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Linh vie ki thuit dwoc dé cip
Sang ché d& cap dén vi sinh vat tai t& hop c6 kha ning san xuét 2,3-
butandiol gia ting va phwong phép san xuat 2,3-butandiol bing cach st dung vi sinh

vat nay.

Tinh trang k§ thuit ciia sing ché

2,3-butandiol 13 rugu (c6 cong thire CHsCHOHCHOHCHj3) ¢ bdn nguyén
tlr cacbon va hai nhém hydroxyl (-OH) va c6 thé duoc chuyén héa hoa hoc va xtic
tac thanh 1,3-butadien, ma 1 nguyén liéu tho @ san xudt cao su téng hop, va metyl
etyl keton (methyl ethyl ketone - MEK), ma 1a phu gia va dung moi cho nhién liéu
(Jiet al,, Biotechnol. Adv., 29: 351, 2011). 2,3-butandiol 13 hop chét trung gian rat
quan trong trong cong nghiép vi 2,3-butandiol c6 thé duge sir dung 1am chét tang
chi s6 octan bang cach tron 13n véi xang (Celinska et al., Biotechnol. Adv., 27: 715,
2009).

2,3-butandiol c6 thé duge tao ra bing qua trinh tdng hop héa hoc va qua
trinh 1én men vi sinh vét. Tuy nhién, do chi phi san xuat cao, nén khéng thé san xuét
2,3-butandiol trén quy mé cdng nghiép. Trong nhitng nim gan ddy, v6i sy phat trién
nhanh chéng vé k¥ thuét san xudt 2,3-butandiol bang qué trinh 1én men vi sinh vAt,
vi€c gid nhién li¢u tho hoa thach dang tang nhanh va viéc dua vao 4p dung quy dinh
qubc té nghiém ngat v& viéc 6 nhidm méi trudng, tAm quan trong cla viéc tim ra
céc phuong phap san xuét 2,3-butandiol trén co s& sinh hoc bang qué trinh 1én men
vi sinh vét dang dugc tap trung nghién ctru va phat trién nhanh.

Viéc nghién ctru v& phwong phép san xuat 2,3-butandiol trén co sé& sinh hoc
bang qu4 trinh 1&n men vi sinh vat da dugc thuc hién chia thanh cac linh vuc nhu
linh vyc t&i vu héa qua trinh 1én men (bao gébm nhiét o, d6 pH, lugng 6xy hoa tan,
va c4c yéu t twong tw) va linh vuc phét trién vi sinh vét (bao gdm phat hién vi sinh |
vat, tim hi€u dc tinh sinh ly ctia vi sinh vat duoc phat hién, thuc hién su dot bién
va k¥ thuat di truyén, va céc yéu td tuong tw). P6i vai linh vue t8i vu héa qua trinh
1én men, cac diéu kién khac nhau nhu nhiét d6, do pH, luong oxy hoa tan, va céc
yéu t6 khac dé dam béo cho qué trinh san xuit mot cach hiéu qua 2,3-butandiol
duoc xéac dinh (Ji et al., Bioresour. Technol., 100: 3410, 2009; Nakashimada et al.,
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J. Biosci. Bioeng., 90: 661, 2000; Nakashimada et al., Biotechnol. Lett., 20: 1133,
1998). Tuy nhién, qud trinh san xut 2,3-butandiol bing qu4 trinh 1én men vi sinh
vat dudi cac diéu kién trén ddy van gip phai van dé vé hidu suit va san luong thép,
gdy kho khan trong viéc st dung mot céch tryc tiép lam qué trinh san xuét thuong
mai. Ngoai ra, qua trinh san xudt ndy c¢6 nhuge diém & chd cic san phdm phu nhu
axit hitu co bao gdm axit lactic, ruou bao gdm etanol, va céc sin phdm tuong tu,
cling dugc tao ra, cung véi 2,3-butandiol trong qu4 trinh 1én men.

Viéc tao ra cac san phim phu khong nhitng 1am giam hiéu suét tao ra 2,3-
butandiol di véi nguyén lidu sinh khéi, ma con can chi phi rt 16n dé tach va lam
sach trong qué trinh thu hdi 2,3-butandiol ra khoi chét long méi truong nudi cdy. Do
d6, viéc phat trién vi sinh vat lién quan dén qua trinh san xuit 2,3-butandiol d duogc
nghién ctru thue hién nhim lam giam viéc tao ra san phém phu. Ji va cac cOng su,
da thanh cong mot phan trong viéc ngin ngira sli' tao ra axit hitu co dudi dang san
phdm phy, bang cach cho ching Klebsiclla oxytoca thé tu nhién tiép xtc véi tia t
ngoai (UV), lam phuong phép giy d6t bién gen (Ji et al., Biotechnol. Lett., 30: 731,
2008). Ngoai ra, ciing c6 thé ning cao qua trinh san xuét 2,3-butandiol bang cach sir
dung chum ion tac dung 1én ching Klebsiella pneumoniae, nhd d6 ting tbe d6 tidu
thu nguyén liéu sinh khdi (Ma et al., Appl. Microbiol. Biotechnol., 82: 49, 2009).
Déi véi nghién ciru d giam viéc tao ra san phim phu bang k¥ thuat di truyén chon
loc, vi sinh vat dot bién dugc tao ra béng cach loai bd gen (/dhA) chiu trach nhiém
cho qu4 trinh san xuét axit lactic duéi dang mot trong s6 cac san phdm phy chinh
thé hién dic tinh t&t nhit duéi cac didu kién chung. Ngoai ra, di c6 céc vi du cho
thay rang gen (adhE, aldA) chiu tréch nhiém cho qua trinh san xuét etanol dugc loai
bo dé giam viéc tao ra etanol duéi dang san pham phu (Ji et al., Appl. Microbiol.
Biotechnol., 85: 1751, 2010). DPbi véi cac vi dy, hoat tinh cta pyruvat format lyaza
chiu trach nhiém cho viéc tao ra axit formic trong vi khuén sinh axit lactic (lactic
acid bacteria - LAB) dugc lam giam (W02010/037114 Al).

Céc tac gia sang ché d3 phat hién ra rang gen ma c6 hoat tinh chuyén héa
d6i véi 2,3-butandiol, va vi sinh vt téi t6 hop trong d6 hoat tinh cta gen nay bi kim
ham c6 kha ning san xuét 2,3-butandiol gia tdng va viéc tiéu thu 2,3-butandiol duoc
tao ra dugc ngan ngira. Dya trén phat hién ndy, cac tic gia sang ché d4 tao ra sang
che.

Ban chit ky thuit cia sang ché



28340

Van 8 k¥ thuét can giai quyét

Muc dich ctia sang ché 13 d& xuét vi sinh vt tai td hop ¢6 kha ning san xuét
2,3-bi1tandiol gia ting va phuong phép san xuét 2,3-butandiol bang cach st dung vi
sinh vat ndy.

Cach thic giai quyét van dé

Theo mot sé phuong 4n, sang ché dé xuét gen ma mi hoa enzym c6 hoat
tinh chuyén héa giita axetoin va 2,3-butandiol va ¢6 trinh tu nucleotit 1a SEQ ID
NO: 12.

Theo mdt sé phwong 4n, sang ché dé xuat vecto tai t6 hop chira gen nay.

Theo mdt s6 phuong 4n, sang ché d& xut protein dugc ma héa bing gen
nay. Ngoai ra, theo mot sb phuong 4n, sang ché dé xuét vi sinh vét tai t6 hop ma
kim ham hoat tinh cuia protein nay.

Theo mét s& phuong 4n, sang ché d& xuét vi sinh v4t tai t hop c6 kha ning
gia ting san xuét 2,3-butandiol trong d6 hoat tinh ciia protein bi kim ham trong vi
sinh vét ¢6 con duong sinh tng hop 2,3-butandiol va lactat.

Theo mét s6 phuong 4n, sang ché dé& xudt vi sinh vét tai t& hop c6 kha ning
san xuét 2,3-butandiol gia ting, trong d6 vi sinh vét tai t& hop ndy c6 hoat tinh
chuyén héa gitta axetoin va 2,3-butandiol, va enzym c6 hoat tinh dbi véi qua trinh
chuyén héa 2,3-butandiol thanh axetoin cao hon so véi hoat tinh ddi véi qua trinh
chuyén héa axetoin thanh 2,3-butandiol bj kim hdm trong vi sinh vét c6 con duong
sinh tbng hop 2,3-butandiol va lactat.

Theo mot s6 phuong 4n, sang ché d& xuédt phuong phap san xuit 2,3-
butandiol bao gdm budc: nudi cdy vi sinh vat tai t5 hop trén ddy; va thu hdi 2,3-
butandiol tir dung dich ctia mdi truong nudi cy.

Vi sinh vt tai t6 hop theo céc phwong 4n ciia sang ché c6 kha ning san xuét
2,3-butandiol gia ting va c6 thé lam giam tdc do tidu thu 2,3-butanoldiol duge tao
ra. Ngoai ra, vi sinh vat tai t6 hop theo sang ché con tao ra luong nhé axetoin tich tu
trong khi nuoi cay.

MO ta van tit cic hinh vé
TFig. 1 thé hién con dudng sinh téng hop cta 2,3-butandiol (A) va con
duong tiéu thu cua 2,3-butandiol (B va C) trong chiing tao ra 2,3-butandiol.
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Fig. 2 thé hién operon (nhém gen lién hé chit ché véi nhau didu hoa su san
sinh enzym) cla gen lién quan dén qua trinh téng hop 2,3-butandiol trong
Klebsiella oxytoca.

