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(54) PHUONG PHAP SAN XUAT AXIT GLUTAMIC

(57) Sang ché @& cap dén vi sinh vat san xuét axetyl-CoA, ma thu dugc bang cach truyén
cac hoat tinh enzym malat thiokinaza va hoat tinh enzym malyl-CoA lyaza cho vi sinh vét
khong c6 bat ky trong sb (a), (b), (c) hoic (d) dudi day, ma khong truyén bt ky trong s6
(a), (b), (¢) hodc (d), hodc, ngay ca khi mot hodc nhiéu trong s (a), (b), (¢) hodc (d) dugc
truyén, khong cho phép cac chirc nang cta ching ¢ tac dung: (a) chu trinh ¢ dinh cacbon
dioxit c¢6 phan Ung enzym tu malonyl-CoA thanh malonat semialdehyt hodc 3-
hydroxypropionat, (b) chu trinh ¢6 dinh cacbon dioxit c6 phan tmg enzym tir axetyl-CoA
va CO, thanh pyruvat, (c) chu trinh ¢6 dinh cacbon dioxit ¢6 phan ng enzym tir crotonyl-
CoA va CO, thanh etylmalonyl-CoA hoac glutaconyl-CoA hodc (d) chu trinh c6 dinh
cacbon dioxit co phan ing enzym tu CO, thanh format. Sang ché con dé cap dén phuong
phap san xuat axetyl-CoA va phuong phap san xuat axit glutamic.
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Linh vye k§y thuat dwgc dé cap

Sang ché dé cap dén vi sinh vat san xuét axetyl-CoA c6 kha nang tao racéc
chit héa hoc c6 ngudn gbe tir axetyl-CoA, vi du, axit L-glutamic, c6 ndng sut va hiéu

suit cao bang cach dua vao con dudng ¢d dinh cacbon dioxit.
Tinh trang ky thuit ciia sang ché

Axetyl-CoA 1a chét trung gian rit quan trong trong cac qua trinh chuyén héa
ctia vi sinh vat. Nhiéu chit chuyén hoa khac nhau dugc san xuét théng qua axetyl-CoA.
Cac vi du da biét vé cac chét duge san xuit thong qua axetyl-CoA bao gdm céc axit
amin nhu axit L-glutamic, L-glutamin, L-prolin, L-arginin, L-leuxin va L-isoleuxin;
c4c axit hitu co nhu axit axetic, axit propionic, axit butyric, axit caproic, axit xitric,
axit 3-hydroxybutyric, axit 3-hydroxyisobutyric, axit 3-aminoisobutyric, axit 2-
hydroxyisobutyric, axit metacrylic va axit poly-3-hydroxybutyric; cac ruou nhu ruQu

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

Axit L-glutamic, hodc axit 2-aminopentandioic, 1a axit amin co6 trong tu nhién
va 13 thanh phan cua thuc phim dugc 1én men nhu sét tuong, sdt c4, phomat va bot
dau dugc lén men. Mubi natri cta axit glutamic, da biét dén 13 mononatri glutamat

hodc MSG, dugc st dung rong réi trong cong nghé thue phém lam chét gia vi.

Chét dy bi day hira hen d8 san xut axit glutamic cong nghi¢p la vi khudn Gram
am thudc chi Pantoea tit ho Enterobacteriaceae. Ngoai viéc tao ra ham luong axit
glutamic cao, vi khudn Pantoea ananatis con chiu dugc céac ndng do axit glutamic cao
va c6 thé phat trién & d0 pH axit (Appl. Microbiol. Biotechnol. 93:331-341 (2012)).
Véi viéc thiét 1ap cac k¥ thuat thao tac gen cho P. ananatis, cac ching tai t6 hop tot
hon dugc phat trién thanh cdng chimg minh vé can ban kha nang san xult axit
glutamic cao hon (US6331419B1, US7015010B1).

O P. ananatis, ngudn cacbon gibng nhu glucoza dugc chuyén héa nhd qua trinh
Embden-Meyerhof-Parnas tao ra pyruvat. Rdi sau do, axetyl-CoA duogc tao ra tur
pyruvat bang cach cho pyruvat dehydrogenaza va/hodc pyruvat format lyaza tdc dong
v6i sy thiéu hut ddng thoi cacbon cé gid tri 14y tir dudng ¢ dang san phim phu gibng
nhu cacbon dioxit va/hodc format. Sau do, axit glutamic dugc tao ra tir axetyl-CoA
qua chit trung gian 2-oxoglutarat ctia chu trinh Krebs. V& mit tu nhién, trong qua trinh

nay, hiéu suat tdi da cua axit glutamic co6 thé dat dugc bi giéi han boi su thiéu hut
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cacbon vén c6 nhu cacbon dioxit va do do, viéc thiét k& qué trinh thay thé ma c6 thé
tranh su thiéu hut ndy va/hodc gdy ra sy ¢b dinh cacbon dioxit trong qua trinh c6 thé
trg gitp dé cai thién hiéu sut toan phan, hiéu quéa va tinh kinh té cha quy trinh 1én

men.

C6 mdt sb6 qua trinh da biét, trong d6 cacbon dioxit dugc ¢ dinh dé tao ra
ngudn cacbon trong vi sinh vat (Appl. Environ. Microbiol. 77(6), 1925-1936(2011)).
Céac vi du cu thé vé cac qué trinh ndy bao gém chu trinh Calvin-Benson, chu trinh
TCA khir, qué trinh Wood-Ljungdahl, chu trinh 3 -hydroxypropionat, va chu trinh 4-
hydroxybutyrat. Chu trinh Calvin-Benson 1a qua trinh c¢b dinh CO; ton tai & thuc vét
va vi khuén quang hop, va bao gdm khoang 12 loai enzym, trong 46 CO2 duge ¢ dinh
bang ribuloza-1, 5-bisphosphat carboxylaza (RubisCO) tao ra glyxeraldehyt 3-
phosphat. Chu trinh TCA khir 12 chu trinh duge tim thdy trong vi khuan ky khi va vi
khudn wa vi khi bao gdm vi khuén lvu huynh xanh lyc, va bao gdm 11 loai enzym.
Chu trinh nay dugc dac trung bdi cac enzym ¢b dinh CO> st dung ferredoxin lam
coenzym (axetyl-CoA carboxylaza, 2- oxoglutarat synthaza), va pyruvat dugc tao ra tur
CO; bing phan {mg theo hudéng nghich dao cta chu trinh TCA thong thudng. Qua
trinh Wood-Ljungdahl 1& qué trinh duge tim thy trong vi khuén ky khi nhu vi khuén
san xut axit axetic, va bao gdbm 9 loai enzym, trong 46 CO2 va format trén coenzym
duoc khir béi format dehydrogenaza, CO dehydrogenaza va tuong tu dé cubi cing dat
duoc sy chuyén hoa thanh axetyl-CoA. Chu trinh 3-hydroxypropionat dugc tim thay
trong vi khuin Chloroflexus va tuong tu, va bao gdm 13 loai enzym, trong d6 CO2
dugc cb dinh bing su tic dong cla axetyl-CoA (propionyl-CoA) carboxylaza va
axetyl-CoA dugc tao ra qua malonyl-CoA va twong tu. Chu trinh 4-hydroxybutyrat la
qua trinh tdn tai trong vi khudn cb va tuong tu. Trong chu trinh nay, CO2 duoc ¢b dinh
bang cic phéan ung cla pyruvat synthaza, axetyl-CoA (propionyl-CoA) carboxylaza va
phosphoenolpyruvat carboxylaza, va axetyl-CoA dugc tao ra qua 4-hydroxybutyryl-
CoA va tuong tu.

Tai lidu patent US7785858B2 md ta viéc thiét ké qua trinh thay thé cho sy hinh
thanh axetyl-CoA véi viéc tao ra cacbon dioxit dwoc khir bang cach ting cudng hoat
tinh cia qua trinh Bifidum enzym D—xyluloza—S-phosphat phosphoketolaza va/hodc
fructoza-6-phosphat phosphoketolaza. Két qua 1a, vé mit Iy thuyét, 1 mol CO2 c6 thé
duoc gift lai tinh theo mdi mol glucoza tiéu thy bang con dudng thay thé. Khi qua trinh
nay dugc dua vao chung P. ananatis san xuét axit glutamic, ham luong axit glutamic

tang 1én 12 2,6 g/L twong Gmg v6i viée ting 6% hi¢u sut toan phan cla axit glutamic.
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Mit khac, mdt s6 bao cdo da duogc thuc hién & dang céc y tudng thir nghi€ém
dua qua trinh ¢b dinh cacbon dioxit vao vi sinh vat san xuét hop chét hitu dung dé tao
ra chét hitu dung. Vi du, WO02009/094485 va W02010/071697 boc 16 viée st dung vi
sinh vat ma dwa vao d6 qué trinh twong tu véi qua trinh Wood-Ljungdahl trong vi
khuin axit axetic, dé tao ra axetyl-CoA tir cacbon dioxit. Hon nira, d6i véi vi du vé
viéc san xuét hop chét hiru dung béng céach c¢b dinh CO2, W02009/046929 bde 16 thir
nghiém & stt dung vi sinh vt ma dua vao d6 hydrogenaza va tetrahydrofolat lyaza, aé
tao ra axit lactic tir cacbon dioxit. Hon nita, W02011/099006 d xuét chu trinh trong
d6 CO, duoc cb dinh qua phéan Ung ¢ dinh cacbon dioxit trén axetyl-CoA va phan
{mg khir ciia malonyl-CoA. DE 102007059248 A dé xuét viéc san xudt axetyl-CoA
bing qué trinh twong ty v6i chu trinh 4-hydroxybutyrat.

Ban chét ki thuit clia sang ché
Muc dich ctia sang ché

Nhu duge md ta ¢ trén, ¢ thé néi ring dé ¢ dinh CO2 va cho phép chuyén hoa
n6 thanh axetyl-CoA, s& ly tudng néu (a) mdi enzym c6 lién quan dén qua trinh nay c6
hoat tinh dd cao; (b) chu trinh khdng bao gdm enzym tiéu thu axetyl-CoA; va (¢) ngoai
ra, sO lugng céac enzym dugc truyén 12 nhé va chu trinh don gidn. Tuy nhién, khong co
vi du nao cho viéc san xuét axetyl-CoA hodc chit hoa hoc c6 nguén géc tir axetyl-CoA
théng qua su ¢ dinh CO; duge bao céo cho dén nay thoa man tht c& cac diéu kién tur

(2) dén (c), va kha ning thyc hién tat ca cac vi du nay I thap.

Pé thuc hién san xudt cong nghiép cac chét hoéa hoc c6 ngudn gde tir axetyl-
CoA véi gi4 thanh canh tranh hon, ham luong san phim va hiéu suat cao hon dugc
mong muén. Do d6, cn thiét k& qua trinh c6 hiéu qua va hoat tinh cao dé chuyén héa
glucoza thanh axetyl-CoA hodc cac chit hoa hoc c6 ngudn gdc tir axetyl-CoA qua su
¢ dinh CO2. Sy tang thém bét ky quan sat dugc vé hiéu sudt ciia cac chat hoa hoc ¢6
ngudn gbe tir axetyl-CoA, nhu axit glutamic, trong khi l1én men thyc t& 13 boc 16 viée
tang hiéu sut clia tidn chét axetyl-CoA cua nd. Do d6, mdt cach dé xac dinh hiéu qua
cua qua trinh ¢ dinh CO; duge dua vao dé 1am tang hiéu suét ciia axetyl-CoA la dé
quan sat hiéu qua vé hiéu suft cta cac san phdm c6 ngudn gbc tir axetyl-CoA gibng

nhu axit glutamic.

Khia canh quan trong twong dwong khéc theo quan diém cong nghiép la giam
thidu sy hinh thanh céc san phim bo di ma mat khéc can chi phi bd sung cho viéc tinh
ché, tai sinh hodc vt bo. Cac san phém b6 di c6 thé bao gém san phém phu hoa hoc,
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mubdi két tua, khdi lugng t& bao va manh v& té bao va tuong tu c6 14n dong san phém.
Viéc lam giam su hinh thanh cc chit hoa hoc hogc san pham sinh hoc bo di bat ky
nay trong sut qua trinh 1én men 13 rét thugn lgi dé gidm chi phi cho viée xur Iy san

pham dau ra, tai sinh hogc vit bo.

Séang ché duoc thyc hién trong cac trudng hop duge md ta & trén va nhdm muc
dich d& xuit vi sinh vat thudc chi Pantoea 13 hitu dung dé san xudt axetyl-CoA va céc
chit héa hoc c6 ngudn gdc tir axetyl-CoA hiéu suét cao, nhu axit glutamic, bang céch
dua qua trinh ¢8 dinh cacbon dioxit higu qua vao. Theo cach khac, sang ché nhim muc
dich @& xuét vi sinh vat 1a vi khudn thudc chi Pantoea c6 qué trinh ¢ dinh cacbon
dioxit c6 kha ning chuyén héa cacbon dioxit thanh chét chuyén héa hiru dung qua
axetyl-CoA véi hi€u suét cao va hiéu qua va cac san phim phy giam. Sang ché con
nhdm muc dich d xu4t phuong phép san xuét chit chuyén hoa hitu dung, trong d6 vi

sinh vt dugc st dung.
Giai quyét van dé

Cu thé hon, sang ché bao g(‘“)m cac khia canh sau:
1. Vi sinh vét san xuét axetyl-CoA thudc chi Pantoea ma thu duoc bang cach truyén cac
hoat tinh enzym malat thiokinaza va hoat tinh enzym malyl-CoA lyaza vao vi sinh vat
khoéng c6 bét ky trong s6 (a), (b), (c) hodc (d) dudi déy, ma khong truyén bét ky trong s6
(a), (b), (c) hodc (d), hodc, ngay cé khi mdt hodc nhiéu trong sb (a), (b), (c) hodc (d)

duoc truyén, khong cho phép céc chirc nang cla chiing c6 tac dung:

(a) chu trinh ¢b dinh cacbon dioxit c¢6 phan ng enzym tir malonyl-CoA thanh

malonat semialdehyt hodc 3-hydroxypropionat;

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

(¢) chu trinh ¢b dinh cacbon dioxit c6 phan ting enzym tir crotonyl-CoA va CO2

thanh etylmalonyl-CoA hogc glutaconyl-CoA; va
(d) chu trinh ¢b dinh cacbon dioxit ¢6 phan ting enzym tir CO- thanh format.

2. Phuong phép san xuét axetyl-CoA, phuong phap nay bao gdm cac bude: nudi cly vi
sinh vAt san xuét axetyl-CoA dugc mé ta ¢ khia canh 1 tiép xtic véi ngudn nguyén liéu

cacbon; va thu gom san phém dich nhan dugc bang cach tiép xuc.
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3. Phuong phép san xult axetyl-CoA dugc mé ta & khia canh 2, phuong phap nay con
bao gém budc: cung cép it nhAt mdt chit duge chon tir nhom bao gém ion carbonat, ion
hydro carbonat, khi cacbon dioxit va chit khir vao mdi trudng nudi cdy dugc st dung aé
nudi cdy.

4, Phuong phép san xudt axetyl-CoA dwgc md ta & khia canh 2 hodc 3, phuong phap nay
con bao gdm budc: thu gom khi chira cacbon dioxit dugc tao ra bang cach nudi chy, va

cung cp khi vao méi truong nudi cay dugc st dung d€ nudi cay.

5. Phuong phap san xuét axit glutamic, phuong phap nay bao gdm céc bude: nudi cdy vi
sinh vat san xudt axetyl-CoA duoc mé ta & khia canh 1 tiép xtc voi ngudn nguyén liéu

cacbon; va thu gom axit glutamic nhan dugc bang cach tiép xuc.
Hiéu qua c6 loi ciia sang ché

Theo sang ché, vi sinh vat thudc chi Pantoea 1a hitu dung 8 san xuét cac chét
héa hoc ¢6 ngudn gbe tir axetyl-CoA higu suét cao, nhu axit glutamic, bang cach co
thé @ xuét viéc dua qua trinh ¢b dinh cacbon dioxit hiéu qua vao, va phuong phép san
xudt axetyl-CoA hodc chit chuyén hoa hitu dung gibng nhu axit glutamic sir dung vi
sinh vat cling co thé duogc d8 xuét. Noi cach khac, theo sang ché, co thé d& xuit vi sinh
vat ma 1a vi khuln cua chi Pantoea c6 qua trinh ¢b dinh cacbon dioxit c6 kha ning
chuyén héa cacbon dioxit thanh chét chuyén héa hitu dung qua axetyl-CoA véi higu
qua cao. Hon nita, theo sang ché, c6 thd d& xudt phuong phap sin xuét chit chuyén

héa hitu dung, trong d6 vi sinh vét duoc st dung.

La uvu diém duoc bd sung, vi sinh vét theo sang ché tao ra it cac chét hoa hoc
san phim phy bo di trong subt qué trinh 1én men, va do do, vi sinh vat rat c6 thuan loi
dé giam chi phi cho vigc xtt ly san phém dau ra, tai sinh hodc viit bo. Hon nita, vi sinh
vat theo sang ché tao ra it sinh khéi trong dong bd di ma dong nay co su lién quan
dang ké trong viéc lam giam chi phi tai sinh va vt bo chit bo di trong qua trinh xir 1y
cong nghiép.

