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Linh vue k§y thuit dwoe dé cip

Sang ché dé cap dén homoserin dehydrogenaza bién d6i, va cu thé 13, dén
homoserin dehydrogenaza bién di c6 polypeptit chita mot hodc nhidu sy thay thé axit
amin trong trinh ty axit amin cla protein c6 hoat tinh homoserin dehydrogenaza, trong
d6 su thay thé axit amin bao gom thay thé axit amin tai vi tri thir 407 ciia trinh tyr axit
amin bing histidin; polynucleotit md hoa polypeptit, vi sinh vét chira polypeptit, va
phwong phép san xudt homoserin hodc L-axit amin ngudn gbc homoserin sir dung
homoserin dehydrogenaza bién d6i, va phuong phép cai thién san xuét homoserin hodc

L-axit amin ngudn gbc homoserin st dung homoserin dehydrogenaza bién ddi.
Tinh trang k§ thuit ciia sdng ché

Trong s6 céc L-axit amin, L-threonin, L-isoleuxin, va L-metionin thuong st dung
homoserin dugc san xuit boi homoserin dehydrogenaza (sau ddy goi 13 “Hom”;
EC:1.1.1.3) tir aspartat-semialdehyt (sau ddy goi 1a “ASA”). Do d6, dé san xut cac axit
amin bang phuong phéap 1&n men, didu can thiét 14 phai duy tri cdc hoat tinh cua cac
enzym dugc st dung trong con dudng sinh téng hop & muc 46 nhét dinh hoic cao hon,

nghién ctru chuyén sdu duoc thuc hién trén do.

Cu thé, hoat tinh ctia homoserin dehydrogenaza hoat dong tai diém phin nhanh
cha céc con dudng sinh tdng hop cia L-lysin va L-threonin dé biét dwoc diéu hoa boi
L-threonin va L-isoleuxin. Hién nay, cic bao céo vé Hom giai man c4m v&i e ché nguogc
boi L-threonin va phwong phap san xuit L-threonin bang cach st dung Hom giai min
cam. Nam 1991, Eikmann ei al. & Ptrc d4 bao cdo Hom duoc giai min cam béng cach
thay thé glyxin, 1a gbc axit amin & vi tri 378 cia Hom bang glutamat (Eikmanns BJ et
al., Appl. Microbial Biotechnol. 34: 617-622, 1991); va trong ndm 1991, Archer et al.
da bao cdo rang sur giai min cam xay ra khi diu C (C-terminus) ctia Hom bi hu hong do

dot bién dich khung (Archer JA et al., Gen 107: 53-59, 1991).
Ban chit ky thuat ciia sang ché

Céc tac gia da tien hanh nghién ctru sy gidi man cam vdi tic ché ngugc boi threonin,
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va két qua 13, ho da phén 14p dugc gen mdi ma hoa Hom bién ddi va xéc nhén rang kha
nidng san sinh L-axit amin dugc cai thién trong vi sinh vat ma trong d6 gen méi duge

chuyén nap, tir 46 hoan thanh sing ché.

Muc dich cua sang ché 14 d& xut homoserin dehydrogenaza bién ddi, trong d6
trong trinh tu axit amin cta protein c6 hoat tinh homoserin dehydrogenaza, axit amin tai

vi tri thtr 407 cua trinh ty axit amin dugc thay thé bang histidin.

Muc dich khac ctia sang ché 1 d& xuit polynucleotit ma hoa dehydrogenaza bién
doi.

Muc dich khac nita ctia sang ché 1 dé xudt vi sinh vét thudc chi Corynebacterium

chira homoserin dehydrogenaza bién doi.

Muc dich khac nita cta séng ché 13 d& xuét phwong phap san xuit homoserin hoic
L-axit amin ngudn gbc homoserin, phurong phap bao gdm nudi ciy vi sinh vét trong mdi
truong; va thu hdi homoserin hodic L-axit amin ngudn gdc homoserin tir vi sinh vat nudi
cdy hodc moi truong nudi cay.

Muc dich khéc nita clia sang ché 1a d& xult phuong phép dé ting san xut
homoserin hodc L-axit amin ngudn gbc homoserin trong vi sinh vat, phuong phap bao

gbm ting cuong hoat tinh cia homoserin dehydrogenaza bién déi.

Muc dich khac nita cia sang ché 1a dé xuat st dung homoserin dehydrogenaza bién

d6i dé cai thién san xuat homoserin hodc L-axit amin nguon goc homoserin.
Hiéu qua dat dugc cta sadng ché

Homoserin dehydrogenaza bién doi clia sang cheé c6 thé dugc str dung rong rai de
san xudt hang loat mot cach hidu qua homoserin hoic L-axit amin ngudn géc homoserin
do trc ché nguwroc bai san pham cudi ciing durge gidi man cam so v6i ching ty nhién hoic
chung hoang dai.

