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(57) Sang ché d¢ cap dén vi sinh vat tai to hop dé san xuat D(-) 2,3-butandiol, trong d6 gen

ma hoa enzym dé chuyen hoa axetoin thanh D(-) 2,3-butandiol dugc dua vao trong vi sinh

vat c6 con dudng chuyén hoa axetoin thanh 2.3-butandiol. Ngoai ra, sang ché con dé cip
dén phuong phap san xuat D(-) 2,3-butandiol bﬁng cach str dung vi sinh vat tai to hop nay.
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Linh vie ky thuat dwoc dé cp

Sang ché d& cap dén vi sinh vat tai td hop c6 kha ning san xudt D(-) 2,3-
butandiol gia ting va phuong phép san xudt D(-) 2,3-butandiol bing céch st
dung vi sinh vat tai td hop nay.

Tinh trang k§ thuit ciia sing ché

2,3-butandiol 1a rugu (c6 cdéng thic CH;CHOHCHOHCH3) c6 bén
nguyén tir cacbon va hai nhém hydroxyl (-OH) va cé thé duge chuyén héa hoa
hoc va xtc tac thanh 1,3-butadien, ma 1a nguyén li¢u tho dé san xuét cao su téng
hop, va metyl etyl keton (Methyl Ethyl Ketone - MEK), ma 1a phu gia va dung
'mdi cho nhién liéu. 2,3-butandiol 1& hop chét trung gian rt quan trong trong
cong nghiép vi 2,3-butandiol c6 thé dugc sir dung 1am chét ting chi s§ octan
bing céch tron 14n véi xang.

2,3-butandiol ¢6 thé dugc tao ra bing qué trinh tdng hop héa hoc va qua
trinh 1én men vi sinh v4t. Tuy nhién, do chi phi sin xuit cao, nén khong thé san
xuét 2,3-butandiol trén quy mé cdng nghiép. Trong nhitng ndm gan day, voi su
phét trién nhanh chéng vé k¥ thuat san xut 2,3-butandiol bing qua trinh Ién
men vi sinh vt, cing v§i viéc gid nhién li¢u tho héa thach dang ting nhanh va
viéc dua vao ap dung quy dinh quéc t€ nghiém ngit vé vin & gdy 6 nhiém moi
truong, tAm quan trong ctia viéc tim ra céc phuong phép san xuét 2,3-butandiol
trén co s& sinh hoc bing qui trinh 1én men vi sinh vat dang dugc tdp trung
nghién ctru va phat trién nhanh.

Vi 2,3-butandiol bao gém hai trung tam 14p thé, nén 2,3-butandiol cé thé
c6 ba chét ddng phan 1ap thé, cu thé 13, dang D(-) (dang quay trdi, 2R,3R-BDO),
dang L(+) (dang quay phai, 2S,3S-BDO), va dang khong quang hoat (dang
meso) (2R,3S-BDO). 2,3-butandiol c¢6 hoat tinh quay quang cung v6i kha nang

ung dung chung cua 2,3-butandiol nhu md ta trén diy co thé ¢6 céc tmg dung
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dic bidt. Vi du, D(-) 2,3-butandiol c6 thé dugc sir dung 1am chét chéng dong vi
n6 c6 diém dong déc rat thép. Ngoai ra, D(-) 2,3-butandiol ¢6 thé dugc st dung
lam chét trung gian cho thude va hoa chét néng nghiép. Tuy nhién, viéc san xuét
D(-) 2,3-butandiol tinh khiét v& mit quang hoc thong qua qué trinh tbng hop hoa
hoc khéng duge wu tién st dung vi qué trinh tbng hop va qué trinh tich/quéd
trinh tinh ché ciia n6 rat tdn kém. Viée sin xuét D(-) 2,3-butandiol tinh khiét vé
mit quang hoc thdng qua qué trinh 1én men vi sinh vét c6 cac uu didm v& mit
thwong mai (Zeng et al., Curr. Opin. Biotechnol., 22:1, 2011).

Qua trinh san xuat 2,3-butandiol trén co s& sinh hoc ¢6 thé duge thuc
hién bing cac vi sinh v4t khac nhau thong qua qué trinh 1én men vi sinh vat va
vi du cu thé v& vi sinh vat nay bao gdm vi sinh vit thudc chi Enterobacter, chi
Klebsiella, chi Bacillus, chi Serratia, va vi sinh vét khac. Vi sinh vat thé dai c6
trong ty nhién c6 nhuwge diém & chd ching chu yéu tao ra meso-2,3-butandiol
khong c6 hoat tinh quay quang, hodc ngay ca khi ching c6 thd tao ra céc chét
ddng phéan 2,3-butandiol c6 hoat tinh quay quang, thi cic chit ddng phan nay
dwoc tao ra & dang hon hop.

Paenibacillus polymyxa c6 thé tao ra D(-) 2,3-butandiol v6i do tinh
khiét cao. Tuy nhién, Paenibacillus polymyxa cAn céc thanh phan dinh dudng
rAt d4t va c6 ning suét va hidu sudt thip, va do d6 nay sinh vén dé & chd no6
khong thé sir dung n6 mot céch truc tiép cho cAc qué trinh & quy md cong

nghiép hién hanh.

Nho céc nghién ciru sdu rong tp trung vao viéc phat trién vi sinh vat tai
t6 hop c6 hoat tinh quay quang dé str dung vi sinh vat ndy trong cdc qud trinh &
quy mo cong nghi€p va cd thé san xuét D(-) 2,3-butandiol, cc tic gia sdng ché
da phat hién ra rng vi sinh vat tai t6 hop trong d6 gen cu thé duoc loai bo/duge
thay thé tao ra D(-) 2,3-butandiol c6 d tinh khiét cao v6i ning sudt va hiéu sut

cao. Dua trén phat hién ndy, céc tac gia da tao ra sdng ché.

Ban chit k§y thuét ciia sing ché
Vén d& k¥ thudt can duoc giai quyét
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Muc dich cta séng ché 13 tao ra vi sinh vt téi td hop c6 kha ning sén
xuét D(-) 2,3-butandiol gia ting va phuong phap sén xult D(-) 2,3-butandiol
bing céch sir dung vi sinh vat tai t6 hop nay.

Céch thirc giai quyét vin dé

Theo mdt khia canh, sang ché d& xudt vi sinh vat tai td hop dé san XUt
D(-) 2,3-butandiol,

trong d6 gen méd hda enzym d8 chuyén héa axetoin thanh D(-) 2,3-
butandiol duge dua vao trong vi sinh vat cé con dudng chuyén héa axetoin thanh
2,3-butandiol.

Theo mdt khia canh khac, sang ché dé xuét phuong phép san xudt D(-)
2,3-butandiol, phuong phép nay bao gdm céc budc:
U vi sinh vat tai td hop theo séng ché; va

nudi cay vi sinh vt tai to hop nay.

Vi sinh vat tai t6 hop theo sang ché c6 c6 kha ning san xuét D(-) 2,3-
butandiol gia tdng va co thé didu chinh ty 1& cla cdc chit dbng phan trong 2,3-
butandiol dugc tao ra bing cach diéu chinh gen dugc dwa vao va gen bi kim

ham.

M5 ta vin tit cdc hinh v&

Fig. 1 thé hién con dwdng sinh téng hop ctia mdi chét dong phan 2,3-
butandiol trong c4c ching san xuit 2,3-butandiol.

Fig. 2 thé hién opéron clia qué trinh téng hop 2,3-butandiol lién quan
dén gen trong Klebsiella oxytoca 1am ching co so.

Fig. 3 thé hién opéron clia qué trinh tdng hop 2,3-butandiol lién quan
dén gen trong Klebsiella oxytoca tai t6 hop.

Fig. 4 thé hién két qua phan tich sic ky khi (Gas chromatography - GC)
ctia mdi chit déng phan 2,3-butandiol dugc tao ra bang qué trinh 1&én men gidn
doan céc chung tai t6 hop cta Klebsiella.

Fig. 5 thé hién két qua san xuét ctia mdi chit ddng phén 2,3-butandiol
trong qua trinh 1én men gidn doan ¢6 cung cép dinh dudng clia ching téi t5 hop
cua Klebsiella (KoALB3).
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Fig. 6 thé hién do tinh khiét ctia mdi chét ddng phén 2,3-butandiol trong
qué trinh 1€n men gidn doan cé cung cép dinh dudng ctia ching tai t5 hop ctia
Klebsiella (KoALB3).

M0 ta chi tiét sdng ché
Séng ché dé cap dén vi sinh vat tai t6 hop d& san xuét D(-) 2,3-butandiol,
trong d6 gen md hoa enzym d& chuyén hoéa axetoin thanh D(-) 2,3-
butandiol duoc dua vao trong vi sinh vat ¢6 con dudng chuyén héa axetoin thanh
2,3-butandiol.

Séang ché con dé cap dén phuong phép san xuit D(-) 2,3-butandiol, phuong
phép nay bao gbm céc bude:
U vi sinh vAt tai t8 hop theo sang ché; va

nudi cdy vi sinh vat tai to hop nay.
Sau déy, sang ché s& duwgc mdt md t& mot cach chi tiét hon.

Vi sinh vat tai t5 hop theo sang ché

Vi sinh vat tai t& hop theo séang ché 13 vi sinh vt tai t6 hop dé san xudt
D(-) 2,3-butandiol, trong d6 gen md hoa enzym d8 chuyén hoa axetoin thanh D(-)
2,3-butandiol duoc dua vao trong vi sinh vét cd con dudng chuyén héa axetoin
thanh 2,3-butandiol.

Trong vi sinh vét tai t hop theo sang ché, it nhit mdt gen ma hoa
enzym dé chuyén hoa axetoin thanh meso-2,3-butandiol c6 thé bj kim ham.

Trong vi sinh vét tai t6 hop theo sing ché, con dudng chuyén héa

pyruvat thanh lactat ¢6 thé bi kim ham.

Tét hon 13, trong vi sinh vat t4i to hop theo sang ché, gen ma héa enzym
d& chuyén héa axetoin thanh meso-2,3-butandiol dugc thay thé bang gen ma héa
enzym dé chuyén héa axetoin thanh D(-) 2,3-butandiol. T6t hon nita 13, trong vi
sinh vat tai t hop theo sing ché, gen ma héa enzym d& chuyén hoa axetoin
thanh meso-2,3-butandiol (cu thé 13, enzym chuyén héa (R)-axetoin thanh meso-

2,3-butandiol) duogc thay thé bang gen ma héa enzym @8 chuyén hoa axetoin



30154

thanh D(-) 2,3-butandiol (cu thé 13, enzym chuyén héa (R)-axetoin thanh D(-)

2,3-butandiol), va con dudng chuyén héa pyruvat thanh lactat suppressed.

Vi sinh VAt ¢6 con dudng chuyén héa axetoin thanh 2,3-butandiol ¢6 thé
14 vi sinh vat thé dai hodc vi sinh vat tai t& hop theo sang ché, va vi dy v& vi sinh
vat ndy cé thé bao gém vi sinh vét thudc chi Enterobacter, chi Klebsiella, chi
Bacillus, chi Serratia, va vi sinh vat khac. Vi sinh vat tot hon 1a vi sinh vét

thudc chi Klebsiella, tbt hon nira 14 Klebsiella oxytoca.

T&t hon 14, vi sinh vt tai td hop theo sang ché ¢6 thé tao ra D(-) 2,3-
butandiol c¢6 do tinh khiét cao c6 nhidu hitu ich hon ddng thoi duy tri cac dic
tinh san xuét 2,3-butandiol cta ching hién hanh cua Klebsiella oxytoca, cu thé
13, @6 6n dinh cua chiing, néng suét, néng dd sén phém, hiu suét, va dic tinh
khac bing cich loai bd gen ma héa céc enzym AR1 (BudCy.) vd/hodc AR2
(Dark,) ma la céc enzym chuyén hoa 2,3-butandiol (axetoin reductaza) trong
Klebsiella oxytoca thé dai va chén gen mé héa enzym c6 hoat tinh cao aé

chuyén héa axetoin thanh D(-) 2,3-butandiol.

Qua4 trinh bd sung gen mi héa enzym dé chuyén hoa axetoin thanh D(-) 2,3-
butandiol

Gen ma hoa enzym dé chuyén hoéa axetoin thanh D(-) 2,3-butandiol c6
thé 14 bdhp,, gen bao gdm trinh ty nucleotit duge thé hién trong SEQ ID NO: 21
hodc gen c¢ d6 tuong déng 14 90% hodc cao hon v6i trinh ty nucleotit dugc thé
hién trong SEQ ID NO: 21, gen ma hda protein c6 trinh ty axit amin dugc thé
hién trong SEQ ID NO: 20, gen ma hoa protein ¢6 trinh tu axit amin véi do
twrong ddng 14 90% hodc cao hon véi trinh ty axit amin dwoc thé hién trong SEQ
ID NO: 20, gen mi hoéa protein Bdhp,, hodc gen mé hoa protein ¢ hoat tinh

enzym voi do trong ddng 1a 90% hoidc cao hon v6i protein Bdhp,, va gen khac.