M3 ta chi tiét sang ché

Vi sinh vét san xuét axetyl-CoA theo sang ché 13 vi sinh vat san xuét axetyl-
CoA thudc chi Pantoea ma thu dugc bing cach truyén cac hoat tinh enzym malat
thiokinaza va hoat tinh enzym malyl-CoA lyaza vao vi sinh vét khong c6 bét ky trong
s6 (a), (b), (c) hodc (d) dudi day, ma khong truyén bét ky trong s6 (a), (b), (c) hodc (d),
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hoiic, ngay ca khi mot hozc nhiéu trong s6 (a), (b), (c) hodc (d) dugce truyén, khong cho

phép céc chic ndng ciia chiing c6 tac dung:

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

malonat semialdehyt hodc 3-hydroxypropionat;

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

(c) chu trinh ¢b dinh cacbon dioxit c6 phan ing enzym tlr crotonyl-CoA va CO2
thanh etylmalonyl-CoA hozc glutaconyl-CoA;

(d) chu trinh c¢b dinh cacbon dioxit c6 phan ng enzym tir CO2 thanh format.

Theo sang ché, bang cach truyén cac hoat tinh/hoat tinh enzym, chu trinh ¢
dinh cacbon dioxit ma ¢b dinh CO; tao ra trong sy chuyén hoéa duong hoac CO2 duge
cung cp tir bén ngoai dugc tao chu tric, va c6 thé d& xuét vi sinh vat san xuit axetyl-
CoA c6 qua trinh sén xuit axetyl-CoA ma cho phép chuyén héa hiéu qua CO; thanh
axetyl-CoA.

Nghia 1a, sang ché dugc thuc hién bang cach nghién ctru tép trung su chuyén
héa CO; thanh axetyl-CoA va, Kkét qua 13, tim ra, nhu duoc mo ta & trén, CO2 ¢ thé
dugc chuyén hoéa thanh axetyl-CoA bang cach truyén hoat tinh enzym malat
thiokinaza va hoat tinh enzym malyl-CoA lyaza vao vi sinh vat khong c6 bt ky trong
sb (2), (b), (c) hoic (d) dudi ddy, ma khong truyén bét k¥ trong s (a), (b), (c) hodc (d),
hoic, ngay ca khi mot hodc nhiéu trong s6 (a), (b), (c) hodc (d) dugc truyén, khong cho

phép cac chic néng clia chung co tac dung:

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

malonat semialdehyt hodc 3-hydroxypropionat;

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

(c) chu trinh ¢b dinh cacbon dioxit c6 phan ing enzym tir crotonyl-CoA va CO2
thanh etylmalonyl-CoA hodc glutaconyl-CoA;

(d) chu trinh ¢6 dinh cacbon dioxit c6 phan img enzym tir CO2 thanh format.

Hon nita, bang cach st dung vi sinh vét san xuét axetyl-CoA chuyén héa CO2

thanh axetyl-CoA, hodc bang cach truyén tiép cac hoat tinh/hoat tinh enzym vao vi
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sinh vat, axetyl-CoA va chét chuyén hoa hitu dung c6 ngudn gbc tir axetyl-CoA nhu
cac chét bao gém rugu isopropylic, etanol, axeton, axit xitric, axit itaconic, axit axetic,
axit butyric, axit (poly-)3-hydroxybutyric, axit 3-hydroxyisobutyric, axit 3-
aminoisobutyric, axit 2-hydroxyisobutyric, axit metacrylic, axit (poly)glutamic,
glutamin, arginin, ornithin, Xitrulin, leuxin, isoleuxin va prolin c6 thé duogc tao ra mot

cach hiéu qua.
Sang ché duge mo ta dudi day.

Thuét ngir “cb dinh CO2” trong sang ché nghia 13 su chuyén héa COz sinh ra
trong su trao dbi duong hodc su chuyén héa CO; dugce cung cAp tir bén ngoai thanh
hop chét hitu co. CO; ciing ¢6 thé 12 HCOs". Trong sdng ché nay, “c dinh CO>” cling

¢6 thé dé cap dén & dang “su co dinh cacbon dioxit”.

Thuét nglt “budc” trong sang ché nay bao gdm khong chi cac bude doc 1ap.
Ngay ca khi budc nay khong thé duoc phan biét 16 rang véi cac budce khac, thi bude
duoc bao gém trong thuét ngit nay mi3n 12 muyc dich mong muén cta budc co thé dat
duoc. Hon nita, trong sang ché nay, mdi khoang bang s6 duoc thé hién béng cach su
dung “dén” nghia 1a khoang c6 céc gia tri béng s duge mo ta trude va sau “dén” 1an

luot & dang gié tri t5i thidu va gia tri toi da.

Trong sang ché nay, khi lugng mdi thanh phin trong ché phim dugc néu va ché
phdm chuta nhidu cht twong tmg véi mdi thanh phén, luong nay nghia 1a tbng luong

ctia nhiéu chit chta trong ché phém trr khi ¢6 quy dinh khac.

“Khir” hoat tinh enzym trong sang ché nay nghia 14 trang thai khi d6 hoat tinh
enzym bi khir ding ké bang cong nghé tai td hop gen dung cho gen md hoa enzym, so

véi trang thai trudce khi thue hién xur ly.

Su “tang cudng” “hoat tinh” trong sang cheé nay hiéu rong ra 1a su ting cudng

nhidu hoat tinh enzym trong vi sinh vt so v6i cac hoat tinh trude khi ting cudng.

Phuong phép téng cudng khong bi gi61 han mién 14 céc hoat tinh enzym cta vi
sinh vat c¢6 thé duoc ting 1én, va vi du vé phuong phép nay bao gdm sy ting cudng
bing gen enzym dugc dua vao tir bén ngoai té bio, sy ting cudng béng cach ting sy
biéu hién cia gen enzym trong té bao, va su két hop cac phuong phép nay.

Vi du cu thé vé su ting cudong bing gen enzym duogc dua vao tir bén ngoai té

bao bao gdbm: dua gen ma héa enzym c6 hoat tinh cao hon enzym dugc 14y tir chi thé

fir bén ngoai t& bao cta vi sinh vat chi bang cong nghé tai t hop gen dé thém hoat
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tinh enzym bang gen enzym dugc dua vao hodc thay thé hoat tinh enzym vbn co clia
chii thé bang hoat tinh enzym ndy; lam ting s6 gen enzym liy tir chu thé hodc gen
enzym tir bén ngoai té bao dén khong nho hon 2; va su két hop cic phuong phap nay.

Céc vi du cu thé cta viéc tang cuong béng céach ting su biéu hién clia gen
enzym & vi sinh vét bao gdm: dua vao trinh tu bazo ma lam tang biéu hién cua gen
enzym tir bén ngoai vi sinh vat cht vao vi sinh vét; thay thé gen khoi ddu cia gen
enzym gitt lai trong bd gen cua vi sinh vét cht bang gen khoi dau khac lam tang su

biéu hién clia gen enzym; va sy két hop cac phuong phap nay.

Viéc “truyén” “hoat tinh” trong sang ché nay hiéu rong ra 1a dwa gen enzym tir
bén ngoai vao sinh vat khong co6 gen enzym du dinh nay, @ truyén hoat tinh cua
enzym dy dinh nay. Phuong phap truyén khong bi gi6i han cu thé mién 1a hoat tinh
ctia enzym du dinh ¢ thd duoc truyén vao vi sinh vat, va cac vi du vé phuong phap
nay bao gdm sy bién nap véi plasmit c6 gen enzym, dua gen enzym vao bd gen, va su

két hop cac phuong phap nay.

Gen khoi ddu duoc st dung dé "tang cudng" hodc "truyén" "hoat tinh" khong bi
gi6i han midn 1 gen khéi dau nay cho phép bidu hién gen, va vi du vé gen khoi da au

nay bao gdm gen khoi déu co dinh va gen khoi dau cam Gmg.

Du vi sinh vAt ¢6 gen enzym du dinh hay khong, né duge xac dinh, co thé dua
vao, vi du, thong tin vé gen cho mdi ching dugc déng ky trong KEGG (Kyoto
Encyclopedia of Genes and Genomes; hitp://www.genome.jp/kegg/) hodc NCBI
(National Center for Biotechnology Information; http:/www. ncbi.nlm.nih.gov/gene/).
Trong sang ché nay, chi c6 thong tin gen dugc dang ky trong KEGG hoac NCBI dugc

st dung.

Theo séng ché ndy, hoat tinh enzym c6 thé duge truyén bang cach dua gen ma
héa enzym tir bén ngoai t& bao cia vi sinh vat chi vao té bao bang cong nghé tai tb
hop gen. Trong truong hop nay, céc loai gen enzym duoc dua vao duge 14y tir c6 thé

13 cling loai hodc khéc loai té bao chu.

Viéc didu ché ADN b gen can thiét dé dua gen tir bén ngoai t& bao vao té bao,
phan cit va nbi ADN, bién nap, PCR (phén ing chudi polymeraza - Polymerase Chain
Reaction), va viéc thiét ké va tdng hop céc oligonucleotit dugc st dung lam doan mdi
¢6 thé duge thuc hién bang cac phuong phap thong thuong da biét d6i véi ngudi co
hidu biét trung binh trong linh vyc nay. Céc phuong phap nay duge md ta trong, vi dy,
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Sambrook, J., et al., “Molecular Cloning A Laboratory Manual, Second Edition”, Cold
Spring Harbor Laboratory Press, (1989).

Thuét ngfr “bang k§ thudt tai td hop gen” trong sang ché bao gdm céc trudng
hop bét ky midn 1a trinh tu bazo dugc bién doi bing cach cai xen ADN khéc vao trinh
tu bazo cua gen vén c6, hodc bang cach thay thé hogc 1am khuyét phin bt ky clia gen,
hodc su két hop cua cac phuong phap nay. Su bién ddi nay cfing c6 thé 14 do, vi du,

xuat hién sy d6t bien.

“Vat chu” theo sang ché nghfa 1a vi sinh vét, thudc chi Pantoea, & trang thai ma
c6 thé tao ra hiéu qua cua sang ché, 1a trang thai thu duoc béng cach dua vao mot hodc
nhiéu gen tir bén ngodi vi sinh vat.

“V4t chr” theo sang ché con c6 nghia 1a vi sinh vat, thudc chi Pantoea, ma co
thé c6 kha ning san xuit axetyl-CoA tir ngudn nguyén liéu cacbon bang cach st dung
céch thirc nhét dinh, bt k& vi sinh vat vén c6 ¢6 kha ning san xudt axetyl-CoA tir

ngudn nguyén liéu cacbon hay khong.

“Vat chi” theo sang ché c6 thé c6 qua trinh san xuét chét chuyén hoéa hitu dung.
“ChAt chuyén hoéa hiru dung” theo séng ché 13 thuat ngit chung cho cic chit chuyén
héa chinh trong cac qua trinh chuyén hoa ciia vi sinh vat, nhu rugu, axit amin, axit hitu
co va terpen. Vi sinh vat ¢6 thé 13 vi sinh vat ¢6 kha nang san xuét chét chuyén hoéa
hitu dung bang céch st dung cach thic nhéit dinh, bt ké vi sinh vat vbn c6 c6 kha

nang san xuét chit chuyén hoa hitu dung hay khong.

“ChAt chuyén héa hitu dung c6 ngudn gbc tir axetyl-CoA” theo sang ché 1a
thuat ngtt chung cho cac chét chuyén héa hiru dung duge san xuit qua axetyl-CoA
trong cac qué trinh chuyén hoa. Pbi véi ruou, céc vi du vé chat chuyén héa hiru dung
bao gdm rugu isopropylic, etanol va butanol. Dbi véi axit amin, cac vi du v& chét
chuyén héa hiru dung bao gdm axit L-glutamic, L-glutamin, L- -arginin, L-ornithin, L-
xitrulin, L-leuxin va L-prolin. Dbi véi céc axit hitu co, cac vi du v& chét chuyén hoa
hitu dung bao gbm axit 3-hydroxybutyric, axit poly-3-hydroxybutyric, axit
polyglutamic,  axit 3-hydroxyisobutyric,  axit 3-aminoisobutyric,  axit = 2-
hydroxyisobutyric, axit metacrylic, axit xitric, axit axetic, axit propionic, axit butyric,
axit caproic va axit mevalonic. Déi véi terpen, cac vi du vé chit chuyén hoa hitu dung
bao gdm isopren, squalen, steroid va carotenoid. Céac vi du khac v& chit chuyén héa
hitu dung bao gbm axeton. Vi sinh vat c6 thé 1a vi sinh v4t ¢4 kha ning san xuét chét

chuyén héa hitu dung ¢6 ngudn gbe tir axetyl-CoA bang cach st dung céach thic nhét
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dinh, bat ké vi sinh vat von c6 c6 kha ning san xuat chat chuyén héa hitu dung co

ngudn gbc tir axetyl-CoA hay khong.

“Su san xuat axetyl-CoA” theo sing ché nghia 1a su chuyén chét nhit dinh
thanh axetyl-CoA trong qud trinh chuyén héa. Vi axetyl-CoA la chét trung gian
chuyén héa va chuyén héa nhanh thanh nhidu chit khéc nhau trong qua trinh chuyén
héa, lvgng axetyl-CoA biéu kién quan sat duoc khong nhét thiét tang. Tuy nhién, hiéu
qua cb thé da duoc biét @én mot cach gian tiép badi su phat hién nhan cod nguén géc tr
COz trong cht c6 ngudn gbc tir axetyl-CoA, béng cach quan sat sy tang higu suét cla
chét c6 nguén géc tlr axetyl-CoA so vdi sy tiéu thu dudng, hodc bang cach tuong tu.
Vi nhidu yéu td khac nhau (vi dy, luwong coenzym, lugng co chit, va sy thay doi
chuyén héa do sy trc ché phan hdi) c6 lién quan dén sy chuyén hoa, lugng san xuét
axetyl-CoA khong nhét thiét ty 1¢ thudn véi luong cta tht ca cac chit c6 ngudn gde tir
axetyl-CoA. Tuy nhién, néu qué trinh san xuét tir axetyl-CoA thanh chét cu thé duoc
ting cudng hodc qud trinh san xuét nay vén d3 manh (vi dy, trong truomg hop vi sinh
vAt san xuét axit glutamic dugc mo ta dudi day), hiéu quéa chuyén hoa sau tir axetyl-
CoA hdu nhu khong bi tac dong béi cac yéu td bén ngodi, dé hiéu qua san xut cla

chit ¢6 thé ¢6 thé duoc danh gia 1a chi s6 higu qua san xudt axetyl-CoA.

Vi sinh vt san xut axetyl-CoA theo sang ché 13 vi sinh vAt san xuét axetyl-
CoA thu dugc bang cach truyén hoat tinh enzym malat thiokinaza va hoat tinh enzym
malyl-CoA lyaza vao vi sinh vét khong c¢6 bét ky trong sb (a), (b), (c) hodc (d) dudi
day, ma khong truyén bét ky trong s (), (b), (c) hodc (d), hodc, ngay ca khi mdt hodc
nhidu trong 6 (a), (b), (¢) hodc (d) dwoc truyén, khong cho phép cac chie nang clia

ching c6 tac dung:

(a) chu trinh ¢b dinh cacbon dioxit ¢6 phan tmg enzym tir malonyl-CoA thanh

malonat semialdehyt hozic 3-hydroxypropionat;

(b) chu trinh ¢b dinh cacbon dioxit ¢4 phan ing enzym tur axetyl-CoA va CO2
thanh pyruvat;

(c) chu trinh ¢b dinh cacbon dioxit ¢6 phan tmg enzym tir crotonyl-CoA va CO2
thanh etylmalonyl-CoA hogc glutaconyl-CoA;

(d) chu trinh ¢b dinh cacbon dioxit c6 phan (mg enzym tir COz thanh format.

Xét vé hidu qua san xuét axetyl-CoA, vi sinh vat san xuét axetyl-CoA tbt hon 1a

duoc truyén hoat tinh enzym cuia malat thiokinaza va malyl-CoA lyaza.
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Thuét nglt “(vbn da) khong c6” & ddy nghia la vi sinh vét chu vbn d3 khong c6

chu trinh trong mdi trudng ty nhién.

“Chu trinh ¢b dinh cacbon dioxit c6 phan Ung enzym tir malonyl-CoA thanh
malonat semialdehyt hodc 3-hydroxypropionat” theo sang ché nay nghia 13 cac chu
trinh tir (1) dén (7) duéi day:

(1) chu trinh dugc thé hién trén Fig. 1 ctia WO02011/099006, trong dé axetyl-CoA
duoc chuyén hoéa thanh malonyl-CoA, 3-hydroxypropionat, propionyl-CoA, axit malic
va malyl-CoA, ma lai duoc chuyén héa thanh axetyl-CoA;

(2) chu trinh dugc thd hién trén Fig. 4A ctia W02011/099006, trong d6 axetyl-CoA
dugc chuyén héa thinh malonyl-CoA, malonat semialdehyt, B-alanin, axit malic va
malyl-CoA, ma lai dugc chuyén hoa thanh axetyl-CoA;

(3) chu trinh dugc thé hién trén Fig. 4B, 16 hodc 18 cua W02011/099006, trong d6
axetyl-CoA dugc chuyén hoéa thanh malonyl-CoA, hydroxypropionat, (R)-lactat hodc
(S)-lactat, malat va malyl-CoA, ma lai dugc chuyén héa thanh axetyl-CoA.

