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Linh vwe ky thuat dwgc dé cip

Séang ché d& cap dén vi sinh vat san xuét axetyl-CoA va phuong phap san xuét céc

chét bang cach sir dung vi sinh vét san xuét axetyl-CoA ndy.
Tinh trang ky thuit cia sang ché

Axetyl-CoA 1a mét trong sd cac hop chét trung gian rat quan trong trong cac tién
trinh chuyén héa ctia cc vi sinh vat. Nhiéu chét chuyén héa khac nhau duge san xuét thong
qua axetyl-CoA. Céc vi du da biét rd v& cac chét dwoc san xuét thong qua axetyl-CoA nhu
véy bao gdm cAc axit amin nhu axit L-glutamic, L-glutamin, L-prolin, L-arginin, L-leuxin,
va L-isoleuxin; cac axit hitu co nhu axit axetic, axit propionic, axit butyric, axit caproic,
axit xitric, axit 3-hydroxybutyric, axit 3-hydroxyisobutyric, axit 3-aminoisobutyric, axit 2-
hydroxyisobutyric, axit metacrylic, va axit poly-3-hydroxybutyric; ruou nhu rugu

isopropylic, etanol, va butanol; axeton; va céc axit polyglutamic.

Trong hiu hét cac vi sinh vat, axetyl-CoA dugc san xuét bing cach str dung dudng
chéng han nhu glucoza 1am ngudn cacbon. Pudng trudc tién dugce chuyén héa thanh pyruvat
théng qua tién trinh chuyén héa dugc goi la tién trinh thity phan glucoza, nhu tién trinh
Embden-Meyerhof, tién trinh Entner-Doudoroff, hodc tién trinh pentoza phosphat. Tiép
theo, pyruvat dugc chuyén héa thanh axetyl-CoA bdi cac tic dong cua decarboxylaza,
pyruvat format-lyaza, va cac enzym tuong tu. Trong quy trinh nay, cacbon dioxit va format
duoc tao ra dudi dang cac san phim phy, va mot sb cacbon c6 ngudn gbe tir dudng s& mit
di. Do d6, mot sb nghién ciru da duoc tién hanh véi myc dich dat dugc sy ti ¢b dinh cia

cacbon dioxit dé 1am ting hiéu suét ctia axetyl-CoA.

Trong cac vi sinh vét, c6 mot sb tién trinh da biét dé c6 dinh cacbon dioxit 1am ngudn
cacbon (Appl. Environ. Microbiol. 77(6), 1925-1936, 2011). C4c vi du cu thé vé cac tién
trinh ndy bao gdm chu trinh Calvin-Benson, chu trinh TCA khur, tién trinh Wood-Ljungdahl,
chu trinh 3-hydroxypropionat, va chu trinh 4-hydroxybutyrat. Chu trinh Calvin-Benson la
tién trinh c¢b dinh CO tdn tai & cdy va vi khuén quang hop, va chira khoang 12 loai enzym.
Trong chu trinh Calvin-Benson, CO: duoc ¢d dinh boi ribuloza-1,5-bisphosphat

carboxylaza (RubisCO) va, cudi ciing, glyxeraldehyt 3-phosphat dugc san xuét. Chu trinh
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TCA khir dwoc tim thay trong vi khuén wa it oxy va vi khuin ky khi bao gdm vi khuén Iuu
huynh mau luc, va chira 11 loai enzym. Chu trinh nay déc trung bai cac enzym ¢ dinh CO
(tirc 13, axetyl-CoA carboxylaza, 2-oxoglutarat synthaza) ma doi hoéi ferredoxin lam
coenzym. Trong chu trinh TCA khir, pyruvat dugc san xut tir CO2 bdi phan img ngugc cua
chu trinh TCA théng thudng. Tién trinh Wood-Ljungdahl dugc tim thdy trong cac vi sinh
vat ky khi nhu vi khuén san xuét axit axetic, va chtra 9 loai enzym. Trong tién trinh Wood-
Ljungdahl, CO, va format trén coenzym dugc khir bdi format dehydrogenaza, CO
dehydrogenaza, v.v., v3, cudi cing dugc chuyén héa thanh axetyl-CoA. Chu trinh 3-
hydroxypropionat dugc tim thdy trong vi khun Chloroflexus va céc vi khuén tuong tu, va
chira 13 loai enzym. Trong chu trinh 3-hydroxypropionat, CO, dugc cb dinh bai tac dong
clia axetyl-CoA (propionyl-CoA) carboxylaza va axetyl-CoA dugc san xuét thong qua
malonyl-CoA va cac chit trong ty. Chu trinh 4-hydroxybutyrat tdn tai trong vi khuén cb va
cac vi khuan tuong tu. Trong chu trinh 4-hydroxybutyrat, CO2 dwoc cb dinh béi cac tac
dong cia pyruvat synthaza, axetyl-CoA (propionyl-CoA) carboxylaza, va
phosphoenolpyruvat carboxylaza, nho d6 axetyl-CoA dugc san xuédt thong qua 4-

hydroxybutyryl CoA va céc chét twong tu.

Dé san xuét chit hitu dung, mot vai phuwong phép da dugc bao cao dudi dang y tudng
dua tién trinh ¢ dinh cacbon dioxit vao vi sinh vat san xuét hop chét hiru dung. Vidy, Cong
b6 don qudc té (WO) 2009/094485 va WO 2010/071697 bdc 16 cac phuong phép san xuit
axetyl-CoA tir cacbon dioxit, bing cach sir dung vi sinh v4t ma tién trinh tuong tu véi tién
trinh Wood-Ljungdahl cta vi khuén axit axetic dwgc dua vao vi sinh vt nay. D& lam vi du
vé sy cb dinh CO2 dé san xuat hop chét hitu dung, WO 2009/046929 bdc 16 phuwong phap
san xut axit lactic tir cacbon dioxit bing cach sir dung vi sinh vat ma hydrogenaza va
tetrahydrofolat lyaza dwoc dwa vao vi sinh vat ndy. WO 2011/099006 dé xuét chu trinh trong
d6 CO2 dugc c¢b dinh thong qua phan ting cb dinh cacbon dioxit 1én trén axetyl-CoA hoac
phan ung khir malonyl-CoA. Patent Dirc s6 102007059248 d& xuét quy trinh san xuét
axetyl-CoA bang tién trinh twong tr v6i chu trinh 4-hydroxybutyrat.

Bin chat k§ thuit ciia sing ché

Vin d& ky thuat

Tuy nhién, c4c chu trinh ¢b dinh cacbon dioxit da biét khong tat yéu c6 hidu qua tir
quan diém vé su ¢b dinh CO; va san xuét cac san pham héa hoc hitu dung c¢6 ngudn gdc tir
axetyl-CoA. Vi dy, chu trinh Calvin-Benson 12 chu trinh ¢ dinh cacbon dioxit ndi bat nhAt

duoc tim thiy trong tw nhién, nhung RubisCO lién quan dén sy cé dinh cacbon dioxit c6
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tbc d6 phan tng thip va gay ra cac phan ing phu nhu sy phan rd oxy héa. Do d6, RubisCO
la khéng hiéu qua 1am enzym (Journal of Bioscience and Bioengineering 94(6) 497-505,
2002). Trong tién trinh Wood-Ljungdahl va cac tién trinh dwgc md ta trong WO
2009/094485, WO 2010/071697, WO 2009/046929 va cAc tién trinh tuong tu, tién trinh dé
khir CO, thanh CO hoic format dugce bao gdm. Tuy nhién, phan tmg khir kho xay ra trong
céc didu kién binh thudng, va enzym xic tac loai phan tmg khir manh nay thuong chi tac
dung trong mdi trudong khir. Do d6, khé dua loai tién trinh niy vio vi sinh vat khong phai
13 vi sinh véat ky khi nghiém ngét. Trong chu trinh TCA khtr, phan tng khir béi pyruvat
synthaza hodc 2-oxoglutarat synthaza doi hoi ning suét khir manh tir ferredoxin 1am chét
nhan dién tir, va khé tién hanh phan tmg. Chu trinh 4-hydroxybutyrat, chu trinh 3-
hydroxypropionat, va cAc tién trinh dugc md ta trong WO 2011/099006, WO 2009/046929,
va c4c tién trinh tuong tu sir dung phan tmg khtr cho axit carboxylic hoic (thio)este ctia n,
nhu khir sucxinyl-CoA hoic khir malonyl-CoA. Tuy nhién, nhin chung khé tién hanh loai
phéan tmg nay du6i dang phan img enzym, va mong mudn tranh céc tién trinh nay 1am céc
tién trinh 1én men khi c6 thé (Atsumi et al., Nature, 451, (3), 86-89, 2008; Yim et al., Nat.
Chem. Biol.,7, 445-452, 2011). Chu trinh 4-hydroxybutyrat dién ra thdng qua phan tng loai
nuéc nhu sy loai nudc cua 4-hydroxybutyryl CoA hoac su loai nudc cia 3-
hydroxypropionat, nhung chu trinh ndy c6 nhuoc diém & chd loai phan {mg loai nudc nay
thuong canh tranh véi phan Ung nguoc (hydrat hdéa) trong nudce. Trong chu trinh 4-
hydroxybutyrat, chu trinh 3-hydroxypropionat, va chu trinh TCA khtr, axetyl-CoA da san
xuét dugc duge chuyén hoéa thanh cac chit khac trong chu trinh boi tac dong ciia malonyl-
CoA synthaza ho#c pyruvat synthaza. Do d6, cic chu trinh nay khong tit yéu c6 hidu qua

tir quan diém vé sy san xuét axetyl-CoA.

Khi cb géng san xuét chit nhit dinh bang cach dua loai chu trinh nay vao vi sinh vat,
cin xem xét s§ lugng cac enzym c6 lién quan trong chu trinh va sé luong cac hoat tinh
enzym can dugc truyén bd sung. Tc 13, khi sb lugng cic enzym c6 lién quan trong chu
trinh hoc sb lugng céc hoat tinh enzym cn dugc truyén b sung tang, thi viéc diéu hoa trd
nén khé khin hon va génh ning trén vi sinh vat ting. Vi dy, dé dua tién trinh Wood-
Ljungdahl vao Escherichia coli, cin phai dua vao it nhét 9 loai gen. Trén thuc té, s& 1a nhiém
vu rt kho khin dé tao cdu tric tién trinh san xuét chét va ca viéc dua vao va didu hoa nhidu
gen nhu vay. R3 rang s& c6 loi néu tao cu triic chu trinh bao gdm sb lugng nhé céc enzym
bang cach truyén s lugng cic enzym nhé hon, v& mit tao chu triic chu trinh va v& mit két

hop véi tién trinh san xuit chét khéc.



22135

Do d6, dé cb dinh CO2 va chuyén héa n6 thanh axetyl-CoA, s& Iy tuéng dé (A) mdi
enzym c6 lién quan dén tién trinh c6 hoat tinh du cao; (B) chu trinh khéng bao gdm enzym
tidu thy axetyl-CoA; va (C) chu trinh ¢6 c4u hinh don gian va sb lugng nhé cic enzym m&i
duoc truyén. Tuy nhién, khéng c6 chu trinh san xuit axetyl-CoA tir CO; ndo di dugc béo
c4o cho dén nay théa man tit ca cac didu kién (A) dén (C), v, do d6, kha nang thuc hién
c4c chu trinh nay 1 thip. Trén thuc té, d6i v6i cac dé xuét lién quan dén chu trinh ¢ dinh
cacbon dioxit hién c6, hdu nhu khdng c6 vi du thuc té vé viéc chuyén héa CO; thanh axetyl-
CoA hodc chét c6 ngudn gdc tir axetyl-CoA @& sir dung trong 1én men bing cach truyén hoat

tinh enzym cho vi sinh vat c¢6 thé sir dung dugc vé& mit cong nghiép.

Sang ché d& xuét vi sinh vat hiru dung @& san xut hiu qua axetyl-CoA bang cach
str dung cacbon dioxit, vd phuong phap san xuét axetyl-CoA hogc chit chuyén héa hitu

dung c6 ngudn gdc tir axetyl-CoA bang cach st dung vi sinh vt nay.
Bién phép giai quyét van dé
Khia canh cta sang ché 13 nhu sau.

[1] Vi sinh vét san xut axetyl-CoA c6 chu trinh san xuét axetyl-CoA thu duoc
bing cach truyén it nhit mét loai hoat tinh enzym dugc chon tir nhém bao gdm malat
thiokinaza, malyl-CoA lyaza, glyoxylat carboligaza, 2-hydroxy-3-oxopropionat reductaza,
va hydroxypyruvat reductaza, cho vi sinh vat ma khéng c6 chirc ning nao trong s cac chirc

nang sau:

(a) chu trinh ¢b dinh cacbon dioxit c6 phan ing enzym tir malonyl-CoA thanh

malonat semialdehyt hodc 3-hydroxypropionat;

(b) chu trinh cb dinh cacbon dioxit c6 phan (tng enzym tir axetyl-CoA va CO, thanh

pyruvat;

(c) chu trinh ¢ dinh cacbon dioxit cé phan tmg enzym tir crotonyl-CoA va CO;
thanh etylmalonyl-CoA hodc glutaconyl-CoA;

(d) chu trinh ¢ dinh cacbon dioxit cé phan ting enzym tir CO; thanh format; trong

d6 vi sinh vét nay khong c6 hoat tinh malat thiokinaza va malyl-CoA lyaza noi sinh bét ky.

[2] Vi sinh vat san xuét axetyl-CoA theo diém [1], bao gdm chu trinh san xuét
axetyl-CoA trong d6 phosphoenolpyruvat hodc pyruvat dugc chuyén héa thanh oxaloaxetat,
va sau d6 thanh 2-hydroxy-3-oxopropionat do cac tdc dong ciia malat thiokinaza, malyl-

CoA lyaza, glyoxylat carboligaza, va sau d6 lai thanh phosphoenol pyruvat thong qua 2-
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phosphoglyxerat.

[3] Vi sinh vat san xuét axetyl-CoA theo diém [1] ho#c[2], bao gdm chu trinh

san xuit axetyl-CoA bao gdm:

(f) it nhat mét enzym dugc chon tir nhém bao gdm:
pyruvat kinaza va pyruvat carboxylaza;
phosphoenolpyruvat carboxylaza; va
phosphoenolpyruvat carboxykinaza;

(g) malat dehydrogenaza;

(h) malat thiokinaza;

(i) malyl-CoA lyaza;

() glyoxylat carboligaza;

(k) it nhat mot enzym dugc chon tir nhém bao gdm:
2-hydroxy-3-oxopropionat reductaza; va
hydroxypyruvat isomeraza va hydroxypyruvat reductaza;

() it nh4t mot enzym dwoc chon tir nhém bao gdm:
glyxerat 2-kinaza; va
phosphoglyxerat mutaza va glyxerat 3-kinaza; va

(m) enolaza.

[4] Vi sinh v4t san xuit axetyl-CoA theo diém bét ky trong s6 cac diém tir [1]
dén [3], trong d6 vi sinh vat ndy 14 vi sinh vat thudc Enterobacteriaceae hodc vi sinh vt

thudc vi khuan coryneform.

[5] Vi sinh vat san xuat axetyl-CoA theo diém bt ky trong s6 cac diém tir [1]
dén[4], trong d6 vi sinh vt nay 1a vi khudn Escherichia hodc vi khudn Pantoea thudc
Enterobacteriaceae, hodc vi sinh vit nay la vi khuin Corynebacterium thude vi khuén

coryneform.
[6] Vi sinh v4t san xuét axetyl-CoA theo diém bét ky trong sb cac diém tir [1]
dén [5], trong d6 vi sinh vat nay 1a vi khudn Escherichia trong d6 hoat tinh cia lactat

dehydrogenaza s& hitu bai vi khudn Escherichia dugc 1am bét hoat hoc dwoc 1am giam.
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[7] Vi sinh vat san xudt axetyl-CoA theo diém bat ky trong s6 cac diém tir [1]
dén [6], trong d6 vi sinh vat nay 13 vi khuén Escherichia trong d6 hoat tinh ctia it nhét mot
enzym dugc chon tir nhém bao gdm isoxitrat lyaza va malat synthaza s hiru béi vi khuén

Escherichia duge 1am bét hoat hoic dugc lam giam.

[8] Vi sinh vét san xuét axetyl-CoA theo diém bét ky trong sb cac diém tir [1]
dén [7], trong d6 vi sinh vat nay 1a vi khuén Escherichia trong @6 hoat tinh thiolaza, hoat
tinh CoA transferaza, va hoat tinh axetoaxetat decarboxylaza dugc truyén hoic dugc ting

cuong.

[9] Vi sinh v4t san xuét axetyl-CoA theo didm bt k¥ trong sb cac diém tir [1]
dén [8], trong d6 vi sinh vat nay 1a vi khuan Escherichia trong d6 hoat tinh thiolaza, hoat
tinh CoA transferaza, hoat tinh axetoaxetat decarboxylaza, va hoat tinh dehydrogenaza rugu

isopropylic dugc truyén hogc dugc ting cudng.

[10] Vi sinh vat san xuét axetyl-CoA theo diém bat ky trong sb cc diém tir [1]
dén [5], trong d6 vi sinh vét nay 1a vi khudn Pantoea trong d6 hoat tinh cua fumarat
hydrataza A va fumarat hydrataza C s& hitu bdi vi khudn Pantoea dugc 1am bat hoat hoic

dugc lam giam.

[11] Vi sinh vét san xudt axetyl-CoA theo diém bét ky trong sb cac diém tir [1]
dén [5] hoic [10], trong d6 vi sinh vat nay 13 vi khuén Pantoea trong @6 hoat tinh ctia malat

synthaza s& hiru béi vi khuin Pantoea dugc 1am bt hoat hoic dugc lam giam.

[12] Vi sinh vat san xuét axetyl-CoA theo diém bét ky trong s6 céac diém tir [1]
dn [11], trong d6 malat thiokinaza dugc sir dung 13 malat thiokinaza thu dugc bang cach
cai bién mtkB c6 ngudn gbc tir Methylobacterium extorquens dé& bién ddi axit amin tuong
{ng véi axit amin thir 144 thanh isoleuxin, asparagin, axit aspartic, lysin, arginin, histidin,
glutamin, hodc prolin, va/hodc d8 bién dbi axit amin thir 244 thanh axit glutamic, alanin,

leuxin, isoleuxin, methionin, asparagin, tyrosin, lysin, ho#c arginin.

[13] Phwong phédp san xuit axetyl-CoA, bao gdm san xuét axetyl-CoA tir
nguyén liéu ngudn cacbon béng céach sir dung vi sinh vat san xudt axetyl-CoA theo diém bt
ky trong s6 cac diém tir [1] dén [12].

[14] Phuong phap san xuit axeton, bao gdm budc san xuét axeton tir nguyén

liéu ngudn cacbon bang cach sir dung vi sinh vat san xuit axetyl-CoA theo diém [9] hoic
[12].



22135

[15] Phuong phép san xuét rugu isopropylic, bao gbm budc san xult ruou
isopropylic tir nguyén li¢u ngudn cacbon bang cach sir dung vi sinh v4t san xuét axetyl-CoA
theo [9] hodc [12].

[16] Phwong phép san xuit glutamat, bao gdm buédc sin xuét glutamat tir
nguyén liéu ngudn cacbon bing cach sir dung vi sinh vat san xuét axetyl-CoA theo [5], [10],
[11], hodc [12].

Hiéu qua c6 lgi theo sang che

[0011] Séang ché dé xut vi sinh vét hitu ich dé chuyén héa hiéu qua cacbon dioxit
thanh axetyl-CoA, va phuong phéap san xuét axetyl-CoA hoic chit chuyén héa hitu dung sir

dung vi sinh vét nay.
M ta van tat cac hinh vé

Fig. 1 14 so dd tién trinh ¢é minh hoa nét chinh cua tién trinh ¢b dinh cacbon dioxit

theo mdt phuong 4n cia sang ché.
Fig. 2A va Fig. 2B thé hién do twong ddng giita c4c trinh ty mtkB khéac nhau.
Fig. 3A va Fig. 3B thé hién d6 twong ddng giita cac trinh tw mtkA khéc nhau.

Fig. 4 1a d thj thé hién mAu két hop °C clia glutamat dugc san xuét béi cac vi

khudn Pantoea khéac nhau theo Vi du 41.

Fig. 5 1a d thj thé hién mAu két hop °C ciia glutamat dugc sin xudt béi céc vi
khuan Corynebacterium khac nhau theo Vi du 50.
MBO ta chi tiét sang ché
Vi sinh vt san xuét axetyl-CoA theo sang ché 13 vi sinh v4t san xuét axetyl-CoA c6
chu trinh san xuét axetyl-CoA thu dugc bang cach truyén it nhat mot loai hoat tinh enzym
dugc chon tir nhém bao gdm malat thiokinaza, malyl-CoA lyaza, glyoxylat carboligaza, 2-
hydroxy-3-oxopropionat reductaza, va hydroxypyruvat reductaza, cho vi sinh vat ma khong
¢6 chirc ning nao trong sb cac chirc ning (a), (b), (c), (d) sau, trong d6 khdng c6 chirc nang
nao trong sb cac chirc nang néu trong (a), (b), (c), hoic (d) dugc truyén cho vi sinh vét, hoic
vi sinh vét khong thé hién chirc ning nao trong s cac chiic ning néu trong (a), (b), (c), va

).

(a) chu trinh c6 dinh cacbon dioxit c6 phan tng enzym tir malonyl-CoA thanh

malonat semialdehyt hodc 3-hydroxypropionat;
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(b) chu trinh ¢b dinh cacbon dioxit c6 phan ng enzym tir axetyl-CoA va CO; thanh

pyruvat;

(c) chu trinh c6 dinh cacbon dioxit c¢6 phan ng enzym tir crotonyl-CoA va CO>

thanh etylmalonyl-CoA hoic glutaconyl-CoA;

(d) chu trinh ¢b dinh cacbon dioxit c6 phan tmg enzym tir CO; thanh format; trong

d6 vi sinh vat nay khdng c6 hoat tinh malat thiokinaza va malyl-CoA lyaza ndi sinh bét ky.

Theo sang ché, bang cach truyén hoat tinh enzym di dwgc xéac dinh trudc, cb thé
duoc tao ciu trac chu trinh ¢b dinh cacbon dioxit ma cé dinh CO2 dugc tao ra trong qua
trinh chuyén héa hydrat cacbon hoac CO2 dugc cung cAp tir bén ngoai, va tao ra vi sinh vat
san xuét axetyl-CoA c6 chu trinh san xuét axetyl-CoA trong d6 CO: dugc chuyén héa mot

cach hiéu qua thanh axetyl-CoA.

Tt 13, do két qua cta cac nghién ciru khac nhau vé& sy chuyén héa CO; thanh
axetyl-CoA, di phat hién thdy ring CO, dugc chuyén hoa thanh axetyl-CoA bang céch
truyén it nh4t mot loai hoat tinh enzym dugc chon tir nhém bao gbdm malat thiokinaza,
malyl-CoA lyaza, glyoxylat carboligaza, 2-hydroxy-3-oxopropionat reductaza, va
hydroxypyruvat reductaza, cho vi sinh vat ma khong c6 chirc néng nao trong s& cac chirc

nang sau:

(@) chu trinh cb dinh cacbon dioxit c6 phan Umg enzym tir malonyl-CoA thanh

malonat semialdehyt hodc 3-hydroxypropionat;

(b) chu trinh ¢b dinh cacbon dioxit c6 phan (ing enzym tir axetyl-CoA va CO2 thanh

pyruvat;

(¢) chu trinh cb dinh cacbon dioxit c6 phan ing enzym tir crotonyl-CoA va CO;

thanh etylmalonyl-CoA hoac glutaconyl-CoA;

(d) chu trinh ¢b dinh cacbon dioxit c6 phan g enzym tir CO; thanh format; trong

d6 vi sinh vat nay khong c6 hoat tinh malat thiokinaza va malyl-CoA lyaza ndi sinh bét ky.

Hon nita, bang cach st dung vi sinh vat san xuét axetyl-CoA ma chuyén héa CO,
thanh axetyl-CoA, hoic bing cach truyén b sung hoat tinh enzym d3 dugc x4c dinh truéc
cho vi sinh v4t, cac chét bao gdm axetyl-CoA v céc chit chuyén hoéa hitu dung c6 ngudn
gbc tir axetyl-CoA nhu rugu isopropylic, etanol, axeton, axit xitric, axit itaconic, axit axetic,
axit butyric, axit (poly-)3-hydroxybutyric, axit 3-hydroxyisobutyric, axit 3-aminoisobutyric,

axit 2-hydroxyisobutyric, axit metacrylic, axit (poly)glutamic, axit glutamic, arginin,
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ornithin, xitrulin, leuxin, isoleuxin, hodc prolin, dugc san xuat mot cach hiéu qua.

Sang ché dé xuét chu trinh san xuét axetyl-CoA don gian nhét va thuc té ma ¢b dinh

CO; va chuyén héa né thanh axetyl-CoA (Fig. 1).

Céc phuong an uu tién cua chu trinh san xudt axetyl-CoA theo sang ché bao gdm
chu trinh san xuét axetyl-CoA duoc thé hién trén Fig. 1 (dudi ddy trong ban md ta nay c6

thé duoc goi 1a "chu trinh ctia Fig. 1").
Chu trinh nay lién quan dén 8 dén 10 loai enzym, tirc 13,

it nhat mot enzym dugc chon tir nhém bao gém:
phosphoenolpyruvat carboxylaza;
phosphoenolpyruvat carboxykinaza, va
pyruvat carboxylaza va pyruvat kinaza;

malat dehydrogenaza,;

malat thiokinaza;

malyl-CoA lyaza;

glyoxylat carboligaza;

it nhat mot enzym dugc chon tir nhém bao gdm:
hydroxypyruvat isomeraza va hydroxypyruvat reductaza; va
2-hydroxy-3-oxopropionat reductaza;

it nhat mot enzym dugc chon tir nhém bao gém:
glyxerat 2-kinaza; va
phosphoglyxerat mutaza va glyxerat 3-kinaza; va

enolaza.

(Phosphoenol)pyruvat carboxylaza hodc phosphoenolpyruvat carboxykinaza co6
lién quan dén sy cd dinh cacbon dioxit. (Phosphoenol)pyruvat carboxylaza 1a enzym c6
dinh cacbon dioxit ¢6 hoat tinh cao. Vi du, RubisCO dugc sir dung trong qua trinh quang
hop & cy hoic dang twong tu duge biét 13 c6 hoat tinh riéng ndm trong khoang tir khoang
3 U/mg dén 20 U/mg (J. Biol. Chem. 274(8) 5078-82(1999), Anal. Biochem. 153(1) 97-
101, 1986). Mit khac, (phosphoenol)pyruvat carboxylaza dugc bao céo 1a cé hoat tinh riéng
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ndm trong khoang tir 30 U/mg trong Escherichia coli, hodc cao nhu 100 U/mg dén 150
U/mg (J. Biol. Chem. 247, 5785-5792 (1972); Biosci. Biotechnol. Biochem. 59, 140-142
(1995); Biochim Biophys Acta. 1475(3):191-206, 2000). Déi voi malat thiokinaza (mtk) ma
tdng hop malyl-CoA, nghién ctru theo séang ché tiét 16 ring malat thiokinaza theo sang ché
c6 hoat tinh cao hon so véi hoat tinh ciia cac enzym thong thudng da biét (J. Biol. Chem.
248(21) 7295-303, 1973). Chu trinh ciia Fig. 1 bao gdm tir 8 dén 10 loai enzym, va, do d6,
1a chu trinh don gian nhét trong s6 cac chu trinh san xudt axetyl-CoA da biét. Chi can s6
lwgng nhé céc enzym duogce truyén cho vi sinh vét. Ngoai ra, chu trinh cua Fig. 1 khong bao
gdm enzym ma tiéu thy axetyl-CoA. Do dé, ¢6 thé n6i ring chu trinh cta Fig. 1 14 chu trinh

Iy tudng dé ¢b dinh CO, va chuyén héa né thanh axetyl-CoA.

Uu diém khéc cua chu trinh cua Fig. 1 1a & chd, vi chu trinh nay doc lap véi tién
trinh thiy phén glucoza, nén chu trinh nay c6 thé dugc két hop tu do véi céc tién trinh thay
phan glucoza khéac nhau. Vi du, chu trinh ctia Fig. 1 ¢6 thé dugc két hop d& dang véi, tién
trinh san xuit NADPH véi tdc do san xudt cao va thudng dugc sir dung trong san xuét cac
chét (Cong b don vao pha qubc gia Nhat (JP-A) sb 2007-510411), vi chu trinh cua Fig. 1

doc lap v6i tién trinh pentoza phosphat.

Trong chu trinh cta Fig. 1, mdi trong s6 malat dehydrogenaza (mdh), 2-hydroxy-3-
oxopropionat reductaza (glxR), va hydroxypyruvat reductaza (ycdW) tiéu thu NADH (hodc
NADPH) 1am niang luong khir; mdi trong sé malat thiokinaza (mtk), glyxerat 3-kinaza
(glxK), glyxerat 2-kinaza (garK), va pyruvat carboxylaza (pyc) ti€u thu ATP; va pyruvat

kinaza (pyk) san xuét pyruvat.

Trong trudng hop trong d6 phosphoenolpyruvat dugc sir dung 1am chét khéi dau,
phuong trinh dugc 1am can bing dbi véi chu trinh cta Fig. 1 13: "phosphoenolpyruvat +
2CoA + CO2 + 3NAD(P)H + 3ATP — 2axetyl-CoA + 3NAD(P)* + 3ADP".

Trong trudng hop trong d6é pyruvat duge sir dung 1am chat khoi dAu, phuong trinh
dwoc 1am cén bing 1a: "pyruvat + 2CoA + COz + 3NAD(P)H + 4ATP — 2axetyl-CoA +
3NAD(P)" + 4ADP".

Ttre 13, chu trinh cia Fig. 1 doi hoi viéc bd sung phosphoenolpyruvat (hoic pyruvat),
NAD(P)H, va ATP dé cb dinh CO; va chuyén héa né thanh axetyl-CoA.

Trong sb céc tién trinh 1én men ma san xuét axetyl-CoA dudi dang hop chit trung
gian, phuong trinh dugc 1am cén bing cia céc tién trinh tiéu thu oxy trong qua trinh 1én

men duoc liét ké trong Bang 1. Gia si ring, trong cac tién trinh 1én men nay, coenzym khir
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nhu NADH dugc san xuét trong tién trinh nay va coenzym khir ndy dugc chuyén héa lai
thanh dang dugc oxy héa béi tac ddng cua oxy. Do do, néu c6 thé tidu thu coenzym khir da
dugc san xuit bai chu trinh cia Fig. 1 thay vi tiéu thu oxy, ¢6 thé mong doi rang ning luong
khir dugc tao ra trong qua trinh 1én men c6 thé dugc sir dung mot cach hiéu qua trong chu

trinh san xuét axetyl-CoA d& c6 dinh CO; va chuyén héa né thanh san phém.

O day, coenzym khir chi coenzym & trang thai khir va c6 lién quan trong phan g
oxy hoéa-khu, va vi du vé coenzym khir bao gém NADH, NADPH, FADH,, FMNH,, va
coenzym quinon khir. Coenzym khur t6t hon 1a NADH hoic NADPH, t§t hon nita 1a NADH.
Coenzym oxy héa chi dang dugc oxy hoa ciia coenzym khir, va vi du vé coenzym oxy hoa
bao gdbm NAD*, NADP*, FAD, FMN, va coenzym quinon oxy héa. Coenzym oxy héa tbt
hon 12 NAD* hogc NADP*, t6t hon nita 1a NAD*,
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Bang 1
Tén hop chét Phuong trinh 1én men
Ruou isopropylic CeH1206 + H20 + 3/20; — C3HsO + 3CO; + 3H,0
Axeton CeH1206 + 202 — C3HgO + 3H,0 + 3CO2
Axit glutamic CsH1206 + 3/202 + NH3 — CsHoNO4 + CO2 + 3H,0
Glutamin CsH1206 + 3/202 + 2NH3 — CsH10N203 + CO2 + 4H20
Arginin CsH1206 + 1/20, + 4NH3 — CsH14N202 +5H20
Ornithin CeH1206 + 1/202 + NH3 — CsHi2N20; + 2H20+ CO2
Xitrulin CsHi1206 + 1/202 + 3NH3 — CsH13N303 + 4H>0
Prolin CeH1206 + 1/202 + NH3 — CsHoNO; + 3H,0 + CO,
Axit axetic CeH1206 +202 — 2CoH402 + 2CO2 + 2H20
Axit (p 01}")3.- CsH1206 + 3/20, — C4H303 + 2CO2 + 2H20
hydroxybutyric
Axit itaconic CsH1206 + 1,502 — CsHeO4 + CO2 + 3H20
AXit critic CsH1206 + 3/202 — CsHsO7 + 2H20
Axit butyric CeH1206 + O — C4HsO2 + 2H,0 + 2CO2
. . 3/2C6¢H1206 + 3/202 + NH3; — CsH1sNOz + 4H20 +
Leuxin (Isoleuxin) 3CO,
Axit 4-aminobutyric CsH1206 + 3/202+ NH3 — C4HoNO, + 3H,0 + 2CO;
Axit 4-hydroxybutyric CeH1206 + 3/202 — C4H3s03 + 2H,0+ 2CO,

Nhu dugc thé hién trong Bang 1, quy trinh 1én men trong d6 oxy c6 mit bén phia
trai ciia phuong trinh 18n men, thuong doi hoi lugng 16n oxy. Trong céc trudng hop nay, co
thé cin phai thong khi 16n va/hoic khudy manh, didu nay 1am ting chi phi thiét bi va chi
phi nang lugng dién. Do d6, bang cach dua vao chu trinh cta Fig. 1, ning lugng khir du c6
thé duoc tiéu thu va su thong khi lc’m/khuéy c6 thé duoc lam giam nhe, va chi phi cia qua

trinh san xuét 1én men dwoc mong doi 13 ¢6 thé duoc lam giam.

Dé cung cAp ning luong khir cho chu trinh theo sang ché, ning lugng khir c6 thé
duoc cung cAp bang cach bd sung chit ma c6 thé tao ra ning lugng khr, hoic truyén ning
lugng tir bén ngoai. Vi du cu thé bao gbm sir dung chét c6 mtc d6 khir cao hon (vi du,
hydro, sulfit, rwgu, hodc parafin) lam co chét; cung cép ning lugng khir truc tiép boi su
nudi cdy bang dién; va cung cip ning luong khir béi phan ing quang héa & sinh vat. Khac
v6i quy trinh 1én men dugc thé hién trong Bang 1, mién 13 nang lwgng khir c6 thé duge cung
cp tir bén ngoai, c6 thé diéu khién tién trinh ¢ dinh cacbon dioxit dy dinh ngay ca trong

qua trinh 1én men trong d6 coenzym khir khong duge san xuat.
Céc khia canh cuia séang che dugec mo ta dudi day.

"Cé dinh CO," theo sang ché chi su chuyén héa CO, dugc tao ra trong qué trinh

chuyén héa hydrat cacbon hodc CO2 dugc cung cip tir bén ngoai thanh hop chét hitu co.
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CO; c6 thé 1A HCOs™. G day, "cb dinh CO; " ciing c¢6 thé dugc goi 1a "cb dinh cacbon dioxit".

Thuét ngit "quy trinh" trong ban mo ta nay bao gbm quy trinh doc 1p, cling nhu quy
trinh ma dat dugc hiéu qua du dinh cia quy trinh ndy méac du n6é khong thé dugc phan biét
10 rang vGi quy trinh khac. Trong ban mo ta nay, khoang s& duoc biéu thi bing cach sir dung
tir "dén" nghia 13 khoang bao gdm céc gia trj sb dugc dua ra trudce va sau tix "dén" 1a gia tri

t6i thidu va gia tri cuc dai, mot cach twong (mg.

Theo sang ché, vién din dén luong cia mdi thanh phin trong hop phén, khi hop
phén nay bao gdm nhiéu chit twong tng véi mbi thanh phan, lugng cia mdi thanh phan nay

nghia 12 tdng lugng nhiéu chét nay, trir khi c6 chi din khéc.

Nhu dugc sir dung trong ban mo ta nay, thuat ngit "bat hoat" chi tinh trang trong d6
hoat tinh ctia enzym (& déy, yéu t6 ma ban than chiing khong c6 hoat tinh enzym ciing dugc
bao gém trong pham vi cia "enzym", trir khi dugc néu 6 1a bi loai trir) nhu dugc xac dinh
béi hé x4c dinh hién c6 bét ky khong 16n hon 1/10 ciia hoat tinh & vi sinh vat trude khi bat

hoat, gia dinh ring hoat tinh & vi sinh vét truéc khi bét hoat 1 100.

Sy "giam" hoat tinh enzym theo séng ché nghia 1 tinh trang trong d6 hoat tinh ctia
enzym bi lam giam mot cach dang k& boi k§ thuét tai td hop di truyén ddi véi gen ma hoa

enzym nay so vdi hoat tinh truée khi xr ly nhu vay.

Su "ting cudng" "hoat tinh" theo sang ché theo nghia rong nghia 13 hoat tinh enzym
trong cac vi sinh vat trd nén cao hon sau khi ting cudng so vdi hoat tinh enzym trudc khi

tdng cudng.

Phuong phép dé ting cudng khong bi giéi han mot cach cu thé mién 13 hoat tinh ciia
enzym s& hitu bai vi sinh vat dugc ting cudng. Vi du vé phuong phép nay bao gdm ting
cudng bdi gen enzym dugc dua vao tir bén ngoai té bao, ting cudng boi sy biu hién dugc

ting cudng ctia gen enzym bén trong té bao, va sy két hop bt ky cia cc phuong phép nay.

Vi duy cu thé v& sy tang cudng bdi gen enzym duogc dua vao tir bén ngoai té bao bao
gdm: dua vao gen ma héa enzym c6 hoat tinh c6 hoat tinh cao hon so véi enzym cua vit
ch tir bén ngoai t& bao cua vi sinh vét chi béi k§ thuat tai tb hop di truyén, bang cach d6
bd sung hoat tinh enzym cila gen enzym di dugc dua vao; thay thé hoat tinh enzym da duoc
dua vao cho hoat tinh enzym ndi tai ma vét chi c6 ban diu; 1am ting s6 lugng ban sao cia
gen enzym cua vét chi hoic gen enzym dugc dua vao tir bén ngoai té bao 1én hai hodc nhidu

ban sao; va su két hop bat ky ciia cac phuong phap nay.
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Vi du cu thé v& ting cudng boi su biéu hién dugc ting cudng ciia gen enzym & vi
sinh vat bao gdbm: dua trinh ty bazo ma ting cudng sy biéu hién cuia gen enzym tir bén ngoai
clia vi sinh vat cha vao bén trong vi sinh vét; thay thé gen khoi dAu khac cho gen khoi dau
clia gen enzym ma vi sinh vat chu c6 trén hé gen cua nd, nhd d6 lam ting cudng sy biéu

hién cta gen enzym; va su két hop bat ky ciia cac phuong phap nay.

Viéc "truyén" "hoat tinh" theo sang ché theo nghia rong nghia 13 tao ra hoat tinh cta
enzym du dinh bing cach dua, tir bén ngoai, gen ma hoéa enzym vao sinh vét khong c6 gen
ma héa enzym du dinh nay. Phuong phéap truyén hoat tinh khong bi gi6i han mdt cach cu
thé mién 13 hoat tinh cta enzym du dinh c6 thé duogc truyén cho vi sinh vat, va vi du vé
phuong phap nhu vay bao gdm bién nap v&i plasmit chira gen enzym, dua gen enzym vao

hé gen, va sy két hop bét ky cia cac phuong phép nay.

Gen khoi ddu duge sir dung dé "ting cudng" hoic "truyén" "hoat tinh" khong bi
gi6i han mot cach cu thé midn 13 gen khoi dAu nay cho phép sy biéu hién gen, va vi du vé

gen khoi diu bao gdm gen khéi dAu co dinh va gen khéi dau cam tng.

Viéc vi sinh vat c6 gen mi hoa enzym dy dinh hay khong, c6 thé duoc xéc dinh, dya
vao, vi dy, thong tin vé& gen clia cac chung twong ung dugc ding ky & KEGG (Kyoto
Encyclopedia of Genes and Genomes; http://www.genome.jp/kegg/) hodc NCBI (National
Center for Biotechnology Information; http://www.ncbi.nlm.nih.gov/gene/). Theo sang ché,
chi c6 su tao thanh gen ciia cic chung twong Ung dugc dang ky 8 KEGG hodc NCBI dugc

sir dung.

Theo sang ché, hoat tinh enzym c6 thé dugc truyén bang cach dua, tir bén ngoai, gen
ma héa enzym vao té bao sir dung k¥ thudt tai td hop di truyén. Trong trudng hop nay, gen

enzym dugc dua vao cé thé 1a ddng loai hoic khéc loai véi té bao chu.

Phwong phép chuén bi ADN hé gen cin thiét ¢ dua gen tir bén ngodi té bao vao té
bao, phan cit va ndi ADN, bién nap, PCR (Phan (g chudi polymeraza), thiét ké va tong
hgp cac oligonucleotit dugc st dung lam doan mdi, v.v. ¢ thé dugc thyc hién bdi cac
phuong phap théng thudng da biét rd voi ngudi c6 hidu biét trung binh vé linh vuc k§ thuat
nay. Cac phuong phap nay dugc md ta trong Sambrook, J., et al., "Molecular Cloning A

Laboratory Manual, Second Edition", Cold Spring Harbor Laboratory Press (1989), v.v..

Cum tir "béi k¥ thuét tai t& hop di truyén" theo sang ché bao gdm su bién dbi bat ky
d6i véi trinh ty bazo giy ra bdi sy cai xen ADN khac vao trinh tr bazo ciia gen nguyén thé,

thé hosc 1am khuyét vi tri nhit dinh cta gen, hodc sy két hop bat ky clia cac phuong phéap
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nay. Vi du, su bién dbi c6 thé tao ra tir sy dot bien.

Theo sang ché, vi sinh vat trong d6 hoat tinh cua yéu t6 hodc enzym dugc lam bét
hoat chi vi sinh véat trong d6 hoat tinh nguyén thé bi 1am suy yéu boi phuong phap nhét dinh
dwoc ap dung tir bén ngoai té bao d6i véi t& bao bén trong. Vi sinh vét nhur vy c6 thé duge

tao ra bdi, vi du, sw pha v& gen ma héa protein hodc enzym (sy pha v& gen).

Vi du v& su phé v& gen theo sang ché bao gbm dua vao dot bién dbi véi trinh ty bazo
ctia gen, cai xen ADN khac vao trinh tu bazo, hodc lam khuyét ph?m nhét dinh cua gen, ma
dugc tién hanh véi y dinh ngin cho chirc ning cia gen khong duge thuc hign. Do két qua
cua sy pha v& gen, vi du, gen tré nén khong thé dugc phién ma thanh mARN, va gen chu
triic ngimg khong dugc dich ma. Theo cach khac, do sw khong hoan thanh cia mARN da
dugc phién m3, trinh ty axit amin cla protein cAu tric d3 duoc dich ma bi lam dot bién hodic

1am khuyét, va, do d6, chirc ning ndi tai cua protein cau tric tré nén khong duoc thyc hién.

Bién thé phéa v gen c6 thé dugc chuén bi bing cach sir dung phuong phap bat ky
mién 12 c6 thé thu duoc bién thé phéa v& trong d6 enzym hodc protein dich khéng dugc bidu
hién. Céac phuong phap khac nhau dé pha v& gen da dugc béo c4o (nhén giéng tu nhién, bd
sung tac nhan gay dot bién, chidu xa UV, chiéu xa birc xa, su phét sinh dt bién ngau nhién,
transposon, su pha v& gen dinh hudng diém). Xem xét suw phd v& chi gen cu thé, sy pha v&
gen bai su téi td hop twong ddng 13 dugc wu tién. Phuong phap pha v gen bdi sy téi td hop
tuong dc‘mg dugc mo ta trong J. Bacteriol., 161, 1219-1221 (1985), J. Bacteriol., 177, 1511-
1519 (1995), Proc. Natl. Acad. Sci. U.S.A, 97, 6640-6645 (2000), va céc tai li¢u tuong tu,
va ngudi co hiéu biét trung binh v& linh vuc k¥ thuét nay c6 thé d& dang thuc hién dugc su
tai t6 hop twong ddng bang cach sir dung cac phuong phép nay hodc 4p dung cac phuong

phéap nay.

"Vat chi" theo sang ché nghia 13 vi sinh vét & trang thai ma hiéu qua cla sing ché

7 A A PR [N 2\ A - A ~ A N . A
c6 thé dugc tao ra do két qua cua viéc dua vao mdt hodc nhi€u gen tlir bén ngoai vi sinh vét.

Cu thé hon, "vat chu" theo sang ché nghia 13 vi sinh vat ma cé thé duoc 1am cho c6
kha ning san xuét axetyl-CoA tir nguyén liéu ngudn cacbon bing cach sir dung cach thirc
nhét dinh, bat k& viéc vi sinh vét ndi tai c6 kha ning b4m sinh dé san xuit axetyl-CoA tir

nguyén liéu ngudn cacbon hay khong.

"V4t chi" theo sang ché c6 thé c6 tién trinh dé san xuét chat chuyén héa hitu dung.
"Chét chuyén héa hitu dung" theo sang ché dugc sir dung lam tén chung cho cac chét chuyén

7 r ’ (¥4 \ A r 5 , o e A , . . ,
héa chinh trong céc tién trinh chuyén hda ciia cac vi sinh vét, nhu rugu, cac axit amin, cac
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axit hitu co, va céc terpen. Vi sinh vat c6 thé 13 vi sinh vat bat ky mién 12 c6 thé 1am cho vi
sinh vat ndy c6 kha néng san xuat chét chuyén hoa hitu dung bang cach sir dung cach thirc
bt ky, bit ké viée vi sinh vat ngi tai c6 kha nang bam sinh dé san xuat chat chuyén héa hiru

dung hay khong.

"Chét chuyén hoa hitu dung c6 ngudn gdc tir axetyl-CoA" theo sing ché chi bat ky
trong sb cac chat chuyén héa khac nhau dugc san xuét théng qua axetyl-CoA trong cac tién
trinh chuyén héa. Vi du vé chét chuyén héa niy bao gdm rugu nhu rugu isopropylic, etanol,
hodc butanol; cac axit amin nhu axit L-glutamic, L-glutamin, L-arginin, L-Ornithin, L-
xitrulin, L-leuxin, L-isoleuxin hodc L-prolin; c4c axit hitu co nhu axit 3-hydroxybutyric,
axit poly-3-hydroxybutyric, axit polyglutamic, axit 3-hydroxyisobutyric, axit 3-
aminoisobutyric, axit 2-hydroxyisobutyric, axit metacrylic, axit xitric, axit axetic, axit
propionic, axit butyric, axit caproic, hodc axit mevalonic; va cac terpen nhu isopren, squalen,
steroit, hodc carotenoit. Vi du khac v& chét chuyén hoéa bao gbm axeton. Vi sinh vat c6 thé
a vi sinh vt b4t ky mién 12 c6 thé lam cho vi sinh vat nay c6 kha nang san xuét chét chuyén
héa hitu dung ¢6 ngudn gbc tlr axetyl-CoA bang cach sir dung céach thirc nhét dinh, bat ké
viéc vi sinh vét ndi tai c6 kha néng bam sinh dé san xuét chit chuyén héa hiru dung c6

ngudn gdc tir axetyl-CoA hay khong.

"Sy san xuit axetyl-CoA" theo sang ché chi sy chuyén héa chat bat ky thanh axetyl-
CoA trong tién trinh chuyén héa. Vi axetyl-CoA 13 hop chét trung gian chuyén héa va dugc
chuyén hoéa nhanh chéng thanh cac chét khac nhau trong céc tién trinh chuyén héa, luong
biéu kién cuia axetyl-CoA khong nhét thiét tang. Tuy nhién, hiéu qué c6 thé duoc xé4c nhan
gian tiép bdi sy phat hién nhan c6 ngudn gbc tir CO, trong chét c6 ngudn gbc tir axetyl-
CoA, béi su tang hiéu suit cia chit c6 ngudn gdc tir axetyl-CoA so véi sy tiéu thy dudng,
hodc béi cach twong tu. Vicac yéu t6 khac nhau (vi dy, lugng coenzym, lugng co chét, hoic
su thay dbi hién twgng chuyén héa gy ra boi sy e ché phan hdi) c6 lién quan dén sy
chuyén héa, nén lugng san xuét axetyl-CoA khong ludn ludn ty 18 thusn véi lugng ciia mdi
chét c6 ngudn gdc tir axetyl-CoA. Tuy nhién, trong truong hop trong d6 tién trinh dé san
xuét chét cu thé tir axetyl-CoA dugc ting cudng hodc trudng hop trong do6 tién trinh nhu
vay dugc ting cudng mot cach ndi tai (vi du, trong truong hop vi sinh vét san xuét rugu
isopropylic hodc vi sinh vét san xuit glutamat dwgc md ta dudi day), hiéu qua chuyén héa
tir axetyl-CoA hau nhu khong bi tic dong bdi cac yéu t6 bén ngoai, va, do d6, hiéu qua san

xuét chit cu thé c6 thé dugc danh gia dudi dang chi s6 hidu qua san xuit axetyl-CoA.

Vi sinh vat san xuét axetyl-CoA theo sang ché bao gdm chu trinh san Xuét axetyl-
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CoA thu duoc bang cach truyén it nhit mot loai hoat tinh enzym duoc chon tir nhém bao
gbm malat thiokinaza, malyl-CoA lyaza, glyoxylat carboligaza, 2-hydroxy-3-oxopropionat
reductaza, va hydroxypyruvat reductaza, cho vi sinh vat ma khong cé chirc ndng nao trong

s0 cac chirc nang sau:

(@) chu trinh c6 dinh cacbon dioxit ¢6 phan Ung enzym tir malonyl-CoA thanh

malonat semialdehyt hodc 3-hydroxypropionat;

(b) chu trinh ¢b dinh cacbon dioxit cé phan (mg enzym tir axetyl-CoA va CO; thanh
pyruvat;

(¢) chu trinh cb dinh cacbon dioxit cé phan tmg enzym tir crotonyl-CoA va CO;

thanh etylmalonyl-CoA hoac glutaconyl-CoA;

(d) chu trinh c¢b dinh cacbon dioxit cé phan ing enzym tir CO; thanh format; trong

d6 vi sinh vat nay khong c6 hoat tinh malat thiokinaza va malyl-CoA lyaza ndi sinh bét ky.

Xét v& hidu qua san xuét axetyl-CoA, vi sinh vit san xuét axetyl-CoA t6t hon 1a
duoc truyén hoat tinh enzym clia malat thiokinaza va malyl-CoA lyaza, t6t hon nira 13 duoc
truyén hoat tinh enzym ctia malat thiokinaza, malyl-CoA lyaza, va glyoxylat carboligaza,
t5t hon nita 1a dwoc truyén hoat tinh enzym cta malat thiokinaza, malyl-CoA lyaza,
glyoxylat carboligaza, va 2-hydroxy-3-oxopropionat reductaza, va/hodc hydroxypyruvat

reductaza.
Cum tir "khong c6 (mot cach tu nhién)" & day nghia 1a vi sinh vat chu thyc chét
khoéng c6 thudc tinh trong tu nhién.

O day, "chu trinh ¢ dinh cacbon dioxit c6 phan ting enzym tir malonyl-CoA thanh

malonat semialdehyt hodc 3-hydroxypropionat" chi cac chu trinh tir (1) dén (7) sau:

(1) chu trinh duoc thé hién trén Fig. 1 cia WO 2011/099006, trong d6 axetyl-CoA
duge chuyén héa thanh malonyl-CoA, 3-hydroxypropionat, propionyl-CoA, malat, va
malyl-CoA, ma lai dugc chuyén héa thanh axetyl-CoA;

(2) chu trinh dugc thé hién trén Fig. 4A cia WO 2011/099006, trong d6 axetyl-CoA

dugc chuyén hda thanh malonyl-CoA, malonat semialdehyt, B-alanin, malat, va malyl-CoA,

ma lai duogc chuyén héa thanh axetyl-CoA;

(3) chu trinh dugc thé hién trén Fig. 4B, 16, hodc 18 cia WO 2011/099006, trong
d6 axetyl-CoA dugc chuyén hoéa thanh malonyl-CoA, hydroxypropionat, (R)-lactat hoic

(S)-lactat, malat, va malyl-CoA, ma lai dugc chuyén héa thanh axetyl-CoA;
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(4) chu trinh dugc thé hién trén Fig. 8 cia WO 2011/099006, trong d6 axetyl-CoA
dugc chuyén hoéa thanh malonyl-CoA, malonat semialdehyt hodic hydroxypropionat,

pyruvat, malat, va malyl-CoA, ma lai dugc chuyén héa thanh axetyl-CoA;

(5) chu trinh dugc thé hién trén Fig. 9A, 9B, hoic 9C ciia WO 2011/099006, trong
d6 axetyl-CoA dugc chuyén héa thanh malonyl-CoA, hydroxypropionat, 2-ketoglutarat,

malat, v malyl-CoA, ma lai duoc chuyén héa thanh axetyl-CoA;

(6) chu trinh dugc thé hién trén Fig. 9D hodc 9F clia WO 2011/099006, trong d6
axetyl-CoA dugc chuyén héa thanh malonyl-CoA, hydroxypropionat, metylmalonyl-CoA,

malat, va malyl-CoA, ma lai dugc chuyén héa thanh axetyl-CoA; va

(7) chu trinh dwoc thé hién trén Fig. 17 cia WO 2011/099006, trong d6 axetyl-CoA
duge chuyén héa thanh malonyl-CoA, malonat semialdehyt hodic hydroxypropionat,
metylmalonyl-CoA, pyruvat, oxaloaxetat, malat, va malyl-CoA, ma lai dugc chuyén hoa

thanh axetyl-CoA.

T4t ca céc chu trinh ¢b dinh cacbon dioxit tir (1) dén (7) d& duoc mé ta & trén co
phéan ting enzym tir malonyl-CoA thanh malonat semialdehyt hodc tir malonyl-CoA thanh
3-hydroxypropionat. Loai phan Ung nay dugc xuc tidc bdi malonat semialdehyt
dehydrogenaza hodc malonyl-CoA reductaza (WO 2011/099006). Tin ring phan tmg khir
cia axit carboxylic hodc (thio)este cua nd, nhu khir sucxinyl-CoA hodc khir malonyl-CoA,
nhin chung khé tién hanh duéi dang phan g enzym va phai tranh diing chiing 1am cic tién
trinh 1én men khi c6 thé (Atsumi et al., Nature, 451,(3), 86-89, 2008; Yim et al., Nat. Chem.
Biol.,7, 445-452, 2011).

"Chu trinh ¢ dinh cacbon dioxit c6 phan g enzym tir axetyl-CoA va CO; thanh
pyruvat" trong ban mo ta nay chi céc chu trinh tir (8) dén (10) sau:

(8) chu trinh dugc thé hién trén Fig. 1 ciaWO 2011/099006, trong d6 axetyl-CoA
dugc chuyén héa thanh pyruvat, phosphoenolpyruvat, oxaloaxetat, malat, va malyl-CoA,

ma lai dugc chuyén héa thanh axetyl-CoA;

(9) chu trinh dugc thé hién trén Fig. 7C, 7D hoic 7E ctia WO 2011/099006, trong
d6 axetyl-CoA dugc chuyén héa thanh pyruvat, malat, va malyl-CoA, ma lai dugc chuyén

héa thanh axetyl-CoA; va

(10) chu trinh dugc thé hién trén Fig. 9M cia WO 2011/099006, trong d6 axetyl-

CoA dugc chuyén héa thanh pyruvat, 2-ketoglutarat, malat, va malyl-CoA, ma lai dugc
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chuyén hoa thanh axetyl-CoA.

TAt ca cac chu trinh ¢b dinh cacbon dioxit tir (8) dén (10) déu c6 phan mg enzym
chuyén hoéa axetyl-CoA va CO> thanh pyruvat. Phan ng nay dugc xtc tac bdi pyruvat
synthaza (WO 2011/099006). Phan (g téng hop ctia pyruvat bai pyruvat synthaza doi hoi
nang suit khir manh tir ferredoxin va dién ra cham, va chi dién ra duéi céc diéu kién ky khi

nghiém ngat vi phan Gng 1a nhay véi oxy.

"Chu trinh ¢b dinh cacbon dioxit c6 phan tmg enzym tir crotonyl-CoA va CO, thanh
etylmalonyl-CoA hodc glutaconyl-CoA" trong ban mo ta nay chi chu trinh dugc thé hién
trén Fig. 9H hodc 97 cia WO 2011/099006, trong d6 axetyl-CoA dwgc chuyén héa thanh
crotonyl-CoA, etylmalonyl-CoA hodc glutaconyl-CoA, oxaloaxetat, malat, va malyl-CoA,

ma lai dugc chuyén hoa thanh axetyl-CoA.

Su chuyén héa cuia crotonyl-CoA va CO; thanh etylmalonyl-CoA hogc glutaconyl-
CoA dugc xuc tac boi crotonyl-CoA carboxylaza-reductaza hodc metylcrotonyl-CoA
carboxylaza. Vi gia tri Km cua crotonyl-CoA carboxylaza-reductaza d6i v&i cac cacbonat
1a cao (14 mM; PNAS 104(25) 10631-10636, 2007), nén hoat tinh dt & ndng d6 co chét
thdp khong thé dugc mong dgi. Crotonyl-CoA, 14 co chat ctia crotonyl-CoA carboxylaza-
reductaza, dugc san xuét tir 3-hydroxybutyryl-CoA boi phan ting loai nudc. Nhin chung,
enzym c6 lién quan trong phan tmg loai nudc chii yéu xtic tac phan ing nguoc (tirc 13, phan
g hydrat héa) trong méi trudng chira nudc. Do d6, tc dd san xuét du cao clia crotonyl-
CoA khéng thé duoc mong doi. Ngoai ra, hoat tinh riéng dd dugc bdo céo cua
metylcrotonyl-CoA carboxylaza 13 khong cao nhu viy (0,2 U/mg dén 0,6 U/mg; Arch
Biochem Biophys. 310(1) 64-75, 1994), va téc d6 san xuét dii cao cia crotonyl-CoA 1am

co chit khong thé dugc mong doi vi ciing 1y do.

