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(57) Séang ché dé cap dén polynucleotit c6 hoat tinh trinh ty khéi dau. Sang ché ciing
d& cép dén caset biéu hién phién ma, vecto biéu hién tai tb hop, va té bao chu tai t6 hop
chtra polynucleotit, va phuong phép tdng cuong su biéu hién gen dich, phuong phap
didu ché protein, va phuong phap san xuét axit amin. Polynucleotit c6 hoat tinh trinh tu
khéi ddu 1a thé dot bién cua polynucleotit c6 trinh tu nhw dugc thé hién trong SEQ ID
NO: 9. So véi polynucleotit c¢6 trinh tw nhu dugc thé hién trong SEQ ID NO: 9, hoat
tinh trinh tw khoi ddu cta thé dot bién duge ting cuong dang ké, bing cach d6 thuc day

su biéu hién gen dich mdt cach On dinh va hi€u qua.
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Linh vye ky thuat dwee dé cap

Sang ché thudc v& linh vuc sinh hoc phan tir va cong nghé sinh hoc, va dic biét
la dé cap dén polynucleotit c6 hoat tinh trinh tw khéi dau, caset biéu hién phién ma,
vecto biéu hién tai td hop va té bao chu tai td hop bao gbm polynucleotit c6 hoat tinh
trinh tu khoi dau, ciing nhu phuwong phap ting cudng su biéu hién gen dich, phuong

phap diéu ché cic protein va phuong phép san Xuét cac axit amin.
Tinh trang ky thuat ctia sang ché

Lysin, tén hoa hoc cua 1a axit 2,6-diaminpimelic, 1a axit amin thiét yéu cho dong
vét va con ngudi. N6 co thé thiic d4y su phat trién cia con ngudi, ting cudong kha ning
mién dich va c6 tic dung cai thién chirc nang cla hé than kinh trung wong. C6 ba chét
ddng phan quang hoc héa hoc cta lysin: dang L (quay trai), dang D (quay phai) va dang
DL (dang raxemic), trong d6 chi c¢6 dang L la ¢6 thé sir dung duogc vé mit sinh hoc, va

lysin thuong dugc nhic dén 1a L-lysin.

L-lysin 1a mot trong s6 20 axit amin thong thudng tao nén céc protein. L-lysin la
mot axit amin co ban, giéng nhu histidin va arginin. Do co thé ngudi va co thé dong vat
khong thé tu téng hop L-lysin, L-lysin chi c6 thé thu dugc tir thirc 4n, do d6 n6 1a mot
trong sb tdm axit amin thiét yéu. Ham luong ctia L-lysin trong thirc dn ngil cbe chi yéu
cla con nguoi la thp, va su thiéu hut né s& gay ra cac rdi loan chuyén hoa va chirc nang
cla protein, 4nh hudng bét lgi dén su phat trién, va dé bi phé4 huy trong qua trinh ché
bién, do d6 duogc goi 1a axit amin gi6i han thi nhét, déng vai trd rat quan trong trong y

hoc, y té, cac nganh cong nghiép thuc pham, thirc &n chin nudi va my phim.
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Cho téi nay, ¢6 ba phuong phap chinh dé san xuit L-lysin trong cong nghiép:
phén gidi protein, tdng hop hoa hoc va 1én men vi khuén. Trong sd ching, 1én men vi

khudn 14 phuong phap dugc st dung rong rai nhét dé san xuét L-lysin trong cdng nghiép

vi céc wu diém ciia né nhu chi phi san xuét thip, cudng do san xuét cao, tinh dic hiéu
cao va 6 nhidm mdi truong thip. Corynebacterium va Escherichia dd duge st dung rong
rdi trong qué trinh san xuét L-lysin trong cong nghi€p. Escherichia thudng dugc st dung
1a, chéng han, Escherichia coli, va Corynebacterium thuong dugc sir dung bao gém
Corynebacterium glutamicum cia gidng Corynebacterium, Brevibacterium flavum cia
giéng Brevibacterium, Brevibacterium lactofermentus, va mot s6 loai cua giéng

Arthrobacterium va mot s0 loai cua giong Microbacterium.

Trong s céac vi sinh vat va cac thuc vat da dugc biét dén 13 c6 con dudng sinh
tbng hop L-lysin, cac con duong tdng hop L-lysin c6 thé dugc phan loai thanh hai con
dudng riéng biét, nghia 1a con dwdng axit alpha-aminglycolic (alpha- aminoglycolic acid,
AAA) va con dudong diaminpimelat (diaminopimelate, DAP). Con dudng diaminpimelat
(DAP) 1a mot phén ctia con dudng tbng hop cac axit amin cia ho axit aspartic. Bang
cach sir dung axit aspartic lam co chét, con duong DAP bao gbm con dudng sucxinylaza,
con dudng axetylaza va con duong transaminaza tbng hop axit meso-diaminpimelic, va
con duong dehydrogenaza truc tiép tdng hop axit diaminpimelic raxemic ma khong trai

qua axit meso-diaminpimelic.

Corynebacterium glutamicum 1a vi sinh vét cong nghiép quan trong, va loi thé
ctia n6 nim & kha ning cta no trong qua trinh san xuét 1én men cic axit amin quy md
cong nghiép. Corynebacterium glutamicum st dung con duong dehydrogenaza dé téng
hop L-lysin v6i sdu enzym xuc tac phan Ung, nghia 13, aspartat kinaza (AK, dugc ma
hoa boi gen lysC), aspartat semialdehyt dehydrogenaza (ASADH, dugc ma hoa bdi gen
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asd), dihydrodipicolinat synthaza (DHDPS, dugc ma héa boi gen dapA),
dihydrodipicolinat reductaza (DHDPR, dugc mé hoa bdi gen dapB), diaminpimelat
dehydrogenaza (DAPDH, dugc ma hoa bdi gen ddh) va dlamlnplmelat decarboxylaza
(DAPDC, dugc ma hoa boi gen lys4). Quy trinh tbng hop L-lysin boi C’orynebacterzum
glutamicum bang cach st dung con dudng sucxinylaza cling lién quan dén bdn enzym
tbng hop axit meso-diaminpimelic: tetrahydrodipicolinat sucxinylaza (dugc ma héa boi
gen dapD), N-sucxinyldiaminpimelat amintransferaza (duoc ma hoa boi gen dapC),
sucxinyl diaminpimelat deaxylaza (dwgc ma hoa boi gen dapE) va diaminpimelat
epimeraza (dugc mé hoa boi gen dapF). Nhu da biét, viéc ting cudng biéu hién ctia mot
hodc nhiéu gen trong con dudng tbng hop L-lysin c6 thé 1am tang san lugng L-lysin mot

cach hiéu qua.

Tai liéu tham khao 1 bdc 19 vi khuén Corynebacterium c6, ngoai it nhét mot ban
sao, c6 mit ¢ vi tri tu nhién (locus), ciia khung doc m¢& (open reading frame, ORF), gen
hodc alen ma héa qua trinh tbng hop protein hodc ARN, trong mdi trudng hop ban sao
thir hai, tiy ¥ thit ba hogc thi tu cua khung doc m¢& (ORF) nay, gen hoic alen & vi tri
thir hai, tiy y thr ba hodc thir tu trong mdi truomg hop & dang hop nhét vao nhidm séc
thé. Vi khun Corynebacterium cliia phuong phéap nay co thé cai thién mirc biéu hién gen
bang cach ting sb lugng ban sao cua cac gen, bang cach d6 ting san lugng céc axit amin
duoc san xuét béi vi khuén Corynebacterium. Tuy nhién, vi€c tang sb lugng ban sao gen
s& lam gidm do dn dinh cua hé gen cta ching, do d6 khong thé bao dam san xut L-
lysin mot cach 6n dinh va hiéu qua.

Tai liéu tham khao 2 boc 16 phuong phép san xudt L-lysin bang cach nudi cly
Escherichia coli c6 kha nang san xut L-lysin trong mdi trudong tr d6 L-lysin duoc thu
hdi, Escherichia coli dugc thuong bién dé 1am gidm hoat tinh hodc cac hoat tinh cua
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mdt hodc nhiéu enzym trong con dudng tbng hop axit meso a,e-diaminpimelic, ching
han, 2,3.4,5-tetrahydropyridin-2,6-dicarboxylat N-sucxinyltransferaza,
sucxinyldiaminpimelat transaminaza, sucxinyldiaminpimelat ~desucxinylaza, va
diaminpimelat epimeraza, va Escherichia coli dugc dua vao béﬁg gen fnﬁ hoa
diaminpimelat dehydrogenaza. Phuong phap nay doi hoi phai tang su biéu hién cua
diaminpimelat dehydrogenaza trong ltic i ché hoat tinh enzym ctia con dudng tdng hop
axit meso a,e-diaminpimelic, von gap phai cac vAn dé vé quy trinh van hanh phire tap,
chi phi cao va khong c6 kha nang san xuét L-lysin mot cach hiéu qua.

Tai liéu tham khao 3 bdc 10 phan tr axit nucleic co thé duogc budc b.':fmg gen ma
hoéa diaminpimelat dehydrogenaza, va hoat tinh diaminpimelat dehydrogenaza co thé
duoc tang dé bang cach d6 tang hiéu sudt L-lysin ctia chung nay. Mac du trong tai liéu
nay phdn tir axit nucleic ¢6 hoat tinh cao hon so vdi trinh tu khéi ddu kiéu dai, khong
biét dugc liu c6 mot phan tir axit nucleic nao ¢ hoat tinh trinh ty khéi dau cao hon.
Nhu di biét boi nguodi c6 k§ ndng trong linh vuc ndy, hoat tinh diaminpimelat
dehydrogenaza cang cao, thi cang thuan lgi cho viéc san xuét lysin. Do do,viéc phat
trién mot hoat tinh trinh ty khoi dau cao hon s& c6 loi cho viéc gia tdng su biéu hién cta
diaminpimelat dehydrogenaza, do d6 co tiém nang hon cho céc tng dung cong nghiép.

Tai liéu tham khéo:

Tai liéu tham khao 1: CN1748031A

Tai liéu tham khao 2: CN101765659A

Tai liéu tham khao 3: CN101939432A
Ban chit k§ thuit cda sang ché

Vén dé k¥ thuat
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Duwa vao van dé ky thuat tdn tai trong linh vyc k¥ thuat da biét, chang han, vi
khuén Corynebacterium lam tang hiéu suit bang cach gia ting s6 lugng ban sao cla cac
gen c6 tinh 6n dinh hé gen kém, chiing c6 kha néng san xuét L-lysin c6 cac nhuoc diém
vé qué trinh bién nap phtrc tap va khong c6 kha nang san xuét L-lysin mdt cach 6n dinh
va hiéu qua. Sang ché d& xuét polynucleotit c6 hoat tinh trinh tw khéi dau duoc cai thién
dang ké so véi trinh ty khoi déu cua gen ddh kiéu dai. Bing cach budc theo cach c6 thé
thuc hién duogc polynucleotit c6 hoat tinh trinh tw khoi dau voi gen dich, cuong do biéu
hién gen dich co thé dugc cai thién trong lac duy tri tinh 6n dinh cua hé gen.

Giai phép dé giai quyét vén dé

(1) Polynucleotit c6 hoat tinh trinh ty khéi dAu, trong d6 polynucleotit ndy duogc
chon tr nhém dugc thé hién trong phin bét ky trong s6 cac phan tlr (i)-(ii) sau day:

(i) thé dot bién ctia polynucleotit c6 trinh tu nhu duge néu trong SEQ ID NO: 9,
bao gém nucleotit ddt bién & mot hodc nhiéu vi tri trong vi tri 292 dén vi tri 300 cua
trinh ty nhu dugc néu trong SEQ ID NO: 9;

(if) polynucleotit c6 do ddng nhat trinh tu it nhat 90%, ty ¥ it nhét 95%, tot hon
1a it nhat 97%, tbt hon nita 12 it nhat 98%, va tét nht 1a it nhat 99% so véi trinh ty nhu
duoc néu trong phan (i) va khong bao gbm trinh ty nhu duge néu trong SEQ ID NO: 9;

trong do thé dot bién ¢6 hoat tinh trinh tu khai dau cao hon hoat tinh trinh ty khéi
dAu cua polynucleotit c6 trinh tw nhu duge néu trong SEQ ID NO: 9;

va trinh tu nucleotit cua thé dot bién & vi tri 292 dén vi tri 300 cua trinh ty nhu
dugc néu trong SEQ ID NO: 9 khong dugc chon tr ATGCATTGT.

(2) Polynucleotit c6 hoat tinh trinh tyr khéi dau theo muc (1), trong do thé dot
bién nay c6 hoat tinh trinh tw khéi du ting gép 18 1an hodc hon so v6i hoat tinh trinh
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tu khéi ddu cia polynucleotit c6 trinh tu nhu duge néu trong SEQ ID NO: 9.

(3) Polynucleotit ¢6 hoat tinh trinh ty khdi dau theo muc (1) hodc (2), trong do
thé dot bién bao gém cac nucleotit dot bién & céc vi tri 4, 5, 6, 7, 8 hodc 9 trong vi tri
292 dén vi tri 300 cta trinh tu nhu duge néu trong SEQ ID NO: 9; t5t hon 13, thé dot
bién nay bao gém cac nucleotit dot bién & céc vi tri 6, 7, 8 hodc 9 trong vi tri 292 dén vi

tri 300 cda trinh ty nhu dugc néu trong SEQ ID NO: 9.

