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PHUONG PHAP SAN XUAT CADAVERIN

(57) Sdng ché dé xudt phuong phap san xuit cadaverin bang cach nuoi cay vi sinh

vat ti€t ngoai bao lysin decarboxylaza, nho d6 c6 thé tc ché viéc tao ra san pham

phu ctia lysin, cai thién hiéu suat thu héi cadaverin so v6i muc tiéu thu glucoza

so v6i cac phuong phdp san xuat thong thudng, va ngoai ra, c6 thé lam giam

ganh ndng cho buéc tinh ché trong qua trinh tinh ché cadaverin lam nguyén liéu

tho dé san xuat polyamit.
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Linh vye k¥ thuét dwoc dé cip

Sang ché d& cap dén phuong phap san xuét cadaverin, cu thé dé cap
dén phuong phap san xuét hiéu qua cadaverin bang cach cho vi sinh v4t san
xudt tiét lysin decarboxylaza.

Tinh trang ky thuit cia sing ché

Polyamit (PA) 1a nhém polyme quan trong dugc sir dung lam nguyén
lidu thd cho nhiu chit déo chuyén dung trong nganh céng nghiép & td,
nganh cong nghiép thé thao va nganh cong nghiép hang thu cong my nghé,

dd gb va qua ting, va diamin I3 cac thanh phin monome nguyén li€u thd

| quan trong cho polyamit nay. Diamin dugc ngung tu véi axit dicarboxylic
d8 tao thanh nhidu polyme khac nhau, va tinh chit ciia cac polyme niy thay
dbi tuy thude vao chiéu dai mach cta diamin va axit dicarboxylic.

Thong thudng, diamin dugc san xuit bing con dudng hoa hoc tir céc
nguyén liéu c6 ngudn gbc tir ddu mé théng qua axit dicarboxylic & giai
doan trung gian, hodc dwoc san xuit bing phan tng hoéa hoc tich nhém
carboxyl clia cac axit amin (Tai liéu non - patent 1). Xét dén sy tang gia dau
manh, phuong phép téng hop diamin t6t hon néu dugc chuyén sang cic
phuong phap dua trén cic quy trinh cong nghé sinh hoc nhu céc phan ng
enzym va nudi cdy vi sinh vat, trong d6 c6 st dung cac ngudn tai nguyén c6
thé t4i tao.

Theo khia canh nay, mdi quan tim gin day tip trung vao cadaverin
12 mot diamin c6 thé dugc san xuét bing cac quy trinh cong nghé sinh hoc.
Cadaverin con dugc goi la 1,5-pentandiamin, va la hop chit ma c6 thé la
monome nguyén liéu th6 cho polyamit. Cadaverin 1a amin sinh hoc thuong

tdn tai trong co thé sbng va hé thdng sinh tong hop clia n6 dang dugc




nghién ctru (xem Tai liéu non - patent 2). Mot phan con duong sinh tong
hop ctia né duge biét 1a ¢ lién quan dén lysin decarboxylaza (LDC), m(f)t'
enzym xuc tadc cho sy tdch nhém carboxyl cta lysin thanh cadaverin. La
mdt gen LDC, gen LDC c6 ngubn gbc tir E. coli (Escherichia coli) da dugc
biét dén (xem Tai liéu non - patent 3).

Cac phuwong phap céng nghé sinh hoc thong thuong dé san xuét
cadaverin dua trén viéc dua gen LDC vao vi sinh vat, va nhin chung c6 thé
dugc phan loai thanh phuong phap san xuét nho phan tmg enzym sir dung
lysin 1am co chit va phuong phap san xuét cadaverin bang cach nuéi ciy vi
sinh vat. Ngoai ra, cic vi du da biét vé phuong phap san xuit cadaverin
bing cach nudi cdy vi sinh vat bao gdm phuong phap san xuit bing cach
nudi cdy E. coli tai t& hop (xem Tai liéu patent 1), phuong phap trong d6
kha ning san xuét lysin cta vi khudn coryneform, 1a vi sinh vat san xuét
lysin, dugc tdng cudong thém (xem Tai liéu patent 2), phuong phép trong do
hé théng phan hity cadaverin bi phong bé (xem Tai liéu patent 3) va phuong
phap trong d6 chdt van chuyén lysin bj phong bé (xem Tai liéu patent 4).
Tuy nhién, c6 nhidu vin @& cin duoc giai quyét, dic biét 1a trong phuong
phap san xuit cadaverin bang cach nudi cdy vi sinh vat, va vi du vé cac vin
dé nay bao gbém tao ra san pham phu cua lysin trong truong hop gidng cdy
vi sinh vat dugc tao ra béng cach dua gen LDC vao vi khudn coryneform, la
vi sinh v4t san xuét lysin (xem Tai li¢u non - patent 4). Vi€c tao ra san
pham phu ctia lysin ngin can viéc 1am ting hiéu suit thu cadaverin ngay ca
khi dd san xudt thanh cong tién chét ctia nd. Ngoai ra, vi cadaverin cin
duoc tinh ché dén mirc tinh khiét cao dé sir dung duoc 1am nguyén liéu thd
cho polyamit, nén viéc tao ra san phim phu cia lysin lam ting ganh ning
cho bude tinh ché cadaverin, diéu nay gy ra cac van dé vé mat kinh .

Céc tai li€u k¥ thuéat c6 li€én quan
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Tai li€u patent
Tai liéu patent 1: JP 2002-223770 A
Tai li€u patent 2: JP 2004-222569 A
Tai liéu patent 3: JP 2009-531042
Tai liéu patent 4: W0O2008/092720
Tai liéu non - patent
Tai liéu non - patent 1: Suyama and Kaneo. Yakugaku Zasshi (1965), Vol.
85, pp. 513-533.
Tai liéu non - patent 2: Celia White Tabor and a colleague. Microbiological
Reviews (1985), Vol. 49, pp. 81-99.
Tai li€u non - patent 3: Shi-Yuan Meng and a colleague. Journal of
Bacteriology (1992), Vol. 174, pp. 2659-2669.
Tai li€u non - patent 4: Takashi Mimitsuka and four colleagues. Bioscience,
Biotechnology, and Biochemistry (2007), Vol. 71, pp. 2130-2135.
Ban chit k§ thuat ciia sing ché
Vén dé can dugc giai quyét boi sang ché

Muc dich ctia sang ché 1a d& xut phuong phéap san xuét cadaverin
bing cach nudi cdy vi sinh vat, phuong phap nay khong dé cho lysin 1a tién
chét cta cadaverin luu lai trong chit 1ong nudi cdy vi sinh vét khi hoan
thanh viéc nudi cdy vi sinh vat.
Céch thirc giai quyét van dé

Céc tac gia sang ché da nghién ctru k§ ludng phuong phép trong d6
lysin khong luu lai trong chit 16ng nudi cay khi hoan thanh viéc nudi ciy vi
sinh vat, va, két qud la, d& phat hién ra réng, bang cach nudi cdy vi sinh vt
tiét lysin decarboxylaza ngoai bao, c6 thé ngin ngira viéc lysin luu lai trong
chét 1ong nudi cdy khi hoan thanh viéc nudi cdy vi sinh vat, nhd d6 hoan

thién sang ché nay. Ttc 14, sang ché duoc tao thanh bdi cac diém tir (1) dén
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(6) duoi day:

(1) Phuwong phap san xuét cadaverin, phurong phép nay bao gom viéc
nudi ciy vi sinh vat tiét lysin decarboxylaza ngoai bao.

(2) Phuong phap san xuit cadaverin theo diém (1), trong d6 lysin
duoc bd sung vao mdi tredong dé nudi cy vi sinh vat.

(3) Phuong phap san xuét cadaverin theo diém (1) hodc (2), trong d6
vi sinh vat biéu hién ndi bao protein bao gdm lysin decarboxylaza ¢ peptit
tin hiéu tiét, dugce gin vao phia dau N cia trinh tu axit amin cta n6, lysin
decarboxylaza nay nhd d6 duoc tiét ngoai bao.

(4) Phuong phép san xudt cadaverin theo diém (3), trong d6 vi sinh
vt ¢6 cAu truc gen bao gém, theo hudng tir 5° dén 3’ cua trinh tu axit
nucleic, trinh ty gen khoi déu c6 chirc ndng & vi sinh vat, trinh tu axit
nucleic ma hoéa peptit tin hidu tiét va trinh tu axit nucleic ma héa lysin
decarboxylaza, cdu tric gen ndy cho phép biéu hién noi bao protein bao
gdm lysin decarboxylaza c6 peptit tin hiéu tiét dugc gén vao phia diu N coa
trinh tu axit amin cta no.

(5) Phuong phép san xuét cadaverin theo diém (3) hoic (4), trong d6
peptit tin hidu tiét 1a peptit dugc biéu thi bdi trinh tu axit amin duoc thé
hién trong trinh tu bat ky trong s6 cic SEQ ID NO: tir 13 dén 43.

(6) Phuong phép san xuét cadaverin theo diém bét ky trong sb cac
diém tir (1) dén (5), trong d6 lysin decarboxylaza c6 ngudn gbc tir E. coli.

(7) Phuong phép san xuit cadaverin theo diém bét ky trong s cac

diém tir (1) dn (6), trong d6 vi sinh vt 1a vi khudn coryneform hodc E. coli.

Hiéu qué ctia sang ché
Theo sang ché, trong phuong phap san xuit cadaverin bang cach
nudi cdy vi sinh vat, lysin khong luwu lai trong chéat 16ng nudi cdy khi hoan

thanh vi€c nudi cay vi sinh vat, lam cho hi€u suat thu hoi cadaverin so véi
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mirc tiéu thu glucoza dugc cai thién so v&i cac phuwong phap san xuat thong
thudng, va ngoai ra, c6 thé 1am giam ganh ning dbi voi bude tinh ché trong
qué trinh tinh ché cadaverin, mot nguyén liéu tho dé san xuét polyamit.

MO ta chi tiét sang ché

Phuong phép theo séng ché 1a phuong phép san xuat cadaverin bing
céch nudi cdy vi sinh vat tiét lysin decarboxylaza ngoai bao. Trong ban mo
td nay, “viéc tiét” ngoai bao lysin decarboxylaza c6 nghia 1 lysin
decarboxylaza duoc van chuyén ra bén ngoai vi sinh vat (bén ngoai té bao)
va cudi cing duoc dua sang trang thai hoan toan tu do trong méi trudng
hodc chét 1ong nudi cy. Truong hop khi chi mot phan lysin decarboxylaza
ton tai bén ngoai t& bao va trudong hop khi lysin decarboxylaza lién két voi
bé mit clia vi sinh vat nay khéng thudc truong hop cua thudt ngir “tiét”
trong ban mo ta nay.

Pén nay chua c6 vi sinh vét nao dugc biét 1a tiét lysin decarboxylaza
ngoai bao, nhung c6 thé lam cho vi sinh vit mong muén tiét lysin
decarboxylaza ngoai bao bang cach st dung k¥ thuat di truyén. Cu thé hon,
viée tiét lysin decarboxylaza ngoai bao c6 thé dugc thuc hién bing phuong
phap 1am biéu hién ndi bao cia protein bao gdm lysin decarboxylaza c6
peptit tin hiéu tiét duwoc gén vao phia ddu N cta trinh ti axit amin ctia no.

Lysin decarboxylaza dugc st dung theo sang ché khong bi gidi han,
va t6t hon néu 1a L-lysin decarboxylaza. Ngudn gbc cua lysin
decarboxylaza ciing khéng bi gi6i han, va vi du duoc uwu tién vé lysin
decarboxylaza bao gém céc lysin decarboxylaza c6 ngudn gbc tir Bacillus
halodurans, Bacillus subtilis, Escherichia coli, Selenomonas ruminamtium,
Vibrio cholerae, Vibrio parahaemolyticus, Streptqmyces coelicolor,
Streptomyces pilosus, Eikenella corrodens, Eubacterium acidaminophilum,

Salmonella  typhimurium, Hafnia alvei, Neisseria  meningitidis,



Thermoplasma acidophilum va Pyrococcus abyssi. Lysin decarboxylaza t6t
hon nira néu 1a lysin decarboxylaza c6 ngudn gbc tir E. coli, d6 an toan cta
né da dugc xac nhén. Trinh ty axit amin cta cac lysin decarboxylaza ndy da
dugc dang ky trong co s¢ dit liéu (GenBank).

Peptit tin hiéu tiét duoc phat hién ddu tién dudi dang trinh tu peptit
tin hiéu thye hién chirc ning cho phép tiét protein tiét ngoai bao. Protein tiét
nhin chung dugc dich ma dudi dang prepeptit hodc prepropeptit va sau do
try thanh protein trudng thanh. P& biét ring, sau khi dich ma protein nay
dudi dang prepeptit hodc prepropeptit, peptit tin hi¢u tiét (“phan pre”) duoc
phan cit béi proteaza (thuong duge goi 1a peptidaza tin higu) dé bién dbi
peptit nay thanh peptit truong thanh hodc propeptit, propeptit nay tiép tuc
trai qua su phan cit phan pro boi proteaza dé try thanh peptit trudng thanh,
sau d6 duoc tiét ra ngoai bao. Pa biét rang peptit tin hiéu tiét c6 chirc ning
cho phép khéng chi tiét ra protein tiét ngoai bio, ma con tiét ra ngoai bao
protein khong tiét trong truong hop khi protein khong tiét nay duoc dung
hop véi peptit tin hiéu tiét. Theo sang ché, bing cach dung hop lysin
decarboxylaza voi peptit tin hiéu tiét, c6 thé lam cho lysin decarboxylaza
duoc tiét ngoai bao mot cach hiéu qua.

Peptit tin hiéu tiét duoc sir dung theo séng ché c6 thé c6 ngudn gbc
tir vi sinh vat khac hodc vi sinh vat dugc sir dung, va t5t hon néu peptit tin
hiéu tiét c6 ngudn gdc tir vi sinh vat duoc sir dung. Ngoai ra, peptit tin hidu
tiét c6 thé duoc st dung cho muc dich clia séng ché co thé bao gém mot
phin cua trinh tu axit amin ddu N ctia protein trudng thanh c6 trong tu
nhién tir d6 peptit nay thu dugc. Vi du cu thé vé peptit tin higu tiét bao gdm:

peptit tin hiéu tiét nhuw TorA (trimetylamin N-oxidoreductaza) va
Sufl (chit trc ché cua fisI; chat trc ché fisI) c6 ngudn gdc tir E.coli; PhoD

(phosphoesteraza) va LipA (lipaza) c6 ngudn gbéc tir Bacillus subtilis; va




isomaltodextranaza (IMD) c6 ngudn gbc tir Arthrobacter globiformis (xem
14n luot cac SEQ ID NO: tir 13 dén 17);

peptit tin hiéu tiét dugc mé ta trong JP 3711658 B (xem SEQ ID
NO:18);

CgR0079, CgR0120, CgR0124, CgR0900, CgR0949, CgR1023,
CgR1448, CgR2137, CgR2677, CgR2926, CgR0040, CgR0789, CgR0865,
CgR1522, CgR1819, CgR2213, CgR2386 va CgR2535, ma la peptit tin
hiéu tiét c6 ngudn gbe tir Corynebacterium glutamicum R duge mé ta trong
Microbiology (2009), 155, pp. 741-750 (xem lan lugt cac SEQ ID NO: tir
19 dn 36);

peptit tin hiéu tiét dugc mo ta trong JP 9-316095 A (xem SEQ ID
NO:37);

peptit tin hiéu cho arpE, 13 tin hiéu tiét cho subtilisin, dwoc mé ta
trong Applied and Enviromental Microbiology (1995), 61(4), pp. 1610-
1613 (xem SEQ ID NO:38);

peptit tin hidu tiét dugc mo ti trong tai liéu: Applied and
Enviromental Microbiology (2003), 69(1), pp.358-366 (xem SEQ ID
NO:39); va

peptit tin hidu tiét dwoc mo ta trong tai liéu: Trends in Microbiology
(2005), 13(4), pp.175-180 (xem cac SEQ ID NO: tir 40 dén 43).

