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Linh vye ky thuat duge dé cap

Sang ché dé cap dén phén tir axit nucleic tai t8 hop, vi sinh vat tai t6 hop,
phuong phép san xuét alanin va sit dung phan tr axit nucleic tai t6 hop hoic vi sinh

vat tai td hop nay dé san xuét 1én men alanin.
Tinh trang k§ thuit cia sang ché

Axit amin 13 c4c hgp chat hitu co ¢6 nhém carboxy va nhdm amin. Céc axit
amin quan trong nhét 13 cac alpha-axit amin trong d6 nhém amin ndm ngay bén canh

nhom carboxy. Céac protein dugc dya trén cac alpha-axit amin.

 Alanin thu hat su quan tim ddc biét vi né dugc st dung lam chét phu gia trong
cdng nghiép thuc phém, thirc 4n gia stic va cong nghiép duoc phim. Hon nita, alanin
con 1a nguyén liéu tho d& san xuét alanin, N,N-bis(carboxymetyl)-, mudi trinatri
(MGDA, tén thuong mai Trilon M) la chit chelat manh & quy md cdng nghiép, c6
tinh chét hoa tan & mirc d9 hitu co va v co rat tot (W094/29421, WO2012/150155).
Céc mire trilon M dé bi phan hiy sinh hoc theo céc thir nghi¢ém OECD chuén. Do
profin Vé mat sinh thai hoc va ddc té ndi trdi, cac mirc Trilon M dic biét thich hop dé
st dung cho céc san pham ddi v6i nguoi tiéu dung sau cung va nhu cdu vé céc chét

tao phirc ¢6 thé phan hity sinh hoc nhu vy dang téng lién tuc.

_ Alanin c6 thé dugc tao ra bang céch 1én men bang vi khuan Coryneform (Her-
mann, 2003: Industrial production of amino acids by Coryneform bacteria, J. of Bio-

technol, 104, 155- 172.) hodc E. coli. (W02007/120198, W0O2008/119009).

Viéc san sinh alanin trong E. coli cho hiéu qua cao hon va dugc st dung rong
rdi trong san xuét alanin quy mo cong nghi€p lam nguyén liéu thd cho nganh cong
nghiép héa chét. Do nhu cdu vé alanin trong cdng nghiép héa chit dang ngdy mot

ting, nén can c6 cai thién ndng suat ctia quy trinh san xuat 1én men alanin.

Bén chét ky thuit ciia sing ché
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Muc dich cua sang ché 1a dé xuat cac vi sinh vat c¢6 thé dugc st dung trong

san xuat 1én men alanin véi hi¢u suat va hi€u qua cao.

Pé dat dugc muc dich néu trén, co su dong gop cua vi sinh vét tai td hop thude
ho Escherichia coli (E.' coli), so v6i vi sinh vat tham chiéu tuong 71\’;ng‘, ¢ hoat tinh
va/hodc muc d6 biéu hién cia gen asd hoic gdhA ma hoa aspartat-beta-semialdehyt
dehydrogenaza hodc glutamat dehydrogenaza trong vi sinh vat nay dugc dua vao, lam
ting hodc 1am ting cudng so véi vi sinh vét ddi ching tuong tmg khong c6 hoat tinh
va/hodc mic do bidu hién ctia gen asd hodac gdhA duge dua vao, lam tang hodc lam
tdng cuong.

MG ta vin tit cac hinh v&

Fig.1

Su tao thanh alanin trong qua trinh 1én men theo mé ctia E. coli QZ20 v&i dbi
chiing khong co6 plasmit va E. coli QZ20/pACYC-asd trong 500 mL moi truong AM
1 v6i 120 g/L glucoza. Vige 1én men dugc kiém so4t & nhiét do 37°C, 400 vong/phut,
o do pH béng 6,8 v&i NH4OH 5N khong c6 sy suc khi.

Fig.2

Su tao thanh alanin trong qua trinh 1én men theo mé cia E. coli QZ20 véi dbi
chiing khong c¢6 plasmit va E. coli QZ20/pACYC-gdhA in 500 mL moi truong AM
1 with 120 g/L glucoza. Viéc 1én men dugc kiém sodt & nhiét do 37°C, 400 vong/phut,
& d6 pH bang 6,8 v6i NHsOH SN khong c6 su suc khi.

MO té chi tiét sang ché

Theo d6, mot phwong 4n cua sang ché 13 vi sinh vat tai td hop so v6i vi sinh
vét tham chiéu twong tmg c6 hoat tinh va/hosic mirc dd biéu hién ctia gen asd hozic
gdhA mi hoa aspartat-beta-semialdehyt dehydrogenaza hodc ghitamat dehydro-
genaza dugc dua vao, lam tang hodc lam ting cudng va so vai vi sinh vat tham chiéu

tuwong ing c6 hiéu suat va/hodc nang suat cia alanin cao hon trong san xuat 1én men.

Thuat nglt “cao hon”, “tdng” hodc “tdng cuong” vi dy c6 lién quan dén mirc

do biu hién va/hodc hoat tinh clia enzym hodc hi¢u sudt hodc ndng suat, nghia la
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murc d biéu hién va/hodc hoat tinh hoac hiéu suat hodc nang suat cao hon, dugc lam
ting hodc ting cuong dang ké khi so vdi vi sinh vat tham chiéu hodc vi sinh vat doi

chung.

Thuét ngtt “mc d6 bi€u hién va/hodc hoat tinh clia enzym bi gidm, bi (rc ché
ho#c bi x6a”, nghia 1a mirc dd bi€u hién va/hodc hoat tinh bi gidm, bi (rc che hodc bi
x6a dang ké va ciing bao gom muc d) bicu hién va/hodc hoat tinh ctia enzym tuong

ung khong phat hién dugc trong vi sinh vat tham chiéu hozc vi sinh vat déi ching.

Thuét ngit “vi sinh vét tham chiéu” nhu dugc sir dung trong ban md ta nghia
14 vi sinh vét déi chimg ding dé so sanh vdi vi sinh vat tai td hop. Vi sinh vét tham
chiéu nay vé co ban cé ciing kiéu gen véi vi sinh vat tai td hop ngoai trir sy khac biét
cfiﬁ duge phén tich. Tt hon 13, vi sinh v4t tham chiéu nay 1a ching tlr d6 vi sinh vat
tai to hop duoc tao ra. Vi dy, gen dugc dua vao vi sinh vat kiéu dai, tir d6 tao ra vi
sinh vat tai td hop, trong trudng hop nay vi sinh vat kiéu dai nay sé& 12 vi sinh vat tham
chiéu thich hgp cho vi sinh vét t4i td hop. Cling c6 thé dwa mot thé dot bién khac vao
vi sinh vat téi td hop A, tir d6 tao ra vi sinh vét tai t hgp B. Vi sinh vat tai t6 hop A
néy sau d6 s& 12 vi sinh vat tham chiéu thich hop cho vi sinh vat téi td hop B. Trong
trudng hop ndy, dic tinh cta vi sinh vt tai t5 hop va vi sinh vat tham chiéu tuong
g s& dugc so sanh ca hai vi sinh vat dugc cho phat trién & cac diéu kién vé co ban

1a gibng nhau.

Déi voi ngudi ¢6 hiéu biét trung binh trong linh vyc k¥ thuat nay, rd rang 1a
vi sinh vat ¢6 hiéu suét va/hodic ning sudt alanin ting cling c6 thé dwoc str dung dé
san xudt cac chit chuyén héa khéc c6 quan hé gén giii v6i alanin, vi du chét chuyén
héa 1a cac hop chit trung gian trong con dudng alanin, ¢6 chung cac hop chat trung
gian thong thuong vdi con duong alanin hodc 1a cac chét chuyén hoa st dung alanin
1am hop chét trung gian trong con dudng cua ching. Vi sinh vét theo sang ché ciing
c¢6 thé d& dang duoc 1am cho thich hop dé co hiéu suit va/hodc ning sut coa cac chat
chuyén héa lién quan nay ting bing cach 1am ting ho#ic ‘dwa vao cac hoat tinh ctia
enzym nhét dinh hodc bang cach lam bét hoat gen hozc 1am giam hoat tinh ctia enzym

nhét dinh.
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Céac chét chuyén hoa nay vi du 13, pyruvat, suxinat, aspartat, malat, lactat, valin

va leuxin.

Vi du, dé sir dung vi sinh vat tai td hop theo sang ché @ tao ra suxinat, cac
gen Idh, pfl, pta va adhE phai dugc 1am bét hoat va gen PEP carboxylaza va/hogc gen
pyruvat carboxylaza phai dugc dua vao trong b gen cia vi sinh vét theo sang ché.
Con duong tuong ng va cac dot bién can thiét dugc md ta, vi du trong tai liéu Zhang

et al. (2009), PNAS (106) pp20180-20185.

Theo dé, phuong én khéc ctia sang ché 13 vi sinh vat tai t6 hop so véi vi sinh
vat tham chiéu tuong Gng c6 hoat tinh va/hodc mic do biéu hién cta gen asd hoic
gdhA ma hoéa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat dehydro-
genaza dugc dua vao, lam tang hodc lam tédng cudng va so véi vi sinh vat tham chiéu
twong tng c¢6 hiéu suit va/hoic ning sudt clia pyruvat, suxinat, aspartat, malat, lactat,

valin va/hodc leuxin cao hon trong san xuat Ién men.

Phuong 4n khéc nita cua sang ché 1a vi sinh vt tai to hop so véi vi sinh vat
tham chiéu twong ng ¢6 hoat tinh va/hodc mure d¢ biu hién cua gen asd va gdhA
dugc dua vao, lam ting hodc 1am ting cudng va so vdi vi sinh vat tham chiéu twong

g ¢6 hiéu suat va/hodc ning suét clia alanin cao hon trong san xuat 1én men.

Theo mdt sé phuong 4n, vi sinh vat nay 1a té bao khong nhan. Té bao khong
nhan thich hop bao gdm té bao vi khuén Gram duong, Gram am va Gram bién ddi,

tot hon néu 1a té bao Gram am.

Do d6, vi sinh vt ma c6 thé duoc st dung theo sang ché bao gébm, nhung
khong gi6i han &, Gluconobacter oxydans, Gluconobacter asaii, Achromobacter del-
marvae, Achromobacter viscosus, Achromobacter lacticum, Agrobacterium tumefa-
ciens, Agrobacterium radiobacter, Alcaligenes faecalis, Arthrobacter citreus, Ar-
throbacter tumescens, Arthrobacter paraffineus, Arthrobacter hydrocarboglutami-
cus, Arthrobacter oxydans, Aureobacterium saperdae, Azotobacter indicus, Brevi-
bacterium ammoniagenes, Brevibacterium divaricatum, Brevibacterium lactofer-

mentum, Brevibacterium flavum, Brevibacterium globosum, Brevibacterium fuscum,
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Brevibacterium ketoglutamicum, Brevibacterium helcolum, Brevibacterium pusil-
lum, Brevibacterium testaceum, Brevibacterium roseum, Brevibacterium immarioph-
ilium, Brevibacterium linens, Brevibacterium protopharmiae, Corynebacterium ace-
tophilum, Corynebacterium glutamicum, Corynebacterium callunae, Corynebacte-
rium acetoacidophilum, Corynebacterium acetoglutamicum, Enterobacter aero-
genes, Erwinia amylovora, Erwinia carotovora, Erwinia herbicola, Erwinia chrysan-
themi, Flavobacterium peregrinum, Flavobacterium fucatum, Flavobacterium au-
rantinum, Flavobacterium rhenanum, Flavobacterium sewanense, Flavobacterium
breve, Flavobacterium meningosepticum, Micrococcus sp. CCMR825, Morganella
morganii, Nocardia opaca, Nocardia rugosa, Planococcus eucinatus, Proteus
re-ﬁ‘geri, Propionibacterium shermanii, Pseudomonas synxantha, Pseudomonas azo-
toformans, Pseudomonas fluorescens, Pseudbmonas ovalis, Pseudomonas stutzeri,
Pseudomonas acidovolans, Pseudomonas mucidolens, Pseudomonas testosteroni,
Pseudomonas aeruginosa, Rhodococcus erythropolis, Rhodococcus rhodochrous,
Rhodococcus sp. ATCC 15592, Rhodococcus sp. ATCC 19070, Sporosarcina ureae,
Staphylococcus aureus, Vibrio metschnikovii, Vibrio tyrogenes, Actinomadura ma-
durae, Actinomyces violaceochromogenes, Kitasatosporia parulosa, Streptomyces
avermitilis, Streptomyces coelicolor, Streptomyces flavelus, Streptomyces griseolus,
Streptomyces lividans, Streptomyces olivaceus, Streptomyces tanashiensis, Strepto-
myces virginiae, Streptomyces antibioticus, Streptomyces cacaoi, Streptomyces lav-
endulae, Streptomyces viridochromogenes, Aeromonas salmonicida, Bacillus pu-
milus, Bacillus circulans, Bacillus thiaminolyticus, Escherichia freundii, Microbac-
terium ammoniaphilum, Serratia marcescens, Salmonella typhimurium, Salmonella

schottmulleri, Xanthomonas citri va v.v..

Theo mdt sd phuong an, vi sinh vét 1a t& bao nhan chuin. Té bao nhan chuin
thich hgp bao gdm té bao ndm men, vi du Saccharomyces spec, nhu Saccharomyces
cerevisiae, Hansenula spec, nhu Hansenula polymorpha, Schizosaccharomyces spec,
nhu Schizosaccharomyces pombe, Kluyveromyces spec, nhu Kluyveromyces lactis va
Kluyveromyces marxianus, Yarrowia spec, nhu Yarrowia lipolytica, Pichia spec, nhu

Pichia methanolica, Pichia stipites va Pichia pastoris, Zygosaccharomyces spec, nhu
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Zygosaccharomyces rouxii va Zygosaccharomyces bailii, Candida spec, nhu Can-
dida boidinii, Candida utilis, Candida freyschussii, Candida glabrata va Candida
sonorensis, Schwanniomyces spec, nhu Schwanniomyces occidentalis, Arxula spec,
nhu Arxula adeninivorans, Ogataea spec nhu Ogataea minuta, Klebsiella spec, nhu

Klebsiella pneumonia.

Nhiéu ching vi khun c6ng nghiép dic biét thich hop dé sir dung trong phuong
phép dugc boc 1§ trong ban md ta. Theo mot ) phuong én, vi sinh vat nay la loai
thudc chi Corynebacterium, vi du C. acetophilum, C. glutamicum, C. callunae, C.
acetoacidophilum, C. acetoglutamicum. Theo mot s6 phuong 4n, vi sinh vét 13 loai
thudc chi Bacillus, vi du, B. thuringiensis, B. anthracis, B. megaterium, B. subtilis,
B. lentils, B. circulans, B. pumilus, B. lautus, B.coagulans, B. brevis, B. firmus, B.
alkaophius, B. licheniformis, B. clausii, B. stearothermophilus, B. halodurans, B.
subtilis, B. pumilus va B. amyloliquefaciens. Theo mot sb phuong 4n, vi sinh vt 1a
loai thudc chi Erwinia, vi du, E. uredovora, E. carotovora, E. ananas, E. herbicola,
E. punctata va E. terreus. Theo mot sd phuong 4n, vi sinh vat 13 loai thudc chi Esch-
erichia, vi du, E. coli. Theo phuong an khéc, vi sinh vt 1a loai thudc chi Pantoea, vi
du, P. citrea hodc P. agglomerans. Van theo phuong an khéc, vi sinh vat 1a loai thudc
chi Streptomyces, vi du, S. ambofaciens, S. achromogenes, S. avermitilis, S. coeli-
color, S. aureofaciens, S. aureus, S. fungicidicus, S. griseus hodc S. lividans. Theo
phuong 4n khéc nita, vi sinh vt 1a loai thudc chi Zymomonas, vi du, Z. mobilis hodc
Z. lipolytica. Theo phuong an khéc nita, vi sinh vat 1a loai thudc chi Rhodococcus, vi

du R. opacus.

T6t hon 14, vi sinh vét nay dugc chon tir ho Enterobacteriaceae, tdt hon 1a
thudc chi Escherichia, vi du Escherichia coli (E. coli), tét hon néu 1a ching E. coli

W, teong tng voi DSMZ 1116, tuong g véi ATCC9637.

Ngoai viéc ¢6 hoat tinh va/hodc mirc 4o biéu hién cua gen asd hodc gdhA ma
hoa aspalﬁtat-beta-sémialdehyt dehydrogenaza hodc glutamat dehydrogenaza dugc
dua vao, lam ting hodc lam ting cudng, vi sinh vt tai t6 hop theo sang ché c6 thé
con ¢6 (a) hoat tinh va/hodc mirc dd bidu hién ctia gen pflB ma hoa pyruvat format

lyaza I bi giam, bi trc ché hodc bi xda, trong d6 viéc 1am giam, rc che hodc x6ahoat
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tinh va/hodc su bi€u hién cua gen pflB dugc x4c dinh so véi vi sinh vat tham chiéu

tuong ing.

Ngoai viéc c6 hoat tinh va/hodc mic do biéu hién ctia gen asd hoic gdhA ma
héa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat dehydrogenaza dugc
dua vao, 1am ting hodc lam ting cudng, vi sinh vét tai td hop theo sang ché c6 thé
con ¢6 (b) hoat tinh va/hodc mtrec do biéu hién ctia gen adhE m4 héa axetaldehyt-CoA
dehydrogenaza/rugu dehydrogenza phu thudc sit/pyruvat-format lyaza deactivaza
hai churc bi giam, bi tc ché hodc bi x06a, trong d6 vi¢c lam giam, trc ché hodc x6a hoat
tinh va/hodc sy biéu hién ciia gen adhE duge xac dinh so v6i vi sinh vat tham chiéu

tuong ung.

Ngoai viéc c6 hoat tinh va/hodc mirc do biéu hién ctia gen asd hozc gdhA ma
héa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat dehydrogenaza dugc
dua vao, 1am ting hodc 1am ting cudng, vi sinh vét tai td hop theo séng ché co thé
con ¢6 (¢) hoat tinh va/hodc muc do biéu hién ctia gen 1dhA ma hoa D-lactat dehy-
drogenaza 1&n men phu thudc NAD bi gidm, bi Grc ché hodc bi triét ti€u, trong d6 viéc
lam gidm, Grc ché hodc triét tiéu hoat tinh va/hodc su biéu hién ctia gen ldhA duoc

xac dinh so v6i vi sinh vat tham chiéu twong tng.

Ngoai viéc c6 hoat tinh va/hodc muc d biéu hién cua gen asd hodc gdhA ma
hoa aspartat-beta-semialdehyt dehydrogenaza hogc glutamat dehydrogenaza dugc
dua vao, lam ting hodc lam tang cudng, vi sinh vt tai t6 hop theo sang ché c6 thé
con ¢6 (d) hoat tinh va/hoic mirc do biéu hién cta gen pta ma hoa phosphat axetyl-
transferaza bi giam, bi trc ché hoic bi triét tiéu va/hoic hoat tinh va/hodc murc do biéu
hién cta gen ackA ma hoa axetat kinaza A va propionat kinaza 2 bi gidm, bj ¢ ché
hodc bi triét tiéu, trong d6 viéc lam gidm, Gc ché hoic triét tiéu hoat tinh va/hodc su
biéu hién ctia gen pta va/hoic gen ackA dugc xac dinh so véi vi sinh vat tham chiéu
twong Ung.

Ngoai viéc ¢6 hoat tinh va’/hodc muc do biéu hién cta gen asd hodc gdhA ma
hoéa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat dehydrogenaza dugc
dua vao, 1am ting hodc lam tang cudng, vi sinh vt tai t6 hop theo sang ché c6 thé

con ¢ (e) hoat tinh va/hodc mac do bi€u hién cia gen frdA ma hdéa fumarat reductaza

-8
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bi gidm, bi (rc ché hodc bi triét tiéu, trong d6 viéc lam gidm, rc ché hodc triét tiéu
hoat tinh va/hodc sy bi€u hién cta gen frdA dugc xac dinh so v6i vi sinh vt tham

chiéu trong tng.

Ngoai viéc ¢ hoat tinh va/hodc mirc 4o biéu hién ctia gen asd hoic gdhA ma
hoéa aspartat-beta—semialdehyt dehydrogenaza hodc glutamat dehydrogenaza dugc
dua vao, lam tang hodc lam ting cudng, vi sinh vat tai td hop theo sang ché o thé
con ¢ (f) hoat tinh va/hodc mic 4o biéu hién ctia gen alaD ma héa alanin dehydro-
genaza dugc dua vao, 1am ting hodc lam ting cudng, trong d6 vigc lam tdng hodc
tdng cuong hoat tinh va/hodc su biéu hién cia gen alaD dugc xac dinh so v6i vi sinh

vét tham chiéu twong tng.

Ngoai viéc ¢ hoat tinh va/hodc mirc do biéu hién cta gen asd hodc gdhA ma
hoa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat dehydrogenaza duoc
dua vao, lam ting hodc lam ting cuong, vi sinh vt tai td hop theo séng ché co thé
con ¢6 (g) hoat tinh va/hodc murc do biéu hién ctia gen dadX ma hoa alanin raxemaza
bi gidm, bi Grc ché hoic bi triét tiéu, trong d6 viéc 1am gidm, e ché hoic triét tiéu
hoat tinh va/hoac su biéu hién cta gen dadX dugc xac dinh so v6i vi sinh vét tham

chiéu twong tng.

Tt hon 13, vi sinh vat tai tb hop theo sdng ché c6 hoat tinh va/hosic mirc dd
biéu hién cua gen asd hodc gdhA ma hoa aspartat-beta-semialdehyt dehydrogenaza
hoidc glutamat dehydrogenaza dugc dua vao, 1am ting hodc lam tang cudng c6 thém
it nhét hai, tét hon nita 13 it nhét ba, tham chi t&t hon nita 12 it nhat bén, tham chi tot
hon nita 13 it nhAt nim, t8t nhat 12 tit ca cic dic tinh néu trén dugc chon tir nhom

(a) hoat tinh va/hodc mirc do biéu hién cua gen pflB ma hoa pyruvat format
lyaza I bi giam, bi Grc ché hodgc bi triét tiéu va

(b) hoat tinh va/hodc mitrc do biéu hién ctia gen adhE mi hoa axetaldehyt-CoA
dehydrogenaza/rugu dehydrogenza phu thudc sit/pyruvat-format lyaza deactivaza
hai chirc) bi gidm, bi trc ché hodc bi triét tiéu va

(¢) hoat tinh va/hodc muc dd biéu hién cua gen 1dhA ma hoa D-lactat dehy-

drogenaza 1én men phu thudc NAD bi gidm, bi @tc ché hoic bi triét tiéu va
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(d) hoat tinh va/hodc mirc d6 biéu hién clia gen pta ma héa phosphat axetyl-
transferaza bi giam, bi trc ché hoiic bi triét tiéu va/hodc hoat tinh va/hodc mitc do biéu
hién cua gen ackA ma hoa axetat kinaza A va propionat kinaza 2 bi giam, bi tc ché
hodc bi tri€t ti€u va

(e) hoat tinh va/hodc mtrc do biéu hién cia gen frdA ma héa fumarat reductaza
bi giam, bi trc ché hoic bi triét tiéu va

(f) hoat tinh va/hodic mirc d6 biéu hién ciia gen alaD ma héa alanin dehydro-

genaza dugc dua vao, lam tdng hodc lam tdng cuong,

(g) hoat tinh va/hodc mirc d biéu hién ctia gen dadX méa héa alanin raxemaza
bi giam, bi rc che hodc bi triét tiéu

trong d6 viéc lam giam, e ché, triét tiéu, dua vao, viéc lam tidng hodc ting
cudng hoat tinh va/hogc su bi€u hién cta gen duoc xac dinh so voi vi sinh vét tham

chiéu twong ng.

Gen alaD c6 thé thu dugc tir sinh vét bat ky hoic c6 thé 1a gen tdng hop dugc
thiét ké bai con ngudi, vi du ¢6 cach dung codon dugc t61 wu hoa dé biéu hién trong
vi sinh vAt tai t6 hop theo séng ché hoic dugc tdi wu hoa cho hoat tinh enzym, vi du
¢6 Vmax hodc Km duogc cai thién. Tét hon 13, gen alaD thu dugc tir vi sinh vét cia
mot trong s6 cac chi Bacillus, Geobacillus, Paenibacillus, Halobacillus, Brevibacil-
lus. Theo phuong an dugc wu tién, gen alaD thu dugc tlr vi sinh vét ciia chi Geobacil-
lus. Theo phuong an dugc uu tién nhit, gen alaD thu dugc tr Geobacillus stearother-

mophilus.

Theo mdt phuong an dugc uu tién, gen alaD duoc t81 wu hoa codon dé biéu

hién trong vi sinh vat tai t6 hop theo sang ché.

Vi sinh vat theo sang ché con c6 thé chua cac bién dbi gen, nhur cc dot bién,
bét hoat gen hodc hoat tinh enzym dugc ting cudong hodc duge dua vao dé lam cai
thién thém hiéu suét va/hoic nang suét cta alanin, pyruvat, suxinat, aspartat, malat,
lactat, valin va/hoac leuxin, tdt hon 14 suxinat hodc alanin, t8t hon nira 1a alanin. Vi
du, vi sinh vat theo sang ché c6 thé con ¢6 mirc dd biéu hién va/hodc hoat tinh clia

gen ygaW tr E.coli hodc dang d6ng nhat hodc dwong lugng chire ctia chung duge lam
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ting cudng hodc 1am ting gan day dugc md ta dé cai thién ndng suit san xudt alanin

clia vi sinh vat khi dugc biéu hién qua mic (W02012/172822).

Theo vi du khéc nita, vi sinh vt theo sang ché c6 thé ngoai ra con c6 bat ky
mdt trong sb, bat ky su két hop ctia hodc tAt ca cac gen cu thé va duge mo ta chi tiét
trong céc don PCT/IB2014/064426 va PCT/IB2014/066686 va ¢ loi trong vi€c san
xuét alanin, pyruvat, suxinat, aspartat, malat, lactat, valin va/hodc leuxin, t6t hon 1a

suxinat hodc alanin, tot hon nita 12 alanin.

Theo mdt phuong an gen asd md hoa aspartat-beta-semialdehyt dehydro-

genaza, duoc chon tir nhém bao gdm:
(i) phan t axit nucleic chira trinh ty duge néu trong SEQ ID NO: 25, hodc

(ii) phén t& axit nucleic c6 do ddng nhét it nhit 80%, tot hon 1a it nhét 85% vi
du it nhét 90%, t6t hon nita 1a it nhat 95% vi du it nhit 96%, tham chi tét hon nita 1a
it nhat 97% vi du it nhit 98%, t5t nhat 1a it nhit 99% véi phan tit axit nucleic dugce
néu-trong SEQ ID NO: 25, hodc

(iii) phan tir axit nucleic lai voi phén tir axit nucleic ¢6 SEQ ID NO: 25 & didu
kién nghiém ngét trung binh, tdt hon nita 12 & diéu kién nghiém ngdt cao, t5t nhét 1a

& diéu kién nghiém ngat rat cao, hodc

(iv) phan tit axit nucleic méa hoa polypeptit duoc néu trong SEQ ID NO: 26,

hodc

(v) phan tir axit nucleic ma héa polypeptit c6 do ddng nhat it nhat 60% t6t
hon 1a it nhat 70% vi du it nhét 75%, tdt hon nita 12 it nhit 80% vi dy it nhat 85%,
thdm chi tdt hon nita 1a it nhat 90% vi du it nhét 95%, tbt nhét 13 it nhét 96%, it nhit
97%, it nhit 98% hodc it nhit 99% véi polypeptit dugc néu trong SEQ ID NO: 26,
trong d6 polypeptit dugc ma hoa béi (ii), (iii) hodc (v) c6 it nhét 10%, 20% tot
hon 13 it nhét 30% hozic 50%, t&t hon nita 12 it nhit 60% hodc 70%, tham chi tot hon
nita 13 it nhat 75%, 80%, 85% hoidc 90 %, dwoc wu tién nhét 13 it nhit 95% hoat tinh
nhu polypeptit c6 SEQ ID NO: 26.
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Theo mot phuong 4n gen gdhA mi hoa glutamat dehydrogenaza, dugc chon

tir nhém bao gom:
(i) phén t axit nucleic chtra trinh ty dugc néu trong SEQ ID NO: 37, hodc

(i) phén tir axit nucleic c6 do ddng nhét it nhat 80%, t&t hon 14 it nhét 85% vi
du it nhat 90%, tdt hon nira 14 it nhat 95% vi du it nhat 96%, thdm chi tbt hon nira 1a
it nhat 97% vi du it nhét 98%, tbt nhét 1a it nhat 99% voi phan tir axit nucleic dugc
néu trong SEQ ID NO: 37, hodc

(iii) phan tr axit nucleic lai v&i phan tr axit nucleic c6 SEQ ID NO: 37 & didu
kién nghi€ém ngit trung binh, t6t hon nita 13 & didu kién nghiém ngit cao, tot nhit 12

& diéu kién nghiém ngat rat cao, hodc

(iv) phén tir axit nucleic ma héa polypeptit duoc néu trong SEQ ID NO: 38,

hoac

(v) phan tir axit nucleic ma héa polypeptit c6 do dong nhét it nhit 60% t&t hon
1 it nhét 70% vi du it nhat 75%, t6t hon nita 1 it nhit 80% vi du it nht 85%, tham
chi t6t hon nira 1 it nhat 90% vi du it nhat 95%, t&t nhat 1a it nhit 96%, it nhat 97%,
it nhét 98% hodc it nhat 99% vai polypeptit duge néu trong SEQ ID NO: 38,

trong d6 polypeptit dugc ma hoda béi (ii), (iii) hodc (v) co it nhét 10%, 20% tt
hon 12 it nhat 30% hoiic 50%, t6t hon nita 1a it nhit 60% hodc 70%, tham chi t&t hon
nita 12 it nhat 75%, 80%, 85% hodc 90 %, dwoc wu tién nhat 13 it nhat 95% hoat tinh
nhu polypeptit c6 SEQ ID NO: 38.

Vi sinh vat tai to hop theo sang ché ¢6 hoat tinh va/hodc mirc do biéu hién cia
gen asd hodc gdhA ma hoéa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat
dehydrogenaza dugc dua vao, lam tdng hodc lam ting cudng cd thé con c6 bat ky
modt, hai, ba, bdn, ndm, sau hodc tit ca cac tinh chét nhu dugc xac dinh & trén tir muc
(a) dén (g),

trong do gen pflB dugc chon tir nhém bao gdm:

(A) phén tir axit nucleic chira trinh ty dugc néu trong SEQ ID NO: 5, hodc
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(B) phan tr axit nucleic c6 dd ddng nhét it nhat 80%, tot hon 14 it nhéit 85% vi
du it nhit 90%, t6t hon nita 1a it nhit 95% vi du it nhit 96%, thim chi t6t hon nita la
it nhit 97% vi du it nhat 98%, t6t nhit 1 it nht 99% véi phan tir axit nucleic duge
néu trong SEQ ID NO: 5, hodc

(C) phan tr axit nucleic lai véi phan tir axit nucleic ¢6 SEQ ID NO: 5 & didu
kién nghiém ngit trung binh, t6t hon nita 1a & didu kién nghiém ngjt cao, tot nhat 1a

& diéu kién nghiém ngét rat cao, hodc

(D) phén t axit nucleic mad héa polypeptit duoc néu trong SEQ ID NO: 6,

hodc

(E) phén t{r axit nucleic ma héa polypeptit c6 d ddng nhét it nhat 60% tot hon
14 it nh&t 70% vi du it nhit 75%, t5t hon nita 12 it nhit 80% vi du it nhét 85%, thdm
chi tét hon nita 1 it nhAt 90% vi du it nhAt 95%, tét nhét 12 it nhit 96%, it nhat 97%,
it nhat 98% hoic it nhat 99% véi polypeptit duge néu trong SEQ ID NO: 6,

trong do polypeptit dugc mad hoa bdi (B), (C) hodc (E) cé it nhét 10%, 20% tdt
hon 13 it nhit 30% hodc 50%, tét hon nita 12 it nhit 60% hodc 70%, tham chi tét hon
nita 13 it nhit 75%, 80%, 85% hoic 90 %, dugc ru tién nhat 13 it nhat 95% hoat tinh
nhu polypeptit c6 SEQ ID NO: 6 va

trong d6 gen adhE dugc chon tir nhom bao gom:
(F) phan tt axit nucleic chira trinh ty dugc néu trong SEQ ID NO: 7, hodc

(G) phén tir axit nucleic c6 do ddng nhét it nht 80%, tot hon 14 it nhat 85% vi
du it nhit 90%, tét hon nita 12 it nhit 95% vi du it nhét 96%, tham chi tot hon nita 1a
it nhit 97% vi du it nhit 98%, tt nhét 14 it nhat 99% véi phan tir axit nucleic dugce
néu trong SEQ ID NO: 7, hodc

(H) phan tir axit nucleic lai v6i phén tir axit nucleic c6 SEQ ID NO: 7 & diéu
kién nghiém ngét trung binh, tdt hon nita 1 & diéu kién nghiém ngdt cao, t6t nhat 1a
& diéu kién nghiém ngét rat cao, hodc

(I) phan tir axit nucleic ma hoa polypeptit dugc néu trong SEQ ID NO: 8,

hoac
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(J) phan tir axit nucleic ma hoa polypeptit c6 dd ddng nhat it nhét 60% tt hon
12 it nhét 70% vi dy it nhat 75%, tot hon nita 12 it nhat 80% vi du it nhat 85%, tham
chi t6t hon nira 1a it nhét 90% vi dy it nhét 95%, tot nht 1a it nhat 96%, it nhat 97%,
it nhat 98% hodc it nhit 99% véi polypeptit dugc néu trong SEQ ID NO: 8,

trong do6 polypeptit dugc ma hoéa boi (G), (H) hodc (J) co it nhét 10%, 20% tbt
hon 1a it nhat 30% hogc 50%, tt hon nita 1 it nhit 60% hodc 70%, tham chi tot hon
nita 13 it nhét 75%, 80%, 85% hogc 90 %, dugc wu tién nhét 13 it nhit 95% hoat tinh
nhu polypeptit c6 SEQ ID NO: 8 va

trong d6 gen IdhA dugc chon tir nhém bao gbm:
(K) phén t¥ axit nucleic chtra trinh tu duwgc néu trong SEQ ID NO: 9, hodc

(L) phén tr axit nucleic c¢6 do ddng nhét it nhat 80%, 6t hon 14 it nhit 85% vi
du it nht 90%, t6t hon nita 1a it nhit 95% vi du it nhit 96%, tham chi tét hon nita 1a
it nhit 97% vi du it nhit 98%, t6t nhat 1 it nhat 99% v&i phan ti axit nucleic dugc
néu trong SEQ ID NO: 9, hodc

(M) phén tir axit nucleic lai véi phén tir axit nucleic ¢6 SEQ ID NO: 9 ¢ diéu
kién nghiém ngit trung binh, tot hon nita 1a & didu kién nghiém ngit cao, tot nhét 12

& diéu kién nghiém ngat rat cao, hodc

(N) phén tir axit nucleic ma hoa polypeptit duoc néu trong SEQ ID NO: 10,

hodc

(O) phén tr axit nucleic ma hoa polypeptit c6 do ddng nhét it nhat 60% t6t hon
3 it nhit 70% vi dy it nhdt 75%, t&t hon nita 13 it nhit 80% vi du it nhat 85%, thm
chi tt hon nita la it nhat 90% vi dy it nhit 95%, t6t nhat 14 it nhat 96%, it nhat 97%,
it nhat 98% hoic it nhat 99% véi polypeptit duge néu trong SEQ ID NO: 10,

trong dé polypeptit duge ma hoéa boi (L), (M) hodc (O) ¢o it nhét 10%, 20%
t6t hon 12 it nhét 30% hodc 50%, tot hon nita 14 it nhét 60% hozic 70%, tham chi tt
hon nita 13 it nhat 75%, 80%, 85% hodc 90 %, dugc uu tién nhat 14 it nhat 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 10 va

trong d6 gen pta dugce chon tir nhém bao gom:
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(P1) phan t axit nucleic chira trinh ty dugc néu trong SEQ ID NO: 11, hodc

(Q1) phan tir axit nucleic c6 do ddng nhit it nhat 80%, tét hon 1 it nhat 85%
vi du it nhAt 90%, t6t hon nita 12 it nhit 95% vi du it nhit 96%, tham chi tét hon nita
14 it nhat 97% vi du it nhat 98%, t6t nhét 14 it nhét 99% véi phéan ti axit nucleic duge

néu trong SEQ ID NO: 11, hodc

(R1) phan tr axit nucleic lai véi phan tir axit nucleic ¢6 SEQ ID NO: 11 & diéu
kién nghiém ngét trung binh, t6t hon nira 1a & didu kién nghiém ngit cao, t6t nhét 1a

& diéu kién nghi€m ngét rat cao, hodc

(S1) phén ti axit nucleic ma héa polypeptit dugc néu trong SEQ ID NO: 12,

hoédc

(T1) phan tir axit nucleic ma héa polypeptit c6 do ddng nhét it nhat 60% tdt
hon 14 it nhét 70% vi du it nhit 75%, t6t hon nita 1a it nhét 80% vi du it nhit 85%,
tham chi tdt hon nita 12 it nhit 90% vi du it nht 95%, t&t nhat Ia it nhit 96%, it nhét
97%, it nhat 98% hoic it nht 99% véi polypeptit duge néu trong SEQ ID NO: 12,

trong do polypeptit dugc ma hoa bdi (Q1), (R1) hodc (T1) ¢b it nhét 10%, 20%
t6t hon 12 it nhat 30% hodc 50%, tdt hon nira 1 it nhit 60% hodc 70%, tham chi tt
hon nita 12 it nhét 75%, 80%, 85% hodc 90 %, dwoc wu tién nhét 13 it nhat 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 12 va

trong d6 gen ackA dugc chon tir nhém bao gdm:
(P2) phan tir axit nucleic chtra trinh ty dugc néu trong SEQ ID NO: 32, hodc

(Q2) phan tir axit nucleic c6 do ddng nhét it nhat 80%, tét hon 14 it nhat 85%
vi du it nhit 90%, ot hon nita 1a it nhit 95% vi du it nhit 96%, tham chi t6t hon nita
1 it nhAt 97% vi du it nhAt 98%, t6t nhit 13 it nh4t 99% véi phan tit axit nucleic dugc

néu trong SEQ ID NO: 32, hodc

(R2) phan tir axit nucleic lai voi phén tir axit nucleic ¢c6 SEQ ID NO: 32 ¢ didu
kién nghiém ngt trung binh, t8t hon nita 1a & diéu kién nghiém ngit cao, tét nhét 1a

& diéu kién nghi€m ngdt rat cao, hodc
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(S2) phén tir axit nucleic ma héa polypeptit duwgc néu trong SEQ ID NO: 33,

hodc

(T2) phén tr axit nucleic m& hoa polypeptit c6 dd ddng nhét it nhit 60% tt
hon 1a it nhat 70% vi dy it nhat 75%, t6t hon nita 12 it nhit 80% vi du it nhat 85%,
tham chi tét hon nita 12 it nhat 90% vi du it nhit 95%, t6t nhit 1a it nht 96%, it nhit
97%, it nhét 98% hodc it nhit 99% véi polypeptit duge néu trong SEQ ID NO: 33,

trong d6 polypeptit dugc ma héa bdi (Q2), (R2) hodc (T2) ¢6 it nhit 10%, 20%
t6t hon 12 it nhat 30% hodc 50%, t6t hon nira 13 it nhit 60% hodc 70%, tham chi tdt
hon nita 12 it nhét 75%, 80%, 85% hodc 90 %, dugc wu tién nhit 13 it nhat 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 33 va

trong d6 gen frdA dugc chon tir nhom bao gbm:
(U) phén tir axit nucleic chira trinh tu dugce néu trong SEQ ID NO: 13, hodc

(V) phan ti axit nucleic ¢6 d6 ddng nhét it nhat 80%, tot hon 12 it nhat 85% vi
du it nhét 90%, tdt hon nita 13 it nhit 95% vi du it nhit 96%, tham chi tot hon nita 14
it nhit 97% vi du it nhat 98%, t&t nhat 13 it nhit 99% v&i phan tir axit nucleic dugc
néu trong SEQ ID NO: 13, hodc

(W) phén tt axit nucleic lai véi phén tr axit nucleic ¢c6 SEQ ID NO: 13 & didu
kién nghiém ngit trung binh, tdt hon nita 13 & diu kién nghiém ngdt cao, tdt nhét 12
& diéu kién nghiém ngit rét cao, hodic

(X) phan tr axit nucleic ma hoa polypeptit duoc néu trong SEQ ID NO: 14,
hodc

(Y) phén ti¥ axit nucleic ma hoa polypeptit c6 4o ddng nhit it nhit 60% tot hon
12 it nhit 70% vi du it nhét 75%, tdt hon nita 1 it nhit 80% vi du it nhét 85%, thim
chi tét hon nita 14 it nhat 90% vi du it nhét 95%, t&t nhat 1a it nhat 96%, it nhat 97%,
it nhit 98% hodc it nhit 99% véi polypeptit duge néu trong SEQ ID NO: 14,

trong do6 polypeptit dugc mé hoéa bai (V), (W) hodc (Y) co it nhit 10%, 20%
tét hon 1a it nhét 30% hodic 50%, 6t hon niva 12 it nhit 60% hogc 70%, thdm chi tot
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hon nita 12 it nhit 75%, 80%, 85% hodc 90 %, dugc vu tién nhét 12 it nhat 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 14 va

trong d6 gen alaD duoc chon tir nhém bao gdm:
(Z) phan tir axit nucleic chra trinh tr duge néu trong SEQ ID NO: 1, hodc

(AA) phén tir axit nucleic c6 do ddng nhét it nhit 80%, tot hon 12 it nhét 85%
vi du it nhit 90%, t&t hon nita 14 it nhat 95% vi du it nhat 96%, thdm chi t&t hon nita
1a it nhat 97% vi du it nhit 98%, t&t nhét 1a it nhit 99% véi phan tir axit nucleic duogc

néu trong SEQ ID NO: 1, hodc

(BB) phéan tir axit nucleic lai v6i phén tir axit nucleic ¢6 SEQ ID NO: 1 & diéu
kién nghiém ngit trung binh, tot hon nita 1a & diéu kién nghiém ngit cao, t&t nhét 1a

¢ diéu kién nghiém ngét rat cao, hodc

(CC) phéan tr axit nucleic ma hoa polypeptit dugc néu trong SEQ ID NO: 2,

hodc

(DD) phan tir axit nucleic ma hoa polypeptit c6 d6 ddng nhat it nhit 60% tbt
hon 14 it nhat 70% vi duy it nhat 75%, tét hon nita 12 it nhat 80% vi dy it nhat 85%,
thdm chi tdt hon nita 12 it nhdt 90% vi du it nhat 95%, tét nhat la it nhat 96%, it nhat
97%, it nhat 98% hodc it nhat 99% vai polypeptit duoc néu trong SEQ ID' NO: 2,

trong d6 polypeptit dugc ma hoa bai (AA), (BB) hodc (DD) c6 it nhét 10%,
20% t6t hon 1a it nhét 30% hogc 50%, tét hon nita 1a it nhat 60% hogc 70%, thdm chi
t6t hon nita 1a it nhat 75%, 80%, 85% hodc 90 %, dwoc uu tién nhét 13 it nhat 95%
hoat tinh nhu polypeptit c6 SEQ ID NO: 2 va

trong d6 gen dadX dugc chon tir nhom bao gom:
(EE) phan tr axit nucleic chtra trinh ty dugc néu trong SEQ ID NO: 15, hodc

(FF) phan ti axit nucleic c6 dd ddng nhit it nhat 80%, t6t hon 1a it nhit 85%
vi du it nht 90%, t6t hon nita 12 it nhat 95% vi du it nhat 96%, thdm chi t5t hon nita
1a it nh4t 97% vi duy it nht 98%, &t nhét 13 it nhat 99% véi phan tir axit nucleic duoc
néu trong SEQ ID NO: 15, hodc
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(GG) phén tr axit nucleic lai v6i phan tir axit nucleic c6 SEQ ID NO: 15 &
diéu kién nghiém ngdt trung binh, t8t hon nita 1a & didu kién nghiém ngét cao, t6t nhat

la & diéu kién nghiém ngdt rat cao, hodc

(HH) phén tr axit nucleic ma héa polypeptit dugc néu trong SEQ ID NO: 16,

hoac

(I) phén t axit nucleic ma hoéa polypeptit c6 do ddng nhét it nhit 60% tdt hon
1a it nhit 70% vi du it nhat 75%, t6t hon nita 14 it nhat 80% vi du it nhat 85%, thim
chi t6t hon nira 1a it nhét 90% vi dy it nhit 95%, tdt nhat 12 it nhat 96%,it nht 97%,
it nhat 98% hodc it nhit 99% véi polypeptit duge néu trong SEQ ID NO: 16,

trong do6 polypeptit dugc ma hoa bdi (FF), (GG) hodc (IT) ¢6 it nhét 10%, 20%
t6t hon 12 it nhit 30% hodic 50%, tbt hon nita 12 it nhit 60% hodc 70%, thdm chi tt
hon nita 1a it nhat 75%, 80%, 85% hodc 90 %, dugc wu tién nhat 13 it nhat 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 16.

