotit dé biéu
hién yéu t6 tc ché bang polynucleotit c6 doan khuyét mét phin trinh tu polynucleotit
hodc gen danh du. Trong ban mé ta ndy, thuit ngt “mot phan” c6 thé bién ddi tuy
thudc vao loai polynucleotit, nhung né c6 thé duge ding dé chi cu thé tir 1 dén 300, cu
thé hon 1a 1 dén 100, va cu thé hon nita 1a tir 1 dén 50.

Cu thé, axetyl gama glutamyl phosphat reductaza (ArgC), axetylglutamat
syntaza hodc ornithin axetyltransferaza (Argl), axetylglutamat kinaza (ArgB),
axetylornithin aminotransferaza (ArgD), ornithin carbamoyltransferaza (ArgF), céac
protein c6 lién quan t6i sy xuét glutamat va ornithin decarboxylaza (ODC) c6 thé 1dn
lugt bao gdm trinh tu axit amin néu trong SEQ ID NO: 32, 33, 34, 35, 36, 37, hoic 38,
hodc trinh ty axit amin bat ky, cu thé 1a c6 muc do tuong déng 1a 70% hodc cao hon,
cu thé hon 13 80% hodc cao hon, va cu thé hon nita 13 90% hodc cao hon, so véi trinh
tu axit amin néu trén, mic di khong bi giéi han cu thé & d6. Ngoai ra, protein axetyl
héa putrescin c6 thé bao gdm trinh ty axit amin néu trong SEQ ID NO: 30 hoic 31,
hodc trinh ty axit amin bat ky, cu thé c6 mirc do tuong déng 1a 70% hoac cao hon, cu
thé hon 14 80% hoic cao hon, va cu thé hon nira 13 90% hoic cao hon, so véi trinh tu
axit amin néu trén, mdc du trinh tu axit amin nay khong bi gidi han cu thé & do.

Ngoai ra, theo sang ché, chit van chuyén tiét putrescin cé thé bao gdm trinh tr
axit amin néu trong SEQ ID NO: 26 hoic 28, hoic trinh tu axit amin bat ky, cu thé c6
muc dj tuong d@)ng 12 70% hodc cao hon, cu thé hon 12 80% hodc cao hon, va cu thé
hon nira 1a 90% hoac cao hon, to trinh tu axit amin néu trén.

Trong sd céc protein néu trén, sy gia ting hoat tinh cia axetyl gama glutamyl
phosphat reductaza (ArgC), axetylglutamat syntaza hodc ornithinaxetyltransferaza
(Argl), axetylglutamat kinaza (ArgB), axetylornithin aminotransferaza (ArgD),
ornithin decarboxylaza (ODC) va chat van chuyén tiét putrescin c6 thé thu duoc, vi duy,
bang phuong phap dugc chon tir su ting cudng sb luong ban sao cia polynucleotit ma
héa cac protein, cai bién trinh trr didu hoa sy biéu hién dé ting cuong su biéu hién cia
polynucleotit, ci bién trinh tu polynucleotit trén nhiém sic thé dé gia tiang hoat tinh
clia cac enzym néu trén, 1am khuyét yéu td diéu hoa dé tc ché su biéu hién cua

polynucleotit ctia cac enzym néu trén, hodc ket hop cac cach néu trén.
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Ngoai ra, viéc 1am suy yéu ornithin carbamoyltransferaza (ArgF), cic protein
c6 lién quan t6i sy xudt glutamat, va céc protein axetyl hoa putrescin c6 thé thu dugc
bang phuong phap dugc chon tir viéc 1am khuyét mot phan hoic toan bd polynucleotit
m3 héa protein, cai bién trinh trr didu hoa su biéu hién dé lam suy giam sy biéu hién
ctia polynucleotit, cai bién trinh tuw polynucleotit trén nhiém sic thé dé lam suy yéu
hoat tinh cta céc protein, va két hop cac cach néu trén.

Theo khia canh khéc, sang ché @ cap dén phuong phap san xudt putrescin
ho#c ornithin, bao gém:

(i) nudi ciy vi sinh vat thudc gidng Corynebacterium san xuit putrescin hoic
ornithin trong moi trudng; va

(ii) thu hdi putrescin hodc ornithin tir vi sinh vat di dugc nudi ciy hodc moi
truong.

Trong phuong phap néu trén, vi sinh vét c6 thé duoc nudi cdy trong mdi truong
nudi cdy theo mé, mdi trudng nudi ciy lién tuc, médi trudmg nudi ciy cp theo mé, v.v.,
d3 biét trong linh vuc nay, mic di khéng bi gidi han cu thé & d6. Cu thé, lién quan t6i
diéu kién nuéi cdy, do pH thich hop (zic la, do pH t6i wu nam trong khoang tir 5 dén 9,
cu thé 1 d6 pH nim trong khoang tir 6 dén 8, va cu thé nhét 14 do pH bing 6,8) c6 thé .
duoc duy tri bang cach sit dung hop chit bazo (vi du, natri hydroxit, kali hydroxit,
hodc amoniac) hoac hop chét axit (vi du, axit phosphoric ho#c axit sulfuric), mdc du
khéng bi gidi han cu thé & d6. Ngoai ra, didu kién hiéu khi c6 thé dugc duy tri bing
cach bd sung oxy hoic hdn hop khi chira oxy vao méi truong nudi ciy té bao. Nhiét do
nudi cdy co6 thé dugc duy tri & nhiét d6 nam trong khoang tir 20°C dén 45°C, va cu thé
& nhiét d6 nam trong khoang tur 25°C dén 40°C, va vi sinh vat c6 thé duoc nubi céy
trong khoang tir 10 gio dén 160 gid. Putrescin hodic ornithin dugc tao ra bing cich
nubi cdy néu trén cé thé duoc tit vao méi truong nudi ciy hoic duy tri trong cac té
bao.

Ngoai ra, trong mdi trudng nudi cdy, ngudn cacbon, nhu dudng va hydrat
cacbon (vi du, glucoza, sucroza, lactoza, fructoza, maltoza, molasza, tinh bot, va
xenluloza), cac dau va chit béo (v du, diu @b tuong, diu hat hoa huéng duong, diu
dau phong, va dau dira), axit béo (vi du, axit palmitic, axit stearic, va axit linoleic), cac

rugu (Vi du, glyxerol va etanol), va axit hitu co (vi dy, axit axetic), co thé duoc st dung
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riéng biét hoic & dang két hop, nhung khong chi gidi han & d6; ngudn nito, nhu hop
chit hitu co chia nito (vi du, pepton, dich chiét nAm men, nuéc lude thit, dich chiét |
mach nha, nuéc ngdm ngii cdc, bot mi tir dau tuong, va ure), hodc hop chit vo co (v
du, amoni sulfat, amoni clorua, amoni phosphat, amoni cacbonat, va amoni nitrat), c
thé duoc str dung riéng biét hodc & dang két hop, nhung khong chi gi6i han & do; va
nguén kali, nhu kali dihydro phosphat, dikali hydro phosphat, hodc mudi chira natri
tuong tng, c6 thé duge str dung riéng biét hodc & dang két hop, nhung khéng chi gi6i
han & d6. Ngoai ra, cac chét kich thich su phat trién thiét yéu khac bao gdm cac mubi
" kim loai (vi du, magie sulfat hodc sit sulfat), axit amin, va vitamin c6 thé con chua
trong moi trudng, nhung khong chi gigi han ¢ do.

Phuong phap thu hdi putrescin hodc ornithin tao ra trohg qué trinh nudi ciy
theo sang ché c6 thé dugc thuc hién bing phuong phdp nudi ciy thich hop di biét
trong linh vuc ndy, vi du, nhu nudi ciy theo mé, nudi cy lién tuc, hodc nudi cdy cip

theo mé, va nh¢ do axit amin dich c6 thé dugc thu hoi tir moi truong nubi cay nay.

Vi du thue hién sang ché

Duéi day, sang ché dugc mo ta mot cach chi tiét hon trong cac vi du dudi day.
Tuy nhién, cac vi du nay chi nhim muc dich minh hoa, chi khéng nham gi6i han
pham vi cia sang ché.
Vi du 1: Dua argA c6 ngudn gbc tir E. coli va argE c¢6 ngudn gbc tir E. coli vio ching
san xut putrescin va x4c nhan kha ning san xuét putrescin ctia ching nay
1-1. Tao ra chiing d& dugc dua dong thoi véi argd c6 ngudn gbe tir E. coli va argE c6
ngudn gdc tir E. coli thanh gen nhay cia ching trén co s¢ ATCCI13032 san xuét
putrescin

Dé xé4c nhan xem liéu viéc dua gen argd c6 ngudn gbc tir E. coli va gen argkl
c6 ngudn gbe tir E. coli vao ching trén co s& ATCC13032 san xuét putrescin c6 thé cai
thién kha ning san xuét putrescin hay khéng, cac gen argd va argE dugc dua vao gen
nhay cua chung nay.

Vi vecto dé bién nap c6 kha niang dua ving gen nhay cia vi sinh vat thudc
chiing Corynebacterium trong nhidm sic thé, nén pDZTn (WO 2009/125992) dugc sit
dung, va lysCPI gen khéi dau (Cong bd don qudc té s6 WO 2009/096689, SEQ ID
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NO: 39) duoc str dung 1am gen khéi dau.

biac biét, cdp doan mdi ¢6 trinh tu néu trong cac SEQ ID NO: 11 va 12 dé thu

dugc cac manh tai td hop déng nhét & vung argA ORF duogc tao ra trén co sé trinh tu

polynucleotit (SEQ ID NO: 2) ctia gen argd c6 ngudn gbc tir E. coli, mi héa

N-axetylglutamat syntaza. Ngoai ra, cip doan mdi c¢6 trinh tu néu trong cac SEQ ID

NO: 15 va 16 dé thu dugc cac manh tai td hop ddng nhit trong ving argE ORF dugc

didu ché tao ra trén co s trinh tu polynucleotit (SEQ ID NO: 4) cta gen argE c6

ngué)n géc tr E. coli, ma hoa axetylornithin deaxetylaza, va cip doan mdi ¢c6 trinh tu

néu trong SEQ ID NOS: 13 va 14 dé thu dugc cic manh tai tb hop ddng nhét trong

vung lysCPI duoc tao ra trén co s6 trinh tu polynucleotit (SEQ ID NO: 39) cua

lysCPI (Bang 1).

Béang 1

Poan moi

Trinh tw (5 — 37)

PlysC-argA-F
(SEQ ID NO:11)

GAAAGGTGCACAAAGATGGTAAAGGAACGTAAAAC
CG '

(SEQ ID NO:14)

Tn-argA-RXh  |GCCCACTAGTCTCGAGCATGCGGCGTTGATTTTG
(SEQ ID NO:12)
Tn-PlysC-FXh  |GAATGAGTTCCTCGAGCCGATGCTAGGGCGAAAA
(SEQ ID NO:13)
PlysC-R CTTTGTGCACCTTTCGATCTACGTGCTGACAGTTAC

PlysC-argE-F
(SEQ ID NO:15)

GAAAGGTGCACAAAGATGAAAAACAAATTACCGCC

Tn-argE-RXh
(SEQ ID NO:16)

GCCCACTAGTCTCGAGGTTTGAGTCACTGTCGGTCG

Trudc tién, doan gen c6 kich thudc khoang 1,6 kb dugc khuéch dai béng cach

st dung nhiém sic thé cta ching W3110 ctia E. coli 1am khu6n miu ciing véi cip doan
mdi cé trinh ty néu trong SEQ ID NO: 11 va 12, d thu dugc gen argd. Cu thé, PCR
dugc thuc hién bang cach lip lai 30 chu ky bién tinh & 95°C trong 30 gidy, 1 ¢ 55°C
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trong 30 gidy, va gidan nd & 72°C trong 1 phut va 30 gidy. Cac manh thu dugc tir dé
duogc dién di trén 0,8% gel agaoza, va cac dai c6 kich thudc mong mubn duoc ria giai
va duge tinh ché.

Ngoai ra, ving gen khéi dau lysCPI duge thuc hién PCR bing cach st dung
nhiém sic thé cia ching KCCM10919P (Cong bd don quéc t& s6 WO 2009/096689)
]am khuén mau ciing v6i cap doan mdi ¢6 trinh ty néu trong cac SEQ ID NO: 13 va 14,
duoc thuc hién bang cach lap lai 30 chu ky bién tinh & 95°C trong 30 gidy, u & 55°C
trong 30 gidy, va gidn n& ¢ 72°C trong 30 gidy.

Vecto pDZTn duge xir I bang Xhol va sau d6 mdi san phdm trong sb cac san
pham PCR thu duoc tir d6 dugce diung dé tach dong dung hop. Viéc tach dong dung
hop duge thuc hién bang cach st dung kit tich dong In-Fusion® HD (Clontech) va
plasmit thu dugc tir d6 dugce goi la pDZTn-lysCPI-argA.

Sau d6, dé thu dugcgen argE, cac san phém PCR thu dugc béng cach khuéch
dai doan gen c6 kich thuéc khoang 1,4 kb theo cung cach nhu dugc mo ta trén day, sa
dung nhiém sic thé cta ching W3110 cia E. coli 1am khubén mau cing véi cip doan
mdi c6 trinh ty néu trong cac SEQ ID NO: 15 va 16, va dugc ding dé tich dong dung
hop v6i  ving gen khéi ddu lysCPI. Plasmit thu dugc tr d6 dugec goi la
pDZTn-lysCPI-argE.

Sau d6, plasmit pDZTn-lysCPI-argd dugc dua vao ching KCCM11240P
(Cong bd don yéu cau cp patent Han Quéc sé 10-2013-0082478) bang cach dién di dé
thu dugc cac thé bién nap, va cac thé bién nap duoc phét 1én mdi truong phién kinh
BHIS (Dich truyén tim néo (37 g/L), sorbitol (91 g/L), va aga (2%)) chira kanamycin
(25 pg/mL) va X-gal (5-bromo-4-clo-3-indolin-D-galactosit) va dugc nudi cdy dé tao
ra cic khuén lac. Trong sb cac khudn lac nay, cac khuin lac mau xanh da troi dugc
chon va do d6 cac chiing bién nap di duoc dwa vao véi plasmit pDZTn-lysCPI-argA
duoc chon.

Céac chung da chon duoc nudi cdy, lic dong thoi (30°C, 8 gid) trong méi
truomg CM (glucoza (10 g/L), polypepton (10 g/L), dich chiét nAm men (5 g/L), dich
chiét thit bd (5 g/L), NaCl (2,5 g/L), ure (2 g/L), d6 pH = 6,8) va tiép d6 dugc pha
loding & ndng do tir 10 dén 107, dugc phét 1én moi trudng rin chira X-gal, va duoc

nudi cdy de tao ra cac khuan lac. Trong s0 cac khuan lac da tao ra nay, cac khuéan lac
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mau tréng xuét hién vdi tbe do tuong dbi chdm duogc chon va ching nay da dugc dua
va0 v6i gen ma héa argA bang cach xuyén chéo thir cip dugc chon cubi ciing. Chiing
cudi cung dugc chon dugc thuc hién PCR béng cach str dung cdp doan mdi ¢ trinh tu
néu trong cac SEQ ID NO: 12 va 13 va dd x4c nhén ring gen m3 héa argA dugc dua
vao, va ching cai bién ctia Corynebacterium glutamicum dugc goi 13 KCCM11240P
Tn:lysCPI-argA.

Dé dua chung nay di dugc dua vao cling véi argd di duogc tao ra néu trén,
pDZTn-lysCPI-argE dugc tao ra néu trén dugc bién nap thanh he KCCMI1240P
Tn:lysCPI-argA theo cung cach nhu dugc md ta trén day, va viéc dua argFE thanh vao
gen nhay duoc xac nhan trong ching cudi cing duoc chon bang cach tién hanh PCR
c6 st dung cip doan mdi cé trinh tr néu trong cac SEQ ID NO: 13 va 16. Chung céi
bién thu duogc tir d6 ctia Corynebacterium glutamicum dugc goi 13 KCCMI1240P
Tn:lysCPI-argA Tn:lysCP1-argE.

1-2. Tao ra ching di dua ddng thoi vao véi argd c6 ngudn goc tir E. coli va argE ¢6
ngudn gbc tir E. coli thanh gen nhay cia ching trén co s& ATCCI3869 san xuét
putrescin

DABI2-a ANCglI469 (Céng bd don yéu ciu cip patent Han Qudc sb
10-2013-0082478), 1a ching trén co s6 ATCCI3869 cua Corynebacterium glutamicum
san xudt putrescin, dugc goi 1a DABI2-b, va argd va argE dugce dua vao gen nhay dé
x4c nhin xem liéu viéc dua cac gen argd c6 ngudn gbc tir E. coli va argE c6 ngudn
gbc tir E. coli c6 thé duoc cé su cai thién vé kha ning san xuat putrescin ciia ching thu
duogc.

Truéde tién, pDZTn-lysCP1-argA, duoc tao ra trude tién, dugce bién nap thanh
DABI2-b cta Corynebacterium glutamicum theo cung cach nhu trong Vi du 1-1, va
viéc dua argd vao gen nhdy duoc xac nhdn. Ching cai bién thu dugc tir d6 cua
Corynebacterium glutamicum duogc goi la DABI12-b Th:lysCPI-argA.

Sau d6, dé dua argE vao ching ndy, ma di duoc vao cing vé6i argd, the
pDZTn-lysCPl-argE, dugc tao ra trugc ti€n, dugc bién nap thanh DABI2-b
Tn:lysCP1-argA theo cung cach nhu trong Vi du 1-1, va viéc dua argE vao gen nhay

duoc xac nhén. Ching cai bién thu duoc tir d6 cua Corynebacterium glutamicum dugc
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goi la DABI12-b Tn:lysCPI-argE.

1-3. Panh gia kha ning san xuit putrescin cta ching Corynebacterium san xuit
putrescin di duoc dua vao cling voi gen argd cé ngudn gbc tir E. coli va gen argE c6
nguodn gbc tir E. coli

Kha ning san xudt putrescin dugc so sénh trong s& céc chung cai bién cia
Corynebacterium glutamicum dugc tao ra trong Vi du 1-1 va 1-2, dé xac nhan anh
hudéng cia viée dua argd c6 ngudn gbe tir E. coli Vé argE c6 ngudn gbc tir E. coli vio
ching san xuét putrescin trong qu4 trinh san xuét putrescin.

Dic biét, hai loai ching cai bién khéc nhau cua Corynebacterium glutamicum,
nghia la, (KCCMI11240P  Tn:lysCPl-argA  Tn:lysCPl-argE;  DABI2-b
Tn:lysCPl-argd Tn:lysCPl-argE) dugc tao ra trong Vi du 1-1 va 1-2, va hai loai
ching bd me khac nhau (titc lo, KCCM11240P va DABI2-b) lan lugt duoc phét 1én
moi trudng phién kinh CM chira ImM arginin (1% glucoza, 1% polypepton, 0,5% dich
chiét nAm men, 0,5% dich chiét thit bo, 0,25% NaCl, 0,2% ure, 100 pL. NaOH 50%,
2% aga, 40 pH = 6,8, dbi véi 11), va dugc nudi ciy & 30°C trong 24 gio.

MG&i chiing trong s cc ching dugc nudi cdy tir d6 véi lugng khoang mét vong
platin dugc ching ngira thanh 25mL mdi trudng chuin d6 (8% glucoza, 0,25% protein
dau tuong, 0,50% chét rin ngam ngii cbc, 4% (NH,),SO04, 0,1% KH,PO,, 0,05%
MgSO,4 7H,0, 0,15% ure, biotin (100 pg), thiamin HCI (3 mg), axit canxi-pantothenic
(3 mg), nicotinamit (3 mg), 5% CaCOs, d6i vé6i 1 L), va duoc nubi cdy, lic ddng thoi &
30°C véi tde d6 200 vong/phiit trong 98 gid. Trong tat ca mdi truong nudi cdy ching,
1 mM arginin dugc bd sung vao mdi truong ndy. Khi nudi ciy xong, ndéng do cia
putrescin tao ra trong mdi canh nudi ciy duoc do va két qua dugc thé hién trong Bang

2 duéi day.
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Bang 2
Cac ching Putrescin (g/L)
KCCM 11240P 12,2
KCCMI11240P Tn:lysCPl-argA Tn:lysCPI-argE 13,4
DABI2-b 13,3
DABI2-b Tn:lysCPI-argA Tn:lysCPIl-argE | 14,6

Nhu dugce the hién trong Bang 2 néu trén, cd hai ching cai bién cua
Corynebacterium glutamicum da dua dong thoi vao véi cac argd cd nguodn goc tur E.
coli va argFE c6 ngudn goc tir E. coli c6 kha ning sadn xuat putrescin ting 9,8% hodc

cao hon.

Vi du 2: Tang cudng pta-ackA trong ching san xuit putrescin di dugc dua vao voi
argd c6 ngudn gbc tir E. coli v argE c6 ngudn gbc tir E. coli va xac nhan kha ning

s&n xuat putrescin cia ching nay

2-1. Tao ra ching c6 doan thé gen khéi ddu pta-ackd tir ching Corynebacterium trén
co s ATCC13032 san xut putrescin

Chung san xuit putrescin di dugce dua vao véi cic gen argd c6 ngudn gde tir E.
coli v argE c6 ngudn gbc tir E. coli, duge tao ra trong Vi du 1, duoc gia ting tiép vé
hoat tinh phosphotransaxetylaza va axetat kinaza (pta-ackA) cia n6 va tac dung ting
cudng kha ning san xuét putrescin ciia ching duoc thir nghiém.

