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Linh vire k§ thuit dwoc dé cap

Sang ché d& cap dén vi sinh vét san sinh L-valin va phuong phap san xuét

L-valin st dung vi sinh vit nay.
Tinh trang k§ thuit ciia sing ché

L-valin 13 axit amin mach nhénh, dugc tbng hop trong cac vi sinh vét, bit diu tir
axit pyruvic thong qua axit axetolactic, axit dihydroxy isovaleric, va axit
ketoisovaleric. Cac chét chuyén héa trung gian ndy duoc tao ra béi phan tmg duge xuc
tac boi axit axetohydroxy synthaza, axetohydroxy axit isomeroreductaza, dihydroxy
axit dehydrataza, va transaminaza B. Tuy nhién, cdc enzym nay ciing tham gia vao
sinh tong hop L-isoleuxin bat dau tir ketobutyric axit va pyruvic axit, va L-leuxin ciing
dugc sinh tong hop tir chat chuyén hoa trung gian, ketoisovaleric axit, thong qua
2-isopropylmalic axit, 3-isopropylmalic axit, va ketoisocaproic axit. Do d6, badi vi cac
enzym duoc sir dung trong cac con dudng sinh tong hop cia cc axit amin mach nhénh,
tirc 13, L-valin, L-isoleuxin, va L-leuxin gidng nhau, dugc biét ring viéc san xuit cong
nghiép mat loai axit amin mach nhanh thong qua qué trinh 1én men 1a kho khan. Ngoai
ra, sy (rc ché phéan hdi x4y ra boi san phém L-valin cubi cing hoic din xuét cia no,

diéu nay gy kho khan cho viéc san xuét hang loat cong nghiép L-valin.

Tuy nhién, cho dén nay d& c6 nhitng nghién ctru vé phuong phap san xuit valin
thong qua su trc ché phan hdi (patent Hoa Ky s& 10457919), nhung chua c¢6 nghién
ctru ndo vé viée ting kha ning san sinh valin thong qua viéc két hop cic enzym véi

hoat tinh ting cudng hodc giam theo sang ché.
Ban chit k§ thudt ciia sang ché

Theo d6, céc tic gia dd tién hanh nhiéu nghién ctu v& phuong phap hidu qua dé
san xuét L-valin, va két qué 1a, xac nhan réng vi sinh vt ¢6 hoat tinh dihydroxy-axit
dehydrataza dugc ting cu’(‘)fhg; hoat tinh transaminaza C gidm; hoat tinh pyruvat
dehydrogenaza suy giam; hoat tinh xitrat synthaza giam; hosic sy két hop ciia ching c6
kha ning san sinh L-valin vuot trdi so v6i vi sinh vét kiéu dai, nhd d6 hoan thién sang

ché.
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Muc dich ctia sdng ché 12 dé xuit vi sinh vAt san sinh L-valin c6 hoat tinh
dihydroxy-axit dehydrataza duoc ting cudng; va bit ky mot hodc nhidu sy két hop
duogc chon tir (1) dén (3) dudi day:

(1) hoat tinh transaminaza C giam;
(2) hoat tinh pyruvat dehydrogenaza suy giam;
(3) hoat tinh xitrat synthaza giam.

Muc dich khéac cuiia sang ché 13 dé xudt phuwong phap san xuit L-valin, trong d6
phwong phép nay bao gdbm nubi ciy vi sinh vét.
Hiéu qua dat dugc cia sang ché

Khi nudi cdy vi sinh vat san sinh L-valin ctia sang ché, L-valin ¢6 thé dugc san
xuét v&i san lwgng cao. Theo d6, cac hiéu qua cta sy tién loi trong san xudt va giam
chi phi san xuit c6 thé duoc ky vong & khia canh cong nghiép.

MO ta chi tiét sang ché

Sau day, sang ché s duoc mo ta chi tiét.

Trong khi d6, mdi phan mé ta va phuong an duge boc 16 trong sang ché c6 thé
duoc 4p dung cho cac phan mé ta va phuong 4n khac lién quan dén cac dic diém
chung. Tuc 14, tat ca su két hop cda céc chi tiét khac nhau dugc boc 10 trong séng ché
déu thude pham vi bao hd cia sang ché. Hon nita, pham vi bao ho ctlia sang ché khong
bi gi¢i han boi phan mo ta chi tiét dudi day.

Ngoai ra, nhitng ngudi c6 hiéu biét trung binh trong cing linh vuc k¥ thuat c6 thé
nhén biét hodc x4c nhan, chi sit dung céac thi nghiém thong thuong, nhiéu phuong an
twong duong theo cac phwong 4n cy thé clia sang ché duoc md ta & day. Ngoai ra, cac
phuong 4n twong dwong nhu vy déu thuc pham vi bao ho cia sang ché.

Khia canh cta sang ché 1a d& xuét vi sinh v4t san sinh L-valin ¢4 hoat tinh
dihydroxy-axit dehydrataza duoc ting cudng; va bit ky mot hodc nhidu sy két hop
duoc chon tir (1) dén (3) dudi day:

(1) hoat tinh transaminaza C giam;

(2) hoat tinh pyruvat dehydrogenaza suy giam;

(3) hoat tinh xitrat synthaza giam.
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Theo m6t phwong 4n, vi sinh vat san sinh valin c¢6 thé 13 vi sinh vét ¢6 hoat tinh

dihydroxy-axit dehydrataza dugc ting cuong va hoat tinh transaminaza C giam.

Theo phwong &n khéac, vi sinh v4t san sinh valin ¢6 thé 13 vi sinh vét ¢6
dihydroxy-axit dehydrataza hoat tinh dugc ting cudng va hoat tinh pyruvat

dehydrogenaza suy giam.

Theo phuong an khéac nita, vi sinh vat san sinh valin c6 thé 1a vi sinh vat c6 hoat

tinh dihydroxy-axit dehydrataza dugc tang cuong va hoat tinh xitrat synthaza gidm.

Theo phuong an khac nita, vi sinh vat san sinh valin ¢6 thé 14 vi sinh vt ¢6 hoat
tinh dihydroxy-axit dehydrataza dugc ting cudng va hoat tinh xitrat synthaza gidm, va
ngoai ra c6 hoat tinh transaminaza C gidm hodc hoat tinh pyruvat dehydrogenaza suy

giam, nhung sang ché khong bi gidi han & day.

Nhu dugce su dung & day, thudt nglr “dihydroxy-axit dehydrataza” 1a enzym tham
gia vao tong hop clia ketoiso-valerat, tién chét cta valin, trong con dwdng sinh tdng
hop san sinh L-valin c¢6 ngudn gbc tir pyruvat théng qua axetolactat,
dihydroxy-isovalerat thanh ketoiso-valerat. Theo sang ché, viéc san sinh L-valin c6 thé
dugc thic ddy bang cach ting cudng hoat tinh cua dihydroxy-axit dehydrataza, va do

d6 tang tdng hop cia ketoiso-valerat.

Nhu duge st dung ¢ ddy, thuat ngit “transaminaza C” 1a enzym tham gia vao con

duong téng hop L-alanin tir pyruvat.

Nhu dugc st dung & day, thuat ngit “pyruvat dehydrogenaza” 1a enzym tham gia

vao téng hop axetyl-coA tir pyruvic axit.

Nhu duge st dung & dy, thuat ngit “xitrat synthaza” 13 enzym tong hop xitrat tir
axetyl-coA.

Nhu dugce st dung & ddy, thuat ngit “su ting cuong” cd nghia 1a hoat tinh cia
protein ting 1én so v6i hoat tinh ndi sinh cta né. Sy ting cudng co thé duogc sir dung
thay thé cho nhau véi cac thuat ngit nhw kich hoat, didu chinh ting, biéu hién qud mirc,
tang 1én, v.v.. Cu thé, su kich hoat, diéu chinh tang, biéu hién qua murc va tang lén co
thé bao gdm ca hai truong hop trong d6 hoat tinh khéng c6 sn ban ddu duge bibu hién,

hodc hoat tinh dugc tang cudong so vdi hoat tinh ndi sinh cia n6 hodc hoat tinh trudce

khi bién d6i. “Hoat tinh noi sinh” d& cap dén hoat tinh cua polypeptit cu thé ¢6 sin ban
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du boi chiing bd me trude khi bién déi hodic vi sinh vat khong bién dbi, khi tinh trang
dugc thay d6i do bién ddi gen gay ra boi yéu td tu nhién hodc nhén tao, va c6 thé dugc
sit dung thay thé cho “hoat tinh truéc khi bién ddi”. “Su ting cudng”, “diéu chinh
tang”, “biéu hién qua mirc” hodc “tang 1én” trong hoat tinh ctia polypeptit so véi hoat
tinh ndi sinh cta n6 c¢6 nghia 14 hoat tinh va/hoic ndng d6 (mic dd biéu hién) cua
polypeptit dugc ting cudng so véi hoat tinh ciia polypeptit cu thé c6 sin ban diu boi

chiing bd me trude khi bién doi hodc vi sinh vat khong bién doi.

Su ting cudng co thé dat dugc bang cach dua vao polypeptit ngoai lai, hodc bing
cach tiang cudng hoat tinh va/hodc ndng do (mirc d6 biéu hién) cia polypeptit ndi sinh.
Su tang cudng hoat tinh cia dihydroxy-axit dehydrataza c6 thé dugc xac dinh tir sy
tang 1én ctia mirc hoat tinh ciia polypeptit, mirc dd biéu hién, hodc lwong san phim

duoc san sinh tir polypeptit.

Su ting cudng hoat tinh ciia dihydroxy-axit dehydrataza c6 thé dat dugc bing
nhiéu phwong phap da biét trong cing linh vuc k§ thuét, va khong bi giéi han mién 1a
c6 thé ting cuong hoat tinh clia polypeptit dich so véi hoat tinh cta vi sinh vat trude
khi bién di. Cu thé, ky thuat gen va/hodc k§ thudt protein da biét dbi véi nhitng nguoi
¢6 hiéu biét trung binh trong cuing linh vue k¥ thudt, 13 phuong phap phd bién cta sinh
hoc phén tir, c6 thé duoc sir dung, tuy nhién phuong phap khong bi gi6i han & day (vi
du, Sitnicka et al. Functional Analysis of Genes. Advances in Cell Biology. 2010, Vol.
2. 1-16, Sambrook et al. Molecular Cloning 2012, v.v.).

Cu thé, sy ting cudng hoat tinh cta dihydroxy-axit dehydrataza theo séng ché c6

thé dat dugc bang cac phuong phap sau ddy:
1) tang s lugng ban sao ndi bao cia polynucleotit ma héa polypeptit;

2) thay thé viing diéu hoa biéu hién cia gen ma hoa polypeptit trén nhidm sic thé

bang trinh ty c6 hoat tinh manh hon;

3) bién ddi trinh ty nucleotit ma héa codon (don vi ma hoa) khéi diu hoic

5'-UTR cua ban sao gen ma hda polypeptit;

4) bién ddi trinh ty axit amin ctia polypeptit sao cho hoat tinh cia polypeptit

dugc tdng cuong;

5) bién dbi trinh tw polynucleotit ma hoa polypeptit sao cho hoat tinh cua
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polypeptit duge ting cuong (vi du, bién doi trinh tw polynucleotit ctia gen polypeptit
dé ma héa polypeptit da duoc bién dbi dé tang cuong hoat tinh cia polypeptit);

6) dua vao polypeptit ngoai lai biéu hién hoat tinh polypeptit hodc polynucleotit

ngoai lai ma hda polypeptit;
7) t6i wu héa codon ctia polynucleotit ma hoa polypeptit;

8) phén tich céu tric bac ba ciia polypeptit va tir d6 lua chon va bién dbi vi tri

tiép xuc, hodc bien dd6i v€ mat héa hoc vi tri tiep xtic; hodc

9) su két hop cta hai hodc nhiéu phuong phap duge chon tir 1 dén 8), tuy nhién
sang ché khong bi gi6i han & déy.

Cu thé 13,

Phuong phép 1) dé ting sé lwong ban sao ndi bao cua polynucleotit ma hoa
polypeptit ¢6 thé dugc thuc hién bing cach dua vecto vao té bao vat chi, duoc lién két
chirc ning véi polynucleotit ma héa polypeptit va ¢ thé sao chép va hoat dong khong
phu thudc vao té bao vat chu. Ngoai ra, phuong phap cé thé dugc thyc hién béng cach
dwa mt hodc nhiéu ban sao ciia cac polynucleotit ma héa polypeptit vao nhiém sic thé
ctia t& bao vat chi. Viéc dwa vao nhidm sic thé c6 thé duogc thuc hién béng cach dua
vecto ¢6 kha ning chén polynucleotit vao nhiém sic thé cia t€ bao vat chil vao té bao

vat chi, tuy nhién sang ché khong bi gidi han & ddy. Vecto da duoc mé ta & trén.

Phuong phép 2) dé thay thé ving diéu hoa bidu hién (hodc trinh tu didu hoa bidu
hién) ctia gen ma héa polypeptit trén nhidm sic thé bang trinh tu ¢6 hoat tinh manh c6
thé duogc thuc hién, vi du, béng cach tao ra su bién ddi trén trinh tu thdong qua xda,
chén, thay thé bao thu hoic khong bao thi, hoic sy két hop cua chung dé ting cudng
thém hoat tinh clia vung didu hoa biéu hién, hoic b%mg cach thay thé trinh tu b%mg
trinh tw ¢6 hoat tinh manh hon. Ving diéu hoa biéu hién c¢6 thé bao gdm nhung khong
giéi han & vung gen khdi dong, trinh ty van hanh, trinh ty ma hoa vi tri lién Két
ribosom, va trinh tu diéu hoa két thuc phién ma va dich ma, v.v.. Trong mét vi du,
phwong phép c6 thé bao gdm thay thé ving gen khdi dong ban dau bing vung gen

khéi dong manh, tuy nhién sang ché khong bi gi6i han & day.

Cac vi dy cua ving gen khoi dong manh da biet cé thé bao gom cac ving gen

khéi dong tir CJ1 dén CI7 (patent Hoa Ky sé US 7662943 B2), vung gen khéi dong
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lac, ving gen khédi dong trp, ving gen khéi dong trc, ving gen khéi dong tac, ving
gen khoi dong lambda phage PR, ving gen khéi dong PL, ving gen khdi dong tet,
ving gen khéi dong gapA, vung gen khoi dong SPL7, vung gen khéi dong SPL13
(sm3) (patent Hoa Ky s6 US 10584338 B2), viing gen khéi dong O2 (patent Hoa Ky
s US 10273491 B2), vung gen khéi dong tkt, ving gen khéi dong yccA, v.v., tuy

nhién ving gen khéi dong manh khong bi gi6i han & day.

Phuong phép 3) dé bién ddi trinh tu nucleotit ma hoa codon khédi dong hodc
5'-UTR phién mé gen ma héa polypeptit c6 thé duge thyc hién, vi du, bang cach thay
thé trinh tu nucleotit bang trinh ty nucleotit ma héa codon khéi dong khéac c6 mirc biéu
hién cao hon ctia polypeptit so v&i codon khoéi dong ndi sinh, tuy nhién sang ché
khong bi gidi han & day.

Céc phuong phép 4) va 5) dé bién ddi trinh ty axit amin hoic trinh ty
polynucleotit ¢ thé dugc thuc hién b%tng cach tao ra su bién ddi trén trinh ty thong qua
x6a, chén, thay thé bao thi hodc khong béo thu cua trinh ty axit amin cia polypeptit
hodc trinh ty polynucleotit md hoéa polypeptit, hodc su két hop cua ching dé ting
cuong hoat tinh ciia polypeptit, hodc bang cach thay thé trinh tuw bang trinh ty axit
amin hoic trinh tu polynucleotit dugc bién dbi d@ c6 hoat tinh manh hon, hoic trinh tu
axit amin hodc trinh tu polynucleotit dwoc bién ddi dé ting cudng hoat tinh, tuy nhién
sang ché khong bi gidi han & ddy. Cu thé, sy thay thé ¢6 thé duge thuc hién bing cach
dua polynucleotit vao nhiém séc thé bang tai t6 hop twong dbng, tuy nhién sang ché
khong bi giéi han & ddy. Vecto duoc sir dung & day c6 thé con bao gém chi diu lya

chon dé x4c nhan sy chén vao nhiém séc thé. Chi ddu lya chon d& dugc mo ta & trén.

Phuong phap 6) dé dua polynucleotit ngoai lai biéu hién hoat tinh ciia polypeptit
¢6 thé duge thuc hién b%mg cach dua vao té bao vat chu polynucleotit ngoai lai ma héa
polypeptit biéu hién hoat tinh twong ddng/ddng nhét véi hoat tinh ciia polypeptit.
Polynucleotit ngoai lai c6 thé dugc sir dung ma khong gidi han bét ké ngudn gbc hoic
trinh ty cia né mién 1a polynucleotit ngoai lai biéu hién hoat tinh twong ddng/ddng
nhit véi hoat tinh cia polypeptit. Viéc dua vao c6 thé duge thuc hién boi nguoi co
hiéu biét trung binh trong cing linh vuc k§ thuat bang cach chon phuong phap bién
nap thich hop da biét trong cung linh vyc k¥ thuédt, va su biéu hién cua polynucleotit
da dua vao polynucleotit t& bao vat chii c6 kha ning san sinh polypeptit, nhd d6 ting

cuong hoat tinh cua né.
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Phuong phap 7) dé t6i wu hoa codon cta polynucleotit ma hoa polypeptit c6 thé
duoc thuc hién bang t6i uu héa codon ciia polynucleotit ndi sinh dé ting sy phién ma
hodc dich ma bén trong té bao vt chil, hodc bang cach t6i wu héa cac codon sao cho
sw phién ma va dich ma duogc t6i vu héa cta polynucleotit ngoai lai ¢6 thé dugc thuc

hién bén trong té bao vt chu.

Ngoai ra, phuong phap 8) dé phan tich cu triic bac ba ctia polypeptit va tir d6 Iya
chon va stra ddi vi tri tiép xtc, hodc sira d6i vé mit héa hoc vi tri tiép xtc ¢ thé dugc
thuc hién, vi du, bang cach so sanh théng tin trinh tr ciia polypeptit cAn phén tich véi
co s& dit liéu, trong d6 thong tin trinh tw cta cac protein di biét duge luu trir, dé xac
dinh cac mg vién (candidate) protein mach khudn theo mirc ddng nhét cia trinh tir, va
do d6 x4c nhan cu truc dya trén thong tin, nho d6 lya chon va bién nap hodc sua dbi

vi tri tiép xuc can duoc stra doi hodc stra doi vé mat hoa hoc.

“Vecto” theo sang ché 13 cAu tric phin tt ADN duoc st dung nhu chét trung
gian dé van chuyén nhén tao cac vat liéu gen ngoai lai dén cac t& bao khic va c6 thé
bao gdm céu tric ADN chua trinh ty nucleotit cia polynucleotit ma héa polypeptit
dich dugc lién két chirc ning véi ving diéu hoa biéu hién (trinh tu didu hoa biéu hién)
thich hop dé c6 thé biéu hién polypeptit dich trong t& bao vat chu thich hop. Ving didu
hoa biéu hién ¢6 thé bao gdm ving gen khai dong c6 kha ning bét dau phién ma, bat
ky trinh ty todn tr nao diéu hoa phién ma, trinh ty ma héa vi tri lién két ribosom
mARN thich hop, va trinh tu dé diéu hoa két thuc phién ma va dich ma. Sau khi bién
nap vao t€ bao vat chu thich hop, vecto ¢ thé sao chép hodc hoat dong doc 1ap véi bd

gen vat chii, hodc c6 thé tich hop vao bd gen ciia ching.