A 42 o 4o A r A
M@ ta chi tiét sang ché

Sau ddy, sang ché s& dwgc mo ta chi tiét. Trong khi d6, mdi phuwong 4n minh hoa
va vi du dugc boc 10 trong do6 c6 thé dugc st dung voi cac phuong an minh hoa va vi du
khac. Ttc 1a, tat ca cac két hop cua cac yéu to dugc boc 1§ déu thudc pham vi bao hd
ctia sang ché. Ngoai ra, pham vi bdo hg cta sang che khong bi gidi han bédi mo ta cu thé

dwoc cung cip dudi day.
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Pé dat dugc cac myc dich bén trén, khia canh cta sang ché d& xuit homoserin
dehydrogenaza bién ddi co polypeptit chira mét hodc nhiéu sy thay thé axit amin trong
trinh tu axit amin cla protein c6 hoat tinh homoserin dehydrogenaza, trong d6 su thay
thé axit amin bao gc“)m su thay thé axit amin tai vi tri thir 407 cta trinh tu axit amin br:ing

axit amin khac.

Cu thé 13, sang ché d& xuit homoserin dehydrogenaza bién ddi c6 polypeptit bao
gdm mot hoic nhidu sy thay thé axit amin trong trinh tw axit amin cta protein c6 hoat
tinh homoserin dehydrogenaza, trong d6 su thay thé axit amin bao gdm sy thay thé axit
amin tai vi tri thir 407 ctia trinh tu axit amin bang histidin. Cu thé hon 13, sang ché d&
xudt homoserin dehydrogenaza bién dbi, trong d6 axit amin tai vi tri thit 407 cta trinh

tw axit amin SEQ ID NO. 1 duoc thay thé bang histidin.

Theo séng ché, homoserin dehydrogenaza (EC:1.1.1.3) @& cap dén enzym dé xuc
tac sw tong hop homoserin, 13 chit trung gian phd bién dé sinh tong hop metionin,
threonin, va isoleuxin trong thuc vat va vi sinh vit. Theo sang ché, homoserin
dehydrogenaza co6 thé bao gdm khong loai trir ngudn gbc cua ching mién la chung co
hoat tinh chuyén d6i néu trén, va enzym cé ngudn gbc tir bit ky sinh vat ndo (thuc vat,
vi sinh vét, v.v.) ¢6 thé dugc st dung lam homoserin dehydrogenaza. Cu thé 1a
homoserin dehydrogenaza c6 thé c6 ngudn gdc tir vi sinh vat thudc chi Corynebacterium,
va cu thé hon 13 c6 thé ngudn gbc tir Corynebacterium glutamicum. Vi dy, homoserin
- dehydrogenaza c6 thé 13 protein chira trinh tu axit amin SEQ ID NO. 1. Protein chtta
trinh ty axit amin SEQ ID NO. 1 ¢6 thé dugc sir dung thay thé bing thuat ngit “protein
co trinh tyr axit amin SEQ ID NO. 1” hodc “protein bao gém trinh tu axit amin SEQ ID
NO. 17

Theo séng ché, cic phuong phép khac da bibt trong cung linh vyc ky thuét cé thé
duoc st dung lam phuong phép dé thu dwoc homoserin dehydrogenaza. Vi du céc
phuong phap ndy c6 thé bao gdm cic k¥ thuat tdng hop gen bao gdm tbi wu hoa cac
codon dé thu dugc cac protein hiu qua cao trong vi sinh vt thudc chi Corynebacterium,
dugc sir dung rong rai dé biu hién céc protein, va cac phwong phap dé sang loc céc
ngudn enzym hiru ich str dung cac phuong phap tin sinh hoc dya trén thong tin phan tich

ADN da hé gen ctia céc vi sinh vét, nhung cac phuong phap khong gidi han tai day.

Theo sang ché, protein cé hoat tinh homoserin dehydrogenaza khong loai trir dot
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bién c6 thé xay ra do thém trinh ty v6 nghia ngugc dong (upstream) hodc xudi dong
(downstream) clia céc trinh tu axit amin cia protein c6 hoat tinh homoserin
dehydrogenaza (vi dy, trinh ty axit amin SEQ ID NO. 1), hodc dot bién xay ra ty nhién,
hodc dot bién cam tai d6. Ngoai ra, do protein ¢ hoat tinh gidng hodc twong tmg voi
protein chira trinh ty axit amin SEQ ID NO. 1, protein cfing twong tng v6i protein c6
hoat tinh homoserin dehydrogenaza clia sing ché. Nhu vi du cu thé, protein c6 hoat tinh
homoserin dehydrogenaza cta sang ché c6 thé 13 protein chira trinh ty axit amin SEQ
ID NO. 1 hoic trinh tw axit amin ¢6 do twong dong t5i thiéu 1a 80%, t6i thiéu 1a 90%,
61 thidu 1a 90%, hogc tbi thicu la 97%.

