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Linh vyc k§ thuit dwoc dé cap

- Séng ché @& cap dén phuong phéap san xuét L-lysin, bao gdm céc bude: thay thé bd
ba ma hoéa khéi dau cia polynucleotit m3 héa aspartat kinaza (LysC) trong vi sinh vét
bﬁng ATG; nubi céy vi sinh vat ndy; va thu hoi L-lysin tir vinh vat da nudi céy hodc méi

trueomg nudi cdy 1ng, va trong d6 vi sinh vét nay 1a Corynebacterium sp.
Tinh trang ky thuit ciia sdng ché

Cac ching cuia chi Corynebacterium, dac biét 12 Corynebacterium glutamicum, 1a
vi sinh vét gram dwong, duoc sir dung phd bién dé san xuit L-lysin. L-lysin duoc sir dung
1am thirc #n cho ddng vat, thudc va m§ phdm ding cho ngudi, va duge san xuét bing

cach 1én men ching Corynebacterium.

Théng thuong, ching cia chi Corynebacterium c6 cac gen sinh téng hop lysin
ting cudng va phuong phép san xuat L-lysin bing cach st dung ching nay d6 dugc biét
dén. Vi du, Patent My sb 6,746,855 boc 16 phuong phép san xuit L-lysin bang cach nubi
chy Corynebacterium c6 sy biéu hién ting cudong clia gen /ysE (gen mang export lysin),
va cac gen bd sung dugc chon tir nhém bao gdm gen dapA, gen lysC, gen pyc va gen
dapB.

Phuong phép khéac 13 khuéch dai cic gen trong con dudng sinh tdng hop lysin
hodc cai bién gen khéi ddu. Vi du, cac don patent Han qudc sb 2009-0082702 va
2009-0084099 mé ta phuong phép san xuit L-lysin bang cach dua gen khéi dau cai bién
1a ddh va lysC-asd operon vao Corynebacterium. Pon patent Han qudc s 2008-0025355
md ta phwong phép cai thién kha nang san sinh lysin bang cach khuéch dai sb ban sao ciia
céc gen trong con dudng sinh tong hop lysin, 13 cac gen aspB, lysC, asd, dapA, dapB,
Iysd, v pye, trong thé nhiém sac.

Déng thoi, bo ba ma hoa khoi dau duge nhén biét bodi cac ribosom dé khoi dau qua
trinh dich mé trong thé nhidm sic thuong 13 ATG. Qué trinh dich m3 nay cé thé dugc
kiém soat theo bd ba m3 hoa khéi ddu cia gen, va trinh tu ciia bd ba mi héa khéi déu ¢6
vai trd quan trong trong qua trinh diéu hoa hoat tinh protein. Tuy nhién, trong khi ATG 13
b6 ba m3 héa khoi ddu phd bién trong sb cac gen sinh tong hop lysin cé ngudn gbc tir

Corynebacterium glutamicum, thi bd ba ma héa khoi dau ctia cac gen lysC va pyc 1a GTG,
1
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va 13 TTG dbi véi gen tkt trén con dudng pentoza phosphat chira bd ba ma hoéa khéi dau
TTG (tai liéu vién dan: J. Biotechnol., 104: 5-
Ban chét ky thuit ciia sdng ché

Céc tic gia sang ché d4 tim c4ch cai thién kha nang san sinh lysin, va két qua 1a da
phat hién thiy ring bo ba mi hoéa khéi d4u cua cac gen lysC, tht va pyc thé dai c6 thé
dugc thay thé bing ATG d ting cudng hoat tinh cla aspartat kinaza, transketolaza va

pyruvat carboxylaza so véi hoat tinh néi sinh ctia ching.

Muc dich cta sang ché 14 d& cap dén phuong phap san xudt L-lysin. Cu thé 1,

sang ché dé cap dén cac phuong 4n sau:

1. Phuong phép san xuét L-lysin, bao gdm cac budc: thay thé bo ba mi hoéa khéi
du ctia polynucleotit ma hoéa aspartat kinaza (LysC) trong vi sinh vét bang ATG; nudi
chy vi sinh vét nay; va thu hdi L-lysin tir vinh v4t d4 nudi ciy hoic mdi truong nudi ciy
16ng, va trong d6 vi sinh vat nay 1a Corynebacterium sp.

2. Phuong phép theo phuong an 1, trong d6 vi sinh vat Corynebacterium sp. 1a

Corynebacterium glutamicum.

3. Phuong phép theo phuong an 1, trong d6 trude khi thay thé bang ATG, bd ba
m4 héa khdi dau ctia polynucleotit ma héa aspartat kinaza (LysC) 1a GTG.

4. Phuong phép theo phuong 4n 1, trong d6 polynucleotit ma hoa aspartat kinaza
(LysC) c6 bd ba mi hoéa khoi dau duge thay thé bing ATG duge thé hién bang trinh tu
nucleotit SEQ ID NO.16.

M6 ta chi tiét sdng ché

Theo mdt khia canh, sang ché dé cap dén polynucleotit cai bién m3 hoéa aspartat
kinaza (EC:2.7.2.4; sau diy dugc goi la LysC), transketolaza (EC:2.2.1.1; sau day dugc
goi 12 Tkt) hodc pyruvat carboxylaza (EC:6.4.1.1; sau ddy duogc goi 1a Pyc), trong d6 b
ba m3 héa khoi ddu ciia polynucleotit ndy dugc thay thé bang ATG.

MOi polynucleotit ma hda aspartat kinaza, transketolaza hodc pyruvat carboxylaza
cling c6 thé bao g@)m doan thé, doan khuyét, doan cai xen hoac doan bd sung mot phén
vao polynucleotit, v&i diéu kién 12 mdi polynucleotit trong s6 chiing c6 hoat tinh enzym,

va c6 thé c6 do twong ddng bing 70% hoic 16n hon, dic biét 12 bang 80% hodc 16n hon,
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tét hon 12 bing 90% hodc 16n hon, va tét hon nita 13 95% hodc 16n hon, va tot nhat 12 ¢6

d6 twong ddng bang 100% so v&i polynucleotit da biét.

Trong ban mé ta, thudt nglr “dd tuwong ddng (ddng nhit)” c6 nghia 1a mirc do
gidng nhau gitta c4c trinh ty nucleotit ctia gen lysC, tkt hodc pyc thé dai va céc trinh tu
nucleotit clia gen céi bién tuong tmg cua ching, tc 14 gen lysC, gen tkt hodc gen pyc cai
bién, trong d6 mot phan polynucleotit dugc thay thé, khuyét, chén vao hodc dugc bd

sung.

Trong ban md ta, thuit nglt “bd ba ma hda khoi dau” c6 nghia 12 3 nucleotit twong
trg v6i didm bt dAu dich ma khi trinh ty ma héa cia ARN théng tin dugc dich ma thanh
protein. N6i chung, cac bd ba ma hoéa khoi diu tim thdy trong thé nhiém sic clia cac vi
sinh vt 14 ATG (AUG trén ARN théng tin), GTG (GUG trén ARN théng tin) va TTG
(UUG trén ARN thong tin), v ching c6 mit véi ty 16 62,5%~66,5%, 23,1%~24,3% va
10,3%~13,2% theo két qua phan tich cla toan bd trinh tw b gen clia Corynebacterium
glutamicum (tai liéu vién din: Handbook of Corynebacterium glutamicum, 40p, Lothar

Eggeling & Michael Bott, 2005).

Trong sd cac gen sinh téng hop lysin cé ngudn gbc tir Corynebacterium da biét
dén nay, lysC va pyc ¢6 bd ba ma héa khéi dau 13 GTG, va tkt c6 bd ba ma héa khéi dau
13 TTG. Bo ba mi hoéa khoi dau clia cic gen ndy khong phai 1a ATG, duge xem la ddc

diém ddc nhat cua Corynebacterium.

Polynucleotit cai bién theo sang ché khac biét & chd bd ba ma héa khéi dau cia
céc gen lysC, tkt hogc pyc nay dugc thay thé bang ATG, va cac téc gia sing ché 13 nhing
ngudi dau tion cai bién cac polynucleotit bang bo ba mi héa khéi du nay. Chi tiét hon,
bd ba ma héa khoi ddu GTG cha polynucleotit mad héa aspartat kinaza (LysC)/ hoac
pyruvat carboxylaza (Pyc) dugc thay thé bang ATG, va b ba ma héa khoi dau TTG cia
polynucleotit m4 héa transketolaza (Tkt) dugc thay thé bang ATG theo séng ché. Pic
biét hon, trinh tur cta cac gen lysC, tkt, va pyc 1a SEQ ID NO.13, SEQ ID NO.14, va SEQ
ID NO.15 tuong tmg, trinh tir ciia c4c gen c6 bo ba m3 héa khoi dau da thay thé bang
ATG duge duge thé hién bang SEQ ID NO.16, SEQ ID NO.17, va SEQ ID NO.18 twong

ung.
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Viéc thé bazo ciia cac bd ba ma héa khéi dau c6 thé duge thyc hién bang phuong
phép d3 biét bt ky trong linh vuc nay, vi dy, tao dot bién & vi trf cu thé, téi t6 hop dong
nhét, nhung chi khong gi6i han & cac phuong phap nay.

Theo khia canh khéc, séng ché d& cip dén vecto bao gdm mot hoic nhiéu
polynucleotit cai bién 13 cac polynucleotit cai bién mi héa aspartat kinaza, transketolaza
hoic pyruvat carboxylaza, trong d6 bo ba ma hoéa khdéi ddu cia polynucleotit nay dugc
thay thé bang ATG.

Céc polynucleotit cai bién c6 bd ba ma héa khéi ddu di thay thé 13 ATG va mi
héa aspartat kinaza, transketolaza hodc pyruvat carboxylaza, dugc bao gbm trong vecto
theo sang ché, c6 thé bao gbm cac polynucleotit ndy trong d6 mdt phan polynucleotit
dugc thay thé, khuyét, chén vao hoic dugc bb sung, véi diéu kién 13 ching c6 hoat tinh
enzym, va c6 thé c6 do tuong ddng bing 70% hoic 16n hon, dic biét 1a bang 80% bing
16n hon, t6t hon 13 bing 90% hodc 16n hon, tdt hon nita 13 bing 95% hodc 16n hon, va tot

nhét 12 c6 d6 twong dong bang 100%.