Vecto duge st dung trong sang ché khong bi gidi han cu thé, va bt ky vecto da
biét trong cing linh vue k§ thuat ¢6 thé dugc st dung. Cac vi du cua vecto thuong
dugc sir dung 6 thé bao gém plasmit, cosmit, virut va thé thuc khuln t4i td hop hodc
tu nhién. Vi du, nhu vecto thé thuc khudn hodc vecto cosmit, pWEI15, M13, MBL3,
MBL4, IXII, ASHII, APIL t10, t11, Charon4A, va Charon21A, v.v. ¢6 thé duge sir
dung; va nhu vecto plasmit, céc vecto loai pDZ, loai pBR, loai pUC, loai pBluescriptll,
loai pGEM, loai pTZ, loai pCL, va loai pET, v.v. c6 thé duoc st dung. Cu thé, cac
vecto pDZ, pDC, pDCM2, pACYC177, pACYC184, pCL, pECCGI117, pUCI19,
pBR322, pMW118, va pCC1BAC, v.v. ¢6 thé duoc st dung.
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Trong mdt vi du, polynucleotit md héa polypeptit dich c6 thé dugc dwa vao
nhiém sic thé thong qua vecto dé chén nhidm sic thé ndi bao. Viée chén polynucleotit
vao nhiém sic thé c6 thé duoc thyc hién bing bat ki phwong phap da biét trong ciing
linh vuc k§ thuat, vi du, bang tai t6 hop twong ddng, tuy nhién sang ché khéng bi gi6i
han ¢ day. Vecto ¢c6 thé con bao g(‘Sm chi ddu chon loc dé x4c nhan su chén vao nhiém
sic thé. Chi ddu chon loc ding dé Iyra chon cac t& bao duge bién nap véi vecto, tic 1a
dé xac dinh xem liéu phéan tr axit nucleic dich da dugc chén vao hay chua, va cac chi
déu chon loc cung cép céc kiéu hinh c6 thé chon loc, chéng han nhu khang thudc, dinh
dudng thu dong, khang céc chit gay doc té bao, hodc bidu hién cua cac polypeptit bé
mit ¢ thé dugc st dung. Chi céc t& bao biéu hién chi ddu chon loc c¢6 thé tdn tai hodc
biéu hién céc kiéu hinh khac nhau trong méi trudng dwge xt Iy bang chét chon loc, va

do d6 cac té bao da bién nap cé thé duoc lva chon.

Nhu dugc st dung & ddy, thuét ngtt “bién nap” c6 nghia 13 viée dua vao vecto
chira polynucleotit ma héa polypeptit dich vio té bao vét chi hodc vi sinh vét sao cho
polypeptit dwgc ma hoa bodi polynucleotit c6 thé duge biéu hién trong té bao vat chu.
Mién 1a polynucleotit d3 bién nap cé thé dugc biéu hién trong t& bao vét chu, viée
polynucleotit d3 bién nap duoc tich hop vao nhiém séc thé cia té bao chi va ndm trong
d6 hay nim ngoai nhidm séc thé khong quan trong, va ca hai truong hop déu c6 thé
dugc bao gdm. Ngoai ra, polynucleotit c6 thé bao gdm ADN va/hosic ARN ma hoa
polypeptit dich. Polynucleotit c6 thé dugc dwa vio & bit ky dang ndo, mién 1a
polynucleotit c¢6 thé dugc dua vao t& bao vat chi va duge biéu hién trong d6. Vi dy,
polynucleotit ¢6 thé dugc dua vao té bao vat cha duéi dang catxet biéu hién 12 cAu tric
gen bao gém tat ca cac yéu t6 can thiét d& biéu hién doc 13p cta nd. Catxet biéu hién
théng thuong c6 thé bao gdbm ving gen khéi dong dugc lién két chuc nang voi
polynucleotit, tin hiéu két thuc phién ma, vi tri li€n két ribosom, hoic tin hiéu két thuc
dich mé. Catxet biéu hién c6 thé & dang vecto biéu hién tu sao chép. Ngoai ra,
polynucleotit c6 thé dugc dua vio té bao vat chi & dang ban ddu va duge lién két chirc
ning véi cac trinh ty yéu cau dbi voi su bidu hién trong té bao vét chu, tuy nhién sang
ché khong bi gii han & day.

Ngoai ra, nhu duge st dung & ddy, thuat ngit “duge lién két chirc ning” @& cip
dén trinh tu gen dugc lién két chirc ning véi trinh ty ving gen khéi dong cho phép bét

dau va lam trung gian phién m4 cta polynucleotit ma hoa protein dich cua sang ché.
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Viéc ting cudng protein hoat tinh nhu vdy c6 thé c6 nghia 13 hoat tinh coa
protein twong tmg khong c6 san ban dau duoc biéu hién, hodc hoat tinh hodc néng do
cta né thuong tang 1€n 1%, 10%, 25%, 50%, 75%, 100%, 150%, 200%, 300%, 400%
hodc 500%, va t&i da 1000% hodc tdi thiéu 2000% duyra trén hoat tinh hodc ndng do cua
protein kiéu dai hodc ching vi sinh ban dau, tuy nhién sang ché khéng bi gidi han &
day.

Cu thé, viéc tang cudng ctia hoat tinh dihydroxy-axit dehydrataza c6 thé c6 nghia
1a hoat tinh dihydroxy-axit dehydrataza trong vi sinh vat dugc tang cuong so voi hoat
tinh ctia vi sinh vat kiéu dai, vi sinh vat truée khi bién dbi hodc vi sinh vat c¢6 protein
khong bién dbi, nhor d6 tang tdng hop cua ketoiso-valerat, 13 tién chét ciia L-valin, tir

dihydroxy-isovalaerat, din dén ting san sinh L-valin.

Nhu dugc st dung ¢ day, thuit ngit “gidm” 1a khai niém toan dién bao gém ca
treong hop hoat tinh cta protein dugc biéu hién trong vi sinh vat & trang thai tu nhién
hoic trudce khi bién doi bi suy giam hodc loai bd (x6a), tirc 12 khi so sanh v6i hoat tinh
noi sinh hodc mdt ban sao ciia gen ma hda protein trong té bao, va co thé ¢ nghia la

hoat tinh 13 tir 0% dén 100%.

Thuét nglt “gidm hoat tinh” ctia protein cé nghia 1a hoat tinh ctia protein dugc
loai bé hodc hodc hiéu qua it hon chitc ndng ban du ctia né duge thyc hién, tuy nhién
sang ché khong bi gidi han & day. Tuc 13, cu thé, viée giam hoat tinh bao gom cé “x6a

hoat tinh” va “suy giam hoat tinh”.

Thuat ngit “x6a hoat tinh” c6 nghia 1a enzym hoéc protein hoan toan khong dugc
biéu hién so v&i chung kiéu dai tu nhién, ching bb me hoic chung c6 protein khong
bién ddi, hoic hoat tinh ctia chung khong duoc quan sat thiy ngay ca khi enzym hoc

protein duge biéu hién.

Theo sang ché, x6a hoat tinh c6 thé dat dwoc bang cach 4p dung cac phuong phap
khéc nhau d3 biét trong cling linh vuc k§ thuat. Cac vi du v& céc phwong phap c6 thé
bao gdm: 1) x6a mot phan hodc toan by gen ma héa protein; 2) bién ddi trinh tu gen
md hoa protein sao cho hoat tinh cla protein dugc loai bo hodc suy giam; 3) dua
antisense oligonucleotit (vi du, antisense ARN), lién két bd sung véi phién ma gen ma
héa protein; 4) thém trinh tw bd sung vao trinh ty Shine-Dalgarno (SD) trén phia sau

cua trinh tu SD ctla gen ma héa protein d€ tao ra cau tric thir cap, nhd d6 G ché gan
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ribosom; 5) k¥ thudt phién ma nguoc (reverse transcription engineering: RTE) thém
ving gen khéi dong, dugce phién ma nguoc trén diu 3' cia khung doc md (open
reading frame: ORF) ciia trinh tw gen ma hoa protein; hodc su két hop ciia chung, tuy
nhién sang ché khong bi gi6i han & day.

Ngoai ra, “suy giam hoat tinh” c¢6 thé c6 nghia 13 hiéu qua it hon chirc ning ban
dAu ctia né duge thuc hién, va c6 thé dat dugc bang cac phuong phép bao gdm: x6a
mdt phdn gen ma héa protein trén nhiém sic thé; thay thé gen ma hoa protein trén
nhiém sic thé bang gen dot bién sao cho hoat tinh ciia protein giam; dwa dot bién vao
trinh tyr diéu hoa bidu hién ctia gen ma hoa protein trén nhiém sic thé; thay thé trinh tyr
diéu hoa biéu hién ciia gen ma hoa protein bang trinh tw ¢ hoat tinh yéu (vi du, thay
thé ving gen khéi dong clia gen bing ving gen khoi dong yéu hon ving gen khoi
dong ndi sinh), v.v., tuy nhién sang ché khong bi giéi han & ddy, va cac phuong phép

d4 biét ¢ 1am suy giam hoat tinh c6 thé duoc str dung ma khong bi gi6i han & day.

Viéc giam hoat tinh protein c6 thé c6 nghia 13 hoat tinh cua protein tuwong Gng
duogc loai bd, hodc hoat tinh hodc néng do ctia n6 thuong giam 0%, 1%, 5%, 10 %,
15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, 99% dua trén hoat tinh
hodc ndng do trong protein kidu dai hodc ching vi sinh ban dau, tuy nhién sang ché
khong bi gi6i han ¢ day.

Cu thé, hoat tinh cta transaminaza C trong vi sinh vat cé thé gidm so véi hoat
tinh clia ching kiéu dai ty nhién, ching bé me trudc khi d6t bién, hoic ching c6
protein khong bién d6i. Theo mot phuong 4n, vi sinh vat ¢6 thé khong c6 hoat tinh ctia
protein transaminaza C do x6a gen transaminaza C, hoic c6 thé ¢6 hoat tinh suy giam
nhu trinh tu ma héa codon khéi dau cia gen transaminaza C dugc bién dbi thanh GTG,

nh¢ d6 gidm biéu hién cla protein transaminaza C.

Ngodi ra, cu thé, hoat tinh cia pyruvat dehydrogenaza trong vi sinh vat c6 thé
gidm so véi hoat tinh cida chung kiéu dai tu nhién, ching bd me trude khi dot bién,
hoic chiing c6 protein khong bién dbi. Theo mot phwong 4n, vi sinh vat ¢ thé khong
c6 hoat tinh cta protein pyruvat dehydrogenaza do x6a gen pyruvat dehydrogenaza,
hodc ¢6 thé ¢6 hoat tinh suy giam nhu trinh tw ma héa codon khéi dau cua gen pyruvat
dehydrogenaza duoc bién ddi thanh GTG, nho d6 giam biéu hién cua protein pyruvat
dehydrogenaza. Theo phuong an khéac, nhu trinh ty cua gen pyruvat dehydrogenaza
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dugc dot bién trong vi sinh vat, vi sinh vit c6 thé bidu hién dot bién pyruvat
dehydrogenaza c¢6 hoat tinh suy giam hon hoat tinh ctia protein kiéu dai, trong dé axit
amin tuong tng véi vi tri thit 432 hodc 435 tir du N cua trinh ty axit amin ¢6 m4 nhan
biét SEQ ID NO: 3 dugc thay thé bing axit amin khac. Cu thé, dot bién pyruvat
dehydrogenaza c6 hoat tinh suy giam hon hoat tinh ctia protein kiéu dai c6 thé bao
gdm trinh ty axit amin ¢6 cdc ma nhan biét SEQ ID NO: 5 hoic SEQ ID NO: 6, tuy
nhién sang ché khong bi giéi han & day.

Ngoai ra, cu thé, hoat tinh ctia xitrat synthaza trong vi sinh vat ¢6 thé giam so véi
hoat tinh ctia ching kiéu dai tw nhién, ching bd me trude khi Vd(f)t bién, hodc ching c6
protein khong bién d6i. Theo mdt phuwong 4n, vi sinh vat c6 thé khong ¢ hoat tinh cia
protein xitrat synthaza do x6a gen Xitrat synthaza, hodic c6 thé c6 hoat tinh suy giam
hoic c6 thé co hoat tinh suy giam nhu trinh tr ma hoa codon khéi diu clia gen xitrat
synthaza dugc bién ddi thanh GTG, nho d6 giam biéu hién cia protein xitrat synthaza.
Theo phuong 4n khéc, nhur trinh tur ciia gen xitrat synthaza dugc dot bién trong vi sinh
vat, vi sinh vat c6 thé biéu hién dot bién xitrat synthaza c6 hoat tinh gidm hon hoat tinh
ctia protein kiéu dai, trong d6 axit amin tuong @mg véi vi tri thir 241 hodc 312 tir ddu N
clia trinh tw axit amin ¢6 ma nhén biét SEQ ID NO: 4 dugc thay thé béng axit amin
khéc. Cu thé, dot bién xitrat synthaza c6 hoat tinh giam hon hoat tinh coa protein kiéu
dai c6 thé bao gém trinh tu axit amin ¢ cdc ma nhan biét SEQ ID NO: 7 hoac SEQ ID
NO: 8, tuy nhién sang ché khéng bi gioi han & day.

Thuat ngit ‘thay thé bing axit amin khac’ khong bi gi6i han mién 13 axit amin
trude khi thay thé duogc thé béng axit amin khéc. Cu thé, n6 c6 thé duge thay thé béng
bat ky mt axit amin dugc chon tir lysin, histidin, glutamic axit, aspartic axit, glyxin,
alanin, valin, leuxin, isoleuxin, methionin, phenylalanin, tryptophan, prolin, serin,

threonin, xystein, tyrosin, asparagin, arginin va glutamin.

Cu thé hon 13, pyruvat dehydrogenaza c6 hoat tinh suy giam c6 thé 13 pyruvat
dehydrogenaza trong d6 axit amin twong tng véi vi tri thir 432 hodc 435 tir du N cua

trinh tr axit amin ¢6 mé4 nhén biét SEQ ID NO: 3 véi axit amin khong phan cyc.

Ngoai ra, cu thé hon 1a, xitrat synthaza c6 hoat tinh giam c6 thé 1a xitrat synthaza
trong d6 axit amin twong Gng vé6i vi tri thtr 241 hodc 312 tir diu N cta trinh ty axit

amin c¢6 ma nhan biét SEQ ID NO: 4 duogc thay thé bang axit amin phan cuc hoic
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khoéng phén cuc.

Nhu duoc sir dung & ddy, thuit ngit “twong tng v6i” dé cap dén gbc axit amin &
vi tri dugc xac dinh trong protein hodc peptit, hodic gdc axit amin twong tw, ddng nhét,
hoic trong ddng vai gde duoc xac dinh trong protein hodic peptit. Nhu dugc st dung &
day, thuat ngit “ving twong Gng” thuong dé cip dén vi tri twong tu hoidc twong g

trong protein lién quan hoc protein tham chiéu.

Theo séng ché, c6 thé st dung cach danh sb cu thé céc vi tri gdc axit amin trong
protein dugc sir dung & ddy. Vi du, c6 thé danh sO lai céc vi tri goc axit amin cla
protein theo sdng ché thanh cac vi tri twong tng bang céch sdp x€p trinh tu cua protein

theo sang ché véi protein dich dugc so sanh.

Nhu duge st dung & day, thuat ngir “twong dong” hodc “ddng nhat” dé cip dén
mirc d6 két hop véi hai trinh tu axit amin hodc trinh tw nucleotit, va cé thé duoc bidu
hién duéi dang phan trim. Cac thuat ngit twong ddng va ddng nhét thuong c6 thé duoc

sir dung thay thé cho nhau.

Su tuong dong hodc ddng nhét trinh tyr cua cac polynucleotit hodc polypeptit bao
thi1 c6 thé duoc xac dinh bang cac thuat toan cin chinh tiéu chuén va c6 thé dugc st
dung v6i ham phat khoang tréng dich chuyén mic dinh dugc thiét 14p boi chuong trinh
duoc sir dung. V& co ban, céc trinh tu twong dong hoic ddng nhét thong thudong dugce
mong mudn lai héa véi toan bd hoic mdt phan trinh tur trong cac didu kién nghiém
ngit cao hodc trung binh. RS rang ring sy lai hoa véi cac polynucleotit chira codon
thong thudng hoic cac codon thoai bién trong lai hoa cac polynucleotit ciing dwgc bao

gom.

Vi du, bat ky hai trinh tu polynucleotit hodc polypeptit c6 su twong dong, teong
tw, hoic ddng nhét c6 thé duge xac dinh bing thuit toan may tinh da biét nhu thuat
toan “FASTA” (Pearson et al. (1988) Proc. Natl. Acad. Sci. USA 85:2444) bing céach
st dung cic thong sd mic dinh. Thay vao d6, c6 thé xac dinh bing thuft toén
Needleman—Wunsch (Needleman va Wunsch, 1970, J. Mol. Biol. 48:443-453) dugc
thue hién bang cach str dung chuong trinh Needleman cia g6i B phan mém mo sinh
hoc phan tir chdu Au (The European Molecular Biology Open Software Suite:
EMBOSS) (Rice et al., 2000, Trends Genet. 16:276-277) (t5t hon 14, phién ban 5.0.0

hodc cao hon) (géi chuong trinh GCG (Devereux, J. et al., Axit nucleics Research
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12:387 (1984)), BLASTP, BLASTN, FASTA (Atschul, S. F., et al., ] MOLEC BIOL
215:403 (1990); Guide to Huge Computers, Martin J. Bishop, ed., Academic Press,
San Diego, 1994, va [CARILLO ETA/.](1988) SIAM J Applied Math 48:1073). Vi du,
su tuong dong, twong ty, hodc dong nhit ¢6 thé dwoc xac dinh biang cach sir dung
BLAST ho#ic ClustalW ctia Trung tdim Thong tin Coéng nghé Sinh hoc Québc gia
(National Center for Biotechnology Information: NCBI).

Su twong ddng, twong tw, hoiic ddng nhét gifra cac polynucleotit hodc polypeptit
6 thé duge xé4c dinh b%mg cach so sanh thong tin trinh ty st dung, vi du, chuong trinh
may tinh GAP nhu Needleman et al., (1970), J Mol Biol. 48:443 nhu di dua ra béi
Smith va Waterman, Adv. Appl. Math (1981) 2:482. Tém lai, chuong trinh may tinh
GAP xac dinh su twong dﬁ”)ng, tuong tu, hodc déng nhét nhu gia tri thu dugc béng cach
chia sb lugng céc ky hiéu dugce can chinh (tirc 13, cac nucleotit hodc axit amin) giéng
nhau cho téng sé ky hiéu trong doan ngin hon cta hai trinh ty. Céc tham sé mic dinh
cho chuong trinh GAP ¢6 thé bao gém: (1) ma tran so sanh nhj phan (chtra gia trj 1
cho ddng nhét va 0 cho khong ddng nhét) va ma trin so sanh trong s cia Gribskov et
al. (1986), Nucl. Axits Res. 14:6745, nhu dugc dua ra bdi Schwartz va Dayhoff, eds.,
Atlas of Protein Sequence and Structure, National Biomedical Research Foundation,
pp. 353-358 (1979) (hodc ma tran thay thé EDNAFULL (phién ban EMBOSS cia
NCBI NUC4.4)); (2) ham phat 3,0 cho mdi khoang trdng dich chuyén va ham phat bd
sung 0,10 cho mdi ky hiéu trong mdi khoang tréng dich chuyén (hoic ham phat mé
khoang tréng dich chuyén 10 va ham phat mo rong khoang tréng dich chuyén 0,5); va

(3) khdng c6 ham phat cho cac khoang tréng dich chuyén cudi cing.

Nhu dugce st dung & day, thuat ngir “bién thé” dé cap dén protein mot hodic nhidu
axit amin khéc véi trinh tu da néu béng su thay thé bao thu va/hoic bién dbi sao cho
c4c chirc ning va cac dic tinh cia protein van gitt lai. Céc bién thé nay khéac véi cac
trinh ty da xac dinh bé‘mg su thay thé, x6a hodc thém vao mot sb axit amin. Céc bién
thé nay thuong duoc xac dinh bing cach bién dbi mot hodc nhidu trinh ty axit amin
néu trén clia protein va danh gid cac dic tinh cla protein da bién ddi. Tirc 13, kha ning
cia céc bién thé c6 thé duge ting cudng, khong thay dbi hodc giam di so véi protein tu
nhién. Cac bién thé khac c6 thé bao gbm bién thé trong d6 mdt vung da duoc loai bo tir
dau N va/hodic diu C cia protein trudng thanh. Thut ngit “bién thé” c6 thé dugc sir

dung thay thé cho cac thuat ngir nhu bién dbi, protein bién dbi, polypeptit bién ddi, dot
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bién, mutein, phan ky, bién thé, hodc twong tu, v.v. mién 13 cac thuat ngir duoc sir
dung dé thé hién sur thay d6i, tuy nhién sang ché khong bi gi6i han & dy. D6i voi muc
dich cua sang ché, bién thé c6 thé bién thé trong d6 hoat tinh protein bi giam hoic suy
giam so v6i hoat tinh cia protein kiéu dai hodc khéng bién ddi ma khong giéi han &
day.

