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Linh vic ky thuit dwoc dé cip

Sang ché dé cap dén vi sinh vét san sinh L-metionin dugc dua vao protein duogc
ma hda boi gen metZ ngoai lai, ché pham va phuong phap san xuat L-metionin bang

cach su dung vi sinh vat nay.
Tinh trang ky thuit cia siang ché

L-Metionin 12 mot trong nhiing axit amin thiét yéu trong co thé, duoc str dung
lam thuc dn chan nudi, nguyén lidu thd y té nhu nguyén liéu thd téng hop dung cho
cac dung dich y té, vt tuy té, v.v., va phu gia thuc pham. Metionin 14 axit amin quan
trong tham gia vao phan tmg chuyén nhém metyl trong co thé, va co vai trd cung cip

luu huynh.

Trong téng hop hoa hoc metionin, phuong phap san xuét metionin trong hén hop
cac loai L- va D thong qua qua trinh thuy phén 5-(B-metylmercaptoetyl)-hydantoin
duoc st dung chu yéu. Tuy nhién, su tong hop hoa hoc nay tao ra dang hon hop cua

cac loai L- va D-.

Trong khi d6, L-metionin cling c6 thé duoc san xuit bang phuong phap sinh hoc.
Cu thé hon la phuong phép san xuét cic vi sinh vat st dung L-metionin dé san sinh
metionin bang cach sulfhydryl hoéa truc tiép su dung O-axylhomoserin (O-axetyl
homoserin hodc O-suxinyl homoserin) va hydro sunfua lam céac chat nén. Vi du,
enzym dugc ma hoa boi gen metY trong Corynebacterium da biét dé thuc hién chic
ning sulfhydryl héa truc tiép. Phuong phép san xuét L-metionin khac bai cac vi sinh
vat dé san sinh metionin bang cach chuyén sulfit hoa (transsulfuration) su dung O-
axylhomoserin (O-axetyl homoserin hodc O-suxinyl homoserin) va xystein lam cac
chét nén. Vi du, enzym duwoc ma hoa boi gen metB trong Corynebacterium da biét dé
thuc hién chirc nang chuvén sulfit hoa. Tuy nhién, ¢6 nhing vén dé 1 enzym duoc mi
hoa boi metB tao ra phidu san pham phu, va gen metY nhan tc ché phan hoi, va do do,
rat khé dé ap dung cac san pham phu vao viée san xudt hang loat L-metionin trong

cong nghiép (Kromer JO et al., J Bacteriol 188(2):609-618, 2006; Yeom HJ et al., J

192
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Microbiol Biotechnol 14(2):373-378,2004; v.v.).

Cac tac gia sang ché di nd luc hét sirc dé hoan thién sang ché bing cach phat
trién protein c6 thé thay thé protein, va két qua 12 ho da phat hién rang vi sinh vat duoc
dwa vao protein dugc ma hoa bai gen metZ san sinh L-metionin v6i ning suét cao.

Ban chét k¥ thuit clia sing ché

Muc dich cua sang ché 1a @& xuét vi sinh vat san sinh L-metionin dugc dua vao
protein dugc ma hoa bdi gen metZ ngoai lai.

Muc dich khéc cta sang ché 1a d& xuét phuong phap san xuét L-metionin, trong
do6 phuong phap bao gbm viéc nudi cdy vi sinh vat trong m6i trudng chira thiosulfat.

Muc dich khac nita cia sang ché 1a @ xuét ché phdm san xuit L-metionin, trong
d6 ché phim bao gdm vi sinh vét va thiosulfat.

MO ta vén tit cac hinh vé

Fig.1 12 hinh v& minh hoa plasmit pDCM2.
M3 ta chi tiét sang ché

Sang ché s& dugc mod ta chi tiét dudi day. Trong khi do, mdi phan mo ta va
phuong an dugc bdc 19 trong doan md ta nay co thé duoc ap dung cho céc phin mo ta
va cac phuong an khac. Tuc la, tAt ca cac su két hop cla cac yéu td khic nhau dugc
boc 10 trong phan md ta nay nam trong pham vi bao ho cla sdng ché. Ngoai ra, pham
vi bao ho ctia sang ché khong bi gidi han béi phan mo ta cu thé dudi day.

Ngoai ra, nhitng ngudi ¢ hiéu biét trung binh trong cung linh vyc k¥ thuat s&
nhan thdy, hoic c6 thé x4ac dinh chic chén bang cach s dung khong qué nhiéu thir
nghiém thong thuong, nhidu phuong 4n twong duong véi cac phuong an cu thé cua
sang ché dugc md ta ¢ déy. Hon nita, cdc phuong an tuong duong nay dugc hiéu 1a
nam trong pham vi bao hd cua sdng ché.

Khia canh cta sang ché @& xuét vi sinh vat san sinh L-metionin dugc dua vao
protein dugc ma hoa boi gen metZ ngoai lai.

Khia canh khéc cua sang ché d& xuat phuong phap san xuét L-metionin, trong d6
phuong phap bao gbm viéc nudi cAy vi sinh v4t sén sinh L-metionin trong méi truong

chtra thiosulfat.
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Nhu duge st dung tai day, thuat ngit “gen metZ” 1a gen ma hoa enzym tham gia

vao qua trinh sulfhydrat hoa sit dung axylhomoserin lam chét nén.

Nhu duoc st dung tai ddy, “axylhomoserin” dé cdp dén hop chat trong d6 nhém
axyl dugc lién két voi homoserin, va bao gdém ca suxinylhomoserin va
axetylhomoserin. Vi dy, axylhomoserin cd thé 13 O-suxinylhomoserin hodc O-

axetylhomoserin, tuy nhién sang ché khéng bi gi6i han & day.

Nhu dugc st dung tai ddy, enzym dugc mid hoa bdi gen metZ c6 thé 1a
suxinylhomoserin sulfhydrylaza, axetylhomoserin sulthydrylaza, hoic enzym tham gia
vao qua trinh sulfhydrat hoa st dung O-suxinylhomoserin lam chét nén, tuy nhién sang
ché khong bi gi¢i han & day. |

Nhu duge st dung tai ddy, thuat nglt “qud trinh sulthydrat hoa” co thé dugc st
dung thay thé v6i thuat ngt “sulfhydryl héa”, va dé cap dén phan ung tao ra nhoém
sulthydryl (-SH) cho phén tir cu thé. Dbi véi cac muc dich cta sang ché, thuat ngit nay
c¢6 thé d& cap dén phan Gng trong qua trinh tbng hop metionin, tuy nhién sing ché
khong bi giéi han & day. Enzym tham gia vao “qué trinh sulthydrat héa” con ¢o thé
duoc goi 1a “sulfhydrylaza”, tuy nhién sang ché khong bi giéi han & déy.

Trong qué trinh 1én men truyén thong ctia metionin, enzym dugce bicu hién boi

gen metZ da dugc sit dung trong céc phan ing in vitro sau day:
CH3SH + O-axetyl-L-homoserin => axetat + metionin
CH3SH + O-suxinyl-L-homoserin => suxinat + metionin

N6i cach khéc, trong phuong phip san xudt metionin, phuong phap bao gdm
bude thi nhit 1a diéu ché tién chit metionin st dung vi sinh vét; va budc tht hai 1a
thuc hién phan Gng enzym in vitro bing cich bd sung metyl mercaptan va enzym
chuyén d6i metionin vao dung dich 1én men chira tién chit metionin, enzym dugc biéu
hién bdi gen metZ duge st dung lam enzym chuyén d6i metionin in vitro (tham khao
cong bd don patent Hoa Ky s6 US 2010-0184164 Al).

Trong khi d6, trong qua trinh 1én men metionin & vi sinh vét thudc chi
Corynebacterium, hai loai con dudng sulthydrat hoa (c4c budce sulthydryl hoa) duge
stt dung (Hwang BJ et al., J Bacteriol 184(5): 1277-1286, 2002). Mot trong hai loai dé

chuyén O-axetylhomoserin (axetyl homoserin: AH) thanh xystathionin st dung enzym
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dwoc ma hoa boi gen metB. Trong trudng hop nay, xystein duoc st dung nhu ngudn
luu huynh. No6i cach khic, phan Gng chuyéh dbi axylhomoserin va xystein nhu céc
chét phan ing thanh xystathionin dugc goi la “chuyén sulfit h6a”, va enzym tham gia
vao phan g nay dwgc goi la “transsulfuraza”. Loai con dudng con lai dé chuyén O-
axetyl homoserin thanh homoxystein st dung enzym dugc ma hoda boi gen metY.
Trong truong hop nay, hop chit Ivu huynh v6 co nhu hydro sunfua, v.v. dugc sir dung
lam ngudn luu huynh. Trong phan tng chuyén d6i axylhomoserin va hydro sulfua nhu
céc chit phan tmg thanh homoxystein, Xystathionin nhu chit trung gian khong dugc
tao ra trong qua trinh san xuit homoxystein 12 tidn chAt metionin, khong gidng nhu qué
trinh chuyén sulfit héa dugec mo6 tad & trén. Phan Ung nay dugce goi 1a phan Ung

sulthydryl hoa truc tiép.

No6i cach khac, con duong sulfhydrat hoa co thé d& cap dén con duong phan ung
chuyén ddi axylhomoserin thanh nguyén li¢u khac bang phan ung voi ngudn luu
huynh, va co6 thé dugc chia phan 16n thanh qué trinh chuyén sulfit hoa va sulfhydrat

hoa tryc tiép.

Tuy nhién, trong cac ching Corynebacterium, ca hai enzym tham gia vao qua
trinh sulthydrat hoa d8u c6 nhitng véan dé. Vi du, protein dugc ma hoa bodi gen metB
tao ra san phim phu homolanthionin ngoai xystathionin bang cich st dung
axetylhomoserin va homoxystein (Kromer JO et al., J Bacteriol 188(2):609-618,
2006). Hon nita, gen metY da biét dé nhan @c ché phan hoi boi metionin (Yeom HJ et
al., J Microbiol Biotechnol 14(2):373-378, 2004).

Sang ché khac bigt & chd gen metZ ngoai lai dugc dua vao ching
Corynebacterium dé chi tao ra metionin v& mit sinh hoc thong qua phan ing mdt budc,
va viéc dua gen metZ vao da dugc chiing minh rang 4p dung hitu ich cho qud trinh [én

men metionin.

Trong con dudng tdng hop metionin, trong d6 c6 su tham gia cla protein dugc
m3 hoa boi gen metZ theo sang ché, viéc tao ra céc san phém phu co thé duoc giam.
San phdm phu c6 thé 12 homolanthionin. Viéc giam tao ra cac san phim phu c6 thé dé
cap dén viéc giam tao ra cac san phém phu, so v6i viée tao ra cac san phém phu & vi
sinh vat kiéu dai hodc trong con dudng tbng hop, trong d6 c6 su tham gia cla protein

dugc méa hoa boi gen metB, tuy nhién sang ché khong bi gi¢i han & day.
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Do do, vi sinh vt dugc dua vao gen metZ ngoai lai theo séng ché, va phuong
phép sén xuit metionin bao gém viéc nudi cdy vi sinh vat c6 thé biéu hién viéc gidm
tao ra cac san phém phu, so v&i viée vi sinh vat san sinh metionin khéng dugc dua vao
gen metZ ngoai lai, va phuong phap san xuit metionin st dung vi sinh vét nay. Protein

duoc ma hoa boi gen metZ theo sang ché khong nhén trc ché phan hdi bsi metionin.

Protein dugc md héa bdi gen metZ theo sang ché 12 O-axylhomoserin
sulfhydrylaza co thé st dung hydro sulfua lam ngudn luu huynh, va con la O-
axylhomoserin transsulfuraza c6 thé str dung xystein nhu ngudn luu huynh. Cu thé hon,
protein ¢6 thé 1a O-axetylhomoserin sulfhydrylaza, O-axetylhomoserin transsulfuraza,
O-suxinylhomoserin sulfhydrylaza, hodc O-suxinylhomoserin transsulfuraza. Do do,
protein dugc ma hoa bdi gen metZ theo sang ché c6 thé 1a protein c6 hoat tinh cua O-
axylhomoserin sulthydrylaza, va cu thé 13, c6 thé 1a protein c6 mot hodc nhiéu hoat
tinh cta O-axetylhomoserin sulthydrylaza, O-axetylhomoserin transsulfuraza, O-

suxinylhomoserin sulthydrylaza, va O-suxinylhomoserin transsulfuraza.

Vi du, gen ngoai lai metZ theo sang ché ¢ thé 13 gen c6 ngudn gdc tir nhitng gen
khéc v6i vi sinh vat san sinh L-metionin dugc dua gen vao, hoac co6 thé khac véi gen
c6 san trong vi sinh vat san sinh L-metionin dugc dua gen vao. Cu thé, gen nay co thé
1a gen co tén metZ co ngudn gbc tir Chromobacterium violaceum, Hyphomonas
neptunium, hodc Rhodobacter sphaeroides, tuy nhién sang ché khong bi giéi han & day.
Pdi véi cac muc dich cua sang ché, gen c6 thé bao gém bt ky gen nao ma khong bi
gi6i han, mién 12 n6 ¢6 thé ting cuong kha ning san xuét L-metionin. Trinh ty cuia gen
metZ cb s&n tir co s& dit lidu da biét ciia Ngan hang gen Trung tdm Thong tin Cong
nghé Sinh hoc Qudc gia (National Center for Biotechnology Information: NCBI), va
nhu phuong phép thu duoc trinh tu twong ng, €6 thé 4p dung nhiéu phuong phap
khac nhau d3 biét trong cing linh vye k¥ thuat.

Trong sang ché, protein dugc ma hoa béi gen metZ ngoai lai co thé bao gdm bét
ky mot hodc nhiéu duogc chon tir nhém bao gdm trinh ty polypeptit c6 cic mé nhan
biét SEQ ID NO: 60, SEQ ID NO: 61, va SEQ ID NO: 62; va céc trinh tu amin axit
(cac trinh tu polypeptit) co it nhét 90% su twong dong hodc ddng nhét véi trinh tu
polypeptit nay, tuy nhién sang ché khong bi gi6i han ¢ day. Vi duy, protein c6 thé bao
gdm trinh tu polypeptit c6 91%, 92%, 93%, 94%, 95%, 96%, 97%, 97,5%, 97,7%,
97,8%, 98%, 98,5%, 98,7%, 98,8%, 99%, 99,5%, 99.7%, 99,8%, hodc 100% su tuong

5
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ddng hoic dong nhét v6i bt ky mot trinh tu polypeptit c6 cdc ma nhan biét SEQ ID
NO: 60, SEQ ID NO: 61, va SEQ ID NO: 62. Vi dy, protein c6 thé bao gdm bét k¥
mot trinh tu polypeptit cd cac m3 nhén biét SEQ ID NO: 66 dén SEQ ID NO: 71 va
trinh tu dugc chon tir cc trinh ty polypeptit co it nhat 90% su tuong déng hodc d@)ng
nhét véi trinh tw polypeptit ndy, tuy nhién sang ché khong bi gi6i han & déy.

Gen metZ cia sang ché c6 thé bao gdm bat ky mot hodc nhiéu duoc chon tir
nhém gém c6 cac trinh tu polynucleotit ¢6 cdc ma nhén biét SEQ ID NO: 63, SEQ ID
NO: 64, va SEQ ID NO: 65; va trinh ty polynucleotit co it nhat 90% su tuong déng
hodc ddng nhat véi trinh ty polynucleotit nay, tuy nhién sang ché khong bi giéi han &
day. Vi duy, gen co thé bao gbm bit ky mot hodc nhiéu trinh tu polynucleotit duoc chon
tir trinh tuy ¢6 cdc ma nhan biét SEQ ID NO: 63, SEQ ID NO: 64, va SEQ ID NO: 65
va trinh tu polynucleotit c6 91%, 92%, 93%, 94%, 95%, 96%, 97%, 97,5%, 97,7%,
97,8%, 98%, 98.,5%, 98,7%, 98,8%, 99%, 99,5%, 99,7%, 99,8%, hodc 100% su dong

nhit hodc twong ddng véi trinh ty polynucleotit nay.

Nhu dugc st dung tai diy, thuat nglt “polynucleotit” dé céap dén sgi ADN c6
chiéu dai dinh truéc hodc dai hon, 12 polyme chudi dai cta céc nucleotit dugc tao ra

bing céch lién két cac don phan nucleotit thong qua cac lién két cong hoa tri.

Theo sang ché, mién 13 gen metZ bao gbm polynucleotit ma héa protein duge ma
héa boi bat ky mot hodc nhiéu trinh tu polynucleotit duge chon tir trinh tu c6 cac ma
nhan biét SEQ ID NO: 63, SEQ ID NO: 64 va SEQ ID NO: 65, hodc polynucleotit ma
hoa protein c6 hi€u qua twong tng v6i protein co b4t ky mot hodc nhiéu trinh tir axit
amin ¢6 cac ma nhan biét SEQ ID NO: 60, SEQ ID NO: 61 va SEQ ID NO: 62, 18
rang 14 bat ky polynucleotit nao ma hoa trinh ty axit amin, trong d6 mot phén ctia trinh
tu bi x0a, stra doi, thay thé hoic bd sung, c6 thé ciing nim trong pham vi bao ho cta
sang ché.

Vi du, gen metZ c6 thé 12 gen ma hoa trinh tu axit amin c6 su thay thé mot ph?m,
vi du, 1 dén 20 axit amin trong bét ky trinh ty axit amin nao c6 cdc ma nhén biét SEQ
ID NO: 60, SEQ ID NO: 61 va SEQ ID NO: 62. Theo phuong an khac, gen metZ cO
thé 12 trinh ty ma hoa trinh ty axit amin c6 thém 20, 19, 18, 17, 16, 15, 14, 13, 12, hodc
11 hoic it hon hodc 11 trinh tu axit amin truéc/sau trinh tu axit amin. Theo phuong an

khac, gen metZ co thé 14 trinh tu ma hoa trinh ty axit amin bao gbm tat ca su thay thé
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va bd sung & trén, tuy nhién sang ché khéng bi gi6i han ¢ day.

Ngoai ra, sang ché con bao gém dau do co thé duoc tao ra tir trinh ty nucleotit da
biét, vi du, polynucleotit lai véi trinh tur bd sung cho tit ca hoic mot ph?m cua trinh tu

polynucleotit trong cac diéu kién nghiém ngit nhung sang ché khong giéi han & day.

Noi cach khac, mic du st dung cac khai niém “polynucleotit bao gbm trinh tu
nucleotit c6 sd trinh tw cu thé”, “polynucleoﬁt gdm c6 trinh ty nucleotit ¢6 s trinh tu
cu thé” hodc “polynucleotit c6 trinh tu nucleotit co s6 trinh tu cu thé” trong sang ché,
rd rang rang ciing c6 thé st dung trong séng ché bét ky polynucleotit ma hoa trinh tu
axit amin ¢ mot phén trinh tu dugc x0a, stra dbi, thay thé, thay thé bao thu, hodc thém
vao, mién 1a protein c6 hoat tinh ddng nhét hodc twong dwong vai polypeptit duge ma
héa boi trinh tu nucleotit gém ¢ polynucleotit sb trinh tu cu thé. Vi du, c6 thé c6
truong hop 6 su thém vao dau N va/hodc dau C cia trinh ty axit amin v6i trinh ty ma
khong tao ra thay dbi vé chirc nang cua protein, dot bién x4y ra tu nhién, dot bién cam,

hoc thay thé bao thii ciia chung.

Nhu duoe sir dung tai day, thudt ngit “thay thé bao thu” dé cap dén sy thay thé
axit amin bang axit amin khac c6 két cAu va/hodc tinh chét héa hoc twong tu. Su thay
thé axit amin nhu vay thuong c6 thé xay ra dva trén d¢ phan cyc, dién tich, do hoa tan,

tinh ky nuéc, wa nude va/hodc ban chat ludng tinh cua cac goc.

Nhu dugce st dung tai ddy, thuat ngit “tuwong ddng hoic ddng nhat” dé cap dén
mitc d6 két hop véi hai trinh tw nucleotit, va c6 thé duoc bicu hién dudi dang phén

tram.

Céac thuat ngt “tuong ddng va dong nhit” thuong c6 thé dugc st dung thay thé
cho nhau.

Su trong doéng hodc ddng nhét trinh ty cla cac polynucleotit c6 thé dugc xic
dinh bang cac thuit toan can chinh tiéu chuén va c6 thé dugc st dung v6i ham phat
khoang tréng dich chuyén mic dinh duqcvthiét 18p b&i chuong trinh dugc st dung. Vé
co ban, cac trinh tu tuong d6ng hoic ddng nhét thong thuong duge du kién lai hoa véi
t4t ca hodc it nhat khoang 50%, 60%, 70%, 80% hodic 90% ciia toan b chiéu dai clia
cac trinh ty trong céc didu kién nghiém ngit cao hodc trung binh. Trong cac
polynucleotit da lai hoa, cac polynucleotit bao gdm céc don vi ma héa (codon) thodi

bién thay vi cac codon ciing dugc xem Xét.



48892 | 8/92

Hai trinh tu polynucleotit bét ky ¢6 su twong ddng, twong tu, hodc d6ng nhat hay
khong c6 thé dugc xé4c dinh bang cach st dung thuét todn mdy tinh da biét chiang han
nhu chuong trinh “FASTA” trong Pearson et al. (1988) Proc. Natl. Acad. Sci. USA
85:2444) stt dung céc tham s6 mic dinh. Thay vao do, co thé dugc xac dinh béng cach
st dung thuét todn Needleman—Wunsch (Needleman va Wunsch, 1970, J. Mol. Biol.
48:443-453) dugc thuc hién bing cach sir dung chuong trinh Needleman cua goi
EMBOSS (EMBOSS: B§ phin mém mé phén tir sinh hoc chéu Au, Rice et al., 2000,
Trends Gent. 16:276-277) (phién ban 5.0.0 ho#c phién ban cao hon) (gbi chuong trinh
GCG (Devereux, J. et al, Nghién ctu céc axit nucleic 12:387 (1984)), BLASTP,
BLASTN, FASTA (Atschul, S. F., et al., J. Mol. Biol. 215: 403 (1990); Hudng dan
cho c4c may tinh 16n, Martin J. Bishop, ed., Academic Press, San Diego, 1994, va
CARILLO et al. (1988) SIAM J Applied Math 48:1073). Vi du, sy tuong ddng, tuong
tu, hoac déng nhét c6 thé dugc x4c dinh b::ing cach st dung BLAST hodc ClustalW

clia co so dit lidu thong tin ciia Trung tAm quoc gia cdng nghé sinh hoc.

Tuong ddng, twong ty, hodc dong nhét ctia cac polynucleotit co thé duoc xic
dinh bing céach so sanh thong tin trinh tu sit dung, vi du, chuong trinh may tinh GAP
nhu Needleman et al., (1970), J Mol Biol. 48:443 dugc boc 10 b61 Smith va Waterman,
Adv. Appl. Math (1981) 2:482. Tom lai, chuong trinh GAP dinh nghia smj tuong dong,
tuong tu, hodc déng nhét 1a gia tri thu duoc béng cach chia sb lugng céc ky hiéu dugc
can chinh tuong tu (tic 13, cac nucleotit hodc cac axit amin) cho téng sb cac ky tu
trong trinh tu ngin hon trong hai trinh ty. Cac tham sé mic dinh ddi v6i chuong trinh
GAP c6 thé bao gdm: (1) ma trdn so sanh nhi phén (bao gbm gié tri 1 dbi voi dong
nhit va gia tri 0 dbi v6i khong ddng nhét) va ma trdn so sanh trong sb ctia Gribskov ef
al. (1986), Nucl. Acids Res. 14:6745 nhu dugc mé ta bdi Schwartz va Dayhoff, eds.,
Ban dd trinh tu va ciu trac protein, Quy nghién ctu y sinh qudc gia, trang 353-358
(1979) (thay vao do, ma tran thay thé EADNFULL (phién ban EMBOSS cua NCBI
NUC4.4)); (2) him phat bing 3,0 d6i voi m&i khoang tréng dich chuyén va ham phat
b6 sung 0,10 dbi voi mdi ky tu trong mdi khoang tréng dich chuyén (hodc ham phat
mé khoang trong dich chuyén bang 10 va ham phat m6 rong khoang trong dich chuyén

bang 0,5); va (3) khdng c6 ham phat dbi véi cac khoang trong dich chuyén cudi.

Ngodi ra, hai trinh ty polynucleotit hodc polypeptit ¢ su tuong dong, twong tu,

hoic ddng nhit hay khong ¢ thd dwoc xac dinh bang cich so sanh céac trinh tu nay

8
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bing cac thi nghiém lai Southern trong céc diéu kién nghiém ngit da xac dinh, va cac
diéu kién lai phu hgp da xac dinh thudc pham vi cua céng ngh¢ theo sang ché, va c6
thé dugc xac dinh bang phuwong phap da biét boi nhitng ngudi c6 hiéu biét trung binh
trong cung linh vyc k§ thuat (vi du, J. Sambrook et al, Molecular Cloning, A
Laboratory Manual, tai ban 1an hai, 4n pham Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York, 1989; F.M. Ausubel et al., Current Protocols in Molecular
Biology, John Wiley & Sons, Inc., New York).

Ngoai ra, trong polynucleotit theo sang ché, cac su bién ddi c6 thé duge thuc
hién trong ving ma héa mién 1a khong lam thay dbi trinh tu polypeptit, do thoai bién
codon hodc xem xét chc codon duoc wu tién boi sinh vét trong do polynucleotlt dugc
biéu hién. Ngoai ra, dau do c6 thé duge didu ché tir trinh tu gen da biét, vi du, bét ky
trinh tu polynucleotit c6 thé lai hoa véi trinh tu bd sung hoan toan hodc mot phﬁn cho
trinh tu nucleotit trong cac diéu kién nghiém ngit, va co thé ting san luong L-metionin,
trong khi khong phai 1a trinh ty co s&n tu nhién trong vi sinh vt trong d6 trinh ty dugc
dua vao ma khong giéi han ¢ ddy. Thuat ngt “cac diéu kién nghiém ngat” c6 nghia la
cac didu kién cho phép lai cu thé giira cdc polynucleotit. Cac didu kién nay da dugc md
té cu thé trong cac gido trinh da biét (vi du, J. Sambrook et al., Molecular Cloning, A
Laboratory Manual, tai ban 1an hai, 4n pham Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York, 1989) va da biét trong cung linh vyc ky thuat. Vi dy, céc
didu kién nghiém ngat c6 thé bao gdm cac diéu kién trong d6 cac gen co su tuong
déng hodc déng_nhét cao lai v4i nhau, vi du, it nhét 40%, t6t hon 13 70%, 80%, tdt hon
1 85%, 90%, t6t hon nita 1a 95%, tét hon nira 1a 97%, hogc t6t nhat 12 99% twong
ddng hoiic d(;)vng nhét, va cac gen c6 sy tuong ddng hoic ddng nhét thap hon cac sy
tuong dong hodc d6ng nhat néu trén khong lai v6i nhau; hodc cac diéu kién rira thong
thuong cta lai Southern, tirc la rira mét 1An, va t6t hon 13 hai dén ba lan & ndng do
mudi va nhiét d6 twong tmg véi 60°C, 1xSSC, 0,1% SDS, tdt hon 13 60°C, 0,1x SSC,
0,1% SDS, va tbt nhat 1a 68°C, 0,1x SSC, 0,1% SDS.

Su lai hoa doi hoi hai polynucleotit chira cdc trinh tu bd sung, mic du tuy thude
vao mirc do nghiém ngit cua phép lai, su khong khép giita cac bazo 12 c6 thé. Thuat
ngit “bd sung” duge st dung dé mo td mbi quan hé gitta cac bazo cua cic
polynucleotit ¢6 thé lai v4i nhau. Vi du, dbi véi ADN, adenosin dugc bd sung voi

thymin, va xytosin dugc bd sung véi guanin. Do d6, polynucleotit theo sang ché ciing
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c¢6 thé bao gdm cac doan polynucleotit dugc tich chiét bd sung véi toan bd trinh tu

cling nhu céc trinh tu polynucleotit gidng nhau vé co ban.

Cu thé, céc polynucleotit c6 sy twong ddng hoic ddng nhét c6 thé dugc phat hién
bing cach st dung cac diéu kién lai néu trén bao gdm budc lai v6i gia tri Tm & nhiét do
55°C trong céc diéu kién néu trén. Ngoai ra, gia tri Tm ¢ thé 1a nhiét dd 60°C, 63°C,
hodc 65°C, tuy nhién sang ché khong bi gidi han ¢ ddy, va co thé duoc kiém soat thich
hop bdi nhitng nguoi c6 hiéu biét trung binh trong cung linh vyc k¥ thuét tay thude

vao muc dich st dung.

Do nghiém ngit thich hgp dé lai cac polynucleotit phu thudc vao do dai va mirc
d6 bd sung ciia cac polynucleotit, va cac bién thé d3 biét trong cuing linh vyc k¥ thuét

(tham khao Sambrook et al., supra, 9.50-9.51, 11.7-11.8).

Cu thé, thuat ngit “dua vao protein” c6 nghia l1a cung Cép hoat tinh cta protein cu
thé cho vi sinh vat, trong d6 ban d4u khong c6 sin protein hodc hoat tinh cua protein
dugc ting cudng so voi hoat tinh ndi sinh ctia né hodc hoat tinh trudc khi stra ddi. Vi
du, viéc dua vao protein co thé co nghia 1a dua protein cu thé, polynucleotit ma hoa
protein cu thé vao nhidm sic thé hoic dua vecto bao gdm polynucleotit ma hoa protein
cu thé vao vi sinh vat, nho d6 c6 kha nang biéu hién hoat tinh cua protein. Theo séng
ché, phan dua vao protein ciing co thé duoc biéu thi bang c4ch ting cudng hoat tinh

clia protein & vi sinh vat khong c6 hoat tinh protein cu thé.

Viéc dua vao protein co thé dugc thuc hién bang cach dua polynucleotit ngoai lai
ma hoa protein biéu hién hoat tinh ddng nhat/tuong ty nhu hoat tinh ctia protein néu
trén, hodc bang cach dwa polynucleotit bién thé t6i wu hoa codon ctia né vao té bao chu.
B4t ky trinh tu polynucleotit ngoai lai nao cling c6 thé dugc st dung ma khong bi gidi
han vé& ngudn gdc hoic trinh ty cua chung, mién 13 th8 hién hoat tinh dong nhét/tuong
tu nhu hoat tinh cta protein néu trén. Hon nita, polynucleotit ngoai lai c6 thé dugc dua
vao té bao chu, sau khi ti uu héa céc codon ctia né dé qua trinh phién ma va dich ma
dugc t61 wu hoa co thé xay ra trong té bao chu. Viéc dua vao protein c6 thé dugc thuc
hién bing phuong phép bién nap da biét dugc lya chon thich hop béi nhing ngudi ¢6
hiéu biét trung binh trong cung linh vyc k¥ thudt, va protein co thé duoc tao ra bang
céch biéu hién polynucleotit dd dua vao trong té bao chu va do do, hoat tinh ctia n6 c6

thé dugc tang lén.
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Tang cudng hoat tinh cta protein dd dua vao c6 thé dugc thuc hién bang cich:
1) tang s6 lwong ban sao ndi bao clia gen hodc polynucleotit ma héa protein,

2) thay thé ving diéu hoa bidu hién gen trén nhiém sic thé ma hoa protein bang

trinh tu c6 hoat tinh manh,
3) stra ddi trinh tu nucleotit ciia codon khoi dong hodc vung 5'-UTR cua protein,

4) stra d6i trinh ty polynucleotit trén nhiém sic thé dé ting hoat tinh cua protein,

hoac
5) két hop cac phuong phap néu trén, tuy nhién sang ché khong bi giéi han & déy.

