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Linh vire k§ thuit dwoc dé cap
Séng ché dé cap dén phuong phép san xuft xystein hodc cac din xuét ciia n6 bang cach
str dung O-phosphoserin 1am chét trung gian va vi sinh vat t4i t5 hop dé ding trong san xuét O-

phosphoserin.

Tinh trang k§ thuét ciia sang ché

L-xystein 13 axit amin déng vai trd quan trong trong qua trinh chuyén héa uu huynh cta
tht ca cac sinh vat sbng. N6 dugc sir dung trong s.inh téng hop céc protein, nhur keratin ciia toc,
glutathion, biotin, metionin va cac san phim chuyén héa chira hru huynh khac ciing nhur dimg
1am tién chét ctia coenzym A. Ngoai ra, da biét sinh tdng hop xvstein ¢6 lién quan mat thiét véi
qué trinh sinh tong hop céc axit amin khac bao gdm L-serin, L-glyxin, va L-metionin. Trong cong
nghiép, L-xystein va din xuét ctia n6 c6 tmg dung trong nhidu linh vuc bao gdm duoc phém (dé
didu tri cac bénh vé phé quan), m§ phim (trong dau gdi dau, ché phdm git séng toc 14u), va thirc
phém (chét chéng oxy hoa, chét tang huong i, chét tro nhao tron, v. v.).

Trude diy L-xystein duoc diéu ché cong nghiép bing cach ding axit thily phén toc
nguoi hodc 16ng dong vat (Biotechnology of the Amino Acids Productioﬁ edited by Ko Aida, p
217-223, 1986). Tuy nhién, viéc san xuat xystein tir toc hoac 1ong khong nhiing c6 hiéu sudt thip
chi khoang 7~8%, ma viéc str dung axit clohydric hodc axit sulfuric con tao ra rat nhiéu chét thai
gy 6 nhiém mdi truong. Ngodi ra, chat chiét tir toc hodc 1ong c6 thé con gy khé chiu cho ngudi
str dung. Cac vAn dé nay da thic ddy phat trién quy trinh san xuit L-xystein than thién voi moi
trrong. Con durdng chit yéu hién nay 13 1én men bang céch sir dung vi sinh vat.

Phuong phép dai dién trong s6 c4c phuong phép san xudt vi sinh L-xystein 13 chuyén
héa sinh hoc D, L-ATC bang cach st dung vi sinh vat (Ryu OH, Ju JY and Shin CS, Process

Biochem., 32:201-209, 1997). Tuy nhién, qué trinh chuyén héa nay khé 4p dung trong cong
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nghiép do db tan thip ciia tién chdt D, L-ATC. Mdt phuong phép san xut L-xystein khéc 13 1én
men truc tiép bang cach sir dung E.coli (patent s EP0885962B; Wada M va Takagi H, Appl.
Microbiol. Biochem., 73:48-54, 2006). Su tich tu du thira cia L-xystein trong vi sinh vét gy ra
ddc tinh noi t& bao, 1am han ché viée san xuét L-xystein & ndng do cao. Pé khdc phuc han ché
nay, cac protein-tao ra L-xystein duoc st dung, nhung van khong c6 céi thién déng ké v& hiéu
Suét.

Lién quan dén con dudng sinh tong hop cia L-xystein & vi sinh vt va thuc vét, O-
axetyl-serin (OAS) hoat dong nhu tién cht trung gian tao ra mach chinh cacbon cta L-xystein
(Kredich NM va Tomkins GM, J. Biol. Chem., 241: 4955-4965, 1966). Enzym O-axetylserin
sulfhydrylaza (OASS), stt dung hydro sulfiia lim chét cho hru huynh, xtc tic qua trinh chuyén
hoa ctia O-axetylserin thanh xystein. Theo cach khéc, SO4 ¢6 thé duogc khir thanh thiosulfat dé
ding 1am chét cho hnu huynh trong qua trinh san xut xystein (Nakamura T, Kon Y, Iwahashi H
va Eguchi Y, J. Bacteriol,, 156: 656-662, 1983). Vi vy, Xystein ¢6 thé dugc tao ra bang céch sit
dung vi sinh vt tich tu OAS va OASS su dung cac chit cho lwu huynh khic nhau

(US6,579,705). Con dudng sinh tong hop xystein qua OAS st dung hai enzym I3 serin
axetyltransferaza (CysE), xiic tac qué trinh chuyén hoa tir serin thinh OAS, va xystein syntaza
(CysK), xic tic qué trinh chuyén hod ciia OAS thanh xystein. Trong sb do, serin
axetyltransferaza (CysE) rat nhay véi sir tic ché phan hdi béi xystein san pham cubi (Wada M vi

Takagi H, Appl. Microbiol. Biochem., 73:48-54, 2006).

Bén chit k§ thuét ciia sing ché

Thong qua nghién ctru sdu rdng, céc tac gia sang ché da phat hién ra sur ton tai ctia O-
phosphoserin sulthydrylaza (OPSS) trong Aeropyrum pernix, Mycobacterium tuberculosis, va
Trichomonas vaginalis, n6 xtic tc con dudng dic hiéu O-phospho-L-serin (OPS), chir khong

phéi 13 con dudng dic hiéu OAS, dé tdng hop L-xystein (Mino K va Ishikawa K, FEBS letters,
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551:133-138, 2003; Burns KE, Baumgart S, Dorrestein PC, Zhai H, McLafferty FW va Begley
TP, J. Am. Chem. Soc., 127: 11602-11603, 2005; Westrop GD, Goodall G, Mottram JC va
Coombs GH, J. Biol. Chem., 281: 25062-25075, 2006) va rimg OPSS cua M tuberculosis c6 thé
str dung Na,$S lam chét cho lwu huynh d& chuyén hoa OPS thanh xystein ngay ca khi khong c6
it clia cac enzym khac khi ndm géc axit amin & dau cacbon duoc loai bd khoi do (Argen D,
Schnell R va Schneider G, FEBS letters, 583: 330-336, 2009). Theo séng ché, vi sinh vat duoc
bién ddi dé tich tu OPS trong do, tiép theo durge 1t @ chuyén héa OPS thanh xystein v6i sy c6 mit
cta enzyrn OPSS. Phuong phép nay chua ttmg dugc m6 ta ¢ bét ky tai liéu ndo trurde d6.

Muc dich cia sang ché 1a dé xuét phuong phép san xut xystein hodc din xuit ctia nd.

Muc dich khac nita cia sang ché 1a @& xuét vi sinh vat ta td hop dé san xudt O-
phosphoserin.

Phuong phép theo sang ché trong d6 O-phosphoserin durgc tao ra v6i hiéu suét cao bang
vi sinh vat tAi t6 hop va duoc st dung dé chuyén hoa thanh xystein 14 phurong phép than thién hon
vOi mdi trudng va dZm bao hiéu suét san xut xystein cao hon so véi cac phuong phép tdng hop
héa hoc. Xystein va dan xuit cia no duge san xuét bang cach 1én men va chuyén héa sinh hoc
theo sang ché co thé duoc sir dung rong i trong san xuét thire 3n dong vat va thuc phim cho

ngudi va cac chit phu gia thre phém.

M t4 vit tit cac hinh vé

Fig.1 12 so d thé hién qué trinh tich tu O-phosphoserin bang c4ch 1én men vi sinh va
chuyén héa bang enzym O-phosphoserin tich ty thanh L-xystein.

Fig.2 13 d thi thé hién hoat tinh ciia OPS Sulfhydrylaza theo nhiét do.

Fig.3 1anhém db thi thé hién do nhay véi pH ctia OPS Sulthydrylaza.

Fig4 1 anh thé hién murc biéu hién ciia Msm-T trong hé pET va hé pCL-P¢j1 khi duge
phén tich bing SDS PAGE.
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Fig.5 14 d thi thé hién hoat tinh enzym ctia OPS Sulfhydrylaza trong qua trinh chuyén
héa canh thit 1én men OPS tinh ché thanh xystein.

Fig.6 1a d thi thé hién hoat tinh enzym ctia OPS Sulfhydrylaza trong qua trinh chuyén
hoa canh thit 1én men OPS thanh xystein.

M6 ta chi tiét sang ché

Trong ban mo ta nay, thuat ngit “qué trinh chuyén hod xystein” dugc ding dé chi phan
{mg duge xic tac bdi O-phosphoserin sulthydrylaza (OPSS), theo do chuyén héa co chét O-
phosphoserin (OPS) thanh xystein san phém, nghia 13 n6 dimg @ chi phin tmg xtc tac chuyén
hoa OPS thanh xytein.

Trong ban mé tA ndy, thudt ngit “mure d6 chuyén héa xystein” ding dé chi chi ty 1¢ phan
tim luong xystein san phim so véi lugng nguyén liéu OPS ban dAu. Trong cac diéu kién phan
ung t6i wy, 1 mol OPS dugc chuyén hoa thanh 1 mol xystein. Vi du, néu 100 mol OPS dugc -
chuyén héa thanh 100 mol xystein, thi mirc 4o chuyén héa xystein 13 100%.

Theo mot khia canh, sang ché dé xuat phuong phap san xuét xystein hodc din xuét cia
nd, bao gdm cac budc:

1) nuéi cAy vi sinh vat ti t6 hop dugc ci bién dé c6 hoat tinh phosphorerin phosphataza (SerB)
ndi sinh giam dé tao ra O-sphosphoserin (OPS); va

2) cho OPS thu dugc tir bude 1) phan tng véi sulfua véi sy ¢6 mdt cia O-phosphoserin
sulthydrylaza (OPSS) hodic vi sinh vat biéu hién OPSS, dé tao ra xystein hoic dAn xuit ciia né.

Theo phuong phap nay, budce 1) lién quan dén viéc nudi cAy vi sinh vat t4i td hop dé lam
giam hoat tinh ctia phosphoserin phosphataza ni sinh (SerB).

SerB 1a protein ¢6 hoat tinh thity phan OPS thanh L-serin. Do vay, vi sinh vét ¢6 hoat
tinh SerB ndi sinh giam dugc dic trung boi su tich tu ciia OPS trong d6. SerB khong chi gi6i han

&, 06 thé chira trinh tur axit amin bt k¥, c6 hoat tinh SerB, va bt hon 14 ¢6 trinh tir axit amin 1a
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SEQ ID NO: 1 hoic 2. Tuy nhién, chimg nao ma n6 ¢6 hoat tinh SerB, trinh tir axit amin bat ky
duoc st dung, t6t hon 14 ¢6 tinh tuong d@)ng 14 90% hoic cao hon, tdt hon nita 1a 96% hoic cao
hon, con tt hon nita 12 98% hoic cao hon, va t6t nhét 12 99% hoic cao hon véi trinh tir SEQ ID
NO: 1 hodc 2. Hoat tinh SerB giam nghia 1a gidm vé hoat tinh SerB so véi hoat tinh ctia ching cai
bién trong tinh trang k}7 thuat, va bao ham SerB dit giy. K§ thuat khac nhau & khir hoat tinh
SerB 12 d4 biét trong linh vire ndy. Céc vi du minh hoa bao gdm gay khuyét doan serB nhiém sic
thé, dua dot bién vao serB nhiém sic thé nay dé 1am giam hoat tinh SerB ndi sinh, dura dot bién
vao ving diéu hoa cho SerB dé 1am giam hoat tinh SerB ndi sinh, viéc thay thé serB nhiém séc
thé nay bang gen duoc bién dbi dé 1am giam hoat tinh SerB ndi sinh va dua vao oligonucleotit dbi
nghia bd trg véi ban sao ciia SerB & vic ché qua trinh dich ma clia mARN, nhung céc phuong
phép 1am giam hoat tinh SerB khong chi giéi han & d6. Cac k thuat ndy c6 thé duge dp dung dé
lam gidm hoat tinh ctia cic enzym khéc theo sang ché.

Sur dut gly ctia SerB ndi sinh dAn dén viéc xuét hién hién trong dinh dudng thu dong
serin trong Vi sinh vat tai t& hop 1am cho méi trudng phéi dugc bd sung glyxin hoc serin. Glyxin
c6 thé duge tao ra & dang glyxin tinh ché, dich chiét ndm men chtra glyxin, hogc trypton. Glyxin
duge chtra & ndng do nim trong khoang tir 0,1 dén 10 g/L, va tt hon 1a & ndng d6 nim trong
khoang tir 0,5 dén 3 g/L. Déi véi serin, nd c6 thé duge tao ra & dang duoc tinh ché serin, dich
chiét nAm men chira serin hodic trypton. Nong do ciia n6 trong mdi truong nudi cdy nim trong
khoang tir 0,1 dén 5 g/L, va tbt hon 12 nim trong khoang tir 0,1 dén 1 g/L.

Theo mdt phuong an thue hién theo sang ché, khi dugc nubi cdy trong méi trudng chira
glyxin hodc serin, da phéat hién ra thé dot bién Corynebacterium glutamicum hoc E.coli trong d6
hoat tinh ctia SerB ndi sinh bi pha v tao ra lugng OPS cao hon so voi kiéu dai (xem cac Bang 2,
3,6va7).

Ngodi ra, vi sinh Vit téi t0 hop theo sang ché c6 thé c6 hoat tinh phosphoglyxerat

dehydrogenaza (SerA) hodc phosphoserin aminotransferaza (SerC) ting. SerA la protein ¢6 hoat
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tinh chuyén héa 3-phosphoglyxerat thanh 3-phosphohydroxypyruvat. SerA ¢4 thé ¢6 axit amin
kidu dai hofic trinh tu axit amin dot bién c6 tinh khang s tic ché phan hi béi serin, nhung khong
chi gi6i han & do. Tét hon 13, SerA c6 thé c6 trinh tir dugc chon tir nhém bao gdm céc axit amin
¢6 trinh tyr tir SEQ ID NO: 3 dén 7. Mién 13 n6 ¢6 hoat tinh SerA kiéu dai hogc hoat tinh SerA dot
bién khang sw trc ché phan hdi béi serin, trinh tir axit amin bt k¥ c6 thé duoc st dung, mac du tht
hon la né ¢6 tinh trong d@)ng 14 90% hoiic cao hon, t&t hon nita 13 96% hoic cao hon, con t6t hon
nita 1a 98% hodc cao hon, va t6t nhit 13 99% hodc cao hon véi axit amin ¢6 trinh tr tir SEQ ID
NO: 3 dn 7. “SerA dot bién khang su trc ché phan hdi” nghia 13 thé dot bién c6 hoat tinh SerA
duoc duy i hodc ting cuong bét chip su ché phan hdi béi serin hoac glyxin. Thé dot bién
khang phan hoi 1a da biét trong linh vuc ndy pgrant GA et al., J. Biol. Chem.,, 39: 5357-5361,
1999; Grant GA et al., Biochem., 39: 7316-7319, 2000; Grant GA et al., J. Biol. Chem., 276:
17844-17850, 2001; Peters-Wendisch P et al., Appl. Microbiol. Biotechnol., 60: 437-441, 2002;
EP0943687B). Theo mdt phuong an thuc hién theo séng ché, khi serA khéng phan héi duge dua
tiép vao dé, phét hién ra ring Corynebacterium ghitamicum hofc E.coli ¢6 serB bi phd v tao ra
luong OPS cao hon so v6i kiéu dai (xem c4c Bang 4 va 9).

SerC 1a protein ¢ hoat tinh chuyén héa 3-phosphohydroxypyruvat thanh O-
phosphoserin. SerC khong chi giéi han 6, ¢6 thé chira trinh tu c6 hoat tinh SerC, va t6t hon 1a c6
tdinh tur axit amin 12 SEQ ID NO: 8. Tuy nhién, chimg nao ma né ¢6 hoat tinh SerC, trinh tyr axit
amin bat ky ¢6 thé dugc ding, nhung s& tbt hon 12 n6 ¢6 tinh twong dong 1a 90% hodc cao hon,
t6t hon nita 14 96% hodc cao hon, con t6t hon nira 14 98% hoic cao hon, va t6t nhat 13 99% hoic
cao hon véi trinh ty SEQ ID NO: 8. Hon nita, dot bién c6 thé duoc dua vao SerC dé hoat tinh
enzym co thé tang. Theo m¢t phuong 4n thuc hién theo séang ché, khi serC dugc dua tiép vao do,
da phat hién ra rang Corynebacterium ghitamicum hofc E.coli ¢6 serB bi pha v va serA khang

phéan héi tao ra lugng OPS cao hon so vé6i kiéu dai (xem Bang 9).
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Nigodi ra, kha nang ctia vi sinh vt t4i b hop theo sang ché thyc hién hép thu ndi bao
hoiic gy suy bién O-phosphoserin c6 thé durge 1am giam. Cu thé, vi sinh vat ti 10 hop c6 thé
dugc cai bién dé 1am gidm hoat tinh cia chét chuyén van PhnC/PhnD/PhnE alkylphosphonat
ABC (Operon PhnCDE, nghia 1a thanh phén gin két ATP cua phosphonat vin chuyén (PhnC;
EG 10713)- thanh phin protein gfn két bao chét ciia chit chuyén van Pn (PhnD; EG 10714)-
thanh phin méng ddy di ciia chét chuyén vén alkylphosphonat ABC (PhnE; EG 11283)),
phosphataza kiém (PhoA) hoic axit phosphataza (AphA).

Theo mét phuong an thuc hién theo sang ché, da quan st dugc viée khuyét doan tiép
ciia operon PhnCDE tir thé dot bién t4i td hop din dén viéc tang san xuét OPS (Bang 10). O vi
sinh vt t4i t& hop bi phé v tiép hoat tinh PhoA hodic AphA, sur suy bién OPS bt dau giam & thoi
diém khi ndng d ciia axit phosphoric trong moi truong nudi cdy giam (Bang 12). Ngoai ra, viéc
dua vao serA khang phan hdi hodc serC lam ting san xuAt OPS (céc Béang tlr 14 dén 16).

Ngoai ra, vi sinh vt tai td hop theo sang ché c6 thé con dugc dic trung béi viée ting
hoat tinh pyrimidin nucleotit transhydrogenaza (PntAB; EC 1,6,1,1). Nhu md ta trude do (Sauer
U P et al., J Biol Chem. 20; 279(8):6613-9. Epub 2003), PntAB tham gia vao qua trinh chuyén
héa NADPH d didu hoa sy cin bang qua trinh oxy héa khit ni bao. Theo mét phuong an thue
hién theo sang ché, da phét hién ra ring i sinh vat tai t6 hop trong d6 PntAB hoat tinh dugc lam
tang tiép nhor sw bidu hién qua mirc ciia pntAB 1am ting sin xuét OPS (Bang 17).

Ngoai ra, vi sinh vat tai t6 hop theo sang ché c6 thé duge dic trumg boi viée ting
Permeaza vin chuyén ra O-axetylserin/xystein (YfiK), protein véan chuyén ra
homoserin/homoserin lacton (RhtB; EG 11469) hoéc protein vin chuyén ra threonin/homoserin
lacton (RhtC; EG11468). Da biét YK 14 chét tao ra dé tao ra xystein va OAS ngoai bao (Franke
Let al., J. Bacteriology, 185: 1161-1166, 2003) va RhtB duoc bdo céo co tic dung lam cht tao ra

ngoai bao homoserin/homoserin lacton, tién chét threonin. Ngoai ra, di biét RhtC 14 chét tao ra
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threonin va homoserin. Viéc tang hoat tinh cia YK, RhtC va RhtB thé hién viéc ting sinh
trudng va sin xuét OPS clia ching tich ty OPS (Bang 18).

Viéc hoat tinh enzym ting c6 thé dat dugc bang cach sir dung céc phuong phép da biét
khac nhau, bao gdm, nhung khong chi gi6i han &, ting sb ban sao cia gen ghi mi enzym dang
quan tAm, dua dot bién vao ving diéu hoa cho gen dé 1am ting hoat tinh enzym, thay thé gen
nhi®m séc thé bang gen dugc giy dot bién dé 1am ting hoat tinh enzym, va dua dot Bién nay vao
gen nhiém séc thé dé 1am ting hoat tinh enzym.

Ngodi ra, vi sinh vat tai t6 hop theo sang ché con duoc dic trung béi hoat tinh cia
phosphoglyxerat mutaza giam. Phosphoglyxerat mutaza t6n tai dudi dang ba isozym: Gpml,
GpmA va GpmB va dép tmg cho qu4 trinh chuyén hod ctia 3-phosphoglyxerat thanh 2-
phosphoglyxerat trong qué trinh thiry phan glucoza. Dé sir dung 3-phosphoglyxerat as co chét,
cac enzym ndy canh tranh véi SerA xtc tic qua trinh tdng hop 3-phosphohydroxypyruvat. Vi
vay, 34 quan sat duge viéc lam gidm hoat tinh cia mdi enzym tao ra sy phong pht cta 3-
phosphoglyxerat, tién chat cia OPS, d4n dén ting mic san xuat OPS (Bang 19).

O vi sinh vt t4i t hop theo sang ché, L-serin dehydrataza I (SdaA; EC 4,3,1,17) hodc 2-
amino-3-ketobutyrat coenzym A ligaza (Kbl) c6 thé ciing bi giam. Do vAy, Vi sinh vat tai t6 hop
dugce dac trung béi su san xuét OPS dugc duy tri hodc thdm chi tang khi n6 dugc nudi céy trong
mdi trzdng ¢6 ndng do glyxin hodc serin thip (Bang 20); o

Ngoai ra, vi sinh vat tai t6 hop theo sang ché 6 thé con duge dic trung boi hoat tinh cua
IcIR giam. IcIR 1a yéu t6 phién ma hoat dong chirc ning @ &c ché su biéu hién cia aceBAK,
operon nbi tit glyoxylat (L Gui et al., J. Bacteriol., Vol 178, No. 1, 321-324, 1996). Khi n6 bi
khuyét doan, quan st dugc sy san xut OPS ting (Bang 21).

Ngoai ra, vi sinh vt tai t6 hop theo sang ché c6 thé con duogc dic trung bdi viéc hoat tinh
enzym tang duogc chon tir nhém bao gdm 1) axetyl-CoA synthetaze (Acs), ii) axit axetic kinaza
(AckA)-phosphotransaxetylaza (Pta), iii) malat syntaza G (glcB), iv) malat dehydrogenaza
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(MaeB), v) glutamat dehydrogenaza (gdhA), vi) glyoxylat carboligaza (Glc), vii) tartronat
semialdehyt reductaza 2 (gIxR), viii) glyxerat kinaza II (gIxK), va t6 hop ciia chiing.

Theo phirong 4n cu thé theo sang ché, khi i) Acs (EC No.6,2,1,1; J Bacteriol. 1995 May;
177(10):2878-86) hoac pyruvat oxidaza monome (PoxB; EC 1,2,2,2) hoac ii) AckA va Pta (EC
2,3,1,8), déu nham muc dich i sir dung mot cach hiéu qua axetat tich tu vé6i viée tiéu thu déng
thdi NADH duoc tao ra, duge lam tang tiép, da phét hién ra réng vi sinh VAt t4i tb hgp theo séng
ché 1am ting san xuét OPS (Bang 22). Hoat dong chirc ning 8 xtic tac qua trinh tdng hop malat
tr glyoxylat va qua trinh chuyén hoa ctia malat thanh pyruvat, iti) GlcB (EC No.2,3,3,9) va iv)
MaeB (EC 1,1,137) ¢6 thé lam suy yéu chu trinh TCA va do d6 duge st dung dé 1am tang su tiéu
thu glucoza va sir san xuét O-phosphoserin (Bang 23). Theo mdt phuong 4n theo sang ché, viec
ting cudng v) GdhA; (EC 1,4,1,2), xtic tic qud trinh tdng hop glutamat, co cht ciia SerC, tir 2-
oxoglutarat vA NADPH, mang lai tiém ning san xuit OPS cao hon nhiéu trén vi sinh vit (Bang
17). D4 biét tht ca vi) Glo(EC 4,1,1,47), vii) GIKR(EC 1,1,1,60) va viii) GIKK(EC 2,7,1,31) déu
chuyén hoéa glycoxylat thanh 3-phosphoglyxerat, nghia 13 lam ting mic co chét coa
phosphoglyxerat dehydrogenaza (Kim HJ et al., J. Bacteriol., 186(11), 3453-3460, 2004; Eva
Cusa et al., J. Bacteriol,, 181(24), 7479-7484, 1999; Chnag YY et al., J. Biol. Chem. 268(6):
3911-3919, 1993). Vi sinh vat t4i t hop theo sang ché, khi dugc 1am ting tiép hoat tinh ciia Gle,
GIxR va GIXK, dugc cai thién vé mire tiéu thu dudng va sinh trudng (Bang 24).

Vi sinh vét t4i td hop theo sang ché dimg dé chi vi sinh vat bt ky trong d6 6 sy giam
hoat tinh SerB, do d6 tao ra OPS & mirc tang. Néu diéu kién nay duoc thdéa man, vi sinh vét bét
ky, nhan so hodc nhén that, nim trong pham vi cua sang ché. Vi sinh vét dai dién trong s6 d6 lavi
khuAn dudng rudt hoic vi khuin coryneform. Vi du vé vi sinh vét hitu ich theo sang ché bao gdm
Escherichia sp., Erwinia sp., Serratia sp., Providencia sp., Corynebacterium sp., va
Brevibacterium sp. Tot hon 13 Escherichia sp. va Corynebacterium sp, t6t hon néu 13 Escherichia

sp. va tot nhét néu 14 E.coli.
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Theo phuong 4n, ching tai t6 hop 6 kha ning sin xuét OPS ¢6 tén 13 E.coli CAO7-
0012, va duoc luu gii tai Trung tAm nudi cy vi sinh vat Han qubc, dat tai 361-221, Hongje 1,
Seodaemun, Seoul, Korea, ngay 12/10/2011 véi sb truy cap A KCCM11212P.

Ngoai ra, theo mdt phuong 4n, ching tai t0 hop c6 kha ning san xudt OPS c6 tén 13
E.coli CA07-0022/pCL-prmf-serA*(G336V)-serC, va duge luu gifr tai Trung thm nu6i cdy vi
sinh vat Han quéc, dit tai 361-221, Hongje 1, Seodaemun, Seoul, Korea, on September. 28, 2010
voi sd truy cap 13 KCCM11103P. Trong ban md ta nay, thuat ngir “CA07-0022/pCL-prmf-
serA*(G336V)-serC” duoc st dung thay thé 14n nhau v6i CA07-0022 serA*(G336V)/pCL-prmi-
serA*(G336V)-serC.

Sau khi chiing nay dugc nudi cAy trong 80 gid trong 1 lit dich 1én men, O-phosphoserin
dugc tao ra 6 ndng d6 14 19,5 g/L (Vi du 35).

Trong ban mo ta nay, thudt ngfr “viéc nudi cdy” dugc ding dé chi viéc sinh trudng ciia
vi sinh vt trong didu kién c6 kiém soét bt budc. Quy trinh nudi ciy c6 thé duoge tién hanh bang
cach sir dung méi truong thich hop va cac diu kién nudi cy 1a da biét trong linh vurc ny. Nguoi
c6 hidu biét trung bink trong linh vure k§ thuat ndy c6 thé d& dang kiém soat quy trinh nuoi ciy dé
tuong tmg voi ching dugc stir dung. Vi du, c6 thé thuc hién theo quy trinh dang mé, theo quy
trinh dang lién tuc, hogc theo quy trinh dang me c6 cung cp chét dinh dudng, nhung khong chi
gi6i han & nhiing quy trinh do.

Ngoai ra, moi trudng nudi cAy con chira ngudn cacbon. Vi du v& ngudn cacbon bao gbm
sacarit va hydrat cacbon nhu glucoza, sucroza, lactoza, fructoza, maltoza, tinh bot va xenluloza,
cac dAu va chét béo nhu diu d4u twong, dau hudng duong, thiu dau dau va dau dira, axit béo nhur
axit palmitic, axit stearic va axit linoleic, cac ruou nhur glyxerol va etanol, va axit hitu co nhur axit
axetic. C4c ngudn cacbon ndy c¢6 thé c6 mit riéng & hoic két hop trong méi truong nudi ciy. Déi
voi ngué)n nito, cht hitu co nhu pepton, dich chiét ndm men, nudc ép thit, dich chiét mach nha,

dich ngAm ng6, d4u twong, va protein lia my, hodc hop cht nito v co nhur ure, amoni sulfat,
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clorua amoni, amoni phosphat, amoni cacbonat va amoni nitrat co tﬁé dugc chira trong moi
trrdng nudi cdy. Cac ngudn nito ndy ¢6 thé dugc sir dung riéng 18 hodic két hop. Moi truong cb
thé chtra kali dihydro phosphat, kali phosphat, hodc céc mubi natri trong mg 1am nguén
phospho. Mbi trudng c6 thé chira cac mubi kim loai nhur magie sulfat hozc sat sulfat. Moi trudng
nudi cy co thé con chira axit amin, vitamin va cac tién chét thich hop. Chét dinh dudng c6 thé
duge bd sung theo mé hoic lién tuc vao mdi trudng.