Fig. 3 thé hién so dd cua qua trinh tao cAu tric vecto tai tb hop dé biéu hién
trong Escherichia coli (E. coli IM109) dé x4c dinh chirc ning t& bao cua gen lién
quan dén qua trinh tdng hop 2,3-butandiol trong Klebsiella oxytoca.

Fig. 4 thé hién kha niang san xuét 2,3-butandiol trong qué trinh 1€n men
theo mé (1én men gian doan) ctia Escherichia coli tai t6 hop, va Fig. 5 thé hién kha
ning san xuat axetoin trong qué trinh 1én men theo mé cta Escherichia coli tai td
hop (e: pBRbudRAB/E. coli JM109, A: pBRbudRABC/E. coli IM109, m:
pBRbudRABDV/E. coli JM109).

Fig. 6 thé hién duong ting trudng cua cac ching i td hop cta Klebsiella
dugc phét trién trong méi trudng nudi cly co s& M9 bang cach st dung 2,3-
butandiol 1am ngudn cacbon duy nht.

Fig. 7 thé hién ndng d6 ciia 2,3-butandiol con lai khi cac ching tai t6 hop
ctia Klebsiellaare dugc phat trién trong méi trudng nudi cly co s M9 bing céch sir
dung 2,3-butandiol 1dm ngudn cacbon duy nhit (e: KO Aldhd, A: KO Adhd
AbudC, m: KO AldhA Adar. 9: KO AldhA AbudC Adar.)

Fig. 8 dén 11 thé hién két qua cla qua trinh san xuit 2,3-butandiol bang
qua trinh 1én men theo mé céc chung tai td hop cta Klebsiella (Fig. 8:KO AldhA,
Fig. 9: KO Aldh4d AbudC, Fig. 10: KO Aldhd Adar, Fig. 11: KO AldhA
AbudC Adar).

M5 ta chi tiét sang ché

Séng ché dé cip dén gen ma ma héa enzym c6 hoat tinh chuyén héa gitta
axetoin va 2,3-butandiol va c0 trinh ty nucleotit 14 SEQ ID NO: 12.

Sang ché dé cap dén vecto tai td hop chira gen nay.

Ngoadi ra, sang ché dé cap dén protein duoc ma hoa bang gen nay. Ngoai ra,
sang ché con @& cap dén vi sinh vat tai tb hop ma kim h@m hoat tinh cua protein
nay.

Sang ché dé cap dén vi sinh vat tai td hop c6 kha ning san xuét 2,3-
butandiol gia ting, trong d6 hoat tinh cua protein bi kim hdm trong vi sinh vat ¢6
con dudng sinh tong hop 2,3-butandiol va lactat.

Sang ché dé& cap dén vi sinh vat tai to hop c6 kha ning san xuét 2,3-
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butandiol gia ting, trong d6 vi sinh vat tai td hop nay c6 hoat tinh chuyén héa gifta
axetoin va 2,3-butandiol, va enzym c6 hoat tinh d6i véi qué trinh chuyén hoéa 2,3-
butandiol thanh axetoin cao hon so v&i hoat tinh chuyén héa axetoin thanh 2,3-
butandiol bi kim him trong vi sinh vét c6 con duong sinh téng hop 2,3-butandiol va
lactat.

Sang ché dé cap dén phuong phép san xuét 2,3-butandiol bao gdm bude:
nudi ciy vi sinh vat tai t hop theo sang ché; va thu hdi 2,3-butandiol tir dung dich
clia méi trudng nudi cay.

Sau day, cac phuong 4n theo sang ché s& duoc mé ta mot cach chi tiét hon.

Hoat tinh chuyén hoa giita axetoin va 2,3-butandiol

Vi sinh vt t4i t6 hop theo sang ché c¢6 kha ning san xuét 2,3-butandiol.
Trong vi sinh Vvét tai t6 hop theo sang ché, axetoin dugc chuyén hoéa thanh 2,3-
butandiol, va nguge lai. Con dudng chuyén héa thanh axetoin va 2,3-butandiol nay
con duoc goi 13 hoat tinh chuyén hoa gitta axetoin va 2,3-butandiol, cu thé 1a hoat
tinh bién ddi tuong hd.

Con dudng sinh tng hop ctia 2,3-butandiol dwoc mé ta trong Fig. 1(A). Hau
hét cac chiing tao ra 2,3-butandiol c6 thé sir dung 2,3-butandiol lam ngudn cacbon
duy nhat. Tai thoi diém nay, 2,3-butandiol ¢6 thé dugc tiéu thu bang cach st dung
axetoin 1am chét trung gian, nhu duoc thé hién trong hai con dudng sau ddy. Trong
con dudng 2, hai phan tir 2,3-butandiol duge chuyén hoéa thanh mot phan tir 2,3-
butandiol va hai phan it axit axetic bang “chu trinh 2,3-butandiol”.

Con duong 1
2,3-butandiol — axetoin — axetaldehyt, coenzym axetyl A (axetyl-CoA)
— TCA (Fig. 1(B)).

Con dudng 2
~ 2,3-butandiol — axetoin — diaxetyl— axit axetic, axetylaxeton (AAc) —
axit axetic va axetylbutandiol (ABD)(Fig. 1(C)).
Gen c0 trinh tu nucleotit 1a SEQ ID NO: 12
Sang ché dé cap dén gen ma ma hoa enzym c6 hoat tinh chuyén hoa giita
axetoin va 2,3-butandiol va c6 trinh tu nucleotit la SEQ ID NO: 12. Ngoai ra, sang

ché dé cap dén vecto tai td hop chua gen ndy. Vector c6 thé 13 vecto bét ky thuong
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dugc st dung trong linh vuc k¥ thuét nay, nhu plasmit va tuong tu, va khong bi gidi
han mot cach cu thé.

Ngoai ra, sang ché dé cap dén protein dugc ma hoa bang gen ndy. Protein ¢6
trinh tu amino axit (trinh tu axit amin) dugc md ta trong SEQ ID NO: 11 hoac trinh
tu amino axit c6 do déng nhét 90% hoic cao hon véi trinh tu amino axit dugc mé ta
trong SEQ ID NO: 11.

Vi sinh vt tai t6 hop

Vi sinh vat tai td hop theo sang ché 13 vi sinh v4t tai t6 hop c6 kha ning san
xuét 2,3-butandiol gia tang, trong d6 vi sinh vt ti t6 hop nay c6 hoat tinh chuyén
hoa giita axetoin va 2,3-butandiol, va enzym c6 hoat tinh dbi véi qué trinh chuyén
héa 2,3-butandiol thanh axetoin cao hon so v&i hoat tinh chuyén héa axetoin thanh
2,3-butandiol bi kim ham trong vi sinh vt c6 con dudng sinh tong hop 2,3-
butandiol va lactat.

Ngoai ra, vi sinh vt tai td hop theo sang ché 13 vi sinh vat tai t5 hop ma kim
ham hoat tinh cua protein ma duwoc ma héa bang gen c6 trinh tr SEQ ID NO: 12
trong vi sinh vat c6 con dudng sinh téng hop 2,3-butandiol va lactat. Protein dugc
m3 héa bang gen c¢6 trinh tw SEQ ID NO: 12 ¢6 thé 13 protein c6 trinh tw amino axit
duge md ta trong SEQ ID NO: 11, protein ¢6 trinh ty amino axit twong ddng véi
90% hodc cao hon véi trinh tu amino axit dugc mé ta trong SEQ ID NO: 11, protein
AR?2, hoic protein c¢6 hoat tinh enzym tuong ddng véi 90% hodc cao hon véi AR2,
va protein tuong tu.

Hoat tinh ciia protein c6 thé bi kim him bang cach tc ché sy biéu hién ciia
protein, trc ché hoat tinh enzym, va cach twong tu. For example, ngudi c6 trinh 0
trung binh trong linh vuc k¥ thuét nay c6 thé dé dang kim ham hoat tinh ctia protein
bang cach chon phuong phép thich hop, nhu loai bd gen ma ma héa protein, vi du,
gen dar, gen ¢6 trinh ty SEQ ID NO: 12, hodic gen ¢6 trinh ty nucleotit twong dong
v6i 90% hodce cao hon véi trinh ty nucleotit duge mo ta trong SEQ ID NO: 12; ma
gy ra su dot bién trong gen (su dot bién nhu dc ché su biéu hién cta gen binh
thudng bing cich bién dbi, thay thé hoic loai bd mdt phan trinh tu nucleotit hozic
b6 sung mét phan trinh tu nucl'eotit); didu hoa su bidu hién cta gen trong qué trinh
phién ma hodc dich m4, va cach tuong tu.

Ngoai ra, vi sinh vt tai t6 hop theo sang ché c6 thé kim him con dudng
chuyén héa pyruvat thanh lactat. Lactat dehydrogenaza diéu hoa qué trinh chuyén
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hoa cia pyruvat thanh lactat. Con dudng chuyén héa pyruvat thanh lactat c6 thé bi
kim him bing cach kim hdm lactat dehydrogenaza. Viéc kim him lactat
dehydrogenaza c6 thé dugc thyc hién bang cach @c ché su biéu hién cia gen ctia
lactat dehydrogenaza, tic ché hoat tinh enzym cia lactat dehydrogenaza, va cach
tuong tu. Vi dy, ngudi ¢6 trinh d6 trung binh trong linh vuc k¥ thuat nay c6 thé kim
ham lactat dehydrogenaza bang cach chon phuong phap thich hgp, nhu loai bé gen
ma ma hoéa lactat dehydrogenaza, vi du, IdhA, ma gdy ra su dot bién trong gen (su
dot bién nhu e ché sy biéu hién cia gen binh thudng bang cach bién dbi, thay thé
hodc loai bdé mot phan trinh tu nucleotit hozc bd sung mot phan trinh tw nucleotit),
diéu hoa su biéu hién clia gen trong qua trinh phién ma hodc dich mé, va cach tuong
tur.

