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Linh vuc ky thuit dwgc dé cap

Sang ché dé cap dén phuong phap san xuit L-axit amin, va cu thé 1a phuong

phap san xuét L-axit amin nho st dung phuong phép trc ché phién ma gen.
Tinh trang k§ thuit ciia sang ché

Pyruvat dugc san xuit théng qua su thity phan cac ngudn cacbon khéc nhau trong
cac vi sinh vat coryneform, dugc chuyén héa thanh aspartat thong qua oxaloaxetat.
Aspartat dugc chuyén hoa thanh céc axit amin vi du nhu threonin, metionin, isoleuxin,
va lysin théng qua cac con dudng sinh téng hop khac nhau (nhu thé hién trén Fig.1).
Do d6, su biéu hién cta cac gen, duoc dit & mbi diém phén nhanh trong cac qua trinh
sinh téng hop axit amin, c6 thé dugc tc ché dé lam gidm san pham phu va ting san

sinh axit amin mong muon.

Nhu duge md ta & trén, dé phat trién chung vi sinh vat c6 kha ning san sinh vat
liéu dich hiu qua cao nhd st dung k§ thuat di truyén va k§ thuét trao déi chét (k¢
thuat bién dudng), su bidu hién cua cac gen tham gia vao cac qud trinh trao ddi chét
khéc nhau ctia vi sinh vét can duge kiém soat c6 chon loc. Gan day, da c6 phat biéu
chinh thirc vé k§ thuat 1am yéu bidu hién gen, con dugc goi 1a “phién ma hoi tu nhan
tao” (Krylov et al., J Mol Microbiol Biotechnol, 18:1-13, 2010). Phién ma hoi tu nhin
tao 1a ky thuat 1am yéu sy biéq hién cta gen dich bang cach chén promoto vao ving
xudi dong ctla trinh tu két thic phién ma cia gen dich sao cho chidu nguogc lai cia
promoto gdy ra sy xung ddt gitta cac phirc polymeraza ARN xuat phat tir mdi promoto
trong qud trinh phién ma.

Céc tac gia sang ché da phat tridn k§ thuat &rc ché c6 chon loc su biéu hién cta
gen dich v6i sy c6 mit cia axetat bing cach chén promoto cam {ng axetat theo chiéu
ngugc lai v6i sy phién ma gen dich, va ap dung hiéu qua k§ thuat tc ché sy bidu hién
gen ddt tai cdc vi tri nhanh trong céc vi sinh vat coryneform. Sau d6, cac tac gia sang
ché da kiém chimg dé tao ra vi sinh vét coryneform c6 kha ning san sinh L-axit amin
v6i hiéu suét cao nhd st dung cong nghé va hoan thanh sang ché.

Bin chit ky thuit cia sang ché

Muc dich cla sang ché 1a d& xuét phuong phap san xuét L-axit amin bang cach
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sir dung promoto cdm Ung axetat d€ (rc ché sy phién ma gen dich.

Mot phuong 4n cia sang ché 1a d& xuét phuong phép san xuit L-axit amin,

phuong phap bao gdm:

1) nubi cay vi sinh vét coryneform tai t6 hgp c6 kha nang san sinh L-axit amin,
trong d6 vi sinh vat coryneform tai t6 hop c6 promoto cam Ung axetat & phia sau

(downstream) ciia don vi ma ket thic cla gen dich trong nhiém sic thé; va

2) bb sung axetat trong qua trinh nudi cdy dé 1am yéu su bidu hién cta gen dich,

va dé 1am tang kha ning san sinh L-axit amin ctia vi sinh vét coryneform t4i t6 hop.
trong do, promoto cdm ng axetat & chiéu ngugc lai véi sy phién ma gen dich.

Phuong 4n khéc cia sang ché 1a d& xuit phuong phép san xuét L-axit amin,

phuong phép bao gdm:

nudi ciy vi sinh vat coryneform tai t8 hop c6 kha ning san sinh L-axit amin,
trong d6 vi sinh vat coryneform ti t& hop c¢6 promoto dugc thé hién bang trinh tur
nucleotit c6 ma nhan biét SEQ ID NO: 1 hoic SEQ ID NO: 2 & phia sau ctia don vi ma
két thiic ciia gen dich trong nhiém sic thé, trong d6 phia sau ciia don vi ma két thic 1a
gitta don vi ma két thic va phia trude (upstream) ctia trinh ti két thic phién ma cua

gen dich.
M5 ta vin tit cic hinh vé

Muc dich nay va/hodc céc muc dich khac ciia sang ché s& tr nén rd rang va hiéu
dang hon tir phdn md ta cac phuong 4n duéi ddy dua vao cac hinh v& kém theo, trong
do:

Fig.1 thé hién cac diém phan nhanh cua qué trinh sinh tdng hop axit amin trong

vi sinh vt coryneform; va

Céc Fig.2 12 cac so dd thé hién su wre ché su biéu hién gen aceE bang cach chén
promoto gen aceA vao gen aceE, trong d6 Fig.2a thé hién phwong phap chén promoto
gen aceA vao giita don vi ma két thuc va phia trudce cta trinh tu két thac phién ma cia
gen aceE, va Fig.2b thé hién phuong phap chén promoto gen aceA vao phia sau cua

trinh tw két thic phién ma theo chiéu nguoc lai v6i chiéu phién ma gen aceE.

M0 ta chi tiét sang ché
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Sau day sang ché s& duwoc md ta chi tiét hon duéi dang cic phuong an thuc hién,
vi du dugc minh hoa két hop véi cac hinh v& kém theo, trong d6 cac sb chi dan gibng
nhau dung cho céc chi tiét trong tu trong toan bd phan mo ta. V& mat nay, cac phuong
4n ciia sang ché co6 thé & cac dang khéc nhau va khong dugc hiéu 1a d& giéi han pham
vi ctia sang ché & phin mo ta dugc thiét lap & day. Theo d6, cac phuong an duge mo ta
dusi ddy dua trén cac hinh v& chi don thuén la d& giai thich cAc khia canh cta sang ché.
Céc cach thé hién vi du nhu “it nhét mot trong s6”, dat trude mot danh sach cac yéu td
1a d& bd nghia cho toan bd danh séch cac yéu té va khong phai 1a bb nghia cho céc yéu

t6 cu thé cta danh sach.
Sau day sang ché s& dugc mo ta chi tiét.

Mot phuong 4n ciia sang ché dé xuét phuong phép san xuit L-axit amin, phuong

phép bao gdm:

1) nudi cdy vi sinh vét coryneform tai t6 hgp c¢6 kha ning san sinh L-axit amin,
trong d6 vi sinh vét coryneform ti t6 hgp dugc bién nap bing céch chén promoto cam

Umg axetat vao phia sau ctia don vi mé két thuc cua gen dich trong nhiém séc thé; va

2) bo sung axetat trong qua trinh nudi cdy d€ lam y€u sy bicu hién cta gen dich,

va d€ 1am tang kha néng san sinh L-axit amin cla vi sinh vét coryneform ti tb hop.

Thuét ngit “promoto cam g axetat” dugc sit dung & ddy dé chi promoto c6 hoat

tinh cdm Ung sy bi€u hién gen v§i su c6 mit cia axetat.

Trong vi sinh vét coryneform, axetat dugc chuyén héa bdi enzym axetat kinaza
(ackA, NCgl2656) va phosphotransaxetylaza (pta, NCgl2657), hodc béi suxinyl-
CoA:axetat CoA-transferaza (actA, NCgl2480), thanh axetyl CoA, va sau d6 dugc
chuyén hoa béi isoxitrat lyaza (aceA, NCgl2248) trong chu trinh glyoxalat. Trong vi
khuén Escherichia coli, axetat duoc chuyén héa thanh axetyl CoA nho axetyl-CoA
synthetaza (acs, b4069) (Gerstmeir et al., J Biotechnol, 104:99-122, 2003). Su biéu
hién clia cac gen néu trén tham gia vao sy chuyén héa axetat dugc kich thich véi sy ¢
mdt cta axetat. Do d6, khi sir dung céc promoto ciia céac gen, sy biéu hién cta gen ¢6

thé duoc kich thich ddc bi€t voi su ¢6 mit cua axetat.

Cac promoto cdm {rng axetat bao gdm promoto clia gen ma hoa isoxitrat lyaza

(aceA, NCgl2248) hodc promoto clia operon ciia gen ma héa axetat kinaza (ackA,
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NCglI2656) va gen ma héa phosphotransaxetylaza (pta, NCgl2657) 1a promoto phia
trude cua gen pta. Cu thé hon, trong sb céc promoto cam rng axetat dugc mo ta & trén,
promoto ctia mdi gen aceA dugc thé hién béi trinh ty nucleotit c6 ma nhén biét SEQ
ID NO: 1 va bao gdm 486 cip bazo trong phia trude clia gen aceA va 36 cip bazo tir

dAu cubi N cua khung doc m& (open reading frame - ORF).

Promoto phia trudc cua gen pta 14 mt promoto cam {ing axetat khac dugc thé
hién 'b::ing trinh tu nucleotit c6 ma nhan biét SEQ ID NO: 2 vao bao gém 340 cé@p bazo

& phia truéce cia gen pta.

Ngoai ra, 16 rang 1a promoto bét ky c6 kha nang kich thich sy bidu hién gen dich
bang axetat c6 thé thudc pham vi cta sang ché. Vi duy, cic promoto cam ung axetat c6
thé bao gbm trinh ty nucleotit chita trinh tw nucleotit c6 ma nhan biét SEQ ID NO: 1
hoiic 2, hodc bao gdém trinh tu bao tdn cua trinh tw nucleotit c6 ma nhan biét SEQ ID
NO: 1 hoic 2, va mot hodc nhiéu nucleotit (t6t hon 1a tir 2 dén 20, t6t hon nita 1a tir 2
dén 10, t6t nhat [a tr 2 @én 5 nucleotit, phu thudc vao ciu tric khong gian cua cac géc
axit amin cta protein) dugc thay thé, X0a, chén, thém hodc ddo doan tai mot hoic
nhiéu vi tri. Chi cin chuc nang cliia promoto cam tng van duoc duy tri hoic cling cb,
n6 c6 thé bao gdm trinh tu nucleotit ¢6 su twong ddng cao hon 80% véi trinh tu
nucleotit c6 ma nhan biét SEQ ID NO: 1 hodc 2, tét hon 1a cao hon 90%, tét hon nita
12 cao hon 95%, t6t nhét 14 cao hon 97%. Chi cin chirc nang cua promoto cam Gng van
dugc duy tri, trinh tu nucleotit di thay thé, x6a, chén, thém, hogic dao doan ciing c6 thé

bao gbm trinh tw dot bién ty phat hodic tham chi Ia trinh tu dét bién nhén tao.

Thuét ngit “do trong ddng” dugce st dung & day 1a sy dong nhit gitta hai trinh ty
nucleotit khac nhau. Do tuong ddng c6 thé dugc xac dinh bang phuong phap da biét
trong linh vuc nay bang cach sir dung chwong trinh phdn mém BLAST 2.0 tinh todn
c4c tham sb du6i dang diém sb, do ddng nhét va do tuong ty. Tuy nhién, phwong phap

xac dinh do twong dong khong bi gidi han & day.

Trir khi duge dé cap nguoc lai & déy, thuat ngit “phia truéc™ 13 chi huéng 5°, va
thuat nglt “phia sau” la chi hudéng 3°. Thong thudong, huéng phién ma 1a tir 5° dén 3’,
sao cho vi tri promoto thuong 12 phia trude (5°) clia gen dich.

0 day, gen dich trong nhiém séc thé c6 thé 1a gen tham gia vao qué trinh tong

hop sinh hoc céc axit amin vi du nhu threonin, metionin, isoleuxin, va lysin tir cac
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ngudn cacbon khéc nhau, cu thé 14 gen dugc dit & diém phan nhanh cia con dudng

sinh tdng hop.