Hop chét nhur amoni hydroxit, kali hydroxit, amoniac, axit phosphoric va axit sulfuric ¢6
thé duogc bd sung theo cach thich hop vao méi trrong nudi cAy trong qué trinh nudi cdy dé diéu
chinh d6 pH cia moi truong nudi ciy. Ngoai ra, trong qué trinh nu6i cdy, chét chéng tao bot nhur
polyglycol este ctia axit béo axit dugc sir dung 8 e ché sur tao thanh bot. Ngoai ra, dé duy tri moi
trudng nudi cdy trong dicu kién hiéu khi, oxy hoiic khi chira oxy ¢ thé dugc phun vao méi
tredng nuoi céy. Pbi v6i didu kién ki khi hodc vi hiéu khi, nito, hydro, hodc cacbon dioxit duogc
cung cip ma khong can xuc khi. Méi truong nudi cdy c6 thé thuong duoc duy tri & nhiét do nim
trong khoang tir 27°C dén 37°C va tét hon 12 & nhiét d6 ndm trong khoang tir 30°C dén 35°C. Déi
v thoi gian nudi cdy, né ¢6 thé duge duy tri thu duge sén pham dang quan tAm véi lugng mong
mubn, va t6t hon 12 n6 nim trong khoang tir 10 dén 100 gid.

Pé thu gom va thu héi tiép OPS tao ra trong budc nudi cy tir méi trudng nubi cdy,
phuong phép thich hop 1a da biét trong linh vurc ndy co thé duoc chon tity thudc vao loai moi
treong nudi céy, 1a méi truong dang mé, dang lién tuc hodc dang mé duge bd sung chét dinh
dudng.

Theo phuong phép theo sang ché, budc 2) bao gdm phan tmg ctia OPS ciia bude 1) véi
sulfua véi su c6 mat ctia O-phosphoserin sulthydrylaza (OPSS) hodc vi sinh vt biéu hién OPSS,
& gy ra qua trinh chuyén hoa cita O-phosphoserin thanh xystein hodc dan xuét ctia no.

Sulfua c6 thé dugc tao ra & dang 16ng hodc dang khi cfing nhur & dang rén thudng dugc

str dung trong linh vire k¥ thudt nay, do béi su khac nhau vé pH, 4p suét vavhodc do tan. Mién 1a
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n6 ¢6 thé duge chuyén héa thanh nhom thiol (SH), hop chét huu huynh bat ky nhu sulfua (Sy)
hodc thiosulfat (82032') ¢6 thé duge st dung theo sing ché. Tét hon 13, Na,S, NaSH, H,S,
(NH,),S, NaSH va Na,S,0,, déu ¢ thé cung cAp nhém thiol cho OPS, ¢6 thé dugc st dung.
Trong phan tng ndy, mét nhém thiol duoc cung cAp cho mot phan tir OPS dé tao thanh mot phan
tir xystein hoac dn xuét clia n6. Trong qua trinh chuyén ho4 enzym nay, t6t hon 12 sulfua c6 thé
duge bd sung & ndng d6 mol cao hon tir 0,1 dén 3 1an va t&t hon nira 3 nim trong khoang tir 1
dén 2 14n ndng d6 mol ctia OPS durge sir dung, Xét vé mit kinh t4, sulfua cung cAp nhém thiol v
OPS t6t nhét 1 dugc sir dung & ty 1€ mol 1:1. Theo mét phuong én thuc hién theo sang ché, Na,S
duoc sit dung 1am ngudn huu huynh. Na,S dugc bd sung vao & ndng d6 mol cao hon tir 1 dén 3
14n so v6i ndng @9 mol ciia OPS duge st dung trong phén (mg chuyén hoa. Tét hon 13, n6 dugc
nap O néng d6 mol cao hon hai 14n so véi néng do mol cia OPS dé chuyén hoa mét cach hi€u
qua OPS thanh xystein (Bang 34). |

Trong ban md ta ndy, thuft ngfr “O-phosphoserin sulthydrylaza (OPSS)” ding dé chi
enzym xuc tic sur dich chuyén ciia nhém thiol (SH) vao OPS (O-phosphoserin) dé chuyén hoa
OPS thanh xystein. Enzym dugc phéat hién thdy trudc tién trong Aeropyrum pemix,
Mycobacterium tuberculosis, va Trichomonas vaginalis (Mino K va Ishikawa K, FEBS letters,
551: 133-138,2003; Burns KE et al., J. Am. Chem. Soc., 127: 11602-11603, 2005).

Trong ban mo ta ndy, thuat ngf “thé dot bién” ding dé chi moi truong nudi ciy hoic ca
thé c6 su bién dbi phenotip di truyén duogc hodc khong di u‘uyén dugc.  Khi dugce st dung két
hop v6i OPSS, thuat ngft “thé dot bién” duoc dimg d& chi enzym OPSS dugc bién dbi vé mit di
truyén dé hoat tinh ctiand ¢6 thé tang mot cach hi€u qua so véi kiéu dai.

Theo sang ché, thé dot bién OPSS ¢6 thé dugc cu triic bang cach lam khuyét doan, thay
thé hodc thém phén trinh tir nucleotit ghi ma OPSS. Theo mdt phwong 4n theo sang ché, enzym
OPSS v6i hoat tinh ting duoc diéu ché bang cach lam Khuyét doan 5 gbc axit amin & dau cacbon

cua enzym OPSS cta Mycobacterium smegmatis.
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Thé @6t bién OPSS ¢6 thé thu dugc & E.coli, duge st dung rong rai dé biéu hién enzym,
st dung k¥ thuét tong hop gen dua trén co s su t6i uu héa codon ma nhd d6 enzym dang quan
tam ¢6 thé thu dugc véi hiéu sudt cao. Theo cach khéc, cac phuong phép sang loc cac ngudn
enzym hitu ich dwa trén co s& tin sinh hoc Iwong 16n ctia thong tin di truyén ctia vi sinh vat c6 thé
dugc st dung dé thu dugc thé dot bién OPSS. Theo mét phuong 4n thuc hién theo séang ché,
enzym OPSS sir dung OPS 1am co chit dé tong hop xystein dugc chon tir nhiéu vi khuan khac
nhau bing cach sang loc tinh trong dong cla trinh tyr axit amin. V& mit ndy, cic vién tron té bao
thu duoc bing cach sir dung méi truong va céc diéu kién nudi cy 14 thich hop trong linh vire k§
thut nay duoc phan gidi, tiép d6 1 tinh ché dich ndi bé mit chira enzym d€ tao thanh enzym
OPSS (Bang 26).

Ngoai ra, hé biéu hién hiéu suét cao duge phat trién dé thu dugc enzym OPSS vé mat
kinh t&. Vecto pET ding chét trg xtc tac T7 & d& biét trong linh vure nay. Tuy nhién, cic tac gia
sang ché duoc phat trién hé biéu hién enzym, ¢6 tén goi 1a hé CJ1 (Patent Han québc s6 10-
0620092 B1), thay vi ding hé thong thuong. Theo m¢t phuong 4n thurc hién theo séng ché, mtc
bidu hién ctia OPSS gitra hé pET bao gom chét tro xuc tac T7 va hé CT1 bao gdm chét trg xtic tac
CJ1 duoc so sénh trong cling didu kién. Do do, hé CT1 ¢6 mitc biéu hién ciia OPSS cao hon so
véi hé pET. Ngoai ra, su biéu hién qua muc cia OPSS doi hoi nhiét 4o thép (180C) va khoang
thdi gian dai trong hé pET, nhung & nhiét do cao (37°C) va khoang thoi gian ngén trong hé pCL-
pCIL. Tt hon 13, hé pCL-pCJ1 duge str dung dé thu duoc OPSS (Vi du 46).

Viéc hoat tinh enzym ting c6 thé dat dugc bang cach sir dung cac phuong phap da biét
khac nhau. Vi du, n6 c6 thé dugc thuc hién bang cach ting sb luong ban sao ciia gen ghi ma
OPSS, str dung chét trg xtic tac manh, hodc dua vao dot bién gen.

Viéce t6i wu héa qué trinh chuyén hod enzym clia OPSS ¢6 thé dat duoc bang cach sir
dung céac phuong phap khéac nhau da biét trong Jinh virc ndy. Vi dy, 81 uu héa c6 thé dua trén co

s& hiéu biét ddy da vé dic diém dic trung ctia OPSS, nhur nhiét d6 va pH i uy, Gic ché co chit,
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ndng dd co chat, d én dinh nhiét do, v. v.. Ngodi ra, ti uu héa c6 thé duge xé4c dinh bang cac
diéu kién ti wu cho qué trinh chuyén hod enzym, nhu ndng do OPSS t6i uu, can bang co chét toi
wu duoe sit dung v6i ndng do, t6t hon 1a dbi véi cac hop chét hru huynh tao ra SH cho qué trinh
chuyén hod enzym, t6t hon 13 d6i voi mot sb dung dich dém, sy anh huéng ctia ion dugce tao ra,
va ddng yéu t6 va ndng d6 thi ru clia ching,

Theo mét phuong an thuc hién theo séng ché, enzym OPSS thu dugc bang cach str
dung phuong phép néu trén duge dic trung va trén co s& clia cac dac diém xéc dinh duoc, qua
trinh chuyén hoa enzym c¢6 lgi v& mit kinh t& c6 muc do chuyén hoa cao xystein tir OPS, v6i d
bn dinh enzym duoc dam bao, duge phét trién. Trong quy trinh chuyén hoa enzym, nhiét d phan
tmg c6 thé durgce dat nim trong khoang tir 37°C dén 80°C. Cu thé, Ape-OPSS (SEQ ID NO: 12),
thudc Archea, ¢6 hoat tinh enzym tang & 60°C so v6i 37°C, va ban than enzym 6n dinh céo véi
nhiét, véi kha ning phan tmg t6i uu & 60°C. Miit khac, Msm-T (SEQ ID NO: 10) ¢6 hoat tinh t5i
uu & 37°C va hoat tinh giam voi xit Iy nhiét & 60°C. Quan sét duge enzym OPSS c6 hoat tinh
enzym & pH ndm trong khoang tix 6,0 dén 10,0. Ape-OPSS thé hién hoat tinh ti wu & d6 pH 7,4.
V6i viéc thé hién hoat tinh t6i vu & pH ndm trong khoang tir 8,0 dén 9,0, Msm-T thé hién do 6n
dinh trong khoang pH rdng hon so v&i Ape-OPSS (cac Bang 28 va 31, va cac Fig.2 va 3).

Péi v6i dong yéu 8, 0,001-2mM PLP (pyridoxal-5"-phosphat) hogc 0,001-100mM
DTT c6 thé duoc sir dung trong qué trinh chuyén hod enzym. Theo mot phuong 4n thuc hién theo
sang ché, mirc do chuyén hoa xystein ting tir 2 dén 3 1an voi su ¢6 mat ctia 25mM DTT hodc
0,2mM PLP. Nhu vdy, x Iy bing DTT hoic PLP tao ra sur cai thién vé mirc d9 chuyén héa
xystein ciia budc 2). Viée bd sung ddng yéu td duoc dat & muic hop 1y ¢6 tinh dén viéc ting chi
phi sén xuét va ting mirc do chuyén héa (Bang 30).

Céc diéu kién phan tmg ddi v6i OPSS ¢6 thé thay dbi tiry thudc vao loai va ndng do ciia
OPS duogc st dung. Theo mdt phuong 4n thuc hién theo sang ché, OPS tinh khiét (dang c6 trén

thi trudng), OPS duoc tinh ché tir moi trrdng nudi ciy duge diéu ché & bude 1), va méi trudng
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nubi ciy chira OPS ctia buée 1) duge st dung trong cac diéu kién khac nhau d tao ra mirc do
chuyén héa t8i wu. Do d6, mrc do chuyén héa xystein thay dbi tiry thudc vao loai va ndng do cia
OPSS va nhiét d6 phan tmg va loai va n@)ng d6 ctia OPS (cac Fig.5 va 6, va Bang 35). |

Phuong phép theo sang ché c6 thé con bao gdm budc tich va tinh ché xystein dugc tao
ra & budc 2). Sau khi chuyén hoé enzym, xystein ¢6 thé dugc tach va dugc tinh ché tir moi trurdng
nudi cy bang c4ch sir dung phuong phap da biét trong linh virc nay.

Ngudi 6 hidu biét trung binh trong linh vire k§ thust nay 6 thé tong hop héa hoc din
XUt Xystein tir xystein bang cach sir dung phuong phap da biét. Xystein ¢6 thé dugc phan tmg
mot cach d& ding v6i chit axetyl hoa dé tao ra NAC (N-axetylxystein) va véi axit haloaxetic
trong cac diéu kién bazo dé tao ra SCMC (S-carboxymetylxystein). Cac dan Xuét xystein ndy
duoc st dung 1am nguyén liéu trong thudc diéu tri chimg ho, viém phé quén, bénh hen phé quén,
va viém hong.

Theo sang ché, canh thit OPS thu duoc thong qua Ién men vi sinh duge dung lam co
chét d& tbng hop xystein. Canh thit OPS thu dugc bang cach 1én men vi sinh ¢6 loi ich vé mit
kinh t& so v6i OPS tinh khiét dang c6 trén thi truong & chd canh thit OPS ¢6 thé dugc sir dung ma
khong cin phai tinh ché thém va dong yéu t6 PLP can thiét cho qua trinh chuyén hod ¢6 thé thu
dugc tir moi truong 1én men.

Theo mdt phuong 4n thyc hién theo sang ché, quy trinh chuyén hod dugc phat trién dam
bao mitc d chuyén héa xystein cao bang 80% khi 50pg/ml Msm-T dugc sir dung trong c4c diéu
kién phan tmg 1a canh thit OPS 50mM hogc 60mM canh thit OPS tinh ché, 100mM Na,S hoic
120mM Na,S, va 0,2mM PLP. Ngudi ¢6 hidu biét trung binh trong linh vure k§ thuét nay s& hiéu
15 ring qué trinh chuyén hod enzym bang cach sir dung enzym c6 hoat tinh cao ¢ thé duge t6i uu
héa va tang 1én mot cach dé dang,

Theo khia canh khéc, sang ché dé xuét vi sinh vét t4i td hop c6 hoat tinh ciia SerB gidm

d& san xut OPS. Theo mdt phuong 4n thuc hién, vi sinh vat téi 6 hop ¢6 serA hoic serC khang
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phan hdi serin tang hodc khuyét doan it nhét mot chét dugc chon trong sb chét chuyén van
PhnC/PhnD/PhnE alkylphosphonat ABC (operon PhnCDE), phosphataza kiém (phoA) va axit
phosphataza (aphA). T6t hon 13, vi sinh vat t4i t6 hop dé san xuét OPS 1 vi sinh vét dugc luu giit
v6i sb truy cap 12 KCCM11103P hodc KCCM11212P. Tét hon nita 13, vi sinh vat ti t& hop dé

sén xuét OPS 13 vi sinh vét duoc lwu gitt véi s6 truy cap 1a KCCM11103P.

Vi du thwe hién sang ché

Sang ché c6 thé duoc hiéu rd hon théng qua cac vi du sau, céc vi du ndy nh3m minh hoa
séng ché chit khong giéi han pham vi ciia sang ché.
Tao ra Corynebacterium séin xuit O-phosphoserin vi sin xuét O-phosphoserin bang cach sir
dung ching
Vi du 1: Tao ra chung Corynebacterium thiéu hut phosphoserin Phosphataza (serB)

Corynebacterium glutamicum 13032 dugc cai bién bang cach 1im khuyét doan gen
SerB (SEQ ID NO: 13, EC 3.1.3.3) ghi ma phosphoserin phosphataza, xtic tic qua trinh tong hop
L-serin tir O-phosphoserin, tir do. Nhim muc dich nay, manh d8 1am bét hoat serB durgc cAu trac.
V& mit nay, doan mdi duoc thiét ké dé tao ra ching t4i t6 hop 13032-AserB theo sang ché. Tru6ce
tién, trinh tu SerB cta Corynebacterium glutamicum 13032 thu duge c6 tham khao dir liéu cia
Ngéan hang gen NIH GenBank, va doan mbi tir SEQ ID NO: 22 dén 27 dugc tong hop trén co s&
ciia trinh tr SerB. Dé pha v& gen dic hiéu vi tri, vecto pDC khong thé sao chép trong
Corynebacterium glutamicum duge st dung. Plasmit pDC-AserB trong d6 khung doc mé ciia
serB bi pha v& bén trong duoc cAu trac va duge chon détaora khuyét doan gen serB dac hiéu vi
trf & chiing dot bién Corynebacterium glutamicum. Viéc phé v& gen bén trong ciia pDC-AserB
duoc tao ra bing PCR bit chéo bang cach str dung cip doan mdi SEQ ID NO: 22 va 23 va SEQ
ID NO: 24 va 25, véi ADN bd gen cua Corynebacterium glutamicum ATCC13032 ding lam

khuon, va dua san phém PCR vao vecto pDC. Plasmit tai t6 hop thu dugce duge bién nap vao kiéu
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dai Corynebacterium glutamicum bang xung dién (van der Rest et al. 1999). Plasmit dugc dua
vao nhiém séc thé bang t4i td hop nguyén phat (trao ddi chéo), tiép d6 1 t4i t5 hop thir phét (trao
dbi chéo) dé cét bo serB ban dau tir nhiém sic thé.

Sau khi hoan thanh ti 8 hop thir phéf, thé bién nap Corynebacterium glutamicum chira
dot bién khuyét doan cta serB dugc phan tich bang PCR chén do4n bang cach str dung cip doan
mdi dic hiéu gen SEQ ID NO: 26 va 27. Ching t4i tb hop c6 tén 1a CB01-0047.

Vi du 2: Thir nghiém vé kha ning san xuét O-phosphoserin & chiing Corynebacterium thiéu hut
phosphoserin Phosphataza

Ching d6t bién CB01-0047, thu dugc tir khuyét doan ctia serB tir Corynebacterium
glutamicum 13032, dugc tham gia dé tich tu O-phosphoserin, duoc dan trai 1én cac dia BHIS va
duogc & qua dém trong ta 4m 30°C. Sau d6, cic khuén lac xut hién trén cac dia BHIS duoc ciy
chuyén vao 25mL méi trudng chun do duoc thé hién trong Bang 1 bang cich sir dung vong

platin va sau d6 dugc i & 30°C trong 48 gidy két hop lc & tbe d6 200 vong/phut. Cac két qua dugce

thé hién trong Bang 2 dudi day.
Béng 1
Thanh phan ctia méi trudng chinh
Thanh phan Luong (trong moi lit)
Glucoza 100 g
K}{2PO4 1,1 g
(NH,),SO4 45g
MgSO,.7TH,0O 12¢g
HSM 20 g
Cac nguyén 0 vi lugng 20 ml
Canxi cacbonat 30g
H 7,2
Céc nguyén t0 vi lugng
Thanh phan Lrong (trong moi lit)
Biotin 0,09 g
Thiamin 045 ¢g
Ca-Panthenat 045¢g
NCA 3g
FCSO4.7H20 9 g
MnSO,.4H,0O Og
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Bang 2

Ching OD 562 nm D‘Ion%g/‘f)‘eu tu | 5 phosphoserin (/L)
C.glutamicum 13032 25 100 0,02
CB01-0047 6,5 23 0,07

Quan sat duge ching CB01-0047 sinh truéng tét chim trong moi truong chuén d6. Viée
sinh truréng chdm nay khong dugc cai thién ngay ca khi b sung chét phu gia L-glyxin. Tuy
nhién, su sinh trudng nay ting voi sy ¢6 mat ciia L-serin, nhung quan sat duoc chi ting nhe vé

sén xuét O-phosphoserin so véi kiéu dai. Céc két qua dugc thé hién trong Bang 3 dudi day.

Bang 3
AA. (axit N A
Chiing amin) (c'lu'gc OD 562nm Buongé/ﬁi ’Sleu thy O-phosphoserin (g/L)
b0 sung '
- 6,3 21 0,09
CBO01-0047 L-Glyxin 6,9 22 0,09
L-Serin 24.5 100 0,05

Vi du 3: Cu triic clia gen phosphoglyxerat dehydrogenaza (SerA*) dot bién c6 ngudn gbe tir
Corynebacterium

Gen ¢6 ngudn gdc tir Corynebacterium glutamicum serA*([E235K) (SEQ ID NO: 14)
va serA*(1974) (SEQ ID NO: 15) duoc cu tric, ghi ma 1an hugt cac thé dot bién cia 3-
phosphoglyxerat dehjdrogenaza, enzym xic tic qua trinh tong hop 3-phosphohydroxypyruvat tir
3-phosphoglyxerat. Cac thé dot bién dugc bao cdo co tinh khang phan hdi (FBR) véi serin
(Peters-Wendisch P et al., Appl. Microbiol. Biotechnol., 60: 437-441, 2002; EP0943687B).
SerA*(E235K) thu dugc bing cach ghép PCR 1én ADN b gen clia ATCC13032 bang céch sir
dung doan mdi ¢6 trinh tur tir SEQ ID NO: 28 dén 31 trong khi serA*(197A) dugc chu trac béng
PCR bing céch st dung cip doan mdi c6 trinh ty tir SEQ ID NO: 28 dén 32. San pham PCR thu
duge nhu vAy duoc 10ng vao vecto T tuong tmg d8 chu triic vecto tai t6 hop dugc goi 1a Thlunt-

serA*(E235K) va Tblunt-serA*(197A). Sau d6, hai vecto duge xir ly bang c4c enzym gi6i han
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EcoRV va Xbal dé tao ra hai manh ADN serA*(E235K) va serA*(197A). Cac méanh ndy dugc
16ng vao vecto dau tan pECCG117-Pcj7-GFP tuong tmg da dugc phan cit bing cling enzym gidi
han. Do d6, thu dugc hai vecto t4i t& hop pECCG117-Pcj7-serA*(E235K), va pECCG117-Pgj7-
serA*(1974).
Vi du 4: Diéu ché ching Corynebacterium biéu hién qua mitc serA* va thir nghiém vé kha nang
san xuét O-phosphoserin

| Hai plasmit FBR-serA* c6 ngudn gbc Corynebacterium duge cAu tric trong Vi du 3
duoc dua vao Corynebacterium glutamicum CB01-0047. Dé dinh gia kha ning san xut O-
phosphoserin, thé bién nap dugc dan trai 1én cac dia BHIS va duoc u qua dém & 30°C. Sau do,
céc khudn lac xuét hién trén cac dia BHIS duoc céy chuyén vao 25mL moi trudng chuén d6 duoc
thé hién trong Bang 1 chira thém 2 g/L L-serin bang cach str dung vong platin va sau d6 dugc u &

300C trong 48 gidr két hop lic & e dd 200 vong/phut. Céc két qua duoc thé hién trong Bang 4

dudi day.
Bang 4
Ching OD 562nm D“‘m%jale“ tu | phosphoserin (2/L)
CBOI-0047/pECCGI1T | 245 100 0,03
CB01-0047/pECCG117-

2
Pei7-serA*(E235K) 25,3 100 03
CB01-0047/pECCG117-
Pei7-serA*(197A) 243 100 0.28

O ching Corynebacterium glutamicum dugc bién nap bing FBR-serA* c6 ngubn gbc
Corynebacterium, nhu duogc thé hién trong Bang 4, quan sat dugc su tich tu ctia O-phosphoserin
&ndng dd ndm trong khoang tir 0,1 dn 03 g/L.

Tao ra E. coli sin xuit O-phosphoserin va san xuét O-phosphoserin bang c4ch sir dung chiing
Vi du 5: Tao ra chiing E.coli ¢6 hoat tinh phosphoserin Phosphataza giam (SerB)
E.coli duge cai bién bang cach 1am khuyét doan gen SerB (SEQ ID NO: 16) ghi ma

phosphoserin phosphataza, xtic tic qua trinh tdng hop L-serin tir O-phosphoserin, tir d6. Khuyét
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doan thé dot bién E.coli K12 dugc tao ra bang cach st dung phurong phép 1am bat hoat mot bude
(Datsenko KA va Wanner BL, Proc. Natl. Acad. Sci., 97: 6640-6645, 2000) dé lam khuyét doan
gen d4nh déu khang chat khang sinh. D8 tao ra ching 1am khuyét doan SerB, trudc tién, PCR
duge thue hién trén plasmit pKD3 (Datsenko KA va Wanner BL, Proc. Natl. Acad. Sci., 97:
6640-6645, 2000; S truy cip GenBank. AY048742) bang cach st dung cip doan méi ¢ trinh tir
SEQ ID NO: 33 va 34. San phim PCR duogc dura vio cac té bao kha bién ciia pKD46 chtta E.coli
K12 (Datsenko KA va Wanner BL, Proc. Natl. Acad. Sci., 97: 6640-6645, 2000; Sé truy cip
GenBank. AY048746) bing xung dién. Sau d6, ching thé hién tinh khang véi chloramphenicol
duoc tién hanh PCR dé khang dinh su khuyét doan ctia serB, va tiép theo duoc bién nap bang
pCP20 (Datsenko KA va Wanner BL, Proc. Natl. Acad. Sci., 97: 6640-6645, 2000) dé loai bd
gen d4nh dAu khang chét khang sinh. Chiing dot bién thu dugc ¢6 tén 1a CA07-0012.

Ngoai ra, codon ban dAu ciia serB duoc cai bién dé 1am giam hoat tinh phosphoserin
phosphataza nhu sau. Gen serB kiéu dai voi ATG 1am codon khdi dAu thu dugc bang PCR véi
ADN bo gen ciia E.coli W3110 ding lam khudn. Thé dot bién serB voi CTG 1am codon khéi dau
duoc cAu tric by sewing PCR. Ciip doan mdi SEQ ID NO: 35 va 36 duge st dung trong PCR dé
khuéch dai serB kidu dai trong khi cap doan mdi ¢ trinh tu tr SEQ ID NO: 37 dén 38 duoc six
dung dé khuéch dai PCR thé dot bién serB. San pham PCR duge xt Iy bang HindIII va duoc tich
dong vao pccBAC1 (Epicentre) & vi tri gi6i han HindIII dé cAu tric 1an lugt pecBAC1-Pself-
ATG-serB, va pccBACI1-Pself-CTG-serB. Vecto serB kibu dai va dot bién dugc dwa vao CA07-
0012 & so sanh hoat tinh phosphoserin phosphataza.

Vi du 6: Thir nghiém vé chiing ¢6 hoat tinh ciia SerB gidm vé kha nang san xuit O-phosphoserin

Chiing d6t bién thiéu hut phosphoserin phosphataza CA07-0012 duge tham gia dé tich
tu O-phosphoserin, duge dan tréi 1én cc dia LB va dugc u qua dém trong t &m 33°C. Sau do,

cc khuén lac xuét hién trén c4c dia LB duoc ciy chuyén vao 25mL moi truong chudn do duge
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thé hién trong Bang 5 bang cach str dung vong platin va sau d6 dugc i & nhiét d 33°C trong 48

gioy kbt hop e & tbe do 200 vong/phit. Cac két qué dugc thé hién trong Bang 6 dudi day.

Bang 5
Thanh phan Luong (trong moi lit)
Glucoza 40¢g
KH2P04 2 g
(NH,),SO,4 17g
FeSO,4.7H,O 10 mg
MnSG,.4H,0 10 mg
7nS0O,.7TH,O 10 mg
Dich chiét nAm men 2g
Canxi cacbonat 0g
H | 6.3
Bang 6 :
Chiing OD 562nm Pudng da tiéu thu O-phosphoserin
L) (gL)
E.coli W3110 16 40 0,03
CA07-0012 9,8 16 0,5
CA07-0012/pccBAC1-Pselt- 20 40 0
ATG-serB
CA07-0012/pccBAC-Pself- 15 40 0,7
CTG-serB

Dé lam tang su sinh trudmg va kha ning san xudt O-phosphoserin ctia ching, CA07-
0012 duge nudi cAy trong 48 givr trong mdi trudng chuan do Bang 5 chira thém 1 g/L L-glyxin.

Cac két qua duoc thé hién trong Bang 7 dudi day.

Béng 7

Chiing OD 562nm | Puodng da ti€u thu (g/L) O-phosphoserin (g/1.)
E.coli W3110 16 40 0,03
CA07-0012 18 40 1,5

Nhu duge thé hién trong Bang 7, viéc bd sung L-glyxin vao méi truong nudi cay cho

phép ching nay tang tdc do sinh trudng va kha ning san xuit O-phosphoserin.
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Vi du 7: Chu tric clia vecto mang gen phosphoglyxerat dehydrogenaza (SerA*) dot bién ¢
ngudn gbc tir E.coli

Cc gen ¢ ngudn gbc E.coli serA*(G336V) (SEQ ID NO: 18), serA*(G336V, G337V)
(SEQ ID NO: 19), va serA*(G336V, R338G) (SEQ ID NO: 20) ghi ma lan ot c4c thé dot bién
cia 3-phosphoglyxerat dehydrogenaza, enzym xic tic qua tinh  tong hop 3-
phosphohydroxypyruvat tir 3-phosphoglyxerat dugc cu tric. Cac thé dot bién duoc bao cio
khang phén hdi (FBR) v6i serin pigrant GA, Xu XL va Hu Z, Biochem., 39: 7316-7319, 2000;
Grant GA, Hu Z va Xu XL, J. Biol. Chem., 276: 17844-17850, 2001). Pua gen 4ot bién vao
rhi®m sic thé cta E. coli duoce thire hién bing cach str dung phuong phap ghép PCR. Méanh ADN
chira ot bién duogc didu ché bang cach sir dung doan mdi sau.