Enzym chuyén héa 2,3-butandiol chiu trach nhiém cho viéc san xuht va
tidu thu 2,3-butandiol. Trong vi sinh vét tai t& hop theo sang ché, gen dar c6 hoat
tinh tiéu thu cao bi kim him, va do @6 viéc tiéu thu 2,3-butandiol dugc tao ra dugc
lam giam trong khi d6 van duy tri viéc san xuét 2,3-butandiol. Do d6, ning suét tao
2,3-butandiol, cu thé 13, kha ning san xuét 2,3-butandiol dugc gia ting. Ngoai ra, su
tich tu ctia axetoin, ma 1a mdt trong cic san phdm phu tiéu biéu trong qua trinh san
xuét 2,3-butandiol ciing dugc 1am gidm, ma giGp gidm chi phi trong qua trinh
tach/tinh ché.

Vi sinh vat tai t5 hop theo sang ché 14 vi sinh vat c6 kha nang san xuét 2,3-
butandiol. Vi sinh v4t tai t6 hop nay c6 thé duoc chon tir nhém bao gém gibng
Klebsiella, gibng Bacillus, va gibng Enterobacter. T6t hon néu vi sinh vat t4i td hop
nay 13 vi sinh vt thudc gibng Klebsiella.

Phuong phap san xuét 2,3-butandiol

Sang ché dé cap dén phuong phép san xuit 2,3-butandiol bao gém budc:
nudi cdy vi sinh vt tai t6 hop theo sang ché; va thu hdi 2,3-butandiol tir dung dich
clia moi trudng nudi cdy.

Qué trinh nubi cdy duoc thuc hién duéi diéu kién hiéu khi, t6t hon néu dudi
didu kién vi hiéu khi. Vi du, qua trinh nudi cdy c6 thé dugc thuc hién biang cach cép
6xy, cu thé 1a khong khi, trong qué trinh nudi cdy. Cu thé, qua trinh nudi cdy duoc
thuc hién bang cach khudy, ma khong bi gidi han mot cach cu thé.

Uu diém va d4u hiéu cta sang ché va phuong phap thuc hién sang ché s& tro

nén rd rang hon thong qua céc vi du sau ddy. Tuy nhién can phai hi€u rang sang ché
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khoéng bi gi6i han & cac vi du nay va c6 thé dugc bién d6i theo cac cach khac nhau,
va cac vi du ndy duge md ta dé minh hoa mét cach chi tiét hon cho sang ché va giip
ngudi c6 trinh do trung binh trong linh vuc k¥ thuat nay hiéu rd sang ché. Sang ché
s& duge xac dinh bang yéu cau bao ho kém theo va cac phuong 4n twong dwong cta

no.
Vi du thue hién sang ché

Nguyén li€u va phuong phap

Chung Klebsiella oxytoca KCTC 12133BP Aldhd (KO AldhA)

Chuing ctia gen cua lactat dehydrogenaza (IdhA) dugc loai bd Klebsiella
oxytoca KCTC 12133BP Aldhd (KO AldhA) duge tao chu triic nhu sau. Dau tién,
dé nhan dong gen cua lactat dehydrogenaza cua Klebsiella oxytoca, Vi tri tuong
d6ng 1 (SEQ ID NO: 2) ciia gen dich /dhA(SEQ ID NO: 1) dugc khuéch dai bang
cach st dung doan mdi c6 SEQ ID NO: 3 va 4 bing phan tng chudi tring hop
(polymerase chain reaction - PCR). Ngoai ra, vi tri twong ddng 2 (SEQ ID NO: 5)
dugc khuéch dai bang cach si dung doan mbi ¢6 SEQ ID NO: 6 va 7 bang PCR.
Sau do, vi tri tuong dc‘Sng 1 va 2 duoc khuéch dai bé‘mg cach st dung doan moi
tuong ty nhu mau déi v6i PCR, nhd @6 thu dugc manh ADN hoan chinh (SEQ ID
NO: 8) trong d6 vi tri twong dong 1 va 2 duge két ndi véi nhau. Manh ADN hoan
chinh c6 thé bao gdm gen khang khang sinh va gen tuong tur d& nang cao kha ning
tai tb hop clia gen dich. Ngoai ra, manh ADN hoan chinh c6 thé bao gbm gen sacB
ma héa enzym levansucraza dé tach gen khang khang sinh duoc tai t6 hop trong
nhiém séc thé.

Manh ADN duogc tao ra dugc chuyén dén Klebsiella oxytoca kiéu dai bing
phuong phap dién bién nap (25 uF, 200 Q, 18 kV/em), trong d6 gen dich la duoc
loai bé bang co ché tai td hop tuong déng bim sinh (xem, Bang 1)

Vi du thuc nghiém 1: Enzym chuyén héa 2,3-butandiol

Enzym lién quan dén con duong téng hop va tiéu thu 2,3-butandiol duoc
sang loc bang cach sir dung co s& di litu KEGG (http://www.genome.jp/kegg/) va
co s¢ dit liéu NCBI ((http://www.ncbi.nlm.nih.gov/blast/) dya trén thong tin vé b
gen cua Klebsiella oxytoca KCTC 12133BP. Két qua 13, tit ca cac loai thude

Klebsiella oxytoca, thong tin vé bd gen clia nd ma di biét, dugc xac dinh 1a cé it
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nhét hai enzym chuyén héa 2,3-butandiol (AR1 va AR2). Fig. 2 thé hién so dd cua
nhom gen dya trén nguyén li€u trén day.

Trinh tu amino axit cia AR1 dugc md ta trong SEQ ID NO: 9, va trinh tu
nucleotit 1a budC ma ma héa AR1 dugc md ta trong SEQ ID NO: 10. Trong khi do,
trinh ty amino axit cia AR2 dugc mo ta trong SEQ ID NO: 11, va trinh ty nucleotit
1a dar ma ma héa AR2 dugc mo ta trong SEQ ID NO: 12 (xem, Bang 2).

Hién nay, vi sinh vat san xuét 2,3-butandiol bao gdém gidng vi sinh vét
Klebsiella dugc biét 13 ¢6 mdt enzym chuyén hoéa 2,3-butandiol. Ngoai ra, néi
chung d6i véi gidng vi sinh vét Klebsiella, enzym chuyén hoa 2,3-butandiol tuong
tmg v6i ARI ton tai dudi dang operon véi enzym lién quan (ALDC va ALS)
(Oppermann, U. et al., Chem. Biol. Interact. 143: 247-253). Cu thé 13, AR2 duoc
x4c dinh theo sang ché 13 enzym méi ma chua duge boc 16 trong linh vuc ki thuat
nay, va AR2 dugc dac trung 1a c6 cac dac tinh nhu duge md ta trong muc tir (1) dén
(3) sau day:

1) enzym chuyén héa 2,3-butandiol thudc ho dehydrogenaza/reductaza mach
ngan (short-chain dehydrogenase/reductase - SDR). SDR dugc dic trung 1a ¢ 250
dén 350 phan gbc amino axit.

2) enzym chuyén héa 2,3-butandiol ¢6 vi tri lién két véi NADH ma 1a
coenzym tai ddu N ciia n6 (TGXXXGXG giau Glyxin va ving hoat dong dic trung
(motif) NNAG).

3) enzym chuyén hoéa 2,3-butandiol c6 phan gbc amino axit Asn-Ser-Tyr-
Lys bac bdn c6 hoat tinh xtic tac va vi tri hoat hoa YXXXK.

Vi du thuc nghiém 2: Qua trinh x4c dinh enzym chuyén héa 2,3-butandiol

Dé x4c dinh béng thuc nghi€ém hoat tinh chuyén héa 2,3-butandiol cua AR1
va AR2, plasmit tai td hop duge md ta trong Fig. 3 duoc tao cu truc. PBBRIMCS
bao gdm gen khang cloramphenicol dugc st dung lam vecto co sé (Kovach, M. E.,
et al., Biotechniques 16: 800-802).

pBRbudRAB bao gdm gen hoat héa phién ma (transactivator - TA), gen
axetolactat synthaza (axetolactatesynthase - ALS), va gen axetoin dicarboxylaza
(ALDC), va dugc cho 1a thuc hién qua trinh téng hop axetoin. PBRbudRABC bao
gbm gen hoat héa phién ma (TA), gen axetolactat synthaza (ALS), gen axetoin
dicarboxylaza (ALDC), va gen cila enzym chuyén héa 2,3-butandiol (AR1), va
duge cho 1a dam bao thyc hién qué trinh san xuét 2,3-butandiol. Trong khi do,
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pBRbudRABD bao gdbm gen hoat héa phién ma (TA), gen axetolactat synthaza
(ALS), gen axetoin dicarboxylaza (ALDC), va gen cia enzym chuyén héa 2,3-
butandiol (AR2), va do d6 qua trinh san xuét 2,3-butandiol 13 phy thudc vao chirc
nang cua AR2.

