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Linh vwe ky thuit dwoc dé cap

Sang ché dé cap dén vi sinh vat c¢6 kha nang ting cuong san sinh L-threonin, ché

phédm dé san xuét L-threonin va phuong phép san xuét threonin st dung vi sinh vat ndy.
Tinh trang ky thuit ciia sing ché

Threonin 13 axit amin thiét yéu, duoc str dung rong réi trong thirc &n chin nudi,
phu gia thuc phim, va chét kich thich ting truéng dong vat, va ciing dugc st dung trong
cac giai phap bu nude cho muc dich y t& va vat liéu tdng hop ding trong duoc phim.
Lién quan dén phuong phéap san xuét threonin st dung vi sinh vat, cac phuong phép dé
tang cudng cac gen sinh tong hop threonin (vi du, ppe, aspC, va thrABC) va dé ngan
chidn con duong thodi bién threonin duoc biét dén dé ting ning suit (Kwang-Ho Lee, et
al., Molecular System Biology 2007). Cac gen lién quan dén con dudng thoai bién
threonin bao gdm tdh, tdeB, glyA, ilvA, v.v., va trong s6 ndy, threonin deaminaza (ilvA)
duoc biét dén 1a gen quan trong nhét d6i véi su thoai bién threonin. Viéc xda ilvA trong
sb cac gen thoai bién gitip cai thién dang k& san lugng threonin, nhung c6 van dé 1a
isoleuxin auxotroph c6 gi4 thanh dit; do d6, 4p dung lam giam hoat tinh ilvA va dt bién
nhay cao ddi v6i isoleuxin thuong dugc biét @én (Akhverdian Valery Z. et al.).

Trong khi d6, d6i voi mdi quan hé gifta threonin va glyxin, tién chét chinh cta
serin hydroxymetyltransferaza, lién quan dén qu4 trinh tong hop glyxin, 12 serin, va biét
ring hoat tinh enzym cao hon 24 1an khi serin duoc st dung lam tién chét so véi khi
threonin duoc st dung (Simic et al., Appl Environ Microbiol. 2002). Tuy nhién, kha

niang hép thu glyxin va kha ning san sinh threonin van chua duoc biét dén.
Ban chét ky thuit ciia sang ché

Céc tac gia sang ché dua vao chét van chuyén glyxin cycA c6 ngudn gbc tir
Corynebacterium ammoniagenes d& phat trién cac vi sinh vat ¢6 thé tiép can dugc bang
céch dua glyxin giai phéng ra khoi té bao, va két qua 13, ho da phét trién ching sén sinh

L-threonin véi ndng suat cao.

Muc dich ctia sang ché 1a dé xuat vi sinh vat thudc chi Corynebacterium d€ san
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sinh L-threonin c6 hoat tinh v4n chuyén glyxin ting cuong.

Muc dich khéc cua sang ché 14 @2 xuét ché phdm dé san xuét L-threonin chira vi
sinh v4t theo sang ché.

Muc dich khac nfta cua sang ché 1a @ xuit phuong phéap san xuét L-threonin,

phuong phap bao gbm nudi cAy vi sinh vat theo sang ché.
Hiéu qua dat dugc cua sang ché

Vi sinh v4t d& san sinh L-threonin theo sang ché c6 kha nang san sinh threonin i
wu va do d6 c6 thé duoc &p dung hiéu qua d& san xuét L-threonin.
Mo ta chi tiét sing ché

Sau day, sang ché s& duoc mo ta chi tiét bén dudi. Trong khi do, timg phan mé ta
va phuong an vi du dugc boc 10 trong sang ché ciing c6 thé dugc &p dung cho timg phan
mb ta va phuong an khac. C6 nghia 1, tAt ca sw két hop clia cac phan md ta khdc nhau
duoc boc 19 trong sang ché déu thudc pham vi clia sing ché. Ngoai ra, phan md ta chi

tiét dudi day c6 thé khong gioi han pham vi clia séng ché.

Ngoai ra, nhitng ngudi cé hiéu biét trung binh trong cung linh vuc k§y thudt c6 thé
nhan ra hodic xac nhén, chi st dung thir nghiém thong thuong, nhiéu diém tuong duong
v6i cac khia canh cu thé cua sang ché dugc mo ta & day. Hon nita, nhiing diém tuwong

duong nay cling duoc bao gbm trong sang ché.

Mot khia canh clia sang ché dé xuat vi sinh vat thudce chi Corynebacterium deé san

sinh L-threonin c6 hoat tinh van chuyén glyxin ting cuong.

Nhu duoc st dung trong sang ché, thuat ngit “chat van chuyén glyxin” ¢6 thé bao
gdm bét ky protein ndo c6 kha nang dua glyxin vao t& bao, va cu thé 1a n6 c6 thé 14 chat
vén chuyén D-serin/D-alanin/glyxin. Chét van chuyén glyxin c6 thé dugc st dung thay
thé cho chét van chuyén D-serin/D-alanin/glyxin hodc protein d& hép thu glyxin.

“Chét vén chuyén D-serin/D-alanin/glyxin” 13 protein c6 thé tham gia vao qua trinh
van chuyén toan bd serin, alanin, va glyxin, va thdng tin vé chung c6 thé thu duogc béng
cach tim kiém trinh tu chét van chuyén D-serin/D-alanin/glyxin trong co s¢ dir liéu da
biét nhu Ngan hang gen cta Trung tdm Thong tin Cong nghé Sinh hoc Qudc gia
(National Center for Biotechnology Information: NCBI). Tét hon 14, chit van c6 thé 14
CycA hodc AapA, va tot hon nita 13 protein CycA, nhung sang ché khong bi gi¢i han &

2



44312 356

day.

Nhu duoc st dung trong sang ché, thuat ngt “protein CycA” d& cap dén protein
tham gia vao qud trinh hép thu serin, alanin, va glyxin. Protein CycA dugc ma hoa béi
gen cycA, va gen cycA duoc biét 12 tdn tai trong céc vi sinh vét nhw Escherichia coli,
Klebsiella pneumoniae, Mycobacterium bovis, Salmonella enterica, Erwinia amylovora,

va Corynebacterium ammoniagenes.

P6i v6i muc dich cta sang ché, protein CycA theo sang ché c6 thé bao gdm bat ky
protein nao mién 1a né c6 thé tang cudng kha ning san sinh threonin. Tét hon 13, protein
CycA c6 thé c6 ngudn gdc tir vi sinh vat thudc chi Corynebacterium, va t5t hon nita 1a
c¢6 ngudn gbe tir Corynebacterium ammoniagenes, nhung sang ché khong bi gi6i han &
day. Corynebacterium ammoniagenes cung loai voi Brevibacterium ammoniagenes, va
dugc phan loai trong cung don vi phan loai véi Corynebacterium stationis Va
Brevibacterium stationis (International Journal of Systematic and Evolutionary
Microbiology 60:874-879). Ngoai ra, Brevibacterium ammoniagenes d3 dwoc ddi tén

thanh Corynebacterium stationis.

Theo d6, nhu duoc st dung trong sang ché, cic thuat ngi Corynebacterium
ammoniagenes, Brevibacterium ammoniagenes, Corynebacterium  stationis, va

Brevibacterium stationis c6 thé duge st dung thay thé cho nhau.

Protein CycA theo sang ché c6 thé bao gdm trinh ty axit amin ¢6 SEQ ID NO: 16

hodc trinh tu axit amin c9 it nhét 70% tuong ddng hoic déng nhét véi né.

Cu thé 13, protein CycA ¢6 thé bao gdm trinh ty axit amin c6 SEQ ID NO: 16 hoac
trinh tu axit amin c6 it nhit 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, holic 99% tuong dong hodc dong nhat véi trinh
tu axit amin c6 SEQ ID NO: 16. Ngoai ra, ro rang la bét ky trinh tu axit amin nao, trong
dé mot phén cua trinh tu bi xda, stra dbi, thay thé, hodc thém vao cling ¢ thé thudc
pham vi cia sang ché mién 14 trinh tu axit amin c6 su tuong déng hodc déng nhét va thé
hién hiéu qua tuong tmg voi hiéu qua cua protein bén trén.

Ngodi ra, diu do ¢6 thé dugc didu ché tir trinh tw gen da biét, vi dy, bat ky
polypeptit ndo dugc mé héa boi polynucleotit co thé 1ai v6i trinh tu bd sung véi toan bd
hoac mot phz‘in cua trinh tu nucleotit trong céac diéu kién nghiém ngat dé mi hoa

polypeptit, co thé bao gém céc polypeptit c6 hoat tinh hép thu serin, alanin, va glyxin.

3
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T 13, nhu duge st dung trong sang ché, mac du no dugc mo ta 1a “protein hodc

2
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€

polypeptit bao gdm trinh ty axit amin dugc mé ta bing ma nhan biét cy th protein
hodc polypeptit bao gém trinh tu axit amin dugc md ta bang mi nhan biét cu thé”, 'hoéc
“protein hogc polypeptit c6 trinh tw axit amin dugc mo ta bing ma nhan biét cu thé”, rd
rang la bét ky protein nao c6 trinh ty axit amin trong doé mot phﬁn cua trinh tu bi x6a,
sita dbi, thay thé, thay thé bao thii, hodc thém vao c6 thé dugc sir dung trong séng ché
ngay c4 khi n6 c¢6 hoat tinh turong tw hodc tuong mg voi polypeptit co trinh tw axit amin
c6 ma nhén biét twong tmg. Vi du, nd ¢6 thé xay ra trudng hop du N va/hodc dau C clia
trinh tu axit amin dugc thém vao voi trinh tu khong lam thay dbi chirc ning cla protein,

d6t bién xay ra tw nhién, dot bién thé vi ciia chiing, dot bién cdm, hogc thay thé bao thi.

Nhu duoc st dung trong sang ché, thuat ngit “thay thé bao thu” dé cap dén su thay
thé axit amin bang axit amin khéc ¢6 céu truc va/hodc tinh chit hoa hoc tuong tu. Sy
thay thé axit amin nhu vy thudng co6 thé xay ra dua trén su giéng nhau vé do phén cuc,
dién tich, tinh hoa tan, tinh ky nudc, tinh wa nudc va/hodc ban chit ludng tinh cla céc
gbe. Vi duy, céc axit amin tich dién duong (c6 tinh bazo) bao gbém arginin, lysin, va
histidin; cac axit amin tich dién &m (c6 tinh axit) bao gbm axit glutamic va axit aspartic;
céc axit amin thom bao gdm phenylalanin, tryptophan, va tyrosin; va cdc axit amin ky
nudc bao gém alanin, valin, isoleuxin, leuxin, methionin, phenylalanin, tyrosin, va

tryptophan.

Nhu dugc st dung trong sang ché, thuat ngit “polynucleotit” c6 nghia la bao gdm
chung céc phéan tir ADN hodc ARN. Cac nucleotit la cac don vi cAu tric co ban cla céc
polynucleotit, khong chi bao gbm cac nucleotit tyr nhién ma con bao gbm cac bién_déi
tuong tu cia ching trong d6 cac vi tri dudng hodc bazo bi bién ddi (xem Scheit,
Nucleotit Analogs, John Wiley, New York (1980); Uhlman va Peyman, Chemical
Reviews, 90:543-584 (1990)).

Polynucleotit c6 thé 1a polynucleotit ma héa protein CycA ctia sang ché, hoic c6
thé 13 polynucleotit mé& hoa polypeptit co it nhét 70%, 75%, 80%, 85%, 86%, 87%, 88%,
89%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, hodc 99% tuong ddng hoic
ddng nhét véi protein CycA clia sang ché. Cu thé 13, vi du, polynucleotit ma héa protein
bao gdm trinh tu axit amin ¢6 SEQ ID NO: 16 hodac trinh ty axit amin c6 it nhit 70%
tuong ddng hodc dong nhét véi SEQ ID NO: 16 ¢6 thé 1a polynucleotit bao gdm trinh
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tu axit amin c6 SEQ ID NO: 17 hodc ¢ it nhat 70%, 75%, 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, hodc 99% tuong d6ng hoic
ddng nhét v6i trinh tu polynucleotit c6 ma nhan biét SEQ ID NO: 17.

Ngoai ra, rd rang 1a do su thoai bién ctia don vi mi hda (codon), cac protein bao
gdm trinh tu axit amin ¢c6 SEQ ID NO: 16 hoic c6 it nhat 70% ddng nhét véi SEQ ID
NO: 16, hoic ciing c6 thé bao gdém céc polynucleotit c6 thé duogc dich ma thanh cac
protein cé su tuong ddng hoic ddng nhat v6i nd. Ngoai ra, polynucleotit cia sang ché
¢6 thé bao gdm diu do ¢6 thé duoc didu ché tir trinh tw gen da biét, vi du, bt ky trinh tu
polynucleotit nao ¢é thé lai v6i trinh tu bd sung véi toan bd hodc mot phén ctia trinh tu
polynucleotit trong cac diéu kién nghiém ngit dé m3 hoéa céc protein bao gdm trinh tu
axit amin c6 SEQ ID NO: 16 hodic c6 it nhit 70% ddng nhét, tuy nhién sang ché khong
bi gi6i han & day. “Cac didu kién nghiém ngat” d& cap dén cac diéu kién cho phép phép
lai cu thé gitra cac polynucleotit. Cac diéu kién duoc mo ta cu thé trong tai lidu tham
khao (xem J. Sambrook et al., Molecular Cloning, A Laboratory Manual, 2nd Edition,
Cold Spring Harbor Laboratory press, Cold Spring Harbor, New York, 1989; F.M.
Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc., New
York). Vi dy, cac diéu kién nghiém ngat c6 thé bao gdm cac diéu kién ma cac gen c6 su
tuong ddng hodc ddng nhét cao hon hoic bang 70%, cao hon hodc béang 80%, t6t hon 1a
cao hon hoic bing 85%, t6t hon nita 1 cao hon hodc bing 90%, con tdt hon nita 13 cao
hon hodc bing 95%, t6t hon nita 1a cao hon hodic bang 97%, va tot nhét 14 cao hon hodc
béng 99% dugc lai voi nhau, va cac gen c6 sy tuong ddng hodc ddng nhét thip hon céac
su tuong ddng hodc d@)ng nhét bén trén khong dugc lai véi nhau, hodc cac diéu kién rtra
cua phép lai Southern, tirc 1a, rira mot 14n, t6t hon 13 hai hodc ba 14n véi néng d6 mudi
va nhiét d6 tuong tng voi 60°C, 1xSSC, 0,1% SDS, t6t hon 1a 60°C, 0,1xSSC, 0,1%
SDS, va t6t hon nita 1a 68°C, 0,1xSSC, 0,1% SDS.

Phép lai yéu ciu hai axit nucleic chtra céc trinh tur bd sung, mic du sy khong phu
hop gifta cac bazo co thé xay ra phu thudc d6 nghiém ngit ctia phép lai. Thuat ngir “bd
sung” dugc sir dung dé dé mo ta mbi quan hé gitra cac bazo nucleotit 6 thé lai voi nhau.
Vi du, dbi véi ADN, adenosin duoc bd sung v6i thymin, va xytosin duoc bd sung véi
guanin. Do do, polynucleotit theo sang ché c6 thé bao gdm céc doan nucleotit da phan
lap bd sung v6i toan bd trinh tw ciing nhu céac trinh tu polynucleotit vé& co ban gidng
nhau.
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Cu thé 13, cac polynucleotit c6 sy twong ddng hoic ddng nhit c6 thé duogc phét
hién bing cach sit dung céc didu kién lai bao gdm budc lai tai gid tri Tm 14 55°C trong
céc didu kién da mo ta bén trén. Ngodi ra, gia tri Tm ¢6 thé 12 60°C, 63°C, hodc 65°C,
nhung sing ché khong bi gi6i han & day, va ¢6 thé dugc diéu chinh pht hop béi ngudi

¢6 hiéu biét trung binh trong cling linh vuc ky thuat dua trén myc dich cta phép lai.

Nhu duoc sir dung trong sang ché, thut ngit “twong ddng” hogc “dong nhét” dé
cap dén mirc d6 lién quan gifta hai trinh tu axit amin hodc trinh tu nucleotit, va ¢ thé
duoc biéu thi bing phan trim. Céc thuét ngit tuong ddng va ddng nhét c6 thé thudng

| dugc st dung thay thé cho nhau. Trinh tu tvong dong hodc ddng nhét cta cac trinh ty
polynucleotit hodc polypeptit bao tdn c6 thé duge x4c dinh bang c4c thuat toan cén chinh
tiéu chudn va c6 thé duge st dung ham phat khoang trbng mic dinh duge thiét 1ap bdi
chuong trinh d& st dung. V& co ban, trinh tw twong déng hodc ddng nhat thong thuong
¢6 thé duoc lai trong cac diéu kién nghiém ngit cao hodc trung binh v6i toan bo hoac it
nhét khoang 50%, 60%, 70%, 80%, hodc 90% toan bo chiéu dai cta ce trinh tu. Céc
polynucleotit bao gbm céc don vi mé héa thodi bién thay vi cac don vi mé hoa trong céc

polynucleotit lai cling dugc xem x¢t.

Su tuong ddng hodc dong nhét ctia céc trinh tu polypeptit hodc polynucleotit c6
thé duoc xac dinh béng, vi dy, thuat todn BLAST theo tai liéu (xem Karlin va Altschul,
Pro. Natl. Acad. Sci. USA, 90, 5873 (1993)), hodc FASTA ctia Pearson (xem Methods
Enzymol., 183, 63, 1990). Dua trén thuét toan BLAST, chuong trinh duoc goi 1a
BLASTN ho#ic BLASTX da dugc phat trién (xem http://www.ncbi.nlm.nih.gov). Ngoai
ra, bt ky cac trinh ty axit amin hodc polynucleotit nao co su twong déng, gidng, hoic
ddng nhét véi nhau hay khong c6 thé dwoc xac dinh bang cach so sanh céc trinh tur trong
thir nghiém phép lai Southern trong cac diéu kién nghiém ngat nhu da xac dinh, va cac
didu kién lai thich hop duoc xdc dinh boi nhitng ngudi hidu biét trung binh trong cling
linh vuc k¥ thuét, va cé thé duoc x4c dinh bang phuong phap dugc nhing ngudi c6 hiéu
biét trong cling linh vyc k¥ thuat biét dén rong rii (vi dy, J. Sambrook et al., Molecular
Cloning, A Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory press, Cold
Spring Harbor, New York, 1989; F.M. Ausubel et al., Current Protocols in Molecular
Biology).

Nhu duge st dung trong sang ché, thuat ngit “ting cudng hoat tinh cua protein”
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6 nghia 13 hoat tinh dugc ting cudng so vai hoat tinh noi sinh cta vi sinh vat hodc hoat
tinh trudce khi bién nap. Tang cuong hoat tinh c6 thé bao gdm ca viéc dua vao protein
ngoai lai va ting cudng hoat tinh cia protein néi sinh. Tic 13, n6 bao gdm dua protein
ngoai lai vao vi sinh vat c6 hoat tinh ndi sinh cua protein dac hiéu, va dua protein vao
vi sinh vat khong c6 hoat tinh ndi sinh. “Pua protein vao” c6 nghia la hoat tinh cta
protein dgc hiéu duoc dua vao vi sinh vat dé hoat tinh cua protein dugc bién dbi dé biéu

hién. N6 cling c6 thé duoc biéu hién nhur ting cudng hoat tinh cua protein tuong ung.

Nhu dugc st dung trong sang ché, thuat ngit “ndi sinh” dé cap dén trang thai ban
dAu cta ching b me trudc bién nap, khi cac ddc diém cta vi sinh vat bi thay d6i do dot

bién gen gy ra bdi cac yeu to tu nhién hodc nhéan tao.