"Chu trinh c6 dinh cacbon dioxit c6 phan Gmg enzym tir CO, thanh format" trong
ban mo ta ndy chi chu trinh dugc thé hién trén Fig. 5, 6, 13 hodc 14 ciia WO 2009/046929,
tirc 13, chu trinh c6 tién trinh trong d6 phan tmg dién ra tir CO; théng qua format va serin,
va oxaloaxetat dugc chuyén héa thanh malat, malyl-CoA, va glyxerat, ma lai dugc chuyén

hoda thanh oxaloaxetat.

Phan tmg enzym tir CO, thanh format doi hoi nang suit khir manh, din ra cham, va

chi dién ra dudi cac diéu kién ky khi nghiém ngit vi phan ng 14 nhay vdi oxy.

Trong ban md ta ndy, "kh6ng thé hién chirc ning" ciia chu trinh ¢b dinh cacbon dioxit

" mic dit dugc truyén" ¢6 nghia 14 chu trinh ¢6 dinh cacbon dioxit khéng thé hién chirc nang
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ngay ca khi hoat tinh ciia enzym dy dinh dugc truyén bang cach dua gen ma héa enzym c6
hoat tinh ndy vao vi sinh vt khéng c6 gen ma hoa enzym du dinh. Viéc "chu trinh ¢ dinh
cacbon dioxit khong thuc hién chirc ning" ¢6 thé dugc xac nhan gian tiép, vi dy, boi viée
khong phat hién thiy nhén c6 ngudn gbc tir CO; trong chét chuyén héa trong chu trinh hogic
chét c6 ngudn gbc tir chét chuyén héa nay trong thir nghiém sir dung CO2 dd dugc gén nhin,
hodc bai viée khong c6 su ting hiéu sut ciia chét 6 ngudn gde tir chat chuyén héa trong

chu trinh so véi sy ti€u thu dudng.

Chu trinh san xuét axetyl-CoA can duoc tao c4u tric trong vi sinh vat san xuét axetyl-
CoA bao gdm malat thiokinaza, malyl-CoA lyaza, hydroxypyruvat reductaza, glyoxylat
carboligaza, hodc 2-hydroxy-3-oxopropionat reductaza. Vi du vé chu trinh san xuét axetyl-
CoA dugc thé hién trén Fig. 1. Chu trinh san xut axetyl-CoA khéng bao gdm enzym ma

tiéu thu axetyl-CoA, nhu axetyl-CoA carboxylaza hodc pyruvat synthaza.

Trong chu trinh san xuét axetyl-CoA ctia Fig. 1, cacbon dioxit trudc tién dugc lién
két v&i phosphoenolpyruvat hodc pyruvat béi tic ddng cua phosphoenolpyruvat
carboxylaza (ppc), pyruvat carboxylaza (pyc), hodc phosphoenolpyruvat carboxykinaza
(pck), va dugce chuyén héa thanh oxaloaxetat. Oxaloaxetat dugc chuyén hoéa thanh malat
boi tac dong cua malat dehydrogenaza (mdh). Malat dugc chuyén héa thanh malyl-CoA
(malat CoA) béi tac ddng ctia malat thiokinaza (mtk). Malyl-CoA (malat CoA) duoc chuyén
héa thanh axetyl-CoA va glyoxylat bdi tac dong cia malyl-CoA lyaza (Mcl). Glyoxylat
duge chuyén héa thanh 2-hydroxy-3-oxopropionat bi tic dong ctia glyoxylat carboligaza
(gcl). 3-hydroxy-2-oxopropionat dugc chuyén héa thanh glyxerat boi tic dong cua 2-
hydroxy-3-oxopropionat reductaza (glxR), hodc theo cach khac, duoc chuyén hoéa thanh
hydroxypyruvat boi tac ddng cuia hydroxypyruvat isomeraza (hyi) va sau d6 thanh glyxerat
boi thc dong cua hydroxypyruvat reductaza (ycdW). Glyxerat duoc chuyén héa thanh 3-
phosphoglyxerat béi tdc dong ciia glyxerat 3-kinaza (glxK), hoic dugc chuyén héa thanh
2-phosphoglyxerat bdi tac dong cua glyxerat 2-kinaza (garK). 3-phosphoglyxerat duogc
chuyén héa thanh 2-phosphoglyxerat bai tac dong ciia phosphoglyxerat mutaza (gpm). 2-
phosphoglyxerat dugc chuyén héa thanh phosphoenolpyruvat boi tic dong cia enolaza
(eno). Trong truong hgp trong d6 pyruvat carboxylaza dugc bao gébm trong chu trinh,

phosphoenolpyruvat dugc chuyén héa thanh pyruvat boi tic dong ciia pyruvat kinaza (pyk).

Hoat tinh enzym dugc truyén cho vi sinh vat san xuét axetyl-CoA khong bj giéi han
mdt cach cu thé mién 13 chu trinh san xuét axetyl-CoA c6 thé dugc tao cu tric chirc ning

nhd hoat tinh nay, va cé thé duoc chon loc mdt cach thich hop trong pham vi dugc md ta
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trong ban mod ta nay tuy thudc vao vi sinh vat chu.

Trong vi sinh vét trong d6 chu trinh khép kin khong thé duoc tao thanh vai bét ky
trong sb cac tién tinh trén Fig. 1 vi sy véng mat mot phan ciia cic enzym trong chu trinh
cua Fig. 1, (c4c) enzym vang mit ndy can phai dugc cung cép. Vi dy, trong s6 céc vi khuan
Escherichia, Escherichia coli khdng c6 malat thiokinaza va malyl-CoA lyaza, vi vy it nhét

. \ A 9 ¢ A
hai enzym nay can phai dugc truyen.

Vi khudn Pantoea nhu Pantoea ananatis khong c¢6 malat thiokinaza, malyl-CoA
lyaza, va glyoxylat carboligaza, vi vay it nhét malat thiokinaza, malyl-CoA lyaza, va

glyoxylat carboligaza can phai dugc truyén.

Trong sb cc vi khuan coryneform, vi dy, Corynebacterium glutamicum khong c6
malat thiokinaza, malyl-CoA lyaza, glyoxylat carboligaza, 2-hydroxy-3-oxopropionat
reductaza, va hydroxypyruvat reductaza, vi vay it nhét malat thiokinaza, malyl-CoA lyaza,
glyoxylat carboligaza, va 2-hydroxy-3-oxopropionat reductaza, va/hodc hydroxypyruvat

A '] A
reductaza can phai dugc truyén.

Enzym ma tiéu thy axetyl-CoA nhu dugc mo ta & trén chi enzym ma sur dung axetyl-
CoA 1am co chét va xuc téc su chuyén héa ciia axetyl-CoA thanh chét khac. Vi du vé enzym
nay bao gdm axetyl-CoA carboxylaza, ma dugc phan loai duéi dang s ma enzym: 6.4.1.2
dya trén bio cdo cua Enzyme Commission of International Union of Biochemistry (I.U.B.)
va xtc tic phan Gng chuyén héa axetyl-CoA thanh malonyl-CoA; va pyruvat synthaza, ma
duoc phéan loai dudi dang s6 ma enzym: 1.2.7.1 va xtic tac phan ung chuyén hoa exetyl-

CoA thanh pyruvat.

Chu trinh bao gdm enzym ma tiéu thu axetyl-CoA nhu dugc md ta & trén chi chu
trinh khép kin trong d6 axetyl-CoA dugc chuyén héa, thong qua chu trinh ndy, thanh axetyl-
CoA lai bai tac dong clia enzym ma tiéu thu axetyl-CoA. Trong truong hop trong do chit
duoc san xuét boi phan mg chuyén héa ciia enzym ma tiéu thu axetyl-CoA dugc chuyén
hoa tiép thanh san pham khac ma khong dugc chuyén hoa lai thanh exetyl-CoA (vi du, trong
trudng hop trong d6 chét dugc chuyén hoa théng qua tién trinh san xuét rugu isopropylic
thanh san phim cudi cling, rugu isopropylic), chu trinh nay 12 khong khép kin, va, do do,

chu trinh nay bi loai trix khoi "chu trinh bao gdm enzym ma tiéu thu axetyl-CoA".

Chu trinh khép kin chi tién trinh bit dAu tir chat bt ky trong chu trinh, trong d6 chét
ndy duoc chuyén héa théng qua chu trinh nay thanh chét khac va, cudi cliing, dugc chuyén

hoa thanh chét gidng nhu chit ban dau.
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Malat thiokinaza 14 tén chung ciia c4c enzym dugc phan loai du6i dang s6 ma enzym:
6.2.1.9 dua trén bao cdo ciia Enzyme Commission of International Union of Biochemistry
(1.U.B.), va xiic tic phan tmg lién két malat véi CoA va chuyén héa malat thanh malyl-CoA.
Trong phan g nay, mdt phéan tir ATP duoc ti€u thy, va mot phan tir ADP va mot phén tir
phosphat dugc san xuit. Malat thiokinaza ¢6 cau tréic siéu phén tr 16n gdm khoang 400 axit
amin va cAu tréic siéu phan tir nho gdm 300 axit amin. Trong gen nay, cu triic siéu phén tir
16n thudng duoc theo sau boi cdu tric siéu phén tir nho. G ddy, dé thuan tién, ciu tric siéu
phén tir 16n dugce goi 1a mtkB, va cAu tric siéu phan tir nho dugc goi 13 mtkA. I3 ¢ bao
c4o ring hoat tinh riéng clia malat thiokinaza da dugc tinh ché 13, vi dy, 2,5 U/mg (Anal

Biochem. 227(2), 363-367, 1995).

Malat thiokinaza chu yéu dugc tim thdy trong tién trinh ddng héa d6i véi cac ngudn
cacbon C1 nhu metan (J. Bacteriol. 176(23), 7398-7404, 1994) va tién trinh 3-
hydroxypropionat (Arch. Microbiol., 151, 252-256, 1989), va khac biét & chd malyl-CoA
lyaza c6 mat trong vung lan cén ctuia nd trong hé¢ gen. Enzym nay c6 thé thich hop dé sir
dung. Vidu vé viéc danh gia hoat tinh ctia malat thiokinaza di dwgc tinh ché 12 d3 biét d6i
v6i malat thiokinaza c6 ngudn gdc tir Methylobacterium extorquens, nhung chi c6 mot vai
vi du v& viéc so sanh hoat tinh v&i trinh tu thuc t&. Vi du duy nhét vé viéc danh gia hoat tinh
ciing v&i trinh tu 13 da biét ddi véi enzym c6 ngudn gbe tir Methylobacterium extorquens
AMI1 (S6 ndp luu ngén hang gen AAA62654 va AAA62655) (J. Bacteriol. 176(23), 7398-
7404, 1994). Trong tai li€u nay, gen ma hoéa cho malat thiokinaza dugc tach dong, va gen
da duge tach dong duge dua vao ciing chiing Methylobacterium extorquens dé danh gia hoat
tinh. Tuy nhién, khi c4c tac gia sang ché téng hop trinh tw nay trén thuc té va tién hanh danh
gia, thi khong thé phat hién dugc hoat tinh. Do diéu nay, trinh ty AAA62655 dugc so sanh
Vv6i trinh ty cta malat thiokinaza c6 ngudn gbc tir Methylobacterium extorquens méi dugc
thu nhan theo sang ché (SEQ ID NO: 70). Két qua 13, da phat hién thiy ring AAA62655 c6
khuyét doan 16n (36 axit amin) & ddu tan carboxy, va ngin bat thudng so véi trinh tu cua
cac malat thiokinaza khac (vi dy, trén Fig. 3). Do 46, tin rﬁng trinh tu loai khong hoat dong

sai dugc mo ta trong tai liu néu trén.

Sang ché nay, trén thuc té, 12 vi du dugc bdo céo 1an dau tién trong d6 malat
thiokinaza dwoc tach dong trén thuc té va duoc bidu hién bai vi sinh vat cua loai khéc, va
hoat tinh c6 lién quan véi trinh tu.

Vi du v& malat thiokinaza bao gdm céc malat thiokinaza c6 ngudn gbc tir

Methylobacterium nhu Methylobacterium extorquens (SEQ ID NO:70 va 71), cic malat
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thiokinaza c6 ngudn gbc tr Hyphomicrobium nhu Hyphomicrobium methylovorum hodc
Hyphomicrobium denitrificans, céc malat thiokinaza c6 ngudn gbc tir Rhizobium nhu
Rhizobium sp. NGR234, cic malat thiokinaza c6 ngudn gbc tir Granulibacter nhu
Granulibacter bethesdensis (SEQ ID NO:107 va 108), cac malat thiokinaza c6 ngudn gbc
tir Nitrosomonas nhu Nitrosomonas europaea, cic malat thiokinaza c6 ngudn gdoc tir
Methylococcus nhu Methylococcus capsulatus, va cac malat thiokinaza c6 ngudn gbc tir

Gammaproteobacteria.

Xét v& hiéu qua san xuét cac chét hiru dung dugc san xudt thong qua axetyl-CoA, vi
du cu thé vé trinh tu axit amin dugc uu tién bao gbm trinh ty axit amin c6 ngudn gdc tir
Hyphomicrobium (SEQ ID NO:73, 74, 110, va 111), trinh ty axit amin c6 ngudn gbc tir
Rhizobium (SEQ ID NO:75 va 76), trinh tir axit amin c6 ngudn gdc tir Nitrosomonas (SEQ
ID NO:113 va 114), trinh ty axit amin c6 ngudn gbc tir Methylococcus (SEQ ID NO:116 va
117), va trinh tyr axit amin c6 ngudn gbc tir Gammaproteobacteria (vi du, SEQ ID NO:118
va 119).

Malat thiokinaza c6 ngudn goc tir Hyphomicrobium (SEQ ID NO:73, 74, 110, va
111), malat thiokinaza c¢6 ngudn géc tir Rhizobium (SEQ ID NO:75 va 76) va malat
thiokinaza c6 ngudn gbc tir Nitrosomonas (SEQ ID NO:113 va 114) ¢6 chung 65% dén 80%
do tuong ddng trinh ty v6i nhau. Malat thiokinaza c6 ngudn gbc tir Methylococcus (SEQ
ID NO:116 va 117) ¢6 70% dén 80% do tvong ddng trinh tu véi malat thiokinaza c6 ngudn
gbc tir Gammaproteobacteria (vi dy, SEQ ID NO:118 va 119).

Malat thiokinaza c6 it nhit 70% do twong ddng trinh ty axit amin véi mdi trong s6
c4c trinh tw amino ciia malat thiokinaza c6 ngudn gdc tir Hyphomicrobium, malat thiokinaza
¢6 ngudn gbc tir Rhizobium, malat thiokinaza c6 ngudn gbc tir Nitrosomonas, malat
thiokinaza c6 ngudn gbc tir Methylococcus, va malat thiokinaza c6 ngudn gdc tir
Gammaproteobacteria dugc mo ta trong ban mo ta nay, va cé hoat tinh malat thiokinaza cé
thé thich hop @& st dung dé san xuét axetyl-CoA hozc san xuét san phdm hitu dung c6 ngudn

gbc tir axetyl-CoA theo séng ché.

Két qua sép hang ctia malat thiokinaznhu néu trong céc Vi du dugc thé hién trén Fig.
2A va Fig. 2B (MtkB: céu tric siéu phan tir 16n ciia mtk; Fig. 2A va Fig. 2B dugc goi chung
dudi day trong ban mé ta nay 13 "Fig. 2") va Fig. 3A va Fig. 3B (MtkA: cAu triic siéu phéan
tir nho cia mtk; Fig. 3A va Fig. 3B dugc goi chung dudi day trong ban mo ta nay 1a "Fig.
3"). Nhu duoc thé hién trén Fig. 2 va Fig. 3, d4 phat hién thiy ring malat thiokinaza c6 trinh

A A \ A oA \e ’ , . R e o
tu chung tuong dong cao trén toan bd chi€u dai, trong d6 cac axit amin giong nhau hodc
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turong ddng dugc bao toan.

Lién quan dén céc axit amin, malat thiokinaza c6 ngudn gdc tir Methylobacterium
extorquens (duge bidu thi 14 Me trén Fig. 2 va Fig. 3), va malat thiokinaza c6 hoat tinh
enzym cao c6 ngudn gdc tir Rhizobium sp. (dugc biéu thi 12 Rh trén Fig. 2 va Fig. 3),
Hyphomicrobium methylovorum (dugc biéu thi 12 Hme trén Fig. 2 va Fig. 3),
Hyphomicrobium denitrificans (dugc biéu thi 13 Hd trén Fig. 2 va Fig. 3), Nitrosomonas
europaea (dugc biéu thi 12 Ne trén Fig. 2 va Fig. 3), Methylococcus capsulatus (dugc bidu
thi 1a Mc trén Fig. 2 va Fig. 3), va Gammaproteobacteria (dugc biéu thi 13 gam trén Fig. 2
va Fig. 3) dugc phén loai thanh 4 nhém gdm nhém thir nhat dén nhém thir tw duoc mé ta
duéi day. Trén Fig. 2 va Fig. 3, cac nhém nay dugc biéu thi boi 4 loai ky hiéu, ".+#*", mot

cach tuong ung.

Nhém thir nhit bao gdm cac vi tri & d6 Rhizobium sp., Hyphomicrobium
methylovorum, Hyphomicrobium denitrificans, Nitrosomonas europaea, Methylococcus
capsulatus, va Gammaproteobacteria, ma c6 hoat tinh enzym cao, c6 céc trinh ty khac véi
trinh tu cia Methylobacterium extorquens, va dugc biéu thi béi ky hiéu "." trén Fig. 2 va
Fig. 3. Vi tri trinh tw dugc md ta theo vi trf trong trinh ty axit amin cua Methylobacterium

extorquens.

Nhém thir nhét trong cac MtkB (Fig. 2) bao gdm histidin, prolin hoic lysin & vi tri
18; arginin, axit glutamic, axit aspartic, hodc alanin & vi tri 21; tyrosin hodc histidin & vi tri
26; axit glutamic, alanin, hodc arginin & vi tri 29; arginin hodc valin & vi tri 34; arginin,
serin hodc axit glutamic & vi tri 36; arginin, threonin, valin, hodc glyxin & vi tri 42; valin &
vi tri 44; axit aspartic, axit glutamic, histidin, isoleuxin, hodc leuxin & vi tri 66; histidin,
lysin, hodc axit glutamic & vi tri 67; axit aspartic hodc axit glutamic & vi tri 74; serin,
phenylalanin, alanin, ho#c axit glutamic & vi tri 75; threonin, lysin, hodc histidin & vi tri 80;
histidin hodc prolin & vi tri 84; glutamin, alanin, glyxin, hoac lysin & vi tri 89; leuxin hoéc
valin & vi tri 92; axit glutamic, alanin, ho#c glutamin & vi tri 100; methionin, threonin, serin,
hodc valin & vi tri 102; axit aspartic, asparagin, axit glutamic, histidin, hoédc serin & vi tri
103; isoleuxin hoac prolin & vi tri 104; alanin, axit aspartic, lysin, hodc glutamin & vi tri
105; phenylalanin hodc leuxin & vi tri 112; isoleuxin & vi tri 121; methionin, valin, hodc
threonin & vi tri 122; serin hodc alanin & vi tri 127; serin, alanin, glutamin, hodc axit
glutamic ¢ vi tri 128; alanin, serin, threonin, axit glutamic, hodc arginin & vi tri 139;
isoleuxin & vi tri 144; arginin hodc lysin & vi tri 146; glyxin hodc alanin & vi tri 166; axit

aspartic, axit glutamic, lysin, ho#c arginin & vi tri 170; asparagin, prolin, axit aspartic, hodc
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glyxin & vi tri 171; isoleuxin hodc leuxin & vi tri 173; glyxin, asparagin, prolin, hodc alanin
& vi tri 175; arginin, lysin, histidin, hodc glutamin & vi tri 176; glyxin, alanin hodc arginin
& vi tri 183; xystein hodc isoleuxin & vi tri 184; tyrosin, leuxin, hodc lysin & vi tri 191; alanin
& vi tri 193; arginin, axit glutamic, asparagin, hodc serin & vi trf 206; glyxin, lysin, asparagin,
axit glutamic, hodc prolin & vi tri 207; axit aspartic, glutamin, axit glutamic, serin, hodc
lysin & vi tri 208; axit glutamic & vi tr 231; arginin & vi tri 233; lysin, asparagin, hoéc leuxin
& vi tri 235; axit glutamic hodc isoleuxin & vi tri 238; threonin, isoleuxin, hodc valin & vi tri
243; tyrosin, alanin, ho3c axit glutamic & vi tri 244; glyxin & vi tri 249; axit aspartic & vi tri
256; asparagin hodc axit aspartic & vi tri 258; isoleuxin, leuxin, hodc phenylalanin & vi tri
278; lysin hodc asparagin & vi tri 300; threonin, arginin, alanin, axit glutamic, hoéc glutamin
& vi tri 307; leuxin, valin, xystein, hodc tyrosin & vi tri 336; glyxin, axit aspartic, axit
glutamic, glutamin, hodc arginin & vi tri 340; arginin hodc leuxin & vi tri 358; alanin hodc
axit aspartic & vi tri 375; axit aspartic, lysin, axit glutamic, hodc alanin & vi tri 379; va

tryptophan, alanin, arginin, hodc valin & vi tri 385.

Nhém thtr nhét trong cac MtkA (Fig. 3) bao gdm phenylalanin & vi tri 16; lysin,
arginin, axit glutamic, hodc glutamin & vi tri 19; isoleuxin hodc histidin & vi tri 20; arginin
hoic axit aspartic & vi tri 30; glutamin, threonin, hodc serin & vi tri 46; alanin, serin, lysin,
ho#c arginin & vi tri 47; leuxin hodc prolin & vj tri 49; methionin, arginin, hodc leuxin & vi
tri 51; axit aspartic hodc axit glutamic & vi tri 67; alanin hodc valin & vi tri 68; valin hodc
isoleuxin & vi tri 71; prolin & vi tri 74; isoleuxin & vi tri 90; xystein, alanin, hodc isoleuxin
& vi tri 93; valin & vi tri 94; axit aspartic, alanin, hodc serin & vi tri 119; methionin, serin,
hodc xystein & vi tri 121; isoleuxin, threonin, hodc leuxin & vi tri 124; alanin hodc xystein
& vi tri 137; arginin, valin, hodc asparagin & vi tri 151; valin & vi tri 155; alanin, arginin
hoic lysin & vi tri 171; lysin, arginin, hoéc valin & vi tri 193; methionin, valin, hogc isoleuxin
& vi tri 195; axit glutamic, glutamin, arginin, ho#c lysin & vi tri 197; alanin hodc glyxin & vi
tri 223; leuxin hodc arginin ¢ vi tri 224; alanin & vi tri 226; methionin & vi tri 230;
phenylalanin, alanin ho#c axit glutamic ¢ vi tri 259; valin hodc methionin & vi tri 267; axit
glutamic hodc lysin ¢ vi tri 271; alanin, xystein, hodc leuxin & vi tri 273; threonin hodc
asparagin & vi tri 280; serin hodc alanin & vi tri 282; alanin, lysin, glutamin, glyxin, hoédc

axit glutamic & vi tri 294; va methionin, glutamin, arginin, leuxin, hodc histidin & vi tri 295.

Malat thiokinaza c6 mét hodc nhiéu trong sé céc trinh tu axit amin nay 13 dwoc vu

tién hon xét vé hoat tinh enzym.

Nhém thir hai bao gdm céc trinh tu chung déc trung dbi véi tit ca cac Rhizobium sp.,
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Hyphomicrobium methylovorum, Hyphomicrobium denitrificans, Nitrosomonas europaea,
Methylococcus capsulatus, va Gammaproteobacteria, va dugc biéu thi boi ky hiéu "+" trén
Fig. 2 va Fig. 3. Céc vi tri ctia c4c trinh ty ddc trung ndy dugc md ta theo céc vi tri trong

trinh ty axit amin cua Hyphomicrobium methylovorum.

Nhoém thir hai trong cac MtkB (Fig. .2) bao gdm valin & vi tri 43; isoleuxin & vj tri
120; isoleuxin & vi tri 143; alanin & vi tri 192; axit glutamic ¢ vi tri 230; arginin & vi tri 232;

glyxin & vi tri 248; va axit aspartic & vi tri 255.

Nhém thir hai trong cac MtkA (Fig. 3) bao gdm phenylalanin & vi tri 16; prolin & vi
tri 74; isoleuxin & vi tri 90; valin & vi tri 94; valin ¢ vi tri 155; alanin & vi tri 226; va

methionin & vi tri 230.

Vung khong cé dd twong ddng, tirc 13, ving khong phai 1 céc trinh tu chung dac
trung nay va cac trinh ty chung dugc bao toan trong s cac trinh ty nay, c6 thé c6 dot bién.
Céac malat thiokinaza c6 bat ky trong s cAc trinh tu axit amin ndy 1 dugc uu tién hon, xét

v& hoat tinh enzym.

Nhém thir ba bao gdm céc trinh ty chung dic trung d6i véi Rhizobium Sp.,
Hyphomicrobium methylovorum, Hyphomicrobium denitrificans, va Nitrosomonas
europaea, va dugc biéu thi boi ky hidu "#" trén Fig. 2 va Fig. 3. Céc vi tri cia c4c trinh tu
ddc trung ndy dugc md ta theo cac vi tri trong trinh tyr axit amin cua Hyphomicrobium

methylovorum.

Nhém thi ba trong cac MtkB (Fig. 2) bao gdm axit glutamic & vi tri 29; arginin & vi
tri 34; isoleuxin & vi tri 68; histidin & vi tri 83; leuxin & vi tri 91; leuxin & vi tri 95; isoleuxin
& vi tri 103; phenylalanin & vi tri 111; axit aspartic & vi tri 141; glyxin & vi tri 182; xystein
& vi tri 183; valin & vi tri 252; lysin & vi tri 299; valin & vi tri 345; axit glutamic & vi tri 354;

arginin & vi tri 357; va alanin & vi tri 374.

Nhém thir ba trong cac MtkA (Fig. 3) bao gdm isoleuxin & vi tri 20; alanin & vi tr
68; xystein ¢ vi tri 93; methionin & vi tri 121; leuxin & vi tri 123; alanin & vi tri 137; leuxin
& vi tri 224; alanin & vi tri 236; tyrosin & vi tri 237; isoleuxin & vi tri 238; axit glutamic & vi
tri 261; valin & vi tri 267; leuxin & vi tri 270; lysin & vi tri 271; valin & vi tri 275; isoleuxin

& vi tri 277; threonin & vi tri 280; va serin & vi tri 282.

Ving khong cé d6 twong ddng, tirc 13, viing khong phai 1a céc trinh ty chung dic
trung ndy va céc trinh tu chung dugc bao toan trong sb cac trinh ty ndy, ¢6 thé c6 dot bién.

Céc malat thiokinaza c6 bat ky trong s6 céc trinh tyr axit amin ndy 1a dugc wu tién hon xét
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vé hoat tinh enzym.

Nhém thir tu bao gdm céc trinh tu chung dic trung di véi Methylococcus capsulatus
va Gammaproteobacteria, va dugc biu thi boi ky hiéu "*" trén Fig. 2 va Fig. 3. Cac vi tri
cua cac trinh ty chung ddc trung nay duge md ta theo céc vi tri trong trinh tu axit amin cia

Methylococcus capsulatus.

Nhém thir tu trong cac MtkB (Fig. 2) bao gdm asparagin & vi tri 2; tyrosin & vi tri
15; prolin & vi tri 18; tyrosin & vi tri 26; axit aspartic ¢ vi tri 28; valin & vi tri 34; axit
glutamic & vi tri 36; isoleuxin & vi tri 38; glyxin & vi tri 53; valin & vi tri 60; alanin & vi tri
63; serin ¢ vi tri 65; axit glutamic & vi tri 67; axit aspartic & vi tri 74; methionin & vi tri 76;
isoleuxin & vi tri 114; glutamin & vi tri 119; threonin & vi tri 122; axit glutamic & vi tri 128;
axit glutamic & vi tri 132; valin & vi tri 136; lysin & vi tri 143; valin & vi tri 145; axit glutamic
& vi tri 147; isoleuxin & vi tri 153; xystein & vi tri 160; lysin & vi tri 162; valin & vi tri 163;
alanin & vi tri 166; isoleuxin & vi tri 167; leuxin & vi tri 173; methionin & vi tri 174; glutamin
& vi tri 176; arginin ¢ vi tri 179; leuxin & vi tri 180; methionin & vi tri 181; isoleuxin & vi tri
184; leuxin & vi tri 194; glutamin & vi tri 195; isoleuxin & vi tri 203; valin & vi tri 204; glyxin
& vi tri 205; leuxin & vi tri 211; phenylalanin & vi tri 218; asparagin & vi tri 219; leuxin & vi
tri 237; axit glutamic & vi tri 239; axit glutamic & vi tri 240; valin & vi tri 245; axit glutamic
O vi tri 246; glyxin & vi tri 249; asparagin & vi tri 253; alanin & vi tri 256; alanin & vi tri 277,
histidin & vi tri 281; axit glutamic & vi tri 298; lysin & vi tri 299; asparagin & vi tri 302;
xystein & vi tri 304; isoleuxin & vi tri 306; isoleuxin & vi tri 330; leuxin & vi tri 334; glutamin
& vi tri 336; serin & vi tri 340; leuxin & vi tri 341; phenylalanin & vi tri 370; asparagin ¢ vi
tri 375; axit aspartic & vi tri 377; axit aspartic & vi tri 378; alanin & vi tri 381; va isoleuxin

& vi tri 386.

Nhém thi tu trong cac MtkA (Fig. 3) bao gdm phenylalanin & vi tri 4; valin & vi tri
5; asparagin & vi tri 6; histidin & vi tri 8; serin & vi tri 9; valin & vi tri 11; isoleuxin & vi tri
12; histidin ¢ vi tri 20; alanin & vi tri 28; arginin & vi tri 30; threonin & vi tri 33; leuxin & vi
tri 56; axit aspartic & vi tri 60; axit aspartic & vi tri 72; valin & vi tri 73; isoleuxin & vi tri 91;
arginin & vi tri 96; valin & vi tri 97; alanin & vi tri 102; valin & vi tri 107; isoleuxin & vi tri
111; glutamin & vi tri 114; arginin & vi tri 117; glyxin & vi tri 119; axit aspartic & vi tri 121;
threonin & vi tri 129; prolin & vi tri 130; threonin & vi tri 134; axit glutamic & vi tri 137,
xystein & vi tri 138; lysin & vi tri 139; valin & vi tri 140; asparagin & vi tri 163; axit glutamic
O vi tri 168; leuxin & vi tri 175; threonin & vi tri 191; axit aspartic & vi tri 192; valin & vi tri

194; threonin & vi tri 195; valin & vi tri 196; alanin & vi tri 199; valin & vi tri 210; valin & vi
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tri 221; alanin & vi tri 222; alanin & vi tri 224; arginin & vi tri 225; alanin ¢ vi tri 227; axit
glutamic & vi tri 260; threonin ¢ vi tri 263; alanin & vi tri 266; methionin & vi tri 268; axit
aspartic & vi tri 269; alanin ¢ vi tri 270; axit glutamic & vi tri 272; leuxin & vi tri 274; tyrosin
& vi tri 277; arginin & vi tri 280; asparagin ¢ vi tri 281; alanin & vi tri 283; isoleuxin & vi tri

285; leuxin ¢ vi tri 290; arginin ¢ vi tri 291; alanin & vi tri 292; va axit glutamic & vi tri 295.

Viing khong c6 d6 twong dong, tirc 13, ving khong phai 13 cAc trinh ty chung dic

trung nay va cac trinh ty chung dugc bao toan trong sb cac trinh ty nay, c6 thé c6 dot bién.

Céc malat thiokinaza c6 bat ky trong s céc trinh ty axit amin nay 13 dugc wu tién

nhét xét vé& hoat tinh enzym.

Dé 1am gen ma héa malat thiokinaza (mtk), ADN c6 trinh ty bazo ctia gen ma hoa
malat thiokinaza thu dugc tir m3i trong s cac sinh vét c6 ngudn gdc enzym néu trén, hoic
trinh ty ADN tdng hop ma duge tdng hop dua trén trinh tu bazo di biét cia gen nay, c6 thé

dugc sir dung.

Vi du duoc uu tién cia né bao gdm ADN c6 trinh ty bazo ciia gen c¢6 ngudn gdc tir
Methylobacterium nhu Methylobacterium extorquens (SEQ ID NO: 67 va 68),
Hyphomicrobium nhu Hyphomicrobium methylovorum hodc Hyphomicrobium denitrificans,
Rhizobium nhu Rhizobium sp. NGR234, Granulibacter nhu Granulibacter bethesdensis,
Nitrosomonas nhu Nitrosomonas europaea, Methylococcus nhu Methylococcus capsulatus,

hodc Gammaproteobacteria.

Xét vé hiéu qua san'xuit axetyl-CoA, ADN c6 trinh tr bazo cia gen c6 ngudn gbc
ti Hyphomicrobium (SEQ ID NO: 61, 62, 86, va 87), Rhizobium (vi du, SEQ ID NO: 63),
Granulibacter (SEQ ID NO: 81 va 82), Nitrosomonas (SEQ ID NO: 91 va 92),
Methylococcus (SEQ ID NO: 96 va 97), hodac Gammaproteobacteria (SEQ ID NO: 102 va

103) 1a dugc uu tién.

Cu thé, trinh tu bazo clia gen ¢6 ngudn gbc tir Hyphomicrobium (SEQ ID NO: 61,
62, 86, va 87), Rhizobium ma viéc str dung codon ctia né duoc t6i vu héa (vi du, SEQ ID
NO: 63), Nitrosomonas (SEQ ID NO: 91 va 92), Methylococcus (SEQ ID NO: 96 va 97),
hoac Gammaproteobacteria (SEQ ID NO: 102 va 103) 1a dugc wu tién.

Malyl-CoA lyaza 13 enzym dugc phan loai dudi dang s6 méi enzym: 4.1.3.24 dya
trén béo céo ciia Enzyme Commission of International Union of Biochemistry (I.U.B.), va
xlc tac phan tig san xuét glyoxylat va axetyl-CoA tir malyl-CoA. Vi du vé& malyl-CoA

lyaza bao gbm cac malyl-CoA lyaza c6 ngudn gbc tir Methylobacterium nhu
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Methylobacterium extorquens, Hyphomicrobium nhu Hyphomicrobium methylovorum hodc
Hyphomicrobium denitrificans, Chloroflexus nhu Chloroflexus aurantiacus, Nitrosomonas

nhu Nitrosomonas europaea, hodac Methylococcus nhu Methylococcus capsulatus.

Xét v& hidu qua san xuit axetyl-CoA, vi du cu thé vé trinh ty axit amin dugc wu tién
bao gbm trinh ty axit amin c6 ngudn gbc tir Methylobacterium (SEQ ID NO: 69),
Hyphomicrobium (SEQ ID NO: 72 va 109), Nitrosomonas (SEQ ID NO: 112), hodc
Methylococcus (SEQ ID NO: 115).

Di ¢6 bao cho ring hoat tinh riéng cliia malyl-CoA lyaza da dugc tinh ché trong

Methylobacterium extorquens 13, vi dy, 28,1 U/mg (Biochem. J. 139, 399-405, 1974).

Dé 1am gen ma héa malyl-CoA lyaza (mcl), ADN c6 trinh ty bazo ciia gen mi héa
malyl-CoA lyaza thu duoc tir bat ky trong s6 cac sinh vat c6 ngudn gdc enzym da néu &
trén, hoic trinh tw ADN téng hop ma dugc tdng hop dua trén trinh tu bazo di biét cuia gen
nay, c6 thé duoc sir dung. Vi du dugc wu tién ctia n bao gdm ADN c6 trinh ty bazo cua
gen c6 ngudn gbc tir Methylobacterium nhu Methylobacterium extorquens,
Hyphomicrobium nhu Hyphomicrobium methylovorum hodc Hyphomicrobium denitrificans,
hodc Chloroflexus nhu Chloroflexus aurantiacus. Xét vé hiu qua san xuét axetyl-CoA, vi
du dwoc wu tién hon ciia né bao gdm ADN c6 trinh tw bazo cia gen c6 ngudn gdc tir

Methylobacterium va gen c6 trinh tu bazo ciia gen c6 ngudn gbc tir Hyphomicrobium.

Vidu cu thé vé trinh tw bazo dugc wu tién ciia gen ¢ ngudn gdc tir Methylobacterium
bao gdm trinh ty bazo cia gen c6 ngudn gbc tir Methylobacterium extorquens (SEQ ID NO:
66). Vi du cu thé v trinh tu bazo dugc uu tién cia gen c6 ngudn gbe tir Hyphomicrobium
bao gdm trinh tu bazo clia gen c6 ngudn gdc tir Hyphomicrobium methylovorum (SEQ ID
NO: 60) hodc Hyphomicrobium denitrificans (SEQ ID NO: 85). Vi du cu thé vé& trinh tu
bazo duoc uu tién cia gen cé ngudn gdc tir Nitrosomonas bao gbdm trinh tu bazo cia gen
co nguén gdc tir Nitrosomonas europaea (SEQ ID NO: 90). Vi du cu thé vé trinh tu bazo
dugc uu tién ciia gen c6 ngudn gde tir Methylococcus bao gdm trinh ty bazo cia gen c6

ngudn gdc tir Methylococcus capsulatus (SEQ ID NO: 95).

Axetyl-CoA carboxylaza 13 tén chung clia c4c enzym dugc phan loai dugi dang sb
mé enzym: 6.4.1.2 dva trén bao céo cia Enzyme Commission of International Union of
Biochemistry (I.U.B.), va xtic tac phan tmg chuyén héa axetyl-CoA va CO; thanh malonyl-
CoA.

Malonat semialdehyt dehydrogenaza dugc phan loai duéi dang s6 md enzym:
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1.2.1.18 dua trén bao cdo cia Enzyme Commission of International Union of Biochemistry

(LU.B.), va xic tic phan tng chuyén héa malonyl-CoA thanh malonat semialdehyt.

Malonyl-CoA reductaza 1a tén chung ctia cdc enzym xuc tac phan Gng chuyén hoa

malonyl-CoA thanh malonat semialdehyt hodc 3-hydroxypropionat.

Crotonyl-CoA carboxylaza-reductaza 1a tén chung cia cac enzym dugc phén loai
dué6i dang s6 mi enzym: 1.3.1.85 dua trén béo céo clia Enzyme Commission of International
Union of Biochemistry (1.U.B.), va xiic tdc chuyén héa crotonyl-CoA thanh etylmalonyl-
CoA.

Metylcrotonyl-CoA carboxylaza 13 tén chung cua cac enzym dugc phén loai du6i
dang s ma enzym: 6.4.1.4 dua trén béo céo clia Enzyme Commission of International
Union of Biochemistry (LU.B.), va xtic tic phan tng chuyén hoéa crotonyl-CoA thanh

glutaconyl-CoA.

Pyruvat synthaza 1a tén chung cia cac enzym dwgc phén loai dudi dang s6 mi
enzym: 1.2.7.1 dya trén bao cdo cia Enzyme Commission of International Union of

Biochemistry (I.U.B.), va xtic tc phan ting chuyén hoa exetyl-CoA thanh pyruvat.

Tét hon 13, & vi sinh vat san xuét axetyl-CoA, hoat tinh cua it nhét mot enzym dugc
chon tir nhém bao gdm lactat dehydrogenaza, malat synthaza, va fumarat hydrataza dugc
1am bét hoat hodc dugc 1am giam. Két qua 13, axetyl-CoA c6 thé dwoc san xuit mot cach

hiéu qua hon.

Trong sb cac lactat dehydrogenaza, malat synthaza, va fumarat hydrataza da néu &
trén, mdi trong sb nay 13 enzym dich ma hoat tinh ctia n6 c6 thé dugc lam bt hoat hoic
duoc 1am giam, malat synthaza xiic tic phan tng chuyén héa axetyl-CoA va glyoxylat thanh
malat. Phan Umg nay 1a phan img nguoc cia phan tng dugc xuc tac bdi malat thiokinaza va
malyl-CoA lyaza. Do d6, t&t hon néu lam bét hoat hodc 1am giam hoat tinh cta malat
synthaza, vi phan Gng chuyén héa axetyl-CoA va glyoxylat lai thanh malat c6 thé duoc

phong bé hoic dugc 1am giam va higu sut cia axetyl-CoA duoc cai thién.

Trong s céc lactat dehydrogenaza, malat synthaza, va fumarat hydrataza, hoat tinh
clia né c6 thé duoc 1am bét hoat hoic duge lam giam, t6t hon 13 1am bét hoat fumarat
hydrataza xét v& hiéu qué san xuét axetyl-CoA. Viéc 1am bit hoat fumarat hydrataza ngin
ngira sy chuyén héa malat thanh céc chat khac bao gdm fumarat va sy giam lugng malat,

va do d6 cai thién hiéu suit cua axetyl-CoA.
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Lactat dehydrogenaza (IdhA) 13 tén chung cua cac enzym dugc phén loai dudi dang
s6 ma enzym: 1.1.1.28 dya trén bo cdo cua Enzyme Commission of International Union
of Biochemistry (I.U.B.), va xtc tac phan ing chuyén hoa pyruvat thanh lactat, hogc chuyén

hoa lactat thanh pyruvat.

Isoxitrat lyaza (aceA) dugc phan loai dudi s6 mi enzym: 4.1.3.1 dua trén bdo cdo
ctia Commission on Enzymes, International Union of Biochemistry (I.U.B.), va la tén chung

cua cic enzym xuc tac phan ung chuyén héa isoxitrat thanh sucxinat va glyoxylat.

Malat synthaza (aceB va glcB) 12 tén chung ctia cac enzym dugc phan loai dud¢i dang
s6 mé enzym: 2.3.3.9 dwa trén bao céo ciia Enzyme Commission of International Union of
Biochemistry (I.U.B.), va xuc tac phan {(ng chuyén hoéa axetyl-CoA va glyoxylat thanh
malat va CoA. Tuy thudc vao vi sinh vét, nhidu chit ddng phéan cta malat synthaza dugc
ma héa trong hé gen. Hau hét cac ching Escherichia coli c6 hai gen dugc dat tén 1a aceB
va glcB, mft cach twong Ung, va ca hai gen nay déu dugc mod ta trong ban mé ta nay. Mdi
trong sd cac Pantoea ananatis va Corynebacterium glutamicum c6 mét loai gen tuong tng
véi aceB hodc gleB, va dé thuén tién, gen ndy dwoc mé ta chung 14 aceB trong bin mo ta
nay.

Fumarat hydrataza (fum) 1a tén chung cta cac enzym dugc phan loai duéi dang sb
mi enzym: 4.2.1.2 dua trén bdo cdo ciia Enzyme Commission of International Union of
Biochemistry (I.U.B.), va xtc tac phan ing chuyén hoa malat thanh fumarat. Ty thudc vao
vi sinh v4t, nhidu chét ddng phén ctia fumarat hydrataza dugc ma hoa trong hé gen. Vi du,
Escherichia coli c6 ba loai fumarat hydrataza, la fumA, fumB, va fumC. Pantoea ananatis

¢6 fumA va fumC, va Corynebacterium glutamicum c6 fumC.

Phosphoenolpyruvat carboxylaza 1a tén chung ciia cac enzym dugc phén loai dudi
dang s6 ma enzym: 4.1.1.31 dua trén béo céo cia Enzyme Commission of International
Union of Biochemistry (I.U.B.), va xtc tac phan Ung chuyén héa phosphoenolpyruvat va
cacbon dioxit thanh oxaloaxetat va phosphat. Vi du vé phosphoenolpyruvat carboxylaza
bao gdm cac phosphoenolpyruvat carboxylaza c6 ngudn gbc tir vi khudn Corynebacterium
nhu Corynebacterium glutamicum, vi khuin Escherichia nhu Escherichia coli, vi khun
Pantoea nhu Pantoea ananatis, vi khudn Hyphomicrobium nhu Hyphomicrobium
methylovorum, vi khuén Starkeya nhu Starkeya novella, vi khuén Rhodopseudomonas nhu

Rhodopseudomonas sp., hodc vi khuén Streptomyces nhu Streptomyces coelicolor.

Pé 1am gen ma héa phosphoenolpyruvat carboxylaza (ppc), ADN c6 trinh t bazo
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cuia gen ma héa phosphoenolpyruvat carboxylaza thu dugc tir bét ky trong sb cac sinh vat
co nguén géc enzym d& néu ¢ trén, hodc trinh ty ADN téng hgp ma dugce téng hop dua trén
trinh ty bazo d3 biét ciia gen nay, c6 thé dugc st dung. Vi du dugc vu tién cta né bao gdm
ADN c6 trinh ty bazo cta gen c¢6 ngudn gbc tir vi khuén Corynebacterium nhu
Corynebacterium glutamicum, vi khudn Escherichia nhu Escherichia coli, Vi khuén
Pantoea nhu Pantoea ananatis, vi khuan Hyphomicrobium nhu Hyphomicrobium
methylovorum, vi khuin Starkeya nhu Starkeya novella, vi khuén Rhodopseudomonas nhu

Rhodopseudomonas sp., hodc vi khuén Streptomyces nhu Streptomyces coelicolor.

Phosphoenolpyruvat carboxykinaza 1a tén chung cia cc enzym dugc phan loai dudi
dang s6 mi enzym: 4.1.1.32, s6 ma enzym: 4.1.1.38, hoic s ma enzym: 4.1.1.49 dya trén
b4o céo cia Enzyme Commission of International Union of Biochemistry (I.U.B.), va xtc
tac phan g chuyén héa phosphoenolpyruvat va cacbon dioxit thanh oxaloaxetat. Trong sb
cac sb ma enzym nay, cac enzym dugc phén loai duéi dang s ma enzym: 4.1.1.32 c6 lién
quan dén phan {mg chuyén héa GDP thanh GTP; c4c enzym dugc phan loai du6i dang sd
m4 enzym: 4.1.1.38 ¢6 lién quan dén phan tmg chuyén héa phosphat thanh pyrophosphat;
va cé4c enzym dugc phan loai dudi dang s6 mi enzym: 4.1.1.49 c6 lién quan dén phan tng
chuyén héa ADP thanh ATP. Vi du vé phosphoenolpyruvat carboxykinaza bao gdm céc
phosphoenolpyruvat carboxykinaza c6 ngudn gbc tir vi khudn Actinobacillus nhu
Actinobacillus succinogenes, vi khuan Mycobacterium nhu Mycobacterium smegmatis,

= 3 A .
hodc vi khuan Trypanosoma nhu Trypanosoma brucei.

Pé 1am gen ma hoa phosphoenolpyruvat carboxykinaza (pck), ADN ¢ trinh ty bazo
ctia gen ma héa phosphoenolpyruvat carboxykinaza thu dugc tir bt ky trong s6 céc sinh
vat c6 ngudn gbc enzym di néu & trén, hodc trinh ty ADN tong hgp ma duge téng hop dua
trén trinh ty bazo da biét ciia gen nay, c6 thé duge sir dung. Vi du duge wu tién cta né bao
gdm ADN c6 trinh ty bazo cia gen c6 ngudn gbc tir Actinobacillus nhu Actinobacillus
succinogenes, vi khudn Mycobacterium nhu Mycobacterium smegmatis, hodc vi khuén

Trypanosoma nhu Trypanosoma brucei.

Pyruvat carboxylaza 13 tén chung ctia cic enzym dugc phén loai dudi dang sé ma
enzym: 6.4.1.1 dua trén bdo cédo cua Enzyme Commission of International Union of
Biochemistry (I.U.B.), va xtic tac phan Gng chuyén héa pyruvat va cacbon dioxit thanh
oxaloaxetat. Phan mg tiéu thu ATP, va san xudt ADP va phosphat. Vi du v& pyruvat
carboxylaza bao gdm céc pyruvat carboxylaza c6 ngudn gdc tir vi khun Corynebacterium

nhu Corynebacterium glutamicum, hoic vi khudn Mycobacterium nhu Mycobacterium
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smegmatis.

Dé 1am gen mi héa pyruvat carboxylaza (pyc), ADN c6 trinh tu bazo ctia gen ma
ho6a phosphoenolpyruvat carboxylaza thu dugc tir bét ky trong s cac sinh vét c6 ngudn gbc
enzym d4 néu & trén, hodc trinh ty ADN tbng hop ma dugc téng hop dua trén trinh tu bazo
d3 biét cua gen nay, c6 thé duoc str dung. Vi du dugc vu tién ctia né bao gdm ADN c¢6 trinh
tw bazo cia gen c6 ngudn gbc tir vi khudn Corynebacterium nhu Corynebacterium

glutamicum, hodc vi khuan Mycobacterium nhu Mycobacterium smegmatis.

Malat dehydrogenaza 14 tén chung clia cic enzym dugc phan loai duéi dang sb ma
enzym: 1.1.1.37 dya trén béo cdo cia Enzyme Commission of International Union of
Biochemistry (I.U.B.), va sir dung NADH lam coenzym va xuc tac phan (mg san xuat malat
tir oxaloaxetat. Vi du vé& malat dehydrogenaza bao gdm c4c malat dehydrogenaza c6 ngudn
gbe tir vi khuin Corynebacterium nhu Corynebacterium glutamicum, hodc vi khuén

Escherichia nhu Escherichia coli.

Pé 1am gen mi hoa malat dehydrogenaza (mdh), ADN c6 trinh ty bazo ctia gen ma
hoéa malat dehydrogenaza thu dugc tir bt ky trong s6 céc sinh vat c6 ngudn gbc enzym da
néu & trén, hoic trinh ty ADN téng hop ma dugc téng hop dua trén trinh ty bazo da biét cua
gen nay, co thé duogc sir dung. Vi du duge vu tién cia né bao gdm ADN c6 trinh ty bazo
ctia gen c6 ngudn gde tir vi khudn Corynebacterium nhu Corynebacterium glutamicum, vi

khuén Escherichia nhu Escherichia coli, hodc vi khudn Pantoea nhu Pantoea ananatis.

Glyoxylat carboligaza 14 tén chung ciia cac enzym dugc phan loai dudi dang sb ma
enzym: 4.1.1.47 dua trén bao cdo cua Enzyme Commission of International Union of
Biochemistry (I.U.B.), va xic tac phan ing chuyén héa hai phén tir glyoxylat thanh mot
phén tir 2-hydroxy-3-oxopropionat. Phan tng nay duogc di kém boi su khir carboxyl mot
phan tir cacbon dioxit. Vi du vé glyoxylat carboligaza bao gdm cac glyoxylat carboligaza
¢6 ngudn gdc tir vi khuan Escherichia nhu Escherichia coli, hodc vi khudn Rhodococcus

nhu Rhodococcus jostii.

Pé 1am gen m4 hoa glyoxylat carboligaza (gcl), ADN c6 trinh tu bazo cia gen ma
hoa glyoxylat carboligaza thu dugc tir bat ky trong sb cac sinh vét c6 ngudn gbc enzym da
néu & trén, hoic trinh ty ADN téng hop ma dugc téng hop dua trén trinh ty bazo da biét cua
gen nay, c6 thé duoc str dung. Vi du duoc wu tién ciia né bao gdm ADN c6 trinh ty bazo
clia gen c6 ngudn gdc tir vi khudn Rhodococcus nhu Rhodococcus jostii, hodc vi khudn

Escherichia nhu Escherichia coli.
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2-hydroxy-3-oxopropionat reductaza 1a t€n chung cia cidc enzym dugc phan loai
dué6i dang s6 ma enzym: 1.1.1.60 dya trén béo céo cia Enzyme Commission of International
Union of Biochemistry (I.U.B.), va sit dung NADH lam coenzym va xuc tdc phan ung
chuyén héa 2-hydroxy-3-oxopropionat thanh glyxerat. Vi du vé 2-hydroxy-3-oxopropionat
reductaza bao gdm cac 2-hydroxy-3-oxopropionat reductaza c6 ngudn goc tir vi khudn

Escherichia nhu Escherichia coli.

Pé 1am gen m3 héa 2-hydroxy-3-oxopropionat reductaza (glxR), ADN c6 trinh tu
bazo ciia gen ma héa 2-hydroxy-3-oxopropionat reductaza thu dugc tir bt ky trong s6 céc
sinh vét c6 ngudn gbc enzym da néu & trén, hoc trinh tw ADN tdng hop ma dugc tdng hop
dwa trén trinh ty bazo da biét ciia gen nay, cé thé dugc sir dung. Vi du duoc uu tién ciia né
bao gdbm ADN c6 trinh ty bazo ciia gen c6 ngudn gbc tir vi khudn Escherichia nhu

Escherichia coli.

Hydroxypyruvat isomeraza la tén chung cia cic enzym dugc phéan loai dudi dang
s6 mi enzym: 5.3.1.22 dua trén bao céo ciia Enzyme Commission of International Union
of Biochemistry (I.U.B.), va xiic tdc phan mg dong phan héa 2-hydroxy-3-oxopropionat
thanh hydroxypyruvat. Vi du vé hydroxypyruvat isomeraza bao gdm cac hydroxypyruvat
isomeraza c6 ngudn gdc tir vi khudn Corynebacterium nhu Corynebacterium glutamicum,

vi khuan Escherichia nhu Escherichia coli, hodc vi khuan Pantoea nhu Pantoea ananatis.

Dé 1am gen ma héa hydroxypyruvat isomeraza (hyi), ADN c6 trinh ty bazo ciia gen
mé héa hydroxypyruvat isomeraza thu dugc tir bt ky trong s& cac sinh vat c6 ngudn gbc
enzym dd néu & trén, hoic trinh tw ADN tng hop ma dugc tdng hop dua trén trinh ty bazo
da biét ctia gen nay, c6 thé duge sir dung. Vi du dugc vu tién ciia né bao gdm ADN c6 trinh
tw bazo clia gen c6 ngudn gbc tir vi khudn Corynebacterium nhu Corynebacterium
glutamicum, vi khuan Escherichia nhu Escherichia coli, hodc vi khudn Pantoea nhu

Pantoea ananatis.

Hydroxypyruvat reductaza 14 tén chung ctia c4c enzym dugc phan loai duéi dang s6
ma enzym: 1.1.1.81 dua trén béo cédo ciia Enzyme Commission of International Union of
Biochemistry (I.U.B.), va sir dung NADH hodac NADPH lam coenzym va xuc tac phan (ng
chuyén héa hydroxypyruvat thanh glyxerat.

Vi du vé hydroxypyruvat reductaza bao gdm céc hydroxypyruvat reductaza c6
ngudn gbc tir vi khudn Escherichia nhu Escherichia coli, hodc vi khudn Pantoea nhu

Pantoea ananatis.
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Pé 1am gen mé héa hydroxypyruvat reductaza (ycdW), ADN c6 trinh ty bazo cia
gen ma héa hydroxypyruvat reductaza thu dugc tir bat ky trong s6 céc sinh vat c6 ngudn
gbc enzym da néu & trén, hoic trinh tw ADN tng hop dugc tdng hop dua trén trinh ty bazo
d3 biét cua gen nay, co thé dugc sir dung. Vi du dugc uu ti€n cia nd bao gém ADN c6 trinh
tu bazo ciia gen ¢6 ngudn gbe tir vi khudn Escherichia nhu Escherichia coli, hoic vi khuin

Pantoea nhu Pantoea ananatis.

Glyxerat 3-kinaza 13 tén chung cla c4c enzym duogc phan loai du6i dang s6 ma
enzym: 2.7.1.31 dua trén bao cdo cia Enzyme Commission of International Union of
Biochemistry (L.U.B.), va xtc tac phan ing chuyén héa glyxerat thanh 3-phosphoglyxerat.
Trong phan Ung nay, mot phan tir ATP dugc tiéu thy, va mt phan tir ADP va mot phén tir
phosphat dugc san xuét. Vi du vé glyxerat 3-kinaza bao gdm cac glyxerat 3-kinaza c6 ngudn
gbc tir vi khudn Corynebacterium nhu Corynebacterium glutamicum, hodc vi khuin

Escherichia nhu Escherichia coli.

Pé 1am gen ma héa glyxerat 3-kinaza (gIxK) theo sang ché, ADN c6 trinh tw bazo
ctia gen mi hoa glyxerat 3-kinaza thu dugc tir bt ky trong s6 cac sinh vét c6 ngudn gbc
enzym d& néu & trén, hodc trinh tu ADN téng hop ma dugce téng hop dua trén trinh ty bazo
da biét ciia gen nay, c6 thé dugc sir dung. Vi du duge vu tién ciia n6 bao gdm ADN c6 trinh
tw bazo cia gen c6 ngudn gbc tir vi khudn Corynebacterium nhu Corynebacterium
glutamicum, vi khuin Escherichia nhu Escherichia coli, hodc vi khudn Pantoea nhu

Pantoea ananatis.

Glyxerat 2-kinaza 13 tén chung clia cac enzym duoc phan loai dudi dang sb ma
enzym: 2.7.1.165 dua trén bao cédo cia Enzyme Commission of International Union of
Biochemistry (I.U.B.), va xtic tac phan mg chuyén héa glyxerat thanh 2-phosphoglyxerat.
Trong phan Ung nay, mgt phan tir ATP duogc tiéu thy, va mot phan tir ADP va mot phén tir
phosphat dugc san xuét. Vi du vé glyxerat 2-kinaza bao gdm céc glyxerat 2-kinaza c6 ngudn
gbc tir vi khun Corynebacterium nhu Corynebacterium glutamicum, hodc vi khuén

Escherichia nhu Escherichia coli.

Dé 1am gen m3 héa glyxerat 2-kinaza (garK) theo sang ché, ADN c6 trinh tu bazo
clia gen ma hoéa glyxerat 2-kinaza thu dugc tir bét ky trong s& céc sinh vét c6 ngudn gbc
enzym da néu & trén, hodc trinh ty ADN téng hop ma dugc téng hop dua trén trinh ty bazo
da biét ctia gen nay, c6 thé duge sir dung. Vi du duge wu tién ciia né bao gdm ADN c6 trinh
tu bazo clia gen c6 ngudn gdc tir vi khuin Corynebacterium nhu Corynebacterium

glutamicum, vi khuan Escherichia nhu Escherichia coli, hodc vi khuin Panfoea nhu
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Pantoea ananatis.