Polynucleotit ¢6 hoat tinh trinh tu khéi d4u theo muc bét ky mdt trong sb6 cac muc
tr (1) dén (3), trong d6 trinh ty nucleotit & vi tri 292 dén vi trf 300 cua polynucleotit c6

hoat tinh trinh tu khéi dau duoc chon tir nhém bét ky trong sb cac nhom sau day:
(a) ACAAAAGGT;
(b) TCTTCATCT,

(c) GGAAAGTAT;
(d) TTATTATAT,
(e) TAATCCTCT,
(f) TCAATTTAT;
(g) GCGCAAICT,
(h) CAGTTCCGT,;
(1) AAGTTTTAT,;
(g) TAAATGTAT;
(k) GGATTGTAT;

(1) CAAACTCAT;
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(m) TACAAATCT,
(n) TATCAGTCT,;
(0) CGAGGATAT;
(p) CCTTGTTAT.

(5) Caset biéu hién phién ma bao gdm polynucleotit c6 hoat tinh trinh tu khéi dau
theo muc bat ky trong sd cdc muc tir (1) dén (4); tuy v, caset biéu hién phién ma ndy con
bao gé)m gen ma hoa protein, gen ma hoa protein nay dugc budc theo cach c6 thé thuc

hién dugc véi polynucleotit c6 hoat tinh trinh ty khéi dau.

(6) Vecto biéu hién tai t6 hop bao gdm polynucleotit ¢6 hoat tinh trinh tu khéi
dAu theo muc bat ky trong s6 cac muc tir (1) dén (4) hodc caset biéu hién phién ma theo

muc (5).

(7) Té bao chu tai t5 hop bao gdm caset biéu hién phién ma theo muc (5) hodc

vecto biéu hién tai t6 hop theo muc (6).

(8) Té bao chil téi td hop theo muc (7), trong d6 t& bao chi nay la ti gibng
Corynebacterium, gidng  Brevibacterium, gibng  Arthrobacterium, gidng
Microbacterium hodc gibng Escherichia; t5t hon 13, t& bao chu nay 1a Corynebacterium
glutamicum; t6t hon nita 13, t& bao chi nay la Corynebacterium glutamicum ATCC
13032, Corynebacterium glutamicum ATCC 13869, Corynebacterium glutamicum

ATCC 14067 hoic cac ching dan xuét cia chung.
(9) St dung polynucleotit c6 hoat tinh trinh tu khdi dAu theo muc bt ky trong sb
cac muc tur (1) dén (4), caset biéu hién phién ma theo muc (5), vecto biéu hién tai td hop

theo muc (6), hodc té bao chu tai td hop theo myc bét ky trong s6 cac muc tir (7) dén (8)
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d8 didu ché chat phan tng hodc bd kit ting cuong mirc phién ma gen.

(10) St dung vecto biéu hién tai td hop theo muc (6), hodc t& bao chu tai td hop

B ~ theo muc bét k¥ trong sd cac muc tir (7) dén (8) dé didu ché protein hodc san xuét axit
amin va cac din xuét cta no; tly ¥, axit amin va cac din xuét cta né duge chon tir mot
axit amin hodc t hop ctia hai hodc nhiéu axit amin trong sb cac axit amin sau dy: prolin,
hydroxyprolin, lysin, axit glutamic, arginin, ornithin, glutamin, threonin, glyxin, alanin,
valin, leuxin, isoleuxin, serin, Xystein, methionin, axit aspartic, asparagin, histidin,
phenylalanin, tyrosin, tryptophan, axit 5-aminlevulinic hodc cac dan xuit cua axit amin

bat ky trong sO cac axit amin néu trén;

t6t hon 1, protein ndy 1 enzym tham gia vao qua trinh tbng hop axit amin; tbt
hon 13, enzym tham gia vao qué trinh tbng hop axit amin 12 diaminpimelat

dehydrogenaza;

tt hon 13, axit amin ndy bao gdm L-lysin va cdc din xuét cia n6, trong d6 cac
dan xuét nay bao gdm it nhat mot loai trong s0 pentandiamin, axit S-aminpentanoic va

axit glutaric.

(11) Phwong phap tdng cudng sy biéu hién gen dich, trong d6 phuong phap nay
bao gff)m budce budc theo cach co thé thuc hién dugc polynucleotit c6 hoat tinh trinh tu
khéi diu theo muc bat ky trong sd cac muc tir (1) dén (4) voi ARN dich hodc gen dich;
tuy ¥, ARN dich bao gbm it nhét mot trong s6 ARN vén chuyén (transfer RNA, tRNA)
va ARN ngén (short RNA, sRNA), va gen dich bao gbm it nhit mot loai trong sé gen
ma hoa cia protein lién quan dén su tdng hop san phdm dich, gen ma hoa cta protein
didu hoa sy biéu hién gen va gen ma hda cua protein lién quan dén su van chuyén qua

mang.
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(12) Phuong phép didu ché protein, trong d6 caset biéu hién phién ma theo muc
(5), vecto biéu hién tai td hop theo muc (6), hodc té bao chu tai td hop theo muc bat ky
trong s6 cac muc tir (7) dén (8) duge chon dé biéu hién protein; tiy y, protein la protein
lién quan dén qua trinh tbng hop san pham dich, brotein lién quan dén sy van chuyén
qua mang hogc protein didu hoa su biéu hién gen; tly ¥, protein la enzym tham gia vao
qué trinh tdng hop L-lysin; tiy ¥, enzym tham gia vao qua trinh tbng hop L-lysin bao
gdm mot enzym hogc t6 hop ctia hai hodc nhiéu enzym trong s6 aspartat kinaza, aspartat
semialdehyt dehydrogenaza, aspartat amoniac lyaza, dihydrodipicolinat synthaza,
dihydrodipicolinat reductaza, sucxinyl diaminpimelat amintransferaza,
tetrahydrodipicolinat  sucxinylaza, sucxinyl diaminpimelat ~ deaxylaza, axit
diaminpimelic epimeraza, axit diaminpimelic deaxylaza, glyxeraldehyt-3-phosphat
dehydrogenaza, protein van chuyén lysin, transketolaza, diaminpimelat dehydrogenaza

va pyruvat carboxylaza; tdt hon 13, protein 12 diaminpimelat dehydrogenaza.

(13) Phuong phép san xuAt axit amin va cac dan xuét clia né, trong do caset biéu
hién phién ma theo muc (3), vecto biéu hién tai td hop theo muc (6), hodc té bao chu tai
t6 hop theo muc bét ky trong s6 cac muc tir (7) dén (8) dugc chon dé biéu hién enzym
tham gia vao qua trinh tbng hop axit amin va céac din xudt cta no, va enzym tham gia
vao qua trinh téng hop axit amin va cac din xuét cua n6 duoc st dung dé san xudt axit
amin va cac din xuit cta né; tlly y, axit amin va cac dAn xuét cia nd dugc chon tir mot
axit amin hodc td hop ctia hai hodc nhidu axit amin trong sd: prolin, hydroxyprolin, lysin,
axit glutamic, arginin, ornithin, glutamin, threonin, glyxin, alanin, valin, leuxin,
isoleuxin, serin, xystein, methionin, axit aspartic, asparagin, histidin, phenylalanin,
tyrosin, tryptophan, axit 5-aminlevulinic hodc cac din xuét cta axit amin bat ky trong

sO cac axit amin néu trén;
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tot hon 13, axit amin bao gom L-lysin va cac dan xuat cua no, trong d6 cac dan
xult bao gdm it nhat mot loai trong s pentandiamin, axit S-aminpentanoic va axit

glutaric;

tdt hon 13, enzym tham gia vao qua trinh tbng hop axit amin 13 diaminpimelat

dehydrogenaza.
Hiéu qua cua sang che

Theo mdt phuong 4n, sang ché d& xuét polynucleotit c6 hoat tinh trinh ty khoi
dAu, 12 thé dot bién trinh ty khoi d4u gen diaminpimelat dehydrogenaza (gen ddh) voi
hoat tinh trinh tu khéi diu dugc cai thién dang ké. So v6i trinh tu khdi dAu gen ddh kiéu
dai, thé dot bién c6 hoat tinh trinh tw khdi dAu duge cai thién dang ke, va viée budc theo
cach co thé thuc hién duge n6 véi gen dich c6 kha nang cai thién dang ké cuong do biéu
hién gen dich ma khong pha héng tinh 4n dinh cua hé gen, va gen dich c6 thé dugc biéu
hién mot cach 6n dinh va hiéu qua, va co thé thuc hién viéc san xuét 6n dinh va hiéu qua

cac san pham xudi dong.

Theo mot phuong an khéc, sang ché d& xuit caset biéu hién phién ma, vecto biéu
hién t&i td hop, va té bao chu tai td hop, bao gdm polynucleotit d néu & trén c6 hoat
tinh trinh tu khoi dau. Trong caset biéu hién phién ma, vecto biéu hién t4i t6 hop va té
bao chi tai td hop, polynucleotit c6 hoat tinh trinh tw khoi dau duge budc theo cach co
thé thuc hién dugc véi gen ma hoa protein, cuong do biéu hién clia gen ma hoa protein

c6 thé dugc cai thién.

Theo mot phuong an khéc, sang ché @ xuét phuong phap didu ché axit amin, c6
thé ting cudng su biéu hién cta enzym dé téng hop axit amin bang cach s dung

polynucleotit da néu & trén c6 hoat tinh trinh tu khéi du, va sau d6 axit amin c6 thé
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dugc san xuit mot cach dn dinh va hiéu qua. Khi n6 dugc su dung trong qua trinh san
xuét L-lysin, c6 thé thu dugc L-lysin v4i san luong cao va dn dinh.
Mo ta vén tit cac hinh vé

Fig.1 thé hién so d6 phac hoa cua plasmit pEC-XK99E-Paan-r/p.

Fig.2 thé hién két qua huynh quang biéu 16 cac dong vo tinh dot bién phat trién
trén dia nudi céy, va vi tri dugc danh dau b%lng miii tén trong hinh v& cho biét mot dong
vo tinh riéng 1¢ biéu 16 huynh quang dé c6 cudng do cao.

M5 ta chi tiét sang ché

DPinh nghia

Khi duge st dung phdi hogp véi thuat ngit “bao gdm” trong céc diém yéu ciu
bao hd va/hodc ban md ta, danh tir sb it c6 thé chi “mot”, hodc chi “mot hodc nhiéu”, “it
nhit mot”, va “mot hodc nhiéu hon mot”.

Nhu duge stir dung trong cac diém yéu ciu bao ho va ban md ta, thudt ngit “bao
gém”, “co”, “gém”, hodc “chura” nham muc dich tinh toan b hodc khong gi6i han, va
khong loai trir cac yéu td hodc cc budc phuong phap bd sung hodc khong dugce trich
dan.

Tir dAu dén cubi tai lieu sang ché, thuat ngir “khoang” c6 nghia la gié tri bao
gdm d¢ léch chuén cua 15i cta thiét bi hodc phuong phap dugc s dung dé do gia tri.

Co thé ap dung cho ndi dung duge boe 10 & day rang thuat nglt “hodc” chi dugc
dinh nghia 1a cac lya chon va “ya/hoic”, nhung thuét ngit “hodc” dugc sir dung & day
dung dé chi “va/hodc”, trir khi c6 quy xac dinh rang khac, don thuan 1a cac lva chon

hodc loai tir 14n nhau gifta cac lya chon.
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“Khoang $6” duge chon/tiy y/duge wu tién khi dugc stt dung trong cac diém
yéu cau bao ho va ban mo ta, bao gdm khong chi cac diém cubi bang sd & ca hai dau
cua khoang nay, ma con bao gbm tAt ca cac sb tu nhién dugc bao gbm gifta cac diém
cubi bang sb trude d6 d6i v6i cac didm cubi bang s6 nay.

Theo sang ché, thuat ngit “polynucleotit” ding dé chi polyme gdm cac nucleotit.
Polynucleotit ¢6 thé & dang cia mot doan riéng 1é hodc mot thanh phén ctia cAu tric
trinh tu nucleotit 16n hon, va né ¢ ngudn gdc tir trinh tw nucleotit dugc tach ra it nhét
mot 1An vé sb lugng hodc néng do va co thé dugc nhan biét, thao tac va khoi phuc tir
trinh tu va cic trinh ty nucleotit thanh phan ctia nd bang cic phuong phéap sinh hoc phén
tir chudn (nhu bang cich st dung vecto tich dong). Khi trinh tu nucleotit dugc biéu thi
bang trinh tw ADN (nghia 1, A, T, G, C), trinh tu nay con bao gdm trinh tw ARN (nghia
1a, A, U, G, C), trong d6 “U” thay thé “T”. No6i cach khac, “polynucleotit” dung dé chi
polyme nucleotit da dugc loai bo khoi cac nucleotit khac (mot doan riéng 1é hodc toan
bd doan), hodc co thé 1a mot pha‘”m hodc thanh phﬁn cAu thanh cta ciu tric nucleotit 16n
hon, nhu vecto biéu hién hoic trinh ty da xistron. Polynucleotit bao gém cac trinh tu

ADN, ARN va ADN bd trg (complementary DNA, cDNA).

Theo sang ché, thuat ngit “dot bién” diing dé chi nucleotit bao gbm céc dot bién
& mdt hogc nhidu (chang han, mot vai) vi tri cua polynucleotit, va duy tri hoat tinh trinh
tu khéi dau cta polynucleotit. Theo sang ché, dot bién (bao gbm thay thé, xen va/hodc
x0a) dac bigt dung dé chi dot bién thay thé, c6 nghia la sy thay thé nucleotit chiém mot
vi tri bé“mg mot nucleotit khac. Dot bién x6a dung dé chi viéc loai bo nucleotit chiém
mot vi tri nhét dinh. Dot bién xen dung dé chi viéc bd sung mdt nucleotit lién k& va ngay

sau mdt nucleotit chiém mot vi tri.
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Theo mdt s6 phuong 4n cu thé, “dot bién” theo sdng ché bao gdbm cic nucleotit
duoc thé & mot hoic nhiéu vi trf trong vi tri 292 dén vi trf 300 cua trinh ty nhu dugc néu
trong SEQ ID NO: 9, va khong bao gém nucleotit dugc thé béi ATGCATTGT trong vi
tri 292 dén vi tri 300 cta trinh tw nhu duge néu trong SEQ ID NO: 9. Cac thé dot bién
v6i cac nucleotit duge thé & cac vi tri néu trén ¢6 hoat tinh trinh tur khoi dau cao hon
hoat tinh trinh ty khéi d4u ctia polynucleotit c6 trinh tyr nhu dugc néu trong SEQ ID NO:

9.