Vi du, dbi véi lysin, gen pyruvat dehydrogenaza tiéu don vi (subunit) E1 (aceE,
NCgI2167) tham gia vao sy chuyén héa pyruvat thanh axetyl CoA, gen homoserin
dehydrogenaza (hom, NCgl1136) tao ra homoserin tir aspartat, va gen UDP-N-
axetylmuramoylalanyl-D-glutamat-2,6-diaminopimelat ligaza (murE, NCgl2083) sur
dung meso-2,6-diaminopimelat 13 tién chét cta lysin trong tdng hop sinh dudng, dugc

dinh vi & c4c diém phan nhéanh ctia con dudng sinh tng hop.

DPéng thoi, gen dihydrodipicolinat syntaza (dapA, NCgl1896) tham gia vao sy
san sinh lysin tir aspartat & diém ph4n nhanh déi véi threonin, va gen homoserin
kinaza (thrB, NCgl1137) tham gia vao su san sinh threonin tir homoserin & diém phéan
nhénh d6i v6i metionin. Déi véi alanin va valin, c4c axit amin xudt phat tir pyruvat,
gen pyruvat dehydrogenaza tiéu don vi E1 (aceE, NCgl2167) tham gia vao sy chuyén
hoéa pyruvat thanh axetyl CoA & diém phan nhénh.

Do d6, gen dich c6 thé dugc lua chon tir nhém gdm c6 gen ma hoda pyruvat
dehydrogenaza tiéu don vi El (aceE, NCgI2167), gen md héa homoserin
dehydrogenaza (hom, NCgl1136), gen mi hoda UDP-N-axetylmuramoylalanyl-D-
glutamat-2,6-diaminopimelat  ligaza (murE, NCgl2083), va gen ma hoda
dihydrodipicolinat synthaza (dapA, NCgl1896), nhung sang ché khong giéi han & do.

Cu thé, gen pyruvat dehydrogenaza tiéu don vi El (aceE, NCgI2167) 1a mot
trong sb cac don vi protein con ctia phtic chit pyruvat dehydrogenaza (pyruvate
dehydrogenase complex: PDHC), chit tham gia vao viéc dua pyruvat, 13 chit chuyén
héa cubi cing cia sy glucoza phén vao chu trinh axit tricarboxylic (sau ddy goi 1a chu
trinh TCA). Do d6, viéc 1am yéu su biéu hién cia gen aceE c6 thé 1am giam su dua cac
ngudn cacbon vao chu trinh TCA va lam tang viéc dua cdc ngudn cacbon vao con

dudng sinh téng hop lysin dé 1am tdng sy sén sinh lysin.

Homoserin dehydrogenaza (hom, NCgl1136) 14 enzym téng hop homoserin tir
aspartat semialdehyt. Vi aspartat semialdehyt 14 mot trong cac tién chit trung gian
quan trong clia con dudng sinh téng hop lysin, viéc 1am yéu hoat tinh gen hom c6 thé
lam gidm sy dua cac ngudn cacbon vao con duong sinh tong hgp homoserin va lam

tang viéc dua cdc nguon cacbon vao con dudng sinh tong hop lysin d€ lam ting san
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sinh lysin.

UDP-N-axetylmuramoylalanyl-D-glutamat-2,6-diamin0pimelat ligaza (murE,
NCgl2083) sir dung meso-2,6-diaminopimelat dé téng hop sinh dudng. Vi meso-2,6-
diaminopimelat ciling dugc st dung 1am tién chit trong sinh tdng hop lysin, nén viéc
lam suy yéu hoat tinh gen murE ¢6 thé 1am giam su dua cac ngudn cacbon vao tbng
hop sinh dudng va lam ting viéc dua cac ngudn cacbon vio con dudng sinh tng hop

lysin dé 1am tdng san sinh lysin.

bihydrodipicolinat synthaza (dapA, NCgl1896) 1a enzym tham gia vao qua trinh
san sinh lysin nho sir dung aspartat semialdehyt. Vi aspartat semialdehyt 1a mét trong
céc tién chit trung gian cia con dudng sinh téng hop lysin, nén viéc 1am suy yéu hoat
tinh gen dapA c6 thé 1am giam su dua céc ngudn cacbon vao con dudng sinh tong hop
lysin va 1am ting viéc dwa cac ngudn cacbon vao con dudng sinh téng hop threonin dé

lam téng san sinh threonin.

Thuét ngit “don vi ma két thiic” dugce st dung & ddy 1a dé chi cac don vi ma
khong ma héa axit amin trén mARN, nhung c6 tac dung 1a tin hidu dé két thic sy téng
hop protein. Ba don vi ma bao gébm UAA, UAG, va UGA thuong duge sir dung 1am

cac don vi ma két thuc.

Thuat ngit “trinh tu két thac phién ma” dugc st dung & day 1a dé chi trinh tu ldp
nghich ddo giau cdp bazo GC. Trinh tu két thic phién ma tao ra vong gip cip toc dé

két thic su phién ma gen.

Theo sang ché, dé 1am suy yéu su bidu hién ctia gen dich, nhu dugc mé ta & trén,
promoto cam rng axetat c6 thé duge dwa vio phia sau ctia don vi ma két thic cta gen
dich, cu thé 14 gitta don vi ma két thuc va phia trudc cua trinh ty két thuc phién ma.
Promoto cam ung axetat c6 thé duoc st dung dé gay ra su phién ma nguoc gen dich
sao cho cac phirc chit ARN polymeraza c6 thé xung dot véi nhau dé 1am yéu su bidu

hién cua gen dich.

Su bi€u hién cua gen dich c6 thé duoc lam suy yéu tai thoi didm bét ky khi nuéi
cdy. Cu thé hon, su bidu hién caa gen dich c6 thé dugc lam suy yéu trude khi hoac

trong khi nubi cay.

Thudt ngt “bién nap” dugc st dung & ddy dé chi viec dua vecto bao gdm
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polynucleotit md hoa gen dich vao té bao vat chi sao cho protein dugc ma hoa badi
polynucleotit ¢ thé dugc biéu hién trong t& bao vat chu. Chi cin polynucleotit duoc
dua vao c6 thé duoc bidu hién trong té bao vét ch, polynucleotit c6 thé dugc chén vao
trong nhiém sac thé cia t& bao vat chu hoic tdn tai bén ngoai nhiém sic thé. Ngoai ra,
polynucleotit bao gdm ADN hodc ARN ma hoa protein dich. Chi cn polynucleotit c6
thé duoc dua vao va dugc bidu hién trong t€ bao vat chu, polynucleotit ¢ thé duoc

dwa vao & dang bat ky.

Theo phuong 4n ciia sdng ché, vi sinh vat coryneform c6 thé bao gdm c4c vi sinh
vat chi Corynebacterium, chi Brevibacterium, chi Arthrobacter sp., va chi
Microbacterium sp.. Céc vi du vé vi sinh vat coryneform bao gdbm Corynebacterium
glutamicum,  Corynebacterium  thermoaminogenes,  Brevibacterium  flavum,
Brevibacterium lactofermentum, va céc bién thé san sinh L-axit amin duoc diéu ché tir
ching. Cu thé 13, vi sinh vat coryneform cé thé 13 Corynebacterium glutamicum,

nhung sang ché khong bi gi6i han & cic vi du nay.

Cu thé hon, céc vi sinh vat coryneform theo sang ché c6 thé bao gdm
Corynebacterium glutamicum KCCMI11016P (s6 luu ching truéc 1a KFCC10881,
tham chiéu patent Han Quéc sb 10-0159812), Corynebacterium glutamicum
KCCM10770P (tham chiéu patent Han Qudc sé 10-0924065), va Corynebacterium
glutamicum KCCM11347P (sb luu ching truge 1a KFCC10750, tham chiéu patent
Han Quéc s6 10-0073610).

Corynebacterium glutamicum CI3P ciing c6 thé 1a vi sinh vat coryneform theo
séng ché. CJ3P da dugc phit trién dé c6 kha niing san sinh lysin nho dua dot bién vao
ba gen tham gia vao khad ning san sinh lysin (pyc(P458S), hom(V59A), va
lysC(T3111)) vao ching bd me 13 loai Corynebacterium glutamicum (ATCC13032)
hoang dai theo dé xuét boi Binder va déng su (Binder et al., Genome Biology, 13:R40,
2012).

Ngoai ra, vi sinh vit coryneform khac theo sang ché c6 thé 1a Corynebacterium
glutamicum KCCM11222P, mét ching vi sinh san sinh L-threonin (tham chiéu patent
Han Qudc s6 10-1335853).

Theo mot phuong 4n clia séng ché, trong tit ca cac vi sinh vat coryneform cé

promoto dugc thé hién bﬁng trinh ty nucleotit ¢4 ma nhén biét SEQ ID NO: 1 hodc
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SEQ ID NO: 2 dugc dua vao, kha ning san sinh L-lysin hodc L-threonin ting 1én so

v6i ching bo me.

Doi v6i phuong phap duge dé xuat theo sang cheé, viéc nudi cdy vi sinh vat
coryneform c6 the dugc thuc hién bang cach ap dung céc dicu kién nudi ciy va

phuong phép nudi cdy bat ky da biét trong linh vuc nay.

M6i truong nudi cy, co thé dugc st dung khi nudi ciu ching vi khuén
coryneform, c6 thé 1 cac méi trudng nudi cdy, vi du, duge md ta trong CAm nang céac
phu:ong phap nghién ctru vi khudn téng quat (Manual of Methods for General
Bacteriology) do Hiép hdi vi tring hoc va vi sinh hoc Hoa Ky (American Society for
Bacteriology) phat hanh (Washington D.C., USA, 1981).

Céc ngudn cacbon c6 thé duge st dung trong mdi trwong nudi cdy cb thé bao
gém hydrat cacbon vi du nhu glucoza, sacaroza, lactoza, fructoza, maltoza, tinh bdt, va
xelluloza, va diu hoic chit béo chéng han nhu dau d4u nanh, dau huéng duong, dau
thiu dau, va du dira, axit béo chéng han nhu axit palmitic, axit stearic, va axit linoleic,

rugu ching han nhu glyxerol va etanol, va axit hitu co vi du nhu axit axetic. Cdc chét

ndy c6 thé & dang riéng ré hogic duéi dang hdn hop.

Céc ngudn nito c6 thé duge st dung trong méi trudng nudi ciy cé thé bao gdm
pepton, cao nim men, cao thit bo, cao mach nha, dich ngdm ngd, dau nanh, va uré, va
nguén nito vo co vi du nhu amoni sulfat, amoni clorua, amoni phosphat, amoni
carbonat, va amoni nitrat. C4c ngudn nito ndy ciing c6 thé & dang riéng ré& hoic hon
hop.

Céc ngudn phospho c6 thé dugc sit dung trong méi trudng nudi cdy ¢ thé bao
gbm kali dihydro phosphat, dikali hydro phosphat, va mubi chira natri cta chiing.
Ngoai ra, mdi trudng nudi cdy c6 thé con bao gém mudi kim loai vi du nhu magie
sulfat va sit sulfat can thiét cho sinh truéng. Bén canh cac chit dugc mo ta & trén, cac
chit cén thiét cho sinh truéng vi du nhu céc axit amin va céc vitamin c6 thé dugc sit
dung. Ngoai ra, cic tién chét thich hop c6 thé duoc sir dung trong moi trudng nudi ciy.
Céc nguyén lidu thd c6 thé duge bd sung vao dung dich nuéi cdy theo teng mé hodc

lién tuc trong khi nubi cay.

Trong khi nudi cay vi sinh vat, 46 pH cta moi trudng nudi cay c6 thé dugc diéu

chinh bang c4ch bd sung hop chét bazo vi du nhu amoni hydroxyt, kali hydroxyt, va
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amoniac, hodc hop chét axit vi du nhu axit phosphoric va axit sulfuric vao mdi truong
nuoi ca‘iy & ché 6 thich hop. DE")ng thoi, viée tao bot c6 thé duoc ngan chin béng cach
st dung chét chéng tao bot vi du nhu polyglycol este ctia axit béo. P& duy tri cac didu
kién hiéu khi, oxy hodc khi chtra oxy (vi du khoéng khi) cé thé duoc thdi vao moi
treong nudi cdy. Nhiét do cua moi truong nudi cdy c6 thé thuong trong khoang tur
20°C dén 45°C, tdt hon 1a khoang tir 25°C dén 40°C. Viéc nudi cdy c6 thé tiép tuc dén
khi san sinh dugc lugng L-axit amin mong mudn, nhung thdi gian nuéi cdy thich hop

c6 thé khoang tir 10 dén 160 gid.