Vi du v& lysin decarboxylaza va peptit tin hiéu tiét con bao gdm
protein cé cung trinh tu axit amin nhu céc trinh tu dugc mo ta & trén ngoai
trir mot hodc mot vai axit amin duoc thé, duoc 1am mét, dugc cai xen
va/hodc dugce thém vao, mién 14 chirc ning ctia ching duge duy tri. Thuat
ngit “mdt vai” & ddy nghia 1a thong thuong khoang tir 1 dén 7, t6t hon néu
khoang tir 1 dén 5, ddc biét t5t hon néu khoang tir 1 dén 2. Mdi trong s6

lysin decarboxylaza va peptit tin hiéu tiét c6 thé 1a protein c6 trinh tu axit




amin véi do dong nhét trinh tr théng thudong khong nho hon 85%, t&t hon
néu khong nhé hon 90%, t5t hon nita néu khong nhé hon 95% so véi trinh
tur axit amin ban dau, mién 1a cac chic ning cia né duoc duy tri.

(Cac) phan thay thé, (cac) phan mat di, (cic) phin cai xen va/hoic
(cac) phan thém vao trong trinh tu axit amin dugc md ta & trén tdt hon
néu 13 (cac) phan thay thé bao toan. Vi du vé& phén thay thé bao toan cua
axit amin ban dau cho mét axit amin khac bao gdm phén thay thé cua Ala
cho Ser hoic Thr; phan thay thé ctia Arg cho Gln, His hodc Lys; phin thay
thé ctia Asn cho Glu, Gln, Lys, His hodc Asp; phan thay thé cta Asp cho
Asn, Glu hoic Gln; phan thay thé ctia Cys cho Ser hoic Ala; phan thay thé
ctia Gln cho Asn, Glu, Lys, His, Asp hodc Arg; phin thay thé ctia Glu cho
Asn, Gln, Lys hodc Asp; phan thay thé ctia Gly cho Pro; phan thay thé cua
His cho Asn, Lys, Gln, Arg hodc Tyr; phan thay thé cua Ile cho Leu, Met,
Val hoéc Phe; phén thay thé ctia Leu cho Ile, Met, Val hoic Phe; phén thay
thé ctia Lys cho Asn, Glu, Gln, His hoic Arg; phan thay thé ctia Met cho Ile,
Leu, Val hodc Phe; phén thay thé cua Phe cho Trp, Tyr, Met, Ile hodc Leu;
phén thay thé ctia Ser cho Thr hoic Ala; phan thay thé ctia Thr cho Ser hoic
Ala; phan thay thé ctia Trp cho Phe hodc Tyr; phéan thay thé ctia Tyr cho
His, Phe hoic Trp; va phan thay thé ctia Val cho Met, Ile hodc Leu.

Vi du vé phuong phép tai t6 hop di truyén dé cho phép vi sinh vt
biéu hién ndi bao protein bao gém lysin decarboxylaza c6 peptit tin hidu tiét
dwoc gin vao phia dau N cla trinh ty axit amin ctia né bao gém phuong
phép trong d6 cAu tric gen bao gdm, theo huéng tir 5> dén 3° cua trinh tyr
axit nucleic, trinh tu gen khdi ddu ¢ chirc ning & vi sinh vat, trinh tu axit
nucleic ma héa peptit tin hiéu tiét va trinh ty axit nucleic ma hoa lysin
decarboxylaza dugc dua vao vi sinh vét.

Gen khéi dau dugc sir dung theo sang ché khong bi gidi han, va trinh
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tu gen khoi d4u bat ky nhin chung co thé duoc st dung mién 1a né c¢6 chic
nang & vi sinh vt dugc sir dung. Ngoai ra, gen khoi dau c6 thé c6 ngudn
gbc tir loai khéac. Vi du duoc wu tién cia gen khéi d¢iu bao gdm:

gen khoi diu duoc bao gdm trong nhidu hé sinh téng hop axit amin
khac nhau, nhu geh khoi ddu cua gen glutamat dehydrogenaza dugc bao
gdm trong hé sinh tong hop axit glutamic; gen glutamin synthetaza dugc
bao gbém trong hé sinh tdng hop glutamin; gen aspartokinaza dugc bao gdm
trong hé sinh tdng hop lysin; gen homoserin dehydrogenaza duoc bao gdm
trong hé sinh tong hop threonin; gen axit axetohydroxy synthetaza dugc bao
gdm trong hé sinh t6ng hop isoleuxin va valin; gen axit 2-isopropyl malic
synthetaza dugc bao gdm trong hé sinh tong hop leuxin; gen glutamat
kinaza dugc bao gbém trong hé sinh téng hop prolin va arginin; gen
phosphoribosyl-ATP pyrophosphorylaza dugc bao gdm trong hé sinh tong
hop histidin; va gen deoxy arabino heptulosonat phosphat (DAHP) synthaza
duoc bao gdm trong hé sinh téng hop céc axit amin thom nhu tryptophan,
tyrosin va phenylalanin;

gen khoi dau duoc bao gdm trong hé sinh tdng hop cac axit nucleic
nhu axit inosinic va axit guanylic, bao gdm gen khéi ddu cho gen
phosphoribosyl pyrophosphat (PRPP) amidotransferaza, gen axit inosinic
dehydrogenaza va gen axit guanylic synthetaza; va

gen khéi ddu manh nhu gen khoi dau tac.

Trinh ty cta cac gen khoi ddu nay di dwoc diang ky trong co s& dit
liéu (GenBank).

Trinh ty axit nucleic ma hoa peptit tin hiéu tiét dugc st dung theo
sang ché khong bi gi¢i han mién 1a trinh tu nay c6 thé duoc dich ma thanh
trinh tu tin hiéu tiét 43 dugc mé ta & trén. Trinh tu axit nucleic ¢6 thé duoc

xac dinh bang céch tham chi€u dén céc codon (md di truyén chuan) cho

-10-
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trinh tu axit amin cta peptit tin higu tiét (xem Horton. Biochemistry, 3rd
Edition, Tokyo Kagaku Dojin, p. 526), va, trong quy trinh nay, trinh tu axit
nucleic c6 thé dugc thiét ké lai véi cac codon thudong duge str dung trong vi
sinh vat duoc st dung theo sang ché. Vi du cu thé v& trinh ty axit nucleic
nay bao gdm:

trinh tu axit nucleic mi héa peptit tin hiéu tiét nhu TorA
(trimetylamin N-oxidoreductaza) va Sufl (Chat Grc ché cua fisI; chat tic ché
ftsI) c6 ngudn gbe tir E. coli; PhoD (phosphoesteraza) va LipA (lipaza) c6
ngudn gbc tir Bacillus subtilis; va isomaltodextranaza (IMD) cé ngudn goc
tir Arthrobacter globiformis (xem lan luot cac SEQ ID NO: tir 44 dén 48);

trinh tu axit nucleic m& hoa peptit tin hiéu tiét dugc moé ta trong JP
3711658 B (xem SEQ ID NO:49);

trinh tu axit nucleic md hoéa CgR0079, CgR0120, CgR0124,
CgR0900, CgR0949, CgR1023, CgR1448, CgR2137, CgR2677, CgR2926,
CgR0040, CgR0789, CgR0865, CgR1522, CgR1819, CgR2213, CgR2386
va CgR2535, 1a cac peptit tin hi¢u tiét c6 ngudbn gbc tir Corynebacterium
glutamicum R dugc mo ta trong tai li€u: Microbiology (2009), 155, pp.
741-750 (xem lan luot cac SEQ ID NO: tir 50 dén 67);

trinh tu axit nucleic ma hoa peptit tin hiéu tiét dwoc mé ta trong JP 9-
316095 A (xem SEQ ID NO:68);

trinh tir axit nucleic ma hoa peptit tin hiéu tiét dwoc mé ta trong tai
liéu: Applied and Enviromental Microbiology (1995), 61(4), pp. 1610-1613
(xem SEQ ID NO:69);

trinh tu axit nucleic ma hoa peptit tin hidu tiét dwoc mé ta trong tai
liéu: Applied and Enviromental Microbiology (2003), 69(1), pp.358-366
(xem SEQ ID NO:70); va

trinh tw axit nucleic ma héa peptit tin hidu tiét dugc mé ta trong tai

-11-
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liéu: Trends in Microbiology (2005), 13(4), pp.175-180 (xem cac SEQ ID
NO: tir 71 dén 74).

Céac vi du cu thé vé trinh tu axit nucleic ma hoa lysin decarboxylaza
duoc st dung theo sang ché bao gém trinh tu axit nucleic ma héa lysin
decarboxylaza c6 ngudn gdc tir cac sinh vat di dwoc mo ta & trén, trinh tu
axit nucleic nay cé thé duoc thiét ké lai dua trén viéc st dung codon ctia vi
sinh vat dugc st dung. Trinh ty axit nucleic md héa lysin decarboxylaza c6
ngudn gde tir cac sinh vat di duge mod ta & trén dugc ding ky trong co s&
dit liéu (GenBank).

Vi du vé trinh tw gen khoi dAu, trinh tur axit nucleic ma héa peptit tin
hiéu tiét va trinh ty axit nucleic ma hoa lysin decarboxylaza con bao gdm
trinh tu axit nucleic ma gidng nhu trinh tu tvong Ung ctia chiing ngoai trir
mot hodic mot vai axit amin duwgc thay thé, dwoc lam mét di, duoc cai xen
va/hodc duge thém vao, mién 1a chic ning cla ching duoc duy tri. Thuat
ngit “mdt vai” & day cé nghia la thuong nim trong khoang tir 1 dén 40, t5t
hon néu khoang tir 1 dén 30, t5t hon nira néu khoang tir 1 dén 20, dic biét
t6t hon néu khoang tir 1 dén 10, t6t nhat néu khoang tir 1 d&n 5. Ngoai ra, vi
du vé trinh tu gen khéi dAu, trinh tu axit nucleic ma hoa peptit tin hiéu tiét
va trinh ty axit nucleic md héa lysin decarboxylaza bao gém trinh tur axit
nucleic ma lai toan b hodc mot phén véi trinh tu axit nucleic hodc véi soi
bd sung clia né trong cac diéu kién nghiém ngit, mién 1a chitc ning cla
ching dugc duy tri. Thudt ngit “polynucleotit lai trong céc didu kién
nghiém ngit” & ddy c6 nghia 13 trinh tu axit nucleic lai v6i (cac) mau do c6
mot hodic nhiéu trinh ti axit nucleic, mdi trinh tu ¢ it nhét 20, t5t hon néu
25, tbt hon nita néu it nhat 30 trinh tu lién tiép tuy y dugc chon tr trinh tu
bazo ban diu, khi k¥ thuat lai dd biét (Current Protocols I Molecular

Biology edit. Ausbel et al., (1987) Publish. John Wily & Sons Section 6.3-
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6,4) hodc céc k¥ thuat twong tu duogc ap dung. Diéu kién nghiém ngét & day
co thé dat duge, vi du, béng cach tién hanh lai trong diéu kién c6 mat
formamit 50% & nhiét d6 37°C, & nhiét do 42°C déi véi diéu kién nghiém
ngat hon, hodc & nhiét d6 65°C d6i véi diéu kién tham chi nghiém ngit hon,
sau d6 1a rira bing dung dich 0,1x dén 2xSSC (hdn hop cta dung dich x1
SSC: natri clorua 150 mM, natri xitrat 15 mM). Mdi trinh tu gen khéi dau,
trinh ty axit nucleic ma hoa peptit tin hiu tiét va trinh tu axit nucleic ma
hoa lysin decarboxylaza c6 thé 14 trinh tir axit nucleic c6 d6 ddng nhét trinh
tir théng thudng khong nho hon 85%, t6t hon néu khong nho hon 90%, tdt
hon nita néu khong nhd hon 95% so véi trinh tu gdc. Mdi trinh tu gen khoi
dAu, trinh tu axit nucleic ma héa peptit tin hiéu tiét va trinh tu axit nucleic
ma hoa lysin decarboxylaza cé thé thu dugce tir sinh vat khac véi sinh vat
cht ban ddu hodc biang cach gy dot bién in vitro hodc giy dot bién dinh
hudng dim dbi voi trinh tu axit nucleic thu duoc tir sinh vat cha ban déu,
cac phuong phap nay di biét 1d v6i cac chuyén gia trong linh vuc k¥ thuat
nay.

Ngoai trinh tur gen khoi dau, trinh tu axit nucleic ma hoa peptit tin
hiéu tiét va trinh tu axit nucleic ma hoa lysin decarboxylaza, cdu triuc gen
duoc st dung theo sang ché c¢6 thé ¢6 (cac) trinh tu didu hoa (gen diéu hoa,
gen két thuc va/hodc cac gen twong tu) can thiét cho sw biéu hién cua lysin
decarboxylaza trong té bao ciia vi sinh vat & (cac) vi tri thich hop & d6 (cac)
trinh tu nay c6 thé thuc hién chirc nang. Vecto co thé duogc sir dung cho ciu
trac nay khong bi gi6i han midn 13 vecto nay c6 thé thuc hién chirc ning &
vi sinh vat, va vecto niy cé thé 1a vecto sao chép ngoai nhiém sdc thé va tu
tri nhu plasmit, hodc c¢6 thé 1a vecto duogc két hop vao nhiém sic thé cta vi
khuén. Ngoai ra, gen nhdy nhan tao hodc cdc dang tuong tu cling ¢ thé

dugc sir dung. Trong truong hop khi gen nhay duoc sur dung, gen quan tdm
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duoc dua vao nhiém sic thé bing cach tai t6 hop tuong déng hodc bang kha
nang chuyén vi tri ctia chinh gen nhay. Viéc xay dung va xac nhan ciu triic
gen duoc tién hanh theo céc k§ thuat sinh hoc phan tir da biét 15 v6i chuyén
gia trong linh vuc k¥ thuét nay, va co thé tham khao, vi du, tai liéu
Sambrook et al., Molecular Clonig: A Laboratory Manual, Second Edition
(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New
York; DNA Cloning: A Practical Approach, Volumes I and II (D. N.
Glovered. 1985); F. M. Ausubel et al. (eds), Current Protocols in Molecular
Biology (1994) John Wiley & Sons, Inc.; va PCR Technology: Principles
and Application for DNA Amplication, H. Erlich, ed., Stockton Press.
Phuong phép dua cau tric gen vio vi sinh vat khong bi giéi han, va
chu tric gen c6 thé duge dua vao nhd phuong phap thé nguyén sinh (Gene,
(1985), 39, pp. 281-286), phuong phap bién nap bing xung dién
(Bio/Technology, (1989), 7, 1067-1070) hodc cac phuong phap tuong tu.
Theo sang ché, vi sinh vt tiét ra lysin decarboxylaza ngoai bao tdt
hon néu 1a vi sinh vat ma céu tric gen c6 thé duoc dua vao bang cach tai to

hop di truyén, va vi du cu thé vé vi sinh vat nay bao gém E. coli

(Escherichia coli), Bacillus subtilis, nam, nam men va vi khuan coryneform.