Vi duy, “dot bién” theo sang ché bao gf‘)m cac nucleotit dugce thé & cac vi tri 1,
2,3,4,5,6,7, 8 hodac 9 trong vi tri 292 dén vi trf 300 cua trinh ty nhu duge néu trong
SEQ ID NO: 9. Theo mdt s6 phuong 4n cu thé, “dot bién” theo sang ché bao gém cac
nucleotit bao gém cac dot bién ¢ cac vi tri 4, 5, 6, 7, 8 hodc 9 trong vi tri 292 dén vi tri
300 cua trinh tu nhu duoc néu trong SEQ ID NO: 9, tot hon 1a cac nucleotit chira cac
dot bién & cac vi tri 6, 7, 8 hodc 9 trong vi tri 292 dén vi tri 300 cta trinh tu nhu dugc
néu trong SEQ ID NO: 9. Cac thé dot bién vé6i cac nucleotit duge thé & cac vi tri néu
trén c6 hoat tinh trinh tu khéi d4u cao hon céc thé dot bién v6i cac nucleotit dugc thé &
cac vi tri khéc.

Theo sang ché, thuat ngit “do ddng nhét trinh ty” va “ty 1& phan trim ddng nhat”
dung dé chi ty 1& phén tram cla cac nucleotit hodc céc axit amin gidng nhau (nghia 13,
gidng hét) giita hai hodc nhiéu polynucleotit hodc polypeptit. Do dbng nhét trinh tu gitra
hai hodc nhiéu polynucleotit hodc polypeptit co thé dugc xac dinh bang céch sép thing
hang cac trinh ty nucleotit hodc axit amin cia cac polynucleotit hodc cac polypeptit, cho
diém sb lugng céc vi tri & d6 cac géc nucleotit hodc axit amin giéng hét nhau trong céac
polynucleotit hodc cac polypeptit da dugc sap thing hang, va so sanh s6 lugng clia cac
vi tri ndy véi s6 lugng cua cac vi tri tai d6 cac gbc nucleotit hogc axit amin khac nhau
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trong cac polynucleotit hodc cac polypeptit da dugc sip thang hang. Cac polynucleotit
¢6 thé khac nhau & mot vi tri, chéng han, bﬁng cach chira mot nucleotit khac (nghia la,
thay thé hodc dot bién) hodc x6a nucleotit (nghia 13, xen nucleotit ho#c xda nucleotit
trong mét hodc hai polynucleotit). Cac polypeptit co thé khac nhau & mot vi tri, ching
han, bang cach chira mot axit amin khac (nghia la, thé hodc dot bién) hodc x6a axit amin
(nghia 13, xen axit amin hodc x6a axit amin trong mot hodc hai polypeptit). D dong
nhét trinh tu c6 thé duoc tinh bé‘lng cach chia sd lugng cua cac vi tri tai d6 cac géc
nucleotit hogc axit amin giéng hét nhau cho tdng s lugng clia cac gbc nucleotit hodc
axit amin trong polynucleotit hodc polypeptit. Chéng han, ty 1& phan trim ddng nhét c6
thé dugc tinh bé’mg cach chia sb luong cua céc vi tri tai d6 cac géc nucleotit hodc axit
amin gidng hét nhau cho tbng sb lugng cua cac gdc nucleotit hodc axit amin trong

polynucleotit hodc polypeptit, va nhan két qua véi 100.

Theo mot s6 phurong 4n cu thé, polynucleotit c6 hoat tinh trinh tu khi dau bao
gdm cac trinh ty c6 do dong nhét trinh ty it nhat 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% va 100% so véi thé dot bién cua polynucleotit nhu dugc néu trong SEQ
ID NO: 9. Theo sang ché, c6 mot ty 18 phan trim cu thé ciia do dong nhét trinh ty 6
nghia la trong thé dot bién ctia polynucleotit ¢6 trinh tw nhu duge néu trong SEQ ID NO:

9 ¢6 trinh tu dot bién c6 thé duy tri hodc cai thién hoat tinh phién ma ctia thé dot bién.

Theo sang ché, thuat ngit “trinh tu khoi diu” dung dé chi phan tir axit nucleic,
thudong nim nguoc dong cua trinh ty méa hoa cia gen dich, cung cAp vi tri nhan biét cho
polymeaza ciia ARN, va nim ngugc dong theo huéng 5’ cua cua vi tri khoi dau phién
mi ctia ARN thong tin (messenger, mRNA). Do ]a trinh tu axit nucleic chua duogc dich
ma gén két v6i polymeaza cia ARN va khoi mao qué trinh phién ma ctia gen dich. Trong
qua trinh tbng hop axit ribonucleic (RNA), trinh tu khéi dau c6 thé twong tac véi cac
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yéu t6 phién ma va diéu hoa sy phién ma gen va kiém soat thoi gian bat dau va mirc do
bidu hién gen (phién ma), va n6 bao gom vung trinh tur khéi dau 181 va viung diéu hoa,
¢6 chitc nang gidng nhu “cdng tac”, xac dinh hoat tinh cua gen va sau do kiém soat loai

protein ma té bao bat dau san xuat.

Theo sang ché, thuat ngit “ving trinh tu khoi dAu 1617 dung dé chi trinh ty axit
nucleic ndm trong ving trinh ty khoi d4u ctia cac sinh vt chua c6 nhan dién hinh, va d6
1a ving trinh tu 16i d6ng vai trd cia trinh ty Khoi dAu, chu yéu bao gbm ving -35, ving
-10, va vung gitra ving -35 va ving -10, va vi tri khoi dau phién ma, vang -35 1a vi tri

nhan biét polymeaza cia ARN, va ving -10 12 vi tri gin két cna polymeaza ctia ARN.

Theo mét s6 phwong 4n cu thé, polynucleotit c6 hoat tinh trinh tw khoi d4u theo
sang ché co thé dugc sir dung dé b4t ddu qua trinh biu hién cac gen mi hoa protein.
Theo mdt s6 phuong dn khac, polynucleotit ¢6 hoat tinh trinh ty khoi dau theo sang ché

c6 thé duoc sir dung dé bét dau qua trinh bieu hién céc gen khong ma hoéa.

Theo sang ché, thuat ngi “biéu hién” bao gdm budc bét ky tham gia vao qué
trinh san xuét ARN va san xuét protein, bao gdm nhung khong bi gi¢i han & qué trinh
phién ma, thuong bién hau phién mé, dich ma, thuong bién hau dich ma va tiét.

Theo sang ché, thuat ngt “gen ma hoa protein” ding dé chi phan tir ADN ¢6
kha nang diéu khién qua trinh tdng hop protein béi mot sé quy tic, va qua trinh nho d6
gen ma hoa protein didu khién sy téng hop protein thuong bao gbm qud trinh phién ma
st dung ADN s¢i kép lam khuon va qua trinh dich mi str dung ARN thdng tin lam khuon.
Gen ma hoa protein chtta trinh ty ma hoa (Coding Sequence, CDS) diéu khién qué trinh
san xuat ARN thong tin mi hoa protein. Gen ma hoa protein bao gbdm, nhung khong bi

gi6i han 6, gen dugc su dung dé ma hoa enzym tham gia vao qua trinh tbng hop axit
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amin. Theo mot 6 phwong 4n, gen ma héa protein li€n quan dén viéc viéc ma hoa enzym
tham gia vao qud trinh tdng hop L-lysin. Enzym nay tham gia vao qua trinh tbng hop L-
lysin bao gém mot hodc t6 hop ctia hai hodc nhiéu loai trong s6: aspartat kinaza, aspartat
semialdehyt dehydrogenaza, aspartat amoniac lyaza, dihydrodipicolinat synthetaza,
dihydrodipicolinat reductaza, sucxinyl diaminpimelat amintransferaza,
tetrahydrodipicolinat  sucxinylaza, — sucxinyl diaminpimelat ~ deaxylaza, axit
diaminpimelic epimeraza, axit diaminpimelic deaxylaza, glyxeraldehyt-3-phosphat
dehydrogenaza, protein vén chuyén lysin, va transketolaza, diaminpimelat
dehydrogenaza va pyruvat carboxylaza. Polynucleotit c6 hoat tinh trinh tur khéi dau cta
sang ché thich hop dé diéu hoa qué trinh bidu hién gen dich va thuc hién qua trinh san

xuat hiéu qua san pham dich.

Theo séng ché, thuat ngit “caset biéu hién phién ma” dung d8 chi loai yéu td
biéu hién bao gdm yéu t6 diéu hoa phién ma va gen dich, va sir dung yéu td didu hoa
phién ma dé diéu hoa qua trinh biéu hién gen dich. Theo sing ché, yéu t6 didu hoa phién
ma bao gdm trinh ty Khoi dAu, va c6 thé con bao gdm céc yéu td nhu trinh tu ting cudng,
trinh tu 1dm cam, trinh tu cach ly. Theo sang ché, cu thé 1a gen dich 12 gen ma héa protein.
“Budc theo cach co thé thuc hién duge” gen dich bang polynucleotit c6 nghia la
polynucleotit c6 hoat tinh trinh tu khéi dau dugc budc vé mat chirc nang véi gen dich
d8 bat dAu va lam trung gian cho qua trinh phién ma gen dich, va viéc budc theo céach
¢6 thé thuc hién dugc co thé theo cach bét ky trong sd cac cach duoc md ta boi nguoi
c6 k¥ nang trong linh vuc nay.

Theo séng ché, thuat ngit “vecto™ dung dé chi chu trac ADN chura trinh ty ADN
duoc bude theo cach c6 thé thuc hién duge véi cac trinh tr didu hoa thich hop, dé biéu
hién gen dich trong vat chi thich hop. “Vecto biéu hién t4i t6 hop” ding d8 chi chu triic
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ADN dugc sit dung dé biéu hién, ching han, polynucleotit ma hoa polypeptit mong
mudn. Vecto biéu hién tai t6 hop c6 thé bao gom, chéng han, i) tap hop gdm cac yéu tb
di truyén c6 céc chirc ning diéu hoa qua trinh biéu hién gen, nhu céc trinh tu khoi dau
va céc trinh tu tdng cudng; ii) trinh tu cAu trac hodc ma héa dugc phién ma vao trong
ARN thong tin va dugc dich ma vao trong protein; va iii) cac tiéu don vi phién ma phién
ma va dich ma mét cach thich hop céc trinh tu bat dau va két thic. Vecto biéu hién tai
t6 hop duoc xay dung theo cach thich hop bét ky. Piac tinh clia vecto khong bi gidi han,
va vecto bét ky c6 thé duge st dung, bao gdm cac plasmit, céc virut, cac phago va cac
gen nhay. Cac vecto co thé dé sir dung theo sang ché bao gdbm, nhung khong bi gi¢i han
&, cac trinh tu nhiém sic thé, khong phai 1a nhiém séc thé va ADN téng hop, nhu céc
plasmit vi khuén, ADN phago, céc plasmit nAm men va cac vecto c6 ngudn goc tir cac
t6 hop cuia cac plasmit va ADN phago, va ADN tir cac virut nhu virut vacxinia, virut

adeno, virut bénh dau ga, virut baculo, SV40 va virut pseudorabies, v.v..

Vi du, vecto lién quan dén sang ché 14 plasmit xac dinh dac tinh cuong dd trinh
tu khoi dau gen ddh pEC-XK99E-Paan-r/p duge xdy dung dua trén plasmit pEC-XK99E-
rfp 1, va ban d6 cua plasmit pEC-XK99E-Paan-rp dugc thé hién trén Fig.1. Trén Fig.1,
Paan dai dién cho mot trinh tu khéi déu ctia gen ddh ; ddh dai dién cho gen diaminpimelat
dehydrogenaza kiéu dai; trinh ty lién két dai dién cho peptit lién két nam gitta gen ddh
va protein rfp ; rfp dai dién cho protein huynh quang d6 (Red Fluorescent Protein, RFP);
Kan dai dién cho khang Kanamyxin. Sau khi dugc bién nap vao vat chu thich hop, pEC-
XK99E-Pua-rfp c6 thé sao chép va thuc hién chirc ndng mot cach doc 1ép cia h¢ gen
vat chii, hodc trong mét s trudng hop s& hop nhét vao trong ban than hé gen cla té bao

cha.
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Theo sang ché, thuit ngit “t& bao chu” ding dé chi loai té bao bat ky d& dang

dugc bién nap, chuyén nhiém, tai nap, v.v., bé‘mg yéu t§ khoi dau phién ma hodc vecto
bidu hién bao gdm polynucleotit ciia sang ché. Thuét ngir “té bao chu tai t6 hop” bao
ham té bao chii khac biét v6i té bao me sau khi dwa vao yéu té khéi d4u phién ma hodc

vecto biéu hién tai t hop, va té bao chu tai td hop thu duge cu thé bang cich bién nap.

Theo sang ché, thuat ngit “bién nap” c6 y nghia thuong duge hiéu boi ngudi co
k§ nang trong linh vyc nay, nghia 14, qué trinh dua ADN ngoai sinh vao trong vét chu.
Phuong phéap bién nap bao gdm phuong phap bét ky dé dua axit nucleic vao trong té
bao, bao gdm nhung khong bi giéi han & phuong phap dién di, két ta canxi phosphat
(CaPOa), két tia canxi clorua (CaCly), vi tiém, phuong phap polyetylen glycol (PEG),
phuong phap DEAE-dextran, phuong phép vi thé m& cation va phuong phap lithi axetat-

DMSO.