Nham muc dich ndy, gen khoi ddu cia operon pta-ackA trong nhidm sic thé
dugc thé bang gen khdi dau c6 hoat tinh manh hon so v&i gen ndi sinh khéi ddu ctia né,
cu thé, gen khéi dau lysCPI (Cong bd don qudc té s6 WO 2009/096689) duoc dua vao
codon khoi diu nim sau ctia operon pra-ackA.

Trudc tién, manh tai td hop dong nhat, bao gdm gen khoi dau lysCPI va ca hai
dAu cia gen khéi dau ndy c6 trinh ty pta-ackd ban dau trén nhiém sic thé, thu dugc.
Cu thé, ving c6 diu 5’ ctia gen khéi dau lysCPI thu duge bang cach tién hanh PCR c6
st dung ADN cua by gen cua Corynebacterium glutamicum ATCCI13032 cung véi cdp
doan mdi ¢6 trinh tr néu trong cac SEQ ID NO: 17 va 18. Cu thé, phan ttng PCR duoc
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thuc hién bang cach lap lai 30 chu ky bién tinh & 95°C trong 30 gidy, 1 & 55°C trong
30 gidy, va gian n& & 72°C trong 30 gidy.

Ngoai ra, ving gen khéi déuthe lysCPI thu dugc bang cach tién hanh PCR
trong diéu kién tuong tu c6 st dung cip doan mdi cé trinh tu néu trong cac SEQ ID
NO: 14 va 19, va ving c6 dau 3’ ciia gen khoi déu lysCPI thu dugc bang cach tién
hanh PCR c¢é st dung ADN cua by gen cia AT CC13032 cua Corynebacterium
glutamicum 13m khudn mau cing véi cip doan mdi cé trinh ty néu trong cac SEQ ID
NO: 20 va 21. Cac doan mdi nay di dugc st dung dé thu dugc gen khoi dau lysCP]

dugc thé hién trong Bang 1 néu trén va Bang 3 dudi day.

Bang 3
Poan méi trinh tu (5° -> 3°)
Pro-pta-FX CCGGGGATCCTCTAGAGGGGTTCTAAAAAATGTGGAG
(SEQ ID NO: 17) T
pta-PlysC-R GCCGTGCTTTTCGCCCTAGCATCGGACATCGCCTTTCT
(SEQ ID NO: 18) AATTT ‘
PlysC-F | CCGATGCTAGGGCGAAAAGCACGGC

(SEQ ID NO: 19)

PlysC-pta-ackA-F  |GAAAGGTGCACAAAGATGTCTGACACACCGACCTCAG
(SEQIDNO:20) |CTC

Pro-pta-RX GCAGGTCGACTCTAGATTATCCGGCATTGGCTCT
(SEQ ID NO: 21)

M>bi san phdm trong s6 cac san phdm PCR thu dugc néu trén dugc ding dé
tach dong dung hop bing cach sir dung vecto pDZ d3 dugc xir 1y bang Xbal. Viéc tich
dong dung hop dugc thuc hién biang cach st dung kit tach dong In-Fusion® HD
(Clontech) va plasmit thu dugc tir d6 dugce goi 1a pDZ-lysCP1-1 pta-ackA.

Plasmit pDZ-lysCPI-1 pta-ackA dugc tao ra néu trén lan luot duoc dugc dua
vao cac ching KCCM11240P va KCCM11240P Tn:lysCPIl-argA Tn:lysCPI-argE, 1a

ching cai bién ctia Corynebacterium glutamicum dugc tao ra trong Vi du 1-1, bing
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cach dién di dé thu duogc cac thé bién nap, va cac thé bién nap nay dugc phét 1én mo6i
trudong phién kinh BHIS (Dich truyén tim ndo (37 g/L), sorbitol (91 g/L), va aga (2%))
chira kanamycin (25 pg/mL) va X-gal (5-bromo-4-clo-3-indolin-D-galactosit) va dugc
nudi ciy dé tao ra cac khuan lac. Trong sb cac khudn lac ndy, cic khuan lac mau xanh
da troi duoc chon va nho d6 céc chung bién nap dd duoc dua vao véi plasmit
pDZ-lysCPI-1 pta-ackA dugc chon.

Céac ching dd chon duoc nudi cy, lic dong thoi (30°C, 8 gid) trong méi
truong CM (glucoza (10 g/L), polypepton (10 g/L), dich chiét ndm men (5 g/L), dich
chiét thit bo (5 g/L), NaCl (2,5 g/L), ure (2 g/L), d6 pH = 6,8) va tiép d6 dugc pha
lodng tir 10 dén 10°, dwoc phét 16n méi trudong rin chira X-gal, va duoc nubi ciy dé
tao ra cac khuén lac. Trong sb cac khuan lac di tao ra nay, cac khuén lac mau tréng
xuét hién véi toe do twong dbi cham duogc chon va ching nay, trong d6 gen khoi dau
pta-ackA dugc thé bang gen khéi dau IysCPI bang cach xuyén chéo thu cip, duoc
chon cubi cing.

Ching cudi cung dugc chon dugc tién hanh PCR c6 st dung cdp doan mdi ¢c6
trinh tr néu trong cac SEQ ID NO: 19 va 21 va dugc x4c nhin ring gen khoi dau
lysCPI duoc dua vao codon khoi diu nidm sau cia pta-ackA trong nhiém sic thé. Cu
thé, phén tmg PCR duogc thuc hién bﬁng cach 1ap lai 30 chu ky bién tinh & 95°C trong
30 gidy, 4 & 55°C trong 30 gidy, va gian nd & 72°C trong 1 phit.

Chuing cai bién thu duge tir d6 cua Corynebacterium glutamicum lan lugt duogc
goi la KCCMI11240P IlysCPI-1pta-ackA va KCCMI11240P Tn:lysCPI-argA
Tn:lysCP1-argE lysCPI-1 pta-ackA.

2-2. Tao ra chiing c6 doan thé chira gen khéi dau pta-ackA tir ching Corynebacterium
trén co s& ATCC13869 san xuit putrescin

Pé xac nhin xem trinh tu cia gen mi héa pta-ackA c6 ngudn gde tir
Corynebacterium glutamicum ATCCI3869 va protein dugc bidu hién tir d6 bing
phuong phap duoc boc 16 trong Vi du 2-1 hay khéng, PCR dugc thuc hién bing cach
st dung ADN cua by gen cia Corynebacterium glutamicum ATCCI3869 lam khudn
mau cing véi cip doan mdi cé trinh trr néu trong cac SEQ ID NO: 17 va 22 (Bang 3 va
4). Cu thé, phan tmg PCR duoc thuc hién bang cach lap lai 30 chu ky bién tinh & 95°C
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trong 30 gidy, t & 55°C trong 30 gidy, va gian n& ¢ 72°C trong 3 phut.

Céc san phdm PCR thu dugc tir d6 duoc tach bang cach dién di va céc trinh tu
nay duoc phan tich. Do d6, di x4c nhén ring gen ma hoa pta-ackA c6 ngudn gbe tir
ATCCI3869 cia Corynebacterium glutamicum bao gdm trinh tu polynucleotit néu
trong SEQ ID NO: 8 va protein duoc mé héa béi gen bao gdm trinh tu axit amin néu
trong SEQ ID NO: 7.

Mt khac, do viéc so sanh gifta trinh ty axit amin cta pta-ackA c6 ngudn gbc
tr ATCCI13032 cta Corynebacterium glutamicum (SEQ ID NO: 5) va trinh tu axit
amin ciia pta-ackA cé ngudn gbe tir ATCC13869 ctia Corynebacterium glutamicum, da

x4c nhén ring chiing c6 mirc d6 twong ddng trinh tur 13 99,4%.

Béang 4

DPoan mdi trinh tu (5 — 37)

Pta-ackA-R TGCAGTTTCACCCCTTAA
(SEQ ID NO: 22)

13869 pta-PlysC-R GCCGTGCTTTTCGCCCTAGCATCGGACATCGCC
(SEQ ID NO: 23) TTTCTAGTTT |

Trudc tién, méanh tai tb hop ddng nhit, bao gdm gen khdi dau lysCPI va ca hai
dau cia gen khoi diu c6 trinh tu pta-ackA ban dau trén nhiém sic thé, thu dugc. Cu
thé, viing c6 diu 5’ ciia gen khoi ddu lysCPI thu dugc biang cach tién hanh PCR c6 sir
dung ADN cua b¢ gen ctia ATCCI13869 cua Corynebacterium glutamicum ciung véi
cap doan mdi c¢6 trinh tu néu trong cac SEQ ID NO: 17 va 23. Cu thé, phan tng PCR
duogc thuc hién bang cach 1ap lai 30 chu ky bién tinh & 95°C trong 30 gidy, i & 55°C
trong 30 gidy, va gidin nd & 72°C trong 30 gidy. Ngoai ra, ving gen khai dau lysCPI
thu dugc biang cach tién hanh PCR trong didu kién twong tir ¢6 st dung cdp doan mdi
c6 trinh ty néu trong cac SEQ ID NO: 14 va 19, va ving c6 déu 3’ cta gen khéi déu
lysCPI thu dugc bing cach tién hanh PCR c6 sit dung ADN ctia bd gen cua
ATCC13869 cta Corynebacterium glutamicum 1am khudn miu cing véi cip doan moi
c6 trinh tir néu trong SEQ ID NOS: 20 va 21. Cac doan mbi dugc sit dung trong qua
trinh thé gen khoi dau dugc thé hién trong cac Bang 1, 3 va 4.
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MB&i san phim trong sb cac san phdm PCR thu dugc tir d6 duge ding dé tach
dong dung hop st dung vecto pDZTn da duge xir Iy bing Xhol. Viéc tach dong dung
hop dugc thuc hién bing cach sir dung kit tich dong In-Fusion® HD (Clontech) va
plasmit thu dugc tir d6 dugc goi la pDZ-lysCP1-2 pta-ackA.

Plasmit pDZ-lysCP1-2 pta-ackA dugc tao ra & trén lan luot dugc bién nap
thanh DABI2-b va DABI12-b Tn:lysCPI-argd Tn:lysCPIl-argE, 13 ching ci bién cua
Corynebacterium glutamicum dugc tao ra trong Vi du 1-2, theo cung cach nhu trong
Vidu 2-1. Do d6, di x4c nhan ring gen khéi déu lysCP1 dugc dua vao codon khéi dau
nim sau cla pta-ackA trong nhiém sic thé. Cac ching cai bién cta Corynebacterium
glutamicum 1an luot dugc goi 14 DABI2-b IlysCPI-2’pta-ackA va DABI2-b
Tn:lysCPI-argA Tn:lysCPI-argE lysCP1-2 pta-ackA.

2-3. Panh gia kha ning san xuét putrescin ciia chiing cé pta-ackA ting cudng

DPé x4c nhin anh hudng cia pta-ackA ting cudng trong ching san xuét
putrescin di duoc dua vao vé6i argd ¢ ngudn goc tir E. coli va argE cb ngudn gdc tir
E. coli, kha ning san xuét putrescin dugc so sanh trong s cac ching cai bién ciia
Corynebacterium glutamicum dugc tao ra trong Vi du 2-1 va 2-2.

Dic biét, bdn loai chimg cai bién cta Corynebacterium glutamicum
(KCCM11240P lysCPI-1 pta-ackA; KCCM11240P Tn:lysCPI-argA Tn:lysCPl-argE
lysCPI-1 pta-ackA; DABI2-b lysCPI-2 ’pta—ackA," va DABI2-b Tn:lysCPl-argA
Tn:lysCPI1-argE lysCP1-2’pta-ackA) va bén loai ching b me (KCCM11240P;
KCCM11240P  Tn:lysCPl-argd  Tn:lysCPl-argk; DABI2-b; va DABI2-b
Tn:lysCPI-argA Tn:lysCPI-argE) lan lugt dugc phét 1én méi truong phién kinh CM
chtra 1mM arginin (1% glucoza, 1% polypepton, 0,5% dich chiét nAm men, 0,5% dich
chiét thit bo, 0,25% NaCl, 0,2% ure, 100 pL NaOH 50%, 2% aga, &6 pH = 6,8, d6i v6i
1L), va dugc nudi cdy & 30°C trong 24 gid. Mdi ching trong sb cac ching dugc nudi
ciy tir d6 véi luong khoang mot vong platin duoc chiing ngira thanh 25mL méi trudng
chuin d6 (8% glucoza, 0,25% protein dau twong, 0,50% chét rin ngim ngd cbe, 4%
(NH4),SOy4, 0,1% KH,POy,, 0,05% MgSO, 7H,0, 0,15% ure, biotin (100 pg), thiamin
HCI (3 mg), axit canxi-pantothenic (3 mg), nicotinamit (3 mg), 5% CaCO;, dbi véi
1L), va dugc nudi cdy, lic dong thoi & 30°C véi téc do 200 vong/phut trong 98 gid.
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Trong tat cd moi trudng nudi cdy chung, 1 mM arginin dugc bo sung vao mdi trudng
“ndy. Khi nudi ciy xong, ndng dd ctia putrescin tao ra trong mdi canh nuéi cay dugc do

va két qua dugc thé hién trong Bang 5 dudi day.

Béang 5
Céc ching Putrescin (g/L)

KCCM 11240P 12,2
KCCM 11240P lysCPI-1 pta-ackA 12,3
KCCM11240P Tn:lysCPI-argA Tn:lysCPI-argE 13,4
KCCM11240P In:lysCPl-argA Tn:lysCPIl-argE 14,1
lysCP1-1 pta-ackA

DABI2-b 13,3
DABI12-b lysCP1-2 pta-ackA 13,4
DABI12-b Tn:lysCP1-argA Tn:lysCPI-argE 14,6
DABI2-b Tn:lysCPI1-argA Tn:lysCPl-argE 15,2
lysCP1-2 pta-ackA

Nhu duoc thé hién trong Bang 5, khi pta-ackA 14n luot duoc gia ting trong
KCCM 11240P va DABI2-b, thi lugng san xuét putrescin thu duoc & muc dd tuong
duong. Tuy nhién, khi pta-ackA dugc gia ting & hai loai ching cai bién khac nhau
ctia Corynebacterium glutamicum d3 dua ddng thoi 1an luot vio v6i cac gen argd cd
' ngudn gbe tir E. coli va argE c6 ngudn gbc tix E. coli (KCCM11240P Tn:lysCPI-argA
Tn:lysCPI-argE; DABI2-b Tn:lysCPI-argd Tn:lysCPl-argE), luong san xuét
putrescin dugc tang 1€n 14,3% hodc cao hon so v6i ching bd me. Ngoai ra, lugng
putrescin tao ra duge ting 1én 4% hoic cao hon, trén co s& ching cai bién.

Nhu viy, cic tdc gia sang ché di goi tén vi sinh vat thudc gidng
Corynebacterium (Corynebacterium glutamicum KCCMI11240P Tn:lysCPI-argA
Tn:lysCPI-argE :lysCPI-1 pta-ackA), c6 kha ning san xuit putrescin cai thién, duoc
tao ra tir ching KCCM 11240P cua Corynebacterium glutamicum san xuét putrescin
bang cach dua hoat tinh clia argd c6 ngudn gde tir E. coli va argE c6 ngudn gbc tir E.
coli va hoat tinh gia ting cta pta-ackA dbi véi ching KCCM 11240P cuia
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Corynebacterium glutamicum, nhu CC01-1145, va duge luu gitt & Trung tAm nudi ciy
vi sinh vat Han Qudc (KCCM) vao ngay 21 thang 11 nim 2014, v6i sb luu gii
KCCM11606P theo Hiép dinh Budapest.

Vi du 3: Pua acs c6 ngudn gbc tir E. coli vao ching san xut putrescin di duoc dua
vao v6i argd c6 ngudn gbc tir E. coli va argE ¢ ngudn gbe tir E. coli va x4c nhan kha
ning san xuét putrescin ciia chung thu dugc
3-1. Tao ra chiing d dugc dwa vao véi acs ¢6 ngudn gde tir E. coli vao gen nhay cia
chiing trén co s& ATCC13032 san xudt putrescin

acs duge dwa vao gen nhay bang cach st dung gen khoi ddu lysCPI dé xéac
nhan xem liéu viéc dwa gen axetyl-CoA synthetaza c6 ngudn gbc tir E. coli (acs) vao
chiing trén co s& ATCCI3032 san xuét putrescin, dd dugc dua vao véi argd c6 ngudn
gbe tir E. coli va argE c6 ngudn gbc tir E. coli, c6 thé cai thién kha ning san xuit
putrescin.

bic biét, cap doan mdi ¢ trinh ty néu trong cac SEQ ID NO: 24 va 25 dé thu
dugc manh tai to hop dong nhét bao quanh ving acs ORF va cip doan mdi c6 trinh tu
néu trong cac SEQ ID NO: 13 va 14 @ thu duoc méanh tai t6 hop ddng nhét bao quanh
ving gen khéi ddu lysCPI duge diu ché nhu dugc thé hién trong Bang 1 néu trén va
Bang 6 dudi day, trén co s¢ trinh tu polynucleotit néu trong SEQ ID NO: 10 cua gen

ma hoa acs.

Bang 6

Poan mbi trinh tu (5 —3°)

PlysC-acs-F GAAAGGTGCACAAAGATGAGCCAAATTCACAA
(SEQIDNO:24) |A

Tn-acs-RXh GCCCACTAGTCTCGAGAAGGCGTTTACGCCGCA
(SEQIDNO:25) |TCC

Dic biét, dé thu duge gen acs, doan gen c6 kich thudc khoang 2 kb duoc
khuéch dai bang cach sir dung nhi®m séc thé cta ching W3110 cia E. coli 1am khuén
miu cung v6i cip doan mdi co trinh ty néu trong cac SEQ ID NO: 24 va 25. Cu thé,
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phan tng PCR duoc thuc hién bang cach lip lai 30 chu ky bién tinh & 95°C trong 30
gidy, i & 55°C trong 30 gidy, va gian nd & 72°C trong 1 phut va 30 gidy. Sau do, cac
san phém PCR thu dugc tir 36 dugce dién di trén 0,8% gel agaoza va cac dai cé kich
thudc mong mudn duoc rira giai va duoc tinh ché.

Ngoai ra, ving gen khéi dau lysCPI thu duoc bang cach tién hanh PCR c6 st
dung nhiém sic thé cta ching KCCM10919P (Cong bd don quéc té s6 WO
2009/096689) 1am khudén méu cling véi cip doan mdi cé trinh tu néu trong cac SEQ
ID NO: 13 va 14, dugc thuc hién bang cach 13p lai 30 chu ky bién tinh & 95°C trong 30
gidy, u & 55°C trong 30 giay, va gian n¢ & 72°C trong 30 gidy.

Vecto pDZ duge xtt Iy bang Xhol va mbi san phim trong sé cac san phdm PCR
thu dugc tir 6 duoc ding dé tach dong dung hop. Viéc tach dong dung hop duge thuc
hién bang cach sir dung kit tich dong In-Fusion® HD (Clontech). Plasmit thu dugc tir
- do6 dugc goi la pDZTn-lysCP1-acs.

Sau d6, plasmit pDZTn-lysCPI-acs 1in lugt duge dua vao KCCM11240P va
KCCM11240P  Tn:lysCPl-argd  Tn:lysCPl-argE, 1a ching cai bién cla
Corynebacterium glutamicum dugc tao ra trong Vi du 1-1, bing cach dién di dé thu
duogc cac thé bién nap, va cic thé bién nap nay duogc phét 1én méi truong phién kinh
BHIS (Dich truyén tim ndo (37 g/L), sorbitol (91 g/L), va aga (2%)) chira kanamycin
(25 pg/mL) va X-gal (5-bromo-4-clo-3-indolin-D-galactosit) va dugc nudi cdy dé tao
ra cac khudn lac. Trong sb cac khuén lac nay, cac khudn lac mau xanh da troi dugc
chon va nhd d6 cac ching bién nap di dugc dua vao véi plasmit pDZTn-lysCPI-acs
duoc chon.

Céac chung d3 chon dugc nudi cdy , lic déng thoi (30°C, 8 gid) trong méi
truomg CM (glucoza (10 g/L), polypepton (10 g/L), dich chiét nim men (5 g/L), dich
chiét thit bo (5 g/L), NaCl (2,5 g/L), ure (2 g/L), d6 pH = 6,8) va tiép d6 duoc pha
lodng tir 10 dén 107°, dwoc phét 16n méi trudng ran chira X-gal, va dugc nudi cdy dé
tao ra cac khudn lac. Trong sb cac khudn lac d3 tao ra ndy, cac khuin lac mau tring
xut hién véi tbc d6 twong ddi cham duoc chon va cic chiing nay di duogc dua vao véi
gen mi héa acs bang cach xuyén chéo thir cip duoc chon cudi cing. Céc ching dugc
chon cubi cing dugc tién hanh PCR bang cach sir dung cip doan mdi cé trinh tiu néu

trong cac SEQ ID NO: 13 va 25 va dd x4c nhan ring gen m3 héa acs duge dua vao, va
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cac ching cai bién cua Corynebacterium - glutamicum 1an lugt duoc goi 1A
KCCMI11240P Tn:lysCPIl-acs va KCCMI11240P Tn:lysCPIl-argd Tn:lysCPl-argE
Tn:lysCPI-acs.