Doan mdi ¢6 trinh tr SEQ ID NO: 39 va 41 duoc sir dung thuong trong gen SerA*. Dé
dura dot bién vao gen SerA, PCR duge thye hién véi cip doan mdi ¢6 trinh tu SEQ 1D NO: 42 va
43 cho serA*(G336V), véi cap doan midh €O twinh T SEQ ID NO: 44 va 45 cho serA*(G336V,
G337V), va voi cgp doan mdi ¢6 thinh tr SEQ ID NO: 46 va 47 cho serA*(G336V, R338G).
Doan mdi duoc tdng hop trén co s ctia thong tin vé gen K12 W3110 (S6 truy cap GenBank AP
003471) va trinh tir nucleotit gin no, ding ky trong Ngan hang gen NIH GenBank.

Vi du 8 Tach dong gen o6 ngudn gbc Ecoli SerA, gen serA*, va gen 3-phosphoserin
Aminotransferaza (serC)

serA(SEQ ID NO: 17, EC 1,1,1,95), serC(SEQ ID NO: 21, EC 26,1,52),
serA*(G336V), serA*(G336V, G337V) va serA*(G336V, R338G) duoc tach dong nhur sau.
SerA va serC thu dugc bang cach thuc hién PCR trén ADN bd gen ctia E.coli W3110 trong khi
serA*(G336V), serA*(G336V, G337V), va serA*(G336V, R338G) dugc cu tric bang PCR véi
ménh ADN ciia Vi du 7 ding lam khuon. Poan mdi PCR 12 SEQ ID NO: 48 va 49 dbi véi serA
va SEQ ID NO: 50 va 51 dbi vé6i serC. Sau khi xir I v6i EcoRV va HindII, san phim PCR dugc

tach dong vao vec-to tai t6 hop pCL-Prmf, duoc cu trac bang cach 16ng chét trg xic tac E.coli
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rmf vao vecto pCL1920 (S truy cip GenBank AB236930) d€ tao ra ln luot vecto t4i 5 hop 6
ten goi Jan luot 13 pCL-Prmf-serA, pCL-Prmf-serC, pCL-Prmf-serA*(G336V), pCL-Prmf-
serA*(G336V, G337V), va pCL-Prmf-serA*(G336V, R338V).

Ngoai ra, cac plasmit trong d6 serA, mot trong ba thé dot bién serA, vahoic serC tao ra
operon, nghia 13 pCL-Prmf-serA-(RBS)serC, pCL-Prmf-serA*(G336V)-(RBS)serC, pCL-Prmf-
serA*(G336V, G337V)-(RBS)serC, va pCL-Prmf-serA*(G336V, R338V)-(RBS)serC duoc cAu
triic. Vé mat nay, manh (RBS)serC thu dugc bang cach sit dung doan mdi ¢6 trinh tr SEQ ID
NOG: 51 va 52 va duoc tach dong & vi tri HindIlI vao pCL-Prmf-serA, pCL-Prmf-serA*(G336V),
pCLPrmf-serA*(G336V, G337V), va pCL-Prmf-serA*(G336V, R338V).

Vidu 9: Tao ra ching dugc lam tang cudng serA, serA* va serC co ngudn gdc tir E.coli va thi
nghiém vé kha nang sén xu#t O-phosphoserin

¢ plasmit duge chu triae trong Vi du 8 dugc bién nap vao CA07-0012 va ching tai th.
hop thu dugce duge thir nghiém vé kKl ning sin xut O-phosphoserin. Mdi chiing dugc dan trai
1én chc dia LB va duge @ qua dém & nhiét do 33°C. Sau dé, cic khudn lac xuét hién trén céc dia
LB dugce cdy chuyén vao 25ml mdi truong chuén d6 cia Bang 8 va duge nudi cly & nhiét @6

33°C trong 48 gitr két hop lc & the dd 200 vong/phitt. Cée két qua duoc the hién trong Bang 9

dudi day.

Béng 8 _
Thanh phan Luong (trong mdi lit)
Glucoza 40¢g
KH2PO4 4 g
(NH4),S04 17¢
FeSO,4.7H,O 10 mg
MnSO4.4H,0 10 mg
7/nSO,.7TH,0O 10 mg
L-Glyxin 25g
Trypton 2g

Dich chiét nAm men 2g

Canxi cacbonat 30g
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pH | 6.8 |
Béang 9
Chiing OD 562nm | Puong da tiéu thu | O-phosphoserin (g/L)
9]
CA07-0012 23 40 1,7
CA07-0012 / pCL-Prmf-serA 25 40 1.8
CA07-0012/pCL-Prmf-serA*(G336V) 23 37 22
|ICA07-0012/pCL-Prmf- 21 36 2,1
- serA*(G336V,G337V)
CA07-0012/pCL-Prmf-serA*(G336V, 22 : 37 22
- R338V)
CA07-0012/pCL-Prmf-serA- 20 35 2,1
(RBS)serC
CA07-0012/pCL-Prmf- 18 ’ 31 2,5
serA*(G336V)-(RBS)serC
CA07-0012/pCL-Prmf- 17 32 2,5
serA*(G336V,G337V) (RBS)serC
CA07-0012/pCL-Prmnf-serA*(G336V, 16 30 2,6
R338V)-RBS)serC

Tir dit liu ciia Bang 9 c6 thé thy 16 ring chiing E.coli CA07-0012 ting kha nang sin
xuét O-phosphoserin khi n6 dugc bién nap bang serA, va kha ning sén xuét O-phosphoserin ting
& muzc d0 16n hon khi dra vao mét trong s6 ba th_é dot bién serA*. Ching trong d6 serA, hodc
mdt trong ba thé dot bién serA* va serC duoc hoat hoa mot cach dong thoi ¢ kha ning san xuét
O-phosphoserin cao hon so véi chiing trong d6 chi hoat hoa serA hodc serA*.. Kha ning san xuét
O-phosphoserin cao nhét dugc phét hién & ching trong d6 dot bién SerA* va serC duogc hoat hoa
mét cach dong thoi.

" Vi du 10: Tao ra ching E.coli thiéu hut chét chuyén van PhnC/PhnD/PhnE alkylphosphonat
ABC (operon PhnCDE)

O E.coli, d3 ¢6 bao céo chét chuyén van PhnC/PhnD/PhnE alkylphosphonat ABC

chuyén chd O-phosphoserin vao bao chit (Wanner BL va Metcalf WW. FEMS Microbiol. Lett.,

15:133-139, 1992). Operon PhnCDE ghi ma chét chuyén van PhnC/PhnD/PhnE alkylphosphonat
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ABC protein dugc giy khuyét doan ra khéi chimg khuyét doan serB dé tao ra chiing CA07-0016.
Pé gay khuyét doan phnCDE, cip doan mdi ¢6 trinh tr SEQ ID NO: 53 va 54 dugc st dung.
Khuyét doan duoc thuc hién theo cach tuong tir voi cach duge néu trong Vidu 5.

Ngoai ra, pCL-Prmf-serA*(G336V)-(RBS)serC, duge cu trac trong Vi du 8, duoc dua
vao CA07-0016.
Vi du 11: Thir nghiém vé ching E.coli thiéu hut operon PhnCDE vé kha ning san xudt O-
phosphoserin

‘Chimg CA07-0016 va CA07-0016/pCL-Prmf-serA*(G336V)-RBS)serC, dugc tao ra
trong Vi du 10, dugc dénh gia vé kha nang san xuat O-phosphoserin. Mdi ching duoc dan tréi lén
cac dia LB hodc cac dia LB (spectinomyxin) va dugc 4 qua dém & nhiét do 33°C. Sau do, cic
khun lac xuét hién trén cac dia LB hodc cac dia LB (spectinomyxin) duogc cy chuyén vao 25mL
méi truong chudn do ciia Bang 8 bing cach sir dung vong platin va duge nubi ciy & nhiét do

33°C trong 48 gits két hop lc & tc d9 200 vong/phuit. Cac két qua dugc thé hién trong Bang 10

dudi day.

Bang 10

Chiing OD 562nm | Pudng datiéu | O-phosphoserin (g/L)
thu (g/L)

CA07-0012 22 40 1,8

CA07-0016 23 38 2,0

CA07-0012/pCL-Prmf-serA*(G336V)- 21 35 2,1

(RBS)serC

CA07-0016/pCL-Prmf-serA*(G336V)- 20 40 24

(RBS)serC

Nhu duge thé hién trong Bang 10, chiing khuyét doan operon PhnCDE chi ting nhe kha
nang san xuét O-phosphoserin.
Vi du 12: Tao ra chiing E. coli thiéu hut phosphataza kiém (phoA), axit phosphataza (aphA)
Chiing E.coli khuyét doan phosphoserin phosphataza dugc gay khuyét doan tiép gen phoA ma
ho4 phosphataza kiém va gen aphA ma hod axit phosphataza. Manh ADN st dung dé gay khuyét
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doan phoA thu dugc bang cach thuc hién PCR trén plasmit pKD3 véi cap doan mdi ¢6 trinh tir
SEQ ID NO: 55 va 56. Mt khac, manh ADN str dung & gy khuyét doan aphA thu dugc bang
céch sir dung cip doan mdi c6 trinh tr SEQ ID NO: 57 va 58 theo cling céch. Mbi ching Kkhuyét
doan duoc tao ra theo cach gidng nhu trong Vi du 5. Ching bi khuyét doan ca phoA va aphA
duogc tao ra bang cach gay xung dién manh ADN d8 gay khuyét doan aphA vio té bao kha bién
cta ching khuyét doan phoA da dugc bién nap lai béng pKD46. Sau do, thé bién nap khéang
chloramphenicol dugc tién hanh PCR dé khéng dinh su khuyét doan aphA, va tiép theo duoc
bién nap bing pCP20 dé loai bo gen danh dAu khéng chét khang sinh. Ching dot bién thu dugc

va genotyp cua chung duge thé hién trong Bang 11 dudi day.

Béng 11

Ching Genotyp

CA07-0013 'W3110 AserB AphoA
CA07-0015 'W3110 AserB AaphA
CA07-0018 'W3110 AserB AphoA AaphA

pCL-Prmf-serA*(G336V)-(RBS)serC, duogc cu tric trong Vi du 8, duge dura vao mbi
chiing khuyét doan theo cach gidng nhr trong Vi du 10. |
Vi du 13: Thir nghiém vé ching E. coli thiéu hut phosphataza kiém (phoA), axit phosphataza
(aphA) vé kha nang gay suy thoai O-phosphoserin |

Chiing dugc tao ra trong Vi du 12 dugc thir nghiém vé kha ning san xuét OPS va viée
khong dia kha nang gy suy thoai OPS. Mdi ching dugc dan tréi 1én cac dia LB hodc cic dia LB
(spectinomyxin) va dugc G qua dém & nhiét d6 33°C. Sau d, cac khun lac xuét hién trén cic dia
LB hoic c4c dia LB (spectinomyxin) duogc ciy chuyén vao 25mL méi truong chudn do ctia Bang
8 bang cach sir dung vong platin va dugc nudi cdy & nhiét d6 33°C trong 72 gidv két hop lac & toc
d0 200 vong/phitt. Cac két qua duge thé hién trong Bang 12 dudi day. Viéc khong di kha nang
gay suy thoai OPS dugc danh gia bang sur thay ddi mic ion phosphat dugc x4c dinh bang phan
tich ion phosphat.
Béang 12
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Chin OD Puong da ti€u thu| O-phosphoserin PO,
e 562nm (&L) (glL) (ppm)
CA07-0012 23 40 03 692
CA07-0013 2 40 16 459
CA07-0015 74 25 0 1098
CA07-0018 19 40 17 487
CA07-0012/pCL-Prmf-

serA*(G336V)-(RBS)serC 20 40 0.1 14
CA07-0013/pCL-Prmf-

serA*(G336V)(RBS)serC 16 40 18 385
CA07-0018/pCL-Prmf-

serA*(G336VHRBS)serC 17 40 1.6 >3

Nhur duoc thé hién trong Bang 12, ching khuyét doan aphA c6 hién tuong sinh truéng
khong binh thirong trong khi ching thiéu hut phoA hoc thiéu hut ca phoA va mot chit aphA
tang kha ning san xuit O-phosphoserin va gidm khé nang 1am suy thoai O-phosphoserin. Mt
khéc, ching khuyét doan ca ca phoA 1An aphA gdy suy thoai O-phosphoserin d4 tich tu trong 72
gidy, v6i ting dong thdi mre PO,

Vi du 14: Tao ra ching thifu hut operon PhnCDE, phoA va aphA

Chiing thiéu hut SerB (CA07-0012) duoc cai bién dé gay khuyét doan tiép phnCDE ghi-
ma chét chuyén van PhnC/PhnD/PhnE alkylphosphonat ABC, phoA ghi mé phosphataza kiém,
va aphA ghi ma axit phosphataza. Chting duoc tao ra nhu vay duoc thé hién trong Bang 13 duéi
day. Phuong phép 1am bét hoat mot bude da duge mé ta trong Vi du 5 duoc st dung dé tao ra cac

thé dot bién khuyét doan.

Béng 13

Chiing Genotyp

CA07-0020 'W3110 AserB AphoA AphnCDE
CA07-0022 'W3110 AserB AphoA AaphA AphnCDE

pCL-Prmf-serA*(G336V)-(RBS)serC, dugc cu triic trong Vi du 8, dugc dura vao mbi
ching khuyét doan theo cach gibng nhur trong Vi du 10.
Vi du 15: Thir nghiém vé ching E. coli thiéu hut operon PhnCDE, phoA va aphA vé kha nang san

xuét O-phosphoserin
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Chiing duoc tao ra trong Vi du 14 dugc thir nghiém vé kha ning sén xuét OPS. Moi
ching dugc dan tréi 1én cac dia LB hoac cac dia LB (spectinomyxin) va dugc U qua dém & nhiét
do 33°C. Sau d6, cac khuén lac xuét hién trén c4c dia LB hodc cac dia LB (spectinomyxin) dugc
cAy chuyén vao 25mL moi trudng chuAn do ctia Bang 8 bang cach st dung vong platin va dugc
nubi chy & nhiét d6 33°C trong 72 gidr két hop lc & tde dd 200 vong/phit. Cac két qua duoe thé

hién trong Bang 14 dudi day.

Béng 14
o Puong d4 tiéu thu| O-phosphoserm |, -
Chim, OD 562nm i PQOy(ppm
CA07-0012 23 40 03 N
CA07-0020 183 10 19 262
CA07-0022 19.1 40 ) 263
CAO7-0012/pCLPrnE- ’ i
2

et AY(G336V)-(RBS)serC | 40 0.1 /14
CA07-0020/pCLPrmE- ,q

: 5 i
rA(GI6V)RBS)serC | 1 0 > e
CA07-0022/pCL-Prmf- . )
SerA*(G336V)-(RBSserC | 40 20 218

D3 phat hién ra CA07-0020 va CA07-0022 tang kb nang san xudt OPS va giam kha
ning ghy suy thodi O-phosphoserinso véi CA07-0012. Déc diém nay ciing dugc phét hién &
chiing duroc bién nap tiép bang pCL-Prmf-serA*(G336V)-(RBS)serC.

Vi du 16: Tao ra céc thé dot bién E.coli thiéu hut gen operon PhnCDE, phoA, va aphA va co su
thay thé phosphoglyxerat dehydrogenaza (serA*)

Trong CA07-0022, serA ghi ma3-phosphoglyxerat dehydrogenaza dugc thay thé bang
serA*(G336V), serA*(G336V, G337V), hodc serA*(G336V, R338G), déu c6 béo cao ¢ tinh
khéang phan hdi vé6i serin, trén nhiém sac thé, nhur sau.

Pé dua dot bién vao gen SerA trén nhidm sic thé, vecto dugc chu triic nhu sau. PCR
duge thuc hién véi cdp doan moi ¢ trinh tr SEQ ID NO: 40 va 41 trén serA*(G336V),
serA*(G336V, G337V), va serA*(G336V, R338G), dugc tao ra trong Vidu 7. Sau khi xt ly véi

ca Sacl va BamHI, san p_hém PCR thu duge nhu vy duge tach dong vao pSG76C & vi tri Sacl va
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BamHIL. Vecto tai td hop thu duge duoc bién nap vao E.coli BW ma tiép theo 1a dugc dan trai
trén cac dia LB. Cac khuén lac xuét hién trén céc dia duoc sép Xép trinh tu bazo, va thé bién nap
ma céc dot bién dugc dira vao duge chon. Tir ching, céc plasmit dugc tao ra bé’lng céach sir dung
phuong phap miniprep thong thuong. Theo cac dot bién dugc dura vao, cac plasmit ¢6 tén goi 1a
pSG76C-serA*(G336V), pSG76C-serA*(G336V, G337V) va pSG76C-serA*(G336V, R338Q).
MBbi thé dot bién E.coli dugc tao ra nhu md 13 trude d6 (Posfai G, Kolisnychenko V,
Bereczki Z va Blattner FR, Nucleic Acids Res. 27: 4409-4415, 1999), va gen danh du khang
chét khang sinh duoc loai ra khéi ching. Dé tao ra thé dot bién SerA*(G336V), pSG76C-
serA*(G336V) dugc dua vao t& bao kha bién cia CA07-0022 bang xung dién. Ching khang
chlorampenicol duogc tién hanh PCR dé khing dinh viéc dua vao serA*(G336V). Chiing nay
duoc bién nap bang pST76-ASceP (Posfai G, Kolisnychenko V, Bereczki Z va Blattner FR,
Nucleic Acids Res. 27: 4409-4415, 1999) d& loai bo gen danh du khang chét khang sinh. Chiing
thu dugce c6 tén 1a CA07-0022 serA*(G336V). Chiing CA07-0022 serA*(G336V) duoc bién nap
bang pSG76C-serA*(G336V, G337V) va pSG76C-serA*(G336V, R338G) theo cach tuong tie
d tao ra cac thé dot bién serA*(G336V, G337V) va serA*(G336V, R338G), ¢6 tén goi lan luot
12 CA07-0022 serA*(G336V, G337V) va serA*(G336V, R338G).
Vi du 17: Thir nghiém v& cac thé dot bién E.coli thiéu hut gen operon PhnCDE, aphA, va aphA
va 6 su thay thé phosphoglyxerat dehydrogenaza (serA*) vé kha niing san xuft O-phosphoserin
Ching duge tao ra trong Vi du 16 dugc thir nghiém vé& kha ning san xudt O-
phosphoserin. Mbi chiing duge dan tréi 1én cac dia LB hodc céc dia LB (spectinomyxin) va dugce
0 qua dém & nhiét d6 33°C. Sau d6, cac khudn lac xuét hién trén céc dia LB hodc cac dia LB
(spectinomyxin) dugc cdy chuyén vao 25mL moi truong chudn do ciia Bang 8 bang cach st
dung vong platin va duoc nudi cly & nhiét do 33°C trong 48 gio két hop Idc & toc do 200
vong/phut. Cac két qua duc_ré thé hién trong Bang 15 duéi day.
Bang 15
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Chiing OD 562nm | Puong da tiéu thu O-phosphoserin
(gL) L)

CA07-0022 22 40 22
CA07-0022 serA*(G336V) 21 35 2.7
CA07-0022 serA*(G336V, 20 36 2,8
G337V)

CA07-0022 serA*(G336V, 20 38 2,7
R338G)

Chuing trong d6 serA da dugc bién dbi v& gen khang phan hoi serin c6 giam mot chiit
tdc d0 sinh trudng, nhung lai ting kha ning san xuét O-phosphoserin.
Vi du 18: Tao ra chiing dot bién E.coli thiéu hut operon PhnCDE, phoA va aphA va c6
phohosphoglyxerat dehydrogenaza (serA*) dugc thay thé va 3-Phosphoserin Aminotransferaza
tang va thir nghiém vé kha ning san xuét O-phosphoserin

Chimg duoc tao ra trong Vi du 16, nghia 1a CA07-0022 serA*(G336V), CA07-0022
serA*(G336V, G337V), va CA07-0022 serA*(G336V, R338G) dugc dua vao trong plasmit
duoc tao ra trong Vi du 8, nghia 12 pCL-Prmif-serC. Cac thé dot bién thu duoc duge danh gia vé

kha ning san xuét O-phosphoserin theo cach gidng nhur trong Vi du 9. Céc két qua duoc thé hién

trong Bang 16 dudi day.
Bang 16
, Puong datiéu | O-phosphoserin

Chuin, OD562nm

s thy (/L) (L)
CA07-0022/pCL-Prmf-serC 20 38 2.9
CA07-0022 serA*(G336V)/pCL-
PrmfoserC 19,5 34 345
CA07-0022 serA*(G336V, G337V)
CL-Prmf-serC 20 33 3,55
CA07-0022 serA*(G336V, R338G) 19 35 36
pCL-Prmf-serC ’

Nhu duge thé hién trong Bang 16, phat hién ra rang ching duoc hoat héa SerC ting vé
kha ning san xuét O-phosphoserin. Hién tugng niy cho thiy 15 rang hon vé chiing c6 serA dugc

cai bién vao gen khéng phan hoi serin.
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Vi du 19: Chiing ting cudng pyrimidin nucleotit transhydrogenaza (PntAB) va cu triic cia vecto
chira glutamat dehydrogenaza (gdhA)

Détaora chﬁng trong d6 pntAB ghi ma cho pyrimidin nucleotit transhydrogenaza dugc
didu hoa trén, chét tro xic tic pntAB duoc thay ddi bang chét trg xtic tAc trc bang cach sir dung hé
dot bién loxP (Arakawa H et al, BMC Biotechnol. 1: 7, 2001). V& mit niy, PCR duoc thyc hién
trén plasmit pmlox-tre(ref) bang cach sir dung cip doan mdi ¢6 trinh tr SEQ ID NO: 59 va 60, va
san phAm PCR thu dugc nhur vy dugc dura vao t& bao kha bién cia CA07-0022 serA*(G336V)
gift chit pKD46 bang xung dién. Thé bién nap thé hién tinh khang véi chloramphenicol duoc tién
hanh PCR. d8 khing dinh sir thay thé cta chit trg xtic tic, tiép do6 1a bién nap véi pTW168(Le
Borgne S et al., cac phuong phap Mol Biol. 267: 135-43, 2004) @& loai bo gen danh ddu khang
chat khang sinh. Ching thu duroc c6 tén 1a CA07-0022 serA*(G336V) P(trc)-pntAB. Doan méi
duoce sit dung cho PCR dugc thiét ké trén co so thong tin vé& gen K12 W3110 (S6 truy cép
GenBank AP002223, AP002224) va trinh tir nucleotit gin n6, dang ky trong NHI GenBank.

Gen gdhA ghi mi glutamat dehydrogenaza duoc khuéch dai bang cach sir dung PCR
v6i cdp doan mdi ¢6 trinh tw SEQ ID NO: 61 va 62 dé tao ra mét polynucleotit. Ca doan mdi cb
trinh tu SEQ ID NO: 61 va 62 ¢6 vi trf enzym gi6i han HindIII. Poan mdi niy dugc thiét ké trén
co s& thong tin v& gen K12 W3110 (S truy cap GenBank AP 002380) va trinh tir nucleotit gin
no, dang ky trong NHI GenBank.

PCR bét dAu bing viéc gdy bién tinh & nhiét d6 94°C trong 3 phiit va tiép dién bién tinh
trong 25 chu trinh & nhiét do 94°C trong 30 gidy, bt cap o nhiét do 56°C trong 30 gidy va kéo dai
chudi & 72°C trong 2 phut, tiép d6 1a kéo dai chudi & 72°C trong 7 phit. Do d6, thu dugc
polynucleotit c6 chiéu dai 1714 bp. Sau khi xir Iy v6i HindIIL sén phim PCR dugc tach dong vao
pCCIBAC ¢ vi tri HindIII va duge dua vao E.coli DHS5a, ﬁép theo 1a duoc dan trai trén cac dia

LB. Sép xép trinh tir bazo cho phép chon loc cac khuén lac phét trién khong c6 dot bién trong gen
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gdhA cua chung. Plasmit dugc phan 14p bang cach st dung phuong phap miniprep thong thudng
va co tén goi 1a pCC1BAC-P(native)-gdhA.
Vi du 20: Viée dua pntAB va gdhA vao chiing san xuét OPS va thir nghiém v& kha nang sén xuét
OPS

Pé tao ra ching san xust OPS trong d6 pntAB va gdhA dugc diéu hoa ting, ching
CA07-0022 serA*(G336V) hodc chiing CA07-0022 serA*(G336V) P(trc)-pntAB dugc bién nap
bang pCL-P(trc)-serA*(G336V)-serC va pCC1BAC-P(native)-gdhA riéng biét hodc két hop, nhur
duge thé hién trong Bang dudi ddy. Mbi thé bién nap duge 0 qua dém & 33°C trén cac dia LB.
Cac khudn lac duoc ciy chuyén vao 25mL méi truong chuén do cia Bang 8 bang cach st dung
vong platin va duoc nudi cdy & 33°C trong 48 gity két hop Iac & tbe do 200 vong/phiit.

Bang 17
Ching OD562nm | buongdatiéuthu | OPS
(L) (L)
CA07-0022 serA*(G336V)/pCL- 20 37 3,1
P(trc)-serA*(G336V)-serC
CA07-0022 serA*(G336V) P(trc)- 19 35 34
pntAB/pCL-P(trc)-serA*(G336V)-
serC

CA07-0022 serA*(G336V) P(trc)- 7,2 11 0,2
pntAB/pCC1BAC-P(native)-gdhA _
CA07-0022 serA*(G336V) P(trc)- 27,0 40 3,95
pntAB/pCC1BAC-P(native)-
2dhA/pCL-P(trc)-serA*(G336V)-serC

Nhu duge thé hién trong Bang 17, chiing dugc céi thién vé kha nang san xuét O-
phosphoserin khi pntAB duoc diéu hoa ting trong d6. Qué trinh diéu hoa ting clia c pntAB va
gdhA mang lai mirc gia tang 16n hon vé kha ning sin xuét O-phosphoserin so v6i mau ddi
chimg. Do d6, pntAB va gdhA duoc hiéu 1a déng vai trd quan trong trong san xuét OPS.

Vidy 21: Chu triic clia vecto mang gen ghi m protein van chuyén ra O-AxetylseﬁnD(yétein
(ydeD), permeaza van chuyén ra O-Axetylserin/Xystein (yfiK), protein van chuyén ra

homoserin‘homoserin lacton (thtB), protein van chuyén ra Threonin/Homoserin (thtC), chat
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chuyén vin Arsenit/Antimonit (asrB), va cu tric siéu phan tir van chuyén
Leuxin/Isoleuxin/Valin (livHM) ctia E.coli

~ Vié giai phong O-phosphoserin d duroc sin xut ra khoi té bao doi hoi yéu tb xudt ra
thich hop, tuy nhién khong ¢ yéu tb nao duogc béo cdo trrde d. Trong ban md ta ndy, sau gen,
nghfa 1 protein van chuyén ra O-axetylserin/xystein ghi ma ydeD, permeaza van chuyén ra O-
axetylserin/xystein ghi ma yfiK (Franke I, Resch A, Dassler T, Maier T va Bock A, J.
Bacteriology, 185: 1161-166, 2003), protein vén chuyén ra homoserin‘homoserin lacton-ghi ma
rhtB, protein van chuyén ra threonin/homoserin-ghi ma RhtC, chét chuyén van arsenit/antimonit
ghi mA asrB, va cu tric sidu phan tir van chuyén leuxin/isoleuxin/valin ghi ma livHM dugc chon
trong sb cac loai gen van chuyén da dugc bao céo trude d6, va duge tich dong va dénh gia.

Mbi gen thu duoc béng cach thue hién PCR trén ADN bd gen cta E.coli W3110, véi
cép doan mdi ¢6 trinh tir SEQ ID NO: 63 va 64 dbi véi ydeD, v6i cdp doan moi ¢6 trinh tr SEQ
ID NO: 65 va 66 d8i v6i yfiK, véi cip doan mdi ¢6 trinh tir SEQ ID NO: 67 va 68 ddi véi rhiB,
vé6i cdp doan mdi ¢6 trinh tir SEQ ID NO: 69 va 70 dbi vai thtC, véi cap doan mdi ¢6 trinh tur
SEQ ID NO: 71 va 72 d6i véi astB, va v6i cip doan mdi ¢6 trinh tw SEQ ID NO: 73 va 74 doi
v6i livHM. Sau khi xir Iy véi EcoRV va HindIIl, mdi sén phim PCR thu duge nhu vy dugc tich
dong v tinh & vi tri EcoRV va Hind[II vao pCL-Prmf-GFP, dé tao ra vecto tai td hop, ¢6 tén goi
12 pCL-Prmf-ydeD, pCL-Prmf-yfiK, pCL-Prmf-rhtB, pCL-Prmf-thtC, pCL-Prmf-arsB, va pCL-
Prmf-livFIM. |
Vi dy 22: Pua vecto mang gen ghi ma E.coli YdeD, YfiK, RhtB, RhtC, AsrB, livHM vao chung
sén xuét O-phosphoserin va thir nghiém vé kha niing san xudt O-phosphoserin

Ching CA07-0022 serA*(G336V) dugc bién nap bang sau plasmit dugc chu tric trong
Vi du 21 va duge dénh gig v& kha nang san xuit O-phosphoserin theo cach gidéng nhu trong Vi du
9. Céc két qua duoc néu trong Bang 18 dudi day.