Escherichia coli (E. coli IM109) duoc bién ddi bang plasmit dugc tao ciu
tric trén day, nho d6 thu duoc Escherichia coli tai td hop. Escherichia coli tai o
hop duogc str dung @ thuc hién qua trinh 1én men. D& duy tri vecto tai t6 hop dugc
thém vao trong tat ca cic budc clia qua trinh nudi cdy, cloramphenicol duge bd
sung v6i luong 30pg/ml. Qua trinh 1én men duoc thuc hién bing cach cdy
Escherichia coli tai tb hop trong 250 ml méi trudng hén hop bao gdm 9 g/L glucoza
(50mM, glucoza), nudi cly Escherichia coli tai td hop & 37°C trong 16 gid va ciy
dung dich méi trudng nudi cdy thu dugc trong 3L ciia mbi trudng hdn hop. Piéu
kién qu4 trinh 1én men nhu sau: diéu kién vi hiéu khi; tc do hiéu khi 1 vvm, (t6c d6
khudy 400 vong/phut), 90 g/L cta ndéng d6 glucoza ban diu, pH 14 6,8, nhiét dd
nudi cdy 37°C. Trong qu4 trinh 1én men, NaOH 5N duoc st dung dé didu chinh pH.
Céac mAu dugc ldy ra trong qué trinh 1én men sit dung Escherichia coli tai t6 hop.
Tbc d6 phat trién dugc xac dinh bing cach do OD600 (mat do quang hoc) cua cac
mau. Miu xét nghiém dugc ly tim & 13000 vong/phut trong 10 phut, sau d6 bing
cach phan tich ndng d6 cta chit chuyén hoa va 2,3-butandiol trong dich ndi bing
sdc ky 1ong hiéu ning cao (high performance liquid chromatography - HPLC).

Két qua 13, sau 24 gid clia qua trinh 1én men, pBRbudRAB/E. coli IM109
dugc xéc dinh la tao ra 2,0 g/LL cta 2,3-butandiol va 30,0 g/L cta axetoin. On
contrary, pPBRbudRABC/E. coli IM109 dugc xac dinh 1a tao ra 34,0 g/L cua 2,3-
butandiol va 4,7 g/L cua axetoin. PBRbudRABD/E. coli IM109 duogc xac dinh 1a
tao ra 12,6 g/L cua 2,3-butandiol va 13,0 g/L cla axetoin (Fig. 4: kha nang san
xut 2,3-butandiol va Fig. 5: kha ning san xuit axetoin. : pBRbudRAB/E. coli
IM109, A: pBRbudRABC/E. coli JM109, m: pPBRbudRABDV/E. coli JM109).

Noi cach khac, chiing tai t6 hop duoc xac dinh bao gdm dar ma héa AR2
cling chéc chin tao ra qué trinh san xuét 2,3-butandiol, mic dii kha ning téng hop
2,3-butandiol 1a kém hon so véi kha ning cia ching tai t& hop bao gdm gen budC
mi héa AR1. Do d6, c6 thé thdy riang ca hai AR1 va AR2 14 cac enzym c6 hoat tinh
chuyén héa 2,3-butandiol.

Vi du thue nghiém 3: Qua trinh tao ciu tric cac ching tai t6 hop véi AR1 va AR2
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duoc loai bo

Dé thuc hién qua trinh loai bé gen ma héa AR1 (dugc mi hoa béng gen
budC) va AR2 (dugc ma hda bang gen dar) ma duoc xéac dinh 13 enzym chuyén hoa
2,3-butandiol trong Vi du thyc nghiém 2 tir bd gen cta Klebsiella oxytoca, co ché
tai t hop twong ddng cta vi sinh vét dugc s dung. Manh ADN t4i t& hop khong
kich hoat gen dich c6 trinh tu Klebsiella oxytoca bao gdm ving tuong ddng véi gen
can duoc loai bo, va gen sacB ma hoéa enzym levansucraza dé loai bo gen khéng
khéng sinh duoc tai t& hop trong nhiém sic thé sao cho kha ning tai t6 hop duoc gia
tang. Néu manh ADN duoc tao ciu tric dugc thém vao vi sinh vat dich (Klebsiella
oxytoca), gen dich dugc loai bé bang co ché tai t6 hop gifta viing tuong ddng cia
gen trong manh ADN va gen trong bd gen vi sinh vt béng recombinaza.

Plasmit tai t& hop d6i véi qué trinh loai bd gen AR1(budC) va gen AR2
(dar) cua Klebsiella oxytoca dugc tao ciu tric theo cach tuong ty nhu duge mo ta
sau day.

Pau tién, dé loai bd AR1, ving twong dong 1 (SEQ ID NO: 13) ctia gen dich
budC (SEQ ID NO: 10) duoc khuéch dai bang PCR bang cach st dung doan mdi co
SEQ ID NO: 14 va 15. Ving tuong ddng 2 (SEQ ID NO: 16) duoc khuéch dai bang
PCR bang céch sir dung doan mdi c6 SEQ ID NO: 17 va 18. Sau d6, ving tuong
ddng 1 (SEQ ID NO: 13) va 2 (SEQ ID NO: 16) duoc st dung mot cach ddng thoi
1am mAu cho qu4 trinh khuéch dai bang PCR, nh& d6 thu duge manh ADN (SEQ ID
NO: 19) trong d6 ving twong ddng 1 va 2 duoc nbi véi nhau (xem, Bang 3).

Ngoai ra, dé loai bd AR2, viing twong ddng 1 (SEQ ID NO: 20) ctia gen dich
dar (SEQ ID NO: 12) dugc khuéch dai bang PCR bang cach sir dung doan mdi ¢6
SEQ ID NO: 21 va 22. Ving twong ddng 2 (SEQ ID NO: 23) dugc khuéch dai bang
PCR bing cach sir dung doan mdi c6 SEQ ID NO: 24 va 25. Sau d6, ving tuong
ddng 1 (SEQ ID NO: 20) va 2 (SEQ ID NO: 23) dugc st dung mdt cach ddng thoi
]am mAu cho qua trinh khuéch dai bang PCR, nhd d6 thu duoc manh ADN (SEQ ID
NO: 26) trong d6 ving twong ddng 1 va 2 duoc két nbi v6i nhau (xem, Bang 4).

Klebsiella oxytoca KCTC 12133BP AdhA (KO AdhA) trong d6 gen ma
hoa lactat dehydrogenaza (IdhA) dugc loai bo dugc diéu ché. Manh ADN c¢6 SEQ
ID NO: 19 va 26 lan luot dugc thém vao Klebsiella oxytoca (KO AdhA) bing
phuong phap dién bién nap (25 uF, 200 Q, 18 kV/cm). Do d6, ching tai t6 hop (KO
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AdhA 2udC) trong d6 gen AR1 (budC) dugc loai bod ra khoi KO AdhA, va
ching téi t& hop (KO AdhA Adar) trong @6 gen AR2 (dar) duoc loai bo ra khoi
KO AdhA duge tao ciu trac mdt cach tuong tng.

Ngoai ra, plasmit pKOV deltaAR2 dugc thém vao ching tai t6 hop (KO
AdhA 2budC) trong d6 AR1 (budC) duoc loai bo, nhd d6 thu dugc ching tai t6
hop (KO AdhA budC Adar) trong d6 gen AR2 (dar) con duoc tiép tuc loai bé.

Phuong phép chung dé loai bd gen sau khi bd sung manh ADN bao gdm
phuong phap tht nghiém khang khang sinh va phuong phéap thir nghiém khang
sucroza, va qud trinh loai bo gen tuong g duoc xac dinh bang cach thuc hién PCR
truc tiép tir khuén lac.

Vi du thuc nghiém 4: Nghién ctru chiic nang ciia AR1 va AR2

Chire ning cua protein AR1 va AR2 dugc nghién ctru bang con dudng tidu
thu caa 2,3-butandiol bang cach sir dung axetoin lam chét trung gian. Cu thé hon, su
phat trién cta cac ching tai t6 hop cta Klebsiella oxytoca va ndng do cia 2,3-
butandiol con lai dugc quan sat bang cach sir dung 2,3-butandiol 1am ngudn cacbon
duy nhéit trong méi trudng co s& M9. Céc ching dugc ciy thanh vach trong moi
truong rin LB, tiép theo nudi cdy ¢ 30°C trong 16 gio, va sau d6 nudi cdy cum
khudn duy nhét trong 3 ml cia méi truong 1ong LB trong 8 gid. Dung dich méi
truomg nudi cdy duoc 1am sach bang mdi trudng co s M9 hai 1an d loai bé thanh
phan méi truong LB con lai. 100 ml méi truong co s& M9 bao gébm 10 g/L 2,3-
butandiol duoc cdy truyén véi dung dich tao thanh, va sau d6 dugc nudi cdy. Céc
méu duoc 14y ra trong khi nudi cdy cac ching tai t6 hop. MAu xét nghiém duge do
OD600 (mat d6 quang hoc), nhd d6 xac dinh duoc tde d6 phét trién. MAu xét
nghiém duoc ly tim & 13000 vong/phit trong 10 phat. Nong d6 cua chit chuyén
hoéa va 2,3-butandiol trong dich ndi dwoc phéan tich bang séc ky 16ng hiéu ning cao
(HPLC).

Két qua 13, cac ching (KO AldhA va KO AldhA AbudC) bao gdbm gen
dar m3 héa AR2 trong bd gen dugc phét trién bang cach st dung 2,3-butandiol lam
ngudn cacbon, va ndng d6 cua 2,3-butandiol con lai giam theo su phat trién. Nguoc
lai, cac ching (KO AldhA Adar va KO AldhA AbudC Adar) véi gen dar dugce loai
b6 khéng phat trién sau 200 gio nudi cdy. Nong do cta 2,3-butandiol con lai duge
duy tri & ndng d6 ban diu clia qué trinh nubi cdy. Cu thé 13, cac ching tai td hop
dugc xac dinh 13 c6 thé su dung hodc c6 thé khéng st dung 2,3-butandiol lam
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ngudn cacbon phu thudc vao su c6 mit cua gen AR2 (dar) bét chip su c6 mit clia
gen budC ma héa ARI1 (Fig. 6: Két qua phat trién. e: KO AldhA, A: KO AldhA
AbudC, m: KO AldhA Adar. € KO AldhA AbudC Adar. Fig. 7: Nong 46
cua 2,3-butandiol con lai. @: KO AldhA, A: KO AldhA AbudC, m: KO AldhA
Adar. : KO AldhA AbudC Adar.).