Theo vi du khéc nita, vi sinh vat theo sang ché c6 thé ngoai ra con co bét ky
mot trong sb, bt ky su két hop cta hodc tit ca cac gen cu thé va dugc mo ta chi tiét
trong cac don WO2015/044818 va PCT/IB2014/066686 va c6 loi trong sy san Xudt

alanin.

Vi sinh vt tai td hop theo séng ché c6 hoat tinh va/hodc mirc dd biéu hién cia
gen asd hodc gdhA mi hoda aspartat-beta-semialdehyt dehydrogenaza hodc glutamat
dehydrogenaza dugc dua vao, lam tang hodc lam ting cuong co thé con ¢6 (h) hoat
tinh va/hodc mtrc do biéu hién ciia gen brnQ ma hoa protein brnQ c6 hoat tinh vén
chuyén axit amin mach nhanh bi gidm, bi trc ché hoic bi triét tiéu, trong d6 viéc lam
giam, rc ché hodc triét tidu hoat tinh va/hodc su biéu hién ctia gen brnQ dugc xic

dinh so v6i vi sinh vét tham chiéu twong tng.

Vi sinh vt tai td hop theo séng ché c6 hoat tinh va/hodc mirc d6 biéu hién cia
gen asd hoic gdhA ma hoa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat
dehydrogenaza dugc dua vao, lam ting hodc lam ting cudng cd thé con c6 (i) hoat
tinh va/hodc mirc dd biéu hién cia gen gevB ma héa ARN ma hoa phi protein bi giam,

bi (rc ché hodc bi triét tiéu, trong d6 viéc lam giam, (e ché hodc triét tiéu hoat tinh
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va/hoiic sy bidu hién cta gen gevB dugc xac dinh so véi vi sinh vét tham chiéu twong
ung.

Vi sinh vat tai té hop theo sang ché c6 hoat tinh va/hodic mirc d6 biéu hién cta
gen asd hodc gdhA ma hoa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat
dehydrogenaza dugc dwa vao, lam tang hodc lam ting cuong c¢6 thé con co (j) hoat
tinh va/hodc mirc do biéu hién cia gen zipA ma héa protein phan chia t& bao lién
quan dén su ghép vong Z dugc 1am ting hodc duoc 1am ting cudng, trong d6 hoat
tinh va/hodc muc do biéu hién cta gen zipA dugc lam ting hodc dugc lam tdng cuong

duoc x4c dinh so véi vi sinh vat tham chiéu twong ing.

Vi sinh vat tai to hop theo séng ché c6 hoat tinh va/hodc mirc d6 biéu hién cia
gen asd hodc gdhA ma hoa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat
dehydrogenaza dugc dua vao, 1am ting hodc 1am ting cudng c6 thé con c¢6 (k) hoat
tinh va/hodc mic d6 biéu hién clia gen Ipd ma héa lipoamit dehydrogenaza dugc 1am
tang hodc dugc lam tdng cudng, trong d6 hoat tinh va/hodc mtrc do biéu hién cta gen
Ipd dugc lam téng hodc dugce lam ting cuong dugce xac dinh so véi vi sinh vat tham

chi¢u tuong tng.

Vi sinh vit tai td hop theo sang ché c6 hoat tinh va/hodc mic do biéu hién cia
gen asd hodc gdhA ma hoa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat
dehydrogenaza duoc dua vao, 1am ting hodc lam ting cudng c6 thé con ¢ (1) gen
1pxD bi dot bién ma héa protein UDP-3-0-(3-hydroxymyristoyl)-glucosamin N-axyl-

transferaza, trong d6 gen IpxD bi dot bién so v6i vi sinh vat tham chiéu twong tng.

Vi sinh vat tai to hop theo séng ché c6 hoat tinh va/hodc mirc do biéu hién cta
gen asd hodc gdhA ma hoa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat
dehydrogenaza dugc dua vao, lam ting hodc lam ting cudong c¢b thé con c6 (m) hoat
tinh va/hodic mirc do biéu hién cta gen gcvA ma hoéa protein lién két ADN duoc lam
ting hodic dugc lam ting cudng, trong d6 hoat tinh va/hodc muc d6 bidu hién cta gen
gcevA dugce lam tdng hodc duge lam tdng cudng dugce x4c dinh so véi vi sinh vat tham

chi€u tuong tng.
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Vi sinh vt tai td hop theo sang ché c6 hoat tinh va/hodc mirc d¢ biéu hién ctia
gen asd hodc gdhA ma hoa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat
dehydrogenaza dugc dua vao, 1am ting hodc lam ting cudng ¢ thé con ¢6 (n) hoat
tinh va/hodc mitc dd biéu hién cta gen ygaW ma hoa chét van chuyén alanin dugc
lam tang hodc dugc lam ting cuodng, trong d6 hoat tinh va/hodc mirc do biéu hién cia
gen ygaW dugc lam ting hodc duoc lam tang cuong dugc xac dinh so vai vi sinh vét

tham chiéu twong ting.

Tét hon 13, vi sinh vét tai tb hop theo séng ché c6 hoat tinh va/hoic muc do
biéu hién ctia gen asd hodc gdhA ma hoéa aspartat-beta-semialdehyt dehydrogenaza
hodc glutamat dehydrogenaza dugc dua vao, lam tdng hodc 1am tdng cudng co6 cac
dic tinh nhu duoc xac dinh & trén tr muc a) dén g) c6 thém it nhét mat, tot hon 1a it
nhét hai, t8t hon nita 1a it nhét ba, tdt hon nita 14 it nhat bdn, tét hon nita 1 it nhét
nam, tham chi t5t hon nita 12 it nhat sdu, tot nhit 1a tit ca cac dic tinh duge chon tir

nhom

(h) hoat tinh va/hodc mirc d§ biéu hién ctia gen brnQ mi hoéa protein brnQ ¢6

hoat tinh van chuyé€n axit amin mach nhénh va

(i) hoat tinh va/hodc muc do biéu hién cta gen gcvB mi héa ARN mi hoa

phi protein bi giam, bi c ché hodc bj triét tiéu va

(j) hoat tinh va/hodc murc do biéu hién cua gen zipA mi héa protein phan chia

té bao lién quan dén su ghép vong Z dugce lam tdng va/hodc duoc lam ting cudng va

(k) hoat tinh va/hodc mic do biéu hién ctia gen lpd ma héa lipoamit dehydro-

genaza dugc lam tang va/hodc dugce lam ting cudng va

() hoat tinh duge thay dbi cia gen lpxD ma hoa ma héa protein UDP-3-O-

(3-hydroxymyristoyl)-glucosamin N-axyltransferaza va

(m) hoat tinh va/hodc muc do biéu hién ctia gen gcvA mai héa protein lién Kkét

ADN dugc lam tdng va/hodc dugce lam tang cudng va

(n) hoat tinh va/hodc mtrc do biéu hién cia gen ygaW ma hoa chét van chuyén

alanine duoc lam ting va/hodc dugc lam tdng cudng,
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trong do6 viéc lam gidm, ¢ che, tri¢t tiéu, lam ting, lam tdng cuong hodc thay
do6i hoat tinh va/hodc sy bi€u hién cua gen dugce xac dinh so véi vi sinh vét tham chiéu

tuong ung.

Vi sinh vt tai td hop theo sang ché ¢6 hoat tinh va/hodc murc d biéu hién cia
gen asd hodc gdhA ma hoa aspartat-beta-semialdehyt dehydrogenaza hodc glutamat
dehydrogenaza dugc dua vao, lam ting hodc 1am ting cudng va c6 bat ky mat, hai,
ba, bdn, nim, sau hoic tit ca cdc dic tinh nhu dwgce xac dinh & trén tr muc (a) dén
(g) va/hodc (A) dén (I1), c6 thé con c6 any mét, hai, ba, bdn, ndm, sau hodc tat ca cac

d3ic tinh nhv duoc xé4c dinh & trén tir muc (h) dén (n)
trong d6 gen brnQ dugc chon tir nhém bao gdm:
(1) phan tir axit nucleic chia trinh ty dugce néu trong SEQ ID NO: 23, hodc

(2) phén tir axit nucleic c6 do ddng nhét it nhat 80%, tot hon 1a it nhat 85% vi
du it nhit 90%, t&t hon nita 12 it nhit 95% vi du it nhat 96%, thdm chi t5t hon nita 1a
it nhat 97% vi du it nhét 98%, t6t nhat 1a it nhat 99% véi phan ti axit nucleic dugc

néu trong SEQ ID NO: 23, hodc

(3) phan tir axit nucleic lai v6i phan tir axit nucleic ¢6 SEQ ID NO: 23 & didu
kién nghiém ngit trung binh, t5t hon nita 14 & diéu kién nghiém ngit cao, tot nhat 1a

¢ dicu kién nghiém ngét rat cao, hodc

(4) phan tr axit nucleic ma hoa polypeptit dugc néu trong SEQ ID NO: 24,

hoac

(5) phan tir axit nucleic ma hoa polypeptit c6 ¢ ddng nhit it nhat 60% t6t hon
1 it nhit 70% vi du it nhit 75%, tot hon nita 12 it nhat 80% vi du it nhét 85%, tham
chi tdt hon nita 14 it nhat 90% vi du it nhéat 95%, 6t nhat 1a it nhat 96%, it nhat 97%,
it nhat 98% hoic it nhat 99% véi polypeptit duge néu trong SEQ ID NO: 24,

trong d6 polypeptit dwgc ma hoa bai (2), (3) hodc (5) ¢6 it nhét 10%, 20% tbt
hon 14 it nhit 30% hodc 50%, tdt hon nita 14 it nhit 60% hogc 70%, thdm chi tot hon
nita 13 it nhit 75%, 80%, 85% hodc 90 %, dugc wu tién nhat 14 it nhat 95% hoat tinh
nhu polypeptit c6 SEQ ID NO: 23 va
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trong dé gen gcvB dugce chon tir nhom bao gbm:
(6) phén tir axit nucleic chira trinh tu dugc néu trong SEQ ID NO: 31, hodc

(7) phan t axit nucleic ¢6 d6 ddng nhét it nhat 80%, t6t hon 14 it nhat 85% vi
du it nhit 90%, tdt hon nita 1 it nhit 95% vi du it nht 96%, tham chi tot hon nita 13
it nhat 97% vi du it nhit 98%, t&t nhat 13 it nhit 99% v&i phén tit axit nucleic dugc
néu trong SEQ ID NO: 31, hodc

trong d6 phan tu aXit nucleic muc (7) ¢6 it nhat 10%, 20% tt hon 13 it nhét
30% hoidc 50%, tot hon nita 14 it nhit 60% hodic 70%, tham chi tt hon nita 13 it nhét
75%, 80%, 85% hodc 90 %, dugc wu tién nhit 12 it nhit 95% hoat tinh nhu phan ti
axit nucleic ¢c6 SEQ ID NO: 31 va

trong d6 gen zipA dugc chon tir nhém bao gbm:
(8) phan tir axit nucleic chira trinh tu dugce néu trong SEQ ID NO: 19, hodc

(9) phan tir axit nucleic c6 d6 dong nhét it nhit 80%, t6t hon 14 it nhit 85% vi
du it nhit 90%, t&t hon nita 13 it nhit 95% vi du it nhét 96%, tham chi t6t hon nra la
it nhat 97% vi du it nhit 98%, t6t nhét 1a it nhét 99% v&i phan tir axit nucleic duoc
néu trong SEQ ID NO: 19, hodc

(10) phén tir axit nucleic lai véi phan tir axit nucleic ¢c6 SEQ ID NO: 19 ¢ didu
ki€n nghiém ngét trung binh, t8t hon nita 1a & diéu kién nghiém ngit cao, tdt nhit 1a
& didu kién nghiém ngit rit cao, hoic

(11) phén tr axit nucleic ma héa polypeptit dugc néu trong SEQ ID NO: 20,
hoac

(12) phén tir axit nucleic ma héa polypeptit co do dbng nhét it nht 60% t6t
hon 14 it nhat 70% vi du it nhit 75%, t6t hon nita 1a it nhit 80% vi du it nhat 85%,
tham chi tdt hon nita 1a it nhit 90% vi du it nhét 95%, t6t nhét 1a it nhat 96%, it nhét
97%, it nhat 98% hodc it nhat 99% véi polypeptit dugc néu trong SEQ ID NO: 20,

trong do polypeptit dugc ma hoa béi (9), (10) hodc (12) co it nhét 10%, 20%
tét hon 1a it nhat 30% hosic 50%, tdt hon nita 13 it nhit 60% hodc 70%, thim chi tot
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hon nita 12 it nhit 75%, 80%, 85% hodc 90 %, duge wu tién nhét 1a it nhat 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 20 va

trong d6 gen Ipd dugce chon tir nhém bao gdm:
(13) phéan tr axit nucleic chira trinh tu dugc néu trong SEQ ID NO: 21, hodc

(14) phan ti axit nucleic c6 do ddng nhét it nhat 80%, tét hon 12 it nhét 85%
vi du it nhét 90%, 5t hon nita 13 it nh4t 95% vi du it nhit 96%, tham chi t&t hon nita
1a it nhét 97% vi du it nht 98%, tot nhét 1 it nhit 99% v&i phan tir axit nucleic dugc

néu trong SEQ ID NO: 21, hodc

(15) phan tr axit nucleic lai véi phan tir axit nucleic ¢c6 SEQ ID NO: 21 & diéu
kién nghiém ngit trung binh, t5t hon nita 12 & didu kién nghiém ngit cao, tot nhét 13

& diéu kién nghi€m ngét rat cao, hodc

(16) phén tr axit nucleic ma héa polypeptit dugc néu trong SEQ ID NO: 22,

hodc

(17) phén ttr axit nucleic ma hoéa polypeptit c6 dd ddng nhét it nhét 60% tdt
hon 1a it nhit 70% vi du it nhit 75%, 6t hon nita 13 it nhit 80% vi dy it nhat 85%,
thém chi tét hon nita 1a it nhit 90% vi du it nhét 95%, t6t nht 14 it nhat 96%, it nhét
97%, it nhat 98% hodc it nhit 99% véi polypeptit duge néu trong SEQ ID NO: 22,

trong do6 polypeptit dugc ma hoa boi (14), (15) hodc (17) co it nhét 10%, 20%
t6t hon 12 it nhét 30% hodic 50%, t6t hon nita I3 it nhit 60% hodc 70%, tham chi tot
hon nita 12 it nhit 75%, 80%, 85% hodc 90 %, dwoc wu tién nhét 13 it nhat 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 22 va

trong d6 lIpxD gen dugc chon tir nhdém bao gom:

(23) phén tr axit nucleic chira trinh ty duge néu trong SEQ ID NO: 27, hodc

(24) phan tir axit nucleic ¢6 d6 ddng nhét it nhat 80%, t6t hon 1a it nhat 85%
vi du it nhit 90%, t&t hon nita 1a it nhit 95% vi du it nhit 96%, tham chi tét hon nita
14 it nhét 97% vi du it nhat 98%, tot nhét 1a it nhat 99% vai phan ti axit nucleic dugc

néu trong SEQ ID NO: 27, hoac
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(25) phén tr axit nucleic lai vdi phan tir axit nucleic c6 SEQ ID NO: 27 & diéu
kién nghiém ngit trung binh, tot hon nita 13 & didu kién nghiém ngit cao, tot nhat 1a

& diéu kién nghi€m ngat rat cao, hodc

.(26) phén tir axit nucleic ma hoa polypeptit dugc néu trong SEQ ID NO: 28,

hodc

(27) phén tir axit nucleic ma héa polypeptit c6 dd ddng nhét it nhat 60% tot
hon 14 it nhdt 70% vi du it nhit 75%, tét hon nita 12 it nhat 80% vi dy it nhat 85%,
tham chi 6t hon nita 12 it nht 90% vi du it nhat 95%, t6t nht 1a it nhét 96%, it nhat
97%, it nhét 98% hoic it nhit 99% vai polypeptit duge néu trong SEQ ID NO: 28,

trong do polypeptit dugc ma hoa bdi (24), (25) hodc (27) ¢b it nhét 10%, 20%
t6t hon 12 it nhat 30% hodc 50%, t6t hon nita 1a it nhit 60% hodc 70%, thdm chi t5t
hon nita 1 it nhat 75%, 80%, 85% hodc 90 %, dugc wu tién nhét 13 it nhit 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 28 va

trong d6 polypeptit dugc ma hoa bdi (24) dén (27) ¢6 & vi tri twong duong voi
vi tri 15 dugce néu trong SEQ ID NO: 28 threonin, va

trong d6 gen gcvA dugc chon tir nhom bao gbm:
(28) phan tr axit nucleic chtra trinh ty duwgc néu trong SEQ ID NO: 29, hodc

(29) phén ti axit nucleic ¢6 do ddng nhat it nhit 80%, tot hon 1a it nhat 85%
vidu it nhit 90%, t6t hon nita 1a it nhit 95% vi du it nhét 96%, tham chi tdt hon nita
14 it nhit 97% vi du it nhat 98%, tbt nhét 1 it nht 99% v&i phan ti axit nucleic dugce

néu trong SEQ ID NO: 29, hodc

(30) phan tir axit nucleic lai voi phan tir axit nucleic c6 SEQ ID NO: 29 ¢ diéu
kién nghiém ngét trung binh, t5t hon nira 1a & diéu kién nghiém ngt cao, t6t nhit 1a
& didu kién nghiém ngit rat cao, hoidc

(31) phan tir axit nucleic ma hoa polypeptit duge néu trong SEQ ID NO: 30,
hoidc

(32) phén tr axit nucleic ma hoéa polypeptit c6 do ddng nhét it nhat 60% t6t
hon 12 it nhat 70% vi du it nhdt 75%, t6t hon nita 12 it nhét 80% vi dy it nhat 85%,

-24-



32108

tham chi tdt hon nita 12 it nhat 90% vi du it nhét 95%, t6t nht 14 it nhit 96%, it nhat
97%, it nhat 98% hodc it nhat 99% véi polypeptit duge néu trong SEQ ID NO: 30,

trong do6 polypeptit duge ma hoa badi (29), (30) hodc (32) co it nhét 10%, 20%
t6t hon 1a it nhét 30% hodc 50%, tot hon nita 1a it nhit 60% hodc 70%, tham chi tt
hon nita 14 it nhat 75%, 80%, 85% hotic 90 %, dwgc vu tién nhit 1a it nhit 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 30 va

trong d6 gen ygaW duoc chon tir nhém bao gbm:
(33) phan tir axit nucleic chira trinh ty duge néu trong SEQ ID NO: 17, hodc

(34) phan tr axit nucleic c¢6 4o ddng nhét it nhat 80%, tot hon 1a it nhét 85%
vi du it nhat 90%, 5t hon nita 14 it nhit 95% vi du it nhét 96%, tham chi tot hon nita
14 it nhit 97% vi du it nhat 98%, t&t nhét 12 it nhat 99% véi phan ti axit nucleic duge

néu trong SEQ ID NO: 17, hodc

(35) phan tit axit nucleic lai v6i phén tir axit nucleic c6 SEQ ID NO: 17 ¢ diéu
kién nghiém ngit trung binh, t6t hon nita 12 & didu kién nghiém ngit cao, t6t nhét 12

& diéu kién nghiém nggt rat cao, hodc

(36) phan tir axit nucleic ma& héa polypeptit duoc néu trong SEQ ID NO: 18,

hodc

(37) phéan tir axit nucleic mad hoa polypeptit c6 do dbng nhit it nhat 60% tbt
hon 12 it nhét 70% vi du it nhét 75%, t6t hon nita 12 it nhét 80% vi du it nhat 85%,
tham chi t5t hon nita 1 it nhét 90% vi du it nhit 95%, t6t nhét 1a it nhat 96%,it nhét
97%, it nhat 98% hodc it nhét 99% véi polypeptit dugc néu trong SEQ ID NO: 18,

trong d6 polypeptit dugc méa hoa bdi (34), (35) hodc (37) co it nhét 10%, 20%
t&t hon 1a it nhét 30% hogic 50%, tét hon nita 13 it nhit 60% hogic 70%, tham chi tét
hon nita 13 it nhét 75%, 80%, 85% hoic 90 %, dugc wu tién nhét 14 it nhat 95% hoat
tinh nhu polypeptit c6 SEQ ID NO: 18 va

trong do polypeptit dugc ma hoa béi (34) to (37) t6t hon 13 ¢6 & vi tri twong
dwong v6i vi tri 5 duge néu trong SEQ ID NO: 18 tdt hon 1a histidin, asparagin,

arginin hodc tyrosin.

-25-



32108

T4t hon 1 vi sinh vat tai tb hop theo sang ché ¢6 hoat tinh va/hodc mirc do
biéu hién cta gen asd hodc gdhA ma hoa aspartat-beta-semialdehyt dehydrogenaza
ho#c glutamat dehydrogenaza dugc dua vao, lam ting hodc lam tdng cudng co tat ca
céc dic tinh nhu dugc xé4c dinh & trén tir muc (a) dén (g) hodc (A) dén (ID) va (j), (k)
va (n) hodc (13) dén (17) va (33) dén (37).

Phuong &n khéac theo sang ché 1a ché phé.m chitra mot hodc nhiu vi sinh vt
tai t8 hop theo sang ché nhu dugc xac dinh & trén. Ché phdm c6 thé con c6 moi trudng
cho phép vi sinh vat tai t6 hop phat trién theo sang ché. Mai trudong nay co6 thé con
chtra nguén cacbon nhu hexoza, pentoza hodc polyol vi du sucroza, glucoza, fructoza,
galactoza, manoza, rafinoza, xyloza, arabinoza, xyluloza, glyxerol, manitol, arabitol,
xylitol, tinh bot, xenluloza, lignoxenluloza hodc su két hop cia ching. T6t hon 1a
ngudn cacbon nay 1 glucoza clia sucroza, t6t hon nita 1a ngudn cacbon nay la glucoza.

Theo phuong an dugc vu tién ché phdm chta vi sinh vt theo sdng ché va moi
truong NBS, méi truong AM1 hodc moi truong PPMO1. Tét hon nita 1a ché phdm
nay con chira ngudn cacbon, tét hon 1a dudong. Céc thanh phén clia cic mdi trudong
nay dugc biét béi ngudi c6 hidu biét trung binh v& linh vuc k§ thuat.

Tét hon 1& mdi lit moi truong NBS chira:

1-5g, tét hon 12 3,5g KH,PO4 va

1-10g, t6t hon 14 5,0g KoHPO4 va

1-5g, tot hon 1a 3,5g (NH4),HPO4 va

0,1-1g, tbt hon 12 0,25g MgSO4— 7 H20 va

5-25mg, t6t hon 1 15mg CaCL> - 2 H20 va

0,1-1mg, t6t hon 1 0,5mg thiamin va

0,1-5ml, tdt hon 14 1ml nguén kim loai vi lugng,

trong d6 ngudn kim loai vi lugng chtra 0,5-5g, t6t hon 13 1,6g FeCL3— 6 H2O;
0,05-0,5g, tot hon 1a 0,2g CoCl,— 6 H20; 0,01-0,5g, tét hon 14 0,1g CuClz - 2 H20;
0,1-0,5g, tot hon 12 0,2g ZnCly; 0,05-0,5g, tdt hon 1a 0,2g NaMoOs — 2 H»0; 0,001-
0,1g, tét hon 1a 0,05g H3BO; mdi lit 0,01-1 M, t6t hon 14 0,1 M HCL.
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Nguon cacbon dugce wu tién trong moi trudong NBS 1a glucoza hodc sucroza,

t5t hon 12 2%-18% glucoza hoic 2%-16% sucroza.

T4t hon 12 mdi lit méi trudng AM 1 chira 0,1-10mM, tét hon 13 1mM dung
dich betain

1-10g, t6t hon 1a 2,6g (NH4),HPO4 va

0,1-5g, tot hon 1 0.87g NH4H,PO4 va

0,05-2,5 g, tt hon 12 0,15g KCl va

0,05-5g, tot hon 12 0,37g MgS04-7H,0 va
0,1-5ml, t6t hon 1a 1ml nguén kim loai vi lugng,

trong d6 mdi lit ngudn kim loai vi lugng chira 0,01-1 M, t6t hon 13 0,12 M
HCL, 1-5g, tdt hon 12 2,4g FeCL3;-6H,0; 0,1-1g, tét hon 12 0,3g CoCl-6H,0; 0,1-1g,
t6t hon 13 0,21g CuCla - 2 HO; 0,1-1g, t6t hon 12 0,3g ZnCl; 0,1-1g, tét hon 13 0,27g
NaMoO4 — 2 H,0; 0,01-0,5g, tét hon 1a 0,068g H;BOs va 0,1-1g, t6t hon 12 0,5g
MnCl,— 4 H,0,

va tiy ¥ 1-30g, t6t hon 13 15g (NH4)2SOs.

Ngudn cacbon dugc uu tién trong moi truong NBS 1a glucoza hodc sucroza,

t5t hon 14 2%-18% glucoza hodc 2%-16% sucroza.
T6t hon 12 mdi lit mdi trudng PPMO1 chita
0,05-5g, t6t hon 12 0,37g MgSO4— 7 H,0 va
0,1-10g, tot hon 1a 1g (NH4)2SO4 va
0,05-5 g, t6t hon 12 0,46 betain va
0,001-0,5¢, tdt hon 12 0,05 g Xyanocobalamin (B12) va
1-10g, t6t hon 12 3,74g KH,PO4 va
0,1-5ml, t&t hon 13 1ml nguén kim loai vi lugng,

trong d6 mdi lit ngudn kim loai vi lwgng chtta 10-100 mM, t6t hon 13 60 mM

axit sulfuric, 1-10g, t6t hon 1a 3,48g (NHs)2Fe(I[)(SO4)2 - 7 H,0; 0,1-1g, tét hon 14
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0,35 CoSO4 - 7 H20; 0,1-1g, tbt hon 14 0,31g CuSO4 - 5 H0; 0,1-5g, t6t hon 1a
0,63g ZnSO4 - 7 H,0; 0,1-1g, tét hon 12 0,27g MnSOs - H20; 0,01-1g, tét hon 14 0,07g
NaMoOs - 2 H O va 0,1-5g, tdt hon 1a 0,43g H3BO:s.

Ngudn cacbon duge wu tién trong mdi trudng PPMO1 1 glucoza monohydrat,

t6t hon 1a 10-500g, tét hon nita 1a 140g glucoza monohydrat trong mdi lit moi trudng.

Phwong 4n khéc theo sang ché 1a phuong phap @& san xuét vi sinh vat tai to
hop c6 hiéu suit hoic ning sut alanin duoc ting cudng, phuong phap nay bao gdm
cac bude dudi day:

dua vao, lam ting hodc lam tdng cuong maot hodc nhiéu hoat tinh va/hodc mic
d6 biéu hién cua gen asd hodc gen gdhA hodc nhu dugc xac dinh ¢ trén tir muc (i)

dén (v) & vi sinh vat; va

tao ra, nhan dién va phéan 14p vi sinh vt ti to hop voi hiéu suat hodc nang suét
alanin dugc ting cudng so v6i vi sinh vat trong tng ma khdng c6 hoat tinh va/hoéc
muc d6 biéu hién cua gen asd hodc gen gdhA dugc dua vao, 1am ting hodc lam ting

cudng hodc nhu duge xac dinh & trén tr muyc (i) dén (v).

Theo phuong an duge vu tién clla phuong phéap dé san xuét vi sinh vt tai to
hop theo sang ché phwong phap ndy con bao gbdm buéc 1am giam, tGc ché hoic trigt
tiéu hoat tinh va/hodc sy bidu hién cua it nhat mof, it nhét hai, it nhét ba, it nhét bdn,
it nhit nim, it nhit sau hodc tit ca gen pfIB, gen adhE, gen 1dhA, gen pta, gen ackA,
gen frdA hodc gen dadX vi du nhu dugc x4c dinh & trén tir muc (A) dén (Y) va (EE)
dén (IT) va/hodc budc dua vao, 1am ting hodc ting cuong hoat tinh va/hodc mae do
biéu hién cia gen alaD, gen Ipd, gen zipA va gen ygaW vi du nhu dugc xdc dinh &

trén tir muc (Z) dén (DD), (8) dén (17) va (33) dén 37).

Phuong phap duge uu tién hon dé san xuét vi sinh vat tai t6 hop theo séng ché
gbém budc 1am giam, tc ché hoic triét tiéu hoat tinh va/hodc sy biéu hién cua tit ca
gen pflB, gen adhE, gen 1dhA, gen ackA va gen frdA va budc dua vao, lam tdng hodc
tang cuong hoat tinh va/hodc muc do biéu hién ctia gen alaD, gen Ipd, gen zipA va

gen ygaW.
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Theo mét phuong &n cua phuong phép dé san xuét vi sinh vt tai td hop theo
sang ché vi sinh vat dugc chon tir nhém bao gém: céac loai thudc chi Corynebacterium,
vi du C. acetophilum, C. glutamicum, C. callunae, C. acetoacidophilum, C. acetoglu-
tamicum, cac loai thudc chi Bacillus, vi du, B. thuringiensis, B. anthracis, B. mega-
terium, B. subtilis, B. lentils, B. circulans, B. pumilus, B. lautus, B.coagulans, B.
brevis, B. firmus, B. alkaophius, B. licheniformis, B. clausii, B. stearothermophilus,
B. halodurans, B. subtilis, B. pumilus, va B. amyloliquefaciens, cac loai thudc chi
Erwinia, vi du, E. uredovora, E. carotovora, E. ananas, E. herbicola, E. punctate, E.
terreus, cac loai thudc chi Escherichia, vi du, E. coli, cac loai thudc chi Pantoea, vi
du, P. citrea, P. agglomerans, cac loai thudc chi Streptomyces, vi du, S. ambofaciens,
S. achromogenes, S. avermitilis, S. coelicolor, S. aureofaciens, S. aureus, S. fungi-
cidicus, S. griseus, S. lividans, cic loai thudc chi Zymomonas, vi du, Z. mobilis hodc
Z. lipolytica céc loai thudc chi Rhodococcus, vi du R. opacus, céc loai thudc chi Sac-
charomyces spec, nhu Saccharomyces cerevisiae, cic loai thudc chi Hansenula spec,
nhu Hansenula polymorpha, cac loai thudc chi Schizosaccharomyces spec, nhu
Schizosaccharomyces pombe, cic loéi. thudc chi Kluyveromyces spec, nhu Kluyvero-
myces lactis va Kluyveromyces marxianus, cac loai thugc chi Yarrowia spec, nhu
Yarrowia lipolytica, céc loai thudc chi Pichia spec, nhu Pichia methanolica, Pichia
stipites va Pichia pastoris, cac loai thudc chi Zygosaccharomyces spec, nhu Zygo-
saccharomyces rouxii va Zygosaccharomyces bailii, cac loai thudc chi Candida spec,
nhu Candida boidinii, Candida utilis, Candida freyschussii, Candida glabrata va
Candida sonorensis, cac 1oai thudc chi Schwanniomyces spec, nhu Schwanniomyces
occidentalis, cac loai thudc chi Arxula spec, nhu Arxula adeninivorans, cac loai thudc
chi Ogataea spec nhu Ogataea minuta, céc loai thudc chi Klebsiella spec, nhu

Klebsiella pneumoniaand.

Tét hon 14 vi sinh vat dugc chon tir ho Enterobacteriaceae, tdt hon 1a thudc chi
Escherichia, vi du Escherichia coli (E. coli), tot hon 1a ching E.coli W, tuong ng

véi DSMZ 1116, twong tmg véi ATCC9637.
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Phuong 4n khéc theo sang ché 1a phwong phap san xuét alanin, t6t hon 1a L-
alanin, bao gdm budc nudi cdy mot hodc nhidu vi sinh vat téi t6 hop nhu duoc xéac

dinh & trén & cac di€u kién cho phép san xuat alanin, tot hon la L-alanin.

Theo mét s6 phwong 4n, vi sinh vat tai t6 hop dugc bao gbm béi sang ché duoc
cho phat trién & cac didu kién 1én men theo mé hozc lién tuc. Lén men theo mé cd
dién 1a hé théng kin, trong d6 ché phém cua moi truong dugce dit & thoi diém bét dau
qua trinh 1é€n men va khdng dugc dua qua céc thay d6i nhan tao trong qua trinh 1én
men. Viéc thay ddi hé theo mé 1 1én men bd sung theo mé. Trong viéc thay ddi nay,
co chét duge bd sung & cac lugng ting dan theo tién trinh 1én men. Hé 1én men b
sung theo mé 1a hitu ich khi sy kim hdm chét di-hda co6 thé trc ché su chuyén hoa cua
céc té bao va khi mong mudn c6 lugng co chat giéi han trong moi trudng. Lén men
theo mé va 1én men bd sung theo mé 1a phd bién va da biét trong linh vuc k¥ thuat
nay. Lén men lién tuc ma cling dwoc str dung trong sang ché 12 hé thdng trong d6 moi
truong 1én men xé4c dinh duge bd sung lién tuc vao thiét bj phan mg sinh hoc va
luong bang nhau ctia mbi trudong co didu chinh (vi dy, chra san phdm cudi mong
mudn) duoc loai bé ddng thoi dé xir Iy. Lén men lién tuc thudng duy tri méi truong
nudi cdy & mat do cao khong doi trong d6 céc té bao chi yéu 13 ¢ pha sinh truéng &
d6 viée san xudt cac san pham cudi dugc ting cudng. HE 1én men lién tuc cb ghng dé
duy tri cac diéu kién sinh trudng & trang thai dn dinh. Phuong phéap didu bién chét
dinh dudng va céc yéu tb ting trudng cho cac qua trinh 1&n men lién tuc cling nhu céc
k¥ thuat dé t6i vu hoa ty 1¢ tao thanh san phém 1a da biét trong linh vuc vi sinh cong
nghiép.

Theo mot sb phuong én, quy trinh 1én men duoc tién hanh & nhiét do nim
trong khoang tir 10°C dén 60°C, khoang tir 15°C dén 50°C, khoang tir 20°C dén 45°C,
khoang tir 25°C dén 45°C, khoang tir 30°C dén 45°C va khoang tir 25°C dén 40°C.
Theo mét phuong 4n dwoc wu tién, nhiét do bing khoang 34°C, 35°C hogc 36°C.
Theo phuong &n dugc vu ti€n nhét, nhiét do bang khoang 37°C hoic 38°C.

Theo mét sb phuong an khac, quy trinh 1én men dugc tién hanh trong khoang

thoi gian ndm trong khoang tir 8 gioy dén 240 gid, khoang tir 8 gidy #én 168 gid, khoang
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tir 10 gior dén 144 gid, khoang tir 15 gidy dén 120 gid, hogc khoang tir 20 gidr dén 72

gid. Tt hon 13, quy trinh 1én men dugc tién hanh khoang tir 20 gid dén 40 gio.

Theo mét s& phuong 4n khac, quy trinh 1én men dugc tién hanh ¢ d6 pH nam
trong khoang tur 4 dén 9, ndm trong khoang tir 4,5 dén 8,5, nam trong khoang tir 5
dén 8, hodc nam trong khoang tir 5,5 dén 7,5. Tét hon 13, quy trinh 1én men s& dugc

tién hanh & do pH bang 7.

Theo mét phuong 4n cia phuong phép sén xuét alanin, tot hon nita 12 L-alanin,
vi sinh vat dugc nudi cdy trong méi trudong chira khoang tir 1% dén 30% (trong
lugng/thé tich) dudng, khoang tir 5% dén 25% (trong lugng/thé tich) duong, khoang
tir 10% dén 20% (trong luong/thd tich) dudng, khoing tir 12% dén 18% (trong
lwong/thé tich) duong. Tét hon 13, vi sinh vét duge nudi ciy trong mdi truong chira

khoang tir 13% dén 15% (trong lugng/thé tich) dudng.

Theo phuong an khac cia phuong phap san xudt alanine, tot hon nita 1a L-
alanin, hiéu suét ctia alanin 13 it nhét 80% vi du it nhét 81%, it nhit 82%, it nhét 83%,
it nhit 84% hodc it nhit 85%. T4t hon 13, hiéu sudt nay 1a it nhét 86%, it nhat 87%, it
nht 88%, it nht 89% hodc it nhit 90%. Tét hon nita 13, hiéu sudt 1a it nhét 90,5%, it
nhit 91%, it nhat 91,5%, it nhat 92%, it nhét 92,5%, it nhit 93%, it nhat 93,5%, it
nhAt 94% hoic it nhat 94,5%. Theo phuong 4n dugc vu tién hon nira, hiéu suit nay
1a it nhét 95% hodc it nhit 95,5%. Theo phuong an dugc wu tién nhét, hidu suit nay
1a it nhét 96%. Phan tram hiéu suét duoc tinh 1a sb g san phém duoc tao ra tur sb g
glucoza trong mdi trudong. Do d6, khi mdi trudng chira 100g glucoza va vi€e 1én men

tao ra 98g alanin, hi¢u suit s& 1a 98%.

Theo phuong an khac ciia phuong phdp san xudt alanin, t&t hon 13 L-alanin
duoc tao ra, trong do dg tinh khiét bat d6i xting ctia L-alanin 1a it nhét 90%, it nhét
91%, it nhat 92%, it nhit 93% hodc it nhét 94%. Theo mot phuong 4n dugc wu tién,
d6 tinh khiét bt déi xtmg cua L-alanin 13 it nhit 95% hodc it nhat 95,5%. Theo
phuong 4n dugc wu tién hon, do tinh khiét bit déi ximg ciia L-alanin 1a it nhat 96%
hodc it nhét 96,5% hoic it nhéat 97%. Theo phuong an dugc uu tién hon nita, do tinh
khibt bét di xtmg ctia L-alanin 1 it nhit 97,5%, it nhat 98% hodc it nhat 98,5% vi

du it nhit 99%. Con tét hon nita 13, do tinh khiét bét déi xtng cta L-alanin 1 {t nhat

-31-



32108

99,5% hodc it nhdt 99,6% vi du it nhit 99,7%, it nhit 99,8%, hodc it nhit 99,9%.

Theo phwong 4n dwgc vu tién nhat, L-alanin tinh khiét bat dbi xtng dugc tao ra.

Phuong 4n khac ctia sang ché 13 phuong phap nudi céy hodc phat trién vi sinh
vét bién ddi gen bt ky nhu duge xac dinh & trén, phuong phap nay bao gdm bude
cdy vao mbi trudong nudi cdy mot hodc nhidu vi sinh vat bién ddi gen va nuéi cdy hodc
phét trién vi sinh vét bién d6i gen nay trong mdi trudng nuodi cdy & cac diéu kién nhu

duogc xac dinh & trén.

Viéc st dung vi sinh vat tai to hop nhu dugc x4c dinh ¢ trén hodc ché pham
nhu dugc xac dinh & trén d€ san xuat 1én men alanin tot hon 14 L-alanin 1a phuwong 4n

khéc cta sang ché.

Vi sinh vt tai tb hop theo sang ché khac biét & chd, so voi vi sinh vat tham
chiéu twong Ung vi du kiéu dai hodc ching san xuét alanin cao, mtrc d6 biéu hién
va/hodc hoat tinh cia enzym that dugc ma héa bdi gen asd hodc gen gdhA dugc lam

tdng hodc tdng cuong.

Hon thé nita, vi sinh v4t tai tb hop theo sang ché khac biét & chd, so v6i vi sinh
vat tham chiéu twong tng vi du ki€u dai hodc ching san xuat alanin cao muc do bi€u
hién hodc hoat tinh cuia ca hai enzym dugc ma héa bdi gen asd va gen gdhA dugce lam

tdng hodc ting cudng.

Theo mdt phuong an, viéc giam mirc do biéu hién va/hodc hoat tinh cta gen
thu duoc bang cach khir hoat tinh, gay dot bién hoidc bét hoat gen. Diéu nay c6 thé
duoc thuc hién béng cach x6a mot phén hodc toan bd ving ma héa va’hodc gen khai
d4u clia gen, bing cach gy dot bién gen nhu cai xen hodc x6a mot sb nucleotit vi du
mot hodc hai nucleotit dan dén su xé dich khung trong viing ma héa cua gen, dua
codon két thuc vao ving ma héa, bat hoat gen khai dAu cta gen bang cach, vi du xo6a
hoic gdy dot bién hop gen khoi ddu nhu phia di vao ribosom, hop TATA va tuong
tur. Viéc giam nay ciing co thé dat duoc bang cach phé hiy san pham phién ma cla
gen, vi du bing cach dwa vao cac ribozym, dsARN, ARN d6i ma hoic oligonucleotit
d6i ma. Viéc giam hoat tinh ctia gen ¢6 thé dat dwgc bang cach biéu hién cac khang

thé hodc aptame trong té bio lién két diic hiéu véi enzym dich. Céc phuong phép khéc
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dé giam muc d biéu hién va/hoic hoat tinh cia gen d duoc biét v6i ngudi co hiéu
biét trung binh trong linh vuc k¥ thuit nay.