3-2. Tao ra ching di duoc dua vio vé6i acs c6 ngudn gdc tir E. coli vao gen nhay cia
ching trén co s& ATCC13869 san xuit putrescin

Nhu trong Vi du 3-1, pDZTn-lysCPIl-acs duoc tao ra & trén duoc bién nap
thanh DABI2-b va he DABI2-b Tn:lysCPI-argd Tn:lysCPI-argE, 1an luot 13 ching
ci bién ctia Corynebacterium glutamicum duge tao ra trong Vi du 1-2, theo cling cach
nhu trong Vi du 3-1, va di x4c nhin réng acs dugc dua vao gen nhay nay.

Chung cai bién thu dugc tir d6 cia Corynebacterium glutamicum 1an lugt dugc
goi 1a DABI2-b Tn:lysCPl-acs va DABI2-b Tn:lysCPl-argA Tn:lysCPIl-argE
Tn:lysCPl-acs.

3-3. Panh gia kha ning san xuét putrescin cta ching di duoc dua vao véi acs ¢
ngudn gbc tir E. coli

Pé xac nhan muc d6 anh hudng cia viéc dua acs trong ching san xudt
putrescin, ma di dugc dua vao vdi argA c6 ngudn gdc tir E. coli va argE c6 ngudn gbc
tir E. coli, kha ning san xuit putrescin duoc so sanh trong s cac chung cai bién cia
Corynebacterium glutamicum dugc tao ra trong Vi du 3-1 va 3-2.

Diac biét, bén loai ching cai bién cua Corynebacterium glutamicum
(KCCM11240P Tn:lysCPl-acs; KCCMI11240P Tn:lysCPl-argd Tn:lysCPI-argE
In:lysCPl-acs; DABI2-b  Tn:lysCPl-acs;, va DABI2-b  Tn:lysCPl-argA
Tn:lysCPIl-argE Tn:lysCPI-acs) va bbn loai ching bd me (KCCMII1240P;
KCCMI11240P  Tn:lysCPl-argA  Tn:lysCPl-argE; DABI2-b; va DABJ2-b
Tn:lysCPI-argA Tn:lysCPI-argE) 1an lugt dugc phét 1én méi truong phién kinh CM
chtra 1mM arginin (1% glucoza, 1% polypepton, 0,5% dich chiét nAm men, 0,5% dich
chiét thit bo, 0,25% NaCl, 0,2% ure, 100 uL. NaOH 50%, 2% aga, d6 pH = 6,8, di véi
1L), va duge nudi ciy & 30°C trong 24 gid. Mdi ching trong sb cac ching nay dugc
nudi ciy tir 46 voi lugng khoang mot vong platin duge ching ngira thanh 25mL méi

trudng chuin do (8% glucoza, 0,25% protein dau tuong, 0,50% chét rin ngam ngii cbe,
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4% (NH4),SO,4, 0,1% KH,PO,, 0,05% MgSO,4 7H,0, 0,15% ure, biotin (100 pg),
thiamin HCI (3 mg), axit canxi-pantothenic (3 mg), nicotinamit (3 mg), 5% CaCOs;,
d6i v6i 1L), va duge nudi cdy, lic ddng thoi & 30°C véi toe d6 200 vong/phit trong 98
gir. Trong tit ca méi trudong nudi cdy ching, 1 mM arginin duoc bd sung vao mdi
truong nay. Khi nudi cdy xong, ndng d6 ciia putrescin tao ra trong mdi canh nudi cly

duge do va két qua duge thé hi'én trong Bang 7 duéi day.

Bang 7
Céc chﬁng Putrescin (g/L)

KCCM 11240P 12,2
KCCM 11240P Tn:lysCPl-acs 12,2
KCCM11240P Tn:lysCPI-argA Tn:lysCPI-argE 13,4
KCCM11240P Tn:lysCP1-argA Tn:lysCP1-argE 13,9
Tn:lysCPI-acs

DABI12-b 13,3
DABI2-b Tn:lysCPI-acs 13,2
DABI2-b Tn:lysCPl-argA Tn:lysCPI-argk 14,6
DABI12-b Tn:lysCPI-argA Tn:lysCPI1-argE Tn:lysCPI-acs 15,1

Nhu duge thé hién trong Bang 7, khi acs 1an lugt duge dua vao KCCM 11240P
va DABI2-b, thi lugng san xuit putrescin & mirc dd tuong dwong. Tuy nhién, khi acs
lan luot dugc dua vao ¢ hai loai ching cai bién khac nhau cua Corynebacterium
glutamicum d3 dira ddng thoi vao vai cac gen argd c6 ngudn gbc tir E. coli va argE c6
ngudn gbc tir E. coli (KCCM11240P Tn:lysCPI-argA T n:lysCP1-argE; DABI2-b
Tn:lysCPI-argA Tn:lysCPI-argE), thi lugng san xuét putrescin dugc tang 1én 13,5%
hodic cao hon so véi ching bé me. Ngoai ra, luong san xuft putrescin dugc ting 1én

3,4% hoac cao hon so v6i ching cai bién néu trén.

Vi du 4: Ching c¢6 doan dua argd c6 ngudn gbe tir E. coli, argE c6 ngudn gbe tir E.
coli, va doan thé ciia gen khoi diu pta-ackA tir chiing san xut putrescin c6 kha ning
xut putrescin céi thién, va kha nang san xuit putrescin clia chiing nay

4-1. Tao ra ching c¢6 doan dua argd, argE c6 ngudn gbc tir E. coli va doan thé cia gen

khéi ddu pta-ackA tix ching c6 kha ning xuét putrescin cai thién
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Ching duoc tao ra dé thir nghiém xem lidu viée dua argd c6 ngudn gbc tir E.
coli va argE cb ngudn gdc tir E. coli va sy gia ting hoat tinh cta pta-ackA cua
Corynebacterium c6 thé cai thién kha ning san xut putrescin hay khong, trén co sé
ching KCCMI11401P (Céng bd don yéu cdu cip patent Han Qubc sb
10-2014-0115244) c6 kha ning xuét putrescin cai thién.

béc biét, pDZTn-lysCPI-argd dugc 'tao ra trong Vi du 1-1 dugc bién nap
thanh KCCM11401P theo ciing cach nhu trong Vi du 1-1, va do d6, dd x4c nhin ring
argA dugce dua vao gen nhay. Ching cai biéh thu dugc tir d6 cua Corynebacterium
glutamicum dugc goi 1a KCCM11401P Tn:lysCPI1-argA.

Ngoai ra, dé dua argE vao ching nay, ma di duoc dua vao v6i argd nhu dugc
tao ra trong Vi du 1-1, pDZTn-lysCPI-argE dugc tao ra trong Vi du 1-1 dugc bién nap
thanh KCCM11401P Tn:lysCPI-argA theo cung cach nhu trong Vi du 1-1 va da xéc
nhan ring argE dugc dua vao gen nhay nay. Ching cai bién d3 chon tir 6 duoc goi 13
KCCMI11401P Tn:lysCPIl-argA Tn:lysCPI-argE.

Sau d6, pDZ-lysCP1-1 pta-ackA dugc tao ra trong Vi du 2-1 dugce bién nap
thanh KCCM11401P Tn:lysCPIl-argA Tn:lysCPI-argE theo cung cich nhu trong Vi
du 2-1, va d& x4c nhan ring gen khéi ddu lysCPI duge dua vao codon khoi ddu nim
sau cia pta-ackA trong nhiém sic thé. Ching cai bién néu trén ctia Corynebacterium
glutamicum dugc goi la KCCMI1401P Tn:lysCPl-argd T n:lysCP] -argk
lysCP1-1 pta-ackA.

4-2. Panh gia ching c6 doan dua argd c6 ngudn gbc tix E. coli, argE c6 ngudn gbc tir
E. coli va doan thé cuia gen khoi ddu pra-ackA tir ching ¢ kha ning xuét putrescin cai
thién

Pé x4c nhan anh huéng cia viée dua argd c6 ngudn gbc tir E. coli va argE cb
ngudn gbc tr E. coli va hoat tinh pta-ackA ting cudng trén ching cia
Corynebacterium glutamicum san xuit putrescin cé kha ning xuit putrescin cai thién,
kha ning san xuit putrescin duoc so sanh trong sd cic ching cai bién cia
Corynebacterium glutamicum dugc tao ra trong Vi du 4-1.

Dic biét, cac ching ci bién ctia Corynebacterium glutamicum (KCCM11401P
Tn:lysCPI1-argd Tn:lysCPl-argE, KCCMI1140IP Tn:lysCPl-argA Tn:lysCPl-argE
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IysCPI-1 pta-ackA) vi ching b6 me (KCCMI1401P) lan luot duoc phét 1én moi
truong phién kinh CM chira 1mM arginin (1% glucoza, 1% polypepton, 0,5% dich
chiét ndm men, 0,5% dich chiét thit bo, 0,25% NaCl, 0,2% ure, 100 uL. NaOH 50%,
2% aga, d0 pH = 6.8, dbi véi 1L), va dugc nudi céy & 30°C trong 24 gid. Moi ching
trong s cac ching dugc nudi ciy tir d6 voi luong khoang mét vong platin dugc chung
ngira thanh 25mL mai truong chudn d6 (8% glucoza, 0,25%' protein ddu tuong, 0,50%
chét rin ngam ngii cbc, 4% (NH4),SOs, 0,1% KH,PO,, 0,05% MgSO, 7H,0, 0,15%
ure, biotin (100 pg), thiamin HCI (3 mg), axit canxi—pantothehic (3 mg), nicotinamit (3
mg), 5% CaCO;, di v6i 1L), va duoc nudi cdy , lic ddng thoi & 30°C véi tde do 200
vong/phit trong 98 gid. Trong tit ca moi trudng nudi ciy chung, 1 mM arginin duoc
bd sung vao méi truong ndy. Khi nudi ciy xong, ndng do cua putrescin tao ra trong

mdi canh nudi ciy dugc do va két qua duoc thé hién trong Bang 8 dudi déy.

Bang 8
Céc ching Putrescin (g/L)
KCCM11401P 11,8
KCCM11401P Tn:lysCPl-argA Tn:lysCPl-argE 13,2
KCCM11401P Tn:lysCP1-argA Tn:lysCPl-argE 13,7
lysCP1-1'pta-ackA

Nhu dugc thé hién trong Bang 8, da x4c nhan rﬁng khi KCCM11401P c6 kha
ning xuit putrescin gia ting dugc dua vao véi gen argd c6 ngudn gbc tir E. coli va
gen argE ¢6 ngudn gdc tir E. coli, lugng putrescin tao ra duoc tang 1én 11,9% so v6i
lugng ciia chiing bb me, va khi ching nay duoc gia ting tiép v6i pta-ackA, thi luong

putrescin tao ra dugc ting 1én 16,1% so vé6i luong cia ching bd me.

Vi du 5: Pua argd c6 ngudn gbc tir E. coli va argFE c6 ngudn gbec tir E. coli trong
chiing san xuét ornithin vao va x4c nhan kha ning san xuét ornithin ciia ching nay

5-1. Tao ra ching d4 dua ddng thdi vao vé6i argA c¢6 ngudn gde tir E. coli va argE c6
ngudn gbc tir E. coli vio gen nhay cia ching trén co s¢ KCCM11137P san xuit
ornithin

Dé xac nhin xem li€u viéc dua gen argd c6 nguon goc tir E. coli va gen argE

-37-




32373

c6 ngudn gbc tir E. coli vao ching KCCM11137P (Céng bd don yéu cu cip patent
Han Québc s6 10-1372635), 1a ching trén co s¢ ATCCI3032 cta Corynebacterium
glutamicum san xut ornithin, c6 thé cai thién kha nang san xuét ornithin, gen argd va
gen argE duge dua vao gen nhay cua ching bang cach st dung vecto duoc tao ra trong
Vidu 1-1.

Truéc tién, plasmit pDZTn-lysCPI-argA duge dua vao t ching KCCM11137P
bang cach dién di dé thu duoc cac thé bién nap, va cac thé bién nap nay duoc phét 1én
moi trudong phién kinh BHIS (Dich truyén tim nio (37 g/L), sorbitol (91 g/L), va aga
(2%)) chra kanamycin (25 pg/mL) va X-gal (5-bromo-4-clo-3-indolin-D-galactosit)
va duogc nudil céy dé tao ra cdc khuén lac. Trong s6 cac khuan lac nay, cac khuén lac
mau xanh da troi duge chon va nhd dé cac ching dd duge dua vao véi plasmit
pDZTn-lysCPIl-argA dugce chon.

Cac ching di chon dugc nubi cdy, lic ddng thoi (30°C, 8 gid) trong moi
truomg CM (glucoza (10 g/L), polypepton (10 g/L), dich chiét nAm men (5 g/L), dich
chiét thit bo (5 g/L), NaCl (2,5 g/L), ure (2 g/L), d6 pH = 6,8) va tiép d6 dugc pha
lodng tir 10™ dén 107", dugc phét 16n méi trudng rin chira X-gal, va dugc nudi cy dé
tao ra cac khuan lac. Trong sb cac khuén lac d3 tao ra nay, cac khuan lac mau tréng
xuét hién véi tbe do twong dbi cham duoc chon va ching da dugc dua vao véi gen ma
héa argA bang cach xuyén chéo thir cip dugc chon cudi cung. Chung cubi cliing duoc
chon dugc tién hanh PCR c6 str dung cip doan mdi c6 trinh tu néu trong cac SEQ ID
NO: 12 va 13 va d x4c nhén ring gen mi hoéa argA duoc dua vio, va ching cai bién
cua Corynebacterium glutamicum dugc goi 1la KCCM11137P Tn:lysCP1-argA.

Pé dua argE vao ching nay, ma dd dugc dua vao voi argd nhu dugce tao ra
néu trén, pDZTn-lysCPI-argE dugc tao ra trong Vi du 1-1 dugc bién nap thanh
KCCM11137P Tn:lysCPI1-argA theo cung cach nhu trong Vi du 1-1, va nho d6 da xac
nhén rang he argE duoc dua vao trong gen nhay.

Chiing cai bién thu duoc tir 46 cia Corynebacterium glutamicum dugc goi 13

KCCM11137P Tn:lysCP1-argA Tn:lysCPI-argE.

5-2. Déanh gi4 kha ning san xuat ornithin ctia chiing Corynebacterium sén xuat ornithin

da dugc dua vao v6i argd c6 nguodn goc tir E. coli va argE c6 ngudn goc ti E. coli
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Dé x4c nhén anh hudng cta viéc dua argd c6 ngudn gbc tr E. coli va argE c6
ngudn gbc tir E. coli trong qua trinh san xuit ornithin & ching san xuét ornithin, kha
ning san xuit ornithin dugc so sanh troﬂg s6 cac chung cai bién cua Corynebacterium
glutamicum dugc tao ra trong Vi du 5-1.

bac biét, mot loai chung cai bién cua Corynebacterium glutamicum
(KCCM11137P Tn:lysCPl-argd Tn:lysCPl-argE) va mdt loai ching bd me
(KCCM11137P) 1an luot dugc phét 1én madi truong phién kinh CM chira 1mM arginin
(1% glucoza, 1% polypepton, 0,5% dich chiét nAm men, 0,5% dich chiét thit bo,
0,25% NacCl, 0,2% ure, 100 uL. NaOH 50%, 2% aga, d0 pH = 6,8, dbi voi 1L), va duogc
nudi ciy & 30°C trong 24 gid. Mbi ching trong s6 cac ching dugc nudi ciy tir d6 véi
luong khoang mot vong platin dugc ching ngura thanh 25mL méi truong chudn do
(8% glucoza, 0,25% protein d4u twong, 0,50% chét rin ngdm ngii cdc, 4% (NH,),SO,,
0,1% KH,POy4, 0,05% MgSO, 7H,0, 0,15% ure, biotin (100 ug), thiamin HCI (3 mg),
axit canxi-pantothenic (3 mg), nicotinamit (3 mg), 5% CaCOs, ddi véi 1L), va duge
nudi cdy, lic ddng thoi & 30°C Vol tdc d6 200 vong/phit trong 98 gio. Trong tAt ca
moi treomg nudi cdy ching, 1 mM arginin dugc bd sung vao moi trudng nay. Khi nudi
ciy xong, ndng d6 cua putrescin tao ra trong mdi canh nudi cdy dugc do va két qua

dugc thé hién trong Bang 9 dudi day.

Bang 9
Céc chung Ornithin (g/L)
KCCMI11137P ’ 7,8
KCCMI11137P Tn:lysCPl-argd Tn:lysCP1-argE 8,9

Nhu duge thé hién trong Bang 9, di xac nhan rang khi ching cai bién cla
Corynebacterium glutamicum da dugc dua vao véi gen argA c6 ngudn gbc tir E. coli
va argE ¢6 ngudn gdc tir E. coli gen ¢ luong san xuét ornithin gia ting 14,1% so v&i

ching b6 me.
Vi duy 6: Tang cuong pta-ackA trong ching da dugc dua vao véi argd co ngudn gbc tir

E. coli va argE c6 nguon goc tir E. coli va x4c nhén kha ning sdn xudt ornithin cua

ching
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6-1. Tao ra ching c6 doan thé chira gen gen khoi dau pta-ackA tir ching trén co s
ATCC13032 san xuét ornithin

Dé xac nhan xem liéu hoat tinh pta-ackA ting cudng trong ching trén co s&
ATCC13032 san xuét ornithin d& duoc dua vao vdi argd cb ngudn gbc tir E. coli va
argE c6 ngudn gbc tir E. coli ¢ thé cai thién kha ning san xuét ornithin, gen khéi diu
IysCPI (WO 2009/096689) dugc dua vao codon khoi ddu nim sau clia operon
pta-ackA trong nhiém séc thé.

Trude tién, plasmit pDZ-lysCPI-1 pta-ackA duoc tao ra trong Vi du 2-1 lin
lugt duge dua vao cac chung Tn:lysCPIl-argA Tn:lysCPIl-argE cia KCCMI11137P va
KCCM11137P, bing cach dién di dé thu duoc cac thé bién nap va cac thé bién nap nay
dwogc phét 18n méi truomg phién kinh BHIS (Dich truyén tim ndo (37 g/L), sorbitol (91
g/L), va aga (2%)) chira kanamycin (25 pg/mlL) va X-gal (5-bromo-4-clo-3-indolin-D-
—galactosit) va duogc nudi cdy dé tao ra cac khuén lac. Trong s cac khuan lac nay, cac
khuén lac mau xanh da trdi dugc chon va nhdr d6 cac ching bién nap di duoc dua vao
v6i plasmit pDZ-lysCP1-1 pta-ackA dugc chon.

Cac chung dd chon dugc nudi cdy, lic dong thoi (30°C, 8 gid) trong mdi
truong CM (glucoza (10 g/L), polypepton (10 g/L), dich chiét nAm men (5 g/L), dich
chiét thit bo (5 g/L), NaCl (2,5 g/L), ure (2 g/L), 6 pH = 6,8) va tiép d6 dugc pha
lodng tir 10* dén 107°, dugc phét 16n méi trudong ran chira X-gal, va dugc nubi ciy dé
tao ra cac khuén lac. Trong s6 cac khuén lac d3 tao ra ndy, céc khuin lac mau tréng
xudt hién véi tdc do tuong d6i cham duogc chon va ching, trong do gen khoi dau
pta-ackA duoc thé bing gen khdi dau lysCP1 bing cach xuyén chéo thtr cap, dugc
chon cubi cing. Ching cudi cing duoc chon dugce tién hanh PCR c6 st dung cip doan
mdi ¢6 trinh tu néu trong SEQ ID NOS: 19 va 21 va di x4c nhan rang gen khéi dau
IysCP1 dugc dua vao codon khai ddu nim sau cua operon pta-ackA trong nhiém séc
thé. Cu thé, phan tmg PCR duoc thuc hién bang cich lip lai 30 chu ky bién tinh &
95°C trong 30 gidy, 1 & 55°C trong 30 gidy, va gian nd & 72°C trong 1 phut.

Chung cai bién thu dugc tir d6 ctia Corynebacterium glutamicum 1an lugt duge
goi la KCCMI11137P lysCPI-1’pta-ackA va KCCMI11137P Tn:lysCPl-arg4
Tn:lysCPI1-argE lysCPI-1 pta-ackA.
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6-2. Panh gia kha ning san xuét ornithin ctia chiing c6 hoat tinh pta-ackA gia ting

Pé x4c nhin anh hudng cia hoat tinh pta-ackA ting cudng trén ching san xuét
ornithin d3 dugc dua vao véi argd c6 ngudn gbe tr E. coli va argE c6 ngudn gbc tir E.
coli, kha ning san xuét ornithin dugc so sanh trong sd cic chung cai bién cua
Corynebacterium glutamicum dugc tao ra trong Vi du 6-1.

