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(57) Sang ché dé cap dén vi sinh vat khong co trong tu nhién bao gém vi sinh vat c6 con

duong 1,3-butandiol (1,3-BDO) c6 it nhat mot axit nucleic ngoai sinh ma hoa cho cac

enzym cua con duong 1,3- BDO duoc biéu hién ¢ lugng vura du dé san xuét 1,3-BDO.

Sang ché ciing dé cip dén phuong phap san xuét 1,3-BDO, bao gom viée nudi ciy cac vi

sinh vat ndy trong cac diéu kién va khoang th01 gian du dé san xuat 1,3-BDO.
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Linh viee k§ thuét dwoc dé cap

Séng ché dé cip dén qua trinh sinh tong hop va céc sinh vat c¢6 kha nang san xuat cac
hop chat hitu co. Cu the hon, sang ché d€ cap den cac sinh vat khong c6 trong tw nhién co

kha nang tao ra héa chit thuong phim 1,3- butandiol.
Tinh trang k§ thuit ciia sang ché

1,3-butandiol (1,3-BDO) 1a diol c¢6 4 cacbon dugc san xuét theo cach truyén théng
nhd qué trinh hydrat héa axetylen. Sau d6, axetaldehyt dwgc tao ra duoc chuyén hoa thanh
3-hydroxybutyraldehyt, chit nay sau d6 dwoc khir dé tao ra 1,3-BDO. Trong nhitng nim gin
day, axetylen dd dugc thay thé bang etylen c6 gia thanh thip hon lam ngudn san xuit
axetaldehyt. 1,3-BDO thudng duoc sir dung lam dung moi hitu co cho cac chit diéu vi thuc
phim. Chét nay con dugc st dung 1am co-monome dé téng hop nhya polyuretan va polyeste
va con dugce st dung rong rdi 1am thube giam gluco huyét. Hop chit 1,3-BDO quang hoat 1a
nguyén liéu hitu dung dé tong hop céc hop chét va tinh thé 16ng c6 hoat tinh sinh hoc. Mot
ting dung thwong mai cha yéu cia 1,3-butandiol 13 qua trinh loai nudc theo sau dé tao ra
1,3-butadien (Ichikawa et al., J. of Molecular Catalysis A-Chemical, 256:106-112 (2006);
Ichikawa et al., J. of Molecular Catalysis A-Chemical, 231:181-189 (2005)), 11,25 ty
kg/ndam hoa chit ddu mo dugc st dung dé san xuét cao su téng hop (vi du, lép xe), latec, va
nhwa. Viéc dua vao ngudn nguyén lidu diu mo dé san xuét axetylen hodc etylen dam bao
cho su phiét trién ctia quy trinh san xuét 1,3-butandiol va butadien dua trén ngudn nguyén

li€u tai tao duoc.

Do d6, ¢6 nhu cau cai tién cac vi sinh vat va phuong phép sir dung céac vi sinh vit
nay dé san xuét 1,3-BDO. Giai phap k§ thuat cua sang ché dap tmg dugc nhu cdu nay va

cling d& xuit nhimg uvu diém lién quan.
Ban chit ky thuit ciia sang ché

Theo mdt sO phuong 4n, sang ché dé xuat vi khuan khong cé trong tw nhién bao gdm

vi khuén ¢6 con dudng téng hop 1,3-butandiol (1,3-BDO) c6 it nhat mot axit nucleic ngoai
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sinh ma hoa cho enzym tham gia vao con dudng tong hop 1,3-BDO duoc biéu hién & lwong
du dé san xudt 1,3-BDO. Con duong tdng hop 1,3-BDO bao gdm mét enzym duoc chon tir
nhom bao gdm 2-amino-4-ketopentanoat (AKP) thiolaza, AKP dehydrogenaza, 2-amino-4-
hydroxypentanoat aminotransferaza, 2-amino-4-hydroxypentanoat oxidoreductaza (khi
amin), 2-oxo-4-hydroxypentanoat decarboxylaza, 3-hydroxybutyraldehyt reductaza, AKP
aminotransferaza, AKP oxidoreductaza (khir amin), 2,4-dioxopentanoat decarboxylaza, 3-
oxobutyraldehyt reductaza (kht keton), 3-oxobutyraldehyt reductaza (khir aldehyt), 4-
hydroxy-2-butanon reductaza, AKP decarboxylaza, 4-aminobutan-2-on aminotransferaza, 4-
aminobutan-2-on oxidoreductaza (khr amin), 4-aminobutan-2-on amoniac-lyaza, butenon
hydrataza, AKP amoniac-lyaza, axetylacrylat decarboxylaza, axetoaxetyl-CoA reductaza
(phu thuoc CoA, tao aldehyt), axetoaxetyl-CoA reductaza (phu thudc CoA, tao rugu),
axetoaxetyl-CoA reductaza (khir keton), 3-hydroxybutyryl-CoA reductaza (tao aldehyt), 3-
hydroxybutyryl-CoA reductaza (tao ruogu), 4-hydroxybutyryl-CoA dehydrataza, va

crotonaza.

Theo mét sb phurong 4n, sang ché dé xuit phuong phép san xuit 1,3-BDO bao gdm
nudi cdy vi khudn khong cé trong ty nhién niy trong céc didu kién va thoi gian du dé tao ra

1,3-BDO.
M ta vin tit cac hinh vé

' Fig.1 thé hién con duong téng hop 1,3-BDO tir alanin. Cic enzym la: A) AKP
thiolaza, B) AKP aminotransferaza hodc AKP oxidoreductaza (khir amin), C) 2,4-
dioxopentanoat decarboxylaza, D) 3-oxobutyraldehyt reductaza (khir aldehyt), E) AKP
decarboxylaza, F) 4-aminobutan-2-on amoniac-lyaza, G) Butenon hydrataza, H) 4-hydroxy,
2-butanon reductaza, I) AKP amoniac-lyaza, J) axetylacrylat decarboxylaza, K) 4-
aminobutan-2-on aminotransferaza hodc 4-aminobutan-2-on oxidoreductaza (khtr amin), L)
AKP dehydrogenaza, M) 2-amino-4-hydroxypentanoat aminotransferaza hodc 2-amino-4-
hydroxypentanoat  oxidoreductaza  (khtt amin), N) 2-oxo-4-hydroxypentanoat

decarboxylaza, O) 3-oxobutyraldehyt reductaza (khir keton), va P) 3-hydroxybutyraldehyt

reductaza.

Fig.2 thé hién con dudng tir axetoaxetyl-CoA dén 1,3-butandiol. Céc enzym la: A)
axetoaxetyl-CoA reductaza (phu thudc CoA, tao aldehyt), B) 3-oxobutyraldehyt reductaza
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(khtr keton), C) 3-hydroxybutyraldehyt reductaza, D) axetoaxetyl-CoA reductaza (phu thude
CoA, tao rugu), E) 3-oxobutyraldehyt reductaza (khur aldehyt), F) 4-hydroxy,2-butanon
reductaza, G) axetoaxetyl-CoA reductaza (khir keton), H) 3-hydroxybutyryl-CoA reductaza
(tao aldehyt), va I) 3-hydroxybutyryl-CoA reductaza (tao rugu).

Fig.3 thé hién con dudng tir 4-hydroxybutyryl-CoA dén 1,3-butandiol. C4c enzym la:
A) 4-hydroxybutyryl-CoA dehydrataza, B) crotonaza, Q) 3-hydroxybutyryl-CoA reductaza
(tao aldehyt), D) 3-hydroxybutyraldehyt reductaza, va E) 3-hydroxybutyryl-CoA reductaza

(tao ruou).
Fig.4 thé hién aldehyt dehydrogenaza c6 hoat tinh dang ké trén 3-hydroxybutyl-CoA.

Fig.5 thé hién hoat tinh dic hiéu ciia bld tit Clostridium saccharoperbutylacetonicum

trén 3-hydroxybutyryl-CoA trudc va sau khi thdm tach.

Fig.6 thé hién cac ndng dd 1,3-BDO khi bd sung 3-hydroxybutyraldehyt 1am co chét
va trong mau ddi chimg khong cé co chit. Cac sd GI ddi véi rugu dehydrogenaza dugc thé

hién.

Fig.7 thé hién cac ndng do 1,3-BDO khi bd dung 3-hydroxybutyryl-CoA 1am co chit
va trong mau ddi chimg khong ¢ co chit. Cac s GI ddi véi rugu dehydrogenaza dugc thé

hién. S6 GI dbi véi aldehyt dehydrogenaza dugc thir nghiém 1a 163762382.
MO ta chi tiét sang ché

Theo mdt khia canh, sang ché dé cap dén cac vi sinh vat khong cé trong tu nhién
biéu hién gen ma héa cho cic enzym xuc tac cho qua trinh tong hop 1,3-butandiol (1,3-
BDO). Céc con dudng téng hop 1,3-butandiol duge bdc 16 trong trong ban mb ta ndy dua
trén ba phan tir tién chit 1a: (i) D-alanin, (ii) axetoaxetyl-CoA, va (iii) 4-hydroxybutyryl-
CoA. Viéc thiét 1ap thanh cong cic con dudng nay doi héi viée xac dinh tap hop céc enzym
thich hop c6 hoat tinh va tinh dic hiéu dua, tdch dong cadc gen ma hoda tuong g cho cac
enzym nay vao vat chi san xudt, tdi wu hoa cac didu kién 1én men va phan tich qu4 trinh tao

sédn pham sau qua trinh 1én men.
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Su chuyén hoa alanin thanh 1,3-BDO c6 thé dugc thuc hién béng mdt sb con dudng
gdm 5 budc ¢ sy tham gia ctia enzym nhu duoc thé hién trén Fig.1. Trong budc ddu tién &
tht ca cac con dudng (budc A), alanin va axetyl-CoA dugc két hop véi nhau nhd enzym 2-
amino-4-ketopentanoat thiolaza, 14 enzym c6 tinh chon loc cao. Sau d6, san phdm cutia phan
g nay, 1a 2-amino-4-oxopentanoat (AKP), ¢6 thé bi chuyén nhém amin, khir, loai nhom
carboxyl hodc khtr amin nhu duoc thé hién trén Fig.1. Cac budc tdng hop tiép theo dé tao ra
1,3-BDO dugc md ta chi tiét dudi day. Hiéu suét 1,3-BDO ly thuyét tir mi con dudng nay

duoc tinh 14 khoang 1,09 mol/mol glucoza ti€u thu.

Fig.2 thé hién nhiéu dudng tao ra 1,3-BDO tir axetoaxetyl-CoA. Mdi con dudng tir
axetoaxetyl-CoA dén 1,3-BDO nay st dung ba duong luong khir va tao ra hiéu suét theo ly
thuyét 12 1 mol 1,3-BDO trén mdi mol glucoza tiéu thu. Cac co chit cacbon khéac nhu khi
tdng hop ciing c6 thé dugc sir dung dé san xuit axetoaxetyl-CoA. Viéc khi héa glucoza dé
tao ra khi tdng hop s& dua dén két qua 14 hiéu suit theo ly thuyét t6i da 1a 1,09 mol 1,3-BDO

trén mdi mol glucoza tiéu thy, gia st rang thu duoc 6 mol CO va 6 mol H, tir glucoza
6CO + 6H, = 1,091 C4H¢0, + 1,636 CO, + 0,545 H,

4-Hydroxybutyryl-CoA 1a mot chit chuyén héa khéi ddu quan trong, tir chit nay co
thé tao ra nhiéu hop chit hitu dung trong coéng nghiép, bao gdm 1,3-BDO nhu duoc thé hién
trén Fig.3. Méc du 4-hydroxybutyryl-CoA khong phai la chét chuyén hoa trung tdm phd
bién & mirc dd cao, nhung cic phuong phép tao ra cac ching tong hop 4-hydroxybutyryl-
CoA d3 dugc md ta trude ddy boi ngudi ndp don cia don yéu cdu cip Patent My s
2009/0075351. Con dudng tir 4-hydroxybutyryl-CoA dén 1,3-butandiol c¢6 hiéu suét theo ly

thuyét 1a 1,09 mol/mol san phdm, gia st str dung glucoza 1am ngudn hydrat cacbon.

Theo mdt khia canh, sang ché con d& xuit cac phuong phap san xuit 1,3-BDO bing
cach nudi cdy cac vi khuin khong c6 trong tu nhién nay. Viéc loai nude cia 1,3-BDO duge
tao ra bdi cac sinh vat nay va cac phuong phép duge mo ta, tao ra co hdi san xuit butadien
tai tao dugc trong céc thiét bi tao san phdm dau cudi nho, tranh duoc yéu cau phai véan

chuyén hoa chit phan tng va dé chay nay.

Nhu dugce st dung trong ban mo ta, thuat ngit “khong cé trong tuw nhién” khi dugc sir

dung dé dé cap dén vi khuan hodc vi sinh vat cia sang ché nham chi vi khuan d6 c¢6 it nhat
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mdot su bién ddi trong gen khéng dugc tim thdy mot cach binh thudng & cac ching ¢6 trong
tu nhién cua cac loai duge dé cap, bao gdbm céc chung kiéu dai ctia cac loai nay. Cac bién
dbi di truyén bao gém, vi du, cac cai bién dua vao cac axit nucleic c6 thé biéu hién ma hoa
cho cac polypeptit tham gia chuyén héa, cac dang bd sung axit nucleic khic, mét axit
nucleic va’hodc su pha hdng chic ndng vat liéu di truyén ctia vi khuén. Cac cai bién nay bao
gdm, vi dy, cic ving mi héa va cic doan chirc ning cia né, dbi véi cac polypeptit twong
déng, khéc loai hodc ca tuong df“)ng va khac loai, d6i véi céc loai nay. Céc cai bién khéc bao
gém, vi dy, cac vung diéu hoa khong ma hoa ma trong d6 su cai bién lam thay dbi su biéu
hién cta gen hodc operon. Vi du vé cac polypeptit tham gia chuyén hoa bao gdm cac enzym

hoic protein trong con dwdng sinh tong hop 1,3-butandiol.

Su cai bién trong qua trinh chuyén héa dé cap dén phan ung sinh hoa dugc lam thay
dbi so véi trang thai cua noé trong tu nhién. Do do, céc vi sinh vat khong c6 trong ty nhién
c6 thé co su cai bién di truyén ddi véi axit nucleic ma hoa cho polypeptit tham gia chuyén
hoéa hodc cac doan chiic ndng cua nd. Vi du vé sy cai bién trong chuyén héa dugc boc 10

trong ban mo ta nay.

Nhu dugc st dung trong ban md ta nay, thuédt ngit “dugc phan lap”, khi dugc s
dung c6 lién quan dén vi khuén, chi sinh vat vé co ban 1a khong chira it nhit mot thanh phan
nhu ¢6 ¢ vi khuan dugc dé cap d6 dugc tim thdy trong tu nhién. Thut ngit nay bao gdm vi
khudn da bi loai di mot sd hodic toan bd cac thanh phén khi né duoc tim théy trong moi
treong tu nhién. Thudt ngit ndy ciing bao gdm vi khudn da bi loai di mét sb hodc toan bod
cac thanh phan khi né dugc tim thdy trong méi trudng khong c6 trong tu nhién. D6 d6, vi
khuén duoc phan 1ap duoc tach ra hoan toan hodc mot phin tir cac chét khac khi né duge
tim théy trong tu nhién hodc khi né dugc nudi céy, luu git hoac tdn tai trong moi truong
khong c6 trong tw nhién. Vi du cu thé vé cac vi khuin phén lap bao gdm cic chung vi khuin
sach mot ph?ln, cac chung vi khudn co ban 1a sach va cac ching vi khuin duoc nudi céy

trong moi truong khong cé trong tu nhién.

Nhu dugce st dung trong ban mo ta, cac thuat ngir “vi khuan“ hoac “vi sinh vat” chi
sinh vat bat ky ton tai du¢i dang té bao cuc nho, sinh vat nay thuéc nhém cb khuén, vi
khuén hodc sinh vat nhan that. Vi vay, thuét ngit ndy du dinh bao ham cac t& bao nhén so

hodc céc t€ bao nhéan thit hodc cac sinh vat ¢6 kich ¢& hién vi va bao gém vi khuén, cb
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khuén va vi khuén that gom tat ca cac loai cling nhu céc vi sinh vat nhan thiat nhu nam men
va nam. Thuit ngit ndy con bao gdm cac chiing t€ bao cua loai bat ky ma co6 thé dugc nudi

cay dé san xuat cac chat hoa sinh hoc.

Nhu dugc sit dung trong ban md ta, thuit ngtt “CoA” hodc “coenzym A” chi mot
dong yéu t6 hitu co hodic nhom prostetic (phin khong phai protein ctia mot enzym) ma sy co
mit ciia né 1a can thiét cho hoat tinh cua nhiéu enzym (apoenzym) dé tao ra hé enzym c6
hoat tinh. Coenzym A hoat dong trong mét sé enzym ngung két, hoat déng trong qua trinh
chuyén nhém axetyl hoic nhém axyl khac va trong qua trinh tdng hop va oxi hoa axit béo,

oxi héa pyruvat va trong qua trinh axetyl hoa khac.

Nhu duge st dung trong ban md ta, thuat ngit “co ban 1a ky khi” khi dugc st dung dé
dé cap dén diéu kién nudi cdy hoic sinh truéng chi lugng oxy it hon khoang 10% ndng do
bdo hoa ddi v&i oxy hoa tan trong méi trudng 16ng. Thuat ngit ndy con bao gdm cac ngin

kin chira moi trudng 16ng hoic rén dugc duy tri khong khi v6i luong it hon khoang 1% oxy.

“Ngoai sinh” nhu dugc st dung trong ban mé ta nay chi phan tr hodc hoat tinh duoc
dé dé cap dugc dua vao vi khuin chu. Phan tir nay cé thé dugc dua vao, vi du, bﬁng cach
dua axit nucleic ma hoa vao vat liéu di truyén cda vat chi nhu b.%mg cach chén vao nhiém
sic thé vat chi hodc dudi dang vat lidu di truyén khong phai nhiém sic thé nhu plasmit. Do
do, thut nglt nay, khi dugc st dung c6 li€n quan dén su biéu hién cta axit nucleic ma hoa,
chi viéc dua axit nucleic mi hoa & dang biéu hién duoc vao té bao vi khudn. Khi duge st
dung c6 lién quan dén hoat tinh sinh téng hop, thuat ngtt nay chi hoat tinh dugc dua vao
sinh vt cha duge dé cap. Ngudn “ngoai sinh” nay co thé 13, vi du, axit nucleic ma héa
tuong déng hoic khéc loai biéu hién hoat tinh dugc dé cap sau khi duoc dua vao té bao vi
khudn chu. Do d6, thuat ngit “ndi sinh” chi phan tir hodc hoat tinh dugc dé cap co trong vat
chu. Tuong ty, thudt nglt nay, khi dugc st dung c6 lién quan dén sy bibu hién cia axit
nucleic ma hoa, chi sy biéu hién cia axit nucleic ma hoa dugc chira trong té bao vi khudn.
Thuat ngit “khac loai” chi phan tit hodc hoat tinh c6 ngudn gdc khac vé6i cac loai duge dé
cap, ngugc lai thuat ngit “twong ddng” chi phan tt hodc hoat tinh ¢6 ngudn gbc tir t& bao vi
khuan chi. Theo do, su biéu hi€én ngoai sinh cla axit nucleic ma hda theo sang ché co thé st

dung mét trong hai hodc st dung ca hai loai axit nucleic ma hoa khac loai hodc tuong déng.
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Vi khuin khong c6 trong tu nhién theo sang ché c6 thé co6 cac bién d6i di truyén 6n
dinh, thuat ngit nay chi céc vi sinh vét c6 thé dugc nudi cdy nhidu hon 5 thé hé ma khong
mét di bién dbi di truyén d6. Nhin chung, bién dbi di truyén dn dinh bao gbm céc cai bién
tdn tai bén vitng qua hon 10 thé hé, diac biét 1a cac cai bién 6n dinh s& tdn tai bén viing qua
hon 25 thé hé, dic biét hon, cac cai bién di truyén dn dinh s& tdn tai qua hon 50 thé hé, tham

chi vo thoi han.

Ngudi ¢6 hiéu biét trung binh trong linh vuc nay s& hiéu ring cac bién ddi di truyén,
bao gdm cac cai bién vé trao ddi chit dugc 14y lam vi du trong ban mo ta nay, dugc mo ta
v6i su vién dan dén sinh vét chi thich hop nhu E. coli va cac phan tng trao dbi chét twong
Ung cua ching hodc ngudn sinh vat thich hop cho vt liéu di truyén mong mudn nhu cac gen
tham gia vao con dudng trao dbi chdt mong mudn. Tuy nhién, dya vio trinh tu bd gen hoan
chinh ctia nhiéu sinh vat khac nhau va k¥ thuét cao trong linh vuc giai ma hé gen, nguoi c6
hidu biét trung binh trong linh vuc nay sé dé dang c6 thé ap dung cac dé xuét va chi dan
duoc dé cap trong ban mo ta nay cho hau hét tit ca cac sinh vat khac. Vi du, cac bién dbi
trong trao dbi chét cua E. coli duoc lay 1am vi du trong ban mé ta nay c6 thé dé dang dugc
ap dung cho cac loai khac bang cach két hop axit nucleic ma hoa twong tu hodc twong dong
tir cac loai khac voi loai duoc dé cap. Cac bién dbi di truyén nhu vay bao gbém, vi du, bién
d6i di truyén ciia cac gen tuong ddng cua loai, néi chung va cu thé 13, cac gen dong ding,

cac gen ban sao hodc cac hoan vi gen khong dong dang.

Gen ddng dang 12 mot hodc nhiéu gen cé quan hé do su di truyén thang va chiu trach
nhiém vé cac chtrc ning co ban 1a giéng nhau hodc twong tu trong cc sinh vat khac nhau.
Vi du, epoxit hydrolaza ciia chudt va epoxit hydrolaza ctia ngudi c6 thé dugc xem 1a cac
gen dong ding vé mit chirc ning thiy phan sinh hoc cac epoxit. Cac gen c6 quan hé do su
di truyén thang néu, vi dy, ching c6 d6 gidng nhau vé trinh ty & mirc da dé cho thy ching
1a twong ddng, hodc ¢6 quan hé do su tién hoa tir mot td tién chung. Cac gen ciing c6 thé
dugc xem 1a gen ddng déng néu ching c6 cuing ciu tric ba chiéu, nhung khong nhét thiét co
do gidng nhau vé trinh tu, & mic di dé chi ra ring ching dugc tién hoa tir mot td tién
chung, cho dén murc khong thé nhan thiy c6 sy giéng nhau vé trinh ty chinh. Cac gen dong
ding c6 thé ma hoa cho cac protein c6 sy giéng nhau vé trinh ty v6i muc do trong ddng cia
trinh tu axit amin 1a khoang 25% dén 100%. Cac gen ma héa cho céc protein co dd tuong

ddng axit amin it hon 25% c6 thé dwoc xem 1a ¢ su phat sinh do di truyén thing néu cu
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trac ba chiéu cia chung ciing cho thay c6 nhi€u sy giong nhau. Mot so loai thugc ho enzym
serin proteaza, bao gom chat hoat hoa plasminogen ciia md va elastaza, dugc xem la c6 sy

phét sinh do di truyén thing tir mot t6 tién chung.

Céac gen ddng ding bao gdm cic gen hodic cc san pham do gen ma hoa ma qua, vi
du, qué trinh tién hoéa, co sy khac nhau vé cAu tric hoac_ hodc hoat tinh toan phén. Vi dy, néu
mdt loai ma hoa san phim gen bidu hién hai chirc nang va néu cac chirc ning nay dugc tach
thanh céc gen khac nhau & loai thir hai, ba gen nay va cic san phim tuwong tng cla chiing
dugc xem 1a cac ddng déng. Di voi viée san xuét san phdm sinh héa hoc, ngudi c6 hiéu
biét trung binh trong linh vyc nay s& hiéu ring cac gen ddng ddng c6 hoat tinh trao ddi chét,
s& dugc dua vao hodc phé héng, dugce chon dé tao ra vi sinh vat khong c6 trong ty nhién. Vi
du vé cac gen ddng ddng biéu hién céc hoat tinh tach roi duoc 1a trudng hop cac hoat tinh
khéc nhau dugc tach thanh cac san phdm gen khac nhau gitta hai hogc nhiéu loai hoic trong
cing mot loai. Vi du cu thé 1a sy tach hoat tinh thity phan protein elastaza va thity phan
protein plasminogen, hai loai c6 hoat tinh serin proteaza, thanh cic phén tir khac nhau 1a yéu
t6 hoat hoa plasminogen va elastaza. Vi du thit hai 14 su tich hoat tinh ctia 5'-3' exonucleaza
cta mycoplasma va ADN polymeraza III ctia rudi gidm. ADN polymeraza tir loai thir nhét
c6 thé duogc xem 1a ddng dang véi mot trong hai hodc ca hai exonucleaza hoic polymeraza

tir loai thr hai va ngugc lai.

Trai lai, cadc gen ban sao 1a cic doan trinh tu giéng nhau cé quan h¢ 1a do, vi duy, su
sao chép sau d6 phan hudng trong qua trinh tién hoéa va c6 céc chirc ning tuong tu hoic
chung nhung khong giéng hét nhau. Cac gen ban sao co thé bét ngudn hodic c6 ngudn gbc
tir, vi du, cuing mdt loai hodc tir loai khac. Vi du, epoxit hydrolaza cta vi lap thé (epoxit
hydrolaza I) va epoxit hydrolaza tan dugc (epoxit hydrolaza IT) c6 thé dugc xem 1a cac gen
ban sao bodi vi ching dai dién cho hai enzym khéc nhau, dugc tién hoa ddng thoi tir mét td
tién chung, va xtc tac cho cac phan tng khac nhau va c6 chirc ndng khic nhau trong cung
mdt loai. Cac ban sao 1a cac protein tir cing mét loai ¢6 mirc do twong déng vé trinh tu déng
ké vai protein con lai d& xuét ring chung 1a tvong ddng, hodc c6 quan hé do qua trinh tién
hoa ddng thoi tir mot td tién chung. Cac nhém ho protein ban sao bao gdm céac dang tuong

dong HipA, céc gen luxiferaza, cac peptidaza, va céac protein khac.
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Su hoén vi gen khong ddng ding 1a céc gen khong ddng dang tir mdt loai co thé thay
thé cho chtrc nang cua gen duge dé cip & mot loai khac. Su thay thé nay bao gbm, vi du, ¢6
kha nang thuc hién chic ndng tuong tuy hodc co ban la gidng nhau & loai ban diu so véi
chirc ning duge dé cap & loai khac. Mic du nhin chung, su hoan vi gen khong dong dang s&
dugc xem 14 ¢6 lién quan vé cip trac véi gen da biét ma héa cho chirc ning duge dé cap, tuy
nhién, cdc gen it lién quan vé cAu truc nhung tuong ty vé chirc ning va cac San phim gen
trong Ung s& vin nim trong pham vi cta thut ngit nay khi dugc st dung trong ban mo ta
nay. Su gidng nhau vé chirc ning doi hoi, vi du, it nhat mot sd su giébng nhau vé céu tric &
vi tri hoat dong hodc ving lién két ciia cac San pham gen khong ddng dang so v6i gen ma
hoéa cho chirc nang can dugc thay thé. Do d6, gen khong dong déng bao gom, vi du, gen ban

sao hodc gen khong c6 quan hé ho hang.

Do d6, khi nhan biét va tao ra céc vi khudn khong cé trong tu nhién theo sang ché c6
kha ning sinh tdng hop 1,3-BDO, bang cach ap dung dé xuit va huéng din cia sang ché
cho loai cu thé, ngudi c6 hidu biét trung binh trong linh vuc nay sé hiéu rang viéc nhén biét
céc cai bién vé trao ddi chat c6 thé bao g‘ém viéc nhén biét va viéc bao gém hoac viéc lam
bét hoat cac gen ddng dang. Chimg ndo ma céc gen ban sao va/hodc cac hoan vi gen khong
ddng ding c6 mat trong vi sinh vét chii duge dé cAp ma ma hoa cho enzym xic tac cho phan
{ing trao d6i chit twong tu hodc co ban 14 twong tw, ngudi cé hiéu biét trung binh trong linh

vuc nay déu co the sit dung céc gen c6 lién quan do qua trinh tién héa nay.

Céac gen ddng ddng, cac gen ban sao va cac hoan vi gen khong ddng dang c6 thé
duoc xac dinh bang cac phuong phap duoc biét 16 dbi véi ngudi co hiéu biét trung binh
trong linh vuc nay. Vi du, viéc kiém tra trinh tu axit nucleic hodc axit amin dbi voi hai
polypeptit s& phan anh do tuong ddng va giéng nhau vé trinh tu giita cac trinh tu dugc so
sanh. Dua trén su giéng nhau nay, ngudi c6 hidu biét trung binh trong linh vuc nay c6 thé
xéc dinh liéu sy giéng nhau nay c6 di cao dé chi ra ring cac protein nay c6 quan hé do qua
trinh tién hoa tir mét o tién chung. Céc thuat toan dugc biét ro dbi véi ngudi co hiéu biét
trung binh trong linh vuc nay, nhu Align, BLAST, Clustal W va cdc phuong phép khac s
so sanh va xac dinh murc d) tuong déng hodc giéng nhau v& trinh tu thd, va con xéc dinh su
¢6 mat hodc ¥ nghia cia cac khoang tréng trong trinh tw, chiing c¢6 thé duge gan trong sb
hodc diém sb. Cac thuat toan nay ciing duoc biét trong linh vuc nay va c6 thé ap dung mot

cach tuong ty dé xéac dinh su gidng nhau hoic twong ddng vé trinh tu nucleotit. Cac thong
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s6 v& su gidng nhau du dé xac dinh mébi quan hé ho hang dugc tinh toén dua trén cic
phuong phap dugc biét ro dé tinh mirc do gidng nhau theo thng k&, hodc x4c suét phat hién
ra su so khdp tuong tu & polypeptit ngau nhién, va y nghia cta sy so khop dugce xac dinh
nay. Néu cén, sy so sdnh bang mady tinh giita hai hoic nhiéu trinh tu ¢6 thé con duge tdi wu
hoa mdt cach truc quan bdi ngudi c6 hiéu biét trung binh trong linh vuc nay. Cac san pham
hodc protein ciia gen c¢6 quan hé ho hang c6 thé dugec mong doi 1 c6 mirc do twong dong
cao, vi du, dd ddng nhit vé trinh ty tir 25% dén 100%. Céc protein ma khéng c6 quan hé ho
hang c6 thé c6 do dong nhit ma v& co ban 1a gidng nhu mic dugc mong doi xay ra mot
cach ngiu nhién, néu quét dit liéu c6 quy mod du (khoang 5%). Céc trinh tu nim trong
khoang tir 5% dén 24% c6 thé hoic khong thé hién sy twong dong du dé két luan ring cac
trinh tu dugc so sanh 14 ¢6 quan hé. Phan tich thdng ké bd sung dé xac dinh ¥ nghia clia cac
so khép nay dua vao quy mod cua tip hop dir liéu co thé duoc tién hanh xac dinh su c6 lién

quan cua cac trinh ty nay.

Céc thong sb duoc 1iy 1am vi du @ xac dinh mdi lién quan ciia hai hodc nhiéu trinh
tu bing cach sit dung thut toan BLAST ching han, dugc néi dén dudi day. No6i ngin gon
13, c6 thé thuc hién su cin trinh tu axit amin béng cach str dung BLASTP phién ban 2.0.8
(05/01/1999) va cac thong sb sau ddy: Ma tran: 0 BLOSUM 62; khoang tréng dau: 11;
khoéng trong kéo dai: 1; x_dropoff: 50; ngudng mong doi: 10,0; kich thudc tir (wordsize):
3; bo loc: bat. Co thé thuc hién su can trinh tu axit nucleic béng cach sit dung BLASTN
phién ban 2.0.6 (Sept-16-1998) va cac thong s6 sau day: khép: 1; khong khép: -2; khoang
tréng ddu: 5; khoang trdng kéo dai: 2; x_dropoff: 50; ngudng mong doi: 10,0; kich thudc tir:
11; bd loc: tat. Ngudi c6 hidu biét trung binh trong linh vuc niy s& biét cic cai bién nao co
thé dugc tao ra voi cac thong sb néu trén dé ting hodc giam tinh nghiém ngit ciia phép so

sanh chang han va xac dinh moi quan hé ho hang cta hai hodc nhiéu nhiéu trinh tu.

Theo mot s& phuong an, sang ché dé xuét vi khuan khéng c6 trong tw nhién bao gdm
vi khuén c6 con dudng 1,3-butandiol (1,3-BDO) c6 it nhat mét axit nucleic ngoai sinh ma
hoa cho enzym tham gia vao con dudng tong hop 1,3-BDO duge biéu hién & luong du dé
san xuét 1,3-BDO. Con dudng téng hop 1,3-BDO bao gém enzym dugc chon tir nhoém bao
gdbm 2-amino-4-ketopentanoat (AKP) thiolaza, AKP dehydrogenaza, 2-amino-4-
hydroxypentanoat aminotransferaza, 2-amino-4-hydrbxypentanoat oxidoreductaza (khw

amin), 2-oxo0-4-hydroxypentanoat decarboxylaza, 3-hydroxybutyraldehyt reductaza, AKP
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aminotransferaza, AKP oxidoreductaza (kht amin), 2?4-dioxopentanoat decarboxylaza, 3-
oxobutyraldehyt reductaza (khu keton), 3-oxobutyraldehyt reductaza (khi aldehyt), 4-
hydroxy-2-butanon reductaza, AKP decarboxylaza, 4-aminobutan-2-on aminotransferaza, 4-
aminobutan-2-on oxidoreductaza (khtr amin), 4-aminobutan-2-on amoniac- lyaza, butenon
hydrataza, AKP amoniac-lyaza, axetylacrylat decarboxylaza, axetoaxetyl-CoA reductaza
(phu thudc CoA, tao aldehyt), axetoaxetyl-CoA reductaza (phu thudc CoA, tao rugu),
axetoaxetyl-CoA reductaza (kht keton), 3-hydroxybutyryl-CoA reductaza (tao aldehyt), 3-
hydroxybutyryl-CoA reductaza (tao rugu), 4-hydroxybutyryl-CoA dehydrataza, va

crotonaza.

T6 hop bat ky va sb lugng bit ky ctia cac enzym néu trén c6 thé dugce dua vao vi
khudn chi dé hoan thanh con duong 1,3-BDO, nhu dugc minh hoa trén céc hinh vé tir Fig.1
dén Fig.3. Vi duy, vi khuin khong c6 trong tu nhién co thé gém tr mot, hai, ba, bon, nim,
dén tit ca cac axit nucleic trong con dudng 1,3-BDO, mdi axit nucleic md héa cho mot
enzym cuia con dudng 1,3-BDO. Cac axit nucleic nay c6 thé bao gdm cac axit nucleic khac
loai, cac ban sao bd sung ciia cac gen dang ton tai, va cac yéu té didu hoa gen, nhu dugce giai
thich trong phan duéi ddy. Cac con dudng ndy cia cac vi khuin khong c6 trong tu nhién
theo sang ché cling dugc thiét k& mot cach thich hop dé vi khudn c6 thé duoc nudi céy duoc

trong moi trudng co ban la ky khi.

Theo mét s6 phuong 4n, cac vi khudn khong c6 trong ty nhién cé con duong 1,3-
BDO gdm tip hop céc enzym ciia con dudng 1,3-BDO. Tép hop céac enzym cua con dudng
1,3-BDO dai dién cho mdt nhém enzym cd thé chuyén hoa alanin, axetoaxetyl-CoA, hoac
4-hydroxybutyryl-CoA thanh 1,3-BDO, nhu duoc thé hién trén cac hinh v& tir Fig.1 dén
Fig.3. C4c tap hop enzym ciia con dudng 1,3-BDO chuyén héa alanin thanh 1,3-BDO dugc
ldy 1am vi du theo Fig.1 gdm (a) (1) 2'-amino-4-ketopentan0at (AKP) thiolaza; (2) AKP
dehydrogenaza; (3) 2-amino-4-hydroxypentanoat aminotransferaza hodc oxidoreductaza
(khtr amin); (4) 2-oxo-4-hydroxypentanoat decarboxylaza; va (5) 3-hydroxybutyraldehyt
reductaza; (b) (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2) AKP aminotransferaza hoic
oxidoreductaza (khir amin); (3) 2,4-dioxopentanoat decarboxylaza; (4) 3-oxobutyraldehyt
reductaza (khtr keton); va (5) 3-hydroxybutyraldehyt reductaza; (c) (1) 2-amino-4-
ketopentanoat (AKP) thiolaza; (2) AKP aminotransferaza hodc oxidoreductaza (khtt amin);

(3) 2,4-dioxopentanoat decarboxylaza; (4) 3-oxobutyraldehyt reductaza (khir aldehyt); va
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(5) 4-hydroxy-2-butanon reductaza; (d) (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2)
AKP decarboxylaza; (3) 4-aminobutan-2-on aminotransferaza hodc oxidoreductaza (khu
amin); (4) 3-oxobutyraldehyt reductaza (khi keton); va (5) 3-hydroxybutyraldehyt
reductaza; (e) (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2) AKP decarboxylaza; (3) 4-
aminobutan-2-on aminotransferaza hodc oxidoreductaza (khir amin); (4) 3 -oxobutyraldehyt
reductaza (khtr aldehyt); va (5) 4-hydroxy-2-butanon reductaza; (f) (1) 2-amino-4-
ketopentanoat (AKP) thiolaza; (2) AKP decarboxylaza; (3) 4-aminobutan-2-on amoniac-
lyaza; (4) butenon hydrataza; va (5) 4-hydroxy-2-butanon reductaza; va (g) (1) 2-amino-4-
ketopentanoat (AKP) thiolaza; (2) AKP amoniac-lyaza; (3) axetylacrylat decarboxylaza; (4)

butenon hydrataza; va (5) 4-hydroxy-2-butanon reductaza;

Céc tap hop enzym cta con dudng 1,3-BDO chuyén hoa axetoaxetyl-CoA thanh 1,3-
BDO dugc 14y 1am vi du theo Fig.2 gdm (h) (1) axetoaxetyl-CoA reductaza (phu thudc
CoA, tao aldehyt); (2) 3-oxobutyraldehyt reductaza (khr keton); va (3) 3-
hydroxybutyraldehyt reductaza; (i) (1) axetoaxetyl-CoA reductaza (Phu thudc CoA, tao
ruou) va (2) 4-hydroxy-2-butanon reductaza; (j) (1) axetoaxetyl-CoA reductaza (phu thudc
CoA, tao aldehyt); (2) 3-oxobutyraldehyt reductaza (kh aldehyt); va (3) 4-hydroxy-2-
butanon reductaza; (k) (1) axetoaxetyl-CoA reductaza (khitr keton) va (2) 3-hydroxybutyryl-
CoA reductaza (tao rugu); va (I) (1) axetoaxetyl-CoA reductaza (khtr keton); (2) 3-
hydroxybutyryl-CoA reductaza (tao aldehyt); va (3) 3-hydroxybutyraldehyt reductaza;

Céc tdp hop enzym ciia con dudong 1,3-BDO chuyén hoéa 4-hydroxybutyryl-CoA
thanh 1,3-BDO duogc 1iy lam vi du theo Fig.3 gdm (m) (1) 4-hydroxybutyryl-CoA
dehydrataza; (2) crotonaza; va (3) 3-hydroxybutyryl-CoA reductaza (tao rugu); va (n) (1) 4-
hydroxybutyryl-CoA dehydrataza; (2) crotonaza; (3) 3-hydroxybutyryl-CoA reductaza (tao
aldehyt); va (4) 3-hydroxybutyraldehyt reductaza.

Su chuyén hoa alanin thanh 1,3-BDO ¢6 thé dugc thuc hién béng mdt sd con dudng
bao gdbm nam budc c6 su tham gia ctia enzym nhu duge thé hién trén Fig.1. Trong budc ddu
tién & tit ca cac con dudng (budc A), alanin va axetyl-CoA dugc két hop bdi 2-amino-4-
ketopentanoat thiolaza, 1a enzym cé tinh chon loc cao. Sau d6, san phdm cia phan ng nay,
2-amino-4-oxopentanoat (AKP) c6 thé trai qua cac phan ing chuyén nhém amin, khir, loai

nhdém carboxyl hodc khir amin nhu duge thé hién trén Fig.1.
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Theo mot duong, AKP dugc chuyén héa thanh 2,4-dioxopentanoat, axit 2-keto co
cAu truc turong ty nhu alpha-ketoglutarat, nhd enzym aminotransferaza hodc oxidoreductaza
khir nhom amin (budc B). Sau -dé, 2,4-dioxopentanoat dugc chuyén héa thanh 3-
oxobutyraldehyt nh¢ enzym axit 2-keto decarboxylaza (budc C). Qua trinh khir cdc nhém
keton va aldehyt thanh céc rugu tuong ung cua noé tao ra 1,3-butandiol. Cac phan tng khu
nay co6 thé xay ra dé tao ra cac chit trung gian 3-hydroxybutyraldehyt (budc O va P) hoic 4-
hydroxy, 2-butanon (buéc D va H).

Theo mot duong khéc, d4u tién, nhom 4-oxo ciia AKP bi khir thanh ruou bac hai nho
enzym AKP dehydrogenaza (buéc L). Sau d6, san phim 2-amino-4-hydroxypentanoat dugc
chuyén hoa thanh 2-oxo-4-hydroxypentanoat (budc M). Axit 2-keto dugc tao ra bi khu
nhém carboxyl thanh 3-hydroxybutyraldehyt (budc N). Trong budc cubi cing clia con
duong nay, nhom aldehyt cua 3-hydroxybutyraldehyt bi khir thanh rugu bac mdt nhd enzym
3-hydroxybutyraldehyt reductaza, tao ra 1 ,3 -butandiol (budc P).

