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Linh vuwe k§ thuit dwoe dé cap
Sang ché dé cap dén vi sinh vat thudc chi Corynebacterium c6 kha ning san

xuit L-isoleuxin va phuong phap san xuat L-isoleuxin sir dung vi sinh vat nay.
Tinh trang ky thuit ciia sing ché

Céc axit amin mach nhanh dung dé chi ba axit amin 13 L-valin, L-leuxin va
L-isoleuxin va dugc st dung trong cong nghiép lam phu gia thuc phdm, duoc phim,
v.v.. Cu thé 13, L-isoleuxin duogc chuyén hoa trong co dé tao ra nang luong, va tham
gia vao qua trinh tao thanh hemoglobin trong khi thyc hién chiric ndng lam giam mét
moi va thuc ddy sinh truéng. Theo do, L-isoleuxin ¢6 nhiéu cong dung khic nhau nhu
ché pham dang 16ng, thuc pham bd sung dinhk dudng, v.v.., va viéc st dung cua nd lam

thuc pham bo sung trong tap luyén dang ting lén.

L-isoleuxin dugc sinh tong hop tir céc tién chat pyruvat va 2-xetobutyrat thong
qua ba chét trung gian chuyén hoéa (Jinhwan Park et al., Appl. Microbial. Biotechnol.
85:491-506, 2010).

Tuy nhién, trong qua trinh sinh tong hop cta L-isoleuxin, threonin dehydrataza
(gen ilvA), tao ra 2-xetobutyrat tur L-isoleuxin, va sau d6 axit axetohydroxy synthaza
(gen ilvBN) ca hai déu chiu su @c ché hdi dudng boi L-isoleuxin.

Theo do6, da biét rang viéc diéu hoa ctia cac enzym tham gia vao qud trinh sinh
tong hop bang viéc giai phong tir sy e ché hdi dudng béi L-isoleuxin 1a thanh phan
quan trong trong viéc tao ra chiing san xuat L-isoleuxin c¢6 hiéu suit cao (Jinhwan Park
et al., Biotechnology Journal, 560-577, 2010). Ngoai ra, cdc axit amin mach nhanh
duoc tao ra thong qua cic con dudng sinh tong hop giéng nhau nhu pyruvat, va theo
do, viéc tao ra L-isoleuxin quy md 16n c6 hi¢u suét cao can sy cung cép L-threonin
tron chu trong budc trude 2-xetobutyrat (bing sang ché Han Qudc sb. 10-0823044).
Ban chit ky thuit cia sang ché
Van dé k¥ thuét

Céc tdc gia da tht nghiém con duong sinh tong hop mdéi ma khong st dung
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[-threonin 1am tién chat, va dua gen c6 hoat tinh xitramalat synthaza vao con duong
sinh tong hop L-isoleuxin. Két qua la, cac tic gid xac nhan rang viéc dua vao nay cai

thién viéc san xudt L-isoleuxin, nhd d6 hoan thanh sang ché.
Giai phap k¥ thuat
Muc dich cta sang ché 14 dé xuét vi sinh vat tdi t6 hop ¢6 con dudng sinh tong

hop méi duge dua vao va c6 kha ndng san xuat L-isoleuxin.

Muc dich khac cua sang ché la dé xuat phuong phép san xuat L-isoleuxin, bao
gdm nudi cay vi sinh vat tai to hop c¢6 con duong sinh tong hgp mdi duge dua vao

trong moi trudng; va thu hdi L-isoleuxin tir vi sinh vat hodc mdi trudng.
Uu diém cua sang ché

Vi sinh vat thudc chi Corynebacterium cé kha nang san xuat L-isoleuxin theo
sang ché co hoat tinh xitramalat synthaza dugc dua vao, va c6 the san xuat L-isoleuxin
hiéu suat cao thong qua con duong sinh tong hop mdi ma khong su dung L-threonin
lam tién chat.

M0 ta chi tiét sang cheé
Theo mot khia canh, dé dat dwoc muc dich cia sang che, sang ché dé xuat vi

sinh vat thudc chi Corynebacterium cd kha nang san xuat L-isoleuxin va chira protein

c6 hoat tinh cta xitramalat synthaza.

Thuat ngtt “L-isoleuxin” theo sang ché dung dé chi axit amin thiét yéu, va theo
cdu trac, ding dé chi L-axit amin c6 cong thire HO,CCH(NH2)CH(CH3)CH,CHs,

trong Gng véi axit amin mach nhanh cung véi L-valin va L-leuxin.

Thuét ngfr “c6 kha ning san xuét L-isoleuxin” theo sing ché chi ra rang khi vi
sinh vat lién quan dugc nuoi céy trong mdi truong, nod biéu hién kha nang tich tu
L-isoleuxin trong mdi truong hodc trong chinh vi sinh vat. Kha nang san Xudt
L-isoleuxin nay co thé duoc ké thira bai chung kiéu dai hodc duoc tao thanh hodc duoc
tang cuong biang cach bién doi chiing.

Vi du, dé c6 kha nang san xuét L-isoleuxin, vi sinh vat c6 thé tuan theo cac
phuong phap duoc st dung dé bién ddi chi mot minh vi sinh vat hoic két hop, chang
han nhu thu dugc thé dot bién dinh dudng thu dong, thé dot bién dé khéng tuong tu

hodc thé dot bién didu hoa chuyén héa hoic xay dung chung tai to hop trong d6 hoat
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tinh enzym tham gia trong qua trinh sinh tong hop L-isoleuxin dugc ting cudng.

Ngoai ra, trong truong hop tang cuong hoat tinh cla enzym tham gia trong qua
trinh sinh tong hop L-isoleuxin, gen dich tham gia trong qué trinh sinh tong hop
L-isoleuxin, cu thé 1a cac gen ilvG, ilvM, ilvE, ilvD va ilvA, cé thé duoc ting cuong
moOt minh hodc két hop hai hodc nhiéu gen. Céac gen ilvG, ilvM, ilvE, ilvD va ilvA lan
luot ma hoa cho tiéu phan 16n va nho clia isoenzym H‘ cua axit axetohydroxy synthaza,

transaminaza, axit dihydroxy dehydrotaza, va threonin deaminaza.

Thuat nglt “xitramalat synthaza (EC2.3.1.182)” theo sang ché 13 enzym xuc tac
dé chuyén hoa axetyl-coA va pyruvat thanh xitramalat va coenzym A. Enzym nay
duoc tim thiy & ¢d khuan ching han nhu Methanocaldococcus jannaschii (Howell et
al., ] Bacteriol. 181: 331-333, 1999), Leptospira interogans (Xu et al., J Bacteriol. 186:
5400-5409, 2004), va Geobacter sulfurreducens, va tham gia trong con duong doc lap
threonin trong qué trinh sinh téng hop isoleuxin (Risso e al., ] Bacteriol. 190:
2266-2274, 2008). Enzym c6 tinh ddc hiéu cao véi pyruvat lam co chét, va dugc biét

dén la thuong bi trc che bdi isoleuxin.

Céac thuat ngit “protein c¢é hoat tinh xitramalat synthaza” va “gen ma hoa
protein nay” theo sang ché c6 thé bao gdm bat ky protein nao c6 hoat tinh xitramalat
synthaza nhu dugc mo ta ¢ trén va bt ky gen nao ma hoa cho cac protein nay ma

khong bi gidi han.

Cu thé, protein c6 hoat tinh xitramalat synthaza c6 thé c6 ngudn gbc tir
Methanocaldococcus, va cu thé hon 1a Methanocaldococcus Jjannaschii. Xitramalat
synthaza c6 trinh ty axit amin néu trong SEQ ID NO: 1, va gen cimA ma hoéa cho trinh
tu axit amin nay cé trinh tu nucleotit néu trong SEQ ID NO: 2. Céac trinh ty axit amin
cta protein cho théy hoat tinh khac nhau phu thudc vao loai hodc ching vi sinh vat,
hodc nhiéu axit nucleic ¢6 chirc ning twong tu ¢6 thé ma hoa cho protein dinh trudce
bét ky do ma di truyén ¢o tinh thoai hoa, va theo do, cac trinh tu khong bi gidi han ¢
cac SEQ ID NO dugc mo ta ¢ trén.

Ngoai ra, cac protein vé co ban cé hoat tinh xitramalat synthaza c6 thé nam
trong pham vi bao ho ctia sang ché nay ma khong bi gi¢i han mién 1a protein vé co ban
¢6 hoat tinh xitramalat synthaza nhu Ia trinh tu axit amin tuong déng 70% hodc nhiéu

hon v6i SEQ ID NO: 1, tt hon 1a twong dong 80% hodc nhiéu hon, tot hon nira la
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tuong déng 90% hodc nhiéu hon, tdt hon nira 1a tuong déng 95% hodc nhiéu hon, va

tham chi tét hon nita 1a twong ddng 98% hodc nhiéu hon.

Ngoai ra, néu trinh tu axit amin c6 d¢ twong dong doi véi cac trinh ty v€ co ban
¢6 hoat tinh sinh hoc twong tu hodc twong tng voi protein néu trong SEQ ID NO: 1,
trinh tu axit amin ma phan cia né bi mat, bién doi, thay thé hodc thém rd rang van nam

trong pham vi bao ho cua sang ché.

Ngoai ra, gen ma hoa xitramalat synthaza c6 thé ¢6 trinh ty nucleotit ma hoa
trinh tu axit amin néu trong SEQ ID NO: 1. O day, do su thoai hda cia cac ma b ba
hodc lién quan dén cac ma bd ba dugc uu tién hon boi céc sinh vat dé biéu hién protein,
polynucleotit ¢6 thé c6 nhiéu bién déi khac nhau trong céc ving ma héa nam trong
pham vi ma trinh ty axit amin cta protein khong bi thay d6i. Trinh tu polynucleotit co
thé,‘vi du, ¢ trinh tu polynucleotit néu trong SEQ ID NO: 2, va trinh tu nucleotit
twong ddng 80% hodc nhidu hon, tét hon néu tuong ddng 90% hodc nhidu hon, va tot
hon nita tuong déng 99% hoic nhiéu hon, nhung khong gi6i han & do.

Ngoai ra, dé thu hoi dot bién c6 hoat tinh ting cudng cla xitramalat synthaza,
sang ché dé xuét thu vién dot bién cua CimA(M) duogc thu hoi béng cach st dung phan
tmg PCR dé bi 16i (error-prone PCR) nhu dot bién cta protein néu trong SEQ ID
NO: 1.

Cu thé, thu vién dot bién cia CimA(M) theo sang ché c6 thé bao gdm cac thanh
phan dudi day:

CimA(M)m1 ¢6 trinh tu axit amin néu trong SEQ ID NO: 3 (cu thé, c6 thé duoc
ma hoa tur polynucleotit cé trinh tu nucleotit néu trong SEQ ID NO: 4);

CimA(M)m2 c¢6 trinh tu axit amin néu trong SEQ ID NO: 5 (cu thé, c6 thé duoc
ma hoa tir polynucleotit cé trinh ty nucleotit néu trong SEQ ID NO: 6);

CimA(M)m3 ¢6 trinh tu axit amin néu trong SEQ ID NO: 7 (cu thé, c6 thé dugc
ma hoa tur polynucleotit cé trinh tu nucleotit néu trong SEQ ID NO: 8);

CimA(M)m4 c¢6 trinh tu axit amin néu trong SEQ ID NO: 9 (cu thé, c6 thé duogc
ma hoa tur polynucleotit cé trinh tu nucleotit néu trong SEQ ID NO: 10);

CimA(M)m5 ¢6 trinh ty axit amin néu trong SEQ ID NO: 11 (cu thé, c6 thé
dugc ma hoa tu polynucleotit cé trinh tu nucleotit néu trong SEQ ID NO: 12);
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CImA(M)m6 c¢6 trinh ty axit amin néu trong SEQ ID NO: 13 (cu thé, c6 thé
duoc ma hda tir polynucleotit ¢6 trinh tu nucleotit néu trong SEQ ID NO: 14); va

CimA(M)m7 c¢6 trinh tu axit amin néu trong SEQ ID NO: 15 (cu thé, c6 thé
duoc ma héa tr polynucleotit ¢6 trinh tu nucleotit néu trong SEQ ID NO: 16).

Ngoai ra, bét ky protein nao vé co ban c6 hoat tinh cua dot bién xitramalat
synthaza ¢6 nim trong pham vi bao ho cla sang ché ma khong bi giéi han mién la
protein vé ¢o ban c6 hoat tinh cta dot bién xitramalat synthaza nhu trinh ty axit amin
¢6 do tuong dong dbi véi trinh tu axit amin néu trong cac SEQ ID NO t6t hon 1a 80%
hoidc nhiéu hon, tdt hon nita 1a 90% hodc nhiéu hon, thAm chi tét hon nita 12 95% hoic

nhiéu hon, va thdm chi t6t hon nhiéu nita 1a 99% hodc nhiéu hon.

Thuét ngit “do twong dong” theo sang ché dé cap dén muc do twong dong dbi
véi trinh tu nucleotit hodc axit amin dugc cho, va co thé duoc biéu dién theo ti 1¢ phén
tram. Theo sang ché, do tuong ddng vé trinh tu ¢6 hoat tinh twong ddng hodc tuong tu
déi v6i trinh tu nucleotit hogc axit amin dugc cho duge biéu dién 1a “% tuong dong”.
Vi du, do tuong dong ¢ thé duge dong nhit bing cach st dung phan mém chuén, cu
thé 12 BLAST 2.0, dé tinh toan cac thong s6 nhu 1a diém, tinh gidng nhau va do tuong
d6ng hoic bang cach so sanh cac trinh ty thong qua k¥ thuét lai hoa Southern dudi cac
diéu kién nghiém ngat duoc quy dinh. Cac diéu kién lai hoa thich hop c6 thé duge xac
dinh trong pham vi cta linh vgc k¥ thuat nay (vi dy, J. Sambrook et al., Molecular
Cloning, A Laboratory Manual, 1989), va co6 thé duoc xédc dinh bang cach str dung céc

phuong phap di biét bai nguoi c6 hiéu biét trung binh trong linh vuc k§ thuat.

Theo phuong an cu thé, vi sinh vét theo sang ché ¢o thé chira xitramalat
synthaza néu trong SEQ ID NO: 1 ¢6 ngudn gbc tit Methanocaldococcus jannaschii,
thé dot bién cta né, va gen ma hda protein c6 trinh tu axit amin duoc chon tir nhom
bao g61n cac SEQID NO: 1,3,5,7,9, 11, 13, va 15. Cu thé hon, gen mong mudn ¢
thé duoc biéu hién bang cach bién nap céc vecto tai to hgp chita mdi gen vao trong vi
sinh vat.

Thuat ngit “vecto tii to hop” theo sang ché dung dé chi cau traic ADN chira
trinh tu nucleotit ctia polynucleotit ma hda protein mong mudn, duge lién két co thé
thao tac véi trinh tu diéu hoa thich hop dé biéu hién protein mong mubn trong vat chu

thich hop. Trinh tu diéu hoa bao gdbm ving gen khéi dAu (promoter) c¢6 thé bat dau qua
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trinh phi€n ma, trinh ty vung didu khién tuy y dé didu hoa su phién ma ndy, trinh ty ma
hoa vi tri lién két riboxom mARN thich hgp, va trinh tu didu hoa viéc két thic phién
ma va dich ma. Sau khi vecto téi td hop duogc chuyén vao té bao chu thich hop, vecto
tai to hop nay c6 thé duoc sao chép hodc thuc hién chirc nang khong lién quan dén hé

gen cua vat chu, va c6 thé dugce tich hop vao hé gen cua chinh no.

Vecto tai to hop dugc sir dung theo sang ché khong bi gidi han cu thé mién la
n6 c6 thé sao chép trong té bao chii, va c6 thé sir dung bét ky vecto nao da biét trong
linh vuc k¥ thuét. Céc vi du vé cac vecto duge st dung thong thuong c6 thé bao gdbm
plasmit, cosmit, virut va thé thuc khuan tu nhién hodc tai td hop. Vi duy, 1a vecto thé
thuc khuan hodc vecto cosmit, pWEI15, M13, MBL3, MBL4, IXII, ASHII, APII, t10,
t11, Charon4A, Charon21A, hodc céc vecto tuong tu c¢d thé duoc st dung. La vecto
plasmit, loai pBR, loai pUC, loai pBluescriptll, loai pGEM, loai pTZ, loai pCL, loai
pET, hodc cic vecto tuong tu ¢d thé duogc st dung. Vecto co thé duoc st dung trong
sang ché nay khong bi gidi han cu thé, va céc vecto biéu bién da biét bat ky c6 thé
dugce st dung. Cu thé, vecto pECCG117, pDZ, pACYC177, pACYC184, pCL, pUC19,
pBR322, pMW118, hodac pCCIBAC, hodc cic vecto tuong tu co thé duoc si dung.

Theo phuong 4n minh hoa, té bao chi c6 thé dua polynucleotit md hoa protein
mong mudn trong nhidm sic thé boi vecto dé chén doan nhiém sic thé. Viéc dua
polynucleotit vao trong nhiém sdc thé co thé duoc thuc hién bang phuong phéap bat ky
da biét trong linh vuc k§ thuét, vi du, tai to hop twong dong, nhung khong gi6i han &
do.

Thuat ng “bién nap” theo sing ché c¢o nghia 1a vecto tai t6 hop chia
polynucleotit ma héa protein dich dugc dua vao trong té bao chi sao cho protein duoc
ma héa béi polynucleotit ¢6 thé duge biéu hién trong té bao chu. Polynucleotit bién
nap c6 thé la polynucleotit bat ky mién 14 polynucleotit cé thé duoc biéu hién trong té
bao chu, khong quan tam dén liéu polynucleotit c6 dugc chén vao trong hoac nam bén

ngoai nhiém sdc the.

Ngoai ra, cum tur “lién két c6 thé thao tac” dé cap dén lién két chuc nang gitta
cac trinh tu vung gen khéi dau ma bat dau va diéu chinh su phién ma cua polynucleotit

ma hoa protein dich theo sang ché, va trinh tu gen.

Trong khi do6, theo phudéng an cu thé cua sang ché, vi sinh vat thudc chi
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Corynebacterium ¢o thé con c6 cac hoat tinh ting cuong cuia 3-isopropylmalat

dehydrogenaza va 3-isopropylmalat dehydrataza.

Thuat ngit “tdng cuong cla hoat tinh protein” theo sang ché @& cap dén hoat
tinh cua protein dugc tdng cudng so v6i hoat tinh ctia protein trude khi duge bién doi
hodc kiéu dai. Cu thé, viéc taing cuong cta hoat tinh protein c6 thé bao gém viéc ting
hoat tinh dan dén cai thién hoat tinh cia gen noi sinh ma hda protein, khuéch dai gen
noi sinh bang cac yéu t6 bén trong hoic bén ngoai, loai bd yéu té diéu hoa dé ngin
chan su biéu hién cua gen, tang sb lugng ban sao cta gen, dua vao gen ngoai lai, bién
dbi cua trinh ty didu hoa biéu hién, cu thé, thay thé hodc bién dbi cua vung gen khoi

dAu va dot bién bén trong gen.

Cu thé, viéc tang cudng hoat hoat tinh cta 3-isopropylmalat dehydrogenaza va
3-isopropylmalat dehydrataza co thé duoc thuc hién bang phuong phap dugc chon tir

nhém bao gom:
1) tang s6 lwong ban sao ciia polynucleotit ma hoa protein nay;
2) bién ddi trinh tu diéu hoa biéu hién dé ting biéu hi¢n cua polynucleotit;

3) bién dbi trinh tu polynucleotit trén nhiém sdc thé dé tang cuong hoat tinh cia

protein; loai bo yéu td diéu hoa dé ngan biéu hién cua gen; hodc
4) t6 hop cua chung; tuy nhién, phuong phap khong chi gi¢i han cu thé & do.

Phuong phap tang s& lwong ban sao clia polynucleotit ¢6 thé dugc thuc hién
theo cac dang lién két c6 thé thao tac d6i véi vecto, hodc bang ciach chén vao trong
nhiém sic thé trong té bao cha; tuy nhién, phuong phdp khong chi giGi han cu thé & do.
Cu thé, co thé thuc hién bang cach chén vecto vao trong té bao chu, trong d6 vecto
duoc lién két co thé thao tac v6i polynucleotit ma héa protein theo sédng ché, va c6 thé
sao chép va thuc hién chtrc nang khong lién quan dén t& bao chu. Ngoai ra, ¢6 thé thuc
hién bang phuong phap dé tang s6 luong ban sao ctia polynucleotit bén trong nhiém
sdc thé trong t& bao chu bang cich chén vecto vao trong té bao chy, trong d6 vecto
duoc lién két c6 thé thao tac véi polynucleotit va cho phép polynucleotit dugc chén

vao trong nhiém sic thé trong té bao chu.

Phuong phép bién déi trinh ty didu hoa dé ting biéu hién ctia polynucleotit c6

thé duoc thuc hién bang cach gdy dot bién trén trinh tu nay bang cach loai bd, chén
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thém hoac thay thé bao thu hoic khong bao thu trinh ty axit nucleic, hodc to hop cac
dot bién nay, sao cho hoat tinh cua trinh ty diéu hoa biéu hién c6 thé dugc tdng cuong,
hodc bing cach thay thé trinh tu nay bang trinh tu axit nucleic ¢6 hoat tinh ting cudng;
tuy nhién, phuong phép khong bi gi6i han cu thé & do. Trinh tu diéu hoa biéu hién bao
g6m ving gen khoi dAu, trinh tu ving diéu khién, trinh ty ma hoa cho vi tri lién két
riboxom, trinh tu didu hoa viéc két thic qua trinh phién ma va dich ma, hoac tuong tu,

nhung khong bi gidi han cu thé & do.

Vung gen khoi dau khac loai manh thay cho viing gen khoi du ban dau c6 thé
duoc lién két v6i phdn diu cta don vi dé biéu hién polynucleotit, va cac vi du vé ving
gen khoi diu manh co thé bao gdm ving gen khéi dau cj7 (patent Han Qubc
56 10-0620092 va cong bd don qudc té s6 WO 2006/065095), ving gen khéi dau
EF-Tu, ving gen khéi diu groEL, ving gen khéi du aceA hoic aceB, va tot hon 14,
ving gen khoi dau cj7 12 ving gen khéi déu tir Corynebacterium dugc lién két co thé

thao tac sao cho tdc do biéu hién cua polynucleotit ma hoa protein duge tang 1én.

Ngoai ra, phuong phép bién doi trinh ty polynucleotit trén nhiém sic thé c6 thé
duoc thuc hién béng cach gay dot bién trén trinh tu diéu hoa biéu hién béng loai bo,
chen thém, hodc thay thé bao tha hodc khong bao thu trinh tu axit nucleic, hodc td hop
clia cac dot bién nay, sao cho hoat tinh cda trinh tu polynucleotit ¢6 thé duogc tang
cudng, hodc bang cach thay thé trinh tu nay bang trinh tu polynucleotit da bién ddi co

hoat tinh dugc tang cuong; tuy nhién, phuong phap khong gidi han cu thé ¢ do.

Cac thuat nglt “3-isopropylmalat dehydrogenaza” va “3-isopropylmalat
dehydrataza” theo sang ché dé cdp dén cic enzym tham gia vao cac con duong sinh
téng hop L-leuxin, L-isoleuxin va L-valin. Protein c6 hoat tinh cta cac enzym va gen
ma hoa protein nay c6 thé bao gdm cac protein bat ky c6 hoat tinh ciia cic enzym va

gen bat ky ma hoa protein ndy ma khong bi gi6i han.

Cu thé, theo sang ché, 3-isopropylmalat dehydrogenaza (EC1.1.1.85) c6 thé c6
ngudn gdc tir vi sinh vat thude chi Corynebacterium, cu thé hon la tir Corynebacterium
glutamicum. Trong khi d6, 3-isopropylmalat dehydrogenaza theo sang ché ¢6 thé co
trinh tu axit amin néu trong SEQ ID NO: 17. Ngoai ra, bét ky protein nao vé co ban ¢6
hoat tinh cua 3-isopropylmalat dehydrogenazé nhu 12 trinh ty axit amin vé co ban cé

do trong ddng v6i SEQ ID NO: 17 1a 70% hogc nhiéu hon, tot hon 1a 80% hodc nhiéu
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hon, tt hon nita 1a 90% hodc nhidu hon, tham chi tét hon nita 1a 95% hoc nhiéu hon,
va tham chi t&t hon nhiéu nita 1a 99% hoic nhiéu hon ¢6 thé nam trong pham vi bao ho

cua sang ché ma khong bi giéi han.