Theo sang ché, ting cudng hoat tinh c6 thé duoc thuc hién bang cac phuong phap

sau day:
1) phuong phap dé ting s6 lwong ban sao cua polynucleotit mad hoa protein;
2) phuong phép stra ddi trinh tw diu hoa biéu hién dé tang biéu hién polynucleotit;

3) phuong phép sua ddi trinh tu polynucleotit trén nhiém sic thé dé ting cuong
hoat tinh protein;

4) phuong phap dua vao polynucleotit ngoai lai biéu hién hoat tinh protein hodc
polynucleotit da bién ddi trong d6 cac don vi ma héa clia polynucleotit trén da dugc t61
uu hoa; va

5) phuong phap bién dbi dé tang cudng hoat tinh bing céch két hop cée phuong
phéap bén trén, nhung phwong phap khong bi gidi han ¢ day.

Viéc ting sd lugng ban sao clia polynucleotit trong phuong phap 1) bén trén c6 thé
duoc thuc hién & dang trong d6 polynucleotit dugc lién két chitc ning voi vecto, hodc
bang cach chén vao nhiém séc thé cua té bao chi, nhung sang ché khong bi gidi han cu
thé & day. Cu thé 13, n6 c6 thé dugc thuc hién béng lién két chirc niing polynucleotit ma
héa protein cuia sang ché vé6i vecto ¢6 thé sao chép va hoat dong khong phan biét té bao
chi, va dua né vao té bao chi. Ngoai ra, nd ¢6 thé duge thuc hién bang phuong phap dé
tang sd lugng ban sao cua polynucleotit trong nhiém séc thé cta té bao chﬁ bang cach
lin két chirc nang polynucleotit véi vecto c6 thé chén polynucleotit vao nhiém shc thé

cua té bao chu, va dua nd vao té bao chu.
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Tiép theo, stra dbi trinh tu diduhoa biéu hién sao cho sy biéu hién cuia polynucleotit
duoc tang 1én trong phuong phap 2) c6 thé dugc thuc hién bang cach tao ra bién dbi
trong trinh ty thdng qua x6a, cheén, hodc thay thé khong bao thll hodc bao thu trinh tu
axit nucleic, hodc sy két hop cua chung d8 ting cudng hon nita hoat tinh cua trinh tur
didu hoa biéu hién, hoic b%mg cach thay thé véi trinh tu axit nucleic c6 hoat tinh manh
hon, nhung séng ché khong bi gioi han cu thé ¢ ddy. Ngoai ra, trinh ty didu hoa biéu
hién c6 thé bao gdm promoto, trinh tu diéu khién, trinh ty ma héa vi tri bAm ribosom,
trinh tu kidm sodt két thuc phién ma va dich m, v.v., nhung séng ché khdng bi gi6i han

cu thé & day.

Promoto di hgp manh c6 thé dugc lién két v6i ving nguge dong cua don vi biéu
hién ctia polynucleotit thay vi promoto ban d4u. Céc vi du ctia promoto manh bao gdm
promoto  CJ7 (patent Han Qudc s6 0620092 va cong b6 don qudc té
s6 WO 2006/065095), promoto lysCP1 (cong bd don quéc t& s6 WO 2009/096689),
promoto EF-Tu, promoto groEL, promoto aceA hoic aceB, v.v., nhung promoto manh
khong bi gii han ¢ ddy. Ngoai ra, sua di trinh tu polynucleotit trén nhiém sic thé trong
phuong phap 3) ¢ thé dwoc thuc hién bang cich tao ra bién déi trong trinh tu diéu hoa
biéu hién thong qua x06a, chen, hodc thay thé khong bao thu hodc bao thi trinh tu axit
nucleic, hodc su két hop cta chung dé tang cuong hon nita hoat tinh cta trinh tu
polynucleotit, hodc bing cach thay thé trinh tu polynucleotit v6i trinh tw polynucleotit
bién ddi dé c6 hoat tinh manh hon, nhung sang ché khong bi giti han cu thé & day.

Ngoai ra, viéc dua trinh ty polynucleotit ngoai lai trong phuong phép 4) c6 thé
duoc thuc hién bang cach dua vao té bao chu polynucleotit ngoai lai ma héa protein biéu
hién hoat tinh giéng hét hodc tuong tu vdi protein bén trén, hodc bién ddi polynucleotit
trong d6 cac don vi ma hoa clia polynucleotit ngoai lai dd dugc t81 wru héa. Polynucleotit
ngoai lai co thé duoc st dung ma khong gidi han ngudn gdc hogc trinh tu cla né mién
12 n6 biéu hién hoat tinh giéng hét hodc tuwong tw vai hoat tinh cla protein. Ngoai ra,
polynucleotit ngoai lai co thé duoc dua vao t& bao chu sau khi ti wu héa cac don vi ma
héa cua n6 dé dat duoc phién ma va dich ma tdi uu trong té bao chu. Viéc dua vao cb
thé duoc thuc hién bsi nhitng ngudi co hiéu biét trung binh trong cting linh vuc k¥ thuat
bang cach Iya chon phuong phap bién nap phu hop da biét trong linh vuc nay, va protein
¢6 thé duoc tao ra khi cac polynucleotit dua vao duge biéu hién troﬁg té bao chu, nhd

d6 lam ting hoat tinh cta no.
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Cudi ciing, phuwong phéap bién di dé tang cuong hoat tinh bing cach két hop cac
phuong phap 1) dén phuong phap 4) trong phuong phap 5) ¢6 thé duoc thuc hién bang
cach ap dung két hop it nhit mot trong cac phuong phap sau: tang s6 lugng ban sao cla
polynucleotit ma héa protein; sira dbi trinh tu diéu hoa biéu hién sao cho sy biéu hién
ctia polynucleotit dwgc tang 1én; stra doi trinh tu polynucleotit trén nhiém sic thé; va
bién dbi polynucleotit ngoai lai biéu hién hoat tinh protein hodc polynucleotit bién d6i

t61i wu don vi méa hoa ctia chung.

Nhu duoc st dung trong sang ché, thuat ngit “vecto” dé cap dén cAu traic ADN
chtra trinh tu polynucleotit ma hoa protein dich, duoc lién két chirc ning véi trinh tur
diéu hoa thich hop sao cho protein dich ¢6 thé duoc biéu hién trong vat chi thich hop.
Trinh tu didu hoa bao gdm promoto c6 kha nang khdi d4u qua trinh phién m4, bat ky
trinh tw didu khién nao dé kiém soat qua trinh phién ma, trinh tw md hoéa vi tri bam
mARN ribosom thich hgp, va trinh ty kiém soat két thiic phién ma va dich ma. Sau khi
duoc bién nap vao té bao chu thich hop, vecto ¢é thé duoc sao chép hodc hoat dong
khong phan biét bd gen vat chu, va co thé duoc tich hop vao chinh b gen ctia vat chu.
Vi duy, polynucleotit ma hoa protein dich trong nhidm séc thé c6 thé duoc thay thé bang
polynucleotit da bién d6i thong qua vecto d8 chén vao nhi®m sic thé. Viéc dua

“polynucleotit vao nhidm séc thé c6 thé duoc thuc hién bing bit ky nao phuong phap
duoc biét dén trong cung linh vuc k¥ thudt, vi dy, tai t6 hop twong dong, nhung séng
ché khong bi gi6i han & day.

Vecto duge st dung trong sang ché khong bi gidi han cu thé midn 1a no c6 thé
duoc sao chép trong té bao chi, va bat ky vecto nao duoc biét dén trong clung linh vuc
k¥ thuat co thé duoc st dung. Céc vi du ctia cic vecto thuong duoc str dung co thé bao
gém cac plasmit, cosmit, virut, va thuc khun tu nhién hodc tai t6 hop. Vi dy, nhu vecto
phago hodc vecto cosmit, pWELS5, M13, MBL3, MBL4, IXII, ASHII, APIIL, t10, t11,
Charon4A, Charon21A, v.v. co thé dugc st dung, va nhu vecto plasmit géc pBR, pUC,
pBluescriptll, pGEM, pTZ, pCL, pET, v.v. c6 thé dugc sir dung. Cu thé 13, cac vecto
pDZ, pACYC177, pACYC184, pCL, pECCGI117, pUC19, pBR322, pMW118,
pCCIBAC, v.v. ¢6 thé duoc st dung.

Nhu dugc sir dung trong sang ché, thuat ngir “bién nap” dé cap dén qua trinh dua

vecto bao gdm polynucleotit ma hoa polypeptit dich vao té bao chu, do d6 cho phép su
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biéu hién ctia polypeptit dugc ma hoa bdi polynucleotit trong té bao chi. Mién la
polynucleotit duoc bién nap c6 thé duoc biéu hién trong té bao chy, khong quan trong
1a n6 duoc dua vao nhidm séc thé ciia t bao chi va ndm & d6 hodc ndm ngoai nhiém
shc thé, va c6 thé bao gbm ca hai trudng hop. Ngoai ra, polynucleotit bao gébm ADN va
ARN m3 héa polypeptit dich. Polynucleotit c6 thé duoc dua vao dudi bit ky hinh thirc
nao midn 14 n6 co6 thé duge dua vao té bao chi va duoc biéu hién trong té bao chu. Vi
du, polynucleotit c6 thé dugc dua vao té bao cht dudi dang catxet bidu hién, 14 cAu tric
gen bao gdm tAt ca cac yéu tb can thiét dé ching tw biéu hién. Catxet biéu hién c6 thé
thudng bao gdm promoto duge lién két chtrc nang véi polynucleotit, ving gen két thuc,
vi tri bAm ribosom, va don vi ma hoa két thuc. Catxet biéu hién c6 thé & dang vecto biéu
hién c6 kha nang tu sao chép. Ngoai ra, polynucleotit c6 thé duoc dua vao té bao chi
" phu né vén ¢6 va duoge lién két chirc ning véi trinh tur cin thiét cho sy biéu hién cta né

trong € bao chi, nhung sang ché khong bi gioi han & day.

Ngoai ra, nhu dugc st dung bén trén, thut ngit “lién két chic ning” dé cap dén
két chitc ning giita trinh tu gen bén trén va trinh tw promoto khoi d4u va lam trung gian

cho qué trinh phién ma cua polynucleotit ma héa protein dich cua sang ché.

Phuong phép bién nap vecto cua sang ché bao gdm bit ky phuong phép nao dua
axit nucleic vao té bao, va c¢6 thé dugc thuc hién bang cach lya chon k¥ thuét tiéu chuin
phu hgp duoc biét dén trong cung linh vuc k¥ thuat tuy thudc vao té bao chu. Vi du,
bién nap c6 thé dugc thuc hién théng qua dién bién nap, két tha canxi phosphat (CaPO4),
két ti canxi clorua (CaCly), vi tiém, k¥ thuat polyetylen glycol (PEG), k¥ thuat DEAE—-
dextran, k§ thuat liposom cation, k¥ thut lithi axetat-DMSO, v.v., nhung cic phuong
phap khong bi giéi han & ddy.

Nhu dugce sir dung trong sang ché, thuat ngit “vi sinh vét san sinh L-threonin” bao
g6m tAt c& cac vi sinh vat hoang dai, hodc cac vi sinh vat bién d6i gen tu nhién hodc
nhan tao, va nd co thé dé cap dén vi sinh vat c6 kha ning san sinh L-threonin, hodc vi
sinh vat ma kha ning san sinh L-threonin dugc truyén cho ching bd me khong c6 kha
ning san sinh L-threonin. Ngoai ra, n6 ¢6 thé 1a vi sinh vét trong d6 co ché cu thé bi suy
yéu hoic tang cuong do sy chén gen ngoai lai, hodc tang cuong hodc bt hoat hoat tinh
cua gen ndi sinh, va no cé thé 1a vi sinh v4t trong d6 xay ra dot bién gen hodc hoat tinh

duoc ting cudng de san sinh L-threonin mong mudn.
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Vi du, vi sinh vat d8 san sinh L-threonin c6 thé 1a vi sinh vat c¢6 hoat tinh van
chuyén glyxin ting cudng. Ngoai ra, n6 c6 thé 13 vi sinh vat trong d6 giai man cam cua
enzym trén con duong sinh tdng hop threonin bi e ché, hodc co6 thé 13 vi sinh vat san
sinh threonin bang cach ting cudng hodc e ché enzym lién quan dén con duong sinh
tdng hop threonin. Ngoai ra, né c6 thé 14 vi sinh vat san sinh threonin bing cach bét hoat
hoat tinh enzym hodc protein khong anh hudng dén sinh tong hop threonin, do d6 tao
didu kién cho su chuyén héa con dudng sinh tong hop threonin. Ngoai ra, n ¢6 thé 1a
vi sinh vt trong d6 hoat tinh cua chét trung gian, ddng yéu 6, hodc protein hodc enzym
trén con dudng tiéu thu ngudn ning lugng trén con duong sinh tdng hop threonin bi bat

hoat.

Cu thé hon 14, n6 c6 thé 1a vi sinh vét trong d6 giai min cam trén con dudng sinh
tong hop threonin bi trc ché bing cach bién ddi cac polypeptit ctia lysC (aspartat kinaza)
va hom (homoserin dehydrogenaza), biéu hién protein lién quan dén viéc ting san sinh
threonin duoc ting cudng, hodc enzym li€n quan dén con dudng thoai bién threonin bi

bAt hoat.

Tuy nhién, d4y chi 1a vi dy, va vi sinh vat khong bi gidi han & day. Ngoai ra, n6 cé
thé 1a vi sinh vat ting cudng su biéu hién ciia cic gen ma hda céc enzym cla cdc con
dudng sinh tong hgp L-threonin khac nhau da biét hodc bat hoat c4c enzym trén cac con
duong thoai bién. Vi sinh vat 8 san sinh L-threonin c6 thé dugc san xuét bing cach 4p

dung céc phuong phap khéc nhau da biét.

Nhu duoc st dung trong sang ché, thuat ngi “bét hoat hoat tinh protein” c6 nghia
1a chtiing hoang dai ty nhién, chung bd me, hodc protein twong Gng khong c6 biéu hién
ctia enzym hodc protein, hodc khong c6 hoat tinh hogc bi giam hoat tinh méc du dugc
biéu hién, so véi ching khong bién dbi. Cu thé 1a, sy giam 1a mot khai niém toan dién

‘bao gdm trudong hop ban than hoat tinh protein bi giam so véi hoat tinh protein ban dau
cua vi sinh vét do dot bién gen ma hoéa protein, stra dbi trinh tu diéu hoa biéu hién, hoic
x6a mdt phan hozc toan bd gen, v.v.; truong hop muic do hoat tinh téng thé ctia protein
néi bao bi giam so voi chiing tu nhién hodc ching truée khi bién doi do su te ché bidu
hién clia gen ma hoa protein hodc sy trc ché dich m3; va su két hop ctia chiing. Theo
sang ché, bét hoat c6 thé dat duoc bing cach 4p dung cac phuong phap khac nhau da

duoc biét dén rong rai trong cing linh vue k¥ thuét. Cac vi du ctia cac phuong phép co

11



44312

thé bao gdm 1) phuong phap x6a mot phan hogc toan by gen ma hoéa protein; 2) phuong
phap stra déi trinh tw diéu hoa biéu hién sao cho sur bieu hién clia gen bi giam; 3) phuong
phép stra d6i trinh tw gen ma hoa protein sao cho hoat tinh protein bi loai bé hodc lam
suy yéu; 4) phuong phap dua antisense oligonucleotit (vi du, antisense ARN) lién két
bb sung v6i ban sao ctia gen ma hoéa protein; 5) phuong phap thém trinh tu bd sung vao
phia truéc (upstream) trinh tu Shine-Dalgarno voi trinh tu Shine—Dalgarno ctia gen ma
hoa protein dé tao thanh chu triic tht cAp, do d6 trc ché su gén vao ribosom; va 6) phuong
phap phién ma ngugc (RTE) d2 thém promoto dau 3’ ctia khung doc mé (ORF) cua trinh
tur polynucleotit ctia gen ma héa protein dé duoc phién ma ngugc; va su két hop cua

chiing, nhung séang ché khong bi gidi han cu thé & day.

Péi v6i muc dich cta sang ché, vi sinh vat theo sang che c6 thé la bat ky vi sinh

vat nao mién 12 né mang chat van chuyén glyxin va c6 kha ndng san sinh L-threonin.

Theo sang ché, thuat ngit “vi sinh vét c6 kha ning san sinh L-threonin” ¢6 thé dugc
st dung thay thé cho “vi sinh vat san sinh L-threonin”, “vi sinh v4t c6 kha nang san sinh

L-threonin”, va “vi sinh vat d€ san sinh L-threonin”.

Vi sinh vt san sinh threonin theo sang ché c6 thé 14 vi sinh vt trong d6 hoat tinh
protein phan cét glyxin dugc ting cuong hon nita. “Vi sinh vat san sinh threonin” va

“ting cudng hoat tinh ctia protein” gidng nhu m6 ta bén trén.

Nhu dugce st dung trong sang ché, thuat ngit “protein phan cit glyxin” 1a protein
lién quan truc tiép hogc gian tiép dén con duong phan cit glyxin, va c6 thé duoc sir dung
d2 chi ting protein bao gdm hé thdng phan cét glyxin (GCV) hodc phtic hop cta protein
hodc chinh hé théng phan cit glyxin.

Cu thé 13, protein phan bét glyxin c6 thé 1a bat ky mot hodc nhiéu loai dugc chon
tir nhém bao gdm T-protein (GevT), P-protein (GevP), L-protein (GevL), hodc H-
protein (GevH) tao thanh hé théng phan cit glyxin, va LipB hodc LipA, 1a cac coenzym
ctia hé théng phén cét glyxin, nhung sang ché khong bi gi6i han & ddy (John E. Cronan,
Microbiology va Molecular Biology Reviews., ngay13 thang 4 nam 201 6). Protein phan
cét glyxin c6 thé c6 ngudn gbc tir vi sinh vét thudc chi Corynebacterium, cu thé 1a
Corynebacterium ammoniagenes, nhung sang ché khong bi gi6i han & déy. GevP ¢6 thé
bao gdm trinh ty axit amin c6 SEQ ID NO: 38, GevT ¢6 thé bao gdm trinh ty axit amin
¢6 SEQ ID NO: 39, GevH c6 thé bao gdm trinh tyr axit amin ¢6 SEQ ID NO: 40, LipA
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c6 thé bao gdm trinh tu axit amin c6 SEQ ID NO: 41, va LipB ¢6 thé bao gdm trinh tu
axit amin c6 SEQ ID NO: 42 hoc trinh tw axit amin c6 it nhat 70% tuong dong v6i trinh
tu axit amin tuong Ung, nhung sang ché khong bi gi6i han ¢ day. Cu thé 13, protein GevP
6 thé bao gdm trinh tu axit amin c6 SEQ ID NO: 38, hodc trinh tu axit amin co it nhét
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, hoic 99% tuong dong hojc ddng nhat véi trinh ty axit amin c¢é SEQ ID
NO: 38. Phin mb ta su twong ddng hoc ddng nhét 1a twong tw ddi voi GevT, GevH,
LipA, va LipB. Ngoai ra, rd rang la bét ky ndo protein ¢6 trinh tu axit amin trong d6 mot
phén cla trinh tu axit amin bi x06a, stra dbi, thay thé, hodc thém vao cling cb thé thudc
pham vi cua sang ché min 13 axit amin c6 tvong ddng hodc dong nhét va biéu hién hiéu

qua tuong tmg vai protein bén trén.

Ngoai ra, ddu dd c6 thé dugc didu ché tir trinh tr gen da biét, vi du, bét ky nao
polypeptit cé hoat tinh thoai bién glyxin dudi dang polypeptit duoc méd hoa boi
polynucleotit c6 thé lai véi trinh tu bd sung véi toan bd hodc mot phén cua trinh tu
nucleotit trong céc diéu kién nghiém ngit & ma héa polypeptit, co thé duoc bao gdbm
ma khong bi gidi han & day.

Su tuong ddng hodc ddng nhat nhu duoc mo ta bén trén.