Do d6, AR2 dugc xac dinh 1a dong vai trd quan trong trong hai con duong
tiéu thu 2,3-butandiol. Ngoai ra, AR2 duogc xac dinh la c¢6 chirc ning lam 2,3-
butandiol dehydrogenaza cé thé chuyén héa 2,3-butandiol thanh axetoin trong té
bao.

Tir két qua ctia Vi du thyc nghiém 1 va 2, AR2 dugc xéac dinh 1a c¢6 hoat tinh
chuyén hoa gifta axetoin va 2,3-butandiol, va hoat tinh chuyén hoéa 2,3-butandiol
thanh axetoin cao hon hoat tinh chuyén hda axetoin thanh 2,3-butandiol. Mat khac,
AR1 duoc xac dinh 1a cé hoat tinh chuyén héa giita axetoin va 2,3-butandiol, va
hoat tinh chuyén hoéa axetoin thanh 2,3-butandiol cao hon hoat tinh chuyén héa2,3-
butandiol thanh axetoin.

Vi du thue nghiém 5: Qua trinh san xuét 2,3-butandiol

Céc chiing t4i t6 hop duoc tao ciu tric trong Vi du thuc nghiém 3 dugc nudi
ciy, nho d6 tao ra 2,3-butandiol. D& lam mau dbi ching so sanh, Klebsiella oxytoca
KCTC 12133BP AldhA (KO AldhA) duge st dung.

M3i ching tai td hop duge ciy trong 250 ml cia méi trudong hdn hgp bao
gdm 9 g/L glucoza (50mM, glucoza), sau d6 nudi ciy & 37°C trong 16 gid. 3 L clia
mdi trudng hdn hop duge cdy truyén véi dung dich méi trudng nuodi cay thu dugc,
va duge 1én men. Didu kién qu4 trinh 1én men nhur sau: didu kién vi hiéu khi (tbc d6
hiéu khi 1 vvm, téc @ khudy 400 vong/phiit), 90 g/L ctia ndng d6 glucoza ban dau,
pH 1a 6,8, nhiét do qua trinh nudi céy la 37°C. Trong khi 1én men, NaOH 5N duoc
stt dung dé diéu chinh pH. Cac miu duoc lay ra trong khi lén men bing cach st
dung Klebsiella tai td hop. Tdc o6 phat trién dugc xac dinh b?mg cach do OD600
(mat d6 quang hoc) clia miu xét nghiém. Mau xét nghiém dugc ly tim & 13000
vong/phut trong 10 phit, sau d6 phan tich ndng d ctia chat chuyén hoéa va 2,3-
butandiol trong dich ndi bang sic ky 1éng hiéu ning cao (HPLC).

Két qua 13, ching tai t6 hop (KO AldhA AbudC) véi gen AR1 duge loai
b6 ¢6 ning sudt tao ra 2,3-butandiol thdp hon ching KO AldhA (Fig. 8) ding 1am
mau so sanh, nguoc lai ching (KO AldhA AbudC) c6 su tich tu axetoin 16n hon
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50 v6i ching KOAIdhA (Fig. 9). Trai lai, trong viéc tiéu thu dudng, ching tai tb
hop (KO AldhA Adar) véi gen AR2 dugce loai bd ¢6 ning suit tao 2,3-butandiol
tuong ty v6i ching KOAIJhA dung 1am mAu so sanh. Sau khi tiéu thy hét dudng,
tbc d6 tiéu thu 2,3-butandiol va tdc dd tich tu axetoin thap hon so véi cac toc dd
tuong ting ctia mau so sanh (Fig. 10). Céc chiing véi ca hai gen AR1 va AR2 duoc
loai b6 hiu nhu khéng c6 kha ning san xuit thém 2,3-butandiol dé san xuét axetoin
(Fig. 11). Do @6, cac chung v6i gen AR1 ma khong phai gen AR2 duogc loai bé (KO
AldhA  Adar) duoc xac dinh 13 ¢6 wu diém tdt hon xét trén quan diém vé viéc tao
ra 2,3-butandiol va luu trit sau khi hoan thanh qué trinh 1én men (xem, Bang 5).

Bang 5
Thoi gian nudi ciy
14 gio 30 gid
Ching
2,3-butandiol | Axetoin | 2,3-butandiol | Axetoin

(gL) (g/L) (g/L) (g/L)
KO AldhA 30,8 1,7 13,5 16,6
KO Al&hA AbudC 6,2 12,7 15,4 16,7
KO AldhA Adar 30,2 0,4 20,0 11,2
KO AldhA AbudC Adar 0,6 14,1 4,0 25,3

Cac trinh tu

SEQ ID NO: 1 la trinh tu nucleotit ctia gen /dhA, SEQ ID NO: 2 1a ving
tuong dong 1 ctia gen /dhA, SEQ ID NO: 3 va 4 1a doan mdi trong qua trinh khuéch
dai ctia viing tuong ddng 1 cta gen /dhA. SEQ ID NO: 5 1a ving tuong ddng 2 cta
gen IdhA, SEQ ID NO: 6 va 7 doan mdi trong qué trinh khuéch dai bing PCR cua
ving tuong ddng 2 ciia gen /dhA, SEQ ID NO: 8 1a manh ADN trong do vung
tuong dong 1 va 2 ctia gen IdhA dugc ndi voi nhau.

SEQ ID NO: 9 1a trinh tu amino axit cia AR1, SEQ ID NO: 10 1a trinh tu
nucleotit cua gen budC ma ma hoéa AR1.

SEQ ID NO: 11 1a trinh tu amino axit cia AR2, SEQ ID NO: 12 1a trinh tu
nucleotit cia gen dar ma ma hdéa AR2.

SEQ ID NO: 13 1a ving twong ddng 1 ctia gen budC, SEQ ID NO: 14 va 15
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doan mdi trong qué trinh khuéch dai bing PCR cia ving tuong dong 1 cia gen
budC. SEQ ID NO: 16 1a viing tuong dong 2 ctia gen budC, SEQ ID NO: 17 va 18
doan mdi trong qué trinh khuéch dai bang PCR cua ving tuong ddng 2 cia gen
budC. SEQ ID NO: 19 12 manh ADN trong d6 ving tuong dong 1 va 2 cla gen
budC duge ndi v4i nhau.

SEQ ID NO: 20 1a vung tuong ddng 1 cua gen dar,SEQ ID NO: 21 va 22
doan mdi trong qua trinh khuéch dai bang PCR clia ving tuong déng 1 clia gen dar.
SEQ ID NO: 23 13 viing tuong ddng 2 cua gen dar, SEQ ID NO: 24 va 25 doan mdi
trong qué trinh khuéch dai bang PCR clia ving tuong ddng 2 clia gen dar. SEQ ID
NO: 26 13 manh ADN trong d6 ving tuong ddng 1 va 2 clia gen dar dugce nbi véi
nhau.

Kha nang tmg dung trong cong nghiép
Sang ché d& cap dén vi sinh vat tai t6 hop c6 kha ning san xuét 2,3-
butandiol gia ting va phuong phap san xuat 2,3-butandiol bang c4ch st dung vi sinh

vat nay.
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YEU CAUBAO HO

1. Vi sinh vt tai t6 hop kim h3m hoat tinh cta protein co trinh ty amino axit SEQ
ID NO: 11 so véi vi sinh vt thé tu nhién, trong d6 vi sinh vat 1 Klebsiella.

2. Vi sinh vét tai t6 hop c6 kha ning gia ting san xuét 2,3-butandiol so véi vi sinh
vat thé tu nhién, trong d6 hoat tinh cta protein dugc ma hoa boi gen c6 trinh tu
amino axit SEQ ID NO: 12 bi kim h3m trong vi sinh vét ¢c6 con dudng sinh téng
hop 2,3-butandiol va lactat,

trong do6 vi sinh vat 1a Klebsiella.

3. Vi sinh vat tai t5 hop theo diém 2, trong d6 con duong chuyén hoéa pyruvat thanh
lactat cling bi kim ham.

4. Vi sinh vt tai t6 hop theo diém 2, trong d6 hoat tinh cta lactat dehydrogenaza
cling bi kim ham.

5. Vi sinh vat tai td hop theo diém 2, trong d6 gen IdhA ma md hda lactat
dehydrogenaza dugc loai bo.
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FIG. 1
{A) Glucoza

=
Tdng h
v g hop

Pyruvat 2,3-BDO

\l’ AlS

o-axetolactat

‘l' ALDC

Axetoin

Chu trinh

AR

(enzym chuyén hoa

2,3-BDO

2,3-butandiol)

Z:S‘BDO

(B) : (C)

Chu trinh 2,3-BDO Sy di héa 2,3-BDO

Axetat Niéng luwong + CO»

y 2,3-BDO \4‘ . ? 2,3-8D0 \:W o
@ .