Ngoai ra, gen ma hoa 3-isopropylmalat dehydrogenaza co thé co trinh tu
nucleotit ma hoéa trinh tu axit amin néu trong SEQ ID NO: 17. Céc trinh ty axit amin
clia protein ¢6 hoat tinh khac nhau phu thudc vao cic loai hodc ching vi sinh vat, hoac
nhiéu axit nucleic c6 chtc nang tuong tu ¢6 thé ma héa cho céc protein dinh trude bat
ky do ma di truyén c6 tinh thodi héa, va theo do, cac gen khong gidi han & cac SEQ ID
NO duoc md ta & trén. Vi duy, gen co thé ¢6 trinh tu nucleotit néu trong SEQ ID
NO: 18, hoic trinh ty nucleotit ¢6 do twong dong véi SEQ ID NO: 18 1a 80%, t6t hon

14 90% hodc nhiéu hon, va tdt hon nita 1a 99% hodc nhiéu hon.,

Ngoai ra, 3-isopropylmalat dehydrataza (EC4.2.1.33) theo séng ché c6 thé ¢o
ngudn goe tlr vi sinh vat thudc chi Corynebacterium, cu thé hon 1a tr Corynebacterium
glutamicum. Trong khi d6, 3-isopropylmalat dehydrataza theo sang ché bao gém hai
tidu phé“m 16n/nhé ¢6 thé ¢o trinh tu axit amin néu trong SEQ ID NO: 19 va 21. Ngoai
ra, bat ky protein nao vé co ban c6 hoat tinh cua 3-isopropylmalat dehydrataza c6 thé
nim trong pham vi bao hd cua sang ché ma khong bi gidi han mién la protein vé co
ban c6 hoat tinh cta 3-isopropylmalat dehydrataza nhu trinh ty axit amin ¢6 do tuong
ddng véi cac SEQ ID NO: 19 va 21 1a 70% hodc nhidu hon, tot hon 1a 80% hogc nhiéu
hon, tét hon nita 1a 90% hoic nhiéu hon, thim chi tdt hon nita 12 95% hodc nhiéu hon,

va tham chi t6t hon nhiéu nita 1a 99% hodc nhiéu hon.

Ngoai ra, gen ma hoa 3-isopropylmalat dehydrataza c¢o6 thé c6 trinh tu nucleotit
ma hoa céc trinh ty axit amin néu trong SEQ ID NO: 19 va 21. Céc trinh ty axit amin
ctia protein c6 hoat tinh khac nhau phu thudc vao céc loai hodc chung vi sinh vét, hoéc
nhiéu axit nucleic ¢6 chirc ning tuong tu ¢6 thé ma hoa cho cac protein dinh trude bét
ky do ma di truyén c6 tinh thoai hoa, va theo d6, cac gen khong gidi han & cac SEQ ID
NO nay. Vi du, gen c6 thé ¢6 trinh tu nucleotit néu trong SEQ ID NO: 20 va 22, hodc
cac trinh tu nucleotit ¢6 do tuong déng 12 80%, tot hon 12 90% hoac nhiéu hon, va tot

hon nita 12 99% hodc nhiéu hon.

Trong khi do, theo phuong an cu thé cla sing ché, vi sinh vat thudc chi

Corynebacterium ¢6 thé chia enzym tham gia vao con duong sinh tong hop cua
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[-isoleuxin con ¢o6 hoat tinh dugc tdng cuong.

Theo sang ché, thudt nglt “enzym tham gia vao qué trinh sinh tong hop cla
[-isoleuxin” c6 thé bao gbdm aspartat kinaza (gen lysC), aspartat-B-semialdehyt
dehydrogenaza (gen asd), homoxerin dehydrogenaza (gen hom), homoxerin kinaza
(gen thrB), threonin synthaza (gen thrC), threonin dehydrataza (gen ilvA),

aminotransferaza (gen ilvE), hodc twong tu, nhung khong chi giéi han ¢ do.

Trong khi do6, theo phuéng an cu thé cua sang ché, vi sinh vét thuoc chi

Corynebacterium c6 thé con bao gdm pyruvat dehydrogenaza bi bét hoat.

Thuét ngtr “pyruvat dehydrogenaza (EC1.2.4.1)” theo sang ché dung dé chi
enzym chuyén héa pyruvat thanh axetyl-CoA va CO2. Sang ché c6 thé didu ché ching
bi mét gen aceE ma hda enzym gia tdng sy cung cip axetyl-CoA dugc st dung lam

tién chat cua gen cimA.

Cu thé, pyruvat dehydrogenaza (EC1.2.4.1) theo sang ché ¢6 thé c6 ngudn goc
tur vi sinh vat thudc chi Corynebacterium, va cu thé hon 1a tor Corynebacterium
glutamicum. Trong khi d6, pyruvat dehydrogenaza theo sang ché c6 thé c6 trinh tu axit
amin néu trong SEQ ID NO: 25. Ngoai ra, bét ky protein nao vé co ban c6 hoat tinh
cua pyruvat dehydrogenaza nhu la trinh ty axit amin vé co ban c6 do tuong dong
v6i SEQ ID NO: 25 1a 70% hoic nhidu hon, tt hon 1a 80% hodc nhiéu hon, tot hon
nita 1a 90% hodc nhidu hon, thdm chi tt hon nita 14 95% hodc nhiéu hon, va tham chi
t5t hon nhidu nita 12 99% hodc nhidu hon c6 thé nim trong pham vi bdo hd cla sang

ché ma khong bi gi¢i han.

Ngoai ra, gen ma hoa pyruvat dehydrogenaza co thé ¢6 trinh tur nucleotit ma
hoéa trinh tu axit amin néu trong SEQ ID NO: 25. Céc trinh tu axit amin cta protein
cho théy hoat tinh khac nhau phu thudc vao céc loai hodc ching vi sinh vét, hodc nhiéu
axit nucleic ¢6 chtrc nang twong tu ¢6 thé ma hoa cho céc protein dinh trude bt ky do
ma di truyén c6 tinh thodi hoa, va theo do, cac gen khong giGi han ¢ cac SEQ ID NO
duoc mo ta ¢ trén. Vi dy, gen co thé ¢6 trinh tu nucleotit néu trong SEQ ID NO: 26,
hodc céc trinh tu nucleotit c6 do tuong déng 12 80%, t6t hon 12 90% hodc nhiéu hon,

va tot hon nita 1a 99% hodc nhiéu hon.

Thuét ngit “bét hoat” theo sang ché dung dé chi cac truong hop trong d6 gen

ma hda polypetit lién quan khong dugc biéu hién, biéu hién giam hoat tinh do biéu
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hién khoéng hoan toan, hodc khong tao ra cac polypeptit chirc ndng lién quan, tham chi

la gen dugc biéu hién.

Ngoai ra, thuat ngtt dung dé chi truong hop trong d6 gen ma hoa polypeptit lién
quan vé co ban khong dugc biéu hién do mtrc do biéu hiéu thip ding ké ciing nhu
trong trudong hop trong d6 gen hoan toan bi bét hoat. Theo d6, viéc bat hoat gen co thé
hoan toan (bét hoat) hoac mot phﬁn (vi du, gen co thé biéu hién hinh thai & muc do
thip hon binh thuong hodc san pham ctia gen dot bién cho thiy giam mot phan trong

hoat tinh bi tac dong boi gen).

Ngoai ra, “viéc bat hoat” ctia polypeptit lién quan theo sang ché bao gdm cac
truong hop loai bo hoat tinh cua polypeptit cling nhu giam hoat tinh cta polypeptit so
v6i chung khong bi bién ddi. Cu thé, viéc bit hoat cua threonin dehydrataza theo sdng

ché c6 thé dugc thuc hién béng phuong phap dugc chon tir nhom bao gém:
1) loai bé mot phin hodc toan bo polynucleotit ma hoa cho protein;
2) bién ddi trinh ty didu hoa biéu hién dé giam biéu hién ctia polynucleotit;

3) bién déi trinh tu polynucleotit trén nhiém sdc thé dé lam giam hoat tinh ctia

protein; hodc
4) t6 hop ctia ching; tuy nhién, phuong phap khong gidi han cu thé & do.

Phuong phap loai bé mot phﬁn hodc toan bo polynucleotit ma hoa cho protein
¢6 thé duoc thue hién bing cach thay thé polynucleotit ma héa protein dich ndi sinh
trong nhiém sic thé bang gen dénh ddu hoic polynucleotit trong d6 trinh tu axit
nucleic bi loai boé mot phan, thong qua vecto dé cheén nhiém séc thé vao trong vi khuan.
Nhu dugce sir dung trong ban mo ta nay, thudt nglt “mot phan” c6 thé khac nhau tuy
thudc vao céac loai polynucleotit, nhung cé thé dé cap cu thé dén tir 1 dén 300 nucleotit,

t6t hon nita 1a tir 1 dén 100 nucleotit, va thAm chi tot hon nita 12 tir 1 dén 50 nucleotit.

Phuong phap bién ddi trinh tu diéu hoa dé 1am giam biéu hién ctia polynucleotit
¢6 thé duge thuc hién béng cach gay ra dot bién trén trinh tu béng cach loai bd, chen
thém hodc thay thé bao thi hodc khong bao thu cla trinh tu axit nucleic, hodc to hop
ctia cac dot bién nay, sao cho hoat tinh cta trinh tu diéu hoa biéu hién bi suy giam,
hodc bang cach thay thé trinh tu bang trinh ty axit nucleic ¢6 hoat tinh suy giam; tuy

nhién, phuong phap khong gidi han cu thé ¢ do. Trinh tu didu hoa biéu hién bao gdm

-12-



38143

vung gen khéi dau, trinh tu ving diéu khién, trinh tv ma hoa vi tri lién két riboxom,
trinh tu diéu hoa viéc két thuc qué trinh phién ma va dich ma, hodc tuong tu; nhung
khong gidi han ¢ do.

Ngoai ra, phuong phap bién ddi cua trinh tu polynucleotit trén nhidm sic thé c6
thé duoc thuc hién béng cach gay dot bién trén trinh ty nay béng cach loai bd, cheén
thém hodic thay thé bao thii hodc khong bao thu cta trinh tu polynucleotit, hodc to hop
céc dot bién nay, hodc bang cich thay thé trinh ty bang trinh tu polynucleotit bi bién

d6i c6 hoat tinh suy gidm; tuy nhién, phuong phap nay khong gi¢i han ¢ do.

Theo khia canh cu thé khac ciia sang ché, vi sinh vét bat ky lam vi sinh vat dé
san xuét L-isoleuxin ¢6 thé nam trong pham vi bao ho cua sang ché ma khong bi gidi
han, mién 1a vi sinh vat co6 thé duoc biéu hién béng cach dua protein cd hoat tinh
xitramalat synthaza vao. Cac vi du vé vi sinh vat c¢6 thé 1a vi sinh vat thudc chi
Escherichia, Shigella, Citrobacter, Salmonella, Enterobacter, Yersinia, Klebsiella,
Erwinia, Corynebacterium, Brevibacterium, Lactobacillus, Selenomanas, Vibrio,
Pseudomonas, Streptomyces, Arcanobacterium, Alcaligenes, hodc cac chi tuong tu, va
cu thé 1a chi Corynebacterium, cu thé hon nira 1a Corynebacterium glutamicum, nhung
khong gi6i han ¢ do.

Tuy nhién, khia canh khéac cuia sdng ché d& xuét phuong phép san xuét

L-isoleuxin bao gdm céc budc:

nudi cdy vi sinh vat thudc chi Corynebacterium chura protein c¢6 hoat tinh
xitramalat synthaza trong moi trudng; va

thu hdi L-isoleuxin tir vi sinh vt hodc moi truong,

trong d6 vi sinh vét thudc chi Corynebacterium cé gen dugc dua vao mad hoa

cho protein ¢6 hoat tinh xitramalat synthaza nhu dugc mo ta ¢ trén.

Tom lai, vi sinh vat thudc chi Corynebacterium cod thé ¢o gen dugc dua vao ma
hoa cho xitramalat synthaza c6 nguon gbc tir Methanocaldococcus, trong d6 xitramalat
synthaza tot hon 14 ¢6 thé ¢6 trinh ty axit amin duge chon tir nhém bao gdm céc SEQ

IDNO:1,3,5,7,9,11, 13 va 15.

Ngoai ra, vi sinh vat thudc chi Corynebacterium theo sang ché cé thé con bao

gobm cac hoat tinh dugc ting cudng clia 3-isopropylmalat dehydrogenaza va
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3-isopropylmalat dehydrataza. Ngoai ra, vi sinh vat thudc chi Corynebacterium co thé

con bao gdm pyruvat dehydrogenaza bi bat hoat.

Cu thé, vi sinh vat thudc chi Corynebacterium theo vi du ciia sang ché co thé [a

Corynebacterium glutamicum c6 gen duoc dua vao ma héa cho xitramalat synthaza.

Theo phuong phap nay, viéc nudi cdy vi sinh vat thudc chi Corynebacterium
theo sang ché cé thé dugc thuc hién bang cach nudi cay theo mé, nudi cay lién tuc, va

nudi cdy bd sung theo mé da biét, nhung khong gi6i han cu thé & do.

Cu thé, ddi voi cac didu kién nudi céy, do pH thich hop (vi du, pH nam trong
khoang tir 5 dén 9, va tét hon 13, pH nim trong khoang tir 6 dén 9) c6 thé duoc dicu
chinh bang cach st dung hop chit bazo (vi du, natri hydroxit, kali hydroxit, hodc
amoniac) hodc hop chit axit (vi du, axit photphoric hodc axit sunphuric), nhung khong
gid1 han cu thé & do. Ngoai ra, su hinh thanh bong bong ¢6 thé duoc kiém ché do chit

chdng tao bot, nhu este ctia polyglycol axit béo.

Oxy hodc hdn hgp khi chira oxy c6 thé duoc dua vao trong mdi truong dé duy
tri didu kién hiéu khi, va nhiét d6 méi truong thuong ndm trong khoang tir 20°C dén
45°C, tét hon 1a nam trong khoang tir 20°C to 40°C. Quaé trinh nudi ciy lién tuc cho
dén khi thu duoc luong tdi da cua L-isoleuxin tao ra, va co thé mat tir 10 gio dén 160
gio dé dat duogc muc dich nay. L-isoleuxin ¢ thé duoc tiét vao trong moi truong hodc

¢6 thé duogc gil trong céc té bao.

Ngoai ra, khi ngudn cacbon cho méi trudong nudi ciy duoc sir dung, duong va
cac cacbohydrat (vi du, glucozo, sucrozo, lactozo, fructozo, maltozo, mat ri duémg,
tinh bdt va xenlulozo), dau va chit béo (vi du, dAu dau nanh, dau hat hudéng duong,
dau lac va dau dira), axit béo (vi du, axit palmitic, axit stearic va axit linoleic), ruou (vi
du, glyxerol va etanol), axit hitu co (vi du, axit axetic), hodc tuong tu co thé duoc st

dung riéng r& hodc két hop, nhung ngudn cacbon khong chi giéi han & do.

La ngudn nito, hop chit hitu co chtta nito (vi du, pepton, chiét xuat nim men,
nudce ép thit, chiét xuat mach nha, phan ling ctia ngd, bot thit dau nanh, va ure), hop
chét vo co (vi du, amoni sunphat, amoni clorua, amoni photphat, amoni cacbonat, va
amoni nitrat), hodc twong tu co thé duogc st dung riéng ré& hodc két hop, nhung nguén

nito khong chi gisi han ¢ do.
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Lla ngudn photpho, kali dihydro photphat, dikali hydro photphat, céac mudi
chtra natri tuong ing, hodc tuong tu ¢ thé duoc st dung riéng r& hodc két hop, nhung

ngudn photpho khong chi giéi han & do.

Theo phuong 4n cu thé coa sang ché, trong luc nuodi céy vi sinh vat thudc chi
Corynebacterium theo phuong phép dé san xuit L-isoleuxin, axetat c6 thé con dugc

cung cép thém.

Péi voi phuong phép thu hdi L-isoleuxin dugc tao ra bang cach nudi ciy vi
sinh vat theo phuong phap nay, phuong phap thich hop co thé dugc st dung dé thu hoi
axit amin dich tir chat 16ng nudi cay phu thudc vao phuong phap nudi chy da biét trong
linh vue k¥ thuét nay, vi du, nudi céy theo mé, nuoi céy lién tuc, nuoi céy bd sung theo
mé, v.v.. Vi du, ly tam, loc, sic ky trao ddi anion, tinh thé héa, HPLC, hodc cac k¥
thuét twong tu c¢6 thé duoc sir dung, nhung phuong phap dé thu hdi L-isoleuxin khong
chi gi6i han ¢ do.

Van theo khia canh khac, sdng ché @& xuét viéc st dung vi sinh vat thudc chi
Corynebacterium chtra protein c6 hoat tinh xitramalat synthaza dé san xudt

L-isoleuxin.

Trong viée st dung nay, vi sinh vét thudc chi Corynebacterium c6 gen duoc

dua vao ma hda protein ¢6 hoat tinh xitramalat synthaza nhu dugc md ta ¢ trén.

Nhu dugc mo tad & trén, vi sinh vét thudc chi Corynebacterium dé san xuat
L-isoleuxin theo sdng ché c6 thé san xuat L-isoleuxin hiéu suédt cao thong qua con
duodng sinh tong hop mdi ma khong str dung L-threonin lam tién chat bang cach dua

vao hoat tinh cda xitramalat synthaza.

Vi du thuye hién sang ché

Vi du 1: Xay dung vecto tii t6 hop chia gen cimA ¢ ngudn gdc tir
Methanocaldococcus

<1-1> Diéu ché manh cia gen cimA c6 nguon goc tt Methanocaldococcus

Pé thu dugc manh 1476 bp chua khung doc mé (ORF) cua gen cimA
(NC 000909.1) ma hoa cho xitramalat synthaza, ADN h¢ gen cua
Methanocaldococcus jannaschii DSM 2661 dugc chiét st dung hé thong Genomic-tip
(Qiagen).
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Xitramalat synthaza c6 ngudn gbe tir Methanocaldococcus jannaschii DSM
2661 ¢6 trinh tu 491 axit amin néu trong SEQ ID NO: 1, va gen cimA ma hoéa trinh tu

axit amin nay c¢6 trinh tu nucleotit néu trong SEQ ID NO: 2.

Phan Gng chudi polymeraza (sau ddy dugc viét tit 1a “PCR”) dugc thuc hién
bang cach st dung ADN hé gen (gADN) da chiét lam khuén. Phan tng PCR dugc
thuc hién st dung cadp mdi néu trong SEQ ID NO: 35 va 36 duéi cac diéu kién sau day:
30 chu ky, mdi chu ky bao gdm bién tinh tai 95°C trong 30 gidy, U tai 56°C trong 30
gidy, va kéo dai tai 72°C trong 60 gidy.

San pham PRC khuéch dai duoc dién di trén gel agarozo 1,0%, sau d6 bang c6
kich thuéc mong mudn duoc tach rira dé thu hdi, va san phém dugc dan nhan 12 “manh

cimA(M)™.

doan mdi cimA-5-Ndel (SEQ ID NO: 35):
5'-GCATCATATGATGGTAAGGATATTC-3'

doan moi cimA-3-Xbal (SEQ ID NO: 36):
5'-CGATCTAGATTAATTCAACAACATGTT-3'

<1-2> Xay dung vecto tai t6 hop pl117-cj7-cimA(M)

Phan tng PCR dugc thuc hién bang cach str dung p117-¢j7-gfp chia vang gen
khéi dau ¢j7 c6 ngudn gbe tir vi sinh vat da biét thude chi Corynebacterium (patent
Han Qudc s6 10-0620092) lam khuon. Nhu duge st dung trong ban md ta nay, thuat
ngt “pl17” miéu ta pECCGI117, la vecto con thoi E. coli-Corynebacterium
(Biotechnology Letters 13(10): 721-726, 1991). Phan tng PCR duoc thyc hién su
dung cip moi néu trong SEQ ID NO: 27 va 28 dudi cac didu kién sau day: 30 chu ky,
mdi chu k¥ bao gdm bién tinh tai 95°C trong 30 gidy, U tai 56°C trong 20 gidy, va kéo
dai tai 72°C trong 30 gidy.

San phdm PRC khuéch dai dugc dién di trén gel agarozo 1,0%, sau d6 bang 323

bp duoc tach rira dé thu hoi, va san pham dugce dén nhén 1a “ménh ¢j7”.

doan mdi Pcj7-5-Xbal (SEQ ID NO: 27):
5-GATGGTACCACCCCAGAAACATCCCAGC-3'

doan moi Pcj7-3-Ndel (SEQ ID NO: 28):
5'-CGATCATATGGAGTGTTTCCTTTCGTTGGG-3'
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Phan tng PRC va dugc thuc hién st dung manh ¢j7 va manh cimA(M) dugc
didu ché theo vi du <1-1> & trén lam khuodn. Phan ung PCR va dugc thyuc hién st dung
cip mdi néu trong SEQ ID NO: 27 va 36 dudi céc didu kién sau day: 30 chu ky, mdi
chu ky bao gdm bién tinh tai 95°C trong 30 gidy, u tai 56°C trong 30 gidy, va kéo dai
tai 72°C trong 60 gidy. ‘

San phém PRC khuéch dai duoc dién di trén gel agarozo 1,0%, sau d6 bing
1799 bp dugc tich rva dé thu hodi, va san phém duoc dan nhan [a “manh

¢j7-cimA(M)”.

Manh cj7-cimA(M) thu dugce dugce xtr ly bang enzym gi6i han Kpnl va Xbal, va

sau d6 két hop véi manh p117 thing duge xtr 1y bang cling cic enzym gidi han.

Céc té bao E. coli Dh5a duoc bién nap béng sbc nhiét voi vecto da xay dung,
sau do duoc dat trén 25 pg/mL mdi truong LB ran chtra kanamyxin, va dugc nudi cay
qua dém & 37°C. Mot vong bach kim cua khuin lac nudi céiy duoc céy chuyén vao 3
mL cuia 25 ug/mL moi truong LB ran chira kanamyxin va nudi ciy qua dém, va sau do6
thu hdi ADN plasmit sir dung kit plasmit miniprep (Catalogue No. 27104, Qiagen, sau
day tuong tu vay).

Xac nhén viéc xay dung vecto tai td hop bang cach xit 1y vé6i cac enzym giGi
han Kpnl va Xbal, va dong nhan ban duoc phat hién béng cach thuc hién PCR st dung
cip mdi néu trong SEQ ID NO: 29 va 30 dudi cac didu kién sau ddy: 30 chu ky, mdi
chu ky bao gém bién tinh tai 95°C trong 30 gidy, 0 tai 56°C trong 30 gidy, va kéo dai &
72°C trong 90 gidy. Dén nhén vecto tai to hgp duoc thu hdi 1a “p117-¢j7-cimA(M)”.

doan mdi 117-F (SEQ ID NO: 29): 5-CCACAGCCGACAGGATGGTGA-3'

doan mdi 117-R (SEQ ID NO: 30): 5-CTCAGGGTGTAGCGGTTCGGT-3’

<1-3> Piéu ché manh cta gen leuBCD tham gia vao con dudng dudng sinh tong hop
2-xetobutyrat.

Dé didu ché vecto tai té hop dé ting cudng gen trong con dudng sinh tong hop
2-xetobutyrat, manh ctia gen lueBCD ma hoa cho 3-isopropylmalat dehydrogenaza va

3-isopropylmalat dehydrataza co6 ngudn gdc tir vi sinh vét thudc chi Corynebacterium

dugc diéu ché nhu dugc md ta bén dudi.

Pé thu manh 1359 bp chira ORF cua gen lueB ma héa cho 3-isopropylmalat
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dehydrogenaza (EC1.1.1.85), ADN hé gen cua Corynebacterium glutamicum
ATCC13032 duge chiét st dung hé théng Genomic-tip (Qiagen).

3-isopropylmalat dehydrogenaza co ngudn gdc tir Corynebacterium glutamicum
ATCC13032 ¢6 trinh tu 340 axit amin dugc miéu ta bang SEQ ID NO: 17, va gen

leuB ma hoa cho céc axit amin nay c6 trinh tu nucleotit néu trong SEQ ID NO: 18.