Bang 18



36375

Ching OD 562nm B“"ngé/it)leu ™ -phosphoserin (/L)
CA0T-0022 serAR(G336V)| 221 377 25
CA07-0022 serA*(G336V)

L ProntydeD 74 23 0.69
CA07-0022 serA*(G336V)

" 21 40 2,55
CA0T-0022 serAR(G336V)| ;
pCL-Prmf-rhiB 23 40 28
CA07-0022 serA%(G336V) i
L P 25 40 2,75
CAOT-0022 scrA*(G36V)| N 9
pCL-Prmi-arsB - ’
CAOT-0022 serA*(GH36V)| s 05
pCL-Prmf-livHM | ’

Nhu duoe thé hién trong Bang 18, ching dugc bién nap bang ydeD, mdtG hozc livHM
c6 tde d6 sinh truéng giam va kha ning san xut OPS giam trong khi bién nap véi yfiK, rhtB
hoic thtC 1am ting tdc d6 sinh trudng va kha ning san xuit OPS (Bang 18).

Vi du 23: Tao ra ching thiéu hut phosphoglyxerat mutaza pgpml, gpmA va gpmB)

M&i gen gpml, gpmA, va gpmB, ghi ma phosphoglyxerat mutaza, dugc gy khuyét
doan riéng & hoc két hop tir CA07-0022 serA*(G336V) dé tao ra thé dot bién ching c6 tén goi
1a CA07-0022 serA*(G336V)Agpml, CA07-0022 serA*(G336V) AgpmA, CA07-0022
serA*(G336V) AgpmB, CA07-0022 serA*(G336V) AgpmIAgpmA, CA07-0022 serA*(G336V)
AgpmAAgpmB, va CA07-0022 serA*(G336V) AgpmIAgpmAAgpmB tuong tmg. Ching d4
khuyét doan gpmA va gpmB dugc tao ra theo cach tuong tir v6i Vi du 5, sir dung cép doan mdi
¢6 trinh tu SEQ ID NO: 75 va 76 dbi véi gpmA va cap doan mdi c6 trinh tr SEQ ID NO: 81 va
82 dbi voi gpmB. Déi véi chu triic cia ching khuyét doan gpml, nhu duge mo t trong Vi du 16,
dot bién gpml chita codon két thuc dugc dura vao béng céch str dung pSG76C. Thé dot bién gpml
chtra codon két thuc du:qc khuéch dai bang cach va PCR str dung doan mdi ¢6 trinh tr SEQ ID
NO: 77 dén 81, véi ADN bo gen ciia K12 W3110 ding 1am khuon, va duge tach dong vao
pSG76 & vi tri Sacl/BamHI.

-35-



36375

Vi dy 24: Thir nghiém v& ching thidu hut gpml, gpmA va gpmB vé kha ning san xuét OPS
Chung duge tao ra trong Vi du 23 dugce danh gia vé kha nang san xuét OPS theo cach giéng nhu

trong Vi du 9. Céc két qua dugc thé hién trong Bang 19 dudi day.

Bang 19

Ching OD562nm Puong da tieu thu OPS (g/L)
(eL)

CA07-0022 serA*(G336V) 23 40 24

CA07-0022 22 38 2.5

serA*(G336V)Agpml

CA07-0022 serA*(G336V) 20 34 2,8

AgpmA

CA07-0022 serA*((G336V) 20 34 2,7

AgpmB :

CA07-0022 serA*(G336V) 19 32 2,6

AgpmIAgpmA

CA07-0022 serA*(G336V) 21 35 3.3

AgpmAAgpmB

C6 thé thiy trong Bang 19, khi mdi gpinl, gpmA va gpmB duge géy‘ khuyét doan va cac
gen khac khong duge gay khuyét doan, mirc tiéu thu dudng cua ching 4ot bién giam, nhung kha
ning san xuit OPS cia chiing ting so véi ching b me. Dic biét 13, ching khdng ¢6 ¢4 gpmA 14n
gpmB c6 muc tiéu thy dudng tuong tir, nhung c6 kha nang san xudt OPS ting so véi ching
khong c6 hodc gpmA hodc gpmB. Vi vy, viéc giy khuyét doan gpml, gpmA va gpmB duroc
hiéu 13 nham tao ra luong 3-phosphoglyxerat, tién chét ciia OPS ting, do d6 dan dén viéc 1am
tang kha nang san xuét OPS. | |
Vi du 25: Tao ra ching thiéu hut 2-Amino-3-ketobutyrat CoA Ligaza (kbl), L-Serin Deaminaza I
(sdaA)

Gen kbl ma hoa 2-amino-3-ketobutyrat CoA ligaza va gen sdaA md hod L-serin
deaminaza 1 dugc gdy khuyét doan tir CA07-0022 serA*(G336V) & tao ra CA07-0022
serA*(G336V) Akbl, va CA07-0022 serA*(G336V) AsdaA tuong tmg. Ching khuyét doan kbl
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va sdaA duoc tao ra theo cach tuong tir voi Vi du 5, st dung cip doan mdi c6 trinh tir SEQ ID
NO: 83 va 84 dbi v6i kbl va cip doan mdi c6 trinh tir SEQ ID NO: 85 va 86 dbi véi sdaA.
Vi du 26: Thit nghiém v& OD va mic tiéu thy dudng ciia ching thiéu hut kbl/sdaA theo ndng do

glyxin

Ching duoc tao ra trong Vi du 25 duoc danh gia vé OD, mitic tiéu thu dudng, va kha ning san

xudt O-phosphoserin khi chiing dugc U trong cling diéu kién méi truomg nhur dirgc mod tA trong

36375

Bang 8 ctia Vi du 9, chi khéc 12 glyxin duoc sir dung v6i huong tir 0 dén 2,5 g/L.

Béang 20

Nong do | Ching OD 562nm | Duongda OPS (g/L)

glyxin tiéu thy (/L)

(L)

0 CA07-0022 8 10 0,7
serA*(G336V)
CA07-0022 7 8 0,7
serA*(G336V)Akbl
CA07-0022 9 10 0,7
serA*(G336V)AsdaA '

1 CA07-0022 15 30 1,5
serA*(G336V)
CA07-0022 14 28 1,2
serA*(G336V)Akbl
CA07-0022 22 39 24
serA*(G336V)AsdaA

2 CA07-0022 19 35 2,1
serA*(G336V)
CA07-0022 17 32 1,7
serA*(G336V)Akbl
CA07-0022 23 40 2,5
serA*(G336V)AsdaA

2,5 CA07-0022 22 38 2,5
serA*(G336V)
CA07-0022 23 39 2,7
serA*(G336V)Akbl
CA07-0022 24 40 2,3
serA*(G336V)AsdaA
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Nhu ¢6 thé nhin thiy trong Bang 20, OD va tdc do tiéu thy dudng trong tAt ca ba ching
tang khi muc glyxin trong mdi truong ting. Dac biét 14, ching khuyét doan sdaA c6 mirc ting
déng ké v& OD va tbe d tiéu thy dudng & nong df glyxin 12 1 g/L. Kha ning sén xudt OPS ciia
ching khuyét doan kbl cai thién manh véi sy 6 mét ciia 2,5 g/L glyxin.

Vi du 27: Tao ra chiing thiéu hut iclR

Yéu t6 phién ma iclR duoc giy khuyét doan tir CA07-0022 serA*(G336V) dé tao ra
CA07-0022 serA*(G336V) AicIR. Ching dot bién khuyét doan dugc diéu ché bing cach sir
dung phuong phéap lam bét hoat mét bude nhu trong Vi du 5 va gen danh d4u khang chét khang
sinh duoc loai ra. Pé tao ra ching khuyét doan icIR, PCR dugc thuc hién véi cgp doan mdi co
trinh ty SEQ ID NO: 87 va 88.

Vi du 28: Thir nghiém vé ching thiéu hut icIR v& kha nang san xuét OPS

Ching duogc tao ra trong Vi du 27 duogc dénh gid vé kha nang san xuét OPS theo cach

giéng nhu trong Vidu 9.

Béng 21 -
Chiing OD362nm | Dudng datiéu OPS (g/L)

thu (g/L)
CA07-0022 serA*(G336V) 22 38 2,5
CA07-0022 22 40 2,7
serA*(G336V)AiclR

Hidu nhién tir dit liéu ctia Bang 21, da phat hién ra ring kha ning san xuit OPS cia
chiing khuyét doan icIR ting.
Vi du 29: Chu triic ciia vecto mang E.coli Axetyl CoA Synthetaze (acs), Pyruvat Oxidaza
Monome (poxB), Axetat Kinaza (ackA) va Phosphat Axetyltransferaza (pta)

Pé 1am tang mirc sin xudt va viée st dung lai axetat trong chiing séan xuét O-
phosphoserin, cac plasmit biéu hién mang axetyl CoA synthetaze ghi ma acs, poxB ghi ma
pyruvat oxidaza monome, ackA ghi mé axetat kinaza va pts ghi ma phosphat axetyltransferaza

tirong tmg, dugc cAu tric.
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MBbi gen thu durge bang cach thuc hién pfu PCR trén ADN bd gen clia E.coli W3110 v6i
cdp doan moi ¢6 trinh tr SEQ ID NO: 89 va 90 dbi vai acs, v6i cép doan mdi ¢b trinh tr SEQ ID
NO: 91 va 92 d6i véi poxB, va véi cip doan mdi ¢6 trinh tr SEQ ID NO: 93 va 94 ddi véi ackA
va pta. Sau khi xir Iy v6i HindIII, mdi san pham PCR thu dugc nhu vy duge tach dong vo tinh &
vi trf EcoRV va HindIlI vao vecto pCL-Prmf~GFP duoc cAu trac béng cach lé)ng chét trg xuc tac
E.coli tmf vao pCL1920, dé tao ra pCL-Prmf-acs, pCL-Prmf-poxB, va pCL-Prmf-ackA-pta. Sau
d6, cac plasmit ndy duge xir ly bang EcoRI dé thu dugc doan cai xen ADN, nghia 1a Prmf-acs,
Prmf-poxB, va Prmf-ackA-pta, ma sau d6 duge dua vao pCC1BAC (EcoRI) (CopyControlTM
peclBACTM Vecto, Epicentre. Cat. Nos. CBAC311) d chu tric pCCIBAC-Prmfiacs,
pCCIBAC-Pmmf-poxB, va pCC1BAC-Prmf-ackA-pta tuong img.
Vi du 30: Tao ra chiing san xuét OPS ting cudng acs, poxB, ackA, pta E.coli va thir nghiém vé
kha ning san xuit OPS

Ching CA07-0022 serA*{(G336V) duge bién nap bang ba vecto dugc tao ra trong Vi du

29 va duoc thir nghiém vé kha ning san xuit OPS theo cach gidng nhur trong Vi du 9.

Béang 22
Chiing OD562nm Duong da tiéu OPS (g/L)
thu (/L)
CA07-0022 serA*(G336V) 219 35,5 245
CAO07-0022 serA*(G336V) / 23,6 40 2,65
pCC1BAC-Prmf-acs
CA07-0022 serA*(G336V) / 183 36,8 1,86
pCCI1BAC-Pmmf-poxB
CA07-0022 serA*(G336V) / 21,8 40 2,65
pCCIBAC-Prmf-ackA-pta

C6 thé thdy trong Bang 22, tbe d6 sinh trudng cia ching duge bién nap bing poxB
giam trong khi dua vao acs hodc ackA-pta thi tdc do sinh trudng va kha ning san xuit OPS ting.
Vi du 31: Chu triic cia vecto mang E.coli malat syntaza A (aceB), Isoxitrat Lyase Monome
(aceA), Phosphoenolpyruvat Carboxykinaza (pckA), Malat Synthase G (glcB), va Malat

dehydrogenaza (maeB)
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Plasmit cho phép biéu hién ca aceB ghi ma malat syntaza A va aceA ghi ma isoxitrat
lyaza monome, pckA ghi ma phosphoenolpyruvat carboxykinaza, glcB ghi méa malat syntaza G,
va maeB ghi md malat dehydrogenaza & E.coli tuong tmg, duogc cu tric.

Céc gen duoc didu ché bang cach thuc hién pfit PCR trén ADN bd gen clia E.coli
W3110 véi cip doan mdi ¢6 trinh tir SEQ ID NO: 95 va 96 ddi v6i aceBA, véi cip doan mdi ¢6
trinh tu SEQ ID NO: 97 va 98 ddi véi pekA, véi cap doan mbi ¢6 trinh tir SEQ ID NO: 99 va 100
abi véi glcB, va véi cdp doan mdi ¢6 trinh ty SEQ ID NO: 101 va 102 di v6i maeB. Sau khi xtr
1y v6i HindIl, mdi san phém PCR thu duge nhu vy duge tach dong vo tinh & vi trf EcoRV va
HindIl vao vecto pCL-Prmf-GFP duoc ciu tric bang cach Iong chét 1rg xtic the rmf E.coli vio
pCL1920, & tao ra pCL-Prmf-aceBA, pCL-Prmf-pckA, pCL-Prmf-gleB, va pCL-Prmf-maeB.
Vi du 32: Tao ra chimg san xudt OPS durgc ting cuong bang aceB, aceA, pckA, glcB va maeB
E.coli va thit nghiém v& kha ning san xuét O—phosphosérin

Ching CA07-0022 serA*(G336V) duge bién nap bang bdn vecto duge tao ra trong Vi

du 31 va duge thir nghiém v& kha ning san xuét O-phosphoserin theo cach gidng nhu trong Vidu

9.

Bang 23

Chung OD 562nm Puodng da ti€u thu OPS (g/L)
19

CA07-0022 serA*(G336V) 23 40 24

CA07-0022 serA*(G336V)/pCL- 20 36 1.9

Prmf-aceBA

CA07-0022 serA*(G336V)/pCL- 10 11 0

Prmf-pckA

CA07-0022 serA*(G336V)/pCL- 21 40 2.8

Prmf-glcB

CA07-0022 serA*(G336V)/pCL- 21 40 2.9

Prmf-maeB

C6 thé thiy trong Bang 23, tdc db tiéu thu dudng va kha nang san xuit OPS ciia chiing
hoi giam khi duoc bién nap bing aceBA va tdc do sinh trudng giam dang ké khi duoc bién nap

bang pckA trong khi dira vao gleB hosic maeB ting kha nang san xuét OPS.
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Vi du 33: Chu tric ciia vecto mang Glyoxylat Carboligaza (Glc), Tartronat Semialdehyt
Reductaza 2 (gIxR), va Glyxerat Kinaza II (gIxK)

gel ghi ma glyoxylat carboligaza, gIxR ghi ma tartronat semialdehyt reductaza 2, va
gIxK ghi ma glyxerat kinaza I, tt ca ddu c6 lién quan trong qua trinh chuyén hod ctia glyoxylat
vao 3-phosphoglyxerat, dugc tich dong nhu sau. Céc gen thu dugc bang cach thuc hién PCR trén
ADN b6 gen ctia E.coli W3110 v6i cap doan mbi c6 trinh tir SEQ ID NO: 103 va 104 di véi gel,
va véi cip doan mdi c6 trinh tir SEQ ID NO: 105 dén 108 dbi véi glxR-gIxK. Sau khi phan hily
bang EcoRV va HindlIl, mdi san pham PCR dugc tach dong vo tinh & vi trf EcoRV va HindIIl
vao vecto pCL-Prmf-GFP dugc cAu triic bing cach 10ng chét trg xtic tac rmf E.coli vao pCL1920
@& tao thanh céc plasmit t4i td hop, c6 tén goi 1a pCL-Prmf-gcl, pCL-Prmf-glxR-gIxK, va pCL-
Prmf-gIxR-gIxK-Prmf-gcl twong tmg.
Vi du 34: Dua vecto mang glc, gIxR, gIxK vao ching sdn xuat O-phosphoserin va thir nghiém vé
kha ning san xuét O-phosphoserin

Ba plasmit dugc cAu tric trong Vi du 33 dugc dua vao CA07-0022 serA*(G336V) ma
sau d6 dugc danh gid vé kha nang san xuét O-phosphoserin theo cach gidng nhu trong Vi du 9.

Céc két qua duoc thé hién trong Bang 24 dudi day.

Béang 24

Thoi , Puong datiéu| O-phosphoserin

. Chuin, OD 562nm

gian s "t (g (L)
CA07-0022 serA*(G336V) 156 24 125
CA07-0022  serA*(G336V)/pCL-
Prmtgcl 196 29,7 12

248 ICAOT-0022 serA*(G336V)PCLY | 3 3
CA07-0022  serA*(G336V)/pCL-
Prmf-glxR-gK-Prmf-gel 184 29,7 1,03
CA07-0022 serA*(G336V) 23 40 24
CA07-0022  serA*(G336V)/pCL-

480 Prmfecl 31,5 40 1,67
CA07-0022  serA*(G336V)/pCL-

26 40 15

Prmf-ghR-glxK 2

-41-



36375

CA07-0022  serA*(G336V)/pCLA
Prmf-gIxR-gIxK-Prmf-gcl

C6 thé thy trong Bang 24, kha ning san xuét O-phosphoserin cudi cia ching bién nap

22 40 1,61

14n luot véi gel, glxR-gIxK va gxR-gIxK-gel giam, nhung tdc d6 sinh trréng va toe do tidu thu
dudng ting so v&i ban than ching CA07-0022 serA*(G336V). Pic biét 13, da phat hién ra ring
viée dura vao glxR-gIxK 1am gia tang 16n hon vé tdc do sinh truéng va tdc do tiéu thy dudng.
Vi du 35: Pénh gi chiing san xuit O-phosphoserin trong thiét bi bén men

Chiing CA07-0022 serA*(G336V)/pCL-Prmf-serA*(G336V)-serC dugc u & nhiét do
33°C trong 24 git trén cac dia aga MMYE (2 g/L glucoza, 2mM magie sulfat, 0,1mM canxi
clorua, 6 g/l natri pyrophosphat, 0,5 g/L natri clorua, 3 g/L kali dihydro phosphat, 10 g/L. dich
chiét nAm men, 18 g/L aga) chira 50pg/mL spectinomyxin. Cac khuan lac thu dugce duoc cao tir
1/10 dién tich mbi dia aga, duoc ciy vao 50 ug/mL moi trudng hat chira spectinomyxin, 10 g/L
glucoza, 0,5 g/L magie sulfat, 3 g/L kali dihydro phosphat, 10 g/L dich chiét nAm men, 0,5 g/L
natri clorua, 1,5 g/L clorua amoni, 12,8 g/L natri pyrophosphat, 1 g/L glyxin) trong binh ciu lip
van ddi hudng, va dugc 0 & 30°C trong séu gid trong khi lic ¢ 200 vong/phuit. 300mL méi truong
chinh trong thiét bi bén men1 L, méi trudng nudi cy hat thu duge véi hrong 16n dén 16% thé tich
ctia mdi trudng chinh dugce bd sung vao, tiép d6 131 & nhiét do 33°C va pH 7,0. Mbi truong chinh

¢6 thanh phan diroc néu trong Bang 25 dudi day.

Bang 25

Thanh phan ciia mdi truong chinh

Glucoza 20 g/
Magie sulfat 0,3 g/LL
Kali dihydrogen phosphat 1,5g/L
Dich chiét nAm men 5¢g/L
Amoni sulfat 5g/L
Trypton 10 g/
Glyxin 29/l
Natri clorua 0,5 g/LL
Natri xitrat 1g/L
Iron sulfua 75 mg/L
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Canxi clorua 15 mg/LL
Céc nguyén t6 vi hugng 1 ml/L
C4c nguyén 0 vi luong
Coban clorua 0,7 g/L
K&m sulfat 03 g/L
Molybdat 0,15 g/l
Axit boric v 12g/L
Mangan sulfat 1,6 g/lL
Ong sulfat 0,25 g/l

Trong qua trinh 1, d§ pH cia mdi trudong nubi cly duoc diéu chinh dén 7,0 bing dung
dich nu6c amoniac. Khi rit kiét glucoza tir mdi truong nudi cdy, qué trinh 1én men dang nap liéu
theo mé duge thyc hién bing cach bd sung 520 g/L glucoza dung dich.  Sau khi 1én men trong
80 gi0y, O-phosphoserin duroc tao ra 6 ndng d6 14 19,5 g/L nhu duge do bang HPLC.

Phét trién va xé4c dinh dic diém ctia O-phosphoserin (OPS) Sulthydrylaza (OPSS)
Vi dy 36: Phét trién OPS Sulthydrylaza (OPSS)

Aeropyrum pemix, Mycobacterium tuberculosis, va Trichomonas vaginalis dugc bao
céo dé thu dugc O-phosphoserin sulthydrylaza (OPSS), enzym ding O-phospho-L-serin (OPS),
thay vi O-axetyl serin (OAS) & E.coli, duéi dang co chét cho qu trinh tong hop xystein (Mino K
va Ishikawa K, FEBS letters, 551: 133-138, 2003; Burns KE, Baumgart S, Dorrestein PC, Zhai
H, McLafferty FW va Begley TP, J. Am. Chem. Soc., 127: 11602-11603, 2005; Westrop GD,
Goodall G, Mottram JC va Coombs GH, J. Biol. Chem., 281: 25062-25075, 2006). dua trén co
s bao c4o ndy, cac tac gia sang ché da phat hién ra hai loai OPS Sulthydrylaza, ma chuyén hoa
OPS thanh xystein, tir Aeropyrum pernix va Mycobacterium tuberculosis H37TRv. Trong sb
ching, enzym OPSS c6 ngudn gdc tir H37Rv Mycobacterium tuberculosis dugce sit dung dé sang
loc axit amin tinh trong déng. Do d6, ba dang OPSS dugc béo vé tir chiing Mycobacterivm
smegmatis MC2 155, Rhodococcus jostii RHA1, va Nocardia farcinica IFM 10152.

Dé thu duge OPSS tir mdi ching, hé vecto pET28a (Novagen), thuong dugce st dung dé
biéu hién enzym, duoc cu triic. Mdi khuon va doan mdi dé str dung dé tach dong nam gen OPS

Sulthydrylaza khac nhau va céc plasmit tai t8 hop thu dugc duogc thé hién trong Bang 26 dudi
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day. Cac t6 hop thich hop ctia khuon va doan mdi, nhu duoc néu trong Bang 26, duoc st dung
cho PCR d8 khuéch dai 14n lugt cac gen OPSS. San phdm PCR va vecto pET28a duoc phan cit
bang Ndel va HindIII (37°C trong 3 gidy). Mdi doan gen dugc ndi véi vecto pET28a da dugc phan
cét (Novagen). Viée sap xép trinh tir bazo d x4c nhan cAu triic cia vecto biéu hién mang mdi gen
OPSS. Vecto biéu hién enzym dugc dua vao E.coli (DE3) dé taora chiing c6 kha nang biéu hién

nam enzym OPSS. Tén goi cac enzym dugc néu trong Bang 26 dudi day.

Bang 26

Enzym Vecto Khuo6n mau Doan moi
Ape-OPSS | pET28a-Ape-OPSS ADN tong hop SEQIDNO: 109va 110
Mitb-OPSS | pET28a-Mtb-OPSS|  ADN b gen Mtb SEQIDNO: 111val12
Msm- pET28a-Msm- ADN bd gen Msm SEQIDNO: 113val14
OPSS OPSS

Rio-OPSS | pET28a-Rjo-OPSS ADN bd gen Rjo SEQIDNO: 115vall6
Nfa-OPSS | pET28a-Nfa-OPSS ADN b0 gen Nfa SEQIDNO: 117va118

Sur biéu hién cia cac enzym duoc tién hanh theo huéng dan cia nha san xuét hé pET
(Novagen). Cac khuan lac riéng biét ctia mdi ching tr cac dia LB dugc cdy chuyén vao 5mL
canh thit LB va duogc G & 37°C trong 16 gior trong khi Iic & 200 vong/phut. Méi trudng nudi cay
dugc chuyén vao 25mL canh thit LB méi (trong binh cAu 250 ml) va dugc u dén OD600 14 0,5 -
0,6 (trong 2 - 3 gid) trong ciing diéu kién, ngay sau d6, 1mM IPTG dugc b sung vao méi trudng
@& chiét cac enzym trong qué trinh 1 & 18°C trong 18 gidr trong khi lic & 120 vong/phut. Cac
enzym dugc tinh ché bang cach st dung cot Ni-NTA ddi véi His-tag, v6i su trg gitip ctia His
SpinTrap pgE Healthcare). Trong sb ndm enzym OPSS dugc phén 18p nhu vay, bdn enzym dugce
phét hién 13 dang d& hoa tan, v6i mot enzym (Rjo-OPSS) 1a thé viii, duoc phan tich bang 14%
dién di SDS-PAGE.
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Vi du 37: Thir nghiém v& OPS Sulthydrylaza (OPSS) déi véi hoat tinh tbng hop xystein

OPS Sulthydrylaza cic enzym thu dugc tir bén vi sinh vat ching duoc thir nghiém vé
kha ning dé xtic tic qua trinh chuyén hoa ciia O-phosphoserin (OPS) thanh xystein. ddi véi cac
diéu kién va cac phuong phép thir nghiém (thir nghiém enzym cysM), tham khao cac bao céo
trude day (Mino K va Ishikawa K, FEBS letters, 551: 133-138, 2003; Burns KE, Baumgart S,
Dorrestein PC, Zhai H, McLafferty FW va Begley TP, J. Am. Chem. Soc., 127: 11602-11603,
© 2005; Westrop GD, Goodall G, Mottram JC va Coombs GH, J. Biol. Chem., 281: 25062-25075,
2006). Luong co chét duoc st dung duoc dai dién béng don vi mL. Céc didu kién thir nghiém dbi

v6i hoat tinh enzym dugc thé hién trong Bang 27 duéi day.

Bang 27

Dung dich gdc Nong do cudi | Mau tring OPS Sulthydrylaza
6x his-enzym - 40 (50mg)

1 MHEPES(pH7.4) | 100mM HEPES 100 100

0,5 M Na,S 10mM Na,S 20 20

10mM PLP 0.2mM PLP 20 20

100mM OPS SmM OPS 0 50

DW 790 750

Tong 1000 1000

Dung dich phan tmg ngoai trir cic enzym duge t & 37°C trong 5 phut, sau d6 50 mg
duoc tinh ché OPS Sulthydrylaza duoc bd sung vao dung dich phéﬁ ung. Trong thoi gian da xac
dinh trude trong qua trinh 0 & 37°C, 100mL enzym phan tmg duoc 14y ra va trén v6i 100mL
TCA 33,2% dé ngimg phan tmg enzym. Nong do xystein clia enzym phan tmg dugc phén tich
dinh Irong bang cach do d6 hdp phu & OD560 theo phuong phép Gaitonde. Hoat tinh xystein
tdng hop ciia bén enzym OPS Sulfhydrylaza khac nhau dugc thé hién trong Bang 28 dudi day.
Céc ham lugng xystein cia cac enzym OPSS dugc thé hién theo mirc d chuyén héa xystein va
thoi gian phén Uimg.

Bang 28
| | Mitc d6 chuyén héa xystein (%)
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10 phut 30 phut 60 phut
Ape-OPSS 634 89,7 974
Mib-OPSS 1.7 438 10,1
Msm-OPSS 12,8 25 437
Nfa-OPSS 0,1 0,1 02

OPS Sulthydrylaza cic enzym c6 ngudn gbc tir Aeropyrum pemix va Mycobacterium
tuberculosisH37Rv, ma da dugc cong bb (Mino K va Ishikawa K, FEBS letters, 551: 133-138,
2003; Westrop GD, Goodall G, Mottram JC and Coombs GH, J. Biol. Chem., 281: 25062-25075,
2006), da duge xac nhan 13 ¢6 hoat tinh bang cach sir dung OPS 1am co chit dé tong hop xystein.
Hoat tinh téng hop xystein cta derived OPS Sulthydrylaza c6 ngudn gc tir ching
Mycobacterium smegmatis str. MC2 155 méi thu duge bang cach sang loc trong ddng axit amin
véi enzym Mitb-OPSS, da dugce chi ra dau tién. Nhu ﬂléy dugc tir dit licu trong Bang 28, mirc do
chuyén héa tir OPS thanh xystein ctia Ape-OPSS dat gAn muc 100% trong mdt gior. Mire do
chuy2n héa cudi 43,7% clia enzym Msm-OPSS, méi duge chon théng qua viée sang loc enzym
trén co' s& OPSS ¢6 ngudn gbc tix Mycobacterium tuberculosis H3TRv da dugc cong bd trude
ddy, 14 cao hon 43 Ian so v6i mic G chuyén héa cia Mitb-OPSS. Mit khac, OPS
Sulfhydrylaza c6 ngudn gdc tir Nocardia farcinica TFM 10152 méi, thu duge bang cach sang loc
twong ddng, ¢6 hoat tinh chuyén héa O-phosphoserin thanh xystein khong dil.