Déi véi phuong phap dugc d& xuét theo sang ché, viéc nudi cdy c6 thé dugc thuc
hién theo ché d6 lién tuc hodc theo timg mé ching han nhu nudi cdy mé, nudi cly mé
bb sung co chét, va nudi cdy mé bd sung co chit 13p lai. Cac phuwong phap nudi ciy
nay d biét trong linh vuc ndy va cac phuong phap nudi cdy bt ky ciing c6 thé duge

st dung.

Thuiat ngit “nudi cay” dugce sit dung & diy c6 thé bao gdm ci chuin bi mdi

trueong nudi cdy va thoi gian sinh dudng vi sinh vat.

Déi véi phuong phap dugc dé xuét theo sang ché, phuong phap c6 thé con bao
gém budc tinh ché hoic thu hdi. L-axit amin cin tao ra c thé duoc tinh ché hoac thu
héi tir dung dich nuoi cdy bang cach st dung phuong phép thich hgp da biét trong linh
vuc ndy theo phuong phép ching han nhu nudi ciy mé, nudi cdy lién tuc va nudi chy

mé bd sung co chat.

L-axit amin dugc tao ra trong khi nudi cay theo sang ché c6 thé 1a mot axit duogc
chon tr nhém gom cé threonin, metionin, isoleuxin, lysin, valin, va alanin, cu thé 1a

lysin hodc threonin.
Vi du thuye hién sang ché

Sau day, sang ché s& dugc mo ta chi tiét hon dua trén cdc vi du thuc hién. Céc vi
du nay chi nham muc dich minh hoa va pham vi cia sang ché khong bi gi6i han & cac

vi du nay.
Vidu 1: Lya chon promoto cam ng axetat

Isoxitrat lyaza (aceA, NCgl2248) 1a enzym chu dao cia chu trinh glyoxylat, va

gen ma hoa isoxitrat lyaza duge biéu hién v&i sy ¢6 mit clia axetat. Ngoai ra, axetat
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kinaza (ackA, NCgl2656) va phosphotransaxetylaza (pta, NCgl2657), cdc enzym tham
gia vao qua trinh chuyén héa axetat, tao ra operon, va su bidu hién cia operon nay
dugc tang cudng vdi sy c6 mdt cua axetat. Cac ving promoto clia gen aceA va operon

pta-ackA da dugc biét dén (Gerstmeir et al., ] Biotechnol, 104, 99-122, 2003).

O vi du 1 nay, promoto cia gen aceA va promoto ciia operon pta-ack 1a ving
promoto phia diu ciia gen pta duoc lwa chon dé e ché sy phién ma cua gen dich véi
su ¢6 mat cua axetat. Dua trén gen aceA dugc dang ky tai ngan hang gen Hoa Ky NIH
(US NIH GenBank) (s6 ding ky NCBI: NCgl2248), thu dugc trinh tw nucleotit (SEQ
ID NO: 1) bao gdm 486 cip bazo & phia trude cia gen aceA va 36 cip bazo tir ddu N
cua khung doc mé (ORF). Ngodi ra, dya trén gen pta dugc diang ky tai US NIH
GenBank (s6 ding ky NCBI: NCgl2657) thu dugc trinh tu nucleotit (SEQ ID NO: 2)

bao gdm 340 cip bazo & phia trude cia gen pta.
Vi du 2: Pidu ché vecto ding d& wrc ché sy biéu hién gen aceE

Pyruvat dehydrogenaza tiéu don vi E1 (aceE, NCgl2167) 1a mot trong cac don vi
protein con clia phirc chét pyruvat dehydrogenaza (PDHC), phitc chit tham gia vao
viéc dua pyruvat, chit chuyén hoa cubi cing cia qua trinh glucoza phén vao chu trinh
TCA. Do d6, viéc suy yéu su biéu hién cua gen aceE c6 thé lam gidm viéc dua cac
ngudn cacbon vao chu trinh TCA va lam ting viéc dua cic ngudn cacbon vao con
dudng sinh tdng hop lysin dé lam tang san sinh lysin (Blombach et al., Appl Microbiol
Biotechnol, 76(3):615-23, 2007).

Promoto ctia gen aceA dugc chén vao phia sau cila gen aceE sao cho sy phién mi
tir promoto nay c6 thé xdy ra theo chiéu ngugc lai véi chiéu phién ma gen aceE ban
diu dé e ché sy biéu hién cuia gen aceE mot cach chon loc véi su ¢ mit cia axetat

(Fig.2).

Trude hét, phan mém CLC Main Workbench (CLC Bio, Denmark) dugc st dung
dé du doan trinh tu két thic phién ma ctia gen aceE. Trinh ty két thic phién m 12 trinh
tur 13p nghich déo gidu cdp bazo GC va tao ra vong gip cip toc dé két thic sy phién ma
gen. Két qua du doan trinh tu két thic phién mé ctia gen aceE chi ra ring ¢ 36 cip
bazo, tlr cdp bazo s6 21 dén cip bazo sé 56 trong phia sau tir don vi ma két thic cia
gen aceE, tao ra vong gp cip téc 14 trinh tw két thuc phién ma. Dua trén két qua nay,

hai vecto dugce chuin bj dé chén twong tng promoto aceE vao hodc 1a phia trude hodc
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14 phia sau cua trinh tu két thuc phién ma cia gen aceE sao cho su phién mi tir

promoto ndy c6 thé xay ra theo chidu ngugc lai voi chiéu ban dau.
<2-1> Chuén bi vecto pDZ-aceE1-PaceA dé wc ché sy biéu hién cua gen aceE

Vecto duge chudn bi biang cach chén promoto ciia gen aceA vao phia sau cia
don vi ma két thiic ctia gen aceE & giita don vi ma két thuc va phia tru6e cia trinh tu
két thuc phién ma.

Pé thu dugc doan gen aceE c6 ngudn gbc tir Corynebacterium glutamicum, ADN
nhiém sic thé cta chung vi khudn Corynebacterium glutamicum KCCM11016P duoc
st dung lam mach khuén dé téng hop céc doan mdi (cac SEQ ID NO: 3 va 4) dugc
thiét ké dé o vi tri nhan biét enzym gi6i han Xbal & ddu 5° cia doan gen va vi tri nhan
biét enzym gi6i han Spel & diu 3’ cua doan gen. Phan tmg chudi tring hop PCR dugc
thuc hién bang cach st dung céc doan mdi da téng hop dé thu duoc doan ADN bao
gdbm 296 cip bazo gifta nucleotit sb 2474 tir don vi ma khéi dau cta gen aceE va
nucleotit s6 2769, don vi ma két thic cta gen aceE. Ngoai ra, cdc doan mdi (cac SEQ
ID NO: 5 va 6), dugc thiét ké dé c6 vi tri nhan bidt Spel tai d4u 5° cta doan mdi nay
va vi tri nhan biét Xbal tai diu 3’ cua doan mdi nay dugc tong hop, va qua trinh PCR
duogc thuc hién béng cach str dung cac doan mdi dé thu dugc doan ADN bao gém 300
cip bazo trong phia sau clia don vi ma két thic clia gen aceE. PfuUltra™ High-
Fidelity ADN Polymeraza (Stratagene) dugc st dung lam enzym xuc téc su tring hop
(polymeraza), va qué trinh PCR duoc thuc hién vé6i 30 chu ky bién tinh & nhiét do
95°C trong thoi gian 30 gidy; G d& gin mdi & nhiét d6 55°C trong thoi gian 30 gidy; va
tring hop & nhiét 6 72°C trong thoi gian 30 gidy va sau do tiép tuc tring hop & nhiét
do 72°C trong thoi gian 7 phut.

Hai san phim khuéch dai PCR va vecto pDZ (tham chiéu patent Han Qudc sb
10-0924065) @& dwa vio nhidm sic thé da dwgc chufn bi bing cach phan cit véi
enzym gioi han Xbal dugc tao dong béng cach str dung kit tao dong dung hop (In-
fusion Cloning Kit (TAKARA, JP)) dé tao ra vecto pDZ-aceE1.

SEQ ID NO: 3: aceE-P1F 5’- ccggggatcctctagacctecggececatacgttge -3°
SEQ ID NO: 4: aceE-P1R 5°- ttgagactagttattcctcaggagegtttg -3°

SEQ ID NO: 5: aceE-P2F 5°- gaataactagtctcaagggacagataaatc -3’
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SEQ ID NO: 6: aceE-P2R 5°- gcaggtcgactctagagaccgaaaagatcgtggeag -3°

Pé thu dugc doan promoto cia gen aceA c6 ngudn gbc tir Corynebacterium
glutamicum, tong hop cac doan mdi dugc thiét ké @& c6 vi tri nhan biét enzym giGi han
Spel & ddu 5> va & diu 3’ ciia doan (cac SEQ ID NO: 7 va 8). Qua trinh PCR duoc
thyc hién st dung ADN nhiém sic thé cta ching Corynebacterium glutamicum
KCCM11016P lam mach khuén va cac doan mdi da téng hop @& khuéch dai vung
promoto ctia khoang 500 cip bazo duge thé hién boi trinh ty nucleotit ¢6 ma nhén biét
SEQ ID NO: 1. San phdm khuéch dai PCR va doan ADN thu dugc bing cach xit Iy
pDZ-aceE1 v6i enzym gidi han Spel duoc tao dong nho st dung kit tao dong dung
hop (In-fusion Cloning Kit (TAKARA, JP)) dé tao ra vecto pDZ-aceE1-PaceA.

SEQ ID NO: 7: PaceA-P3F 5’- gteccttgagactagtageactetgactacctetg -3°
SEQ ID NO: 8: PaceA-P3R 5’- ctgaggaata actagtttcctgtgcggtacgtgge -3°
<2-2> Chuén bj vecto pDZ-aceE2-PaceA dé wrc ché sy biéu hién gen aceE

Vecto dugce chuén bi bang cach chén promoto cia gen aceA vao phia sau cla

trinh tw két théic phién ma cua gen aceE.

Pé thu dugc doan gen aceE c¢6 ngudn gdc tir Corynebacterium glutamicum, ADN
nhiém sic thé cua chiung Corynebacterium glutamicum KCCM11016P dugc st dung
lam mach khuén, va st dung cac doan mdi duge thiét ké dé c6 vi tri nhan biét enzym
gi6i han Xbal & ddu 5’ cua doan va vi tri nhan viét enzym gi6i han Spel & diu 3’ cia
doan (cac SEQ ID NO: 9 va 10). Qua trinh PCR duogc thure hién bang cach sir dung céc
doan moi da tong hop dé thu dugc doan ADN bao gbm 294 cip bazo giita nucleotit sb
2538 tir don vi ma khéi dau cua gen aceE va nucleotit s6 62 & phia sau ctia don vi ma
két thic. Ngoai ra, st dung cic doan mdi dwogc thiét ké @ c6 vi tri nhan biét enzym
gidi han Spel & déu 5° clia doan va vi tri nhan biét enzym gii han Xbal & dau 3’ cta
doan (cac SEQ ID NO: 11 va 12) @ thuc hién qu4 trinh PCR dé thu duoc doan ADN
bao gbém 294 cdp bazo gifta nucleotit s§ 69 & phia sau cia don vi ma két thic ctia gen
aceE va nucleotit s§ 362. PfuUltra™ High-Fidelity ADN Polymeraza (Stratagene)
dugc st dung lam enzym xdc tic su tring hop (polymeraza), va qud trinh PCR duoc
thuc hién v6i 30 chu ky bién tinh & nhiét d6 95°C trong thoi gian 30 gidy, G dé gin
mdi & nhiét d 55°C trong thoi gian 30 gidy, va truing hop ¢ nhiét d6 72°C trong thoi
gian 30 gidy va sau d6 tiép tuc tring hop ¢ nhi€t d§ 72°C trong thoi gian 7 phut.
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Hai san pham khuéch dai PCR va vecto pDZ dé dua vao nhi®m sic thé da duoc
chudn bi sin sang bing cach phan cét véi enzym gi6i han Xbal dugc tao dong bing
cach sir dung kit tao dong dung hgp (In-fusion Cloning Kit (TAKARA, JP)) dé tao ra
vecto pDZ-aceE2.