Phan ung PCR duogc thuc hién bang cach st dung gADN da chiét 1am khuon.
Phan ung PCR dugc thuc hién st dung cap mdi néu trong SEQ ID NO: 31 va 32 dudi
céc didu kién sau ddy: 30 chu ky, mdi chu ky bao gdm bién tinh tai 95°C trong 30 gidy,

U tai 56°C trong 30 gidy, va kéo dai tai 72°C trong 60 giay.

San pham PRC khuéch dai duoc dién di trén gel agarozo 1,0%, sau d6 bang co
kich thudc mong mudn duoc tach rira dé thu hdi, va san phém duoc dan nhan 1a “manh

leuB”.

doan mdi leuB-5-cimA (SEQ ID NO: 31):
5" TTGTTGAATTAATCTAGAGGTGACACCCCAGTGG-3'

doan mdi leuB-3-leuC (SEQ ID NO: 32):
5-TCGCAGCTGCCACCGATATTTAGCTTTGCAGCGC-3'

Pé thu dugc manh 2078 bp chta ORF cta gen leuCD md héa cho
3-isopropylmalat dehydrataza (EC4.2.1.33), phan ung PCR duoc thuc hién st dung
gADN cta Corynebacterium glutamicum ATCC13032 lam Khudn.

Gen leuC ma hoa cho tiéu phan Ién ctia 3-isopropylmalat dehydrataza, va gen
leuC ¢6 ngudn gbc tir Corynebacterium glutamicum ATCC13032 ¢6 trinh tur nucleotit
néu trong SEQ ID NO: 20 mi hoa cho polypeptit ¢6 trinh tu axit amin néu trong SEQ
ID NO: 19. Ngoai ra, gen leuD ma hoéa cho tiéu phan nho cua 3-isopropylmalat
dehydrataza, va gen leuD co ngudn gbc tir Corynebacterium glutamicum ATCC13032
co trinh tu nucleotit néu trong SEQ ID NO: 22 ma hoa polypeptit ¢6 trinh tu axit amin
néu trong SEQ ID NO: 21. |

Phan tmg PCR dugc thuc hién st dung cdp mdi néu trong SEQ ID NO: 33 va
34 duéi cac diéu kién sau day: 30 chu ky, mdi chu ky bao gdm bién tinh tai 95°C trong

30 gidy, u tai 56°C trong 30 gidy, va kéo dai tai 72°C trong 80 gidy.

San pham PRC khuéch dai dugc dién di trén gel agarozo 1,0%, sau d6 bang c6
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kich thuéc mong mudn duge tach ria dé thu hoi, va san pham dugc dan nhén [a “manh

leuCD”.

doan mdi leuC-5-leuB (SEQ ID NO: 33):
5" GCGCTGCAAAGCTAAATATCGGTGGCAGCTGCGA-3'

doan mdi leuD-3-Xbal (SEQ ID NO: 34):
5" TGGCGGCCGCTCTAGAGCTTTCGCTATCAGACTG-3'

Phan ung PRC va dugc thuc hién st dung manh leuB va méanh leuCD dugc thu
hoi ¢ trén 1am khudn. Phan tng PCR va dugc thuc hién st dung cip mdi néu trong
SEQ ID NO: 31 va 34 du6i cac didu kién sau day: 30 chu ky, mdi chu ky bao gbom
bién tinh tai 95°C trong 30 gidy, u tai 56°C trong 30 gidy, va kéo dai tai 72°C trong
120 giay.

San pham PRC khuéch dai duoc dién di trén gel agarozo 1,0%, sau d6 bing
3437 bp duge tach rira dé thu hdi, va san phim duge dan nhén 1a “manh leuBCD”

<1-4> X4y dung vecto tai td hop p117-¢j7-cimA(M)-leuBCD

Pé didu ché vecto tai to hop dé tang cuong gen trong con duong sinh téng hop
2-xetobutyrat, p117-¢j7-cimA(M) la vecto tai td hop dugc xay dung theo vi du <1-2>
o trén dugce xu ly béng enzym giéi han Xbal, manh leuBCD duoc thu hdi theo vi du
<1-3> & trén duoc xt ly bang enzym gi¢i han Xbal, sau d6 ca hai manh nay dugc két
ndi lai.

Céc té bao E. coli Dh50 duge bién nap bang sdc nhiét véi vecto dd xdy dung,
sau d6 dit Ién trén 25 pg/mL moi truong LB ran chira kanamyxin, va dugc nudi chy
qua dém ¢ 37°C. Mot vong bach kim cua khuén lac nudi cdy duge cdy chuyén vao
3 mL cta 25 pg/mL mdi truong LB ran chira kanamyxin va nudi chy qua dém, va sau

d6 ADN plasmit duoc thu hdi bang cach st dung kit plasmit miniprep.

Xéc nhan viéc xay dung vecto tai to hop bang cach xir Iy v6i enzym gi6i han
Xbal, va dong vo tinh dugc phat hién bang cach thuc hién phan tmg PCR st dung cip
mdi néu trong SEQ ID NO: 29 va 30 dudi cac diéu kién sau day: 30 chu ky, mdi chu
ky bao gdbm bién tinh tai 95°C trong 30 gidy, U tai 56°C trong 30 gidy, va kéo dai ¢
72°C trong 180 gidy. Déan nhan vecto tai td6 hop duoc thu hdi Ia
“pl17-¢j7-cimA(M)-leuBCD”.
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<1-5> Piéu ché manh ctia thé dot bién cimA(M) str dung phan tng PCR dé bi 15i.

Pé dam bao tap hop ADN c6 dot bién ngdu nhién dugc dua vao trong gen cimA,
phan tng PCR dugc thuc hién st dung manh cimA(M) thu hoi trong vi du <1-1> &
trén lam khudn va kit gdy dot bién ngiu nhién ctia phan tng PCR tang lén (Catalogue
No. 630703, Clonetech). Phan ung PCR dugc thuc hién trong diéu kién 4 cua phéﬁ
ing gdy dot bién trong bang III theo sb tay ngudi dung cla san phim bang cich st
dung ciap mdi néu trong SEQ ID NO: 35 va 36 dudi cic diéu kién dudi day: 25 chu ky,
mdi chu ky bao gdm bién tinh tai 95°C trong 30 gidy va kéo dai & 68°C cho 30 gidy.

Két qua cia phan tmg PCR, tdp hop ADN cimA k¥ thuat dot bién c6 su bién
d6i thay thé nucleotit ngau nhién dugc didu ché. San phdm PCR (sau day, goi 1a

“manh cimA(M)m”) duoc dién di trén gel agarozo 1,0% sau d6 tach roa dé thu hoi.

doan mdi cimA-5-Ndel (SEQ ID NO: 35):
5'-GCATCATATGATGGTAAGGATATTC-3'

doan mdi cimA-3-Xbal (SEQ ID NO: 36):
5'-CGATCTAGATTAATTCAACAACATGTT-3’

<1-6> Xay dung thu vién dot bién cta p117-cj7-cimA(M)m

Vecto téi to hop, pl17-cj7-cimA(M)m, duoc xdy dung theo vi du <1-2> & trén,
duoc xtr ly bang cac enzym gidi han Ndel va Xbal, va dugc ndi voi manh cimA(M)m

thu hdi trong vi du <1-5> & trén va dugc xt ly bang cling cac enzym giGi han.

Céac té bao E. coli Dh5a dugc bién nap br?lng sb¢ nhiét voi vecto da xay dung,
sau d6 dat 1én trén 25 pg/mL moi truong LB ran chira kanamyxin, va nudi cdy qua
dém & 37°C. Céc khudn lac nudi cdy duoc tap hop, va sau d6 ADN plasmit duge thu
hoi st dung kit plasmit miniprep nho d6 xdy dung “thu vién dot bién cia

pl17-cj7-cimA(M)m”.
Vi du 2: X4c nhan kha nang san xuat L-isoleuxin bang cach dua gen cimA vao

Dé xac nhén liéu Corynebacterium glutamicum c6 thé c6 kha nidng san xuat
L-isoleuxin khi gen c¢imA c¢6 ngudn goc tor Methanocaldococcus dugc dua vao, xay
dung ching ¢ gen ilvA dugc loai bé ma hoa threonin dehydrataza, va thu hoi kha

nang san xudt L-isoleuxin cua chiing duoc kiém tra bang cich dua vao gen cimA.
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Threonin dehydrataza la enzym chuyén hoa L-threonin, 1a tién chit cua qua
trinh sinh tong hgp L-isoleuxin, thanh 2-xetobutyrat. Threonin dehydrataza cé ngudn
gbc tir Corynebacterium glutamicum ATCC13032 c6 trinh tu axit amin néu trong SEQ
ID NO: 23, va gen ilvA ma hoa trinh tu axit amin nay co trinh ty nucleotit néu trong
SEQ ID NO: 24. Ngoai ra, bét ky protein nao c6 hoat tinh cta threonin dehydrataza

déu nam trong pham vi bao hd cia sang ché ma khong bi gi6i han.
<2-1> Xay dung vecto bi mat gen ilvA

Pé thu dugc manh gen ilvA, phan tng PCR dugc thuc hién st dung ADN hé
gen dugc chiét tr Corynebacterium glutamicum ATCC13032 sit dung hé théng
Genomic-tip (Qiagen) lam khu6n. Phan tng PCR dugc thuc hién st dung mdi cap moi
trong s6 SEQ ID NO: 37 va 38, va SEQ ID NO: 39 va 40 duéi cdc diéu kién sau day:
30 chu ky, mdi chu ky bao gdbm bién tinh tai 95°C trong 30 gidy, u tai 56°C trong 30
gidy, va kéo dai tai 72°C trong 45 gidy.

Céac san pham PCR khuéch dai duge dién di trén gel agarozo 1,0%, va sau do

tach rira dé thu hdi bang 547 bp va 467 bp dbi vi mdi phan tng PCR.

Phéan tng PRC va dugc thuc hién st dung hai manh ctia gen ilvA da thu hoi &
trén lam khuén. Phan ang PCR va dugc thuc hién st dung cap mdi néu trong SEQ ID
NO: 37 va 40 duéi cac didu kién sau day: 30 chu ky, mdi chu ky bao gbm bién tinh tai

95°C trong 30 gidy, 0 tai 56°C trong 30 gidy, va kéo dai tai 72°C trong 60 giay.

San pham PRC khuéch dai duoc dién di trén gel agarozo 1,0%, sau d6 bang
1014 bp dugc tach rira dé thu hdi, va dan nhan manh bi mét gen ilvA duoc thu hoi la

“DilvA”.

Manh DilvA duoc thu hdi & trén duge xit Iy bing enzym giéi han Xbal, pDZ
vecto (patent Han Qudc s6 10-0924065) duoc xt ly bang cung enzym giéi han dé thu
hdi manh pDZ thang, va sau d6 cdc manh DilvA va pDZ thing duoc nbi lai dé tao
thanh vecto téi td hop cé gen ilvA bi mat.

Céac té bao E. coli Dh5a duoc bién nap béng sbc nhiét voi vecto tai td hop da
xay dung, sau do dugc dat lén trén 25 pg/mL mdi truong LB ran chira kanamyxin, va
nuédi cdy qua dém & 37°C. Mot vong bach kim cua khudn lac nudi cdy duoc cay

chuyén vao 3 mL cta 25 pg/mL moi truong LB ran chira kanamyxin va nudi cay qua
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dém, va sau d6 ADN plasmit dugc thu hdi bang cach sir dung kit plasmit miniprep.

X4c nhan viéc xdy dung vecto tai td hop bang cach xur ly bing enzym gidi han
Xbal, va dong vo tinh dugc phat hién bang cach thuc hién phan Gng PCR sir dung cap
mdi néu trong SEQ ID NO: 41 va 42 dudi cac didu kién sau day: 30 chu ky, mdi chu
ky bao gém bién tinh tai 95°C trong 30 gidy, u tai 56°C trong 30 gidy, va kéo dai &
72°C trong 90 gidy. Déan nhan vecto tai tb hop duge thu hdi la “pDZ-ilvA(Del)”.

doan mdi ilvA-5-Xbal (SEQ ID NO: 37):
5. GCATCTAGAGAACACGGACAATGCCAC-3'

doan mdi ilvA-Del-R (SEQ ID NO: 38):
5-CAAACAGCGTGATGTCCTGAGTGAGCTGCGCT-3' doan mdi
ilvA-Del-F (SEQ ID NO: 39):

5" AGCGCAGCTCACTCAGGACATCACGCTGTTTG-3'

doan mdi ilvA-3-Xbal (SEQ ID NO: 40):
5-GCATCTAGAACCTGCGGCACACCTTGGGC-3’

doan mdi Topo-F (SEQ ID NO: 41): 5-GCAGTGAGCGCAACGCAAT-3'
doan moi Topo-R (SEQ ID NO: 42): 5'-CGTTGTAAAACGACGGCCA-3'
<2-2> Xay dung ching bi mét gen ilvA

Vecto tai to hop pDZ-ilvA(Del) dugc xay dung theo vi du <2-1> ¢ trén duoc
dua vao trong Corynebacterium glutamicum ATCC13032 lam chung gbc bang ky
thuat dién thAm mang, va dugc dat 1én trén moi truong ran chira 25 pg/mL kanamyxin
dé chon cac khuin lac don. Tir khuén lac, mdi ching c6 vecto pDZ-ilvA(Del) duoc
dua vao trong nhiém séc thé duoc chon bang dudng dan tht hai, va sau d6 thuc hién
phan tmg PCR bang cach sir dung gADN dugc thu hdi tir mdi chung dugce chon loc
lam khuo6n. Phan tng PCR dugc thuc hién bang cach st dung cip moi néu trong SEQ
ID NO: 43 va 44 duéi céc didu kién sau ddy: 30 chu ky, mdi chu ky bao g6m bién tinh
tai 95°C trong 30 gidy, u tai 56°C trong 30 gidy, va kéo dai tai 72°C trong 90 gidy.

Két qua ctia phan tng PCR, thu hdi duoc ching bi mit gen ilvA, va dugc dan

nhén la ching “ATCC13032AilvA”

doan mdi CFilvA (SEQ ID NO: 43): 5-GATCTGTGATGAGGTGATG-3'
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doan moi CRilvA (SEQ ID NO: 44): 5-CGTCCTTCCATGACTCTCA-3
<2-3> Diéu ché manh gen tham gia con dudng sinh tong hop L-isoleuxin.

Dé didu ché vecto tai td hop dé ting cuong gen trong con dudng sinh tong hop
L-isoleuxin, cac manh ctia gen lysC, asd, hom, thrB, thrC va ilvA ¢6 nguén dde tir vi

sinh vat thudc chi Corynebacterium duge diéu ché nhu duge mo ta dudi day.

Dau tién, dé thu manh ADN chtra ORF cua gen lysC-asd ma hoa cho aspartat
kinaza va aspartat-p-semialdehyt dehydrogenaza, thuc hién phan tng PCR su dung
ADN hé gen duoc chiét tir Corynebacterium glutamicum ATCC13032 lam khudn nhu
dugc mo ta trong vi du <2-1>. Phan tng PCR dugc thuc hién bang cach st dung cip
mdi néu trong SEQ ID NO: 45 va 46 dudi cac didu kién sau day: 30 chu ky, mdi chu
ky bao gdm bién tinh tai 95°C trong 30 gidy, u tai 56°C trong 30 gidy, va kéo dai tai
72°C trong 90 gidy.

San phiam PRC khuéch dai duoc dién di trén gel agarozo 1,0%, sau d6 bang

2666 bp dugc tach rua dé thu hdi, va san pham dugc dan nhan [a “manh lysC-asd”.

doan mdi lysC-5-Kpnl (SEQ ID NO: 45):
5" TGAGGTACCCATGCGATTGTTAATGC-3'

doan mdi asd-3-Sfol (SEQ ID NO: 46):
5".CTAGGCGCCAGTGTAGCACTCAAGCGGA-3'

Pé thu dugc manh ADN chira ORF ctia gen hom-thrB ma hoa cho homoxerin
dehydrogenaza va homoxerin kinaza, thuc hién phan ung PCR su dung ADN h¢ gen
duge chiét tr Corynebacterium glutamicum ATCC13032 lam khudn nhu duge mo ta
trong vi du <2-1>. Phan tng PCR dugc thuc hién bang cach st dung cip mdi néu
trong SEQ ID NO: 47 va 48 dudi cac didu kién sau day: 30 chu ky, mdi chu ky bao
gdm bién tinh tai 95°C trong 30 gidy, U tai 56°C trong 30 gidy, va kéo dai tai 72°C
trong 90 gidy.

San pham PRC khuéch dai duoc dién di trén gel agarozo 1,0%, sau d6 bang

2633 bp dugc tach rira dé thu hdi, va san pham dugc dan nhan 14 “manh hom-thrB™.

doan mo6i hom-5-BamHI (SEQ ID NO: 47):
5'-CTAGGATCCCTCACCATTCTCAATGGT-3'

doan moi thrB-3-BamHI (SEQ ID NO: 48):
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5-CTAGGATCCGCCTTCCTTGTTGGGC-3'

Dé thu dugc manh ADN chtra ORF cta gen thrC ma hoa cho threonin synthazé,
thuc hién phan tng PCR su dung ADN he¢ gen dugc chiét tr Corynebacterium
glutamicum ATCC13032 lam khudén nhu duge mo ta trong vi du <2-1>. Phan tng
PCR duoc thuc hién béng cach st dung cap mdi néu trong SEQ ID NO: 49 va 50 duéi
cac diu kién sau ddy: 30 chu ky, mdi chu ky bao gbm bién tinh tai 95°C trong 30 gidy,

Ui tai 56°C trong 30 gidy, va kéo dai tai 72°C trong 60 giay.

San phdm PRC khuéch dai duoc dién di trén gel agarozo 1,0%, sau do bang

1703 bp dugc tach rira dé thu hdi, va san phdm duge ddn nhén 1a “manh thrC”.

doan mdi thrC-5-Spel (SEQ ID NO: 49):
5-TGCACTAGTGAGAACATACAGGTTCCA-3'

doan moi thrC-3-ilvA (SEQ ID NO: 50):
5-GGCATTGTCCGTGTTCTTACTTCACGGAAGTG-3'

Dé thu dugc manh ADN chia ORF cta gen ilvA ma héa cho threonin
dehydrataza, thuc hién phan tng PCR st dung ADN h¢ gen duoc chiét tr
Corynebacterium glutamicum ATCC13032 lam khudén nhu dugec mé ta trong vi du
<2-1>. Phan ung PCR dugc thuc hién bang cach st dung cdp mdi néu trong SEQ ID
NO: 51 va 52 duéi cac didu kién sau day: 30 chu ky, mdi chu ky bao g6m bién tinh tai

95°C trong 30 gidy, u tai 56°C trong 30 gidy, va kéo dai tai 72°C trong 60 gidy.

San phém PRC khuéch dai dugce dién di trén gel agarozo 1,0%, sau d6 bang

1862 bp dugc tach rira dé thu hdi, va san phém duoc dan nhan la “doan ilvA”.

doan moi ilvA-5-thrC (SEQ ID NO: 51):
5" CACTTCCGTGAAGTAAGAACACGGACAATGCC-3'

doan moi ilvA-3-Spel (SEQ ID NO: 52):
5'-TGCACTAGTACCTGCGGCACACCTTGGGC-3’

Phan tng PRC va dugc thuc hién b??mg cach str dung manh thrC va manh ilvA
duoc thu hdi & trén lam khuon. Phan tmg PCR va dugc thuc hién bang cach st dung
cip mdi néu trong SEQ ID NO: 49 va 52 dudi céac didu kién sau day: 30 chu ky, mdi
chu k¥ bao gdm bién tinh tai 95°C trong 30 gidy, u tai 56°C trong 30 gidy, va kéo dai
tai 72°C trong 120 giay.
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San phém PRC khuéch dai duge dién di trén gel agarozo 1,0%, sau do bang
3565 bp duoc tach rira dé thu hdi, va san pham duogc dan nhan 1 “manh thrC-ilvA™.

<2-4> Xay dung vecto dé tang cuong gen trong con dudng sinh tbng hop L-isoleuxin

Dé didu ché vecto tai to hop dé ting cuong gen trong con dudng sinh tong hop
[-isoleuxin, manh lysC-asd thu dugc trong vi du <2-3> ¢ trén duge xu ly béng cac
enzym giGi han Kpnl va Sfol, va sau do ndi v6i manh p117 thing duoc xt 1y bing céc

enzym gidi han Kpnl va EcoRV.

Thu hdi ADN plasmit theo cach tuong tu cach trong vi du <1-2> & trén. bé xac
nhan viéc xay dung vecto tai td hop, dong vo tinh dugc phat hién bing cach thuc hién
phan tng PCR st dung cédp moi néu trong SEQ ID NO: 29 va 30 dudi cac diéu kién
sau ddy: 30 chu ky, mdi chu ky bao gdm bién tinh tai 95°C trong 30 gidy, u tai 56°C
trong 30 gidy, va kéo dai & 72°C trong 100 gidy. Dén nhan vecto tai td hop duoc thu
hdi 1a “p117-lysC-asd”.

Manh hom-thrB thu duoc trong vi du <2-3> ¢ trén dugc xur ly bang enzym gidi
han BamHI va sau d6 néi véi manh p117-lysC-asd thang duoc xtr ly bing cing enzym
2161 han.

Thu hdi ADN plasmit theo céch twong tu trong vi du <1-2> & trén. D& x4c nhén
viée xdy dung vecto tai to hop, dong vo tinh dugc phat hién bang cach thuc hién phan
ung PCR st dung céap moi néu trong SEQ ID NO: 29 va 30 dudi céac diéu kién sau
day: 30 chu ky, mdi chu ky bao gbm bién tinh tai 95°C trong 30 gidy, U tai 56°C
trong 30 gidy, va kéo dai & 72°C trong 180 gidy. Dan nhan vecto tai t6 hop duoc thu
hdi 1a “p117-lysC-asd-hom-thrB”.

Manh thrC-ilvA thu duoc trong vi du <2-3> ¢ trén dugce xu ly bing enzym gidi
han Spel va sau do ndi véi doan p117-lysC-asd-hom-thrB thing duoc xu Iy bing cling

enzym gidi han.

Thu hdi ADN plasmit theo cach twong tu trong vi du <1-2> & trén. Dé xac nhan
viéc xay dung V€Ct>0' tai to hop, dong vo tinh dugc phat hién bang cach thuc hién phan
ung PCR st dung cédp mdi néu trong SEQ ID NO: 29 va 30 duéi cac diéu kién sau day:
30 chu ky, mdi chu ky bao gdm bién tinh tai 95°C trong 30 gidy, U tai 56°C trong 30
gidy, va kéo dai & 72°C trong 300 gidy.
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Dén nhan vecto tai to hop dugc thu hdi 1a “p117-IBGC (Isoleucine Biosynthesis
Genes Cluster)”, 14 vecto tai t6 hop dé tang cuong gen trong con duong sinh tong hop
L-isoleuxin chtra cac manh cia gen lysC, asd, hom, thrB, thrC va ilvA, sdu gen tham

qua qué trinh sinh téng hop ctia L-isoleuxin.
<2-5> So sanh san lugng L-isoleuxin

Céc vecto tai td hop pll7-cj7-cimA(M), pl17-cj7-cimA(M)-leuBCD, va
p117-IBGC dugc xay dung trong céc vi du <1-2>, <1-4>, va <2-4> & trén duoc dua
vao trong Corynebacterium glutamicum ATCC13032 bang k¥ thuat dién thAm mang
va duoc dit 1én trén mdi truong ran chira 25 ug/mL kanamyxin dé chon loc khuan lac
don. Tu khuidn lac, mdi trong s6 cac ching dugc chon dugc dan nhan la
Corynebacterium glutamicum “ATCC13032/p117-cj7-cimA(M)”,
“ATCC13032/p117-¢j7-cimA(M)-leuBCD”, va “ATCC13032/p117-IBGC”.

Ngoai ra, pl17-¢j7-cimA(M) va pl17-¢j7-cimA(M)-leuBCD dugc dua vao
trong ching Corynebacterium glutamicum ATCC13032AilvA duge chuén bi trong vi
du <2-2> & trén bang ky thuat dién thAm mang va dugc dit 1én trén mdi trudong ran
chtra 25 pg/mL kanamyxin dé chon loc khuan lac don. Tur khuén lac, mdi trong sb cac
ching duoc chon duoc dan nhdn la  Corynebacterium glutamicum
“ATCC13032AilvA/p117-cj7-cimA(M)”, va
“ATCC13032AilvA/p117-cj7-cimA(M)-leuBCD”.