Dic biét, hai loai ching cai bién khac nhau ctia Corynebacterium glutamicum,
(KCCM11137P lysCPI-1 pta-ackA; KCCM11137P Tn:lysCPI-argA Tn:lysCPIl-argk
. IysCPI-1'pta-ackA) va hai loai ching bd me khac nhau (KCCMI1137P;
KCCM11137P Tn:lysCPl-argA Tn:lysCPI-argE) lan luot dugc phét 1én moi truong
phién kinh CM chira 1mM arginin (1% glucoza, 1% polypepton, 0,5% dich chiét nAm
men, 0,5% dich chiét thit bo, 0,25% NaCl, 0,2% ure, 100 pL. NaOH 50%, 2% aga, do
pH = 6,8, dbi véi 1L), va dugc nudi cay & 30°C trong 24 gior. Mdi chiing trong s6 céac
ching dugc nubdi ciy tir d6 v6i luong khoang mot vong platin dugc chiing ngira thinh
25mL méi truong chuén do (8% glucoza, 0,25% protein dau tuwong, 0,50% chét rén
ngam ngil cbe, 4% (NH,4),S0y4, 0,1% KH,POy4, 0,05% MgSO,4 7H,0, 0,15% ure, biotin
(100 pg), thiamin HCI (3 mg), axit canxi-pantothenic (3 mg), nicotinamit (3 mg), 5%
CaCO;, di véi 1L), va dugc nudi ciy, lic dong thoi & 30°C véi toe do 200 vong/phit
trong 98 gid. Trong tat ca moi truong nudi ciy ching, 1 mM arginin duoc bd sung vao
mdi truong nay. Khi nudi ciy xong, ndng d6 ciia ornithin tao ra trong mdi canh nudi

cly duoc do va két qua dugc thé hién trong Bang 10 dudi day.

Bang 10
Céc ching Ornithin (g/L)
KCCM11137P 7,8
KCCM11137P lysCPI-1'pta-ackA 7,7
KCCMI11137P Tn:lysCPl-argA Tn:lysCPI-argE 8.9
KCCMI11137P Tn:lysCP1-argA Tn:lysCPIl-argE 9,4
lysCP1-1'pta-ackA

Nhu duge thé hién trong Bang 10, dd xac nhan rang khi ching KCCM11137P
duogc gia ting c6 hoat tinh pta-ackA, thi lrong san xuét ornithin khong dugc ting 1én,

trong khi d6 khi ching KCCM11137P Tn:lysCPI-argA Tn:lysCPI-argFE, 1a ching cai
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bién ctia Corynebacterium glutamicum da dua ddng thoi vao véi gen argd c6 ngudn
gbe tir E. coli va gen argE c6 ngudn gbc tir E. coli, thi lugng san xuit ornithin dugc
tang 1én 20,5% so v6i lugng ctia ching KCCM11137P, va cling dugc tang 1én 5,6% so
v6i ching KCCM11137P Tn:lysCPI-argA Tn:lysCPI-argE ching.

Vi du 7: Pua acs ¢6 ngudn gbc tir E. coli trong ching di dugc dua vio véi argd co
ngudn gbc tir E. coli va argE c6 ngudn gbe tir E. coli vio va x4c nhan kha ning san
xut ornithin ctia chiing

7-1. Tao ra ching d3 duoc dwa vao voi acs c¢6 ngudn gbe tir E. coli thanh gen nhay tix
ching trén co s6 KCCM11137 ching san xut ornithin

acs duogc dwa vao gen nhay bang cach sir dung gen khoi déu lysCPI dé xéc
nhén xem liéu viéc dua acs c6 ngudn gbce tir E. coli vio ching KCCM11137P (Patent
Han Qudc sb 10-1372635) 1 ching trén co s& ATCC13032 cia Corynebacterium
glutamicum san xuét ornithin, c6 thé cai thién kha nang san xuét ornithin hay khong.

Truéc tién, plasmit pDZTn-lysCPI-acs duoc tao ra trong Vi du 3-1 1an luot
dugc dua vao cac chung KCCMII1137P va KCCMII1I37P Tn:lysCPl-argA
Tn:lysCPI-argE, bang cach dién di dé thu duoc cac thé bién nap, va cac thé bién nap
nay dugc phét 1én madi truong phién kinh BHIS (Dich truyén tim ndo (37 g/L), sorbitol
91 gl), va aga (2%)) chta kanamycin (25 pg/mlL) va X-gal
(5-bromo-4-clo-3-indolin-D-galactosit) va dugc nudi cdy dé tao ra cac khuin lac.
Trong sb cac khuan lac nay, cac khuén lac mau xanh da troi duge chon va nhd d6 céc
ching bién nap da duoc dua vao v6i plasmit pDZTn-lysCPI-acs dugc chon.

Cac ching di chon duoc nudi cdy, lic dong thoi (30°C, 8 gid) trong méi
truomg CM (glucoza (10 g/L), polypepton (10 g/L), dich chiét ndm men (5 g/L), dich
chiét thit bd (5 g/L), NaCl (2,5 g/L), ure (2 g/L), @ pH = 6,8) va tiép d6 dugc pha
lodng tir 10 dén 10™'°, duoc phét 1én méi trudong rin chira X-gal, va duoc nudi ciy dé
tao ra cac khuén lac. Trong s6 cac khudn lac d3 tao ra nay, cac khuin lac mau tréng
xuét hién véi tbc d6 tuong d6i chdm dugc chon va ching di dugc dua vao véi gen ma
héa acs biang cach xuyén chéo thir cip dugc chon cudi cing.

Céc ching duoc chon cudi cing dugc tién hanh PCR bang cach sir dung cip

doan mdi c6 trinh trr néu trong cic SEQ ID NO: 13 va 25 va di x4c nhan ring gen mi
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héa acs dugc dua vao. Ching cai bién thu duoc tir d6 ciua Corynebacterium
glutamicum 1an lugt duoc goi 14 KCCM11137P Tn:lysCPI-acs va KCCMI11137P
Tn:lysCPI1-argA Tn:lysCPI-argE Tn:lysCPI-acs.

7-2. Panh gia kha ning san xuét ornithin ctia ching di dugc dua vao véi acs ¢b ngudn
gbc tir E. coli

Dé x4c nhan anh hudng cla viée dua acs trén ching san xuit ornithin da duoc
dwa vao v6i argd c6 ngudn gbe tir E. coli va argE c¢6 ngudn gbc tir E. coli, kha ning
san xut ornithin duoc so sanh trong sb cac ching cai bién ctua Corynebacterium
glutamicum dugc tao ra trong Vi du 7-1.

Dic biét, hai loai chung ci bién khac nhau ctia Corynebacterium glutamicum,
(KCCM11137P Tn:lysCPl-acs;, KCCMI11137P Tn:lysCPl-argd Tn:lysCPI-argE
Tn:lysCPI-acs) va hai loai ching b me khac nhau (KCCM11137P; KCCM11137P
Tn:lysCP1-argA Tn:lysCPI-argE) 1an luot duoc phét 1én méi truong phién kinh CM
chtta 1mM arginin (1% glucoza, 1% polypeptoﬁ, 0,5% dich chiét nim men, 0,5% dich
chiét thit bo, 0,25% NaCl, 0,2% ure, 100 uL. NaOH 50%, 2% aga, d6 pH = 6,8, ddi véi
1L), va dugc nudi cdy & 30°C trong 24 gitr. Mdi chiing trong s6 cac ching dugce nudi
cly tir d6 v6i luong khoang mét vong platin dugc chiing ngira thanh 25mL moi truong
chudn do (8% glucoza, 0,25% protein dau tuong, 0,50% chit rin ngdm ngii cbc, 4%
(NH4),S0y4, 0,1% KH,PO4, 0,05% MgSOy4 7H,0, 0,15% ure, biotin (100 pg), thiamin
HCI (3 mg), axit canxi-pantothenic (3 mg), nicotinamit (3 mg), 5% CaCOs, ddi véi
1L), va dugc nudi cdy , lic ddng thoi & 30°C véi tde d6 200 vong/phit trong 98 gid.
Trong tit c4 méi truomg nudi cdy ching, 1 mM arginin dugc bd sung vao moi trudng
nay. Khi nudi ciy xong, ndng d6 ctia ornithin tao ra trong mdi canh nudi ciy duoc do

va két qua duoc thé hién trong Bang 11 duéi day.
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Béang 11
Céc ching Ornithin (g/L)
KCCMI11137P 7,8
KCCM11137P Tn:lysCPI-acs 7,8
KCCMI11137P Tn:lysCPI-argA Tn:lysCPI1-argE 8.9
KCCMI11137P Tn:lysCP1-argd Tn:lysCPI-argE 9,2
Tn:lysCP1-acs

Nhu dugc thé hién trong Bang 11, d@ x4c nhan rang khi ching KCCM11137P
duoc dua vao voi acs, thi lugng san xuét ornithin khéng duoc ting lén, trong khi d6
khi ching KCCM11137P Tn:lysCPl-argd Tn:lysCPl-argE, 1a ching cai bién cia
Corynebacterium glutamicum da dua ddng thoi vao véi gen argd co6 ngudn gbc tir E.
coli va gen argE c6 ngudn gdc tir E. coli, lugng san xuét ornithin dugc ting 1én 17,9%
so v6i luong ctia ching KCCM11137P, va ciing dugc tang 1én 3,4% so sanh v¢i ching
KCCMI11137P Tn:lysCPI-argA Tn:lysCPl-argE.

Do d6, d3 xac nhan ring viéc dua argd c6 ngudn gbc tir E. coli va argE ¢6
ngudn gbc tir E. coli vao ching cta Corynebacterium ¢ thé ting cuong lugng san
xut putrescin va ornithin, va ngoai ra, da xac nhén ring su gia ting hoat tinh ciia gen
pta-ackA trong chiing ctia Corynebacterium hogc viéc dua acs ¢6 ngudn gde tir E. coli
c6 thé tang cuong tiép luong sin xuét putrescin va ornithin.

T d6, nguoi cod hidu biét trung binh trong linh vuc k¥ thuat nay co6 thé hiéu
duogc ring sang ché ¢6 thé dugc minh hoa & cac dang cu thé khac ma khong lam cai
bién khai niém k¥ thuat hodc dic tinh thiét yéu theo sang ché. V& mit nay, cdc phuong
an lam vi du néu trong ban md ta nay chi nhim muc dich minh hoa chtt khong giéi han
pham vi cua sang ché. Trai lai, sang ché dugc du dinh khong nhitng bao ham cic
phuong an lam vi du ma con bao ham cac bién ddi, cai bién, dang twong duong khac
va cac phuong an khac ma co thé ndm trong pham vi clia sing ché nhu duge xac dinh

bdi yéu cau bao hd kem theo.
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YEU CAU BAO HQ

1. Vi sinh vét cai bién thudc gibng Corynebacterium sin xuét putrescin hoic
ornithin, trong d6 hoat tinh cia N-axetylglutamat syntaza tir E. coli va axetylornithin
deaxetylaza tir E. coli dugc dua vao vi sinh vat thudc giéng Corynebacterium c6 hoat

tinh ornithin axetyltransferaza (ArgJ).

2. Vi sinh vét cai bién theo diém 1, trong d6 N-axetylglutamat syntaza tir E. coli
* bao gdm trinh tir axit amin néu trong SEQ ID NO: L.

3. Vi sinh vt cai bién theo diém 1, trong d6 axetylornithin deaxetylaza tir E. coli
bao gbm trinh tr axit amin néu trong SEQ ID NO: 3.

4, Vi sinh vat cai bién theo diém 1, trong d6 vi sinh vat thudc gidng

Corynebacterium 1a Corynebacterium glutamicum.

5. Vi sinh vat cai bién theo diém 1, trong d6 hoat tinh ctia operon
phosphotransaxetylaza va axetat kinaza (pta-ackA operon) dugc ting cuong thém nita

so v61 hoat tinh ndi sinh cia né.

6. Vi sinh vét cai bién theo diém 5, trong d6 operon phosphotransaxetylaza va
axetat kinaza bao gbm trinh tir axit amin néu trong SEQ ID NO: 5 hoic SEQ ID NO:
7.

7. Vi sinh vat cai bién theo diém 1, trong d6 hoat tinh ctia axetyl-CoA synthetaza

(acs) tir E. coli dugc dua thém nira vao.

8. Vi sinh vAt ci bién theo diém 7, trong 6 axetyl-CoA synthetaza bao gém trinh
tu axit amin néu trong SEQ ID NO: 9.

9. Vi sinh vat cai bién theo diém 1, trong d6 hoat tinh ctia ornithin decarboxylaza

(ODC) dugc dua thém nita vao.
10. Vi sinh vat cai bién theo diém 1, trong d6 hoat tinh ctia i) omnithin

carbamoyltransferaza (ArgF), ii) chit van chuyén tiét glutamat, hodc iii) chit van

chuyén tiét ornithin carbamoyltransferaza va glutamat dugc 1am suy yéu thém nita so
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v41 hoat tinh ndi sinh cia no.

11. Vi sinh vat cai bién theo diém 1, trong d6 hoat tinh cua it nhit mét chit duoc
chon tir nhém bao gbm axetyl gama glutamyl phosphat reductaza (ArgC),
axetylglutamat syntaza hodc ornithin axetyltransferaza (ArgJ), axetylglutamat kinaza
(ArgB), va axetyl ornithin aminotransferaza (ArgD) duogc ting cuong thém nita so véi

hoat tinh n0i sinh cta nd.

12. Vi sinh v4t cai bién theo diém 1, trong d6 hoat tinh ciia axetyltransferaza duoc

lam suy yeu thém nita so v6i hoat tinh ndi sinh cta né.

13. Vi sinh vat ci bién theo diém 12, trong d6 axetyltransferaza bao goém trinh tu
axit amin néu trong SEQ ID NO: 30 hodc SEQ ID NO: 31.

14. Vi sinh vat cai bién theo diém 1, trong d6 hoat tinh cta chit van chuyén tiét

putrescin dugc ting cudong thém nita so voi hoat tinh ndi sinh cta no.

15. Vi sinh vat cai bién theo diém 14, trong d6 chat van chuyén tiét putrescin bao
gdm trinh tu axit amin néu trong SEQ ID NO: 26 hoic SEQ ID NO: 28.

16.  Phuong phap san xuét putrescin hodc ornithin bao gbm cac budc:
(i) nudi cAy vi sinh vat cai bién thudc gibng Corynebacterium theo diém bét ky
trong sb cac diém tir 1 dén 15 trong mai truomg; va

(ii) thu hdi putrescin hodc ornithin tir vi sinh vét d4 nudi ciy hoic moi truong.

17.  Phuong phap theo diém 16, trong d6 vi sinh vat thudc gidng Corynebacterium

1a Corynebacterium glutamicum.
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Danh muc trinh tw

<110>  CJ CHEILJEDANG CORPORATION

<120> Vi sinh vat cai bién thudc giéng Corynebacterium san xuét putrescin hoic ornithin va phuong phép san xut
putrescin hodc ornithin bang cach sir dung vi sinh vét nay

<130>  KMC/B0B40EP

<150>  KR10-2015-0102624
<151>  2015-07-20

<160> 39

<170> KopatentIn 2.0

<210> 1
<211> 443
<212>  PRT

<213> N-axetylglutamat syntaza cua E.coli

<400> 1

Val Val Lys Glu Arg Lys Thr Glu Leu Val Glu Gly Phe Arg His Ser
1 5 10 15

Val Pro Tyr Ile Asn Thr His Arg Gly Lys Thr Phe Val |le Met Leu
20 25 30

Gly Gly Glu Ala Ile Glu His Glu Asn Phe Ser Ser Ile Val Asn Asp
35 40 45 '

le Gly Leu Leu His Ser Leu Gly Ile Arg Leu Val Val Val Tyr Gly
50 55 .60

Ala Arg Pro GIn Ile Asp Ala Asn Leu Ala Ala His His His Glu Pro
65 70 75 80

Leu Tyr His Lys Asn Ile Arg Val Thr Asp Ala Lys Thr Leu Glu Leu
85 90 95

Val Lys GIn Ala Ala Gly Thr Leu GIn Leu Asp Ile Thr Ala Arg Leu
100 105 110

Ser Met Ser Leu Asn Asn Thr Pro Leu Gin Gly Ala His Ile Asn Val
115 120 125

Val Ser Gly Asn Phe Ile |le Ala GIn Pro Leu Gly Val Asp Asp Gly
130 135 140

Val Asp Tyr Cys His Ser Gly Arg Ile Arg Arg Ile Asp Glu Asp Ala
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145 150 155 160

Ile His Arg GIn Leu Asp Ser Gly Ala Ile Val Leu Met Gly Pro Val
165 170 175

Ala Val Ser Val Thr Gly Glu Ser Phe Asn Leu Thr Ser Glu Glu Ile
180 - 185 190

Ala Thr GIn Leu Ala Ile Lys Leu Lys Ala Glu Lys Met |le Gly Phe
195 200 205

Cys Ser Ser GIn Gly Val Thr Asn Asp Asp Gly Asp Ile Val Ser Glu
210 215 220

Leu Phe Pro Asn Glu Ala GIn Ala Arg Val Glu Ala GIn Glu Glu Lys
225 230 235 240

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

Ala Cys Arg Ser Gly Val Arg Arg Cys His Leu Ile Ser Tyr Gln Glu
260 265 270

Asp Gly Ala Leu Leu GIn Glu Leu Phe Ser Arg Asp Gly lie Gly Thr
275 280 285

GIn Ile Val Met Glu Ser Ala Glu GIn Ile Arg Arg Ala Thr |le Asn
290 295 300

Asp Ile Gly Gly Ile Leu Glu Leu Ile Arg Pro Leu Glu GIn GIn Gly
305 310 315 320

Ile Leu Val Arg Arg Ser Arg Glu GIn Leu Glu Met Glu Ile Asp Lys
325 330 335

Phe Thr Ile Ile GIn Arg Asp Asn Thr Thr |le Ala Cys Ala Ala Leu
340 345 350 '

Tyr Pro Phe Pro Glu Glu Lys Ile Gly Glu Met Ala Cys Val Ala Val
355 360 365

His Pro Asp Tyr Arg Ser Ser Ser Arg Gly Glu Val Leu Leu Glu Arg
370 375 380

Ile Ala Ala GIn Ala Lys GIn Ser Gly Leu Ser Lys Leu Phe Val Leu
385 390 395 400

Thr Thr Arg Ser Ile His Trp Phe GIn Glu Arg Gly Phe Thr Pro Val
405 410 415

Asp |le Asp Leu Leu Pro Glu Ser Lys Lys GIn Leu Tyr Asn Tyr GlIn
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425

Arg Lys Ser Lys Val Leu Met Ala Asp Leu Gly
435

210> 2
11>
212>
213> E

<400> 2
gtggtaaagg

aatacccacc

aatttctcca

gtggtctatg

ctgtatcaca

gcgggaacat

ctgcagggcyg

gtcgatgacg

atccatcgtc

actggcgaga

aaagctgaaa

attgtcteccg

ggcgattaca

ggegtgegte

ttctcacgeg

gcaacaatca

attctggtac

cagcgegata

ggggaaatgg

ctgctggaac

1332
ADN

440

.coli N-axetylglutamat

aacgtaaaac

ggggaaaaac

gtatcgttaa

gcgeacgtcce

agaatatacg

tgcaactgga

cgcatatcaa

gcgtggatta

aactggacag

gctttaacct

agatgattgg

aacttttccce

actccggtac

gotgtcattt

acggtatcag

acgatattgg

geegtteteg

acacgactat

cctgtgtgac

gcattgeege

cgagttggtc

gtttgtcate

tgatatcggg

gcagatcgac

tgtgaccgac

tattactget

cgtcgtcagt

ctgccatage

cggtgcaata

gacctcggaa

tttttgctet

taacgaagcg

ggtgegettt

aatcagttat

tacgcagatt

cggtattctg

cgagcagcetg

tgeetgegece

agttcacccg

tcaggcgaag

syntaza

gagggattcc

atgctcggeg

ttgttgcaca

gcaaatctgg

gcCaaaacac

cgectgtega

ggcaatttta

gggcegtatce

gtgctaatgg

gagattgcca

tcccagggcg

€aagcgcgay

ttgcgtgacg

caggaagatg

gtgatggaaa

gagttgattc

gagatggaaa

gcgetetate

gattaccgea

cagageggct

430

gccattegat
étgaagccat
gecteggeat
ctgcgeatca
tggaactggt
tgagtctcaa
ttattgccca
ggcggattga
ggccggtégo
ctcaactgge
tcactaatga
tagaagccca
cagtgaaagc
gcgegetgtt
gcgecgagea
gccecactgga
tcgacaaatt
cgttccecgga
gttcatcaag

taagcaaatt
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tcectatate

tgagcatgag

ccgtetggtg

ccacgaaccg

gaagcaggct

taacacgccg

geecgetggae

tgaagacgcg

tgtttcagtc

catcaaactg

cgacggtgat

ggaagagaaa

ctgecgeage

gcaagagttg

gattcgtege

gcagcaagat

caccattatt

agagaagatt

gggtgaagtt

gtttgtgctg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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accacgcgea gtattcactg gttccaggaa cgtggattta ccccagtgga tattgattta 1260
ctgccecgaga gcaaaaagca gttgtacaac taccagcgta aatccaaagt gttgatggeg 1320
gatttagggt aa 1332
<210> 3

11> 408

<L12> PRT

<213> Axetylornithin deaxetylaza cua E.coli

<400> 3 _ :
Met Asp Lys Leu Leu Glu Arg Phe Leu Asn Tyr Val Ser Leu Asp Thr
1 5 10 15

GIn Ser Lys Ala Gly Val Arg GIn Val Pro Ser Thr Glu Gly GIn Trp
20 25 30

Lys Leu Leu His Leu Leu Lys Glu GIn Leu Glu Glu Met Gly Leu lle
35 40 45

Asn Val Thr Leu Ser Glu Lys Gly Thr Leu Met Ala Thr Leu Pro Ala
50 55 60

Asn Val Pro Gly Asp Ile Pro Ala Ile Gly Phe |le Ser His Val Asp
65 70 75 80

Thr Ser Pro Asp Cys Ser Gly Lys Asn Val Asn Pro GIn Ile Val Glu
85 90 95

Asn Tyr Arg Gly Gly Asp |le Ala Leu Gly Ile Gly Asp Glu Val Leu
100 105 110

Ser Pro Val Met Phe Pro Val Leu His GIn Leu Leu Gly GIn Thr Leu
115 120 125

Ile Thr Thr Asp Gly Lys Thr Leu Leu Gly Ala Asp Asp Lys Ala Gly
130 135 140

Ile Ala Glu Ile Met Thr Ala Leu Ala Val Leu GIn GIn Lys Lys lle
145 150 155 160

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

Lys Gly Ala Lys His Phe Asp Val Asp Ala Phe Asp Ala Arg Trp Ala
180 185 190

Tyr Thr Val Asp Gly Gly Gly Val Gly Glu Leu Glu Phe Glu Asn Phe
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195 200 205

Asn Ala Ala Ser Val Asn Ile Lys Ile Val Gly Asn Asn Val His Pro
210 215 v 220

Gly Thr Ala Lys Gly Val Met Val Asn Ala Leu Ser Leu Ala Ala Arg
225 230 235 240

Ile His Ala Glu Val Pro Ala Asp G!u Ser Pro Glu Met Thr Glu Gly
245 250 - 255

Tyr Glu Gly Phe Tyr His Leu Ala Ser Met Lys Gly Thr Val Glu Arg
260 265 270

Ala Asp Met His Tyr [le |le Arg Asp Phe Asp Arg Lys Gln Phe Glu
275 280 : 285

Ala Arg Lys Arg Lys Met Met Glu Ile Ala Lys Lys Val Gly Lys Gly
290 295 - 300

Leu His Pro Asp Cys Tyr Ile Glu Leu Val |le Glu Asp Ser Tyr Tyr
305 310 315 320

Asn Met Arg Glu Lys Val Val Glu His Pro His Ile Leu Asp |le Ala
325 330 335

GIn GIn Ala Met Arg Asp Cys Asp Ile Glu Pro Glu Leu Lys Pro Ile
340 345 : 350

Arg Gly Gly Thr Asp Gly Ala GIn Leu Ser Phe Met Gly Leu Pro Cys
355 360 5 365

Pro Asn Leu Phe Thr Gly Gly Tyr Asn Tyr His Gly Lys His Glu Phe
370 375 £ 380

Val Thr Leu Glu Gly Met Glu Lys Ala Val GIn Val Ile Val Arg lle
385 390 395 400

Ala Glu Leu Thr Ala GIn Arg Lys

405
<210> 4
<211> 1227
<212>  ADN

<213> Axetylornithin deaxetylaza cuna E.coli

<400> 4
atggataaac tacttgagcg atttttgaac tacgtgtctc tggataccca atcaaaagca 60
gogggtgagac aggttcccag cacggaagge caatggaagt tattgcatct gctgaaagag 120

| .