Ngoai ra, mic du dugc md ta la “protein hodc polypeptit chira trinh ty axit amin
SEQ ID NO cu thé” theo sang ché, 13 rang la bét ky protein c6 trinh ty axit amin bi x6a,
sira d6i, thay thé, hodc thém mot phin cia trinh ty cling c6 thé thudc pham vi bao hd
ctia sang ché mién 13 protein c6 trinh ty véi bat ky do twong ddng néu trén va thé hién
hiéu qua twong tng vd&i protein néu trén. Vi du, theo sdng ché, protein c6 hoat tinh
homoserin dehydrogenaza c6 thé 1a homoserin dehydrogenaza ngudn gbc tur
Corynebacterium glutamicum. Cu thé hon 13, protein cd hoat tinh homoserin
dehydrogenaza c6 thé 13 trinh ty axit amin (SEQ ID NO.1) ciia homoserin
dehydrogenaza ngudn gbc tir Corynebacterium glutamicum ATCC13032, trinh tur axit
amin (SEQ ID NO. 40) ciia homoserin dehydrogenaza ngudn gbc tr Corynebacterium
glutamicum ATCC14067, hodc trinh ty axit amin (SEQ ID NO. 41) ctia homoserin
dehydrogenaza ngudn gbc tir Corynebacterium glutamicum ATCC13869. Do homoserin
dehydrogenaza co céc trinh ty néu trén thé hién do tuong ddng t6i thiéu 80%, t6i thidu
90%, tdi thiéu 95%, hoic tdi thiéu 97% hoic twong déng vGi nhau, va do cac homoserin
dehydrogenaza nay thé hién cic hiu qua trong tmg véi cac hiéu qua cua homoserin
dehydrogenaza, 16 rang la chiing dugc bao gdm trong protein c6 hoat tinh homoserin

dehydrogenaza ciia sang ché.

Nhu dugc st dung & day, thuat ngit “twong dong” dé cap dén phin tram giéng nhau
gitta hai polynucleotit hodc cac nira polypeptit. Twong ddng d& cap dén mirc d6 phu hop
véi trinh ty axit amin hodc trinh tw nucleotit da cho, va cé thé dugc thé hién dudi dang
phédn trim. Theo sang ché, trinh ty twong ddng c6 hoat tinh gidng nhau hogc tuwong tu
v6i trinh tu axit amin hodc trinh tg nucleotit dugc thé hién dudi dang “% tuong déng”.

Tuong d(“)ng gifta c4c trinh tu tir mdt ntra voi trinh ty khac co thé dugc xac dinh boi cac
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ky thuat da biét trong cung linh vuc ky thuét. Vi du, tuong d(“)ng ¢6 thé duoc xac dinh
str dyng phin mén tiéu chuin (tirc 13, BLAST 2.0) dé tinh cac théng s6 (vi du, s6 diém,
ddng nhét, va twong tu) hodc so sanh cac trinh ty thong qua cac thi nghiém lai hoa
Southern. Céc diéu kién lai hoa phit hop cin x4c dinh c6 thé dwoc xac dinh boi phuong
phap di biét v6i nguoi co trinh d6 trung binh trong cing linh vie k¥ thuat (vi dy, J.
Sambrook et al., Molecular Cloning, A Laboratory Manual, 2° Edition, Cold Spring
Harbor Laboratory press, Cold Spring Harbor, New York, 1989; F.M. Ausubel ef al.,
Current Protocols in Molecular Biology, John Wiley & Sons, Inc., New York).

Nhur dugc st dung & ddy, thuét ngit “su bién d6i”, “dugc bién dbi”, hoic “bién thé”
& cap dén nudi cdy hoic c4 thé thé hién sy thay thé di truyén hodc khong di truyén trong
mdt kiéu hinh n dinh. Cu thé 13, cac thudt ngit c6 thé d& cap dén bién thé trong d6 hoat
tinh cta bién thé dwogc cai thién dang ké do mét hoic nhiéu axit amin trong trinh ty axit
amin tirong tng véi protein c6 hoat tinh homoserin dehydrogenaza duoc sira ddi so véi
hoat tinh ctia chiing hoang dai, chiing nguyén thé, hoic ching khong sira ddi; bién thé
trong do6 tc ché ngugc bai isoleuxin, threonin, hodc cac déng phan hoic din xuét cia
chiing dugc giai phong; hodc bién thé trong d6 sy cai thién trong hoat tinh va giai phong

uc ché nguoc deu duge dat dugc.

Theo séng ché, thuat ngit “homoserin dehydrogenaza bién d6i” c6 thé duoc st
dung thay thé bing “bién thé homoserin dehydrogenaza”. Trong khi dé, céc bién thé nay

c6 thé khong tu nhién xay ra.