(4) chu trinh dugc thé hién trén Fig. 8 clia W02011/099006, trong d6 axetyl-CoA
duoc chuyén hoa thanh malonyl-CoA, malonat semialdehyt hodc hydroxypropionat,
pyruvat, malat va malyl-CoA, ma lai dugc chuyén héa thanh axetyl-CoA;

(5) chu trinh dugc thé hién trén Fig. 9A, 9B hodc 9C cua W02011/099006, trong do
axetyl-CoA dugc chuyén héa thanh malonyl-CoA, hydroxypropionat, 2-ketoglutarat,
malat va malyl-CoA, ma lai duge chuyén hoéa thanh axetyl-CoA;

(6) chu trinh dugc thé hién trén Fig. 9D hodc 9F cia W02011/099006, trong do
axetyl-CoA dugc chuyén hoa thanh malonyl-CoA, hydroxypropionat, metylmalonyl-
CoA, malat va malyl-CoA, ma lai dugc chuyén hda thanh axetyl-CoA; va

(7) chu trinh dugc thé hién trén Fig. 17 ctia W02011/099006, trong d6 axetyl-CoA
dugc chuyén hoa thanh malonyl-CoA, malonat semialdehyt hodc hydroxypropionat,
metylmalonyl-CoA, pyruvat, oxaloaxetat, malat va malyl-CoA, ma lai dugc chuyén
hoa thanh axetyl-CoA.

Tét ca chu trinh ¢ dinh cacbon dioxit tir (1) dén (7) duge md ta & trén c6 phin
{ing enzym tir malonyl-CoA thanh malonat semialdehyt hodc 3-hydroxypropionat. Cac
phan tng nay dugc xuc tac bing malonat semialdehyt dehydrogenaza hogc malonyl-

CoA reductaza (W02011/099006). Pugc tin rang cic phan Ung khir cla axit
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carboxylic hogc (thio)este ciia n6é nhur khir sucxinyl-CoA hodc khir malonyl-CoA la
kho tién hanh duéi dang phan Ung enzym n6i chung va nén tranh ding ching trong
chc qua trinh 1én men nhiéu nhét c6 thé (Atsumi et al., Nature, 451,(3), 86-89, 2008;
Yim et al., Nat. Chem. Biol.,7, 445-452, 2011).

“Chu trinh ¢ dinh cacbon dioxit c6 phan tng enzym tir axetyl-CoA va CO:
thanh pyruvat” theo séng ché nay nghfa la céc chu trinh tir (8) dén (10) dudi day:

(8) chu trinh duoc thé hién trén Fig. 1 ctia W02011/099006, trong d6 axetyl-CoA
duogc chuyén héa thanh pyruvat, phosphoenolpyruvat, oxaloaxetat, malat va malyl-
CoA, ma lai duogc chuyén héa thanh axetyl-CoA;

(9) chu trinh dugc thé hién trén Fig. 7C, 7D hogc 7E ciia W02011/099006, trong d6
axetyl-CoA duoc chuyén hoa thanh pyruvat, malat va malyl-CoA, ma lai dugc chuyén
hda thanh axetyl-CoA; va

(10) chu trinh dugc thé hién trén Fig. 9M ctia W02011/099006, trong d6 axetyl-CoA
dugc chuyén hoa thanh pyruvat, 2-ketoglutarat, malat va malyl-CoA, ma lai duogc
chuyén héa thanh axetyl-CoA.

T4t ca cac chu trinh ¢d dinh cacbon dioxit tir (8) dén (10) c6 phan ing enzym tir
axetyl-CoA va COy thanh pyruvat. Phan (mg nay dugc xtc tic boi pyruvat synthaza
(WO 2011/099006). Phan tmg tbng hop pyruvat boi pyruvat synthaza doi hoi nang
sudt khir manh qua ferredoxin; phan mg chi didn ra cham; va phan tmg chi dién ra

trong céc diéu kién ky khi nghiém ngat boi vi phan (mg 1a nhay vdi oxy.

“Chu trinh ¢b dinh cacbon dioxit c6 phan (mg enzym tlr crotonyl-CoA va CO2
thanh etylmalonyl-CoA hozc glutaconyl-CoA” theo sang ché nay nghia 1a chu trinh
dugc thé hién trén Fig. 9H hodc 9J ctia WO201 1/099006, trong d6 axetyl-CoA dugc
chuyén héa qua crotonyl-CoA, etylmalonyl-CoA hozc glutaconyl-CoA, oxaloaxetat,

malat va malyl-CoA, ma lai duogc chuyén hoa thanh axetyl-CoA.

Sy chuyén héa duge mé ta & trén tu crotonyl-CoA va COz thanh etylmalonyl-
CoA hoic glutaconyl-CoA dugc xtc tic boi crotonyl-CoA carboxylaza/reductaza hoac
metylcrotonyl-CoA carboxylaza. Vi crotonyl-CoA carboxylaza/reductaza ¢6 Km dbi
v6i carbonat 1a cao (14 mM; PNAS 104(25)10631-10636, (2007)), hoat tinh khong thé
duoc mong doi ¢ khoang ndng do thap. Hon nita, crotonyl-CoA lam co chét dugc san
xut tir 3-hydroxybutyryl-CoA bing phan tmg khir nudc, va, trong enzym nay, phan

ting hydrat héa, 13 phan Gng nghich dao, 12 ndi bat trong mdi trudng nude thong
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thudmg. Do d6, khong thd mong doi tdc d du cao. Ngoai ra, hoat tinh ddc hiéu da
duoc bao céo clia metylerotonyl-CoA carboxylaza khéng cao nhu véy (0,2 U/mg dén
0,6 U/mg; Arch Biochem Biophys. 310(1) 64-75, (1994)), va, twong tu véi trudng hop
néu trén, téc do san xuét crotonyl-CoA du cao lam co chat khong thé duoc mong doi,

toc @6 nay 1a khong chéac chan.

“Chu trinh c6 dinh cacbon dioxit c6 phan ing enzym tir CO, thanh format” theo
sang ché nay nghia 1a chu trinh dugc thé hién trén cac Fig. 5, Fig. 6, Fig. 13 hodc Fig.
14 ctia W0O2009/046929, nghia 13, chu trinh ¢6 qua trinh trong d6 phan Ung bét ngudn
tir CO2 qua format va serin, va oxaloaxetat duoc chuyén héa thanh malat, malyl-CoA

va glyxerat, ma lai dugc chuyén héa thanh oxaloaxetat.

Phan tng enzym tit CO2 thanh format doi hoi nang suit khir manh; phan ng
chi dién ra chdm; va phan tng chi dién ra trong diéu kién ky khi nghiém ngat vi phan

g 1a nhay vdi oxy.

Trong sang ché nay, thuat ngit “khéng thé hién chirc ning cua chu trinh c¢b dinh
cacbon dioxit duoc tac dung ngay ca khi chu trinh ¢ dinh cacbon dioxit duoc truyén”
nghia 1 gen cta enzym c6 hoat tinh dugc dua vao vi sinh vét khong ¢6 gen enzym du
dinh nay, d& truyén hoat tinh ca enzym dy dinh, nhung chu trinh c¢b dinh cacbon
dioxit khéng thuc hién chirc ning. Thuc té 13 “chu trinh ¢d dinh cacbon dioxit khong
thuc hién chirc nang” ¢6 thé da dugc biét dén gian tiép, vi dy, bdi thuc té 13, trong thit
nghiém sir dung CO2 dugc déan nhén, nhén ¢6 ngudn gbc tir COz khong duge tim thdy
trong cac chét chuyén héa trong chu trinh hodc chét ¢4 ngudn gbc tir cac chét chuyén
hoa, hoic thuc t& 1a khong c6 su tang hiéu suit ctia chit c6 ngudn gbe tir cac chét

chuyén héa trong chu trinh so véi sy tiéu thu duong.

Qua trinh san xuét axetyl-CoA dugc tao cAu trGc trong vi sinh Vit san XUt
axetyl-CoA dugc mé ta & trén la qua trinh chita malat thiokinaza va malyl-CoA lyaza.
Qua trinh san xuht axetyl-CoA khong c6 enzym ma tiéu thu axetyl-CoA, nhu axetyl-

CoA carboxylaza hodc pyruvat synthaza.

Céc hoat tinh enzym dugc truyén cho vi sinh vt thudc chi Pantoea khong bi
gidi han cu thd midn 14 cac hoat tinh enzym malat thiokinaza va hoat tinh enzym
malyl-CoA lyaza dugc truyén, va cac hoat tinh enzym vGi qué trinh ¢d dinh cacbon
dioxit theo sang ché c6 thé duge tao cAu tric vé mit chirc nang cd thé duoc chon loc,

thich hop, theo loai vi sinh vét chu.
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Enzym tiéu thy axetyl-CoA nghia la enzym sir dung axetyl-CoA lam co chét va
cho phép chuyén héa thanh chit khac. Vi du vé enzym ndy bao gdbm axetyl-CoA
carboxylaza, ma dugc phén loai dudi dang ma enzym s 6.4.1.2 dua trén bao céo cla
Tiéu ban enzym ctia Hoi héa sinh qudc té (Enzyme commission of International Union
of Biochemistry: L.U.B.) va chuyén hoa axetyl-CoA thanh malonyl-CoA, va pyruvat
synthaza, ma dugc phan loai du¢i dang ma enzym s6 1.2.7.1 va chuyén hoa axetyl-
CoA thanh pyruvat.

Malat thiokinaza duoc phén loai duéi dang mé enzym ) 6.2.1.9 dua trén bao
c4o ciia Tidu ban enzym ctia Hoi héa sinh quéc t& (LU.B.), va 1a thuat ngit chung cta
céc enzym gin két malat véi CoA @8 dat duoc su chuyén héa thanh malyl-CoA. Trong
phan mg nay, mét phén tir ATP duoc tiéu thy tao ra mt phén tir ADP va mot phan tr
phosphat. Enzym ¢6 cAu trtic siéu phan tir 16n gdm khoang 400 axit amin va chu tric
siéu phén tr nho gdm khoang 300 axit amin. Trong gen nay, theo sau ciu tric siéu
phan tir 16n thudng 14 cAu trac siéu phan tir nho. Trong sing ché nay, d& thuan tién, céu
trtic siéu phan tir 16n dugc goi 12 mtkB, va cAu tric siéu phan tir nho duoc goi 12 mtkA.
Hoat tinh d3c hiéu ctia enzym nay dugc bao céo 1a, vi duy, 2,5 U/mg dbi v4i enzym da
duoe tinh ché (Anal Biochem. 227(2), 363-367 (1995)).

Enzym nay chu yéu dugc tim thdy trong qué trinh ddng hoa ddi véi cac ngudn
cacbon C1 nhu metan (J. Bacteriol. 176(23), 7398-7404 (1994)) va qua trinh 3-
hydroxypropionat (Arch. Microbiol., 151, 252-256(1989)), va khac biét & chd malyl-
CoA lyaza c6 mit trong ving lan cén trong bd gen. Enzym nay c6 thé dugc st dung
thich hop.

Vi dy vé malat thiokinaza bao gbm céc malat thiokinaza c6 nguén gbe tir
Methylobacterium nhu Methylobacterium extorquens, c4c malat thiokinaza c6 ngudn
gbc tit Hyphomicrobium nhu Hyphomicrobium methylovorum va Hyphomicrobium
denitrificans, céc malat thiokinaza co ngudn gbc tit Rhizobium nhu Rhizobium sp.
NGR234, c4c malat thiokinaza cé ngudn gbc tit Granulibacter nhu Granulibacter
bethesdensis, cac malat thiokinaza co ngudn gbc tir Nitrosomonas nhu Nitrosomonas
europaea, céc malat thiokinaza ¢6 ngudn gbc tit Methylococcus nhu Methylococcus

capsulatus, va cac malat thiokinaza c6 ngudn goc tu Gammaproteobacteria.

Xét vé hidu qua san xuat cac chat hitu dung thong qua axetyl-CoA, cac vi du
duoc dic biét uu tién cia trinh tu axit amin bao gom céc trinh tu axit amin c6 nguon

géc tir Hyphomicrobium, céc trinh tur axit amin ¢4 nguodn goc tir Rhizobium, cac trinh
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ty axit amin c6 ngudn goc tir Nitrosomonas, cac trinh tu axit amin c6 ngudn gbe tir

Methylococcus, va cac trinh ty axit amin ¢4 nguon goc tr Gammaproteobacteria.

Malat thiokinaza cé ngudn gbc tir Hyphomicrobium, malat thiokinaza ¢6 ngudn
gbc tir Rhizobium va malat thiokinaza c6 ngudn gbc tir Nitrosomonas ¢6 65% dén 80%
d6 twong ddng trinh ty v6i nhau. Malat thiokinaza c¢6 ngudn gbc tit Methylococcus c6
70% dén 80% do tuong ddng trinh ty véi malat thiokinaza c6 ngudn gdc tir

Gammaproteobacteria.

Malat thiokinaza c6 khong it hon 70% do twong déng trinh ty véi mdi trong sb
céc trinh tu axit amin cia malat thiokinaza c6 nguén gbc tir Hyphomicrobium, malat
thiokinaza c6 ngudn gbc t Rhizobium, malat thiokinaza c6 ngudn gbc tur
Nitrosomonas, malat thiokinaza c6 ngudn gbc tit Methylococcus va malat thiokinaza
¢6 ngudn gdc tir Gammaproteobacteria dugc boc 10 trong sang ché nay, va c6 hoat tinh
malat thiokinaza c6 thé dugc st dung thich hop dé san xuét axetyl-CoA hodc san xuét

san phdm hiru dung c6 ngudn gdc tir axetyl-CoA theo sang ché.

Pé lam gen ma hoéa malat thiokinaza (mtk), ¢6 thé st dung ADN c6 trinh tu
bazo cia gen mi héa malat thiokinaza thu dugc tir mdi trong sb cac sinh vat c6 ngudn
gbc néu trén hodc trinh tu ADN tdng hop duge tdng hop dwa trén trinh tu bazo da biét

cla gen nay.

Vi du duoc uvu tién v& ADN bao gdm cac ADN c6 trinh ty bazo cla gen e
ngudn gbc tit Methylobacterium nhu Methylobacterium extorquens, gen co ngudn gbc
tir Hyphomicrobium nhu Hyphomicrobium methylovorum va Hyphomicrobium
denitrificans, gen ¢ ngudn gbc tir Rhizobium nhu Rhizobium Sp. NGR234, gen c6
ngudn gbc tit Granulibacter nhu Granulibacter bethesdensis, gen cO ngudn gbe tir
Nitrosomonas nhu Nitrosomonas europaea, gen co ngudn gbc tit Methylococcus nhu

Methylococcus capsulatus, va gen ¢4 ngudn gbc tir Gammaproteobacteria.

Xét vé hiéu qua san xudt axetyl-CoA, cac vi du dugce uu tién vé ADN bao gém
cac ADN c6 céc trinh ty bazo ¢o ngudn gbc tit Hyphomicrobium, cac trinh ty bazo ¢
ngudn gbc tir Rhizobium, céc trinh tu bazo c6 ngudn gbc tir Granulibacter, céc trinh tr
bazo ¢6 ngudn gbc tlt Nitrosomonas, cac trinh tu bazo ¢ ngudn gbc tir Methylococcus,

va céc trinh tw bazo c6 ngudn gbc tir Gammaproteobacteria.

Céc vi du dic biét duge wu tién v& céc trinh tu bazo bao gdm céc trinh tu bazo

¢ ngudn gbc tit Hyphomicrobium, céc trinh tu bazo c6 ngudn goc tir Rhizobium sau
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Kkhi t8i wu hoa codon, cac trinh tu bazo c6 nguodn goc tir Nitrosomonas, cac trinh tu
bazo c¢6 ngudn goc tit Methylococcus, va cac trinh tu bazo cd nguén gbe tir

Gammaproteobacteria.

Malyl-CoA lyaza la enzym ma dugc phén loai dudi dang mi enzym s64.1.3.24
dua trén bao cdo cua Tiéu ban enzym cua Hoi héa sinh qudc t& (LU.B.) va san xuéit
glyoxylat va axetyl-CoA tir malyl-CoA. Vi du vé enzym bao gdm cac enzym co ngudn
gbc tit Methylobacterium nhu Methylobacterium extorquens, Hyphomicrobium nhu
Hyphomicrobium methylovorum va Hyphomicrobium denitrificans, Chloroflexus nhu
Chloroflexus — aurantiacus, Nitrosomonas nhu  Nitrosomonas —europaea, Va

Methylococcus nhw Methylococcus capsulatus.