Mot con dudng khac bao gdm phan tng khir nhém carboxyl ciia AKP nhd enzym
decarboxylaza cia axit amin (budc E). San phim cta phan tmg khir nhém carboxyl, 4-
aminobutan-2-on, c6 thé dugc chuyén nhém amin hoic khir nhém amin thanh 3-
oxobutyraldehyt (budc K) hodc khir amin thanh butenon (budc F). Néu 3-oxobutyraldehyt
duoc tao ra, thi hai budc khit tao ra rugu dugce st dung dé tao ra 1,3-butandiol, nhu dugc
md ta trude (bude O va P, hoic bude D va H). San pham ciia phan ng khir amin, butenon,
sau d6 duge thuy phan thanh 4-hydroxy,2-butanon (budc G), chit nay dwgc khir thanh 1,3-

butandiol nh¢o enzym 4-hydroxy-2-butanon reductaza (budc H).

Mot con dudng khac bao gdbm phan Gmg khir nhém amin cia AKP thanh
axetylacrylat (budc I). Axetylacrylat bi khit nhom carboxyl tao ra butenon (budc J), sau d6
chét nay duoc chuyén hoa thanh 1,3-butandiol nhd cac enzym butenon hydrataza (budc G)

va 4-hydroxy,2-butanon reductaza (budc H).

Dua trén cac dudng san xuit 1,3-BDO tir alanin néu trén, theo mot sd phuong an, vi
khuén khong c6 trong tu nhién cé tap hop cac enzym cia con dudng 1,3-BDO bao gbm (1)
2-amino-4-ketopentanoat (AKP) thiolaza; (2) AKP dehydrogenaza; (3) 2-amino-4-
hydroxypentanoat aminotransferaza hodc oxidoreductaza (khir amin); (4) 2-oxo-4-

hydroxypentanoat decarboxylaza; va (5) 3-hydroxybutyraldehyt reductaza. S& lugng axit
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nucleic bat ky ma héa cho cac enzym nay c6 thé dugc dua vao t€ bao vi khuén chu bao gom
tr mot, hai, ba, bon, dén tit ca ndm axit nucleic ma hoa cho cac enzym nay. Trong d6 mdt,
hai, ba, hodc bon axit nucleic ngoai sinh dugc dua vao, cic axit nucleic nay co thé l1a su

hoan vi bat ky trong ndm axit nucleic.

Theo cac phuwong 4n khéc vi khudn khong cé trong tu nhién c6 tap hop cic enzym
cia con duodong 1,3-BDO bao gém (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2) AKP
aminotransferaza hodc oxidoreductaza (khitr amin); (3) 2,4-dioxopentanoat decarboxylaza;
(4) 3 -oxobutyraldehyt reductaza (khir keton); va (5) 3-hydroxybutyraldehyt reductaza. S6
luong axit nucleic bt ky ma héa cho cic enzym nay c6 thé dugc dua vao té bao vi khuin
chu bao gém mdt, hai, ba, bdn, dén tit ca nim axit nucleic md hoa cho cac enzym nay.
Trong d6 mat, hai, ba, hodc bdn axit nucleic ngoai sinh dugc dua vao, cac axit nucleic nay

cé thé 1a su hoan vi bat ky trong ndm axit nucleic.

Theo cac phwong 4n khéac nita, vi khudn khong c6 trong tu nhién c6 tip hop céc
enzym cua con dudong 1,3-BDO bao gdm (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2)
AKP aminotransferaza hodac oxidoreductaza (kh# amin); (3) 2,4-dioxopentanoat
decarboxylaza; (4) 3 -oxobutyraldehyt reductaza (khir aldehyt); va (5) 4-hydroxy-2-butanon
reductaza. S& lwong axit nucleic bat ky ma hoa cho cac enzym nay cé thé dugc dua vao té
bao vi khuén chu bao g?)m mot, hai, ba, bdn, dén tit ca nam axit nucleic ma hoa cho cac
enzym nay. Trong d6 mét, hai, ba, hodc bdn axit nucleic ngoai sinh duge dua vao, céc axit

nucleic nay co thé 1a sy hoan vi bat ky trong nam axit nucleic.

Theo cac phuwong 4n khéc nita, vi khudn khong c6 trong tu nhién co tip hop céc
enzym cia con dudng 1,3-BDO bao gdm (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2)
AKP decarboxylaza; (3) 4-aminobutan-2-on aminotransferaza hodc oxidoreductaza (khw
amin); (4) 3-oxobutyraldehyt reductaza (kht keton); va (5) 3-hydroxybutyraldehyt
reductaza. S6 luong axit nucleic bat ki ma hoa cho cac enzym nay cé thé dugc dua vao té
bao vi khuén chu bao gém mot, hai, ba, bdn, dén tit ca nam axit nucleic ma hoa cho cac
enzym nay. Trong dé mot, hai, ba, hodc bdn axit nucleic ngoai sinh dugc dua vao, céc axit

nucleic nay cd the 1a sy hoédn vi bat ky trong nam axit nucleic.

Theo cac phuwong 4n khéc nita, vi khuin khéng c6 trong tu nhién c6 tip hop cac

enzym cua con duong 1,3-BDO bao gém (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2)

-15-



27452

AKP decarboxylaza; (3) 4-aminobutan-2-on aminotransferaza hodc oxidoreductaza (khtr
amin); (4) 3 -oxobutyraldehyt reductaza (kht aldehyt); va (5) 4-hydroxy-2-butanon
reductaza. S luong axit nucleic bat ky ma hoa cho cac enzym nay c6 thé dugc dua vao té
bao vi khuén chu bao gém mot, hai, ba, bdn, dén tit ca nam axit nucleic ma hoa cho cac
enzym ndy. Trong d6 mot, hai, ba, hoac bdn axit nucleic ngoai sinh dugc dua vao, céc axit

nucleic nay co thé 1a sy hoan vi bat ky trong ndm axit nucleic.

- Theo céc phuong an khac nira, vi khuén khéng cé trong tu nhién cé tip hop céc
enzym cua con dudng 1,3-BDO bao gdm (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2)
AKP decarboxylaza; (3) 4-aminobutan-2-on amoniac-lyaza; (4) butenon hydrataza; va (5) 4-
hydroxy-2-butanon reductaza. S6 lugng axit nucleic bat ky ma héa cho cac enzym nay co
thé dugc dua vao té bao vi khuén chu bao gém mot, hai, ba, bdn, dén tit ca nam axit nucleic
ma hoa cho céc enzym ndy. Trong d6 mét, hai, ba, hodc bén axit nucleic ngoai sinh dugc

dua vao, cac axit nucleic nay c6 thé 1a sy hoan vi bat ky trong ndm axit nucleic.

Theo cac phuong an khac nira, vi khuin khong c6 trong ty nhi€n c6 tdp hop céc
enzym cta con dudong 1,3-BDO bao gdm (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2)
AKP amoniac-lyaza; (3) axetylacrylat decarboxylaza; (4) butenon hydrataza; va (5) 4-
hydroxy-2-butanon reductaza. S6 lrong axit nucleic bat ky ma héa cho cac enzym nay c6
thé duoc dua vao té bao vi khuin chi bao g(‘“)m mot, hai, ba, bén, dén tt ca nam axit nucleic
ma hoa cho cdc enzym nay. Trong d6 mot, hai, ba, hodc bdn axit nucleic ngoai sinh dugc

dua vao, céc axit nucleic nay co the la sy hoédn vi bat ky trong ndm axit nucleic.

Fig.2 md ta nhidu duong dé san xuét 1,3-butandiol tir axetoaxetyl-CoA. Mot dudng
bao gdm cac budc A, B va C (i) Axetoaxetyl-CoA reductaza phu thudc CoA tao aldehyt
chuyén héa axetoaxetyl-CoA thanh 3-oxobutyraldehyt (Fig.2, budc A), (i) 3-
oxobutyraldehyt reductaza khir 3-oxobutyraldehyt thanh 3-hydroxybutyraldehyt (Fig.2,
buéc B), va (iii) cudi cing, 3-hydroxybutyraldehyt reductaza tao ra 1,3-butandiol (Fig.2,
budc C).

Theo cach khac, axetoaxetyl-CoA c6 thé bi khir nho axetoaxetyl-CoA reductaza tao
aldehyt dé tao ra 4-hydroxy,2-butanon (Fig.2, budc D). 4-hydroxy,2-butanon ciing c6 thé

dugc tao ra bang phan tng khtr 3-oxobutyraldehyt nhd enzym 3-oxobutyraldehyt reductaza
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khir aldehyt (Fig.2, budc E). Cudi cung 1, 4-hydroxy,2-butanon cé thé bj khir tao ra 1,3-
BDO nh¢ 4-hydroxy-2-butanon reductaza (Fig.2, budc F).

Tap hop cac con dudng tao ra 1,3-BDO khac dua vao phan tng khir axetoaxetyl-
CoA thanh 3-hydroxybutyryl-CoA nh¢o enzym khir keton axetoaxetyl-CoA reductaza (Fig.2,
budc G). Enzym nay khit nhom chtrc keton trong axetoaxetyl-CoA thanh nhém hydroxyl. 3-
Hydroxybutyryl-CoA c¢6 thé bi khir nho enzym 3-hydroxybutyryl-CoA reductaza - tao rugu
hai chuc dé tao ra 1,3-butandiol (Fig.2, buédce I). Theo céch khac, déu tién n6 c6 thé bi khir
thanh 3-hydroxybutyraldehyt nhd enzym 3-hydroxybutyryl-CoA reductaza tao aldehyt
(buéc H) va 3-hydroxyblityraldehyt sau d6 co6 thé bi khir nhu duoc thé hién trong budce C.

Dua trén cac dudng san xuét 1,3-BDO tir axetoaxetyl-CoA dugc néu trén, theo mot
s& phuong 4an, vi khudn khéng c6 trong tu nhién c6 tdp hop cac enzym cua con duong 1,3-
BDO bao gdm (1) axetoaxetyl-CoA reductaza (phu thudc CoA, tao aldehyt); (2) 3-
oxobutyraldehyt reductaza (khir keton); va (3) 3-hydroxybutyraldehyt reductaza. S6 lwong
axit nucleic bat ky mi hoa cho cac enzym nay c6 thé duge dua vao té bao vi khudn chi bao
gdm mot, hai dén tit ca ba axit nucleic ma hoa cho cic enzym nay. Trong d6 mdt hodc hai
axit nucleic ngoai sinh dugc dua vao, cac axit nucleic nay cé thé 1a sy hoan vi bét ky trong

ba axit nucleic.

Theo cac phuong an khac, vi khun khéng c6 trong tu nhién ¢ tdp hop céc enzym
ctia con duong 1,3-BDO bao gdm (1) axetoaxetyl-CoA reductaza (phu thudc CoA, tao rugu)
va (2) 4-hydroxy-2-butanon reductaza. S luong axit nucleic bat ky ma hoa cho cac enzym
nay cé thé dugc dua vao té bao vi khuén chi bao gém 'mot hoac ca hai axit nucleic ma hoa
cho cdc enzym nay. Trong d6 mdt axit nucleic ngoai sinh dugc dua vao, axit nucleic nay c6

thé 12 mot trong hai axit nucleic.

Theo cac phuong an khéc, vi khudn khong cé trong tu nhién c¢6 tap hop cic enzym
cia con dudng 1,3-BDO bao gdm (1) axetoaxetyl-CoA reductaza (phu thudc CoA, tao
aldehyt); (2) 3-oxobutyraldehyt reductaza (khir aldehyt); va (3) 4-hydroxy-2-butanon
reductaza. S6 lugng axit nucleic bat ky ma héa cho cac enzym ndy c6 thé dugc dua vao té
bao vi khudn chi bao gdm mat, hai dén tit ca ba axit nucleic ma hoa cho cac enzym nay.
Trong d6 mot hodc hai axit nucleic ngoai sinh dugc dua vao, cac axit nucleic nay ¢ thé 1a

su hoan vi bét ky trong ba axit nucleic.
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Theo cac phuong an khac nita, vi khudn khong c6 trong tu nhién c6 tip hop céc
enzym cua con duong 1,3-BDO bao gom (1) axetoaxetyl-CoA reductaza (khir keton) va (2)
3-hydroxybutyryl-CoA reductaza (tao ruou). S6 luong axit nucleic bit ky ma hoéa cho cac
enzym nay c6 thé dugc dua vao té bao vi khuén chii bao gdm mdt hoic ca hai axit nucleic
ma hoa cho cac enzym nay. Trong d6 mdt axit nucleic ngoai sinh duge dua vao, axit nucleic

nay c6 thé 1a mot trong hai axit nucleic.

Theo cac phuong an khéc nira, vi khuidn khong c6 trong tw nhién cé tip hop céc
enzym cua con dudong 1,3-BDO bao gbm (1) axetoaxetyl-CoA reductaza (khir keton); (2) 3-
hydroxybutyryl-CoA reductaza (tao aldehyt); va (3) 3-hydroxybutyraldehyt reductaza. S6
lwong axit nucleic bat ky ma hoa cho cac enzym nay c6 thé duoc dua vao té€ bao vi khuan
cht bao gdbm mét, hai dén tt ca ba axit nucleic ma hoa cho cc enzym nay. Trong d6 mot
hodc hai axit nucleic ngoai sinh dugc dua vao, cac axit nucleic nay co thé 1a sy hoan vi bat

ky trong ba axit nucleic.

4-Hydroxybutyryl-CoA 1a mét chit chuyén héa khéi ddu quan trong, tir chit nay ¢
thé tao ra mot s6 hop chét hiru dung trong cong nghiép. Mic du 4-hydroxybutyryl-CoA
khong phai 1a mdt chét chuyén héa trung tim phd bién & mirc dd cao, cic phuong phép tao
ra cac ching téng hop 4-hydroxybutyryl-CoA di dugc mod ta trong tai liéu cia Burk va cac
ddng tac gia (US 20090075351). Phuong phéap duge 1iy lam vi du bao gdm budc tdng hop
4-hydroxybutyryl-CoA tir sucxinyl-CoA nhd cidc gen md hdéa cho enzym sucxinic
semialdehyt dehydrogenaza (phu thudc CoA), 4-hydroxybutyrat dehydrogenaza, 4-
hydroxybutyrat kinaza, va phosphotransButyrylaza.

Bugc thit nhit trong con dudng ndy bao gdbm phan Ung loai nuéc cua 4-
hydroxybutyryl-CoA (budc A, Fig.3) sau d6 1a phan tng hydrat hoa cia crotonoyl-CoA tao
ra 3-hydroxybutyryl-CoA (budc B). 3-hydroxybutyryl-CoA sau do trai qua hai budc phan
ung tao ra 1,3-butandiol dugc thyc hién nhd hodc 1a hai enzym (cac bude C va D) hodc nho

mdt enzym c6 chire nang kép (budce E).

Do d6, theo mdt sb phuong an, vi khudn khéng c6 trong tu nhién co tip hop céac
enzym cia con dudong 1,3-BDO bao gdm (1) 4-hydroxybutyryl-CoA dehydrataza; (2)
crotonaza; va (3) 3-hydroxybutyryl-CoA reductaza (tao rugu). S6 luong axit nucleic bat ky

ma hoa cho cic enzym nay cé thé dugc dua vao té bao vi khuan chi bao gdm moét, hai dén
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tat ca ba axit nucleic ma hoa cho cidc enzym nay. Trong dé mot hodc hai axit nucleic ngoai

sinh dugc dua vao, cac axit nucleic nay c6 the 1a s hoan vi bat ky trong ba axit nucleic.

Theo cac phuong an khac, vi khudn khong c6 trong tu nhién cé tip hop céc enzym
caa con duong 1,3-BDO bao gdm (1) 4-hydroxybutyryl-CoA dehydrataza; (2) crotonaza;
(3) 3-hydroxybutyryl-CoA reductaza (tao aldehyt); va (4) 3-hydroxybutyraldehyt reductaza.
S§ lugng axit nucleic bit ky ma hoa cho cac enzym nay c6 thé dugc dua vao té bao vi
khuén chu bao gém mot, hai, ba dét tit ca bdn of the axit nucleic ma héa cho cac enzym
nay. Trong d6 mat, hai, hodc ba axit nucleic ngoai sinh dugc dua vao, cac axit nucleic nay

c6 thé 1a sy hoan vi bit ky trong bbn axit nucleic.

Theo mot phwong 4n bd sung, sang ché dé xuét vi khuan khong c6 trong tu nhién ¢
con dudng 1,3-BDO, trong d6 vi khudn khéng c6 trong tw nhién bao gdm it nhit mot axit
nucleic ngoai sinh ma héa cho mdt enzym hoic protein chuyén hoéa co chét thanh san phim
dugc chon tr nhém bao gdm alanin thanh 2-amino-4-oxopentanoat, 2-amino-4-
oxopentanoat to 2-amino-4-hydroxypentanoat, 2-amino-4-hydroxypentanoat thanh 2-oxo-4-
hydroxypentanoat, 2-oxo-4-hydroxypentanoat thanh 3-hydroxybutyraldehyt, va 3-
hydroxybutyraldehyt thanh 1,3-BDO.

Theo mot phuong an bd sung, sang ché dé xut vi khuan khong cé trong tu nhién c6
con dudng 1,3-BDO, trong d6 vi khudn khéng c6 trong tu nhién bao gdm it nhit mot axit
nucleic ngoai sinh ma héa cho mét enzym hoic protein chuyén héa co chat thanh san pham
dugc chon tor nhém bao gém alanin thanh 2-amino-4-oxopentanoat, 2-amino-4-
oxopentanoat thanh 2,4-dioxopentanoat, 2,4-dioxopentanoat to 3-oxobutyraldehyt, 3-

oxobutyraldehyt thanh 3-hydroxybutyraldehyt, va 3-hydroxybutyraldehyt thanh 1,3-BDO.

Theo mot phwong 4n bd sung, sang ché dé xuit vi khuin khong c6 trong tu nhién c6
con dudng 1,3-BDO, trong d6 vi khudn khong c6 trong tu nhién bao gém it nhit mot axit
nucleic ngoai sinh ma héa cho mot enzym hoic protein chuyén héa co chit thanh san phdm
dwoc chon tr nhém bao gbm alanin thanh 2-amino-4-oxopentanoat, 2-amino-4-
oxopentanoat thanh 2,4-dioxopentanoat, 2,4-dioxopentanoat thanh 3-oxobutyraldehyt, 3-

oxobutyraldehyt thanh 4-hydroxy-2-butanon, va 4-hydroxy-2-butanon thanh 1,3-BDO.
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Theo mdt phuong 4n bd sung, sang ché dé xuét vi khuan khong c6 trong tw nhién c6
con dudng 1,3-BDO, trong d6 vi khudn khong c6 trong tw nhién bao gdm it nhat mot axit
nucleic ngoai sinh ma héa cho mgt enzym hoéc protein chuyén héa co chat thanh san phim
dugc chon tr nhém bao gdm alanin thanh 2-amino-4-oxopentanoat, 2-amino-4-
oxopentanoat thanh 4-aminobutan-2-on, 4-aminobutan-2-on thanh 3-oxobutyraldehyt, 3-

oxobutyraldehyt thanh 3-hydroxybutyraldehyt, va 3-hydroxybutyraldehyt thanh 1,3-BDO.

Theo mdt phuong an bd sung, sang ché d& xuit vi khudn khong c6 trong tu nhién cé
con duong 1,3-BDO, trong d6 vi khuan khong cé trong tw nhién bao gdm it nhit mot axit
nucleic ngoai sinh ma hoa cho mgt enzym hoéc protein chuyén hoa co chit thanh san phim
dugc chon tr nhém bao gdém alanin thanh 2-amino-4-oxopentanoat, 2-amino-4-
oxopentanoat thanh 4-aminobutan-2-on, 4-aminobutan-2-on thanh 3-oxobutyraldehyt, 3-

oxobutyraldehyt thanh 4-hydroxy-2-butanon, va 4-hydr0xy-2-bufanon thanh 1,3-BDO.

Theo mét phuong 4n bd sung, sang ché dé xuét vi khuin khong c6 trong tw nhién c6
con dudng 1,3-BDO, trong d6 vi khuan khong c6 trong tw nhién bao gdm it nhat mot axit
nucleic ngoai sinh ma hoa cho mgt enzym hoéc protein chuyén hoa co chét thanh san phim
dugc chon tor nhém bao gém alanin thanh 2-amino-4-oxopentanoat, 2-amino-4-
oxopentanoat thanh 4-aminobutan-2-on, 4-aminobutan-2-on thanh butenon, butenon thanh

4-hydroxy-2-butanon, va 4-hydroxy-2-butanon thanh 1,3-BDO.

Theo mdt phuong 4n bd sung, sang ché d& xuit vi khuan khong c6 trong tw nhién c6
con dudng 1,3-BDO, trong d6 vi khuan khong c6 trong tu nhién bao g0m it nhat mot axit
nucleic ngoai sinh ma hoa cho mt enzym hodc protein chuyén hoa co chat thanh san phim
duoc chon tr nhém bao gém alanin thanh 2-amino-4-oxopentanoat, 2-amino-4-
oxopentanoat thanh axetylacrylat, axetylacrylat thanh butenon, butenon thanh 4-hydroxy-2-

butanon, va 4-hydroxy-2-butanon thanh 1,3-BDO.

Do d6, sang ché dé xuét vi khuidn khéng c6 trong tu nhién c¢6 chira it nhit mot axit
nucleic ngoai sinh m& hoéa cho mot enzym hodc protein, trong d6 enzym hodc protein nay
chuyén hoa cac co chit va san phdm ctia con dudong 1,3-BDO chuyén héa alanin thanh 1,3-

BDO, nhu dugc léy lam vi du béi céc con dudng dugc thé hién trén Fig.1.
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Theo mot phwong an bd sung, sang ché dé xuét vi khuin khong c6 trong ty nhién c6
con dudng 1,3-BDO, trong d6 vi khudn khong c6 trong ty nhién bao gdm it nhat mot axit
nucleic ngoai sinh ma hoa cho mdt enzym hoac protein chuyén hoa co chét thanh san pham
dugc chon tir nhém bao gdm axetoaxetyl-CoA thanh 4-hydroxy-2-butanon, va 4-hydroxy-2-
butanon thanh 1,3-BDO.

Theo mdt phuong an bd sung, sang ché @& xuat vi khuin khong c6 trong tu nhién c6
con dudng 1,3-BDO, trong dé vi khuan khong c6 trong tu nhién bao gdm it nhit mot axit
nucleic ngoai sinh ma hoa cho mdt enzym hodéc protein chuyén hoa co chét thanh san phim
dugc chon tir nhom bao gdm axetoaxetyl-CoA thanh 3;oxobutyraldehyt, 3-oxobutyraldehyt
thanh 4-hydroxy-2-butanon, va 4-hydroxy-2-butanon thanh 1,3-BDO.

Theo mot phwong an bd sung, sang ché d& xuét vi khudn khéng c6 trong tu nhién c6
con dudng 1,3-BDO, trong d6 vi khudn khong c6 trong tu nhién bao gdm it nhit mot axit
nucleic ngoai sinh ma hoa cho mgt enzym hodc protein chuyén hoa co chét thanh san pham
duge chon tir nhém bao gdm axetoaxetyl-CoA thanh 3-oxobutyraldehyt, 3-oxobutyraldehyt
thanh 3-hydroxybutryaldehyt, va 3-hydroxybutryaldehyt thanh 1,3-BDO.

Theo mdt phuwong an bd sung, sang ché d& xuit vi khuin khong c6 trong tw nhién co
con dudng 1,3-BDO, trong d6 vi khuén khéng c6 trong tu nhién bao gdm it nhit mot axit
nucleic ngoai sinh ma héa cho mgt enzym hodc protein chuyén hoa co chét thanh san phdm
dugc chon tr nhém bao gdm axetoaxetyl-CoA thanh 3-hydroxybutyryl-CoA, 3-
hydroxybutyryl-CoA thanh 3-hydroxybutryaldehyt, va 3-hydroxybutryaldehyt thanh 1 ,3 -
BDO.

Theo mdt phuong an bd sung, sang ché d& xuit vi khuin khong co trong tu nhién c6
con dudng 1,3-BDO, trong d6 vi khuén khong c6 trong twr nhién bao gdm it nhit mot axit
nucleic ngoai sinh ma héa cho mét enzym hoic protein chuyén hoa co chit thanh san phdm
dugc chon tir nhom bao gdm axetoaxetyl-CoA thanh 3-hydroxybutyryl-CoA, va 3-
hydroxybutyryl-CoA thanh 1,3-BDO.

Do d6, sang ché€ d¢ xuat vi khuan khong c6 trong tu nhién cé it nhat mét axit nucleic

ngoai sinh mi hoa cho mot enzym hoic protein, trong d6 enzym hoic protein nay chuyén
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hoa co chit va san pham ctia con dudng 1,3-BDO chuyén héa axetoaxetyl-CoA thanh 1,3-

BDO, nhu duoc léy lam vi du béi cac con duong dugc thé hién trén F ig.2.

Theo mdt phurong 4n bd sung, sang ché dé xuét vi khudn khong c6 trong tw nhién c6
con dudng 1,3-BDO, trong d6 vi khuan khong c6 trong tu nhién bao gém it nhit mot axit
nucleic ngoai sinh ma héa cho mdt enzym hoic protein chuyén hoéa co chét thanh san phim
dugc chon tir nhém bao gdm 4-hydroxybutyryl-CoA thanh crotonoyl-CoA, crotonoyl-CoA
thanh 3-hydroxybutyryl-CoA, 3-hydroxybutyryl-CoA thanh 3-hydroxybutryaldehyt, va 3-
hydroxybutryaldehyt thanh 1,3-BDO.

Theo mdt phurong 4n bd sung, sang ché dé xuét vi khudn khong c6 trong tur nhién c6
con dudng 1,3-BDO, trong d6 vi khuan khong c6 trong ty nhién bao gdm it nhit mot axit
nucleic ngoai sinh ma héa cho mdt enzym hoic protein chuyén hoa co chét thanh san phim
dugc chon tir nhém bao gdm 4-hydroxybutyryl-CoA thanh crotonoyl-CoA, crotonoyl-CoA
thanh 3-hydroxybutyryl-CoA, va 3-hydroxybutyryl-CoA thanh 1,3-BDO.

Do d6, sang ché d& xut vi khudn khong c6 trong tu nhién c6 it nhit mot axit nucleic
ngoai sinh ma héa cho mot enzym hoic protein, trong d6 enzym hoic protein nay chuyén
héa co chit va san phidm cia con dudng 1,3-BDO, con duong nay chuyén héa 4-
hydroxybutyryl-CoA thanh 1,3-BDO, nhu dugc ldy 1am vi du béi cac con duong duge thé
hién trén Fig.3.

Viéc thiét ké thanh cong cuia bit ki mot trong sb cac con dudng nay doi hoi viée xac
dinh tip hop cac enzym thich hgp c6 hoat tinh va tinh dédc hi¢u du, tdch dong cac gen twong
ting clia chiing dua vao co thé vat chi san xuét, ti wu hoa cac didu kién 1én men va phan
tich qua trinh tao san phém sau qua trinh 1€n men. Pé tao ra duogc vat chil san xuit dé san
xult cac san phim bét ky trong s6 cac san phidm néu trén, mot hodc nhidu trinh tw ADN
ngoai sinh c6 thé dugc biéu hién trong cac vi sinh vat. Ngoai ra, cac vi sinh vat nay c6 thé
c6 cac gen ndi sinh bi mit chirc nang. Nhing cai bién nay s& cho phép tao ra 1,3-BDO bang

cach sir dung cdc ngudn nguyén li¢u tai tao dugc.

Sau day, céc tac gid sdng ché mo td mot sO gen cd dic trung vé mit sinh hoa co kha
ning ma hoéa cho cac enzym xtic tic cho mdi budc dwogc thé hién trén cac hinh vé& Fig.1,

Fig.2 va Fig.3. Mic du tdc gia sang ché mé ta phuong phap nay dbi véi E. coli, nhung nguoi
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¢6 hiéu biét trung binh trong linh vuc niy c6 thé ap dung cic chi dan nay do6i véi hau heét
sinh vat bat ky khac. Cu th€, cac gen dugc li€t ké 1a cac gen c6 tu nhién cua E. coli bén canh
cac gen co trong céc sinh vat khac c6 thé duge st dung-dé xtc tac cho cac qua trinh bién doi

thich hgp khi dugc tach dong va biéu hién mét cach thich hop.

Sang ché duoc mo ta bang viéc vién dn chung dén phan tng trao dbi chit, chit phan
ung va san phém cua no, hoidc béng viéc vién dan cu thé dén mot hoic nhiéu axit nucleic
hodc gen ma hoéa cho mdt enzym c6 lién quan dén hodc xuc tac, hodc mot protein cé lién
quan dén, phan tng trao d6i chét, chit phan tmg hodc san phdm dugc d& cap. Trir khi duoc
chi dinh cu thé khéc, ngudi c6 hiéu biét trung binh trong linh vuc nay s& hiéu ring viéc dé
cip dén phan ung ciing bao gdm viéc dé cap dén cac chit phan (mg va san pham cta phan
ung do6. Tuong tu, trir khi duogc chi dinh cu thé khac, viéc dé cap dén chit phén Ung hoac
san phdm ciing d& cap dén phan tng, va viéc dé cap dén bt ky trong sb cac yéu tb thanh
phin clia qué trinh trao ddi chét ciing d& cap dén gen hoic cdc gen mi héa cho céc enzym
xuc tac hodc cac protein tham gia vao phan tng , chit phan (mg va san phim dugc dé cap.
Tuong tu, dua vao céc linh vuc da bién thudc hoéa sinh hoc, mién}dich hoc, va giai ma h¢
gen lién quan dén qua trinh trao dbi chét, viéc dé cap dén gen hoic axit nucleic mi héa ciing
bao gdm viéc dé cap dén cic enzym ma né mi héa twong ing va phan Gng ma enzym do
xUc tac hodc protein di kém véi phan ing d6 cling nhu céc chét phan tng va cac san phdm

ctia phan tng do.

Tét ca cac bién dbi dugc md ta trong cac hinh vé tir Fig.1 dén Fig.3 thudc vao 8
nhém bién ddi chung dwogc thé hién trong bang 1. Sau day 1a phan mé ta mot sé gen c6 dic
trung vé mit sinh hoa trong mdi nhém. Cac gen duoc liét ké cu thé 1a cac gen c6 thé duoc
ung dung dé xuc tac cho cac bién ddi thich hop duge thé hién trén cac hinh v& tir Fig.1 dén
Fig.3 khi dugc tach dong va biéu hién mét cach thich hop. Vi du vé cac gen cho mdi budc

trong céac hinh v& tir Fig.1 dén Fig.3 duoc dwa ra dudi ddy trong cac bang tir 35 dén 37.

Bang 1 thé hién céc loai enzym hitu dung dé chuyén héa cac chét trung gian trao dbi
chét trung tAm phd bién thanh 1,3-butandiol. Ba chit s6 d4u tién cia mdi ma twong Gng voi
ba enzym dau tién. Céac chit s6 quy udc biéu hién loai phan tng bién dbi chung khong phu

thudc vao tinh dac hi€u co chat.
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Béang 1
Ma Chtrc néng
1.1.1.a | Oxidoreductaza (chuyén keton thanh hydroxyl hoic aldehyt thanh
ruQu )
1.1.1.b Oxidoreductaza (bugc 2, chuyén axyl-CoA thanh rugu)
1.2.1.b Oxidoreductaza (chuyén axyl-CoA thanh aldehyt)
14.1.a Oxidoreductaza (khir amin)
2.3.1.b Axyltransferaza
2.6.1.a Aminotransferaza
4.1.1.a Carboxy-lyaza
42.1.a Hydro-lyaza
43.1.a Amoniac-lyaza

Mot s6 bién d6i trén Fig.1, 2 va 3 thudc nhom oxidoreductaza khir aldehyt thanh
ruou. Vi du, cac budc D va P trén Fig.l1 dugc xic tdc bdi enzym 3-oxobutyraldehyt
reductaza (khur aldehyt) va 3-hydroxybutyraldehyt reductaza twong Gng thuoc nhom nay.
Tuong tu, cac budc C va E trén Fig.2 dugc xtc tdc béi enzym 3-hydroxybutyraldehyt
reductaza va 3-oxobutyraldehyt reductaza (khtr aldehyt) tuong Ung cling la oxidoreductaza

chuyén hoa nhom chire aldehyt thanh rugu.

Cac con dudng trén Fig.3 bao gdm oxidoreductaza nhu 3-hydroxybutyraldehyt

reductaza trong buéc D.

Vi du v& cac gen ma héa cho céc enzym xuc tic cho phan ting chuyén hoa aldehyt
thanh ruou (tc 13, regu dehydrogenaza hoic aldehyt reductaza twong duong) bao gom alr4
ma hoda cho dehydrogenaza cho rugu cé mach trung binh tir C2 dén C14 (Tani et al., Appl.
Environ. Microbiol., 66:5231-5235 (2000)), ADH2 tir Saccharomyces cerevisiae (Atsumi et
al., Nature, 451:86-89 (2008)), yghD tit E. coli gen nay c6 sw wu tién ddi phan tir c6 mach
dai hon C3 (Sulzenbacher et al., J. of Molecular Biology, 342:489-502 (2004)), va bdh 1 va
bdh 11 tir C. acetobutylicum chuyén héa butyraldehyt thanh butanol (Walter et al., J. of
Bacteriology, 174:7149-7158 (1992)). San phdm gen yghD xtc tac cho phan tmg khir ciia
axetaldehyt, malondialdehyt, propionaldehyt, butyraldehyt, va acrolein bang cach st dung
NADPH lam ddng yéu t6 (Perez et al., J. Biol. Chem., 283:7346-7353 (2008)). San pham
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gen adhA tht Zymomonas mobilis 43 dugc chimg minh 1a c6 hoat tinh trén mot sb aldehyt
bao gdm formaldehyt, axetaldehyt, propionaldehyt, butyraldehyt, va acrolein (Kinoshita et
al., Appl. Microbiol. Biotechnol, 22:249-254 (1985)). Ngoai ra, aldehyt reductaza dugc ma
héa bodi bdh & C. saccharoperbutylacetonicum va Cbei 1722, Cbei_2181 va Cbei 2421 &
C. beijerinckii.

Dit liéu vé trinh tur ctia mdi San pham gen dugc lay lam vi du nay c6 thé dugc tim

thiy bang cach sir dung cac s6 ding ky trén ngan hang gen (GenBank) duoc thé hién trong

bang 2.

Béang 2
Protein Ma s6 GenBank S6 GI Sinh vat
alrA4 BAB12273.1 9967138 Acinetobacter sp. chung M-1
ADH? NP_014032.1 6323961 Saccharomyces cerevisiae
yqhD NP _417484.1 16130909 | Escherichia coli
bdh I NP_349892.1 15896543 | Clostridium acetobutylicum
bdh 11 NP_349891.1 15896542 | Clostridium acetobutylicum
adhA YP 162971.1 56552132 | Zymomonas mobilis
bdh BAF45463.1 124221917 | Clostridium saccharoperbutylacetonicum
Cbei 1722 | YP_001308850 150016596 | Clostridium beijerinckii
Cbhei 2181 | YP 001309304 150017050 | Clostridium beijerinckii
Cbhei 2421 | YP-001309535 150017281 | Clostridium beijerinckii

Céac enzym biéu hién hoat tinh 3-hydroxybutyraldehyt reductaza (EC 1.1.1.61) ciing
duge xép vao nhém nay. Cic enzym nay da duoc xéc.' dinh dic diém & cac loai Ralstonia
eutropha (Bravo et al., J. Forensic Sci., 49:379-387 (2004)), Clostridium kluyveri (Wolff et
al., Protein Expr. Purif.., 6:206-212 (1995)) va Arabidopsis thaliana (Breitkreuz et al., J.
Biol. Chem., 278:41552-41556 (2003)). Mot gen khéc 1a adhl ma héa cho rugu
dehydrogenaza tr Geobacillus thermoglucosidasius (Jeon et al., J. Biotechnol., 135: 127-
133 (2008)). Dit lidu vé trinh tu cia mdi San pham gen duoc iy 1am vi du nay c6 thé duoc

tim thdy bang cach st dung cac sb dang ky trén GenBank duoc thé hién trong bang 3.
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Béang 3
Protein | Ma sb GenBank Sb GI Sinh vat
4hbd YP_726053.1 113867564 | Ralstonia eutropha H16
4hbd L21902.1 146348486 | Clostridium kluyveri DSM 555
4hbd Q94B07 75249805 Arabidopsis thaliana
adhl AAR91477.1 40795502 Geobacillus thermoglucosidasius M10EXG

Mot vi du khac vé& enzym 1a 3-hydroxyisobutyrat dehydrogenaza xuc tic cho qua
trinh oxi hoéa thuin nghich cua 3-hydroxyisobutyrat thanh metylmalonat semialdehyt.
Enzym nay tham gia vao qua trinh phén hiy valin, leuxin va isoleuxin va di dugc phat hién
trong vi khudn, sinh vat ¢6 nhan thuc, va dong vat c¢6 vi. Enzym ndy dugc ma hoa boi
P84067 tix Thermus thermophilus HB8 da dugc xac dinh dédc diém vé cau tric (Lokanath et
al., J. Mol. Biol., 352:905-917 (2005)). Tinh thuan nghich ctia enzym 3-hydroxyisobutyrat
dehydrogenaza & nguoi dd dugc chirng minh bang cach st dung co chét dugc dénh déu
ddng vi phong xa (Manning et al., Biochem J., 231:481-484 (1985)). Cac gen khac ma hoa
cho enzym nay bao gdm 3hidh & Homo sapiens (Hawes et al., Methods Enzymol, 324:218-
228 (2000)) va Oryctolagus cuniculus (Hawes et al., nhu trén; Chowdhury et al., Biosci.
Biotechnol Biochem., 60:2043-2047 (1996)), mmsB & Pseudomonas aeruginosa va
Pseudomonas putida (Liao et al., patent My 20050221466), va dhat trong Pseudomonas
putida (Aberhart et al., J. Chem. Soc., 6:1404-1406 (1979); Chowdhury et al., nhu trén;
Chowdhury et al., Biosci. Biotechnol Biochem., 67:438-441 (2003)). Dir li€u vé trinh tu ciia
mdi San phim gen duogc ldy lam vi du nay co thé duoc tim thiy bang cach sir dung cac sd

dang ky trén GenBank duoc thé hién trong bang 4.

Béang 4
Protein | Ma s6 GenBank | S6 GI Sinh vat
P84067 | P84067 75345323 | Thermus thermophilus
3hidh P31937.2 12643395 Homo sapiens
3hidh P32185.1 416872 ‘Oryctolagus cuniculus
mmsB P28811.1 127211 Pseudomonas aeruginosa
mmsB NP_746775.1 26991350 Pseudomonas putida
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dhat Q59477.1 2842618 Pseudomonas putida

Oxidoreductaza chuyén nhém chirc keton thanh nhém hydroxyl twong tng ciing 1a
cac budc tdng hop trong cac con dudng duge bdc 16. Pang chi y 13, cac phan tng L, O va H
trén Fig.1 dugce xtc tic bdi enzym AKP dehydrogenaza, 3-oxobutyraldehyt reductaza (khir
keton), 4-hydroxy-2-butanon reductaza twong tng 13 cac bién dbi cia nhom nay. Hai bién
d6i sau ciing duoc thiy trong Cac bude B va F tuong tng trén Fig.2. Tuong tu, axetoaxetyl-

CoA reductaza trong budce G trén Fig.2 khir axetoaxetyl-CoA thanh 3-hydroxybutyryl-CoA.

Phan mg khtr nhém 4-oxo ciia 2-amino-4-oxopentanoat (AKP) bang dehydrogenaza
tao ra 2-amino-4-hydroxypentanoat (Fig.1, budc L). Phan tmg nay rat giéng véi phan tng
khtr aspartat semialdehyt, phu thugc NAD(P)H, thanh homoserin dugc xic tac bdi enzym
homoserin dehydrogenaza (EC 1.1.13). O nhiéu sinh vat, bao gdbm E. coli, homoserin
dehydrogenaza 12 mot enzym c6 hai chirc ning cdn xtc tic cho phan tng chuyén hoa
aspartat, phu thuoc ATP, thanh aspartyl-4-phosphat (Starnes et al., Biochemistry, 11:677-
687 (1973)). Céc ving chirc nang la doc 1ap vé mit xuc tac va dugc két ndi bing ving lién
két (Sibilli et al., J. Biol. Chem., 256: 10228-10230 (1981)) va ca hai ving nay déu chiu su
trc ché chuyén hoat tinh enzym béi threonin. Ving homoserin dehydrogenaza cia enzym
cua E. coli, dugc ma hoa bdi thrA, duge tich tir ving aspartat kinaza, dugc xac dinh dic
diém, va dugc phat hién 14 biéu hién hoat tinh xuc tac cao va su tc ché giam bai threonin
(James et al., Biochemistry, 41:3720-3725 (2002)). Pidu nay ciing 4p dung ddi vé6i cac
threonin kinaza hai chic ning khac bao gém, vi du, homl cha Lactobacillus Plantarum
(Cahyanto et al., Microbiology, 152:205-112 (2006)) va Arabidopsis thaliana. Homoserin
dehydrogenaza mot chirc ndng dugc ma héa bdi hom6 trong S. cerevisiae (Jacques et al.,
Biochem. Biophys. Acta, 1544:28-41 (2001)) va hom2 ciia Lactobacillus Plantarum
(Cahyanto et al., nhu trén) duogc biéu hién va xac dinh dic diém chic nang & E. coli. Dit li€u
vé trinh tu ctia mdi San pham gen dugc 14y 1am vi du néy c6 thé dugc tim thdy bang cach st

dung cac sb ding ky trén GenBank duoc thé hién trong bang 5.