Mtc d biéu hién va/hoic hoat tinh giam cua enzym dugc bdc 19 trong ban
mo ta nay co thé 1a su gidm murc do biéu hién va/hoic hoat tinh enzym it nhét 50%,
s0 v6i mirc d6 biéu hién va/hodc hoat tinh enzym ctia enzym da néu trong vi sinh vét
tham chiéu tuvong tng, vi du vi sinh vat kiéu dai, hodc sy giam muc do biéu hién
va/hogic hoat tinh it nhat 90%, hoic tdt hon nita 13 sy giam mic do biéu hién va/hoic
hoat tinh enzym it nhét 95%, hodc tét hon nita 13 sy giam muc do biéu hién va/hodc
hoat tinh enzym it nhét 98%, hodc con tdt hon nita 13 sy giam mic do biéu hién
va/hodc hoat tinh enzym it nhét 99% hodc con tét hon nita 13 sy gidm mirc do biéu
hién va/hodc hoat tinh enzym it nhat 99,9%. Theo phuong én duge wu tién nhat, mirc
d6 biéu hién va/hodc hoat tinh cia enzym khong thé phat hién trong vi sinh vét theo

sang cheé.

Mic d6 biéu hién va/hoic hoat tinh ctia enzym dugc lam ting cuong hodc lam
tang duoc bdc 1o trong ban mo ta nay co thé 13 sy ting murc do biéu hién va/hodc hoat
tinh enzym it nhét 25%, so v6i mitc 6 biéu hién va/hoic hoat tinh cuia enzym nay &
vi sinh vat tham chiéu tuong tng vi du kiéu dai ctia vi sinh vat, hodc su ting muc dd
biéu hién va/hodc hoat tinh enzym it nhét 50%, hodc t&t hon nita 13 sy ting mic dd
biu hién va/hodc hoat tinh enzym it nhét 100%, hodc tdt hon nita 13 sy ting mitc do
biéu hién va/hodc hoat tinh enzym it nhét 3 14n, vi du it nhét 5 1an, hodc tham chi tdt
hon nita 13 su tding muc do biéu hién va/hoic hoat tinh enzym it nhét 10 1an hodc thim

chi tbt hon nita 12 su ting mc do biéu hién va/hoic hoat tinh enzym it nhét 20 1an.

Su tang muc do biéu hién va/hoic hoat tinh cta gen asd hodc gen gdhA dan
dén ning suit va/hodc hidu suit ctia alanin trong vi sinh vat tai t6 hop theo sang ché
dugc cai thién so vdi vi sinh vét tham chiéu tuong tmg. Do d6 viéc ting murc dd biéu
hién va/hodc hoat tinh cta gen asd hodc gen ghdA cé thé dugc x4c dinh bang cach do
nang suét hodc hiéu sudt alanin ctia vi sinh vat tai td hop theo sang ché so véi vi sinh
vét tham chiéu tvong Gng. Phuong phap san xut 1én men chit chuyén hoéa, vi du
alanin, 12 da biét voi ngudi c6 hiéu biét trung binh vé linh vuc k§ thuét ndy va ciing

dugc néu trong ban mo ta. Hiéu sudt dugc cai thién cua, vi du alanin trong qua trinh
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1én men b&1i vi sinh vét theo sang ché so vdi hi¢u suat cda alanin trong qué trinh 1én
men bdi vi sinh vt tham chiéu tuong Gng 1a phép do viée ting sy bicu hién va hodc

hoat tinh cuia gen asd hodc gen gdhA.

Phuong phép xdc dinh mirc d biéu hién hoic hoat tinh lactat dehydrogenaza
(1dhA) dugce, vi du, boc 16 boi Bunch et al. trong “The 1dhA gene encoding the fer-
mentative lactate de hydrogenase of Escherichia Coli”, Microbiology (1997), Vol.
143, pages 187-155; hodc Bergmeyer, H.U., Bergmeyer J. va Grassl, M. (1983-1986)
trong “Methods of Enzymatic Analysis”, 3rd Edition, Volume III, pages 126-133,
Verlag Chemie, Weinheim; hodc Enzymes in Industry: Production and Applications,

Second Edition (2004), Wolfgang Aehle, page 23. Uu tién phuong phép cudi.

Phuong phép xé4c dinh murc d6 biéu hién hozc hoat tinh pyruvat format lyaza
I (pfIB) dugc, vi du, bdc 19 trong Knappe J, Blaschkowski HP, Grobner P, Schmitt T
(1974). "Pyruvate formate-lyase of Escherichia coli: the acetyl-enzyme intermedi-
ate." Eur J Biochem 1974;50(1);253-63. PMID: 4615902; in KNAPPE, Joachim, et
al. "Pyruvate Formate-Lyase of Escherichia coli: the Acetyl-Enzyme Intermediate."
European Journal of Biochemistry 50.1 (1974): 253-263; in Wong, Kenny K., et al.
"Molecular properties of pyruvate formate-lyase activating enzyme." Biochemistry
32.51(1993): 14102-14110 va trong Nnyepi, Mbako R., Yi Peng, va Joan B. Broder-
ick. "Inactivation of E. coli pyruvate formate-lyase: Role of AdhE and small mole-

cules." Archives of biochemistry and biophysics 459.1 (2007): 1-9.

Phuong phép x4dc dinh muac do biéu hién hodc hoat tinh rugu dehydro-
genaza/pyruvat-format lyaza deactivaza (adhE) phu thudc vao axetaldehyt-CoA de-
hydrogenaza hai chtic néng/sét dugce, vi du, boc 16 trong Membrillo-Hernéndez,
Jorge, et al. "Evolution of the adhE Gene Product of Escherichia coli from a Func-
tional Reductase to a Dehydrogenase GENETIC and BIOCHEMICAL STUDIES OF
THE MUTANT PROTEINS." Journal of Biological Chemistry 275.43 (2000):
33869-33875 va trong Mbako R. Nnyepi, Yi Peng, Joan B. Broderick, Inactivation
of E. coli pyruvate formate-lyase: Role of AdhE and small molecules, Archives of

Biochemistry and Biophysics, Volume 459, Issue 1, 1 March 2007, Pages 1-9.
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Phuong phép x4c dinh mirc d§ biéu hién hodc hoat tinh phosphat axetyltrans-
feraza (pta) dugc, vi du, boc 1 trong Dittrich, Cheryl R., George N. Bennett, va Ka-
Yiu San. "Characterization of the Acetate-Producing Pathways in Escherichia coli."
Biotechnology progress 21.4 (2005): 1062-1067 va in Brown, T. D. K., M. C. Jones-
Mortimer, va H. L. Kornberg. "The enzymic interconversion of acetate and acetyl-
coenzyme A in Escherichia coli." Journal of general microbiology 102.2 (1977): 327-
336.

Phuong phap xac dinh muac do biéu hién hodc hoat tinh fumarat reductaza
(frdA) dugc, vi du, boc 10 trong Dickie, Peter, va Joel H. Weiner. "Purification and
characterization of membrane-bound fumarate reductase from anaerobically grown
Escherichia coli." Canadian journal of biochemistry 57.6 (1979): 813-821; in Cec-
chini, Gary, et al. "Reconstitution of quinone reduction va characterization of Esche-
richia coli fumarate reductase activity." Journal of Biological Chemistry 261.4
(1986): 1808-1814 hoic trong Schrider, L., et al. "Identification of active site residues
of Escherichia coli fumarate reductase by site-directed mutagenesis." Journal of Bio-

logical Chemistry 266.21 (1991): 13572-13579.

Phuong phép xéc dinh mac do biéu hién hodc hoat tinh alanin dehydrogenaza
(alaD) dugc, vi du, boc 10 trong Sakamoto, Y., Nagata, S., Esaki, N., Tanaka, H.,
Soda, K. "Gene cloning, purification and characterization of thermostable alanine de-

hydrogenase of Bacillus stearothermophilus" J Fermen. Bioeng. 69 (1990):154-158.

Thudt nglt “mirc do biéu hién clia enzym giam” bao gém, vi du, mac do biéu
hién cua enzym bai vi sinh vat dugc can thi¢p v& mit di truyén (vi dy, duge xit 1y vé
mat di truyén) o muc do thép hon so v6i mite do biéu hién ctia enzym béi vi sinh vat
tham chiéu teong ung, vi du kiéu dai caa vi sinh vat néu trén. Su can thiép v& mat di
truyén dé lam giam murc do biéu hién cua enzym c6 thé bao gbm, nhung khong gidi
han &, x6a gen hodc mdt phén ctia n6 ma hoa enzym, lam thay d6i hodc cai bién trinh
tu didu hoa hogc vi trf lién quan dén su biéu hién cua gen ma héa enzym (vi dy, bang
cach loai bo gen khoi ¢iu manh hodc gen khdi dAu e ché), protein cai bién (vi du,
protein diéu hoa, chét e ché, chit ting cudng, yéu t& hoat hoa phién ma va tuong ty)

lién quan dén su phién ma gen ma hoa enzym va/hodc sy dich ma san pham gen, hodc
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phuong phap truyén théng bat ky khac dé 1am giam muc d6 biéu hién cta gen cu thé
trong linh vuc (bao gdm, nhung khong giéi han &, viéc st dung phén tir axit nucleic
d6i ma hodc phuong phap khac dé bat hoat hoic phong téa su biéu hién ca protein
dich). Ngoai ra, c6 thé dua cac yéu t6 1am mét 6n dinh vao mARN hodc dua vao cic
cai bién di truyén dan dén sy suy thoai vi tri lién két ribosom (RBS) ctia ARN. Ciing
6 thé thay ddi viée st dung codon cuia gen theo cach, hiéu qua va tdc d6 dich ma bi
giam.

Hoat tinh enzym bi gidm cling ¢ thé thu dugc bing cach dwa vao mét hoic
nhiéu dot bién gen gdy hai dan dén hoat tinh ctia enzym bi giam. Ngoai ra, viéc giam
hoat tinh clia enzym cling c6 thé bao gdm su bat hoat (hodc mirc dd biéu hién giam)
clia enzym hoat tinh cén thiét dé hoat héa enzym c6 hoat tinh bj giam. Bing phuong

phép sau, enzym c6 hoat tinh bi gidm t6t hon 1a duoc gitt & trang thai bat hoat.

Dot bién gay hai theo cach sit dung nay 1a dot bién bit ky bén trong gen bao
gbm gen khoi ddu va viing ma héa dan dén hoat tinh protein bi gidm hodc bj triét tiéu
cia protein dugc ma hoa bdi ving ma héa cia gen. Cac dot bién gay hai nay bao
gbm, vi du su xé dich khung, viéc dua codon két thuc trong viing ma hoéa, gy dot

bién cac yéu té gen khoi dau nhu hop TATA ngén sy phién ma va tuong tu.

Vi sinh vat ¢6 mirc d6 biéu hién va/hodc hoat tinh clia enzym dugc ma hoa boi
gen asd hodc gen gdhA dugc lam ting hodc dugc lam tdng cudng cd thé xay ra tu
nhién, nghia la do dot bién ngdu nhién. Vi sinh vat c6 thé duoc bién ddi dé co hoat
tinh ctia enzym dugc lam tdng dang ké dugc mi hoa bdi mot hodc nhiéu gen néu trén
bang nhiéu k¥ thuat khac nhau, nhu xit Iy hoa chét hodc chiéu xa. V& mit nay, vi sinh
vét s& duge xir Iy bang, vi duy, hoa chit gay dot bién, tia X, hodc tia UV. Trong bude
tiép theo, cac vi sinh vat ¢ mic do biéu hién va/hoic hoat tinh cta enzym dugc lam
ting dugc ma hoéa bdi mot hodc nhiéu gen néu trén s€ dugce chon lya. Vi sinh vat tai
tb hop ciing c6 thé thu duoc bang céc k¥ thuat tai t6 hop ddng nhét nham thay thé
mdt hoic nhidu gen néu trén bing gen twong ng ma hoa enzym ma, so v6i enzym

dugc ma hoa boi gen kiéu dai, c6 mirc dd bicu hién va/hodc hoat tinh dugce lam tang.

Theo mot phuong an cua vi sinh vat tai to hop theo sang ché, viéc tdng muc

d6 biéu hién va/hoic hoat tinh ctia enzym dugc ma hoa boi gen asd hodc gen gdhA
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c6 thé dat dugc bing cach cai bién gen asd hodc gen gdhd, trong d6 (cac) cai bién
gen nay t6t hon 14 duge thye hién bing cach nhan sd luong ban sao cia gen asd hodc
gen gdhA trong bd gen vi sinh vat 1én, bing cach dwa gen trén vecto biéu hién tyr sao
chép vao vi sinh vét, bang cach trao d6i gen khéi dau ctia gen asd hoic gen gdhA dua
trén gen khéi diu manh hon hodc bang cach chuyén gen khéi déu ndi sinh ctia gen
vao gen khéi ddu manh hon, vi du bang cach dua cac dot bién diém vao trinh tu gen
khéi dau.

Ngoai ra, hoat tinh ctia gen asd hodc gen gdhd c6 thé duoc ting cudng bing
cach gy dot bién gen dé dat dugc céc trao ddi axit amin trong protein 1am cai thién
hoat tinh cta gen. Cac phuong phép nay da biét v6i ngudi c¢6 hidu biét trung binh

trong linh vyc k§ thuat nay.

7 Viéc gy dot bién gen néu trén ¢6 thé duge thuc hién, vi dy, bang cach gy dot
bién vi tri hodic d6t bién ngau nhién, sau d6 dua gen da bién doi vao bo gen cia vi
sinh vét bing cach tai t& hop. Céc bién thé ctia gen c6 thé dugc tao ra bang cach gay
d6t bién trinh ty gen bang PCR. “Quickchange Site-directed Mutagenesis Kit” (Strat-
agene) c6 thé dugc st dung dé tién hanh gy dot bién dinh huéng. Viéc gay dot bién
ngﬁu nhién trén toan bo trinh tu ma hoa, hodc theo cach khac 1a chi mot phﬁn cua no,
c6 thé dugc thue hién vé6i sy hd trg ciia “GeneMorph II Random Mutagenesis Kit”
(Stratagene). Ty 1¢ gdy dot bién dugc dit & luong dot bién mong mubn théng qua
lugng khudén ADN str dung. Nhiéu dot bién dugc tao ra boi su td hop dich cua céc

dot bién riéng 1& hodc bang viéc thuc hién lan luot mot vai chu trinh gy dot bién.

‘Sau day, ky thuét tai tb hop thich hop cu thé 1a dé dua dot bién vao hodc xoa

trinh tu dugc mo ta.

K§ thuat nay trong ban mé ta doi khi dugc goi 1a “tai tb hop Campbell” (Leen-
houts et al., Appl Env Microbiol. (1989), Vol. 55, pages 394-400). “Campbell vao”,
nhu duge st dung trong ban mé ta, chi thé bién nap ctia té bao chi ban dau trong d6
toan bo phéan tir ADN sg¢i kép vong tron (vi du plasmit) duge két hop vao nhiém sic
thé bang quy trinh ti té hop ddng nhét don (quy trinh cross in), va tao ra hiéu qua
trong viéc cai xen phién ban thing ctia phan tr ADN vong tron néu trén vao trinh t

ADN thtt nhét cta nhidm sic thé déng nhét véi trinh ty ADN tha nhét clia phén tir
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ADN vong tron néu trén. “Pugc Campbell vao” chi vi€c trinh ty ADN thang duoc
két hop vao nhidm séc thé cua thé bién nap “Campbell vao™”. “Campbell vao” chira
hai ban trinh ty ADN ddng nhét th nhit, mbi ban bao gdm va bao quanh ban diém

giao ddng nhét tai t5 hop.

“Campbell ra”, nhu.dugce st dung trong ban md ta, chi sy giam dan té bao tir
thé bién nap “Campbell vao”, trong d6 quy trinh téi t6 hop ddng nhét tht hai (quy
trinh x6a) x4y ra gifta trinh ty ADN thir hai c6 trong ADN thing da cai xen cia ADN
“dugc Campbell vao”, va trinh tw ADN thir hai cua gbc nhidm sic thé, ddng nhit véi
trinh tw ADN tht hai ctia doan cai xen thang néu trén, quy trinh tai t5 hop thtr hai din
dén viéc x6a (virt bd) phdn cua trinh ty ADN da két hop, nhung, quan trong 13, con
dan dén viéc mot phin (c6 thé chi 1a mot bazo don) ctia Campbelled da két hop vao
ADN con lai trong nhiém séc thé, sao cho so vai t€ bao chu ban dau, té bao “Campbell
ra” chta mot hodc nhidu thay d6i c6 muc dich trong nhiém séc thé (vi dy, thay thé
mot bazo, thay thé nhidu bazo, cai xen gen hoic trinh tuw ADN khéc loai, cai xen ban
sao hoiic cac ban sao khac ciia gen ddng nhét hozc gen ddng nhit da cai bién, hodc
cai xen trinh tr ADN chira nhiéu hon mdt trong sb cac vi du néu trén). Té bao “Camp-
bell ra” tbt hon 1a thu duge bing cach lya chon d6i lap dua trén gen c6 trong phin
(phén dugc mong mubn virt bd) cla trinh tw ADN “Campbelled vao”, vi du gen Ba-
cillus subtilis sacB, ma giy chét khi duoc bidu hién 6 té bao duge cho phat trién trong
diéu kién c6 mat khoang 5% dén 10% sucroza. C6 hodc khong cé su lya chon dbi lap,
t€ bao “Campbell ra” mong mubn c6 thé thu duge hodc duge nhan dién béng cach
sang loc té bao mong mubn, st dung kiéu hinh c6 thé sang loc bat ky, nhu, nhung
khong gidi han &, hinh thai khudn lac, mau séc khuan lac, su c6 mit hodc khong c6
mit tinh khang khang sinh, sy c6 mit hodc khong c6 mit trinh tur ADN xdc dinh bdi
phan ng chudi polymeraza, sy ¢6 mit hogc khong c6 mét hign twong khuyét dudng,
su ¢6 mit ho#c khong c6 mit clia enzym, lai axit nucleic khuén lac, sang loc khéng
thé, v.v.. Thuét ngit “Campbell vao” va “Campbell ra” cling c6 thé dugc str dung 1am
dong tir trong nhidu nghia khac nhau dé chi phuong phép hodc quy trinh duge md ta

& trén.
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Puoc hiéu ring quy trinh tai td hop dong nhét din dén “Campbell vao” hoic
“Campbell ra” c¢6 thé xay ra trén khoang bazo ADN bén trong trinh ty ADN dong
nhét, va vi céc trinh tu ddng nhét s& gidng nhau it nhat mdt phan cta khoang nay,
thudong khong thé xac dinh chinh xic diém giao nhau x4y ra & dau. Néi cach khac,
khong thé x4c dinh chinh xéc trinh tu ndo c6 ngudn gdc tir ADN d4 cai xen, va trinh
tu nao c6 ngudn gdc tir ADN nhiém séc thé. Hon nita, trinh tw ADN ddng nhat tht
nhét va trinh tw ADN ddng nhét thir hai thuong dugc tach biét boi ving khong dong
nhét mot phan, va chinh ving khong ddng nhét nay van nam trén nhiém sdc thé cia

_ té bao “Campbell ra”.

Tét hon 14, trinh tw ADN ddng nhét thir nhét va thtr hai ¢6 chiéu dai it nhit
khoang 200 ciip bazo, va c6 thé ¢ chiéu dai 1én dén vai nghin cip bazo. Tuy nhién,
quy trinh co thé duoc thuc hién dé 1am viéc véi cac trinh tu ng'fm hon hoéc dai hon.
Vi duy, chidu dai cta céc trinh ty ddng nhét thir nhit va thr hai ¢6 thé nim trong
khoang tir 500 dén 2000 bazo, va viéc thu nhan “Campbell ra” tir “Campbell vao”
dugc hd trg bing cach sip xép cac trinh ty dong nhét thtr nhét va thir hai & xdp xi
cung chiéu dai, tdt hon 12 v6i sy khac nhau it hon 200 cip bazo va tét nhét 13 véi trinh

tu ngén hon hai cip bazo 1a it nhit 70% chiéu dai cla trinh ty dai hon.

Theo mot phuong an vige gidm muc do biéu hién va/hoic hoat tinh cua asd
dat dugc bing cach hoat hoa gen asd ma hoa aspartat-beta-semialdehyt dehydro-
genaza. Theo mot phuong an viée gidm murc do biéu hién va/hoic hoat tinh ciia gdhA

dat duoc bing cach hoat hoa gen gdh4 ma héa glutamat dehydrogenaza.

Thuét ngit “alanin, pyruvat, suxinat, aspartat, malat, lactat, valin va/hodc
leuxin”, nhu dugc st dung trong bdn md ta sang ché, cin duge hiéu theo nghia rong
nhat ctia ching va bao gdm ca cac mudi cia chung, vi du nhu mudi kim loai kiém,
nhu mubi Na* va K*, hodc mubi kiém thd, nhu mubi Mg?* va Ca?*, hodic mubi amoni
hodc anhydrit ciia alanin, pyruvat, suxinat, aspartat, malat, lactat, valin va/hoéc

leuxin.

To6t hon 1a, alanin, pyruvat, suxinat, aspartat, malat, lactat, valin va/hodc
leuxin, tot hon 12 suxinat hodc alanin, t6t hon nita la alanin dugc tao ra & dicu kién vi

hiéu khi. Diéu kién hiéu khi hoic ky khi ciing c¢6 thé dugc sir dung.
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Vi hiéu khi nghia 13 & ndng d6 oxy thép hon ndng dd oxy c6 trong khong khi.
Theo mdt phuong 4n, vi hidu khi nghia 13 &p lyc oxy nim trong khoang tir 5 dén
27mmHg, t6t hon 13 ndm trong khoang tir 10 dén 20 Hg (Megan Falsetta et al. (2011),
Ché pham va kiéu hinh chuyén hoa ctia mang sinh hoc Neisseria gonorrhoeae, Fron-
tiers trong Microbiology, Vol 2, page 1 to 11). T6t hon 13, diéu kién vi hiéu khi duoc
thiét 1ap voi dong khong khi tir 0,1 dén 1 vvm.

Diéu kién ky khi ¢6 thé duoc thiét 14p bing cac k¥ thuat truyén thdng, vi du
nhu bang cach khir khi cac thanh phén ctia moi trudng phan tng va duy tri diéu kién
ky khi bang cach dua vao khi cacbon dioxit hodc nito hodc hdn hop ctia ching va tiy
y hydro & luu luong dong 1a, vi dy, tix 0,1 dén 1 hodc tr 0,2 dén 0,5 vvm. Piéu kién
hiéu khi c6 thé dugc thiét 1ap bang cac k¥ thuat truyén thdng, vi du nhu bang cach
dua khong khi hodc oxy vao ¢ luu lugng dong 1a, vi dy, tir 0,1 dén 1 hoic 0,2 dén

0,5 vvm. Néu thich hop, ¢6 thé dua vao quy trinh mot 4p sudt nhe tir 0,1 dén 1,5 bar.

Theo mdt phuong an cua quy trinh theo sang ché, ngudn cacbon c¢6 thé dong
hoa c6 thé 1a glucoza, glyxerin, glucoza, maltoza, maltodextrin, fructoza, galactoza,

manoza, Xyloza, sucroza, arabinoza, lactoza, rafinoza va to hop ctia ching.

Theo mdt phuong an dugc vu tién, ngudn cacbon ¢ thé ddng hoa 1a glucoza,
sucroza, xyloza, arabinoza, glyxerol hodc t6 hop cua ching. Ngudn cacbon dugc uu
tién 1a glucoza, sucroza, glucoza va sucroza, glucoza va xyloza va/hodc glucoza, arab-
inoza va xyloza. Theo mdt phuong 4n cia quy trinh theo sang ché, ngudn cacbon c6

thé ddng hoa c6 thé 14 sucroza, glyxerin va/hodc glucoza.

Nong d6 ban dau ctia ngudn cacbon c6 thé ddng hoa, tot hon 14 ndng do ban
dAu, tdt hon 13, dugc diéu chinh dén gia tri nam trong khodng tu 5 dén 250g/1, tdt hon
14 50 dén 200g/1 va tét hon nita 1 tir 125 dén 150g/1, tt nhat 1a khoang 140g/1 va ¢6
thé duoc duy tri trong khodng néu trén trong qué trinh nudi cdy. Do pH ctia moi
truong phan tmg c6 thé dugce kidm soét bing cach bd sung bazo thich hp vi du nhu,
khi amoniac, NH4OH, NHsHCO3, (NH4),CO3, NaOH, Na,CO;, NaHCO3;, KOH,
K,COs, KHCO3;, Mg(OH)2, MgCO3;, Mg(HCO3),, Ca(OH),, CaCO3, Ca(HCO3)2,
Ca0, CHgN,03, C2H7N va/hodc hdn hgp cia ching.
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Phuong an khéc cta sang ché 1a quy -trinh san xuat 1én men alanin, pyruvat,
suxinat, aspartat, malat, lactat, valin va/hodc leuxin, tot hon Ia suxinat hodc alanin,

tot hon nita 1a alanin, tot nhat 1a L-alanin, bao gom céc budc:

I) cho vi sinh vat theo sang ché nhu duoc x4c dinh & trén phat trién trong

thiét bi 1én men va

II) thu hoi alanin, pyruvat, suxinat, aspartat, malat, lactat, valin va/hodc
leuxin, tot hon 14 suxinat hoic alanin, tdt hon nita 1a alanin, t8t nhat 1a L-alanin tir

canh truong 1€n men thu dugce & bude I).

Budc 1én men I) theo sang ché co thé, vi du, dugc thuc hién trong thiét bi 1én
men c6 khudy, cdt bong bong va thiét bi phan tng vong. Panh gia toan dién vé céac
loai phwong phap ¢6 thé ¢6 bao gdm loai may khudy va cic kiéu dang hinh hoc c6
thé dwoc tim thiy trong Chmiel: “Bioprozesstechnik: Einfiihrung in die Bioverfahren-
stechnik”, Volume 1. Trong quy trinh theo sang ché, cac bién thé dién hinh c6 sén 1a
céc bién thé dudi day da biét voi ngudi c6 hiéu biét trung binh vé linh vuc k¥ thuat
nay hoic dugc giai thich, vi dy, trong Chmiel, Hammes va Bailey: “Biochemical En-
gineering”, nhu 1€n men theo mé, 1én men bd sung theo dot, 1én men bd sung theo
dot 1dp lai hodc 1én men lién tuc c6 va khong co su tudn hoan sinh khéi. Tuy vao
ching san xuét, viéc suc khong khi, oxy, cacbon dioxit, hydro, nito hodc hdn hop khi

thich hgp c6 thé duge thuc hién dé dat dugc hiéu sudt tot (YP/S).
Cac diéu kién duoc vu tién dic biét dé san xuét alanin, pyruvat, suxinat, as-
partat, malat, lactat, valin va/hodc leuxin, t6t hon 1a suxinat hodc alanin, tét hon nita

12 alanin, t6t nhat 12 L-alanin trong quy trinh buéc I) la:

Ngudn cacbon c6 thé dong hoa: glucoza
Nhiét do: 30 dén 45°C
Do pH: 6,0 dén 7,0

diéu kién vi hiéu khi
Trong quy trinh budc II), san phim dugc thu hdi tir canh trudng 1én men thu

dugc trong quy trinh budc I).
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Thong thudng, quy trinh thu hdi bao gdm budc tach céc vi sinh vat tai t6 hop
ra khoi canh 1én men dudi dang céi goi 1a "sinh khéi". Quy trinh loai bd sinh khéi da
biét v&i ngudi ¢6 hidu biét trung binh trong linh vuc k¥ thuit ndy va bao gbém quy
trinh loc, ldng, tach dai hodc t6 hop cac quy trinh nay. Do d6, sinh khéi c6 thé duoc
loai bd, vi du, bing thiét bi ly tam, tach, binh l&ng, b loc hoic trong thiét bi tich dai.
Dé thu hdi t8i da san phdm c6 gid tri, viéc rira sinh khéi thuong dwgc khuyén khich,
vi du & dang tach chét tan. Viéc lua chon phwong phép phu thudc vao ham lugng sinh
khéi trong canh 1én men va céc tinh chét cua sinh khdi, cling nhu sy tuong tac clia
sinh kh&i v6i hop chét hitu co (san phdm c6 gia tri). Theo mdt phuong phép, canh 1én
men c6 thé duge khir tring hodc thanh tring. Theo phuong phap khéac, canh 1én men
duogc ¢d didc. Tuy thude vao yéu cdu, viéc ¢ dic nay cb thé dugc thuc hién theo ting
mé hodc lién tuc. Khoang ap suét va nhiét do nén duoc lua chon sao cho trude tién
khong xay ra ton hai vé san phim, va thi hai 14 viéc st dung tb1 thiéu thiét bi va ning
lugng 1a cAn thiét. Viéc lya chon khéo 160 murc 4p sudt va nhiét do dé bay hoi nhiéu

giai doan cu thé 1a gitip tiét kiém nang lugng.

Quy trinh thu hdi ¢6 thé bao gdbm budc tinh ché thém trong d6 san phim lén
men dugc tinh ché thém. Tuy nhién, néu san phdm 1én men dugc chuyén hoa thanh
san pham hitu co béc hai bing cac phan tmg hoéa hoc, viéc tinh ché thém san phém'
1én men ¢6 thé, tiy thudc vao loai phan ing va diéu kién phan tng, khong nhét thiét
cAn dén. D&i v6i viée tinh ché san pham 1én men thu duge trong bude xt 1y 1) ¢6 thé
stt dung céc phuong phap da biét véi ngudi co hiéu biét trung binh trong linh vuc
nay, vi du nhu phuong phap két tinh, loc, thim tach dién va sic ky. Dung dich thu
dugc c6 thé duoc tinh ché thém bing phwong phap séc ky trao ddi ion dé loai bo cac
ion du khong mong mudn.

Dinh nghia

Cén hiéu ring sang ché khong bi gi¢i han & phuong phép hoc cu thé hodic cac
giao thirc cu thé. Ciing nén hiéu ring thuat ngir duoc sir dung trong ban mo ta nay chi
nhim muc dich mé ta cdc phuong an cu thé va khong nhim gi¢i han pham vi cia
sang ché ma s& chi duge gi6i han & céc diém yéu ciu bao hd. Can luu y ring nhu

dugc st dung trong mo ta va trong cac di€ém yéu cau bao hd kém theo, cac dang so it
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“mot”, va “va” bao gbm cac dang sd nhidu trir khi ngit canh quy dinh 18 rang khéc.
Do do, Vi du, viéc chi dan dén "mdt vecto” nghia 13 chi dan dén mdt hodc nhiéu vecto
va bao gdm céc dang twrong dwong clia n6 da biét voi nguoi c6 hiéu biét trung binh
vé linh vuc k§ thudt nay, v.v. Thuat ngit "khoang" dugc st dung & ddy c6 nghia 12
xép xi, gdn bing, quanh hoic trong khoang. Khi thuit ngft "khoang" dugc st dung
két hop voi mot khoang sb, né thay dbi pham vi d6 bang cach md rong bién trén va
bién dudi cac gia tri s6 da néu. Nhin chung, thuit ngit "khoang" dugc st dung & day
dé thay dbi mot gia tri sd & trén va dudi gid tri da néu véi bién thién 20 phan tram, t6t
hon 12 10 phin trdm 1én hoic xudng (cao hon hoic thap hon). Nhu dugc st dung
trong md ta, tir "hodc" c6 nghia 1a mot thanh phin ctia mot danh séch cu thé va ciing

"n.n 2

bao gdm sy t& hop bat ky ctia cac thanh phén trong danh sach d6. Cac tir "chira", "c6
chira", "gdm" va "bao gdm" khi str dung trong ban mo ta ndy va trong céc diém yéu
cu bao hd sau day nhdm chi dinh su hién dién ctia mot hoiic nhiéu déu hiéu, sb
nguyén, thanh phan, hoic buéc da néu, nhung ching khong loai trir sy hién dién hogc
bd sung mot hodc nhiéu ddu hiéu, s6 nguyén, thanh phan, budc hoic nhém ctia chiing.
Dé 1am r, cac thudt ngit nhét dinh duge sir dung trong ban md td duge xé4c dinh va

dugc sir dung nhu sau:

Ving hoa ma: Nhu dugce st dung trong ban md ta, "ving ma hoa" khi dugc sir
dung lién quan dén gen céu tric chi cac trinh tu nucleotit ma ma ho4 axit amin tim
thy trong polypeptit m&i sinh do sy dich ma cua phéan tr mARN. Vung ma hoa dugc
gidi han, trong té bao nhan chuén, trén phia diu 5' bai bd ba nucleotit "ATG" ma hoa
methionin khéi dau, cac té bao khong nhén ciing st dung cac b ba "GTG" va "TTG"
lam codon khéi dau. O phia d4u 3', n6 dugc giéi han béi mot trong ba bo ba xac dinh
codon két thuc (tec 1a TAA, TAG, TGA). Ngoai ra, mQt gen co thé bao gém céc trinh
tu ndm trén ca ddu 5' va 3' cta cac trinh tu ¢6 trong sén pham phién ma ARN. Cac
trinh tu nay duoc goi 1a trinh ty hodce vung "kep sudon" (cac trinh ty kep sudn nay nim
& dAu 5' hodic 3' so véi céc trinh tu khong dich ma c¢6 mit trén san phém phién ma
mARN). Ving kep sudn 5' ¢6 thé chira cac trinh tu didu hoa nhu trinh tu khoi déu va

c4c gen ting cudng diéu khi€n hodc tdc dong dén su mi phién clua gen. Ving kep
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suon 3' ¢6 thé chua cac trinh tu truc tiép két thic qua trinh phién ma, phéan cit sau

phién ma va polyadenyl hoa.

B6 sung: "bd sung" hodc "tinh bd sung" dé cap dén hai trinh ty nucleotit chira
c4c trinh tu nucleotit khang song song c6 kha néng ghép cdp véi nhau (theo quy tic
ghép cap bazo) khi hinh thanh céc lién két hydro gitra cac gbc bazo bd sung trong
trinh ty nucleotit khang song song. Vi du, trinh ty 5'-AGT-3' bd sung cho trinh tu 5'-
ACT-3". Tinh bd sung c6 thé 1a "mot phan" hodc "toan bd". Tinh bd sung "mét phan"
14 khi mdt hodic nhidu bazo axit nucleic khong bt ciip phit hop. Tinh bd sung "toan
bd" hodc "hoan toan" gifta cac phan tir axit nucleic 1a khi mdi va moi bazo axit nucleit
dwoc bt cip v6i bazo khdc theo quy tic ghép cip bazo. Mitc d6 bd sung gitta céc soi
phén t& axit nucleic ¢6 anh hudng ding ké dén hiéu qua va do bén cua su lai ghép
gitta cdc soi phén tir axit nucleic. "B6 thé" ciia mdt trinh tw axit nucleit nhu duoc st
dung trong md t4 nay dé cip dén mot trinh tu nucleotit ma céc phan tir axit nucleit
cta né cho thdy sy bd sung toan bd d6i v6i cac phan tir axit nucleit cia trinh tu axit

nucleic nay.

Noi sinh: trinh tu nucleotit "ndi sinh" chi trinh tu nucleotit, c6 mit trong bd

gen cuda vi sinh vt kicu dai.

Mrc dd bidu hién duge ting cudng: mirc do bidu hién "duge ting cuong" hodc
"duoce tdng" cta phén tir axit nucleic trong mot sinh vét sinh vat dugc sir dung tuong
duong trong ban md ta va c6 nghia 1a mtrc do biéu hién cia mdt phan tir axit nucleic
trong mot vi sinh vt cao hon so véi sinh vét tham chiéu, vi du kiéu dai. Cac thuat
ngit "duoc tang cuong" hodc "dugce tdng" nhu dugc st dung trong ban mo ta nghia la
cao hon, t6t hon 12 cao hon dang ké so voi mirc d6 biéu hién clia phan tir axit nucleic
duoc biéu hién. Nhu duge st dung trong ban mo ta, "sy ting cudng" hodc "su ting"
ham lugng ciia mot chit nhu protein, nARN hodc ARN c6 nghia l1a ham luong dugc
tang so voi sinh vét vi sinh gidng vé co ban duoc cho phat trién & cac didu kién vé co
ban 14 gidng nhau. Nhu duge st dung trong ban md ta, "su ting cudng" hodc "su
tdng" ham luong mot chét, nhu vi du preARN, mARN, rARN, tARN, dugc biéu hién
bdi gen muc tiéu va/hodc cua san phim protein dugc ma héa héa béi né, 6 nghia la

ham lugng nay dugc ting 50% hodc nhiéu hon, vi du 100% hoic nhiéu hon, tét hon



32108

1a 200% hodc nhiéu hon, tdt hon 1a gép 5 14n hodc nhiéu hon, t6t hon nita 13 gép 10
1An hodc nhidu hon, t6t nhét 13 gp 20 14n hoic nhiéu hon vi du glp 50 1an so v&i vi
sinh vat tham chiéu thich hop. Su ting cuong hodc ting nay co thé duoc xac dinh
bing cac phuong phap da biét véi ngusi c6 hiéu biét trung binh vé linh vuc k¥ thuat
nay. Do do, su tdng cudng hodc ting sd lugng axit nucleic hodc protein c6 thé dugc
xé4c dinh vi du bing phuong phép phat hién mién dich ctia protein. Ngoai ra, cac k§
thuat nhu phan tich protein, sy phat huynh quang, lai Northern, thit nghiém bao vé
nucleaza, phién mi ngugc (RT-PCR dinh lugng), ELISA (thtr nghiém hép thu mién
dich lién két enzym), thdm tach Western, thir nghiém mién dich birc xa (RIA) hodc
cac thir nghiém mién dich khéc va phan tich té bao dugc hoat hoa huynh quang khéc
(FACS) c6 thé duge str dung dé do mét protein hodc ARN cu thé trong mot sinh vat
vi. Ty thudc vao loai san pham protein gy ra, hoat tinh ctia n6 hodc tdm anh hudng
dén kidu hinh cta vi sinh vét ciing c6 thé duge x4c dinh. Phuong phép x4c dinh 56
lu(_mg‘ protein da biét véi ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuat nay.
Vi du, phuong phap c¢6 thé duge néu 1a: phuong phap micro-Biuret (Goa J (1953)
Scand J Clin Lab Invest 5:218-222), phuong phéap Folin-Ciocalteau (Lowry OH et al.
(1951) I Biol Chem 193:265-275) hodc do do hép thy ctia CBB G-250 (Bradford MM
(1976) Analyt Biochem 72:248-254).

Mt dd biéu hién: "Mc d6 biéu hién" chi su sinh tdng hop san phém gen, tbt
hon 12 ma phién ma va/hodc dich ma trinh ty nucleotit, vi du gen ndi sinh hodc gen
khac loai, trong mét té bao. Vi du, trong trudng hop gen cAu tric, muc do biéu hién
lién quan dén sy phién ma clia gen c4u trac thanh mARN va - tily ¥ - sau d6 dich ma
mARN thanh mdt hodc nhidu polypeptit. Trong céc truong hop khac, mirc do biéu
hién c6 thé chi dé cap dén su phién ma ADN chira phéan tit ARN.

Ngoai lai: Thuat ngit "ngoai lai" chi phan tir axit nucleic bt ky (vi dy, trinh tu
gen) dugc dua vao té bao bing céc thao tac thir nghiém va c6 thé bao goém céc trinh
fir tim thdy trong té bao d6 mién 1 trinh tw dua vao chia cai bién nhét dinh (vi dy,
dot bién diém, su hién dién ciia mot gen dénh dAu ¢6 chon loc, v.v.) va do d6 khéc so

véi trinh tu ¢ trong tu nhién.
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Lién két v& mit chirc nang: Thuat ngit "lién két vé mit chirc ning" hodc "duoc
lién két vé mat chirc nang" twong duong véi thuat ngtt "lién két c6 didu khién" hosc
"duge lién két c6 didu khién" va duoc hiéu 12 ¢6 nghia 13, vi du, su sép xép tuén tu
yéu t6 didu hoa (vi du, gen khéi dau) véi trinh tu axit nucleic can dugc thé hién va,
néu thich hop, céc yéu td diéu hoa khac nita (vi du, mot gen két thic) theo cach sao
cho mdi yéu tb diéu hoa nay co thé hoan thanh chirc ning dy dinh ctia né @& cho phép,
stta ddi, hd trg hodic theo cach khac 13 tac dong dén muc do biéu hién cua trinh ty axit
nucleic. La mot tir déng nghia, cum tr "lién két c6 diéu khién" hodc "dugc lién két
c6 didu khién" c6 thé duoc st dung. Viéce bidu hién c6 thé xay ra tiry thudc vao su sip
xép cuia cdc trinh tu axit nucleic so védi ARN mang ma hodc d6i ma. V& mat nay, lién
két truc tiép theo nghia hoa hoc khong nhét thiét cin dén. Céc trinh tu kiém soat gen
nhu vi dy, trinh ty gen tdng cuong, cling co thé thé hién chirc ning ctia ching ddi vai
trinh ty dich tr cdc vi tri xa hon, hodc thyc sy tir phan tor ADN khéc. Cac sép xép
duoc uu tién la céac sép xép trong do trinh ty axit nucleic can duoc biéu hién tai tb
hop duoc dit sau céc trinh ty dong vai trd 1a gen khéi d4u, sao cho hai trinh tu lién
két cong hoéa tri v6i nhau. Theo phuong 4n dugc wu tién, trinh ty axit nucleic can
dugc phién ma dugce dat phia sau gen khoi dAu theo cach sao cho su bit ddu phién
ma giéng nhu sy bt ddu mong mubn cia ARN thé kham theo sang ché. Lién két vé
mét chic nidng, va cAu tric bidu hién, c6 thé duge tao ra biang k¥ thuét tai tb hop va
tach dong thong thudong nhu dd mé ta (vi dy, trong Maniatis T, Fritsch EF va Sam-
brook J (1989) Molecular Cloning: A Laboratory Manual, 2nd Ed Cold Spring Harbor
Labratory, Cold Spring Harbor (NY), Ausubel et al. (1987) Current Protocols in Mo-
lecular Biology, Greene Publishing Assoc. va Wiley Interscience, Gelvin va nhiing
nguoi khac (Eds) (1990) Plant Molecular Biology Manual, Kluwer Academic Pub-
lisher, Dordrecht, Ha Lan). Tuy nhién, céac trinh ty khac, vi du, hoat dong nhu ph?m
ttr 1ién két voi cée vi tri phan cét dic hiéu véi cdc enzym gidi han, hodic nhu mot peptit
tin hiéu, cling c6 thé duoc dit gitta hai trinh ty ndy. Viéc cai xen céc trinh tu cling ¢6
thé din dén su biéu hién cta céc protein dung hop. Tt hon 13, cdu tric biéu hién, bao
gbm lién két cta ving didu hoa, vi du nhu trinh ty gen khéi ddu va axit nucleic can
duoc biéu hién, c6 thé ton tai & dang két hop véi vecto hodc co thé dugc cai xen vao

bo gen, vi du bang cach bién nap.
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Gen: Thuét ngir "gen" chi ving duoc lién két co didu khién véi trinh ty diéu
hoa thich hop c6 kha nang diéu hoa mirc do biéu hién ctia san phdm gen (vi du, pol-
ypeptit hodac ARN chirc ndng) theo mot cach nhat dinh. Gen bao gdm ving diéu hoa
chua duge dich ma cia ADN (vi du, gen khoi dau, gen ting cudng, gen kim hém,
v.v.) trude (xudi chiéu) va sau (nguge chidu) ving ma héa (khung doc md, ORF).
Thuat ngt "gen céu tric" nhu duogc sir dung trong mo ta duge du dinh chi trinh ty
ADN duoc phién ma thanh mARN, mARN nay sau d6 duoc dich ma thanh trinh tu

axit amin dic trung ctia polypeptit cu thé.