Xét vé hiéu qua san xudt axetyl-CoA, cac vi du dic biét dugc uu tién vé trinh tu
axit amin bao gdm trinh ty axit amin c6 ngudn gbc tir Methylobacterium, cac trinh tu
axit amin co nguon goc tu Hyphomzcrobzum trinh tu axit amin ¢o nguon goc tr

Nitrosomonas, va trinh ty axit amin c6 nguon goc tr Methylococcus.

Vi du, hoat tinh dic hiéu cia malyl-CoA lyaza trong Methylobacterium
extorquens dugc béo céo la 28,1 U/mg d6i véi enzym da dugce tinh ché (Biochem. J.
139, 399-405, (1974)).

Dé lam gen md hoa malyl-CoA lyaza (mcl), co thé sir dung ADN c6 trinh tu
bazo cla gen ma hoa malyl-CoA lyaza thu duoc tir mdi trong s cac sinh vat c6 ngudn
gbc néu trén hodc trinh tur ADN tdng hop dugc tbng hop dya trén trinh tu bazo da biét
cia gen nay. Cac vi dy dugc uu tién v& ADN bao gdm cac ADN co trinh ty bazo cla
gen co ngudn gbe tit Methylobacterium nhu Methylobacterium extorquens, gen cd
ngudn gbc tr Hyphomicrobium nhu  Hyphomicrobium  methylovorum va
Hyphomicrobium denitrificans, va gen co ngudn gbe tir Chloroflexus nhu Chloroflexus
aurantiacus. Xét vé hidu qua san xuht axetyl-CoA, céac vi du ddc biét duoc uu tién ve
ADN bao gém cac ADN c9 trinh tu bazo cua gen coO ngudn gbc tit Methylobacterium

va gen c6 nguon goc tur Hyphomicrobium.

Cac vi du dic biét dugc uu tién vé c4c trinh tu bazo cla gen ¢ ngudn gbc tir
Methylobacterium bao gbm trinh ty bazo cua gen ¢6 ngudn gbe tir Methylobacterzum
extorquens; cac vi du déc biét dugc uu tién vé céc trinh tu bazo cta gen ¢ nguon goc
tir Hyphomicrobium bao gdm trinh ty bazo cua gen c6 ngudn gbc tit Hyphomicrobium
methylovorum va trinh tu bazo cuia gen co ngudn gbe tur Hyphomicrobium

denitrificans; céc vi du ddc biét duoc wu tién vé cac trinh tu bazo cua gen c6 ngudn
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gbc tir Nitrosomonas bao gom trinh tu bazo cua gen co ngudn gbc tir Nitrosomonas
europaea; va chc vi du ddc biét duge vu tién vé céc trinh ty bazo cia gen co ngudn
gbc tir Methylococcus bao gom trinh tw bazo ciia gen c6 ngudn goc tu Methylococcus

capsulatus.

Axetyl-CoA carboxylaza dugc phan loai dudi dang mé enzym 6 6.4.1.2 dua
trén béo céo cla Tidu ban enzym cua Hoi héa sinh quéc t& (1.U.B.), va 1a thuat ngit

chung ctia cac enzym ma chuyén héa axetyl-CoA va CO; thanh malonyl-CoA.

Malonat semialdehyt dehydrogenaza dugc phan loai du¢i dang ma enzym s6
1.2.1.18 dua trén béo cdo ctia Tidu ban enzym ctia Hoi héa sinh quéc t€ (LU.B.), va la
thuat ngit chung cua cic enzym ma chuyén héa malonyl-CoA thanh malonat

semialdehyt.

Malonyl-CoA reductaza la thuat nglt chung cia cac enzym ma chuyén héa

malonyl-CoA thanh malonat semialdehyt hogc 3-hydroxypropionat.

Crotonyl-CoA carboxylaza/reductaza dwoc phan loai dudi dang mé enzym sd
1.3.1.85 dua trén béo cdo cua Tiéu ban enzym ctia Hoi hoa sinh quéc té (LUB.), vala

_thuét ngit chung cuia cdc enzym ma chuyén héa crotonyl-CoA thanh etylmalonyl-CoA.

Metylcrotonyl-CoA carboxylaza duge phan loai dudi dang ma enzym s6 6.4.1.4
dua trén béo céo clia Tiéu ban enzym cta Hoi héa sinh quoc té¢ (LU.B.), va la thuat

ngit chung ctia cac enzym ma chuyén hoa crotonyl-CoA thanh glutaconyl-CoA.

Pyruvat synthaza dugc phén loai dudi dang ma enzym s6 1.2.7.1 duya trén bao
c4o cta Tiéu ban enzym cua Hoi hoa sinh qubc té (1.U.B.), va 1a thudt ngft chung cia

cac enzym ma chuyén héa axetyl-CoA thanh pyruvat.

Phosphoenolpyruvat carboxylaza dugc phén loai dudi dang md enzym sd
4.1.1.31 dya trén bao céo ctia Tiéu ban enzym cta Hoi hoa sinh qubc té (LU.B.), va 1a
thuat ngft chung ciia cac enzym ma chuyén hoéa phosphoenolpyruvat va cacbon dioxit
thanh oxaloaxetat va phosphat. Vi du vé enzym ndy bao gdm céc enzym c6 ngudn gbe
tt vi khudn Escherichia nhu Escherichia coli; vi khuin Pantoea nhu Pantoea
ananatis; vi khudn Corynebacterium nhu Corynebacterium glutamicum; Vi khudn
Hyphomicrobium nhu Hyphomicrobium methylovorum; Vi khudn Starkeya nhu
Starkeya novella; vi khudn Rhodopseudomonas nhu Rhodopseudomonas sp.; va vi

khuén Streptomyces nhu Streptomyces coelicolor.
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Pé lam gen ma héa phosphoenolpyruvat carboxylaza (ppc), €6 thé stir dung
ADN ¢ trinh tu bazo cia gen md héa phosphoenolpyruvat carboxylaza thu duge tir
mdi trong sb cac sinh vat c6 ngudn gbc néu trén hogc trinh tu ADN tbng hop duge
tdng hop dua trén trinh tu bazo da biét ctia gen nay. Céc vi du duoc wu tién vé ADN
bao gdm cac ADN c6 trinh ty bazo clia gen ¢6 ngudn gbe tir vi khuan Escherichia nhu
Escherichia coli; vi khun Pantoea nhu Pantoea ananatis; vi khuén Corynebacterium
nhu Corynebacterium glutamicum; Vi khuin Hyphomicrobium nhu Hyphomicrobium
methylovorum; Vi khuén Starkeya nhu Starkeya novella; vi khuén Rhodopseudomonas

nhu Rhodopseudomonas sp.; va vi khuén Streptomyces nhu Streptomyces coelicolor.

Ngoai qua trinh chuyén héa axetyl-CoA thanh chét chuyén héa hitu dung, vi
sinh vat san xuét axetyl-CoA ¢ thé ¢6 qua trinh ma san xut chét chuyén héa khac st
dung axetyl-CoA lam nguyén liéu thd, hoic hoat tinh enzym c6 lién quan dén qué trinh
san xuét chét chuyén hoa khac c6 thé duoc ting cudng. Bing cach nay, chit chuyén
héa hiru dung c6 ngudn gbc tir axetyl-CoA ¢6 thé duoc san xuét tir ngudn nguyén lidu
cacbon va cacbon dioxit, trong khi hi€u sudt cia chit chuyén héa hitu dung c6 ngudn

gbe tir axetyl-CoA ¢ thé duoc tang lén.

Vi sinh vat dugc st dung trong sang ché khong bi giéi han mién 13 vi sinh vat

thudc chi Pantoea, va khdng co bét ky trong s6 (a), (b), (c), hodc (d) dudi day:

(a) chu trinh ¢b dinh cacbon dioxit ¢6 phan Gmg enzym tir malonyl-CoA thanh

malonat semialdehyt hodc 3-hydroxypropionat;

(b) chu trinh ¢b dinh cacbon dioxit ¢6 phan ung enzym tur axetyl-CoA va CO2

dén pyruvat;

(¢) chu trinh ¢b dinh cacbon dioxit c6 phan tmg enzym tur crotonyl-CoA va CO2
thanh etylmalonyl-CoA hozc glutaconyl-CoA;

(d) chu trinh ¢b dinh cacbon dioxit ¢6 phan ing enzym tir CO> thanh format.

Vi du v& cac ching dai dién ctia vi khuén Pantoea bao gdbm Pantoea ananatis,
Pantoea stewartii, Pantoea agglomerans, va Pantoea citrea. Vi du cu thé vé cac ching

nay bao gdm nhu sau.
-Pantoea ananatis AJ13355 (FERM BP-6614) (EP 0952221 A)

. Pantoea ananatis AJ13356 (FERM BP-6615) (EP 0952221 A)
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Mic db céc ching ndy dwoc md ta 1a Enterobacter agglomerans trong EP
0952221 A, nhung cac chung nay duoc phan loai lai thanh Pantoea ananatis nhu dugc
moé ta & trén dua trén phén tich trinh tuy bazo clia 16S rARN va dang tuong tu.

Vi du v& qué trinh san xuét céc chét chuyén hoa khac sir dung axetyl-CoA lam
nguyén liéu thd bao gdm qua trinh san xuét axit glutamic tir axetyl-CoA. Vi sinh vat
duge san xult bang cach st dyng vi sinh vét c6 qua trinh san xuét axit glutamic hi¢u
qua (sau day co thé dugc goi 1a “vi sinh vat san xuét axit glutamic”) lam vt chu va
truyén ho#c ting cudng cac hoat tinh enzym tuong ung dugc md ta & trén trong qua
trinh san xuét axit glutamic tir axetyl-CoA hodc ]am bat hoat ho#ic lam giam cac hoat
tinh enzym lam ¢ ché su san xuét axit glutamic tlr axetyl-CoA co thé 13 mdt vi du
dugc uu tien vé vi sinh vat ¢6 qua trinh san xudt céc chét chuyén hda khac hodc san
xuit vi sinh vat c6 hoat tinh enzym c6 lién quan dén qua trinh san xuAt chét chuyén

hoéa dugc tang cuong.

Vi sinh vat san xuét axit glutamic c6 thé 1a vi sinh v4t bét ky mién 1a c6 thé dua
vao hodc bién ddi gen d8 truyén kha ning san xuét axit glutamic. Tét hon nita 13, vi
sinh vat san xuét axit glutamic c6 thd 13 vi khudn Panfoea ma truyén so bd kha ning
san xuét axit glutamic, va, béng céach nay, axit glutamic c6 thé duoc san xuat hiéu qua

hon.

Vi du vé phuong phép truyén kha ning san xudt axit glutamic vao vi sinh vét
bao gbém viée bién dbi vi sinh vat sao cho bidu hién cia gen ma hoa enzym c6 lién
quan dén qua trinh sinh tdng hop cia axit L-glutamic dugc tang 1én va/hodc gen duogc
qua biéu hién. Vi du vé enzym sinh tbng hop axit L-glutamic bao gbm glutamat
dehydrogenaza, glutamin synthetaza, glutamat synthaza, isoxitrat dehydrogenaza,
aconitat hydrataza, xitrat synthaza, phosphoenolpyruvat carboxylaza, pyruvat
carboxylaza, pyruvat dehydrogenaza, pyruvat kinaza, phosphoenolpyruvat synthaza,
enolaza, phosphoglyxeromutaza, phosphoglyxerat kinaza, glyxeraldehyt 3-phosphat
dehydrogenaza, trioza phosphat isomeraza, fructoza bisphosphat aldolaza,
phosphofructokinaza va glucoza phosphat isomeraza. T6t hon 13, trong sd céc enzym
nay, mot hodc nhidu xitrat synthaza, phosphoenolpyruvat carboxylaza va glutamat
dehydrogenaza c6 hoat tinh tang, va, 5t hon nita 13, tht ca trong s6 ba enzym nay co

hoat tinh dugc tdng cuong.

Vi dy v& vi sinh vat san xuat axit glutamic bao gdm vi sinh vat san xuat axit

glutamic dugc mo ta trong don yéu clu cip patent Nhat Ban (JP-A) s6 2005-278643.
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D&i v6i vi sinh vAt san xudt axit L-glutamic, c6 thé st dung vi sinh vat c6 kha
nang tich lily axit L-glutamic v6i lugng vuot qué ndng do bao hoa cla axit L-glutamic
trong moi trudng 16ng khi vi sinh vét dugc nudi cdy trong céc didu kién c6 tinh axit
(sau day co thd duoc goi 1a kha ning tich lily axit L-glutamic trong céc didu kién co
tinh axit). Vi dy, ching c¢6 dd bén axit L-glutamic ting 1én trong moi truong c6 4o pH
thip c6 thé thu dugce bing phuong phép duge md ta trong EP 1078989 A, dé truyén

kha nang tich liiy axit L-glutamic véi lugng vuot qua ndng d6 bio hoa.

Vi du cu thé v& vi sinh vat vén c6 kha ning tich iy axit L-glutamic trong cac
diéu kién c6 tinh axit bao gdm ching Pantoea ananatis AJ13356 (FERM BP-6615) va
ching AJ13601 (FERM BP-7207) (xem EP 0952221 A dbi v6i cac chung nay).
Pantoea ananatis AJ13356 duge ndp luu vao National Institute of Bioscience and
Human-Technology, Agency of Industrial Science and Technology, Ministry of
International Trade and Industry (tén hién nay: International Patent Organism
Depositary, National Institute of Technology and Evaluation (IPOD, NITE); dia chi:
Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8566, J apan) theo s6 truy cap
FERM P-16645 vao ngay 19 thang 2 nim 1998, va mau ndp luu dugc chuyén dén co
quan ndp luu qudc té theo Hiép udc Budapest theo s6 truy cap FERM BP-6615 vao
ngdy 11 thang 1 nam 1999. Luu y la ching ndy dugc nhan dién 1a Enterobacter
agglomerans va dugc ndp luu ¢ dang Enterobacter agglomerans AJ13355 khi ching
ndy duge phan 1ap lan dAu tién, nhung, theo phén tich trinh ty bazo gln day ctia 16S
rRNA va dang tuong tu, chiing nay dugc phan loai lai 13 Pantoea ananatis (xem cac vi
du dudi ddy). Hon nita, mic du cac chung AJ13356 va AJ13601 ndu dudi day co
ngudn gc tir AJ13355 duge ndp luu twong tur vao co quan ndp luu néu trén & dang
Enterobacter agglomerans, nhung céc chung nay duoc md ta & dang Pantoea ananatis
trong ban mo ta ndy. AJ13601 duoc nop luu vao National Institute of Bioscience and
Human-Technology, Agency of Industrial Science and Technology, Ministry of
International Trade and Industry (t€n hién nay: International Patent Organism
Depositary, National Institute of Technology and Evaluation (IPOD NITE) theo sd
truy cp FERM P-17156 vao ngay 18 thang 8 nam 1999, va mau ndp luu duoc chuyén
dén co quan ndp luu quéc té theo Hiép udc Budapest theo s6 truy cap FERM BP-7207
vao ngay 6 thang 7 ndm 2000.

Céc vi du khac vé phuong phap truyén hogc ting cudng kha néng san xuét axit
L-glutamic bao gdm phuong phép trong do truyén do bén dbi v6i chét twong ty axit
hitu co hodc chit e ché ho hip, va phuong phap trong do truyén d6 nhay dbi v6i chét
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trc ché su tdng hop thanh t8 bao. Cac vi du cu thé vé phuong phap nay bao gdm
phuong phap trong do truyén do bén dbi voi axit monofloaxetic (JP 50-113209 A),
phuong phép trong do truyén do bén dbi v6i adenin hodc dd bén ddi véi thymin (JP
57-065198 A), phuong phap trong 46 lam yéu ureaza (JP 52-038088 A), phuong phap
trong do truyén do bén dbi voi axit malonic (JP 52-038088 A), phuong phép trong do
truyén do bén dbi véi benzopyron hodc naphthoquinon (JP 56-1889 A), phuong phép
trong d6 truyén do bén ddi véi HOQNO (JP 56-140895 A), phuong phép trong dé
truyén d6 bén dbi v6i axit a-ketomalonic (JP 57-2689 A), phuong phép trong d6
truyén d6 bén déi v6i guanidin (JP 56-35981 A), va phuong phép trong d6 truyén do
bén dbi v6i penixilin (JP 4-88994 A).

Cacviducu thé v& vi sinh vét c6 tinh bén nay bao gém cac ching sau.
-Brevibacterium flavum AJ3949 (FERM BP-2632; xem JP 50-113209A)
-Corynebacterium glutamicum AJ11628 (FERM P-5736; xem JP 57-065198A)
-Brevibacterium flavum AJ11355 (FERM P-5007; xem JP 56-1889 A)
-Corynebacterium glutamicum AJ1 1368 (FERM P-5020; xem JP 56-1889A)
.Brevibacterium flavum AJ11217 (FERM P-4318; xem JP 57-2689 A)
-Corynebacterium glutamicum AJ1 1218 (FERM P-4319; xem JP 57-2689 A)
-Brevibacterium flavum AJ11564 (FERM P-5472; xem JP 56-140895 A)
.Brevibacterium flavum AJ11439 (FERM P-5136; xem JP 56-35981 A)
-Corynebacterium glutamicum H7684 (FERM BP-3004; xem JP 04-88994 A)

-Brevibacterium lactofermentum AJ11426 (FERM P-5123; xem JP 56-048890
A)

-Corynebacterium glutamicum AJ1 1440 (FERM P-5137; xem JP 56-048890 A)

-Brevibacterium lactofermentum AJ11796 (FERM P-6402; xem JP 58-158192
A)

Céac vi du vé vi sinh vat vén d3 c6 mtk va mcl bao gém vi sinh vat
methanotrophic nhu Methylobacterium extorquens. Vi céac hé vecto thich hop d6i véi
Vi sinh v4t methanotrophic hogc céc k thuat dé cai bién cac gen trong bd gen ciia vi

sinh vat methanotrophic d& khong dugc phat trién, nén thao tac di truyén ctia cac vi
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sinh vat nay la kho khdn hon so voi cac vi sinh vat nhu Pantoea. Hon nita, cac vi sinh
vit ndy thudng sinh truéng chdm va do d6 khong thich hop dé san xuét cac chat

chuyén héa hitu dung.