Béang 5

Protein | M4 sb GenBank | S6 GI Sinh vat
thrA AAC73113.1 1786183 Escherichia coli K12
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akthr2 | O81852 75100442 Arabidopsis thaliana
hom6 | CAA89671 1015880 Saccharomyces cerevisiae
homl | CAD64819 28271914 Lactobacillus Plantarum
hom2 | CAD63186 28270285 Lactobacillus Plantarum

Axetoaxetyl-CoA reductaza (budc G, Fig.2) xtc tac cho phan tng khir axetoaxetyl-
CoA thanh 3-hydroxybutyryl-CoA tham gia vao con duong lén men axetyl-CoA thanh
butyrat & mot sb loai Clostridia va da dwgc nghién ét’ru chi tiét (Jones et al., Microbiol.
Rev., 50:484-524 (1986)). Enzym tir Clostridium acetobutylicum, dugc ma hoa bdi hbd,
dugc tach dong va biéu hién chuc ning & E. coli (Youngleson et al., J. Bacteriol..,
171:6800-6807 (1989)). Ngoai ra, cac tiéu don vi cta hai phtrc hop oxi héa axit béo & E.
coli, dugc ma hoa bdi fadB va fadJ, hoat ddng nhu 3-hydroxyaxyl-CoA dehydrogenaza
(Binstock et al., Methods Enzymol, 71C:403-411 (1981)). Céc gen khac da duoc chung
minh 1a kht axetoaxetyl-CoA thanh 3-hydroxybutyryl-CoA la phbB tu Zoogloea ramigera
(Ploux et al., Eur. J. Biochem.., 174: 177-182 (1988)) va phaB tt Rhodobacter sphaeroides
(Alber et al., Mol. Microbiol, 61:297-309 (2006)). Gen truéc d6 la phu thuoc NADPH, trinh
tu nucleotit cia gen nay di dugc xac dinh (Peoples et al., Mol. Microbiol. 3:349-357
(1989)) va gen nay da dugc bidu hién & E. coli. Cac nghién ciru vé tinh dic hidu co chét trén
gen nay di dan dén két luan ring, n6 co thé chip nhan 3-oxopropionyl-CoA lam co chét
ngoai axetoaxetyl-CoA (Ploux et al., nhu trén). Cac gen khac bao gébm HbdI (ving du tn
cung C) va Hbd2 (ving dau tan cung N) & Clostridium kluyveri (Hillmer va Gottschalk,
Biochim. Biophys. Acta 3334: 12-23 (1974)) va HSDI17B10 & Bos taurus (Wakil et al., J.
Biol. Chem., 207:631-638 (1954)). Dit liéu vé trinh tu ciia mbi San phidm gen dugc 14y lam
vi du nay c6 thé duoc tim thiy bang cach str dung céc 6 dang ky trén GenBank dugc thé

hién trong bang 6.

Béang 6
Protein Ma s6 GenBank | S6 GI Sinh vat
fadB P21177.2 119811 Escherichia coli
fadl P77399.1 3334437 Escherichia coli
Hbd?2 EDK34807.1 146348271 | Clostridium kluyveri
Hbdl EDK32512.1 146345976 | Clostridium kluyveri
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hbd P52041.2 Clostridium acetobutylicum
HSDI17B10 | 002691.3 3183024 Bos Taurus

phdB P23238.1 130017 Zoogloea ramigera

phaB YP_353825.1 77464321 | Rhodobacter sphaeroides

Mot sb enzym twong tw d3 dugc tim thdy & cac loai Clostridia khic va &

Metallosphaera sedula (Berg et al., Archaea. Science, 318:1782-1786 (2007)) nhu dugc thé

hién trén bang 7.

Bang 7
Protein Ma s GenBank | S6 GI Sinh vat
Hbd NP 349314.1 NP _349314.1 Clostridium acetobutylicum
Hbd AAM14586.1 AAM14586.1 Clostridium beijerinckii
Msed 1423 | YP_001191505 YP 001191505 Metallosphaera sedula
Msed 0399 | YP_001190500 YP 001190500 Metallosphaera sedula
Msed 0389 | YP_001190490 YP 001190490 Metallosphaera sedula
Msed 1993 | YP_001192057 YP 001192057 Metallosphaera sedula

Vi du vé ruogu dehydrogenaza chuyén hoa keton thanh nhom hydroxyl 1a rugu béc
hai dehydrogenaza dugc cho thdy la chuyén héa axeton thanh isopropanol & loai C.
beijerinckii (Ismaiel et al., J .vBacteriol., 175:5097-5105 (1993)) va T. brockii (Lamed et al.,
Biochem. J., 195: 183-190 (1981); Peretz et al., Biochemistry, 28:6549-6555 (1989)). San
phdm gen cta adhA tir Pyrococcus furiosus, biéu hién hoat tinh cao nhét trén 2-pentanol va
pyruvaldehyt, dugc cho thdy 1a c6 tinh dic hiéu rat rong bao gbm isopropanol va axeton
(Van der et al., Eur. J. Biochem.., 268:3062-3068 (2001)). Mot enzym dehydrogenaza ddi
v6i rugu bac hai khic c¢6 hoat tinh trén isopropanol va axeton dugc mi héa béi San phim
gen cua adh-A to Rhodococcus ruber (Edegger et al., Chem. Commun. (Camb), 2402-2404
(2006); Kosjek et al., Biotechnol. Bioeng., 86:55-62 (2004)). C4c gen nay cung véi cac gen

khac dugc liét ké trong bang 8 dudi day.

Bang 8

Protein

M3 sb GenBank

SO GI

Sinh vt
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adh AAA23199.2 60592974 | Clostridium beijerinckii NRRL B593
adh P14941.1 113443 Thermoanaerobacter brockii HTD4
adhA AAC25556 3288810 Pyrococcus furiosus

Adh-A | CAD36475 21615553 | Rhodococcus ruber

Theo céach khéc, c6 tdn tai mot vai enzym dehydrogenaza ddi véi rugu ma chuyén
hoa keton thanh nhom chirc hydroxyl. Hai enzym nhu vay tu E. coli dugc ma héa bdi malat
dehydrogenaza (mdh) va lactat dehydrogenaza (/dhA). Ngoai ra, lactat dehydrogenaza tir
Ralstonia eutropha da chung t6 c6 hoat tinh cao trén cac co chit c6 chiéu dai mach khac
nhau nhu lactat, 2-oxobutyrat, 2-oxopentanoat va 2-oxoglutarat (Steinbuchel et al., Eur. J.
Biochem., 130:329-334 (1983)). Su chuyén héa nhém chitc oxo thanh nhém hydroxyl cling
¢ thé duge xuc tac bdi enzym 2-keto-1,3-butandiol reductaza, 1a enzym duoc thong bao 1a
dugc tim thdy & chudt va nhau thai ngudi (Suda et al., Arch. Biochem. Biophys., 176:610-
620 (1976); Suda et al., Biochem. Biophys. Res. Commun., 77:586-591 (1977)). Tét ca céc
enzym ndy c6 thé tao ra 3-oxobutyraldehyt reductaza, va 4-hydroxy-2-butanon reductaza.
Mot enzym nita tham gia vao cac budc nay la 3-hydroxybutyrat dehydrogenaza (bdh) & ti
lap thé tir tim ngudi da duoc tach dong va x4c dinh dic tinh (Marks et al., J. Biol. Chem.
267: 15459-15463 (1992)). Enzym nay la dehydrogenaza hoat dong trén co chit axit 3-
hydroxy. Dit liéu vé trinh tw ctia mdi San pham gen dugc 14y 1am vi du nay c6 thé dugc tim

thiy bing cach st dung cac s6 diang ky trén GenBank duogc thé hién trong bang 9.

Béang 9
Protein | Ma s6 GenBank | S6 GI Sinh vat
mdh AACT76268.1 1789632 Escherichia coli
ldhA NP _415898.1 16129341 Escherichia coli
ldh YP_725182.1 113866693 | Ralstonia eutropha
bdh AAAS58352.1 177198 Homo sapiens

Mot sb sinh vat c6 thé xtic tic cho phan tng khir 4-hydroxy-2-butanon thanh 1,3-
butandiol, bao gém cac sinh vat thudc chi Bacillus, Brevibacterium, Candida, va Klebsiella

va céc chi khac, nhu dugc md ta bdi Matsuyama va cac dong tac gia (1995).
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Mot sb bién dbi & Fig.2 va Fig.3 dua trén phan tng khir hai budc khir axyl-CoA
thanh rugu twong ung. Vi du, cac budc D va I trén Fig.2, bao gdbm axetoaxetyl-CoA
reductaza (phu thudc CoA, tao rugu) va 3-hydroxybutyryl-CoA reductaza (tao ruou), va
bude E trén Fig.3 bao gdm 3-hydroxybutyryl-CoA reductaza (tao rugu), thé hién bién db6i

nhu vay.

Vi du v& oxidoreductaza hai budc chuyén hoa axyl-CoA thanh ruou bao gdm cic
enzym bién ddi cac co chit nhu axetyl-CoA thanh etanol (vi du, adhE tit E. coli (Kessler et
al., FEBS. Lett., 281:59-63 (1991)) va butyryl-CoA thanh butanol (vi du adhE2 tu C.
acetobutylicum (Fontaine et al., J. Bacteriol., 184:821-830 (2002)). Ngoai phan tng khu
axetyl-CoA thanh etanol, enzym nay dugc mé hoa bdi adhE & Leuconostoc mesenteroides
cho thdy oxi héa hop chit mach nhanh isobutyraldehyf thanh isobutyryl-CoA (Kazahaya et
al., J. Gen. Appl. Microbiol., 18:43-55 (1972); Koo et al., Biotechnol Lett, 27:505-510
(2005)). Dt liéu vé trinh tu cia mbi San phdm gen dugc iy 1am vi du nay c6 thé duoc tim

thdy bang cach st dung cac sb ding ky trén GenBank dugc thé hién trong bang 10.

Bang 10
Protein | M s GenBank S6 GI Sinh vat
adhE NP 415757.1 16129202 | Escherichia coli
adhE2 | AAK09379.1 12958626 | Clostridium acetobutylicum
adhE AAV66076.1 55818563 | Leuconostoc mesenteroides

Mot vi du vé& enzym khac c6 thé chuyén héa malonyl-CoA thanh 3-HP. Enzym phu
thuéc NADPH c6 hoat tinh nay da dugc xac dinh dac diém & Chloroflexus aurantiacus, &
d6 enzym nay tham gia vao con dudong 3-hydr0xyprc;pionat (Hugler et al., J. Bacteriol..,
184:2404-2410 (2002); Strauss et al., Eur. J. Biochem.., 215:633-643 (1993)). Enzym nay,
¢6 khéi lugng phan tir 1a 300kDa, c6 tinh dic hiéu co chét cao va thé hién do tuong dong vé
trinh tu thip so véi cac oxidoreductaza da biét khac (Hugler et al., nhu trén). Khéng co
enzym nao & cac sinh vat khac dugc cho thay 1a xtic tac cho phan g dic hiéu nay; tuy
nhién c6 bang chimg tin sinh hoc cho thiy ring cac sinh vat khac c6 thé c6 cac con dudng
tuong tu (Klatt et al., Environ. Microbiol., 9:2067-2078 (2007)). Céc enzym & cac sinh vit
khac bao gdm Roseiflexus castenholzii, Erythrobacter sp. NAP1 va gamma proteobacterium

HTCC2080 & bién c6 thé dwoc suy ra nho sy twong ddng vé trinh ty. Dit liéu v trinh tu cua
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mdi San phdm gen duoc iy lam vi du nay c6 thé duoc tim thdy bang cach st dung cac sb

dang ky trén GenBank dugc thé hién trong bang 11.

Bang 11
Protein Mai s6 GenBank Sb GI Sinh vat
mcr AAS20429.1 42561982 Chloroflexus aurantiacus
Rcas 2929 YP _001433009.1 156742880 | Roseiflexus castenholzii
NAPI1 02720 ZP 01039179.1 85708113 Erythrobacter sp. NAP1
MGP2080 00535 | ZP_01626393.1 119504313 | gamma proteobacterium
HTCC2080 & bién

Céc phan tir axyl-CoA mach dai hon c6 thé bi khir boi cac enzym nhu FAR & ciy
jojoba (Simmondsia chinensis) ma hoa cho axyl-CoA béo reductaza tao ra rugu. Su biéu
hién qua muc cia né & E. coli din dén hoat tinh FAR va su tich lily rugu béo (Metz et al.,
Plant Physiology, 122:635-644 (2000)) (FAR, AAD38039.1, 5020215, Simmondsia

chinensis).

Céc con dudng duge boc 10 trong ban md ta nay bao gdm nhiéu dang bién ddi loai
oxidoreductaza ma chuyén héa axyl-CoA thanh aldehyt. Cu thé 1, cac buéc A va H trén
Fig.2 dugc xtc tdc boi enzym axetoaxetyl-CoA reductaza (tao aldehyt) va 3-
hydroxybutyryl-CoA reductaza (tao aldehyt), va budc C tir Fig.3 thé hién bién dbi duge xtic
tac boi enzym 3-hydroxybutyryl-CoA reductaza.

Mot s6 axyl-CoA dehydrogenaza c6 kha niang khir axyl-CoA thanh aldehyt tuong
mg ctia né. Vi du vé cac gen ma hoa cho céac enzym nay bao gdm acrl ctia Acinetobacter
calcoaceticus ma hdéa cho axyl-CoA béo reductaza (Reiser et al., J. of Bacteriology,
179:2969-2975 (1997)), axyl-CoA béo reductaza cla Acinetobacter sp. M-1 (Ishige et al.,
Appl. Environ. Microbiol., 68:1192-1195 (2002)), va CoA- va sucxinat semialdehyt
dehydrogenaza phu thugc NADP dugc ma hoa bodi gen sucD ctua Clostridium kluyveri
(Sohling et al., J. Bacteriol.., 178:871-880 (1996)). SucD cia P. gingivalis 13 mdt enzym
sucxinat semialdehyt dehydrogenaza khac (Takahashi et al., J. Bacteriol.., 182:4704-4710
(2000)). Enzym axyl hoa axetaldehyt dehydrogenaza cia Pseudomonas sp, dugc ma hoa boi

bphG, la mot enzym khic nita dugc ching minh 12 oxi héa va axyl héa axetaldehyt,
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propionaldehyt, butyraldehyt, isobutyraldehyt va formaldehyt (Powlowski et al., J.
Bacteriol., 175:377-385 (1993)). Ngoai viéc khitr axetyl-CoA thanh etanol, enzym dugc ma
hoa béi adhE cia Leuconostoc mesenteroides ndy dugc cho thiy 1a oxi hoa hop chit mach
nhanh isobutyraldehyt thanh isobutyryl-CoA (Kazahaya et al., nhu trén; Koo et al., nhu
trén). Butyraldehyt dehydrogenaza xuc tac cho phan ung twong tu, 1a phan tng chuyén héa
butyryl-CoA thanh butyraldehyt, & céc sinh véat sinh dung moéi nhu Clostridium
saccharoperbutylacetonicum (Kosaka et al., Biosci. Biotechnol Biochem., 71:58-61 (2007)).
Cac enzym aldehyt dehydrogenaza khac dugc tim thdy & Desulfatibacillum alkenivorans,
Citrobacter koseri, Salmonella enterica, Lactobacillus brevis va Bacillus selenitireducens.
Dit lidu v& trinh tu cia m3i San phim gen dugc 14y 1am vi du nay c6 thé dugc tim thdy bing

cach str dung céc sé ding ky trén GenBank dugc thé hién trong bang 12.

Bang 12 -
Protein M3 s6 GenBank | S6 GI Sinh vat
acrl YP 047869.1 50086359 Acinetobacter calcoaceticus
acrl AACA45217 1684886 Acinetobacter baylyi
acrl BABg85476.1 18857901 Acinetobacter sp. Strain M-1
sucD P38947.1 172046062 | Clostridium kluyveri
sucD NP_904963.1 34540484 Porphyromonas gingivalis
bphG BAA03892.1 425213 Pseudomonas sp
adhE AAV66076.1 55818563 Leuconostoc mesenteroides
bld AAP42563.1 31075383 Clostridium
saccharoperbutylacetonicum
ald ACL06658.1 218764192 | Desulfatibacillum alkenivorans
AK-OJ
ald YP 001452373 | 157145054 | Citrobacter koseri ATCC BAA-895
pduP NP 460996.1 16765381 Sclzlmonella enterica Typhimurium
pduP ABJ64680.1 116099531 Lactobacillus brevis ATCC 367

BselDRAFT | ZP 02169447 163762382 Bacillus selenitireducens MLS10
1651
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Mot loai enzym khac chuyén héa axyl-CoA thanh aldehyt twong Ung ctia nd la
malonyl- CoA reductaza, enzym nay bién d6i malonyl-CoA thanh malonic semialdehyt.
Malonyl-CoA reductaza 12 enzym quan trong trong qua trinh ¢ dinh cacbon & sinh vat tu
dudng nho con duong 3-hydroxypropionat & vi khuin cb wa axit va wa nhiét (Berg et al.,
nhu trén; Thauer, R.K., Science, 318:1732-1733 (2007)). Enzym nay stt dung NADPH duéi
dang mot dong yéu t6 va dugc xac dinh dic diém & Metallosphaera va Sulfolobus spp
(Alber et al., J. Bacteriol., 188:8551-8559 (2006); Hugler et al., nhu trén). Enzym nay duoc
ma héa bdi Msed 0709 cha Metallosphaera sedula (Alber et al., nhu trén; Berg et al., nhu
trén). Gen ma héa cho malonyl-CoA reductaza tir Sulfolobus tokodaii dugc tach dong va
duoc biéu hién trén loai khac & E. coli (Alber et al., nhu trén). Enzym nay dugc cho thy 1a
xuc tac cho phéan mg chuyén hoa metylmalonyl-CoA thanh aldehyt twong tmg ciia nd
(2007). Miic du nhém chuc aldehyt dehydrogenaza clia cac enzym nay la gidng véi
dehydrogenaza hai chirc néng tir Chloroflexus aurantiacus, ching cé su tuong ddng vé trinh
tu thip. Ca hai enzym malonyl-CoA reductaza déu c6 mirc d6 twong ddng vé trinh tu cao
véi aspartat-semialdehyt dehydrogenaza, mgt enzym xtc tdc cho phan ing khir va qua trinh
khir phospho hoa ddng thoi aspartyl-4-phosphat thénh' aspartat semialdehyt. Cac gen khéc
c6 thé duoc phat hién nho su tuong déng vé trinh tu véi céc protein & céc sinh vét khac bao
g0m Sulfolobus solfataricus va Sulfolobus acidocaldarius va da dugc liét ké duédi day. Mot
enzym khac CoA-axyl hoa aldehyt dehydrogenaza 1a gen hd trg tir Clostridium beijerinckii
(Toth et al., Appl. Environ. Microbiol., 65:4973-4980 (1999)). Enzym nay da dugc thong
béao 1a khir axetyl-CoA va butyryl-CoA thanh cac aldehyt twong @ng ctia chiing. Gen nay rat
gidng v6i eutE mi hoa cho axetaldehyt dehydrogenaza cta Salmonella typhimurium va E.
coli (Toth et al., nhu trén). Dit licu vé trinh tu cta mdi San phém gen duogc léy lam vi du
nay c6 thé dugc tim thiy bang cach sir dung cac sé dang ky trén GenBank dugc thé hién

trong bang 13.

Bang 13
Protein M3 s6 GenBank | S6 GI | Sinh vat
MSED 0709 | YP_001190808.1 | 146303492 | Metallosphaera sedula
mcr NP 378167.1 15922498 | Sulfolobus tokodaii
asd-2 NP-343563.1 15898958 | Sulfolobus solfataricus
Saci 2370 YP 256941.1 70608071 Sulfolobus acidocaldarius
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Ald AAT66436 9473535 Clostridium beijerinckii
eutk AAA80209 687645 Salmonella typhimurium
eutk P77445 2498347 Escherichia coli

Phan tng oxi hoéa khit nhdm amin cia nhém amino thanh nhém oxo twong ng cia
nd dugc xtc tac boi enzym oxidoreductaza kht nhdm amin thudc 16p phén loai EC 1.4.1.
Céc enzym nay sit dung NAD', NADP" hoic FAD" 1am chét nhan. Cac enzym trong 16p
nay c6 thé chuyén héa 2-amino-4-oxopentanoat thanh 2,4- dioxopentanoat (Fig.1, buéc B),
2-amino-4-hydroxypentanoat thanh 2-oxo-4-hydroxypentanoat (Fig.l, buéc M) va 4-
aminobutan-2-on thanh 3-oxobutyraldehyt (Fig.1, budc K). Vi du vé oxidoreductaza hoat
dong trén cac co chét twong tu bao gdbm glutamat dehydrogenaza (khir amin), dugc ma héa
bdi gdhAd, leuxin dehydrogenaza (kht amin), dugc ma hdéa bdi Idh, va aspartat
dehydrogenaza (khir amin), dugc ma héa bdi nadX. San phim gen gdhA tir Escherichia coli
(McPherson et al, Nucleic.Axits Res. 11:5257-5266 (1983); Korber et al., J.Mol.Biol. 234:
1270-1273 (1993)), gdh th Thermotoga maritima (Kort et al., Extremophiles 1:52-60
(1997); Lebbink et al., J.Mol.Biol. 280:287-296 (1998); Lebbink et al., J.Mol.Biol. 289:357-
369 (1999)), va gdhAl tu Halobacterium salinarum (Ingoldsby et al., Gene. 349:237-244
(2005)) xtic tic cho phan tng chuyén hoa thuan nghich 1dn nhau chuyén héa glutamat thanh
2-oxoglutarat va amoniac, trong khi d6 thr ty uu tién lan luot 1a NADP(H), NAD(H), hoac
ca hai. Céc gen glutamat dehydrogenaza khac duoc tim thiy & Bacillus subtilis (Khan et al.,
Biosci.Biotechnol Biochem. 69:1861-1870 (2005)), Nicotiana tabacum (Purnell et al.,
Planta 222:167-180 (2005)), Oryza sativa (Abiko et al., Plant Cell Physiol 46:1724-1734
(2005)), Haloferax mediterranei (Diaz et al., Extremophiles. 10:105-115 (2006)),
Halobactreium salinarum (Hayden et al., FEMS Microbiol Lett. 211:37-41 (2002)) va nim
men (Roca et al., Appl Environ. Microbiol 69:4732-4736 (2003)). Enzym cta Nicotiana
tabacum dugc ciu tao tir cac tiu don vi alpha va beta dugc ma hoa bdi gdhl va gdh2
(Purnell et al., Planta 222:167-180 (2005)). Gen Idh cﬁ; Bacillus cereus ma hoa cho protein
LeuDH, enzym nay chip nhan phd co chit rong bao gdm leuxin, isoleuxin, valin, va 2-
aminobutanoat (Stoyan et al., J.Biotechnol 54:77-80 (1997); Ansorge et al., Biotechnol
Bioeng. 68:557-562 (2000)). Gen nadX tu Thermotoga maritima ma hoda cho aspartat
dehydrogenaza tham gia vao qué trinh sinh tong hop cia NAD (Yang et al., J.BiolChem.
278:8804-8808 (2003)). Dit lidu vé trinh tu ctia mi San phdm gen duoc 1iy 1am vi du nay
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Bang 14
Protein M4 sd GenBank S6 GI Sinh vét
gdhA P00370 118547 Escherichia coli
gdh P96110.4 6226595 Thermotoga maritima
gdhAl NP _279651.1 15789827 | Halobacterium salinarum
rocG NP 391659.1 16080831 | Bacillus subtilis
gdhl AAR11534.1 38146335 | Nicotiana tabacum
gdh2 AARI11535.1 38146337 | Nicotiana tabacum
GDH Q852M0 75243660 | Oryza sativa
GDH Q977U6 74499858 | Haloferax mediterranei
GDH P29051 118549 Halobactreium salinarum
GDH?2 NP_010066.1 6319986 Saccharomyces cerevisiae
ldh POA393 61222614 | Bacillus cereus
nadX NP _229443.1 15644391 T hermotoga maritima

Can c6 enzym c6 hoat tinh 4-aminobutan-2-on oxidoreductaza (khir amin) dé chuyén
hoa 4-aminobutan-2-on thanh aldehyt twong mg cta n6 (Fig.1, buéc K). Vi du vé enzym
loai ndy bao gdm 3,5-diaminohexanoat dehydrogenaza (EC 1.4.1.11) va lysin 6-
dehydrogenaza (EC 1.4.1.18). 3,5-Diaminohexanoat dehydrogenaza chuyén hoéa 3-amino
axit va 3-oxoaxit 14n nhau va da dugc x4c dinh dic diém & cac éinh vat 1én men lysin. Gén
day, gen ma hoa cho 3,5-diaminohexanoat dehydrogenaza, kdd, dd dugc phat hién &
Fusobacterium nucleatum (Kreimeyer et al., ] Biol.Chem. 282:7191-7197 (2007)). Enzym
nay da dugc tinh sach va xac dinh déc diém & céc sinh vat khac (Baker et al., J. Biol.Chem.
247:7724-7734 (1972); Baker et al., Biochemistry 13:292-299 (1974)) nhung cac gen lién
quan dén cic enzym nay van chua duoc biét dén. Cac enzym & cac sinh vt ¢6 trinh tu khac
¢6 thé duoc suy ra nho trinh tu tvong ddng. Lysin 6-dehydrogenaza, dugc ma hoa béi gen
lysDH, x1c tac cho phan tng chuyén héa céc amin bac mot thanh céc aldehyt trong tmg cia
chung. Enzym nay xac tdc mdt cach ty nhién cho phan tng oxi héa khir nhém amin thuin

nghich nhém 6-amino cua L-lysin thanh 2-aminoadipat-6-semialdehyt (Misono et al., J
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Bacteriol. 150:398-401 (1982)). Cac enzym dugc léy lam vi du duogc tim théy 0 Geobacillus
stearothermophilus (Heydari et al., Appl Environ.Microbiol 70:937-942 (2004)),
Agrobacterium tumefaciens (Hashimoto et al., J] Biochem. 106:76-80 (1989); Misono and
Nagasaki, J Bacteriol.  150:398-401 (1982)), va Achromobacter denitrificans
(Ruldeekulthamrong et al., BMB.Rep. 41:790-795 (2008)). Dt li¢u vé trinh tu ciia mdi san
phdm gen dugc 14y 1am vi du nay c¢6 thé dugc tim thdy bang céch st dung cac sb ding ky

trén GenBank dugc thé hién trong bang 15.

Bang 15
Protein | Ma s6 GenBank S6 GI Sinh vat
kdd AAL93966.1 19713113 | Fusobacterium nucleatum
lysDH | BAB39707 13429872 | Geobacillus stearothermophilus
lysDH | NP_353966 15888285 | Agrobacterium tumefaciens
lysDH | AAZ94428 74026644 | Achromobacter denitrificans

2-Amino-4-oxopentanoat (AKP) thiolaza hodac AKP thiolaza (AKPT) (buéc 1, Fig.1)
la enzym phu thudc pyridoxal phosphat tham gia vao qua trinh phdn huy ornithin &
Clostridium sticklandii (Jeng et al., A. Biochemistry, 13:2898-2903 (1974); Kenklies et al.,
Microbiology, 145:819-826 (1999)). Gan dy, cum gen ma hoa cho cac tiéu don vi alpha va
beta cia AKPT (or-2 (ortA) va or-3 (ortB)) da dugc xac dinh va cac dac tinh sinh hoa cta
enzym nay da dugc xac dinh (Fonknechten et al., J. Bacteriol., In Press (2009)). Enzym nay
c¢6 kha nang hoat dong & ca hai chiéu va phan tung véi &(“)ﬂg phéan D cua alanin. C6 thé thuc
hién viéc thiét ké gen nay dé t6i wu hoa hoat déng véi L-alanin 1am co chit. AKPT tir
Clostridium sticklandii da duogc xac dinh ddc diém nh&ng trinh tu protein ctia né van chua
dugc cong bd. Cac enzym c6 mic do twong ddng vé trinh ty cao duoc tim thdy &
Clostridium difficile, Alkaliphilus metalliredigenes QYF, Thermoanaerobacter sp. X514, va
Thermoanaerobacter tengcongensis MB4 (Fonknechten et al, nhu trén). Dit liéu vé trinh tu
ctia mdi san phdm gen duoc 1y 1am vi du nay c6 thé dugc tim thiy bing cach sir dung céac

s6 dang ky trén GenBank duoc thé hién trong bang 16.

Béang 16

Protein M4 s6 GenBank | Sb GI - | Sinh vt
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ortd (4) YP 001086914.1 | 126698017 Clostridium difficile 630

ortB (B) YP _001086915.1 | 126698018 Clostridium difficile 630

Amet 2368 (o) YP_001320181.1 | 150390132 | Alkaliphilus metalliredigenes QYF

Amet 2369 () YP 001320182.1 | 150390133 Alkaliphilus metalliredigenes QYF

Teth514 1478 () | YP_001663101.1 | 167040116 Thermoanaerobacter sp. X514

Teth514-1479 () | YP_001663102.1 | 167040117 | Thermoanaerobacter sp. X514

TTE1235 (@) NP_622858.1 20807687 Thermoanaerobacter tengcongensis
MB4

thrC (p) NP_622859.1 20807688 Thermoanaerobacter tengcongensis
| MB4

Phan tng chuyén hoéa 2-amino-4-oxopentanoat (AKP) thanh 2,4-dioxopentanoat
(budc B, Fig.1) dugc thuc hi¢én nho 2-amino-4-oxopentanoat aminotransferaza hodc
oxidoreductaza (khir amin). Viéc chon enzym thich hgp cho bién déi'na‘ly phu thude vao hoa
hoc lap thé cua co chit. Vi du, néu co chit ¢ dang cdu hinh D, thi axit amin D
aminotransferaza cta (EC 2.6.1.21) c6 thé dugc sir dung, trong khi d6i véi dang dong phan

1ap thé L c6 thé st dung L-aminotransferaza nhu aspartat aminotransferaza (EC 2.6.1.1).

Aspartat aminotransferaza chuyén nhém amino tir aspartat sang alpha-ketoglutarat,
tao ra glutamat va oxaloaxetat. Aspartat c6 cu triic tuong tu véi 2-amino-4-oxopentanoat.
Phan tng chuyén hoa nay dugc xic tac béi, vi dy, san phim gen cta aspC tir Escherichia
coli (Yagi et al., FEBS Lett, 100:81-84 (1979); Yagi et al., Methods Enzymol, 133:83-89
(1985)), AAT2 tix Saccharomyces cerevisiae (Yagi et al., J. Biochem., 92:35-43 (1982)) va
ASPS5 tit Arabidopsis thaliana (Kwok et al., J. Exp. Bot., 55:595-604 (2004); De Ia et al.,
Plant J., 46:414-425 (2006); Wilkie et al., Protein Expr. Purif., 12:381-389 (1998)). Enzym
tir Rattus norvegicus nay dugc cho thay 1a chuyén nhém amin 1an lugt cac co chét nhu axit
2-aminohexandioic va axit 2,4-diaminobutyric (Recasens et al., Biochemistry, 19:4583-
4589 (1980)). Aminotransferaza hoat dong trén cac co chét twong tu axit amin khéc cling c6
thé xuc tac cho phan mg bién ddi nay. Valin aminotransferaza xuc tac cho phan tng chuyén
hoa valin va pyruvat thanh 2-ketoisovalerat va alanin. Gen cta E. coli, avtA, ma hoéa cho
enzym nay (Whalen et al., J. Bacteriol., 150:739-746 ('1982)). San pham gen nay ciing xdc
tac cho phan tmg amin héa o-ketobutyrat thanh o-aminobutyrat, mic dit chit cho amin trong

phan ing nay chua dugc xac dinh (Whalen et al., J. Bacteriol.., 158:571-574 (1984)). Mot
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enzym Kkhac 1a alpha-aminoadipat transaminaza (EC 2.6.1.39), enzym tham gia vao qua
trinh sinh téng hop va phan huy lysin va & mot sd sinh vat. Enzym nay tir Thermus
thermophilus, dugc ma hoéa badi lysN, dugc hoat héa bdi cac co chit khac nhau bao gém
oxaloaxetat, 2-oxoisocaproat, 2-oxoisovalerat, va 2 -oxo-3-metyl valerat (Miyazaki et al.,
Microbiol. 150:2327-2334 (2004)). Mot enzym tuong tu cia Homo sapiens da dugc xac
dinh dic diém (Okuno et al., LyEnz. Prot. 47:136-148 (1993)). Dt liéu vé trinh tu ciia mdi
san phdm gen dugc ldy 1am vi du nay c6 thé duge tim.théy bang cach sir dung céac sb ding

ky trén GenBank dugc thé hién trong bang 17.

Bang 17
Protein Ma s6 GenBank | SO GI Sinh vat
aspC NP 415448.1 16128895 Escherichia coli
AAT? P23542.3 1703040 ‘Saccharomyces cerevisiae
ASPS5 P46248.2 20532373 Arabidopsis thaliana
got2 P00507 112987 Rattus norvegicus
avt4 YP _026231.1 49176374 Escherichia coli
lysN BAC76939.1 31096548 Thermus thermophilus
AadAT-1I | Q8NS5Z0.2 46395904 Homo sapiens

Khi co chit c6 mit duéi dang ddng phan D, phan tng chuyén nhém amin c6 thé
dugc xuc tac bdi enzym D-aminotransferaza (EC 2.6.1.21), con dugc goi 1a D-axit amin
aminotransferaza va D-alanin aminotransferaza (DAAT). Lép enzym nay dugc chu y vi tinh
dic hidu co chit rong cua nd, cac enzym nay c6 tinh dic hi¢u loai. D-aminotransferaza tur
Bacillus species YM-1, dugc ma hoa bédi dat, dd duge tach dong va xac dinh trinh tu
(Tanizawa et al., J. Biol. Chem., 264:2450-2454 (1989)) va ciu tric tinh thé ctia n6 da duoc
phan giai (Peisach et al., Biochemistry, 37:4958-4967 (1998)). Enzym nay ciling 14 muc ti€u
clia cac nghién ctru thiét ké protein dé lam thay ddi tinh ddc hidu co chit (Gutierrez et al.,
Eur. J. Biochem., 267:7218-7223 (2000); Gutierrez et al., Protein Eng., 11:53-58 (1998)).
Céc gen khac dugc tim thiy & Bacillus licheniformis ATCC 10716 (Taylor et al., Biochim.
Biophys. Acta., 1350:38-40 (1997)), Staphylococcus haemolyticus (Pucci et al., J.
Bacterial., 177:336-342 (1995)) va Bacillus subtilis (Martinez-Carrion et al., J. Biol. Chem.,
240:3538-3546 (1965)). Dit lidu vé trinh tw cia mdi san pham gen dugc 14y lam vi du nay
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6 thé dugc tim thdy bang cach st dung cac sé dang ky trén GenBank duoc thé hién trong

bang 18.

Béang 18
Protein | M3 s6 GenBank | S6 GI Sinh vt
dat P19938 118222 Bacillus sp. YM-1
dat P54692 1706292 | Bacillus licheniformis ATCC 10716
dat P54694 1706294 | Staphylococcus haemolyticus
dat 007597.1 3121979 | Bacillus subtilis

Trong phan tng K trén Fig.1, 4-aminobutan-2-on duoc chuyén nhém amin dé tao ra
3-oxobutanal. Phan tng bién dbi nay c6 thé c6 kha ning duoc xic tic bsi enzym
aminotransferaza chuyén hoa cac amin va aldehyt dau cudi 13n nhau. Vi du vé cac enzym
nay la beta-alanin/alpha-ketoglutarat aminotransferaza, GABA aminotransferaza, 3-amino-
2-metylpropionat transaminaza, lysin-6-aminotransferaza, 2,4-diaminobutanoat

transaminaza, putresxin aminotransferaza va diamin aminotransferaza.

Cargill dd phat trién va dugc cdp bang ddc quyén sing ché cho enzym beta-
alanin/alpha-ketoglutarat aminotransferaza dé san xudt 3-HP tir beta-alanin thong qua
malonyl-semialdehyt (Chandra et al, Arch. Microbiol, 176:443-451 (2001)). San phidm gen
cia SKPYD4 & Saccharomyces kluyveri ciing da duge cho thdy 1a uu tién st dung beta-
alanin 1am chit cho nhom amin (Aberhart et al., J. Chem. Soc.. 6: 1404-1406 (1979)).
SkUGAI ma héa cho dang ddng déng cta aminotransferaza clia Saccharomyces cerevisiae
GABA, UGAI1 (Ichikawa et al., J. MoL Catalysis A-Chem., 256:106-112 (2006)), trong khi
SkPYD4 mi héa cho enzym tham gia vao qua trinh chuyén amin ctia c4 B-alanin va GABA
(Aberthart et al., nhu trén). 3-Amino-2-metylpropionat transaminaza xdc tdc cho phan ting
bién ddi tir metylmalonat semialdehyt thanh 3-amino-2-metylpropionat. Enzym nay da duoc
xac dinh diac diém & Rattus norvegicus va Sus scrofa va dugc ma hoa bdi Abat (Chopra et
al., Protein Expr. Purif., 25:533-540 (2002), Kuznetsova et al., FEMS Microbiol. Rev.,
29:263-279 (2005)). Cac enzym & cac sinh vat khac c6 mirc do twong dong vé trinh tu cao
v6i 3-amino-2-metylpropionat transaminaza bao gdm Gta-I & C. elegans va gabT &

Bacillus subtilus.
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Ngoai ra, mot trong s6 cac GABA aminotransferaza tu nhién cta E. coli, dugc ma
hoa bdi gen gabT, da dugc cho théy 1a ¢6 tinh dic hiéu co chét rong (Fontaine et al., J.
Bacteriol., 184:821-830 (2002), Kanamasa et al., Appl. Microbiol Biotechnol, 80:223-229
(2008)). Gen puuE ma hoa cho 4-aminobutyrat transaminaza khic & E. coli (Drummond et

al., J. Biol. Chem., 235:318-325 (1960)).

Lysin-6-aminotransferaza chuyén héa lysin thanh alpha-aminoadipat semialdehyst.
Cac enzym nay da dugc xdc dinh dac diém & Candida utilis (Hammer et al., J Basic
Microbiol 32:21-27 (1992)), Flavobacterium lutescens (Fujii et al., J Biochem. 128:391-397
(2000)) va Streptomyces clavuligenus (Romero et al., J Ind. Microbiol Biotechnol 18:241-
246 (1997)). Lysin-6-aminotransferaza tai t6 hop tir S. clavuligenus da dugc biéu hién chirc
nang & E. coli (Tobin et al., J Bacteriol. 173:6223-6229 (1991)). Enzym cua F. [utescens dac
hiéu v6i alpha-ketoglutarat 13 chit nhan nhém amino (Soda et al., Biochemistry 7:4110-
4119 (1968)). Enzym c6 hoat tinh diaminobutanoat transaminaza dugc ma héa boi gen dat &
Acinetobacter baumanii (Ikai et al., J Bacteriol. 179:5118-5125 (1997)). Ngoai co chat tu
nhién cta n6 la 2,4-diaminobutyrat, DAT con chuyén nhém amin cia cac amin dau cudi cia
lysin, A-aminobutyrat va ornithin. Cac enzym putresxin aminotransferaza dugc ma hoa béi
ygjG cua E. coli va spuC cua Pseudomonas aeruginosa (Lu et al., J Bacteriol. 184:3765-
3773 (2002)). San phdm gen cua ygiG phan tng véi cic co chét thay dbi cadaverin,
spermidin va 1,7-diaminoheptanoat (Samsonova et al., BMC.Microbiol 3:2 (2003); Kim, J
Biol.Chem. 239:783-786 (1964)). ’

Dit liéu vé trinh tu cia mdi san pham gen dugc lay lam vi du nay c6 thé duge tim

thdy bang cach sir dung cac sd dang ky trén GenBank dugc thé hién trong bang 19.

Béang 19
Protein Ma s6 GenBank | S6 GI Sinh vat
SkyPYD4 | ABF58893.1 98626772 Saccharomyces kluyveri
SkUGAI | ABF58894.1 98626792 Saccharomyces kluyveri
UGAI NP _011533.1 6321456 Saccharomyces serevisiae
Abat P50554.3 122065191 Rattus norvegicus
Abat P80147.2 120968 Sus scrofa
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Gta-1 Q21217.1 6016091 Caenorhabditis elegans
gabT P94427.1 6016090 Bacillus subtilus

gabT P22256.1 16130576 Escherichia coli K12
puukE NP 415818.1 16129263 Escherichia coli K12

lat BAB13756.1 10336502 Flavobacterium lutescens
lat AAA26777.1 153343 Streptomyces clavuligenus
dat P56744.1 6685373 Acinetobacter baumanii
vgiG NP 417544 145698310 | Escherichia coli

spuG AAGO03688 9946143 Pseudomonas aeruginosa

Trén Fig.1, buéc C, 2,4-dioxopentanoat dugc khir nhom carboxyl dé tao ra 3-
oxobutyraldehyt nho 2,4-dioxopentanoat decarboxylaza. 2,4-dioxopentanoat twong tu véi
co chit ty nhién cia pyruvat decarboxylaza (EC 4.1.1'.1) va benzoylformat decarboxylaza
(EC 4.1.1.7). Pyruvat decarboxylaza (PDC), con dugc goi 1a keto-axit decarboxylaza, la
enzym quan trong trong qua trinh 1én men ruou, xuc té’lc cho phéan ung loai nhom carboxyl
clia pyruvat thanh axetaldehyt. Enzym tir Saccharomyces cerevisiae niy c6 phd co chét cho
cac axit 2-keto béo rdng bao gdm 2-ketobutyrat, 2-keto valerat, 3-hydroxypyruvat va 2-
phenylpyruvat (Li et al., Biochemistry, 38:10004-10012 (1999)). Enzym nay da duoc
nghién ciru sau, dugc thiét ké dé thay dbi hoat tinh, va dugc biéu hién chirc nang & E. coli
(Killenberg-Jabs et al., Eur. J. Biochem.., 268: 1698-1704 (2001); Li et al., nhu trén; Schure
et al., Appl. Environ. Microbiol., 64:1303-1307 (1998)). PDC tit Zymomonas mobilus, duoc
mi héa béi pde, cling c6 phd co chit rong va 1a muc tiéu cia cac nghién ctru thiét ké duge
dinh huéng dé 1am thay doi i luc v6i cac co chét khac nhau (Siegert et al., Protein Eng.
Des. SeL, 18:345-357 (2005)). Céu tréic tinh thé ctia enzym nay da dugc biét (Killenberg-
Jabs, nhu trén). Cac enzym PDC dugc xac dinh dic diém 1o rang khac bao gém Cac enzym
tr Acetobacter pasteurians (Chandra et al., Arch. Microbiol. 176:443-451 (2001)) va
Kluyveromyces lactis (Krieger et al., Eur. J. Biochem.., 269:3256-3263 (2002)). Dix liéu vé
trinh tu ctia mdi san pham gen dugc 1iy 1am vi du nay c6 thé duge tim thiy bang cach st

dung céc s6 dang ky trén GenBank dugc thé hién trong bang 20.