Cu thé 13, homoserin dehydrogenaza bién ddi ciia sang ché c6 thé 1a protein dwoc
bién ddi c6 polypeptit chira mt hodc nhiéu su thay thé axit amin trong trinh tw axit amin
clia protein ¢ hoat tinh homoserin dehydrogenaza, trong d6 sy thay thé axit amin bao
gém su thay thé axit amin tai vi tri tht 407 cta trinh tu axit amin béng histidin. Trinh tu
axit amin clia protein c6 hoat tinh homoserin dehydrogenaza dwgc mé ta bén trén, va c6
thé, vi du 14 trinh tu axit amin SEQ ID NO. 1. Ngoai ra, “axit amin tai vi tri tht 407" c6
thé 1 axit amin tai vi tri twong {mg véi axit amin thir 407 tir dAu N cia trinh ty axit amin
SEQ ID NO. 1, va cy thé 13, c6 thé d& cép dén axit amin thir 407 tir dau N (N-terminus)
cua trinh ti axit amin SEQ ID NO. 1. Axit amin tai vi trf thit 407 c6 thé 13 axit amin
trong d6 arginin dugc thay thé bang histidin. Cu thé hon 14, homoserin dehydrogenaza
bién déi cia sang ché c6 thé 1a protein chira trinh ty axit amin SEQ ID NO. 8. Ngodi ra,

protein khong ngoai trir ddt bién xay ra do su bd sung trinh ty v6 nghia nguwoc dong
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(upstream) ho#c xudi dong (downstream) clia trinh ty axit amin, dot bién xay ra tu nhién,
hodc dot bién cam tai d6, va bit ky protein c6 hoat tinh trong ddng hogc twong tmg voi
hoat tinh homoserin dehydrogenaza bién ddi twong tmg véi protein c6 hoat tinh
homoserin dehydrogenaza bién dbi cua sang ché. Nhu vi du cu thé, homoserin
dehydrogenaza bién d6i cua sang ché c6 thé 13 protein chira trinh ty axit amin SEQ ID
NO. 8, hodc protein chira trinh tu axit min cé sy twong d(“)ng v§i trinh tu axit amin néu
trén t6i thibu 80%, tdi thidu 90%, t5i thibu 95%, hoic t6i thiéu 97% trong khi axit amin

thtt 407 tir diu N cta trinh tw axit amin SEQ ID NO. 1 duoc cd dinh.

Ngoai ra, khong gidng vai protein chiing hoang dai hodc nguyén thé, hoic protein
khong stra ddi c6 hoat tinh homoserin dehydrogenaza, homoserin dehydrogenaza bién
dbi clia sang ché c6 thé 13 mot trong d6 G ché nguoc boi san phdm cudi cling (tc 13,
isoleuxin, threonin, metionin, homoserin, hodc d3n xuét hoic déng phén cta ching)
dugc giai phong hodc gidi man cam. Nhu duoc str dung & day, thut ngir “uc ché ngugc”
nghia 13 san phim cudi cung cia chuyén héa ngin chin phan tmg & giai doan s6m. Do
d6, khi trc ché nguoc ctia homoserin dehydrogenaza dugce gidi phong hodc gidi man cam,
ning sut ctia homoserin va ning suat ctia L-axit amin ngudn gdc homoserin co thé dwoc

cai thién so véi khi e ché ngugc khong dwoc giai phong hodc gidi man cam.

L-axit amin ngudn gdc homoserin d& cép dén L-axit amin c¢6 thé dugc sinh téng
hop sir dung L-homoserin 1am tién chét, va khong bi giéi han mién 1a chiing 13 nguyén
liéu c6 thé sinh tdng hop tir L-homoserin. L-axit amin ngudn gdc homoserin c6 thé bao
gbm khoéng chi L-axit amin ngudn gbc homoserin ma con bao gdm din xuit clia ching.
Vi dy, L-axit amin ngu(“)n géc homoserin ¢6 thé 1 L-threonin, L-isoleuxin, O-axetyl-L-
homoserin, O-sucxinyl-L-homoserin, O-phospho-L-homoserin, L-metionin, va/hodc
glyxin, nhung L-axit amin ngudn géc homoserin khong bi gi6i han tai ddy. Cu thé 13, L-
axit amin nguén géc homoserin c6 thé 14 L-threonin, L-isoleuxin, O-axetyl-L-homoserin,
O-sucxinyl-L-homoserin, va/hodc L-metionin, nhung L-axit amin ngudn gbc homoserin

khong bi gidi han tai day.

Khia canh khac cta sing ché dé xuat polynucleotit mid hoéa homoserin

dehydrogenaza bién dbi.

Homoserin dehydrogenaza va bién thé (homoserin dehydrogenaza bién d6i) nhu

mod ta bén trén.
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Nhu duge sit dung ¢ day, thuat ngit “polynucleotit” dé cap dén polyme nucleotit
bao gém cic monome nucleotit duoc lién két déng héa tri trong chudi dai (vi du, cac soi
ADN hogc ARN c6 d§ dai x4c dinh hodc dai hon), va cu thé 13, chung d& cép dén doan
polynucleotit md héa homoserin dehydrogenaza bién ddi. Polynucleotit ma hoa protein
dugc sira d6i ctia sang ché co6 thé dwoc bao gdm khong han ché mién 1a chiing c6 trinh
tu polynucleotit ma héa protein dugc sira d6i c6 hoat tinh homoserin dehydrogenaza ctia

sang che.