-53-



32373

cagctcgaag agatgggget tatcaatgtg accttaagtg agaagggcac tttgatggeg

acgttaccgg ctaacgtccc tggecgatatc ccggegattg getttatttc tcatgtgoat

acctcaccgg attgcagegg caaaaatgtg aatccgcaaa ttgttgaaaa ctatcgeggt

ggcgatattg cgctgggtat cggegatgaa gttttatcac cggttatgtt cceggtgetg

catcagctac tgggtcagac gctgattacc accgatggta aaaccttgtt aggtgccgat

gacaaagcag gtattgcaga aatcatgacc gcgctggegg tattgcaaca gaaaaaaatt

ccgecatggtg atattegegt cgectttace ccggatgaag aagtgggcaa aggggcgaaa

cattttgatg ttgacgcctt cgatgeccecge tgggettaca ctgttgatgg tggtggegta

ggcgaactgg agtttgaaaa cttcaacgec gegtcggtca atatcaaaat tgtcggtaac

aatgttcatc cgggcacgge gaaaggagtg atggtaaatg cgctgtcget ggeggeacgt

attcatgcgg aagttccgge ggatgaaage ccggaaatga cagaaggeta tgaaggtttc

- tatcatctgg cgagcatgaa aggcaccgtt gaacgggecg atatgcacta catcatcegt

gatttcgacc gtaaacagtt tgaagcgcgt aaacgtaaaa tgatggagat cgccaaaaaa

gtgggcaaag ggttacatcc tgattgctac attgaactgg tgattgaaga cagttactac

aatatgcgeg agaaagtggt tgagcatccg catattctcg atatcgccca gecaggegatg

cgcgattgeg atattgaacc ggaactgaaa ccgatccgeg gtggtaccga cggegegeag

ttgtcgttta tgggattacc gtgcccgaac ctgttcactg geggttacaa ctatcatggt

aagcatgagt ttgtgactct ggaaggtatg gaaaaagcgg tgcaggtgat cgtccgtatt

gccgagttaa cggegcaacg gaagtaa

<210>
11>
212>
213>

<400>

5

859

PRT

Corynebacterium glutamicum ATCC 13032 pta—ackA

5

Met Ser Asp Thr Pro Thr Ser Ala Leu Ile Thr Thr Val Asn Arg Ser

1

5 10 15

Phe Asp Gly Phe Asp Leu Glu Glu Val Ala Ala Asp Leu Gly Val Arg

20 25 30
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Leu Thr Tyr Leu Pro Asp Glu Glu Leu Glu Val Ser Lys Val Leu Ala
35 40 45

Ala Asp Leu Leu Ala Glu Gly Pro Ala Leu Ile Ile Gly Val Gly Asn
50 55 60

Thr Phe Phe Asp Ala GlIn Val Ala Ala Ala Leu Gly Val Pro Val Leu
65 70 : 75 80

Leu Leu Val Asp Lys GIn Gly Lys His Val Ala Leu Ala Arg Thr GIn
85 Q0 95

Val Asn Asn Ala Gly Ala Val Val Ala Ala Ala Phe Thr Ala Glu Gin
100 105 110

Glu Pro Met Pro Asp Lys Leu Arg Lys Ala Val Arg Asn His Ser Asn
115 120 125

Leu Glu Pro Val Met Ser Ala Glu Leu Phe Glu Asn Trp Leu Leu Lys
130 - 135 140

Arg Ala Arg Ala Glu His Ser His |le Val Leu Pro Glu Gly Asp Asp
145 150 165 160

Asp Arg Ile Leu Met Ala Ala His Gin Leu Leu Asp GIn Asp Ile Cys
165 170 175

Asp |le Thr Ile Leu Gly Asp Pro Val Lys Ile Lys Glu Arg Ala Thr
180 185 190

Glu Leu Gly Leu His Leu Asn Thr Ala Tyr Leu Val Asn Pro Leu Thr
195 200 205

Asp Pro Arg Leu Glu Glu Phe Ala Glu GIn Phe Ala Glu Leu Arg Lys
210 215 220

Ser Lys Ser Val Thr Ile Asp Glu Ala Arg Glu |le Met Lys Asp Ile
225 230 235 240

Ser Tyr Phe Gly Thr Met Met Val His Asn Gly Asp Ala Asp Gly Met
245 250 255

Val Ser Gly Ala Ala Asn Thr Thr Ala His Thr |le Lys Pro Ser Phe
260 265 270

GIn Ile Ile Lys Thr Val Pro Glu Ala Ser Val Val Ser Ser |le Phe
275 280 285

Leu Met Val Leu Arg Gly Arg Leu Trp Ala Phe Gly Asp Cys Ala Val
290 295 300
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Asn Pro Asn
305

Ala Lys Thr

Ser Tyr Ser

[le Asp Ala

355

Asp Gly Pro
370

Lys Lys Met
385

Phe Pro Asp

Thr Gly His

Pro Val Asn

435

Thr Val Ala
450

Leu Ala Leu
465

Val Asn Pro

Val Glu GlIn

Gly Glu Lys

515

Leu Asn Leu
530

GIn Leu Glu
545

Leu Phe Ser

32373

Pro Thr Ala Glu GIn Leu Gly Glu Ile Ala Val Val Ser
310 315 320

Ala Ala GIn Phe Gly Ile Asp Pro Arg Val Ala lle Leu
325 330 335

Thr Gly Asn Ser Gly Gly Gly Ser Asp Val Asp Arg Ala
340 345 350

Leu Ala Glu Ala Arg Arg Leu Asn Pro Glu Leu Cys Val
360 365

Leu GIn Phe Asp Ala Ala Val Asp Pro Gly Val Ala Arg
375 380

Pro Asp Ser Asp Val Ala Gly GIn Ala Asn Val Phe Ile
390 395 400

Leu Glu Ala Gly Asn Ile Gly Tyr Lys Thr Ala GIn Arg
405 410 415

Ala Leu Ala Val Gly Pro Ile Leu GIn Gly Leu Asn Lys
420 425 430

Asp Leu Ser Arg Gly Ala Thr Val Pro Asp |le Val Asn
440 445

|1e Thr Ala Ile GIn Ala Gly Gly Arg Ser Met Ala
455 460

Val Leu Asn Ser Gly Ser Ser Ser Ile Lys Phe GIn Leu
470 475 480

Glu Asn Ser Ala Ile Asp Glu Pro Tyr Val Ser Gly Leu
485 490 495

[le Gly Glu Pro Asn Gly Arg Ile Val Leu Lys Ile Glu
500 505 510

Tyr Thr Leu Glu Thr Pro Ile Ala Asp His Ser Glu Gly
520 525

Ala Phe Asp Leu Met Asp GIn His Asn Cys Gly Pro Ser
535 540

Ile Thr Ala Val Gly His Arg Val Val His Gly Gly Ile
550 555 560

Ala Pro Glu Leu Ile Thr Asp Glu Ile Val Glu Met Ile
565 570 575
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Arg Asp Leu Ile Pro Leu Ala Pro Leu His Asn Pro Ala Asn Val Asp
580 585 590

Gly Ile Asp Val Ala Arg Lys Ile Leu Pro Asp Val Pro His Val Ala
595 600 605

Val Phe Asp Thr Gly Phe Phe His Ser Leu Pro Pro Ala Ala Ala Leu
610 615 620

Tyr Ala Ile Asn Lys Asp Val Ala Ala Glu His Gly Ile Arg Arg Tyr
625 630 635 640

Gly Phe His Gly Thr Ser His Glu Phe Val Ser Lys Arg Val Val Glu
645 650 655

I'le Leu Glu Lys Pro Thr Glu Asp Ile Asn Thr Ile Thr Phe His Leu
660 665 670

Gly Asn Gly Ala Ser Met Ala Ala Val GIn Gly Gly Arg Ala Val Asp
675 680 685

Thr Ser Met Gly Met Thr Pro Leu Ala Gly Leu Val Met Gly Thr Arg
690 695 700

Ser Gly Asp |le Asp Pro Gly Ile Val Phe His Leu Ser Arg Thr Ala
705 710 715 720

Gly Met Ser Ile Asp Glu |le Asp Asn Leu Leu Asn Lys Lys Ser Gly
725 730 735

Val Lys Gly Leu Ser Gly Val Asn Asp Phe Arg Glu Leu Arg Glu Met
740 745 750

I'le Asp Asn Asn Asp GIn Asp Ala Trp Ser Ala Tyr Asn |le Tyr Ile
755 760 765

His GIn Leu Arg Arg Tyr Leu Gly Ser Tyr Met Val Ala Leu Gly Arg
770 775 780

Val Asp Thr Ile Val Phe Thr Ala Gly Val Gly Glu Asn Ala GIn Phe
785 790 795 800

Val Arg Glu Asp Ala Leu Ala Gly Leu Glu Met Tyr Gly lle Glu lle
805 810 815

Asp Pro Glu Arg Asn Ala Leu Pro Asn Asp Gly Pro Arg Leu Ile Ser
820 825 830

Thr Asp Ala Ser Lys Val Lys Val Phe Val Ile Pro Thr Asn Glu Glu
835 840 845
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Leu Ala Ile Ala Arg Tyr Ala Val Lys Phe Ala

850 855
210> 6
211> 2579
<212>  ADN

<L213> Corynebacterium glutamicum ATCC 13032 pta-—ackA

<400> 6
atgtctgaca caccgacctc agctctgate

gatttggaag aagtagcagc agaccttgga
ctagaagtat ccaaagttct cgcggeggac
ggtgtaggaa acacgttttt cgacgcccag
ctgctggtag acaagcaagg caagcacgtt
ggcgecagttg ttgcagcage atttaccget
aaggctgtgc gcaaccacag caacctcgaa
tggctgetca agcgegecacg cgcagagcac
gaccgcatct tgatggetge ccaccagetg
ctgggcgatc cagtaaagat caaggagcge
gcatacctgg tcaatccget gacagatcct
gagctgegea agtcaaagag cgtcactatc
tcctaoftcg gcaccatgat ggtccacaac
gcaaacacca ccgcacacac cattaageca
gcatcegteg tttettccat cttecteatg
gactgtgctg ttaacccgaa cccaactget
gcaaaaactg cagcacaatt tggcattgat
ggcaactccg geggaggetc agatgtggat
cgacttaacc cagaactatg cgtcgatgga

gatgtggege gcaagaagat gccagactct

accacggtca accgcagcett
gttcggetca cctacctgee
cteetegetg aggggecage
gtcgeegetg cecteggegt
getcttgete gecacccaggt
gaacaagagc caétgccgga
ccagtcatga gcgccgaact
tcccacattg tgctgecaga
cttgatcaag acatctgtga
gctaccgaac ttggectgea
cgcctggagg aattcgecga
gatgaagcce gegaaatcat
ggcgacgecg acggaatggt
agcttccaga tcatcaaaac
gtgetgegeg ggcgactgtg
gaacagcttg gtgaaatcge
cctegegtag ceatcttgte
cgcgecateg acgetettge
ccacttcagt tcgacgecege

gacgtcgctg gccaggcaaa
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cgatggattc
cgacgaagaa
tctcatcatc
cccagtgeta
aaacaatgce
taagctgege
ctttgaaaac
aggtgacgac
catcacgatc
ccttaacact
acaattcgeg
gaaggatatt
atccggtgea
tgttccagaa
ggcattcgge
cgttgtgtca
ctactccact
agaagcacge
cgtcgacceg

tgtgtttatc

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

1020
1080
1140

1200



ttcectgace tggaagecgg aaacatcgge

ctggcagttg gtccgattct gcagggecta

gcaacagtcc ctgacatcgt caacacagta

agctaatgge attggcactt gttttgaact

tcaaccccga aaactctgec atcgacgage

gtgagccaaa cggecgecatc gtactcaaaa

ccatcgcaga tcactccgaa ggcctaaacce

gtggtccttc ccaactggaa atcaccgeag

tgttctccge accggaactt atcactgatg

cactcgcacc actgcacaac cctgcaaacg

tccecgatgt cccacacgta getgtcetttg

cagctgeget gtatgecatc aacaaggatg

gtttccacgg cacctcccat gaatttgtgt

ccaccgaaga catcaacacc atcaccttce

ttcaaggtgg ccgtgeggta gatacttcca

tgggtacccg aagcggtgac attgatccag

gcatgagcat cgatgagatc gataatctge

ccggtgttaa tgatttcegt gaactgeggg

ggtccgegta caacatttac atacaccaac

cactgggacg ggtagacacc atcgtgttca

tcecgtgagga tgecttggea ggtttggaaa

acgcattgcc aaacgatggt cctcgattga

ttgttattcc aactaatgaa gagttagcta

<210>
211>
<<212>
<213

7
859
PRT

32373

tacaaaactg cacaacgcac
aacaaaccag tcaacgacct
gccatcacag caattcaggc
ccggttcatc ttccatcaaa
catatgtttc tggtcttgtg
tagagggtga aaaatatacc
tggegttcga tectcatggac
ttggacaccg cgtggtccac
aaatcgtgga aatgatccge
ttgacggcat tgatgttget
acaccggttt cttccactca
tcgcagetga acacggaatc
ccaagcgegt ggtggaaatt
acctgggcaa cggegeatce
tgggtatgac acctctecgeg
gtatcgtctt ccacctttce
tgaacaaaaa gtcgggtgta
aaatgatcga caacaatgat
tcegeegeta ceteggttee
ccgeeggtgt cggtgaaaat
tgtacggaat tgagatcgat
tttccaccga tgectccaag

tcgctaggta cgeggtgaag

cggtcacgcec

ttceegtgge

aggaggacgc

ttccagetag

gagcagattg

ctagagacac

cagcacaact

ggcggaatcet

gatctcattc

Cgaaaaattc

cttccaccag

aggegetatg

ctggaaaage

atggctgctg

ggecttgtea

cgcaccgcetg

aagggacttt

caagatgect

tacatggtag

gceccagtttg

ccagagegta

gtgaaggtgt

ttcgcttag

Corynebacterium glutamicum ATCC 13869 pta—ackA
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<400> 7
Met Ser Asp Thr Pro Thr Ser-Ala Leu Ile Thr Thr Val Asn Arg Ser
1 5 10 15

Phe Asp Gly Phe Asp Leu Glu Glu Val Ala Ala Asp Leu Gly Val Arg
' 20 25 30

Leu Thr Asp Leu Pro Asp Glu Glu Leu Glu Val Ser Lys Val Leu Ala
35 40 45

Ala Asp Leu Leu Ala Glu Gly Pro Ala Leu Ile Ile Gly Val Gly Asn
5 55 60

Thr Phe Phe Asp Ala Gln Val Ala Ala Ala Leu Gly Val Pro Val Leu
65 ' 70 75 80

Leu Leu Val Asp Lys GIn Gly Lys His Val Ala Leu Ala Arg Thr GIn
85 90 95

Val Asn Asn Ala Gly Ala Val Val Ala Ala Ala Phe Thr Ala Glu GIn
100 105 110

Glu Pro Met Pro Asp Lys Leu Arg Lys Ala Val Arg Asn His Ser Asn
115 120 125

Leu Glu Pro Val Met Ser Ala Glu Leu Phe Glu Asn Trp Leu Leu Lys
130 135 140

Arg Ala Arg Ala Glu His Ser His |le Val Leu Pro‘Glu Gly Asp Asp
145 150 155 160

Asp Arg Ile Leu Met Ala Ala His GIn Leu Leu Asp GIn Asp Ile Cys
165 170 175

Asp Ile Thr Ile Leu Gly Asp Pro Val GIn Ile Lys Glu Arg Ala Thr
180 185 190

Glu Leu Gly Leu His Leu Asn Thr Ala Tyr Leu Val Asn Pro Leu Thr
195 200 205

Asp Pro Arg Leu Glu Glu Phe Ala Glu GIn Phe Ala Glu Leu Arg Lys
210 215 220

Ser Lys Ser Val Thr Ile Asp Glu Ala Arg Glu Ile Met Lys Asp Ile
225 230 235 240

Cys Tyr Phe Gly Thr Met Met Val His Asn Gly Asp Ala Asp Gly Met
245 250 255

Val Ser Gly Ala Ala Asn Thr Thr Ala His Thr Ile Lys Pro Ser Phe
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260 265 270

GIn Ile Ile Lys Thr Val Pro Glu Ala Ser Val Val Ser Ser Ile Phe
275 280 285

Leu Met Val Leu Arg Gly Arg Leu Trp Ala Phe Gly Asp Cys Ala Val
290 295 300

Asn Pro Asn Pro Thr Ala Glu GIn Leu Gly Glu Ile Ala Val Val Ser
305 310 315 320

Ala Lys Thr Ala Ala GIn Phe Gly Ile Asp Pro Arg Val Ala lle Leu
325 330 335

Ser Tyr Ser Thr Gly Asn Ser Gly Gly Gly Ser Asp Val Asp Arg Ala
340 345 350

Ile Asp Ala Leu Ala Glu Ala Arg Arg Leu Asn Pro Glu Leu Cys Val
355 360 365

Asp Gly Pro Leu GIn Phe Asp Ala Ala Val Asp Pro Gly Val Ala Arg
370 375 380

Lys Lys Met Pro Asp Ser Asp Val Ala Gly GIn Ala Asn Val Phe |le
385 390 395 400

Phe Pro Asp Leu Glu Ala Gly Asn Ile Gly Tyr Lys Thr Ala Gln Arg
405 410 415

Thr Gly His Ala Leu Ala Val Gly Pro Ile Leu GIn Gly Leu Asn Lys
420 425 430

Pro Val Asn Asp Leu Ser Arg Gly Ala Thr Val Pro Asp Ile Val Asn
435 v 440 445

Thr Val Ala Ile Thr Ala Ile GIn Ala Gly Gly Arg Ser *** Met Ala
450 455 460

Leu Ala Leu Val Leu Asn Ser Gly Ser Ser Ser |le Lys Phe GIn Leu
465 470 475 480

Val Asn Pro Glu Asn Ser Ala Ile Asp Glu Pro Tyr Val Ser Gly Leu
485 490 495

Val Glu GIn Ile Gly Glu Pro Asn Gly Arg Ile Val Leu Lys Val Glu
500 505 510

Gly Glu Lys Tyr Thr Leu Glu Thr Pro Ile Ala Asp His Ser Glu Gly
515 520 525

Leu Asn Leu Ala Phe Asp Leu Met Asp GIn His Asn Cys Gly Pro Ser
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530 535 540