Bang 20 -

Protein | Ma s6 GenBank | S6 GI Sinh vat
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pdc P06672.1 118391 Zymomonas mobilis

pdcl P06169 30923172 | Saccharomyces cerevisiae
pdc Q8L388 20385191 | Acetobacter pasteurians
pdcl Q12629 52788279 | Kluyveromyces lactis

Tuong tu nhu PDC, benzoylformat decarboxylaza (EC 4.1.1.7) ¢6 phd co chit rong
va ciing 1a dich ciia cac nghién ctu thiét ké enzym. Enzym tir Pseudomonas putida nay da
duoc nghién clru sdu va cau tric tinh thé cia enzym nay 1a da biét (Polovnikova et al.,
Biochemistry 42: 1820-1830 (2003); Hasson et al., Biochemistry, 37:9918-9930 (1998)).
Viéc gdy dot bién diém dinh huéng & hai géc & vi tri hoat dong cua enzym cua
Pseudomonas putida 1am thay dbi 4i luc (Km) v6i co chét tu nhién va khong c6 trong tu
nhién (Siegert et al., nhu trén). Pic tinh clia enzym nay dugc cai bién thém bang k§ thuét
dinh huéng (Lingen et al., Chembiochem, 4:721-726 (2003); Lingen et al., Protein Eng.,
15:585-593 (2002)). Enzym tur Pseudomonas aeruginosa nay, dugc mé hoa boi mdIC, cling
da duoc xac dinh dic diém qua céc thir nghiém (Barrowman et al., FEMS Microbiology
Letters, 34:57-60 (1986)). Cac gen khac tir Pseudomonas stutzeri, Pseudomonas fluorescens
va céc sinh vét khac c¢6 thé dugc suy ra nho tinh twong dong vé trinh ty hodc dugc xac dinh
béng cach str dung hé chon loc sinh trudng dugc tao ra & Pseudomonas putida (Henning et
al., Appl. Environ. Microbiol., 72:7510-7517 (2006)). Dit liéu vé trinh ty ciia mdi San phim
gen dugc 14y lam vi du nay c6 thé dugc tim thdy bang cach st dung cac sé dang ky trén

GenBank duoc thé hién trong bang 21.

Béang 21
Protein | Ma s6 GenBank | Sb GI Sinh vat
mdIC P20906.2 3915757 Pseudomonas putida
mdIC Q9HUR2.1 81539678 Pseudomonas aeruginosa
dpgB ABNR80423.1 126202187 | Pseudomonas stutzeri
ilvB-1 YP 260581.1 70730840 Pseudomonas fluorescens

Enzym thtr ba c6 kha ndng loai nhém carboxyl cuia 2-oxoaxit 1a alpha-ketoglutarat
decarboxylaza (KGD). Cho dén nay, phd co chét ctia 16p enzym nay van chua dugc nghién
ciru. KDC tor Mycobacterium tuberculosis (Tian et al., Proc. Natl. Acad. Sci USA, 102:
10670-10675 (2005)) da dugc tach dong va dugc biéu hién chirc nadng & E. coli tai trung tam
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nghién cru Genomatica. Hoat tinh enzym KDC da dugc phat hién & mot s6 loai thudc
chung Rhizobia bao gdbm Bradyrhizobium japonicum va Mesorhizobium loti (Green et al., J.
Bacteriol., 182:2838-2844 (2000)). Mic du cac gen mi héa KDC van chua duge phan 1ap &
cac sinh vat nay, trinh tu bd gen 1a da biét va mot s6 gen trong mdi bo gen duge chi thich 14
cac KDC gia dinh. KDC tir Euglena gracilis ciing da dugc xac dinh dic diém nhung gen c6
lién quan dén hoat tinh ndy vAn chua dugc nhén biét cho dén ngay nay (Shigeoka et al.,
Arch. Biochem. Biophys., 288:22-28 (1991)). Hai muoi axit amin dau tién bat dau tir dau
tan cung N da duoc giai trinh ty 1a MTYKAPVKDVKFLLDKVFKYV (Shigeoka et al., nhu
trén). Gen nay c6 thé dugc nhéan biét bang cach thir nghiém cac gen c6 chira trinh tu dau tan
cung N v& hoat tinh KDC. Dit liéu vé trinh tu ctia m3i San phim gen duoc 1iy lam vi du nay
c¢6 thé duge tim thiy bing cach sir dung cac sd dang ky trén GenBank duoc thé hién trong

bang 22.

Béang 22
Protein | Ma sb GenBank | S6 GI Sinh vat
kgd 050463.4 160395583 | Mycobacterium tuberculosis
kgd NP_767092.1 27375563 Bradyrhizobium japonicum USDA110
kgd NP_105204.1 13473636 Mesorhizobium loti

Enzym thir tu dé xuc tac cho budc nay 1a axit alpha-keto mach nhanh decarboxylaza
(BCKA). L6p enzym nay da duge cho thay 1a hoat dong trén nhiéu hop chit khac nhau ¢6
chiéu dai mach thay ddi tir 3 dén 6 nguyén tir cacbon (Oku et al., J. Biol. Chem., 263:18386-
18396 (1988); Smit et al., Appl. Environ. Microbiol., 71:303-311 (2005)). Enzym &
Lactococcus lactis ndy da dugc xac dinh dac diém trén nhiéu co chit mach nhéanh va mach
thang khac nhau bao gdm 2-oxobutanoat, 2-0xohe.xanoat, 2-oxopentanoat, 3-metyl-2-
oxobutanoat, 4-metyl-2-oxobutanoat va isocaproat (Smit et al., nhu trén). Enzym nay da
dugc x4c dinh dic diém ciu truc (Berthold et al., D. Biol. Crystallogr., 63:1217-1224
(2007)). Phuong phap can trinh tu gilta enzym cua Lactococcus lactis va pyruvat
decarboxylaza ctia Zymomonas mobilus chi ra ring cac gdc xuc tac va nhan dién co chét gin
nhu giéng nhau hoan toan (Siegert et al., nhu trén), vi vdy enzym nay d& dang chiu su cai
bién c6 dinh huéng. Cac gen BCKA khéc c6 thé duoc nhan biét nho sy twong ddng véi

trinh tu protein ctia Lactococcus lactis (kdcA, AAS49166.1, 44921617, Lactococcus lactis).
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Nhidu trong sé cac hit BLASTp c6 diém sd cao ddi véi enzym nay duogc chu thich l1a
indolepyruvat decarboxylaza (EC 4.1.1.74). Indolepyruvat decarboxylaza (IPDA) 1a mdt
enzym xuc tac cho phan ung loai nhém carboxyl cia indolepyruvat thanh indoleaxetaldehyt

& thuc vat va vi khuan & thuc vat.

2-Amino-4-ketopentanoat dugc khir nhom carboxyl dé tao ra 4-aminobutan-2-on nho
AKP decarboxylaza trong bu6c E trén Fig.1. Phan tmg bién d6i nay c6 thé duoc xuc tac boi
enzym axit amin decarboxylaza. Viéc chon loc decarboxylaza thich hop phu thudc vao chu
hinh héa hoc 1ap thé cua 4-amino-4-oxopentanoat. Néu hop chét nay & dang c4u hinh D, thi
D-axit amin decarboxylaza c6 thé dugc sir dung. Mot D-axit amin decarboxylaza nhu vay la
diaminopimelat decarboxylaza (DDC, EC 4.1.1.20). Enzym nay loai nhom carboxyl cho
tAm 14p thé cAu hinh D ctia meso-diaminopimelat, xtc tic cho budc cudi ciing clia qua trinh
sinh tdng hop lysin. DDC da dugc nghién ctru ¢ nhiéu sinh vét bao gbm E. coli (Momany et
al., D. Biol. Crystallogr., 58:549- 552 (2002)), Mycobacterium tuberculosis (Kefala et al.,
Acta. Crystallogr. Sect. F. Struct. Biol. Cryst. Commun., 61:782-784 (2005); Gokulan et al.,
J. Biol. Chem., 278: 18588-18596 (2003); Andersen et al., Gene, 124:105-109 (1993)),
Methylophilus methylotrophus (Tsujimoto et al., J. Biotechnol, 124:327-337 (2006)), va
Helicobacter pylori (Hu et al., J. Biol. Chem., 283:21284-21293 (2008)). Theo céach khac,
ornithin decarboxylaza (EC 4.1.1.17) cia Homo sapiens c6 hoat tinh yéu trén ddng phan D
cua ornithin (Qu et al., Biochem. J., 375:465-470 (2003); Fitzgerald et al., DNA, 8:623-634

(1989)) va c6 thé duge sir dung dé loai nhém carboxyl trong budc E.

Dit liéu vé trinh tu cia mdi san pham gen dugc lay lam vi du nay cé thé duge tim

thiy bang cach sir dung cac sb dang ky trén GenBank dugc thé hién trong bang 23.

Béang 23
Protein | Ma s6 GenBank | S6 GI Sinh vat
lysA NP _417315.1 16130742 Escherichia coli
lysA AAA25361.1 149964 Mycobacterium tuberculosis
lysA BAC92756.1 37196770 Methylophilus
methylotrophus
lysA ABW70801.1 158523325 | Helicobacter pylori

-45-



27452

odcl AA59969.1 386989 Homo sapiens

Néu 2-amino-4-ketopentanoat biéu hién cdu hinh hoéa hoc 1ap thé L, axit amin
decarboxylaza nhu aspartat decarboxylaza (EC 4.1.1.11), ornithin decarboxylaza (EC
4.1.1.17) hoic lysin decarboxylaza (EC 4.1.1.18) c6 thé dugc st dung. Vi du vé enzym 1a
aspartat decarboxylaza (EC 4.1.1.11). 2-Amino-4-ketopentanoat c6 chu trac tuong tu véi
aspartat, co chat tu nhién ctia enzym nay. Aspartat decarboxylaza tham gia vao qué trinh
sinh téng hop pantothenat va dugc ma hoa bdi panD & Escherichia coli (Dusch et al., Appl.
Environ. Microbiol., 65:1530-1539 (1999); Ramjee et al., Biochem. J., 323:661-669 (1997);
Merkel et al., FEMS Microbiol. Lett., 143:247-252 (1996); Schmitzberger et al., EMBOJ.,
22:6193-6204 (2003)). Cac enzym tt Mycobacterium tuberculosis (Chopra et al., Protein
Expr. Purif.., 25:533-540 (2002)) va Corynebacterium glutanicum (Dusch et al., nhu trén)
da dugc biéu hién va dugc xac dinh dic diém & E. coli. Cac enzym lysin decarboxylaza
dugc ma hoa trong bd gen cia E. coli bdi cac gen cadA va ldeC. Gan day, lysin
decarboxylaza twong tu véi Cad4 da dugc nhén biét & Vibrio parahaemolyticus (Tanaka et
al., J. Appl. Microbiol. 104:1283-1293 (2008)). Lysin decarboxylaza tur Selenomonas
ruminantium, dugc ma héa boi lde, ¢ trinh ty tuong tu v6i ornithin decarboxylaza cia sinh
vét nhan chuin, va nhan ci L-lysin va L-ornithin lam co chét (Takatsuka et al., Biosci.
Biotechnol Biochem. 63:1843-1846 (1999)). Enzym ornithin decarboxylaza dugc tim théy o
Nicotiana glutinosa (Lee et al., Biochem. J. 360:657-665 (2001)), Lactobacillus sp. 30a
(Guirard et al., J Biol.Chem. 255:5960-5964 (1980)) va Vibrio vulnificus (Lee et al., J Biol.
Chem. 282:27115-27125 (2007)). Céac gbc c6 lién quan dén tinh ddc hidu co chit Vibrio

vulnificus ndy da dugce lam sang t6 (Lee et al., nhu trén).

Dit liéu vé trinh tw cila mdi san pham gen dugc lay lam vi du nay c6 thé dugc tim

thiy bang cich sir dung cac sd dang ky trén GenBank duroc thé hién trong bang 24.

Bang 24
Protein Ma s6 GenBank | S0 GI Sinh vat
panD POA790 67470411 | Escherichia coli
panD Q9X4NO0 18203593 | Corynebacterium
glutanicum
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panD P65660.1 54041701 | Mycobacterium
tuberculosis

cadA AAA23536. 145458 ° | Escherichia coli

ldcC AACT73297.1 1786384 | Escherichia coli

ldc 050657.1 13124043 | Selenomonas ruminantium

cadA AB124819.1 44886078 | Vibrio parahaemolyticus

AF323910.1:1..1299 | AAG45222.1 12007488 | Nicotiana glutinosa

odcl P43099.2 1169251 | Lactobacillus sp. 30a

Vv2 1235 NP 763142.1 27367615 | Vibrio vulnificus

Trong phan tng J (Fig.1), axetylacrylat bi khir nhém carboxyl thanh 2-oxobuten nho
axetoacrylat decarboxylaza. Cho dén nay, enzym xtuc tac cho phan tng bién d6i nay chua
dugce xac dinh, nhung cac phan tng tuong ty dugc xac dinh la duge xuc tac boi cac enzym

aconitat decarboxylaza, 4-oxalocrotonat decarboxylaza va xinamat decarboxylaza.

Aconitat decarboxylaza xuc tic cho budc cudi ciing trong qué trinh sinh téng hop
itaconat & mot chung Candida va con & ndm soi Aspergillus terreus (Bonnarme et al., J.
Bacteriol., 177:3573-3578 (1995); Willke et al., Appl. Microbiol. Biotechnol, 56:289-295
(2001)). Cis-aconitat decarboxylaza (CAD) (EC 4.1.16), dugc ma héa boéi ATEG 09971, da
duoc xac dinh va nghién ctru sdu & Aspergillus terreus va nAm c6 lién quan khéc. Gan day,
gen ndy da dugc tich dong va xac dinh dic diém vé chic ning (Kanamasa et al., Appl.

Microbiol. Biotechnol, 80:223-229 (2008)) va (W0/2009/014437).

4-oxalocronat decarboxylaza dugc phén 1ap tor mot sb sinh vat va d3 duogc xac dinh
dac diém. Céc gen ma hoa cho enzym nay bao gébm dmpH va dmpE & Pseudomonas sp.
(ching 600) (Shingler et al., J. Bacteriol., 174:711-724 (1992)), xylll va xylll tu
Pseudomonas putida (Kato et al., Arch. Microbiol, 168:457-463 (1997); Stanley et al.,
Biochemistry, 39:3514 (2000); Lian et al., J. Am. Chem. Soc, 116:10403-10411 (1994)) va
Reut B5691 va Reut B5692 tu Ralstonia eutropha JMP134 (Hughes et al., J. Bacteriol.,
158:79-83 (1984)). Cac gen ma hoa cho enzym nay tu Pseudomonas sp. (chung 600) da
dugc tach dong va biéu hién & E. coli (Shingler et al., nhu trén). Dit li€u v trinh tu cia mdi
san phdm gen dugc ldy 1am vi du nay c6 thé duoc tim thiy bang cach sir dung cac sb ding

ky trén GenBank dugc thé hién trong bang 25.
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Bang 25
Protein M s6 GenBank | S6 GI Sinh vat
dmpH CAA43228.1 45685 Pseudomonas sp. CF600
dmpE CAA43225.1 45682 Pseudomonas sp. CF600
xylll YP_709328.1 111116444 Pseudomonas putida
xylIIl YP _709353.1 111116469 Pseudomonas putida
Reut B5691 | YP_299880.1 73539513 Ralstonia eutropha JMP134
Reut B5692 | YP_299881.1 73539514 Ralstonia eutropha JMP134
ATEG 09971 | EAU29420.1 114187720 Aspergillus terreus

Mot 16p decarboxylaza khac da duge xac dinh dic diém 1a xuc tac cho phan tng
chuyén hoa xinamat (phenylacrylat) va cac din xuét xinamat dugc thé thanh dan xuét styren
trong ung. Cac enzym nay 13 giéng nhau & nhiéu sinh vat khac nhau va céc gen cu thé ma
hoa cho cac enzym nay di duoc tach dong va biéu hién & E. coli 1a: padl tix Saccharomyces
cerevisae (Clausen et al., Gene, 142:107-112 (1994)), pdc tu Lactobacillus plantarum
(Barthelmebs et al., Appl Environ. Microbiol, 67:1063-1069 (2001); Rodriguez et al., J.
Agric. Food Chem., 56:3068-3072 (2008); Qi et al., Biochem. J, 375:465-470 (2007)), pofK
(pad) tr Klebsiella oxytoca (Uchiyama et al., Biosci. Biotechnol. Biochem., 72: 116-123
(2008); Hashidoko et al., Biosci. Biotech. Biochem., 58:217-218 (1994)), Pedicoccus
pentosaceus (Barthelmebs et al., nhu trén) va padC tr Bacillus subtilis va Bacillus pumilus
(Cavin et al., Appl. Environ. Microbiol., 64: 1466-1471 (1998)). Enzym axit ferulic
decarboxylaza tir Pseudomonas fluorescens ciing da duge tinh sach va xac dinh dic diém
(Huang et al., J. Bacteriol., 176:5912-5918 (1994)). Mt diéu quan trong 13, 16p enzym nay
da dugc cho thiy 1a 6n dinh va khong yéu ciu céac déng yéu t6 ngoai sinh hodc dugc lién két
bén trong, do d6 1am cho cac enzym nay thich hop ly tudng cho cic phan tmg chuyén hoa
sinh hoc (Sariaslani, F. S., Annu. Rev. Microbiol, 61:51-69 (2007)). Dit liéu vé trinh ty cia
mdi san phdm gen duoc iy 1am vi du nay c6 thé duge tim thdy bing cach sir dung cac sb

dang ky trén GenBank dugc thé hién trong bang 26.

Bang 26

Protein M3 s6 GenBank | S6 GI

Sinh vat
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padl AAB64980.1 1165293 Saccharomyces cerevisae
pdc AAC45282.1 1762616 Lactobacillus plantarum
pad BAF65031.1 149941608 | Klebsiella oxytoca

padC NP _391320.1 16080493 Bacillus subtilis

pad YP_804027.1 116492292 | Pedicoccus pentosaceus
pad CAC18719.1 11691810 Bacillus pumilus

Mot enzym khéc dé loai nhém carboxyl 1a axetoaxetat decarboxylaza (EC 4.1.1.4), 1a
enzym loai nhém carboxyl cho axetoaxetat thanh axeton va do d6 da dugc nghién ctu vé
vai trd clia n6 trong qua trinh sinh dung méi & vi khudn. Cac enzym vi khuan dugc ldy 1am
vi du d3 duoc xac dinh dic diém t Clostridium acetobutylicum (Benner et al., J. Am.
Chem. So. 103:993-994 (1981); Hlghbarger et al., Biochemistry 35:41-46 (1996); Petersen
et al., Appl. Environ. Microbiol.. 56:3491-3498 (1990); Rozzel et al. J. Am. Chem.
S0c.106:4937-4941 (1984)) Clostridium saccharopérbutylacetonicum (Kosaka, et al.,
Biosci.Biotechnol Biochem. 71:58-68 (2007)) va Clostridium beijerinckii (Ravagnani et al.
Mol. Microbiol. 37:1172-1185 (2000)). Cho dén nay, hoat tinh cua axetoaxetat
decarboxylaza da dugc ching minh & Pseudomonas putida va Bacillus polymyxa nhung cac
gen khong lién quan dn hoat tinh nay chua dugc nhén biét (Matiasek et al., Curr.
Microbiol. 42: 276-281 (2001)). Cac gen tir vi khudn & cac sinh vét khac nhu Clostridium
botulinum va Bacillus amyloliquefaciens c6 thé dugc nhan biét nhd sy tuong ddng vé trinh
tu. O ngudi va dong vat c6 via khac, axetoaxetat decark;oxylaza xtic tic cho budc cudi cung
cua con dudng cua thé keton (Kalapos, Biochim. Biophys. Acta 1621:122-139 (2003)),
nhung cho dén nay céac gen c6 lién quan dén hoat tinh nay chua duoc xac dinh cho dén ngay
nay. Dt liéu v& trinh tu cia mdi san phim gen dugc 14y 1am vi du nay c6 thé duge tim thiy

bing cach str dung cac sb dang ky trén GenBank duoc thé hién trong bang 27.

Bang 27
Protein Mai s6 GenBank | S6 GI Sinh vat
adc NP _149328.1 15004868 Clostridium acetobutylicum
adc AAP42566.1 31075386 Clostridium
saccharoperbutylacetonicum
chei 3835 YP _001310906.1 | 150018652 Clostridium beijerinckii
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CLL A2135 YP 001886324.1 | 187933144 Clostridium botulinum
RBAM 030030 | YP_001422565.1 | 154687404 Bacillus amyloliquefaciens

T4t ca cac gen néu trén ciing c6 thé dugce sir dung dé xac tac cho phan tng loai nhém
carboxyl cho 2-oxo0-4-hydroxypentanoat thanh 3-hydroxybutyraldehyt trong budc N trén
Fig.1. 4

Butenon hydrataza (budc G, Fig.1), 4-hydroxybutyryl-CoA dehydrataza (budc A,
Fig.3) va crotonaza (buéc A, Fig.3) la cic dang bién doi dang thiy phan. Cu thé 13, phan
tng hydrat hoa butenon thanh 4-hydroxy-2-butanon (buéc G, Fig.1) c6 thé dugc thuc hién
nhd mdt enzym trong ho enzym hydrataza. Cac enzym c6 thé thuc hién phan ting bién doi
nay bao gdm fumarat hydrataza (EC 4.2.1.2), 2-(hydroxymetyl)glutarat dehydrataza (EC
4.2.1.-), dimetylmaleat hydrataza (EC 4.2.1.85) va xitramalat hydrolyaza (EC 4.2.1.34).

Cac enzym fumarat hydrataza xdc tac ty nhién cho phan tng hydrat hoa thuan nghich
fumarat thanh malat. Mic di kha ning phan tng cta fumarat hydrataza véi co chit butanon
van chua duge md ta trong céac tai liéu, nhung da co rit nhiéu thong tin vé cu tric cia
enzym nay va cac nghién ctru khac d cai bién thanh cong enzym nay dé lam thay ddi hoat
tinh, su wrc ché va dinh vi (Weaver, T., B. Biol. Crystallogr., 61: 1395-1401 (2005)). E. coli
cO ba loai fumaraza: FumA, FumB, va FumC duogc didu hoa boi cac diéu kién sinh truéng.
FumB nhay v6i oxy va chi hoat dong & céc diéu kién ki khi. FumA hoat dong & cac diéu
kién vi ki khi, va FumC la enzym chi hoat dong & mdi truong hiéu khi (Tseng et al., J.
Bacteriol., 183:461-467 (2001); Woods et al., Biochem. Biophys. Acta., 954: 14-26 (1988);
Guest et al., . Gen. Microbiol, 131:2971-2984 (1985)). Céc enzym khac duoc tim thdy &
Campylobacter jejuni (Smith et al., Int. J. Biochem. Cell Biol, 31:961-975 (1999)), Thermus
thermophilus (Mizobata et al., Arch. Biochem. Biophys., 355:49-55 (1998)) va Rattus
norvegicus (Kobayashi et al., J. Biochem., 89:1923-1931 (1981)). Céac enzym tuong tu c6
muic d6 twong dong vé trinh tu cao bao gdm fuml tir Arabidopsisthaliana va fumC tix
Corynebacterium glutamicum. MmcBC fumaraza tit Pelotomaculum thermopropionicum la
mot 16p fumaraza khac c6 hai tiéu don vi (Shimoyama et al., FEMS Microbiol. Lett,
270:207-213 (2007)). Dit liéu vé trinh tu ctia mdi san pham gen duoc 1iy 1am vi du nay c6
thé dugc tim thiy bang cach sir dung cac s ding ky trén GenBank dugc thé hién trong bang
28.
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Béang 28

Protein Mai s6 GenBank S6 GI Sinh vat
fumA NP 416129.1 16129570 Escherichia coli
fumB NP _418546.1 16131948 Escherichia coli
SfumC NP _416128.1 16129569 | Escherichia coli
JumC 069294 9789756 Campylobacter jejuni
fumC P84127 75427690 Thermus thermophilus
fumH P14408 120605 Rattus norvegicus
fuml P93033 39931311 Arabidopsis thaliana
JumC Q8NRNS 39931596 Corynebacterium glutamicum
MmcB YP 001211906 147677691 | Pelotomaculum

thermopropionicum
MmcC YP 001211907 147677692 | Pelotomaculum

thermopropionicum

Hai enzym hydrataza khéc 1a 2-(hydroxymetyl)glutaratdehydrataza va dimetylmaleat
hydrataza, cic enzym nay dugc nghién ciru vé vai trd ctia chiing trong qua trinh phén giai
nicontinat & Eubacterium barkeri (truéc ddy duoc goi l1a Clostridium barkeri) (Alhapel et
al., Proc. Natl. Acad. Sci. USA, 103: 12341-12346 (2006)). 2-(Hydroxymetyl)glutarat
dehydrataza 14 enzym c6 chira [4Fe-4S] khir nuéc cho 2-(hydroxymetyl)glutarat thanh 2 -
metylen-glutarat. Enzym nay dugc ma hoéa bdi hmd cta Eubacterium barkeri (Alhapel et al.,
nhu trén). Cic enzym tuong tu c¢6 muc do tuong déng vé trinh ty dugc tim thiy &
Bacteroides capillosus, Anaerotruncus colihominis, va Natranaerobius thermophilus. Céc
enzym ndy 1a twong ddng véi cac tiéu don vi alpha va beta cua serin dehydrataza cua vi
khuan c6 chua [4Fe-4S] (vi dy, cdc enzym cua E. coﬁ' dugc ma hoéa boi tdeG, sdhB, va
sdaA). Dimetylmaleat hydrataza (EC 4.2.1.85) la enzym thudn nghich nhay véi oxy, phu
thudc Fe?* thudc ho aconitaza, hydrat héa dimetylmaeat dé tao ra (2R,3S)-2,3-dimetylmalat.
Enzym nay dugc ma héa bdi dmdAB cia Eubacterium barkeri (Alhapel, et al., nhu trén;
Kollmann-Koch et al., Physiol. Chem., 365:847-857 (1984)). Dit liéu vé trinh tu cia mdi
san phim gen duogc iy lam vi du nay cé thé dugc tim thiy bang cach st dung cac s6 ding

ky trén GenBank duoc thé hién trong bang 29.
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Bang 29

Protein M4 s6 GenBank | S6 GI | Sinh vat

hmd ABC88407.1 86278275 Eubacterium barkeri

BACCAP 02294 7P 02036683.1 | 154498305 Bacteroides capillosus ATCC
29799

ANACOL 02527 ZP 02443222.1 | 167771169 Anaerotruncus colihominis DSM
17241

NtherDRAFT 2368 | ZP_02852366.1 | 169192667 Natranaerobius thermophilus
JW/NM-WN-LF

dmdA ABCR88408 86278276 Eubacterium barkeri

dmdB ABC88409.1 86278277 . | Eubacterium barkeri

Mot enzym khac 1a 2-metylmalat dehydrataza, con dugc goi la xitramalat
hydrolyaza, 12 enzym hydrolyaza thuan nghich xtc tac cho sy khir alpha, beta cia nudc tir
xitramalat dé tao ra mesaconat. Enzym nay di dugc tinh ché va x4c dinh dic diém &
Clostridium tetanomorphum (Wang et al., J. Biol. Chem., 244:2516-2526 (1969)). Hoat tinh
clia enzym ndy ciing da dugc phét hién & mét sd loai vi khudn thudc cac chi Citrobacter va
Morganella vé& con dudng VI phan huy glutamat (Kato et al., nhu trén). Cho dén nay cac

gen ma hoa cho enzym nay chua dugc nhan biét & bat ky sinh vét nao.

Qué trinh hydrat héa crotonyl-CoA d tao ra 3-hydroxybutyryl-CoA (budc B, Fig.3)
duoc xuc tic béi enzym crotonaza (EC 4.2.1.55). Cac enzym nay la cn thiét @& tao ra n-
butanol & mot sb sinh vat, cu thé 1a loai Clostridia, va cling bao gém mot budc cia con
duong 3-hydroxypropionat/4-hydroxybutyrat & c¢b khudn wa nhiét va wa axit thudc chi
Sulfolobus, Acidianus, va Metallosphaera. Cac gen dwgc ldy 1am vi du ma héa cho enzym
crotonaza c6 thé dugc tim thdy & C. acetobutylicum (Boynton et al., J. Bacteriol..,
178:3015-3024 (1996)), C. kluyveri (Hillmer et al., FEBS Lett, 21:351-354 (1972)), va
Metallosphaera sedula (Berg et al., nhu trén). Enoyl-CoA hydrataza, tham gia vao phan tng
oxi hoa beta axit béo va’/hoac su chuyén héa ctia nhiéu axit amin khac nhau, cling co thé xuc
tac cho phan tng hydrat héa ctia crotonyl-CoA dé tao ra 3-hydroxybutyryl-CoA (Roberts et
al, Arch. Microbiol, 117:99-108 (1978); Agnihotri et al., Bioorg. Med. Chem., 11:9-20
(2003); Conrad et al., J. Bacteriol., 118:103-111 (1974)). Enoyl-CoA hydrataza dugc iy
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lam vi du 12 san phim gen ech tir Pseudomonas putida (Roberts et al., nhu trén). Enoyl-CoA
hydrataza, phaA va phaB, cua P. putida d3d dugc cho thdy 1a thuc hién phan tmg hydroxyl
hoa cac lién két d6i trong qué trinh di hoa phenylaxetat (Olivera et al., Proc. Natl. Acad. Sci
USA, 95:6419-6424 (1998)). PaaA va paaB tit P. fluorescens xic tac cho cac bién ddi
tuong tu (Olivera et al., nhu trén). Cudi cung, mot sb gen cua Escherichia coli da dugc cho
thiy ching minh chirc ning ctia enoyl-CoA hydrataza bao gdm maoC (Park et al., J.
Bacteriol., 185:5391-5397 (2003)), paaF (Ismail et al., Eur. J. Biochem.., 270:3047-3054
(2003); Park et al., Appl Biochem. Biotechnol, 113-116:335-346 (2004); Park et al.,
Biotechnol Bioeng., 86:681-686 (2004)) va paaG (Ismail et al., nhu trén; Park et al., nhu
trén; Park et al., nhu trén). Dit liéu vé trinh tu cia mdi san phidm gen dugc 1y 1am vi du nay
6 thé dugc tim thiy bing cach st dung cac s ding ky trén GenBank dugc thé hién trong

bang 30.

Bang 30
Protein M4 s6 GenBank | SO GI Sinh vat
crt NP_349318.1 15895969 | Clostridium acetobutylicum
crtl YP 001393856 | 153953091 | Clostridium kluyveri DSM 555
ech NP_745498.1 26990073 | Pseudomonas putida
phaA ABFg82233.1 26990002 | Pseudomonas putida
phaB ABFg82234.1 26990001 Pseudomonas putida
paaA NP_745427.1 106636093 | Pseudomonas fluorescens
paaB NP _745426.1 106636094 | Pseudomonas fluorescens
maoC NP_415905.1 16129348 | Escherichia coli
paalF NP _415911.1 16129354 | Escherichia coli
paaG NP_415912.1 16129355 | Escherichia coli

Theo cach khéc, cic san phidm gen ciia fad4 va fadB cia E. coli mi hoéa cho phirc
hop nhidu enzym tham gia vao qua trinh oxi hoa axit béo ma thé hién hoat tinh enoyl-CoA
hydrataza (Haller et al., Biochemistry 39:4622-4629 (2000); Martinez-Carrion et a., J. Biol.
Chem. 240:3538-3546 (1965); Matthies et al., Appl Environ. Micriobiol. 58:1435-1439
(1992)). Viéc loai yéu t6 didu hoa 4m dugc ma hoa boi fadR c6 thé duoc img dung dé hoat

hoa san phim gen ciia fadB (Jeng et al. A. Biochemistry 13:2898-2903 (1974)). Céc gen
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fadl va fadJ ma hoda cho céc chirc nang tuong tu va dugc biéu hién ty nhién & cac diéu kién
ki khi (Atsumi et al., Nature 451:86-89 (2008)). Dit liéu vé trinh tu ciia mdi san pham gen
dugc 14y 1am vi du nay c6 thé dugc tim thdy bing cach st dung cac sé ding ky trén

GenBank duoc thé hién trong bang 31.

Bang 31
Protein | M4 s6 GenBank | S GI Sinh vat
fadA YP 026272.1 49176430 Escherichia coli
fadB | NP_418288.1 16131692 Escherichia coli
fadl NP _416844.1 16130275 Escherichia coli
fadJ NP _416843.1 16130274 Escherichia coli
fadR NP _415705.1 16129150 Escherichia coli

Phan tng trung ngung thuin nghich cua 4-hydroxybutyryl-CoA thanh crotonyl-CoA
(buéc A, Fig3) dugc xuc tic bdi enzym hai chitc ndng 4-hydroxybutyryl-CoA
dehydrataza/vinylaxetyl-CoA A-isomeraza. Enzym nay dau tién loai nudc cho 4-
hydroxybutyryl-CoA thanh vinylaxetyl-CoA, sau d6 sip sép lai dé tao ra crotonoyl-CoA.
Céc enzym tir Clostridium kluyveri va C. aminobutyrium dugc tinh ché, x4c dinh dic diém,
va xé&c dinh trinh tu & vung dau tan cung N (Scherf et al., Eur. J. Biochem., 215:421-429
(1993); Scherf et al., Arch. Microbiol, 161:239-245 (1994)). Gen abfD ti C. aminobutyrium
va C. kluyveri khép mdt cach chinh xac véi céc trinh ty axit amin déu tan cung N nay, va da
dugc cho thdy 1a ma hoéa cho 4-hydroxybutyrul-CoA dehydrataza/vinylaxetyl-CoA A-
isomeraza. Céc gen tuong tu dugc nhan biét théng qua tinh twong ddng tir du 4n ban dd gen,
bao gdbm abfD tir Porphyromonas gingivalis va Msed 1220 tix Metallosphaera sedula. Dit
liéu vé trinh tu ciia mdi san phim gen duoc ldy lam vi du nay c6 thé dugc tim thiy bing

cach sir dung céc s6 dang ky trén GenBank dugc thé hién trong bang 32.

Bang 32
Protein Ma s6 GenBank | S6 GI Sinh vt
abfD YP 001396399.1 | 153955634 Clostridium kluyveri
abfD P55792 84028213 Clostridium aminobutyricum
abfD YP 001928843 188994591 | Porphyromonas gingivalis
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Msed 1220 | YP _001191305.1 | 146303989 Metallosphaera sedula

Phan tng khitr nhém amin cia 2-amino-4-ketopentanoat (Fig.1, phan tng I) va cua 4-
aminobutan-2-on (buéc F, Fig.1) c6 thé dugc thuc hién nhd AKP amoniac-lyaza va 4-
aminobutan-2-on amoniac-lyaza twong ng. Cac phan tng khir nhém amin nay rat gidng
v6i phan ung khit nhém amin aspartat thanh fumarat nho aspartaza. Enzym nay da dugc
nghién clru sau va da tim ra mot sb céu truc tinh thé cua no. Enzym tur E. coli dd dugc cho
thdy 1a hoat dong trén nhidu co chit khac nhau nhu aspartatphenylmetyleste, asparagin,
benzyl-aspartat va malat (Ma et al., Ann. N. Y. Acad. Sci, 672:60-65 (1992). Trong mdt
nghién ctru khéc, sy cai bién dinh hudéng dugc thuc hién trén enzym nay dé lam thay dbi
tinh diic hiéu co chét (Asano et al., Biomol. Eng., 22:95-101 (2005)). C4c enzym c6 hoat
tinh aspartaza ciing di dugc xac dinh dic diém & Haemophilus influenzae (Sjostrom et al.,
Biochem. Biophys. Acta., 1324:182-190 (1997)), Pseudomonas fluorescens (Takagi et al., J.
Biochem., 96:545-552 (1984)), Bacillus subtilus (Sjostrom et al., nhu trén) va Serratia
marcescens (Takagi et al., J. Bacteriol., 161: 1-6 (1985)). Dit liéu vé trinh tu cia mdi san
phim gen dugc iy 1am vi du nay c¢6 thé dugc tim thdy bing cach sir dung cac sb dang ky

trén GenBank dugc thé hién trong bang 33.

Bang 33
Protein | Ma s GenBank | S6 GI Sinh vt
aspA NP _418562 90111690 Escherichia coli
aspA P44324.1 1168534 Haemophilus influenzae
aspA P07346.1 114273 Pseudomonas fluorescens
ansB P26899.1 251757243 Bacillus subtilus
aspA P33109.1 416661 Serratia marcescens

Phan Ung amoniac lyaza twong tu dugc xic tdc bdi enzym metylaspartaza (EC
4.3.1.2), 1a enzym tham gia vao con dudng lén men glutamat qua mesaconat (Kato et al.,
nhu trén). Enzym nay, con dugc goi l1a beta-metylaspartaza va 3-metylaspartat amoniac-
lyaza, xuc tic ty nhién cho phan Uung khir nhdm amin threo-3-metylasparatat thanh
mesaconat. 3-Metylaspartaza tir Clostridium tetanomorphum di dugc tach dong, biéu hién
chuc nang & E. coli, va dugc két tinh (Asuncion et al., 57:731-733 (2001); Asuncion et al., J
Biol Chem. 277:8306-8311 (2002); Botting et al., 27:2953-2955 (1988); Goda et al.,
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31:10747-10756 (1992)). O Citrobacter amalonaticus, enzym ndy dugc mi héa béi
BAA28709 (Kato et al., Arch. Microbiol 168:457-463 (1997)). 3-Metylaspartaza cling dugc
két tinh tr E. coli YG1002 (Asano et al., FEMS Microbiol Lett. 118:255-258 (1994)) mic
du trinh tu protein khong dugc ligt ké trong cac co s& dit liéu cong khai nhu GenBank. Dit
liéu vé trinh tu cta mdi san phdm gen dugc lay lam vi du nay co thé dugc tim thiy bang

cach st dung céc sé ding ky trén GenBank dugc thé hién trong bang 34.

Bang 34
Protein M4 s6 GenBank | S6 GI Sinh vt
mal AAB24070.1 259429 Clostridium tetanomorphum
BAA28709 | BAA28709.1 3184397 | Citrobacter amalonaticus

Theo mdt s6 phwong 4an, 2-amino-4-ketopentanoat (AKP) thiolaza dugc ma héa boi
mot hodc nhidu gen dugc chon tir nhém bao gdm ortd (o), ortB (B), Amet 2368 (),
Amet 2369 (B), Teth514_1478 (c), Teth514 1479 (B), TTE1235 (a), va thrC (J3).

Theo mot s6 phuong an, AKP dehydrogenaza dugc ma hoa béi mot hodc nhidu gen
dugc chon tr nhdm bao gém thrA, akthr2, hom6, homl, hom2, fadB, fadJ, Hbd2, Hbdl,
hbd, HSD17B10, phbB, phaB, Msed 1423, Msed 0399, Msed 0389, Msed 1993, adh,
adhA, adh-A, mdh, ldhA, Idh, va bdh.

Theo mot sd phuwong 4an, 2-amino-4-hydroxypentanoat aminotransferaza dwoc ma
hoa bdi mot hodc nhiéu gen dugce chon tr nhém bao gém aspC, AAT2, ASP5, got2, avitA,
lysN, AadAT-11, dat, lat, ygjG, spuC, SkyPYD4, SkUGAI, UGA1, Abat, Abat, Gta-1, gabT,

va puuk.

Theo mdt sé phwong 4an, 2-amino-4-hydroxypentanoat oxidoreductaza (khir amin)
dugc ma héa boi mot hodc nhiéu gen dugc chon tir nhom bao gém gdhA, gdh, gdhAl, rocG,
gdhl, gdh2, GDH, GDH2, Idh va nadX.

Theo mot s& phuong an, 2-oxo-4-hydroxypentanoat decarboxylaza dugc ma héa boi
mdt hodc nhiéu gen dugce chon tr nhém bao gém pdc, pdcl, mdIC, dpgB, ilvB-1, kgd, kdcA,
lysA, panD, cadA, ldc, ldcC, AF323910.1:1...1299, odcl, VV2 1235, dmpH, dmpE, xylll,
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xylIIl, Reut B5691, Reut B5692, CAD, padl, pofK .(pad), padC, pad, adc, cbei 3835,
CLL A2135, RBAM 030030.

Theo mdt s phuong 4n, 3-hydroxybutyraldehyt reductaza dugc ma héa bdi mot hodc
nhidu gen duoc chon tir nhém bao gdm alrd, ADH2, yghD, bdh 1, bdh 11, adhA, 4hbd, adhl,
P84067, mmsB, dhat, va 3hidh.