ABD‘D A t . N
@ xetoin Chu trinh TCA Axetoin
T ® ON 1 Aco operon
Mc# &T-“
Diaxetyl

Axetat

Axetyl-CoA '  Axetaldehyt

*ABD: Axetylbutandiol, AAc: Axetylaxetoin

-18-



28340

FIG. 2
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FIG. 5
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FIG. 6
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FIG. 7
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28340

DANH MUC TRINH TY

<110> GS CALTEX

<120>

<130> GSP120801

<160> 26

<170> KopatentIn 2.0
<210> 1

<211> 990

<212> ADN

<213> Klebsiella oxytoca
<400> 1

atgaaaatcg ctgtgtatag tacaaaacag

gatgcatatg
accgccaacg
cttgaagaac
aacgttgacc
tcgccggaag
caccgtgcect
accatgcacg
cgcattctta
gcgctggata
atctcactgc
gatcgcatga
caggcagcga
gagaacgaac
ttccgeegte
gcggaagcgt
ggcgaaacct
<210> 2
<211>
<212>
<213>
<220>

<223>

<400> 2

gctttgaact
gctgtgaagc
tgaaagccca
tcgatgccgce
cggtcgctga
atcagcgcac
gtaaaaccgc
aaggcttcgg
tgggcgtgga
actgcccact
aagacggggt
tcgacgccect
gcgatctgtt
tctcecgectg
tgatcagcat

gtcctaacgc

595
ADN
Trinh ty nhdn tao

ggagtttttt
ggtgtgtatc
cggcgtgcag
caaagagctg
gcacgcgatc
ccgcgacgceg
cggcgttatt
tatgcgtctg
gtatgtcgat
gaccgatgaa
gatgatcatc
gaagcatcag
ctttgaagat
ccataacgtc
ttcgcaaacc

actggtctga

Tfinh tu nhédn tao

tacgacaaga
gacttcctgce
ttcgtaaacg
tacatcgcgce
ggcctgeggg
ggcatgatga
aacttctctc
ggcaccggta
ctggcgtttg
cttgaaaccc
aactaccatt
aacaccagcc
aaaattggcg
aagtctaatg
ctgtttaccg

accctcgaca

agtatctgca
taaccgaaaa
atgacggtag
tgcgctgegce
tggtgcgegt
tgtcgctgaa
tggaagggct
aaatcggcgt
atccctaccc
tgtaccggga
tgctgaacca
gcggcgegcet
cgctggggat
acgtgattca
gtcaccaggc

acctgcgtca

gcatgttaat
aaccgccaaa
ccgcccggta
ggggttcaac
cccggectac
ccgccgceatt
gaccggtttc
cgccgegcetg
aagcgccgcec
gtccgatgtt
tgccgcegttce
catcgattcg
ggacgtgtat
ggatgatgtg
gtttctgacc

agtggatgca

atgacgttcg ctaaatcctg cgccgtcatc tcgectgectga tcccgggcac ctccgggceta

-28-
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ctgctgttcg
gccagcctcg
taccatctgc
ctgcgccgece
accgtgccgce
gtcagctccg
ttttgatgaa
tattactata
ctaccgtgac
<210> 3
<211> 30
<212>
<213>
<220>

<223>

<400> 3

gcaccctgge
gcgctatcgg
atcgtatccg
acggcgegtg
tggtaaccgg
ggctgctctg
aggtattgtc
acctgctgat

ggtattatca

ADN
Trinh ty nhan tao

28340

atcggccagc
cggattctgg
ctggcttaat
ggcagtcttt
cgccagcggce
gccgctgatc
ttttaaagag
taaactagtt

ctggagaaaa

Trinh tu mdi nhan tao

cacggatcca tgacgttcgc taaatcctgce

<210> 4

<211> 40

<212> ADN

<213> Trinh tu nhédn tao
<220>

<223> Trinh ty mdi nhan tao
<400> 4

ccgggacatt
ctctcgtggce
gccgaacgcce
tttagccgcet
acctctctct
ctgctggcgce
atttcttaac
tttaacattt

gtectttttte

gcacaaaagg gcaaggaaaa aagacttttc tccagtgata

tttteccttge
aattgcctgce
ttaaatgaac

taacagcaag

<210> 5

<211> 591

<212> ADN

<213> Trinh tu nhdn tao
<220>

<223> Trinh tu nhin tao
<400> 5

tatcactgga gaaaagtctt
attcagataa tccccacaga
acgataaata tttatggaga
ttgctatcgg gctgecgttta
caccgttttg tgctgaccag

cgttaacggg

ccttttgtgce
gataaagtta
aagtatgctg
gtgtcgacca

cagccgctga

-20-

tcctgttaat
tgacgggcta
tcgctcgegg
ttctctctee
ggcagtttca
caggcgcegtt
accgcgatat
gtaagattat

cttgcccttt

tcceectteg

caatcccttce
cgctgctgge
gagcggaaca

atgccgcgga

gtggatgagc
ccgctaccgg
ccagttgttc
gcttcgcgcece
gctcgccaac
aagcctcagce
gctctagaat
tttaattatg

tgtgc

cggggggcac

atttattaat

ggtgggaatg

gcttcagcac

taagccgcag

120
180
240
300
360
420
480
540
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30

40
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28340

gagctgagct tcggcgaaaa gatgcccatt acgggcaaga tgtctgtttc aggtaatatg 360
tgcaaccgct tcagcggcac gggcaaagtc tctgacggcg agctgaaggt tgaagagctg 420
gcaatgaccc gcatgctctg cacggactcg cagcttaacg ccctggacge cacgctgage 480
aaaatgctgc gcgaaggcgc gcaggtcgac ctgacggaaa cgcagctaac gctggcgacc 540
gccgaccaga cgctggtgta taagctcgcc gacctgatga attaataatt a 591
<210> 6

<211> 40

<212> ADN

<213> Trinh tu nhédn tao

<220>

<223> Trinh tu mdi nhan tao

<400> 6

tatcactgga gaaaagtctt ttttccttgc ccttttgtge ' 40
<210> 7

<211> 32

<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> Trinh tyu mdi nhan tao

<400> 7

cctgcggecg ctaattatta attcatcagg tc 32
<210> 8

<211> 1146
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> Trinh ty nhé&n tao

<400> 8

atgacgttcg ctaaatcctg cgccgtcatc tcgectgectga tcccgggcac ctccgggeta 60
ctgctgttcg gcaccctgge atcggccagc ccgggacatt tcctgttaat gtggatgage 120
gccagccteg gcecgectategg cggattctgg ctctcgtgge tgacgggcta ccgctaccgg 180
taccatctgc atcgtatccg ctggcttaat gccgaacgecc tcgcectcgegg ccagttgttce 240
ctgcgccgec acggegcegtg ggcagtcecttt tttagceccecget ttctctcetec gettegegece 300
accgtgcegce tggtaaccgg cgccagcggc acctctctct ggcagtttca gctcgccaac 360
gtcagctccg ggctgctctg geccgetgatc ctgctggcge caggcgegtt aagcctcage 420
ttttgatgaa aggtattgtc ttttaaagag atttcttaac accgcgatat gctctagaat 480

-30-



tattactata
ctaccgtgac
cttcgcgggg
ccttcattta
ctggcggtgg
gaacagcttc
gcggataagc
gtttcaggta
aaggttgaag
gacgccacgc
ctaacgctgg
taatta

1146

<210> 9
<211> 25
<212>
<213> K1
<400> 9
Met Lys Lys

1
Ala

Ile Ala

Asn
35

Asp Tyr

Ser Gly

50

Gly

Gln
65

Val Phe

Asp Val Ile

Glu Ile Arg

Val Ile

115

Gly

His
130

Gly Gly

Gly Asn Pro

145
Gly

Leu Thr

acctgctgat
ggtattatca
ggcacattca
ttaatacgat
gaatgttgct
agcaccaccg
cgcaggagct
atatgtgcaa
agctggcaat
tgagcaaaat

cgaccgccga

6

PRT

ebsiella
Val Ala

Leu
20

Arg

Asp Ala

Arg Ala

Ala Ala

Val Asn

85

Glu
100

Glu
Trp Gly
Gly Lys

Glu Leu

Leu

Leu

Thr

Leu

Val

70

Asn

Val

Ile

Ile

Ala

28340

taaactagtt
ctggagaaaa
gataatcccc
aaatatttat
atcgggctgce
ttttgtgctg
gagcttcggce
ccgcttcage
gacccgcatg
gctgcgcgaa

ccagacgctg

oxytoca

Val Thr

Val Lys

Ala Gln

40

Ala
55

Val

Glu Gln

Ala Gly

Ile Asp

Gln Ala

120

Ile
135

Asn

Val Tyr

150

Gln Thr

165

Ala

Ala Arg

tttaacattt
gtcttttttce
acagaaattg
ggagattaaa
gtttataaca
accagcgtta
gaaaagatgc
ggcacgggcea
ctctgcacgg
ggcgcgeagg

gtgtataagc

Ala
10

Gly Gly

Asp Phe

25

Gly

Ala Val Ala

Lys Val Asp

Ala Arg Lys

75
Val Ala
90

Pro

Lys Val

105

Tyr

Ala Val Glu

Ala Cys Ser

Ser
155

Ser Ser

Leu Ala

170

Asp

-31-

gtaagattat
cttgcccttt
cctgcgataa
tgaacaagta
gcaaggtgtc
acgggcagcc
ccattacggg
aagtctctga
actcgcagct
tcgacctgac

tcgccgacct

Gln Gly

Ala Val

Ile

Ala

tttaattatg
tgtgctccce
agttacaatc
tgctgcgcetg
gaccagagcg
gctgaatgcc
caagatgtct
cggcgagctg
taacgccctg
ggaaacgcag