Té bao chu ctia sang ché c6 thé 13 t& bao chua c6 nhén dién hinh hodc té bao co
nhan dién hinh, mién 12 né 1 t& bao ma polynucleotit ¢6 hoat tinh trinh ty khéi dau ctia
séng ché ¢6 thé dugc dua vao. Theo mdt phuong an, té bao chu dung dé chi té bao chua
¢6 nhan dién hinh. Cu thé 1a, té bao chu ¢6 nguén géc tir vi sinh vat thich hgp san xuét
ra c4c axit amin bang cach 1én men, nhu gidng Corynebacterium, gidng Brevibacterium,
gidng Arthrobacterium, gidng Microbacterium hogc gidng Escherichia. Tét hon 13, té
bao chu 1a Corynebacterium glutamicum tu gidng Corynebacterium. Trong sb chung,
Corynebacterium glutamicum ¢6 thé 1a Corynebacterium glutamicum ATCC 13032,
Corynebacterium glutamicum ATCC 13869, Corynebacterium glutamicum ATCC

14067 hodc cac ching dan xuét cua chiing.
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Theo sang ché, viéc nudi cy té bao chu co thé dugc thuc hién theo cac phuong
phap thong thuong trong linh vuc nay, bao gbdm nhung khong bi giéi han ¢ nudi chy
trong dia c6 16, nudi ciy bang cach lic, nudi cdy theo mé, nudi cAy lién tuc va nudi chy
theo mé dugc cung cép chit dinh dudng, v.v., va cac diéu kién nudi céy khac nhau nhu
nhiét do, thoi gian va gia tri pH clia mdi truong nudi cdy c6 thé duge diéu chinh thich

hop theo céc tinh hudng thyec té.

Trir khi duoc dinh nghia hodc duge chi ra rd rang theo cach khéc, tit ca cac
thuat ngit k¥ thuét va khoa hoc trong sang ché c6 cung cac y nghia nhu thuong dugc

hiéu bdi nguoi c6 hiéu biét trung binh trong linh vuc cla sang ché.
Thé d6t bién trinh ty khoi dau gen diaminpimelat dehydrogenaza

Sang ché st dung trinh ty khoi dau coa gen diaminpimelat dehydrogenaza (ddh)
kidu dai d& gay dot bién trinh ty khoi dau 16i ca gen ddh, va 8 thu duoc cac thé dot
bién trinh tw khéi diu gen diaminpimelat dehydrogenaza. Trinh tu khoi déu cua gen
diaminpimelat dehydrogenaza la nhu dugc néu trong SEQ ID NO: 9, va cac thé dot bién
trinh tu khoi ddu gen diaminpimelat dehydrogenaza bao gdm céc nucleotit dot bién &
mot hodc nhiéu vi trf trong vi tri 292 dén vi tri 300 cua trinh ty nhu dugc néu trong SEQ
ID NO: 9, va cac trinh ty nucleotit ciia cac thé dot bién trong vi tri 290 dén vi tri 300

ctia trinh tu nhu dugce néu trong SEQ ID NO: 9 khong duge chon tr ATGCATTGT.

b3 phat hién ra rang cac thé dot bién trinh ty khoi ddu gen diaminpimelat
dehydrogenaza 1a polynucleotit co hoat tinh trinh ty khoi dau, va cac thé dot bién trinh
tu khéi dau gen diaminpimelat dehydrogenaza dd cai thién hoat tinh trinh tu khoi dau
so véi trinh tu khoi dau gen diaminpimelat dehydrogenaza ¢o trinh ty nhu dugc néu

trong SEQ ID NO: 9.
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Theo mot s6 phuong 4n cu thé, polynucleotit cé hoat tinh trinh tu khéi dau co
d6 ddng nhét trinh tw it nhat 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
100% (bao gdm tit ca cac khoang va cic ty 1é phén trim ndm gitta cac gid tri ndy) so
v6i trinh ty dot bién cla trinh tu khoi diu gen diaminpimelat dehydrogenaza, va khong

bao gbm trinh tu nhu duge néu trong SEQ ID NO: 9.

Theo mot s6 phwong 4n cu thé, polynucleotit c6 hoat tinh trinh tw khéi d4u bao
gém céc nucleotit dot bién & cac vi tri 4, 5, 6, 7, 8 hodc 9 trong vi tri 292 dén vi tri 300
cta trinh ty nhu dugce néu trong SEQ ID NO: 9 va ¢ hoat tinh trinh tu khéi d4u cao hon
hoat tinh trinh tu khoi ddu cia trinh tw nhw dwge néu trong SEQ ID NO: 9, tét hon 1a
céc nucleotit dot bién & cac vi tri 6, 7, 8 hodc 9 trong vi tri 292 dén vi tri 300 cua trinh

tu nhu dugce néu trong SEQ ID NO: 9.

Theo mdt sd phuong 4an cu thé, trinh tu nucleotit cta vi tri 292 dén vi tri 300
cua polynucleotit ¢ hoat tinh trinh tyr khéi du duge chon tir nhom bt ky trong sb cac
nhém sau day: (a) ACAAAAGGT, (b) TCTTCAICT; (c) GGAAAGTAT; (d)
TTATTATAT; (e) TAATCCTCT;, (f) TCAATTTAT; (g) GCGCAATCT; (h)
CAGTTCCGT; (i) AAGTTTTAT; (g) TAAATGTAT; (k) GGATTGTAT; (1)
CAAACTCAT; (m) TACAAATCT; (n) TATCAGTCT; (o) CGAGGATAT; (p)
CCTTGTTAT. Polynucleotit c6 hoat tinh trinh ty khéi d4u bao gdm céc trinh ty nhu
dwgc néu trong bit ky mot trong sb cac SEQ ID NO: 10-25. So véi trinh ty khéi dau gen
diaminpimelat dehydrogenaza c6 trinh ty nhu dugce néu trong SEQ ID NO: 9, cac thé
d6t bién c6 hoat tinh trinh tw khéi dau gia tang 18 14n hodc cao hon, t6t hon 12 19 1an
hoédc cao hon, t6t hon 12 20 14n ho#c cao hon, t5t hon 1a 22 14n hoic cao hon, tdt hon 1a

23 14n hoic cao hon, t5t hon 1a 24 14n hodc cao hon, t&t hon 1 25 14n hoic cao hon, tdt
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hon 14 26 14n hodc cao hon, tbt hon nita 12 27 14n hoidc cao hon, t5t hon nita 13 28 14n

hodc cao hon, t6t hon nita 12 30 14n hoic cao hon va t8t hon nita 12 31 14n hodc cao hon.
~ Xay dung vecto biu hién tai t6 hop

Theo mot sd phuong an cu thé, vecto tai td hop bao gbm trinh ty khoi dau gen
diaminpimelat dehydrogenaza dugc xay dung trudc tién, va sau do6 vung trinh ty khoi
dau 161 cua gen ddh duge gy dot bién dé thu dugc vecto biéu hién tai t6 hop bao gdm

polynucleotit ¢6 hoat tinh trinh tu Khéi dau.

Pé xay dung vecto tai td hop, cac doan mdi ddh-F va ddh-R duoc thiét ké theo
thong tin hé gen da dugc cong bb ctia Corynebacterium glutamicum, va h¢ gen cia
Corynebacterium glutamicum dugc khuéch dai PCR bing ddh-F va ddh-R dé thu duoc
trinh tu khoi ddu cta gen ddh.

Céac doan mdi pEC-F va pEC-R duoc thiét k& bang cach st dung thong tin cua
plasmit pEC-XK99E-rfp!). Vi plasmit pEC-XK99E-7/p ding 1am khuon, cac doan modi
pEC-F va PEC-R dugc st dung dé thuc hién khuéch dai dé thu duogc cac doan ADN cua
khung pEC-XK99E, céc peptit lién két va protein huynh quang do.

Céc doan da dugc khuéch dai tao ra tir cac doan mdi ddh-F va ddh-R va cac
doan da dugc khuéch dai tao ra tr cac doan mdi pEC-F va pEC-R dugc bude theo cach
t4i td hop, dé thu dugce vecto bidu hién tai td hop dugc lién két vai polynucleotit c6 hoat
tinh trinh tu khéi dAu (nghia 13, trinh ty dot bién trinh ty khoi dau gen ddh).

Ngudn Corynebacterium glutamicum cu thé 1a Corynebacterium glutamicum

ATCC 13032 (ID gen: 2830649).

Quy trinh san xuat cac axit amin
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(1) Theo sang ché, polynucleotit c¢6 hoat tinh trinh tu khéi dau dugc budc theo

cach c6 thé thuc hién duoc v6i gen ma hoa ciia enzym tham gia vao qué trinh tdng hop
axit amin, dé thu duoc vecto biéu hién téi td hop c6 kha ning tdng hop enzym tham gia
vao qua trinh tdng hop axit amin, va vecto biéu hién tai td hop dugc st dung dé bién

nap té bao chu dé thu dugc té bao chu i t0 hop.

(2) Té bao chi tai to hgp dwoc nudi cay 1én men, va cac axit amin dugc thu hoi
tir té bao chu tai td hop hodc cac méi trudng long nudi cdy cua té bao chu tai to hop d¢€

hoan thanh qu4 trinh san xuat cac axit amin.

Trong qua trinh san xuét néu trén, do polynucleotit c6 hoat tinh trinh tu khoi
dAu cai thién, trong té bao chu tai t4 hop, hoat tinh phién mi ciia gen ma hoa clia enzym
tham gia vao qud trinh tbng hop axit amin dugc ting 1én, va mirc biéu hién cia enzym
tham gia vao qua trinh tbng hop axit amin dugc tang lén, bang cach do san lugng cac

axit amin tang dang ké.

Lién quan dén cac axit amin san xuit dugc, cac axit amin bao gdm L-lysin va
cac din xuit cua nd. Tuy ¥, axit amin dugce chon tir mot axit amin hodc tb hop cua hai
hodc nhidu axit amin trong sb cac axit amin sau ddy: prolin, hydroxyprolin, lysin, axit
glutamic, arginin, ornithin, glutamin, threonin, glyxin, alanin, valin, leuxin, isoleuxin,
serin, Xystein, methionin, axit aspartic, asparagin, histidin, phenylalanin, tyrosin,
tryptophan, axit 5-aminlevulinic hodc cac dAn xuét cta axit amin bat ky trong s6 cac axit
amin néu trén. Tt hon 13, cac dan xuét bao gbm it nhat mot trong sd pentandiamin, axit

5-aminpentanoic va axit glutaric.

béi v6i enzym tham gia vao qua trinh tdng hop axit amin, enzym tham gia vao

qué trinh tdng hop axit amin 12 enzym tham gia vao qua trinh téng hop L-lysin; t6t hon
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13, enzym tham gia vao qua trinh tbng hop axit amin 14 diaminpimelat dehydrogenaza.
Polynucleotit c6 hoat tinh trinh tw khai dAu c6 thé 1am ting déng ké hoat tinh phién ma
cta diaminpimelat dehydrogenaza va lam tang d4ng ké muc biéu hién ctia diaminpimelat

dehydrogenaza.

Theo mét sé phuong 4n, té bao chi theo sang ché c6 thé 1a loai ching bat ky c6
kha nang san xuét san pham dich, bao gbm cic ching kiéu dai va céc ching tai t6 hop.
Vi du, té bao chi ¢6 ngudn gde tir cac vi sinh vét thich hop dé san xuét 1én men san
phém dich nhu axit amin va cdc dan xuét cia no, chéng han Enterobacterium,

Corynebacterium, Brevibacterium, Arthrobacterium, Microbacterium, V.V..

Theo mot sb phuong an dugc uu tién, té bao chu 14 Enterobacterium hodc
Corynebacterium, tdt hon nita 1a Corynebacterium glutamicum, bao gdm nhung khong
bi gidi han & Corynebacterium glutamicum ATCC 13032, Corynebacterium glutamicum
ATCC 13869, Corynebacterium glutamicum B253, Corynebacterium glutamicum
ATCC 14067, va cac chung din xuit san xuit cac L-axit amin dugc didu ché tir cac

ching néu trén.

Theo mot s6 phuong 4n cu thé, té bao chu 1a Corynebacterium glutamicum, mot
ching quan trong dé san xudt L-lysin. Sau khi thuong bién Corynebacterium
glutamicum bang cach st dung polynucleotit, caset biéu hién phién ma hodc vecto biéu
hién tai td hop c6 hoat tinh trinh tu khéi dAu, muc biéu hién ciia enzym tham gia vao
qué trinh tdng hop L-lysin trong Corynebacterium glutamicum tang dang ké, cu thé 1a
mic biéu hién diaminpimelat dehydrogenaza ting dang ké, dan dén kha ning san xudt

1én men L-lysin trong Corynebacterium glutamicum cao hon nhiéu.
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Theo mdt sé phuong 4n cu thé, té bao chu tai td hop 1& Corynebacterium
glutamicum dugc thudong bién nhu sau: 1) trinh ty ma hoéa dugc dot bién boi T3111 duoc
dua vio trong gen ma hoa clia aspartat kinaza trong Corynebacterium glutamicum; 2)
vung 151 tir vi tri 279 dén vi trf 317 cua trinh ty khoi d4u gen pyruvat carboxylaza trong
Corynebacterium glutamicum la
CGGGCCTTTGAAGACATTATTAGATTATTATTATTATTATTAG; 3) polynucleotit
¢6 hoat tinh trinh ty khéi dau duoc budc theo cach co thé thuc hién dugc véi gen ma
hoa diaminpimelat dehydrogenaza, va sau d6 dugc dua vao trong Corynebacterium
glutamicum. Corynebacterium glutamicum dugc thudng bién nhu phuong phap néu trén

14 ching L-lysin c6 ndng suét cao.