Phuong phap sén xuét axetyl-CoA hojc axit glutamic theo sang ché bao gdm
viéc sit dung vi sinh vat san xut axetyl-CoA ¢ sin xuit axetyl-CoA hodc axit
glutamic lam san pham mong mudn tir ngudn nguyén liéu cacbon. Nghia la, phuong
phap san xuét axetyl-CoA bao gdm céc budce: dua vi sinh vat san xuit axetyl-CoA vao
tiép xuc véi ngudn nguyén liéu cacbon va tién hanh nuéi cdy (dusi day duoc goi la
bude nudi cly); va thu hdi san phdm mong mudn (axetyl-CoA hodc axit glutamic) thu

duoc bdi su tip xic nay (dudi ddy duge goi la bude thu hdi).

Theo phuong phap san xuit axetyl-CoA, vi vi sinh vét san xuét axetyl-CoA
dugc dua vao tiép xuc voi ngudn nguyén liéu cacbon khi vi sinh vt nay dugc nudi cdy,
nén ngudn nguyén lidu cacbon dugc ddng héa boi vi sinh vét san xuét axetyl-CoA, va

san phdm mong mudn c6 thé duge san xudt hidu qua trong khi cacbon dioxit dugc cb
dinh.

Nguon nguyén lidu cacbon khong bi gidi han mién 13 nguyén liéu nay chira
ngudn cacbon ma ¢ thé dugc dong héa boi vi sinh vat, va nguyén liéu nay t5t hon 1a

nguyén liéu ¢ ngudn gbc tir thuc vét.

Vi du vé nguyén liéu c6 ngudn gbc thyc vat bao gdm cac co quan nhu 1é, than,
than cdy, canh, 14, hoa va hat; phin chinh cua thuc vét chira cac co quan nay; va san
pham phan hity cua céc co quan ciia thyc vat. Hon nita, trong sb cac ngudn cacbon thu
duoc tir phan chinh cta thye vét, cac co quan cua thuc vat va san phim phan hiy cta
ching, céac phan ma c6 thé duoc dung lam cac ngudn cacbon trong vigc nudi cdy vi

sinh vat ciing c6 trong nguyén liéu co ngudn gbc thuc vat.

Vi du vé ngudn cacbon c6 trong nguyén ligu ¢6 ngudn gbc thuc vat thuong bao
gdbm dudng nhu tinh bdt, sucroza, glucoza, fructoza, galactoza, manoza, xyloza va
arabinoza; cAc san phim phén huy ctia nguyén li¢u thao mdc va gd chira luong 16n cac
thanh phin nay; xenluloza hydrolysat; va hdn hop cua ching. Hon nita, glyxerin va
axit béo c6 ngudn gdc tir dau thuc vat cling ¢6 thé c6 trong ngudn cacbon theo sang
che.

Céc vi du dugc uvu tién vé nguyén liéu ¢ ngudn gbc thyc vt bao gdm céc cay

tréng nhu ngli cdc; ngd; lba; lha my; d4u twong; mia; ct cai duong; cdy bong; va hon
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hop cua ching. Cac vi du vé cach dung nguyén liéu tho bao gbm, nhung khong bi gi6i
han &, cac san phim thd, nude ép va san phim dugc ép. Ngudn cacbon cfing cd thé

duoc st dung.

& bude nudi cdy, vi sinh vat san xuat axetyl-CoA thuong duoc dua vao tiép xac
v6i nguyén liéu c6 ngudn goc thyc vét bang cach nudi cay vi sinh vat san xuét axetyl-

CoA trong mdi trudng chira nguyén lidu c6 ngudn gbc thuc vat.

Mat do tiép xic khi nguyén liéu c6 ngudn gbc thuc vat dugc dua vao tiép xtic
v6i vi sinh vat san xuat axetyl-CoA thay dbi thy thudc vao hoat tinh ctia vi sinh vat san
xudit axetyl-CoA, va nong d6 cta nguyén li€u co nguon goc thuc vt trong moi trudng
c6 thd thudong khong cao hon 20% theo khéi luong d6i véi ndng d6 dudng ban dau
duoc tinh bang cach chuyén héa thanh glucoza, so voi tdng khdi lugng hdn hop. Xét
d6 dung nap glucoza ctia vi sinh vat san xuit axetyl-CoA, ndng @ dudng ban dAu t6t
hon 12 ¢6 thé khong cao hon 15% theo khéi lugng. Céc thanh phan khéc khong bi gi6i
han mién 1a cac thanh phan nay dugc bd sung vao & lugng thudng duge dung cho moi

trudng nudi cdy cho vi sinh vat.

Phuong phéap san xuét axetyl-CoA hogc axit glutamic ¢6 thé con bao gdm bude
cung cép ion carbonat, ion hydro carbonat, khi cacbon dioxit (khi CO2) va/hodc chét
khir vao méi truong nudi cdy dugc st dung d& nudi cly (dudi ddy duoc goi 1a "quy
trinh cAp"). Dbi véi cac didu kién trong quy trinh cép nhu nhiét do hodc d6 pH, c6 thé

dung céac didu kién glong nhu trong quy trinh nu6i cly.

Viéc cung cap ion carbonat, ion hydro carbonat va/hodc khi cacbon dioxit cho
mdi trudong nudi cdy st dung d8 nuodi cdy gia ting hoat tinh enzym cua, vi du,
phosphoenolpyruvat carboxylaza, pyruvat carboxylaza va/hodic phosphoenolpyruvat
carboxykinaza, va lam tdng luong cacbon dioxit ¢b dinh, nhd d6 axetyl-CoA hodc chét

chuyén héa hiru dung c6 ngudn gbc tir axetyl-CoA ¢6 thé duoc san xuit hidu qua.

Ton carbonat hodc ion hydro carbonat co thé c6 ngudn gbe tir chét c6 kha nang
tao ion carbonat va/hodc ion hydro carbonat khi duoc cép vao mdi truong nudi cdy.
Céc vi du vé chét c6 kha ning tao ion carbonat va/hodc jon hydro carbonat bao gbém
natri carbonat, natri hydro carbonat, kali carbonat, kali hydro carbonat, amoni carbonat,

amoni hydro carbonat, magie carbonat va canxi carbonat.

Luong ion carbonat va/hodc ion hydro carbonat dugc cap vao moi trudng nudi

céy khong bi giéi han cy thé mién 13 axetyl-CoA hodc chét chuyén héa hitu dung cé
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ngudn gbc tir axetyl-CoA ¢ thé duoc san xuét hiéu qua. Ion carbonat va/hodc ion
hydro carbonat t6t hon 1a dugc cip vao & luong téng 12 150 mmol hodc nhiéu hon tinh
theo 1L modi trudng nudi cly. Viéc cép ion carbonat va/hodc ion hydro carbonat &
lugng 150 mmol/L hodc nhiéu hon du 1am ting hiéu suét cua axetyl-CoA hodc chét
tuong tw, va do d6 dugc uu tién. Céc ion carbonat va/hoic ion hydro carbonat t6t hon
nita 13 dwoc cp vao & luong tbng 1a 200 mmol hodc nhiéu hon tinh theo 1L mdi

truong nudi cdy.

Téng lugng ion carbonat va/hodc ion hydro carbonat dugc cp tot hon 1a 5 mol
hodc it hon tinh theo 1L mdi trudng nudi cdy. Khi téng luong cép vao tinh theo 1L
mbi trudong nudi cdy 1a 5 mol hodc it hon, thi it c6 kha nang cac ion carbonat va cac
jon hydro carbonat, ma khong dugc st dung boi vi sinh vét, ¢6 mat trong quy trinh
nudi cdy véi lugng 16m. Tdng luong ion carbonat va/hodc ion hydro carbonat duoc cp
tinh theo 1L mdi trudng nudi cAy tot hon nita & 3 mol hogc it hon, va con tot hon nita

1a 2 mol hoac it hon.

Phuong phap cép ion carbonat va/hogc ion hydro carbonat vao mdi truong nudi
cdy c6 thé 1a phuong phép da biét trong linh vuc nay. Cac ion carbonat va/hodc ion
hydro carbonat c6 thd dwoc cip & thoi diém bt dau nudi cdy hogc trong sudt qua trinh
nudi cy, va giai doan ma tai d6 céc ion carbonat va/hoidc ion hydro carbonat dugc cép
khong bi gidi han cu th&. TAt ca cac ion carbonat va/hogc ion hydro carbonat co thé

duge cAp mot 14n, hodc nhiéu 1in thanh nhiéu phan.

Khi cacbon dioxit ¢6 thé 13 khi bét ky chira cacbon dioxit, va co thé 14, vi du,
khong khi. Nong do cacbon dioxit ctia khi cacbon dioxit tét hon 12 bang hogc cao hon
ndng d6 cacbon dioxit cia khong khi, tot hon nita 1 0,1% v/v (thé tich) hodc cao hon,

va con tét hon nita 1a 1% v/v hodc cao hon.

Nong d6 cacbon dioxit t&t hon 13 75% v/v hodc thip hon, tot hon nita 1a 50%

v/v hoic thip hon, va con tot hon nita 1a 25% v/v hodc thip hon.

Khi cacbon dioxit ¢6 thé duge hoa tan trong méi trudng nubi cdy bang cach tao
bot, v.v.. Duong kinh bot trung binh cua khi cacbon dioxit dugc cép cho moi truong
nudi ciy khong bi gidi han cu th& mién 13 axetyl-CoA hodc chét chuyén héa hitu dung

c¢6 ngudn gbe tir axetyl-CoA 6 thé duoc san xuat hiéu qua.

Tt hon 13, khi cacbon dioxit c6 duong kinh bot trung binh, vi du, 100 pm hodc
hon. Khi cacbon dioxit c6 duong kinh bot trung binh 14 100 pm hodc hon duge uu tién
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vi, v6i dudng kinh bot trung binh nam trong khoang nay, khong chic thuc hién duoc
viée tiép tuc nudi cay 1én men kho khin bing cach ting du bot khi trong mdi truong
nudi cdy. Khi cacbon dioxit ¢6 duong kinh bot trung binh 12 200 pm hodc hon duge uu
tién hon, va khi cacbon dioxit c6 duong kinh bot trung binh 14 500 pum hodc hon dugc
wu tién hon nita. Tuy nhién, dudng kinh bot trung binh cla khi cacbon dioxit t6t hon 13
100 cm hodc nhd hon. Pudng kinh bot trung binh la 100 cm ho#c nho hon dugc uu
tién vi, v6i duong kinh bot trung binh nim trong khoang nay, cacbon dioxit hoa tan da
trong moi truong nudi cay. Khi cacbon dioxit c6 duong kinh bot trung binh 1a 50 cm
hodc nho hon dugce uu tién hon, va khi cacbon dioxit c6 dudng kinh bot trung binh l1a

20 c¢m hozic nho hon dugc uvu tién hon nira.

Khi cacbon dioxit c¢6 thé duge cap cho moi truong nudi cdy, st dung may tao

bot duoc ding thong thuong. Vidu vé cac mdy tao bot bao gbém may phun khong khi.

Vi du vé& cac phuong phép do duong kinh bot trung binh bao gdm LS 13 320
(dugc san xut béi hing Beckman Coulter Inc.), do dudng kinh bot trung binh st dung
phuong phép tan xa nhidu xa laze, Multisizer 3 (dugc san xuét boi hing Beckman
Coulter Inc), do dudng kinh bot trung binh sir dung phuong phép dién tro 16 rong, va
phwong phap chup hinh &nh dugc tao bong st dung may quay video tdc @6 cao, va thu
duoc duong kinh bot trung binh thong qua viée xtr Iy hinh 4nh dang nhi phan.

Chét khtr khong bi giéi han cu thd midn 14 chét khir c6 kha ning khir cac thanh
phin trong mdi trudng nudi céy hoic trong vi sinh vat trong subt qua trinh nudi cAy
trong khi tu chét khir bi oxy héa. Cac vi du ctia chung bao gém céc hop chét chira luu
huynh, céc hop chét cacbon, hydro, v.v..

Vi du vé hop chit chira luu huynh bao gdm sulfit (nhu natri sulfit, natri hydro
sulfit, kali sulfit va amoni sulfit), thiosulfat (nhu natri thiosulfat va kali thiosulfat), cac
mubi cua ion sulfua (nhu natri sulfua, natri hydro sulfua, kali sulfua va amoni sulfua),

xystein, luu huynh dioxit va hydro sulfua.

Vi du vé cac hgp chat chia cacbon bao gom rugu, axit béo, parafin va cacbon

mMonooxit.

Vi du vé céc chét khtr dugce uu tién bao gdm cac hop chét chira luu huynh, va,
trong s6 chung, natri sulfit, natri hydro sulfit, natri sulfat va xystein dugc wu tién, va

natri sulfit dwoc wu tién nhat.
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Nong d6 chét khir duoc cép vao mdi trudong nubi cdy khong bi gi6i han cu thé
mién 13 axetyl-CoA hodc chét chuyén héa hitu dyng c6 ngudn gbc tir axetyl-CoA c6
thé duoc san xuét hiéu qua, va cé thé dugc dit, néu thich hop, theo céc thanh phén
duoc cung cép. Vi dy, ndng do natri sulfit t&t hon 12 0,01 g hodc cao hon, t5t hon nita
12 0,1 g hodc cao hon, va con t5t hon nita 1a 1 g hodc cao hon, tinh theo 1L mbi truong
nudi chy. Nong do chét khir duge cép tot hon 1a 50 g/L hodc thap hon, tot hon nita 1a
20 g/L hodc thAp hon, va con t6t hon nita 12 10 g/L hodc thip hon.

Phuong phép san xut axetyl-CoA hodc axit glutamic c6 thé con bao gdm viée
thu gom khi chita cacbon dioxit duoc tao ra bang cach nudi cdy, va cung chp khi vao
moi truong nudi cay dugce st dung cho viéc nudi chy (dudi day duoc goi 1a "quy trinh
clp khi"). N6i cach khic, tha rang khi cacbon dioxit thoat ra & dang khi thai con hon
duge tiéu thu trong méi truong nudi cy c6 thé dugc tai sinh trong sudt qua trinh tun

hoan bang cach cung cap lai cho mdi trudng nudi cly.

Phuong phap dung d8 cung cép khi cho mdi truong nudi chy khong bi gidi han
cu thé mién 1& phwong phap nay thuong duge dung cho muyc dich nay. Vi du vé
phuong phéap nay bao gdm: phuong phap phun khi, béng cach tng ap, vao chét 16ng
qua 18 nho hinh tron hodc hinh chit nhat (dugc dé cap dén & dang "chét thong khi"
hodc "su thong khi" trong truong hop khi la khong khi); phuong phéap cung cAp khi tix
dng rdng c6 cac 15 trén chu vi bé mit 6ng (dugce goi 1a "6ng hut"); va phwong phap st
dung may phun khong khi (thiét bi khuéch tan khi), 14 6ng nhya hoac 5ng thép khong
gi co vat liu rong c6 nhidu 13 d sinh ra bot khi nhé hodc tuong ty dugc gin véi phin

cubi cia 6ng.

Thanh phén vi sinh vét san xuht axetyl-CoA trong mdi trudng thay d6i phu
thude vao loai va hoat tinh ctia vi sinh vat, va lugng huyén phu cta vi sinh vat duoc
nudi cdy so bd ban dau dugc cung clp cho viéc nudi céy c6 thé 1a tir 0,1% theo khi
lugng dén 30% theo khéi luong ddi véi dich long nudi cy, t6t hon 1a 1% theo khdi

luong dén 10% theo khéi luong xét vé su kidm soat diéu kién nudi cay.

MBoi trudong duge stt dung dé nudi cay vi sinh vat san xuét axetyl-CoA khong bi
gidi han midn 14 mdi trudng ndy 1a mdi truong thong thuong chira ngudn cacbon,
ngudn nito va ion vo co, cling nhu céc chit dinh dudng vi lugng vO co, axit nucleic va
vitamin can cho vi sinh vat dé san xuat san phdm mong muon.

Céac didu kién nudi cay & budc nudi cay khoéng bi gidi han, va, vi dy, co thé tién

hanh nuéi cy trong céc didu kién wa khi trong khi do pH va nhiét d duoc diéu chinh
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thich hop ndm trong khoang pH tir 4 dén 9, t5t hon 12 d6 pH tir 6 dén 8, va nhiét do tr
20°C dén 50°C, tdt hon 1 25°C dén 42°C.