Nhu duoc st dung & day, thuat ngit “thay thé bao thu” dé cap dén sy thay thé
mdt axit amin bang axit amin khac ¢6 cdu tric va/hodc cac tinh cht héa hoc tuwong tu.
Viéc thay thé axit amin nay thuodng cé thé x4y ra dua trén su giéng nhau vé do phan
cuc, dién tich, tinh hoa tan, tinh ky nudc, tinh wa nudc, va/hodc ban chét ludng tinh

cua mot goc.

Ngoai ra, bién thé c¢6 thé con bao gbm x6a hodc bd sung céc axit amin ¢6 anh
huong tdi thiéu dén céc tinh chét va cdu trac bac hai cia polypeptit. Vi du, polypeptit
c6 thé duge lién hop véi trinh tu tin hiéu (hodc din dau) & ddu N tham gia vao chuyén
dich ddng dich ma hodc sau dich ma protein. Ngoai ra, polypeptit con c6 thé dugc lién

hop véi trinh tu hoic lién két khac dé x4c dinh, tinh ché, hodc tdng hop polypeptit.

Nhu dugc sit dung & ddy, thuat ngit “vi sinh vat san sinh L-valin” dé cap dén vi
sinh vat c6 kha ning san sinh lwgng L-valin du tir ngudn cacbon trong mdi trudng so
v6i vi sinh vat kiéu dai hoic khong bién dbi. Ngoai ra, vi sinh vét san sinh L-valin ¢6
thé 1a vi sinh vat tai td hop. Cu thé, vi sinh vat khong bi giéi han cu thé & loai cia nd
mién 1a ¢6 thé san sinh L-valin, v c6 thé 12 vi sinh vat thudc chi Enterobacter, chi
Escherichia, chi Erwinia, chi Serratia, chi Providencia, chi Corynebacterium, va chi

Brevibacterium. Cy the, n6 c6 the 1a vi sinh vat thudc chi Corynebacterium hoic chi

Escherichia.

Cu thé hon, vi sinh vat thudc chi Escherichia c6 thé 1a Escherichia coli, va vi
sinh vat thudc chi Corynebacterium c6 thé 13 Corynebacterium glutamicum, va bit ky
vi sinh vét thudc chi Corynebacterium hodc chi Escherichia c6 kha nang tdng san sinh
L-valin, trong d6 c6 thé bao gdm hoat tinh dihydroxy-axit dehydrataza duge tang
cuong; va bét ky mét hodc nhidu su két hop dugc chon tir hoat tinh transaminaza C
gidm; hoat tinh pyruvat dehydrogenaza giam; hodc hoat tinh xitrat synthaza gidm duoc

dua vao.

Ching b0 me ctia vi sinh vt san sinh L-valin, dugc bién d6i dé c6 hoat tinh
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dihydroxy-axit dehydrataza dwoc ting cudng; va bat ky mot hodc nhidu sy két hop
duogc chon tir (1) dén (3) dudi day:

(1) hoat tinh transaminaza C giam,;
(2) hoat tinh pyruvat dehydrogenaza suy gidm; va

(3) hoat tinh xitrat synthaza giam, khong bi gii han cu thé mién 1a d6 13 vi sinh

vat san sinh L-valin.

Vi sinh vt san sinh L-valin ¢4 thé 1a vi sinh vt tw nhién, hodc vi sinh vat c6 kha
ndng san sinh L-valin dugc cai thién bang cdch chén gen lién quan dén co ché san xuat
L-valin bén ngoai hodc tang cudng hodc giam (lam suy giam hodc Gc ch€) hoat tinh

cuia gen noi sinh.

Theo mét phuong an, vi sinh vat ¢6 thé 13 vi sinh vat san sinh L-valin c6 hoat
tinh dihydroxy-axit dehydrataza duoc ting cudng so v6i chung kiéu dai hogc ching bd
me true khi bién dbi, va hoat tinh giam cta transaminaza C so v6i ching kiéu dai
hodc chung bb me trude khi dot bién. Cu thé, dihydroxy-axit dehydrataza c6 thé dugc
ma hoéa béi gen ilvD, va transaminaza C c¢6 thé dugc ma hoa boi avtA gene. Céc gen
c6 thé c6 ngudn gbc tir Corynebacterium glutamicum, tuy nhién séng ché khong bi
gi6i han & day.

Theo phuong an khac, vi sinh vét c6 thé 1a vi sinh v4t san sinh L-valin ¢6 hoat
tinh dihydroxy-axit dehydrataza dugc ting cudng so véi chiing kiéu dai hodc ching bd
me trude khi bién ddi, va hoat tinh suy giam cta pyruvat dehydrogenaza so véi ching
kiéu dai hoic ching bd me trude khi bién ddi. Cu thé, dihydroxy axit dehydrataza c6
thé dugc ma héa béi gen ilvD, va pyruvat dehydrogenaza c6 thé dugc ma hoa boi gen
aceE. C4c gen c6 thé c6 ngudn gbc tir Corynebacterium glutamicum, tuy nhién sang
ché khong bi gidi han & day.

Theo phuong 4n khéc nita, vi sinh vat c6 thé 13 vi sinh VAt sén sinh L-valin ¢6
hoat tinh dihydroxy-axit dehydrataza dugc ting cudng so véi ching kiéu dai hoic
chiing b6 me trude khi bién dbi, va hoat tinh gidm cua xitrat synthaza so véi ching
kiéu dai hogc ching bd me tru6e khi bién dbi. Cu thé, dihydroxy axit dehydrataza c6
thé dugc méa héa boi gen ilvD, va xitrat synthaza c6 thé dugc ma héa boi gen gltA.

Cac gen c6 thé c6 nguon goc tt Corynebacterium glutamicum, tuy nhién sang ché
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khong bi gidi han & day.

Ngoai vi sinh vAt néu trén, vi sinh vat c6 thé 13 vi sinh vat san sinh L-valin trong
do hoat tinh ctia transaminaza C bi gidm hoéc hoat tinh ctia pyruvat dehydrogenaza bi
giam so véi ching kiéu dai hodc chung bb me trude khi bién ddi, hodc c6 thé 1a vi sinh
vat san sinh L-valin trong d6 hoat tinh cla transaminaza C bi gidm va hoat tinh cta
pyruvat dehydrogenaza bi giam so v6i chiing kiéu dai hodc ching bb me truée khi bién
dbi.

Khia canh khac nita ciia sang ché d& xuét phuong phép san sinh L-valin, trong d6
phuong phap nay bao gém: nudi cdy vi sinh vét san sinh L-valin, khac biét & chd co
hoat tinh dihydroxy-axit dehydrataza duoc ting cuong; va bt ky mét hodc nhidu sy

két hop duogc chon tir (1) dén (3) duéi day:
(1) hoat tinh transaminaza C giam,;
(2) hoat tinh pyruvat dehydrogenaza suy giam; va
(3) hoat tinh xitrat synthaza giam.

“L-valin” theo sang ché c6 thé bao gdbm khong chi L-valin, ma con ¢6 dang mubi
cua no.

Nhu dugc st dung & day, thuat ngit “nudi céy” ¢ nghia la vi sinh vt dugc phat
trién trong cac didu kién méi truong dwoc diéu chinh thich hop. Qué trinh nudi cy
theo sang ché co6 thé duoc thuc hién theo méi trudng nudi cAy thich hop hoic cac didu
kién nudi cdy da biét trong cing linh vire k¥ thuét. Qua trinh nudi cdy c6 thé dugc didu
chinh dé dang theo ching d4 chon béi nhitng ngudi ¢6 hiéu biét trung binh trong ciing
linh vie k§ thuat. Cu thé, nubi cdy c¢6 thé dugc thuc hién theo mé, nudi cdy lién tuc, va

nudi cdy theo mé c6 cép dinh dudng, tuy nhién sang ché khong bi gi6i han & day.

Nhu dugc sir dung & day, thuat ngit “méi truong” dé cap dén hdn hop céc nguyén
liéu chira cac chat dinh dudng cin thiét d& nudi cdy vi sinh vat lam cac thanh phan
chinh, va méi trudng cung cip céc chét dinh dudng, va cac yéu td ting trudng, cung
v6i nude can thiét cho sy ton tai va ting trudng. Cu thé, moi truong nudi cdy va cac
diu kién nudi céy khac dugce st dung cho nuoi céy vi sinh vit clia sang ché c6 thé 1a
bat ky moi truong nudi cdy duge sir dung cho nudi cdy thong thudng cc vi sinh vét

ma khong gi6i han & ddy. Tuy nhién, vi sinh vét cla sang ché c6 thé dugce nudi cay
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trong cac didu kién hiéu khi trong méi trudong thong thudng chira ngudn cacbon, ngudn
nito, ngudn phospho, hop chit v6 co, axit amin, va/hodc vitamin thich hop, trong khi

diéu chinh nhiét do, d6 pH, v.v..

Theo sang ché, ngudn cacbon c6 thé bao gdm céac cacbohydrat, ching han nhu
glucoza, sacaroza, lactoza, fructoza, sucroza, va maltoza, v.v.; rugu dudng, nhu
mannitol, sorbitol, v.v.; c4c axit hitu co, nhu axit pyruvic, axit lactic, axit xitric, v.v.;
céc axit amin, nhw axit glutamic, methionin, lysin, v.v.. Ngoai ra, ngudn cacbon c6 thé
bao gbém cac chét dinh dudng hiru co ty nhién nhu dich thiy phén tinh bdt, mat dudong,
mat duong den, cam gao, sén, ba mia, va dich chiét ngo, v.v.. Cac cacbohydrat nhu
glucoza va mat dudng di xt 1y trude vo trung (tic 1a mat duong duge chuyén hoa
thanh duong giam) c6 thé dugc st dung, va ngoai ra, va cic ngudn cacbon khic véi
lwong thich hop c6 thé dugc sir dung ma khong bi gidi han & day. Cac ngudn cacbon
ndy c6 thé duge st dung riéng 16 hodc két hop it nhét hai ngudn cacbon, tuy nhién séng
ché khong bi gi6i han & day.

Ngudn nito ¢6 thé bao gdm céc ngudn nito v co, nhu amoniac, amoni sulfat,
amoni clorua, amoni axetat, amoni phosphat, amoni carbonat, amoni nitrat, v.v.; cac
axit amin, nhu axit glutamic, methionin, glutamin, v.v.; va cac nguén nito hitu co nhu
pepton, NZ-amin, cao thit, dich chiét nAm men, cao mach nha, dich chiét ngo, thiy
phén casein, ca hozic san phdm phan hily ciia chiing, banh dau twong da khir chit béo
hogc san phim thodi bién ciia ching, v.v.. Cac ngudn nito ndy c6 thé dugc sir dung
riéng 1é hodc két hop hai hodc nhiéu ngudn nito, tuy nhién sang ché khong bi gi6i han
& day.

Ngudn phospho ¢6 thé bao gdm monokali phosphat, dibazo kali phosphat, hodc
cac mudi chira natri trong tmg, v.v.. Cac vi du vé& cac hop chét vo co ¢o thé bao gbm
clorua natri, clorua canxi, clorua sét, magie sulfat, sulfat sét, sulfat mangan, carbonat
canxi, v.v.. Ngoai ra, cac axit amin, vitamin, vd/hodc c4c tién chét thich hop ciing ¢6
thé duoc bao gém. Cac thanh phén hodc tién chit ciu tao nay co thé dugc thém vao
mbi truong nudi cdy theo mé hodic nudi cdy lién tuc, tuy nhién cic ngudn phospho
khong bi gidi han & day.

Theo séang ché, 46 pH ciia méi trudng nudi cdy cb thé dugce didu chinh béng cach

thém vao hop chit nhu amoni hydroxit, kali hydroxit, amoniac, axit phosphoric, axit
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lwu huynh, v.v. trong qué trinh nudi ciy vi sinh vét theo phuong phap thich hgp. Ngoai
ra, viéc tao thanh bot c6 thé duoc ngan chan trong qua trinh nudi ca"ty st dung chét khir
bot nhu axit béo polyglycol este. Ngoai ra, khi oxy hogc khi chira oxy c6 thé duoc
bom vao mdi trudng nudi cdy dé duy tri cac diéu kién hiéu khi cia moi trudong nudi
cdy; hogc khi nito, hydro, hodc khi cacbon dioxit c6 thé duge bom vao dé duy tri didu
kién ky khi va vi hiéu khi, ma khong can bom khi, tuy nhién khi khong bi gidi han &
day.

Nhiét dd ctia méi truong nudi cdy c6 thé ndm trong khoang nhiét d6 tir 20°C dén
50°C, tbt hon 14 tir 30°C dén 37°C, tuy nhién sang ché khong bi gi6i han & day. Viéc
nudi cdy c6 thé dwgc thuc hién cho dén khi thu duoc luong san sinh mong muén cua
cac nguyén liéu hiru ich, cu thé trong khoang tir 10 dén 100 gid, tuy nhién sang ché
khong bi gi6i han & day.

L-valin dugc san xuit bing nudi cdy theo sang ché c6 thé dugc giai phéng vao

moi trudong hodc giit lai trong cac té bao.

Phuong phép san xuét L-valin theo sang ché c6 thé con bao gdm budce didu ché
vi sinh vat theo sing ché, buéc diéu ché moi truong dé nuoi céy chuing, hodc sy két
hop ctia chung (bét ké theo thir tu nay hodc bét ky thr tu khac), vi duy, trudc hodc sau
bude nudi ciy.

Phuong phép san xuét L-valin theo sang ché c¢6 thé con bao gdm bude thu hdi
L-valin tlr moi trwong nudi cdy (moi trudng trong d6 nudi cdy phat trién) hodc vi sinh

vét theo sang ché. Budc thu hoi cd the con bao gom sau bude nudi cay.

Trong budc thu hoi, L-valin mong mudn ¢6 thé duoc thu gom bing céch sir dung
phwong phép thich hop da biét trong cing linh vuc k¥ thuat theo phuong phap nudi
cdy theo mé, nudi cdy lién tuc, hodc nudi cdy theo mé c6 cdp dinh dudng. Vi dy, cac
phuong phap nhu ly tAm, loc, xir 1y bang chét két tia protein (phuong phap tach mubi),
chiét xuét, phan hity bang siéu am, siéu loc, thim tach, cac phuong phap sic ky khac
nhau nhu sic ky rdy phén ti (thdm théu gel), sic ky hép phu, sic ky trao ddi ion, sic
ky 4i lyc, v.v., phuong phép sic ky 16ng hiéu ning cao (High Performance Liquid
Chromatography-HPLC) hodc su két hop ctia cic phuong phép nay c¢6 thé duge si
dung, va L-valin mong mudn c6 thé dugc thu hdi tir méi trudng nudi cdy hodc cac vi

sinh vat bang cich st dung cic phuong phép thich hop da biét trong cing linh vyc k§
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thuat.

Ngoai ra, phuong phap san xuét L-valin theo sang ché c6 thé con bao gdm budc
tinh ché, ¢6 thé duoc thuc hién st dung phuong phap thich hop d3 biét trong cing linh
vuc ky thuat. Theo mot phuong 4n, khi phuong phép san xuét L-valin theo séng ché
bao gém ca budce thu hdi va bude tinh ché, budce thu hdi va bude tinh ché ¢ thé duoc
thuc hién li€n tuc hodc khong lién tuc bat ké thir ty nao hodc c6 thé dugc thuc hién
dong thoi, hodc c6 thé dugce tich hop thanh mdt bude, tuy nhién sang ché khong bj giéi

han & day.

Theo phuong phéap ciia sang ché, polynucleotit, vecto, vi sinh vét, L-valin, v.v.,

da dugc mo ta & cac khia canh khac néu trén.

Khia canh khic nita clia sang ché 1a dé& xuét phuong phép ting kha ning san sinh
L-valin, trong d6 phuong phap niy con bao gdm bién ddi thanh vi sinh vét, khac biét &
chd c6 hoat tinh dihydroxy-axit dehydrataza dugc ting cudng; va bat ky mot hodc

nhiéu két hop duogc chon tir (1) dén (3) dudi day:
(1) hoat tinh pyruvat dehydrogenaza giam,;
(2) hoat tinh pyruvat dehydrogenaza suy giam; va
(3) hoat tinh xitrat synthaza giam.

Khia canh khéc nita cia sang ché 1a dé xuét viéc st dung vi sinh vat c6 hoat tinh
dihydroxy-axit dehydrataza dwgc ting cudng; va bat ky mot hoic nhidu két hop duge
chon tir (1) dén (3) duéi day:

(1) hoat tinh transaminaza C giam;
(2) hoat tinh pyruvat dehydrogenaza suy giam; va
(3) hoat tinh xitrat synthaza giam.

Cic vi du ciia sang ché

Sau day, sang ch€ s€ dugc md ta chi tiét thong qua céc vi dy. Tuy nhién, cac vi
du nay chi 1a cac vi du dugc vu tién nham muyc dich minh hoa, va do d6, pham vi bao

ho ctia sang ché khong bi giéi han & ddy hodc béi cac vi du nay.
Vi du 1: Piéu ché chiing gbc san sinh valin va danh gid chuing nay
Mot loai dot bién [ilvN(A42V); Biotechnology va Bioprocess Engineering, thang
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6 nim 2014, tap 19, phat hanh 14n 3, cdc trang 456-467] dugc dwa vio céc ching
Corynebacterium glutamicum ATCC14067 kidu dai va ATCC13869 dé didu ché ching

c6 kha ndng san sinh L-valin dugc ting cuong.

Cu thé, bd gen ADN cua ching Corynebacterium glutamicum ATCC14067 kiéu
dai dugc tach chiét bang cch st dung b kit mini tich chiét G-spin Total ADN (intron,
Cat. No 17045) theo céch thirc d3 dua ra trong bo kit. PCR dugc thuc hién st dung cép
mdi ¢6 cac ma nhan biét SEQ ID NO: 9 va SEQ ID NO: 10 va cip mdi ¢6 cic mé nhén
biét SEQ ID NO: 11 va SEQ ID NO: 12 dya trén bd gen ADN lam mach khuén dé thu
duoc doan gen 537 bp twong tmg. Céc diéu kién PCR nhu sau: bién tinh & nhiét d6
94°C trong 5 phut, va sau d6 25 chu k¥ bién tinh & nhiét do 94°C trong 30 gidy; u dé
gin mdi 55°C trong 30 gidy; va kéo dai & nhiét 6 72°C trong 60 gidy, tiép theo kéo
dai ¢ nhiét d6 72°C trong 7 phut.

PCR trung ldp dugce thyc hién dua trén hai doan thu duge & trén 1am mach khuoén
stt dung cip mdi c6 cac ma nhén biét SEQ ID NO: 9 va SEQ ID NO: 12 dé thu dugc
san phim PCR 1044 bp (sau ddy duogc goi 1a “doan dugc dua vao dot bién 27).

Sau d6, doan dugc dua vao dot bién 2 thu duge duoge xt ly véi enzym gidi han
Xbal (New England Biolabs, Beverly, MaA), va sau d6 duoc gin vao vecto pDZ, da
duwoc xtr ly v6i cung mot enzym gidi han, sir dung T4 ligaza (New England Biolabs,
Beverly, MA) dé didu ché vecto chira doan dugce dua vao dot bién 2. Vecto dé dua dot

bién A42V vao gen ilvN dugc dit tén 1a pDZ-ilvN(A42V).

Béang 1
Céac doan mdi Céc trinh tu nucleotit SEQ ID NO:
Poanmdil |AATTTCTAGAGGCAGACCCTATTCTATGAAGG 9
Poanmdi2 |AGTGTTTCGGTCTTTACAGACACGAGGGAC 10
Poanmdi3 |GTCCCTCGTGTCTGTAAAGACCGAAACACT 11
Poanmdi4 |AATTTCTAGACGTGGGAGTGTCACTCGCTTGG 12

Sau d6, pDZ-ilvN(A42V) dugc bién nap vao timg ching Corynebacterium
glutamicum ATCC14067 kiéu dai va ching ATCC13869 d tao ra tai t6 hop twong
ddng trén nhifm sic thé (van der Rest et al., Appl Microbiol Biotechnol 52:541-545,
1999). Céc chiing da dua vao véi vecto trén nhidm sic thé bang tai td hop céc trinh tu

twong ddng dugc chon trong méi trudng chira 25 mg/L kanamyxin.