gatgaattaa

Gly Lys

Ile Ala

30

Glu
45

Asp

Val
60

Ser
Gly Leu
Thr

Ser

Asn Ile

Ile

Gln

Pro

Asn

Asn Arg

Arg Asp

Phe
80

Gly

Ile
95

Glu

Val Lys

110

Ala Phe

125

Gln
140

Ala
Lys Phe

His Leu

Lys

Gly

Ala

Gly

Lys Glu

His Val

Val Arg

160

Ile
175

Thr

540

600

660

720

780

840

900

960

1020

1080

1140



28340

Val Asn Gly Tyr Cys Pro Gly Ile Val Lys Thr Pro Met Trp Ala Glu
180 185 190

Ile Asp Arg Gln Val Ser Glu Ala Ala Gly Lys Pro Leu Gly Tyr Gly
195 200 205

Thr Gln Glu Phe Ala Lys Arg Ile Thr Leu Gly Arg Leu Ser Glu Pro
210 215 220

Glu Asp Val Ala Ala Cys Val Ser Tyr Leu Ala Gly Pro Asp Ser Asn
225 230 235 240

Tyr Met Thr Gly Gln Ser Leu Leu Ile Asp Gly Gly Met Val Phe Asn
245 250 255

<210> 10

<211> 768

<212> ADN

<213> Klebsiella oxytoca

<400> 10
atgaaaaaag tcgcactcgt caccggcgcg ggccagggta tcggtaaagc tatcgccctt

cgtctggtga aagatggttt tgccgtggct atcgccgatt ataacgacgc caccgcgcag
gcggtcgectg atgaaattaa ccgcagcggc ggccgggcgce tagcggtgaa ggtggatgtg
tctcaacgcg atcaggtttt tgccgeccgtc gaacaggcgce gcaagggtct cggceggtttt
gacgtgatcg tcaacaacgc cggggttgcg ccctccacac caatcgaaga gattcgcgag
gaggtgatcg ataaagtcta caatatcaac gttaaaggcg ttatctgggg catccaggcc
gcggtagagg cgtttaaaaa agagggccac ggcggcaaaa ttatcaacgc ctgctcccag
gcgggccatg taggtaaccc ggagctggcg gtctatagct ccagtaaatt tgccgtgcge
ggcctgacgc aaaccgccgc ccgcgatctg gcgcatctgg ggattaccgt aaacggctac
tgcccgggga tcgtcaaaac cccaatgtgg gcggaaattg accgccaggt ttccgaagceg
gcgggtaaac cgctgggcta cggaacccag gagttcgcca aacgcattac ccttgggegg
ctatccgagc cggaagacgt cgcagcctge gtctcttatc tcgccggtcce ggactccaat
tatatgaccg gccaatcgct gctgatcgat ggcggcatgg tatttaac

<210> 11

<211> 259

<212> PRT

<213> Klebsiella oxytoca

<400> 11

Met Ala Ile Glu Asn Lys Val Ala Leu Val Thr Gly Ala Gly Gln Gly

1 5 10 15

Ile Gly Arg Gly Ile Ala Leu Arg Leu Ala Lys Asp Gly Ala Ser Val
20 25 30

-32-
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Met

Val

Asp

65

Gly

Ala

Asn

Ile

Gly

145

Ala

Gly

Trp

Gly

Glu

225

Asp

Val

Leu

Glu

50

Arg

Gly

Leu

Val

Asp

130

His

Val

Ile

Thr

Glu

210

Thr

Ser

Tyr

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

<400>

atggctatcg aaaataaagt tgcgctggta
attgcgttgc gtctggccaa
gggattgccg
gctaacatcg

ggcggctttg

gtgacgcctg

Val

35

Ala

Ala

Phe

Ala

Gln

115

Arg

Asp

Arg

Thr

Glu

195

Thr

Pro

Asp

Arg

12
777
ADN

Asp

Leu

Gln

Asp

Asp

100

Gly

Gln

Gly

Ala

Val

180

Ile

Tyr

Asp

Tyr

Val

Gly

Val

Ile

85

Val

Thr

Gln

Phe

Leu

165

Asn

Asp

Lys

Asp

Val
245

Asn

Arg

Tyr

70

Ile

Thr

Leu

Lys

Ala

150

Thr

Ala

Lys

Lys

Val

230

Thr

Pro

Lys

55

Ala

Val

Pro

Trp

Gly

135

Leu

Gln

Tyr

Arg

Tyr

215

Ala

Gly

Klebsiella oxytoca

12

ccgtcgecge
ccgatcgcgce
atattatcgt

aagaagtgga

28340

Glu

40

Ala

Ala

Asn

Glu

Gly

120

Lys

Leu

Ala

Cys

Phe

200

Val

Ser

Gln

agacggcgcg
cgaagtggaa
gcaggtgtac
gaacaacgcc

ccgcatcatg

Gly

Ala

Ile

Asn

Glu

105

Ile

Ile

Gly

Ala

Pro

185

Ala

Glu

Leu

Ser

Ile

Thr

Asp

Ala

90

Val

Gln

Ile

Val

Ala

170

Gly

Glu

Gly

Val

Ile
250

Ala

Phe

Glu

75

Gly

Asp

Ala

Asn

Tyr

155

Lys

Ile

Ile

Ile

Ser

235

Leu

accggcgcecg

tcggtgatgce

gcgctgggac

gccgccattg

gggatcgccc

cgcatcaacg

-33-

Ala

Val

60

Ala

Ile

Arg

Ala

Ala

140

Ser

Glu

Val

Thr

Ala

220

Tyr

Ile

Val

45

Ala

Glu

Ala

Ile

Ala

125

Cys

Ala

Tyr

Gly

Gly

205

Leu

Leu

Asp

Ala Ala Glu

Asn Ile Ala

Lys Gln Leu

80

Gln Val Gln
95

Met Arg Ile
110

Lys Lys Phe

Ser Ile Ala

Thr Lys Phe

160

Ala Ser Arg
175

Thr Gly Met
190

Ala Pro Val

Gly Arg Ala

Ala Gly Pro
240

Gly Gly Ile
255

gtcagggcat tggccgcggt
tggtcgacgt gaaccctgaa
gcaaagcagc caccttcgtce
atgaagcgga aaaacagctg
aggttcaggc gctggccgat

ttcagggtac cctgtggggt

60

120

180

240

300

360



attcaggcgg
tgctctatcg
gccgtacgeg
aatgcctact
gcggaaatta
cttggccgeg
gattccgatt
<210> 13
<211> 64
<212>

<213>

<400> 13
gctgcgcatc

tatggggagc
catgatttcc
gctggtcaat
cagcatggag
cgataacggc
cgttgagttc
tgcggtagag
cccegecegte
ccatctcagt
ctcgtgaccg
<210> 14
<211> 29
<212> AD
<213>
<220>

<223>

<400> 14

cggcgaaaaa
ccggtcatga
ccctgacgcea
gtccggggat
ccggtgecgcec
ccgaaacgcc

atgttaccgg

0

ADN
Klebsiella oxytoca

gttcgcgcca
tttcatatct
aacggtcaac
ccgcagcgca
ctggagaccg
tacaacatgg
ggcccggtgg
agcgccgaag
gtagccatcc
caactacttt

gcgcgatgac

N

28340

attcatcgat
tggtttcgeg
ggcggceggceg
tgtgggaacc
ggtgggcgaa
ggacgatgtg

tcagtcgatt

tgcaggacat
ggatcgcccg
agaccatggg
aagtggtttc
ctgtacggct
tggcgattca
attttaaagt
cccttgagcec
ccgtggatta
gagtcactac

cggccaatcg

Trinh ty nhén tao

Trinh ty mdi nhan tao

ggatccgctg cgcatcgttc gcgeccatge

<210> 15

<211> 48

<212> ADN

<213> Trinh tu nhdn tao
<220>

<223> Trinh ty mdi nhan tao

cgtcagcaga
ctgctgggceg
aaggagtatg
gggatgtgga
acttataaaa
gcaagcctgg

ctgatcgatg

cgtcaatagc
ctatctctac
cgtggcgctg
cgtttccgge
gaaagcgaac
ggaggagaaa
ctacgccgaa
gacgctgcgg
ccgcgataac
agaaggaatc

ctgctgatcg

-34-

aagggaaaat
tttattccge
ccagccgcegg
ccgaaatcga
aatacgttga
tctcttatct

gcggtattgt

gatgtcaccc
agctttcgceg
ccgtgggcega
gacggcggtt
gtcctgcata
aaataccagc
gcctteggeg
gcggcgatgg
ccgctgcectga

tatcaatgaa

catcaacgcc
caccaaattt
cattacggtt
taagcgcttt
aggcatcgcc

ggcaggcccg

ttaccgt

tgaccgtcga
cccgtcaggt
ttggcgectg
tcctgcagte
tcatctgggt
ggctctcecgg
ccaaagggtt
acgtcgacgg
tgggccagct

aaaagtcgca

420

480

540

600

660

720

777
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<400> 15

28340

cgatcagcag cgattggccg gtcatcgcgc cggtcacgag tgcgactt

<210> 16

<211> 606

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> Trinh ty nhén tao
<400> 16

aagtcgcact cgtgaccggc gcgatgaccg
tatttaacta ataataaata agctctgaca
ttttatttca acctttaggg aagatccaca
gctcggcatc gcgcagcgceg ctgccgtagg
gaaacagata ctcccagcgg tcgccgaggt
tgttctecttec aggcgcggaa gcgatgcgcea
cttccececcac gctaaccecct tcccceccgceca
tgcgcgececeg accgttctec agcgegectaa
taaactcggc ggcaaacagc gttttcggge
gctcgatcac gccgttgtta agcagcagaa
gatcgt