Trong sO nay, E. coli va vi khuan coryneform, dugc biét la sdn xuat mot
cach hi€u qua lysin, tién chat cua cadaverin, s€ dugc uu tién hon.

Vi du cu thé vé E. coli c6 thé duoc st dung bao gém ching MC1061,

chung HB101, chung JIM105, ching JM109, ching DHS5a va ching JES505.

Vi khuén coryneform 14 khuin hinh que, gram duong wa khi, va ciing
bao gdm vi khuidn ma truéc ddy dd dugc phan loai vao gidng
Brevibacterium nhung hién nay dwoc hop nhét vao gidng Corynebacterium
(Int. J. Syst., Bacteriol., (1981) 41, p. 225). Vi khuan coryneform con bao

gom vi khuan thudc giong Brevibacterium, ma rat gan voi giong
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Corynebacterium. Vi du vé& vi khudn coryneform nhu vidy bao gdm
Corynebacterium acetoacidophylum, Corynebacterium acetoglutamicum,
Corynebacterium alkanolyticum, Corynebacterium callunae,
Corynebacterium glutamicum, Corynebacterium lilium, Corynebacterium
mellassecola, Corynebacterium thermoaminogenes, Corynebacteriitm
efficiens,  Corynebacterium  herculis, Brevivacterium  divaricatum,
Brevivacterium flavum, Brevivacterium immariophilum, Brevivacterium
lactofermentum, Brevivacterium roseum, Brevivacterium saccharolyticum,
Brevivacterium thiogenitalis, Corynebacterium amoniagenes,
Brevivacterium album, Brevivacterium cerinum va Microbacterium
amoniaphilum.

Vi du cu thé vé ching vi khudn coryneform twong tmg bao gdm
Corynebacterium  acetoacidophylum  ATCC13870, Corynebacterium
acetoglutamicum ATCC15806, Corynebacterium alkanolyticum
ATCC21511, Corynebacterium callunae ATCC15991, Corynebacterium
glutamicum ATCC13020, ATCC13020 va ATCC13060, Corynebacterium
lilium ATCC15990, Corynebacterium mellassecola ATCC17965,
Corynebacterium efficiens AJ12340 (sb hidu ndp luu FERM BP-1539),
Corynebacterium  herculis ATCC13868, Brevivacterium divaricatum
ATCC14020, Brevivacterium flavum ATCC13826, ATCC14067 va
AJ12418 (s6 hiéu ndp Ilwu FERM BP-2205), Brevivacterium
immariophilum ATCC14068, Brevivacterium lactofermentum ATCC13869,
Brevivacterium roseum ATCC13825, Brevivacterium saccharolyticum
ATCC14066, Brevivacterium thiogenitalis ATCC19240, Corynebacterium
amoniagenes ATCC6871 va ATCC6872, Brevivacterium album
ATCC15111, Brevivacterium cerinum ATCC15112 va Microbacterium
amoniaphilum ATCC15354.
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Vi khuén coryneform néu trén co san tir, vi du, bo suu tap chung
gidng ctia My (American Type Culture Collection). Tt 1a, s6 hiéu ndp luu
twong tmg dugc dua ra d6i véi mdi ching va duge md ta trong bang muyc

luc cua bd swu tp gidng chudn cia M§ (American Type Culture

Collection), va mdi chiing c6 thé thu dwoc bing cach tham chiéu con s6 nay.

Theo sang ché, Corynebacterium glutamicum tSt hon néu duoc sir
dung trong s& cac vi khudn coryneform néu trén. Corynebacterium
glutamicum AJ12036 (s6 hiéu nop luu FERM BP-734) (duoc ndp luu ban
ddu & International Patent Organism Depositary, National Institute of
Advanced Industrial Science and Technology ké tir ngay 26 thang 3 nim
1984), duoc tach riéng dudi dang ching dot bién c6 kha ndng khéang
streptomyxin ctia Corynebacterium glutamicum ATCC13869, dugc gia
dinh 13 c6 dot bién trong gen chirc ning c6 lién quan dén viéc tiét cac
protein, va kha ning san xudt tiét cac protein ngoai lai rét cao va cao gip
khoang tir 2 dén 3 1an so vé&i kha ning ctia chung cha me (chung kiéu dai)
vé& sy tich lity c4c protein nay dudi cac diéu kién nuéi cdy t6i wu. Do do,
Corynebacterium glutamicum AJ12036 thich hop lam vi khuan coryneform
duoc 1am cho tiét ra lysin decarboxylaza (xem W002/081694).

Viéc tiét lysin decarboxylaza ngoai bao ctia vi sinh vat tiét lysin
decarboxylaza ngoai bao c6 thé dugce xdc nhan bang cach nudi ciy vi sinh
vat va ly thm gidng cdy thu dugc dé tich riéng vi sinh vét khéi dich ndi
nudi cdy, sau d6 xac dinh hoat tinh lysin decarboxylaza trong dich nbi nuobi
céy thu dugc dé xac nhan su c6 mit/vang mit cua lysin decarboxylaza trong
d6. Ngoai ra, lugng lysin decarboxylaza & bén ngoai té bao co thé duoc
dinh lugng bang thir nghiém st dung phan tng khang nguyén-khang thé,
nhu thir nghiém thdm tach Western hodc ELISA.

Bing cach nudi cdy vi sinh vat tiét lysin decarboxylaza ngoai bao,
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cadaverin c6 thé duoc san xuét/tich lily trong méi truong nudi cdy.

Vi du vé& phuong phap nudi chy c6 thé duoc str dung bao gbém nudi
ciy theo mé, nudi cdy theo mé c6 cung cip dinh dudng va nudi céy lién tuc.
Trong trudng hop nudi cdy lién tuc, t6t hon néu tién hanh viéc nudi cdy lién
tuc nhu duoc mé ta trong JP 2008-104453 A hodc céc tai li€u tuong tu.

Pé lam moi truong nudi cdy, co thé sir dung mdi truong dinh dudng
thong thuong bao gdm ngudn cacbon, nguén nito, mubi v6 co va’hodc cic
ngudn tuong tu. Vi du v& ngudn cacbon c6 thé duge st dung bao gdm céc
sacarit nhu glucoza, fructoza, sucroza, maltoza va dich thuy phén tinh bot;
cac rugu nhu etanol; va axit hitu co nhu axit axetic, axit lactic va axit
sucxinic. Vi du vé ngudn nito c6 thé dugc str dung bao gdm amoniac; mubi
amoni vO co va hitu co nhu amoni clorua, amoni sulfat, amoni cacbonat va
amoni axetat; hop chét hitu co chira nito nhu ure; va chit hitu co chta nito
nhu dich chiét thit, dich chiét nAm men, dich ngdm ngd va dich thiy phan
dau tuong. Vi du vé& mudi vo co co thé dugce sir dung bao gém kali dihydro
phosphat, dikali hydro phosphat, amoni sulfat, natri clorua, magie sulfat va
canxi cacbonat. Ngoai ra, néu cén, cac chit dinh dudng vi lwong nhu biotin,
thiamin, vitamin B6 va cac chit twong tu c6 thé duoc bd sung. Dich chiét
thit, dich chiét nAm men, dich ngdm ngd, axit casamino va cac dang tuong
tu ¢6 thé duge st dung 1am cac chét thay thé cho céc chét dinh dudng vi
lugng nay.

Theo mét phuong an duge wu tién cia sang ché, lysin c6 thé duoc bd
sung so bd vao mdi truong nudi cdy. Trong trudng hop khi lysin duge bd
sung so bd vao moi truong nudi céy, lysin dugc bd sung so bd nay duogc st
dung lam co chat va duge bién d6i thanh cadaverin trong mdi trudng nudi
cAy boi lysin decarboxylaza duoc tiét ra ngoai bao, vi viy hiéu qua tao ra

cadaverin c6 thé duoc ting cudng. Trong truong hop khi lysin duoc bd

-17-

S




19391

sung so b vao moi trudng nudi ciy, ndng do6 ctia lysin trong moi trudng
nuéi ciy khong bi gidi han, va ndng d6 cta lysin t5t hon néu la nong d6 ma
& do su sinh trudng cua vi sinh vat khong bi dnh hudng bat loi va lysin
decarboxylaza khong bi tic ché. Cu thé hon, ndng d6 nay tét hon néu nim
trong khoang tir 0,01 dén 2 M.

Lysin duoc bd sung t6t hon néu 1a L-lysin. Lysin nay duoc bd sung
c6 thé & dang tu do hoic mudi cta lysin, va mudi cta lysin t6t hon néu la
lysin hydroclorua hodc lysin dicarboxylat c6 ngudn gde tir axit dicarboxylic
duoc mod ta dudi day. Vi du cu thé duoc vu tién vé lysin dicarboxylat bao
gébm lysin adipat, lysin sebacat, lysin 1,12-dodecandicarboxylat, lysin
sucxinat, lysin isophtalat va lysin terephtalat, va vi du cu thé duoc wu tién
hon v& lysin dicarboxylat bao gdm lysin adipat.

Diéu kién nudi cAy khong bi giéi han, va viéc nudi cay dugc tién
hanh trong diéu kién wa khi, vi du, c6 lac hodc béng cach nudi céy co khqu
thong khi sdu. Nhi¢t do nudi chy nhin chung ndm trong khoang tir 25°C dén
42°C, t8t hon néu nim trong khoang tir 28°C dén 38°C. Khoang thoi gian
nudi cdy thong thuong tir 1 ngay dén 6 ngay.

Tt hon néu sir dung amoniac, axit clohydric hodc axit dicarboxylic
d diéu chinh d6 pH nudi cdy, va tt hon nita néu st dung axit dicarboxylic.
Tét hon néu st dung chét trung hoa dé kiém soat do pH nudi cdy ndm trong
khoéng tir 5 dén 8, t6t hon nita néu nim trong khoang tir 6,5 dén 7,5. Trang
thai ctia chét trung hoa khong bi gi6i han, va chét trung hoa ¢ thé dugc str
dung dudi dang khi, 1éng, ran hoic dung dich chtra nudc. Chét trung hoa
dic biét tdt hon néu 13 dung dich nude.

Axit dicarboxylic t6t hon néu dugc sir dung lam chit trung hoa
khong bi gidi han, va axit dicarboxylig t6t hon néu 13 axit dicarboxylic vé

co ban khong c6 nhom chirc khac vdi hai nhém carboxylic da duge moé ta &
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trén. Nhom chirc & ddy cé nghia 12 nhém dé phan ng ma phan tmg, trong
phan tmg tring hop polyamit (trong cac didu kién phan tmg trong do, vi du,
nhiét d6 phan tmg nim trong khoang tir 250 dén 270°C, 4p sudt ndm trong
khoang tir 10 dén 20 kg/cm?, va thoi gian phan ng nim trong khoang tir 1
dén 5 gio), voi nhém amino hodic nhém carboxyl dé gy ra su phin nhanh
ctia polyme hodc sy giam mirc d6 két tinh ctia polyme (dén mirc d6 két tinh
khong 16n hon 80%). Vi du vé nhém chirc bao gdm nhém amino va nhém
carboxyl, va vi du khac v& nhém chirc bao gdm nhém axit (vi du, nhom axit
sulfonic, nhdm phosphat va nhdm phenolic hydroxyl), nhém bazo (vi du,
nhom hydrazino), nhém phan cuc proton (vi du, nhém hydroxyl), nhém
phan cit dugc (vi du, nhém epoxy va nhém peroxit) va cac nhom rat dé
phan tmg khac (vi du, nhém isoxyanat). Mt khac, phan tir thé halogen,
phﬁn ttr thé thom, nhom ete, nhém este, nhdm amit va cc nhom tuong tu
khong duoc bao gdm trong nhém chire trong ban md ta nay vi kha nang
phan tmg cta chung thip.

Axit dicarboxylic t&t hon nita néu 13 axit dicarboxylic dugc biéu thi
bdi cong thire chung (1), (2) hodc (3) dudi day:

HOOC-(CHy),-COOH (1)
(trong d6 trong cong thirc chung (1), m = tir 0 dén 16).

EQUH
{CHe)n

(2)

(%Hﬂo
COOH

(trong d6 trong cong thirc chung (2), n, o = tir 0 dén 16).
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(?Hﬂq
COOH

(trong d6 trong cong thirc chung (3), p, q = tir 0 dén 16).

Axit dicarboxylic t6t hon nita néu 1a axit adipic, axit sebaxic, axit

1,12-dodecandicarboxylic, axit sucxinic, axit isophtalic hodc axit terephtalic.

Cadaverin trong moi trudng nudi céy tdn tai & trang thai tu do hodc
dudi dang mudi cta cadaverin. Trong phuong phap thu gom cadaverin

trong moi truong nudi cay, vi sinh vat trude ti€én dugc loai béo khoi moi

- truong nudi cdy. Pé lam phuwong phép phan tach, phuong phép thong

thuong da biét nhur loai bod vi sinh vat bang cach két tia, ly tAm, phan tach
bing céach loc mang hodc cic phuong phép twong tu duge wu tién sir dung.