20



49830 21/65

Tiép theo, cac doan gen duoc khuéch dai dwa trén cac thé bién nap
Corynebacterium glutamicum & chon & trén bang PCR st dung cip mdi c6 cac ma
nhén biét SEQ ID NO: 18 va SEQ ID NO: 21, va viéc dua vao dot bién dugc x4c nhan
bang cach phén tich trinh tw. Céac chung tai t§ hop dwoc dit tén twong tng
1a Corynebacterium glutamicum CJ7V va CJ8V.

Thtr nghiém vé d0 chuin 1én men duoc tién hanh dua trén Corynebacterium
glutamicum ATCC14067 kiéu dai va ATCC13869, va cac ching CJ7V va CI8V da
diéu ché & trén. Mbi ching duge nudi cdy truyén trong moi trudng dinh dudng, va sau
d6 dugc cdy chuyén vao trong binh tam gidc 250 ml chira 25 ml mdi truong san xuét
va dugc nudi cdy trong didu kién lic & nhiét do 30°C trong 72 gid & téc do 200
vong/phiit. Sau d6, ndng do cta L-valin dugc phén tich st dung HPLC, va ndng do
phan tich L-valin duoc thé hién & bang 2 duéi day.

Mbi trudong dinh dudng (d6 pH 7,2)

Glucoza 10 g, cao thit 5 g, polypepton 10 g, natri clorua 2,5 g, dich chiét ndm
men 5 g, aga 20 g, ure 2 g (trong 1 L nudc cét)

MBoi truong san xut (46 pH 7,0)>
Glucoza 100 g, (NH4)2SO4 40 g, protein d4u nanh 2,5 g, dich chiét ngd 5 g, ure 3
g, KHoPOs 1 g, MgSO4-7H2O 0,5 g, biotin 100 pg, thiamin-HCI 1 mg,

canxi-pantothenic axit 2 mg, nicotinamit 3 mg, CaCOs 30 g (trong 1 L nuéc cit)

Béng 2
Céc ching OD600 Valin (g/L)
ATCC14067 95 1,5
CJ7vV 77 2,2
ATCC13869 115 1,0
CI8V 89 1,9

Nhu duge thé hién trong cic két qua & trén, x4c nhan ring kha ning san sinh
L-valin ting 1én trong céc ching CI7V va CI8V dugc dua vao véi dot bién gen
ilvN(A42V) so véi cac ching kiéu dai Corynebacterium glutamicum ATCC14067 va
ATCC13869.

Vi du 2: Diéu ché cdc ching cé kha ndng san sinh valin cao va danh gia ching
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nay

Vi du 2-1. Bidu ché cac ching duoc ting cudng gen ilvD sinh téng hop valin va
danh gia chiing nay ,

Vecto pDZ-Pcj7-ilvD d& thay thé ving gen khéi dong ciia gen ilvD dugc didu
ché str dung cap mdi ¢6 cic ma nhén biét SEQ ID NO: 13 va SEQ ID NO: 14, SEQ ID
NO: 15 va SEQ ID NO: 16, va SEQ ID NO: 17 va SEQ ID NO: 18 dé diéu ché chung
¢6 kha ning san sinh valin cao, trong d6 biéu hién cta gen ilvD sinh tdng hop valin
dugc ting cuong.

Béang 3

Céc trinh ty doan moi de diéu ché cac vecto dugce ting cuong ilvD

Cac doan moi Céc trinh tu nucleotit SEQ ID NO:

Poanmbéi 5 |TTCGAGCTCGGTACCCGGTCTAGAGCACTTTCG 13
CTCGCACC

Poan mdi 6 |GATTTGAAAAGCGCATCAGAAACATCCCAGCG 14
CTAC

Poanmdi 7 |GTAGCGCTGGGATGTTTCTGATGCGCTTTTCAA 15
ATC

Poan mbi 8 |GAAACACTATGATCCCACTTCGTTCAAAAGTCA 16
CCACCGTC

Poan mdi 9 |GACGGTGGTGACTTTTGAACGAAGTGGGATCA 17
TAGTGTTTC

Poan mbi 10 |GCATGCCTGCAGGTCGACTCTAGAGCGTGTGCA 18
ACGCCGTC

Cu thé, dé diéu ché pDZ-Pcj7-ilvD, PCR duoc thyc hién st dung cic cip mdi c6
cac md nhan biét SEQ ID NO: 13 va SEQ ID NO: 14, SEQ ID NO: 15 va SEQ ID NO:
16, va SEQ ID NO: 17 va SEQ ID NO: 18 dua trén bd gen ADN ctua Corynebacterium
glutamicum ATCC14067 kiéu dai 1am mach khu6n dé thu dugce doan gen tuong Ung.
Cac diéu kién PCR nhu sau: bién tinh ¢ nhiét do 94°C trong 5 pht, va sau d6 25 chu
ky bién tinh & nhiét d6 94°C trong 30 gidy; u d& gin mdi 55°C trong 30 gidy; va kéo
dai ¢ nhiét do 72°C trong 60 giay, tiép theo kéo dai & nhiét do 72°C trong 7 phut.

PCR trung ldp dugc thyc hién dua trén cac doan thu dugce ¢ trén 1am mach khuén
str dung cip mdi c¢6 cdc ma nhan biét SEQ ID NO: 13 va SEQ ID NO: 18 d& thu dwoc

doan dugc dua vao dot bién 3. Sau do, doan dugc dua vao ddt bién 3 thu dugc dugce xit
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ly v6i enzym gidi han Xbal (New England Biolabs, Beverly, MaA), va sau d6 dugc
gin vao vecto pDZ, da duoc xt Iy v6i ciing enzym gi6i han, st dung T4 ligaza (New

England Biolabs, Beverly, MA) dé diéu ché vecto, dugc dit tén 1 pDZ-Pcj7-ilvD.

Sau d6, pDZ-Pcj7-ilvD da diéu ché & trén duoc bién nap vao timg CI7V, CI8V,
va KCCM11201P, 14 cac chiing gbc san sinh valin, dé tao ra tai t hop twong ddng trén
nhiém sic thé (van der Rest et al., Appl Microbiol Biotechnol 52:541-545, 1999). Cac
ching d3 dua vao véi vecto trén nhidm sic thé bang tai td hop céc trinh tu trong ddng
duogc chon trong méi trudng chira 25 mg/L kanamyxin. Tiép theo, cic doan gen dugc
khuéch dai dua trén cac thé bién nap Corynebacterium glutamicum d3 chon & trén
bang PCR st dung cip mdi c6 cic ma nhén biét SEQ ID NO: 13 va SEQ ID NO: 18,
va viéc dua vao dot bién dugc x4c nhan bing phan tich trinh tw gen. Céc chiing tai td
hop da chon dugc dit tén twong Gng 1a Corynebacterium glutamicum CITV:ilvD,
CJ8V:ilvD, KCCM11201P:ilvD. P chuin 1én men ciia cac ching duoc ting cudng
gen ilvD dd chon dugc thuc hién theo cach gidng nhu trong vi du 1 va cac két qua

dugc thé hién duéi day.
Bang 4

Khé nédng san sinh L-valin cua cac chung dugc tang cuong ilvD

Céc ching OD600 Valin (g/L)
Cl7v 77 ' 2,2
CJ7V:ilvD 73 2,6
ClgVv 89 1,9
CJ8V:ilvD 88 2,2
KCCM11201P 62 2,6
KCCM11201P:ilvD 60 2,9

Nhu dugc thé hién trong cic ket qua bén trén, khi ilvD, mdt trong s6 cac gen
tong hop valin dugce tang cudng, xac nhan rang kha néng san sinh valin cia tat ca céac

chung CJ7V, CJ8V va KCCM11201P san sinh valin dugc ting cudng.

Vi du 2-2. Piéu ché cic ching bi suy giam alg va x6a avtA va danh gia ching

nay
bé dicu ché cac ching c6 kha ning san sinh valin cao, no luc di dugc thuc hién

@& 1am suy giam (bién ddi codon khéi dong ctua gen avtA véi GTG) hodc x6a avtA.
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Theo d6, vecto dé diéu ché ching suy giam avtA (bién d6i codon khéi dong cia gen
avtA v6i GTG) dugc didu ché sir dung cac cédp mdi ¢6 cac ma nhan biét SEQ ID NO:
19 va SEQ ID NO: 20, va SEQ ID NO: 21 va SEQ ID NO: 22 duéi déy, va vecto dé
diéu ché hoat tinh x6a avtA; sir dung cac cip mdi c6 cac ma nhan biét SEQ ID NO: 23
va SEQ ID NO: 24, va SEQ ID NO: 25 va SEQ ID NO: 26 duéi day, dugce dat tén 1a
twong ung pDZ-avtA(Alg) va pDZ-avtA(del).

Cu thé, dé didu ché vecto suy giam avtA (pDZ-avtA(Alg)), PCR duoc thuc hién
sir dung céc ciip mdi c6 cac ma nhan biét SEQ ID NO: 19 va SEQ ID NO: 20, va SEQ
ID NO:21 va SEQ ID NO:22, dua trén bd gen ADN cua Corynebacterium
glutamicum ATCC14067 kiéu dai 1am mach khudn. Cac diéu kién PCR nhu sau: bién
tinh & nhiét do 94°C trong 5 phut, va sau d6 25 chu ky bién tinh & nhiét d6 94°C trong
30 gidy; 0 dé gin mdi 55°C trong 30 gidy; va kéo dai & nhiét do 72°C trong 60 gidy,
tiép theo kéo dai & nhiét 4§ 72°C trong 7 phut. PCR trung 1ap dugc thuc hién dua trén
ting doan thu dugc & trén lam mach khuoén st dung cép mdi ¢6 cac ma nhan biét SEQ
ID NO: 19 va SEQ ID NO: 19 22 dé thu dugc doan dugc dua vao dot bién 4. Sau do,
doan thu dugc di dwa vao dot bién 4 duoc xtr 1y v6i enzym gidi han Xbal (New
England Biolabs, Beverly, MaA), va sau d6 dugc gin vao vecto pDZ, duge xir 1y véi
clng enzym gidi han, st dung T4 ligaza (New England Biolabs, Beverly, MA) dé diéu
ché vecto pDZ-avtA(Alg) ADN.

Pé didu ché vecto (pDZ-avtA(del)) x6a avtA, PCR dugc thue hién sit dung céc
cip mdi c6 cac mi nhan biét SEQ ID NO: 23 va SEQ ID NO: 24, va SEQ ID NO: 25
va SEQ ID NO: 26, dya trén b0 gen ADN cua Corynebacterium
glutamicum ATCC14067 kiéu dai 1am mach khuon. Cac didu kién PCR nhu sau: bién
tinh & nhiét d§ 94°C trong 5 phtt, va sau d6 25 chu ky bién tinh & nhiét do 94°C trong
30 gidy; 4 dé gin mdi 55°C trong 30 gidy; va kéo dai & nhiét d6 72°C trong 60 gidy,
tiép theo kéo dai & nhiét do 72°C trong 7 phut. PCR trung 1dp duoc thuc hién dua trén
tirng doan thu dugce & trén lam mach khuén st dung cap mdi ¢6 cac ma nhan bibt SEQ
ID NO: 23 va SEQ ID NO: 26 d thu dugc doan duge dwa vao dot bién 5. Sau ao,
doan duge dua vao dot bién 5 thu dwoc duge xir ly véi enzym gi6i han Xbal (New
England Biolabs, Beverly, MaA), va sau d6 dugc gén vao vecto pDZ, dd dugc xt ly
v6i cling enzym gi6i han, sit dung T4 ligaza (New England Biolabs, Beverly, MA) dé
diéu ché vecto pDZ-avtA(del).
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Bang 5

Céc trinh tu doan moi d€ diéu che cac vecto cua cidc ching suy giam hodc xda

avtA

Céac doan mdi Céc trinh tu nucleotit SEQ ID NO:

Poan mdi 11 |GCTCGGTACCCGGGGATCCTCTAGACCGCTTCC 19
TTGGCTGCCTGAAGATG

Poan mdi 12 [TGCTTGGCTTCACAAGAGACAAGCCT 20

Poan mdi 13 |AGGCTTGTCTCTTGTGAAGCCAAGCA 21

Poan mdi 14 |GCCTGCAGGTCGACCTAGATCTAGACCTCATCA 22
GAGATAAGAACAGCATC

DPoan mdi 15 |{GCTCGGTACCCGGGGATCCTCTAGATACTCCGG 23
TCTGCTTTATGCAGGTA

Poan mbdi 16 |[AACTAACCTAGTCGCTTAAGAGACAAGCCTATC 24
TGC

Poan mbdi 17 |GCAGATAGGCTTGTCTCTTAAGCGACTAGGTTA 25
GTT

Poan mdi 18 |GCCTGCAGGTCGACCTAGATCTAGAAAGTGCC 26
ACGAGCATTTCATCAGCT

Sau d6, pDZ-avtA(del) va pDZ-avtA(Alg) duoc bién nap vao timg CJ7V:ilvD,
CJ8V:ilvD, va KCCM11201P:ilvD, 1a cic ching san sinh valin, dé tao ra tai t& hop
tvong dong trén nhidm sic thé (van der Rest et al., Appl Microbiol Biotechnol
52:541-545, 1999). Céc ching da dua vao véi cac vecto trén nhiém séc thé béng t4i tb

hop c4c trinh tu trong dong dugc chon trong méi trudng chira 25 mg/L kanamyxin.

Tiép theo, cic doan gen dwoc khuéch dai dya trén cac thé bién nap
Corynebacterium glutamicum da chon & trén bang PCR sir dung céc cip mdi ¢ cac
m3 nhan biét SEQ ID NO: 19 va SEQ ID NO: 20, SEQ ID NO: 21 va SEQ ID NO: 22,
SEQ ID NO: 23 va SEQ ID NO: 24, va SEQ ID NO: 25 va SEQ ID NO: 26, va viéc
dua vao dot bién dugc xéc nhin bang phan tich trinh tw gen theo cach giéng nhu trong
vi du 1. Céc ching tai t6 hop duoc dit tén 1& Corynebacterium glutamicum
CJ7V:ilvD-avtA(del), CJ7V:ilvD-avtA (alg), CJ8V:ilvD-avtA(del), CI8V:ilvD-avtA
(alg), KCCM11201P:ilvD-avtA(del), va KCCM11201P:ilvD-avtA (alg) nhu duge thé

hién dudi day, va danh gia do chudn duoc thuc hién theo cach giéng nhu trong vi du 1.
Béang 6

Kha ndng san sinh L-valin ciia cac chiing suy giam hodc x6a avtA
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Céc ching 0OD600 Valin (g/L)
CJ7V:ilvD 73 2,6
CJ7V:ilvD-avtA(del) 71 2,8
CJ7V:ilvD-avtA(alg) 73 2,6
CJ8V:ilvD 89 1,9
CJ8V:ilvD-avtA(del) 86 2,1
Cl8V:ilvD-avtA(alg) 89 2,0
KCCM11201P:ilvD 60 2,9
KCCM11201P:ilvD-avtA(del) 57 3,2
KCCM11201P:ilvD-avtA (alg) 60 2,9

Nhu dugc thé hién trong cac két qua bén trén, khi avtA bi x6a, kha ndng san sinh
valin duoc ting cudng, va khi biéu hién avtA bi suy giam, kha ning san sinh valin ting
1én trong chiing CJ8V:ilvD-avtA (alg) so v6i ching CI8V:ilvD, thé hién mirc kha ning
san sinh valin cao hon hodc bang so vé6i cac ching dugc ting cudng ilvD. X4c nhin
rang kha ning san sinh valin duqc'téng cudng trong tit ca cac truong hop clia céc
ching duoc ting cudng ilvD, va céc ching suy giam hodc x6a avtA so voi cac chiing
CJ7V, CI8V va KCCM11201P nhw duoc thé hién & bang 4.

Vi du 2-3. Diéu ché cac ching (alg, Q432A, K435A) suy giam hoic xéa aceE va
déanh gié chung nay

DPé diéu ché cac chiing c6 kha ning san sinh valin cao, nd luc dugc thuc hién dé
1am suy gidm ho#c x6a aceE. Theo d6, dé diéu ché cac ching suy giam aceE, vecto dé
diéu ché ching, trong d6 codon khoi dong ciia gen aceE duge bién ddi thanh GTG,
dugc didu ché sir dung cac ciip mdi c6 cac ma nhan biét SEQ ID NO: 27 va SEQ ID
NO: 28, va SEQ ID NO: 29 va SEQ ID NO: 30, vecto dé diéu ché ching aceE(Q432A)
dugc dicu ché st dung cac cip mdi ¢b cac ma nhan biét SEQ ID NO: 27 va SEQ ID
NO: 32, va SEQ ID NO: 33 va SEQ ID NO: 36, va vecto dé diéu ché chung
aceE(K435A) dugc diéu ché str dung cac cip moi ¢6 cic ma nhan biét SEQ ID NO: 27
va SEQ ID NO: 34, va SEQ ID NO: 35 va SEQ ID NO: 36. Ngoai ra, vecto dé& diéu
ché chiing x6a aceE (aceE(del)) dugc didu ché su dung cac cip mdi cb cac ma nhin
biét SEQ ID NO: 37 va SEQ ID NO: 38, va SEQ ID NO: 39 va SEQ ID NO: 40. Do
d6, cac vecto di didu ché duogc dit tén twong ung la pDZ-aceE(Alg),

pDZ-aceE(Q432A), pDZ-aceE(K435A), va pDZ-aceE(del).
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Cu thé, @ diéu ché vecto 1am suy giam codon khéi dong cua aceE, PCR dugc
thuc hién st dung céc cép mdi c6 cac ma nhén biét SEQ ID NO: 27 va SEQ ID NO:
28, va SEQ ID NO:29 va SEQ ID NO: 30, dya trén bd gen ADN cua
Corynebacterium glutamicum ATCC14067 kiéu dai 1am mach khuén. Cac didu kién
PCR nhu sau: bién tinh & nhiét d6 94°C trong 5 phit, va sau d6 25 chu ky bién tinh &
nhiét d9 94°C trong 30 gidy; G dé gin mdi 55°C trong 30 gidy; va kéo dai & nhiét d6
72°C trong 60 gidy, tiép theo kéo dai & nhiét d6 72°C trong 7 phut. PCR trung lip
dugce thuc hién dua trén tirng doan thu duge & trén 1am mach khuén st dung cép mbi
c6 cac ma nhan biét SEQ ID NO: 27 va SEQ ID NO: 30 d thu dugc doan dugc dua
vao dot bién 6. Sau d6, doan dugc dua vao dot bién 6 thu duge duoge xir ly véi enzym
giéi han Xbal (New England Biolabs, Beverly, MaA), va sau d6 duoc gin vio vecto
pDZ, d3 dugc xir ly véi cung enzym gidi han, st dung T4 ligaza (New England
Biolabs, Beverly, MA) dé diéu ché vecto pDZ-aceE(Alg) ADN.

Dé didu ché vecto dua vao dot bién aceE(Q432A), PCR duoc thyc hién sit dung
céc cip mdi ¢b cac ma nhén biét SEQ ID NO: 27 va SEQ ID NO: 28, va SEQ ID
NO:33 va SEQ ID NO:36, dua trén bd gen ADN cua Corynebacterium
glutamicum ATCC14067 kiéu dai 1am mach khudn. Cac diéu kién PCR nhu sau: bién
tinh & nhiét dd 94°C trong 5 phiit, va sau d6 25 chu ky bién tinh & nhiét d6 94°C trong
30 gidy; 0 dé gin mdi 55°C trong 30 gidy; va kéo dai & nhiét d6 72°C trong 60 gidy,
tiép theo kéo dai & nhiét d¢ 72°C trong 7 phut. PCR trung ldp dugc thuc hién dua trén
tung doan thu dugc ¢ trén lam mach khuon st dung cép mdi c6 cac ma nhan biét SEQ
ID NOS: 27 va 36 @ thu dugc doan duge dwa vao dot bién 7. Sau do, doan duoc dua
vao dot bién 7 thu dugc duge xir Iy v6i enzym giéi han Xbal (New England Biolabs,
Beverly, MaA), va sau d6 dugc gin vio vecto pDZ, da duoc xit 1y véi cing enzym
gi6i han, sit dung T4 ligaza (New England Biolabs, Beverly, MA) dé diéu ché vecto
pDZ-aceE(Q432A) ADN.