Nhu duogc st dung tai ddy, thudt ngit “vecto” dé céap dén chu trac ADN bao gém
trinh tu polynucleotit dich dugc lién két chirc ning véi trinh tu diéu hoa thich hop sao
cho gen dich c6 thé dugc dua vao té bao chu thich hop. Trinh tu diéu hoa bao gdm
ving gen khoi dong (promoto) c6 kha nang b4t dau phién ma, bét ky trinh tu didu
khién nao dé diéu hoa qué trinh phién md, trinh ty ma@ hoa mién lién két ribosom
mARN thich hop, va trinh tu didu hoa két thuc phién ma va dich ma. Sau khi vecto
duoc bién nap vao té bao chu thich hop, n6 c6 thé sao chép hodc hoat dong doc 1ap voi
bd gen cua vét chu, va co thé duoc tich hop vao chinh bd gen. Vi dy, polynucleotit
dich trong nhidm sic thé c6 thé dugc thay thé bang polynucleotit bién dbi thong qua
vecto dé chen nhidm séc thé. Viée dua polynucleotit vao nhiém séc thé c6 thé duoc
thuc hién bang bét ky phuong phap nao da biét trong cung linh vuc k¥ thuét, vi dy, sy
tai két hop ddng nhét, tuy nhién sang ché khong bi gi6i han ¢ day.

Vecto theo sang ché khong bi gi¢i han cu thé, va co thé st dung bét ky vecto dd
biét ndo trong cung linh vuc k¥ thuat. Cac vi du vé& cac vecto thudng dugc st dung c6
thé bao gém plasmit, cosmit, virut va thuc khuin tai to hop hodc tu nhién. Vi du,
pWE15, M13, MBL3, MBLA4, IXII, ASHII, APII, t10, t11, Charon4A, Charon21A, v.v.
c6 thé duge st dung nhu vecto cosmit hodc vecto thé thuc khuén, va pBR, pUC,
pBluescriptll, pGEM, pTZ, pCL, pET, v.v. ¢6 thé dugc st dung nhu vecto plasmit. Cu
thé 13 c6 thé st dung cac vecto pDZ, pDCM2, pACYC177, pACYC184, pCL,
pECCG117, pUC19, pBR322, pMW118, pCCIBAC, v.v..

Nhu dugc st dung tai day, thuat ngt “bién nap” c6 nghia la viéc dua vao vecto

bao gbm polynucleotit ma héa protein dich vao t& bao vat chi, nhd d6 ¢6 thé biéu hién
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protein dugc ma hoa bdi polynucleotit trong té bao vat chi. Mién 1a polynucleotit da
bién nap cé thé duoc biéu hién trong t& bao vat chu, khong quan trong cho du
polynucleotit d& bién nap co6 thé dugc tich hgp vao va dit trong nhim séc thé cua té
bao vat chd, hoac nd co thé tdn tai ngoai nhidm séc thé, va co thé 1a su két hop cta ca
hai truong hop néu trén. Ngoai ra, polynucleotit bao gdbm ADN va ARN mi héa
polypeptit dich. Polynucleotit c6 thé duoc dua vao dudi dang bét ky, mién 12 né ¢o thé
duoc dua vao té bao vat chi va biéu hién & d6. Vi du, polynucleotit ¢ thé duogc dua
vao té bao vat chi duéi dang catxet biéu hién, 12 cAu triic gen bao gém tht ca cac yéu
t6 cAn thiét cho biéu hién doc 1ap ciia né. Thoéng thuong, catxet biéu hién c6 thé bao
gdm promoto dugc lién két chitc niang véi polynucleotit, cac tin hi¢u két thiic phién ma,
cac mién lién két ribosom, va céc tin hiéu két thic dich ma. Catxet biéu hién cé thé
dudi dang vecto biéu hién c6 kha nang tw sao chép. Ngoai ra, polynucleotit nhu n6 vbn
¢ ¢6 thé duge dua vao té bao vat chd va dugc lién két chirc ning véi trinh ty duge
yéu ciu cho sy biéu hién trong té bio vat chu, tuy nhién sang ché khéng bi gi¢i han &
day.

Ngoai ra, nhu dugc s dung tai dy, thuat ngit “dugc lién két chtrc ning” c6
nghia 1a lién két chirc ning giita trinh ty gen va trinh tu promoto néu trén, bét dau va

lam trung gian cho qua trinh phién ma polynucleotit m& hoa protein dich cla sang ché.

Phuong phép bién nap vecto theo sdng ché bao gdm bét ky phuong phap dua axit
nucleic vao té bao, va co thé dugc thuc hién b'fmg cach chon k¥ thuat ti€u chuin phu
hop da biét trong cung linh vyc k¥ thuat, tiy thude vao té bao vat chui. Vi dy, phuong
phép c6 thé bao gdm dién bién nap, két tha canxi phosphat (CaPOa), két tha clorua
canxi (CaCly), vi tiém, k¥ thuat polyetylen glycol (PEG), k¥ thuat DEAE-dextran, k¥
thuat liposom cation, k¥ thudt liti axetat-DMSO, v.v., tuy nhién sang ché khong bi gi6i
han ¢ day.

Vi sinh vét theo sang ché ¢6 thé bao gdm vi sinh vat kiéu dai va vi sinh vt bien
ddi gen tw nhién hodc nhén tao. Nhu dd mo té trong sang ché, c6 thé bao gdm nhung
khong giéi han 6 bét ky vi sinh vét dugc dua vao hodc bao gém gen metZ ngoai lai.

Vi sinh vat ¢6 thé 12 vi sinh vat san sinh L-metionin bao gdm bét ky mot hode
nhidu gen metZ ngoai lai theo sing ché; nhd d6 protein dugc ma hoa; va vecto bao

gdm gen metZ.

12
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Nhu duge st dung tai day, thuat nglt “vi sinh vat san sinh L-metionin” bao gém
tAt ca vi sinh vat kiéu dai, hodc vi sinh vat bién d6i gen tu nhién hodc nhan tao, va c6
thé 1a vi sinh vat trong d6 co ché cu thé bi suy giam hodc ting cudng do cheén gen
ngoai sinh, hodc do sy ting cudng hodc bt hoat hoat tinh ctia gen ndi sinh, va co6 thé

14 vi sinh vat bao gdm su bién ddi gen cho viéc san xuat L-metionin mong muon.

Vi sinh vt san sinh L-metionin co thé 13 vi sinh vat bao gdom protein dugc ma
héa béi gen metZ ngoai lai theo sang ché d€ c6 kha nang san sinh L-metionin tdng

cudng, nhu dugc so sanh véi chiing bo me hodc vi sinh vat khong bién doi.

Nhu duge st dung tai ddy, thut ngir “ching trudc khi sua ddi” hodc “vi sinh vat
trude khi stra d@di” c6 thé dé cap dén, khong loai trir ching bao gbm dot bién c6 thé xay
ra tu nhién trong vi sinh vat, ching kiéu dai hodc ching kiéu tuy nhién, hodc ching
trede khi thay dbi tinh trang ctia n6 duge thay dbi do su bién ddi gen do céc yéu td tu
nhién hodc nhan tao gy ra. “Chung trude khi stra d6i” hodc “vi sinh vat trude khi stra
d8i” ¢6 thé duge st dung thay thé cho “chung khong bién ddi”, “ching loai khong
bién dbi”, “vi sinh vat khong bién dbi”, “vi sinh vat loai khong bién d6i” hogc “vi sinh
vat tham chiéu”. Ngoai ra, n6 co thé 12 vi sinh vét trong d6 cac muc do biéu hién cia
cac gen tham gia vao con dudng sinh tdng hop L-metionin khong duge diéu hoa, hoic

vi sinh vat khong dugc dua vao gen metZ vé ban chit khong ton tai.

Vi sinh vat san sinh L-metionin theo sang ché c6 thé 1a vi sinh vat c6 khéa ning
san sinh L-metionin dugc tdng cuong bing cach ting cudng hoat tinh clia mt phan
protein trong con duong sinh tbng hop L-metionin hodc bang cach lam suy yéu hoat

tinh cia mot phan protein trong con dudng phan hity L-metionin.

Cu thé, cac vi du vé cac protein hodc gen, trong d6 su biéu hién c6 thé duoc didu
chinh dé ting cuong con dudng sinh tdng hop L-metionin hogc lam suy giam/bét hoat
con dudng phan hily L-metionin nhu sau: cac protein, gen dai dién ma hoa céac protein,
va sb luong EC dai dién duoc mo ta theo thir tu. Céc protein bat dau b%mg chir cai in
hoa va cac gen dugc in nghiéng. Vi du, con dudng sinh tbng hop L-amin axit c6 thé
duoc ting cudng hodc con dudng phan hiy L-amin axit ¢d thé duoc lam suy yéu bang
cach ting cuong hoat tinh cua mot phz“m cua mot hodc nhiéu protein hodc céc hé théng
dugc chon tir thiosulfat sulfurtransferaza, chéng han nhu Rd12p, GlpE, PspE, YgaP,
Thil, YbbB, SseA, YnjE, YceA, YibN, NCgl0671, NCgl1369, NCgI2616, NCgl0053,

13
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NCgl0054, NCGI2678, NCgl2890, v.v.; sulfit reductaza, cysl; hé théng van chuyén
thiosulfat/sulfat, cysPUWA (EC 3.6.3.25); 3'-phosphoadenosin 5'-phosphosulfat
reductaza, cysH (EC 1.8.4.8); sulfit reductaza, cysJI (EC 1.8.1.2); xystein synthaza A,
cysK (EC 2.5.1.47); xystein synthaza B, cysM (EC 2.5.1.47); serin axetyltransferaza,
eysE (EC 2.3.1.30); hé théng phan cét glyxin, gevTHP-Ipd (EC 2.1.2.10, EC 1.4.4.2,
EC 1.8.1.4); lipoyl synthaza, lipA (EC2.8.1.8); lipoyl protein ligaza, [ipB
(EC 2.3.1.181); phosphoglyxerat dehydrogenaza, serd (EC 1.1.1.95); 3-phosphoserin
phosphataza, serB (EC 3.1.3.3); 3-phosphoserin/phosphohydroxythreonin
amintransferaza, serC (EC 2.6.1.52); serin hydroxymetyltransferaza, gly4 (EC 2.1.2.1);
aspartokinaza 1 (EC 2.7.2.4); homoserin dehydrogenaza I, thrA (EC 1.1.1.3); aspartat
kinaza, lysC (EC 2.7.2.4); homoserin dehydrogenaza, hom (EC 1.1.1.3); homoserin O-
axetyltransferaza, metX (EC2.3.1.31); homoserin O-suxinyltransferaza, meiA
(EC 2.3.1.46); xystathionin gamma-synthaza, metB (EC 2.5.1.48); B-C-S-lyaza, aecD
(EC 4.4.1.8, beta-lyaza); xystathionin beta-lyaza, metC (EC 4.4.1.8); B12-ddc 1ap
homoxystein S-metyltransferaza, metE (EC 2.1.1.14); ‘metionin synthaza, metH
(EC 2.1.1.13); metylenetetrahydrofolat reductaza, metF (EC 1.5.1.20); chit véan
chuyén L-metionin BrnFE; chit van chuyén valin YgaZH (B2682, B2683),
ygaZH(b2682. 12683); chit van chuyén YjeH,b4141; pyridin nucleotit
transhydrogenaza PntAB, pntAB (EC 1.6.1.2); va phosphoenolpyruvat cacboxylaza,
Pyc (EC 4.1.1.31), hodc bang céch biéu hién qua mirc cac polynucleotit ma hoa protein.
Thay vao d6, hoat tinh ciia mot hodc nhiéu protein dugc chon tir nhém gé)m c6 glucoza
6-phosphat isomeraza, pgi (EC 5.3.1.9); homoserin kinaza, thrB (EC 2.7.1.39); S-
adenosyl metionin synthaza, metK (EC 2.5.1.6); dihydrodipicolinat synthaza, dapA’
(EC 4.2.1.52); phosphoenolpyruvat cacboxykinaza,  pck (EC 4.1.1.49);
formyltetrahydrofolat hydrolaza, purU (EC 3.5.1.10); pyruvat kinaza I, pykF
(EC 2.7.1.40); pyruvat kinaza II, pykd (EC 2.7.1.40); xystathionin y-lyaza, cg3086
(EC 4.4.1.1); xystathionin B-synthaza, cg2344 (EC 4.2.1.22); protein diéu hoa Cg3031,
cg3031; protein rc ché sinh téng hop metionin va xystein McbR, mcbR; protein co ché
phién ma L-metionin (Met), metJ; chét chuyén L-metionin MetQNI, metQ, metN, metl,
N-axyltransferaza, yncA4; sARN furS; va chit chuyén L-metionin, metP c6 thé duoc
lam suy giam, hodc biu hién ciia cdc gen ma hoa céc protein c6 thédutqc trc ché hoic

loai bo.
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Trong phuong 4n cu thé, vi sinh vét san sinh L-metionin theo sang ché c6 thé bao
gém mot hodc nhidu su bién ddi duge chon tir nhém gém c6 su suy gidm hodc bAt hoat
hoat tinh cta xystathionin gamma synthaza ngoai viéc dua vao metZ; su suy giam hodc
bat hoat hoat tinh ctia O-axetylhomoserin sulfhydrylaza; su suy giam hodc bit hoat
hoat tinh cua protein rc ché sinh tdng hop metionin—xystein; ting cudng hoat tinh cia
metionin synthaza; va ting cudng hoat tinh cta sulfit reductaza. Thay vao do, su bién
d6i gen c6 thé bao gdbm mot hogic nhidu sy bién ddi duogc chon tur nhc')m. gbm cb viée
x6a/biéu hién su e ché cia gen metB; viéc x6a gen metY; viéc x6a/biéu hién sy tc ché
cta gen mchR; va ting cudng biéu hién cua gen metH va cysl. Vi du, gen metB, gen
metY, gen mcbR, gen metH, va gen cysl co thé bao gdm trinh ty polynucleotit co it
nhét 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, hodc 99% su tuong déng hoac déng nhét véi trinh tu polynucleotit ¢
cac ma nhén biét twong ing SEQ ID NO: 25, SEQ ID NO: 26, SEQID NO: 1, SEQ ID
NO: 39, va SEQ ID NO: 40, tuy nhién sang ché khong gii han & ddy. Su mo ta néu
trén lién quan dén su tuong ddng hoic d6ng nhat con dugc ap dung cho cc gen metB,

metY, mcbR, metH, va cysl.

Tuy nhién, cac gen chi 1a vi dy, va khong bi gidi han & do, va vi sinh vat co theé 1a
vi sinh vét, trong d6 hoat tinh cia cac protein da bict khac nhau cua cac con dudng
sinh tdng hop L-metionin dugc ting cudng hodc hoat tinh cla cac protein cia cac con

dudng phan hiy L-metionin dugc bt hoat hoic 1am suy giam.

Nhu duge st dung tai dy, thuat nglt “tdng cuong” hoat tinh cua polypeptit hdéc
protein c6 nghia 1a hoat tinh ctia polypeptit hodc protein duoc ting 1én so voi hoat tinh
ndi tai cua nd. Sy tdng cuodong ¢ thé duoc st dung thay thé cho thuat ngit “ting diéu
hoa”, “biéu hién qui mac”, “ting”, v.v.. Trong phin mb ta nay, viéc tang co thé bao
gém tAt ca biéu hién hoat tinh khong s&n c6 ban dau hoic biéu hién hoat tinh dugc cai
thién so v6i hoat tinh noi tai hodc hoat tinh truge khi bién d6i. Thuat ngit “hoat tinh
nodi tai” c6 nghia 1a hoat tinh ciia polypeptit hodc protein cu thé ¢6 sin ban diu bsi
chiing b6 me trude khi bién déi hogc vi sinh vat khong bién doi, khi mot dgc diém
dugc thay ddi do su bién d6i gen giy ra boi yéu t6 tu nhién hodc nhan tao. Thudt ngit
ndy c6 thé dugc st dung thay thé cho thuat ngit “hoat tinh trudc khi stra d6i”. “Hoat
tinh ctia polypeptit hodc protein dugc tang cuong hoic ting 1én, so v6i hoat tinh ndi tai”

¢6 nghia 13 hoat tinh dugc cai thién so véi hoat tinh cua polypeptit hodc protein cu thé
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"_¢6 sin ban dAu béi chiing b me truée khi bién ddi hodc vi sinh vat khong bién doi. Su
“tang hoat tinh” ¢c6 thé dat dwoc bang cach dua polypeptit hodc protein ngoai lai vao
hodc bing cach ting cudng hoat tinh cia polypeptit hodc protein noi tai, cu thé 14 bing
céch ting cudng hoat tinh cua polypeptit hodc protein ndi tai. Hoat tinh cua polypeptit
hoic protein ¢6 duge ting cudng hay khdng co thé duogc xac dinh bang muc do hoat
tinh cta polypeptit hodc protein twong tng, mic do biéu hién cua né, hodc su ting
luong san phdm tir protein tuong ung.

C6 thé ap dung nhidu phuong phéap khéc nhau da biét trong cung linh vuc k¥
thuét dé tang cuong hoat tinh cua polypeptit hodc protein, va phuong phap nay khong
bi gidi han & day, mién 1a c6 thé ting cuong hoat tinh cia polypeptit hodc protein
mong muén so véi hoat tinh cta vi sinh vét tru6e khi stra dbi. Phuong phép co thé 1a
nhung khéng giéi han & phuong phap st dung k¥ thuat di truyén va/hogc ky thuat
protein da biét ddi véi nhitng ngudi cd hiéu biét trung binh trong cung linh vuc k¥
thuat 1a phuong phép sinh hoc phan tir thong thuong (Sitnicka et al. “Functional
Analysis of Genes”. Advances in Cell Biology. 2010, Vol. 2. 1-16; Sambrook et al.
Molecular Cloning 2012; v.v.).

Phuong phép ting cudng hoat tinh cta polypeptit hodc protein st dung k¥ thuét

di truyén ¢6 thé dugc thuc hién bang vi du,

1) phuong phap ting s6 lugng ban sao ndi bao cua gen hodc polynucleotit ma

hoa polypeptit hodc protein;

2) phuong phép thay thé ving didu hoa bidu hién gen trén nhiém sic thé ma hoa

protein polypeptit hodc protein bang trinh tu c6 hoat tinh manh,

3) phuong phép sua ddi trinh tu nucleotit ctia codon khoi dong hodc vung 5'-

UTR cua polypeptit hodc protein,

4) phuong phap sua dbi polynucleotit trén nhiém sic thé dé tang hoat tinh cua

polypeptit hodc protein, |

5) phuong phap dua vao polynucleotit ngoai lai biéu hién hoat tinh cta polypeptit
hodc protein, hodc dua vao polynucleotit bién thé bing cach tdi wu hoéa codon cua

polynucleotit, hodc

6) su két hop ctia cac phuong phap nay, tuy nhién sang ché khong bi gi6i han &
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day.

Phwong phép ting cudng hoat tinh ciia polypeptit hodc protein st dung k¥ thuat
protein c6 thé duoc thuc hién bing, vi dy, phuong phap phan tich cAu tric bac ba cla
polypeptit hodc protein, chon vi tri tiép xuc véi nd, va sau do thay ddi hoic stra dbi vé

mit héa hoc cuia vi tri d6, tuy nhién sang ché khong bi gidi han ¢ day.

1) Phuong phép lam tang s6 luong ban sao ndi bao cua gen hodc polynucleotit
ma hoa polypeptit hodc protein co thé duge thuc hién bang bét ky phwong phéap nao da
bidt trong cung linh vyc k¥ thuat, vi du, bang cach dua vecto vao t& bao vat chu dé lién
két hoat dong véi gen hoéc polynucleotit ma hoa polypeptit hodc protein tuong ng va
c6 thé sao chép va hoat dong khong phu thudc vao té bao vat chd. Thay vao do,
phuong phap ¢ thé dugc thuc hién bang cach dua vecto vao té bao vat cha dé lién két
hoat déng v6i gen va ¢ thé cheén gen hodc polynucleotit vao nhim sic thé cta té bao

vat chd, tuy nhién sang ché khong bi gi¢i han ¢ day. Vecto gidng nhu md ta & trén.

2) Phuong phép thay thé ving diéu hoa biéu hién gen (hodc trinh tu diéu hoa
biéu hién) trén nhiém sic thé ma héa polypeptit hodc protein bang trinh ty ¢6 hoat tinh
manh c6 thé dugc thyc hién béng bit ky phuong phap nao da biét trong cung linh vuc
k§ thuat, vi du, béng cach gay dot bién trén trinh tu béng viéc x6a, cheén, thay thé bao
thi hodc khong bao thu trinh tur nucleotit, hodc sy két vhqp cac phuong phap dé tang
cuong thém hoat tinh cia vung didu hoa bidu hién, hoaé bing cach thay thé trinh tu
bang trinh tu nucleotit c6 hoat tinh manh hon. Ving didu hoa biéu hién c6 thé bao gdm
nhung khong giéi han & promoto, trinh ty toan tr, trinh tu ma hoa vi tri lién két voi
ribosom, trinh tu diéu hoa viéc két thic phién mi va dich mi, v.v.. Phuong phép nay
¢6 thé lién két cu thé promoto di hop manh thay vi promoto ban dau, tuy nhién sang
ché khong bi gi6i han & day. -

Céc vi du vé promoto manh da biét ¢6 thé bao gdm cac promoto tir ¢jl dén cj7
(Patent Hoa Ky $6 7662943 B2), promoto lac, promoto trp, promoto trc, promoto tac,
promoto PR lambda thé thuc Khuén, promoto PL, promoto tet, promoto gapA,
promoto SPL7, promoto SPL13(sm3) (Patent Hoa Ky sb 10584338 B2), promoto O2
(Patent Hoa Ky s6 10273491 B2), promoto tkt, promoto yccA, v.v., tuy nhién sang ché
khong bi gidi han & day.

3) Phuong phép stra ddi trinh tu nucleotit ctia codon khoi dong hodc vung 5'-
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UTR cua polypeptit hodc protein ¢ thé dugc thuc hién bang bét ky phuong phép nao
d3 biét trong cung linh vuc k¥ thuét, vi du, bang cach thay thé codon khéi dong noi tai
cua polypeptit hodc protein bing codon khéi dong khac co ty 1€ biéu hién cua
polypeptit hodc protein cao hon codon khéi dong ndi tai, tuy nhién sang ché khéng bi
gi6i han & day.

4) Phuong phap stra ddi trinh tu polynucleotit trén nhim séc thé dé ting hoat
tinh cua polypeptit hodc protein ¢ thé dugc thuc hién bang bat ky phuong phép nao
da biét trong cung linh vyc k¥ thuat, vi dy, béng cach gay dot bién trén trinh tu diéu
hoa biéu hién bing viéc x6a, chén, thay thé bao thu hogc khong bao thu trinh tw
nucleotit, hodc su két hop cac phuong phap dé ting cuong thém hoat tinh cua trinh ty
polynucleotit, hodc bang cach thay thé trinh ty bing trinh tu polynucleotit dugc cai
thién dé c6 hoat tinh manh hon. Cu thé, viéc thay thé ¢ thé 1a dua gen vao nhi®m sic

thé bang cach tai td hop tuong ddng, tuy nhién sang ché khéng bi gi6i han & day.

Vecto ¢6 thé duogc st dung & day c6 thé bao gém thém chi du lva chon dé xac

dinh phan chén vao nhiém sic thé. Chi dau Iua chon giéng nhu mo ta & trén.

5) Phuong phép dua vao polynucleotit ngoai lai biéu hién hoat tinh cla
polypeptit hodc protein cd thd duge thuc hién bing b4t ky phuwong phap nao da biét
trong cung linh vyc k¥ thuat, vi dy, bang cach dua vao té bao vat chu polynucleotit
ngoai lai ma hoa polypeptit hodc protein bidu hién hoat tinh dong nhit/twong tu voi
hoat tinh cua polypeptit hodc protein, hodc polynucleotit bién thé dugc t6i wu héa
codon ctia né. Bét ky polynucleotit ngoai lai c6 thé duoc str dung ma khong gi6i han
v& ngudn gbc hogc trinh tu cua no, mién 1 thé hién hoat tinh ddng nhét/twong tu voi
hoat tinh ctia polypeptit hodc protein. Ngoai ra, polynucleotit ngoai lai co thé duoc dua
vao té bao vat chu sau khi duge tdi wu hoa codon sao cho xay ra phién ma va dich ma
da t6i wru hoa. Viéc dua vao c6 thé duoc thyc hién bing phwong phap bién nap da biét
dugc lua chon thich hgp boi nhitng ngudi ¢6 hiéu biét trung binh trong cung linh vuc
k¥ thuét va polynucleotit dua vao t& bao vat chu duoc biéu hién dé san sinh polypeptit

hodc protein, va do do6 ¢ thé ting hoat tinh cta no.

Cudi cung, 6) su két hop cac phuong phép co thé dugc thuc hién bing cch 4p

dung bat ky mot hodc nhiéu phwong phép tur 1) dén 5).

Su ta‘mg cudng hoat tinh cia polypeptit hodc protein nhu vy ¢6 thé 1a sy gia ting
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hoat tinh hodc ndng do ctia polypeptit hodc protein twong Ung, dya trén hoat tinh hodc
ndng dd cua polypeptit hodc protein dugc biéu hién trong chung kiéu dai hodc chung
vi sinh vat tru6e khi bién ddi, hodc sy gia ting sb luong san phdm dugc sin xuét tir

polypeptit hodc protein twong mg, tuy nhién sang ché khéng bi gi¢i han & day.

Nhu dugc st dung tai day, thudt ngit “bat hoat” hodc “suy giam” cia polypeptit
ho#c protein c¢6 nghia la bao gbm tit ca cac truong hop trong d6 hoat tinh duge lam
suy giam hozc khong c6 hoat tinh so v6i hoat tinh ndi tai. Su bt hoat hodc suy giam
c6 thé duoc st dung thay thé cho nhau bing thudt ngit “giam diéu hoa”, “giam”, “lam
giam”, v.v.. Sy bat hoat ho#ic suy giam con c6 thé bao gém trudng hop trong dé hoat
tinh cua ban than protein duge lam gidm hodc loai bo do sy dot bién trong gen ma hoa
protein, v.v., so v6i hoat tinh ctia protein co s&n ban dau boi vi sinh vét, truong hop
trong d6 mirc do tdng thé cuia hoat tinh protein ndi bao thap hon so vé6i hoat tinh cua
chung ty nhién, do sy ¢ ché biéu hién hoic tc ché dich ma clia gen ma hoa protein,
truong hop trong do biéu hién ctia gen hoan toan khdng xay ra, va truong hop trong do
protein khdng c6 hoat tinh nao, mic du dugc biéu hién. Thuat ngt “hoat tinh noi tai”
¢6 nghia 12 hoat tinh cta polypeptit hodc protein cu thé ¢6 sin ban du bdi ching bd
me trudce khi bién nap hodc vi sinh vat khong bién ddi, khi mot tinh trang bi thay dbi
do bién ddi gen giy ra boi yéu t6 tu nhién hodc nhén tao. Thuét ngir ndy co thé duoc
sir dung thay thé cho nhau bang thuat ngit “hoat tinh truéc khi sta dbi”. “Hoat tinh cla
polypeptit hodc protein giam so véi hoat tinh noi tai” co nghia 1a hoat tinh gidm so v6i
hoat tinh ctia polypeptit hodc cu thé ¢6 sin ban ddu boi ching bd me trude khi bién

nap hodc vi sinh vat khong bién dbi.

Su bat hoat hodc suy gidm hoat tinh cla protein ¢o thé dat dugc nhung khong
gigi han & cac phuong phép khic nhau da biét trong cung linh vuc ky thuat
(Nakashima N et al., “Bacterial cellular engineering by genome editing and gene
silencing”. Int J Mol Sci. 2014;15(2):2773-2793; Sambrook et al. Molecular Cloning
2012; v.v.).

Céc vi du vé phuong phap c6 thé bao gom:

1) phuong phap xoa tAt ca hodic mot phan gen ma hoa protein;

2) phuong phép sira ddi viing didu hoa biéu hién (hoac trinh ty didu hoa biéu hién)

sao cho 1am giam su biéu hién cia gen ma hoa protein;

19



48892 20/92

3) phuong phép stra déi trinh ty gen ma héa protein sao cho hoat tinh cua protein

dugc loai bé hodc lam suy yéu,

4) phuong phap dua vao antisense oligonucleotit (vi du, ARN antisense) lién két

bb sung v6i ban phién ma ciia gen ma héa protein;

5) phuong phéap bd sung trinh ty bd sung v6i phia truge trinh tw Shine-Dalgarno
ctia trinh tu Shine-Dalgarno cua gen mé hoa protein d8 tao ra céu tric tha cap, do do6

tc ché su lién két cuia ribosom; va

6) phuong phap k§ thuét phién ma ngugc (reverse transcription engineering:
RTE) b sung promoto & ddu 3' cta khung doc mé (open reading frame: ORF) cua
trinh tu polynucleotit cia gen ma héa protein dé duoc phién ma ngugc, va phuong
phap c6 thé dat dugc bang su két hop néu trén, tuy nhién séng ché khong bi giéi han ¢
day.

Cu thé, phuong phap x6a mot phan hoic tAt ca gen ma hoa protein ¢6 thé dugc
thuc hién bang céch thay thé polynucleotit ma hoa protein mong mubn ndi sinh trong
nhiém séc thé vé6i polynucleotit c6 trinh ty nucleotit duge x6a mot phan hodc gen chi
déu, thong qua vecto dé dua nhiém sic thé vao vi sinh vat. Phuong phdp x6a mot phan
hodc tt ca polynucleotit ¢6 thé duogc iy vi du bang phwong phép x6a polynucleotit

bang cach tai td hop twong ddng, tuy nhién sang ché khong bi gi¢i han & day.