SEQ ID NO: 9: aceE-P4F 5°- ccggggatcctctagaggtcccaggegactacace -3°
SEQ ID NO: 10: aceE-P4R 5’- gagctactagtacgacgaatccegecgecagacta -3°
SEQ ID NO: 11: aceE-P5F 5°- gtegtactagtagctctttttagccgaggaacgec -3°
SEQ ID NO: 12: aceE-P5R 5’- gcaggtcgactctagacatgctgttggatgagcac -3’

Pé thu dugc doan promoto cia gen aceA c6 ngudn gbc tir Corynebacterium
glutamicum, téng hop cac doan mdi duoc thiét ké @é co vi tri nhan biét enzym giéi han
Spel & dau 5° va & ddu 3’ cta doan (cac SEQ ID NO: 13 va 14). Qua trinh PCR duoc
thuc hién st dung ADN nhiém séc thé cua ching Corynebacterium glutamicum
KCCM11016P lam mach khuén va cac doan mdi da tdng hop duge dé khuéch dai
ving promoto 1a khoang 500 cip bazo dugc thé hién bing trinh tu nucleotit c6 ma
nhan biét SEQ ID NO: 1. San phdm khuéch dai PCR va doan ADN thu duge bing
cach xir Iy vecto pDZ-aceE2 v6i enzym giéi han Spel dugc tao dong bang cach st
dung kit tao dong dung hop (In-fusion Cloning Kit (TAKARA, JP)) d tao ra vecto
pDZ-aceE2-PaceA.

SEQ ID NO: 13: PaceA-P6F 5°- aaaaagagctactagtagcactctgactacctetg -3°
SEQ ID NO: 14: PaceA-P6R 5’- gattcgtcgtactagtttectgtgeggtacgtgge -3°

Vi du 3: Chuén bj cac ching vi sinh trong d6 Promoto cia gen aceA duoc chén

vao phia sau ctia gen aceE

Céc vecto pDZ-aceE1-PaceA va pDZ-aceE2-PaceA dugc chudn bi trong vi du 2
duoc dua 1an luot vao ching Corynebacterium glutamicum KCCM11016P, chung vi
sinh san sinh L-lysin bing xung dién (phwong phép bién nap duge mo ta trong tai li¢u
Van der Rest et al., Appl Microbiol Biotechnol, 52:541-545, 1999). C4c chiing vi sinh
twong tng trong d6 promoto ciia gen aceA dugc chén vao phia sau cta don vi ma két
thic cta gen aceE trén nhiém sic thé sao cho su phién ma tir promoto ndy c6 thé xay
ra theo chiéu nguoc lai véi chiéu ban dau duoc Iva chon béng cach thuc hién qua trinh

PCR @ thu duoc ching vi sinh san sinh L-lysin. C4c ching vi sinh duoc lya chon
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duge dit tén lan luot 14 Corynebacterium glutamicum KCCM11016P::aceE1-PaceA,
va  Corynebacterium glutamicum KCCMI11016P::aceE2-PaceA. Corynebacterium
glutamicum KCCM11016P::aceE1-PaceA duge luu ching qubc t& dudi tén
Corynebacterium glutamicum CA01-2271 tai Trung tAm nudi cdy vi sinh vat Han
Qubc (Korean Culture Center of Microorganism (KCCM)) ngay 12/6/2013 véi sb luu
ching KCCM11432P. Phan tich c4c chiing vi sinh d4 chuén bj duoc x4c nhan 14 trinh
tu nucleotit ctia ving dich thu dwgc bang cach thuc hién qua trinh PCR st dung SEQ
ID NO: 3 va SEQ ID NO: 6 lam cac doan mdi cho KCCM1 1016P::aceE1-PaceA, va
SEQ ID NO: 9 va SEQ ID NO: 12 1am cac doan mdi cho KCCM11016P::aceE2-
PaceA.

Vi du 4: So sanh kha néng tao lysin cla cac chiing vi sinh trong d6 Promoto cta

gen aceA dugc chén vao phia sau cua gen aceE

Chung Corynebacterium glutamicum KCCM11016P dugc str dung 1am ching b
me, va cac ching sdn sinh L-lysin  Corynebacterium  glutamicum
KCCM11016P::aceE1-PaceA va Corynebacterium glutamicum
KCCM11016P::aceE2-PaceA dugc chuin bj tir vi du 3 duoc nudi céy béng phuong

phép duoc mo ta dudi day.

Corynebacterium glutamicum KCCM11016P KCCM11016P::aceE1-PaceA, va
KCCM11016P::aceE2-PaceA l4n luot duoc cdy vao 25 ml mdi treong nhan gidng
dugc md ta dudi day trong cac binh tam giac c6 vach ngin & géc dung tich 250 ml, sau
d6 léc binh nudi cdy & tbe do 200 vong/phut & nhiét d6 30°C trong thoi gian 20 gid. 1
ml dung dich nhan giéng dwgc bd sung vao binh tam gidc c6 vach ngan & géc dung
tich 250 ml da chira 24 ml méi trudng sinh dudng duge mo ta dudi ddy, sau d6 lic
binh nuéi cay & toc dd 200 vong/phit & nhiét d6 30°C trong thoi gian 72 giv. Céc
thanh phan ctia moi trudng nhan gidng va moi truong sinh dudng 1an luot duge mo ta
dudi day.

<Méi trudng nhan giéng (46 pH 7,0)>

Glucoza 20 g, pepton 10 g, cao ndm men 5 g, ure 1,5 g, KH2PO4 4 g, KoHPO4 8 g,
MgSO47(H20) 0,5 g, biotin 100 pg, thiamin HC1 1000 pg, canxi pantothenat 2000 g,

nicotinamit 2000 pg (bd sung nuéc cit dén 1 L).

<M®i trudng sinh dudng (46 pH 7,0)>
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Glucoza 100 g, (NH4)2SO4 40 g, protein d4u nanh 2,5 g, bt ngd ngdm 5 g, ure 3
g, KH2PO4 1 g, MgS04+7(H20) 0,5 g, biotin 100 pg, thiamin HCI 1000 pg, canxi
pantothenat 2000 pg, nicotinamit 3000 pg, CaCOj3 30 g (bd sung nuéc cit dén 1 L).

Sau khi nudi cdy, thuc hién do ndng do L-lysin bang cach str dung phuong phap
sic ky 16ng hiéu ning cao (HPLC). Khi khong bd sung axetat, ndng d6 L-lysin trong
cac dung dich nudi cdy Corynebacterium glutamicum KCCM11016P,
KCCM11016P::aceEl-PaceA, va KCCM11016P::aceE2-PaceA duoc thé hién trong
bang 1.

Bang 1. Sy khéc biét trong san sinh L-lysin (khéng bd sung axetat)

. Lysin (g/L)
Chung vi sinh - -
Mé 1 Mé 2 Mé 3
KCCM11016P 43,5 43,1 43,4
KCCM11016P::aceE1-PaceA - 43,7 43,2 43,6
KCCM11016P::aceE2-PaceA 43,3 43,4 43,7

Pong thoi, nudi cly céc ching vi sinh theo phuong phép twong tu trir viéc bd
sung axetat voi lugng 5 g/LL vao moi trudng sinh dudng dé so sanh kha nang san sinh

L-lysin. Nong d6 L-lysin trong cac dung dich nudi cdy dugc thé hién trong bang 2.

Bang 2. Su khéc biét trong san sinh L-lysin (b6 sung 5 g/L axetat)

Chung vi sinh Lysin (¢/L)

Mé1 Mé 2 Mé 3
KCCM11016P 45,6 45,3 45,8
KCCM11016P::aceE1-PaceA 47,2 47,1 47,4
KCCM11016P::aceE2-PaceA 46,7 46,5 47,0

Nhu duoc thé hién trong bang 1, khi khong c6 mit axetat, kha ning san sinh L-
lysin cia cdc ching KCCM11016P::aceE1-PaceA va KCCM11016P::aceE2-PaceA
khong khac véi chiing bd me KCCM11016P.

Tuy nhién, nhu duoc thé hién trong bang 2, khi c6 mit cuia axetat, kha ning san
sinh L-lysin cua ching KCCM11016P::aceE1-PaceA cao hon 3,6% so véi ching b
me¢ KCCM11016P, va cia KCCM11016P::aceE2-PaceA cao hon 2,5% so véi ching
b6 m¢ KCCM11016P.

Ngoai ra, két qua so sanh ching KCCM11016P::aceE1-PaceA va chung
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KCCM11016P::aceE2-PaceA cho thiy ching KCCM11016P::aceE1-PaceAm trong d6
promoto aceA dugc chén vao phia truéce cia trinh tu két thic phién ma cia gen aceE &
gita don vi ma két thic va phia true cua trinh tu két thuc phién ma, san sinh L-lysin
hiéu qua hon. Piéu nay chi ra ring ving giita don vi ma két thuc va phia trudc cda
trinh tu két thac phién ma c6 thé duoc sir dung dé trc ché su biéu hién gen mot cach

hiéu qua hon.
Vi du 5: Chuén bi vecto pDZ-aceE-Ppta dé tc ché sy biéu hién gen aceE

Axetat kinaza (ackA, NCgl2656) va phosphotransaxetylaxa (pta, NCgl2657), céac
enzym tham gia vao qu4 trinh chuyén hoa axetat tao ra operon, va su biéu hién operon
nay dugc tang cudng véi sy c6 mat cua axetat. Do d6, khi sit dung cdc promoto clia

cac gen, su bi€u hién cia gen c6 thé dugc thic day dic biét véi su c6 mit cia axetat.

O vi du 5, d€ {rc ché sy bicu hién ctia gen aceE véi su c6 mit cia axetat, vecto dé
st dung lam promoto pta-ack operon la ving promoto phia trudc cua gen pta duge

chuan bi.

Dé tic ché sy bidu hién cua gen aceE, vecto ¢6 thé bao gom promoto clia gen pta
trong phia sau ctia don vi ma két thuc cua gen aceE & gitta don vi ma két thuc va phia
trude cua trinh ty két thic phién mé dugce x4y dung sao cho su phién ma tir promoto

cua gen pta c6 the xay ra theo chiéu ngugc lai v6i chiéu phién ma gen aceE ban dau.

Pé thu duoc doan gen aceE ¢6 ngudn gbc tir Corynebacterium glutamicum, ADN
nhiém sic thé coa ching Corynebacterium glutamicum KCCM11016P duoc st dung

lam mach khudn dé tao ra vecto pDZ-aceE1 bang phwong phap tuong tu nhu & vi du 2.