Dé diéu ché vecto dua vao dot bién aceE(K435A), PCR dugc thyc hién st dung
cac cap mdi cb cac ma nhan bibt SEQ ID NO: 27 va SEQ ID NO: 34, va SEQ ID
NO:35 va SEQ ID NO:36, dya trén bd gen ADN ctua Corynebacterium
glutamicum ATCC14067 kiéu dai 1am mach khudn. Cac diéu kién PCR nhu sau: bién
tinh & nhiét do 94°C trong 5 phut, va sau d6 25 chu ky bién tinh & nhiét do 94°C trong
30 gidy; 0 dé gan mdi 55°C trong 30 gidy; va kéo dai & nhiét do 72°C trong 60 gidy,
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tiép theo kéo dai & nhiét d6 72°C trong 7 phut. PCR trung 1dp dugc thuc hién dua trén
tung doan thu dugc & trén 1am mach khudn st dung cap mdi ¢6 cac ma nhan biét SEQ
ID NO: 27 va SEQ ID NO: 36 dé thu dugc doan dugc dua vao dot bién 8. Sau d6,
doan dugc dua vao dot bién 8 thu dugc dugce xu ly véi Xbal enzym gidi han (New
England Biolabs, Beverly, MaA), va sau d6 duoc gin vao vecto pDZ, da dugc xir Iy
v6i ciing enzym gi6i han, sir dung T4 ligaza (New England Biolabs, Beverly, MA) dé
didu ché vecto pDZ-aceE(K435A) ADN.

Dé didu ché vecto dua vao dot bién aceE(del), PCR dugc thuc hién st dung cac
cip mdi c6 cic ma nhén biét SEQ ID NO: 37 va SEQ ID NO: 38, va SEQ ID NO: 39
va SEQ ID NO:40, dua trén bd gen ADN cta Corynebacterium
glutamicum ATCC14067 kiéu dai 1am mach khuén. Céc diéu kién PCR nhu sau: bién
tinh & nhiét d6 94°C trong 5 phit, va sau d6 25 chu ky bién tinh & nhiét 4o 94°C trong
30 gidy; 0 dé gan mdi 55°C trong 30 gidy; va kéo dai & nhiét do 72°C trong 60 gidy,
tiép theo kéo dai & nhiét d¢ 72°C trong 7 phut. PCR trung lap dugc thyc hién dya trén
tung doan thu dugc & trén lam mach khuon st dung cép mdi ¢ cadc ma nhan biét SEQ
ID NOS: 37 va 40 dé thu dugc doan dugc dwa vao dot bién 9. Sau do, doan duge dua
vao dot bién 9 thu dwoc dugc xit Iy v6i enzym gidi han Xbal (New England Biolabs,
Beverly, MaA), va sau d6 dwgc gin vio vecto pDZ, di duge xit Iy véi cing enzym
gi6i han, st dung T4 ligaza (New England Biolabs, Beverly, MA) dé didu ché vecto
pDZ-aceE(del) ADN.

Bang 7

Céc trinh ty doan moi @€ di€u ché cac vecto cua cac chiing suy giam va xo6a aceE

va

Céc doan mdi Cac trinh tu nucleotit SEQ ID NO:

Poan mdi 19 |GCTCGGTACCCGGGGATCCTCTAGATACCGTC 27
CAACCGGTACTTTGAACC

Poan mbi 20 |TTGATCGGCCACTTCCACAC 28

DPoanmdi 21 |GGTGTGGAAGTGGCCGATCAA 29

Poan mdi 22 |GCCTGCAGGTCGACCTAGATCTAGAGATCGTC 30
TTCAGAAAGGCGACCCTC

Poan mbi 23 |{GCTCGGTACCCGGGGATCCTCTAGAACCGTGG 31
CATCAAGGACACCTCTGA

Poan mdi 24 |AGCTTCTTCATTGCGTGGGTTG 32
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Poan mdi 25 |CAACCCACGCAATGAAGAAGCT 33

Poan mdi 26 |[AAGCGTCAGTGCCTTCATCTG 34

Poan mbi 27 |CCAGATGAAGGCACTGACGCTT 35

Poan mdi 28 |GCCTGCAGGTCGACCTAGATCTAGAAGATGG 36
AGTCACCGGTGCGCTGGAA

Poan mdi 29 |GCTCGGTACCCGGGGATCCTCTAGAACCTTTC 37
CCTGGAATTTTTTCCTTT

Poan mbi 30 |TGTCCCTTGAGGTGATTTCCACACCTCCTGTTG 38
GAATG

DPoan mdi 31 |TCCAACAGGAGGTGTGGAAATCACCTCAAGG 39
GACAGA

Doan mbdi 32 |GCCTGCAGGTCGACCTAGATCTAGATGCTGCG 40
CGGCAAGCGCCGTGGATT

Sau  d6, pDZ-aceE(del), pDZ-aceE(Alg), pDZ-aceE(Q432A), va
pDZ-aceE(K435A) dugc bién nap vao ting CJ7V:ilvD, CI8V:ilvD, va
KCCM11201P:ilvD, 14 cac ching san sinh valin, dé tao ra tai t hop twong dong trén
nhiém séc thé (van der Rest et al., Appl Microbiol Biotechnol 52:541-545, 1999). Cac
chiing da dwa vao véi cac vecto trén nhidm sic thé bang tai t6 hop céc trinh tw twong

ddng duge chon trong méi truong chira 25 mg/L kanamyxin.

Tiép theo, cac doan gen dugc khuéch dai dwa trén céc thé bién nap
Corynebacterium glutamicum d3 chon & trén bang PCR st dung cip mdi c6 cac ma
nhan biét SEQ ID NO: 27 va SEQ ID NO: 36, va viéc dua vao dot bién dugc xac nhian
bang phén tich trinh tu gen. Cac ching tai td hop dugc dat tén 1a Corynebacterium
glutamicum CJ7V:ilvD-aceE(del), CI7V:ilvD-aceE (alg), CJ7V:ilvD-aceE(Q432A),
CJ7V:ilvD-aceE(K435A), CJ8V:ilvD-aceE(del), CJ8V:ilvD-aceE (alg),
CJ8V:ilvD-aceE(Q432A), CJ8V:ilvD-aceE(K435A), KCCM11201P:ilvD-aceE(del),
KCCM11201P:ilvD-aceE(alg), KCCM11201P:ilvD-aceE(Q432A), va
KCCM11201P:ilvD-aceE(K435A) nhu duoc thé hién dudi ddy, va danh gia d6 chudn

dugc thyc hién theo cach gidng nhu trong vi du 1.
Béang 8

Kha néng san sinh L-valin ciia céc chiing suy giam va x6a aceE

Céc chiing OD600 Valin (g/L)
CJ7V:ilvD 73 2,6
x0a CJ7V:ilvD-aceE 21 1,1
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suy giam CJ7V:ilvD-aceE (alg) 69 2,8
suy giam CJ7V:ilvD-aceE (Q432A) 59 2,7
suy giam CJ7V:ilvD-aceE (K435A) 62 3,0
CJ8V:ilvD 89 1,9
x06a CJ8V:ilvD-aceE 29 1,1
suy giam CJ8V:ilvD-aceE (alg) 87 2,0
suy giam CJ8V:ilvD-aceE (Q432A) 77 2,1
suy giam CJ8V:ilvD-aceE (K435A) 81 2.4
KCCM11201P:ilvD 60 2,9
x6a KCCM11201P:ilvD-aceE 13 1,0
suy gidm KCCM11201P:ilvD-aceE (alg) 59 3,0
suy gidm KCCM11201P:ilvD-aceE (Q432A) 43 2,9
suy giam KCCM11201P:ilvD-aceE (K435A) 53 3.4

Nhu dugce thé hién trong cac két qua bén trén, ngoai ra, khi aceE bi x6a trong cac
chung c6 hoat tinh ctia dihydroxy-axit dehydrataza (ilvD) dugc ting cuong, mic do
ting trudng va tidu thu duong gidm nhanh chéng, din dén kha ning san sinh valin
giam. Trong khi d6, dbi vai trudong hop céc ching v6i aceE suy giam, x4c nhén ring
mirc d ting trudng va tidu thu dudng 12 khong dang ké va kha ning san sinh valin

tang 1én, méc du cd su khac biét theo mic do suy giam.

Vi du 2-4. Diéu ché cac ching suy gidm gltA (alg, N241T, M312I) va danh gia

ching nay

Pé didu ché cac chiing c6 kha ning san sinh valin cao, nd luc di dugc thuc hién
dé 1am suy giam gltA. Theo d6, vecto d& didu ché chung suy gidm gltA, trong dé
codon khéi dong cia gen gltA dugc bién dbi v6i GTG, dugc didu ché sir dung céc cép
mdi ¢6 cdc mi nhan biét SEQ ID NO: 41 va SEQ ID NO: 42, va SEQ ID NO: 43 va
SEQ ID NO: 44, vecto dé diéu ché ching gltA(N241T) dugc didu ché st dung céc cap
mdi c6 cac ma nhan biét SEQ ID NO: 45 va SEQ ID NO: 46, va SEQ ID NO: 47 va
SEQ ID NO: 50, va vecto dé didu ché ching gltA(M312I) dwogc didu ché st dung céc
ciip mdi c6 cac ma nhan biét SEQ ID NO: 45 va SEQ ID NO: 48, va SEQ ID NO: 49
va SEQ ID NO:50. Sau d6, cic vecto dd diéu ché duogc dat tén twong Ung la
pDZ-gltA(Alg), pDZ-gltA(N241T), va pDZ-gltA(M312I).

Pé diéu ché vecto dua vao dot bién lam suy gidm codon khéi dong gltA, PCR

duoc thuc hién s dung céc cip mdi ¢b cac ma nhan biét SEQ ID NO: 41 va SEQ ID
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NO: 42, va SEQ ID NO:43 va SEQ ID NO: 44, dua trén bd gen ADN cla
Corynebacterium glutamicum ATCC14067 kiéu dai 1am mach khuon. Cac diéu kién
PCR nhu sau: bién tinh & nhiét d6 94°C trong 5 phut, va sau d6 25 chu ky bién tinh &
nhiét d§ 94°C trong 30 gidy; G dé gin mdi 55°C trong 30 gidy; va kéo dai & nhiét do
72°C trong 60 gidy, tiép theo kéo dai & nhiét d6 72°C trong 7 phit. PCR trung lap
duoc thuc hién dya trén tirng doan (A, B) thu dugc & trén lam mach khudn st dung
cdp mdi ¢6 cic ma nhan biét SEQ ID NO: 41 va SEQ ID NO: 44 dé thu dugc doan
duoc dua vao dot bién 10. Sau d6, doan dugc dua vao dot bién 10 thu duoc duge xir ly
v6i enzym gidgi han Xbal (New England Biolabs, Beverly, MaA), va sau d6 dugc gén
vao vecto pDZ, dd dugc xt Iy véi cing enzym gidi han, st dung T4 ligaza (New

England Biolabs, Beverly, MA) dé diéu ché vecto pDZ-gltA(Alg) ADN.

Pé diéu ché vecto dwa vao dot bién glt AN241T), PCR dugc thuc hién st dung
cac cip mdi c6 cac ma nhéan biét SEQ ID NO: 45 va SEQ ID NO: 46, va SEQ ID
NO:47 va SEQ ID NO:50, dua trén b0 gen ADN cua Corynebacterium
glutamicum ATCC14067 kiéu dai 1am mach khuén. Céc diéu kién PCR nhu sau: bién
tinh ¢ nhiét d¢ 94°C trong 5 phut, va sau d6 25 chu ky bién tinh & nhiét d6 94°C trong
30 gidy; a dé gin mdi 55°C trong 30 gidy; va kéo dai & nhiét do 72°C trong 60 gidy,
tiép theo kéo dai & nhiét d¢ 72°C trong 7 phut. PCR trung ldp dugce thuc hién duva trén
tung doan (A, B) thu dugc ¢ trén 1am mach khuoén st dung cap mdi ¢6 cac ma nhan
biét SEQ ID NO: 45 va SEQ ID NO: 50 dé thu duoc doan dugc dwa vao dot bién 11.
Sau d6, doan duogc dua vao dot bién 11 thu duge duge xi ly v6i enzym gidi han Xbal
(New England Biolabs, Beverly, MaA), va sau d6 duogc gin vao vecto pDZ, da dugc
Xt ly v6i cung enzym gidi han, st dung T4 ligaza (New England Biolabs, Beverly,
MA) d didu ché vecto pDZ-gltA(N241T) ADN.

Dé didu ché vecto dua vao dot bién gltA(M312I), PCR dugc thuc hién sit dung
cac cip mdi ¢ cdc ma nhan biét SEQ ID NO: 45 va SEQ ID NO: 48, va SEQ ID
NOS:49 va SEQ ID NO:50, dpya trén b0 gen ADN cua Corynebacterium
glutamicum ATCC14067 kidu dai 1am mach khuon. Cac didu kién PCR nhu sau: bién
tinh & nhiét do 94°C trong 5 phut, va sau d6 25 chu ky bién tinh & nhiét do 94°C trong
30 gidy; U dé gan mdi 55°C trong 30 gidly; va kéo dai & nhiét do 72°C trong 60 gidy,
tiép theo kéo dai & nhiét d 72°C trong 7 phut. PCR trung 1dp dugc thuc hién duva trén

ting doan (A, B) thu dugc & trén 1dm mach khuon st dung cédp mdi ¢6 cac ma nhan
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biét SEQ ID NO: 45 va SEQ ID NO: 50 dé thu dugc doan dugc dua vao dot bién 12.
Sau d6, doan duogc dua vao dot bién 12 thu duoc duge xi Iy v6i enzym gidi han Xbal
(New England Biolabs, Beverly, MaA), va sau d6 dugc gén vao vecto pDZ, da dugc
xtr ly véi cung enzym gidi han, sit dung T4 ligaza (New England Biolabs, Beverly,
MA) dé diéu ché vecto pDZ-gltA(M312I) ADN.

Béang 9

Céc trinh ty doan moi d€ di€u ché cac vecto clia cac ching suy giam gltA

Céac doan mdi Cac trinh tu nucleotit SEQ ID NO:

DPoan mdi 37 |GCTCGGTACCCGGGGATCCTCTAGAACCCTGAA 41
GCTGTCAGTTCCTAGCA

Poan mdi 38 |CCCTTTCAAACACATTTGTTC 42

Poan mdi 39 |CGAACAAATGTGTTTGAAAGGG 43

Poan mbi 40 [GCCTGCAGGTCGACCTAGATCTAGATGCGCGGT 44
GTGCGTACGCAGCCAGC

Poan mdi 41 |GCTCGGTACCCGGGGATCCTCTAGATATGTGAG 45
CACTGGCTCTACCGAGT

Poan mdi 42 |AGGTGGAGCAGGTCTGCTCGTG 46

Doan mdi 43 |CACGAGCAGACCTGCTCCACCT ' 47

Doan mdi 44 [TGTCCGAAGCCGATGAGGCGGAC 48

Poan mdi 45 |CGTCCGCCTCATCGGCTTCGGACA 49

Poan mdi 46 |GCCTGCAGGTCGACCTAGATCTAGAGTCAGAGA 50
TTACGAGATCTTCCGGT

Sau d6, pDZ-gltA(Alg), pDZ-gltA(N241T), va pDZ-gltA(M312I) dugc bién nap
vao tng CJ7V:ilvD, CJ8V:ilvD, va KCCM11201P:ilvD, 1a c4c chiing san sinh valin,
dé tao ra tai td hop twong ddng trén nhidm sic thé (van der Rest et al., Appl Microbiol
Biotechnol 52:541-545, 1999). C4c chung da dua vio véi cac vecto trén nhidm sic thé
bang tai té hop cac trinh tu trong ddng duge chon trong moi truong chira 25 mg/L

kanamyxin.

Tiép theo, cac doan gen dugc khuéch dai dwa trén cac thé bién nap
Corynebacterium glutamicum d3 chon & trén bang PCR st dung cip mdi ¢6 cac ma
nhén biét SEQ ID NO: 45 va SEQ ID NO: 50, va viéc dua vao dot bién duoc xac nhan
bang phan tich trinh ty gen. Cac chung tai tb hop dugc dat tén 1a Corynebacterium
glutamicum CJTV:ilvD-gltA (alg), CJ7V:ilvD-gltA(N241T), CJ7V:ilvD-gltA(M312I),
CJ8V:ilvD-gltA(alg), CJ8V:ilvD-gltA(N241T), CJ8V:ilvD-gltA(M312I),
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KCCM11201P:ilvD-gltA(alg), KCCM11201P:ilvD-gltA(N241T), va
KCCM11201P:ilvD-gltA(M312I), va danh gia do chudn dugc thuc hién theo cach
gidng nhu trong vi du 1.

Béang 10

Kha nang san sinh L-valin ctia cac ching suy gidm gltA

Céc ching OD600 Valin (g/L)
CI7V:ilvD 73 2,6
ClI7V:ilvD-gltA(alg) 69 2,7
CJ7V:ilvD-gltA(N241T) 61 2,8
CJ7V:ilvD-gltA(M312I) 63 2,8
CJ8V:ilvD 89 1,9
Cl8V:ilvD-gltA(alg) 87 1,9
CJ8V:ilvD-gltA(N241T) 80 2,2
CJ8V:ilvD-gltA(M312I) 81 2,1
KCCM11201P:ilvD 60 2,9
KCCM11201P:ilvD-gltA(alg) 59 3,0
KCCM11201P:ilvD-gltA(N241T) 51 3,2
KCCM11201P:ilvD-gltA(M312I) 55 3,1

Nhu duge thé hién trong cac két qua bén trén, khi gltA bi suy giam trong cac
ching c6 hoat tinh cua dihydroxy-axit dehydrataza (ilvD) dugc tdng cuong, xac nhan
ring muc d6 ting trudng va tidu thu duong khéng déang ké va kha nang san sinh valin

tdng 1én, méc du c6 sy khac biét theo mirc 49 suy giam.

Vi du 2-5. Pidu ché su két hop cda cac chiing dbi v6i cac tinh trang dot bién hiéu
qué va danh gid ching nay

Tir cac két qua da x4c nhén trong cac vi du 2-2 dén vi du 2-4, nd luc dé x4c dinh
xem c6 hidu tmg hiép ddng trén vé kha ning san sinh valin hay khong khi céc dot bién
khdc nhau duge két hop. Cac vecto pDZ-avtA(del) va pDZ-aceE(K435A) dugc bién
nap vao tung chung CJ7V:ilvD-gltA (N241T) suy gidm, CJ8V:ilvD-gltA (N241T) suy
gidm, va KCCM11201P:ilvD-gltA (N241T) suy giam, la cic chung san sinh valin da
diéu ché & vi du 2-4 (van der Rest et al., Appl Microbiol Biotechnol 52:541-545, 1999).
Céc chiing dugc dwa vao véi cac vecto trén nhidm sic thé bang tai t6 hop céc trinh tur

twong dong dwoc chon trong méi trudng chira 25 mg/L kanamyxin.
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Sau d6, cac doan gen duogc khuéch dai dua tréncac thé bién nap
Corynebacterium glutamicum, trong d6 tai hop thir cp d& hoan thanh, bang PCR sir
dung céc cip mdi c6 cac ma nhan biét SEQ ID NO: 23 va SEQ ID NO: 26, va SEQ ID
NO: 27 va SEQ ID NO: 36, va sau d6 céc ching duoc dua vao dét bién duge xac nhin
bang phén tich trinh tu gen. Cac ching tai t& hop dugc dat tén nhu thé hién dudi day,

va d4nh gia d6 chuén duoc thire hién theo cach giéng nhu trong vi du 1.
Bang 11

Kha néng san sinh L-valin ctiia sy két hop hi€u qua cia cac ching

Céc chung OD600 | Valin (g/L)

suy giam CJ7V:ilvD-gltA (N241T) 61 2,8
suy giam CJ7V:ilvD-gltA (N241T)-suy giam aceE 59 3,2
(K435A)

suy giam CJ7V:ilvD-gltA (N241T)-x6a avtA (del) 62 3,0
suy giam CJ8V:ilvD-gltA (N241T) 80 2,2
suy giam CJ8V:ilvD-gltA (N241T)-suy giam aceE 78 2,6
(K435A)

suy giam CJ8V:ilvD-gltA (N241T)-x6a avtA (del) 83 2,5
suy gidm KCCM11201P:ilvD-gltA (N241T) 51 3,2
suy giam KCCMI11201P:ilvD-gltA (N241T)-suy giam 50 3,6
aceE (K435A)

suy gidm KCCM11201P:ilvD-gltA (N241T)-x06a avtA(del) 52 3,6

Nhu dugc thé hién trong cic két qua bén trén, x4c nhan rang khi céc ching suy
giam aceE va céc chiing x6a avtA dugc dua vao cac ching dugc ting cuong ilvD va
suy gidm gltA, mic d0 tdng trudng va ti€u thuy dudng & mic tuong duong nhau, va
kha ning san sinh valin duoc ting thém.