Gin Leu Glu Ile Thr Ala Val Gly His Arg Val Val His Gly Gly lle
545 550 555 560

Leu Phe Ser Ala Pro Glu Leu Ile Thr Asp Glu Ile Val Glu Met Ile
565 570 - 575

Arg Asp Leu Ile Pro Leu Ala Pro Leu His Asn Pro Ala Asn Val Asp
580 585 : 590

Gly Ile Asp Val Ala Arg Lys Ile Leu Pro Asp Val Pro His Val Ala
595 600 605

Val Phe Asp Thr Gly Phe Phe His Ser Leu Pro Pro Ala Ala Ala Leu
610 615 620

Tyr Ala Ile Asn Lys Asp Val Ala Ala Glu His Gly Ile Arg Arg Tyr
625 630 635 640

Gly Phe His Gly Thr Ser His Glu Phe Val Ser Lys Arg Val Val Glu
645 650 655

[le Leu Glu Lys Pro Thr Glu Asp Ile Asn Thr Ile Thr Phe His Leu
660 665 670

Gly Asn Gly Ala Ser Met Ala Ala Val GIn Gly Gly Arg Ala Val Asp
675 680 685

Thr Ser Met Gly Met Thr Pro Leu Ala Gly Leu Val Met Gly Thr Arg
690 695 700

Ser Gly Asp Ile Asp Pro Gly Val Val Phe His Leu Ser Arg Thr Ala
705 710 715 720

Gly Met Ser Ile Asp Glu |le Asp Asn Leu Leu Asn Lys Lys Ser Gly
725 730 735

Val Lys Gly Leu Ser Gly Val Asn Asp Phe Arg Glu Leu Arg Glu Met
740 745 750

Ile Asp Asn Asn Asp GIn Asp Ala Trp Ser Ala Tyr Asn Ile Tyr Ile
755 760 765

His GIn Leu Arg Arg Tyr Leu Gly Ser Tyr Met Val Ala Leu Gly Arg
770 775 780

Val Asp Thr Ile Val Phe Thr Ala Gly Val Gly Glu Asn Ala GIn Phe
785 790 795 800

Val Arg Glu Asp Ala Leu Ala Gly Leu Glu Met Tyr Gly Ile Glu Ile

-62-



805

32373

810

815

Asp Pro Glu Arg Asn Ala Leu Pro Asn Asp Gly Pro Arg Leu Ile Ser

820

825

830

Thr Asp Ala Ser Lys Val Lys Val Phe Val Ile Pro Thr Asn

835

840

Leu Ala Ile Ala Arg Tyr Ala Val Lys Phe Ala

850

210> 8
<211>
212>
<213

<400> 8
atgtctgaca

gatttggaag
ctagaagtat
ggtgtaggaa
ctgctggtag
ggcgeagttg
aaggetgtgce
tggetgetea
gaccgeatct
ctgggcgatce
gcatacctgg
gagctgegea
tgctacttcg
gcaaacacca
gcatcegteg
gactgtgctg

gcaaaaactg

2580
ADN
Corynebacter ium glutamicum ATCC 13869 pta—ackA

caccgacctce

aagtagcagce

ccaaagttct

acacgttttt

acaagcaaggd

ttgcagcage

gcaaccacag

agcgegeacy

tgatggctgc

cagtacagat

tcaatceget

agtcaaagag

gcaccatgat

ccgcacacac

tttcttccat

ttaacccgaa

cagcacaatt

855

agctctgate

agaccttgga

cgcggcggac

cgacgeccag

caagcacgtt

atttaccgct

caacctcgaa

Ccgcagagcac

ccaccagctg

caaggagege

gacagatcct

cgtcactatc

ggtccacaac

cattaagcca

cttccteatg

cccaactget

tggcattgat

accacggtca

gttcggcetca

cteectegetg

gtcgeegetg

gctettgete

gaacaagagc

ccagtcatga

tcccacattg

cttgatcaag

gctaccgaac

cgcctggagg

gatgaagccc

ggcgacgecg

agcttccaga

gtgctgegeg

gaacagcttg

cctegegtag

845

accgcagett
ccgacctgee
aggggccage
cccteggegt
gcacccaggt
caatgccgga
gcgecgaact
tgctgecaga
acatctgtga
ttggcectgea
aattcgccega
gcgaaatcat
acggaatggt
tcatcaaaac
ggcgactgtg
gtgaaatcgc

ccatcttgtce
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Glu Glu

cgatggattc
cgacgaagaa
tctcatcatc
cccagtgceta
aaacaatgce
taagctgege
ctttgaaaac
aggtgacgac
catcacgate
ccttaacact
acaattcgceg
gaaggatatt
atccggtgea
tgttccagaa
ggcattcgge
cgttgtgtca

ctactccact

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



ggcaactccg

cgactcaacc

ggtgtggege

ttcectgace

ctggcagttyg

gcaacagtcc

gcggaggete

cagaactatg

gcaagaagat

tggaagcegg

gtccgattct

ctgacatcgt

32373

agatgtggat cgcgeccatcg acgetcttge agaagcacge

cgtcgatgga ccacttcagt tcgacgccge cgtcgaccceg

gccagactct gacgtcgetg gecaggcaaa tgtgtttate

aaacatcggc tacaaaactg cacaacgcac cggtcacgcc

gcagggcctg aacaaaccag tcaacgacct ttcccgtgge

caacacagta gccatcaccg caattcaggc aggaggacgce

agctaatgg cattggcact tgttttgaac tccggttcat cttccatcaa attccagetg

gtcaaccccg aaaactctge catcgacgag ccatatgttt ctggtcttgt ggagcagatt

ggtgagccaa

cccategeag

tgtggtcett

ttgttctctg

ccactcgeac

ctcecccgatg

gcagctgeac

ggtttccacg

cccaccgaag

gttcaaggcg

atgggtacce

ggcatgagca

tccggagtcea

tggtccgegt

gcactgggac

gtcegtgagg

aacgcactge

acggcecgeat

atcactccga

cccaactgga

cgccggaact

cactgcacaa

tcccacacgt

tgtatgccat

gtacctccca

acatcaacac

gccgtgegat

gaagcggtga

tcgatgagat

atgatttceg

acaacattta

gggtagacac

atgeecttgge

caaacgatgg

cgtactcaaa

aggcctaaac

aatcaccgca

catcactgat

ccctgcaaac

agetgtcttt

caacaaggat

cgaatttgtg

catcaccttc

agatacttcc

cattgatcca

cgataatctg

tgaactgcgg

catacaccaa

catcgtgttc

aggtttggaa

tcctagattg

gtagagggtg
ctggegttcg
gttggacacc
gaaatcgttg
gttgacggca
gacaccggtt
gtcgeagetg
técaagcgcg
cacctgggca
atgggtatga
ggtgtegttt
ctgaacaaaa
gaaatgatcg
cteegeceget
accgecgatg
atgtacggca

atttccaccg

aaaaatacac

atctcatgga

gcgtggteca

aaatgatccg

ttgatgttgce

tcttccacte

aacacggaat

tggtggaaat

acggegeatc

cacctetege

tccatctcte

agtcgagtgt

acaacaatga

acctcggttc

ttggtgaaaa

tcgaaatcga

atgcctccaa
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cctagagaca

ccagcacaac

cggtggaatc

cgatctcatt

tcgaaaaatt

acttccacca

caggcgctat

tttggaaaag

catggcetget

gggacttgtc

acgecaccgcet

aaagggactt

tcaagatgcc

ctacatggtg

tgcecagttt

tccggagege

ggtgaaggtg

1080
1140
1200
1260
1320

1380

- 1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2280

2340

2400

2460

2520
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tttgttattc caactaatga agagttggct atcgctaggt acgcggtgaa gttcgettag 2579
<210> 9

11> 652

212> PRT

<213> E.coli axetyl-CoA synthetaza

<400> 9
Met Ser GIn |le His Lys His Thr |le Pro Ala Asn |le Ala Asp Arg
1 5 10 15

Cys Leu Ile Asn Pro GIn GIn Tyr Glu Ala Met Tyr GIn GlIn Ser Ile
20 25 30

Asn Val Pro Asp Thr Phe Trp Gly Glu GIn Gly Lys |le Leu Asp Trp
35 40 45

le Lys Pro Tyr GIn Lys Val Lys Asn Thr Ser Phe Ala Pro Gly Asn
50 55 60

Val Ser Ile Lys Trp Tyr Glu Asp Gly Thr Leu Asn Leu Ala Ala Asn
65 70 75 80

Cys Leu Asp Arg His Leu GIn Glu Asn Gly Asp Arg Thr Alé e Ile
85 90 95

Trp Glu Gly Asp Asp Ala Ser GlIn Ser Lys His |le Ser Tyr Lys Glu
100 105 110

Leu His Arg Asp Val Cys Arg Phe Ala Asn Thr Leu Leu Glu Leu Gly
115 120 125

Ile Lys Lys Gly Asp Val Val Ala |le Tyr Met Pro Met Val Pro Glu
130 135 140

Ala Ala Val Ala Met Leu Ala Cys Ala Arg Ile Gly Ala Val His Ser
145 150 155 160

Val |le Phe Gly Gly Phe Ser Pro Glu Ala Val Ala Gly Arg lle lle
165 170 175

Asp Ser Asn Ser Arg Leu Val Ile Thr Ser Asp Glu Gly Val Arg Ala
180 185 190

Gly Arg Ser Ile Pro Leu Lys Lys Asn Val Asp Asp Ala Leu Lys Asn
195 200 205

Pro Asn Val Thr Ser Val Glu His Val Val Val Leu Lys Arg Thr Gly
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210 215 220

Gly Lys Ile Asp Trp GIn Glu Gly Arg Asp Leu Trp Trp His Asp Leu
225 230 235 240

Val Glu GIn Ala Ser Asp GIn His GIn Ala Glu Glu Met Asn Ala Glu
245 250 255

Asp Pro Leu Phe Ile Leu Tyr Thr Ser Gly Ser Thr Gly Lys Pro Lys
260 265 270

Gly Val Leu His Thr Thr Gly Gly Tyr Leu Val Tyr Ala Ala Leu Thr
275 280 285

Phe Lys Tyr Val Phe Asp Tyr His Pro Gly Asp Ile Tyr Trp Cys Thr
290 295 300

Ala Asp Val Gly Trp Val Thr Gly His Ser Tyr Leu Leu Tyr Gly Pro
305 310 315 320

Leu Ala Cys Gly Ala Thr Thr Leu Met Phe Glu Gly Val Pro Asn Trp
325 330 335

Pro Thr Pro Ala Arg Met Ala GlIn Val Val Asp Lys His GIn Val Asn
340 345 350

Ile Leu Tyr Thr Ala Pro Thr Ala Ile Arg Ala Leu Met Ala Glu Gly
355 360 365

Asp Lys Ala Ile Glu Gly Thr Asp Arg Ser Ser Leu Arg |le Leu Gly
370 375 380

Ser Val Gly Glu Pro Ile Asn Pro Glu Ala Trp Glu Trp Tyr Trp Lys
385 390 395 400

Lys Ile Gly Asn Glu Lys Cys Pro Val Val Asp Thr Trp Trp GiIn Thr
405 410 415

Glu Thr Gly Gly Phe Met Ile Thr Pro Leu Pro Gly Ala Thr Glu Leu
420 425 . 430

Lys Ala Gly Ser Ala Thr Arg Pro Phe Phe Gly Val GIn Pro Ala Leu
435 440 445

Val Asp Asn Glu Gly Asn Pro Leu Glu Gly Ala Thr Glu Gly Ser Leu
450 455 460

Val Ile Thr Asp Ser Trp Pro Gly GIn Ala Arg Thr Leu Phe Gly Asp
465 470 475 480

His Glu Arg Phe Glu GIn Thr Tyr Phe Ser Thr Phe Lys Asn Met Tyr
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485 490 495

Phe Ser Gly Asp Gly Ala Arg Arg Asp Glu Asp Gly Tyr Tyr Trp lle
500 505 510

Thr Gly Arg Val Asp Asp Val Leu Asn Val Ser Gly His Arg Leu Gly
515 520 525

Thr Ala Glu Ile Glu Ser Ala Leu Val Ala His Pro Lys Ile Ala Glu
530 535 540

Ala Ala Val Val Gly Ile Pro His Asn |le Lys Gly GIn Ala Ile Tyr
545 550 555 560

Ala Tyr Val Thr Leu Asn His Gly Glu Glu Pro Ser Pro Glu Leu Tyr
565 570 575

Ala Glu Val Arg Asn Trp Val Arg Lys Glu Ile Gly Pro Leu Ala Thr
580 585 590

Pro Asp Val Leu His Trp Thr Asp Ser Leu Pro Lys Thr Arg Ser Gly
595 600 605

Lys Ile Met Arg Arg Ile Leu Arg Lys |le Ala Ala Gly Asp Thr Ser
610 615 620

Asn Leu Gly Asp Thr Ser Thr Leu Ala Asp Pro Gly Val Val Glu Lys
625 630 635 640

Leu Leu Glu Glu Lys GIn Ala Ile Ala Met Pro Ser
645 650

210> 10
211> 1959
<212>  ADN

<213>  E.coli axetyl-CoA synthetaza

<400> 10
atgagccaaa ttcacaaaca caccattcct geccaacatcg cagaccgttg cthataaao

cctcagcagt acgaggcgat gtatcaacaa tctattaacg tacctgatac cttctgggge
gaacagggaa aaattcttga ctggatcaaa ccttaccaga aggtgaaaaa cacctccttt
gcceccggta atgtgtccat taaatggtac gaggacggeca cgetgaatct ggeggcaaac
tgccttgace gecatctgea agaaaacgge gatcgtaccg ccatcatctg ggaaggegac

gacgccagec agagcaaaca tatcagctat aaagagcetge accgegacgt ctgecgette
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240
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gccaataccc tgctcgaget

atggtgccgg aagecgeggt

gtgattttcg geggettcte

cgactggtga tcacttccga

aacgttgatg acgcgctgaa

aagcgtactg gcgggaaaat

gttgagcaag cgagcgatca

attctctaca ccteeggttce

tatctggtgt acgcggeget

tactggtgca ccgccgatgt

ctggectgeg gtgegaccac

cgtatggege aggtggtgga

atccgegege tgatggegga

cgcattctcg gtteegtggg

aaaatcggea acgagaaatg

ttcatgatca cccegetgee

ttcttcggeg tgcaaccgge

gaaggtagec tggtaatcac

cacgaacgtt ttgaacagac

ggcgegegte gegatgaaga

aacgtctceg gtcaccgtet

aagattgeeg aagecgeegt

gcctacgtca cgettaatca

aactgggtgc gtaaagagat

tcocctgecta aaaccegetc

ggcgatacca gcaacctggg

gggcattaaa

tgcgatgctg

gccggaagcec

cgaaggtgtg

aaacccgaac

tgactggcag

gcaccaggeg

taccggtaag

gacctttaaa

gggctaagty

gctgatgttt

caagcatcag

aggcgataaa

cgagccaatt

tccggtagte

tggcgetace

gotogteoat

cgactcctag

ctacttctcc

tggctattac

ggggacggca

agtaggtatt

€ggggaggaa

tggceegetg

cggcaaaatt

cgatacctcg

32373

aaaggtgatg tggtggcegat
gcetgegeee geattggege
gttgceggge geattattga
cgtgeeggge geagtattece
gtcaccageg tagagcatgt
gaagggcegeg acctgtggtg
gaagagatga acgccgaaga
ccaaaaggtg tgctgcatac
tatgtctttg attatcatcc
accggacaca gttacttget
gaaggegtac ccaactggec
gtcaatatto tctataccge
gcgatcgaag geaccgaccg
aacccggaag cgtgggagtg
gatacctggt ggcagaccga
gagctgaaag ccggttecgge
aacgaaggta acccgetgga
ccgggtcagg cgegtacget
accttcaaaa atatgtattt
tggataaccg ggcgtgtgoa
gagattgagt cggcegetggt
ccgcacaata ttaaaggtca
ccgtcaccag aactgtacge
gcgacgccag acgtgetgea
atgegecgta ttctgegcaa

acgcttgeeg atcctggegt
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ttatatgecg

ggtgcattceg

ttccaactca

gctgaagaaa

ggtggtactg

gcacgacctg

tccgetgttt

taccggeggt

gggtgatatc

gtacggececg

gacgcctgec

acccacggcg

ttcgtegetg

gtactggaaa

aaccggeggt

aacacgtccg

gggggccace

gtttggcgat

cageggegac

cgacgtgctg

ggcgeatccg

ggcgatctac

agaagtccge

ctggaccgac

aattgcggceg

agtcgagaag

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920



32373

ctgcttgaag agaagcaggc tatcgcgatg ccatcgtaa 1959
<210> 11

11> 37

212> ADN

<213 Trinh tu nhan tao

<220>
<223> PlysC-argA-F

<400> 1A

gaaaggtgca caaagatggt aaaggaacgt aaaaccg 37
<210> 12

<211> 34

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> Tn—-argA-RXh

<400> 12
gcccactagt ctcgageatg cggegttgat tttg 34
<210> 13
11> 34
212> ADN

<213> Trinh tu nhan tao

<220>
<223> Tn—-PlysC-FXh

<400> 13
gaatgagttc ctcgagccga tgctagggcg aaaa 34
<210> 14
211> 36
12> ADN

<213> Trinh tu nhan tao

<220>
<223> PlysC-R
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<400>

32373

14

ctttgtgcac ctttcgatct acgtgctgac agttac

<210>
211>
212>
<213

<220>
<223>

<400>

15
35
ADN
Trinh tu nhan tao

PlysC-argE-F

15

gaaaggtgca caaagatgaa aaacaaatta ccgcc

<210>
211>
212>
<213>

<220>
<223>

<400>

16
36
ADN
Trinh tu nhan tao

Tn-argE-RXh

16

gcccactagt ctcgaggttt gagtcactgt cggtcg

<210>
<211>
212>
<213

<220>
<223>

<400>

17
38
ADN
Trinh tu nhéan tao

Pro—pta—FX

17

ccggggatce tctagagggg ttctaaaaaa tgtggagt

<210>
<211>
212>
<213>

<220>
223>

18
43
ADN
Trinh tu nhan tao

pta—PlysC-R
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32373

<400> 18

gcegtgettt tcgecctage atcggacatc gectttctaa ttt 43
<210> 19

<11> 25

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> PlysC-F

<400> 19

ccgatgctag ggcgaaaagc acgge 25
<210> 20

<211> 40

<212> ADN

<213> Trinh ty nhan tao

<220>

<223>  PlysC-pta—ackA-F

<400> 20

gaaaggtgca caaagatgtc tgacacaccg acctcagctc 40
<210> 21

211> 34

<212> ADN

213> Trinh tu nhan tao

<220>

<223> Pro—pta-RX

<400> 21

gcaggtcgac tctagattat ccggcattgg ctct 34
<210> 22

<11> 18

12> ADN

<213 Trinh tu nhan tao

<220>
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<223> Pta—ackA-R

<400> 22
tgcagtttca ccccttaa 18
<210> 23
11> 43
212> ADN

<213> Trinh tu nhan tao

<220>
<223> 13869_pta-P1ysC-R

<400> 23
geegtgettt tcgecctage atcggacatc gectttctag ttt 43
<210> 24
11> 33
212> ADN

<213> Trinh tu nhan tao

<220>
<223> PlysC-acs—F

<400> 24
gaaaggtgca caaagatgag ccaaattcac aaa 33
<210> 25
<L11> 36
12> ADN

<213> Trinh tu nhan tao

<220>
<223> Tn—acs-RXh

<400> 25

gceccactagt ctcgagaagg cgtttacgee geatce 36
<210> 26

11> 494

212> PRT

<213> ch&t van chuyén ti &t putrescin caa Corynebacterium glutamicum ATCC 13032
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<400> 26
Met Thr Ser Glu Thr Leu
1 5

Trp Ala Phe Leu Ala Val
20

Asp Asn Ser |le Leu Tyr
35

Ala Ala Thr Glu Thr GIn
50

Leu Met Ala Gly Leu Leu
65 70

Gly His Arg Arg Met Phe
85

Ser Leu Gly Ala Ala Phe
100

Arg Ala Phe Leu Gly Ile
115

Ala Leu Ile Arg Ile Thr
130

Ile Gly Ile Trp Gly Ser
145 150

Ile I'le Gly Gly Ala Leu
165

Leu Ile Asn Val Pro Val
180

Val Ala Pro Ala Asn lle
195

Ser Ser Phe Tyr Ala Leu
210

Lys Glu Ser Val Asn Thr
225 230

Val Ile Met Leu Ile Ile
245

Lys Ile Glu Glu Pro Leu
260

32373

GIn Ala GIn Ala Pro Thr Lys Thr GIn Arg

10

Ile Ser Gly Gly Leu
25

Thr Ala Leu Pro Leu
40

Ala Leu Trp lle lle
55

Leu Gly Thr Gly Thr
75

Leu Met Gly Leu Ser
90

Ala Pro Thr Ala Trp
105

Gly Ala Ala Thr Met
120

Phe Glu Asp Glu Arg
135

Val Ala Ile Leu Gly
155

Leu Glu Phe Phe Trp
170

Ala Val |le Ala Leu
185

Ala Asn Pro Ser Lys
200

Leu Thr Leu Ala Gly
215

Ala Arg His Met Pro
235

Gly Ala Val Leu Phe
250

Leu Asp Leu Ser Leu
265

15

Phe Leu Ile Gly Val
30

Leu Arg Glu GIn Leu
45

Asn Ala Tyr Pro Leu
60

Leu Gly Asp Lys lle
80

Ile Phe Gly Ile Ala
95

Ala Leu Val Ala Ala
110

Met Pro Ala Thr Leu
125

Glu Arg Asn Thr Ala
140

Ala Ala Ala Gly Pro .
160

Trp Gly Ser Val Phe
175

Ile Ala Thr Leu Phe
190

His Trp Asp Phe Leu
205

Leu Ile Ile Thr lle
220

Leu Leu Leu Gly Ala
240

Ser Ser Arg GIn Lys
255

Phe Arg Asn Arg Leu
270
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Phe Leu Gly Gly Val Val Ala Ala Gly Met Ala Met Phe Thr Val Ser
275 ~ 280 285