Ngoai ra, phwong phap x6a mot phan hoic tAt ca gen c6 thé dugc thuc hién bang
cach gay dot bién bing cach st dyng 4nh sang nhu tia cyc tim (ultra violet: UV) hodc
chét hoa hoc va sau d6 chon chung trong d6 gen dich dugc x6a tr dot bién thu duge.
Phuong phap x6a gen bao gbém phuong phap bang cong nghé tai tb hop ADN. Cong
nghé tai td hop ADN c6 thé dugc thuc hién béng céach, vi du, dua vao trinh ty nucleotit
hoic vecto bao gdm trinh ty nucleotit c6 su tuong ddng v6i gen dich vao vi sinh vat dé
tao ra su tai td hop tuong déng. Ngoai ra, trinh tu nucleotit hodc vecto can dua vao co

thé bao gdm chi déu lua chon trdi, tuy nhién sang ché khong bi gi¢i han & déy.

Ngoai ra, phuong phap bién ddi trinh tu didu hoa biéu hién c6 thé dat duoc bang
cach ap dung céc phuong phap khéac nhau da biét trong cung linh vyc k¥ thuat. Cac vi
du cta phuong phép nay ¢ thé dugc thuc hién bang cach gy dot bién trén ving diéu
hoa biéu hién (hodc trinh ty didu hoa biéu hién) bang viéc x0a, chén, thay thé bao thu

hodc khong bao thu trinh ty polynucleotit, hodc su két hop cac phuong phap dé tang
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cudng thém hoat tinh ciia ving diéu hoa biéu hién (hogc trinh tu didu hoa biéu hién),
hodc bang cach thay thé trinh tu vé6i trinh tu polynucleotit ¢6 hoat tinh suy yéu. Ving
didu hoa biéu hién co thé bao gém promoto, trinh ty hoat dong, trinh ty ma hoéa vi tri
lién két ribosom, trinh tu diéu hoa su két thic phién ma va dich mé, v.v., tuy nhién

sang ché khong bi gi¢i han & day.

Ngoai ra, phuong phap bién ddi trinh tu gen c6 thé dugc thuc hién bang cach giy
dot bién trén trinh ty bing viéc x6a, chén, thay thé bao thi hogc khong bao thu gen
trinh tu, hodc su két hop cic phuong phép dé 1am suy giam thém hoat tinh cua
polypeptit, hodc bang cach thay thé trinh tu v6i trinh tu gen dugc cai thién dé c6 hoat
tinh yéu hon hodc véi trinh tu gen dugc cai thién dé khong c6 hoat tinh, tuy nhién sdng
ché khong bi gi6i han ¢ déy.

Vi dy, su biéu hién gen c6 thé duoc trc ché hoidc 1am suy giam bang cach dua dot

bién vao trinh tu gen dé tao ra codon két thic.

Tuy nhién, phuong phép néu trén chi la vi du, va cac phuong phép ting cudng
hodc bét hoat hoat tinh clia protein va cac phuong phép thao tac trén gen da biét trong
cung linh vuc k¥ thuét, va do do, vi sinh vét san sinh L-metionin c6 thé dugc didu ché

bang cach 4p dung cac phuong phdp da biét khac nhau.
Vi sinh vat theo sang ché c6 thé 12 vi sinh vat thudc chi Corynebacterium.

Trong sang ché, “vi sinh vat thudc chi Corynebacterium” co th bao gbm tét ca
cac vi sinh vat thudc chi Corynebacterium, tdt hon 1a Corynebacterium glutamicum,
Corynebacterium crudilactis, Corynebacterium deserti, Corynebacterium efficiens,
Corynebacterium callunae, Corynebacterium stationis, Corynebacterium singulare,
Corynebacterium  halotolerans, — Corynebacterium striatum, ~ Corynebacterium
ammoniagenes, Corynebacterium  pollutisoli, Corynebacterium  imitans,
Corynebacterium testudinoris, hodc Corynebacterium flavescens, va t5t hon nita 1a

Corynebacterium glutamicum.

MOi truong va céac diéu kién nudi céy khéc dugce st dung dé nudi cdy vi sinh vat
theo sang ché c6 thé 12 bat ky mdi truong nao thudong duge su dung d8 nuoi cly cac vi
sinh vat thudc chi Corynebacterium ma khong bi giGi han ¢ day. Cu thé, vi sinh vat
theo sang ché c6 thé duoc nudi cdy trong cac didu kién hiéu khi hodc ky khi trong moi

truong chung chira ngudn cacbon, ngudn nito, ngudn phospho, hop chét vo co, axit
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amin va/hodc vitamin thich hop, v.v., trong khi diéu chinh nhiét do, @6 pH, v.v..

Trong sang ché, ngudn cacbon c6 thé bao gébm cac carbohydrat, chéng han nhu
glucoza, fructoza, sucroza, maltoza, v.v.; cac ruou duong nhu mannitol, sorbitol, v.v.;
cic axit hitu co nhu axit pyruvic, axit lactic, axit xitric, v.v.; cac axit amin nhu axit
glutamic, metionin, lysin, v.v. Ngoai ra, cac chit dinh dudng hitu co tu nhién, chéng
han nhu tinh bdt hydrolysat, mat duong, mat duong den, cam gao, s&n, mat mia, dich
chiét ngo, v.v., cO thé dugc str dung, va cu thé, cac carbohydrat chéng han nhu glucoza,
mat dudng dd qua xt 1y khir trung (tirc 1a mat duong chuyén thanh duong khir) c6 thé
dugc str dung. Ngoai ra, lugng thich hop cac nguén cacbon khac c6 thé duge sir dung
ma khong bi gidi han & day. Cac nguén cacbon nay co thé dugc st dung doc 1ap hodc

két hop hai hodc nhiéu loai véi nhau, tuy nhién sang ché khong bi gi6i han ¢ day.

Ngudn nito ¢6 thé bao gdm cic nguf”)n nito véo co, ching han nhu amoni, amoni
sulfat, amoni clorua, amoni axetat, amoni phosphat, amoni cacbonat, va amoni nitrat,
v.v.; cdc axit amin, chéng han nhu axit glutamic, metionin, glutamin, v.v.; va cac
nguén nito hitu co, chéng han nhu pepton, NZ-amin, cao thit, dich chiét nAm men, cao
mach nha, dich chiét ngo, casein hydrolysat, ca hodc cac san phidm phan huy cia
chiing, banh ddu nanh da khu chét béo hofic cac san pham phéan huy cua ching, v.v..
Céc ngudn nito nay c6 thé duoc str dung doc 14p hodc két hop hai hodc nhiéu loai ctia

ching, tuy nhién sang ché khong bi gi¢i han & day.

Ngudn phospho ¢6 thé bao gdm monokali phosphat, dikali phosphat, hodc céc
mubi chira natri twong tng, v.v.. Hop chit vo co c¢6 thé bao gdm natri clorua, canxi

clorua, sit clorua, magie sunfat, sat sunfat, mangan sunfat, canxi cacbonat v.v..

Ngubn lru huynh ¢6 thé bao gdm ankansulfonat, ching han nhu metanesulfonat
va etanesulfonat, cac hop chit chira lu:u huynh hitu co va vo co nhu sulfat, sulfit, hydro
sulfua nhu H»S, sulfua, cac dan xuat sulfua, hdn hop ciia hop chét chira luu huynh hitu
co va vd co va thiosulfat, chéng han nhu thioglycolat, thioxyanat va/hodc thiourea,
hodc ngudn luu huynh ¢6 thé khong bao gdm céc chit khac thiosulfat, tuy nhién sang
ché khéng bi giéi han & day.

Phuong phap san xuét L-metionin theo sang ché c6 thé bao gdm viéc nudi cy vi
sinh vét trong moi trudong chira thiosulfat. Cu thé, vi sinh vat theo sang ché 6 thé 1a vi

sinh vit bao gdm metZ ngoai lai va st dung thiosulfat nhu ngudn lwu huynh.
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Thiosulfat c6 thé dwoc st dung nhw ngudn luu huynh cua vi sinh vat, tuy nhién sang
ché khong bi gi6i han & day.

bbi véi hop chét vo co, natri clorua, canxi clorua, sat clorua, canxi cacbonat, v.v.
c6 thé dugc st dung. Ngoai ra, mdi trudong ¢ thé bao gdm cic vitamin va/hodc cac
tién chét thich hop, v.v.. Mdi trudng hodc tidn chit co thé duogc bd sung vao moi
trudng nudi ciy theo céch thirc theo mé hodgc lién tyc, tuy nhién sang ché khong bi gi6i

han & day.

Trong sang ché, do pH cua mdi trudng nudi cdy c6 thé dugc diéu chinh trong qua
trinh nuéi cdy vi sinh vat bing cach bd sung hop chét ching han nhu amoni hydroxit,
kali hydroxit, amohiac, axit phosphoric, axit sulfuric, v.v. vao moi truong nudi cy
theo cach thich hgp. Hon nita, trong qué trinh nudi céy, chét chéng tao bot chrflng han
nhu axit béo polyglycol este ¢6 thé duoc thém vao dé ngin tao bot. Ngoai ra, oxy hodc
khi chtra oxy ¢6 thé dugc dua vao moi truong nudi chy dé duy tri trang thai hiéu khi
ciia moi truong nudi ciy; hodc co thé khong dua khi vao hodc khi nito, hydrogen, hodc
cacbon dioxit c6 thé duoc dua vao mdi trudng nudi cdy dé duy tri trang thai ky khi
hogc vi hiéu khi, tuy nhién sang ché khong bi gi¢i han & day.

Nhiét do ctia méi truong nudi cdy c6 thé 1a tir 25°C dén 40°C, va tot hon la, tir
28°C dén 37°C, tuy nhién sang ché khong bi gi6i han & day. Viéc nudi cly c6 the tiép
tuc cho dén khi thu dugc cac nguyén liéu hitu ich v6i lugng mong mubn, va cu thé

trong 1 gio dén 100 gio, tuy nhién sang ché khong bi giéi han ¢ day.

Phuong phép san xuét metionin theo sang ché c6 thé bao gébm budc thu hdi L-

metionin tir vi sinh vat hodc méi trudng nudi cay.

Céc amin axit chtra luvu huynh hogc cac dan Xuit amin axit chira luu huynh dich
¢6 thé duoc thu hdi tir moi truong nudi ciy st dung phuong phép thich hop da biét
trong cung linh vuc k¥ thuét theo phuong phap nudi ciy vi sinh vat theo sang ché, vi
du, phuong phap nudi céy theo mé, nudi céy lién tuc, nudi céy theo mé b sung. Vi du,
cac phuong phép ching han nhu ly tAm, loc, x@ Iy bang chit két tia két tinh protein
(phuong phap tach mudi), tach chiét, nghién bing séng am, siéu loc, tham tach, cac
loai sic ky khac nhau nhu sdc ky ray phan ti (loc gel), sdc ky hip phu, sdc ky trao dbi
ion, sic ky i luc, v.v., va phuong phip sdc ky 1éng hiéu ning cao (High Performance

Liquid Chromatography: HPLC) ¢6 thé duogc str dung doc 1ap hodc két hop véi nhau,
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tuy nhién sang ché khong bi giéi han ¢ day.
Phuong thic nay cé thé bao gébm qua trinh lam sach bd sung. Trong qua trinh
lam sach, phuong phap lam sach thich hop da biét trong cung linh vuc k¥ thuat c6 thé

duoc sir dung.

Khia canh khac cla sang ché dé xuat ché pham san sinh L-metionin, ché pham

bao gdm vi sinh vat va thiosulfat.

Ché phim theo sang ché ¢6 thé con bao gdm bat ky t4 dugce thich hop nao thudng
dugc sir dung trong cac ché phdm dé san xuit L-metionin, va cac ta dugc nay co thé
bao gbm, vi dy, cac chét bao quan, chét 1am u6t, chit phan tén, chét tao huyén phu,
chit dém, chét dn dinh, chit dang truong, v.v., tuy nhién séng ché khong bi gi¢i han &
day.

Khia canh khéac cia sang ché d& xuét phuong phap diéu ché vi sinh vAt san sinh
L-metionin, phuong phép bao gdm budc dua protein duge ma hoa boi gen metZ ngoai
lai vao vi sinh vat.

Khia canh khac cla sang ché d& xuit viéc st dung vi sinh vét dugc dua vao
protein dugc ma hoa bdi gen metZ ngoai lai trong viéc san xuét L-metionin.

Do d6, vi sinh vit, gene metZ ngoai lai va protein dugc ma hoa, va viéc dua vao
protein gidng v6i mo ta & trén.

Vi du thuce hién sang ché

Trong phin mo ta sau déy, sang ché s& dugc md ta chi tiét hon dya trén cac
phwong 4n vi dy. Tuy nhién, cdc phuong an vi du nay chi nhim muc dich minh hoa va
khong giéi han pham vi bao ho cua sang ché

Vi du tham khao 1: Diéu ché plasmit

Plasmit (pDCM2, trén Fig.1, c6 ma nhan biét SEQ ID NO: 81) dugc didu ché dé
dua vao va thay thé gen trong nhidm séc thé Corynebacterium, va plasmit dugc téng
hop st dung dich vu téng hop gen cta Bionics Co. Plasmit dugc didu ché bao gf)m
enzym gi6i han dé st dung dé nhan dong, tham khao bai béo lién quan dén hé thong
sacB d3 biét (Gene, 145 (1994) 69-73). Do d6, plasmit pDCM2 da tdng hop c6 nhing

dac diém sau:
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1) ¢6 kha ning ty sao chép trong E. coli, nhung khong thé ty sao chép trong

Corynebacterium, bdi vi nd co ngudn gdc sao chép chi hoat dong trong E. coli;
2) plasmit pDCM2 c6 gen khang kanamyxin nhu chi d4u lua chon;

3) plasmit pDCM2 c6 gen Levan sucroza (sacB) nhu chi d4u lua chon duong thu
cép; va
4) plasmit pDCM2 khong dé lai bat ky thong tin gen nao cé ngudn gbe trong

ching da didu ché cudi cling.
Vi du 1: Diéu ché vecto tai t& hop dé xo6a gen mchR

Trong vi du nay, dé diéu ché chung san sinh metionin, chiing ATCC13032 kiéu
dai dugc st dung dé didu ché vecto dé bat hoat mchR ma hda protein tc ché sinh téng

hop metionin—xystein d& dugc boc 19 trude do (J. Biotechnol. 103:51-65, 2003).

Cu thé, dé x6a gen mcbR trén nhiém séc thé cua Corynebacterium ATCC13032,
vecto plasmit tai to hop dugc didu ché bang phuong phap sau ddy. Dua trén céc trinh
tu nucleotit dugc ndp Iuu ching & Ngén hang gen ciia Vién suc khoe qudc gia Hoa Ky
(U.S. National Institutes of Health: NIH), thu dugc gen mcbR va trinh tu bén canh cta
Corynebacterium glutamicum (c6 ma nhén biét SEQ ID NO: 1).

Nhim muc dich thu dugc gen mcbR da x6a, phuong phap phan Ung chudi
polymeraza (Polymerase Chain Reaction: PCR) dugc thuc hién v6i ADN nhiém séc
thé ctia Corynebacterium glutamicum ATCC13032 lam mach khudn st dung cip moi
¢6 cdc ma nhan biét SEQ ID NO: 2 va SEQ ID NO: 3, va cdc ma nhdn biét SEQ ID
NO: 4 va SEQ ID NO: 5 (bang 1).

Béang 1
SEQ ID NO Trinh tu (5'-3')
2 TCGAGCTCGGTACCCCTGCCTGGTTTGTCTTGTA
3 CGGAAAATGAAGAAAGTTCGGCCACGTCCTTTCGG
4 AGGACGTGGCCGAACTTTCTTCATTTTCCGAAGGG
5 CTCTAGAGGATCCCCGTTTCGATGCCCACTGAGCA

PCR duoc thuc hién trong cac diéu kién sau day: bién tinh & nhiét dd 95°C trong
5 phit, tdng sb 30 chu ky gdm c6 bién tinh & nhiét d 95°C trong 30 gidy, u dé gén
mdi & nhiét do 53°C trong 30 gidy, va kéo dai & nhiét d¢ 72°C trong 30 gidy, sau do
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kéo dai & nhiét do 72°C trong 7 phut. Két qua 13, thu dugc twong ung cac doan ADN
700 bp.

Vecto pDCM2 khong thé sao chép trong Corynebacterium glutamicum, va cac
doan gen mcbR da khuéch dai duogc xtt ly v6i enzym gidi han, smal, dé dua vao nhiém
sdc thé. Sau khi phan tng nhén dong ghép déng nhiét, sau do san pham dugc bién nap
vao E. coli DH50, sau d6 xét nghiém kinh phét san phdm trong moi trudong rin LB
chira kanamyxin (25 mg/L). Lva chon cac khun lac dugc bién nap véi vecto duge dua
vao céc doan gen dich thong qua PCR, va plasmit thu duoc sir dung phuong phép tach
chiét plasmit, sau d6 duoc dit tén 1a pDCM2-AmcbR.

Vi du 2: Biéu ché va nudi cdy dd x6a gen mcbR

ATCC13032 chiing duge bién nap bing sy téi t& hop tuong ddng trén nhiém sic
thé véi vecto pDC-AmcbR da didu ché trong vi dy 1 bang dién bién nap (van der Rest
et al., Appl Microbiol Biotechnol 52:541-545, 1999). Sau do, tai td hop thir cép duoc
thuc hién trong moi trudng tin chira sucroza. Ching Corynebacterium glutamicum da
bién nap, trong d6 viéc tai t6 hop thtr cAp d3 hoan thanh dugc thuc hign PCR st dung
cip mdi ¢6 cdc ma nhan biét SEQ ID NO: 6 va SEQ ID NO: 7 (bang 2) dé xac dinh
ching trong d6 gen mcbR dugc x6a. Ching tai td hop duoc dit tén 1a Corynebacterium

glutamicum CMO02-0618.

CM02-0618 duogc ndp luu ching & co quan luu ching qudc té 1a Trung tAm nudi
cdy vi sinh vat Han Quéc theo Hiép udc Budapest va dugc xac nhan s6 Iuu chiing

KCCM12425P vao ngay 04/01/2019.

Béang 2

SEQ ID NO Trinh ty (5'-3")
6 AATCTGGATTTCCGCCAGGT
7 CTTCCTAACTCCTGAGGAAG

Dé phan tich kha nang san xuét L-metionin ctia CM02-0618 da didu ché, ching
duoc nudi cdy cung véi chung bd me 1a ching Corynebacterium glutamicum

ATCC13032 theo cach sau day.

Corynebacterium glutamicum ATCC13032 va Corynebacterium glutamicum
CMO02-0618 cta sang ché dugc chy chuyén twong Ung trong binh tam gidc 250 ml

chtra 25 mL moi trudng bén dudi, va sau d6 dugc nudi cay trong diéu kién lac & nhiét

26



48892 27192

d6 30°C & 200 vong/phut trong 20 gid. Sau d6, 1 mL méi truong nudi cdy gidng dugc
chy chuyén trong binh tam gidc 250 ml chira 24 mL mdi trudng san xuit, va sau d6
dwoc nudi ciy trong diéu kién lic & nhiét d6 30°C & 200 vong/phut trong 48 gio. Cac
ché phdm ctia moi trudng nudi cdy gidng va méi truong san xudt nhu sau. Trong moi
trudng san xuét, (NH4)28203 1a loai thiosulfat dugc st dung nhu ngudn luu huynh.

Moi truong nudi cdy gibng (46 pH 7,0)

glucoza 20 g, pepton 10 g, dich chiét nAm men 5 g, ure 1,5g, KH2POs 4 g,
K,HPOs 8 g, MgSO47H20 0,5g, biotin 100 pg, thiamin HCI 1000 pg, canxi
pantothenat 2000 pg, nicotinamit 2000 pg (trong 1 L nudce ct)

Moi trudng san xuét (pH 8,0)

glucoza 50 g, (NH4)S:03 12 g, dich chiét ndm men 5g, KH:POs4 1g,
MgSO4-7H,0 1,2 g, biotin 100 pg, HCI 1000 pg, canxi pantothenat 2000 pg,
nicotinamit 3000 pg, CaCO; 30 g, xyanocobalamin (vitamin B12) 1 pg (trong 1 L
nude cit)

Sau khi nudi cdy bang phuong phap nudi ciy néu trén, ndéng d6 cia L-metionin

trong moi truong nuoi ciy dugc phan tich va thé hién & bang 3 dudi day.
Bang 3

X4c dinh kha ning san sinh L-metionin cla cac ching ki€u dai va ching da xo0a

mcbR

Chung L-Metionin (g/L)
Corynebacterium glutamicum ATCC13032 (kiéu dai) 0,00
CMO02-0618 0,04

Két qua 13, trong chiing chi loai bo mchR, quan sat dugc viée san sinh L-metionin.

Vi du 3-1: Pidu ché c4c vecto dé dua vao ba gen metZ ngoai lai

Thuc nghiém dugc thuc hién dé giai quyét nhitng vAn dé con ton tai clia phuong .
phap sinh tbng hop metionin hién c6 ddng thoi ting cudng san xudt metionin bing
cach dua metZ ngoai lai vao chung Corynebacterium. Cu thé, céac vecto dé dua vao

metZ ¢6 ngudn goc tx Chromobacterium violaceum, Hyphomonas neptunium,

Rhodobacter sphaeroides dugc didu ché.
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Cu thé, céc vecto plasmit tai td hop duge didu ché bing cac phuong phap sau day
dé dua vao bd sung mdi trong s6 ba loai gen metZ ngoai lai vao nhi®m sic thé cta

Corynebacterium ATCC13032.

Trudc tién, dé dua vao metZ, vecto loai bé Ncgl1021 (Transposaza) dugc diéu
ché. Dua trén trinh tu nucleotit dugc ndp luu ching & Ngan hang gen cia NIH, thu
dugc Ncgll021 va trinh ty bén canh (c6 md nhén biét SEQ ID NO: 8) cua
Corynebacterium glutamicum. Nhim muc dich thu dugc gen Ncgl1021 da xo6a, PCR
duoc thuc hién véi ADN nhiém sic thé cta Corynebacterium glutamicum
ATCC13032 lam mach khudn st dung cdp mdi ¢6 mi nhan biét SEQ ID NO: 9 va
SEQ ID NO: 10, va SEQ ID NO: 11 va SEQ ID NO: 12 (bang 4).

Bang 4
SEQ ID NO Trinh tu (5'-3")
9 ACCCGGGGATCCTCTAGAATGTTTGTGATGCGCAG
10 GTCAGAGAGTACTTACGCTGATCGGGAGGGAAAGC
11 ATCAGCGTAAGTACTCTCTGACTAGCGTCACCCTC
12 CTGCAGGTCGACTCTAGAAAAGGGATTGGAGTGTT

PCR dugc thuc hién trong cac diéu kién sau day: bién tinh & nhiét dd 95°C trong
5 phit, tdng s6 30 chu ky gdm c6 bién tinh & nhiét 4o 95°C trong 30 gidy, U dé gan
mdi & nhiét @6 53°C trong 30 gidy, va kéo dai & nhiét do 72°C trong 30 gidy, sau do
kéo dai & nhiét do 72°C trong 7 phit. Két qua 13, thu dugc cac doan ADN tuong ung.
Vecto pDCM2 khong thé sao chép trong Corynebacterium glutamicum, va cac doan
gen Ncgl1021 da khuéch dai duogc xir Iy voi enzym gidi han smal, dé dwa vao nhiém
séc thé. Sau khi phan tng nhéan dong ghép déng nhiét, sau do san pham duoc bién nap
vao E. coli DH50, sau d6 xét nghiém kinh phét san phdm trong mdi trudong rin LB
chira kanamyxin (25 mg/L). Lya chon céc khuén lac dugc bién nap v6i vecto duge dua
vao cac doan gen dich thong qua PCR, va plasmit thu dugc s dung phuong phap tach
chiét plasmit, sau d6 dugc dit tén 1a pDCM2-ANcgl1021.

Nhim muc dich thu dugc cac gen metZs (c6 ngudn gdc tir Chromobacterium
violaceum, Hyphomonas neptunium, va Rhodobacter sphaeroides), PCR dugc thuc
hién v6i mdi ADN nhiém sic thé cua Chromobacterium violaceum, Hyphomonas
neptunium, va Rhodobacter sphaeroides 1am mach khuo6n su dung cdp mdi ¢6 cac mi

nhén biét SEQ ID NO: 13 va SEQ ID NO: 14, SEQ ID NO: 15 va SEQ ID NO: 16, va
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SEQ ID NO: 17 va SEQ ID NO: 18. Dé biéu hién ba loai gen metZ tuong Ung,
promoto Pspllduge st dung, va Pspll duge thuc hién PCR st dung vecto ADN spl1-
GFP @3 boc 16 trude d6 (patent Han Quéc s6 10-1783170 B1) 1am mach khuén va cép
mdi ¢6 cac mi nhan biét SEQ ID NO: 19 va SEQ ID NO: 20, SEQ ID NO: 19 va SEQ
ID NO: 21, SEQ ID NO: 19 va SEQ ID NO: 22 (bang 5). PCR dugc thuc hién trong
cac diéu kién sau day: Bién tinh & nhiét 46 95°C trong 5 phut, tdng s6 30 chu ky gdm
¢6 bién tinh & nhiét do 95°C trong 30 gidy, i dé gin mdi ¢ nhiét do 53°C trong 30 gidy,
va kéo dai & nhiét dd 72°C trong 30 gidy, sau d6 kéo dai ¢ nhiét d6 72°C trong 7 phut.

Bang 5
SEQ ID NO Trinh ty (5'-3")

13 ATCAAAACAGATATCATGGCATCCGACGCGCCGCA
14 CGCTAGTCAGAGAGTTTAGTCAAGGCCCCGCAACA
15 ATCAAAACAGATATCATGGCGGATGCACCCGGCGG
16 CGCTAGTCAGAGAGTTCACAAGCTGTTAAGCGAAG
17 ATCAAAACAGATATCATGACGAAGGACTGGAAGAC
18 CGCTAGTCAGAGAGTTCAGATCACCGCGAGCGCCT
19 CCGATCAGCGTAAGTGGCGCTTCATGTCAACAATC
20 CGCGTCGGATGCCATGATATCTGTTTTGATCTCCT

21 GGGTGCATCCGCCATGATATCTGTTTTGATCTCCT

22 CCAGTCCTTCGTCATGATATCTGTTTTGATCTCCT

Két qua 13, thu dugc tuong tmg ba loai doan gen metZ ngoai lai (c6 cdc mi nhin
biét tir SEQ ID NO: 63 dén SEQ ID NO: 65) va céc doan gen tuong g promoto spll
d& bidu hién ba loai gen metZ. Vecto pDCM2-ANcgl1021 khong thé sao chép trong
Corynebacterium glutamicum dugc xtt ly v6i enzym gi6i han scal. Sau khi phan Ung
nhin dong ghép déng nhiét ctia cdc doan promoto spll da khuéch dai vé6i cac doan
metZ theo ting chung, sau do mdi san phim dugc bién nap vao E. coli DH5a, sau d6
xét nghiém kinh phét san pham trong mdi trudong rén LB chira kanamyxin (25 mg/L).
Lua chon cac khuén lac dugc bién nap véi vecto dugc dua vao gen dich thong qua
PCR, va tdng s ba loai plasmit thu dugc st dung phuong phap tach chiét plasmit, sau
d6 duoc dat tén twong ung la pDCM2-ANcgl1021-PsplCvimetZ (Chromobacterium
violaceum metZ), pDCM2-ANcgl1021-PsplHnemetZ (Hyphomonas neptunium metZ),
va pDCM2-ANcgl1021-PsplRspmetZ (Rhodobacter sphaeroides metZ).

Vi du 3-2: Piéu ché vecto dé dua vao gen metZ
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Cac vecto cho céc trinh tu cua sdu gen metZ c0 ngudn gbc tir Rhodobacter
sphaeroides da biét duge didu ché bd sung. Theo céch tuong ty nhu trong vi du 3-1
(tham khao cac cong b don Hoa Ky sb US2013-0273614 Al va US 2018-
0355389 Al), cac vecto trong do mdi gen metZ ma hoa tuong ung céc trinh ty amin
axit ¢6 cac ma nhan bidt tir SEQ ID NO: 66 dén SEQ ID NO: 71 duoc diéu ché. Cac
gen metZ dugc dit tén twong ung la RspmetZ_dai, RspmetZ_3, RspmetZ_ 65,
RsﬁmetZ_104, RspmetZ 196, va RspmetZ_3_65_104, va cdp mdi duge sir dung dé dua

vao moi gen nhu sau.

Bang 6
Poan mdi Trinh tu (5'-3")
RspmetZ SEQ ID NO: 72 ATCAAAACAGATATCATGGGTATCGCGTTTCG
TGA
RspmetZ 3 | SEQID NO: 73 CCTTCACGAAACGCGITACCCATGATATCTG
RspmetZ 3 | SEQID NO: 74 CAGATATCATGGGTAaCGCGTTTCGTGAAGG
RspmetZ 65 | SEQID NO: 75 TAGCGGGCATAGATGtATTCGTCGGCGCCGG
RspmetZ 65 | SEQID NO: 76 CCGGCGCCGACGAATaCATCTATGCCCGCTA
RspmetZ 104 | SEQ ID NO: 77 ACGATCGAGGTGAGCgCGCCGTGGATCGCGG
RspmetZ 104 | SEQ ID NO: 78 CCGCGATCCACGGCGecGCTCACCTCGATCGT
RspmetZ 196 | SEQ ID NO: 79 CGGGCGTCGCGAAGAIATTGTCCACGATGAC
RspmetZ 196 | SEQ ID NO: 80 GTCATCGTGGACAATaTCTTCGCGACGCCCG

Trudc tién, nhim muc dich thu dugc RspmetZ_dai, PCR duoc thuc hién véi
ADN nhiém séc thé cua Rhodobacter sphaeroides st dung cap mdi ¢b cic mi nhén

biét SEQ ID NO: 19 va SEQ ID NO: 22, va SEQ ID NO: 72 va SEQ ID NO: 18.
Két qua 13, thu duoc doan gen va doan promoto spll.