Phosphoglyxerat mutaza 1a tén chung cua cac enzym dugc phén loai dudi dang sd
mi enzym: 5.4.2.1 dya trén bédo cdo cia Enzyme Commission of International Union of
Biochemistry (LU.B.), va xfic tic phan Gng chuyén héa 3-phosphoglyxerat thanh 2-
phosphoglyxerat. Vi du vé phosphoglyxerat mutaza bao gdm cac phosphoglyxerat mutaza
¢6 ngudn gbc tir vi khudn Corynebacterium nhu Corynebacterium glutamicum, vi khuén

Escherichia nhu Escherichia coli, hoac vi khuan Pantoea nhu Pantoea ananatis.

Dé 1am gen ma héa phosphoglyxerat mutaza (gpm), ADN c6 trinh ty bazo clia gen
ma héa phosphoglyxerat mutaza thu dugc tir bat ky trong sb cc sinh vat c6 ngudn gbc
enzym d4 néu & trén, hoic trinh twr ADN tdng hop ma dugc tbng hop dua trén trinh tw bazo
d3 biét ciia gen nay, c6 thé duogc st dung. Vi du duge wu tién ciia né bao gdbm ADN c6 trinh
tu bazo cia gen c6 ngudn gbc tir vi khudn Corynebacterium nhu Corynebacterium
glutamicum, vi khuln Escherichia nhu Escherichia coli, hodc vi khudn Pantoea nhu

Pantoea ananatis.

Enolaza 12 tén chung cia c4c enzym duoc phan loai dudi dang s6 mi enzym: 4.2.1.11
dua trén bao cao cia Enzyme Commission of International Union of Biochemistry (I.U.B.),
va xuc tic phan img chuyén héa 2-phosphoglyxerat thanh phosphoenolpyruvat. Vi du vé
enolaza bao gbm cac enolaza c6 ngudn gbc tir vi khudn Corynebacterium nhu
Corynebacterium glutamicum, vi khuén Escherichia nhu Escherichia coli, hodc vi khuan

Pantoea nhu Pantoea ananatis.

Dé 1am gen ma hoa enolaza (eno), ADN c6 trinh tyr bazo clia gen ma hoa enolaza
thu dugc tir bat ky trong sb cac sinh vat c6 ngudn gbc enzym da néu & trén, hoic trinh tu
ADN téng hop ma duoc téng hop dua trén trinh ty bazo di biét cia gen nay, c6 thé dugc
str dung. Vi du duoc wu tién ciia n6 bao gdm ADN c6 trinh tur bazo clia gen c¢6 ngudn gbc
tir vi khudn Corynebacterium nhu Corynebacterium glutamicum, vi khuén Escherichia nhu

Escherichia coli, hoac vi khuan Pantoea nhu Pantoea ananatis.

Pyruvat kinaza la tén chung cia cic enzym du’o‘cbphén loai duéi dang s6 ma enzym:
2.7.1.40 dya trén bao céo cua Enzyme Commission of International Union of Biochemistry
(L.U.B.), va xtic tac phan tg chuyén héa phosphoenolpyruvat va ADP thanh pyruvat va
ATP. Vi du v& pyruvat kinaza bao gdm céc pyruvat kinaza c6 ngudn gbc tir vi khudn
Corynebacterium nhu Corynebacterium glutamicum, vi khuin Escherichia nhu

. . . - . A .
Escherichia coli, hoac vi khuan Pantoea nhu Pantoea ananatis.
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DPé lam gen mi héa pyruvat kinaza (pyk), ADN c6 trinh ty bazo cua gen ma héa
pyruvat kinaza thu duogc tir bat ky trong sb c4c sinh vat c6 ngudn gbc enzym da néu & trén,
hoc trinh tw ADN tdng hop ma duoc tbng hop dua trén trinh tw bazo d biét ciia gen nay,
¢6 thé duoc sir dung. Vi du dugc uu tién ciia n6 bao gdm ADN c6 trinh ty bazo cia gen c6
ngudn gbc tir vi khudn Corynebacterium nhu Corynebacterium glutamicum, vi khuén

Escherichia nhu Escherichia coli, hodc vi khuin Pantoea nhu Pantoea ananatis.

Vi sinh vét san xuét axetyl-CoA c6 thé 14 vi sinh vét cé, ngoai tién trinh d& chuyén
héa axetyl-CoA thanh chét chuyén héa hitu dung, tién trinh ma san xudt chét chuyén héa
khéc bing cach sir dung axetyl-CoA 1am nguyén lidu thd, hodc ¢6 thé 1a vi sinh vat ma hoat
tinh enzym cua né lién quan dén tién trinh san xuét chat chuyén héa khac dugc ting cudng.
Két qua 13, cac chét chuyén héa hitu dung ¢6 ngudn gde tir axetyl-CoA c6 thé dugc san xuét
tir nguyén liéu ngudn cacbon va cacbon dioxit, va higu suat ciia chit chuyén héa hitu dung

c6 ngudn gbc tir axetyl-CoA c6 thé dugc 1am ting.

Vi sinh vét dugc sir dung theo sang ché khoéng bi gi6i han mdt cach cu thé mién 1a

vi sinh v4t nay khong c6 chirc ndng nao trong so cac chirc ndng sau:

(a) chu trinh c6 dinh cacbon dioxit c6 phan ng enzym tir malonyl-CoA thanh

malonat semialdehyt hoac 3-hydroxypropionat;

(b) chu trinh ¢b dinh cacbon dioxit c6 phan ting enzym tir axetyl-CoA va CO; thanh

pyruvat;

(¢) chu trinh cb dinh cacbon dioxit c6 phan tng enzym tir crotonyl-CoA va CO

thanh etylmalonyl-CoA hodc glutaconyl-CoA;

(d) chu trinh ¢6 dinh cacbon dioxit ¢é phan tmg enzym tir CO, thanh format; trong

d6 vi sinh vét nay khéng c6 hoat tinh malat thiokinaza va malyl-CoA lyaza ndi sinh bat ky.

Vi du v& vi sinh v4t bao gdm vi sinh vét thudc Enterobacteriaceae va vi sinh vét
thuéc vi khudn coryneform. Vi du cu thé v& vi sinh vét bao gdm vi sinh vat thudc
Enterobacteriaceae nhu vi khudn Escherichia va vi khudn Pantoea; vi sinh vat thudc vi
khuén coryneform nhu vi khuén Corynebacterium va vi khudn Brevibacterium; ndm dang
soi; va nim tia.

Vi du cu thé vé& vi sinh vat thudc Enterobacteriaceae bao gdm vi khun thudc
Enterobacter, Erwinia, Escherichia, Klebsiella, Pantoea, Providencia, Salmonella,

Serratia, Shigella, Morganella, hoic Erwinia. Trong sb nay, vi sinh vét thudc Escherichia
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va vi sinh vt thudc Pantoea 1a dugc uu tién tir quan diém ve su san xuat hiéu qua cac chat

chuyén héa hiru dung.
Vi du v& vi khuén Corynebacterium bao gdm Corynebacterium glutamicum.

Vi khuan Escherichia khong bj gi¢i han mdt cach cu thé, va vi du v& vi khuén nay
bao gdm Escherichia coli. Vi du cy thé v& Escherichia coli bao gdm Escherichia coli
W3110 (ATCC 27325) va Escherichia coliMG1655 (ATCC 47076), c6 ngudn gc tir chiing
kiéu dai kidu chudn K12, va Escherichia coli B (ATCC 11303) c¢6 ngudn gdc tir ching kiéu

dai kiéu chuan B.

Ca vi khudn Escherichia va vi khudn Pantoea déu thudc Enterobacteriaceae, va cb
lién quan gn giii véi nhau (J. Gen. Appl. Microbiol. 43(6) 355-361 (1997); International
Journal of Systematic Bacteriology, p1061-1067, 1997).

Trong nhitng ndm gn day, mot sd vi khuin thudc Enterobacter d3 dugc phan loai
lai thanh Pantoea agglomerans, Pantoea dispersa, hoéc loai tuong tu (International Journal
of Systematic Bacteriology, July 39(3) 337-345, 1989).

Ngoai ra, mdt s6 vi khudn thudc Erwinia da duge phan loai lai thanh Pantoea ananas
hodc Pantoea stewartii (International Journal of Systematic Bacteriology, 43(1), 162-173,
1993).

Vidu v& vi khuén Enterobacter bao gdm Enterobacter agglomerans va Enterobacter
aerogenes. Cu thé hon, cic ching dugc minh hoa trong Patent chau Au s6 952221 ¢6 thé
duoc st dung. Vi du v& cac chung dai dién cia Enterobacter bao gdbm Enterobacter

agglomerans ATCC 12287.

Vi du vé cac ching dai dién cua vi khuan Panfoea bao gom Pantoea ananatis,
Pantoea stewartii, Pantoea agglomerans, va Pantoea citrea. Vi du cu the vé cac chung nay

bao gdm céc ching sau.
-Pantoea ananatis AJ13355 (FERM BP-6614) (Patent chau Au s6 0952221)
-Pantoea ananatis AJ13356 (FERM BP-6615) (Patent chau Au s 0952221)

Mic du cac ching nay dwgc mo ta 14 Enterobacter agglomerans trong Patent chau
Au s6 0952221, céac chung nay dugc phéan loai lai thanh Pantoea ananatis nhu duge mo ta

trén day dua trén phan tich trinh tu bazo cua 16S rARN va dang tuong tu.

"Vi khuan coryneform" theo sang ché chi vi sinh vat thudc Corynebacterium,

Brevibacterium, hodc Microbacterium, nhu dugc dinh nghia trong Bergey's Manual of
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Determinative Bacteriology, 8, 599 (1974).

Vi du vé vi khuan coryneform con bao gdm vi sinh vit ma da dugc phan loai thanh
Brevibacterium nhung dugc phén loai lai thanh Corynebacterium (Int. J. Syst. Bacteriol.,
41, 255, 1991), va cac vi khuan c6 lién quan nhu vi sinh vat thudc Brevibacterium. Vi du

v& vi khuén coryneform dugc liét ké dudi day.

Tic 13, vi du vé& vi khuén coryneform bao gdm Corynebacterium acetoacidophilum,
Corynebacterium acetoglutamicum, Corynebacterium alkanolyticum, Corynebacterium
callunae, Corynebacterium glutamicum, Corynebacterium lilium, Corynebacterium
melassecola,  Corynebacterium  thermoaminogenes,  Corynebacterium  herculis,
Brevibacterium divaricatum, Brevibacterium flavum, Brevibacterium immariophilum,
Brevibacterium lactofermentum, Brevibacterium roseum, Brevibacterium saccharolyticum,
Brevibacterium thiogenitalis, Corynebacterium amoniacgenes, Brevibacterium album,

Brevibacterium cerinum, va Microbacterium amoniacphilum.
Vi du cu thé ciia n6 bao gom céac ching sau.

Corynebacterium  acetoacidophilum  ATCC 13870,  Corynebacterium
acetoglutamicum ATCC 15806, Corynebacterium alkanolyticum ATCC 21511,
Corynebacterium callunae ATCC 15991, Corynebacterium glutamicum ATCC 13020,
ATCC 13032 va ATCC 13060, Corynebacterium lilium ATCC 15990, Corynebacterium
melassecola ATCC 17965, Corynebacterium thermoaminogenes AJ 12340 (FERM BP-
1539), Corynebacterium herculis ATCC13868, Brevibacterium divaricatum ATCC 14020,
Brevibacterium flavum ATCC 13826, ATCC 14067, va AJ 12418 (FERM BP-2205),
Brevibacterium  immariophilum ATCC 14068, Brevibacterium lactofermentum
(Corynebacterium glutamicum) ATCC 13869, Brevibacterium roseum ATCC 13825,
Brevibacterium saccharolyticum ATCC 14066, Brevibacterium thiogenitalis ATCC 19240,
Corynebacterium amoniacgenes ATCC 6871 va ATCC 6872, Brevibacterium album ATCC
15111, Brevibacterium cerinum ATCC 15112, va Microbacterium amoniacphilum ATCC
15354.

Trong trudng hop trong d6 vi khuin Escherichia dugc st dung 1am vi sinh vat, vi
du dugc wu tién v& vi sinh vAt san xuét axetyl-CoA theo sang ché bao gdm vi khuén
Escherichia san xuét axetyl-CoA trong d6 hoat tinh thiolaza, hoat tinh CoA transferaza, va

hoat tinh axetoaxetat decarboxylaza dugc truyén hoic dugc ting cudng.

Trong trudng hop trong d6 vi khuén Escherichia dugc sir dung lam vi sinh vét, vi
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du dugc vu tién v& vi sinh vét san xuit axetyl-CoA theo sang ché con bao gdm vi khuén
Escherichia san xuit axetyl-CoA san xuét trong d6 hoat tinh thiolaza, hoat tinh CoA
transferaza, hoat tinh axetoaxetat decarboxylaza, va hoat tinh dehydrogenaza ruou

isopropylic dugc truyén hoic dugc ting cudng.

Thiolaza 1a tén chung cuia cac enzym dugc phén loai dudi dang s6 mi enzym: 2.3.1.9
dua trén bdo céo ciia Enzyme Commission of International Union of Biochemistry (1.U.B.),

va xiic tic phan tng san xuét axetoaxetyl-CoA tir axetyl-CoA.

Vi dy vé thiolaza bao gdm céc thiolaza c6 ngudn gbc tir vi khuén Clostridium nhu
Clostridium acetobutylicum hodc Clostridium beijerinckii, vi khudn Escherichia nhu
Escherichia coli, Halobacterium sp., vi khuidn Zoogloea nhu Zoogloea ramigera,
Rhizobium sp., vi khudn Bradyrhizobium nhu Bradyrhizobium japonicum, Candida nhu
Candida tropicalis, Vi khudn Caulobacter nhu Caulobacter crescentus, vi khuén
Streptomyces nhu Streptomyces collinus, hodc vi khudn Enterococcus nhu Enterococcus

Saecalis.

Dé 1am gen mé héa thiolaza, ADN c6 trinh ty bazo ctia gen ma héa thiolaza thu dugc
tir bt ky trong sb cac sinh vt c6 ngudn gbc enzym da néu & trén, hodc trinh tw ADN téng
hop ma dugc téng hop dua trén trinh ty bazo d3 biét cia gen nay, c6 thé duoc st dung. Vi
du duge uu tién cua né bao gdm ADN c6 trinh tu bazo ciia gen ¢ ngudn gde tir vi khudn
Clostridium nhu Clostridium acetobutylicum hodc Clostridium beijerinckii; vi khuin
Escherichia nhu Escherichia coli, Halobacterium sp., vi khudn Zoogloea nhu Zoogloea
ramigera, Rhizobium sp., vi khuin Bradyrhizobium nhu Bradyrhizobium japonicum,
Candida nhu Candida tropicalis, vi khuin Caulobacter nhu Caulobacter crescentus, Vi
khudn Streptomyces nhu Streptomyces collinus, hodc vi khudn Enterococcus nhu
Enterococcus faecalis. Vi du dwoc wu tién hon ctia né bao gdm ADN ¢4 trinh tu bazo cia
gen c6 ngudn gbc tir sinh vat chua c6 nhan dién hinh nhu vi khuan Clostridium hoic vi
khudn Escherichia, va ADN c6 trinh ty bazo cia gen cé ngudn gbc tir Clostridium

acetobutylicum hodc Escherichia coli 13 dwgc dic biét wu tién.

Axetoaxetat decarboxylaza 1 tén chung ctia cac enzym dugc phan loai dudi dang s6
mi enzym: 4.1.1.4 dva trén bao céo cia Enzyme Commission of International Union of

Biochemistry (I.U.B.), va xuc tic phan (g san xudt axeton tir axetoaxetat.

Vi du v& axetoaxetat decarboxylaza bao gdm cac axetoaxetat decarboxylaza c6

ngudn gdc tir vi khudn Clostridium nhu Clostridium acetobutylicum hoic Clostridium
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beijerinckii; hodc vi khuan Bacillus nhu Bacillus polymyxa.

Dé 1am gen mi hda axetoaxetat decarboxylaza, ADN c6 trinh tu bazo cla gen mé
héa axetoaxetat decarboxylaza thu dugc tir sinh véat bét ky trong sb cac sinh vat c6 ngudn
gbc enzym di néu & trén, hodc trinh tw ADN tdng hop ma duge tdng hop dua trén trinh ty
bazo d3 biét cua gen ndy, c6 thé dugc sir dung. Vi dy dugc vu tién cia né bao gébm ADN cé
trinh tw bazo ciia gen c¢6 ngudn gdc tir vi khuén Clostridium hodc vi khuan Bacillus. Vi du
cu thé ciia n6 bao gdm ADN c6 trinh ty bazo cia gen c6 ngudn gbc tir Clostridium
acetobutylicum hodc Bacillus polymyxa. ADN t6t hon nita 13 ADN ¢ trinh ty bazo ctia gen

¢6 ngudn gbc tir Clostridium acetobutylicum.

DPé 1am gen mi héa axetoaxetat decarboxylaza, ADN c6 trinh ty bazo clia gen mé
hoa axetoaxetat decarboxylaza thu dugc tir bat ky trong s céac sinh vat c6 ngudn gbc enzym
dd néu & trén c6 thé duoc sir dung. Vi du dugc uu tién cia né bao gém ADN ¢4 trinh tu
bazo clia gen c6 ngudn gdc tir vi khudn Clostridium hodc vi khuan Bacillus. Vi du cu thé
ctia n6 bao gdm ADN c6 trinh ty bazo cua gen c6 ngudn gbc tir Clostridium acetobutylicum
hodc Bacillus polymyxa. ADN t6t hon nita 1a ADN c¢6 trinh ty bazo ctia gen c6 ngudn gbc

tir Clostridium acetobutylicum.

Dehydrogenaza rugu isopropylic 1a tén chung ctia cic enzym dugc phén loai dudi
dang s6 ma enzym: 1.1.1.80 dya trén béo céo cia Enzyme Commission of International

Union of Biochemistry (I.U.B.), va xtic tac phan irng san xuét ruou isopropylic tir axeton.

Vi du vé& dehydrogenaza rugu isopropylic bao gdm cac dehydrogenaza rugu

isopropylic c6 ngudn gbc tir vi khuan Clostridium nhu Clostridium beijerinckii.

Dé 1am gen m3 hoa dehydrogenaza rugu isopropylic, ADN c¢6 trinh tu bazo cua gen
ma hda dehydrogenaza rugu isopropylic thu dugc tir bét ky trong sb cac sinh vat c6 ngudn
gbc enzym dd néu & trén co thé duge sir dung. Vi du dugc uu tién ciia n6 bao gdm ADN ¢6

trinh tu bazo cta gen ¢6 ngudn gbc tir vi khuén Clostridium, nhu Clostridium beijerinckii.

CoA transferaza 12 tén chung ctia cac enzym dugc phén loai dudi dang s6 ma enzym:
2.8.3.8 duya trén bao cdo ciia Enzyme Commission of International Union of Biochemistry

(1.U.B.), va xtic tac phan ing san xuit axetoaxetat tir axetoaxetyl-CoA.

Vi du v& CoA transferaza bao gdm cac CoA transferaza c6 ngudn gbc tir vi khuan
Clostridium nhu Clostridium acetobutylicum hodc Clostridium beijerinckii; vi khuén
Roseburia nhu Roseburia intestinalis; vi khuin Faecalibacterium nhu Faecalibacterium

prausnitzii; vi khuan Coprococcus; cac Trypanosoma nhu Trypanosoma brucei; hodc vi
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khuén Escherichia nhu Escherichia coli.

Pé 1am gen ma héa CoA transferaza, ADN c6 trinh ty bazo ctia gen ma héa CoA
transferaza thu dugc tir bit ky trong sb cac sinh vat c6 ngudn gbc enzym d néu & trén, hoic
trinh tw ADN tng hop duoc téng hop dua trén trinh tu bazo da biét ciia gen nay, c6 thé
duoc sir dung. Vi du duge uu tién cua nd bao gdbm ADN c6 trinh tu bazo ctia gen ¢6 ngudn
gbc tir vi khudn Clostridium nhu Clostridium acetobutylicum, vi khuén Roseburia nhu
Roseburia intestinalis, vi khudn Faecalibacterium nhu Faecalibacterium prausnitzii, Vi
khuén Coprococcus, cic Trypanosoma nhu Trypanosoma brucei, hoic vi khuén Escherichia
nhu Escherichia coli. Vi du dugc uu tién hon ciia né bao gdbm ADN c6 trinh tu bazo cla
gen ¢ ngudn gbc tir vi khuén Clostridium hodc vi khuan Escherichia, va ADN c6 trinh ty
bazo cia gen c6 ngudn gbc tir Clostridium acetobutylicum hodc Escherichia coli 13 dugc

uu tién hon nira.

Tir quan diém v& hoat tinh enzym, t5t hon 12 mdi trong s6 bdn loai enzym néu trén
13 enzym c6 ngudn gbc tir it nhat mot vi khuén dugc chon tir nhém bao gém vi khuédn
Clostridium, vi khudn Bacillus, va vi khuln Escherichia. Cu thé, truong hop trong do
axetoaxetat decarboxylaza va dehydrogenaza rugu isopropylic ¢6 ngudn gdc tir vi khuin
Clostridium, va trong d6 hoat tinh CoA transferaza va hoat tinh thiolaza c6 ngudn gdc tir vi

khuén Escherichia, 1a duge wu tién hon.

Cu thé, tir quan diém v& hoat tinh enzym, t6t hon 13 mbi trong s6 bén loai enzym
néu trén c6 ngudn gbc tir bat ky trong s6 Clostridium acetobutylicum, Clostridium
beijerinckii, hodc Escherichia coli. T6t hon 12 axetoaxetat decarboxylaza 1a enzym c6 ngudn
gbc tir Clostridium acetobutylicum, va mi trong s6 CoA transferaza va thiolaza c6 ngudn
gbc tir Clostridium acetobutylicum hoic Escherichia coli, va dehydrogenaza ruou
isopropylic c6 ngudn gdc tir Clostridium beijerinckii. Lién quan dén bén loai enzym, tot
hon 12 hoat tinh axetoaxetat decarboxylaza c6 ngudn gbc tir Clostridium acetobutylicum, va
hoat tinh dehydrogenaza rugu isopropylic c6 ngudn gc tir Clostridium beijerinckii, va hoat
tinh CoA transferaza va hoat tinh thiolaza c6 ngudn gdc tir Escherichia coli, tir quan diém

vé hoat tinh enzym.

Gen mi héa CoA transferaza (atoD va atoA) va gen mi héa thiolaza (atoB) c6 ngudn
gbc tir Escherichia coli tao ra operon trén hé gen cta Escherichia coli theo thir tu atoD,
atoA, va atoB (Journal of Bacteriology Vol,169 pp 42-52 Lauren Sallus Jenkins et al.). Do
d6, su bidu hién ciia gen ma hoa CoA transferaza va gen ma hoa thiolaza c6 thé dwoc kiém

soat ddng thoi bang cach cai bién gen khai déu atoD.
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T nhitng gi néu trén day, khi hoat tinh CoA transferaza va hoat tinh thiolaza thu
dugc tir cac gen trong hé gen cia vat chi Escherichia coli, t6t hon néu tdng cudng sy biéu
hién ctia ca hai gen ma hoa enzym bang céch, vi du, thay thé gen khoi ddu chiu trach nhiém
cho sy biu hién clia ca hai gen mi héa enzym bing gen khoi du khac, tir quan diém thu
duoc kha ning san xuét du rugu isopropylic. Vi du vé gen khéi dau duoc sir dung dé ting
cudng su biu hién clia hoat tinh CoA transferaza va hoat tinh thiolaza bao gdm gen khoi

diu GAPDH c6 ngudn gbc tir Escherichia coli d3 dugc md ta & trén.

Vi du v& vi sinh v4t san xut axetyl-CoA ma san xut cht chuyén hoa khac bang
cach sir dung axetyl-CoA 1am nguyén liu th bao gdm vi sinh vat thu dwoc bing cach
truyén hodc ting cuong, hodc 1am bét hoat hodc 1am giam, bit ky trong sb cac hoat tinh
enzym d& dugc md ta & trén, st dung Escherichia coli c6 hé théng san xuét rugu isopropylic
(sau déy trong ban mé ta nay duoc goi 14 "Escherichia coli san xuét rugu isopropylic") 1am

vét chu.

Escherichia coli san xuét rugu isopropylic ¢6 thé 13 Escherichia coli bat ky mién 1a
cac gen tuong Ung de truyén kha ndng san xuat rugu isopropylic c¢6 thé dugc dua vao hoic

duogc cai bién.

Escherichia coli tt hon nita 13 Escherichia coli ma kha ning san xut ruou
isopropylic da dugc truyén trude cho vi khun nay. Bang cach sir dung Escherichia coli ndy,

rugu isopropylic cé thé dugc san xuat mgt cach hiéu qua.

Vidu vé& Escherichia coli sin xuét ruou isopropylic 13 Escherichia coli san xuét rugu
isopropylic ma hoat tinh axetoaxetat decarboxylaza, hoat tinh dehydrogenaza rugu
isopropylic, hoat tinh CoA transferaza, va hoat tinh thiolaza di dugc truyén cho vi khuén
niy dé c6 kha nang san xuét ruou isopropylic tir nguyén lidu thd c6 ngudn gc tir thuc vat,
va dugc mo ta trong, vi du, WO 2009/008377. Vi du khac vé Escherichia coli san xuit ruou
isopropylic bao gém vi sinh vat dugc md ta trong WO 2009/094485, WO 2009/094485,
WO 2009/046929, hodc WO 2009/046929.

Escherichia coli san xuat ruou isopropylic 12 Escherichia coli ¢6 hé théng san xuét
rugu isopropylic, va c6 kha nang san xuét ruou isopropylic nh k¥ thuat tai td hop di truyén.
Hé thdng san xuét rugu isopropylic c6 thé 13 hé thong bat ky ma gitp cho Escherichia coli
quan tim c6 kha nang san xut ruou isopropylic.

Trong Escherichia coli san xuét rugu isopropylic theo sang ché, t6t hon 13, bdn hoat

tinh enzym —hoat tinh axetoaxetat decarboxylaza, hoat tinh dehydrogenaza ruou
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isopropylic, hoat tinh CoA transferaza, va hoat tinh thiolaza da dugc md ta & trén — dugc

truyén tir bén ngoai té bao.

Theo séng ché, vi du vé& Escherichia coli san xut rugu isopropylic c6 hé théng san
xuét rugu isopropylic bao gdm bién thé pIPA/B va bién thé plaaa/B dugc md ta trong WO
2009/008377. Vi du vé& Escherichia coli san xuét rugu isopropylic con bao gém bién thé
trong d6, trong s cac enzym c6 lién quan dén su san xuét ruou isopropylic, hoat tinh CoA
transferaza va hoat tinh thiolaza dwoc ting cudng bing cach ting cudng sy biu hién cia
cac gen tuong ung trén hé gen cuia Escherichia coli, va trong d6 hoat tinh dehydrogenaza
rugu isopropylic va hoat tinh axetoaxetat decarboxylaza dugc ting cudng bing cach ting
cudng su biéu hién clia cic gen tuong tmg sir dung plasmit hodc céc plasmit (d6i khi dugc
goi 12 "bién thé pla/B::atoDAB ").

Theo séng ché, Escherichia coli san xuét rugu isopropylic c6 thé 1a Escherichia coli
san xudt rugu isopropylic bao gdm hé théng san xuét ruou isopropylic, trong d6 hoat tinh
cua gen kim hdm phién ma GntR dugc 1am bét hoat, va Escherichia coli san xuit rugu
isopropylic bao gdm nhém enzym phu trg ¢6 kiéu hoat tinh enzym ma nhd né duy tri hoic
ting cudng dugc kha ning san xuét rugu isopropylic do sy bét hoat hoat tinh GntR. Do do,

su san xuét ruou isopropylic c6 thé duogc 1am ting thém.

Thuét ngit "nhém enzym phu trg" theo sang ché chi mdt enzym hodc hai hoic nhiéu
enzym, ma anh huéng dén kha niing san xuét ruou isopropylic. Ngoai ra, hoat tinh cua cac
enzym duoc bao gdm trong nhém enzym phu trg dwoc 1am bt hoat, dwoc hoat hoa, hodc
dugce ting cudong. Cum tr "kiéu hoat tinh enzym ctia nhém enzym phu tro" nhu dugc sur
dung trong ban mé ta nay chi kiéu hoat tinh enzym ciia cic enzym ma c6 kha ning duy tri
hoic 1am ting luong san xuét rugu isopropryl duoc cai thién dat duoc béi su bét hoat hoat

tinh GntR mot minh, va bao gdm mot enzym ctia hdn hop ciia hai hosc nhiéu enzym.

Vi du vé kiéu hoat tinh enzym dugc uu tién cia nhém enzym phuy tro bao gém cac

kiéu sau:

(1) duy tri hoat tinh kiéu dai ctia glucoza-6-phosphat isomeraza (Pgi), glucoza-6-

phosphat-1-dehydrogenaza (Zwf), va phosphogluconat dehydrogenaza (Gnd);

(2) bit hoat hoat tinh glucoza-6-phosphat isomeraza (Pgi), va ting cudng hoat tinh
glucoza-6-phosphat-1-dehydrogenaza (Zwf); va

(3) bét hoat hoat tinh glucoza-6-phosphat isomeraza (Pgi), tdng cudng hoat tinh
glucoza-6-phosphat-1-dehydrogenaza (Zwf), va bit hoat hoat tinh phosphogluconat
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dehydrogenaza (Gnd).

Trong s6 nay, kiéu hoat tinh enzym ctia nhém enzym phu trg dugc md ta trong muc

(3) néu trén 13 dugc wu tién hon tir quan diém vé kha nang san xuét ruou isopropylic.

Nhém enzym phu trg va kiéu hoat tinh enzym ctia n6 khong bi giéi han & Nhom
enzym phu trg va kiéu hoat tinh enzym da duoc néu & trén. B4t ky nhém enzym phu tro va
kidu hoat tinh enzym ciia né ma bao gdm su bat hoat hoat tinh GntR, va nhd né luong san
xuit ruou isopropylic trong Escherichia coli san xuét rugu isopropylic cé thé dugc lam tang,
d&u ndm trong pham vi ctia sang ché. Nhém enzym phu trg khong nhét thiét dwoc ciu thanh

2,0 s A A r A A h % A
bdi nhi€u enzym, va c6 thé dugc cau thanh boi mot enzym.

GntR chi yéu t6 phién ma ma didu hoa 4m tinh operon c6 lién quan dén su chuyén
hoéa gluconat thong qua tién trinh Entner-Doudoroff. GntR 13 tén chung clia c4c gen kim
ham phién ma GntR c6 tac dung kim hdm chirc néng cuia hai nhém gen (Gntl va GntIl), ma

chiu trach nhiém cho sy hap thu va chuyén hoa cia axit gluconic.

Glucoza-6-phosphat isomeraza (Pgi) 1a t€n chung cua cac enzym dugc phan loai
dué6i dang sb ma enzym: 5.3.1.9 dua trén bao céo ctia Enzyme Commission of International
Union of Biochemistry (I.U.B.), va xuc tic phan (mg san xuét D-fructoza-6-phosphat tir D-
glucoza-6-phosphat.

Glucoza-6-phosphat-1-dehydrogenaza (Zwf) dugc phan loai dusi dang s6 mi
enzym: 1.1.1.49 dua trén bdo cdo ciia Enzyme Commission of International Union of
Biochemistry (I.U.B.) va xtic tic phan tmg san xuat D-glucono- 1,5-lacton-6-phosphat tir D-

glucoza-6-phosphat.

Vi du vé glucoza-6-phosphat-1-dehydrogenaza bao gdm cac glucoza-6-phosphat-1-
dehydrogenaza c6 ngudn gbc tir vi khuan Deinococcus nhu Deinococcus radiophilus; nAm
Aspergillus nhu Aspergillus niger hoic Aspergillus aculeatus; vi khudn Acetobacter nhu
Acetobacter hansenii; vi khuén Thermotoga nhu Thermotoga maritima; ndm Cryptococcus
nhu Cryptococcus neoformans, nadm Dictyostelium nhu Dictyostelium discoideum;
Pseudomonas nhu Pseudomonas fluorescens hodc Pseudomonas aeruginosa,
Saccharomyces nhu Saccharomyces cerevisiae; vi khuan Bacillus nhu Bacillus megaterium;

- . A . . . . .
hodc vi khuan Escherichia nhu Escherichia coli.

Pé 1am gen mi hoa glucoza-6-phosphat-1-dehydrogenaza (Zwf), ADN c¢6 trinh tu
bazo cila gen ma héa thiolaza thu dugc tir bt ky trong s6 céc sinh vét c6 nguén gdc enzym

dd néu & trén, hoic trinh tw ADN téng hop ma duge tbng hop dua trén trinh ty bazo da biét
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clia gen nay, c6 thé dugc sir dung. Vi du duge wu tién clia né bao gdbm ADN ¢4 trinh ty bazo
cia gen c6 ngudn gbc tir vi khudn Deinococcus nhu Deinococcus radiophilus, nim
Aspergillus nhu Aspergillus niger hodc Aspergillus aculeatus; vi khuan Acetobacter nhu
Acetobacter hansenii, vi khuin Thermotoga nhu Thermotoga maritima, nim Cryptococcus
nhu Cryptococcus neoformans, ndm Dictyostelium nhu Dictyostelium discoideum,
Pseudomonas nhu Pseudomonas fluorescens hodc Pseudomonas aeruginosa,
Saccharomyces nhu Saccharomyces cerevisiae, Vi khun Bacillus nhwu Bacillus megaterium,
hodc vi khuén Escherichia nhu Escherichia coli. Vi du dugc uu tién hon ciia né bao gém
ADN c6 trinh ty bazo cta gen c6 ngudn gbc tir sinh vat chua c6 nhan dién hinh nhu vi
khuin Deinococcus, ndm Aspergillus, vi khuin Acetobacter, vi khudn Thermotoga,
Pseudomonas, vi khudn Bacillus, hoic vi khudn Escherichia. ADN tét hon nita 1a ADN c6

trinh ty bazo ciia gen c6 ngudn goc tir Escherichia coli.

Phosphogluconat dehydrogenaza (Gnd) 1a tén chung ctia céc enzym dugc phén loai
duéi dang s6 ma enzym: 1.1.1.44 dya trén bao cdo ctia Enzyme Commission of International
Union of Biochemistry (I.U.B.), va xtic tac phan ing san xuét D-ribuloza-5-phosphat va

CO. tir 6-phospho-D-gluconat.

MB&i trong s6 cac hoat tinh ctia cAc enzym nay theo séng ché c6 thé 12 hoat tinh dugc
dua tir bén ngoai té bao vao té bao, hodc hoat tinh thu dugc bai sy biéu hién qua mirc cua
gen mé héa enzym ma vi khuén chii c6 trén hé gen clia né thong qua sy ting cudng hoat
tinh gen khoi déu ddi v6i gen ma héa enzym hoic su thay thé gen khoi déu bang gen khoi
d4u khac.

Escherichia coli c6 hoat tinh enzym dugc ting cudng theo sang ché chi Escherichia
coli trong d6 hoat tinh enzym dugc ting cudng nhd phuwong phép nhit dinh. Loai
Escherichia coli nay c6 thé duoc tao ciu triic bing cach dua gen ma héa enzym hoic protein
tir bén ngoai té bao vao té bao bang cach sir dung plasmit nhd cong nghé tai td hop gen nhu
dugc mb ta & trén; hoic bing cach bidu hién qua mirc gen mi héa enzym ma vi khudn cha
c6 trén hé gen cua né théng qua sy ting cudng hoat tinh gen khéi ddu ddi véi gen ma héa
enzym hodc thay thé gen khai dau nay bang gen khéi diu khéc; hodc su két hop cua cac
phuong phép nay.

Gen khoi dau ctia gen thich hop cho Escherichia coli san xuét rugu isopropylic c6
thé 13 gen khoi du bat ky c6 kha ning kiém soét su biéu hién clia bat ky trong sb cac gen
d3 duge mé ta & trén. Gen khoi ddu ciia gen t&t hon 13 gen khoi dAu hiéu nghiém ma hoat

dong chi yéu & vi sinh vat, va khéng nhay véi sy kim him biéu hién ngay ca trong didu
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kién c6 mit glucoza. Vi du cu thé cua né bao gdm gen khéi ddu cua glyxeraldehyt-3-
phosphat dehydrogenaza (sau ddy trong ban mo ta nay doi khi dugc goi 1a "GAPDH") hodc

gen khoi ddu cia serin hydroxymetyltransferaza.

Gen khdi ddu trong Escherichia coli san xuét rugu isopropylic nghia 12 ving ma
ARN polymeraza c6 yéu tb sigma lién két v6i d& bit ddu phién ma. Vi du, gen khoi dau
GAPDH c6 ngudn gbc tir Escherichia coli dugc md ta & cac Bazo sé 397 dén 440 trong

thong tin trinh tu bazo ciia s6 ndp luu ngan hang gen X02662.

Trong Escherichia coli san Xuét rugu isopropylic, lactat dehydrogenaza (LdhA) c6
thé bj pha v&. Su pha v& lactat dehydrogenaza kim ham sy san xuét lactat ngay cé trong cac
diéu kién nuéi cdy trong d6 su cung cip oxy bi giGi han, két qua 13, rugu isopropylic c6 thé
duogc san xudt mot cach hidu qua. "Céc diéu kién trong d6 su cung cAp oxy bi gidi han" nhin
chung c6 nghia 1a cac didu kién: 0,02 vvm dén 2,0 vvm (vvm: thé tich thong khi [mL]/thé
tich chét long [mL]/thdi gian [phut]) & tbe d6 khudy tir 200 dén 600 vong/phut, khi chi st
dung khong khi 1am ngudn khi.

Lactat dehydrogenaza (LdhA) chi enzym san xut D-lactat va NAD tir pyruvat va
NADH.

Vi sinh vét san xudt axetyl-CoA dé san xudt axeton c6 thé 13 vi sinh vat chi c6 hoat
tinh thiolaza, hoat tinh CoA transferaza, v hoat tinh axetoaxetat decarboxylaza trong sd
céc hoat tinh trong hé théng san xut ruou isopropylic. Ttrc 13, khi san xuét axeton bing
cach sir dung vi sinh v4t san xuat axetyl-CoA, vi sinh vat khdng c6 hoat tinh dehydrogenaza

rugu isopropylic c6 thé dugc sir dung.

Vi du khéc vé tién trinh dé san xut chét chuyén héa khéc bang cach sir dung axetyl-
CoA 1am nguyén liéu thd bao gdm tién trinh san xuét glutamat tir axetyl-CoA. Vi du dugc
wu tién v& vi sinh vt c6 tién trinh san xut chit chuyén héa khac hodc vi sinh vat ma hoat
tinh enzym cia né c6 lién quan trong tién trinh san xuét chét chuyén héa khéc duoc ting
cudng bao gdm vi sinh vat thu dugc bang cach truyén hoic ting cudng, hoic 1am bat hoat
cac hoat tinh enzym trong tién trinh d& duwoc mé ta & trén ma san xut glutamat tir axetyl-
CoA hoic 1am giam hoat tinh enzym ma trc ché sy san xuét glutamat tir axetyl-CoA bang
cach st dung vi sinh vat c6 tién trinh san xuit mot cach hiéu qua glutamat (sau day trong
ban mo ta nay dbi khi duge goi 14 "vi sinh vat san xuét glutamat") hoc bing céch sir dung

vi sinh vit san xuat glutamat lam vat chu.

Vi du vé vi sinh vat san xuat glutamat bao gom cac vi sinh vat d& néu & trén c6 kha
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nang san xuat cac L-axit amin.

Vi du cu the vé vi sinh vt san xuat glutamat bao gom, nhung khong gidi han &, vi
khudn Enterobacteriaceae nhu vi khuin Escherichia hodc vi khuan Pantoea, va vi khuin

coryneform nhu Corynebacterium glutamicum.

Vi sinh vAt san xuét glutamat c6 thé 13 vi sinh vat bat ky ma cho phép sy dua vao
hoic cai bién gen d& truyén kha niing san xuét glutamat. Tt hon nita néu vi sinh vat san
xuit glutamat 12 vi khudn Pantoea hoc vi khuan coryneform ma kha ning san xuét glutamat
da dugc truyén trude d6 cho vi khuén nay. Bang cach sir dung loai vi sinh vat nay, glutamat

¢6 thé dugc san xuat mot cach hiéu qua hon.

Vi du vé& phuong phap truyén kha ning san xudt glutamat cho vi sinh vat bao gém
cai bién vi sinh v4t sao cho su biéu hién ciia gen ma hoa enzym c6 lién quan dén sy sinh
tbng hop L-glutamat dwoc lam ting va/hoic duge biéu hién qua mirc. Vi du vé enzym co
lién quan dén su sinh tdng hop L-glutamat bao gdm glutamat dehydrogenaza, glutamin
synthetaza, glutamat synthaza, isoxitrat dehydrogenaza, aconitat hydrataza, xitrat synthaza,
phosphoenolpyruvat carboxylaza, pyruvat carboxylaza, pyruvat dehydrogenaza, pyruvat
kinaza, phosphoenolpyruvat synthaza, enolaza, phosphoglyxeromutaza, phosphoglyxerat
kinaza, glyxeraldehyt-3-phosphat dehydrogenaza, trioza-phosphat isomeraza, fructoza-
bisphosphat aldolaza, phosphofructokinaza, va glucoza-phosphat isomeraza. Trong s6 cac
enzym ndy, tt hon 13 mét hodc nhiéu trong s xitrat synthaza, phosphoenolpyruvat
carboxylaza, va glutamat dehydrogenaza cé hoat tinh dugc 1am ting, va ot hon nita 13 ca

ba enzym nay déu c6 hoat tinh dugc ting cudng.

Vi dy v& vi sinh v4t san xuét glutamat bao gém vi sinh vat san xuét glutamat dugc

md ta trong don yéu cau cap patent Nhat Ban (JP-A) s6 2005-278643.

Vi sinh v4t san xuét L-glutamat duoc sir dung co thé 1a vi sinh vat c6 kha nang tich
liy L-glutalhat v6i lwgng vugt qua ndng d6 bo hoa cia L-glutamat trong méi trudng 1ong
khi vi sinh vét dugc nudi cdy trong cac diéu kién c6 tinh axit (sau ddy trong ban md ta nay
duogc goi 12 "Kha ning tich lily L-glutamat trong céc didu kién c6 tinh axit"). Vi dy, bién
thé c6 d6 bén ting d6i v6i L-glutamat trong moi trudng c6 d6 pH thip c6 thé thu dwoc nhe
phuong phap duwgc mo ta trong Patent chau Au s6 1078989, nho d6 tao ra kha ning tich liy

L-glutamat v&i lwong vuot qua ndng dd béo hoa.

Vi du cu thé v& vi sinh vét c6 kha ning tich liiy L-glutamat ndi tai trong cac diéu

kién cé tinh axit bao gdm Pantoea ananatis AJ13356 (FERM BP-6615) va AT13601 (FERM
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BP-7207) (xem Patent chdu Au s6 0952221). Pantoea ananatis AJ13356 dugc ndp luu véi
National Institute of Bioscience and Human-Technology, Agency of Industrial Science and
Technology, Ministry of International Trade and Industry (tén hién nay: International Patent
Organism Depositary, National Institute of Technology and Evaluation (IPOD, NITE); dia
chi: Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8566, Japan) dudi s6 truy cép
FERM P-16645 vao ngdy 19 thang 2 nam 1998, va sau d6 dugc chuyén dén co quan ndp
Iru quéc té theo hiép uéc Budapest véi sé truy cap FERM BP-6615 vao ngay 11 thang 1
ndm 1999. Chung ndy dugc nhén dién 1a Enterobacter agglomerans va duge ndp luu 1a
Enterobacter agglomerans AJ13355 khi dugc phan 14p 1an dau tién, nhung, theo phan tich
trinh tu bazo gin day d6i véi 16S rARN va dang tuong tu, ching nay dugc phén loai la
Pantoea ananatis (xem phan cac Vi du dudi ddy. Tuong tw, AJ13356 va AJ13601 néu dudi
day tao ra tir AJ13355 dwoc ndp luu & co quan ndp luu néu trén 13 Enterobacter
agglomerans, nhung cac ching nay dugc mo ta 14 Pantoea ananatis trong ban md ta nay.
AJ13601 dugc nop luu véi National Institute of Bioscience and Human-Technology,
Agency of Industrial Science and Technology, Ministry of International Trade and Industry
(tén hién nay: International Patent Organism Depositary, National Institute of Technology
and Evaluation (IPOD, NITE) duéi s6 truy cdp FERM P-17156 vao ngay 18 thang 8 nim
1999, va sau d6 dugc chuyén dén co quan ndp luu qudc té theo hiép udc Budapest véi sb
truy cap FERM BP-7207 vao ngay 6 thang 7 nam 2000.

Vi du khéac vé phircmg phép truyén hoic ting cuong kha ning san xudt L-glutamat
bao gdbm phuong phép truyén dd bén dbi v6i chit twong tu axit hitu co hogic chit e ché ho
hép, va phuong phap truyén dd nhay dbi véi chit tc ché sy tdng hop thanh t& bao. Vi du cu
thé vé& phuong phap bao gdm truyén dd bén dbi voi axit monofloaxetic (JP-A sb S50-
113209), truyén dd bén dbi v6i adenin hogic d6 bén déi v6i thymin (JP-A sb S57-065198),
1am yéu ureaza (JP-A sb $52-038088), truyén do bén dbi véi axit malonic (JP-A sb S52-
038088), truyén do bén ddi véi benzopyron hodc naphthoquinon (JP-A sb S56-001889),
truyén do bén ddi vé6i HOQNO (JP-A sb S56-140895 A), truyén do bén dbi véi axit o-
ketomalonic (JP-A s6 S57-002689 A), truyén d6 bén dbi v6i guanidin (JP-A s6 S56-035981),
va phuong phép truyén dd bén dbi véi penixilin (JP-A s6 H04-088994).

Vi du cu thé vé vi sinh v4t c6 tinh bén bao g6m cac chung sau.
‘Brevibacterium flavum AJ3949 (FERM BP-2632; xem JP-A s6 S50-113209)

-Corynebacterium glutamicum AJ11628 (FERM P-5736; xem JP-A s6 S57-065198)
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-Brevibacterium flavum AJ11355 (FERM P-5007; xem JP-A sb S56-001889)
‘Corynebacterium glutamicum AJ11368 (FERM P-5020; xem JP-A S56-001889)
-Brevibacterium flavum AJ11217 (FERM P-4318; xem JP-A s6 S57-002689)
-Corynebacterium glutamicum AJ11218 (FERM P-4319; xem JP-A s6 S57-002689)
-Brevibacterium flavum AJ11564 (FERM P-5472; xem JP-A sb S56-140895)
-Brevibacterium flavum AJ11439 (FERM P-5136; xem JP-A s6 S56-035981)
-Corynebacterium glutamicum H7684 (FERM BP-3004; xem JP-A s6 H04-088994)

-Brevibacterium lactofermentum AJ11426 (FERM P-5123; xem JP-A s S56-
048890)

-Corynebacterium glutamicum AJ11440 (FERM P-5137; xem JP-A s§ $56-048890)

-Brevibacterium lactofermentum AJ11796 (FERM P-6402; xem JP-A s6 S58-
158192)

Vi du dugc wu tién vé vi sinh vat ¢6 kha ning san xuét L-glutamin bao gbm vi sinh
vat trong d6 hoat tinh glutamat dehydrogenaza dugc ting cuong, vi sinh vét trong d6 hoat
tinh glutamin synthetaza (glnA) duoc ting cudng, va vi sinh vt trong d6 gen mi héa
glutaminaza bi pha v& (Patent chau Au s 1229121 va 1424398). Viéc tang cudng hoat tinh
glutamin synthetaza ciing c6 thé dat dugc bang cich phéa v& glutamin adenylyl transferaza
(gInE) hodc pha v protein didu hoa PII (gInB). Vi du dwoc vu tién khac v& vi sinh v4t san
xuét L-glutamin bao gdm bién thé thudc gidng Escherichia, va bién thé chira glutamin
synthetaza dot bién trong d6 gdc tyrosin & vi tri 397 trong glutamin synthetaza dugc thay

thé bang gdc axit amin khéc (Pon yéu ciu cip patent M§ da dugc cong bd sb 2003-0148474).

Phuong phap khac dé truyén hoic ting cudng kha ning san xuét L-glutamin bao
gdm truyén do bén dbi véi 6-diazo-5-oxo-norleuxin (JP-A sé H03-232497), truyén do bén
ddi v&i chét twong tu purin va dd bén dbi véi methionin sulfoxit (JP-A sb S61-202694), va
truyén do bén ddi vdi axit a-ketomaleic (JP-A sb S56-151495). Vi du cu thé vé& vi khuén

coryneform c6 kha nang san xuét L-glutamin bao gdm céc vi sinh vét sau.
-Brevibacterium flavum AJ11573 (FERM P-5492; JP-A sb S56-161495)
-Brevibacterium flavum AJ11576 (FERM BP-10381; JP-A sb S56-161495)

-Brevibacterium flavum AJ12212 (FERM P-8123; JP-A sb S61-202694)
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Vi du dugc wu tién vé cac vi sinh vét san xuét prolin, leuxin, isoleuxin, valin, arginin,
xitrulin, ornithin, va/hodc axit polyglutamic bao gdm vi sinh vt dugc mé ta trong JP-A sb
2010-41920. Vi sinh vat san xuét axit axetic, axit (poly)3-hydroxybutyric, axit itaconic, axit
xitric, va/hodc axit butyric dugc md ta trong Fermentation Handbook (Kyoritsu Shuppan
Co., Ltd.).

Vi du v& céc vi sinh v4t san xuét axit 4-aminobutyric bao gdm vi sinh vét trong d6
glutamat decarboxylaza dugc dua vao vi sinh vat sin xuat glutamat, nhu cac vi sinh vét

dwoc md ta trong JP-A s6 2011-167097.

Vi du v& c4c vi sinh v4t san xuét axit 4-hydroxybutyric bao gdm vi sinh vat trong d6
glutamat decarboxylaza, transaminaza, va/hodc aldehyt dehydrogenaza dugc dua vao vi

sinh v4t san xuét glutamat, nhu c4c vi sinh v4t dugc md ta trong JP-A sb 2009-171960.

Vi du vé céc vi sinh vat san xuat axit 3-hydroxyisobutyric bao gom vi sinh vat ma

tién trinh mo ta trong WO 2009/135074 hodc WO 2008/145737 dugc dua vao do.

Vi du vé céc vi sinh vt san xuat axit 2-hydroxyisobutyric bao gém vi sinh vat ma

tién trinh mo ta trong WO 2009/135074 hodc WO 2009/156214 dugc dua vao do.

Vi du vé cac vi sinh vat san xuat axit 3-aminoisobutyric hodc axit metacrylic bao

gdm vi sinh vét ma tién trinh md ta trong WO 2009/135074 dugc dua vao do.

Vi sinh vat theo sang ché 13 vi sinh vét dugc tao chu trac @8 c6 chu trinh san xuét
axetyl-CoA cua Fig. 1. bang cich truyén it nh4t ca hai enzym malat thiokinaza va malyl-
CoA lyaza. Do d6, vi sinh vét v6n c6 malat thiokinaza va malyl-CoA lyaza khong dugc bao

gdm trong vi sinh vit san xudt axetyl-CoA theo sang ché.

Vi du v& vi sinh vét von ¢6 Mtk va mcl bao gbm vi sinh v4t methanotrophic nhu
Methylobacterium extorquens. Vi hé vecto thich hop cho vi sinh vt methanotrophic hodc
cac k§ thuat dé cai bién cic gen trong hé gen cia vi sinh vat methanotrophic da khong dugc
phat trién, nén thao tac di truyén dbi véi céc vi sinh vat 1a khé khin hon so véi vi sinh vt
cong nghiép nhu Escherichia coli va Corynebacterium. Ngoai ra, cac vi sinh vat nay sinh
trudng cham trong nhidu trudng hop va do d6 khong thich hop dé san xuat c4c chit chuyén

héa hitu dung.

Phuong phap san xuét axetyl-CoA, axeton, rugu isopropylic, hodc glutamat theo
sang ché bao gdm san xuét axetyl-CoA, axeton, rugu isopropylic, hodc glutamat duéi dang

san pham quan tdm tir nguyén li¢u ngudn cacbon sir dung vi sinh vt sin xuét axetyl-CoA
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da duoc mo ta & trén. Tirc 13, phuong phép san xuét axetyl-CoA bao gdm: nudi cdy vi sinh
vat san xuét axetyl-CoA & trang thai trong d6 vi sinh vét san xudt axetyl-CoA tiép xiic vé6i
nguyén liéu ngudn cacbon (sau déy trong ban md ta nay, dugc goi 1a quy trinh nu6i cly), va
thu gom san phdm quan tdm (axetyl-CoA, axeton, rugu isopropylic, hodc glutamat) thu

dugce sau khi tiép xuc (sau ddy trong ban mo ta nay, dugc goi 13 quy trinh thu gom).

Theo phuong phép san xuat axetyl-CoA, vi vi sinh vét san xuét axetyl-CoA dugc
nudi cdy & trang thai trong d6 vi sinh vét san xut axetyl-CoA tiép xfic v6i nguyén liéu
ngudn cacbon, nén nguyén liéu ngudn cacbon nay dugc ddng héa boi vi sinh vat san Xuét
axetyl-CoA, va san phdm quan tim c6 thé duoc san xuat mot cach hiéu qua trong khi cacbon

dioxit dugc cb dinh.

Nguyén liéu ngudn cacbon khong bi gidi han mién 13 nguyén lidu nay chira ngudn
cacbon c6 thé dugc ddng hoa bai vi sinh vat, va nguyén liéu nay t6t hon 1a nguyén liéu thd

¢6 ngudn goc tir thuc vat.

Theo sang ché, nguyén lidu thd c6 ngudn gbc tir thl_ic vét chi cac co quan nhu ré,
thén, than cdy, canh, 14, hoa, va hat; phén chinh ctia cdy chira cac co quan nay; va san phém
phan huy cua cic co quan cua cdy, va con bao gdm céc ngudn cacbon ma c6 thé dugc sir
dung 1am ngudn cacbon béi vi sinh vat trong qua trinh nudi cly trong sb cac ngudn cacbon

thu dugc tir phan chinh cia cdy, co quan cuia cdy va san pham phan huy cua né.

Vi dy ph bién vé cac ngudn cacbon trong nguyén liéu thd c6 ngudn gdc tir thyc vat
bao gdm duong nhu tinh bot, sucroza, glucoza, fructoza, xyloza, va arabinoza; san phim
phéan huy thuc vat dang thao mdc va cé chét g hoic chét thiiy phan xenluloza, mdi trong
s6 nay chira cic thanh phan néu trén véi lugng 16n; va td hop cua chiing. Ngudn cacbon

theo sang ché c6 thé con bao gom glyxerin va axit béo c6 ngudn gbc tir du thuc vat.

Vi du duoc uu tién vé nguyén liéu thd c6 ngudn gdc tir thuc vat bao gdm céc cdy
trdng ndéng nghiép nhu ngii cdc, ngd, lia, laa mi, dau tvong, mia, ci cai dudng, ciy bong,
va céc cdy tuong tu, va tb hop cia ching. Dang clia né dé 1am nguyén liéu thd khong bi
gi6i han mot cach cu thé, va c6 thé 13 san pham thd, nudc ép, san phim dugc ép, hoic cac
san phdm twong tw. Theo cach khac, nguyén li€u tho c6 ngudn gbc tir thuc vét c6 thé & dang

ma chi gom ngudn cacbon d4 dugc mo ta & trén.

Trong quy trinh nudi cdy, su tiép xuc giita vi sinh vat san xuét axetyl-CoA va nguyén
liéu thd c6 ngudn gbc i thuc vat nhin chung dugc tao ra bang cach nudi cdy vi sinh vat san

xudt axetyl-CoA trong moi trudng nudi ciy chira nguyén liéu tho c6 ngudn gbc tir thuc vat.
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Mat do tiép xuc gitta nguyén lidu thd c6 ngudn gdc tir thuc vat va vi sinh vat san
xudt axetyl-CoA c6 thé thay di tity thudc vao hoat tinh ctia vi sinh vat san xuét axetyl-CoA.
Nhin chung, ndng d6 cia nguyén lidu thd c6 ngudn gdc tir thyc vat trong moi trudng nudi
cly c6 thé 12 ndng d sao cho ndng d6 dudng ban diu & dang glucoza c6 thé duoc diéu
chinh bing 20% theo khdi lugng hoic thdp hon so véi tdng khdi lugng ctia hdn hop. Tix
quan diém vé d6 dung nap dudng cua vi sinh vét san xuit axetyl-CoA, ndng d6 duong ban
dAu tét hon néu dugc didu chinh bang 15% theo khéi lugng hozc thip hon. C4c thanh phéan
khéc c6 thé dugce bd sung véi céc lugng bd sung thong thudng dbi véi moi trudng nudi cdy

vi sinh véat, ma khong bi giéi han mdt cach cu thé.

Ham lugng cuia vi sinh vét san xudt axetyl-CoA trong mdi truong nudi cdy cé thé
thay ddi theo loai va hoat tinh cta vi sinh vat, va luong chét 16ng vi khuén tién nuéi cy
(OD 660nm=4 dén 8) dugc bd sung khi b4t ¢iu nudi cy nhin chung cé thé duoc diéu chinh
ndm trong khoang tir 0,1% theo khdi lugng dén 30% theo khdi lugng so véi chat l6ng nudi
cly, va t6t hon néu duogc didu chinh ndm trong khoang tir 1% theo khdi luong dén 10% theo

khéi lugng so véi chat 1ong nudi cay tir quan diém kiém soét dieu kién nudi cay.

MBoi trudng duge sir dung dé nudi cay vi sinh vat san xuat axetyl-CoA c6 the 1a moi
trudng nudi cay bat ky thudng duge sir dung ma bao gom nguon cacbon, nguon nito, va ion
vd co, va ngoai ra con bao gdom yéu td vét vo co, axit nucleic, va vitamin, v.v., can thiét cho

vi sinh vét d& san xuét san phdm quan tim, ma khong bi gi¢i han mdt cach cu thé.