Vi du 38: Diéu ché Mitb-T va Msm-T m0061 ma héa Mtb-OPSS va Msm-OPSS d4 lam cin
5 gbc axit amin dAu tAn C

OPSS ¢6 ngudn gbc tir Mycobacterium tuberculosis H37Rv (Mtb-OPSS), xtic tic qua
trinh chuyén hoa OPS thanh xystein véi sur trg gitip clia cac enzym bd sung mec+ va cysO, da
duoc cong bd 1a c6 thé sir dung duge lam ngudn hru huynh chira S2- d& chuyén hoa OPS thanh
xystein ngay ca khi khong c6 mit ciia cac enzym khac khi ndm gdc axit amin & dau cacbon dugc
loai bd khéi d6 (Agren D, Schnell R and Schneider G, FEBS letters, 583: 330-336, 2009). Trén
co s& cua cong b d6, tao ra duge Mitb-T (SEQ ID NO: 11), ma ¢6 thé chuyén héa mot cach

nhanh chéng OPS véi sur ¢6 mét ciia S2- lam ngué)n luu huynh. Msm-T con duge tao ra tir Msm-
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OPSS (SEQ ID NO: 9) ¢6 chung tinh twong ddng axit amin véi Mtb-OPSS. Vecto biéu hién
mang hai thé dot bién enzym duoc cu trac. V& mit ndy, pfu PCR duoc thuce hién trén ADN bd
gen ctia Mycobacterium tuberculosis H37Rv hodc Mycobacterium smegmatis voi su c6 mat cia
cdp doan mdi ¢6 trinh ty SEQ ID NO: 119, 120, 121 va 122. Céc doan gen OPSS thu duoc nhur
vay dugc xir ly bang Ndel va HindIII va dugc tach dong vao vecto pET28a dugc phan cit bang
cing enzym gi6i han dé ciu tric vecto biéu hién tai td hop ¢6 tén goi 1a pET28a-Mitb-T va
pET28a-Msm-T, mot cach tirong tng. Vecto biéu hién tai t6 hop nay duoc dua vio E.coli (DE3).
Sy bidu hién ciia hai thé dot bién enzym OPSS durge xac nhan bang 14% SDS PAGE. Hai thé dot
bién enzym OPSS dugce tinh ché va duoc biéu hién trong cac diéu kién giéng nhu & Vi du 36.
Nho d6, thu duge Mtb-T (SEQ ID NO: 11) va Msm-T (SEQ ID NO: 10).
Vi du 39: Thir nghiém Mitb-T va Msm-T vé hoat tinh chuyén héa xystein

Trén co s& clia cdng b riing cac thé dot bién OPSS c6 ngudn gbe tir Mycobacterium
tuberculosis H3TRv khong ¢6 5 gbe axit amin & dau cacbon ¢6 4 luc cao dbi v6i ngudn Iuu
huynh chira nhém S2- ngay ca khi khong c6 mét cua céc enzym con (Agren D, Schnell R and
Schneider G, FEBS letters, 583: 330-336, 2009), Mtb-T va Msm-T da dugc tao ra. Chiing duge
d4nh gid v& hoat tinh enzym bang cach do mirc do chuyén héa xystein cudi. Hoat tinh enzym
duoc thir nghiém trong didu kién va vai cach thiic gidng nhur & Vidu 37. Xystein da tao ra duge

phén tich dinh lrong bang c4ch 4p dung phu:ong phép Gaitonde.

Bang 29
Mt do chuyén héa xystein (%)
10 phut 30 phut 60 phiit
Vith-T 9,5 186 37,1
Msm-T 20,3 546 100

Nhu thdy dugc tir Bang 29, Msm-T, khong ¢6 5 gbc axit amin & dAu cacbon ciia
OPSS ¢6 ngudn gdc tir ching Mycobacterium smegmatis MC2 155 cho phép chuyén hoé zystein

tir co chét v6i mitc 100% trong mét gid.
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Khi trinh t axit amin cia né duoc cai bién, O-phosphoserin sulfhydrylaza (OPSS) ¢6
thé xtic tdc mét cach hiéu qua qué trinh sinh tdng hop L-xystein.
Vi du 40: Yéu cau ctia ddng yéu td ddi véi hoat tinh OPS Sulthydrylaza
P8 kiém tra mire d6 anh huéng cia ddng yéu t6 t61 qua trinh chuyén hod xystein cita OPSS, mirc
do chuyén hoa xystein cia Msm-T durgc x4c dinh khi ¢6 mét hodc khong c6 mét PLP (pyridoxal-
5>-phosphat) va DTT (dithiotreitol). Lién quan dén didu do, co chét gdm canh thit OPS 50mM va
100mM Na,S duge phan tmg & 37°C trong 30 phit voi sy cd mét ctia 25mM DTT hodc 0,2mM
PLP. Xystein d3 duge tao ra nhu vady duge phén tich vé mit dinh luong bang cich 4p dung
phuong phép Gaitonde. Nhur duroc thé hién trong Bang 30, mitzc d chuyén héa xystein véi su ¢d
miit ctia ¢ PLP va DTT cao hon 2.3 14n so v6i truong hop khéng c6 mit ctia ca PLP 1an DTT.

Do vdy, c¢a PLP 1an DTT déu drgc nhan thiy 1a ¢6 s anh huéng duong tinh t6i qua trinh chuyén

hoa.

Bang 30 .

Msm-T Mirc d6 chuyén hoa xystein (%)
(-)PLP, (-)DTT - 23,62

(+)PLP, (-) DTT 33,21

(-)PLP, (+) DTT 40,08

(+)PLP, (+) DIT 54,65

Vi du 41: anh huéng clia nhiét d6 téi hoat tinh ctia OPS Sulthydrylaza |

Mirc do chuyén hoa xystein ctia Ape-OPSS va Msm-T theo nhiét do duoc kiém tra.
Hoat tinh enzym & 37°C va 600C dugce do tai thoi diém 2, 5, 10, 30, va 60 phut sau khi phan Umg.
Phén tmg dugc tién hanh trong didu kién 100mM HEPES (d6 pH 7,4), SmM OPS, 10mM Na,S,
0,2mM PLP, va CysM 50 &g/mL. Lugng xystein da frao ra dugc xac dinh bang cach 4p dung
phurong phép Gaitonde. Trong diéu kién cia chét dém, nhu dugc thé hién trén Fig2, Ape-OPSS
thé hién tdc do phan tmg ban dau nhanh hon & 37°C ciing nhu ¢6 hoat tinh cao hon & 600C khi so
v&i Msm-T.
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Vi du 42: D3 6n dinh nhiét d6 ctia OPS Sulthydrylaza

Ape-OPSS va Msm-T dugc phan tich vé d6 bn dinh nhiét do . Mdi enzym dugc pha
lozng t6i ndng d6 2mg/mL trong nuréc canh OPS va duge xtt 1y nhlét & 37°C va 600C trong 10,
30, 60, 120, va 240 phut, tiép do 12 phan tmg & 37°C trong 30 phit trong diéu kién SmM OPS,
10mM Na,S, 02mM PLP, va 100mM HEPES (pH 7,4). Dung cho phén tng nay, 10pg/ml.
Ape-OPSS va 50pg/mL Msm-T duge st dung. Lugng xystein 43 tao ra duoc xéac dinh bang cach
ap dung phuong phap Gaitonde. Ape-OPSS cho thiy vAn gift nguyén hoat tinh khéng di ctia né
cho dis x¥ Iy nhiét & 600C trong 4 gi¢y trong khi heat tinh ctia Msm-T duge duy ti ¢ 37°C, nhung

oiam khoang 50% sau khi xit Iy nhiét & 660C trong 30 phiit. Cac két qua diroc dua ra trong Bang
gl g y g5Up quaal g bang

31 dudi day.
Bang 31
Hoat tinh twong dbi (o)
Thoi gian gia nhiét -) 10 phiat | 30 phat | 60 phtit | 120 phtt | 240 phut
(phut)
Ape-OPSS 100 102 107 100 107 101
Msm-T 100 82 50 32 - 19 8

Viéc kiém tra duoc thue hién v8 kha ning luu gjir hoat tinh enzym & 37°C khi Msm-T
duoc sir dung v6i luong 500g/mL, 1a ndng do thuc € trong canh thit OPS. Khi khong c6 mit
Na,S, 50pg/mL Msm-T dugce xit Iy, ciing véi canh thit OPS 50mM va 0,2mM PLP, ¢ 37°C trong |
0,5, 1,2, 4, va 6 gio, sau do, Na,S duoc bd sung vao dé gy ra phan ing enzym. Sau khi phan
Umg trong 30 phit, hoat tinh cia Msm-T dugce do. Lugng xystein di tao ra dugc xac dinh bang
céch ap dung phuong phap Gaitonde. Theo do, hoat tinh clia Msm-T giam dudi 50% sau 2 git
phéan tmg & 37°C trong canh thit OPS (Bang 32).

Béng 32

Thoi gian 0 | 30phut | 60phat | 120 phit | 240phat | 360 phut
Mirc chuyén hod 100 88 73 47 11 3
xystein (7o)
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Vi du43: anh cta d6 pH téi OPS Sulthydrylaza

Miic d6 chuyén héa xystein ctia Ape-OPSS va Msm-T theo d§ pH duogc x4c dinh.
Trong 100mM chit dém, Ape-OPSS va Msm-T, moi loai néng d6 50pg/mlL., duge cho phan ting
&37°C trong 10 phit. Lién quan dén diéu do, chit dém K-phosphat c6 do pH 6,4/7,0/7,4/8,0, chat
dém Tris-HCI ¢6 d6 pH 7,0/7,4/8,0/8,5/8.8, va chit dém Na-cacbonat ¢6 do pH»8,0/8,5/9,0/ 10,0
- duge st dung. Viée phan tich dinh luong xystein da tao ra dugc tién hanh bing cich 4p dung
phuong phép Gaitonde. Nhur thdy duoc trén Fig.3, Msm-T ¢6 hoat tinh cao nhét & d6 pH nam
trong khoang tir 8,0 dén 9,0 khong phu thudc vao chit dém. Pdi véi Ape-OPSS, hoat tinh cao
nhét ¢6 duge hién trong K-phosphat (d6 pH 7,4), ¢6 d6 pH t61 uu khéc nhau giita cic chét dém.
Vi du 44: anh hudng ctia céc ion t6i hoat tinh ciia OPS Sulthydrylaza

Anh hudng ciia cac ion t6i hoat tinh ciia cac enzym OPSS dugc kiém tra nhu sau.
Trong hdn hop phan tmg chira 5SmM OPS, 10mM Na,S, 0,2mM PLP, va 100mM HEPES (pH
7.4), cac enzym duogc cho phan tmg & 37°C trong 30 phut véi su ¢6 mat ciia (NH,),SO4 (1, 3, 5,
10, 20 g/L), KH,PO, (0,5, 1, 2, 4, 8 g/L), hodc NH4C1 (0,2, 0,5, 1, 2 g/L). Ape-OPSS va Msm-T
1n luot duoc str dung véi néng @6 10pg/mL va 50pg/mL. Lugng Xystein d4 tao ra duge xé4c dinh
bang cach ap dung phuong phép Gaitonde.

Khong phét hién duge mirc do chuyén hoa xystein khi (NH,4),SO,4 hodc KH,PO, dugc
bd sung vao vao hdn hop phan tmg nay. Mit khac, nhu dugce thé hién trong Bang 33, murc do
chuyén héa xystein giam khi ndng d6 NH,CI ting. Dic biét 13, hoat tinh enzym i da giam trén
70% khi 2g/I. NH,Cl duge bb sung vao. Vi vay, NH4Cl dugc nhan théy 1 ¢6 hi€u qua am tinh téi
qué trinh chuyén hoa hoat tinh ctia OPS Sulthydrylaza.

Béng 33
Hoat tinh tuong doi (%)
NH,Cl Ape-OPSS Msm-T
0 100,00 100,00
02 86,26 91,49
0,5 73,35 91,30
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49,11 67,11
27,72 47,12

DN | —

Vi du 45: anh huéng ctia ngudn hru huynh t6i hoat tinh tdng hop xystein cia OPS Sulthydrylaza
Thir nghiém duoc tién hanh d& kidm tra mtc d6 anh huéng ciia cic ngudn luu huynh t6i
hoat tinh tdng hop xystein ciia mbi enzym. Trong hon hop phén tmg chira 5SmM OPS, 0,2mM
PLP, va 100mM HEPES, mdi enzym (50 &g/mL Ape-OPSS, 50pg/mL Msm-T) dugc cho phén
tmg & 37°C trong 1 gior v6i sy 6 mét ctia 10mM Na,S, NaSH, hodc NayS,0;. Luong xystein da
tao ra duge xac dinh bang cich 4p dung phuong phép Gaitonde. Ape-OPSS dugc nhin thdy 1a
thich hop v6i ngudn luu huynh 13 Na,$,0s, trong khi Msm-T thich hop véi NayS. Céc két qua

duge thé hién trong Bang 34 dudi day.

Bang 34
Hoat tinh twong d6i (%)
Enzym NaZS NaSH N328203
IApe-OPSS 100,0 95,2 1423
Msm-T 106.7 98.3 66,2

Vi du 46: Cu tric vecto bidu hién mang OPS Sulfhydrylaza (hé pCL-Pcj1) va sw biéu hién &
E.coli

PCR dugc thuc hién béng cach str dung doan moi ¢6 trinh tr SEQ ID NO: 123 va 124,
clng v6i vecto pET28a-Msm-T ding 1am khu6n. San pham PCR thu dugc nhu vay dugce xit Iy
béng BcoRV va HindIII va durgc tach dong vio pCL-P(CI1) dé cdu triic veo-to téi td hop c6 tén
goi 1a pCL-P(CT1)-Msm-T. Dé kiém tra sy khac nhau vé& mirc biéu hién cia Msm-T gitta hé pET
va hé pCL-pCJ1, cac chung ding d8 bidu hién enzym duoc diéu ché. Hé pET dugc dua vao
Rosetta (DE3) trong khi hé pCL-pCJ1 sir dung ching K12G. Céc khuén lac don dugc 1Ay tir tir
cac dia LB duoc ciy chuyén vao SmL canh thit LB va dugc nudi cdy & 37°C trong 16 gidy trong
khi lic & 200 vong/phut. Céc dich nudi céy nay dugc chuyén vao 25mL nudc canh thit LB méi
chira kanamyxin hodc spectinomyxin va 0,2% glucoza (trong c4c binh ciu 250 ml) va duogc 0 t6i
murc OD600 bang 0,5 - 0,6, ngay lap tirc sau d6, ImM IPTG dugc bd sung vao moi truong dé
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gy ra c4c enzym can duoc chiét tach. Trong qué trinh 1 & 37°C trong khi lic & 200 vong/phit,
mutc biéu hién ctia enzym duoc do & cac thdi diém nudi cdy khac nhau (8, 16, 24 gid). Mitc biéu
hién enzym ctia hai hé nay dugc phén tich trén 14% SDS PAGE (Fig.4). |
Vi du 47: Tng hop xystein bang OPS Sulthydrylaza cling v6i canh thit 1én men OPS tinh ché

Mic d chuyén héa tir OPS tinh khiét thanh xystein ciia Msm-T va Ape-OPSS dugc
xéc dinh. Vi su ¢6 mit cia 75ug/mL ctia mdi enzym va 0,2mM PLP, 60mM OPS duoc tinh ché
tir canh thit 1én men OPS dugc phan tmg v6i 120mM Na,S & 37°C hogc 70°C trong 30, 60, 90, va
120 phit. Phén g nay chi duoc tién hanh & 37°C d6i véi Msm-T, nhung & ca 37°C va 70°C i
voi Ape-OPSS. Lugng xystein dd tao ra dugc xac dinh bing cach 4p dung phuong phap
Gaitonde. Nhur dugc thé hién trén Fig.5, canh thit 1én men OPS tinh ché cling ¢ tac dung lam co
chét cho qué trinh chuyén hoa enzym thanh xystein. D3c biét 13, muc do chuyén héa ctia Ape-
OPSS ting & 70°C ngay sau khi sir dung canh thit Ién men OPS tinh ché.
Vi du 48: Téng hop xystein bang OPS Sulthydrylaza ciing v6i canh thit 1én men OPS

Khi canh thit 1én men OPS duoc sit dung 1am co chét, cac mirc d chuyén héa xystein
clia Msm-T va Ape-OPSS dugc xéc dinh theo néng d6 enzym. Vi sy ¢6 mat cia 100mM Na,S
va 0,2mM PLP, 50mM canh thit Ién men OPS dugc phan tng véi Spg/mL hodc 50pg/mL cua
mdi Msm-T va Ape-OPSS & 37°C. Lugng xystein da tao ra duge xac dinh bang cach ap dung
phuong phép Gaitonde. Nhu dugc thé hién trén Fig.6, mirc 40 chuyén hoa cao nhét 1a & 50pg/mL
Msm-T. Ngoéi ra, khi sir dung canh thit 1én men OPS lam co chét, hoat tinh ctia Msm-T was 12
cao hon so v6i hoat tinh ctia Ape-OPSS.
Vi du 49: mure do chuyén héa xystein néng do OPS

D8 kiém tra mirc d6 4nh hudng ctia néng do OPS téi mirc do chuyén héa Msm-T, luong
da dinh trudc cia OPS tinh khiét duroc bd sung vao canh thit 1én men OPS d giy ra phan tmg

chuyén hoa. Enzym duoc st dung véi luong 50pg. Lugng Xystein trong dung dich phan tmg
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dugc x4c dinh bang cach 4p dung phuong phép Gaitonde. Msm-T ¢6 mirc do chuyén héa cao t6i
100% khi ndng d6 OPS khoang 30g/L.

Khi ndng dd OPS vuot qué mirc 50g/L, c& mite do chuyén héa 1&n I4n tj 1€ chuyén hod
déu giam. Tir cac két qua ndy, cin hiéu ring khi canh thit 1én men OPS dugc ding lam co chét,
¢4ty 18 ndng do t6i uu gitta OPS va enzym.

Béng 35

Mite d6 chuyén héa xystein (Msm-T 50 ug)
Thoi gian ' 0 phut | 10 phiit | 30 phit | 60 phit | 120 phat | 180 pht
OPS dugcdo  10,65g/1 0 23,03 | 65,38 | 65,70 61,95 55,35
OPS dugcdo  36,09¢/1 0 1,15 | 1023 | 28,07 97,84 100,34

OPS dugcdo  55,6g/1 0 0 2,36 741 42,69 66,67
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YEU CAUBAOHO

1. Phuong phap san xuft xystein hodc dan xuét ciia n6, bao gdm:

1) nuéi cly vi sinh vat tii t6 hop, trong d6 hoat tinh ctia phosphoserin phosphataza
(SerB) dugc lam giam so véi hoat tinh ndi sinh détaora O-sphosphoserin (OPS); va

2) cho OPS thu dugc tir bude 1) phan tmg véi sulfua véi su ¢d mat cia O-phosphoserin

sulthydrylaza (OPSS) hodc vi sinh v4t biéu hién OPSS, dé tao ra xystein hodc dan xuét cia no.

2. Phuong phép theo diém 1, trong d6 phosphoserin phosphataza ¢6 trinh tir axit amin duoc néu
trong SEQ ID NO: 1 hodc 2.

3. Phuong phép theo diém 1, trong d6 murc hoat tinh enzym duoc 1am giam bang cach sir dung k§
thudt dugc chon tir nhom bao gdm thay thé gen nhiérn séc thé ma héa enzym bang gen duoc giy
dot bién dé 1am giam hoat tinh enzym, dua dot bién vao ving diéu hoa ddi véi gen nhiém sic thé
ma hoa enzym, thay thé ving didu hoa ddi véi gen ma hoa enzym bang ving c6 hoat tinh gidm so
vOi ving ndy, gdy khuyét doan gen nhiém sic thé ma hoa enzym, va dira vao oligonucleotit ddi
nghia bd tro v6i san pham phién ma clia gen rhiém sic thé dé tc ché qua trinh dich ma ca

mARN.

4. Phuong phép theo diém 3, trong d6 vi sinh vt tai td hop trong d6 hoat tinh ctia SerB dugc lam

giam so vai hoat tinh ndi sinh duge nudi cay trong moi trudng chira glyxin hodc serin.

5. Phwong phap theo diém 4, trong d6 méi trudng chira glyxin véi haong nam trong khoang tir 0,1
dén 10 g/L.
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6. Phuong phap theo diém 4, trong 46 moi trudng chira serin v6i uong nam trong khoang tir 0,1

dén 5 g/L.

7. Phuong phép theo diém 1, trong d6 vi sinh vat tai td hop dugc ci bién tiép dé lam ting hoat

tinh ctia phosphoglyxerat dehydrogenaza (SerA) hodc phosphoserin aminotransferaza (SerC).

8. Phuong phép theo diém 7, trong d6 SerA 1a kiéu dai hodc thé dot bién khéang su tic ché phan

hoi bdi serin.

9. Phuong phép theo diém 7, trong do:
i) SerA dugc chon tir nhém bao g0m céc axit amin 6 trinh ty duoc néu trong SEQ ID
NO:3dn7;va

i) SerC ¢4 trinh tir axit amin duge néu trong SEQ ID NO: 8.

10. Phuong phép theo diém 1, trong d6 vi sinh vt t4i 6 hop duoc cai bién tiép d€ 1am giam hoat
tinh ctia PhnCDE (phnC (thanh phan ghn két ATP ciia phosphonat van chuyén, EG 10713)-phnD
(thanh phén protein ghn két bao chét ciia chét chuyén van Pn, EG 10714)-phnE (thanh phin mang
ddy d cia chit chuyén véan alkylphosphonat ABC, EG 11283)) so v6i hoat tinh ndi sinh.

11. Phuong phép theo diém 1, trong d6 vi sinh vat téi 6 hop duoc cai bién tiép d& 1am giam hoat
tinh ciia kiém phosphataza (PhoA); hodc PhoA va axit phosphataza (AphA) so véi hoat tinh noi

sinh.

12. Phuong phép theo diém 1, trong d6 vi sinh vét t4i t5 hop duoc céi bién tiép d€ lam ting hoat

tinh ctia nucleotit transhydrogenaza (PntAB).
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13. Phuong phép theo diém 1, trong d6 vi sinh vt t4i tb hop dugc céi bién tiép d€ 1am tang hoat
tinh ciia it nhit mot enzym dugc chon tir nhém bao gdm permeaza chay O-axetylserin/Xystein
(YfiK), protein chay homoserin/homoserin lacton (RhtB), va protein chdy threonin/homoserin
(RhtC).

14. Phuong phép theo diém 7, 12 hodc 13, trong d6 muc hoat tinh enzym dugc 1am ting bang
cach sir dung k¥ thudt dugc chon tir nhém bao gdm lam tang sb luong ban sao clia gen ma héa
enzym, dura dot bién vio ving didu hoa dbi véi gen nhiém sic thé ma héa enzym, thay thé vimg
didu hoa dbi véi gen nhidm sic thé ma hoa enzym bing ving ¢6 hoat tinh ting so vé6i viing nay,
thay thé gen nhi®m sic thé bing gen dugc gy dot bién @ 1am ting enzym, va dua dot bién vao

gen nhiém sic thé ma héa enzym dé 1am tang hoat tinh enzym.

15. Phwrong phép theo diém 1, trong @6 vi sinh vat tai 8 hop duoc cai bién tiép dé 1am giam hoat
tinh ca it nhit mot thanh phén dugc chon tir nhém bao g0m phosphoglyxerat mutaza isozym
ugpmA, Gpml hodic GpmB) so v6i hoat tinh ni sinh.

16. Phuong phép theo diém 1, trong d6 vi sinh vat téi 4 hop duoc cai bién tiép dé 1am giam hoat
tinh ciia L-serin dehydrataza I (SdaA) so véi hoat tinh ndi sinh.

17. Phuong phép theo diém 1, trong d6 vi sinh vt ti td hop dugc cai bién tiép dé lam gim hoat

tinh clia 2-amino-3-ketobutyrat coenzym A ligaza (Kbl) hodc yéu t6 phién ma (IcIR) so véi hoat
tinh ndi sinh.
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18. Phuong phép theo diém 1, trong d6 vi sinh vat téi t hop dugc cai bién tiép dé 1am tang hoat
tinh cta it nhit mét enzym dugc chon tir nhom bao gdm axetyl-CoA synthetaze (Acs), axit axetic
kinaza (AckA )-phosphotransaxetylaza (Pta), malat syntaza G (glcB), malat dehydrogenaza
(MaeB), glutamat dehydrogenaza (gdhA), glyoxylat carboligaza (Glc), tartronat semialdehyt
reductaza 2 (GIxR) va glyxerat kinaza II (GIXK).

19. Phuong phép theo diém 18, trong d6 vi sinh vat tai td hop dugce céi thién vé mirc tiéu thu
dudng va sinh trréng béng cach Jam ting hoat tinh cia it nhét mot enzym dugc chon tir nhom

bao gbm Gle, GIxR, va GIxK.

20. Phuong phép theo diém 1, trong d6 vi sinh vAt tai t6 hop 14 Escherichia sp. hodc Coryneform

bacteria.

21. Phuong phép theo diém 1, trong d6 & bude 2) sulfua duge chon tir nhém bao gom Na,S,
NaSH, (NH,),S, H,S, Na,S,0; va t6 hop clia ching.

22. Phuong phép theo diém 1, trong d6 & budc 2) sulfua dugc sir dung & ndng d mol cao hon tir

0,1 dén 3 14n so véindng do cira OPS duoe str dung trong qué trinh chuyén hod enzym. -
23. Phuong phéap theo diém 1, trong d6 & budc 2) OPSS ¢6 ngudn gdc tir it nhét mét loai durge
chon tir nhom bao gbm Aeropyrum pernix, Mycobacterium tuberculosis, Mycobacterium

smegmatis va Trichomonas vaginalis.

24. Phuong phép theo diém 23, trong d6 OPSS da dugc gay khuyét doan 3 dén 7 gbc axit amin tir

dau tan cung C cta no.
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25. Phuong phép theo diém 1, trong d6 qué trinh chuyén hoa ctia buédce 2) duge thuc hién véi su
6 mit ctia ddng yéu t6 dugce chon tir 0,001 ~2mM PLP (pyridoxal-5-phosphat), 0,001 ~ 100mM
DTT (dithiotreitol), va tb hop ctia ching,

26. Phuong phap theo diém 1, trong d6 phurong phap nay con bao gdm budc tach va tinh ché

xystein hodc din xuit ctia no.

27. Vi sinh vat t4i tb hop dé tao ra OPS, trong d6 hoat tinh ciia SerB dugc lam gidm so véi hoat
tinh noi sinh, va hoat tinh ctia SerA hodc SerC dugc ting cudng, trong d6 SerA khéng sur tic ché
phéan hdi béi serin.

28. Vi sinh vt tai td hop dé tao ra OPS, trong do6 hoat tinh cia SerB dugc lam gidm so véi hoat
tinh ndi sinh, va hoat tinh nay duge chon tir PhnCDE, PhoA, va AphA dugc lam giam so véi hoat

tinh ndi sinh.