Vecto pDCM2-ANcgl1021 Kkhong thé sao chép trong Corynebacterium
glutamicum duge xt Iy v6i enzym gidi han scal. Sau khi phan tng nhan dong ghép
dang nhiét ctia cac doan promoto spll da khuéch dai v6i cdc doan metZ theo ting
chiing, sau d6 mdi sén phim duoc bién nap vao E. coli DH50, sau d6 xét nghiém kinh
phét san pham trong mdi trudng rén LB chtra kanamyxin (25 mg/L). Lua chon cac
khuén lac dugc bién nap véi vecto duge dua vao gen dich thong qua PCR, va plasmit
thu dugc str dung phuong phéap tach chiét plasmit, sau d6 dugc dat tén 1a pDCM2-
ANcgl1021-PsplRspmetZ_dai.
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Nhim muc dich thu dugc RspmetZ_3, RspmetZ_65, RspmetZ_104, RspmetZ_196,
va RspmetZ 3_65_104, PCR dugc thuc hién véi vecto pDCM2-ANcgl1021-
PsplRspmetZ_dai 1am mach khuon st dung cac ma nhén biét SEQ ID NO: 72 va SEQ
ID NO: 73, SEQ ID NO: 74 va SEQ ID NO: 18 (RspmetZ_3), SEQ ID NO: 72 va SEQ
ID NO: 75, SEQ ID NO: 76 va SEQ ID NO: 18 (RspmetZ_65), SEQ ID NO: 72 va
SEQ ID NO: 77, SEQ ID NO: 78 va SEQ ID NO: 18 (RspmetZ_1 04), SEQ ID NO: 71
va SEQ ID NO: 79, SEQ ID NO: 80 va 1 SEQ ID NO: 8 (RspmetZ_196), SEQ ID
NO: 72 va SEQ ID NO: 73, SEQ ID NO: 74 va SEQ ID NO: 75, SEQ ID NO: 76 va
SEQ ID NO: 77, SEQ ID NO: 77 va SEQ ID NO: 18 (RspmetZ_3_65_104). PCR dugc
thuc hién trong cac diéu kién sau day: bién tinh & nhiét do 95°C trong 5 phut, téng sb
30 chu k§ gdm 6 bién tinh & nhiét do 95°C trong 30 gidy, u dé gan mdi & nhiét do
53°C trong 30 gidy, va kéo dai ¢ nhiét do 72°C trong 30 gidy, sau d6 kéo dai & nhiét
do 72°C trong 7 phut.

Két qua 13, thu dugc tdng s6 10 doan.

Bang 7
Poan 1 SEQ ID NO: 72, SEQ ID NO: 73
Poan 2 SEQ ID NO: 74, SEQ ID NO: 18
Doan 3 SEQ ID NO: 72, SEQ ID NO: 75
Doan 4 SEQ ID NO: 76, SEQ ID NO: 18
Poan 5 SEQ ID NO: 72, SEQ ID NO: 77
Poan 6 SEQ ID NO: 78, SEQ ID NO: 18
Poan 7 SEQ ID NO: 72, SEQ ID NO: 79
Doan 8 SEQ ID NO: 80, SEQ ID NO: 18
Poan 9 SEQ ID NO: 74, SEQ ID NO: 75
Poan 10 SEQ ID NO: 76, SEQ ID NO: 77

Vecto pDCM2-ANcgl1021 Khong thé sao chép trong Corynebacterium
glutamicum duge xtr ly véi enzym gidi han scal. Sau khi phan tng nhan dong ghép
déng nhiét cia RspmetZ 3 va doan 1, doan 2, RspmetZ 65 va doan 3, doaﬁ 4,
RspmetZ_104 va doan 5, doan 6, RspmetZ_196 va doan 7, doan 8, RspmetZ_3_65_104
va doan 1, doan 11, doan 12, doan 6, sau d6 mdi san phém duoc bién nap vao E. coli
DHS50, sau d6 xét nghiém kinh phét san phdm trong mdi truong rin LB chira
kanamyxin (25 mg/L). Lya chon cac khuén lac duge bién nap véi vecto duge dua vao

gen dich théng qua PCR, va thu duoc tdng sb sau loai plasmit sir dung phuong phép
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tach chiét plasmit, sau d6 dugc dit tén tuong Ung la pDCM2-ANcgl1021-
PsplRspmetZ_dai, pDCM2-ANcgl1021-PsplRspmetZ_3, pDCM2-ANcgl1021-
PsplRspmetZ 65,  pDCM2-ANcgl102 1-PsplRspmetZ_104,  pDCM2-ANcgl1021-
PsplRspmetZ_196, pDCM2-ANcgl1021 -PsplRspmetZ_3_65_104. |

Vi du 4: Diéu ché va nudi cay ching dugc dwa vao metZ ngoai lai

9 loai gen metZ ngoai lai twong Ung dugc dua vao ching CMO02-0618 1a chung

san sinh metionin da diéu ché trong vi du 2.

Cu thé, ching CM02-0618 12 ching san sinh metionin da diéu ché trong vi du 2
duoc bién nap bing su tai td hop tuong dbng trén nhiém sic thé véi cac vecto
pDCM2-ANcgl1021, pDCM2-ANcgl1021-PsplCvimetZ pDCMZ-ANcgllOZl-'
PsplHnemetZ, pDCM2-ANcgl1021-PsplRspmetZ, pDCM2-ANcgl1021-
PsplRspmetZ_dai, pDCM2-ANcgl1021-PsplRspmetZ_3, pDCM2-ANcgl1021-
PsplRspmetZ_65, pDCM2-ANcgl1021-PsplRspmetZ 104, pDCM2-ANcgl1021-
PsplRspmetZ 196, va pDCM2-ANcgl1021-PsplRspmetZ_3_65_104 da diéu ché tuong
ung trong vi du 3 bang dién bién nap (van der Rest et al., Appl Microbiol Biotechnol
52:541-545, 1999).

Sau do, su tai td hop thit cép duoc thuc hién trong moi truong rén chtra sucroza.
Ching Corynebacterium glutamicum dugc bién nap, trong d6 su tai t6 hop thur cép
duogc hoan thanh, dugc thuc hién PCR st dung cdp mdi c6 ma nhén biét SEQ ID
NO: 23 va SEQ ID NO: 24 d xé4c dinh chung trong d6 gen Negl1021 duoc x6a va gen
metZ duge dua vao. Mdi chung tai t6 hop duoc didu ché biang cach dua vao mét trong
chin loai vecto vao CM02-0618, dugc dat tén twong Gng 1a CMO02-0618/ANcgl021 va
CMO02-0757, CM02-0758, CM02-0759-1, CM02-0759-2, CM02-0759-3, CM02-0759-
4, CM02-0759-5, va CM02-0759.

Dé phan tich kha ning san sinh L-metionin cia cac ching da diéu ché, mdi

ching dugc nudi ciy v6i nhau cung v6i chiing bd me CM02-0618 theo cach sau day.

MBbi chiing dugc cdy chuyén trong binh tam giac 250 ml chira 25 mL moi trudng
dué6i day, va sau d6 duoc nudi céy trong diéu kién lic & nhiét do 30°C & 200
vong/phit trong 20 gid. Sau d6, 1 mL mdi truong nudi ciy gibng dugc cdy chuyén
trong binh tam gidc 250 ml chtra 24 mL m6i trudng san xuét, va sau d6 dugce nudi chy

trong diéu kién lic & nhiét d6 30°C & 200 vong/phut trong 48 gio. Cac ché phdm cua
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mdi truong nudi cly gidng va moi trudng san xuét nhu sau.

Mdi truong nudi cdy gidng (46 pH 7,0)

glucoza 20 g, pepton 10 g, dich chiét nAm men 5 g, ure 1,5g, KH,PO4 4 g,
K,HPOs 8g, MgSO47H20 0,5 g, biotin 100 pg, thiamin HCl 1000 pg, canxi
pantothenat 2000 pg, nicotinamit 2000 pg (trong 1 L nuéc cét)

MBéi trudng san xuét (46 pH 8,0)

glucoza 50 g, (NH4)2S:03 12 g, dich chiét nAm men 5g KHPOs 1g,
MgSO04-7H20 1,2 g, biotin 100 pg, thiamin HCI 1000 g, canxi pantothenat 2000 pg,
nicotinamit 3000 pg, CaCO; 30 g, cobalamin (vitamin B12) 1 ug (trong 1 L nudc cht).

Hon nita, dé so sanh v6i ngudn lwu huynh dugc sir dung trong enzym chuyén hoa
metionin hién c6, ngudn luu huynh duge sit dung trong mdi truong san xuét duoc thay
thé tir thiosulfat (S203) bang metyl mercaptan (CH3SH), va cac chung dugc nudi ciy
theo cach twong tu. Sau khi hoan thanh viéc nudi céy, néng d6 L-metionin trong mdi
mdi trudong nudi cdy duge phan tich va thé hién trong bang 8.

Béang 8

X4c dinh kha ning san sinh L-metionin cia cac ching dugc tang cuong biéu hién

metZ
Chiing L‘-Metionin (g/L) P-Metionin (g/L)
(ngudn Iuu huynh: $;03) | (ngudn luu huynh: CH;SH)

CMO02-0618 0,04 0,01
CMO02-0618ANcgl021 0,04 0,01
CM02-0757 (CvimetZ) 0,13 0,02
CM02-0758 (HnemetZ) 0,12 0,01
CMO02-0759-1 (RspmetZ) 0,13 0,02
CM02-0759-2 (RspmetZ_dai) 0,13 0,02
CMO02-0759-3 (Rspmez‘Z_3) 0,13 0,02
CMO02-0759-4 (RspmetZ_65) 0,13 0,02
CMO02-0759-5 (RspmetZ_104) 0,13 0,02
CM02-0759-6 (RspmetZ_196) 0,13 0,02
(Rspizfgfs(i76?59_104) 0.14 0.02

Két qua 13, khi chin loai gen metZ tuong ung dugc dua vao, san lugng L-
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metionin ting it nhat 266%, so v6i san lugng cua chiung dbi chung, thé hién rang metZ
ngoai lai theo sang ché 1am tang dang ké ning sudt L-metionin théng qua sulthydryl
hoa, va cu thé, hiéu qui cao so véi viéc st dung metyl mercaptan lam ngudn luu
huynh theo phuong phap hién tai. Diéu nay c6 thé giai thich rang khong gidng nhu
Corynebacterium glutamicum metB va metY, metZ ngoai lai theo sang ché khong nhan

trc ché phan hdi, va do d6 san luong metionin tdng lén.

Cac chung CMO02-0757, CM02-0758, va CMO02-0759 duge ndp luu chung & co
quan luu chung qudc té 12 Trung tAm nudi ciy vi sinh vat Han Quéc theo Hiép udc
Budapest va dugc xdc nhén s6 Iuu ching tuong tng KCCM12506P, KCCM12507P,
KCCM12508P vao ngay 02/05/2019. |

Vi du 5: Didu ché vecto téi t8 hop dé x6a céc gen metB va metY

Pé kidm tra chitc nang (hoat tinh) ctia protein dugc ma hoéa boi metZ theo sang
ché va dé so sanh hoat tinh v6i hoat tinh metY va metB, metB va metY cla C.gl duogc
x6a tuong Uing. Cu thé, dé xo6a tuong Ung cic gen metB va metY, cac vecto plasmit tai
t6 hop duoc didu ché bing phuong phap sau déy. Dua trén céc trinh tu nucleotit dugc
nop luu ching & Ngan hang gen cua NIH, thu dugc cac gen metB va metY va cac trinh
tu bén canh (c6 cac mi nhén biét SEQ ID NO:25 va SEQ ID NO:26) cua

Corynebacterium glutamicum.

Nhim muc dich thu dugc tuong Gng céc gen metB va metY, PCR duoc thuc hién
v6i ADN nhidm séc thé cta Corynebacterium glutamicum ATCC13032 lam mach
khuon st dung cdp mdi c6 cac ma nhan biét SEQ ID NO: 27 va SEQ ID NO: 28 va
SEQ ID NO: 29 va SEQ ID NO: 30 (metB) va cgp mdi c6 cic ma nhén biét SEQ ID
NO: 31 va SEQ ID NO: 32 va SEQ ID NO: 33 va SEQ ID NO: 34 (metY) (bang 9).

Bang 9
SEQ ID NO Trinh tu (5'-3")

27 GAATTCGAGCTCGGTACCCGGGCCAGTAAGGTGTTACCCAT
GC

8 CTGCTTGCCGCCAAATAGTTTAGTACTGGTAGATCAACTCCT
GTAATCAGAATTCTA

29 TAGAATTCTGATTACAGGAGTTGATCTACCAGTACTAAACTA
TTTGGCGGCAAGCAG

30 TCGACTCTAGAGGATCCCCGGGCGATCTCAATTCCCATGCCT
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C
31 TCGAGCTCGGTACCCCTGCAATAGCTGCAAAGTGG
32 TGAGTCTATTTAAAGCGGGTAATTTTCTTGACTTT
33 CAAGAAAATTACCCGCTTTAAATAGACTCACCCCA
34 CTCTAGAGGATCCCCGCCTTAATTTGGGCGGATTG

PCR duoc thuc hién trong cac diéu kién sau ddy: bién tinh & nhiét do 95°C trong
5 phit, tdng s6 30 chu ky gdm c6 bién tinh ¢ nhiét do 95°C trong 30 gidy, u dé gén
mdi & nhiét dd 53°C trong 30 gidy, va kéo dai & nhigt do 72°C trong 30 gidy, sau do
kéo dai & nhiét dd 72°C trong 7 phit. Két qua 13, thu dugc tuong ng cac doan ADN
700 bp.

Vecto pDCM2 khong thé sao chép trong Corynebacterium glutamicum, va cac
doan gen metB va metY da khuéch dai twong tmg duge xir Iy véi enzym gi6i han smal,
d8 dwa vao nhidm sic thé. Sau khi gin st dung ADN ligaza, sau d6 sén pham dugc
bién nap vao E. coli DH50, sau d6 xét nghiém kinh phét san phim trong moi truong
rin LB chtra kanamyxin (25 mg/L). Lua chon cac khudn lac dugc bién nap véi mdi
vecto duge dua vao cac doan dd x6a cua cc gen dich thong qua PCR, va mdi plasmit
thu duogc st dung phuong phép tich chiét plasmit, va sau d6 cac plasmit thu dugc

duoc dit tén twong tng 12 pDCM2-AmetB va pDCM2-AmetY.

Vi du 6: Didu ché va nudi cdy chiing da x6a gen metB hodc metY tir ba loai ching

duoc ting cuong metZ

Céc ching CM02-0618, CM02-0757, CM02-0758, va CM02-0759 duoc bién nap
boi su tai td hop twong dong trén nhidém sic thé v6i cic vecto pDCM2-AmetB va
pDCM2-AmetY da didu ché néu trén trong tmg bang dién bién nap (van der Rest ef al.,
Appl Microbiol Biotechnol 52:541-545, 1999). Sau do, tai té hop thu chp duoc thyc
hién trong moi truong tin chia sucroza. Ching Corynebacterium glutamicum da bién
nap trong do6 sy tai td hop thir cap da hoan thanh duoc kiém tra dé x6a cac gen metB va
metY st dung tuong (mg cac cip mdi c6 mad nhén biét SEQ ID NO: 35 va SEQ ID
NO: 36 (metB) va SEQ ID NO: 37 va SEQ ID NO: 38 (metY) (bang 10).

Béang 10
SEQ ID NO Trinh tu (5'-3")
35 TTCCTGGTCTGACGACAGTG
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36 GATGTCTTCAGCTTCACCCTG
37 CCGAGGATAATCCACAAGGT
38 CGAAGCGTTCGTCGATITTCT

Cac chung tai t8 hop dugc dit tén tuwong Ung la Corynebacterium glutamicum
CM02-0618/AmetB  CM02-0757/AmetB, CM02-0758/AmetB, CMO02-0759/AmetB,
CM02-0618/AmetY, CM02-0757/AmetY, CM02-0758/AmetY, CM02-0759/AmetY.

Pé phan tich kha ndng san sinh L-metionin cua cac ching CM02-0618/AmetB,
CM02-0757/AmetB, CM02-0758/AmetB, CM02-0759/AmetB, CMO02-0618/AmetY,
CMO02-0757/AmetY, CM02-0758/AmetY, va CM02-0759/AmetY da didu ché, ching

duoc nudi cy tuong Gng bang phuong phap sau.

CMO02-0618, CM02-0757, CM02-0758, va CM02-0759 lam céc ching bd me va
CM02-0618/AmetB, CM02-0757/ AmetB, CM02-0758/AmetB, CM02-0759/AmetB,
CM02-0618/AmetY, CM02-0757/AmetY, CM02-0758/AmetY, va CM02-0759/AmetY
da didu ché néu trén dugc ciy chuyén tuong ung trong binh tam giéc 250 ml chira 25
mL méi trudng dudi day, va sau d6 dugce nudi cly trong didu kién ldc & nhiét do 30°C
& 200 vong/phut trong 20 gio. Sau do, mdi 1 mL mdi truong nudi chy gibng dugc cay
chuyén trong binh tam gidc 250 ml chra 24 mL mo6i truong san xudt, va sau d6 duge
nudi ciy trong didu kién lc & nhiét d6 30°C & 200 vong/phut trong 48 gid. Cac ché
phim ctia mdi trudng nudi cdy gibng va moi trudng san xuét nhu sau.

Mbi truong nudi cdy giéng (40 pH 7,0)

glucoza 20 g, pepton 10 g, dich chiét nAm men 5 g, ure 1,5 g, KH2POs 4 g,

K,HPOs 8g, MgSO47H2O 0,5g, biotin 100 pg, thiamin HCI 1000 pg, canxi
pantothenat 2000 pg, nicotinamit 2000 pg (trong 1 L nu6c cit)

Mbi trudng san xuét (46 pH 8,0)
glucoza 50 g, (NHi)2S8:03 12 g, dich chit nAm men 5g, KHPO4 1g,

MgSO4-7H20 1,2 g, biotin 100 pg, thiamin HCI 1000 pg, canxi pantothenat 2000 pg,
nicotinamit 3000 pg, CaCOs3 30 g, cobalamin (Vitamin B12) 1 pg (trong 1 L nudce cét).

Céc ndng dd ctia L-metionin va homolanthionin san pham phu trong mdi moi
trudng nudi cdy dugc nudi cay bang phuong phap nudi cay néu trén dugc phan tich va

thé hién & bang 11.
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Bang 11

Xéc dinh kha nang san sinh L-metionin hodc homolanthionin cta cac ching duoc

x0a metY hoac metB

Chuing L-Metionin (g/L) Homolanthionin (g/L)
CMO02-0618 0,04 0,82
CMO02-0618/AmetB 0,03 0
CMO02-0618/AmetY 0,02 0,81
CMO02-0757 0,13 0,17
CMO02-0758 0,12 0,17
CMO02-0759 0,13 0,18
CMO02-0757/AmetB 0,13 0
CMO02-0758/AmetB 0,12 0
CMO02-0759/AmetB 0,13 0
CMO02-0757/AmetY 0,08 0,19
CMO02-0758/AmetY 0,07 0,18
CMO02-0759/AmetY 0,08 0,19

Tir cac két qua, xac nhan rang metZ ngoai lai thyc hién chirc néng tuong tu nhu
‘metB, tuc 1a tao ra metionin théng qua chuyén sulfit héa sir dung xystein lam ngudn
lvu huynh. N6i cach khac, mdc du metB hodc metY dugc x6a, viéc san xuit metionin
¢6 thé duge duy tri v6i nang sult cao bang cach st dung metZ, va do do, gen c6 thé
dugc thay thé véi metZ ngoai lai dé giai quyét nhitng vAn d& con ton tai cla metB

va/hoic metY trong Corynebacterium.

Hon nita, trong chiing c6 mat metB va dugc dua vao metZ ngoai lai, vi€c san Xuét
metionin duge ting cudng va viéc san xuit homolanthionin chi khoang 20% so v&i db6i
ching (CM02-0618), thé hién rang viéc san xuét homolanthionin san phdm phu giam
khi metZ dugc ting cudng. Homolanthionin la chét dugc tong hop bang cach tiéu thy
O-axetylhomoserin, va do d6 viéc san xuit homolanthionin giam san xuét metionin.
metZ ngoai lai tc ché san xuit san pham phuy, didu nay giai quyét nhitng vén @& con
tdn tai cia metB dé tc ché san xuét san phdm phu va tang cuong tbng hop metionin.

Céc két qua néu trén lin ddu tién cho thiy ring metZ theo sang ché c6 thé 1am
trung gian chuyén sulfit héa bang cach st dung xystein, va metZ theo sang ché c6 thé
dugc st dung khong chi dé ting san xuAt metionin ma con giai quyét nhitng van dé

con ton tai cia metB thudc ching Corynebacterium.
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Vi du 7: Diu ché vecto téi t6 hop dé dong thoi ting cudng metH va cys]

Trong vi du nay, dé diéu ché chung san sinh metionin trong d6 mcbR khdng duoc
x6a, vecto dé tang cudong metH ma hoa metionin synthaza (Ncgl1450) va cysI ma héa

sulfit reductaza (Ncgl2718) duoc didu ché ddng thoi.

Cu thé, dé dua vao bd sung cic gen metH va cysl vao nhidm séc thé cia
Corynebacterium ATCC13032, vecto plasmit tai td hop duoc didu ché bing phuong
phép sau ddy. Dya trén cdc trinh tu nucleotit dugc ndp luru chung & Ngan hang gen cua
NIH, thu dugc gen metH va trinh tu bén canh (c6 mé nhan biét SEQ ID NO: 39) va
gen cys/ va trinh ty bén canh (c6 ma nhan biét SEQ ID NO: 40) ctia Corynebacterium

glutamicum.

Nhim muc dich thu dugc gen metH va cysl, PCR dugc thuc hién v6i ADN nhiém
sic thé cua Corynebacterium glutamicum ATCC13032 lam mach khuoén st dung cdp
mdi ¢6 cac ma nhan biét SEQ ID NO: 41 va SEQ ID NO: 42, va SEQ ID NO: 43 va
SEQ ID NO: 44. Promoto Pcj7 duoc st dung dé ting cudng biéu hién cua gen metH,
va promoto Psplldugc sir dung dé tang cuong biéu hién cuia gen cysl. Pé thu dugc mdi
promoto, PCR dugc thuc hién d6i véi Pcj7 véi ADN nhiém sic thé cua
Corynebacterium ammoniagenes ATCC6872 lam mach khuon st dung cdp mdi c6 ma
nhén biét SEQ ID NO: 45 va SEQ ID NO: 46, va ddi v6i Pspll véi vecto ADN spll-
GFP (KR 10-1783170 B1) da boc 10 trude d6 lam mach khudn st dung cap mdi ¢6 ma
nhan biét SEQ ID NO: 47 va SEQ ID NO: 48. Céc trinh ty cia cap mdi duoc st di_mg
duoc thé hién trong bang 12 dudi day.

Bang 12

SEQ ID NO Trinh tu (5'-3")
41 CAACGAAAGGAAACAATGTCTACTTCAGTTACTTC
42 TAGTCAGAGAGTGATTTAGACGTTAAAGTACTTTG
43 ATCAAAACAGATATCATGACAACAACCACCGGAAG
44 CGCTAGTCAGAGAGTTCACACCAAATCTTCCTCAG
45 CCGATCAGCGTAAGTAGAAACATCCCAGCGCTACT
46 AACTGAAGTAGACATTGTTTCCTTTCGTTGGGTAC
47 TACTTTAACGTCTAAGGTACCGGCGCTTCATGTCA
48 GGTGGTTGTTGTCATGATATCTGTTTTGATCTCCT

PCR duoc thuc hién trong céc didu kién sau ddy: bién tinh ¢ nhi¢t o 95°C trong
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5 phit, tdng s6 30 chu ky gdm c6 bién tinh & nhiét d 95°C trong 30 gidy, U dé gén
mdi & nhiét d6 53°C trong 30 gidy, va kéo dai & nhiét do 725C trong 4 phut, sau do6 kéo
dai & nhiét do 72°C trong 7 phut. Két qua 1a, thu dugc tuong Ung metH va cysl, cac
doan ADN promoto Pcj7 va promoto Pspll.

Vecto pDCMZ-ANcgllO21 khong thé sao chép trong Corynebacterium
glutamicum dugc xu ly v6i enzym gidi han scal, va bbén doan ADN da khuéch dai
duge xt ly véi scal dé dua vao nhidm sic thé. Sau phan tGng IST, sau d6 san pham
duoc bién nap vao E. coli DH5a, sau d6 xét nghiém kinh phét san phim trong mdi
truong ran LB chita kanamyxin (25 mg/L). Lya chon cac khuén lac dugc bién nap véi
vecto dugce dua vao cac doan di xo6a cla cac gen dich thong qua PCR, va plasmit thu
dugc st dung phuong phép tach chiét plasmit, sau d6 duogc dat tén la pDCM2-
ANcgl1021-Pcj7metH-Pspllcysl.

Vi du 8: Piéu ché ching dé ddng thoi ting cudng metH va cysl va san xuét L-

metionin st dung ching nay

Ching ATCC13032 duoc bién nap béi su tai td hop tuong dbng trén nhiém séc
thé twong tmg v6i cac Vécto pDCM2-ANcgl1021 va pDCM2-ANcgl1021-Pcj7metH-
Psplicysl da didu ché néu trén bang dién bién nap (van der Rest et al., Appl Microbiol
Biotechnol 52:541-545, 1999). Sau do, tai t6 hop tht cap dwgc thyc hién trong moi
truong ran chira sucroza. Céc ching Corynebacterium glutamicum da bién nap, trong .
d6 viée téi td hop thir cdp da hoan thanh, dugc kiém tra dé x6a gen Negl1021 va dua
vao gen Pcj7-metH-Pspllcysl sit dung tudng ung cap mdi ¢6 ma nhén biét SEQ ID
NO: 23 va SEQ ID NO: 24. Cac ching tai td hop duoc dit tén tuong tmg la 13032/
ANcgl1021 va CM02-0753.

Dé phan tich kha ning san sinh L-metionin cua cac ching 13032/ANcgl1021 va
CM02-0753 da didu ché, ching dugc nudi cdy tuong Umg cung véi ching b me

Corynebacterium glutamicum ATCC13032 bang phuong phép sau day.

Céc chung Corynebacterium glutamicum ATCC13032 va 13032/ANcgl1021 va
CM02-0753 di didu ché néu trén duge cdy chuyén tuong ung trong binh tam giéc 250
ml chira 25 mL mdi truong dudi day, va sau d6 dugc nudi cdy trong diéu kién lic &
nhiét dd 30°C & 200 vong/phut trong 20 gio. Sau do, mdi 1 mL mdi trudong nudi cdy

gidng dugc cly chuyén trong binh tam gidc 250 ml chira 24 mL mdi trudng san xuét,
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va sau d6 dugc nudi ciy trong didu kién lic & nhiét @6 30°C & 200 vong/phut trong 48
gio. Cac ché phim ctia méi trudng nudi cdy gidng va mdi trudng san xuét nhu sau.
Méi trudng nudi cdy gidng (d6 pH 7,0)
glucoza 20 g, pepton 10 g, dich chiét nAm men 5 g, ure 1,5 g, KH2PO4 4 g,

KoHPO; 8g, MgSOs7H2O 0,5 g, biotin 100 pg, thiamin HC1 1000 pg, canxi
pantothenat 2000 pg, nicotinamit 2000 pg (trong 1 L nuéc cit)

Mbéi truong san xuét (40 pH 8,0)

glucoza 50 g, (NHi4)2S:03 12 g, dich chiét ndm men 5g, KHPOs 1g,
MgSO4-7H>0 1,2 g, biotin 100 pg, thiamin HCI 1000 pg, canxi pantothenat 2000 pg,
nicotinamit 3000 pg, CaCOs 30 g, cobalamin (vitamin B12) 1 pg (trong 1 L nudc cét).

Céc ndng d6 ctia L-metionin trong moi moi trudng nudi cay dugc nudi cay bang

phuong phap nudi cAy néu trén dugc phén tich va thé hién & bang 13.
Bang 13

Xéc dinh kha ning san sinh L-metionin cta chiing c6 mcbR

Ching L-Metionin (g/L)
Corynebacterium glutamicum ATCC13032 (kiéu dai) 0
13032/ANcgl1021 0
CMO02-0753 0,03

Két qua 13, x4c nhan rang kha ning san sinh L-metionin cua chung biéu hién qua
muc metH va cysI trong d6 mcbR van ¢6 mit dugc cai thién 0,03 g/L so véi chung a6i
chung.

Vi du 9-1: Didu ché vecto dé ting cudng cac gen metZ & cac Vi tri khac ngoai vi
tri Ncgl1021

P& dua vao ba loai gen metZ ngoai lai & cac vi tri khac ngoai vi tri hién tai trén
nhidm séc thé cua Corynebacterium ATCC13032, cac vecto plasmit tai td hop duoc
didu ché bang phuong phép sau day.

Truée tién, dé dua vao metZ, vecto dé xo6a Ncgl2748 (Transposaza) dugc didu
ché. Dya trén cac trinh tu nucleotit dugc ndp luu chung & Ngén hang gen cta NIH, thu
dugc Ncgl2748 va trinh ty bén canh (c6 ma nhan biét SEQ ID NO:49) cuia
Corynebacterium glutamicum. Nhim muc dich thu dugc gen Ncgl2748 da x6a, PCR
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dugc thuc hién véi ADN nhidm sic thé cia Corynebdcterium glutamicum
ATCC13032 lam mach khudn st dung cdp mdi ¢6 cac ma nhin biét SEQ ID NO: 50
va SEQ ID NO: 51, va SEQ ID NO: 52 va SEQ ID NO: 53 (bang 14). PCR dugc thuc
hién trong céac diéu kién sau day: bién tinh & nhiét @0 95°C trong 5 phit, téng sb 30
chu ky gdm ¢6 bién tinh & nhiét do 95°C trong 30 gidy, u dé gin mdi & nhiét d6 53°C
trong 30 gidy, va kéo dai & nhiét do 72°C trong 30 gidy, sau d6 kéo dai ¢ nhiét do
72°C trong 7 phut. Két qua 13, thu duge tvong ung céc doan ADN.

Bang 14
SEQ ID NO Trinh tu (5'-3')
50 GTACCCGGGGATCCTCTAGACCTGGGTAACTTCCTGTCCA
51 CAGGTTAGCAGTACTTCTCAAGTTTCTCGGCGGTG
52 AACTTGAGAAGTACTGCTAACCTGCAGAAACCTTG
53 GCCTGCAGGTCGACTCTAGACTCCGCAGAAATCGTGGGGC

Vecto pDCM2 khong thé sao chép trong Corynebacterium glutamicum va cac
doan gen Ncgl2748 da khuéch dai duoc xit Iy v6i enzym gi6i han smal, dé dua vao
nhidm sic thé. Sau khi phan ung IST, sau d6 san phdm duoc bién nap vao E. coli
DH50a, sau d6 xét nghiém kinh phét san phim trong mdi trudng ran LB chia
kanamyxin (25 mg/L). Lua chon céc khuén lac dugc bién nap véi vecto dugc dua vao
cac doan da xoa cta cac gen dich thong qua PCR, va plasmit thu dugc st dung phuong

phap tach chiét plasmit, sau d6 dugc dat tén la pDCM2-ANcgl27438.

Nhim muc dich thu dugc ba loai gen metZ (Chromobacterium violaceum,
Hyphomonas neptunium, Rhodobacter sphaeroides), PCR dugc thyc hién véi céc
vects da diéu ché pDCMZ-ANcgll021-Psp1CVimetZ (Chromobacterium violaceum
metZ), pDCM2-ANcgl1021-PsplHnemetZ (Hyphomonas neptunium metZ), Va
pDCMZ-ANcg1102l-PslespmetZ (Rhodobacter sphaeroides metZ) lam mach khudn
sir dung cip mdi c6 cdc md nhan biét SEQ ID NO: 54 va SEQ ID NO: 55, SEQ ID
NO: 54 va SEQ ID NO: 56, va SEQ ID NO: 54 va SEQ ID NO: 57 (bang 15). PCR
dugc thuc hién trong céc diéu kién sau day: bién tinh & nhiét do 95°C trong 5 phut,
tdng s& 30 chu ky gdm c6 bién tinh & nhiét do 95°C trong 30 gidy, U @& gin mdi &
nhiét do 53°C trong 30 gidy, va kéo dai ¢ nhigt do 72°C trong 60 gidy, sau do kéo dai
& nhiét do 72°C trong 7 phut. Két qué 13, thu dugc ba loai doan ADN.