Pé thu duogc doan promoto cla gen pta c6 ngudn gbc tir Corynebacterium
glutamicum, céc doan mdi duge thiét ké dé co vi tri nhan biét enzym gidi han Spel &
dau 5> va dau 3’ clia doan (SEQ ID NO: 15 va SEQ ID NO: 16) dugc tdng hop. ADN
nhiém sic thé ctia ching Corynebacterium glutamicum KCCM11016P dugc st dung
1am mach khudn, va sir dung cac doan moi da téng hop dé thyuc hién qué trinh PCR dé
khuéch dai ving promoto chtra khoang 340 cdp bazo dugc thé hién bing trinh ty
nucleotit ¢4 ma nhan biét SEQ ID NO: 2. San phdm khuéch dai PCR va doan ADN thu
dugc bang cach xir ly vecto pDZ-aceEl véi enzym gidi han Spel dugc tao dong nho
st dung kit tao dong dung hop (In-fusion Cloning Kit (TAKARA, JP) dé tao ra vecto
pDZ-aceE1-Ppta.
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SEQ ID NO: 15: Ppta-P7F 5°- gtcccttgagactagtctttgctggggtcagatttg-3’
SEQ ID NO: 16: Ppta-P7R 5°- ctgaggaataactagtacatcgcctttctaatttc-3’

Vi du 6: Chuin bi cac chung vi sinh trong d6 promoto ciia gen pta dugc chén vao

phia sau cua gen aceE va so sdnh kha nang san sinh lysin ctia chung

Ching Corynebacterium glutamicum KCCM11016P duge bién nap véi vecto
pDZ-aceE1-Ppta dugc chuin bi & vi du 5 theo phuong phap twong tu phuong phap &
vi du 3. Ching vi sinh trong d6 promoto ctiia gen pta dugc chén vao phia sau ctia don
vi mi két thic ctia gen aceE trén nhidm sic thé sao cho sy phién ma c6 thé xdy ra theo
chiéu nguoc lai v6i chidu phién ma gen aceE ban d4u duge lya chon béng cach thuc
hién qué trinh PCR dé thu duoc ching vi sinh san sinh L-lysin dugc dit tén 1a
KCCM11016P::aceE1-Ppta. Ching KCCM11016P::aceE1-Ppta thu dugc duoc xéc
nhan 14 c6 thé phén tich trinh ty nucleotit ctia ving dich thu dugc béng cach thuc hién

qua trinh PCR sir dung SEQ ID NO: 3 va SEQ ID NO: 6 1am c4c doan mdi.

Chiing vi sinh d4 chuén bi dugc nudi cdy theo phuong phéap twong tu nhu & vi du
4, va néng dd cua L-lysin dugc thu hdi tir dich nudi céy dugce do lai. Khi khong bd

sung axetat, ndng d6 L-lysin trong dich nudi cdy duoc thé hién trong bang 3.

Bang 3. Sy khac biét trong san sinh L-lysin (khéng bd sung axetat)

Lysin (2/L
Chiing vi sinh ysin (¢/L)

Mé 1 Mé 2 Mé 3
KCCM11016P 42,9 855 134
KCCM11016P::aceE1-Ppta 132 3 13,6

Pdng thoi, ching vi sinh duge nudi cdy theo phuong phap tuong tu trir viéc bd
sung axetat v6i lugng 5 g/l vao mdi truong sinh dudng dé so sanh vé kha ning san

sinh L-lysin. Nong d6 ciia L-lysin trong dich nuéi ciy dugc thé hién trong bang 4.

Bang 4. Sy khéc biét trong san sinh L-lysin (b6 sung 5 g/L axetat)

Lysin (g/L
Chiing vi sinh ysin (¢/L)

Mé 1 Mé2 Mé 3
KCCM11016P 455 45,7 453
KCCM11016P::aceE1-Ppta 46,7 46,5 46,6

Nhu dugc thé hién trong bang 3, khi khong cé mit axetat, kha nidng san sinh L-
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lysin cia chuang KCCM11016P::aceE1-Ppta khong khac so véi ching b me
KCCM11016P.

Tuy nhién, nhu duoc thé hién trong bang 4, khi c6 mét cua axetat, kha ning san
sinh L-lysin ciia ching KCCM11016P::aceE1-Ppta cao hon 2,4% so vé6i chiing b me
'KCCM11016P.

Ngoai ra, do kha ning san sinh L-lysin cia ching KCCM11016P::aceE1-PaceA
cao hon so voi ching KCCM11016P::aceE1-Ppta, khi c6 mit cla axetat, sy biéu hién
ctia gen dich c6 thé duoc e ché hidu qud hon nho st dung promoto cia gen aceA so

vOi st dung promoto ctia gen pta.

Vi du 7: Chuén bi céc chung vi sinh trong d6 promoto cliia gen aceA dugc chén

vao phia sau ctia gen aceE

Ba chung vi sinh san sinh L-lysin la Corynebacterium glutamicum KFCC10750,
KCCM10770P, va CJ3P lan luogt duoc bién nap voi vecto pDZ-aceEl1-PaceA duoc
chuin bi & vi du 2 theo phuong phap twong tu nhu & vi du 3. Lya chon céac chung vi
sinh trong d6 promoto cua gen aceA duge chén vio phia sau ciia don vi ma két thiic
cla gen aceE trén nhiém sic thé sao cho sy phién ma c6 thé xay ra theo chiéu nguoc
lai v6i chidu phién ma gen aceE ban dau bang cach thyc hién qua trinh PCR. Ba ching
san sinh L-lysin thu duoc 13 KFCC10750::aceE1-PaceA, KCCM10770P::aceEl-
PaceA, va CJ3P::aceEl-PaceA. Cac ching thu dugc ndy duge x4c nhan 13 ¢6 thé phan
tich trinh ty nucleotit ctia viing dich thu dugc nhd thyc hién qué trinh PCR sir dung
SEQ ID NO: 3 va SEQ ID NO: 6 1am cac doan mdi.

Céc chiing da chudn bj dugc nudi ciy bang phuong phap tuong tu nhu & vi du 4,
va ndng d6 ctia L-lysin duoc thu hdi tir dich nuoi cdy duoc do lai. Khi khong bd sung

axetat, ndng do L-lysin trong cac dich nudi cdy duoc thé hién trong bang 5.

Bang 5. Sy khéc biét trong san sinh L-lysin (khéng bd sung axetat)

Chung vi sinh Lysin (¢/L)
Mé 1 Mé 2 Mé 3
KFCC10750 38,3 38,0 38,4
KFCC10750::aceE1-PaceA 38,6 38,2 38,3
KCCM10770P 47,5 47,3 47,6
KCCM10770P::aceE1-PaceA 47,3 47,7 47.5
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CJI3P 8 8.4 8,3
CJ3P::aceE1-PaceA 8,2 8,1 8,5

Ngoai ra, cic chiing dugc nudi cy biang phwong phap twong ty trir viée bd sung
thém 5 g/L axetat vao moi truong sinh dudng dé so sanh s san sinh L-lysin. Nong do

L-lysin trong c4c dich nudi ciy duoc thé hién trong bang 6.

Bang 6. Sy khac biét trong san sinh L-lysin (bd sung 5 g/L axetat)

Ching vi sinh Lysin (¢/L)

Mé 1 Mé 2 Mé 3
KFCC10750 39,3 39,5 39,2
KFCC10750::aceE1-PaceA 41,3 41,6 41,0
KCCM10770P 47,5 47,3 47,6
KCCM10770P::aceE1-PaceA 49,0 48.6 48,8
ClI3pP 8 8.4 8,3
CJ3P::aceEl1-PaceA 9,5 9,7 9.4

Nhu dugc thé hién trén bang 5, khi khong c6 mit axetat, kha nang san sinh L-
lysin cia ba ching KFCC10750::aceEl-PaceA, KCCMI10770P::aceEl1-PaceA,
CJ3P::aceE1-PaceA khong khac biét v6i ching bd me.

Tuy nhién, nhu duoc thé hién trong bang 6, khi c6 mét cla axetat, kha ning san
sinh L-lysin ctia chung KFCC10750::aceE1-PaceA cao hon 5% so véi chiung bb me,
cua ching KCCM10770P::aceE1-PaceA cao hon 2,8% so véi chung bd me, va cda

chung CJ3P::aceE1-PaceA cao hon 15% so v6i ching bb me.
Vi du 8: Chuén bi vecto dé tc ché su bidu hién cta gen hom

Con dudng sinh téng hop L-threonin st dung cuing mot loai chit nén gidng nhu
con dudng sinh téng hop L-lysin c¢6 thé dugc 1am yéu dé lam tang kha nang san sinh
L-lysin. Vi du vé cac phwong phap 1am yéu con duong sinh téng hop L-threonin 13 1am
giam hoat tinh enzym ctia homoserin dehydrogenaza (hom, NCgl1136) tao ra

homoserin tir aspartat.

Trong loai Corynebacterium glutamicum, gen hom tao ra operon hom-thrB véi
gen thrB, va trinh ty két thuc phién ma cta gen hom tdn tai trong phia sau ctia gen
thrB. D4 ¢6 bdo cdo cho thdy promoto ton tai trong phia trude cia operon hom-thrB 1a

phia trudc clia gen hom. Ngoai ra, d3 c6 bdo céo cho thdy promoto thir hai ton tai
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trong phia trudc cla operon ciia gen thrB (Mateos et al., J Bacteriol, 176:7362-7371,
1994). Do d6, promoto cta gen aceA dugc chén vao phia sau ciia don vi ma két thic
clia gen hom sao cho sy phién ma tir promoto nay c6 thé xay ra theo chiu nguoc lai so
v6i chiéu phién ma gen hom ban diu dé trc ché c6 chon loc su bidu hién ctia gen hom
v6i su ¢ mit cia axetat. Dé duy tri su biéu hién cua gen thrB, trinh ty promoto thir

hai dugc bd sung vao phia trude cia khung doc m& cuia gen thrB.

O vi du 8 nay, vecto tai td hop duge chuin bi bang cac chén promoto clia gen

aceA gifta phia sau ctia don vi ma két thiic cia gen hom va phia trudc cia gen thrB.

Pé thu dugce doan gen hom c6 ngudn gdc tir Corynebacterium glutamicum, ADN
nhiém séc thé cua ching Corynebacterium glutamicum KCCM11016P dugc st dung
1am mach khuon, va céc doan mdi dugc thiét ké dé c6 vi tri nhén biét enzym gi6i han
Xbal & dau 5’ cta doan va vi tri nhan biét enzym gidi han Spel & dau 3’ cia doan (cac
SEQ ID NO: 17 va 18) dugc tong hop. Qua trinh PCR duge thuc hién st dung céac
doan mdi da tong hop dé thu dugc doan ADN bao gdm 300 cip bazo giita nucleotit s6
1039 tir don vi ma khéi dau ctia gen hom va nucleotit sé 1338 1a don vi m3 két thuc.
Ngay ca khi gen aceA dugc chén gifta cac operon hom-thrB, su biéu hién ciia gen thrB
van can duge duy tri. Do d6, khi doan ADN bao gdm 300 cip bazo cua phia sau don vi
mi két thic cua gen hom duogc chuén bi, cac doan mdi dugc thiét ké dé bd sung trinh
ty promoto thrB ¢6 32 ciip bazo vao ddu 5° (cdc SEQ ID NO: 19 va 20) dugc téng hop.
Qua trinh PCR dugc thuc hién sir dung cac doan mbi nay (cac SEQ ID NO: 19 va 20)
dé thu dugc doan ADN c6 334 cdp bazo c6 vi tri nhan biét enzym gi6i han Spel & dau
5’ cua doan va vi tri nhan biét enym han ché Xbal & diu 3’ cta doan. Qua trinh PCR

duoc thuc hién dudi cac diéu kién twong tu nhu & vi du 2.

Hai san pham khuéch dai PCR va vecto pDZ & dua vio nhidm sic thé da duoc
chuin bj bing cach phén cit voi enzym giéi han Xbal dugc tao dong bang cach st
dung kit tao dong dung hop (In-fusion Cloning Kit (TAKARA, JP)) @ tao ra vecto
pDZ-hom.

SEQ ID NO: 17: hom-h1F 5°- ccggggatcctetagaccaggtgagtceacctacg -3°
SEQ ID NO: 18: hom-h1R 5°- gaggcggatcactagtttagtecctttcgaggegg -3°

SEQ ID NO: 19: hom-h2F 5°- actagtgatccgectcgaaagggac -3°
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SEQ ID NO: 20: hom-h2R 5’- gcaggtcgactctagagactgeggaatgttgttgtg -3

Pé thu duoc doan promoto ciia gen aceA c¢6 ngudn gbc tir Corynebacterium
glutamicum, cic doan mdi duge thiét ké dé c6 vi tri nhén biét enzym gidi han Spel &
diu 5’ va & ddu 3’ ciia doan (cac SEQ ID NO: 21 va 22) dugc téng hop. Qua trinh
PCR dugc thyc hién st dung ADN nhiérﬁ sic thé cia chung Corynebacterium
glutamicum KCCM11016P 1am mach khuén, va cic doan mdi da tdng hop dugc dé
khuéch dai ving promoto c6 khoang 500 cip bazo dugc biéu hién béi trinh tu
nucleotit c6 ma nhan biét SEQ ID NO: 1. San phim khuéch dai PCR va doan ADN thu
dugc bang cach xir Iy vecto pDZ-hom véi enzym han ché Spel dugc tao dong nho st
dung kit tao dong dung hop (In-fusion Cloning Kit (TAKARA, JP)) dé chuén bi vecto
pDZ-hom-PaceA.