Theo sang ché, polynucleotit md hoa trinh tw axit amin bién thé homoserin
dehydrogenaza c6 thé ngudn gbc tir vi sinh vét thude chi Corynebacterium, va cu thé
hon 12 ngudn gbc tir Corynebacterium glutamicum. Tuy nhién, vi sinh vat khong bi giGi

han tai day.

Ngoai ra, do codon thoai hoa hoic khi xét dén céc codon duogc vu tién trong sinh
vét trong do6 protein can duoc biéu hién, c4c sira ddi khac nhau c6 thé dugc thuc hién
trong ving md héa ma khong thay ddi trinh ty axit amin cta protein. Cu thé 13,
polynucleotit ¢é thé 13 polynucleotit bao gdm trinh tu polynucleotit ma hoéa protein hoac
trinh ty polynucleotit c6 twong ddng vdi trinh tir polynucleotit bén trén i thidu 80%,
t8i thiéu 90%, t6i thiéu 95%, hodc tdi thiéu 97%. Ngoai ra, rd rang 1 trinh tu
polynucleotit cé xda, stra d6i, thay thé hodc bd sung mot phﬁn trinh tu c6 thé cling thudc
pham vi bdo h¢ ctia sang ché mién 13 trinh ty polynucleotit ma hoéa protein c6 d6 twong
ddng néu trén va biéu hién hiéu qua vé co ban gidng hodc trong ddng véi protein bén
trén. Polynucleotit ma hoa protein ¢ hoat tinh homoserin dehydrogenaza ctia sing ché
c6 thé 13 trinh tu polynucleotit ma hoéa trinh ty axit amin SEQ ID NO. 1. Vi du,
polynucleotit ¢6 thé 1a trinh ty polynucleotit SEQ ID NO. 2, nhung sang ché khong bi
gioi han tai ddy. Ngoai ra, polynucleotit ma héa homoserin dehydrogenaza bién dbi cua
sang ché c6 thé 14 trinh ty polynucleotit mi hoa polypeptit chitra m6t hodc nhidu sy thay
thé axit amin trong trinh ty axit amin SEQ ID NO. 1, va cu thé 13, c6 thé 13 trinh tw
polynucleotit m& hoa SEQ ID NO. 8. Vi dy, polynucleotit c6 thé 1a trinh tu polynucleotit
SEQ ID NO. 7, nhung sang ché khong bi gidi han tai day.

Ngoai ra, mau do c6 thé dwgc didu ché tir trinh ty gen da biét, vi du bt ky trinh tu
ma lai véi trinh ty bd sung v6i toan bd hodc mot phén trinh tu polynucleotit trong cac
diéu kién nghiém ngit dé ma hoéa protein c6 hoat tinh homoserin dehydrogenaza cua

sang che, ciing c6 thé bao gom khéng gidi han. “Cac diéu kién nghiém ngit” nghia 1a
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c4c didu kién cho phép lai cu thé giita cic polynucleotit. Cac didu kién nay dugc mo ta
cu thé trong tai liéu tham khao (vi du J. Sambrook et al., supra). Cac diéu kién nghiém
ngat co thé bao gém, vi du, céc diéu kién trong do6 cac gen c6 do tuong déng cao, tbi
thiéu 80%, tot hon 13 twong ddng tbi thiu 90%, tét hon nita 13 trong ddng tdi thiéu 95%,
t6t hon nita 13 twong ddng t6i thidu 97%, t6t nhit 1a twong ddng tdi thiéu 99% dugc lai
v6i nhau va céc gen c6 dd twong dong thap hon d6 twong ddng néu trén khong dugce lai
v6i nhau, hodc cac diéu kién rua thong thuong cua phép lai Southern (tc 1, rira mot
14n, t4t hon 14, rira hai hodc ba I4n tai ndng d6 mudi va nhiét dé twong tng 60°C, 1xSSC,
0,1% SDS (Sodium Dodexyl Sulfat: SDS), tt hon 13, 60°C, 0,1xSSC, 0,1% SDS, va tét
hon nita 12 68°C, 0,1xSSC, 0,1% SDS). Phép lai yéu ciu hai polynucleotit chira cac trinh
tr bd sung, mic di khong khép co thé xay ra phu thudc d6 nghiém ngéat ctia phép lai.
Thuat ngit “b6 sung” dugc st dung dé mé ta mdi quan hé gifra céc bazo nucleotit c6 thé
lai v6i nhau. Vi du, véi ADN, adenosin bd sung v6i thymin va xytosin bd sung vai
guanin. Do d6, sang ché c6 thé ciing bao gém doan nucleotit da phan lap bd sung véi
toan b trinh ty cling nhu trinh tw trong ddng gidng nhau tai d6. Cu thé 13, polynucleotit
cé tuong ddng c6 thé dugc phat hién st dung cac didu kién lai hoa bao gdm bude lai
hoa tai gié tri T 12 55°C trong cac diéu kién d3 mo ta bén trén. Ngoai ra, gia tri Ty ¢
thé 14 60°C, 63°C, hodc 65°C, nhung gia tri Tm khong bi gi6i han tai day, va c6 thé duoc
diéu chinh phit hop boi ngudi ¢6 hidu biét trung binh trong cung linh vyc k§ thuat dua
trén muc dich cta phép lai. D6 nghiém ngit phi hop dé lai cac polynucleotit phu thude
va do dai cua céc polynucleotit va mirc do bd sung, va cac bién thé nay da bibt trong