Thuc hién danh gia chudn d6 trén san luong L-isoleuxin st dung

Corynebacterium glutamicum ATCC13032, ATCC13032/p117-IBGC,
ATCC13032/p117-cj7-cimA(M), ATCC13032/p117-cj7-cimA(M)-leuBCD,
ATCCI13032Ai1lvA, ATCC13032AilvA/p117-cj7-cimA(M), va

ATCC13032AilvA/p117-¢j7-cimA(M)-1euBCD.

Cu thé, mdi trong s6 cac ching duge cdy chuyén vao trong binh 250 mL chta
25 mL mdi trudong chudn do chia glucozo ¢ cac thanh phan dugc trinh bay trong
bang 1 dudi day, va sau do dugc nudi cdy trong ti am & 32°C va 200 rpm trong 30 gio.

Céc ndng d6 clia L-isoleuxin tao ra dugc trinh bay trong bang 2 dudi day.

Bang 1

\ l \ <
Thanh phan . Nong do (trén moi lit)J
|
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Glucozo 60 g
KH2PO4 1,1g
(NH4)2SO4 20 g
MgSO4- 7TH20 12¢g
FeSO4-7H20 90 mg
MnSO4-4H,O 90 mg
Thiamin-HCl 4,5 mg
d-Biotin 0,9 mg
HSM 20g
Canxi carbonat 30g
pH 7,0
Béang 2
7
Chlng L-isoleuxin (g/L)
ATCC13032 | 0,02
ATCC13032/p117-IBGC 0,70
ATCC13032/p117-¢j7-cimA(M) 0,83
ATCC13032/p117-¢j7-cimA(M)-leuBCD 1,25
ATCCI13032AilvA 0,00
ATCC13032AilvA/p117-cj7-cimA(M) 0,08
ATCC13032AilvA/p117-¢j7-cimA(M)-leuBCD 0,15

Nhu dugce trinh bay trong bang 2 ¢ trén, chung kiéu dai ATCC13032 c6 gen
ilvA san xuét duge 0,02 g/L L-isoleuxin, va ATCC13032/p117-IBGC, chung bién nap
duoc dua vao cac gen tham gia vao trong con duodng sinh tong hop l-isoleuxin, san

xuét dugc 0,07 g/L L-isoleuxin, cho thdy rang san lugng L-isoleuxin tdng 1én khoang
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3400% so voi ching kiéu dai.

Ngoai ra, cac chung bién nap ATCC13032/pl17-¢j7-cimA(M) va
ATCC13032/p117-¢j7-cimA(M)-leuBCD 1an lugt san xuét duoc 0,83 g/L va 1,25 g/L
L-isoleuxin, cho thiy rang san luong L-isoleuxin lan luot ting 1én 4050% va 6150%,

$o véi chung kicu dai.

Tu su so sanh nay, san lugng L-isoleuxin cia ATCC13032/p117-¢j7-cimA(M),
chung bién nap dé dua gen cimA vao trong con duong sinh tong hop L-isoleuxin hién
tai, dugc xdc nhan 1a cao hon so véi san luong L-isoleuxin cua
ATCC13032/p117-IBGC, chung bién nap dé ting cudng chinh con duong sinh tong
hop L-isoleuxin. Ngoai ra, san lugng L-isoleuxin cua
ATCC13032/p117-cj7-cimA(M)-leuBCD, éhfmg bién nap con dugc ting cuong thém

bang gen leuBCD, dugc x4c nhén la c6 kha nang hon nita.

Trong khi do, ching ATCC13032AilvA bi mét gen ilvA mét kha nang sén xuét
L-isoleuxin, trong khi chung ATCC13032AilvA/p117-cj7-cimA(M) c6 gen cimA dugc
dua  vao  san  xuat dugc 0,08 g/ L-isoleuxin, va  chung
ATCC13032AilvA/pl117-cj7-cimA(M)-leuBCD c6 gen cimA dugc dua vao va gen

leuBCD dugc tang cuong san xuét duoc 0,15 g/L L-isoleuxin.

Cac két qua trén cho thay rang viéc san xuat L-isoleuxin c6 thé st dung con
duong sinh tong hop L-isoleuxin mdi bang cach dua gen cimA, thay vi con dudng sinh

tong hop L-isoleuxin hién tai stt dung L-isoleuxin lam tién chét.

Vi du 3: Piéu ché ching tai to hop dugc bién nap va so sanh san luong L-isoleuxin
<3-1> Piéu ché chung t4i td hop st dung vi sinh vat kiéu dai thudc chi
Corynebacterium

Pé tao ra axetyl-CoA duoc str dung lam tién chét cua gen cimA, chudn bi ching
dinh dudng thu ddng axetat Corynebacterium glutamicum ATCC13032 kiéu dai trong
d6 gen aceE ma hda cho pyruvat dehydrogenaza dugc loai bd, va dén nhan la

“ATCC13032AaceE” (Schreiner et al., ] Bacteriol. 187: 6005-18, 2005).

Pyruvat dehydrogenaza c¢o ngudn gbc tir Corynebacterium glutamicum
ATCC13032 ¢6 trinh tu axit amin néu trong SEQ ID NO: 25 va gen aceE ma hoa trinh

tu axit amin nay c6 trinh tu nucleotit néu trong SEQ ID NO: 26.
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Vecto  tai  td hop pl17-cj7-cimA(M) va thu vién dot bién cua
pl17-cj7-cimA(M)m dugc chuin bi theo vi du 1 & trén dugc dua vao trong chﬁng
ATCC13032AaceE da chudn bi & trén bé‘mg k¥ thuat dién thdm mang. Dén nhan cac
ching dugc xay dung lan luot 1a “ATCC13032AaceE/pl117-¢j7-cimA(M)” va “thu
vién dot bién ATCC13032AaceE/pl117-¢j7-cimA(M)m”.

ATCC13032AaceE, ATCC13032AaceE/pl17-¢cj7-cimA(M), va thu vién dot
bién ATCC13032AaceE/p117-cj7-cimA(M)m dugc dat 1én trén moi trudng ran chua
25 pug/mL kanamyxin dé chon khuin lac don, va thuc hién danh gia chuén do trén san

luong L-isoleuxin st dung cac chung duogc chon.

Cu thé, cac ching duogc céy chuyén vao trong binh 250 mL chta 25 mL moi
truong chuan do chita axetat & dang amoni axetat ¢6 cdc thanh phan duoc trinh béy
trong bang 3 dudi day va sau do dugc nudi cdy trong ti 4m & 32°C 200 rpm trong 30
gidr. Két qua 1a, chon duoc bay loai khuin lac c6 ndng do L-isoleuxin tdng lén, va danh

sach va cac nong do L-isoleuxin dugc trinh bay trong bang 4 dudi day.

Béang 3
Thanh phan Nong d6 (mdi lit)
Glucozo 60 g
C2H7NO2 5¢g
KH2PO4 ILlg
(NHa4)2S04 20 g
MgSO4-7TH,0 12¢
FeSO4-7TH20 90 mg
MnSO4-4H,0 90 mg
Thiamin-HCl 4,5 mg
d-Biotin 0,9 mg
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HSM 20g

Canxi carbonat 30g
pH 7,0 B

Béang 4
Chung L-isoleuxin (g/L)

ATCC13032AaceE 0,05
ATCC13032AaceE/p117-cj7-cimA(M) 0,84
ATCC13032AaceE/pl117-¢j7-cimA(M)m1 1,02
ATCC13032AaceE/pl117-¢cj7-cimA(M)m2 1,35
ATCC13032AaceE/pl117-cj7-cimA(M)m3 2,23
ATCC13032AaceE/p117-cj7-cimA(M)m4 1,24
ATCC13032AaceE/p117-cj7-cimA(M)mS 0,96
ATCC13032AaceE/pl117-cj7-cimA(M)m6 1,73
ATCC13032AaceE/pl117-cj7-cimA(M)m7 0,97

Két qua 13, nhu duoc trinh bay trong bang 4 & trén, ching ATCC13032AaceE la
ching géc san xuét duoc 0,05 g/L. L-isoleuxin, va cac chung bién nap san xuét duoc tur
0,84 g/L dén 2,23 g/L L-isoleuxin, cho thdy rang san lugng L-isoleuxin lan luot ting
lén tr 1580% dén 4360%, so voi ching gbc. Cu thé, ching bién nap
ATCC13032AaceE/pl117-¢j7-cimA(M)m3 ghi nhén 1a san luong L-isoleuxin cao nhat

trong sb cic chiing so véi chung gbc ATCC13032AaceE.

DPé xac dinh vi tri dot bién cua cac dot bién trén gen cimA(M) dugce chon theo

san luong L-isoleuxin tdng 1én duoc trinh bay trong bang 4, va cac axit amin dugc thé

ctia moi dot bién, tien hanh giai trinh tu.
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Két qua 13, nhu thu vién dot bién CimA(M)m,

CimA(M)m1 ¢6 trinh ty axit amin néu trong SEQ ID NO: 3, va co thé dugc ma

hoa bang polynucleotit ¢6 trinh tu nucleotit néu trong SEQ ID NO: 4;

CimA(M)m2 ¢6 trinh tu axit amin néu trong SEQ ID NO: 5, va ¢6 thé duoc ma
héa bang polynucleotit c6 trinh ty nucleotit SEQ ID NO: 6;

CimA(M)m3 c6 trinh tu axit amin néu trong SEQ ID NO: 7, va c6 thé duoc ma
hoa bang polynucleotit c6 trinh ty nucleotit SEQ ID NO: 8;

CimA(M)m4 ¢6 trinh tu axit amin néu trong SEQ ID NO: 9, va ¢6 thé dugc ma
hoa bang polynucleotit ¢6 trinh tw nucleotit SEQ ID NO: 10;

CimA(M)m5 c¢6 trinh ty axit amin néu trong SEQ ID NO: 11, va c6 thé dugc
ma hoa bang polynucleotit ¢é trinh tu nucleotit SEQ ID NO: 12;

CimA(M)m6 c6 trinh tu axit amin néu trong SEQ ID NO: 13, va ¢o thé duoc
ma hoa bang polynucleotit ¢6 trinh tu nucleotit SEQ ID NO: 14; va

CimA(M)m7 c6 trinh ty axit amin néu trong SEQ ID NO: 15, va ¢ thé duoc
mi hoa bang polynucleotit ¢ trinh tu nucleotit SEQ ID NO: 16.

<3-2> Pidu ché ching tai t hop st dung p117-cj7-cimA(M)m3 c6 hoat tinh cao nhét

cua cua thu vién dot bién pl17-cimA(M)m dugc chon.

Vecto pl17-cj7-cimA(M)m3 dugc xac dinh la ¢ san lugng L-isoleuxin cao
nhét theo vi du <3-1> & trén duge xu 1y bang Xbal, va dugc ndi véi manh ADN thu
duoc bang xt Iy manh leuBCD dugc thu trong vi du <1-3> ¢ trén bing cing enzym

2161 han.

Céc té bao E. coli Dh5a dugc bién nap bang sdc nhiét véi vecto dd xdy dung,
sau do dat 1én trén 25 pg/mL moi truong LB ran chira kanamyxin, va nudi cdy qua
dém & 37°C. Mot vong bach kim ciia khudn lac nudi cdy duoc cdy chuyén vao trong
3 mL cua 25 pg/mL méi truong LB rin chira kanamyxin va nudi ciy qua dém va sau

d6 ADN plasmit duoc thu hdi bang cach str dung kit plasmit miniprep.

Xac nhan viéc xay dung vecto tai td hop bang cach xur ly bing enzym gi6i han
Xbal, va dong v tinh duoc phat hién biang cach thuc hién phan ung PCR st dung cap

mdi néu trong SEQ ID NO: 29 va 30 dudi cac diéu kién sau day: 30 chu ky, mdi chu
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ky bao gdm bién tinh tai 95°C trong 30 gidy, U tai 56°C trong 30 gidy, va kéo dai &
72°C trong 180 gidy. Dan nhan vecto tai t6 hop duoc thu hoi la
“p117-cj7-cimA(M)m3-leuBCD”.

MBOi trong s6 17-¢j7-cimA(M) ctia vi du <1-2>, p117-¢j7-cimA(M)-leuBCD cua
vi du <1-4>, p117-¢j7-cimA(M)m3 cua vi du <3-1>, va
pl17-¢j7-cimA(M)m3-leuBCD cta vi du <3-2> ¢ trén duoc dua vao trong ching
ATCC13032AaceE duoc st dung theo vi du <3-1> béng k¥ thuat dién thAm mang, va

duoc dit [én trén moi trudng chira 25 pg/mL kanamyxin dé chon khuan lac don.

Céac chung dugc chon dugc céy chuyén vao trong binh 250 mL chtra 25 mL mo1
truong chudn do chta glucozo ¢ thanh phan dugc trinh bay trong bang 3 ¢ trén, va
sau do duoc nudi cdy trong tl 4m & 32°C va 200 rpm trong 30 gio dé kiém tra san

lugng L-isoleuxin. Cac két qua duge trinh bay trong bang 5 dudi dy.

Bang 5
Chung L-isoleuxin (g/L)
ATCC13032AaceE 0,04
ATCC13032AaceE/pl117-cj7-cimA(M) 0,98
ATCC13032AaceE/p117-cj7-cimA(M)-leuBCD 2,09
ATCC13032AaceE/p117-cj7-cimA(M)m3 2,22
ATCC13032AaceE/pl17-cj7-cimA(M)m3-leuBCD 3,76

Nhu duoc trinh bay trong bang 5 & trén, trong khi ching ATCC13032AaceE 1a
ching gdc san xudt dugc 0,04 g/ L-isoleuxin, ching bién nap
ATCC13032AaceE/pl117-¢j7-cimA(M) san xuat duoc 0,98 g/l L-isoleuxin va
ATCC13032AaceE/pl117-¢j7-cimA(M)-leuBCD san xuat duge 2,09 g/l L-isoleuxin,

cho thiy su tang 1én 0,94 g/L va 2,05 g/L so v6i san luong L-isoleuxin cta chung gbe.

Ngoai ra, cdc chung bién nap ATCC13032AaceE/p117-¢j7-cimA(M)m3 va
ATCC13032AaceE/pl17-cj7-cimA(M)m3-leuBCD chira gen dot bién cimA(M)m3
duoc thu hdi theo vi du <3-1> 14n luogt san xuét dugc 2,22 g/L va 3,76 g/L L-isoleuxin,
tdng 1én 5450% va 9300% san luong so vdi chung gbe. Theo do, két qua nay chimg t6
ré“mg dot bién cimA(M)m3 c6 hiéu qua hon so voi ching kiéu dai cta né trong viéc

lam tang san lugng L-isoleuxin.
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Trong s6 cac chung bién nap theo cac vi du,
ATCC13032AaceE/pl17-cj7-cimA(M)m3 duoc dan nhan la “Corynebacterium
glutamicum CA10-1002”, ky gui vao Trung tdm nudi gilr vi sinh vat Han Qudc
(KCCM: Korean Culture Center of Microorganisms) theo Hi¢p uéc Budapest ngay 27
thang 2 nam 2015, va dugc cung clp v6i 56 nhan dién truy cdp la KCCM11672P.

<3-3> Piéu ché ching tai té hop sir dung ching san xuét L-isoleuxin KCCM11248P

Mbi trong s6 pl117-cj7-cimA(M), pl17-cj7-cimA(M)-leuBCD,
p117-cj7-cimA(M)m3, va p117-¢j7-cimA(M)m3-leuBCD, cac vecto tai to hop dugce
st dung trong cac vi du <3-1> va <3-2>, dugc dua vao trong Corynebacterium
glutamicum KCCM11248P, chung san xuat L-isoleuxin (patent Han Quéc s6
10-1335789), va duogc ddt 1én trén moi truong ran chtra 25 pg/mL kanamyxin dé chon

khuén lac don.

Mbi ching trong s& céc chung duge chon loc duge dan nhan la
KCCM11248P/p117-cj7-cimA(M), KCCM11248P/p117-cj7-cimA(M)-1euBCD,
KCCM11248P/p117-cj7-cimA(M)m3, va
KCCM11248P/p117-¢j7-cimA(M)m3-leuBCD. |

San luong L-isoleuxin cua cac chung dugc kiém tra st dung mdi truong chuan
@6 L-isoleuxin ¢6 thanh phan dugc trinh bay trong bang 6 dudi day va nudi cly cac

chung trong céc binh nhu duge mo ta ¢ trén.

Bang 6
Thanh phan Nong d6 (mdi lit)
Glucozo 45 ¢
BM 10 g
KH2PO4 I,l1g
(NH4)2SO4 12,5¢
MgSO4-7TH,0 1.2¢g
FeSO4- 7TH20O 180 mg
MnSO4-4H,O 180 mg
Z/nS0O4-5H20 0,9 mg
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CuSO4-5H20 0,9 mg
Thiamin-HCl 9 mg

d-Biotin 1,8 mg
Ca-Pantothenat 9 mg
NCA 60 mg
HSM 20g
Canxi carbonat 30g
pH 7,0

Cu thé, ching gbc KCCMI1248P va cic ching bién nap
KCCM11248P/p117-cj7-cimA(M), KCCM11248P/p117-cj7-cimA(M)-1leuBCD,
KCCM11248P/p117-cj7-cimA(M)m3, va
KCCM11248P/p117-¢j7-cimA(M)m3-leuBCD dugc cdy chuyén vao trong binh 250
mL chira 25 ML mdi truong chuin do chira glucozo c¢6 thanh phan duoc trinh bay
trong bang 6, va sau d6 dugc nudi cdy trong ti &m & 32°C va 200 rpm trong 60 gid aé

kiém tra san lugng L-isoleuxin. Cac két qua dugc trinh bay trong bang 7 dudi day.

Bang 7
Chung L-isoleuxin (g/L)
KCCM11248P 3,33
KCCM11248P/p117-cj7-cimA(M) 4,04
KCCM11248P/p117-cj7-cimA(M)-leuBCD 4,82
KCCM11248P/p117-¢cj7-cimA(M)m3 4,71
KCCM11248P/p117-¢j7-cimA(M)m3-leuBCD 11,21

Nhu dugc trinh bay trong bang 7 ¢ trén, trong khi ching gbc KCCM11248P sin
xuat duoc 3,33 g/L L-isoleuxin, cac chung bién nap KCCM11248P/p117-cj7-cimA(M)
san xuét duoc 4,04 g/L L-isoleuxin, va KCCM11248P/p117-¢j7-cimA(M)-leuBCD
san xudt duoc 4,82 g/L L-isoleuxin, cho thay tang 1én 0,71 g/L va 1,49 g/L so v6i ning

suat L-isoleuxin ctia ching goc.

Trong khi do, cac chung bién nap KCCMI11248P/p117-cj7-cimA(M)m3 va
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KCCM11248P/p117-¢j7-cimA(M)m3-leuBCD lan luot sin xuat dugc 4,71 g/L va

11,21 g/l L-isoleuxin, ting 1én 41,4% va 236,6% san luong so voi chung gbe.

Nhu duoc minh hoa trong két qua ctia vi du <3-2> st dung Corynebacterium
glutamicum ATCC13032, két qua nay con chung to rang dot bién cimA(M)m3 ¢ higu

quéa hon so véi ching ki€u dai cua n6 trong viée tang san lugng L-isoleuxin.

Ti nhitng diéu néu trén, ngudi co hiéu biét trung binh trong linh vuc k§y thuat
¢6 thé hiéu rd nhitng gi sang ché dé cép rang sang ché duoc thé hién & céc dang cu thé
ma khong thay dbi khai ni¢m k¥ thuat hodc dic tinh cAn thiét trong sang ché. Vé van
dé nay, céc phuong 4n minh hoa nay dugc mo ta ¢ day chi nham muc dich minh hoa
va khong duoc coi 1a lam giéi han pham vi bdo hd cua sang ché. Nguoc lai, sang ché
dugce du dinh dé bao ham khong chi cac phuong an minh hoa ma con cac phuong an
thay thé khac nhau, cac bién thé, cac phuong 4n twong duong, va cac phuong an khic
nam trong tinh than va pham vi cla sang ché nhu duoc xac dinh trong phan yéu ciu

bao ho kém theo.
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YEU CAUBAO HO
1. Phuong phép san xuit L-isoleuxin, phuong phap nay bao gdm céc bude:

nudi cdy vi sinh vat thudc chi Corynebacterium chira protein c¢é hoat tinh

xitramalat synthaza trong moi truong; va
thu hoi L-isoleuxin tr vi sinh vt hodc moi truong.

2. Phuong phép theo diém 1, trong d6 xitramalat synthaza c6 ngudn gde tlr vi sinh vat

thudc chi Methanocaldococcus.

3. Phuong phéap theo diém 1, trong d6 xitramalat synthaza c6 trinh tu axit amin dugc

chon tor nhém bao gém SEQIDNO:1,3,5,7,9,11, 13 va 15.

4. Phuong phép theo diém 1, trong d6 vi sinh vat thudc chi Corynebacterium con cé
cac hoat tinh duogc ting cudng cua 3-isopropylmalat dehydrogenaza va

3-isopropylmalat dehydrataza.

5. Phuong phap theo diém 1, trong d6 vi sinh vat thudc chi Corynebacterium con c6

pyruvat dehydrogenaza bi bét hoat.

6. Phuong phap theo diém 1, trong d6 axetat con dugc cung cAp vao trong qué trinh

nudi cay vi sinh vat thudc chi Corynebacterium.

7. Phuong phap theo diém 1, trong d6 vi sinh vét thudc chi Corynebacterium la

Corynebacterium glutamicum.

8. Vi sinh vat thudc chi Corynebacterium c6 kha nang san xuat L-isoleuxin, trong do6

vi sinh vat nay chira protein c¢6 hoat tinh xitramalat synthaza.

9. Vi sinh vat theo diém 8, trong d6 xitramalat synthaza c6 trinh tu axit amin duoc

chon tr nhém bao gém SEQIDNO:1,3,5,7,9, 11, 13 va 15.

10. Vi sinh vat theo diém 8, trong d6 vi sinh vét con ¢é céac hoat tinh dugc tdng cudng

cua 3-isopropylmalat dehydrogenaza va 3-isopropylmalat dehydrataza.

11. Vi sinh vat theo diém 8, trong d6 vi sinh vat con ¢ pyruvat dehydrogenaza bi bt

hoat.