SEQ ID NO: 21: PaceA-h3F 5°- gaggcggatcactagtagcactctgactacctetg -3
SEQ ID NO: 22: PaceA-h3R 5°- aagggactaaactagtttcctgtgcggtacgtgge -3’

Vi du 9: Chuan bi cdc ching vi sinh c¢6 promoto ciia gen aceA dugc chén vao

phia sau ctia gen hom va so sanh kha néng san sinh lysin cta ching

Ching Corynebacterium glutamicum KCCM11016P 13 chung san sinh L-lysin
duoc bién nap véi vecto pDZ-hom-PaceA dugc chuén bi trong vi du 8 béng phuong
phép twong tu nhu phwong phép & vi du 3. Lya chon ching vi sinh trong 6 promoto
ctia gen aceA dugc chén vao phia sau ctia don vi ma két thiic cia gen hom trén nhiém
sic thé sao cho sy phién ma c6 thé xay ra theo chidu ngugc lai véi chidu phién ma gen
hom ban diu bang cach thyuc hién qué trinh PCR @ thu duoc chang vi sinh sén sinh L-
lysin, dugc dit tén 1a KCCM11016P::hom-PaceA. Ching KCCM11016P::hom-PaceA
thu dugc duge xac nhan 1a c6 thé phén tich trinh ty nucleotit ctia ving dich thu dugc
bang cach thuc hién qua trinh PCR sir dung SEQ ID NO: 17 va SEQ ID NO: 20 1am

cac doan moi.

Chiing Corynebacterium glutamicum KCCM11016P dugce sir dung 1am ching bd
me va ching KCCM11016P::hom-PaceA da chuidn bi dwgc nudi cdy theo phuong
phép tuong ty nhu & vi du 4, va néng d6 ciia L-lysin dugc thu hdi tir cac dich nudi céy
dugc do lai. Khi khong b sung axetat, ndng do L-lysin trong c4c dich nudi cdy cia
chung Corynebacterium glutamicum KCCM11016P va chung KCCM11016P::hom-
PaceA dugc thé hién trong bang 7.
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Bang 7. Sy khéc biét trong san sinh L-lysin (khong b sung axetat)

Lysin (g/L
Chung vi sinh ysin (g/L)
Mé 1 Mé 2 Mé 3
KCCM11016P 43,2 43,3 43,6
KCCM11016P::hom-PaceA 43,3 43,6 43,4

Ngoai ra, cac ching vi sinh duge nudi cdy theo phuong phép twong ty trir viéc bd
sung 5 g/L axetat vao méi trudng sinh dudng dé so sanh s san sinh L-lysin. Nbng do

L-lysin trong céc dich nudi cdy duoc thé hién trong bang 8.

Bang 8. Sy khéc biét trong san sinh L-lysin (bd sung 5 g/L axetat)

, .. Lysin (g/L)
Ching vi sinh
Mé 1 Mé 2 Mé 3
KCCM11016P 449 45,6 45,2
KCCM11016P::hom-PaceA 46,3 46,6 46,4

Nhu duoc thé hién trong Bang 7, khi khong c6 mat axetat, kha niang san sinh L-
lysin ctia ching KCCM11016P::hom-PaceA khong khac biét véi ching bd me
KCCM11016P.

Tuy nhién, nhu dugc thé hién trong bang 8, khi c6 mat cuia axetat, kha ning sén
sinh L-lysin ctia ching KCCM11016P::hom-PaceA cao hon 2,6% so v&i chiing bb me
KCCM11016P.

Vi du 10: Chuan bi vecto d€ trc ché su bi€u hién ctia gen murE

UDP-N-axetylmuramoylalanyl-D-glutamat-2,6-diaminopimelat ligaza (murE,
NCgl2083) sir dung meso-2,6-diaminopimelat 13 mot tién chét dé sinh téng hop lysin,
trong téng hop sinh dudng. Viée lam yéu hoat tinh ciia gen murE ¢6 thé 1am giam viéc
dwa cac ngudn cacbon vao téng hop sinh dudng va lam ting viéc dua cic ngudn

cacbon vao con dudng sinh tdng hop lysin d& lam tdng su san sinh lysin.

Trong loai Corynebacterium glutamicum, gen murE (NCgl2083) tao ra operon
véi bay gen tir NCgl2076 t6i NCgl2082. Sy phién ma operon bit diu tir NCgl2083
murE theo chiéu ciia gen NCgl2076. Vi viy, trinh tu két thic phién ma tdn tai trong
phia sau cua gen NCgl2076. Do d6, promoto ciia gen aceA dugc chén vao phia sau cia
don vi ma két thuc cia gen murE sao cho sy phién ma c6 thé dién ra theo chiéu ngugce

lai v6i chi€u phién ma gen murE ban dau dé e ché chon loc sy biéu hién ciia gen
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murE véi sy ¢6 mdt cuia axetat. D€ duy tri sy bi€u hién cia bay gen khac trir gen murE
dugc dinh vi trong ving thir nhat ca operon, promoto ciia operon murE dugc bo sung

thém vao phia trudc cia khung doc mé cuia gen NCgl2082.

O vi du 10 nay, vecto tai tb hop duoc chudn bi bang cach chén promoto cia gen

aceA vao phia sau ctia don vi ma két thic cua gen murE.

Pé thu dugc doan gen murE c¢6 ngudn gbc tir Corynebacterium glutamicum,
ADN nhiém sic thé cta ching Corynebacterium glutamicum KCCM11016P dugc st
dung lam mach khuon, va cac doan mdi duoc thiét ké dé c6 vi tri nhén biét enzym gidi
han Xbal & diu 5° cia doan va vi tri nhén biét enzym gi¢i han Xhol & d4u 3’ cua doan
(cac SEQ ID NO: 23 va 24) dugc tong hop. Qua trinh PCR duoc thuc hién sir dung cac
doan mbi da tong hop dé thu dugc doan ADN gdm c6 300 cip bazo giita nucleotit sb
1267 tir don vi ma khéi ddu gen murE va nucleotit s§ 1566 1a don vi ma két thuc.
Ngoai ra, cac doan mdi dugce thiét k& dé c6 vi tri nhan biét enzym gidi han Xhol & ddu
5” cua doan va vi tri nhan biét enzym gi6i han Xbal & dau 3’ cia doan (cac SEQ ID
NO: 25 va 26) dugc téng hop. Qua trinh PCR dugc thuc hién st dung cac doan mbi da
tdng hop dé thu doan ADN gdm c¢6 292 cip bazo tir nucleotit s6 10 trong phia sau cia
don vi ma két thic cua gen murE. Qua trinh PCR dugc thuc hién duéi cac didu kién
tuong tu nhu & vi du 2. Hai san phém khuéch dai PCR va vecto pDZ dé dwa vao nhiém
sdc thé da chudn bi bang cach phan cit véi enzym giéi han Xbal dugc tao dong nho st
dung kit tao dong dung hop (In-fusion Cloning Kit (TAKARA, JP)) d& chuén bi vecto
pDZ-murE.

SEQ ID NO: 23: mur-m1F 5°- ccggggatcctctagaaaccctcgttcagaggtge -3’
SEQ ID NO: 24: mur-m1R 5’- ttgtgatcatctcgagctatccttettccgtagtaag -3°
SEQ ID NO: 25: mur-m2F 5°- ag ctcgagatgatcacaatgacccttgg -3°

SEQ ID NO: 26: mur-m2R 5°- gcaggtcgactctagacatgagcataaatgtcage -3’

Pé thu duoc doan gen aceA c¢6 ngudn gbc tir Corynebacterium glutamicum, céc
doan mdi dugc thiét ké dé c6 vi tri nhan biét enzym giéi han Xhol & diu 5’ cia doan
(cdc SEQ ID NO: 27 va 28) dugc téng hop. ADN nhidm sic thé cua ching
Corynebacterium glutamicum KCCM11016P lam mach khuén, va cac doan mdi da

tbng hop duoc st dung dé thuc hién phan tng PCR dé khuéch dai ving promoto c6
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khoang 500 cip bazo dugc thé hién béi trinh tw bazo c6 ma nhan biét SEQ ID NO: 1.
Ngoai ra, dé thu dugc ving promoto cua operon murE cé ngudn gbc tir
Corynebacterium glutamicum, ADN nhiém sic thé cta ching Corynebacterium
glutamicum KCCM11016P dugc st dung 1am mach khuon, va cac doan modi duoc
thiét ké @& c6 vi tri nhén biét enzym giéi han Xhol & dau 3’ cua doan (cac SEQ ID
NO: 29 va 30) dugc téng hop. Phan ttng PCR dugc thuc hién sit dung cac doan mdi da
téng hop dé thu dugc doan ADN bao gdm 300 cip bazo trong phia trudc ctia khung

doc mé& cuia gen murE.

Hai san phdm khuéch dai PCR va doan ADN thu duoc bang cach xir ly vecto
pDZ-murE v6i enzym giéi han Xhol dugc tao dong nho st dung kit tao dong dung
hop (In-fusion Cloning Kit (TAKARA, JP)) dé chuédn bi vecto pDZ-murE-PaceA-

PmurE.
SEQ ID NO: 27: mur-m3F 5’- tcatcagcagcactctgactacctctg -3’
SEQ ID NO: 28: mur-m3R 5°- agaaggatagctcgagttcctgtgeggtacgtgge -3°
SEQ ID NO: 29: mur-m4F 5°- agagtgctgctgatgatcctegatttg -3°
SEQ ID NO: 30: mur-m4R 5°- ttgtgatcatctcgagggttttctctectecacagg -3

Vi du 11: Chuan bi céc ching vi sinh ¢6 promoto ctia gen aceA dugce chén vao

phia sau ciia gen murE va so sanh kha nang san sinh lysin ctia chiing

Ching Corynebacterium glutamicum KCCM11016P dugc bién nap véi vecto
pDZ-murE-PaceA-PmurE dugc chuin bi & vi du 10 bing phuong phap twong ty nhu &

vi du 3.

Chung vi sinh trong d6 promoto ciia gen aceA dugc chén vao phia sau ciia don vi
ma két thic cia gen murE trén nhiém sic thé sao cho su phién ma c6 thé xay ra theo
chiéu nguoc lai v6i chiéu phién mi gen murE ban dau duoc lya chon b%lng cach thuc
hién phan tmg PCR dé thu dwgc ching vi sinh san sinh L-lysin, ching nay dugc dat
ttn la KCCMI11016P::murE-PaceA-PmurE. Ching KCCM11016P::murE-PaceA-
PmurE thu duge duge xac nhan 13 c¢6 thé thuc hién phén tich céc trinh tu nucleotit cia
vung dich thu duoc br?mg cach thuc hién 4n tmg PCR st dung SEQ ID NO: 23 va SEQ
ID NO: 26 lam cac doan moi.

Chung Corynebacterium glutamicum KCCM11016P dugc stt dung 1am ching b
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me va ching KCCM11016P::murE-PaceA-PmurE duoc nudi cdy bing phuong phap
tuong tu nhu & vi du 4, va néng do cta L-lysin dugc thu hi tir cac dich nudi céy duoc
do lai. Khi khong bd sung axetat, ndng d6 L-lysin trong cac dich nuéi cdy cta ching
Corynebacterium glutamicum KCCM11016P va chung KCCM11016P::murE-PaceA-

PmurE dugc thé hién trong bang 9.