Bo gen va ADN bo gen: Cac thudt nglt "bd gen" hodc "ADN bo gen" dé cap
dén thong tin di truyén c6 thé ké thira cta sinh vat cha. ADN bd gen nay bao gom

ADN cia nucleoid va ca ADN cua plasmit tw sao chép.

Khéc loai: Thuat ngit "khac loai" dbi v6i phan tir axit nucleic hogc ADN chi
phéan tr axit nucleic lién két c6 diéu khién véi, hodc dugc can thiép dé trd thanh duogc
lién két c6 diéu khién voi, phén tr axit nucleic tht hai ma n6 khéng dugc lién két c6
didu khién trong tu nhién, hodc né dugc lién két c6 didu khién & mdt vi tri khac trong
tw nhién. CAu truc biéu hién khac loai bao gém phén tlr axit nucleic va mdt hodc nhiéu
phan tir axit nucleic diéu hoa (nhu gen khéi déu hoc tin hiéu két thic phién ma) lién
két v6i no, vi du 1a ciu trac thu duoc bing céc thao tac thir nghi¢m trong do6 hodc a)
phén tir axit nucleic, hodc b) phan tir axit nucleic diéu hoa d3 néu hoic c) ca hai (tirc
1a (a) va (b)) khong nam trong méi trudng gen ty nhién (ban dia) ciia no hodc da dugc
bién d6i béng cac thao tac thtr nghi€ém, vi du vé viéc bién d6i 1a thay thé, b sung,
x6a, dao nguoc hodc cai xen mdt hodc nhidu gbc nucleotit. Moi truong gen ty nhién
chi & gen trong bd gen tu nhién trong sinh vat géc, ho#c sy hién dién trong mot thu
vién bd gen. Trong truong hop thu vién bd gen, moi trudng gen tw nhi€n cda trinh tyr
phén t¢ axit nucleic t6t hon 1a dugc giit lai, it nhat 12 mot phén. Mai trudng kep suon
trinh tu axit nucleic it nhit & mot bén va c6 trinh tu dai it nhét 50 bp, tét hon 1a it nhét
500 bp, dic biét tot hon 1a it nhat 1000 bp, rét dic biét tt hon 1a it nhét 5000 bp. Cau
triic bidu hién c6 trong tu nhién - vi du t6 hop c6 trong tu nhién ctia gen khai dau voi
gen tuong ing - tr¢ thanh cAu tric bidu hién chuyén gen khi n6 duge bién d6i bang

cac phuong phap "nhéan tao" phi tu nhién, tbng hop nhu, vi du, gdy dot bién. Cac
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phuong phap nay da duge mo ta (US 5,565,350, WO 00/15815). Vi du, phén tir axit
nucleic ma hoa protein lién két c6 didu khién vé6i gen khéi dau, ma khong phai 14 gen
khéi ddu ty nhién cta phan tir nay, dugc xem 14 khac loai v6i gen khéi dau nay. Tt
hon 1a, ADN khéc loai khong phai 14 ndi sinh hodc khong duoc két hop tu nhién véi
té bao ma né dugc dua vao, ma thu duge tir té bao khac hodc duoc téng hop. ADN
khac loai cling bao gdm trinh ty ADN ndi sinh, chira cai bién nhit dinh, nhiéu ban
sao khong cé trong tu nhién cua trinh ty ADN ndi sinh, hodc trinh ty ADN khong
duoc két hop tw nhién véi trinh tw ADN tu nhién khéc lién két vat Iy véi ADN. Thong
thuong, mic di khong nhét thiét, ADN ma hoa khéc loai ma héa ARN hogc protein

thuong khong dugce tao ra boi 1& bao trong d6 né duoc biéu hién.

Lai: Thuat ngtt "lai" nhu dugc st dung trong ban md ta bao gbdm "quy trinh
bét ky nhd d6 soi phan tir axit nucleic két hop véi soi bd sung théng qua viéc ghép
cap bazo". (J. Coombs (1994) Dictionary of Biotechnology, Stockton Press, New
York). Viéc lai va d6 bén lai (nghia 13, d6 bén ciia sw két hop giita cdc phan tir axif
nucleic) bi tic dong béi cac yéu td nhu mire do bd sung giita cac phan tir axit nucleic,
d6 nghi€ém ngit cua cac didu kién lién quan, Tm cua thé lai dugc tao thanh, va ti 18
G:C trong cac phan tir axit nucleic. Nhu dugce sir dung trong ban mo ta, thuét ngit
"Tm" dugce st dung dé chi "nhiét d6 nong chay". Nhiét do6 néng chay 1a nhiét do ma
tai d6 tAp hop cac phén ti axit nucleic soi kép trd nén bi tach doi thanh cac s¢i don.
Phuong trinh tinh todn Tm clia phan t axit nucleic da biét trong linh vuc k¥ thuat
nay. Nhu dugc chi ra béi cac tham khao chuén, udc tinh don gian cta gia tri Tm c6
thé dugc tinh bang phuong trinh: Tm = 81,5 + 0,41(%G + C), khi phan tir axit nucleic
¢6 trong dung dich nudce dich & 1M NaCl [xem vi dy, Anderson and Young, Quanti-
tative Hybridization, trong Nucleic Acid Hybridization (1985)]. C4c tham khao khac
bao gdm céc tinh todn phtrc tap hon, c6 tinh dén céc tinh chét cdu tric cling nhu trinh
tw dé tinh toan Tm. Céc diéu kién nghiém ngit, da dugc biét vai nguoi co hiéu biét
trung binh trong linh vuc nay va co thé duoc tim thiy trong Current Protocols in

Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6.

Cac diéu kién lai thich hop 13, vi du lai & cac dicu kién twong duong voéi lai

trong natri dodexyl sulfat (SDS) 7%, NaPO40,5M, EDTA 1mM & 50°C, rira trong 2
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X SSC, SDS 0,1% & 50°C (d6 nghiém ngit thip) v6i phéan tir axit nucleic chtra it nhat
50, t6t hon 14 it nhét 100, tét hon 13 it nhat 150, t5t hon nira 1 it nhit 200, tot nhat 1a
it nhét 250 nucleotit lién tiép clia bd thé chit cta trinh tw. Céc didu kién lai thich hop
khdc 1a lai trong natri dodexyl sulfat (SDS) 7%, NaPO4 0,5M, EDTA 1mM & 50°C,
rira trong 1 X SSC, 0,1% SDS & 50°C (dd nghiém ngét trung binh) hodc 65°C (do
nghiém ngét cao) vdi phén tir axit nucleic chira it nhét 50, t6t hon 1a it nhat 100, t6t
hon nita 13 it nhat 150, t5t hon nita 14 it nhit 200, t5t nhét 1a it nhit 250 nucleotit lién
tiép ctia bd thé cua trinh tw. Cac diéu kién lai thich hgp khéc 14 lai trong natri dodexyl
sulfat (SDS) 7%, NaPO4 0,5M, EDTA ImM & 50°C, rtta trong 0,1 X SSC, 0,1% SDS
& 65°C (dd nghiém ngat cao) vdi phén tir axit nucleic chira it nhét 50, tot hon 14 it
nhét 100, tdt hon nita 13 it nhét 150, tot hon nita 12 it nhat 200, t&t nhat 14 it nhat 250

nucleotit lién tiép ctia bd thé ctia trinh ty.

“Pd dong nhat”: “Do dong nhat” khi dugc st dung d€ so sanh hai hogc nhiéu
phan tir axit nucleic hodc axit amin c6 nghia la céc trinh tu ctia cac phén tir néu trén

co cung do déng nhét trinh ty & mac nhét dinh, cac trinh tu nay giéng nhau mot phén.

Pé x4c dinh phan trim do déng nhét (46 dong nhét dugc stir dung thay thé néu
chi céc trinh tu axit nucleic) cia hai trinh ty axit amin hodc cua hai phin tir axit
nucleic, cac trinh tu duge viét kiéu mét cai trén mot cai dudi dé so sanh tdi vu (vi du
nhitng khoang trong c6 thé dugc chén vao trinh tu protein hodc axit nucleic dé tao ra

su sép thang toi wu véi protein khac hogc axit nucleit khac).

Céac gdc axit amin hodc phan tr axit nucleic tai cac vi trf axit amin twong Gng
hodc céc vi tri nucleotit sau d6 dugc so sanh. Néu vi tri trong mot trinh tu bi chiém
bdi cing mdt gbe axit amin hodc cing mot phén tir axit nucleic nhur 1a vi tri twong
ung trong trinh tu khac, thi cdc phén tir gidng nhau & vi tri nay. Phin trim d6 dong
nhét gitta hai trinh ti 1a ham cta sb vi tri gidng nhau c6 chung céc trinh ty (tirc 1a %
d6 ddng nhat = sb vi tri gidng nhau/téng sb vi tri x 100). C4c thuat ngir "do dong
nhét" va "do dong nhét" dugc coi 1 cac tir déng nghia khi dé cap dén céc trinh ty axit
nucleic. Khi dé cap dén d6 dong nhét, thuat ngit do ddng nhét chi cc axit amin gidng
nhau tai mot vi tri cu thé trong mot trinh ty, thudt ngtr do déng nhét chi cac axit amin

déng nhét tai mot vi trf cu thé trong ‘mcf)t trinh tu. Axit amin déng nhét 12 axit amin c6
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mach bén tuong tu. Ho cic gbc axit amin cd cdc mach bén tuong tu da duoc xdc dinh

trong linh vuc k¥ thuat nay.

Phan t axit nucleic mé hoa protein dong nhét véi protein theo sang ché ¢6 thé
duoc tao ra béng cach dua mot hoac nhiéu thay thé, bd sung hodc xda nucleotit vao
trinh tu nucleotit sao cho mot hodc nhiéu thay thé, bd sung hodc x6a axit amin dugc
dugc dua vao protein da duge ma hoéa. Cac dot bién c6 thé dugce dua vao mdot trong
s6 céc trinh tu theo sang ché bang cac k¥ thuat chuén, nhu gay dot bién dinh huéng
vi tri va gdy dot bién qua trung gian PCR. Tét hon 13, cac thay thé axit amin bao toan
duogc thuc hién & mdt hodc nhidu ngudn gde axit amin khong thiét yéu duoc du doan.
“Sy thay thé axit amin bao toan” 1a sy thay thé trong d6 gbc axit amin dugc thay bing
gbc axit amin c6 mach bén twong tw. Ho cac gbc axit amin c6 cac mach bén twong tu
da dugc xac dinh trong linh vyc k¥ thuat nay. Céc ho nay bao g&n axit amin c6 cac
mach bén bazo (vi duy, lysin, arginin, histidin), mach bén axit (vi du axit aspartic, axit
glutamic), cdc mach bén phén cyc khong mang dién tich (vi du glyxin, asparagin,
glutamin, serin, threonin, tyrosin, Xystein), cic mach bén khong phén cuc (vi dy, ala-
nin, valin, leuxin, isoleuxin, prolin, phenylalanin, methionin, tryptophan), cdc mach
bén phan nhéanh beta (vi du, threonin, valin, isoleuxin) va mach bén thom (vi du,
tyrosin, phenylalanin, tryptophan, histidin). Do do, gbc axit amin khéng thiét yéu
dugc du doan trong protein theo sang ché t6t hon 12 dugc thay bang gbc axit amin

khéc tir ciing mdt ho mach bén.

Ngoai ra, theo phuong &n khéc, cdc dot bién c6 thé duge dua vao ngiu nhién
doc theo toan bo hodc mot phén cla trinh ty ma hoa, nhu bang viéc gy dot bién bao
hoa, va cac thé dot bién thu dugc co thé duoc sang loc hoat tinh twong (g duge mod
ta & day dé x4c dinh thé dot bién ma van con hoat tinh ciia ching. Sau khi gy dot
bién mot trong sb céc trinh tu theo sang ché, protein dd ma hoa cé thé duoc biéu hién
tai td hgp va hoat tinh cta protein c6 thé duge x4c dinh bang cach sir dung, vi duy, céc

thtr nghiém dugc mo ta & day.

Dé x4c dinh phan trim dd dong nhat cta hai hogc nhicu axit amin hodc cta
hai hodc nhiéu trinh tu nucleotit, mot s chuong trinh phan mém mdy tinh da dugc

phét trién. Do dong nhét ctia hai hodc nhiéu trinh ty c6 thé dugc tinh toan béng, vi du
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phin mém fasta, hién da duoc sir dung trong phién ban fasta 3 (WR Pearson va DJ
Lipman, PNAS 85, 2444 (1988), WR Pearson, Methods in Enzymology 183, 63
(1990), WR Pearson va DJ Lipman, PNAS 85, 2444 (1988), WR Pearson, Enzymol-
ogy 183, 63 (1990)). M6t chwong trinh hitu ich khac dé tinh toan dd dong nhét ctia
c4c trinh ty khéc nhau 1a chwong trinh blast chudn, dugc bao gom trong phin mém
Biomax Pedant (Biomax, Munich, Cong hoa Lién bang Duc). Pidu nay khong may
1a d6i khi din dén dén két qua khéng t6i wu vi viéc blast khong phai ludén ludn bao
gdm céc trinh ty hoan chinh ctia d6i twong va trinh ty truy vén. Tuy nhién, vi chuong
trinh nay rt hidu qua, nd ¢co thé duoc st dung dé so sanh mot sb lugng 16n cac trinh

tu. Céc cai dat sau day thuong dugc st dung dé so sanh céc trinh tu nhu vay:

-p tén chuong trinh [chudi]; -d co s& dit lidu [chudi]; mdc dinh = nr; -i hd so
truy vén [File In]; mic dinh = stdin; -e gia tri ky vong (E) [thuc]; mdc dinh = 10,0; -
m lua chon nhin sép théng: 0 = tirng cdp; 1 = neo trinh ty truy vén thé hién do déng
nhat; 2 = neo trinh ty truy vin khong dong nhat; 3 =neo trinh ty truy van phing, thé
hién d6 ddng nhét; 4 = neo trinh tu truy vén phing, khéng dong nhét; 5 = neo trinh tu
truy vin khong ddng nhét va du cln; 6 = neo trinh ty truy vén phing, khong dong
nhét va ddu cin; 7 = XML Blast ddu ra; 8 = dang bang; 9 dang bang v6i cac dong
nhan xét [S6 nguyén]; mic dinh = 0; -0 hd so dAu ra bdo cdo BLAST [File Out] Tuy
chon; méc dinh = stdout; -F trinh ty truy van b loc (DUST véi blastn, SEG véi céc
cai khac) [chudi]; mic dinh = T; -G gia tri m& khoang trong (0 goi ra hanh vi mic
dinh) [S8 nguyén]; mic dinh = 0; -E gi4 tri kéo dai khoang trdng (0 goi ra hanh vi
mic dinh) [Sé nguyén]; mic dinh = 0; -X gia tri giam X d6i v6i su sip thing c6
khoang tréng (theo bit) (0 goi ra hanh vi mic dinh); blastn 30, megablast 20, tblastx
0, tAt ca céc cai khac 15 [S5 nguyén]; mic dinh = 0; -I thé hién GI trong dong md ta
[T/F]; mic dinh = F; -q diém phat d6i v6i su bit cip sai nucleotit (chi blastn) [S6
nguyén]; mic dinh = -3; -r diém thuong ddi véi su bt cdp nucleotit (chi blastn) [S&
nguyén]; mic dinh = 1; -v s6 trinh tu co s& dit lidu dé thé hién cac mo ta mot dong
@i véi (V) [S6 nguyén]; mic dinh = 500; -b s6 trinh tu co s& dit lidu dé thé hién céc
sép théng dbi véi (B) [Sé nguyén|; méc dinh = 250; -f ngudng dé kéo dai cac hit, mic

dinh néu 12 0; blastp 11, blastn 0, blastx 12, tblastn 13; tblastx 13, megablast 0 [Sé
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nguyén]; mic dinh = 0; -g thuc hién sip thing c6 khoang trdng (khong c6 san véi
tblastx) [T/F]; mac dinh = T; -Q ma gen truy van dé st dung [S6 nguyén]; mic dinh
= 1; -D ma gen DB (chi cho tblast[nx]) [Sé nguyén]; mic dinh = 1; -a s& lugng bd xir
ly dé st dung [Sé nguyén]; mic dinh = 1; -O hd so SeqAlign [File Out] Tuy chon; -J
tin cdy dong mo ta truy van [T/F]; mic dinh = F; -M ma tran [chudi]; mic dinh =
BLOSUMSG62; -W ¢ chit, mic dinh néu 12 0 (blastn 11, megablast 28, tAt ca cac cai
khac 3) [S6 nguyén]; mic dinh = 0; -z chidu dai hidu qua ctia co sé dit lidu (sir dung
0 dbi véi ¢ thue) [Thue]; mic dinh = 0; -K s6 lugng hit tot nhat tir ving dé gitt (ngt
bing mic dinh, néu sir dung gia tri 100 dugc khuyén cdo) [S nguyén]; mic dinh =
0; -P 0 déi v6i nhiéu hit, 1 d8i v6i mot hit [S6 nguyén]; mic dinh = 0; -Y chiéu dai
hiéu qua cia khoang khong tra ctru (st dung 0 dbi véi c& thuc) [Thuc]; mic dinh =
0; -S so1i truy van dé tra ciru dua trén co sé dit lidu (déi v6i blast[nx], va tblastx); 3 1a
ca hai, 112 dinh, 2 12 day [Sé nguyén]; mic dinh = 3; -T tao ra dau ra HTML [T/F];
mic dinh = F; -1 gi6i han tra ctru co s& dit lidu & danh sach GI [chudi] tiry chon; -U
st dung loc trudong hop thip cta trinh tw FASTA [T/F] ty chon; mic dinh = F; -y
gid tri giam X d6i vé6i cac kéo dai khong tao khoang trdng theo bit (0,0 goi ra hanh vi
mac dinh); blastn 20, megablast 10, tAt ca cac cai khac 7 [thuc]; mic dinh = 0,0; -Z
gid tri giam X d6i voi su sép thing c6 khoang trng cubi ciing theo bit (0,0 goi ra
hanh vi mac dinh); blastn/megablast 50, tblastx 0, tAt ca cac cai khac 25 [S6 nguyén];
mic dinh = 0; -R hd so diém kiém tra PSI-TBLASTN [File In] tiiy chon; -n tra ctru
MegaBlast [T/F]; mic dinh = F; -L dinh vi trén trinh tu truy van [chudi] tuy chon; -
A ¢& clra s6 nhiéu hit, mic dinh néu 1a 0 (blastn/megablast 0, tAt ca cac cai khéac 40
[S6 nguyén]; mic dinh = 0; -w diém phat dich chuyén khung (thuét toan OOF déi véi
blastx) [S6 nguyén]; mic dinh = 0; -t chidu dai cta intron 16n nhit cho phép trong

tblastn dé lién két cac HSP (0 khong thé lién két) [S6 nguyén]; mic dinh = 0.

Két qua c6 chit lugng cao dat dugc bang céch str dung thust todn ctia Needle-
man va Wunsch hodc Smith va Waterman. Do d6, cac chuong trinh dua trén céc thuat
todn nay dugc uu tién. Tt hon 13, viéc so sanh céc trinh tw ¢6 thé duge thyc hién véi
chuong trinh PileUp (J. Mol. Evolution., 25, 3.51 (1987), Higgins et al., CABIOS 5,
151 (1989)) hoic tét hon 14 v6i cic chuong trinh "Gap" va "Needle", ca hai chuong
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trinh nay déu dwa trén cac thuét todn ctia Needleman va Wunsch (J. Mol. Biol 48, 443
(1970)), va "BestFit" dua trén thudt toan ciia Smith and Waterman (Adv. Appl. Math.
2, 482 (1981)). "Gap" va "BestFit" 1a mot phin ctia gbi phan mém GCG (Genetics
Computer Group, 575 Science Drive, Madison, Wisconsin, USA 53711 (1991); Alt-
schul et al., (Nucleic Acids Res. 25, 3389 (1997)), "Needle" 1a mdt phan cia goi phan
mém The European Mmolecular Biology Open Software Suite (EMBOSS) (Trends
in Genetics 16 (6), 276 (2000)). Do d6, tét hon 13 c4c tinh toan dé x4c dinh phan tram
do déng nhét trinh tu duoc thuc hién béng chuong trinh "Gap" hodc "Needle" trén
toan bd khoang trinh tw. Céc diéu chinh chuén sau day dé so sanh céc trinh tu axit
nucleic duge sir dung cho "Needle": ma trin: EDNAFULL, diém phat khoang tréng:
10,0, diém phat kéo dai: 0,5. Céc diéu chinh chuén sau day dé so sanh cac trinh tu
axit nucleic duoc str dung cho "Gap": luong khoang cach: 50, lugng chiéu dai: 3, bat

cap trung binh: 10.000, bit cap sai trung binh: 0,000.

Vi du mét trinh ty, duoc cho 1a c¢6 do ddng nhéit 80% véi SEQ ID NO 1 & cép
d6 axit nucleic dugc hidu co nghia la trinh tu, ma khi so sanh véi trinh tu dugce biéu
thi bodi SEQ ID NO: 1 bédi chuong trinh "Needle" néu trén v6i bd tham sb & trén, co
do déng nhét 80%. Tt hon 13, d6 déng nhét dugc tinh trén toan bd chiéu dai cta trinh

tu truy vén, vi du SEQ ID NO:1.

bugc phéan 1ap: Thuat ngit "dugce phén 1ap" nhu da dugce st dung trong ban
mo ta ¢6 nghia 1a vat liéu dugc 14y ra bi con ngudi va ton tai bén ngoai méi truong
tir nhién, nguyén thiy ctia né va do d6 khong phai 1a san pham ciia tw nhién. Mot vat
li€u hodc phan tir dugc phan lap (nhu mdt phan tir ADN hodc enzym) c6 thé ton tai &
dang tinh khiét hodc c6 thé ton tai trong mdi truomg khdng tu nhién nhu, vi du, trong
t& bao chu chuyén gen. Vi du, phén tir axit nucleic c6 trong tw nhién hogc polypeptit
c6 trong té bao séng khong dugc phan 1ap, nhung cling mot phan tir axit nucleic hoic
polypeptit nay, duge tach ra khoi mdt sb hoic tat ca cdc vat lidu dang cling tdn tai
trong hé tu nhién, dugc phén 1ap. Cac phén tir axit nucleic nay co thé 1a mot phan cua
mdt vecto va/hodc cac phén tir axit nucleic hodc polypeptit ndy c6 thé 1a mot phan
ctia mot ché phdm, va s& dugc phén 1ap dé vecto hodc ché pham nay khong phai 12

mot phan ctia méi truong gde ciia nd. Tt hon 14, thuét ngit "duge phan 1ap" khi dugc
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str dung lién quan dén phan tir axit nucleic, nhu trong "trinh tu axit nucleic dugc phén
14p" chi trinh ty axit nucleic dugc xéc dinh va t4ch ra tir it nhit mot phén tir axit
nucleic tap ma nd thudong dugc két hop trong ngudn ty nhién ciia né. Phan ti axit
nucleic dugc phan 18p ¢6 mdt & dang hodc thiét 14p khéac véi dang hodc thiét 1ap ma
n6 dugce tim thiy trong ty nhién. Nguoc lai, cdc phan tir axit nucleic khong phéan 1ap
1a cac phén tir axit nucleic nhuw ADN va ARN, duoc tim thdy & trang thai ching ton
tai trong tuy nhién. Vi dy, trinh tg ADN nhét dinh (vi du, gen) dugc tim thiy trén
nhiém sic thé cua t& bao chi nim gé"m cac gen lan cén; trinh ty ARN, nhu trinh tu
mARN cuy thé m3 héa protein cu thé, dugc tim théy trong té bao & dang hdn hop véi
nhidu mARN khac, ma hod nhiéu protein. Tuy nhién, trinh ty axit nucleic duge phéan
14p chira, vi du SEQ ID NO: 1 bao gE‘)m, vi du, céc trinh tu axit nucleic nhu vay trong
cac t& bao ma thuong chra SEQ ID NO: 1 trong d6 trinh ty axit nucleic nim trong vi
tri trong bd gen hodc plasmit khac véi vi tri cia cac té bao tu nhién, hoic theo cach
khac 1a duoc kep sudn boi trinh ty axit nucleic khac véi trinh tu tim théy trong tu
nhién. Trinh tu axit nucleic c6 thé c6 mit & dang sgi don hodc s¢i kép. Khi trinh tu
axit nucleic da phan lap can duoc st dung dé biéu hién protein, trinh tur axit nucleic
nay s€ chtra ti thiéu it nhit mot ph?m soi mang ma hodc ma hda (nghia 1a, trinh tu
axit nucleic c6 thé 1a sgi don). Theo cach khac, n6 ¢6 thé chira ca sgi mang mi va dbi

ma (nghia 13, trinh tu axit nucleic c6 thé 1a soi kép).

Khong ma héa: Thuat ngit "khong ma hoa chi trinh tir ctia phan tir axit nucleic
khong ma hod mot phén hodc tit ca cac protein dugc biéu hién. Céc trinh ty khong
ma hoa bao gdm nhung khdng gi6i han & gen ting cudng, ving gen khoi dau, ving

khong dugc dich ma 3' va ving khong dugc dich ma 5'.

Axit nucleic va nucleotit: Cac thudt ngft "axit nucleic" va "nucleotit" chi axit
nucleic hodc nucleotit ¢é trong ty nhién hodc tdng hop hodc nhén tao. Céc thudt ngit
"axit nucleic" va "nucleotit" bao gﬁ“)m deoxyribonucleotit hodc ribonucleotit hodc
dang turong ty nucleotit bat ky va polyme hogc thé lai ctia n6 & dang soi don hodc s¢i
kép, mang ma hodc d6i ma. Trir khi ¢6 quy dinh khéc, trinh ty axit nucleic cu thé con
bao gdm cac bién thé duge bién ddi bao toan ctia n6 (vi du, cac thay thé codon thoai

hoa) va trinh tu bd sung, cling nhu trinh ty dugc néu rd. Thudt nglt "axit nucleic"
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duge sir dung thay thé cho nhau trong ban mé ta véi "gen", "cADN", mARN", "oli-
gonucleotit”", va "phan tir axit nucleic". Cac dang twong tu nucleotit bao gdm cac
nucleotit c6 cac bién ddi trong c4u trac héa hoc cta bazo, dudng va/hodc phosphat,
bao gdm nhung khéng gi6i han &, cac bién dbi pyrimidin vi tri 5, bién d6i purin vi tri
8, bién d6i & cac amin ngoai vong xytosin, thay thé 5-bromo-uraxil, va tuong tw; va
céc bién dbi duong vi tri 2° bao gdm nhung khong gidi han &, ribonucleotit bién d6i
duong trong d6 2'-OH dugc thay thé béng nhém dugce chon tir H, OR, R, halo, SH,
SR, NH2, NHR, NR2, hoac CN. ARN kep toéc ngén (shARN) cling ¢6 thé chia céc
thanh phé‘m khong ty nhién nhu bazo khong tu nhién, vi dy, ionosin va xanthin, dudng
khong ty nhién, vi du, 2'-metoxy riboza, hogdc lién két phosphodieste khong tu nhién,

vi du, metylphosphonat, phosphorothioat va peptit.

Trinh ty axit nucleic: Cum tir "trinh ty axit nucleic" chi polyme sgi don hodc
doi cua cac bazo deoxyribonucleotit hoc ribonucleotit doc tir ddu 5' dén 3'. N6 bao
gdbm ADN nhiém sic thé, cac plasmit trr sao chép, cdc polyme gy nhiém ctia ADN
hodic ARN va ADN hodc ARN thuc hién vai trd cdu trac chi yéu. "Trinh tu axit
nucleic” cling dé cép dén danh séach lién tiép cac chir viét tit, chir c4i, ky tu hoic tir,
biéu thi cac nucleotit. Theo mot phuong an, axit nucleic ¢ thé 1a "doan do" ma la
axit nucleic trong ddi ngén, thuong c6 chidu dai it hon 100 nucleotit. Thong thudng,
doan do axut nucleic c6 chidu dai ndm trong khoang tir 50 nucleotit dén 10 nucleotit.
"Vlng muyc ti€u" cia axit nucleic 1a mot phﬁn cua axit nucleic dugc xac dinh 1a quan
tAm. "Ving ma hoa" cia axit nucleic 14 phan cta axit nucleic, dwgc phién ma va dich
ma theo cach dic hiéu trinh ty dé tao ra polypeptit hodc protein cu thé khi duoc dat
dudi su kiém soat cta trinh tu didu hoa thich hop. Ving ma héa duoc cho 1a ma hoa

polypeptit hodc protein nay.

Oligonucleotit: Thuét ngtt "oligonucleotit" chi oligome hodc polyme cua axit
ribonucleic (ARN) hodc axit deoxyribonucleic (ADN) hodc dang md phdng cta no,
cling nhu céc oligonucleotit c6 cac phan khong c6 trong tw nhién c6 chirc ning tuong
tu. Cac oligonucleotit dugc bién dbi hoic duge thay thé nay thuong duge vu tién hon
so véi cac dang tu nhién do c6 céc thudc tinh mong mubn nhu vi du, sy hép thu té

bao tang, 4i luc d6i vai nucleit axit muyc ti€u ting va do On dinh tdng khi c6 mat
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nucleaza. Oligonucleotit tt hon 14 bao gém hai hodc nhiéu nucleomonome lién két
cdng hoda tri voi nhau boi céc lién két (vi du, phosphodieste) hodc céc lién két thay

thé.

Phin nhd ra: "phan nhb ra" 14 trinh ty nucleotit s¢i don twong d6i ngén & dau
5'- ho#c 3'-hydroxyl cua phan ti oligonucleotit s¢i kép (con goi la "phan mé rong",

"dAu nho ra" hodc "dau dinh").

Polypeptit: Thuét ngtt "polypeptit", "peptit", "oligopeptit", "polypeptit", "san
phim gen", "san pham biéu hién" va "protein” dugc st dung thay thé 14n nhau trong

ban mo t&, chi polyme hodc oligome cuia cac goc axit amin lién ticp.

Gen khoi dau: Thuat ngit "gen khoi diu", hogic "trinh tu gen khoi dau" 1a cac
tr trong dwong va nhu duge st dung trong ban md ta, chi trinh twy ADN ma khi duoc
lién két ¢6 didu khién vdi trinh ty nucleotit quan tim c6 kha ning diéu khién su phién
m4 cla trinh tu nucleotit quan tdm thanh ARN. Gen khéi d4u ndm & vi tri 5' (tte 1a
nguoc chiéu), gén voi vi tri bét dau phién ma cua trinh ty nucleotit quan tdm co su
phién ma thanh mARN né didu khién, va cung cép mot vi tri lién két dic hidu bési
ARN polymeraza va cac yéu td phién mé khac dé khéi ddu qud trinh phién ma. Gen
khoi diu khong bao gdm ving ma héa hodc ving khong duge dich méa 5°. Gen khéi
dAu c6 thé, vi du khac loai hodc dong nhét véi té bao tuong ung. Trinh tu phan tir axit
nucleic “khac loai v&i” sinh vat hodc trinh ty phén ti axit nucleic thir hai néu né cé
nguén géc tir loai ngoai lai, hodc, néu tir cung mot loai, dugc bién d6i tur dang ban
dau cta né. Vi du, gen khai dau lién két c6 diéu khién véi trinh ty ma hoa khic loai
chi trinh tu ma ho4 tir loai khac vai loai tir d6 thu dugc gen khdéi dau nay, hodc, néu
tr cing mot loai, trinh ma hoéa ma khong dugc két hop tu nhién véi gen khoi dau (vi
du trinh tu ma hoé duogc xt ly di truyén hoic alen tir kiéu sinh thai hoic giéng khac
nhau). Trinh ty khoi dau thich hop 6 thé thu dugc tir céc gen ciia cac té bao chi trong
d6 c6 mirc d6 biéu hién hodc tir cac mim bénh dbi v6i vat chu nay.

Tinh ché: nhu duoc str dung trong ban mo ta, thuat ngit "tinh ché" chi cac phan
tr, hodc trinh tu axit nucleic hodc trinh ty axit amin dugc loai bd khoi mdi trudng tu
nhién cta chiang, dugc phan 14p hodc tach. Cac phén tur “v& co ban dugc tinh ché” 1a

khong chira it nhat 60%, tot hon 1a khong chira it nhat 75%, va t6t hon nita 1a khong
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chira it nhét 90% c4c thanh phin khac ma ching dugc két hop trong tu nhién. Trinh

tu axit nucleic dugce tinh ché c6 thé 14 trinh ty axit nucleic dugc phéan lap.

Téi t& hop: Thuét ngit "tai to hop" d6i v6i phan tir axit nucleic chi cic phan tir
axit nucleic dugc tao ra bdi cac k¥ thudt ADN téi tb hop. Thuat ngit cling bao gdm
céc phan tir axit nucleic ma khong ton tai trong tu nhién nhung khong dugc sira d6i,
thay dbi, gy d6t bién hodc theo cach khac 14 bi can thiép bdi con nguoi. Tt hon 13,
"phén tir axit nucleic tai td hop" 14 phéan tir axit nucleic khong c6 trong ty nhién khéc
vé& trinh ty so v6i phan tir axit nucleic c6 trong tu nhién it nhét mot axit nucleic. “Phan
tir axit nucleic tai t hop" ciing c6 thé bao gdm "cAu tric téi t6 hop" chira, t6t hon 1a
lién két co6 didu khién véi, trinh tu ctia phan tir axit nucleic khong c6 trong ty nhién &
thir tw d6. Cac phuong phap duge wu tién dé san xuat phén tir axit nucleic tai t6 hop
c¢6 thé bao gdm cac k¥ thuat tach dong, gy dot bién dinh hudng hodc khong dinh
huéng, k§ thuat tong hop hoic tai t hop.

Téng déng ké: Su tang, vi du hoat tinh enzym, murc do biéu hién gen, hiéu suét
ho#ic ning sudt ctia mot san pham nhét dinh, ma 16n hon bién sai s6 ¢b hitu trong k¥
thuat do ludng, tdt hon 1a tang khoang 10% hoéc 25%, t&t hon 13 50% hodic 75%, tbt
hon ntra la gép 2 14n hodc gép 5 14n hodc nhiéu hon hoat tinh, mtrc do biéu hién, hiéu
sudt hodc ning sudt cia enzym dbi chimg hodc mtc do biu hién trong té bao dbi
chl’xng, hiéu suit hodc nang suit cia té bao ddi chimg, con t6t hon nira 13 ting khoang

10 14n hodc nhiéu hon.

Giédm déng ké: Su giam, vi du hoat tinh enzym, mtrc do biéu hién gen, hi¢u
suét hodc ning suét ciia mot san phém nhét dinh, ma 16n hon bién sai sb ¢b hitu cta
k§ thudt do luong, t6t hon 1a giam it nhét khoang 5% hoic 10%, t8t hon 12 it nhét
khoang 20% hodc 25%, t6t hon 14 it nhit khoang 50% hodc 75%, tot hon nita 1a it
nhit khoang 80% hoic 85%, tot nhét 1a it nhit khoang 90%, 95%, 97%, 98% hodc
99%.

B& sung dang ké: Theo nghia rong nhét, thuat ngit "bd sung dang k&", khi duge
st dung trong ban mo ta ddi voi trinh tu nucleotit trong mbi quan h¢ véi trinh tu
nucleotit tham chiéu hodc muc tiéu, nghia 14 trinh tu nucleotit c6 phin tram ddng nhit

giita trinh tu nucleotit b sung déng ké v6i trinh ty nucleotit bd sung chinh x4c cua
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trinh tu nucleotit tham chiéu hodc muc tiéu 1a it nhét 60%, t&t hon 14 it nhit 70%, tdt
hon 12 it nht 80% hoic 85%, tét hon 14 it nhit 90%, tét hon nita la it nhét 93%, con
t6t hon nita 13 it nhit 95% holic 96%, con tdt hon nita 1a it nhat 97% hodc 98%, con
t6t hon nita 12 it nhat 99% hodc t6t nhit 12 100% (100% la twong duong v6i thudt ngir
"gibng nhau" trong ngit canh nay). Tét hon 13, 46 ddng nhét dwge danh gid trén chidu
dai it nhét 13 19 nucleotit, tét hon 1a it nhat 50 nucleotit, tot hon nita 13 trén toan bd
chidu dai cla trinh ty axit nucleic véi trinh ty tham khao (néu khong duge quy dinh
khéac dudi day). Cac so sénh trinh ty dugc thyce hién bang cach sit dung phurong phap
phén tich GAP mdc dinh bing ung dung GAP ctia University of Wisconsin GCG,
SEAPWEB, dua trén thuét todn cua Needleman va Wunsch (Needleman and Wunsch
(1970) J Mol, Biol 48: 443-453; dugc xac dinh & trén). Trinh ty nucleotit "bo sung
dang ké" véi trinh tu nucleotit tham chiéu lai v6i trinh ty nucleotit tham chiéu trong
didu kién c¢6 d6 nghiém ngit thép, t5t hon 1a didu kién nghiém ngjt trung binh, tbt

nhét 12 diéu kién nghiém ngjt cao (nhu dwgc x4c dinh & trén).

Gen chuyén: Thudt ngit "gen chuyén" nhu dugc sir dung trong ban mo ta e
cap dén trinh tu axit nucleic, dugc dua vao bd gen clia mot té bao béng cac thao tac
thr nghiém. Gen chuyén c6 thé 1a mot "trinh ty ADN ndi sinh" hodc "trinh ty ADN
khac loai" (tirc 12 "ADN ngoai lai"). Thuét ngt "trinh ty ADN ndi sinh" chi trinh ty
nucleotit, duoc tim thdy trong tw nhién trong té bao ma nd duge dua vao mién 1a n6
khong chua bién dbi nhat dinh (vi du, dot bién diém, su c6 mit cia gen danh dau co

chon loc, v.v.) so véi trinh ty c6 trong tu nhién.

Chuyén gen: Thuat ngit chuyén gen khi d& cap dén sinh vat nghia la duoc bién
nap, t6t hon 1 duge bién nap én dinh, v6i phén tir ADN téi t6 hop ma tot hon 1a chira

gen khai dau thich hop lién két c6 diéu khién véi trinh tw ADN quan tam.

Vecto: Nhu duge st dung trong ban md ta, thuat ngit "vecto" chi phén tir axit
nucleic ¢6 kha ning van chuyén phan tir axit nucleic khac ma n6 dugc lién két véi.
Mot loai vecto 1a vecto dugce két hop vao b gen, hodc "vecto két hop", ma co thé
dugc két hop vao ADN bd gen cia té bao chu. Mot loai vecto khac 13 vecto episom,
nghia 13, plasmit hodc phan tir axit nucleic ¢ kha ndng sao chép ngoai nhim séc thé.

Vecto c6 kha ning dinh huéng sy biéu hién cua gen ma ching duoc lién ket ¢6 diu
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khién trong ban mé ta nay dugc goi 1a "vecto biéu hién". Trong ban md ta naiy,
"plasmit" va "vecto" dugc st dung thay thé 14n nhau trir khi duge quy dinh rd rang

khac trong phan m ta.

Kiéu dai: Thuat ngit "kiéu dai", "tu nhién" hodc "nguén géc tu nhién" dbi voi
sinh vét ¢6 nghia 1a sinh vat d6 khong bi bién dbi, bi gy dot bién, hoic theo cach
khac 12 bi can thiép bai con ngudi. DSi véi trinh tu polypeptit hoic axit nucleic, nghia
1 trinh tu polypeptit hodc axit nucleic ¢ trong tu nhién hogc c6 san it nhét mot sinh
vat ¢6 trong ty nhién khong bi bién ddi, bi gy dot bién, hodc theo cach khéc 12 bi can
thi€p baoi con nguoi.

Kiéu dai cta vi sinh vét chi vi sinh vit ma bd gen ctia n6 c6 mit & trang thai
nhu truede khi dua vao sy bién dbi gen cho mdt gen nhét dinh. Viéc bién d6i gen cO

the, vi du 1a x6a gen hodc mdt phan ciia n6 hodc dot bién diem hodc dua vao gen.

Thuét ngft "viéc san xuAt" hozic "hiéu sut" da dugc biét trong linh vuc k¥ thuat
va bao gdm ndng do cuia san pham 1én men (vi duy, alanin) tao ra trong khoang thoi
gian xac dinh va thé tich 16n men xéac dinh (vi dy, kg san phém trong mot gio trén mot
lit). Thuét nglr "hi¢u qua cla viéc san xuit" bao gbm thoi gian cin dé dat dugc luong
san xuét cu thé (vi du, mét bao lau dé t& bao dat dugc ty 18 diu ra cu thé ctia hoa chét

tinh khiét).

Thuét ngtt "hi€u sut" hodc "hiéu sut san phém/cacbon" da dugc biét trong
linh vuc k§ thut va bao gdbm hiéu qua cla viéc chuyén héa ngudn cacbon thanh san
pham (nghia 13, hoa chét tinh khiét). N6 thuong duoc viét 13, vi du, kg san pham trén
kg nguén cacbon. Béng cach tang hi€u suét hoic viéc san xudt hop chét, lugng phan
ttr dugc thu hdi hodc phan tir thu hdi hitu ich cta hop chéat d6 & lugng mdi trudng

nudi cdy xac dinh trong mot khoang thoi gian xac dinh dugc tang.

Thuét nglt “vi sinh vat tai t6 hop” bao gdm vi sinh vat dugc bién dbi gen sao
cho chiing thé hién kiéu gen va/hoic kidu hinh dugc thay ddi hodc khac (vi du, khi
su bién ddi gen tac dong dén trinh tu axit nucleic ma hoéa cia vi sinh vat) so véi vi
sinh vat kiéu dai tir 6 chung thu dwoc. Vi sinh vét tai td hop chira it nhat mot phan

tirt ADN tai t6 hop.
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Thuét ngtr "tai td hop" d6i véi ADN chi phan tr ADN dugc tao ra bdi con
ngudi biang cach st dung cac ky thuat ADN tai t4 hop. Thuat ngt ndy bao gdm phan
tir cdc ADN ma ban than n6 khong tdn tai trong tw nhién hoic khdng ton tai trong
sinh vét tir d6 thu dugc ADN nay, nhung duge cai bién, bién dbi, duge gay dot bién
hoidc theo cach khac 1a dugce can thi¢p bdi con ngudi. Tét hon 13, "phén tir ADN tai
t6 hop" 13 phén tir axit nucleic khong c6 trong tw nhién khéc v& trinh ty v6i phan tir
axit nucleic ¢6 trong tu nhién it nhit mot axit nucleic. “Phan tir ADN tai td hop” ciing
¢6 thé bao gém “chu trac tai td hop” chura, tdt hon 12 lién két ¢6 diéu khién véi, trinh
tu ctia phan ti axit nucleic khéng cd trong tu nhién theo thi ty d6. Phuong phéap dugc
wu tién dé san xuét phan tir ADN téi td hop nay c6 thé bao gbém cac k¥ thuat tach
dong, gy dot bién dinh huéng hoic khong dinh huong, tdng hop gen hoic k¥ thuat
tai t hop.