Theo mdt ) phuong an, AKP aminotransferaza dugc ma hda boéi mot hodc nhiéu gen
dugc chon tir nhém bao g@)m aspC, AAT2, ASPS, got2, avtA, lysN, AadAT-II, dat, lat, ygjG,
spuC, SkyPYD4, SkUGAI, UGAI, Abat, Gta-1, gabT, va puuL.

Theo mdt s phuong an, AKP oxidoreductaza (khtr amin) dugc méa hoa bdi mot hodc
nhidu gen dugc chon tir nhom bao gdbm gdhd, gdh, gdhAl, rocG, gdhl, gdh2, GDH, GDH?2,
Idh va nadX. Theo mot sé phuong an, 2,4-dioxopentanoat decarboxylaza dugc ma héa béi
mot hodc nhiéu gen dugc chon tir nhém bao gém pdc, pdcl, mdIC, dpgB, ilvB-1, kgd, kdcA,
lysA, panD, cadA, ldc, ldcC, AF323910.1:1...1299, odcl, VV2_1235, dmpH, dmpE , xylll ,
xylIll , Reut B5691, Reut B5692, CAD, padl, padC, va pad, adc, cbei_3835, CLL_A21335,
RBAM 030030.

Theo mét s6 phuong an, 3-oxobutyraldehyt reductaza (khir keton) dugc ma héa béi
mot hodc nhiéu gen dugc chon tr nhém bao gé)m thrA, akthr2, hom6, homl, hom2, fadB,
fadJ, Hbd2, Hbdl, hbd, HSD17B10, phbB, phaB, Msed 1423, Msed 0399, Msed 0389,
Msed 1993, adh, adhA, adh-A, mdh, ldhA, Idh, va bdh.

Theo mét s& phuong 4n, 3-oxobutyraldehyt reductaza (khir aldehyt) dugc ma héa bai
mét hodc nhiéu gen dugc chon tir nhém bao gém alrA, ADH2, yghD, bdh 1, bdh 11, adhA,
4hbd, adhl, P84067, mmsB, dhat, va 3hidh.

Theo mdt sé phuwong 4n, 4-hydroxy-2-butanon reductaza dugc ma héa bdi mot hoic
nhiéu gen duogc chon tr nhém bao gém thrA, akthr2, hom6, homl, hom2 , fadB , fadJ ,
Hbd2, Hbdl, hbd, HSDI7B10, phbB, phaB, Msed 1423, Msed 0399, Msed 0389,
Msed_1993, adh, adhA, adh-A, mdh, ldhA, Idh, va bdh.

Theo mot sd phuong an, AKP decarboxylaza dugc ma hoa bdi mét hodc nhiéu gen

dugc chon tir nhém bao gdm pde, pdcl, mdIC, dpgB, ilvB-1, kgd, kdcA, lysA, panD, cadA,
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Ldc, ldeC, AF323910.1:1...1299, odcl, VV2 1235, dmpH, dmpE, xylll, xyllll, Reut B5691,
Reut B5692, CAD, padl, pofK(pad), padC, pad.

Theo mot sd phuong an, 4-aminobutan-2-on aminotransferaza dugc ma hoa bdi mot
hodc nhiéu gen dugc chon tir nhém bao géln aspC, AAT2, ASPS5, got2, avtA, lysN, AadAT-
11, dat, lat, ygjG, spuC, SkyPYD4, SkUGAI, UGAI, Abat , Gta-1, gabT, va puukE.

Theo mot sd phuong an, 4-aminobutan-2-on oxidoreductaza (khir amin) dugc ma hoa
bo1 mot hoac nhiéu gen dugc chon tir nhoém bao gém gdhA, gdh, gdhAl, rocG, gdhl, gdh2,
GDH, GDH?2, ldh, nadX, kdd va lysDH.

Theo mdt sO phuong an, 4-aminobutan-2-on amoniac-lyaza dugc ma hoa bdi mot

hodc nhiéu gen duogc chon tor nhém bao gém aspA, ansB, mal va BAA28709.

Theo mét s phuong 4n, butenon hydrataza duoc ma héa béi mot hodc nhiu gen
dugc chon tir nhém bao gdm fumd, fumB, fumC, fumH, fuml, MmcB, MmcC, hmd,
BACCAP 02294, ANACOL 02527, NtherDRAFT 2368, dmdA, dmdB, crt, crtl, ech paaA,
paaB, phaA, phaB, maoC, paaF, paaG, abfD, Msed 1220.fadA, fadB, fadl, fadJ, va fadR.

Theo mot s6 phuong 4n, AKP amoniac-lyaza dugc ma héa bdi mdt hodc nhiéu gen

duoc chon tir nhém bao gém aspA, ansB, mal va BAA28709.

Theo mot sé phuong an, axetylacrylat decarboxylaza dugc ma héa bdi mot hoidc
nhiéu gen dugc chon tr nhom bao g@)m pdc, pdcl, mdIC, dpgB, ilvB-1, kgd, kdcA, lysA,
panD, cadA, ldc, ldcC, AF323910.1:1...1299, odcl, VV2 1235, dmpH, dmpE, xylIl, xylIlI,
Reut B5691, Reut B5692, CAD, padl, pofK (pad), padC, pad, adc, cbei 3835,
CLL A2135, RBAM 030030.

Theo mét s phuong an, axetoaxetyl-CoA reductaza (phu thudc CoA, tao aldehyt)
dugc ma héa béi mot hogc nhidu gen duge chon tir nhém bao gdm acr!, sucD, bphG, bld,

adhE, Msed 0709, mcr, asd-2, Saci_ 2370, Ald, va eutE.

Theo mdt sé phuong 4n, axetoaxetyl-CoA reductaza (phu thudc CoA, tao rugu) dugc
ma hoa bdi mdt hodc nhiéu gen dugc chon tr nhom bao gf”)m adhE, adhE2, mcr,

Rcas_2929, NAP1 02720, MGP2080_00535, va FAR.

-58-



27452

Theo mdt sd phuong an, axetoaxetyl-CoA reductaza (khir keton) dugc ma hoa béi
mot hodc nhidu gen dugce chon tr nhoém bao gém thrA, akthr2, hom6, homl, hom2, fadB,
fadJ, Hbd2, Hbdl, hbd, HSD17B10, phbB, phaB, Msed 1423, Msed 0399, Msed 0389,
Msed 1993, adh, adhA, adh-A, mdh, IdhA, Idh, va bdh.

Theo mét s6 phuong an, 3-hydroxybutyryl-CoA reductaza (tao aldehyt) dugc ma hoa
boi mdt hoac nhiéu gen duoc chon tr nhém bao gf’.)m acrl, sucD, bphG, bld, adhE,
Msed 0709, mcr, asd-2, Saci 2370, Ald, va eutE.

Theo mot sd phwong 4n, 3-hydroxybutyryl-CoA reductaza (tao ruou) dugc ma hoa
béi mdt hodc nhiéu gen dugc chon tor nhom bao gﬁ”)m adhE, adhE2, mcr, Rcas 2929,
NAP1 02720, MGP2080 00535, va FAR.

Theo mét s6 phuong an, 4-hydroxybutyryl-CoA dehydrataza dugc ma hoa boi mot
hodc nhidu gen dugc chon tir nhém bao gém fumd, fumB, fumC, fumH, fuml, MmcB,
MmcC, hmd, BACCAP 02294, ANACOL 02527, NtherDRAFT 2368, dmdA, dmdB, crt,
crtl, ech, paaA, paaB, phaA, phaB, maoC, paaF, paaG, abfD, Msed 1220, fadA, fadB,
fadl, fadJ, va fadR. '

Theo mot sd phuong an, crotonaza dugc ma héa bdi mot hodc nhiéu gen dugc chon
tir nhom bao gdm fumA, fumB, fumC, fumH, fuml, MmcB, MmcC, hmd, BACCAP 02294,
ANACOL 02527, NtherDRAFT 2368, dmdA, dmdB, crt, crtl, ech, paad, paaB, phaA,
phaB, maoC, paaF, paaG, abfD, Msed 1220, fadA, fadB, fadl, fadJva fadR.

Vi khuin khong c6 trong tu nhién theo sang ché c6 thé dugc tao ra bing cach dua cac
axit nucleic c6 thé biéu hién dugc ma hoa cho mot hoic nhiéu enzym hoic protein tham gia
vao mdt hodc nhiéu con dudng sinh téng hop 1,3-butandiol. Tuy thudc vao vi sinh vat chu
duoc chon dé thuc hién qué trinh sinh téng hop, axit nucleic thich hgp cho mdt s6 hodc tat
ca cac con duong sinh téng hgp 1,3-butandiol cu thé ¢6 thé duoc biéu hién. Vi du, néu vat
chii dugc chon bj khuyét mot hodc nhiéu enzym hoic protein cho con dudng sinh téng hop
mong mubn, thi axit nucleic c6 thé biéu hién dugc cho enzym hodc protein bi thiéu duoc
dua vao vét chu dé biéu hién ngoai sinh sau d6. Theo cach khac, néu vat chu dugc chon c6
biéu hién ndi sinh cia mot sd gen ctia con dudng nay, nhung bi thiéu & mot sb khac, thi axit

nucleic ma hoa can thiét cho cdc enzym hodc protein bi thiéu dé thu dugc qua trinh sinh
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tdng hop 1,3-butandiol. Do d6, vi khuin khong c6 trong tw nhién theo sang ché c6 thé duoc
tao ra béng cach dua vao hoat tinh cila enzym hodc protein ngoai sinh dé thu dugc con
duong sinh téng hop mong mudn hodc con dudng sinh téng hgp mong mudn co thé dat
duoc béng cach dua vao mot hodc nhiéu hoat tinh ctia enzym hodc protein ngoai sinh ma,
cuing v&i mot hodc nhiéu enzym hodc protein ndi sinh, tao ra cac san phdm mong mudn nhu
1,3-butandiol.

Tiy thude vao cac yéu td cta con dudng sinh téng hop 1,3-butandiol ciia cac vi sinh
vét chi duge chon loc, vi khuan khéng cé trong tw nhién theo sang ché s& bao gdm it nhét
mot axit nucleic ma hoa con dudng 1,3-butandiol dugc biéu hién ngoai sinh va dén tit ca
cac axit nucleic ma hoa cho mdt hodc nhiéu con duong sinh téng hop 1,3-butandiol. Vi du,
qué trinh sinh tdng hop 1,3-butandiol ¢6 thé dugc thiét 1ap & vat chu thiéu enzym hodc
protein ciia con dudng thong qua su biéu hién ngoai sinh cua axit nucleic ma hoa twong
tmg. O vat chi thiéu tit ca cic enzym hodc protein cia con dudng 1,3-butandiol, su bidu
hién ngoai sinh cua tit ca enzym hodc protein trong con dudng nay c6 thé dugc bao gbm,
mic di hiéu rang tit ca cac enzym hodc protein ctia con dudng c6 thé duge biéu hién ngay
ca khi vat chi ¢6 chira it nhit mot trong sb cac enzym hodc protein ciia con dudng nay. Vi
du, su biéu hién ngoai sinh ctia tAt ca cac enzym hodc protein trong con dudng san xuét 1,3-

butandiol ¢ thé dugc bao gdm.

Dua v cac dé xudt va huéng din duoc dé cip trong ban md ta nay, ngudi cé hiéu
biét trung binh trong linh vuc nay s& hiéu ring sb lugng axit nucleic ma héa dé dua vao
dang biéu hién dugc s&, it nhét 13, twong duong vé6i sé lwong khiém khuyét & con dudng 1,3-
butandiol ctia vi sinh vét chu duge chon. Do d6, vi khudn khong c6 trong tu nhién theo sang
ché c6 thé co mdt, hai, ba, bén, nam, dén tit ca axit nucleic ma hoa cho cac enzym hoac
protein tham gia vao con dudng sinh téng hop 1,3-butandiol dugc bdc 16 trong sang ché.
Theo mét s6 phuong an, vi khudn khong c6 trong tu nhién ciing ¢6 thé bao gbm cac cai bién
di truyén khéc dé tao diéu kién thuén lgi hodc t6i wu qua trinh sinh tng hop 1,3-butandiol
hoic tao ra cac chirc ning hitu ich khic trén vi sinh vat chi. Mot chiic ning khac c6 thé bao
gbm, vi dy, 1am ting qué trinh téng hop cia mot hodc nhiéu tién chét cia con duong 1,3-

butandiol nhu axetyl-CoA.
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Nhin chung, vi sinh vat chu dugc chon lgc sao cho né tao ra cac tién chét cua con
duong 1,3-butandiol, hodc 1a phan tir dugc san xuét ra mot cach tu nhién hoac 1a san phém
dugc cai bién ma tao ra qua trinh san xuit de novo cic tién chit mong mudn hodc ting san
xuét tién chat duoc tao ra mot cach tw nhién bai vi sinh vat cha. Vi du, axetyl-CoA dugc san
xuét tu nhién & sinh vat chi nhu E. coli. Sinh vat chi cling duoc cai bién dé lam tdng sy san
xudt tién chat, nhu dugc boc 10 trong sang ché. Ngoai ra, vi khuin duoc cai bién dé san xuét
ra tién chét mong mudn c6 thé dugc sir dung lam sinh vét chi va duogc cai bién thém dé biéu

hién cic enzym hodc protein ctia con duong 1, 3 -butandiol.

Theo mdt s& phwong an, vi khuin khong c6 trong tu nhién theo sang ché duoc tao ra
tir vat chi ¢6 hoat tinh enzym dé téng hop 1,3-butandiol. Theo phuong an cu thé né c6 thé
duogc sir dung dé 1am tang qua trinh tdng hop hodc tich lity cac san phdm cta con duong 1,3-
butandiol dé, vi dy, diéu khién céc phan tmg cua con dudng 1,3-butandiol theo huéng san
xuét 1,3-butandiol. Viéc tang téng hop hodc tich Iy c6 thé duoc thuc hién nho, vi du, su
biéu hién qua murc clia axit nucleic ma héa cho mdt hoic nhidu enzym hoic protein ctia con
duong 1,3-butandiol dugc mé ta trén ddy. Su biéu hién qua mirc cia enzym ndy hodc cac
enzym vi/hodic protein hodc céc protein clia con dudng 1,3-butandiol c6 thé xay ra, vi duy,
thong qua sy biéu hién ngoai sinh ciia gen hodc cic gen ndi sinh, hodic thong qua su biéu
hién ngoai sinh cua gen hodc cac gen khéc loai. Do d6, sinh vat c6 trong tg nhién cé thé dé
dang duogc tao ra la vi khuén khong c6 trong tu nhiéﬁ theo séng ché, vi du, san xuét 1,3-
butandiol, thong qua su biéu hién qua muc cua mot, hai, ba, bdn, nam, d6 1a, dét tat ca axit
nucleic mé hoéa cho cdc enzym hodc protein cua con 'dufmg sinh tbng hop 1,3-butandiol.
Ngoai ra, sinh véat khdng cé trong tu nhién cd thé dugc tao ra bﬁng cach gay dot bién mot
gen noi sinh din dén sy ting hoat tinh clia enzym trong con dudng sinh tdng hop 1,3-

butandiol.

Trong cac phuong an hitu dung cu thé, su biéu hién ngoai sinh cua axit nucleic ma
hoéa dugc sir dung. Sy biéu hién ngoai sinh ddn dén kha nang thich g theo yéu ciu sy biéu
hién nay va/hodc cac yéu t§ diéu hoa d6i véi vat cha va ap dung dé dat duogc mirc dd biéu
hién mong muén ma duogc kiém soat boi nguoi st dung. Tuy nhién, su biéu hién nodi sinh
cling c6 thé dugc str dung theo cac phuong 4n khéac ntiw bang cach loai bo yéu t6 tac dong
diéu hoa 4m hodic cam Ung promoto clia gen khi duoc lién két voi promoto cam ng dugc

hodc yéu t0 diéu hoa khac. Do d6, gen ndi sinh c6 promoto tu nhién cam tmg duoc c6 thé
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dugc diéu hoa 1én bing cach cung cip mot tac nhan gdy cam tng thich hop, hodc ving didu
hoa cua gen ndi sinh c6 thé dugc cai bién dé két hop mot yéu t6 diéu hoa cam ung dugc, do
d6 cho phép didu hoa tang su biéu hién cta gen ndi sinh tai thoi diém mong muén. Tuong
tu, promoto cdm ng dugc co6 thé dugc bao gﬁ”)m la mot yéu td diéu hoa cho gen ngoai sinh

dugc dua vao vi khun khong c6 trong ty nhién.

Cén hiéu ring, trong cic phuong phéap theo sang ché, bat ky trong sé mot hodc nhidu
axit nucleic ngoai sinh c6 thé dugc dua vao vi khuin dé tao ra vi khudn khong c6 trong tu
nhién theo sang ché. Axit nucleic ¢6 thé dugc dua vao sao cho tao ra, vi dy, con duong sinh
téng hop 1,3-butandiol trong vi khuén nay. Theo cach khac, cac axit nucleic ma héa c6 thé
dugc dua vao dé tao ra vi khudn trung gian c6 kha ning sinh tdng hop dé xuc tac cho mot sb
trong cac phan tmg can thiét dé tao ra kha ning sinh téﬁg hop 1,3-butandiol. Vi duy, vi khuén
khong c6 trong tw nhién c6 con dudng sinh téng hop 1,3-butandiol c6 thé bao gdm it nhét
hai axit nucleic ngoai sinh ma héa cho cac enzym hoic protein mong mudn. Do do, cin hiéu
rang su két hop bit ky ctia hai hogic nhiéu enzym hodc protein ctia con dudng sinh tdng hop
c6 thé dugce bao gdbm trong vi khuin khong cé trong tu nhién theo sang ché. Tuong tu, cdn
hiéu rang su két hop bit ky ctia ba hodc nhiéu enzym hoic protein ctia con dudng sinh téng
hop c6 thé dugc bao gém trong vi khudn khong c6 trong tw nhién theo sang ché va v.v., nhu
mong mudn, mién 1a sy két hop cta cic enzym va/hodc protein ctia con dudng sinh tong
hop nay dan dén su san xuit san phAm mong mudén tuong tng. Twong tu, su két hop bit ky
ctia bbn, hodc nhidu enzym hoic protein cta con dudng sinh téng hop nhu dugce bde 16
trong sang ché c6 thé dugc bao gdm trong vi khuin khong c6 trong tu nhién theo sang ché,
nhu mong mudn, mién 1a sy két hop bit ky cia cac eﬁzym va/hodc protein ctia con duong

sinh tong hop mong muon dan dén sy san xuat sdn pham mong mudn tuong Gng.

Ngoai qua trinh sinh tong hop 1,3-butandiol nhu mé ta trong sang ché, vi khuén
khong c6 tfong tu nhién va cac phuong phép theo sang ché ciing c6 thé dugc sir dung trong
nhiéu dang két hop khac nhau véi mdi vi khudn khac va véi cac vi khudn khéac va cac
phuong phép dugc biét rd trong linh vire nay dé thu duoc qua trinh sinh téng hop san phdm
béng cdc con dudng khac. Vi du, mot cach khac dé tao ra 1,3-butandiol ngoai vi¢c st dung
cac chét san xuét 1,3-butandiol thong qua viéc bd sung thém vi khuén khéc c6 kha nang
chuyén hoa chét trung gian ciia con duong 1,3-butandiol thanh 1,3-butandiol. Quy trinh nhu

vy bao gébm, vi du, qua trinh 1én men cta vi khuan san xuét cac chét trung gian ctia con
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duong 1,3-butandiol. Chit trung gian ciia con dudng 1,3-butandiol sau do c6 thé duge st
dung lam co chat cho vi khuan thir hai chuyén hoa chét trung gian cua con duong 1,3-
butandiol thanh 1,3-butandiol. Chét trung gian cia con dudng 1,3-butandiol c6 thé duge bd
sung truc tiép vao méi truong nudi cdy cia sinh vat thir hai hodic mdi trudng nudi cdy ban
dau chira chét trung gian cta cac chit tao ra con dudng 1,3-butandiol c6 thé bi lam suy yéu
cac vi khuin nay, vi du, béng viéc tach té bao, va sau do bd sung sinh vat thir hai vao canh
truong 1én men c6 thé duge sir dung dé tao ra san phdm cudi cing ma khéng cin cac bude

tinh ché chét trung gian.

Theo cac phuong an khac, vi khuén khong co trong tu nhién va cac phuong phéap
theo sang ché c6 thé duoc td hop trong nhidu con dudng phu khac nhau dé dat duoc qua
trinh sinh tong hop, vi du, 1,3-butandiol. Theo cac phwong an niy, con dudng sinh téng hop
d6i v6i san pham mong mudn theo sang ché ¢ thé tach véi cac vi khuén khac, va vi khuén
khac nay c6 thé duoc nudi cdy cing nhau dé tao ra san phim cudi cing. Trong so dd sinh
tong hop ndy, san phim ctia mét vi khuén 1a co chét cho vi khudn thir hai cho dén khi san
pham cubi cing dugc téng hop. Vi du, qué trinh sinh téng hop 1,3-butandiol ¢6 thé duoc
thuc hién nho thiét ké vi khudn c6 chira con dudng sinh téng hop d6i v6i phan ting chuyén
héa mdt chat trung gian ciia con duong thanh chit trung gian hodc san phdm cua con duong
khéc. Theo céach khéc, 1,3-butandiol cling c6 thé dugc tao ra b%lng cach sinh téng hop tir cac
vi khuin thong qua viéc déng nudi cdy hodc dong 1én men bing cach st dung hai sinh vét
trong cting mot binh, trong d6 vi khuén thir nhit san xuét chit trung gian 1,3-butandiol va vi

khuén thtr hai chuyén héa chét trung gian nay thanh 1,3-butandiol.

Nhitng giai thich va chi din dugc dua ra trong sang ché, ngudi c6 hiéu biét trung
binh trong linh vuc nay s& hiéu ring c6 nhiéu su két hop va sip xép ddi vdi cac vi khuin
khong c6 trong tw nhién va cac phuong phap theo sang ché cung nhau véi céc vi khuén
khéc, vai viée ddng nudi cy vi khudn khong c6 trong tur nhién c6 céc con dudng phu va véi
viéc két hop céac quy trinh hoa hoc va/hodc sinh hoa khac duge biét rd trong linh vuc nay dé

san xuét 1,3-butandiol.

Ngudn cac axit nucleic ma hoa cho enzym hodc protein cia con dudng 1,3-butandiol
co thé bao gdm, vi du, loai bat ky trong d6 san pham gen dugc méa héa c6 kha nang xuc tac

cho phan tng quan tdm. Céc loai nay bao gom ca sinh vat ¢6 nhin thuc va sinh vat chua cé
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nhan dién hinh bao gdm, nhung khong gidi han &, vi khuin, bao gdbm cb khuan va vi khudn
thét, va sinh vat c6 nhan thuc, bao géln ndm men, thuc vat, con trung, dong vat, va dong vat
c¢6 vii, bao gdm con ngudi. Vi du vé céc loai cung cdp ngudn axit nucleic nay bao gom, vi
du, Escherichia coli, cling nhu cac loai khac dugc bdc 10 trong sang ché hodc c6 sén duéi
dang nguén cac sinh vat cho gen tuong tng. Tuy nhién, véi vi€c da co dit li€u vé trinh tu bd
gen day da dbi voi hon 550 loi hién nay (v6i hon nira trong sd nay da dugc cong bb trén co
s& dit liu nhu NCBI), bao gém 395 b gen vi sinh vat va nhiéu bd gen cua ndm men, nim,
thuc vat va dong vat c¢6 vu khac, viéc xac dinh cdc gen ma hoa cho hoat tinh sinh tdng hop
1,3-butandiol ddi v6i mot hodc nhiéu gen & cac loai ho xa hodc loai cé quan h¢, bao gém vi
du, su hoan vi ciia gen turong dong, gen dong ding, cac gen ban sao va cac gen khong dong
déing da biét, va sy trao ddi cac thay ddi trong gen giita cac sinh vat 12 théng thuong va duge
biét o trong linh vuc nay. Theo d6, nhitng bién doi vé trao ddi chit cho phép qua trinh sinh
tdng hop 1,3-butandiol dugc mo ta trong ban mo ta nay véi viée dé cap dén mot sinh vat cu
thé nhu E. coli c6 thé d& dang duogc tng dung cho céc vi sinh vét khac, bao gdm céc sinh vt
chua c6 nhan dién hinh va sinh vét c6 nhan thuc twong tw. Nhitng giai thich va chi din dugc
dua ra trong sang ché, ngudi ¢6 hiéu biét trung binh trong linh vuc nay sé& biét ring su bién
ddi v& trao ddi chét dugc minh hoa & mot sinh vat ¢ thé duoc ung dung tuong duong véi

cac sinh vat khac.

Trong mét sb trudong hop, nhu néu c¢6 con dudng sinh tdng hop 1,3-butandiol bi cai
bién & loai khong c6 quan hé, qué trinh sinh tdng hop 1,3-butandiol c6 thé dugc tao ra trong
cac loai vat chu, vi dy, sy biéu hién ngoai sinh cta céc doan trinh tu giéng nhau hoac cac
gen ban sao tir cac loai khong c¢6 quan hé xuc tic cho phan tmg trao dbi chit twong tw;
khong hoan toan giéng hét dé thay thé cho phan ung lién quan. B&i vi c6 mdt sb khac biét
trong mang ludi trao ddi chét giita cac sinh vat khac nhau, nguoi c6 hiéu biét trung binh
trong linh vuc nay s& hiéu rang cach sir dung gen trong thuc té giita cac loai khac nhau cé
thé khac nhau. Tuy nhién, nhirng giai thich va chi din dugc dua ra trong séang ché, ngudi c6
hiéu biét trung binh trong linh vuc ndy ciing s& hiéu ring cac d4u hiéu va cac phwong phap
theo sang ché c6 thé dugc tng dung dbi vai tit ca cac vi khuln st dung nhitng cai bién vé
trao d6i chat cing ngudn gdc véi vi khudn duoc minh hoa trong ban mé ta dé thiét ké vi

khuan thudc cac loai quan tim ma tong hop 1,3-butandiol.
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Cac vi sinh vét chu c6 thé duge chon tir, va vi khuin khong c6 trong ty nhién duoc
tao ra trong, vi du, vi khuin, ndm men, nim hoic loai bét ky trong sb cac vi sinh vat khac cé
kha nang thuc hién qua trinh 1én men. Vi du vé vi khuén bao gém cac loai duogc chon tir
Escherichia  coli,  Klebsiella  oxytoca,  Anaerobiospirillum  succiniciproducens,
ActinoBacillus succinogenes, Mannheimia succiniciproducens, Rhizobium etli, Bacillus
subtilis, Corynebacterium glutamicum, Gluconobacter oxydans, Zymomonas mobilis,
Lactococcus lactis, Lactobacillus Plantarum, Streptomyces coelicolor, Clostridium
acetobutylicum, Pseudomonas fluorescens, va Pseudomonas putida. Vi du vé& nAm men hoc
ndm bao gbém loai dugc chon tir Saccharomyces cerevisiae, Schizosaccharomyces pombe,
Kluyveromyces lactis, Kluyveromyces marxianus, Aspergillus terreus, Aspergillus niger va
Pichiapastoris. E. coli 1a vi sinh vt chd hiru ich dic biét bdi vi né 1a vi khudn da duoc xac
dinh djc tich rd rang thich hop cho k¥ thuét di truyén._ Céc sinh véat chu hitu dung dac biét

khac bao gdm nam men nhu Saccharomyces cerevisiae.

Cac phuong phép d¢ thiét ké va thtr nghiém mirc d6 bidu hién ciia sinh vat chu khong
co trong ty nhién san xuét 1,3-butandiol c6 thé dugc thuc hién, vi du, béng phuong phap tai
t6 hop va cac phuong phap do dugc biét rd trong linh vuc ndy. Cac phuong phap nay c6 thé
dugc md ta trong tai lidu, vi dy, Sambrook et al., Molecular Cloning: A Laboratory Manual,
Third Ed., Cold Spring Harbor Laboratory, New York (2001); va Ausubel et al., Current
Protocols in Molecular Biology, John Wiley and Sons, Baltimore, MD (1999).

Trinh tu axit nucleic ngoai sinh tham gia vao con dudng san xuét 1,3-butandiol ¢6
thé dugc duwa mot cach 1au bén hoic tam thdi vao té bao chu béng cach str dung cac k¥ thuét
dugc biét 1 trong linh vuc nay bao gdm, nhung khong giéi han &, tiép hop, xung dién, bién
nap bang hoa chit, tai nap, chuyén nhiém, va bién nap biang song siéu am. P& biéu hién
ngoai sinh & E. coli hodc cac té bao nhan so khac, mot s trinh tu axit nucleic trong gen
hodc ADN bd sung cua axit nucleic cta sinh vat nhan thuc ¢ thé ma héa cho céc tin hiéu
dich nhu tin hiéu dich cua ti lap thé dau tan cing N hoic tin hiéu dich khac, ma c6 thé bi
loai bo trude khi bién nap vao té bao chi nhan so, néu mudn. Vi du, viéc loai bé trinh tu dan
dau ti lap thé din dén su tang biéu hién & E. coli (Hoffmeister et al., J. Biol. Chem.
280:4329-4338 (2005)). D& biéu hién ngoai sinh & nim men hoic té bao nhan thuc khac,
gen c6 thé dugc biéu hién & phin bao tan ma khong c6 su bd sung trinh tw din diu, hodc co

thé duoc huéng dich dén ti lap thé hoic cic co quan té bao khéc, hoic hudng dich cho qua

-65-



27452

trinh tiét, bang cach bd sung trinh tu dich thich hop nhu tin hidu dich ti lap thé hoic tin hidu
tiét thich hop vai té bao chii. Do dé, cin hiéu ring cac cai bién thich hop véi trinh tur axit
nucleic dé loai bo hodc thém trinh tu dich c¢6 thé duoc két hop vao trinh tu axit nucleic
ngoai sinh dé thu dugc dic tinh mong mudn. Hon thé nita, cac gen c6 thé dugc t6i wu hoa
bo ba ma hoa béng cac k¥ thuat dugc biét ro trong linh vuc nay dé dat duogc sy biéu hién tdi

uu hoa cua protein.

Vecto hodc cac vecto biéu hién co thé dugc thiét ké dé bao gém mdt hodc nhidu axit
nucleic ma héa thudc con dudng sinh téng hop 1,3-butandiol nhu duoc 14y 1am vi du trong
ban mo ta nay duogc lién két mot cach hoat dong dugc vao céc trinh tu kiém soat biéu hién
¢6 chirc ning & sinh vat chi. Cac vecto biéu hién cé kha ning tng dung dé sir dung trong
cac sinh vat chu 13 vi khuén theo sang ché bao gdm, vi du, plasmit, vecto thuc khudn thé,
vecto virut, thé bd sung va nhiém sic thé nhan tao, bao gé”)m cac vecto va trinh tu chon loc
hoac gen danh ddu c6 thé hoat dong dé hop nhét dn dinh vao nhidm séc thé vat chu. Ngoai
ra, cac vecto biéu hién c6 thé bao gdbm mdt hoic nhiéu gen danh diu chon loc duge va cac
trinh tu kiém soat biéu hién thich hop. C6 thé c6 ca cac gen danh déu chon loc dugc ma, vi
du, tao ra tinh khang véi khang sinh hodc doc t, bd sung cho su thiéu dinh dudng thu dong,
hodc bd sung cac chit dinh dudng thiét yéu khong c¢é trong mdi truong nudi cdy. Cac trinh
tur kiém soat bidu hién c6 thé bao gdm cac gen khéi dau ciu cdu va cam (mg, cac gen ting
cudng phién ma, cac gen két thic phién ma, va cac gen twong tu duge biét rd trong linh vuc
nay. Khi hai hodc nhiéu axit nucleic ma hoa ngoai sinh dugc biéu hién déng thoi, ca hai axit
nucleic ¢6 thé dugc chén, vi du, vao vecto biéu hién don hodc trong céac vecto biéu hién
riéng. Dé biéu hién mot vecto, cac axit nucleic ma hoéa co thé dugc ndi mot cach hoat dong
duoc vao trinh tu kiém soat biéu hién chung hodc duogc lién két vao cac trinh tu kidm soat
biéu hién khac nhau, nhu médt gen khoi dau cam tng va mot gen khoi dau clu triac. Qua
trinh bién dbi trinh ty axit nucleic ngoai sinh tham gia vao con duong tdng hop hoic trao
d6i chit c6 thé dugc khing dinh bang cach st dung cac phuong phap dugc biét rd trong linh
vue ndy. Cac phuong phap nay bao gém, vi dy, phan tich axit nucleic nhu Northern blot
hodc khuéch dai mARN bang phan tng chudi tring hop (polymerase chain reaction-PCR),
hodc thdm tach mién dich dé bién hén cac san phim gen, hodc cic phuong phap phan tich
thich hgp khac dé kiém tra su biu hién cua trinh tu axit nucleic dugc dua vao hodc san
pham gen twong tmg ctia né. Ngudi c6 hiéu biét trung binh trong linh vuc nay cin hiéu ring

axit nucleic ngoai sinh dugc bi€u hién & lugng du de tao ra san pham mong mubn, va cling
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hiéu ring mic d6 biéu hién c6 thé dugc t6i uwu hoa dé dat dugc su biéu hién can thiét bang
cach st dung cac phuong phap dugc biét rd trong linh vuc nay va nhu duge boc 1§ trong

sang cheé.

Sang ché dé xuit phuwong phéap san xuit 1,3-BDO bao gdm nudi cdy vi khuin khong
¢6 trong tu nhién duogc bdc 16 trong sang ché, trong cac didu kién va trong thoi gian du dé
tao ra 1,3-BDO, bao gém céc sinh vat két hop mét, hai, ba, bdn, nam, dén tit ca axit nucleic
ngoai sinh ma héa cho cac enzym bd sung day du cho con dudng 1,3-BDO. Con dudng tong
hop 1,3-BDO bao gdém tap hgp cic enzym cia con dudong 1,3-BDO, trong d6 tap hop gdm
cac enzym cua con dudng 1,3-BDO nhu dugce xéc dinh trén ddy, cu thé 1a: (a) (1) 2-amino-
4-ketopentanoat (AKP) thiolaza; (2) AKP dehydrogenaza; (3) 2-amino-4-hydroxypentanoat
aminotransferaza hodc oxidoreductaza (khtt amin); (4) 2-oxo0-4-hydroxypentanoat
decarboxylaza; va (5) 3-hydroxybutyraldehyt reductaza; (b) (1) 2-amino-4-ketopentanoat
(AKP) thiolaza; (2) AKP aminotransferaza hodc oxidoreductaza (khr amin); (3) 2,4-
dioxopentanoat decarboxylaza; (4) 3-oxobutyraldehyt reductaza (khir keton); va (5) 3-
hydroxybutyraldehyt reductaza; (c) (1) 2-amino—4-ket6pentanoat (AKP) thiolaza; (2) AKP
aminotransferaza hodc oxidoreductaza (khr amin); (3) 2,4-dioxopentanoat decarboxylaza;
(4) 3-oxobutyraldehyt reductaza (khir aldehyt); va (5) 4-hydroxy-2-butanon reductaza; (d)
(1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2) AKP decarboxylaza; (3) 4-aminobutan-2-
on aminotransferaza hodc oxidoreductaza (khtr amin); (4) 3-oxobutyraldehyt reductaza (khi
keton); va (5) 3-hydroxybutyr aldehyt reductaza; (e) (1) 2-amino-4-ketopentanoat (AKP)
thiolaza; (2) AKP decarboxylaza; (3) 4-aminobutan-2-on aminotransferaza hoac
oxidoreductaza (khttr amin); (4) 3 -oxobutyraldehyt reductaza (khir aldehyt); va (5) 4-
hydroxy-2-butanon reductaza; (f) (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2) AKP
decarboxylaza; (3) 4-aminobutan-2-on amoniac-lyazé; (4) butanon hydrataza; va (5) 4-
hydroxy-2-butanon reductaza; (g) (1) 2-amino-4-ketopentanoat (AKP) thiolaza; (2) AKP
amoniac-lyaza; (3) axetylacrylat decarboxylaza; (4) butanon hydrataza; va (5) 4 -hydroxy-2
-butanon reductaza; (h) (1) axetoaxetyl-CoA reductaza (phu thugc CoA, tao aldehyt); (2) 3-
oxobutyraldehyt reductaza (khtr keton); va (3) 3-hydroxybutyraldehyt reductaza; (i) (1)
axetoaxetyl-CoA reductaza (Phu thugc CoA, tao ruou) va (2) 4-hydroxy-2-butanon
reductaza; (j) (1) axetoaxetyl-CoA reductaza (phu thudoc CoA, tao aldehyt); (2) 3 -
oxobutyraldehyt reductaza (khtr aldehyt); va (3) 4-hydroxy-2-butanon reductaza; (k) (1)
axetoaxetyl-CoA reductaza (khtr keton) va (2) 3-hydroxybutyryl-CoA reductaza (tao ruou);
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(1) (1) axetoaxetyl-CoA reductaza (khir keton); (2) 3-hydroxybutyryl-CoA reductaza (tao
aldehyt); va (3) 3-hydroxybutyraldehyt reductaza; (m) (1) 4-hydroxybutyryl-CoA
dehydrataza; (2) crotonaza; va (3) 3-hydroxybutyryl-CoA reductaza (tao ruou); va (n) (1) 4-
hydroxybutyryl-CoA dehydrataza; (2) crotonaza; (3) 3-hydroxybutyryl-CoA reductaza (tao
aldehyt); va (4) 3-hydroxybutyraldehyt reductaza.

Phuong phap tinh ché va/hodc cac thir nghiém thich hgp dé kiém tra viéc san xuét
1,3-butandiol c6 thé duge thuc hién bing cach st dung cac phuong phéap da biét. Cac ban
sao thich hop nhu cc gidng nudi 1an ba c6 thé dugc nudi ciy ddi véi mdi ching duoc cai
bién cin dugc kiém tra. Vi du, c6 thé theo ddi qué trinh tao san phidm va san phim phu
trong vat chi san xudt duoc cai bién. San phdm cudi cling va cac chét trung gian, va cac hop
chét hitu co khac, ¢6 thé duoc phan tich bang cac phuong phap nhu sic ky 1ong hiéu ning
cao (HPLC-High Performance Liquid Chromatography), sic ky khi - khéi phd (GC-MS-Gas
Chromatography-Mass Spectroscopy) va sic ky long - khéi phd (LC-MS-Liquid
Chromatography-Mass Spectroscopy) hodc cac phuong phap thich hop khac bang cach st
dung cac quy trinh thong thudong dugc biét rd trong linh vuc nay. Su giai phéng san phim
trong canh trudng 1én men ciing c6 thé duoc kiém tra v6i dich nbi nudi cdy. Cac san phim
phu va duong glucoza con lai ¢ thé dugc dinh lugng b%mg HPLC béng céch str dung, vi du,
bd do chi s6 khuc xa dbi véi glucoza va rugu, va bo do UV déi véi axit hitu co (Lin et al.,
Biotechnol. Bioeng. 90:775-779 (2005)), hoac cac phuong phép thir nghi€ém va thim do
thich hop khac duoc biét rd trong linh vuc nay. Hoat finh riéng cua enzym hodc protein tur
trinh tw ADN ngoai sinh ciing c6 thé dugc phén tich bang cach str dung cac phuong phap
duoc biét 1o trong linh vuc nay (tham khao, vi du, WO/2008/115840 va Hanai et al., Appl
Environ. Microbiol. 73:7814-7818 (2007)).

1,3-Butandiol c6 thé dugc tach tir cac thanh phin khéc trong dich nudi ciy bing cac
phuong phap duge biét rd trong linh vuc nay. Cac phuong phap tach nay bao gbm, vi du,
céc quy trinh chiét cling nhu cac phuong phéap bao gém chiét 16ng-16ng lién tuc, bay hoi qua
mang, loc qua mang, tach bing mang, thAm thu nguoc, dién thim tach, chung cét, két tinh,
ly tam, loc chiét, sic ky trao ddi ion, sic ky rdy phén ti, sic ky hap phu, va siéu loc. T4t ca

céc phuong phap néu trén 1a dugc biét 13 trong linh vuc nay.
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Bét ky trong sb cac vi khuin khong c6 trong tu nhién nay dugc mé ta trong ban mod
ta nay c6 thé dugc nudi cdy dé tao ra va/hoic tiét ra cic san pham sinh tdng hop theo sang
ché. Vi dy, quy trinh 1,3-butandiol c6 thé dugc nubi céy dé san xuét 1,3-butandiol theo cach

sinh téng hop.

Pé san xuit 1,3-butandiol, cac chiing tai tb hop duoc nudi cy trong méi trudng cb
ngudn cacbon va cac chét dinh dudng cén thiét khac. Cén thiét duy tri diéu kién ki khi trong
ndi 1én men dé giam chi phi san xuét cho toan b qua trinh. C6 thé tao dugc cac didu kién
nay, vi duy, béng cach suc khi nito vao moi truong va sau dé bao kin binh béng mang ngan
va nip luon séng. D6i v6i cac chiing ma khong quan sat thdy su sinh trudng ki khi, c6 thé
ap dung cac didu kién vi hiéu khi bang cach khoét mot 15 nhé & mang ngin dé thong khi
gidi han. Vi du vé céac diéu kién vi hiéu khi da dugc mé ta va duoc biét ro trong linh vuc. Vi
du vé cac diéu kién hiu khi va ki khi dugc mé ta, vi du, trong cong bd don M§ )
2009/0047719, ndp ngay 10 thang 8 nim 2007. Qua trinh 1én men c6 thé dugc thuc hién
theo cach 1én men theo mé, 1én men theo mé bd sung co chit hodc 1én men lién tuc nhu

dugc bdc 10 trong ban mo ta nay.