Bang 9. Su khéc biét trong san sinh L-lysin (khong b sung axetat)

e Lysin (g/L)
Chung vi sinh - -
Mé 1 Mé 2 Mé 3
KCCM11016P 43,5 43,9 44,0
KCCM11016P::murE-PaceA-PmurE 43,7 44,1 43,8

Péng thoi, cac chiing vi sinh ciing dugc nudi cdy theo phuong phap tuong tu trir
viéc ¢6 b sung 5 g/L axetat vao moi trudng sinh dudng d€ so sanh s san sinh L-lysin.

Nong d6 L-lysin trong céc dich nudi cdy duoc thé hién trong bang 10.

Béng 10. Sy khéc biét trong san sinh L-lysin (bd sung 5 g/L axetat)

. . Lysin (g/L)
Chung vi sinh
Mé 1 Mé 2 Mé 3
KCCM11016P 45,2 45,6 45,3
KCCM11016P::murE-PaceA-PmurE 46,6 46,9 46,5

Nhu dugce thé hién trong bang 9, khi khong c6 mat axetat, kha ning san sinh L-
lysin ctia ching KCCM11016P::murE-PaceA-PmurE khong khac biét véi ching bd
me KCCM11016P.

Tuy nhién, nhu duoc thé hién trong bang 10, khi c6 mét cua axetat, kha ning san
sinh L-lysin cia ching KCCM11016P::murE-PaceA-PmurE cao hon 2,8% so vdi
ching b me KCCM11016P.

Vi du 12: Chuén bj vecto trc ché su biéu hién cua gen dapA

Con dudng sinh téng hop L-lysin sit dung ciing mot loai chét nén» gidng nhu con
dudng sinh tdng hop L-threonin ¢6 thé bi lam suy yéu dé ting kha nang san sinh L-
threonin. Mét vi du vé cac phuong phap 1am suy yéu con dudng sinh téng hop L-lysin
12 1am gidm hoat tinh enzym cua dihydrodipicolinat syntaza (dapA, NCgl1896) tham

gia vao su san sinh lysin tir aspartat.
Trong loai Corynebacterium glutamicum, gen dapA tao ra operon dapA-ORF4
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v6i gen ORF4 (NCgl1895), va do d6 trinh tu két thuc phién ma cia gen dapA ton tai
trong phia sau ctia gen ORF4. Pdng thoi, da c6 bao céo cho thiy promoto ton tai trong
phia truge cia operon dapA-ORF4 1a phia truéce cia gen dapA, va promoto thi hai tdn
tai trong phia trudc ciia gen ORF4 (Patek et al., Biotechnology letters, 19:1113-1117,
1997). Do d6, promoto ctia gen aceA duge chén vao phia sau cta don vi ma két thic
ctia gen dapA sao cho sy phién ma c6 thé dién ra theo chiéu nguoc lai véi chidu phién
mi gen dapA ban diu dé trc ché c6 chon loc sy biéu hién cia gen dapA véi sy c6 mat
clia axetat. D& duy tri sy biéu hién cia gen ORF4, trinh ty ving promoto c6 khoang
100 cg@p bazo trong phia sau clia gen ORF4 dugc bd sung vao phia trude cia ORF cua
gen ORF4.

O vi du 12 nay, vecto tai t6 hop dugc chuin bi bing cach chén promoto cia gen

aceA vao phia sau ciia don vi ma két thiic cia gen dapA.

Pé thu dugc doan gen dapA c6 ngudn gbc tir Corynebacterium glutamicum,
ADN nhiém sic thé cua ching Corynebacterium glutamicum KCCM11016P dugc sir
dung 1am mach khudn, va cac doan mdi dugc thiét ké dé co vi tri nhan biét enzym gidi
han Xbal & ddu 5° ctia doan va vi tri nhan biét enzym giGi han Spel & diu 3’ ciia doan
(cac SEQ ID NO: 31 va 32) dugce téng hgp. PCR dugc thuc hién sir dung cac doan mbi
da tong hop duoc @& thu doan ADN gbm c6 301 cap bazo gita nucleotit s§ 606 tir don
vi ma khi du cia gen dapA va nucleotit s6 906 1a don vi ma két thuc. Ngoai ra, cac
doan mdi duoc thiét ké dé c6 vi tri nhan biét enzym gidi han Spel & dau 5’ cta doan va
vi tri nhén biét enzym gi6i han Xbal & diu 3’ cia doan (cac SEQ ID NO: 33 va 34)
duoc tong hop. Thong qua phan ng PCR, thu dugc doan ADN con bao gdm trinh tu
ving promoto c¢6 khoang 100 cip bazo gitta nucleotit s6 809 tir don vi ma khéi diu
gen dapA va nucleotit s§ 2 trong phia sau ciia don vi ma két thic, dé duy tri su biéu
hién clia gen ORF4, va 213 cip bazo trong phia sau ciia don vi ma két thiic ctia gen
dapA. Qua trinh PCR dugc thuc hién duéi cac diéu kién tuong tu nhu & vi du 2. Hai
san phém khuéch dai PCR va vecto pDZ dé dua vao nhidm sic thd da duoc chuén bi
bang cach phan cit voi enzym gi6i han Xbal dugc tao dong bang cach st dung kit tao

dong dung hop (In-fusion Cloning Kit (TAKARA, JP)) dé tao ra vecto pDZ-dap.
SEQ ID NO: 31: dapA-d1F 5’- ccggggatcctctaga tgtttggcttgetttggge -3°

SEQ ID NO: 32: dapA-dIR 5’- gttgatgcactagtttatagaactccagettt-3’
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SEQ ID NO: 33: dapA-d2F 5°- ttctataaactagtgcatcaacgtaggagatcc -3’
SEQ ID NO: 34: dapA-d2R 5’- gcaggtcgactctagacgttctgggaaccetgag -3

Pé thu dugc doan promoto cia gen aceA c6 ngudn gdc tir Corynebacterium
glutamicum, cac doan mdi dugc thiét ké dé c6 vi trf nhan biét enzym gidi han Spel &
dau 5’ va & dau 3’ clia doan (cac SEQ ID NO: 35 va 36) duoc tdng hop. Qué trinh
PCR dugc thyc hién st dung ADN nhiém sic thé cia chung Corynebacterium
glutamicum KCCM11016P 1am mach khuén va cic doan mdi da tdng hop dwoc dé
khuéch dai ving promoto ¢6 khoang 500 cip bazo duoc thé hién bi trinh tu nucleotit
SEQ ID NO: 1. San phdm khuéch dai PCR va doan ADN thu duoc bang cach xt 1y
vecto pDZ-dap v6i enzym gi6i han Spel, dugc tao dong nhd sir dung kit tao dong dung
hop (In-fusion Cloning Kit (TAKARA, JP)) dé chudn bi vecto pDZ-dapA-PaceA.

SEQ ID NO: 35: PaceA-d3F 5°- acgttgatgce actagt agcactctgactacctetg -3
SEQ ID NO: 36: PaceA-d3R 5°- agttctataa actagt ttcctgtgeggtacgtgge -3

Vi du 13: Chuén bi céc chiing vi sinh trong d6 promoto ctia gen aceA dugc chén

vao phia sau cta gen dapA va so sanh kha nang san sinh threonin cta chiing

Pé x4c nhan hiéu qua trc ché sy hiéu hién cua gen dapA trong chiing vi sinh san
sinh L-threonin, vecto pDZ-dapA-PaceA dugc chuin bi trong vi du 12 dugc bién nap
vao chung san sinh L-threonin Corynebacterium glutamicum KCCM11222P (patent
Han Quéc s 2013-0061570) bang phuong phap trong tw & vi du 3. Lua chon ching vi
sinh trong d6 promoto ciia gen aceA dugc chén vao phia sau ctia don vi ma két thuc
ctia gen dapA trén nhiém séc thé sao cho sy phién ma c6 thé xay ra theo chiéu ngugc
lai v6i chiéu phién ma gen dapA ban diu bing cach thyuc hién phan Umg PCR, ching
nay dugc dit tén 1a KCCM11222P::dapA-PaceA. Chung KCCM11222P::dapA-PaceA
d3 chuén bi dugc x4c nhan 14 c6 thé thuc hién phan tich trinh tu nucleotit cia ving
dich thu duoc bing cach thyuc hién phén ung PCR nh¢ st dung SEQ ID NO: 31 va
SEQ ID NO: 34 1am c4c doan mdi.

Chiing Corynebacterium glutamicum KCCM11222P dugce sir dung 1am ching b
me, va ching KCCM11222P::dapA-PaceA di chuin bi dugc nudi cdy theo phuong

phép dugc mo ta dudi day.

Mai chiing vi sinh 1an lugt dugc cdy vao 25 ml méi truong nhan gidng trong céc
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binh tam gidc ¢6 vach ngan & goc dung tich 250 ml, sau d6 lic binh nudi cdy & téc do
200 vong/phut ¢ nhiét d 30°C trong thoi gian 20 gid. Sau d6, 1 ml dung dich nhéin
gidng dugc bd sung vao binh tam gidc c6 vach ngan & goc dung tich 250 ml d3 chira
24 ml mdi trudng sinh dudng, sau d6 lac binh nudi cdy & tbe do 200 vong/phit & nhiét
d6 30°C trong thoi gian 48 gid. CAc thanh phan ciia méi trudng nhén giéng va moi

truong sinh dudng 14n lugt duge mo ta dudi day.

<MBoi trudng nhan giéng (d6 pH 7,0)>

Glucoza 20 g, pepton 10 g, cao ndm men 5 g, ure 1,5 g, KH,PO4 4 g, KoHPO4 8 g,
MgSO4-7(H20) 0,5 g, biotin 100 pg, thiamin HCI 1000 pg, canxi pantothenat 2000 pg,
nicotinamit 2000 pg (b6 sung nuée cit dén 1 L).

<M0i trudng sinh dudng (46 pH 7,0)>

Glucoza 100 g, (NH4)2804 40 g, protein dau nanh 2,5 g, bot ngd ngdm 5 g, ure 3
g, KH2POs 1 g, MgS04-7(H20) 0,5 g, biotin 100 pg, thiamin HCI 1000 pg, canxi
pantothenat 2000 pg, nicotinamit 3000 pg, CaCOj3 30 g (bd sung nuéc cat dén 1 L).

Sau khi nudi cdy, nong do L-threonin trong dich nudi cdy duoc do bang HPLC.
Khi khong bd sung axetat, ndng d6 L-threonin trong cic dung dich nudi ciy
Corynebacterium glutamicum KCCM11222P va KCCM11222P::dapA-PaceA dugc
thé hién trong bang 11.

Bang 11. Su khéc biét trong sin sinh L-threonin (khéng bd sung axetat)

] . Threonin(g/L)
Chung vi sinh
Mé 1 Mé 2 M¢é
KCCM11222P 7,0 6,9 7,2
KCCM11222P::dapA-PaceA 7,1 7,3 7,0

Pong thoi, cac chung vi sinh dwgc nudi ciy bang phuong phap twong tu trir vi€c
bb sung 5 g/L axetat vao moi truong sinh dudng dé so sanh su san sinh L-threonin.

Nbng d¢ L-threonin trong cac dich nudi cdy duoc thé hién trong bang 12.

Bang 12. Sy khéc biét trong san sinh L-threonin (bd sung 5 g/L axetat)

, . Threonin (g/L)
Chung vi sinh
Mé 1 Mé 2 Mé 3
KCCM11222P 7,6 7,4 7,7
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KCCM11222P::dapA-PaceA 11,2 11,5 11,4

Nhu duge thé hién trong bang 11, khi khong c6 mat axetat, kha nang san sinh L-
threonin cta ching KCCM11222P::dapA-PaceA khong khac biét so véi ching bd me
KCCM11222P.

Tuy nhién, nhu dugc thé hién trong bang 12, khi c6 mit cla axetat, kha ning san
sinh L-threonin cta ching KCCM11222P::dapA-PaceA cao hon 50% so v6i ching bd
me KCCM11222P.