Bang 15
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SEQ ID NO Trinh tu (5'-3")
54 CGCCGAGAAACTTGAGAAGTGGCGCTTCATGTCAA
55 CTGCAGGTTAGCAGTTTAGTCAAGGCCCCGCAACA
56 CTGCAGGTTAGCAGTTCACAAGCTGTTAAGCGAAG
57 CTGCAGGTTAGCAGTTCAGATCACCGCGAGCGCCT

Vecto pDCM2-ANcgl2748 khong thé sao chép trong Corynebacterium
glutamicum dugc xu 1y voi enzym gidi han scal. Sau khi phan Gng IST véi cac doan
da khuéch dai theo timg chung, sau d6 san phém duoc bién nap vao E. coli DH5a, sau
do6 xét nghiém kinh phét san phim trong mdi trudng rin LB chitra kanamyxin
(25 mg/L). Lua chon cac khuén lac dugc bién nap véi vecto dugc dua vao gen dich
théng qua PCR, va tdng sb ba plasmit thu dugc st dung phuong phap tach chiét
plasmit, sau d6 dugc dit tén tuong uUng la pDCM2-ANcgl2748-PsplCvimetZ
(Chromobacterium violaceum metZ), pDCM2-ANcgl2748-PsplHnemetZ
(Hyphomonas neptunium metZ), pDCM2-ANcgl274SQPSpIRspmetZ (Rhodobacter
sphaeroides metZ).

Vi du 9-2: Diéu ché vecto d¢ ting cudng cac gen metZ & céc vi tri khac ngoai vi

tri Ncgl1021

Ngoai ra, dé kiém tra xem viéc san xut metionin c6 dugc ting 1én trong chung
duogc dua vao gen metZ co it nhit 99% sy twong dong trinh ty hay khong, cac vecto

dbi voi 5 gen metZ cta vi du 3-2 dugc diéu ché bd sung.

M>bi vecto dugc dua vao véi mot trong sau gen metZ dugc di€u ché theo cach

gibng véi vi du 9-1.

Téng sb séu vecto duge didu ché nhu sau: dugc dit tén twong Umg la pDCM2-
ANcgl2748-PsplRspmetZ_dai, ~ ANcgl2748-PsplRspmetZ_3, pDCM2-ANcgl2748-
PsplRspmetZ 65,  pDCM2-ANcgl274 8-PsplRspmetZ_104,  pDCM2-ANcgl2748-
PspIRspmetZ_196, va pDCM2-ANcgl2748-PsplRspmetZ_3_65_104. Pé didu ché cac
vecto ndy, ANcgll1021-PsplRspmetZ_dai pDCM2-ANcgl1021-PsplRspmetZ_3,
pDCM2-ANcgl1021-PsplRspmetZ_65, pDCM2-ANcgl1021-PsplRspmetZ 104,
pDCM2-ANcg11021-Psp1RspmetZ_196, va pDCM2-ANcgl1021-
PsplRspmetZ_3_65_104 da didu ché trong vi du 4 dugc st dung twong ng lam mach
khuon ADN, va cip mdi c6 cdc ma nhan biét SEQ ID NO: 54 va SEQ ID NO: 57

thuong dugc st dung. Céac qua trinh khac gidng véi vi du 9-1.
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Vi du 10: Su phat trién cua ching dugc tang cudng metZ ngoai lai dua trén
chung san sinh L-metionin ¢6 mcbR va sy san xuit L-metionin st dung ching nay

Chung CM02-0753 dugc bién nap bang sy tai tb hop tuong dbng trén nhiém sdc
thé v6i cac vecto di diéu ché twong tng pDCM2-ANcgl2748, pDCM2-ANcgl27438-
PsplCvimetZ, pDCM2-ANcgl2748-PsplHnemetZ, pDCM2-ANcgl2748-PsplRspmetZ,

pDCM2-ANcgl2748-PsplRspmetZ_dai, pDCM2-ANcgl2748-PsplRspmetZ_3,
pDCM2-ANcgl2748-PsplRspmetZ_65, pDCM2-ANcgl2748-PsplRspmetZ_104,
pDCM2-ANcgl2748-PsplRspmetZ_196, va pDCM2-ANcgl27438-

PsplRspmetZ_3_65_104 bang dién bién nap, (van der Rest et al., Appl Microbiol
Biotechnol 52:541-545, 1999). Sau do, tai td hop thit cip dugc thuc hién trong moi
truong ran chira sucroza. Cac chung Corynebacterium glutamicum da bién nap trong
d6 su tai td hop thir cap da hoan thanh dugc kidm tra dé dua vao mdi gen metZ ngoai
lai & vi tri Ncgl2748 sit dung twong ing cac ma nhén biét SEQ ID NO: 58 va SEQ ID
NO: 59 (bang 16).

Bang 16
SEQ ID NO Trinh ty (5'=3")
58 TTCTCCGTGCCGAGAAAATC
59 GTAGATGATCTCGCCATTTG

Céc chung tai t6 hop dugc dat tén twong Ung 1a Corynebacterium glutamicum
13032/ANcgl2748, CM02-0765, CM02-0766, CM02-0767-1, CM02-0767-2, CMO02-
0767-3, CM02-0767-4, CM02-0767-5, CM02-0767-6, CM02-0767.

Pé phan tich kha nang san sinh L-metionin cta cac ching da diéu ché, ching
duoc nudi cdy tuong ing cung voi chung bd me Corynebacterium glutamicum CM02-

0753 bang phuong phép sau day.

Mbi chung duge cdy chuyén tuong ing trong binh tam giac 250 ml chira 25 mL
méi truong dudi day, va sau d6 duoc nudi cdy trong dicu kién lic & nhiét do 30°C &
200 vong/phut trong 20 gio. Sau do, mdi 1 mL moi trudng nudi chy gidng duge cay
chuyén trong binh tam gidc 250 ml chtra 24 mL mdi trudong san xuit, va sau d6 duge
nudi ciy trong didu kién ldc & nhiét dd 30°C & 200 vong/phut trong 48 gio. Cac ché

phdm ctia moi trudng nudi cay giong va moi trudng san xuat nhu sau.

Mbi truong nudi cdy giéng (46 pH 7,0)
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glucoza 20 g, pepton 10 g, dich chiét nAm men 5 g, ure 1,5 g, KHoPO4 4 g,
K,HPOs 8 g, MgSO47H2O 0,5 g, biotin 100 pg, thiamin HCl 1000 pg, canxi
pantothenat 2000 pg, nicotinamit 2000 pg (trong 1 L nudc cét)

MBoi trudng san xut (46 pH 8,0)

glucoza 50g, (NHi)S:0s 12g, dich chiét nim men 5g, KHPOs lg,
MgSO4-7H20 1,2 g, biotin 100 pg, thiamin HCI 1000 pg, canxi pantothenat 2000 pg,
nicotinamit 3000 pg, CaCO;3 30 g, cobalamin (vitamin B12) 1 pg (trong 1 L nude cét).

Cac ndng d6 ctia L-metionin trong mdi trudong nuodi cdy duge nudi ciy boi
phuong phép nudi ciy néu trén dugc phén tich va thé hién & bang 17.

Bang 17

X4c dinh kha ning san sinh L-metionin bing su biéu hién qua muc ctia metZ

ngoai lai trong chung c6 mcbR

Chung L-Metionin (g/L)
CMO02-0753 0,03
CMO02-0753/ANcgl2748 0,03
CMO02-0765 (CvimetZ) 0,10
CMO02-0766 (HnemetZ) 0,09
CMO02-0767-1(RspmetZ) 0,10
CMO02-0767-2 (RspmetZ_dai) 0,10
CMO02-0767-3 (RspmetZ_3) 0,10
CMO02-0767-4 (RspmetZ_63) 0,10
CM02-0767-5 (RspmetZ_104) 0,10
CMO02-0767-6 (RspmetZ_196) 0,10
CMO02-0767 (RspmetZ_3_65_104) 0,11

Két qua 13, xdc nhan rang khi cac gen metZ ngoai lai duge dua tuong ng vao
chung san sinh metionin ¢é mcbR, sén lugng metionin cling dugc téng lén.

CM02-0765, CM02-0766, va CM02-0767 duoc nop luu ching ¢ co quan luu
chiing qudc té 1a Trung tAm nudi cAy vi sinh vat Han Quéc theo Hiép uéc Budapest va
dugc xac nhdn cac s6 luu ching twong Ung KCCM12509P, KCCM12510P, va
KCCM12511P vao ngay 02/05/2019.

Dua trén phdn md td & trén, nhiing ngudi c6 hiéu biét trung binh trong cung linh
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vuc k§ thuat s€ hiéu r%mg séng ché ¢6 thé duogc thuc hién dudi cac hinh thirc cu thé
khac ma khéng vuot khoi nguyén ly k§ thuat hodc cac dac diém co ban cta sang ché.
Do d6, cac phuong 4n duge md ta & trén dugc coi la minh hoa cho tt ca khia canh va
khong bi giéi ¢ ddy. Pham vi cua sang ché duoc xac dinh bdi cac yéu cau bao ho kém
theo ma khong phai 13 mé ta chi tiét, va do d6 tt ca cac sira dbi hogc bien thé xuét
phat tir nguyén ly k§ thuat va pham vi cia sang ché va phuong 4n twong duong cta
chiing déu thudc pham vi bao hd ctia sang ché.
Hiéu qua dat dworc ciia sing ché

Vi sinh vat dugc dwa vao hoat tinh cua protein dugc ma héa bdi metZ theo sang
ché cho thdy ning suét cao bdi vi né tao ra it san phdm phy hon, so v6i metY, va vi
sinh vat khong nhn @c ché phan hdi, khong gidng nhu metB nhan tic ché phan hoi
bing metionin, va do d6 san sinh L-metionin v6i ning suit cao, nhd d6 dugc timg dung

hitu ich vao san xuat cong nghiép L-metionin.
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YEU CAU BAO HOQ
1. Phuong phép san xuAt L-metionin bao gdm viéc nudi cdy vi sinh vat thudc chi
Corynebacterium duge dua vao protein dugc ma hoa boi gen metZ ngoai lai, trong moi

truong chira thiosulfat.

2. Phuong phép san xuit L-metionin theo diém 1, trong d6 protein c6 hoat tinh O-
axylhomoserin transsulfuraza.

3. Phuong phép san xuét L-metionin theo diém 1, trong d6 protein c6 ngudn gbe tir

Chromobacterium violaceum, Hyphomonas neptunium, hoic Rhodobacter sphaeroides.

4. Phuong phép san xuét L-metionin theo diém 1, trong d6 protein bao gdm bét ky mot
hodc nhidu protein duge chon tir nhém gbm c6 céc trinh tu polypeptit c6 cac ma@ nhén
biét SEQ ID NO: 60, SEQ ID NO: 61, va SEQ ID NO: 62; va céc trinh tu polypeptit
¢6 it nhat 90% su trong déng hodc ddng nhét véi trinh ty polypeptit nay.

5. Phuong phép san xuét L-metionin theo diém 1, trong d6 vi sinh vét bao gém mot
hoac nhiéu su bién dbi gen dugc chon tir nhém gém cé su suy giam hodc bét hoat hoat
tinh cta xystathionin gamma synthaza; su suy gidm hogc bat hoat hoat tinh ctia O-
axetylhomoserin sulfhydrylaza; su suy giam hodc bt hoat hoat tinh cta protein tc ché
sinh téng hop metionin—xystein; su ting cuong hoat tinh cta metionin synthaza; va su

ting cudng hoat tinh cla sulfit reductaza.

6. Phuong phdp san xubt L-metionin theo diém 1, trong d6 vi sinh vat la

Corynebacterium glutamicum.

7. Phuong phép san xuht L-metionin theo diém 1, trong d6 phuong phép nay con bao

gdm viéc thu hdi L-metionin tir vi sinh vat hogc méi truong nudi-cay.

8. Phuong phap san xuét L-metionin theo diém 1, trong d6 phuong phap nay con bao

godm viéc san xuat homolanthionin dugc lam giam.

9. Ché phém san xuét L-metionin chtta vi sinh vat thudc chi Corynebacterium dugc

dwa vao protein dugc ma hoa boi gen metZ ngoai lai; va thiosulfat.
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DANH MUC TRINH TU
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VI SINH VAT SAN SINH L-METIONIN BUQC DUA VAO PROTEIN PUQC MA HOA

BT GEN METZ NGOAT LAI, CHE PHAM VA PHUONG PHAP SAN XUAT L-METIONIN
SU DUNG VI SINH VAT NAY

<130>

<150>
<151>

<160> 81
<170>
<210> 1
<211>
<212>
<213>

<400> 1
ctcccgcgcea

gattaagaag
gccggggceat
gccagacaga
aggcaatgag
cctgcctggt
cacaggattg
attcgggcgce
ttggaatagg
aaaaggagaa
ctggttggat
tagtcgtcgg
atgttgccgg
tgctgacgat
tgttgatatt
ttgcctgtgg
gtatcttgaa
caagagtaaa
tctcctcgat
tcgtatcctc

ggacgccttg

OPA20069

2642
ADN
Corynebacterium glutamicum

ctgctgcaat
tagtttcttt
tggtgtttgc
cgtgccaaga
ataccgaaca
ttgtcttgta
cttctaaggg
ttaaatcgag
tcgacacctt
ccacatgctt
tgcctccaag
tattatcggt
tggcggcettg
cgtgcagttc
tcgatatcaa
attaaaacta
acagaccaac
acaagtgccg
agcgcaacca
cgtgaagctg

gttattgcat
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KoPatentIn 3.0

ccgcaccgtg
taagtttcga
gggttagttc
atctggattt
cacgtgccaa
aagagtgatt
cctctccaat
aaattaggcc
tggagcggag
gccctaggtt
attaaaggca
ggtttgttag
atcttcagct
ttcactcgga
caggcctttt
tacgaaccgg
ccgaaaggac
gggcaaaccg
accttttcac
acgtggcgaa

acctggagaa

cccaatgatg
tgccccggtt
gggccattcg
ccgccaggtt
aagttcggcet
tcatggccga
ctccactgag
atcacctttt
ccggttaaaa
ggattacatg
ctgatgctca
gcggetgget
tcatcacatg
agaagtaatc
ggtcattttg
tttgtctata
gtggccgaac
tcgtcgcaat
cacagaaggt
ggcgagcctce

cctcgatcag

47

gtggttcgcece
tcctgatttt
aaagggagaa
ttggcacgcc
ttttcgccga
gactcctaaa
gtacttaatc
aataacaata
ttggcagcat
gatcattatt
gcaaggaatt
gcttggaatc
tctgattggt
tgctttaaat
gggtggaaaa
ttggtgttag
gtggctgcta
cgaccaagcc
attcgcgtca

tattcccttt

ctgtggcgtyg

cacctgagaa
gtgcagggag
accaagggca
cgtctggttt
tcttgtcacg
agtttgacct
cttccgggga
caatgaataa
tcaccgaaag
ggtggtctag
ttgctgaaca
ttcggagtgg
gctgtcattt
ccgtagggcc
agcgctagac
acagttcgtc
gcgcttcagg
cccgacagcg
tcggtattga

tcggatcgaa

aagcgtggcg

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

1020
1080
1140
1200

1260



tgagcgcacc
cattgaggaa
gtaccctcgce
cgagtggtgt
cacccaggcg
ccacaacatc
acctgcggac
gcgtcgataa
atggcggcge
gcctgttttg
tgaagcgttg
cacaggaaga
tgcactttga
gtttggagga
ggtcctgtga
aacttcagca
atggacatcg
aaactaagaa
acataagcgg
ggagttagga
atgcggagaa
caacctgcca

tcccgaatgg

99

<210> 2
<211> 34
<212>
<213>

<220>
<223>

<400> 2
tcgagctcgg

<210> 3

gtcggtatga
gaaccagaaa
cccgaaactg
cataagactc
aatcagctgt
agtcctcttg
tactcaattt
gccccttcett
ggttcatttc
cttcgttgat
aggcgttcca
tgcgcttttc
aatcgtcggt
gcgtccacag
ggccaaggga
tgccgttaga
ccatgttgat
cttccgectg
gcagaggcac
agccgatcga
gtgcccagta
gcgggttaat

acgcttcatc

ADN
Trinh ty nhén

doan mdi

tacccctgcece

48892

aggatccgga agataaaatc
aagatttccg cggctcgcac
atagcgaaaa gggcattgtt
tgactgattt gctcactgag
tggtgttcct tgatggtgga
agacggctcg cgatttggcet
agtttcttca ttttccgaag
tttagcttta acctcagcgce
acgttgcgtt tcgcgectct
ttcggcagta cgggttttgg
tggggtgaga atcatcaggg
tttttgtttt gcgcggtaga
aagtgggtat ttgcgttcca
gttgttgctg acccaataga
cagtgggaag atcggcgcga
gaatccggat gcgtaatcgt
tgcggtgagg attgcggcetg
cgtggtgcectce aaatatttta
attgctcacg cgaccagcga
ctggaagacg ggattttcca
aagaccaagg acaatcggta
gccgtattce ttattcaaat

gtactttccc ttgtattctt

tao

tggtttgtct tgta

48

atcgcgttcet
tttcagaatg
gcagcagtgt
aagaacggct
cttgctggat
cggcagttgt
gggtatcttc
gacgctgcett
tgttcgcgat
tgagttccac
cgcggttttt
tgtcgcgctg
aaatgaccat
gtgcgattgc
ggatcgacat
tggtttggaa
tgatgaacag
gctgctcagt
ggaaagattc
aaccaccttc
tctggatcag
cattctggcg

cccggagcgce

ttgatcagtg
cggctagtga
tagagcaccg
acccaggcac
ctcgattggt
tgtcggctcc
gttgggggag
taagcgctge
ttctttgcgg
gtttgttgcg
gcgtcgtgtce
ctctaggtgg
catgatgatt
tgtggggaat
cacgatcatg
gctgcggtac
tggcaaaacg
gggcatcgaa
cacttcctca
agggcgagcec
cccaggcaca
cttctgcaac
agcgcggtga

2642
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2280
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2460

2520
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<211>
<212>
<213>

<220>
<223>

<400>
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35
ADN
Trinh tuy nhén tao

doan mdi

3

cggaaaatga agaaagttcg gccacgtcct ttcgg

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

<220>
<223>

<400>

4

35

ADN

Trinh ty nhé&n tao

doan mdi

4

aggacgtggc cgaactttct tcattttccg aaggg

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

<220>
<223>

<400>

5

35

ADN

Trinh ty nhdn tao

doan mdi

5

ctctagagga tcccegtttc gatgcccact gagcea

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

<220>
<223>

<400>

6

20

ADN

Trinh ty nhan tao

doan mdi

6

aatctggatt tccgccaggt

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

<220>
<223>

<400>

7

20

ADN

Trinh ty nhan tao

doan mdi

7

cttcctaact cctgaggaag

49
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35
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<210> 8
<211>
<212>
<213>

<400> 8
ctcattccag

tctgcagcac
ctgtttatcg
tttaagacca
atgaacccaa
ggcgtcattg
ttgttcttca
caggaccgtec
ttgacgattt
ggtctgggat
aaaaccgaat
tttggaccta
gcactggcag
gatcgagcta
tttcagcttt
aacctgggct
ggtatctaag
catcgctgac
tgcaggtgat
atgctcccaa
cgtcgggttt
atgtaagcaa
ccaccgggtce
aaccgcgaaa
ccgtgagctg
tgagcataag
cgatatgacc
aggtcgtagt

tcagatacgg

3311
ADN
Corynebacterium glutamicum

cgtcacgacg
ttggaccagc
tggtcttggce
gcgaccctga
agatcatccc
cctacatcaa
ttgcctacge
gcggagacaa
tgtcctttgce
acggcacttt
tcggtacggce
ttatcctggg
gtgtgggtgt
agaatggctt
ccctceccgat
agcggtgtag
ctaaccaaac
accatctgcc
tacaccctga
cctggggtgt
cccaccaaac
aagtatttcc
acccgctgga
gcacttgggc
gtctataacg
tggtcacata
gggcatcggt
gctgatgcectt

atcgtgtcca

48892

ttccgaaggt
cctagcactt
aacctcggtc

gccttctggg

catcggcatc

cgcatttgcect
agtatcaatg
cgtcgttatt
cacttccaac
gatgccagca
cttctccact
agcagtttct
gattgccgga
tgttaaacac
cagcgtaaac
acccgaaaat
accaacaaaa
gcactgcgga
tcgaagcaga
ttcgtcatca
tgtttatccg
aagcagaact
ttttacaacg
tagggtggga
atcctcacca
atagggctaa
atgactcacg
tacggtcctg

tggatggatt

actggttacc
tttgtcctag
atctctttga
gaaccagcca
tttatcttgc
gaagaacgcg
tttgtgatgc
tactttggat
tggcacgttg
gtgcagtcca
ttgttcctgt
gcggcaattg
atcttctaéc
ccagagcctg
cggcccttece
aaacgagcct
ggctctaccc
actaggactc
cgcactcgac
cacccaccgg

tctacctcge

aagctgcgcet

ccttgctatt
tttaacctgc
tcttgatgga
gcatggtgat
gtgtcctgcece
gcttggctcc

ccaaggctac

50

tggcattggg

gaacatttga
tcgccgtegt
agttcagctt
ttatttgett
atctgattac
gcagcttcct
tgttcttectt
tgttgtccgg
tcgctgttgg
ttgtggactt
gtttcggacc
tgttcacaca
tcgctttagt
ggttttgggg
tttgtcaggg
atgaagtcta
accatcaccg
tacacctcca
atgctcattg
taccgctgca
gaccacggta
gaccggatga
caactagccc
gtgtatgtca
gggtttgtca
cggttattag
cgcggtgaac

gccacagcaa

cactaccgtt
ttacgacatg
gttcatgtac
caaatctatt
tgcttactct
gggtgctgga
tggcaaactg
cgttatttcc
agtcattgca
tgtagtagac
aggttttggc
tatgtatgca
cgctcgcacc
tagctagttc
tacatcacag
ttaaggttta
ccggcaacat
gcgcttccga
cctgcccaga
atttacccat
ccaaccccac
aaaaggtcac
gtgttcacgc
tcgatatgtg
ttggggtgga
ccgtgattgt
atgtcgtccc
agttccgcaa

gtaaagaact

50/92

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



cattccttct
gctcaccgcce
ggatccgttg
tcagcaagaa
tgcgtggett
gaagaagaaa
actcgcgcag
tgttggtgtc
gattgctcta
gcagttggtc
gcgtcaccct
ttcacggctg
aagccccaac
gcacacaatg
gagaaaagat
gatagtgaga
ttccaaggca
tttttcctgg
aatcccttta
aaaggttaaa
caactcagct
tgtggtgtcc
gggggatagg
gacactgtca
cgctcctttg
ggggcgtcect

gagtcttccc

<210> 9
<211>
<212>
<213>

<220>
<223>

35
ADN
Trinh ty nhén

gctcgtcgceg
tgccggcaac
tataaaaacc
agcttggagc
gcgtatcagg
atgcggacca
ttgggtcgta
tccaacggtc
ggtttccgta
cataagatca
ctgattaagg
tgtgttgtac
gccagcaaca
ccttggegtt
gcgtgtccat
acttcctcga
gtggcaaagg
ccgccgcecat
ggcgcaccga
tgtgcagctt
atcggctgaa
ggcctgactg
taggtgatct
tgctcgatcg
atagcgaggt
ccgataatgc

a

doan mdi

48892

tgatggatcc
gcctccageg
ggaagacctt
agttgtgggc
cgattattga
ttattgatca
gtttgtttaa
cggtcgaagc

atttgaacca

atgcactcta

cgaccgcgga
taaaagtaca
catgggatac
ccaattccag
caatgcgcat
tgaattcgce
cgatagcccc
ggattaccgg
atttatgacc
gcactgcatc
tggttcccac
ctttgcggag
cgaaatcatg
gggtggtgat
tgttggcttc

gggccacccg

tao

attccatgtt
ggagaaatac
gttgaccacg
gtatgacaaa
ttgttatcag
gcttegggtyg
acgacttggt
gatcaacgga
ctacattctg
aaacaggaag
tttaagagca
gcgcacagcc
ctctccggaa
aagaacagtt
cctaggatgt
aagatctgga
cgcaacgttt
ctccagggga
cgacaaactt
ggtgtgaaaa
ctcattgttg
accctcecggg
aaacctttca
gaggtgccgg
tgatccaccc

agttcgagca

51

gtgcggettg
cagcgtcgtg
cacaagtggt
gactacgggg
atgggtaata
ttgaaggggc
gatgtgttgg
cggttggagce
cggtgcctta
agcccgtaaa
gaggctgcca
gttcgtgcett
ccacaggcag
tcagatccta
ccagtcaggt
taggattccg
tccgtgccac
agctttgacc
aacgcgtcaa
ggcgtactgc
gcataaccaa
gagatcagcc
agataagcag
ccacgaggat
gacgtaaacg

tcctccagcece

ctggtgacaa
gtttaagcca
tgagtcctcg
cgttaaagct
agcgtgaagc
cgaataagga
cgtatttcga
atttgcgtgg
tccattcagg
cctctgacta
cgagcgcatc
gatcctccte
aaccagggga
tgctgtcgaa
gtgctcccgg
ccctggccaa
tacgccgccce
ataacactcc
ctcccaagtc
ttaccgccgce
tgctgatcaa
cagtgtgatc
cagtttctag
tagctaagca
tcacctgtgt
ccgcagaggc

3311

51/92

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



<400>

9

acccggggat cctctagaat

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

<220>
<223>

<400>

10
35
ADN
Trinh tu nhén

doan mdi

10

gtcagagagt acttacgctg

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

<220>
<223>

<400>

11

35

ADN

Trinh ty nhéan

doan mdi

11

atcagcgtaa gtactctctg

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

<220>
<223>

<400>

12

35

ADN

Trinh ty nhén

doan mdi

12

ctgcaggtcg actctagaaa

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

<220>
<223>

<400>

13

35

ADN

Trinh ty nhan

doan mdi

13

atcaaaacag atatcatggc

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

<220>
<223>

14

35

ADN

Trinh ty nhan

doan mbéi

48892

gtttgtgatg cgcag

tao

atcgggaggg aaagc

tao

actagcgtca ccctc

tao

agggattgga gtgtt

tao

atccgacgcg ccgca

tao

52

52/92

35

35

35

35

35



48892

<400> 14
cgctagtcag agagtttagt caaggccccg caaca

<210> 15

<211> 35

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> doan mdi

<400> 15

atcaaaacag atatcatggc ggatgcaccc ggcgg

<210> 16

<211> 35

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> doan mdi

<400> 16

cgctagtcag agagttcaca agctgttaag cgaag

<210> 17

<211> 35

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> doan mdi

<400> 17

atcaaaacag atatcatgac gaaggactgg aagac

<210> 18

<211> 35

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi
<400> 18

cgctagtcag agagttcaga tcaccgcgag cgcct

<210> 19

<211> 35

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> doan mdi

53

53/92

35

35

35

35

35



<400>

48892

19

ccgatcagceg taagtggcge ttcatgtcaa caatc

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

<220>
<223>

<400>

20

35

ADN

Trinh ty nhdn tao

doan mdi

20

cgcgtcggat gccatgatat ctgttttgat ctcct

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

<220>
<223>

<400>

21

35

ADN

Trinh ty nhé&n tao

doan mdi

21

gggtgcatcc gccatgatat ctgttttgat ctcct

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

<220>
<223>

<400>

22

35

ADN

Trinh ty nhén tao

doan mdi

22

ccagtccttc gtcatgatat ctgttttgat ctcct

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

<220>
<223>

<400>

23

18

ADN

Trinh ty nhan tao

doan mdi

23

aatggtccag gagctcat

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

<220>

24

18

ADN

Trinh ty nhan tao

54

54/92

35

35

35

35



<223>

<400> 24
gatcacctac

<210> 25
<211>
<212>
<213>

<400> 25
cggtggacga

gttgtcatgg
aactagcact
atatctccct
gtaaaaccac
acatcctggg
tggtggaccc
taaccgcctc
gcgctttgat
tgagccaggg
tactgctgct
gtgtgattga
acgtcgaaga
tggcttcggg
tgtcggtgtc
aggggctagt
tttagggcca
ccagggtttce
gattaacacc
caaaggctac
cgcagcactc
catcctgtte
cggcggaacc
tgttgatacc

ctgggtggaa

gctcaccgaa

doan mdi

ctatcccc

3161
ADN
Corynebacterium glutamicum

tgagggaaaa
gtaccagtct
caacatggcc
ctcaattccg
catgctgaag
gcatcgcttt
gaagcaaaga
caacgggttg
gttggagttg
cgaaaaagcc
tgatgaaccc
tggtttgcga
gatcgccgcece
gactgtttca
gttggaaact
tttacacaaa
tagaattctg
tccactgcat
ccaatctatg
gagtacaccc
gaaggcgcaa
cgcatcatcc
taccgcctga
tccgtegtgg
accccaacca

ggcaccaacg

48892

cgtttcctcg
aagccctggce
ggcgtcaccg
caagggtcgc
atcgcagcca
ggtcgggtag
tttaccaacc
ttgccacggt
gtgggcatga
cgcaccctga
accaccggcc
gccgctcectte
tccacgacag
gaagtgatga
gtgcgcagcce
agtggacagc
attacaggag
cgattcacgc

cctccaccac

‘gtgtgggcaa

agtatggccg
tcaagccggg
tcgacaccgt
aagaggtcaa
acccagcact

ccaagctggt

ccgcccacag
cttacgccag
tgcggcgegg
actgggccgt
ccttgctgta
atactcgtga
tgccggcecca
ggtcggcectte
cagcgcgtge
ttgctecgtgce
ttgacctgcc
ctggtctgac
atatcctcat
ctcctgaaaa
ggtggttcge
ttggtctatc
ttgatctacc
tgggtatgag
cttcgcgcag
ccccaccatc
cgcattctcc
cgatcacatc
attcaccgca
ggcagcgatc
tggcatcacc

tgttgacaac

55

aatcataaaa
taaggtgtta
cgagaaattg
acttggtcca
cccatcggaa
gctgcggaaa
cgaaattgtg
ggcttcggag
cgatcgttac
gctgattatc
cggacgtgaa
gacagtgatg
gatcaaggac
tttgggcgceg
gttcgatgct
attgccagaa
ttgtcttttg
ccagacgact
aacgctccaa
gtggcattag
tccggcatgg
gtcctcggca
tggggcgteyg
aaggacaaca
gacatcgaag

accttcgcat

18

attttctgag
cccatgcgcg
cttctcgacg
aatggcgccg
ggcaccgtgg
acaatcggcc
ctgtcggggt
ttggagcggt
tgggccgata
tcaccgaccc
actttgctca
atcacccacc
gcccgcatac
ctgtatgaca
ctgcattaaa
gaccggtect
acccaaacac
actacggttc
acgaactgcg
agcagaccgt
ctgcaaccga
acgatgctta
aatacaccgt
ccaagctgat
cagtagcaaa

ccccatacct

55/92

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



gcagcagcca
aggacactcc
actgctgttc
cgccegtggce
gatcgcggaa
gaaccaccca
cgtccgtttce
ctgtctggcce
ccaccagtca
tggtattgaa
gaaactattt
cgaagagttc
ccacatctgg
cgccctetgg
ccatcatcat
acttcaagga
gttcatccag
tccacagcgt
catcgatgat
acagtgcgcg
atccttcgcg
gttgggtggy
ctggtttcat
cagcgttttce
tgggttttat
taccggagcg
tgtctacgcc
<210>
<211>