Néu mudn, d6 pH ctia mdi trudng c6 thé dugc duy tri & d6 pH mong mudn, cu thé 1a
pH trung tinh, nhu pH khoang 7 bang cach bd sung bazo, nhu NaOH hodc cac bazo khac,
hodc axit, khi cin dé duy tri méi trudng nudi ciy & pH mong mubn. C6 thé xac dinh tde dd
sinh truong bang cach do mat d6 quang bing may do quang phd (& budce song 600nm), va
tdc do tiéu thu glucoza bﬁng cach theo doi qua trinh su can kiét nguén cacbon theo thoi

gian.

Ngoai ra ngudn nguyén liu c6 thé tai tao duoc nhu cac ngudn nguyén liéu dugc liy
1am vi du néu trén, cac vi khuén san xuét 1,3-butandiol theo sang ché cling ¢ thé dugc cai
bién dé sinh trudng trén khi tong hop 1am ngudn cacbon. Theo phuong 4n cu thé, mot hodc
nhiéu protein hodc enzym dugc biéu hién & céac sinh vat san xut 1,3-butandiol dé tao ra con

duong trao ddi chat dé str dung khi tdng hop hodc ngudn cacbon dang khi khéc.

Sinh vét theo sang ché c6 thé st dung, vi du, ngudn hydrat cacbon ma cé thé cung
cap ngudn cacbon cho vi sinh vt khdng ¢6 trong tu nhién. Cdc ngudn niy bao gdm, vi du,
cac loai duong nhu glucoza, xyloza, arabinoza, galactoza, manoza, fructoza va tinh bot. Cac

ngudn hydrat cacbon khac bao gdm, vi du, nguyén lidu tai tao dugc va sinh khéi.
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Vi du vé céc loai sinh khdi c6 thé dwgc sir dung 1am ngudn nguyén liéu trong céc
phuong phép theo sang ché bao gdm sinh khdi xenluloza, sinh khdi hemixenluloza va ngudn
nguyén liéu lignin hoic mdt phan ctia nguyén liéu. Nguyén li¢u 1a sinh khéi nay c6 chua, vi
du, hop chit hydrat cacbon hitu dung lam ngudn cacbon nhu glucoza, xyloza, arabinoza,
galactoza, manoza, fructoza va tinh bot. Dua vao cac dé xuit va huéng dan dugc d& xuét
trong ban md ta nay, ngudi cé hiéu biét trung binh trong linh vuc nay sé hiéu ring cac
nguyén li¢u tai tao dugc va sinh khdi khac ngoai céc loai dugc léy lam vi du néu trén cling

¢6 thé duoc st dung dé nudi cdy vi khuén theo sang ché dé san xuét 1,3-butandiol.

Do d6, dya vao cac dé xuét va hudéng din duge dé xuét trong ban mé ta nay, ngudi
¢6 hiéu biét trung binh trong linh vuc nay s& hiéu rang vi khuin khong cé trong tu nhién c6
thé duoc tao ra ma cac vi khuén nay tiét ra cac hop chit duoc sinh tong hop theo sang ché
khi dugc nudi ciy trén nguén cacbon nhu , khi tbng hop, CO via/hodc CO,. Cac hop chét
nay bao gdm, vi dy, 1,3-butandiol va cac chit chuyén hoa trung gian bét ky trong con dudng
1,3-butandiol. T4t ca cac hop chét can thiét nay la dé thiét ké trong mot hodc nhiéu hoat tinh
enzym hodc protein cin thiét d& dat su sinh tdng hop hop chét hodc chét trung gian mong
mubn bao gdm, vi dy, bao gdm mdt s6 hodc tit ca con dudng sinh tdng hop 1,3-butandiol.
Theo d6, sang ché dé xuit vi khudn khong c6 trong tir nhién san xuét va/hoic tiét ra 1,3-
butandiol khi sinh truéng trén hydrat cacbon hodc ngudn cacbon khéac va san xuét va/hodc
tiét ra chit chuyén hoéa trung gian bét ky dugc thé hién trong con dudong 1,3-butandiol khi
sinh trudng trén hydrat cacbon hodc ngudn cacbon khac. Vi khuén san xuét 1,3-butandiol

theo sang ché co thé bit ddu qua trinh tong hop tir chat trung gian, vi du, axetyl-CoA.

Vi khuén khong c6 trong tu nhién theo sang ché dugc tao ra bang cach st dung céc
phwong phéap duoc biét 13 trong linh vuc nay nhu duge ldy lam vi du trong ban mo ta dé
biéu hién ngoai sinh it nhét mdt axit nucleic ma héa cho enzym hodc protein cua con dudng
1,3-butandiol véi lwgng da dé tao ra 1,3-butandiol. Can hiéu rang vi khuén theo sang ché
duoc nudi céy trong céc diéu kién du dé tao ra 1,3-butandiol. Dua vao cac dé xuét va hudng
dan dugc dé xuét trong ban mé ta nay, vi khudn khéng cé trong tu nhién theo sang ché co
thé dat dugc qua trinh sinh téng hop 1,3-butandiol ddn dén ndng do trong té€ bao nim trong
khoang tur 0,1 dén 2000mM hodc nhiéu hon. Nhin chung, néng do trong té bao cta 1,3-
butandiol nim trong khoang tir 3 dén 1800mM, cu thé 1a nam trong khoang tir 5 dén

1700mM va cu thé hon 14 nim trong khoang tir 8 &én 1600mM, bao gdbm 100mM, 200mM,
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500mM, 800mM, hodc nhiéu hon. Nong do trong té bao nim trong va trén mdi khoang
duoc léy lam vi du nay cling c6 thé dat duoc tir vi khuén khong co trong ty nhién theo sang

r
A

ché.

Theo mdt s6 phuong an, cac diéu kién nudi cdy bao gdm diéu kién duy tri hodc sinh
trudng ki khi hodic co ban 13 ky khi. Vi du vé cac diéu kién ki khi da dugc mo ta true day
va duoc biét ro trong linh vuc nay. Vi du vé cac diéu kién ki khi cho cac qua trinh 1én men
dugc md ta trong ban md td ndy va dugc md ta trong, vi du, don patent My sb
2009/0047719, ndp nay 10 thang 8 nam 2007. B4t ky diéu kién nao trong s cac diéu kién
nay déu c6 thé duge sir dung v6i vi khudn khong c6 trong tu nhién ciing nhu cac diéu kién
ki khi khac dugc biét trong linh vuc nay. Trong céac diéu kién ki khi nay, céac sinh vat san
xuét 1,3-butandiol c6 thé téng hop 1,3-butandiol & nérig do trong té bao 1a tir 5 dén 10mM
hodc nhiéu hon ciling nhu tit ca cac ndng dd khac duoc 1y 1am vi du trong ban mé ta nay.
Can hiéu rang, mic di phin mé ta trén day dé cap dén ndng do trong té bao, vi khudn san
xuét 1,3-butandiol c6 thé san xuit 1,3-butandiol ndi bao va/hoac tiét ra san phém nay vao

moi trudng nudi cay.

Céc diéu kién nudi cdy c6 thé bao gém, vi du, quy trinh nudi cdy 16ng ciing nhu 1én
men va cic quy trinh nudi cdy quy md 16n khac. Nhu dwoc mé ta trong ban md ta nay, cu
thé 1a c6 thé dat dugc ning sudt hitu dung dic biét ciia cac san phdm sinh tdng hop theo

sang ché & cac di€u kién nudi cay ki khi hodc co ban 14 ky khi.

Nhu dugc mo ta trong ban mo ta nay, mdt diép kién sinh truéng dé thu dugc qua
trinh sinh tong hop 1,3-butandiol duoc 14y 1am vi du bao gdm cac diéu kién nuéi cdy hodc
1én men ki khi. Theo mét sé phuong 4n, cac vi khuin khong c6 trong ty nhién theo sang ché
nay c6 thé dugc duy tri, nudi cdy hodc 1én men dugc trong diéu kién ki khi hodic co ban 1a
ky khi. N6i ngin gon, cac diéu kién ki khi chi mdi truong khong c6 oxy. Cac diéu kién co
ban 1a ky khi bao gém, vi du, nudi céy, lén men theo mé hodc 1€én men lién tuc sao cho néng
d6 oxy hoa tan trong moi truong duy tri trong khoang tir 0 dén 10% ndng dd bdo hoa. Céc
diéu kién co ban 1a ky khi con bao gém céc té bao dang sinh trudng hodc cac té bao nghi
trong moi trudng 16ng hodc trén thach rin bén trong binh duge bao kin duoc duy tri trong

bau khi quyén c6 ndng d6 oxy it hon 1%. Ndng dd phén trim nay cia oxy c6 thé dugc duy
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tri béng céach, vi du, suc hdn hop khi N,/CO, hodc khi hodc céac khi khong phai oxy thich

hop khéc vao moi trudong nudi cay.

Céc diéu kién nudi cdy dugc mo ta trong ban md ta ndy c6 thé duge mé rong va nudi
cdy lién tuc dé san xuét 1,3-butandiol. Vi du v& cac quy trinh nuéi cdy bao gdm, vi du, 1én
men theo mé c6 bd sung co chét va tach san phdm theo mé; 1én men theo mé c6 bd sung co
chit va tach san phém lién tuc, hodc 1€n men lién tuc va tach san phém lién tuc. T4t ca cac
quy trinh nay 1a dugc biét rd trong linh vuc nay. Céc quy trinh 1én men dic biét hiru dung dé
san xudt sinh tong hop luong 1,3-butandiol thuong mai. Nhin chung, va nhu véi cac quy
trinh nudi cdy khong lién tuc, qué trinh san xuét lién tuc va/hodc gin lién tuc cta 1,3-
butandiol s& bao gdm viéc nudi cdy sinh vat khong cé trong tu nhién san xuét 1,3-butandiol
theo sang ché trong moi trudng va cac chit dinh dudng da dé duy tri va/hoic gan nhu duy
tri sy sinh trudng trong pha sinh truéng ting theo ham sé mii. Viéc nudi cdy lién tuc trong
cac diéu kién nay co thé 1a, vi du, 1 ngay, 2, 3, 4, 5, 6 hodc 7 ngay hoic nhiéu hon. Ngoai ra,
nudi cz‘iy lién tuc c6 thé 1a 1 tuln, 2, 3, 4 hodc 5 hodc nhiéu hon 5 tudn va dén vai théng.
Theo céch khéc, céc sinh vat theo sang ché c6 thé dugc nudi cdy trong vai gid, néu thich
hop cho tng dung cu thé. Can hiéu réng cac diéu kién nudi céy lién tuc va/hodc gﬁn lién tuc
ciing c6 thé bao goém tit ca cac khoang thoi gian ndm gilta cac khoang thoi gian duoc ldy
lam vi dy nay. Ngoai ra, ciing can hiéu rang thoi gian nudi cdy vi khuén theo sang ché 1a

khoang tho1 gian du d€ san xuat ra lugng san pham da cho muc dich mong muén.

Céc quy trinh 1én men dugc biét rd trong linh vuc nay. Noi ngin gon 14, quy trinh 1€n
men dé san xudt 1,3-butandiol sinh téng hop cé thé dudi dang, vi du, 1én men theo mé c6 bd
sung co chit va tach san phdm theo mé; 1én men theo mé c6 bd sung co chét va tach san
phfim lién tuc, hoac 1€n men lién tuc va tach san phém lién tuc. Vi du vé céc quy trinh 1€n

men theo mé va lién tuc duogc biét rd trong linh vuc nay.

Ngoai cac quy trinh 1én men néu trén st dung cic sinh vét san xuét 1,3-butandiol
theo sang ché dé san xuit lién tuc lugng chu yéu 1,3-butandiol, cac sinh vat san xuét 1,3-
butandiol cling c6 thé dugc, vi du, ddng thoi duoc dua vao cac quy trinh tdng hop héa hoc
dé chuyén hoa san phim nay thanh cac hop chit khac hodc san phim c6 thé dugc tach tr
dich nudi cy 1én men va sau d6 dugc dua vao qua trinh chuyén héa hoa hoc dé chuyén héa

san pham nay thanh cac hgp chat khac, néu mudn.
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Theo mét sé phuong an, khi tong hop c6 thé duge sir dung 1am ngudn cacbon. Piéu
quan trong dbi véi quy trinh 1én men khi tbng hop 14 ndng d6 sinh khbi cao va sy chuyén
khéi khi-léng tbt (Bredwell et al, Biotechnol Prog., 15:834-844 (1999). P6 hoa tan ciia CO
trong nude thip hon mot chit so v6i do hoa than ciia oxy. Cé thé thuc hién qua trinh 1én
men ¢d suc khi li€n tuc trong céc ndi 1én men duoc kiém soat co phan tich khi thoat ra
khong dbi bang phép do khéi phd va 14y mau long dinh ky va phén tich bang GC va HPLC.
Pha 16ng c¢6 thé hoat dong trong hinh thirc nudi cdy mé. Cac san phdm 1én men nhu ruou,
axit hitu co, va glucoza con lai cung vdi metanol du dugce xac dinh béng HPLC (Shimadzu,
Columbia MD), vi duy, st dung loai ¢t HPLC cua hang Aminex® (vi du, loai HPX-87)
(BioRad, Hercules CA), st dung dau do chi sb khuc xa dbi voi glucoza va rugu, va dau do
UV dbi véi axit hitu co. Xac dinh tdc d6 sinh truong bémg cach do mat dd quang bang cach
sit dung may do quang phd (600 nm). Tt ca 6ng dan trong hé thdng nay bing thuy tinh
hozic kim loai dé duy tri cac diéu kién ki khi. Viéc sué khi dugc thuc hién véi nguyén liéu
thay tinh dé 1am giam kich c& bot khi va ting cuong su chuyén khéi. Tién hanh thtr nghiém
suc khi & nhiu tdc d6 khac nhau, trong khoang tir 0,1 dén 1wm (thé tich hoi trong mdi
phut). Dé thu dugc sd do chinh xac vé tdc do hip thu khi, cac thir thach theo chu ky duoc
tién hanh, trong d6 dong khi bi chin lai tam thoi, va thanh phﬁn pha khi dugc theo ddi nhu

mot ham theo thoi gian.

Pé dat dugc hiéu suét dich téng, sir dung cic phwong phap duy tri hodc quay vong té
bao. Mot phuong phap lam ting ndng d6 vi khudn 12 quay vong té bao nhd mang ngin dong
chay tiép tuyén tir dong chay bén. Cac chung nudi cdy'theo mé lap lai ciing c6 thé dugc sir
dung, nhu dugc mo ta trén day dé san xuét axetat bdi Moorella (Sakai et al., J Biosci.
Bioeng 99:252-258 (2005)). Nhidu phuong phap khac nhau ciing c¢6 thé dwoc st dung
(Bredwell et al., Biotechnol Prog. 15:834-844 (1999); Datar et al., Biotechnol Bioeng
86:587-594 (2004)). Viéc tdi vu hoa thém co thé duge thir nghiém nhu sy qua ap ¢ 1,5 atm
dé ting cuong su van chuyén khdi (Najafpour et al., Enzyme and Microbial Technology
38[1-2], 223-228 (2006)).

Mot khi dat duge hiéu sudt mong mudn bing cach sir dung ngudn cip H,/CO tinh
khiét, hdn hop khi tong hop dugc tao ra chira cac chit tc ché c6 thé co mat trong khi téng
hop c¢6 trén thi truong. Vi dy, thong thuong thanh phén tap chit 13 4,5% CH,, 0,1% C,H,,
0,35% C,Hg, 1,4% C,H4, va 150 ppm oxit nitric (Datar et al., Biotechnol Bioeng 86:587-594
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(2004)). Héc in, dién hinh 13 cac hop chit nhu benzen, toluen, etylbenzen, p-xylen, o-xylen,
va naphtalen, duoc bd sung & cac mirc ppm dé kiém tra téc dong bat ky 1én quy trinh san
xuét. Vi du, da ching minh ring 40ppm NO wc ché C. carboxidivorans (Ahmed et al.,
Biotechnol Bioeng, 97:1080-1086 (2007)). Cac chiing nudi ciy dugc thir nghiém trong binh
thot ¢b duge lac trude khi chuyén vao thung 1én men. Ngoai ra, cac mirc khac nhau cia cac
hop chit ¢6 kha nang e ché nay ciing dugc thir nghiém dé dinh lugng tac dung cua chung
1én qua trinh sinh truéng ctia té bao. Pidu nay dugc sir dung dé cai tién cac dic tinh ky thuat
ddi véi do tinh khiét ciia khi tdng hop, dugc sir dung cho cic nghién ciru quy mé 16n va san
xudt. Néu thanh phan cu thé bat ky dugc phat hién 1a kho giam hodc kho loai khoi khi tdng
hop dugce sir dung cho quy mé 16n, quy trinh cai tién thich nghi dugc st dung dé giup céc té

bao dung nap mdt hodc nhiéu tap chét.

Nho céc tién bo trong linh vure cai bién protein, c6 thé thay ddi cac enzym bt ky
dugc boc 10 trong sang ché dé hoat dong mot cach hidu qua trén cac co chit khong duogc
biét 13 ty nhién véi chung. Duéi ddy 1a mot sé vi du vé cac enzym dic hiéu rong tir cac 16p
duoc quan tAm khac nhau va cic phuong phap dugc st dung dé ci bién cac enzym nay dé

hoat dong trén co chét khong c6 trong tu nhién.

Mot 16p enzym trong céc con dudng nay dugc bdc 1§ trong ban mod ta nay la
oxidoreductaza chuyén hoa qua lai keton hodc aldehyt thanh ruou (1.1.1). Cac enzym trong
16p nay c6 thé hoat dong trén phd co chit rong. Rugu dehydrogenaza (1.1.1.1) dugc tinh
ché tir vi khudn trong d4t Brevibacterium sp KU 1309 (Hirano et al., J. Biosci. Bioeng.
100:318-322 (2005)) dugc cho thiy 1a hoat dong trén nhidu hop chit béo khac nhau ciing
nhu c4c rugu thom véi hoat tinh cao. Bang 33 thé hién hoat tinh ciia enzym nay va hing sb
Ky cua no trén cdc rugu khac nhau. Enzym nay c6 tich thuan nghich va ¢6 hoat tinh rit cao

trén mot s6 aldehyt nhu duoc thé hién trén bang 34.

Bang 33
Co chat Hoat tinh twong ddi (%) Ky MM)
2-Phenyletanol 100 0,025
(S)-2-Phenylpropanol 156 - : 0,157
(R)-2-Phenylpropanol 63 0,020
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Ruou benzyl 199 - 0,012
3-Phenylpropanol 135 0,033
Etanol 76 |

1-Butanol 111

1-Octanol 101

1-Dodecanol 68

1-Phenyletanol 46

2-Propanol 54

Trong bang nay, hoat tinh ctia 2-phenyletanol, twong duong véi 19,2 U/mg, dugc lay

la 100%.

Béang 34
Co chét Hoat tinh tuong d6i (%) | Ky (MM)
Phenylaxetaldehyt 100 0,261
2-Phenylpropionaldehyt 188 0,864
1-Octylaldehyt 87
Axetophenon 0

Lactat dehydrogenaza (1.1.1.27) tir Ralstonia eutropha 1a mot enzym khac da duoc

chirng minh 1a c6 hoat tinh cao trén mot sb axit 2-oxo nhu 2-oxobutyrat, 2- oxopentanoat va

2-oxoglutarat (hop chat C5 ddng dang véi 2-oxoadipat) (Steinbuchel et al., nhu trén). Cot 2

trong bang 35 ching minhh hoat tinh cta /dhA tr R. eutropha (t€n cii 1a A. eutrophus) trén

cac co chit khac nhau (Steinbuchel et al., nhu trén).

Béang 35
Co chat Hoat tinh cta
L(+)- L(#)- D(-)-
Lactat Lactat Lactat
dehydrogenaza tir 4. | dehydrogenaza tir co | dehydrogenaza tir L.
eustrophus thé leischmanii
. ,
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Glyoxylat 8,7 23,9 5,0
Pyruvat 100,0 100,0 100,0
2-Oxobutyrat 107,0 18,6 1,1
2-Oxovalerat 125,0 0,7 0,0
3-Metyl-2- 28,5 | 0,0 0,0
oxobutyrat

3-Metyl-2- 53 0,0 0,0
oxovalerat

4-Metyl-2- 39,0 1,4 1,1
oxopentanoat

Oxaloaxetat 0,0 33,1 23,1
2-Oxoglutarat 79,6 0,0 0,0
3-Flopyruvat 33,6 74,3 40,0

Oxidoreductaza cé thé chuyén héa axit 2-oxo thanh axyl-CoA tuong tng ciia chung
(1.2.1) da dugc ching minh 1 ciing chip nhan nhiéu co chit khac nhau. Vi du, phirc hop 2-
keto-axit mach nhénh dehydrogenaza (BCKAD), con dugc goi la 2-oxoisovalerat
dehydrogenaza (1.2.1.25), tham gia vao cac con dudng phén gidi axit amin mach nhanh,
chuyén hoa cac chit dn xudt axit 2-keto cua valin, leuxin va isoleuxin thanh din xut axyl-
CoA ctia n6 va CO,. O mot sb sinh vat bao gém Rattus norvegicus (Paxton et al., Biochem.
J. 234:295-303 (1986)) va Saccharomyces cerevisiae (Sinclair et al., Biochem. Mol. Biol.
Int. 31:911-922 (1993)), phirc hgp nay da dugc chimg minh 13 ¢6 phd co chit rong bao gdm
cac axit oxo mach thing nhu 2-oxobutanoat va alpha-ketoglutarat, ngoai cac tién chét axit

amin mach nhanh.

!

Céc thanh vién ciia mdt 16p enzym khac, cu thé 12 aminotransferaza (2.6.1), da duoc
thong bao 1a hoat dong trén nhidu co chéat. Aspartat aminotransferaza (aspAT) tir
Pyrococcus fursious da dugc xac dinh, biéu hién & E. coli va protein tai td hop dugc xéac
dinh ddc diém dé chimg t6 rang enzym nay c6 hoat tinh cao nhét trén aspartat va alpha-
ketoglutarat, nhung c6 hoat tinh thip hon, nhung van dang ké trén alanin, glutamat va cac
axit amin thom (Ward et al., Archaea. 1:133-141 (2002)). Trong mot truong hop khac,
aminotransferaza dugc nhan biét tir Leishmania mexicana va dugc biéu hién & E. coli

(Vernal et al., FEMS Microbiol. Lett. 229:217- 222 (2003)) duogc thong bao 1a c¢6 tinh dic
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hiéu co chit rong trén tyrosin (hoat tinh dugc xem la 100% trén tyrosin), phenylalanin
(90%), tryptophan (85%), aspartat (30%), leuxin (25%) va methionin (25%) tuong Ung
(Vernal et al., Mol. Biochem. Parasitol. 96:83-92 (1998)). Tinh dédc hi€u rong tuong tu da
dugc thong bao ddi vé6i tyrosin aminotransferaza tir Trypanosoma cruzi, mac du hai enzym
nay co su twong dong vé trinh tu chi 6%. Luu ¥ ring enzym tyrosin aminotransferaza cé thé
chdp nhén leuxin, methionin ciing nhu tyrosin, phenylalanin, tryptophan va alanin lam chét

cho nhoém amino hiéu qua (Nowicki et al., Biochim. Biophys. Acta 1546: 268-281 (2001)).

Nguoc lai v6i cac vi du nay trong d6 cac enzym c¢6 tinh ddc hi€u co chét rong tu
nhién, mdt sb cac enzym da duogc cai bién nho sy cai tién c6 dinh hudéng dé mo rong tinh
dic hiéu cua chung trén céc co chit khong tu nhién cua ching. Theo cach khéc, co chét
thich hop ctia mdt enzym ciing dugc cai bién nhd su tién hoa co dinh huéng. Vi dy, da dugc
thong bao rang tinh chon loc ddi khang cua lipaza tir Pseudomonas aeruginosa da dugc cai
thién dang ké. Enzym nay thily phan p-nitrophenyl 2-metyldecanoat véi chi 2% luong du
di quang (enantiomeric excess-ee) thich hop 1a dang c4u hinh (S)-axit. Tuy nhién, sau bén
chu ky gdy dot bién co sai sét va sang loc lién tiép, thé dot bién duogc tao ra xuc tic cho
phan {mg can thiét véi 81% ee Reetz et al., Angew.v' Chem. Int. Ed Engl. 36:2830-2832
(1997)).

Céc phuong phap cai tién dinh huéng c6 thé tao ra su cai bién cho enzym dé hoat
dong trén nhiéu co chit khong co trong tw nhién. Tinh ddc hidu co chét cua lipaza & P.
aeruginosa duoc mé réng bang cach ngiu nhién hoa cac gbe axit amin gan vj tri hoat dong.
Piéu nay cho phép enzyme niy chip nhén cac este cua axit carboxylic dugc thé & vi tri
alpha (Reetz et al., Angew. Chem. Int. Ed Engl. 44:4192-4196 (2005)). Trong mot nd luc
thanh cong khac, st dung su xdo tron ADN dé tao ra aminotransferaza cta Escherichia coli
ma chép nhén cac co chit mach nhanh B, co chét nay thuong it dwoc chip nhin béi enzym
kiéu dai (Yano et al., Proc. Natl. Acad. Sci. U.S.A 95:5511-5515 (1998)). Pic biét, & cudi
bdn chu ky xdo trOn, hoat tinh cua aspartat aminotransferaza d6i véi valin va 2-oxovalin
tang 1én dén nam cip cudng do, trong khi d6 giam hoat tinh dbi v6i co chét ty nhién,
aspartat, dén 30 1an. Gan déy, thuét toan da duoc st dung dé thiét ké retro-aldolaza c6 thé
dugc s dung dé xuc tac cho viée cit lién két cacbon-cacbon & co chét khong ¢ trong tu
nhién va co chit khéng c6 ngudn gbc sinh hoc, 4-hydroxy-4-(6-metoxy-Z-naphtyl)-z-

butanon. Céc thuat todn nay st dung su két hop khac nhau cua bdn motip xuc tac khac nhau
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dé thiét ké cac enzym moi va 20 trong sd cac enzym dugc chon dé mé ta dic diém thir
nghi€m c6 tdc d6 duoc cai thién bdn 1an so voi phan t'i’ng khong duogc xuic tac (Jiang et al.,
Science 319:1387-1391 (2008)). Do do, cic hudng nghién ciru cai bién nay khong chi c6
kha ning mé rong phd co chit ma enzym c6 thé hoat dong, ma con cho phép viéc thiét ké
va tao ra cac enzym c6 hiéu luc cao. Vi du, phuong phép xdo tron ADN (gay dot bién thé
kham ngiu nhién trén cic khudn tam thoi hoic RACHITT) dugc thdng bio 13 tao ra
monooxyaza dugc cai bién ma c6 tdc do khir luu huynh duogc cdi thién trén co chét phtc
hop ciling nhu phan tng chuyén héa nhanh hon 20 1in trén co chit khong tu nhién (Coco et
al. Nat. Biotechnol. 19:354-359 (2001)). Tuong tu, hoat tinh dic hiu cda enzym
triosephosphat isomeraza dot bién cham dugc cai thién 1én dén 19 1an tir 1,3 14n (Hermes et
al., Proc. Natl. Acad. Sci. U.S.A 87:696-700 (1990)). Viéc tang cudng hoat tinh dic hi¢u
nay dugc hoan thanh bang cach str dung phuong phéap gy dot bién ngiu nhién trén toan bd
chiéu dai caa phan tir protein va su cai thién nay c6 théiduc_rc truy nguyén dén cac dot bién &

sdu goc axit amin.

Hiéu qua ctia huéng nghién ctru cai bién protein dé thay ddi tinh dic hiéu co chét cua
mdt enzym ddi v6i co chit mong muébn ciing dd dugc chimg minh. Isopropylmalat
dehydrogenaza tir Thermus thermophilus dugc cai bién bang cach thay dbi cac gbe canh vi
tri hoat dong dé bay gid né co thé hoat dong trén co chit malat va D-lactat (Fujita et al.,
Biosci. Biotechnol Biochem., 65:2695-2700 (2001)). Trong nghién ciru nay ciing nhu cac
nghién ctru khéac, da chi ra réng mot hodc mdt vai géc c6 thé dugc cai bién dé thay dbi tinh

dic hiéu co chat. Mot vi du la dihydroflavonol 4-reductaza trong d6 mot axit amin da bi
| thay dbi & viing duge cho 1 lién két véi co chét c6 kha ning wu tién khir dihydrokaempferol
(Johnson et al., Plant J. 25:325-333 (2001)). Tinh dic hiu co chit coa isoxitrat
dehydrogenaza rat dic hiéu tir Escherichia coli bi thay ddi tir isoxitrat thanh isopropylmalat
bang cach thay d6i mét gdc trong vi tri hoat dong (Doyle et al., Biochemistry 40:4234-4241
(2001)). Twong tu, tinh dic hiéu dong nhén t6 cta 1,5-hydroxyprostaglandin dehydrogenaza
phu thugc NAD" bj thay déi thanh NADP" bing cach thay déi mot sé gbc gin ddu tan cing
N (Cho et al., Arch. Biochem. Biophys. 419:139-146 (2003)). Phan tich trinh ty va phan
tich mo hinh phan ttr duoc sir dung dé xéac dinh céc g(‘)(): quan trong dé cai bién, cac gbc nay

con dugc nghién ciru thém bang phuong phap tao dot bién diém dinh hudng.
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Fucosidaza c6 duoc cai tién tir galactosidaza cta E. coli bang cach xdo tron va sang
loc ADN (Zhang et al., Proc Natl Acad Sci USA 94:4504-4509 (1997)). Tuong tu, aspartat
aminotransferaza tir E. coli dugc chuyén héa thanh tyrosin aminotransferaza bing cach sir
dung md hinh twong ddng va giy dot bién diém dinh hudng (Onuffer et al., Protein Sci.
4:1750-1757 (1995)). Gay dot bién diém dinh hudng & hai gbc ¢ vi tri hoat dong cua
benzoylformat decarboxylaza tir P. putida dugc thong bao 13 lam thay ddi ai luc (K,,) trén
cac co chat ty nhién va khong ty nhién (Siegert et al., Protein Eng Des Sel 18:345-357
(2005)). Xytocrom C peroxidaza (CCP) tu Saccharomyces cerevisiae dugc trdi qua qua
trinh cai tién phén t c6 dinh huéng dé tao ra cac thé dot bién co hoat tinh tdng dbi véi co
chét ¢d dién ciia peroxidaza 1a guaiacol, do d6 l1am thay dbi tinh dic hiéu co chit cia CCP
tir protein xytocrom ¢ thanh phéan tir hitu co nhé. Sau ba chu ky x4o tron va sang loc ADN,
cac thé dot bién duoc phan 14p co hoat tinh ting 1én gip 300 14n ddi v6i guaiacol va tinh dic
hiéu véi co chit nay ting l1én tGi 1000 14n so vé6i tinh dic hiéu véi co chit tu nhién (Iffland

et al., Biochemistry 39:10790-10798 (2000)).

Trong mot sb truong hop, da thu dugc cac enzym c6 cac uu tién véi co chét khac so
v6i ca hai enzym gbc. Vi du, su phéan giai cac polyclorinat biphenyl nhd biphenyl-dioxyaza
dugc cai thi€n nhd sy xdo trdn gen tir hai vi khudn; Pseudomonas pseudoalcaligens va
Burkholderia cepacia (Kumamaru et al., Nat. Biotechnol 16, 663-666 (1998)). Cac biphenyl
oxyaza thé kham thu dugc cho thdy su wu tién co chat khac so vdi ca hai enzym gbc va ting
cudng hoat tinh phéan giai ddi véi cac hop chét biphenyl lién quan va cac hydrocarbon thom

mot vong nhu toluen va benzen von la cac co chat yéu doi voi enzym nay.

Khong chi ¢6 thé thay ddi tinh dac hiéu ciia enzym nay ma con tdng cuong dugc hoat
tinh trén cac co chat ma cac enzym nay c6 hoat tinh thip trong tu nhién. Mot nghién ctru da
chimg minh ring axit amin raxemaza tir P. putida c6 tinh dic hiéu co chit rong (trén lysin,
arginin, alanin, serin, methionin, Xystein, leuxin va histidin va cac axit amin khac) nhung c6
hoat tinh thdp trén tryptophan c6 thé dugc cai thién dang ké bing cach tao dot bién ngau
nhién (Kino et al., Appl. Microbiol. Biotechnol. 73:1299-1305 (2007)). Tuong tu, vi tri hoat
dong cia BCKAD & bo da dugc cai bién dé thay dbi co chit thich hop axetyl-CoA (Meng et
al. Biochemistry 33:12879-12885 (1994)). Mot diéu tht vi ctia nghién ciru nay 13 ngay ca
khi cac phuong phap ngau nhién dugc tmg dung dé tao ra cac enzym bi dot bién c6 hoat tinh

hiéu qua nay, thi cac dot bién hodc bién doi vé cau triic chinh xdc ma dan dén su cai thién vé
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hoat tinh c6 thé duoc xac dinh. Vi du, trong nghién ctru néu trén, cac dot bién giap cai thién

hoat tinh trén tryptophan c6 thé duoc truy nguyén dén hai vi tri khac nhau.

Cai tién dinh huéng cling dugce st dung dé biéu hién protein kho biéu hién. Vi dy,
bing cach gy dot bién ngin nhién va tai td hop gen cho peroxidaza ciia ciy cai ngua, co thé
tach duoc cac thé dot bién c6 hoat tinh cao hon 14 14n so véi kiéu dai (Lin et al., Biotechnol.

Prog. 15:467-471 (1999)).

Vi du cubi ciing vé su cai tién dinh hudng thé hién phuong phap cai bién mé rong ma
mdt enzym c6 thé trai qua dé dat dugc pham vi hoat dong mong mudn. Enzym, lactat
dehydrogenaza tir Bacillus stearothermophilus dugc gy dot bién diém dinh huéng, va thay
thé ba axit amin & cac vi tri ma dugc xac dinh 1a quyét dinh dén tinh dic hiéu ddi véi cac
hydroxyaxit khac nhau (Clarke et al., Biochem. Biophys. Res. Commun. 148:15-23 (1987)).
Sau khi gdy cac dot bién nay, tinh dic hiéu dbi v6i oxaloaxetat so v6i pyruvat di ting 1én
500 trai nguge voi enzym kiéu dai c6 tinh dic hidu xtc tac ddi véi pyruvat so véi
oxaloaxetat 1a 1000. Enzym nay dugc cai bién thém bing cich giy dot bién diém dinh
huéng @ c6 hoat tinh dbi voi pyruvat mach nhanh duge thé (Wilks et al., Biochemistry
29:8587-8591 (1990)). Cu thé 13, enzym nay c6 su cai thién Kt 55 lan d6i véi alpha-
ketoisocaproat. Ba cai bién vé ciu tric dugc tao ra trong cling mot enzym dé thay dbi tinh
dc hiéu co chét cta né tir lactat thanh malat. Enzym ﬁa‘ly ¢6 hoat tinh cao va dic hiéu trén
malat (Wilks et al.,, Science 242:1541-1544 (1988)). Enzym tuong tu tor B.
stearothermophilus dugc tiép tuc cai bién dé co hoat tinh xiic tic cao ddi véi axit alpha-keto
c6 chudi bén tich dién duong, nhu cic hop chit chita nhém amoni (Hogan et al.,
Biochemistry 34:4225-4230 (1995)). Cac thé dot bién co6 axit amin c6 tinh axit dugc dua
vao & vi tri 102 ctia enzym nay uu tién viéc lién két cac nhom amoni chudi bén nhu vay. Két
quéa thu duge ching t6 ring cac thé dot bién cho thay sy cai thién gia tri ke,/Ky, 1én dén 25
lan ddi v6i co chit axit omega-amino-alpha-keto. Enzym nay ciing dugc cai bién céu tric dé
hoat dong nhu phenyllactat dehydrogenaza thay vi lactat dehydrogenaza (Wilks et al.,
Biochemistry 31:7802-7806 (1992)). Céac vi tri giéi han dugc dua vao gen ma hda cho
enzym nay dé cho phép cdt bo viing gen nay. Ving gen niy ma hoa céu truc vong bé mit di
dong cua polypeptit (cac gdc 98-110) chu triic nay thudng bao kin hdc vi tri hoat dong khoi
ving dung mdi di qua duge va 1a nhan t& quyét dinh chinh cta tinh dic hiéu co chit. Cac

vong ¢6 chiéu dai va trinh ty thay ddi dugc chén vao gen bi cit va dugc st dung dé tong
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hop hydroxyaxit dehydrogenaza véi tinh dic hidu co chat di bi thay d6i. Véi cdu triic vong
dai hon, hoat tinh véi pyruvat bi giam mot triéu 1an nhung hoat tinh véi phenylpyruvat
khong thay d6i nhiéu. Pa dat duoc su thay ddi & tinh dic hidu (Kee/Kem) 18n 390,000. Tinh
chon loc 1700:1 ctia enzym nay la ddi voi phenylpyruvat so véi pyruvat 1a mic d6 doi hoi

d6i voi phenyllactat dehydrogenaza.

Nhu dugc dé cap & trén, ci tién c6 dinh huéng 12 huéng nghién ctru manh bao gdm
viéc dua vao cac dot bién duge hudéng dich dén gen cu thé nham cai thién va/hodc thay dbi
cac dac tinh cia enzym. Céc enzym dugc cai thién va/hodc duogc bién @i co thé duge nhan
biét qua sy phat trién va thuc hién cic thir nghiém sang loc lwu lwong cao nhay cho phép
sang loc tyr dong nhidu bién thé enzym khac nhau (vi du, >10*). Chu ky 13p lai cta viéc gy
dot bién va sang loc thong thuong dugce thuc hién dé thu duoc enzym véi cac ddc tinh dugce
tdi vu héa. Cac thuat toan dién toan c6 thé giup cho viéc nhén dién cic vung cia gen dé gay
dot bién ciing dugc phét trién va c6 thé 1am giam déng ké s6 lugng cac bién thé enzym can

duogc tao ra va sang loc.

Nhiéu cong nghé cai tién dinh hudéng dugc phat trién (tham khao Hibbert, E. G., F.
Baganz, H. C. Hailes, J. M. Ward, G. J. Lye, J. M. Woodley, and P. A. Dalby, 2005,
Directed evolution of biocatalytic processes. Biomol. Eng 22:11-19; Huisman, G. W. and J.
J. Lalonde, 2007, Enzyme evolution for chemical process Applications, p. 717-742. In R. N.
Patel (ed.), Biocatalysis in the pharmaceutical and Biotechnology industries. CRC Press;
Otten, L. G. and W. J. Quax. 2005. Directed evolution: selecting today's biocatalysts.
Biomol. Eng 22:1-9; va Sen, S., D. Venkata, V, and-B. Mandal, 2007, Developments in
directed evolution for improving enzyme functions. Appl Biochem. Biotechnol 143:212-
223.) ¢6 hiéu qua trong viéc tao ra thu bién bién thé da dang va cac phuong phap nay dugc

tmg dung thanh cong dé cai thién pham vi dic tinh rong trong nhiéu 16p enzym.

Céc dic tinh enzym da dugc cai thién va/hodc bién ddi nho cong nghé cai tién c6
dinh hudéng bao gém, vi du, tinh chon loc/tinh dic hiéu - dé viée chuyén héa céac co chit
khong cé trong tu nhién; tinh 4n dinh nhiét - dé xur ly & nhiét do cao; tinh én dinh voi pH -
dé xir Iy sinh hoc duéi cac diéu kién pH thdp hodc cao; dung nap co chit hodc san phim —
dé co thé dat duoc do chuin san phém cao; lién két (Kpn) - m& rong lién két co chét dé bao

gbm cac co chat khong tu nhién; e ché (Kj) - d¢ loai bo su e ché do céc san pham, cac co
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chét, hodc cac chit trung gian chinh; hoat tinh (kcat) - lam tang tdc d6 phan tng do enzym
xuc tac dé dat dugc dong san pham ra mong mudn; muc biéu hién - lam tang hiéu suit
protein va tong dong san phim ra cta qua trinh; tinh 6n dinh oxy - dé cic enzym nhay
khéng khi hoat déng trong cac diéu kién hiéu khi; va hoat tinh ki khi - dé enzym hiéu khi

hoat dong khi khong c6 mit oxy.

Céc phuong phap dugc ldy lam vi du sau ddy da dugc phat trién dé gay dot bién va
da dang hoa cac gen hudng dén cac dic tinh mong mudn cia cac enzym dic hiéu. Phuong

phap bét ky c6 thé dugc sir dung dé 1am thay d6i/tdi wu hoat tinh clia enzym decarboxylaza.

EpPCR (Pritchard, L., D. Corne, D. Kell, J. Rowland, and M. Winson, 2005, A
general model of error-prone PCR. J Theor. Biol 234:497-509.) dua vao cac dot bién diém
ngiu nhién bang cach lam giam do chinh xé4c clia enzym ADN polymeraza trong céc phan
tmg PCR bing cach bd sung cic ion Mn", bang cach thay d6i néng @6 dNTP, hodc bing
nhitng bién d6i vé& diéu kién khéc. Quy trinh tich dong nim budc dé giéi han viée tao dot
bién trong cc gen dich quan tAm bao gém: 1) khuéch dai gen quan tdm bing PCR c6 thé co
sai sot (EpPCR); 2) phan cit bing enzym gidi han; 3) tinh ché cac doan ADN mong mudn
trén gel; 4) gén vao vecto; 5) bién nap céac thé d6t bién vao vat chu thich hop va sang loc thu
vién d6i véi cac enzyme c6 hiéu suat dugc cai thién. Phuong phéap nay c6 thé tao ra nhidu
dot bién trong mQt gen mot cach déng thoi, ma cac dot bién nay cé thé hiru dung. Mot sb
lwong 16n cac thé dot bién c6 thé dugc tao ra biang EpPCR, vi vay thir nghiém sang loc luu
lugng cao hodc phuong phép sang loc (ddc biét 1a st dl_ing robot) 13 hitu ich dé nhén biét cac

thé dot bién mang céc dic tinh mong muodn.