Diéu kién nudi cdy cho quy trinh nudi ciy khong bi giéi han mot cach cy thé, va
nudi cy cé thé dugc thyc hién, vi dy, trong cac didu kién wa khi & d6 pH va nhiét d6 duoc
kiém so4t mdt cach thich hop trong khoang pH tir 4 dén 9, tét hon 12 pH tir 6 dén 8, va trong
khoang nhiét do tir 20°C dén 50°C, t6t hon 14 tir 25°C dén 42°C.

Thé tich théng khi ctia khi vao hdn hop di duge mo ta & trén khong bi gi6i han mot
cach cu thé. Khi chi str dung khong khi 1am ngudn khi, thé tich thong khi nhin chung nim
trong khoang tir 0,02 vvm dén 2,0 vvm (vvm: thé tich thong khi [mL]/thé tich chét long
[mL]/thdi gian [phat]) & toc d6 ndm trong khoang tir 50 dén 600 vong/phit. Tir quan diém
kim ham tdn hai vat Iy dbi v6i Escherichia coli, tién hanh thong khi tt hon 13 & thé tich
thong khi nim trong khoang tir 0,1 vvm dén 2,0 vvm, tot hon nita 12 ndm trong khoang tir

0,1 vvm dén 1,0 vvm.

Quy trinh nudi cdy c6 thé dugc tiép tuc tir luc bit ddu nudi ciy cho dén khi nguyén

liéu nguén cacbon trong hdn hop bi can kiét, hoic cho dén khi hoat tinh cta vi sinh vat san
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xuét axetyl-CoA bién mat. Khoang thoi gian cta quy trinh nudi cly c6 thé thay ddi theo sb
lugng va hoat tinh cta vi sinh vat san xuét axetyl-CoA trong hdn hop va lugng cua nguyén
liéu ngudn cacbon. Nhin chung, khoang thoi gian nay c6 thé 13 it nhit mot gio, va tdt hon
12 it nhét bdn gio. Khoang thdi gian cta quy trinh nudi cy c6 thé dugc tiép tuc mot cach
khong gidi han nhd bd sung méi nguyén lidu ngudn cacbon hoc vi sinh vét san xuft axetyl-
CoA, Tuy nhién, tir quan diém v& hiéu qua cuia quy trinh, khoang thoi gian nay nhin chung
¢6 thé duoc didu chinh bing 5 ngay hodc it hon, tbt hon 12 bing 72 gid hodc it hon. Pdi voi
c4c didu kién khac, cac didu kién dugc st dung dé nudi cdy thong thuong cé thé duogc ap

dung.

Céc phuong phap thu gom san phim quan tdm tich lily trong mdi trudng nudi cly
khong bi gigi han mét cach cu thé. Vi du, c6 thé sir dung phuong phép bao gbm loai bo té
bao vi sinh vt khoi mi trudng nudi cy, vi du, bing cach phan tach béng ly tAm, va sau d6
tach san phAm quan tim sir dung phuong phap phén tach thong thudng nhu chung cét hodc

phén tach mang trong cac didu kién thich hop cho loai san phdm quan tam.

Phuong phap san xuit axetyl-CoA theo sang ché c6 thé con bao gdm, trudc quy trinh
nudi cy, quy trinh tién nuéi cdy dé dat duoc sb lwong t& bao thich hop va/hoic trang thai
hoat héa thich hop cua vi sinh vét san xuét axetyl-CoA dugc sir dung. Quy trinh tién nudi
chy 6 thé 1a sy nuéi cly bét ky dugc tién hanh trong céc diéu kién thuong dugc sir dung

thich hop cho loai vi sinh vét san xuét axetyl-CoA.

Vi sinh vat san xut axetyl-CoA sir dung trong phuong phép san xuét axeton t&t hon
12 vi sinh vAt san xuét axetyl-CoA c6 hoat tinh thiolaza, hoat tinh CoA transferaza, va hoat
tinh axetoaxetat decarboxylaza, dd dugc mo ta & trén 1a khia canh dugc vu tién cua vi sinh

vt san xuat axetyl-CoA, tir quan di€ém vé hiéu qua san xuat axeton.

Vi sinh vat san xuét axetyl-CoA dugc st dung trong phuwong phap san Xuét rugu
isopropylic tot hon 14 vi sinh vat san xuét axetyl-CoA c6 hoat tinh thiolaza, hoat tinh CoA
transferaza, hoat tinh axetoaxetat decarboxylaza, va hoat tinh dehydrogenaza ruqu
isopropylic, da dugc mo ta & trén la khia canh duoc uu tién clia vi sinh vét san Xuét axetyl-
CoA, tir quan diém v& hidu qua san xuét rugu isopropylic.

Phuong phép san xuét rugu isopropylic hoic phuong phép san xuét axeton tdt hon
13 bao gdm quy trinh nudi cAy trong d6 vi sinh vat san xuat axetyl-CoA dugc nudi cdy trong
khi khi dugc cung cp vao hdn hop chira vi sinh vat san xuét axetyl-CoA va nguyén liu

ngudn cacbon; va quy trinh thu gom dé thu gom san phdm quan tAm, trong d6 ruou
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isopropylic hodc axeton dugc san xut nhd quy trinh nudi cdy nay dugc tach va duge thu

gom tir hdn hop nay.

Theo phuong phép san xuét rugu isopropylic hogc phuong phép san Xuét axeton, vi
sinh v4t san xuét axetyl-CoA dugc nudi ciy trong khi khi dwgc cung cAp vao hdn hop (nuodi
c4y thong khi). Trong nudi cAy thong khi nay, rugu isopropylic dugc san xuét hodc axeton
duoc san xuét dugc giai phong vao hdn hop, va dugc 1am bay hoi khoi hdn hop. Két qua I3,
rugu isopropylic dugc san xudt hoic axeton dugc san xuét c6 thé dugc taich mot cach dé
dang khoi hdn hgp. Ngoai ra, vi rugu isopropylic dugc san xuét hodc axeton dugc san xut
duoc tach lién tuc khoi hdn hgp, nén sy ting ndng d6 cua rugu isopropylic hodc axeton
trong hdn hgp c6 thé duge kim ham. Do d6, c6 thé khéng can thiét ddc biét tap trung vao

d6 dung nap cua vi sinh vét san xuét axetyl-CoA doi v6i rugu isopropylic hodc axeton.

Han hop trong phuong phép nay c6 thé chi yéu bao gdm méi trudng co ban nhin
chung thuong dugc stir dung trong nudi cy vi sinh v4t chu. D4i véi didu kién nudi cy, cac

diéu kién nudi cdy da dugc mo ta & trén s& dugc ap dung.

Trong quy trinh thu gom, rugu isopropylic hodc axeton dugc san Xuét trong quy trinh
nudi cdy va dugc tach khoi hdn hop dugc thu gom. Phuong phép thu gom c6 thé 1a phuong
phap bat ky c6 kha niing thu gom rugu isopropylic hodc axeton & trang thai khi hodc giot
nhé dugce lam bay hoi khoi hdn hop béi su nudi cdy théng thudng. Vi du vé phuong phap
thu gom bao gdm phwong phép thu gom vao b phan thu gom nhu d6 chira kin khi thudng
duoc st dung. Cu thé, phuong phép nay t6t hon 12 bao gdm cho dung dich thu hdi dé thu
hdi ruou isopropylic hoic axeton tiép xtic véi rugu isopropylic hodc axeton dugc tach khoi
hén hop, tir quan diém v& viéc chi thu gom rugu isopropylic hoic axeton véi do tinh khiét

cao.

Trong phuong phép san xuét rugu isopropylic hodc phuong phép san xuét axeton,
rugu isopropylic hodc axeton c6 thé dugc thu gom & trang théi trong d6 rugu isopropylic
hodc axeton dugc hoa tan trong dung dich thu hdi hodc hdn hop. Vi du vé phuong phéap thu
gom bao gdm phuong phép dugc md ta trong WO 2009/008377. Rugu isopropylic hodc
axeton dugc thu gom c6 thé dugc x4c nhan bing cach st dung bién phap phét hién thong
thuong nhu HPLC. Rugu isopropylic dugc thu gom c6 thé duogc tinh ché tiép, néu can. Vi

du v& phuong phap tinh ché bao gdm chung cét, v.v..

Trong truong hop trong d6 rugu isoprdpylic hodc axeton dugc thu gom la & trang

thai dung dich gbc nuc, thi phuong phép san xut rugu isopropylic hoic phurong phap san
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xuét axeton c6 thé con bao gdbm quy trinh loai nuéc ngoai quy trinh thu gom. Viéc loai nudc

cua ruou isopropylic hodc axeton c6 thé dugc tién hanh bai phuong phap thong thudng.

Vi du v& thiét bj thich hop cho phwong phép séan xuét ruou isopropylic hoic axeton
trong d6 rugu isopropylic hodc axeton c6 thé dugc thu gom & trang thai dugc hoa tan trong
dung dich thu hdi hodc hdn hop bao gbm thiét bi san xuit dugc thé hién trén Fig. 1 cia WO
2009/008377.

Trong thi€t bi san xuat nay, duong 6ng bom dé bom khi tlr bén ngoai thi€t bi dugc
ndi voi thing nudi cdy chira mdi trudng nudi cly bao gdm vi sinh vét dugc sir dung va

nguyén liéu thd c6 ngudn gbc tir thuc vat, nhy d6 c6 the thong khi cho méi truong nudi céy.

Thung thu hdi chita dung dich thu hdi dudi dang chét 1ong thu hdi dwgc nbi véi
thing nudi cdy thong qua dng ndi. Khi hodc chét 16ng ma da chuyén dén thing thu hdi tiép

I re . A \ A oA e
xuc véi dung dich thu hoi, va xuat hién su sui bot.

Két qua 13, ruou isopropylic hodc axeton, ma d dwgc san xuit trong thiing nudi cdy
bing cach nudi ciy trong diu kién thong khi, dugc 1am bay hoi do sy thong khi, va, do do,
dwgc tach mdt cach dé dang khoéi méi trudng nudi cy, va dugc thu hdi trong dung dich thu
hdi trong thing thu hdi. Két qua 13, rugu isopropylic hodc axeton c6 thé dwoc san xuét &

trang thai tinh khiét hon theo cach don gian va lién tuc.

Phuong phép san xuét glutamat theo séng ché bao gdm san xuit glutamat 1am san
phdm quan tdm tir nguyén liéu ngudn cacbon sir dung vi sinh vét san xuét axetyl-CoA d3
duge mo ta & trén. Cu thé, phuong phap san xuét glutamat bao gdm nudi cdy vi sinh v4t san
xuét axetyl-CoA & trang thai trong d6 vi sinh vét san xuat axetyl-CoA tiép xtic véi nguyén
liéu ngudn cacbon (sau day trong ban md ta ndy, dugc goi la quy trinh nudi cdy), va thu
gom san phdm quan tdm (glutamat) thu dugc sau khi tiép xuc (sau ddy trong ban mo ta nay,

duoc goi 1a quy trinh thu gom).

Theo phuong phép san xuat glutamat, vi vi sinh vat san xuét axetyl-CoA dugc nudi
cdy & trang thai trong d6 vi sinh vat san xudt axetyl-CoA tiép xtic v6i nguyén liéu ngudn
cacbon, nguyén liéu ngudn cacbon nay dugc ddng héa bai vi sinh vat san xuét axetyl-CoA,
va san phim quan tim c6 thé dugc san xudt mot cach hidu qua trong khi cacbon dioxit dugc

c0 dinh.

Mi trudng nudi cdy duoc sir dung dé nudi cdy c6 thé 1a moi trudong nubi cly bét ky
thuong duoc sir dung bao gdm ngudn cacbon, ngudn nito, va mudi vd co; va chit dinh

dudng vét hitu co nhu axit amin hosc vitamin khi cin. M6i trudng nudi cdy tdng hop hoic
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mdi trudng nudi cdy tu nhién co thé duge sir dung. Ngudn cacbon va nguon nito dugc sir
dung trong mdi trudng nudi cay c6 thé thudc loai bat ky ma c6 thé dugce sir dung boi vi sinh

vat dugc nudi cay.

Vidu v& nguyén liéu ngudn cacbon c6 thé dugc sir dung bao gdm dudng nhu glucoza,
glyxerol, fructoza, sucroza, maltoza, manoza, galactoza, dich thity phan tinh bdt, va ri
duodng; va cac axit hitu co nhu axit axetic hodc axit xitric, va rugu nhu etanol ¢6 thé duoc

st dung riéng r& hodc két hop véi cac ngudn cacbon khac.

Vi du vé nguon nito ¢6 thé dugce sir dung bao gom amoniac, cdc mudi amoni nhu
amoni sulfat, amoni cacbonat, amoni clorua, amoni phosphat, hodc amoni axetat, va muoi

cua axit nitric.

Vi du v& chét vi dinh dudng hitu co c6 thé duge sir dung bao gdm céc axit amin,
vitamin, axit béo, va axit nucleic; va pepton, casamino axit, chét chiét nAm men, va dich
thuy phan protein d4u twong, mdi trong sb nay chira cac thanh phan néu trén. Trong trudng
hop trong d6 sir dung thé dot bién khuyét dudng ma doi hoi axit amin va céc chét trong ty

cho su sinh truong, t6t hon 13 cung cdp chét dinh dudng dugc yéu cu.

Vi du vé muoi vd co cé thé dugc sir dung bao gom mudi cua axit phosphoric, muoi

magie, mudi canxi, mudi sat, va mudi mangan.

Viéc nudi cdy t6t hon 13 duoc tién hanh & nhiét d6 1én men nam trong khoang tir
20°C dén 45°C & dd pH nidm trong khoang 3 dén 9 trong didu kién thong khi. D& didu chinh
dd pH, chat v6 co hoic hitu co, axit hogc kiém, khi amoniac, v.v. c6 thé dugc st dung. L-
axit amin dugc tich lily trong méi trudng nudi ciy hodc trong té bao bodi sy nudi cdy vi sinh

vét tdt hon 1a trong 10 gid dén 120 gid trong cAc diéu kién nay.

Trong trudng hgp trong d6 L-axit amin quan tdm 13 L-glutamat, viéc nudi cly c6 thé
duoc thuc hién sao cho L-glutamat san xuét dugc duoc két tua va dugce tich Ity trong moi
trudong nudi cdy, bang cach st dung méi trudng 16ng ma cac didu kién cia n6 duoc didu
chinh dé lam két tia L-glutamat. Vi du, cac didu kién dé 1am két tia L-glutamat ¢6 thé 1a
d6 pH ndm trong khoang tir 5,0 dén 4,0, tSt hon 13 d6 pH nam trong khoang tir 4,5 dén 4,0,
tdt hon nira 13 do pH nam trong khoang tir 4,3 dén 4,0, t6t hon nira 1 do pH béng 4,0. Dé
dat dwgc ca sy sinh trudng ting trong cac didu kién cé tinh axit va su két tia hiu qua cia
L-glutamat, d6 pH t&t hon 14 tir 5,0 dén 4,0, t6t hon nita 13 tir 4,5 dén 4,0, tt hon nita 13 tir
4,3 dén 4,0. Viéc nudi cdy & d6 pH da duoc mo ta & trén c6 thé dugc thuc hién trong toan

bd thdi gian nudi cAy hodc trong mét phan clia khoang thoi gian nudi ciy.
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L-axit amin c6 thé dugc thu gom tir chét 1ong nudi cAy sau khi két thic nuéi cdy theo
phuong phéap thu gom da biét. Vi dy, viéc thu gom c6 thé dugc thuc hién boi phuong phap
trong d6 sy két tinh theo ndng do dugc tién hanh sau khi loai bé té bao vi khuan khéi méi
trudng nudi cy, hodc boi sic ky trao ddi ion. Trong trudng hop trong d6 viéc nudi ciy duoc
tién hanh trong cac didu kién ma cho phép sy két tiia ciia L-glutamat trong méi trudng nudi
chy, L-glutamat dugc két tiia vao méi trudng nudi cAy c6 thé dugc thu gom béang cach phan
tach bang ly tAm, loc, hodc cac phwong phép twong ty. Trong céc truong hop ndy, L-
glutamat van con dugc hoa tan trong méi truong nudi chy c¢6 thé dugc két tinh, va L-

glutamat d dugc két tinh c6 thé dugc phan tach cling nhau.

Vi dy vé& phuong phap san xuét prolin, leuxin, isoleuxin, valin, arginin, xitrulin,
ornithin, axit axetic, axit (poly)3-hydroxybutyric, axit itaconic, axit Xitric, axit butyric, hodc
axit polyglutamic bao gdm cac phuong phap dugc md ta trong Fermentation Handbook

(Kyoritsu Shuppan Co., Ltd.).

Vi du v& phuong phap san xuét axit 4-aminobutyric bao gdm phuong phép san xut
stt dung vi sinh vét thu dugc bang cach dua glutamat decarboxylaza vao vi sinh vat san Xuét

glutamat, va dugc md ta, vi dy, JP-A s6 2011-167097.

Vi du vé& phuong phap san xuét axit 4-hydroxybutyric bao gdm phuong phép san
xuét st dung vi sinh vat thu dugc bang cich dua glutamat decarboxylaza, aminotransferaza,
va aldehyt dehydrogenaza vao vi sinh vét san xuit glutamat, va dugc mod ta trong, vi dy, JP-
A 56 2009-171960.

Vi du v& phuong phép san xuét axit 3-hydroxyisobutyric bao gdm phuong phép san
xuét str dung vi sinh vt ma tién trinh mo ta trong, vi du, WO 2009/135074 hodc WO
2008/145737 dugc dua vao vi sinh vét nay.

Vi du v& phuong phap san xuét axit 2-hydroxyisobutyric bao gdbm phuong phép sin
xut sir dung vi sinh vat ma tién trinh md ta trong, vi duy, WO 2009/135074 hoic WO
2009/156214 dugce dua vao vi sinh vat nay.

Vi du v& phuong phép san xuit axit 3-aminoisobutyric hogc axit metacrylic bao gdm
phuong phép san xuét sir dung vi sinh vt ma tién trinh mé ta trong, vi du, WO 2009/135074
dugc dua vao vi sinh vat nay.

Vi du thyc hién sang ché

Du6i ddy trong ban md ta nay, cac vi du vé sang ché dugc mo ta chi tiét. Tuy nhién,
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sang ché khong bi gi6i han & cac vi du nay.
Vidu 1
Chuén bi bién thé Escherichia coli B, dugc ting cudng hé gen atoD

Toan b trinh tu cia ADN hé gen cua Escherichia coli MG1655 di duge biét (S
ndp luu ngén hang gen U00096), va trinh tw bazo ctia gen ma hoa cAu tric siéu phan tir CoA
transferaza o (sau day trong ban mé ta nay déi khi duoc viét tit 1a "atoD") ctia Escherichia
coli MG1655 ciing da dugc bao céo. Tirc 13, atoD dugc md ta trong 2321469 dén 2322131
cuia trinh tu hé gen cta Escherichia coli MG1655, ma dugc md ta dudi s6 nop luu ngén

hang gen U00096.

DPé lam trinh tuy bazo cta gen khai dAu cén thiét dé biéu hién gen da dugc md ta &
trén, c6 thé st dung trinh tw gen khoi ddu ciia glyxeraldehyt-3-phosphat dehydrogenaza (sau
déy trong ban md ta ndy doi khi dugc goi 1a "GAPDH") c6 ngudn gbc tix Escherichia coli,
ma duge md ta trong 397 dén 440 trong thong tin trinh tw bazo véi s6 nop luu ngan hang
gen X02662. Bé thu dugc gen khdi diu GAPDH, tién hanh khuéch dai bang phuong phap
PCR béng céach str dung ADN hé gen cta Escherichia coli MG1655 lam khu6n va st dung
CGCTCAATTGCAATGATTGACACGATTCCG (SEQ ID NO: 1) va
ACAGAATTCGCTATTTGTTAGTGAATAAAAGG (SEQ ID NO: 2) 1am céc doan mbi va
manh ADN thu duoc duge tiéu héa bing cic enzym gidi han Mfel va EcoRI, nho d6 thu
dwoc manh ADN khoéang 100 bp ma héa gen khéi ddu GAPDH. Tron manh ADN thu dugc
va manh thu dugc bing cach tiéu héa plasmit pUC19 (S6 ndp luu ngan hang gen X02514)
bing enzym giéi han EcoRI sau d6 1a xir ly bing phosphataza kiém, va cc manh da tron
dugc nbi bang cach st dung ligaza. Sau dd, cac t& bao kha bién Escherichia coli DH5a
(DNA-903, do Toyobo Co., Ltd. san xuit) dugc bién nap véi san phdm ndi, va thu céc thé
bién nap sinh truéng trén dia thach LB chira 50 pg/mL ampixilin. 10 khuén lac thu dugc
duge nudi cdy riéng r& & nhiét do 37°C qua dém trong moi trudng 16ng LB chita 50 pg/mL
ampixilin, va cac plasmit dugc thu hdi, va chon cac plasmit tir @6 gen khoi ddu GAPDH
khong dugc cét ra khi dugc tiéu héa bing céc enzym gi6i han EcoRI va Kpnl. Ngoai ra,
trinh tw ADN cuia né duogc kiém tra, va plasmit trong d6 gen khoi ddu GAPDH dugc cai xen
mdt cach thich hop dugc dit tén 1a pGAP. pGAP thu dugc dugc tiéu héa bang cac enzym
gidi han EcoRI va Kpnl.

Ngoai ra, dé thu dugc atoD, tién hanh khuéch dai bang phuong phap PCR béng cach
stir dung ADN hé gen cua Escherichia coli MG1655 lam khuon va sir dung
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CGAATTCGCTGGTGGAACATATGAAAACAAAATTGATGACATTACAAGA
C (SEQ ID NO: 3) va GCGGTACCTTATTTGCTCTCCTGTGAAACG (SEQ ID NO: 4)

1am céc doan mdi, vd manh ADN thu dugc dugc tiéu hoa bang cac enzym giéi han EcoRI
va Kpnl, nho d6 thu dugc manh atoD khoang 690 bp. Manh ADN nay dugc tron véi pGAP
ma true ddy da duoc tiéu hoa bang cic enzym gidi han EcoRI va Kpnl. Cac manh da tron
dugc ndi bing cach sir dung ligaza. Sau do, cac té bao kha bién Escherichia coli DH5a
(DNA-903, do Toyobo Co., Ltd. san xuét) duoc bién nap véi san pham ndi, va thu cac thé
bién nap sinh truéng trén dia thach LB chira 50 pg/mL ampixilin. Plasmit dugc thu hdi tir
cac té bao vi khuén thu dugc, va xac nhan dugc rang atoD dugc cai xen mdt cach thich hop.

Plasmit thu duogc dugce dat tén 1a pGAPatoD.

G day, Escherichia coli MG1655 ¢6 sin tir B suu tdp ching chudn Hoa Ky
(American Type Culture Collection).

Nhu duge mé ta & trén, trinh tu bazo cta atoD trong ADN hé gen cua Escherichia
coli MG1655 ciing d4 dugc béo céo. PCR dugc tién hanh bang cach sir dung ADN hé gen
cua Escherichia coli MG1655 lam khudn va str dung
GCTCTAGATGCTGAAATCCACTAGTCTTGTC (SEQ ID NO: 5) va
TACTGCAGCGTTCCAGCACCTTATCAACC (SEQ ID NO: 6) lam c4c doan mdi, ma
duoc chuin bi dya trén théng tin vé gen clia viing kep bén 5’ cua atoD cia Escherichia coli

MG1655, két qua 13, manh ADN khoang 1,1 kbp dugc khuéch dai.

Ngoai ra, PCR dugc tién hanh bing cach str dung vecto biéu hién pGAPatoD di
dugc chuén bi trén day lam khudn, va st dung
GGTCTAGAGCAATGATTGACACGATTCCG (SEQ ID NO: 7) dugc chuédn bi dua trén
thong tin trinh tu cia gen khoi d3u GAPDH cua Escherichia coli MG1655 va doan mdi cia
SEQ ID NO:4 dugc chudn bi dua trén thong tin trinh tw cta atoD cua Escherichia coli
MG1655, két qua 13, thu dugc manh ADN khoang 790 bp c6 gen khoi diu GAPDH va atoD.

Céc manh thu dwoc trén ddy dugc tiéu hoa bang cac enzym giéi han Pstl va Xbal,
va Xbal va Kpnl, mdt cach twong ing, va cac manh thu dugc duoc tron v6i manh thu duoc
bang cach tiéu héa plasmit nhay véi nhiét d pTHI8csl (S6 ndp luu ngan hang gen
AB019610) [Hashimoto-Gotoh, T., Gene, 241, 185-191 (2000)] bang Pstl va Kpnl, va céac
manh da trdn dugc ndi bang cach sir dung ligaza. Sau d6, cc té bao DH50 dugc bién nap
v6i san phdm ndi, va thu cac thé bién nap sinh trudng trén dia thach LB chira 10 pg/ml

cloramphenicol & nhiét 4 30°C. Cac khudn lac thu duge duoc nudi cdy & nhiét d6 30°C
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qua dém trong moi trudng 16ng LB chira 10 ug/ml cloramphenicol, va cac plasmit dugc thu
hdi tir cac té bao vi khudn thu duge. Escherichia coli B (ATCC 11303) dugc bién nap véi
plasmit, va dugc nudi ciy & nhiét do 30°C qua dém trén dia thach LB chia 10 pg/ml
cloramphenicol, két qua 13, thu dugc cac thé bién nap. Cac thé bién nap thu dugc duge cly
vao moi truong 1éng LB chira 10 pg/ml cloramphenicol, va dugc nudi cdy & nhiét d6 30°C
qua dém. Cac té bao vi khudn da dugc nudi ciy thu duogc dugce cAp vao dia thach LB chita
10 pg/ml cloramphenicol va dugc nudi cAy & nhiét do 42°C, két qua 13, thu dugc cac khuan
lac. Cac khudn lac thu dugc dugc nudi cly trong mdi trudng 1ong LB khdng chua chét
khang sinh & nhiét 46 30°C trong 2 gio, va gidng cdy thu duogc sau d6 duge clp vao dia
thach LB khong chira chét khang sinh, két qua 13, thu dugc cac khuén lac sinh truéng &
nhiét 46 42°C.

Tir c4c khuén lac da xu4t hién, 100 khuén lac dugc chon ngdu nhién, va mdi khuén
lac dugc sinh trudng riéng ré trén ca dia thach LB khong cé chét khang sinh va dia thach
LB chtra 10 pg/ml cloramphenicol, va cac dong vo tinh nhay véi cloramphenicol duge chon.
Ngoai ra, manh khoang 790 bp chira gen khai dAu GAPDH va atoD duoc khuéch dai bing
PCR, tir ADN nhim séc thé cia cac dong vo tinh nay, va chon bién thé trong d6 ving gen
khoi ddu atoD duoc thay thé bing gen khai ddu GAPDH. Sau d6, dong vo tinh thoa man
cac diéu kién néu trén duoc dit tén la bién thé Escherichia coli B, duoc ting cudng hé gen

atoD (sau dy trong ban mé ta nay doi khi dugc viét tit 12 "Bién thé B::atoDAB").

O day, Escherichia coli B (ATCC 11303) c6 sin tir bd suu tdp chung chuén Hoa Ky

(American Type Culture Collection), m¢t ngén hang cla cac té bao, vi sinh vat, va gen.
Vidu2

Chudn bi bién thé Escherichia coli B, dugc ting cudng hé gen atoD, dugc lam

khuyét gen pgi

Toan b trinh tw cia ADN hé gen cua Escherichia coli MG1655 di duoc biét (S6
ndp luu ngan hang gen U00096), va trinh ty bazo cua gen mi héa phosphoglucoza
isomeraza (sau dy trong ban md ta nay d6i khi dugc goi 13" pgi") cua Escherichia coli cling
da dugc béo céo (S8 ndp lwu ngén hang gen X15196). Dé tach dong viing kep bén trinh tu
bazo ciia gen ma héa pgi (1650 bp), bon loai doan mdi oligonucleotit dugc biéu thi boi
CAGGAATTCGCTATATCTGGCTCTGCACG (SEQ ID NO: 3),
CAGTCTAGAGCAATACTCTTCTGATTTTGAG (SEQ ID NO: 9,
CAGTCTAGATCATCGTCGATATGTAGGCC (SEQ ID NO: 10), va
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GACCTGCAGATCATCCGTCAGCTGTACGC (SEQ ID NO: 11) dugc tong hop. Doan
mdi cia SEQ ID NO: 8 ¢ ving nhén biét EcoRI & phia diu 5’ clia né, mdi trong sb cac
doan mdi cia SEQ ID NO: 9 va 10 c6 vi tri nhan biét Xbal & phia ddu 5’ ciia n6, va doan

mdi ciia SEQ ID NO: 11 ¢6 vi tri nhan biét Pstl & phia dau 5 ctia né.

ADN hé gen cua Escherichia coli MG1655 (ATCC 700926) dugc chuén bi, va PCR
duge tién hanh bang cach str dung ADN hé gen thu dugc 1am khudn va sir dung cip doan
mdi ctia SEQ ID NO: 8 va SEQ ID NO: 9, két qua 1a, manh ADN khoang 1,0 kb (sau day
trong ban mo ta nay d6i khi dugc goi 12 "manh pgi-L") duoc khuéch dai. Ngoai ra, PCR
dugce tién hanh bang cach sir dung cip doan mdi cia SEQ ID NO: 10 va SEQ ID NO: 11,
két qua 13, manh ADN khoang 1,0 kb (sau déy trong ban md ta nay déi khi duoc goi la
"manh pgi-R") dugc khuéch dai. Cac manh ADN nay duoc tich riéng bing cach dién di
trén agaroza, va dugc thu hdi. Manh pgi-L dugc tiéu héa bang EcoRI va Xbal, va manh pgi-
R duogc tiéu hoa bing Xbal va Pstl. Hai loai manh da dugc tiéu héa va manh thu duge bing
céach tiéu hda plasmit nhay véi nhiét do pTH18csl (S ndp Iru ngan hang gen AB019610)
bang EcoRI va Pstl dugc tron, va dugc @& cho phan tmg bang cach sir dung T4 ADN ligaza.
Sau d6, cac té bao kha bién Escherichia coli DH5a (do Toyobo Co., Ltd. san xuét) dwoc
bién nap véi san phdm nédi, va thu cac thé bién nap sinh truéng trén dia thach LB chua 10
pg/ml cloramphenicol & nhigt do 30°C. Plasmit dugc thu hdi tir cac thé bién nap thu duoc,
va x4c nhén duoc rang hai manh — manh viing kep bén 5’ & phia trén v manh vung kep
bén 3’ & phia dudi cua gen ma hoa pgi — dugce cai xen mot cach thich hop trong pTH18cs1.
Plasmit thu duoc dugc tiéu héa bing Xbal, va sau d6 dugc thuc hién xtr ly 1am cin dau
bing T4 ADN polymeraza. Manh ADN thu dugc duge trdn v6i gen khang kanamyxin thu
duoc bang cach tiéu hoa plasmit pUC4K (S5 ndp luu ngan hang gen X06404) (Pharmacia)
bing EcoRI va thyc hién xir Iy 1am cin d4u ddi v6i san pham thu dugc bang T4 ADN
polymeraza, va cic manh da trdn dugc ndi bing cich st dung T4 ADN ligaza. Tiép theo,
c4c t& bao kha bién Escherichia coli DH5a dugc bién nap véi san phdm ndi, va thu céc thé
bién nap sinh truong trén dia thach LB chita 10 pg/ml cloramphenicol va 50 pg/ml
kanamyxin & nhiét d6 30°C. Plasmit dugc thu hdi tir cac thé bién nap thu dugc, va x4c nhén
duoc ring gen khang kanamyxin duoc cai xen mdt cach thich hop gifta manh viing kep bén
5’ & phia trén va manh vung kep bén 3’ & phia dudi ciia gen ma hoa pgi. Plasmit thu dugc

duoc dit tén 1a pTH18cs1-pgi.

O day, Escherichia coli MG1655 c6 thé thu dugc tir bd suu tap ching chuin Hoa Ky
(American Type Culture Collection).

-63-



22135

Bién thé B::atoDAB chudn bi dugc trong Vi du 1 dugc bién nap véi plasmit thu duge
theo cach nhu vay pTH18cs1-pgi, va dugc nudi cly & nhiét d6 30°C qua dém trén dia thach
LB chira 10 pg/ml cloramphenicol va 50 pg/ml kanamyxin, két qua 13, thu dugc cac thé
bién nap. Céc thé bién nap thu dugc dugc cdy vao moi trudng long LB chira 50 pg/ml
kanamyxin, va dugc nudi cAy & nhiét d6 30°C qua dém. Tiép theo, mdt phan chét 16ng nudi
cdy thu dugc dugce cép vio dia thach LB chira 50 pg/ml kanamyxin, két qua 13, thu dugc
c4c khuén lac sinh trudng & nhiét d§ 42°C. Cac khuén lac thu duoc duge nubdi cdy & nhiét
d6 30°C trong 24 gid trong moi trudng 1ong LB chira 50 ug/ml kanamyxin, va dugc clp
vio dia thach LB chira 50 pg/ml kanamyxin, két qua 13, thu dugc cac khuén lac sinh truéng
& nhiét do 42°C.

Tir cac khuén lac xuét hién, 100 khuén lac dugc chon ngAu nhién, va mdi khuén lac
duoc sinh trudng riéng ré trén dia thach LB chira 50 pg/ml kanamyxin va dia thach LB chira
10 pg/ml cloramphenicol, va chon cac dong vo tinh nhay véi cloramphenicol chi sinh trudng
trén dia thach LB chira kanamyxin. Ngoai ra, ADN nhiém séc thé ciia cac dong vo tinh dich
nay dugc khuéch dai bang PCR, va chon bién thé tir &6 manh khoang 3,3 kbp, ma biéu thj
sy thay thé gen pgi bing gen khang kanamyxin, c6 thé dwoc khuéch dai. Bién thé thu dugc
dugc dat tén 12 bién thé Escherichia coli B, dugc tang cudng hé gen atoD, dugc lam khuyét

gen pgi (sau dy trong ban mo ta ndy doi khi dugc viét tit 1a "bién thé B::atoDABApgi").

O day, Escherichia coli MG1655 va Escherichia coli B c6 san tir bd suu tap chung
chuin Hoa Ky (American Type Culture Collection).

Vidu3

Chuén bi bién thé Escherichia coli B :: dugc ting cudng hé gen atoD, dugc lam

khuyét gen pgi, dwoc 1am khuyét gen gntR

Toan bd trinh tw cia ADN hé gen cuia Escherichia coli B da dugc biét (S5 ndp luu
ngan hang gen CP000819), va trinh tu bazo m4 héa GntR dugc md ta trong 3509184 dén
3510179 cua trinh tu hé gen cua Escherichia coli B, ma dugc md ta véi Sé ndp luu ngén
hang gen CP000819. Dé tach dong viing kep bén trinh ty bazo cia gen ma hoa GntR (gntR),
bbn loai doan mdi oligonucleotit duoc biéu thi boi
GGAATTCGGGTCAATTTTCACCCTCTATC (SEQ ID NO: 12),
GTGGGCCGTCCTGAAGGTACAAAAGAGATAGATTCTC (SEQ ID NO: 13),
CTCTTTTGTACCTTCAGGACGGCCCACAAATTTGAAG (SEQ ID NO: 14), va
GGAATTCCCAGCCCCGCAAGGCCGATGGC (SEQ ID NO: 15) dugc téng hop. Mai
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trong sb cac doan mdi cia SEQ ID NO: 12 va 13 ¢4 vi tri nhan biét EcoRI & phia dau 5° cua
no.

ADN hé gen cua Escherichia coli B (S8 ndp luu ngén hang gen CP000819) dugc
chuén bi, va PCR duoc tién hanh bing cach sir dung ADN hé gen thu dugc 1am khudn va
cap doan mdi ctia SEQ ID NO: 12 va SEQ ID NO: 13, két qua 13, manh ADN khoang 1,0
kb (sau ddy trong ban mé ta nay ddi khi dugc goi 12 "manh gntR-L") duoc khuéch dai.
Ngoai ra, PCR duogc tién hanh bang cach sir dung cip doan mdi ciia SEQ ID NO: 14 va
SEQ ID NO: 15, két qua 13, manh ADN khoang 1,0 kb (sau day trong ban md ta nay doi khi
duogc goi 1a "manh gntR-R") dugc khuéch dai. C4c manh ADN nay dugc tach riéng bang
cach dién di trén agaroza, va dugc thu hdi. PCR dugc tién hanh bing cach st dung cic manh
gntR-L va gntR-R lam khuon va sir dung cdp doan mdi cia SEQ ID NO: 12 va SEQ ID NO:
15, két qua 13, manh ADN khoang 2,0 kbp (sau ddy trong ban mo ta nay do6i khi duoc goi 1a
"méanh gntR-LR") dugc khuéch dai. Manh gntR-LR ndy dugc tach riéng bang cach dién di
trén agaroza, duoc thu hdi, dugc tiéu héa bing EcoRI, va duge tron véi manh thu duge bang
cach tidu hoa plasmit nhay véi nhiét 46 pTH18cs1 (S6 ndp luu ngan hang gen AB019610)
bing EcoRI. Cac manh di dugc tron dugc dé cho phan ung bing cach sir dung T4 ADN
ligaza. Sau d6, cAc té bao kha bién Escherichia coli DH50. (do Toyobo Co., Ltd. san xuét)
dugc bién nap v6i san phadm ndi, va thu cac thé bién nap sinh trudng trén dia thach LB chta
10 pg/ml cloramphenicol ¢ nhiét 4§ 30°C. Plasmit dugc thu hoi tir cac thé bién nap thu
duoc, va x4c nhan dwoc ring manh gntLR dugc cii xen mdt cach thich hop trong pTH18cs1.

Plasmit thu dugc duogc dat tén la pTH18cs1-gntR.

Bién thé Escherichia coli B::atoDABApgi chudn bi dugc trong Vi du 2 dugc bién
nap vai plasmit pTH18cs1-gntR thu dugc theo cach nhu vay, va duoc nudi ca”iy o nhiét do
30°C qua dém trén dia thach LB chira 10 pg/ml cloramphenicol, két qua 13, thu dugc cac
thé bién nap. Céc thé bién nap thu dugc duge cdy vao méi trudng léng LB chira 10 pg/ml
cloramphenicol, va dugc nudi cdy & nhiét 6 30°C qua dém. Tiép theo, mot phan chat long
nudi cdy dugc cdp vao dia thach LB chira 10 pg/ml cloramphenicol, két qua 13, thu duoc
cac khudn lac sinh trudng & nhiét d6 42°C. Céc khuén lac thu dugc duge nudi cdy & nhiét
d6 30°C trong 24 gid trong mdi trudng léng LB, va dwoc cip vao dia thach LB, két qua 13,

thu dugc cac khudn lac sinh truong & nhiét do 42°C.

Tir cac khuén lac xuét hién, 100 khuén lac duoc chon ngiu nhién, va mbi khuén lac
dugc sinh trudng riéng ré trén dia thach LB va dia thach LB chira 10 pg/ml cloramphenicol,

va cac dong vo tinh nhay véi cloramphenicol dugc chon. Ngoai ra, ADN nhiém séc thé ctia
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cac dong vé tinh dich nay dugc khuéch dai bing PCR, va chon bién thé tir d6 manh khoang
2,0 kbp, ma bidu thi sy 1am khuyét gen gntR, c¢6 thé dugc khuéch dai. Bién thé thu dugc
duoc djt tén 1a bién thé Escherichia coli B, dugc ting cudng hé gen atoD, dugc 1am khuyét
gen pgi, dugc 1am khuyét gen gntR (sau day trong ban md ta nay déi khi duoc viét tit 1a
"bién thé B::atoDABApgiAgntR").

Vidu 4

Chuln bi bién thé Escherichia coli B, dugc ting cudng hé gen atoD, dugc lam

khuyét gen pgi, dugc lam khuyét gen gntR, duogc lam khuyét gen gnd

Dé tach dong ving kep bén trinh ty bazo cia gen méd héa phosphogluconat
dehydrogenaza (gnd), bén loai doan mdi oligonucleotit dugc biéu thi bai
CGCCATATGAATGGCGCGGCGGGGCCGGTGG (SEQ ID NO: 16),
TGGAGCTCTGTTTACTCCTGTCAGGGGG (SEQ ID NO: 17),
TGGAGCTCTCTGATTTAATCAACAATAAAATTG (SEQ ID NO: 18), wva
CGGGATCCACCACCATAACCAAACGACGG (SEQ ID NO: 19) dugc téng hop. Doan
mdi cia SEQ ID NO: 16 ¢6 vi tri nhan biét Ndel & phia dau 5’ ciia n6, va mdi trong s6 cac
doan mdi ctia SEQ ID NO: 17 va 18 ¢6 vi tri nhén biét Sacl & phia du 5’ ciia n6. Ngoai ra,

doan mdi ctia SEQ ID NO: 19 ¢6 vi tri nhén biét BamHI & phia déu 5’ ctia no.

ADN hé gen ciua Escherichia coli B (S6 ndp luu ngan hang genCP000819) dugc
chuén bi, va PCR dugc tién hanh bang cach str dung cip doan mdi cia SEQ ID NO: 16 va
SEQ ID NO: 17, két qua 13, manh ADN khoang 1,0 kb (sau ddy trong ban m6 ta nay déi khi
duoc goi 1a "manh gnd-L ") dugc khuéch dai. Ngoai ra, PCR dugc tién hanh b.%mg cach su
dung cip doan mdi caa SEQ ID NO: 18 va SEQ ID NO: 19, két qua 13, manh ADN khoang
1,0 kb (sau day trong ban md ta nay d6i khi duoc goi l1a "manh gnd-R") duoc khuéch dai.
Céac manh ADN nay dugc tach riéng bang cach dién di trén agaroza, va dugc thu héi. Manh
gnd-L dugc tiéu héa bang Ndel va Sacl, va manh gnd-R dugc tiéu héa béng Sacl va BamHI.
Hai loai manh da duoc tiéu hoa nay dwoc tron véi manh thu duge bang cach tidu héa plasmit
nhay véi nhiét @ pTH18cs1 (S ndp luu ngan hang gen AB019610) bang Ndel va BamH],
va c4c manh da dugc trdn dugc dé cho phan g biang cach sir dung T4 ADN ligaza. Sau
d6, cac té bao kha bién (do Toyobo Co., Ltd. san xuét) dugc bién nap véi san phim nbi, va
thu c4c thé bién nap sinh truéng trén dia thach LB chita 10 pg/ml cloramphenicol & nhiét
d6 30°C. Plasmit duoc thu hdi tir cac thé bién nap thu duge, va x4c nhan dugc rang hai
manh — manh ving kep bén 5’ ¢ phia trén va manh ving kep bén 3’ ¢ phia dudi ctia gen

ma héa gnd — dugc cai xen mdt cach thich hop trong pTH18cs1. Plasmit thu dugc duoc
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dat tén 1a pTH18cs1-gnd.

Bién thé Escherichia coli B::atoDABApgiAgntR chuin bi duoc trong Vi du 3 dugc
bién nap v&i plasmit pTH18cs1-gnd thu dugc theo cach nhur vdy, va dugc nudi cdy & nhiét
d6 30°C qua dém trén dia thach LB chira 10 ug/ml cloramphenicol, két qua 13, thu duoc cac
thé bién nap. Cac thé bién nap thu dugc duge cAy vao méi trudng 16ng LB chira 10 pg/ml
cloramphenicol, va dugc nudi cdy & nhiét d6 30°C qua dém. Tiép theo, mdt phan ciia chit
l6ng nudi cdy nay dugc cAp vao dia thach LB chira 10 pg/ml kanamyxin, két qua 13, thu
duoc cac khudn lac sinh truéng & nhiét do 42°C. Cac khu4n lac thu duge dugc nudi cdy &
nhiét dd 30°C trong 24 gid trong moi truong long LB, va dugc cép vao dia thach LB, két

qua la, thu dugc cac khudn lac sinh truéng & nhiét do 42°C.

Tir c4c khuén lac xuét hién, 100 khuén lac dwgc chon ngau nhién, va mdi khudn lac
dugc sinh trudng riéng ré trén dia thach LB va dia thach LB chira 10 pg/ml cloramphenicol,
va cac dong vo tinh nhay véi cloramphenicol dugc chon. Ngoai ra, ADN nhim sic thé cua
c4c dong vo tinh dich ndy duoc khuéch dai bing PCR, va chon bién thé tir 46 manh khoang
2,0 kbp, ma bidu thi sy 1am khuyét gen gnd, c6 thé dugc khuéeh dai. Bién thé thu duoc dugc
dit tén 13 bién thé Escherichia coli B, dugc ting cudng hé gen atoD, duge lam khuyét gen
pgi, duoc lam khuyét gen gntR, dugc lam khuyét gen gnd (bién thé
B::atoDABApgiAgntRAgnd).

Vidu 5

Chuén bj bién thé Escherichia coli B, dugc ting cudng hé gen atoD, duoc lam
khuyét gen pgi, duoc lam khuyét gen gntR, dwoc 1am khuyét gen gnd, dwoc 1am khuyét gen
1dhA

Pé tach dong ving kep bén trinh ty bazo cua gen ma hoa D-lactat dehydrogenaza
(sau day trong ban mo ta nay doi khi dugc viét tit 12 "IdhA") (990 bp), bén loai doan mdi
oligonucleotit dugc biéu thi bdi GGAATTCGACCATCGCTTACGGTCAATTG (SEQ ID
NO: 20), GAGCGGCAAGAAAGACTTTCTCCAGTGATGTTG (SEQ ID NO: 21),
GGAGAAAGTCTTTCTTGCCGCTCCCCTGCAAC (SEQ ID NO: 22), va
GGAATTCTTTAGCAAATGGCTTTCTTC (SEQ ID NO: 23) duoc tdng hop. Mdi trong

s6 cac doan mdi cia SEQ ID NO: 20 va 23 ¢6 vi tri nhan biét EcoRI & phia ddu 5’ clia né.

ADN hé gen cua Escherichia coli B (S6 ndp luu ngan hang gen CP000819) duoc
chudn bi, va PCR dugc tién hanh bang cach sir dung ADN hé gen thu dugc 1am khuén va
cip doan mdi cia SEQ ID NO: 20 va SEQ ID NO: 21, két qua 13, manh ADN khoang 1,0
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kb (sau day trong ban md ta nay ddi khi dugc goi 1a "méanh ldhA-L") dugc khuéch dai.
Ngoai ra, PCR dugc tién hanh bang cich st dung ciip doan mdi cua SEQ ID NO: 22 va
SEQ ID NO: 23, két qua 13, manh ADN khoang 1,0 kb (sau ddy trong ban md ta nay doi khi
dugc goi la "manh 1dhA-R") dugc khuéch dai. Cac manh ADN nay dugc tach riéng bing
cach dién di trén agaroza, va dugc thu hdi. PCR duoc tién hanh bing cach sir dung cdc manh
1dhA-L va 1dhA-R 1am khudn va str dung cap doan mdi cua SEQ ID NO: 20 va SEQ ID
NO: 23, két qua 13, manh ADN khoang 2,0 kbp (sau ddy trong ban mo ta nay doi khi dugc
goi 1a " manh ldhA-LR ") dugc khuéch dai. Manh 1dhA-LR nay dugc téch riéng bang cch
dién di trén agaroza, dugc thu hdi, duoc tiéu hoa bang EcoRI, va dugc tron véi manh thu
dugc bing cach tiéu héa plasmit nhay véi nhiét d6 pTH18cs1 (S6 nop luu ngan hang gen
AB019610) bang EcoRI. Cic manh da dugc tron duge @& cho phan ting bang cach str dung
T4 ADN ligaza. Sau do, cac té bio kha bién Escherichia coli DH50. (do Toyobo Co., Ltd.
san xudt) duoc bién nap véi san phdm ndi, va thu céc thé bién nap sinh truong trén dia thach
LB chira 10 pg/ml cloramphenicol & nhiét 6 30°C. Plasmit dugc thu hdi tir cac thé bién
nap thu dugc, va xéc nhan dugc rang manh 1dhA-LR dugc cai xen mdt cach thich hop trong
pTH18cs1. Plasmit thu dugc dugc dat tén l1a pTH18cs1-1dhA.

Bién thé Escherichia coli B::atoDABApgiAgntRAgnd chudn bi dugc trong Vi du 4
duge bién nap véi plasmit pTH18cs1-1dhA thu dugc theo cach nhu vay, va dugc nudi cdy &
nhiét d6 30°C qua dém trén dia thach LB chira 10 pg/ml cloramphenicol, két qua 13, thu
duge céc thé bién nap. Céc thé bién nap thu duge dugce cdy vao mdi trudng long LB chira
10 pg/ml cloramphenicol, va dugc nuoi cdy & nhiét d6 30°C qua dém. Tiép theo, mot phan
chét 16ng nudi cAy duoc cp vao dia thach LB chita 10 pg/ml cloramphenicol, két qua 13,
thu dugc cac khudn lac sinh truéng & nhiét do 42°C. Céc khuén lac thu duoc dugc nudi ciy
& nhiét do 30°C trong 24 gid trong moi trudng long LB, va dugc cAp vao dia thach LB, két

qua 13, thu dugc cac khudn lac sinh trudng & nhiét do 42°C.

Tir c4c khuén lac xuét hién, 100 khuén lac duoc chon ngiu nhién, va mdi khuén lac
dugc sinh trudng riéng r& trén dia thach LB va dia thach LB chira 10 pg/ml cloramphenicol,
va cac dong vo tinh nhay véi cloramphenicol dugc chon. Ngoai ra, ADN nhiém sic thé cua
cac dong vo tinh dich nay dugc khuéch dai bang PCR, va chon bién thé tir 46 manh khoang
2,0 kbp, ma biéu thi sw 1am khuyét gen 1dhA, ¢ thé duoc khuéch dai. Bién thé thu duoc
duoc dit tén 12 bién thé Escherichia coli B, dugc ting cuong hé gen atoD, dugc 1am khuyét
gen pgi, dugc 1am khuyét gen gntR, dugc 1am khuyét gen gnd, dugc 1am khuyét gen 1dhA

(sau day trong ban md ta nay d6i khi dugc viét tit 1a "bién thé
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B::atoDABApgiAgntRAgndAldhA").
Vidu 6

Chun bi bién thé Escherichia coli B, duoc ting cudng hé gen atoD, dugc lam
khuyét gen pgi, dugc lam khuyét gen gntR, dugc lam khuyét gen gnd, dugc 1am khuyét gen
1dhA, dugc lam khuyét gen aceBA

Dé tach dong ving kep bén trinh ty bazo ctia gen ma hoa isoxitrat lyaza va gen ma
héa malat synthaza (sau ddy trong ban mo ta nay do6i khi dugc viét tit 13 "aceBA") (2936
bp), bbn loai doan mdi oligonucleotit duoc biéu thi bdi
GGAATTCATTCAGCTGTTGCGCATCGATTC (SEQ ID NO: 24),
CGGTTGTTGTTGCCGTGCAGCTCCTCGTCATGGATC (SEQ ID NO: 25),
GGAGCTGCACGGCAACAACAACCGTTGCTGACTG (SEQ ID NO: 26), va
GGAATTCCAGGCAGGTATCAATAAATAAC (SEQ ID NO: 27) dugc tdng hop. Méi
trong sb cac doan mdi cia SEQ ID NO: 24 va 27 ¢6 vi tri nhan biét EcoRI & phia dau 5’ cua
no.

ADN hé gen ctia Escherichia coli B (S6 ndp luu ngan hang gen CP000819) duoc
chudn bi, va PCR dugc tién hanh bang cach st dung ADN hé gen thu dugc 1am khuén va
cip doan mdi cia SEQ ID NO: 24 va SEQ ID NO: 25, két qua 13, manh ADN khoang 1,0
kb (sau day trong ban md ta nay ddi khi dugc goi 1a "manh aceBA-L") dugc khuéch dai.
Ngoai ra, PCR duogc tién hanh bang cach sir dung cip doan mdi ciia SEQ ID NO: 26 va
SEQ ID NO: 27, két qua 13, manh ADN khoang 1,0 kb (sau day trong ban mé ta ndy doi khi
dugc goi 1a "manh aceBA-R") duoc khuéch dai. Cac manh ADN nay duoc tach riéng bang
cach dién di trén agaroza, va duoc thu hdi. PCR dugc tién hanh bang cach sir dung manh
aceBA-L va aceBA-R lam khudn va sir dung cip doan mdi ciia SEQ ID NO: 24 va SEQ ID
NO: 27, két qua 13, manh ADN khoang 2,0 kbp (sau day trong ban md ta ndy ddi khi dugc
goi 12 "manh aceBA-LR") duogc khuéch dai. Manh aceBA-LR nay dugc tich riéng bang
cach dién di trén agaroza, dugc thu hdi, dugc tiéu héa bang EcoRlI, va dugc tron véi manh
thu dugc bing cach tiéu héa plasmit nhay véi nhiét d6 pTH18cs1 (S8 ndp luu ngén hang
gen AB019610) bing EcoRI. Cac manh dd dugc trén dugce dé cho phan ting bang cach sir
dung T4 ADN ligaza. Sau d9, céc t& bao kha bién Escherichia coli DH5a (do Toyobo Co.,
Ltd. san xuét) dugc bién nap v6i san pham ndi, va thu cac thé bién nap sinh trudng trén dia
thach LB chira 10 pg/ml cloramphenicol & nhiét d 30°C. Plasmit dugc thu hdi tir céc thé
bién nap thu dugc, va x4c nhan dugc ring manh aceBA-LR dugc cai xen mét cach thich

hop trong pTH18cs1. Plasmit thu dugc dugc dit tén 1a pTH18cs1-aceBA.
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Bién thé Escherichia coli B::atoDABApgiAgntRAgndAldhA chuén bi duoc trong Vi
du 5 dugc bién nap véi plasmit pTH18cs1-aceBA thu dugc theo cach nhu vy, va dugc nubdi
cAy & nhiét d@6 30°C qua dém trén dia thach LB chira 10 ug/ml cloramphenicol, két qua 13,
thu dugc cac thé bién nap. Céc thé bién nap thu duogc dugc cdy vao moi trudng léng LB
chira 10 pg/ml cloramphenicol, va duoc nudi cdy & nhiét 6 30°C qua dém. Tiép theo, mot
phén chét 16ng nudi cdy dugc cép vao dia thach LB chira 10 pg/ml cloramphenicol, két qua
13, thu dugc cac khudn lac sinh truéng & nhiét d§ 42°C. Cac khuén lac thu dugc duge nudi
cAy & nhiét do 30°C trong 24 gid trong mdi trudng léng LB, va dugc cép vao dia thach LB,

két qua 13, thu dugc cac khudn lac sinh truéng & nhiét d6 42°C.

Tir c4c khuén lac xuét hién, 100 khuan lac dugc chon ngiu nhién, va mdi khuén lac
duge sinh trudng riéng ré trén dia thach LB va dia thach LB chira 10 pg/ml cloramphenicol,
va cac dong vo tinh nhay véi cloramphenicol dugc chon. Ngoai ra, ADN nhidm séc thé cua
cac dong vo tinh dich nay dugc khuéch dai bang PCR, va chon bién thé tr d6 manh khoang
2,0 kbp, ma bidu thi su 1am khuyét gen aceBA, c6 thé dugc khuéch dai. Bién thé thu dugc
dugc dat tén 12 bién thé Escherichia coli B, dugc tang cudng hé gen atoD, duoc lam khuyét
gen pgi, dugc lam khuyét gen gntR, dugc 1am khuyét gen gnd, dugc lam khuyét gen 1dhA,
dugc 1am khuyét gen aceBA (sau day trong ban md ta nay déi khi dugc viét tit 12 "bién thé
B::atoDABApgiAgntRAgndAldhAAaceB").

Vidu7

Chuén bi bién thé Escherichia coli B, dugc ting cudng hé gen atoD, dugc lam
khuyét gen pgi, duoc lam khuyét gen gntR, dugc lam khuyét gen gnd, dugc 1am khuyét gen
1dhA, duoc 1am khuyét gen aceBA, duge lam khuyét gen glcB

Dé tach dong viing kep bén trinh tu bazo ciia gen mé héa malat synthaza G (sau déy
trong ban md ta nay d6i khi dugc viét tit 1a "glcB") (723 bp), bén loai doan mdi
oligonucleotit dugc biéu thi béi GGAATTCCAGGAGAAAGGGCTGGCACGGG (SEQ
ID NO: 28), CTTTTTTGACGCTATGTTTATCTCCTCGTTTTCGC (SEQ ID NO: 29),
GAGATAAACATAGCGTCAAAAAAGCCCCGGC (SEQ ID NO: 30), va
GGAATTCCGTCCATCATTGCTACCAGCC (SEQ ID NO: 31) dugc tong hgp. Mdi trong

s6 cac doan mdi cia SEQ ID NO: 28 va 31 ¢6 vi tri nhan biét EcoRI & phia ddu 5’ ciia né.

ADN hé gen cua Escherichia coli B (S6 ndp luu ngan hang gen CP000819) duoc
chudn bi, va PCR duoc tién hanh bing cach sir dung ADN hé gen thu dugc 1am khuén va
cip doan mdi cua SEQ ID NO: 28 va SEQ ID NO: 29, két qua I, manh ADN khoang 1,0
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kb (sau day trong ban mo ta nay doi khi dugc goi la " manh gleB-L") dugc khuéch dai.
Ngoai ra, PCR dugc tién hanh bing cach sir dung cip doan mdi cia SEQ ID NO: 30 va
SEQ ID NO: 31, két qua 13, manh ADN khoang 1,0 kb (sau day trong ban mo ta nay doi khi
dugc goi 1a "manh glcB-R") dugc khuéch dai. Cac manh ADN nay dugc tach riéng bang
cach dién di trén agaroza, va dugc thu hdi. PCR duoc tién hanh b%mg cach sirdung cac manh
gleB-L va glcB-R 1am khudn va st dung cdp doan mdi cua SEQ ID NO: 28 va SEQ ID NO:
31, két qua 13, manh ADN khoang 2,0 kbp (sau ddy trong ban md ta nay doi khi duoc goi la
"manh glcB-LR") dugc khuéch dai. Manh glcB-LR dugc tach riéng bang cach dién di trén
agaroza, dugc thu hdi, dugc tiéu hoa bang EcoRI, va duge trdn véi manh thu duge bing
cach tiéu héa plasmit nhay véi nhiét 4o pTH18csl (S6 ndp Iuru ngan hang gen AB019610)
bang EcoRI. Cac manh di dugc tron dugc dé cho phan (ing bang cich st dung T4 ADN
ligaza. Sau d6, Escherichia coli DH5a. cic té bao kha bién (do Toyobo Co., Ltd. san Xuét)
duoc bién nap véi san phim ndi, va thu cac thé bién nap sinh trudng trén dia thach LB chira
10 pg/ml cloramphenicol ¢ nhiét d6 30°C. Plasmit dugc thu hdi tir céc thé bién nap thu
duoc, va xac nhan dugc rang manh glcB-LR dugc cai xen modt cach thich hop trong

pTH18cs1. Plasmit thu dugc dugc dat tén 12 pTH18cs1-gleB.