Cu thé 13, cdc gen mi hoéa cua aspartat kinaza, pyruvat carboxylaza va
diaminpimelat dehydrogenaza c6 thé duoc tach ra va dugc xen vao trong vecto biéu hién
dbi voi qua trinh san xuét bién nap, trong do trong t& bao cht vecto biéu hién c6 thé sao
chép va biéu hién enzym mdt cach doc 14p cua té bao chu, hodc trong mot sb trudng hop
hop nhét vao trong hé gen ciia té bao chu. Trong linh vuc nay, cac phuong phap sir dung
céc vi sinh vat 1a da biét, nhu dugc giai thich trong cac 4n phdm nhu Current Protocols
in Molecular Biology (Online ISBN: 9780471142720, John Wiley and Sons, Inc.),
Microbial Metabolic Engineering: Methods and Protocols (Qiong Cheng Ed.,Springer)

va Systems Metabolic Engineering: Methods and Protocols (Hal S.Alper Ed.,Springer).

Theo mdt sé phuong 4n khac, té bao chu c6 thé con 1a cac loai chung san xuét
axit amin khac. “Ching san xuéit axit amin” theo sang ché dung @8 chi chung c6 thé san
Xuét c4c axit amin va tich tu cac axit amin khi vi khuin dugc nudi cdy trong moi truong
nudi ciy, hodc tiét cac axit amin vao trong moi trudng nudi ciy, nghia 13, chung c6 thé
thu dugc céc axit amin ngoai bao tu do. Chéng han, nd co thé 1a ching san Xuét axit
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amin xuét hién trong tu nhién ho#c chiing sén xudt axit amin duoc thao tac di truyén thu

duoc bang cach thuong bién di truyén.

Vi du, té bao chu 1a té bao chu san xuét lysin. Theo mot sb phuong an, té bao
chi san xuét lysin c6 thé chura, nhung khong bi gidi han ¢, mot hodc nhiéu gen duoc

chon tir cac gen da dugc giam nhd hodc giam biéu hién sau day:
a. gen adhE ma hoéa etanol dehydrogenaza;
b. gen ackA ma hda axetat kinaza;
c. gen pta ma héa phosphat axetyltransferaza;
d. gen IdhA ma hoa lactat dehydrogenaza,
e. gen focA ma hoa ho van chuyén format;
f. gen pfIB mi hoa pyruvat format lyaza;
g. gen poxB mi héa pyruvat oxidaza;

h. gen thrA mi héa enzym hai chitc ning aspartat kinaza I/homoserin

dehydrogenaza I;
i. gen thrB ma héa homoserin kinaza;
j. gen ldcC ma hoéa lysin decarboxylaza; va
h. gen cadA ma hoéa lysin decarboxylaza.

Theo mdt s6 phuwong 4n, t& bao chu san xudt lysin c6 thé chira, nhung khong bi
gi6i han &, mot hodc nhiéu gen duoc chon tir cdc gen dd duge gidm nho hodc gidm bicu

hién sau day:
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a. gen dapA ma hoa dihydrodipyridin synthaza lam gidm sy ¢ ché phan hoi
cua lysin;
b. gen dapB mi hoa dihydrodipicolinat reductaza;

c. gen ddh ma hoa diaminpimelat dehydrogenaza;

d. dapD ma hoa tetrahydrodipicolinat sucxinylaza va dapE ma hoa sucxinyl

diaminpimelat deaxylaza;

e. gen asd ma héa aspartat-semialdehyt dehydrogenaza;

f. gen ppc ma héa phosphoenolpyruvat carboxylaza;

g. gen pntAB ma hoa nicotinamit adenin dinucleotit transhydrogenaza;

i. gen [ysE ma hoa protein van chuyén lysin.

Vi du, té bao chu 1a té bao chu san xuat threonin. Theo mot $6 phuong an, té
bao chia san xuét threonin 12 chung biéu hién gen LysC ma héa aspartat kinaza lam giam
su e ché phan hdi trén co s& Corynebacterium glutamicum ATCC 13032. Theo mét s6
phuong an khac, t& bao chu san xuét threonin c6 thé ciing 1a cac ching khic c6 kha nang
san xuét threonin.

Theo mdt s6 phuong 4n, té bao chii san xuét lysin c6 thé chira, nhung khong bi
giéi han &, mot hodc nhiéu gen dugc chon tir cac gen da duoc ting cuong hodc dugc
biéu hién qua muc sau day:

a. gen thrABC ma hoa threonin operon;

b. gen hom ma hoa homoserin dehydrogenaza lam giam sy (rc ché phéan hoi;

c. gen gap mi hoa glyxeraldehyt-3-phosphat dehydrogenaza,
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d. gen pyc ma hoa pyruvat carboxylaza;

e. gen mgo ma héa malat: quinon oxidoreductaza;

f. gen tkt ma hoa transketolaza;

g. gen gnd mi hoa 6-phosphogluconat dehydrogenaza;
h. gen thrE ma hoa hé xuét threonin;

i. gen eno mi hoa enolaza.

Vi du, té bao chu 1a té bao chu san xuat isoleuxin. Theo mot sb phuong an, té
bao chu san xuét isoleuxin 1a chung san xuét L-isoleuxin bang cach thay thé alanin cho
axit amin & vi tr 323 cta gen ilvA ctia L-threonin dehydrataza. Theo mot s6 phuong 4n
khéc, t& bao chu san xudt isoleuxin c6 thé ciing 1a cac loai khéc cua cac chung c6 kha

ning san xuat isoleuxin.

Vi du, té bao chu 1a té bao chu san xuit O-axetylhomoserin. Theo mot )
phuong an, té bao chu san xuit O-axetylhomoserin la chiing san xuét O-axetylhomoserin
bing cach lam bAt hoat O-axetylhomoserin (thiol)-lyaza. Theo mot s6 phuong 4n khéc,
té bao chi san xuit O-axetylhomoserin c6 thé ciing 1a cac loai khéc ctia cac chung ¢

kha niing san xuat O-axetylhomoserin.

Vi du, t& bao chu 13 té bao chi san xuét methionin. Theo mot sb phuong an, té
bao chu san xuit methionin 1a ching san xuét methionin bang cach lam bét hoat c4c chit
diéu hoa phién ma methionin va xystein. Theo mt s6 phuong 4n khac, té bao chi san
xuit methionin c6 thé ciing 13 cic loai khac cla cdc ching c6 kha ndng san xudt

methionin.
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Theo mdt sb phuong 4n cu thé, cac didu kién nudi cAy cua cac t& bao chu tai to
hop 1 nhu sau: trudce tién, Corynebacterium glutamicum dugc cy vao trong mdi truong
long TSB va dugc nudi ciy trong 8 giv, va gidng nuodi chy dugc chy dudi dang hat vao
trong dia 24 15 chira 800pl méi trudng lén men/16 va, véi OD ban dAu duoc kiém soat
bang khoang 0,1, dugc nudi cdy & 30°C trong 17 gio & tbc do quay clia may l4c dia 1a

800 vong/phit (round per minute, rpm).

Céc thanh phin clia mdi trudng 16ng TSB 1a nhu sau: glucoza: 5 g/l; bot nAm
men: 5g/1; pepton d4u nanh: 9g/l; ure: 3g/l; axit sucxinic: 0,5g/1; KoHPO4-3H20: 1¢g/1;

MgSO4-7H,0: 0,1g/1; biotin: 0,01mg/l; vitamin B1: 0,1mg/1; MOPS: 20g/1.

Céc thanh phén ctia moi trudng 1én men 13 nhu sau: glucoza: 80g/1; bot nim
men: lg/l; pepton déu nanh: 1g/l; NaCl: 1g/l; amoni sulfat: 1g/l; ure: 10g/l;
KoHPO4-3H20: 1g/l; MgSO4-7TH20: 0,45g/1; FeSO4 TH20: 0,05g/1; biotin: 0,4mg/l;

vitamin B1: 0,1mg/l; MOPS: 40g/1; 46 pH ban dau1a7,2.

Theo mot sb phuong 4n cu thé, cac axit amin c6 thé dugc thu hdi tir cac té bao
chu tai tb hop hodc cac moi trudng 16ng nudi chy cua cac té bao tai td hop bang cac
phuong phap thudng dugc sir dung trong linh vue nay, bao gbdm nhung khong bi gi6i
han & loc, séc ky trao d6i anion, két tinh va sic ky 16ng tinh néng cao (high-performance

liquid chromatography, HPLC).
Vi du thue hién sang ché

Céc muc dich, cac dic diém va cac loi ich cia sang ché s& trd nén rd rang tu
phan md ta chi tiét sau day. Tuy nhién, nén hiéu rang viéc md ta chi ti€t va cac vi du cu
thé (mic du chi ra cac phuong 4n cu the cla sang ché) chi dugc dua ra cho muyc dich

giai thich, vi cac bién thé va stra doi khac nhau trong tinh than va pham vi cia sang ché
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s& tré nén hién nhién d6i véi ngudi c6 k¥ ning trong linh vuc nay khi doc phan mo ta
chi tiét nay.

Céc k¥ thuat va va cac phuong phéap dugc st dung trong cac vi du 1a cac phuong
phap k¥ thuat thong thuong trir khi c6 quy dinh khac. Chéng han, cac phuong phap thir
nghiém ma cac diéu kién cu thé khong dugce chi ra trong cic vi du sau day thudng theo
cac diéu kién thong thuong, nhu cic diéu kién dugc md ta trong Molecular Cloning:
Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1989), baoi
Sambrook va cac ddng tac gia, hodc cac didu kién duogc dé xuét boi cac nha san xuét.
Trir khi ¢6 quy dinh khac, cac nguyén li¢u va cac chét phan ing dugc str dung trong cac

vi du c6 thé thu duoc qua cac kénh thuong mai chinh thire.

Vi du 1. X4y dung plasmit xac dinh dac diém cudng dd cua trinh tu khéi dau

gen ddh cia Corynebacterium glutamicum

Pé x4c dinh dic diém cuong do cua trinh ty Khoi diu gen ddh cla
Corynebacterium glutamicum, vi du cia sang ché trudce tién xay dung vecto xac dinh
dac diém, budc trinh tu khoi dau gen ddh va doan gen ddh dya trén khung cta plasmit
pEC-XK99E, va gen ddh, peptit lién két va gen protein huynh quang d6 (red fluorescent
protein, rfp) dugc biéu hién bang cach st dung trinh tu khéi dau gen ddh. Cac chi tiét 1a

nhu sau.

(1) Céc doan mdi ddh-F va ddh-R duge thiét ké theo trinh tir h¢ gen da dugc
cong bd cta Corynebacterium glutamicum ATCC13032 (ID gen:2830649) va thong tin
cht thich cua gen ddh, bing cach st dung hé gen ATCC 13032 lam khuon, trinh tu khéi
dau gen ddh va doan gen ddh thu dugc bang céach khuéch dai PCR. Trinh ty nucleotit

cua doan khuéch dai 12 nhu dugce néu trong SEQ ID NO: 34.
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(2) Cac doan ADN cua khung plasmit pEC-XK99E, peptit lién két va gen
protein huynh quang d6 duogc khuéch dai bang cach sit dung plasmit PEC-XK99E-rfp
]Jam khudn, va pEC-F va pEC-R lam céc doan moi. Trinh tu nucleotit ctia doan khuéch

dai dugc néu trong SEQ ID NO: 35.

Poan hé gen da duoc khuéch dai cta Corynebacterium glutamicum
ATCC13032 va doan plasmit da duogc khuéch dai ctia pEC-XK99E-rfp dugc tach dong
va dugc budc nhd bo kit Vazyme’s One Step Cloning Kit dé thu dugc vecto xac dinh
dic diém pEC-XK99E-Pi-rfp, trong d6 ban db plasmit clia né dugc thé hién trén Fig.1.
Céc trinh tu ctia cac doan mdi dugce st dung & trén dugc thé hién trong bang 1, va trinh

tu thong tin cta peptit lién két duge thé hién trong bang 2.

Béang 1
Cac doan Trinh tu nucleotit SEQ ID NO.
moi
ddh-F CCTGATGCGGTATTTTCTCCGTGCGTGGCGA
SEQID NO: 1
GTTTTACAAAG
ddh-R GACGTCGCGTGCGATCAGATC SEQ ID NO: 2

pEC-F ATCTGATCGCACGCGACGTCGGCGGTGGCT
CTGGAGGTGGTGGGTCCGGCGGTGGCTCTG | SEQ ID NO: 3

CTTCCTCCGAAGACGTTATCAAAG
pEC-R GGAGAAAATACCGCATCAGGC SEQID NO: 4
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Bang 2
Trinh ty axit amin Trinh tu nucleotit ma hoéa peptit lién két
Peptit | GGGSGGGGSGG GGCGGTGGCTCTGGAGGTGGTGGGTCC
lién | GS (SEQ ID NO: GGCGGTGGCTCT (SEQ ID NO: 37)
két 36)

Vi du 2. Sang loc va xéac dinh dac diém cudng do cua cac thé dot bién trinh tu

khoi ddu gen ddh ctia Corynebacterium glutamicum

(1) Xay dung thu vién dot bién cua trinh tu khoi dau gen ddh cula

Corynebacterium glutamicum

Trong vi du nay, viung 131 “TGATGAAAGAGATGTCCCTGAA
TCATCATCTAAGTATGCATCTCGGTIAAGCTCGACCAGG?” cua trinh tw khoi dau
gen ddh cia Corynebacterium glutamicum dugc gy dot bién, trong d6 cac phan dugc
gach dudi 1a c4c trinh ty chinh clia viing -35 va ving -10 ctia trinh ty khoi dau, twong
mg. Trong vi du nay, viéc gy dot bién
“TGATGAAAGAGATGTCCCTGAATCATCATCTAAGTNNNNNNNNNGGIAAG
CTCGACCAGG” dugc thyc hién & vi tri twong Ung cua vung 161 da néu o trén, hai
doan cua plasmit dugc khuéch dai béng cach st dung cac doan mdi ddh-M1, ddh-M2,
ddh-M3 va ddh-M4, teong tng, va dugc tach dong va budc nhd b kit Vazyme’s One
Step Cloning Kit. T4t ca cac dong vo tinh thu dugc dugc tap hop va cac plasmit dugc
chiét dé thu dugc thu vién cac thé dot bién trinh tu khai dau gen ddh. Dé so sanh véi
cac thé dot bién trinh tu khéi diu cta ddh d3 dugc cong bd trong linh vuc k¥ thuat da
biét, chung toi xay dung thé dot bién trinh tu khoi du ddh gibng nhu dugc boc 16
trong tai liéu tham khao 3 (CN101939432A) trén co s& plasmit pEC-XK99E-Paan-r/p.