Phuong phéap khuéch dai vong cudn c6 thé co sai sot (error-prone rolling circle
amplification - epRCA) (Fujii, R., M. Kitaoka, and K. Hayashi, 2004, One-step random
mutagenesis by error-prone rolling circle amplification. Nucleic Acids Res 32:¢l45; va Fujii,
R., M. Kitaoka, and K. Hayashi, 2006, Error-prone rolling circle amplification: the simplest
random mutagenesis protocol. Nat. Protoc. 1:2493-2497.) ¢6 nhiéu yéu tb gidng v6i epPCR
ngoai.trl‘r str dung toan b plasmit vong lam khudn va 6-tiéu phan ngiu nhién c6 céc lién két
thiophosphat khéng exonucleaza trén 2 nucleotit cubi dugc st dung dé khuéch dai plasmit,
tiép d6 bién nap vao té bao ma trong d6 plasmit nay dugc tao vong lai & cac vi tri 1ap trudce

sau. Viéc diéu chinh ndng d6 Mn" ¢6 thé lam thay ddi ty 1& dot bién mot chut. K§ thuat nay
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st dung phuong phap mot bude, c6 thé tao sai sot don gian dé tao ra ban sao diy du cua
plasmit nay c6 3 - 4 dot bién/kbp. Khong can cit bing enzym gi6i han hodc céc mdi dic

hi¢u. Ngoai ra, phuong phap nay thuong dugc cung cAp sén dudi dang Kkit.

Phuong phap xao tron ADN hodc Ho (Stemmer, W. P. 1994, DNA shuffling by
random fragmentation and reassembly: in vitro recombination for molecular evolution. Proc
Natl Acad Sci U.S.A 91:10747-10751; va Stemmer, W. P. 1994. Rapid evolution of a
protein in vitro by DNA shuffling. Nature 370:389-391.) thudng bao gdm viéc cét 2 hodic
nhiéu gen dot bién bang nucleaza nhu Dnaza I hodc EndoV dé tao ra cac doan ngdu nhién
ma dugc ghép lai nho cac chu ky gan mdi va kéo dai véi su ¢6 mit ciia ADN polymeraza dé
tao ra thu vién gém cac gen lai. Cac doan lam mdi cho nhau va su tai to hop xay ra néu mot
ban sau 1am mdi cho ban sao khac (chuyén khudn). Phuong phap nay c6 thé dugc sir dung
v6i cac trinh tw ADN > 1kbp. Ngoai cac thé tai t hop mang ddt bién dugc tao ra nho sy
ghép cac doan, phuong phap nay con dua vao cac dot bién diém & cac bude kéo dai ¢ ty 16
trong tu v6i phuwong phap PCR c6 thé c6 sai s6t. Phuong phap nay c6 thé duge sir dung dé

loai bo cac dot bién trung tinh c6 hai ngau nhién c6 thé din dén su tao khang nguyén.

Phuong phap kéo dai so le (staggered extension - StEP) (Zhao, H., L. Giver, Z. Shao,
J. A. Affholter, and F. H. Arnold, 1998, Molecular evolution by staggered extension process
(StEP) in vitro recombination. Nat. Biotechnol 16:258-261.) doi hoi gdn mdi vao khuén tiép
d6 1a cac chu ky lap lai caa PCR gdm 2 budc v6i bude lam bién tinh va khoang thoi gian
gin mdi/kéo dai rat ngan (chi 5 gidy). Cac doan kéo dai gin vao cic khubn khac nhau va
tiép tuc kéo dai, budc nay duoc lip lai cho dén khi tao ra trinh tu c6 chiéu dai day du.
Phuong phap d6i khudn nghia 1a hau hét cac doan duoc tao ra c6 nhidu doan gbe. Su két
hop ctia polymeraza c6 d6 chinh xéc thip (Taq va Mutazyme) 1am giam xu huéng tao ra sai

sot boi vi pho dot bién trai ngugce nhau.

Trong phuong phép tai td hop gin mdi ngiu nhién (Random Priming Recombination
RPR) cic mdi c6 trinh tw ngiu nhién duge sir dung dé tao ra nhiéu doan ADN ngén bd sung
voi cac doan khac nhau ctia khuén. (Shao, Z., H. Zhao, L. Giver, and F. H. Arnold, 1998,
Random-priming in vitro recombination: an effective tool for directed evolution. Nucleic
Acids Res 26:681-683.) Su két hop bazo sai va sy gin mdi sai do epPCR tao ra cac dot bién

diém. Cac doan ADN nge“'m lam mdi cho mot doan khéc dya trén sy tuong df‘)ng va dugc tai
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td hop va ghép thanh chiéu dai dé‘iy dd nho viée tao chu ky nhiét ldp lai. Viéc loai bé khudn
trudc budc nay dam bao cé it thé tai td hop bd me. Phuong phap nay, giéng nhu hau hét cac
phuong phéap khéc, c6 thé duogc thuc hién qua nhiéu 1an lap lai dé cai tién cac dic tinh riéng
bi¢t. Cong nghé nay tranh dugc sai 1énh vé trinh tu, khong phu thudc vao chiéu dai cua gen,

va cén rit it ADN bb me dé ap dung.

Trong phuong phap tai td hop di hop kép, ADN plasmit dugc chuyén thanh mach
théng dugc st dung dé tao ra cac di hop kép loai duqc' stra sai nho co ché sira chita bit cap
sai. (Volkov, A. A., Z. Shao, and F. H. Arnold. 1999. Recombination and chimeragenesis by
in vitro heteroduplex formation and in vivo repair. Nucleic Acids Res 27:e18; va Volkov, A.
A., Z. Shao, and F. H. Arnold. 2000. Random chimeragenesis by heteroduplex
recombination. Methods Enzymol. 328:456-463.) Budc sira chita bit cip sai nay gy dot
bién mét chit. Cac thé di hop kép bién ddi hiéu qua hon cac phirc doi bét cip twong ddng

mach thing. Phuong phép nay thich hop véi cac gen 16n va toan bd cac operon.

Phuong phéap gdy dot bién thé kham ngiu nhién trén cac khudn tam thoi (Random
Chimeragenesis on Transient Templates - RACHITT) (Coco, W. M., W. E. Levinson, M. J.
Crist, H. J. Hektor, A. Darzins, P. T. Pienkos, C. H. Squires, and D. J. Monticello, 2001,
DNA shuffling method for generating highly recombined genes and evolved enzymes. Nat.
Biotechnol 19:354-359.) sir dung phuong phéap cit doan nhd Dnaza I va phan doan ADN soi
don theo kich c¢. Cac doan twong déng dugc lai, khi khong c6 mit polymeraza, v6i ciu trac
gian ADN soi don bd sung. Cac dau ciia doan khong duogc lai gbi 1én nhau bit ky dugc cit
b6 nh& exonucleaza. Cac khoang tréng giita cac doan dugc bd sung, va sau d6 duge ndi dé
tao ra cac soi c6 chiéu dai da khac nhau duoc lai voi gian (gian nay c6 cdu trac chir U dé
ngan ngira sy khuéch dai). Sau d6 gian nay dugc pha hity va duoc thay thé boi sgi méi bd
sung v6i soi khac bang phan tng khuéch dai PCR. Phuong phép niay bao gdm mét soi
(gian) bét ngudn chi tir mot bd me trong khi d6 cac doan lam mdi c6 ngudn gbe tir nhidu gen
khéc; gian bd me dugce chon nguoc. Do do, khong xay ra su gén mdi lai véi cac doan bd me.
Céc doan gdi 1én nhau dugc cit bo bang exonucleaza. Cach khac, phuong phép nay tuong
tu vé mit khai niém v6i phuwong phap xéo tron ADN va StEP. Do do, khong c6 céc ban sao
tor cung bd me, it bat hoat, va khong c6 bd me khong dugc xdo tron. Phuong phéap nay c6 uvu
diém & chd chi mot vai hodc khong cé gen bd me duogc tao ra va nhiéu trao ddi chéo c6 thé

tao ra so v6i phuong phap x4o tron ADN chuén.
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Phuong phap kéo dai tai tb hop trén khudn bi cit (Recombined Extension on
Truncated templates RETT) doi hdi su chuyén khuon cua sgi dang dugc kéo dai theo mot
hudng tir cac mdi véi su cO mat cua cadc doan ADN soi don theo mot hudéng duy nhét duoc
st dung 1am khuon. (Lee, S. H., E. J. Ryu, M. J. Kang, E.-S. Wang, Z. C. Y. Piao, K. J. J.
Jung, and Y. Shin, 2003, A new approach to directed gene evolution by recombined
extension on truncated templates (RETT). J. Molec. Catalysis 26:119-129.) Khong sir dung
ADN endonucleaza. ADN sg¢gi don theo mot huong duy nhét dugc tao ra nho ADN
polymeraza véi cac modi ngau nhién hodc su cit theo thir tu bing exonucleaza. ADN soi don
theo mot huéng duy nhét chi lam khudn ma khong lam mdi. Su gin mdi ngiu nhién va
exonucleaza khong tao ra sy sai 1énh trinh ty nhu viéc cét biang enzym theo phuong phép
x40 tron ADN/RACHITT. C6 thé d& dang t6i wu héa RETT hon so véi StEP boi vi n6 st
dung cac diéu kién PCR théng thudng thay vi khoang thoi gian kéo dai rét ngin. Su tai td
hop xay ra 1a su két hop cua cac bude PCR - khong c6 su xip xép truc tiép. Phuong phap

nay ciing c6 thé 1a ngiu nhién hon so v&i StEP do khéng ¢6 diém tam dung.

Trong phuong phdp xdo trdn gen oligonucleotit thoai bién (Degenerate
Oligonucleotit Gene Shuffling - DOGS) cic mdi thoai bién dugc sir dung dé kiém soét su
tai t6 hop giita cac phan ti; (Bergquist, P. L. and M. D. Gibbs, 2007, Degenerate
oligonucleotit gene shuffling. Methods Mol.Biol 352: 191-204; Bergquist, P. L., R. A.
Reeves, and M. D. Gibbs, 2005, Degenerate oligonucleotit gene shuffling (DOGS) and
random drift mutagenesis (RNDM): two complementary techniques for enzyme evolution.
Biomol. Eng 22:63-72; Gibbs, M. D., K. M. Nevalainen, and P. L. Bergquist, 2001,
Degenerate oligonucleotit gene shuftling (DOGS): a method for enhancing the frequency of
recombination with family shuffling. Gene 271: 13-20.) Phuong phép nay c6 thé dugc sir
dung dé kiém soat xu hudéng cta cac phuong phép khac nhu phuong phap x4o tron ADN dé
tao lai cac gen b me. Phuong phap nay c6 thé dugc két hop véi phuong phap gay dot bién
ngiu nhién (epPCR) ddi vé6i cac doan gen dugc chon. Phuong phap nay cé thé 1a mot
phuong phéap t6t dé phong bé su sira ddi cua céac trinh tw bd me. Khong cdn st dung
endonucleaza. Béng cach diéu chinh néng d6 diu vao cla céc doan dugc tao ra, chuyén gia
c6 thé dich chuyén theo huéng mong muén. Phuong phép nay cho phép xao tron ADN tir
cac bd me khong lién quan ma khong cin cit bang enzym gi6i han va cho phép chon cac

phuong phép gay dot bién ngiu nhién.
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Phuong phép cét phan gia ting dé tao cac enzym lai (Incremental Truncation for the
Creation of Hybrid enzymes (ITCHY) tao ra thu vién td hop véi céc doan cit 1 cip bazo
cua gen hodc doan gen quan tdm. (Ostermeier et al., Proc Natl Acad Sd US.A. 96:3562-
3567 (1999); Ostermeier et al., 1999 Nat.Biotechnol 17: 1205-1209 (1999)) Phén cit duoc
dwa vao theo huéng dbi dién trén mot phin cia 2 gen khac nhau. Ching dugc nbi voi nhau
va thé dung hop dugc tach dong. Phuong phép nay khong yéu ciu tinh tuong dong giira 2
gen bd me. Néu ITCHY dugc két hgp v6i x4do tron ADN, hé théng nay dugce goi la
SCRATCHY (xem du6i ddy). Uu diém chinh cta c4 hai 14 khéng cin tinh tvong ddng giita
cac bd me; vi du, cac thé dung hop chirc ning gitra gen cua E. coli va nguodi dugce tao ra nho

ITCHY. Néu tao ra thu vién ITCHY, s& bat dugc tit ca cac trao ddi chéo c6 thé.

Phuong phdp cit phin thira - Thio dé tao cic enzym lai (Thio-Incremental
Truncation for the Creation of Hybrid enzymes-THIO-ITCHY) gn giéng v&i phuong phép
ITCHY ngoai trir viéc cac phosphothioat dNTP duoc st dung dé tao ra phan cit. (Lutz, S.,
M. Ostermeier, and S. J. Benkovic, 2001, Rapid generation of incremental truncation
libraries for protein engineering using alpha-phosphothioate nucleotits. Nucleic Acids Res
29:E16.) So vé6i ITCHY, phuong phap THIO-ITCHY c6 thé d& tdi wu hon, ¢6 nhidu kha

nang tai tao va diéu chinh hon.

Phuong phiap SCRATCHY - ITCHY két hop v6i phuong phép xdo tron ADN 1a su
két hop cta phwong phép x4o trén ADN va ITCHY; do d6, cho phép nhidu trao ddi chéo.
(Lutz et al., Proc Natl Acad Sci U S.A. 98:11248-11253 (2001). Phuong phap SCRATCHY
két hop céac dic tinh tét nhét cia phuong phép ITCHY va x40 tron ADN. Céc du doan bing
may tinh c6 thé dwgc sir dung dé t6i wu héa. Phuong phap SCRATCHY c¢6 hi€u qua hon

phuong phap x4o tron ADN néu sy trong dong vé trinh ty 14 dudi 80%.

Trong phuong phip gdy dot bién chuyén | dich ngiu nhién (Random Drift
Mutagenesis - RNDM) céac dot bién dugc tao ra nho epPCR tiép d6 dugc sang loc/chon loc
vé hoat tinh mg dung dugc con lai cua chung. (Bergquist et al., Biomol.Eng. 22:63-72
(2005).) Sau d6, chung dugc sit dung trong phuong phap DOGS dé tao ra cac thé tai td hop
v6i cac thé dung hgp gitta nhiéu thé dot bién hoat dong hoac giita cac thé dot bién hoat dong
va mot s6 bd me mong mubn khac. Pugc thiét ké dé thuc day su phan l4p cac dot bién trung

tinh; muc dich ctia phuong phap nay 1a dé sang loc v& hoat tinh xuc tac duge gitr lai cho du
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hoat tinh nay 14 cao hay thap hon trong gen ban dau. Phuong phdp RNDM c6 thé dugc sir
dung trong cac thir nghiém luu luong cao néu viée sang loc ¢ kha ning phat hién hoat tinh
trén mirc nén. Phuong phap RNDM dugc str dung lam phuong phap di truée phuong phap
DOGS trong viéc tao tinh da dang. Ky thuat nay dit ra yéu ciu vé hoat tinh trudc khi xéo
tron hodc cac budc tiép theo khac; thu vién sai léch trung tinh dugc chimg minh 12 dan dén
su cai thién cao hon /nhanh hon v& hoat tinh tir cac thu vién nhé hon. Mic du viée s dung
epPCR da duoc cong bb, phuong phap nay cé thé duge ap dung cho cac phuong phéap gy

dot bien trén qui mod 16n khic.

Phuong phap gdy dot bién bao hoa trinh tu (Sequence Saturation Mutagenesis -
SeSaM) 1a phuong phéap gdy dot bién ngiu nhién: 1) tao ra tip hop cac doan c6 chiéu dai
ngdu nhién bang cach st dung su két hop ngiu nhién cia nucleotit phosphothioat va su
phan cit; tap hop cac doan nay dugc st dung lam khudn dé 2) kéo dai khi c6 mat cda cac
bazo “chung” nhu inosin; 3) su sao chép phan bd sung chira inosin tao ra su két hop bazo
ngau nhién va, sau d6 gy dot bién. (Wong et al., Biotechnol J. 3:74-82 (2008); Wong
Nucleic Acids Res 32:¢26; Wong et al., Anal.Biochem. 341:187-189 (2005).) St dung
phuong phéap nay c¢6 thé tao ra thu vién 16n gdm céc thé dot bién trong 2 dén 3 ngay sir dung
cac phuong phap don gian. Phuong phép nay rat khong cé dinh hudng so véi sai léch dot
bién clia cac enzyme ADN polymeraza. Cac khic biét & phuong thirc nay 1am cho phuong

phap nay c6 thé bd sung cho (hoic thay thé cho) phuong phap epPCR.

Trong phuong phap x4o trdn téng hop (Synthetic Shuffling), cac oligonucleotit gdi
1én nhau dugc thiét ké dé ma hoa cho “tit ca sy da dang di truyén cta dich” va cho phép su
da dang rit cao dbi v&i thé hé con chau dugc x4o tron. (Ness, et al., Nat.Biotechnol 20:
1251-1255 (2002).) Trong phuong phéap nay, chuyén gia c6 thé thiét ké cac doan dé duoc
x40 tron. Diéu nay gitp lam ting sy da dang thu dugc ctia thé hé con chau. Chuyén gia co
thé thiét ké céac sai 1éch trinh tu /bd ba ma héa dé 1am cho cac trinh tu cung ho xa hon tai tb
hop & ty 1& gén vé6i cac trinh tu cing ho gin hon va khéng yéu ciu c6 cic gen khudn ty

nhién.

Phuong phép cét va trao dbi nucleotit (Nucleotit Exchange and Excision Technology
—NexT) khai thac su két hop ctia dUTP tiép d6 xur Iy biang uraxil ADN glycosylaza va sau
d6 1a piperidin dé thuc hién viéc phan doan ADN déau cudi. (Muller et al., Nucleic Acids
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Res 33:el 17 (2005)) Gen dugc ghép lai bang cach sir dung phwong phap kéo dai mdi cia
PCR bén trong bang polymeraza doc kiém chung. Kich ¢ x40 tron c6 thé kiém soat duoc
truc tiép bang cach st dung cac ty 16 dUPT:dTTP khéc nhau. Pay 1a phan ung diém cubi sir
dung cac phuong phap don gidn dé két hop uraxil va phan cat. Chuyén gia c6 thé sir dung
cac ddng dang nucleotit khac nhu 8-oxo-guanin véi phuong phap nay. Ngoai ra, phuong
phap nay hoat dong tét trén cac doan rat ngin (86 bp) va cb ty 1é sai sd thp. Viéc cit hoa

hoc ADN c¢6 nghia la rét it dong khong dugc xéo tron.

Trong phuong phép tai t& hop protein khong phu thudc vao tinh twong dong vé trinh
tu (Sequence Homology-Independent Protein Recombination (SHIPREC) ciu nbi duoc sir
dung dé tao diéu kién thun loi cho qua trinh dung hop giita 2 gen xa/khéng clng ho;
phuong phap xir Iy bing nucleaza dugc st dung dé tao ra mot loat cac thé lai giita gitra 2
gen. Két qua 12 tao ra thu vién trao d6i chéo don cuia cac thé dung hop nay. (Sieber, V., C.
A. Martinez, and F. H. Arnold. 2001. Libraries of hybrid proteins from distantly related
sequences. Nat. Biotechnol 19:456-460.) Phuong phap nay tao ra mot loai x4o tron giéi han;
viéc tao dot bién 1a mot qua trinh khéc. K§ thuat nay c6 thé tao ra thu vién cac thé lai c6 cac
doan khac nhau ciua mdi 2 gen bd me khong cing ho. Khong can c6 tinh twong ddng.
Phuong phap SHIPREC di dugc thir nghiém véi mot ving lién két nhan heme ctia CP450 &
vi khudn duge dung hop véi cac ving diu tin ciing N ctia CP450 & ddng vét co via; phuong

phép ndy tao ra hoat tinh ctia dong vat c6 via trong enzym hoa tan dugc nhiéu hon.

Trong phuong phip gy ddt bién bio hoa diém trong gen (Gene Site Saturation
Mutagenesis -GSSM) cac nguyén lidu ban du 1a ADN plasmit s¢i kép siéu xoén c¢6 doan
chén va 2 mdi thoai bién & vi tri mong mubdn dé dot bién. (Kretz, K. A., T. H. Richardson,
K. A. Gray, D. E. Robertson, X. Tan, and J. M. Short, 2004, Gene site saturation
mutagenesis: a comprehensive mutagenesis approach. Methods Enzymol. 388:3-11.) Cac
mdi ndy mang dot bién quan tdm va gin vao cung trinh tu trén cac soi d6i dién; dot bién &
gitra ciia moi va & nucleotit 20 clia trinh tu dung sat canh mdi bén. Trinh ty nay trong mdi 1a
NNN hozc NNK (ma hoa) va MNN (khéng ma hoa) (N =titca 4, K=G, T, M= A, C). Sau
khi kéo dai, Dpnl duoc sir dung dé phan cit ADN duoc metyl hoa & gen dam dé loai bod
khudn kiéu dai. Phuong phap nay khao sat tit ca cac dot bién thay thé axit amin c6 thé tai
mot locus cho trudce (tirc 1a, mot by ba ma hoa). Phuong phap nay tao diéu kién thuén loi

cho viéc tao ra tat ca cic thay thé co thé tai mgt vi tri ma khong cé cac b ba ma hoa vd
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nghia va su biéu thi twong dwong hodc gin twong dwong cia tt ca cac alen c6 thé. Phuong
phap nay khong doi héi phai biét truée cau trac, co ché hodc cac ving ciia enzym dich. Néu
tiép d6 1a phuong phap xao tron hodic ghép gen, thi cong nghé nay tao ra thu vién cac thé tai
t6 hop da dang chira tit ca cac dang t6 hop c6 thé cua cac dot bién diém don. Loi ich cia sy
két hop cong nghé nay da dugc chimg minh dbi voi su cai tién thanh cong trén 50 enzym

khéac nhau, va doi v4i nhi€éu hon mdt dac tinh trong enzym cho trude.

Phuong phép gdy dot bién cat xét td hop (Combinatorial Cassette Mutagenesis-
CCM) bao gdm viéc sir dung céc cat xét oligonucleotit ngén dé thay thé cac vung giéi han
véi s lugng 16n cac thay dbi cua trinh tu axit amin c6 thé. (ReldhAar-Olson, J. F., J. U.
Bowie, R. M. Breyer, J. C. Hu, K. L. Knight, W. A. Lim, M. C. Mossing, D. A. Parsell, K.
R. Shoemaker, and R. T. Sauer, 1991, Random mutagenesis of protein sequences using
oligonucleotit cassettes. Methods Enzymol. 208:564-586; va Reidhaar-Olson, J. F. and R. T.
Sauer, 1988, Combinatorial cassette mutagenesis as a probe of the informational content of
protein sequences. Science 241:53-57.) Cac thay thé dong thoi & cac vi tri 2 hodc 3 1a ¢6 thé
nhd st dung phuong phap nay. Ngoai ra, phuong phip nay thir nghiém vo s cac thay dbi
vé trinh tu c6 thé & pham vi ¢6 gi6i han cua diém. Phuong phép nay da duogc str dung dé tim

ra ndi dung thong tin ctia viing lién két ADN kim ham lambda.

Phuong phap tao ddt bién nhiéu cat xét td hop (Combinatorial Multiple Cassette
Mutagenesis -CMCM) vé co ban 14 tuong tw v6i phwong phap CCM ngoai trir viée né dugc
sir dung 1am mot phan ctia chuong trinh 16n hon: 1) Str dung epPCR & ty 1& d6t bién cao dén
2) cac diém nong ID va céc ving néng va sau d6 3) kéo dai bing CMCM dé bao phu ving
xéc dinh cia khoang trdng trong trinh tw protein. (Reetz, M. T., S. Wilensek, D. Zha, and K.
E. Jaeger, 2001, Directed evolution of an Enantioselective Enzyme through Combinatorial
Multiple-Cassette Mutagenesis. Angew. Chem. Int. Ed Engl. 40:3589-3591.) Tuong tu
phuong phdp CCM, phuong phap nay c6 thé kiém tra gén nhu tit ca cac bién ddi co thé trén
mdt viing dich. Néu dugc st dung ciing v6i cac phuong phap tao céc dot bién ngiu nhién va
cac gen dugc xdo tron, s& mang lai phuong phap tuyét voi dé tao ra cic protein dugc x40
tron, da dang. Huéng nghién ctru nay da thanh cong trong viéc lam ting khoang 51 1an, tinh

chon loc do6i khang cua mdt enzym.
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Trong ky thuat sir dung chiing gy d6t bién, plasmit gdy dot bién c6 diéu kién #s cho
phép su ting 20 dén 4000-14n vé tin sudt dot bién ngdu nhién va tu nhién trong qué trinh
chon loc va phong bé su tich lily cac dot bién c¢6 hai néu su chon loc 1a khong can thiét.
(Selifonova, 0., F. Valle, and V. Schellenberger, 2001, Rapid evolution of novel traits in
microorganisms. Appl Environ Microbiol 67:3645-3649.) Phuong phap nay dua trén co s&
gen mutDS5 ¢6 ngudn gdc tir plasmit, ma hoa cho tiéu don vi dot bién cia ADN polymeraza
III. Tiéu don vi nay lién két véi ADN polymeraza III ndi sinh va théa hiép kha ning doc
kiém tra ciia polymeraza III trong bat ky chiing nao c¢é chita plasmit. Xut hién phd rong thé
thay thé bazo va cac dot bién dich khung. Dé sir dung hiéu qua, plasmit gdy dot bién cin
phai dugc loai bo khi dat duoc kiéu hinh mong mudn; didu nay dat dugc nho diém khéi dau
sao chép nhay véi nhiét d9, cho phép xir Iy plasmit & 41°C. Cin luu ¥ ring cac ching gay
dot bién d3 duogc tim ra tir kha lau (vi dy, tham khdo Winter and coworkers, 1996, J. MoL
Biol. 260, 359-3680. Trong phwong phép ndy, quan sat dugc ty 1& dot bién tu phat cao. Dic
tinh c6 diéu kién giam céc dot bién nén khong mong mudn dén mirc thap nhit. Phuong phép
nay c6 thé duoc két hop véi su cai tién thich nghi dé ting cudng ty 18 tao dot bién va nhanh

chéng dat duge kiéu hinh mong muén hon.

Phuong phap giy dot bién luét qua (Look-Through Mutagenesis - LTM) 1a phuong
phap gy dot bién da chiéu danh gia va t6i uu cic dot bién td hop cla axit amin chon loc.
(Rajpal, A., N. Beyaz, L. Haber, G. Cappuccilli, H. Yee, R. R. Bhatt, T. Takeuchi, R. A.
Lerner, and R. Crea, 2005, A general method for greatly improving the affinity of antibodies
by using combinatorial libraries. Proc Natl Acad Sci U S.A 102:8466-8471.) Thay vi lam
bao hoa mdi vi tri bang tat ca cac thay ddi axit amin c¢6 thé, bd gdbm 9 dwoc chon dé bao quat
pham vi hoa hoc nhém R ctia axit amin. It thay ddi hon trén mdi diém cho phép nhiéu vi tri
dugc gay dot bién loai nay. Da dat dugc su ting >800 lan vé ai luc lién két dbi véi khéng
thé tir nmol thap dén pmol nho phuong phéap nay. Pay 1a mot cach tiép can hop 1y dé giam
s6 lugng cac thé két hop ngiu nhién dén mirc thip nhat va lam tang kha nang phat hién cac
dic diém dugc cai thién bang cach lam giam dang ké sb lwong dong cin sang loc. Phuong
phép nay da duoc ap dung cho viéc thiét ké khang thé, dic biét 1a lam ting i luc lién két
va/hodc gidm sy phan giai. Phuong phip nay c6 thé dugc két hop véi cac bude sang loc

hodc chon loc.
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Su ghép gen la phuong phap x4o tron ADN c¢6 thé duge ap dung cho nhidu gen & mot
thoi diém hodc cho viée tao ra thu vién cac thé lai (nhiéu dot bién) cua mot gen, (trén trang
web:  www.verenium.com/Pages/Technology/EnzymTech/TechEnzyTGR.html).  Théng
thuong, phuong phap nay dugc sir dung két hop véi viée sang loc Iuu lugng cuc cao dé tim
khoang tréng trinh tu tiéu bidu cho viéc cai tién mong mudn. Phuong phép nay cho phép su
tai to hop nhidu gen khong phu thudc tinh twong ddng. S lugng va vi tri chinh xéac cia hién
tugng trao dbi chéo co thé duoc dinh trude bang cach str dung cac doan dugc thiét ké nho
phan tich tin sinh hoc. Phuong phép nay din dén muc da dang rit cao ma gin nhu khong co
su tao ra lai gen bd me va muc do gen bét hoat thép. Khi dugc két hop véi GSSM, pham vi
dot bién rong c6 thé dugc thir nghiém vé hoat tinh dugc cai thién. Phuong phép nay cho
phép “tron” va “diéu chinh tinh” viéc x40 tron ADN, vi du, cach sir dung bd ba ma hoda co

theé duogc toi vu hoa.

Phuong phap tu dong thiét ké protein trén may tinh (In Silico Protein Design
Automation PDA) 1a thuat toén t6i uu héa ma gitr lai khung protein dugc xéac dinh cAu triic
c6 khiic cudn dic biét, va tim kiém khoang tréng trinh ty dé thay thé axit amin ma c6 thé
lam 6n dinh khuc cudn va ning luong toan phan cia protein. (Hayes, R. J., J. Bentzien, M.
L. Ary, M. Y. Hwang, J. M. Jacinto, J. Vielmetter, A. Kundu, and B. I. Dahiyat, 2002,
Combining computational and experimental screening for rapid optimization of protein
properties. Proc Natl Acad Sci U S.A 99:15926-15931.) Phuong phap nay cho phép du dodn
entropi dua trén cAu tric trén may tinh nham tim kiém su dung nap céu trac dbi véi cac bién
thé cua axit amin protein. Co hoc théng ké duoc ap dung d tinh todn su tuong tac ghép doi
tai mdi vi tri - su dung nap ciu truc dbi vé6i su thay thé axit amin 13 thudc do su ghép doi.
Cudi cung, phuong phap nay dugc thiét ké dé tao ra cac cai bién mong mudn dbi véi dic
tinh ctia protein trong khi van duy tri dugc tinh toan ven cia cac dic diém cau tric. Phuong
phap nay danh gia nho mdy tinh va cho phép loc mét s6 lugng réat 16n cac bién thé trinh tu
6 thé (1050). Viéc chon loc cac bién thé trinh tu dé kiém tra duoc gin lién véi cac du doan
dua trén nhiét dong hoc thich hop nhét va c6 vé 1a chi ¢6 tinh dn dinh hoac céac dac tinh di
kém véi tinh 6n dinh c6 thé duoc tac dong mot cach co hidu qua bang phuong phéap nay.
Phuong phéap nay da dugce st dung thanh cong & mot sd protein didu tri bénh, dic biét 1a
trong thiét ké cac globulin mién dich. C4c du doén trén may tinh trdnh dugc viéc thu
nghiém sd lugng 16n qua mirc cta cac bién thé tidém ning. Cac du dodn dua trén cac ciu tric

ba chi€u hién c6 c6 nhicu kha nang thanh cdng hon céc dy doan dya vao céc cau tric theo 1y
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thuyét. Phuong phéap nay c6 thé d& dang du doéan va cho phép sang loc huéng dich nhiéu dot
bién ddng thdi, didu khong thé thyc hién bing cac phuong phép thir nghiém don thuén do sy

tang theo ham s6 mi vé s6 lugng.

Phuong phap gy dot bién bdo hoa 13p lai (Iterative Saturation Mutagenesis - [ISM)
bao gdm 1) str dung hiéu biét vé& cdu trac /chirc ning dé chon vi tri thich hop dé cai tién
enzym. 2) gay dot bién b3o hoa tai vi tri dugc chon béng cach st dung Stratagene
QuikChange (hodc phuong phap thich hop khac). 3) Sang loc/chon loc cac dic tinh mong
mudn. 4) Véi cac dong chon dugc, bat dau lai & vi tri khac va tiép tuc ldp lai. (Reetz, M. T.
and J. D. Carballeira, 2007, Iterative saturation mutagenesis (ISM) for rapid directed
evolution of functional enzymes. Nat. Protoc. 2:891-903; va Reetz, M. T., J. D. Carballeira,
and A. Vogel, 2006, Iterative saturation mutagenesis on the basis of B factors as a strategy
for increasing protein thermostability. Angew. Chem. Int. Ed Engl. 45:7745-7751.) Day la
mdt phuong phap da dugc ching minh 1a dam béo tit ca cac thay thé c6 kha ning x4y ra tai

vi tri dd chon duoc tao ra dé sang loc/chon loc.

Phuong phap bét ky trong s6 cac phuong phap néu trén dé giy d6t bién c6 thé dugc
sir dung riéng hoic két hop bt ky. Ngoai ra, mot hodic su két hop bt ky cua cac phuong

phap tién hoa dinh huéng c6 thé dugc sir dung két hop véi céc k¥ thuat cai tién thich nghi.

Pé tao ra cac sinh vat san xuét tét hon, viéc tao mo6 hinh chuyén héa c6 thé duge st
dung dé t6i wu cac diéu kién sinh truong. Viéc tao mo hinh cling duoc st dung dé thiét ké
cac k¥ thuat lam bét hoat gen ma t6i vu thém viéc st dung con dudng nay (tham khao, vi
dy, cac cong bd patent My s6 US 2002/0012939, US 2003/0224363, US 2004/0029149, US
2004/0072723, US 2003/0059792, US 2002/0168654 va US 2004/0009466, va patentMy§ s6
7,127,379). Phén tich md hinh cho phép du doan tin cdy vé cac tac dong 1én su sinh trudng
ctia t& bao cua viéc thay ddi co ché chuyén héa theo hudng san xuit 1,3-butandiol hidu qua

hon.

Mot phuong phap tinh toan dé nhan biét va thiét ké cac bién dbi chuyén hoa giap cho
qué trinh sinh tdng hop cta san phim mong mudn 1a phuong phép khung tinh toan
OptKnock (Burgard et al., Biotechnol. Bioeng. 84:647-657 (2003)). OptKnock 1a chuong
trinh md phéng va tao md hinh chuyén hoa dé xuit cac ké hoach x6a bé gen ma tao ra cac vi

sinh vét 6n dinh v€ mit di truyén c6 thé san xuat nhiéu san pham dich. Dic biét, khung nay
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con danh gia mang ludi sinh hoa va/hodc trao doi chit hoan chinh cta vi sinh vat d& dé xuét
cac thao tac di truyén bit budc san phdm hoa sinh mong mudn bién thanh san pham phu bit
budc clia qua trinh sinh truéng té bao. Bang cach ghép viéc san xuét hoa sinh v6i qua trinh
sinh trudng cua té bao thong qua viéc x6a bd gen & céc vi tri chién lugc hodc pha v& gen
chtic ning khac, ap luc chon loc sinh truéng dbi véi cac chung dwoc cai bién sau nhidu
khoang thoi gian dai trong binh phan ting sinh hoc din dén sy cai thién vé hoat dong 1a két
qua clia qua trinh san xuit hoa sinh dugc ghép véi qué trinh sinh truéng bét bude. Cubi
cung, khi cac khuyét doan gen duoc tao ra, c6 kha ning khong dang ké 1a cac ching duoc
thiét ké trd lai tinh trang hoang dai ctia chung vi cac gen dugc chon béi OptKnock s bi loai
bd hoan toan tir bd gen. Do d6, phuong phap tinh toan nay c6 thé duge st dung dé nhan biét
cac con duong thay thé din dén qua trinh sinh tdng hop cua san phim mong muén hoic
dugc st dung lién quan dén vi khudn khong c6 trong ty nhién dé tdi vu hon nita qué trinh

sinh tong hgp cua san pham mong muon.

N6i ngén gon 13, OptKnock 1a thut ngit duoc st dung trong ban md ta nay dé chi
phuong phap va hé thdng tinh todn va dé tao mé hinh co ché trao dbi chét t& bao. Chuong
trinh OptKnock dé cdp dén khung ctia cdc md hinh va cac phuong phép két hop céc rang
budc dic biét vao cac md hinh phan tich sy cén bing dong chét (flux balance analysis -
FBA). Céc rang budc nay bao gém, vi dy, thong tin dong hoc dinh tinh, théng tin diéu hoa
dinh tinh, va/hodc dit liéu thtr nghiém chip ADN. OptKnock ciing tinh toan cac giai phap
cho nhiéu van dé trao dbi chét bang cach, vi du, thit chit ranh giéi dong chét bit ngudn tir
cac md hinh can biang dong chét va tiép theo khao sat gi6i han hoat dong clia mang luéi trao
d6i chat véi s c6 mit cta cac doan chén gen hodc khuyét gen. Khung tinh toan OptKnock
cho phép tao ra cdc dang mé hinh gitp kiém tra hiéu qua cc giéi han hoat dong cua cac
mang ludi trao ddi chét va dua ra cic phuong phap dé giai quyét cac van dé 1ap trinh tuyén
tinh nguyén-hdn hop tao ra. Cac phuong phap mé phc’)rig va tao md hinh trao dbi chit duge
dé cap trong ban mé ta nay nhu OptKnock dugc md ta trong, vi du, U.S. 2002/0168654,
WO 2002/055995, va U.S. 2009/0047719. ’

Mot phuong phap tinh toan khac dé nhan biét va thiét ké cac bién dbi chuyén hoa
thich hop cho su san sut sinh tong hop san phdm 14 hé md phéng va tao mé hinh chuyén
hoa dugc goi 12 SimPheny®. Phuong phép va hé thdng tinh toan nay duge mo ta trong, vi

dy, U.S. 2003/0233218, ndp ngay 14 thang 6 nam 2002, va trong tai lidu WO/2003/106998.
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SimPheny® la mot hé théng tinh toan c6 thé dugc st dung dé tao ra md hinh mang ludi trén
may tinh va dé md phong dong khdi, ning lwong hoic dién tich thong qua cac phan ung hoa
hoc ctia hé sinh hoc dé xéac dinh khoang tréng cta giai phap chira bat ky va tit ca cac chirc
nang c6 thé ctia cac phan ung héa hoc trong hé nay, nhd d6 xac dinh dugce pham vi hoat tinh
cho phép ddi v6i hé sinh hoc. Huéng nghién ctru nay dugc goi 1a tao md hinh trén co s& cac
rang budc do khoang trdng cta giai phap dugc xac dinh nhd cac rang budc nhu hoa hoc
luong da biét ctia cac phan ung lién quan ciing nhu nhiét dong hoc phéan tng va cic rang
budc vé kha niang di kém vé6i cac dong toi da thong qua cac phan ung. Khoang tréng duoc
xé4c dinh bdi cdc rang budc nay c6 thé dugc kiém tra dé xac dinh cac kha ning vé kiéu hinh

va hoat dong ctia h¢ sinh hoc hoac ctia cac thanh phan sinh hoéa cta né.

Céac huéng nghién ctru ding may tinh nay phit hop véi céc thuc t& vé sinh hoc boi vi
cac hé sinh hoc 1a linh hoat va c6 thé dat dugc cung mot két qua theo nhiéu cach khac nhau.
Céc hé sinh hoc dugc thiét ké nher co ché tién hoa dugce gi61 han bédi cac rang budc co ban
ma tit ca cac hé théng sdng déu phai di dién. Do do, chién lugc tao mé hinh trén co s& cac
rang budc bao quat cac thuc té chung nay. Hon nita, kha ning dé ap dit lién tuc cac gioi han
khéc nita 1én mé hinh mang ludi nho viée thét chit cac rang budc din dé sy giam kich c&
khoang tréng giai phap, do d6 ting cuong dd chinh xdc ma nhd d6 c¢6 thé dy doan hoat dong

sinh 1y hoc hozc kiéu hinh.

Dua vao cac dé xuét va chi din dugc dua ra trong ban md ta nay, ngudi cd hiéu biét
trung binh trong linh vuc ndy s& c6 thé ap dung nhiéu khung tinh toan khac nhau cho viéc
tao mo hinh chuyén héa va mo phong dé thiét ké va thuc hién qua trinh sinh tdng hop hop
chit mong muén & cac vi sinh v4t chi. Cac phuong phap tao mé hinh chuyén héa va md
phong nhu vay bao gdm, vi du, cac hé tinh toan dwoc minh hoa trén day nhu SimPheny® va
OptKnock. D& minh hoa cho sang ché, mét sb phuong phap duge mé ta trong ban mo ta nay
¢6 dan chiéu dén khung tinh toan OptKnock dé tao mo6 hinh va mé phong. Ngudi ¢6 hiéu
biét trung binh trong linh vuc nay sé& biét 1am thé nao dé 4p dung viéc nhan dang, thiét ké va
thuc hién cac bién ddi vé chuyén héa nho sir dung OptKnock cho bt ky cac phuong phap
va khung tinh toan mo phéng va tao mé hinh chuyén héa khac dugc biét 16 trong linh vuc

nay.
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Cac phuong phap dugc md ta trén s€ dua ra mot tdp hop cac phan Ung chuyén héa
can pha hity. Viéc loai di mdi phan tng trong tip hop nay hodc sy cai bién chuyén hoa co
thé tao ra san phdm mong muébn dudi dang san phim bit budc trong subt pha sinh truéng
clia sinh vat. B&i vi cac phan tng nay 1a da biét, giai phap cho van d& OptKnock muc kép
cling s& dua ra gen hodc cic gen c6 lién quan ma héa cho mdt hodc nhiéu enzym xuc tac cho
mdi phan ng trong tip hop cac phan tng. Viéc nhan biét tap hop phan tng va cac gen ma
hoa cho cac enzym twong Gng clia n6 tham gia vao mdi phan tng nhin chung 1a mot qué
trinh tu dong hoa, dugc thuc hién nho su twong quan cua cac phan ung véi co s¢ dit liéu

phan tng c6 moi quan hé gifta cdc enzym va gén ma hoa.