<212>
<213>

26

<400> 26

gataccggca gctccaccga ccgtgcccat ttcatcacga accatctgge caagtgagcg

ctaaaactcg
gacgttgttg
atgcagggcg
ctcaagaccc
ttcctggact
ggccacgaag
gcaggcggcg
gagtccctcg
gctgccggcet
gacattgaag
ggcggcaagce
gtcagaagtt
gttctcatca
acgattgtca
ctcccggatg
ctcctcegea
cgcgaccaga
atgaatagat
gcgcacccag
aggggtgaca
gccggcaatg
gcgtccagga
agtttcgcta
agcgagatac
écagaaaatt
accggaggca

ttgggccgaa

3314
ADN
Corynebacterium glutamicum

48892

gcgcacacgc
gcggccttgt
gcatcggacc
ttgcagtgcg
cccgeccaga
tcgcagcgaa
aagaagcagc
gtggcgtgga
ctcagctcga
acctgctcgc
agcttttcaa
gagacggact
agccatggct
aaggtgtagt
atggttgctt
cccgcgattce
agaacacgtg
tgccgccaat
acgcgatcaa
cccatgtctce
tttaaagtgc
cgacgtcccg
ggcatgttat
tggacatatc
catacgaaag
tgggaattga

atccagagca

agtcctgcac
ggttaccaac
gatcccatca
catggatcgc
ggtctccacc
gcagatgaag
taagaagttc
atccctcctg
ggttccccgce
agatgtcgag
tataagcaat
cttcgactgc
taggaaccgg
cagaagtcag
ccttgaggga
gcagtgggga
gagtctcacg
tgtccggatc
tgatttcttg
gggcgaggcg
gctccactat
tggaagtggce
atgacgttac
aactaaaatc
gttgatcatg
gatcgtcaaa

tctggcagcet

56

tccaccacca
gaccaggaaa
gttttcgatg
cactgcgaca
gtgctctacc
cgcttcggeg
tgtacctcca
gagcacccag
gacctcgtgce
caggccctca
gcgagcctcc
tttacgggtc
agcaaacaca
ggtgaagctg
cagcccgata
agtgccctga
gaattggtcg
aagatcgggc
acgatttagc
gttcatggtc
ggattcgacg
cgccagagtt
gcectttttcet
cctgaataaa
aagaagaaga
gacctctccc

C

agtacatcgg
tggacgaaga
catacctgac
acgcagaaaa
caggtctgaa
gcatgatctc
ccaaactgat
caaccatgac
gcatctccat
ataaccttta
accatgtagc
agtggcgctt
tccggetttt
aagacatcag
tcagtcaaga
gtagagatct
cgcaatgagc
accttgatat
acatggttat
acggcagcga
gaaéggatac
gacgctacgg
acaagacaac
acatctaaca
ttgcggtcgt

gcgaccacat

56/92

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

3161

60



tccacgccta
cacaccgagg
tccaaccaat
atccgttggg
tttcggctta
ggaaccaact
gattgctcce
cggtgacatt
caaatcatcg
ttcgggtegt
gcatgcagaa
ttgacagctg
acattgagag
taaccctagce
agaataaatt
ggagaagaat
caatgctgac
acagaccagc
tgagcacgcc
caacccaacc
tgtagcgttc
gggcgaccac
cactcttaac
ctggcaggca
acaggcagac
actgatcatc
agacgttgtc
cgtgcttatc
cccctacttce
accagccttc
cgcattcaac

ccacaacgaa

cgagtagaca
ataatccaca
ggaccggcac
acatagtcct
acaactttgt
gccgccaaaa
caacccaccg
ttaggggact
tcattgatgt
ttcaaagcca
aaaggaaagt
ggtatgcgac
atgatttata
tgtacgcaat
tataccacac
ttcctaataa
cagtggggct
gcacgaaacc
aagcagcgtt
gttgaggctt
tcctecggac
atcgtcacct
cgcctgggta
gccgttcage
gtcctggata
gacaacacca
gtcgcttccc
gacggcggaa
gtcactccag
ggcctcaagg

gcatgggctg

aacgccatca

48892

cccacagcac

aggtgcctygg

ctgcaatagc

tgccgtcatt
attcaatcag
ccagccacac
ccgcgataac
tcttcacgcc
tgtcagtctg
ctatgcgtag
tcggccagat
aaatcaccga
ccatcctgca
cgatttcaaa
agtctattgc
aaactcttaa
ttgaaacccg
ttccgatcta
tcgcacttga
tggaaaaccg
aggccgcaac
ccccacgcect
tcgatgtttc
caaacaccaa
ttcctgcggt
tcgctaccge
tcaccaagtt
agttcgattg
atgctgctta
ttcgcgttgg
cagtccaggg

aggttgcaga

taggtagtcc
caggtagccc
tgcaaagtgg
aacgtattcc
tcgggcatag
agagttgatt
cccaaagaca
tactggaagg
ttttatggtc
aaacagcggg
gggtgtttct
gagttgttaa
ccatttagag
tcagttggaa
aatagaccaa
ggacctccaa
ctccattcac
ccaatccacc
ggatctaggc
catcgcttcc
caccaacgcc
ctacggtggce
cttcgtggaa
agcattcttc
ggctgaagtt
agcgctdgtg
ctacaccggc
gactgtcgaa
ccacggattg

ccttctacgc

catcgacacc

attcctcaac

57

tgcactgcac
atctgcgcgg
tggccaaaaa
gccggggttg
aaagaaaacg
gtttcgccac
aggagaccaa
tcagtagcgt
acgatcttta
cagaaactgt
gtatgccgat
ttcttaacaa
tggggctagt
aaagtcaaga
gctgttcagt
atgccaaagt
gcaggccagt
gctttcgtgt
cctgtttact
ctcgaaggtg
attttgaacc
accgagactc
aaccccgacg
ggcgagactt
gcgcaccgca
cgccecgcetceg
aacggctccg
aaggatggaa
aégtacgcag
gacaccggct
ctttcectge

aaccacgaga

cggcgaaaat
ccatgacagg
gcacacgacg
ctcgctgatc
caatgatata
gggagaaagc
cgcgggeggt
tgctgtacac
ctgttttctc
gtgcagaaat
gatcggatct
tggaaaagta
cataccccca
aaattacccg
agggtgcatg
acgacaattc
cagtagacgc
tcgactccge
cccgcectcac
gcgtccacgc
tggcaggage
tattccttat
accctgagtc
tcgccaaccc
acagcgttcc
agctcggcgce
gactgggcgg
agccagtatt
accttggtgc
ccaccctcectc
gcctggageg

aggtggaaaa

57/92

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



ggttaacttc
gaagtacacc
atttatcgac
cgttgttcac
gggcgttacc
cgctgacctce
aaagcgctgg
tccatataca
cccaccctceg
gccggagcaa
gataaagaag
gcagccgatt
tgcgtgatct
catccagatg
aacgccgaaa
ggttccatgg
gcagctgctg
gcccaaatta
ggctgcaacc
ggcgaactag
ggtccctacc
gacaagctag
cgccacgaca
<210> 27
<211> 43
<z212>
<213>
<220>

<223>

<400> 27

gcaggcctga
ggctccgttc
gccctgaagce
ccagcaacca
cagtccaccg
gaaggcggcet
gtttttettt
ctggacgaag
cgccttcagg
tcattacaaa
gacgcagcaa
ggtgggctga
gtaccaacgt
gaaatttctg
aacaattcct
gtggtgccceg
ttcttgcagt
aggcgattga
cagccaccgg
aaatcgacga
gcaagcccga
tacagcgttt

ttgg

ADN
Trinh tyu nhén

doan mdi

48892

aggattcccc
tcaccttcga
tacactccaa
ccacccattc
tccgecectgte
ttgctgcaat
ttcagactcg
ttttagtctt
tcaacttgaa
cgctgaaatc
tgtcgttctc
cttgétcggt
catcggtggt
gggtaatcgc
cgacgcactc
caccctagag
ttctgcacgc
aaacgaccac
actcggcgcc
acgcttcggce
ccagcgcttc

cgacgccggce

tao

ttggtacgca
gatcaagggc
ccttgcaaac
acagtccgac
cgttggcatc
ctagctttaa
tgagaatgca
gtccacccag
atccaagcga
gcctatcacc
atcgaacacg
cccggcaaag
tgcaacggtt
ttcccececgcececa
ggcatcacca
tgggccgcaa
gccagcgcect
cactggcacg
gcccgacgca
accaaagccc
gccgtggaat

tcctacgtct

accaaggaaa
ggcaaggatg
atcggcgatg
gaagctggcc
gagaccattg
atagactcac
aactagacta
aacaggcggt
tcggtgatgt
gctggggtga
ccctcactgg
ccatcaacac
ccaccggacc
cgtccattcg
cggtcgccgce
tgtacccaga
ggcaaatcgg
aaggcaacta
tcgcccacct
aaaagaacga
cctacttgga

tgctcaccga

gaattcgagc tcggtacccg ggccagtaag gtgttaccca tgc

<210> 28

<211> 57

<212> ADN

<213> Trinh ty nhén tao

58

agcttggcct
aggcttgggce
ttcgctccect
tggcacgcgce
atgatatcat
cccagtgctt
gacagagctg
tatfttcatg
ctccaccgaa
ataccgcgta
agattccaac
tgatatttac
tggctccatg
tgatcaggta
agtacttggt
aactgttggc
cattcaatcc
ctacgaatcc
cacctaccgt
aaacccactc
ctaccaagca

cgccctcaac

3314

58/92

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
ZBSd
2940
3000
3060
3120
3180
3240

3300

43



48892

<220>
<223> doan mdi
<400> 28

ctgcttgccg ccaaatagtt tagtactggt agatcaactc ctgtaatcag aattcta

<210> 29

<211> 57

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi
<400> 29

tagaattctg attacaggag ttgatctacc agtactaaac tatttggcgg caagcag

<210> 30

<211> 43

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> doan mdi

<400> 30

tcgactctag- aggatccceg ggcgatctca attcccatgc ctc

<210> 31

<211> 35

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> doan mdi

<400> 31

tcgagctcgg tacccctgca atagctgcaa agtgg

<210> 32

<211> 35

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> doan mdi
<400> 32

tgagtctatt taaagcgggt aattttcttg acttt

<210> 33
<211> 35
<212> ADN

59

59/92

57

57

43

35

35



48892

<213> Trinh ty nhé&n tao
<220>

<223> doan mdi

<400> 33

caagaaaatt acccgéttta aatagactca cccca

<210> 34

<211> 35

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> doan mdi

<400> 34

ctctagagga tccccgectt aatttgggceg gattg

<210> 35

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi
<400> 35

ttcctggtct gacgacagtg

<210> 36

<211> 21

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 36

gatgtcttca gcttcaccct g

<210> 37

<211> 20

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 37

ccgaggataa tccacaaggt

<210> 38
<211> 20

60

20

21

20

35

35

60/92



<212>
<213>

<220>
<223>

<400> 38
cgaagcgttc

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

39

<400> 39
tgtcatgctt

gtttgggtca
ggcgattagg
tttagtaggc
ttatgccaag
tgaaggctaa
atgcgttcett
tgctggatge
gaatcatcgg
attagtgcgg
ttttcgaccg
ccgggtttge
ccactgacat
gcttttacgt
atagcttcag
agactagtgg
agttcgggaa
accagcccac
gatcggcgac
tttcecttgat
gcagattcac
ttgcaacctg
caagggcact

gcggecgttte

ADN
Trinh tu nhan tao

doan mdéi

gtcgatttct

5666
ADN
Corynebacterium glutamicum

ccggaggtgce
ctcgacgaga
ccagttcgtc
tacggagatt
cgagcagcca
gaacttaatg
tccagaatgc
cgaagctgga
ccaaccattt
gatcgagcca
gcaggttaag
gcatgccacg
caaagttgtc
cgtcaagcaa
gggacatgcc
cgctttgect
ttgtctaatc

aacaacgcac
ggcgccatgg

ctggaggggt

cgcgcctact
ccgaacttgg
gcagtggcta

gtggttggtt

48892

gcagggctcg
tacgtgctga
aacttctcaa
ggacgggacc
aagagattgc
ttaaagcgaa
tttcatgaca
tttattgtcg
ggcattgaat
ctgcgcccgce
ggttttggag
ttcgtattca
cacgatgtgc
ttttagccac
tggtgttgag
gtgttgctta
cgtactaagc
attcctccga
gcacccagct
gtaatgagat
ttgaggcggg
cggattatga
gggaagtggc

ccctgggacc

agactccgga
tcacctaatt
acacggacaa
tgggtctgcg
cgcgtcagtc
aattgttttg
gggatgctgt
cctttggagg
gttctaggtt
aggtcatcgt
gcattggccg
taaccaatcg
tttgcgatgt
tcttcccacg
ccttgcggag
ggcggegttg
tgtctacaca
atttttggat
ccaaggcttt
tctcaacgac
agctgacttg

catcgctgat

tgatgagatg

tggaacgaag

61

aagctatttg
tggtgcacag
ccaaaggttc
actatcacag
ggcaaagtcg
acacctcaac
cttgatcagg
tgaagttgac
cggaggcgga
ctccgaagag
cgaacccatc
cgatgccttg
gggtgtgagt
gctttccggt
tggagtcagt
aaaatgaact
atgtctactt
gcgttggcaa
gacctggacg
acccgecectg
gttgagacca
cgttgececgtg
gggccgggcec

cttccatcge

ccactccgat
ggtttcggcece
ctggtcttta
gggtcggget
ttaaatagtt
taatgcagcg
caggcgtctg
gctcactcga
ggttttctca
cttccacact
gctggtcatc
agcccaccag
ccaagaggtg
gccgttgagg
catgcgaccg
acgaatgaaa
cagttacttc
accatgtgtt
tggaaaagga
atgtgttgag
atacttttgg
agcttgccta
gaaacggcat

tgggccatgce

20

61/92

60
120
180
240
300
360
420
480
540
600
660
720

780

- 840

900

960

1020

1080

1140

1200

1260

1320

1380

1440



accgtatgca
tggcgatgcc
cggcgttcaa
cgtagagacc
gcagccactg
cgagcacctg
aggtcttcct

gcaggcgcetg
‘caccacacct
aacctccaca
gaaagaggac
ttccatgatc
gtctggcgat
catgctggat
ggcagcactt
ggttattcgc
tgaagacggc
cggtgcggee
caaggtgcgc
caaagacatc
gcgagatgge
ccacaccacc
tcttaactct
cagctccaag
tatggtctat
tgagggcgtt
tttgtttgag
tctggaagca
cggcatgaag
gcaatcggca
agcagaagct

caagggtgac

gatttgcgtg
tttttgattg
gatgccatgg
accggcacca
ggtatcgaca
cgttacctgt
gtcctgggta
gctggattcg
gagcacatcc
ctgaccaaga
tccgtegegt
ggtgagcgca
tgggaaaagt
ctttgtgtgg
cttgctacca
acaggccttg
gatggccctg
gtggttgcge
attgctaaac
gttgtggact
attgaaacca
ctgggtctgt
gtgttcctca
attttgccga
gatcgccgca
tctgctgcecg
cgtttggcac
ggcatgaagg
accgtgggtyg
gaaaccatga
accggatctg

gtgcacgata

48892

ggcactacaa
agactgctca
ctgaacttga
tgctcatggg
tgattggtct
ccaagcacgc
aaaacggtgc
tctccgaata
gtgcggtcecg
tccectgcagg
cgctgtacac
ccaactccaa
gtgtggatat
attacgtggg
gctccacttt
agcacttggg
agtcccgcecta
tgaccattga
gactgattga
gcctgacctt
tcgaagccat
ccaatatttc
atgagtgcat
tgaaccgcat
ccgaggatta
atgccaagga
agcgcatcat
agaagtctcc
agctgtttgg
aaactgcggt
cgcaggcaga

tcggcaagaa

ggaagcagcg
ggacttgctt
tacattcttg
ttctgagatc
gaactgcgcc
cgatattcct
agaataccca
tggcctgtce
cgatgcggtg
ccctgttgag
ctcggtgcca
cggttccaag
tgccaagcag
acgagacggc
gccaatcatg
tggacgaagc
ccagcgcatc
tgaggaaggc
cgatatcacc
cccgatctct
ccgcgagcetg
cttcggcectg
tgaggctggt
tgatgatcgc
cgatccgcetg
tgctcgceget
cgacggcgat
tattgcgatc
ttccggacag
ggcctatttg

gggcaagggc

cttggtggac

62

cttggcatca
caggtcaagg
cccattattt
ggtgccgegt
accggcccag
gtgtcggtga
cttgaggctg
atggtgggtg
gttggtgttc
caggcctccc
ttgtcccagg
gcattccgtg
caaacccgcg
accgccgata
attgactcca
atcgttaact
atgaaactgg
caggcacgta
ggcagctacg
actggccagg
aagaagctct
aaccctgctg
ctggactctg
cagcgcgaag
caggaattca
gaacagctgg
aagaatggcc
atcaacgagg
atgcagctgc
gaaccgttca
aaaatcgtcg

atcattttgt

tcgacggtgg
ctgcggttca
gccacgtcac
tgacagcgct
atgagatgag
tgcctaacgce
aggatttggce
gttgttgtgg
cagagcagga
gcgaggtgga
aaaccggcat
aggcaatgct
atggtgcaca
tggcgacctt
ccgagccaga
ccgtcaactt
taaagcagca
ccgctgagca
gcctggatat
aagaaaccag
acccagaaat
cacgccaggt
cgattgcgca
tggcgttgga
tgcagctgtt
ccgctatgece
ttgaggatga
accttctcaa
cattcgtgct
tggaagagga
tggccaccgt

ccaacaacgg

62/92

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



ttacgacgtg
agaacacaaa
gaaggaaaac
tggcgctgeg
ggtgtactac
aaagcgtggt
ggcggaacgt
tgcggctcce
accaccgttc
ccttgatgag
gggtccaagc
vggatcgcctg
agcggtcgceg
acgcatgcgc
cattcgccca
ggtcaccatg
ccgcgagtac
ctggcactcc
tgatccagaa
tggttacggt
aggccgtatc
cgcgtttgtg
aaaactttcc
gcgattttcet
acctacgagc
gtcggctcga
agcgacgcgg
gacgaatccc
gagatcccca
gccgtgggaa
ccagcccecg

ctcgtgttcg

gtgaacttgg
gcagacgtca
cttgaggaga
ctgacgcgta
gcccgtgatg
gaaggacttg
aaggctcgta
gtgattgttc
tggggaaccc
cgcgcecttgt
tatgaggatf
aagtctgagg
gaaggcgatg
tttagcttcc
cgcgagcaag
ggtaatccta
ttggaagttc
cgagtgcgca
gacaagacca
tcttgccctg
ggcgtggagt
ctctaccacc
cgcacattgc
gggacatgga
tcagcgaagc
gcctgceccgeg
actacgagcg
tcgtcccaaa
tgttggtcac
atgagttctt
acatgtacct

aagattccta

48892

gcatcaagca

tcggcatgtc

tgaacaacgc
cctacgtgga
ctttcgaggg
atcccaactc
atgagcgttc
cggagcgttc
gcattgtcaa
tcatggggca
tggtggaaac
gcattttgga
acgtggtgat
cacgccagca
ctgtcaagga
ttgctgattt
acggcatcgg
gcgaactcaa
agttcttcga
atctggaaga
tgtccgagga
cagaggcaaa
agatcgtgcc
cggcacgatg
catgggccgce
caccatgcgc
ctaccgggct
tccaggcgtc
caccaacaca
catcggttct
cgaagcagca

caacggcatg

gccactgtcc
gggacttctt
cggcgcatcc
aaacgatctc
cctgcgcectg
accagaagct
ccgcaagatt
tgatgtctcc
gggtctgccc
gtggggtctg
tgaaggccga
ccacgtggcc
cttggaatcc
gcgeggeagyg
cggccaagtg
cgccaacgag
cgtgcagctc
gctgaacgac
cctggattac
ccgcgcaaag
actccagctg
gtactttaac
actttaacta
gtggactctg
cgcctcaccc
ttatgcgcag
ggcatgttcg
accgaactcc
gagcgcgatc
atcgctggtg
cgacgtgtgg

ctgggcgctg

63

gccatgttgg
gtgaagtcca
aattacccag
aacgaggtgt
atggatgagg
attgagcagg
gccgeggage
accgatactc
ttggcggagt
aaatccaccc
ccacgcctge
ttggtgtatg
ccggatccac
ttcttgtgca
gacgtcatgc
ttgttcgcag
accgaagcat
ggtggatctg
cgcggcgcecce
ctggtggaat
cacccagagc
gtctaacacc
aggttgacgg
agccacagtg
cggagctccg
agcacgcagg
cccgggtcecca
tgacagagtt
tcgcgacccg
atgaagtccc
gctttgaccc

ttactgcagg

aagcagcgga
ccgtggtgat
tcattttggg
acaccggtga
tgatggcaga
cgaagaagaa
gtaaagctaa
caaccgcggc
tcttgggcaa
gcggcaacga
gctactggct
gctacttccc
acgcagccga
tcgcggattt
cattccagct
ccaatgaata
tggccgagta
tcgctgattt
gcttctcectt
tgctcgagcece
agtccacaga
tttgagaggg
catgattaag
gggcattgct
ggaactcacc
cattacattg
tgagcttttc
gaaggccctc
ttcagtcgca
aacagcaaag
atcagagtgc

ttgccgcegtce

63/92

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
5100
5160
5220

5280



attggtctgc
cacggtaaaa
atcgagccgg
atcctcccce
ttgactcgcet
ccgtggcecgce
gagaggtctg
<210> 40
<211>
<212>

<213>

<400> 40
tcctgtgggg

‘gececttgtttt
tcgecectgtet
gcgacggact
ccaacgaact
cggtctgcaa
acggtgatgt
acgttgtgca
cggatgagtc
tcattgcgga
acgcgecaggg
agggtgtgaa
ccgcttggtc
attcaaactc
taatatcccc
atgaatctaa
gagtgacatg
agtgcccgge
ggcaccgagc
aagcagcggg

attgccccac

acccagaaga
actctttcga
caggtgtcgc
aaacacacat
gtacgaagaa
cttggataaa

gattgcagcc

3613
ADN
Corynebacterium glutamicum

tgaacttgac
ctttgaggga
tagccaggat
gtgcagacag
cgccggcacce
ctgcgccggt
ctttgccgat
gggacttaac
cgaacggtgc
tgaggaggtc
gagttgtcat
aatcaagtag
tgtaaacgta
catgaaaaaa
aggttaattc
tggttggtct
tacttcacta
cagcacgtgce
cgcttaacca
tcattgatat

gctttaagtg

48892

agtccaagcg
aggtgtcacc
aaaataaaac

tgataactgt

cttcttaacc

ggcatccatc

gagtat

ctgtgctggg
gtcgtagacg
gcgggctacg
atcccaggag
gaaggagcct
ggagaacacg
ttcaatgtta
gatgcccttg
aggcatttgce
ggatgcgtaa
gtgtttgaag
ttaaaggtgt
gcagcgaaat
ctagacagat
atttaaacgg
agacagagcg
gctctttaag
cgccaggaag
tgccgaggaa
ttactccaag

gttgggcatt

ccagaaggtg
gctgagatgg
caggtggggyg
tgtgtggaag
gtgctcagac

atctaggtaa

ccacgacgtc

ttgtcggaaa

tcgaggccga
cgctcgaagc
tctgcttcaa
actgcatcgt
ccgagcaggce
atgcgtgggt
tcgaaaaggt
atgccagcag
ttgccttteg
ttcaagtcca
gcgacaatgc
cggtctatta
gcattaggtg
gtacgtctaa
gattaactcc
cctaagcccg
attaagcaag
cagggttttt

tacacccagc

64

tagtgccttt
tcactgcctg
agtgaaatta
aatgtaccga
ccgccctgaa

gaaggtcatc

cgaaaacgtg
tttcggtgac
cgttaccaac
gtgggttgcc
ttccggggat
agtagtcgcg
gcaggcgtgg
ggtctggagc
caacgaacac
ggccagctcc
tgagcccttt
ggctgtttaa
gaagactttt
tattcacggt
actccattgc
gtttgcggat
ccatgacaac
aaggccaatg
aagaacccgc
cttccattgce

gtaagcagga

gcgttccecctce
gtaccaccag
ttcgactaat
gtgaagacat
gggtctggaa

gaagaagccg

5666

cacttcagtg
tttgagctcg
gccgataaca
gtcgtagaag
gttgaggtcg
gagttcttcg
cttgtccaac
aacgccgtaa
ttcgcgetct
gatgacggct
tatggaaaca
cactcctaga
gcttaattaa
gaacctaacc
tttcagtctc
agatcaaacc
aaccaccgga
gaaaatcgac
ttttgctgtc
accggatgac

tctgggcggt

64/92

5340
5400
5460
5520
5580

5640

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

1020

1080

1140

1200

1260



gaactgaccg
cgttttgatg
gattatgctc
cgtattgaag
cttggttgcg
gaagagctga
gaagagttcc
gatgttaccc
ccaggatttg
cttggttctt
ttccgcgact
cagtggggta
atcgatggcc
caaaaggacg
cagctcattg
gcggaaaagg
gacctggatg
tgcaccggct
cttgtcgacg
aacggttgcc
accgtcactg
atgaacttgg
gtgggagagt
cacttccgcg
aacccaatcc
tcceccgatga
tgaaatatca
aagcattaaa
actagttaac
acctcgcacg
aaagcatgct

gcacgcgccg

gtcagcttcc
gcggactgge
gttccaccgc
atgtgcctgce
gtgacgttcc
tcgatgccac
acaaccttcc
acgaaatcca
agtgctttgt
ggattccact
acggcttccg
ttgagaagtt
cagttgttac
gcaagttcta
ccattgctga
aactgctctt
aaatcggact
tggagttctg
aactggaaga
ctaactcttg
atgctgacgg
atccaaactt
acgtcactcg
attgggtcca
caaccgcaac
gcaaacagaa
cggccaggac
agaatctctc
gccctgaaaa
accacaccgt
gctgecgttgt

ggcgctattg

48892

tgatgatgag
ttccectgag
ggacttcacc
gatctgggag
acgtgttatc
cccggctatce
tcgtaagttt
ggacgtttcc
gggcggtgge
tgatgaggtt
acgcctgegt
ccgtgaagtt
caccaaccct
cctcggtgtg
tgttgcagaa
cctcgatatt
gtactcttca
caagcttgcg
gcgcctcggce
tgcacgcacc
caaccgcgtt
cggacgcaag
cgttgttacc
gcgggecget
caccctctgt
ttcgecgtggt
gatccagtgc
gaaagacaca
atactggttc
tgtcaccaga
atgacgccag

cagtgacctt

ctgcaggatg
cgcctgcgtg
gaccgccaga
aagctagaaa
ttgggctcce
gatgcgattc
aagactgcta
ttcgttcctt
ctgtccacca
ccagaagtgt
aaccgtgctc
cttgagaccg
ggctaccgtg
aagccaaccg
aagcacggca
gagagaaaga
ccttccgagt
cacgcaacca
gatttggatg
caggtttccg
gaaggtttcc
ctcaagggcc
cacttcaagg
gaggaagatt
actgcccata
tgtgtgdgga
acaggccagc
aaagaggtga
ggtaaaagat
ggtagcaaaa
cgcgcaagag

gagcatggaa

65

agtacttcat
ccgtgggtga
acattcagct
ccgtcggact
cagtttctgg
gtgagcgcta
tcactggcaa
cgattcaccc
acccaatgct
gggctggcgt
gcctcaagtt
aatacctcga
accacattgg
ttggacacac
tcaccaggat
accttactac
tccgecgegg
ccaagtcacg
ttcccatcaa
acatcggatt
aggttcacct
acaaggttat
aacagcgcca
tggtgtgagt
ctgcgcggga
ttgcaccaga
accagcaaag
gtcgcaacaa
cccgagatcect
cataacgagg
atcctggaat

aacaccgtgc

gatgcgtgtg
aatttctagg
gcactggatt
gtccaccatg
cgtégctgct
cctagacaag
ccagcgccag
agaattcggce
tgctcagcca
cgccggaatt
cttggtggca
gcgcaagctg
cattcaccca
caccggtgag
tcgtaccacg
cgttgcacgc
catcatttcc
agcaattgag
gattgcactg
caagggacag
gggcggttee
tgccgatgaa
cgaggacgag
cttcggagga
gaagttcttt
gtttttgaag
tccacatcgce
tgagctttca
cacccgaagg
aactcgtcga
ggacagccga

tggcggagct

65/92

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



ggctgcgcecgg cacctgccgg
ggagaccctt gaagttgccc
gctgccgatc ctcaagcgca
caacccagcg gcgtgetgcece
atacgctggc tggatcaccg
tgcgctgagce ttggatgcca
ggaggaaacc aacgagttca
gggttatcca tca