Bién thé& Escherichia coli B::atoDABApgiAgntRAgndAldhAAaceB dugc didu ché
trong Vi du 6 dugc bién nap véi plasmit pTH18cs1-glcB thu dugc theo cach nhu vy, va
duoc nudi cdy & nhiét o 30°C qua dém trén dia thach LB chira 10 pg/ml cloramphenicol,
két qua 13, thu dugc céc thé bién nap. Céc thé bién nap thu dugc dugc cdy vao méi trudng
long LB chira 10 pg/ml cloramphenicol, va dugc nudi cAy & nhiét dd 30°C qua dém. Tiép
theo, mot phan chét 1ong nudi ciy dugce cAp vao dia thach LB chira 10 pg/ml cloramphenicol,
két qua 13, thu duge cac khuén lac sinh trudong & nhiét @ 42°C. Céc khuén lac thu dugc
dwoc nudi cdy o nhiét dd 30°C trong 24 gid trong méi truong long LB, va duge cép vao dia

thach LB, két qua 13, thu dugc cac khuén lac sinh truéng & nhiét d 42°C.

Tir cac khudn lac xut hién, 100 khuén lac dwgc chon ngiu nhién, va mdi khuén lac
duoc sinh trudng riéng ré trén dia thach LB va dia thach LB chira 10 pg/ml cloramphenicol,
va cac dong vo tinh nhay véi cloramphenicol dugc chon. Ngoai ra, ADN nhiém sic thé cua
c4c dong vo tinh dich nay duoc khuéch dai bing PCR, va chon bién thé tir 46 manh khoang
2,0 kbp, ma bidu thi sy 1am khuyét gen glcB, ¢ thé dugc khuéch dai. Bién thé thu dugc
duoc dit tén 12 bién thé Escherichia coli B, dugc ting cudng hé gen atoD, dugc lam khuyét
gen pgi, duoc lam khuyét gen gntR, duge lam khuyét gen gnd, dugc lam khuyét gen IdhA,

duoc 1am khuyét gen aceBA, dugc 1am khuyét gen glcB (sau ddy trong ban mé ta nay ddi
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khi duoc viét tht 12 "bién thé B::atoDABApgiAgntRAgndAldhAAaceBAAglcB").
Vidu 8

Chuén bi bién thé Escherichia coli B, dugc ting cudng hé gen atoD, duogc lam
khuyét gen pgi, dugc lam khuyét gen gntR, dugc lam khuyét gen gnd, dugc 1am khuyét gen
1dhA, duoc 1am khuyét gen aceBA, duoc lam khuyét gen gleB, dugc lam khuyét gen fumAC

Dé tach dong ving kep bén trinh tu bazo cua gen mi héa fumarat hydrataza A va
gen méi héa fumarat hydrataza C (sau ddy trong ban md ta nay doi khi duoc viét tat 1a
"fumAC") (3193 bp), bén loai doan mdi oligonucleotit dugc biéu thi bai
CGCCATATGATCGCCAGCGCGCGGGATTTTTC (SEQ ID NO: 32),
CGAGCTCTGTTCTCTCACTTACTGCCTGG (SEQ ID NO: 33),
ATGAGCTCTCTGCAACATACAGGTGCAG (SEQ ID NO: 34), va
CGGGATCCACTACGCGCACGATGGTCAAG (SEQ ID NO: 35) duge tong hop. Doan
mdi cia SEQ ID NO: 32 ¢6 vi tri nhén biét Ndel & phia ddu 5 cia n6. Mbi trong s6 cac
doan mdi ciia SEQ ID NO: 33 va 34 ¢6 vi tri nhan biét Sacl & phia dAu 5’ cia n6. Poan mdi

ciia SEQ ID NO: 35 ¢6 vi tri nhan biét BamHI & phia dau 5’ clia no.

ADN hé gen cua Escherichia coli B (S6 ndp luu ngan hang gen CP000819) duoc
chuén bi, va PCR dugc tién hanh bang cach str dung ADN hé gen thu dwgc lam khuon va
cip doan mdi cia SEQ ID NO: 32 va SEQ ID NO: 33, két qué 1a, manh ADN khoang 1,0
kb (sau day trong ban md ta nay doi khi dugc goi 12 "méanh fumA-L") dugc khuéch dai.
Ngoai ra, PCR dugc tién hanh bang cach sir dung cip doan mdi cia SEQ ID NO: 34 va
SEQ ID NO: 35, két qua 13, manh ADN khoang 1,0 kb (sau ddy trong ban md ta nay doi khi
dugc goi 1a "manh fumC-R") dugc khuéch dai. Cac manh ADN nay dugc tach riéng béng
cach dién di trén agaroza, va dugc thu hdi. Manh fumA-L duogc tiéu héa bing Ndel va Sacl,
va manh fumC-R dugc tiéu héa bang Sacl va BamHI. C4c manh da dugc tiéu héa nay duge
tron véi manh thu duge bang cach tiéu héa plasmit nhay v6i nhiét 46 pTH18cs1 (S6 nop
lru ngén hang gen AB019610) bing Ndel va BamHI. Cac manh d3 dugc tron dugc dé cho
phan tng bing cach sir dung T4 ADN ligaza. Sau do, cac té bao kha bién Escherichia coli
DH5o. (do Toyobo Co., Ltd. san xuét) duge bién nap véi san phém ndi, va thu céc thé bién
nap sinh trudng trén dia thach LB chira 10 pg/ml cloramphenicol & nhi¢t d6 30°C. Plasmit
dugc thu hdi tir cac thé bién nap thu dugc, va xac nhan dugc rang manh fumA-L va manh
fumC-R dugc cai xen mot cach thich hop trong pTH18cs1. Plasmit thu dugc dugc dit tén
la pTH18cs1-fumAC.
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Bién thé Escherichia coli B::atoDABApgiAgntRAgndAldhAAaceBAAglcB dugc
didu ché trong Vi du 7 dugc bién nap véi plasmit pTH18cs1-fumAC thu duge theo cach
nhu vdy, va dugc nudi cdy & nhiét d 30°C qua dém trén dia thach LB chura 10 pg/ml
cloramphenicol, két qua 13, thu dugc céc thé bién nap. Céc thé bién nap thu dugc dugce cay
vao moi trudng 16ng LB chira 10 pg/ml cloramphenicol, va dugce nudi cAy & nhiét d6 30°C
qua dém. Tiép theo, mot phan chat 1ong nudi cly dugc cAp vao dia thach LB chira 10 pg/ml
cloramphenicol, két qua 1a, thu dugc cac khuén lac sinh truéng & nhiét d§ 42°C. Cac khuén
lac thu dugc dwoc nudi cdy & nhiét do 30°C trong 24 gior trong méi trudng long LB, va duge

cép vao dia thach LB, két qua 13, thu dugc cac khuén lac sinh truéng & nhiét do 42°C.

Tir cac khun lac xuét hién, 100 khuén lac dugc chon ngdu nhién, va m&i khuén lac
duoc sinh trudng riéng ré trén dia thach LB va dia thach LB chira 10 pg/ml cloramphenicol,
va cac dong vo tinh nhay v&i cloramphenicol dugc chon. Ngoai ra, ADN nhi®m sic thé cta
céc dong vo tinh dich nay dugc khuéch dai bing PCR, va chon bién thé tir 46 manh khoang
2,0 kbp, ma biéu thi sy 1am khuyét gen fumAC, c6 thé duoc khuéch dai. Bién thé thu dugc
dwoc dat tén 13 bin thé Escherichia coli B, dugc ting cudng hé gen atoD, dugc lam khuyét
gen pgi, dugc lam khuyét gen gntR, dugc lam khuyét gen gnd, dugc lam khuyét gen IdhA,
duoc 1am khuyét gen aceBA, dugc 1am khuyét gen glcB, dugc lam khuyét gen fumAC (sau
ddy trong ban mé ta ndy doi khi dwoc viét tit la  "bién thé

B::atoDABApgiAgntRAgndAldhAAaceBAAglcBAfumAC").
Vidu9
Chuén bi plasmit plaz

Axetoaxetat decarboxylaza cia vi khuin Clostridium dugc md ta véi S6 ndp luu
ngan hang gen M55392, va dehydrogenaza ruqu isopropylic cta vi khuén Clostridium dugc

md ta véi S6 ndp luu ngén hang gen AF157307.

Pé 1am trinh tu bazo ctia gen khoi dAu can thiét d biéu hién nhém gen da dugc md
ta & trén, c6 thé sir dung trinh tu gen khéi diu clia glyxeraldehyt-3-phosphat dehydrogenaza
(sau day trong ban mo ta nay d6i khi dugc goi 1a "GAPDH") tir Escherichia coli, dwgc mo
ta & 397 dén 440 trong thong tin trinh tu bazo véi s6 ndp luu ngan hang gen X02662.

Dé thu dugc gen khoi ddu GAPDH, tién hanh khuéch dai bang phwong phap PCR
bing cach sir dung ADN hé gen cla Escherichia coli MG1655 1am khuén va sir dung

CGAGCTACATATGCAATGATTGACACGATTCCG (SEQ ID NO: 36) va
CGCGCGCATGCTATTTGTTAGTGAATAAAAGG (SEQ ID NO: 37), va manh ADN thu
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dugc duge tiéu hoa bing cic enzym gidi han Ndel va Sphl, két qua 13, thu dugc manh ADN
khoang 110 bp tuong Ung véi gen khaoi ddu GAPDH. Manh ADN thu dugc dugc tron vai
manh thu dugc bang cach tiéu héa plasmit pBR322 (S6 ndp lwu ngan hang gen J01749)
bing c4c enzym gidi han Ndel va Sphl, va cac manh da trdn dugc nbi bang céch st dung
ligaza. Sau do, cac té bao kha bién Escherichia coli DH5a (Toyobo Co., Ltd., DNA-903)
dugc bién nap vi san phim ndi, va thu cac thé bién nap sinh trudng trén dia thach LB chira
50 pg/mL ampixilin. Cac khudn lac thu dugc dugc nudi cdy & nhiét d6 37°C qua dém trong
mdi trudng 1ong LB chira 50 pg/mL ampixilin, va plasmit pBRgapP dugc thu hdi tir t& bao

vi khuén thu duoc.

Pé thu dugc gen ma hoa dehydrogenaza rugu isopropylic, tién hanh khuéch dai bang
phuong phap PCR béang céach str dung ADN hé gen cia Clostridium beijerinckii NRRL B-
593 lam khudn va st dung AATATGCATGCTGGTGGAACATATGAAAGGTTTTGCA
ATGCTAGG (SEQ ID NO: 38) va ACGCGTCGACTTATAATATAACTA
CTGCTTTAATTAAGTC (SEQ ID NO: 39), va manh ADN thu dugc dugc tiéu hoa béng
cac enzym gidi han Sphl va Sall, két qua 13, thu dugc manh dehydrogenaza ruou isopropylic
khoang 1,1 kbp. Manh ADN thu dugc dugc trdn v6i manh thu duge bang céach tiéu hoa
plasmit pUC119 béng cic enzym gi6i han Sphl va Sall, va cac manh ndy dugc nbi v6i nhau
bing cach sir dung ligaza. Sau d6, céc té bio kha bién Escherichia coli DH5a dugc bién
nap voi san phém ndi, va thu cac thé bién nap sinh truéng trén dia thach LB chira 50 pg/mL
ampixilin. Céc khudn lac thu dugc dugc nudi cdy & nhiét dd 37°C qua dém trong méi trudng
long LB chira 50 pg/mL ampixilin, v& plasmit dugc thu hdi tir té bao vi khuan thu duoc. Sy

cai xen diing cia IPAdh dugc xac nhén, va plasmit thu duoc duogc dit tén 12 pUC-L

Manh cé [PAdh thu duogc bing cach tiéu héa plasmit pUC-I bang cic enzym gi6i
han Sphl va EcoRI dugc tron véi manh thu duge bing cach tiéu héa plasmit pBRgapP bing
cac enzym gidi han Sphl va EcoRlI, va cac manh da tron duge nbi bang cach st dung ligaza.
Sau d6, cac té bao kha bién Escherichia coli DH5a dugc bién nap véi san phdm ndi, va thu
céc thé bién nap sinh trudng trén dia thach LB chtra 50 pg/mL ampixilin. Cac khuén lac thu
dwoc duoc nudi cdy & nhiét do 37°C qua dém trong moi trudng 1ong LB chira 50 pg/mL
ampixilin, va cac plasmit dugc thu hdi tir cac té bao vi khudn thu duoc, va xac nhan dugc

rang IPAdh dugc cai xen mdt cach thich hgp. Plasmit thu duoc dugc dat tén 1a pGAP-1.

Dé thu dugc gen ma hoa axetoaxetat decarboxylaza, tién hanh khuéch dai bang
phuong phap PCR béng cach sir dung ADN hé gen cua Clostridium acetobutylicum ATCC
824 lam Kkhudén va st dung ACGCGTCGACGCTGGTGGAACATATGTTA
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AAGGATGAAGTAATTAAACAAATTAGC (SEQ ID NO: 40) va
GCTCTAGAGGTACCTTACTTAAGATAATCATATATAACTTCAGC (SEQ ID NO: 41),
va méanh ADN thu dugc dugc tiéu héa bing céc enzym gii han Sall va Xbal, két qua 1,
thu dugc manh axetoaxetat decarboxylaza khoang 700 bp. Manh ADN thu dugc dugc tron
v6i manh thu dugc bing cach tiéu héa plasmit pGAP-I di dugc chuén bj & trén béng céc
enzym gi6i han Sall va Xbal, va cac manh da tron dugc nbi bang cach sir dung ligaza. Sau
d6, cac t& bao kha bién Escherichia coli DH5a dugc bién nap véi san phim ndi, va thu cac
thé& bién nap sinh trudng trén dia thach LB chira 50 pg/mL ampixilin. Cac khuan lac thu
duoc duge nudi cdy & nhiét do 37°C qua dém trong moi truong léng LB chira 50 pg/mL
ampixilin, va cac plasmit dugc thu hdi tir cac té bao vi khudn thu duge, va x4c nhan dugc

rang adc dugc cai xen ding. Plasmit thu dugc dugc dat tén 1a pla.

Pé thu dugc gen mi héa glucoza-6-phosphat-1-dehydrogenaza (zwf), tién hanh
khuéch dai bing phuong phép PCR bang céch sir dung ADN hé gen clia Escherichia coli B
(S5 nop Ilwu ngéin hang gen CP000819) lam khudn va sur dung
GCTCTAGACGGAGAAAGTCTTATGGCGGTAACGCAAACAGCCCAGG (SEQ ID
NO: 42) vda CGGGATCCCGGAGAAAGTCTTATGAAGCAAACAGTTTATATCGCC
(SEQ ID NO: 43), va manh ADN thu dugc dugc ti€u hoa bang céc enzym gi6i han BamHI
va Xbal, két qua 13, thu dugc manh glucoza-6-phosphat-1-dehydrogenaza khoang 1500 bp.
Manh ADN thu dugc dugc tron véi manh thu duoc béang cach tiéu héa plasmit pla d dugc
chudn bi & trén bing cic enzym giéi han BamHI va Xbal, va cac manh da tron dugc nbi
bang cach sir dung ligaza. Sau d6, cac t& bao kha bién Escherichia coli DH5a dugc bién
nap voi san pham ndi, va thu cac thé bién nap sinh trudng trén dia thach LB chira 50 pg/mL
ampixilin. Céc khuan lac thu dugc duge nudi cdy ¢ nhiét do 37°C qua dém trong méi trudng

léng LB chira 50 pg/mL ampixilin, va plasmit ndy dugc dit tén 1a plaz.
Vidu 10
Chuén bi plasmit pMWGKC

Tién hanh khuéch dai bing phuong phap PCR bang cich st dung pBRgapP lam
khudn va stt dung CCGCTCGAGCATATGCTGTCGCAATGATTGACACG (SEQ ID NO:
44) va GCTATTCCATATGCAGGGTTATTGTCTCATGAGC (SEQ ID NO: 45), va manh
ADN thu duge dugc phosphoryl héa bang cach sir dung T4 Polynucleotit kinaza (Takara),
két qua 13, thu dugc manh AND chira gen khoi ddu GAPDH. Ngoai ra, plasmit pMW 119
(S6 nop luu ngan hang gen AB005476) dugc xur ly bang enzym gi6i han Ndel, va manh
ADN thu dugce duge thye hién xir Iy 1am cin d4u bang KOD cong véi ADN polymeraza
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(Takara), két qua 13, thu dugc manh ADN chira gdc sao chép ciia pMW 119 thu duge. Méanh
ADN chira gen khéi ddu GAPDH va manh ADN chira gbc sao chép cia pMW 119 duge
trdn, va cac manh da tron dugc ndi bang cach sir dung ligaza. Sau do, cac té bao kha bién
Escherichia coli DH50. dugc bién nap véi san phim ndi, va thu cac thé bién nap sinh truéng
trén dia thach LB chira 50 pg/mL ampixilin. Cac khuén lac thu duge dugc nudi ciy & nhiét
d6 37°C qua dém trong mdi trudng long LB chira 50 pg/mL ampixilin, va plasmit pMWG

duoc thu hdi tir t& bao vi khudn thu dugec.

Pé thu duoc gen khang cloramphenicol, tién hanh khuéch dai béng phuong phéap
PCR béng céach str dung pTH18cs1 (S6 n6p luu ngan hang genAB019610) lam khudn va sir
dung TCGGCACGTAAGAGGTTCC (SEQ ID NO: 46) va CGGGTCGAATTTGCTTTCG
(SEQ ID NO: 47), va manh ADN thu dugc dugc phosphoryl hoa bang cach str dung T4
Polynucleotit kinaza (Takara), két qua 13, thu dugc manh ADN chira gen khang
cloramphenicol. Ngoai ra, tién hanh khuéch dai bing phuong phép PCR bang cach sir dung
pMWG lam khudn va st dung CTAGATCTGACAGTAAGACGGGTAAGCC (SEQ ID
NO: 48) va CTAGATCTCAGGGTTATTGTCTCATGAGC (SEQ ID NO: 49). Manh ADN
thu dugc dugc tron véi manh ADN chira gen khang cloramphenicol, va cdc manh da tron
duoc ndi bang cach st dung ligaza. Sau do, cac té bao kha bién Escherichia coli DH5a. dugc
bién nap véi san phém néi, va thu cac thé bién nap sinh truéng trén dia thach LB chira 25
pg/mL cloramphenicol. Cac khuan lac thu duoc dugc nudi cdy & nhiét @6 37°C qua dém
trong moi trudng long LB chira 25 pg/mL cloramphenicol, va plasmit thu dugc dugc dat
tén 1a pMWGC.

Tién hanh khuéch dai bing phuong phap PCR bang céch sir dung gen pMWGC 1am
khu6n va stir dung CCTTTGGTTAAAGGCTTTAAGATCTTCCAGTGGACAAACTATGCC (SEQ
ID NO: 50) va GGCATAGTTTGTCCACTGGAAGATCTTAAAGCCTTTAACCAAAGG (SEQ ID
NO: 51). Sau dé, céc té bao kha bién Escherichia coli DH5a dugc bién nap véi manh ADN

thu duoc, va thu cac thé bién nap sinh truéng trén dia thach LB chia 25 pg/mL
cloramphenicol. Cac khudn lac thu dugc duoc nudi cdy & nhiét d6 37°C qua dém trong moi
trudng 1ong LB chira 25 pg/mL cloramphenicol, va plasmit pMWGKC duoc thu héi tir té

bao vi khun thu duoc.
Vidu 1l

Tao cdu truc plasmit bidu hién cho Malat Thiokinaza c6 ngudn gbc tir

Methylobacterium extorquens IAM 12632
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Methylobacterium extorquens 1AM 12632 dugc mua tir IAM Culture Collection,
Institute of Molecular and Cellular Biosciences, the University of Tokyo. IAM 12632 dugc
nudi ciy trong moi trudng (mdi truong sb: 352, NBRC), va ADN nhiém séc thé thu dugc
tir 6 bang cach sir dung bd kit DNeasy Blood & Tissue Kit (QIAGEN).

PCR duoc tién hanh béng cach sir dung ADN nhiém sic thé ctia Methylobacterium

extorquens IAM 12632 lam khudn va str dung
AAAAGGCGGAATTCACAAAAAGGATAAAACAATGGACGTTCACGAGTACCAA
GCC (SEQ ID NO: 52) va

CATGCCTGCAGGTCGACTCTAGAGGCGAGGTTCTTTTTCCGGACTC (SEQ ID
NO: 53) lam cac doan mdi, két qua 13, thu dugc manh malat thiokinaza. Ngoai ra, PCR duoc
tién hanh bing cach sit dung ADN nhidm sic thé cia Methylobacterium extorquens lam

khu6n va sir dung

GGATCCTCTAGACTGGTGGAATATATGAGCTTCACCCTGATCCAGCAG
(SEQ IDNO: 54) v GGCATGCAAGCTTTTACTTTCCGCCCATCGCGTC (SEQ ID NO:
55)

lam cac doan mdi, két qua 13, thu duge manh malyl-CoA lyaza. Manh malat thiokinaza va
manh malyl-CoA lyaza cua Methylobacterium extorquens dugc nbi véi pMWGKC, va

plasmit thu dugc dugc dit tén 1a pMWGKC_mtk(Mex)_mcl.

pPMWGKC_mtk(Mex)_mcl chira trinh tu bazo ctia gen mel (SEQ ID NO: 66), trinh
tu bazo ciia gen mtkA (SEQ ID NO: 67), va trinh tw bazo cua gen mtkB (SEQ ID NO: 68)
¢6 ngudn gdc tir Methylobacterium extorquens. Trinh tu axit amin ciia mcl, mtkA, va mtkB
¢6 ngudn gbc tir Methylobacterium extorquens dugc thé hién trong SEQ ID NO: 69, SEQ
ID NO: 70, va SEQ ID NO: 71, mdt cach tuong rng.

Vidu 12

Tao cdu truc plasmit biéu hién cho Malat Thiokinaza c6 ngudn gbc tir

Hyphomicrobium methylovorum NBRC 14180

Hyphomicrobium methylovorum NBRC 14180 dwgc mua tir NBRC (Biological
Resource Center, Biotechnology Field, National Institute of Technology and Evaluation).
NBRC 14180 dugc nudi ciy trong méi trudng (mdi trudng sb: 233, NBRC), va ADN nhiém
sic thé thu dugc tir d6 bang cach st dung bo kit DNeasy Blood &Tissue Kit (QIAGEN).

Poan mdi (SEQ ID NO: 56) dugc chuén bj dua trén trinh tw ADN ciia viing déu tan
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N cia serin-glyoxylat aminotransferaza cia NBRC 14180 (S6 ndp luu ngdn hang gen
D13739).

Dua trén trinh ty axit amin cta phosphoenolpyruvat carboxylaza ctia Hyphomicrobium
denitrificans
(http://www.ncbi.nlm.nih.gov/nuccore/300021538?from=3218417&t0=3221272&report=gbw
ithparts), do tuong déng trinh tu dugc so sanh béng cach st dung cong cu tim kiém d6 tuong
ddng cua NCBI (National Center for Biotechnology Information)
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&BLAST PROGRAMS=blastp&
PAGE TYPE=BlastSearch&SHOW DEFAULTS=on&LINK LOC=blasthome).

Poan mdi (SEQ ID NO: 57) dugc chuén bi dua trén trinh tu axit amin c6 do tuong

dong cao.

PCR duoc tién hanh bing cach sit dung cac doan mdi ciia SEQ ID NO:56 va SEQ ID
NO:57 thu dugc nhu duoc md ta & trén va ADN nhiém séc thé thu duoc & trén 1am khuén.
Manh thu duoc duge ndi vé6i ADN chuén bi duoc bing cach tiéu héa pUC19 bang Smal, nhd
d6 mot phan cua gen mé héa phosphoenolpyruvat carboxylaza duge tach dong tir gen ma hoa
serin-glyoxylat aminotransferaza c6 ngudn gbc tir Hyphomicrobium methylovorum NBRC
14180. Sau khi xac nhén trinh tu ctia dong vo tinh, cadc doan moi (SEQ ID NO: 58 va 59)

duoc chuan bi.

PCR duoc tién hanh bang céch sir dung ADN nhiém sic thé ctia Hyphomicrobium
methylovorum NBRC 14180 lam khudn va cac doan mdi ctia SEQ ID NO: 58 va 59 thu duge
nhu duoc moé ta & trén, va ADN thu dugc dugc tiéu hoa béng EcoRI va Xbal, két qua 13, thu
dugc manh ADN chtta cac gen mcl va mtk cua Hyphomicrobium. Ngoai ra, plasmit
pMWGKC mtk(Mex) mcl d& dugc mo ta & trén dugce tiéu hoa, va manh khoang 4,3 kb chira
mel duoc thu hdi. Manh thu duoc nay duoc nbi vi manh ADN chira cic gen mel va mtk cia

Hyphomicrobium. Plasmit thu dugc dugc dét tén 1a pMWGKC mcl(Hme) mtk(Hme) mcl.

pMWGKC_mcl(Hme) mtk(Hme) mcl chira trinh tu bazo cua gen mel (SEQ ID NO:
60), trinh ty bazo cua gen mtkA (SEQ ID NO: 61), va trinh tu bazo cua gen mtkB (SEQ ID
NO: 62) c6 ngudn gbe tir Hyphomicrobium methylovorum. Trinh tu axit amin ctia mcl, mtkA,
va mtkB c6 ngudn gbc tir Hyphomicrobium methylovorum 1a nhu duoc thé hién trong SEQ ID
NO: 72, SEQ ID NO: 73 va SEQ ID NO: 74, mot cach tuong Ung.

Vidu 13
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Tao céu tric plasmit biéu hién cho Malat Thiokinaza c6 ngudn gbc tir Rhizobium sp.

NGR234

Duya trén thong tin trinh ty axit amin cua cAu tric siéu phan tir beta malat thiokinaza
(S6 nop luu ngan hang gen ACP26381) va cAu tric siéu phan tir alpha sucxinyl-CoA
synthetaza (S6 ndp luu ngan hang gen ACP26382) ciia Rhizobium sp. NGR234, chidu dai
diy du cia gen ma héa malat thiokinaza duoc tbng hop (SEQ ID NO: 63). Gen thu dugc
dugc tidu hoa bing Ndel va Xbal, va dugc ndi véi pMWGKC di dugc tiéu héa bing Ndel
va Xbal. Plasmit thu duoc dugc dit tén 1a pMWGKC_mtk(Rhi). Ngoai ra, PCR duoc tién
hanh bing c4ch sir dung ADN nhiém séc thé cua Methylobacterium extorquens 1am khudn
va céc doan mdi ciia SEQ ID NO: 64 va 65, va ADN thu dugc duge tiéu héa bang Xbal va
HindIIl. Manh thu dugc dugce thyc hién xtr ly lam cun dAu, va dugc ndi v6i gen thu dugc
bing cach tiéu héa MWGKC_mtk(Rhi) bing Xbal va thuc hién xi Iy 1am cin dau déi véi
manh thu duogc va xtr 1y phosphoryl héa. Plasmit thu dugc trong d6 gen mtk va gen mcl
duge dua vao theo cling huéng duge dat tén 1a pMWGKC_mtk(Rhi)_mcl. Trinh ty axit
amin cia mtkA va mtkB c¢6 ngudn gbc tir Rhizobium sp. 1a nhu dugc thé hién trong SEQ ID
NO: 75 va SEQ ID NO: 76, mdt cach tuong ung.

Vidu 14

Chuén bi bién thé san xuét ruou isopropylic dugc dua vao Malat Thiokinaza va

Malyl-CoA Lyaza

Cic t& bao kha bién cua bién thé Escherichia coli B (atoDAB,
Apgi_gntR_gnd _1dhA_aceBA_glcB_fumAC) chuén bi dugc trong Vi du 8 duoc bién nap
v6i plasmit plaz chuan bi dugc trong Vi du 9 va mdi trong s cac plasmit ndy biéu hién mtk
va mel. Céc thé bién nap sinh trudng trén dia thach LB chira 25 mg/L cloramphenicol va

100 mg/L ampixilin dugc ddt tén nhu sau (xem Bang 2).

Sé bién thé trong Bang 2 biéu thi bién thé dugc diéu ché bing cach dua plaz va mdi
trong s& cac plasmit dugc mo ta trong Bang 2 vao bién thé Escherichia coli B (atoDAB,
Apgi_gntR_gnd 1dhA_aceBA_glcB_fumAC).
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Bang 2
S8 bién . A X A K
thé Plasmit Nguon goc mtk | Nguon goc mel
MT-1 pMWGKC_mtk(Mex)_mcl Methylobacteriu | Methylobacteriu
m extorquens m extorquens
Methylobacteriu
pPMWGKC_mcl(Hme)_mtk(Hme)_ | Hyphomicrobium | m extorquens,
MT-2 . .
mcl methylovorum | Hyphomicrobium
methylovorum
. Rhizobium sp. | Methylobacteriu
MT-3 pMWGKC_mtk(Rhi)_mcl NGR234 m extorquens
Doi N N
chimg pMWGKC Khong c6 Khoéng cé
Vidu 15

X4ac nhén viéc dua CO2 dugce gén nhan *C vao rugu isopropylic

100 ml moi trudng LB 1ong dugc bd sung vao binh Erlenmeyer dung tich 500 ml
duoc 1&p van ddi huéng, va dugc vo tring béang cach hip & nhiét 6 121°C trong 20 phit.
Ampixilin dugc bd sung vao mdi trudng da dugc vo tring d8 c6 ndng do cudi cing bang
50 pg/ml, va cloramphenicol dugc b sung d& c6 ndng dd cudi cung bing 34 pg/ml. Tiép
theo, mot vong platin ctia mdi trong s6 c4c bién thé dugc thé hién trong Bang 2 c6 tién trinh
¢b dinh cacbon dioxit duge dua vao dé dugc cdy vao mdi trudng nay, va duge nudi cly &
nhiét d6 30°C va 130 vong/phut trong khoang 20 gid.. Chi ¢6 cac té bao vi khuan dugc tach
tir chét 16ng nudi cdy bang cach ly tdm (5000 G trong 15 phut), va sau d6 cac té bao vi
khuén da tach dwoc tai tao huyén phu trong 10 mL nuédc mudi sinh 1y, nho d6 thu duoc

huy&n phii vi khuan twong tng.

Trong binh Erlenmeyer dung tich 100mL, 30 mL mdi trudng t6i thiéu M9 chira 100
mM natri hydro cacbonat dugc gén nhan *C, 50 g/L glucoza, 34 pg/ml cloramphenicol, va
50 pg/ml ampixilin dugc didu ché. 3 mL huyén phii vi khuén thu duge & trén dugce cdy vao
moi trudng ndy, va duoc nubi cdy & nhiét d6 30°C, 100 vong/phit trong 24 gid, trong khi
binh dugc bit kin bing nt silicon. Cht 16ng nudi cdy thu duge dugce loc trong diéu kién 4p
sudt giam sir dung thiét bi loc mang PTFE wa nuéc (HOS0A047A, c& 15: 0,5 pm; dudng
kinh: 47 mm; do ADVANTEC séan xuét) dit trong thiét bi giit bd loc dé loc trong diéu kién
&p sudt giam (KGS-47; do ADVANTEC san xuét), nhd d6 tach té bao vi khuan tir dich néi
b mat nudi cdy.

Thiét bi loc mang ma t& bao vi khudn dugc gin vao d6 dugc ngadm ngay trong 1,6
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mL metanol (loai LC/MS) d dugc 1am lanh xubng nhiét dd -20°C va dugc khudy, va mang
duoc dé yén & nhiét d6 -20°C trong 1 gid. Sau d6, 1,6 mL cloroform (loai HPLC) da duogc
lam lanh xubng nhiét 6 -20°C va 0,64 mL nuéc tinh khiét da duoc lam lanh xudng nhiét
d6 4°C dugc bd sung vao d6, sau do 1a tron-1ic xody trong 30 gidy. Tiép theo, dich ndi bé
mit dugc thu gom bang cach phan tach bang ly tim & nhiét do 4°C, nho d6 thu dugc chét
chiét metanol ctia t& bao vi khuén. Chét chiét thu duoc dugc phén tich bang LC-MS/MS va
su phan b khdi lugng phén tir ciia axetyl-CoA trong té bao vi khudn dugc xac dinh. Cac
két qua dugc thé hién trong Bang 3. Sy phén bd khéi Iwong phén tir clia axetyl-CoA dugc
tinh toan bang cach xéc dinh ty 1é cna cc dinh cua phép do phd khéi & khdi lugng phan tir
bang 808, 809, va 810 1a M+0, M+1, va M+2, mdt cach tuong tng.

Tir dich ndi b& miit nudi cdy thu dugc & trén, rugu va axeton dugc thu hdi mot cach
riéng r& v6i ndng dd cao bing cach chung cit, va dugc sir dyng 1am nguyén ligu thd dé xac
dinh sy phan b khdi lwgng phan tir. Sy phan bd khéi lugng phén tir ciia rugu isopropylic
va etanol trong dich ndi b& mat nudi cdy dwoc phan tich bing GC-MS. Céc két qua duoc
thé hién trong Bang 4 va 5. Su phan b6 khéi lugng phan tir cia rugu isopropylic (IPA) (Bang
4) dugc tinh toan bing cach xéc dinh ty 1€ ciia céc dinh ctia phép do phd khéi & khéi lugng
phén tir bing 117, 118, va 119 1a M+0, M+1, va M+2, mét cach tuong tmg. Sy phan b6 khoi
lugng phan tir cta etanol (EtOH) (Bang 5) dugc tinh toan bang cach xéc dinh ty 1& cua cac
dinh ctia phép do phd khéi & khéi lugng phan tir bing 103, 104, va 105 13 M+0, M+1, va

M+2, mot cach twong ung.

Bang 3
Tén mau M+0 M+1 M+2
MT-1 0,80 0,14 0,06
MT-2 0,76 0,18 0,06
Pbi chimg 0,81 0,13 0,06
Bang 4
Tén miu M+0 M+1 M+2
MT-1 0,87 + 0,01 0,10 + 0,01 0,03 + 0,00
MT-2 0,84 + 0,00 0,12 + 0,00 0,04 + 0,00
IPA c6 san trén thi
truong 0,87 + 0,00 0,10 + 0,00 0,04 + 0,00
Bang 5
Tén miu M+0 M+1 M+2
MT-1 0,87 + 0,00 0,09 + 0,00 0,04 + 0,00
MT-2 0,85 + 0,01 0,11 +0,01 0,04 + 0,00
EtOH c6 sin trén thi 0,88 + 0,00 0,09 + 0,00 0,03 + 0,00
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| trudng | | | |

Nhu duge thé hién trong Bang 3, bién thé MT-1 va bién thé MT-2 c6 ty 1& cao cia

axetyl-CoA ma !*C khong dugc két hop vao d6 (M+0) va ty 1€ cao clia axetyl-CoA ma mot
nguyén tir °C dugc két hgp vao d6 (M+1), so véi ching dbi ching. Cu thé, ty 1& ctia M+1
14 cao trong bién thé MT-2. Tur két qua nay, da phat hién thy ring cacbon c6 ngudn gbc tir
cacbonat da duoc gén nhin 12C duoc két hop vao axetyl-CoA trong bién thé MT-1 va bién

thd MT-2, va hiéu qua nay 1a dic biét rd rét dbi véi bién thé MT-2.

Hon nita, bién thd MT-2 c6 ty 1& thép ciia rugu isopropylic hodc etanol ma *C khong
duoc két hop vao d6 (M+0) va ty 1€ cao clia ruou isopropylic hodc etanol ma mgt nguyén
tir 13C duge két hop vao d6 (M+1), so vé&i rugu isopropylic hodc etanol ¢6 san trén thi trudng
(Bang 4 vaBang 5). Tu két qua ndy, ¢4 phat hién thy rang cacbon c6 ngudn gdc tir cacbonat
da dugce gén nhan *C cling dugc két hop vao rugu isopropylic hodc etanol trong bién thé

MT-2.
Vidu 16
Xac dinh hoat tinh san xuét glyoxylat sir dyung malat l1am co chét

Céc bién thé biéu hién mtk va mcl d3 dugc mo ta & trén dugce nudi céy trong 2 mL
mbi trudng LB chira 25 pg/ml cloramphenicol va 100 pg/ml ampixilin. Dung dich enzym
tho dugc chiét theo phuong phap sau. Turc 13, t& bao vi khuén trong pha sinh truéng ham sd
mii dugc thu gom bang cach ly tam, va dugc rira bang dém MOPS-K 200 mM (pH 7,7) va
sau d6 dugc hoa tan trong dém MOPS-K, sau d6 la khudy am. Dich ndi bé& mat thu duge
béi sy phén tach bang ly tm (12.0’00 vong/phiit trong 2 phut) duoc sir dung lam dung dich

enzym tho.

Ndng d protein trong dung dich enzym thd dugc x4c dinh dya trén dudng cong hiéu
chuin duoc tao ra véi céc gia tri OD & 595 nm dugc x4c dinh bang thiét bi doc dia UV
(Molecular Devices, SpectraMax 190) sir dung dung dich enzym tho va ndng do di biét ctia
BSA d& tao ra dudng cong hiéu chudn, mdi trong sb nay da dugc cho phan tng voi chit
phan tng Quick Start Bradford Dye Reagent (do Bio-Rad Labofatories, Inc. san xuét) va

duogc hién mau.

Hoat tinh enzym trong dung dich dugc xac dinh theo quy trinh sau. Cy thé, dém
MOPS-K (pH 7,7), phenylhydrazin 3,5 mM, MgCl> 10 mM, ATP 3 mM, CoA 0,3 mM, va
10% theo khdi lvgng dung dich enzym thé dugc trdn trong vi 16 va hdn hop duge i & nhiét

dd trong phong trong 30 phut. Pé 1am gi4 tri nén, sy thay ddi cia gia tri OD & 324 nm theo
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thoi gian duge xéac dinh sir dung thiét bi doc dia UV. Dung dich natri (S)-L-malat (pH 7,5)
dwoc bd sung vao hdn hop ndy dé c6 ndng do cubi ciing bing 5 mM, va sy thay doi clia gia
tri OD & 324 nm theo thoi gian dugc xéc dinh. Dé tao ra dudng cong hidu chuén dbi véi
glyoxylat, glyoxylat dugc bd sung vao dém néu trén va hdn hop duge dé yén trong 5 phit
& nhiét d6 trong phong va sau d6 cac gia tri OD ¢ 324 nm dugc xac dinh. Déi véi gia tri
cua hoat tinh enzym, d0 déc gia tri nén duoc trir khoi d6 dbc cua gia tri OD & 324 nm sau
khi bd sung natri (S)-L-malat, va gia tri thu dugc dugc chuyén hoa thanh téc dd tieu thu
glyoxylat dva trén dudng cong hiéu chudn dbi véi glyoxylat. Hoat tinh enzym cho mdi
protein dugc xac dinh bing cach chia tdc dd tiéu thu glyoxylat cho ndng d6 protein (Bang
6).

Nhu dugc thé hién trong Bang 6, x4c nhin dugc ring tit ca cac bién thé MT-1, MT-
2, va MT-3 déu c6 hoat tinh enzym. D& phat hién thdy ring bién thé MT-2 va bién thé MT-
3 ¢6 hoat tinh enzym cao hon so v&i bién thé MT-1. Trai lai, khong c6 hoat tinh enzym dugc

thé hién trong mAu ddi chimg.

Bang 6
Tén mau Hoat tinh (nmol/phut/mg protein)
MT-1 2+0
MT-2 29+0
MT-3 23+0
Ddi ching 0+0
Vidu 17

S6 lugng té bao sbng sét va ty 1é gitt dugc plasmit & bién thé dugc dua vao Malat

Thiokinaza va Malyl-CoA lyaza

Trong binh Erlenmeyer dung tich 100mL, 30 mL mdi trudong t6i thiéu M9 hodc mdi
truong LB mdi mdi trudng chira 50 g/L glucoza, 30 pg/ml cloramphenicol, va 100 pg/ml
ampixilin dugc didu ché. Mbi trong s6 cac bién thé néu trén bidu hién mtk va mcl dugc cdy
vao mdi trudng tdi thidu M9 hoic moi trudng LB va dugce nudi cdy & nhiét d6 30°C, 100
vong/phut trong 24 gio, trong khi binh duoc bit kin bing nut silicon. Chat 1ong nudi cay
dugc pha lodng bing nudc, va 100 pL chit long nudi cdy da duge pha lodng dugce cap vao
dia LB khong c6 chét khang sinh. Tng sb lugng té bao sdng sét dwoc dém. Ngoai ra, chét
16ng nudi cdy di dugc pha lofing dugc cdp vao dia LB chira 30 pg/ml cloramphenicol, va

dém sb luong té bao vi khuén giit lai plasmit chira mtk (smt) va mecl.

Nhu dugc thé hién trong Bang 7, d4 phat hién thiy ring mdi trong s bién thé MT-
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2 va bién thd MT-3 ¢6 sé lugng t& bao sdng s6t cao hon trong chét 1ong nudi cdy va sinh
trudng t6t hon, so véi bién thé MT-1. Cac plasmit chita mtk va mcl dugc duy tri 4n dinh
trong tat ca cac bién thé MT-1, MT-2, va MT-3.

Bang 7
Tén miu Mbi trudng Tong so luc_m,g t€ bao song S6 lugng céc t€ bao cd plasmit
sot mtk-mcl
MT-1 M9 1,3 x 10°/mL 0,8 x 105 /mL
MT-2 M9 6,8 x 10® /mL 9,1 x 10° /mL
MT-3 LB 2,6 x 10° /mL 9,2 x 10° /mL
Vidu 18

Tao cAu tric plasmit biéu hién cho malat thiokinaza c6 nguon goc tir Granulibacter

bethesdensis BAA-1260
ADN hé gen cua Granulibacter bethesdensis BAA-1260D-5 dugc mua tir ATCC.

PCR dugc tién hanh bing cach st dung ADN hé gen cua Granulibacter
bethesdensis lam khuon va stir dung
CCCTGAGGAGGGTCCAAGAGATGGACGTCCATGAGTACCA (SEQ ID NO: 77) va
GCTCTAGATCAGGCTGCCTGACGCCCA (SEQ ID NO: 78) 1am céc doan mdi, két qua
13, thu dugc manh mtk cua Granulibacter. Ngoai ra, PCR dugc tién hanh bang cach st dung
pMWGKC_mcl(Hme)_mtk(Hme)_mcl chuén bi dugc trong Vi du 12 1am khudn va st dung
GGAATTCACAAAAAGGATAAAA (SEQ ID NO: 79) va
TGGTACTCATGGACGTCCATCTCTTGGACCCTCCTCAGGG (SEQ ID NO: 80) lam
cac doan mdi, két qua 13, thu dugc manh mcl ciia Hyphomicrobium. PCR dugc tién hanh
bang cach st dung manh mtk cua Granulibacter thu dugc va méanh mcl cia
Hyphomicrobium 1am khuon va cac doan mdi ciia SEQ ID NO: 79 va SEQ ID NO: 78, nho
d6 thu dugc manh ADN chira mcl tir Hyphomicrobium va gen manh mtk tr Granulibacter.
Manh ADN thu dugc dugc tiéu hoa bang cic enzym gi6i han EcoRI va Xbal, va dugc ndi
vGi plasmit pMWGKC dugce didu ché trong Vi du 10. Plasmit thu dugc dugc dit tén 1a
pMWGKC_mcl(Hme) mtk(Gb).

pMWGKC mcl(Hme) mtk(Gb) chira gen mtkA (SEQ ID NO: 81) va gen mtkB
(SEQ ID NO:82) c6 ngudn gdc tir Granulibacter bethesdensis. Trinh ty axit amin ciia mtkA
va mtkB c6 ngudn gbc tir Granulibacter bethesdensis dugc thé hién trong SEQ ID NO: 107
va SEQ ID NO: 108, mdt cach tuong tng.

Vidu 19

-84-




22135

Tao cdu trac plasmit bicu hién cho malat thiokinaza c6 ngudn goc tur

Hyphomicrobium denitrificans DSM 1869

Hyphomicrobium denitrificans DSM 1869 dugc mua tr DSMZ (Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH, Germany). DSM1869 dugc
nudi cdy trong mdi trudng (mdi trudng sé: 803, DSMZ), va ADN nhim sic thé thu duoc
tir d6 bang cach sir dung b kit DNeasy Blood &Tissue Kit (QIAGEN).

PCR duoc tién hanh bing cach sir dung ADN nhiém sic thé ctia Hyphomicrobium

denitrificans lam khuén va str dung
ACCAGGGAATTCACAAAAAGGATAAAACAATGAGCTATACCCTCTACCCAACC
GTAAGC (SEQ ID NO: 83) va

GCCCACTCTAGATCAGGCAACTTTTTTCTGCTTGCCGAGAACC (SEQ ID NO: 84)
lam cac doan mdi, két qua 13, thu dugc manh mcl-mtk cia Hyphomicrobium. Manh thu
duge duge ndi véi plasmit pMWGKC_mcl(Hme)_mtk(Hme) mcl duge diéu ché trong Vi
du 12. Plasmit thu dugc duge dat tén 1a pMWGKC_mcl(Hde) _mtk(Hde)_mcl.

pMWGKC _mcl(Hde) mtk(Hde)_mcl chira trinh ty bazo cta gen mel (SEQ ID NO:
85), trinh tu bazo ciia gen mtkA (SEQ ID NO: 86), va trinh tu bazo cia gen mtkB (SEQ ID
NO: 87) c6 ngudn gbc tir Hyphomicrobium denitrificans. Trinh tu axit amin clia mcl, mtkA,
va mtkB ¢6 ngudn gbc tir Hyphomicrobium denitrificans dugc thé hién trong SEQ ID NO:
109, SEQ ID NO: 110, va SEQ ID NO: 111, m¢t cach tuong ing.

Vidu20

Tao cau tric plasmit biéu hién cho malat thiokinaza c6 nguon gbc tir Nitrosomonas

europaea NBRC 14298

Nitrosomonas europaea NBRC 14298 dugc mua tir NBRC (Biological Resource
Center, NITE). NBRC 14298 dugc nudi cdy trong mdi trudng (mdi trudng s6: 829, NBRC),
va ADN nhiém séc thé thu duoc tir 46 bing cach str dung bd kit DNeasy Blood &Tissue Kit
(QIAGEN).

PCR dugc tién hanh bang cach sir dung ADN nhiém sic thé cua Nitrosomonas

europaea lam khudn va str dung
GCGGGGGAATTCACAAAAAGGATAAAACAATGAGTCATACCCTGTATGAACCA
AAACACC (SEQ ID NO: 88) va

CAGGCGTCTAGATTAGAGTCCGGCCAGAACTTTTGCGACG (SEQ ID NO: 89) lam

, A A PR B 5 5 . 5
cac doan moi, két qua 1a, thu dugc manh mtk cua Nitrosomonas europaea. Manh thu duoc
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dugc ndi véi plasmit pMWGKC_mcl(Hme)_mtk(Hme)_mcl chuén bi dugc trong Vi du 12.
Plasmit thu duoc dugc dit tén [a pMWGKC_mcl(Ne) mtk(Ne)_mcl.

pMWGKC_mcl(Ne)_mtk(Ne)_mcl chira trinh tu bazo cia gen mcl (SEQ ID NO:
90), trinh tu bazo cua gen mtkA (SEQ ID NO: 91), va trinh tu bazo cia gen mtkB (SEQ ID
NO: 92) c6 ngudn gbc tir Nitrosomonas europaea. Trinh ty axit amin ctia mcl, mtkA, va
mtkB c6 ngudn gbc tir Nitrosomonas europaea dugc thé hién trong SEQ ID NO: 112, SEQ
ID NO: 113, va SEQ ID NO: 114, mdt cach twong Ung.

Vidu 21

Tao c4u tric plasmit biéu hién cho malat thiokinaza c6 ngudn gbc tir Methylococcus

capsulatus ATCC 33009
ADN hé gen ctia Methylococcus capsulatus ATCC 33009D-5 dugc mua tir ATCC.

PCR duogc tién hanh bing cach sir dung ADN nhim sic thé cia Methylococcus
capsulatus 1am khudn va st dung GGAATTCCATATGGCTGTTAAAAATCGTCTAC
(SEQ ID NO: 93) va GCTCTAGATCAGAATCTGATTCCGTGTTC (SEQ ID NO: 94) lam
c4c doan mdi, két qua 13, thu duge manh mcl-mtk cia Methylococcus. Manh thu duoc dugc
nbi véi plasmit pMWGKC chuén bi duoc trong Vi du 10, hodc duge ndi véi plasmit
pMWGC chudn bi dugc trong Vi du 10. Plasmit thu dugc dwgc dat tén 1la
pMWGKC_mcl(Mc)_mtk(Mc) or pMWGC_mcl(Mc)_mtk(Mc).

MBbi trong s6 pMWGKC_mcl(Mc) mtk(Mc) va pMWGC_mcl(Mc)_mtk(Mc) chira
trinh tu bazo ciia gen mcl (SEQ ID NO: 95), trinh tu bazo cuia gen mtkA (SEQ ID NO: 96),
va trinh tu bazo cta gen mtkB (SEQ ID NO: 97) c¢6 ngudn gbc tir Methylococcus capsulatus.
Trinh ty axit amin cia mcl, mtkA, va mtkB ¢6 ngudn gbc tir Methylococcus capsulatus
dugc thé hién trong SEQ ID NO: 115, SEQ ID NO: 116, va SEQ ID NO: 117, mdt cach
tuong Ung.

Vidu 22

Tao cAu tric plasmit biéu hién cho malat thiokinaza c6 ngudn gbc tr Gamma

pProteobacterium chua duoc nudi cdy (GenBank: AP011641.1)

Pé thu duoc mtk c6 ngudn gbc tir gamma proteobacterium chwa dugc nudi cdy,
mtk c6 ngudn gbc tir gamma proteobacterium dugc thiét ké dua trén trinh ty axit amin cia
GenBank: AP011641,1, va manh ADN (SEQ ID NO: 98) sau duoc diéu ché béi quy trinh
téng hop ADN.
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PCR dugc tién hanh bing cach sir dung manh ADN da dugc diéu ché 1am khuén va
sir dung GTTGAACGAGGAGATCGTCCATGAACATTCACGAATATCA (SEQ ID NO:
99) vi GCTCTAGATTAGCCAGAAACTGCAGATCC (SEQ ID NO: 100) 1am cac doan
mdi, két qua 13, thu dugc manh mtk ciia gamma proteobacterium. Ngoai ra, PCR dugc tién
hanh bang cach st dung pMWGKC_mcl(Mc)_mtk(Mc) hodc pMWGC_mcl(Mc)_mtk(Mc)
duge diéu ché trong Vi du 21 1am khuén va st dung cac doan modi ctia SEQ ID NO: 93 va
TGATATTCGTGAATGTTCATGGACGATCTCCTCGTTCAAC (SEQ ID NO: 101), nho
d6 thu dugc manh mcl cia Methylococcus. Ngoai ra, PCR dugc tién hanh bang cach sir
dung manh mtk gamma proteobacterium thu dugc va manh mcl Methylococcus thu dugc
lam khudn va str dung cac doan mdi cia SEQ ID NO: 93 va SEQ ID NO: 100, nh& d6 thu
duoc manh ADN chira gen mcl cua Methylococcus va gen manh mtk cia gamma
proteobacterium. Manh ADN thu dugc dugc ni véi plasmit pMWGKC dugc diéu ché trong
Vi du 10. Plasmit thu dugc duge dit tén 12 pMWGKC_mcl(Mc)_mtk(gamma).

pMWGKC_mcl(Mc)_mtk(gamma) chira gen mtkA (SEQ ID NO: 102) va gen mtkB
(SEQ ID NO: 103) ¢6 ngudn gdc tir gamma proteobacterium chua dugc nudi cAy. Trinh tu
axit amin cta mtkA va mtkB c6 ngudn gbc tir gamma proteobacterium chua dugc nudi chy

dugce thé hién trong SEQ ID NO: 118 va SEQ ID NO:119, mdt cach twong mg.
Vidu 23

Chudn bi bién thé duoc dwa vao malat thiokinaza va malyl-CoA lyaza, san xuét rugu
isopropylic, dugc ting cudng hé gen atoD, dugc lam khuyét gen pgi, dugc lam khuyét gen
gntR, duoc lam khuyét gen gnd, dugc 1am khuyét gen 1dhA, duge lam khuyét gen fumAC,
duge 1am khuyét gen aceBA, dugc 1am khuyét gen glcB

Cac t& bao kha bién cua bién thé Escherichia coli B (atoDAB,
Apgi_gntR_gnd 1dhA_aceBA_glcB_fumAC) chuén bi duoc trong Vi du 8 dugc bién nap
v6i plasmit plaz va mdi trong sb céc plasmit bidu hién mtk va mcl duoc diu ché trong Vi
du 18 dén 22. Cac thé bién nap sinh trudng trén moi trudng thach LB chira 25 mg/L

cloramphenicol va 100 mg/L ampixilin dugc dat tén nhu sau (xem Bang 8).

S& bién thé dwgc mo ta trong Bang 8 biu thi bién thé dwoc chuin bi bang cach dua
plaz va mdi trong s c4c plasmit dugc md ta trong Bang 8 vao bién thé Escherichia coli B

(atoDAB, Apgi_gntR gnd 1dhA_aceBA_glcB_fumAC).
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Bang 8
S4 bién . s g Az
thé Plasmit Ngudn goc mtk Nguon goc mel
Granulibacter Hyphomicrobium
MT-4 PMWGKC_mel(Hme)_mtk(Gb) bethesdensis mithylovorum
Hyphomicrobium
MT5 | pMWGKC_mel(Hde) mtk(Eide) mel | TyPhomicrobium denitrificans,
- - = denitrificans Methylobacterium
extorquens
Nitrosomonas
Nitrosomonas europaea,
MT-6 PMWGKC_mel(Ne)_mtk(Ne)_mel europaea Methylobacterium
extorquens
MT-7 pMWGKC_mcl(Mc)_mtk(Mc) Methylococcus Methylococcus
capsulatus capsulatus
MT-8 pMWGKC_mcl(Mc)_mtk(gamma) ADN Gamma Methylococcus
proteobacterium chua capsulatus
dugc nudi cly

Vidu 24
Xac dinh hoat tinh san xuat glyoxylat sir dyng malat lam co chét

Theo cach gidng nhu trong Vi dy 16, hoat tinh enzym cho mdi protein dugc x4c dinh

(Bang 9).

Nhu dugc thé hién trong Bang 9, x4c nhan dugc rang mdi trong s cac bién thé MT-
4 d&n MT-8 c6 hoat tinh enzym, va hoat tinh enzym 13 cao hon so véi bién thé MT-1. Cu
thé, d4 phat hién thy ring bién thé MT-5, bién thé MT-6, bién thé MT-7, va bién thé MT-8
¢6 hoat tinh tuong dwong hodc cao hon so véi bién thé MT-2 va bién thé MT-3 dugc thé

hién trong Vi du 16. Tréi lai, khong phét hién th4y hoat tinh enzym trong mau db6i chimg.

Bang 9
Tén mau Hoat tinh (nmol/phit/mg protein)
MT-4 7,5+ 0
MT-5 340+0
MT-6 54,0+ 0
MT-7 683+0
MT-8 434+0
MT-1 2+0
MT-2 29+0
MT-3 23+0
Pdi ching 0+0
Vidu 25

Chuén bj bién thé dugc tang cudng hé gen atoD, dugc 1am khuyét gen aceB

Dé tach dong ving kep bén trinh ty bazo cia gen ma héa malat synthaza (sau day
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trong ban md ta ndy ddi khi dugc viét tit 1a "aceB") (1602 bp), bén loai doan mdi
oligonucleotit dugc biéu thi béi GGAATTCATTCAGCTGTTGCGCATCGATTC (SEQ ID
NO: 24), GTTATGTGGTGGTCGTGCAGCTCCTCGTCATGG (SEQ ID NO: 104),
GAGCTGCACGACCACCACATAACTATGGAG (SEQ ID NO: 105), va
GGAATTCCAGTTGAACGACGGCGAGCAG (SEQ ID NO: 106) dugc tong hop. Mdi

trong s6 cac doan moi nay c6 vi tri nhén biet EcoRI ¢ phia dau 5’ ctia nd.

ADN hé gen ctia Escherichia coli B (accession No. CP000819) duge chuén bi, va
PCR dugc tién hanh bang cach sir dung ADN hé gen thu dugc 1am khudn va su dung cap
doan mdi cua SEQ ID NO: 24 va SEQ ID NO: 106, Kkét qua 13, manh ADN khoang 1,0 kb
(sau day trong ban md ta nay ddi khi dugc goi 12 "manh aceB-L ") duoc khuéch dai. Ngoai
ra, PCR duoc tién hanh bang cach sir dung cap doan mdi cua SEQ ID NO: 105 va SEQ ID
NO: 106, két qua 13, manh ADN khoang 1,0 kb (sau ddy trong ban md ta nay d6i khi duogc
goi 1a "manh aceB-R ") dugc khuéch dai. Cac manh ADN nay dugc tach riéng bang cach
dién di trén agaroza, va dugc thu hdi. PCR duoc tién hanh bang cach sir dung cac manh
aceB-L va aceB-R 1am khu6n va sir dung cép doan mdi cua SEQ ID NO: 24 va SEQ ID
NO: 108, két qua 13, manh ADN khoang 2,0 kbp (sau ddy trong ban mé ta nay doi khi duoc
goi 12 "manh aceB-LR ") dugc khuéch dai. Manh aceB-LR dugc tach riéng bing cach dién
di trén agaroza, va dugc thu hdi, dugc tiéu héa bang EcoRI, va duge tron v6i manh thu duge
bing céach tiéu héa plasmit nhay v6i nhigt do pTH18csl (S6 ndp luu ngan hang gen
AB019610) bing EcoRI va khit phosphoryl héa méanh nay. Cac manh da trn dugc dé cho
phén tmg bing cach sir dung T4 ADN ligaza. Sau d6, cac té bao kha bién Escherichia coli
DH5a (do Toyobo Co., Ltd. san xuét) duoc bién nap véi san phdm nédi, va thu céc thé bién
nap sinh trudng trén dia thach LB chira 10 pg/ml cloramphenicol & nhiét do 30°C. Plasmit
duoc thu hdi tir cac thé bién nap thu dugc, va xac nhén dugc rang manh aceB-LR dugc cai

xen mdt cach thich hop trong pTH18cs1. Plasmit thu dugc dugc dat tén 12 pTH18cs1-aceB.