Nhu dugc st dung trong sang ché, thuat nglt “vi sinh vat thudc chi
Corynebacterium d8 san sinh L-threonin” 13 vi sinh vt san sinh L-threonin va c6 thé c6
nghia 13 vi sinh vat thudc chi Corynebacterium. Vi sinh vat san sinh L-threonin dugc
md ta gibng nhu bén trén. Cu thd 13, theo sang ché, vi sinh vat thudc chi
Corynebacterium c6 kha nang san sinh L-threonin co thé c6 nghia 1a vi sinh vét thudc
chi Corynebacterium trong d6 hoat tinh chét van chuyén glyxin theo séang ché duoc ting
cuong, hoac da dugc bién nap véi vecto chira gen ma hoéa chét van chuyén glyxin dé cai
thién kha ning san sinh L-threonin. Ngoai ra, n6 ¢6 thé c6 nghia la vi sinh vat thudc chi
Corynebacterium trong d6 hoat tinh protein phan cit glyxin dugc ting cudng hon nita,
hodic da duoc bién nap véi vecto chira gen ma héa protein phan cét glyxin dé cai thién
khé ning san sinh L-threonin. “Vi sinh vat thudc chi Corynebacterium cé cai thién kha
nang san sinh L-threonin” ¢6 thé c6 nghia 1a vi sinh vét trong d6 kha ning san sinh L-
threonin dugc cai thién so voi ching bd me trude khi bién nap hodc vi sinh vét khong

bién dbi. “Vi sinh vat khong bién dbi” c6 thé dé cap dén ching tw nhién cua chinh chi
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Corynebacterium, vi sinh vat khong chira gen ma héa chét van chuyén glyxin, hodc vi

sinh vat khong dugc bién nap véi vecto chira gen ma héa chét van chuyén glyxin.

Nhu duoc st dung trong sang ché, thuat ngit “vi sinh vat thudc chi
Corynebacterium” ¢ thé bao gdm toan bd céc vi sinh vét ctia chi Corynebacterium. Tét
hon 13, né c¢o thé 13 Corynebacterium glutamicum, Corynebacterium crudilactis,
Corynebacterium deserti, Corynebacterium efficiens, Corynebacterium callunae,
Corynebacterium stationis, Corynebacterium singulare, Corynebacterium halotolerans,
Corynebacterium  striatum, Corynebacterium ammoniagenes, Corynebacterium
pollutisoli, ~Corynebacterium  imitans, Corynebacterium  testudinoris, —hodc

Corynebacterium flavescens, va t6t hon nita 1a Corynebacterium glutamicum.

Khia canh khac ctia sang ché 1a dé xuat ché pham san sinh L-threonin, ché pham

chira vi sinh vat san sinh L-threonin theo sang ché.

Ché pham san sinh L-threonin ¢6 thé dé cap dén ché phim c6 kha ning san sinh
L-threonin béi vi sinh vat san sinh L-threonin theo sang ché. Ché phim c6 thé chira vi
sinh vat san sinh L-threonin, va c6 th8 bao gdm thanh phan bd sung c6 kha ning san
sinh threonin sir dung chiing ma khéng bi gi6i han & day. Thanh phan bo sung ¢6 kha
ning san sinh threonin c6 thé con bao gdm, vi du, bét ky ta duoc thich hop nao thuong
duoc st dung trong ché phAm dé 1én men, hogc thanh phan ctia mdi trudng. Céc ta duge
6 thé 13, vi du, cac chét bao quan, chét 1am u6t, chit phén tan, chét tao huyén phu, chét

dém, chit 6n dinh, hoic chét déng truong, nhung cac chét khong bi gi¢i han & day.

Khia canh khac nita ctia sang ché 1a @ xuét phuong phéap san xuit L-threonin,

phuong phap bao gbdm nudi cAy vi sinh vét.

Mbi truomg va céc diéu kién nudi chy khac duge st dung trong nudi cay vi sinh
vat theo sang ché c6 thé 1a bét ky nao mdi trudng dugc sir dung d& nuobi ciy cac vi sinh
vat thong thuong ma khong ¢ bét ky gi6i han cu thé nao. Cu thé 13, vi sinh vat theo
sang ché c6 thé dugc nudi chy trong c4c didu kién hiéu khi hoic ky khi trong méi truong
théng thuong chira ngudn cacbon, ngudn nito, ngudn phospho, hop chét v6 co, axit amin,

va/hodc vitamin, trong khi diéu chinh nhiét d6, @6 pH, v.v.

Ngudn cacbon c6 thé bao gom céc carbohydrat, nhu glucoza, fructoza, sucroza,
maltoza, v.v.; cac ruou, nhu cdc rugu duong, glyxerol, v.v.; cac axit béo, nhu axit

palmitic, axit stearic, axit linoleic, v.v.; cac axit hitu co, nhu axit pyruvic, axit lactic,
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axit axetic, axit xitric, v.v.; cdc axit amin, nhu axit glutamic, methionin, lysin, v.v.,
nhung sang ché khong bi gi6i han & day. Ngoai ra, ngudn cacbon ¢6 thé bao gdm cac
chit dinh dudng hitu co ty nhién nhu dich thity phan tinh bot, ri duong, ri dudng den,
cam gao, bot s&n, mat mfa, rugu ngd, v.v., va cac carbohydrat nhu ri duong d3 qua tién
xit 1y khir trimg (ttc 1, 1i dudmg chuyén thanh dudng khir) ¢6 thé duge str dung. Ngoai
ra, ¢6 thé sit dung nhiéu ngudn cacbon khéc voi lugng thich hop ma khong bi gidi han.
Cac nguén cacbon nay co thé dugc str dung mot minh hodc két hop hai hodc nhiéu loai,

nhung khong bi gidi han & day.

Ngudn nito c6 thé bao gdm céc ngudn nito vo co, nhu amoniac, amoni sulfat,
amoni clorua, amoni axetat, amoni phosphat, amoni cacbonat, amoni nitrat, v.v.; cac
axit amin, nhu axit glutamic, methionin, glutamin, v.v.; va cac nguén nito hiru co nhu
pepton, NZ-amin, nudc thit, chiét xuit nAm men, chiét xuit mach nha, rugu ngd, dung
dich thiy phén casein, ca hodc cdc san pham phan gii cia chung, banh déu xanh d& huy
chét béo hodic cac san phdm phan giai cua ching, v.v.. Cac ngudn nito ndy c6 thé duoc

sir dung mot minh hodc két hop hai hodc nhiéu loai, nhung khong bi gi6i han & déy.

Ngudn phospho c6 thé bao gdbm monokali phosphat, dikali phosphat, hodc cac
mudi chira natri twong ung, v.v. Céc vi du cuia hop chit v6 co c6 thé bao gdm natri clorua,

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

Ngoai ra, ¢6 thé bao gom céc axit amin, vitamin, va/hodc cac ti€n chat thich hop.
Cac mdi truong hodc tién chat nay c6 thé dugc bo sung vao moéi truong theo cach nud1

chy theo mé hogc lién tuc, nhung céc ngudn phospho khong bi gi6i han ¢ day.

Theo sang ché, d6 pH cua méi trudng nudi cly c6 thé dugce didu chinh trong qua
trinh nudi cdy ctia vi sinh vat bang cach bd sung hop chit nhu amoni kali hydroxit, kali
kali hydroxit, ammonia, axit phosphoric, axit sulfuric, v.v. vao méi truong nudi ciy theo
céch thich hop. Ngoai ra, trong qué trinh nudi cy, chit chéng tao bot nhu axit béo
polyglycol este co thé duoc bd sung vao dé ngin qué trinh tao bot. Ngoai ra, oxy hodc
khi chira oxy c6 thé dugc bom vao moi trudong dé duy tri trang thai hiéu khi ctia moi
truong; hodc khi nito, hydro, hodc cacbon dioxit c6 thé dugc bom vao ma khong can

bom khi d& duy tri trang thi ky khi hodc vi hiéu khi cia moi trudng.

Nhiét d¢ ctia méi truong nudi cly cé thé ndm trong khoang tir 25°C dén 40°C, va

cu thé hon 1a tir 28°C dén 37°C, nhung séng ché khong bi gioi han ¢ dy. Qua trinh nudi
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chy c6 thé dugc tiép tuc cho dén khi thu dugc céc vat liéu hitu ich véi ham lugng mong
mudn, va cu thé 14 trong 10 dén 100 gid, nhung séng ché khong bi giéi han ¢ day.

Phuong phap san xuét L-threonin c6 thé bao gdm budc thu hdi L-threonin tir it
nhét mot vat lidu duge chon tir vi sinh vét, moi truong, méi trudng nudi cdy cia ching,
phn ndi phia trén ctia méi trudng nudi cdy, dich chiét ctia mdi trudng nudi cdy, va dich
phan giai cta vi sinh vat sau budc nudi cly.

Trong budc thu hdi, L-threonin 1a nguyén li¢u dich c6 thé dwoc thu hdi tir dung
dich nudi cdy bang cach st dung phuong phap thich hop dugc biét dén trong cung linh
vuc k¥ thuat theo phuong phdp nudi cdy, vi du, theo phuong phap nudi cdy theo mé,
lién tuc, hodc nudi cay theo mé ¢ cung cép dinh dudng. Vi du, d& thu hoi L-threonin
c6 thé st dung cac phuong phap nhu két taa, Ly tam, loc, sic ky va két tinh. Vi dy, phan
ndi phia trén thu duoc bang cach loai bo sinh khéi bang cach ly tm méi truong nudi
chy & tbe do thip co thé duogc tach ra thong qua sic ky trao dbi ion, nhung sang ché
khong bi gidi han ¢ day.

Bude thu hdi c6 thé bao gdm qué trinh loc.

Khia canh khac cua sang ché d& xuét viéc st dung vi sinh vat thudc chi
Corynebacterium c6 hoat tinh van chuyén glyxin dugc ting cuong dé san sinh L-
threonin.

“Chét van chuyén glyxin”, “ting cudng hoat tinh”, hodc “vi sinh vat thudc chi
Corynebacterium” dugc mo ta bén trén.

Vi du thwe hién séng ché

Sau ddy, sang ché s& dugc mo ta chi tiét théng qua céac vi du va vi du thir nghiém.
Tuy nhién, c4c cac vi du va vi du thit nghiém nay duoc dua ra chi nham muc dich minh
hoa, va pham vi cta sang ché khong bi gi¢i han & cac vi du va vi du thir nghiém nay.

Vi du 1: Didu ché ching san sinh L-threonin bing cach st dung vi sinh vat hoang
dai thudc chi Corynebacterium ’

Vi duy 1-1: Piéu ché chung vi sinh vat thugc chi Corynebacterium c6 kha néng san
sinh L-threonin

Céc chung san sinh L-threonin duoc phat trién tir Corynebacterium glutamicum

ATCC13032 hoang dai. Cu thé 1, d8 giai quyét su tc ché giai man cam boi aspartat
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kinaza (lysC), déng vai trd nhu enzym quan trong duoc hoat dong d4u tién trong con
dudng sinh tong hop threonin, ching da duge didu ché trong d6 leuxin, 14 axit amin &
vi tri 377 cua lysC, duoc thay thé v6i lysin (SEQ ID NO: 1). Dya trén ching, ching san
sinh threonin da dugc didu ché bang cach thay thé arginin, 12 axit amin & vi tri 398 ctia
hom, bing glutamin dé giai quyét su G ché giai man cam homoserin dehydrogenaza

(hom) (SEQ ID NO: 6), didu nay rit quan trong trong con dudng sinh tdng hop threonin.
Vi du 1-1-1: Pua vao dot bién lysC

Cu thé 13, d& didu ché céc ching trong d6 dot bién lysC (L377K) duoc dua vao,
PCR duoc thuc hién dua trén nhidm séc thé ctia ATCC13032 lam mach khudn st dung
cip mdi SEQ ID NO: 2 va SEQ ID NO: 3 hogc SEQ ID NO: 4 va SEQ ID NO: 5. ADN
polymeraza c6 d¢ chinh xac cao PfuUltra™ (Stratagene) dugc s dung lam polymeraza
cho phan tmg PCR. C4c didu kién PCR nhu sau: 28 chu ky bién tinh & 95°C trong 30
gidy, i @& gin mdi & 55°C trong}30 gidy, va polyme héa ¢ 72°C trong 1 phit. Két qua
1a thu duoc timg doan ADN (515 bp) & ving phia tru6c (upstream region) 5' va doan
ADN (538 bp) & ving phia sau (downstream region) 3’ xung quanh dot bién ctia gen
lysC. PCR dugc thuc hién véi hai doan ADN duoc khuéch dai 1am mach khuon st dung
cap mdi SEQ ID NO: 2 va SEQ ID NO: 5. PCR duoc thuc hién nhu sau: bién tinh &
95°C trong 5 phut; 28 chu ky bién tinh & 95°C trong 30 gidy, G dé gén mdi & 55°C trong
30 gidy, va polyme héa & 72°C trong 2 phut; va polyme hoa & 72°C trong 5 phuat. Két
qua 13, doan ADN (1023 bp) bao gdm dot bién gen lysC, ma hoa bién thé aspartokinaza
trong d6 leuxin & vi tri 377 dugc thay thé bang lysin, d dugc khuéch dai. San pham
khuéch dai duoc tinh sach bang cach st dung b kit tinh sach PCR (QIAGEN) va dugc
stt dung nhu doan ADN chén dé didu ché vecto. Trong khi d6, sau khi xtr ly bing enzym
gi6i han Smal, ty 1€ gifta ndéng d6 mol (M) ciia pDZ vecto (patent Han Qubc s6 10-
0924065) duge xtt Iy nhiét & 65°C trong 20 phut vé1i doan ADN chén duoc khuéch dai
bai PCR bén trén duoc thibt dit 1a 1:2, va vecto duge tach dong bang cach st dung bd
Kit Infusion Cloning (TaKaRa) theo hudng din cla nha san xudt, va do d6 diéu ché

duoc vecto pDZ-L377K dé dua dot bién lysC(L377K) vao nhidm sc thé.

Vecto pDZ-L377K da dugc diéu ché duge bién nap vio ATCC13032 bing dién
bién nap va thuc hién trao dbi chéo thit cap, va do d6 thu dugce ching trong d6 timg bién

dbi nucleotit dugc thay thé bang cc nucleotit da duoc bién ddi. Ching duoc dat tén 1a
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CJP1.
Vi du 1-1-2: Pua vao dot bién hom

Pé didu ché cac ching trong d6 dot bién hom(R398Q) duoc dua vao dwa trén
ching CJP1, PCR duoc thuc hién dya trén nhidm sdc thé cia ATCC13032 lam mach
khuon st dung cap mdi SEQ ID NO: 7 va SEQ ID NO: 8 hogc SEQ ID NO: 9 va SEQ
ID NO: 10. ADN polymeraza cé do chinh xac cao PfuUltra™ (Stratagene) dugc st dung
lam polymeraza cho phan tmg PCR. Cac didu kién PCR nhu sau: 28 chu ky bién tinh &
95°C trong 30 gidy, 1 dé gin mdi & 55°C trong 30 gidy, va polyme héa ¢ 72°C trong 1
phut. Két qua 13, thu dugce timg doan ADN (668 bp) ¢ ving phia trudc 5’ va doan ADN
(659 bp) & vung phia sau 3’ xung quanh dot bién ctia gen hom. PCR duoc thuc hién véi
hai doan ADN duoc khuéch dai 1am mach khudn va cip moi SEQ ID NO: 7 va SEQ ID
NO: 10. PCR dugc thuc hién nhu sau: bién tinh & 95°C trong 5 phut; 28 chu ky bién
tinh & 95°C trong 30 gidy, i @& gin mdi & 55°C trong 30 gidy, va polyme héa ¢ 72°C
trong 2 phut; va polyme hoa ¢ 72°C trong 5 phit. Két qua 13, doan ADN (1327 bp) bao
gdm dot bién cta gen hom, ma hoa bién thé homoserin dehydrogenaza trong d6 arginin
& vi tri 398 dugc thay thé bang glutamin, da dugc khuéch dai. San phém khuéch dai
duoc tinh sach bang cach st dung bd kit tinh sach PCR (QIAGEN) va duogc st dung nhu
doan ADN chén dé diéu ché vecto. Trong khi d6, sau khi xit 1y bang enzym giéi han
Smal, ty 1¢ gifta ndng d6 mol (M) ciia pDZ vecto duge xir ly nhiét ¢ 65°C trong 20 phut
so v61 doan ADN chén dugc khuéch dai boi PCR bén trén dugc thiét dat 1a 1:2, va vecto
duoc tach dong bing cach sir dung bd Kit Infusion Cloning (TaKaRa) theo huéng dan
clia nha san xuit, va do d6 di didu ché duge vecto pDZ-R398Q dé dua dot bién hom

(R398Q) vao nhidm sic thé.

Vecto pDZ-R398Q da duoc didu ché duoc bién nap vao Corynebacterium
glutamicum CJP1 bang dién bién nap va thuc hién trao dbi chéo thir cap, va do d6 da
thu duoc chung trong d6 tung bién dbi nucleotit duoc thay thé bang céc nucleotit bién
ddi. Ching duoc dit tén 1a CJP1-R398Q va dugc ky gui ¢ Trung tam nudi cdy vi sinh
vat Han Quéc (Korean Culture Center of Microorganisms: KCCM), Co quan dang ky
Qudc té, theo Hiép udc Budapest, va dang ky s6 KCCM12120P (patent Han Quéc sb
10-1947959).

Vi du 1-2: Diéu ché Chiing sin sinh L-threonin dugc dua vao gen van chuyén D-
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Alanin/D-Serin/glyxin

Thtr nghiém dugc thuc hién d& chen gen vén chuyén D-alanin/D-serin/glyxin vao
vi sinh vat dugc didu ché trong vi du 1-1 trén nhiém sic thé cua Corynebacterium

glutamicum.

Vi du 1-2-1: Pidu ché ching dugc dua vao chét van chuyén glyxin c6 ngudn gbc

tir Corynebacterium ammoniagenes (CycA(Cam))

Pé chén gen cycA ma hoa chit van chuyén glyxin protein, gen Ncgl2131 méi hoa
transposon dugc st dung 1am vi tri chén (patent Han Qudc s 10-1126041; phuong phap
dugc boc 16 trén Journal of Biotechnology 104, 5-25 Jorn Kalinowski et al., 2003 da
duoc su dung) (SEQ ID NO: 11). Pé didu ché vecto dé chén transposon, PCR dugc thuc
hién bang cach sit dung cip mdi SEQ ID NO: 12 va SEQ ID NO: 13 hodc SEQ ID
NO: 14 va SEQ ID NO: 15 dya trén nhiém sic thé cia ATCC13032 lam mach khudn.
ADN polymeraza ¢6 d chinh xéc cao PfuUltra™ (Stratagene) duoc sir dung lam
polymeraza cho phan tmg PCR. Cac diéu kién PCR nhu sau: 28 chu ky bién tinh & 95°C
trong 30 gidly, i d& gan mdi & 55°C trong 30 gidy, va polyme héa & 72°C trong 2 phut;
va polyme héa & 72°C trong 5 phut. Két qua 13, d4 thu dugc ting doan ADN (2041 bp)
& vung phia trudce 5’ va doan ADN (2040 bp) ¢ vung phia sau 3' tir gen Ncgl2131. PCR
duoc thuc hién véi hai doan ADN dugce khuéch dai lam mach khudn st dung cép mdi
SEQ ID NO: 12 va SEQ ID NO: 15. PCR duge thyc hién nhu sau: bién tinh & 95°C
trong 5 phut; 28 chu ky bién tinh & 95°C trong 30 gidy, u dé gdn moi & 55°C trong 30
gidly, va polyme héa & 72°C trong 4 phut; va polyme hoa ¢ 72°C trong 5 phut. Két qua
1a, doan ADN (4066 bp) bao gbm cac vi tri nhan biét ctia hai enzym gi¢i han Spel va
Xhol, da duogc khuéch dai xung quanh trung tdm. San phém khuéch dai dugc tinh sach
béng cach str dung bd kit tinh sach PCR (QIAGEN) va duoc st dung 1am doan ADN
chen d8 diéu ché vecto. Trong khi d6, sau khi xir 1y bang enzym gidi han Smal, ty 1&
gifta ndng dd mol (M) ctia vecto pDZ duoc xir Iy nhiét & 65°C trong 20 phut so véi doan
ADN cheén duoc khuéch dai boi PCR bén trén duge thiét dat 1a 1:2, va vecto dugc tach
dong bang cach st dung b Kit Infusion Cloning (TaKaRa) theo hudng dan clia nha san
xudt, va do d6 da diéu ché duoc vecto pDZ-N2131 dé chén vao vi tri gen Ncgl2131.