Cu thé 13, trinh tu ctia ving 13i cua trinh tu khéi dau
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“TGTGTGAAAAGAGAATGTCCGATCATAAGTATGCATtgtGGTAAGCTCCGAG
G”, trong do phén dugc gach dudi 1a céc vi tri dot bién dugc boc 10 bai tai lidu tham
khao 3. Corynebacterium glutamicum ATCC13032 dugc bién nap bang thu vién da
néu & trén, thé dot bién pEC-XK99E- Puan-x-rfp trong th vuc k¥ thuat da biét va
pEC-XK99E-Paan-rfp d6i ching kiéu dai thu dugc trong vi du 1, twong tmg, va dugc
phu trén dia TSB. Dia nay, trén d6 hang tram dong vo tinh da duoc phat trién, dugc
chup anh huynh quang bang hé chup anh huynh quang, va cac thé dot bién vé6i cuong
d6 biéu hién cai thién duoc sang loc so bo theo do séng huynh quang cta cac dong vo
tinh. Fig.2 thé hién anh chup huynh quang ctia cac dong vo tinh dot bién phat trién trén
dia nudi cdy, trong d6 vi tri danh ddu béi miii tén 1a mot dong vo tinh riéng 1 thé hién
huynh quang dé cuong do cao. Cac thanh phan (g/1) cia mdi truong dia TSB 1a nhu
sau: glucoza: 5g/1; bot nim men: 5 g/l; pepton d4u nanh: 9g/1; ure: 3g/1; axit sucxinic:
0,5g/1; KoHPO4-3H,0: 1g/1; MgS04-7H,0: 0,1g/1; biotin: 0,01mg/l; vitamin B1:
0,1mg/l; MOPS: 20g/1; bot aga: 15g/1. Trong vi du nay, hon 10000 dong v tinh duge
sang loc so bg, va thu dugce khoang 20 thé dot bién c6 cudng do6 huynh quang gia ting

dang ke. Céc trinh tu cta cac doan mdi duge st dung & trén duoc the hién trong bang

3.

Béang 3
Cac doan Trinh tu nucleotit SEQ ID NO.

mdi
ddh-M1 | CCCTGAATCATCATCTAAGTNNNNNNNNNGG
TAAGCTCGACCAGGACAGTG SEQIDNO:>

ddh-M2 AACCTTCCATACGAACTTTGAAACG SEQ ID NO: 6
ddh-M3 CAAAGTTCGTATGGAAGGTTCCG SEQ ID NO: 7
ddh-M4 ACTTAGATGATGATTCAGGGAC SEQ ID NO: 8
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(2) Xac dinh dic diém cudng do clia thu vién cla cac thé dot bién trinh tu khéi

du gen ddh cia Corynebacterium glutamicum

T4t ca cac thé dot bién c6 cudong do huynh quang gia ting quan sat dugc trén
cac dia néu trén dugc nudi céy trong dia 96 15 @é xac dinh dic diém cuong do cia cac
trinh tu khéi dau. Cac thanh phin (g/l) ctia mdi truong 1ong TSB 12 nhu sau: glucoza:
5g/1; bot nidm men: 5g/l; pepton ddu nanh: 9g/l; ure: 3g/l; axit sucxinic: 0,5g/1;
K,HPO4-3H,0: 1g/l; MgSO4-7TH20: 0,1¢g/1; biotin: 0,01mg/l; vitamin B1: 0,1mg/l;
MOPS: 20g/1. Céc chung tao ra tir qua trinh sang loc, dbi chimg kiéu dai va dbi chimg
trong linh vuc k¥ thuat da biét dugc ciy bang taim vao trong dia 96 16 chira 200l moi
truong nudi ciy 1ong TSB trong mdi 18, v4i ba chiing song song cho mdi ching. O tbe
do quay cua may lic dia bang 800vong/phit, sau khi nudi cay & 30°C trong 24 gid, cac
cudng d6 huynh quang cua cac chiing dugc phat hién, va cac chung c6 cudng do huynh
quang cai thién so véi dbi chung kiéu dai duogc xdc dinh trinh tu. Mot s6 thé dot bién
trinh tu khoi ddu 6 cung trinh ty, va cudi cung thu dugc thanh cong 16 thé dot bién
trinh tu khéi diu khac nhau véi cuong do biéu hién duoc cai thién dang ké, va cac két
qua dugc thé hién trong béang 4, trong d6 cac trinh tu khoi dau thu dugc theo sang ché
duoc danh s6 lién tiép 12 Paai-1 dén Paan-16. Cac hoat tinh trinh tu kKhéi dau cta Paan-1
dén Paun-16 duge ting khoang tir 18 dén 31 1an, cung cap cac yéu t6 phong phu dé thudng
bién su biéu hién cta cic gen nhu ddh v.v..

Cudng do huynh quang ctia thé dot bién trinh ty khoi dau ddh (Paan-x) cla tai
liéu tham khao 3 dugc phat hién bang phuong phép néu trén, va két qua duoc thé hién
trong bang 4. Hoat tinh ctia Paa-x chi tang 15 14n so v&i hoat tinh cua trinh tu khéi dau

kiéu dai, va cac cuong do bicu hién cua trinh tu khéi dau cta sang ché duge cai thién tu
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15 @én 101% so véi cac cuong do biéu hién cua trinh tu khoi dau dugc boc 10 trong linh

vuc k¥ thuat da biét, va do d6 1a mot bude tién quan trong.

Bang 4
Trinh tu Cuong do huynh | Trinh tu cia ving dot | Trinh tw sb cua trinh
khoi dau quang bién cta trinh tw khéi | tu khéi dau day du
s6 (RFU/ODs00) dau
Kiéu dai 609 ATGCATCTC SEQ ID NO: 9
Paan-1 11134 ACAAAAGGT SEQ ID NO: 10
Paan-2 11215 TCTTCATCT SEQ ID NO: 11
Paan-3 11247 GGAAAGTAT SEQ ID NO: 12
Paan-4 11264 TTATTATAT SEQ ID NO: 13
Paan-5 11366 TAATCCTCT SEQ ID NO: 14
Paan-6 11367 TCAATTTAT SEQ ID NO: 15
Paan-7 11421 GCGCAATCT SEQ ID NO: 16
Paan-8 11557 CAGTTCCGT SEQ ID NO: 17
Paarn-9 11792 AAGTTTTAT SEQIDNO: 18
Paar-10 11808 TAAATGTAT SEQ ID NO: 19
Paan-11 11853 GGATTGTAT SEQ ID NO: 20
Paan-12 12396 CAAACTCAT SEQ ID NO: 21
Paan-13 12923 TACAAATCT SEQ ID NO: 22
Paan-14 13799 TATCAGTCT SEQ ID NO: 23
Paan-15 13860 CGAGGATAT SEQ ID NO: 24
Paan-16 19417 CCTTGTTAT SEQ ID NO: 25
Paan-X 9669 ATGCATTGT SEQ ID NO: 38
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Vi du 3. Ung dung cta cic thd dot bién trinh ty khoi dau gen ddh cia

Corynebacterium glutamicum trong qua trinh san xuét lysin

(1) Xay dung cac vecto tai t6 hop cua céac thé dot bién trinh ty khoi dau gen

ddh cua Corynebacterium glutamicum

Theo trinh ty hé gen dd dugc bdo cdo cia Corynebacterium glutamicum
ATCC13032, cc nhanh trong ddng ngugc chidu va xu6i chidu cua cac dot bién trinh ty
khéi dau Paan-1, Paan-10 va Paan-16 duge khuéch dai PCR béng cach stir dung hé gen
ATCC13032 lam khudn, va st dung ddh-UF/ddh-UR va ddh-DF1/ddh-DR, ddh-
UF/ddh-UR va ddh-DF10/ddh-DR, ddh-UF/ddh-UR va ddh-DF16/ddh-DR lam cac
doan mdi, tvong tmg; trong lac do, khung pK18mobsacB (GenBank:FJ437239.1) dugc
khuéch dai bing cach st dung pK18-1/2 lam céc doan mdi. Hai nhém gdm cac doan
PCR néu trén duoc thu hdi va sau d6 duge budc nho bo kit Vazyme’s One Step Cloning
Kit, va thu dugc cac vecto tai t6 hop pK18-Paar-1, pK18-Paan-10 va pK1 8-Puan-16 c6 cac
trinh ty khéi diu dot bién, twong tng. Céc trinh tu cia cac doan mdi duge st dung &

trén dugc liét ké trong bang 5.
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Béang 5
Céc doan Trinh tu nucleotit SEQ ID NO.
mdi

ddh-UF | CAGGAAACAGCTATGACATGTTCCAGCCATCG | SEQID NO:
CCAAATAAG 26

ddh-UR ACTTAGATGATGATTCAGGGAC SEQ ID NO:
27

ddh-DF1 | CCCTGAATCATCATCTAAGTACAAAAGGTGGT | SEQID NO:
AAGCTCGACCAGGACAGTG 28

ddh-DF10 | CCCTGAATCATCATCTAAGTTAAATGTATGGTA | SEQID NO:
AGCTCGACCAGGACAGTG 29

ddh-DF16 | CCCTGAATCATCATCTAAGTCCTTGTTATGGTA | SEQID NO:
AGCTCGACCAGGACAGTG 30

ddh-DR TGTAAAACGACGGCCAGTGCTGTACTGGACT | SEQID NO:
GCCTTTTGAACG 31

pK18-1 GCACTGGCCGTCGTTTTAC SEQ ID NO:
32

pK18-2 CATGTCATAGCTGTTTCCTGTGTG SEQ ID NO:
33

(2) Xay dung thé dot bién trinh tu khoi dau gen ddh cua chung san xuét lysin

cua Corynebacterium glutamicum

Trinh tu ma hoéa dot bién cia ching san xuit lysin ctia Corynebacterium
glutamicum SCgL37 (chung trong d6 T3111 (bazo dugc dot bién tr ACC thanh ATC)
duoc dua vao trong gen ma hoa cia aspartat kinaza trong Corynebacterium glutamicum
ATCC13032, va vung 158i & vi tri 279 dén vi tri 317 cua trinh tu khoi dau gen pyruvat
carboxylaza dugc gay dot bién thanh
CGGGCCTTTGATGAGAGAGACATTATATATATATATATATATATATATAG) dugc
bién nap bing céc vecto téi t& hop pK 18-Paa-1, pK18-Paar-10, va pK18-Paar-16 da dugc
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xfy dung & trén, tuong ng, va dugc phu lén moi trudng ran LBHIS chira glucoza &
ndéng d6 5g/l va kanamyxin & ndng d6 25pug/ml, va duge nudi chy & 30°C dé thu duoc
thé bién nap tai to hop thi nhit. Céc thé bién nap tai t6 hop so cAp chinh x4ac dugc chy
vao trong mdi trudng LB chira glucoza ¢ ndng d6 5g/1, duge nudi ciy qua dém, va dugc
lam lodng va dugc phu 1én cac dia chira moi trudong rin LB da dugc bd sung sucroza &
néng do 100g/1, twong Ung, dé sang loc, va thu dugc céc ching dot bién trinh tu khai

dAu ddh SCgl.38, SCgL39 va SCgL40, tuong Gng.

(3) banh gié kha nang san xuét L-lysin cta céc thé dot bién trinh ty khoi dau

gen ddh cua cac chung san xuat lysin cla Corynebacterium glutamicum

Pé thtr nghiém tac dung cia su dot bién trinh tu khoéi ddu ddh trong
Corynebacterium glutamicum 1€n sy san xuét L-lysin, cac thir nghiém lén men duoc
thuc hién trén cac chung SCgL.37, SCgL38, SCgL39 va SCgL40, twong ung. Cac thanh
phan ctia moi truong 1én men 1 nhu sau: glucoza: 80g/1; bot ndm men: 1g/1; pepton dau
nanh;: 1g/1; NaCl: 1g/l; amoni sulfat: 1g/1; ure: 10g/1; K>HPO4-3H,0: 1g/1; MgSO4- TH20:
0,45g/1; FeSO4-7TH,0: 0,05g/1; biotin: 0,4mg/1; vitamin B1: 0,1mg/l; MOPS: 40g/1; do
pH ban dau la 7,2. Trude tién céc ching nay dugc cdy vao trong moi truong 1éng TSB
dé nuoi cdy trong 8 gid, va cac gidng nuodi chy dugc ciy duéi dang hat vao trong dia 24
16 chira 800ul moi trudng 1én men trong mbi 15. ODeoo ban dau dugc kiém soat & khoang
0.1, va viéc nudi cdy duge thuc hién & 30°C trong 17 gio' & tbc do quay ciia may lic dia
bang 800vong/phut, véi ba chung song song dbi v6i mdi ching. Sau khi 1én men, san
luong L-lysin va muc tiéu thy glucoza dugc do, va cac ty 1€ chuyén hoa cta glucoza tir
glucoza thanh L-lysin dugc tinh. Cac két qua duoc thé hién trong bang 6, thé hién rang
cac ching c¢6 céc trinh tu khoi dAu ddh dot bién da lam ting san luong lysin va tang ty
1& chuyén hoa glucoza-axit, va su gia ting ndy oy nghia hon v6i su gia ting cuong do
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trinh ty khéi ddu. Cac két qua néu trén cho thdy ring cic thé dot bién voi cuong do biéu

hién gia tang cta trinh ty khoi du ddh c6 thé duge ap dung dé san xuét L-lysin.