Thuat ngit “tién hoéa c6 dinh hudng” trong ban mo ta ndy dugc sit dung cung
nghfa voi thuat ngit “tién hoa chuyén hoa” va bao gdm viée str dung &p suét lya chon
wu tién cho viée phat trién thé dot bién vai céc tinh trang quan tam. Ap suét Iya chon
c6 thé dya trén cac diéu kién nubi céy khac nhau, ATP va lya chon két hop v6i su
phét trién va lwa chon lién quan dén su oxy hoa khtr. Ap suét lua chon c6 thé dugc
tién hanh bing phuong phép 1én men theo mé véi loat cdy chuyén hodc méi trudong

nudi cay li€n tuc v6i cung mot ap suét.

Vi du v& ADN tai t6 hop nay 1 plasmit trong trinh ty ADN ddng nhét dugc
chén hoac gen hodc gen khoi déau bi dot bién so véi gen hoidc gen khoi dau tir ADN
tai t& hop thu duoc. Sy dot bién co thé dugce dua vao béng k¥ thuat gay dot bién gen
tryc tiép da biét trong linh vuc k¥ thuit hoic bang k¥ thuét gy dot bién ngau nhién
nhu k¥ thuat gay dot bién bang héa chét, anh sang ctia tia UV hoic tia x hodc céc k§

thuat gay tién hoa truc tiép.

Thuét ngt “muc do biéu hién” hodc “mirc dod biéu hién gen” nghia la sy phién
ma (cac) gen cu thé hodc ciu tric vecto gen cu thé. Thuat ngit “mac do biéu hién”
hodic “murc d6 biéu hién gen” cu thé nghia 12 sy phién mi (c4c) gen hodc ciu trc
vecto gen thanh mARN. Quy trinh bao gdm sy phién ma ADN va c6 thé bao gdm

viée xtr Iy san phAm ARN thu dugc. Thuét ngt “mtrc d9 bicu hién” hodc “mirc dd
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bi€u hién gen” cling ¢6 thé bao gom sy dich m3@ mARN va cung v6i d6 1a sy tong hop

protein dugc ma hoa, nghia 1a mic do biéu hién protein.
Vi du thwe hién sang ché
Hoa chét va phuong phap chung

Trir khi dugc quy dinh khéc, quy trinh tdch dong dugc tién hanh vi muc dich
cua sang ché bao g@)m cit gidi han, dién di gel agaroza, tinh ché axit nucleic, ndi axit
nucleic, bién nap, chon loc va nudi céy cac té bao vi khudn duoc thuc hién nhu da
dugc mo ta (Sambrook et al., 1989). Cac phén tich trinh ty cia ADN tai td hop duogc
thuc hién v6i phan doc trinh tw ADN phat huynh quang laze (Applied Biosystems,
Foster City, CA, USA) st dung cong nghé Sanger (Sanger et al., 1977). Trir khi dugc
quy dinh khac, cic hoa chét va chét phan tng thu dugc tir Sigma Aldrich (Sigma
Aldrich, St. Louis, USA), tir Promega (Madison, WI, USA), Duchefa (Haarlem, The
Netherlands) hodc Invitrogen (Carlsbad, CA, USA). Céc endonucleaza giéi han la tr
New England Biolabs (Ipswich, MA, USA) hodc Roche Diagnostics GmbH
(Penzberg, Germany). Oligonucleotit dugc tong hop bdi Eurofins MWG Operon
(Ebersberg, Germany).

Vidu 1:

E. coli W (LU17032) dugc xir ly dé san xudt L-alanin bing cich bét hoat ackA,
adhE, frd ABCD va pflB ORF va thay thé 1dhA orF bing bién thé dugc t6i uu héa
codon ctia gen alaD (alaD-gstear).

ackA, adhE, frd ABCD va pflB ORF dugc bét hoat bang cach cai xen catxet
khang kanamyxin dugc kep sudi béi FRT, sau do loai bd catxet khang khang sinh
bang cach tai to hop FLP.

Gen he 1dhA dugc thay bang alaD-gstear va catxet khéng zeoxin dugc kep

sudi boi FRT cung chidu, ma cudi cing duoc loai bd béng cach tai tb hop FLP.

Quy trinh nay d& dugc md ta trude day vi du trong W0O2015/044818 dugc néu

trong phdn mb ta nay bing cch vién dan.

-61-



32108

Su dut gdy ciia ackA da duge mo ta trude ddy vi du trong Causey et al (2004),
PNAS, 101 (8) trang 2235 — 2240.

Hon nita, trong ching nay bao gdm ackA, adhE, frdABCD, pfIB va IdhA va
hoat tinh alaD dugc dua vao chua dugce hoat hoa, hoat tinh cua gens Ipd, zipA va
ygaW duoc lam ting nhu dd dugc mo ta trude day trong WO2015/044818 va hoat
tinh cua alaD con duge lam ting cudng bing cach giy dot bién gen khoi dau kiém

soat gen nay nhu da dugc mo ta trude day trong WO2015/044818.
Moi trudng nudi cdy vi khuan

E. coli W (LU17032) dwoc nudi cdy trong méi trudng long Luria-Bertani (LB)
hodic trén méi trudng ran Luria-Bertani. Doi khi, cac quén lac dugc chuyén qua thach
t6i thidu M9 chita Sucroza 10mM dé x4c nhan d6 ddng nhéit ching W. B6 sung chit
khéng sinh vao méi trudong 16ng va rén khi thich hop, dén néng do cudi 1a 15pg/ml

(kanamyxin, cloramphenicol), 25pg/ml (zeoxin) hodc 3 pg/ml (tetraxyclin).
Tai t6 hop Red/ET

Tai t6 hop Red/ET duoc thyuc hién st dung quy trinh chudn ctia Gene Bridges
GmbH (www.genbridges.com). Tém tét 13, E. coli W thanh thao Red/ET dugc phat
trién hiéu khi & 30°C dén OD600nm bing ~0,3. Mirc d9 biéu hién cua do duge cam
ung vbabmg cach bd sung 50pl L-arabinoza 10% (trong lugng/thé tich), sau d6 ting
nhiét do dén 37°C. Arabinoza dugc bd ra khéi moi truong nudi céy dbi ching khong
duogc cam Ung. Sau 35 phut nudi & 37°C, cac té bao duoc rira hai 1an bang glyxerol
d4 lanh 10% (v/v) va chay xung dién v6i 500ng séan phdm PCR & 1,35kV, 10uF,
6009 Sau do, cic t& bao duge tao huyén phu lai trong 1ml moi truong LB da lanh
va phat trién hiéu khi & 37°C trong khoang 1,5 gio. Gibng ciy sau d6 dugc cdy dia
1én thach LB chtra 15pg/ml kanamyxin (bat hoat gen) hodc 25ug/ml zeoxin (cai xen
gen).

T4i t6 hop FLP

Cac vi tri kep suon FRT cho phép loai bd gen danh déu khang khang sinh bing
tai t8 hop FLP sau khi bién dbi nhidm séc thé E. coli. Viéc tai t6 hop FLP dé lai vi tr
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FRT don (34bp) cling nhu trinh tu kep sudn ngin (khoang 20bp mdi trinh tw) dugc

str dung lam vi trf lién két doan moi trong viéc khuéch dai catxet.

Dé thyuc hién téi tb hop FLP, plasmit 708-FLPe (Tab. 1) md héa FLP recom-
binaza dugc dua vao cac tai tb hop Red/ET bing phuong phap xung dién. Thé bién
nap KanR CmR hogdc ZeoR CmR dugc dung d8 cdy vao 0,2ml méi trudng nudi cdy
LB, sau d6 duoc 4 ¢ 30°C trong 3 gid. Sau dd, hoat tinh FLP dugc cdm tng bdi su
dich chuyén nhiét do dén 37°C, sau d6 1 trong ba gio & 37°C. Cac khuén lac don thu
duge tir moi trudng nudi céy sau d6 duogc sang loc kiéu hinh CmS va KanS hoic

ZeoS.
Chuén bi ADN va phan tich.

ADN bd gen (gADN) E. coli duge phan 1ap tir moi trudng nudi cdy qua dém
véi Gentra Puregen Yeast/Bact. Kit B (Qiagen, Hilden, Germany). San phidm PCR
chira catxet bat hoat hoic cai xen gen dugc khuéch dai tir plasmit khubn véi ADN
polymeraza do trung thuc cao PRECISOR (BioCat, Heidelberg) va phan tng PCR
phan tich dugc thuc hién véi PCR Extender System (SPRIME GmbH, Hamburg, Ger-
many), theo khuyén céo ctia nha san xuét. Pon vi siéu sao chép PCR duge tinh ché
st dung kit tinh ché PCR GenJET hoic kit tach chiét gel GenJET (Fermentas, St.
Leon-Rot, Germany) va viéc doc trinh ty dugc thuc hién by GATC BioTech (Kon-

stanz, Germany) hodc BioSpring (Frankfurt am Main, Germany).
Bang 1. Plasmit va doan moi

Dic diém lién quan / trinh tu oligo (5"— 3”) Ngudn

plasmit

pRed/ET plasmit biéu hién red, Gen Bridges
gbc pSC101, TeR

708-FLPe plasmit biéu hién FLP recombinaza, Gen Bridges

gbe pSC101, CmR
doan mdi (BioSpring)  SEQ ID NO
pACYC-asd-F 35
pACYC-asd-R 36
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pACYC-gdhA-F 40
pACYC-gdhA-R 41

Vi du 2. Phat hién va dinh luong alanin bing HPLC

Phuong phép HPLC dudi day dé phat hién alanin trong moi trudng nudi cly

té bao dugc st dung:
Cot: cdt Aminex HPX-87C (Bio-Rad), 300x7,8 mm, c& hat 1.d. 9um
Pha ddng: Ca(NO3)2 ¢ 0,1mol/L 90%, Axetonitril 10%
Luu lugng dong: 0,6 mL/phut
Nhiét do cot: 60°C
Phét hién: may do chi s khuc xa

Theo phuong phép trén, cac thanh phan wdc lugng chinh trong chét nén miu
moi trudng té bao c6 thé duge tach khoi alanin, khong can su dinh luong alanin xen

vao.

Luong alanin trong mau dugc xéc dinh bang phuong phap hiéu chinh chuén
ngoai. Céc mAu chuén chta alanin tir 0,5 dén 10,0 g/l dugc phun vao va céc vung
pic dugc dung d8 hiéu chinh. Hé sb hdi quy tuyén tinh ctia dudng cong hiéu chinh 1a

0,9995.

Mau dwoc phun mét lan & 20uL. Céc viung pic duge dung dé tinh luong co6

mit trong miu bing phan mém Waters LC Millenium.

Vi du 3. Phat hién va dinh lugng glucoza, suxinat, lactat, format, axetat va

etanol bing HPLC
Phuong phap HPLC
Cot: cdt Aminex HPX-87H (Bio-Rad), 300%7,8 mm, ¢ hat i.d. 9um
Pha dong: H.SO4 4mM
Luu lugng dong: 0,4 mL/phut

Nhiét do cot: 45°C
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Phat hién: méy do chi s khuc xa

Lugng chét phan tich duoc xac dinh bing phwong phap hiéu chinh chudn
ngoai. Cadc miu chuin chua glucoza tir 0,1 dén 38,0 g/L, suxinat, lactat, format, axetat
va etanol tir 0,05 dén 10,0 g/L dugc phun vao va cac ving pic dugc ding dé higu

chinh. Hé sb hdi quy tuyén tinh cta ca sdu dudng cong hiéu chinh tbt hon 0,999.

Mau dugc phun mét 1dn & 20pL. Cac ving pic duge ding dé tinh lugng c6

mit trong mau bing phan mém Waters LC Millenium.

Vi du 4. Hiéu qua ctia mic d¢ bicu hi¢n cia gen asd ting doi voi ndng suat

alanin

Ban sao khac cta gen asd (SEQ ID NO: 25) dugc dua vao plasmit pACYC184
dudi su kidm soat cia gen khéi dau Ptre ¢ thé cam tng dugc IPTG. Vecto, dugc
thiét k& lam pACYC-asd (SEQ ID NO: 34), dugc ciu tao nhd k§ thuét nhan dong
InFusion thwong mai (Clontech, Mountain View, CA, USA). Vecto pACYC184
(NEB) dugc tao mach thing bang HindIII va Sall endonucleaza gigi han (NEB).
Mach chinh vecto d tao thanh dugc tinh sach bang cach chiét gel agaroza. Gen asd
nay dugc khuéch dai bang PCR tir b gen ADN kiéu dai ctia E. coli W bang doan mdi
asd-pACYC_F (SEQ ID NO: 35) va asd-pACYC_R (SEQ ID NO: 36). Poan moi
chtra 15 bp ddng dang khac nho ra khéi mach chinh vecto va manh ADN mach kép
c6 gen khoi dau Ptre duoc tong hop béi IDT. Gen asd da khuéch dai, huéng xudi ctia
gen khoi ddu Ptre va mach chinh vecto pACYC184 dugc nhan dong cuing nhau theo
phuong phap nhan dong InFusion. Vecto pACYC-asd tao thanh dugc bién nap vao
E. coli nho k¥ thuét xung dién va dugc chon trén dia LB chloramphenicol. Céu tric

duong dugc xac nhan baoi k¥ thuat gidi trinh tw ADN.

Hiéu qua cta viéc biéu hién qua mirc asd d6i v6i ning suét alanin dugc kiém
tra bing viéc nudi cdy so sanh E. coli véi vecto pACYC d6i chimg tréng va E. coli
chira su biéu hién qua mic asd plasmit pACYC-asd (SEQ ID NO: 34). Céc gidng tién
nudi cdy duoc cho phat trién trong binh lic c¢6 méi truong LB, 20% thé tich nap day
& nhiét d6 37°C va 200 vong/phut qua dém. Viée 1én men dugc thuc hién trong hé

thiét bi phan tng sinh hoc song song 1,5 L DASGIP (Eppendorf) trong 500 mL mbi
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trudong AM 1 (2,6 g/ (NH4),HPO4, 0,87 g/ NH4H2PO4, 0,15 g/L Kill, 0,37 g/L
MgSO4 7TH>0, 15 g/ (NH4)2SOs, betain 1 mM, 1ml/L dung dich ngudn kim loai vi
lwong). Ngudn kim loai vi lugng gdm 1,6g/L FeCL;-6H,0; 0,2g/L. CoCly-6H,0;
0,1g/L. CuCl>-2H20; 0,2g/L. ZnCly; 0,2g/L. NaMoO4:2H,0; 0,05g/L H3:BOs, 0,1 M
HCL. 120 g/L Glucoza dugc st dung lam ngudn cacbon trong moi trudng 1én men.
25 ug/mL chloramphenicol dugc bd sung vao dé duy tri 6n dinh plasmit. Mirc do biéu
hién cua gen asd tir gen khéi ddu Ptre dugc giy ra bdi 250 uM isopropyl B-D-1-
thiogalactopyranosit (IPTG) trong giai doan tdng truéng loga ban dau. Mbi chung
duoc thuc hién nhan dbi & nhiét d6 37°C va tée do khudy & 400 vong/phit. NHsOH
5N duoc st dung dé kiém soat pH dén 6,8 va cung cAp nudi cdy voi amoni 1am tién
chét alanin qua qué trinh 1én men. Khong c6 khong khi trong qud trinh 1én men va
bng nay khong duoc tao ap luc sao cho sau khi tiéu thy ban diu oxy hoa tan trong
mdi trudng boi céc té bao trong cdc qué trinh 1én men dugc thyc hién trong diéu kién
vi hiéu khi. C4c mau duoc thuc hién qua qué trinh 1én men va dugc phén tich bing

HPLC cho ndng d9 alanin va glucoza.

Sau 72 gid [én men E. coli Q720 trong d6 gen asd (SEQ ID NO: 25) dugc biéu
hién qua muc tir plasmit pACYC-asd (SEQ ID NO: 34) huéng dén d6 chudn L-alanin
cao hon dang ké 66,58 + 0,50 g/L so véi ching chira plasmit d6i chung trdng véi
46,00 + 1,85 g/L (Fig.1).

Vi du 5. Hiéu qua cia mc do bi€u hién ting cta gen gdhA doi v6i ndng suat

alanin

Ban sao khiac cua gen gdhA (SEQ ID NO: 37) dugc dua vao plasmit
pACYC184 dudi su kiém soét ctia IPTG-¢6 thé cam tng duge gen khai déu Ptre.
Vecto nay duge thiét ké 1am pACYC-gdhA (SEQ ID NO: 39), dugc ciu tao nho ky
thuat nhan dong InFusion thuong mai (Clontech, Mountain View, CA, USA). Vecto
pACYC184 (NEB) dugc tao mach thing bang HindIII va Sall endonucleaza gi6i han
(NEB). Mach chinh vecto dugc tao thanh dugc tinh ché bang cach chiét gel thach
tinh thé. Gen gdhA dugc khuéch dai bing PCR tir bd gen ADN E. coli W kiéu dai
v6i doan mbdi gdhA-pACYC_F (SEQ ID NO: 40) va gdhA-pACYC_R (SEQ ID NO:

41). Poan mdi nay chira 15 bp ddng dang khac nho ra khoi mach chinh vecto va manh
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ADN mach kép c6 khéi ddu Ptre duge tng hop bing IDT. Gen gdhA da khuéch dai,
huéng xudi gen khoi dau Ptre va mach chinh vecto pACYC184 dugc nhan dong cing
nhau theo phuong phap nhin dong InFusion. Vecto pACYC-gdhA tao thanh dugc
bién nap vao E. coli nhd ky thuat xung dién va dugc chon trén dia LB chloramphen-

icol. CAu tric dwong dugc xac nhan boi k§ thuat giai trinh tw ADN.

Hiéu qué cta sy biéu hién qua mirc gdhA d6i v6i nang suét alanin duoc kiém
tra bang cach nudi cy so sanh E. coli véi vecto pACYC d6i chung trdng va E. coli
chtta plasmit pACYC-gdhA biéu hién qua mirc gdhA (SEQ ID NO: 39). Céc gidng
tién nudi ciy dugc cho phat trién trong binh Iic ¢6 mdi truomg LB, 20% thé tich nap
dAy & nhiét dd 37C va 200 vong/phiit qua dém. Viéc 1én men dugc thyc hién trong hé
thiét bi phan ng sinh hoc song song 1,5 L DASGIP (Eppendorf) trong 500 mL mdi
truong AM 1 (2,6 g/ (NH4)2,HPOy4, 0,87 g/L NH4H2PO4, 0,15 g/L Kill, 0,37 g/L
MgSO4-TH20, 15 g/L. (NH4)2SO4, betain 1 mM, 1ml/L dung dich nguén kim loai vi
lwong). Ngudn kim loai vi luvong chira 1,6g/L. FeCL3-6H,0; 0,2g/L CoCl2-6H20;
0,1g/L. CuCl2H0; 0,2g/L. ZnCly; 0,2g/L NaMoOs-2H,0; 0,05g/L H3BO3, 0,1 M
HCL. 120 g/LL Glucoza dugc st dung 1am ngudn cacbon trong mdi trudng 1én men.
25 ug/mL chloramphenicol dugc bd sung vao dé duy tri 6n dinh plasmit. Mirc do biéu
hién cia gen gdhA tir gen khoi déu Ptrc duge gdy ra bai 250 uM isopropyl B-D-1-
thiogalactopyranosit (IPTG) trong pha sinh truéng loga ban dau. Mdi ching dugc cho
nhéan dbi & nhiét do 37°C va 400 vong/phut. NHsOH 5N dugc sir dung dé kiém soét
pH dén 6,8 va cung cip cho nudi cdy amoni nhu 1 tién chét alanin trong sudt qué
trinh 1én men. Khong khi khéng dugc phun trong qué trinh 1én men va bng nay khong
duoc tao ap luc sao cho sau khi tiéu thy oxy dugc hoa tan ban dAu trong mdi trudong
bdi cac t& bao, sy 1én men dugce thyc hién trong diéu kién it oxy. Céc mau dugc 14y
trong qua trinh 1én men va dugc phan tich bdi HPLC cho ndng d6 alanin va glucoza.

Sau 72 gid 1én men E. coli QZ20 trong d6 gen gdhA (SEQ ID NO: 37) duoc
bidu hién qué muc tir plasmit pACYC-gdhA (SEQ ID NO: 39) dén dén do chuan L-
alanin cao hon déng ké bing 62,18 £ 0,37 g/L so véi chiing chtta plasmit d6i ching
tréng bang 50,96 + 3,41 g/L (Fig.2).
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YEU CAU BAO HOQ
1. Vi sinh vat tai tb hop c6 hiéu suét va/hodc nang suét cta alanin cao hon trong san
xuét 1én men so véi vi sinh vat ddi ching tuong g, trong d6 vi sinh vat tai té hop

nay chira:

a) gen asd mé hoa va biéu hién aspartat-beta-semialdehyt dehydrogenaza, trong d6
gen asd dugc dua vao vi sinh vt tai td hop hodc su biéu hién cta gen asd dugc lam

ting khi so v&i vi sinh vat ma khong cé su biéu hién clia gen asd tang;

b) gen alaD ma héa va biéu hién alanin dehydrogenaza, trong do gen alaD dugc dua
vao vi sinh vat tai tb hop hodc su biéu hién gen alaD dugc lam ting khi so v6i vi sinh

vat ma khéng co su biéu hién cla gen alaD tang; va

¢) gen 1dhA ma hoa D-lactat dehydrogenaza 1én men phu thuéc NAD, trong d6 gen
1dhA bi x6a hodc su biéu hién gen 1dhA dwgc lam giam khi so v&i vi sinh vét ma

khéng c6 sy biéu hién cia gen IdhA giam.

2. Vi sinh vat tai td hop theo diém 1, trong d6 gen asd thu dugce tir bd gen ADN cua
E. coli W kiéu dai.

3. Vi sinh vét tai td hop theo diém 1, trong d6 gen asd dugc chon tir nhom bao gbm:
(a) phén tir axit nucleic chira trinh ty cia SEQ ID NO: 25,

(b) phan tr axit nucleic c¢6 do ddng nht it nhit bang 80% v&i phan tir axit

nucleic cua SEQ ID NO: 25,
(c) phén tr axit nucleic ma hoa polypeptit cia SEQ ID NO: 26, va

(d) phén tr axit nucleic ma hoéa polypeptit c6 dd dbng nhét it nhat bing 60%
véi polypeptit cua SEQ ID NO: 26.

4. Vi sinh vat tai t& hop theo diém 1, trong d6 gen alaD dugc chon tir nhém bao gdm:
(a) phéan tir axit nucleic chira trinh ty cia SEQ ID NO: 1,

(b) phén tir axit nucleic c6 do ddng nhét it nhit bang 80% véi phan tr axit

nucleic cia SEQ ID NO: 1,

(c) phén tr axit nucleic ma hoa polypeptit cia SEQ ID NO: 2, va
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(d) phén tr axit nucleic ma héa polypeptit c6 dd d6ng nhét it nhit bang 60%
v6i polypeptit cua SEQ ID NO: 2.

5. Vi sinh vat tai td hop theo diém 1, trong do gen ldhA dugc chon tir nhém bao gém:
(a) phén tr axit nucleic chira trinh ty ciia SEQ ID NO: 9, hodc

(b) phan tr axit nucleic c¢6 d ddng nhét it nhit bang 80% véi phan tir axit

nucleic cua SEQ ID NO: 9,
(c) phan tir axit nucleic mé hoéa polypeptit cia SEQ ID NO: 10, va

(d) phén tir axit nucleic ma héa polypeptit c6 do dbng nhét it nhat bing 60%
v&i polypeptit ciia SEQ ID NO: 10.

6. Vi sinh vat tai t6 hop theo diém 1, trong d6 vi sinh vt tai t6 hop nay con bao gdm
it nhat mot trong sb gen bi x6a hodc gen ¢o su biéu hién giam khi so v6i vi sinh vat

ma khong c6 su biéu hién gen gidm, trong d6 gen nay dugc chon tir:
(a) gen pflB ma héa pyruvat format lyaza I,

(b) gen adhE ma hoa axetaldehyt-CoA dehydrogenaza hai chirc/rugu dehy-

drogenaza phu thudc sat/pyruvat-format lyaza deactivaza,
(¢) gen pta md hoa phosphat axetyltransferaza,
(d) gen ackA ma hoa axetat kinaza A va propionat kinaza 2,
(e) gen frdA ma hoa fumarat reductaza,
(f) gen dadX ma hoda alanin raxemaza,

(g) gen brnQ ma hoa protein brnQ c6 hoat tinh van chuyén axit amin mach

nhanh, va
(h) gen gcvB mad hoa ARN ma héa khong phdi protein;

va/hogc it nhat mot trong so gen duge dua vao vi sinh vat tai to hgp hodc gen
¢ su biéu hién ting khi so v§i vi sinh vat ma khong c6 su bi€u hién gen tang, trong

do6 gen nay dugc chon tu:

(i) gen zipA mi hoa protein phan chia t& bao lién quan dén su ghép vong Z,

-69-



32108

(j) gen lpd ma hoa lipoamit dehydrogenaza,
(k) gen gcvA mai hoéa protein lién két ADN, va
(I) gen ygaW ma hda protein van chuyén alanin.

7. Vi sinh vat tai té hop theo diém 6, trong d6 gen pfIB dugc chon tir nhém bao

gbm:
(a) phén tir axit nucleic chtra trinh ty cia SEQ ID NO: 35,

(b) phén t axit nucleic c¢6 do ddng nhét it nhat biang 80% v&i phan tir axit

nucleic cia SEQ ID NO: 5,
(c) phén tr axit nucleic ma hda polypeptit cia SEQ ID NO: 6, va

(d) phén tr axit nucleic ma hda polypeptit c6 dd ddng nhét it nhét bing 60%
v0i polypeptit ctia SEQ ID NO: 6.

8. Vi sinh vét tai t6 hop theo diém 6, trong d6 gen adhE dugc chon tir nhém bao gom:
(a) phén tr axit nucleic chira trinh ty cia SEQ ID NO: 7,

(b) phén tr axit nucleic c6 do ddng nhét it nhit bang 80% véi phan tir axit

nucleic cia SEQ ID NO: 7,
(¢) phéan tr axit nucleic ma hoa polypeptit cia SEQ ID NO: 8, va

(d) phéan tir axit nucleic ma héa polypeptit co do ddng nhét it nhit bang 60%
v6i polypeptit cia SEQ ID NO: 8.

9. Vi sinh vét tai t hop theo diém 6, trong d6 gen pta dugc chon tir nhom bao gbm:
(a) phén ti axit nucleic chira trinh ty cia SEQ ID NO: 11,

(b) phan tir axit nucleic ¢6 do dong nhat it nhét bing 80% véi phan tit axit

nucleic cia SEQ ID NO: 11,
(¢) phén tr axit nucleic ma héa polypeptit cia SEQ ID NO: 12, va

(d) phén tir axit nucleic ma héa polypeptit c6 do ddng nhét it nhat bang 60%
v6i polypeptit cia SEQ ID NO: 12.
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10. Vi sinh vat tai t6 hop theo diém 6, trong d6 gen ackA dugc chon tir nhém bao

gdm:
(a) phén tr axit nucleic chira trinh tu cia SEQ ID NO: 32,

(b) phan tr axit nucleic c6 dd ddng nhét it nhat bing 80% voi phan tir axit

nucleic dugc néu trong SEQ ID NO: 32,
(¢) phéan t axit nucleic ma hoa polypeptit cia SEQ ID NO: 33, va

(d) phén tir axit nucleic ma hoa polypeptit c6 do ddng nhét it nhit bang 60%
vai polypeptit cia SEQ ID NO: 33.

11. Vi sinh vat tai td hop theo diém 6, trong d6 gen frdA dugc chon tir nhom bao

gbm:
(a) phén tir axit nucleic chtra trinh tu cia SEQ ID NO: 13,

(b) phén tir axit nucleic c6 do dong nhét it nhit bang 80% vé&i phan ti axit

nucleic duge néu trong SEQ ID NO: 13,
(¢) phén tir axit nucleic ma hoa polypeptit cua SEQ ID NO: 14, va

(d) phén tr axit nucleic ma hoéa polypeptit c6 do dbng nhét it nhit bang 60%
vai polypeptit cia SEQ ID NO: 14.

12. Vi sinh vét tai t6 hop theo diém 6, trong d6 gen dadX dugc chon tir nhoém bao

gdm:
(a) phén tr axit nucleic chira trinh ty ctia SEQ ID NO: 15,

(b) phén tir axit nucleic c6 do dong nhét it nhit bang 80% vé&i phan t axit

nucleic dugc néu trong SEQ ID NO: 15,
(¢) phén tir axit nucleic ma hoéa polypeptit cia SEQ ID NO: 16, va

(d) phan tir axit nucleic mé hoa polypeptit c6 do dbng nhét it nhit bang 60%
véi polypeptit cia SEQ ID NO: 16.

13. Vi sinh vt tai td hop theo diém 6, trong d6 gen brnQ duge chon tir nhdm bao

gom:
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(a) phén tir axit nucleic chtra trinh tu ctia SEQ ID NO: 23,

(b) phan tr axit nucleic c¢6 do ddng nhét it nhét bang 80% véi phan tr axit

nucleic cia SEQ ID NO: 23,
(¢) phén tr axit nucleic ma héa polypeptit cia SEQ ID NO: 24, va

(d) phén tr axit nucleic ma hoa polypeptit co do dbng nhét it nhat bing 60%
véi polypeptit cia SEQ ID NO: 24.

14. Vi sinh vat tai t8 hop theo diém 6, trong d6 gen gevB dugce chon tlr nhém bao

gbm:
(a) phén tr axit nucleic chtra trinh ty ctia SEQ ID NO: 31, va

(b) phén tir axit nucleic c¢6 do ddng nhét it nhit bang 80% véi phan ti axit

nucleic cua SEQ ID NO: 31.

15. Vi sinh vat tai td hop theo diém 6, trong d6 gen zipA dugc chon tlr nhém bao

gbm:
(a) phén tit axit nucleic chira trinh ty cda SEQ ID NO: 19,

(b) phéan tr axit nucleic c¢6 do ddng nhét it nhat bang 80% vé&i phan tir axit

nucleic cua SEQ ID NO: 19,
(c) phan tir axit nucleic mé hoa polypeptit cia SEQ ID NO: 20, va

(d) phan tir axit nucleic ma héa polypeptit c6 do ddng nhét it nhit bing 60%
v&i polypeptit cia SEQ ID NO: 20.

16. Vi sinh vat tai tb hop theo diém 6, trong d6 gen Ipd dugc chon tir nhom bao gbm:
(a) phén tir axit nucleic chira trinh tu ciia SEQ ID NO: 21,

(b) phén tr axit nucleic c6 do ddng nhét it nhat bing 80% v6i phén tir axit

nucleic cia SEQ ID NO: 21,
(c) phan tt axit nucleic ma hoa polypeptit ciia SEQ ID NO: 22, va

(d) phan t axit nucleic ma hoa polypeptit c6 do ddng nhét it nhat bing 60%
véi polypeptit cia SEQ ID NO: 22.
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17. Vi sinh vat tai td hop theo diém 6, trong d6 gen gcvA dugc chon tir nhém bao

gbm:
(a) phan tir axit nucleic chtra trinh tu cia SEQ ID NO: 29,

(b) phan ti axit nucleic c6 do ddng nhit it nhét bing 80% véi phan tir axit
nucleic cia SEQ ID NO: 29,

(c) phén tir axit nucleic ma hoa polypeptit cia SEQ ID NO: 30, va

(d) phén tt axit nucleic ma hoéa polypeptit co do ddng nhét it nhit bing 60%
véi polypeptit cia SEQ ID NO: 30.

18. Vi sinh vat tai td hop theo diém 6, trong d6 gen ygaW dugc chon tr nhom bao

Y
A

gom:
(a) phén tir axit nucleic chtra trinh tu cia SEQ ID NO: 17,

(b) phan tir axit nucleic c6 d dbng nhét it nhit biang 80% vé&i phan ti axit
nucleic cia SEQ ID NO: 17,

(¢) phan tir axit nucleic ma héa polypeptit cia SEQ ID NO: 18, va

(d) phén tir axit nucleic ma hoa polypeptit c6 do ddng nhét it nhit bing 60%
véi polypeptit cua SEQ ID NO: 18.

19. Vi sinh vt tai td hop theo diém 1, trong d6 vi sinh vat dugc chon tir chi thudce
nhom bao gém Corynebacterium, Bacillus, Erwinia, Escherichia, Pantoea, Strepto-

myces, Zymomonas, Rhodococcus Saccharomyces, Candida va Pichia.

20. Phuong phép san xuat alanin bao gdm budc nudi cdy mot hodc nhicu vi sinh vét

tai td hop theo diém 1 trong didu kién cho phép sén xuét alanin.
21. Phuong phép theo diém 20, trong d6 phuong phap nay bao gbm cac bude:

(a) cho mdt hodc nhiéu vi sinh vat tai td hop phat trién trong thiét bi 1én men

dé thu duogc canh trudong lén men, va

(b) thu hdi alanin tir canh trudng 1én men.
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<110> BASF SE

<120> VI SINH VAT TAI TO HQP cO HIEU SUAT VA/HOAC NANG SUAT CUA ALANIN
CAO TRONG SAN XUAT LEN MEN VA PHUONG PHAP SAN XUAT ALANIN TU VI SINH VAT

32108

DANH MUC TRINH TU

NAY

<130> 0000078637

<160> 36

<170> PatentIn version 3.5
<210> 1

<211> 1119

<212> ADN

<213> G.stearothermophilus
<220>

<223> alab

<400> 1

atgaaaattg gcatccctaa agagattaag
60

gcaggtgtta tgactctggt taaagcgggc
120

gccggcageg gcttcagcga cagcgagtat
180

gcggaggacg cttgggcagc cgaaatggtt
240

tttcgctatt ttcgtccggg tctgattttg
300

gcgctgacca aggcactggt ggagcagaag
360

ctggcgaatg gttccctgecc gcectgctgacce
420

gttcaagtcg gcgctcagtt tctggagaaa
480

ggtgttccgg gtgtccgecg tggtaaagtg
540

aacgcggcca agattgccgt aggtctgggt
600

gaacgtttgc gtgagctgga cgacctgttt
660

agctaccaca tcgcggagtg cgtccgtgaa
720

ccgggtgcaa aagccccgaa actggtgacc
780

tcggttctgg tcgacgtggc aattgaccag
840

acgacccatg atgacccgac ctatgtgaaa
900

aacaatgaaa
cacgatgtgt
gagaaggcgg
ctgaaggtga
ttcacctacc
gttgttggca
cctatgtctg
ccgcacggtg
acgatcattg
gcagatgtga
ggcgaccaag
agcgatttgg
gaggagatgg
ggcggtatct

catggcgtgg
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accgtgtagce
acgtcgaaac
gtgcggttat
aagaaccgct
tgcacctggce
tcgcgtacga
aagttgcggg
gcaagggcat
gcggtggtac
ccattctgga
tcaccaccct
tcgttggtgce
tccgtagcecat
tcgaaaccac

ttcactatgc

aatcaccccg
cgaagcgggt
tgtgactaag
ggcggaggag
tgcggccgag
aacggttcaa
tcgcatgagce
tttgctgggt
ggccggtacyg
catcaacgcg
gatgagcaac
ggtgctgatc
gaccccgggt
cgaccgcgtce

ggtcgcgaat
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atgccgggtg cagtgccgeg cacgtccacg ttcgcgctga cgaacgtgac gattccatac
zggctgcaga tcgccaataa gggctatcgt gcggcgtgtc tggataatcc ggcattgctg
igzggcatca ataccctgga tggtcatatc gtttacgagg ctgtggctgc agcacacaac
igggcgtaca ctgatgtcca tagcttgctg caaggctaa

1119

<210> 2

<211> 372

<212> PRT

<213> G.stearothermophilus
<220>

<223> alaD
<400> 2

Met Lys Ile Gly Ile Pro Lys Glu Ile Lys Asn Asn Glu Asn Arg Val
1 5 10 15
Ala Ile Thr Pro Ala Gly Val Met Thr Leu Val Lys Ala Gly His Asp
20 25 30
Val Tyr Val Glu Thr Glu Ala Gly Ala Gly Ser Gly Phe Ser Asp Ser
35 40 45
Glu Tyr Glu Lys Ala Gly Ala Val Ile Val Thr Lys Ala Glu Asp Ala
50 55 60
Trp Ala Ala Glu Met Val Leu Lys Val Lys Glu Pro Leu Ala Glu Glu
65 70 75 80
Phe Arg Tyr Phe Arg Pro Gly Leu Ile Leu Phe Thr Tyr Leu His Leu
85 90 95
Ala Ala Ala Glu Ala Leu Thr Lys Ala Leu Val Glu Gln Lys Val Val
100 105 110
Gly Ile Ala Tyr Glu Thr Val Gln Leu Ala Asn Gly Ser Leu Pro Leu
115 120 125
Leu Thr Pro Met Ser Glu Val Ala Gly Arg Met Ser Val Gln Val Gly
130 135 140
Ala Gln Phe Leu Glu Lys Pro His Gly Gly Lys Gly Ile Leu Leu Gly
145 150 155 160
Gly Val Pro Gly Val Arg Arg Gly Lys Val Thr Ile Ile Gly Gly Gly
165 170 175
Thr Ala Gly Thr Asn Ala Ala Lys Ile Ala Val Gly Leu Gly Ala Asp
180 185 190
Val Thr Ile Leu Asp Ile Asn Ala Glu Arg Leu Arg Glu Leu Asp Asp
195 200 205
Leu Phe Gly Asp Gln Val Thr Thr Leu Met Ser Asn Ser Tyr His Ile
210 215 220
Ala Glu Cys Val Arg Glu Ser Asp Leu Val Val Gly Ala Val Leu Ile
225 230 235 240
Pro Gly Ala Lys Ala Pro Lys Leu Val Thr Glu Glu Met Val Arg Ser
245 250 255
Met Thr Pro Gly Ser Val Leu Val Asp Val Ala Ile Asp Gln Gly Gly
260 265 ' 270
Ile Phe Glu Thr Thr Asp Arg Val Thr Thr His Asp Asp Pro Thr Tyr
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275
Val Lys His
290
Val Pro Arg
305
Ala Leu Gln
Pro Ala Leu
Glu Ala Val
355
Leu Leu Gln
370
<210> 3
<211> 269
<212> ADN
<213> E.co
<220>
<223>
<400> 3
catagtaaat
60
ttcgctgact
120
ataacgcagt
180
ccagggagaa
240
tgtgattcaa
269
<210> 4
<211> 269
<212> ADN
<213> E.co
<220>
<223>
<400> 4

Gly Val

Thr Ser

Val

Thr

280
His Tyr
295

Phe Ala

310

Ala
325
Lys

Ile
Leu

340

Ala Ala

Gly

1i

tccecceccacca
gtaagttgtt
tgctggatat
aaaatcagtt

catcactgga

1i

Asn
Gly

Ala

Lys Gly

Ile Asn

Asn
360

His

Gen kh&i ddu 1dhA mut

gtttaaccgg
gcectttecag
cagaggttaa
tatcgatatt

gaaagtctt

32108

Ala Val Ala

Thr Asn
315
Ala

Leu
Tyr Arg
330
Thr Leu
345

Met

Asp

Pro Tyr

cggctgattt
ctggccttga
tgcgagagag

gattttgtaa

Poan gen khdi ddu 1dhA mut

285

Asn Met Pro Ala

300
Val

Gly

Thr Ile Pro Tyr

320

Ala Cys Leu Asp Asn
335

Ile Val
350

Val

Gly His Tyr

Thr Asp His Ser

365

tcaaacgcga cgacatccag
aatttaactt tttcgccctg
agttttccct gccattcecctg

aatattttta gtagcttaaa

tattgatttt gtaaaatatt tttagtagct taaatgtgat tcaacatcac

<210> 5
<211> 2283
<212> ADN
<213> E.co
<220>

<223> pflB
<400> 5

1i
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atgtccgagc
60
cagaatgaag
120
gagtccttcc
180
ggcgttaaac
240
accatcacct
300
cagactgaag
360
ggttcctgca
420
taccgtaaaa
480
cgtaaatccg
540
gactaccgtc
600
ttcacctctc
660
cgcgaagaaa
720
tacggctacg
780
ttcggctacc
840
tccaccttcc
900
gaagcgcagg
960
actccggaat
1020
ggtatgggcc
1080
ctgtacacca
1140
ccgctgaact
1200
gagaacgatg
1260
gtaagcccga
1320
aaaaccatgc
1380
ccgaagtctg
1440
gatcacttca
1500
atgcacgaca
1560

ttaatgaaaa
taaacgtccg
tggctggcege
tggaaaaccg
ctcacgacgc
ctccgctgaa
aagcgtacaa
ctcacaacca
gtgttctgac
gcgttgcgcet
tgcaggctga
tcgctgaaca
acatctctgg
tggctgcectgt
tggatgtgta
aaatggttga
acgatgaact
tcgacggtcg
tgggtcecgtce
tcaagaaatt
acctgatgcg
tgatcgttgg
tgtacgcaat
aaccgatcaa
tggactggct

agtacagcta

gttagccaca
tgacttcatt
tactgaagcg
cactcacgcg
tggctacatc
acgtgctctt
ccgcgaactg
gggcgtgttce
cggtctgccea
gtacggtatc
tctggaaaac
gcaccgcgct
tccggctacce
taagtctcag
catcgaacgt
ccacctggtc
gttctctggce
taccctggtt
tccggaaccg
cgccgctaaa
tccggacttc
taaacaaatg
caacggcggc
aggcgatgtc
ggctaaacag

cgaagcctct
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gcctgggaag

cagaaaaact
accaccaccc
ccagttgact
aacaaagcgt
atcccgttcg
gacccgatga
gacgtttaca
gatgcttatg
gactacctga
ggcgtaaacc
ctgggtcaga
aacgctcagg
aacggtgctg
gacctgaaag
atgaaactgc
gacccgatcect
accaaaaaca
aacatgacca
gtgtccatcg
aacaacgatg
cagttcttcg
gttgacgaaa
ctgaactatg
tacatcactg

ctgatggcgc
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gttttaccaa
acactccgta
tgtgggacaa
ttgacaccgc
tggaaaaagt
gtggtatcaa
tcaaaaaaat
ctccggacat
gcecgtggeceg
tgaaagacaa
tggaacagac
tgaaagaaat
aagctatcca
caatgtcctt
ctggcaagat
gtatggttcg
gggcaaccga
gcttccgttt
ttctgtggtc
acacctcttc
actacgctat
gtgcgcgtgce
aactgaaaat
atgaagtgat
cactgaacat

tgcacgaccg

aggtgactgg
cgagggtgac
agtaatggaa
tgttgcttce
tgttggtcta
aatgatcgag
cttcactgaa
cctgcgttge
tatcatcggt
atacgctcag
tatccgtctg
ggctgcgaaa
gtggacttac
cggtcgtacc
caccgaacaa
cttcctgegt
atctatcggt
cctgaacacc
tgaaaaactg
tctgcaatat
tgcttgctgce
aaacctggcg
gcaggttggt
ggagcgcatg
catccactac

tgacgttatc



cgcaccatgg
1620
aaatatgcga
1680
gaaggcgaat
1740
ctggtagaac
1800
actcagtctg
1860
ccagacggtc
1920
gaccagaaag
1980
aaagatggta
2040
gttcgtaaga
2100
gaaggtggtc
2160
gaaaacccgg
2220
aactcgctga
2280

taa

2283

<210> 6
<211> 760
<212> PRT
<213> E.co
<220>
<223> pflB
<400> 6

Met Ser Glu
1
Lys Gly Asp
Thr
35

Thr

Asn Tyr
Ala
50

Asn

Glu

Glu
65
Thr

Arg

Ile Thr

Val vVal Gly

Phe Gly Gly

115

cgtgtggtat
aagttaaacc
acccgcagtt
gtttcatgaa
ttctgaccat
gtcgtgctgg
gtgctgtagce
tctcctacac
ccaacctggc
agcacctgaa
aaaaatatcc

ctaaagaaca

1i

Leu Asn

Trp Gln
20
Pro Tyr

Thr Thr

Thr His
His
85

Gln

Ser

Leu
100

Ile Lys

Glu
Asn
Glu
Leu
Ala
70

Asp

Thr

Met

cgctggtctg
gattcgtgac
tggtaacaat
gaaaattcag
cacttctaac
cgcgcegtte
gtctctgact
cttctctatc
tggtctgatg
cgttaacgtg
gcagctgacc

gcagcaggac

Lys Leu

Glu Val

Gly Asp
40
Trp Asp
55
Pro Val

Ala Gly

Glu Ala

Glu
120

Ile

32108

tcegttgcetg
gaagacggtc
gatccgcgtg
aaactgcaca
gttgtgtatg
ggaccgggtg
tccgttgcecta
gttccgaacg
gatggttact
atgaaccgtg
atccgtgtat

gttattactc

Thr
10
Val

Ala Ala
Asn
25

Glu

Arg

Ser Phe

Lys Val Met

Asp Phe Asp
75
Ile Asn
90

Leu

Tyr

Pro
105
Gly

Lys

Ser Cys
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ctgactccct
tggctatcga
tagatgacct
cctaccgtga
gtaagaaaac
ctaacccgat
aactaccgtt
cactgggtaa
tccaccacga
aaatgctgcect
ctggctacgc

gtaccttcac

Trp Glu Gly

Phe Tle
30
Gly

Asp

Ala
45
Gly

Leu

Glu
60
Thr

Val

Ala Val

Lys Ala Leu

Ala Leu
110

Tyr

Arg

Ala
125

Lys

gtctgcaatc
cttcgaaatc
ggctgttgac
cgctatcccg
tggtaacacc
gcacggtcgt
tgcttacgcect
agacgacgaa
agcatccatc
cgacgcgatg
agtacgtttc

tcaatctatg

Phe
15
Gln

Thr
Lys

Ala Thr

Lys Leu

Ala Ser
80
Glu Lys
95
Ile Pro

Asn Arg



Glu
His
145
Arg
Arg
Leu
Glu
Ala
225
Tyr
Gln
Ala
Glu
Met
305
Thr
Glu
Asn
Glu
Lys
385
Glu
Ile
Phe
Gly
Pro
465
Asp
Ile
Ala