Bién thé Escherichia coli B::atoDAB chuin bj dugc trong Vi du 1 dugc bién nap
vé6i plasmit pTH18cs1-aceB thu dugc theo cach nhu vay, va duge nudi ciy & nhiét d6 30°C
qua dém trén dia thach LB chira 10 pg/ml cloramphenicol, két qua 13, thu duoc cac thé bién
nap. Céc thé bién nap thu dugc dugc cdy vao moi truong léong LB chia 10 pg/ml
cloramphenicol, va dugc nudi cdy & nhiét do 30°C qua dém. Tiép theo, mdt phan chat long
nudi cdy dugc cdp vao dia thach LB chira 10 pg/ml cloramphenicol, két qua 13, thu duoc
cac khuén lac sinh truéng & nhiét do 42°C. Céc khuén lac thu dugce duoc nudi cdy & nhiét

6 30°C trong 24 gids trong méi trudng 1ong LB, va dugc cip vio dia thach LB, két qua 13,
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thu duoc cac khuén lac sinh truéng & nhiét d¢ 42°C.

Tir c4c khudn lac xuét hién, 100 khudn lac dugc chon ngdu nhién, va m&i khuan lac
dugc sinh trudong riéng r& trén dia thach LB va dia thach LB chira 10 pg/ml cloramphenicol,
va cac dong vo tinh nhay véi cloramphenicol dugc chon. Ngoai ra, ADN nhiém séc thé cta
cac dbng v6 tinh dich nay dugc khuéch dai bing PCR, va chon bién thé tir & manh khoang
2,0 kbp, ma bidu thi sy 1am khuyét gen aceB, c6 thé dugc khuéch dai. Bién thé thu duoc
duoc dat tén 13 bién thé dugc ting cudng hé gen atoD, duge lam khuyét gen aceB (sau day

trong ban mo ta nay ddi khi dugc viét tét 12 "bién thé B::atoDABAaceB").
Vidu 26

Chuén bi bién thé dugc ting cudng hé gen atoD, dugc lam khuyét gen aceB, dugc

lam khuyét gen glcB

Bién thé Escherichia coli B::atoDABAaceB chuén bj duoc trong Vi du 25 duge bién
nap voi plasmit pTH18cs1-gcIB chuén bj dugc trong Vi du 7, va dugc nudi ciy & nhiét do
30°C qua dém trén dia thach LB chira 10 pg/ml cloramphenicol, két qua 13, thu dugc cac
thé bién nap. Céc thé bién nap thu dugc duoc cAy vao moi trudong 1ong LB chira 10 pg/ml
cloramphenicol, va dugc nudi ciy & nhiét @6 30°C qua dém. Tiép theo, mdt phén chét long
nudi cdy duoc cdp vao dia thach LB chira 10 pg/ml cloramphenicol, két qua 13, thu duoc
cc khuan lac sinh trudng & nhiét do 42°C. Céc khuén lac thu dugc duge nudi cdy & nhiét
d6 30°C trong 24 gids trong mdi trrdng 1ong LB, va duge cip vao dia thach LB, két qua 13,

thu dugc cac khuén lac sinh trudng & nhiét do 42°C.

Twr cac khudn lac xuit hién, 100 khuan lac duoc chon nglu nhién, va mdi khuan lac
duoc sinh trudng riéng r& trén dia thach LB va dia thach LB chira 10 pg/ml cloramphenicol,
va cac dong vo tinh nhay véi cloramphenicol dugc chon. Ngoai ra, ADN nhiém sic thé cua
cac dong vo tinh dich nay dugc khuéch dai bang PCR, va chon bién thé tir 46 manh khoang
2,0 kbp, ma biéu thi sy 1am khuyét gen glcB, c6 thé duogc khuéch dai. Bién thé thu duogc
duoc dat tén 12 bién thé dugc ting cudng hé gen atoD, dugc 1am khuyét gen aceB, dugc
lam khuyét gen glcB (sau ddy trong ban md ta nay déi khi dugc viét tit 12 "bién thé
B::atoDABAaceBAgcIB").

Vidu 27
Chudn bj bién thé dugc ting cudng hé gen atoD, dugc 1am khuyét gen 1dhA

Bién thé Escherichia coli B::atoDAB chuén bj dugc trong Vi du 1 duoc bién nap
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v6i plasmit pTH18cs1- 1dhA chuén bj dugc trong Vi du 5, va dugc nudi ciy & nhiét 6 30°C
qua dém trén dia thach LB chira 10 pg/ml cloramphenicol, két qua 13, thu dugc cac thé bién
nap. Céac thé bién nap thu dugc dugc cdy vao moi trudng léng LB chia 10 pg/ml
cloramphenicol, va dugc nudi ciy & nhiét @6 30°C qua dém. Tiép theo, mdt phan chét long
nudi cdy dugc cdp vao dia thach LB chira 10 pg/ml cloramphenicol, két qua 13, thu duogc
cac khuan lac sinh trudng & nhiét d 42°C. Cac khun lac thu dugc duge nudi cdy ¢ nhiét
dd 30°C trong 24 gi® trong moi truong long LB, va duogc cép vao dia thach LB, két qua 13,

thu dwoc cac khuén lac sinh truéng & nhiét do 42°C.

Tir cac khudn lac xuét hién, 100 khudn lac dugc chon ngiu nhién, va mdi khuan lac
dugc sinh truéng riéng ré trén dia thach LB va dia thach LB chira 10 pg/ml cloramphenicol,
va cac dong v tinh nhay véi cloramphenicol dugc chon. Ngoai ra, ADN nhidm sic thé cia
cac dong v tinh dich nay dwoc khuéch dai bing PCR, va chon bién thé tir 46 manh khoang
2,0 kbp, ma bidu thi sy 1am khuyét gen 1dhA, c6 thé duge khuéch dai. Bién thé thu dugc
duoc dat tén 1a bién thé dugc ting cudng hé gen atoD, dugc 1am khuyét gen 1dhA (sau day
trong ban mo ta ndy doi khi dugc viét tit 1a "bién thé B::atoDABAIdhA").

Vidu 28

Chuén bi bién thé pBRgapP, pMWGC_mcl(Mc)_mtk(Mc)/B va bién thé pBRgapP,
pMWGC/B

Céc té bao kha bién cta Escherichia coli B dugc bién nap véi plasmit pBRgapP
chudn bi dugc trong Vi du 2, va plasmit pMWGC_mcl(Mc)_mtk(Mc) chudn bi dugc trong
Vi du 21 hoédc plasmit pMWGC chuén bj duoc trong Vi du 21, va duge cép vao dia thach
LB chtra 25 mg/L cloramphenicol va 100 mg/L ampixilin. Két qua 13, thu dugc cac thé bién
nap sinh trudng trén moi trudng nay.

Vidu 29

Chuén bj bién thé pla, pMWGC_mcl(Mc) mtk(Mc)/ B::atoDAB, va bién thé pla,
pMWGC/B::atoDAB

Céc t& bao kha bién cua bién thé Escherichia coli B (B::atoDAB) chudn bi duoc
trong Vi du 1 dugc bién nap véi plasmit pla chudn bi dugc trong Vi du 9, va plasmit
pMWGC_mecl(Mc)_mtk(Mc) chuin bi dugc trong Vi du 21 hoic plasmit pMWGC chuén

bi dugc trong Vi du 21, va dugc cp vao dia thach LB chira 25 mg/L cloramphenicol va 100

mg/L ampixilin. Két qua 13, thu duge cac thé bién nap sinh trudng trén mdi trudng nay.
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Vidu 30

Chuén bj bién thé pla, pMWGC_mcl(Mc)_mtk(Mc)/B::atoDABAaceB, va bién thé
pla, pPMWGC/B::atoDABAaceB

Céc t& bao kha bién cuia bién thé Escherichia coli B (B::atoDABAaceB) chuén bi
duoc trong Vi du 25 dugc bién nap véi plasmit pla chuén bj dugc trong Vi du 9, va plasmit
pMWGC_mcl(Mc)_mtk(Mc) chuén bi dugc trong Vi du 21 hodc plasmit pMWGC chuén
bi dugc trong Vidu 21, va dugc cAp vao méi trudng thach LB chira 25 mg/L cloramphenicol

va 100 mg/L ampixilin, va thu dugc cdc thé bién nap sinh truong trén mdi trudng nay.
Vidu 31

Chuin bj bién thé pla, pMWGC_mcl(Mc)_mtk(Mc)/B::atoDABAaceBAglcB, va
bién thé pla, pMWGC/B::atoDABAaceBAglcB

Céc té bao kha bién cua bién thé Escherichia coli B (B::atoDABAaceBAglcB) dugc
didu ché trong Vi du 26 dugc bién nap véi plasmit pla chuén bi duoc trong Vi du 9, va
plasmit pMWGC_mcl(Mc)_mtk(Mc) chuén bi duoc trong Vi du 21 hodc plasmit pMWGC
chudn bi duoc trong Vi du 21, va dugc cip vao moi trudng thach LB chira 25 mg/L
cloramphenicol va 100 mg/L ampixilin. Két qua 13, thu dugc céc thé bién nap sinh truong
trén moi trudong nay.

Vidu 32

Chuin bj bién thé pla, pMWGC_mel(Mc)_mtk(Mc)/B::atoDABAIdhA, va bién thé
pla, pPMWGC/B::atoDABAIdhA

Céc t& bao kha bién cua bién thé Escherichia coli B (B::atoDABAldhA) chuén bi
dugc trong Vi du 27 dugc bién nap vé&i plasmit pla chuén bi duoc trong Vi du 9, va plasmit
pMWGC_mel(Mc)_mtk(Mc) chuén bi dugc trong Vi dy 21 hogc plasmit pMWGC chuan
bi dwoc trong Vi du 21, va duge cAp vao mdi trudng thach LB chira 25 mg/L cloramphenicol
va 100 mg/L ampixilin. Két qua 13, thu dugc cac thé bién nap sinh trudng trén mdi trudng

nay.
Vidu 33
Séan xuét ruou isopropylic

Trong vi du nay, rugu isopropylic dugc san xudit bing cach sir dung thiét bi san xuét
duge thé hién trén Fig. 1 cia WO 2009/008377. Thiing nudi cdy dugc sir dung 1a thung cé
dung tich 3 L va dugc lam tir thiy tinh. Nuéce 1a dung dich thu hdi (nudce thu hdi) véi lugng
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bing 9 L cho mdi thung dugc bom vao thung thu hdi, va hai thing thu hdi dugc ndi véi

nhau dé str dung.

Danh sach cac bién thé dugc sir dung dé danh gia kha ning san xuét ruqu isopropylic

duoc thé hién trong Bang 10.
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Dé 1am gibng cly so bd, mdi trong s6 cac bién thé cin dugc danh gia dugc ciy riéng
r& vao binh Erlenmeyer c6 dung tich 500 mL va chira 50 mL canh LB Miller (Difco 244620)
chira 25 mg/L cloramphenicol va 100 mg/L ampixilin, va dugc nudi cdy qua dém & nhiét
d6 nudi cdy bing 30°C trong khi khudy & téc do 120 vong/phit. Sau d6, 45 mL gidng ciy
so bd dugc chuyén vao thing nudi cdy (thiét bi nudi cdy BMS-PI do ABLE corporation san
xuét) c6 dung tich 3L va chira 900 g méi trudng cb thanh phin sau, va duoc nudi cdy. Viée
nudi cdy duogc tién hanh & thé tich théng khi bang 0,45 Lphut, tdc dd khudy bang 490
vong/phit, nhiét d6 nudi cdy bang 30°C, va do pH bang 7,0 (dwoc didu chinh bing dung
dich nu6c NH;) dudi 4p suét khi quyén. 50 % khdi luong dung dich nuée glucoza duoc bd
sung vao méi trudng nudi cdy nay & téc do dong bang 20 g/L/gid trong khoang thoi gian tir
thdi diém bat dau nudi cdy dén 8 gid sau thoi diém bét ddu nudi cdy. Sau d6, 50 % khéi
lwgng dung dich nuéc glucoza dugce bd sung & tc dd dong bang 20 g/L/gid, khi thich hop,
sao cho lugng glucoza con trong thiing nudi cdy dugc giam dén muc tdi thiéu. Chét long
nudi cdy vi khudn duoc 14y miu mdt vai l1an trong khoang thdi gian tir thoi didm bat dAu
nudi cdy dén 30 gid sau thoi diém bit diu nudi cly, va, sau khi té bao vi khuin duoc loai
b6 bing cach tién hanh ly tdm, x4c dinh lwgng rugu isopropylic, axeton, va san phim phu
chinh tich liiy trong dich ndi bé mit nudi cdy va nudc thu hdi thu dwoc bing HPLC theo
phuong phap thong thudng. Mdi trong sb cac gia tri xac dinh 1a tdng cia cac lugng trong
chét 16ng nudi cy va hai thing thu hdi sau khi nubi cdy. Cac két qua dugc thé hién trong

Bang 11, va san phim phu dugc thé hién trong Bang 12.
<Thanh phan ciia mdi trudng nudi ciy>
Dich ngam ngd (do Nihon Shokuhin Kako Co., Ltd. san xuét), 50 g/L
Fe2S047H20: 0,1 g/L
KoHPO4: 2 g/L
KH2POq4: 2 g/L
MgS0O47H20: 2 g/L
(NH4)2S04: 2 g/L
ADEKANOL LG126 (ADEKA Corporation): 0,1 g/L

(Con lai: nuéce)
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Bang 11
L . £ . . Hiéu suét so vdi su tiéu thy
’ wong san xuat (g/30 gid) | Sy sir dung dudng (30 gid)
Tén bién thé glucoza
IPA Axeton | ®3089) | pA | 1PA+Axeton
vec/B — — 212,7 —_ _—
mtk_mcl/B — — 257,9 — —
vec/atoDAB 33,2 6,0 210,0 15,8 18,6
mtk _mcl/atoDAB 34,6 8,8 209,5 16,5 20,7
vec/atoDAB 30,8 6,1 205,3 15,0 18,0
AaceB
mtk_mcl/atoDAB 32,8 6,6 202,6 16,2 19,5
AaceB
vec/atoDAB
AaceBAglcB 31,9 5,5 204,1 15,6 18,4
mtk mcl/atoDAB
AaceBAglcB 31,9 5,6 195,3 16,3 19,1
vec/atoDABAIdhA 32,0 5,3 197,2 16,2 18,9
mtk_mcl/atoDAB
AldhA 38,6 6,8 197,9 17,4 21,3
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Két qua dénh gia cho thdy ring luong ruou isopropylic ma ching dbi chimg
(vec/atoDAB) san xuét duoc 1 33,2 g/30 gio, va luong ma bién thé dugc dua vao mtk
(mtk_mcl/atoDAB) san xuit dugc 1a 34,6 g/30 gio. Lugng axeton ma ching dbi chimg
(vec/atoDAB) san xut duoc 13 6,0 g/30 gid, va 8,8 g/30 gir dbi vai bién thé dugc dwa vao
mtk (mtk_mcl/atoDAB). Tir cac két qua ndy, da phat hién thdy ring luong san xuét rugu
isopropylic va axeton dwgc lam ting nhd dua vao mtk va mecl. Hiéu suit cua ruou
isopropylic so véi su tiéu thu dudng tai thoi diém 30 gio sau thdi diém bat du nudi cy 1a
15,8% trong ching ddi chimg (vec/atoDAB), va 16,5% trong bién thé duoc dua vao
mtk+mecl (mtk_mcl/atoDAB). Hiéu suét ciia rugu isopropylic va axeton so véi sy tiéu thy
duong tai thoi diém 30 gio sau thoi diém bat dau nudi cdy 12 18,6% trong chung dbi chimg
(vec/atoDAB), va 20,7% trong bién thé dwoc dua vao mtk+mcl (mtk_mcl/atoDAB). Tir cac
két qua nay, da cho thy rﬁng hiéu qua chuyén héa ctia dudng thanh rugu isopropylic hoic

axeton dugc 1am ting nhd dwa vao tién trinh mtk+mcl.

Dbi véi atoDABAIdhA, lugng san xuét ruou isopropylic va axeton va hiéu suét cua
rugu isopropylic va axeton so véi sy tiéu thu dudng duoc cai thién trong bién thé dugc dua
vao mtk+mcl trong tu véi trudng hop ctia atoDAB. Ddi v6i atoDABAIdhA, atoDABAaceB,
va atoDABAaceBAgIcB, higu suét so véi su tiéu thy duong duge 1am ting trong bién thé
duoc dua vao mtk+mcl, so véi hiéu suat cia chung ddi chimg (vec) ciia mdi bién thé. Do
do, tin ring su san xuét axetyl-CoA va cac chat hitu dung c6 ngudn gbc tir axetyl-CoA dugc

lam tdng mdt cach hi€u qua bdi mtk+mcl.

Bang 12 thé hién c4c san phdm phu. So véi chung ddi ching (vec/B), da phét hién
thdy ring luong etanol, pyruvat, va sucxinat dwoc lam giam trong bién thé dwoc dua vao
mtk+mcl (mtk_mcl/B) tai thoi diém 30 gio sau thoi diém bat ddu nudi cdy, va tdng lugng
san pham phu cling dwoc 1am giam mot cach bat ngd trong bién thé dugc dwa vao mtk+mel.
Tuong ty, dbi voi atoDAB, atoDABAaceB, atoDABAaceBAglcB, va atoDABAIdhA, lugng
etanol, pyruvat, va sucxinat va tdng lwong san phdm phu duoc 1am giam trong bién thé dugc
dua vao mtk+mcls so v6i cac chung d6i ching tuong tmg. Tir cac két qua nay, da phat hién

thdy ring mtk+mcl tao ra cac hiéu qua twong tu khi c6 hodc khong c6 atoDAB.

Déi véi atoDABAaceB va atoDABAaceBAglcB, hiéu suét ciia IPA va hiéu sut cia
IPA va axeton so véi su tiéu thu duong gan nhu gidng nhu trong bién thé atoDAB. Tuy
nhién, tdng lugng san pham phu dugc 1am giam trong ca céc bién thé dugc dua vao vec va
bién thé dugc dua vao mtk. Bit ngo 13, lugng lactat va sucxinat tich lily duge 1am giam mot

cich dang ké trong bién thé dugc dwa vao mtk+mcls. Do d6, atoDABAaceB va
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atoDABAaceBAglcB 13 dugc vu tién v& mit cong nghiép, vi lugng san phdm phu it hon cho
phép su giam déng ké chi phi d6i v&i qué trinh tinh ché khi rugu isopropylic hoic axeton

duogc thu gom tir chit 1ong nudi ciy.

Pbi v6i atoDABAIdhA, di cho thiy ring lugng san xuét rugu va axeton va hidu sut
clia rugu va axeton so v4i su tiéu thu dudng duogc cai thién trong bién thé dugc dua vao
mtk+mcl tuwong tu véi trudng hop cia atoDAB. Déi voi tt ca cac bién thé néu trén, hiu
suét so véi su tiéu thu dudng duoc cai thién trong bién thé duoc dua vao mtk+mecls so voi
ching dbi ching (vec). Do d6, tin ring axetyl-CoA va cac chit hitu dung ¢6 ngudn gdc tir

axetyl-CoA dugc lam ting mot cach higu qua.

Dbi v6i atoDABALdhA, téng luong san pham phu duge 1am giam, va luong pyruvat
duoc tich lity duoc 1am giam mdt cach dang ké trong bién thé dugc dwa vao mtk+mcl. Ngoai
ra, hiéu suét cia ruou isopropylic va axeton so véi sy tiéu thy dudng duge lam ting trong
bién thé atoDABAIdhA dugc dua vao mtk+mcl, cho thdy ring ruou isopropylic va axeton
duogc san xudt mot cach hiu qua bai ca tién trinh glucoza va tién trinh mtk+mcl. Luong san
phim phu trong atoDABAIdhA dugc 1am giam tuong ty véi trudng hop clia atoDABAaceB
va atoDABAaceBAglcB. Ngoai ra, hiéu sudt clia rugu isopropylic va axeton so véi su tiéu
thy dudng dugc cai thién trong atoDABAIdhA khi mtk+mcl dwgc dua vao. Cac két qua nay
cho th4y ring, trong qua trinh san xuét rugu isopropylic va/hoic axeton trén quy mé cong
nghiép, ¢ sy pha v& 1dhA 13 dugc wu tién xét vé viéc 1am giam chi phi ddi v6i qua trinh
tinh ché khi thu gom rugu isopropylic vi/hoic axeton va xét v& viéc 1am ting hidu sudt cia
chung.

Tién trinh san xuét rugu isopropylic va tién trinh san xuét axeton khong dwoc dua
vao bién thé B. Vi lugng axetat dugc 1am ting mot cach déng ké trong bién thé B, tin ring
axetyl-CoA chil yéu dugc chuyén héa thanh axetat. Ngoai ra, gia dinh rang lugng ting
axetyl-CoA duoc chuyén héa thanh axetat va etanol trong bién thé duoc dua vao mtk+mcl
(mtk_mcl/B). Céc két qua nay cho thay ring luong axetyl-CoA dugc Iam ting béi tac dong

cua mtk+mcl ngay cé trong cac bién thé B.
Vidu 34
Tao cau triic plasmit pGAPS

Pé thu dugc gen khang spectinomyxin, tién hanh khuéch dai bing phuong phap PCR
bang cach sir dung plasmit pIC156 (Steinmetz et. Al., Gene, 1994, 142(1): 79-83) lam khuén

va
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CCGCGGTACCGTATAATAAAGAATAATTATTAATCTGTAGACAAATTGTGAAAGG
(SEQ ID NO: 120) va
CTTTTGTTTATAAGTGGGTAAACCGTGAATATCGTGTTCTTTTCAC (SEQ ID NO:
121), va manh ADN thu dugc dugc phosphoryl hoa bang céch sir dung T4 Polynucleotit
kinaza (Toyobo), két qua 13, thu dugc manh ADN chita gen khang spectinomyxin. Ngoai ra,
plasmit pGAP dugc xir Iy bang Pvul, vi manh ADN thu dugc dugc thyc hién xir Iy 1am cun
diu bing Toyobo BLUNTING HIGH, va dugc ndi véi manh ADN chira gen khang
spectinomyxin da dugc mo ta & trén. Sau do, cac t& bao kha bién Escherichia coli DH5a.
duoc bién nap v6i san phdm ndi, va thu céc thé bién nap sinh truéng trén dia thach LB chua
120 pg/mL spectinomyxin. Cac khuan lac thu dugc dugc nudi cAy qua dém trong moi trudng

long LB chitra 120 pg/mL spectinomyxin, va plasmit thu dugc dugc dat tén la pGAPS.
Viduy 35
Chuén bi plasmit pGAPS_gcl

ADN nhiém séc thé thu duoc tir Escherichia coli MG1655 sir dung bd kit DNeasy
Blood &Tissue Kit (QIAGEN). Dya trén operon chira glyoxylat carboligaza (gcl, NCBI-
GI:  945394), hai  loai  doan  mdi  dugc  bitu  thi  boi
AAGAACTCTAGAACAAAAAGGATAAAACAATGGCAAAAATGAGAGCCGTTGA
CGCGGCAATG (SEQ ID NO: 122) va
GACCAGCTGCAGTCAGGCCAGTTTATGGTTAGCCATTAATTCCAGC (SEQ ID NO:
123) dugc chuén bi.

Ngoai ra, hai loai doan moi duoc biéu thi bai
ACACAACTGCAGACAAAAAGGATAAAACAATGAAGATTGTCATTGCGCCAGAC
TCTTTTAAAGAGAGCT (SEQ ID NO: 124) va

GCCCCCAAGCTTTCAGTTTTTAATTCCCTGACCTATTTTAATGGCGCAGG  (SEQ
ID NO: 125) dugc chuén bi.

Sy khuéch dai bing PCR dugc tién hanh bang cach sir dung ADN nhiém sic thé cia
Escherichia coli MG1655 1am khuén va sir dung cac doan mdi cia SEQ ID NO: 122 va 123
thu duoc nhu duge mo ta & trén, két qua 13, thu duge manh ADN khoang 3 kb. Ngoai ra, sy
khuéch dai bing PCR dugc tién hanh bing cach st dung ADN nhidm sic thé cua
Escherichia coli MG1655 1am khudn va str dung cac doan mdi ciia SEQ ID NO:124 va 125
thu duoc nhu dugc mé ta & trén, két qua 13, thu dugc manh ADN khoang 1,1 kb. Cac ADN

thu dwoc nay duge tiéu héa bing Pstl, va cac manh nay dugc ndi voi nhau. Sw khuéch dai
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bing PCR dugc tién hanh bing cich st dung ADN d3 ndi lam khudn va sir dung
AAGAACTCTAGAACAAAAAGGATAAAACAATGGCAAAAATGAGAGCCGTTGA

CGCGGCAATG (SEQ ID NO: 126) va
GCCCCCAAGCTTTCAGTTTTTAATTCCCTGACCTATTTTAATGGCGCAGG (SEQ
ID NO: 127) lam cac doan mdi, két qua 13, thu dugc manh ADN. Manh ADN thu dugc dugc

tiéu hoa bing cac enzym giéi han Xbal va HindIIl, va dugc ndi véi plasmit pGAPS ma da

duoc tiéu hoa béng cac enzym giéi han Xbal va HindIll. Sau @6, Escherichia coli DH5a.
dwoc bién nap véi san pham ndi, va duoc nudi ciy trén dia thach LB chira spectinomyxin,

va plasmit dugc thu hdi tir cac thé bién nap thu duoc.

Plasmit ny duoc tiéu héa bang cac enzym giéi han Clal va HindIIl, va manh ADN
khoang 4 kb chira pGAPS va gen gcl duoc thu hdi. Manh ADN nay duoc thuc hién xur Iy
1am cin dAu va ty ndi. Escherichia coli DH5a duoc bién nap véi san phdm ndi, va duge
nudi cdy trén dia thach LB chira 120 pg/mL spectinomyxin. Té bao vi khuén sinh truong
trén dia nay dwgc nudi cdy trong mdi trudng long LB chira 120 pg/mL spectinomyxin, két
qua 13, thu dugc céc thé bién nap. Plasmit duoc thu hdi tir cac thé bién nap thu dugc, két

qua 13, thu dugc plasmit pGAPS_gcl.
Vidu 36
Thu dugc bién thé Pantoea ananatis PA

Plasmit RSFCPG dugc thu hdi tir Pantoea ananatis AJ13601 (chung ndp luu patent
BP-7207). Plasmit RSFCPG la plasmit khang tetraxyclin c¢6 céc enzym glutamat
dehydrogenaza, xitrat synthaza, va phosphoenolpyruvat carboxylaza xuc tdc phan ing cua
qué trinh sinh t6ng hop L-glutamat (JP-A s6 2001-333769). Pantoea ananatis AJ417 (ching
ndp luu patent BP-8646) dugc bién nap véi RSFCPG bing cach sir dung phwong phap
CaCl, (Molecular Cloning, 3rd edition, Cold Spring Harbor press, 2001), va duoc nudi cdy
trong moi trudng 16ng LB chtra 10 pg/mL tetraxyclin, két qua 13, thu duoc Pantoea ananatis
AJ417/RSFCPG (sau déy trong ban mb ta nay doi khi duoc viét tit 1a "Bién thé PA").

Vidu 37
Chuén bi bién thé Pantoea ananatis dugc 1am khuyét gen aceB

Toan bd trinh tu cia ADN hé gen cia Pantoea ananatis AJ13355 (ching ndp luu
patent BP-6614) di dugc biét (S6 ndp lwu ngan hang gen AP012032), va trinh ty bazo cua
gen ma hoa malat synthaza cia Pantoea ananatis (sau day trong ban md ta nay déi khi dugce

goi 13 "PAaceB") ciing di dugc bao céo (S6 ndp lwu ngan hang gen NC_017531). Dé tach
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dong ving kep bén trinh ty bazo ciia gen mi héa aceB (1,599 bp), bén loai doan mdi
oligonucleotit duoc biéu thi boi
GACTCTAGAGGATCCCCGGGATGACAGACTCGGTTATCAACAGTGAATTACTTT
TCAG (SEQ ID NO: 128),

GACGGGACGGCGGCTTTGTTGGCTTCCGCGTTATGAAAAAAGTAGAGA
GC (SEQ ID NO: 129),

TTGAGACACAACGTGGCTTTCCCAGCAAGGACAGCGCGCGCAATGAAT
G (SEQ ID NO: 130), va

ATGACCATGATTACGAATTCTCAGGGAAGCAGGCGGTAGCCTGGCAGAG
TCAG (SEQ ID NO: 131) dugc tdng hop.

Ngoai ra, dé tach dong gen khang kanamyxin, hai loai doan mdi oligonucleotit durgc
biéu thi boi
TTTTTCATAACGCGGAAGCCAACAAAGCCGCCGTCCCGTCAAGTCAGC
(SEQ ID NO: 132) va

CGCGCGCTGTCCTTGCTGGGAAAGCCACGTTGTGTCTCAAAATCTCTGA
TGTTACATTGC (SEQ ID NO: 133) dugc téng hop.

ADN hé gen ciia Pantoea ananatis AJ417 duoc diéu ché, va sy khuéch dai bing
PCR duogc tién hanh bﬁng cach sir dung ADN hé gen thu dugc 1am khudn va cip doan mdi
cia SEQ ID NO: 128 va SEQ ID NO: 129, két qua 13, thu dwgc manh ADN chira trinh tu
kep bén gen aceB (sau ddy trong ban mo ta nay d6i khi dugc goi 1a "manh PAaceB-L").
Ngoai ra, sy khuéch dai bang PCR dugc tién hanh bing cach sir dung cip doan mdi cua
SEQ ID NO:130 va SEQ ID NO: 131, két qua 13, thu duoc manh ADN chta trinh tu kep
bén gen aceB (sau day trong ban mo ta nay doi khi dugc goi 12 "manh PAaceB-R"). Ngoai
ra, sy khuéch dai bang PCR duoc tién hanh bang cach sir dung plasmit pUC4K c6 gen khang
kanamyxin va str dung cdp doan mdi cua SEQ ID NO: 132 va SEQ ID NO: 133, két qua la,
manh ADN chira gen khang kanamyxin (sau day trong ban mo ta nay d6i khi dugc goi l1a
"manh KanR") dugc khuéch dai. Plasmit pUC18 dugc xir Iy bang EcoRI va Xmal, nhd d6
chuén bj dugc manh pUC18. Cac manh PAaceB-L, manh PAaceB-R, manh KanR, va manh
pUC18 nay dugc thu hdi, va cdc manh ndy dugc tron ciing nhau va duge xir Iy bang cach
sir dung bd kit tach dong In-fusion HD cloning kit (Invitrogen). Cac t& bao kha bién
Escherichia coli DH50, NEB50; New England Biolabs) dugc bién nap véi san phim phan

{ng, va dugc nudi cdy trén dia LB chira 30 pg/mL kanamyxin. Plasmit dugc thu hdi tir cac

-102-



22135

thé bién nap thu duoc, va bing cach giai trinh tw ADN d4 xac nhan duge ring vecto pUC
18 dugc tao cdu triic sao cho trinh tuw cua "trinh tu kep bén 5' ciia aceB_gen khang
kanamyxin_ trinh tu kep bén 3' ciia aceB" dugc bao gdm. PCR dugc tién hanh bang cach

sit dung plasmit nay lam khuon va st dung

GCCGCCGAATTCCCGAAAAGTGCCACCTGACGTCTAAGAAACC (SEQ
ID NO: 134) va

ATGACCATGATTACGAATTCTCAGGGAAGCAGGCGGTAGCCTGGCAGAG
TCAG (SEQ ID NO: 135). San phdm khuéch dai dugc tinh ché va duogc tiéu hoa bing
EcoRlI, sau d6 13 qua trinh ty ndi ctia manh thu dwoc bang cch sir dung ADN ligaza (Takara),
két qua 13, thu dugc plasmit khong ¢6 gbe sao chép. Pantoea ananatis AJ417 duoc bién nap
v6i plasmit thu dugc, va dugc nudi cdy trén dia LB chira 30 pg/mL kanamyxin. C4c khuén
lac thu dwogc dugc thuc hién PCR hé gen va giai trinh tw ADN, va x4c nhén dugc ring gen
aceB dugc 1am khuyét mot cach thich hop. Vi khuin thu duoc duoc bién nap véi RSFCPG
bing cach sir dung phuong phap CaCly, va dugc nudi cdy trong mdi truong LB chira 10
pg/mL tetraxyclin. Bién thé thu dugc dugc dit tén 12 bién thé Pantoea ananatis AJ417 duge
1am khuyét gen aceB (sau ddy trong ban mé ta nay dbi khi dugc viét tit 12 "bién thé
PAAaceB").

Vidu 38
Chuén bj bién thé Pantoea ananatis dugc 1am khuyét gen fumA

ADN hé gen ctia Bacillus subtilis subsp. subtilis str. 168 (ATCC 23857) duoc chuén
bi, va tién hanh khuéch dai bang phuong phap PCR bing cach sir dung ADN hé gen thu
dugc lam khudn va sit dung AGTCTAGAGATCCTTTTTAACCCATCAC (SEQ ID NO:
136) va AGTCTAGAAGTCGATAAACAGCAATATT (SEQ ID NO: 137) lam cac doan
mdi. Manh ADN thu dugc dugc tiéu héa bing enzym giéi han Xbal, nhd d6 thu dugc manh
ADN khoang 2,0 kbp chira gen sacB. Manh ADN thu dugc duoc tron véi manh ADN chudn
bi dugc bang cach tiéu héa plasmit pHSG298 (Takara) bang enzym giGi han Xbal va thuc
hién xir ly phosphataza kiém ddi v6i san phdm thu dugc, va cic manh da trén dugc nbi bing
cach sir dung ligaza. Céc t& bao kha bién Escherichia coli DH50. (Toyobo Co., Ltd., DNA-
903) duoc bién nap véi san pham ndi thu duoc, va thu cac thé bién nap sinh truong trén dia
thach LB chira 25 pg/mL kanamyxin. Plasmit dugc thu hdi tir té bao vi khuén thu duoc, két
qua 13, thu duoc plasmit pHSG-sacB, trong d6 manh ADN chira gen sacB dugc cai xen
trong pHSG298.
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Toan bd chiéu dai cua plasmit pEA320, dugc tim thdy ban ddu trong Pantoea
ananatis AJ13355, da duoc biét (NCBI Reference Sequence NC 017533,1), va trinh tu
bazo cuia gen mé hoa fumarat hydrataza 16p I (sau day trong ban mé ta nay doi khi dugc goi
1a "fumA") cling d4 dugc béo céo. Dé tach dong viing kep bén trinh ty bazo ctia gen ma hoéa
fumA (1,647 bp), bdn loai doan mdi oligonucleotit dugc bidu thi boi
GCAACGTTGGCTCTCATCT (SEQ ID NO: 138),
CGGGATCCAAACACGCGGCGGAAAACA (SEQ ID NO: 139),
CGGGATCCGTTAACGCAGGCTGAC (SEQ ID NO: 140), va
GCTGCTGGCGTACTGGTTC (SEQ ID NO: 141) dugc téng hop.

ADN h¢ gen cta Pantoea ananatis AJ417 dugc chuén bi, va PCR duoc tién hanh
bing céach str dung ADN hé gen thu dugc lam khudn va st dung cép doan mdi ciia SEQ ID
NO:138 va SEQ ID NO:139, két qua 14, manh ADN khoang 0,7 kb (sau ddy trong ban md
ta nay ddi khi dugc goi 1a "manh fumA-L ") dugc khuéch dai. Ngoai ra, PCR dugc tién hanh
béng cach str dung cép doan mdi cia SEQ ID NO:140 va SEQ ID NO:141, két qua 13, manh
ADN khoang 0,9 kb dugc khuéch dai (sau ddy trong ban mé ta nay dbi khi dugc goi 1a
"fumA-R manh").

Cac manh ADN nay dugc tach riéng bang cach dién di trén agaroza va dugc thu hdi,
va mbi trong s6 manh fumA-L va manh fumA-R dugc tiéu héa bang BamHI. C4c manh thu
duoc duoc ndi bang cach sir dung ligaza, va ddu 5’ cta san phim di duoc ndi duge
phosphoryl héa béng cach sir dung T4 Polynucleotit kinaza. Manh ADN thu duoc dugc tron
v6i manh ADN dugc diéu ché bang cach tiéu hoa pHSG-sacB dd dugc mé ta & trén bing
BamHI va tiép theo thuc hién xtr Iy 1am cin ddu d6i v6i san phdm thu dugce bing T4 ADN
polymeraza va xir Iy bang phosphataza kiém, va cdc manh d4 tron dugc ndi bing cach sir
dung ligaza. Sau d6, cac té bao kha bién Escherichia coli DH5a (do Toyobo Co., Ltd. san
xuét) dugc bién nap véi san pham ndi, va thu cac thé bién nap sinh trudng trén dia thach
LB chira 25pug/ml kanamyxin & nhiét d6 30°C. Plasmit dugc thu hdi tir cac thé bién nap thu
duoc, va xac nhan dugc ring hai manh — manh ving kep bén 5’ & phia trén va manh ving
kep bén 3’ & phia dudi cua gen mé héa fumA — dugc cai xen mot cach thich hgp trong
pHSG-sacB. Plasmit thu dugc dugc dat tén 1a psacB-PAfumA.

Plasmit psacB-PAfumA c6 kha ning sao chép trong Pantoea ananatis. Do d6, dé thu
dugc plasmit dé 1am khuyét gen fumA khong c6 gdc sao chép va s& khong duoc sao chép
trong Pantoea ananatis, su khuéch dai bdi PCR dugc tién hanh bang cach sir dung psacB-
PAfumA lam khuon va cép doan mdi cia CTTTACACTTTATGCTTCC (SEQ ID NO: 142)
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va TTGAGCTCGAGAGGTCTGCCTCGTGA (SEQ ID NO: 143) c6 vi tri nhan biét Sacl
& phia ddu 5’ clia n6, két qua 13, thu dwgc manh ADN khoang 5 kb. Manh ADN thu dugc
duge tiéu héa bing Sacl va dugc dé cho ndi bing cach sir dung ligaza, két qua 13, thu duoc
plasmit pPAfumA. pPAfumA thu dugc chira manh fumA-L, manh fumA-R, gen sacB, va
gen khang kanamyxin, nhung khong c6 gdc sao chép. Pantoea ananatis AJ417 dugc bién
nap voi pPAfumA bang cach duc 16 dién, va dugc cdp vao dia thach LB chira 40 pg/ml
kanamyxin. Dong v tinh lai chéo don sinh truéng trén moi truong néu trén dugc nudi cdy
qua dém trong moi trudng long LB, va mot phan chat 1ong nudi cdy dugc cdp vao moi

truong thach LB chira 10% (khdi lugng/thé tich) sucroza.

Tiép theo, trong s6 cac dong vé tinh thu dugc véi méi truong néu trén, cac dong vo
tinh nhay kanamyxin sinh truong trén mdi trudng chira sucroza dugce chon. Ngoai ra, ADN
nhidm séc thé cua cac dong vo tinh nay dugc khuéch dai bang PCR bing cach sir dung cip
doan mdi ctia SEQ ID NO: 138 va SEQ ID NO: 141, va chon bién thé tir 46 manh khoang
1,5 kbp, ma biéu thj su lam khuyét gen fumA, c6 thé duoc khuéch dai. Bién thé thu duoc
dwoc dat tén 14 bién thé Pantoea ananatis AJ417 duge 1am khuyét gen fumA (sau déy trong
ban md ta ndy d6i khi dugc viét tét 13"bién thEPAAfumA").

Vidu 39

Chuén bi bién thé duoc 1am khuyét gen Pantoea ananatis fomA, duge lam khuyét

gen fumC

Dé tach dong ving kep bén trinh ty bazo cua gen ma héa fumarat hydrataza 16p II
(sau day trong ban md ta nay déi khi dwoc goi 1a "fumC") (1,398 bp), bdn loai doan mdi
oligonucleotit dugc biéu thi bdi TCGCCATGATGCTGCTGTG (SEQ ID NO: 144),
CGGGATCCGACTTAGCGTCATCGGTTG (SEQ ID NO: 145),
CGGGATCCGATGAAGATTGCTAACGACG (SEQ ID  NO: 146), va
TGATGCCGACAATATTACGC (SEQ ID NO: 147) duoc tdng hop.

ADN hé gen cua Pantoea ananatis AJ417 duge chuin bi, va PCR duoc tién hanh
bang céach str dung ADN hé gen thu dugc 1am khuén va st dung cip doan mdi cia SEQ ID
NO: 144 va SEQ ID NO: 145, két qua 13, manh ADN khoang 0,8 kb (sau dy trong ban md
ta nay do6i khi duge goi 13 "manh fumC-L") dugc khuéch dai. Ngoai ra, PCR dugc tién hanh
bing cach sir dung cip doan mdi cia SEQ ID NO: 146 va SEQ ID NO: 147, két qua 13,
manh ADN khoang 0,7 kb (sau ddy trong ban md ta nay doi khi dugc goi 1a "manh fumC-
R ") dugc khuéch dai.
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Céac manh ADN ndy dugc tach riéng bang cach dién di trén agaroza, va duogc thu hdi.
MB&i trong s6 cac manh fumC-L va manh fumC-R dugc tidu héa bing BamHI, va cac manh
ndy dugc dé cho nbi bang cach sir dung ligaza, sau d6 13 xir Iy phosphoryl héa du 5° bing
cach st dung T4 Polynucleotit kinaza. Manh ADN thu dugc dugc trdn véi manh ADN
chuén bj dugc bang cach tiéu héa pHSG-sacB dugc diéu ché trong Vi du 38 bing BamHI
va tiép theo thuc hién xtr ly lam cun dau d6i vé6i san phim thu dugc bing T4 ADN
polymeraza va xir Iy bang phosphataza kiém, va cac manh d3 tron dugc ndi bing cach sir
dung ligaza. Sau d6, céc té bao kha bién Escherichia coli DH5a (do Toyobo Co., Ltd. san
xuét) dugc bién nap v6i san phdm ndi thu dugc, va thu cac thé bién nap sinh trudng trén dia
thach LB chira 25 pg/mL kanamyxin & nhiét dd 30°C. Plasmit dugc thu hdi tir cac thé bién
nap thu dugc, va x4ac nhan dugce rﬁng hai manh — manh vung kep bén 5’ & phia trén va
manh ving kep bén 3’ & phia duédi cia gen ma hdéa fumC — dugce cai xen mot cach thich

hop trong pHSG-sacB. Plasmit thu dugc dugc dat tén 1a psacB-PAfumC.

Plasmit pPAfumC d& 1am khuyét gen fumC khong c6 gbc sao chép va s& khong dugc
sao chép trong Pantoea ananatis thu dugc theo cach gibng nhu trong Vi du 38 ngoai trir 1a
sir dung plasmit psacB-PAfumC thay cho psacB-PAfumA,. Ngoai ra, cac dong v6 tinh nhay
kanamyxin sinh truéng trén moi truong chira sucroza duge chon theo cach giéng nhu trong
Vi du 38, ngoai trlr 12 sir dung plasmit pPAfumC thay cho pPAfumA va sir dung bién thé
PAAfumA thay cho Pantoea ananatis AJ417. ADN nhiém sic thé cia cic dong vo tinh nay
dugc khuéch dai bang PCR bang céach st dung cip doan mdi cia SEQ ID NO: 138 va SEQ
ID NO: 141, va chon bién thé tir 6 manh khoang 1,5 kbp, ma biéu thi sy 1am Kkhuyét gen
fumC, c6 thé dugc khuéch dai. Bién thé thu dugc dugc bién nap véi RSFCPG bing phuong
phap CaCl, va dugc nudi cdy trong mdi truong LB chira 10 pg/mL tetraxyclin. Bién thé
thu dugc dugc dit tén 13 bién thé Pantoea ananatis, duogc lam khuyét gen fumA, dugc lam
khuyét gen fumC (sau ddy trong ban md ta ndy ddi khi dugc viét tit 12 "bién thé
PAAfumAC").

Vidu 40
Tao céu triic bién thé Pantoea ananatis 3& danh gia

MBi trong s bién thé Pantoea ananatis PA chudn bi dugc trong Vi du 36, bién thé
PAAaceB chuén bj dugc trong Vi du37, va bién thé PAAfumAC chuén bi dugc trong Vi du
39, dugc bién nap véi pGAPS chuén bj dugc trong Vi du 34, pGAPS_gcl chudn bj duoc
trong Vi du 35, pMWGKC chuin bji dugc trong Vi du 10, va/hoic
pPMWGKC_mcl(Mc) mtk(Mc) trong Vi du 21 bang phuong phap CaCl, hogc duc 15 dién,

-106-



22135

va dugc cép vao dia thach LB chira 30pg/mL cloramphenicol, 120pg/mL spectinomyxin,
va 15ug/mL tetraxyclin. Khuén lac sinh trudng trén dia duoc str dung 1am bién thé dé dénh

gi4. Céc bién thé thu dugc dugc tém tit trong Bang 13.
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Vidu4l
Xéc nhén su két hop ciia CO, duoc gén nhan *C vao glutamat & bién thé Pantoea

M3i trong sb cac bién thé Pantoea dich dugc nudi ciy so bd trong mdi trudng LB
chira 30 pg/mL cloramphenicol, 120 pg/mL spectinomyxin, va 15 pg/mL tetraxyclin & nhiét
d6 30°C, 220 vong/phit. Cac t& bao vi khudn dugc thu gom tir qua trinh nubi cdy so bd
bang cach phan tach bing ly tm (5000 vong/phut trong 5 phiit). Chuan bj 2 mL mdi trudng
t6i thiéu cho Pantoea (17 g/L Na;HPO412H,0, 3 g/L KH,PO4, 0,5 g/L. NaCl, 1 g/L NH4Cl,
10 mM MgSOs, 10 uM CaClz, 50 mg/L L-lysin, 50 mg/L L-Methionin, pH 6,0) chira 100
nM natri hydro cacbonat (dwgc danh diu bing °C), 20 g/L glucoza, 30 pg/mL
cloramphenicol, 120 pg/mL spectinomyxin, va 15 pg/mL tetraxyclin, va té bao vi khuan thu
dugc duge bd sung vao d6 sao cho OD duoc didu chinh trong khoang tir 1 dén 5. Sau khi
bit kin binh nudi cdy, té bao vi khudn duoc nudi cdy & nhiét dd 30°C, 220 vong/phit trong
1 ngay. Chét 16ng nudi ciy duoc 14y miu mot cach dinh ky, va céc t& bao vi khuin dugc
loai b bang cach phan tach bang ly tim (12.000 vong/phit trong 3 phat). Dich ndi bé mat
thu dugc dugc loc qua thiét bi loc mang PTFE wa nudc (Millipore Corporation,
MSGVN2B50), nhd d6 thu dugc miu nudi cdy. Cac bién thé duoc sir dung 1am mau nudi

cdy dugc tom tit trong Bang 13.

Dé xac dinh ham luong 1*C cuia glutamat trong m&i méu nubi cdy, 500 uL MTBSTFA
véi 1% TBDMSCI (do Sigma-Aldrich Co. san xuét, 375934) va 500 uL. DMF khé dugc bd
sung vao lugng mAu thich hop, ma dwoc 1am khd bang cach, vi du, siy déng khd hozc lam
khé bang chan khéng. Hdn hop thu dugc dugc gia nhiét & nhiét ¢ 80°C trong 2 gid, va sau
d6 duge tach bang cach ly tim (14.000 vong/phiit trong 5 phut). Dich ndi bé mat thu duoc
dugc phan tich bdi GC-MS (Agilent 7890A va 5975¢). Tién hanh xac dinh dién tich tuong
{ig ciia cac dinh phd khdi & khdi lwgng phén tir bang 432, 433, va 434, mi trong s nay
duoc gia dinh 1a twong ung véi chu tric trong d6 mot nhém butyl duogc loai bé khoi din
xudt glutamat. G ddy, gia st rang khdi lwgng phan tir bing 432 tuong ing vdi ciu tric trong
d6 tt ca cac nguyén tir dugc tao thanh tir cac chat ddng vi ddi dao nhét, khdi lwong phén tir
bing 433 twong (g vai cu tric chira mot notron, va khéi lwong phén tir bing 434 tuong
{ing v6i cAu tric chira hai notron. Céc dinh & khdi lugng phén tir bang 432, 433, va 434
dugce xéac dinh 1a [M+0], [M+1], va [M+2], mdt cach twong ung. Gia tri ciia [M+1]/[M+0]
duogc v& @b thi trén truc x va gi tri ciia [M+2]/[M+0] dugc v& db thi trén truc y. Cac két qua

phan tich dugc thé hién trong Bang 4.

Trong qué trinh 1én men glutamat théng thudng, *C c¢6 ngudn gdc tir NaH*COs
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duogc két hop thong qua oxaloaxetat vao glutamat chi & vi trf C1 hodc C5. Do d6, cac gia tri
d3 duge mo ta & trén s& duoc dit trén dudng tham chiu. Pudng tham chiéu dugc xac dinh

theo cac phuong trinh sau.
X =(Xo-Xox o+ a)/(l -a).
y =(yo-yo*xa+xoxa)(l-a).

o bidu thi ty 18 caa chit ddng vi *C trong cacbon c6 ngudn gbc tir CO2 (¢ vi tri C1
hodc vi tri C5) trong glutamat [=*C/('3C+'2C)]. x va y biéu thi toa d6 cua diém bt ky trén
dudng tham chiéu. xo va yo biéu thi cAc gié tri clia x va y, gia dinh ring ty 1& chit ddng vi
ctia 12C trong cacbon c6 ngudn gdc tir CO2 (& mot trong sb vi tri 1 va vi tri 5 ciia glutamat)
trong glutamat 14 100% va ty 1& chit dong vi ctia cac nguyén tir khac 14 gidng nhu ty 16 chat
ddng vi tw nhién cia chung (tirc 13, gia tri ciax va y, néu a=0). Xo va yo dugc dat & gia tri
bing 0,358527 va 0,16822084314, mot cach twong ting. Bing cach giai phuong trinh néu

trén, dudng tham chiéu dugc biéu thi bang phuong trinh sau.
y=xo'x+yo-xo2

Trong tién trinh san xuit glutamat ndi tai, *C c6 ngudn gdc tir NaH'>*CO; duoc cb
dinh boi enzym cb dinh cacbon dioxit nhu phosphoenolpyruvat carboxylaza (ppc), pyruvat
carboxylaza (pyc), hodc phosphoenolpyruvat carboxykinaza (pck), va duoc két hop thong
qua oxaloaxetat vao glutamat & vi tri C1 hodc vi tri C5. Méc du céc gia tri cua [M+1] va
[M+2] thay dbi tiry thudc vao ty 18 ciia '2CO, va 1>CO, dugc két hop béi ppe, cac gié tri nay
luén dugc v& dd thi trén dudng tham chiéu trong trudng hop trong d6 su két hop xay ra &
mdt vi tri. Mit khéc, trong trudng hop trong d6 tién trinh ¢ dinh cacbon dioxit du dinh s&
thuc hién chirc ning, *C duge két hgp vao glutamat thong qua ca oxaloaxetat va axetyl-
CoA. Trong trudng hop nay, c6 kha ning 1a *C duoc két hop vao glutamat ca & vi tri C1 va
vi tri C5, két qua la, gia tri [M+2] phai dugc 1am ting dé taora gia tri dugc vE dd thi & trén

dudng tham chiéu.

Nhu duogc thé hién trén Fig. 4, mdi trong sb bién thé PA/mtk mcl_gcl, bién thé
PAAaceB/mtk_mcl_gcl, va bién thé PAAfumAC/mtk_mcl gcl tao ra gié tri duoc v& dd thi
chu yéu bén trén duong tham chiéu. Tuc 13, tin ring CO, d3 duoc cd dinh dwoc két hop vao
glutamat thong qua axetyl-CoA. Mit khac, ching ddi chimg (PA/vec) tao ra gié tri dugc v&
dd thi trén dudng tham chiéu, va su két hop ciia 1°C thong qua axetyl-CoA khong dugc quan
sat thdy. Twong tu, su két hop cia 1°C thong qua axetyl-CoA khong dugc quan sét thiy

trong bién thé ma chi dugc dwa vao mtk+mcl (PA/mtk_mcl). Tin ring, vi Pantoea ananatis
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khéng c6 gel, viée chi truyén mtk va mcl 1a khéng du & cho phép su chuyén héa tiép cua
glyoxylat, va, do d6, phan tg khong dién ra tiép. Tir cac két qua ndy, da cho thdy ring,
nhu dugc thé hién trén Fig. 1, khong chi c6 viéc dua vao mtk va mcl ma ca viée lién két vé6i

tién trinh gcl & phia dudi 13 cin thiét cho su chuyén héa CO, thanh axetyl-CoA.
Vidu 42
San xuit glutamat bai bién thé Pantoea

Luong glutamat va luong san phdm phu trong chét 1ong nudi cdy trong Vi du 41
duogc x4c dinh. Lugng glutamat trong mAu nudi cdy duge x4c dinh bing cach st dung HPLC
(2695, Waters) dugc 1ip cot NN-814 (Showa Denko K.K.) va bd dd UV/Vis (2489, Waters).
Luong glucoza va cac san phdm khéc trong phan dich loc dugc x4c dinh bing cach sir dung
HPLC (2695, Waters) dugc lip c6t ULTRON PS-80H (Shinwa Chemical Industries Ltd.)
va bd do RI (2414, Waters). Cac két qua dugc thé hién trong Bang 14 va 15.

Bang 14
Tén bién thé Hiéu suat so vdi sg'r‘tléu thy duong Xac nhéu}}sl,r két hop
(24 giov) C
PA/vec 9% -
PA/mtk mcl 10% -
PA/mtk mcl/gcl 11% +
PAAaceB/mtk_mcl/gcl 16% +
PAAfumAC/mtk_mcl/gcl 16% +
Bang 15
San phim phu (g/L/24 gid)
Tén bién thé 23 Tong
Etanol | Pyruvat | Sucxinat | Lactat | Axetat gl lugng san
BDO 5
pham phu
PA/vec 0,0 0,0 4,3 0,8 0,0 0,7 5,8
PA/mtk_mcl 0,0 0,0 3,0 0,5 1,7 0,1 5,2
PA/mtk_mcl/gcl 0,0 0,0 3,2 0,5 1,2 0,1 5,0
PAAaceB/mtk_mcl/gcl 0,0 0,0 0,3 0,4 0,0 0,0 0,7
PAATumAC/mticmelle 1 g,y 0,0 00 | 07 | 37 | 00 4,6

Bién thé dugc cam (mg mtk+mcl+gcl (PA/mtk_mcl/gcl) cho thdy hiéu sudt dugc cai
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thién so véi sy tiéu thu dudng, so v6i chung dbi chimg (PA/vec) va bién thé dugc cam tmg
mtk+mcl (PA/mtk_mcl). Trong trudng hop cé su pha v& clia gen aceB hodc gen fumAC
(PAAaceB/mtk_mcl/gcl, PAAfumA C/mtk_mcl/gcl), hiéu suét so v&i su tiéu thy dudng duoc
lam ting tiép.

Déi vé6i lugng san phdm phu, so véi chiing dbi chimg (PA/vec), d4 bit ngd phat hién
thdy ring, lugng sucxinat va 2,3-butandiol (2,3-BDO) dugc lam giam va tong luong san
phim phu dugce 1am giam trong bién thé duoc dua vao mtk+mcl+gcl (PA/mtk_mcl/gel).
Ngoai ra, so v6i bién thé khong bi phé v& gen aceB (PA/mtk_mcl/gcl), d& bét ngd cho thiy
rang, lugng sucxinat va axetat dugc 1am giam, va tdng lugng san phdm phuy cling duge 1am
giam mot cach rd rét trong bién thé bj pha v& gen aceB (PAAaceB/mtk_mcl/gcl). Trong bién
thé bj pha v& gen fumAC (PAAfumAC/mtk_mcl/gel), lugng sucxinat dugc lam giam mot
cach rd rét so v6i bién thé khong bi pha v& gen fumAC (PA/mtk_mcl/gel), nhung lugng
axetat dugc 1am tang va tbng luong san phdm phu duoc 1am giam. C4c bién thé nay 13 dugce
u tién vé& mit cong nghiép, vi lugng san phdm phu it hon 1am giam déang ké chi phi dbi véi

qua trinh tinh ché khi glutamat dwoc thu gom tir chat 16ng nudi cdy.

Hiéu qua lam giam san phdm phu néu trén dugc quan sat thdy mot cach tuong tu
trong bién thé PA khong c6 RSFCPG.

Vidu43
Chuén bi plasmit pCASET

Tién hanh khuéch dai bang phuong phap PCR bing cach st dung pHSG298 (Takara)
lam khuén va st dung CGCCTCGAGTGACTCATACCAGGCCTG (SEQ ID NO: 148) va
CGCCTCGAGGCAACACCTTCTTCACGAG (SEQ ID NO: 149) lam c4c doan mdi, va
méanh ADN thu dugc duge tiéu héa bing enzym giéi han X#ol va dugce @ cho ndi bang
cach str dung ligaza. Sau do, cac té bao kha bién Escherichia coli DH50, (Toyobo Co., Ltd.,
DNA-903) dwoc bién nap véi san phdm ndi, va thu cac thé bién nap sinh trudng trén dia
thach LB chira 25 pg/mL kanamyxin. Cac plasmit dugc thu hdi tir c4c té bao vi khuén thu
dugc, va plasmit trong d6 vi tri nhéan biét ctia Xhol duoc cai xen trong pHSG298 dugc dit
tén 1a pHSG298-Xhol.