Dé thu gom cadaverin tir méi trudng nudi cdy tir d6 vi sinh vét duoc
loai bé va chita cadaverin, cadaverin dicarboxylat c6 thé duoc thu gom
bing cach két tinh nhu dwoc mé ta trong JP 2009-207495 A. Theo cach
khac, cadaverin & dang tw do c6 thé duoc tinh ché va thu gom béng cach st
dung mang NF nhu dugc md ta trong JP 2009-29872 A. Theo céach khac,
cadaverin & dang tu do ¢6 thé duoc thu gom bang cach chiét bing dung méi
hitu co phén cuc sau d6 1 chung cit nhu duge mé ta trong JP 2009-28045.
Vi du thue hién séang ché

Séng ché s& duge mo ta chi tiét dudi ddy bang cac vi du va vi du
tham chiéu. Trir khi ¢6 chi dan khac, tAt ca cic moi trudng, moi truong
thach aga va mdi truong nudi ciy duoc sir dung trong cac vi du va vi du so
sanh dugc st dung sau khi khir tring bing céng doan khir tring thong
thuong (vi du, bing cach khir tring bang ndi hap & nhiét d6 121°C trong 30
phut hodc khtr trung béang cach loc qua bd loc 0,45 pm).
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(Phuong phép phén tich ndng d6 ciia cadaverin va lysin bing HPLC)
Cot dugce st dung: CAPCELL PAK C18 (Shiseido)
Pha dong: dung dich nuéc phosphat ndng do 0,1% (theo khdi
lugng):axetonitril = 4,5:5,5
Phat hién: UV 360 nm
Xir 1y so bd mau: bd sung 25 pl 1,4-diaminobutan (ndng d6 0,03 M), 150 ul
natri hydro cacbonat (néng d6 0,075 M) va dung dich chira 2,4-
dinitroflobenzen (ndng d6 0,2 M) trong etanol vao 25 ul mau cin dugc
phan tich, va trén hdn hop thu duge, sau d6 U & nhiét d6 37°C trong 1 gio.
Hoa tan phan uwgc 50 pl cia dung dich phdn Ung néu trén trong 1 ml
axetonitril, va ly tdm dung dich thu dwoc & toc d6 10.000 vong/phit trong 5
phut, sau d6 thuc hién phéan tich HPLC d6i v6i 10 pl dich néi.
Vi du tham chiéu 1: Chuén bi Corynebacterium glutamicum c6 kha ning
san xuét lysin

Dé chuan bi Corynebacterium glutamicum c6 kha nang tng hop
lysin dudi dang tién chit ctia cadaverin, vi khuén san xut lysin duoc chuin
bi bang cach giy dot bién hiéu qua ddi véi aspartokinaza. Bing phuong
phap dugc mo ta trong tai li€u: Apppl. Microbiol. Biotechnol., (2002), S8,
pp. 217-223, ching Corynebacterium glutamicum AK-1 (sau day duoc goi
la ching AK-1) duogc chuén bi. Vi su trc ché ngugc aspartokinaza bdi lysin
va threonin dugc 1am giam trong ching vi khuan nay, nén lysin c6 thé duoc
téng hop bang cach nudi cay.

Sau d6, ching AK-1 dugc thuc hién tai td hop di truyén tiép dé tao
ra vi khuan coryneform tiét ra lysin decarboxylaza ngoai bao (Vi du 1 va 2)
va vi khudn coryneform khong tiét ra lysin decarboxylaza ngoai bao (Vi du
so sénh 1).

Vi du 1: Tao ra Corynebacterium glutamicum tiét ra lysin decarboxylaza
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ngoai bao (Phan 1: Sir dung con dudng Tat)
(1) Tach dong gen HOM

Homoserin dehydrogenaza dugc chon lam locus ma gen lysin
decarboxylaza dugc dua vao. Gen tuong tng vl ving gdm 300 axit amin
tir du N ctia gen HOM dugc tach dong. Bang cach tham chiéu trinh tu
bazo ctia gen HOM (S6 hiéu ndp lwu BA000036) da duge dang ky & co s&
dir liéu (GenBank), doan mdi oligonucleotit (SEQ ID NO:1 va SEQ ID
NO:2) dugc tdng hop. Trong dng vi ly tim dung tich 0,2 ml, dit 0,2 pl dung
dich chita ADN hé gen dugc chudn bi tir Corynebacterium glutamicum
ATCC13032 theo phuong phéap thong thuong dé lam khuén miu khuéch
dai, va mdi chét phan tmg dugc bd sung vao dng néu trén sao cho hdn hop
thu dugc, trong thé tich tdng cong bing 50 pl, chira 20 pmol mdi doan mdi,
dém Tris-HCI pH 8,0 (20 mM), kali clorua (2,5 mM), gelatin (100 pg/ml),
mdi dNTP (50 pM) va LA Taq ADN polymeraza (2 don vi) (do Takara
Shuzo Co., Ltd. san xuit). Phan tmg chudi polymeraza (sau day duoc goi la
PCR) dugc tién hanh bing cach sir dung thiét bi tao chu ky nhiét do BioRad
san xuét trong diéu kién 30 chu ky: 1am bién tinh ADN & nhiét d6 94°C
trong 30 gidy, 0 cdc doan mdi & nhiét do 55°C trong 30 gidy, va phan ting
kéo dai cac doan mdi ADN & nhiét do 72°C trong 3 phiit. PCR trong céc vi
du theo sang ché duoc tién hanh dudi cac diéu kién néu trén trir khi c6 chi
dan khac. San phdm thu dugc bang PCR nay dugc dién di trong agaroza
ndéng dd 1%, va manh ADN khoang 0,9 kb chira gen HOM dugc cit khoi
gel, sau d6 1a dugc tinh ché bang cach st dung kit Geneclean (do BIO 101
san xudt). Manh nay dugc cit bang enzym gidi han EcoRI va BamHI, va
ménh EcoRI-BamHI 0,9 kb thu duwoc dwoc cai xen vao khoang tréng
EcoRI/BamHI ctia pHSG298 (do Takara Shuzo Co., Ltd. san xuét) ma di

duoc cit so bd béng EcoRI va BamH]I, st dung bd kit Ligation Ver. 1 (do
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Takara Shuzo Co., Ltd. san xuét). Plasmit thu dugc dugc ky hiéu la
pHOMI.
(2) Tao ra catxet biéu hién tiét ra LDC

Gen khoi dau cia gen c6 kha niang khang kanamyxin duoc chon lam
gen khoi dau @& biéu hién cdu trac ciia LDC trong Corynebacterium
glutamicum; Sufl cta E. coli, ma viée tiét n6 phu thugc vao con duong Tat,
duoc chon lam tin hiéu tiét; va cadA cta E. coli duoc chon lam gen LDC.

Trudc tién, gen khéi dau clia gen c6 kha ning khang kanamyxin
duoc tich dong. Bing cach tham chiéu trinh tw bazo ctia pHSG299 (S hiéu
ndp luu M19415) di dugc ding ky & co s& dit liéu (GenBank), doan moi
oligonucleotit (SEQ ID NO:3 va SEQ ID NO:4) dugc téng hop. St dung
plasmit pHSG299 lam khuén miu khuéch dai va céc oligonucleotit (SEQ
ID NO:3) (SEQ ID NO:4) lam bd cac doan mdi, PCR dugc tién hanh dé thu
dugc san phim, sin phim nay sau d6 dugc dién di trong gel agaroza ndng
d6 1%. Manh ADN 0,3 kb chira viing gen khoi ddu ciia gen c6 kha ning
khéng kanamyxin duoc cit khoi gel, va dugce tinh ché bing cach st dung kit
Geneclean. Manh nay duogc cai xen vao khoang trdng trong vecto plasmit
pT7blue (do Novagen san xut) sir dung bd kit Ligation Ver. 1, khoang
tréng nay da dugc tao ra bang cach cit vecto nay bing EcoRV va bd sung
bazo T vao dau 3°. Trong sb cac plasmit thu duoc, plasmit ma tré thanh
méanh don 3,2 kb sau khi bi cit bang HindIIl va Sacll dugc ky hiéu la
pKMP1.

Sau d6, gen LDC dugc tach dong. Bang cach tham chiéu trinh tu
bazo ctia gen LDC (S6 hiéu ndp luu M76411) da duoc diang ky & co so di
liéu (GenBank), doan mdi oligonucleotit (SEQ ID NO:5 va SEQ ID NO:6)
duogc téng hop. St dung dung dich chira ADN hé gen dugc chuén bi tir E.
coli (Escherichia coli ATCC10798) theo phuong phédp thong thudng lam
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‘khuén mau khuéch dai va cac oligonucleotit (SEQ ID NO:5 va 6) lam bd
cac doan mdi, PCR dugce tién hanh dé thu duoc san phdm, san phdm nay
sau d6 duoc dién di trong gel agaroza ndng d6 1%. Manh ADN 2.1 kb chira
gen LDC dugc cat khoi gel, va dugc tinh ché bang cach sir dung kit
Geneclean. Manh nay duoc cai xen vao khoang trdng trong vecto plasmit
pT7blue sir dung b kit Ligation Ver. 1, khoang tréng nay dd duoc tao ra
bang cach cit vecto nay bang EcoRV va bd sung bazo T vio dau 3°. Trong
sb cac plasmit thu dugc, plasmit ma tré thanh manh don 4,0 kb sau khi bi
cit bang HindIll va Neol duoc ky hidu 1a pCADA.

Cubi cling, doan mdi oligonucleotit (SEQ ID NO:7) trong d6 trinh tur
bazo twong ing voi trinh ty axit amin cua Sufl cua E. coli lam tin hi¢u tiét
ra duoc dung hop véi gen LCD duge téng hop. Poan méi oligonucleotit
nay duoc thiét ké sao cho phia 3° ciia né c6 ving chdng lap voi phia 5° ctia
gen LDC. St dung pCADA lam khuén miu khuéch dai va cac
oligonucleotit (SEQ ID NO:7 va 6) lam bd cac doan méi, PCR dugc tién
hanh dé thu dwoc san phadm, san phdm nay sau d6 dugc dién di trong gel
agaroza néng dé 1%. Manh ADN 2,2 kb chira gen LDC dugc cét khoi gel,
va duoc tinh ché bang cach st dung kit Geneclean (Manh gen LDC 1).
Ngoai ra, doan mdi oligonucleotit (SEQ ID NO:8) trong d6 trinh tw bazo
twong Ung vdi trinh tu axit amin cta Sufl ctia E. coli lam tin hi¢u tiét duoc
dung hop véi gen khdi dau ciia gen c6 kha ning khang kanamyxin duoc
téng hop. Poan mdi oligonucleotit nay duoc thiét ké sao cho phia 5’ ctia n6
¢6 ving chdng lp véi phia 3’ ctia gen khoi ddu ciia gen c6 kha ning khang
kanamyxin. Str dung pKMP1 lam khuoén miu khuéch dai va céc
oligonucleotit (SEQ ID NO:3 va 8) lam b cic doan mdi, PCR dugc tién
hanh d thu dwoc san phdm, san phim nay sau d6 duoc dién di trong gel

agaroza n6ng d6 1%. Manh ADN 0,4 kb chira gen LDC dugc cit khoi gel,
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va duogc tinh ché bang cach sir dung kit Geneclean (manh gen khoi dau cua
gen c6 kha niang khang kanamyxin 1).

Str dung manh gen LDC 1 thu dugc theo cach nhu vy va manh gen
khoi ddu ctia gen c6 kha ning khéang kanamyxin 1 1am khudén mAu khuéch
dai, va doan mdi oligonucleotit dugc thiét ké dé chira trinh tw nhan biét dbi
v6i enzym gi¢i han BamHI (SEQ ID NO:9) va doan mdi oligonucleotit
duoc thiét ké dé chira trinh tu nhan biét déi voi enzym gisi han Sphl (SEQ
ID NO:10) lam bd céc doan mdi, PCR duoc tién hanh dé thu duoc san
phdm, san phdm nay sau d6 dugc dién di trong gel agaroza ndng do 1%.
Manh ADN 2,6 kb chira catxet biéu hién tiét ra LDC duogc cét khoi gel, va
dugc tinh ché bang cach sir dung kit Geneclean. Manh niy dugc cit bing
enzym giéi han BamHI va Sphl, va manh BamHI-Sphl 2,6 kb thu duoc
dugc cai xen vao khoang trong BamHI-Sphl cia pHOM1 ma da duoc cét so
bo bang BamHI va Sphl, st dung bo kit Ligation Ver. 1 (do Takara Shuzo
Co., Ltd. san xuét). Plasmit thu dugc duge ky hi¢u 1a pTM65.

(4) Két hop pTM65 vao nhidm sic thé

Plasmit pTM65 duogc dua vao ching AK-1 bang k§ thuat bién nap
bing xung dién [FEMS Microbiology Letters, 65, p. 299 (1989)], va duoc
chon loc trén moi trudng aga LB (trypton (10 g/l) (do Bacto san xuét), dich
chiét ndm men (5 g/1) (do Bacto san xuét), natri clorua (10 g/l)) duoc bd
sung kanamyxin (25 pg/ml). Tir thé bién nap da dugc chon loc theo cach
nhu viy, dung dich ADN hé gen dugc diéu ché theo phuong phép thong
thuong. St dung ADN hé gen nay lam khuén mau va cic oligonucleotit
(SEQ ID NO:1) (SEQ ID NO:6) 1am bd cac doan mdi, PCR duoc tién hanh
dé thu dugc san phim, san phdm nay sau d6 duoc dién di trong agaroza
nong d6 1,0%. Két qua 13, dai don 3,5 kb duoc quan sat thiy. Nho dai nay,

c6 thé xac dinh rang thé bieén nap da chon c6 gen LDC dugc cai xen & locus
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HOM. Thé bién nap nay duoc ky hiéu 1a Corynebacterium glutamicum AK-
1/pTM65 (sau day duoc goi tit 1a chimg AK-1/pTM65).
Vi du 2: Tao ra Corynebacterium glutamicum tiét lysin decarboxylaza
ngoai bao (Phan 1: théng qua con dudng Sec)
(1) Tao ra catxet biéu hién tiét LDC

Tiép theo, gen khoi dAu ciia gen ¢6 kha ning khang kanamyxin duoc
chon lam gen khdi diu & biéu hién cdu trac cia LDC trong
Corynebacterium glutamicum;, arpE, 1a tin hiéu cho viéc tiét subtilisin théng
qua con dudng Sec dugc chon lam tin hi€u tiét; va cadA cua E. coli duge
chon lam gen LDC. Tuong tu véi vi du 1, doan mdi oligonucleotit (SEQ ID
- NO:11) trong d6 trinh tuy bazo tuong ung véi trinh ty axit amin cua arpE
lam tin hiéu tiét duoc dung hop voi gen LCD duoc téng hop. Poan mdi
oligonucleotit nay dugc thiét ké sao cho phia 3° ctia n6 c6 ving chdng lap
v6i phia 5° ctia gen LDC. St dung pCADA lam khuén mau khuéch dai va
céc oligonucleotit (SEQ ID NO:11 va SEQ ID NO:6) 1am bo cac doan mdi,
PCR dugc tién hanh @& thu dwoc san phdm, san phim nay sau d6 dugc dién
di trong gel agaroza ndng d6 1%. Manh ADN 2,2 kb chira gen LDC duoc
cit khoi gel, va dugc tinh ché bang cach sir dung kit Geneclean (Manh gen
LDC 2).

Tiép theo, doan mbi oligonucleotit (SEQ ID NO:12) trong d6 trinh tur

bazo twong mg véi trinh tu axit amin cta arpE 1am tin hidu tiét duoc dung

hop v6i gen khoi dau cia gen c6 kha ning khang kanamyxin duge tdng hop.

Poan mdi oligonucleotit nay dugc thiét ké sao cho phia 5’ cia n6 c6 ving
chdng lap véi phia 3’ cta gen khéi ddu ctia gen cé kha niang khéng
kanamyxin. St dung pKMP1 lam khuén méau khuéch dai va céc
oligonucleotit (SEQ ID NO:3 va SEQ ID NO:12) lam bo cac doan mdi,

PCR duoc tién hanh d thu duge san phém, san phém nay sau do duoc dién

-26-



di trong gel agaroza néng d6 1%. Manh ADN 0,4 kb chita gen LDC duoc
c&t khoi gel, va duoc tinh ché bang cach sir dung kit Geneclean (manh gen
khéi ddu ctia gen c6 kha ning khang kanamyxin 2).