Gly

Val

Leu
130
Asn
Lys
Ile
Met
Asn
210
Glu
Gly
Trp
Ala
Arg
290
Val
Pro
Ser
Ser
Pro
370
Lys
Asn
Ala
Gly
Gly
450
Ile
His
Ile
Leu
Leu

530
Lys

Asp
Gln
Ser
Ile
Lys
195
Gly
Gln
Tyr
Thr
Met
275
Asp
Asp
Glu
Ile
Phe
355
Asn
Phe
Asp
Cys
Ala
435
val
Lys
Phe
His
His
515

Ser

Pro

Pro
Gly
Gly
Gly
180
Asp
Val
His
Asp
Tyr
260
Ser
Leu
His
Tyr
Gly
340
Arg
Met
Ala
Asp
Cys
420
Arg
Asp
Gly
Met
Tyr
500
Asp

Val

Ile

Met
Val
Val
165
Asp
Lys
Asn
Arg
Ile
245
Phe
Phe
Lys
Leu
Asp
325
Gly
Phe
Thr
Ala
Leu
405
vVal
Ala
Glu
Asp
Asp
485
Met
Arg

Ala

Arg

Ile
Phe
150
Leu
Tyr
Tyr
Leu
Ala
230
Ser
Gly
Gly
Ala
Val
310
Glu
Met
Leu
Ile
Lys
390
Met
Ser
Asn
Lys
Val
470
Trp
His
Asp

Ala

Asp

Lys
135
Asp
Thr
Arg
Ala
Glu
215
Leu
Gly
Tyr
Arg
Gly
295
Met
Leu
Gly
Asn
Leu
375
Val
Arg
Pro
Leu
Leu
455
Leu
Leu
Asp
Val
Asp

535
Glu

Lys
Val
Gly
Arg
Gln
200
Gln
Gly
Pro
Leu
Thr
280
Lys
Lys
Phe
Leu
Thr
360
Trp
Ser
Pro
Met
Ala
440
Lys
Asn
Ala
Lys
Ile
520

Ser

Asp

32108

Ile
Tyr
Leu
Val
185
Phe
Thr
Gln
Ala
Ala
265
Ser
Ile
Leu
Ser
Asp
345
Leu
Ser
Ile
Asp
Ile
425
Lys
Met
Tyr
Lys
Tyr
505
Arg

Leu

Gly

Phe
Thr
Pro
170
Ala
Thr
Ile
Met
Thr
250
Ala
Thr
Thr
Arg
Gly
330
Gly
Tyr
Glu
Asp
Phe
410
Val
Thr
Gln
Asp
Gln
490
Ser
Thr

Ser

Leu
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Thr
Pro
155
Asp
Leu
Ser
Arg
Lys
235
Asn
Val
Phe
Glu
Met
315
Asp
Arg
Thr
Lys
Thr
395
Asn
Gly
Met
Val
Glu
475
Tyr
Tyr
Met

Ala

Ala

Glu
140
Asp
Ala
Tyr
Leu
Leu
220
Glu
Ala
Lys
Leu
Gln
300
Val
Pro
Thr
Met
Leu
380
Ser
Asn
Lys
Leu
Gly
460
Val
Ile
Glu
Ala
Ile

540
Ile

Tyr
Ile
Tyr
Gly
Gln
205
Arg
Met
Gln
Ser
Asp
285
Glu
Arg
Ile
Leu
Gly
365
Pro
Ser
Asp
Gln
Tyr
445
Pro
Met
Thr
Ala
Cys
525

Lys

Asp

Arg
Leu
Gly
Ile
190
Ala
Glu
Ala
Glu
Gln
270
Val
Ala
Phe
Trp
Val
350
Pro
Leu
Leu
Asp
Met
430
Ala
Lys
Glu
Ala
Ser
510
Gly

Tyr

Phe

Lys
Arg
Arg
175
Asp
Asp
Glu
Ala
Ala
255
Asn
Tyr
Gln
Leu
Ala
335
Thr
Ser
Asn
Gln
Tyr
415
Gln
Ile
Ser
Arg
Leu
495
Leu
Ile

Ala

Glu

Thr
Cys
160
Gly
Tyr
Leu
Ile
Lys
240
Ile
Gly
Ile
Glu
Arg
320
Thr
Lys
Pro
Phe
Tyr
400
Ala
Phe
Asn
Glu
Met
480
Asn
Met
Ala

Lys

Ile



545
Glu

Leu
His
Ser
Arg
625
Asp
Phe
Asn
Leu
His
705
Glu

Ala

Thr

Gly
Ala
Thr
Asn
610
Ala
Gln
Ala
Ala
Met
690
Leu
Asn

Val

Arg

<210> 7
<211> 2

<212>
<213>

<220>

<223>

<400> 7

Glu
Val
Tyr
595
Val
Gly
Lys
Tyr
Leu
675
Asp
Asn
Pro

Arg

Thr
755

676

ADN
E.coli

adhE

Tyr
Asp
580
Arg
Val
Ala
Gly
Ala
660
Gly
Gly
Val
Glu
Phe

740
Phe

Pro
565
Leu
Asp
Tyr
Pro
Ala
645
Lys
Lys
Tyr
Asn
Lys
725

Asn

Thr

550
Gln

Val
Ala
Gly
Phe
630
Val
Asp
Asp
Phe
Val
710
Tyr

Ser

Gln

Phe
Glu
Ile
Lys
615
Gly
Ala
Gly
Asp
His
695
Met
Pro

Leu

Ser

Gly
Arg
Pro
600
Lys
Pro
Ser
Ile
Glu
680
His
Asn
Gln

Thr

Met
760

32108

Asn
Phe
585
Thr
Thr
Gly
Leu
Ser
665
Val
Glu
Arg

Leu

Lys
745

Asn
570
Met
Gln
Gly
Ala
Thr
650
Tyr
Arg
Ala
Glu
Thr

730
Glu

555
Asp

Lys
Ser
Asn
Asn
635
Ser
Thr
Lys
Ser
Met
715

Ile

Gln

Pro
Lys
Val
Thr
620
Pro
Val
Phe
Thr
Ile
700
Leu

Arg

Gln

Arg
Tle
Leu
605
Pro
Met
Ala
Ser
Asn
685
Glu
Leu

Val

Gln

Val
Gln
590
Thr
Asp
His
Lys
Ile
670
Leu
Gly
Asp

Ser

Asp
750

Asp
575
Lys
Ile
Gly
Gly
Leu
655
Val
Ala
Gly
Ala
Gly

735
Val

560
Asp

Leu
Thr
Arg
Arg
640
Pro
Pro
Gly
Gln
Met
720

Tyr

Ile

atggctgtta
60
cgtgaatatg
120
gctgctgcag
180
atcgtcgaag
240
aaagatgaaa
300
gctgaaccaa
360
atcttcaaat
420
cgtgcaaaag
480

ctaatgtcgce
ccagtttcac
atgctcgaat
ataaagtgat
aaacctgtgg
tcggtattat
cgctgatcag

atgccaccaa

tgaacttaac
tcaagagcaa
cccactcgcg
caaaaaccac
tgttctgtct
ttgcggtatc
tctgaagacc

caaagcggct

gcactcgtag
gtagacaaaa
aaaatggccg
tttgcttctg
gaagacgaca
gttccgacca
cgtaacgcca

gatatcgttc

-81-

agcgtgtaaa
tctteccgege
ttgccgaatc
aatatatcta
cttttggtac
ctaacccgac
ttatcttctc

tgcaggctgce

aaaagcccag
cgccgctcetg
cggcatgggt
caacgcctat
catcactatc
ttcaactgct
cccgcacccg

tatcgctgcc



ggtgctccga
540
ctgatgcacc
600
gccgcataca
660
atcgatgaaa
720
gacaacggcg
780
gctgtacgtg
840"
gctgttcagg
900
gcctataaaa
960
ggtgaagtga
1020
ctggcaatgt
1080
gctatgggcg
1140
cgcgtttcett
1200
tctcagggtg
1260
tgtggttctt
1320
aagaaaaccg
1380
tacttccgcece
1440
cgtgcgctca
1500
tccgtactga
1560
accctgagca
1620
atcgcgctgg
1680
catccggaaa
1740
tacaagttcc
1800
acaggttctg
1860
ccgctggcag
1920
gacatgccga
1980
gcttatgttt
2040

aagatctgat
acccagacat
gctccggtaa
ctgctgatat
taatctgtgc
aacgttttgc
atgttatcct
ttgctgaact
ccgttgttga
accgcgctaa
gtatcggtca
acttcggtca
gtatcggtga
ggggtggtaa
ttgctaagcg
gtggctccct
tcgtgactga
aagcagcagg
tcgttcgtaa
gtggtggttc
ctcacttcga
cgaaaatggg
aagtcactcc
actatgcgcect
agtccctgtg

ctgtactggc

32108

cggctggatc
caacctgatc
accagctatc
caaacgtgca
ttctgaacag
aacccacggc
gaaaaacggt
ggcaggcttc
tgaaagcgaa
agatttcgaa
tacctcttgce
gaaaatgaaa
cctgtataac
ctccatctct
agctgaaaac
gccaatcgcg
ccgcttectg
cgttgaaact
aggtgcagaa
cccgatggac
agagctggcg
cgtgaaagcg
gtttgcggtt
gactccggat
tgctttcggt

atctgagttc

gatcaacctt
ctcgcgactg
ggtgtaggcg
gttgcatctg
tctgttgttg
ggctatctgt
gcgctgaacg
tctgtaccag
ccgttcgeac
gacgcggtag
ctgtacactg
acggctcgta
ttcaaactcg
gaaaacgttg
atgttgtggc
ctggatgaag
ttcaacaatg
gaagtcttct
ctggcaaact
gccgcgaaga
ctgcgcttta
aaaatgatcg
gtaactgacg
atggcgattg
ggtctggacg

tctgatggtc

-82-

ctgttgaact
gtggtccggg
cgggcaacac
tactgatgtc
ttgttgactc
tgcagggtaa
cggctatcgt
aaaacaccaa
atgaaaaact
aaaaagcaga
accaggataa
tcctgattaa
caccttccct
gtccgaaaca
acaaacttcc
tgattactga
gttatgctga
tcgaagtaga
ccttcaaacc
tcatgtgggt
tggatatccg
ctgtcaccac
acgctactgg
tcgacgccaa
cagtaactca

aggctctgca

gtctaacgca
catggttaaa
tccagttgtt
caaaaccttc
tgtttatgac
agagctgaaa
tggtcagcca
gattctgatc
gtcccecgact
gaaactggtt
ccaaccggct
caccccagcg
gactctgggt
cctgatcaac
gaaatctatc
tggccacaaa
tcagatcact
agcggacccg
agacgtgatt
tatgtacgaa
taaacgtatc
cacttctggt
tcagaaatat
cctggttatg
cgccatggaa

ggcactgaaa



ctgctgaaag
2100
gaacgtgttc
2160
gtatgtcact
2220
aacgccctgce
2280
actgcattca
2340
cacttgggtc
2400
tggctggaaa
2460
caggaagcag
2520
tgcaccggcg
2580
acctactacg
2640
gctaaagctg

aatatctgcc
acagtgcagc
caatggcgca
tgatttgtaa
gccagtatga
tgagcgcacc
cgctgaaagc
acttcctggce
ctaacccgceg
gtcgtgatta

agaaaaaagc

agcgtcctac
gactatcgcg
caaactgggt
cgttattcgc
ccgtccgecag
gggcgaccgt
tgaactgggt
gaacgtggat
ttacccgctg
tgtagaaggt

gaaaaaatcc

32108

cacgaagggt
ggtatcgcgt
tcccagttec
tacaatgcga
gctcgccecgtce
actgctgcta
attccgaaat
aaactgtctg
atctccgagce
gaaactgcag

gcttaa

ctaaaaatcc
ttgcgaacgc
atattccgceca
acgacaaccc
gttatgctga
agatcgagaa
ctatccgtga
aagatgcgtt
tgaaacagat

cgaaaaaaga

ggtagcgcgt
cttecectgggt
cggtctggca
gaccaagcag
aattgccgac
actgctggca
agctggcgtt
cgatgaccag
cctgctggat

agccgctccg

2676

<210
<211
<212
<213
<220
<223
<400
Met
Lys
Lys
Leu
Lys
65
Lys
Thr
Thr
Lys

Ala
145

>
>
>
>
>
>

>
Ala
Lys
Ile
Ala
50
Val
Asp
Ile
Thr
Thr

130
Thr

891
PRT
E.co

adhE

Val
Ala
Phe
35

Lys
Ile
Glu
Thr
Asn
115

Arg

Asn

1i

Thr
Gln
20

Arg
Met
Lys
Lys
Ile
100
Pro

Asn

Lys

Asn
Arg
Ala
Ala
Asn
Thr
85

Ala
Thr

Ala

Ala

Val
Glu
Ala
Val
His
70

Cys
Glu
Ser

Ile

Ala
150

Ala
Tyr
Ala
Ala
55

Phe
Gly
Pro
Thr
Ile

135
Asp

Glu
Ala
Leu
40

Glu
Ala
Val
Ile
Ala
120
Phe

Ile

Asn
10
Phe

Leu

Ser
25
Ala Ala

Ser Gly

Ser Glu
Ser
90

Tle

Leu

Gly
105
Ile Phe

Ser Pro

Val Leu

-83-

Ala
Thr
Ala
Met
Tyr
75

Glu
Ile
Lys
His

Gln
155

Leu
Gln
Asp
Gly
60

Ile
Asp
Cys
Ser
Pro

140
Ala

Val
Glu
Ala
45

Ile
Tyr
Asp
Gly
Leu
125

Arg

Ala

Glu
Gln
30

Arg
Val
Asn
Thr
Ile
110
Ile
Ala

Ile

Arg
15

vVal
Ile
Glu
Ala
Phe
95

Val
Ser

Lys

Ala

Val
Asp
Pro
Asp
Tyr
80

Gly
Pro
Leu

Asp

Ala
160



Gly
Leu
Thr
Ala
Ala
225
Asp
Ser
Leu
Asn
Ala
305
Gly
Leu
Val
Ser
Phe
385
Ser
Leu
val
Glu
Gly
465
Arg
Asp
Phe
Ala
Gly
545
His

Arg

Ala
Ser
Gly
Ile
210
Asp
Asn
Val
Leu
Gly
290
Glu
Glu
Ser
Glu
Cys
370
Gly
Gln
Thr
Gly
Asn
450
Ser
Ala
Gln
Phe
Glu
530
Gly

Pro

Lys

Pro
Asn
Gly
195
Gly
Ile
Gly
Tyr
Gln
275
Ala
Leu
vVal
Pro
Lys
355
Leu
Gln
Gly
Leu
Pro
435
Met
Leu
Leu
Ile
Glu
515
Leu
Ser

Glu

Arg

Lys
Ala
180
Pro
Val
Lys
Val
Asp
260
Gly
Leu
Ala
Thr
Thr
340
Ala
Tyr
Lys
Gly
Gly
420
Lys
Leu
Pro
Ile
Thr
500
Val
Ala
Pro

Thr

Ile

Asp
165
Leu
Gly
Gly
Arg
Ile
245
Ala
Lys
Asn
Gly
Val
325
Leu
Glu
Thr
Met
Ile
405
Cys
His
Trp
Ile
Val
485
Ser
Glu
Asn
Met
His

565
Tyr

Leu
Met
Met
Ala
Ala
230
Cys
Val
Glu
Ala
Phe
310
Val
Ala
Lys
Asp
Lys
390
Gly
Gly
Leu
His
Ala
470
Thr
Val
Ala
Ser
Asp
550

Phe

Lys

Ile
His
Val
Gly
215
Val
Ala
Arg
Leu
Ala
295
Ser
Asp
Met
Leu
Gln
375
Thr
Asp
Ser
Ile
Lys
455
Leu
Asp
Leu
Asp
Phe
535
Ala

Glu

Phe

Gly
His
Lys
200
Asn
Ala
Ser
Glu
Lys
280
Ile
Val
Glu
Tyr
Val
360
Asp
Ala
Leu
Trp
Asn
440
Leu
Asp
Arg
Lys
Pro
520
Lys
Ala

Glu

Pro

32108

Trp
Pro
185
Ala
Thr
Ser
Glu
Arg
265
Ala
vVal
Pro
Ser
Arg
345
Ala
Asn
Arg
Tyr
Gly
425
Lys
Pro
Glu
Phe
Ala
505
Thr
Pro
Lys

Leu

Lys

Ile
170
Asp
Ala
Pro
Val
Gln
250
Phe
Val
Gly
Glu
Glu
330
Ala
Met
Gln
Ile
Asn
410
Gly
Lys
Lys
Val
Leu
490
Ala
Leu
Asp
Ile
Ala

570
Met

Asp
Ile
Tyr
Val
Leu
235
Ser
Ala
Gln
Gln
Asn
315
Pro
Lys
Gly
Pro
Leu
395
Phe
Asn
Thr
Ser
Ile
475
Phe
Gly
Ser
Val
Met
555

Leu

Gly

Gln
Asn
Ser
Val
220
Met
Val
Thr
Asp
Pro
300
Thr
Phe
Asp
Gly
Ala
380
Ile
Lys
Ser
Val
Ile
460
Thr
Asn
Val
Ile
Ile
540
Trp

Arg

Val

Pro
Leu
Ser
205
Ile
Ser
Val
His
Val
285
Ala
Lys
Ala
Phe
Ile
365
Arg
Asn
Leu
Ile
Ala
445
Tyr
Asp
Asn
Glu
Val
525
Ile
Val

Phe

Lys

Ser
Ile
190
Gly
Asp
Lys
Val
Gly
270
Ile
Tyr
Ile
His
Glu
350
Gly
Val
Thr
Ala
Ser
430
Lys
Phe
Gly
Gly
Thr
510
Arg
Ala
Met

Met

Ala

Val
175
Leu
Lys
Glu
Thr
Val
255
Gly
Leu
Lys
Leu
Glu
335
Asp
His
Ser
Pro
Pro
415
Glu
Arg
Arg
His
Tyr
495
Glu
Lys
Leu
Tyr
Asp

575
Lys

Glu
Ala
Pro
Thr
Phe
240
Asp
Tyr
Lys
Ile
Ile
320
Lys
Ala
Thr
Tyr
Ala
400
Ser
Asn
Ala
Arg
Lys
480
Ala
Val
Gly
Gly
Glu
560

Ile

Met



32108

580 585 590
Ile Ala Val Thr Thr Thr Ser Gly Thr Gly Ser Glu Val Thr Pro Phe
595 600 605
Ala Val Val Thr Asp Asp Ala Thr Gly Gln Lys Tyr Pro Leu Ala Asp
610 615 620
Tyr Ala Leu Thr Pro Asp Met Ala Ile Val Asp Ala Asn Leu Val Met
625 630 635 640
Asp Met Pro Lys Ser Leu Cys Ala Phe Gly Gly Leu Asp Ala Val Thr
645 650 655
His Ala Met Glu Ala Tyr Val Ser Val Leu Ala Ser Glu Phe Ser Asp
660 665 670
Gly Gln Ala Leu Gln Ala Leu Lys Leu Leu Lys Glu Tyr Leu Pro Ala
675 680 685
Ser Tyr His Glu Gly Ser Lys Asn Pro Val Ala Arg Glu Arg Val His
690 695 700
Ser Ala Ala Thr Ile Ala Gly Ile Ala Phe Ala Asn Ala Phe Leu Gly
705 710 715 720
Val Cys His Ser Met Ala His Lys Leu Gly Ser Gln Phe His Ile Pro
725 730 735
His Gly Leu Ala Asn Ala Leu Leu Ile Cys Asn Val Ile Arg Tyr Asn
740 745 750
Ala Asn Asp Asn Pro Thr Lys Gln Thr Ala Phe Ser Gln Tyr Asp Arg
755 760 765
Pro Gln Ala Arg Arg Arg Tyr Ala Glu Ile Ala Asp His Leu Gly Leu
770 775 780
Ser Ala Pro Gly Asp Arg Thr Ala Ala Lys Ile Glu Lys Leu Leu Ala
785 790 795 800
Trp Leu Glu Thr Leu Lys Ala Glu Leu Gly Ile Pro Lys Ser Ile Arg
805 810 815
Glu Ala Gly Val Gln Glu Ala Asp Phe Leu Ala Asn Val Asp Lys Leu
820 825 830
Ser Glu Asp Ala Phe Asp Asp Gln Cys Thr Gly Ala Asn Pro Arg Tyr
835 840 845
Pro Leu Ile Ser Glu Leu Lys Gln Ile Leu Leu Asp Thr Tyr Tyr Gly
850 855 860
Arg Asp Tyr Val Glu Gly Glu Thr Ala Ala Lys Lys Glu Ala Ala Pro
865 ' 870 875 880
Ala Lys Ala Glu Lys Lys Ala Lys Lys Ser Ala
885 890

<210> 9
<211> 990
<212> ADN
<213> E.coli
<220>

<223> 1ldhA

<400> 9

atgaaactcg ccgtttatag cacaaaacag tacgacaaga agtacctgca acaggtgaac
60

gagtcctttg gctttgagct ggaatttttt gactttctgc tgacggaaaa aaccgctaaa
120

-85-



actgccaatg
180
ctggaagagc
240
aacgtcgacc
300
gatccagagg
360
caccgcgegt
420
actatgtatg
480
cgcattctga
540
gcgctggaac
600
atctctctgce
660
gatcagatga
720
caggcagcaa
780
gagaacgaac
840
ttcecgtecgece
900
gcagaagctc
960
ggcgaaacct
990

<210>
<211>
<212>
<213>
<220>
<223>

10
329
PRT
E.co

<400>

10

Met Leu

gctgcgaagc
tgaaaaagca
ttgacgcggce
ccgttgcectga
atcagcgtac
gcaaaacggc
aaggttttgg
tcggtgtgga
actgcccgcet
aaaatggcgt
ttgaagcgct
gcgatctatt
tgtctgcctg
tgaccagtat

gcccgaacga

1i

1dhA

Ala Val

32108

ggtatgtatt
cggcgttaaa
aaaagaactg
acacgccatc
ccgtgacgcet
aggcgttatc
tatgcgtctg
gtatgtcgat
gacaccggaa
gatgatcgtc
gaaaaatcag
ctttgaagat
ccacaacgtg
ttctcagact

actggtttaa

Ser Thr

ttcgtaaacg
tatatcgccc
gggctgaaag
ggtatgatga
aacttctctc
ggtaccggta
ctggcgttcg
ctgccaaccc
aactaccatc
aataccagtc
aaaattggtt
aaatccaacg
ctatttaccg

acgctgcaaa

Gln

atgacggcag
tgcgctgtge
tagtccgtgt
tgacgctgaa
tggaaggtct
aaatcggtgt
atccgtatcc
tgttctctga
tgttgaacga
gcggtgcatt
cgttgggtat
acgtaattca
ggcaccaggc

acttaagcaa

Gln
Leu
Cys
Lys

65
Asn

Lys
Gln
Leu
Ile
50

Lys

Val

Val
Thr
35

Phe
His

Asp

Asn
20

Glu
Val
Gly

Leu

Glu
Lys
Asn
Val

Asp

Tyr
Ser
Thr
Asp
Lys

70
Ala

Phe
Ala
Asp
55

Tyr

Ala

Gly
Lys
40

Gly
Ile

Lys

Lys
Phe
25

Thr
Ser

Ala

Glu

10
Glu

Ala
Arg
Leu

Leu
90

-86-

Tyr
Leu
Asn
Pro
Arg

75
Gly

Asp
Glu
Gly
Val
60

Cys

Leu

Lys
Phe
Cys
45

Leu

Ala

Lys

Lys
Phe
30

Glu
Glu
Gly

Val

ccgccecggtg
cggtttcaat
tccagcctat
ccgeccgtatt
gaccggcttt
ggcgatgctg
aagtgcagcg
atcagacgtt
agccgcectte
gattgattct
ggacgtgtat
ggatgacgta
attcctgaca

tctggaaaaa

Tyr Leu
15
Asp Phe

Ala Val

Glu Leu

Phe Asn
80
Val Arg
95



Val Pro Ala
Thr
115

Asn

Met Met
Ala
130
Thr

Asp
Lys Ala
145
Arg

Ile Leu

Pro Ser Ala

Thr Phe
195

Asn

Leu

Glu
210
Gly

Pro
Asn Val
225
Gln

Ala Ala

Met Asp Val
Val
275

Leu

Asn Asp

Val
290
Ser

Asn

Thr
305
Gly

Ile

Glu Thr

<210>
<211>
<212>
<213>
<220>
<223>

11
2145
ADN
E.co

pta

<400> 11
gtgtcccgta
60
cttggcgtga
120
gctcagccgce
180
tcttccacca
240
agcaatcaga
300
gacgctgaag
360

Tyr
100
Leu

Asp
Asn
Phe

Ser

Gly Val

Pro
Arg
Leu

Ile

Glu Ala
Ile
120
Gly

Arg

Glu
135

Gly Thr

150

Lys Gly
165
Ala Ala
180
Ser Glu

Tyr His

Met Ile

Phe

Leu

Ser

Leu

Val

Gly Met

Glu Leu

Val
200
Asn

Asp

Leu
215

Asn Thr

230

Ile Glu
245
Tyr Glu
260
Ile Gln

Phe Thr

Ser Gln

Ala
Asn
Asp
Gly

Thr

Leu Lys

Glu Arg
Val
280
Gln

Asp

His
295

Thr Leu

310

Pro
325

Cys

1i

ttattatgct
tccgtgcaat
gtaccggtgg
cgacggccgce
aagatgtgct

tcgttctggt

Asn

Glu Leu

gatccctacc
ggaacgcaaa
cgatgcgccc
tgaaccgctg
gatggaagag

tgaaggtctg

32108

Val
105
His

Ala Glu

Arg Ala

Leu Thr Gly
Ile
155

Leu

Gly Lys
Leu
170
Val

Arg
Gly Glu
185
Ile

Ser Leu

Glu Ala Ala

Ser Arg Gly
235
Gln Lys
250

Leu

Asn

Asp Phe

265

Phe Arg Arg

Ala Phe Leu

Gln Leu

315

Asn

Val

ggaaccagcg
ggcgttcgtce
gatcagacta
aaaatgagct
atcgtcgcaa

gtcccgacac

-87-

Ala Ile
110

Arg

His

Gln
125
Thr

Tyr

Phe
140
Gly

Met

Val Ala

Ala Phe Asp

Tyr Val Asp

190

His Cys Pro
205

Phe Asp

220

Ala

Gln

Leu Ile

Ile Gly Ser

Phe Glu Asp
270
Ser Ala
285

Ala

Leu

Thr
300
Ser

Glu

Asn Leu

tcggtctgac
tgagcgtttt
cgactatcgt
acgttgaagg
actaccacgc

gtaagcacca

Gly Met

Thr Arg

Tyr Gly

Met Leu
160
Pro Tyr
175
Leu Pro

Leu Thr

Met Lys
Ser
240
Gly

Asp
Leu

255

Lys Ser

Cys His
Ala Leu

Glu Lys

320

cagcgtcagc
caaacctatc
gcgtgcgaac
tctgctttcece
taacaccaaa

gtttgcccag



tctctgaact
420
ggcactgaca
480
ggtgccaaaa
540
gaacagggtc
600
gtaaacaatg
660
gtgccgtgga
720
gcgaccatca
780
gcacgcagca
840
gcagaccgtc
900
ggtgccctgce
960
cgtgcecttteg
1020
ctgagcctgce
1080
gttcaggaat
1140
tctgagcgcea
1200 '
cgcaaagcgg
1260
gccgctatcet
1320
atcaaccygtg
1380
ccagaagtgg
1440
atgaccgaaa
1500
ctggaacagg
1560
atccgtcecge
1620
ttcttcatgce
1680
ccgaccgcetg
1740
ggtatcgaac
1800
gacgtagaaa
1860
atcgacggtc
1920

acgaaatcgc
ccccggaaca
acaccaacat
gtactcgccc
ttgatccggce
gctttgacct
tcaacgaagg
ttccgcacat
ctgacgtgct
tgctgactgg
ctaccggcct
agagcttcaa
acgttgctaa
gccgtcecgtcet
gcaaacgtat
gtgctgaacg
ttgcagcgtc
ttcgcgaaag
ccgttgececg
atgaagttga
cgctgcagcet
tgctgccgga
aacagctggc
cgcgegttge
aagttcgcga

cgctgcagta

taaaacgctg
gctgaaagag
caccggcgtt
ggatctgtcc
gaagctgcaa
gatcgcgact
cgacatcaat
gctggagcac
ggtggccget
cggctacgaa
gccggtattt
cctggaagtt
ctacatcaac
gtctccgect
cgtactgccg
tggtatcgca
tcagggtgta
ctatgttggt
cgaacagctg
tggtctggtt
gatcaaaact
acaggtttac
agaaatcgcg
tatgctctcc
agcaactcgt

cgacgctgcg

32108

aatgcggaaa
cgtatcgaac
atcgttaaca
gagattttcg
gaatccagcc
cgtgcgatcg
actcgccgceg
ttccgtgcecg
tgcctggcag
atggacgcgc
atggtgaaca
ccggttgacg
gctgactgga
gcgttcecgtt
gaaggtgacg
acttgcgtac
gaactgggtg
cgtctggtcg
gaagacaacg
tccggtgcetg
gcaccgggca
gtttacggtg
attcagtccg
tactccaccg
ctggcgcagg

gtaatggctg

-88-

tcgtcttegt
tgacccgcaa
aactgaacgc
acgactcttc
cgctgccggt
atatggctcg
ttaaatccgt
gttctctgcect
ccatgaacgg
gcatttctaa
ccaacacctg
atcacgagcg
tcgaatctct
atcagctgac
aaccgcgtac
tgctgggtaa
cagggattga
aactgcgtaa
tggtgctcgg
ttcacactac
gctccctggt
actgtgcgat
ctgattccgce
gtacttctgg
aaaaacgtcc

acgttgcgaa

tatgtctcag
cagcttcggce
accggttgat
caaagctaaa
tctcggecgcet
ccacctgaat
cactttctgc
ggtgacttcc
cgtagaaatc
actgtgcgaa
gcagacctct
tatcgagaaa
gactgccact
tgaacttgcg
cgttaaagca
tccggcagag
aatcgttgat
gaacaaaggc
tacgctgatg
cgcaaacacc
atcttccgtg
caacccggat
tgcggccttce
tgcaggtagc
tgacctgatg

atccaaagcg
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ccgaactctc cggttgcagg tcgcgctacc gtgttcatct tceccggatct gaacaccggt
iiigccacct acaaagcggt acagcgttct gccgacctga tctccatcgg gceccgatgetg
igéggtatgc gcaagccggt taacgacctg tcccgtggcg cactggttga cgatatcgtce
iiggccatcg cgctgactgce gattcagtct gcacagcagc agtaa

2145

<210> 12
<211> 714
<212> PRT
<213> E.coli
<220>

<223> pta
<400> 12

Met Ser Arg Ile Ile Met Leu Ile Pro Thr Gly Thr Ser Val Gly Leu
1 5 10 15
Thr Ser Val Ser Leu Gly Val Ile Arg Ala Met Glu Arg Lys Gly Val
20 25 30
Arg Leu Ser Val Phe Lys Pro Ile Ala Gln Pro Arg Thr Gly Gly Asp
' 35 40 45
Ala Pro Asp Gln Thr Thr Thr Ile Val Arg Ala Asn Ser Ser Thr Thr
50 55 60
Thr Ala Ala Glu Pro Leu Lys Met Ser Tyr Val Glu Gly Leu Leu Ser
65 70 75 80
Ser Asn Gln Lys Asp Val Leu Met Glu Glu Ile Val Ala Asn Tyr His
85 90 95
Ala Asn Thr Lys Asp Ala Glu Val Val Leu Val Glu Gly Leu Val Pro
100 105 110
Thr Arg Lys His Gln Phe Ala Gln Ser Leu Asn Tyr Glu Ile Ala Lys
115 120 125
Thr Leu Asn Ala Glu Ile Val Phe Val Met Ser Gln Gly Thr Asp Thr
130 135 140
Pro Glu Gln Leu Lys Glu Arg Ile Glu Leu Thr Arg Asn Ser Phe Gly
145 150 155 160
Gly Ala Lys Asn Thr Asn Ile Thr Gly Val Ile Val Asn Lys Leu Asn
165 170 175
Ala Pro Val Asp Glu Gln Gly Arg Thr Arg Pro Asp Leu Ser Glu Ile
180 185 190
Phe Asp Asp Ser Ser Lys Ala Lys Val Asn Asn Val Asp Pro Ala Lys
195 200 205
Leu Gln Glu Ser Ser Pro Leu Pro Val Leu Gly Ala Val Pro Trp Ser
210 215 220
Phe Asp Leu Ile Ala Thr Arg Ala Ile Asp Met Ala Arg His Leu Asn
225 230 235 240
Ala Thr Ile Ile Asn Glu Gly Asp Ile Asn Thr Arg Arg Val Lys Ser
245 250 255
Val Thr Phe Cys Ala Arg Ser Ile Pro His Met Leu Glu His Phe Arg
260 265 270
Ala Gly Ser Leu Leu Val Thr Ser Ala Asp Arg Pro Asp Val Leu val

-890-



Ala
Leu
305
Arg
Trp
Asp
Ile
Arg
385
Arg
Thr
Val
Gly
Arg
465
Met
Gly
Ala
Lys
Leu
545
Pro
Ala
Thr
Thr
Leu
625
Pro
Leu

Leu

Asp

Ala
290
Thr
Ala
Gln
Asp
Asn
370
Arg
Lys
Val
Leu
Val
450
Glu
Thr
Thr
Val
Thr
530
Pro
Thr
Ala
Gly
Arg
610
Gln

Asn

Ile

Leu
690

275
Cys

Gly
Phe
Thr
His
355
Ala
Leu
Ala
Lys
Leu
435
Glu
Ser
Glu
Leu
His
515
Ala
Glu
Ala
Ala
Thr
595
Leu
Tyr
Ser
Thr
Ser

675
Ser

Leu
Gly
Ala
Ser
340
Glu
Asp
Ser
Gly
Ala
420
Gly
Leu
Tyr
Thr
Met
500
Thr
Pro
Gln
Glu
Phe
580
Ser
Ala
Asp
Pro
Gly
660

Ile

Arg

Ala
Tyr
Thr
325

Leu

Arg

Trp

Pro
Lys
405
Ala
Asn
Gly
Val
vVal
485
Leu
Thr
Gly
vVal
Gln
565
Gly
Gly
Gln
Ala
vVal
645
Asn

Gly

Gly

Ala
Glu
310
Gly
Ser
Ile
Ile
Pro
390
Arg
Ala
Pro
Ala
Gly
470
Ala
Glu
Ala
Ser
Tyr
550
Leu
Ile
Ala
Glu
Ala
630
Ala
Thr

Pro

Ala

Met
295
Met
Leu
Leu
Glu
Glu
375
Ala
Ile
Tle
Ala
Gly
455
Arg
Arg
Gln
Asn
Ser
535
vVal
Ala
Glu
Gly
Lys
615
Val
Gly
Thr

Met

Leu
695

280
Asn

Asp
Pro
Gln
Lys
360
Ser
Phe
Val
Cys
Glu
440
Ile
Leu
Glu
Asp
Thr
520
Leu
Tyr
Glu
Pro
Ser
600
Arg
Met
Arg
Tyr
Leu

680
Val

32108

Gly
Ala
Val
Ser
345
vVal
Leu
Arg
Leu
Ala
425
Ile
Glu
Val
Gln
Glu
505
Ile
Val
Gly
Ile
Arg
585
Asp
Pro
Ala
Ala
Lys
665

Gln

Asp

vVal
Arg
Phe
330
Phe
Gln
Thr
Tyr
Pro
410
Glu
Asn
Ile
Glu
Leu
490
Val
Arg
Ser
Asp
Ala
570
vVal
Val
Asp
Asp
Thr
650
Ala

Gly

Asp

-90-

Glu
Ile
315
Met
Asn
Glu
Ala
Gln
395
Glu
Arg
Arg
Val
Leu
475
Glu
Asp
Pro
Ser
Cys
555
Ile
Ala
Glu
Leu
Val
635
Val
Val

Met

Ile

Ile
300
Ser
Val
Leu
Tyr
Thr
380
Leu
Gly
Gly
Val
Asp
460
Arg
Asp
Gly
Pro
Val
540
Ala
Gln
Met
Lys
Met
620
Ala
Phe
Gln

Arg

Val
700

285
Gly

Lys
Asn
Glu
vVal
365
Ser
Thr
Asp
Ile
Ala
445
Pro
Lys
Asn
Leu
Leu
525
Phe
Ile
Ser
Leu
Val
605
Ile
Lys
Tle
Arg
Lys

685
Tyr

Ala
Leu
Thr
Val
350
Ala
Glu
Glu
Glu
Ala
430
Ala
Glu
Asn
vVal
Val
510
Gln
Phe
Asn
Ala
Ser
590
Arg
Asp
Ser
Phe
Ser
670

Pro

Thr

Leu
Cys
Asn
335
Pro
Asn
Arg
Leu
Pro
415
Thr
Ser
Val
Lys
Val
495
Ser
Leu
Met
Pro
Asp
575
Tyr
Glu
Gly
Lys
Pro
655
Ala

val

Ile

Leu
Glu
320
Thr
Val
Tyr
Ser
Ala
400
Arg
Cys
Gln
Val
Gly
480
Leu
Gly
Ile
Leu
Asp
560
Ser
Ser
Ala
Pro
Ala
640
Asp
Asp

Asn

Ala
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Leu Thr Ala Ile Gln Ser Ala Gln Gln Gln

705 710

<210> 13

<211> 1809

<212> ADN

<213> E.coli

<220>

<223> frdAa

<400> 13

gtgcaaacct ttcaagccga tcttgccatt
60

gcaattgctg ccgcgcaggc aaatccgaat
120

ccgatgcgta gccataccgt tgctgcagaa
180

gacagcttcg aatatcactt tcacgataca
240

gatgtcgtgg attatttcgt ccaccactgc
300

ggatgcccat ggagccgtcg cccggatggt
360

aaaatcgagc gcacctggtt cgccgccgat
420

ttccagacct ctctgcaatt cccgcagatc
480

attctggttg atgatggtca tgttcgcggce
540

ctggtgcaga tccgtgctaa cgcggtcgtt
600

cgttacaaca ccaacggcgg catcgttacc
660

ggcgttccgce tgcgtgacat ggaattcgtt
720

ggtatcctga tgaccgaagg ctgccgcecggt
780

taccgttatc tgcaagatta cggcatgggc
840

aaatatatgg aactgggtcc acgcgacaaa
900

aaaggcaaca ccatctccac gccgcgtggce
960

ggcgagaaaa aactgcatga acgtctgccg
1020

ggcgtcgatc cggttaaaga accgattccg
1080

ggtatcgaaa ccgatcagaa ctgtgaaacc
1140

tgttcctcectg ttggtctgca cggtgcaaac
1200

gtaggcgccg
gcaaaaatcg
gggggctccg
gtagcgggtg
ccaaccgaaa
agcgtcaacg
aagaccggct
cagcgttttg
ctggtagcaa
atggctactg
ggtgacggta
cagtatcacc
gaaggcggta
ccggaaactc
gtttctcagg
gatgtggttt
ttcatctgcg
gtacgtccga
cgcattaaag

cgtctgggtt

-01-

gtggcgcggg
cactaatctc
ccgctgtecge
gcgactggtt
tgacccaact
tacgtcgctt
tccatatgct
acgaacattt
tgaacatgat
gcggtgcggg
tgggtatggce
caaccggtct
ttctggtcaa
cgctgggcga
ccttctggceca
atctcgacct
aactggcgaa
ccgcacacta
gtctgttcgce

ctaactccct

attacgtgct
aaaagtatac
gcaggatcat
gtgtgagcag
ggaactgtgg
cggcggcatg
gcacacgctg
cgtgctggat
ggaaggcacg
tcgcgtttat
gctaagccac
gccaggttcc
caaaaatggc
gccgaaaaac
cgaatggcgt
gcgtcacctc
agcgtacgtt
caccatgggc
cgtgggtgaa

ggcggaactg



gtggtcttcg
1260
ggcaacgaag
1320
gttaaccagg
1380
gaagaaggtt
1440
gcagagctgc
1500
accgacctgce
1560
cactccgcaa
1620
accgagcgtg
1680
acgactcgcc
1740
tacggtggcg
1800
aatggctga
1809