Qué trinh bd sung gen (dua gen vao) cé thé dugc thuc hién bing céch
thay thé bing gen cu thé trén bd gen cia chung dich hodc chén vao trong vi tri
cu thé trén bd gen cta chung dich. Vi du, nguai cé hiéu biét trung binh trong

linh vuc nay c¢6 thé tao ra hoat tinh mé&i cho protein béng céch lyra chon phuong
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phép thich hop, nhu thay thé gen can duogc loai bo trén bd gen cua chung dich,
vi du, budCg, hodc dark,, hodc gen c6 do tuong dong 12 90% hotic cao hon véi
céc gen ndy, va gen twong ty bing gen ma héa protein, cu thé 13, bdhp,, gen
duoc thé hién trong SEQ ID NO: 21, hoic gen c6 dd tuong ddng 13 90% hoic
cao hon v&i cde gen ndy, va gen tuong tu , hodc chen gen ma héa protein, cu thé
la, gen bdhp,, gen dugc thé hién trong SEQ ID NO: 21, hodc gen ¢ dd tuong
déng 12 90% hodc cao hon voi cde gen nay, va gen tuong tw vao vi tri méi cu thé

trén b gen c6 the bidu hién gen nay.

Qué trinh kim ham gen ma hoéa enzym dé chuyén héa axetoin thanh meso-2,3-
butandiol

Trong vi sinh vt tai tb hop theo sing ché, it nhit mot gen md hoa
enzym dé chuyén hoa axetoin thanh meso-2,3-butandiol ¢6 thé bi kim ham. Vi
du v& gen nay c6 thé bao gém budCy,, dar,, gen cé trinh ty nucleotit dugc thé
hién trong SEQ ID NO: 10 orSEQ ID NO: 12, hodc gen c6 do twong dong 12
90% hodc cao hon v6i trinh tu nucleotit duoc thé hién trong SEQ ID NO: 10
orSEQ ID NO: 12, gen mé hoéa protein ¢ trinh ty axit amin duoc thé hién trong
SEQ ID NO: 9 orSEQ ID NO: 11, hodc gen ma hoéa protein ¢6 trinh tir axit amin
véi do tuong déng 12 90% hodc cao hon véi trinh tu axit amin duoc thé hién
trong SEQ ID NO: 9 hoic SEQ ID NO: 11, gen mé héa protein AR1 hodc
protein AR2, va gen tuwong tu.

Viée kim ham gen c6 thé khong nhitng bao gdm viéc kim hdm gen nay
ma con te ché (kim ham) hoat tinh protein duge ma hoa bing gen nay. Viéc tc
ché hoat tinh cta protein c6 thé duoc thuc hién béng cach trc ché su bidu hién
clia protein, e ché hoat tinh enzym, va céch tc ché khac. Vi dy, ngudi c6 hiéu
biét trung binh trong linh vuc nay c¢6 thé kim him gen ma héa enzym @& chuyén
héa axetoin thanh meso-2,3-butandiol bang céch lwa chon phuong phép thich
hop, nhu loai bd gen ma mé héa gen hodc gdy ra sy dot bién trong gen (su dot
bién nhw qué trinh kim ham sy biéu hién gen binh thudng bing céach bién ddi,
thay thé hodc loai bd mot ph?m trinh tu nucleotit hodc bd sung mot phén trinh tu
nucleotit), didu hoa sy biéu hién gen trong qué trinh phién ma hodc qué trinh
dich m4, va cach tuong tu khéc.
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Néu gen ma hoéa enzym dé chuyén hoéa axetoin thanh meso-2,3-
butandiol khong bi kim hdm va gen mi hoa enzym d& chuyén héa axetoin thanh
D(-) 2,3-butandiol dugc bd sung, thi c& meso-2,3-butandiol va D(-) 2,3-
butandiol dugc tao ra vdi ty 1¢ dang ké. Do do, c6 thé tao ra 2,3-butandiol bao
gdm ca meso-2,3-butandiol va D(-) 2,3-butandiol v&i ty 1¢ dang ké.

Néu gen mad hoéa enzym dé chuyén hoéa axetoin thanh meso-2,3-
butandiol dugc thay thé bang gen ma hda enzym dé& chuyén hoa axetoin thanh
D(-) 2,3-butandiol, thi gen m& hda enzym dé chuyén hoa axetoin thanh meso-
2,3-butandiol bj kim him cing v6i viéc bd sung gen mi héa enzym d& chuyén
héa axetoin thanh D(-) 2,3-butandiol, nh¢ dé biéu hiéu tdc dung mong mubn

lién quan dén viéc nang cao kha ning tao ra D(-) 2,3-butandiol.

Qué trinh kim ham con dudng chuyén héa pyruvat thanh lactat

Vi sinh vat tai td hop theo sdng ché co thé con kim him con dudng
chuyén hoa pyruvat thanh lactat. Lactat dehydrogenaza kiém soat qua trinh
chuyén hoa pyruvat thanh lactat. Con dudng chuyén héa pyruvat thanh lactat c6
thé bi kim ham bing cich kim ham lactat dehydrogenaza. Viéc kim ham lactat
dehydrogenaza cé thé duogc thyuc hién béng cach tc ché su biéu hién gen clia
lactat dehydrogenaza, trc ché hoat tinh enzym cua lactat dehydrogenaza, va cach
kim ham tuong tu khac. Vi du, ngudi c6 hiéu biét trung binh trong linh vyc nay
¢6 thé kim ham lactat dehydrogenaza bing cach lya chon phwong phép thich
hop, nhu loai bd gen ma mé hda lactat dehydrogenaza, vi du, /dhA, gly ra su
dot bién trong gen (su dot bién nhu vide kim ham su biéu hién gen binh thudng
bing cich bién dbi, thay thé hodc loai bd mot phin trinh ty nucleotit hodc bd
sung mot phin trinh trr nucleotit), didu hoa sy biéu hién gen trong qué trinh

phién ma hodc qua trinh dich m&, va cach kim ham twong tu khac.

Qué trinh san xudt D(-) 2,3-butandiol trén co s¢ sinh hoc bang cich sur
dung vi sinh vat tai td hop theo séng ché

Vi sinh vat téi t6 hop theo sang ché c6 con dudng dé sinh téng hop (R)-
axetoin nhu duoc thé hién trong Fig. 1. Trong vi sinh vat téi t5 hop theo séng

ché, bing cach bd sung thém enzym chuyén hoéa (R)-axetoin thanh D(-) 2,3-
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butandiol, con dudng méi chuyén héa (R)-axetoin thanh D(-) 2,3-butandiol
dugc tao ra, va con dudng chuyén héa (R)-axetoin thanh meso-2,3-butandiol

hién hanh bi kim ham.

Theo séng ché, vi sinh vit san xuht 2,3-butandiol c6 thé bao gdm cac
enzym chuyén héa nhuwr a-axetolactat synthaza (a-axetolactate synthase - ALS),
o-axetolactat dicarboxylaza (a-axetolactate dicarboxylase - ALDC), va axetoin
reductaza (acetoin reductase - AR), [am thé hiénn trong Fig. 1. Opéron (cum céc
gen cAu triic ¢6 lién quan vé chirc nang thudng duge phén bd lién nhau c6 chung
mot co ché diéu hoa) cta qué trinh téng hop 2,3-butandiol lién quan dén gen
duge mo ta trong Fig. 2. Mat khac, trong chung thé dai ctia Klebsiella oxytoca,
pyruvat dwoc chuyén héa bing axetolactat synthaza thanh a-axetolactat, a-
axetolactat dugc chuyén héa bing a-axetolactat dicarboxylaza thanh (R)-axetoin,
va (R)-axetoin duogc chuyén hoa bing axetoin reductaza thanh meso-2,3-
butandiol, dugc thé hién trong con dudng 1. Ca AR1 (BudCk,) va AR2(Dar,)
duoce md ta trén ddy déu tham gia vao su bién dbi 14n nhau gitra (R)-axetoin va

meso-2,3-butandiol.

Con duong 1

Pyruvat — a-axetolactat — (R)-axetoin — meso-2,3-butandiol

Theo sang ché, D(-) 2,3-butandiol c6 thé duoc tao ra bing cach bd sung
thém enzym xtc tac cho phan ing dugc thé hién trong con dudng 2, va enzym
nay thudc vé ho axetoin reductaza, ma c6 tinh dic hiéu vi trf khac véi tinh déc
hiéu vi tri clia axetoin reductaza hién cé, cu thé 13, AR1 (BudCk,) va AR2
(Dark,).

Con dudng 2
(R)-axetoin — D(-) 2,3-butandiol (dang quay trai, 2R,3R-butandiol)

Phuong phép san xut D(-) 2,3-butandiol
Sang ché d& cap dén phuong phép san xuit D(-) 2,3-butandiol, phuong

phép ndy bao gdm c4c bude: i moi trudng nudi cdy voéi vi sinh vat tai to hop
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theo sang ché; va nudi cdy vi sinh vat tai t6 hop nay. Phuong phép san xut D(-)

2.3-butandiol ¢4 thé con bao gém budce thu hoach D(-) 2,3-butandiol dugc tao ra.

Phuong phép sén xuét 2,3-butandiol

Séang ché d& cip dén phuong phép san xuét 2,3-butandiol c6 ty 1& thanh
phin mong mudn ctia cac chit ddng phéan 2,3-butandiol bing cach sir dung vi
sinh VAt tai td hop theo sang ché. Cu thé 13, néu gen mi hoéa enzym d& chuyén
héa axetoin thanh meso-2,3-butandiol khong bi kim hdm va gen mé hoa enzym
d& chuyén hoa axetoin thanh D(-) 2,3-butandiol dugc bd sung, thi 2,3-butandiol
bao gém c4 meso-2,3-butandiol va D(-) 2,3-butandiol véi ty 1€ dang ké duoc tao
ra. Ngoai ra, trong truong hop néu AR1 bi kim hdm va gen ma héa enzym aé
chuyén héa axetoin thanh D(-) 2,3-butandiol dwgc bd sung va trong trudng hop
néu AR2 bi kim ham va gen mi hda enzym dé chuyén héa axetoin thanh D(-)
2,3-butandiol dugc bd sung, thi lwong duoc tao ra ciia meso-2,3-butandiol va
D(-) 2,3-butandiol trong 2,3-butandiol dugc tao ra co thé khac nhau. Tuong tu,
néu ca ARI va AR2 bi kim hdm va gen mé héa enzym @8 chuyén hoa axetoin
thanh D(-) 2,3-butandiol duogc bd sung, luong duoc tao ra clia meso-2,3-

butandiol bi giam r4t manh va t§ 18 ctia D(-) 2,3-butandiol trd 1én nhiéu hon.

Qué trinh nudi cdy

Vi sinh vat tai tb hop theo sdng ché c6 thé duoc nudi cdy dudi diéu kién
hidu khi, tdt hon 13 du6i didu kién vi hiéu khi. Vi du, qué trinh nudi cy ¢6 thé
duoc thue hién bang cach cip oxy, cu thé 1a khong khi, trong qué trinh nuodi céy.
Cu thé hon, qua trinh nudi cdy dugc thyc hién béng céach , nhung khong chi gidi
han &, khudy. Vi sinh vat tai td hop theo sang ché c6 thé duoc nudi cdy trong
moi trudng hon hop, va céc loai moi truong hdn hop khéng bi gidi han mot cach
cu thé. R3 rang 1a ngudi ¢6 hiéu biét trung binh trong linh vic nay c6 thé duoc
chon mdt cach phti hop tir cdc moi trudng hdn hop duoc st dung rdng réi va co

ban trén thi trudng néu can.
Vi du thue hién sang che

Ul diém va du hiéu ctia séng ché va phuong phap theo sdng ché s& trd

nén r& rang hon thong qua cac vi du sau day. Tuy nhién can phai hi€u rdng sang
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ché khong bi gidi han & céc vi du nay va co thé duoc bién ddi theo céc cach
khic nhau, va céc vi du nay duge mo ta dé minh hoa mot c4ch chi tiét hon cho
sang ché va gitip ngudi c6 hiéu biét trung binh trong linh vuc k¥ thut nay hiéu
r0 sang ché. Sang ché s& dugc x4c dinh b?mg yéu ciu bao ho kém theo va céc

phuong an twong duong cua nd.

Nguyén liéu va phuong phép
Phuong phap diéu ché ching cia Klebsiella oxytoca KCTC 12133BP
AldhA (KO AL)

Chung ctia gen lactat dehydrogenaza (LdhA) duge loai bo Klebsiella
oxytoca KCTC 12133BP AldhA (KO AL) dugc tao céu triic nhu sau. Dau tién,
dé tao dong lactat dehydrogenaza cta Klebsiella oxytoca, ving tuong ddng 1
(SEQ ID NO: 2) ciia gen dich 1dhA (SEQ ID NO: 1) duge khuéch dai bang céch
str dung céc doan mdi ¢6 trinh ty SEQ ID NO: 3va 4 bang phan tng chudi tring
hop (Polymerase chain reaction - PCR). Ngoai ra, vung tuong ddng 2 (SEQ ID
NO: 5) dugc khuéch dai béng cach sir dung céc doan mdi ¢6 trinh ty SEQ ID
NO: 6 va 7 bang PCR. Sau d6, ving tuong dong 1 va 2 duge khuéch dai bing
c4ch st dung vi sinh vat tai t6 hop nay lam méu cho PCR, nho d6 thu dugc
manh ADN hoan chinh (SEQ ID NO: 8) trong d6 vung twong ddng 1 va 2 duge
gén v6i nhau. Manh ADN hoan chinh c6 thé bao gbm gen khang khéang sinh va
gen tuong ty dé nang cao khd nang tai t6 hop ctia gen dich. Ngoai ra, méanh
ADN hoan chinh ¢6 thé bao gdm gen sacB ma hoa levansucraza dé loai bod gen

khéng khang sinh dugc két hop trong nhiém sic thé (xem, Bang 1 dudi déy).