Tiép theo, cac polynucleotit cai bién c6 bo ba mi héa khéi déu da thay thé 1a ATG
va m4 hoa aspartat kinaza, transketolaza hodc pyruvat carboxylaza, dugc bao gbm trong
vecto theo séng ché, ciing co thé bao gdm chi mdt phan gen m3 héa aspartat kinaza,
transketolaza hodc pyruvat carboxylaza, véi diéu kién 1a ching c6 bd ba ma héa khéi dau
d3 thay thé 1a ATG.

Trong ban md ta, thult ngit “vecto” dugc sir dung trong ban mo ta dé chi cu trac
ADN chira trinh tr bazo duoc lién két didu khién véi trinh tw déi chimg thich hop, dé
biéu hién gen dich trong vat chi thich hop. Céc trinh tur dbi chimg c6 thé bao gbém gen
khoi ddu dé khoi dau qué trinh phién ma, trinh tu didu khién nhét dinh dé kiém soat qua
trinh phién ma nay, trinh tu ma hoéa vi tri gén két ribosom thich hop trén ARN thong tin,
va trinh tu dé kidm so4t qué trinh két thiic phién ma va dich m. Vecto duge st dung
trong sang ché 12 khong bi gi6i han cu thé, va c6 thé 14 vecto bat ky da biét trong linh vuc
ndy, véi didu kin 13 né c6 thé dugc tai tao trong vét chii. Vi du, vecto c6 thé 1a plasmit,
hat thé thuc khuén, hoic doan chén vao bd gen, va dic biét 12 pDZ (Patent Han quéc sb
10-0924065), nhung khong gidi han & cac loai nay. Ngay khi duoc bién nap vao vat chu
thich hop, vecto cé thé duoc tao ban sao hodc cé chirc ning doc 14p ciia bd gen vt ch,
hodc ¢6 thé dugce hop nhit vao bd gen clia chinh nd.

' 4
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Pic biét, trinh trr nucleotit (SEQ ID NO.13, SEQ ID NO.14 hodc SEQ ID NO.15)
bao gbm bd ba mi héa khéi dau cta cac gen lysC, tkt hodc pyc thu duge, va dua trén trinh
fr ndy, cc doan mdi c6 bd ba ma héa khdi dau da thay thé 1a ATG dugc tong hop. PCR
duogc tién hanh bang cach sir dung cac doan mdi va ADN nhiém sic thé cia ching sin
sinh L-lysin 1am khuén, d& thu dugc ADN v6i mét ddu duge thay thé bang ATG. Tir do,
méanh ADN thu dugc nay dugc tach dong vao vecto d8 thu duoc vecto tai tb hop cubi
cung. Pic biét hon, theo sang ché, cic vecto pDZ-lysC(ATG), pDZ-tkt(ATG) va
pDZ-pyc(ATG) 14n luot dugc tao ra.

Theo khia canh khac, sang ché @ cap dén vi sinh vét bao gém mot hodc nhiéu
polynucleotit cai bién c6 bd ba mi hoéa khéi dau da thay thé 134 ATG va mi héa céc
enzym dugc chon tir nhdm gdm aspartat kinaza, transketolaza va pyruvat carboxylaza, va
tiép d6 cai thién mic dd dich mi cia ARN théng tin dd dugc phién md fr cac
polynucleotit vao protein, 1am hoat tinh ctia mot hodc nhiéu enzym dugce ting cudng hon
so v6&i hoat tinh ndi sinh cia chung. Vi sinh vét theo sang ché c6 thé c6 hoat tinh tang
cudng cla aspartat kinaza, transketolaza hodc pyruvat carboxylaza bang cach st dung cAc
polynucleotit cai bién & dang két hop gdm mét, hai, hoic ba polynucleotit, trong d6 cac
polynucleotit cai bién ndy m4 héa cic enzym tuong (mg va dugc thay thé bang ATG nim
trén bo ba ma héa khoi déu.

DA tién hanh thay thé ATG dbi v&i bo ba ma héa khdi ddu cta cac gen dich trén
thé nhi®m séc cua vi sinh vat, cac phuong phap khéc nhau da biét trong linh vuc nay cé
thé dugc st dung. Vi du, cac trinh ty bd ba ma héa khoi dau ctia cac gen ndi sinh lysC, tht
va pyc & vi sinh vét co thé duoc thay thé trén thé nhi®m sdc. Theo cach khéc, cc gen
twong tng ¢6 c4c trinh tw bd ba ma héa khéi ddu di thay thé c6 thé dugc dua vao vi sinh
vat dudi dang plasmit.

Vi sinh vat c6 thé 14 ching bat ky, v6i diéu kién 1a né c6 kha nang san sinh L-lysin.
Dic biét, n6 ¢6 thé 13 vi sinh vat Corynebacterium sp. hoac Brevibacterium sp. Vi du vé
céc vi sinh vat Corynebacterium sp. hodc Brevibacterium sp. bao gdm Corynebacterium
glutamicum ATCC13032, Corynebacterium thermoaminogenes FERM BP-1539,
Brevibacterium flavum ATCC 14067, Brevibacterium lactofermentum ATCC 13869.
Hon nita, cac bién thé san sinh L-lysin hodc céc chung cé ngudn gbc tr d6, vi du,

5
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Corynebacterium glutamicum KCCMI11016P (vi sinh vat nay dugc mé ta ta dudi dang
KFCC10881, va duge luu trit tai Co quan c6 thim quyén huru trix qubc té (International
Depositary Authority) theo Hiép dinh Budapest véi s6 truy nhap KCCM11016P, Patent
Han quéc sé 10-0159812, Patent Han qubc s 10-0397322) va Corynebacterium
glutamicum KFCC 11001, c6 thé 13 bao ham. Cu thé hon nita, n6 c6 thé la
Corynebacterium glutamicum véi s6 truy nhap KCCM11016P.

Dic biét, Corynebacterium glutamicum v6i sb truy nhap KCCM11016P duoc bién
nap vé6i vecto bao gdm polynucleotit md héa aspartat kinaza, transketolaza hogc pyruvat
carboxylaza trong d6 by ba ma hoéa khoi dAu dugc thay thé bang ATG, dé thu duge tai )
hop Corynebacterium glutamicum. Déc biét hon, vecto pDZ-lysC(ATG), pDZ-tkt(ATG)
hoic pDZ-pyc(ATG) 14n lugt duge dua vao Corynebacterium glutamicum véi sé truy
nhap KCCM11016P dé thu dugc tirng loai Corynebacterium glutamicum tai tb hop.

Hon nfra, vi sinh vat cé thé duoc bién nap voi vecto bao gém hai hodc nhiéu
polynucleotit ctia cac polynucleotit ma hda aspartat kinaza, transketolaza hodc pyruvat
carboxylaza va c6 bd ba ma hda khoi diu da thay thé 1a ATG. Dic biét, vecto
pDZ-tkt(ATG) bao gdm gen chtra bo ba ma héa khéi dAu d3 duogc thay thé bang ATG va
m3 héa transketolaza, dugc bién nap vao Corynebacterium  glutamicum
KCCM11016P-1ysC, trong d6 bd ba ma héa khoi dhu GTG ciia lysC duge thay thé bang
ATG, va trong qua trinh trao d6i chéo thir hai, cic b ba ma héa khdi dau cta lysC va tkt
trén thé nhiém sic dugc thay thé bing ATG dé thu dugc Corynebacterium glutamicum
KCCM11016P-lysC-tkt. Hon nita, vecto pDZ-pyc(ATG) bao gdm polynucleotit chira bd
ba m3 hoa khéi ddu di duoc thay thé bing ATG va ma hda pyruvat carboxylaza, dugc
- bién nap vao KCCM11016P-1ysC, trong d6 bd ba ma hda khdi dau GTG cuia lysC duge
thay thé bing ATG, va trong qu4 trinh trao dbi chéo thi hai, cic bd ba ma héa khéi diu
ciia IysC va pyc trén thé nhidm sic dugc thay thé biang ATG dé thu dugc
KCCM11016P-lysC-pyc. Hon nita, vecto pDZ-tkt(ATG) dugc bién nap vio
KCCM11016P-lysC-pyc nhu d6 duge didu ché néu trén, trong d6 bd ba ma héa khéi dau
GTG ciia lysC va pyc dugc thay thé bing ATG, va trong qua trinh trao dbi chéo tht hai,
cac bd ba ma hoéa khai ddu cua lysC, pyc va rkt trén thé nhidm sic dugc thay thé bang
ATG dé thu dugc KCCM11016P-lysC-pyc-tkt. C6 thé khing dinh dugc ring cac bd ba
mi héa khoi ddu cia lysC, pyc va tht c6 thé ciing c6 thé dugc thay thé bang ATG trong
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chiing san sinh lysin khac thudc Corynebacterium glutamicum, KFCC10750 (vi sinh vat
nay dugce boc 16 dudi dang KFCC10750, duge luu trit lai & Co quan ¢ thdm quyén Iru
trir quéc té theo Hiép dinh Budapest vi s6 truy nhap KCCM11347P, Patent Han qubc sb
10-0073610), KCCM10770P (Patent Han qudc s6 10-0924065), CI3P (Genome Biology
2012, 13:R40) theo cung mdt cach. Cac két qua nay goi ¥ rang cac polynucleotit cai bién
theo sang ché c6 thé dugc dua mot cach dn dinh vio cac chuing khic nhau thudc

Corynebacterium sp., tir d6 1am tang kha nang san sinh L-lysin.

Dic biét, KCCM11016P-lysC-pyc-tkt bién nap, thu dugc béng cach dua cac vecto
pDZ-1ysC(ATG), pDZ-tkt(ATG) va pDZ-pyc(ATG) bao gbm polynucleotit ma héa
aspartat kinaza, transketolaza va pyruvat carboxylaza vao Corynebacterium glutamicum
KCCM11016P, duoc goi 1a Corynebacterium glutamicum CA01-2059, va dugc luu tri
vao 2 thong 5 nam 2011 & Trung tAm nuoi cAy vi sinh vt Han qudc (the Korean Culture
Center of Microorganisms) (séu day, dugc viét tit 13 “KCCM”), 1a Co quan ¢ thAm
quyén Ivu trix quéc té theo Hiép dinh Budapest, véi sb truy nhdp KCCM11188P. N6

duoc luu trir boi Co quan c6 thim quyén luu trix qubc té theo Hiép dinh Budapest.