<210> 14
<211> 602
<212> PRT
<213> E.co
<220>
<223> frdA
<400> 14

Met Gln Thr
1
Gly

Leu Arg

Ile Ala Leu
35
Glu Gly
50

His

Ala

Tyr Phe

65

Asp Val val

Leu Glu Leu

Asn Val Arg

115
Lys

Ala Asp

130

Leu Gln Phe

145
Ile

Leu Val

gccgtctggce
cggcaattga
atggcggcga
gcggtatcta
aggaacgctt
tctacaccat
tggcacgtaa
acgacgtcaa
tggagtacag

aagcggatgce

1i

Phe Gln
Ala
20

Ile

Ala
Ser

Gly Ser

His Asp

Asp Tyr
85

Trp Gly
100
Arg Phe

Thr Gly

Pro Gln

Ala
Ile
Lys
Ala
Thr
70

Phe
Cys
Gly

Phe

Ile

cggtgaacaa
agcgcaggca
aaactgggcg
ccgtacgcecg
caagcgcgtyg
tgaactgggc
agagtcccgce
cttcctcaaa
cgacgtgaag

agccgataag

Asp Leu

Ala Ala

val Tyr
40
Ala Val
55
Val Ala

Val His

Pro Trp
Met
120
Met

Gly

His
135

Gln Arg

150

Asp Asp

Gly

His Val

32108

gcgacagagc
gctggcegttg
aagatccgcg
gaactgatgc
cgcatcaccg
cacggtctga
ggcgcacacc
cacaccctcg

attactacgc

gcggaagcag

Ala Ile Val
10

Ala Gln

25

Pro

Ala

Met Arg

Ala Gln Asp

Gly Gly Asp

75
His Cys Pro
90
Ser Arg
105

Lys

Arg

Ile Glu

Leu His Thr

Phe Glu
155

Leu

Asp

Arg Gly

-02-

gtgcagcaac
aacaacgtct
acgaaatggg
agaaaaccat
acacctccag
acgttgctga
agcgtctgga
ccttececgega
tgccgceccage

ccaataagaa

Gly Ala Gly
Asn
30

Thr

Asn Pro

His
45
Asp

Ser
His Ser
60

Trp

Leu Cys

Thr Glu Met

Pro Asp Gly
110
Thr Trp
125

Phe

Arg

Leu Gln

140

His Phe Val

Val Ala Met

tgccggtaat
gaaagatctg
cctggcaatg
cgacaagctg
cgtgttcaac
atgtatggcg
cgaaggttgc
tgctgatggc
taaacgcgtt

ggagaaggcg

Gly Ala
15
Ala Lys

Val Ala

Phe Glu
Gln
80

Gln

Glu

Thr
95
Ser Val

Phe Ala

Thr Ser

Leu Asp
160

Asn Met



Val
Arg
225
Gly
Asn
Thr
Asp
Ile
305
Gly
Lys

Pro

Val
Trp
Gly
465
Ala
Ser
Leu
Ser
Asp
545

Thr

Ala

Glu
Gly
Thr
210
Asp
Ile
Lys
Pro
Lys
290
Ser
Glu
Ala
Thr
Thr
370
Leu
Val
Ala
Glu
Ala
450
Ile
Glu
Val
Asn
Arg
530
Val

Thr

Lys

Gly
Gly
195
Gly
Met
Leu
Asn
Leu
275
Val
Thr
Lys
Tyr
Ala
355
Arg
His
Phe
Gly
Gln

435
Lys

Leu
Phe
Val
515
Gly
Asn

Arg

Arg

Thr
180
Ala
Asp
Glu
Met
Gly
260
Gly
Ser
Pro
Lys
Val
340
His
Ile
Gly
Gly
Asn
420
Arg
Ile
Arg
Gln
Asn
500
Ala
Ala
Phe

Leu

Val
580

165
Leu

Gly
Gly
Phe
Thr
245
Tyr
Glu
Gln
Arg
Leu
325
Gly
Tyr
Lys
Ala
Arg
405
Gly
Leu
Arg
Thr
Glu
485
Thr
Glu
His
Leu
Glu

565
Tyr

Val
Arg
Met
Val
230
Glu
Arg
Pro
Ala
Gly
310
His
Val
Thr
Gly
Asn
390
Leu
Asn
Lys
Asp
Pro
470
Arg
Asp
Cys
Gln
Lys
550

Tyr

Gly

Gln
Val
Gly
215
Gln
Gly
Tyr
Lys
Phe
295
Asp
Glu
Asp
Met
Leu
375
Arg
Ala
Glu
Asp
Glu
455
Glu
Phe
Leu
Met
Arg
535
His
Ser

Gly

Ile
Tyr
200
Met
Tyr
Cys
Leu
Asn
280
Trp
Val
Arg
Pro
Gly
360
Phe
Leu
Gly
Ala
Leu
440
Met
Leu
Lys
Leu
Ala
520
Leu
Thr

Asp

Glu

32108

Arg
185
Arg
Ala
His
Arg
Gln
265
Lys
His
Val
Leu
Val
345
Gly
Ala
Gly
Glu
Ala
425
Val
Gly
Met
Arg
Tyr
505
His
Asp
Leu

Val

Ala
585

170
Ala

Tyr
Leu
Pro
Gly
250
Asp
Tyr
Glu
Tyr
Pro
330
Lys
Ile
Val
Ser
Gln
410
Ile
Asn
Leu
Gln
Val
490
Thr
Ser
Glu
Ala
Lys

570
Asp

-03-

Asn
Asn
Ser
Thr
235
Glu
Tyr
Met
Trp
Leu
315
Phe
Glu
Glu
Gly
Asn
395
Ala
Glu
Gln
Ala
Lys
475
Arg
Ile
Ala
Gly
Phe
555

Ile

Ala

Ala
Thr
His
220
Gly
Gly
Gly
Glu
Arg
300
Asp
Ile
Pro
Thr
Glu
380
Ser
Thr
Ala
Asp
Met
460
Thr
Ile
Glu
Met
Cys
540
Arg

Thr

Ala

vVal
Asn
205
Gly
Leu
Gly
Met
Leu
285
Lys
Leu
Cys
Ile
Asp
365
Cys
Leu
Glu
Gln
Gly
445
Glu
Ile
Thr
Leu
Ala
525
Thr
Asp

Thr

Asp

Val
190
Gly
Val
Pro
Ile
Gly
270
Gly
Gly
Arg
Glu
Pro
350
Gln
Ser
Ala
Arg
Ala
430
Gly
Glu
Asp
Asp
Gly
510
Arg
Glu
Ala

Leu

Lys
590

175
Met

Gly
Pro
Gly
Leu
255
Pro
Pro
Asn
His
Leu
335
Val
Asn
Ser
Glu
Ala
415
Ala
Glu
Gly
Lys
Thr
495
His
Lys
Arg

Asp

Pro
575

Ala

Ala
Ile
Leu
Ser
240
Val
Glu
Arg
Thr
Leu
320
Ala
Arg
Cys
Val
Leu
400
Ala
Gly
Asn
Cys
Leu
480
Ser
Gly
Glu
Asp
Gly
560

Pro

Glu
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Ala Ala Asn Lys Lys Glu Lys Ala Asn Gly

595
<210> 15
<211> 1071
<212> ADN
<213> E. coli
<220>
<223> dadX
<400> 15
atgacccgtc cgatacaggc
60
gtccgccagg ccgcgccgca
120
catggtattg agcgtatctg
180
ctggaagagg caataacgtt
240
ggatttttcc atgctcagga
300
cacagcaact ggcagctcaa
360
tatcttaaag tgaacagtgg
420
gtctggcagc agttgcgggce
480
gccgaagcgg aacatcctga
540
gaagggctgg agtgtcggcg
600
gcgcattttg actgggttcg
660
tggcgtgata tcgccaatac
720
ggtgtccaga cgctaaaagc
780
gatgaacagc gaatcggcat
840
cctaccggta cccctgtttt
900
atggatatgc tagcggtcga
960
gagctgtggg gcaaggagat
1020
tatgagttga tgtgcgcgcect
1071
<210> 16
<211> 356
<212> PRT
<213> E. coli
<220>

600

cagcctcgat
cgcgcgegte
gagcgcgctce
acgtgagcgc
tctggagatt
agcactgcaa
gatgaatcgg
aatggcgaat
tggaatttcc
ttcgttgtcecce
gcctggeatt
cggattacgt
gggtgagegt
tgtcgccgea
agtggacggc
tttaacgcct
caaaattgat

ggcgttacgce

ctgcaggcat
tggtcggtgg
ggggccaccyg

ggctggaagg

tatgaccagc
aatgcgcggce
ttgggcttcc
gttggcgaga
agcgcgatgg
aattcggcgg
attttgtatg
ccggtgatga
gtgggctacg
gggtacgccg
gtgcgcacca
tgcccgcagg
gatgtcgccg

gtcccggttg

-94-

taaaacagaa
taaaagcgaa
atggctttgc
ggccgatcct
accgcctgac
taaaagcacc
agcccgatcg
tgaccctgat
cgcgtattga
cgactctgtg
gcgcttcgcece
cgctaagcag
gcggtcgcta
acggttatcc
tgacggtggg
cggggattgg
ccgctgceccecgg

tgacagtgta

tctgtccatt
cgcttacggg
attacttaac
gatgctggaa
cacctgcgta
gttggatatt
cgtgcttacc
gtcgcatttt
gcaggcggceg
gcacccggaa
gtccggtcag
tgagattatt
tactgcgcgce
gcgccacgceg
gaccgtctcg
tacgccggtt

aacggtgggc

a



<223> dadX

<400>

Met
1
Asn
Val
Ala
Ile
65
Gly
Thr
Arg
Asn
Leu
145
Ala
Glu
Ala
Gly
Ala
225
Gly
Tyr
Ala
Asp
Ala
305
Glu
Gly

Val

Thr
Leu
Val
Leu
50

Thr
Phe
Thr
Leu
Arg
130
Arg
Glu
Gln
Ala
Ile
210
Asn
vVal
Thr
Asp
Gly
290
val
Leu

Thr

Val

<210>
<211>

16

Arg
Ser
Lys
35

Gly
Leu
Phe
Cys
Lys
115
Leu
Ala
Ala
Ala
Thr
195
Ile
Thr
Gln
Ala
Gly
275
Val
Asp
Trp

Val

Thr
355

17
450

Pro
Ile
20

Ala
Ala
Arg
His
Val
100
Ala
Gly
Met
Glu
Ala
180
Leu
Leu
Gly
Thr
Arg
260
Tyr
Arg
Leu
Gly
Gly

340
Val

Ile
vVal
Asn
Thr
Glu
Ala
85

His
Pro
Phe
Ala
His
165
Glu
Trp
Tyr
Leu
Leu
245
Asp
Pro
Thr
Thr
Lys

325
Tyr

Gln
Arg
Ala
Asp
Arg
70

Gln
Ser
Leu
Gln
Asn
150
Pro
Gly
His
Gly
Arg
230
Lys
Glu
Arg
Met
Pro
310

Glu

Glu

Ala
Gln
Tyr
Gly
Gly
Asp
Asn
Asp
Pro
135
Val
Asp
Leu
Pro
Ala
215
Pro
Ala
Gln
His
Thr
295
Cys

Ile

Leu

Ser
Ala
Gly
40

Phe
Trp
Leu
Trp
Tle
120
Asp
Gly
Gly
Glu
Glu
200
Ser
val
Gly
Arg
Ala
280
Val
Pro

Lys

Met

32108

Leu
Ala
25

His
Ala
Lys
Glu
Gln
105
Tyr
Arg
Glu
Ile
Cys
185
Ala
Pro
Met
Glu
Ile
265
Pro
Gly
Gln

Ile

Cys
345

Asp

~10

Pro
Gly
Leu
Gly
Tle
90

Leu
Leu
Val
Met
Ser
170
Arg
His
Ser
Thr
Arg
250
Gly
Thr
Thr
Ala
Asp

330
Ala

-05-

Leu
His
Ile
Leu
Pro
75

Tyr
Lys
Lys
Leu
Thr
155
Ser
Arg
Phe
Gly
Leu
235
Val
Ile
Gly
Val
Gly
315

Asp

Leu

Gln
Ala
Glu
Asn
60

Ile
Asp
Ala
Val
Thr
140
Leu
Ala
Ser
Asp
Gln
220
Ser
Gly
Val
Thr
Ser
300
Ile

Val

Ala

Ala
Arg
Arg
Leu
Leu
Gln
Leu
Asn
125
Val
Met
Met
Leu
Trp
205
Trp
Ser
Tyr
Ala
Pro
285
Met
Gly

Ala

Leu

Leu
Val
30

Ile
Glu
Met
His
Gln
110
Ser
Trp
Ser
Ala
Ser
190
Val
Arg
Glu
Gly
Ala
270
Val
Asp
Thr

Ala

Arg
350

Lys
15

Trp
Trp
Glu
Leu
Arg
Asn
Gly
Gln
His
Arg
175
Asn
Arg
Asp
Ile
Gly
255
Gly
Leu
Met
Pro
Ala

335
Val

Gln
Ser
Ser
Ala
Glu
80

Leu
Ala
Met
Gln
Phe
160
Ile
Ser
Pro
Ile
Ile
240
Arg
Tyr
Val
Leu
Val
320

Ala

Pro
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atacgttcgc
ccggaatgag
taattgcatg
gcccgtceggg
cggtgtatgt
tcagttcaaa

attgccgccg

gatggttgtt
cttcgaacag
gccatacggt
ctggataaaa
ggcgatcttg
catcgttgtt

actgtttaaa

<212> ADN
<213> E.coli
<220>
<223> vygaW
<400> 17
atgttctcac cgcagtcacg cttgcgtcat gcagttgcag
60
tactgttctg tcgtgaacat gtgtattgaa gttttcctct
120
tctttttatt ccagattggt agcgattccg gtgaacatct
180
atgtaccgtg atctgtttat gcgcgcggca cgcaaagtta
240
aatctggctg atatcctggc ttatgtgacg ttccagtcac
300
ttagtggtgg gcgcagactg gcatcagatt atggcggcgg
360
tcgatgttga tgggggcggt ttatggctac ttcctcgatt
420
gtcagccgtt accagcaggt aaaagcctga
450
<210> 18
<211> 149
<212> PRT
<213> E.coli
<220>
<223> vygaW
<400> 18
Met Phe Ser Pro Gln Ser Arg Leu Arg His Ala
1 5 10
Ala Met Val Val Tyr Cys Ser Val Val Asn Met
20 25
Leu Ser Gly Met Ser Phe Glu Gln Ser Phe Tyr
35 40
Ile Pro Val Asn Ile Leu Ile Ala Trp Pro Tyr
50 55
Leu Phe Met Arg Ala Ala Arg Lys Val Ser Pro
65 70 75
Asn Leu Ala Asp Ile Leu Ala Tyr Val Thr Phe
85 90
Val Ala Ile Leu Leu Val Val Gly Ala Asp Trp
100 105
Ala Val Ser Ser Asn Ile Val Val Ser Met Leu
115 120
Gly Tyr Phe Leu Asp Tyr Cys Arg Arg Leu Phe
130 135
Gln Gln Val Lys Ala
145

-06-

Val
Cys
Ser
Gly
Ser
Gln
His
Met

Lys
140

Ala
Ile
Arg
45

Met
Gly
Ser
Gln
Gly

125
Val

Asp
Glu
30

Leu
Tyr
Trp
Pro
Ile
110
Ala

Ser

Thr
15

Val
Val
Arg
Ile
Val
95

Met
Val

Arg

Phe
Phe
Ala
Asp
Lys
80

Tyr
Ala
Tyr

Tyr



<210> 19

<211> 0987

<212> ADN

<213> E.coli

<220>

<223> zipA

<400> 19

atgatgcagg atttgcgtct
60

ctggtacatg gtttctggac
120

ttaaaacgaa tgaagtcaaa
180

gagggcgttg gtgaggttcg
240 :

catgaggctg ctcgtccgtce
300

ccgcgtcaac cggtccagceca
360

ccagcgcagc cggtgcagceca
420

ccagtttcgc cacaggtcgce
480

caacaggctt tccagcctgce
540

ccggctccag ttatggataa
600

gcgcatcacg gtagcgagcet
660

ttcatttttg gcgatatgaa
720

gcgttattca gcctggcgaa
780

ttcactactc cgggtgtcac
840

aacttcaagc tgatgctgceca
900

cttgacgatc agcgccgtat
960

cgcgaagtca aagacgccaa
987

<210> 20

<211> 328

<212> PRT

<213> E.coli

<220>

<223> zipA

<400> 20

32108

gatattaatc
cagccgtaaa
acgtgacgac
tgttcaccgce
gccgcaacac
gccgcctgaa
gcctgcectat
gccagcgcecg
agaacccgta
accgaagcgc
aaacggtgaa
tatttaccat
tatggtgaaa
catctttatg
atctgcgcag
gatgactccg

cgcctga

attgttggcg
gaacgatctt
gattcttatg
gtgaatcatg
cagtaccaac
gcgcaggtac
cagccgcagc
cagcctgtgce
gcggcaccac
aaagaagcgg
ctgcttctta
cgtcatctta
ccgggaacct
caggtaccgt
catattgccg

cagaaattgc

-97-

cgatcgccat
ctatgttccg
acgaggatgt
ccccggctaa
cgccttatge
cgccgcaaca
ctgaacagcc
attcagcacc
agcctgagcc
tgattatcat
acagcattca
gcccggatgg
ttgatcctga
cttacggtga
atgaagtggg

gcgagtacca

aatcgcttta
cgatcggcca
cgaagatgat
cgctcaggag
gtctgcgcag
tgctccgegt
gttgcagcag
gcaaccggca
tgtagcggaa
gaacgtcgcg
acaagcgggc
cagcggcccyg
aatgaaggat
cgagctgcag
cggtgtcgtg

ggacatcatc



32108

Met Met Gln Asp Leu Arg Leu Ile Leu Ile Ile Val Gly Ala Ile Ala

Ile Tle Ala Leu Leu Val His Gly Phe Trp Thr Ser Arg Lys Glu Arg
20 25 30
Ser Ser Met Phe Arg Asp Arg Pro Leu Lys Arg Met Lys Ser Lys Arg
35 40 45
Asp Asp Asp Ser Tyr Asp Glu Asp Val Glu Asp Asp Glu Gly Val Gly

Glu Val Arg Val His Arg Val Asn His Ala Pro Ala Asn Ala Gln Glu
65 70 75 80
His Glu Ala Ala Arg Pro Ser Pro Gln His Gln Tyr Gln Pro Pro Tyr
85 90 95
Ala Ser Ala Gln Pro Arg Gln Pro Val Gln Gln Pro Pro Glu Ala Gln
. 100 105 110
Val Pro Pro Gln His Ala Pro Arg Pro Ala Gln Pro Val Gln Gln Pro
115 120 125
Ala Tyr Gln Pro Gln Pro Glu Gln Pro Leu Gln Gln Pro Val Ser Pro
130 135 140
Gln Val Ala Pro Ala Pro Gln Pro Val His Ser Ala Pro Gln Pro Ala
145 150 : 155 160
Gln Gln Ala Phe Gln Pro Ala Glu Pro Val Ala Ala Pro Gln Pro Glu
165 170 175
Pro Val Ala Glu Pro Ala Pro Val Met Asp Lys Pro Lys Arg Lys Glu
180 185 190
Ala Val Ile Ile Met Asn Val Ala Ala His His Gly Ser Glu Leu Asn
195 200 205
Gly Glu Leu Leu Leu Asn Ser Ile Gln Gln Ala Gly Phe Ile Phe Gly
210 215 220
Asp Met Asn Ile Tyr His Arg His Leu Ser Pro Asp Gly Ser Gly Pro
225 230 235 240
Ala Leu Phe Ser Leu Ala Asn Met Val Lys Pro Gly Thr Phe Asp Pro
245 250 255
Glu Met Lys Asp Phe Thr Thr Pro Gly Val Thr Ile Phe Met Gln Val
260 265 270
Pro Ser Tyr Gly Asp Glu Leu Gln Asn Phe Lys Leu Met Leu Gln Ser
275 280 285
Ala Gln His Ile Ala Asp Glu Val Gly Gly Val Val Leu Asp Asp Gln
290 295 300
Arg Arg Met Met Thr Pro Gln Lys Leu Arg Glu Tyr Gln Asp Ile Ile
305 310 315 320
Arg Glu Val Lys Asp Ala Asn Ala
325
<210> 21
<211> 1425
<212> ADN
<213> E.coli

<220>
<223> 1pd
<400> 21

atgagtactg aaatcaaaac tcaggtcgtg gtacttgggg caggccccgc aggttactcce
60

-08-



gctgccttee gttgecgetga
120

cttggcggtg tttgcctgaa
180

aaagttatcg aagaagccaa
240

accgatattg acaagattcg
300

ctggctggta tggcgaaagg
360

ggggctaaca ccctggaagt
420

gcgatcattg cagcgggttc
480

cgtatctggg actccactga
540

atgggtggcg gtatcatcgg
600

attgacgtgg ttgaaatgtt
660

gtcttcacca agcgtatcag
720

gttgaagcga aagaagacgg
780

ccgcagcgtt acgacgccgt
840

gacgcaggca aagctggcegt
900

ctgcgtacca acgtaccgca
960

gcacacaaag gtgttcacga
1020

tacttcgatc cgaaagttat
1080

ggtctgactg agaaagaagc
1140

tgggctgctt ctggtcgtgce
1200

ttcgacaaag aatctcaccg
1260

ctgctgggtg aaatcggcct
1320

accatccacg cgcacccgac
1380

ggtagcatta ccgacctgcc
1425

<210> 22

<211> 474

<212> PRT

<213> E.coli

<220>

<223> 1lpd

tttaggtctg
cgtcggctgt
agcgctggcet
tacctggaaa
ccgcaaagtc
tgaaggtgag
tcgcccgatce
cgcgctggaa
tctggaaatg
cgaccaggtt
caagaaattc
tatttatgtg
gctggtagceg
ggaagtggac
catctttgct
aggtcacgtt
ccecgtccatce
gaaagagaaa
tatcgcttcc
tgtgatcaggt
ggcaatcgaa
tctgcacgag

gaacccgaaa

32108

gaaaccgtaa
atcccttcta
gaacacggta
gagaaagtga
aaagtggtca
aacggtaaaa
caactgccgt
ctgaaagaag
ggcaccgtat
atcccggcag
aacctgatgce
acgatggaag
attggtcgtg
gaccgtggtt
atcggcgata
gccgctgaag
gcctataccg
ggcatcagct
gactgcgcag
ggtgcgattg
atgggttgtg
tctgtgggcecc

gcgaagaaga

-90-

tcgtagaacg
aagcactgct
tcgtcttcgg
tcaatcagct
acggtctggg
ccgtgatcaa
ttattccgca
taccagaacg
accacgcgct
ctgacaaaga
tggaaaccaa
gcaaaaaagc
tgccgaacgg
tcatccgegt
tcgtcggtca
ttatcgccgg
aaccagaagt
atgaaaccgc
acggtatgac
tcggtaccaa
atgctgaaga
tggcggcaga

agtaa

ttacaacacc
gcacgtagca
cgaaccgaaa
gaccggtggt
taaatttacc
cttcgacaac
tgaagatccg
cctgctggta
gggttcacag
catcgttaaa
agttaccgcc
acccgctgaa
taaaaacctc
tgacaaacag
gccgatgcetg
taagaaacac
tgcatgggta
caccttcccg
caagctgatt
cggcggcgag
catcgcactg

agtgttcgaa



<400>

22

Met Ser Thr

1
Ala

Val
Gly
Glu
65

Thr
Leu
Val
Gly
Ala
145
Arg
Arg
Val
Gln
Arg
225
Val
Ala
Arg
vVal
Val
305
Ala
Gly
Thr

Glu

Gly
385

Gly
Ile
Cys
50

Ala
Asp
Thr
Asn
Glu
130
Gly
Ile
Leu
Tyr
Val
210
Ile
Glu
Pro
val
Asp
290
Pro
His
Lys
Glu
Lys

370
Arg

Tyr
vVal
35

Ile
Lys
Ile
Gly
Gly
115
Asn
Ser
Trp
Leu
His
195
Ile
Ser
Ala
Ala
Pro
275
Asp
His
Lys
Lys
Pro
355
Gly

Ala

Glu
Ser
20

Glu
Pro
Ala
Asp
Gly
100
Leu
Gly
Arg
Asp
Val
180
Ala
Pro
Lys
Lys
Glu
260
Asn
Arg
Ile
Gly
His
340
Glu

Ile

Ile

Ile
Ala
Arg
Ser
Leu
Lys
Leu
Gly
Lys
Pro
Ser
165
Met
Leu
Ala
Lys
Glu
245
Pro
Gly
Gly
Phe
Val
325
Tyr
Val

Ser

Ala

Lys
Ala
Tyr
Lys
Ala
70

Ile
Ala
Lys
Thr
Ile
150
Thr
Gly
Gly
Ala
Phe
230
Asp
Gln
Lys
Phe
Ala
310
His
Phe
Ala

Tyr

Ser
390

Thr
Phe
Asn
Ala
55

Glu
Arg
Gly
Phe
Val
135
Gln
Asp
Gly
Ser
Asp
215
Asn
Gly
Arg
Asn
Ile
295
Ile
Glu
Asp
Trp
Glu

375
Asp

Gln
Arg
Thr
40

Leu
His
Thr
Met
Thr
120
Ile
Leu
Ala
Gly
Gln
200
Lys
Leu
Ile
Tyr
Leu
280
Arg
Gly
Gly
Pro
Val
360

Thr

Cys

32108

val
Cys
25

Leu
Leu
Gly
Trp
Ala
105
Gly
Asn
Pro
Leu
Ile
185
Ile
Asp
Met
Tyr
Asp
265
Asp
Val
Asp
His
Lys
345
Gly

Ala

Ala

Val
10

Ala
Gly
His
Ile
Lys
90

Lys
Ala
Phe
Phe
Glu
170
Ile
Asp
Ile
Leu
Val
250
Ala
Ala
Asp
Ile
Val
330
Val
Leu

Thr

Asp

-100-

Val
Asp
Gly
Val
Val
75

Glu
Gly
Asn
Asp
Ile
155
Leu
Gly
Val
Val
Glu
235
Thr
Val
Gly
Lys
Val
315
Ala
Ile
Thr

Phe

Gly
395

Leu
Leu
Val
Ala
60

Phe
Lys
Arg
Thr
Asn
140
Pro
Lys
Leu
Val
Lys
220
Thr
Met
Leu
Lys
Gln
300
Gly
Ala
Pro
Glu
Pro

380
Met

Gly
Gly
Cys
45

Lys
Gly
vVal
Lys
Leu
125
Ala
His
Glu
Glu
Glu
205
Val
Lys
Glu
Val
Ala
285
Leu
Gln
Glu
Ser
Lys
365

Trp

Thr

Ala
Leu
30

Leu
Val
Glu
Ile
Val
110
Glu
Ile
Glu
Val
Met
190
Met
Phe
Val
Gly
Ala
270
Gly
Arg
Pro
Val
Ile
350
Glu

Ala

Lys

Gly
15

Glu
Asn
Ile
Pro
Asn
95

Lys
vVal
Ile
Asp
Pro
175
Gly
Phe
Thr
Thr
Lys
255
Ile
Val
Thr
Met
Ile
335
Ala
Ala

Ala

Leu

Pro
Thr
Val
Glu
Lys
80

Gln
Val
Glu
Ala
Pro
160
Glu
Thr
Asp
Lys
Ala
240
Lys
Gly
Glu
Asn
Leu
320
Ala
Tyr
Lys
Ser

Ile
400



Phe
Asn

Cys

Asp
Gly

Asp

Lys
Gly

Ala

Glu

Glu
420
Glu

Ser
405
Leu

Asp

His

Leu

Ile

Arg Val
Gly Glu

Ala Leu

32108

Ile

Ile
425
Thr

Gly Gly
410
Gly Leu

Ile His

435
Glu Ser
450

Leu

His
Asp Pro
465

<210> 23
<211> 1320
<212> ADN
<213> E.
<220>
<223> brnQ

CO

<400> 23

atgacccatc
ttcgtcggeg
gtctggactg
gtggcgctgg
gctggcgtge
cgtacagcta
ccgctgttta
ggcaagctgc
atcctgtctg
tatcaaaacg
ggcgcaatgg
gcgcgtctgce
ctgctgtacc
gcaaacggcg
ttcctgctgg
gcttgtgcag
ctcggcggcet
gtaccggtgce
cgctcatggt
tttggtattc
cagcgtttac
gttctggcca

<210> 24
<211> 439
<212> PRT
<213> E.
<220>
<223> brnQ

CO

<400> 24

Val Gly

Asn Pro

Leu

Lys

440
Ala Ala
455

Ala Lys

470

1i

aattaagatc
caggtaacat
cggcattcgg
caaaagttgg
tgctggcaac
ccgtttectt
tctacagcct
tggataccgt
ttgccgecgat
ctgcgttttc
tgtttggtat
tgacccgtta
tggcgcetgtt
ctgctattct
cggcgttaat
aattctttgc
tctcgatggt
tgaccgctat
ggcataattc
tcgacgggat
cgctggccga
ttatctggga

1i

gcgcgatatc
tattttccct
cttcctcatt
cggcggtgtt
ggtttgttac
tgaagtgggg
ggtctatttc
gggcaacttc
tgtctggccg
taacggcttc
cgttattgtt
taccgtctgg
ccgtctgggt
gcatgcttac
cttcatcgcecce
ccagtacgta
ggtttctaac
ttatccgecg
gtcccgegtg
caaagcatct
acaaggtctg
tcgcgceggcea

Glu

Lys

Val Phe

Lys

atcgctctgg
ccaatggtcg
actgccgttg
gacagcctca
ctggcggtgg
attgcgccgce
gctatcgtta
cttgcgccgce
gcgggttcta
gttaacggct
aacgcggcgce
gctggcctga
tcagacagcg
gttcagcaca
tgcctggtaa
ccgctctctt
ctcggcttaa
tgtatcgcac
attgctccgce
gcattcagcg
gcgtggttaa
ggtcgtcagg

Ala Ile Val

Ala Tle Glu

430

Ala His Pro
445

Glu Gly

460

Ser

gctttatgac
gcttgcaggc
gcctgccggt
gcacgccaat
ggccgctttt
tgacgggtga
ttctggtttc
tgaaaattat
tcagcacggce
atctgaccat
gttctcgtgg
tggcgggtgt
cgtcgctggt
cctttggcgg
cggcagttgg
atcgtacgct
gccagctgat
tggttgtatt
cgatgtttat
atatcttacc
tgccaacagt
tgacctccag

Gly Thr
415
Met Gly

Thr Leu

Ile Thr

atttgcgttg
aggcgaacac
attaacggta
cggtaaagtc
cgctacgccg
ttccgecgetg
gctctatccg
cgcgctggtce
gactgaggct
ggatacgctg
cgttaccgaa
tggtctgact
cgatcagtct
cggcggtage
cctgacctgt
ggtgtttatc
ccagatctcc
aagttttaca
cagcctgcett
gtcctgggcg
ggtgatggtg
cgctcactaa

Met Thr His Gln Leu Arg Ser Arg Asp Ile Ile Ala Leu Gly Phe Met

-101-

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

1020
1080
1140
1200
1260
1320



Thr
Val
Leu
Lys
65

Ala
Phe
Pro
Tyr
Asp
145
Ile
Ala
Gly
Ile
Thr
225
Leu
vVal
His
Ile
Phe
305
Leu
Ile
Ala
Arg
Asp
385

Gln

Val

Phe
Gly
Ile
50

Val
Gly
Ala
Leu
Phe
130
Thr
Leu
Thr
Tyr
Val
210
Arg
Leu
Asp
Thr
Ala
290
Phe
Gly
Gln
Leu
Val
370
Gly

Arg

Val

Ala
Leu
35

Thr
Gly
Val
Thr
Thr
115
Ala
Val
Ser
Glu
Leu
195
Asn
Tyr
Tyr
Gln
Phe
275
Cys
Ala
Gly
Ile
vVal
355
Ile
Ile

Leu

Met

Leu
20

Gln
Ala
Gly
Leu
Pro
100
Gly
Ile
Gly
Val
Ala
180
Thr
Ala
Thr
Leu
Ser
260
Gly
Leu
Gln
Phe
Ser
340
Val
Ala
Lys

Pro

Val
420

Phe
Ala
Val
Gly
Leu
85

Arg
Asp
Val
Asn
Ala
165
Tyr
Met
Ala
Val
Ala
245
Ala
Gly
Val
Tyr
Ser
325
Val
Leu
Pro
Ala
Leu

405
Val

Val
Gly
Gly
Val
70

Ala
Thr
Ser
Ile
Phe
150
Ala
Gln
Asp
Arg
Trp
230
Leu
Asn
Gly
Thr
Val
310
Met
Pro
Ser
Pro
Ser
390

Ala

Leu

Gly
Glu
Leu
55

Asp
Thr
Ala
Ala
Leu
135
Leu
Ile
Asn
Thr
Ser
215
Ala
Phe
Gly
Gly
Ala
295
Pro
Val
Val
Phe
Met
375
Ala

Glu

Ala

Ala
His
40

Pro
Ser
Val
Thr
Leu
120
Val
Ala
Val
Ala
Leu
200
Arg
Gly
Arg
Ala
Ser
280
Val
Leu
Val
Leu
Thr
360
Phe
Phe

Gln

Ile

32108

Gly
25

Val
Val
Leu
Cys
Val

105
Pro

Ser

Pro
Trp
Ala
185
Gly
Gly
Leu
Leu
Ala
265
Phe
Gly
Ser
Ser
Thr
345
Arg
Ile
Ser

Gly

Ile
425

10
Asn

Trp
Leu
Ser
Tyr
90

Ser
Leu
Leu
Leu
Pro
170
Phe
Ala
vVal
Met
Gly
250
Ile
Leu
Leu
Tyr
Asn
330
Ala
Ser
Ser
Asp
Leu

410
Trp

-102-

Ile
Thr
Thr
Thr
75

Leu
Phe
Phe
Tyr
Lys
155
Ala
Ser
Met
Thr
Ala
235
Ser
Leu
Leu
Thr
Arg
315
Leu
Ile
Trp
Leu
Ile
395

Ala

Asp

Ile
Ala
Val
60

Pro
Ala
Glu
Ile
Pro
140
Ile
Gly
Asn
Val
Glu
220
Gly
Asp
His
Ala
Cys
300
Thr
Gly
Tyr
Trp
Leu
380
Leu

Trp

Arg

Phe
Ala
45

Val
Ile
Val
Val
Tyr
125
Gly
Ile
Ser
Gly
Phe
205
Ala
Val
Ser
Ala
Ala
285
Ala
Leu
Leu
Pro
His
365
Phe
Pro

Leu

Ala

Pro
30

Phe
Ala
Gly
Gly
Gly
110
Ser
Lys
Ala
Ile
Phe
190
Gly
Arg
Gly
Ala
Tyr
270
Leu
Cys
Val
Ser
Pro
350
Asn
Gly
Ser

Met

Ala
430

15
Pro

Gly
Leu
Lys
Pro
95

Ile
Leu
Leu
Leu
Ser
175
Val
Ile
Leu
Leu
Ser
255
Val
Ile
Ala
Phe
Gln
335
Cys
Ser
Ile
Trp
Pro

415
Gly

Met
Phe
Ala
Val
80

Leu
Ala
Val
Leu
Val
160
Thr
Asn
Val
Leu
Thr
240
Leu
Gln
Phe
Glu
Ile
320
Leu
Ile
Ser
Leu
Ala
400

Thr

Arg



Gln Val Thr Ser Ser Ala His

32108

gctccgttcet
tcttttctac
ttcaggatgce
gcggcgatta
ggattgacgc
tcaatcagga
actgtaccgt
attgggtgtc
agttattaac
cctctgcetat
cggtggataa
tcgataacgg
acacatcttc
acagccaggc
tgctggcetge
gtgagctaac
agctgaatat
gggccgcegga

435
<210> 25
<211> 1104
<212> ADN
<213> E. coli
<220>
<223> asd
<400> 25
atgaaaaatg ttggttttat cggctggcgc ggtatggtcg
atggttgaag agcgcgactt cgacgccatt cgccctgtct
ggccaggctg cgccgtcttt tggcggaacc actggcacac
gaggcgctaa aggccctcga tatcattgtg acctgtcagg
atctatccaa agcttcgtga aagcggatgg caaggttact
ctgcgcatga aagatgacgc catcatcatt cttgaccccg
gacggattaa ataatggcat caggactttt gttggcggta
ttgatgtcgt tgggtggttt attcgccaat gatcttgttg
taccaggccg cttccggcecgg tggtgcgcga catatgegtg
catctgtatg gccatgtggc agatgaactc gcgaccccgt
gaacgcaaag tcacaacctt aacccgtagc ggtgagctgc
ccgctggcecgg gtagcecctgat tccgtggatc gacaaacagce
gaagagtgga aagggcaggc ggaaaccaac aagatcctca
gtagatggtt tatgtgtgcg tgtcggggca ttgcgctgcec
aaattgaaaa aagatgtgtc tattccgacc gtggaagaac
tgggcgaaag tcgttccgaa cgatcgggaa atcactatgce
gttaccggca cgctgaccac gccggtaggce cgcctgcegta
ttcctgtcag cctttaccgt gggcgaccag ctgctgtggg
cggatgcttc gtcaactggc gtaa
<210> 26
<211> 367
<212> PRT
<213> E. coli
<220>
<223> asd
<400> 26
Met Lys Asn Val Gly Phe Ile Gly Trp Arg Gly
1 5 10
Leu Met Gln Arg Met Val Glu Glu Arg Asp Phe
' 20 . 25
Val Phe Phe Ser Thr Ser Gln Leu Gly Gln Ala
35 40
Gly Thr Thr Gly Thr Leu Gln Asp Ala Phe Asp
50 55
Ala Leu Asp Ile Ile Val Thr Cys Gln Gly Gly
65 70 75
Ile Tyr Pro Lys Leu Arg Glu Ser Gly Trp Gln
85 90
Ala Ala Ser Ser Leu Arg Met Lys Asp Asp Ala
100 105
Pro Val Asn Gln Asp Val Ile Thr Asp Gly Leu

-103-

Met Val

Asp Ala

Ala Pro
45
Leu Glu
60
Asp Tyr

Gly Tyr

Ile Ile

Asn Asn

Gly
Ile
30

Ser
Ala
Thr
Trp
Ile

110
Gly

catgcaacgc
ttctcagett
ctttgatctg
taccaacgaa
agcatcgtct
cgtcattacc
aagcctgatg
cgttgcaacc
ccagatgggc
tctcgatatc
ctttggcgtg
tcagagccgce
cgtaattccg
attcactatt
gcacaatccg
cccagctgcec

gggaccagag
gccgctgegt

Ser Val
15
Arg Pro

Phe Gly

Leu Lys
Glu
80
Asp

Asn

Ile
95
Leu Asp

Ile Arg

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

1020
1080
1104



115

Thr Phe Val
130

Gly Gly

145

Tyr

Leu

Gln Ala

Thr Gln Met
Ser
195

Gly

Pro Ser

Ser
210
Leu

Arg
Ser Ile
225
Glu

Glu Trp

Ser Val Ile
Ser
275

Val

Cys His
Thr
290
Pro

Pro

Val
305
Val

Asn

Thr Gly

Met Gly Pro
Ala

355

Trp Gly

<210>
<211> 1026
<212> ADN
<213> E.

<220>
<223>

27

co

<400> 27

atgccttcaa
ggcgatatcg
ttcatggtta
atgacccagg
ctgacttacg
gcacccagtg
aacgcggtga
ttcgtaggta
taccatgaga
gacggctttg
gtaattattg
gatgacacta

Gly Gly

Phe Ala

Asn

Asn

120
Cys Thr
135

Asp Leu

150

Ala Ser
165
Gly His
180
Ala Ile

Glu Leu

Pro Trp

Gly
Leu
Leu
Pro

Ile

Gly Gly

Tyr Gly
Ile
200
Asp

Asp

Val
215

Asp Lys

230

Lys Gly
245
Pro Val
260
Gln Ala

Glu Glu

Asp Arg

Gln
Asp
Phe
Leu

Glu

Ala Glu

Gly Leu
Ile
280
Ala

Thr

Leu
295

Ile Thr

310

Thr Leu
325
Glu Phe
340

Ala Glu

11

lpxD bi dét bién

ttcgactggce
tcatcaccgg
acccaaaata
acgatcttcc
cgcgcatgge
cggtgatcga
ttgagtccgg
aaaacagcaa
tccagatcgg
gttatgccaa
gcgatcgcgt
ttattggcaa

Thr

Leu

Pro

Thr Pro

Ser Ala

Leu Arg
360

tgatttagcg
cgttgcgtcecce
ccgtgagcecat
tttcgcgaaa
gcaaatttta
cgcgacggcg
cgttgaactg
aatcggtgca
tcagaattgc
cgatcgtggt
ggagatcggt
tggcgtgatc

32108

Val Ser Leu

Val Asp Trp

155
Ala Arg His
170
val

His Ala

185

Glu Arg Lys

Asn Phe Gly

Gln Leu Asp

235

Thr Asn Lys
250

Cys Val
265

Lys

Arg

Leu Lys

Ala His Asn
Glu
315

Arg

Met Arg

Val Gly
330
Phe Thr
345

Arg

Val

Met Leu

cagcagttgg
atgcaatctg
ttaggcttgt
agtgccgcegce
gataccacgc
aagctgggta
ggcgataacg
ggttcgcgtc
ctgatccagt
aactgggtga
gcctgcacaa
attgataacc

-104-

125
Met Leu
140

vVal

Met

Ser Val

Met Arg Glu

Glu Leu
190
Thr

Asp
Val Thr
205
Val Pro
220

Asn

Leu

Gly Gln

Ile Leu Asn

Val Ala
270
Val

Gly
Lys Asp
285
Pro Trp Ala
300
Leu

Thr Pro

Leu Arg Lys
Gln
350

Leu

Gly Asp

Gln
365

Arg

atacagaact
cacaaacagg
gccaggcgtc
tggtagtgaa
cgcagcccgce
acaacgtatc
tgattatcgg
tctgggcgaa
ccggaacagt
agatcccaca
ccatcgatcg
agtgccagat

Ser Leu

Ala Thr
160
Leu Leu
175
Ala Thr

Leu Thr

Ala Gly

Ser Arg
240
Thr Ser
255
Leu Arg

Ser Ile

Lys Val

Ala Ala
320
Leu Asn
335
Leu Leu

Ala

acacggtgat
tcacattacg
cgcggttgtc
gaatccctac
gcagaacatt
gattggcgct
tgccggttge
cgtaaccatt
ggtaggcgca
gattggtcgc
cggcgcegetg
tgcacataac

60
120
180
240
300
360
420
480

~ 540

600
660
720



\gtcgtgattg
attggtcgtt
gacaaagtga
tattcctcag
atgaacattg
gactaa

<210>
<211>
<212>

28
341
PRT

gcgacaatac
actgcatgat
cggttacggg
gcattccget
atgacatgag

ggcggttgcec
cggcggagcec
catgggtatg
gcaacccaac
caagcgtctg

32108

ggtggcgtca
agcgtaatca
gtgatgcgtc
aaagtctggc
aaatcgcttg

ttatggcggg
acgggcatat

ccatcactga
gcaaaaccgc
agcgcaaggt

cagcctgaaa
ggaaatatgc
accaggcgtce
tgcactggtg
taatcaacaa

<213> E.