Manh ADN dugc tao ra duoc chuyén dén Klebsiella oxytoca thé dai
béng cach dién di (25 pF, 200 Q, 18 kV/em), trong d6 gen dich duoc loai bo

bing co ché tai tong hop tuong ddng bén trong vi sinh vét.

Xéc dinh enzym chuyén hoa 2,3-butandiol va gen ctia n6
Céc enzym lién quan dén dé qua trinh tdng hop 2,3-butandiol va con
duong tiéu thu dugc sang loc béng cach st dung co s¢ dir lieu KEGG

(http://www. genome.jp/kegg/) va co  sO dir litu  NCBI
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(http://www.ncbi.nlm.nih.gov/blast/) dua trén thong tin vé bd gen ctia Klebsiella
oxytoca KCTC 12133BP. Két qua 13, d xé4c dinh dugc rang tAt ca cAc loai thude
Klebsiella oxytoca, thong tin vé bd gen cla n6 da biét, c6 it nhit hai enzym
chuyén héa 2,3-butandiol (AR1 va AR2).

Trinh ty axit amin ciia AR1 dugc thé hién trong SEQ ID NO: 9, va trinh
tu nucleotit cua budCg, ma ma héa AR1 dugc thé hién trong SEQ ID NO: 10.
Trong khi d6, trinh ty axit amin clia AR2 dugc thé hién trong SEQ ID NO: 11,
va trinh tu nucleotit cua darg, ma ma héa AR2 dugc thé hién trong SEQ ID NO:
12 (xem, Bang 2 dudi day).

Qua4 trinh diéu ché ching cua Klebsiella oxytoca KCTC 12133BP AldhAAdark,

Dé loai bo AR2, ving tuong ddng 1 (SEQ ID NO: 13) cua gen dich
darg, (SEQ ID NO: 12) dugc khuéch dai bang cach st dung céc doan moi c6
trinh tv SEQ ID NO: 14 va 15 biang PCR. Ngoai ra, ving tuong ddng 2 (SEQ ID
NO: 16) dugc khuéch dai bé‘mg cach str dung céc doan mdi ¢6 trinh ty SEQ ID
NO: 17 va 18 bang PCR. Sau d6, ving tuong ddng 1 (SEQ ID NO: 13) va 2
(SEQ ID NO: 16) duoc khuéch dai bing céch sir dung vi sinh vt tai t6 hop nay
lam mau cho PCR, nh¢ d6 thu duge manh ADN hoan chinh (SEQ ID NO: 19)

trong d6 ving twong dong 1 va 2 dwgc gén véi nhau (xem, Bang 3 dudi day).

Lactat dehydrogenaza dugc tao cAu tric trén day (LdhA) duge loai bo
Klebsiella oxytoca KCTC 12133BP AldhA (KOAL) dugc tao ra. Manh ADN
duoc thé hién trong SEQ ID NO: 19 duge chuyén dén Klebsiella oxytoca
(KOAL) bing cach dién di (25 uF, 200 Q, 18 kV/em). Két qua 13, ching t4i t6
hop cta Klebsiella oxytoca KCTC 12133BP AldhAAdarg, trong d6 AR2
(Dary,) duoc loai bo ra khoi KO AldhA duge tao ciu tric.

Vi dy thue nghiém 1: Phuong phép diéu ché vi sinh vat téi t6 hop

Chiing cua Klebsiella oxytoca KCTC 12133BP AldhA budCk, :: bdhpy
(koALBI)

Bdhp, ma 1a axetoin reductaza dugc tao ra tir PaeniBacillus polymyxa 1a

enzym thudc ho dehydrogenaza/reductaza mach trung binh. Klebsiella oxytoca
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tai td hop trong d6 budCk, lam axetoin reductaza bam sinh Klebsiella oxytoca
KCTC 12133BP duoc thay thé biing bdhp, ma ma hoa Bdhp, duge tao chu tric
nhu sau. Cu thé hon, Klebsiella oxytoca tai t6 hop dugc tao cu triic bang cach
st dung Klebsiella oxytocaKCTC 12133BP AldhA (KOAL) theo phuong phap
sau. Cum gen cua chiing ndy dugc md ta trong Fig. 3. Trinh tu axit amin cta
PaeniBacillus polymyxaKCTC 1663 c6 ngudn gdc tir Bdhp, dugce thé hién trong
SEQ ID NO: 20, va trinh ty nucleotit ctia gen bdhp, ma ma héa Bdhp, dugce thé
hién trong SEQ ID NO: 21 (xem, Bang 4 du¢i day).

DAu tién, dé thay thé trong khung gen budCk, (SEQ ID NO: 10) cta
axetoin reductaza bam sinh Klebsiella oxytoca KCTC 12133BP bing bdhp,
(SEQ ID NO: 21) lam gen dich, ving tuong dong 1 (SEQ ID NO: 22) ctia
budCr, duoc khuéch dai bang PCR bing cach st dung cdc doan mdi ¢6 trinh tur
SEQ ID NO: 23 va 24. Ngoai ra, bdhp, (SEQ ID NO: 21) duge khuéch dai bang
PCR béng c4ch sir dung céc doan mdi c6 trinh ty SEQ ID NO: 25 va 26. Ving
trong dong 2 (SEQ ID NO: 27) cua budCg, duge khuéch dai bing PCR béng
cach st dung céc doan mdi ¢6 trinh ty SEQ ID NO: 28 va 29. Sau do6, ving
twong ddng 1 (SEQ ID NO: 22), bdhp, (SEQ ID NO: 21), va ving tuong ddng 2
(SEQ ID NO: 27) duoc khuéch dai bing PCR bing céch st dung cac ving nay
lam mau cho PCR, nhd d6 thu duge manh ADN hoan chinh (SEQ ID NO: 30)
trong dé ving twong ddng 1, bdhp,, va ving tuong ddng 2 duge gin véi nhau
(xem, Bang 5 dudi day).

Manh ADN hoan chinh ¢6 thé bao gdbm gen khéng khang sinh va gen
twrong tu dé ning cao khi ning tai td hop ctia gen dich. Ngoai ra, manh ADN
hoan chinh c6 thé bao gdm gen sacB mi hoéa levansucraza dé loai bd gen khéang

khéng sinh duoc két hop trong nhiém sic thé.

Chung cta Klebsiella oxytoca KCTC 12133BP AldhA darko :: bdhpy
(koALB2)

Ching Klebsiella oxytoca KCTC 12133BP AldhA dark, :: bdhpy
(KoALB2) trong d6 dark, lam axetoin reductaza bam sinh Klebsiella oxytoca
KCTC 12133BP duoc thay thé bang bdhp, lam gen dich dwogc tao cAu tric nhu

sau. Cu thé hon, Klebsiella oxytoca tai tb hgp duoc tao clu tric bing cach st
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dung Klebsiella oxytoca KCTC 12133BP AldhA (Ko AldhA) theo phuong phap
sau. Cum gen cua ching ndy duge mo ta trong Fig. 3.

Dau tién, dé thay thé trong khung darg, (SEQ ID NO: 12) cua axetoin
reductaza bam sinh Klebsiella oxytoca KCTC 12133BP véi bdhp, (SEQ ID NO:
21) lam gen dich, ving tuong ddng 1 (SEQ ID NO: 31) cua darg, duge khuéch
dai bing PCR bang cach sir dung céc doan mdi c6 trinh ty SEQ ID NO: 32 va
33. Nigoai ra, bdhp, (SEQ ID NO: 21) dugc khuéch dai bing PCR bing céch st
dung céc doan mdi ¢é trinh tu SEQ ID NO: 34 va 35. Viung tuong déng 2 (SEQ
ID NO: 36) cta darg, dugce khuéch dai béng PCR béng cach st dung céc doan
mdi ¢6 trinh ty SEQ ID NO: 37 va 38. Sau d6, ving twong ddng 1 (SEQ ID NO:
31), bdhpp, (SEQ ID NO: 21), va vung tuong ddng 2 (SEQ ID NO: 36) dugc
khuéch dai bing PCR bing cach st dung cdc ving ndy lam mau cho PCR, nh&
d6 thu dugc manh ADN hoan chinh (SEQ ID NO: 39) trong d6 vung tuong

dong 1, bdhpp, va ving tuong ddng 2 duge gin v6i nhau (xem, Béang 6 dudi day).

Manh ADN hoan chinh c¢6 thé bao gom gen khéng khang sinh va gen
tuong tu dé nang cao kha ning tai t0 hop cua gen dich. Ngoai ra, manh ADN
hoan chinh cé thé bao gém sacB ma hoa levansucraza dé loai bd gen khéng

khang sinh dugc két hop trong nhiém séc thé.

Ching cua Klebsiella oxytoca KCTC 12133BP AldhA Adark, budCk, :: bdhpp
(KoALB3)

Chung cta Klebsiella oxytoca KCTC 12133BP AldhA Adark, budCro ::
bdhp, (KoALB3) dugc tao chu trac bang cach st dung Klebsiella oxytoca KCTC
12133BP AldhA Adarg, duge tao ciu tric trén day lam chung co sé. Phuong
phap dé thay thé trong khung budCg, (SEQ ID NO: 10) lam mot trong s6 céc
gen mi hoa axetoin reductaza bam sinh trong ching co s& v6i bdhp, (SEQ ID
NO: 21) lam gen dich 14 gidng v6i phuong phap duge st dung dé tao cAu tric
ching cta "Klebsiella oxytoca KCTC 12133BP AldhA budCk, = bdhpp
(x,ALB1)” (Fig. 3).

Kiéu gen cta cac ching téi td hop cua Klebsiella oxytoca KCTC

12133BP dugc mo ta vén tit trong Bang 7 dudi ddy.
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Bang 7

Chung Kiéugen Dic trung

IdhA duoc loai bd Klebsiella oxytoca
| KoAL AldhA KCTC 12133BP (ching so sénh)

Klebsiella oxytoca KCTC 12133BP
KoALB1 | AldhA budCko :: bdhep trong d6 IdhA dugc loai bo va budCrko
duoc thay thé bang bdhpy’

Klebsiella oxytoca KCTC 12133BP
KoALB2 | AldhA dark.:: bdhpp trong d6 IdhA dugc loai bo va darko
duoc thay thé bang bdhpp

Klebsiella oxytoca KCTC 12133BP
KoALB3 | AldhA Adarko budCxo:: bdhe, | trong d6 IdhA va dark, dugc loai bd va
budCrxo, dugc thay thé bang bdhep

Vi du thue nghiém 2: Viéc san xuit 2,3-butandiol bing qu4 trinh 1én men gidn
doan

Chung tai tb hop dugc tao cAu tric trong Vi du thyc nghiém 1 duoc nudi
céy, nhd d6 san xuét 2,3-butandiol. Péi v6i miu dbi chimg dé so sanh,
Klebsiella oxytoca KCTC 12133BP AdhA (KOAL) duge st dung.

250 ml ctia mdi trudng hdn hop chira 9 g/l glucoza (50mM, glucoza)
duge G v6i mdi ching tai td hop, sau d6 nudi cdy & 37°C trong 16 giv. Dung
dich nudi céy tao thanh duogc phun vao 3 L ctia moi trudng hdn hop, ma sau d6
duoc cho 1én men. Diéu kién 1én men nhu sau: didu kién vi hiéu khi (téc do suc
khi 1 vvm, téc do khudy 400 vong/phit), 90 g/L ndng do glucoza ban dau, do
pH 14 6,8, nhiét do nudi céy 1a 37°C. Trong khi 1én men, NaOH 5N dugc st
dung dé didu chinh d6 pH. MAu dugc tao ra trong khi 1én men bang céch st
dung Klebsiella tai t& hop. Téc dd phét trién dugc x4c dinh bing cach do
OD600 (méat do quang) clia mau thu. Mau thir duge ly tAm ¢ 13,000 vong/phut
trong 10 phit, sau d6 tién hanh phén tich ndng dd cta chét chuyén héa va 2,3-
butandiol trong phén dich ndi bé mit bing sic ky léng hiéu nang cao (high
performance liquid chromatography - HPLC). Ngoai ra, cac chét ddng phan 2,3-
butandiol duge tao ra duoc tién hanh phan tich bang séc ky khi (GC).

Két qua 13, ching tai t6 hop duge tao cAu trac trong Vi du thuc nghiém
1 ¢6 su phat triém va ning sudt twong tu véi ching KOAL dung lam ching so

sénh. KoALB3 c¢c6 dac tinh tdt nhat lién quan dén viéc san xudt D(-) 2,3-
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butandiol. Cu thé 13, ching trong d6 mot axetoin reductaza budCg, trong s6 hai
axetoin reductaza trong Klebsiella oxytoca KCTC 12133BP dugc thay thé bang
bdhp,, va darg, ding lam axetoin reductaza khac trong Klebsiella oxytoca
KCTC 12133BP duoc loai bd ¢6 ndng sudt, 116ng do san phém, va hiéu suét tao
ra 2,3-butandiol tuwong ty v&i ching so sanh ddng thdi tao ra D(-) 2,3-butandiol
v6i do tinh khiét (cu thé 13, ty 18) 14 97% hogc cao hon (Fig. 4, Bang 8).