Tbc dd thong khi cta hdn hop khong bi gidi han, va, chi khi khong khi dugc su
dung lam khi, tbc @ thong khi thuong 1a 0,02 vvm dén 2,0 vvm (vvm: thé tich thong
khi [mL]/thé tich 16ng [mL]/thoi gian [pht]) & 50 dén 600 vong/phut (revolutions per
minute: rpm). Xét vé viéc ngin chin sy bat loi v& mat vat ly dbi voi vi sinh vat, thuc
hién su thong khi t6t hon 14 & 0,1 vvm dén 2,0 vvm, t&t hon nita 13 & 0,1 vvm dén 1,0

vvim.

Budc nudi cdy c6 thé duge tiép tuc tir luc bét dAu nudi cly cho dén khi ngudn
nguyén liéu cacbon trong hén hop dugc tiéu thy, hodc cho dén khi hoat tinh vi sinh vt
san xuit axetyl-CoA bién mit. Khoang thoi gian ciia bude nudi cy thay d6i phy thudc
vao sb luong va hoat tinh cia vi sinh vét san xuét axetyl-CoA trong hdn hop, va phu
thudc vao sb lugng ngudn nguyén liéu cacbon. Néi chung, khoang thdi gian nay co thé
14 khong it hon 1 gio, t5t hon 12 khong it hon 4 gio. Ngoai ra, bang cach cung clp
ngudn nguyén liéu cacbon va/hodc vi sinh vAt san xuét axetyl-CoA, khoang thoi gian
nudi cy nay co thé duoc kéo dai ma khong gioi han, nhung, xét vé hidu qua xi 1y, n6i
chung khoéang thoi gian nay c6 thé khong qué 5 ngay, t6t hon 13 khdng qué 72 gio. Dbi
véi cac didu kién khac, c6 thé dung céc didu kién duoc st dung trong viéc nudi cay

théng thuong.

Phuong phap thu hdi san phdm mong mudn duoc tich liy trong dich 16ng nudi
cdy 12 khong bi gioi han, va vi du vé& phuong phép c6 thé duoc dung bao gdm phuong
phap trong do t4 bao vi sinh vat dugce loai bé khoi dich 1ong nubi cdy bang cach ly tim
hodc twong ty, sau d6 tich san phdm mong mudn bing phuong phép tach thong
thuong nhu két tinh hodc tach séc ky hogc tach mang trong cac diéu kién phu thude

vao loai san pham mong mudn.

Phuong phap theo sang ché @ san xuét axetyl-CoA ¢ thd bao gdm, trudc budce
nuéi cdy, budc nudi chy so bd @ didu chinh thich hop sb luong té bao va/hodc trang
thai hoat tinh cua vi sinh vt san xuit axetyl-CoA dugc sir dung. Budc nudi cy so bd
khong bi gidi han mién 13 budc nay 1a nudi cly trong céc diéu kién thong thuong duge

dung phu thudc vao loai vi sinh vAt san xuét axetyl-CoA.

Phuong phép san xuét axit glutamic theo sang ché bao gdm viéc st dung vi sinh
vat san xuit axetyl-CoA d8 san xuit axit glutamic lam san phim mong mubdn tir ngudn

nguyén lidu cacbon. Nghia 1a, phuong phép san xudt axit glutamic bao gdm cac budc:
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dua vi sinh vat san xudt axetyl-CoA vao ti€p xtic voi nguon nguyén li¢u cacbon va tién
hanh nudi cdy (duéi ddy duge goi 1a budc nudi cdy); va thu hoi san phim mong muén

(axit glutamic) thu dugc bang sy tiép xtic nay (duoi ddy duge goi 1a bude thu hoi).

Theo phuong phap san xuét axit glutamic, vi vi sinh vat san xuét axetyl-CoA
duoc dua vao tiép xuc voi nguén nguyén liéu cacbon khi vi sinh vat duge nudi cdy,
nén ngudn nguyén liéu cacbon dugc ddng hoa bdi vi sinh vat san xuit axetyl-CoA, va
san phém mong mudn c6 thé duoc san xuét hiéu qué trong khi cacbon dioxit dugc cd
dinh.

Mai truong dugce st dung cho viée nudi cAy khong bi gigi han mién 1a né 12 moi
trudng binh thuong chira ngudn cacbon, ngudn nito va mudi vd co, ciing nhu chit dinh
dudng vi lugng hitu co nhu cdc axit amin va vitamin, néu cin. Méi trudong tong hop
hodc moi trudng tu nhién co thé duoc stt dung. Ngudn cacbon va ngudn nito st dung
trong modi trudong co thé 1a loai bt ky mién 1a cac ngubn nay cé thé dugce dung bdi

chiing dugc nudi cay.

Vi du v& ngudn nguyén liéu cacbon c6 thé duoc st dung bao gbm dudng nhu
glucoza, glyxerol, fructoza, sucroza, maltoza, manoza, galactoza, dich thily phén tinh
bot, va ri dudng. Céc axit hitu co nhu axit axetic hodc axit xitric, va rugu nhu etanol

c6 thé duoc str dung riéng hodc két hop véi cac nguon cacbon khac.

Vi du vé& ngudn nito c6 thé duoc st dung bao gbém amoniac, cac mudi amoni
nhu amoni sulfat, amoni cacbonat, amoni clorua, amoni phosphat, hogc amoni axetat,
va mudi axit nitric.

Vi du v& chit dinh dudng vi lugng hitu co c6 thé dugc stt dung bao gdm axit
amin, vitamin, axit béo va axit nucleic; va pepton, axit casamino, chét chiét ndm men
va dich thity phin protein déu tuong chira cac chét dinh dudng vi lugng nay. Ching
dot bién di ting trudng can (cac) axit amin va/hodc chét tuong tu cho su phat trién

duoc sir dung, (céc) chét dinh dudng can thiét tot hon 1a duge bd sung.

Vi du vé cac mudi v co cé theé duogc st dung bao gdom cdc mudi cua axit

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

Viée nudi cdy 6t hon 1a duge tién hanh & nhiét 46 1én men nim trong khoang tir
20°C dén 45°C & d6 pH tir 3 dén 9 trong diéu kién thong khi. DPé didu chinh 46 pH,

chét axit hodc kiém, v6 co hodc hitu co, khi amoniac, va/hodc tuong tu c6 the dugc s
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dung. Trong cac diéu kién nay, t6t hon 13 axit L-amino dugc tich ldly trong dich long

nudi cdy hodc trong té bao sau khi nudi cdy vi sinh vat trong 10 gio dén 120 gio.

Hon nita, khi axit L-amino mong mudn 13 axit L-glutamic, thi ¢6 thé tién hanh
nuéi cdy sit dung mdi trudng 1ong cb cée diéu kién duge diéu chinh sao cho axit L-
glutamic co thé dugc két tia, trong khi cho phép san xuét va tich lily axit L-glutamic
trong méi trudng bang céch két tia. Vi du vé cac diéu kién cho phép két tia axit L-
glutamic bao gém do pH t 5,0 dén 4,0, tot hon 1a d6 pH tr 4,5 dén 4,0, tot hon nita 1a
d6 pH tir 4,3 dén 4,0, dic biét t&t hon 1a 40 pH=4,0. D¢ dat duge ca sy phat trién ting
va su két tia hidu qua axit L-glutamic trong céc diéu kién co tinh axit, tt hon 1a 46 pH
ir 5,0 dén 4,0, tdt hon nita 12 4,5 dén 4,0, con t5t hon nita 14 4,3 dén 4,0. Viéc nudi cy
& d6 pH dd dugc md ta & trén c6 thé dugce thyc hién trong toan bd thoi gian nudi cay

hodic trong mdt phin cua khoang thoi gian nubi cay.

Axit L-amino c6 thé duoc thu gom tir dich long nudi cdy sau khi két thuc nudi
chy theo phuong phap thu gom da biét. Vi dy, viée thu gom ¢6 thd duoc thuc hién béi
phuong phap trong d6 sy két tinh theo nong d¢ duoc tién hanh sau khi loai bo t& bao
khoi dich nuéi cdy, hodc bing sc ky trao dbi ion. Khi tién hanh nudi cly trong céc
diéu kién cho phép axit L-glutamic két ta trong mdi trudng, co thé thu duoc axit L-
glutamic duoc két tha trong dich long nudi cdy bang cach ly tAm, loc hogc cach tuong
tu. Trong nhiéu trudng hop, axit L-glutamic con lai hoa tan trong moi trudng co thé

duoc két tinh, va axit L-glutamic d3 két tinh c6 thé duoc tach cing nhau.
Vi du thye hién séng ché
Sang ché duge md ta mot cach chi tiét bang cac vi du sau. Tuy nhién, sang ché
khong bi giéi han boi cac vi dy nay.
Vidul
Tao thanh plasmit pPMWGKC

D& thu duoc gen khoi diu GAPDH, tién hanh khuéch dai PCR sir dung ADN
b6 gen cua ching MG1655 Escherichia coli 1am mau, va cdc gen khdi dAu
CGAGCTACATATGCAATGATTGACACGATTCCG (SEQ ID NO: 1) va
CGCGCGCATGCTATTTGTTAGTGAATAAAAGG (SEQ ID NO: 2). Manh ADN
khuéch dai duoc tiéu hoa bang cac enzym giéi han Ndel va Sphl, dé thu dugc manh
ADN dai khoang 110 bp tuong tmg v6i gen khoi diu GAPDH. Trdn 14n ménh ADN
thu duoc véi manh thu duge bang céch tiéu hoa plasmit pBR322 (S6 dang ky ngén
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hang Gen la J01749) v6i céc enzym gi6i han Ndel va Sphl, va cac manh dugc nbi véi
nhau st dung ligaza. Sau do, té bao kha nap cua ching DH50 Escherichia coli
(Toyobo Co., Ltd., DNA-903) dugc bién dbi vé6i san phdm ndi thu dugc, va thu dugc
céc thé bién nap sinh truéng trén dia thach LB duogc bd sung 50 pg/mL ampixilin. Céc
cum khuén thu dugc duge nudi cAy trong canh LB duoc bd sung 50 pg/mL ampixilin &

37°C qua dém, va plasmit pBRgapP dugc thu hoi tir té bao vi khuén thu dugec.

Sau d6, tién hanh khuéch dai PCR bang cach st dung pBRgépP 13am mAu, va
cac doan moi CCGCTCGAGCATATGCTGTCGCAATGATTGACACG (SEQ ID
NO: 3) va GCTATTCCATATGCAGGGTTATTGTCTCATGAGC (SEQ ID NO: 4).
Manh ADN khuéch dai dugc phosphoryl héa sit dung T4 Polynucleotit Kinaza
(Takara), thu dugc ménh ADN chita gen khoi ddu GAPDH. Hon nita, plasmit
pMW119 (S6 ding ky ngan hang Gen la AB005476) duoc xu ly bang cac enzym gidi
han Aafll va Ndel, va cac diu ctia manh ADN d4 tiéu hoa dugce lam cun diu bang
KOD cdng v6i ADN polymeraza (Takara), thu dugc manh ADN c¢o gbc sao chép cua
pMW119. Céc manh ADN chira gen khoi diu GAPDH va gbc sao chép ctia pMW119
duoc ndi voi nhau st dung ligaza. Sau dé, t& bao kha nap ctia chung Escherichia coli
DH5a dugc bién nap véi san phém ndi thu duoc, va thu duge cac thé bién nap sinh
truong trén dia thach LB duoc bd sung 50 pg/mL ampixilin. Cym khuén thu duge
duoc nudi ciy trong canh LB dugce bd sung 50 pg/mL ampixilin & 37°C qua dém, va
thu hdi plasmit pMWG tix té bao vi khuan thu duoc.

Pé thu duoc gen khang cloramphenicol, tién hanh khuéch dai PCR béng cach
stt dung pTH18csl (S6 dang ky ngan hang Gen la AB019610) 1am mau, va cac doan
mdi TCGGCACGTAAGAGGTTCC (SEQ ID NO: 5) va
CGGGTCGAATTTGCTTTCG (SEQ ID NO: 6), va manh ADN duoc phosphoryl hoa
sit dung T4 Polynucleotit Kinaza (Takara), thu dwoc manh ADN chira gen khang
cloramphenicol. Sau do, tién hanh khuéch dai PCR bang cach st dung pMWG lam
miu, va cac doan mdi CTAGATCTGACAGTAAGACGGGTAAGCC (SEQ ID NO:
7) va CTAGATCTCAGGGTTATTGTCTCATGAGC (SEQ ID NO: 8). Trén manh
thu duge v6i manh ADN chira gen khang cloramphenicol va ndi v6i nhau st dung
ligaza. T& bao kha nap ctia ching Escherichia coli DH50, duogc bién nap véi san phim
ndi thu duge, thu duge cic thé bién nap sinh trudng trén dia thach LB duoc bd sung 25
pg/mL cloramphenicol. Cum khudn thu duge dugc nudi cly trong canh LB dugc bd
sung 25 pg/mL cloramphenicol & 37°C qua dém, va plasmit thu duogc duoc thiét ké
pMWGC.
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Tién hanh khuéch dai PCR bing céch sir dung pMWGC gene 1am mau, va cac
doan moi CCTTTGGTTAAAGGCTTTAAGATCTTCCAGTGGACAAACTATGCC
(SEQ ID NO: 9) va
GGCATAGTTTGTCCACTGGAAGATCTTAAAGCCTTTAACCAAAGG (SEQID
NO: 10), tiép d6 tién hanh bién nap té bao kha nap cta chung Escherichia coli DHSa.
Sau d6, thu dugc cac thé bién nap sinh trudng trén dia thach LB duoc bd sung 25
ng/mL cloramphenicol. Cym khuén thu duge duoc nudi cdy trong canh LB dugc bb
sung 25 pg/mL cloramphenicol ¢ 37°C qua dém, va thu hdi plasmit pMWGKC tir té

bao vi khuén thu duoc.
Vidu?2

Tao cu tric cua plasmit cho sy biéu hién ctia malat thiokinaza va malyl-CoA lyaza c6

ngudn gbc tit Methylococcus capsulatus ATCC 33009

ADN bb gen ctia Methylococcus capsulatus ATCC 33009D-5 dugc mua tir
ATCC. PCR duoc tién hanh bing céch st dung ADN nhidm sdc thé cta
Methylococcus capsulatus lam miu, va cac doan mdi
GGAATTCCATATGGCTGTTAAAAATCGTCTAC (SEQ ID NO: 11) va
GCTCTAGATCAGAATCTGATTCCGTGTTC (SEQ ID NO: 12) thu duge méanh
mel-mtk ctia Methylococcus. Méanh dugce ndi véi plasmit pMWGKC da duge didu ché
trong Vi du 1. Do d6, plasmit thu dugc duoc thiét k& & dang
pMWGKC_mcl(Mc)_: mtk(Mc).

pMWGKC_mcl(Mc) _: mtk(Mc) plasmit c6 trinh tu gen mcl (SEQ ID NO: 13),
gen mtkA (SEQ ID NO: 14) va gen mtkB (SEQ ID NO: 15) ¢b ngudn gbe tir
Methylococcus capsulatus. Trinh tu axit amin ctia mcl, trinh tu axit amin cia mtkA va
trinh tu axit amin ciia mtkB ¢ ngudn gbc tir Methylococcus capsulatus l4n lugt dugce
thé hién trong SEQ ID NO: 16, SEQ ID NO: 17 va SEQ ID NO: 18.

Vidu3
Tao céu tric chung Pantoea ananatis PA

Plasmit RSFCPG duoc thu hdi tir Pantoea ananatis AJ13601 (chung vi khuén
duogc ndp luu BP-7207). Plasmit RSFCPG 1a plasmit khang tetraxyclin c6 enzym
glutamat dehydrogenaza, Xitrat synthaza va phosphoenolpyruvat carboxylaza ma xuc
tac cho phan Umg sinh tdng hop cta axit L-glutamic (JP 2001-333769 A). Pantoea
ananatis AJ417 (chung vi khuin dugc ndp luu BP-8646) duoc bién nap v6i RSFCPG
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stt dung phuong phép CaCl> (Molecular Cloning, 3rd edition, Cold Spring Harbor
press, 2001), va dugc nudi cdy trong canh LB dugc bd sung 10 pg/mL tetraxyclin, thu
duoc Pantoea ananatis AJ417/RSFCPG (sau day c6 thé dugc viét tit 1a ching PA).

Vidu 4
Tao c4u triic cac chung Pantoea ananatis dé danh gia

Ching Pantoea ananatis PA dugc didu ché trong Vi du 3 dugc bién nap véi
plasmit pMWGKC dugc md ta trong Vi du 1 va pMWGKC_mecl(Mc)_mtk(Mc) duge
mo ta trong Vi du 2 béng cach xung dién. Cac thé bién nap dugc sang loc trén moi
truong thach LB duoc bd sung 30 pg/mL cloramphenicol va 10 pg/mL tetraxyclin, va
cdc cum khudn thu duge dugc st dung & dang céc ching dé danh gia. Céc chung da

tao cAu triic dugc tom tit trong Bang 1.