<210> 41

<211> 35

<212> ADN

<213> Trinh ty nhéan
<220>

<223> doan mdi
<400> 41

caacgaaagg aaacaatgtc
<210> 42

<211> 35

<212> ADN

<213> Trinh ty nhan
<220>

<223> doan mdi
<400> 42

tagtcagaga gtgatttaga
<210> 43

<211> 35

<212> ADN

<213> Trinh ty nhan
<220>

<223> doan mdi
<400> 43

atcaaaacag atatcatgac
<210> 44

<211> 35

<212> ADN

<213> Trinh ty nhén
<220>

<223> doan mdi

48892

aagctgattt
gtcaggtaga
cggagcagga
gaatgcgcaa
gcctgegecg
ccggcaggcet

ttgcggacaa

tao

tacttcagtt

tao

cgttaaagta

tao

cctctttttg
tgagcgctat
ttccatttat
agttgaaccg
cgctgatggc
caagatttct

caacctcatc

acttc

ctttg

aacaaccacc ggaag

tao

66

gacaccggtt
tcccagaagc
ggtctcaacc
ctggcggegt
ccaacccgtg
ccaattatca

gatcacccac

accacttcaa
ttgtcaccgce
tgtaccgcag
cgttaagccc
ctcaagccce
cctggtcatt
ttacccatca

3613

35

35

35

66/92

3240

3300

3360

3420

3480

3540

3600



<400>

44

cgctagtcag agagttcaca

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

<220>
<223>

<400>

45

35

ADN

Trinh ty nhén

doan mdi

45

ccgatcagcg taagtagaaa

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

<220>
<223>

<400>

46
35
ADN
Trinh ty nhén

doan mdi

46

aactgaagta gacattgttt

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

<220>
<223>

<400>

47

35

ADN

Trinh ty nhén

doan mdi

47

tactttaacg tctaaggtac

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

<220>
<223>

<400>

48

35

ADN

Trinh tyu nhéan

doan mdi

48

ggtggttgtt gtcatgatat

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

<400>

cctcactgge gaacacggcc gactcctgga acagcgcaac atggcatgga cgaaactcaa

49
3261
ADN

48892

ccaaatcttc ctcag

tao

catcccagcg ctact

tao

cctttcgttg ggtac

tao

cggcgcttca tgtca

tao

ctgttttgat ctcct

Corynebacterium glutamicum

49

67

67/92
35
35
35
35
35
60



cgaaatccca
cgaccccaac
cgagaaaatc
agtggtcacc
cctgtccact
gattcgtggt
gaggggcgga
aagaccaagt
aatgctgatt
ccacgagcaa
tacggctttc
cggggtcagt
cggcccgcga
gctagagaaa
tatatcccta
caccggcaag
acgcacactc
gttggggttyg
acgcttttcet
acaaggcaca
ggtcagtgca
acttcgacgt
gatcaggaaa
tgtggtggtc
caccgagcat
atatgttcaa
cggtcggaag
gggtgcgttyg
ggagggcgat
gcgcacgagce
gacggatgcg

gtgggatcag

ggtgtcagct
gtgtacgaaa
ctcatggttec
ctgccatggg
tacaagcagt
gaatttttgc
gctggtttgt
tgggcctagg
ttgatcgaat

cccgaagggt

‘ctcgacatga

gaattcaccg

ggtggcaatg

ggatgcctac

btggcgcaaac

cgagcagctg
catcaagtgt
ccagcacagg
tatatgtcgt
cgattatcgt
gcagaaatcg
ggtcaagatg
ctagcgcgtc
gaggcgttga
gctaacgata
ggtaaagggg
ggacgtaaac
attagtcaac
ttagtaattg
cggttgacgt
ttggtggaga

ggtgtggaga

48892

gtgtgaaacc
tccacgacga
agggcactgg
catcccagtt
agtagttgtt
gttttccagt
ggtggatcct
ggtggcggga
ctttgcgcta
gcgaagtggg
tcaatcaagg
ggcgaaagtg
cttttgacac
cccgagaaat
aaggcccaga
aattcatcca
tgcgtgagga
tgtgtgggge
gtgtagtgcc
tagaagagaa
gtcgacgcct
atgatggacg
cgaaaacacc
ataataaatt
gctctatgca
cgttgcgtga
cgcagtcgaa
gcccagcaga
gtggtgaaaa
tgattaagcg
tgatgggtga

tggcagagca

aatgggagct
cacccaactc
cttcaactgg
ggaaaacgca
aggattcacc
caggctcctg
tgaaatggaa
ttgcaaaaat
actgtagggc
cattcgtaga
tatgtcaggt
ggcgaaggcc
cgccgagaaa
cggcgagtat
caagcttcgc
cgccecggtg
ctacacaaca
cttacttcat
gttatttgct
aatgatgatc
gggtcggtgt
ttatcgtgca
gaaacttgat
atctccggag
gattagtcat
tgaattgaag
gttgccatcg
agttgctgat
ccaagcgaca
gttgggggtt
tttgccgcag

tgcgcggttt

68

ctatacgcgt
atgctggatc
ccacatcacg
attgagcgcc
acgaatctca
caactttcgg
cctcgcagga
ccgtccecegg
gggttcaggg
acaatcccag
cttgctgegt
gccggggtga
cttgagattg
gtcggcatga
caacgcgcag
atgggccctt
ctgtttgacg
cttgctccac
gatgaaatca
caacgtttcc
cggcaaacaa
cgcgactcecct
gccaatcgta
cagatttctg
gaaactattt
gtggagaaat
agaggtaagc
cgtgctgtge
gcgttggtga
aatcatgagg
gcgttgegte

agcgtggtga

tccccaagcet
ttctcecgtge
atcacttccg
tgggtaactt
ggatttttga
accgatttca
agctttcagg
ttcgccatga
ggtgaatgca
aggaaagccg
ctacagcggt
aactgacccg
cagccagcat
ctcgggccaa
ccaccttgcg
attatgggcc
agttatctgce
céccatcatt
aagtcgtagg
atgacaccgg
tttccaggga
atgaaggtgc
ggcttcggge
gtcttttagc
accaggcgtt
ttcttcgtac
cgtgggtgga
ctgggcactg
cgttggtgga
cgtcgactgt
ggagtttgac

ccaagtgtcc

68/92

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



ggtgtttttc
attggtcagg
tcagcgggca
gacgcaggta
ttgtacgaaa
gctaacctgc
ctcagaatcg
cccaagccect
actgggtaaa
gtgggaaaac
ttgttgacgt
ccggattctg
gagcaggtgg
ggccgagttt
cgtgcactcg
tacgcgcaac
ccggatacaa
atcatttggg
cgtgcgctgg
ttggccagcg
attgtggtgce
ctggtggcat
<210> 50
<211> 40
<212>
<213>
<220>

<223>

<400> 50
gtacccgggg

<210> 51
<211> 35
<212>
<213>

tgtgatcctc
gattttttcc
caggatctgc
tatgaaaaaa
attcgttcgg
agaaaccttg
ctgccaggcg
taaaacgtga
agtgcctgcece
atgcagctga
ttttgatttc
atgatgtggt
atggaacgat
ttgcggaaag
tagacatcac
ctggtgatcc
atggcgagat
gtgtggttct
ttggtttggt
ggcacgatgc
cgatggttca

tgttgttgtc

ADN
Trinh ty nhéan

doan mdi

atcctctaga

ADN
Trinh ty nhén

48892

attcgccgtg
cgaagggcac
tgaattaccg
tcgtagttgg
ctttcggatt
caagaatcac
tctaaatccc
tccttaaata
tatgcctgaa
aacatcggaa
ttcagttgtc
gttggcggat
cacgctcgtt
ccccacgatt
atcgggtgcc
ggagttttcc
catctacacc
cattgtggcg
cgtcaccttg
gatgtggttg
cggaatcaac

g

tao

cctgggtaac

tao

gcagcgtggg
taattttgct
gccgcggaaa
tgcatccacc
tcctggecgat
aacagcccca
ctaaaacggg
cccactgtcc
acttgagcat
ccgaagaaaa
gtgacgctgg
aacttttcgce
gataattctg
tctgcggagc
aatgaggggc
gagggcgaca
tttgctgatt
atgggagctt
ggaattgttg
gcgetggtgt

tggaaatcgg

ttcctgtcca

69

tcgaatgaga
aaagtaagtg
atgcatggtt
gattgaattc
ctgagacgag
atggcctcaa
acaataggtc
tctattctgg
ggcaacagca
attcaccgtg
tgggcatggt
agacgtttgc
cgtgtaattc
cggcaacgtt
agaaaactca
agatccgcat
accagcgcgg
tcgeggegtyg
gtattttctt
gtggcgcgge

cagctgcgtt

atacgaatgg
acgaagaagt
ttaaaagcgc
gcctaggaga
aagttgaaca
aagtcacgcc
actgggcgat
gttaggcttc
aggagacacc
gcgcattggt
gatgctgtgg
gggaaatcat
gccagacacc
ggagtgcgtg
gctgatcact
ggtggaaaca
accggcgttg
gcgaggtgtg
gctgccagga
gatcttgttg

ggcgggeacg

3261

69/92

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180

3240



<220>
<223>

<400>

doan mdi

51

caggttagca gtacttctca

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

<220>
<223>

<400>

52

35

ADN

Trinh tyu nhan

doan mdi

52

aacttgagaa gtactgctaa

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

<220>
<223>

<400>

53

40

ADN

Trinh ty nhén

doan méoi

53

gcctgcaggt cgactctaga

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

<220>
<223>

<400>

54

35

ADN

Trinh tu nhén

doan mdi

54

cgccgagaaa cttgagaagt

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

<220>
<223>

<400>

55

35

ADN

Trinh ty nhén

doan mdi

55

ctgcaggtta gcagtttagt

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

56
35
ADN
Trinh ty nhéan

48892

agtttctcgg cggtg

tao

cctgcagaaa ccttg

tao

ctccgcagaa atcgtgggge

tao

ggcgcttcat gtcaa

tao

caaggccccg caaca

tao

70

70/92

35

35

40

35

35



<220>
<223>

<400>

48892

doan mdi

56

ctgcaggtta gcagttcaca agctgttaag cgaag

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

<220>
<223>

<400>

57

35

ADN

Trinh tyu nhén tao

doan moi

57

ctgcaggtta gcagttcaga tcaccgcgag cgcct

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

<220>
<223>

<400>

58

20

ADN

Trinh ty nhén tao

doan mdi

58

ttctccgtge cgagaaaatc

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

<220>
<223>

<400>

59

20

ADN

Trinh ty nhén tao

doan mdi

59

gtagatgatc tcgccatttg

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

<400>

Met Ala Ser Asp Ala

1

Ile Arg Ala Gly Leu

Leu Phe Leu Thr Ser
35 40 45

Ala Met Phe Leu Gly

60
394
PRT
Chromobacterium violaceum

60
Pro His Leu Pro Leu His Pro

5 10

Glu Thr Ser Gln Phe Asn Glu
20 25 30

Ser Phe Thr Tyr Glu Ser Ala

Glu Ile Asp Gly Tyr Thr Tyr

71

Glu

15

His

Ala

Ser

71/92

35

35

20

20

Thr Leu Ala

Ser Gln Gly
Gln Ala Ala

Arg Phe Thr



48892

50 55 60

Asn Pro Thr Val Ala Ala Phe Gln His Arg Leu Ala
65 70 75

Gly Glu Arg Ala Ile Ala Thr Ala Thr Gly Met Ala
85 90

Ile Met Met Thr Leu Leu Gln Ala Gly Asp His Ile
100 105 110

Ser Leu Phe Gly Ser Thr Thr Asn Leu Phe Ala Asn
115 120 125

Phe Ala Val Ala Thr Asp Phe Val Asp Ala Arg Asp
130 135 140

Arg Glu Ala Leu Arg Pro Asn Thr Lys Leu Leu Phe
145 150 155

Ser Asn Pro Leu Thr Glu Val Ala Asp Ile Ala Ala
165 170

Ala His Ala His Gly Ala Leu Leu Val Val Asp Asn
180 185 190

Pro Ala Leu Gln Gln Pro Leu Lys Leu Gly Ala Asp
195 200 205

Ser Ala Thr Lys Phe Ile Asp Gly His Gly Arg Val
210 215 220

val Val Gly Ser Asp Lys Leu Val Glu Gln Val Tyr
225 ' 230 235

Ala Ala Gly Pro Ser Leu Ala Pro Phe Asn Ala Trp
245 250

Gly Leu Glu Thr Leu His Leu Arg Met Glu Lys His
260 265 270

Leu Glu Leu Ala Arg Trp Leu Glu Ala Gln Pro Asn
275 280 285

Tyr Tyr Pro Gly Leu Glu Ser His Pro Gln His Glu
290 295 300

Gln Gln Lys Ser Gly Gly Ala Val Val Ser Phe Val
305 310 315

Arg Lys Ala Ala Trp Lys Val Val Asp Ala Val Arg
325 330

Thr Ala Asn Leu Gly Asp Val Lys Thr Thr Leu Thr
340 345 350

Thr Thr His Ala Arg Val Thr Gln Glu Ala Arg Glu
355 360 365

val Glu Gly Leu Leu Arg Val Ser Val Gly Leu Glu
370 375 - 380

Leu Gln Gln Asp Leu Leu Arg Gly Leu Asp
385 390

72

Gln Met
80

Ala Ile
95

Val Ser
Gln Leu
Leu Ser

Leu Glu
160

Ile Ala
175

Ser Phe
Leu Val
Met Gly
Leu His

240

Thr Leu
255

Ser Ala
Val Glu
Leu Ala
Val Lys

320
Val Ile
335
His Pro

Arg Ala

Asn Val

Glu

Gln

Ser

Ala

Ala

Thr

Asp

Cys

Met

Gly

Val

Leu

Asn

Arg

Leu

Gly

Ser

Ala

Gly

Arg

Gly

Ala

Gln

Lys

Trp

Pro

Ile

Ser

His

Ala

Arg

Ser

Ala

Val

Arg

Gly

Arg

Ser

Ile

Asp

72/92



<210> 61

<211> 399

<212> PRT

<213> Chua biét
<220>

<223>

<400> 61

Met

1

Gln

Glu

Ala

Tyr

65

Glu

Ser

Ala

Ala Asp Ala Pro Gly
5

Ala Val Arg Gly Gly
20

Ala Leu Tyr Leu Thr
35

Met Arg Arg Met Ala
50 55

Gly Ser Pro Thr Asn
70

Gly Ala Glu Ala Cys
85

Ser Ala Ile Leu Ala
100

Thr Ala Leu Phe Gly
115

Gly

Leu

Ser

40

Gly

Glu

Arg

Pro

Ser
120

48892

Hyphomonas neptunium

Asp Lys Lys Gly Trp
10

Met Arg Ser Gln His
25 30

Gly Tyr Ala Tyr Asp
45

Glu Glu Glu Gly Phe
60

Met Leu Gln Gln Arg
75

Val Thr Gly Ser Gly
90

Leu Lys Ala Gly Asp
105 110

Cys Arg Trp Ile Ile
125

Pro Lys Phe Gly Ile Glu Ala Val Phe Val Asp Gly

130

135

140

Ala Trp Lys Arg Glu Ile Asp Lys Gly Cys Gln Leu

145

Ser

Arg

Ala

150

155

Pro Ala Asn Pro Leu Leu Asp Gly Val Asp Ile

165

170

Leu Ala Lys Ala Ala Gly Ala Leu Leu Val Val

180

185 190

Thr Pro Val Leu Gln Arg Pro Leu Glu Met Gly

195

200

205

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

Gly
225
Trp

Val

Arg

210

Ala
230

215

220

Ile Leu Thr Asp Ala Lys Arg Met Ser Asp

235

Leu Arg His Met Gly Pro Ala Ala Ser Pro Phe

245

Leu
260

250

Lys Gly Leu Glu Thr Met Gln Leu Arg Val

265 270

Thr Ala Ala Arg Leu Ala Asp Val Leu Ala Asp

73

Lys Pro

15

Gly Glu

Ser Ala

Val Tyr

Leu Ala
80

Met
95

Gly

Arg Val

Ala Asn

Ala Asp

Val Leu

160

Glu Ala
175

Asp Asn

Ala Asp

Arg Val

Val Tyr
240

Asn Ala
255

Glu Ala

His Pro

Ala

Ile

Glu

Ser

Leu

Ala

Val

Gln

Leu

Ile

Val

Val

Val

Leu

Asp

Trp

Gln

Ala

Thr

Ser

Gln

Arg

Ile

Ile

Ala

Met

Asp

Glu

Ala

Phe

Ile

Leu

Pro

Val

Ser

Val

73/92



275 280

Asn Ala Val Arg Tyr Pro His
290 295

His Lys Arg Gln Met Lys Ser
305 310

Lys Gly Gly Gln Asp Ala Ala
325

Val Asp Ile Cys Asn Asn Leu
340

Pro Ser Thr Thr Thr His Arg
355 360

Met Gly Leu Asp Arg Ser Trp
370 375

Ala Asp Asp Leu Glu Ala Asp
385 390

<210> 62
<211> 393
<212> PRT

48892

285

Arg Lys Asp His Pro His Tyr
300

Gly Gly Thr Leu Leu Ala Leu
315 320

Phe Arg Phe Leu Asn Gly Leu
330 335

Gly Asp Thr Lys.Ser Leu Ala

345 350

Ala Leu Ser Asp Glu Asp Gln
365

Val Arg Leu Ser Val Gly Leu
380

Leu Leu Ala Ser Leu Asn Ser
395

Arg Thr Gln Leu Val His Gly

<213> Rhodobacter sphaeroides
<400> 62
Met Thr Lys Asp Trp Lys Thr

1 5

Arg Arg Ser Gln Tyr Gly Glu
20

Gly Phe Val Tyr Asp Ser Ala
35 40

Thr Gly Ala Asp Glu Phe Ile
50 55

Arg Met Phe Glu Glu Arg Ile
65 70

Phe Ala Thr Ala Ser Gly Met
85

Ile Val Arg Ala Gly Asp His
100

Ser Cys Ile Tyr Ile Leu Glu
115 120

Val Thr Phe Val Asp Gly Thr
130 135

Arg Pro Gly Thr Lys Ala Val
145 150

Leu Glu Val Ala Asp Ile Gly
165

Gly Ala Leu Val Ile Val Asp

10 15

Met Ala Glu Ala Ile Phe Leu
25 30

Glu Gln Ala Glu Ala Arg Phe
45

Tyr Ala Arg Tyr Gly Asn Pro
60

Ala Ala Val Glu Gly Thr Glu
75 80

Ala Ala Ile His Gly Val Leu
90 95

Leu Val Ala Ala Arg Ala Leu

105 : 110

Glu Val Leu Gly Arg Phe Gly
125

Asp Leu Asp Gln Trp Arg Ala
140

Phe Phe Glu Ser Val Ser Asn
155 160

Ala Ile Ala Glu Ile Ala His
170 175

Asn Val Phe Ala Thr Pro Val

74

Glu

Ser

Gln

Cys

Ala

Glu

Leu

Gly

Thr

Ile

Thr

Asp

Thr

Phe

Val

Ala

Pro

Ala

Phe

Val

Leu

Leu

His

Ala

Asp

Ser

Gln

Glu

Thr

Ala

Ser

Gly

Glu

Val

Thr

Val

Ser

74/92



Thr Ala Val Arg Gln Gly Ala Asp Val Val Ile Tyr Ser Ala

195

His Ile
210

Gln
225

Ala
Gly

Ser

Thr Leu

Ala
275

Ala Leu Glu Ser His

290

Arg
305

Ala

Leu

Gln
355

Leu Val Arg Leu

370

Asp Leu Lys Gln

385

<210> 63
<211> 11
<212>
<213>

<400> 63
atggcatccg

ttggaaacca
tacgaatcgg
tccegettea
ggggagcgceg
ttgctgcagg
ctgttcgcca

ctgtccgect

Met Ser Pro

Asp Leu Arg

Arg Ala Leu Glu

Gly Asp Ala

Arg Leu Ser

180

48892

185

200

215

230

245

260

205

220

235

250

265

280

295

310

325

340

285

300

315

330

Arg Ser Ile Ala Thr

345

Asp Ala Gln Lys Ala

360

Ser Val Gly Leu Glu

375

390

85

ADN
Chromobacterium violaceum

acgcgccgca
gccagttcaa
ccgcegeagge
ccaatccgac
ccatcgccac
ctggcgacca

accagttggc

ggcgggaggce

tcttecegcetg
cgagcacagc
ggcggcgatg
cgtcgececgeg
cgccaccggce
catcgtgtcg
caagttcgcc

gctgcggccg

365

380

Ala Leu Ala Val Ile

caccétgaaa
cagggcctgt
ttcctgggceg
ttccagcata
atggcggcga
tcgcaaagcc
gtggccaccg

aacaccaagc

75

190

Asp Gly Gln Gly Arg Ala Leu Gly Gly Val Val Cys

Phe Ile Arg Lys Val Leu Glu Pro Phe Met Lys His

240

Phe Asn Ala Trp Leu Met Leu Asn Gly

255

Cys Arg Ala Met Ala Asp Thr Ala Glu

270

Gly His Pro Gln Leu Gly Arg Val Ile

Pro Gln His Glu Met Ala Lys Ala Gln

Pro Gly Thr Met Ile Ala Leu Asp Leu Ala Gly Gly Lys

320

Phe Arg Phe Leu Asp Ala Leu Arg Ile Val Lys Ile Ser

335

His Pro Ala Thr Thr

350

His Leu Gly Ile Thr

Asp Ala Asp Asp Leu

ccctggcecat
tcctgacgtc
agatcgacgg
ggctggcgea
tccaggccat
tgttcggctc
acttcgtcga

tgctgttcct

Thr Lys

Ala Ser

Thr Gly

Met Ala

Lys Ile

His Pro

Met Glu

Glu Ala

Asn Asn

Thr His

Pro Gly

Ile Ala

ccgggcecgag

cagcttcacc
ctacacctat
gatggagggc
catgatgact
caccaccaat
cgcgcgcgac

ggagacgccg

75/92

60
120
180
240
300
360
420

480



tccaatccecct
ggcgcgctge
ctgggcgceceg
atgggcgggg
gccgecggte
ctgcacctgce
gcgcagccca
ctggcgctge
cgcaaggccg
ggcgatgtga
gaggcgcegceg
aatgtacggg
<210>
<211>

<212>
<213>

64

<220>
<223>

<400> 64
atggcggatg
ggcggcctga
tacgcttacg
gtctattccce
gaaggcgccg
ctggcgccgce
cgctggatca
gccgatcttg
agcccggcca
gcggcgggcyg
ctggaaatgg
cgcgttctge
tggctgcgcce
cttgagacga

gttctggccg

tgaccgaagt
tggtggtgga
atctggtcat
cggtggtcgyg
cctcgectgge
ggatggagaa
atgtggagcg
gccagcagaa
cgtggaaagt
aaaccaccct
agcgcgccgg

accttcaaca

1200
ADN
Chua biét

cacccggcgg
tgcggtccca
actcggccga
gctatggcag
aagcgtgccg
ttaaagcggg
ttgccaacca
atgcttggaa
atccgttget
cgctgctggt
gcgccgatgt
tgggcgcgat
atatggggcc
tgcagctgcg

atcatccggc

48892

ggccgacatc
caacagcttc
gcattccgcc
cagcgacaag
gccgttcaat
gcacagcgcec
cgtctattac
gagcggcgga
ggtggacgcg
cactcatccg
catcgtcgag

agatctgttg

Hyphomonas neptunium

‘cgacaagaag

gcatggggag
gcaggcgatg
cccgaccaat
ggtgacgggce
cgaccgggtg
gatgccgaag
gcgcgagatc
cgacggcgtg
ggtggacaat
gatcgcctat
cctgacggac
ggcggcecteg
cgtggaagcg

ggtcaatgcc

gcggccatcg
tgttcgececgg
accaagttca
ctggtcgagc
gcctggacgce
aacgcgctgg
ccgggcectgg
gcggtggtgt
gtcagggtga
gccagcacca
gggctgttge

cggggecttg

ggctggaagc
atttccgagg
cgccggatgg
gagatgctgc
tctggcatgg
gtggcggcga
tttggcatcg
gacaagggct
gacatcgaag
gtgtttgcca
tcggccacca
gccaagcgga
ccgtttaacg
cagagccgca

gtgcgctatc

76

ccgacatcgce
ccttgcagca
tcgacggcca
aggtctattt
tgctgtccgg
agctggcgcg
agagccaccc
ccttcgtggt
tctcgecgcecac
cccacgeccg
gcgtcagegt

actaa

ctgcgaccca
cgctgtatct
cgggcgagga
aacagcgcct
gcgcgatttc
ccgcgetgtt
aggcagtgtt
gccagctggt
cggtcgccag
cgccggtgcet
aacatatgga
tgagtgatgt
cctgggtagt
cggcggcgceg

cccaccgcaa

ccacgcgcat
gccgttgaaa
tggcegggtyg
gcacgtgcgc
tttggagacg
ctggctggag
ccagcacgag
caagggcggce
cgccaatctg
cgtgacgcag

cggcctggaa

ggcggtacge
gacctccggce
agaaggcttc
cgcgctgatt
gtcggccatce
tggctcgtgce
cgtggacggg
gctgatcgaa
gctcgccaag
tcagcggccg
cgggcagggc
gtatgatccg
gctgaagggc
gctggcggat

ggatcacccg

76/92

540
600
660
720
780
840
900
960
1020
1080
1140

1185

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

900



cattatgagg
aagggcgggc
aacaaccttg
ttgagtgatg

ggtcttgaag

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

65

<400> 65
atgacgaagg

tatggcgaaa
caggccgaag
aaccccacga
ttcgccaccg
ggcgatcatc
gtgctgggcc
cgcgceggcegyg
ctcgaggtgg
atcgtggaca
gtggtgatct
gtctgcgect
ggctcgatga
cgctgccgeg
cagctcggcc
gcgcagatgg
gcctteeget
cgctcgatcg
gcccatctcg
gacctgatcg
<210>

<211>
<212>

66

tgcacaagcg
aggacgcggce
gcgatacgaa
aggatcaggc

acgcagatga

1182
ADN .
Rhodobacter sphaeroides

actggaagac
tggccgaggce
cgcgcttcat
cgcgcatgtt
cctcgggceat
tggtggcgge
gattcggcgt
tgcggcecegg
ccgatatcgg
atgtcttcgce
attcggccac
cgcaggcctt
gccccttcaa
cgatggccga
gcgtgatcca
agcgtcccgg
tcctcgacgce
cgacccaccc
gcatcacgcc

ccgatctgaa

404
PRT

48892

ccagatgaaa
gttccgcettce
atcgctggcece

ggcgatgggyg

tctggaagct

aaggacgcaa
gatcttcctg
cgagaccggce
cgaagagcgc
ggccgcgatce
gcgcgctctg
cgaggtgacc
cacgaaggcc
cgccatcgcce
gacgcccgtce
caagcacatc
catccgcaag
cgcctggcetce
cacggccgag
tccegegetg
éacgatgatc
cctgaggatc
ggcaacgacc
cgggctcgtg

acaggcgctc

tcgggceggea
ctcaacgggc
tgtcatccct
cttgaccgca

gatcttctcg

ctcgtccacg
acccagggct
gccgacgaat
atcgcggcecg
cacggcgtgc
ttcggctcect
ttcgtcgacg
gtgttcttcg
gagatcgccc
ttctcgacgg
gacgggcaag
gtgctcgaac
atgctgaacg
aagatcgccc
gaaagccacc
gcgctcgacce
gtgaagatct
acccaccagc
cggctgtcgg

gcggtgatct

77

cgctgctcgce
tgcagctggt
ccaccacgac

gctgggtccg

cttcgcttaa

ggggcagccg
tcgtctacga
tcatctatgc
tcgagggcac
tcacctcgat
gcatctacat
gcaccgatct
agtcggtctc
atgccgtggg
cggtgcggca
ggcgcgegcet
ccttcatgaa
ggatggcgac
gcgcgctcga
cgcagcacga
tcgeecggggg
ccaacaatct

gtctttccga

tggggctcga

ga

gctgtcgcetc
cgacatctgc
gcaccgcgcg
gctctctgtt
cagcttgtga

1200

ccggagccag
ctcggccgaa
ccgctacggc
cgaggatgcg
cgtgcgggceg
cctcgaggag
cgatcagtgg
gaatccgacg
cgcgcectegte
gggcgeggat
cggcggegtg
gcacaccggc
gctcgacctg
gggccatccg
gatggccaag
caaggaggcg
gggcgatgcee
cgcgcagaag

ggatgcggac

77/92

960

1020

1080

1140

1200

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1182



48892 78/92

<213> Trinh ty nhén tao

<220>
<223> Rspmet?Z_dai

<400> 66
Met Gly Ile Ala Phe Arg Glu Gly Arg Thr Gly Met Thr Lys Asp Trp
1 5 10 15

Lys Thr Arg Thr Gln Leu Val His Gly Gly Ser Arg Arg Ser Gln Tyr
20 25 30

Gly Glu Met Ala Glu Ala Ile Phe Leu Thr Gln Gly Phe Val Tyr Asp
35 40 45

Ser Ala Glu Gln Ala Glu Ala Arg Phe Tle Glu Thr Gly Ala Asp Glu
50 55 60

Phe Ile Tyr Ala Arg Tyr Gly Asn Pro Thr Thr Arg Met Phe Glu Glu
65 70 75 : 80

Arg Ile Ala Ala Val Glu Gly Thr Glu Asp Ala Phe Ala Thr Ala Ser
85 90 95

Gly Met Ala Ala Ile His Gly Val Leu Thr Ser Ile Val Arg Ala Gly
100 105 110

Asp His Leu Val Ala Ala Arg Ala Leu Phe Gly Ser Cys Ile Tyr Ile
115 120 125

Leu Glu Glu Val Leu Gly Arg Phe Gly Val Glu Val Thr Phe Val Asp
130 135 140

Gly Thr Asp Leu Asp Gln Trp Arg Ala Ala Val Arg Pro Gly Thr Lys
145 150 155 160

Ala Val Phe Phe Glu Ser Val Ser Asn Pro Thr Leu Glu Val Ala Asp
165 170 175

Ile Gly Ala Ile Ala Glu Ile Ala His Ala Val Gly Ala Leu vVal Ile
180 185 190

Val Asp Asn Val Phe Ala Thr Pro Val Phe Ser Thr Ala Val Arg Gln
195 200 205

Gly Ala Asp Val Val Ile Tyr Ser Ala Thr Lys His Ile Asp Gly Gln
210 215 220

Gly Arg Ala Leu Gly Gly Val Val Cys Ala Ser Gln Ala Phe Ile Arg
225 230 235 240

Lys Val Leu Glu Pro Phe Met Lys His Thr Gly Gly Ser Met Ser Pro
245 250 255

Phe Asn Ala Trp Leu Met Leu Asn Gly Met Ala Thr Leu Asp Leu Arg
260 265 270

Cys Arg Ala Met Ala Asp Thr Ala Glu Lys Ile Ala Arg Ala Leu Glu
275 280 285

Gly His Pro Gln Leu Gly Arg Val Ile His Pro Ala Leu Glu Ser His
290 295 300

78



Pro Gln His Glu Met Ala Lys
305 310

Ile Ala Leu Asp Leu Ala Gly
325

Asp Ala Leu Arg Ile Val Lys
340

Ser Ile Ala Thr His Pro Ala
355 360

Ala Gln Lys Ala His Leu Gly
370 375

Val Gly Leu Glu Asp Ala Asp
385 390

Leu Ala Val Ile

<210> 67

<211> 404

<212> PRT

<213> Trinh ty nhé&n tao

<220>
<223> RspmetZz 3

<400> 67
Met Gly Asn Ala Phe Arg Glu
1 5

Lys Thr Arg Thr Gln Leu Val
20

Gly Glu Met Ala Glu Ala Ile
35 40

Ser Ala Glu Gln Ala Glu Ala
50 55

Phe Ile Tyr Ala Arg Tyr Gly
65 ' 70 .