linh vyc k¥ thuat (tham khao Sambrook et al., supra, 9.50-9.51, 11.7-11.8).

Khia canh khéc nita clia sdng ché dé xuat vi sinh vat ¢ homoserin dehydrogenaza
bien doi. Cu thé 13, sang ché dé xuét vi sinh vat thudc chi Corynebacterium san sinh
homoserin hodc L-axit amin nguon géc homoserin, bao gom homoserin dehydrogenaza
bién doi.

Homoserin dehydrogenaza va bién thé dugc md ta bén trén.

Cu thé 13, vi sinh vét c6 homoserin dehydrogenaza bién déi ctia sang ché d& cap
dén vi sinh vat c6 sin kha ning san xudt homoserin hodc L-axit amin ngudn gbc
homoserin, hodc vi sinh vat c¢6 kha ning san xuét homoserin hodc L-axit amin nguén
gdc homoserin dugc truyén tur chiing bd me ciia chung thiéu hut kha ning san xuét

homoserin hodc L-axit amin nguén gbéc homoserin. Cu thé 13, vi sinh vat bao gom
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homoserin dehydrogenaza c6 thé 13 vi sinh vat c6 kha ning biéu hién homoserin
dehydrogenaza bién dbi, trong do6 axit amin tai vi tri thit 407 ctia trinh ty axit amin SEQ
ID NO. 1 dugc thay thé bang histidin, nhung vi sinh vat khong bi gidi han tai ddy. Vi
sinh vat ¢ thé 13 té bao hodc vi sinh vat ¢6 chira polynucleotit ma héa homoserin
dehydrogenaza bién ddi hoic c6 kha ning bidu hién polypeptit d bién déi bang cach
bién nap véi vecto co chira polynucleotit ma héa homoserin dehydrogenaza bién dbi.
Vi cac muc dich cla sang ché, té bao chu hodc vi sinh vt c6 thé 13 bat ky vi sinh vit
c6 khd ning san sinh homoserin hodc L-axit amin ngudn gbc homoserin, c6 chta

polypeptit da sira di.

Vi sinh vat bao gdm homoserin dehydrogenaza bién ddi ctia sang ché cai thién kha
ning san sinh homoserin va L-axit amin ngudn gdc homoserin so v&i chung hoang dai
hodc vi sinh vt c6 chita protein c6 hoat tinh homoserin dehydrogenaza khong bién déi.
Theo d6, ¢ thé thu dugc homoserin va L-axit amin ngudn gdc homoserin véi ning suét

cao tir vi sinh vat c6 chira homoserin dehydrogenaza bién ddi ctia sing ché.

Theo séng ché, loi vi sinh vét c¢6 chira homoserin dehydrogenaza bién ddi khong
bi gidi han cu thé, nhung c6 thé 13 vi sinh vat thudc chi Enterobacter, vi sinh vat thudc
chi Escherichia, vi sinh vat thudc chi Erwinia, vi sinh vat thudc chi Serratia, vi sinh vat
thudc chi Pseudomonas, vi sinh vat thudc chi Providencia, vi sinh vat thudc chi
Corynebacterium, hodc vi sinh vat thudc chi Brevibacterium. Cu thé hon 13, vi sinh vét

c6 thé 13 vi sinh vét thudc chi Corynebacterium.

Theo sang ché, “vi sinh vat thudc chi Corynebacterium” ¢ thé cu thé 1a
Corynebacterium glutamicum, Corynebacterium ammoniagenes, Brevibacterium
lactofermentum,  Brevibacterium  flavum, Corynebacterium  thermoamingenes,
Corynebacterium efficiens, v.v., nhung vi sinh vat thudc chi Corynebacterium khong bi
gidi han tai day. Cu thé hon 13, theo sang ché, vi sinh vat thudc chi Corynebacterium cé

thé 13 Corynebacterium glutamicum.

Trong khi d6, vi sinh vat bao gdm homoserin dehydrogenaza bién déi c6 thé 1a vi
sinh vét trong d6 dugc dwa vao vecto c6 chira polynucleotit ma héa bién thé homoserin
dehydrogenaza. Cu thé 13, viéc dua vao c6 thé duoc thuc hién béng bién nap, nhung
phuong phép dua vao khoéng bi gidi han tai dy.