12. Vi sinh vt theo diém 8, trong d6 vi sinh vat 1a Corynebacterium glutamicum.
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DANH MUC TRINH TU
<110> CJ CHEILJEDANG CORPORATION

<120> VI SINH VAT THUQC CHI CORYNEBACTERIUM CcO KHA NANG SAN XUAT L-
ISOLEUXIN VA PHUONG PHAP SAN XUAT L-ISOLEUXIN SU' DUNG VI SINH VAT NAY

<130> OPA16137-PCT

<150> KR 10-2015-0148157
<151> 2015-10-23

<160> 52
<170> KopatentIn 2.0
<210> 1

<211> 491
<212> PRT

<213> cimA tUr Methanocaldococcus jannaschii

<400> 1

Met Met Val Arg Ile Phe Asp Thr Thr Leu Arg Asp Gly Glu Gln Thr
1 5 10 15

Pro Gly Val Ser Leu Thr Pro Asn Asp Lys Leu Glu Ile Ala Lys Lys
20 25 30

Leu Asp Glu Leu Gly Val Asp Val Ile Glu Ala Gly Ser Ala Ile Thr
35 40 45

Ser Lys Gly Glu Arg Glu Gly Ile Lys Leu Ile Thr Lys Glu Gly Leu
50 55 60

Asn Ala Glu Ile Cys Ser Phe Val Arg Ala Leu Pro Val Asp Ile Asp
65 70 75 80

Ala Ala Leu Glu Cys Asp Val Asp Ser Val His Leu Val Val Pro Thr
85 90 95

Ser Pro Ile His Met Lys Tyr Lys Leu Arg Lys Thr Glu Asp Glu Val
100 105 110

Leu Glu Thr Ala Leu Lys Ala Val Glu Tyr Ala Lys Glu His Gly Leu
115 120 125

Ile Val Glu Leu Ser Ala Glu Asp Ala Thr Arg Ser Asp Val Asn Phe
130 135 140

Leu Ile Lys Leu Phe Asn Glu Gly Glu Lys Val Gly Ala Asp Arg Val
145 150 155 160

Cys Val Cys Asp Thr Val Gly Val Leu Thr Pro Gln Lys Ser Gln Glu
165 170 175
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Cys

Leu

Arg

225

Leu

Ser

Ala

Asp

Met

305

Lys

Glu

Gly

Thr

Val

385

Lys

Val

Asp

Asp

Val

Phe

His

Gly

210

Ala

Tyr

Arg

Ile

Gly

290

Val

Ala

Gln

Lys

Gly

370

Ser

Gly

Asp

Ile

Ala

450

Glu

Lys

Asn

195

Gly

Gly

Gly

Ile

Val

275

Leu

Gly

Leu

Leu

Tyr

355

Lys

Gly

Glu

Ala

Lys

435

Leu

Val

Lys

180

Asp

Ala

Asn

Tyr

Val

260

Gly

Ile

Asn

Lys

Asn

340

Ile

Leu

Asn

Asp

Ala

420

Leu

Ile

Arg

Ile

Phe

Val

Ala

Asp

245

Ser

Asp

Lys

Arg

Tyr

325

Lys

Ser

Val

Lys

Ile

405

Ile

Val

Glu

Lys

Thr

Gly

Gln

Ser

230

Thr

Arg

Asn

Asn

Arg

310

Lys

Ile

Asp

Glu

Ile

390

Thr

Asn

Glu

Val

Ser

Glu

Met

Cys

215

Leu

Lys

Leu

Ala

Thr

295

Arg

Leu

Tyr

Ala

Glu

375

Thr

Leu

Ala

Tyr

Val

455

Asp
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Asn Val Asn

Ala

200

His

Glu

Ile

Met

Phe

280

Glu

Ile

Asp

Glu

Asp

360

Lys

Pro

Ile

Val

Arg

440

Val

Ala

185

Thr

Val

Glu

Lys

Lys

265

Ala

Thr

Ile

Leu

Arg

345

Leu

Ile

Ile

Glu

Arg

425

Val

Lys

Asp

-38-

Ala

Thr

Val

Met

250

Leu

His

Tyr

Leu

Met

330

Val

Leu

Lys

Ala

Thr

410

Lys

Glu

Leu

Ile

Leu

Asn

Val

Val

235

Glu

Pro

Glu

Glu

Gly

315

Gly

Lys

Ala

Leu

Ser

395

Ala

Ala

Ala

Arg

Ile

Pro

Thr

Asn

220

Ala

Lys

Val

Ala

Pro

300

Lys

Ile

Glu

Ile

Asp

380

Val

Tyr

Ile

Ile

Lys

460

Arg

Val

Cys

205

Gly

Ala

Leu

Pro

Gly

285

Ile

His

Asn

Phe

Val

365

Glu

Lys

Gly

Ser

Gly

445

Gly

Ala

Ser

190

Ser

Ile

Leu

Tyr

Pro

270

Ile

Lys

Ser

Val

Gly

350

Arg

Leu

Leu

Val

Gly

430

Gly

Thr

Ser

Val

Ala

Gly

Lys

Glu

255

Asn

His

Pro

Gly

Ser

335

Asp

Glu

Thr

His

Gly

415

Val

Gly

Glu

Val

His

Val

Glu

Ile

240

Val

Lys

Val

Glu

Arg

320

Asp

Leu

Val

Val

Tyr

400

Pro

Ala

Thr

Ile

Asp



465

Ala Val Met Glu Gly Ile Asn Met Leu Leu Asn

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

<400> 2
atgatggtaa

ttaacaccaa
atagaggcag
aaagaaggtt
gctgecttag
atgaaatata
gagtatgcta
gatgtaaatt
tgtgtttgtg
ataactgaaa
actgctaata
ggtattggag
ctctatggcet
tcaagattga
gctcatgaag
ataaaaccag
aaagctttaa
aaaatatatg
ttgttggcta
gaattaactg
aaaggagaag

ataaatgctg

38143

470

485

1476
ADN
cimA tU Methanocaldococcus jannaschii

ggatatttga
atgataagtt
gttcagctat
taaatgcaga
aatgtgatgt
agcttagaaa
aagaacatgg
tcttaataaa
acacagtagg
atgttaattt
cttgctcagc
agagagcagg
atgatactaa
tgaaacttcc
caggaataca
aaatggttgg
aatacaaact
aaagagttaa
tagttagaga
ttgtatctgg

atataacttt

tgagaaaggc

tacaacactt
agagatagca
aacttcaaaa
aatctgctca
agatagtgtc
aacagaagat
attgattgtt
actatttaat
agttttaact
accggtctca
agttttaggt
aaatgcctca
gataaagatg
tgttccacca
tgttgatgga
gaatagaaga
tgatttgatg
agaatttggg
agttactgga
aaataaaata
aatagaaact

aataagtgga

475

490

agagatggag
aaaaaattgg
ggagagagag
tttgttagag
catttagtag
gaggttttag
gagttatctg
gaaggggaaa
ccacaaaaga
gttcattgcc
ggagctgttc
ttggaagage
gaaaagttat
aataaagcaa
ttaataaaaa
agaattattt
ggcataaacg
gatttgggta
aaattggtag
acaccaattg
gcttatggtg

gttgcagata

-30-

agcaaacacc
atgagcttgg
aaggaataaa
ctttacctgt
tgccaacatc
agacagcttt
cagaggatgc
aggttggagc
gtcaggaatt
acaacgactt
agtgccacgt
ttgttgectgc
atgaggtttc
ttgttgggga
atactgaaac
tgggtaagca
ttagtgatga
aatacatttc
aagagaaaat
catctgttaa
ttggaccggt

ttaagttggt

480

aggagtttct
agttgatgtt
attaataaca
agatattgat
tccaatacac
aaaggctgta
aacaagaagt
agacagagtt
atttaaaaaa
tggaatggct
aacagttaat
tttaaaaata
aagaattgtc
caatgcattt
ctatgagcca
ttctggtaga
gcaattaaat
agacgctgat
caaattagat
actccattat
agatgcagca

agagtataga

60
120
180
240
3@6
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260

1320



38143

gttgaagcaa ttggtggagg aactgatgcg ttaatagagg ttgttgttaa attaagaaaa 1380
ggaactgaaa ttgttgaagt tagaaaatca gacgctgata taataagggc ttctgtagat 1440
gctgtaatgg aaggaatcaa tatgttattg aattaa 1476
210> 3

<211> 491

<212> PRT

<213> Trinh tuy nhén tao

220>
<223> CimA(M)ml

<400> 3
Met Met Val Arg Ile Phe Asp Thr Thr Leu Arg Asp Gly Glu Gln Thr
1 5 10 15

Pro Gly Val Ser Leu Thr Pro Asn Asp Lys Leu Glu Ile Ala Lys Lys
20 25 30

Leu Asp Glu Leu Gly Val Asp Val Ile Glu Ala Gly Ser Ala Val Thr
35 40 45

Ser Lys Gly Glu Arg Glu Gly Ile Lys Leu Ile Thr Lys Glu Gly Leu
50 55 60

Asn Ala Glu Ile Cys Ser Phe Val Arg Ala Leu Pro Val Asp Ile Asp
65 70 75 80

Ala Ala Leu Glu Cys Asp Val Asp Ser Val His Leu Val Val Pro Thr
85 90 95

Ser Pro Ile His Met Lys Tyr Lys Leu Arg Lys Thr Glu Asp Glu Val
100 105 110

Leu Glu Thr Ala Leu Lys Ala Val Glu Tyr Ala Lys Glu His Gly Leu
115 120 125

Ile Val Glu Leu Ser Ala Glu Asp Ala Thr Arg Ser Asp Val Asn Phe
130 135 140

Leu Ile Lys Leu Phe Asn Glu Gly Glu Lys Val Gly Ala Asp Arg Val
145 150 155 160

Cys Val Cys Asp Thr Val Gly Val Leu Thr Pro Gln Lys Ser Gln Glu
165 170 175

Leu Phe Lys Lys Ile Thr Lys Asn Val Asn Leu Pro Val Ser Val His
180 185 190

Cys His Asn Asp Phe Gly Met Ala Thr Ala Asn Ala Cys Ser Ala Val
195 200 205

-40-



Leu

Arg

225

Leu

Ser

Ala

Asp

Met

305

Lys

Glu

Gly

Thr

Val

385

Lys

Val

Asp

Asp

Val

465

Ala

Gly

210

Ala

Tyr

Arg

Ile

Gly

290

Val

Ala

Gln

Lys

Gly

370

Ser

Gly

Asp

Ile

Ala

450

Glu

Val

Gly

Gly

Gly

Ile

Val

275

Leu

Gly

Leu

Leu

Tyr

355

Lys

Gly

Glu

Ala

Lys

435

Leu

Val

Met

Ala

Asn

Tyr

Val

260

Gly

Ile

Asn

Lys

Asn

340

Ile

Leu

Asn

Asp

Ala

420

Leu

Ile

Arg

Glu

Val

Ala

Asp

245

Ser

Asp

Lys

Arg

Tyr

325

Lys

Ser

Val

Lys

Ile

405

Ile

Val

Glu

Lys

Gly
485

Gln

Ser

230

Thr

Arg

Asn

Asn

Arg

310

Lys

Ile

Asp

Glu

Ile

390

Arg

Asn

Glu

Val

Ser

470

Ile

Cys

215

Leu

Lys

Leu

Ala

Thr

295

Arg

Leu

Tyr

Ala

Glu

375

Thr

Leu

Ala

Tyr

Val

455

Asp

Asn

His

Glu

Ile

Met

Phe

280

Glu

Ile

Asp

Glu

Asp

360

Lys

Pro

Ile

Val

Arg

440

Val

Ala

Met

38143

Val

Glu

Lys

Lys

265

Ala

Thr

Ile

Leu

Arg

345

Leu

Ile

Ile

Glu

Arg

425

Val

Lys

Asp

Leu

-41-

Thr

Val

Met

250

Leu

His

Tyr

Leu

Met

330

Val

Leu

Lys

Ala

Thr

410

Lys

Glu

Leu

Ile

Leu
490

Val

Val

235

Glu

Pro

Glu

Glu

Gly

315

Gly

Lys

Ala

Leu

Ser

395

Ala

Ala

Ala

Arg

Ile

475

Asn

Asn

220

Ala

Lys

Val

Ala

Pro

300

Lys

Ile

Glu

Ile

Asp

380

Val

Tyr

Ile

Ile

Lys

460

Arg

Gly

Ala

Leu

Pro

Gly

285

Ile

His

Asn

Phe

Val

365

Glu

Lys

Gly

Ser

Gly

445

Gly

Ala

Ile

Leu

Tyr

Pro

270

Ile

Lys

Ser

Val

Gly

350

Arg

Leu

Leu

Val

Gly

430

Gly

Thr

Ser

Gly

Lys

Glu

255

Asn

His

Pro

Gly

Ser

335

Asp

Glu

Thr

His

Gly

415

Val

Gly

Glu

Val

Glu

Ile

240

Val

Lys

Val

Glu

Arg

320

Asp

Leu

Val

Val

Tyr

400

Pro

Ala

Thr

Ile

Asp
480



<210> 4
<211>
212>
<213>
<220>
223>
<400> 4
atgatggtaa
ttaacaccaa
atagaggcag
aaagaaggtt
gctgecttag
atgaaatata
gagtatgcta
gatgtaaatt
tgtgtttgtg
ataactaaaa
actgctaatg
ggtattggag
ctctatggcet
tcaagattga
gctcatgaag
ataaaaccag
aaagctttaa
aaaatatatg
ttgttggcta
gaattaactg
aaaggagaag
ataaatgctg

gttgaagcaa

1476
ADN
Trinh tu nhan tao

cimA(M)ml

ggatatttga
atgataagtt
gttcagctgt
taaatgcaga
aatgtgatgt
agcttagaaa
aagaacatgg
tcttaataaa
acacagtagg
atgttaattt
cttgctcagc
agagagcagg
atgatactaa
tgaaacttcc
caggaataca
aaatggttgg
aatacaaact
aaagagttaa

tagttagaga

ttgtatctgg

atataaggtt
tgagaaaggc

ttggtggage

38143

tacaacactt
agagatagca
aacttcaaaa
aatctgctca
agatagtgtc
aacagaagat
attgattgtt
actatttaat
agttttaact
accggtctca
agttttaggt
aaatgcctca
gataaagatg
tgttccacca
tgttgatgga
gaatagaaga
tgatttgatg
agaatttggg
agttactgga
aaataaaata
aatagaaact
aataagtgga

aactgatgcg

agagatggag
aaaaaattgg
ggagagagag
tttgttagag
catttagtag
gaggttttag
gagttatctg
gaaggggaaa
ccacaaaaga
gttcattgcc
ggagctgttc
ttggaagagg
gaaaagttat
aataaagcaa
ttaataaaaa
agaattattt
ggcataaacg
gatttgggta
aaattggtag
acaccaattg
gcttatggtg
gttgcagata

ttaatagagg

-42-

agcaaacacc
atgagcttgg
aaggaataaa
ctttacctgt
tgccaacatc
agacagcttt
cagaggatgc
aggttggagc
gtcaggaatt
acaacgactt
agtgccacgt
ttgttgctgc
atgaggtttc
ttgttggesa
atactgaaac
tgggtaagca
ttagtgatga
aatacatttc
aagagaaaat
catctgttaa
ttggaccggt
ttaagttggt

ttgttgttaa

aggagtttct
agttgatgtt
attaataaca
agatattgat
tccaatacac
aaaggctgta
aacaagaagt
agacagagtt
atttaaaaaa
tggaatggct
aacagttaat
tttaaaaata
aagaattgtc
caatgcattt
ctatgagcca
ttctggtaga
gcaattaaat
agacgctgat
caaattagat
actccattat
agatgcagca
agagtataga

attaagaaaa

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

1020

1080

1140

1200

1260

1320

1380



38143

ggaactgaaa ttgttgaagt tagaaaatca gacgctgata taataagggc ttctgtagat 1440
gctgtaatgg aaggaatcaa tatgttattg aattaa 1476
<210> 5

<211> 491

212> PRT
<213> Trinh tuy nhan tao

220>
<223> CimA(M)m2

<400> 5
Met Met Val Arg Ile Phe Asp Thr Thr Leu Arg Asp Gly Glu Gln Thr
1 5 10 15

Pro Gly Val Ser Leu Thr Pro Asn Asp Lys Leu Glu Ile Ala Lys Lys
20 25 30

Leu Asp Glu Leu Gly Val Asp Val Ile Glu Ala Gly Ser Ala Ile Thr
35 40 45

Ser Lys Gly Glu Gly Glu Gly Ile Lys Leu Ile Thr Lys Glu Gly Leu
50 55 60

Asn Ala Glu Ile Cys Ser Phe Val Arg Ala Leu Pro Val Asp Ile Asp
65 70 75 80

Ala Ala Leu Glu Cys Asp Val Asp Ser Val His Leu Val Val Pro Thr
85 90 95

Ser Pro Ile His Met Lys Tyr Lys Leu Arg Lys Thr Glu Asp Glu Val
100 105 110

Val Glu Thr Ala Leu Lys Ala Val Glu Tyr Ala Lys Glu Gln Gly Leu
115 120 125

Ile Val Glu Leu Ser Ala Glu Asp Ala Thr Arg Ser Asp Val Asn Phe
130 135 140

Leu Ile Lys Leu Phe Asn Glu Gly Glu Lys Val Gly Ala Asp Arg Val
145 150 155 160

Cys Val Cys Asp Thr Val Gly Val Leu Thr Pro Gln Lys Ser Gln Glu
165 170 175

Leu Phe Lys Lys Ile Thr Glu Asn Val Asn Leu Pro Val Ser Val His
180 185 190

Cys His Asn Asp Phe Gly Met Ala Thr Ala Asn Ala Cys Ser Ala Val
195 200 205

Leu Gly Gly Ala Val Gln Cys His Val Thr Val Asn Gly Ile Gly Glu



Arg

225

Leu

Ser

Ala

Asp

Met

305

Lys

Glu

Gly

Thr

Val

385

Lys

Val

Asp

Asp

Val

465

Ala

210

Ala

Tyr

Arg

Ile

Gly

290

Val

Ala

Gln

Lys

Gly

370

Ser

Gly

Asp

Ile

Ala

450

Glu

Val

<210>

Gly

Gly

Ile

Val

275

Leu

Gly

Leu

Leu

Tyr

355

Lys

Gly

Glu

Ala

Lys

435

Leu

Val

Met

6

Asn

Tyr

Val

260

Gly

Ile

Asn

Lys

Asn

340

Ile

Leu

Asn

Asp

Ala

420

Leu

Ile

Arg

Glu

Ala

Asp

245

Ser

Asp

Lys

Arg

Tyr

325

Lys

Ser

Val

Lys

Ile

405

Ile

Val

Glu

Lys

Gly
485

Ser

230

Thr

Arg

Asn

Asn

Arg

310

Lys

Ile

Asp

Glu

Ile

390

Thr

Asn

Glu

Val

Ser

470

Ile

215

Leu

Lys

Leu

Ala

Thr

295

Arg

Leu

Tyr

Ala

Glu

375

Thr

Leu

Ala

Tyr

Val

455

Asp

Asn

Glu

Ile

Met

Phe

280

Glu

Ile

Asp

Glu

Asp

360

Lys

Pro

Ile

Val

Arg

440

Val

Ala

Met

38143

Glu

Lys

Glu

265

Ala

Thr

Ile

Leu

Arg

345

Leu

Ile

Ile

Glu

Arg

425

Val

Lys

Asp

Leu

Val

Met

250

Leu

His

Tyr

Leu

Met

330

Val

Leu

Lys

Ala

Thr

410

Lys

Glu

Leu

Ile

Leu
490

Val

235

Glu

Pro

Glu

Glu

Gly

315

Gly

Lys

Ala

Leu

Ser

395

Ala

Ala

Ala

Arg

Ile

475

Asn

220

Ala

Lys

Val

Ala

Pro

300

Lys

Ile

Glu

Ile

Asp

380

Val

Tyr

Ile

Ile

Lys

460

Glu

Ala

Leu

Pro

Gly

285

Ile

His

Asn

Phe

Val

365

Glu

Lys

Gly

Ser

Gly

445

Gly

Ala

Leu

Tyr

Pro

270

Ile

Lys

Ser

Val

Gly

350

Arg

Leu

Leu

Val

Gly

430

Gly

Thr

Ser

Lys

Glu

255

Asn

His

Pro

Gly

Ser

335

Asp

Glu

Thr

His

Gly

415

Val

Gly

Glu

Val

Ile

240

Val

Lys

Val

Glu

Arg

320

Asp

Leu

Val

Val

Tyr

400

Pro

Ala

Thr

Ile

Asp
480



<211>
212>
<213>
<220>
<223>
<400> 6
atgatggtaa
ttaacaccaa
atagaggcag
aaagaaggtt
gctgecttag
atgaaatata
gagtatgcta
gatgtaaatt
tgtgtttgtg
ataactgaaa
actgctaatg
ggtattggag
ctctatggcet
tcaagattga
gctcatgaag
ataaaaccag
aaagctttaa
aaaatatatg
ttgttggcta
gaattaactg
aaaggagaag
ataaatgctg

gttgaagcaa

1476
ADN
Trinh ty nhan tao

cimA(M)m2

ggatatttga
atgataagtt
gttcagctat
taaatgcaga
aatgtgatgt
agcttagaaa
aagaacaagg
tcttaataaa
acacagtagg
atgttaattt
cttgctcagc
agagagcagg
atgatactaa
tggagcttcc
caggaataca
aaatggttgg
aatacaaact
aaagagttaa
tagttagaga
ttgtatctgg
atataacttt
tgagaaaggc

ttggtggags

38143

tacaacactt
agagatagca
aacttcaaaa
aatctgctca
agatagtgtc
aacagaagat
attgattgtt
actatttaat
agttttaact
accggtctca
agttttaggt
aaatgcctca
gataaagatg
tgttccacca
tgttgatgga
gaatagaaga
tgatttgatg
agaatttggg
agttactgga
aaataaaata
aatagaaact
aataagtgga

aactgatgcg

agagatggag
aaaaaattgg
ggagagggag
tttgttagag
catttagtag
gaggttgtag
gagttatctg
gaaggggaaa
ccacaaaaga
gttcattgcc
ggagctgttc
ttggaagagg
gaaaagttat
aataaagcaa
ttaataaaaa
agaattattt
ggcataaacg
gatttgggta
aaattggtag
acaccaattg
gcttatggtg
gttgcagata

ttaatagagg

-45-

agcaaacacc
atgagcttgg
aaggaataaa
ctttacctgt
tgccaacatc
agacagcttt
cagaggatgc
aggttggagc
gtcaggaatt
acaacgactt
agtgccacgt
ttgttgcetgce
atgaggtttc
ttgttggega
atactgaaac
tgggtaagca
ttagtgatga
aatacatttc
aagagaaaat
catctgttaa
ttggaccggt
ttaagttggt

ttgttgttaa

aggagtttct
agttgatgtt
attaataaca
agatattgat
tccaatacac
aaaggctgta
aacaagaagt
agacagagtt
atttaaaaaa
tggaatggct
aacagttaat
tttaaaaata
aagaattgtc
caatgcattt
ctatgagcca
ttctggtaga
gcaattaaat
agacgctgat
caaattagat
actccattat
agatgcagca
agagtataga

attaagaaaa

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

1620
1080
1140
1200
1260
1320

1380



38143

ggaactgaaa ttgttgaagt tagaaaatca gacgctgata taatagaggc ttctgtagat 1440
gctgtaatgg aaggaatcaa tatgttattg aattaa 1476
<210> 7

<211> 372

212> PRT

<213> Trinh ty nhan tao

<220>
<223> CimA(M)m3

<400> 7
Met Met Val Arg Ile Phe Asp Thr Thr Leu Arg Asp Gly Glu Gln Thr
1 5 10 15

Pro Gly Val Ser Leu Thr Pro Asn Asp Lys Leu Glu Ile Ala Lys Lys
20 25 30

Leu Asp Glu Leu Gly Val Asp Val Ile Glu Ala Gly Ser Ala Val Thr
35 40 45

Ser Lys Gly Glu Arg Glu Gly Ile Lys Leu Ile Thr Lys Glu Gly Leu
50 55 60

Asn Ala Glu Ile Cys Ser Phe Val Arg Ala Leu Pro Val Asp Ile Asp
65 70 75 80

Ala Ala Leu Glu Cys Asp Val Asp Ser Val His Leu Val Val Pro Thr
85 90 95

Ser Pro Ile His Met Lys Tyr Lys Leu Arg Lys Thr Glu Asp Glu Val
100 105 110

Leu Val Thr Ala Leu Lys Ala Val Glu Tyr Ala Lys Glu Gln Gly Leu
115 120 125

Ile Val Glu Leu Ser Ala Glu Asp Ala Thr Arg Ser Asp Val Asn Phe
130 135 140

Leu Ile Lys Leu Phe Asn Glu Gly Glu Lys Val Gly Ala Asp Arg Val
145 150 155 160

Cys Val Cys Asp Thr Val Gly Val Leu Thr Pro Gln Lys Ser Gln Glu
165 170 175

Leu Phe Lys Lys Ile Thr Glu Asn Val Asn Leu Pro Val Ser Val His
180 185 190

Cys His Asn Asp Phe Gly Met Ala Thr Ala Asn Ala Cys Ser Ala Val
195 200 205

Leu Gly Gly Ala Val Gln Cys His Val Thr Val Asn Gly Ile Gly Glu

-46-



210

Arg Ala Gly

225

Leu Tyr Gly

Ser Arg Ile

Ile Val

275

Ala

Asp Gly Leu

290
Met Val
305

Gly

Lys Ala Leu

Glu Gln Leu

Gly Lys Tyr

355
Thr Gly
370

Lys

<2160> 8
<211> 11
212> AD
213>
220>
<223> ci
<400> 8
atgatggtaa
ttaacaccaa
atagaggccg
aaagaaggtc

gctgecttag

atgaagtaca

Asn Ala

Ser

38143

215

Leu Glu

230

Tyr Asp

245

Val
260

Ser
Gly Asp
Ile Lys

Asn Arg

Thr

Arg

Asn

Asn

Arg

Lys Ile

Leu Met

Phe
280

Ala

Thr Glu

295

Arg Ile

310

Lys Tyr

325

Asn
340

Lys

Ile Ser

Leu

19
N

mA(M)m3

ggatattcga
acgataagct
gtagcgctgt
ttaacgcaga
aatgtgatgt

aacttcgtaa

Lys

Ile

Asp

Leu Asp

Tyr Glu

Ala Asp

360

Trinh tu nhan tao

taccacactt
ggagatagct
cactagcaag
aatctgcagt
agatagtgtg

aacggaggat

Val
235

Glu Val

Met Glu

250

Lys

Lys Leu Pro

265
Ala

His Glu

Thr Tyr Glu

Ile Leu Gly

315

Met
330

Leu Gly

Arg Val

345

Lys

Leu Leu Ala

cgcgacggag
aaaaagttgg
ggagagegcg
ttcgtgegtg
cacctcgtgg

gaggttctcg

-47-

220

Ala Ala

Leu

Lys

Val Pro

Ser

Tyr

Pro

Ile
240

Lys

Glu Val

255

Asn Lys

270

Ala Gly

285
Pro Ile
300

Lys His

Ile Asn

Glu Phe

Ile

Lys

Ser

Val

Gly

His Val

Pro Glu

Gly Arg

320

Ser
335

Asp

Asp Leu

350

Ile Vval

365

agcagacacc
atgaacttgg
aaggaataaa
cactccctgt
tgcccacatc

tgaccgcact

Arg

Glu Val

aggagtttct
ggttgatgtt
actcattaca
agacatagac
tccaatacac

taaggctgtg

60

120

180

240

300

360



gaatacgcta
gatgttaatt
tgtgtttgceg
ataaccgaga
actgctaatg
ggtattggcg
ctctacggct
tcccgettga
gctcacgaag
atcaaaccag
aaagcgttaa
aaaatttatg
ttgctcgeta
<210> 9
<211> 37
212> PR