Gly Leu Glu Met Thr Thr Ser GIn Arg Phe GIn Leu Ser Val Gly Phe
290 295 300

Thr Pro Leu Glu Ala Gly Leu Leu Met Ile Pro Ala Ala Leu Gly Ser
305 310 315 320

Phe Pro Met Ser Ile Ile Gly Gly Ala Asn Leu His Arg Trp Gly Phe
325 330 335

Lys Pro Leu Ile Ser Gly Gly Phe Ala Ala Thr Ala Val Gly Ile Ala
340 345 350

Leu Cys Ile Trp Gly Ala Thr His Thr Asp Gly Leu Pro Phe Phe Ile
355 360 365

Ala Gly Leu Phe Phe Met Gly Ala Gly Ala Gly Ser Val Met Ser Val
370 375 380

Ser Ser Thr Ala Ile Ile Gly Ser Ala Pro Val Arg Lys Ala Gly Met
385 390 395 400

Ala Ser Ser Ile Glu Glu Val Ser Tyr Glu Phe Gly Thr Leu Leu Ser
405 410 415

Val Ala Ile Leu Gly Ser Leu Phe Pro Phe Phe Tyr Ser Leu His Ala
420 425 430

Pro Ala Glu Val Ala Asp Asn Phe Ser Ala Gly Val His His Ala lle
435 440 445

Asp Gly Asp Ala Ala Arg Ala Ser Leu Asp Thr Ala Tyr Ile Asn Val
450 455 460

Leu Ile Ile Ala Leu Val Cys Ala Val Ala Ala Ala Leu |le Ser Ser
465 470 475 480

Tyr Leu Phe Arg Gly Asn Pro Lys Gly Ala Asn Asn Ala His
485 490

210> 27
<11> 1485
212> ADN

<213> ch&t van chuyén ti & tputrescin cuaa Corynebacterium glutamicum ATCC 13032

<400> 27
atgacttcag aaaccttaca ggcgcaagcg cctacgaaaa cccaacgttg ggcetttcctce 60
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gcegttatca
cteectetge
gcatatccce
ggcecaccgec
gegtttgete
gcaacgatga
cgcaacactg
atcattggtg
ccggtggetg
ccgtctaage
atcatcacga
gtcatcatgt
ccacttctag
ggcatggcega
tctgtgggtt
ttcececgatgt
agtggtagtt
actgatggtt
gtaatgtctg
gcgtegtega
ggtagettgt
tcggegaatg
tacattaacg

taccttttcc

<210> 28

gcggtagtet

tgcgtgaaca

tgctcatgge

ggatgttcct

caactgegtg

tgcctgeaac

caattggtat

gtgcgetgtt

ttatcgegtt

attgggattt

tcaaggaatc

tgatcattgg

atctgtegtt

tgtttactgt

tcactccact

ctattatcgg

ttgctgecac

tgcegttttt

tgtcttccac

tcgaagaggt

tceccattett

ttcaccacge

tgttgatcat

gcggaaatce

ctttctgate

gctcgeagee

gggecettett

catgggcttg

ggctettgtt

cttggetcetg

ttggggttece

ggaattcttc

gatcgctacg

cttgtcgteg

tgtgaatact

tgcggtgttg

gttccgtaat

gtceggtttg

tgaggcetggt

tggtgcaaac

tgcegttggce

catcgegagt

tgcgattatc

ctcttatgag

ctactcgetg

gattgatgge

tgcectagta

gaagggagce

32373

ggtgtagaca

accgaaaccce

ttgggtaccg

agcattttcg

gctgegagag

atccgcatta

gtggcaattc

tggtgogagtt

ctttttgtgg

ttctatgege

gcacgccata

tttagcagtc

cgecttttet

gaaatgacta

ttgctcatga

ctgcatcgtt

atcgecctgt

ctattcttca

ggttcegege

ttcggcacge

catgceeegg

gatgcggcege

tgcgcagtag

aataatgegc

actcgattct

aagegttgtg

gcactttggg

gaatcgcttc

ctttcettgg

cgtttgagga

ttggegetge

cggttttect

cgccggccaa

tgctcacact

tgectettet

gtcagaagaa

taggegatat

cctegeageg

tcccagetge

ggggcttcaa

gtatttgagg

tgggegegag

cggtgcgtaa

tgttgtctgt

cagaggttgc

gtgcatcttt

cggctgetct

actag
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ctacaccgea

gatcatcaac

tgacaaaatc

acttggtget

catcggtgcg

tgagcgtgag

ggcaggcccy

cattaacgtt

tatcgcgaat

tgctgggattg

tttgggtgca

gatcgaggag

ggttgctgeg

tttccagttg

attgggtage

accgctgatce

cgcgactcat

tgctggttcg

ggctggeatg

cgegattttg

ggataacttc

ggacaccgca

gatcagcagt

120

180

240

300

360

420

480

540

600

660

720

- 780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1485



32373

11> 494
<212> PRT
213> ch&t van chuydn ti&t putrescin cta Corynebacterium glutamicum ATCC 13869

<400> 28
Met Ile Ser Glu Thr Leu GIn Ala GIn Ala Pro Thr Lys Thr GIn Arg
1 5 10 15

Trp Ala Phe Leu Ala Val |le Ser Gly Gly Leu Phe Leu Ile Gly Val
20 25 7 30

Asp Asn Ser |le Leu Tyr Thr Ala Leu Pro Leu Leu Arg Glu GIn Leu
35 40 45

Ala Ala Thr Glu Thr GIn Ala Leu Trp Ile Ile Asn Ala Tyr Pro Leu
50 55 60

Leu Met Ala Gly Leu Leu Leu Gly Thr Gly Thr Leu Gly Asp Lys Ile
65 70 75 80

Gly His Arg Arg Met Phe Leu Met Gly Leu Ser |le Phe Gly Ile Ala
85 90 95

Ser Leu Gly Ala Ala Phe Ala Pro Thr Ala Trp Ala Leu Val Ala Ala
100 105 110

Arg Ala Phe Leu Gly Ile Gly Ala Ala Thr Met Met Pro Ala Thr Leu
115 120 125

Ala Leu Ile Arg Ile Thr Phe Glu Asp Glu Arg Glu Arg Asn Thr Ala
130 135 140

Ile Gly Ile Trp Gly Ser Val Ala |le Leu Gly Ala Ala Ala Gly Pro
145 150 155 160

Ile Ile Gly Gly Ala Leu Leu Glu Phe Phe Trp Trp Gly Ser Val Phe
165 170 175

Leu Ile Asn Val Pro Val Ala Val Ile Ala Leu Ile Ala Thr Leu Phe
180 185 190

Val Ala Pro Ala Asn |le Ala Asn Pro Ser Lys His Trp Asp Phe Leu
195 200 205

Ser Ser Phe Tyr Ala Leu Leu Thr Leu Ala Gly Leu Ile Val Thr |le
210 215 220

Lys Glu Ser Val Asn Thr Ala Arg His Leu Pro Leu Leu Val Gly Ala
225 230 235 240

[le Ile Leu Leu Ile Ile Gly Ala Val Leu Phe Ser Ser Arg GIn Lys
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245 250 255

Lys Ile Glu Glu Pro Leu Leu Asp Leu Ser Leu Phe Arg Asn Arg Leu
260 265 270

Phe Leu Gly Gly Val Val Ala Ala Gly Met Ala Met Phe Thr Val Ser
275 280 285

Gly Leu Glu Met Thr Thr Ser GIn Arg Phe GIn Leu Ser Val Gly Phe
290 295 300

Thr Pro Leu Glu Ala Gly Leu Leu Met Ile Pro Ala Ala Leu Gly Ser
305 310 315 320

Phe Pro Met Ser Ile Ile Gly Gly Ala Asn Leu His Arg Trp Gly Phe
325 330 335

Lys Pro Leu lle Ser Gly Gly Phe Leu Ala Thr Ala Val Gly Ile Ala
340 345 350

Leu Cys Ile Trp Gly Ala Thr His Thr Asp Gly Leu Pro Phe Phe Ile
355 360 365

Ala Gly Leu Phe Phe Met Gly Ala Gly Ala Gly Ser Val Met Ser Val
370 375 380

Ser Ser Thr Ala Ile Ile Gly Ser Ala Pro Val Arg Lys Ala Gly Met
385 390 395 400

Ala Ser Ser |le Glu Glu Val Ser Tyr Glu Phe Gly Thr Leu Leu Ser
405 410 415

Val Ala Ile Leu Gly Ser Leu Phe Pro Phe Phe Tyr Ser Leu His Ala
420 425 430

Pro Ala Glu Val Ala Asp Asn Phe Ser Ala Gly Val His His Ala Ile
435 440 445

Tyr Gly Asp Ala Ala Arg Ala Ser Leu Asp Thr Ala Tyr |le Asn Val
450 455 460

Leu Ile Ile Ala Leu Val Cys Ala Val Ala Ala Ala Leu Ile Ser Ser
465 470 475 480

Tyr Leu Phe Arg Gly Asn Pro Lys Gly Ala Asn Asn Ala His
485 490

<210> 29
211> 1485
<212>  ADN
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<213>

<400> 29
atgatttcag

gctgttatca

cteceeectge

gcatatccce

ggccaccgcec

gcegtttgete

gcgacgatga

Cggaacaccg

atcattggtg

ccggtagctg

ccgtccaage

attgtcacca

atcatcttge

ccacttctag

ggcatggega

tctgtogott

ttcececgatgt

agtgatggtt

actgatggtt

gtaatgtctg

gcgtegtega

ggtagecttgt

tcgacagatg

tacattaacg

aaactttgca

gcggtggtet

tgcgtgaaca

tgctcatggc

goatgttcct

caactgegtg

tgcccgcaac

cgattggcat

gtgcgetgtt

ttatcgegtt

actgggattt

tcaaagaatc

ttatcattgg

atctgtegtt

tgtttactgt

tcactccact

ctattatcgg

tcottgecac

tgecgttttt

tgtcttccac

tcgaagaggt

tceccattett

ttcaccacgce

tgttgatcat

ggcgcaageg
ctttctgatc
actcgcagcec
gogtcttett
catgggcttg
ggctettgtt
cttggctctg
ttggggttet
ggaattcttc
gatcgctacg
cttatcctcg
ggtaaacact
tgcggtgttg
gttccgtaat
gtccggtttg
tgaggctggt
tggtgcaaac
ggcagtcgge
Catcgcgggf
tgcgattatc
ctcttatgag
ctactcgetg
gatttatggce

tgcectagta

32373

cctacgaaaa

ggtgtagaca

actgaaaccc

ttgggtaccg

agcattttcg

gctgcgagag

atccgcatta

gtggcaattc

tggtggagtt

ctttttgtgg

ttctatgeat

gcacgtcatc

tttagcagtc

cgecttttet

gaaatgacta

ttgctcatga

ttgcatcgtt

atcgecctgt

ctgttcttca

ggtteccgege

ttcggeacgce

catgcccegg

gatgeggege

tgcgcagtag

cccaacgttg

actcaatcct

aagegttgtg

gcactttggg

gaatcgcttc

‘Ctttccttgg

cgtttgaaga
ttggegegge
cggttttect
cgecggecaa
tgcttaccct
tgccactget
gtcagaagaa
taggcggtgt
cctcgeageg
tcccagetge
ggggcttcaa
gtatttgggg
tgagcgegag
cggtgegtaa
tgttgtctgt
cagaggttgc
gtgcatcttt

cggctgetcet

-78-

ggctttecte
ctacaccgea
gatcatcaac
tgacaaaatc
acttggeget
catcggtgcg
tgaacgcgaa
ggcaggteeg
cattaacgtt
tatcgcgaat
tgcaggtttg
tgtaggtgce
gatcgaggag
ggttgctacg
tttccagttg
attgggtage
accgctgate
cgcgactcat
tgctogttcg
ggctggeatg
cgcgattttg
ggataacttc
ggacaccgea

gatcagcagt

chit van chuyén ti &t putrescin cua Corynebacterium glutamicum ATCC 13869

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440



32373

taccttttcc gecggaaatcc gaagggagec aataatgege actag

<210> 30
<211> 203
212> PRT

<213> axetyltransferaza cuaa Corynebacterium glutamicum ATCC 13032

<400> 30
Met Ser Pro Thr Val Leu Pro Ala Thr GIn Ala Asp Phe Pro Lys Ile
1 5 10 15

Val Asp Val Leu Val Glu Ala Phe Ala Asn Asp Pro Ala Phe Leu Arg
20 25 30

Trp Ile Pro GIn Pro Asp Pro Gly Ser Ala Lys Leu Arg Ala Leu Phe
35 40 45

Glu Leu GIn Ile Glu Lys GIn Tyr Ala Val Ala Gly Asn |le Asp Val
50 55 60

Ala Arg Asp Ser Glu Gly Glu Ile Val Gly Val Ala Leu Trp Asp Arg
65 70 75 80

Pro Asp Gly Asn His Ser Ala Lys Asp GIn Ala Ala Met Leu Pro Arg
85 0 95

Leu Val Ser I|le Phe Gly Ile Lys Ala Ala GIn Val Ala Trp Thr Asp
100 105 110

Leu Ser Ser Ala Arg Phe His Pro Lys Phe Pro His Trp Tyr Leu Tyr
115 120 125

Thr Val Ala Thr Ser Ser Ser Ala Arg Gly Thr Gly Val Gly Ser Ala
130 135 140

Leu Leu Asn His Gly Ile Ala Arg Ala Gly Asp Glu Ala Ile Tyr Leu
145 150 155 160

Glu Ala Thr Ser Thr Arg Ala Ala GIn Leu Tyr Asn Arg Leu Gly Phe
165 170 175

Val Pro Leu Gly Tyr Ile Pro Ser Asp Asp Asp Gly Thr Pro Glu Leu

180 185 190
Ala Met Trp Lys Pro Pro Ala Met Pro Thr Val
195 200
<210> 31
<211> 203
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32373

<212> PRT
213> axetyltransferaza cuaa Corynebacterium glutamicum ATCC 13869

<400> 31
Met Ser Pro Thr Val Leu Pro Ala Thr GIn Ala Asp Phe Pro Lys lle
1 5 10 15

Val Asp Val Leu Val Glu Ala Phe Ala Asn Asp Pro Ala Phe Leu Arg
20 25 30

Trp Ile Pro GIn Pro Asp Pro Gly Ser Ala Lys Leu Arg Ala Leu Phe
35 40 - 45

Glu Leu GIn Ile Glu Lys GIn Tyr Ala Val Ala Gly Asn |le Asp Val
50 55 60

Ala Arg Asp Ser Glu Gly Glu Ile Val Gly Val Ala Leu Trp Asp Arg
65 70 75 © 80

Pro Asp Gly Asn His Ser Ala Lys Asp GIn Ala Ala |le Leu Pro Arg
85 90 95

Leu Val Ser Ile Phe Gly Ile Lys Ala Ala GIn Val Ala Trp Thr Asp
100 105 110

Leu Ser Ser Ala Arg Phe His Pro Lys Phe Pro His Trp Tyr Leu Tyr
115 120 125

Thr Val Ala Thr Ser Ser Ser Ala Arg Gly Thr Gly Val Gly Ser Ala
130 135 140

Leu Leu Asn His Gly Ile Ala Arg Ala Gly Asp Glu Ala Ile Tyr Leu
145 150 155 160

Glu Ala Thr Ser Thr Arg Ala Ala GIn Leu Tyr Asn Arg Leu Gly Phe
165 170 175

Val Pro Leu Gly Tyr Ile Pro Ser Asp Asp Asp Gly Thr Pro Glu Leu
180 185 190

Ala Met Trp Lys Pro Pro Ala Met Pro Thr Val

195 200
210> 32
<L11> 357
<212>  PRT

<213> Axety!l gama glutamy! phosphat reductaza (ArgC)

<400> 32
Met Ile Met His Asn Val Tyr Gly Val Thr Met Thr Ile Lys Val Ala
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1 5

Ile Ala Gly Ala Ser Gly Tyr Ala
20

Leu Gly His Pro Ala Tyr Ala Ser
35 40

Thr Ala Ala Ser Thr Ala Gly Ser
50 55

[le Pro GIn Leu Ala Asp Arg Val
65 70

Leu Ala Gly His Asp Val Val Phe
85

Ala Glu Ile Ala Leu GIn Leu Gly
100

Ala Ala Asp Phe Arg Leu GIn Asn
115 120

Gly Ser Glu His GIn Gly Thr Trp
130 135

Gly His Arg Glu Ala Leu Arg Gly
145 150

Cys Phe Pro Thr Gly Ala Thr Leu
165

Gly Leu Ile Glu Pro Asp Val Ser
180

Gly Ala Gly Lys Lys Ala Ser Val
195 200

Gly Ser Leu Lys Ala Tyr Asn Thr
210 215

Glu Ile Ala GIn Asn Leu Gly Glu
225 230

Ser Phe Thr Pro Val Leu Ala Pro
245

32373

10 15

Gly Gly Glu |lle Leu Arg Leu Leu
25 30

Gly Glu Leu Glu Ile Gly Ala Leu
45

Thr Leu Gly Glu Leu Met Pro His
60

I'le GIn Asp Thr Thr Ala Glu Thr
75 80

Leu Gly Leu Pro His Gly Phe Ser
0 95

Pro Asp Val Thr Val Ile Asp Cys
105 110

Ala Ala Asp Trp Glu Lys Phe Tyr
125

Pro Tyr Gly Ile Pro Glu-Met Pro
140

Ala Lys Arg Val Ala Val Pro Gly
155 160

Ala Leu Leu Pro Ala Val GIn Ala
170 175

Val Val Ser I|le Thr Gly Val Ser
185 190

Ala Leu Leu Gly Ser Glu Thr Met
205

Ser Gly Lys His Arg His Thr Pro
220

Val Ser Asp Lys Pro Val Lys Val
235 240

Leu Pro Arg Gly |le Leu Thr Thr
250 255

Ala Thr Ala Pro Leu Lys Glu Gly Val Thr Ala Glu GIn Ala Arg Ala
260 265 270

Val Tyr Glu Glu Phe Tyr Ala GlIn Glu Thr Phe Val His Val Leu Pro

-81-



32373

275 280 285

Glu Gly Ala GIn Pro GIn Thr GIn Ala Val Leu Gly Ser Asn Met Cys
290 295 ‘ 300

His Val GIn Val Glu Ile Asp Glu Glu Ala Gly Lys Val Leu Val Thr
305 310 315 320

Ser Ala |le Asp Asn Leu Thr Lys Gly Thr Ala Gly Ala Ala Val Gin
325 330 335

Cys Met Asn Leu Ser Val Gly Phe Asp Glu Ala Ala Gly Leu Pro GlIn
340 345 350

Val Gly Val Ala Pro

355
<210> 33
211> 388
212> PRT

<213>  Axetyl glutamat syntaza hozc Ornithin axetyl transferaza (ArgJ)

<400> 33
Met Ala Glu Lys Gly Ile Thr Ala Pro Lys Gly Phe Val Ala Ser Ala
1 5 10 15

Thr Thr Ala Gly Ile Lys Ala Ser Gly Asn Pro Asp Met Ala Leu Val
20 25 30

Val Asn GIn Gly Pro Glu Phe Ser Ala Ala Ala Val Phe Thr Arg Asn
35 40 45

Arg Val Phe Ala Ala Pro Val Lys Val Ser Arg Glu Asn Val Ala Asp
50 55 60

Gly GIn |le Arg Ala Val Leu Tyr Asn Ala Gly Asn Ala Asn Ala Cys
65 70 75 80

Asn Gly Leu GIn Gly Glu Lys Asp Ala Arg Glu Ser Val Ser His Leu
85 0 95

Ala GIn Asn Leu Gly Leu Glu Asp Ser Asp |le Gly Val Cys Ser Thr
100 105 110

Gly Leu Ile Gly Glu Leu Leu Pro Met Asp Lys Leu Asn Ala Gly Ile
115 120 125

Asp GIn Leu Thr Ala Glu Gly Ala Leu Gly Asp Asn Gly Ala Ala Ala
130 135 140
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Ala Lys Ala Ile Met Thr Thr Asp Thr Val Asp Lys Glu Thr Val Val
145 150 155 160