~

Nhu dugce st dung ¢ day, thut ngit “vecto” dé cép dén cAu trac ADN c6 chira trinh
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tu nucleotit ctia polynucleotit ma héa protein dich, trong d6 protein dich dugc lién két
hoat dong véi trinh tr diéu khién phi hop sao cho protein dich c¢é thd dwoc biéu hién
trong t& bao chu thich hop. Trinh ty diu khién cé thé bao gdm promoto c6 kha nang
khéi dAu phién m3, bit ky trinh tw operato @& diéu khidn phién ma, trinh tw ma hoa ving
lién két mARN ribosom thich hop, va trinh tu diéu khién két thic phién ma va dich ma.
Vecto, sau khi bién nap vao té bao chii phi hop, c6 thé dugc sao chép hoac chirc nang
khong twong trng ctia hé gen vét ch, hoic ¢6 thé duoc tich hop — chén vao chinh hé gen

vét chu.

Vecto dugc st dung theo sang ché khong bi gisi han cu thé, mién 14 ching c6 thé
sao chép trong té bao chi, va bét ky vecto da biét trong linh vuc k§ thuat c6 thé duge str
dung. Cac vi du vé cac vecto thong thudng ¢ thé bao gdm plasmit, cosmit, virut, va
bacteriophago tur nhién hay t4i t hop. Vidy, pWE15, M13, MBL3, MBL4, IXII, ASHII,
APIL, t10, t11, CharondA, Charon21A, v.v. ¢ thé dugc st dung la vecto phago hoic
vecto' cosmit; va tuyp pBR, tuyp pUC, tuyp pBluescriptll, tuyp pGEM, tuyp pTZ, tuyp
pCL, tuyp pET, v.v. ¢6 thé dugc st dung nhu vecto plasmit. Cu thé 13, cic vecto
pACYC177, pACYC184, pCL, pECCG117, pUC19, pBR322, pMW118, pCC1BAC,

v.v. ¢6 thé duoc sir dung nhung vecto khong bi gidi han tai day.

Vecto cé thé sir dung dugc theo sang ché khong bi gidi han cu thé, va bét ky vecto
biéu hién da biét c6 thd duoc st dung. Ngoai ra, polynucleotit ma hoa protein dich c6
thé dugc chén vao nhidm sic thé thong qua vecto dé chén vao nhidm séc thé. Viéc chén
polynucleotit vao nhidm sic thé c6 thé dwoc thuc hién bang bit ky phuong phap da biét
trong cung linh vire k¥ thut (vi du, tai tb hop twong déng), nhung phuong phap khong
bi gioi han ¢ ddy. Vecto ¢ thé con bao gf‘)m chi thi chon loc dé xac nhan viéc chén cua
polynucleotit vao nhi®m séc thé. Chi thi chon loc dé sang loc cac té bao duoc bién nap
v6i vecto, tirc 13, dé x4c nhan xem phén tir polynucleotit cé duoc cheén vio hay khong.
Céc chi thi cung cép céc kiéu hinh ¢6 thé chon loc (vi dy, khang thudc, tu dudng, khang
v0i cac tdc nhan giy doc té bao, hoic viéc biéu hién ctia cac protein bé mit) ¢ thé duoc
sir dung. Trong méi trudng duge xtt 1y véi tac nhan chon loc, chi cac té bao bidu hién
céc chi thi chon lgc c6 thé sdng s6t, hodic cac t& bao ¢ thé thé hién céc kiéu hinh khac

nhau, va do d6 céc té bao da bién nap c6 thé duge chon loc qua phuong phéap nay.

Nhu duoc str dung & day, thuat ngit “bien nap” dé cap dén viéc dua vecto cé chira

polynucleotit md hoa protein dich vao té bao chu theo con duong nay co protein duoc
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ma héa bdi polynucleotit dugc biéu hién trong té bao chu. Mién 13 polynucleotit di dugc
bién nap c6 thé dugc bidu hién trong t& bao chu, khéng quan trong 1a polynucleotit da
duoc bién nap duoc tich hgp vao nhiém sic thé cua t& bao chi va ndm trong do hodc
nim bén ngoai nhidm sic thé. Ngoai ra, polynucleotit chira ADN va ARN ma hoa protein
dich. Polynucleotit c6 thé dugce dua vao theo dang bét ky, mién la ching c6 thé duoc
dua vao t& bao cha va duoc bidu hién trong do. Vi dy, polynucleotit c6 thé dugc dua vao
t& bao chit dudi dang catxet biu hién, 1 cAu trac gen c6 chira tat ca cac yéu t6 cin thiét
dé chiing tr biéu hién. Catxet biéu hién c6 thé bao gdm promoto lién két hoat déng véi
polynucleotit, diém két thac phién md, vi tri bdm ribosom, hoic tin hiéu bt ddu dich
mi. Catxet biéu hién c6 thé 1a dang vecto biéu hién c6 kha ndng tu sao chép. Ngoai ra,
polynucleotit ¢6 thé dwoc dua vao té bao chi nhu vay va lién két hoat dong v6i céc trinh
tir can thiét dé biéu hién trong t& bao chii, nhung phuong phép dua vao cua polynucleotit
khong bi gi6i han tai ddy. Phuong phép bién nap bao gdm bét ky phuong phéap cta
polynucleotit khong bi giéi han tai diy. Phuong phap bién nap bao gdm bt ky phuong
phéap dé dua polynucleotit vio té bao, va co thé dugc thuc hién bﬁng cach lya chon k§
thudt tiéu chudn pht hop da biét trong linh vuc k¥ thuét dua vao t& bao chu. Cac vi du
clia phuong phép bién nap bao gdm dién bién nap, két tua canxi phosphat (Ca(H2PO4),,
CaHPOu, hodc Cas3(POs)y), két tha canxi clorua (CaCly), vi tiém, phuong phéap
polyetylenglycol (PEG), phuong phidp DEAE-dextran, phuong phép liposom cation,
phuong phép axetat-DMSO lithi, v.v. nhung céc phuong phap bién nap khéng bi gidi
han tai day.