Béng 6
Céc chung Hiéu suét lysin (g/1) Ty 1€ chuyén hoa (%)
SCgl37 2,97+0,06 5,41+0,04
SCgl.38 3,47+0,21 6,47+0,57
SCgL39 3,53+0,21 7,05+1,09
SCglL40 3,60+0,36 7,49+1,26

Do qué trinh tbng hop cac san phim xudi dong cua L-lysin déu phu thudc vao
cac bude phan ing dugce xuc tac boi diaminpimelat dehydrogenaza, san lugng cac san
phim xudi dong c6 thé ciing dugc ting 1én bang cach gia ting su biéu hién ctia gen ddh
boi cac thé dot bién cua trinh tw khéi diu gen ddh cta sang ché. Do do, giai phap ky
thuat duoc d& xuét boi sang ché co thé ciing dugc sir dung dé san xuit cac san phém

xubi dong cia L-lysin, nhu pentandiamin, axit 5 -aminvaleric, axit glutaric, v.v..

Tét ca cac d4u hiéu k¥ thuat duge boc 19 trong ban mo ta nay co thé dwoc phbi
hop theo cach phéi hop bét ky. M&i dau hiéu dugc boc 19 trong ban m6 ta nay cling co
thé dugc thay thé béi mot dAu hiéu khéc c6 chic nang gidng nhau, twong dwong hodc
tuong tu. Do do, trir khi c6 quy dinh khac, mdi dAu hiéu duoc boc 10 & day chi la vi du

ctia mot loat cac ddu hiéu twong duong hodc tuong ty.

Ngoai ra, theo phan mo ta ¢ trén cla sang ché, ngudi co k¥ nang trong linh vuc
nay cé thé d& dang hiéu dugc cac dau hiéu chinh cua sang ché, va nhiéu stra doi co6 thé

duoc thuc hién doi voi sang che de thich tng vé6i cac muc dich va cac diéu kién st dung
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khac nhau ma khong di tréch khoi tinh than va pham vi cia sang ché, va do d6 cac stra
d6i nhu vay cling dugce du dinh nam trong pham vi cla céc diém yéu cu bao hd dinh
kém.
Tai liéu tham khao:

[1] Wang, YC et al. Screening efficient constitutive promoters in Corynebacterium

glutamicum based on time-series transcriptome analysis. Chinese Journal of

Biotechnology, 2018, 34(11):1760 - 1771
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YEU CAU BAO HOQ

1. Polynucleotit ¢6 hoat tinh trinh tu khéi dau, trong d6 polynucleotit nay co trinh tu

nhu néu trong trinh tw bét ky trong céc trinh tw SEQ ID No: 10-25.

2. Caset biéu hién phién ma bao gdm polynucleotit c6 hoat tinh trinh tu khéi dau theo
diém 1.

3. Caset biéu hién phién ma theo diém 2, trong d6 caset biéu hién phién ma nay con bao
gdm gen ma héa protein, gen ma hoa protein nay dugc bude theo cach c6 thé thyc hién
duge véi polynucleotit ¢6 hoat tinh trinh tu khdi dau.

4. Vecto biéu hién t4i t6 hop bao gdbm polynucleotit ¢6 hoat tinh trinh tu khéi dau theo
didm 1 hodc caset biéu hién phién ma theo diém 2 hoic 3.

5. Té bao chu tai to hop bao gém caset biéu hién phién ma theo diém 2 hoic 3 hoic
vecto biu hién tai t6 hop theo diém 4.

6. Té bao chu tai t& hop theo diém 5, trong do t¢ bao chui nay la tu gibng
Corynebacterium, gidng  Brevibacterium, gibng  Arthrobacterium, gidng
Microbacterium hoic giéng Escherichia.

7. T& bao chu tai td hop theo diém 6, trong d6 té bao chu nay la Corynebacterium
glutamicum.

8. Té bao chu tai té hop theo diém 7, trong d6 té bao chu l1a Corynebacterium
glutamicum ATCC 13032,  Corynebacterium glutamicum  ATCC 13869,

Corynebacterium glutamicum ATCC 14067.
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9. Phuong phap tédng cuong su biéu hién gen dich, trong d6 phuong phép nay bao gdm
budc budc theo cach co thé thuc hién duge polynucleotit c6 hoat tinh trinh tu khoi dau

theo diém 1 véi gen dich.

10. Phuong phép diéu ché protein, trong do caset biéu hién phién ma theo diém 2 hoic
3, vecto bidu hién t4i tb hop theo didm 4, hodc té bao chu tai t0 hop theo diém bat ky

trong so cac diém tr 5 dén 8 dugc chon dé biéu hién protein.

11. Phuong phép theo diém 10, trong do6 protein ndy 12 enzym tham gia vao qua trinh

tbng hop L-lysin.

12. Phuong phéap theo diém 10, trong d6 enzym nay tham gia vao qua trinh tbng hop L-
lysin bao gdm mdt enzym hodc t6 hop ctia hai hodc nhiéu enzym trong s6 aspartat kinaza,
aspartat semialdehyt dehydrogenaza, aspartat amoniac lyaza, dihydrodipicolinat
synthaza, dihydrodipicolinat reductaza, sucxinyl diaminpimelat amintransferaza,
tetrahydrodipicolinat ~ sucxinylaza, sucxinyl diaminpimelat  deaxylaza, axit
diaminpimelic epimeraza, axit diaminpimelic deaxylaza, glyxeraldehyt-3-phosphat
dehydrogenaza, protein van chuyén lysin, transketolaza, diaminpimelat dehydrogenaza

va pyruvat carboxylaza.

13. Phuong phép theo diém 12, trong d6 protein nay 1 diaminpimelat dehydrogenaza.
14. Phuong phap sén Xuit axit amin, trong do6 caset biéu hién phién ma theo diém 2 hoic
3, vecto biéu hién tai td hop theo diém 4, hodc té bao chu tai td hop theo diém bat ky
trong sb cac diém tir 5 dén 8 dugc chon dé bidu hién enzym tham gia vao qué trinh tbng
hop axit amin, va enzym tham gia vao qué trinh tdng hop axit amin dugc st dung dé san

xuat axit amin.
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15. Phuong phéap theo diém 14, trong d6 axit amin bao gbm L-lysin va céac dan xuét cia
no, trong d6 cac dan xuét nay bao gdm it nhit mot trong sb pentandiamin, axit 5-
aminpentanoic va axit glutaric.

16. Phuong phéap theo diém 15, trong d6 enzym tham gia vao qua trinh tbng hop axit

amin 1a diaminpimelat dehydrogenaza.
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agttttacaa
aaccgcgcat
ggatcaaaag
aaatagatca
cggtcctgat
accaggacag

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgcatccgt
gaaagagatg
tgccaccaca

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgcatccgt
gaaagagatg
tgccaccaca

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgecatccegt
gaaagagatg
tgccaccaca

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgcatccgt
gaaagagatg
tgccaccaca

51126

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagsg

atcatcaatg
ctgatccacc
gaagctgcegc
ggtggaacca
tccctgaatc
attttggagg

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagg

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagg

Corynebacterium glutamicum

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
ttcaatttat
c

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
tgcgcaatct
c

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
tcagttccgt
C

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
taagttttat
C

60
120
180
240
300
361

60
120
180
240
300
361

60
120
180
240
300
361

60
120
180
240
300
361



<400> 19
gtgcgtggee
atccaaaccc
gaacggcaac
ggagccatga
cgttcgettt
ggtaagctcg

<210> 20
<211> 351
<212> ADN
<213>

<400> 20
gtgegtggceg
atccaaaccc
gaacggcaac
ggagccatga
cgttcgettt
ggtaagctcg

<210> 21
<211> 351
<212> ADN
<213>

<400> 21
gtgegtggcg
atccaaaccc
gaacggcaac
ggagccatga
cgttcgettt
ggtaagctcg

210> 22
<211> 351
<212> ADN
<213>

<400> 22
gtgegtggeg
atccaaaccc
gaacggcaac
ggagccatga
cgttcgettt
ggtaagctcg

<210> 23

<211> 351
<212> ADN
<213>

<400> 23

agttttacaa
aaccgcgcat
ggatcaaaag
aaatagatca
cggtcctgat
accaggacag

agttttacaa
aaccgcgcat
ggatcaaaag
aaatagatca
cggtcctgat
accaggacag

agttttacaa
aaccgcgcat
ggatcaaaag
aaatagatca
cggtcctgat
accaggacag

agttttacaa
aaccgcgcat
ggatcaaaag
aaatagatca
cggtcctgat
accaggacag

agaaccccac
cattccaatg
tcctgttggt
gcgecatcegt
gaaagagatg
tgccaccaca

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgecatcegt
gaaagagatg
tgccaccaca

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgcatccgt
gaaagagatg
tgccaccaca

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgecatccgt
gaaagagatg
tgccaccaca

Corynebacterium glutamicum

51126

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagg

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagg

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagg

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagsg

gtgcgtggeg agttttacaa agaaccccac atcatcaatg

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

cctaaatggc

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
ttaaatgtat
c

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
tggattgtat
C

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
tcaaactcat
C

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
ttacaaatct
c

gggtattttc

60
120
180
240
300
361

60
120
180
240
300
361

60
120
180
240
300
361

60
120
180
240
300
361

60
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atccaaaccc
gaacggcaac
ggagccatga
cgttcgettt
ggtaagctcg

<210> 24
<211> 351
<212> ADN
<213>

<400> 24
gtgcgtggeg
atccaaaccc
gaacggcaac
ggagccatga
cgttcgettt
ggtaagctcg

<210> 25

<211> 351
<212> ADN
<213>

<400> 25

gtgcgtggeg
atccaaaccc
gaacggcaac
ggagccatga
cgttcgettt
ggtaagctcg

<210> 26
<211> 41
<212> ADN
<213>

<400> 26

51126

aaccgcgcat cattccaatg ctgatccacc
ggatcaaaag tcctgttggt gaagctgegc
aaatagatca gcgcatccgt ggtggaacca
cggtcctgat gaaagagatg tccctgaatc
accaggacag tgccaccaca attttggagg

agttttacaa
aaccgcgcat
ggatcaaaag
aaatagatca
cggtcctgat
accaggacag

agttttacaa
aaccgcgcat
ggatcaaaag
aaatagatca
cggtcctgat
accaggacag

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgcatccgt
gaaagagatg
tgccaccaca

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgcatccgt
gaaagagatg
tgccaccaca

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagsg

atcatcaatg
ctgatccacc
gaagctgcegc
ggtggaacca
tccctgaatc
attttggagg

Corynebacterium glutamicum

caggaaacag ctatgacatg ttccagccat cgccaaataa

210> 27
<211> 22
<212> ADN
<213>

<400> 27

acttagatga tgattcaggg ac

<210> 28
<211> 51
<212> ADN
<213>

<400> 28

Corynebacterium glutamicum

Corynebacterium glutamicum

ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

aaaccaccat
ctgactgctg
caatacgaaa
ttatcagtct
C

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
tcgaggatat
c

gggtattttc
aaaccaccat
ctgactgctg
-caatacgaaa
tccttgttat
c

120
180
240
300
361

60
120
180
240
300
361

60
120
180
240
300
361

41

22



51126

ccctgaatca tcatctaagt acaaaaggtg gtaagctcga

<210> 29
<211> 51
<212> ADN
<213>

<400> 29

Corynebacterium glutamicum

ccctgaatca tcatctaagt taaatgtatg gtaagctcga

<210> 30
<211> 51
<212> ADN
<213>

<400> 30

Corynebacterium glutamicum

ccctgaatca tcatctaagt ccttgttatg gtaagctcga

<210> 31
<211> 43
<212> ADN
<213>

<400> 31

Corynebacterium glutamicum

tgtaaaacga cggccagtgc tgtactggac tgecttttga

<210> 32
<211> 19
<212> ADN
<213> Plas

<400> 32
gcactggecg

<210> 33
<211> 24
<212> ADN
<213> Plas

<400> 33

mit

tcgttttac

mit

catgtcatag ctgtttcctg tgtg

<210> 34

<211> 1331
<212> ADN
<213>

<400> 34
cctgatgcgsg
cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag

tattttctcc
gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
tatgcatctc

Corynebacterium glutamicum

gtgcgtggcg
atccaaaccc
gaacggcaac
ggagccatga
cgttcgettt
ggtaagctcg

agttttacaa
aaccgcgcat
ggatcaaaag
aaatagatca
cggtcctgat
accaggacag

ccaggacagt g

ccaggacagt g

ccaggacagt g

acg

agaaccccac
cattccaatg
tcctgttggt
gcgecatccegt
gaaagagatg
tgccaccaca

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagg

51

51

51

43

19

24

60
120
180
240
300
360
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attacaagaa
gcgtcgaaaa
gggccaccct
acgacgtgga
caaagttcgc
gccaccgceca
ccggetggga
agcaccagca
gacgcatccc
aaaaggcccg
gcttcgtggt
ctgattactt
ccgagcacac
tcaaccacac
cacagatcgc
tcaccgtcct
cacgcgacgt

<210> 35
<211>
<212>
<213>

ADN

<400> 35
atctgatcgc
cttcctccga
ttaacggtca
agaccgctaa
ccccgeagtt
acctgaaact
gtggtgttgt
ttaaactgcg
gttgggaagc
aaatgegtct
tggctaaaaa
cctcccacaa
ccaccggtgce
tcagcctgat
gcggeagtag
gegecgatgg
aaacgaaagg
gctctcctga
ggagggtgec
atcctgacgg
attcaaatat
tgggegtgsc
tattttgcegc
cagctgatgc
cggccagctc
cgcgtgatgc
aatcgacggc
atgcttcagg
tcgttaaaaa
gagacttctt

catgaccaac
gcttattgcec
cgacacaaag
cgtgctgttc
gcagttcgcc
ggtcatgaac
tccaggaatg
gcacaccttc
tggcgttcaa
ccgcggcgaa
tgccgacgeg
cgttggctac
cggcatgcca
cgtggaatac
tttcggtcgc
cgaagttgct
C