Vi sinh vat theo séng ché khéc biét & chd bd ba ma héa khéi dau ciia cac gen thé
dai m3 hoa cac enzym néu trén dugc thay thé bang ATG, va do d6, vi sinh vét ndy c6
hoat tinh ctia aspartat kinaza, transketolaza va pyruvat carboxylaza ting cudng hon so véi
hoat tinh ndi sinh ctia chiing, thu dugc tir qua trinh cai thién dong ké vé& muc dd dich ma

ctia ARN thong tin da dugc phién ma tir cac gen lysC, tkt va pyc vao céc protein.

Trong ban mo ta, thuat nglt “hoat tinh ndi sinh” c6 nghia la hoat tinh cua enzym
trong vi sinh vat nguyén thé, va vi du, hoat tinh ctia aspartat kinaza, transketolaza hodc
pyruvat cérboxylaza trong vi sinh vt nguyén thé thudc Corynebacterium sp. Thuét ngit
“hoat tinh noi sinh ting cudng” cb nghia 12 hoat tinh ciin dugc cai thién hon so v6i hoat

tinh clia enzym nguyén thé.

Pic biét, khi hoat tinh aspartat kinaza clia chung trong d6 bd ba ma héa khoi d4u
cia gen lysC dugc thay thé bang ATG dugc so sanh véi hoat tinh cua ching
KCCM11016P gbc, thi quan sat thdy hoat tinh aspartat kinaza cao hon gip 2,73 lan (bang
4). Hon nita, khi hoat tinh transketolaza cta ching trong d6 bd ba ma hoa khoi dau cia
gen tht dugc thay thé bang ATG dugc so sanh voi hoat tinh cia ching KCCM11016P
gbc, thi quan sat thiy hoat tinh transketolaza cao hon gip 3,5 1an (bang 5). Hon nita, khi
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hoat tinh pyruvat carboxylaza cia chung trong d6 bd ba ma hda khéi dau clia gen pyc
dugc thay thé bing ATG dugc so sanh véi hoat tinh cia ching KCCM11016P gbc, thi
quan sat thiy hoat tinh pyruvat carboxylaza cao hon gip 1,89 1an (bang 6).

Nhén thiy ring kha ning sin sinh L-lysin cta vi sinh vét c6 thé duoc ting 1én
béng céch cai thién hoat tinh cta aspartat kinaza, transketolaza, pyruvat carboxylaza hoac

dang két hop cia ching.

Theo sang ché, lugng L-lysin d6 tao ra trong cdc ching san sinh L-lysin la
Corynebacterium glutamicum KCCM11016P-1ysC, KCCM11016P-tkt,
KCCM11016P-pyc, KCCM11016P-lysC-tkt, KCCM11016P-1ysC-pye, va
KCCM11016P-lysC-pyc-tkt dugc xac dinh, va do d6, ching ¢ kha néng sén sinh L-lysin
cai thién déng ké hon so v6i ching KCCM11016P goc (béng 7). Ngoai ra, ching san
sinh lysin khac thudc Corynebacterium glutamicum, KFCC10750 (Patent Han québc sb
10-0073610), KCCM10770P (Patent Han qubc s6 10-0924065), va CJ3P (Genome
Biology 2012, 13:R40), trong d6 cac bo ba ma hoéa khoi ddu cta lysC, pyc va tht dugc
thay thé bang ATG, c6 kha nang san sinh L-lysin céi thién dong ké so v6i ching gbe (cac
Bang 8~10). Cac két qua nay goi ¥ v& vi sinh vat ¢6 mot loai polynucleotit cai bién ma
hoéa LysC, Tkt, hodc Pyc, hodc ¢ hai loai polynucleotit cai bién m3 héa enzym, hodc cé
ba loai polynucleotit cai bién mi héa enzym va c6 bd ba mad hoa khoi diu da thay thé
bing ATG trén thé nhiém sc, cling ¢6 kha ning san sinh L-lysin cai thién hon dong ké
SO v01 vi sinh vat thé dai c6 bd ba ma hoa khéi dau GTG hoic TTG.

Theo khia canh khac, sang ché dé cap dén phuong phap san xult L-lysin, bao
~ budc nudi céy vi sinh vat nhu néu trén; va budc thu hi L-lysin tir vi sinh vat d6 nu6i ca‘iy
hodc mdi trudmg nudi cdy 16ng.

Pé tién hanh nubi ciy, cac phuong phap tao ra L-lysin khic nhau bing cach st
dung vi sinh vat d6 duoc biét dén rong rdi trong linh vuc nay cé thé dugc st dung. Viéc
nudi cy cé thé duge tién hanh theo phuong phép da biét rong rii, va cac didu kién nudi
céy, bao gf‘)m nhiét d9, thoi gian, @6 pH cia mdi trudng, v.v. co thé duoc kim soat mot
cach thich hop. Viéc mo ta chi tiét qua trinh nubi ciy dugc dua ra trong tai liéu sau
[Chmiel; Bioprozesstechnik 1. Einfuhrung in die Bioverfahrenstechnik (Gustav Fischer
Verlag, Stuttgart, 1991), va Storhas; Bioreaktoren und periphere Einrichtungen (Vieweg

Verlag, Braunschweig/Wiesbaden, 1994)]. Hon nita, viéc nudi chy c6 thé bao gdbm nudi
8
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chy theo mé, nudi cdy lién tuc, va nudi cdy theo mé bd sung. Dic biét, qua trinh nubi cay
theo mé, mé bd sung hoic mé bod sung 13p lai c6 thé dugce van hanh theo cach lién tuc,

nhung sang ché khéng chi gi6i han & cac quy trinh nay.

Dé str dung trong qua trinh nudi ciy, moi truong cAn thoa mén yéu ciu vé chiing
cu thé d3 ding. Méi trudng nudi cdy vi sinh vat thudce Corynebacterium sp. la da biét (vi
du, Manual of Methods for General Bacteriology. American Society for Bacteriology.
Washington D.C., USA, 1981). Ngudn cacbon can st dung c6 thé bao gbm sacarit va c4c
hydrat cacbon nhu glucoza, sucroza, lactoza, fructoza, maltoza, tinh bot va xenluloza; cac
dAu va lipit nhu diu d3 tuong, dau hat huéng duong, dau thiu dau va diu dira; cac axit
béo nhu axit palmitic, axit stearic, axit linoleic; cac rugu nhu glyxerol va etanol; va axit
hiru co nhu axetic axit. Cac chit ndy c6 thé duoc sir dung riéng r& hodc két hop. Ngudn
nito can str dung co thé bao gém pepton, dich chiét nAm men, dich chiét 16ng tir thit, dich
chiét mach nha, dich 1ong ngdm ngd, d4u twong va ure, hodc cic hgp chit vu co nhu
amoni sulfat, amoni clorua, amoni phosphat, amoni cacbonat va amoni nitrat. Cac ngudn
nito nay c6 thé duge sir dung riéng r& hodc & dang két hop. Ngudn phospho can str dung
c¢6 thé bao gdm dikali hydro phosphat, kali dihydro phosphat, va cac mudi natri tuong
trng. Ngoai ra, mdi truong nudi chy c6 thé chira cac mudi kim loai nhur magie sulfat hodc
sit sulfat, 12 can thiét dé phat trién. Cubi clng, cac chédt dinh dudong thiét yéu nhu axit
amin va vitamin c6 thé duoc stir dung ngodi cac chit néu trén. Ngoai ra, cic tién chét néu
trén c6 thé dugc bd sung vao moéi trrong nudi cdy. Cac vat liéu ndy c6 thé dugc bd sung

mdt cach thich hop vao méi truong nudi cdy trong qua trinh nudi cay mé hodc lién tuc.

Gia tri pH cta moi truong nudi chy c6 thé dugc diéu chinh bang hop chét bazo
nhu natri hydroxit, kali hydroxit, va amoniac hodc hgp chét axit nhur axit phosphoric hodc
axit sulfuric. Qué trinh tao bot co thé ngan can duge béng cach st dung chét chéng tao
bot nhu polyglycol este cua axit béo. M6i trudng nudi chy dugc duy tri trong diéu kién
yém khi bing cach dua oxy hodc khi chtra oxy (vi du, khong khi) vao moi truong nay.
Nhiét do ctia moi trudong nudi ciy thuong nim trong khoang tir 20°C dén 45°C, va tét hon
13 ndm trong khoang tir 25°C dén 40°C. Qua trinh nudi cdy dugc duy tri cho dén khi tao
ra dugc lugng axit L-amin t81 da. V& mit nay, thoi gian dat dén luong t6i da nay thudng
nim trong khoang tir 10 gidy dén 160 gid. Sau khi tao ra, L-lysin c6 thé duoc dua vio mdi

trudmg nudi cdy hodc c6 thé gift trong cac t€ bao.

9
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Hon nita, phuong phép sin xuét L-lysin theo sing ché bao gdm budc thu hdi
L-lysin tir vi sinh vat d6 nudi ciy hoic moéi trudng nudi chy 1éng. Phuong phap thu hdi
L-lysin tir vi sinh vt hodc mdi trudng nudi ciy 16ng 13 d3 biét rong rai trong linh vuc ndy.
Vi du vé phuong phap thu hdi L-lysin c6 thé bao gdm loc, sic ky trao d6i anion, két tinh
va HPLC, nhung khéng chi gidi han & cac phuong phéap nay.

Vi du thwe hién sdng ché

Sang ché s& duge mb ta chi tiét hon théng qua cic vi du sau. Tuy nhién, cdc vi du

nay chi nhim muc dich minh hoa chir khéng gi¢i han pham vi clia sang ché.

Trong céc vi du, vecto téi td hop dé thay thé ATG déi v6i bo ba mi héa khéi dau
GTG hoidc TTG cta gen lysC mi héa aspartat kinaza, gen tkf ma hoa transketolaza, va
gen pyc mi hoéa pyruvat carboxylaza co ngudn gbc tr ching san sinh lysin -
Corynebacterium glutamicum KCCM11016P, dugc tao ra. Vecto duge bién nap vao
ching Corynebacterium glutamicum KCCM11016P dé thu dugc ching cé bd ba ma hda
khoi ddu d3 thay thé trén thé nhidém sic, nhd d6 tao ra ching c6 kha ning sén sinh lysin
cai thién.