29. Vi sinh vt ti t6 hop dé tao ra OPS duroc Iuu gitt véi s6 ndp huu 1a KCCM11103P.
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Danh muc trinh tir
<110> CJ CheilJedang Corporation

<120>  Phuong phép sin xult xystein hogic din xuét ciia n6 va vi sinh vat téi td hop
<130> OPA11045

<150> KR10-2010-0102664
<151> 2010-10-20

<150> KR10-2011-0086081
<151> 2011-08-26

<160> 124

<170> KopatentIn 1.71

<210> 1
<211> 446
<212> PRT

213> Corynebacterium glutamicum 13032

<220>

<221> PEPTIDE

<222> (1) .. (446)

<223> phosphoserin phosphataza, SerB

<400> 1
Met Ser Cys Ser Ala Leu Arg His Glu Thr Ile Val Ala Val Thr Glu
1 5 10 15

Leu Tle Gln Asn Glu Ser Gln Glu Ile Ala Glu Leu Glu Ala Gly Gln
20 25 30
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Gln Val Ala Leu Arg Glu Gly Tyr Leu Pro Ala Val Ile Thr

35 40

Gly Lys Asp Arg Pro Gly Val Thr Ala Ala Phe Phe Arg Val

50 55

Ala Asn Gln Val Gln Val Leu Asp Val Glu Gln Ser Met Phe

65 70

Phe Leu Asn Leu Ala Ala Phe Val Gly Ile Ala Pro Glu Arg

85

Thr Val Thr Thr Gly Leu Thr Asp Thr Leu Lys Val His Gly

100

Val Val Val Glu Leu Gln Glu Thr Val Gln Ser Ser Arg Pro

115 120

Ser His Val Val Val Val Leu Gly Asp Pro Val Asp Ala Leu

130 135

Ser Arg Ile Gly Gln Thr Leu Ala Asp Tyr Asp Ala Asn Ile

145 150

Ile Arg Gly Ile Ser Asp Tyr Pro Val Thr Gly Leu Glu Leu

165

Thr Val Pro Asp Val Ser Pro Gly Gly Gly Glu Ala Met Arg

180

Leu Ala Ala Leu Thr Ser Glu Leu Asn Val Asp Ile Ala Ile

195 200

Ser Gly Leu Leu Arg Arg Ser Lys Arg Leu Val Cys Phe Asp

210 215

105

185

36375

90

170

75

155
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60

140

220

110

190

95

175

80

160

Val

Leu

Arg

Val

Gln

Arg

Asp

Asp

Lys

Lys

Glu

Cys

Ser

Ser

Gly

Glu

Ser

Ser

Ile

Thr

Val

Ala

Arg

Asp
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Ser Thr Leu Ile Thr Gly Glu Val Ile Glu Met Leu Ala Ala His Ala
225 230 235 240

Gly Lys Glu Ala Glu Val Ala Ala Val Thr Glu Arg Ala Met Arg Gly
245 250 255

Glu Leu Asp Phe Glu Glu Ser Leu Arg Glu Arg Val Lys Ala Leu Ala
260 265 270

Gly Leu Bsp Ala Ser Val Ile Asp Glu Val Ala Ala Ala Ile Glu Leu
275 280 285

Thr Pro Gly Ala Arg Thr Thr Ile Arg Thr Leu Asn Arg Met Gly Tyr
290 295 300

Gln Thr Ala Val Val Ser Gly Gly Phe Ile Gln Val Leu Glu Gly Leu
305 310 315 320

Ala Glu Glu Leu Glu Leu Asp Tyr val Arg Ala Asn Thr Leu Glu Ile
325 330 335

~ Val Asp Gly Lys Leu Thr Gly Asn Val Thr Gly Lys Ile Val Asp Arg
340 345 350

Ala Ala Lys Ala Glu Phe Leu Arg Glu Phe Ala Ala Asp Ser Gly Leu
355 : 360 365

Lys Met Tyr Gln Thr Val Ala Val Gly Asp Gly Ala Asn Asp Ile Asp
370 375 380

Met Leu Ser Ala Ala Gly Leu Gly Val Ala Phe Asn Ala Lys Pro Ala
385 390 395 400

Leu Lys Glu Ile Ala Asp Thr Ser Val Asn His Pro Phe Leu Asp Glu
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410

415

Val Leu His Ile Met Gly Ile Ser Arg Asp Glu Ile Asp Leu Ala Asp

420

425

430

Gln Glu Asp Gly Thr Phe His Arg Val Pro Leu Thr Asn Ala

435

<210> © 2
<211> 322

<212> PRT

440

<213> Esche:ichia coli K12 w3110

<221> PEPTIDE
<222> (1)..(322)

<223> hosphoserin phosphataza, SerB
Phos] p

<400> 2
Met Pro Asn Ile Thr Trp
1 5

Pro Gly Leu Pro Leu Ser

20

Tyr His Ala Gly Arg Ser
35

Lys Gln Arg Leu Thr Gln
50 55

Ile val Ala Ala Trp Cys
65 70

Cys Asp Leu Pro Glu Asp Val

10

Leu Ser Gly Asp Glu Val Met

25

Gly Trp Leu Leu Tyr Gly Arg

40

Tyr Gln Ser Lys Leu Gly Ala

60

445

45

30

15

Ser Leu Trp

Pro Leu Asp

Gly Leu Asp

Ala Met Val

Val Glu Asp Tyr Gln Val Ile Arg Leu Ala

75
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Gly Ser Leu Thr Ala Arg Ala Thr Arg Leu Ala His Glu Ala
85 90 95

Asp Val Ala Pro Leu Gly Lys Ile Pro His Leu Arg Thr Pro
100 105 110

Leu Val Met Asp Met Asp Ser Thr Ala Ile Gln Ile Glu Cys
115 120 125

Glu Ile Ala Lys Leu Ala Gly Thr Gly Glu Met Val Ala Glu
130 135 140

Glu Arg Ala Met Arg Gly Glu Leu Asp Phe Thr Ala Ser Leu
145 150 155 160

‘Arg Val Ala Thr Leu Lys Gly Ala Asp Ala Asn Ile Leu Gln
165 170 175

Arg Glu Asn Leu Pro Leu Met Pro Gly Leu Thr Gln Leu Val
180 185 190

Leu Glu Thr Leu Gly Trp Lys Val Ala Ile Ala Ser Gly Gly
195 200 205

Phe Phe Ala Glu Tyr Leu Arg Asp Lys Leu Arg Leu Thr Ala
210 215 220 -

Ala Asn Glu Leu Glu Ile Met Asp Gly Lys Phe Thr Gly Asn
225 230 235 240

Gly Asp Ile Val Asp Ala Gln Tyr Lys Ala Lys Thr Leu Thr
245 250 255

Ala Gln Glu Tyr Glu Ile Pro Leu Ala Gln Thr Val Ala Ile
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Gln

Gly

Ile

Val

Arg

Gln

Leu

Phe

Val

Val

Arg

Gly

Leu

Leu

Asp

Thr

Ser

Val

Lys

Thr

Val

Ile

Leu

Asp
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260 265 270

Gly Ala Asn Asp Leu Pro Met Ile Lys Ala Ala Gly Leu Gly Ile Ala
275 280 285

Tyr His Ala Lys Pro Lys Val Asn Glu Lys Ala Glu Val Thr Ile Arg
250 295 300

His Ala Asp Leu Met Gly Val Phe Cys Ile Leu Ser Gly Ser Leu Asn
305 310 " 315 320

Gln Lys

<213> Trinh tu nhadn tao

<220>
<223> D-3-phcsphoglyxerat dehydrogenaza (E235K), SerA(E235K)

<400> 3
Met Ser Gln Asn Gly Arg Pro Val Val Leu Ile Ala Asp Lys Leu Ala

1 5 10 15

Gln Ser Thr Val Asp Ala Leu Gly Asp Ala Valleu Val Arg Trp Val
20 25 30

Asp Gly Pro Asn Arg Pro Glu Leu Leu Asp Ala Val Lys Glu Ala Asp
35 40 45

Ala Leu Leu Val Arg Ser Ala Thr Thr Val Asp Ala Glu Val Ile Ala
50 55 60

Ala Ala Pro Asn Leu Lys Ile Val Gly Arg Ala Gly Val Gly Leu Asp
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65 70 75

80

Asn Val Asp Ile Pro Ala Ala Thr Glu Ala Gly Val Met Val

85 90

95

Ala Pro Thr Ser Asn Ile His Ser Ala Cys Glu His Ala Ile

100 105

110

Leu Leu Ser Thr Ala Arg Gln Ile Pro Ala Ala Asp Ala Thr

115 120

125

Glu Gly Glu Trp Lys Arg Ser Ser Phe Asn Gly Val Glu Ile

Lys Thr Val Gly Ile Val Gly Phe Gly

140

His Ile Gly

145 150 155

Gln Arg Leu Ala Ala Phe Glu Thr Thr
165 170

Ala Asn Pro Ala Arg Ala Ala Gln Leu

180 185

Asp Glu Leu Met Ser Arg Ser Asp Phe
195 200

Thr Lys Glu Thr Ala Gly Met Phe Asp
210 215

Lys Lys Gly Gln Ile Ile Ile Asn Ala

I1

D

Val Ala

Asn Val Glu
190

Val Thr Ile b

205

Ala Gln Leu
220

Ala Arg Gly

225 230 235

Gln Leu
160

Tyr Asp
175

Leu Val

Leu Ala

Gly Leu
240

Glu Gln Ala Leu Ala Asp Ala Ile Glu Ser Gly His Ile Arg
255

245 250
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Ala

Ser

Leu

Phe

Phe

Glu

Pro

Lys

Val

Gly

Asn

Leu

Gly

Ala

Tyr

Leu

Lys

Ser

Ala



Gly Phe Asp Val Tyr Ser
260

Lys Leu Pro Gln Val Vval
275

Glu Ala Gln Asp Arg Ala
290 295

Ala Leu Ala Gly Glu Phe
305 310

Arg Val Gly Glu Lys Val
325

Gly Leu Leu Ala Gly Lys
340

Val Glu Ala Arg Gly Glu
355

Leu Ser Ala Val Arg Gly Leu Phe Ser Gly Ile Ile

370 375
Thr
385 390
Ser

405

Val
420

Leu

435

280

36375

Thr Glu Pro Cys Thr Asp Ser Pro
265 270

Val Thr Pro His Leu Gly Ala Ser
285

Gly Thr Asp Val Ala Asp Ser Val
300

Val RAla Asp Ala Val Asn Val Ser
315 320

Ala Val Trp Met Asp Leu Ala Arg

330

Leu Val Asp Ala Ala Pro

345

Leu Ser Ser Glu Gln Val

360

380

395

410

425

-66-

365

445

350

Phe Val Asn Ala Pro Arg Ile Ala Glu Glu Arg

430

335

Val Ser

Asp Ala

Glu Glu

Gly Leu

Val Lys Thr Asn Ser Glu Ser Val Thr His Arg Ser Val

415

Lys Val Ile Thr Gly Ser Gly Ala Ser Ala Thr Val Val

Thr Gly Leu Glu Arg Val Glu Lys Ile Thr Arg Ile Asn
440

Leu

Thr

Leu

Gly

Lys

Ile

Leu

Ser

Asp

Leu

Gly

Gly

Phe

Glu

Lys

Gly

Leu

Glu

Gly

Val

Ile

Gln

Arg



36375

Gly Leu Asp Leu Arg Ala Glu Gly Leu Asn Leu Phe Leu Gln Tyr Thr
450 455 460

Asp Ala Pro Gly Ala Leu Gly Thr Val Gly Thr Lys Leu Gly Ala Ala
465 470 475 480

Gly Ile Asn Ile Glu Ala Ala Ala Leu Thr Gln Ala Glu Lys Gly Asp
485 490 495

Gly Ala Val Leu Ile Leu Arg Val Glu Ser Ala Val Ser Glu Glu Leu
500 505 510

Glu Ala Glu Ile Asn Ala Glu Leu Gly Ala Thr Ser Phe Gln Val Asp
515 520 525

Leu Asp
530

<210> 4

<211> 333

<212> PRT

<213> Trinh tu nhén tao

<220>
<223> D-3-phosphoglyxerat dehydrogenaza (197 delta), SerA(197 delta)

<400> 4
Met Ser Gln Asn Gly Arg Pro Val Val Leu Ile Ala Asp Lys Leu Ala

1 5 10 15

Gln Ser Thr Val Asp Ala Leu Gly Asp Ala Val Glu Val Arg Trp Val
20 25 30

Asp Gly Pro Asn Arg Pro Glu Leu Leu Asp Ala Val Lys Glu Ala Asp
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36375

35 40 45

Ala Leu Leu Val Arg Ser Ala Thr Thr Val Asp Ala Glu Val
50 55 60

Ala Ala Pro Asn Leu Lys Ile Val Gly Arg Ala Gly Val Gly
65 70 75 80

Asn Val Asp Ile Pro Ala Ala Thr Glu Ala Gly Val Met Val
85 90 95

Ala Pro Thr Ser Asn Ile His Ser Ala Cys Glu His Ala Ile
100 105 110

Leu Leu Ser Thr Ala Arg Gln Ile Pro Ala Ala Asp Ala Thr
115 120 125

Glu Gly Glu Trp Lys Arg Ser Ser Phe Asn Gly Val Glu Ile
130 135 140

Lys Thr Val Gly Ile Val Gly Phe Gly His Ile Gly Gln Leu
145 150 155 160

Gln Arg Leu Ala Ala Phe Glu Thr Thr Ile Val Ala Tyr Asp
165 170 175

Ala Asn Pro Ala Arg Ala Ala Gln Leu Asn Val Glu Leu Val
180 185 190

Asp Glu Leu Met Ser Arg Ser Asp Phe Val Thr Ile His Leu
195 200 205

Thr Lys Glu Thr Ala Gly Met Phe Asp Ala Gln Leu Leu Ala
210 215 220

-68-

Ile

Leu

Ala

Ser

Leu

Phe

Phe

Pro

Glu

Pro

Lys

Ala

Asp

Asn

Leu

Arg

Gly

Ala

Tyr

Leu

Lys

Ser



Lys Lys Gly Gln
225

Glu Gln Ala Leu

36375

Ile Ile Ile Asn Ala Ala Arg Gly Gly Leu Val Asp
230 235 240

Ala Asp Ala Ile Glu Ser Gly His Ile Arg Gly Ala

245 250 255

Gly Phe Asp Val
260

Lys Leu Pro Gln

Glu Ala Gln Asp

290

Ala Leu Ala Gly

305

Arg Val Gly Glu

<211> 410
<212> PRT

Tyr Ser Thr Glu Pro Cys Thr Asp Ser Pro Leu Phe
265 270

Val Val Val Thr Pro His Leu Gly Ala Ser Thr Glu
280 285

Aryg Ala Gly Thr Asp Val Ala Asp Ser Val Leu Lys
295 300

Glu Phe Val 2la Asp Ala Vai Asn Val Ser Gly Gly
310 315 320

Glu Val Zla Val Trp Met Asp Leu Ala

5 330

<213> Trinh tu nhén tao

<220>

<223> D-3-phosphoglyxerat dehydrogenaza (G336V), SerA(G336V)

<400> 5
Met Ala Lys Val

Glu Gly Val His
20

5

Ser Leu Glu Lys Asp Lys Ile Lys Phe Leu Leu Val
10 15

Gln Lys Ala Leu Glu Ser Leu Arg Ala Ala Gly Tyr
25 30

-69-



Thr Asn

Glu Ser

50

Leu Thr
65

Arg Gly

Ala Glu

36375

Ile Glu Phe His Lys Gly Ala Leu Asp Asp Glu Gln

35 40 45

Ile Arg Asp Ala His Phe Ile Gly Leu Arg Ser Arg
55 60

Glu Asp Val Ile Asn Ala Ala Glu Lys Leu Val Ala
70 75 80

Cys Ile Gly Thr Asn Gln Val Asp Leu Asp Ala Ala
85 90 95

Ile Pro Val Phe Asn Ala Pro Phe Ser Asn Thr Arg
100 105 110

Leu Val Ile Gly Glu Leu Leu Leu Leu Leu Arg Gly

115 120 125

Glu Ala
130

Gly Ser

145

His Ile

val Tyr

Gln Val

Asn Ala Lys Ala His Arg Gly Val Trp Asn Lys Leu
135 140

Phe Glu Ala Arg Gly Lys Lys Leu Gly Ile Ile Gly
150 155 160

Gly Thr Gln Leu Gly Ile Leu Ala Glu Ser Leu Gly
165 170 175

Phe Tyr Asp Ile Glu Asn Lys Leu Pro Leu Gly Asn
180 185 190

Gln His Leu Ser Asp Leu Leu Asn Met Ser Asp Val

195 200 205

Leu His

Val Pro Glu Asn Pro Ser Thr Lys Asn Met Met Gly

-70-

Leu

Thr

Ile

Ala

Ser

Val

Ala

Tyr

Met

Val

Ala

His

Gly

Lys

Val

Pro

Ala

Gly

Tyr

Thr

Ser

Lys



36375

210 215

220

Glu Ile Ser Leu Met Lys Pro Gly Ser Leu Leu Ile Asn Ala
240

225 230

235

Gly Thr Val Val Asp Ile Pro Ala Leu Cys Asp Ala Leu Ala
255

245 250

His Leu Ala Gly Ala Ala Ile Asp Val Phe Pro Thr

260 265

270

Asn Ser Asp Pro Phe Thr Ser Pro Leu Cys Glu Phe

275 280

Leu Thr Pro His Ile Gly Gly Ser Thr Gln Glu Ala

290 295

300

Gly Leu Glu Val Ala Gly Lys Leu Ile Lys

305 310

315

Thr Leu Ser Ala Val Asn Phe Pro Glu Val

325 330

Gly Arg Arg Leu Met His Ile His Glu Asn

340 345

Ala Leu Asn Lys Ile Phe Ala Glu Gln Gly

355 360

Tyr Leu Gln Thr Ser Ala Gln Met Gly Tyr

370 375

380

Tyr Ser

Ser Leu

Glu Pro

Asp Asn

Gln Glu

Asp Asn
320

Pro

335

350

Arg Pro Gly

Val Asn Ile

Val val Ile

Ala Asp Glu Asp Val Ala Glu Lys Ala Leu Gln Ala Met

385 390

395

-71-

Leu

Val

Ala

Asp

Lys

400

Ser

Ser

Ala

Val

Asn

His

Leu

Ala

Ile

Ala

Lys

Thr

Leu

Ile

Ser

Val

Thr

Gln

Glu

Ile



36375

Pro Gly Thr Ile Arg Ala Arg Leu Leu Tyr
405 410

<210> 6
<211> 410
<212> PRT

<213> Trinh tu nhdn tao

<220>

<223> D-3-phosphoglyxerat dehydrogenaza (G336V, G337V), SerA(G336V,
G337V)

<400> 6

Met Ala Lys Val Ser Leu Glu Lys Asp Lys Ile Lys Phe Leu Leu Val

1 5 10 15

Glu Gly Val His Gln Lys Ala Leu Glu Ser Leu Arg Ala Ala Gly Tyr
20 : 25 30

Thr Asn Ile Glu Phe His Lys Gly Ala Leu Asp Asp Glu Gln Leu Lys
33 40 45

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

Leu Thr Glu Asp Val Ile Asn Ala Ala Glu Lys Leu Val Ala Ile Gly
65 : 70 75 80

Cys Phe Cys Ile Gly Thr Asn Gln Val Asp Leu Asp Ala Ala Ala Lys
85 90 95

Arg Gly Ile Pro Val Phe Asn Ala Pro Phe Ser Asn Thr Arg Ser Val
100 105 110

Ala Glu Leu Val Ile Gly Glu Leu Leu Leu Leu Leu Arg Gly Val Pro
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115

Glu Ala Asn Ala Lys Ala
130 135

Gly Ser Phe Glu Ala Arg
145 150

His Ile Gly Thr Gln Leu
165

Val Tyr Phe Tyr Asp Ile
180

Gln Val Gln His Leu Ser
195

Leu His Val Pro Glu Asn
210 215

Glu Ile Ser Leu Met Lys
225 230

Gly Thr Val Vval Asp Ile
245

His Leu Ala Gly Ala Ala
260

Asn Ser Asp Pro Phe Thr
275

36375

120 125

His Arg Gly Val Trp Asn Lys Leu
140

Gly Lys Lys Leu Gly Ile Ile Gly
155 , 160

Gly Ile Leu Ala Glu Ser Leu Gly
170 175

Glu Asn Lys Leu Pro Leu Gly Asn
185 190

Asp Leu Leu Asn Met Ser Asp Val

200 205

Pro Ser Thr Lys Asn Met Met Gly
220

Pro Gly Ser Leu Leu Ile Asn Ala
235 240

Pro Ala Leu Cys Asp Ala Leu Ala
250 255

Ile Asp Val Phe Pro Thr Glu Pro
265 270

Ser Pro Leu Cys Glu Phe Asp Asn

280 285

Ala

Tyr

Met

Ala

Val

Ala

Ser

Ser

Ala

Val

Leu Thr Pro His Ile Gly Gly Ser Thr Gln Glu Ala Gln Glu Asn

290 295

300

-73-

Ala

Gly

Tyr

Thr

Ser

Lys

Arg

Lys

Thr

Leu

Ile



36375

Gly Leu Glu Val Ala Gly Lys Leu Ile Lys Tyr Ser Asp Asn Gly Ser
305 310 315 320

Thr Leu Ser Ala Val Asn Phe Pro Glu Val Ser Leu Prc Leu His Val
325 330 335

Val Arg Arg Leu Met His Ile His Glu Asn Arg Pro Gly Val Leu Th
340 345 350

o]

Ala Leu Asn Lys Ile Phe Ala Glu Gln Gly Val Asn Ile Ala Ala Gln
355 360 365

Tyr Leu Gln Thr Ser Ala Gln Met Gly Tyr Val Val Ile Asp Ile Glu

370 375 380

Ala Asp Glu Asp Val Ala Glu Lys 2la Leu Gln Ala Met Lys Ala Ile

38E& 390 395 400

Pro Gly Thr Ile Arg Ala Arg Leu Leu Tyr
405 410

<Z10> 7
<211> 410
<212> PRT

<213> Trinh ty nhdn tao

<220>

<223> D-3-phosphoglyxerat dehydrogenaza (G336V, R338G), SerA(G336V,
R338G)

<400> 7

Met Ala Lys Val Ser Leu Glu Lys Asp Lys Ile Lys Phe Leu Leu Val

1 5 10 15

Glu Gly Val His Gln Lys Ala Leu Glu Ser Leu Arg Ala Ala Gly Tyr
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36375

20 25 30

Thr Asn Ile Glu Phe His Lys Gly Ala Leu Asp Asp Glu Gln Leu Lys
35 40 45

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

Leu Thr Glu Asp Val Ile Asn Ala Ala Glu Lys Leu Val Ala Ile Gly
65 70 ‘ 75 80

Cys Phe Cys Ile Gly Thr Asn Gln Val Asp Leu Asp Ala Ala Ala Lys
8 90 95

w

Arg Gly Ile Pro Val Phe Asn Ala Pro Phe Ser Asn Thr Arg Ser Val
100 105 110

Ala Glu Leu Val Ile Gly Glu Leu Leu Leu Leu Leu Arg Gly Val Pro
115 120 125

Glu Ala Asn Ala Lys Ala His Arg Gly Val Trp Asn Lys Leu Ala Ala
130 135 140

Gly Ser Phe Glu Ala Arg Gly Lys Lys Leu Gly Ile Ile Gly Tyr Gly
145 150 155 160

His Ile Gly Thr Gln Leu Gly Ile Leu Ala Glu Ser Leu Gly Met Tyr
165 170 175

Val Tyr Phe Tyr Asp Ile Glu Asn Lys Leu Pro Leu Gly Asn Ala Thr
180 185 190

Gln Val Gln His Leu Ser Asp Leu Leu Asn Met Ser Asp Val Val Ser
195 200 205

-75-



Leu His Val Pro Glu Asn
210 215

Glu Ile Ser Leu Met Lys
225 230

Gly Thr Vval Val Asp Ile
245

His Leu Ala Gly Ala Ala
260

Asn Ser Asp Pro Phe Thr
275

Leu Thr Pro His Ile Gly
290 295

Gly Leu Glu Val Ala Gly Lys Leu

305 310

Thr Leu Ser Ala Val Asn
325

Gly Gly Arg Leu Met His
340

Ala Leu Asn Lys Ile Phe Ala Glu Gln Gly
360

355

280

36375

Pro Ser Thr Lys Asn Met
220

Pro Gly Ser Leu Leu Ile
235

Pro Ala Leu
250

Cys Asp Ala

Ile Asp Val Phe Pro Thr

265 270
Leu

Ser Pro Cys Glu Phe

285

~ Gln Glu Ala
300

Gly Ser T

Tle Lys Tyr Ser

315

Phe Pro Glu Val
330

Ser Leu

Ile His Glu Asn

345

Val Asn
365

Tyr Leu Gln Thr Ser Ala Gln Met Gly Tyr Val Val

370 375

380

Ala Asp Glu Asp Val Ala Glu Lys Ala Leu Gln Ala

385 390

395

-76-

Met Gly

Asn Ala

240

Leu Ala

255

Glu Pro

ASp Asn

Gln Glu

Asp Asn

Pro Leu

335

Gly Vval

Ile Ala

Ile Asp

Met Lys
400

Ala

Ser

Ser

Ala

Val

Asn

Gly

His

Leu

Ala

Ile

Ala

Lys

Arg

Lys

Leu

Ile

Val

Thr

Gln

Glu

Ile



36375

Pro Gly Thr Ile Arg Ala Arg Leu Leu Tyr
405 410

<210> 8
<211> 362
<212> PRT

<213> Escherichia coli K12 W3110

<220>
<221> PEPTICE
<222> (1)..(362)

<223> 3-phosphoserin/phosphohydroxythreonin aminotransferaza, SerC

<400> 8
Met Ala Gln Ile Phe Asn Phe Ser Ser Gly Pro Ala Met Leu Pro Ala
1 5 10 15

Glu Val Leu Lys Gln Ala Gln Gln Glu Leu Arg Asp Trp Asn Gly Leu
20 25 30

Gly Thr Ser Val Met Glu Val Ser His Arg Gly Lys Glu Phe Ile Gln
35 40 45 '

Val Ala Glu Glu Ala Glu Lys Asp Phe Arg Asp Leu Leu Asn Val Pro
50 55 60

Ser Asn Tyr Lys Val Leu Phe Cys His Gly Gly Gly Arg Gly Gln Phe
65 70 75 80

Ala Ala Val Pro Leu Asn Ile Leu Gly Asp Lys Thr Thr Ala Asp Tyr
85 90 95

Val Asp Ala Gly Tyr Trp Ala Ala Ser Ala Ile Lys Glu Ala Lys Lys
100 105 110
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36375

Tyr Cys Thr Pro Asn Val Phe Asp Ala Lys Val Thr Val Asp Gly

115 120

125

Arg Ala Val Lys Pro Met Arg Glu Trp Gln Leu Ser Asp Asn Ala

130 135

140

Tyr Met His Tyr Cys Pro Asn Glu Thr Ile Asp Gly Ile Ala Ile
160

145 150

Glu Thr Pro Asp Phe Gly Ala Asp Val

165

Ser Thr Ile Leu Ser Arg Pro Ile Asp

130 185

Tyr Ala Gly Ala Gln Lys Asn Ile Gly

195 200

Ile Val Arg Glu Asp Leu Leu Gly Lys

210 215

170

155

220

175

190

205

Val Val Ala Ala Asp Phe

Val Ser Arg Tyr Gly Val

Pro Ala Gly Leu Thr Ile

Ala Asn Ile Ala Cys Pro

Ile Leu Asp Tyr Ser Ile Leu Asn Asp Asn Gly Ser Met Phe Asn
240

225 230

235

Pro Pro Thr Phe Ala Trp Tyr Leu Ser Gly Leu Val Phe

245

250

255

Lys Ala Asn Gly Gly Val Ala Glu Met Asp Lys Ile Asn

260 265

Ala Glu Leu Leu Tyr Gly Val Ile Asp Asn

275 280

Asp Val Ala Lys Ala Asn Arg Ser Arg Met

-78-

270

Ser Asp Phe
285

Asn Val Pro

Lys Trp

Gln Gln

Tyr Arg

Phe Gln

Leu

Ala

Asp

Ser

Ile

Val

Ser

Thr

Leu

Lys

Asn

Leu



36375

290 295 300

Ala Asp Ser Ala Leu Asp Lys Leu Phe Leu Glu Glu Ser Phe Ala Ala
305 310 315 320

Gly Leu His Ala Leu Lys Gly His Arg Val Val Gly Gly Met Arg Ala
325 330 335

Ser Ile Tyr Asn Ala Met Pro Leu Glu Gly Val Lys Ala Leu Thr Asp
340 345 350

Phe Met Val Glu Phe Glu Arg Arg His Gly

355 360
<210> 9
<211> 323
<212> PRT

<213> Chung Mycobacterium smegmatics MC2 155

<220>

221> PEPTIDE
222> (1)..(323)
<223> Msm—-OPSS

<400> 9
Met Thr Arg Tyr Asp Ser Leu Leu Gln Ala Leu Gly Asn Thr Pro Leu

1 5 10 15

Val Gly Leu Gln Asn Leu Ser Pro Arg Trp Asp Asp Glu Asp Gly Lys
20 25 30

Pro His Val Arg Leu Trp Ala Lys Leu Glu Asp Arg Asn Pro Thr Gly
35 40 45

Ser Ile Lys Asp Arg Pro Ala Leu Arg Met Ile Glu Gln Ala Glu Arg
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36375

50 55

60

Asp Gly Leu Leu Gln Pro Gly Ala Thr Ile Leu Glu Pro Thr
65 70 75

Asn Thr Gly Ile Ser Leu Ala Met Ala
85 90

Met Ile Cys Val Met Pro Glu Asn Thr
100 105

Leu Glu Leu Tyr Gly Ala Arg Ile Ile
115 120

Ser Asn Thr Ala Val Ala Thr Ala Lys
130 135

Ala Leu Leu Lys
95

80

Gly

Ser Ile Glu Arg Arg

110

Phe Ser Pro Ala

125

Glu Leu Ala Ala
140

Glu

Gln

Ser Trp Val Met Leu Tyr Gln Tyr Giy Asn Pro Ala Asn Ser

145 150 155

His Tyr Phe Gly Thr Gly Pro Glu Leu
165 170

Thr His Phe Val Ala Gly Leu Gly Thr
180 185

Gly Arg Phe Leu Arg Glu His Val Pro
195 200

Glu Pro Arg Tyr Gly Glu Gly Val Tyr
210 215

Leu Ala Asp Leu E

175

Thr Gly Thr Leu
190

Gly Val Gln Ile
205

Ala Leu Arg Asn
220

160

Met

Val

Ile

Gly Phe Ile Pro Glu Leu Tyr Asp Ala Asp Val Leu Thr Thr

225 230 235
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240

Ser

Tyr

Gln

Gly

Asn

Asp

Glu

Gly

Ala

Asp

Arg

Gly

Asn

Ile

Gly

Pro

Ala

Ile

Thr

Ala

Glu

Phe



36375

Ser Val Gly Ser Phe Asp Ala Val Arg Arg Thr Arg Glu Leu Val Thr
245 250 255

Arg Glu Gly Ile Phe Ala Gly Ile Ser Thr Gly Ala Val Leu His Ala
260 265 270

Ala Leu Gly Met Ala Ala Lys Ala Val Lys Ala Gly Glu Arg Ala Asp
275 280 285

Ile Ala Phe Val Val Ala Asp Ala Gly Trp Lys Tyr Leu Ser Thr Gly
290 295 300

Ala Tyr RAla Gly Ser Leu Asp Asp Ala Glu Asp Ala Leu Glu Gly Gln

305 310 315 320
Leu Trp Ala

<210> 10

<211> 318

<212> PRT

<213> Chiing Mycobacterium smegmatics MC2 155

<220>

<221> PEPTIDE
<222> (1)..(318)
<223> Msm-T

<400> 10
Met Thr Arg Tyr Asp Ser Leu Leu Gln Ala Leu Gly Asn Thr Pro Leu

1 5 10 15

Val Gly Leu Gln Asn Leu Ser Pro Arg Trp Asp Asp Glu Asp Gly Lys
20 25 30

Pro His Val Arg Leu Trp Ala Lys Leu Glu Asp Arg Asn Pro Thr Gly
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Ser