Vecto pDZ-N2131 da dugc diéu ché dugc bién nap vao ching KCCM12120P thu

duoc trong vi du 1-1 bén trén béng dién bién nap va thuc hién trao dbi chéo thi cép, va
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do d6 thu duoc ching trong d6 Negl2131 da bi xda trén nhi®m séc thé. Chung dugc dt
tén 1a KCCM12120P-N2131.

Trong khi 4o, dé thu duoc doan gen c6 hoat tinh van chuyén D-alanin/D-
serin/ glyxin, PCR duogc thuc hién bang cach st dung cp mdi SEQ ID NO: 18 va SEQ
ID NO: 19 dya trén nhi®m sic thé ctia Corynebacterium ammoniagenes ATCC6872 lam
mach khuén. ADN polymeraza ¢ d¢ chinh xdc cao PfuUltra™ (Stratagene) dugc su
dung lam polymeraza cho phan tng PCR. Cac didu kién PCR nhu sau: 28 chu ky bién
tinh & 95°C trong 30 gidy, u dé gan mdi & 55°C trong 30 gidy, va polyme héa ¢ 72°C
trong 90 gidy; va polyme hoa & 72°C trong 5 phit. Két qua 13, thu duoc doan gen cycA
(1595 bp), va san pham khuéch dai dugc tinh sach béng cach st dung b kit tinh sach
PCR (QIAGEN) va dugc sir dung lam doan ADN chén dé diéu ché vecto (SEQ ID
NO: 17).

PCR duogc thuc hién bang cich st dung p117-cj7-gfp bao gdm promoto ¢j7 ¢6
ngudn gbc tlr vi sinh vét thudc chi Corynebacterium da biét (patent Han Quéc sb 10-
0620092) 1am mach khudn. Nhu duge sir dung trong sang ché, thuat ngit “p117” dai
dién cho pECCG117, 1 vecto con thoi cua vi khudn E. coli-Corynebacterium
(Biotechnology Letters 13(10):721-726, 1991). ADN polymeraza c6 do chinh xac cao
PfuUltra™ (Stratagene) duoc st dung 1am polymeraza cho phan ing PCR, va PCR dugc
thuc hién bang cach st dung cap mdi SEQ ID NO: 21 va SEQ ID NO: 22. Cac didu kién
PCR nhu sau: 28 chu ky bién tinh & 95°C trong 30 gidy, 0 & gin moi & 55°C trong 30
gidy, va polyme héa & 72°C trong 30 gidy; va polyme héa ¢ 72°C trong 3 phut. San
phém khuéch dai PCR dugc tinh sach béng cach sir dung bo kit tinh sach PCR (QIAGEN)
d2 thu duoc doan cj7 (350 bp) (SEQ ID NO: 20).

PCR chong 1§p duoc thuc hién béng cach st dung doan cj7va doan cycA dugc
didu ché bén trén 1am mach khudn va st dung cip mdi SEQ ID NO: 21 va SEQ ID NO:
19. PCR duoc thuc hién nhu sau: 28 chu ky bién tinh & 95°C trong 30 gidy, U dé gin
mdi & 55°C trong 30 gidy, va polyme hoa & 72°C trong 2 phut; va polyme héa ¢ 72°C
trong 5 phut. Két qua 13, thu duge doan gen cj7-cycA (1945 bp), va san phdm khuéch
dai duoc tinh sach béng cach str dung bd kit tinh sach PCR (QIAGEN) va duoc su dung
Jam doan ADN chen dé didu ché vecto. Trong khi d6, sau khi xt ly vecto pDZ-N2131
d4 dugc didu ché bing enzym gidi han xhol, tiép tuc xur Iy nhiét & 65°C trong 20 phut,
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ty 1€ gitta ndng d6 mol (M) cua vecto so véi doan ¢j7-cycA thu dugc bén trén duoc thiét
dit1a 1:2, va vecto dugce tach dong béng cach st dung b Kit Infusion Cloning (TaKaRa)
theo hudng din ctia nha san xudt, va do d6 da diéu ché duogc vecto pDZ-N2131/cj7-

cycA(Cam) dé chén gen cycA vao vi tri gen Negl2131.

Vecto pDZ-N2131/cj7-cycA(Cam) dd dugc didu ché duoc bién nap vao ching
KCCMI2120P bing cach sit dung dién bién nap va thuc hién trao dbi chéo thir cap, va
do d6 thu dugc ching trong d6 Ncgl2131 duoc thay thé bang cj7-cycA(Cam) trén nhiém
sic thé. Ching duoc dit tén 1a KCCM12120P/cycA(Cam).

Vi du 1-2-2: Didu ché ching duoc dua vao chét van chuyén glyxin (CycA(Eco))

c6 ngudn goc tir E. coli

Trong khi do, dé so sanh gen cycA c6 ngudn gbc tit Corynebacterium
.ammonz’agenes va hoat tinh cta ching, gen cycA da biét c6 ngudn gbc tir E. coli K-12
dwoc dua vao ching KCCMI12120P theo cach tuong tu nhu bén trén (Microbiology,
141(Pt 1); 13340, 1995). Cu thé 14, PCR duoc thuc hién béng cach st dung cédp mdi
SEQ ID NO: 25 va SEQ ID NO: 26 dya trén nhiém séc thé cua E. coli K-12 W3110 lam
mach khuon. ADN polymeraza c6 do chinh xdc cao PfuUltra™ (Stratagene) dugc su
dung 1am polymeraza cho phan tmg PCR. Céc diéu kién PCR nhu sau: 28 chu ky bién
tinh & 95°C trong 30 gidy, 0 dé gin mdi & 55°C trong 30 gidy, va polyme hoa ¢ 72°C
trong 1 phut; va polyme hoa ¢ 72°C trong 5 phut. Két qua 13, da thu duge doan gen cycA
(1544 bp), va san phim khuéch dai duoc tinh sach bang cach st dung bo kit tinh sach
PCR (QIAGEN) va dugc sit dung 1am doan ADN chén dé diéu ché vecto (SEQ ID
NO: 23).

PCR chdng lép duoc thuc hién béng cach sir dung doan cj7 va doan cycA duoc
didu ché bén trén 1am mach khuon va st dung cip mdi SEQ ID NO: 21 va SEQ ID NO:
26. PCR duoc thyuc hién nhu sau: 28 chu ky bién tinh & 95°C trong 30 gidy, i dé gén
mdi & 55°C trong 30 gidy, va polyme héa & 72°C trong 90 gidy; va polyme hoa & 72°C
trong 5 phut. Két qua 13, da thu duoc doan gen cj7-cycA (1894 bp), va san phim khuéch
dai dugc tinh sach biang céch st dung b kit tinh sach PCR (QIAGEN) va dugc sir dung
Jam doan ADN chén dé diéu ché vecto. Trong khi d6, sau khi xtr ly vecto pDZ-N2131
d3 duge didu ché bang enzym gi¢i han xhol, tiép tuc x1r ly nhiét & 65°C trong 20 phut,

ty 18 gitta ndng d6 mol (M) clia vecto so v&i doan c¢j7-cycA thu duge bén trén duoc thiét
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dat 1a 1:2, va vecto dugc tach dong bing cach str dung bd Kit Infusion Cloning (TaKaRa)
theo huéng dan clia nha san xuét, va do d6 da diéu ché dugc vecto pDZ-N2131/cj7-
cycA(Eco) dé chén gen cycA vao vi tri gen Negl2131.

Vecto pDZ-N2131/cj7-cycA(Eco) da dugce didu ché duoc bién nap vao ching
KCCM12120P biing céch sit dung dién bién nap va thuc hién trao dbi chéo thir chp, va
do dé thu duogc chiing trong d6 Ncgl2131 thay thé bang cj7-cycA(Eco). Ching dugc dat
tén 1a KCCM12120P/cycA(Eco).

Vi du 1-3: Dénh gi4 kha ning san sinh L-threonin ctia cdc chung duoc dua vao

CycA

Thir nghiém khé ning san sinh L-threonin dugc thuc hién trén cac ching dugc diéu
ché trong vi du 1-2. Tung ching thu dugc bén trén duoc cho vao vao binh tam giac
250 mL chira 25 mL moi trudng nudi ciy va dugc nudi ciy & 30°C trong 20 gid & v6i
tdc do 1ic 200 vong/phut. Sau d6, 1 mL dung dich nudi cay giéng duoc cho vao binh
tam gidc 250 mL chira 24 mL mdi trudng san xuét L-threonin bén dudi, va duoc nudi

cly & 30°C trong 48 gidr véi toe d9 lc 200 vong/pht.

Mbi trudmg nudi ciy (46 pH 7,0)

20 g glucoza, 10 g pepton, 5 g chiét xut ndm men, 1,5 g ure, 4 g KHoPO4, 8 g
K2HPO4, 0,5 g MgSO4.7H20, 100 pg Biotin, 1000 pg Thiamin-HCI, 2000 pg axit canxi-
pantothenic, 2000 pg nicotinamit (trén 1 L nudce cht)

Mbi trudng san xuét L-threonin (d6 pH 7,2)

30 g glucoza, 2 g KHaPO4, 3 g ure, 40 g (NH4)2SO4, 2,5 g pepton, 5 g (10 mL)
CSL (Sigma), MgS04.7H20 0,5 g, 400 mg leuxin, 20 g CaCOs (trén 1 L nuoc cét)

Sau khi hoan thanh qua trinh nuéi cdy, lugng san sinh cta cac axit amin khéc nhau

duoc tao ra dugc do béng HPLC. Céc két qua nhu dugc thé hién trong Bang 1 bén dudi.

Béang 1
Céac chung Axit amin (g/L)
Thr | Gly Ser Lys Ile Ala Val
KCCM12120P 1,61 | 0,27 | 0,04 | 2,73 | 0,07 | 0,14 | 0,04
KCCM12120P-N2131 1,60 | 028 | 0,04 | 2,74 | 0,08 | 0,15 | 0,05
KCCM12120P/cycA(Cam)| 1,81 | 0,22 | 0,03 | 2,61 | 0,07 | 0,00 0,03
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KCCM12120P/cycA(Eco) | 1,37 | 0,30 | 0,05 | 2,92 | 0,07 0,02 | 0,03

Sy san sinh L-threonin tdng 1én, sy san sinh ctia L-lysin giam xubng, va nguoc lai,
khi su san sinh L-threonin ting 1&n, L- isoleuxin (Tle) va glyxin (Gly) co thé 1a céc san
pham phu trong con dudng L-sinh tdng hop threonin, c6 thé ting 1én, va do do, su san
sinh cta chung d4 duge x4c nhan. Ngoai ra, lugng san sinh cta serin (Ser), alanin (Ala),
va valin (Val) cling d4 dugc xac nhén dé kiém tra chtc ning cta ching nhu chét van

chuyén gen cycA.

Nhu thé hién trong bang 1 bén trén, ching KCCM12120P/cycA (Cam) dugc dua
vao gen cycA cd ngudn gdc tir Corynebacterium ammoniagenes thé hién su san sinh L-
threonin ting 1én 12,5% va su san sinh L-lysin giam 4% so v6i ching bd me
KCCM12120P. Ngoai ra, do anh hudng cua viéc chén gen cycA, nd da duoc xac nhén
rang su san sinh glyxin da bi giam 18,5% so v6i ching bd me, va su san sinh serin va
valin d3 bi gidm nhe so vé6i ching bd me, va su san sinh alanin da bi giam dang ké va

do d6 khong duoc phat hién trong mdi truong nudi cy.

Trong khi d6, dd dugc xac nhén ring chung KCCM12120P/cycA(Eco) dugc dua
gen cycA vao co ngudn gdc tlr E. coli cho thiy su sin sinh L-threonin gidm 14,9% va
su san sinh L-lysin va glyxin tuong Gng ting 1én 6,9% va 10% so v6i ching bd me. Do
d6, su anh hudng cta viéc chén cac gen cycA ¢ ngudn gdc tir E. coli va cycA c6 ngudn
gbc tir Corynebacterium dmmonz‘agenes duoc phat hién 13 khdc nhau déng ké, nhung
diém chung 13, ndng d¢ cua alanin trong moi trudng nudi cAy bi giam xudng dang ké.
Ngoai ra, trong truong hop dua cycA co ngudn gbe tlr E. coli hodc cycA cb ngudn gdc
tir Corynebacterium ammoniagenes vao, khong c6 su thay dbi trong san sinh isoleuxin
(Tle).

Dua trén bén trén cc két qua, né da duoc xdc nhan rang viéc dua gen cycA co

ngudn gbc tir Corynebacterium ammoniagenes vao €6 hiéu qua san sinh L-threonin.

KCCM12120P/cycA(Cam) duogc dat tén 1a CA09-0902 va duge ky gui & Trung
tam nuodi cdy vi sinh vat Han Quéc, Co quan dang ky Qudc té, theo Hiép udc Budapest
vao ngay 10 thang 4 nam 2019, v6i dang ky s6 KCCM12484P.

Vi du 1-4: Diu ché cac chung san sinh L-threonin dugc dua vao cac gen lién quan

dén hé théng phan cét glyxin
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Vi du 1-4-1: Didu ché vecto dé dua vao protein phan cit glyxin

Do truée d6 da xac nhan rang hoat tinh cua chét van chuyén glyxin c6 anh hudng
dén viéc ting kha nang san sinh threonin, thir nghiém duoc thuc hién dé xac nhan kha
ning san sinh threonin khi viéc sir dung glyxin dugc dua vao té bao dugc ting hon nita.
Cu thé 13, hé thdng phan cit glyxin (sau day goi 13, hé théng GCV) dugc dua vao. Trong
chung Corynebacterium glutamicum, chi c6 cac gen méa hoa L-proteins, LipB, va LipA,
trong s6 sau protein tao thanh hé théng GCV duge biét dén, nhung cac gen ma hoa ba
protein khac khong dugc bibt dén. Do d6, dé dua vao hé théng GCV ¢6 ngudn gbc tir
Corynebacterium ammoniagenes, Cac vecto dé dua vao gevP (SEQ ID NO: 27), gevT
(SEQ ID NO: 28), gevH (SEQ ID NO: 29), lipA (SEQ ID NO: 30), va lipB (SEQ ID
NO: 31) da dugc diéu ché. Thir nghiém sau day da duoc thyc hién. Pé thu duoc doan
gen gcvPT trong s6 céc gen lién quan dén hé thdng phan cit glyxin (sau diy goi 1a hé
théng GCV), PCR dugc thuc hién dya trén nhi®m sic thé cua Corynebacterium
ammoniagenes ATCC6872 lam mach khudn su dung cap mdi SEQ ID NO: 32 va SEQ
ID NO: 33. ADN polymeraza c6 do chinh x4c cao PfuUltra™ (Stratagene) duoc str dung
lam polymeraza cho phan img PCR. Cac didu kién PCR nhu sau: 28 chu ky bién tinh &
95°C trong 30 gidy, i dé gin mdi & 55°C trong 30 gidy, va polyme hoa & 72°C trong 5
phat; va polyme hoa ¢ 72°C trong 7 phut. Két qua 13, da thu duoc doan gen gcvPT
(4936 bp) bao gdm promoto, va san phédm khuéch dai dugc tinh sach béng cach sir dung
b6 kit tinh sach PCR (QIAGEN) va dugc sir dung 1am doan ADN chén dé diéu ché vecto
- (SEQ ID NO: 27 va SEQ ID NO:28).

Pé thu duoc doan gen gevH-lipBA, gen khac li€n quan dn hé théng GCV, PCR
duoc thuc hién dya trén nhiém sic thé ctia Corynebacterium ammoniagenes ATCC6872
Jam mach khuén sit dung cp mdi SEQ ID NO: 34 va SEQ ID NO: 35. ADN polymeraza
¢6 @b chinh xé4c cao PfuUltra™ (Stratagene) duoc st dung lam polymeraza cho phan
{mg PCR. Céc diéu kién PCR nhu sau: 28 chu ky bién tinh & 95°C trong 30 gidy, U dé
gén mdi & 55°C trong 30 gidy, va polyme hoéa ¢ 72°C trong 3 phut; va polyme héa &
72°C trong 5 phut. Két qua 14, thu dugc gevH-lipBA doan gen (3321 bp) bao gdm
promoto, va san phém khuéch dai dudc tinh sach bf?lng cach st dung bé kit tinh sach
PCR (QIAGEN) va duge st dung 1am doan ADN chén dé didu ché vecto (SEQ ID
NO: 29, SEQ ID NO: 30, SEQ ID NO: 31).

24



44312 25/56

PCR chdng l4p duoc thuc hién bing cach st dung doan gcvPT va doan gevH-
lipBA thu dugc bén trén lam mach khudn va st dung cédp mdi SEQ ID NO: 32 va SEQ
ID NO: 35. PCR duoc thuc hién nhu sau: 28 chu ky bién tinh & 95°C trong 30 gidy, 4
dé gin mdi & 55°C trong 30 gidy, va polyme hoa ¢ 72°C trong 10 phut; va polyme hoa
& 72°C trong 12 phut. Két qua 1, thu dugc doan gen gevPTH-lipBA (8257 bp), va san
phAm khuéch dai duge tinh sach bing cach sir dung b6 kit tinh sach PCR (QIAGEN) va
duoc st dung lam doan ADN chen dé didu ché vecto. Trong khi d6, sau khi xtr ly vecto
pDZ-N2131 duogc didu ché trong vi du 1-2 bén trén béng cic enzym gi6i han spel va
xhol, ty 1¢ gilta ndng d6 mol (M) clia vecto so v6i doan gcvPTH-lipBA thu duogc bén
trén duoc thiét dat 1a 1:2, va vecto dugc tich dong bang cach su dung b Kit Infusion
Cloning (TaKaRa) theo huéng dan cua nha san xudt, va do d6 da didu ché dugc vecto

pDZ-N2131/gecvPTH-lipBA d2 chen gen hé théng GCV vao vi tri gen Negl2131.
Vi du 1-4-2: Diéu ché cac ching dugc dwa vao protein phan cit glyxin

PCR duoc thuc hién dua trén vecto pDZ-N2131/cj7-cycA(Cam) thu duogc trong vi
du 1-2 bén trén 1am mach khuon st dung cap mdi SEQ ID NO: 36 va SEQ ID NO: 37.
ADN polymeraza c¢6 do chinh xéc cao PfuUltra™ (Stratagene) duogc st dung lam
polymeraza cho phan tng PCR. Cac diéu kién PCR nhu sau: 28 chu ky bién tinh & 95°C
trong 30 gidy, 1 dé gan mdi & 55°C trong 30 gidy, va polyme hoa & 72°C trong 90 gidy;
va polyme hoa ¢ 72°C trong 5 phut. Két qua 13, thu dugce doan gen cj7-cycA(Cam)
(1944 bp), va san pham khuéch dai duoc tinh sach bang céch sir dung bo kit tinh sach
PCR (QIAGEN) va dugc st dung lam doan ADN chén dé diéu ché vecto. Trong khi do,
sau khi xtr Iy vecto pDZ-N2131/gcvPTH-lipBA duoc didu ché bén trén biang enzym gidi
han xhol, tiép tuc xit ly nhiét & 65°C trong 20 phit, ty 1¢ gitra nong d6 mol (M) cla
vecto so véi doan ¢j7-cycA(Cam) thu dugc bén trén dugc thiét dat 1a 1:2, va vecto dugc
tach dong bang cach st dung bd Kit Infusion Cloning (TaKaRa) theo huéng dan cua
nha san xut, va do d6 da didu ché dugc vecto pDZ-N2131/ gcv-lip-cycA(Cam) dé chén
gen van chuyén D-alanin/D-serin/glyxin va gen hé théng GCV vao vi tri gen Negl2131.