Vecto pDZ-aceE(K435A) dugc bién nap vao chung suy giam
KCCM11201P:ilvD-gltA (N241T), va chiing dwoc dwa vao vé6i dot bién ace(K435A)
trén nhiém sic thé bang tai td hop céc trinh tw twong dong dugc dit tén 13 CA08-1592.
CA08-1592 da dugc ndp luu ching ¢ Trung tdm nudi céy céc vi sinh vat Han Qudc
(KCCM) theo Hiép wdc Budapest vao ngdy 3 thang 7 nam 2020, véi sb luu
ching KCCM12761P.

Tir phin mé ta néu trén, nhitng ngudi ¢ hidu bibt trung binh trong cung linh vuc

k¢ thuat hiéu rﬁng sang ché c6 thé duogc thuc hién trong cac hinh thirc cu thé khac ma
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khong lam thay d6i nguyén 1y k¥ thuat hodc cac dac didm co ban cia sang ché. Déi
v6i van d& nay, cac phuong 4n vi du dwoc md ta & day chi nham muyc dich minh hoa va
khong nén duwoc hiéu 12 gioi han pham vi bao hd cua sang ché. Nguoc lai, séng ché
khong chi bao gém cic phuong 4n vi du ma con cac thay dbi, bién dbi, phwong 4n
tuong duong, va cic phuong an khéc ¢ thé déu thudc nguyén 1y va pham vi bao ho

cta sang ché nhu dugc xac dinh béi cac di€ém yéu cau bao hd kém theo.
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YEU CAU BAO HQ
1. Vi sinh vat sdn sinh L-valin c¢6 hoat tinh dihydroxy-axit dehydrataza dugc ting
cuong; va bat ky mot hodc nhidu két hop dugc chon tir (1) dén (3) duéi day:
(1) hoat tinh transaminaza C giam,;
(2) hoat tinh pyruvat dehydrogenaza suy gidm; va
(3) hoat tinh xitrat synthaza giam.

2. Vi sinh vét theo diém 1, trong d6 vi sinh vét ¢6 hoat tinh dihydroxy-axit dehydrataza

dugc ting cudng; va hoat tinh transaminaza C giam.

3. Vi sinh vét theo diém 1, trong d6 vi sinh v4t c6 hoat tinh dihydroxy-axit dehydrataza

dugc ting cudng; va hoat tinh pyruvat dehydrogenaza suy giam.

4. Vi sinh vét theo diém 1, trong d6 vi sinh vét ¢6 hoat tinh dihydroxy-axit dehydrataza

dugc ting cuong; va hoat tinh xitrat synthaza giam.

5. Vi sinh vat theo diém 4, trong d6 vi sinh vét con c6 hoat tinh transaminaza C giam

hodc hoat tinh pyruvat dehydrogenaza suy giam.

6. Vi sinh vt theo diém 1, trong d6 dihydroxy-axit dehydrataza dugc ma hoa boi gen
ilvD.

7. Vi sinh vt theo diém 1, trong d6 transaminaza C dugc ma héa boi gen avtA.

8. Vi sinh vat theo diém 1, trong d6 pyruvat dehydrogenaza dugc ma hoa béi gen

aceE.

9. Vi sinh vt theo diém 1, trong d6 xitrat synthaza dwgc ma hoa boi gen gltA.

10. Vi sinh vat theo diém 1, trong d6 pyruvat dehydrogenaza suy giam khac biét & chd
axit amin tuong Gng véi vi tri thir 432 hoac 435 tir dau N cua trinh tu axit amin c¢6 ma

nhan biét SEQ ID NO: 3 dugc thay thé bing axit amin khac.

11. Vi sinh vét theo diém 1, trong do xitrat synthaza giam khéc biét & chd axit amin
tuong tng v6i vi tri thit 241 hodc 312 tir ddu N cta trinh ty axit amin c¢6 ma nhan biét

SEQ ID NO: 4 duoc thay thé bang axit amin khac.

12. Vi sinh vt theo diém 1, trong d6 vi sinh vat san sinh L-valin 1a vi sinh v4t thudc

chi Corynebacterium.
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13. Vi sinh vat theo diém 12, trong d6 vi sinh vét thudc chi Corynebacterium la
Corynebacterium glutamicum.

14. Phuong phap san xuit L-valin, trong d6 phwong phép nay bao gdm nudi ciy vi
sinh vat theo bat ky diém tir 1 dén 13.

15. Phuong phép san xuét theo diém 14, trong d6 phwong phép nay con bao gdm thu

hoi L-valin tir vi sinh vat hodc mdi truong nudi cy.
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<120>

VI SINH VAT NAY

<130> OPA21084-PCT

<150>

<151> 2020-09-01

<160> 50

<170> KoPatentIn 3.0

<210> 1

<211> 613

<212> PRT

<213> Chua biét

<220>

<223> Corynebacterium

<400> 1

Met Ile Pro Leu Arg Ser
1 5

Gly Ala Arg Ala Leu Trp

Gly

Gly

Arg

65

Asp

Arg

Ala

Met

Gly

145

His

Ala

20

Lys Pro Ile Val Ala
35

His Val His Leu Lys
50 55

Lys Ala Gly Gly Val
70

Gly Ile Ala Met Gly
85

Glu Ile Ile Ala Asp
100

Asp Ala Met Val Cys
115

Leu Asn Ala Ala Met

130 135

Gly Pro Met Glu Ala
150

Ala Pro Thr Asp Leu
165

Val Asp Asp Ala Gly
180
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sp. dihydroxy-axit dehydrataza

Lys Val Thr Thr Val Gly
10

Arg Ala Thr Gly Thr Lys
25 30

Ile Val Asn Ser Tyr Thr
40 45

Asn Val Gly Asp Ile Val
60

Pro Lys Glu Phe Asn Thr
75

His Gly Gly Met Leu Tyr
90

Ser Val Glu Tyr Met Val
105 110

Ile Ser Asn Cys Asp Lys
120 125

Arg Leu Asn Ile Pro Val
140

Gly Lys Ala Val Val Val
155

Ile Thr Ala Ile Ser Ala
170

Leu Ala Ala Val Glu Ala
185 190

Arg

15

Glu

Gln

Ala

Ile

Ser

95

Asn

Ile

Val

Asp

Ser

175

Ser

Asn

Asn

Phe

Asp

Ala

80

Leu

Ala

Thr

Phe

Gly

160

Ala

Ala

Ala

Glu

Val

Ala

vVal

Pro

His

Pro

Val

Val

Ser

Cys

Ala

Phe

Pro

Val

Asp

Ser

Thr

Ser

Ala

Asp

Pro
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Thr Cys Gly Ser Cys Ser Gly Met Phe Thr Ala Asn Ser Met
195 200 205

Leu Thr Glu Ala Leu Gly Leu Ser Leu Pro Gly Asn Gly Ser
210 215 220

Ala Thr His Ala Ala Arg Arg Ala Leu Phe Glu Lys Ala Gly
225 230 235 240

Val Val Glu Leu Cys Arg Arg Tyr Tyr Gly Glu Glu Asp Glu
245 250 255

Leu Pro Arg Gly Ile Ala Thr Lys Lys Ala Phe Glu Asn Ala
260 265 270

Leu Asp Met Ala Met Gly Gly Ser Thr Asn Thr Ile Leu His
275 280 285

Ala Ala Ala Gln Glu Gly Glu Val Asp Phe Asp Leu Ala Asp
290 295 300

Glu Leu Ser Lys Asn Val Pro Cys Leu Ser Lys Val Ala Pro
305 310 315 320

Asp Tyr His Met Glu Asp Val His Arg Ala Gly Gly Ile Pro
325 330 335

Leu Gly Glu Leu Asn Arg Gly Gly Leu Leu Asn Lys Asp Val
340 345 350

Val His Ser Asn Asp Leu Glu Gly Trp Leu Asp Asp Trp Asp
355 360 365

Ser Gly Lys Thr Thr Glu Val Ala Thr Glu Leu Phe His Ala
370 375 380

Gly Gly Ile Arg Thr Thr Glu Ala Phe Ser Thr Glu Asn Arg
385 390 395 400

Glu Leu Asp Thr Asp Ala Ala Lys Gly Cys Ile Arg Asp Val
405 410 415

Ala Tyr Thr Ala Asp Gly Gly Leu Val Val Leu Arg Gly Asn
420 425 430

Pro Asp Gly Ala Val Ile Lys Ser Ala Gly Ile Glu Glu Glu
435 440 445

Asn Phe Thr Gly Pro Ala Arg Val Val Glu Ser Gln Glu Glu
450 455 460

Ser Val Ile Leu Thr Lys Thr Ile Gln Ala Gly Glu Val Leu
465 470 475 480

Arg Tyr Glu Gly Pro Ser Gly Gly Pro Gly Met Gln Glu Met
485 490 495

Pro Thr Ala Phe Leu Lys Gly Ser Gly Leu Gly Lys Lys Cys
500 505 510

Asn

Thr

Glu

Ser

Met

Ile

Ile

Asn

Ala

His

Ile

Ala

Trp

Glu

Ile

Leu

Ala

Val

Leu

Ala

Cys

Leu

Thr

Val

Ala

Leu

Asp

Ser

Leu

Ser

Arg

Pro

Asp

His

Ser

Trp

Val

Val

His

Leu
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Ile

His

Asn

545

Gln

Ser

Ala

Val

Thr Asp Gly Arg Phe
515

Val Ser Pro Glu Ala
530 535

Gly Asp Ile Val Ser
550

Val Ser Asp Glu Glu
565

Glu Lys Pro Trp Gln
580

Leu Arg Ala Tyr Ala
595

Arg Gln Val Asp
610

<210> 2

<211>
<212>
<213>

383
PRT
Chua biét

<220>

<223>

Corynebacterium

<400> 2

Met

1

Met

Met

Glu

Val

65

Ala

Gly

Gly

Ile

Lys Pro Ser Thr Arg
5

Leu Asp Arg Val His
20

Phe Cys Ala Gly Gln
35

Glu Ala Glu Ile Ala
50 55

Ile Gly Asp Arg Glu
70

Thr Tyr Asp Val Asp
85

Ser Ser Gly Gly Phe
100

Asp Tyr Val Ala Met
115

Leu Glu Ser Leu Gly
130 135

49830

Ser

520

Ala

Ile

Leu

525

540

555

575

Gly Gly Ser Ser Gly Leu Ser

His Gly Gly Val Ile Gly Leu

Asp Val His Asn Arg Lys Leu

560

Gln Arg Arg Arg Asp Ala Met
570

Pro Val Asn Arg Asn Arg Val Val

585

590

Lys Met Ala Thr Ser Ala Asp Lys

600

605

sp. transaminaza C

Ser Asn

Arg Arg

25

Pro
40

Ser

Leu

Phe Arg

Thr Asn

Val Ala
105

Pro Thr
120

Ala Lys

Glu Thr Arg Phe Gln Pro Thr Ala

145

150

Val Gln Pro Phe Arg
10 15

Arg Arg Glu Gly Lys
30

Thr Gly Ala Pro Glu
45

Arg Ser Gly Pro Leu Gly

60

Glu Arg Ile Ala Asp
75

Pro Asp Asn Val Ile
90 95

Ser Phe Ile Ala Thr
110

Pro Gly Tyr Pro Ala
125

Val Leu Asn Leu Arg
140

Gln Met Leu Glu Glu
155

Val

Asp

Ala

Tyr

Trp

80

Val

Leu

Tyr

Cys

Leu
160

Ile

Ile

Glu

Asn

Thr

Gly

Met

Thr

Val

Thr

His

Thr

Asp

Arg

Thr

Pro

Gly

Glu

Val

Ala

Lys

Ala

Gln

Ile

Ile

Glu

Ser

Thr

His

Asn

Ala

His
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Lys Pro Lys Ala Val

165

Ile Ile Asp Pro Glu

180

Asn Asp Ala Val Leu

195

Gly Arg Pro Leu Ala

210

Ile

Glu

Ile

Thr
215

Val Gly Thr Leu Ser Lys

225

230

Trp Ile Ile Val Pro Asp

Ala Ser Leu Ser

Ala Ala Phe Thr
275

Ala Tyr Arg Glu

290

Gly Leu Gly Thr

305

245

260

310

Leu Cys

Leu Glu

295

49830

Val Thr Ser Pro Gly Asn

170

Leu Glu Arg Ile Ala Lys

185

190

Ser Asp Glu Asp Tyr His

200

205

Ala His Gln Phe Ser Lys

220

Tyr Phe Ser Met Thr Gly

235

Glu Leu Val Thr Ser Ile

250

Ala Pro Ala Ile Gly Gln

265

270

Ala Gly Ala Glu Leu Asp

280

315

300

285

Ala Arg Glu Val Phe Val Asp Lys

Phe Ala Asp Pro Asp Gly Gly Leu

Asp Val Ser Ala Tyr Thr Asp Asp Ser Glu Glu Trp

325

330

Leu Asp Glu Ala Gly Val Ala Val Ala Pro Gly Val

340

345

350

Glu Glu Gly His Lys Trp Ile Arg Leu Ser Leu Cys

355

360

365

Asp Thr Ile Glu Gly Val Arg Lys Ile Gly Glu Phe

370

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

<220>
<223>

<400>

Met Ala Asp Gln Ala Lys Leu Gly Gly Lys Pro Ser Asp Asp Ser Asn

1

3

922

PRT

Chua biét

375

380

Pro Thr
175

Trp Cys

Gly Met

Asn Ala

Trp Arg

240

Glu Asn
255

Ala Ala

Ala His

Leu Pro

Tyr Leu

320
Val Leu
335
Asp Phe

Ala Ser

Ile Lys

Corynebacterium sp. pyruvat dehydrogenaza

3

5

10

15

Gly

Asp

Ser

Ile

Val

Leu

Gly

Val

Glu

Trp

Arg

Asp

Lys

Lys

Thr

Asp

Phe

Val

Gly

Gln

Arg

Glu

Ile

Val

Leu

Pro

Glu

Phe Ala Met Ile Arg Asp Gly Val Ala Ser Tyr Leu Asn Asp Ser Asp

20

25

30
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Glu Glu
35

Pro Thr Asn Glu

Glu Ser Ser Pro Glu Arg

50 55

Arg Ala Ser Ala Lys Arg
65 70
Val Asn Thr Ile Pro
85

Tyr

Glu Glu Met Glu Lys Arg

100
Ile Met Val His Arg Ala
115

Ile Ser Thr Tyr Ala Gly
130 135

His Phe Phe Arg Gly Lys
145 150

Phe Gln Gly His Ala Ser
165

Gly Arg Leu Ser Glu Asp
180

Arg Glu Gln Gly Gly Ile
195

Asp Phe Trp Glu Phe Pro
210 215

Ala Ile Tyr Gln Ala Arg
225 230

Lys Asp Thr Ser Asp Gln
245

Met Asp Glu Pro Glu Ser
260

Asn Leu Asp Asn Leu Thr
275

Asp Gly Pro Val Arg Gly
290 295

Phe Phe Arg Gly Ala Gly
305 310

Glu Trp Asp Glu Leu Leu
325

Ile Met Asn Asn Thr Ser
340
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Trp Met Asp Ser Leu Asp
40 45

Ala Arg Tyr Leu Met Leu
60

Val Ser Leu Pro Pro Met
75

Thr Ser Met Glu Pro Glu
90

Tyr Arg Arg Trp Ile Arg
105 110

Gln Arg Pro Gly Ile Gly
120 125

Ala Ala Pro Leu Tyr Glu
140

Asp His Pro Gly Gly Gly
155

Pro Gly Met Tyr Ala Arg
170

Asp Leu Asp Gly Phe Arg
185

Pro Ser Tyr Pro His Pro
200 205

Thr Val Ser Met Gly Leu
220

Phe Asn Arg Tyr Leu Glu
235

His Val Trp Ala Phe Leu
250

Arg Gly Leu Ile Gln Gln
265 270

Phe
280

Val Val Asn Cys Asn
285
Asn Thr Lys Ile Ile Gln
300
Trp Ser Val Ile Lys Val
315
Glu Lys Asp Gln Asp Gly
330

Gly

Arg

Thr

Phe

95

Trp

Val

Val

Asp

Ala

175

Gln

190

His

Gly

Asn

Gly

255

Ala

Leu

Glu

Val

Ala
335

Leu

Leu

Ser

80

Pro

Asn

Gly

Gly

Gln

160

Phe

Glu

Gly

Pro

Arg

240

Asp

Ala

Gln

Leu

Trp

320

Leu

Asp Gly Asp Tyr Gln Thr Phe Lys

345 350

Leu

Leu

Thr

Gly

Ala

Gly

Phe

Ile

Met

Val

Met

Met

Gly

Gly

Leu

Arg

Glu

Gly

Val

Ala

Gln

Glu

Asp

Asp

Ala

His

Asn

Phe

Glu

Ser

Lys

Asp

Ile

Glu

Asn

Leu

Ser

Arg

Glu

Asn
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Asp Gly Ala Tyr Val Arg Glu
355 360

Ala Lys Leu Val Glu Asn Met
370 375

Arg Gly Gly His Asp Tyr Arg
385 390

Leu Glu Thr Lys Asp Arg Pro
405
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His Phe Phe Gly
365

Thr Asp Glu Glu
380

Lys Val Tyr Ala
395

Thr Val Ile Leu
410

Arg

Ile

Ala

Ala

Gly Tyr Gly Leu Gly His Asn Phe Glu Gly Arg Asn

420

Met Lys Lys Leu Thr Leu Asp
435 440

Gly Ile Pro Ile Thr Asp Glu
450 455

Pro Tyr Tyr His Pro Gly Glu
465 470

Glu Arg Arg Ala Ala Leu Gly
485

Tyr Asp Pro Ile Gln Val Pro
500

Lys Gly Ser Gly Lys Gln Gln
515 520

Thr Phe Lys Glu Leu Met Arg
530 535

Pro Ile Ile Pro Asp Glu Ala
545 550

Pro Thr Leu Lys Ile Tyr Asn
565

425

Asp Leu Lys Leu
445

Gln Leu Glu Lys
460

Asp Ala Pro Glu
475

Gly Tyr Leu Pro
490

Pro Leu Asp Lys
505

Ile Ala Thr Thr
525

Asp Lys Gly Leu
540

Arg Thr Phe Gly
555

Pro His Gly Gln
570

430

Phe

Asp

Ile

Glu

Leu

510

Met

Ala

Leu

Asn

Asp His Asp Leu Met Leu Ser Tyr Arg Glu Ala Pro

580

Leu His Glu Gly Ile Asn Glu
595 600

Ala Gly Thr Ser Tyr Ala Thr
610 615

Ile Phe Tyr Ser Met Phe Gly
625 630

Ala Ala Ala Asp Gln Met Ala
645

Gly Arg Thr Thr Leu Thr Gly
660

Ser Pro Val Leu Ala Ser Thr

585

Ala Gly Ser Met
605

His Gly Lys Ala
620

Phe Gln Arg Thr
635

Arg Gly Phe Leu
650

Glu Gly Leu Gln
665

Asn Glu Gly Val

590

Ala

Met

Gly

Leu

His

670

Glu

Asp Pro

Trp Lys

Tyr Lys
400

His Thr
415

Ala Thr

Arg Asp

Pro Tyr

Lys Tyr
480

Arg Arg
495

Arg Ser

Ala Thr

Asp Arg

Asp Ser
560

Tyr Val
575

Glu Gly

Ser Phe

Ile Pro

Asp Ser

640

Gly Ala
655

Met Asp

Thr Tyr

Arg

Leu

Arg

Ile

His

Lys

Leu

Met

Glu

Val

Val

Leu

Trp

Pro

Gln

Ile

Leu

Ile

Thr

Gly

Asp

Thr

Pro

Ala

Lys

Gln

Gln

Pro

Lys

Asn

Arg

Arg

Val

Phe

Val

Ile

Ala

Tyr

Trp

Ala

His

Pro
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675

Ser Phe Ala Tyr Glu Ile
690 695

Met Tyr Gly Pro Gly Lys
705 710

Tyr Asn Glu Pro Thr Pro
725

Glu Gly Leu His Lys Gly
740

Gly His Glu Ala Asn Ile
755

Leu Lys Ala Ala Ser Ile
770 775

Ile Tyr Ser Ala Thr Ser
785 790

Arg Asn Lys Ala Gln Leu
805

Phe Val Thr Thr Gln Leu
820

Ser Asp Phe Ser Thr Asp
835

Gly Asp Tyr Thr Val Leu
850 855

Arg Pro Ala Ala Arg Arg
865 870

Val Ala Val Leu Asn Ser
885

Val Ala Ala Gln Ala Ala
900

Val Ser Val Asp Pro Asn

915
<210> 4
<211> 437

<212> PRT
<213> Chua biét

<220>
<223> Corynebacterium

<400> 4
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680 685

Ala His Leu Val His Arg Gly Ile
700

Gly Glu Asp Val Ile Tyr Tyr Ile
715 720

Gln Pro Ala Glu Pro Glu Gly Leu
730 735

Ile Tyr Leu Tyr Ser Arg Gly Glu
745 750

Leu Ala Ser Gly Val Gly Met Gln
760 765

Leu Glu Ala Asp Tyr Gly Val Arg
780

Trp Val Asn Leu Ala Arg Asp Gly
795 800

Arg Asn Pro Gly Ala Asp Ala Gly
810 815

Lys Gln Thr Ser Gly Pro Tyr Val
825 830

Leu Pro Asn Gln Ile Arg Glu Trp
840 845

Gly Ala Asp Gly Phe Gly Phe Ser
860

Phe Phe Asn Ile Asp Ala Glu Ser
875 880

Leu Ala Arg Glu Gly Lys Ile Asp
890 895

Glu Lys Phe Lys Leu Asp Asp Pro
905 910

Ala Pro Glu Glu
920

sp. xitrat synthaza

Asp

Thr

Asp

Gly

Trp

Ala

Ala

Glu

Ala

Val

Asp

Ile

Val

Thr

Arg

Ile

Val

Thr

Ala

Asn

Ala

Ala

Val

Pro

Thr

Val

Ser

Ser

Met Phe Glu Arg Asp Ile Val Ala Thr Asp Asn Asn Lys Ala Val Leu

1 5

10 15
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His Tyr Pro Gly Gly Glu Phe
20