Bang 8
2,3-butandiol céac chat dong phin Tdng hiéu
Chung D(-) L(+) meso suft
g/L %*? g/L %* g/LL % (g/g)
KoAL 0,2 0,8 2,0 6,9 26,8 92,3 0,32
KoALB1 | 25,1 90,0 1,2 4.4 1,6 5,6 0,32
KoALB2 6,5 22,3 3,6 12,3 19,1 65,4 0,34
KoALB3 | 26,1 974 0 0 0,7 2,6 0,31

Aty 1€ cua cic chét déng phan 2,3-butandiol

Vi du thyc nghiém 3: Vi€c san xuét 2,3-butandiol bing qua trinh 1én men gién
doan ¢6 cung cip dinh dudng

Chung ctia x,ALB3 (Klebsiella oxytocaK CTC 12133BP AldhA Adarg,
budCr, :: bdhpp) ma duge x4c dinh 1a t8t nhét lién quan dén ning suét tao ra D(-
) 2,3-butandiol trong s6 céc chung duge phan tich @8 xéc dinh ning suét tao ra
D(-) 2,3-butandiol trong Vi du thgi'c nghiém 2 dugc tiép tuc nghién cuu vé nang
sut cia n6 bang qué trinh 1én men gidn doan c6 cung cAp dinh dudng.

250 ml ctia moi treong hdn hop chia 9 g/L glucoza (50mM, glucoza)
duoc U v6i ching tai t& hop KoALB3, sau d6 nudi chy & 37°C trong 16 gio.
Dung dich nudi cdy tao thanh dwoc phun vao 3 L clia moi trudng hdn hop, ma
sau do dquc cho 1&én men. Piéu kién 1én men nhu sau: didu kién vi hiéu khi (téc
@5 suc khi 1 vvm, tdc do khudy 400 vong/phut), 90 g/L ndng d6 glucoza ban
dau, d6 pH 1 6,8, va nhiét do nudi cdy 1a 37°C. Trong khi 1én men, NaOH 5N
duge st dung dé& didu chinh do pH. Néu glucoza ndng do trong qué trinh Ién
men giam dén 10 g/L hodc nho hon, dung dich glucoza ndng d6 700 g/L hodc

cao hon duoc bo sung dé cung cip ngudn cacbon bo sung. Mau duoc tao ra
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trong khi 1én men bang céach st dung Klebsiella téi td hop. Téc do phat trién
duoc x4c dinh bang cach do OD600 (mat dd quang) clia mau thtr. MAu thir duge
ly tim & 13,000 vong/phut trong 10 phut, sau dé tién hanh phan tich ndng do
ctia chét chuyén hoéa va 2,3-butandiol trong phan dich ndi bé mit bang séc ky
long hiéu ndng cao (HPLC). Ngoai ra, cdc chét ddng phan 2,3-butandiol duogc

tao ra duge tién hanh phén tich bang séc ky khi (GC).

Két qua 12 da xédc dinh duoc ring do tinh khiét clia cde chit dong phan
D(-) 2,3-butandiol dwoc duy tri & 96,4% hodc cao hon trong toan bd qua trinh
12n men, hiéu suét 13 44%, ning sut 12 2,0 g/L/h, va ndng d6 cubi ctia D(-) 2,3-
butandiol 1a 98g/L(Fig. 5 va Fig. 6).

Kha ning ung dung trong cong ﬁghiép

Séng ché d& cap dén vi sinh vt tai t& hop @8 san xudt D(-) 2,3-butandiol,
trong d6 gen mé hoa enzym d& chuyén hoa axetoin thanh D(-) 2,3-butandiol duge
dua vao trong vi sinh vt c6 con dudng chuyén hoéa axetoin thanh 2,3-butandiol.
Ngoai ra, sang ché dé cap dén phuong phép sén xudt D(-) 2,3-butandiol bing cach

stt dung vi sinh vat tai to hop nay.

MO t& vén tit cée trinh tu

SEQ ID NO: 1 14 trinh tw nucleotit ctia gen /dhA. SEQ ID NO: 2 1a ving
trong ddngl ctia gen IdhA, va SEQ ID NO: 3 va 4 la cic doan mdi ding dé
khuéch dai né. SEQ ID NO: 5 1a ving tuong ddng 2 ctia gen IdhA, va SEQ ID
NO: 6 va 7 Ia cac doan mdi ding dé khuéch dai bing PCR ctia né. SEQ ID NO:
8 1a manh ADN trong d6 1a ving twong ddng 1 va 2 clia gen IdhA duge gén véi
nhau.

SEQ ID NO: 9 14 trinh tu axit amin ctia AR1, va SEQ ID NO: 10 1a trinh
tu nucleotit cia gen budCk, ma ma hoa ARI. |

SEQ ID NO: 11 1a trinh ty axit amin ctia AR2, va SEQ ID NO: 12 la
trinh tu nucleotit ciia gen darg, ma ma héa AR2.

SEQ ID NO: 13 la vung tuong ddng 1 cta dark, lam gen dich, va SEQ
ID NO: 14 va 15 13 c4c doan mdi dung dé khuéch dai bing PCR ctia no.

SEQ ID NO: 16 1a vung tuong ddng 2 cla dar, lam gen dich, va SEQ
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ID NO: 17 va 18 14 cac doan mdi dung dé khuéch dai bang PCR ctia no.

SEQ ID NO: 19 la manh ADN trong do6 la vung tuong ddng 1 (SEQ ID
NO: 13) va ving trong dong 2 (SEQ ID NO: 16) cia dark, dugc gén vé6i nhau,

SEQ ID NO: 20 14 trinh ty axit amin cia Bdhp, c6 ngudn gbe tir
PaeniBacillus polymyxa KCTC 1663, va SEQ ID NO: 21 14 trinh ty nucleotit
ctia gen bdhp, ma méi hoa Bdhpp.

SEQ ID NO: 22 1a ving tuong ddng 1 cua budCy,, va SEQ ID NO: 23
va 24 12 céc doan mdi dung d8 khuéch dai bang PCR cua no.

SEQ ID NO: 25 va 26 1a cac doan mdi ding dé khuéch dai bang PCR
cta bdhp, (SEQ ID NO: 21).

SEQ ID NO: 27 1a vung tuong ddng 2 cta budCy,, vd SEQ ID NO: 28
va 29 13 cac doan mdi ding dé khuéch dai bang PCR ctia né.

SEQ ID NO: 30 12 manh ADN trong do6 la vung tuong ddng 1 (SEQ ID
NO: 22) cua budCy,, bdhpy(SEQ ID NO: 21), va ving tuong ddng 2 (SEQ ID
NO: 27) cua budCg, dugce gén v&1 nhau.

SEQ ID NO: 31 la vung tuong dbng 1 cua dark,, va SEQ ID NO: 32 va
33 12 c4c doan moi dung dé khuéch dai béng PCR cua no.

SEQ ID NO: 34 va 35 1a c4c doan mdi ding dé khuéch dai bing PCR
ctia bdhp,(SEQ ID NO: 21).

SEQ ID NO: 36 1a ving twong dong 2 ctia darg,, va SEQ ID NO: 37 va
38 14 c4c doan mdi dung dé khuéch dai bing PCR ctia no.

SEQ ID NO: 39 manh ADN trong d6 la ving tuong dong 1 (SEQ ID
NO: 31) cta dargo, bdhp, (SEQ ID NO: 21) va vung tuong dong 2 (SEQ ID NO:

36) cta darg, dugce gan véi nhau.
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YEU CAUBAO HO

1. Vi sinh vat tai t hop dé san xuit D(-) 2,3-butandiol, trong d6 gen ma hoa
enzym d& chuyén hoa axetoin thinh D(-) 2,3-butandiol dugc dua vao trong vi sinh
vét ¢6 con dudng chuyén héa axetoin thanh 2,3-butandiol, va it nhit mot gen ma

héa enzym dé chuyén hoa axetoin thanh meso-2,3-butandiol bi kim ham.

2. Vi sinh vat tai tb hop dé san xuat D(-) 2,3-butandiol theo diém 1, trong d6 gen
mé héa enzym dé chuyén héa axetoin thanh D(-) 2,3-butandiol 12 bdhepp.

3. Vi sinh vt tai td hop d& san xuét D(-) 2,3-butandiol theo diém 1, trong d6 gen
ma héa enzym dé chuyén hoéa axetoin thanh D(-) 2,3-butandiol chira trinh tu
nucleotit dugc thé hién trong SEQ ID NO: 21.

4. Vi sinh vat tai t6 hop dé san xuét D(-) 2,3-butandiol theo diém 1, trong d6 gen
mé héa enzym dé chuyén héa axetoin thanh D(-) 2,3-butandiol 13 gen ma héa
protein c6 trinh tu axit amin dugc thé hién trong SEQ ID NO: 20.

5. Vi sinh v4t tai t& hop dé san xuét D(-) 2,3-butandiol theo diém 1, trong d6
budCk, hodc dark, bi kim ham. ’

6. Vi sinh vat tai td hop dé san xuét D(-) 2,3-butandiol theo diém 1, trong d6 gen
ma hoa protein c6 trinh tu axit amin dugc thé hién trong SEQ ID NO: 9 hoic
SEQ ID NO: 11 bi kim ham.

7. Vi sinh vt tai td hop dé san xuét D(-) 2,3-butandiol theo diém 1, trong d6 gen
¢6 trinh tu nucleotit dugc thé hién trong SEQ ID NO: 10 hoic SEQ ID NO: 12

bi kim ham.

8. Vi sinh vat ti t6 hop d& san xuét D(-) 2,3-butandiol theo diém 1, trong d6 vi
sinh vét 1a Klebsiella.

-19-



30154

9. Vi sinh v4t t4i t6 hop dé san xuit D(-) 2,3-butandiol theo diém 1, trong déa con
dudng chuyén héa pyruvat thanh lactat bi kim ham.

10. Phuong phép san xudt D(-) 2,3-butandiol, phuong phép nay bao gdm céc
budc:
U vi sinh vAt ti t6 hop theo diém bat ky trong sé cac diém tir 1 dén 9; va
nudi cdy vi sinh vt ti t hop nay.

11. Vi sinh vt ti t6 hop dé san xuit D(-) 2,3-butandiol, trong d6 gen ma héa
enzym dé chuyén héa axetoin thanh meso-2,3-butandiol dugc thay thé bing gen
ma héa enzym @ chuyén hoéa axetoin thanh D(-) 2,3-butandiol.

12. Vi sinh vat tai tb hop dé san xuét D(-) 2,3-butandiol theo diém 11, trong do
gen mé héa enzym dé chuyén héa axetoin thanh D(-) 2,3-butandiol 1a bdhpp.

13. Vi sinh vt t4i t6 hop dé san xudt D(-) 2,3-butandiol theo diém 11, trong d6
gen mé héa enzym dé chuyén héa axetoin thanh D(-) 2,3-butandiol chira trinh tu
nucleotit dugc thé hién trong SEQ ID NO: 21.

14. Vi sinh v4t t4i t6 hop dé san xudt D(-) 2,3-butandiol theo diém 11, trong d6
gen ma héa enzym @ chuyén héa axetoin thanh D(-) 2,3-butandiol gen ma héa
protein c6 trinh tu axit amin dugc thé hién trong SEQ ID NO: 20.

15. Vi sinh vét t4i t6 hop dé san xudt D(-) 2,3-butandiol theo diém 11, trong d6
gen ma héa enzym dé chuyén héa axetoin thanh meso-2,3-butandiol 1a budCk,
hodc dark,.

16. Vi sinh vat tai tb hop dé san xuét D(-) 2,3-butandiol theo diém 11, trong dé
gen md héa enzym d& chuyén héa axetoin thanh meso-2,3-butandiol 1a gen ma
mi hoa protein c6 trinh ty axit amin dugc thé hién trong SEQ ID NO: 9 hoic

SEQ ID NO: 11.

17. Vi sinh vat tai td hop d& san xuét D(-) 2,3-butandiol theo diém 12, trong d6
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gen ma héa enzym dé chuyén héa axetoin thanh meso-2,3-butandiol gen co trinh
tu nucleotit dugc thé hién trong SEQ ID NO: 10 hoac SEQ ID NO: 12.

18. Vi sinh vt t4i td hop dé san xuét D(-) 2,3-butandiol theo diém 11, trong do

vi sinh vat 1a Klebsiella.

19. Vi sinh vt t4i td hop dé san xuét D(-) 2,3-butandiol theo diém 11, trong d6
con dudng chuyén héa pyruvat thanh lactat bj kim ham.