5938

Plasmit

acgcgacgtc
agacgttatc
cgagttcgaa
actgaaagtt
ccagtacggt
gtccttcccg
taccgttacc
tggtaccaac
ttccaccgaa
gaaactgaaa
accggttcag
cgaagactac
ttaactgcag
acagattaaa
cgeggtggtc
tagtgtgees
ctcagtcgaa
gtaggacaaa
gggcaggacg
atggecctttt
gtatccgctc
gcttgttggc
gcecgtectceg
gatcctccac
ttcaaggtcg
tggecgegtct
ggcatcgagt
ccagttttgg
ttctagcccc
gcccagaaaa

atccgcecgtag
aagcagcccg
acgccagtct
ctgtgcatgg
tgcaccgtag
gaagccgcca
ttctccatca
tggggccecag
aaggcagtcc
gccggegacc
gccgatcacg
gaagtcgaag
cacggtggcc
atcctcaagc
gcagctcacc
ccatacctgc

ggeggtggcet
aaagagttca
atcgaaggtg
accaaaggtg
tccaaagctt
gaaggtttca
caggactcct
ttcccgtccg
cgtatgtacc
gacggtggtc
ctgeegggts
accatcgttg
gcatgcaagc
tcagaacgca
ccacctgacc
tctccccatg

agactgggcc

tccgeeggga
cccgccataa

tgcgtttcta
atgaattaat
gegetegegg
tgggtcaggc
tactgcgegt
gccacaagcg
gtcgtatcga
gcgtcggact
tacttcgtcg
aattctgata
aacgccaagc

51126

ctatcgtggg
acatggacct
ttgatgtcgc
gctccgecac
acacctacga
ccgeagecgg
accgcgtcta
gtttgtcaca
agtacaccct
ttaccggaaa
agcgcatcga
tcaacttcat
acgtgattac
tggaccgaaa
gcatgaagca
tctccccaga

ctggaggteg
tgcgtttcaa
aaggtgaagg
gtccgetgcec
acgttaaaca
aatgggaacg
ccctgcaaga
acggtccggt
cggaagacgg
actacgacgc
cttacaaaac
aacagtacga
ttggetgttt
gaagcggtct
ccatgccgaa
cgagagtagg
tttcgtttta
gcggatttga
actgccaggc
caaactcttt
tccgctagat
ctggctgege
cggggtggga
cctcctggeg
tttctaggtc
gggcgegegaa
ccagcgcgac
tgaaggtcat
atttcttccg
gcagcggtta

ctacggaaac
tgtaggaatc
cgacgtggac
cgacatccct
caaccaccgc
caacgttgca
cgcagcggcea
gggccactcc
cccatccgaa
gcaaacccac
aaacgacatc
cgacgaagca
caccggcegac
cccagatttc

gcagggccaa
gaacttggac

tgggtccgec
agttcgtatg
tcgtcecgtac
gttcgcttgg
cccggctgac
tgttatgaac
cggtgagttc
tatgcagaaa
tgctctgaaa
tgaagttaaa
cgacatcaaa
acgtgctgaa
tggcggatga
gataaaacag
ctcagaagtg
gaactgccag
tctgttgttt
acgttgcgaa
atcaaattaa
ttgtttattt
gacgtgcggc
cacgacacgc
tcaggccacc
ctgccgagca
gctcgeggcea
aaatccgatc
atcggagaga
gacaccatta
gcactcctgc
ccgcactttt

ctgggacgca
ttctcgegcec

aagcacgccg
gagcaggcac
gacatcccac
ctggtctcta
gtcttagccg
gatgctttgc
gacgccctgg
aagcgccaat
cgcaccatgc
accttcgact
accggtggcet
accgcttect
agcggagctt
gatctgatcg

ggtggctctg
gaaggttccg

gaaggtaccc
gacatcctgt
atcccggact
ttcgaagacg
atctacaaag
aaaaccatgg
ggtgaaatca
accacctaca
ctggacatca
ggtcgtcact
gagaagattt
aatttgcctg
aaacgccgta
gcatcaaata
gtcggtgaac
gcaacggccc
gcagaaggcc
ttctaaatac
ttcgacctcc
gtctgagcag
gcagtaggeg
cgcagctcegt
cttgcccagt
accgttttta
tccaccgctg
taacgaacgt
gaaaacctgc
tttccaggtg

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1331

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
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atttcaccct

ctttggages
tggtgcgaag
gaggggeage
gcgtgagccc
cgagacaccc
agcccgtgga
aggggggaac
cgcgtttagc
ctagttcgcc
ggatcgcagt
cttccgctaa
gtgcattcga
tgctctgegt
gcacacgacg
ctgcaccgac
cttttaggcg
cggtctcegtc
cgeceggacgc
ctgeggtgec
tgtacttttt
gccgatccac
gcagcggcca
tttcttecgt
acaccgggtc
aagccggegc
cgtgctcaat
cggcatgttg
cccggtagag
aatctcttgt
gatcttctgce
gatcggcgga
tgtcttgagt
gctcacggeg
tgaacgctta
cacgctgecg
ccagtccgca
gggaaaacgc
tagactgggc
gtaaggttgg

ggcgeageges
aagatggatt

gggcacaaca
gcceggttcet
cagcgeggcet
tcactgaagc
catctcacct
atacgcttga
cacgtactcg
ggctcgegec
tcgtcgtgac
ctggattcat
ctacccgtga
acggtatcgc

gaccagcgaa
ttcaacccaa
cagcaacgcg
gagtcgagga
cccttaaaaa
taaagggges
tagcggages
cgttttctgc
ttccattcca
tgcaagctca
tttgacgcga
tcgetgtcgce
tgtagctgceg
ttccacccga
cgccatcgtc
cgcctgggcea
ctcaccagca
gecgegcetcegc
gtccagggcg
gegttgtgcec
cggecttctgt
acgatcatgc
ccggctcagc
cgttgcagcc
aatgagccag
tttttctagg
cttcccgecg
cgcgtgegtc
ctttggttgg
cttgctgecc
cgtccagccg
caatttccac
gctttctccc
cgttcaactt
actaccttgt
caagcactca
gaaacggtgc
aagcgcaaag
ggttttatgg
gaagccctgc
atcaagatct
gcacgcaggt
gacaatcggc
ttttgtcaag
atcgtggctg
gggaagggac
tgctectgcec
tccggetacc
gatggaagcc
agccgaactg
ccatggcgat
cgactgtggc
tattgctgaa
cgctcccgat

gcggecacttt
aaaagcacac
ctagctccaa
agagccagag
tcaggceges
gaaccgtttt
tgagggcaag
tgacggtgtt
agtgcctttc
cgagtcgagg
agttcgagca
gtctecctgeg
ccccgtegec
cgagcaggga
aggcgatcac
acgttgtacg
gctttgagct
tctggatttg
ctcggcagsgc
gcttcaatgc
gatccggtca
tggcagtgcc
ctatgcgaaa
agcaggcgca
atgagctggc
cgtgcccatt
geetggtggc
agcgcaacgt
gtttcgccgg
tggaagcttt
cgtgagccgc
gcgctagetg
agctgatgac
tttcaggtat
taaacgtggc
gggcgcaagsg
tgaccccgga
agaaagcagg
acagcaagcg
aaagtaaact
gatcaagaga
tctcecggecg
tgctctgatg
accgacctgt
gccacgacgg
tggctgctat
gagaaagtat
tgcccattcg
ggtcttgtcg
ttcgccaggc
gecctgettge
cggctggetg
gagcttggeg
tcgcagcgcea

51126

agtgcatgag
aagcaaaaat
aaaggtctcc
cagaaggcgeg
gaggaaccgg
ctgctgacgg
tgagagccag
tcgtttatta
tgacttgttg
gatcagcaac
actcgecctgt
catacttact
ccatcgtcgc
cgactggctg
gcatggcggg
ccacttcata
ggtatcccac
tccagagcac
tcgegtccaa
gggcgegtcec
tcgttcgagc
atttataggc
aagcctggtc
tatttgggct
atttcccgct
tctctaaaat
tgggcacatc
actggcaccg
tatccgggtt
cgcgtcccag
agcgcatagc
tgactgtgtc
tgggggttag
ttgtgcagct
aaataggcag
gctgctaaag
tgaatgtcag
tagcttgcag
aaccggaatt
ggatggcttt
caggatgagg
cttgggtgga
ccgececgtgtt
ccggtgecect
gegttccttg
tgggcgaagt
ccatcatggc
accaccaagc
atcaggatga
tcaaggcgcg
cgaatatcat
tggcggaccg
gcgaatggec
tcgecttcta

gtgtgcccect
gaaaatcatc
aggatctcga
ggaaccgttc
ggagggatca
tgtttcgttt
agcaaggacg
gttttcagcc
gatgcgcectt
cgattgagaa
catttctcgg
ttctgggtca
tagagctttc
gcctttagec
aagatccggc
cgcgtcgatg
ggtcaacgceg
tcgcacgecg
aatcgctagc
gctggaaaag
aatctccatt
tgtcggatcg
agcgccgaaa
ggttttacct
cagcggattc
cgcgtagacc
gatgtcaagc
cgtcagegcet
tttaatccag
gtgagcgagc
ttcggggteg
ctgcggatcg
ccgacgceccect
tatcgtgttt

gattgatggg
gaagcggaac
ctactgggct
tgggcttaca
gccagetggg
cttgccgceca
atcgtttcgc
gaggctattc
ccggctgtca
gaatgaactc
cgcagctgtg
geeggggeag
tgatgcaatg
gaaacatcgc
tctggacgaa
gatgcccgac
ggtggaaaat
ctatcaggac
tgaccgcttc
tcgecttett

ggtttcccect
atgagcaagt
ggagattttt
tctgccgaca
gagctaggag
attagttttc
ggacccctaa
cgtggacgsc
tcactgacac
cgggcatcca
cgtttgtttg
gcccatctgce
cgeecteggce
acgtagccgc
tcceggecegt
atcttggcat
tggcgaaacg
tcgatcaggt
gcettggett
tcctgctcaa
aggtcggcca
tctgagacgt
acacgagtca
gctgeggcat
acgccgatcc
tgcgggttta
acgatcaccg
tttgagccag
gcgectcgega
agttcgcegsgc
gtgtcgaaca
gctagagtca
gtgagttccc
tcttcgtaaa
gatctagctt
acgtagaaag
atctggacaa
tggcgatagc
gcgecectctg
aggatctgat
atgattgaac
ggctatgact
gcgeagggsec
caagacgagg
ctcgacgttg
gatctcctgt
cggeggetgce
atcgagcgag
gagcatcagg
ggcgaggatc
ggcegetttt
atagcgttgg
ctcgtgcttt
gacgagttct

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500

. 4560

4620
4680
4740
4800
4860
4920
4980
5040
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tctgagegeg
ttccactgag
ctgcgcgtaa
ccggatcaag
ccaaatactg
ccgecctacat
tcgtgtctta
tgaacggges
tacctacagc
tatccggtaa
gcctggtatc
tgatgctcgt
ttcctggect
gtggataacc

gagcgcageg

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

36
13
PRT

<400> 36

actctggggt
cgtcagaccc
tctgetgcett
agctaccaac
tccttctagt
acctcgctct
ccgggttgga
gttcgtgcac
gtgagctatg
gcggeagggt
tttatagtcc
cageeessce
tttgctggcec
gtattaccgc
agtcagtgag

tcgecggaatc
cgtagaaaag
gcaaacaaaa
tctttttecg
gtagccgtag
gctaatcctg
ctcaagacga
acagcccagc
agaaagcgcc
cggaacagga
tgtcgggttt
gagcctatgg
ttttgctcac
ctttgagtga
cgaggaagcg

Corynebacterium glutamicum

51126

atgaccaaaa
atcaaaggat
aaaccaccgc
aaggtaactg
ttaggccacc
ttaccagtgg
tagttaccgg
ttggagcgaa
acgcttcccg
gagcgcacga
cgccacctct
aaaaacgcca
atgttctttc
gctgataccg

gaagagcgcc

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly

1

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

37
39
ADN

<400> 37

5

10

Corynebacterium glutamicum

ggcggtggct ctggaggtgg tgggtccgge ggtggetct

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

38
351
ADN

<400> 38
gtgegtggeg
atccaaaccc
gaacggcaac
ggagccatga
cgttcgettt
ggtaagctcg

agttttacaa
aaccgcgcat
ggatcaaaag
aaatagatca
cggtcctgat
accaggacag

Corynebacterium glutamicum

agaaccccac
cattccaatg
tcctgttggt
gcgcatccgt
gaaagagatg
tgccaccaca

atcatcaatg
ctgatccacc
gaagctgcgc
ggtggaacca
tccctgaatc
attttggagg

tcccttaacg
cttcttgaga
taccageggt
gcttcagcag
acttcaagaa
ctgctgccag
ataaggcgca
cgacctacac
aagggagaaa
gggagcttcc
gacttgagcg
gcaacgceggc
ctgcgttatc
ctcgccgcag
tgatgcggta

Gly Ser

cctaaatggc
ccatccggat
cccacagatc
aaaggctcaa
atcatctaag
attacaagaa

tgagttttcg
teccttttttt

ggtttgtttg
agcgcagata
ctctgtagca

tggcgataag
gcggtcggsc

cgaactgaga
ggcggacagg
agggggaaac

tcgatttttg

ctttttacgg
ccctgattct
ccgaacgacc

ttttctcc

gggtattttc
aaaccaccat
ctgactgctg
caatacgaaa
tatgcattgt
C

5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
6134

39

60
120
180
240
300
351