Chiing Corynebacterium glutamicum KCCM11016P duoc sit dung theo sang ché
13 ching, c6 tinh bén véi S-(2-aminoetyl) xystein (sau déy dugc goi 1a AEC) va la ching
10 homoserin, dugc diéu ché béng cach giy dot bién nhan tao st dung Corynebacterium
glutamicum thé dai (ATCC 13032) 1am ching gbc (duge bdc 10 1a KFCC10881. Xem
Patent Han qudc sb 10-0159812 va Patent Han qudc sé 10-0397322). Hon nira, ching
KFCC10750 13 ching Corynebacterium glutamicum san sinh L-lysin, 1a sinh vat dinh
dudng thu dong homoserin va bén véi chét trong tu L-leuxin, 4-azaleuxin va khong sinh
rifampicin, d6 dugc didu ché bang cach giy dot bién nhén tao (Patent Han qudc s
10-0073610), chung KCCM10770P 1a chung san sinh L-lysin c6 ngudn gbc tir
KCCM11016P, duy tri hai ban sao cia 6 loai gen cAu thanh non con dudng sinh téng hop
lysin trén thé nhidm sic (Patent Han qudc s6 10-0924065), va ching CIJ3P 1a ching
Corynebacterium glutamicum, c6 kha nang san sinh L-lysin bang cach dua mdi thé dot
bién trong sb cac thé dot bién P458S, V59A, va T3111 vao ba loai gen pyc, hom, va lysC
thé dai, dua trén ban mé ta ctia Binder va cong sy (Genome Biology 2012, 13:R40).

10
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Vi du 1: Chu tric vecto tai t& hop (pDZ-lysC(ATG)) cé bd ba ma héa khoi dau
ATG di dugc thay thé trong lysC c6 ngudn gbc tir Corynebacterium glutamicum va didu
ché ching c6 bo ba mi héa khoi diu d3 dugc thay thé pDZ (xem Patent Han qudc sb

10-0924065) dugc sir dung lam vecto co ban cho vecto tai tb hop, duoc cau tric nhur sau.
(1) CAu tric vecto tai t6 hgp pDZ-lysC(ATG)

D& thu duoc gen lysC c6 ngudn gbc tir Corynebacterium glutamicum, ADN nhiém
sic thé cia ching san sinh lysin (Corynebacterium glutamicum KCCM11016P) dugc
didu ché bang cach gy dot bién nhan tao dugc st dung 1am khuén. Dya vao ngén hang
gen & Vién stc khée Hoa Ky (the U.S. National Institutes of Health, ngan hang gen NIH),
trinh tr nucleotit (SEQ ID NO.13) chira ving bd ba ma héa khéi du cua gen lysC (Sé
truy ciAp NCBI NC_003450, Ncgl0247) thu dugc, va dua trén trinh tu nay, hai cdp doan
mbi (bang 1, SEQ ID NO.1-SEQ ID NO.4) dé thay thé b ba ma héa khéi ddu GTG bang
ATG dugc tdng hop.

PCR duogc tién hanh bing cach st dung ADN nhiém sic thé cia KCCM11016P
lam khuén v cic doan mdi cia Bang 1 duéi ddy. ADN polymeaza PfuUltra™
High-Fidelity (Stratagene) duoc st dung lam polymeaza, va PCR dugc thuc hién 30 vong
thoai bién & 96°C trong 30 gidy; tién hanh & & 55°C trong 30 gify; va polyme héa & 72°C
trong 30 gidy. Hai manh ADN thu dugc nhu vay dugc tach dong vao vecto pDZ d6 dugce
xir Iy bang enzym gi6i han Xbal bang cach st dung bd kit tdch dong In-Fusion PCR
(Clontech), va cudi cliing, vecto tai t6 hop pDZ-lysC(ATG) duge tao chu tric.

(2) Diéu ché ching

Tt d6, vecto pDZ-lysC(ATG) d6 duoc tao chu tric dwoc bién nap vao
KCCM11016P bang phuong phap xung dién (bang cach st dung phuong phép bién nap
theo Appl. Microbiol. Biotechnol. (1999) 52:541-545), va sau d6 cac chung, trong d6 gen
dugc chén vao thé nhidm sic bang cach tai t6 hop ddng nhét, duge chon trong méi trudng
lya chon chira 25 mg/L kanamyxin. Poan cai xen thé nhidm sic thanh cong clia vecto
duoc xac nhan bing mau xanh da trdi cla cac khudn lac trén rén moi trudng chira X-gal
(5-brom-4-clo-3-indolyl-(tr-D-galactosit). Ching chita doan cai xen thé nhifm sic thi
nhit duoc nudi cdy ddng thoi lac (30°C, 8 gid) trong méi trudong dinh dudng. Sau do,

ching d6 nudi cdy dugc pha lodng theo diy trong khoang tir 10 dén 107"°, va moi
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trudng do6 pha lodng dugce phu 1€n moi trudng rn chira X-gal. Hau hét cac khuén lac c6
mau xanh da troi, trong khi d6 cac khudn lac mau tréng ciing c6 mit véi ndng do thip.
Béng cach lva chon cac khuén lac mau tréng, cac ching trong d6 trinh tu nucleotit &
vung bd ba ma héa khai dAu cta lysC duge thay thé bang cach trao dbi chéo 14n thir hai
duoc chon. Viéc thé nucleotit ciia bo ba ma hoa khéi ddu trong chiing d6 chon cudi ciing
dugc xac nhin bang PCR nho st dung cic doan mdi cé cac trinh tr SEQ ID NO.1 va
SEQ ID NO.4 va sau d6 bang cach phan tich trinh tu nucleotit ctia vi tri dich.

Béang 1
Poan mbi Trinh tu nucleotit SEQ ID NO.
1ysC/ATG/FX CCGGGGATCCTCTAGA ttagggagccatcttttgg 1
lysC/ATG/R CCAGGGCCATCTTTGTGC 2
lysC/ATG/F GCACAAAGATGGCCCTGG 3
lysC/ATG/RX | GCAGGTCGACTCTAGAAGTGACATCAACAATGCGTG 4

Vi du 2: Chu tric vecto tai t& hop (pDZ-tkt(ATG)) c6 bd ba mi héa khéi dau ATG
d3 thay thé trén tkt c6 ngudn gbc tir Corynebacterium glutamicum va didu ché ching c6

b6 ba ma héa khéi ddu da thay thé

Cé hai bo ba ma hoéa mong mudn 13m bd ba mi héa khéi déu trén trinh trr cta gen
tkt. Dyua trén khoang cach tir RBS (vi tri gin két ribosomo) va cac protein hoc, bd ba ma

héa ngugc dong duge xac dinh 13 by ba ma hda khéi dAu theo sang ché.
(1) Chu triic vecto tai tb hop pDZ-tkt(ATG)

Pé thu dugc gen tkt c6 ngudn gbe tir Corynebacterium glutamicum, ADN nhiém
sic thé ctia KCCM11016P dugce str dung 1am khuén. Dya vao ngan hang gen & Vién strc
khée Hoa Ky (NIH GenBank), trinh tu nucleotit (SEQ ID NO.14) chira ving bd ba ma
héa khéi dau cua gen tkt (Sé truy cdp NCBI NC 003450, Ncgl1512) thu dugc, va dua
trén trinh tu ndy, hai cap doan mdi (bang 2, SEQ ID NO.5-SEQ ID NO.8) dé thay thé bo
ba mi héa khoi ddu TTG bang ATG duge tbng hop.

PCR duge tién hanh bing c4ch sit dung ADN nhiém sic thé cia KCCM11016P
13m khudn va cic doan mdi cia bang sau ddy 2 trong cac diéu kién cta vi du 1-1. Hai
manh ADN thu dugc nhu vdy duogc tich dong vao vecto pDZ dugc xu 1y bing enzym
gi6éi han Xbal béng cach sir dung bd kit tich dong In-Fusion PCR (Clontech), va cudi
cung, vecto tai t6 hop pDZ-tkt(ATG) dugc tao cu tric.

(2) Piéu ché ching
12
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Tir d6, vecto pDZ-tkt(ATG) d6 dugce tao cAu tric duge bién nap vao ching
KCCM11016P san sinh lysin theo cung cich nhu dugc néu trong vi du 1-2, va
KCCM11016P-tkt, trong d6 bd ba ma héa khoi ddu cta #ht trén thé nhidm sic dugc thay
thé b?mg ATG béng cach trao dbi chéo 1an tht hai, thu duge. Viée thé nucleotit ctia bo ba
mé hoa khéi ddu cua gen cubi cing duge xac nhén bang PCR bang cach sir dung cac
doan mdi cia cac SEQ ID NO.5 va SEQ ID NO.8 va sau d6 bang cach phan tich trinh tir

nucleotit cua vi tri dich.

Bang 2
DPoan mbi Trinh tu nucleotit SEQ ID NO.
tkt/ATG/FX | CCG GGG ATC CTC TAG A GAA ATA GAT GGG TGT AGA CG 5
tkt/ ATG/R4 GTGACAGCGTCATGGTGGTCAAT 6
tkt/ ATG/F4 ATTGACCACCATGACGCTGTCAC 7
tkt/ ATG/RX | GCA GGT CGA CTC TAG A CGC AGA GCC TTC AGG TCATC 8

Vi du 3: CAu triic vecto tai t& hop (pDZ-pyc(ATG)) c6 bd ba mi héa khéi dau
ATG da thay thé & pye c6 ngudn gbc tir Corynebacterium glutamicum va didu ché ching
6 bd ba m3 héa khoi diu da thay thé

(1) Chu triic vecto tai tb hop pDZ-pyc(ATG)

Dé thu dugc gen pyc c6 ngudn gbc tir Corynebacterium glutamicum, ADN nhiém
sic thé cia KCCM11016P dugce st dung lam khudn. Dya vao ngan hang gen & Vién strc
khoe Hoa Ky (NIH GenBank), trinh tu nucleotit (SEQ ID NO.15) chira ving bd ba ma
héa khéi ddu ctia gen pye (S6 truy cdp NCBI NC_003450, Negl0639) thu dugce, va dua
trén co s trinh ty ndy, hai cdp doan mdi (bang 3, SEQ ID NO.9-SEQ ID NO.12) dé thay
thé b6 ba ma héa khéi diu GTG bing ATG duge tdng hop.