Str dung manh gen LDC 2 thu dugc theo cach nhu viy va manh gen
khéi ddu cua gen c¢6 kha ning khang kanamyxin 2 lam khuén méu khuéch
dai, va doan mdi oligonucleotit (SEQ ID NO:9) va (SEQ ID NO:10) lam bd
céc doan mdi, PCR duoc tién hanh dé thu dugc san pham, san phém nay
sau d6 dugc dién di trong gel agaroza ndng d6 1,0%. Manh ADN 2,6 kb
chira catxet biéu hién tiét ra LDC duoc cit khoi gel, va dugc tinh ché bang
cach st dung kit Geneclean. Manh nay dugc cit bang enzym gidi han
BamHI va Sphl, va manh BamHI-Sphl 2,6 kb thu dugc duoc cai xen vao
khoang tréng BamHI-Sphl ctia pHOM1 ma di duoc cit so bd bang BamHI
va Sphl, stt dung b kit Ligation Ver. 1 (do Takara Shuzo Co., Ltd. san
xudt). Plasmit thu dugc duoe ky higu 1a pTM66.

(2) Két hop pTM66 vao nhiém séc thé

Plasmit pTM66 dugc dua vao ching AK-1 bang k§ thuat bién nap
bang xung dién [FEMS Microbiology Letters, 65, p. 299 (1989)], va duoc
chon loc trén méi trudong aga LB (trypton (10 g/1) (do Bacto san xuat), dich
chiét ndm men (5 /1) (do Bacto san xut), natri clorua (10 g/1)) duoc bd
sung kanamyxin (25 pg/ml). Tir thé bién nap d& dugc chon loc theo cach
nhu vy, dung dich ADN hé gen dwoc didu ché theo phwong phap thong
thuong. Str dung ADN hé gen ndy lam khudén miu va céac oligonucleotit
(SEQ ID NO:1 va SEQ ID NO:6) lam b cac doan mdi, PCR duoc tién
hanh d& thu dwoc san phim, sin phidm niy sau d6 duoc dién di trong
agaroza ndng do 1,0%. Két qua 13, dai don 3,5 kb dugc quan sat thiy. Nho
dai nay, co thé xac dinh rﬁmg thé bién nap da chon c6 gen LDC duogc cai

xen & locus HOM. Thé bién nap nay dugc ky hiéu la Corynebacterium
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glutamicum AK-1/pTM66 (sau day duoc goi tit 1a ching AK-1/pTM66).
Vi du so sanh 1: Tao ra Corynebacterium glutamicum khong tiét ra lysin
decarboxylaza ngoai bao

pKMP1 duogc cit bang HindIIl va Neol, va san phdm thu duoc duoc
dién di trong agaroza ndng d 1,2%. Méanh ADN 0,3 kb chtra ving gen khéi
dAu ctia gen c6 kha ning khang kanamyxin dugc cét khoi gel, va duogc tinh
ché béng cach st dung kit Geneclean. Manh HindIII-Ncol thu dugc theo
cach nhu vay duoc cai xen vao khoang tréng HindIII/Neol ciia pCADA ma
da duoc cit so bd béng HindIIl va Ncol, stt dung b kit Ligation Ver. 1.
Plasmit thu dugc dugce ky hi¢u 1a pTM100.

Sau d6, pTM100 dugc cit bang Sacll, va san phdm thu dugc duoc
dién di trong gel agaroza ndéng d6 1,0%. Manh ADN 2,4 kb chuta catxet
biéu hién LDC dugc cét khoi gel, va duge tinh ché bang cach sir dung kit
Geneclean. Manh Sacll thu dugc theo cach nhu vay dugc cai xen vao
khoang tréng Sacll cia pHOM1 ma da duogc cit so bo bing Sacll, st dung
bo kit Ligation Ver. 1. Plasmit thu dugc dugce ky hiéu la pTM101.

Plasmit pTM101 dugc dwa vao ching AK-1 bang k¥ thuat bién nap
bing xung dién [FEMS Microbiology Letters, 65, p. 299 (1989)], va duoc
chon loc trén moi trudng aga LB (trypton (10 g/l) (do Bacto san xuét), dich
chiét ndm men (5 g/1) (do Bacto san xudt), natri clorua (10 g/1)) duoc bd
sung kanamyxin (25 pg/ml).

Tu thé bién nap da dugc chon lgpc theo cach nhu vay, dung dich
ADN hé gen dugc chudn bi theo phuong phép thong thuong. Str dung ADN
hé gen nay lam khudén miu va céc oligonucleotit (SEQ ID NO:5) (SEQ ID
NO:6) lam bd cac doan mdi, PCR dugc tién hanh d thu duoc san phém,
san phdm nay sau d6 dugc dién di trong agaroza ndng d6 1,0%. Két qua 13,

dai don 2,1 kb dugc quan sat thdy. Nho dai nay, c6 thé xac dinh ring thé
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bién nap da dugc chon c6 gen LDC dugc cai xen ¢ locus HOM. Thé bién
nap nay dugc ky hiéu 1a Corynebacterium glutamicum AK-1/pTM101 (sau
day duoc goi it 13 ching AK-1/pTM101).
Vi du 3: X4c nhan sy tiét ngoai bao ctia hoat tinh lysin decarboxylaza

Mbi trong sd cic ching AK-1/pTM65, ching AK-1/pTM66 va
ching AK-1/pTM101 duoc nudi cdy trong méi trudng BY (xem tai lidu: J.
Bacteriol., 159, pp. 306-311 (1984)), va méi trudng nudi ciy thu duoc duge
tach riéng thanh phén vi sinh vat va phan dich nbi nudi cdy bang ly tim. Vi
sinh vat dugc ddng hoa theo phwong phép thong thuong, dé tao ra dich
ddng hoa vi sinh vat. Hoat tinh lysin decarboxylaza trong dich ndi nuéi cy
va dich déng hoéa vi sinh vat thu dugc theo cach nhu vdy dugc xac dinh
(xem Biosci. Biotechnol. Biochem., 71, pp. 2130-2135, (2007)). Lay hoat
tinh enzym ma theo d6 L-lysin dugc chuyén héa thanh 1 nmol cadaverin
trong 1 phat 13 1 U, cac két qua dugc thé hién trong Bang 1 dudi dang hoat

tinh riéng tinh trén khéi lugng protein.

Béang 1
Hoat tinh lysin decarboxylaza [mU/mg]
Tén vi sinh vat Dich déng héa vi| .. Ae A %
. A Dich n6i nubi cay
sinh vat
Ching AK-1/pTM101 19800 0
Chung AK-1/pTM65 44900 340
Chung AK-1/pTM66 57100 550

Vi ching AK-1/pTM65 va ching AK-1/pTM66 c6 hoat tinh lysin
decarboxylaza trong dich ndi nudi cy, tirc 14, & bén ngoai té bao, c6 thé xac
nhan rang lysin decarboxylaza duoc tiét ra ngoai bao trong cac trudng hop
ndy. Ngoai ra, ¢6 thé xac nhan ring tit ca céc ching nay déu c6 hoat tinh
lysin decarboxylaza trong dich ddng héa vi sinh vat.

Vidu 4 va 5, va vi du so sanh 2 va 3 (Nudi cdy vi sinh vat: Truong hop khi
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vi sinh vat 14 vi khuin coryneform)

Nubi cdy ching AK-1/pTM65 (Vi du 4), ching AK-1/pTM66 (Vi du
5), ching AK-1/pTM101 (Vi du so sanh 2) va chung AK-1/pTM101 + 20
mg lysin decarboxylaza di dugc tinh ché (dwoc diéu ché bing phuong phap
dugc mo ta trong JP 2004-000114 A) (Vi du so sanh 3), va cac chiing nay
duoc so sanh vé kha ning san xuét cadaverin.

Mot vong platin ctia mdi ching dwoc cdy vao 5 ml méi trudong BY
da duoc khir tring va viéc tién nudi cdy so bo duoc tién hanh & nhiét do
30°C trong 24 gidr ¢6 lac. Toan bd thé tich ctia méi trudng tién nuéi cy so
b thu duge duge cdy vao 50 ml méi trudng giéng nhu trong méi trudng
tién nudi cdy so bd, va viéc nudi cdy so bd duge tién hanh & nhiét do 30°C
v6i bién d6 lac 1a 30 cm & tde d6 120 vong/phut trong 24 gid. Sau d6, toan
b thé tich ctia mdi trudng nudi cay so bd thu duge duoc ciy vao 950 ml
mdi trudng MMP (mdi trudng nudi cdy) duoc thé hién trong bang 2, va viée
nudi cdy duge tién hanh trong didu kién théng khi véi khong khi da duoc
khir tring & 0,07 vvm & nhiét d6 30°C & téc d6 quay clia canh khudy 1a 800
vong/phut & d6 pH dugc kiém soat bing 6,7 trong 50 gid. Dung dich axit
nude sulfuric (néng d6 3 M) va dung dich nudc amoniac (3 M) dugc str
dung 1am chét trung hoa. Trong vi du so sanh 3, 20 mg lysin decarboxylaza

da tinh che duoc bo sung vao liac bat dau nuoi cay.

Béng 2
. [ Nong do cudi cung

Thanh phan mo6i trudng (oL ]

Glucoza 50

(NHg),SO4 20

Bacto Pepton 5

KH,PO4 2,5

K,HPO4 2,75

NaCl 0,5

MgSO,4-7H,0 0,75
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CaCl,-2H,0 0,05
FeSO,-7H,0 0,01
MnSO,-4~6H,0 0,001
Biotin 0,0005
Tiamin-HCI 0,007
L-Homoserin 0,5

Sau khi hoan thanh nudi cdy, vi sinh vat duoc loai bd bang ly tim &

nhiét d6 4°C & téc d6 8000 vong/phut trong 10 phit, sau d6 14 thu hdi dich

noi nudi cay. Cadaverin va lysin trong dich no6i nudi cay nay dugc phan tich

bang HPLC. Str dung “Glucose Test Wako C” (nhn hiéu da dugc diang ky)

(do Wako Pure Chemical Industries, Ltd. san xuét) dé x4c dinh n6ng do

glucoza. Tinh toan hiu suat thu hoi cadaverin so véi muec tiéu thu glucoza

((khéi lugng cadaverin dugc tao ra / khéi lugng glucoza da ti€u thu) x 100

(%)). Cac két qua duoc thé hién trong bang 3.

Bang 3
Vidusosanh 2 | Vidu so sanh 3 Vidu4 Vidu5
AK-1/pTMI01 + | AK-1/pTM65 é‘é‘i/ pTM6u6a
AK-1/pTM101 | Lysin (thong qua con ® e
decarboxylaza duong Tat) con uong
Sec)
Cadaverin
(/L] 5,6 6,4 7,5 7,1
Lysin [g/L] | 1,2 0,0 0,0 0,0
Hiéu suit
thu  hdi
cadaverin
so véi muc | 11,2 12,8 15,0 14,2
tiéu thu
glucoza
[%0]

Két qua 13, trong vi du so sanh 2 va 3, c6 thé thdy ring viéc tao ra

san phdm phu ctia lysin ¢6 thé dwoc lam gidm bing cach bd sung lysin

decarboxylaza vao bén ngoai t& bio dwoc quan sat thiy. Mit khéc, bang
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cach so sanh gifta vi du so sanh 2 va vidu 4 va 5, théy réng viéc tao ra san
phdm phu cta lysin c6 thé duoc lam giam mot cach rd rét béang cach dé cho
lysin decarboxylaza tiét ngoai bao. Ngac nhién 13, mic du da du doan ring
viéce tang luong cadaverin tich lity va viéc ting hiéu sudt thu héi cadaverin
so v6i mure tiéu thu glucoza khong khac nhau gifra vi du so sanh 3 va vi du
4 va 5, nhung co thé xac dinh duoc réng viéc nudi céy vi sinh vat tiét ra
lysin decarboxylaza ngoai bao lam téng luong cadaverin tich lily va hi€u
sudt thu hdi cadaverin so véi mirc tiéu thu glucoza cao hon, so v6i trudong
hop khi lysin decarboxylaza dugc bd sung vao méi trudng nudi cy.
Vi du tham chiéu 2: Tao ra E. coli thiéu hut lysin decarboxylaza
(1) Lam mét gen lysin decarboxylaza (LDC) & E. coli

D3 biét ring E. coli c6 gen cadA va gen IdcC lam céc gen LDC.

Theo phuong phap dugce goi la “két hgp dugc diéu khién bdi Red”, duge

phét trién béi Datsenko and Wanner (Proc. Natl. Acad. Sci. USA, 2000, vol.

97, No. 12, pp. 6640-6645), gen cadA va ldcC trong ching E. coli W3110
duoc lam mét nhu sau. Trong phuong phéap “két hop dwoc didu khién boi
Red”, mdi oligonucleotit tdng hop dugc thiét ké sao cho phia 5° ctia né c6
phin cla gen quan tdm va phia 3’ clia nd co phan ciia gen c6 kha ning
khang chét khang sinh dugc st dung lam doan méi dé thu duge san phdm
PCR, sau d6 san phdm nay c6 thé dugc sir dung dé tao cu tric bang mot
bude cho chung thiéu hut gen. Ngoai ra, viéc sit dung FLP recombinaza c6
ngudn gbc tir nAm men, gen c6 kha ning khang chit khéng sinh duoc két
hop vao ching thiéu hut gen c6 thé dugc loai bo.
(1-1) Lam mét gen cadA

St dung plasmit pKD3 (Proc. Natl. Acad. Sci. USA, 2000, vol. 97,
No. 12, pp. 6640-6645) dé lam khudn mau cho PCR. pKD3 1a plasmit dugc

san xuit bang cach cai xen FRT (dich nh4n biét FLP recombinaza), 1 trinh
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tu nhin biét cia FLP-recombinaza, va gen cat, 13 gen c6 kha niang khang
chét khang sinh, vio pMW118 (do Takara Bio Inc. san xut). Céc trinh tu
nay dugc cai xen theo thr tw FRT-cat-FRT. FRT dugc thé hién trong SEQ
ID NO:75.

PCR duoc tién hanh bang cach sir dung cac oligonucleotit téng hop
duoc thé hién trong SEQ ID NO:76 va 77 lam doan mdi, cac ddu 3’ cua
ching cé trinh tu twong ng voi ca hai déu cia FRT va cac diu 5° cla
ching mdi dau c¢6 50 bazo chin khung doc mé (ORF) ctia gen cadA.