Vecto pDZ-N2131/gev-lip-cycA(Cam) da dugce didu ché duoc bién nap vao ching
KCCM12120P bing cach st dung dién bién nap va thyc hién trao ddi chéo thtr cap, va
do d6 thu dugc ching trong dé Ncgl2131 dugc thay thé bing gcvPTH-lipBA-
cycA(Cam). Chung dugc dit tén 1a KCCM12 120P/gcv-lip-cycA(Cam).

25



44312 26/56

Vi dy 1-4-3: Péanh gia kha ning san sinh Threonin cta cac chung dugc dua vao

chét van chuyén glyxin va protein phén ct glyxin

Thir nghiém kha néng san sinh L-threonin duoc thuc hién trén céc ching duoc diéu
ché trong cac vi du 1-2 va 1-4-2. Ting ching thu duoc bén trén duge cho vao binh tam
giac 250 mL chita 25 mL mo6i trudng nudi cAy bén trén va dugc nudi ciy & 30°C trong
20 gid voi tdc do 1ic 200 vong/phut. Sau d6, 1 mL dung dich nudi cAy giéng dugc cho
vao binh tam giac 250 mL chira 24 mL mo6i trudng san xuét L-threonin bén trén, va dugc

nudi cy & 30°C trong 48 gid voi tdc do lic 200 vong/phut.

Sau khi hoan thanh qu4 trinh nuéi cdy, lugng san sinh clia cdc axit amin khéc nhau

duoc tao ra dugce do béng HPLC. Cac két qua nhu dugc thé hién trong bang 2 bén dudi.

Bang 2
) . Axit amin (g/L)
Céc ching

Thr | Gly | Ser Lys | lle | Ala | Val
KCCM12120P 1,611 0,27 | 0,04 |2,73]0,07| 0,14 | 0,04
KCCM12120P-N2131 1,60 | 0,28 | 0,04 | 2,74 0,08 | 0,15] 0,05
KCCM12120P/cycA(Cam) 1,811 022 | 0,03 |234]0,07]0,00] 0,03
KCCM12120P/gev-lip-ycA(Cam) | 2,04 | 0,13 | 0,02 | 2,36 0,10 0,00 0,01

Nhu thé hién trong bang 2, chung KCCM12120P/gcv-lip-cycA(Cam) duoc dua
vao gen van chuyén D-alanin/D-serin/glyxin va gen hé théng GCV cho thiy sy ting san
sinh L-threonin 26,7% so véi ching bd me KCCM12120P, cho thay su céi thién san
sinh 12,7% so v6i ching KCCM12120P/cycA(Cam) trong d6 chi ¢6 gen cycA duogc dua
vao. Dua trén két qua, n6 da dugc xac nhan ring su san sinh L-threonin cuia chung duoc
dua vao cung vdi gen hé théng GCV di ting hon nita so véi ching trong do chi c6 gen
cycA duogc dua vao.

Su san sinh L-lysin cia ching KCCM12120P/gev-lip-cycA(Cam) bi giam 13,6%
so véi KCCM12120P, va sy san sinh L-lysin ctia chuing KCCM12120P/cycA(Cam) bi
giam 14,3% so v6i KCCM12120P. Ngoai ra, sy san sinh L-isoleuxin tdng 1én trong
KCCM12120P/gev-lip-cycA(Cam) so voi KCCM12120P, nhung khi xem xét cac két
qua cta cac vidu 1 dén vi du 3, c6 thé thdy rang su san sinh L- isoleuxin, san phim phu

trong con duong sinh tdng hop, cling tang 1én do ting san sinh L-threonin.

Su san sinh glyxin chi bi giam 18,5% khi gen cycA dugc dua vao so véi chung
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KCCMI2120P, va bi giam 51,9% khi cac gen lién quan dén hé thong GCV duoc dua
vio két hop cling v6i ching KCCM12120P. Sy san sinh alanin bi giam xubng dang ké
khi chi dua vao gen cycA, va da xdc nhén rang khong c6 tac dung phu do dua vao hé
théng GCV. Mic du su san sinh serin va valin thép dang ké, d3 x4c nhan ca hai ching
KCCM12120P/cycA(Cam) va ching KCCM12120P/gev-lip-cycA(Cam) du cho thy

su giam san sinh serin va valin so v6i chung bd me KCCM12120P.

KCCM12120P/gev-lip-cycA(Cam) dugc dit tén 1a CA09-0905 va dugce ky gui ¢
Trung tdm nuoi cAy vi sinh vat Han Quédc, Co quan ding ky Qudc té, theo Hiép udc

Budapest ngay 10 thang 4 nam 2019, v6i dang ky s6 KCCM12485P.

Dua trén cac két qua bén trén, dd x4c nhan ring khi gen cycA, la gen van chuyén
D-alanin/D-serin/glyxin c6 ngudn gbc tir Corynebacterium ammoniagenes, dugc dua
vao dua trén chung san sinh L-threonin thudc chi Corynebacterium, sy san sinh L-
threonin duoc ting 1én. Ngoai ra, da xac nhén rang khi cdc gen lién quan dén hé thong

GCV duge dua vao cling voi gen cycA, su san sinh L-threonin tang 1én déng ké.

Vi du 2: Xé4c nhan kha ning san sinh L-threonin cta chung san sinh L-threonin
KCCM11222P duoc vao cycA va hé théng phan cét glyxin

Nhu trong vi du 1, thi nghiém dugc thue hién dé x4ac nhan anh hudng cua viée dua

cycA vahé théng GCV vao chung san sinh threonin hién c6.
Vi du 2-1: Pua cycA vao chung san sinh L-threonin KCCM1 1222P

Timg vecto bién nap pDZ-N2131, pDZ-N2131/cj7-cycA(Cam) va vecto pDZ-
N2131/cj7-cycA(Eco) dugc st dung trong vi du 1 bén trén dugc bién nap vao
Corynebacterium glutamicum KCCM11222P (patent Han Qubc sb 10-1335853), la
chung san sinh L-threonin, va thyc hién trao dbi chéo thir cép, va do d6 thu dugc tung
chung trong d6 Ncgl2131 da bi x6a va thay thé bang cj7-cycA(Cam) hodc cj7-cycA(Eco)
trén nhi®m sic thé. Cac ching dugc dit tén twong Ung la KCCM11222P-N2131,
KCCM11222P/cycA(Cam), hogc KCCM11222P/cycA(Eco).

Thir nghiém kha ndng san sinh L-threonin dugc thuc hién trén cac ching da duoc
diéu ché. Timg chiing thu dugc bén trén duge cho vao vao binh tam gidc 250 mL chira
25 mL moi trudng nudi cdy va duge nudi cady & 30°C trong 20 gio voi téc do lac

200 vong/phiit. Sau d6, 1 mL dung dich nubi cdy gidng dugc cho vao binh tam gidc
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250 mL chita 24 mL mdi trudng san xuit L-threonin bén dudi, va dugc nudi chy 6 32°C
trong 48 gid véi toc do 14c 200 vong/pht.

Mbi truomg nudi cdy (46 pH 7,0)

20 g glucoza, 10 g pepton, 5 g chiét xuit ndm men, 1,5 g ure, 4 g KH2PO4, 8 g
K,HPO4, 0,5 g MgSO4.7H20, 100 pg biotin, 1000 pg thiamin-HCI, 2000 pg axit canxi-
pantothenic, 2000 pg nicotinamit (trén 1 L nude cit)

Méi trudng san xuat L-threonin (46 pH 7,0)

100 g glucoza, 2 g KH,PO4, 3 g ure, 25 g (NH4)2S04, 2,5 g pepton, 5 g (10 mL)
CSL(Sigma), 0,5 g MgS04.7H20, 100 pg biotin, 1000 pg thiamin-HCI, 2000 pg axit
Canxi-Pantothenic, 3000 pg nicotinamit, 30 g CaCOs3 (trén 1 L nuoc cht)

Sau khi hoan thanh qué trinh nudi ciy, luong san sinh ctia cac axit amin khac nhau

duoc tao ra dugce do bang HPLC. Céc két qua nhu dugc thé hién trong bang 3 bén dudi.

Bang 3
) Axit amin (g/L)
Céc chung

Thr Gly Ser Lys Ile Ala Val
KCCM11222P 7,64 | 1,30 | 0,86 | 3,68 | 1,46 | 0,60 | 0,46
KCCM11222P-N2131 7,66 | 1,28 | 0,88 | 3,68 | 1,47 | 0,59 | 0,41
KCCM11222P/cycA(Cam)| 8,80 | 1,02 | 0,85 | 3,13 | 1,42 | 0,01 0,42
KCCM11222P/cycA(Eco) | 6,67 | 1,35 | 0,90 | 442 | 1,49 | 0,05 0,40

Nhu thé hién trong bang 3, KCCM11222P/cycA(Cam) cho thiy su san sinh L-
threonin ting 1én 15,2% va su san sinh L-lysin giam 14,9% so v6i ching bd me
KCCM11222P. Su san sinh glyxin va alanin cho thiy giam twong tng 21,5% va 98,3%,
so v6i KCCM11222P, x4c nhén ring céc két qua gibng v6i danh gia cac két qua dua
trén ching KCCMI2120P cua vi du 1. Trong trudong hop isoleuxin, chuing
KCCM11222P/cycA(Cam) cho thiy gidm 3% sy san sinh isoleuxin so v6i
KCCM11222P, trong khi ching KCCM11222P/cycA(Eco) cho thay tang 1én 4% sy san
sinh isoleuxin so véi KCCM11222P, xac nhan ring dua vao protein CycA khong anh
hudng dang ké dén su san sinh isoleuxin. Cu thé 14, d& x4c nhan chiing ma gen cycA cé
ngudn gbc tir Corynebacterium ammoniagenes dugc dua vao cho thiy su gidm san sinh

isoleuxin.
Trong khi d6, ching KCCM11222P/cycA(Eco) ma gen cycA co ngudn gdc tir
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E. coli duge dua vao cho thdy su san sinh L-threonin giam 12,7% va su san sinh L-lysin
tang 1én 20,1% so v6i ching KCCM11222P. Do d6, duge xac nhan ring gen cycA cé

ngudn gbc tlr E. coli khong c6 hiéu qua lam ting san sinh L-threonin.

Dua trén cac két qua, c6 thé thay rang dua protein CycA cb ngudn goc tir
Corynebacterium ammoniagenes vao ching dot bien c6 kha nang san sinh threonin cé

thé 1am ting kha ning san sinh threonin.

Vi du 2-2: Pua cycA va hé théng GCV vao chung san sinh L-threonin
KCCM11222P

Theo c4ch tuong tw nhu trong vi du 1, vecto pDZ-N2131/gev-lip-cycA(Cam) duoc
didu ché d8 x4c nhan anh hudng két hop ctia gen cycA(Cam) va gen hé thdng GCV duoc
bién nap vio ching KCCM11222P va thyc hién trao dbi chéo thi cép, va do d6 thu duoc
chung trong d6 Ncgl2131 da dugc thay thé bing gcvPTH-lipBA-cycA(Cam). Ching
duoc dit tén 1 KCCM11222P/gev-lip-cycA(Cam).

Thir nghiém kha ning san sinh L-threonin dugc thuc hién trén cac ching da dugc
didu ché. Timg chung thu dugc bén trén dugc cho vao vao binh tam gidc 250 mL chira
25 mL méi truong nudi cdy bén trén va duge nudi cdy ¢ 30°C trong 20 giv véi toc do
lic 200 vong/phut. Sau d6, 1 mL dung dich nubi chy gidng dugc cho vao vao binh tam
gidc 250 mL chira 24 mL méi trudong san sinh L-threonin, va dugc nudi cay & 32°C trong

48 gity voi toe dd lac 200 vong/phut.

Sau khi hoan thanh qua trinh nuéi cdy, lugng san sinh ctia cdc axit amin khac nhau

duoc tao ra dugce do b%lng HPLC. Céc két qua nhu dugc thé hién trong bang 4 bén dudi.

Béang 4
Axit amin (g/L)
Céc chung

Thr | Gly | Ser | Lys | Ile | Ala | Val
KCCM11222P 7,63 | 1,321 0,87 | 3,70 | 1,45 | 0,60 | 0,45
KCCM11222P-N2131 7,64 | 1,29 | 0,88 | 3,68 | 1,45 | 0,58 | 0,40
KCCM11222P/cycA(Cam) 8,81 | 1,04 | 0,85 | 3,11 | 1,42 | 0,01 | 0,41
KCCM11222P/gev-lip-cycA(Cam) | 10,31 | 0,57 | 0,49 | 3,17 | 1,50 | 0,00 | 0,31

Nhu thé hién trong bang 4, chiing KCCM11222P/gev-lip-cycA(Cam) cho thy su
san sinh L-threonin ting 1én 35,1% so v6i chung bd me KCCM11222P, sy san sinh L-
threonin tang 1én 17,0% so véi chung KCCM11222P/cycA(Cam) chi dugc dua vao gen

29



44312 30/56

cycA. Dua trén cac Két qua, nhu trong vi du 1, 3 xdc nhan rﬁng su san sinh L-threonin
ctia chiing duge dua vao cung voi gen hé théng GCV da tang hon nita so v&i ching chi
duoc dua vao gen cycA ngay ca trong tai td hop chung san sinh L-threonin

KCCM11222P.

Sy san sinh L-lysin ctia chung KCCM11222P/gev-lip-cycA(Cam) bi gidm 14,3%
so v6i KCCM11222P, trong khi sy san sinh L-lysin cia ching
KCCM11222P/cycA(Cam) bi giam 14,9% so voi KCCM11222P. Su san sinh ciia chung
L- isoleuxin KCCM11222P/gcv-lip-cycA(Cam) da téng 1én 3,4% so v6i KCCM1 1222P,
va c6 thé duoc hiéu 13 hiéu qua thir cAp theo sy ting san sinh L-threonin, xem x¢t cac

két qua ctia Vi du 2-1.

S san sinh glyxin bi giam 21,1% khi chi c6 gen cycA dugc dua vao, va bi gidm
56,8% khi dugc dua vao cung cac gen hé théng GCV so voi chung KCCM11222P. Su
san sinh d4 alanin bi giam dang ké khi dua vao gen cycA, va bi giam hon nita khi dua
vao hé thdng GCV, va khong dugc phét hi¢n trong chung KCCM11222P/gcv-lip-
cycA(Cam). Su san sinh serin va valin bi giam tuwong Ung 43,7% va 31,1% trong

KCCM11222P/gcv-lip-cycA(Cam) so v6i chiing bd me KCCM11222P.

RG rang ring sang ché duoc md ta bén trén co thé duoc thuc hién céc thay d6i dudi
cac dang cu thé khac nhau béi nhitng nguoi ¢ hiéu biét trung binh trong cung linh vuc
k¥ thuat ma khong vuot khoi nguyén 1y k§ thuat hodc cac dic diém cua sang ché. Do
d6, cac phuong an duge mo ta néu trén nhim minh hoa cho sang ché, va khong nhim
gi61 han sang ché. Pham vi cuia sang ché dugc xac dinh bang phﬁn yéu cAu bao ho dudi
day thay vi phin mo ta chi tiét. TAt ca thay d6i hodc bién dbi twong duong cla cac

phuong 4n thyc hién déu nam trong pham vi cua sang che.
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YEU CAUBAO HOQ

1. Visinh vat san sinh L-threonin thudc chi Corynebacterium c6 hoat tinh véan chuyén
glyxin tdng cudng,

trong d6 chit van chuyén glyxin 1a protein CycA c6 ngudn gbc tir Corynebacterium
ammoniagenes.
2. Vi sinh vt theo diém 1, trong d6 protein bao gdm trinh ty axit amin c6 SEQ ID
NO: 16 hoic trinh tu axit amin c6 it nhit 90% tuong dong.
3. Visinh vt theo didm 1, trong d6 vi sinh vét ¢6 hoat tinh ctia protein phan cét glyxin
dugc ting cuong hon nita.
4. Vi sinh vat theo diém 3, trong d6 protein phén cét glyxin 1a it nhat mot loai dugc
chon tr nhém bao gdm GevP, GevT, GevH, LipB, va LipA.
5. Vi sinh vat theo diém 4, trong d6 protein phan cit glyxin c6 ngudn gbc tir
Corynebacterium ammoniagenes.

6. Vi sinh vat theo didm 4, trong d6 GevP bao gdm trinh tu axit amin c6 SEQ ID
NO: 38, GevT bao gém trinh tu axit amin c6 SEQ ID NO: 39, GevH bao gérﬁ trinh tu
axit amin c6 SEQ ID NO: 40, LipA bao gém trinh tu axit amin c6 SEQ ID NO: 41, va
LipB bao gdm trinh ty axit amin ¢6 SEQ ID NO: 42, hogc trinh ty axit amin c6 it nhét

90% tuong ddng véi trinh tu axit amin twong Gmg.