Bang 1

Tén ching Plasmit/chiing Dic diém

PA/pPMWGKC | pMWGKC/RSFCPG/P. ananatis AJ417 Khong c6 su qua bidu
hién mtk hoac mcl

PA/pMWGKC- pMWGKC_mcl(Mc)_mtk(Mc)/RSFCPG/P. mtk va mel qué biéu
mtk-mcl ananatis AJ417 hién

Vidu5
San xudt axit glutamic bang céc chiing dugc tao céu tric cua Pantoea ananatis

Déi véi viee danh gi4 toe do san xuAt va hiéu sut axit glutamic béng céc chung
Pantoea ananatis dugc tao ciu tric dugc mod ta trong Bang 1, d4u tién mdi trong sb
cac ching Pantoea duge nudi cdy so bd trong 30 ml mdi trudng trong binh hinh no6n
dung tich 125-ml dugc trang bi van didu tiét. Moi truong nudi cdy so bd bao gbm 25
g/L LB, 0,5 g/L glucoza, 0,5 g/L MgS04.7TH20, 3 g/l KH2POs, 0,5 g/L NaCl, 1 g/L
NH4Cl, 6 g/L Na;HPOs4, 0,2 g/L. canxi pantothenat, 0,2 g/l L-lysin hydroclorua, 0,2
g/L. L-methionin va 0,2 g/L axit 2,6-diaminopimelic. B sung khéang sinh vao theo yéu
cAu & ndng @5 30 pg/mL cloramphenicol va 10 pg/mL tetraxyclin. Mdi truong nudi
chy so bd duoc cly tir dung dich gdc glyxerol cia chiing va sinh truéng & 34°C trong
10 G quay kém lic & tdc d6 200 vong/phit trong 2 ngay. Thé tich thich hgp ctia moi
trudng nudi chy so bd dugc ly tim & 6000 vong/phiit va 25°C trong 15 phut va phén
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dich ndi ctia né dugc loai bo. Céc vién té bao duoge cdy vao 5 ml mdi trudng 1én men
trong binh hinh nén dung tich 125-ml dugc trang bi van didu tiét thu duoc gid tri mat
6 t& bao ban diu (ODsoo) ndm trong khoang 0,2-0,25. Mbi trudmg 1én men (46 pH 7)
bao gbm 50 g/L glucoza, 20 g/L (NH4)2SOs, 0,5 g/L MgS04.7H20, 2 g/L KH2POg4, 0,5
g/L NaCl, 0,25 g/ CaCl2.2H20, 20 mg/L FeS04.7H20, 20 mg/L. MnSO4+.H20, 0,72
mg/L ZnS04.7H,0, 0,64 mg/L. CuSO04.5H20, 0,72 mg/L CoCl.6H20, 0,4 mg/L axit
boric, 1,2 mg/L (NHs)sMo7024-4H20, 2 g/L chit chiét ndm men, 0,2 g/L canxi
pantothenat, 0,2 g/L L-lysin hydroclorua, 0,2 g/L L-methionin, 0,2 g/L axit 2,6-
diaminopimelic va 20 g/L canxi carbonat. Khang sinh duge bd sung vao theo yéu ciu
& ndng d6 30 pg/mL cloramphenicol va 10 pg/mL tetraxyclin. Do ‘mat d0 quang
(ODéoo) & 600 nm sau khi pha lofing cic mau lén men bing HCI 2N. Tién hanh lén
men axit glutamic & 34°C trong 16 0 quay kém lic & t6c @ 250 vong/phut trong 48 gio.
Vi du duoc rit ra & cic khoang dinh ky va dugce phén tich bing séc ky 1éng cao ap
(High Performance Liquid Chromatography - HPLC). Quan sat sy tiéu thu glucoza su
dung cdt Ultron PS-80H (Shinwa Chemical Industries Ltd., Japan) duoc hoat dong
trong cac diéu kién tiéu chun trong khi danh gia su san xuét axit glutamic st dung cot
RSpak NN-814 (Showa Denko K. K., Japan) dugc hoat dong trong cac diéu kién tiéu
chuén. Két qua so sanh viéc tién hanh 1én men cta cic ching Pantoea dugc tao chu

trac sau 48 gid 1én men duge tom t4t trong Bang 2.

Bang 2
Tén chung D6 chuén axit Hiéu suét axit Su phat trién té bao
glutamic glutamic (OD600)
PA/pMWGKC 25,15 0,40 25,4
PA/pMWGKC-mtk- 33,66 0,54 16,6
mcl

IThoi gian 1én men 12 48 gio
2C4c két qua thé hién 13 gid trj trung binh ctia ba thir nghiém lap lai

Sé liéu trong Bang 2 thd hién rang sy qua biéu hién cta mtk va mcl trong
Pantoea dan dén hau nhu hiéu sut va su san xudt axit glutamic ting cao hon 35% so
v&i chung d6i ching khong c6 mtk va mcl. Viéc cai thién hiéu suét dang ké nay c6 thé

gitip 1am giam toan bg chi phi san xUuét axit glutamic va cai thién dang ké hidu qua cua

quy trinh. Ngoai ra, sy quan sat khong mong doi quan sat thay su hinh thanh sinh khéi
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& ching qua biéu hién mtk va mcl 1a thip hon déng k& so v6i ching dbi ching mic du
viéc san xudt axit glutamic ting lén. Viéc nay goiy rang ching qué biéu hién mtk va
mel duge thiét ké c6 thé tiéu thu ngudn cacbon dé san xudt axit glutamic hiéu qua hon
& téc d6 va hiéu suit cao hon khi so sanh véi ching dbi chimg. Sy hinh thanh sinh
khéi thip trong qua trinh 1én men cling thuén loi cho quy trinh cong nghiép lién quan

dén vide giam phat sinh chat thai sinh hoc ma mét khac can duoc tai sinh hogc virt bo.
Vidu6
Danh gi4 chét phu gia

Tién hanh nudi cdy va phan tich theo cling cach nhu trong Vi du 5, ngoai trir
PA/pMWGK C-mtk-mel duge tao cdu tric trong Vi du 4 duge sir dung lam bién thé
duoc danh gia, va mudi carbonat, khi cacbon dioxit hodc chét khtr dugce cung cép, o

dang chit phu gia, vao moi truong nubi cdy.

Két qué phan tich, cac nhom lan luot dugc cép khi carbonat, khi cacbon dioxit
v chét khir boc 16 hiéu sut dbi véi duong cao hon so v6i nhom khong duge cép mubi
carbonat, khi cacbon dioxit hoac chit khir (nhém trong do6 PA/pMWGKC-mtk-mcl
duoc tao cAu tric trong Vi du 4 duge sir dung 1am bién thé dé danh gid ma khong cung

cép bét ky cht nao trong sb mudi carbonat, khi cacbon dioxit hogc chét kh).

Do d6, dugc chi ra rang, & ching Pantoea ma truyén qua trinh ¢d dinh COy,
viéc ce“'lp mudi carbonat, khi cacbon dioxit hodc chét khtr 13 hiéu qua xét vé viée ting
hidu sudt ddi véi duong.

Vidu7
Tao thanh plasmit pPMWGKC2

P& thu duoc gen khoi ddu GAPDH, tién hanh khuéch dai PCR bing cach su
dung ADN bd gen clia chung Escherichia coli MG1655 lam mau, va cic doan mdi
CTACTAGTCTGTCGCAATGATTGACACGATTCCG (SEQ ID NO: 19) va
GCTCGAATTCCCATATGTTCCACCAGCTATTTGTTAGTGAATMAAGG
(SEQ ID NO: 20). Manh ADN khuéch dai duoc tiéu héa bang enzym gi6i han EcoRL
Manh ADN dugc phosphoryl héa st dung T4 Polynucleotit Kinaza (Takara), thu duge
manh ADN chita gen khoi ddu GAPDH. Hon nita, xir Iy plasmit pMW119 (S6 dang ky
ngan hang Gen AB005476) bing enzym gi6i han Ndel, va cac diu cia manh ADN
duoc tiéu hoa duge lam cun diu bing KOD cdng véi ADN polymeraza (Takara), va

méanh duoc xtt ly bang enzym giéi han EcoRI thu dugc manh ADN c¢6 g sao chép
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ctia pMW119. Céc méanh ADN chira gen khéi diu GAPDH va gbc sao chép cua
pMW119 dugc ndi voi nhau st dung ligaza. Sau do, t& bao kha nap cua chung
Escherichia coli DH5a dugc bién nap vdi san phém ndi thu dugce, va thu duge céac thé
bién nap sinh truéng trén dia thach LB duoc bd sung 50 pg/mL ampixilin. Cum khuén
thu dugc dugc nudi cdy trong canh LB duoc bd sung 50 pg/mL ampixilin & 37°C qua
dém, va plasmit pMWG2 duge thu hdi tir cée té bao vi khuan thu duge.

Dé thu duoc gen khang cloramphenicol, tién hanh khuéch dai PCR bang cach
stir dung pTH18cs1 (S6 dang ky ngén hang Gen AB019610) lam mau, va cac doan mdi
TCGGCACGTAAGAGGTTCC (SEQ ID NO: 5) va CGGGTCGAATTTGCTTTCG
(SEQ ID NO: 6), va manh ADN thu dugc dugc phosphoryl hoa sir dung T4
Polynucleotide Kinaza (Takara), thu dugc manh ADN chira gen khéang cloramphenicol.
Tiép d6, tién hanh khuéch dai PCR bing céch sit dung pMWG2 lam mAu, va céc doan
mdi CTAGATCTGACAGTAAGACGGGTAAGCC (SEQ ID NO: 7) va
CTAGATCTCAGGGTTATTGTCTCATGAGC (SEQ ID NO: 8). Tron manh thu
dugc v6i manh ADN chira gen khang cloramphenicol va ndi v6i nhau st dung ligazé.
Té bao kha nap ching Escherichia coli DH5a. dugc bién nap véi san phim ndi thu
duoc, thu dugc cc thé bién nap sinh truong trén dia thach LB dugc bb sung 25 pg/mL
cloramphenicol. Cum khuin thu duoc duge nudi cdy trong canh LB dugce bb sung 25

pg/mL cloramphenicol & 37°C qua dém, va plasmit thu duge dugc thiét ké pMWGC2.

Tién hanh khuéch dai PCR bang cach st dung gen pMWGC2 lam mau, va cic
doan mdi CCTTTGGTTAAAGGCTTTAAGATCTTCCAGTGGACAAACTATGCC
(SEQID NO:9)va
GGCATAGTTTGTCCACTGGAAGATCTTAAAGCCTTTAACCAAAGG (SEQID
NO: 10), tiép d6 tién hanh bién nap té bao kha nap ciia ching Escherichia coli DH5a..
Sau d6, thu dugc cac thé bién nap sinh truéng trén dia thach LB dugc bd sung 25
pg/mL cloramphenicol. Cum khuin thu duoge dugc nudi cdy trong canh LB dugce bd
sung 25 pg/mL cloramphenicol ¢ 37°C qua dém, va plasmit pMWGKC2 dugc thu hoi

tlr t& bao vi khuén thu duoc.
Vidu 8

Séan xuét axit glutamic béng cac chung dugc tao cu tric ctia Pantoea ananatis bang
céach str dung vecto pMWGKC2

Theo cung cach nhu Vi du 2, chén manh mcl-mtk ctia Methylococcus vao
pMWGKC2, va thiét ké plasmit thu dugc & dang pPMWGKC2_mcl(Mc)_mtk(Mc).
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Theo cung cach nhu Vi du 4, ching Pantoea ananatis PA dugc bién nap véi céac
plasmit pMWGKC2 va pMWGKC2_mcl(Mc)_mtk(Mo), va thiét k& cac ching thu
duoc 14n lugt & dang PA/pMWGKC2 va PA/pMWGK C-mtk-mel2. banh gia viéc san
xudt axit glutamic bang phuong phap dugc md ta trong Vi du 5, d8 thé hién cling xu
huéng vé do chuin axit glutamic, hidu suét va sy phat trién € bao nhu duoc thé hién

trong Bang 2.

Tién hanh nudi cdy va phan tich theo cung cach nhu trong Vi du 6, va cung cap
mudi carbonat, khi cacbon dioxit hodc chét khtr, & dang chét phu gia, vao moi trudng
nudi céy. Dua vao két qua phan tich, cac nhém dugc cép mudi carbonat, khi cacbon
dioxit va chat khir 14n luot bdc 16 hidu suit dbi véi dudng cao hon so véi nhom khong
bb sung bat ky trong s6 mudi carbonat, khi cacbon dioxit hodc chét khir bat ky (nhém
trong d6 PA/pMWGKC-mtk-mcl2 duge sir dung lam bién thé dé danh gia ma khong

cung cép bét ky trong s6 mudi carbonat, khi cacbon dioxit hodc chét khi).

Phan bdc 1§ cla don yéu cau cép patent Nhat s6 2013-011535 ndp ngay 24

thang 01 nam 2013 dugc dua vao ban mo ta nay bang cach vién dan.

TAt c4 tai lidu, tai liu Patent, va cc tiéu chudn k¥ thuat duge trich dan & day

cling dugc dua vao ban mo ta nay d€ tham khao.
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YEU CAU BAO HO
1. Phuong phép san xuét axit glutamic bao gbm céc budc:

nudi cdy vi sinh vét san xuat axetyl-CoA tiép xuc voi ngudn nguyén liéu

cacbon; va
thu gom axit glutamic nhan duoc bing céch tiép xtc,

trong do, vi sinh vat san xuét axetyl-CoA thu dugc béng cach truyén cac hoat tinh
enzym malat thiokinaza va hoat tinh enzym malyl-CoA lyaza cho vi sinh vt thudc chi
Pantoea khong ¢6 btk trong s6 (a), (b), (¢) hodc (d) dudi ddy, ma khong truyén bit ky
trong sb (a), (b), (c) hoac (d), hodc, ngay c4 khi mdt hodc nhiéu trong s6 (a), (b), (c)

hoac (d) dugce truyén, khong cho phép céc chie néng cua ching c6 tac dung:

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

malonat semialdehyt hodc 3-hydroxypropionat;

(b) chu trinh ¢b dinh cacbon dioxit ¢6 phan Gmg enzym tur axetyl-CoA va CO2
thanh pyruvat;

(¢) chu trinh ¢b dinh cacbon dioxit c6 phan ting enzym tur crotonyl-CoA va CO2
thanh etylmalonyl-CoA hozc glutaconyl-CoA; va

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

2. Phuong phap san xuét axit glutamic theo diém 1, phuong phap nay con bao
gdm budc:

cung cép it nhit mot chét duoc chon tir nhém bao gbm ion carbonat, ion hydro
carbonat, khi cacbon dioxit va chét khir vao mdi trudong nudi cdy duoc st dung dé nuoi
cdy.
3. Phuong phép san xuét axit glutamic theo diém 1 hodc diém 2, phuong phép nay

con bao gom budec:

thu gom khi chira cacbon dioxit duogc tao ra bing cach nudi cdy, va cung cap

khi vao moi trudng nudi cdy duoc sir dung de nudi cay.
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33

ADN

Trinh ty nhén tao

Gen khdi ddu cho PCR

1

cgagctacat atgcaatgat tgacacgatt ccg

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

<220>
<223>

<400>

2

32

ADN

Trinh ty nhan tao

Gen khd&i ddu cho PCR

2

cgcgcgcecatg ctatttgtta gtgaataaaa gg

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

<220>
<223>

<400>

3

35

ADN

Trinh ty nhédn tao

Gen khdi dau cho PCR

3

ccgctcgagce atatgctgtc gcaatgattg acacg

<210>
<211>
<212>

4
34
ADN
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<213> Trinh tu nhan tao

<220>
<223> Gen khdi ddu cho PCR

<400> 4
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gctattccat atgcagggtt attgtctcat gagc

<210> 5
<211> 19
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> Gen khdi diu cho PCR

<400> 5
tcggcacgta agaggttcc

<210> 6
<211> 19
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Gen khdi ddu cho PCR

<400> 6
cgggtcgaat ttgctttceg

<210> 7
<211> 28
<212> ADN

<213> Trinh ty nhéan tao

<220>
<223> Gen khdi ddu cho PCR

<400> 7
ctagatctga cagtaagacg ggtaagcc

<210> 8
<211> 29
<212> ADN

<213> Trinh ty nhéan tao

<220>
<223> Gen kh&i dau cho PCR

<400> 8
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ctagatctca gggttattgt ctcatgagc

<210> 9
<211> 45
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Gen khdi ddu cho PCR

<400> 9
cctttggtta aaggctttaa gatcttccag tggacaaact atgcc

<210> 10
<211> 45
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Gen khdi diu cho PCR

<400> 10
ggcatagttt gtccactgga agatcttaaa gcctttaacc aaagg

<210> 11
<211> 32
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Gen khdi ddu cho PCR

<400> 11
ggaattccat atggctgtta aaaatcgtct ac

<210> 12
<211> 29
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Gen khdi ddu cho PCR