Dé thu dugc gen khai dau tac, tién hanh khuéch dai bang phuong phap PCR bang
caich st dung pKK223-3  (Pharmacia) 1am  khudn va st dung
ATCATCCAGCTGTCAGGCAGCCATCGGAAG (SEQ ID NO: 150) va
ATCCCCGGGAATTCTGTT (SEQ ID NO: 151) lam cac doan mdi, va manh ADN thu dugc

-112-



22135

dugc tiéu hoa bang cac enzym gidi han Pvull va Smal, két qua 13, thu manh ADN khoang
0,2 kbp mé hoa gen khéi d4u tac. Manh ADN thu dugc dugc tron véi manh ADN khoang
2,4 kbp chuén bi dugc bang cach tiéu hoa plasmit pHSG298-Xhol bang enzym gi6i han
Pvull va thuc hién xir Iy phosphataza kiém d6i v6i san phdm thu dugc, va cac méanh da trén
duoc ndi bing cach sir dung ligaza. Sau d6, cc t& bao kha bién Escherichia coli DH5a
(Toyobo Co., Ltd., DNA-903) dugc bién nap voi san phém ndi, va thu cac thé bién nap sinh
trudng trén dia thach LB chira 25 pg/mL kanamyxin. Plasmit dugc thu hdi tir t bao vi
khuén thu dwoc, nhd d6 thu dugc plasmit pHSGT1 trong d6 gen khai dau lac cia pHSG298-
Xhol duoc thay thé bang gen khai ddu tac va gen khéi dau tac duge cai xen theo cling hudng

nhu gen khéi dAu lac ban dau.

Dé nbi vi tri da tach dong ctia pHSG298 véi vi tri & phia dudi ciia gen khoi déu tac
cua pHSGT1, pHSG298 dugc tiéu hoa bang cac enzym gi6i han EcoRI va Clal, nho d6 thu
dugc manh ADN khoang 1,0 kbp chira vi tri da tach dong cia pHSG298. Manh ADN thu
dwoc duge trdn véi manh ADN khoang 1,7 kbp chudn bi dugc bang cach tiéu hoa plasmit
pHSGT]1 bing cac enzym gi6i han EcoRI va Clal va thuc hién xir Iy phosphataza kiém dbi
v6i san phém thu duge, va cac manh da tron duogc nbi béng cach sir dung ligaza. Sau do,
céc t& bao kha bién Escherichia coli DH5a (Toyobo Co., Ltd., DNA-903) dugc bién nap
v6i san phdm ndi, va thu cac thé bién nap sinh trudng trén dia thach LB chira 25 pg/mL
kanamyxin. Plasmit dugc thu hdi té bao vi khuan thu dugc, nhd d6 thu dugc plasmit
pHSGT?2 trong d6 vi tri da tach dong ctia pHSG298 dwoc ndi véi vi tri & phia dudi ciia gen

khoi dau tac.

Manh ADN sau (SEQ ID NO:152) chira gbc sao chép, repA, va repB cua
pCASE1(Appl Microbiol Biotechnol (2009) 81:1107-1115) tach duoc tir Corynebacterium
casei JCM 12072 dwoc chuén bi boi quy trinh tdng hgp ADN. Trinh tu ctia manh nay duoc
thé hién duéi day.

CGCCTCGAGCACTGGAAGGGTTCTTCAGGGGAACCCCCGGAAACCGGG
GAAACATCTGACTTGGTTAAATGTCGTATTATGAACACGCCGAGGAATGAAAAC
CGACCGTGCACGCTCGTGTGAGAAAGTCAGCTACATGAGACCAACTACCCGCC
CTGAGGGACGCTTTGAGCAGCTGTGGCTGCCGCTGTGGCCATTGGCAAGCGAT
GACCTCCGTGAGGGCATTTACCGCACCTCACGGAAGAACGCGCTGGATAAGCG
CTACGTCGAAGCCAATCCCGACGCGCTCTCTAACCTCCTGGTCGTTGACATCGA
CCAGGAGGACGCGCTTTTGCGCTCTTTGTGGGACAGGGAGGACTGGAGACCT
AACGCGGTGGTTGAAAACCCCTTAAACGGGCACGCACACGCTGTCTGGGCGC

-113-



22135

TCGCGGAGCCATTTACCCGCACCGAATACGCCAAACGCAAGCCTTTGGCCTATG
CCGCGGCTGTCACCGAAGGCCTACGGCGCTCTGTCGATGGCGATAGCGGATAC
TCCGGGCTGATCACCAAAAACCCCGAGCACACTGCATGGGATAGTCACTGGAT
CACCGATAAGCTGTATACGCTCGATGAGCTGCGCTTTTGGCTCGAAGAAACCG
GCTTTATGCCGCCTGCGTCCTGGAGGAAAACGCGGCGGTTCTCGCCAGTTGGT
CTAGGTCGTAATTGCGCACTCTTTGAAAGCGCACGTACGTGGGCATATCGGGAG
GTCAGAAAGCATTTTGGAGACGCTGACGGCCTAGGCCGCGCAATCCAAACCAC
CGCGCAAGCACTTAACCAAGAGCTGTTTGATGAACCACTACCTGTGGCCGAAG
TTGACTGTATTGCCAGGTCAATCCATAAATGGATCATCACCAAGTCACGCATGT
GGACAGACGGCGCCGCCGTCTACGACGCCACATTCACCGCAATGCAATCCGCA
CGCGGGAAGAAAGGCTGGCAACGAAGCGCTGAGGTGCGTCGTGAGGCTGGAC
ATACTCTTTGGAGGAACATTGGCTAAGGTTTATGCACGTTATCCACGCAACGGA
AAAACAGCCCGCGAGCTGGCAGAACGTGCCGGTATGTCGGTGAGAACAGCTC
AACGATGGACTTCCGAACCGCGTGAAGTGTTCATTAAACGTGCCAACGAGAAG
CGTGCTCGCGTCCAGGAGCTGCGCGCCAAAGGTCTGTCCATGCGCGCTATCGC
GGCAGAGATTGGTTGCTCGGTGGGCACGGTTCACCGCTACGTCAAAGAAGTTG
AAGAGAAGAAAACCGCGTAAATCCAGCGGTTTAGTCACCCTCGGCGTGTTCAA
AGTCCATCGTAACCAAGTCAGCTCGAGGCG

Manh ADN chuén bj dugc dugc tiéu hoa bing enzym gidi han XAol. Manh ADN thu
dwgc duge tron véi manh ADN chuén bj duge bing céach tidu hoéa plasmit pHSGT2 bing
enzym gidi han Xhol va thuc hién xtr ly phosphataza kidém d6i véi san phém thu duoc, va
cac manh d3 tron dugc nbi bang cach sir dung ligaza. Sau d6, cac té bao kha bién
Escherichia coli DH50. (Toyobo Co., Ltd., DNA-903) dugc bién nap véi san pham ndi, va
thu c4c thé bién nap sinh trudng trén dia thach LB chira 25 pg/mL kanamyxin. Céac plasmit
duogc thu hdi tir cac té bao vi khuén thu dugc, va plasmit trong d6 manh ADN chira géc sao
chép, repA, va repB cua pCASE1 dugc cai xen & vi tri nhdn biét Xhol cua pHSGT2 duogc
d3t tén 1a pCASET. Trong pCASET duoc thu hdi, repA c6 ngudn gbe tir pPCASE1 dugc cai

xen theo hudng nguoc so véi gen khai dau tac.
Vidu 44
Tao c4u triic plasmit pPCASEL

Manh ADN dugc tdng hop trong Vi du 43 (SEQ ID NO: 152) chira gbc sao chép,
repA, va repB cia pCASE1 dugc tiéu héa bang enzym gi6i han X%o0l. Manh ADN thu duoc
dugce tron véi manh ADN chuén bi dugc bang cach tiéu héa plasmit pHSG298-Xhol dugc
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didu ché trong Vi du 43 bing enzym gi6i han X#ol va thuc hién xir Iy phosphataza kiém dbi
v6i san pham thu dugc, va cdc manh da tron dugc ndi bang cach st dung ligaza. Sau d6,
céc té bao kha bién Escherichia coli DH5a dugc bién nap véi san phdm nbi, va thu cac thé
bién nap sinh truéng trén dia thach LB chtra 25 pg/mL kanamyxin. Céc plasmit dugc thu
hdi tir c4c t& bao vi khudn thu dugc, va plasmit trong d6 manh ADN chira gbc sao chép,
repA, varepB cia pCASE1 duoc cai xen & vi tri nhan biét Xhol cia pHSG298-Xhol duge
dat tén 1a pCASEL. Trong pCASEL duoc thu hdi, repA c6 ngudn gdc tir pCASE1 dugc cai

xen theo hudng nguoc so véi gen khéi dau lac c6 ngudn gbc tir pHSG298.
Vidu 45

Tao céu triic plasmit biéu hién cho mtk va mel c6 ngudn gbc tir Methylococcus

capsulatus

PCR duogc tién hanh bing cach sir dung pMWGKC_mcl(Mc)_mtk(Mc) lam khudn
va sir dung cip doan mdi clia
GGAATTCACAAAAAGGATAAAACAATGGCTGTCAAGAACCGTCTAC (SEQ ID
NO: 153) va CGAATTCTCAGAATCTGATTCCGTGTTCCTG (SEQ ID NO: 154), két
qua 13, thu dugc manh ADN chira mcl-mtk ctia Methylococcus. M3i trong sb cac doan mdi
cia SEQ ID NO: 153 va 154 ¢6 vi tri nhan biét EcoRI & phia dau 5°. Mbi trong s6 manh
ADN thu dugc va plasmit pCASET dugc tiéu hda bing EcoRI va duge khir phosphoryl héa,
va cac manh thu duge duge dé cho ndi. Twong tw, manh ADN thu dugc va plasmit pCASEL
dugce tiéu hoa. Bing cach giai trinh tw ADN, x4c nhan dugc ring manh mcl-mtk duoc cai
xen trong theo hudng thich hop cho sy biéu hién véi gen khai d4u cua plasmit. Plasmit thu

duge dugc dat tén 1a pCASET_mcl(Mc)_mtk(Mc) hodc pCASEL_mcl(Mc)_mtk(Mc).
Vidu 46

Tao chu tric plasmit biéu hién cho mtk c6 ngudn gdc tir Granulibacter bethesdensis,

Nitrosomonas europaea, va Hyphomicrobium methylovorum

Céc té bao Escherichia coli kha bién dam/dem (New England Biolabs) dugc bién
nap véi mdi trong sb pPMWGKC_mcl(Hme) mtk(Gb),
pMWGKC_mcl(Hme) mtk(Hme) mcl, va pMWGKC_mcl(Ne)_mtk(Ne), va dugc sinh
truong trén mdi trudng LB chira 30 pg/mL cloramphenicol. Plasmit thu hdi tir d6 dugc tidu
héa bang cac enzym gi6i han EcoRI va Xbal, két qua 13, thu dwgc manh ADN khoang 3 kb
chira mtk va mcl. Manh ADN chira mtk va mcl duoc ndi véi plasmit pPCASEL ma d3 dugc

tiéu hoa bang cac enzym gidi han EcoRl va Xbal, nho do didu ché duogc cac vecto
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pCASEL_mcl(Hme) mtk(Hme),

va

cac vecto nay c6 mtk cia Granulibacter bethesdensis, Nitrosomonas europaea, hodc

Hyphomicrobium methylovorum.

Céc plasmit d6i v6i Corynebacterium da chun bi dugc dugc tom tit trong Bang 16.

Bang 16
S4 bién . A A A K
thé Plasmit Nguodn goc mtk Nguon goc mcl
Granulibacter Hyphomicrobium
MT-9 PCASEL_mcl(Hme) mtk(Gb) bethesdensis methylovorum
MT-10 | pCASEL_mcl(Hme) mtk(Hme) Hyphomicrobium Hyphomicrobium
methylovorum methylovorum
Nitrosomonas Nitrosomonas
MT-11 pCASEL_mcl(Ne)_mtk(Ne) europaea europaca
MT-12 pCASEL_mel(Mc)_mtk(Mc) Methylococcus Methylococcus
capsulatus capsulatus
MT-13 pCASET mel(Mc)_mtk(Mc) Methylococcus Methylococcus
capsulatus capsulatus
Viduy 47

Xac dinh hoat tinh mtk & Corynebacterium

Corynebacterium glutamicum ATCC 13012 dugc bién nap véi mdi trong sb cac
plasmit dugc diéu ché trong Vi du 45 va Vi du 46 bang cach duc 15 dién. San phim thu
dwoc duoc cAp vao dia thach LB chira 15 pg/mg kanamyxin, va dugc nudi cdy & nhiét do
30°C trong tir 1 dén 4 ngay. Cac khuén lac thu dugc dugc nudi cdy & nhiét do 30°C trong
tir 1 dén 4 ngay trong mdi trudng long LB chira 15 pg/mg kanamyxin, va té bao vi khuén
duoc thu gom bang cach phan tach bing ly tdm. Cac t& bao vi khudn dugc tao huyén phu
trong dém MOPS-K (pH 7,7), va huyén phu thu duge duge nghién_ bang céc hat thiy tinh
0,1 mm st dung thiét bi Beads Shocker (MB5000, Yasui Kikai Corporation). Sau dé, dich
ndi bé mit thu dugc bing cach phén tach bang ly tim (13.000 vong/phut trong 2 phut) duoc
str dung 1am chét chiét enzym thd d6t bién. Hoat tinh trong té bao vi khudn dugc xac dinh |
bang cach sir dung chit chiét niy theo cach gidng nhu trong Vi dy 16. Cac két qua dugc thé

hién trong Bang 17.
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Bang 17
S6 bién thé Plasmit Hoat tinh (nmolphut/mg)
MT-9 pCASEL_mcl(Hme) mtk(Gb) 5,5
MT-10 pCASEL_mcl(Hme) mtk(Hme) 8,3
MT-11 pCASEL_mcl(Ne)_mtk(Ne) 11,0
MT-12 pCASEL_mcl(Mc)_mtk(Mc) 51,3
MT-13 pCASET mcl(Mc) mtk(Mc) 99,1

Trong trudng hop trong d6 plasmit pCASEL dugc sir dung 1am vecto bidu hién,
plasmit biéu hién mtk c6 ngudn gbc tir Methylococcus capsulatus tao ra gia tri hoat tinh cao
nhét. Ngodi ra, so v6i Bang 9, hdu nhu quan sat thdy mdi twong quan giéng nhu vay giita
mtk ¢ hoat tinh cao va mtk c6 hoat tinh th:?'lp. Viéc danh gi4 hoat tinh ctia mtk c6 ngudn
gbc tir Methylococcus capsulatus dugc dwa vao pCASEL va dugc dua vao pCASET cho
thiy hoat tinh cao hon trong bién thé c6 mtk dugc dua vao pCASET.

Vidu 48
Tao cAu tric plasmit bidu hién cho mtk, mcl, gcl, va glxR trong Corynebacterium

Rhodococcus jostii NBRC16295 dugc mua tir NBRC (Biological Resource Center,
Biotechnology Field, National Institute of Technology and Evaluation). NBRC16295 dugc
nudi ciy trong méi trudng (mdi trudng sb: 802, NBRC), va ADN hé gen thu duge tir d6
bing cach sir dung bd kit DNeasy Blood &Tissue Kit (QIAGEN). PCR duoc tién hanh bang
cich st dung ADN h¢ gen nay lam khudn va so¢  dung
CGAGCTCAAGCTTACAAAAAGGATAAAACAATGAGCACCATTGCATTCATCGG
(SEQ ID NO: 155) va CGGGATCCCTAGTCCAGCAGCATGAGAG (SEQ ID NO: 156)
1am cac doan mdi, két qua 13, thu dugc méanh glxR-gel ciia Rhodococcus (SEQ ID NO: 157).
Ménh thu dugc dugc tiéu héa bang Sacl va BamHI, va san phim thu dwoc duogc nbi véi
ménh thu dugc bing cach tiéu héa pCASET mcl(Mc) mtk(Mc) bing Sacl va BamHL
Plasmit thu dugc dugc dit tén 1a pCASET_mcl(Mc)_mtk(Mc) gIxR(Rj) gcl(Rj).

Vidu 49

Tao céu tric bién thé Corynebacterium glutamicum d& dénh gia su san xut glutamat

va su két hop cua 1°C

Corynebacterium glutamicum DSM1412 (sau ddy trong ban md ta nay doi khi duoc

goi 13 "ching CG") dugc bién nap v6i mdi trong s cac plasmit di duoc tao cAu tric trong
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Vi du 43, 45, va 48 bang cach duc 18 dién, va duoc cdp vao dia thach LB chira 15 pg/mL
kanamyxin. Khun lac sinh trudng trén dia nay duoc st dung 1am bién thé dé danh gia. Cac

bién thé thu duoc dwoc tém tit trong Bang 18.
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Viduy 50

Xé4c nhan viéec dua CO, dugc gin nhin'3C vao glutamat trong cac bién thé

Corynebacterium

M3i trong sb cac bién thé vi sinh vét can dugc phan tich dugc nubi cdy trong 2 mL
mdi trudng LB long chira 15 ug/mL kanamyxin & nhiét d6 30°C va 280 vong/phit cho dén
khi dat duoc su sinh truéng du. Trong binh Erlenmeyer dung tich 100 mL dugc lap ludi
khudy, 10 mL méi trudng t6i thidu [30 g/L (NH4)2SOs4, 3 g/L Na;HPO4, 6 g/L KH,POs, 2
g/L NaCl, 84 mg/L CaCls, 3,9 mg/L FeCls, 0,9 mg/L ZnSO4-7H-0, 0,3 mg/L CuCl2-H-0,
5,56 mg/L MnSO45H20, 0,1 mg/L (NH4)sMo07024-4H-0, 0,3 mg/L Na:B4O7-10H20, 0,4
g/L MgS04-7H20, 40 mg/L FeSO47H20, 500 pg/L Vitamin B1-HCI, 0,1 g/L EDTA, 10
ug/L Biotin] cho Corynebacterium chira 20 g/L glucoza va 15 pg/mL kanamyxin dugc diéu
ché. 1 mL gidng cdy trong mdi trudng LB léng & trén duge bd sung vao d6, va hdn hop
dwogc nudi cly trong tir 1 dén 4 ngay cho dén khi dat dén su sinh truéng du, nho d6 thu duoc
gibng cAy so b. Tir gidng cdy so bd niy, té bao vi khudn dugc thu gom bing cach phan

tach bang ly tdm (5000 vong/phut trong 5 phit).

2 mL mdi trudng nudi cy cho Corynebacterium (ndng dd cudi ciing cua Biotin dugc
thay dbi dén 2 pg/L) chira 100 mM natri hydro cacbonat (dwgc gén nhin *C), 20 g/L
glucoza, 1,5% (khéi luwong/thé tich) Tween 60 (do Sigma-Aldrich Co. san xuét), va 15
pg/mL kanamyxin dugc diéu ché, va t bao vi khuén tir giéng cdy so bd dugc bd sung vao
d6 sao cho OD duoc bd sung vao d6 sao cho OD duoc diéu chinh trong khoang tir 1 dén 5.
Sau khi bit kin binh nudi ciy, té bao vi khudn dugc nudi cdy & nhiét d6 30°C va 150
vong/phut trong tir 1 &n 2 ngay. Chét long nudi cdy dugc iy mau mot cach dinh ky, va té
bao vi khudn dugc loai bo bang cach phan tach bing ly tim (Millipore Corporation, 12.000
vong/phit trong 3 phut). Dich ndi bé mit thu dugc dugc loc qua thiét bi loc mang PTFE wa
nuée (Millipore Corporation, MSGVN2B50), nho d6 thu dwoc mau nudi cdy. Ham luong
13C ctia mAu nudi ciy dugc phan tich theo cach gidng nhu trong Vi du 41. Tirc 13, dién tich
tuong tmg cua cac dinh & khdi luong phéan tir bing 432, 433, va 434 trong phan tich GC-
MS duoc xac dinh 1a [M], [M+1], va [M+2], m{t cach tuong Ung, va gia tri cua [M+1]/[M]
dugc v& db thi trén truc x va gia tri cia [M+2]/[M] dugc v& db thi trén tryc'y. Duong tham

chiu thu dugc bing cach tinh toan theo phuwong phap dugc mé ta trong Vi du 41.

Dua trén Fig. 5, bién thé dugc dua vao mtk+mel+gcl+glxR (CG/mtk_mcl_gel_gIxR)
tao ra gia tri duoc v& db thi bén trén duong tham chiéu, va tin ring CO, di dugc cd dinh

duoc két hop vao glutamat théng qua axetyl-CoA. Mit khéc, ching dbi ching (CG/vec),
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tao ra gia tri dugc v& dd thi hdu nhu nim trén duong tham chibu, va su két hop cua 1>C
thong qua axetyl-CoA khong dugc quan sat thay. Tuong tu, bién thé duoc dwa vao mtk+mcl
(CG/mtk_mcl) tao ra gié tri dugc v& db thi hiu nhu ndm trén dudng tham chiéu, va khong
quan sat thdy sw két hop cia 1°C thong qua axetyl-CoA. Tin ring, vi Corynebacterium
glutamicum khéng c6 gel va gIxR, viéc chi truyén mtk va mel 12 khéng du @& cho phan ting
dién ra, nhu trong trudng hop clia Pantoea ananatis.

Vidu 51

Thir nghiém san xuét glutamat & c4c bién thé Corynebacterium

Lugng glutamat va lugng san phdm phu trong chét 1ong nudi cdy trong Vi du 50
duoc xac dinh. Theo cach giéng nhu trong Vi du 42, glutamat, glucoza, va cac hop chét hitu

co khéc trong chét 1ong nudi ciy dwoc phan tich. Cac két qua dugc thé hién trong Bang 19
va 20.

Bang 19
A 1AL L1 A Hiéu suét so véi su tiéu thu duong Két qua cua phén
Tén bién thé (24 gity) tich BC
CGlvec 2% -
CG/mtk_mcl 3% -
CG/mtk_mcl_gcl gIxR 6% +
Bang 20
San pham phu (g/L/24 gid)
Tén bién thé Tona 1 -
Etanol | Pyruvat | Sucxinat | Lactat | Axetat onggu’qng san
pham phu
CG/vec 0,0 0,0 0,2 1,6 0,3 2,1
CG/mtk_mcl 0,0 0,0 0,3 1,6 0,3 2,2
CG/mtk_mcl gel gIxR 0,0 0,0 0,1 0,6 0,2 0,9

Bién thé dugc dua vao mtk+mcl+gcl+glxR (CG/mtk_mel_gcl_glxR) cho thay hiéu
suat dugc cai thién so véi sur tiéu thu dudng, so véi ching dbi ching (CG/vec) va bién thé

(CG/mtk_mcl) trong d6 chi c6 mtk+mcl dugc dua vao.

D6i véi lugng san pham phuy, so v&i ching d6i chimg (CG/vec), da bat ngdy phéat hién
thdy rang, lugng lactat duoc 1am giam chu yéu va tdng luong san phdm phu duge lam giam

trong bién thé dugc dua vao mtk+mcl+gcl+glxR (CG/mtk_mcl_gel_glxR). Trong bién thé
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(CG/mtk_mcl) trong d6 chi c6 mtk+mcl dugc dua vao, lugng san phim phu 13 hiu nhu

giéng nhu lwong san phdm phy trong ching dbi chimg.
Vidu 52

Tang cudng hoat tinh bang cach dua cac ddt bién vao gen ma héa malat thiokinaza

c6 ngudn gbc tir Methylobacterium extorquens

PCR duoc tién hanh bang cach st dung pMWGKC_mtk(Mex) mecl 1am khudn va
mdi trong sb cac cip doan mdi dugc thé hién trong Bang 21. Khudn dugc tiéu héa bing
enzym gigi han Dpnl. Sau d9, cac té bao kha bién Escherichia coli DH5a dugc bién nap
v6i san phim thu dugc, va thu cac thé bién nap sinh trudng trén dia thach LB chira 10 pg/mL
cloramphenicol. Cac khuén lac thu dugc dugce nubi cdy & nhiét dd 30°C qua dém trong moi
truong 1ong LB chira 10 pg/mL cloramphenicol. Plasmit dugc thu hdi tir mot phan chit long
nudi cdy, va trinh tw ADN ctia né dugc kiém tra. Plasmit trong d6 dot bién dyu dinh duoc
dua vao mét cach thich hop dugc sir dung 1am mAu dot bién. MAu nay dugc nudi cdy so bd
trong mdi trudng 16ng LB chira 10 pug/mL cloramphenicol, va sau d6 dugc cdy vao 3 mL
mdi trudng LB 10ng chira 10 pg/mL cloramphenicol va dugc nudi cay & nhiét d6 30°C va
280 vong/phut qua dém. Hai mililit ciia giéng cdy dugc tach bang cach ly tim & téc do
10.000 vong/phit trong 5 phut dé loai bé dich ndi bé mit, va 2 mL dém phosphat 10 mM
(pH 7,0) duogc b sung vao d6, sau d6 1a rira cac té bao. Buée rira dugc lap lai mét 14n, va
c4c té bao dugc tao huyén phi trong 500 pL dém phosphat 10 mM (pH 7,0). Huyén pht thu
dugc dugc nghién bing cac hat thuy tinh 0,1 mm st dung thiét bi Beads Shocker
(MB5000, Yasui Kikai Corporation), va dich nbi bé mit thu dwgc bang cach phan tach bang
ly tAm (13.000 vong/phiit trong 2 phiit) dugc sir dung 1am chét chiét enzym thd dot bién.

Hoat tinh cia mdi cht chiét enzym thé dot bién dugc danh gia theo phwong phap
dugc md ta trong Vi du 16. Céc két qua dugc thé hién trong Bang 21. Két qua 13, dot bién
Q244E trong mtkB va dot bién L1441 trong mtkB cai thién gia tri hoat tinh so v&i mtkB
khong duogc dot bién. Ngoai ra, hoat tinh dugc cai thién bang cach dwa axit amin khac vao
vi tri Q244 ctia mtkB, khi axit amin dugc duavao laA, L, I, M, N, Y, K, hodc R. Ngoai ra,
hoat tinh dwoc cai thién biang cach dua dot bién vao vi tri L144 clia mtkB, khi axit amin

duoc duwa vao 1aN, D, K, R, H, Q, hoac P.
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Bang 21

Loai dot bién Hoat tinh twong d6i Vi tri
(Kiéu dai) ) —
mtkB_Q244E 1,9 158,159
mtkB_Q244A 1,2 160,161
mtkB_Q244L 1,1 162,163
mtkB_Q2441 1,2 164,165
mtkB_Q244M 1,1 166,167
mtkB_Q244N 1,2 168,169
mtkB_Q244Y 1,1 170,171
mtkB_Q244K 1,3 172,173
mtkB_Q244R 1,3 174,175
mtkB_L1441 1,1 176,177
mtkB_L144N 2,1 178,179
mtkB_L144D 1,8 180,181
mtkB_L144K 1,5 182,183
mtkB_L144R 1,9 184,185
mtkB_L144H 1,4 186,187
mtkB_L144Q 1,4 188,189
mtkB_L144P 2,4 190,191

Theo sang ché, CO2 c6 thé dugc chuyén héa thanh axetyl-CoA. Ngoai ra, theo sang
ché, chat c6 ngudn gbc tir axetyl-CoA nhu ruou isopropylic, axeton, v axit glutamic c6 thé

dugc san xuat mot cach hiéu qua.

Phan boc 16 cia don yéu ciu clp patent Nhat Ban s6 2011-167808 ndp ngay 29 thang

7 nim 2011 dwoc dua vao ban mé ta ndy bang cach vién din.

A 9 r N1t A A A A A A \ r oA A ~ A A
Tat ca cac tai liéu cong bo, don yéu cau cap patent, va cac ti€u chuan ky thuét néu

trong ban md ta nay dugc dua vao ban md ta nay bang cach vién dan.
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YEU CAU BAO HQ
1. Vi sinh v4t san xuét axetyl-CoA c¢6 chu trinh san xudt axetyl-CoA thu dugc bing cach
truyén it nh4t mot loai hoat tinh enzym dugc chon tir nhém bao gbdm malat thiokinaza,
malyl-CoA lyaza, glyoxylat carboligaza, 2-hydroxy-3-oxopropionat reductaza, va
hydroxypyruvat reductaza, cho vi sinh vt ma khong thé hién chirc ning nao trong sb cic
chitc ning cua chu trinh ¢d dinh cacbon dioxit c6 phan img enzym tir cdc phan ng enzym

tir (a) dén (d) sau:
(a) malonyl-CoA thanh malonat semialdehyt hodc 3-hydroxypropionat;
(b) axetyl-CoA va COz thanh pyruvat;
(c) crotonyl-CoA va CO; thanh etylmalonyl-CoA hogc glutaconyl-CoA; va
(d) CO; thanh format;

trong d6 vi sinh vat ndy khong c6 hoat tinh malat thiokinaza va/hodc malyl-CoA
lyaza ndi sinh bat ky.

2. Vi sinh V4t san xuét axetyl-CoA theo diém 1, trong d6 vi sinh vét ndy c6 chu trinh san
xuét axetyl-CoA trong d6 phosphoenolpyruvat hodc pyruvat dugc chuyén héa thanh
oxaloaxetat, va sau d6 thanh 2-hydroxy-3-oxopropionat do cic tic dong clia malat
thiokinaza, malyl-CoA lyaza, glyoxylat carboligaza, va sau d6 lai thanh phosphoenol

pyruvat thong qua 2-phosphoglyxerat.

3. Vi sinh vét san xuét axetyl-CoA theo diém 1 hogc 2, trong d6 vi sinh vat ndy c¢6 chu trinh

san xuét axetyl-CoA bao gdm:

(f) it nhit mot enzym dugc chon tir nhém bao gdm:
pyruvat kinaza va pyruvat carboxylaza;
phosphoenolpyruvat carboxylaza; va
phosphoenolpyruvat carboxykinaza;

(g) malat dehydrogenaza;

(h) malat thiokinaza;

(i) malyl-CoA lyaza;

(j) glyoxylat carboligaza;

(k) it nh&t mdt enzym dugc chon tir nhém bao gdm:
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2-hydroxy-3-oxopropionat reductaza; va
hydroxypyruvat isomeraza va hydroxypyruvat reductaza;
() it nh4t mot enzym dugc chon tir nhém bao gdm:
glyxerat 2-kinaza; va
phosphoglyxerat mutaza va glyxerat 3-kinaza; va
(m) enolaza.

4. Vi sinh vat san xut axetyl-CoA theo diém bét ky trong s6 cac diém tir 1 dén 3, trong d6
vi sinh vat nay 1 vi sinh vit thudc Enterobacteriaceae hodc vi sinh vét thudc vi khuén

coryneform.

5. Vi sinh vat san xuét axetyl-CoA theo diém bt ky trong s6 cac diém tir 1 dén 4, trong d6
vi sinh vét nay 14 vi khuén Escherichia hodc vi khuan Pantoea thubc Enterobacteriaceae,

hoic vi sinh vat nay 1a vi khuan Corynebacterium thugc vi khuan coryneform.

6. Vi sinh vat san xudt axetyl-CoA theo diém bat ky trong s6 cac diém tir 1 dén 5, trong d6
vi sinh vat nay 14 vi khuén Escherichia trong d6 hoat tinh cua lactat dehydrogenaza s& hitu

b&i vi khuln Escherichia dugc 1am bét hoat hodc dugc lam giam.

7. Vi sinh vat san xudt axetyl-CoA theo diém bt ky trong s6 cac diém tir 1 dén 6, trong d6
vi sinh vat nay 1a vi khuén Escherichia trong d6 hoat tinh cta it nhét mét enzym dugc chon
tir nhém bao gdm isoxitrat lyaza va malat synthaza s& hitu béi vi khuan Escherichia dugc

1am bét hoat hodc dugc 1am giam.

8. Vi sinh vat san xuét axetyl-CoA theo diém bt ky trong s6 cac diém tir 1 dén 7, trong d6
vi sinh vat nay 12 vi khuan Escherichia trong d6 hoat tinh thiolaza, hoat tinh CoA transferaza,

va hoat tinh axetoaxetat decarboxylaza duoc truyén hoic dugc ting cudng.

9. Vi sinh vat san xuét axetyl-CoA theo diém bt ky trong sb cac diém tir 1 dén 8, trong d6
vi sinh vat nay 1a vi khuan Escherichia trong d6 hoat tinh thiolaza, hoat tinh CoA transferaza,
hoat tinh axetoaxetat decarboxylaza, va hoat tinh dehydrogenaza rugu isopropylic dugc
truyén hoic dugc ting cudng.

10. Vi sinh vt san xuét axetyl-CoA theo diém bét ky trong sb cac diém tir 1 dén 5, trong d6
vi sinh vat nay 1a vi khudn Pantoea trong do:

(i) hoat tinh ctia fumarat hydrataza A va fumarat hydrataza C s& hitu boi vi khun Pantoea

dugc 1am bét hoat hodic dugc 1am giam; hoic
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(ii) hoat tinh cia malat synthaza s& hitu boi vi khudn Pantoea duoc 1am bat hoat

hodc dugc lam giam.

11. Vi sinh v4t san xut axetyl-CoA theo diém bAt ky trong sb cac diém tir 1 dén 10, trong
do6 malat thiokinaza dugc sir dung 1a malat thiokinaza thu dugc béng cach cai bién mtkB
c¢6 ngudn gdc tir Methylobacterium extorquens dé bién ddi axit amin tuong tng voi axit
amin thr 144 thanh isoleuxin, asparagin, axit aspartic, lysin, arginin, histidin, glutamin,
hodc prolin, va/hosic dé bién dbi axit amin thtt 244 thanh axit glutamic, alanin, leuxin,

isoleuxin, methionin, asparagin, tyrosin, lysin, hodc arginin.

12. Phuong phap san xuét axetyl-CoA, bao gdm budc san xuét axetyl-CoA tir nguyén liéu
ngudn cacbon sir dung vi sinh vat san xuét axetyl-CoA theo diém bét ky trong s8 cac didm
tir 1 dén 11.

13. Phuong phdp san xuat axeton, bao gom budc san xuit axeton tir nguyén liéu ngudn

cacbon sir dung vi sinh vat san xuét axetyl-CoA theo diém 8, diém 9 hodc diém 11.

14. Phuong phap san xudt rugu isopropylic, bao gdm budc san xuét ruou isopropylic tir
nguyén liéu ngudn cacbon st dung vi sinh vat san xuét axetyl-CoA theo diém 9 hoic diém
11.

15. Phuong phip san xudt glutamat, bao gdm budc san xuét glutamat tir nguyén liéu
nguén cacbon str dung vi sinh vat san xuét axetyl-CoA theo diém 5, diém 10, hoic diém

11.
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ctcgagtcca
gtcatcggcg
atgaccgttg
gacgatccgg
aagtgggcca
aaggaagtcg
aagggcgcag
aacctgctct
aaa

<210> 61
<211>

<212>
<213>

ADN
<400> 61
atggacgttc

cgcggcegggc

accgtecgteg

1161

doan mdi 61

acgcgacttt

Hyphomicrobium

cgctttaccc
acccgagcat
aagacgccgt
acgatctcga
cgcactacat
cgatcctcat
gccagatcga
cgccgetegg
tgcacttcgg
gcttgaaccc
cctgeegege
aaggctacaa
tccatcegte
aacgcgctga
cgtcgettga

cgactgccga

Hyphomicrobium

acgagtatca
ttgcttacag

tcaaggcgca

22135

cttacgctgg

ttg

methylovorum

gacccgcaag
gatcgatcgce
cgcgeecgeec
ctggaagggc
gtaccgcgac
tceccaaggtce
agtcgcgaag
catggcaaac
cgttgctgac
tgattacccg
atteggcctt
ggccgcecgcet
gcagatcgaa
acgcatcctc
cggcaagatg

gcagatcaag

cagcgcectgce
gcactcaaga
gagaaagaac
gcaggcaaga
gttgtcgaca
ggcgttcegg
ggtcttececge
gtcgaagcca
tactcecgect
ggtgaccagt
cgtccgatcg
cgccgtggeg
ctcgecaacg
gttgcactga
atcgacgccg

aaggccgagg

methylovorum

agcgctcgta
gcgcagccga
aggctcgcaa
gcegtectcggt
tcgtggagca
ctgacgtcta
accagatcgg
tcgegtcegge
tcaacaaggc
ggcacttccc
acggcccgtt
ctgctctcgg
aaatctattc
aggaagctga
catctgaaaa

ccgctcacge

cctecgcagtg
ctatgtgttt
gaacatcatt
tcgcatcaac
ggctggctcece
cacggtcgaa
caccgaagcg
aagcagccgc
acgcaccgtce
gctgtecgegt
cggtggcatc
catggaaggc
gcecgacggcg
agctcaaggt
gatggcgcgce

agctcagaag

ggccaaagag cttctcgega agttcggcgt gccgatcgeg

cccggagecag gcaacatatc gtgcaagcga gcttggcgge

gattcactct ggcgcgcgceg gcaaagctgg cggcgtcaaa

-146-

33

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

963

60

120

180



gtctgcaaga
gtcacgcatc
accaacatcg
gtcgtcgttg
gacacgatca
gaactcgcgt
atgggatgct
gtcatcacca
gcgctgttcce
gaaacctacg
atcgtcaacg
gagccggcga
ttcaaggctg
atcaaccgtt
aagatgccga
gacaacagcg
gtcgacgctg
<210>
<211>

<212>
<213>

62
897

<400> 62
atggctatct

ggcaccttte
cccggcaaag
gccgatgaaa
gcgatcatgg
cctgectcagg
atggttctca
attatgccgg
ctgggctatg

ggtatcggcg

ADN
Hyphomicrobium

acgagaaaga
agaccggccc
atcgcgagat
catccgccge
tcecgegtgag
tcggtctcgg
accgcgcatt
aggaaaagca
gcegtecgea
cgtcggatcg
gcgcaggtet
acttcctcga
ttcttcgega
gcgactgggt
tegtcgtteg
gcttgaccgt

cgaaaaaagc

tcatcaatga
acgctcaaga
gcggtacctce
ccggegecga
aagcagcaga
atatgatccg
ccggcccgaa
gacacatctt
aagccgcagc

gcgatccgat

22135

gatcgaagac
ggcgggcaag
ctatctcggce
tggcggcatg
cgttgatceg
cgtcgatceg
ccgegatcte
ggttctcgeg
catcgcagag
tggcctctcce
cgccatggcg
cattggcggc
caagaacgtc
tgccaagggc
cctcgcaggce
catcagtgca

g

gcggctgagt
ctcgtectecge
ttcgtgatgg
gacatcgagg
gccgteggcea
gagatcgtca
gacgcgacca
ctcgacgcta
ctgcgggaca
tacgttggtc
acgctcgaca
ggagcgtctce
aaggcgatcc
gtggtcgatg
acgaacgtcg

gatactctcg

methylovorum

aaagacgccg
aatgatcgac
gcacctcggc
agcctcgatc
cgctggeatc
cgtgaagcgc
ctgecgeeggce
ccttececgggt
gcagctcaag

caacggttcg

atcctgatcc
tacggctcca
cgtccggtgt
gtattcgtgce
aaatactgcg
tacatgcgcec
acgatctcgce
cgcgteggea
gcgctgggca

tcgcatcgtg

-147-

tcatgctcgg
gtctttacat
atcgcgecte
aaatctctgc
tgcagcagtt
acaagctcgt
tggttgaggt
agatgtcgtt
agagccagga
tcgatggcga
tgatcaagct
cggaacgcgt
tcgtgaacgt
ccgtgaagga
aagaaggccg

ctgacgcggce

agggcttcac
atgttgtcgg
tcaacaccgt
cgccgeegtt
tctgecatcac
gctacaagaa
ccggtaaggc
tcgtcggacg
tcggegttte

acattctcga

ccgcaagcetg
cgaagaagcg
cgagcgtatc
gagccagccce
ccaggcgegt
tccggegatce
caacccgcecte
cgatgacaac
agacccgcgce
catcggcetge
cgcaggcggt
caccaagtcg
cttcgecggt
actcgagatc
caagatcatc

caagcaggcc

cggacgtatc
cggtgttacg
gaagggcgcyg
cgcggcggac
ggacggcatt
agagagccgc
gatgctcgge
ctcgggcacg
gacctcggtc

agcgttcgag

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1161

60

120

180

240

300

360

420

480

540

600



agcgatcccg
gaagccggtc
ctttecggcac
gaatcggcceg
ccgtcggaga
<210>
<211>

<212>
<213>

63

ADN
<400> 63

catatggaca
ccgegtggtyg
ggtgatcgct
atcaaactgt
accatcgtga
gaagcgatgg
cgcattatga
gaaccggata
gcacgtgaaa
acgctgctgg
ccgetggtceg
gaaaatgcac
caacgcgaaa
ggttgcatta
ggcggtgaac
aaaagcttcc
gcgggcatta
ggtgttccgg
attctggcgg
aaagcagtgg

tgtccattct

2105

agaccgatgc
tcttcgcgaa
cgaagggtcg
ctgagaaggt

tgggttcgac

ttcacgaata
gtctggecta
gggtggttaa
gctctaccga
cgcatcagac
atattgcccg
tcgtcgcgag
gcattatccg
ttgectttcgg
gttgttatcg
tgacccgteg
tgttcegteg
cgtatgcatc
tcaatggtgce
cggctaattt
gcgeegtget
atcgttgtga
tcecegetggt
aatcaggtga
ctgcgtggeg

gctggataaa

22135

ggtgctcatg
agagcacatg
ccgcatgggce
cgagatcctg

ggtcgcgcag

Rhizobium sp. NGR234

tcaagcgaaa
ctccecggaa
agctcagatt
tcacgaaatt
cggtccgcaa
tgaaatttac
ctctagtggc
cgccacggtg
tctgggcatc
tgcattcgtt
cggtgatctg
cccgcacate
cgatcgtggt
cggcetggceg
tctggatatc
gacggatcgt
ctgggtcgceg
tgtcegtectg
aaatattatc
ttcgttcacc

aatacccgtg

atcggtgaaa
aagaagccgg
cacgcaggcg
aaaggctgca

gttctcaacc

gaactgctga
caagctgcct
catagcggtg
gﬁtgaagcgg
ggcaaactgg
atcggttttg
ggtatggaaa
gatccgggtg
gataacgcgc
gattacgacg
gtggcgctgg
gctgaaatgc
ctgtcatacg
atggccacca
ggcggtggcg
caggtggaaa
gaaggcgtga
tccggtacga
gtggccgaaa
gctaataaag

tgatcgtgca

-148-

tcggecggacce
tcatcgccta
ctatcgtttc
acgtgacgat

agcgtaagaa

gccgttatca
atcgtgcacg
cacgtggcaa
ccgacagtat
tttctegect
ttectggaccg
ttgaagaaat
ttggcatgca
tgattggccg
cttctatgct
acgccaaaat
gcgataaaag
ttggtctgga
tggatatgat
catcgccgga
ccattctggt
tcaaagcact
acatggaaga
ccctggcaga
ctgcgtaagg

aggctttacc

gcaggaagcyg
catcgcaggc
ggcattcggt
cgccgegacg

agtcgcg

aattcacatc
cgaaatcggc
agctggcggt
gctgggccge
gtatgtcgaa
taaaagtgaa
cgcagaagct
ggactttcaa
cgccacccaa
ggaaattaac
gtcgtttgat
ccaggaagac
cggcaacatt
taaaatcgca
ccgtgtcgcea
taacatcttt
gcgtgaagtg
aggtcgtcge
agctgctgat
tcgecctcecceca

ggcaaaatcg

660

720

780

840

897

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



gctcattcca
cgggcaaagg
tccaagaaac
ccattatgga
cgagtcagga
tgaccctgat
ttatgccggg
tgggttacga
gcatcggcgg
aagatccggg
aagcagctct
tgtcagcacc
aatcggctca
cgtecctettt
ctaga
<210>
<211>

<212>
<213>

64
30
ADN

<220>

<223>

<400> 64

tgctgaagat
cggtcaggca
gggtgcggat
agcagctgac
catgattcgt
tggtccgaac
ctctatctat
agcagcctct
tgatccggtc
caccgacgcce
gtgggcecege
gaaaggtcgt
agaaaaagtg

tggtgaaacc

Nhin tao

doan mdi 66

22135

atgaaacgct
catctgggta
gccagtatta
gcgggcatcc
gttaaacgct
tgcgcaggca‘
ctgecegggcec
caaatgaaag
aatggtagct
gtgctgatga
gatcacatga
cgcatgggtc
gaaattctga

gttgcggatg

ggaattccat atggcaaaag cgtcacgcct

<210> 65

<211> 29

<212> ADN

<213> Nhan tao
<220>

<223> doan mdi 67
<400> 65

gctctagact atatcacccg ctttgaacg

<210> 66
<211> 975
<212> ADN
<213>

acggcaccaa
tgccggtgtt
tctttgtcce
gtctgtgegt
atatgcgtcg
tgatcacgcc
gtattggtat
cgctgggcegt
cttttaaaga
ttggtgaaat
aaaaaccgct
acgcaggcgc
aatcggcagg

tgctgtcggce

Methylobacterium extorquens

-149-

cgtggttggce
taataccgtt
gccgeegtte
gtgtattacc
ctaccgtttc
gggtgaagct
cgttggtcgt
cggtgtgagt
catgctggaa
cggcggtceceg
gatcgcgtat
tattatctca
tgttacgatc

tatgagtaaa

ggtgttacgc
aaaggcgcgg
gcggccgatt
gatggtatcc
gaagaccgca
atgatgggta
agcggtaccc
acgtccattg
ctgttcgaaa
caggaagcgg
atcgcaggtc
gcatttggcg
gtcececgaccce

gcggcttaat

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2105

30

29



<400> 66
atgagcttca

cccggcteca
ctcgacctcg
caggctctta
gacacccact
atgatcctga
acgcagatcg
accgcgctceg
atgtccttcg
ggcgtcaacg
cactggcagg
ggcctgegcee
gccgetegec
atcgatctgg
atcctggaag

cgecctcateg

atgggcggga

<210> 67

<211> 891
<212> ADN
<213>

<400> 67
atgagcattc

ggcaccttcc
ccgggcaagg
gtggaggcga
gcgatcatgg
ccecgectecagg
acgatggtgg
atcatgcccg

ctgggctacg

ccctgatcca
acccgacctt
aggacgcggt
acgacctgga
acatgtaccg
tccccaaggt
agcaggccaa
gcatggccaa
gtgtcgccga
ccgattacag
atcecgtggcet
cgatcgacgg
gctgegecge
ccaacgaggt
ccatggaaga
acatcgcctce

agtaa

tcatcgacga
acgccaagga
gcggcaagac
ccggecgecac
aggcggccga
acatgatgcg
tgggcccgaa
gccacatcta

aggccgccgce

22135

gcaggccacc
catggagaag
cgecgeccgac
ttggggcaac
cgacgtggtg
cggcgtgcecg
gaagcgcgag
tgtcgaggcg
ctacgcecgece
cgtgctcacc
gttcgcccag
tcecettegge
gcteggettce
gttcacccce
ggccgccaag

gatccgcatg

gaagaccccg
gatgatcgcc
ccattgcgge
cacctcgatc
cgececggecte
ggtgaaacgc
ctgcgecggge
ccteeceggge

gcagatgaag

ccgegectge
tcggectgect
gacaaggagc
aagaccatga
gacatcgtgg
gccgacgtcet
aagaagatcg
atcgcgacct
tccactcgcg
gacaaggacg
aaccgcatgc
gacttctccg
gagggcaagt
tccgaggecg
gceggecgceg

gccgaggcgc

Methylobacterium extorquens

atcctggtcc
tacggctcga
gtgccggtgt
accttcgtgg
aagctcgtct
tacctccggce
atcatctcgce
aaggtcggcg

gagctcggca

-150-

accgctcgga
cgaaggccga
aggcccgcaa
tgatccgcat
aggcctgecce
acgccatcga
gcttcgaggt
cgtccaagcg
cccgetecac
aggcgggcaa
tggtcgcctg
atccggacgg
gggcgatcca
aggtcaccaa
gcgeccgtcetce

tgatccagaa

agggcatcac
acgtcgtcgg
tcaacaccgt
cgccccectt
gctcgatcac
gctatccgaa
ccggcaagtc
tcatctcceg

tcggcatcte

actcgeggtt
cgtgatcttc
gaacatcatc
caacggtctc
gcgectegac
cgtgctgacg
gctgatcgag
cctecgaggceg
cgtgatcggce
ccgccagacce
ccgegectac
ctacacctcé
cccctegeag
ggceccgecgce
gctcgacggce

ggccgacgceg

gggcgacaag
cggcgtcacce
caaggaggcc
cgcggcggac
cgacggcatc
ggagaagcgc
gatgctcggc
ttcecggcacg

gacctccgte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

975

60

120

180

240

300

360

420

480

540



ggcatcggeg
caggatcccg
gaggcctcgg
ctcaccgece
gacagcgcecg

ccgggctect

<210> 68
<211>
<212>

<213>

ADN
<400> 68

atggacgttc
aagggcgccg
tcgttctggg
aagctttgcc
ctcgtgacgc
gccgaccegt
gtccgtgtca
ccegaggcge
cgcgagatcg
atcatgaacg
ctecgtcgtca
aacgccctgt
cgcgaggccc
tgcatcgtca
ggcgagccgyg
gcecttecgee
ggcatcaacc
atcgacgtgce
ctcgeccgaga

gctgtcgaag

1173

gcgatccgat
agacggaagc
cctggatcaa
ccaagggccg
cggagaaggc

tcggcagcac

acgagtacca
tggctttcag
cggtgaaggc
gcacctacaa
tccagaccgg
tcgagcgtga
tcgectecca
tgatccaggt
cgttccaget
cctaccgggce
ccaaggacga
tccgecgecg
aggctgccga
acggcgcggyg
caaacttcct
tcgttetgte
gctgcgactg
cgctcatcgt
gcgggctcga

cctgccacgg

22135

caacggctcc
cgtgctgatg
ggagaacttt
ccgcatgggg
cgagatcatg

cgtggccgac

agccaaggag
ccecggatcaa
tcagatccat
tgaagtgcgc
ccccgagggce
actctatctc
gcgcggcggc
cgtggtcgag
cggcctcaac
gttcegegac
ccgggttctg
caacatcgcg
gcacaatctc
tctggccatg
ggatgtgggc
ggaccgcaac
ggtcgcggag
gcggctegece
cctcatcacc

cgccaagcac

tccttecteg
atcggcgaga
tccaagcccg
catgccggcg
cgctcctatg

gtgctcgece

Methylobacterium extorquens

ctgctcgega
gcggtctatg
gccggcegege
gacgccgecc
aagccggtgce
ggctacgtgc
atggatatcg
ccggeggtgg
atcaagcagg
tgcgacggca
gcactcgacg
gacatgcacg
agctatatcg
gcgaccatgg
ggcggtgccea
gtgaaggcga
ggcgtggtca
ggcacgaacg
gccgacaccce

tga

-151-

accacctecge
tcggegggece
tgatcggcett
cgatcatctc
gcctgaccgt

gcgcggegtg

gcttcggggt
cggcgaccga
gcggcaaggc
gcgacctgcet
agcgcgtcta
tcgatcggaa
aggagatcgc
gcctgcagca
tcteggecegce
qcatgctgga
ccaagatgtc
atccatcgca
gcctcgaggg
acatgatcaa
gcccggaccg
tcctcegtcaa
aggccgegeg
tcgatgaagg

ttacggaagc

tctgttcgag
gcaggaggcec
cgtggcgggce
ggcgaccggc
ggcgececcgat

a

cgccgteceg
gctcggcegge
gggcgggatc
gggaaaacgc
cgtcgagacc
ggccgagcgce
cgccaaggag
gttcecaggcec
ggtgaagacc
gatcaacccg
cttcgacgac
gggcgatccc
cgaaattggc
gcacgcgggce
cgtcgccacg
catcttcgcece
cgaggtgaag
caagaagatc

cgcgcgcaag

600

660

720

780

840

891

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1173



<210> 69

<211> 324

<212> PRT

<213> Methylobacterium
<400> 69

Met Ser Phe

1

Glu

Ala

Pro

Asp

65

Asp

Pro

Val

Arg

Met

145

Met

Thr

Asp

Ala

Leu

Ser

Asp

50

Leu

Thr

Arg

Tyr

Glu

130

Ala

Ser

Val

Glu

Gln

Ala

Lys

Asp

Asp

His

Leu

Ala

115

Lys

Asn

Phe

Ile

Ala

195

Asn

Thr

Val

20

Ala

Lys

Trp

Asp

100

Ile

Lys

Val

Gly

Gly

180

Gly

Arg

Leu

Pro

Asp

Glu

Gly

Met

85

Met

Asp

Ile

Glu

Val

165

Gly

Asn

Met

Ile

Gly

Val

Gln

Asn

70

Tyr

Ile

Val

Gly

Ala

150

Ala

Val

Arg

Leu

22135

extorquens

Gln

Ser

Ile

Ala

55

Lys

Arg

Leu

Leu

Phe

135

Ile

Asp

Asn

Gln

Val

Gln

Asn

Phe

40

Arg

Thr

Asp

Ile

Thr

120

Glu

Ala

Tyr

Ala

Thr

200

Ala

-152-

Ala

Pro

25

Leu

Lys

Met

val

Pro

105

Thr

val

Thr

Ala

Asp

185

His

Cys

Thr

10

Thr

Asp

Asn

Met

Val

90

Lys

Gln

Leu

Ser

Ala

170

Tyr

Trp

Arg

Pro

Phe

Leu

Ile

Ile

75

Asp

Val

Ile

TIle

Ser

155

Ser

Ser

Gln

Ala

Arg

Met

Glu

Ile

60

Arg

Ile

Gly

Glu

Glu

140

Lys

Thr

Val

Asp

Tyr

Leu

Glu

Asp

45

Gln

Ile

vVal

Val

Gln

125

Thr

Arg

Arg

Leu

Pro

205

Gly

His

Lys

30

Ala

Ala

Asn

Glu

Pro

110

Ala

Ala

Leu

Ala

Thr

190

Trp

Leu

Arg

15

Ser

Val

Leu

Gly

Ala

95

Ala

Lys

Leu

Glu

Arg

175

Asp

Leu

Arg

Ser

Ala

Ala

Asn

Leu

80

Cys

Asp

Lys

Gly

Ala

160

Ser

Lys

Phe

Pro



210

Ile Asp
225

Ala Ala

His Pro

Gly

Arg

Ser

Ala Glu Val

Ala Lys
290

Ile Ala
305

275

Ala

Ser

Met Gly Gly

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

<400>

Met Ser
1

70
296
PRT

Pro

Arg

Gln

260

Thr

Gly

Ile

Lys

Phe

Cys

245

Ile

Lys

Arg

Arg

Gly

230

Ala

Asp

Ala

Gly

Met
310

Methylobacterium

70

Ile

Thr Gly Asp

Ser Asn Val

35

Cys Gly Val

50

Gly Ala
65

Ala Ile

Thr

Met

Leu

Lys

20

Val

Pro

Thr

Glu

Ile

Gly

Gly

Val

Ser

Ala
85

Asp

Thr

Gly

Phe

Ile

70

Ala

215

Asp

Ala

Leu

Arg

Ala

295

Ala

22135

Phe

Leu

Ala

Arg

280

Val

Glu

Ser

Gly

Asn

265

Ile

Ser

Ala

extorquens

Glu

Phe

Val

Asn

55

Thr

Asp

Lys

His

Thr

40

Thr

Phe

Ala

-153-

Thr

Ala

25

Pro

Val

Val

Gly

Asp

Phe

250

Glu

Leu

Leu

Leu

Pro

10

Lys

Gly

Lys

Ala

Leu
90

Pro

235

Glu

vVal

Glu

Asp

Ile
315

Ile

Glu

Lys

Glu

Pro

75

Lys

220

Asp

Gly

Phe

Ala

Gly

300

Gln

Leu

Met

Gly

Ala

60

Pro

Leu

Gly

Lys

Thr

Met

285

Arg

Lys

Val

Ile

Gly

45

Val

Phe

Val

Tyr

Trp

Pro

270

Glu

Leu

Ala

Gln

Ala

30

Lys

Glu

Ala

Cys

Thr

Ala
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165

Leu

Glu

Asp

Ile

Ala

245

Cys

Ile

Arg

Val

70

Thr

Met

Ser

Glu

Asp

150

Gly

Leu

Ile

Ala

Ala

230

Ser

Ile

Gly

Gly

55

Glu

Gly

Asp

Glu

Glu

135

Pro

Leu

Gly

Asn

Lys

215

Glu

Asp

Ile

22135

Gly

40

Lys

Ala

Pro

Ile

Arg

120

Ile

Gly

Gly

Cys

Pro

200

Met

Met

Arg

Asn

-163-

Asp

Ala

Ala

Gln

Ala

105

Ile

Ala

Val

Ile

Tyxr

185

Leu

Ser

Arg

Gly

Gly
265

Arg

Gly

Asp

Gly

90

Arg

Met

Glu

Gly

Asp

170

Arg

Val

Phe

Asp

Leu

250

Ala

Trp

Gly

Ser

75

Lys

Glu

Ile

Ala

Met

155

Asn

Ala

Val

Asp

Lys

235

Ser

Gly

Vval

Ile

60

Met

Leu

Ile

Val

Glu

140

Gln

Ala

Phe

Thr

Glu

220

Ser

Tyr

Leu

Val

45

Lys

Leu

Val

Tyr

Ala

125

Pro

Asp

Leu

Val

Arg

205

Asn

Gln

Val

Ala

Lys

Leu

Gly

Ser

Ile

110

Ser

Asp

Phe

Ile

Asp

190

Arg

Ala

Glu

Gly

Met
270

Ala

Cys

Arg

Arg

95

Gly

Ser

Ser

Gln

Gly

175

Tyr

Gly

Leu

Asp

Leu

255

Ala

Gln

Ser

Thr

80

Leu

Phe

Ser

Ile

Ala

160

Arg

Asp

Asp

Phe

Gln

240

Asp

Thr



22135

Met Asp Met Ile Lys Ile Ala Gly Gly
275 280

Ile Gly Gly Gly Ala Ser Pro Asp Arg

290

295

val Leu Thr Asp Arg Gln Val Glu Thr

305

310

Gly Ile Asn Arg Cys Asp Trp Val Ala

325

Arg Glu Val Gly Val Pro Val Pro Leu

Asn Met

Ile Val
370

340

345

Glu Glu Gly Arg Arg Ile Leu
355 360

Ala Glu Thr Leu Ala Glu Ala

375

Trp Arg Ser Phe Thr Ala Asn Lys Ala

385

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

<220>
<223>

<400>

390

77

40

ADN
Nhén tao

doan mdi

77

Glu

Val

Ile

Glu

330

Val

Ala

Ala

Ala

Pro

Ala

Leu

315

Gly

vVal

Glu

Asp

ccctgaggag ggtccaagag atggacgtcc atgagtacca

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

<220>
<223>

<400>

78

27

ADN
Nhén tao

doan mdi

78

gctctagatc aggctgcctg acgccca

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

79

22

ADN
Nhan tao

-164-

Ala

Lys

300

val

Val

Arg

Ser

Lys
380

Asn

285

Ser

Asn

Ile

Leu

Gly

365

Ala

Phe

Phe

Ile

Lys

Ser

350

Glu

Val

Leu

Arg

Phe

Ala

335

Gly

Asn

Ala

Asp

Ala

Ala

320

Leu

Thr

Ile

Ala

40

27



<220>
<223> doan mdi
<400> 79

22135

ggaattcaca aaaaggataa aa

<210> 80

<211l> 40

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi
<400> 806

tggtactcat ggacgtccat ctcttggacc ctcctcaggg

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

81
897
ADN

<400> 81

atgagcattc
ggcacgttcc
cccggtaaag
gtgcgtgaaa
gcgatcatgg
ccggcgcagg
acgcgtectgg
atcatgccgg
ctecggctatg
ggtatcggtg
gccgaccccg
gaagcggcga
ctgaccgcectce
gacagcgccg
ccgggtgaac
<210> 82