Khi dugc nhén dang, tdp hop cac phan ng can duoc pha v dé dat duogc qué trinh
san xuit san phdm mong mudn dugc pha v trong té bao hoic sinh vat dich bang cach pha
htty chirc nang cua it nhit mot gen ma hoa cho mdi phan ting chuyén hoa trong tap hop nay.
Mot phuong phdp dic biét hitu dung dé dat dugc su pha v& chire ning cia tap hop phan ung
1a bang cach lam khuyét mdi gen ma hoa. Tuy nhién, trong mét sb trudng hop, c6 thé pha
v phéan tng do su sai khic trong gen khac bao gbm, vi dy, dot bién, mat ving diéu hoa nhu
vung khoi dau hodc céac vi tri lién két cis cho céac yéu t§ diéu hoa, hoidc nhd su cét cut trinh
tu md hoa & bét ki trong mot s cac vj tri. Nhirng sai khéac nay it hitu dung hon sy pha hay
hoan toan tap hgp gen cd thé, vi dy, khi cAn danh gi4 nhanh sy ghép cta san phém hoac su

dao ngugc cua gen it c6 kha ndng xay ra.

Pé nhan dién céc giai phap san xuét bd sung cho van d& OptKnock mirc kép néu trén
ma dan dén pha huy cac tap hop cac phan ttng khdc nita hogc cac bién ddi chuyén héa ma co
thé dan dén qua trinh sinh téng hop, bao gdbm qua trinh sinh téng hop san phdm mong mubn
di d6i v6i su sinh truéng, c6 thé thuc hién phuong phap t6i vu hoa, duogc goi 13 cét nguyén
ven. Phuong phép nay bit ddu bang cach giai quyét Lip lai van dé OptKnock 14y Iam vi du &
trén két hop véi rang budc bd sung duge goi 1a cét nguyén ven & mdi lan 1ap lai. Céc rang
budc cit nguyén ven trach cho quy trinh giai quyét khoi viéc chon chinh xac cung tap hop
phan tng dugc nhan dién trong 14n lap lai bat ky trude ma két hop mdt cach bit bude qua
trinh sinh tdng hop san phdm véi sinh trudng. Vi du, néu su bién dbi trong chuyén héa di
doi voi sinh trudéng duge nhan dién trude xac dinh cac phan tng 1, 2 va 3 dé pha va, thi cac
rang budc theo sau s& tranh cho cac phan ing nay khong bi xem xét dong thoi & cac giai

phap sau d6. Phuong phép cit nguyén ven duge biét rd ‘trong linh vuc nay va c6 thé tim thiy
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dugc mo ta trong, vi du, Burgard et al., Biotechnol. Prog. 17:791-797 (2001). Nhu véi tt ca
céc phuong phap dugc md ta trong ban md ta nay lién quan dén viéc st dung chiing két hop
véi khung tinh toan OptKnock dé md phéng va tao md hinh chuyén hoa, phuong phap ct
nguyén ven 1am gidm sy rudm ra trong qud trinh phan tich tinh toan lp lai con ¢6 thé duge
ap dung v6i cic khung tinh toan khac dugc biét r5 trong linh vuc ndy bao gdm, vi du,

SimPheny®.

Céc phuong phap 1ay lam vi du trong ban md ta cho phép tao ra céac té bao va cac
sinh vat san xuét sinh téng hop san phdm mong mudn, bao gdm viéc ghép bét budc clia qua
trinh san xuét san phém sinh hoéa dich véi qua trinh sinh truéng té bao hodc sinh vat duoc
thiét ké dé chwra cac bién dbi & gen dugc nhén dién. Do dd, cac phuong phap tinh toan dugc
mo ta trong ban mo ta niy cho phép nhan biét va thuc hién cac cai bién v& trao dbi chit
dugc nhan biét bang phwong phap trén may tinh dwgc chon tir phuong phap OptKnock hoac
SimPheny®. T4p hop céc cai bién vé trao dbi chét c6 thé bao gdm, vi du, bd sung mot hodc
nhiéu enzym ctia con dudng sinh tong hop va/hodc pha vo chuc ning ciia mdt hodc nhidu

phan tng chuyén hoa bao gdm, vi du, pha v& do 1am mét gen.

Nhu duge trinh bay trén ddy, phuong phap luan OptKnock duoc phat trién trén gia
thuyét rang cac mang vi khudn dot bién c6 thd dugc cai tién huéng vé céac kiéu hinh sinh
trudng t6i da dugc du dodn theo tinh todn ctia chung khi dugc dua vao chon lgc sinh trudng
trong khoang thoi gian dai. N6i cach khac, cach tiép c4n ndy tao cho vi sinh vat ¢6 kha nang
tur t8i wu hoa dudi ap luc chon loc. Khung OptKnock cho phép liét ké moi khia canh cuia cac
t6 hop khuyét gen bat budc sw ghép doi gifta qua trinh san xudt sinh héa va sinh truedng cia
té bao dya trén hoa hoc lugng phdp cia mang. Viéc nhdn dién cic k§ thuat bét hoat
gen/phan g t6i wu doi héi gidi phap cho vén dé t6i uu héa hai mirc ma chon tép hop céc
phan tng hoat héa sao cho giai phép sinh truéng tdi vu déi voi mang thu dugc san xuit qua

mirc chét hoéa sinh hoc quan tim (Burgard et al., Biotechnol. Bioeng. 84:647-657 (2003)).

MBS hinh hoa hoc lugng phép trén may tinh clia qua trinh chuyén hoéa & E. coli ¢6 thé
dugc ding dé xac dinh cac gen cin thiét cho cac con"dU(‘mg chuyén hoéa nhu da duge 1dy
lam vi dy va duoc md ta trong, vi du, cac cong bd patent My sé US 2002/0012939, US
2003/0224363, US 2004/0029149, US 2004/0072723, US 2003/0059792, US 2002/0168654
va US 2004/0009466, va trong patent M¥ s 7,127,379. Nhu dugc boc 10 trong ban mo ta
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nay, khung toan hoc OptKnock c6 thé duoc ing dung dé dinh vi cac mét doan cua gen din
dén su san xuit san pham mong mudbn ddng thdi v6i qua trinh sinh truong. Hon nita, giai
phap ciia vin d& OptKnock murc kép chi tao ra mdt tdp hop mét doan. Dé liét ké tt ca cac
giai phap c6 y nghia, nghia 13, tit ca cic k§ thuét bat hoat din dén viéc tao ra san phim
ddng thoi véi su sinh trudng, phuong phép t6i vu hoa, dugc goi 1a cit nguyén ven, c6 thé
dugc thuc hién. Diéu nay doi héi viée giai quyét lap lai van d& OptKnock két hop voi rang

budc bd sung ma dugc goi 1a cit nguyén ven cho mdi lan lip lai, nhu dugc ban lusn & trén.

Cén hiéu ring cic ci bién vé co ban khong c¢6 anh hudng dén hoat tinh cua nhiéu
phuwong an khac nhau theo sang ché ciing duoc bao gdm trong dinh nghia theo sang ché
dwoc dé xuét trong ban mé ta nay. Theo d6, cac vi du sau day chi nhim muc dich minh hoa

va khong 1am giéi han pham vi bao ho cua sang ché.
Vi du thuc hién siang ché
Vidul: Téng hop 1,3-butandiol qua alanin

Vi du nay mo ta viéc tao ra vi khuan c6 kha nang san xuat 1,3-butandiol stt dung con

duong alanin trén Fig.1 thong qua cac buéc A, B, C, D va H.

Escherichia coli dugc str dung 1am sinh vat dich dé cai bién con duong san xuét 1,3-
butandiol nhu dugc thé hién trén Fig.1. E. coli 1a vat chu tdt dé tao ra vi sinh vat khong cé
trong tu nhién c6 kha ning san xuét 1,3-butandiol. E. coli d& dang d& thao tac di truyén va
dugc biét 1a c6 kha nang san xudt nhidu san phdm khac nhau, nhu etanol, axit axetic, axit
formic, axit lactic, va axit sucxinic, mdt cach hiéu qua trong cac diéu kién ki khi hodc vi
hiéu khi.

Pé tao ra chung E. coli dugc cai bién dé san xuit 1,3-butandiol, cc axit nucleic ma
héa cho cic enzym dugc st dung trong con duong alanin nhu dd dugc md ta trude, duoc
biéu hién & E. coli bang cach st dung cac k¥ thuat sinh hoc phén tir d4 biét (tham khao, vi

dy, Sambrook, nhu trén, 2001 ; Ausubel nhu trén, 1999; Roberts et al., nhu trén, 1989).

Cu thé, cic gen ortd (YP_001086914.1), ortB (YPJ)01086915.1), dat (P19938), va
pdc (P06672) ma hoéa cho AKP thiolaza, AKP aminotransferaza va 2,4-dioxopentanoat

decarboxylaza, twong tng, dugc tich dong vao vecto pZE13 (Expressys, Ruelzheim,
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Germany) duéi su kiém soat ciia promoto PA1/lacO. Ngoai ra, cac gen yghD (NP_417484.1
) va adh (AAA23199.2) ma hdéa cho 3-oxobutyraldehyt reductaza (khir aldehyt) va 4-
hydroxy, 2-butanon reductaza, twong ung dugc tach dong vao vecto pZA33 (Expressys,
Ruelzheim, Germany) duéi su kiém soat ctia promoto PA1/lacO. Hai bd plasmit dugc bién
nap vao E. coli ching MG 1655 dé biéu hién protein va cac enzym can thiét cho qua trinh
téng hop 1,3-butandiol théng qua con dudng alanin. Luu y rang E. coli ¢ kha nang san xuét

D-alanin.

Sinh vt dugc cai bién di truyén thu duoc dugc nudi cdy trong mdi trudng chira
glucoza theo cac quy trinh dugc biét 1 trong linh vue nay (tham khao, vi du, Sambrook et
al., nhu trén, 2001). Su biéu hién cua cac gen cuia con dudng alanin dugc kiém ching bé‘mg
cach str dung cac phuong phap duoc biét rd trong linh vure nay dé xac dinh su biéu hién cua
polypeptit hoic hoat tinh enzym, bao gdm vi du, Northern blot, khuéch dai mARN bang
PCR, thim tach mién dich. Hoat tinh enzym cila cic enzym dugc biéu hién dugce xac nhan
béng cach sir dung cac thir nghiém dic hiéu véi timg hoat tinh riéng. Kha nang cua ching E.
coli dugc cai bién dé san xuét 1,3-butandiol duoc xac nhan br?lng cach stir dung HPLC, sic ki

khi - do khéi phd (GCMS) hoic sic ki 16ng - do khdi phd (LCMS).

Céc chiing vi khuan dugc cai bién dé ¢6 con dudng téng hop 1,3-butandiol hoat dong
con dugc lam tot hon bang cach t6i wu hoa dé sir dung hiéu qua con dudng nay. N6i ngin
gon 13, ching dugc cai bién dugc danh gia dé xac dinh xem bét ky trong s cac gen ngoai
sinh ¢6 dugc biéu hién & mirc do gidi han ty 18 khong. Sw biéu hién ting ddi véi cac enzym
bat ky dugc biéu hién & murc do thip c6 thé han ché dong nay thong qua con dudng nay

bang céch, vi dy, dua vao so lugng ban sao ctia gen bo sung.

Dé tao ra cac sinh vat san xuit tét hon, viéc tao m6 hinh chuyén héa duogc st dung dé
t6i wu cac diéu kién sinh trudng. M hinh nay cling duge st dung dé thiét ké cac dang bét
hoat gen dé t6i wu thém viéc st dung con duong nay (tham khao, vi du, cac cong b patent
My s6 US 2002/0012939, US 2003/0224363, US 2004/0029149, US 2004/0072723, US
2003/0059792, US 2002/0168654 va US 2004/0009466, va trong patent My s 7,127,379).
Viéc phén tich md hinh cho phép du doan tin ciy vé cac tac dong cia viéc thay ddi co ché
chuyén hoa theo huéng san xuit 1 ,3 -butandiol hiéu qua hon 1én sy sinh truéng cia té bao.

Mot phuong phép tao md hinh la huéng nghién ciru tdi wu hai mirc, OptKnock (Burgard et
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al., Biotechnol. Bioengineer. 84:647-657 (2003)), duoc 4p dung dé chon lgoc dang bt hoat
gen ma nhin chung 14 d4n dén viéc san xuét 1,3-butandiol tt hon. Cai tién thich nghi cling
c6 thé dugc st dung dé tao ra céac sinh vat san xudt tdt hon, vi du, cac chat trung gian alanin
hozc 2-amino-4-oxopentanoat hogc san phdm 1,3-butandiol. Tién héa thich nghi dugc thuc
hién dé cai thién ca dic tinh vé sinh trudng va san xuét (Fong and Palsson, Nat. Genet.
36:1056-1058 (2004); Alper et al., Science 314:1565-1568 (2006)). Dua trén cac két qua
nay, cac chu ki tiép theo bao gém viéc tao mé hinh, cai bién di truyén va tién hoa thich nghi

c6 thé ap dung cho sinh vét san xuit 1,3-butandiol dé lam ting viéc san xuit hon nita.

Péi véi viee san xuit 1,3-butandiol & quy md 16, sinh vét ¢6 con duong alanin néu
trén dwgc nudi cdy trong ndi 1én men st dung mdi trudng duoc biét rd trong linh vuce nay dé
hd trg qua trinh sinh truéng cho sinh vét trong céac diu kién ki khi. Qua trinh 1én men dugc
thuc hién theo mé, theo mé c6 bd sung co chét hodc 1én men lién tuc. Cac diéu kién ki khi
dugc duy tri bing cach dau tién suc khi nito vao méi trudng va sau d6 bit kin binh nuéi chy
(vi du, binh c6 thé dugc bit kin bing mang ngin va nip luon song). Céac diéu kién vi hiéu
khi ciing c¢6 thé duoc sir dung béng cach tao mot 16 nho dé thong khi giéi han. B pH cia
moi truong dwgce duy tri & gia tri pH 7 béng cach bd sung axit, nhu H,SO4. Xac dinh tdc dd
sinh truéng bang cach do mét d6 quang bing may do quang phd (600 nm), va ty 1& hip thu
glucoza bing cach theo ddi sy giam ngudn cacbon theo thoi gian. C4c san phdm phy nhu
cic rugu, axit hitu co khong mong mudn, va dudng glucoza du c6 thé duge do bang phuong
phap HPLC (Shimadzu) véi cot HPX-O 87 (BioRad), sir dung dAu do chi sé khuc xa dbi véi
glucoza va rugu, va d4u do UV dbi véi axit hitu co, Lin et al., Biotechnol. Bioeng., 775-779
(2005).

Vi du II: Téng hop 1,3-BDO st dung axetoaxetyl-CoA 1am chit trung gian

Vi du nay mé ta vi€c tao ra vi khuan c6é kha ndng san xuat 1,3-butandiol st dung

axetoaxetyl-CoA 1am tién chit (cac budc G, H va I trén Fig.2).

Escherichia coli dugc st dung 1am sinh vat dich dé cai bién con dudng nay thong
qua céc budc G (phan ting chuyén hoa axetoaxetyl-CoA thanh 3-hydroxybutyryl-CoA), H
(phan tng chuyén héa 3-hydroxybutyryl-CoA thanh 3-hydroxybutyraldehyt) va I (phan tng
chuyén héa 3-hydroxybutyraldehyt thanh 1,3-butandi0i) trén Fig.2. E. coli 1a vat chu t6t dé

tao ra vi sinh vit khong c6 trong tu nhién c6 kha ning san xuét 1,3-butandiol. E. coli d&
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dang dé thao tac di truyén va dugc bict 1a c6 kha nang san xuat nhi€u san pham khéc nhau,
nhu etanol, axit axetic, axit formic, axit lactic, va axit sucxinic, mdt cach hi€u qua trong céc

diéu kién ki khi hodc vi hiéu khi.

Dé tao ra mot ching E. coli dugc cai bién dé san xuét 1,3-butandiol, cac axit nucleic
ma hoa cho cac enzym dugce st dung trong con dudng da duge bdc 10 (cac bude G, H va I)
nhu dugc md ta trude day, dugc biéu hién & E. coli béng cach str dung cac k¥ thuét sinh hoc
phan tir da biét (tham khao, vi du, Sambrook, nhu trén, 2001; Ausubel nhu trén, 1999;
Roberts et al, nhu trén, 1989). Luu y réng E. coli c6 enzym thiolaza ty nhién dugc ma hoa
boi atoB (sb diang ky: NP_416728.1) két hop hai phan tir axetyl-CoA tao ra axetoaxetyl-
CoA.

Ngoai ra, hbd (NP_349314.1) ma hoa cho axetoaxetyl-CoA reductaza (khir keton),
dugc tach dong vao vecto pZE13 (Expressys, Ruelzheim, Germany) duéi su kiém soét cta
promoto PA1/lacO. Plasmit dugc bién nap vao E. coli ching MG 1655 dé biéu hién enzym
nay can thiét cho su tao ra 3-hydroxybutyryl-CoA théng qua axetoaxetyl-CoA. Aldehyt
dehydrogenaza (dugc chon tir bang A duéi ddy) chuyén héa 3-hydroxybutyryl-CoA thanh
3-hydroxybutyraldehyt, va rugu dehydrogenaza (dugc chon tir bang B dudi déy) tiép tuc
khtr 3-hydroxybutyraldehyt thanh 1,3-BDO cling dugc tdch dong vao vecto pZE13 dudi su

kiém soat ctia promoto PA1/lacO.

Sinh vt cai bién di truyén thu duoc dwoc nudi cdy trong mdi truong chira glucoza
theo cac quy trinh dugc biét rd trong linh vuc nay (tham khéo, vi du, Sambrook et al., nhu
trén, 2001). Su biéu hién ciia cac gen ciia con dudng nay duoc kiém ching bang cic phuong
phap dugc biét rd trong linh vuc nay dé xac dinh su biéu hién cua polypeptit hodc hoat tinh
enzym, bao gdm, vi du, Northern blot, khuéch dai mARN bang PCR, thim tach mién dich.
Hoat tinh enzym cuia cac enzym dugc biéu hién dugc x4c nhin béng cach st dung cac thu
nghiém dic hiéu véi tirg hoat tinh riéng. Kha ning san xuét 1,3-butandiol ctia ching E. coli
dugc cai bién dugc xac nhan bang phuong phap HPLC, sic ki khi - do khéi phd (GCMS)
hoic séc ki 16ng - do khdi phd (LCMS).

Céc chung vi khun dugc cai bién dé c6 con dudng téng hop 1,3-butandiol hoat dong
con duge lam tét hon bang cach tdi wu hoa viée sir dung hidu qua con dudng nay. N6i ngin

gon 13, chiing dugc cai bién dugc danh gia dé xac dinh xem gen ngoai sinh bat ky c6 duoc
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biéu hién & mirc d6 giGi han ty 18 khong. Su biéu hién dugc ting 1én dbi véi cac enzym bt
ky dugc biéu hién & mirc d6 thap c6 thé han ché dong chét qua con dudng nay bang cach, vi

du, dua vao nhi€u ban sao cua gen bd sung.

Pé tao ra céac sinh vat san xudt tot hon, viéc tao md hinh chuyén hoa duoc st dung dé
t6i wru cac diéu kién sinh truéng. M6 hinh nay ciing duogc sir dung dé thiét ké cac dang bt
hoat gen ma t6i wu hon nita viéc st dung con dudng nay (tham khao, vi du, cac cong bd
patent My s6 US 2002/0012939, US 2003/0224363, US 2004/0029149, US 2004/0072723,
US 2003/0059792, US 2002/0168654 va US 2004/0009466, va trong patent My sb
7,127,379). Phan tich mo hinh cho phép du doan tin cdy vé céac tac dong cla viéc thay ddi
co ché chuyén héa theo hudng san xuit 1,3 -butandiol hiéu qua hon Ién su sinh trudng cua
té bao. Mot phuong phap tao md hinh 13 huéng nghién ctru t6i wu hai mirc d6, OptKnock
(Burgard et al., Biotechnol. Bioengineer. 84:647-657 (2003)), dugc 4p dung dé chon loc cac
dang bt hoat gen ma nhin chung 12 d4n dén viéc san xuét 1,3-butandiol t6t hon. Cai tién
thich nghi cling c6 thé duoc st dung dé tao ra céc sinh vat san xuét tot hon, vi du, chét trung
gian axetyl-CoA hodc san phém 1,3-butandiol. Cai tién thich nghi dugc thuc hién dé cai
thién ca cac dac tinh vé sinh trudng va san xuit (Fong and Palsson, Nat. Genet. 36:1056-
1058 (2004); Alper et al., Science 314: 1565-1568 (2006)). Dua trén cac két qua nay, cac
chu ki tiép theo bao gdm viéc tao md hinh, cai bién di truyén va cai tién thich nghi ¢6 thé ap

dung cho sinh vét san xuat 1,3-butandiol d¢ ting viéc san xuat hon nita.

Déi véi viée san xuét 1,3-butandiol & quy mo 16n, sinh vét tai td hop dugc nudi céy
trong ndi 1én men st dung st dung mdi trudng duge biét rd trong linh vuc dé hd tro sinh
truong cho sinh vat dudi cac diéu kién ki khi. Qua trinh 1€n men dugc thuc hién theo mé,
theo mé ¢6 bd sung co chét hodc 1én men lién tuc. Céc diéu kién ki khi dugc duy tri being
cach dau tién suc khi nito vao moi truong, sau d6 bit kin binh nudi céy (vi du, binh c6 thé
duge bit kin bang mang ngan va nép luon séng). Cac diéu kién vi hiéu khi ciing ¢6 thé duoc
st dung béng cach tao mot 16 nhd cho su thong khi han ché. Po pH cta moi truong dugc
duy tri & gia tri pH 7 bang cach bd sung axit, nhu H,SO,. Xac dinh téc dd sinh truéng bing
cach do mat d6 quang bang may do quang phd (600 nm), va ty 18 hép thu glucoza bing cach
theo doi sw giam ngudn cacbon theo thoi gian. Cac san phdm phu nhu cic rugu, axit hitu co
khong mong mudn, va dudng glucoza du cé thé duge do bang phwong phap HPLC
(Shimadzu) véi c6t HPX-087 (BioRad), st dung dau do chi sé khuc xa dbi véi glucoza va
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ruou, va diu do UV ddi véi axit hitu co (Lin et al., Biotechnol. Bioeng., 90:775-779
(2005)).

Mot sé aldehyt dehydrogenaza dd dugc thir nghiém vé& hoat tinh trén 3-
hydroxybutyryl-CoA. Dich ly giai thé cia vi khudn , mdi ching mang mdt trong sau gen
duge néu trong bang A duéi ddy mi hoéa cho aldehyt dehydrogenaza duoc thir nghiém vé
hoat tinh trén 3-hydroxybutyryl-CoA bang cach do su- giai phong gbc CoA. Cac gen dugc
tht nghiém va phat hién dugc 1a cé hoat tinh dang ké trén 3 -HBCoA mia hoa cho cac

protein ¢6 s dang ky va sé GI sau day:

Béang A
Protein M $6 S6 GI Sinh vat
GenBank

bld AAP42563.1 31075383 Clostridium
saccharoperbutylacetonicum

ald ACL06658.1 218764192 | Desulfatibacillum alkenivorans
AK-01

ald YP 001452373 | 157145054 | Citrobacter koseri ATCC BAA-
895

pduP NP_460996.1 16765381 Salmonella enterica typhimurium

pduP ABJ64680.1 116099531 | Lactobacillus brevis ATCC 367

BselIDRAFT_1651 | ZP_02169447 | 163762382 | Bacillus selenitireducens MLS10

Pé hiéu chinh hoat tinh co s& trong dich ly gidi, hoat tinh do dugc dugc so sanh véi
mau dbi ching 4m khéng c6 gen ALD (chi ¢6 Vecto,' “Vo”). Fig.4 thé hién hoat tinh dic
hiéu ctia mdi gen trong s cac gen dich trén 3-hydroxybutyryl-CoA. Céc s ID cua gen dugc

th€ hién trén truc x.

Ngoai ra, bid (sé dang ky GenBank: AAP42563.1, sb GI: 31075383) cling dugc thu
nghiém vé hoat tinh trén 3-HBCoA. Fig.5 sau thé hién hoat tinh cia gen trén 3-
hydroxybutyryl-CoA truéc va sau khi thim tach.
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Ruou dehydrogenaza duoc thir nghiém vé hoat tinh trén 3-hydroxybutyraldehyt va

dugc ching minh 13 ¢6 hoat tinh déng ké duoc néu duéi day.

Bang B

Protein Mi s6 GenBank | S6 GI Sinh vat

Bdh (Cbei 2181) | YP_001309304 150017050 | Clostridium beijerinckii
Bdh (Cbei _1722) | YP_001309535.1 | 150016596 | Clostridium beijerinckii
Bdh (Cbei 2421) | YP_001309535.1 | 150017281 | Clostridium beijerinckii

Phuong thirc sau dugc sir dung d& ching minh hoat tinh cta ruou dehydrogenaza
(tre 13, phan mg chuyén hoa 3-hydroxybutyraldehyt thanh 1,3-BDO) va hoat tinh aldehyt
va rugu dehydrogenaza két hop (tirc 13, phan tng chuyén hoa 3-hydroxybutyryl-CoA thanh
1,3-BDO).

Cac té bao kha bién héa hoc dugc bién nap bang plasmit chira aldehyt dehydrogenaza
hodc ruogu dehydrogenaza (dugc néu trong cac bang A va B trén day). Chon cac khuén lac
tir dia va nudi cdy trong méi trudng LB ¢6 bd sung 100ug/ml carbenexilin qua dém, sau d6
dung 0,6mL dé cho vao vao 60mL dich nudi cdy chira rugu dehydrogenaza, hoic dung
1,5mL dé cho vao 500mL dich nuéi cdy chtra aldehyt dehydrogenaza. Nubi cdy cac té bao &
nhiét d6 37°C dé dat O.D. 12 ~0,7 va cam Gng bing IPTG. U dich nudi cdy & nhiét do 30°C
trong khi biéu hién protein trong thoi gian 4 gid. Chia dich nudi cdy t& bao thanh cac phén
phan uéc nhé 30 ml, ly tim va giit phan vén té bao & nhiét do -80°C. Mau dich nudi cay té

bao dugc sir dung d€ danh gia mat do t€ bao cudi cung.

Céc t6 hop chua ruou dehydrogenaza va aldehyt dehydrogenaza dugc sang loc trong
dia 96 giéng véi 3-hydroxybutyryl-CoA lam co chét cing v6i mau dbi ching (khong c6 co
chét). Theo céach khac, dé kiém tra hoat tinh cta ruou dehydrogenaza, chi bd sung rugu
dehydrogenaza c6 va khong c6 co chét 3-hydroxybutyraldehyt. Qua trinh chudn bi dich ly
giai té bao dugc thuc hién trén nudc d4 trong phong lanh (4°C). Mat do té bao cudi cung
dugc str dung dé tinh lugng chét phan tGng ly giai t& bao Bug Buster dbi v6i mdi cuc von té
bao. BS sung Lysozym (10uL) va benzonaza (10uL) vao 35mL bugbuster va dao déu dé

tron. Pau tién, bd sung 50 pm dithiothreitol (dung dich gbc 100 mM) vao cuc von té bao,
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sau d6 bd sung 0,5mL mdi O.D. bang 1,0 (& budc séng 600 nm) ctia hdn hgp Bug Buster va

enzym vao cuc von t€ bao va tron déu de tao huyeén phu lai.

B& sung 50ul dung dich MOPS IM (pH = 7,5), va 25ul hdn hop déng nhan t6
(NADH 4mM va NADPH 4mM), ca 100 uL dich ly giai té bao chira aldehyt
dehydrogenaza, 150 uL dich ly gii té bao chtra ruou dehydrogenaza hodc chi 150 uL dich
ly giai té bao chira rugu dehydrogenaza vao mdi giéng va tron déu. Sau do, bd sung co chét
tuong tng vao moi giéng. Huyén phu lai 25mg 3-hydroxybutyryl CoA trong 250ul nudc va
b6 sung 5ul dung dich thu dugc vao mdi giéng dé kiém tra hoat tinh cua ca rugu va aldehyt
dehydrogenaza d6i v6i nong d6 cudi cung 1a 1,8mM. D& kiém tra hoat tinh cia ruou
dehydrogenaza, bo sung vao mdi giéng 50uL dung dich 3-hydroxybutyraldehyt (duoc didu
ché bang cach tron 0,6mL axetaldehyt trong SmL nuée c6 bd sung bazo xtc tac (mdt hat
NaOH) Guthrie, J.P. (tai liéu dinh kém). Nong d6 cudi cing cua 3-hydroxybutyraldehyt
trong mdi giéng gan bing 50mM. Pia 96-giéng sdu dugc bit kin bing 16p bit PCR déo va
duoc U & nhiét do 30°C ¢6 lic qua dém (tdng cong 1a 18 gid). Boi vi protein va cac manh v
té bao tao ra két tia trong qué trinh U, cac dia duge ly tAm trong thoi gian 10 phit ¢ luc
4500xg, va loc dich ndi qua dia loc 96 giéng Whatman (0,45um) trude khi phén tich LC-

MS. Cac mau dugc phén tich vé viéc tao ra 1,3-butandiol.

Fig.6 thé hién cac ndng d6 1,3-BDO khi bd sung 3-hydroxybutyraldehyt 1am co chét

va trong mau ddi ching khéng c¢6 co chét. S6 GI dbi véi rugu dehydrogenaza duoc thé hién.

Fig.7 thé hién cac ndng d6 1,3-BDO khi bd sung 3-hydroxybutyryl-CoA lam co chit
va trong miu ddi chimg khoéng c¢6 co chit. S6 GI dbi véi rugu dehydrogenaza duoc thé hién.

S6 GI d6i véi aldehyt dehydrogenaza dugc thir nghiém 1a 163762382,
Vi du III: Téng hop 1,3-BDO sir dung 4-hydroxybutyryl-CoA 1am chét trung gian

Vi du nay mo ta viéc tao ra vi khuan c6 kha nang san xuat 1,3-butandiol st dung 4-

hydroxybutyryl-CoA 1am tién chit (cac budc A, B va E trén Fig.3).

Escherichia coli dugc sit dung lam sinh vat dich dé cai bién con dudng nay thong
qua cac budc A, B va E trén Fig.3. E. coli 1a vat chu t6t dé tao ra vi sinh vat khong c6 trong

tu nhién c6 kha ning san xuét 1,3-butandiol. E. coli d& dang dé thao tac di truyén va dugc

-104-



27452

bict 1a c6 kha ndng san xuét nhiéu céc sdn pham, nhu etanol, axit axetic, axit formic, axit

lactic, va axit sucxinic, mdt cach hi€u qua trong céc di€u kién ki khi hodc vi hiéu khi.

Pé tao ra chung E. coli chung dugc cai bién dé san xuit 1,3-butandiol, cac axit
nucleic ma hoéa cho cac enzym dugce st dung trong con dudng da dugce boc 10 (cac budce A,
B va E) nhu duge md ta trude day, duoc biéu hién & E. coli bang cach st dung céc k§ thuat
sinh hoc phan tu dugc biét ro (tham khao, vi du, Sambrook, nhu trén, 2001; Ausubel nhu
trén, 1999; Roberts et al, nhu trén, 1989). Ching tai td hop dugc cai bién dé tao ra luong
dang ké ctia 4-hydroxybutyryl-CoA di dugc md ta béi nhitng ngudi nop don trude day
(Burk et al. (US 20090075351) va s& dugc st dung dé chén vao con duong san xuit 1,3-

butandiol dugc dé xuét.

Ngoai ra, cac gen abfD (YP _3001396399.1), crt (NPJ49318.1) va adhE2
(AAK09379.1) md hoéa cho 4-hydroxybutyryl-CoA dehydrataza, crotonaza va 3-
hydroxybutyryl-CoA reductaza (tao ra rugu) twong ung, dugc tdch dong vao vecto pZE13
(Expressys, Ruelzheim, Germany) dudi sy kiém soat clia promoto PA1/lacO. Plasmit duoc
bién nap vao E. coli chung tai tb hop san xuét 4-hydroxybutyryl-CoA dé biéu hién protein

va céc enzym cin thiét dé téng hop 1,3-butandiol tir chit chuyén hoa nay.

Sinh vit dugc cai bién di truyén thu dwgc duge nudi cdy trong mdi trudng chira
glucoza theo cac quy trinh dugc biét rd trong linh vuc nay (tham khao, vi du, Sambrook et
al., nhu trén, 2001). Su biéu hién ctia cic gen cua con dudng niy duoc kiém chimg bing cac
phuong phép dugc biét 5 trong linh vure nay dé xac dinh su biéu hién cua polypeptit hodc
hoat tinh enzym, bao gém, vi du, Northern blot, khuéch dai mARN béng PCR, thdm tach
mién dich. Hoat tinh enzym cta cic enzym duogc biéu hién duoc xac nhan b%mg cac thu
nghiém dic hiéu véi timg hoat tinh Riéng. Kha ning san xuét 1,3-butandiol ciia ching E.
coli dugc cai bién duge xac nhén bing phwong phap HPLC, séc ki khi - do khéi phd
(GCMS) hoic sic ki 16ng - do khéi phd (LCMS).

Céc chung vi khuan dugc cai bién dé c6 con dudng tdng hop 1,3-butandiol hoat dong
con dugc lam tot hon nita bing cach t6i wu hoa viée st dung hiéu qua con dudng nay. N6i
ngin gon 13, ching dugc cai bién dugc danh gia dé xac dinh xem gen ngoai sinh bat ky co

duoc biéu hién & muc dd gidi han ty 1¢ khong. Sy bidu hién ting dbi véi cac enzym bat ky
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duoc biéu hién & mirc do thip c6 thé han ché dong chat qua con dudng nay bang céch, vi

du, dua vao nhi€u ban sao cua gen bd sung.

Dé tao ra cac sinh vét san xuit tdt hon, viéc phan tich md hinh chuyén hoa duge st
dung d& t6i uu cac diéu kién sinh truéng. M6 hinh nay ciing duge sit dung dé thiét ké cac
dang bt hoat gen dé t6i wu thém viée st dung con duong nay (tham khao, vi du, cac cong
b6 patent My s6 US 2002/0012939, US 2003/0224363, US 2004/0029149, US
2004/0072723, US 2003/0059792, US 2002/0168654 va US 2004/0009466, va trong patent
M¥ sb 7,127,379). Phan tich m6 hinh cho phép du doén tin cdy vé cac tac dong cua viéc
thay dbi co ché chuyén héa theo huéng san xuit 1,3-butandiol hiéu qua hon lén sy sinh
trudng cta té bao. Mot phuong phép tao md hinh 1a huéng nghién ctru t6i wu hai mirc,
OptKnock (Burgard et al., Biotechnol. Bioengineer. 84:647-657 (2003)), dugc ap dung dé
chon loc cac dang b4t hoat gen ma nhin chung 12 dan dén viéc san xuit 1,3-butandiol tdt
hon. Cai tién thich nghi ciing c6 thé dugc st dung dé tao ra cic sinh vat san xuét t6t hon, vi
du, chit trung gian axetyl-CoA hoic san phdm 1,3-butandiol. Cai tién thich nghi dugc thuc
hién dé cai thién ca dic tinh v& sinh truéng va san xuat (Fong and Palsson, Nat. Genet.
36:1056-1058 (2004); Alper et al., Science 314: 1565-1568 (2006)). Dua trén céac két qua
nay, cac chu ki tiép theo bao gf“)m viéc tao mé hinh, cai bién di truyén va cai tién thich nghi

c6 thé ap dung cho sinh vat san xuét 1,3-butandiol dé tang viéc san xuét 1én nira.

Pé san xuét 1,3-butandiol & quy mé 16n, sinh vat tai t6 hop duge nudi ciy trong ndi
1én men st dung mdi truong duoc biét 1 trong linh vuc dé hd trg qué trinh sinh trudng cho
sinh vat trong céc diéu kién ki khi. Qua trinh 1én men duoc thuc hién theo mé, theo mé c6
bd sung co chit hodc 18n men lién tuc. Céc diéu kién ki khi duoc duy tri béng cach dau tién
suc khi nito vao méi trudong, sau do6 bit kin binh nudi cly (vi du, binh c6 thé duoc bit kin
bing mang ngian va nip lugn séng). Cac diéu kién vi hiéu khi ciing c¢6 thé duoc st dung
bang cach tao mot 16 nhé cho phép su thong khi gidi han. Do pH clia mdi trudng duge duy
tri & gia tri pH 7 bang cach b sung axit, nhu H,SO,. Xéc dinh téc do sinh trudng bang cach
do mat do quang bang may do quang phd (600 nm), va ty 1& hap thu glucoza bang cach kiém
so4t su giam ngudn cacbon theo thoi gian. Cac san phdm phu nhu cac ruou, axit hitu co
khong mong mudn, va duong glucoza du co thé dugc do bing phuong phip HPLC
(Shimadzu) véi cot HPX-087 (BioRad), sir dung dau do chi s6 khuc xa ddi véi glucoza va
ruou, va ddu do UV ddi véi axit hiru co (Lin et al., Biotechnol Bioeng. 90:775-779 (2005)).
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Mic du sang ché duge mo ta v4i viee tham khao dén cac phuong &n dugc bde 10 &
day, ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuat ndy s& dé dang xac dinh duoc
rang cac vi du cu thé va cac nghién ctru chi tiét néu trén day chi dé minh hoa sang ché. Can
hidu ring, cac bién dbi khac nhau c6 thé dugc tao ma khong ra khoi y tudng ciia sang ché.

Do do, sang ché chi dugc gidi han bdi bo yéu cau bao hd dudi day.
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YEU CAU BAO HQ
1. Vi sinh vat khong c6 trong ty nhién cé con dudng 1,3-butandiol (1,3-BDO), trong do vi
sinh vat nay chira it nhit mot axit nucleic ngoai sinh ma héa enzym 3-hydroxybutyryl-CoA

reductaza tao aldehyt dugc biéu hién v6i luong du dé san xuit 1,3-BDO.

2. Vi sinh vét khong c6 trong tu nhién theo diém 1, trong d6 enzym 3-hydroxybutyryl-CoA
reductaza tao aldehyt nay dugc ma hoa bdi mot hoac nhiéu gen dugc chon tr nhém gém

acrl, sucD, bphG, bld, adhE, Msed 0709, mcr, asd-2, Saci_2370, Ald, va eutE.

3. Vi sinh vat khong c6 trong tu nhién theo diém 1 hodc 2 con chira it nht mat axit nucleic

ngoai sinh ma hdéa enzym 3-hydroxybutyraldehyt reductaza.

4. Vi sinh vat khong c6 trong tw nhién theo diém 3, trong d6 enzym 3-hydroxybutyraldehyt
reductaza ndy dugc ma héa bi mot hodc nhidu gen duge chon tir nhém g0m alrA, ADH?,

yghD, bdh 1, bdh 11, adhA, 4hbd, adhl, P84067, mmsb, dhat, va 3hidh.

5. Vi sinh vat khong c6 trong tw nhién theo diém bét ky trong sé cac diém tir 1 dén 4 con
chira it nhat mot axit nucleic ngoai sinh ma hoa enzym axetoaxetyl-CoA reductaza khir

keton.

6. Vi sinh vat khong co6 trong tu nhién theo diém 5, trong do6 enzym axetoaxetyl-CoA
reductaza khir keton ndy dugc ma hoa bdi mot hoac nhiéu gen dugc chon tir nhom gém
thrA, akthr2, hom6, homl, hom2, fadB, fadJ, Hbd2, Hbdl, hbd, HSD17B10, phbB, phaB,
Msed 1423, Msed 0399, Msed 0389, Msed 1993, adh, adhA, adh-A, mdh, IdhA, Idh, va
bdh.

7. Vi sinh vat khong c¢6 trong tu nhién theo diém bat ky trong sb cac diém tir 1 dén 6, trong
do vi sinh vat nay chua hai, ba, bén hodc nam axit nucleic ngoai sinh, mdi axit nucleic ngoai
sinh nay ma héa m{t enzym cua con duong 1,3-BDO.

8. Vi sinh vat khdng c6 trong tu nhién theo diém bat ky trong s6 cac diém tir 1 dén 7, trong
d6 vi sinh vat khong ¢ trong tu nhién dugc nudi cdy trong maéi trudng gin nhu ky khi.

9. Vi sinh vat khong c6 trong tu nhién theo diém bét ky trong s cac diém tir 1 dén 8, trong
do it nhat mot axit nucleic ngoai sinh nay 13 axit nucleic khac ngudn gdc.

10. Phuong phap san xuit 1,3-BDO, bao gdm budc nudi cdy vi sinh vat khong c6 trong tu

nhién theo diém bt ky trong sb cac diém tr 1 dén 9, trong diéu kién va khoang thoi gian du

dé san xuét 1,3-BDO.
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11. Phuong phap theo diém 10 con bao gdm budc tach 1,3-BDO ra khéi cic thanh phin
trong dich nudi cdy. ’

12. Phuong phép theo diém 11, trong dé budc tach bao gém chiét, chiét 16ng-16ng lién tuc,
bay hoi qua mang, loc qua mang, tich bing mang, thém thiu nguoc, dién thim tach, chung
cét, két tinh, ly tdm, loc chiét, sic ky trao ddi ion, sic ky ray phén tir, sic ky hdp phu hoic
si€u loc.

13. Phuong phép theo diém 11 hoic 12, trong d6 budc tach bao gdm chung cét.
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