Asp
65

Asn

36375

35 40 45

Ile Lys Asp Arg Pro Ala Leu Arg Met Ile Glu Gln Ala

50

55 60

Gly Leu Leu Gln Pro Gly Ala Thr Ile Leu Glu Pro Thr

70 75 80

Thr Gly Ile Ser Leu Ala Met Ala Ala Leu Leu Lys Gly

85 90 95

Ile Cys Val Met Pro Glu Asn Thr Ser Ile Glu Arg Arg

100 105 110

Leu Glu Leu Tyr Gly Ala Arg Ile Ile Phe Ser Pro Ala Glu

115 120 125

Ser Asn Thr Ala Val Ala Thr Ala Lys Glu Leu Ala Ala Gln

Ser

145

His

Thr

130

135 140

Trp Val Met Leu Tyr Gln Tyr Gly Asn Pro Ala Asn Ser

156 155 160

Tyr Phe Gly Thr Gly Pro Glu Leu Leu Ala Asp Leu Pro

165 170 175

His Phe Val Ala Gly Leu Gly Thr Thr Gly Thr Leu Met

180 185 190

Arg Phe Leu Arg Glu His Val Pro Gly Val Gln Ile Val

195 200 205

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

210

215 220

-82-

Glu

Ser

Tyr

Gln

Asn

Asp

Glu

Gly

Ala

Asp

Arg

Gly

Asn

Ile

Gly

Pro

Ala

Ile

Thr

Ala

Glu



36375

Gly Phe Ile Pro Glu Leu Tyr Asp Ala Asp Val Leu Thr Thr Arg Phe
225 230 235 240

Ser Val Gly Ser Phe Asp Ala Val Arg Arg Thr Arg Glu Leu Val Thr
245 250 255

Arg Glu Gly Ile Phe Ala Gly Ile Ser Thr Gly Ala Val Leu His Ala
260 265 270

Ala Leu Gly Met Ala Ala Lys Ala Val Lys Ala Gly Glu Arg Ala Asp
275 280 285

Ile Ala Phe Val Val Ala Asp Ala Gly Trp Lys Tyr Leu Ser Thr Gly
290 295 300

Ala Tyr Ala Gly Ser Leu Asp Asp Ala Glu Asp Ala Leu Glu

305 310 315
<210> 11
<211> 318
<212> PRT

<213> Mycobacterium tuberculosis H37TRv

<221> PEPTIDE
<222> (1)..(318)
<223> Mtb-T

<400> 11
Met Thr Arg Tyr Asp Ser Leu Leu Gln Ala Leu Gly Asn Thr Pro Leu
1 5 10 15

Val Gly Leu Gln Arg Leu Ser Pro Arg Trp Asp Asp Gly Arg Asp Gly
20 25 30
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Pro His

Ile
50

Ser

Asp Gly

65

Asn Thr

Leu

Ile

Leu Glu

Val
35

Arg Leu Trp

Lys Asp Arg Pro

55
Leu Leu Arg Pro
70

Ile Ser Leu

85

Gly

Cys Val Met

100

Leu Tyr Gly Ala

115

Ser Asn

130
Trp
His Tyr
Thr

His

Gly

Thr Ala Val Ala

135
Val Met Leu Tyr
150

Cys Gly Thr Gly
165

Phe Val Ala Gly
180

195

36375

Ala
40

Lys Leu Glu

Ala Val Arg Met

60

Ala Thr Ile
75

Gly

Ala Met RAla 2la

80
Glu Asn Thr

105

(]
—

r‘
{
i
-
0]

1z¢C

Thr Ala Lys Glu

- Val Glu Arg

Asp Arg Asn Pro
45

Ile Glu Gln Ala

Leu Glu Pro Thr

80

Arg Leu Lys Gly

9

(2}

Arg

110

Ser Ala Ala Glu

[
[\
w

Leu Ala Ala Thr

140

Glnn Tyr Gly Asn

155

Glu Leu Leu

170

Pro

Leu Gly Thr Thr
185

Arg Phe Leu Arg Glu His Val Ala Asn

200

Glu Pro Arg Tyr Gly Glu Gly Val Tyr Ala
220

210

215

Pro Ala Asn Thr

160

Ala Asp Leu Pro
175

Gly Thr Leu Met
190

Val Lys Ile Vval
205

Leu Arg Asn Met

Thr

Ser

Tyr

Gln

Gly

Asn

Asp

Gly

Ala

Asp

Gly

Ala

Arg

Leu

Gly

Pro

Ser

Ile

Thr

Ala

Glu



36375

Gly Phe Val Pro Glu Leu Tyr Asp Pro Glu Ile Leu Thr Ala Arg Tyr
225 230 235 240

Ser Val Gly Ala Val Asp Ala Val Arg Arg Thr Arg Glu Leu Val His
245 250 255

Thr Glu Gly Ile Phe Ala Gly Ile Ser Thr Gly Ala Val Leu His Ala
260 265 270

Ala Leu Gly Val Gly Ala Gly Ala Leu Ala Ala Gly Glu Arg Ala Asp
275 280 285

Ile Ala Leu Val Val Ala Asp Ala Gly Trp Lys Tyr Leu Ser Thr Gly
290 295 300

a Tyr Ala Gly Ser Leu Asp Asp Ala Glu Thr Ala Leu Glu

305 310 315
<210> 12

<211> 389

<212> PRT

<213> Trinh tu nhén tao

<220>
<223> Ape-0PSS

<400> 12
Met Ala Leu Ala Asp Ile Ser Gly Tyr Leu Asp Val Leu Asp Ser Val

1 5 10 15

Arg Gly Phe Ser Tyr Leu Glu Asn Ala Arg Glu Val Leu Arg Ser Gly
20 25 30

Glu Ala Arg Cys Leu Gly Asn Pro Arg Ser Glu Pro Glu Tyr Val Lys
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35

Leu Tyr Val Ile Gly
50 55

His Thr Leu Glu Glu
70

Ser
65
Glu Met Val Phe Pro Ser
85
Thr Pro Leu Val Arg Ser
100
Trp Leu Lys

115

Leu Glu Trp

Arg Pro Ala
130

Val Glu Ile

135

Gly Ser Leu
145

Val Ala Asp
150
Ser Ala Val Ala Arg Leu
165

Gly Ala Ala Glu Glu Phe
180

Gln Val Ile Val Asp Pro
195

Arg Val Met Lys Asp Ser
210 215

120

200

36375

40 45

Ala Ser Arg Ile Pro
60

Val Gly Asp Gly

Leu Gly Val Phe
75

Ile Ser Val
80

Asp Pro

Pro Leu Asp Phe Phe

90

Glu Arg Gly
95

Lys

Arg Leu Gln Leu
105

Pro Asn Gly Val

110

Arg

Asn Pro Phe Ser Leu Sexr Val

125

Tvr Lys

Ser Arg Arg Val G

()
}»—l
[

Ser Arg Leu
140
Ala Thr Ser Ser Asn Phe Gly Val
155 160

Ala

Tyr Gly Tyr Arg Ala Arg Val Tyr Leu

170 175

Gly Lys Leu Leu Pro Arg Leu Leu
185 190

Gly

Glu Ala Pro Ser Thr Val His Leu Leu
205

Lys Asn Glu Gly Phe Val His Val Asn
220

-86-

Cys

Gly

Val

Asp

Lys

Leu

Pro

Pro

Gln



36375

Phe Tyr Asn Asp Ala Asn Phe Glu Ala His Met Arg Gly Thr
225 230 235 240

Glu Ile Phe Val Gln Ser Arg Arg Gly Gly Leu Ala Leu Arg
245 250 ' 255

Ala Gly Ser Leu Gly Thr Ser Gly His Met Ser Ala Ala Ala
260 265 270

Leu Gln Ser Val Asp Pro Ser Ile Arg 'Ala Val Leu Val Gln
275 280 285

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

Trp Ile Asn Met Leu Asp Ile Ser Tyr Thr Leu Ala Glu Val
305 310 3 320

-
o

Glu Glu Ala Met Glu Ala Val Val Glu Val Ala Arg Ser Asp
325 330 335

Val Ile Gly Pro Ser Gly Gly Ala Ala Val Lys Ala Leu Ala
340 345 350

Ala Ala Glu Gly Asp Leu Glu Pro Gly Asp Tyr Val Val Val
355 360 365

Asp Thr Gly Phe Lys Tyr Leu Ser Leu Val Gln Asn Ala Leu
370 375 380

Ala Gly Asp Ser Val
385

<210> 13
<211> 1341

-87-

Ala

Gly

Phe

Pro

Met

Thr

Gly

Lys

Val

Glu

Arg

Val

Tyr

Ala

Leu

Leu

Leu

Lys

Pro

Gly



<212>
<213>

<220>
<221>
<222>

<223>

<400> 13
atgtcgtgtt

gaatcccaag

cttcctgegg

agggtcttgt

tttttgaact

ggcctgactg

gtgcagtcgt

gcgttggata

attcgtggta

gtcagccctg

aatgtggata

ttcgattgtyg

ggcaaggaag

ADN

gen
(1) ..(1341)

serB

ccgcgctcag

aaatcgctga

tgatcacagt

ccgctaatca

tggcggegtt

acaccctcaa

ccegtecteg

tttcecegeat

tttcggatta

gtggtggtga

ttgcgattga

attccacgtt

ctgaagttgc

36375

acatgagaca

gctggaagcce

gagcggtaaa

ggttcaggtc

tgtgggtatc

ggtgcatgga

ttcttcececat

tggtcagacc

ccctgtgace

agcgatgcgt

gcgttctggt

gatcactggt

ggcagttact

Corynebacterium glutamicum 13032

attgttgccg

ggccagcagg

gaccgccecag

ttggacgttg

gcacctgagc

cagtccgtgg

gttgttgtgg

ctggcggatt

ggcctggage

aaggcgcttg

ttgctgcgtce

gaggtcattg

gagcgtgcga

-88-

tgactgaact

ttgcattgcg

gtgtgactgc

agcagtcaat

gtgtcgagac

tggtggagct

tgttgggtga

acgatgccaa

tgaaggtgac

ctgctcttac

gttctaagcg

agatgctggce

tgcgcggtga

catccagaat
tgaaggttat
cgcgttettt

gttcegtgge

cgtcaccaca

gcaggaaact

tccggttgat

cattgacacc

tgtgccggat

ctctgagctg

tctggtgtge

ggctcacgcg

gctcgatttc

60
120
180
240
300
360
420
48Q
540
600
660
720

780



gaggagtctc

gaggtcgctg

cgcatgggtt

gctgaggagt

ctgaccggca

gagttcgetg

aatgacatcg

ctgaaggaga

atgggcattt

gttccattga

<210> 14

<211>

<212>

<213>

<220>

<223>

<400> 14

tgcgtgageg

ccgctattga

accagaccgc

tggagttgga

acgtcaccgg

cggattctgg

atatgctctc

ttgcggatac

cccgcgacga

ccaatgccta

1593
ADN
Trinh tu nhan

serA* (E235K)

36375

tgtgaaggcg

gctgacccct

tgttgtttcc

ttatgtccge

aaagatcgtt

cctgaagatg

cgctgegggt

ttcegtgaac

gatcgatcty

tao

atgagccaga atggccgtcc ggtagtcctce

gacgcgcttg gagatgcagt agaagtccgt

cttgatgcag ttaaggaagc ggacgcactg

ttggctggtt

ggtgcgegea

ggtggtttca

gccaacactt

gaccgcgctg

taccagactyg

ctgggtgttg

cacccattcce

gcggatcagyg

tggatgcgtc

ccacgatccg

tccaggtgtt

tggaaatcgt

cgaaggctga

tcgectygtegy

ctttcaacgc

tcgacgaggt

aagacggcac

ggtgatcgat

tacgctgaac

ggaaggtttg

tgatggcaag

gttcctccegt

tgatggcgcet

gaagcctgcg

tttgcacatc

tttccaccge

1341

atcgccgata agcttgcgca gtccactgtt

tgggttgacg gacctaaccg cccagaactg

ctcgtgegtt ctgctaccac tgtcgatgcet

-890-

840

900

960

1020

1080

1140

1200

1260

1320

60

120

180



gaagtcatcg

aacgttgaca

aatattcact

cctgctgetg

gaaattttcg

cagcgtcttg

cgtgcggcetce

tttgtcacca

cttgctaagt

gagcaggctt

tactccaccg

cctcacttgg

tctgtgctceca

cgcgtgggeg

ggcaagcttg

tccgagcagg

gaagagtccg

tccgtgaaga

ccgctgecce

tccctgcectge

ccgcttgtga

atgcgacgct

gaaaaactgt

ctgcgtttga

agctgaacgt

ttcaccttcc

ccaagaaggg

tggctgatgce

agccttgcac

gtgcttctac

aggcgetgge

aaaaggttgc

tcgacgccge

tcgatgcact

ttactttcgt

ccaactctga

36375

taacttgaag
cactgaagct
gcacgcaatt
gcgtgagggce
cggtatcgtc
gaccaccatt
tgagttggtt
taagaccaag
ccagatcatc
gattgagtcc
tgattctcct
tgaagaggct
tggcgagttce
tgtgtggatg
cccagtctcec
tggtttgtcc
caacgctcct

gtctgttact

atcgtcggtc

ggcgtcatgg

tctttgctge

gagtggaagc

ggttttggce

gttgcttacg

gagttggatg

gaaactgctg

atcaacgctg

ggtcacattc

ttgttcaagt

caggatcgtg

gtggcggatg

gatctggctc

attgaggttg

gctgttcgtg

cgcattgctg

caccgttccg

-90-

gtgccggegt

ttgctaacgce

tgtctactgc

ggtcttcttt

acattggtca

atccttacgce

agctgatgag

gcatgtttga

ctegtggtgg

gtggcgcetgg

tgcctcaggt

cgggtactga

ctgtgaacgt

gcaagcttgg

aggctcgagg

gtttgttctc

aagagcgtgg

tcectgecaggt

gggcttggac

accgacctct

tcgccagatce

caacggtgtg

gttgtttgct

taaccctgcet

ccgttctgac

tgcgcagctc

ccttgttgat

tttcgatgtg

tgttgtgact

cgttgctgat

ttccggtggt

tcttettget

cgagctttct

cggaattatc

cctggacatc

caaggtcatt

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



actggcagcyg

aagatcaccc

ctgcagtaca

ggcatcaaca

atcctgcgtyg

ggtgctactt

<210> 15

<211>
<212>

<213>

<220>

<223>

<400> 15

atgagccaga

gacgcgcttg

cttgatgcag

gaagtcatcg

aacgttgaca

aatattcact

cctgctgetg

gcgcgagcege

gcatcaatgg

ctgacgctcc

tcgaggctgce

ttgagtccgce

ccttccaggt

1002
ADN
Trinh tu nhén

atggccgtcec

gagatgcagt

ttaaggaagc

ccgctgcececce

tcecetgcetge

ccgcttgtga

atgcgacgct

36375

aactgttgtt

ccgtggectg

tggtgcactg

tgcgttgact

tgtctctgaa

tgatcttgac

tao

serA* {197 delta)

ggtagtcctc

agaagtccgt

ggacgcactg

taacttgaag

cactgaagct

gcacgcaatt

gcgtgagggce

ggtgccctga

gatctgcgeg

ggtaccgttg

caggctgaga

gagctggaag

taa

atcgccgata

tgggttgacyg

ctcgtgegtt

atcgtcggtce

ggcgtcatgy

tctttgctge

gagtggaagc

-01-

ctggtcttga

cagagggtct

gtaccaagct

agggtgacgg

ctgaaatcaa

agcttgcgca

gacctaaccg

ctgctaccac

gtgccggegt

ttgctaacgce

tgtctactgc

ggtcttcttt

gcgcgttgag

gaacctcttc

gggtgctgct

cgctgtcctg

cgctgagttg

gtccactgtt

cccagaactg

tgtcgatgct

gggcttggac

accgacctct

tcgccagatc

caacggtgtg

1320

1380

1440

1500

1560

60

120

180

240

300

360

420



gaaattttcg

cagcgtcttg

cgtgcggctce

tttgtcacca

cttgctaagt

gagcaggctt

tactccaccg

cctcacttgg

tctgtgetca

cgcgtgggcy

<210>

<211>

<212>
<213>

16
969
ADN

gaaaaactgt

ctgcgtttga

agctgaacgt

ttcaccttcc

ccaagaaggg

tggctgatgce

agccttgecac

gtgcttctac

aggcgctggce

aagaggttgce

<220>

<221> gen

<222> (1) ..(969)
<223> serB
<400> 16

cggtatcgtc
gaccaccatt
tgagttggtt
taagaccaag
ccagatcatc
géttgagtcc
tgattctcct
tgaagaggct
tggcgagttc

tgtgtggatg

36375

ggttttggcce
gttgcttacyg
gagttggatg
gaaactgctg
atcaacgctyg
ggtcacattc

tgttcaagt
caggatcgtg
gtggcggatg

gatctggctt

Escherichia coli K12 W3110

acattggtca

atccttacge

agctgatgag

gcatgtttga

ctcgtggtgg

gtggcgetag

tgcctcaggt

cgggtactga

ctgtgaacgt

aa

gttgtttgct

taaccctgct

ccgttctgac

tgcgcagctce

ccttgttgat

tttcgatgtg

tgttgtgact

cgttgctgat

ttccggtggt

atgcctaaca ttacctggtg cgacctgcect gaagatgtct ctttatggcce gggtctgect

ctttcattaa gtggtgatga agtgatgcca ctggattacc acgcaggtcg tagcggcectgg

-02-

480

540

600

660

720

780

- 840

1002

900

960

60

120



ctgctgtatg

gcggcgatgg

ggttcactca

ctggggaaaa

gccatccaga

gcggaagtaa

cgtgtggcga

ccgctgatge

gcgattgcct

accgcecgtgg

ggcgacatcg

gaaatcccgce

aaagcggcag

gtcaccatcc

cagaagtaa

<210> 17
1233
ADN

<211>
<212>
<213>

gtcgtgggct

tgattgttgc

ccgcacggge

tcccgcacdt

ttgaatgtat

ccgaacgggc

cgctgasagg

caggcttaac

ccggeggcett

tagccaatga

tagacgcgeca

tggcgcagac

ggctggggat

gtcacgctga

36375

ggataaacaa

cgcctggtgce

tacacgcctg

gcgcacgcecg

tgatgaaatt

gatgcgegge

cgctgacgcc

gcaactggtg

tactttcttt

actggagatc

gtacaaagcg

cgtggcgatt

tgcctaccat

cctgatgggg

cgtctgaccc

gtggaagatt

gcccacgaag

ggtttgctgg

gccaaactgg

gaactcgatt

aatattctgc

ctcaagctgg

gctgaatacc

atggacggta

aaaactctga

ggcgatggag

gccaagccaa

gtattctgca

Escherichia coli K12 W3110

-03-

aataccagag
atcaggtgat
cgcagctgga
tgatggatat
ccggaacggg
ttaccgccag
aacaggtgcg
aaacgctgga
tgcgcgacaa
aatttaccgg
ctcgcectege
ccaatgacct
aagtgaatga

tcctcetecagg

caaactgggt

tcgtctggea

tgtcgcecceccg

ggactccacc

cgagatggtg

cctgcgcagce -

tgaaaatctg
ctggaaagtyg
gctgcgcectg
caatgtgatc
gcaggagtat
gccgatgatc
aaaggcggaa
cagcctgaat

969

180

240

300

360

420

480

540

600

660

720

840

900

960



<220>
<221>
222>

<223>

<400> 17
atggcaaagg

caaaaggcgc

gcgetggatg

tcecegtacce

tgtttctgta

gtatttaacg

ctgctgctat

zaactggcgg

catattggta

gatattgaaa

ctgaatatoga

atgggcgcga

ggtactgtgg

gcggcaatcg

gen
(1)..(1233)

serA

tatcgctgga

tggaaagcct

atgaacaatt

atctgactga

tcggaacaaa

caccgttctc

tgcgeggegt

cgggttettt

cgcaattggg

ataaactgcce

gcgatgtggt

aagaaatttc

tggatattcc

acgtattccc

gaaagacaag

tcgtgcaget

aaaagaatcc

agacgtgatc

ccaggttgat

aaatacgcgce

gccggaagee

tgaagcgege

cattctggct

gctgggcaac

gagtctgcat

actaatgaag

ggcgetgtgt

gacggaaccg

36375

attaagtttc

ggttacacca

atccgegatg

aacgccgcag

ctggatgcgy

tctyttacgg

aatgctaaag

ggcaaaaagc

gaatcgctgg

gccactcagg

gtaccagaga

cccggcetege

gatgcgctqy

gcgaccaata

-94-

tgctggtaga

acatcgaatt

cccacttcat

aaaaactggt

cggcaaagcg

agctggtgat

cgcaccygtgg

gaatgtatgt

tacagcatct

atccgtcceac

tgctgattaa

cgagcaaaca

gcgatccatt

aggcgtgcac

tcacaaaggc

cggcctgcga

cgctattgge

cgggatcccyg

tggcgaactyg

cgtgtggaac

cggctacggt

ttacttttat

ttctgacctg

caaaaatatg

tgcttcgege

tctggeggay

tacctctccg

60

180

240

300

360

420

480

540

600

660

720

840



ctgtgtgaat

caggagaata

acgctctctg

atgcacatcc

cagggcgtca

attgatattg

~ ccgggtaccea

<210>

<211> 12

<212>

<213>

<223>

<400> 18

- atggcaaagg

caaaaggcgc

gcgctggatg

tcecgtacce

tgtttctgta

gtatttaacg

tcgacaacgt

tcggectgga

cggtgaactt

acgaaaaccg

acatcgccgce

aagccgacga

ttcgcgceecyg

ADN

serA* (G336V)

tatcgctgga

tggaaagcct

atgaacaatt

atctgactga

tcggaacaaa

caccgttctc

ccttctgacg

agttgcgggt

cccggaagte

tccgggegtyg

gcaatatctg

agacgttgcc

tctgctgtac

Trinh tu nhén tao

gaaagacaag

tcgtgcaget

aaaagaatcc

agacgtgatc

ccaggttgat

aaatacgcgc

36375

ccacacattg
aaattgatca
tcgctgecac
ctaactgcgc
caaacttccg
gaaaaagcgc

taa

attaagtttc
ggttacacca
atccgcgatg
aacgccgcag
ctggatgcgg

tctgttgcgg

-05-

gcggttcgac

agtattctga

tgcacggtgg

tgaacaaaat

cccagatggg

tgcaggcaat

tgctggtaga

acatcgaatt

cccacttcat

aaaaactggt

cggcaaagcg

agctggtgat

tcaggaagcg

caatggctca

gcgtcegtetyg

cttcgccgag

ttatgtggtt

gaaagctatt

aggcgtgcac

tcacaaaggc

cggcctgcega

cgctattggce

cgggatcccyg

tggcgaactg

1233

900

960

1020

1080

1140

1200

60

120

180

240

300

360



ctgctgctat
aaactggcgg
catattggta
gatattgaaa
ctgaatatga
atgggcgcega
ggtactgtgg
gcggcaatcg
ctgtgtgaat
caggagaata
acgctctctg
atgcacatcc
cagggcgtca
attgatattg
ccgggtacca
<210>
<211>

<212>
<213>

19

tgcgcggegt
cgggttcttt
cgcaattggg
ataaactgcc
gcgatgtggt
aagaaatttc
fggatattcc
acgtattccc
tcgacaacgt
tcggectgga
cggtgaactt
acgaaaaccg
acatcgccge
aagccgacga

ttcgegeecg

1233
ADN
Trinh tu nhén

36375

gccggaagec

tgaagcgcgce

cattctggct

gctgggcaac

gagtctgcat

actaatgaag

ggcgctgtgt

gacggaaccyg

ccttctgacg

agttgcgggt

cccggaagte

tcegggegty

gcaatatctg

agacgttgcc

tctgctgtac

tao

aatgctaaag

ggcaaaaagc

gaatcgctgg

gccactcagg

gtaccagaga

cceggcetege

gatgcgetgg

gcgaccaata

ccacacattg

aaattgatca

tcgctgcecac

ctaactgcgc

caaacttccg

gaaaaagcgc

taa

-06-

cgcaccgtgg

tgggtatcat

gaatgtatgt

tacagcatct

atccgtccac

tgctgattaa

cgagcaaaca

gcgatccatt

gcggttcgac

agtattctga

tgcacgttgg

tgaacaaaat

cccagatggg

tgcaggcaat

cgtgtggaac

cggctacggt

ttacttttat

ttctgacctg

caaaaatatg

tgcttcgege

tctggegggg

tacctctccg

tcaggaagcg

caatggctca

gcgtcgtcetg

cttcgccgag

ttatgtggtt

gaaagctatt

1233

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



<220>
<223>

<400> 19
atggcaaagg

caaaaggcgc

gcgctggatg

tccegtaccee

tgtttctgta

gtatttaacy

ctgctgctat

aaactggcgg

catattggta

gatattgaaa

ctgaatatga

atgggcgcga

ggtactgtgg

gcggcaatcg

ctgtgtgaat

tatcgctgga
tggaaagcct
atgaacaatt
atctgactga
tcggaacaaa
caccgttctc
tgcgcggegt
cgggttettt
cgcaattggg
ataaactgcc
gcgatgtggt
aagaaatttc
tggatattcc
acgtattccc

tcgacaacgt

36375

serA* (G336V,G337V)

gaaagacaag
tcgtgcagcect
aaaagaatcc
agacgtgatc
ccaggttgat
aaatacgcgce
gccggaagee
tgaagcgcgce
cattctggct
gctgggcaac
gagtctgcat
actaatgaag
ggcgctgtgt
gacggaaccg

ccttctgacg

attaagtttc

ggttacacca

atccgcgatg

aacgccgcag

ctggatgegg

tctgttgegg

agatgctaaag

ggcaaaaagc

gaatcgctgg

gccactcagg

gtaccagaga

cceggcetegce

gatgcgctgg

gcgaccaata

ccacacattg

-97-

tgctggtaga

acatcgaatt

cccacttcat

aaaaactggt

cggcaaagcg

agctggtgat

cgcaccgtgg

tgggtatcat

gaatgtatgt

tacagcatct

atccgtceccac

tgctgattaa

cgagcaaaca

gcgatccatt

gcggttcgac

aggcgtgcac

tcacaaaggc

cggcctgega

cgctattggc

cgggatcccyg

tggcgaactg

cgtgtggaac

cggctacggt

ttacttttat

ttctgacctg

caaaaatatg

tgcttcgege

tctggcgggg

tacctctccg

tcaggaagcg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



caggagaata

acgctctctg

atgcacatcc

cagggcgtca

attgatattg

ccgggtacca

<210> 20

<211>

<212>

<213>

<220>

<223>

<400> 20

atggcaaagg

caaaaggcgc

gcgctggatg

tcecegtaccee

tgtttctgta

gtatttaacg

ctgctgctat

tcggectgga

cggtgaactt

acgaaaaccg

acatcgccgce

aagccgacga

ttcgcgeecyg

1233
ADN

Trinh tir nhén

tatcgctgga

tggaaagcct

atgaacaatt

atctgactga

tcggaacaaa

caccgttctc

tgcgcggegt

agttgcgggt
cccggaagtce
tecgggegtyg
gcaatatqtg
agacgttgcc

tctgctgtac

tao

serA* (G336V,R33806)

gaaagacaag

tcgtgcagcet

aaaagaatcc

agacgtgatc

ccaggttgat

aaatacgcgc

gccggaagcece

36375

aaattgatca
tcgctgecac
ctaactgcgc
caaacttccg
gaaaaagcgc

taa

attaagtttc
ggttacacca
atccgcgatg
aacgccgcag
ctggatgcgg
tctgttgcgag

aatgctaaag

-08-

agtattctga

tgcacgttgt

tgaacaaaat

cccagatggg

tgcaggcaat

tgctggtaga

acatcgaatt

cccacttcat

aaaaactggt

cggcaaagcg

agctggtgat

cgcaccgtgg

caatggctca
gcgtcgtcetg
cttcgccgag
ttatgtggtt

gaaagctatt

aggcgtgcac
t;acaaaggc
cggcctgcga
cgctattggce
cgggatcccg
tggcgaactg

cgtgtggaac

1233

960

1020

1080

1140

1200

60

120

180

240

300

360

420



aaactggcgg

catattggta

gatattgaaa

ctgaatatga

atgggcgcga

ggtactgtgg

gcggcaatcg

ctgtgtgaat

caggagaata

acgctctctg

atgcacatcc

cagggcgtca

attgatattg

ccgggtacca

<210>

<211>

<212>

<213>

1<220>

<221>
<222>

21
1089
ADN

cgggttcttt

cgcaattggg

ataaactgcc

gcgatgtggt

aagaaatttc

tggatattcc

acgtattccc

tcgacaacgt

tcggectgga

cggtgaactt

acgaaaaccyg

acatcgccge

aagccgacga

ttcgegeccy

gen

(1) ..(1089)

tgaagcgcgce

cattctggct

gctgggcaac

gagtctgcat

actaatgaag

ggcgctgtgt

gacggaaccg

ccttctgacg

agttgcgggt

cccggaagte

tcecgygegtyg

gcaatatctg

agacgttgcce

tctgctgtac

36375

ggcaaaaagc
gaatcgctgg
gccactcagg
gtaccagaga
ccecggcetege
gatgcgctgg
gcgaccaata
ccacacattg
aaattgatca
tcgctgecac
ctaactgcgc
caaacttccg
gaaaaagcgc

taa

Escherichia coli K12 W3110

-90-

tgggtatcat
gaatgtatgt
tacagcatct
atccgtccac
tgctgattaa
cgagcaaaca
gcgatccatt
gcggttcgac
agtattctga
tgcac§ttgg
tgaacaaaat
cccagatggg

tgcaggcaat

cggctacggt

ttacttttat

ttctgacctg

caaaaatatg

tgcttcgcegce

tctggegggy

tacctctecyg

tcaggaagcg

caatggctca

gggtcgtetg

cttcgcecgag

ttatgtggtt

gaaagctatt

1233

480
540
600
660
720
780
840
900
960
1020
1080
1140.