PCR dugc tién hanh bing cach sir dung ADN nhiém sic thé cia KCCM11016P
1am khuén va cac doan mdi ciia bang 3 trong céc diéu kién cua vi du 1-1. Hai manh ADN
thu duoc nhu vay dugc tich dong vao vecto pDZ dugce xtr 1y bing enzym gi6i han Xbal
bang cach sir dung bo kit tach dong In-Fusion PCR (Clontech), va cubi cling, vecto tai td
hop pDZ-pyc(ATG) duge tao chu triic.

(2) Piéu ché ching

T d6, vecto pDZ-pyc(ATG) duoc tao cu trac dwoc bién nap vio ching
KCCM11016P san sinh lysin theo cung cach nhu dugc néu trong vi du 1-2, va

KCCM11016P-pyc, trong d6 bd ba mi héa khéi ddu ciia pyc trén thé nhifm sic dugc
13
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thay thé béng ATG béng cach trao dbi chéo 14n thir hai, thu dugc. Viée thé nucleotit ciia
bo ba ma héa khéi du cta gen cubi cing duge xac nhan bing PCR bang céch sir dung
cac doan mdi cia SEQ ID NO.9 va SEQ ID NO.12 va sau d6 bing cach phan tich trinh tir

nucleotit cta vi tri dich.

Béang 3

Poan modi Trinh tu nucleotit SEQ ID NO.
pyc/ATG/FX | CCGGGGATCCTCTAGATTTTGGGGAAAA GTGCAAAG 9

pyc/ATG/R GAGTCGACAtTAGAGTAAT 10

pyc/ATG/F ATTACTCTAaTGTCGACTC 11
pyc/ATG/RX | GCAGGTCGACTCTAGAGGGCATTTTCAGACAGGAAG 12

Vi du 4: Xac dinh hoat tinh enzym aspartat kinaza ¢ ching c¢é bd ba ma héa khéi
diu ATG d3 thay thé trong gen lysC

Céc té bao trong pha ham sé mii dugc thu gom bang cach ly tdm (5000 vong/phit,
15 phiit) va dugce rira ba 14n bing dung dich dém Tris.HC1 0,1% (d6 pH = 8,0), va sau d6
duoc tao hdn dich trong ciing mot dung dich dém dé @6 duc & 610 nm bang 160. Cac té
bao nay dugc pha v& trong 6 phut bang cach stt dung may phd t& bao bang vi hat sau khi
chc hat thity tinh duoc bd sung & ndng do hdn dich bang 1,25g/1,5mL. Dich ndi dugc thu
gom bang cach ly tim (15000 vong/phit, 20 phut), va dugc dinh lugng vé ham luong
protein biang phuong phap Bradford (Bradford, M.M 1976. Anal. Biochem. 72:248-254)
va dugc st dung lam dung dich protein thu dé xac dinh hoat tinh enzym cta aspartat
kinaza (LysC). Dé dinh lugng hoat tinh enzym cta LysC, khoang 0,05mL dung dich
protein thu dugc bd sung vao dung dich phan ung chta 0,1M Tris.HCI (d6 pH = 8,0),
0,01M magie clorua (MgCl,), 0,6M hydroxylamin.HC1 (46 pH = 7,0), 4mM ATP, va
0,2M aspartat d& bat dau phan tng. Hon hop nay dugc cho phan ung & 30°C trong 30
phit, va dung dich ngimg (10% FeCl,, 3,3% TCA, HCI 0,7N) dugc bd sung dé két thiic
phan tng. Dich ndi dugc thu gom bing cach ly tm, va do hip phu & 540nm dugc do.
Don vi (U) cta hoat tinh enzym LysC dugc xac dinh bang nmol ctia aspartat hydroxamat

do6 duoc tao ra béi 1Img protein trong 1 phut.

Nhén thy ring ching KCCM11016P-lysC c6 hoat tinh LysC cao hon gp 2,73
13n so v6i hoat tinh ctia ching gbc KCCM11016P (béng 4).

Béang 4
Hoat tinh enzym LysC
14
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Chiing Hoat tinh enzym (Lan)
LysC
KCCM11016P 1,00
KCCM11016P-lysC 2,73

Vi du 5: Xac dinh hoat tinh enzym transketolaza & chiing c6é b6 ba ma héa khéoi
dAu ATG da thay thé trong gen tkt

Céc t& bao trong pha ham sb mii duge thu gom bang cach ly tim (5000 vong/phut,
15 phut) va duoc rira ba 1in bing dung dich dém Tris.HC1 0,1% (d0 pH = 7,5), va sau d6
duoc tao hon dich trong cing mdt dung dich dém dé do duc & 610 nm béng 160. Céac té
bao dugc pha vd trong 6 phut bang cach sir dung may pha té bao bang vi hat sau khi cac
hat thiy tinh dugc bd sung & 1,25g/1,5mL hdn dich. Dich ndi duogc thu gom bang cach ly
tam (15000 vong/phut, 20 phit), va duge dinh lugng ham lugng protein bang phuong
phap Bradford va dugc sir dung lam dung dich protein thy dé xac dinh hoat tinh enzym
clia transketolaza (Tkt). D& dinh lugng hoat tinh enzym cua Tkt, dung dich protein thu
dugc bd sung vao dung dich phan Gng chira 0,1M Tris.HCI (46 pH = 7,5), 10mM D-RS5P,
2mM D-Xu5P, 10uM ThDP, 1,2mM MgCl,, 100uM NADH, 1 don vi triosephosphat
isomeraza, 1 don vi glyxerol-3-phosphat dehydroaza trén 1mL dé bat diu phan tng. Hon
hop dugc cho phan ting ¢ 30°C trong 20~30 phut, va do hé.p phu & 340 nm dugc do. Don
vi (U) cta hoat tinh enzym Tkt nhu duoc xac dinh bang luong (mg) enzym xtic tAc qua
trinh taora 1 urriol glyxeraldehyt 3-phosphat trong 1 phut, va hoat tinh ddc hi¢u nhu dugc
xac dinh dudi dang don vi/mg (Biochem.J. (2004)382, 759-767).

Nhén thiy ring ching KCCM1 1016P-tkt c6 hoat tinh Tkt cao hon gép 3,5 1an so
véi hoat tinh cua ching KCCM11016P gbc (bang 5).

Bang 5
Hoat tinh enzym Tkt
Chung Hoat tinh enzym (Lan)
Tkt
KCCM11016P 1,00
KCCM11016P-tkt 3,5

Vi du 6: X4c dinh hoat tinh enzym pyruvat carboxylaza ¢ chung cé by ba mi hoa
khéi diu ATG di thay thé & gen pyc
Céc t& bao trong pha ham sé mii dugc thu gom bang céch ly tAm (5000 vong/phut,
15 phut) va dugce rira hai J4n bang dung dich dém 50 mM Tris.HCI (d6 pH = 6,3) chira
15
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50mM natri clorua (NaCl), va sau d6 duge tao hdn dich trong dung dich &ém HEPES
100mM (d6 pH = 7,5) chita 20% glyxerol. CTAB dugc bd sung vao hdn dich dé dat duge
ndng d6 0,3%, va dé trén bang trong 1 phut. Cac té bao dugc thu gom bing cach ly tim
(5000 vong/phit 10 phit) va sau d6 dugce tao hdn dich trong dung dich dém Tris.HCI
100mM (dd6 pH = 7,3). Ham luong protein duoc dinh lwgng bang phuong phap Bradford
va st dung 1am dung dich protein thu dé x4c dinh hoat tinh enzym pyruvat carboxylaza
(Pyc). DPé dinh luvong hoat tinh enzym Pyc, dung dich protein thu dugc bd sung vao dung
dich phan tmg chtra 25mM NaHCOs, 5mM MgCl,, 3mM pyruvat, va 4mM ATP dé bat
du phan tmg. Hon hop ndy dugc cho phén tng & 30°C trong 1,5 phut, va 80pL dung
dich ngimg (30% u-axit phosphoric) dugc bd sung dé két thiic phan tmg. Dich ndi duoc
thu gom bang cach ly tdm (12.000 vong/phut, 15 phut, 4°C). 50uL dich ndi, 150 mM
Tris.HCI (pH 7,8), 150 uM NADH, va 2,5 U lactat dehydroaza dugc bd sung trén 1mL
va do hép phu & 340nm dugc x4c dinh ¢ 37°C. Don vi (U) cia hoat tinh enzym Pyc dugc

x4c dinh bang nmol lactat dugc tao ra bdi 1 mg protein trong 1 phit.

Nhén thiy ring ching KCCM11016P-pyc c6 hoat tinh Pyc cao gép 1,89 14n so véi
ching KCCM11016P gbc (bang 6).

Bang 6
Hoat tinh enzym Pyc
Ching Hoat tinh enzym (Lan)
Pyc
KCCM11016P 1,00
KCCM11016P-pyc 1,89

Vi du 7: Phat trién ching c6 ngudn gbc KCCM11016P c6 bo ba ma hoéa khéi dau
ATG d4 thay thé & hai hoic nhiéu gen ciia cac gen lysC, tkt, va pyc

Vecto t4i t& hop pDZ-lysC(ATG) pDZ-tkt(ATG) pDZ-pyc(ATG) dugc diéu ché &

vidu 1, 2, va 3 duoc st dung, va quy trinh didu ché 14 nhu sau.

Vecto pDZ-tkt(ATG) dugce bién nap vao KCCM11016P-lysC cta vi du 1, trong d6
b6 ba m3 héa khoi ddu GTG cua lysC duge thay thé bing ATG, va trong qua trinh trao
i chéo thir hai, cic bd ba ma héa khéi dau ciia IysC va tkt trén thé nhiém sic dugc thay
thé bing ATG dé thu dugc KCCM11016P-lysC-tkt. Viéc thé nucleotit ciia bd ba ma héa
khéi ddu cia gen cudi cing duge xac nhan bing PCR bing cach st dung cac doan mdi co

SEQ ID NO.5 va 8 va sau d6 bang cach phan tich trinh tyr nucleotit ctia vi trf dich.
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Theo cting cach nhu duge néu trong vi du 1, vecto pDZ-pyc(ATG) dugce bién nap
vio KCCM11016P-1ysC ctia vi du 1, trong d6 bd ba mi héda khéi diu GTG cta lysC
duoc thay thé bang ATG, v trong qué trinh trao dbi chéo thir hai, cdc bd ba ma hda khoi
dhu cia IysC va pyc trén thd nhidm sic dugc thay thé bing ATG & thu dugc
KCCM11016P lysC-pyc. Viéc thé nucleotit cia bd ba ma héa khéi ddu clia gen cudi cling
duoc x4c nhan bing PCR bang céch sir dung cic doan mdi c6 SEQ ID NO.9 va 12 va sau
d6 bang cach phan tich trinh tu nucleotit ctia vi tri dich.