Arg Ile Ala Ala Val Glu Gly
85

Gly Met Ala Ala Ile His Gly
100

Asp His Leu Val Ala Ala Arg
115 120

Leu Glu Glu Val Leu Gly Arg
130 135

Gly Thr Asp Leu Asp Gln Trp
145 150

Ala Val Phe Phe Glu Ser Val
165

48892

Ala Gln Met Glu Arg
315

Gly Lys Glu Ala Ala
330

Ile Ser Asn Asn Leu
345 350

Thr Thr Thr His Gln
365

Ile Thr Pro Gly Leu
380

Asp Leu Ile Ala Asp
395

Gly Arg Thr Gly Met
10

His Gly Gly Ser Arg
25 30

Phe Leu Thr Gln Gly
45

Arg Phe Ile Glu Thr
60

Asn Pro Thr Thr Arg
75

Thr Glu Asp Ala Phe
90

Val Leu Thr Ser Ile

105 110

Ala Leu Phe Gly Ser
125

Phe Gly Val Glu Val
140

Arg Ala Ala Val Arg
155

Ser Asn Pro Thr Leu
170

79

Pro

Gly

320

Phe Arg

335

Gly Asp

Arg

Leu

Val Arg

Leu

Thr

15

Arg

Phe

Gly

Met

Ala

95

Val

Cys

Thr

Pro

Lys

400

Lys

Ser

Val

Ala

Phe

80

Thr

Arg

Ile

Phe

Gly

160

Glu Val

175

Thr

Phe

Ala

Ser

Leu

Gln

Asp

Gln

Tyr

Asp

Glu

Ala

Ala

Tyr

Val

Thr

Ala

Met

Leu

Arg

Asp

Ser

Ala

Trp

Tyr

Asp

Glu

Glu

Ser

Gly

Ile

Asp

Lys

Asp
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Ile Gly Ala Ile
180

Val Asp Asn Val
195

Gly Ala Asp Val
210

Gly Arg Ala Leu
225

Lys Val Leu Glu

245

Phe Asn Ala Trp
260

Cys Arg Ala Met
275

Gly His Pro Gln
290

48892

Ala Glu Ile Ala
185

Phe Ala Thr Pro
200

Val Ile Tyr Ser
215

Gly Gly Val Val
230

Pro Phe Met Lys
Leu Met Leu Asn
265

Ala Asp Thr Ala
280

Leu Gly Arg Val
295

His Ala Val Gly
190

Val Phe Ser Thr
205

Ala Thr Lys His
220

Cys Ala Ser Gln
235

His Thr Gly Gly

250

Gly Met Ala Thr
270

Glu Lys Ile Ala
285

Ile His Pro Ala
300

Pro Gln His Glu Met Ala Lys Ala Gln Met Glu Arg

305

310

315

Ile Ala Leu Asp Leu Ala Gly Gly Lys Glu Ala Ala

325

Asp Ala Leu Arg
340

Ser Ile Ala Thr
355

Ala Gln Lys Ala
370

Val Gly Leu Glu
385

Leu Ala Val TIle

Ile Val Lys Ile
345

His Pro Ala Thr
360

His Leu Gly Ile
375

Asp Ala Asp Asp
390

Trinh ty nhé&n tao

<210> 68

<211> 404

<212> PRT

<213>

<220>

<223> RspmetZ 65
<400> 68

330

Ser Asn Asn Leu
350

Thr Thr His Gln
365

Thr Pro Gly Leu
380

Leu Ile Ala Asp
395

Met Gly Ile Ala Phe Arg Glu Gly Arg Thr Gly Met

1

5

10

Lys Thr Arg Thr Gln Leu Val His Gly Gly Ser Arg

20

25

30

Gly Glu Met Ala Glu Ala Ile Phe Leu Thr Gln Gly

80

Ala Leu

Ala Val

Ile Asp

Ala Phe

240

Ser Met
255

Leu Asp

Arg Ala

Leu Glu

Pro Gly

320

Phe Arg

335

Gly Asp

Arg Leu

Val Arg

Leu Lys
400

Val

Arg

Gly

Ile

Ser

Leu

Leu

Ser

Thr

Phe

Ala

Ser

Leu

Gln

Ile

Gln

Gln

Arg

Pro

Arg

Glu

His

Met

Leu

Arg

Asp

Ser

Ala

Thr Lys Asp Trp

15

Arg Ser Gln Tyr

Phe Val Tyr Asp
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35 40 45

Ser Ala Glu Gln Ala Glu Ala Arg Phe Ile Glu Thr
50 55 60

Tyr Ile Tyr Ala Arg Tyr Gly Asn Pro Thr Thr Arg
65 70 75

Arg Ile Ala Ala Val Glu Gly Thr Glu Asp Ala Phe
85 90

Gly Met Ala Ala Ile His Gly Val Leu Thr Ser Ile
100 105 110

Asp His Leu Val Ala Ala Arg Ala Leu Phe Gly Ser
115 - 120 : 125

Leu Glu Glu Val Leu Gly Arg Phe Gly Val Glu Val
130 135 140

Gly Thr Asp Leu Asp Gln Trp Arg Ala Ala Val Arg
145 150 155

Ala Val Phe Phe Glu Ser Val Ser Asn Pro Thr Leu
165 170

Ile Gly Ala Ile Ala Glu Ile Ala His Ala Val Gly
180 185 190

Val Asp Asn Val Phe Ala Thr Pro Val Phe Ser Thr
195 200 205

Gly Ala Asp Val Val Ile Tyr Ser Ala Thr Lys His
210 215 220

Gly Arg Ala Leu Gly Gly Val Val Cys Ala Ser Gln
225 230 235

Lys Val Leu Glu Pro Phe Met Lys His Thr Gly Gly
245 250

Phe Asn Ala Trp Leu Met Leu Asn Gly Met Ala Thr
260 265 : ' 270

Cys Arg Ala Met Ala Asp Thr Ala Glu Lys Ile Ala
275 280 285

Gly His Pro Gln Leu Gly Arg Val Ile His Pro Ala
290 295 300

Pro Gln His Glu Met Ala Lys Ala Gln Met Glu Arg
305 310 315

Ile Ala Leu Asp Leu Ala Gly Gly Lys Glu Ala Ala
325 330

Asp Ala Leu Arg Ile Val Lys Ile Ser Asn Asn Leu
340 345 350

Ser Ile Ala Thr His Pro Ala Thr Thr Thr His Gln
355 360 365

Ala Gln Lys Ala His Leu Gly Ile Thr Pro Gly Leu
370 375 380

81

Gly Ala

Met Phe
380

Ala Thr
95

Val Arg
Cys Ile
Thr Phe

Pro Gly
160

Glu Val
175

Ala Leu
Ala Val
Ile Asp
Ala Phe

240

Ser Met
255

Leu Asp
Arg Ala

Leu Glu

Pro Gly
320

Phe Arg
335
Gly Asp

Arg Leu

Val Arg

Asp

Glu

Ala

Ala

Tyr

Val

Thr

Ala

Val

Arg

Gly

Ile

Ser

Leu

Leu

Ser

Thr

Phe

Ala

Ser

Leu

Glu

Glu

Ser

Gly

Ile

Asp

Lys

Asp

Ile

Gln

Gln

Arg

Pro

Arg

Glu

His

Met

Leu

Arg

Asp

Ser
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Val Gly Leu Glu Asp Ala Asp Asp Leu Ile Ala Asp Leu Lys Gln Ala

385 390 395

Leu Ala Val Ile

<210> 69
<211> 404
<212> PRT
<213> Trinh ty nhén tao

<220>
<223> Rspmetz 104

<400> 69
Met Gly Ile Ala Phe Arg Glu Gly Arg Thr Gly Met
1 5 10

Lys Thr Arg Thr Gln Leu Val His Gly Gly Ser Arg
20 25 30

Gly Glu Met Ala Glu Ala Ile Phe Leu Thr Gln Gly
35 40 45

Ser Ala Glu Gln Ala Glu Ala Arg Phe Ile Glu Thr
50 55 60

Phe Ile Tyr Ala Arg Tyr Gly Asn Pro Thr Thr Arg
65 70 75

Arg Ile Ala Ala Val Glu Gly Thr Glu Asp Ala Phe
85 90

Gly Met Ala Ala Ile His Gly Ala Leu Thr Ser Ile
100 105 110

Asp His Leu Val Ala Ala Arg Ala Leu Phe Gly Ser
115 120 125

Leu Glu Glu Val Leu Gly Arg Phe Gly Val Glu Val
130 135 140

Gly Thr Asp Leu Asp Gln Trp Arg Ala Ala Val Arg
145 150 155

Ala Val Phe Phe Glu Ser Val Ser Asn Pro Thr Leu
165 170

Ile Gly Ala Ile Ala Glu Ile Ala His Ala Val Gly
180 185 190

Val Asp Asn Val Phe Ala Thr Pro Val Phe Ser Thr
195 200 205

.Gly Ala Asp Val Val Ile Tyr Ser Ala Thr Lys His
210 215 220

Gly Arg Ala Leu Gly Gly Val Val Cys Ala Ser Gln
225 230 235

Lys Val Leu Glu Pro Phe Met Lys His Thr Gly Gly

82

400

Thr Lys
15

Arg Ser

Phe Val

Gly Ala

Met Phe
80

Ala Thr
95

Val Arg

Cys Ile

Thr Phe

Pro Gly

160

Glu Val
175

Ala Leu

Ala Val

Ile Asp

Ala Phe

240

Ser Met

Asp

Gln

Tyr

Asp

Glu

Ala

Ala

Tyr

Val

Thr

Ala

Val

Arg

Gly

Ile

Ser

Trp

Tyr

Asp

Glu

Glu

Ser

Gly

Ile

Asp

Lys

Asp

Ile

Gln

Gln

Arg

Pro

82/92
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245 250

Phe Asn Ala Trp Leu Met Leu Asn Gly Met Ala Thr
260 265 270

Cys Arg Ala Met Ala Asp Thr Ala Glu Lys Ile Ala
275 280 285

Gly His Pro Gln Leu Gly Arg Val Ile His Pro Ala
290 295 300

Pro Gln His Glu Met Ala Lys Ala Gln Met Glu Arg
305 310 315

Ile Ala Leu Asp Leu Ala Gly Gly Lys Glu Ala Ala
325 330

Asp Ala Leu Arg Ile Val Lys Ile Ser Asn Asn Leu
340 345 350

Ser Ile Ala Thr His Pro Ala Thr Thr Thr His Gln
355 360 365

Ala Gln Lys Ala His Leu Gly Ile Thr Pro Gly Leu
370 375 380

Val Gly Leu Glu Asp Ala Asp Asp Leu Ile Ala Asp
385 390 395

Leu Ala Val Ile

<210> 70
<211> 404
<212> PRT
<213> Trinh tu nhédn tao

<220>
<223> RspmetZ 196

<400> 70
Met Gly Ile Ala Phe Arg Glu Gly Arg Thr Gly Met
1 5 10

Lys Thr Arg Thr Gln Leu Val His Gly Gly Ser Arg
20 25 ‘ 30

Gly Glu Met Ala Glu Ala Tle Phe Leu Thr Gln Gly
35 40 45

Ser Ala Glu Gln Ala Glu Ala Arg Phe Ile Glu Thr
50 55 60

Phe Ile Tyr Ala Arg Tyr Gly Asn Pro Thr Thr Arg
65 70 75

Arg Ile Ala Ala Val Glu Gly Thr Glu Asp Ala Phe
85 90

Gly Met Ala Ala Ile His Gly Val Leu Thr Ser Ile
100 105 110

83

255

Leu Asp

Arg Ala

Leu Glu

Pro Gly
320

Phe Arg
335

Gly Asp

Arg Leu

Val Arg

Leu Lys
400

Thr Lys
15

Arg Ser

Phe Val

Gly Ala

Met Phe
80

Ala Thr
95

Val Arg

Leu

Leu

Ser

Thr

Phe

Ala

Ser

Leu

Gln

Asp

Gln

Tyr

Asp

Glu

Ala

Ala

Arg

Glu

His

Met

Leu

Arg

Asp

Ser

Ala

Trp

Tyr

Asp

Glu

Glu

Ser

Gly
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Asp His Leu Val Ala Ala Arg Ala Leu Phe Gly Ser

115 120

125

Leu Glu Glu Val Leu Gly Arg Phe Gly Val Glu Val

130 135

140

Gly Thr Asp Leu Asp Gln Trp Arg Ala Ala Val Arg

145 150

155

Ala Val Phe Phe Glu Ser Val Ser Asn Pro Thr Leu

165

170

Ile Gly Ala Ile Ala Glu Ile Ala His Ala Val Gly

180

Val Asp Asn Ile Phe Ala Thr
195 200

Gly Ala Asp Val Val Ile Tyr
210 215

Gly Arg Ala Leu Gly Gly Val
225 230

Lys Val Leu Glu Pro Phe Met
245

Phe Asn Ala Trp Leu Met Leu
260

Cys Arg Ala Met Ala Asp Thr
275 280

Gly His Pro Gln Leu Gly Arg
290 295

Pro Gln His Glu Met Ala Lys
305 310

Ile Ala Leu Asp Leu Ala Gly
325

Asp Ala Leu Arg Ile Val Lys
340

185

Pro Val Phe Ser
205

Ser Ala Thr Lys
220

Val Cys Ala Ser
235

Lys His Thr Gly
250

Asn Gly Met Ala

265

Ala Glu Lys Ile
285

Val Ile His Pro
300

Ala Gln Met Glu
315

Gly Lys Glu Ala
330

Ile Ser Asn Asn

345

190

Thr

His

Gln

Gly

Thr

270

Ala

Ala

Arg

Ala

Leu
350

Ser Ile Ala Thr His Pro Ala Thr Thr Thr His Gln

355 360

365

Ala Gln Lys Ala His Leu Gly Ile Thr Pro Gly Leu

370 375

380

Val Gly Leu Glu Asp Ala Asp Asp Leu Ile Ala Asp

385 390

Leu Ala Val Ile

<210> 71

<211> 404

<212> PRT

<213> Trinh ty nhan tao

<220>

395

84

Cys Ile

Thr Phe

Pro Gly
160

Glu Val
175

Ala Leu

Ala Val

Ile Asp

Ala Phe

240

Ser Met
255

Leu Asp

Arg Ala

Leu Glu

Pro Gly

320

Phe Arg

335

Gly Asp

Arg Leu

Val Arg

Leu Lys
400

Tyr

Val

Thr

Ala

Val

Arg

Gly

Ile

Ser

Leu

Leu

Ser

Thr

Phe

Ala

Ser

Leu

Gln

Ile

Asp

Lys

Asp

Ile

Gln

Gln

Arg

Pro

Arg

Glu

His

Met

Leu

Arg

Asp

Ser

Ala

84/92
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<223> RspmetZ 3 65 104

<400> 71
Met Gly Asn Ala Phe Arg Glu Gly Arg Thr Gly Met Thr Lys Asp Trp
1 5 10 15

Lys Thr Arg Thr Gln Leu Val His Gly Gly Ser Arg Arg Ser Gln Tyr
20 25 30

Gly Glu Met Ala Glu Ala Ile Phe Leu Thr Gln Gly Phe Val Tyr Asp
35 40 45

Ser Ala Glu Gln Ala Glu Ala Arg Phe Ile Glu Thr Gly Ala Asp Glu
50 55 60

Tyr Ile Tyr Ala Arg Tyr Gly Asn Pro Thr Thr Arg Met Phe Glu Glu
65 70 75 80 '

Arg Ile Ala Ala Val Glu Gly Thr Glu Asp Ala Phe Ala Thr Ala Ser
: 85 90 95

Gly Met Ala Ala Ile His Gly Ala Leu Thr Ser Ile Val Arg Ala Gly
100 105 110

Asp His Leu Val Ala Ala Arg Ala Leu Phe Gly Ser Cys Ile Tyr Ile
115 120 125

Leu Glu Glu Val Leu Gly Arg Phe Gly Val Glu Val Thr Phe Val Asp
130 135 140

Gly Thr Asp Leu Asp Gln Trp Arg Ala Ala Val Arg Pro Gly Thr Lys
145 150 155 160

Ala Val Phe Phe Glu Ser Val Ser Asn Pro Thr Leu Glu Val Ala Asp
165 170 175

Ile Gly Ala Ile Ala Glu Ile Ala His Ala Val Gly Ala Leu Val Ile
180 185 190

Val Asp Asn Val Phe Ala Thr Pro Val Phe Ser Thr Ala Val Arg Gln
195 200 205

Gly Ala Asp Val Val Ile Tyr Ser Ala Thr Lys His Ile Asp Gly Gln
210 215 220

Gly Arg Ala Leu Gly Gly Val Val Cys Ala Ser Gln Ala Phe Ile Arg
225 230 235 240

Lys Val Leu Glu Pro Phe Met Lys His Thr Gly Gly Ser Met Ser Pro
245 250 255

Phe Asn Ala Trp Leu Met Leu Asn Gly Met Ala Thr Leu Asp Leu Arg
260 265 270

Cys Arg Ala Met Ala Asp Thr Ala Glu Lys Ile Ala Arg Ala Leu Glu
275 280 285

Gly His Pro Gln Leu Gly Arg Val Ile His Pro Ala Leu Glu Ser His
290 295 300

Pro Gln His Glu Met Ala Lys Ala Gln Met Glu Arg Pro Gly Thr Met
305 310 315 320

85



Ile Ala Leu Asp Leu Ala Gly Gly Lys

325

Asp Ala Leu Arg Ile
340
Ser Ile Ala Thr His
355 360
Ala Gln Lys Ala His

370 375

345

48892

330

Pro Ala Thr Thr

Leu Gly Ile Thr

Glu Ala Ala Phe Arg Phe Leu
335

Val Lys Ile Ser Asn Asn Leu Gly Asp Ala Arg

350

Thr His Gln Arg Leu Ser Asp
365

Pro Gly Leu Val Arg Leu Ser
380

Val Gly Leu Glu Asp Ala Asp Asp Leu Ile Ala Asp Leu Lys Gln Ala

385~ 390

Leu Ala Val Ile

<210> 72

<211> 35

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> doan mdi

<400> 72

395 400

atcaaaacag atatcatggg tatcgcgttt cgtga

<210> 73

<211> - 31

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> doan mdi

<400> 73

ccttcacgaa acgcgttacc catgatatct g

<210> 74

<211> 31

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> doan mdi

<400> 74

cagatatcat gggtaacgcg tttcgtgaag g

<210> 75

<211> 31

<212> ADN

<213> Trinh ty nhadn tao

<220>

86

35

31

31

86/92
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<223> doan mdi

<400> 75
tagcgggcat agatgtattc gtcggcgcecg g

<210> 76

<211> 31

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi
<400> 76

ccggcegecga cgaatacatc tatgcccget a

<210> 77

<211> 31

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> doan mdi

<400> 77

acgatcgagg tgagcgcgcc gtggatcgceg g

<210> 78

<211> 31

<212> ADN

<213> Trinh ty nhé&n tao
<220>

<223> doan mdi

<400> 78

ccgcgatcca cggcgcgetc acctcgateg t

<210> 79

<211> 31

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> doan mdi

<400> 79

cgggcgtcge gaagatattg tccacgatga ¢

<210> 80

<211> 31

<212> ADN

<213> Trinh ty nhdn tao

87
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31

31
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<220>
<223>

<400> 80
gtcatcgtgg

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

81

<220>
<223>

<400> 81
gttcgettge
ctacctgcectt
tcatccgggg
agcccttgcg
tcaggctgcg
tggcgaaagg
cacgacgttg
tcgacctgca
tgttatccge
ggtgcctaat
tcgggaaacc
ttgcgtattg
ctgcggcgag
gataacgcag
gccgegttge
cgctcaagtc
ggaagctccc
tttctceett
gtgtaggtcg
tgcgecttat
ctggcagcag
ttcttgaagt

ctgctgaagc

doan mdi

acaatatctt

5803
ADN
Trinh ty nhén

pDCM2

tgtccataaa
tctctttgecg
tcagcaccgt
ccctgagtgce
caactgttgg
gggatgtgct
taaaacgacg
ggcatgcaag
tcacaattcc
gagtgagcta
tgtcgtgcca
ggcgctcttce
cggtatcagc
gaaagaacat
tggcgttttt
agaggtggcg
tcgtgcgcectce
cgggaagcgt
ttcgctccaa
ccggtaacta
ccactggtaa
ggtggcctaa

cagttacctt

48892

cgcgacgccce

tao

accgcccagt
cttgcgtttt
ttctgcggac
ttgcggcagc
gaagggcgat
gcaaggcgat
gccagtgaat
cttggcgtaa
acacaacata
actcacatta
gctgcattaa
cgcttcctceg
tcactcaaag
gtgagcaaaa
ccataggctc
aaacccgaca
tcctgttceeg
ggcgctttct
gctgggctgt
tcgtcttgag
caggattagc
ctacggctac

cggaaaaaga

g

ctagctatcg
cccttgtcca
tggctttcta
gtgaagctag
cggtgcggge
taagttgggt
tcgagctcgg
tcatggtcat
cgagccggaa
attgcgttgc
tgaatcggcc
ctcactgact
gcggtaatac
ggccagcaaa
cgcccccecctg
ggactataaa
accctgccgce
caatgctcac
gtgcacgaac
tccaacccgg
agagcgaggt
actagaagga

gttggtagct

88

ccatgtaagc
gatagcccag
cgtgttccge
cttttatcgce
ctcttcgcta
aacgccaggg
tacccgggga
agctgtttcc
gcataaagtg
gctcactgcc
aacgcgeggg
cgctgcgctce
ggttatccac
aggccaggaa
acgagcatca
gataccaggc
ttaccggata
gctgtaggta
cccccegttcea
taagacacga
atgtaggcgg
cagtatttgg

cttgatccgg

ccactgcaag
tagctgacat
ttcctttagce
cattcgccat
ttacgccagce
ttttcccagt
tcctctagag
tgtgtgaaat
taaagcctgg
cgctttccag
gagaggcggt
ggtcgttcgg
agaétcaggg
ccgtaaaaag
caaaaatcga
gtttcccect
cctgtccgee
tctcagttcg
gcccgaccgce
cttatcgcca
tgctacagag
tatctgcgcet

caaacaaacc

31
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60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320

1380



accgctggta
tctcaagaag
cgttaaggga
tgggcgaaga
cagaagccac
tcacccgacg
ataaatcctg
gacgttgatc
ggcgtatttt
acctcaaaaa
gcgccgaata
ctgttgatac
taagaggttc
tatcgagatt
ttcctgcatt
ttttcecgetg
tttttcgcac
caacggcgtc
ttcactgtcc
ccggctaccg
aggaagggca
gaaaaggcgg
tacaaaatca
tccgaagcecc
gggcgtecgcet
ttttatatag
ataggatatc
aggatgctgt
gcaaacgttg
acattgtttc
ggcggatcaa

gttaaagaat

gcggtggttt
atcctttgat
ttttggtcat
actccagcat
tggagcacct
cactttgcgc
gtgtccctgt
ggcacgtaag
ttgagttatc
caccatcata
aatacctgtg
cgggaagccc
caactttcac
ttcaggagct
tgcctgttte
cataaccctg
gatatacagg
agccgggcag
cttattcgca
ccggcgtaac
gcccacctat
cggcggccgg
cgggcgtegt
aacctttcat
tggtcggtca
ttcantatgg
ggcattttct
ctttgacaac
attgtttgtc
ctttcgcttg
gatccatttt

tagaaacata

48892

ttttgtttgce
cttttctacg
gagattatca
gagatccccg
caaaaacacc
cgaataaata
tgataccggg
aggttccaac
gagattttca
cactaaatca
acggaagatc
tgggccaact
cataatgaaa
ctttggcatc
cagtcggtag
cttcggggte
attttgccaa
gataggtgaa
cctggeggtyg
agatgagggc
caaggtgtac
catgagcctg
ggactatgag
agaaggcggc
tttcgaaaaa
gattcacctt
tttgcgtttt
agatgttttc
tgcgtagaat
aggtacagcg
taacacaagg

accaagcatg

aagcagcaga
gggtctgacyg
aaaaggatct
cgctggagga
atcatacact
cctgtgacgg
aagccctggg
tttcaccata
ggagctgata
gtaagttggce
acttcgcaga
tttggcgaaa
taagatcact
gtctctcgece
atattccaca
attatagcga
agggttcgtg
gtaggcccac
ctcaacggga
aagcggatgg
tgccttccag
tcggcctacc
cacgtccgcg
ggtggaatcg
ggttaggaat
tatgttgata
tatttgttaa
ttgcctttga

cctctgtttg

aagtgtgagt

ccagttttgt

taaatatcgt

89

ttacgcgcag
ctcagtggaa
tcacctagat
tcatccagcecce
aaatcagtaa
aagatcactt
ccaacttttg
atgaaataag
gaaacagaag
agcatcaccc
ataaataaat
atgagacgtt
accgggcgta
tgtcccectca
aaacagcagg
ttttttcggt
tagactttcc
ccgcgagcgg
atcctgctct
ctgatgaaac
acgaacgaag
tgctggccgt
agggcgtccc
aaatctcgtg
acggttagcc
agaaataaaa
ctgttaattg
tgttcagcag
tcatatagct
aagtaaaggt
tcagcggctt

tagacgtaat

aaaaaaagga
cgaaaactca
ccttttgggg
ctgatagaaa
gttggcagca
cgcagaataa
gcgaaaatga
atcactaccg
ccactggagc
gacgcacttt
cctggtgtcc
gatcggcacg
ttttttgagt
gttcagtaat
gaagcagcgc
atatccatcc
ttggtgtatc
gtgttcctte
gcgaggctgy
caagccaacc
agcgattgag
cggccagggce
ggaaaacgat
atggcaggtt
atttgcctge
gaaaatgcca
tccttgttca
gaagctcggc
tgtaatcaqg
tacatcgtta
gtatgggcca

gccgtcaatce
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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



gtcatttttg
ttcgcgegtt
ttcagtgtgt
gtgcgttttt
ttgccatagt
gtgtttgcett
agcgtatggt
tacgtttttc
gagctgtctg
ttaccggaga
cctgaccatt
tctttaaaga
tagaacatgt
afgtggtagc
caaacgtcca
acttgatatt
tgggaaatgc
gttgcgcectce
tttttgatgt
ccagccctcc
tgtaaggggt
ttatcagtaa
gattgcaact
ctacgggcect
gtttetgttg
tctcatttca
ccagagtccce
gggagcggcg
agcaatatca
acagtcgatg
gccatgggtc

ttcggectgge

atccgcggga
caatttcatc
aatcatcgtt
tatcgctttg
atgctttgtt
caaatactaa
tgtcgcctga
cgtcaccgtc
atgctgatac
aatcagtgta
cttgtgtttg
cgcggccagce
aaatcgatgt
cgtgatagtt
ggccttttge
tttcattttt
cgtatgtttc
ctgccagcag
tcatcgttca
tgtttgaaga
gacgccaaag
caaacccgcg
ggtctatttt
aaagaactaa
catgggcata
ctaaataata
gctcagaaga
ataccgtaaa
cgggtagcca
aatccagaaa
acgacgagat

gcgagcccect
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gtcagtgaac
tgttactgtg
tagctcaatc
cagaagtttt
aaataaagat
gtatttgtgg
gctgtagttg
aaagattgat
gttaacttgt
gaataaacgg
gtcttttagg
gtttttccag
gtcatccgca
tgcgacagtg
agaagagata
ttgctgttca
cttatatggce
tgcggtagta
tgtctccttt
tggcaagtta
tatacacttt
cgatttactt
cctcttttgt
aaaatctatc
aagttgcctt
gtgaacggca
actcgtcaag
gcacgaggaa
acgctatgtc
agcggccatt
cctcgeccegte

gatgctcttc

aggtaccatt
ttagatgcaa
ataccgagag
tgactttctt
tcttcgeett
cctttatctt
ccttcatcga
ttataatcct
gcagttgtca
atttttccgt
atagaatcat
ctgtcaatag
tttttaggat
ccgtcagegt
tttttaattg
gggatttgca
ttttggttcg
aaggttaata
tttatgtact
gttacgcaca
gccctttaca
ttcgacctca
ttgatagaaa
tgtttctttt
tttaatcaca
ggtatatgtg
aaggcgatag
gcggtcagcecc
ctgatagcgg

ttccaccatg

gggcatccgc‘

gtccagatca
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tgccgttcat
tcagcggttt
cgccgtttge
gacggaagaa
ggtagccatc
ctacgtagtg
tgaactgctg
ctacaccgtt
gtgtttgttt
cagatgtaaa
ttgcatcgaa
aagtttcgcc
ctccggctaa
tttgtaatgg
tggacgaatc
gcatatcatg
tttctttcgce
ctgttgcttg
gtgttagcgg
ataaaaaaag
cattttaggt
ttctattaga
atcataaaag
cattctctgt
attcagaaaa
atgggttaaa
aaggcgatgce
cattcgccgce
tccgccacac
atattcggca
gccttgagcecce

tcctgatcga

tttaaagacg
catcactttt
taactcagcc
tgatgtgctt
ttcagttcca
aégatctctc
tacattttga
gatgttcaaa
gccgtaatgt
tgtggctgaa
tttgtcgctg
gactttttga
tgcaaagacg
ccagctgtcc
aaattcagaa
gcgtgtaata
aaacgcttga
ttttgcaaac
tctgcttctt
accfaaaata
cttgcctget
ctctegtttg
gatttgcaga
attttttata
tatcataata
aaggatcacc
gctgcgaatc
caagctcttc
ccagccggcce
agcaggcatc
tggcgaacag

caagaccggc
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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
5100
5160

5220



ttccatccga
agccggatca
aggagcaagg
ccttcecget
cacgatagcc
acaaaaagaa
attgtctgtt
gcgtgcaatc
cttgatcccc

ggcttcccaa

gtacgtgctc
agcgtatgca
tgagatgaca
tcagtgacaa
gcgctgectce
ccgggcgcece
gtécccagtc
catcttgttc
tgcgccatca

ccttaccaga
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gctcgatgcg
gccgccgeat
ggagatcctg

cgtcgagaca

‘gtcttggagt

ctgcgctgac
atagccgaat
aatcatgcga
gatccttggce

gggcgcccca

atgtttcgcect
tgcatcagcc
cccecggeact
gctgcgcaag
tcattcaggg
agccggaaca
agcctctcca
aacgatcctc
ggcaagaaag

gctggcaatt
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tggtggtcga
atgatggata
tcgcccaata
gaacgcccegt
caccggacag
cggcggcatc
cccaagcggce
atcctgtctc
ccatccagtt

ccg

atgggcaggt

ctttctcggce
gcagccagtc
cgtggccagce
gtcggtcttg
agagcagccg
cggagaacct
ttgatcagat

tactttgcag
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5280
5340
5400
5460
5520
5580
5640
5700
5760

5803
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