Gly Asn Asn Gly Val Val Leu
35 40

Ile Thr Phe Asp Pro Gly Tyr
50 55

Ile Thr Tyr Ile Asp Gly Asp
65 70

Asp Ile Ala Asp Leu Ala Glu
85

Leu Leu Ile Asn Gly Glu Leu
100

Asn Asp Glu Ile Arg His His
115 120

Gln Phe Asn Val Phe Pro Arg
130 135

Ser Ser Val Asn Ile Leu Ser
145 150

Leu Asp Glu Ala Gln Leu Asp
165

Val Pro Met Leu Ala Ala Tyr
180

Tyr Met Tyr Pro Asp Asn Ser
195 200

Met Met Phe Gly Tyr Pro Thr
210 215

Val Lys Ala Leu Asp Lys Leu
225 230

Asn Cys Ser Thr Ser Thr Val
245

Met Phe Val Ser Ile Ala Gly
260

His Gly Gly Ala Asn Gln Ala
275 280

Asn Asn His Gly Gly Asp Ala
290 295

Lys Glu Asp Gly Val Arg Leu
305 310

Asn Tyr Asp Pro Arg Ala Ala
325

Leu Glu His Leu Gly Gly Asp
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Glu Met Asp Ile Ile
25 30

Gly Lys Met Leu Ser
45

Val Ser Thr Gly Ser
60

Ala Gly Ile Leu Arg
75

Asn Ala Thr Phe Asn
90

Pro Thr Pro Asp Glu
105 110

Thr Leu Leu Asp Glu
125

Asp Ala His Pro Met
140

Thr Tyr Tyr Gln Asp
155

Lys Ala Thr Val Arg
170

Ala His Arg Ala Arg
185 190

Leu Asn Ala Arg Glu
205

Glu Pro Tyr Glu Ile
220

Leu Ile Leu His Ala
235

Arg Met TIle Gly Ser
250

Gly Ile Asn Ala Leu
265 270

Val Leu Glu Met Leu
285

Thr Ala Phe Met Asn
300

Met Gly Phe Gly His
315

Ile Val Lys Glu Thr
330

Asp Leu Leu Asp Leu

Glu Ala

Glu Thr

Thr Glu

Tyr Arg

80

Glu Val
95

Leu His

Asp Phe

Ala Thr

Gln Leu
160

Leu Met
175

Lys Gly

Asn Phe

Asp Pro

Asp His

240

Ala Gln
255

Ser Gly

Glu Asp

Lys Val

Arg Val
320

Ala His
335

Ala Ile

Ser

Gly

Ser

Gly

Ser

Lys

Lys

Leu

Asn

Ala

Ala

Leu

Ile

Glu

Ala

Pro

Ile

Lys

Tyr

Glu

Lys

Glu

Leu

Lys

Tyr

Tyr

Phe

Ser

Ala

Pro

Lys

Pro

Arg

Met

Gln

Asn

Leu

Lys

Asn

Lys

Ile

Leu
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340 345

350

Glu Glu Ile Ala Leu Ala Asp Asp Tyr Phe Ile Ser Arg Lys

355 360 365

Pro Asn Val Asp Phe Tyr Thr Gly Leu Ile Tyr
370 375 380

Pro Thr Asp Phe Phe Thr Val Leu Phe Ala Ile
385 390 395

Trp Ile Ala His Tyr Arg Glu Gln Leu Gly Ala
405 410

Asn Arg Pro Arg Gln Val Tyr Thr Gly Asn Glu
420 425

Pro Arg Glu Glu Arg
435

<210> 5

<211> 922

<212> PRT

<213> Chua biét

<220>

Arg Ala

Gly Arg

Ala Asp
415

Ser Arg
430

Met
Leu
400

Asn

Lys

Leu

Gly

Pro

Lys

Leu

<223> bién thé& Corynebacterium sp. pyruvat dehydrogenaza

<400> 5
Met Ala Asp Gln Ala Lys Leu Gly Gly Lys Pro
1 5 10

Phe Ala Met Ile Arg Asp Gly Val Ala Ser Tyr
20 25

Pro Glu Glu Thr Asn Glu Trp Met Asp Ser Leu
35 40 45

Glu Ser Ser Pro Glu Arg Ala Arg Tyr Leu Met
50 55 60

Arg Ala Ser Ala Lys Arg Val Ser Leu Pro Pro
65 70 75

Tyr Val Asn Thr Ile Pro Thr Ser Met Glu Pro
85 90

Glu Glu Met Glu Lys Arg Tyr Arg Arg Trp Ile
100 105

Ile Met Val His Arg Ala Gln Arg Pro Gly Ile
115 120 125

Ile Ser Thr Tyr Ala Gly Ala Ala Pro Leu Tyr
130 135 140

His Phe Phe Arg Gly Lys Asp His Pro Gly Gly
145 150 155

Ser Asp
15

Leu Asn
30

Asp Gly

Leu Arg

Met Thr

Glu Phe

95
Arg Trp
110
Gly Val

Glu Val

Gly Asp

Asp

Asp

Leu

Leu

Ser

80

Pro

Asn

Gly

Gly

Gln
160

Ser

Ser

Leu

Leu

Thr

Gly

Ala

Gly

Phe

Ile

Tyr

Phe

Gly

Ile

val

Asn

Asp

Gln

Glu

Asp

Asp

Ala

His

Asn

Phe
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Phe Gln Gly His Ala Ser Pro Gly Met Tyr Ala Arg Ala Phe Met Glu
165 170 175

Gly Arg Leu Ser Glu Asp Asp Leu Asp Gly Phe Arg Gln Glu Val Ser
180 185 190

Arg Glu Gln Gly Gly Ile Pro Ser Tyr Pro His Pro His Gly Met Lys
195 200 205

Asp Phe Trp Glu Phe Pro Thr Val Ser Met Gly Leu Gly Pro Met Asp
210 215 220

Ala Ile Tyr Gln Ala Arg Phe Asn Arg Tyr Leu Glu Asn Arg Gly Ile
225 230 235 240

Lys Asp Thr Ser Asp Gln His Val Trp Ala Phe Leu Gly Asp Gly Glu
245 250 255

Met Asp Glu Pro Glu Ser Arg Gly Leu Ile Gln Gln Ala Ala Leu Asn
260 265 270

Asn Leu Asp Asn Leu Thr Phe Val Val Asn Cys Asn Leu Gln Arg Leu
275 280 285

Asp Gly Pro Val Arg Gly Asn Thr Lys Ile Ile Gln Glu Leu Glu Ser
290 295 300

Phe Phe Arg Gly Ala Gly Trp Ser Val Ile Lys Val Val Trp Gly Arg
305 310 315 320

Glu Trp Asp Glu Leu Leu Glu Lys Asp Gln Asp Gly Ala Leu Val Glu
325 330 335

Ile Met Asn Asn Thr Ser Asp Gly Asp Tyr Gln Thr Phe Lys Ala Asn
340 345 350

Asp Gly Ala Tyr Val Arg Glu His Phe Phe Gly Arg Asp Pro Arg Thr
355 360 365

Ala Lys Leu Val Glu Asn Met Thr Asp Glu Glu Ile Trp Lys Leu Pro
370 375 380

Arg Gly Gly His Asp Tyr Arg Lys Val Tyr Ala Ala Tyr Lys Arg Ala
385 390 395 400

Leu Glu Thr Lys Asp Arg Pro Thr Val Ile Leu Ala His Thr Ile Lys
405 410 415

Gly Tyr Gly Leu Gly His Asn Phe Glu Gly Arg Asn Ala Thr His Ala
420 425 430

Met Lys Lys Leu Thr Leu Asp Asp Leu Lys Leu Phe Arg Asp Lys Gln
435 440 445

Gly Ile Pro Ile Thr Asp Glu Gln Leu Glu Lys Asp Pro Tyr Leu Pro
450 455 460

Pro Tyr Tyr His Pro Gly Glu Asp Ala Pro Glu Ile Lys Tyr Met Lys
465 470 475 480

Glu Arg Arg Ala Ala Leu Gly Gly Tyr Leu Pro Glu Arg Arg Glu Asn

10



49830

485 490 495

Tyr Asp Pro Ile Gln Val Pro Pro Leu Asp Lys Leu Arg Ser
500 505 510

Lys Gly Ser Gly Lys Gln Gln Ile Ala Thr Thr Met Ala Thr
515 520 525

Thr Phe Lys Glu Leu Met Arg Asp Lys Gly Leu Ala Asp Arg
530 535 540

Pro Ile Ile Pro Asp Glu Ala Arg Thr Phe Gly Leu Asp Ser
545 550 555 560

Pro Thr Leu Lys Ile Tyr Asn Pro His Gly Gln Asn Tyr Val
565 570 575

Asp His Asp Leu Met Leu Ser Tyr Arg Glu Ala Pro Glu Gly
580 585 590

Leu His Glu Gly Ile Asn Glu Ala Gly Ser Met Ala Ser Phe
595 600 605

Ala Gly Thr Ser Tyr Ala Thr His Gly Lys Ala Met Ile Pro
610 615 620

Ile Phe Tyr Ser Met Phe Gly Phe Gln Arg Thr Gly Asp Ser
625 630 635 640

Ala Ala Ala Asp Gln Met Ala Arg Gly Phe Leu Leu Gly Ala
645 650 655

Gly Arg Thr Thr Leu Thr Gly Glu Gly Leu Gln His Met Asp
660 665 670

Ser Pro Val Leu Ala Ser Thr Asn Glu Gly Val Glu Thr Tyr
675 680 685

Ser Phe Ala Tyr Glu Ile Ala His Leu Val His Arg Gly Ile
690 695 700

Met Tyr Gly Pro Gly Lys Gly Glu Asp Val Ile Tyr Tyr Ile
705 710 715 720

Tyr Asn Glu Pro Thr Pro Gln Pro Ala Glu Pro Glu Gly Leu
725 730 735

Glu Gly Leu His Lys Gly Ile Tyr Leu Tyr Ser Arg Gly Glu
740 745 750

Gly His Glu Ala Asn Ile Leu Ala Ser Gly Val Gly Met Gln
755 760 765

Leu Lys Ala Ala Ser Ile Leu Glu Ala Asp Tyr Gly Val Arg
770 775 780

Ile Tyr Ser Ala Thr Ser Trp Val Asn Leu Ala Arg Asp Gly
785 790 795 800

Arg Asn Lys Ala Gln Leu Arg Asn Pro Gly Ala Asp Ala Gly
805 810 815

11

Val

Val

Leu

Trp

Pro

Gln

Tle

Leu

Ile

Thr

Gly

Asp

Asp

Thr

Asp

Gly

Trp

Ala

Ala

Glu

Arg

Arg

Val

Phe

Val

Ile

Ala

Tyr

Trp

Ala

His

Pro

Arg

Ile

Val

Thr

Ala

Asn

Ala

Ala
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Phe Val Thr Thr Gln Leu Lys Gln
820 825

Ser Asp Phe Ser Thr Asp Leu Pro
835 840

Gly Asp Tyr Thr Val Leu Gly Ala
850 855

Thr Ser Gly Pro Tyr
830

Asn Gln Ile Arg Glu
845

Asp Gly Phe Gly Phe
860

Arg Pro Ala Ala Arg Arg Phe Phe Asn Ile Asp Ala

865

870

875

Glu

Val

Trp

Ser

Ser
880

Val Ala Val Leu Asn Ser Leu Ala Arg Glu Gly Lys Ile Asp

Val Ala Ala Gln Ala Ala Glu Lys Phe Lys

885

900

890

905 910

Val Ser Val Asp Pro Asn Ala Pro Glu Glu

915

<210> 6

<211> 922

<212> PRT

<213> Chua biét

<220>

<223>

<400> 6

Met

1

Phe

Pro

Glu

Arg

65

Tyr

Glu

Ile

Ala Asp Gln Ala Lys
5

Ala Met Ile Arg Asp
20

Glu Glu Thr Asn Glu
35

Ser Ser Pro Glu Arg
50 55

Ala Ser Ala Lys Arg
70

Val Asn Thr Ile Pro
85

Glu Met Glu Lys Arg
100

Met Val His Arg Ala
115

920

Leu Gly Gly Lys Pro Ser
10

Gly Val Ala Ser Tyr Leu
25 30

Trp Met Asp Ser Leu Asp
40 45

Ala Arg Tyr Leu Met Leu
60

Val Ser Leu Pro Pro Met
75

Thr Ser Met Glu Pro Glu
90

Tyr Arg Arg Trp Ile Arg
105 110

Gln Arg Pro Gly Ile Gly
120 125

Ile Ser Thr Tyr Ala Gly Ala Ala Pro Leu Tyr Glu

130

135

140

His Phe Phe Arg Gly Lys Asp His Pro Gly Gly Gly

12

895

Asp

15

Asn

Gly

Arg

Thr

Phe

95

Trp

Val

Val

Asp

Leu Asp Asp Pro

Asp

Asp

Leu

Leu

Ser

80

Pro

Asn

Gly

Gly

Gln

Ala

Val

Asp

Ile

Val

Thr

bién thé Corynebacterium sp. pyruvat dehydrogenaza

Ser

Ser

Leu

Leu

Thr

Gly

Ala

Gly

Phe

Ile

Val

Pro

Thr

Val

Ser

Ser

Asn

Asp

Gln

Glu

Asp

Asp

Ala

His

Asn

Phe
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145 150 155 160

Phe Gln Gly His Ala Ser Pro Gly Met Tyr Ala Arg Ala Phe Met Glu
165 170 175

Gly Arg Leu Ser Glu Asp Asp Leu Asp Gly Phe Arg Gln Glu Val Ser
180 185 190

Arg Glu Gln Gly Gly Ile Pro Ser Tyr Pro His Pro His Gly Met Lys
195 200 205

Asp Phe Trp Glu Phe Pro Thr Val Ser Met Gly Leu Gly Pro Met Asp
210 215 220

Ala Ile Tyr Gln Ala Arg Phe Asn Arg Tyr Leu Glu Asn Arg Gly Ile
225 230 235 240

Lys Asp Thr Ser Asp Gln His Val Trp Ala Phe Leu Gly Asp Gly Glu
245 250 255

Met Asp Glu Pro Glu Ser Arg Gly Leu Ile Gln Gln Ala Ala Leu Asn
260 265 270

Asn Leu Asp Asn Leu Thr Phe Val Val Asn Cys Asn Leu Gln Arg Leu
275 280 285

Asp Gly Pro Val Arg Gly Asn Thr Lys Ile Ile Gln Glu Leu Glu Ser
290 295 300

Phe Phe Arg Gly Ala Gly Trp Ser Val Ile Lys Val Val Trp Gly Arg
305 310 315 320

Glu Trp Asp Glu Leu Leu Glu Lys Asp Gln Asp Gly Ala Leu Val Glu
325 330 335

Ile Met Asn Asn Thr Ser Asp Gly Asp Tyr Gln Thr Phe Lys Ala Asn
340 345 350

Asp Gly Ala Tyr Val Arg Glu His Phe Phe Gly Arg Asp Pro Arg Thr
355 360 365

Ala Lys Leu Val Glu Asn Met Thr Asp Glu Glu Ile Trp Lys Leu Pro
370 375 380

Arg Gly Gly His Asp Tyr Arg Lys Val Tyr Ala Ala Tyr Lys Arg Ala
385 390 395 400

Leu Glu Thr Lys Asp Arg Pro Thr Val Ile Leu Ala His Thr Ile Lys
405 410 415

Gly Tyr Gly Leu Gly His Asn Phe Glu Gly Arg Asn Ala Thr His Gln
420 425 430

Met Lys Ala Leu Thr Leu Asp Asp Leu Lys Leu Phe Arg Asp Lys Gln
435 440 445

Gly Ile Pro Ile Thr Asp Glu Gln Leu Glu Lys Asp Pro Tyr Leu Pro
450 455 460

Pro Tyr Tyr His Pro Gly Glu Asp Ala Pro Glu Ile Lys Tyr Met Lys
465 470 475 480

13



Glu Arg Arg Ala Ala

485

Tyr Asp Pro Ile Gln

Lys Gly Ser

Thr Phe Lys
530

Pro Ile Ile

545

Pro Thr Leu

500

515

Gly Lys

Glu Leu

Leu Gly Gly Tyr

Val Pro Pro Leu

Gln

Met
535

Pro Asp Glu Ala

550

Lys Ile Tyr Asn
565

49830

490

505

Gln
520

Arg Asp Lys

Ile Ala

Leu Pro Glu
Asp Lys Leu
510

Thr Thr Met
525

Gly Leu Ala
540

555

570

Pro His Gly Gln Asn Tyr

Asp His Asp Leu Met Leu Ser Tyr Arg Glu Ala Pro

Leu His Glu

Ala Gly Thr
610

Ile

625

Ala

Gly

Ser

Ser

Met

705

Tyr

Glu

Gly

580

595

Phe Tyr
Ala Ala
645

Arg Thr Thr
660

Pro Val Leu
675

Phe Ala Tyr

690

Tyr Gly Pro

630

710

Asn Glu Pro Thr

725

Gly Leu His Lys

740

His Glu Ala Asn

755

Leu Lys Ala Ala Ser

770

Gly Ile Asn Glu

Ser Tyr Ala Thr

615

Ser Met Phe Gly

Asp Gln Met Ala

Ala Ser Thr

Glu Ile Ala

695

Gly Lys

Pro

Gly

Ile

Ile
775

585

600

Phe Gln

His Gly Lys Ala

590

Ala Gly Ser Met Ala

605

Met
620

Arg Thr Gly

635

650

Leu Thr Gly Glu Gly Leu Gln

665

Asn Glu
680

His Leu

Gly Glu Asp

Arg Gly Phe Leu

Leu
His
670

Gly Val Glu
685

Val His Arg
700

Val Ile Tyr

715

Gln Pro Ala

730

Ile Tyr Leu
745

Leu Ala Ser
760

Leu Glu Ala

Glu Pro Glu
Tyr Ser Arg
750

Gly Val Gly
765

Asp Tyr Gly
780

Ile Tyr Ser Ala Thr Ser Trp Val Asn Leu Ala Arg
795

785

790

14

Arg Arg
495
Arg Ser

Ala Thr

Asp Arg

Arg Thr Phe Gly Leu Asp Ser

560

vVal
575

Glu Gly

Ser Phe

Ile Pro

Asp Ser
640

Gly Ala
655

Met Asp

Thr Tyr

Gly Ile

Tyr Ile

720

Gly Leu

735

Gly Glu

Met Gln

Val Arg

Asp Gly
800

Glu

Val

Val

Leu

Trp

Pro

Gln

Ile

Leu

Ile

Thr

Gly

Asp

Asp

Thr

Asp

Gly

Trp

Ala

Ala

Asn

Arg

Arg

Val

Phe

Val

Ile

Ala

Tyr

Trp

Ala

His

Pro

Arg

Ile

Val

Thr

Ala

Asn

Ala
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Arg Asn Lys Ala Gln Leu Arg Asn Pro Gly Ala Asp Ala Gly
805 810 815