Vecto pDZ-tkt(ATG) dugce bién nap vao KCCM11016P-lysC-pyc cia vi du nay,
trong d6 bo ba ma héa khéi d4u GTG cua lysC va pyc dugc thay thé bang ATG, va trong
qu4 trinh trao d8i chéo thir hai, cac bd ba ma héa khéi dau cla lysC, pyc va the trén the
nhidm sic duoc thay thé bing ATG dé thu duge KCCM11016P-lysC-pyc-tkt. Viéc thé
nucleotit ctia bd ba mi héa khoi dau cia gen cubi cling dugc x4c nhan bang PCR bing
cach st dung cac doan mdi cé6 SEQ ID NO.5 va SEQ ID NO.8 va sau d6 bang cach phan
tich trinh tu nucleotit cda vi trf dich.

Viéc két hop cac gen néu trén chi nhdm muyc dich minh hoa, va pham vi cta cua

viéc két hop cac gen nay khong dy dinh nhim giéi han & cac cach két hop ndy.
Vi du 8: San xuét lysin & ching c6 bd ba md héa khéi ddu ATG da thay thé

KCCM11016P-1ysC, KCCM11016P-tkt, KCCM11016P-pyc,
KCCM11016P-lysC-tkt, KCCM11016P-lysC-pyc, KCCM11016P-lysC-pyc-tkt cubdi
cung dugce didu ché trong vi du 1, 2, 3, va 7 duoc nudi céy dé san sinh L-lysin béng

phuong phap dudi day.

Ching  KCCM11016P va  KCCM11016P-lysC, KCCM11016P-tkt,
KCCM11016P-pyc, KCCM11016P-lysC-tkt, KCCM11016P-1ysC-pyc,
KCCM11016P-lysC-pyc-tkt gbc dugc nhidm vao cac binh cdu cé mang ngin & gbc
250mL twong tmg chira 25mL mdi trudng hat s& duge mo ta dudi day, va cac ching thu
duge duge nudi cay & 30°C kém theo l4c & 200 vong/phut trong 20 gid. ImL méi truong
16ng nudi cy hat thu dugc duge giy nhi®m vao binh ciu cé mang ngin & gbc 250mL
chira 24mL méi trudng san sinh s& duge mé ta dudi ddy, va dugc nudi céy g 30°C déng

thoi lac (200 vong/phiit) trong 120 gio.
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Sau khi hoan thanh viéc nudi cAy, tién hanh dinh lrong L-lysin d6 tao ra bing
HPLC. Céc két qua xac dinh L-lysin trong méi truong nudi cdy 16ng chira KCCM11016P
vi KCCM11016P-1ysC, KCCM11016P-tkt, KCCM11016P-pyc, KCCM11016P-1ysC-tkt,
KCCM11016P-1ysC-pyc, KCCM11016P-1ysC-pyc-tkt dugc thé hién trong bang sau day
7.

Béng 7
Ching Lysin (g/L)
Mél|Me2|Mé3
KCCM11016P 45,2 | 44,7 | 45,6
KCCM11016P-lysC 47,5 | 46,2 | 47,9
KCCM11016P-tkt 47,4 | 48,5 | 47,0

KCCM11016P-pyc 479 | 46,3 | 47,8
KCCM11016P-lysC-tkt 49,7 | 49,3 | 49,2

TN n1 <rQ oo
KCCM11016P-lysC-pyc | 50,1 | 48,9 | 49,6

KCCM11016P-lysC-pyc-tkt | 50,7 | 50,2 | 51,1
MBbi truomg hat (46 pH = 7,0)

20g dudng tho, 10g pepton, 5g dich chiét ndm men, 1,5g ure, 4 g KH,PO,, 8g
K,HPO,, 0,5 MgSO, 7H,0O, 100pg biotin, 1000pg thiamin-HCI, 2000pg

canxi-pantotenat, 2000pg nicotin amit (trong 1L nudc cét)
MOoi trudmg san sinh (46 pH = 7,0)
100g glucoza, 40g (NH,4),SOs, 2,5¢g protein dau tuong, 5g chét rin ngdm ngd, 3 g

ure, 1 g KH,PO,, 0,5g MgSO, 7H,0, 100pg biotin, 1000ug Thiamin-HCI, 2000pg
canxi-pantotenat, 3000pg nicotin amit, 30g CaCOj; (trong 1L nudce cét)

Nhu duge thé hién trong bang 7, nhan thdy rang Corynebacterium glutamicum
KCCM11016P-lysC, KCCM11016P-tkt, KCCM11016P-pyc, KCCM11016P-lysC-tkt, va
KCCM11016P-lysC-pyc ¢6 bd ba mi héa khéi ddu ATG da thay thé c6 kha ndng san
sinh L-lysin ting 4~9%, so véi ching gbc KCCM11016P. Cu thé, nhan thdy thiy
KCCM11016P-lysC-pyc-tkt 6 dua toan bd ba gen vao cé kha ndng san sinh L-lysin tang
cao 12%, so v6i ching gbc KCCM11016P.

Vi du 9: Phét trién ching cé ngudn gbc KFCC10750 c6 bd ba mi héa khéi dau
ATG di thay thé & cac gen lysC, tht, va pyc va so sanh kha nang san sinh lysin

Dé kiém tra xem liéu viéc thé c4c bd ba ma hoa khdi dau bang ATG trong cac gen

lysC, pye, va tht cling cé anh hudng dén kha ning san sinh lysin & cic ching san sinh
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lysin khac thudc Corynebacterium glutamicum hay khong, cac chiung san sinh L-lysin
Corynebacterium glutamicum KFCC10750 (Patent Han qubc sb 10-0073610) d6 duoc
dua toan bd ba gen vao, c6 hiéu qua lam ting kha néng san sinh lysin my mén nhat & vi
du 8 dé diéu ché chung tai t6 hop, dugc goi 14 KFCC10750-1ysC-pyc-tkt. Ching d6 nudi
ciy theo cling cach nhu dugc néu trong vi du 8, va ndng do L-lysin dugc phén tich (bang
8).

Béang 8
Chiing Lysin (g/L)
Mé1l|Mé2|Mé3
KFCC10750 38,3 | 38 | 385
KFCC10750-1ysC-pyc-tkt | 44,1 | 43,8 | 44,5

Nhu dwgc thé hién trong bang 8, Corynebacterium  glutamicum
KFCC10750-lysC-pyc-tkt d6 dugce dua toan bd ba gen vao cé kha nang san sinh lysin
tang 15% so véi ching gbc KFCC10750. '

Vi du 10: Phat trién ching c6 ngudn gbc KCCM10770P c¢6 b ba ma héa khai dau
ATG di thay thé & cac gen IysC, tkt, pyc s va so sanh kha nang san sinh lysin

chiing san sinh L-lysin Corynebacterium glutamicum KCCMI10770P khac (Patent
Han qudc s6 10-0924065) dugce dua toan bd ba gen vao cb hiéu qua ting cuong kha ning
s&n sinh lysin my man nhit & vi du 8 d didu ché chung tai t6 hop, dugc goi 1a
KCCM10770P-1ysC-pyc-tkt. Ching dugc nudi ciy theo ciing cach nhu dugc néu trong vi
du 8, va ndng d6 L-lysin dugc phan tich (bang 9).

Béng 9
Chiing Lysin (g/L)
Mé1l|Mé2|Mé3
KCCM10770P 478 | 47,2 | 47,5
KCCM10770P-lysC-pyc-tkt | 52,8 | 52,8 | 52,4

Nhu dugc thé hién trong bang 9, Corynebacterium — glutamicum
KCCM10770P-lysC-pyc-tkt d6 duge dua toan bd ba gen vao, cé tac dung lam ting kha
ning san sinh lysin 11%, duoc so sanh véi ching KCCM10770P gbe.

Vi du 11: Phat trién CJ3P ching c6 ngudn gbc c6 bd ba mi hoéa khéi dau ATG da
thay thé & cac gen lysC, tkt, pyc va so sanh kha nang sén sinh lysin
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Chung san sinh L-lysin Corynebacterium glutamicum CJ3P (Binder et al. Genome
Biology 2012, 13:R40) khac nita d6 dugc dua toan by ba gen vao, ¢6 tac dung lam tang
kha ning san sinh lysin m§ mén nhit & vi du 8 d& diéu ché ching tai td hop, dugc goi 12
CJ3P-lysC-pyc-tkt. Ching nay dugc nudi chy theo cung cach nhu néu trong vi du 8, va
ndng d6 L-lysin dugc phan tich (bang 10).

Béang 10
Ching Lysin (g/L)
Mé1l|Mé2|Me3
CJ3P 8,3 8 8,4
CJ3P-lysC-pyc-tkt | 9,7 | 9,6 | 10,0

Nhu dugc thé hién trong bang 10, Corynebacterium glutamicum
CJ3P-lysC-pyc-tkt d6 dua toan bd ba gen vao ¢ kha nang san sinh lysin ting 18% so voi
ching CJ3P gbc.

Sang ché dé cap dén vi sinh vt Corynebacterium sp. ¢6 kha nang san sinh L-lysin
cai thién, trong d6 bo ba ma hoa khai d3u cia mdt hodc nhidu gen m3 héa aspartat kinaza;
transketolaza, hodc pyruvat carboxylaza dugc thay thé dé tang cudng hoat tinh cla céc

enzym tuong tmg, so v6i hoat tinh ndi sinh clia chiing trong vi sinh vét nguyén thé.
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YEU CAUBAO HOQ
1. Phuong phép san xuit L-lysin, bao gbm cac buée: thay thé bd ba ma héa khéi dau cta
polynucleotit mi hoa aspartat kinaza (LysC) trong vi sinh vat bing ATG; nubi cdy vi sinh
vét ndy; va thu hdi L-lysin tir vinh vat d3 nuéi ciy hodc méi trudng nudi ciy long, va
trong d6 vi sinh vat ndy 1a Corynebacterium sp.