San pham PCR di khuéch dai dugc tinh ché thong qua gel agaroza,
va duge dua bing k¥ thuat bién nap bing xung dién vao ching E. coli
W3110 mang pKD46, 1a plasmit cé kha ndng sao chép nhay véi nhiét do.
Plasmit pKD46 (Proc. Natl. Acad. Sci. USA, 2000, vol. 97, No. 12, pp.
6640-6645) bao gdbm méanh ADN cua thé thuc khudn A c6 chidu dai tong
cong bing 2154 bazo (GenBank/EMBL s hiéu ndp luu J02459, vi tri tir
31088 dén 33241) bao gébm gen ma hoa Red recombinaza (gen v, P va exo)
d6i voi hé tai td hop tuong déng A Red duoc didu hoa boi gen khoi dau
ParaB cadm ung arabinoza.

Céc té bao kha bién ding cho k§ thuat bién nap bang xung dién duoc
tao ra nhu sau. Cu thé, ching E. coli W3110 dwgc nudi ciy trong moi
truong LB duge bd sung ampixilin & nhiét d6 30°C qua dém, va maéi truong
nudi cdy thu duogc sau d6 duge pha lodng 100 1an bing moi truong SOB
duoc bd sung ampixilin va L-arabinoza. Céc té bao di pha lodng thu dugc
dugc d& sinh trudng & nhiét d6 30°C trong diéu kién thong khi cho dén khi
OD600 dat dén khoang 0,6, va duoc rira 3 14n bang glyxerol néng do 10%,
sao cho céc t& bao nay co thé sir dung duoc trong k¥ thuat bién nap bang
xung dién.

1 mL mdi trudng SOC duge bd sung vao cac té bao sau khi bién nap
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bang sung dién, va sau do, cac té bao dugc nubdi céy ¢ nhi¢t do 37°C trong
2,5 gio. Sau dé, céc t& bao dugc nudi cdy trén dia & nhiét d6 37°C trén mai
truomg aga LB dugc bd sung cloramphenicol, nhd d6 thé tai t6 hop c6 kha
nang khang cloramphenicol dugc chon loc. Sau do, dé loai bo plasmit
pKD46, céc t& bao ndy duoc cdy chuyén hai 1an & nhiét d6 42°C trén moi
trudmg aga LB dugc bd sung cloramphenicol. Cac khuan lac thu duoc duoc
kiém tra vé kha nang khang ampixilin, va thu chiing nhay ampixilin, trong
d6 pKD46 bi lam mat.

Viéc lam mét gen cadA trong thé d6t bién ma c6 thé duoc nhan dang
bing gen c6 kha ning khang cloramphenicol duoc xac nhin bang PCR.
. Chung thiéu hut cadA thu duogc duge ky hi€u la ching W3110 cadA::FRT-
cat-FRT.

Sau d6, plasmit hd tro pCP20 dugc sir dung dé loai bo gen FRT-cat-
FRT da duoc dua vao gen cadA. pCP20 (Proc. Natl. Acad. Sci. USA, 2000,
vol. 97, No. 12, pp. 6640-6645) 1 plasmit mang FLP recombinaza ciia ndm
men va cé kha ndng sao chép nhay véi nhiét do. Nho viée dua vao pCP20,
recombinaza nh4n biét FRT & hai vi tri trong nhiém sic thé dé gdy ra su tai
t6 hop, nho d6 phén cét ra gen gitta cac vi tri FRT, cudi ciing chi dé lai FRT
trong nhiém séc thé.

Céc té bao kha bién ctia ching W3110 cadA::FRT-cat-FRT thu dugc
theo cach nhu vy dugc tao ra theo phuwong phap thong thuong, va dugc
bién nap bing plasmit hd trg pCP20. Sau do, cac t& bao nay duoc nudi ciy
trén dia & nhiét d6 30°C trén moi truong aga LB duogc bd sung 50 mg/L
ampixilin, nho d6 chiing cé kha nang khang ampixilin dugc chon loc. Sau
do, dé loai bo pCP20, céac t€ bao duoc céy chuyén hai 14n & nhiét d6 42°C
trén moi trudong aga LB. Cac khuén lac thu duge duge kiém tra vé kha ning

khang ampixilin va kha ndng khang cloramphenicol, va thu chung nhay
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cloramphenicol/ampixilin, trong d6 gen cat va pCP20 bi lam mit. Chung
nay duoc ky hi¢u 1a W3110 AcadA.
(1-2) Lam mét gen 1dcC

Viéc 1am mét gen IdcC trong ching E. coli W3110 AcadA duoc tién

hanh theo phwong phép trong phéan (1-1) & trén str dung cac doan mdi dugc
thé hién trong SEQ ID NO:78 va 79 1am doan mdi dé lam mét 1dcC. Nho do,
thu dugc ching trong d6 gen cadA va 1dcC duoc lam mat. Chang vi khuén
d tao cAu triic duoc ky hiéu 1a W3110 ALDC.
Vi du 6 va 7, vi du so sanh 4 (Tao ra ching E. coli tiét ra lysin
decarboxylaza ngoai bao (thong qua con dudng Sec va thong qua con
duong Tat) va tao ra ching E. coli khong tiét ra lysin decarboxylaza ngoai
bao)

Ching W3110 ALDC duoc bién nap biang plasmit pTM101, pTM65
va pTM66 theo phuong phap théng thuong. Céc ching E. coli tai t6 hop lan
luot duge ky hidu 1a ching W3110 ALDC/pTMI101 (ching khong c6 tiét
ngoai bao) (Vi du so sanh 4), chung W3110 ALDC/pTM65 (chung cé tiét
ngoai bao: thong qua con duong Tat) (Vi du 6) va ching W3110
ALDC/pTM66 (ching c6 tiét ngoai bao: théng qua con dudng Sec) (Vi du
7.

Vi du 8: Xéac nhén viéc tiét lysin decarboxylaza ngoai bao

Chung W3110 ALDC/pTM101, ching W3110 ALDC/pTM65 va
ching W3110 ALDC/pTM66 dugc nudi cdy trong méi truomg LB dugc bd
sung kanamyxin, va4 mdi méi trudng nudi cdy thu dugc dwoc phan tach
thanh phan vi sinh vét va phan dich nbi nuéi ciy bang ly tim. Phan vi sinh
vat dugce ddng héa theo phuong phéap thong thuong, dé tao ra dich dong hoa
vi sinh vat. Hoat tinh lysin decarboxylaza trong dich ndi nudi cdy va dich

déng héa vi sinh vat thu dugc theo cach nhu viy dugc xac dinh. Lay hoat
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tinh enzym ma theo d6 L-lysin duoc chuyén héa thanh 1 nmol cadaverin
trong 1 phut la 1 U, céc két qua duoc thé hién trong bang 4 dudi dang hoat

tinh riéng tinh trén khéi lugng protein.

[Bang 4]

Hoat tinh LDC [mU/mg]

Tén vi sinh vat Dich dong héa vi| ... 2. ..

inh va Dich noi nudi cay

sinh véat

Chung W3110 ;

ALDC/pTM101 15700x10 0

Ching W3110 ; :

ALDC/pTM65 18700x10 10x10

Ching W3110 ; :

ALDC/pTM66 19700x10 12x10

Trong truong hop cta ching W3110 ALDC/pTM101 va chﬁhg
W3110 ALDC/pTM65, vi dich n6i nudi cdy, ma 1a phin bén ngoai t& bao,
c6 hoat tinh lysin decarboxylaza, c6 thé x4c nhén ring lysin decarboxylaza
duoc tiét ra ngoai bao. Ngoai ra, c6 thé xéc nhan dwoc ring tit ca cac ching
nay déu c6 lysin decarboxylaza trong dich ddng hoéa vi sinh vat cua ching.
Vidu 9 va 10, vi du so sénh 5: Nudi cdy vi sinh vét: Trudng hop khi vi sinh
vatla E. coli

Ching W3110 ALDC/pTM65 (Vi du 9), ching W3110
ALDC/pTM66 (Vi du 10) va ching W3110 ALDC/pTM101 + 20 m lysin
decarboxylaza d4 tinh ché (duoc tao ra bing phuong phap dugc mo ta trong
JP 2004-000114 A) (Vi du so sanh 5) duoc nuéi cdy, va céc ching nay
dugc so sanh vé kha ning san xuit cadaverin.

Mot vong platin cia mdi ching dugc cdy vao 5 ml méi trudng LB
duoc bd sung kanamyxin, va viéc tién nudi céy so bo duoge tién hanh &
nhiét d6 30°C trong 24 gid c6 lic. Toan b thé tich ctia moi trudng tién nudi
cdy so bo thu duge duge cdy vao 50 ml méi trudng gibng nhu trong méi

trudng tién nudi cay so bd, va viéc nudi cay so bd dugc ti€n hanh & nhiét dd
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30°C voi bién d6 lac 1a 30 cm & tée d6 120 vong/phit trong 24 gioy. Sau do,
toan bd thé tich ctia moi trudng nuoi céy so bd thu dugce duogc céy vao 950
ml mdi trudng MS (mdi truong nudi cdy) duoc thé hién trong bang 5, va
viéc nubi cdy duoc tién hanh trong diéu kién thong khi voi khong khi da
duoc khir tring & 0,20 vvm & nhiét d6 37°C & téc d6 quay cla canh khudy
800 vong/phut & do pH duogc kiém soéat bang 7,0 trong 50 gio. Dung dich
axit nude sulfuric (3 M) va nudc amoniac (3 M) duogc str dung lam chét
trung hoa. Trong vi du so sanh 6, 20 mg lysin decarboxylaza di tinh ché

dugc bd sung vao luc bat dau nuoi cay.

[Bang 5]
. N Nong do cudi cung
Thanh phan mdi truong (/L]
Glucoza 40
(NH4):804 16
PolyPepton S 10
KH,PO, 1
MgSO,4-7H,0 1
FeSO, - 7TH,0O 0,01
MnSO,4 - 5H,O 0,01

Sau khi hoan thanh nudi cdy, vi sinh vat dugc loai bd bang ly tim &
nhiét d6 4°C & téc d6 8000 vong/phut trong 10 phiit, sau d6 1a thu hdi dich
nbi nudi cdy. Cadaverin va lysin trong dich ndi nudi ciy nay duoc phén tich
bang HPLC. Str dung “Glucose Test Wako C” (nhén hiéu da duoc dang ky)
(do Wako Pure Chemical Industries, Ltd. san xuat) dé xac dinh ndng d6
glucoza. Hiéu suét thu hdi cadaverin so véi muc tiéu thu glucoza ((khdi
luvong cadaverin dugc tao ra / khéi luong glucoza da tiéu thu) x 100 (%))

duoc tinh toan. Céc két qua dugc thé hién trong Bang 6.
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Béang 6

Viduysosénh 5 Vidu9 Vidu 10
W3110 W3110 W3110
ALDC/pTMlOl + ALPC/pTM65 ALDC/pTM66 (thong
Lysin (thong qua con ua con dudng Sec)
decarboxylaza duong Tat) q g oee

Cadaverin
0,57 1,52 1,72

[¢/L]

Lysin [g/L] 0 0 0

Hiéu sudt thu

hoi cadaverin

so v&i muc| 1,42 3,86 43

tiéu thu

glucoza [%]

Dua trén so sénh giita vi du so sanh 5 va vi du 9 va 10, ngac nhién la
c6 thé xic nhan dugc ring viéc nudi cdy vi sinh vat tiét ra lysin
decarboxylaza ngoai bao 1am ting lwong cadaverin tich lily va hiéu suit thu
hoi cadaverin so v6i mirc tidu thu glucoza cao hon, so véi truong hop khi
lysin decarboxylaza dugc bd sung vao méi trudng nudi céy.

Vidu 11 va 12, vi du so sadnh 6 va 7 (Nubi céy vi sinh vat: So sadnh anh
huéng cua viée b sung lysin)

Ching W3110 A LDC/pTM65 (Vi du 11), ching W3110
ALDC/pTM66 (Vi du 12), ching W3110 ALDC/pTM101 (Vi du so sanh 6)
va ching W3110 ALDC/pTM101 + 20 mg lysin decarboxylaza da tinh ché
(dwoc diéu ché bang phuong phap duoc mé ta trong JP 2004-000114 A) (Vi
du so sanh 7) dugc so sanh vé kha ning chuyén hoa lysin thanh cadaverin.
M3i vi sinh vat dugc nudi céy theo cung cach nhu trong vi du 9 va 10 ngoai
trir rang 62,5 g/L L-lysin hydroclorua duoc bd sung vao mdi truong MS
(mdi truong nudi cdy). Sau 50 gid nudi cdy, vi sinh vat nay duoc loai bo
béng ly tdm & nhiét do 4°C & tbc d6 8000 vong/phut trong 10 phut, va dich

noi nuobi cay dugc thu hoi. Cadaverin va lysin trong dich noi nudi cay nay
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dugc phan tich bang HPLC. Cac két qua dugc thé hién trong Bang 7.

Bang 7
Vidusosanh 6 | Vidusosanh 7 | Vidu 11 Vidu 12
W3110 W3110 W3110 W3110
ALDC/pTM10 | ALDC/pTM65 | ALDC/pTM66
ALDC/pTM10 X N R
1 1 + Lysin| (thong qua con | (thong qua con
decarboxylaza | dudong Tat) duong Sec)
Cadaverin
5,78 21,2 29,5 29,5
[g/L]
Lysin [g/L] | 40,6 8,2 0 0
Toc do tao
ra 10,12 0,42 0,59 0,59
cadaverin
[g/L-gid]

Dura trén so sanh gifta vi du so sanh 6 va 7 va vidu 11 va 12, ¢6 thé
x4c nhan réng hi€u qua tao ra (téc dd tao ra) cadaverin cao hon mot cach
dang ké & cac sinh vat tiét ra lysin decarboxylaza ngoai bao. Nho diéu nay,
da thiy ring viéc bd sung lysin trong qué trinh nudi cdy vi sinh vt tiét ra
lysin decarboxylaza ngoai bao cai thién hi€u qua tao ra cadaverin.

Vidu 13 va 14, vi du so sanh 8: Nudi céy vi sinh vat: so sanh v&i vi sinh vat
¢6 lysin decarboxylaza lién két véi bé mit ciia no

Céc vi sinh vat tiét ra lysin decarboxylaza ngoai bao (sau ddy dugc
goi 1a vi sinh vt tiét ra LDC) va ching JM109/pTM16 duoc mé ta trong JP
2004-298033 A lam vi sinh vét c6 lysin decarboxylaza trén bé mit ctia n6
(sau day dugc goi 1a vi sinh vat trinh dién LDC trén bé mat té bao) duoc
nudi cdy, va cac ching nay duoc so sanh vé kha ning san xuat cadaverin.