[s6 luu ching]

Co quan hru gitt: Trung tdm nudi ciy vi sinh vat Han Quéc (Co quan luu gitt

qudc té)
S6 luu ching: KCCM11432P
Ngay nop luu ching: 12/6/2013

Nhu duge mo ta & trén, theo mot hodc nhidu phuong 4n néu trén ciia sang ché,
promoto cdm Ung axetat co thé dugc su dung dé san xuét cac loai L-axit amin mot
cach hiéu qua, vi L-axit amin mong muén c6 thé dwoc san sinh v&i hiéu suit cao bang
cach 1am suy yéu sur biéu hién cua gen dich bang cach bd sung axetat & thoi diém thich

hop.

Cén hiéu ring cac phuong 4n vi du dugc md ta & ddy cin dugc xem xét chi mang
¥y nghia minh hoa ma khong nhim muc dich gi6i han sang ché. Su mé ta cac dic diém
hodc cac khia canh thudc mdi phuong 4n can duogc xem xét 13 c6 thé dung dugc cho
céc dic diém hodc cac khia canh tuong tu trong cac phuong an khac.

Trong khi mot hoic nhiéu phwong 4n theo sang ché da duge mo t& dua trén cic
hinh v&, cin hiéu ring nhitng ngudi c6 hiéu bibt trung binh trong cting linh vuc ¢6 thé
thwc hién céc thay dbi khac nhau v& mit hinh thirc va chi tiét ma khong tach khoi

pham vi ctia sdng ché nhu dugc xac dinh béi cac diém yéu cau bao hd kém theo.
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DANH MUC TRINH TU

<110> CJ CheilJedang CORP.

<120> Phuong phédp san xudt L-axit amin
<150> KR 2013/0121090

<151> 2013-10-11

<150> KR 2014/0091307

<151> 2014-07-18

<160> 36

<170> KopatentIn 2.0

<210> 1
<211> 522
<212> ADN

<213> Corynebacterium glutamicum

<220>

<221> gene

<222> (1)..(486)

<223> aceA

<400> 1

agcactctga ctacctctgg aatctaggtg ccactcttct ttcgatttca acccttatcg 60
tgtttggcga tgtgatcaga ctaagtgatc accgtcacca gcaaaagggg tttgcgaact 120
ttactaagtc attacccccg cctaaccccg acttttatct aggtcacacc ttcgaaacct 180
acggaacgtt gcggtgcctg cattttccca tttcagagca tttgcccagt acatccgtac 240
tagcaactcc cccgeccact ttttctgcga agccagaact ttgcaaactt cacaacaggg 300
gtgaccaccc ccgcacaaaa cttaaaaacc caaaccgatt gacgcaccaa tgcccgatgg 360
agcaatgtgt gaaccacgcc accacgcaaa ccgatgcaca tcacgtcgaa acagtgacag 420
tgcattagct catactttgt ggtcggcacc gcccattgcg aatcagcact taaggaagtg 480
actttgatgt caaacgttgg aaagccacgt accgcacagg aa 522
<210> 2

<211> 340
<212> ADN

<213> Corynebacterium glutamicum
<220>

<221> gene

<222> (1) ..(340)

<223> pta

zigg;ctggé gtcagatttg tcacgctgcg cgctttcata gaccccatta atggggggtg 60
aagagctgta aagtaccgct aaaaactttg caaagggtgc ttcgcaactt gtaaccgctc 120
cgtattgttt tctacggcaa taagcatttg tgctgctcaa agcgtggaat tgagatcggt 180
ttgaaaatta caaaataaaa ctttgcaaac cgggctgtac gcaaggcgga cgaacgctaa 240
actatgtaag aaatcacaac ctcccctcat tagtgccagg aggcacaagc ctgaagtgtc 300
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atcaatgaga aggttcaggc tgaaattaga aaggcgatgt 340
<210> 3

<211> 35

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> aceE P1F

<400> 3

ccggggatce tctagacctc cggcccatac gttgce 35
<210> 4

<211> 30

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> aceE PI1R

<400> 4 .

ttgagactag ttattcctca ggagcgtttg 30
<210> 5

<211> 30

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> acekE P2F

<400> 5

gaataactag tctcaaggga cagataaatc 30
<210> 6

<211> 36

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> aceE P2R

<400> 6

gcaggtcgac tctagagacc gaaaagatcg tggcag 36
<210> 7

<211> 35

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> PaceA P3F

<400> 7
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gtcccttgag actagtagca ctctgactac ctctg

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

<220>
<223>

<400>

8

35

ADN

Trinh ty nhan tao

PaceA P3R

8

ctgaggaata actagtttcc tgtgcggtac gtggc

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

<220>
<223>

<400>

9

35

ADN

Trinh ty nhdn tao

aceE P4F

9

ccggggatcce tctagaggtc ccaggcgact acacc

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

<220>
<223>

<400>

10

35

ADN

Trinh ty nhén tao

aceE P4R

10

gagctactag tacgacgaat cccgccgcca gacta

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

<220>
<223>

<400>

11

35

ADN

Trinh tu nhan tao

aceE P5F

11

gtcgtactag tagctctttt tagccgagga acgcc

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

<220>
<223>

<400>

12

35

ADN

Trinh ty nhan tao

aceE P5R

12

gcaggtcgac tctagacatg ctgttggatg agcac
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<211>
<212>
<213>

<220>
<223>

<400>
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13

35

ADN

Trinh ty nhén tao

PaceA PoF

13

aaaaagagct actagtagca ctctgactac ctctg

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

<220>
<223>

<400>

14

35

ADN

Trinh ty nhan tao

PaceA PO6OR

14

gattcgtcgt actagtttcc tgtgcggtac gtggc

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

<220>
<223>

<400>

15

36

ADN

Trinh tu nhan tao

Ppta P7F

15

gtcccttgag actagtcttt gctggggtca gatttg

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

<220>
<223>

<400>

16

35

ADN

Trinh tu nhén tao

Ppta P7R

16

ctgaggaata actagtacat cgcctttcta atttc

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

<220>
<223>

<400>

17

35

ADN

Trinh ty nhan tao

hom hlF

17

ccggggatcc tctagaccag gtgagtccac ctacg
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

30244

18

35

ADN

Trinh tu nhan tao

hom hlR

18

gaggcggatc actagtttag tccctttcga ggcgg

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

<220>
<223>

<400>

19

25

ADN

Trinh ty nhéan tao

hom h2F

19

actagtgatc cgcctcgaaa gggac

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

<220>
<223>

<400>

20

36

ADN

Trinh tyg nhén tao

hom h2R

20

gcaggtcgac tctagagact gcggaatgtt gttgtg

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

<220>
<223>

<400>

21

35

ADN

Trinh tu nhan tao

PaceA h3F

21

gaggcggatc actagtagca ctctgactac ctctg

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

<220>
<223>

<400>

22

35

ADN

Trinh tuy nhén tao

PaceA h3R

22

aagggactaa actagtttcc tgtgcggtac gtggc
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<210> 23

<211> 35

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> mur mlF

<400> 23
ccggggatcc tctagaaacc ctcgttcaga ggtgce

<210> 24

<211> 37

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> mur mlR

<400> 24

ttgtgatcat ctcgagctat ccttcttccg tagtaag

<210> 25

<211> 28

<212> ADN

<213> Trinh tyu nhén tao
<220>

<223> mur m2F

<400> 25

agctcgagat gatcacaatg acccttgg

<210> 26

<211> 35

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> mur m2R

<400> 26

gcaggtcgac tctagacatg agcataaatg tcagc

<210> 27

<211> 27

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> mur m3F

<400> 27

tcatcagcag cactctgact acctctg

<210> 28
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<212>
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<220>
<223>

<400>
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35
ADN
Trinh tu nhan tao

mur m3R

28

agaaggatag ctcgagttcc tgtgcggtac gtggc

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

<220>
<223>

<400>

29

27

ADN

Trinh ty nhdn tao

mur m4F

29

agagtgctgc tgatgatcct cgatttg

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

<220>
<223>

<400>

30

36

ADN

Trinh tu nhé&n tao

mur m4R

30

ttgtgatcat ctcgagggtt ttctctcctc cacagg

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

<220>
<223>

<400>

31

35

ADN

Trinh ty nhén tao

dapA dlF

31

ccggggatce tctagatgtt tggecttgctt tgggce

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

<220>
<223>

<400>

32

32

ADN

Trinh tu nhén tao

dapA d1R

32

gttgatgcac tagtttatag aactccagct tt

<210>
<211>

33
33
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<212>
<213>

<220>
<223>

<400>
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ADN
Trinh ty nhdn tao

dapA d2F

33

ttctataaac tagtgcatca acgtaggaga tcc

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

<220>
<223>

<400>

34

34

ADN

Trinh ty nhdn tao

dapA d2R

34

gcaggtcgac tctagacgtt ctgggaaccc tgag

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

<220>
<223>

<400>

35

35

ADN

Trinh tu nhén tao

PaceA d3F

35

acgttgatgc actagtagca ctctgactac ctctg

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

<220>
<223>

<400>

36

35

ADN

Trinh ty nhén tao

PaceA d3R

36

agttctataa actagtttcc tgtgcggtac gtggc
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YEU CAU BAO HQ
1. Phuong phap san xuit L-axit amin bao gom:
nudi cdy vi sinh vat coryneform tai t hop c6 kha ning san sinh L-axit amin,

trong d6 vi sinh vat coryneform tai t hop c6 promoto cam Vg axetat & phia sau cta

don vi ma két thuc cta gen dich trong nhiém sic thé; va

b0 sung axetat trong qué trinh nudi cay d€ lam yéu sy bi€u hién cta gen dich, va

lam tang kha ning sin sinh L-axit amin ctia vi sinh vét coryneform tai t6 hop,

trong d6, promoto cdm tmg axetat 1a theo chiéu nguoc lai véi sy phién ma gen
dich.

2. Phuong phap theo diém 1, trong d6 phia sau ciia don vi ma két thic 13 giira don vi

mai két thiic va phia trudc ctia trinh tw két thiic phién ma cua gen dich.

3. Phuong phap theo diém 1, trong d6 promoto cam tUng axetat dugc thé hién bing

trinh tu nucleotit néu trong SEQ ID NO: 1 hoac SEQ ID NO: 2.

4. Phuong phap theo diém 1, trong d6 gen dich 1a it nhat mot gen dugc lya chon tur
nhém gdm c6 gen mi hoa pyruvat dehydrogenaza tiéu don vi El, gen ma hoa
homoserin dehydrogenaza, gen md hoéa gen UDP-N-axetylmuramoylalanyl-D-

glutamat-2,6-diaminopimelat ligaza va gen ma hoa dihydrodipicolinat synthaza.
5. Phuong phép theo diém 4, trong d6 L-axit amin 14 L-lysin hoic L-threonin.
6. Phuong phép san xuit L-axit amin bao gom:

nudi ciy vi sinh vat coryneform tai tb hop c6 kha nang san sinh L-axit amin,
trong d6 vi sinh vat coryneform tai t6 hop c¢6 promoto dugc thé hién bang trinh tu
nucleotit néu trong SEQ ID NO: 1 hoic SEQ ID NO: 2 & phia sau ctia don vi ma két
thiic clia gen dich trong nhiém séc thé, trong d6 phia sau cia don vi ma két thic 1a

gitta don vi ma két thuc va phia trudce ca trinh tu két thuc phién ma ctia gen dich.

7. Phuong phap theo diém 6, trong d6 gen dich 14 it nhit mot gen dwoc lya chon tir
nhém gdém c6 gen ma hoéa pyruvat dehydrogenaza tiéu don vi E1, gen ma hoa
homoserin dehydrogenaza, gen ma& hdéa gen UDP-N-axetylmuramoylalanyl-D-

glutamat-2,6-diaminopimelat ligaza va gen ma héa dihydrodipicolinat synthaza.

8. Phuong phap theo diém 6, trong d6 L-axit amin 1a L-lysin hoéc L-threonin.
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Fig.1
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Fig.2

(a)
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