606

<210> 17

<211> 48

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> Trinh tuy mdi nhan tao
<400> 17

gccaatcgct
tggtttgccc
ggtcgctgac
cgcgtatggce
acatgctggt
aacgctcaac
ttcceccatag
cggtgccatg
tgccgtacat

tgcgatcgga

gctgatcgat
cggcgtcacc
gggcaatgtc
gaaatcatcg
caacagcggc
gcggatcacc
cgcccagctg
caggcgatta
ctcctgeggg

aatcgccatc

aagtcgcact cgtgaccggc gcgatgaccg gccaatcgct gctgatcg

<210> 18
<211> 33
<212> AD
<213>

<220>
<223>

<400> 18

N

Trinh ty nhdn tao

Trinh ty mdi nhan tao

gcggccgcac gatcagaacg aggcgatggc gat

-35-

ggcggcatgg

gccggggcett

agatggcaac
ccttcagtgce
agcgccagca
gccgtcgcct
gccccctcaé
ttactgccca
gttcecctget

gcctcgttcet

48

60

120

180

240

300

360

420

480

540
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48

33



<210> 19
<211> 11
<212> AD
<213>
<220>
<223>
<400> 19
.gctgcgcatc
tatggggagc
catgatttcc
gctggtcaat
cagcatggag
cgataacggc
cgttgagttc
tgcggtagag
cccegecgte
ccatctcagt
ctcgtgaccg
taataataaa
caacctttag
tcgcgcagceg
tactcccage
tcaggcgegyg
acgctaaccc
cgaccgttct
gcggcaaaca
acgccgttgt
<210> 20
<211> 62
<212> AD
<213>
<220>

<223>

<400> 20

98
N

gttcgcgcca
tttcatatct
aacggtcaac
ccgcagcgca
ctggagaccg
tacaacatgg
ggcccggtgg
agcgccgaag
gtagccatcc
caactacttt
gcgcgatgac
taagctctga
ggaagatcca
cgctgccgta
ggtcgccgag
aagcgatgcg
cttcccecge
ccagcgcgcet
gcgttttegg

taagcagcag

1
N

28340

Trinh ty nhédn tao

Trinh ty nhén tao

tgcaggacat
ggatcgcccg
agaccatggg
aagtggtttc
ctgtacggct
tggcgattca
attttaaagt
cccttgagece
ccgtggatta
gagtcactac
cggccaatcg
catggtttgc
caggtcgctg
ggcgcgtatg
gtacatgctg
caaacgctca
cattccccat
aacggtgcca
gctgccgtac

aatgcgatcg

Trinh ty nhadn tao

Trinh ty nhdn tao

cgtcaatagc
ctatctctac
cgtggcgcetg
cgtttccgge
gaaagcgaac
ggaggagaaa
ctacgccgaa
gacgctgcgg
ccgcgataac
agaaggaatc
ctgctgatcg
cccggcegtcea
acgggcaatg
gcgaaatcat
gtcaacagcg
acgcggatca
agcgcccagce
tgcaggcgat
atctcctgceg

gaaatcgcca

gatgtcaccc
agctttcgceg
ccgtgggcga
gacggcggtt
gtcctgcata
aaataccagc
gcctteggeg
gcggcgatgg
ccgctgctga
tatcaatgaa
atggcggcat
ccgeegggge
tcagatggca
cgccttcagt
gcagcgccag
ccgccgtege
tggcccectce
tattactgcc
gggttccctg

tcgeectegtt

tgaccgtcga
cccgtcaggt
ttggcgectg
tcctgecagtce
tcatctgggt
ggctctcecgg
ccaaagggtt
acgtcgacgg
tgggccagct
aaaagtcgca
ggtatttaac
ttttttattt
acgctcggca
gcgaaacaga
catgttctct
ctcttececccee
aatgcgcgcc
cataaactcg
ctgctcgatc

ctgatcgt

ggaggtcggc cggaagctcg ccttgcagca gctgcagaaa cgacgggctc cacccctgec

-36-
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acaagggccg
cttcaaggct
ccagcagggt
cggcggcgtce
gcggcgtaaa
gaacaagcgc
ttaatccagt
cccgatagag

agtttattaa

cagcgcctcc
cagccaggcc
ggttttgcca
gaggcgctgt
gcgcgtggag
tgccagcgceca
ccgtacgctce
tagtgccatt

tcagtacaag

28340

tgcagatagc
agcgcatccc
aatccggcgg
agcaggcgct
ataagcggca
tcatccgececg
attatccccc
cgccgcagcg

gtgagtacag

gtcagtcgat tctgatcgat g

Trinh ty mdi nhan tao

<210> 21

<211> 34

<212> ADN

<213> Trinh ty nhén tao
<220>

<223>

<400> 21

gtataaacag
cttgtcgaag
gcgcgcgeac
cccgcgatag
gcgtcccecegt
aggatéaaaa
ccatcagggg
gctacgacga

acatggctat

tctagaggat ccggaggtcg gccggaagct cgcc

<210> 22

<211> 52

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> Trinh tyu mdi nhan tao
<400> 22

tagcggcgeg
gcggtgtcga
cagggttaaa
cagactttcc
gaagcgtaaa
ggccatacca
ggtaggccac
catcggccge

cgaaaataaa

ttgtcatcct
taccactgcg
cggcgggaga
ggcgtacggg
ggttcctgat
cgattactcc
gcttatcgcg
gggcctccect

gttgcgaccg

catcgatcag aatcgactga ccggtcgcaa ctttattttc gatagccatg tc

<210> 23

<211> 608

<212> ADN

<213> Trinh tuy nhé&n tao
<220>

<223> Trinh tu nhin tao
<400> 23

gacatggcta tcgaaaataa agttgcgacc ggtcagtcga ttctgatcga tggcggtatt

gtttaccgtt aagggataaa cccggcgcag aacgcgccgg gtttttgecgg ggttacgegt

tagccgeggg ctectgegge ttgtcecgectac gggtgttttc cagcatccgg cgaaccggaa

-37-
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caatcagcag
ggtcgggcag
ggttccccag
gcgccagcag
gcatcagaat
cgttttgcge
caaacttggt
taaatacc

608

<210> 24
<211> 52
<212> AD
<213>

<220>
<223>

<400> 24

gcacagcacc
catatccagc
ggcgctggceg
cgtcatggtc
actgcccacc
cgccagcatc

gatgctgctc

N

28340

gcggcgeaga
tgatcggcct
cagaaccaca
gcgaggccaa
agccacatcg
atcaggccaa

ggacgcacgt

Trinh ty nhdn tao

Trinh ty mdi nhan tao

tcagcagcgc
tcacgtgacc
gccccatcat
tcgggctgag
gcgagacgcc
agcccgcecgce

ttttacgcge

aatagagcag
gccaatcaga
ctggccgcecge
gcacagctcg
cgcgecegttg
cgcgcataaa

cagcgcaggc

cgtgcgaaca
cccgecgceca
attctttccg
cccagcgtca
ttgctcagga
ataccgataa

cacgcccagc

gacatggcta tcgaaaataa agttgcgacc ggtcagtcga ttctgatcga tg

<210> 25
<211> 35
<212> AD
<213>
<220>
<223>
<400> 25

N

Trinh ty nhdn tao

Trinh ty mdi nhan tao

atcgcggceccg cggtatttag ctgggegtgg cctge

<210> 26
<211> 11
<212> AD
<213>
<220>
<223>

<400> 26
ggaggtcggce

acaagggccg
cttcaaggct

ccagcagggt

cggcggegte

77
N

cggaagctcg
cagcgcctcce
cagccaggcc

ggttttgcca

gaggcgctgt

Trinh tu nhén tao

Trinh ty nhén tao

ccttgcagca
tgcagatagc
agcgcatccce
aatccggcgg

agcaggcgct

gctgcagaaa
gtataaacag
cttgtcgaag
gcgcgegceac

cccgcgatag

-38-

cgacgggctce
tagcggcgeg
gcggtgtcga
cagggttaaa

cagactttcc

cacccctgece
ttgtcatcct
taccactgcg
cggcgggaga

ggcgtacggg

240

300

360

420

480

540

600

52

35

60

120

180

240

300



gcggcgtaaa
gaacaagcgc
ttaatccagt
cccgatagag
agtttattaa
gtcagtcgat
acgcgceeggg
ggtgttttcc
cagcagcgca
cacgtgaccg
ccccatcatce
cgggctgagg
cgagacgccc
gcccgecgece

tttacgcgcce

gcgegtggag
tgccagcgcea
ccgtacgcectce
tagtgccatt
tcagtacaag
tctgatcgat
tttttgcggg
agcatccggce
atagagcagc
ccaatcagac
tggccgegea
cacagctcgc
gcgccegttgt
gcgcataaaa

agcgcaggcc

28340

ataagcggca
tcatccgecg
attatccccce
cgccgcagceg
gtgagtacag
ggcggtattg
gttacgcgtt
gaaccggaac
gtgcgaacag
ccgcecgcecag
ttctttccegg
ccagcgtcag
tgctcaggac
taccgataac

acgcccagct

gcgtcceegt
aggataaaaa
ccatcagggg
gctacgacga
acatggctat
tttaccgtta
agccgceggge
aatcagcagg
gtcgggcagc
gttccccagg
cgccagcagc
catcagaata
gttttgcgcce
aaacttggtg

aaatacc

-30-

gaagcgtaaa
ggccatacca
ggtaggccac
catcggccgce
cgaaaataaa
agggataaac
tcctgcgget
cacagcaccg
atatccagct
gcgctggcgce
gtcatggtcg
ctgcccacca
gccagcatca

atgctgctcg

ggttcctgat
cgattactcc
gcttatcgceg
gggcctccct
gttgcgaccg
ccggcgcaga
tgtcgctacg
cggcgcagat
gatcggccett
agaaccacag
cgaggccaat
gccacatcgg
tcaggccaaa

gacgcacgtt

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1177