Phe Val Thr Thr Gln Leu Lys Gln Thr Ser Gly Pro Tyr Val
820 825 830

Ser Asp Phe Ser Thr Asp Leu Pro Asn Gln Ile Arg Glu Trp
835 840 845

Gly Asp Tyr Thr Val Leu Gly Ala Asp Gly Phe Gly Phe Ser
850 855 860

Arg Pro Ala Ala Arg Arg Phe Phe Asn Ile Asp Ala Glu Ser
865 870 875 880

Val Ala Val Leu Asn Ser Leu Ala Arg Glu Gly Lys Ile Asp
885 890 895

Val Ala Ala Gln Ala Ala Glu Lys Phe Lys Leu Asp Asp Pro
900 905 910

Val Ser Val Asp Pro Asn Ala Pro Glu Glu
915 920

<210> 7

<211> 922

<212> PRT

<213> Chua biét

<220>
<223>  bién thé Corynebacterium sp. xitrat synthaza

<400> 7
Met Ala Asp Gln Ala Lys Leu Gly Gly Lys Pro Ser Asp Asp
1 5 10 15

Phe Ala Met Ile Arg Asp Gly Val Ala Ser Tyr Leu Asn Asp
20 25 30

Pro Glu Glu Thr Asn Glu Trp Met Asp Ser Leu Asp Gly Leu
35 40 45 ’

Glu Ser Ser Pro Glu Arg Ala Arg Tyr Leu Met Leu Arg Leu
50 55 60

Arg Ala Ser Ala Lys Arg Val Ser Leu Pro Pro Met Thr Ser
65 70 75 80

Tyr Val Asn Thr Ile Pro Thr Ser Met Glu Pro Glu Phe Pro
85 90 95

Glu Glu Met Glu Lys Arg Tyr Arg Arg Trp Ile Arg Trp Asn
100 105 110

Ile Met Val His Arg Ala Gln Arg Pro Gly Ile Gly Val Gly
115 120 125

Ile Ser Thr Tyr Ala Gly Ala Ala Pro Leu Tyr Glu Val Gly
130 135 140

15

Glu

Ala

vVal

Asp

Ile

val

Thr

Ser

Ser

Leu

Leu

Thr

Gly

Ala

Gly

Phe

Ala
Val
Pro
Thr
Va;
Ser

Ser

Asn
Asp
Gln
Glu
Asp
Asp
Ala
His

Asn
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His Phe Phe Arg Gly Lys Asp His Pro Gly Gly Gly Asp Gln

145 150

Phe Gln Gly His Ala Ser Pro
165

Gly Arg Leu Ser Glu Asp Asp
180

Arg Glu Gln Gly Gly Ile Pro
195 200

Asp Phe Trp Glu Phe Pro Thr
210 215

Ala Ile Tyr Gln Ala Arg Phe
225 230

Lys Asp Thr Ser Asp Gln His
245

Met Asp Glu Pro Glu Ser Arg
260

Asn Leu Asp Asn Leu Thr Phe
275 280

Asp Gly Pro Val Arg Gly Asn
290 295

Phe Phe Arg Gly Ala Gly Trp
305 310

Glu Trp Asp Glu Leu Leu Glu
325

Ile Met Asn Asn Thr Ser Asp
340

Asp Gly Ala Tyr Val Arg Glu
355 360

Ala Lys Leu Val Glu Asn Met
370 375

Arg Gly Gly His Asp Tyr Arg
385 390

Leu Glu Thr Lys Asp Arg Pro
405

Gly Tyr Gly Leu Gly His Asn
420

Met Lys Ala Leu Thr Leu Asp
435 440

Gly Ile Pro Ile Thr Asp Glu
450 455

155

Gly Met Tyr Ala Arg
170

Leu Asp Gly Phe Arg
185 190

Ser Tyr Pro His Pro
205

Val Ser Met Gly Leu
220

Asn Arg Tyr Leu Glu
235

Val Trp Ala Phe Leu
250

Gly Leu Ile Gln Gln
265 270

Val Val Asn Cys Asn
285

Thr Lys Ile Ile Gln
300

Ser Val Ile Lys Val
315

Lys Asp Gln Asp Gly
330

Gly Asp Tyr Gln Thr
345 350

His Phe Phe Gly Arg
365

Thr Asp Glu Glu Ile
380

Lys Val Tyr Ala Ala
395

Thr Val Ile Leu Ala
410

Phe Glu Gly Arg Asn
425 430

Asp Leu Lys Leu Phe
445

Gln Leu Glu Lys Asp
460

16

160

Ala Phe
175

Gln Glu

His Gly

Gly Pro

Asn Arg
240

Gly Asp
255

Ala Ala

Leu Gln

Glu Leu

Val Trp

320

Ala Leu
335

Phe Lys

Asp Pro

Trp Lys

Tyr Lys

400
His Thr
415
Ala Thr

Arg Asp

Pro Tyr

Ile

Met

Val

Met

Met

Gly

Gly

Leu

Arg

Glu

Gly

Val

Ala

Arg

Leu

Arg

Ile

His

Lys

Leu

Phe

Glu

Ser

Lys

Asp

Ile

Glu

Asn

Leu

Ser

Arg

Glu

Asn

Thr

Pro

Ala

Lys

Gln

Gln

Pro
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Pro Tyr Tyr His Pro

49830

Gly Glu Asp Ala Pro Glu Ile

465 470 475

Glu Arg Arg Ala Ala
485

Tyr Asp Pro Ile Gln
500

Lys Gly Ser Gly Lys
515

Leu Gly Gly Tyr Leu Pro Glu
490

Val Pro Pro Leu Asp Lys Leu
505 510

Gln Gln Ile Ala Thr Thr Met
520 525

Thr Phe Lys Glu Leu Met Arg Asp Lys Gly Leu Ala

530

Pro Ile Ile Pro Asp
545 550

Pro Thr Leu Lys Ile
565

Asp His Asp Leu Met
580

535 540

Glu Ala Arg Thr Phe Gly Leu
555

Tyr Asn Pro His Gly Gln Asn
570

Leu Ser Tyr Arg Glu Ala Pro
585 590

Leu His Glu Gly Ile Asn Glu Ala Gly Ser Met Ala

595

600 605

Ala Gly Thr Ser Tyr Ala Thr His Gly Lys Ala Met

610

Ile Phe Tyr Ser Met
625 630

615 620

Phe Gly Phe Gln Arg Thr Gly
635

Ala Ala Ala Asp Gln Met Ala Arg Gly Phe Leu Leu

645

Gly Arg Thr Thr Leu
660

Ser Pro Val Leu Ala
675

Ser Phe Ala Tyr Glu
690

Met Tyr Gly Pro Gly
705 710

Tyr Asn Glu Pro Thr
725

Glu Gly Leu His Lys
740

Gly His Glu Ala Asn
755

Leu Lys Ala Ala Ser
770

Ile Tyr Ser Ala Thr

650

Thr Gly Glu Gly Leu Gln His
665 670

Ser Thr Asn Glu Gly Val Glu
680 685

Ile Ala His Leu Val His Arg
695 700

Lys Gly Glu Asp Val Ile Tyr
715

Pro Gln Pro Ala Glu Pro Glu
730

Gly Ile Tyr Leu Tyr Ser Arg
745 750

Ile Leu Ala Ser Gly Val Gly
760 765

Ile Leu Glu Ala Asp Tyr Gly
775 780

Ser Trp Val Asn Leu Ala Arg

17

Lys Tyr
480

Arg Arg
495

Arg Ser

Ala Thr

Asp Arg

Asp Ser
560

Tyr Val
575

Glu Gly

Ser Phe

Ile Pro

Asp Ser

640
Gly Ala
655
Met Asp
Thr Tyr
Gly Ile
Tyr Ile

720

Gly Leu
735

Gly Glu
Met Gln

Val Arg

Asp Gly

Met

Glu

Val

val

Leu

Trp

Pro

Gln

Ile

Leu

Ile

Thr

Gly

Asp

Asp

Thr

Asp

Gly

Trp

Ala

Ala

Lys

Asn

Arg

Arg

Val

Phe

vVal

Ile

Ala

Tyr

Trp

Ala

His

Pro

Arg

Ile

Val

Thr

Ala

Asn

Ala
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785 790 795 800

Arg Asn Lys Ala Gln Leu Arg Asn Pro Gly Ala Asp Ala Gly Glu Ala
805 810 815

Phe Val Thr Thr Gln Leu Lys Gln Thr Ser Gly Pro Tyr Val Ala Val
820 825 830

Ser Asp Phe Ser Thr Asp Leu Pro Asn Gln Ile Arg Glu Trp Val Pro
835 840 845

Gly Asp Tyr Thr Val Leu Gly Ala Asp Gly Phe Gly Phe Ser Asp Thr
850 855 860

Arg Pro Ala Ala Arg Arg Phe Phe Asn Ile Asp Ala Glu Ser Ile Val
865 870 875 880

Val Ala Val Leu Asn Ser Leu Ala Arg Glu Gly Lys Ile Asp Val Ser
885 890 895

Val Ala Ala Gln Ala Ala Glu Lys Phe Lys Leu Asp Asp Pro Thr Ser
900 905 910

Val Ser Val Asp Pro Asn Ala Pro Glu Glu
915 920

<210> 8

<211> 437

<212> PRT

<213> Chua biét

<220>

<223> bién thé& Corynebacterium sp. xitrat synthaza

<400> 8

Met Phe Glu Arg Asp Ile Val Ala Thr Asp Asn Asn Lys Ala Val Leu
1 5 10 15

His Tyr Pro Gly Gly Glu Phe Glu Met Asp Ile Ile Glu Ala Ser Glu
20 25 30

Gly Asn Asn Gly Val Val Leu Gly Lys Met Leu Ser Glu Thr Gly Leu
35 40 45

Ile Thr Phe Asp Pro Gly Tyr Val Ser Thr Gly Ser Thr Glu Ser Lys
50 55 60

Ile Thr Tyr Ile Asp Gly Asp Ala Gly Ile Leu Arg Tyr Arg Gly Tyr
65 70 75 80

Asp Ile Ala Asp Leu Ala Glu Asn Ala Thr Phe Asn Glu Val Ser Tyr
85 90 95

Leu Leu Ile Asn Gly Glu Leu Pro Thr Pro Asp Glu Leu His Lys Phe
100 105 110

Asn Asp Glu Ile Arg His His Thr Leu Leu Asp Glu Asp Phe Lys Ser
115 120 125

18



Gln Phe Asn Val Phe Pro Arg
130 135

Ser Ser Val Asn Ile Leu Ser
145 150

Leu Asp Glu Ala Gln Leu Asp
165

Val Pro Met Leu Ala Ala Tyr
180

Tyr Met Tyr Pro Asp Asn Ser
195 200

Met Met Phe Gly Tyr Pro Thr
210 215

Val Lys Ala Leu Asp Lys Leu
225 230

Asn Cys Ser Thr Ser Thr Val
245

Met Phe Val Ser Ile Ala Gly
260

His Gly Gly Ala Asn Gln Ala
275 280

Asn Asn His Gly Gly Asp Ala
290 295

Lys Glu Asp Gly Val Arg Leu
305 310

Asn Tyr Asp Pro Arg Ala Ala
325

Leu Glu His Leu Gly Gly Asp
340

Glu Glu Ile Ala Leu Ala Asp
355 360

Pro Asn Val Asp Phe Tyr Thr
370 375

Pro Thr Asp Phe Phe Thr Val
385 390

Trp Ile Ala His Tyr Arg Glu
405

Asn Arg Pro Arg Gln Val Tyr
420

Pro Arg Glu Glu Arg
435

425

49830

Asp Ala His Pro Met Ala Thr
140

Thr Tyr Tyr Gln Asp Gln Leu
155 160

Lys Ala Thr Val Arg Leu Met
170 175

Ala His Arg Ala Arg Lys Gly
185 190

Leu Asn Ala Arg Glu Asn Phe
205

Glu Pro Tyr Glu Ile Asp Pro
220

Leu Ile Leu His Ala Asp His
235 240

Arg Met Ile Gly Ser Ala Gln
250 255

Gly Ile Asn Ala Leu Ser Gly
265 270

Val Leu Glu Met Leu Glu Asp
285

Thr Ala Phe Met Asn Lys Val
300

Ile Gly Phe Gly His Arg Val
315 320

Ile Val Lys Glu Thr Ala His
330 335

Asp Leu Leu Asp Leu Ala Ile
345 350

Asp Tyr Phe Ile Ser Arg Lys
365

Gly Leu Ile Tyr Arg Ala Met
380

Leu Phe Ala Ile Gly Arg Leu
395 400

Gln Leu Gly Ala Ala Asp Asn
410 415

Thr Gly Asn Glu Ser Arg Lys
430

19

Leu

Asn

Ala

Ala

Leu

Ile

Glu

Ala

Pro

Ile

Lys

Tyr

Glu

Lys

Leu

Gly

Pro

Lys

Leu

Ala

Pro

Lys

Pro

Arg

Met

Gln

Asn

Leu

Lys

Asn

Lys

Ile

Leu

Tyr

Phe

Gly

Ile

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

<220>
<223>

<400>

9

32

ADN

Trinh ty nhén

doan mdi

9

49830

tao

aatttctaga ggcagaccct attctatgaa gg

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

<220>
<223>

<400>

10

30

ADN

Trinh ty nhén

doan mdi

10

agtgtttcgg tctttacaga

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

<220>
<223>

<400>

11
30
ADN
Trinh ty nhén

doan mdi

11

gtccctcgtg tctgtaaaga

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

<220>
<223>

<400>

12

32

ADN

Trinh ty nhéan

doan mdi

12

aatttctaga cgtgggagtg

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

<220>
<223>

13
41
ADN
Trinh ty nhéan

doan mdi

tao

cacgagggac

tao

ccgaaacact

tao

tcactcgcett gg

tao

20
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<400> 13
ttcgagctcg gtacccggtc tagagcactt tcgctcgcac c 41
<210> 14
<211> 36

<212> ADN
<213> Trinh tuy nhan tao

<220>
<223> doan mdi

<400> 14
gatttgaaaa gcgcatcaga aacatcccag cgctac 36
<210> 15
<211> 36

<212> ADN
<213> Trinh tu nhédn tao

<220>
<223> doan mdi

<400> 15
gtagcgctgg gatgtttctg atgcgctttt caaatc 36
<210> 16
<211> 41

<212> ADN
<213> Trinh ty nhédn tao

<220>
<223> doan mdi

<400> 16
gaaacactat gatcccactt cgttcaaaag tcaccaccgt c 41
<210> 17
<211> 41

<212> ADN
<213> Trinh ty nhédn tao

<220>
<223> doan mdi

<400> 17
gacggtggtg acttttgaac gaagtgggat catagtgttt c 41
<210> 18
<211> 41

<212> ADN
<213> Trinh ty nhédn tao

21
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<220>
<223> doan mdi

<400> 18
gcatgcctgc aggtcgactc tagagcgtgt gcaacgccgt ¢

<210> 19

<211> 50

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi
<400> 19

gctcggtacc cggggatcct ctagaccgct tccttggetg cctgaagatg

<210> 20

<211> 26

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi

<400> 20
tgcttggctt cacaagagac aagcct

<210> 21

<211> 26

<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> doan mdi

<400> 21
aggcttgtct cttgtgaagc caagca

<210> 22

<211> 50

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> doan mdi

<400> 22
gcctgcaggt cgacctagat ctagacctca tcagagataa gaacagcatc

<210> 23

22

26

26
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<211> 50
<212> ADN
<213> Trinh ty nhé&n tao

<220>
<223> doan mdi

<400> 23
gctcggtacce cggggatcct ctagatactc cggtctgett tatgcaggta

<210> 24

<211> 36

<212> ADN

<213> Trinh tu nhédn tao

<220>
<223> doan mdi

<400> 24
aactaaccta gtcgcttaag agacaagcct atctgce

<210> 25

<211> 36

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> doan mdi

<400> 25
gcagataggc ttgtctctta agcgactagg ttagtt

<210> 26

<211> 50

<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> doan mdéi

<400> 26
gcctgcaggt cgacctagat ctagaaagtg ccacgagcat ttcatcagct

<210> 27

<211> 50

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi

<400> 27

23
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gctcggtacc cggggatcct ctagataccg tccaaccggt actttgaacc

<210> 28

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi

<400> 28
ttgatcggcc acttccacac

<210> 29

<211> 21

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> doan mdi

<400> 29
ggtgtggaag tggccgatca a

<210> 30

<211> 50

<212> ADN

<213> Trinh ty nhadn tao

<220>
<223> doan mdi

<400> 30
gcctgcaggt cgacctagat ctagagatcg tcttcagaaa ggcgaccctc

<210> 31

<211> 50

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi

<400> 31
gctcggtacc cggggatcct ctagaaccgt ggcatcaagg acacctctga

<210> 32

<211> 22

<212> ADN

<213> Trinh ty nhdn tao

<220>

24

20

21
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<223> doan mdi

<400> 32
agcttcttca ttgcgtgggt tg 22
<210> 33
<211> 22

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 33
caacccacgc aatgaagaag ct 22
<210> 34
<211> 21

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 34
aagcgtcagt gccttcatct g 21
<210> 35
<211> 22

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 35
ccagatgaag gcactgacgc tt 22
<210> 36
<211> 50

<212> ADN
<213> Trinh ty nhédn tao

<220>
<223> doan mdi

<400> 36
gcctgcaggt cgacctagat ctagaagatg gagtcaccgg tgcgctggaa 50
<210> 37
<211> 50

25
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<212> ADN
<213> Trinh tu nhan tao

<220>
<223> doan mdi

<400> 37
gctcggtacc cggggatcct ctagaacctt tccctggaat ttttteettt

<210> 38

<211> 38

<212> ADN

<213> Trinh tu nhé&n tao

<220>
<223> doan mdi

<400> 38
tgtcccttga ggtgatttcc acacctcctg ttggaatg

<210> 39

<211> 37

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi

<400> 39
tccaacagga ggtgtggaaa tcacctcaag ggacaga

<210> 40

<211> 50

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi

<400> 40
gcctgcaggt cgacctagat ctagatgctg cgcggcaagc gccgtggatt

<210> 41

<211> 50

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi

<400> 41
gctcggtacc cggggatcct ctagaaccct gaagctgtca gttcctagca

26
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<210> 42

<211> 21

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 42
ccctttcaaa cacatttgtt c

<210> 43

<211> 22

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 43
cgaacaaatg tgtttgaaag gg

<210> 44

<211> 50

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdéi

<400> 44
gcctgcaggt cgacctagat ctagatgcgc ggtgtgcgta cgcagccagce

<210> 45

<211> 50

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> doan mdi

<400> 45
gctcggtacc cggggatcct ctagatatgt gagcactggc tctaccgagt

<210> 46

<211> 22

<212> ADN

<213> Trinh tyu nhén tao

<220>
<223> doan mdi

27

64/65
21
22
50
50



49830

<400> 46
aggtggagca ggtctgctcg tg

<210> 47

<211> 22

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> doan mdi

<400> 47
cacgagcaga cctgctccac ct

<210> 48

<211> 23

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 48
tgtccgaagc cgatgaggcg gac

<210> 49

<211> 24

<212> ADN

<213> Trinh tw nhan tao

<220>
<223> doan mdi

<400> 49
cgtccgecte atcggecttceg gaca

<210> 50

<211> 50

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> doan mdi

<400> 50

gcctgcaggt cgacctagat ctagagtcag agattacgag atcttccggt

28
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