7. Vi sinh vat theo diém 1, trong d6 vi sinh vét sin sinh L-threonin thudc chi

Corynebacterium la Corynebacterium glutamicum.
8. Ché phdm dé san xuét L-threonin, trong d6 ché phim chtra vi sinh vét theo diém bt
ky tir 1 dén 7.
9. Phuong phép san xut L-threonin, trong d6 phuong phap bao gom:
nudi cdy vi sinh vat theo diém bat ky tir 1 dén 7; va

thu hdi L-threonin tir vi sinh vat hodc méi trudng nudi cay.
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<120> VI SINH VAT CO KHA NANG TANG CUONG SAN SINH L-THREONIN, CHE PHAM PE
SAN XUAT L-THREONIN VA PHUONG PHAP SAN XUAT THREONIN SU DUNG VI SINH VAT

NAY

<130> OPA19301

<150> KR 10-2019-0046935

<151> 2019-04-22
<160> 42

<170> KoPatentIn 3.0
<210> 1

<211> 421
<212> PRT

<213> Trinh tu nhé&n tao

<220>

<223> Bién thé& C.gl lysC

<400> 1
Met Ala Leu Val Val Gln
1 5

Glu Arg Ile Arg Asn Val
20

Gly Asn Asp Val Val Vval
35

Glu Leu Leu Glu Leu Ala
50 55

Glu Met Asp Met Leu Leu
65 70

Val Ala Met Ala Ile Glu
85

Gly Ser Gln Ala Gly Val
100

Ile Val Asp Val Thr Pro
115

Lys Ile Cys Ile Val RAla
130 135

Asp Val Thr Thr Leu Gly
145 150

Leu Ala Ala Ala Leu Asn
165

Asp Gly Val Tyr Thr Ala
180

Leu Glu Lys Leu Ser Phe

Lys

Ala

Val

40

Ala

Thr

Ser

Leu

Gly

120

Gly

Arg

Ala

Asp

Glu

Tyr Gly Gly Ser
10

Ser

Glu Arg Ile Val Ala

25

Cys Ser Ala Met
45

30

Gly

Ala Val Asn Pro Val

60

Ala Gly Glu Arg
75

Ile

Leu Gly Ala Glu Ala

90

Thr Thr Glu Arg
105

His
110

Arg Val Arg Glu Ala

125

Phe Gln Gly Val Asn

140

Gly Gly Ser Asp
155

Asp Val Cys Glu
170

Pro Arg Ile Val
185

Glu Met Leu Glu

32

Thr

Ile

Pro

190

Leu

Leu

15

Thr

Asp

Pro

Ser

Gln

95

Gly

Leu

Lys

Thr

Tyr

175

Asn

Ala

Glu

Lys

Thr

Pro

Asn

80

Ser

Asn

Asp

Glu

Ala

160

Ser

Ala

Ala

Ser

Lys

Thr

Ala

Ala

Phe

Ala

Glu

Thr

Val

Asp

Gln

Val

Ala

Ala

Asp

Arg

Leu

Thr

Arg

Gly

Arg

Ala

Val

Lys

Gly



195

Ser Lys Ile Leu Val Leu
210 215

Val Pro Leu Arg Val Arg
225 230

Ile Ala Gly Ser Met Glu
245

Gly Val Ala Thr Asp Lys
260

Ser Asp Lys Pro Gly Glu
275

Ala Glu Ile Asn Ile Asp
290 295

Asp Gly Thr Thr Asp Ile
305 310

Arg Ala Met Glu Ile Leu
325

Asn Val Leu Tyr Asp Asp
340

Gly Met Lys Ser His Pro
355

Arg Asp Val Asn Val Asn
370 375

Ile Ser Val Leu Ile Arg
385 390

Leu His Glu Gln Phe Gln
405

Ala Gly Thr Gly Arg
420

<210> 2
<211> 34
<212> ADN

44312

200 205

Arg Ser Val Glu Tyr Ala Arg Ala
220

Ser Ser Tyr Ser Asn Asp Pro Gly
235 240

Asp Ile Pro Val Glu Glu Ala Val
250 255

Ser Glu Ala Lys Val Thr Val Leu
265 270

Ala Ala Lys Val Phe Arg Ala Leu
280 285

Met Val Leu Gln Asn Val Ser Ser
300

Thr Phe Thr Cys Pro Arg Ser Asp
315 320

Lys Lys Leu Gln Val Gln Gly Asn
330 335

Gln Val Gly Lys Val Ser Leu Val
345 350

Gly Val Thr Ala Glu Phe Met Glu
360 365

Ile Glu Lys Ile Ser Thr Ser Glu
380

Glu Asp Asp Leu Asp Ala Ala Ala
395 400

Leu Gly Gly Glu Asp Glu Ala Val
410 415

<213> Trinh tu nhén tao

<220>
<223> doan mdi

<400> 2

tcgagctcgg tacccgctge gcagtgttga atac

<210> 3
<211> 30
<212> ADN

<213> Trinh tyu nhén tao

<220>

33

Phe

Thr

Leu

Gly

Ala

Val

Gly

Trp

Gly

Ala

Ile

Arg

Val

Asn

Leu

Thr

Ile

Asp

Glu

Arg

Thr

Ala

Leu

Arg

Ala

Tyr

34

33/56



<223>

<400>

doan mdi

3

44312

tggaaatctt ttcgatgttc acgttgacat

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

<220>
<223>

<400>

4
30
ADN

Trinh ty nhé&n tao.

doan méi

4

atgtcaacgt gaacatcgaa aagatttcca

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

<220>
<223>

<400>

5
34
ADN

Trinh tu nhén tao

doan mdi

5

ctctagagga tccccgttca cctcagagac gatt

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

<400>
Met Thr

Ser Ala

Val Met

Gly Gly

50

Pro Arg
65 .

Leu Ile

Ile Glu

6
445
PRT

Trinh ty nhan tao

Bién thé& C.gl Hom

6
Ser Ala Ser Ala
5

Val Gly Ile Ala
20

Arg Leu Met Thr
35

Pro Leu Glu Val
55

Glu Gly Val Ala
70

Glu Arg Glu Asp
85

Tyr Pro Arg Glu
100

Pro Ser Phe Asn Pro Gly
10

Leu Leu Gly Phe Gly Thr
25 30

Glu Tyr Gly Asp Glu Leu
40 45

Arg Gly Ile Ala Val Ser
60

Pro Glu Leu Leu Thr Glu
75

Val Asp Ile Val Val Glu
90

Val Val Leu Ala Ala Leu
105 110

34

Lys

Val

Ala

Asp

Asp

Val

95

Lys

Gly

Gly

His

Ile

Ala

80

Ile

Ala

Pro

Thr

Arg

Ser

Phe

Gly

Gly

Gly

Glu

Ile

Lys

Ala

Gly

Lys

30

30

34

34/56



44312

Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser

115

120

125

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe

130 135

140

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu Arg Arg

145 150

155 160

Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile Val Asn Gly

165

170

175

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala Asp Tyr

180

185

190

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

195

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala Ile

210 215

200

205

220

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr

225 230

235 240

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala Ala Gln

245

250

255

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys Phe Thr

260

Glu Gly Lys Ser Ala Ile Ser

275

Val Ser His Pro Leu Ala Ser

290 295

Val Glu Ala Glu Ala Ala Gly

305 310

Gly Gly Ala Pro Thr Ala Ser

325

280

265

270

Ala Arg Val His Pro Thr Leu

285

Val Asn Lys Ser Phe Asn Ala

300

Arg Leu Met Phe Tyr Gly Asn

315 320

Ala Val Leu Gly Asp Val Val

330

335

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro Gly Glu Ser

340

345

350

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr Thr Thr Arg

355

360

365

Leu Asp Met Asp Val Glu Asp Arg Val Gly Val Leu Ala Glu

370 375

Ser Leu Phe Ser Glu Gln
385 390

Glu Arg Asp Asp Asp Ala
405

Glu Ser Asp Leu Ser Arg
420

Val Lys Ala Ile Asn Ser
435

380

Gly Ile Ser Leu Arg Thr Ile Gln

395 400

Arg Leu Ile Val Val Thr His Ser

410

415

Thr Val Glu Leu Leu Lys Ala Lys

425

430

Val Ile Arg Leu Glu Arg Asp

440

445

35

Ala

Glu

Ser

Thr

Ala

Pro

Leu

Cys

Gln

Asn

Leu

Ile

Gly

Gly

Thr

Tyr

Leu

Gln

Ala

Pro

Glu

Ala

Leu

Thr

Asp

Thr

Ala

Glu

Ala

Lys

Pro

Phe

Ala

Ala

Tyr

His

Ala

Glu

Leu

Val

35/56



44312

<210> 7

<211> 33

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> doan mdi

<400> 7
tcgagctcgg taccccaccg gcgctgacta tgc

<210> 8

<211> 30

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi
<400> 8

cgcgctctte ctgttggatt gtacgcaggg

<210> 9

<211> 30

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi
<400> 9

ccctgcgtac aatccaacag gaagagcgcg

<210> 10

<211> 34

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> doan mdi
<400> 10

ctctagagga tcccgataga cagatttgtc cacg

<210> 11

<211> 1611

<212> ADN

<213> Corynebacterium glutamicum

<400> 11
atgcaccacg agcaacccga agggtgcgaa gtgggcattc gtagaacaat cccagaggaa

agccgtacgg ctttectega catgatcaat caaggtatgt caggtcttgc tgcgtctaca

gcggtcgggg tcagtgaatt caccgggcga aagtgggcga aggccgccgg ggtgaaactg

36

36/56
33
30
30
34
60
120
180



acccgcggcec
agcatgctag
gccaatatat
ttgcgcaccg
gggccacgca
tctgcgttgg
tcattacgct
gtaggacaag
accggggtca
agggaacttc
ggtgcgatca
cgggctgtgg
ttagccaccg
gcgttatatg
cgtaccggtc
gtggagggtg
cactgggagg
gtggagcgca
actgtgacgg
ttgacgtggg
tgtccggtgt
aatggattgg
gaagttcagc
agcgcgacgc
<210>
<211>

<212>
<213>

12
33

<220>
<223>

<400> 12
tcgagctcgg

<210>
<211>

13
33

cgcgaggtgg
agaaaggatg
ccctatggceg
gcaagcgagc
cactccatca
ggttgccagce
tttcttatat
gcacacgatt
gtgcagcaga
gacgtggtca
ggaaactagc
tggtcgaggce
agcatgctaa
ttcaaggtaa
ggaagggacg
cgttgattag
gcgatttagt
cgagccggtt
atgcgttggt
atcagggtgt
ttttctgtga
tcagggattt

gggcacagga

aggtatatga

ADN
Trinh tu nhan

doan mdi

taccctctgg

44312

caatgctttt
cctaccccga
caaacaaggc
agctgaattc
agtgttgcgt
acaggtgtgt
gtcgtgtgta
atcgttagaa
aatcggtcga
agatgatgat
gcgtccgaaa
gttgaataat
cgatagctct
aggggcgttg
taaaccgcag
tcaacgccca
aattggtggt
gacgttgatt
ggagatgatg
ggagatggca
tcctcattcg
tttcccgaag
tctgctgaat

aaaaatcgta

tao

tggtagttcg

gacaccgccg
gaaatcggcg
ccagacaagc
atccacgccc
gaggactaca
ggggccttac
gtgccgttat
gagaaaatga
cgcctgggte
ggacgttatc
acaccgaaac
aaattatctc
atgcagatta
cgtgatgaat
tcgaagttgc
gcagaagttg
gaaaaccaag
aagcggttgg
ggtgatttgc
gagcatgcgce
ccgtggcage
ggcactaatt
taccggccgce

gttggtgcat

tag

37

agaaacttga
agtatgtcgg
ttcgccaacg
cggtgatggg
caacactgtt
ttcatcttgc
ttgctgatga
tgatccaacg
ggtgtcggca
gtgcacgcga
ttgatgccaa
cggagcagat
gtcatgaaac
tgaaggtgga
catcgagagg
ctgatcgtgc
cgacagcgtt
gggttaatca
cgcaggcgtt
ggtttagcgt
gtgggtcgaa
ttgctaaagt

ggaaaatgca

gattgcagcc
catgactcgg
cgcagccacc
cccttattat
tgacgagtta
tccaccacca
aatcaaagtc
tttccatgac
aacaatttcc
ctcctatgaa
tcgtaggcett
ttctggtctt
tatttaccag
gaaatttctt
taagccgtgg
tgtgcctggg
ggtgacgttg
tgaggcgtcg
gcgtcggagt
ggtgaccaag
tgagaatacg
aagtgacgaa

tggttttaaa

ccaccgattg a

37/56

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500

1560

1611

33



<212> ADN

<213> Trinh ty nhan
<220>

<223> doan mdi
<400> 13

ctcgagcata ctagtatccc

<210> 14

<211> 33

<212> ADN

<213> Trinh ty nhén
<220>

<223> doan mdi
<400> 14

actagtatgc tcgagtacac

<210> 15

<211> 33

<212> ADN

<213> Trinh tu nhén
<220>

<223> doan mdi
<400> 15

ctctagagga tccctcaagc

<210> 16
<211> 476
<212> PRT
<213> Corynebacterium

<400> 16
Met Ala Ser Tyr Asp
1 5

Pro

Glu Leu Asp Ser His Val

20
Gln

Arg His Ile Leu

35

Asn

Leu Phe Met Gly Ser Gly

50 55

Ile Leu Val Tyr Gly Ile
65 70
Ala

Met Gly Glu Leu Leu

85
Ala Val Ser Asp Ile
100

Asp

44312

tao

cgcaaagatc ggc

tao

gatctggacc aac

tao

tgcctcgcaa cta

ammoniagenes

His Ser
10

Gly Gln Val Lys

Glu Ser Asp His Leu Gln

25 30

Ile Ala Ile Gly Gly Ala
40 45

Ser Leu Ala
60

Lys Thr Ile

Ile Gly Phe Met Leu Phe

75

Leu Ser Asn Leu Asn Tyr

90

Leu Gly Pro Thr Ala Gly
105 110

38

Asn

15

Arg

Ile

Gly

Phe

Lys

95

Phe

Thr

Gly

Gly

Pro

Val

80

Ser

Val

Gly

Leu

Thr

Ser

Met

Leu

Cys

Val

Ser

Gly

Val

Arg

Arg

Gly

33

33

33
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Trp Thr Tyr Trp Phe Cys Trp
115 120

Ala Ile Thr Gly Tyr Thr Gln
130 135

Ile Pro Gly Ala Leu Thr Ile
145 150

Ala Val Arg Leu Phe Gly Glu
165

Leu Val Ala Ile Thr Ala Leu
180

Ser Arg Phe Gln Ser Pro Asp
195 200

Ile Asp His Gly Gly Phe Phe
210 215

Gly Phe Gln Ile Ala Ile Phe
225 230

Thr Ala Ala Ala Glu Thr Lys
245

Ile Asn Ser Ile Pro Ile Arg
260

Ala Val Ile Met Met Val Thr
275 280

Ser Pro Phe Val Gln Met Phe
290 295

Gly Ile Ile Asn Phe Val Val
305 310

Ser Gly Ile Phe Ser Thr Ser
325

Gly Gln Ala Pro Lys Arg Trp
340

Ala Arg Gly Leu Leu Phe Ser
355 360

Ile Leu Tyr Ala Gly Ala Ser
370 375

Thr Val Ser Ser Val Leu Phe
385 390

Ala Tyr Leu Val Phe Arg Arg
405

Lys Phe Lys Val Pro Gly Gly
420

Phe Phe Ala Phe Met Val Val
435 440

Ser Ala Leu Met Val Thr Pro

44312

Ile Val Thr Gly Met
125

Tyr Trp Trp Pro Asp
140

Leu Leu Leu Leu Gly
155

Leu Glu Phe Trp Phe
170

Ile Leu Val Gly Ala
185 190

Gly Asp Ile Ala Ala
205

Pro Asn Gly Ile Thr
220

Ala Phe Val Gly Val
235

Asp Pro Glu Lys Asn
250

Ile Val Val Phe Tyr

265 270

Pro Trp Asp Lys Val
285

Ala Leu Ala Gly Leu
300

Leu Thr Ser Ala Ala
315

Arg Met Leu Phe Gly
330

Gly Ile Leu Ser Arg

345 350

Val Ala Cys Leu Val
365

Val Ile Asp Ala Phe
380

Met Val Val Trp Ser
395

Lys Phe Pro Glu Arg
410

Ala Phe Met Cys Trp
425 430

Val Leu Thr Phe Glu
445

Ile Trp Phe Val Ile

39

Ala Asp

Ile Ala

Leu Asn

160

Ala Ile

175

Val Met

Val Ser

Gly Phe

Glu Leu
240

Leu Pro

255

Ile Leu

His Ser

Pro Ala

Ser Ser
320

Leu Ala
335

Asn Gln

Pro Ser

Thr Leu

Leu Ile

400
His Ala
415
Val Val

Asn Asp

Leu Leu

Val

Leu

Leu

Ile

Val

Asn

Leu

Ala

Arg

Ala

Asp

Ala

Ala

Arg

Val

Leu

Ile

Leu

Ala

Leu

Thr

Ala

Val

Trp

Val

Lys

Ile

Leu

Ala

Gly

Ala

Leu

Ser

Ala

Asn

Glu

Pro

Ala

Thr

Ala

Ser

Ala

Arg

Gly

39/56



450

Trp Phe
465

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

17

<400> 17
atggcatctt

cacgtggagt
attggcggtg
ggtccttccg
gcgatgggtg
gacatcctcg
gtcacaggca
atcgcgectgt
gcagtccgcece
actgcgctca
gacattgcgg
ggcttcctcg
accgcggctg
cctattcgta
tgggacaagg
ccggcggceag
agtggtattt
aagcgttggg
gcgtgcctgg
acgttgatta
gcgtaccttg
ccaggcgggyg
ctgacctttg
ctcttggccg
<210>

<211>
<212>

18
33

44312

455

470

1431
ADN
Corynebacterium ammoniagenes

atgatcccgg
cagaccatct
ctatcggcac
taatcttggt
agcttttgcect
ggcctaccgc
tggctgatgt
ggatacctgg
tctttggtga
tcctcecgtcgg
ctgtttccaa
ccggattcca
cagaaaccaa
tcgtcgtgtt
tccacagtga
caggcattat
tctccacatc
gcatcttgtc
tcccgagect
ccaccgtgtc
tcttccgecg
cgtttatgtg
aaaatgacac

gctggttcat

ADN

gcattcacag
ccaacgcggt
cggactattt
gtatggcatc
ctcgaacctc
tggtttcgta
cgtggctatt
agcattgacg
gttggaattt
cgcggtgatg
cctgatcgac
gattgctatc
agacccagaa
ctacatcctg
ctccagccca
taacttcgtg
acgcatgctg
ccgtaaccaa
ggcaatcttg
ttctgtgctg
caagttccca
ctgggttgtt
tcggtccget

ctccggegga

460

475

gttaaaaata
cttagcaacc
atgggatcgg
atcggtttta
aactacaagt
tgcggctgga
accggctaca
attttattac
tggttcgcaa
gttatttcgc
catggcggct
ttcgceccttceg
aagaatcttc
gctcttgcgg
tttgtgcaga
gtgctgacat
ttcggtctgg
gtcccagccc
tacgccggcg
ttcatggtgg
gaacgccatg
ctcgctttct

ttgatggtca

Ile Ser Gly Gly Val Lys Arg Ala Arg Lys

caggagtaga
gacatatcca
gcaaaaccat
tgctcttctt
cattgcgtga
cctactggtt
cccaatactg
tgctcgggtt
tcatcaagct
gcttccaatc
tcttccecgaa
tcggegtgga
ctcgcgcgat
tcatcatgat
tgtttgccct
ctgctgcttc
ctcgcgaagg
gcggcctget
ccagcgtcat
tatggagcct
cagcatccaa
tcgegtttat

ccccaatctg

actcgactct
gttgattgcc
ctccecttget
cgtcatgcgg
tgccgtceteg
ctgctggatt
gtggccagat
aaatctcgtg
ggtggctatt
cccagacggce
cggaatcacg
gcttgcecggt
taactcgatt
ggttacccca
ggctggactg
atccgcgaac
ccaagcgccce
gttctcagta
tgacgccttt
gatcctcgceg
gttcaaggtc
ggtcgttgta

gttcgtgatc

gtcaagcgcg ctaggaagtg a

40

40/56

60
120
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600
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1080

1140

1200

1260

1320
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<213>

<220>
<223>

<400>

44312

Trinh ty nhén tao

doan mdi

18

cgaaaggaaa cactcatggc atcttatgat cccb

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

<220>
<223>

<400>

19
43
ADN
Trinh ty nhén tao

doan mdi

19

gggttgggtt ttcccgatct cgagcgattg cgtggcctcc aac

<210> 20

<211> 318

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> ci7

<400> 20

agaaacatcc cagcgctact aatagggagc
gagtgcctaa aaccgcatgce ggcttaggct
catcttcttt agcaacaagt tgaggggtag
cctttctgtt tttaatcaac atacaccacc
agtattcggg cacaatatcg ttgccaaaat
caacgaaagg aaacactc