Mot vong platin ctia mdi trong s& cac ching W3110 ALDC/pTM65
(Vi du 13), chung W3110 ALDC/pTM66 (Vi du 14), va chung
JCM109/pTM16 (Vi du so sanh 8) duoc ciy vao 5 ml méi trudng LB duoc
bd sung kanamyxin (Mo6i trudng LB duoc bd sung ampixilin trong truong

hop cta ching JCM109/pTM16), va viéc tién nudi cdy so bd dugc tién
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hanh & nhiét d6 30°C trong 24 gid c6 lac. Toan bd thé tich clia méi trudong
tién nuéi cdy so bd thu duge dugc ciy vao 50 ml ctia mdi truong gidng nhur
trong moi trudng tién nudi cdy so bd, va viéc nudi ciy so bd dugc tién hanh
& nhiét d6 30°C véi bién do lc 14 30 cm & toc d6 120 vong/phit trong 24
gi0. Sau do, toan bo thé tich ctia méi trudng nudi ciy so bod thu dugc dugce
cdy vao 950 ml méi truong MS (méi trudong nudi cdy) dugc bd sung
isopropyl-thio-B-D-galactosit & ndng do cubi cling bang 1 mM, va viéc nu6i
cdy duoc tién hanh trong diéu kién thong khi bang khéng khi di duogc khir
tring & 0,20 vvm & nhiét do 37°C & tc d6 quay ctia canh khudy bang 800
vong/phit & d6 pH duoc kiém soét bang 7,0 trong 50 gid. Dung dich axit
nuée sulfuric (3 M) va nude amoniac (3 M) duoc sit dung Jam chit trung
hoa.

Sau khi hoan thanh nuéi cdy, vi sinh vat dugc loai bo bang ly tim &
nhiét do 4°C & tdc do 8000 vong/phiit trong 10 phut, sau d6 1a thu hdi dich
ndi nudi cdy. Cadaverin va lysin trong dich ndi nudi ciy nay duoc phan tich
béng HPLC. Str dung “Glucose Test Wako C” (nhén hiéu da duoc dang ky)
(do Wako Pure Chemical Industries, Ltd. san xuét) dé xac dinh nong d6
glucoza. Tinh toan hiéu sudt thu hdi cadaverin so v6i muc tiéu thu glucoza
((khéi lwong cadaverin duoc tao ra / khéi luong glucoza d tiéu thu) x 100

(%)). Céc két qua duoc thé hién trong Bang 8.

Bang 8
Vi du so sanh 8 Vidu 13 Vidu 14
W3110 W3110
JCM 10%/p Tl\jﬂ6 x <, | ALDC/pTM65 ALDC/pTM66
(trinh di€n trén bé mat ho ho
 bao) (thong qua con|(thdbng qua con
duong Tat) dudng Sec)
Cadaverin
0,24 1,35 1,41
[g/L]
Lysin [g/L] 0,15 0 0
Hiéu suat thu |, ¢ 3,38 3,53
hoi cadaverin
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so véi muc
tiéu thu
glucoza [%]

Dua trén su so sanh gifta vi du so sanh 8 va vi du 13 va 14, ngac
nhién 14 ¢6 thé x4c nhan rr?lng viéc nuoi céy vi sinh vat tiét ra LDC lam tdng
nhiéu hon néng do cua cadaverin tich ldiy va hiéu suét thu hoi cadaverin so
véi mue ti€u thu glucoza, so véi truong hop khi vi sinh vt trinh di¢n LDC
trén bé mat t& bao duge nudi céy.

Kha nédng 4p dung cong nghiép

Séang ché c6 thé thich hop duoc ap dung dé san xuit cadaverin.
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YEU CAU BAO HQ
1. Phuong phép san xuét cadaverin bao gdm budc:

nudi cdy vi sinh vat d@ dwgc bién nap bing gen ma hoa lysin
decarboxylaza ma tiét ngoai bao lysin decarboxylaza dé lam ting hiéu suét
thu héi cadaverin so v6i mic tiéu thu glucoza, trong d6 vi sinh vét nay duoc
chon tir nhém bao gdm Corynebacterium glutamicum va E. coli,

vi sinh vat ndy biéu hién ndi bao protein bao gdm lysin
decarboxylaza c6 peptit tin hiéu tiét ra dugc gan vao phia ddu N ctia trinh tur
axit amin ctia n6, lysin decarboxylaza nay nhdr d6 dugc tiét ngoai bao, va

peptit tin hi€u tiét ra 1a peptit duoc biéu thi boi trinh tu axit amin
duogc néu trong bt ky trong sb cac SEQ ID NO: tir 13 dén 43 hoic peptit c¢6
d6 ddng nhét trinh ty khong nhd hon 85% so véi trinh tyr amino dwoc néu
trong bt ky trong s cac SEQ ID NO: tir 13 dén 43.

2. Phuong phap theo diém 1, trong d6 lysin duoc bd sung vao méi trudong
d& nuoéi ciy vi sinh vat.

3. Phuong phap theo diém 1, trong d6 lysin decarboxylaza thu dugc tir E.
coli.

4. Phuong phéap theo diém 1, trong d6 vi sinh vat ndy c6 cu triic gen bao
gdm, theo hudng tir 5° dén 3’ clia trinh ty axit nucleic, trinh tu gen khoi ddu
ma thuc hién chic ndng & vi sinh vat nay, trinh tu axit nucleic ma hoa peptit
tin hiéu tiét ra va trinh ty axit nucleic ma hoa lysin decarboxylaza, ciu tric
gen ndy cho phép biéu hién ndi bao protein bao gdm lysin decarboxylaza c6
peptit tin hi€u tiét ra dugc gén vao phia d4u N cua trinh tu axit amin cta né.
5. Phuong phép theo diém 2, trong d6 lysin decarboxylaza thu dugc tir E.
coli.

6. Phuong phap theo diém 1, trong d6 lysin decarboxylaza thu duoc tir E.

coli.
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7. Phuong phéap theo diém 1, trong d6 d6 ddng nhét trinh tw khéng nhé hon
90%.

8. Phuong phép theo diém 1, trong d6 d6 ddng nhéat trinh tw khong nho hon
95%.

9. Phuong phép san xuit cadaverin bao gdm budc:

nudi cady vi sinh vat dd duoc bién nap bang gen ma hoa lysin

decarboxylaza ma tiét ngoai bao lysin decarboxylaza dé lam ting hiéu suét |

thu hoi cadaverin so v6i mire tidu thu glucoza, trong d6 vi sinh vat nay dugc
chon tir nhém bao gém Corynebacterium glutamicum va E. coli,

vi sinh vit nay biéu hién ndi bao protein bao gbébm lysin
decarboxylaza c6 peptit tin hiéu tiét ra dugc gin vao phia ddu N cia trinh tu
axit amin cta nd, lysin decarboxylaza nay nho d6 duoc tiét ngoai bao,

peptit tin hidu tiét ra 1a peptit duoc biéu thi bdi trinh tu axit amin
duge néu trong bat ky trong sé cac SEQ ID NO: tir 13 dén 43 hoic peptit ¢6
dé déng nhét trinh tu khéng nho hon 85% so véi trinh tu amino dugc néu
trong bét ky trong s6 cac SEQ ID NO: tir 13 dén 43,

va vi sinh vat nay c6 ciu tric gen bao goém, theo hudng tir 5' dén 3'
cua trinh tu axit nucleic, trinh ty gen khdi d4u ma thuc hién chuc ndng & vi
sinh vat nay, trinh ty axit nucleic ma hoa peptit tin hiéu tiét ra va trinh tu
axit nucleic ma hoa lysin decarboxylaza, cdu triic gen nay cho phép biéu
hién ndi bao protein bao gdm lysin decarboxylaza cé peptit tin hiéu tiét ra
duge gin vao phia dau N ciia trinh ty axit amin.

10. Phuong phap theo diém 9, trong d6 d6 ddng nhat trinh tu khong nho
hon 90%.
11. Phuong phap theo diém 9, trong d6 d6 ddng nhat trinh tu khong nho
hon 95%.
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DANH MUC TRINH TU

<110> Toray Industries, Inc.
<120>Phuong phép san xudt cadaverin
<130> 10112

<160> 79

<170> PatentIn version 3.1

<210> 1
<211> 29
<212>ADN

<213> Corynebacterium glutamicum

<400> 1
gaagaattct aaacctcagc atctgcccc

<210> 2
<211> 30
<212>ADN

<213> Corynebacterium glutamicum

<400> 2
gaaggatcca aaggacttgt ttaccgacgc

<210> 3
<211> 29
<212>ADN

<213> pHSG299

<400> 3
gaaccgcggc ctgaatcgcc ccatcatcce

<210> 4
<211> 24
<212>ADN

<213> pHSG299

<400> 4
gaaccatggc cccttgtatt actg

<210> 5
<211> 21
<212>ADN

<213> Escherichia coli

<400> 5

-44-

29

30

29

24



gaaccatgga cgttattgca a 21

<210> 6
<211> 30
<212>ADN
<213> Escherichia coli

<400> ©
gaaccgcggt tattttttgc tttcttettt 30

<210> 7

<211> 99

<212>ADN

<213> Escherichia coli

<400> 7
atgtctttat ctcgtcgtca attcattcaa gcttctggta ttgctttatg tgctggtgcet 60

gttcctttaa aggcttctgce tatgaacgtt attgcaata 99

<210> 8

<211> 60

<212>ADN

<213> Escherichia coli

<400> 8
ttgaatgaat tgacgacgag ataaagacat ggcacccctt gtattactgt ttatgtaagc 60

<210> 9
<211> 35
<212>ADN
<213> Escherichia coli

<400> 9
ttcggatcce ctgaatcgcc ccatcatcca gccag 35

<210> 10
<211> 35
<212>ADN
<213> Escherichia coli

<400> 10
gttgcatgct tattttttgc tttcttcttt caata 35

<210> 11
<211> 120
<212>ADN

<213> Bacillus subtilis
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<400> 11
atgagaagca aaaaattgtg gatcagcttg ttgtttgcgt taacgttaat ctttacgatg 60

gcgttcagca acatgtctgc gcaggctatg aacgttattg caatattgaa tcacatgggg 120

<210> 12
<211> 60
<212>ADN
<213> Bacillus subtilis

<400> 12

caagctgatc cacaattttt tgcttctcat ggcacccctt gtattactgt ttatgtaagc 60
<210> 13

<211> 39

<212> PRT

<213> Escherichia coli
<400> 13
Met Asn Asn Asn Asp Leu Phe Gln Ala Ser Arg Arg Arg Phe Leu Ala

1 5 10 15

Gln Leu Gly Gly Leu Thr Val Ala Gly Met Leu Gly Pro Ser Leu Leu
20 25 30

Thr Pro Arg Arg Ala Thr Ala

35
<210> 14
<211> 27
<212> PRT

<213> Escherichia coli
<400> 14
Met Ser Leu Ser Arg Arg Gln Phe Ile Gln Ala Ser Gly Ile Ala Leu

1 5 10 15

Cys Ala Gly Ala Val Pro Leu Lys Ala Ser Ala
20 25

<210> 15
<211> 48
<212> PRT

<213> Bacillus subtilis
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<400> 15

Met Ala Tyr Asp Ser Arg Phe Asp Glu Trp Val Gln Lys Leu Lys Glu
1 5 10 15

Glu Ser Phe Gln Asn Asn Thr Phe Asp Arg Arg Lys Phe Ile Gln Gly
20 25 30

Ala Gly Lys Ile Ala Gly Leu Ser Leu Gly Leu Thr Ile Ala Gln Ser

35 40 45
<210> 16
<211> 34
<212> PRT

<213> Bacillus subtilis
<400> 16
Met Lys Phe Val Lys Arg Arg Thr Thr Ala Leu Val Thr Thr Leu Met

1 5 10 15

Leu Ser Val Thr Ser Leu Phe Ala Leu Gln Pro Ser Ala Lys Ala Ala
20 25 30

Glu His
<210> 17
<211> 30
<212> PRT

<213> Arthrobacter globiformis
<400> 17
Met Met Asn Leu Ser Arg Arg Thr Leu Leu Thr Thr Gly Ser Ala Ala

1 5 10 15

Thr Leu Ala Tyr Ala Leu Gly Met Ala Gly Ser Ala Gln Ala
20 25 30

<210> 18
<211> 25
<212> PRT

<213> Corynebacterium ammoniagenes
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<400> 18
Met Lys Arg Met Lys Ser Leu Ala Ala Ala Leu Thr Val Ala Gly Ala
1 5 10 15

Met Leu Ala Ala Pro Val Ala Thr Ala
20 25

<210> 19
<211> 48
<212> PRT

<213> Corynebacterium glutamicum
<400> 19
Met Pro Ser Phe Lys Ser Ala Arg Trp Arg Met Asn Arg Arg Leu Phe

1 5 10 15

Leu Gly Thr Ser Ala Ala Ile Ile Ala Val Gly Gly Val Leu Gly Gly
20 25 30

Val Gln Val Val Pro Tyr Ile Ser Ser Gly Glu Ile Gln Thr Ser Ala

35 40 45
<210> 20
<211> 35
<212> PRT

<213> Corynebacterium glutamicum
<400> 20
Met Thr Ser Ser Phe Ser Arg Arg Gln Phe Leu Leu Gly Gly Leu Val

1 5 10 15

Leu Ala Gly Thr Gly Ala Val Ala Ala Cys Thr Ser Asp Pro Gly Pro
20 25 30

Ala Ala Ser

35
<210> 21
<211> 35
<212> PRT

<213> Corynebacterium glutamicum

<400> 21
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Met Thr Thr Pro Thr Ser Pro Leu Leu Pro Leu Ala Ser Asp Gly Cys
1 5 10 15

Gly Cys Cys Ala Pro Ser Thr Pro Ser Ala Thr Val Ser Ala Pro Ala
20 25 30

Val Ala Ala

35
<210> 22
<211> 29
<212> PRT

<213> Corynebacterium glutamicum
<400> 22
Met Arg Arg Pro Val Ser Arg Arg Ala Ile Phe Ala Thr Ser Val Leu

1 5 10 15

Val Ala Gly Val Ser Ile Met Ser Pro Ser Ala Asn Ala
20 25

<210> 23
<211> 30
<212> PRT

<213> Corynebacterium glutamicum
<400> 23
Met Gln Ile Asn Arg Arg Gly Phe Leu Lys Ala Thr Ala Gly Leu Ala

1 5 10 15

Thr Ile Gly Ala Ala Ser Met Phe Met Pro Lys Ala Asn Ala
20 25 30

<210> 24
<211> 31
<212> PRT

<213> Corynebacterium glutamicum
<400> 24

Val Arg Lys Gly Ile Ser Arg Val Leu Ser Val Ala Val Ala Ser Ser
1 5 10 15
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Ile Gly Phe Gly Thr Val Leu Thr Gly Thr Gly Ile Ala Ala Ala
20 25 30

<210> 25
<211> 35
<212> PRT

<213> Corynebacterium glutamicum
<400> 25
Met Ala Gln Ile Ser Arg Arg His Phe Leu Ala Ala Ala Thr Val Ala

1 5 10 15

Gly Ala Gly Ala Thr Leu Ala Ala Cys Ala Gly Thr Gly Gly Ser Thr
20 25 30

Ser Ser Ser

35
<210> 26
<211> 29
<212> PRT

<213> Corynebacterium glutamicum
<400> 26
Met Pro Gln Leu Ser Arg Arg Gln Phe Leu Gln Thr Thr Ala Val Thr