20. Phuong phap san xuét D(-) 2,3-butandiol, phuong phap ndy bao gdm céc
budec:

U vi sinh vat tai t6 hop theo diém bat ky trong sb cac diém tir 11 dén 19;
va

nuoi cay vi sinh vt ti to hop nay.
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 6
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Béng 1
SEQ 1D .
Trinh tu
NO
1 ATGAAAATCGCTGTGTATAGTACAAAACAGTACGACAAGAAGTATCTGCAGCATGTTAATGATGCAT

ATGGCTTTGAACTGGAGTTTTTTGACTTCCTGCTAACCGAAAAAACCGCCAAAACCG CCAACGGCTG

TGAAGCGGTGTGTATCTTCGTAAACGATGACGGTAGCCG CCCGGTACTTGAAGAACTGAAAGCCCA

CGGCGTGCAGTACATCGCGCTG CGCTGCGCGGGGTTCAACAACGTTGACCTCGATGCCGCCAAAGA
GCTGGGCCTGCGGGTGGTGCGCGTCCCGGCCTACTCGCCGGAAGCGGTCG CTGAGCACGCGATCG

GCATGATGATGTCG CTGAACCGCCGCATTCACCGTGCCTATCAGCGCACCCGCGACGCGAACTTCTC
TCTGGAAGGGCTGACCGGTTTCACCATGCACGGTAAAACCGCCG GCGTTATTGGCACCGGTAAAAT

CGGCGTCGCCGCGCTGCGCATTCTTAAAGGCTTCGGTATGCGTCTGCTG GCGTTTGATCCCTACCCA

AGCGCCGCCGCGCTGGATATGGGCGTGGAGTATGTCGATCTTGAAACCCTGTACCG GGAGTCCGAT

GTTATCTCACTGCACTGCCCACTGACCGATGAAAACTACCATTTGCTGAACCATG CCGCGTTCGATCG
CATGAAAGACGGGGTGATGATCATCAACACCAGCCGCG GCGCGCTCATCGATTCGCAGGCAGCGAT
CGACGCCCTGAAGCATCAGAAAATTGGCGCGCTGGG GATGGACGTGTATGAGAACGAACGCGATCT
GTTCTTTGAAGATAAGTCTAATGACGTGATTCAGGATGATGTGTTCCGCCGTCTCTCCGCCTGCCATA
ACGTCCTGTTTACCGGTCACCAGGCGTTTCTGACCGCGGAAG CGTTGATCAGCATTTCGCAAACCAC

CCTCGACAACCTGCGTCAAGTGGATGCAGGCGAAACCTGTCCTAACGCACTGGTCTGA

ATGACGTTCGCTAAATCCTGCGCCGTCATCTCGCTGCTGATCCCGGGCACCTCCGGGCTACTG CTGTTCG
GCACCCTGGCATCGGCCAGCCCGGGACATTTCCTGTTAATGTGGATGAGCGCCAGCCTCGG CGCTATCG
GCGGATTCTGGCTCTCGTGGCTGACGGGCTACCGCTACCGGTACCATCTGCATCGTATCCGCTG GCTTAA
TGCCGAACGCCTCGCTCGCGGCCAGTTGTTCCTGCGCCGCCACGGCGLGTG GGCAGTCTTTTTTAGCC
GCTTTCTCTCTCCGCTTCGCGCCACCGTGCCGCTGGTAACCGGCGCCAGLG GCACCTCTCTCTGGCAGT
TTCAGCTCGCCAACGTCAGCTCCGGGCTGCTCTGGCCGCTGATCCTGCTGGCG CCAGGCGCGTTAAGC
CTCAGCTTTTGATGAAAGGTATTGTCTTTTAAAGAGATTTCTTAACACCGCGATATG CTCTAGAATTATTA
CTATAACCTGCTGATTAAACTAGTTTTTAACATTTGTAAGATTATTTTAATTATGCTACCGTGACG GTATTAT
CACTGGAGAAAAGTCTTTTTTCCTTGCCCTTTTGTGC

Ko_IldhA_FP1 — CACGGATCCATGACGTTCGCTAAATCCTGC

Ko_ldhA_RP1 - GCACAAAAGGGCAAGGAAAAAAGACTTTTCTC CAGTGATA

TATCACTGGAGAAAAGTCTTTTTTCCTTGCCCTTTTGTGCTCCCCCTTCGCGGGGGGCACATTCAGATAA
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Béng 1 (tiép tuc)

TCCCCACAGAAATTGCCTGCGATAAAGTTACAATCCCTTCATTTATTAATACGATAAATATTTATGGAGATT
AAATGAACAAGTATGCTGCGCTGCTGGCGGTGGGAATGTTGCTATCGGGCTGCGTTTATAACAGCAAGG
TGTCGACCAGAGCGGAACAGCTTCAGCACCACCGTTTTGTGCTGACCAGCGTTAACGGGCAGCCGCTG
AATGCCGCGGATAAGCCGCAGGAGCTGAGCTTCGGCGAAAAGATGCCCATTACGGGCAAGATGTCTGT
TTCAGGTAATATGTGCAACCGCTTCAGCGGCACGGGCAAAGTCTCTGACGGCGAGCTGAAGGTTGAAG
AGCTGGCAATGACCCGCATGCTCTGCACGGACTCGCAGCTTAACGCCCTGGACGCCACGCTGAGCAAA
ATGCTGCGCGAAGGCGCGCAGGTCGACCTGACGGAAACGCAGCTAACGCTGGCGACCGCCGACCAG
ACGCTGGTGTATAAGCTCGCCGACCTGATGAATTAATAATTA

Ko_ldhA_FP2 - TATCACTGGAGAAAAGTCTTTTTTCCTTGCCCTTTTGTGC

Ko_ldhA_RP2 - CCTGCGGCCGCTAATTATTAATTCATCAGGTC

ATGACGTTCGCTAAATCCTGCGCCGTCATCTCGCTGCTGATCCCGGGCACCTCCGGGCTACTGCTGTTCG
GCACCCTGGCATCGGCCAGCCCGGGACATTTCCTGTTAATGTGGATGAGCGCCAGCCTCGGCGCTATCG
GCGGATTCTGGCTCTCGTGGCTGACGGGCTACCGCTACCGGTACCATCTGCATCGTATCCGCTGGCTTAA
TGCCGAACGCCTCGCTCGCGGCCAGTTGTTCCTGCGCCGCCACGGCGCGTGGGCAGTCTTTTTTAGCC
GCTTTCTCTCTCCGCTTCGCGCCACCGTGCCGCTGGTAACCGGCGCCAGCGGCACCTCTCTCTGGCAGT
TTCAGCTCGCCAACGTCAGCTCCGGGCTGCTCTGGCCGCTGATCCTGCTGGCGCCAGGCGCGTTAAGC
CTCAGCTTTTGATGAAAGGTATTGTCTTTTAAAGAGATTTCTTAACACCGCGATATGCTCTAGAATTATTA
CTATAACCTGCTGATTAAACTAGTTTTTAACATTTGTAAGATTATTTTAATTATGCTACCGTGACGGTATTAT
CACTGGAGAAAAGTCTTTTTTCCTTGCCCTTTTGTGCTCCCCCTTCGCGGGGGGCACATTCAGATAATCC
CCACAGAAATTGCCTGCGATAAAGTTACAATCCCTTCATTTATTAATACGATAAATATT TATGGAGATTAAA
TGAACAAGTATGCTGCGCTGCTGGCGGTGGGAATGTTGCTATCGGGCTGCGTTTATAACAGCAAGGTGT
CGACCAGAGCGGAACAGCTTCAGCACCACCGTTTTGTGCTGACCAGCGTTAACGGGCAGCCGCTGAAT
GCCGCGGATAAGCCGCAGGAGCTGAGCTTCGGCGAAAAGATGCCCATTACGGGCAAGATGTCTGTTTC
AGGTAATATGTGCAACCGCTTCAGCGGCACGGGCAAAGTCTCTGACGGCGAGCTGAAGGTTGAAGAG
CTGGCAATGACCCGCATGCTCTGCACGGACTCGCAGCTTAACGCCCTGGACGCCACGCTGAG CAAAAT
GCTGCGCGAAGGCGCGCAGGTCGACCTGACGGAAACGCAGCTAACGCTGGCGACCGCCGACCAGAC
GCTGGTGTATAAGCTCGCCGACCTGATGAATTAATAATTA
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SEQ ID
NO

Trinh tur

MKKVALVTGAGQGIGKAIALRLVKDGFAVAIADYNDATAQAVADEINRSGGRALAVKVDVSQR
DQVFAAVEQARKGLGGFDVIVNNAGVAPSTPIEEIREEVIDKVYNINVKGVIWGIQAAVEAFKKE
GHGGKINACSQAGHVGNPELAVYSSSKFAVRGLTQTAARDLAHLGITVNGYCPGIVKTPMWAE
IDRQVSEAAGKPLGYGTQEFAKRITLGRLSEPEDVAACVSYLAGPDSNYMTGQSLLIDGGMVEN

10

ATGAAAAAAGTCGCACTCGTCACCGGCGCGGGCCAGGGTATCGGTAAAGCTATCGCCCTTCG
TCTGGTGAAAGATGGTTTTGCCGTGGCTATCGCCGATTATAACGACGCCACCGCGCAGGCGGT
CGCTGATGAAATTAACCGCAGCGGCGGCCGGGCGCTAGCGGTGAAGGTGGATGTGTCTCAA
CGCGATCAGGTTTTTGCCGCCGTCGAACAGGCGCGCAAGGGTCTCGGCGGTTTTGACGTGAT
CGTCAACAACGCCGGGGTTGCGCCCTCCACACCAATCGAAGAGATTCGCGAGGAGGTGATC
GATAAAGTCTACAATATCAACGTTAAAGGCGTTATCTGGGGCATCCAGGCCGCGGTAGAGGC
GTTTAAAAAAGAGGGCCACGGCGGCAAAATTATCAACGCCTGCTCCCAGGCGGGCCATGTA
GGTAACCCGGAGCTGGCGGTCTATAGCTCCAGTAAATTTGCCGTGCGCGGCCTGACGCAAAC
CGCCGCCCGCGATCTGGCGCATCTGGGGATTACCGTAAACGGCTACTGCCCGGGGATCGTCA
AAACCCCAATGTGGGCGGAAATTGACCGCCAGGTTTCCGAAGCGGCGGGTAAACCGCTGGG
CTACGGAACCCAGGAGTTCGCCAAACGCATTACCCTTGGGCGGCTATCCGAGCCGGAAGAC
GTCGCAGCCTGCGTCTCTTATCTCGCCGGTCCGGACTCCAATTATATGACCGGCCAATCGCTGC
TGATCGATGGCGGCATGGTATTTAAC

11

MAIENKVALVTGAGQGIGRGIALRLAKDGASVMLVDVNPEGIAAVAAEVEALGRKAATFVANIA
DRAQVYAAIDEAEKQLGGFDIIVNNAGIAQVQALADVTPEEVDRIMRINVQGTLWGIQAAAKK
FIDRQQKGKIINACSIAGHDGFALLGVYSATKFAVRALTQAAAKEYASRGITVNAYCPGIVGTGM

WTEIDKRFAEITGAPVGETYKKYVEGIALGRAETPDDVASLVSYLAGPDSDYVTGQSILIDGGIVYR

12

ATGGCTATCGAAAATAAAGTTGCGCTGGTAACCGGCGCCGGTCAGGGCATTGGCCGCGGTAT
TGCGTTGCGTCTGGCCAAAGACGGCGCGTCGGTGATGCTGGTCGACGTGAACCCTGAAGGGA
TTGCCGCCGTCGCCGCCGAAGTGGAAGCGCTGGGACGCAAAGCAGCCACCTTCGTCGCTAA
CATCGCCGATCGCGCGCAGGTGTACGCCGCCATTGATGAAGCGGAAAAACAGCTGGGCGGC
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Bang 2 (tiép tuc)

TTTGATATTATCGTGAACAACGCCGGGATCGCCCAGGTTCAGGCGCTGGCCGATGTGACGCCT
GAAGAAGTGGACCGCATCATGCGCATCAACGTTCAGGGTACCCTGTGGGGTATTCAGGCGGC
GGCGAAAAAATTCATCGATCGTCAGCAGAAAGGGAAAATCATCAACGCCTGCTCTATCGCCG
GTCATGATGGTTTCGCGCTGCTGGGCGTTTATTCCGCCACCAAATTTGCCGTACGCGCCCTGA
CGCAGGCGGCGGCGAAGGAGTATGCCAGCCGCGGCATTACGGTTAATGCCTACTGTCCGGG
GATTGTGGGAACCGGGATGTGGACCGAAATCGATAAGCGCTTTGCGGAAATTACCGGTGCGC
CGGTGGGCGAAACTTATAAAAAATACGTTGAAGGCATCGCCCTTGGCCGCGCCGAAACGCC
GGACGATGTGGCAAGCCTGGTCTCTTATCTGGCAGGCCCGGATTCCGATTATGTTACCGGTCA
GTCGATTCTGATCGATGGCGGTATTGTTTACCGT
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Béng3
SEQ 1D .
Trinh tu
NO
13 GGAGGTCGGCCGGAAGCTCGCCTTGCAGCAGCTGCAGAAACGACGGGCTCCACCCCTGCCACAAG

GGCCGCAGCGCCTCCTGCAGATAGCGTATAAACAGTAGCGGCGCGTTGTCATCCTCTTCAAGGCTCA
GCCAGGCCAGCGCATCCCCTTGTCGAAGGCGGTGTCGATACCACTGCGCCAGCAGGGTGGTTTTGC
CAAATCCGGCGGGCGCGCGCACCAGGGTTAAACGGCGGGAGACGGCGGCGTCGAGGCGCTGTAG
CAGGCGCTCCCGCGATAGCAGACTTTCCGGCGTACGGGGCGGCGTAAAGCGCGTGGAGATAAGCG
GCAGCGTCCCCGTGAAGCGTAAAGGTTCCTGATGAACAAGCGCTGCCAGCGCATCATCCGCCGAGG
ATAAAAAGGCCATACCACGATTACTCCTTAATCCAGTCCGTACGCTCATTATCCCCCCCATCAGGGG
GGTAGGCCACGCTTATCGCGCCCGATAGAGTAGTGCCATTCGCCGCAGCGGCTACGACGACATCGG
CCGCGGGCCTCCCTAGTTTATTAATCAGTACAAGGTGAGTACAGACATGGCTATCGAAAATAAAGTT
GCGACCGGTCAGTCGATTCTGATCGATG