<213>

<220>

<223> Ci

<400> 9

Met Met Val
1

Val

Pro Gly

Glu
35

Leu Asp

Ser Lys

50

Gly

Asn Ala Glu

65
Ala

Ala Leu

aagagcaggs
tcttaataaa
acaccgtagg
atgtgaattt
cttgctccgc
agcgcgeagg
atgatactaa
tgaaacttcc
caggtatcca
aaatggtggs
agtacaagct
aacgcgttaa

tagttcgcga

2
T

mA(M)m4

Arg Ile

Ser Leu

20

Leu Gly

Glu Arg

Ile Cys

Glu Cys

85

Phe

Thr

Val

Glu

Ser

70

Asp

38143

cttgatcgtt
actcttcaat
agttttaacg
accggtctcg
agtgctcggc
gaatgcctcc
aataaagatg
tgttcccccg
tgtcgatgga
caaccgccgg
tgatctaatg

agaattcggg

agtcacggga

Trinh ty nhan tao

Asp Thr

Asn

Pro

Val
40

Asp

Gly Ile

55

Phe Val

Val Asp

gagttatcag
gaaggggaaa
ccacaaaagt
gttcattgcc
ggagctgttc
ttagaagagg
gaaaagttat
aacaaagcga
ttaattaaaa
cgtatcattc
ggcataaacg
gacctaggta

aagttgtaa

Thr Leu

10

Arg

Asp Leu

25

Lys

Ile Glu Ala

Lys Leu Ile

Ala Leu

75

Arg

Val
90

Ser His

-48-

cggaggatgc
aggttggagc
cgcaggaact
acaacgactt
agtgccacgt
tcgttgecgc
acgaggtttc
ttgttggcga
atactgaaac
tcggtaagca
tgtctgatga

agtacatttc

Asp Gly

Glu Ile

Glu

Ala

gacaagatcc
agaccgtgtt
gtttaagaaa
tggaatggct
gacagttaac
gtcaaaaatc
acgcattgtc
caatgcgttc
ctatgagcca
ctctggtcgg
gcaattaaac

agatgctgat

Gln
15

Thr

Lys Lys

30

Ser
45

Gly

Thr
60

Lys
Val

Pro

Leu Val

Ala

Glu

Asp

Val

Val Thr

Gly Leu

Ile Asp

80
Pro Thr
95

420
480
540
600
660
7ZQ
780
840
900
960
1020
1080

1119



Ser
Leu
Ile
Leu
145
Cys
Leu
Cys
Leu
Arg
225
Leu
Ser
Ala
Asp
Met
305
'Lys
Glu

Gly

Thr

Pro

Glu

Val

130

Ile

Val

Phe

His

Gly

210

Ala

Tyr

Arg

Ile

Gly

290

Val

Ala

Gln

Lys

Gly
370

Ile

Thr

115

Glu

Lys

Cys

Lys

Asn

195

Gly

Gly

Gly

Ile

Val

275

Leu

Gly

Leu

Leu

Tyr

355

Lys

His

100

Ala

Leu

Leu

Asp

Lys

180

Asp

Ala

Asn

Tyr

Val

260

Gly

Ile

Asn

Lys

Asn

340

Ile

Leu

Met

Leu

Ser

Phe

Thr

165

Ile

Phe

Val

Ala

Asp

245

Ser

Asp

Lys

Arg

Tyr

325

Lys

Ser

Lys
Lys
Ala
Asn
150
Val
Thr
Gly
Gln
Ser
230
Thr
Arg
Asn
Asn
Arg
310
Lys

Ile

Asp

Tyr

Ala

Glu

135

Glu

Gly

Glu

Met

Cys

215

Leu

Lys

Leu

Ala

Thr

295

Arg

Leu

Tyr

Ala

Lys

Val

120

Asp

Gly

Val

Asn

Ala

200

His

Glu

Ile

Met

Phe

280

Glu

Ile

Asp

Glu

Asp
360

38143

Leu

105

Glu

Ala

Glu

Leu

Val

185

Thr

Val

Glu

Lys

Lys

265

Ala

Thr

Ile

Leu

Arg

345

Leu

-49-

Arg

Tyr

Thr

Lys

Thr

170

Asn

Ala

Thr

Val

Met

250

Leu

His

Tyr

Leu

Met

330

Val

Leu

Lys

Ala

Arg

Val

155

Pro

Leu

Asn

Val

Val

235

Glu

Pro

Glu

Glu

Gly

315

Gly

Lys

Ala

Thr

Lys

Ser

140

Gly

Gln

Pro

Thr

Asn

220

Ala

Lys

Val

Ala

Pro

300

Lys

Ile

Glu

Ile

Glu

Glu

125

Asp

Ala

Lys

Val

Cys

205

Gly

Ala

Ser

Pro

Gly

285

Ile

His

Asn

Phe

Val
365

Asp

110

Gln

Val

Asp

Ser

Ser

190

Ser

Ile

Leu

Tyr

Pro

270

Ile

Lys

Ser

Val

Gly

350

Arg

Glu

Gly

Asn

Arg

Gln

175

Val

Ala

Gly

Lys

Glu

255

Asn

His

Pro

Gly

Ser

335

Asp

Glu

Val

Leu

Phe

Val

160

Glu

His

Val

Glu

Ile

240

Val

Lys

Val

Glu

Arg

320

Asp

Leu

Val



<210> 10
<211> 11
<212> AD
<213>
<220>
223> ci
<400> 10
atgatggtaa
ttaacaccaa
atagaggcag
aaagaaggtt
gctgecttag
atgaaatata
gagtatgcta
gatgtaaatt
tgtgtttgtg
ataactgaaa
actgctaata
ggtattggag
ctctatggct
tcaagattga
gctcatgaag
ataaaaccag
aaagctttaa
aaaatatatg
ttgttggcta
210> 11
<211> 49
<212> PR

<213>

220>

19
N

mA (M) md

ggatatttga
atgataagtt
gttcagectgt
taaatgcaga
aatgtgatgt
agcttagaaa
aagaacaagg
tcttaataaa
acacagtagg
atgttaattt
cttgctcagc
agagagcagg
atgatactaa
tgaaacttcc
caggaataca
aaatggttgg
aatacaaact
aaagagttaa

tagttagaga

1
T

38143

Trinh ty nhan tao

tacaacactt
agagatagca
aacttcaaaa
aatctgctca
agatagtgtc
aacagaagat
attgattgtt
actatttaat
agttttaact
accggtctca
agttttaggt
aaatgcctca
gataaagatg
tgttccacca
tgttgatgga
gaatagaaga
tgatttgatg
agaatttggg

agttactgga

Trinh ty nhan tao

agagatggag
aaaaaattgg
ggagagagag
tttgttagag
catttagtag
gaggttttag
gagttatctg
gaaggggaaa
ccacaaaaga
gttcattgcc
ggagctgttc
ttggaagagg
gaaaagtcat
aataaagcaa
ttaataaaaa
agaattattt
ggcataaacg
gatttgggta

aaattgtga

-50-

agcaaacacc
atgagcttgg
aaggaataaa
ctttacctgt
tgccaacatc
agacagcttt
cagaggatgc
aggttggagc
gtcaggaatt
acaacgactt
agtgccacgt
ttgttgctgc
atgaggtttc
ttgttggeea
atactgaaac
tgggtaagca
ttagtgatga

aatacatttc

aggagtttct
agttgatgtt
attaataaca
agatattgat
tccaatacac
aaaggctgta
aacaagaagt
agacagagtt
atttaaaaaa
tggaatggct
aacagttaat
tttaaaaata
aagaattgtc
caatgcattt
ctatgagcca
ttctggtaga
gcaattaaat

agacgctgat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
96Q

1020
1080

1119



38143

<223> CimA(M)m5

<400> 11
Met Met Val Arg Ile Phe Asp Thr Thr Leu
1 5 10

Pro Gly Val Ser Leu Thr Pro Asn Asp Lys
20 25

Leu Asp Glu Leu Gly Val Asp Val Ile Glu
35 40

Ser Lys Gly Glu Arg Glu Gly Ile Lys Leu
50 55

Asn Ala Glu Ile Cys Ser Phe Val Arg Ala
65 70

Ala Ala Leu Glu Cys Asp Val Asp Ser Val
85 90

Ser Pro Ile His Met Lys Tyr Lys Leu Arg
100 105

Leu Glu Thr Ala Leu Lys Ala Val Glu Tyr
115 120

Ile Val Glu Leu Ser Ala Glu Asp Ala Thr
130 135

Leu Ile Lys Leu Phe Asn Glu Gly Glu Lys
145 150

Cys Val Cys Asp Thr Val Gly Val Leu Thr
165 170

Leu Phe Lys Lys Ile Thr Glu Asn Val Asn
180 185

Cys His Asn Asp Phe Gly Met Ala Thr Ala
195 200

Leu Gly Gly Ala Val Gln Cys His Val Thr
210 215

Arg Ala Gly Asn Ala Ser Leu Glu Glu Val
225 230

Leu Tyr Gly Tyr Asp Thr Lys Ile Lys Met
245 250

Ser Arg Ile Val Ser Arg Leu Met Lys Leu
260 265

-51-

Arg

Leu

Ala

Ile

Leu

75

His

Lys

Ala

Arg

Val

155

Pro

Leu

Asn

Val

Val

235

Glu

Pro

Asp

Glu

Gly

Thr

60

Pro

Leu

Thr

Lys

Ser

140

Gly

Gln

Pro

Ala

Asn

220

Ala

Lys

Val

Gly

Ile

Ser

45

Lys

Val

Val

Glu

Glu

125

Asp

Ala

Lys

Val

Cys

205

Gly

Ala

Leu

Pro

Glu

Ala

30

Ala

Glu

Asp

Val

Asp

110

His

Val

Asp

Ser

Ser

190

Ser

Ile

Ser

Tyr

Pro
270

Gln

15

Lys

Ile

Gly

Ile

Pro

95

Glu

Gly

Asn

Arg

Gln

175

Val

Ala

Gly

Lys

Glu

255

Asn

Thr

Lys

Thr

Leu

Asp

80

Thr

Val

Leu

Phe

Val

160

Glu

His

Val

Glu

Ile

240

Val

Lys



38143

Ala Ile Val Gly Asp Asn Ala Phe Ala His Glu Ala Gly Ile His Val
275 280 285

Asp Gly Leu Ile Lys Asn Thr Glu Thr Tyr Glu Pro Ile Lys Pro Glu
290 295 300

Met Val Gly Asn Arg Arg Arg Ile Ile Leu Gly Lys His Ser Gly Arg
305 310 315 320

Lys Ala Leu Lys Tyr Lys Leu Asp Leu Met Gly Ile Asn Val Ser Asp
325 330 335

Glu Gln Leu Asn Lys Ile Tyr Glu Arg Val Lys Glu Phe Gly Asp Leu
340 345 350

Gly Lys Tyr Ile Ser Asp Ala Asp Leu Leu Ala Ile Val Arg Glu Val
355 360 365

Thr Gly Lys Leu Val Glu Glu Lys Ile Lys Leu Asp Glu Leu Thr Val
370 375 380

Val Ser Gly Asn Lys Ile Thr Pro Ile Ala Ser Val Lys Leu His Tyr
385 390 395 400

Lys Gly Glu Asp Ile Thr Leu Ile Glu Thr Ala Tyr Gly Val Gly Pro
405 410 415

Val Asp Ala Ala Ile Asn Ala Val Arg Lys Ala Ile Ser Gly Val Ala
420 425 430

Asp Ile Lys Leu Val Glu Tyr Arg Ala Glu Ala Ile Gly Gly Gly Thr
435 440 445

Asp Ala Leu Ile Glu Val Val Vval Lys Leu Arg Lys Gly Thr Glu Ile
450 455 460

Val Glu Val Arg Lys Ser Asp Ala Asp Ile Ile Arg Ala Ser Val Asp
465 470 475 480

Ala Val Met Glu Gly Ile Asn Met Leu Leu Asn
485 490

<210> 12
<211> 1476
212> ADN

<213> Trinh ty nhan tao

<220>
<223> cimA(M)m5

<400> 12
atgatggtaa ggatatttga tacaacactt agagatggag agcaaacacc aggagtttct

-52-



ttaacaccaa
atagaggcag
aaagaaggtt
gctgecttag
atgaaatata
gagtatgcta
gatgtaaatt
tgtgtttgtg
ataactgaaa
actgctaatg
ggtattggag
ctctatggct
tcaagattga
gctcatgaag
ataaaaccag
aaagctttaa
aaaatatatg
ttgttggcta
gaattaactg
aaaggagaag
ataaatgctg
gccgaagcaa
ggaactgaaa

gctgtaatgg

<210> 13

491
PRT
Trinh ty nhan tao

<211>
<212>
<213>

<220>

atgataagtt
gttcagctat
taaatgcaga
aatgtgatgt
agcttagaaa
aagaacatgg
tcttaataaa
acacagtagg
atgttaattt
cttgctcagc
agagagcagg
atgatactaa
tgaaacttcc
caggaataca
aaatggttgg
aatacaaact
aaagagttaa
tagttagaga
ttgtatctgg
atataacttt
tgagaaaggc
ttggtggage
ttgttgaagt

aaggaatcaa

38143

agagatagca
aacttcaaaa
aatctgctca
agatagtgtc
aacagaagat
attgattgtt
actatttaat
agttttaact
accggtctca
agttttaggt
aaatgcctca
gataaagatg
tgttccacca
tgttgatgga
gaatagaaga
tgatttgatg
agaatttggeg
agttactgga
aaataaaata
aatagaaact
aataagtgga
aactgatgcg

tagaaaatca

aaaaaattgg
ggagagagag
tttgttagag
catttagtag
gaggttttag
gagttatctg
gaaggggaaa
ccacaaaaga
gttcattgcc
ggagctgttc
ttggaagagg
gaaaagttat
aataaagcaa
ttaataaaaa
agaattattt
ggcataaacg
gatttgggta
aaattggtag
acaccaattg
gcttatggtg
gttgcagata
ttaatagagg

gacgctgata

tatgttattg aattaa

-53-

atgagcttgg
aaggaataaa
ctttacctgt
tgccaacatc
agacagcttt
cagaggatgc
aggttggagc
gtcaggaatt
acaacgactt
agtgccacgt
ttgttgectgc
atgaggtttc
ttgttgggga
atactgaaac
tgggtaagca
ttagtgatga
aatacatttc
aagagaaaat
catctgttaa
ttggaccggt
ttaagttggt
ttgttgttaa

taataagggc

agttgatgtt
attaataaca
agatattgat
tccaatacac
aaaggctgta
aacaagaagt
agacagagtt
atttaaaaaa
tggaatggct
aacagttaat
ttcaaaaata
aagaattgtc
caatgcattt
ctatgagcca
ttctggtaga
gcaattaaat
agacgctgat
caaattagat
actccattat
agatgcagca
agagtataga
attaagaaaa

ttctgtagat

120
180
240
300
360
420
480
540
600
660
720
780
840
9GQ
960
1020
1080
1140
1200
1260
1320
1380
144@

1476



<223>

<400>

Met

1

Pro

Leu

Ser

Asn

65

Ala

Ser

Leu

Ile

Leu

145

Cys

Leu

Cys

Leu

Arg

225

Leu

Ser

Met

Gly

Asp

Lys

50

Ala

Ala

Pro

Glu

Val

130

Ile

Val

Phe

His

Gly

210

Ala

Tyr

Arg

CimA(M)m6

13
Val

Val

Glu

35

Gly

Glu

Leu

Ile

Thr

115

Glu

Lys

Cys

Lys

Asn

195

Gly

Gly

Gly

Ile

Arg

Ser

20

Leu

Glu

Ile

Glu

His

100

Ala

Leu

Leu

Asp

Lys

180

Asp

Ala

Asn

Tyr

Val
260

Ile

Leu

Gly

Arg

Cys

Cys

85

Met

Leu

Ser

Phe

Thr

165

Ile

Phe

Val

Ala

Asp

245

Ser

Phe

Thr

Val

Glu

Ser

70

Asp

Lys

Lys

Ala

Asn

150

Val

Thr

Gly

Gln

Ser

230

Thr

Arg

Asp

Pro

Asp

Gly

Phe

Val

Tyr

Ala

Glu

135

Glu

Gly

Glu

Met

Cys

215

Leu

Lys

Leu

38143

Thr

Asn

Val

40

Ile

Val

Asp

Lys

Val

120

Asp

Gly

Val

Asn

Ala

200

His

Glu

Ile

Met

Thr

Asp

25

Ile

Lys

Arg

Ser

Leu

105

Glu

Ala

Glu

Leu

Val

185

Thr

Val

Glu

Lys

Lys
265

Leu

10

Lys

Glu

Leu

Ala

Val

90

Arg

Tyr

Thr

Lys

Thr

170

Asn

Ala

Thr

Val

Met

250

Leu

Arg

Leu

Ala

Ile

Leu

75

His

Lys

Ala

Arg

Val

155

Pro

Leu

Asn

Val

Val

235

Glu

Pro

Asp

Glu

Gly

Thr

60

Pro

Leu

Thr

Lys

Ser

140

Gly

Gln

Pro

Ala

Asn

220

Ala

Lys

Val

Gly

Ile

Ser

45

Lys

Val

Val

Glu

Glu

125

Asp

Ala

Lys

Val

Cys

205

Gly

Ala

Leu

Pro

Glu

Ala

30

Ala

Glu

Asp

Val

Asp

110

Gln

Val

Asp

Ser

Ser

190

Ser

Ile

Leu

Tyr

Pro
270

Gln

15

Lys

Val

Gly

Ile

Pro

95

Glu

Gly

Asn

Arg

Gln

175

Val

Ala

Gly

Lys

Glu

255

Asn

Thr

Lys

Thr

Leu

Asp

80

Thr

Val

Leu

Phe

Val

160

Glu

His

Val

Glu

Ile

240

Val

Lys



38143

Ala Ile Val Gly Asp Asn Ala Phe Ala His Glu Ala Gly Ile His Val
275 280 285

Asp Gly Leu Ile Lys Asn Thr Glu Thr Tyr Glu Pro Ile Lys Pro Glu
290 295 300

Met Val Gly Asn Arg Arg Arg Ile Ile Leu Gly Lys His Ser Gly Arg
305 310 315 320

Lys Ala Leu Lys Tyr Lys Leu Asp Leu Met Gly Ile Asn Val Ser Lys
325 330 335

Glu Gln Leu Asn Lys Ile Tyr Glu Arg Val Lys Glu Phe Gly Asp Leu
340 345 350

Gly Lys Tyr Ile Ser Asp Ala Asp Leu Leu Ala Ile Val Arg Glu Val
355 360 365

Thr Gly Lys Leu Val Glu Glu Lys Ile Lys Leu Asp Glu Leu Thr Val
370 375 380

Val Ser Gly Asn Lys Ile Thr Pro Ile Ala Ser Val Lys Leu His Tyr
385 390 395 400

Lys Gly Glu Asp Ile Thr Leu Ile Glu Thr Ala Tyr Gly Val Gly Pro
405 410 415

Val Asp Ala Ala Ile Asn Ala Val Arg Lys Ala Ile Ser Gly Val Ala
420 425 430

Asp Ile Asn Leu Val Glu Tyr Arg Val Glu Ala Ile Gly Gly Gly Thr
435 440 445

Asp Ala Leu Ile Glu Val Val Val Lys Leu Arg Lys Gly Thr Glu Ile
450 455 460

Val Glu Val Arg Lys Ser Asp Ala Asp Ile Ile Arg Ala Ser Val Asp
465 470 475 480

Ala Val Met Glu Gly Ile Asn Met Leu Leu Asn
485 490

<210> 14
<211> 1476
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> cimA(M)m6

<400> 14
atgatggtaa ggatatttga tacaacactt agagatggag agcaaacacc aggagtttct 60

-55-



ttaacaccaa
atagaggcag
aaagaaggtt
gctgecttag
atgaaatata
gagtatgcta
gatgtaaatt
tgtgtttgtg
ataactgaaa
actgctaatg
ggtattggag
ctctatggct
tcaagattga
gctcatgaag
ataaaaccag
aaagctttaa
aaaatatatg
ttgttggcta
gaattaactg
aaaggagaag
ataaatgctg
gttgaagcaa
ggaactgaaa

gctgtaatgg

<210> 15

491
PRT
Trinh tu nhan tao

<211>
<212>
<213>

<220>

atgataagtt
gttcagctgt
taaatgcaga
aatgtgatgt
agcttagaaa
aagaacaagg
tcttaataaa
acacagtagg
atgttaattt
cttgctcagc
agagagcagg
atgatactaa
tgaaacttcc
caggaataca
aaatggttgg
aatacaaact
aaagagttaa
tagttagaga
ttgtatctgg
atataacttt
tgagaaaggc
ttggtggags
ttgttgaagt

aaggaatcaa

38143

agagatagca
aacttcaaaa
aatctgctca
agatagtgtc
aacagaagaf
attgattgtt
actatttaat
agttttaact
accggtctca
agttttaggt
aaatgcctca
gataaagatg
tgttccacca
tgttgatgga
gaatagaaga
tgatttgatg
agaatttggg
agttactgga
aaataaaata
aatagaaact
aataagtgga
aactgatgcg

tagaaaatca

aaaaaattgg
ggagagagag
tttgttagag
catttagtag
gaggttttag
gagttatctg
gaaggggaaa
ccacaaaaga
gttcattgcc
ggagctgttc
ttggaagagg
gaaaagttat
aataaagcaa
ttaataaaaa
agaattaftt
ggcataaacg
gatttgggta
aaattggtag
acaccaattg
gcttatggtg
gttgcagata
ttaatagagg

gacgctgata

tatgttattg aattaa

-56-

atgagcttgg
aaggaataaa
ctttacctgt
tgccaacatc
agacagcttt
cagaggatgc
aggttggagc
gtcaggaatt
acaacgactt
agtgccacgt
ttgttgetgc
atgaggtttc
ttgttgggga
atactgaaac
tgggtaagca
ttagtaaaga
aatacatttc
aagagaaaat
catctgttaa
ttggaccggt
ttaacttggt
ttgttgttaa

taataagggc

agttgatgtt
attaataaca
agatattgat
tccaatacac
aaaggctgta
aacaagaagt
agacagagtt
atttaaaaaa
tggaatggct
aacagttaat
tttaaaaata
aagaattgtc
caatgcattt
ctatgagcca
ttctggtaga
gcaattaaat
agacgctgat
caaattagat
actccattat
agatgcagca
agagtataga
attaagaaaa

ttctgtagat

120
180
240
300
360
420
480
54@
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440

1476



38143

<223>  CimA(M)m7

<400> 15
Met Met Val Arg Ile Phe Asp Thr Thr Leu Arg Asp Gly Glu Gln Thr
1 5 10 15