1200



<223>

<400> 21

atggctcaaa

caggctcaac

caccgtggca

cttaatgtcc

gctgcggtac

tactgggcgg

gccaaagtga

gataatgctg

gaaacgccag

tceegtecga

ggcccggcetyg

gcgtgtecgt

ccgccgacat

ggtgtagctg

gataacagcg

ccgttccagt

serC

tcttcaattt

aggaactgcg

aagagttcat

cctccaacta

cgctgaatat

caagtgccat

ctgttgatgg

cttatatgca

acttcggcge

ttgacgtcag

gcctgacaat

cgattctgga

ttgcctggta

aaatggataa

atttctaccg

tggcggacag

36375

tagttctggt

cgactggaac

tcaggttgca

caaggtatta

tcteggtgat

taaagaagcg

tctocgegcy

ttattgcecg

agatgtggtg

ccgttatggt

cgtcatcegtt

ttattccatc

tctatctggt

aatcaatcag

caatgacgtg

tgcgcttgac

ccggcaatgce

ggtcttggta

gaggaagccg

ttctgccatg

aaaaccaccg

aaaaaatact

gitaagccaa

aatgaaacca

gtcgcecegetg

gtaatttacg

cgtgaagatt

ctcaacgata

ctggtcttta

caaaaagcag

gcgaaagcta

aaattgttcc

-100-

taccggcaga

cgtcggtgat

agaaggattt

gcggtggteg

cagattatgt

gcacgcctaa

tgcgtgaatg

tcgatggtat

acttctcttc

ctggcgcgca

tgctgggcaa

acggctccat

aatggctgaa

aactgctata

accgttcgeg

ttgaagagtc

ggtgcttaaa
ggaagtgagt
ﬁcgcgatctt
cggtcagttt
tgatgccggt
tgtctttgaé
gcaactctct
cgccatcgac
aaccattctt
gaaaaa?atc
agcgaatatc
gtttaacacg
agcgaacggc
tggggtgatt
gatgaacgtg

ttttgctgct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



36375

ggccttcatg cactgaaagg tcaccgtgtg gtcggcggaa tgcgegcttc tatttataac

gccatgccge tggaaggcgt taaagcgctg acagacttca tggttgagtt cgaacgcecgt

cacggttaa

<210> 22

<211> 26

<212> ADN

<213> Trinh tu nhén tao

<220>

<223>

<400>

doan mdi cho catxet khuyét doan cua serB

22

gcgatatcat gaccttagaa tggtgg

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

<220>
<223>

<400>

23
23
ADN

Trinh tu nhdn tao

doan mdi cho catxet khuyét doan clia serB

23

gctctagatc acgcatgcect cgce

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

<220>
<223>

24

30

ADN

Trinh tu nhdn tao

doan mdi cho catxet khuyét doan cia serB

-101-

1089

26

23

1020

1080



36375

<400> 24

gcgatatcat gtcacccctg tgaaaatgac 30
<210> 25

<211> 29

<212> ADN

<213> Trinh ty nhan tao

<220>

<223>  doan mdi cho catxet khuyét doan clha serB

<400> 25

gctctagatc agttcgatac ctggggtat 29
<210> 26

<211> 24

<212> ADN

<213> Trinh ty nhan tao

<220>

<223>  doan mdi cho catxet khuyét doan clia serB

<400> 26

atcatgttac tggcaggcgc tatc 24
<210> 27

<211> 29

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan mdi cho catxet khuyét doan cuia serB

<400> 27

-102-



36375

gctctagatt acaaagtgaa agagagacg 29
<210> 28

<211> 26

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> doan mdéi &é& ciu truc serA*

<400> 28

acgatatcat gagccagaat ggccgt 26
<210> 29

<211> 28

<212> ADN

<213> Trinh tiw nhédn tao

<z20>

<223>  doan mdéi d& clu tric serA*

<400> 29

cgtctagatt agtcaagatc aacctgga 28
<210> 30

<211> 41

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> doan mdi d& chu truc serA* (E325K)

<400> 30

atccatccac acagcaacct tttcgcccac gcgaccaccg g

-103-



36375

<210> 31
<211> 41
<212> ADN
<213> Trinh tu nhén tao
<220>
<223>  doan mdi d& clu truc serA* (E325K)
<400> 31
" ccggtygteg cgtgggcgaa aaggttgety tgtggatgga t
<210> 32
<211> 31
<212> ADN
<213> Trinh tu nhan tao
<220>
<223>  doan mdéi dé ciu truc serA* (157 delta)
<400> 32
cgtctagatt aagccagatc catccacaca g 31
<210> 33
<211> 70
<212> ADN
<213> Trinh tu nnan tao
<220>
<223>  doan mdi cho catxet khuyét doan cua serB
<400> 33

atgcctaaca ttacctggtg cgacctgcct gaagatgtct ctttatggec gtgtaggctg

gagctgcttc 70

-104-

41

60



36375

<210> 34

<211> 70

<212>  ADN

<213> Trinh tuy nhé&n tao

<220>

<223> doan mdi cho catxet khuyét doan cua serB

<400> 34

ggatggcggg ccaccaatta cttctgattc aggctgcctg agaggatgca catatgaata
tcctecttag 70

<210> 35
<211> 27
<212> ADN

<213> Trinh tw nhén tao

<223>  doan mdi d& khuéch dai pself-serB d&& ciu truc

PBAC-pself-serB

<400> 35

cccaagcttc ttccaccctt tgaaaat 27
<210> 36

<211> 27

<212>  ADN

<213> Trinh tu nhé&n tao
<220>

<223>  doan mdi @& khuéch dai pself-serB d&& ciu tric

PBAC-pself-serB

-105-
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36375

<400> 36

cccaagcttt tacttctgat tcaggct ' 27
<210> 37

<211> 19

<212> ADN

<213> Trinh tu nhan tao

<220>
<223>  doan mdéi && khuéch dai pself-CTG-serB dé ciu truc

PBAC-pself-CTG-serB

<400> 37
ggagccttac tgcctaaca ' 19
<210> 38
<211> 19

<212> ADN

<213> Trinh tu nhén tao

<220>
<223>  doan mdi && khuéch dai pself-CTG-serB dé ciu truc

PBAC-pself-CTG-serB

<400> 38

tgttaggcag taaggctcc 19
<210> 39

<211> 20

<212>  ADN

<213> Trinh tu nhén tao

<220>

<223>  doan mdi d& clu truc serA*

-106-



<400>

36375

39

agggcgtggt gaccgataat

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

<220>
1<223>

<400>

40

28

ADN

Trinh tu nhan tao

doan mdéi d& ciu truc serA*

40

cctagagctc cattctggct gaatcgct

<210>
<211>

<212>

<213>

<220>
<223>

<400>

41

26

ADN

Trinh tu nhdn tao

doan moéi d& cdu truc serA*

41

acggatcccc cctgagactg actgtt

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

<220>
<223>

<400>

42

37
ADN
Trinh tu nhédn tao

doan mdéi d& ciu truc serA* (G336V)

42

tctcgectgec actgcacgtt gggcgtcgtc tgatgca

-107-

20

28

26

37



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

<220>
<223>

<400>

36375

43
37

Trinh tu nhan tao

doan moéi dé clu truc serA* (G336V)

43

tgcatcagac gacgcccaac gtgcagtggc agcgaga

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

<220>
<223>

<400>

44
37
ADN

Trinh tu nhdn tao

doan mdi dé cidu trtc serA* (G336V, G337V)

44

cgctgccact gcacgttgtg cgtcgtctga tgcacat

<210>
<211>
<212>

<213>

<220>
<223>

<400>

45

37

ADN

Trinh tu nhdn tao

doan mdi d& clu truc serA* (G336V, G337V)

45

atgtgcatca gacgacgcac aacgtgcagt ggcagcg

<210>

46

-108-
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37

37



36375

<211> 37

<212> ADN

<213> Trinh tu nhén tao

<220> ,

<223> doan mdi dé& clu truc serA* (G336V, R338G)

<400> 46

ctgccactge acgttgtgag tcgtctgatg cacatcce 37
<210> 47

<211> 37

<212> ADN

<213> Trinh tu nhén teo

<220>

<223>  doan mdi 48 cAu tric serA* (G336V, R338G)

<400> 47

ggatgtgcat cagacgaccc acaacgtgca gtggcag 37
<210> 48

<211> 28

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223>  doan mdi d8 khuéch dai serA @& ciu truc pCL-Prmf-serA

<400> 43

gatatcatgg caaaggtatc gctggaga 28
<210> 49

<211> 26

<212> ADN

-109-



<213> Trinh ti nhé&n tao

<220>

36375

<223>  doan mdi d& khuéch dai serA && cdu truc pCL-Prmf-serA

<400> 49
aagcttttag tacagcagac gggcgc

<210> 50
<211> 24
<212> ADN

<213> Trinh tu nhdn tao

26

<223>  doan mdi dé& khuéch dai serA && clu tric pCL-Prmf-serC

<400> 50

gatatcatgg ctcaaatctt caat

<210> 51
<211> 27
<212> ADN

<213> Trinh tu nhén tao

<220>

24

<223>  doan mdi d& khuéch dai serA dé clu truc pCL-Prmf-serC

<400> 51
cccaagcttt taaccgtgac ggcgttce

<210> 52

<211> 24

<212>  ADN

<213> Trinh tu nhan tao

27

-110-



36375

<220>
<223>  doan mdi d& khuéch dai serA d& ciu truc

pCL-Prmf-serA- (RBS) serC

<400> 52
aagcttacgc aacgtggtga gggg

<210> 53
<211> 70
<212> ADN

<213> Trinh tu nhdn tao

<220>

<223>  doan mdi cho catxet khuyét doan ciia phnCDE

<400> 53

atgcaaacga ttatccgtgt cgagaagctc gccaaaacct tcaatcagcavgtgtaggctg

gagctgcttc 70
<210> 54

<211> 70

<212>  ADN

<213> Trinh tu nhédn tao

<220>

<223>  doan mdi cho catxet khuyét doan clia phnCDE

<400> 54
tcagataaag tgcttacgca accgttgaga gaggaaatcc agcaggctga catatgaata

tcctecttag 70
<210> 55
<211> 70

-111-

60

60



<212>
<213>

<220>
<223>

<400>

36375

ADN
Trinh ty nhadn tao

doan mdi cho catxet khuyét doan clia phoA

55

gtgaaacaaa gcactattgc actggcactc ttaccgttac tgtttacccc gtgtaggctg

gagctgcttc 70°
<210> 56

<211> 70

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223>

<400>

doan mdi cho catxet khuyét dcan ctha phoX

56

ttatttcagc cccagagcgg ctttcatggt gtagaagaga tcggtctggt catatgaata

tcctecttag 70
<210> 57

<211> 70

<212> ADN

<213> Trinh tu nhan tao

<220>
<223>

<400>

doan mdi cho catxet khuyét doan ctia aphA

57

atgcgcaaga tcacacaggc aatcagtgcc gtttgcttat tgttcgctct gtgtaggctg

-112-

60

60

60



36375

gagctgcttc 70
<210> 58

<211> 70

<212> ADN

<213> Trinh tu nhan tao

<220>
<223>

<400>

doan mdi cho catxet khuyét doan clia aphA

58

tcagtattct gaattgacga tcacctcttc accaaacgca cccgcttgtg catatgaata

tcectecttag 70
<210> 59

<211> 70

<212> ADN

<213> Trinh tu nhén tao

<220>

<223>

<400>

doan mdi cho catxet thay thé gen khdi ddu cua pntAB

59

tatcacattc cttaagccaa ttttaatcct gctcaaatga ccgtctatgc aggtgacact

atagaacgcg 70
<210> 60

<211> 67

<212> ADN

<213> Trinh tu nhan tao

<220>
<223>

doan mdi cho catxet thay thé gen khdi ddu cha pntAB

-113-

60

60



36375

<400> 60
gcaacacggg tttcattggt taaccgttct cttggtatgc caattcgcat ggtctgtttc 60
ctgtatg 67
<210> 61
<211> 28
<212> ADN
<213> Trinh tu nhén tao
220>
<223>  doan mdi d& khuéch dai gdhA dé& ciu truc
pcclBAC-P (native) —gdhA
<400> ol
cgaagcttgt ctctgctact gataacgg 28
<210> 62
<211> 26
<212> ADN
<213> Trinh tyu nhén tao
220>
<223>  doan mdi && khuéch dai gdhA && clu truc
pPcclBAC-P (native) —gdhA
<400> 62
cgaagcttgg gagcatcatc cgttaa 26
<210> 63
<211> 28
<212> ADN
<213> Trinh ti nhén tao

-114-



<220>
<223>

<400>

36375

doan mdéi d& khuéch dai ydeD dé& ciu truc pCL-Prmf-ydeD

63

aagatatcat gtcgcgaaaa gatggggt

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

<400>

64
29
ADN

Trinh tu nhé&n tao

doan mdi d& khuéch dai ydeD && cdu tric pCL-Prmf-ydeD

64

cccaagcttg tgccaatgtc gtggttgtt

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

<220>
<223>

<400>

65

28

ADN

Trinh tu nhan tao

doan mdi @& khuéch dai yfiK d& cdu truc pCL-Prmf-yfikK

65

aagatatcgt gacaccgacc cttttaag

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

<220>
<223>

66
29
ADN

Trinh ty nhan tao

doan mdi & khuéch dai yfiK &8 cidu truc pCL-Prmf-yfiK

-115-
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29

28



36375

<400> 06

cccaagctta ccatccgtgt atccggtta 29
<210> 67

<211> 26

<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> doan mdi dé& khuéch dai rhtB &é cdu trtc pCL-Prmf-rhtB
<400> 67

gcgatatcat gaccttagaa tggtgg 26
<210> 68

<211> 23

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> doan mdi @& khuéch dai rhtB dé cdu truc pCL-Prmf-rhtB
<400> 68

gctctagatc acgcatgcect cgce 23
<210> 69

<211> 32

<212> ADN

<213> Trinh tuy nhédn tao

<220>

<223>  doan mdi d& khuéch dai rhtC dé cdu truc pCL-Prmf-rhtC
<400> 69
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36375

gcgatatcat gttgatgtta tttctcaccg tc

<210> 70

<211> 32

<212>  ADN

<213> Trinh tu nhdn tao

<220>

<223>  doan mdi dé khuéch dai rhtC d& ciu truc pCL-Prmf-rhtC

<400> 70

gctctagatc accgcgaaat aatcaaatga at

<210> 71
<211> 24
<212> ADN

<213> Trinh tu nhdn tao

<220>

<223> doan méi d& khuéch dai asrB dé clu tric pCL-Prmf-asrB

<400> 71
atcatgttac tggcaggcgce tatc

<210> 72

<211> 29

<212>  ADN

<213> Trinh tu nhan tao

<220>

<223> doan mdi d& khuéch dai asrB dé cdu truc pCL-Prmf-asrB

<400> 72
gctctagatt acaaagtgaa agagagacg

-117-
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36375

<210> 73

<211> 29

<212> ADN

<213> Trinh tu nhén tao

<220>

<223>  doan mdi && khuéch dai 1livHM dé& céu truc pCL-Prmf-1ivHM
<400> 73

gcgatatcat gtctgagcag tttttgtat 29
<210> 74

<211> 29

212> ADN

<z13> Trinh tu nhédn tao

<220>

<223>  doan mdi && khuéch dai 1ivHM dé ciu truc pCL-Prmf-1ivHM
<400> 74

gctctagatc atgcctgctce tcctttcge 29
<210> 75

<211> 70

<212> ADN

<213> Trinh tu nhan tao

<220>

<223>  doan mdi cho catxet khuyét doan cua gpmA

<400> 75

gtgtaggctg gagctgcttc tataatgaga attattatca ttaaaagatg atttgaggag 60
taagtatatg 70
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<400>

36375

76
70

Trinh ty nhan tao

doan mdi cho catxet khuyét doan ctia gpmA

76

catatgaata tcctccttag tcggctttct cattttaaac gaatgacgtt tacttcgett

taccctggtt 70
<210> 77

<Z211> 26

<212> ADN

<213> Trinh tu nhin tao

<220>
<223>  doan mdi &2 khuéch dai gpmI && ciu truc pSG76C-gpmI
<400> 77
acggatcccg agcggtcgta tatttt 26
<210> 78
<211> 43
<212> ADN
<213> Trinh tyu nhén tao
<220>
<223>  doan mdi d& khuéch dai gpmI &é ciu truc pSG76C-gpml
lién quan dén codon ding
<400> 78
cagcgcggca aatttttctt actatttttt cagcgaggat tca 43

-119-
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

36375

79

43

ADN

Trinh ty nhan tao

doan mdi & khuéch dai gpmI & ciu truc pSG76C-gpmI

lién quan d&én codon dimg

79

tgaatcctcg ctgaaaaaat agtaagaaaa atttgccgeg ctg

<210> 80

<211> 28

<212> ADN

<213> Trinh tyu nhan tao

<220>

<223>  doan mdi d& khuéch dai gpmI & cidu truc pSG76C-gpmI
<400> 80

cctagagctc aacgactctt ctaégcca 28
<210> 81

<211> 70

<212> ADN

<213> Trinh tu nhédn tao

<220>

<223>  doan mdi cho catxet khuyét doan cua gpmB

<400> 81

gcatgttaca ggtataccta gtccgccacg gtgaaacgca gtggaacgcc gtgtaggctg

-120-
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gagctgcttc 70
<210> 82

<211> 70

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223>

<400>

doan mdi cho catxet khuyét doan cua gpmB

82

tccectgegg tttcaacgac ccagccagac gccagccaca ggctttectg catatgaata

tcctecttag 70

<210> €3

<211> 70

<212>  ADN

<213> Trinh ty nhdn tao

<220>

<223>

<400>

doan mdi cho catxet khuyét doan cua kbl

83

aagtttgggt aatatgtgct ggaatttgcc ctgtctggag aatcgcaatg gtgtaggctg

gagctgcttc 70
<210> 84

<211> 70

<212> ADN

<213> Trinh tu nhén tao

<220>
<223>

doan mdi cho catxet khuyét doan cua kbl
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<400> 84
agtttggata acgctttcat ctcacatcct caggcgataa cgcccagttg catatgaata

tcctecttag : 70
<210> 85

<211> 73

<212> ADN

<213> Trinh tu nhan tao

<220>

<223>  doan mdi cho catxet khuyét doan cua sdaA

<400> 85
gtgtattagt tcgttactgg aagtccagtc accttgtcag gagtattatc gtggtgtagg

ctggagctgce ttc 73
<210> 86
<211> 70

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> doan mdi cho catxet khuyét doan clia sdaA

<400> 86
atccgttgca gatgggcgag taagaagtat tagtcacact ggactttgat catatgaata

tcctecttag 70
<210> 87

<211> 70

<212> ADN
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<213> Trinh tu nhéan tao

<220>

<223>  doan mdi cho catxet khuyét doan cua iclR

<400> 87
atggtcgcac ccattcccge gaaacgcggc agaaaacccg ccgttgccac gtgtaggetg

gagctgcttc 70
<210> 88
<211> 70

<212> ADN

<213> Trinh ty nhédn tao

<220>

<223>  doan mdi cho catxet khuyét doan cua iclR

<400> 88

tcagcgcatt ccaccgtacg ccagcgtcac ttccttcgec getttaatca catatgaata.

tcectecttag 70
<210> 89

<211> 21

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223> doan mdi d& khuéch dai acs dé clu truc pCL-Prmf-acs

<400> 89
actatgagcc aaattcacaa a 21
<210> 90
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<211> 27

<212> ADN

<213> Trinh ti nhé&n tao

<220>

<223>  doan mdi d& khuéch dai acs d& clu truc pCL-Prmf-acs

<400> 90

cccaagcttt tacgatggca tcgcgat 27
<210> 91

<211> 24

<212> ADN

<213> Trinh ti nhén tao

<220>

<223>  doan mdi dé khuéch dai poxB d& clu truc pCL-Prmf-poxB
<400> 91

actatgaaac aaacggttgc agct 24
<210> 92

<211> 30

<212> ADN

<213> Trinh ty nhan tao

<220>

<223>  doan mdi d& khuéch dai poxB d& clu tric pCL-Prmf-poxB
<400> 92

cccaagcttt taccttagcc agtttgtttt 30
<210> 93

<211> 21

<212> ADN
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<213> Trinh tu nhan tao

<220>
<223>  doan mdi d& khuéch dai ackA-pta dé& cdu truc

pCL-Prmf-ackA-pta

<400> 93
atcatgtcga gtaagttagt a

<210> 94

<211> 27

<212> ADN

<213> Trinh tu nhadn tao

<220>
<223>  doan mdi d& khuéch dai ackh-pta &é& ciu truc

pCL-Prmf-ackA-pta

<400> 94
cccaagcttt tactgctgcect gtgcaga

<210> 95‘

<211> 24

<212>  ADN

<213> Trinh tyu nhén tao

<220>

<223>  doan mdi dé& khuéch dai aceBA d& ciu truc pCL-Prmf-aceBA

<400> 95

actatgactg aacaggcaac aaca

<210> 96
<211> 30
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<212> ADN

<213> Trinh tu nhén tao

<220>

<223>  doan mdi dé& khuéch dai aceBA d& cdu tric pCL-Prmf-aceBA
<400> 96

cccaagcttc tacgttcggce aacggctgta 30
<210> 97

<211> 24

<212> ADN

<213> Trinh tu nhan tao

<220>

<223>  doan mdi @& khuéch dai pckA d& cdu truc pCL-Prmf-pckA
<400> 97

actatgcygcg ttaacaatgg tttg 24
<210> 98

<211> 30

<212> ADN

<213> Trinh tu nhdn tao

<220>

<223>  doan mdi && khuéch dai pckA d& clu tric pCL-Prmf-pckA
<400> 98

cccaagctta taaacgggag gcgaaggtgce 30
<210> 99

<211> 24

<212> ADN

<213> Trinh tu nhan tao
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<220>
<223>  doan mdi dé khuéch dai glcB && ciu truc pCL-Prmf-glcB

<400> 99
atcatgagtc aaaccataac ccag 24
<210> 100
<211> 30

<212> ADN
<213> Trinh tu nhan tao

<220>

<223>  doan mdi d& khuéch dai glcB &é cldu tric pCL-Prmf-glcB

<400> 100

cccaagcttt taatgacttt ctttttcgcg - 30

<210> 101

<211> 21

<212>  ADN

<213> Trinh ty nhédn tao

<220>

<223>  doan mdi && khuéch dai maeB dé& ciu tric pCL-Prmf-maeB

<400> 101

atcatggatg accagttaaa a 21
<210> 102

<211> 27

<212> ADN

<213> Trinh tu nhan tao

<220>
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<223> doan mdéi && khuéch dai maeB d& cdu truc pCL-Prmf-maeB

<400> 102
cccaagcttt tacagcggtt gggtttg 27
<210> 103
<211> 21

<212> ADN
<213> Trinh twu nhdn tao

<220>

<223>  doan mdi && clu truc gcl

<400> 103

atcatggcaa aaatgagagc ¢ 21
<210> 104

<211> 23

<212> ADN

<213> Trinh tu nhan tac

<220>

<223> doan mdi d& ciu truc gcl

<400> 104

gcgcaagctt ttattcatag tgc 23
<210> 105

<211> 22

<212> ADN

<213> Trinh tu nhan tao

<220>

<223>  doan mdi @& clu tric glxR-glxK
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105

gcgcgatatc atgaaactgg ga

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

106

34

ADN

Trinh tu nhén tao

doan méi & ciu truc glxR-glxK

106

ataaactggc ctgatctaga tttgttgaaa aagg

<210>
<21i>
<212>
<213>

<400>

107
34
ADN

Trinh ty nhan tac

doan mdéi @& clu truc glxR-glxK

107

cctttttcaa caaatctaga tcaggccagt ttat

<210>
<211>
<212>

<213>

<220>
<223>

<400>

ADN

Trinh tir nhdn tao

doan mdi && cdu triac glxR-glxK

108

ggcaagctta ttgcggccgce ttagttttta at
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<210> 109

<211> 29

<212>  ADN

<213> Trinh tu nhdn tao

<220>

<223> doan mdi xudi cho Ape—-OPSS

<400> 109
gtcatatgat ggctctggct gacatctct

<210> 110
<211> 29
<212> ADN
<213> Trinh tu nhan tao

<220>
<223>  doan mdéi ngugc chc Ape-OPSS

<400> 110

gtaagctttt zaacagagtc accagcacc
<210> 111
<211> 29

<212> ADN

<213> Trinh tu nhan tao

<220>
<223>  doan mdi xudi cho Mtb-OPSS

<400> 111
gtcatatgat gacacgatac gactcgctg

<210> 112
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<211> 29
<212> ADN
<213> Trinh tiu nhan tao

<220>
<223>  doan mdi ngugc cho Mtb-OPSS

<400> 112
gtaagctttc atgcccatag ttgcccttce

<210> 113
<211> 29
<212> ADN

<213> Trinh ty nhan tao

<220>

<223>  doan moi xudi cho Msm-OPSS

<400> 113
ataagctttc atgcccatag ctgceccttce

<210> 114
<211> 29
<212> ADN

<213> Trinh tiu nhédn tao

<220>

<223>  doan mdéi nguoc cho Msm-OPSS

<400> 114
ataagctttc attccagcgc gtcctcggce

<210> 115

<211> 29
<212> ADN
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<213> Trinh tu nhén tao

<220>

<223>  doan mdi xubi cho Rjo-OPSS

<400> 115
gtcatatgat ggcgcggttc gattcgctg

<210> 116
<211> 31
<212> ADN

<213> Trinh tu nhédn tao

<220>

<223>  doan mdi nguoc cho Rjo-OPSS

<400> 116

tagcggccge tcatgcccac aactgccctt c

<210> 117
<211> 29
<212> ADN

<213> Trinh tu nhan tao

<220>

<223>  doan mdi xudi cho Nfa-OPSS

<400> 117
gtcatatgat ggcacgctac gaatcgctg

<210> 118
<211> 28
<212> ADN

<213> Trinh tu nhén tao
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<400>

36375

doan mdi nguoc cho Nfa-OPSS

118

gtaagctttc aggcccagag ctggectt

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

<220>
<223>

<400>

119
29
ADN
Trinh tu nhan tao

doan mdéi xudi cho Mtb-T

119

gtcatatgat gacacgatac gactcgctyg

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

<220>
<223>

<400>

120
29
ADN
Trinh tiu nhan tao

doan méi nguoc cho Mtb-T

120

gtaagctttc attccagagc ggtctcggce

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

<220>

121
29
ADN
Trinh tyu nhan tao
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<223>  doan mdi xudi cta Msm-T

<400> 121

gtcatatgat gacgcgctac gactccctg 29
<210> 122

<211> 29

<212> ADN

<213> Trinh tyu nhan tao

<220>

<223>  doan mdi nguoc cla Msm-T.

<400> 122

ataagctttc attccagcgc gtccteggce 29
<210> 123

<211> 21

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan méi xudi cna pCL-P(CJ1l)-Msm-T

<400> 123

gatatcgcag cagccatcat c 21
<210> 124

<211> 28

<212> ADN

<213> Trinh tu nhan tao

<220>

<223>  doan mdi ngugc cta pCL-P(CJ1)-Msm-T
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<400> 124
cccaagcttt cattccagcg cgtcectcg

36375
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Fig.3
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Fig.4
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OPS tinh khiét
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