2. Phuong phip theo diém 1, trong d6 vi sinh vat Corynebacterium sp. la

Corynebacterium glutamicum.

3. Phuong phap theo diém 1, trong d6 trudce khi thay thé bing ATG, bo ba ma héa khéi
d4u ctia polynucleotit ma héa aspartat kinaza (LysC) 12 GTG.

4. Phuong phép theo diém 1, trong d6 polynucleotit ma héa aspartat kinaza (LysC) c6 bd
ba ma hoéa khéi ddu duoc thay thé bing ATG dugc thé hién bing trinh ty nucleotit SEQ
ID NO.16.
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cctcaacggce
ctccgactac
cgtctggacc
aaccttggct
cgagaccgcc
actgacccgce
tcgeecgeggt
gggctcegge
cgttgcagct
gtacatcgag
cgcaatgcct
cggtgcttct
cgtggcageg

aacgcttcca
tttccgtgca
gggatcattc
agtcaaggcg
tgccatttac
ggaaaacggc
gtctcgcgceg
gagcaaaaac
gaaggcagtt
tcgcaaatta
atatgtcgaa
cactggagaa
agttgtcgaa
ggatgcagta
ggtcgatgaa
caccgtgact
tggtgcaacc
actgcagtgc

tatcaccgeg.

cggtggcgaa
cgactttgaa
tgttgcaacc
gcgcatcgcec
tgatgagcag
tgtgcgtcca
actgccacgce
tctcecgtgag
tttgcttgeg
gctgactcct
gcgtttcecte
tgtaaacatt
ctccgtctge
cttcgacgcg
caacaccgcg
aaagctctac
tcacatcttg
ggtcaccgca
gggtggccag
tgcttcegea
attcgcgcac
gtactgggaa
cggtcgegte
caccgcactg
tgagatgctg
actccaccte
cgacatccca
ctggccagag
gacggaagtt
caatagcctc
ccgcttecggce
ccgcgagact
gatctctgag
ccgcccaatg
agattcctcc
tgctgaaggt
ggaagcaaca
aacgaaggtg
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acccttcctg
aagggctccc
tacggccgta
atttccctece
atgcgtcctg
cacgactcca
gcactgcgcg
caggcttggg
cagaacgttc
ggctacgtcce
tccgaggtte
cgcgttgttt
tccgttcetge
tggtaccgcect
gcggattacc
gccaaggact

Corynebacterium glutamicum pyc

gcattcaaaa
gcactcgaaa
caccgctctt
tacctggaca
ccgggatacg
attactttta
gtaaccgccyg
atcgatgaga
gcecggtggtg
gcaacagaag
cgtgctgtga
gttgtacacc
attgcgccag
aagttctgcce
aagggcaacc
gaagaagtca
ttgaaggaat
cgcatcacca
taccgctcac
atcaccgcac
actgctgttg
aacattggtt
accggattca
ggacgcatcc
aaggatgttg
ggttcccgtg
caggacgcac
acccgagtcc
gagcttttgt
tttgaggatc
cagatgctgce
cgcgegtttg
cttaacgacg
gtagccgagg
accctggatt
gccattaagg
ctgcgcecgtg
ctggcaacct
ccactgtctg
acccgtcgceg
gcagtgcegceg
taccgccacg
ggccttgegg
ggacgcccaa
gttggtgcgg
gactctgtca
ccactgcgca
cctgaggaag
aaccgcctgce
aacacctctg
ttgatccgcece
ccagacgata
cgtgtgcgtg
aacaagggcc
gatgaggtca
atcactgctt
gaaggtggcg

agctgtgggg
cttccttegg
acctgcactt
acggtggcac
cagttcgtct
tecggtctggg
ccatcccagg
ctgcagcact
ctgttctgga
tggttgaggg
agcttgcagt
ccgttccttg
ctgcagctgt
tcttgggcac
agaccctgtt
ccattaacgg

agatcttggt
ccggtgcage
ttgcttctga
tcgatgaaat
gcttcctgte
ttggcccaac
cgaagaaggc
tcgttaaaag
gcggacgcgg
catctcgtga
ttaaccctca
tttatgaacg
cacagcattt
gctccattgg
acgtcttcat
ccgaggtgga
tgggtctgac
cggaagatcc
caggcggagce
actttgactc
ctcgtgcaca
tcttgegtge
ttgccgatca
tggattactt
cagctcctat
accgcctgaa
tggcagttac
gctcattcgce
ccgtggagge
cgtgggacag
ttcgecggceeg
ttaaggaagc
tctcccagat
tggctatggce
actacctaaa
atatggctgg
aattcgatct
actttgctgce
gcaccacctc
ataccggttt
gactgtacct
aaatcccagg
atcgtttcga
ccaaggtcac
gtgtggatcc
tcgegttect
cccgegeact
agcaggcgca
tgttcccgaa
cgctggatga
tgccagatgt
agggtatgcg
accgctccgt
atgttgctgce
aggctggaga
ctgttgacgg
acttgatcgt
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cggttccgcet
ccctgagtcece
cggtatcegt
ccgcccatac
tgcagctctc
cgaagatggc
tctgtcegte
tgagtacaag
aggcaccaag
ttccaaggaa
taacgctgceg
catggattgg
gaccgctegt
ccagggccegt
tgagaagttc
ttaa

agcaaaccgc
cacggtagct
agctgtecge
tatcggtgca
tgaaaatgcc
cccagaggtt
tggtctgcca
cgctgaaggce
tatgcgtttt
agctgaagcg
gcatattgaa
tgactgctca
ggatccagaa
ttaccagggc
cgaaatgaac
cctggtgaag
ccaagataag
aaacaacggc
tggcgttegt
catgctggtyg
gcgcgegttg
gttgctgcgg
cccgcaccte
ggcagatgtc
cgataagctg
gcagcttggce
tgataccacc
actgaagcct
ctggggcggce
gctcgacgag
caacaccgtg
tgccagctcce
gcgtccagceca
ttattctggt
gatggcagag
tctgcttege
gccagtgcac
agctcaagct

ccagccatcc .

gagcctcgag
gccatttgag
cggacagttg
actcatcgaa
cccatcctece
agcagacttt
gcgeggegag
ggaaggecgce
cctcgacgct
gccaaccgaa
tcgtgaattce
gcgcacccca
caatgttgtg
tgagtctgtc
accattcgct
tgcagtcgca
caaaatcgat
cgtcgtttee

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2094

60
120
180
240
300
360

A90
EAY

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
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
3423
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<210> 16

<211> 1266
<212> ADN

<213>
<220>
<223>
<400> 16
atggccctgg
aacgtcgctg
tccgcaatgg
ccgccagcete
gtcgeccatgg
ggtgtgétca
gtgcgtgaag
aaagaaaccc
ttggcagctg
accgctgacc
atgctggaac
cgtgcattca
attgeccggcet
gacaagtccg
aaggttttcc
tcttctgtag
cgcgcgatgg
gacgaccagg
accgcagagt
tctgagatte
ttgcatgagc
cgctaa

<210> 17

tcgtacagaa
aacggatcgt
gagacaccac
gtgaaatgga
ctattgagtc
ccaccgagcg
cactcgatga
gcgatgtcac
ctttgaacgc
cgcgcatcgt
ttgctgetgt
atgtgccact
ctatggagga
aagccaaagt
gtgcgttggce
aagacggcac
agatcttgaa
tcggcaaagt
tcatggaagc
gtatttccgt
agttccagcet

<211> 2094
<212> ADN

<213>
<220>
<223>
<400> 17
atgacgctgt
gatgtggaca
tgtggctccg
cagcgggtta
ctttcttgtg
cttgagatgg
gagtaccgcce
tctgcagttg
gctgagggcg
caggaaggtg
atcgtgttct
gaggacgttg
gaggacgttg
accttcatcc
gctgtgecacg
ttcgatcctg
gcagagegceg
gccaaccctg
tacgctgacg
tccgaggctg
gacctcgcag
atctccaccg
gagcacgcta
ggcggaacct
atggagaccg
ccaacccacc
ctgcgtcctg
gaaggcccta
gagaaggctg
accccagatg
aaggctctgg
ttccaggagce
gtgtctgttyg
gctgtctccce
ggcatcacca
<210> 18

Trinh tyu nhdn

tkt véi bd ba

cacctgaact
ccaaggctgt
gccacccagg
tgaacgtaga
gccactccte
atgacctgaa
acaccaaggg
gtatggccat
aatccccatt
tcacctctga
gggatgacaa
ttgctcgtta
cagcaatcga
gcgttcgcac
gtgctgctct
aggctcactt
ctgcacagaa
agaacaaggc
agctcccaac
cacttcaggc
gttccaacaa
agacctggtc
tgggatccat
tcctcatcett
acgcttacta
agcctgttga
cagatgcgaa
agggtcttgce
ctgaaggcgt
tgatcctcat
aagctgaggg
aggacgcaga
aagctggcat
ttgagcactt
ccgatgcagt

<211> 3423
<212> ADN

<213>
<220>
<223>
<400> 18
atgtcgactc

Trinh ty nhan

pyc véi bd ba

acacatcttc

Trinh ty nh3n tao

atatggecggt
tgccaccaag
ggatgaactt
tatgctcctg
ccttggecgea
ccacggaaac
gggcaagatc
cacgttgggt
tgatgtgtgt
tcctaatgca
tggctccaag
tcgcgtacge
tattcctgtg
aaccgttctg
tgatgcagaa
caccgacatc
gaagcttcag
ctcecctegtg
tctgcgcgat
gctgatcecgt
gggcggcgaa

tao
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1ysC v6éi bd ba mi héa khdi ddu duoc

tcctegettg
aaggctggaa
ctagaacttg
actgctggtg
gaagcccaat
gcacgcattg
tgcattgttg
cgtggtggtt
gagatttact
cagaagctgg
attttggtgce
tcgtcttata
gaagaagcag
ggtatttccg
atcaacattg
accttcacct
gttcagggca
ggtgctggca
gtcaacgtga
gaagatgatc

thay thé

agagtgcgga
atgatgtcgt
cagcggcagt
agcgtatttc
ctttcacggg
ttgatgtcac
ctggtttcca
ctgacaccac
cggacgttga
aaaagctcag
tgcgcagtgt
gtaatgatcc
tccttaccgg
ataagccagg
acatggttct
gccctegtte
actggaccaa
tgaagtctca
acatcgaatt
tggatgctgc