Pro Gly Val Ser Leu Thr Pro Asn Asp Lys Leu Glu Ile Ala Lys Lys
20 25 30

Leu Asp Glu Leu Gly Val Asp Val Ile Glu Ala Gly Ser Ala Val Thr
35 40 45

Ser Lys Gly Glu Arg Glu Gly Ile Lys Leu Ile Thr Lys Glu Gly Leu
50 55 60

Asn Ala Glu Ile Cys Ser Phe Val Arg Ala Leu Pro Val Asp Ile Asp
65 70 75 80

Ala Ala Leu Glu Cys Asp Val Asp Ser Val His Leu Val Val Pro Thr
85 90 95

Ser Pro Ile His Met Lys Tyr Lys Leu Arg Lys Thr Glu Asp Glu Val
100 105 110

Leu Met Thr Ala Leu Lys Ala Val Glu Tyr Ala Lys Glu His Gly Leu
115 120 125

Ile Val Glu Leu Ser Ala Glu Asp Ala Thr Arg Ser Asp Val Asn Phe
130 135 140

Leu Ile Lys Leu Phe Asn Glu Gly Glu Lys Val Gly Ala Asp Arg Val
145 150 155 160

Cys Val Cys Asp Thr Val Gly Val Leu Thr Pro Gln Lys Ser Gln Glu
165 170 175

Leu Phe Lys Lys Ile Thr Glu Asn Val Asn Leu Pro Val Ser Val His
180 185 190

Cys His Asn Asp Phe Gly Met Ala Thr Ala Asn Thr Cys Ser Ala Val
195 200 205

Leu Gly Gly Ala Val Gln Cys His Val Thr Val Asn Gly Ile Gly Glu
210 215 220

Arg Ala Gly Asn Ala Ser Leu Glu Glu Val Val Ala Ala Leu Lys Ile
225 230 235 240

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

Ser Arg Ile Val Ser Arg Leu Met Lys Leu Pro Val Pro Pro Asn Lys
260 265 270

-57-
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Ala Ile Val Gly Asp Asn Ala Phe Ala His Glu Ala Gly Ile His Val
275 280 285

Asp Gly Leu Ile Lys Asn Thr Glu Thr Tyr Glu Pro Ile Lys Pro Glu
290 295 300

Met Val Gly Asn Arg Arg Arg Ile Ile Leu Gly Lys His Ser Gly Arg
305 310 315 320

Lys Ala Leu Lys Tyr Lys Leu Asp Leu Met Gly Ile Asn Val Ser Asp
325 330 335

Glu Gln Leu Asn Lys Ile Tyr Glu Arg Val Lys Glu Phe Gly Asp Leu
340 345 350

Gly Lys Tyr Ile Ser Asp Ala Asp Leu Leu Ala Ile Val Arg Glu Val
355 360 365

Thr Gly Lys Leu Val Glu Glu Lys Ile Lys Leu Asp Glu Leu Thr Val
370 375 380

Val Ser Gly Asn Lys Ile Thr Pro Ile Ala Ser Val Lys Leu His Tyr
385 390 395 400

Lys Gly Glu Asp Ile Thr Leu Ile Glu Thr Ala Tyr Gly Val Gly Pro
405 410 ‘ 415

Val Asp Ala Ala Ile Asn Ala Val Arg Lys Ala Ile Ser Gly Val Ala
420 425 430

Asp Ile Lys Leu Val Glu Tyr Arg Ala Glu Ala Ile Gly Gly Gly Thr
435 440 445

Asp Ala Leu Ile Glu Val Val Vval Lys Leu Arg Lys Gly Thr Glu Ile
450 455 460

Val Glu Val Arg Lys Ser Asp Ala Asp Ile Ile Arg Ala Ser Val Asp
465 470 475 480

Ala Val Met Glu Gly Ile Asn Met Leu Leu Asn
485 490

216> 16

<211> 1476

212> ADN

<213> Trinh ty nhan tao

<220>
<223> cimA(M)m7

<400> 16
atgatggtaa ggatatttga tacaacactt agagatggag agcaaacacc aggagtttct

-58-



ttaacaccaa
atagaggcag
aaagaaggtt
gctgecttag
atgaaatata
gagtatgcta
gatgtaaatt
tgtgtttgtg
ataactgaaa
actgctaata
ggtattggag
ctctatggct
tcaagattga
gctcatgaag
ataaaaccag
aaagctttaa
aaaatatatg
ttgttggcta
gaattaactg
aaaggagaag
ataaatgctg
gctgaagcaa
ggaactgaaa

gctgtaatgg

<210> 17

340
PRT
leuB tu Corynebacterium

<211>
<212>
<213>

<400> 17

atgataagtt
gttcagectgt
taaatgcaga
aatgtgatgt
agcttagaaa
aagaacatgg
tcttaataaa
acacagtagg
atgttaattt
cttgctcagc
agagagcagg
atgatactaa
tgaaacttcc
caggaataca
aaatggttgg
aatacaaact
aaagagttaa
tagttagaga
ttgtatctgg
atataacttt
tgagaaaggc
ttggtgeags
ttgttgaagt

aaggaatcaa

38143

agagatagca
aacttcaaaa
aatctgctca
agatagtgtc
aacagaagat
attgattgtt
actatttaat
agttttaact
accggtctca
agttttaggt
aaatgcctca
gataaagcag
tgttccacca
tgttgatgga
gaatagaaga
tgatttgatg
agaatttggg
agttactgga
aaataaaata
aatagaaact
aataagtgga
aactgatgcg
tagaaaatca

tatgttattg

aaaaaattgg
ggagagagag
tttgttagag
catttagtag
gaggttttaa
gagttatctg
gaaggggaaa
ccacaaaaga
gttcattgcc
ggagctgttc
ttggaagagg
gaaaagttat
aataaagcaa
ttaataaaaa
agaattattt
ggcataaacg
gatttgggta
aaattggtag
acaccaattg
gcttatggtg
gttgcagata
ttaatagagg
gacgctgata

aattaa

glutamicum

-5O-

atgagcttgg
aaggaataaa
ctttacctgt
tgccaacatc
tgacagcttt
cagaggatgc
aggttggagc
gtcaggaatt
acaacgactt
agtgccacgt
ttgttgctgc
atgaggtttc
ttgttgggga
atactgaaac
tgggtaagca
ttagtgatga
aatacatttc
aagagaaaat
catctgttaa
ttggaccggt
ttaagttggt
ttgttgttaa

taataagggc

ATCC13032

agttgatgtt
attaataaca
agatattgat
tccaatacac
aaaggctgta
aacaagaagt
agacagagtt
atttaaaaaa
tggaatggct
aacagttaat
tttaaaaata
aagaattgtc
caatgcattt
ctatgagcca
ttctggtaga
gcaattaaat
agacgctgat
caaattagat
actccattat
agatgcagca
agagtataga
attaagaaaa

ttctgtagat

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

1020

1080

1140

1200

1260

1320

1380

1440

1476



Met

Ala

Thr

Leu

Leu

65

Arg

Leu

Pro

Tyr

Ala

145

Arg

Val

Thr

Asn

Phe

225

Glu

Ile

Ser

Ile

Lys

Glu

Asp

Thr

50

Gly

Gly

Arg

Gly

Thr

130

Asn

Tyr

His

Val

His

210

Asp

Ala

Asp

Ala

Leu

Leu

Ala

Tyr

35

Asp

Ala

Leu

Pro

Lys

115

Gly

Glu

Ala

Lys

Asp

195

Ile

Val

Gly

Ala

Pro

275

Ser

Ala

Leu

20

Asp

Glu

Ile

Leu

Ser

100

Ile

Asn

Thr

Phe

Thr

180

Glu

Asp

Ile

Ala

Thr

260

Asp

Ala

Val

Lys

Leu

Asp

Gly

Leu

85

Lys

Asp

Gly

Ser

Glu

165

Asn

Val

Ala

Val

Val

245

Gly

Ile

Ala

Ile

Val

Gly

Leu

Ala

70

Lys

Leu

Phe

Gly

Val

150

Leu

Val

Ala

Ala

Thr

230

Ser

Thr

Ala

Met

Gly
Leu
Ala
Ala

55
Pro
Met
Tyr
Val
Ala
135
Asn
Ala
Leu
Lys
Thr
215
Asp
Gly
Asn

Gly

Leu

38143

Gly Asp Gly

Asn

Arg

40

Ser

Gly

Arg

Asp

Val

120

Ile

Thr

Gln

Val

Glu

200

Ile

Asn

Gly

Pro

Gln

280

Leu

Ala

25

Arg

Leu

Ser

Phe

Gly

105

Val

Arg

Arg

Ser

His

185

Tyr

Tyr

Leu

Ile

Ser

265

Gly

Arg

-60-

10

Val

Tyr

Arg

Val

Ala

90

Val

Arg

Val

Tyr

Arg

170

Gly

Pro

Leu

Phe

Gly

250

Met

Ile

His

Ile

Arg

Leu

Glu

Pro

75

Leu

Glu

Glu

Gly

Gly

155

Arg

Gly

Glu

Val

Gly

235

Leu

Phe

Ala

Leu

Gly

Asp

Lys

His

60

Pro

Asp

Ser

Gly

Thr

140

Ala

Lys

Gly

Val

Thr

220

Asp

Ala

Glu

Asp

Gly

Pro

Asp

Asn

45

Asp

Gly

His

Pro

Thr

125

Pro

Glu

Lys

Leu

Ala

205

Asp

Ile

Ala

Pro

Pro

285

Asp

Glu

Ile

30

Gly

Ala

Ile

His

Leu

110

Glu

His

Arg

Leu

Trp

190

Val

Pro

Leu

Ser

Val

270

Thr

Glu

Val

15

Glu

Glu

Ile

Leu

Val

95

Arg

Gly

Glu

Val

Thr

175

Gln

Asp

Ser

Thr

Gly

255

His

Ala

Asp

Thr

Thr

Leu

Leu

Glu

80

Asn

Asn

Ala

Ile

Ile

160

Leu

Arg

Tyr

Arg

Asp

240

Asn

Gly

Ala

Asn



290

Ala
305

Asn

Ala

<210> 18

1023
ADN
leuB tu Corynebacterium

<211>
212>
<213>

<400> 18

atgaaacttg
aaggttctaa
cgttacctca
gacgcgatcc
cgtggtttgce
aagctgtacg
gtccgecgaag
cctcacgaga
cgctacgcat
aacgtcctgg
tacccagagg
gatccttccc
gaggcaggcg
ggcaccaacc
ggaatcgcag
gatgaagaca
aactctcagc

taa

38143

295

310

325

Leu Gln Ser

340

ctgttattgg
acgctgtccg
aaaatggcga
ttcttggcegc
tgctgaagat
acggcgtgga
gtaccgaagg
tfgccaatga
tcgagectggc
ttcacggtgg
tagccgtcga
gcttcgatgt
cagtctctgg
cttccatgtt
acccaacggc
acgcagtacg

cgatttctac

tggagatggt
cgacgacatc
gctgctcacc
tatcggtgca
gcgattcgca
gtccccactg
cgcctacact
aacctccgtg
acagagccgc
tggectgtgg
ttacaaccac
gattgttacc
cggaattggc
cgagccagtc
agcaatccta
tattgaaaca

cactgaggtg

315

330

glutamicum

atcggcccag
gagaccaccg
gacgaggatc
ccaggttccg
ctggatcacc
cgtaacccag
ggcaacggtg
aacactcgct
cgcaagaagc
cagcgcaccg
atcgatgcag
gataacctct
ctcgcagcat
cacggctctg
tccgetgega
gccatcgcag

ggagaccgca

-61-

300

ATCC13032

aggttactgc
attatgacct
tggcatccct
tccctccagg
acgtgaacct
gcaagattga
gagcaatccg
acggcgctga
tcaccctegt
tagatgaggt
caa;catcta
tcggcgacat
ccggcaacat
caccagatat
tgctgetgeg
ctgatgtggc

tcgtcaaggc

Val Arg Ile Glu Thr Ala Ile Ala Ala Asp Val Ala Gly Arg Asp

320

Ser Gln Pro Ile Ser Thr Thr Glu Val Gly Asp Arg Ile Val Lys

335

agaagccctc
tggcgcacgc
gcgcgagceat
aattctcgag
gcgeccatcc
tttcgttgtg
cgtgggaacc
gcgecgttatt
gcacaagacc
tgcaaaggaa
tctggtcact
cctcaccgat
cgatgccacg
cgcaggccag
tcacttaggt
tggccgagat

gctgcaaagc

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

1020

1023



38143

<210> 19

<211> 481

<212> PRT

<213> leuC tur Corynebacterium glutamicum ATCC13032

<400> 19
Met Thr Ser Pro Val Glu Asn Ser Thr Ser Thr Glu Lys Leu Thr Leu
1 5 10 15

Ala Glu Lys Val Trp Arg Asp His Val Val Ser Lys Gly Glu Asn Gly
20 25 30

Glu Pro Asp Leu Leu Tyr Ile Asp Leu Gln Leu Leu His Glu Val Thr
35 40 45

Ser Pro Gln Ala Phe Asp Gly Leu Arg Met Thr Gly Arg Lys Leu Arg
50 55 60

His Pro Glu Leu His Leu Ala Thr Glu Asp His Asn Val Pro Thr Glu
65 70 75 80

Gly Ile Lys Thr Gly Ser Leu Leu Glu Ile Asn Asp Lys Ile Ser Arg
85 90 95

Leu Gln Val Ser Thr Leu Arg Asp Asn Cys Glu Glu Phe Gly Val Arg
100 105 110

Leu His Pro Met Gly Asp Val Arg Gln Gly Ile Val His Thr Val Gly
115 120 125

Pro Gln Leu Gly Ala Thr Gln Pro Gly Met Thr Ile Val Cys Gly Asp
130 135 140

Ser His Thr Ser Thr His Gly Ala Phe Gly Ser Met Ala Phe Gly Ile
145 150 155 160

Gly Thr Ser Glu Val Glu His Val Met Ala Thr Gln Thr Leu Pro Leu
165 170 175

Lys Pro Phe Lys Thr Met Ala Ile Glu Val Thr Gly Glu Leu Gln Pro
180 185 190

Gly Val Ser Ser Lys Asp Leu Ile Leu Ala Ile Ile Ala Lys Ile Gly
195 200 205

Thr Gly Gly Gly Gln Gly Tyr Val Leu Glu Tyr Arg Gly Glu Ala Ile
210 215 220

Arg Lys Met Ser Met Asp Ala Arg Met Thr Met Cys Asn Met Ser Ile
225 230 235 240

Glu Ala Gly Ala Arg Ala Gly Met Ile Ala Pro Asp Gln Thr Thr Phe
245 250 255

Asp Tyr Val Glu Gly Arg Glu Met Ala Pro Lys Gly Ala Asp Trp Asp

-62-
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260 265 270

Glu Ala Val Ala Tyr Trp Lys Thr Leu Pro Thr Asp Glu Gly Ala Thr
275 280 285

Phe Asp Lys Val Val Glu Ile Asp Gly Ser Ala Leu Thr Pro Phe Ile
290 295 300

Thr Trp Gly Thr Asn Pro Gly Gln Gly Leu Pro Leu Gly Glu Ser Val
305 310 315 320

Pro Ser Pro Glu Asp Phe Thr Asn Asp Asn Asp Lys Ala Ala Ala Glu
325 330 335

Lys Ala Leu Gln Tyr Met Asp Leu Val Pro Gly Thr Pro Leu Arg Asp
340 345 350

Ile Lys Ile Asp Thr Val Phe Leu Gly Ser Cys Thr Asn Ala Arg Ile
355 360 365

Glu Asp Leu Gln Ile Ala Ala Asp Ile Leu Lys Gly His Lys Ile Ala
370 375 380

Asp Gly Met Arg Met Met Val Val Pro Ser Ser Thr Trp Ile Lys Gln
385 390 395 400

Glu Ala Glu Ala Leu Gly Leu Asp Lys Ile Phe Thr Asp Ala Gly Ala
405 410 415

Glu Trp Arg Thr Ala Gly Cys Ser Met Cys Leu Gly Met Asn Pro Asp
420 425 430

Gln Leu Lys Pro Gly Glu Arg Ser Ala Ser Thr Ser Asn Arg Asn Phe
435 440 445

Glu Gly Arg Gln Gly Pro Gly Gly Arg Thr His Leu Val Ser Pro Ala
450 455 460

Val Ala Ala Ala Thr Ala Ile Arg Gly Thr Leu Ser Ser Pro Ala Asp

465 470 ‘475 480
Ile

<210> 20

<211> 1446

<212> ADN

<213> leuC tiUr Corynebacterium glutamicum ATCC13032

<400> 20
atgaccagcc ccgtggagaa cagcacctca actgagaagc tgaccctgge agagaaggtg 60
tggcgegacc atgtcgtgtc caagggagaa aacggcgage ccgacctect ctacatcgac 120

-63-



ctgcagctgc
cgtaaactgc
ggcatcaaga
actctgcgceg
cagggcatcg
gtgtgeggtyg
ggtacctcag
accatggcca
ctggcgatta
ggcgaagcaa
gaagctggeg
ggccgegaaa
ctgccaaccg
accccattca
ccaagcccag
tacatggacc
ggatcctgca
cacaaaatcg
gaggcagaag
gcaggetgct
gcatccacct
gtatccccag
atctaa
<210> 21
<211> 19
<212> PR
<213>

<400> 21

Met Glu Lys Phe Thr Thr Tyr Thr Gly Val Gly

1

tgcatgaagt
gccacccaga
ctggctcact
acaactgtga
tgcacaccgt
actcccacac
aggttgagca
ttgaagttac
tcgccaagat
tccgtaagat
cacgtgccgg
tggcaccaaa
acgaaggcgc
tcacctgggg
aagacttcac
tggtaccagg
ccaacgcccg
ccgacggcat
cgctcggact
ccatgtgcect
ccaaccgaaa

cagtcgcagc

7
T

5

38143

gacctcacca
actgcacctg
gctggaaatc
agaattcggc
cggcccacag
ctccacccac
cgtcatggcet
tggtgaactg
cggcaccggc
gtccatggat
catgatcgcc
gggcgecgac
aacctttgac
caccaaccca
caacgacaac
aaccccactg
catcgaagac
gcgcatgatg
ggacaaaatc
gggcatgaac
cttcgaagga

cgccaccgca

caggcatttg
gccaccgaag
aacgacaaga
gtgecgectgce
ctcggcgcaa
ggtgettttg
actcaaaccc
cagccaggtg
ggcggacagg
gcacgcatga
ccagaccaaa
tgggacgaag
aaggtcgtag
ggccagggcec

gacaaggcag

cgcgacatca
ctgcagatcg
gtcgtgectt
ttcaccgacg
ccagaccaac
cgccaaggac

atccgecggca

leuD tu Corynebacterium glutamicum

10

acggcctgeg
accacaacgt
tttcccgect
acccaatggg
cccagccagg
gctccatggc
tgccactgaa
tttcctccaa
gctacgttct
ccatgtgcaa
ccaccttcga
cagttgctta
aaatcgatgg
tgccactggg
cagccgaaaa
agatcgacac
ccgctgacat
cctccacctg
ctggegcetga
tgaagccagg
caggaggccg

ccctgtectc

ATCC13032

catgaccggc
gccaaccgaa
gcaggtatct
tgatgtccga
catgaccatt
attcggcatc
gcctttcaag
ggacctgatt
ggaataccgc
catgtccatc
ctacgttgaa
ctggaagacc
ctccgcactg
cgaatccgta
ggcactgcag
cgtcttectg
cctcaagggc
gatcaagcaa
atggcgtacc
cgagcgctcc
cacccacctg

acctgcagat

Val Pro Leu Gln Arg

15

180
240
300
360
420
480
540
600
66@
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440

1446



Ser Asn Val Asp Thr Asp
20

Val Thr Arg Thr Gly Phe
35

Asn Asp Pro Asn Phe Val
50

Val Leu Val Ala Gly Pro
65 70

Ala Val Trp Ala Leu Met
85

Arg Phe Ala Asp Ile Phe
100

Thr Gly Ile Met Glu Gln
115

Glu Gln Thr Pro Gly Leu
130

Val Thr Ala Gly Asp Val
145 150

Arg Trp Arg Leu Met Glu
165

Lys Leu Asp Glu Ile Glu
180

Pro Arg Thr Asn Ala
195

<210> 22
<211> 594
212> ADN

<213> leuD tUr Corynebacterium

<400> 22

atggaaaaat ttaccaccta caccggegtt
accgaccaga tcatcccagce cgtctacctc
ggactgtttt ccaactggcg ccaaaacgac
aagaacggct ccgttctcgt agcaggccct
gccgtctggg cactcatgga ctacggettc

atcttccgeg gcaactccgg aaaagcggsgc

Gln

Glu

Leu

55

Asp

Asp

Arg

Ser

Glu

135

Val

Gly

Asp

Ile

Asp

40

Asn

Phe

Tyr

Gly

Asp

120

Leu

Ile

Leu

Tyr

38143

Ile

25

Gly

Thr

Gly

Gly

Asn

105

Ile

Thr

Ser

Asp

Glu
185

-65-

Pro

Leu

Asp

Thr

Phe

90

Ser

Glu

Val

Phe

Asp

170

Ala

Ala

Phe

Thr

Gly

75

Arg

Gly

Leu

Asn
Glu
155

Ala

Lys

glutamicum

ggcgttccac
aagcgcgtca
cccaactttg
gactttggca
cgcgetgtcet

atgctcaccg

Val
Ser
Tyr

60
Sér
Ala
Lys
Leu
Leu
140
Val

Gly

Arg

Tyr

Asn

45

Lys

Ser

Val

Ala

Trp

125

Glu

Asp

Leu

Pro

Leu Lys Arg
30

Trp Arg Gln

Asn Gly Ser

Arg Glu His

80

Phe Ser Ser
95

Gly Met Leu
110

Lys Leu Met

Lys Gln Ile

Pro Tyr Ile

160

Thr Leu Arg
175

Ala Phe Lys
190

ATCC13032

tgcagcgatc caacgtggac

cccggaccgg cttcgaagac

tcctcaacac cgacacctac

ccggetecte ccgegageac

tctcctcacg attcgecgac

gcatcatgga acagtccgac

60

120

180

240

300

360
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atcgaacttc tgtggaagct catggaacaa accccaggcce tcgaactgac cgtgaacctg 420
gaaaagcaga tcgtcaccgc aggcgacgta gtgatcagct tcgaagttga cccctacatc 480
cgctggegtt tgatggaagg cctcgacgac getggectga ccctgegecaa getcgatgaa 540
attgaagact acgaggctaa gcgccctgeg tttaagccac geactaacge ttaa 594
<210> 23

<211> 436
<212> PRT
<213> ilvA tUr Corynebacterium glutamicum ATCC13032

<400> 23
Met Ser Glu Thr Tyr Val Ser Glu Lys Ser Pro Gly Val Met Ala Ser
1 5 10 15