<210> 21

<211> 51

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan mdi

<400> 21

gttgaccttc
ccaagatagg
gtgcaaataa
acctaaaaat

attgtttcgg

cttccacgga
ttctgcgcgg
gaacgacata
tccccgacca

aatatcatgg

ccggtaatcg
ccgggtaatg
gaaatcgtct
gcaagttcac

gatacgtacc

318

gccgatcttt gcggggatac tagtatgctc gagagaaaca tcccageget a

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

22

18

ADN

Trinh ty nhan tao

41

41/56

33

43

60
120
180
240

300

51



<220>
<223> doan mdéi
<400> 22

gagtgtttcc tttegttg

<210> 23
<211> 470
<212> PRT

<213> Escherichia coli

<400> 23

Met Val Asp Gln Val Lys Val
1 5

Gln Ser Leu Arg Arg Asn
20

Ile Gly Gly Ala Ile Gly
35

Ile Ser Leu Ala Gly Pro
50 55

Phe Met Leu Phe Phe Val
65 70

Asn Leu Glu Tyr Lys Ser
85

Pro Trp Ala Gly Tyr Phe
100

Val. Thr Glbeet Ala Asp
115

Trp Phe Pro Asp Leu Ser
130 135

Leu Leu Leu Thr Leu Asn
145 150

Glu Phe Trp Phe Ala Met
165

Val Val Gly Leu Val Met
180

Val Glu Ala Ser Phe Ala
195

Lys Gly Leu Ser Gly Phe
210 215

Phe Val Gly Ile Glu Leu
225 230

Pro Glu Lys Ser Leu Pro
245

Leu

Thr

40

Ser

Met

Phe

44312

Val Ala Asp Asp Gln

10

Thr Asn Arg His Ile

25

30

Gly Leu Phe Met Gly

45

Ile Ile Phe Val Tyr

60

Arg Ala Met Gly Glu

75

Ser Asp Phe Ala Ser

90

Thr Gly Trp Thr Tyr Trp

Val
120
Asp

Leu

Ile

105

110

Val Ala Ile Thr Ala

125

Trp Val Ala Ser Leu

140

Ala Thr Val Lys Met
155

Lys Ile Val Ala Ile

170

Val Ala Met His Phe Gln

His
200
Phe

Val

Arg

185

190

Leu Trp Asn Asp Gly

205

Ala Gly Phe Gln

220

Gly Thr Thr Ala
235

Ala Ile Asn Ser

250

Ile Met Phe Tyr Val Phe Ala Leu Ile Val Ile

260

265

42

Ile

Ala

Ile

Ala

15

Gln

Ser

Met

Leu

Asp

95

Phe

Tyr

Ala

Phe

Val

175

Ser

Gly

Ala

Glu

Pro
255

Pro

Leu

Gly

Ile

Leu

80

Leu

Cys

Ala

Val

Gly

160

Ser

Pro

Trp

Val

Thr

240

Ile

Met Ser Val

270

Ala

Ile

Lys

Ile

Leu

Leu

Trp

Gln

Ile

Glu

Leu

Thr

Phe

Phe

Lys

Arg

Thr

Glu

Ala

Thr

Gly

Ser

Gly

Val

Phe

Val

Met

Ile

Gly

Pro

Ala

Asp

Ile

Pro

18

42/56



Trp Ser Ser Val Val Pro

275

Leu Val Gly Leu Pro Ala

290

Thr
305

Met

Lys

Ile
355

Ile Gly Ala Phe Thr Met

370

Phe Val Trp Thr Ile Ile

385

Arg Pro His Leu His Glu

Leu Met Cys Trp Val Cys

Leu Thr Leu Glu Asp Asp

435

Trp Phe Ile Ala Leu Gly Leu Gly Trp Leu Phe Ile Gly

450

44312

280

295

Ser Ala Ala Ser Ser

310

Leu Phe Gly Leu Ala

325

Leu Ser Lys Arg Ala

340

Cys Leu Leu Gly Gly

300

315

Gln Glu Gly Val Ala Pro Lys

330

345

Val
360

Ile

375

390

405

420

Leu

Lys

Val Pro Ala Lys Gly Leu Thr

Val Met Leu Tyr Val Asn
365

Thr Thr Val Ser

380

Cys Ser Tyr Leu

395

Ser Ile Tyr Lys

410

425

440

455

Ala Ala Glu Leu Arg Lys

465

<210> 24
<211> 14
<212>
<213>

<400> 24
atggtagatc

cgcaatctca
ttgtttatgg
atgatcattg
aatctggaat
tatttcaccg
gcgatcacgg
gcggtgatag

gagttctggt

470

13

ADN
Escherichia coli

aggtaaaagt
caaaccgaca
ggtctggcaa
gttttatgct
acaaatcttt
gctggactta
cttétgctca
tgctgctgcet

ttgcgatgat

cgttgccgat
tattcagctt
aacgattagc
ctttttcgtg
tagtgacttc
ctggttctgc
gttctggttc
gacgctcaat

caaaatcgtc

Met Ala Phe Phe Val

Thr Arg Gln Ala Leu Leu Val

Glu Lys Ser Pro Phe Val Glu Leu
285

Ala Ala Ser Val Ile Asn Phe Val

Ala Asn Ser Gly Val Phe Ser Thr
320

335

350

Ala Ile

Val Tyr

Met Pro
415

Phe Val
430

445

460

gatcaggctc
attgccattg
cttgccgggce
atgcgggcaa
gcttccgatt
tgggttgtaa
cccgatctct
ctcgccaccg

gcéattgtgt

43

cggctgaaca
gcggtgccat
cgtcgatcat
tgggggaatt
tactcgggcc
ccggtatggce
ccgactgggt
tgaaaatgtt

cgctgattgt

Ala

Phe

Pro

Leu

Arg

400

Leu

Val

Thr

Lys

Phe Val

Val Leu

Ser Arg

Phe Ala

Ser Cys

Ser Val

‘Phe Met

Lys Gln

Gly Lys

Val Leu

Pro Leu

Lys Arg

gtcgctacgg
tggtacgggg
tttcgtttat
gctgctttcg
gtgggcagga
agacgtggtg
cgcctecgetg
cggtgagatg

cgtcggectg

43/56

60
120
180
240
300
360
420
480

540



gtcatggtgg
tggaatgacg
gcggttttcg
ccagagaaat
gtcttcgege
~agcccgtttg
tttgtggtgc
atgctgtttg
cgcgcagtac
atgttgtatg
attctgttta
cgtcctcatc
gtatgtatgg
caggcgctgce
ggtaagaagc
<210>
<211>

<212>
<213>

25
34

<220>
<223>

<400> 25
cgaaaggaaa

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

26
43

<220>
<223>

<400> 26
gggttgggtt

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

27

<400> 27

cgatgcactt
gcggetggtt
ctttcgtggg
cactgccacg
tgattgtgat
ttgaactgtt
tgacctctgce
gtctggcgca
ccgcgaaagg
tgaatcctag
tgttcgtctg
tacatgagaa
cgttctttgt

tggttacccc

gggctgetga

ADN
Trinh tu nhén

doan mdi

cactcatggt

ADN
Trinh tyu nhén

doan mdéi

ttcccgatct

2859
ADN
Corynebacterium ammoniagenes

44312

tcagtcaccg
cccgaaaggt
gattgagctg
cgcgattaac
tatgtccgtg
cgtgttggta
ggcgtcttcc
ggaaggtgtg
gctgacgttc
tgtgattggce
gacgattatc
gtcgatctac
gttcgtggtc

gctgtggttt

actggtgtgg
ttaagtggct
gtaggtacaa
tccattccga
acgccgtgga_
gggctgccetg
gctaacagcg
gcaccgaaag
tcgtgtatct
gcgttcacga
ctttgctcgt
aagatgccgce
gtgttgctga

atcgcgetgg

actgcggaaa taa

tao

agatcaggta aaag

tao

aagcgtcatt
tctttgeccgg
cagctgcgga
tccgtatcat
gttcggtagt
ctgccgcaag
gcgtcttcte
cgttcgctaa
gtctgctcgg
tgattacaac
accttgtgta
tcggcaagcect
cactggaaga

ggttgggctg

cgagctgatg gatcacatca gtc

44

cgcgcatttg
attccagata
aaccaaagat
tatgttctac
cccggagaaa
cgtgatcaac
taccagccgt
actttctaag
cggcgtggtg
cgtttccgceg
tcgcaaacag
gatgtgctgg
tgacactcgc

gctgtttatt

44/56

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380

1413

34

43



atggatttca
cgtgtgggtt
atcacggatg
cgcécttacg
accatcaccc
tataccccat
accatggttc
tcggcagttg
ctgctcgacg
attgacctcg
ggcgcagtag
gaagaaatcc
cttctggaag
ggtgtgccge
aagcgtcaga
taccgcttgg
atttgtaccg
ccagaaggct
gcagttacta
gceggegttg
accattggcg
actgtcttgg
gaagcactca
gaaacccaga
accatgattc
atcacctgge
tggcgtgagce
gtttctatcc
cgctaccacg
cacggcacca
gccgaagacg

aacatggccg

ttgcccgeca
atgacagcgt
cgcttaatat
ctgataaaaa
ctgctgttat
accagccaga
aagacctcac
ctgaggccgt
cccgtttgca
aagttgagat
ttgcctacac
atggccgcegg
gcccaggctc
tcttctttgg
tgccaggccg
cgctgcagac
cgcaggcact
tgaaggagat
ctcagggtct
atgccgcatc
aggataaggt
cggacgcctt
cccgcaccac
tgatgcgtta
ctttgggctc
cagaattcgc
tcattgaaga
aaccéaacgc
tcgcaaatgg
acgctgcctc
gctccatcga

gaatcatgat

44312

ccttgggcca
agaagcgctt
gccgcaggca
tgtcgtgctg
tcgcecgeggt
aatttcccag
cggcttgect
gggtttgatg
cccacaggtt
tgctgacttg
cggtacggag
cggacttgtt
gttcggtgca
tggcccacac
tttggtcggce
tcgtgaacag
tctggccaac
tgctaaccac
gaagattact
cattaagttec
ttctgtctce
tggtgccget
cgaggtgctc
cctgcgcaag
atgcaccatg
caatgttcac
gttggaaggc
tggttcccag
tgacaccaac
cgcgaccctg
tctggaagat

cacctaccca

gatgccacag
gtcacctcag
ttgagtgaga
aagtctttct
ttggtagaag
ggtcgccttg
attgcgaatg
tctcgtgcgg
ctcaccgtgg
agcaacggcg
ggcgatattt
tccgtegegg
gacattgtca
gctgctttca
gtatcggtcg
cacatccgcc
gtggctgcca
gtgcactcct
tcctcggagt
agcttggaaa
ttcggtgagt
gcagtagata
acccacgaaa
ctcggtgata
aagctcaacc
ccttactccc
tggttggctg
ggcgagctag
cgcgatatcg
gcaaatctgc
ctcgatgcga

tccactcacg

45

aatctaagga
caatccccca
ccgacgcaca
acggccaggg
acgctggttg
agtcgctgct
cttctttgct
tcaagaaggg
cggcggagcg
tggttggcga
ttgacccacg
ctgacttgtt
ttggttcctc
tggcagtaac
attctgaggg
gtgaacgcgc
tgtacgccgt
tggctgcttce
tcttcgacac
aggccggata
ccgcaaccca
atgcagattt
tctttaactc
aggatctggc
caaccgcagc
ctgaatacgc
agctgaccgg
ctggtctttt
tgttgattcc
gcgttgttgt
agatcgccaa

gcgtctttga

catgctggcg
gtccattagc
agccaagctt
ctactcagac
gtacaccgct
gaacttccag
ggatgaggca
ccgccgegta
tgcccgagcea
agacctcgtc
tgctgttatc
gtccttgctg
ccaacgcttt
tgacaagcta
ccgtcctget
gacgtcaaat
ctaccacggt
ctttgccggt
cgttaccgtt
cctggtgcgce
aggcgatgtt
cccactgcect
cattcactcc
tctagatcgce
catggaaccg
aacccagggc
ctacgccaag
ggctatccgce
tgcgtccgceg
ggttaagacc
gcatggtcag

cccagaggtt

45/56

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860

1920



cgtgaagtct
atgaatgctt
aacctgcaca
ggtgtcgcectg
cctgctaacc
gctggtgtte
tccgctactg
ttcccaattc
cgcgcgctaa
tttggcttcc
actgagtctg
gcggagattc
gcaccttaca
aaggccgcat
ctggatgaag

gacttcgatg

<210> 28

<211>
<212>
<213>

<400> 28
atgtcagaac

accgcttttg
gcagtgcgta
ggcccagacg
aatggcaagg
atttcctacc
gtggtttggg
tccttggatg
caggttgctg
gccaaagtcg
ttcgagctga
gatggtgtta

cctttgtacg

gcgacaagat
tgactggttyg
agactttcac
agcacctcat
caaccccagt
tgccgattac
cacacgccat
tgttcaccgg
ccgatgcecctce
acgctcctac
aggatattgc
aggaaatcat
ccgcaccgtce
ggccagttcc
cttacggcga

ccgacaccga

1104
ADN
Corynebacterium ammoniagenes

tacgccagtce
gcccttggaa
atgcagtcgg
ccgctgeatt
cgaagtactc
gtttctccga
aagcttttaa
ttgcgatgat
aagagtccaa
cagacgttga
tgatctacaa
ctccatgcgg

gcaatgagct

44312

ccatgccgcet
ggctcagccg
cattccgcac
tccattcctg
agaacagggc
ctgggcatac
cttgggtgct
taatgaaggt
aggcgttact
cctcgcattce
tgaactggat
cgatggcaag
agtctcaagc
ttcactgcgt
ccgcaacctg

ttccaccgag

cccactgcac
tatgccacta
catgtttgac
tttgtcctat
catgattgtt
taccaagttc
tcagcgcatt
tgccctgcag
ggaagaagta
caccatcgtc
cgccgatgceg
tttagcttca

ttccecgcgat

ggcggccagg
ggcaagttcg
ggcggtggceyg
ccaacggatg
gttccaatta
atcgcaatga
aactaccttg
cttgttgcgce
gcagcagacg
ccagtggctg
cgtttcattg
atcgcatatg
gatgattggg
ttgaacaagt
gtgtgctcct

gaggcttaa

gcagagcacg
aagtacggca
ctctcgcaca
gcgctgatct
gctgaagacg
ttggtagtgce
gaaggcttcg
ggccccaatg
gaaaaccttc
gcgcgcaccg
accaagctct
cgcgattcct

atcacccctg

46

tctacattga
gtggcgatgt
gcccaggtgt
ctgcagctga
ctgcttcgca
ccggtggcega
cgcgcgaact
acgagtgcat
ttgccaagcg
gcaccttgat
aagcaatgcg
aagattcggt
agtactcctt
acttcccacc

gcccaccgcec

aaaagctcgg
aggagctcga
tgggtgagat
ccaacatgga
gcggcatcat
caaacgctgg
atgtagaact
ctgccaaggt
cttactatgce
gctacaccgg
ggcagctttt
tgcgcttgga

tcgaggcagg

tggcgcaaac
ctcgcacttg
tggaccaatt
tgagctggat

gtttggttcc

gggtctaacc

ctccgattcc
tttggatctg
tttgatcgac
ggtggaacct
caccatccgt
catccgccac
tagccgtgaa
ggtacgccgce

agaggcattc

cgcatccttt
tgagcaccac
ttgggtcaac
gaccgtgaaa
cgatgaccta
caacactgat
caacaatgag
tctagttgaa
cgcaaccatg
cgaagacggc
catcgaccaa
agctggcatg

catgggtgtg

46/56

1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820

2859

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

780



gcgtttaaga
gaaggcccta
ggtgctgaaa
ccgacgctgg
ggcgcagaag
cctttctata
<210>
<211>

<212>
<213>

29

<400> 29
atggctaacc

caggacgcaa
cttggtgagg
acctgtggtg
accgtgaccg
ttcggtgaag
gatgaatacg
<210>
<211>

<212>
<213>

30

<400> 30
atgctccgca

cgcaaccagg
ggcctgcaca
cgagaagcca
attgccactg
atccaagaga
gatgagggcg
acgggtgtag
ttcgaggctc
cgtatccgcece
ttcggcctga

caggaagctc

agaagaccgc

agcaagttat
tctatgccgg
gacaccctat
tagaagtgga

gccgcgagaa

390
ADN
Corynebacterium ammoniagenes

tacctgcaga
tcgttggcaa
ttgtcttcgce
aggttgaatc
ctgtgaacga
gttggctgtt

cggcagaaaa

1062
ADN
Corynebacterium ammoniagenes

ttgaaaagaa
tccgcactgg
ctgtctgcca
ccttccttat
gtaagccgca
tgaatctgaa
catggctata
aaaacctcac
gccctgaggt
cggcattccg
tcaccaagtc

tacgcgatat

44312

tgacttcgtce
caaggctttg
cgagcagttg
tgccctggcea
tattcgcggce

gtaa

atttacttac
aactgttcge
tgagcttcca
caccaagtcc
gacagtgcac
tgaggtcgag

cggcatctaa

gaatgcggag
ccctggttat
ggaggcaggc
cggcggtgac
ggcattggac
ctacgccacg
tgctgaagtg
cccggacttc
tttcgctcac
ttatgagcgt
gaacttgatc

gcgctctgtg

ggcgcecgagg
acctcctctg
gtaggcaccg
ctggtagata

aagcgttacc

tccgaagacc
atcggcatca
gcagttggceg
gtttctgacc
gatgattatg

gttgaagaac

tcacccattg
gaggacatga
tgtcctaata
cgttgtactc
accgatgagc
atcactggtg
gttcgtaaga
tccggcaage
aacttggaaa
tctctggatg

ttgggcatgg

ggcactgaca

47

tcctgcgtca
agcgccgtgce
taacttcggg
ctgcagcaaa

ccttcaccgt

acgagtggat
cttctgttge
atagcgtcac
tgtacagccc
aaatcatcaa

teggcgaggt

agcagaagcc
aaaagcgtgt
tccacgaatg
gccgttgtga
cgcgtcgegt
ttacccgtga
tccacgagaa
cagacctgct
ccgttcctcg
ttttgcagca
gtgaaactga

tcattaccat

acgcttggaa
agcgcgcacce
tcagccatcg
cctcgaagaa

taccaagacg

1104

taacgccgcet
cgcagaccgt
tgcaggtgaa
tgtcaccggt
caatgatcct

tatgaccgct

gaggtggatc
tgctggegcet
ctgggagtcc
cttctgcgat
ttcggaaaac
tgaccttcca
gaaccctcac
gcaggaagtc
tattttcaag
ggcacacgac
ggaagagatt

tacgcagtac

390

47/56

840
900
960
1020

1080

60

120

180

240

300

360

60

120

180

240

300

360

420

480

540

600

660

720



ctgcgtcctg
gcgcactccg
tcttcttacc
ccagaaaatc
tcgctgttga
acgcctgtgg
<210>
<211>

<212>
<213>

31

<400> 31
atgactgctc

ccggtagagg
gaagtcgcag
cccgctgtgt
ccggttatca
gtctacccga
gaagaagctg
ggtcgctcag
cgagaccgca
ctggcgctca
gatgatgccg
gcggttgage
gaccacactt
gcacgcgcgce
<210>
<211>