P re s o S atoTe)
ccgtctcacgc

m3 héa khéi ddu duoc thay thé

tcaggcgctc
agacactgtt
caccgcaatg
tccacaggac
tttgacccag
ggctctgecge
cgttgagatc
ggctgctcgt
cgaccaccac
ggcatcctcc
ccgcatctcece
caaggcttac
agctgcagtg
catcatcggce
tggcgcagct
cgcgatcgac
gaaggctgca
tctgttecgat
atgggatgca
actgggcaag
caccgtgatc
tgctgagcecct
cctcaacggc
ctccgactac
cgtctggacce
aaccttggct
cgagaccgcc
actgacccgce
tcgcecgeggt
gggctccgge
cgttgcagct
gtacatcgag
cgcaatgcct
cggtgecttct
cgtggcagcg

tao

actgtacgca
cgtgteccteg
agcctggctc
accaactggg
tacatccagc
acctgggatt
accactggcc
cgtgagcgtg
atctacgtca
atcgctggca
atcgaagaca
ggctggcaga
gctgaggcta
ttcccagetce
gaggttgcag
gatgaggtta
tggcaggtca
cgcctgaact
gatgagaagg
acccttecctg
aagggctccc
tacggccgta
atttccctcce
atgcgtcctg
cacgactcca
gcactgcgcg
caggcttggg
cagaacgttc
ggctacgtcc
tccgaggttce
cgcgttgttt
tcecgttetge
tggtaccgcet
gcggattacc
gccaaggact

attacccctc
ctgcagacgc
cccttgeata
caggccgtga
tttacttggg
ccttgacccce
ctcttggcca
gcctattcga
ttgcttctga
cccagcagct
acactgagat
ccattgaggt
agaaggacac
caactatgat
caaccaagac
tcgctcacac
agttcgatga
cccgtgagcet
gcgtcgcaac
agctgtgggg
cttcecttegg
acctgcactt
acggtggcac
cagttcgtct
teggtetggg
ccatcccagg
ctgcagcact
ctgttctgga
tggttgaggg
agcttgcagt
ccgttccttg
ctgcagctgt
tcttgggcac
agaccctgtt
ccattaacgg

mi héa khoi ‘ddu dugc thay thé

aacgcttcca gcattcaaaa agatcttggt
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acgcattaga
ggttgtctgce
gaatcccgtt
taacgctctc
ctctcaggct
tccaggtcgt
gggtgttaat
tgcagttgcg
cggtgtgtat
cttcgaagaa
tgaatacgct
cggcactttg
tgtcgcaacc
cgaggctgcyg
gcagaacgtc
cgacggccgce
tgtgctttac
cccaggtgtt
gatttccacc
tgcacgtgca

coccaccoca

aggcaccgg

tgattggtcc
tgtagaaaac
caccttgtac
ccgcttegtt
tggattcggce
aggacaccct
gggtcttgca
cccaaccgcet
tggtgacctg
gggcaacctc
cgctttcaac
tgaggctggc
caagcgacct
gaacaccggt
tgagcttgga
ccgctececte
gtgggcagct
tccagcgggce
tcgtaaggct
cggttcecgcet
ccctgagtcce
cggtatcecgt
ccgecccatac
tgcagctctc
cgaagatggc
tectgtcegtce
tgagtacaag
aggcaccaag
ttccaaggaa
taacgctgcg
catggattgg
gaccgctegt
ccagggccgt
tgagaagttc
ttaa

agcaaaccgc

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

1020
1080
1140

1200
12560

1266

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
1860
1920
1980
2040

2094

60
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ggcgaaatcg
atttaccccc
attggtaccg
gctaaaaaag
cagcttgccc
cttgatctca
gttttggcgg
cagacttacc
gttgcttcac
gctttcggeg
gtgcagatcc
ctgcagcegtce
ctgcgtgatc
gcgggaaccg
ccacgtatcc
gcgcagatgce
atcaagaccc
ttccgcccag
cttgacggtg
aaaatgacct
gctgagttca
gaagaggact
cttcaggctc
accgtgaaca
cctaacatca
ccagccgegt
ttccgegatg
gcggcagagg
gcgacctacg
ctgcgegagg
ggatacaccc
ggcgtggaca
atcgacgcag
gatctctctg
gagatcgtca
ccagctgegg
gtgcacaccc
ggtgcagatg
ctgtctgceca
gctgtttctg
tctggaaccce
tccaacctgce
gacaactacg
aaggttgttg
gctgccgate
cttggtaacc
tccgaaggca
gatgattcca
gagttcctcg
ttctacggcce
ctgcttgttc
gccaacgtca
accgcaaccg
ggtgttgtca
atcatcgagg
cgcgttgtgg
taa

cggtccgtgce
gtgaagatcg
aaggctcacc
ttaaagcaga
gcgagtgtgce
ccggtgataa
aatccacccc
ccatctttgt
ctgatgagct
atggcgcggt
ttggcgatca
gtcaccaaaa
gcatttgtgce
tggaattctt
aggttgagca
gcttggctge
acggtgcagc
ataccggaac
cagctcagct
gccgtggtte
ccgtgtctgg
tcacttccaa
cacctgctga
agcctcatgg
aggatctgce
ttgctcgtga
cacaccagtc
ccgtcgcaaa
atgtggcgat
cgatgccgaa
cgtacccaga
tcttccgeat
tcctggagac
atccaaatga
agtctggcgce
taaccaagct
acgacactgc
ctgttgacgg
ttgttgctge
acctcgagcc
caggcccaac
gtgcacaggc
cagccgttaa
gcgacctegce
cacaaaagta
ctccaggtgg
aggcacctct
aggaacgtcg
agcaccgtceg
tggtcgaagg
gcctggatgce
acggccagat
cagaaaaggc
ccgtgactgt
ctatgaagat
ttcctgetge

tttccgtgcea
gggatcattc
agtcaaggcg
tgccatttac
ggaaaacggc
gtctcgcgeg
gagcaaaaac
gaaggcagtt
tcgcaaatta
atatgtcgaa
cactggagaa
agttgtcgaa
ggatgcagta
ggtcgatgaa
caccgtgact
tggtgcaacc
actgcagtgc
tatcaccgcg
cggtggcgaa
cgactttgaa
tgttgcaacc
gcgcatcgec
tgatgagcag
tgtgcgtcca
actgccacgc
tctccgtgag
tttgcttgcg
gctgactcct
gcgtttectce
tgtaaacatt
ctcecgtcectge
cttcgacgceg
caacaccgcg
aaagctctac
tcacatcttg
ggtcaccgca
gggtggccag
tgcttccgca
attcgcgcac
gtactgggaa
cggtcgegte
caccgcactg
tgagatgctg
actccacctc
cgacatccca
ctggccagag
gacggaagtt
caatagcctc
ccgecttegge
ccgcgagact
gatctctgag
ccgcccaatg
agattcctcc
tgctgaaggt
ggaagcaaca
aacgaaggtg
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gcactcgaaa
caccgctcett
tacctggaca
ccgggatacg
attactttta
gtaaccgccg
atcgatgaga
gceggtggtyg
gcaacagaag
cgtgctgtga
gttgtacacc
attgcgccag
aagttctgcc
aagggcaacc
gaagaagtca
ttgaaggaat
cgcatcacca
taccgctcac
atcaccgcac
actgctgttg
aacattggtt
accggattca
ggacgcatcc
aaggatgttg
ggttcccgtg
caggacgcac
acccgagtcce
gagcttttgt
tttgaggatc
cagatgctgce
cgcgcegtttg
cttaacgacg
gtagccgagg
accctggatt
gccattaagg
ctgcgccegtg
ctggcaacct
ccactgtctg
acccgtcgeg
gcagtgcgceg
taccgccacg
ggccttgegg
ggacgcccaa
gttggtgcgg
gactctgtca
ccactgcgca
cctgaggaag
aaccgcctge
aacacctctg
ttgatccgcece
ccagacgata
cgtgtgcgtyg
aacaagggcc
gatgaggtca
atcactgctt
gaaggtggcg

ccggtgcage
ttgcttctga
tcgatgaaat
gcttcctgte
ttggcccaac
cgaagaaggc
tcgttaaaag
gcggacgcegg
catctcgtga
ttaaccctca
tttatgaacg
cacagcattt
gctccattgg
acgtcttcat
ccgaggtgga
tgggtctgac
cggaagatcc
caggcggage
actttgactc
ctcgtgcaca
tcttgegtgce
ttgccgatca
tggattactt
cagctcctat
accgcctgaa
tggcagttac
gctcattcge
ccgtggaggce
cgtgggacag
ttcgcggceceg
ttaaggaagc
tctcccagat
tggctatggc
actacctaaa
atatggctgg
aattcgatct
actttgctgc
gcaccacctc
ataccggttt
gactgtacct
aaatcccagg
atcgtttcga
ccaaggtcac
gtgtggatcc
tcgegttect
ccecgegcecact
agcaggcgca
tgttcccgaa
cgctggatga
tgccagatgt
agggtatgcg
accgctcegt
atgttgctgce
aggctggaga
ctgttgacgg
acttgatcgt
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cacggtagct
agctgtccgce
tatcggtgca
tgaaaatgcc
cccagaggtt
tggtctgcca
cgctgaaggc
tatgcgtttt
agctgaagcg
gcatattgaa
tgactgctca
ggatccagaa
ttaccagggc
cgaaatgaac
cctggtgaag
ccaagataag
aaacaacggc
tggcgttcegt
catgctggtg
gcgcgegttg
gttgctgcgg
cccgcacctce
ggcagatgtc
cgataagctg
gcagcttggce
tgataccacc
actgaagcct
ctggggcggc
gctcgacgag
caacaccgtg
tgccagctcc
gcgtccagca
ttattctggt
gatggcagag
tctgcttcgce
gccagtgcac
agctcaagct
ccagccatcc
gagcctcgag
gccatttgag
cggacagttg
actcatcgaa
cccatcctcee
agcagacttt
gcgecggcegag
ggaaggccgce
cctcgacgcet
gccaaccgaa
tcgtgaattce
gcgcacccca
caatgttgtg
tgagtctgtc
accattcgct
tgcagtcgca
caaaatcgat
cgtcgtttcec

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

AN
i1/i5V

1800
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
3423
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