Gly Ala Glu Leu Ile Arg Ala Ala Asp Ile Gln Thr Ala Gln Ala Arg
20 25 30

Ile Ser Ser Val Ile Ala Pro Thr Pro Leu Gln Tyr Cys Pro Arg Leu
35 40 45

Ser Glu Glu Thr Gly Ala Glu Ile Tyr Leu Lys Arg Glu Asp Leu Gln
50 55 60

Asp Val Arg Ser Tyr Lys Ile Arg Gly Ala Leu Asn Ser Gly Ala Gln
65 70 75 80

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

Asn His Ala Gln Gly Val Ala Tyr Val Cys Lys Ser Leu Gly Val Gln
100 105 110

Gly Arg Ile Tyr Val Pro Val Gln Thr Pro Lys Gln Lys Arg Asp Arg
115 120 125

Ile Met Val His Gly Gly Glu Phe Val Ser Leu Val Val Thr Gly Asn
130 135 140

Asn Phe Asp Glu Ala Ser Ala Ala Ala His Glu Asp Ala Glu Arg Thr
145 150 155 160

Gly Ala Thr Leu Ile Glu Pro Phe Asp Ala Arg Asn Thr Val Ile Gly
165 170 175

Gln Gly Thr Val Ala Ala Glu Ile Leu Ser Gln Leu Thr Ser Met Gly
180 185 190

Lys Ser Ala Asp His Val Met Val Pro Val Gly Gly Gly Gly Leu Leu
195 200 205

-66-
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Ala Gly Val Val Ser Tyr Met Ala Asp Met Ala Pro Arg Thr Ala Ile
210 215 220

val Gly Ile Glu Pro Ala Gly Ala Ala Ser Met Gln Ala Ala Leu His
225 230 235 240

Asn Gly Gly Pro Ile Thr Leu Glu Thr Val Asp Pro Phe Val Asp Gly
245 250 255

Ala Ala Val Lys Arg Val Gly Asp Leu Asn Tyr Thr Ile Val Glu Lys
260 265 270

Asn Gln Gly Arg Val His Met Met Ser Ala Thr Glu Gly Ala Val Cys
275 280 285

Thr Glu Met Leu Asp Leu Tyr Gln Asn Glu Gly Ile Ile Ala Glu Pro
290 295 300

Ala Gly Ala Leu Ser Ile Ala Gly Leu Lys Glu Met Ser Phe Ala Pro
305 310 315 320

Gly Ser Val Val Val Cys Ile Ile Ser Gly Gly Asn Asn Asp Val Leu
325 330 335

Arg Tyr Ala Glu Ile Ala Glu Arg Ser Leu Val His Arg Gly Leu Lys
340 345 350

His Tyr Phe Leu Val Asn Phe Pro Gln Lys Pro Gly Gln Leu Arg His
355 360 365

Phe Leu Glu Asp Ile Leu Gly Pro Asp Asp Asp Ile Thr Leu Phe Glu
370 375 380

Tyr Leu Lys Arg Asn Asn Arg Glu Thr Gly Thr Ala Leu Val Gly Ile
385 390 395 400

His Leu Ser Glu Ala Ser Gly Leu Asp Ser Leu Leu Glu Arg Met Glu
405 410 415

Glu Ser Ala Ile Asp Ser Arg Arg Leu Glu Pro Gly Thr Pro Glu Tyr
420 425 430

Glu Tyr Leu Thr

435
210> 24
<211> 1311
212> ADN

<213> ilvA tU Corynebacterium glutamicum ATCC13032

<400> 24
atgagtgaaa catacgtgtc tgagaaaagt ccaggagtga tggctagegsg agcggagcetg 60
attcgtgccg ccgacattca aacggecgecag gcacgaattt cctccgtecat tgcaccaact 120

-67-



ccattgcagt
gaggatctgc
ctcacccaag
ggegtggect
actccaaagc
gtcactggca
ggcgcaacgc
gctgctgaga
ccagtcggceg
cgcactgcga
aatggtggac
cgtgtcggag
agcgcgaccg
atcgcggagc
ggttctgtcg
atcgctgagc
caaaagcctg
acgctgtttg
cacttgagtg
gattcccgtc
210> 25
<211>
<212> PR

<213>

<400> 25

Met Ala Asp Gln Ala Lys Leu Gly Gly Lys Pro

1

Phe Ala Met Ile Arg Asp Gly Val Ala Ser Tyr

attgccctcg
aggatgttcg
agcagcgcga
atgtgtgcaa
aaaagcgtga
ataacttcga
tgatcgagcc
tcttgtcgcea
gtggeggact
tcgttggtat
caatcacttt
atctcaacta
agggcgcetgt
ctgectggegc
tggtgtgcat
gctecttggt
gtcagttgcg
agtacctcaa
aagcatcagg

gcctcgagcec

922

T

5

20

38143

tctttctgag
ttcctacaag
tgcaggtatc
gtccttgggc
ccgcatcatg
cgaagcatcg
tttcgatgct
gctgacttcc
tcttgcaggt
cgaaccagcg
ggagactgtt
caccatcgtg
gtgtactgag
gctgtctatc
catctctggt
gcaccgeggt
tcacttcctg
gcgcaacaac
attggattct

gggcacccct

gaaaccggag
atccgeggtg
gttgccgeat
gttcagggac
gttcacggceg
gctgcagcegc
cgcaacaccg
atgggcaaga
gtggtcagct
ggagcagcat
gatccctttg
gagaagaacc
atgctcgatc
gctgggttga
ggcaacaacg
ttgaagcact
gaagatatcc
cgtgagaccg
ttgctggaac

gagtacgaat

aceE tUr Corynebacterium glutamicum

10

25

Pro Glu Glu Thr Asn Glu Trp Met Asp Ser Leu

-68-

cggaaatcta
cgctgaactc
ctgcaggtaa
gcatctatgt
gagagtttgt
atgaagatgc
tcatcggtca
gtgcagatca
acatggctga
ccatgcaggc
tggacggegce
agggtcgegt
tttaccaaaa
aggaaatgtc
atgtgctgeg
acttcttggt
tgggaccgga
gtactgegtt
gtatggagga

acttgaccta

ATCC13032

ccttaagcgt
tggagcgeag
ccatgcccag
tcctgtgcag
ctccttggtg
agagcgcacc
gggcaccgtg
cgtgatggtt
tatggcacct
tgcattgcac
agcagtcaaa
gcacatgatg

cgaaggcatc

lctttgcacct

ttatgcggaa
gaacttcccg
tgatgacatc
ggtgggtatt
atcggcaatt

a

Ser Asp Asp Ser Asn

15

Leu Asn Asp Ser Asp
30

Asp Gly Leu Leu Gln

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

1020

1080

1140

1200

1260

1311



Glu

Arg

65

Tyr

Glu

Ile

Ile

His

145

Phe

Gly

Arg

Asp

Ala

225

Lys

Met

Asn

Asp

Phe

305

Glu

Ser

50

Ala

Val

Glu

Met

Ser

130

Phe

Gln

Arg

Glu

Phe

210

Ile

Asp

Asp

Leu

Gly

290

Phe

Trp

35

Ser
Ser
Asn
Met
Val
115
Thr
Phe
Gly
Leu
Gln
195
Trp
Tyr
Thr
Glu
Asp
275
Pro

Arg

Asp

Pro

Ala

Thr

Glu

100

His

Tyr

Arg

His

Ser

180

Gly

Glu

Gln

Ser

Pro

260

Asn

Val

Gly

Glu

Glu

Lys

Ile

85

Lys

Arg

Ala

Gly

Ala

165

Glu

Gly

Phe

Ala

Asp

245

Glu

Leu

Arg

Ala

Leu
325

Arg

Arg

70

Pro

Arg

Ala

Gly

Lys

150

Ser

Asp

Ile

Pro

Arg

230

Gln

Ser

Thr

Gly

Gly

310

Leu

Ala

55
Val
Thr
Tyr
Gln
Ala
135
Asp
Pro
Asp
Pr‘o
Thr
215
Phe
His
Arg
Phe
Asn
295

Trp

Glu

40

Arg

Ser

Ser

Arg

Arg

120

Ala

His

Gly

Leu

Ser

200

Val

Asn

Val

Gly

Val

280

Thr

Ser

Lys

38143

Tyr

Leu

Met

Arg

105

Pro

Pro

Pro

Met

Asp

185

Tyr

Ser

Arg

Trp

Leu

265

Val

Lys

Val

Asp

-69-

Leu

Pro

Glu

90

Trp

Gly

Leu

Gly

Tyr

170

Gly

Pro

Met

Tyr

Ala

250

Ile

Asn

Ile

Ile

Gln
330

Met

Pro

75

Pro

Ile

Ile

Tyr

Gly

155

Ala

Phe

His

Gly

Leu

235

Phe

Gln

Cys

Ile

Lys

315

Asp

Leu

60

Met

Glu

Arg

Gly

Glu

140

Gly

Arg

Arg

Pro

Leu

220

Glu

Leu

Gln

Asn

Gln

300

Val

Gly

45

Arg

Thr

Phe

Trp

Val

125

Val

Asp

Ala

Gln

His

205

Gly

Asn

Gly

Ala

Leu

285

Glu

Val

Ala

Leu

Ser

Pro

Asn

110

Gly

Gly

Gln

Phe

Glu

190

Gly

Pro

Arg

Asp

Ala

270

Gln

Leu

Trp

Leu

Leu

Thr

Gly

95

Ala

Gly

Phe

Ile

Met

175

Val

Met

Met

Gly

Gly

255

Leu

Arg

Glu

Gly

Val
335

Glu

Asp

80

Asp

Ala

His

Asn

Phe

160

Glu

Ser

Lys

Asp

Ile

240

Glu

Asn

Leu

Ser

Arg

320

Glu



Ile

Asp

Ala

Arg

385

Leu

Gly

Met

Gly

Pro

465

Glu

Tyr

Lys

Thr

Pro

545

Pro

Asp

Leu

Ala

Met

Gly

Lys

370

Gly

Glu

Tyr

Lys

Ile

450

Tyr

Arg

Asp

Gly

Phe

530

Ile

Thr

His

His

Gly
610

Asn

Ala

355

Leu

Gly

Thr

Gly

Lys

435

Pro

Tyr

Arg

Pro

Ser

515

Lys

Ile

Leu

Asp

Glu

595

Thr

Asn

340

Tyr

Val

His

Lys

Leu

420

Leu

Ile

His

Ala

Ile

500

Gly

Glu

Pro

Lys

Leu

580

Gly

Ser

Thr

Val

Glu

Asp

Asp

405

Gly

Thr

Thr

Pro

Ala

485

Gln

Lys

Leu

Asp

Ile

565

Met

Ile

Tyr

Ser

Arg

Asn

Tyr

390

Arg

His

Leu

Asp

Gly

470

Leu

Val

Gln

Met

Glu

550

Tyr

Leu

Asn

Ala

Asp

Glu

Met

375

Arg

Pro

Asn

Asp

Glu

455

Glu

Gly

Pro

Gln

Arg

535

Ala

Asn

Ser

Glu

Thr
615

Gly

His

360

Thr

Lys

Thr

Phe

Asp

440

Gln

Asp

Gly

Pro

Ile

520

Asp

Arg

Pro

Tyr

Ala

600

His

38143

Asp
345
Phe
Asp
Val
Val
Glu
425
Leu
Leu
Ala
Tyr
Leu
505
Ala
Lys
Thr
His
Arg
585

Gly

Gly

-70-

Tyr

Phe

Glu

Tyr

Ile

410

Gly

Lys

Glu

Pro

Leu

490

Asp

Thr

Gly

Phe

Gly

570

Glu

Ser

Lys

Gln

Gly

Glu

Ala

395

Leu

Arg

Leu

Lys

Glu

475

Pro

Lys

Thr

Leu

Gly

555

Gln

Ala

Val

Ala

Thr

Arg

Ile

380

Ala

Ala

Asn

Phe

Asp

460

Ile

Glu

Leu

Met

Ala

540

Leu

Asn

Pro

Ala

Met
620

Phe

Asp

365

Trp

Tyr

His

Ala

Arg

445

Pro

Lys

Arg

Arg

Ala

525

Asp

Asp

Tyr

Glu

Ser

605

Ile

Lys

350

Pro

Lys

Lys

Thr

Thr

430

Asp

Tyr

Tyr

Arg

Ser

510

Thr

Arg

Ser

Val

Gly

590

Phe

Pro

Ala

Arg

Leu

Arg

Ile

415

His

Lys

Leu

Met

Glu

495

Val

Val

Leu

Trp

Pro

575

Gln

Ile

Leu

Asn

Thr

Pro

Ala

400

Lys

Gln

Gln

Pro

Lys

480

Asn

Arg

Arg

Val

Phe

560

Val

Ile

Ala

Tyr



Ile

625

Ala

Gly

Ser

Ser

Met

705

Tyr

Glu

Gly

Leu

Ile

785

Arg

Phe

Ser

Gly

Arg

865

Val

Val

Val

Phe

Ala

Arg

Pro

Phe

690

Tyr

Asn

Gly

His

Lys

770

Tyr

Asn

Val

Asp

Asp

850

Pro

Ala

Ala

Ser

Tyr

Ala

Thr

Val

675

Ala

Gly

Glu

Leu

Glu

755

Ala

Ser

Lys

Thr

Phe

835

Tyr

Ala

Val

Ala

Val

Ser

Asp

Thr

660

Leu

Tyr

Pro

Pro

His

740

Ala

Ala

Ala

Ala

Thr

820

Ser

Thr

Ala

Leu

Gln

900

Asp

Met

Gln

645

Leu

Ala

Glu

Gly

Thr

725

Lys

Asn

Ser

Thr

Gln

805

Gln

Thr

Val

Arg

Asn

885

Ala

Pro

Phe

630

Met

Thr

Ser

Ile

Lys

710

Pro

Gly

Ile

Ile

Ser

790

Leu

Leu

Asp

Leu

Arg

870

Ser

Ala

Asn

Gly

Ala

Gly

Thr

Ala

695

Gly

Gln

Ile

Leu

Leu

775

Trp

Arg

Lys

Leu

Gly

855

Phe

Leu

Glu

Ala

38143

Phe Gln Arg

Arg

Glu

Asn

680

His

Glu

Pro

Tyr

Ala

760

Glu

Val

Asn

Gln

Pro

840

Ala

Phe

Ala

Lys

Pro

Gly

Gly

665

Glu

Leu

Asp

Ala

Leu

745

Ser

Ala

Asn

Pro

Thr

825

Asn

Asp

Asn

Arg

Phe

905

Glu

-71-

Phe

650

Leu

Gly

Val

Val

Glu

730

Tyr

Gly

Asp

Leu

Gly

810

Ser

Gln

Gly

Ile

Glu

890

Lys

Glu

Thr

635

Leu

Gln

Val

His

Ile

715

Pro

Ser

Val

Tyr

Ala

795

Ala

Gly

Ile

Phe

Asp

875

Gly

Leu

Gly

Leu

His

Glu

Arg

700

Tyr

Glu

Arg

Gly

Gly

780

Arg

Asp

Pro

Arg

Gly

860

Ala

Lys

Asp

Asp

Gly

Met

Thr

685

Gly

Tyr

Gly

Gly

Met

765

Val

Asp

Ala

Tyr

Glu

845

Phe

Glu

Ile

Asp

Ser

Ala

Asp

670

Tyr

Ile

Ile

Leu

Glu

750

Gln

Arg

Gly

Gly

Val

830

Trp

Ser

Ser

Asp

Pro
910

Ile

Thr

655

Gly

Asp

Asp

Thr

Asp

735

Gly

Trp

Ala

Ala

Glu

815

Ala

Val

Asp

Ile

Val

895

Thr

Trp

640

Ala

His

Pro

Arg

Ile

720

Val

Thr

Ala

Asn

Ala

800

Ala

Val

Pro

Thr

Val

880

Ser

Ser



915
210> 26
<211> 2769
<212> ADN
<213>
<400> 26

38143

920

aceE tu Corynebacterium

atggccgatc aagcaaaact tggtggcaag

cgcgatggeg
gattcactcg
cgtttgettg
tacgtcaaca
aagcgttacc
ccaggcatcg
gttggcttca
ttccagggcec
gaagacgatc
taccctcacc
ggcccaatgg
aaggacacct
gaatcacgtg
gttaactgca
gaactcgagt
gagtgggatsg
acctccgatg
ttcttcggac
tggaagcttc
cttgagacca
ggccacaact

ctgaagttgt

tggcatctta
acggattact
agcgtgcatc
ccattccaac
gtcgttggat
gcgtcggegsg
accacttctt
acgcatcacc
tcgatggett
cacacggtat
atgccattta
ctgaccagca
gtctcatcca
acctgcagcg
ccttecttcecg
aacttctgga
gtgactacca
gtgacccacg
cacgtggcgg
aggatcgccc
tcgaaggccg

tccgcgacaa

tttgaacgac
ccaggagtct
tgcaaagcgc
ctctatggaa
tcgctggaac
acacatttcc
ccgecggcaag
aggtatgtac
ccgtcaggaa
gaaggacttc
ccaggcacgt
cgtectgggcc
gcaggctgca
tctcgacgga
tggcgeagec
gaaggaccag
gaccttcaag
caccgcaaag
ccacgattac
aaccgtcatc

taacgcaacc

gcagggcatc

glutamicum

ccctcggatg
tcagatccgg
tctccagaac
gtatctcttc
cctgaattcc
gcagccatca
acttacgcag
gatcacccag
gcacgtgcat
gtttcccgtg
tgggagttcc
ttcaaccgct
ttccttggeg
ctgaacaacc
cctgtccgeg
tggtctgtga
gatggtgcac
gctaacgacg
ctcgttgaga
cgcaaggttt
cttgctcaca
caccagatga

ccaatcaccg

-72-

ATCC13032

actctaactt
aggagaccaa
gtgctcgtta
ccccaatgac
caggcgatga
tggttcaccg
gcgcageccc
geggeggesa
tcatggagss
agcagggtes
caactgtgtc
acctcgaaaa
acggcgaaat
tggacaacct
gtaacaccaa
tcaaggttgt
ttgttgagat
gcgcatatgt
acatgaccga
acgcagccta
ccattaaggg
agaagctgac

atgagcagct

cgcgatgatc
cgagtggatg
cctcatgcett
gtcaaccgac
ggaaatggag
cgctcagcga
tctgtacgaa
ccagatcttc
tcgectttcet
cattccgtcc
catgggtctt
ccgtggceatc
ggacgagcca
gaccttcgtg
gatcatccag
ttggggtcgc
catgaacaac
tcgtgagcac
cgaagaaatc
caagcgagct
ctacggactc
gcttgatgat

ggagaaggat

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

1020

1080

1140

1200

1260

1320

1380



ccttaccttc
gaacgtcgceg
caggttccac
gctaccacca
gatcgccttg
ccaaccttga
atgctctcct
ggtteccgteg
attccgctgt
gcagcagccg
ctgaccggtg
gagggtgtcg
ggcatcgacc
tacaacgagc
aagggcatct
tccggtgttg
gttcgtgcca
cgtaacaagg
cagctgaagc
aaccagatcc
ttctctgata
gttgcagtgc
gctgctgaga

gaggaataa

<210> 27
<211> 28
ADN
Trinh tu nhan tao

<212>
<213>

<220>

ctccttacta
cagcgctcgg
cactggataa
tggcgactgt
tcccaatcat
agatctacaa
accgtgaggc
catcgttcat
acatcttcta
atcagatggc
aaggcctcca
agacctacga
gcatgtacgg
caaccccaca
acctctactc
gtatgcagtg
acatttactc
cacagctgcg
agacctccgg
gtgaatgggt
cccgeccage
tgaactccct

agttcaagtt

38143

ccacccaggt
tggctacctg
gcttecgetct
tcgtaccttc
tcctgatgag
cccgcacggt
acctgaagga
cgctgegggt
ctcgatgttc
acgtggcttc
gcacatggat
cccatccttt
cccaggcaag
gccagctgag
ccgecggtgaa
ggctctcaag
cgctacttct
caacccaggt
cccatacgtt
cccaggcgac
tgctcgtcgce
ggcacgcgaa

ggatgatcct

gaagacgctc
ccagagcgtc
gtccgtaagg
aaggaactga
gcacgtacct
cagaactacg
cagatcctgc
acctcctacg
ggattccagc
ctcttgggceg
ggacactccc
gcgtacgaga
ggtgaagatg
ccagaaggac
ggcaccggcec
gctgcatcca
tgggttaact
gcagatgctg
gcagtgtctg
tacaccgttc
ttcttcaaca
ggcaagatcg

acgagtgttt

-73-

ctgaaatcaa
gtgagaacta
gctccggcaa
tgcgcgataa
tcggtcttga
tgecctgttga
acgaaggcat
ccacccacgg
gcaccggtga
ctaccgcagg
ctgtcttggc
tcgcacacct
ttatctacta
tggacgtaga
atgaggcaaa
tccttgaggc
tggctcgcega
gcgaggcatt
acttctccac
tcggtgcaga
tcgacgctga
acgtctccgt

ccgtagatcc

gtacatgaag
cgatccaatt
gcagcagatc
gggcttgget
ctcttggttc
ccacgacctg
caacgaggct
caaggccatg
ctccatctgg
tcgcaccacc
ttccaccaac
ggttcaccgt
catcaccatc
aggcctgcac
catcttggct
tgactacgga
tggcgetgcet
cgtaaccacc
tgatctgcca
tggcttcggt
gtccattgtt
tgctgctcag

aaacgctcct

1440
1500
1560
162@
1680
1740
1800
1860
1920
1980
2040
2100
216@
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760

2769



38143

<223> Pcj7-5-Kpnl

<400> 27
gatggtacca ccccagaaac atcccagc

<210> 28
<211> 30
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Pcj7-3 Ndel

<400> 28
cgatcatatg gagtgtttcc tttcgttggg

<210> 29

<211> 21

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> 117-F

<400> 29
ccacagccga caggatggtg a

<210> 30

<211> 21

212> ADN

<213> Trinh ty nhan tao

220>
<223> 117-R

<400> 30
ctcagggtgt agcggttcgg t

<210> 31
<211> 34
<212> ADN

<213> leuB-5-cimA

<400> 31

ttgttgaatt aatctagagg tgacacccca gtgg

-74-

28

30

21

21

34



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

<220>
223>

<400>

38143

32
34
ADN
Trinh ty nhan tao

leuB-3-1euC

32

tcgcagctge caccgatatt tagctttgca gegce

<210>
<211>
212>
213>

220>
<223>

<400>

33
34
ADN
Trinh tu nhan tao

leuC-5-1euB

33

gcgctgcaaa gctaaatatc ggtggeaget gega

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

<220>
<223>

<400>

34
34
ADN
Trinh tu nhan tao

leuD-3-Xbal

34

tggcggeege tctagagett tcgetatcag actg

<2106>
<211>
<212>
<213>

220>
223>

<400>

35
25
ADN
Trinh ty nhan tao

cimA-5-Ndel

35

gcatcatatg atggtaagga tattc

<210>
<211>
<212>

36
27
ADN

-75-

34

34

34

25



38143

<213> Trinh tu nhan tao

<220>
<223> cimA-3-Xbal

<400> 36
cgatctagat taattcaaca acatgtt

<210> 37

<211> 27

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> ilvA-5-Xbal

<400> 37
gcatctagag aacacggaca atgccac

<210> 38
<211> 32
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> ilvA-Del-R

<400> 38
caaacagcgt gatgtcctga gtgagctgeg ct

<210> 39
<211> 32
<212> ADN
<213> Trinh ty nhan tao

<220>
<223> ilvA-Del-F

<400> 39
agcgcagctc actcaggaca tcacgctgtt tg

<210> 40
<211> 29
<212> ADN

<213> Trinh ty nhan tao

220>

-76-

27

27

32

32



38143

223> ilvA-3-Xbal

<400> 40
gcatctagaa cctgeggecac accttgggce

210> 41
211> 19
212> ADN

<213> Trinh ty nhan tao
<220>
223> Topo-F

<400> 41
gcagtgagcg caacgcaat

<210> 42
<211> 19
<212> ADN

<213> Trinh tu nhan tao
<220>
223> Topo-R

<400> 42
cgttgtaaaa cgacggcca

<210> 43
<211> 19
<212> ADN

<213> Trinh ty nhan tao
<220>
<223> CFilvA

<400> 43
gatctgtgat gaggtgatg

<210> 44
<211> 19
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> CRilvA

-77-

29

19

19

19



<400> 44
cgtccttcca tgactctca

<210> 45

<211> 26

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> lysC-5-KpnI

<400> 45
tgaggtaccc atgcgattgt taatgc

<210> 46

<211> 28

<212> ADN

<213> Trinh ty nhan tao
220>

<223> asd-3-Sfol

<400> 46
ctaggcgcca gtgtagcact caagcgga

<210> 47

<211> 27

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> hom-5-BamHI

<400> 47
ctaggatccc tcaccattct caatggt

<210> 48
<211> 25
<212> ADN

<213> Trinh ty nhan tao
<220>
<223> thrB-3-BamHI

<400> 48
ctaggatccg ccttccttgt tgggc

38143

-78-

19

26

28

27

25



<210>
<211>
212>
<213>

220>
223>

<400>

38143

49
27
ADN
Trinh tu nhan tao

thrC-5-Spel

49

tgcactagtg agaacataca ggttcca

210>
<211>
<212>
<213>

<220>
<223>

<400>

50
32
ADN
Trinh tu nhan tao

thrC-3-ilvA

50

ggcattgtcc gtgttcttac ttcacggaag tg

<210>
<211>
212>
<213>

<220>
<223>

<400>

51
32
ADN
Trinh ty nhan tao

ilvA-5-thrC

51

cacttccgtg aagtaagaac acggacaatg cc

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

<400>

52
29
ADN
Trinh ty nhan tao

ilvA-3-Spel

52

tgcactagta cctgeggcac accttgggc

-79-

27

32

32

29