Phe Ala Asp Gly Trp Thr Val Gly Gly Met Gly Lys Gly Val Gly Met
165 170 175

Met Ala Pro Ser Leu Ala Thr Met Leu Val Cys Leu Thr Thr Asp Ala
180 185 190

Ser Val Thr GIn Glu Met Ala GIn Ile Ala Leu Ala Asn Ala Thr Ala
195 200 205

Val Thr Phe Asp Thr Leu Asp |le Asp Gly Ser Thr Ser Thr Asn Asp
210 215 220

Thr Val Phe Leu Leu Ala Ser Gly Ala Ser Gly Ile Thr Pro Thr GlIn
225 230 235 240

Asp Glu Leu Asn Asp Ala Val Tyr Ala Ala Cys Ser Asp |le Ala Ala
245 250 255

Lys Leu GIn Ala Asp Ala Glu Gly Val Thr Lys Arg Val Ala Val Thr
260 265 270

Val Val Gly Thr Thr Asn Asn Glu GIn Ala Ile Asn Ala Ata Arg Thr
275 _ 280 285

Val Ala Arg Asp Asn Leu Phe Lys Cys Ala Met Phe Gly Ser Asp Pro
290 295 300

Asn Trp Gly Arg Val Leu Ala Ala Val Gly Met Ala Asp Ala Asp Met
305 310 315 320

Glu Pro Glu Lys Ile Ser Val Phe Phe Asn Gly GIn Ala Val Cys Leu
325 330 - 335

Asp Ser Thr Gly Ala Pro Gly Ala Arg Glu Val Asp Leu Ser Gly Ala
340 345 350

Asp |le Asp Val Arg Ile Asp Leu Gly Thr Ser Gly Glu Gly GIn Ala
355 360 365

Thr Val Arg Thr Thr Asp Leu Ser Phe Ser Tyr Val Glu |le Asn Ser
370 375 380

Ala Tyr Ser Ser

385
21> 34

<11> 317
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<212> PRT
<213>  Axetyl glutamat kinaza (ArgB)

<400> 34
Met Asn Asp Leu |le Lys Asp Leu Gly Ser Glu Val Arg Ala Asn Val

1 5 10 15

Leu Ala Glu Ala Leu Pro Trp Leu GIn His Phe Arg Asp Lys |le Val
20 25 30

Val Val Lys Tyr Gly Gly Asn Ala Met Val Asp Asp Asp Leu Lys Ala
35 40 45

Ala Phe Ala Ala Asp Met Val Phe Leu Arg Thr Val Gly Ala Lys Pro
50 55 60

Val Val Val His Gly Gly Gly Pro GIn Ile Ser Glu Met Leu Asn Arg
65 70 75 80

Val Gly Leu GIn Gly Glu Phe Lys Gly Gly Phe Arg Val Thr Thr Pro
85 90 95

Glu Val Met Asp I|le Val Arg Met Val Leu Phe Gly GIn Val Gly Arg
100 105 110

Asp Leu Val Gly Leu |le Asn Ser His Gly Pro Tyr Ala Val Gly Thr
115 120 125

Ser Gly Glu Asp Ala Gly Leu Phe Thr Ala GIn Lys Arg Met Val Asn
130 135 140

I1e Asp Gly Val Pro Thr Asp Ile Gly Leu Val Gly Asp lle Ile Asn
145 150 155 160

Val Asp Ala Ser Ser Leu Met Asp Ile Ile Glu Ala Gly Arg I'le Pro
165 170 175

Val Val Ser Thr Ile Ala Pro Gly Glu Asp Gly GIn Ile Tyr Asn lle
180 185 190

Asn Ala Asp Thr Ala Ala Gly Ala Leu Ala Ala Ala Ile Gly Ala Glu
195 200 205

Arg Leu Leu Val Leu Thr Asn Val Glu Gly Leu Tyr Thr Asp Trp Pro
210 215 220

Asp Lys Ser Ser Leu Val Ser Lys |le Lys Ala Thr Glu Leu Glu Ala
225 230 235 240

le Leu Pro Gly Leu Asp Ser Gly Met Ile Pro Lys Met Glu Ser Cys
245 250 255
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Leu Asn Ala Val Arg Gly Gly Val Ser Ala Ala His Val |le Asp Gly
260 265 270

Arg Ile Ala His Ser Val Leu Leu Glu Leu Leu Thr Met Gly Gly lle
275 280 285

Gly Thr Met Val Leu Pro Asp Val Phe Asp Arg Glu Asn Tyr Pro Glu
290 295 300

Gly Thr Val Phe Arg Lys Asp Asp Lys Asp Gly Glu Leu

305 310 315
<210> 35

11> 3

<212>  PRT

<213> Axety! ornithin aminotransferaza (ArgD)

<400> 35
Met Ser Thr Leu Glu Thr Trp Pro GIn Val Ile Ile Asn Thr Tyr Gly
1 5 10 15

Thr Pro Pro Val Glu Leu Val Ser Gly Lys Gly Ala Thr Val Thr Asp
20 25 30

Asp GIn Gly Asn Val Tyr Ile Asp Leu Leu Ala Gly Ile Ala Val Asn
35 40 45

Ala Leu Gly His Ala His Pro Ala Ile Ile Glu Ala Val Thr Asn GIn
50 55 60

[le Gly GIn Leu Gly His Val Ser Asn Leu Phe Ala Ser Arg Pro Val
65 70 75 80

Val Glu Val Ala Glu Glu Leu Ile Lys Arg Phe Ser Leu Asp Asp Ala
85 0] 95

Thr Leu Ala Ala GIn Thr Arg Val Phe Phe Cys Asn Ser Gly Ala Glu
100 105 110

Ala Asn Glu Ala Ala Phe Lys Ile Ala Arg Leu Thr Gly Arg Ser Arg
115 120 125

[le Leu Ala Ala Val His Gly Phe His Gly Arg Thr Met Gly Ser Leu
130 135 140

Ala Leu Thr Gly GIn Pro Asp Lys Arg Glu Ala Phe Leu Pro Met Pro
145 150 155 160

Ser Gly Val Glu Phe Tyr Pro Tyr Gly Asp Thr Asp Tyr Leu Arg Lys

-85-



32373

165 170 175

Met Val Glu Thr Asn Pro Thr Asp Val Ala Ala Ile Phe Leu Glu Pro
180 185 190

[le GIn Gly Glu Thr Gly Val Val Pro Ala Pro Glu Gly Phe Leu Lys
195 200 205

Ala Val Arg Glu Leu Cys Asp Glu Tyr Gly lle Leu Met Ile Thr Asp
210 215 220

Glu Val GIn Thr Gly Val Gly Arg Thr Gly Asp Phe Phe Ala His GIn
225 230 235 240

His Asp Gly Val Val Pro Asp Val Val Thr Met Ala Lys Gly Leu Gly
245 250 255

Gly Gly Leu Pro Ile Gly Ala Cys Leu Ala Thr Gly Arg Ala Ala Glu
260 265 270

Leu Met Thr Pro Gly Lys His Gly Thr Thr Phe Gly Gly Asn Pro Val
275 280 285

Ala Cys Ala Ala Ala Lys Ala Val Leu Ser Val Val Asp Asp Ala Phe
290 295 300

Cys Ala Glu Val Ala Arg Lys Gly Glu Leu Phe Lys Glu Leu Leu Ala
305 310 315 320

Lys Val Asp Gly Val Val Asp Val Arg Gly Arg Gly Leu Met Leu Gly
325 330 335

Val Val Leu Glu Arg Asp Val Ala Lys Gin Ala Val Leu Asp Gly Phe
340 345 350

Lys His Gly Val Ile Leu Asn Ala Pro Ala Asp Asn Ile Ile Arg Leu
355 360 365

Thr Pro Pro Leu Val |le Thr Asp Glu Glu |le Ala Asp Ala Val Lys
370 375 380 ’

Ala Ile Ala Glu Thr Ile Ala

385 390
210> 36

<11> 319

212> PRT

<213> Ornithin carbamoy! transferaza (argF)

<400> 36
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Met Thr Ser GIn Pro GIn Val Arg His Phe Leu Ala Asp Asp Asp Leu
1 5 10 15

Thr Pro Ala Glu GIn Ala Glu Val Leu Thr Leu Ala Ala Lys Leu Lys
20 25 30

Ala Ala Pro Phe Ser Glu Arg Pro Leu Glu Gly Pro Lys Ser Val Ala
35 40 45

Val Leu Phe Asp Lys Thr Ser Thr Arg Thr Arg Phe Ser Phe Asp Ala
50 55 60

Gly Ile Ala His Leu Gly Gly His Ala Ile Val Val Asp Ser Gly Ser
65 70 75 80

Ser GIn Met Gly Lys Gly Glu Ser Leu Gln Asp Thr Ala Ala Val Leu
85 90 95

Ser Arg Tyr Val Glu Ala Ile Val Trp Arg Thr Tyr Ala His Ser Asn
100 105 110

Phe His Ala Met Ala Glu Thr Ser Thr Val Pro Leu Val Asn Ser Leu
115 120 ‘ 125

Ser Asp Asp Leu His Pro Cys GIn Ile Leu Ala Asp Leu GIn Thr Ile
130 135 140

Val Glu Asn Leu Ser Pro Glu Glu Gly Pro Ala Gly Leu Lys Gly Lys
145 150 155 160

Lys Ala Val Tyr Leu Gly Asp Gly Asp Asn Asn Met Ala Asn Ser Tyr
165 170 175

Met Ile Gly Phe Ala Thr Ala Gly Met Asp Ile Ser Ile |le Ala Pro
180 185 190

Glu Gly Phe GIn Pro Arg Ala Glu Phe Val Glu Arg Ala Glu Lys Arg
195 200 205

Gly GIn Glu Thr Gly Ala Lys Val Val Val Thr Asp Ser Leu Asp Glu
210 215 220

Val Ala Gly Ala Asp Val Val Ile Thr Asp Thr Trp Val Ser Met Gly
225 230 235 240

Met Glu Asn Asp Gly [le Asp Arg Thr Thr Pro Phe Val Pro Tyr GIn
245 250 255

Val Asn Asp Glu Val Met Ala Lys Ala Asn Asp Gly Ala |le Phe Leu
260 265 270
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His Cys Leu Pro Ala Tyr Arg Gly Lys Glu Val Ala Ala Ser Val lle
275 280 285

Asp Gly Pro Ala Ser Lys Val Phe Asp Glu Ala Glu Asn Arg Leu His
290 295 300

Ala GIn Lys Ala Leu Leu Val Trp Leu Leu Ala Asn Gin Pro Arg

305 310 315
210> 37

211> 533 -

212> PRT

213> Chat van chuy&n tiat glutamat (NCgl1221)

<400> 37
Met Ile Leu Gly Val Pro Ile GIn Tyr Leu Leu Tyr Ser Leu Trp Asn
1 . 5 10 15

Trp Ile Val Asp Thr Gly Phe Asp Val Ala Ile Ile Leu Val Leu Ala
20 25 30

Phe Leu Ile Pro Arg Ile Gly Arg Leu Ala Met Arg Ile Ile Lys Arg
35 40 45

Arg Val Glu Ser Ala Ala Asp Ala Asp Thr Thr Lys Asn GIn Leu Ala
50 55 60

Phe Ala Gly Val Gly Val Tyr Ile Ala GIn Ile Val Ala Phe Phe Met
65 70 75 80

Leu Ala Val Ser Ala Met GIn Ala Phe Gly Phe Ser Leu Ala Gly Ala
85 0 95

Ala Ile Pro Ala Thr Ile Ala Ser Ala Ala Ile Gly Leu Gly Ala GiIn
100 105 110

Ser |le Val Ala Asp Phe Leu Ala Gly Phe Phe Ile Leu Thr Glu Lys
115 120 125

GIn Phe Gly Val Gly Asp Trp Val Arg Phe Glu Gly Asn Gly Ile Val
130 135 140

Val Glu Gly Thr Val Ile Glu Ile Thr Met Arg Ala Thr Lys Ile Arg
145 150 155 160

Thr Ile Ala GIn Glu Thr Val Ile Ile Pro Asn Ser Thr Ala Lys Val
165 170 175

Cys Ile Asn Asn Ser Asn Asn Trp Ser Arg Ala Val Val Val Ile Pro
180 185 190
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Ile Pro Met Leu Gly Ser Glu Asn
195 200

Glu Ala Ala Thr Arg Arg Ala Leu
210 215

Ile Leu Gly Glu Leu Asp Val His
225 230

Thr Val Val Gly Met Pro Trp Met
245

Val Thr Ala Gly Asn Gin Trp Leu
260

32373

Ile Thr Asp Val Ile Ala Arg Ser
205

Gly GIn Glu Lys Ile Ala Pro Glu
220

Pro Ala Thr Glu Val Thr Pro Pro
235 240

Val Thr Met Arg Phe Leu Val GIn
250 255

Val Glu Arg Ala Ile Arg Thr Glu
265 270

[le I'le Ser Glu Phe Trp Glu Glu Tyr Gly Ser Ala Thr Thr Thr Ser
275 280 285

Gly Thr Leu Ile Asp Ser Leu His Val Glu His Glu Glu Pro Lys Thr
290 295 300

Ser Leu Ile Asp Ala Ser Pro GlIn Ala Leu Lys Glu Pro Lys Pro Glu
305 310 315 320

Ala Ala Ala Thr Val Ala Ser Leu Ala Ala Ser Ser Asn Asp Asp Ala
325 330 335

Asp Asn Ala Asp Ala Ser Val |le Asn Ala Gly Asn Pro Glu Lys Glu
340 345 350

Leu Asp Ser Asp Val Leu Glu GIn Glu Leu Ser Ser Glu Glu Pro Glu
355 360 365

Glu Thr Ala Lys Pro Asp His Ser Leu Arg Gly Phe Phe Arg Thr Asp
370 375 380

Tyr Tyr Pro Asn Arg Trp GIn Lys |le Leu Ser Phe Gly Gly Arg Val
385 390 395 400

Arg Met Ser Thr Ser Leu Leu Leu Gly Ala Leu Leu Leu Leu Ser Leu
405 . 410 415

Phe Lys Val Met Thr Val Glu Pro Ser Glu Asn Trp GIn Asn Ser Ser
420 425 430

Gly Trp Leu Ser Pro Ser Thr Ala Thr Ser Thr Ala Val Thr Thr Ser
435 440 445

Glu Thr Ser Ala Pro Val Ser Thr Pro Ser Met Thr Val Pro Thr Thr
450 455 460
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Val Glu Glu Thr Pro Thr Met Glu Ser Asn Val Glu Thr Gln GIn Glu
465 470 475 480

Thr Ser Thr Pro Ala Thr Ala Thr Pro GIn Arg Ala Asp Thr |le Glu
485 490 495

Pro Thr Glu Glu Ala Thr Ser GIn Glu Glu Thr Thr Ala Ser GIn Thr
500 505 510

GIn Ser Pro Ala Val Glu Ala Pro Thr Ala Val GIn Glu Thr Val Ala
515 520 525

Pro Thr Ser Thr Pro

530
<210> 38
1>
<212> PRT

<213> Ornithin decarboxylaza (0DC)

<400> 38
Met Lys Ser Met Asn Ile Ala Ala Ser Ser Glu Leu Val Ser Arg Leu
1 5 10 15

Ser Ser His Arg Arg Val Val Ala Leu Gly Asp Thr Asp Phe Thr Asp
20 25 30

Val Ala Ala Val Val Ile Thr Ala Ala Asp Ser Arg Ser Gly lle Leu
35 40 45

Ala Leu lLeu Lys Arg Thr Gly Phe His Leu Pro Val Phe Leu Tyr Ser
50 55 60

Glu His Ala Val Glu Leu Pro Ala Gly Val Thr Ala Val Ile Asn Gly
65 70 75 80

Asn Glu GIn GIn Trp Leu Glu Leu Glu Ser Ala Ala Cys GIn Tyr Glu
85 90 95

Glu 'Asn Leu Leu Pro Pro Phe Tyr Asp Thr Leu Thr GIn Tyr Val Glu
100 105 110

Met Gly Asn Ser Thr Phe Ala Cys Pro Gly His GIn His Gly Ala Phe
115 120 125

Phe Lys Lys His Pro Ala Gly Arg His Phe Tyr Asp Phe Phe Gly Glu
130 135 140

Asn Val Phe Arg Ala Asp Met Cys Asn Ala Asp Val Lys Leu Gly Asp
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145 v 150 155 160

Leu Leu Ile His Glu Gly Ser Ala Lys Asp Ala GIn Lys Phe Ala Ala
165 170 175

Lys Val Phe His Ala Asp Lys Thr Tyr Phe Val Leu Asn Gly Thr Ser
180 185 190

Ala Ala Asn Lys Val Val Thr Asn Ala Leu Leu Thr Arg Gly Asp Leu
195 200 205

Val Leu Phe Asp Arg Asn Asn His Lys Ser Asn His His Gly Ala Leu
210 215 220

Ile GIn Ala Gly Ala Thr Pro Val Tyr Leu Glu Ala Ser Arg Asn Pro
225 230 235 240

Phe Gly Phe Ile Gly Gly Ile Asp Ala His Cys Phe Asn Glu Glu Tyr
245 250 255

Leu Arg GIn GIn Ile Arg Asp Val Ala Pro Glu Lys Ala Asp Leu Pro
260 265 270

Arg Pro Tyr Arg Leu Ala Ile Ile GIn Leu Gly Thr Tyr Asp Gly Thr
275 280 285

Val Tyr Asn Ala Arg GIn Val |le Asp Thr Val Gly His Leu Cys Asp
290 295 300

Tyr Ile Leu Phe Asp Ser Ala Trp Val Gly Tyr Glu GIn Phe Ile Pro
305 310 315 320

Met Met Ala Asp Ser Ser Pro Leu Leu Leu Glu Leu Asn Glu Asn Asp
325 330 335

Pro Gly Ile Phe Val Thr Gin Ser Val His Lys GIn GIn Ala Gly Phe
340 345 350

Ser GIn Thr Ser GIn Ile His Lys Lys Asp Asn His Ile Arg Gly GIn
355 360 365

Ala Arg Phe Cys Pro His Lys Arg Leu Asn Asn Ala Phe Met Leu His
370 375 380

Ala Ser Thr Ser Pro Phe Tyr Pro Leu Phe Ala Ala Leu Asp Val Asn
385 390 395 400

Ala Lys Ile His Glu Gly Glu Ser Gly Arg Arg Leu Trp Ala Glu Cys
405 410 415

Val Glu Ile Gly Ile Glu Ala Arg Lys Ala Ile Leu Ala Arg Cys Lys
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420 425 - 430

Leu Phe Arg Pro Phe Ile Pro Pro Val Val Asp Gly Lys Leu Trp GIn
435 440 445

Asp Tyr Pro Thr Ser Val Leu Ala Ser Asp Arg Arg Phe Phe Ser Phe
450 455 460

Glu Pro Gly Ala Lys Trp His Gly Phe Glu Gly Tyr Ala Ala Asp GIn
465 470 475 480

Tyr Phe Val Asp Pro Cys Lys Leu Leu Leu Thr Thr Pro Gly I|le Asp
485 490 495

Ala Glu Thr Gly Glu Tyr Ser Asp Phe Gly Val Pro Ala Thr |le Leu
500 505 510

Ala His Tyr Leu Arg Glu Asn Gly Ile Val Pro Glu Lys Cys Asp Leu
515 520 525

Asn Ser Ile Leu Phe Leu Leu Thr Pro Ala Glu Ser His Glu Lys Leu
530 535 540

Ala GIn Leu Val Ala Met Leu Ala GIn Phe Glu GIn His |le Glu Asp
545 550 555 560

Asp Ser Pro Leu Val Glu Val Leu Pro Ser Val Tyr Asn Lys Tyr Pro
565 570 575

Val Arg Tyr Arg Asp Tyr Thr Leu Arg GIn Leu Cys GIn Glu Met His
' 580 585 590

Asp Leu Tyr Val Ser Phe Asp Val Lys Asp Leu GIn Lys Ala Met Phe
595 600 605

Arg GIn GIn Ser Phe Pro Ser Val Val Met Asn Pro GIn Asp Ala His
610 615 620 .

Ser Ala Tyr 1le Arg Gly Asp Val Glu Leu Val Arg |le Arg Asp Ala
625 630 635 640

Glu Gly Arg lle Ala Ala Glu Gly Ala Leu Pro Tyr Pro Pro Gly Val
645 650 655

Leu Cys Val Val Pro Gly Glu Val Trp Gly Gly Ala Val GIn Arg Tyr
660 665 670

Phe Leu Ala Leu Glu Glu Gly Val Asn Leu Leu Pro Gly Phe Ser Pro
675 680 685

Glu Leu GIn Gly Val Tyr Ser Glu Thr Asp Ala Asp Gly Val Lys Arg
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690 695 700

Leu Tyr Gly Tyr Val Leu Lys

705 710
<210> 39

L211> 289

<212>  ADN

213> Trinh tu nhan tao

<220>

<223> Gen khai dau lysCP1

<400> 39

ccgatgctag ggcgaaaagc acggcgagcea gattgetttg cacttgattc agggtagttg
actaaagagt tgctcgcgaa gtagcacctg tcacttttgt ctcaaatatt aaatcgaata
tcaatatatg gtctgtttat tggaacgogt cccagtgget gagacgecatc cgctaaagece

ccaggaacce tgtgcagaaa gaaaacactc ctctggctag gtagacacag tttattgtog

tagagttgag cgggtaactg tcagcacgta gatcgaaagg tgcacaaag
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