<400> 12
gctctagatc agaatctgat tccgtgtte

<210> 13
<211> 963
<212> ADN

-41-

29

45

45

32

29



<213> Methylococcus capsulatus

<400> 13
atggctgtca

atgctcgaga
gttgcgccgg
gactggtcca
cgggacctcg
aaagtcggca
tacaaaggtt
aacgtggagg
gccgactacg
tacggcatgc
tggcatttcg
gacggcccct
gcggcactgg
gaaatcttca
gagcaggcgg
gcctcgatcce
tag

<210>
<211>

<212>
<213>

14
903
ADN

<400> 14

atgagcgtat
gccaccttece
cctggcaaag
accgtggctg

cccttcaatg

agaaccgtct
aagcgccgga
atgacaagga
gatgcgcggt
ttgagatcgt
gcgcctcgga
tcaaaccgat
agatcgcccg
ctgcgteggt
tgaccgaccc
gcatttcccg
tcggcgattt
gctgcgaagg
cacccacgga
caaaggaggg

ggatggcgga

tcgttaacaa
acgccaagga
gcggcacccg
aagccgtggce

cggacgcegtt

acaccgcagc
agccggcgcec
gcaagcgcgce
ctccgtccge
cgagtcctgce
cgttctgttc
caatatccac
cacctgtcct
gcgcgeccge
tgacgaaagc
catggtcgcg
cagcgatccg
gaagtgggcyg
aaaagaggtc
caaaggcgcg

gaacgtggtc

Methylococcus capsulatus

gcactccaag
cgccatgcegg
ccatcccgat
cgccaccggce

gatggaagcc

27887

gaactcgcgg
gacatcgtct
cggaacatcg
atcaacggcc
ggcgacaagc
gtcgcgactt
gtgctgatcg
gaacgcatgg
acgaccaaca
ggtacccgcg
gcctgecgceg
gaaggattcc
atccatccct
acgcgggcect
gtgtctctgg

cgccagatga

gtcatcttcc
atgggcaccc
cccgaactcg
gccgacgtcet

atagacgccg
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tgccgggcag
ttctggacct
tcttcgeget
tcgacaccca
tcgacaccat
tactttccca
aaacggccat
aggccatggt
tcggcggcgce
cctatcactg
cctatgggcect
gcgccgeagce
cccagattcc
accgcatcct
atgggcggct

agcagatcga

agggcttcac
gggtggtcgg
ctcatctgcc
ccgccgtgtt

gcatccgggt

caatccacgc
ggaagatgcg
caacacctac
ttacgcctac
tctggtgccg
gatcgaggcc
gggcatggce
gttcggcgtg
caacccggat
ggccgaccag
tcgccccatce
ccgeecgtgcec
actgtgcaac
ggaagccatg
gatcgatgcc

gtcgcgtcgg

cggcgagcac
cggtgtcacc
ggtgttcgac
cgtgccgccg

cgccgtgacc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

963

60

120

180

240

300



atcgccgacg
gattccatcg
ggcatcatgc
accctcaatt
gtcggtatcg
gaagccgacc
gtcgccgceceg
ggccttgcecg
gccgacaccg
aacccggcac
tga

<210>
<211>

<212>
<213>

15

ADN
<400> 15

gtgaatatcc
gacggcgcecg
agccgctggg
aaggtcgccce
ctcgtcaccc
gccagccata
atcaccctga
ccggagaaaa
cgcaaggtcg
atgaaggcca
ctggccatcg
gacgacaacg

gacccgaaag

1170

gcatcccggt
tgatcggacc
cttcgcacat
acgaggcgac
gcggtgaccc
cggaaaccga
cccgctgggce
caccgaccgg
ccggagccaa

agatcggcca

atgagtacca
ttgcctattc
tggtcaaggc
actccatcga
atcagaccgg
tcaaaaagga
tcgecctceccag
tcgtcaagga
ccacggcgat
tctaccgctyg
tgggcgaaag
ccctgtaccg

aggtcgaagc

acacgacatg
gaacaccccce
ttacaagaag
ggaacagatg
catcaacgga
gatcgtggtg
caaggaaaac
ccgacgcatg
gatggacgcc

gaccgtgcta

Methylococcus capsulatus

ggccaaggag
cgacgcgcag
gcagathat
ggaagtccgc
cccgggaggce
atactacctg
cgagggcggc
agtcgtcgat
cggcctgaaa
catgcgcgac
cgacgaatcg
gcagcgcacc

ctcecggcecac
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atccgactgce
ggcatcatca
ggcaacgtcg
gccgegettyg
accgatttcg
atgatcggcg
atgacaaagc
ggccatgccg
atggaagcct

cgecgccgcege

ctgctcaaga
gccgccagceg
gceggceggte
caatacgccg
tcgctggtte
ggcttcgtga
atggaaatcg
ccggccatag
ggcaaactga
aaagatgccc
ctcatggtcc
atcaccgaga

ggtctcaatt

-43-

agcgctaccg
cgccgggcga
gcatcgtgtc
ggctgggcat
tcactgtcct
aaatcggcgg
cggtcatcgg
gcgccatcat

tggggctgta

aggaacacgg

cctatggegt
tcgccgagga
gcggcaaggc
acgccatgct
agcgtctgtg
tcgatcgcgg
aggaagtcgc
gcctgectgga
tgccccaggce
tgcaggccga
tggatgccaa
tgcgcgacct

acatcgccct

ggtgggtaag
gtgcaaggtg
gcgcteccggce
caccécctcg
gcgcgcectte
cccccaggaa
cttcgtcgca
ctccagcgag
tgtcgcccge

aatcagattc

gccecgtgecc
gatcggcggce
cgggggcgta
cggcagccac
ggtggaacag
caatcaacgc
aaaggaaacc
cttccagtgc
cgtcaggctyg
aatcaatcct
gttcaacttc
ggccgaggaa

cgacggcaac

360

420

480

540

600

660

720

780

840

900

903

60

120

180

240

300

360

420

480

540

600

660

720

780



atcggctgcea
catggcggcc
accaatgcct
tttgccggca
ctgcagatca
aagatcctgg
gccaaggccg
<210>
<211>

<212>
<213>

16
320
PRT

<400> 16

Met Ala Val
1

Ser Asn Pro

Val Phe Leu

35

Ala Arg

50

Arg

Cys Ala Val

65

Arg Asp Leu

Ile Leu Val

Thr Leu

115

Leu

tcgtcaatgg
gtccggccaa
gccgcatcegt
tcaaccgctg
aggtgccgcet
ccgaatccgg

tcgccatcegt

Lys Asn

Arg Met

20

Asp Leu

Asn Ile
Val

Ser

Glu
85

vVal

Pro
100

Lys

Ser Gln

Arg

Leu

Glu

Val

Arg

70

Ile

Val

Ile

cgccggecte
cttcctcgac
actggaagat
tgactggatc
gatcgtgcgce
cctctecttce

caagggataa

Methylococcus capsulatus

Leu His

Glu Lys

Ala
40

Asp

Phe Ala

55

Ile Asn

Val Glu

Gly Ser

Glu Ala

120

27887

gccatggcectt
gtgggcégcg
cccaacgtcc
gccaagggcc

ctggccggga

atcaccgcgg

Ser Glu

10

Arg

Ala Pro

25

Glu

vVal Ala Pro

Leu Asn Thr

Gly Leu Asp

75

Ser Cys

90

Gly

Ala
105

Ser Asp

Tyr Lys Gly

cgctcgacgc
gcgcctceccece
gctgcatcct
tgatccaggc
cgaacgtcga

aaaatctgga

Leu Ala Val

Ala Ala

30

Gly

Asp Asp Lys

45

Tyr
60

Asp Trp

Thr His Tyr

Asp Lys Leu

Phe
110

Val Leu

Phe Lys Pro

125

catcaccctg
cgagaaggtc
ggtcaacatc
ctgcgacagc
cgagggccgce

cgacgcggcc

Pro
15

Gly

Asp Ile

Glu Gln

Ser Arg

Ala Tyr

Asp Thr

95

Val Ala

Ile Asn

840

900

960

1020

1080

1140

1170
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Ile His Val Leu Ile Glu Thr Ala Met Gly Met Ala Asn Val Glu Glu
130 135 140

Ile Ala Arg Thr Cys Pro Glu Arg Met Glu Ala Met Val Phe Gly Val
145 150 155 160

Ala Asp Tyr Ala Ala Ser Val Arg Ala Arg Thr Thr Asn Ile Gly Gly
165 170 175

Ala Asn Pro Asp Tyr Gly Met Leu Thr Asp Pro Asp Glu Ser Gly Thr
180 185 190

Arg Ala Tyr His Trp Ala Asp Gln Trp His Phe Gly Ile Ser Arg Met
195 200 205

Val Ala Ala Cys Arg Ala Tyr Gly Leu Arg Pro Ile Asp Gly Pro Phe
210 215 220

Gly Asp Phe Ser Asp Pro Glu Gly Phe Arg Ala Ala Ala Arg Arg Ala
225 230 235 240

Ala Ala Leu Gly Cys Glu Gly Lys Trp Ala Ile His Pro Ser Gln Ile
245 250 255

Pro Leu Cys Asn Glu Ile Phe Thr Pro Thr Glu Lys Glu Val Thr Arg
260 265 270

Ala Tyr Arg Ile Leu Glu Ala Met Glu Gln Ala Ala Lys Glu Gly Lys
275 280 285

Gly Ala Val Ser Leu Asp Gly Arg Leu Ile Asp Ala Ala Ser Ile Arg
290 295 300

Met Ala Glu Asn Val Val Arg Gln Met Lys Gln Ile Glu Ser Arg Arg

305 310 315 320
<210> 17

<211> 300

<212> PRT

<213> Methylococcus capsulatus

-45-



<400>

Met

1

Thr

Thr

Pro

Ala

65

Pro

val

Leu

Thr

Ser

145°

Thr

Ile

Phe

Ser

Gly

Arg

Asp

50

Val

Phe

Ala

Gln

Pro

130

His

Leu

Thr

vVal

17

Val

Glu

Val

35

Pro

Ala

Asn

Val

Arg

115

Gly

Ile

Asn

Thr

Thr
195

Phe

His

20

vVal

Glu

Ala

Ala

Thr

100

Tyr

Ile

Tyr

Tyr

Ser

180

val

Val

Ala

Gly

Leu

Thr

Asp

85

Ile

Arg

Ile

Lys

Glu

165

vVal

Leu

Asn

Thr

Gly

Ala

Gly

70

Ala

Ala

vVal

Thr

Lys

150

Ala

Gly

Arg

Lys

Phe

Val

His

55

Ala

Leu

Asp

Gly

Pro

135

Gly

Thr

Ile

Ala

His

His

Thr

40

Leu

Asp

Met

Gly

Lys

120

Gly

Asn

Glu

Gly

Phe
200
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Ser

Ala

25

Pro

Pro

vVal

Glu

Ile

105

Asp

Glu

val

Gln

Gly

185

Glu

Lys

10

Lys

Gly

vVal

Ser

Ala

90

Pro

Ser

Cys

Gly

Met

170

Asp

Ala

-46-

val

Asp

Lys

Phe

Ala

75

Ile

vVal

Ile

Lys

Ile

155

Ala

Pro

Asp

Ile

Ala

Gly

Asp

60

Val

Asp

His

vVal

Val

140

vVal

Ala

Ile

Pro

Phe

Met

Gly

45

Thr

Phe

Ala

Asp

Ile

125

Gly

Ser

Leu

Asn

Glu
205

Gln

Arg

30

Thr

Val

Val

Gly

Met

110

Gly

Ile

Arg

Gly

Gly

190

Thr

Gly
15

Met
Arg
Ala
Pro
Ile
95

Ile
Pro
Met
Ser
Leu
175

Thr

Glu

Phe

Gly

His

Glu

Pro

80

Arg

Arg

Asn

Pro

Gly

160

Gly

Asp

Ile



vVal

Arg

225

Gly

Ile

Ala

vVal

Val

210

Trp

Leu

Ser

Leu

Leu
290

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

<400>

Met

Val

Ser

Ile

Ser

65

Leu

Asn

Pro

val

His

50

Ile

val

Met

Ala

Ala

Ser

Gly

275

Arg

18
389
PRT

Ile

Lys

Ala

Glu
260

Leu

Ala

Gly

Glu

Pro

245

Ala

Tyr

Ala

Glu

Asn

230

Thr

Asp

val

Gln

Ile

215

Met

Gly

Thr

Ala

Glu
295

Gly

Thr

Arg

Ala

Arg

280

His

Methylococcus capsulatus

18

Ile

Val

Ala

35

Ala

Glu

Thr

His

Pro

20

Glu

Gly

Glu

His

Glu

Asp

Glu

Gly

val

Gln
85

Tyr

Gly

Ile

Arg

Arg

70

Thr

Gln

Ala

Gly

Gly

55

Gln

Gly

Ala

Val

Gly

40

Lys

Tyr

Pro
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Gly

Lys

Arg

Gly

265

Asn

Gly

Lys

Ala

25

Ser

Ala

Ala

Gly

Pro

Pro

Met

250

Ala

Pro

Ile

Glu

10

Tyr

Arg

Gly

Asp

Gly
90

-47-

Gln

vVal

235

Gly

Lys

Ala

Arg

Leu

Ser

Trp

Gly

Ala

75

Ser

Glu

220

Ile

His

Met

Gln

Phe
300

Leu

Asp

Val

Val

60

Met

Leu

val

Gly

Ala

Asp

Ile
285

Lys

Ala

Val

45

Lys

Leu

val

Ala

Phe

Gly

Ala

270

Gly

Thr

Gln

30

Lys

vVal

Gly

Gln

Ala

Val

Ala

255

Met

Gln

Tyr

15

Ala

Ala

Ala

Ser

Arg
95

Ala

Ala
240

‘Ile

Glu

Thr

Gly

Ala

Gln

His

His

80

Leu



Trp

val

Gly

Val

145

Arg

Ala

Ala

Glu

Leu

225

Asp

Leu

Ala

Leu

Arg

val

Ile

Gly

130

Lys

Lys

val

Leu

Ser

210

Tyr

Pro

Asp

Ser

Asp

290

Ile

Glu

Asp

115

Met

Glu

Val

Arg

Gln

195

Leu

Arg

Lys

Gly

Leu

275

val

val

Gln

100

Arg

Glu

Val

Ala

Leu

180

Ala

Met

Gln

Glu

Asn

260

Asp

Gly

Leu

Ala
Gly
Ile
val
Thr
165
Met
Glu
val
Arg
Val
245
Ile
Ala

Gly

Glu

Ser

Asn

Glu

Asp

150

Ala

Lys

Ile

Leu

Thr

230

Glu

Gly

Ile

Gly

Asp

His

Gln

Glu

135

Pro

Ile

Ala

Asn

Asp

215

Ile

Ala

Cys

Thr

Ala

295

Pro

Ile

Arg

120

Val

Ala

Gly

Ile

Pro

200

Ala

Thr

Ser

Ile

Leu

280

Ser

Asn
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Lys

105

Ile

Ala

Ile

Leu

Tyr

185

Leu

Lys

Glu

Gly

Val

265

His

Pro

Val

Lys

Thr

Lys

Gly

Lys

170

Arg

Ala

Phe

Met

His

250

Asn

Gly

Glu

Arg
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Glu

Leu

Glu

Leu

155

Gly

Cys

Ile

Asn

Arg

235

Gly

Gly

Gly

Lys

Cys

Tyr

Ile

Thr

140

Leu

Lys

Met

Val

Phe
220

‘Asp

Leu

Ala

Arg

Val

300

Ile

Tyr

Ala

125

Pro

Asp

Leu

Arg

Gly

205

Asp

Leu

Asn

Gly

Pro

285

Thr

Leu

Leu

110

Ser

Glu

Phe

Met

Asp

190

Glu

Asp

Ala

Tyr

Leu

270

Ala

Asn

Val

Gly

Ser

Lys

Gln

Pro

175

Lys

Ser

Asn

Glu

Ile

255

Ala

Asn

Ala

Asn

Phe

Glu

Ile

Cys

160

Gln

Asp

Asp

Ala

Glu

240

Ala

Met

Phe

Cys

Ile



305

Phe

Ala

Gly

Ser

Ala
385

Ala

Cys

Thr

Phe

370

Ile

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

<220>
<223>

<400>
ctactagtct gtcgcaatga ttgacacgat tccg

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

<220>
<223>

<400>
gctcgaattce ccatatgttc caccagctat ttgttagtga ataaaagg

Gly

Asp

Asn

355

Ile

Val

19
34
ADN

Ile

Ser

340

Val

Thr

Lys

Trinh tu

Asn

325

Leu

Asp

Ala

Gly

310

Arg

Gln

Glu

Glu

Cys Asp

Ile Lys

Gly Arg
360

Asn Leu
375

nhan tao

Gen khoi dau cho PCR

19

20
48
ADN

Trinh ty nhan tao

Gen kh®i ddu cho PCR

20
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Trp

val
345

Lys

Asp

Ile

330

Pro

Ile

Asp
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315

Ala Lys Gly

Leu Ile Val

Leu Ala Glu
365

Ala Ala Ala
380

Leu

Arg

350

Ser

Lys

Ile

335

Leu

Gly

Ala

320

Gln

Ala

Leu

Val

34

48