14

TCTAGAGGATCCGGAGGTCGGCCGGAAGCTCGCC

15

CATCGATCAGAATCGACTGACCGGTCGCAACTTTATTTITCGATAGCCATGTC

16

GACATGGCTATCGAAAATAAAGTTGCGACCGGTCAGTCGATTCTGATCGATGGCGGTATTIGTTTACC
GTTAAGGGATAAACCCGGCGCAGAACGCGCCGGGTTTTTGCGGGGTTACGCGTTAGCCGCGGGCTC
CTGCGGCTTGTCGCTACGGGTGTTTTCCAGCATCCGGCGAACCGGAACAATCAGCAGGCACAGCAC
CGCGGCGCAGATCAGCAGCGCAATAGAGCAGCGTGCGAACAGGTCGGGCAGCATATCCAGCTGAT
CGGCCTTCACGTGACCGCCAATCAGACCCGCCGCCAGGTTCCCCAGGGCGCTGGCGCAGAACCACA
GCCCCATCATCTGGCCGCGCATTCTTTCCGGCGCCAGCAGCGTCATGGTCGCGAGGCCAATCGGGC
TGAGGCACAGCTCGCCCAGCGTCAGCATCAGAATACTGCCCACCAGCCACATCGGCGAGACGCCCG
CGCCGTTGTTGCTCAGGACGTTTTGCGCCGCCAGCATCATCAGGCCAAAGCCCGCCGCCGCGCATA
AAATACCGATAACAAACTTGGTGATGCTGCTCGGACGCACGTTTTTACGCGCCAGCGCAGGCCACG
CCCAGCTAAATACC

17

GACATGGCTATCGAAAATAAAGTTGCGACCGGTCAGTCGATTCTGATCGATG

18

ATCGCGGCCGCGGTATTTAGCTGGGCGTGGCCTGC

19

GGAGGTCGGCCGGAAGCTCGCCTTGCAGCAGCTGCAGAAACGACGGGCTCCACCCCTGCCACAAG
GGCCGCAGCGCCTCCTGCAGATAGCGTATAAACAGTAGCGGCGCGTTGTCATCCTCTTCAAGGCTCA
GCCAGGCCAGCGCATCCCCTTGTCGAAGGCGGTGTCGATACCACTGCGCCAGCAGGGTGGTTTTGC
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Béng 3 (tiép tuc)

: CAAATCCGGCGGGCGCGCGCACCAGGGTTAAACGGCGGGAGACGGCGGCGTCGAGGCGCTGTAG
CAGGCGCTCCCGCGATAGCAGACTTTCCGGCGTACGGGGCGGCGTAAAGCGCGTGGAGATAAGCG
GCAGCGTCCCCGTGAAGCGTAAAGGTTCCTGATGAACAAGCGCTGCCAGCGCATCATCCGCCGAGG
ATAAAAAGGCCATACCACGATTACTCCTTAATCCAGTCCGTACGCTCA'ITATCCCCCCCATCAGGGG
GGTAGGCCACGCTTATCGCGCCCGATAGAGTAGTGCCATTCGCCGCAGCGGCTACGACGACATCGG
CCGCGGGCCTCCCTAGTTTATTAATCAGTACAAGGTGAGTACAGACATGGCTATCGAAAATAAAGTT
GCGACCGGTCAGTCGATTCTGATCGATGGCGGTATTGTTTACCGTTAAGGGATAAACCCGGCG CAGA
ACGCGCCGGGTTTI'TGCGGGGTTACGCGTTAGCCGCGGGCTCCTGCGGCWGTCGCTACGGGTGTTT
TCCAGCATCCGGCGAACCGGAACAATCAGCAGGCACAGCACCGCGGCGCAGATCAG CAGCGCAAT
AGAGCAGCGTGCGAACAGGTCGGGCAGCATATCCAGCTGATCGGCCTTCACGTGACCGCCAATCAG
ACCCGCCGCCAGGTTCCCCAGGGCGCTGGCG CAGAACCACAGCCCCATCATCTGGCCGCGCATICT
TTCCGGCGCCAGCAGCGTCATGGTCGCGAGGCCAATCGGGCTGAGGCACAGCTCGCCCAGCGTCA
GCATCAGAATACTGCCCACCAGCCACATCGGCGAGACGCCCGCGCCGTTGTTGCTCAGGACGTTTI'
GCGCCGCCAG CATCATCAGGCCAAAGCCCGCCGCCGCGCATAAAATACCGATAACAAACTTGGTGA
TGCTGCTCGGACGCACGTTTTTACGCGCCAGCGCAGGCCACGCCCAGCTAAATACC
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Béang 4
SEQ 1D
Trinh tu
NO
20 MQALRWHGVKDLRLENIEQPAALPGKVKIKVEWCGICGSDLHEYVAGPIFIPENAQHPLTGEKA

PIVMGHEFSGQVVEIGEGVTKIQVGDRVVVEPVFACGECDACRQGKYNLCDKMGFLGLAGGG

GGFSEYVAADEHMVHKIPESVSFEQGALVEPSAVALYAVRQSQLKVGDKAVVFGAGPIGLLVIEA
LKASGASEIYAVELSEERKAKAEELGAIVLDPKTYDVVEELHKRTNGGVDVAYEVTGVPPVLTQAIE
STKISGQIMIVSIFEKEAPIKPNNIVMKERNLTGIIGYRDVFPAVISLMEKGYFPADKLVTKRIKLEEVI
EQGFEGLLKEKNQVKILVSPKA

21

ATGCAAGCATTGAGATGGCATGGAGTAAAAGATTTACGTTTGGAAAACATTGAGCAACCCGC
TGCTCTTCCAGGAAAAGTAAAAATCAAAGTAGAATGGTGTGGCATTTGCGGAAGTGATCTTCA
CGAATATGTAGCAGGACCGATCTTCATTCCTGAAAACGCTCAGCATCCACTGACTGGCGAAAA
AGCTCCGATTGTGATGGGACATGAATTTTCTGGACAAGTCGTTGAAATCGGTGAAGGTGTAAC
TAAAATTCAGGTTGGCGACCGTGTAGTCGTAGAACCGGTTTTTGCATGTGGAGAATGTGATGC
ATGTAGACAAGGCAAATATAACCTTTGCGATAAAATGGGCTTCCTCGGTTTGGCAGGCGGCG
GCGGTGGATTTTCTGAATATGTCGCAGCTGACGAGCACATGGTTCACAAAATTCCAGAAAGC
GTATCCTTCGAGCAAGGCGCTTTGGTAGAGCCTTCGGCCGTTGCTTTGTACGCTGTACGTCAA
AGCCAACTGAAAGTCGGCGACAAAGCTGTCGTGTTTGGCGCTGGTCCTATCGGATTGCTGGTT
ATTGAAGCGTTGAAAGCTTCGGGCGCATCTGAGATTTATGCAGTAGAGCTTTCCGAGGAGCG
TAAAGCTAAAGCTGAAGAGCTGGGTGCTATTGTGCTTGATCCTAAAACTTATGATGTTGTGGAA
GAACTGCACAAACGGACCAACGGTGGCGTAGATGTAGCCTATGAAGTCACTGGAGTACCTCC
TGTGCTGACTCAAGCGATTGAATCCACTAAAATTAGCGGACAAATCATGATCGTCAGCATTTTT
GAAAAAGAAGCTCCAATCAAACCGAACAATATCGTTATGAAGGAACGCAATCTGACTGGTATT
ATCGGCTACCGTGATGTATTCCCGGCTGTCATCAGCTTGATGGAAAAAGGGTATTTCCCTGCTG
ACAAGCTTGTGACCAAACGTATTAAGCTCGAAGAAGTAATCGAGCAAGGTTTTGAAGGTCTC
CTGAAAGAAAAAAATCAGGTTAAAATCCTGGTATCTCCGAAAGCC
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Béng 5

SEQ 1D
NO

Trinh tu

22

CCGCATCACCGGCAAAGCGGGCGTCGCGCTGGTCACGTCCGGACCGGGCTGCTCTAACCTG
ATTACCGGGATGGCAACGGCCAATAGCGAAGGCGACCCGGTGGTGGCGCTGGGCGGLGLG
GTAAAACGCGCCGACAAGGCCAAACAGGTGCACCAGAGTATGGATACGGTGACGATGTTTA
GCCCGGTGACCAAATACTCG GTGGAAGTCACCGCGCCGGAAGCGCTGGCGGAAGTTGTCTC
CAACGCGTTTCGTGCAGCCGAGCAGGGACGCCCCGGCAGCGCCTTCGTCAGCCTGCCGCAG
GACGTGGTCGACGGGCCGGTCCACGCCAGGGTTCTGCCCGCCGGCGATGCGCCGCAGALCCG
GCGCGGCGCCGGACGACGCCATTGCGCGAGTCGCGAAGATGATTGCCGGCGCGAAAAATCC
GATATTTCTGCTCGGCCTGATGGCCAGCCAGACGGAAAACAGCGCGGCGCTGCGCGAATTG
CTGAAAAAAAGTCATATCCCGGTGACCAGCACCTATCAGGCCGCCGGCGCAGTCAATCAGGA
TCACTTTACCCGCTTCGCCGGACGGGTTGGTCTGTTCAACAACCAGGCAGGGGATCGACTCC
TGCATCTCGCCGACCTGGTCATCTGCATCGGCTATAGTCCGGTGGAGTACGAGCCGGCCATGT
GGAATAACGGTAACGCCACGCTGGTACATATCGACGTGCTGCCCGCTTACGAAGAGCGTAATT
ATACCCCGGACGTCGAGCTGGTCGGCAATATCGCCGCCACCCTGAACAAACTGTCTCAACGC
ATCGACCACCAGCTGGTGCTCTCGCCGCAGGCCGCCGAGATCCTTGTCGACCGCCAGCATCA
GCGGGAGCTCCTCGACCGCCGCGGTGCGCACCTGAACCAGTTCGCGCTTCATCCGCTGCGCA
TCGTTCGCGCCATGCAGGACATCGTCAATAGCGATGTCACCCTGACCGTCGATATGGGGAGCT
TTCATATCTGGATCGCCCGCTATCTCTACAGCTTTCGCGCCCGTCAGGTCATGATTTCCAACGGT
CAACAGACCATGGGCGTGGCGCTGCCGTGGGCGATTGGCGCCTGGCTGGTCAATCCGCAGC
GCAAAGTGGTTTCCGTTTCCGGCGACGGCGGTTTCCTGCAGTCCAGCATGGAGCTGGAGACC
GCTGTACGGCTGAAAGCGAACGTCCTGCATATCATCTGGGTCGATAACGGCTACAACATGGTG
GCGATTCAGGAGGAGAAAAAATACCAGCGGCTCTCCGGCGTTGAGTTCGGCCCGGTGGATT
TTAAAGTCTACGCCGAAGCCTTCGGCGCCAAAGGGTTTGCGGTAGAGAGCGCCGAAGCCCT
TGAGCCGACGCTGCGGGCGGCGATGGACGTCGACGGCCCCGCCGTCGTAGCCATCCCCGTG
GATTACCGCGATAACCCGCTGCTGATGGGCCAGCTCCATCTCAGTCAACTACTTTGAGTCACTA
CAGAAGGAATCTATCA

23

budCtobdhF1 - GGATCCCCGCATCACCGGCAAAGCGGGC
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Bang 5 (tiep tuc)
24 | budCtobdhR1 - CTCCATGCCATCTCAATGCTTGCATTGATAGATTCCTTCTGTAGTGAC
25 | budCtobdhF2 - TCACTACAGAAGGAATCTATCAATGCAAGCATTGAGATGGCATGGAG
26 | budCtobdhR2 - CAAACCATGTCAGAGCTTATTTATTATTAGGCTTTCGGAGATACCAGGAT
27 | TAATAAATAAGCTCTGACATGGTTTGCCCCGGCGTCACCGCCGGGGCTTTTTTATTTCAACCTT