<212>
<213>

32
43

<220>
<223>

<400> 32
gccgatcttt

<210>
<211>

33
34

gtcctegttt
agtacgccaa
gcgcgggceaa
tcaagcacct
agaagtacgg

gtgcagataa

822
ADN
Corynebacterium ammoniagenes

cgcgtgaccc
tgagacgttt
cgcagcgcgce
atacggcggg
atgttgatcg
ttatcaagtt
ttattcatac
gcgtgtgggt
agattgcggc
attgcgacaa
atatcaccac
ccttgctcat
tcgcatctge

agtcttcctt

ADN
Trinh ty nhan

doan mdi

gcggggatac

44312

ccacccaatt
ggaattgggce
gctctacacc
ggaagaaact
cccttccgag

atttactgct

gtttttccce
aggtcgtatg
acgtgacgaa
caagcgcacg
tggcggcecgg
ggcagagcct
cgttcgggaa
gccatcgact
cttaggcatc
tatcttggac
cctggcgcta
tgcgcttgac
cccagacccce

gactgatcat

tao

gagcgttggg
tttaccgtta
caggcgatga
tctgatggcg
gaaacgccag

agcatccgcet

gctgatcgtt
gattatcaag
gttgcagaca
cagcccgaag
attacctggc
gtcgatgtcg
atgggggtaa
accgctgcga
cgcattacgc
tactacgagc
gagctgggcc
gatgccttgg
atcaaattag

gcaggctctt

ttcgcecctga
tgtctggtcc
aggcacgtgg
caaccgcfca
ttacttcccg

aa

ctattcgcgce
aagcctggga
cgttgctggt
atatgcccac
acggcgaggg
tcgattatgt
caactgctgg
aagacccggce
gtggggttac
acattattgc
gcgacgtcac
ccggccgeat
ctaatgagaa

aa

tagtcaggat gcaattgcca tcc

48

ggagttcatt
tttggttcgt
ctgggagctg
ggaagcttcg

catggcaaag

ttctactgcc
ctatcaagca
cgttgagcac
caacggtctt
ccagttggtg
ccgecgtcetg
gcgtatcgat
agcatcgcac
catgcatggt
ctgcggtatt
cgtagatgat
ggtcgtcgcece

agcgcgccaa

1

48/56

780

840

900

960

020

1062

822

43

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

780



<212> ADN

<213> Trinh ty nhan
<220>

<223> doan mdi
<400> 33

atgcgccatt agcgtggttg

<210> 34

<211> 34

<212> ADN

<213> Trinh tu nhan

<220>
<223> doan mdi

<400> 34
tagcaaccgg tgcaaccacg

<210> 35

<211> 43

<212> ADN

<213> Trinh tu nhan

<220>
<223> doan mdi

<400> 35
gggttgggtt ttcccgatct

<210> 36
<211> 41
<212> ADN

<213> Trinh ty nhan
<220>

<223> doan mdi
<400> 36

tgggcatggg cttgctgctc

<210> 37
<211> 43
<212> ADN

<213> Trinh tu nhén
<220>

<223> doan mdi
<400> 37

gggttgggtt ttcccgatct

<210> 38

44312

tao

caccggttgc tacc

tao

ctaatggcgc attg

tao

cgagcagcaa gcccatgccce aag

tao

gagagaaaca tcccagcgct a

tao

cgagcgattg cgtggcctcc aac

49

49/56

34

34

43

41

43



<211>
<212>
<213>

952
PRT

<400> 38

Met

1

Asp

Ser

Gln

Asp

65

Thr

Trp

Leu

Leu

Glu

145

Leu

Arg

Gly

130

Asp Phe Ile Ala Arg
5

Met Leu Ala Arg Val
20

Ala Ile Pro Gln Ser
35

Ala Leu Ser Glu Thr
50 55

Lys Asn Val Val Leu
70

Ile Thr Pro Ala Val

85
Tyr Thr Ala Tyr Thr
100

Glu Ser Leu
115

Leu Asn

Pro Ile Ala Asn Ala

Ala Val Gly Leu Met

150

Leu Asp Ala Arg Leu
165

Ala Arg Ala Ile Asp
180

Val Val Gly Glu Asp
195

135

His

Gly

Ile

40

Asp

Lys

Ile

Pro

Phe

120

Ser

Ser

His

Leu

Leu
200

Thr Glu Gly Asp Ile Phe Asp

Gly

225

Leu

Ser

Phe

Val

Leu
305

210

290

Arg Gly Gly Leu Val
230

Leu Glu Gly Pro Gly
245

Gln Arg Phe
260

Met Ala Val
275

Thr Asp
Gly Val Ser Val Asp

Glu Gln
310

Gln Thr Arg

215

295

Ser

Ser

Lys
280

Ser

His

44312

Corynebacterium ammoniagenes

Leu Gly Pro Asp Ala
10

Tyr Asp Ser Val Glu
25 30

Ser Ile Thr Asp Ala
45

Ala Gln Ala Lys Leu
60

Ser Phe Tyr Gly Gln
75

Arg Arg Gly Leu Val
90

Gln Pro Glu Ile
110

Tyr
105

Thr Met Val Gln
125

Gln

Leu Leu Asp Glu Ala

140

Arg Ala Val Lys Lys
155

Pro Gln Val Leu Thr
170

Glu Val Glu Ile Ala
185 190

Val Gly Ala Val Val
205

Pro Arg Ala Val Ile
220

Val Ala Ala Asp Leu
235

Phe Gly Ala Asp Ile
250

Gly Val Pro Leu Phe Phe Gly Gly

265 270

Leu Lys Arg Gln Met
285

Glu Gly Arg Pro Ala
300

Ile Arg Arg Glu Arg
315

50

Thr
15

Glu

Ala Leu

Leu Asn

Arg Ala

Gly Tyr

80

Glu Asp
95

Ser Gln

Asp Leu

Ser Ala
Gly Arg

160

Val Ala
175

Asp Leu
Ala Tyr
Glu Glu
Leu Ser

240

Val
255

Ile
Pro His
Pro Gly

Tyr Arg

Ala Thr
320

Ser

Val

Met

Tyr

Ser

Ala

Gly

Thr

Val

Arg

Ala

Ser

Thr

Ile

Leu

Gly

Ala

Arg

Leu

Ser

Lys

Thr

Pro

Ala

Asp

Gly

Arg

Gly

Ala

Val

Glu

Asn

Gly

His

Leu

Ser

Ala

Leu

Ala

Asn

50/56



44312

Ile Cys Thr Ala Gln Ala Leu Leu Ala Asn Val Ala

325

330

Val Tyr His Gly Pro Glu Gly Leu Lys Glu Ile Ala

340

Ser Leu Ala Ala Ser Phe Ala
355 360

Ile Thr Ser Ser Glu Phe Phe
370 375

Ala Ala Ser Ile Lys Phe Ser
385 390

Thr Ile Gly Glu Asp Lys Val
405

345

350

Gly Ala Val Thr Thr

365

Asp Thr Val Thr Val

380

Leu Glu Lys Ala Gly

395

Ser Val Ser Phe Gly

410

Gln Gly Asp Val Thr Val Leu Ala Asp Ala Phe Gly

420

425

430

Asp Asn Ala Asp Phe Pro Leu Pro Glu Ala Leu Thr

435 440

445

Val Leu Thr His Glu Ile Phe Asn Ser Ile His Ser

450 455

460

Met Arg Tyr Leu Arg Lys Leu Gly Asp Lys Asp Leu

465 470

475

Thr Met Ile Pro Leu Gly Ser Cys Thr Met Lys Leu

485

490

Ala Met Glu Pro Ile Thr Trp Pro Glu Phe Ala Asn

500

Ser Pro Glu Tyr Ala Thr Gln
515 520

Glu Gly Trp Leu Ala Glu Leu
530 535

Pro Asn Ala Gly Ser Gln Gly
545 550

Arg Tyr His Val Ala Asn Gly
565

Pro Ala Ser Ala His Gly Thr
580

Leu Arg Val Val Val Val Lys
595 600

Glu Asp Leu Asp Ala Lys Ile
610 615

Ile Met Ile Thr Tyr Pro Ser
625 630

Arg Glu Val Cys Asp Lys Ile
645

505

510

Gly Trp Arg Glu Leu

525

Thr Gly Tyr Ala Lys

540

Glu Leu Ala Gly Leu

555

Asp Thr Asn Arg Asp

570

Asn Ala Ala Ser Ala

585

590

Thr Ala Glu Asp Gly

605

Ala Lys His Gly Gln

620

Thr His Gly Val Phe

635

His Ala Ala Gly Gly

650

51

Ala Met
335

Asn His

Gln Gly

Ala Gly

Tyr Leu
400

Glu Ser
415

Ala Ala

Arg Thr

Glu Thr

Ala Leu
480

Asn Pro
495

Val His

Ile Glu

Val Ser

Leu Ala
560

Ile Val
575

Thr Leu

Ser Ile

Asn Met

Asp Pro

640

Gln Val
655

Tyr

Val

Leu

Val

Val

Ala

Ala

Thr

Gln

Asp

Thr

Pro

Glu

Ile

Ile

Leu

Ala

Asp

Ala

Glu

Tyr

Ala

His

Lys

Asp

Arg

Thr

vVal

Glu

Met

Arg

Ala

Tyr

Leu

Gln

Arg

Ile

Asn

Leu

Gly

Val

Ile
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Asp Gly Ala Asn Met Asn Ala Leu Thr Gly Trp Ala

660

Phe Gly Gly Asp Val Ser His
675 680

Pro His Gly Gly Gly Gly Pro
690 695

His Leu Ile Pro Phe Leu Pro
705 710

Pro Ala Asn Pro Thr Pro Val
725

665

670

Leu Asn Leu His Lys

685

Gly Val Gly Pro Ile

700

Thr Asp Ala Ala Ala

715

Glu Gln Gly Val Pro

730

Gln Phe Gly Ser Ala Gly Val Leu Pro Ile Thr Trp

740

Met Thr Gly Gly Glu Gly Leu
755 760

Gly Ala Asn Tyr Leu Ala Arg
770 775

Phe Thr Gly Asn Glu Gly Leu
785 790

Arg Ala Leu Thr Asp Ala Ser
805

Arg Leu Ile Asp Phe Gly Phe His Ala

820

Ala Gly Thr Leu Met Val Glu Pro Thr

835 840

Leu Asp Arg Phe Ile Glu Ala
850 855

Glu Ile Ile Asp Gly Lys Ile
865 870

Ala Pro Tyr Thr Ala Pro Ser
885

745

750

Thr Ser Ala Thr Ala

765

Glu Leu Ser Asp Ser

780

Val Ala His Glu Cys

Gly Val

810

825

Met Arg

795

860

845

Thr Ala Ala

Pro Thr Leu

830

Glu Ser Glu

Thr Ile Arg

Ala Tyr Glu Asp Ser

875

Val Ser Ser Asp Asp

890

Phe Ser Arg Glu Lys Ala Ala Trp Pro Val Pro Ser

900

905

910

Lys Tyr Phe Pro Pro Val Arg Arg Leu Asp Glu Ala

915 920

925

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

930 935
Asp Thr Asp Ser Thr Glu Glu Ala
945 950
<210> 39
<211> 367
<212> PRT
<213> Corynebacterium ammoniagenes

<400> 39

940

52

Gln Pro

Thr Phe

Gly Val

Asp Glu
720

Ile Thr
735

Ala Tyr

His Ala

Phe Pro

Ile Leu

800

Asp Val
815

Ala Phe

Asp Ile

Ala Glu

Val Ile

880
Trp Glu
895
Leu Arg

Tyr Gly

Asp Phe

Gly

Thr

Ala

Leu

Ala

Ile

Ile

Ile

Asp

Ala

Pro

Ala

Ile

Arg

Tyr

Leu

Asp

Asp

Lys
Ile
Glu
Asp
Ser
Alg
Leu
Leu
Leu
Lys
Val
Glu
Gln
His
Ser
Asn
Arg

Ala
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Met Ser Glu Leu Arg
1 5

Ala Ser Phe Thr
20

Gly

Gly Lys Glu Leu Asp

35

Phe
50

Ala Ala Phe Leu Ser

65 70

Asn Gly Lys Ala Lys
85

Ile

Ile Asp Asp Leu

100
Val Pro Asn Ala
115

Gly

Arg Ile Glu Gly
130

Ala Met Ile Ala

145 150

Gln Val Ala Glu Glu
165

Ala Ala Thr Met Ala
180

Thr Gly Tyr Thr Gly
195

Asp Ala Thr Lys Leu
210

Pro Cys Gly Leu Ala
225 230

Pro Leu Tyr Gly Asn
245

Gly Met Gly Val Ala
260

Gln

Ala

Glu

Asp Leu Ser His Met

55

Tyr

Tyr

Ser

Asn

135

Ser

Lys

Glu

Trp

215

Ser

Glu

Phe

Glu Val Leu Arg Gln Arg

275

Ala Leu Thr
290

Ser Ser

Glu Gln
310

Tyr
305

Ala Gly

Pro Thr Leu Gly His

325

Asn Leu Glu

Glu
295

Leu

Pro

Glu Gly Ala

Ser

Phe

His

40

Gly

Ala

Ser

Tyr

Thr
120

Phe Asp Val Glu Leu Asn Asn

Leu Gln Gly Pro Asn Ala Ala

Lys

Val

Asp

200

Gln

Arg

Leu

Lys

Leu

280

Arg

Val

Ile

Glu

44312

Pro Leu His Ala Glu
10

Gly Pro Trp Asn Met
25 30

His Ala Val Arg Asn
45

Glu Ile Trp Val Asn
60

Leu Ile Ser Asn Met
75

Met Ile Val Ala Glu
90

Arg Phe Ser Asp Thr
105 110

Asp Val Val Trp Glu
125

Glu
140

Lys
155

Glu Glu
170

Val Glu Asn

Thr
190

Ala Asp
185

Val Asp

Glu Leu Met
205

Gly Phe

Leu Phe Ile Asp Gln

220

Asp Ser Leu Arg Leu
235

Ser Arg Asp Ile Thr
250

Lys Lys Thr Ala Asp
265 270

Glu Glu Gly Pro Lys
285

Arg Ala Ala Arg Thr
300

Gly Thr Val Thr Ser
315 '

Ala Leu Ala Leu Val
330

Val Glu Val Asp Ile

53

His

15

Pro

Ala

Gly

Glu

Asp

95

Lys

Ala

Ser

val

Leu

175

Ile

Ile

Asp

Glu

Pro

255

Phe

Gln

Gly

Gly

Asp

335

Arg

Glu

Leu

Val

Pro

Thr

80

Gly

Phe

Phe

Leu

Leu

160

Pro

Val

Tyr

Gly

Ala

240

Val

Val

Val

Ala

Gln

320

Thr

Gly

Lys

Lys

Gly

Asp

Val

Gly

Leu

Asn

Asp

Val

Tyr

Ala

Asn

Val

Gly

Glu

Gly

Ile

Glu

Pro

Ala

Lys

Leu

Tyr

Met

Ala

Lys

Ile

Val

Gln

Val

Glu

Tyr

Arg

Ala

Thr

Met

Ala

Ala

Lys

Ile

Ser

Ala

Arg
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345 350

Tyr Pro Phe Thr Val Thr Lys Thr Pro Phe Tyr Ser Arg Glu Lys

355
<210> 40
<211> 129
<212> PRT
<213> Corynebacterium
<400> 40
Met Ala Asn Leu Pro Ala
1 5
Ile Asn Ala Ala Gln Asp

Ile

Leu

Val

65

Thr

Asn

Glu

20

Thr Ser Val Ala Ala
35

Pro Ala Val Gly Asp
50 55

Glu Ser Thr Lys Ser
70

Val Thr Ala Val Asn
85

Asn Asp Pro Phe Gly
100

Leu Gly Glu Val Met
115

Ile
<210> 41
<211> 353
<212> PRT
<213> Corynebacterium
<400> 41
Met Leu Arg Ile Glu Lys
1 5
Pro Arg Trp Ile Arg Asn
20
Met Lys Lys Arg Val Ala
35
Ala Gly Cys Pro Asn Ile
50 55
Phe Leu Ile Gly Gly Asp
65 70
Ile Ala Thr Gly Lys Pro

360

365

ammoniagenes

Glu Phe Thr

10

Tyr Ser Glu

Ala Ile Val Gly Lys Thr

25 30

Asp Arg Leu Gly Glu Val
40 45

Ser Val Thr Ala Gly Glu
60
Val Ser Asp Leu Tyr Ser
75
Glu Thr Val His Asp Asp
90

Glu Gly Trp Leu Phe Glu
105 110

Thr Ala Asp Glu Tyr Ala
120 125

ammoniagenes

Asn Ala Glu Ser Pro
10

Lys

Gln Val Arg Thr Gly Pro
25 30

Gly Ala Gly Leu His Thr
40 45
Glu

His Cys Trp Glu Ser

60

Thr Arg Arg Cys
75

Arg Cys

Gln Ala Leu Asp Thr Asp

54

Asp
15

Val

‘Val

Thr

Pro

Tyr

95

Val

Ala

Ile

15

Gly

Val

Arg

Asp

Glu

His

Arg

Phe

Cys

Val

80

Glu

Glu

Glu

Glu

Tyr

Cys

Glu

Phe

80

Pro

Glu

Ile

Ala

Gly

Thr

Ile

Val

Asn

Gln

Glu

Gln

Ala

Cys

Arg

Trp

Gly

Glu

Glu

Gly

Ile

Glu

Gly

Lys

Asp

Glu

Thr

Asp

Arg
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85 90 95

val Ser Glu Asn Ile Gln Glu Met Asn Leu Asn Tyr Ala Thr Ile Thr
100 105 110

Gly Val Thr Arg Asp Asp Leu Pro Asp Glu Gly Ala Trp Leu Tyr Ala
115 120 125

Glu Val Val Arg Lys Ile His Glu Lys Asn Pro His Thr Gly Val Glu
130 135 140

Asn Leu Thr Pro Asp Phe Ser Gly Lys Pro Asp Leu Leu Gln Glu Val
145 150 155 160

Phe Glu Ala Arg Pro Glu Val Phe Ala His Asn Leu Glu Thr Val Pro
165 170 175

Arg Ile Phe Lys Arg Ile Arg Pro Ala Phe Arg Tyr Glu Arg Ser Leu
180 185 190

Asp Val Leu Gln Gln Ala His Asp Phe Gly Leu Ile Thr Lys Ser Asn
195 200 205

Leu Ile Leu Gly Met Gly Glu Thr Glu Glu Glu Ile Gln Glu Ala Leu
210 215 220

Arg Asp Met Arg Ser Val Gly Thr Asp Ile Ile Thr Ile Thr Gln Tyr
225 230 235 240

Leu Arg Pro Gly Pro Arg Phe His Pro Ile Glu Arg Trp Val Arg Pro
245 250 255

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

vVal Met Ser Gly Pro Leu Val Arg Ser Ser Tyr Arg Ala Gly Lys Leu
275 280 285

Tyr Thr Gln Ala Met Lys Ala Arg Gly Trp Glu Leu Pro Glu Asn Leu
290 295 300

Lys His Leu Glu Glu Thr Ser Asp Gly Ala Thr Ala Gln Glu Ala Ser
305 310 315 320

Ser Leu Leu Lys Lys Tyr Gly Pro Ser Glu Glu Thr Pro Val Thr Ser

325 330 335
Arg Met Ala Lys Thr Pro Val Gly Ala Asp Lys Phe Thr Ala Ser Ile
340 345 350
Arg
<210> 42

<211> 273
<212> PRT

<213> Corynebacterium ammoniagenes

<400> 42

Met Thr Ala Pro Arg Asp Pro Phe Phe Pro Ala Asp Arg Ser Ile Arg
1 5 : 10 15

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

55



20

44312

25

30

Gln Glu Ala Trp Asp Tyr Gln Ala Glu Val Ala Ala

35 40

45

Asp Glu Val Ala Asp Thr Leu Leu Val Val Glu His

50 55

60

Thr Ala Gly Lys Arg Thr Gln Pro Glu Asp Met Pro

65 70

75

Pro Val Ile Asn Val Asp Arg Gly Gly Arg Ile Thr

85

Gly Gln Leu Val Val Tyr Pro
100

Val Val Asp Tyr Val Arg Arg
115 120

Arg Glu Met Gly Val Thr Thr
130 135

Val Trp Val Pro Ser Thr Thr
145 150

Arg Asp Arg Lys Ile Ala Ala
165

90

Ile Ile Lys Leu Ala

105

110

Leu Glu Glu Ala Val

125

Ala Gly Arg Ile Asp

140

Ala Ala Lys Asp Pro

155

Leu Gly Ile Arg Ile

170

Thr Met His Gly Leu Ala Leu Asn Cys Asp Asn Ile

180

185

190

Glu His Ile Ile Ala Cys Gly Ile Asp Asp Ala Asp

195 200

205

Ala Leu Glu Leu Gly Arg Asp Val Thr Val Asp Asp

210 215

220

Leu Leu Ile Ala Leu Asp Asp Ala Leu Ala Gly Arg

225 230

235

Asp His Thr Phe Ala Ser Ala Pro Asp Pro Ile Lys

245

250

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

260

Ser

265

56

270

Gln Arg

Pro Ala

Thr Asn
80

Trp His
95

Glu Pro

Ile His

Gly Arg

Ala Ala
160

Thr Arg
175

Leu Asp

Ile Thr

Ala Val

Met Val
240

Leu Ala
255

Asp His

Ala

Val

Gly

Gly

Val

Thr

Ser

Ser

Gly

Tyr

Thr

Glu

Val

Asn

Ala

Arg

Tyr

Leu

Glu

Asp

Val

Gly

His

Val

Tyr

Leu

Pro

Ala

Glu

Gly
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