<220>

<223>

<400>

Met
1
Leu
Ser
Glu
Asp
65
Leu
Ala
Gly
Glu
Asn
145
Tyr
Val
Val
Ile
Ile
225
Val
Gly
Ile

Gly

Pro
His
Ala
His
50

Leu
Thr
Gln
Asn
Leu
130
Ser
His
Val
Lys
Gly
210
Gly
Val
Ser

Asn

Met

28

CcoO

Ser
Gly
Gln
35

Leu
Pro
Tyr
Asn
Asn
115
Gly
Lys
Glu
Gly
Ile
195
Ala
Asn
Ile
Leu
Gly

275
Val

1i

Ile
Asp
Thr
Gly
Phe
Ala
Ile
100
Val
Asp
Ile
Ile
Ala
180
Pro
Cys
Gly
Gly
Lys
260
His

Met

Arg
Gly
Gly
Leu
Ala
Arg
Ala
Ser
Asn
Gly
Gln
165
Asp
Gln
Thr
Val
Asp
245
Ile

Met

Arg

lpxD bi dét bién

Leu
Asp
His
Cys
Lys
70

Met
Pro
Ile
Val
Ala
150
Ile
Gly
Ile
Thr
Ile
230
Asn
Gly

Glu

Pro

Ala
Ile
Ile
Gln
55

Ser
Ala
Ser
Gly
Ile
135
Gly
Gly
Phe
Gly
Ile
215
Ile
Thr
Arg

Ile

Ile

Asp
Val
Thr
40

Ala
Ala
Gln
Ala
Ala
120
Ile
Ser
Gln
Gly
Arg
200
Asp
Asp
Ala
Tyr
Cys

280
Thr

Leu
Ile
25

Phe
Ser
Ala
Ile
Val
105
Asn
Gly
Arg
Asn
Tyr
185
Val
Arg
Asn
Val
Cys
265
Asp

Glu

Ala
10

Thr
Met
Ala
Leu
Leu
90

Ile
Ala
Ala
Leu
Cys
170
Ala
Ile
Gly
Gln
Ala
250
Met

Lys

Pro

-105-

Gln
Gly
Val
Val
Val
75

Asp
Asp
Val
Gly
Trp
155
Leu
Asn
Ile
Ala
Cys
235
Gly
Ile

Val

Gly

Gln
Val
Asn
Val
60

Val
Thr
Ala
Ile
Cys
140
Ala
Ile
Asp
Gly
Leu
220
Gln
Gly
Gly

Thr

Val

Leu
Ala
Pro
45

Met
Lys
Thr
Thr
Glu
125
Phe
Asn
Gln
Arg
Asp
205
Asp
Ile
Val
Gly
vVal

285
Tyr

Asp
Ser
30

Lys
Thr
Asn
Pro
Ala
110
Ser
Val
Val
Ser
Gly
190
Arg
Asp
Ala
Ile
Ala
270
Thr

Ser

Thr
15

Met
Tyr
Gln
Pro
Gln
95

Lys
Gly
Gly
Thr
Gly
175
Asn
Val
Thr
His
Met
255
Ser

Gly

Ser

Glu
Gln
Arg
Asp
Tyr
80

Pro
Leu
Val
Lys
Ile
160
Thr
Trp
Glu
Ile
Asn
240
Ala
Val

Met

Gly

780
840
900
960
1020
1026



32108

290 295 300
Ile Pro Leu Gln Pro Asn Lys Val Trp Arg Lys Thr Ala Ala Leu Val
305 310 315 320
Met Asn Ile Asp Asp Met Ser Lys Arg Leu Lys Ser Leu Glu Arg Lys
325 330 335
Val Asn Gln Gln Asp
340
<210> 29
<211> 918
<212> ADN
<213> E. coli
<220>
<223> gcvA
<400> 29
atgtctaaac gattaccacc gctaaatgcc ttacgagttt ttgatgccgc agcacgccat
ttaagtttca ctcgcgcagc agaagagctt tttgtgaccc aggccgcagt aagtcatcaa
atcaagtctc ttgaggattt tctggggcta aaactgttcc gccgccgtaa tcgttcactce
ctgctgaccg aggaaggtca aagctatttc ctcgatatca aagagatatt ttcgcaatta
accgaagcga cgcgtaaact ccaggcccgt agcgccaagg gggcgttgac ggtcagttta
ctccccagtt tcgceccattca ttggttggtt ccgcgacttt ccagctttaa ttcagettat
ccgggaattg acgttcgaat ccaggcggtt gatcgtcagg aagataagct ggcggatgat
gttgatgtgg cgatatttta tggtcggggc aactggccgg ggctacgggt ggaaaaactg
tacgccgaat atttattgcc ggtgtgttcg ccgctactgc tgacaggcga aaaacccttg
aagaccccgg aagatctggc taaacatacg ttattacatg atgcgtcacg ccgtgactgg
cagacatata cccgacagtt ggggttaaat catatcaacg ttcagcaagg gccaattttt
agtcatagcg ccatggtgct gcaagcggct attcacgggc agggagtggc gctggcaaat
aacgtgatgg cgcaatctga aatcgaggcc ggacgtcttg tttgcccgtt taatgatgtt
ctggtcagta aaaacgcttt ttatctggtt tgtcatgaca gccaggcaga actgggtaaa
atagccgcct ttcgccaatg gatcctggcg aaagccgctg ctgaacaaga aaaattccgce
tttcgttatg aacaataa
<210> 30
<211> 305
<212> PRT
<213> E. coli
<220>
<223> gcvA
<400> 30
Met Ser Lys Arg Leu Pro Pro Leu Asn Ala Leu Arg Val Phe Asp Ala
1 5 10 15
Ala Ala Arg His Leu Ser Phe Thr Arg Ala Ala Glu Glu Leu Phe Val
20 25 30
Thr Gln Ala Ala Val Ser His Gln Ile Lys Ser Leu Glu Asp Phe Leu
35 40 45
Gly Leu Lys Leu Phe Arg Arg Arg Asn Arg Ser Leu Leu Leu Thr Glu
50 55 60
Glu Gly Gln Ser Tyr Phe Leu Asp Ile Lys Glu Ile Phe Ser Gln Leu

-106-

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
918



65
Thr Glu Ala

Thr Val Ser

Leu Ser Ser
115
Ala Val Asp
130
Ile Phe Tyr
145
Tyr Ala Glu

Glu Lys Pro

His Asp Ala
195
Leu Asn His
- 210
Met Val Leu
225
Asn Val Met

Phe Asn Asp

Asp Ser Gln
275
Leu Ala Lys
290
Gln
305

<210> 31
<211> 206
<212> ADN
<213> E. co
<220>

<223> gcvB

<400> 31

acttcctgag
acggttgtga
aagctacctt
accgcctaat

<210> 32
<211> 1203
<212> ADN

70

32108

75 80

Thr Arg Lys Leu Gln Ala Arg Ser Ala Lys Gly Ala Leu

85

Leu Leu Pro Ser Phe Ala Ile His Trp Leu Val Pro Arg

100

105 110

Phe Asn Ser Ala Tyr Pro Gly Ile Asp Val Arg Ile Gln

120 125

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

135 140

Gly Arg Gly Asn Trp Pro Gly Leu Arg Val Glu Lys Leu
150 155 160
Tyr Leu Leu Pro Val Cys Ser Pro Leu Leu Leu Thr Gly

165

170 175

Leu Lys Thr Pro Glu Asp Leu Ala Lys His Thr Leu Leu

180

185 190

Ser Arg Arg Asp Trp Gln Thr Tyr Thr Arg Gln Leu Gly

200 205

Ile Asn Val Gln Gln Gly Pro Ile Phe Ser His Ser Ala

215 220

Gln Ala Ala Ile His Gly Gln Gly Val Ala Leu Ala Asn
230 235 240
Ala Gln Ser Glu Ile Glu Ala Gly Arg Leu Val Cys Pro

245

260

1i

ccggaacgaa
tgttgtgttg
ttttcacttc

250 255
Val Leu Val Ser Lys Asn Ala Phe Tyr Leu Val Cys His
265 270
Ala Glu Leu Gly Lys Ile Ala Ala Phe Arg Gln Trp Ile
280 285
Ala Ala Ala Glu Gln Glu Lys Phe Arg Phe Arg Tyr Glu
295 300
aagttttatc ggaatgcgtg ttctggtgaa cttttggctt 60
ttgtgtttgc aattggtctg cgattcagac catggtagca 120
ctgtacattt accctgtctg tccatagtga ttaatgtagce 180
tttttt 206

tgcggtgcett

<213> Escherichia coli

<220>
<223> ackA

-107-



<400> 32
atgtcgagta
60
atcgatgcag
120
gaagcacgta
180
gccgctcaca
240
ctgtctgcgce
300
agctccgtag
360
ccgctgcaca
420
ctgaaagaca
480
tcttacctet
540
gcgcacggca
600
gtagaagaac
660
cgcaacggta
720
ggtacccgtt
780
atgagcgttg
840
gaagtgacca
900
cgcgcaatgg
960
atggatggtc
1020
gttcgtgaac
1080
aacctggctg
1140
gtggttatcc
1200

tga

1203

<210> 33
<211> 400
<212> PRT
<213>
<220>
<223> ackA

agttagtact
taaatggtga
tcaaatggaa
gcgaagcgct
agctgactgce
tgatcgatga
acccggctca
aaaacgttgc
acgccctgece
ccagccactt
tgaacatcat
aatgcgttga
ctggtgatat
acgcaatcaa
gcgactgccg
acgtttactg
gtctggacgc
tgtctctggg
cacgtttcgg

caaccaacga

ggttctgaac
agagtacctt
aatggacggc
caactttatc
tatcggtcac
gtctgttatt
cctgatcggt
tgtatttgac
ttacaacctg
ctatgtaacc
cacctgccac
cacctctatg
cgatccggcg
caaactgctg
ctatgttgaa
ccaccgcectg
tgttgtattc
caaactgggc
caaatctggt

agaactggtt

Escherichia coli

32108

tgcggtagtt
tctggtttag
aataaacagg
gttaatacta
cgtatcgtac
cagggtatca
atcgaagaag
accgcgttcecce
tacaaagagc
caggaagcgg
ctgggcaacg
ggcctgaccc
atcatcttcc
accaaagagt
gacaactacg
gcgaaataca
actggtggta
gtgctgggcet
ttcatcaaca

atcgcgcaag

-108-

cttcactgaa
ccgaatgttt
aagcggcttt
ttctggcaca
acggcggcga
aagatgcagc
ctctgaaatc
accagactat
acggcatccg
caaaaatgct
gtggttccgt
cgctggaagg
acctgcacga
ctggcctgcet
cgacgaaaga
tcggtgcecta
tcggtgaaaa
ttgaagttga
aagaaggtac

acgcgagccg

atttgccatc
ccacctgccc
aggtgcaggce
aaaaccagaa
aaagtatacc
ttcttttgca
tttcccacag
gccggaagag
tcgttacgge
gaacaaaccg
ttctgctatc
tctggtcatg
caccctgggce
gggtctgacc
agacgcgaag
cactgcgctg
tgccgcaatg
tcatgaacgc
ccgtcectgeg

cctgactgcec



32108

<400> 33
Met Ser Ser Lys Leu Val Leu Val Leu Asn Cys Gly Ser Ser Ser Leu

Lys Phe Ala Ile Ile Asp Ala Val Asn Gly Glu Glu Tyr Leu Ser Gly
20 25 30
Leu Ala Glu Cys Phe His Leu Pro Glu Ala Arg Ile Lys Trp Lys Met
35 40 45
Asp Gly Asn Lys Gln Glu Ala Ala Leu Gly Ala Gly Ala Ala His Ser

Glu Ala Leu Asn Phe Ile Val Asn Thr Ile Leu Ala Gln Lys Pro Glu
65 70 75 80
Leu Ser Ala Gln Leu Thr Ala Ile Gly His Arg Ile Val His Gly Gly
85 90 95
Glu Lys Tyr Thr Ser Ser Val Val Ile Asp Glu Ser Val Ile Gln Gly
100 105 110
Ile Lys Asp Ala Ala Ser Phe Ala Pro Leu His Asn Pro Ala His Leu
115 120 125
Ile Gly Ile Glu Glu Ala Leu Lys Ser Phe Pro Gln Leu Lys Asp Lys
130 135 140
Asn Val Ala Val Phe Asp Thr Ala Phe His Gln Thr Met Pro Glu Glu
145 150 155 160
Ser Tyr Leu Tyr Ala Leu Pro Tyr Asn Leu Tyr Lys Glu His Gly Ile
165 170 175
Arg Arg Tyr Gly Ala His Gly Thr Ser His Phe Tyr Val Thr Gln Glu
180 185 190
Ala Ala Lys Met Leu Asn Lys Pro Val Glu Glu Leu Asn Ile Ile Thr
: 195 200 205
Cys His Leu Gly Asn Gly Gly Ser Val Ser Ala Ile Arg Asn Gly Lys
210 215 220
Cys Val Asp Thr Ser Met Gly Leu Thr Pro Leu Glu Gly Leu Val Met
225 230 235 240
Gly Thr Arg Ser Gly Asp Ile Asp Pro Ala Ile Ile Phe His Leu His
245 250 255
Asp Thr Leu Gly Met Ser Val Asp Ala Ile Asn Lys Leu Leu Thr Lys
260 265 270
Glu Ser Gly Leu Leu Gly Leu Thr Glu Val Thr Ser Asp Cys Arg Tyr
275 280 285
Val Glu Asp Asn Tyr Ala Thr Lys Glu Asp Ala Lys Arg Ala Met Asp
290 295 300
Val Tyr Cys His Arg Leu Ala Lys Tyr Ile Gly Ala Tyr Thr Ala Leu
305 310 315 320
Met Asp Gly Arg Leu Asp Ala Val Val Phe Thr Gly Gly Ile Gly Glu
325 330 335
Asn Ala Ala Met Val Arg Glu Leu Ser Leu Gly Lys Leu Gly Val Leu
340 345 350
Gly Phe Glu Val Asp His Glu Arg Asn Leu Ala Ala Arg Phe Gly Lys
355 360 365
Ser Gly Phe Ile Asn Lys Glu Gly Thr Arg Pro Ala Val Val Ile Pro
370 375 380
Thr Asn Glu Glu Leu Val Ile Ala Gln Asp Ala Ser Arg Leu Thr Ala
385 390 395 400

-109-



<210> 34

<211> 5003

<212> ADN

<213> Nhén tao

<220>

<223> Plasmit pACYC-asd

<400> 34

gaattccgga tgagcattca tcaggcgggc
60

gtgcttattt ttctttacgg tctttaaaaa
120

ataggtacat tgagcaactg actgaaatgc
180

tatatcaacg gtggtatatc cagtgatttt
240

aaatctcgat aactcaaaaa atacgcccgg
300

ggaacctctt acgtgccgat caacgtctca
360

ggtatcaaca gggacaccag gatttattta
420

ttattcggcg caaagtgcgt cgggtgatgc
480

gtttttgagg tgctccagtg gcttctgttt
540

acggggtggt gcgtaacggc aaaagcaccg
600

ggcttactat gttggcactg atgagggtgt
660

aaggctgcac cggtgcgtca gcagaatatg
720

actgactcgc tacgctcggt cgttcgactg
780

ggagatttcc tggaagatgc caggaagata
840

agccgttttt ccataggctc cgccccecetg
900

agtggtggcg aaacccgaca ggactataaa
960

tcgtgcgete tcctgttcet gectttcggt
1020

gtttgtctca ttccacgcct gacactcagt
1080

tgtatgcacg aaccccccgt tcagtccgac
1140

gagtccaacc cggaaagaca tgcaaaagca
1200

agaggagtta gtcttgaagt catgcgccgg
1260

tgactgcgct cctccaagcecc agttacctcg
1320

32108

aagaatgtga
ggccgtaata
ctcaaaatgt
tttcteccatt
tagtgatctt
ttttcgeccaa
ttctgcgaag
tgccaactta
ctatcagctg
ccggacatca
cagtgaagtg
tgatacagga
cggcgagcgg
cttaacaggg
acaagcatca
gataccaggc
ttaccggtgt
tccgggtagg
cgctgcgect
ccactggcag
ttaaggctaa

gttcaaagag

-110-

ataaaggccg
tccagctgaa
tctttacgat
ttagcttcct
atttcattat
aagttggccc
tgatcttccg
ctgatttagt
tccctectgt
gcgctagcegg
cttcatgtgg
tatattccge
aaatggctta
aagtgagagg
cgaaatctga
gtttcccect
cattccgctg
cagttcgctc
tatccggtaa
cagccactgg
actgaaagga

ttggtagctc

gataaaactt
cggtctggtt
gccattggga
tagctcctga
ggtgaaagtt
agggcttccc
tcacaggtat
gtatgatggt
tcagctactg
agtgtatact
caggagaaaa
ttcctegetce
cgaacggggc
gccgcggcaa
cgctcaaatc
ggcggctccc
ttatggccgce
caagctggac
ctatcgtctt
taattgattt
caagttttgg

agagaacctt



cgaaaaaccg
1380
aaaacgatct
1440
atttatctct
1500
atgtttgaca
1560
caggcagcca
1620
gtcgctcaag
1680
tggcaaatat
1740
attgtgagcg
1800
gaaaaatgtt
1860
ggttgaagag
1920
ccaggctgcg
1980
ggcgctaaag
2040
ctatccaaag
2100
gcgcatgaaa
2160
cggattaaat
2220
gatgtcgttg
2280
ccaggccgcet
2340
tctgtatggce
2400
acgcaaagtc
2460
gctggcgggt
2520
agagtggaaa
2580
agatggttta
2640
attgaaaaaa
2700
ggcgaaagtc
2760
taccggcacg
2820
cctgtcagcc
2880

ccctgcaagg
caagaagatc
tcaaatgtag
gcttatcatc
tcggaagctg
gcgcactccece
tctgaaatga
gataacaatt
ggttttatcg
cgcgacttcg
ccgtcttttg
gccctcgata
cttcgtgaaa
gatgacgcca
aatggcatca
ggtggtttat
tccggeggtg
catgtggcag
acaaccttaa

agcctgattc

gggcaggcgg
tgtgtgcgtg
gatgtgtcta
gttccgaacg
ctgaccacgc

tttaccgtgg

cggttttttce
atcttattaa
cacctgaagt
gataagcttc
tggtatggcect
gttctggata
gctgttgaca
tcagaattca
gctggcgcgg
acgccattcg
gcggaaccac
tcattgtgac
gcggatggca
tcatcattct
ggacttttgt
tcgccaatga
gtgcgcgaca
atgaactcgc
cccgtagcegg
cgtggatcga
aaaccaacaa
tcggggecatt
ttccgaccgt
atcgggaaat
cggtaggccg

gcgaccagct

32108

gttttcagag
tcagataaaa
cagccccata
gactgcacgg
gtgcaggtcg
atgttttttg
attaatcatc
aaagatcttt
tatggtcggce
ccectgtette
tggcacactt
ctgtcagggc
aggttactgg
tgaccccgtc
tggcggtaac
tcttgttgat
tatgcgtgag
gaccccgtcce
tgagctgccg
caaacagctc
gatcctcaac
gcgctgccac
ggaagaactg
cactatgcgt
cctgcgtaag

gctgtggggyg

-111-

caagagatta
tatttctaga
cgatataagt
tgcaccaatg
taaatcactg
cgccgacatc
cggctcgtat
taagaaggag
tccgttctcea
ttttctactt
caggatgcct
ggcgattata
attgacgcag
aatcaggacg
tgtaccgtaa
tgggtgtccg
ttattaaccc
tctgctattc
gtggataact
gataacggtc
acatcttccg
agccaggcat
ctggctgcgce
gagctaaccc

ctgaatatgg

gccgeggagce

cgcgcagacc
tttcagfgca
tgtaattctc
cttctggcgt
cataattcgt
ataacggttc
aatgtgtgga
atatacatat
tgcaacgcat
ctcagcttgg
ttgatctgga
ccaacgaaat
catcgtctct
tcattaccga
gcctgatgtt
ttgcaaccta
agatgggcca
tcgatatcga
ttggcgtgcecce
agagccgcga
taattccggt
tcactattaa
acaatccgtg
cagctgcecgt
gaccagagtt

cgctgcgtcg



gatgcttcgt
2940
ctccttecegg
3000
catgcaactc
3060
tcgctggagce
3120
cgctcaagcc
3180
cgccggeatg
3240
gatggccttc
3300
ggccatgctg
3360
ggctcttacc
3420
ctcggcgagce
3480
cctccecegeg
3540
cggcacctcg
3600
actgtgaatg
3660
agccgcacgce
3720
ctcctgtegt
3780
tcaccgatac
3840
acaacatgaa
3900
acgtgctgct
3960
tgactgagag
4020
ccgctgtceceg
4080
actgtcttct
4140
gccacggggce
4200
atctgcatcg
4260
cgctaaccgt
4320
cctccacggg
4380
tgcttcecggt
4440

caactggcgt
tgggcgcggyg
gtaggacagg
gcgacgatga
ttcgtcactg
gcggccgacyg
cccattatga
tccaggcagg
agcctaactt
acatggaacg
ttgcgtcgeg
ctaacggatt
cgcaaaccaa
ggcgcatctc
tgaggacccyg
gcgagcgaac
tggtcttcgg
gaagttgccc
tcaacgccat
gtagctcctt
ttatcatgca
ctgccaccat
caggatgctg
ttttatcagg
gagagcctga

agtcaataaa

32108

aatgtcgacc
gcatgactat
tgccggcagce
tcggcectgtce
gtcccgcecac
cgctgggcta
ttcttctecge
tagatgacga
cgatcactgg
ggttggcatg
gtgcatggag
caccactcca
cccttggcecag
gggcagcgtt
gctaggctgg
gtgaagcgac
tttcecgtgtt
gcaacagaga
gagcggcctc
ccggtgggceg
actcgtagga
acccacgccg
ctggctaccc
ctctgggagg
gcaaactggc

ccggtaaacc

gatgcccttg
cgtcgccgca
gctctgggtc
gcttgcggta
caaacgtttc
cgtcttgctg
ttccggeggce
ccatcaggga
accgctgatc
gattgtaggc
ccgggecacce
agaattggag
aacatatcca
gggtcctggce
cggggttgcc
tgctgctgca
tcgtaaagtc
gtggaaccaa
atttcttatt
cggggcatga
caggtgccgg
aaacaagcgc
tgtggaacac
cagaataaat
ctcaggcatt

agcaatagac

-112-

agagccttca
cttatgactg
attttcggcg
ttcggaatct
ggcgagaagc
gcgttcgcga
atcgggatgc
cagcttcaag
gtcacggcga
gccgccctat
tcgacctgaa
ccaatcaatt
tcgcgtceccge
cacgggtgcg
ttactggtta
aaacgtctgce
tggaaacgcg
ccggtgatac
ctgagttaca
ctatcgtcgce
cagcgcccaa
cctgcaccat
ctacatctgt
gatcatatcg
tgagaagcac

ataagcggct

acccagtcag
tcttctttat
aggaccgctt
tgcacgccct
aggccattat
cgcgaggctg
ccgcgttgea
gatcgctcgce
tttatgccgce
accttgtctg
tggaagccgg
cttgcggaga
catctccagc
catgatcgtg
gcagaatgaa
gacctgagca
gaagtcccct
cacgatacta
acagtccgca
cgcacttatg
cagtccccceg
tatgttccgg
attaacgaag
tcaattatta
acggtcacac

atttaacgac



32108

gggtcgaatt
agcaccaggc
ctcatcgcag
ggcatgatga
gcccatggtg
ggtgaaactc
gaaataggcc
ccggaaatcg
aacggtgtaa

acg

tgctttcgaa
gtttaagggc
tactgttgta
acctgaatcg
aaaacggggyg
acccagggat
aggttttcac
tcgtggtatt

caagggtgaa

gaaggagata tacatatgaa aaatgttggt tttatcgg

aagggcatcg gtcgacatta cgccagttga cgaagc

cctgccctga accgacgacc
4500

attatcactt attcaggcgt
4560

aattacgccc cgccctgeca
4620

acatggaagc catcacagac
4680

tcgccttgeg tataatattt
4740

gccacgttta aatcaaaact
4800

ttctcaataa accctttagg
4860

gaatatatgt gtagaaactg
4920

gtttcagttt gctcatggaa
4980

tcaccgtctt tcattgccat
5003

<210> 35

<211> 38

<212> ADN

<213> Nhén tao

<220>

<223> pACYC-asd-F
<400> 35

38

<210> 36

<211> 36

<212> ADN

<213> Nhén tao

<220>

<223> pACYC-asd R
<400> 36

36

<210> 37

<211> 1344

<212> ADN

<213> E. coli

<220>

<223> gdhA

-113-

tttctgccat
accaataact
attcattaag
ccagcggcat
cgaagaagtt
tggctgagac
cgtaacacgc
cactccagag

cactatccca

tcatccgcett
gccttaaaaa
cattctgccg
cagcaccttg
gtccatattg
gaaaaacata
cacatcttgc
cgatgaaaac

tatcaccagc



<400> 37

atggatcaga
caaaccgagt
caaaatccaa
atccagtttc
cgtgtgcagt
gttaacctct
accctgceccga
ggcgaagtga
gataccgacg
gggatgatga
tttggcggta
gcaatgttaa
ggcaacgtcg
gcgtcagact
cgtcttatcg
ggtctggtct
tgcgccaccce
aaagccgtcg
caggcaggcg
ggcctggaaa
cgtttgcatc
gagcaaacca
atgctggcgce

<210>
<211> 447
<212> PRT
<213> E.

<220>
<223>

38

gdhA

<400> 38

catattctct
tcgcgcaagce
aatatcgcca
gcgtggtatg
tcagctctgce
ccattctcaa
tgggcggtgg
tgcgtttctg
ttccggcagg
aaaagctctc
gtcttattcg
aacgccacgg
cccagtacgce
ccagcggcac
aaatcaaagc
atctcgaagg
agaacgaact
ctgaaggggc
tactgtttgc
tggcacaaaa
acatcatgct
actacgtgca

agggtgtgat

coli

ggagtcattc
cgttcgtgaa
gatgtcatta
ggttgatgat
catcggcccg
attcctcggce
taaaggcggt
ccaggcgctg
tgatatcggc
caacaatacc
cccggaagcet
tatgggtttt
tatcgaaaaa
tgtagttgat
cagccgcgat
ccaacagccg
ggatgttgac
aaatatgccg
accgggtaaa
cgctgcgcecgce
ggatatccac
gggcgcgaac
ttaa

32108

ctcaaccatg
gtaatgacca
ctggagcgtc
cgcaatcagg
tacaaaggcg
ttcgaacaaa
agcgattttg
atgaccgagc
gttggtggtc
gcctgegtcet
accggctacg
gaagggatgc
gcgatggaat
gaaagcggat
ggtcgagtgg
tggtctgtac
gccgcgceatce
accaccatcg
gcggctaatg
ctgggctgga
catgcctgtg
attgccggtt

tccaaaagcg
cactctggcc
tggttgaacc
tacaggtcaa
gtatgcgctt
ccttcaaaaa
acccgaaagg
tttatcgtca
gtgaagtcgg
tcaccggtaa
gtctggttta
gcgtttcegt
ttggtgctcg
tcacgaaaga
cagattacgc
cggttgatat
agcttatcgce
aagcgactga
ctggcggtgt
aagccgagaa
ttgagcatgg
ttgtgaaggt

cgacccgaat
ttttcttgaa
ggagcgcgtg
ccgtgcatgg
ccatccgtca
tgccctgact
taaaagcgaa
tctgggcgceg
ctttatggcg
gggcctttcea
tttcacagaa
ttctggctcce
tgtgatcact
gaaactggca
caaagaattt
cgccctgect
caatggcgtt
actgttccag
agcaacgtcg
agttgacgca
tggtgaaggt
tgccgatgcg

Met
1
Arg
Thr
Ser
Val
65
Arg
Phe
Gln
Gly

Arg

Asp
Asp
Thr
Leu
50

Val
Val
His
Thr
Gly

130
Phe

Gln
Pro
Leu
35

Leu
Trp
Gln
Pro
Phe
115

Ser

Cys

Thr
Asn
20

Trp
Glu
Val
Phe
Ser
100
Lys
Asp

Gln

Tyr
Gln
Pro
Arg
Asp
Ser
85

vVal
Asn

Phe

Ala

Ser
Thr
Phe
Leu
Asp
70

Ser
Asn
Ala

Asp

Leu

Leu
Glu
Leu
Val
55

Arg
Ala
Leu
Leu
Pro

135
Met

Glu
Phe
Glu
40

Glu
Asn
Ile
Ser
Thr
120
Lys

Thr

Ser
Ala
25

Gln
Pro
Gln
Gly
Ile
105
Thr
Gly

Glu

Phe
10

Gln
Asn
Glu
Val
Pro
90

Leu
Leu

Lys

Leu

-114-

Leu
Ala
Pro
Arg
Gln
75

Tyr
Lys
Pro

Ser

Tyr

Asn
Val
Lys
Val
60

Val
Lys
Phe
Met
Glu

140
Arg

His
Arg
Tyr
45

Ile
Asn
Gly
Leu
Gly
125
Gly

His

Val
Glu
30

Arg
Gln
Arg
Gly
Gly
110
Gly
Glu

Leu

Gln
15

Val
Gln
Phe
Ala
Met
95

Phe
Gly
Val

Gly

Lys
Met
Met
Arg
Trp
Arg
Glu
Lys
Met

Ala

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

1020
1080
1140
1200
1260
1320
1344



32108

145 150 155 160
Asp Thr Asp Val Pro Ala Gly Asp Ile Gly Val Gly Gly Arg Glu Val
165 170 175
Gly Phe Met Ala Gly Met Met Lys Lys Leu Ser Asn Asn Thr Ala Cys
180 185 190
Val Phe Thr Gly Lys Gly Leu Ser Phe Gly Gly Ser Leu Ile Arg Pro
195 200 205 -
Glu Ala Thr Gly Tyr Gly Leu Val Tyr Phe Thr Glu Ala Met Leu Lys
210 215 220
Arg His Gly Met Gly Phe Glu Gly Met Arg Val Ser Val Ser Gly Ser
225 230 235 240
Gly Asn Val Ala Gln Tyr Ala Ile Glu Lys Ala Met Glu Phe Gly Ala
245 250 255
Arg Val Ile Thr Ala Ser Asp Ser Ser Gly Thr Val Val Asp Glu Ser
260 265 270
Gly Phe Thr Lys Glu Lys Leu Ala Arg Leu Ile Glu Ile Lys Ala Ser
275 280 285
Arg Asp Gly Arg Val Ala Asp Tyr Ala Lys Glu Phe Gly Leu Val Tyr
290 295 300
Leu Glu Gly Gln Gln Pro Trp Ser Val Pro Val Asp Ile Ala Leu Pro
305 310 315 320
Cys Ala Thr Gln Asn Glu Leu Asp Val Asp Ala Ala His Gln Leu Ile
325 330 335
Ala Asn Gly Val Lys Ala Val Ala Glu Gly Ala Asn Met Pro Thr Thr
340 345 350
Ile Glu Ala Thr Glu Leu Phe Gln Gln Ala Gly Val Leu Phe Ala Pro
355 360 365
Gly Lys Ala Ala Asn Ala Gly Gly Val Ala Thr Ser Gly Leu Glu Met
370 375 380
Ala Gln Asn Ala Ala Arg Leu Gly Trp Lys Ala Glu Lys Val Asp Ala
385 390 395 400
Arg Leu His His Ile Met Leu Asp Ile His His Ala Cys Val Glu His
405 410 415
Gly Gly Glu Gly Glu Gln Thr Asn Tyr Val Gln Gly Ala Asn Ile Ala
420 425 430
Gly Phe Val Lys Val Ala Asp Ala Met Leu Ala Gln Gly Val Ile
435 440 445

<210> 39

<211> 5242
<212> ADN
<213> Nhéan tao

<220>
<223> PpACYC-gdhA plasmit

<400> 39

gaattccgga tgagcattca tcaggcgggc aagaatgtga ataaaggccg gataaaactt
60

gtgcttattt ttctttacgg tctttaaaaa ggccgtaata tccagctgaa cggtctggtt
120

ataggtacat tgagcaactg actgaaatgc ctcaaaatgt tctttacgat gccattggga
180

-115-



tatatcaacg
240
aaatctcgat
300
ggaacctctt
360
ggtatcaaca
420
ttattcggceg
480
gtttttgagg
540
acggggtggt
600
ggcttactat
660
aaggctgcac
720
actgactcgc
780
ggagatttcc
840
agccgttttt
900
agtggtggcg
960
tcgtgcgcetce
1020
gtttgtctca
1080
tgtatgcacg
1140
gagtccaacc
1200
agaggagtta
1260
tgactgcgct
1320
cgaaaaaccg
1380
aaaacgatct
1440
atttatctct
1500
atgtttgaca
1560
caggcagcca
1620
gtcgctcaag
1680
tggcaaatat
1740

gtggtatatc
aactcaaaaa
acgtgccgat
gggacaccag
caaagtgcgt
tgctccagtg
gcgtaacggc
gttggcactg
cggtgcgtca
tacgctcggt
tggaagatgc
ccataggctc
aaacccgaca
tcctgttect
ttccacgcect
aaccccceccegt
cggaaagaca
gtcttgaagt
cctccaagcc
ccctgcaagg
caagaagatc
tcaaatgtag
gcttatcatc
tcggaagctg
gcgcactccc

tctgaaatga

32108

cagtgatttt
atacgcccegg
caacgtctca
gatttattta
cgggtgatgce
gcttctgttt
aaaagcaccg
atgagggtgt
gcagaatatg
cgttcgactg
caggaagata
cgcccceccectg
ggactataaa
gcctttecggt
gacactcagt
tcagtccgac
tgcaaaagca
catgcgcecgg
agttacctcg
cggttttttce
atcttattaa
cacctgaagt
gataagcttc
tggtatggct
gttctggata

gctgttgaca

tttctccatt
tagtgatctt
ttttcgccaa
ttctgcgaag
tgccaactta
ctatcagctg
ccggacatca
cagtgaagtg
tgatacagga
cggcgagcgg
cttaacaggg
acaagcatca
gataccaggc
ttaccggtgt
tccgggtagg
cgctgcgect
ccactggcag
ttaaggctaa
gttcaaagag
gttttcagag
tcagataaaa
cagccccata
gactgcacgg
gtgcaggtcg
atgttttttg

attaatcatc

-116-

ttagcttcct
atttcattat
aagttggccc
tgatcttccg
ctgatttagt
tcecctectgt
gcgctagegg
cttcatgtgg
tatattccgce
aaatggctta
aagtgagagg
cgaaatctga
gtttcccect
cattccgctg
cagttcgctc
tatccggtaa
cagccactgg
actgaaagga
ttggtagctc
caagagatta
tatttctaga
cgatataagt
tgcaccaatg
taaatcacté
cgccgacatce

cggctcgtat

tagctcctga
ggtgaaagtt
agggcttccce
tcacaggtat
gtatgatggt
tcagctactg
agtgtatact
caggagaaaa
ttcctegete
cgaacggggc
gccgcggcaa
cgctcaaatc
ggcggctccce
ttatggccge
caagctggac
ctatcgtctt
taattgattt
caagttttgg
agagaacctt
cgcgcagacc
tttcagtgca
tgtaattctc
cttctggcgt
cataattcgt
ataacggttc

aatgtgtgga



attgtgagcg
1800
ggatcagaca
1860
aaccgagttc
1920
aaatccaaaa
1980
ccagtttcgce
2040
tgtgcagttc
2100
taacctctcc
2160
cctgccgatg
2220
cgaagtgatg
2280
taccgacgtt
2340
gatgatgaaa
2400
tggcggtagt
2460
aatgttaaaa
2520
caacgtcgcc
2580
gtcagactcc
2640
tcttatcgaa
2700
tctggtctat
2760
cgccacccag
2820
agccgtcgcet
2880
ggcaggcgta
2940
cctggaaatg
3000
tttgcatcac
3060
gcaaaccaac
3120
gctggcgeag
3180
tcctteeggt
3240
atgcaactcg
3300

gataacaatt
tattctctgg
gcgcaagccg
tatcgccaga
gtggtatggg
agctctgcca
attctcaaat
ggcggtggta
cgtttctgcc
ccggcaggtg
aagctctcca
cttattcgcce
cgccacggta
cagtacgcta
agcggcactg
atcaaagcca
ctcgaaggcce
aacgaactgg
gaaggggcaa
ctgtttgcac
gcacaaaacg
atcatgctgg
tacgtgcagg
ggtgtgattt
gggcgcgggayg

taggacaggt

32108

tcagaattca
agtcattcct
ttcgtgaagt
tgtcattact
ttgatgatcg
tcggcccegta
tcctcggett
aaggcggtag
aggcgctgat
atatcggcgt
acaataccgc
cggaagctac
tgggttttga
tcgaaaaagc
tagttgatga
gccgcgatgg
aacagccgtg
atgttgacgc
atatgccgac
cgggtaaagc
ctgcgcgcect
atatccacca
gcgcgaacat
aagtcgaccg
catgactatc

gccggcagcg

aaagatcttt
caaccatgtc
aatgaccaca
ggagcgtctg
caatcaggta
caaaggcggt
cgaacaaacc
cgattttgac
gaccgagctt
tggtggtcgt
ctgcgtcttc
cggctacggt
agggatgcgc
gatggaattt
aagcggattc
tcgagtggca
gtctgtaccg
cgcgcatcag
caccatcgaa
ggctaatgct
gggctggaaa
tgcctgtgtt
tgccggtttt
atgcccttga
gtcgccgcac

ctctgggtca

-117-

taagaaggag
caaaagcgcyg
ctctggcectt
gttgaaccgg
caggtcaacc
atgcgcecttcc
ttcaaaaatg
ccgaaaggta
tatcgtcatc
gaagtcggct
accggtaagg
ctggtttatt
gtttccgttt
ggtgctcgtg
acgaaagaga
gattacgcca
gttgatatcg
cttatcgcca
gcgactgaac
ggcggtgtag
gccgagaaag
gagcatggtg
gtgaaggttg
gagccttcaa
ttatgactgt

ttttcggcga

atatacatat
acccgaatca
ttcttgaaca
agcgcgtgat
gtgcatggcg
atccgtcagt
ccctgactac
aaagcgaagg
tgggcgcgga
ttatggcggg
gcctttcatt
tcacagaagc
ctggctccgg
tgatcactgc
aactggcacg
aagaatttgg
ccctgcecttg
atggcgttaa
tgttccagca
caacgtcggg
ttgacgcacg
gtgaaggtga
ccgatgcgat
cccagtcagce
cttctttatc

ggaccgcttt



cgctggagcg
3360
gctcaagcct
3420
gccggcatgg
3480
atggccttcc
3540
gccatgctgt
3600
gctcttacca
3660
tcggcgagcea
3720
ctccececgegt
3780
ggcacctcgce
3840
ctgtgaatgce
3900
gccgecacgcg
39560
tcctgtegtt
4020
caccgatacg
4080
caacatgaat
4140
cgtgctgetg
4200
gactgagagt
4260
cgctgtccgg
4320
ctgtcttett
4380
ccacggggcc
4440
tctgcatcge
4500
gctaaccgtt
4560
ctccacgggg
4620
gcttccggta
4680
ctgccctgaa
4740
ttatcactta
4800
attacgcccce
4860

cgacgatgat
tcgtcactgg
cggccgacgce
ccattatgat
ccaggcaggt
gcctaacttc
catggaacgg
tgcgtcgegg
taacggattc
gcaaaccaac
gcgcatctcg
gaggacccgg
cgagcgaacyg
ggtcttcggt
aagttgcceccg
caacgccatg
tagctccttce
tatcatgcaa
tgccaccata
aggatgctgc
tttatcaggc
agagcctgag
gtcaataaac
ccgacgaccg
ttcaggcgta

gccctgcecac

32108

cggcctgteg
tcecegecacce
gctgggctac
tcttcteget
agatgacgac
gatcactgga
gttggcatgg
tgcatggagc
accactccaa
ccttggcaga
ggcagcgttg
ctaggctggc
tgaagcgact
ttcecgtgttt
caacagagag
agcggcctca
cggtgggcge
ctcgtaggac
cccacgccga
tggctaccct
tctgggaggce
caaactggcc
cggtaaacca
ggtcgaattt
gcaccaggcg

tcatcgcagt

cttgcggtat
aaacgtttcg
gtcttgctgg
tccggcggcea
catcagggac
ccgctgatcg
attgtaggcg
cgggccacct
gaattggagc
acatatccat
ggtcctggcc
ggggttgcect
gctgctgcaa
cgtaaagtct
tggaaccaac
tttcttattce
ggggcatgac
aggtgccggce
aacaagcgcc
gtggaacacc
agaataaatg
tcaggcattt
gcaatagaca
gctttcgaat
tttaagggca

actgttgtaa

-118-

tcggaatctt
gcgagaagca
cgttcgcgac
tcgggatgcc
agcttcaagg
tcacggcgat
ccgccctata
cgacctgaat
caatcaattc
cgcgtccgcece
acgggtgcgce
tactggttag
aacgtctgcg
ggaaacgcgg
cggtgatacc
tgagttacaa
tatcgtcgcece
agcgcccaac
ctgcaccatt
tacatctgta
atcatatcgt
gagaagcaca
taagcggcta
ttctgccatt
ccaataactg

ttcattaagce

gcacgccctce
ggccattatc
gcgaggctgg
cgcgttgcag
atcgctcgceg
ttatgccgcece
ccttgtctgce
ggaagccgge
ttgcggagaa
atctccagca
atgatcgtgce
cagaatgaat
acctgagcaa
aagtccccta
acgatactat
cagtccgcac
gcacttatga
agtcccececgg
atgttccgga
ttaacgaagc
caattattac
cggtcacact
tttaacgacc
catccgctta
ccttaaaaaa

attctgccga



32108

cctgaatcgce
aaacgggggce
cccagggatt
ggttttcacc
cgtggtattc

aagggtgaac

catggaagcc atcacagacg gcatgatgaa
4920

cgccttgecgt ataatatttg cccatggtga
4980

ccacgtttaa atcaaaactg gtgaaactca
5040

tctcaataaa ccctttaggg aaataggcca
5100

aatatatgtg tagaaactgc cggaaatcgt
5160

tttcagtttg ctcatggaaa acggtgtaac
5220

caccgtcttt cattgccata cg

5242

<210> 40

<211> 40

<212> ADN

<213> ©Nhéan tao

<220>

<223> ©Doan mdi pACYC-gdhA F
<400> 40

gaaggagata tacatatgga tcagacatat tctctggagt
40

<210> 41

<211> 35

<212> ADN

<213> Nhén tao

<220>

<223> Poan mdi pACYC-gdhA R
<400> 41

aagggcatcg gtcgacttaa atcacaccct gcgcc

35

-119-

cagcggcatc
gaagaagttg
ggctgagacg
gtaacacgcc
actccagagc

actatcccat

agcaccttgt
tccatattgg
aaaaacatat
acatcttgceg
gatgaaaacg

atcaccagct