TAGGGAAGATCCACAGGTCGCTGACGGGCAATGTCAGATGGCAACGCTCGGCATCGCGCAG
CGCGCTGCCGTAGGCGCGTATGGCGAAATCATCGCCTTCAGTGCGAAACAGATACTCCCAGC
GGTCGCCGAGGTACATGCTGGTCAACAGCGGCAGCGCCAGCATGTTCTCTTCAGGCGCGGA
AGCGATGCGCAAACGCTCAACGCGGATCACCGCCGTCGCCTCTTCCCCCACGCTAACCCCTT
CCCCCGCCATTCCCCATAGCGCCCAGCTGGCCCCCTCAATGCGCGCCCGACCGTTCTCCAGLG
CGCTAACGGTGCCATGCAGGCGATTATTACTGCCCATAAACTCGGCGGCAAACAGCGTTTTCG
GGCTGCCGTACATCTCCTGCGGGGTTCCCTGCTGCTCGATCACGCCGTTGTTAAGCAGCAGAA
TGCGATCGGAAATCGCCATCGCCTCATTCTGATCGTGGGTGACCATCAGCGCCGAAAGCCCCA
GCTTGACGATCAGCTCGCGCAAAAAGACCCGCGCTTCTTCCCGCAGCTTGGCGTCCAGATTC
GACAGCGGTTCATCCAGCAGGATCACCGGCGGGTTGTAAACCAGCGCCCTGCCGATGGCCA
CGCGCTGCTGCTGTCCTCCGGAGAGCTGATGCGGATGGCGACTGCCAAGATGCCCCAGCCCA
AGCTGTTCAAGTACGGTCTGGACCCGTTGCTTGATCTCCGCGGCGGCAACCTTACGCAGCTTC
AGCGGGTAAGCGACGTTTTCAAACACCGTTTTATGCGGCCACAGCGCATAGGACTGAAACAC
CAGACCCAGGTTACGCTCCTCGGCCGGAATTTCGCTACGCGGGTTGCCGTCATAGACGCGGG
ATTTTCCAATGGTAATAATGCCGCCGGTCGGCTTCTCCAGCCCGGCGACCGCCCGCAGCAGC
GTGGTTTTTCCGCTGCCCGATGGCCCGAGCAGCGACACCACCTCTCCCCGCTTCAGTTCCATG
GACACGCCCTTCAGTACCGGATTATCGCCATAGGTCAGATGCAGGTTTTCTACCGATAATTCAA
TCATGTAATTTCACTCCAAAGCGCAGGGCGATACCCAGACCGACGACCACCAGCAGGATATT
AATAAAGGAGAGCGCGGCGACGATATCGATAGCCCCCGCCGCCCACAGCGAGACCAGCATC
GAACCAATCGTTTCGGTTCCGGGCGAAAGCAGATAGACCCCGGTGGAGTATTCGCGCTCGAA
GATAAGAAACATCAGCAGCCAGGAGCCGATTAAGCCGTAGCGCGACAGCGGCACCGTAACG
TGACGGGTAATCTGCCCGCGCGATGCGCCGGTACTGCGCGCGGCCTCTTCCAACTCCGGCGC
TACCTGCAGCAGCGTCGAGGAGATCAGCCGCAGGCCGTAAGCCATCCACACCACGGTATAGG
CCAGCCA
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Bang 5 (tiep tuc)
28 | budCtobdhF3 - ATCCTGGTATCTCCGAAAGCCTAATAATAAATAAGCTCTGACATGGTTTG
29 | budCtobdhR3 - GCGGCCGCTGGCTGGCCTATACCGTGGTGTG
30 | CCGCATCACCGGCAAAGCGGGCGTCGCGCTGGTCACGTCCGGACCGGGCTGCTCTAACCTG

ATTACCGGGATGGCAACGGCCAATAGCGAAGGCGACCCGGTGGTGGCGCTGGGCGGLGLG
GTAAAACGCGCCGACAAGGCCAAACAGGTGCACCAGAGTATGGATACGGTGACGATGTTTA
GCCCGGTGACCAAATACTCGGTGGAAGTCACCGCGCCGGAAGCGCTGGCGGAAGTTGTCTC
CAACGCGTTTCGTGCAGCCGAGCAGGGACGCCCCGGCAGCGCCTTCGTCAGCCTGCCGCAG
GACGTGGTCGACGGGCCGGTCCACGCCAGGGTTCTGCCCGCCGGCGATGCGCCGCAGACCG
GCGCGGEGCCGGACGACGCCATTGCGCGAGTCGCGAAGATGATTGCCGGCGCGAAAAATCC
GATATTTCTGCTCGGCCTGATGGCCAGCCAGACGGAAAACAGCGCGGCGCTGCGCGAATTG
CTGAAAAAAAGTCATATCCCGGTGACCAGCACCTATCAGGCCGCCGGCGCAGTCAATCAGGA
TCACTTTACCCGCTTCGCCGGACGGGTTGGTCTGTTCAACAACCAGGCAGGGGATCGACTCC
TGCATCTCGCCGACCTGGTCATCTGCATCGGCTATAGTCCGGTGGAGTACGAGCCGGCCATGT
GGAATAACGGTAACGCCACGCTGGTACATATCGACGTGCTGCCCGCTTACGAAGAGCGTAATT
ATACCCCGGACGTCGAGCTGGTCGGCAATATCGCCGCCACCCTGAACAAACTGTCTCAACGC
ATCGACCACCAGCTGGTGCTCTCGCCGCAGGCCGCCGAGATCCTTGTCGACCGCCAGCATCA
GCGGGAGCTCCTCGACCGCCGCGGTGCGCACCTGAACCAGTTCGCGCTTCATCCGCTGCGCA
TCGTTCGCGCCATGCAGGACATCGTCAATAGCGATGTCACCCTGACCGTCGATATGGGGAGCT
TTCATATCTGGATCGCCCGCTATCTCTACAGCTTTCGCGCCCGTCAGGTCATGATTTCCAACGGT
CAACAGACCATGGGCGTGGCGCTGCCGTGGGCGATTGGCGCCTGGCTGGTCAATCCGCAGC
GCAAAGTGGTTTCCGTTTCCGGCGACGGCGGTTTCCTGCAGTCCAGCATGGAGCTGGAGACC
GCTGTACGGCTGAAAGCGAACGTCCTGCATATCATCTGGGTCGATAACGGCTACAACATGGTG
GCGATTCAGGAGGAGAAAAAATACCAGCGGCTCTCCGGCGTTGAGTTCGGCCCGGTGGATT
TTAAAGTCTACGCCGAAGCCTTCGGCGCCAAAGGGTTTGCGGTAGAGAGCGCCGAAGCCCT
TGAGCCGACGCTGCGGGCGGCGATGGACGTCGACGGCCCCGCCGTCGTAGCCATCCCCGTG
GATTACCGCGATAACCCGCTGCTGATGGGCCAGCTCCATCTCAGTCAACTACTTTGAGTCACTA
CAGAAGGAATCTATCAATGCAAGCATTGAGATGGCATGGAGTAAAAGATTTACGTTTGGAAA
ACATTGAGCAACCCGCTGCTCTTCCAGGAAAAGTAAAAATCAAAGTAGAATGGTGTGGCATTT
GCGGAAGTGATCTTCACGAATATGTAGCAGGACCGATCTTCATTCCTGAAAACGCTCAGCATC
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Bang 5 (tiép tuc)

CACTGACTGGCGAAAAAGCTCCGATTGTGATGGGACATGAATTTTCTGGACAAGTCGTTGAA
ATCGGTGAAGGTGTAACTAAAATTCAGGTTGGCGACCGTGTAGTCGTAGAACCGGTTTTTGCA
TGTGGAGAATGTGATGCATGTAGACAAGGCAAATATAACCTTTGCGATAAAATGGGCTTCCTC
GGTTTGGCAGGCGGCGGCGGTGGATTTTCTGAATATGTCGCAGCTGACGAGCACATGGTTCA
CAAAATTCCAGAAAGCGTATCCTTCGAGCAAGGCGCTTTGGTAGAGCCTTCGGCCGTTGCTTT
GTACGCTGTACGTCAAAGCCAACTGAAAGTCGGCGACAAAGCTGTCGTGTTTGGCGCTGGTC
CTATCGGATTGCTGGTTATTGAAGCGTTGAAAGCTTCGGGCGCATCTGAGATTTATGCAGTAG
AGCTTTCCGAGGAGCGTAAAGCTAAAGCTGAAGAGCTGGGTGCTATTGTGCTTGATCCTAAA
ACTTATGATGTTGTGGAAGAACTGCACAAACGGACCAACGGTGGCGTAGATGTAGCCTATGA
AGTCACTGGAGTACCTCCTGTGCTGACTCAAGCGATTGAATCCACTAAAATTAGCGGACAAAT
CATGATCGTCAGCATTTTTGAAAAAGAAGCTCCAATCAAACCGAACAATATCGTTATGAAGGA
ACGCAATCTGACTGGTATTATCGGCTACCGTGATGTATTCCCGGCTGTCATCAGCTTGATGGAA
AAAGGGTATTTCCCTGCTGACAAGCTTGTGACCAAACGTATTAAGCTCGAAGAAGTAATCGAG
CAAGGTTTTGAAGGTCTCCTGAAAGAAAAAAATCAGGTTAAAATCCTGGTATCTCCGAAAGCC
TAATAATAAATAAGCTCTGACATGGTTTGCCCCGGCGTCACCGCCGGGGCTTTTTTATTTCAAC
CTTTAGGGAAGATCCACAGGTCGCTGACGGGCAATGTCAGATGGCAACGCTCGGCATCGCGC
AGCGCGCTGCCGTAGGCGCGTATGGCGAAATCATCGCCTTCAGTGCGAAACAGATACTCCCA
GCGGTCGCCGAGGTACATGCTGGTCAACAGCGGCAGCGCCAGCATGTTCTCTTCAGGCGCG
GAAGCGATGCGCAAACGCTCAACGCGGATCACCGCCGTCGCCTCTTCCCCCACGCTAACCCC
TTCCCCCGCCATTCCCCATAGCGCCCAGCTGGCCCCCTCAATGCGCGCCCGACCGTTCTCCAG
CGCGCTAACGGTGCCATGCAGGCGATTATTACTGCCCATAAACTCGGCGGCAAACAGCGTTTT
CGGGCTGCCGTACATCTCCTGCGGGGTTCCCTGCTGCTCGATCACGCCGTTGTTAAGCAGCAG
AATGCGATCGGAAATCGCCATCGCCTCATTCTGATCGTGGGTGACCATCAGCGCCGAAAGCCC
CAGCTTGACGATCAGCTCGCGCAAAAAGACCCGCGCTTCTTCCCGCAGCTTGGCGTCCAGAT
TCGACAGCGGTTCATCCAGCAGGATCACCGGCGGGTTGTAAACCAGCGCCCTGCCGATGGCC
ACGCGCTGCTGCTGTCCTCCGGAGAGCTGATGCGGATGGCGACTGCCAAGATGCCCCAGCCL
AAGCTGTTCAAGTACGGTCTGGACCCGTTGCTTGATCTCCGCGGCGGCAACCTTACGCAGCTT
CAGCGGGTAAGCGACGTTTTCAAACACCGTTTTATGCGGCCACAGCGCATAGGACTGAAACA
CCAGACCCAGGTTACGCTCCTCGGCCGGAATTTCGCTACGCGGGTTGCCGTCATAGACGCGG
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Béng 5 (tiép tuc)

GATTTTCCAATGGTAATAATGCCGCCGGTCGGCTTCTCCAGCCCGGCGACCGCCCGCAGCAG
CGTGGTTTTTCCGCTGCCCGATGGCCCGAGCAGCGACACCACCTCTCCCCGCTTCAGTTCCAT
GGACACGCCCTTCAGTACCGGATTATCGCCATAGGTCAGATGCAGGTTTTCTACCGATAATTCA
ATCATGTAATTTCACTCCAAAGCGCAGGGCGATACCCAGACCGACGACCACCAGCAGGATAT
TAATAAAGGAGAGCGCGGCGACGATATCGATAGCCCCCGCCGCCCACAGCGAGACCAGCAT
CGAACCAATCGTTTCGGTTCCGGGCGAAAGCAGATAGACCCCGGTGGAGTATTCGCGCTCGA
AGATAAGAAACATCAGCAGCCAGGAGCCGATTAAGCCGTAGCGCGACAGCGGCACCGTAAC
GTGACGGGTAATCTGCCCGCGCGATGCGCCGGTACTGCGCGCGGCCTCTTCCAACTCCGGCG
CTACCTGCAGCAGCGTCGAGGAGATCAGCCGCAGGCCGTAAGCCATCCACACCACGGTATAG
GCCAGCCA
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Bang6

SEQ ID
NO

Trinh tu

31

GCCGCAGACGACGTCGCACAGCGCCGGATGCAGGCGATTAAGCATCGAGGTCTGCAGAAGG
AAGTCGAGCACCTCTGGCGGCAGCGGCGCGAAAATCACCTCATCCAGATAGCGGGAGATTG
ACCGCGAGCCGGCGCTGTGACCCATCGCCGTGGAGGCGTCCGCAGAGAGCGCGGCCATTTT
CATTCCCGCGATCCACCCTTCCGTGAGCGCGATTAGCCGCGGGATCGCCTGCGGATCCAGCCC
CGATGCGCCGGAGAACCAGGCGCGGGCTTCGCTGGGGGTAAAGCGCAGCTCGGGGTCGTA
CACCTCCAGCAGCTGATCCTGCATATGCAGACGGCTGAGGGCTAAAGACGGCTGACTGCGG
CTACCGATAATCAGGTGCAGCGCCGGCGGCGCATGGTCCAGCAGCCAGCTCATTCCCTGATG
AATCGCCGGATCGCTGATGCATTGATAGTCGTCGAGGATCAGATACAGCGGGTGCGGGCACT
GATTAAGCTGATTAACGAGTTCAGCAAAGAACAGGGGGAGGTCGGCCGGAAGCTCGCCTTG
CAGCAGCTGCAGAAACGACGGGCTCCACCCCTGCCACAAGGGCCGCAGCGCCTCCTGCAG
ATAGCGTATAAACAGTAGCGGCGCGTTGTCATCCTCTTCAAGGCTCAGCCAGGCCAGCGCATC
CCCTTGTCGAAGGCGGTGTCGATACCACTGCGCCAGCAGGGTGGTTTTGCCAAATCCGGCGG
GCGCGCGCACCAGGGTTAAACGGCGGGAGACGGCGGCGTCGAGGCGCTGTAGCAGGCGCT
CCCGCGATAGCAGACTTTCCGGCGTACGGGGCGGCGTAAAGCGCGTGGAGATAAGCGGCAG
CGTCCCCGTGAAGCGTAAAGGTTCCTGATGAACAAGCGCTGCCAGCGCATCATCCGCCGAGG
ATAAAAAGGCCATACCACGATTACTCCTTAATCCAGTCCGTACGCTCATTATCCCCCCCATCAG
GGGGGTAGGCCACGCTTATCGCGCCCGATAGAGTAGTGCCATTCGCCGCAGCGGCTACGACG
ACATCGGCCGCGGGCCTCCCTAGTTTATTAATCAGTACAAGGTGAGTACAGAC