<211> 1170
<212> ADN

tgatcaataa
acggtcgcga
gcggccagac
ccggtgecca
aaggcgccga
atatgatgcg
tggggccgaa
gccatatcta
aagccgecgce
gtgacccgat
agactcatgc
agtggatcag
cgaaggggcg
ccgaaaagag

tcggctegac

Granulibacter bethesdensis

gcagaccaag
gatgatcgat
ccatctgggt
ggcgtcgatc
tgcggggctg
cgtgaagcgt
ctgcgeggge
caaggaaggc
gcagctgaag
caatggttct
cgtgctgatg
cgagaacatg
tcgtatgggc
cgagatcatg

cgttgccgeg

atcatcattc
tacggcacca
cgtcecegtgt
acctttgtgg
gagctgatct
tatctgcgcce
atcatcagcc
catgtcggca
gagctgggca
tccttecttg
atcggcgaga
tcgaagcecgg
catgccggtg
cgctectacg

gtgctggctg

-165-

agggcttcac
atgtcgtcgg
tcaacacggt
cacctgcectt
gcaccatcac
gctaccagaa
cgggccaggce
ttgtttcccg
tcggtgtgtce
atcaccttca
tcggtggccc
tggttggcta
cgatcatctc
gtctgacggt

ggcgtcaggc

cggcgacaag
tggcgtgacg
cgaggacgcg
ttgcgeccgat
ggacggtatt
ggatcgtcge
catgctgggc
ctcaggcacg
caccagtgtg
gctgttcgaa
gcaggaagcc
cgttgececgge
tggcgaaggc
tgctcccage

agcctga

22

40

60

120

180

240

300

360

420

480

540

600

660

720

780

840

897



<213>

<400> 82
atggacgtcc

cgcggtgcaa
tggcactggg
aagctgtgca
ctggtcacgce
gccgatcect
gtgcgtgtga
ccggaaaagc
cgccagatcg
atcatgggcg
ctggttctga
aacgccttgt
cgtgaggcgce
tgcgtggtga
ggtgagcctg
gcgttecgte
ggcatcaacc
ctgaagcttc
ctgaaagaaa
gccgtcgagg
<210> 83

<211> 59

<212> ADN
<213>

<220>
<223>

<400> 83

atgagtacca
tcgetttcag
cggtgaaagc
agacgtatca
atcagaccgg
tcgagaaaga
tecgecteege
tgatccaggt
ccttcaagcet
cttatcgcge
ccaaggatga
tcecgtegecaa
aggctgccga
atggcgccgg
ccaacttcct
tggtgctgtc
gctgcgactg
cgctggtggt
gcggcatttce

ccgcgaaggce

Nhan tao

doan mdi

22135

Granulibacter bethesdensis

ggcaaaagaa
cgctgatcag
ccagattcat
tgaagtgcgce
tcecggaaggce
attctatctg
cgagggcggc
gatcgtggag
gggcctgtcce
attccgcgat
ccgtattcetg
caacgtcgcc
gcacaacctc
cctggcgatg
cgatgtcggce
cgacaagaac
gatcgcggaa
gcgtctggca
cgtcatcatg

cgcggcegtaa

ttgcttgcga
gccgtgtatg
gccggtgege
gaggctgctg
aagcctgtcce
ggctttgtgce
atggagatcg
ccggeggttg
agccgtcagg
cacgacgcga
gcgctcgatg
aacatgcatg
aactatgtgg
gcgaccatgg
ggcggggcaa
gtgaaggttg
ggcgtggtgce
ggcaccaatg

gccgaaagcec

gcgccggtgt
ccgcgaccga
gcggcaaggc
ccggtatgcet
agcgcgtgta
tggatcgtaa
aggaaatcgc
gtcttcagca
tacagcgtgce
ccatgctgga
cgaagatgag
acccctctca
gtctggaagg
acgtcatcaa
gccccgageg
ttctggtcaa
acgcggtgaa
tggaggaagg

tgaccgaagc

ggccgtgecc
actgggtggc
cggcggcatce
cggcaagcgt
tgtcgaggtc
gctggagcgce
ttccaagcat
gttccaggcce
ggtgaccagc
aatcaatcct
cttecgacgac
ggacgatccg
cgatatcggce
atatgcgggt
taccgcgacg
catcttecgcc
agaagtcgat
ccgeccgtatt

ggccgaaaag

accagggaat tcacaaaaag gataaaacaa tgagctatac cctctaccca accgtaagc

<210> 84

<211> 43

<212> ADN
<213> Nhén tao

-166-
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1080

1140

1170

59



<220>
<223>

<400> 84

gcccactcta

<210> 85
<211l> 963
<212>
<213>

<400> 85
atgagctata

ccgggctcecca
cttgattgcg
caggctctga
ggcctcgaca
aagctcgata
agcttcgtca
ctcatcgaaa
cttgagtcga
gtcatcggcg
atgacggtcg
gacgatccgg
aagtgggcga
aaggaaatcg
aagggcgcag
aacctgctgg
taa

<210> 86
<211> 900
<212> ADN
<213>

<400> 86
atggcaatct

ADN
Hyphomicrobium

doan mdi

gatcaggcaa

ccetctaccce
acccgacgat
aagacgccgt
acgatctcga
cgcattattg
cgatcctcat
gccagatcga
cgccgetegg
tgcacttcgg
gcttgaaccc
cctgecgege
aaggctacaa
tccacccecte
aacgcgccga
catcgctcga

tcacggcagc

Hyphomicrobium

ttatcaatga

ggcacgttcec acgcccagga

cccggtaaag gcggcacctce

22135

cttttttctg cttgccgaga acc

denitrificans

gaaccgtaag
gatcgaccgc
cgcgecgecce
ctggaagggc
ctaccgcgac
tccgaaggte
agtcgcgaag
catggccaac
cgttgccgac
cgactatccg
attcggtctc
ggccgetgeg
gcagatcgaa
gcgcatecctg
cggcaagatg

ggcgatcaag

cagcgtctgce
gccctcaaga
gagaaagagc
gcgggcaaga
gtcgtcgaca
ggcgttcegg
ggtctcccge
gtcgaagcca
tactccgecat
ggtgaccagt
cgtccgateg
cgcegtggtyg
ctcgccaacg
gtcgcactca
atcgacgcgg

gcaggcgaag

denitrificans

agcgttctta
gcgccgecga
aggctcgcaa
gcgtcteggt
tcgtcgagca
ccgacgtcta
accagatcgg
tcgegtctge
tcaacaaggc
ggcacttcce
acggcccgtt
ccgctetegg
aaatctactc
aggaagccga
catctgaaaa

aagctcgege

tctecgeegtg
ctacgttttc
gaacatcatc
ccgcatcaac
ggctggtgce
cgccatcgaa
catggaagcc
caacagccgce
ccgcaccgte
gctgtecgege
cggcggcatc
catggaaggc
tccgacggeg
agcgcagggc
gatggcgaag

aaagagcaaa

aaagacgccg atcctgatcc agggctttac cggtcgeatce

aatgatcgac tacggctcca acgtcgttgg cggcgtgacg

gcatctcgge cgtccggtgt tcaacaccgt caagggcgcc

-167-

43

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

963

60

120

180



gtcgacgaga
gcgatcatgg
cctgectcagg
atgatcctga
atcatgccgg
ctcggctacg
ggtatcggcg
aacgatcccg
gaagccggcc
ctgtcggccce
gagtcggctg
ccgtceggaaa
<210> 87

<211>

<212>
<213>

ADN

<400> 87
atggacattc

cgcggcggac
acggtcgtcg
gtctgcaaga
gtcacgcacc
acgaacatcg
gtcgtegtgg
gacacgatca
gagctggcat
atgggctgct
gtcatcacca
gcgetgttcece
gaaacctacg

atcgtcaacg

1164

cgggcgctga
aagcggccga
atatgatccg
ccggcccgaa
gacacatcta
aagccgecgce
gcgacccgat
agaccgacgc
tcttcgccaa
cgaagggccg
ctgagaaggt

tgggctcgac

Hyphomicrobium

atgaatacca
ttgcctacag
tcaaggcgca
cggaaaagga
aaacgggatc
atcgcgaaat
ccteggeege
tcecgegtege
tcggacttgg
atcgcgcecett
aggaaaagca
gcecgteegea
cgtcggatcg

gtgccggtct

22135

agcctccatce
cgctgggatce
cgtgaagcgce
ctgcgecggce
cctteceggge
gcagctcaag
caacggctcg
gatcctgatg
agagcacatg
ccgcatgggce
cgagatcctg

cgtcgegecag

gtgttcgtgce
aaatactgcg
tacatgcgcce
acgatctcge
cgegteggea
gcccttggea
tcgcatcegtg
atcggcgaaa
aagaagcctg
cacgctggeg
aagggctgcg

gttctcggeca

denitrificans

ggccaaagag
ccctgaacag
gattcactcc
aatcgaggat
ggccggcaag
ctatctcggt
gggcggcatg
cgtcgacccg
cgtcgatcct
ccgegatcte
ggtcgttgcg
catcgccgag
tggtctctcg

cgcgatggcg

cttecttgcga
gccacctatc
ggcgegegceg
gcagccgagt
ctggtctcgce
ttecgtgatgg
gacatcgagg
gcggtcggcea
gagatcgtca
gatgcgatga
ctcgacgeca
ctgcgcgaca
tacgtcggtc

acgctcgaca

-168-

cgccgecgtt
tctgcatcac
gctacaagaa
caggcaaggc
tcgtcggcecg
tcggcgtcetc
acgtcctecga
tcggtggtcc
tcatcgceccta
ccatcgtttc
gcgtegcectat

agcagaaaaa

agttcggegt
gcgccagcga
gtaaagccgg
tcatgctcgg
gcctctacat
accgcgcettce
aaatctcgge
tgcagcagtt
acaagctcgt
tggttgaaat
agatgtcgtt
agagccagga
tcgatggcga

tgatcaagct

cgcggetgac
ggacggcatt
agaagcgcgc
gatgctcgge
ctccggtacg
gacgtcggtt
gcacttcgag
gcaggaagcc
catcgccggt
ggcattcggc
cgcgccgacg

agttgcctga

gccgatcgece
gcttggcggce
cggcgtcaag
ccgcaagcetce
cgaagaagcg
ggagcgcatc
gtcgcagccc
ccaggcacgt
gcececgegate
caacccgctce
cgacgacaac
agatcccege

catcggctge

tgcgggcggce

240

300

360

420

480

540

600

660

720

780

840

900

60

120

180

240

300

360

420

480

540

600

660

720

780

840



gagcctgega
ttcaaggcgg
atcaaccgtt
aagctgccga
gacaacagcg
gtcgaagegg
88

60
ADN

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

<220>
<223>

<400> 88

acttcctecga
ttctgcgcga
gcgactgggt
tcgtegtteg
gcctgacggt

ccaaaaaagc

Nhén tao

doan mdi

22135

catcggcggce
caagaacgtc
tgccaagggt
cctcgecaggce
catcagcgcg

ctaa

ggcgcctecte
aaggccatcc
gtcgtcgacg
accaacgtcg

gaaactctcg

ccgagegegt
tggtcaacgt
ccgtcaagga
aagaaggccg

ccgatgcetge

caccaagtcg
cttegecgge
actcgatatc

caagatcatc

caagcaggcg

gcgggggaat tcacaaaaag gataaaacaa tgagtcatac cctgtatgaa ccaaaacacc

<210> 89

<211> 40

<212> ADN
<213> Nhén tao
<220>

<223> doan mbi
<400> 89

caggcgtcta gattagagtc cggccagaac ttttgcgacg

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

90
951
ADN

<400> 90

atgagtcata
ccgggttece
ctggatctgg
caggcaatca
ggtctcgata
aagatcgata
gccatgctca

ctgatcgaaa

gggcgtctgg

ccctgtatga
gtcccgaaat
aggatgcagt
atgatctgga
cccaatatat
cgttgctgat
gccagcttga
cggcactggg

aagcattgca

Nitrosomonas europaea

aaccaaaaca
gtttgaaaaa
cgcaccagat
ctggaaaagt
ggtgcgtgat
tcccaaagta
aatgcagcag
gatggccaat

tttcggtgta

ccgegtgtac
gcgctgaaaa
gacaagatcc
cacggtgtca
gtggtcgatc
ggtgtttatg
gggctgaaaa
gttgaagata

gctgactacg

-169-

agcgctgcga
gcggagtgga
aggcaagaaa
cgctttetgt
tggtagagca
ctgatgttta
accgaattgg
tcgececcgecag

ctgccagcaa

actggctgtt
cttcatattt
aaatatcatt
acgcatcaat
ggccgggeac
catggtcgaa
tgtggaagca
aggaacggcc

tcgtgcacgt

900

960

1020

1080

1140

1164

60

40

60

120

180

240

300

360

420

480

540



accaccaata
agcagaatga
gacattcagg
gaaggtaaat
cccacagcag
caaggtaaag
gcaaataaca
<210> 91

<211> 888
<212> ADN

<213>

<400> 091
gtggcaattc

ggcaccttecc
cccggcaaag
gtcgagcagg
tcgattatgg
ccaacccagg
atgatgctga
atcatgccgg
ctgggttatg
ggtattggcg
gaagatccgg
gaagccggac
ctgactgcac
gaaagcgcag
ccgtctctga
<210> 92

<211> 1173
<212> ADN
<213>

<400> 92

tcggegggcet
cegttgectg
atcccgaagg
gggcaattca
aagtcgacaa
gtgcagcctc

tcgtcaaaat

tcatcaatga
atgctcagga
gcgggcagaa
caggtgcgga
aagcagccga
acatgatgac
ccggccccaa
ggcatattta
aagctgccga
gagacccgat
aaaccaaagt
tgttcgcaaa
ctccecggaag
cagaaaaagt

tgggtgaaac

22135

caatccggat
ccgegeattce
ttacaaacag
tccgacacag
agccaaacgc

acttgatggc

ggcggaagca

Nitrosomonas europaea

gcagacgcgyg
aatgatcgat
acacctgggg
agccagcatt
tgccggtatce
cgtcaaaaac
ctgttcaggc
cagccgtggg
ccagatgcga
catcggcagt
cacgctgatg
ggaaaacatg
acggatgggg
ggaaagactg

cgtcgcaaaa

Nitrosomonas europaea

tatccagggg
ggcctgegac
gcagccagac
atcgcgcetgg
attctgacag
cgcctgatcg

attgctgcca

atcatcgtac
tacggatcta
ctgccagtat
gtattcgtcc
aaatattgcg
ttcttacgece
actatcagcc
gtcgttggtg
cggctgaata
tcgcaccgga
attggtgaaa
agcaaaccgc
cacgccggag
aaagaactgg

gttctggccg

atcagtggca
caatcgatgg
gtgctgcagc
ccaatgaagt
cattgaagga
atgccgcette

aaagcaaata

agggctttac
atgtagtggg
tcaataccgt
cgccggcatt
tatccatcac
tcttcectga
ccggacgggc
tcgteggecg
tcgggatttc
atgtgctgca
ttggtggccc
tggttgccta
caatcatctc
gcgtcaccat

gactctaa

cgcagccatc
cccatttggt
actgggttgt
ctttacgcceg
agctgcagcet
ggaaagaatg

a

cggccggatce
aggcgtaacg
ccgggaagca
tgcggctgat
cgatggcatt
ggaggacaga
gatgttgggc
ttccggtaca
gacttcggta
aaagctggaa
aatggaagta
cattgcecggce
ttcagcecggt

ctgcccgact

ttggatatcc atgaatatca ggccaaggaa atcctggctg aatacggtat caagctggct

-170-
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720

780

840

900

951

60
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180
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720

780

840

888

60



gaaggcggat
aatgtgtggg
aaagtatgcc
ctggtcacac
ggtaccgaaa
atcgtcatgg
cctgatgcca
agaaccatgg
atcagaggtt
ctggttgtca
aatgcactgt
cgcgaaattg
tgcatgatca
ggcgaaccgyg
gcattceggce
ggtattaacc
atgacggtcc
atcgctgaca
gtagtgcacg
<210> 93

<211> 32

<212> ADN
<213>

<220>
<223>

<400> 93

tggcgcacac
tcgtcaaggc
ggacacatga
accaaaccgg
ttgcccggga
tgggttcege
tcaaaaaaat
cttttgcact
gctaccgcgce
cgcgcaacaa
tcecggegeca
ctgcagcgga
atggcgccgg
ccaattttct
tggtactggc
gctgtgactg
ctctggtegt
gcgggttgece

ctcgcaacca

Nhén tao

doan mdi

22135

tgtggaagaa
acaaatccat
agaaatcgaa
cccggegggt
agtgtatctc
acagggggga
tcacatcgag
gggtctggaa
catgcgcgat
cgagctgatc
ccggatttece
agcaggcttg
gctggcaatg
ggatgtcggc
ggataacaac
gattgccgaa
gcgectgtet
gatcattact

ggctgcagtt

gcggtacaac
tccggegecece
gtcgcagcetg
aaactctgct
gctttcatga
atggatatcg
cctgetgteg
gatgttctgce
ctggatgcga
gcactggatg
gaattgcgtg
agctacgtcg
gccaccatgg
ggcggcgeat
gtaaaagcca
ggtgtggttc
ggcaccaacg
gcagaaaccc

tga

ggaattccat atggctgtta aaaatcgtct ac

<210> 94

<211l> 29

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi

-171-

gcagccggga
gtggtaaagc
aatcactgct
ccagactgta
tcgatcgcag
agaccctggce
gcctgcagga
tcaatcacgc
acatactcga
cgaagatgag
acaactcaca
ggctggatgg
acatgatcaa
ctgccgagceg
tgctggtcaa
aggctgtacg
tggaagaagg

tggccgatge

aatcgatggc
aggcggtgtc
ggggaaaaaa
tatcgaagcc
tcatgaacgt
agccacgaat
tttccaggca
cgtcaagacg
aatcaacccg
ctttgatgaa
aatcgattcg
agacatcggc
actggcecggc
aactgaaaaa
tatctttgcc
gaatatcgga
ccgecgtate

agcagagaaa
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<400> 94

22135

gctctagatc agaatctgat tccgtgttc

<210> 095

<211> 963
<212> ADN
<213>

<400> 95
atggctgtca

atgctcgaga
gttgcgccgg
gactggtcca
cgggacctcg
aaagtcggca
tacaaaggtt
aacgtggagg
gccgactacg
tacggcatgc
tggcatttcg
gacggccect
gcggcactgg
gaaatcttca
gagcaggcgyg
gcctcgatce
tag

<210> 96

<211> 903
<212> ADN
<213>

<400> 96
atgagcgtat

gccaccttcc
cctggcaaag
accgtggctg

cccttecaatg

agaaccgtct
aagcgccgga
atgacaagga
gatgcgcggt
ttgagatcgt
gcgcctegga
tcaaaccgat
agatcgceccg
ctgegteggt
tgaccgaccc
gcatttcccg
tcggcgattt
gctgcgaagg
cacccacgga
caaaggaggyg

ggatggcgga

tcgttaacaa
acgccaagga
gcggcacccg
aagccgtggce

cggacgcgtt

Methylococcus capsulatus

acaccgcagc
agccggcgec
gcaagcgcgce
ctccgtecege
cgagtcctgce
cgttctgttce
caatatccac
cacctgtcct
gcgegeccgce
tgacgaaagc
catggtcgcg
cagcgatccg
gaagtgggcg
aaaagaggtc
caaaggcgcg

gaacgtggtc

Methylococcus capsulatus

gcactccaag
cgccatgecgg
ccatccecgat

cgccaccgge

gatggaagcc

gaactcgcgg
gacatcgtct
cggaacatcg
atcaacggcc
ggcgacaagc
gtcgcgactt
gtgctgatcg
gaacgcatgg
acgaccaaca
ggtacccgcg
gcctgcecgeg
gaaggattcc
atccatccct
acgcgggcect
gtgtctctgg

cgccagatga

gtcatcttcc
atgggcaccc
cccgaacteg
gccgacgtcet

atagacgccg

-172-

tgccgggcag
ttctggacct
tettcgceget
tcgacaccca
tcgacaccat
tactttccca
aaacggccat
aggccatggt
tcggecggcege
cctatcactg
cctatgggcet
gcgccgcage
cccagattcc
accgcatcct
atgggcggct

agcagatcga

agggcttcac
gggtggtcgg
ctcatctgcce
ccgecgtgtt

gcatccgggt

caatccacgc
ggaagatgcg
caacacctac
ttacgcctac
tctggtgcceg
gatcgaggcc
gggcatggce
gttcggcgtg
caacccggat
ggccgaccag
tcgcecccate
ccgeecgtgec
actétgcaac
ggaagccatg
gatcgatgcc

gtcgcgtegg

cggcgagcac
cggtgtcacc
ggtgttcgac
cgtgcecgeeg

cgccgtgacce

29

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

963

60

120

180

240

300



atcgccgacyg
gattccatcg
ggcatcatgc
accctcaatt
gtcggtatcg
gaagccgacce
gtcgececgeeg
ggccttgceg
gccgacaccg
aacccggceac
tga

<210> 97
<211>

<212>
<213>

ADN

<400> 97
gtgaatatcc

gacggcgcecg
agccgetggg
aaggtcgccec
ctcgtcaccc
gccagccata
atcaccctga
ccggagaaaa
cgcaaggtcg
atgaaggcca
ctggccatcg
gacgacaacg
gacccgaaag
atcggctgca

catggcggcc

1170

gcatcccggt
tgatcggacc
cttcgcacat
acgaggcgac
gcggtgaccc
cggaaaccga
cccgetgggce
caccgaccgg
ccggagccaa

agatcggcca

atgagtacca
ttgecctattce
tggtcaaggc
actccatcga
atcagaccgg
tcaaaaagga
tcgcctccag
tcgtcaagga
ccacggcgat
tctaccgctg
tgggcgaaag
ccctgtaccg
aggtcgaagc
tcgtcaatgg

gtccggccaa

22135

acacgacatg
gaacaccccc
ttacaagaag
ggaacagatg
catcaacgga
gatcgtggtg
caaggaaaac
ccgacgcatg
gatggacgcc

gaccgtgcta

Methylococcus capsulatus

ggccaaggag
cgacgcgcag
gcagatccat
ggaagtccgce
cccgggaggce
atactacctg
cgagggcggc
agtcgtcgat
cggcctgaaa
catgcgegac
cgacgaatcg
gcagcgcacc
ctcecggecac
cgeceggectce

cttcctecgac

atccgactgc
ggcatcatca
ggcaacgtcg
gccgegettg
accgatttcg
atgatcggcg
atgacaaagc
ggccatgccg
atggaagcct

cgcgeegege

ctgctcaaga
gccgccagcg
gcecggeggte
caatacgccg
tcgectggttc
ggcttegtga
atggaaatcg
ccggccatag
ggcaaactga
aaagatgccc
ctcatggtcc
atcaccgaga
ggtctcaatt

gccatggctt

gtgggcggcg

-173-

agcgctaccg
cgcecgggcega
gcatcgtgtc
ggctgggeat
tcactgtcct
aaatcggcgg
cggtcatcgg
gcgccatcat

tggggctgta

aggaacacgg

cctatggecgt
tcgccgagga
gcggcaaggc
acgccatgct
agcgtctgtg
tcgatcgegg
aggaagtcgc
gcetgectgga
tgccccaggce
tgcaggccga
tggatgccaa
tgcgcgacct
acatcgccct
cgctcgacge

gcgectecce

ggtgggtaag
gtgcaaggtg
gcgcteegge
caccaccteg
gcgegectte
cccccaggaa
cttegtegea
ctccagcgag
tgtcgececgce

aatcagattc

gcecegtgece
gatcggcggce
cgggggcgta
cggcagccac
ggtggaacag
caatcaacgc
aaaggaaacc
cttccagtge
cgtcaggctg
aatcaatcct
gttcaacttc
ggccgaggaa
cgacggcaac
catcaccctg

cgagaaggtc

360

420

480

540

600

660

720

780

840

900

903

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



accaatgcct
tttgccggceca
ctgcagatca
aagatcctgg

gccaaggccg

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

98

ADN

<400> 98
atgaacattc

gccgggaacg

gacggatggg

aaactcgccc
ttggtgactc
gcggttagtce
atcaccatcg
ccggagaaaa
cgtaaggtcg
ctcatgcagce
cctctaggca
gaccccaacg
gacccgcggg
atcggctgca
catggtggtt
caaaacgctt
tttgccggcea
ttgegecatcg
aggattttga
gctaaagccg
cgcgggtgat

ttcggtacgg

2072

gccgcategt
tcaaccgctg
aggtgccgct
ccgaatcecgg

tcgccatcegt

acgaatatca
tcgectatte
tagtaaaagc
aatccttgga
ctcaaaccgg
cgcaacggga
tggcttcege
tcgtgcggga
ccgcegecat
gcatctatcg
tcgtcggecag
ccctttteeg
aggtggaagc
tcgtcaacgg
ggccggcgaa
gtcggatcgt
tcaaccgctg
acaagccctg
ccgactcggg
tcgccatcge
catccaggga

cactcaagtg

22135

actggaagat
tgactggatc
gatcgtgegce
cctctectte

caagggataa

ggccaaggag
cgatcgccaa
gcaaatccat
ggaagtccgc
gcccaaaggc
attgtacctt
ggaaggaggyg
ggcgatcgac
tggectgege
cctgtttcgt
cgagccaaag
acatccggaa
cttaggtcac
cgeceggectg
tttecctggat
gattcaggac
cgattggatc
cgtegtgege
tcttgettte
tcatgggagg

ttcaccggcce

gtcggcggcyg

cccaacgtcc

gccaagggcc
ctggccggga

atcaccgcgg

Uncultured gamma proteobacterium

ctgcttegtt
gcgcaggcag
accggcgggce
aagatagccg
aaagtggtcc
gggttggtca
gtagagatcg
ccggccatcg
gacaaacatc
gacaaggatg
ctggtttgtt
atcaacgagc
gggctcaact
gccatggcga
atcgggggtg
cagaacgtca
gctaccggtc
cttgcaggaa
gtaaaagcga
aacgtatgag
aacacgctac

tcaccccggg

-174-

gctgcatcect
tgatccaggc
cgaacgtcga

aaaatctgga

cttacggtgt
tggccgaaca
gaggcaaggc
acgaaatgat
ggcgcgtatt
tcgaccggcg
aggaagtggc
gtctgcgcga
taatggcgca
cccteccaggt
tggacgccaa
tgcgcgattt
acatcgcttt
ccatggacgce
gggcctegec
agactttgtt
tagtccaggce
cgaatgtaga
gcaatctgga
tatttttgtc

gtttcacgce

caagggagga

ggtcaacatc
ctgcgacage
cgagggccge

cgacgcggec

ccecegtteca
gatcggcggyg
cggcggegtt
cggcaaaact
ggtggaagaa
cagccaacgc
ggccaggagt
ttttcaatgc
ggcggtgcege
ggagatcaat
attcaatttc
ggaagaggaa
agacggcgat
catcgtgttt
ggagaaagtg
ggtcaatatc
ttacaccagc
ggaggggcta
cgatgcggca
aaccgccatt
agcgaggcga

agtaagcacc

960

1020

1080

1140

1170

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



ttggattgcc
ctgggatttt
ggatccgggt
agcgctaccg
ctcctggaga
gggtagtgtce
gtttgggtca
tgactgtgcet
aaatcggcgg
cgctcatcgg
gggcgatcat
ttggggtata
aggagcgcct
<210>
<211>

<212>
<213>

99
40
ADN

<220>
<223>

<400> 99

ggtgttcgat
tgtgccccca
aatcgtggtg
gctcggacgce
gtgcaaggtg
gcggtccgga
atccaccgcg
caaagccttc
gccgcaagaa
ttttgtggcg
cgaaggtgag
cgtggtcaga

gggatctgca

Nhén tao

doan mdi

22135

acagtttctg
gcgtttgctg
attgccgatg
gactgtctgg
gggatcatgc
acgctgaatt
gttggcatcg
gaacaagatc
gtcgecegetg
ggggcctcgg
gaagacaccg
aatccecgece

gtttctgget

aagcggtttc
ccgacgceccat
gcatcceggt
tgcttgggcce
ctgctggaat
acgaggccgt
gtggggatcc
cggacaccga
ccegetgggce
ctccaccggg
ccaaagccaa
ggatcggcga

aa

gttgaacgag gagatcgtcc atgaacattc acgaatatca

<210> 100
<211> 29

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi
<400> 100

gctctagatt agccagaaac tgcagatcc

<210> 101
<211> 40

<212> ADN
<213> Nhan tao
<220>

<223> doan mdi

-175-

agagacgggc
catggaagcg
gcaagacatg
aaacacgcct
ttaccgtcca
cgaacaattg
ggtcaacggc
tgcgatcgtce
caaagaaaat
gcggcegceatg
gatggacgcg

aacggtttta

gccgatgtct
atcgaagccg
attcgagtgc
ggaatcatca
ggaagaattg
ggcaaactgg
accgactttg
atgatcggcg
atgcaaaagc
gggcatgctg
atggaggagc

agggcgctca

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2072

40

29



<400> 101

22135

tgatattcgt gaatgttcat ggacgatctc ctcgttcaac

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

102
897
ADN

<400> 102
atgagtattt
gctacgttte
ccgggcaagyg
gtttcagaga
gccatcatgg
ccggtgcaag
gggccaaaca
ggaatttacc
gccgtcgaac
gatccggtca
accgatgcga
tgggccaaag
ccggggcggce
gccaagatgg

ggcgaaacgg

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

103

ADN

<400> 103

1179

ttgtcaaccg
acgccagcga
gaggaagtaa
cgggcgecga
aagcgatcga
acatgattcg
cgcctggaat
gtccaggaag
aattgggcaa
acggcaccga
tcgtcatgat
aaaatatgca
gcatggggca
acgcgatgga

ttttaagggc

ccattegegg
ggcgattcgg
gcaccttgga
tgtctctggg
agccgggatc
agtgcagcgc
catcactcct
aattggggta
actgggtttg
ctttgtgact
cggcgaaatc
aaagccgctc
tgctggggcyg
ggagcttggg

gctcaaggag

atgaacattc acgaatatca ggccaaggag

gccgggaacy

gacggatggg

aaactcgccc
ttggtgactc
gcggttagte

atcaccatcg

tcgectatte
tagtaaaagc
aatccttgga
ctcaaaccgg
cgcaacggga

tggctteege

cgatcgccaa
gcaaatccat
ggaagtccgce
gcccaaaggc

attgtacctt

ggaaggaggg

Uncultured gamma proteobacterium

gtgatcatcc
tacggcactc
ttgccggtgt
atttttgtgc
cgggtaatcg
taccggctcg
ggagagtgca
gtgtcgeggt
ggtcaatcca
gtgctcaaag
ggcgggccgce
atcggttttg
atcatcgaag
gtatacgtgg

cgcetgggat

Uncultured gamma proteobacterium

ctgcttcgtt
gcgcaggcag
accggcegggc
aagatagccg
aaagtggtcc
gggttggtca

gtagagatcg

-176-

agggattcac
aagtggtcgg
tcgatacagt
ccccagcegtt
tggtgattgc
gacgcgactg
aggtggggat
ccggaacgcet
cecgeggttgg
ccttcgaaca
aagaagtcgc
tggcgggggc
gtgaggaaga
tcagaaatcc

ctgcagtttc

cttacggtgt
tggccgaaca
gaggcaaggc
acgaaatgat
ggcgcgtatt
tcgaccggeg

aggaagtggc

cggccaacac
cggcgtcacce
ttctgaagcg
tgctgccgac
cgatggcatc
tctggtgett
catgcctgcect
gaattacgag
catcggtggg
agatccggac
cgctgececcgce
cteggctcecca
caccgccaaa
cgcceggatce

tggctaa

cccegtteca
gatcggcggg
cggcggegtt
cggcaaaact
ggtggaagaa
cagccaacgc

ggccaggagt

40

60

120

180

240

300

360

420

480

540

600

660

720

780

840

897

60

120

180

240

300

360

420



ccggagaaaa
cgtaaggtcg
ctcatgcagc
cctctaggca
gaccccaacg
gacccgeggyg
atcggctgca
catggtggtt
caaaacgctt
tttgccggca
ttgcgcatcg
aggattttga
gctaaagccg
<210> 104
<211> 33

<212> ADN
<213>

<220>
<223>

<400> 104

tcgtgcggga
ccgecgecat
gcatctatcg
tcgtcggcag
ccettttecg
aggtggaagc
tcgtcaacgg
ggccggcegaa
gtcggategt
tcaaccgctg
acaagccctg
ccgactcggg

tcgeccatcge

Nhén tao

doan mdi

22135

ggcgatcgac
tggcctgege
cctgtttcgt
cgagccaaag
acatccggaa
cttaggtcac
cgceggectg
tttcctggat
gattcaggac
cgattggatc
cgtcgtgcgce
tcttgettte

tcatgggagg

ccggecatcg
gacaaacatc
gacaaggatg
ctggtttgtt
atcaacgagc
gggctcaact
gccatggcga
atcgggggtg
cagaacgtca
gctaccggtc
cttgcaggaa
gtaaaagcga

aacgtatga

gttatgtggt ggtcgtgcag ctcctcgtca tgg

<210> 105
<211> 30

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi
<400> 105

gagctgcacg accaccacat aactatggag

<210> 106
<211l> 28

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi

-177-

gtctgcgcga
taatggcgca
ccctecaggt
tggacgccaa
tgcgcgattt
acatcgcttt
ccatggacgc
gggcctegec
agactttgtt
tagtccaggc
cgaatgtaga

gcaatctgga

ttttcaatgc
ggcggtgcge
ggagatcaat
attcaatttc
ggaagaggaa
agacggcgat
catcgtgttt
ggagaaagtg
ggtcaatatc
ttacaccagc

ggaggggcta

cgatgcggca

480

540

600

660

720

780

840

900

960

1020

1080

1140

1179

33

30



<400>
ggaattccag ttgaacgacg gcgagcag

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

<400>

106

107
298
PRT

22135

Granulibacter bethesdensis

107

Met Ser Ile

1

Thr

Thr

Leu

Gly

65

Ala

Thr

Arg

Ala

His

145

Leu

Ser

Leu

Gly

Asn

Gly

50

Ala

Ile

Asp

Arg

Gly

130

Ile

Gly

Thr

Asp

Asp

Val

35

Arg

Gln

Met

Gly

Tyr

115

Ile

Tyr

Tyr

Ser

His

Leu

Lys

20

Val

Pro

Ala

Glu

Ile

100

Gln

Ile

Lys

Glu

Val

180

Leu

Ile

Gly

Gly

Val

Ser

Gly

Pro

Lys

Ser

Glu

Ala

165

Gly

Gln

Asn

Thr

Gly

Phe

Ile

70

Ala

Ala

Asp

Pro

Gly

150

Ala

Ile

Leu

Lys

Phe

Val

Asn

55

Thr

Asp

Gln

Arg

Gly

135

His

Ala

Gly

Phe

Gln

His

Thr

40

Thr

Phe

Ala

Asp

Arg

120

Gln

Val

Gln

Gly

Glu

-178-

Thr

Gly

25

Pro

Vval

val

Gly

Met

105

Thr

Ala

Gly

Leu

Asp

185

Ala

Lys

Arg

Gly

Glu

Ala

Leu

90

Met

Arg

Met

Ile

Lys

170

Pro

Asp

Ile

Glu

Lys

Asp

Pro

75

Glu

Arg

Leu

Leu

Val

155

Glu

Ile

Pro

Ile

Met

Gly

Ala

60

Ala

Leu

Val

Val

Gly

140

Ser

Leu

Asn

Glu

Ile

Ile

Gly

45

Val

Phe

Ile

Lys

Gly

125

Ile

Arg

Gly

Gly

Thr

Gln

Asp

30

Gln

Arg

Cys

Cys

Arg

110

Pro

Met

Ser

Ile

Ser

190

His

Gly

15

Tyr

Thr

Glu

Ala

Thr

95

Tyr

Asn

Pro

Gly

Gly

175

Ser

Ala

Phe

Gly

His

Thr

Asp

80

Ile

Leu

Cys

Gly

Thr

160

Val

Phe

Val

28



Leu

Trp

225

Leu

Ser

Tyr

Ala

Met
210

Ile

Thr

195

Ile

Ser

Ala

Gly Glu

Gly Leu

Ala
290

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

<400>

275

val

108
389
PRT

Gly

Glu

Pro

Gly

260

Thr

Leu

Glu

Asn

Lys

245

Asp

Val

Ala

Ile

Met

230

Gly

Ser

Ala

Gly

Gly

215

Ser

Arg

Ala

Pro

Arg
295

22135

200

Gly

Lys

Arg

Ala

Ser
280

Gln

Pro

Pro

Met

Glu

265

Pro

Ala

Granulibacter bethesdensis

108

Met Asp Val

1

val

Tyr

Ile

Thr

65

Leu

Tyr

Ala

Ala

His

50

Tyr

val

val

val

Ala

35

Ala

His

Thr

Glu

His

Pro

20

Thr

Gly

Glu

His

Val
100

Glu

Arg

Glu

Ala

Val

Gln

85

Ala

Tyr

Gly

Leu

Arg

Arg

70

Thr

Asp

Gln

Ala

Gly

Gly

55

Glu

Gly

Pro

Ala

Ile

Gly

40

Lys

Ala

Pro

Phe

-179-

Lys

Ala

25

Trp

Ala

Ala

Glu

Glu
105

Gln

val

Gly

250

Lys

Gly

Ala

Glu

10

Phe

His

Gly

Ala

Gly

90

Lys

Glu

Val

235

His

Ser

Glu

Leu

Ser

Trp

Gly

Gly

75

Lys

Glu

Ala

220

Gly

Ala

Glu

Leu

Leu

Ala

Ala

Ile

60

Met

Pro

Phe

205

Glu

Tyr

Gly

Ile

Gly
285

Ala

Asp

val

45

Lys

Leu

Val

Tyr

Ala

Val

Ala

Met

270

Ser

Ser

Gln

30

Lys

Leu

Gly

Gln

Leu
110

Ala

Ala

Tle

255

Arg

Thr

Ala

15

Ala

Ala

Cys

Lys

Arg

95

Gly

Lys

Gly

240

Ile

Ser

Val

Gly

Val

Gln

Lys

Arg

80

Val

Phe



Val

Gly

Ile

145

Arg

Ala

Ala

Ile

Arg

225

Arg

Gly

Met

Val

val

305

Gly

Lys

Leu

Gly

130

Gln

Gln

val

Thr

Leu

210

Arg

Glu

Asp

Asp

Gly

290

Leu

Ile

Glu

Asp

115

Met

val

Ile

Thr

Met

195

Ala

Asn

Ala

Ile

Val

275

Gly

Ser

Asn

val

Arg

Glu

Ile

Ala

Ser

180

Leu

Leu

Asn

Gln

Gly

260

Ile

Gly

Asp

Arg

Asp
340

Lys

Ile

Val

Phe

165

Ile

Glu

Asp

val

Ala

245

Cys

Lys

Ala

Lys

Cys

325

Leu

Leu

Glu

Glu

150

Lys

Met

Ile

Ala

Ala

230

Ala

Val

Tyr

Ser

Asn

310

Asp

Lys

Glu

Glu

135

Pro

Leu

Gly

Asn

Lys

215

Asn

Glu

Val

Ala

Pro

295

Val

Trp

Leu

22135

Arg

120

Ile

Ala

Gly
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Val

Asp

190

Asp

Ala

Asp

Gly

Met

270

Phe

Phe

Ile

His

Ala
350

Ala

Lys

Gln

Gln

175

His

Asp
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Leu

Ser

Gly
15

Lys

Asp

Phe

Glu
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Ile

100

Lys

Ile

Leu

Glu
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Lys

Ser

Pro

Ala

165

Gly

Glu

Glu

His

Lys

245

Glu
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Thr

Ile

Met

Gly

290

Arg

Asn

Leu

Glu

Ala

370

Lys

<210>
<211>
<212>

<213>

<400>

195

Leu

His

Tyr

Gly

Ile

275

Gly

Asp

Arg

Asp

Glu

355

Glu

Ala

112
316
PRT

112

Asp
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<210> 133
<211l> 60
<212> ADN

-200-

58

50

49

53

48



<213> Nhén tao

<220>
<223> doan mdi

<400> 133

cgcgegetgt ccttgetggg aaagccacgt tgtgtctcaa aatctctgat gttacattgc

<210> 134
<211> 43
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 134

gccgecgaat tcccgaaaag tgccacctga cgtctaagaa acc

<210> 135
<211> 53
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 135

atgaccatga ttacgaattc tcagggaagc aggcggtagc ctggcagagt cag

<210> 136
<211l> 28
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 136
agtctagaga tcctttttaa cccatcac

<210> 137
<211> 28
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 137
agtctagaag tcgataaaca gcaatatt

<210> 138
<211> 19
<212> ADN

22135

-201-

43

53

28

28



<213> Nhén tao

<220>
<223> doan mdi

<400> 138
gcaacgttgg ctctcatct

<210> 139
<211> 27
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 139
cgggatccaa acacgcggcg gaaaaca

<210> 140
<211> 24
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 140
cgggatcegt taacgcaggc tgac

<210> 141
<211> 19
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 141
gctgctggcg tactggtte

<210> 142
<211> 19
<212> ADN

<213> Nhén tao

<220>
<223> doan mdéi

<400> 142
ctttacactt tatgcttcc

<210> 143
<211l> 26
<212> ADN

22135

-202-

19

27

24

19

19



<213> Nhén tao

<220>
<223> doan mdi

<400> 143
ttgagctcga gaggtctgcc tcgtga

<210> 144
<211> 19
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 144
tcgccatgat gctgctgtg

<210> 145
<211> 27
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 145
cgggatccga cttagcgtca tcggttg

<210> 146
<211> 28
<212> ADN

<213> Nhan tao

<220>
<223> doan mdi

<400> 146
cgggatccga tgaagattgc taacgacg

<210> 147
<211l> 20
<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 147
tgatgccgac aatattacgce

<210> 148
<211l> 27
<212> ADN

22135

-203-

26

19

27

28

20



22135

<213> Nhén tao
<220>

<223> doan mdi
<400> 148

cgcctecgagt gactcatacc aggcctg

<210> 149
<211> 28

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi
<400> 149

cgcctegagg caacacctte ttcacgag

<210> 150
<211> 30

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi
<400> 150

atcatccagce tgtcaggcag ccatcggaag

<210> 151
<211> 18

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi
<400> 151

atccccggga attetgtt

<210> 152

<211> 1352

<212> ADN

<213> Corynebacterium casei
<400> 152

cgcctcgage actggaaggg ttcttcaggg

ttggttaaat gtcgtattat gaacacgccg

tgagaaagtc agctacatga gaccaactac
gctgeecgetg tggccattgg caagcgatga

gaagaacgcg ctggataagc gctacgtcga

gaacccccgg
aggaatgaaa
ccgcectgag
cctecegtgag

agccaatccc

-204-

aaaccgggga
accgaccgtg
ggacgctttg
ggcatttacc

gacgcgctct

aacatctgac
cacgctcgtg
agcagctgtg
gcacctcacg

ctaacctcct

27

28

30

18

60

120

180

240

300



ggtcgttgac
gagacctaac
cgcggagcca
tgtcaccgaa
caaaaacccce
cgatgagctg
aacgcggcgyg
tacgtgggca
aatccaaacc
cgaagttgac
gacagacggc
gaaaggctgg
cattggctaa
aacgtgccgg
tcattaaacg
ccatgcgegce
aagaagttga
aaagtccatc
<210>
<211>

<212>
<213>

153
46
ADN

<220>

<223>

<400> 153

atcgaccagg
gcggtggttg
tttacccgca
ggcctacggce
gagcacactg
cgcttttggce
ttctecgccag
tatcgggagg
accgcgcaag
tgtattgcca
gccgeegtet
caacgaagcg
ggtttatgca
tatgtcggtg
tgccaacgag
tatcgcggca
agagaagaaa

gtaaccaagt

Nhin tao

doan mdi

22135

aggacgcgct
aaaacccctt
ccgaatacgce
gctctgtcga
catgggatag
tcgaagaaac
ttggtctagg
tcagaaagca
cacttaacca
ggtcaatcca
acgacgccac
ctgaggtgcg
cgttatccac
agaacagctc
aagcgtgctc
gagattggtt
accgcgtaaa

cagctcgagg

tttgcgetct
aaacgggcac
caaacgcaag
tggcgatagc
tcactggatc
cggctttatg
tegtaattgce
ttttggagac
agagctgttt
taaatggatc
attcaccgca
tcgtgaggcet
gcaacggaaa
aacgatggac
gcgtccagga
gctcggtggg

tcecageggtt

cg

ttgtgggaca
gcacacgctg
cctttggect
ggatactccg
accgataagc
ccgectgegt
gcactctttg
gctgacggcc
gatgaaccac
atcaccaagt
atgcaatccg
ggacatactc
aacagcccgc
ttccgaaccg
gctgegegec
cacggttcac

tagtcaccct

ggaattcaca aaaaggataa aacaatggct gtcaagaacc gtctac

<210> 154
<211l> 31

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi
<400> 154

cgaattctca gaatctgatt ccgtgttect g

-205-

gggaggactg

tctgggcgct
atgccgegge
ggctgatcac
tgtatacgct
cctggaggaa
aaagcgcacg
taggcecgcge
tacctgtggce
cacgcatgtg
cacgcgggaa
tttggaggaa
gagctggcag
cgtgaagtgt
aaaggtctgt
cgctacgtca

cggcgtgttc

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1352

46

31



<210> 155
<211l> 53

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi
<400> 155

22135

cgagctcaag cttacaaaaa ggataaaaca atgagcacca ttgcattcat cgg

<210> 156
<211> 28

<212> ADN
<213> Nhén tao
<220>

<223> doan mdi
<400> 156

cgggatccct agtccagcag catgagag

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

157
2727
ADN

<400> 157
atgagcacca
gccaaggccg
gtcgacgccg
gtggccgtga
gtcttcgagc
gtcaccaccg
gtatcgggtg
ccggaggatt
gtgggcccga
aacatccaac
gctgeggteg
cagaagatgc
ctcggcatcg

gtcgcccage

ttgcattcat
gccaccaggt
ggggcaccgc
tggtccccga
acgccccggce
ccectecgecege
gcgaggccegg
tcgaggcggc
acggttcecgg
tcectegecga
aggtgctcgg
tggaccggtc
tgaccagcgce

tgatggcctc

Rhodococcus jostii

cggactcgga
ggtcggatac
ggccgactec
ctcceecggac
cggcgccctg
gcaggcaacc
tgcggtcaac
caagccgatc
gcagacggtg
ggcgatcatc
cggcgggctg
cttcgaaccg
cgctecgcgag

cgceccgtgeg

atcatgggca
aaccgctcgce
atcgccaagg
gtccaggceg
atcatcgact
gagcggggct
gccgecactgt
ctcgacaccg
aaggccgcga
ttcctegagg
gccggategg
ggattccgca
gceggtgteg

aacggtgatg

-206-

gccccatggce
ccgagcgcac
ccgttgecgg
tactcgcegg
tctccagecat
tccggctgat
cgatcatggt
tcggcaagac
accagctgat
cctacggtgt
ccgtectgaa
tcgaactgca

tgacacccct

gtggcctgga

cgttcatctc
cgecggcgcete
cgccgacgte
cgaggacgga
ccggeccgac
cgacgccccg
cggceggcgceg
cgtggtgceac
cgtegeggge
cgacaccgcg
ccagaaggca
ccacaaggac
cggcgeggte

ccattcgggce

53

28

60

120

180

240

300

360

420

480

540

600

660

720

780

840



ctgctgegtg
aatcctcgat
ctggaactcg
tacgcagcaa
gcctcccaca
ggcacctccg
tcgatcececga
ttccaggccg
ctcgagccgg
cggccaggac
gacccggata
gagaaggcac
atcatcaacg
gtcgtgccga
atggtcggac
gtcctcggca
aagggccgca
cccgactacg
aaggagcgca
acccggaagce
cgcgtgtacg
gggctctcge
aactgcgggc
gcggagcecgyg
gaggaactgg
tcctacctgg
ctgggcttcg
ccgaaggggt

cgggtcaccg

gaacacaagg

gagtggagcg
ggagaagtga
aaggtgccac
tgcgtaacca
tggccgaggg
ggcccgeegyg
tcctegegat
tcgacatcgce
cccaggttcee
cggtgctceat
cctaccagcce
tcgacatgct
ccgacgccgc
cgctgatggg
tgcagaccgc
tcggcaaccg
agttcgttca
ggatcgtgtce
aggccgccgg
ggaccatgca
aggagatgaa
agatcgccgg
aggccgggcec
agacgcccgt
ccgtgggege
gactgatccg
acaacatcaa
acggcgtcga
agccgggcega

tgccggtggt

22135

gctgtccggce
tatgcctegt
tcaggccttce
cggaggaatc
attcacccgce
aaccgacatg
caccggccaa
ctcgatcgca
gggagcgttce
cgacctgceg
gctgcecegtg
gggtgccgee
ggacctgctg
ctggggcacc
ccaccgatac
gtgggccaac
cgtcgacatce
cgacgccaag
aaccctggceg
gcgcaagacc
ccgegtette

cggccagttc

gctcggetgg
cgtggegcectg
ccagttcaac
tcaggcacag
cacccaggag
tcacgtcaag
gatcgccggce

cgtcgaggte

cgcecctecce
atgcgcgeceg
ggccttececeg
aagcacatcc
gccaaggccg
atcaccggtc
gctccegtgg
ggccecggtcea
gcgcaggcat
atcgacgtgc
tacaagccgg
gaacgcccgc
gtggaactgg
atcccggacg
ggcaacgcca
cggcacacgg
gaacccaccc
gctgegeteg
gaccgcagca
cacttcgacg
gggcgcgaca
ctgcacgtct
acgatccccg
tcecggtgact
ctgccgtaca
cgecgegttceg
cggagcgagc
gtcgccgagg
gccctggaga

ttcctecgage

-207-

agtgacccgt
ctgacgcagc
gtgcggcgat
tcgccecgeca
gaaacatcgg
tgtattcggce
cgcgectgeca
cgaagatggc
ttcacttgat
agttggcgga
ccgcgaccecg
tgatcgttgce
ccgaactgcet
accaccgtct
cgatgctggc
gcggtctcga
agatcggtcg
aactgttcgt
cctgggtecga
acgtcceggt
cccggtacgt
acaaggcccg
ccgetctegg
acgacttcca
tccacgtcgt
acatggactt
acgagacgat
gcctgggctg
aggcccgcega

gggtcaccaa

tccaactcgt
ggtcaagatt
caacccgtte
cgtcgagggce
agtctgcatc
catggcggac
caaggaagac
gatgacggtg
gcggtetggt
gatcgacttc
cgcgcaggcyg
gggcggtggc
ggacattccg
cgccgecggyg
gtcggacttc
cacctaccgg
cgtgttcgceg
cgcegtegeg
ggactgtgcc
caaaccgcag
gagcacgatc
caactggatc
agtggttgcc
gttcatgatc
ggtgaacaac
ctgcgtgcaa
gceegeggte
caaggccctg
actcgccgga

catcgcgatg

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640



22135

ggcaccgaac tcgacaacgt cgccgagttc gaggatctgg cggagagctg ggagcacgct 2700
cccacagccc tcatgectget ggactag 2727
<210> 158

<211> 31

<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 158

ccececgegagg ccgaagcetge cgagcacaat c 31
<210> 159

<211> 30

<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 159

gtgctcggca gcttcggect cgeggggatce 30
<210> 160

<211> 31

<212> ADN

<213> Nhén tao

<220>
<223> doan mdi

<400> 160
ccecegegagg ccgecgetge cgagcacaat c 31

<210> 161
<211> 30

<212> ADN
<213> Nhin tao

<220>
<223> doan mdi

<400> 161
gtgctcggca gcggcggcct cgcggggatc 30

<210> 162
<211> 31

<212> ADN
<213> Nhén tao

<220>
<223> doan mdi

-208-



<400>

162

22135

ccccgegagg ccectggetge cgagcacaat c

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

<220>
<223>

<400>

163

30

ADN
Nhén tao

doan mdi

163

gtgctcggeca gccagggcct cgcggggatc

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

<220>
<223>

<400>

164

31

ADN
Nhin tao

doan mdi

164

cccegegagg ccattgetge cgagcacaat c

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

<220>
<223>

<400>

165

30

ADN
Nhén tao

doan mdi

165

gtgctcggeca gcaatggcct cgcggggatc

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

<220>
<223>

<400>

166

31

ADN
Nhin tao

doan mdi

166

cccegegagg ccatggetge cgagcacaat ¢

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

<220>
<223>

167

30

ADN
Nhén tao

doan mdi

-209-

31

30

31

30

31



<400>

167

22135

gtgctcggca gccatggect cgeggggate

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

<220>
<223>

<400>

168
31
ADN
Nhin tao

doan mdi

168

ccecegegagg ccaatgctge cgagcacaat c

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

<220>
<223>

<400>

169

30

ADN
Nhén tao

doan mdi

169

gtgctcggca gcattggcct cgcggggatc

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

<220>
<223>

<400>

170

31

ADN
Nhén tao

doan mdi

170

cceccgegagg cctacgetge cgagcacaat ¢

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

<220>
<223>

<400>

171

30

ADN
Nhin tao

doan mdi

171

gtgcteggeca gcgtaggcct cgeggggatc

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

<220>
<223>

172

31

ADN
Nhé&n tao

doan mdi

-210-

30

31

30

31

30



<400>

172

22135

cceccgegagg ccaaagctgce cgagcacaat c

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

<220>
<223>

<400>

173

30

ADN
Nhin tao

doan mdi

173

gtgcteggeca gectttggect cgcggggatc

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

<220>
<223>

<400>

174
31
ADN
Nhin tao

doan mdi

174

ccccgegagg cccgegetge cgagcacaat ¢

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

<220>
<223>

<400>

175

30

ADN
Nhén tao

doan mdi

175

gtgcteggeca gegegggect cgcggggatc

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

<220>
<223>

<400>

176

30

ADN
Nhéin tao

doan mdi

176

gagcccgagg cgattattca ggtcgtggtce

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

<220>
<223>

177
31
ADN
Nhédn tao

doan mdi

-211-

31

30

31

30

30



<400>

177

22135

cacgacctga ataatcgecct cgggctcecctt g

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

<220>
<223>

<400>

178

31

ADN
Nhén tao

doan mdi

178

gagcccgagg cgaatattca ggtcgtggtce g

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

<220>
<223>

<400>

179

30

ADN
Nhin tao

doan mdi

179

cacgacctga atattcgcct cgggctcctt

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

<220>
<223>

<400>

180

31

ADN
Nhan tao

doan mdi

180

gagcccgagg cggatattca ggtcgtggtc g

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

<220>
<223>

<400>

181

30

ADN
Nhin tao

doan mdi

181

cacgacctga atatccgcct cgggctectt

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

<220>
<223>

182

31

ADN
Nhén tao

doan mdi

-212-

31

31

30

31

30



<400>

182

22135

gagcccgagg cgaaaattca ggtcgtggte g

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

<220>
<223>

<400>

183

30

ADN
Nhin tao

doan mdi

183

cacgacctga attttcgecct cgggctcctt

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

<220>
<223>

<400>

184
31
ADN
Nhén tao

doan mdi

184

gagcccgagg cgcgcattca ggtcgtggte g

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

<220>
<223>

<400>

185

30

ADN
Nhan tao

doan mdi

185

cacgacctga atgcgcgcct cgggctcctt

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

<220>
<223>

<400>

186

31

ADN
Nhan tao

doan mdi

186

gagcccgagg cgcacattca ggtcgtggtce g

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

<220>
<223>

187

30

ADN
Nhin tao

doan mdi

-213-

31

30

31

30

31



<400>

187

22135

cacgacctga atgtgcgcect cgggctcctt

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

<220>
<223>

<400>

188

31

ADN
Nhin tao

doan mdi

188

gagcccgagg cgcagattca ggtcgtggtce g

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

<220>
<223>

<400>

189

30

ADN
Nhén tao

doan mdéi

189

cacgacctga atctgcgecct cgggctcctt

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

<220>
<223>

<400>

190

31

ADN
Nhén tao

doan mdi

190

gagcccgagg cgccgattca ggtcgtggte g

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

<220>
<223>

<400>

191

30

ADN
Nhén tao

doan mdi

191

cacgacctga atcggcgcct cgggctcctt

-214-

30

31

30

31

30