1 5 10 15

Ala Gly Leu Ala Thr Phe Leu Gly Thr Pro Ala Arg Ala
20 25

<210> 27
<211> 40
<212> PRT

<213> Corynebacterium glutamicum
<400> 27

Met Val Asn Thr Leu Asn Ser Lys Thr Val Asn Val Pro Arg Phe Ala
1 5 10 15

Arg Gly Val Val Ala Ala Ala Thr Ala Leu Phe Phe Gly Ala Leu Val
20 25 30

Ser Leu Ala Pro Ser Ala Leu Ala
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35 40
<210> 28
<211> 38
<212> PRT

<213> Corynebacterium glutamicum
<400> 28
Met Thr Gln Pro Ala Pro Met Cys Ser Arg Arg Met Phe Leu Leu Gly

1 5 10 15

Thr Ala Thr Thr Phe Ala Gly Ala Phe Leu Ala Ala Cys Gly Thr Glu
20 25 30

Pro Asp Gln Glu Val Ala

35
<210> 29
<211> 22
<212> PRT

<213> Corynebacterium glutamicum
<400> 29
Met Lys Asn Ser Lys Leu Leu Leu Ile Ala Ala Val Ser Thr Ala Ser

1 5 10 15

Ile Leu Leu Ala Ser Cys
20

<210> 30
<211> 22
<212> PRT

<213> Corynebacterium glutamicum
<400> 30
Met Arg Thr Ser Arg Val Leu Ala Gly Ile Leu Ala Ala Thr Leu Thr

1 5 10 15

Val Ser Leu Ala Ala Cys
20

<210> 31
<211> 24
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<212> PRT
<213> Corynebacterium glutamicum

<400> 31
Val Ser Lys Ile Ser Thr Lys Leu Lys Ala Leu Ser Ala Val Leu Ser

1 5 10 15

Val Thr Thr Leu Val Ala Gly Cys
20

<210> 32
<211> 28
<212> PRT

<213> Corynebacterium glutamicum
<400> 32
Met Phe Lys Leu Ser Lys Pro Ser Lys Ser Met Arg Val Ala Val Ser

1 5 10 15

Thr Leu Ala Ile Ser Thr Leu Ala Leu Val Gly Cys
20 25

<210> 33
<211> 22
<212> PRT

<213> Corynebacterium glutamicum
<400> 33
Met Thr Leu Lys Lys Ser Leu Ala Val Thr Thr Ala Ala Ala Leu Ala

1 5 10 15

Leu Ser Leu Ala Ala Cys
20

<210> 34
<211> 23
<212> PRT

<213> Corynebacterium glutamicum
<400> 34

Met Ser Ile Ser Arg Thr Val Phe Gly Ile Ala Ala Thr Ala Ala Leu
1 5 10 15
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Ser Ala Ala Leu Val Ala Cys
20

<210> 35
<211> 29
<212> PRT

<213> Corynebacterium glutamicum

<400> 35

Val Arg Val Phe Arg Gly Arg Arg Gly Ala Val Ala Gly Ser Phe Leu
1 5 10 15

Ala Val Leu Ala Ile Gly Ser Leu Ala Leu Thr Gly Cys
20 25

<210> 36
<211> 21
<212> PRT

<213> Corynebacterium glutamicum
<400> 36

Met Ala Asp Met Lys Lys Leu Leu Trp Thr Leu Pro Ile Leu Pro Leu
1 5 10 15

Val Leu Ala Gly Cys

20
<210> 37
<211> 30
<212> PRT

<213> Brevibacterium sp.
<400> 37
Met Phe Asn Asn Arg Ile Arg Thr Ala Ala Leu Ala Gly Ala Leu Ala

1 5 10 15

Ile Ser Thr Ala Ala Ser Gly Ala Ala Ile Pro Ala Phe Ala
20 25 30

<210> 38
<211> 40
<212> PRT

<213> Bacillus subtilis
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<400> 38

Met Arg Ser Lys Lys Leu Trp Ile Ser Leu Leu Phe Ala Leu Thr Leu
1 5 10 15

Ile Phe Thr Met Ala Phe Ser Asn Met Ser Ala Gln Ala Met Asn Val
20 25 30

Ile Ala Ile Leu Asn His Met Gly

35 40
<210> 39
<211> 31
<212> PRT

<213> Corynebacterium glutamicum
<400> 39
Met Arg Ile Arg Arg Arg Ala Leu Val Phe Ala Thr Met Ser Ala Val

1 5 10 15

Leu Cys Thr Ala Gly Phe Met Pro Ser Ala Gly Glu Ala Ala Ala
20 25 30

<210> 40
<211> 21
<212> PRT

<213> Escherichia coli
<400> 40
Met Lys Lys Thr Ala Ile Ala Ile Ala Val Ala Leu Ala Gly Phe Ala

1 5 10 15

Thr Val Ala Gln Ala
20

<210> 41
<211> 26
<212> PRT

<213> Escherichia coli
<400> 41

Met Lys Ile Lys Thr Gly Ala Arg Ile Leu Ala Leu Ser Ala Leu Thr
1 5 10 15
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Thr Met Met Phe Ser Ala
20

<210> 42

<211> 45

<212> PRT

<213> Escherichia coli

<400> 42
Met Lys Thr Lys Ile Pro
1 5

Arg Gly Leu Val Lys Thr
20

Ser Ala Leu Thr Leu Pro
35

<210> 43

<211> 45

<212> PRT

<213> Escherichia coli

<400> 43

Met Asn Asn Glu Glu Thr
1 5

Thr Arg Arg Ser Phe Leu
20

Gly Leu Gly Ala Gly Met
35

<210> 44

<211> 117

<212>ADN

<213> Escherichia coli

<400> 44

atgaataata atgatttatt ccaagcttct cgtcgtcgtt tcttagctca attaggtggf

19391

Ser Ala Leu Ala

Asp

Thr

Phe

Phe

Lys

Ala

Ala

Ala

Ser
40

Tyr

Tyr

Pro
40

25

Val Leu Ala Ala
10

Ile Gly Gly Leu
25

Arg Ile Ala His

Gln Ala Met Arg
10

Cys Ser Leu Ala

25

Lys Ile Ala Trp

Glu Val Ser Arg
15

Ala Met Ala Ser
30

Ala
45

Arg Gln Gly Val
15

Ala Thr Ser Leu
30

Ala
45

ttaactgttg ctggtatgtt aggtccttct ttattaactc ctcgtcgtgc tactgcet
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<210> 45
<211> 81
<212>ADN

<213> Escherichia coli

<400> 45
atgtctttat ctcgtcgtca attcattcaa gcttctggta ttgctttatg tgctggtgcet

gttcctttaa aggcttctgce t

<210> 46
<211> 144
<212>ADN

<213> Bacillus subtilis

<400> 46
atggcttatg attctcgttt cgatgagtgg gttcaaaagt taaaggagga gtctttccaa

aataatactt tcgatcgtcg taagttcatt caaggtgctg gtaagattgc tggtttatct

ttaggtttaa ctattgctca atct

<210> 47
<211> 102
<212>ADN

<213> Bacillus subtilis

<400> 47
atgaagttcg ttaagcgtcg tactactgct ttagttacta ctttaatgtt atctgttact

tctttattcg ctttacaacc ttctgctaag gctgctgage at

<210> 48
<211> 90
<212>ADN

<213> Arthrobacter globiformis

<400> 48
atgatgaatt tatctcgtcg tactttatta actactggtt ctgctgctac tttagcttat

gctttaggta tggctggttc tgctcaagct

<210> 49
<211> 75
<212>ADN

<213> Corynebacterium ammoniagenes

<400> 49
atgaagcgta tgaagtcttt agctgctgct ttaactgttg ctggtgctat gttagctgct
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cctgttgcta ctgct

<210> 50
<211> 144
<212>ADN

<213> Corynebacterium glutamicum

<400> 50
atgccttctt tcaagtctgc tcgttggcgt atgaatcgtc gtttattctt aggtacttct

gctgctatta ttgctgttgg tggtgtttta ggtggtgttc aagttgttcc ttatatttct

tctggtgaga ttcaaacttc tgct

<210> 51
<211> 105
<212>ADN

<213> CorYnebacterium glutamicum

<400> 51
atgacttctt ctttctctcg tcgtcaattc ttattaggtg gtttagtttt agctggtact

ggtgctgttg ctgcttgtac ttctgatcct ggtcctgctg cttct

<210> 52
<211> 105
<212>ADN

<213> Corynebacterium glutamicum

<400> 52
atgactactc ctacttctcc tttattacct ttagcttctg atggttgtgg ttgttgtgct

ccttctactc cttctgctac tgtttctgect cctgctgttg ctgcet

<210> 53

<211> 87
<212>ADN

<213> Corynebacterium glutamicum

<400> 53
atgcgtcgtc ctgtttctcg tcgtgctatt ttcgctactt ctgttttagt tgctggtgtt

tctattatgt ctccttctgc taatgct

<210> 54
<211> 90
<212>ADN

<213> Corynebacterium glutamicum
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<400> 54
atgcaaatta atcgtcgtgg tttcttaaag gctactgctg gtttagctac tattggtgcet

gcttctatgt tcatgcctaa ggctaatgct

<210> 55
<211> 93
<212>ADN

<213> Corynebacterium glutamicum

<400> 55
gttcgtaagg gtatttctcg tgttttatct gttgctgttg cttcttctat tggtttcggt

actgttttaa ctggtactgg tattgctgct gct

<210> 56
<211> 105
<212>ADN

<213> Corynebacterium glutamicum

<400> 56
atggctcaaa tttctcgtcg tcatttctta gctgctgcta ctgttgctgg tgctggtgcet

actttagctg cttgtgctgg tactggtggt tctacttctt cttct

<210> 57
<211> 87
<212>ADN

<213> Corynebacterium glutamicum

<400> 57
atgcctcaat tatctcgtcg tcaattctta caaactactg ctgttactgc tggtttagct

actttcttag gtactcctgc tcgtgcet

<210> 58
<211> 120
<212>ADN

<213> Corynebacterium glutamicum

<400> 58
atggttaata ctttaaattc taagactgtt aatgttcctc gtttcgctcg tggtgttgtt

gctgctgcta ctgctttatt cttcggtgct ttagtttctt tagctccttc tgctttaget

<210> 59
<211> 114
<212>ADN

<213> Corynebacterium glutamicum
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<400> 59
atgactcaac ctgctcctat gtgttctcgt cgtatgttct tattaggtac tgctactact

ttcgctggtg ctttcttage tgcttgtggt actgagcctg atcaagaggt tgcet

<210> 60
<211> 66
<212>ADN

<213> Corynebacterium glutamicum

<400> 60
atgaagaatt ctaagttatt attaattgct gctgtttcta ctgcttctat tttattagct

tcttgt

<210> ¢6l
<211> 66
<212>ADN
<213> Corynebacterium glutamicum

<400> 61
atgcgtactt ctcgtgtttt agctggtatt ttagctgcta ctttaactgt ttctttagcet

gcttgt

<210> 62
<211> 72
<212>ADN
<213> Corynebacterium glutamicum

<400> 62
gtttctaaga tttctactaa gttaaaggct ttatctgctg ttttatctgt tactacttta

gttgctggtt gt

<210> 63
<211> 84
<212>ADN

<213> Corynebacterium glutamicum

<400> 63
atgttcaagt tatctaagcc ttctaagtct atgcgtgttg ctgtttctac tttagctatt

tctactttag ctttagttgg ttgt

<210> 64
<211> 66
<212>ADN
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<213> Corynebacterium glutamicum

<400> 64
atgactttaa agaagtcttt agctgttact actgctgctg ctttagcttt atctttagcect

gcttgt

<210> 65
<211> 69
<212>ADN
<213> Corynebacterium glutamicum

<400> 65
atgtctattt ctcgtactgt tttcggtatt gctgctactg ctgctttatc tgctgcttta

gttgcttgt
<210> 66
<211> 87

<212>ADN
<213> Corynebacterium glutamicum

<400> 66
gttcgtgttt tccgtggtcg tcgtggtgcet gttgctggtt ctttcttage tgttttaget

attggttctt tagctttaac tggttgt

<210> 67
<211> 63
<212>ADN

<213> Corynebacterium glutamicum

<400> 67
atggctgata tgaagaagtt attatggact ttacctattt tacctttagt tttagctggt

tgt
<210> 68
<211> 90
<212>ADN

<213> Brevibacterium sp.

<400> 68
atgttcaata atcgtattcg tactgctgct ttagctggtg ctttagctat ttctactget

gcttctggtg ctgctattcce tgctttcgcet

<210> 69
<211> 120
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<212>ADN .
<213> Bacillus subtilis

<400> 69
atgcgttcta agaagttatg gatttcttta ttattcgctt taactttaat tttcactatg

gctttctcta atatgtctgc tcaagctatg aatgttattg ctattttaaa tcatatgggt

<210> 70
<211> 93
<212>ADN

<213> Corynebacterium glutamicum

<400> 70
atgcgtattc gtcgtcgtgc tttagttttc gctactatgt ctgctgtttt atgtactgct

ggtttcatgc cttctgctgg tgaggctgct gct

<210> 71
<211> 63
<212>ADN

<213> Escherichia coli

<400> 71
atgaagaaga ctgctattgc tattgctgtt gctttagctg gtttcgctac tgttgctcaa

gct

<210> 72
<211> 78
<212>ADN

<213> Escherichia coli

<400> 72
atgaagatta agactggtgc tcgtatttta gctttatctg ctttaactac tatgatgttc

tctgcttctg ctttagcet

<210> 73
<211> 135
<212>ADN

<213> Escherichia coli

<400> 73
atgaagacta agattcctga tgctgtttta gctgctgagg tttctcgtcg tggtttagtt

aagactactg ctattggtgg tttagctatg gcttcttctg ctttaacttt acctttctct

cgtattgctc atgct
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<210> 74
<211> 135
<212>ADN

<213> Escherichia coli

<400> 74
atgaataatg aggagacttt ctatcaagct atgcgtcgtc aaggtgttac tcgtcgttct

ttcttaaagt attgttcttt agctgctact tctttaggtt taggtgctgg tatggctcct

aagattgctt gggct

<210> 75
<211> 34
<212>ADN

<213> Escherichia coli

<400> 75
gaagttccta tactttctag agaataggaa cttc

<210> 76
<211> 70
<212>ADN

<213> Escherichia coli

<400> 76
cattttgtcc catgtgttgg gaggggcctt ttttacctgg agatatgact gtgtaggctg

gagctgcecttc
<210> 77
<211> 70
<212>ADN

<213> Escherichia coli

<400> 77
cttatgagca aaaaagggaa gtggcaagcc acttcccttg tacgagctaa catatgaata

tcctecttag
<210> 78
<211> 70
<212>ADN

<213> Escherichia coli

<400> 78
ccacggtttg agcaggctat gattaaggaa ggattttcca ggaggaacac gtgtaggctg

gagctgcttc

19
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<210> 79
<211> 69
<212>ADN

<213> Escherichia coli

<400> 79
tcctttattt gttaacagca cgttactcgc ccggaagccg ctctggcaag catatgaata

tcctcctta
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