32

dartobdhF1 - TCGACTCTAGAGCCGCAGACGACGTCGCACAGC

33

dartobdhR1 - CATGCCATCTCAATGCTTGCATGTCTGTACTCACCTTGTACTG

34

dartobdhF2 - CAGTACAAGGTGAGTACAGACATGCAAGCATTGAGATGGCATG

35

dartobdhR2 - CTGCGCCGGGTTTATCCCTTAGGCTTTCGGAGATACCAGG

36

GGGATAAACCCGGCGCAGAACGCGCCGGGTTTTTGCGGGGTTACGCGTTAGCCGCGGGCTC
CTGCGGCTTGTCGCTACGGGTGTTTTCCAGCATCCGGCGAACCGGAACAATCAGCAGGCACA
GCACCGCGGCGCAGATCAGCAGCGCAATAGAGCAGCGTGCGAACAGGTCGGGCAGCATATC
CAGCTGATCGGCCTTCACGTGACCGCCAATCAGACCCGCCGCCAGGTTCCCCAGGGCGCTGG
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Béng 6 (tiép tuc)

CGCAGAACCACAGCCCCATCATCTGGCCGCGCATTCTTTCCGGCGCCAGCAGCGTCATGGTC
GCGAGGCCAATCGGGCTGAGGCACAGCTCGCCCAGCGTCAGCATCAGAATACTGCCCACCA
GCCACATCGGCGAGACGCCCGCGCCGTTGTTGCTCAGGACGTTTTGCGCCGCCAGCATCATC
AGGCCAAAGCCCGCCGCCGCGCATAAAATACCGATAACAAACTTGGTGATGCTGCTCGGACG
CACGTTTTTACGCGCCAGCGCAGGCCACGCCCAGCTAAATACCGGCGCCAGCAGAATAATAA
ACAGGGCGTTAATCGACTGGAACCACACCGCCGGGATCTCGAAGGAGCCGAGCATACGGTT
GGTATAGTCGTTAGCGAACAGGTTAAACGAGGTCGGTTTCTGCTCAAACGCCGACCAGAAAA
AGGCGGCAGAGATCAGCAGGATAAAGCATACCAGCAGGCGGGCGCGCTCTTTGCGGCTCAA
TCCGGCGAAGACGAACAGGTAGATAAAATAGAGTACCACCGACGCCGCAATCACGTAGACC
AGTACGCTGGCGACCGCCACCGGGTTAATCACGATAACGCCCTGGGCAATCAAGGCGATGAT
AACCGCCACGCCCACCGTTAGCGCCAGCAACCATGCGCCGACGCCATTTCGTTTCACTACCG
GGCTGTTCCAGGTGGAATCGAGGCCGACTTCACTGTCGTAGCGTTTCATCGCCGGGACGGCA
AAAACGCGGAAGATAATCAGCGCGACCAGCATCCCGATGCCGCCGATGCCGAAGCCCCAGT
GCCAGCCGTGGGATTTAATCAGCCAGCCGGAGATCAGCGGGGCGATAAACGACCCCATGTTG
ATGCCCATATAAAACAGCGAGAAGCCGCCATCGCGGCGCGCATCGCCTTTTTTGTAGAGGGT
ACCGACCATCACCGAAATACAGGTTTTAAACAGGCCGGAACCGAGCACGATAAACATCAGG
CCAATAAAGAACAGGCTATCGCCCATCACCGCCGACAGGGCGATGGAGAGATGGCCCAGAG
CGATCAGTATCGAACCGTACCAGACCGCCTTTTGTTGCCCGAGCCAGTTATCAGCCAGCCAGC
CGCCCGGCAGCGCGGCAAGATACATGGTCCCGGCAAAGATCCCGACAATGGCCGACGCGTT
CTCGCGCGCCAGCCCCATCCCACCGTCATAGACGGTGGCCGCCATAAACAGGATCAGTAACG
GACGAATACCGTAAAACGAGA

37 | dartobdhF3 - CCTGGTATCTCCGAAAGCCTAAGGGATAAACCCGGCGCAG
38 | dartobdhR3 - GATCGCGGCCGCTCTCGTTTTACGGTATTCGTCCGTTAC
39 | GCCGCAGACGACGTCGCACAGCGCCGGATGCAGGCGATTAAGCATCGAGGTCTGCAGAAGG

AAGTCGAGCACCTCTGGCGGCAGCGGCGCGAAAATCACCTCATCCAGATAGCGGGAGATTG
ACCGCGAGCCGGCGCTGTGACCCATCGCCGTGGAGGCGTCCGCAGAGAGCGCGGCCATTTT
CATTCCCGCGATCCACCCTTCCGTGAGCGCGATTAGCCGCGGGATCGCCTGCGGATCCAGCCC
CGATGCGCCGGAGAACCAGGCGCGGGCTTCGCTGGGGGTAAAGCGCAGCTCGGGGTCGTA
CACCTCCAGCAGCTGATCCTGCATATGCAGACGGCTGAGGGCTAAAGACGGCTGACTGCGG
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Béng 6 (tiép tuc)

CTACCGATAATCAGGTGCAGCGCCGGCGGCGCATGGTCCAGCAGCCAGCTCATTCCCTGATG
AATCGCCGGATCGCTGATGCATTGATAGTCGTCGAGGATCAGATACAGCGGGTGCGGGCACT
GATTAAGCTGATTAACGAGTTCAGCAAAGAACAGGGGGAGGTCGGCCGGAAGCTCGCCTTG
CAGCAGCTGCAGAAACGACGGGCTCCACCCCTGCCACAAGGGCCGCAGCGCCTCCTGCAG
ATAGCGTATAAACAGTAGCGGCGCGTTGTCATCCTCTTCAAGGCTCAGCCAGGCCAGCGCATC
CCCTTGTCGAAGGCGGTGTCGATACCACTGCGCCAGCAGGGTGGTTTTGCCAAATCCGGCGG
GCGCGCGCACCAGGGTTAAACGGCGGGAGACGGCGGCGTCGAGGCGCTGTAGCAGGCGCT
CCCGCGATAGCAGACTTTCCGGCGTACGGGGCGGCGTAAAGCGCGTGGAGATAAGCGGCAG
CGTCCCCGTGAAGCGTAAAGGTTCCTGATGAACAAGCGCTGCCAGCGCATCATCCGCCGAGG
ATAAAAAGGCCATACCACGATTACTCCTTAATCCAGTCCGTACGCTCATTATCCCCCCCATCAG
GGGGGTAGGCCACGCTTATCGCGCCCGATAGAGTAGTGCCATTCGCCGCAGCGGCTACGACG
ACATCGGCCGCGGGCCTCCCTAGTTTATTAATCAGTACAAGGTGAGTACAGACATGCAAGCAT
TGAGATGGCATGGAGTAAAAGATTTACGTTTGGAAAACATTGAGCAACCCGCTGCTCTTCCA
GGAAAAGTAAAAATCAAAGTAGAATGGTGTGGCATTTGCGGAAGTGATCTTCACGAATATGTA
GCAGGACCGATCTTCATTCCTGAAAACGCTCAGCATCCACTGACTGGCGAAAAAGCTCCGAT
TGTGATGGGACATGAATTTTCTGGACAAGTCGTTGAAATCGGTGAAGGTGTAACTAAAATTCA
GGTTGGCGACCGTGTAGTCGTAGAACCGGTTTTTGCATGTGGAGAATGTGATGCATGTAGACA
AGGCAAATATAACCTTTGCGATAAAATGGGCTTCCTCGGTTTGGCAGGCGGCGGCGGTGGAT
TTTCTGAATATGTCGCAGCTGACGAGCACATGGTTCACAAAATTCCAGAAAGCGTATCCTTCG
AGCAAGGCGCTTTGGTAGAGCCTTCGGCCGTTGCTTTGTACGCTGTACGTCAAAGCCAACTG
AAAGTCGGCGACAAAGCTGTCGTGTTTGGCGCTGGTCCTATCGGATTGCTGGT TATTGAAGCG
TTGAAAGCTTCGGGCGCATCTGAGATTTATGCAGTAGAGCTTTCCGAGGAGCGTAAAGCTAA
AGCTGAAGAGCTGGGTGCTATTGTGCTTGATCCTAAAACTTATGATGTTGTGGAAGAACTGCA
CAAACGGACCAACGGTGGCGTAGATGTAGCCTATGAAGTCACTGGAGTACCTCCTGTGCTGA
CTCAAGCGATTGAATCCACTAAAATTAGCGGACAAATCATGATCGTCAGCATTTTTGAAAAAG
AAGCTCCAATCAAACCGAACAATATCGTTATGAAGGAACGCAATCTGACTGGTATTATCGGCT
ACCGTGATGTATTCCCGGCTGTCATCAGCTTGATGGAAAAAGGGTATTTCCCTGCTGACAAGC
TTGTGACCAAACGTATTAAGCTCGAAGAAGTAATCGAGCAAGGTTTTGAAGGTCTCCTGAAA
GAAAAAAATCAGGTTAAAATCCTGGTATCTCCGAAAGCCTAAGGGATAAACCCGGCGCAGAA

-42-




30154

Béng 6 (tiép tuc)

CGCGCCGGGTTTTTGCGGGGTTACGCGTTAGCCGCGGGCTCCTGCGGCTTGTCGCTACGGGT
GTTTTCCAGCATCCGGCGAACCGGAACAATCAGCAGGCACAGCACCGCGGCGCAGATCAGC
AGCGCAATAGAGCAGCGTGCGAACAGGTCGGGCAGCATATCCAGCTGATCGGCCTTCACGTG
ACCGCCAATCAGACCCGCCGCCAGGTTCCCCAGGGCGCTGGCGCAGAACCACAGCCCCATC
ATCTGGCCGCGCATTCTTTCCGGCGCCAGCAGCGTCATGGTCGCGAGGCCAATCGGGCTGAG
GCACAGCTCGCCCAGCGTCAGCATCAGAATACTGCCCACCAGCCACATCGGCGAGACGCCC
GCGCCGTTGTTGCTCAGGACGTTTTGCGCCGCCAGCATCATCAGGCCAAAGCCCGCCGCCGL
GCATAAAATACCGATAACAAACTTGGTGATGCTGCTCGGACGCACGTTTTTACGCGCCAGCGC
AGGCCACGCCCAGCTAAATACCGGCGCCAGCAGAATAATAAACAGGGCGTTAATCGACTGG
AACCACACCGCCGGGATCTCGAAGGAGCCGAGCATACGGTTGGTATAGTCGTTAGCGAACAG
GTTAAACGAGGTCGGTTTCTGCTCAAACGCCGACCAGAAAAAGGCGGCAGAGATCAGCAGG
ATAAAGCATACCAGCAGGCGGGCGCGCTCTTTGCGGCTCAATCCGGCGAAGACGAACAGGT
AGATAAAATAGAGTACCACCGACGCCGCAATCACGTAGACCAGTACGCTGGCGACCGCCACC
GGGTTAATCACGATAACGCCCTGGGCAATCAAGGCGATGATAACCGCCACGCCCACCGTTAG
CGCCAGCAACCATGCGCCGACGCCATTTCGTTTCACTACCGGGCTGTTCCAGGTGGAATCGA
GGCCGACTTCACTGTCGTAGCGTTTCATCGCCGGGACGGCAAAAACGCGGAAGATAATCAGC
GCGACCAGCATCCCGATGCCGCCGATGCCGAAGCCCCAGTGCCAGCCGTGGGATTTAATCAG
CCAGCCGGAGATCAGCGGGGCGATAAACGACCCCATGTTGATGCCCATATAAAACAGCGAGA
AGCCGCCATCGCGGCGCGCATCGCCTTTTTTIGTAGAGGGTACCGACCATCACCGAAATACAG
GTTTTAAACAGGCCGGAACCGAGCACGATAAACATCAGGCCAATAAAGAACAGGCTATCGC
CCATCACCGCCGACAGGGCGATGGAGAGATGGCCCAGAGCGATCAGTATCGAACCGTACCA
GACCGCCTTTTGTTGCCCGAGCCAGTTATCAGCCAGCCAGCCGCCCGGCAGCGCGGCAAGAT
ACATGGTCCCGGCAAAGATCCCGACAATGGCCGACGCGTTCTCGCGCGCCAGCCCCATCCCA
CCGTCATAGACGGTGGCCGCCATAAACAGGATCAGTAACGGACGAATACCGTAAAACGAGA
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