Ngoai ra, thuat ngit “lién két hoat dong” nghia 13 trinh ty promoto bét diu va lam
trung gian phién mi cta polynucleotit ma héa protein dich ctia sang ché dugc lién két
chirc néng vdi trinh tw polynucleotit. Lién két hoat déng c6 thé dwoc didu ché bing cach
st dung k¥ thuat tai t6 hop gen da biét trong cing linh vuc k¥ thudt, va vi tri cit va nbi
ADN dic hiéu c6 thé duoc diéu ché bing cach sir dung céc enzym gidi han va enzym
ndi ligaza da bibt, nhung cac phuong phép dé lién két hoat dong khong bi gidi han tai
day.

Vi sinh vat chira homoserin dehydrogenaza bién ddi c6 thé 13 vi sinh vat da dugc
bién nap dé chira homoserin dehydrogenaza bién ddi trong vi sinh vat thudc chi
Corynebacterium. Vi du, vi sinh vat thudc chi Corynebacterium cé thé bao gém chung

khang v6i 2-amin-3-hydroxy-valerat (AHV); chiing sén sinh L-threonin bang cach thay
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thé leuxin (tirc 13, axit amin tai vi tri 377 cua aspartat kinaza (lysC)), bang lysin dé giai
su rc ché ngugc lysC (tirc 13, enzym quan trong diu tién hoat dong trong con dudng
sinh téng hop threonin); chiing san sinh L-isoleuxin bing céch thay thé axit amin tai vi
tri 323 ctia gen ilvA, ma hoa L-threonin dehydrataza (ttc 13, enzym thir nhit hoat dong
trong con dwdng sinh tong hop isoleuxin) trong ching san sinh L-threonin, bing alanin
(Appl. Enviro. Microbiol.,, Thang 12 - 1996, p.4345-4351); chung sidn sinh O-
axetylhomoserin bang cach bat hoat O-axetylhomoserin (thiol)-lyaza, lién quan dén con
duong thodi hoa clia O-axetyl homoserin, va xystathionin gamma-synthaza; hodc ching
san sinh metionin bang cich bit hoat cac yéu té didu hoa phién ma cta metionin va
xystein, nhung céc chung cia vi sinh vt thudc chi Corynebacterium khong bi giGi han

tai day.

Khia canh khéc nita clia sdng ché dé xuat phwong phap san xuat homoserin hodc
L-axit amin nguon goc homoserin, phwong phap bao gom: nudi cay vi sinh vat dd mo ta

bén trén trong mdi trudng nudi cay.

Phuong phép san xuit L-axit amin c6 thé bao gdm thu hdi homoserin hodc L-axit

amin nguon goc homoserin fir vi sinh vat d8 nudi cay hodc mdi tredng nudi cay.

Nhu d3 mé ta bén trén, vi sinh vét c6 thé 13 vi sinh vat thudc chi Corynebacterium,
chita bién thé homoserin dehydrogenaza cia sang ché, va cu thé hon 14 c¢6 thé 1a
Corynebacterium glutamicum. Ngoai ra, vi sinh vat thuéc chi Corynebacterium hodc
Corynebacterium glutamicum c6 thé 13 vi sinh vat san sinh homoserin hodic L-axit amin
ngudn gbc homoserin. L-axit amin ngudn gbc homoserin c6 thé bao gdm khong chi L-
axit amin ngudn gdc homoserin ma con din xuét cua ching. Vi dy, L-axit amin ngudn
géc homoserin c6 thé L-threonin, L-isoleuxin, O-axetyl-L-homoserin, O-sucxinyl-L-
homoserin, O-phospho-L-homoserin, L-metionin, va/hodc glyxin, nhung L-axit amin
ngudn gbc homoserin khong bi gidi han tai ddy. Cu thé hon 13, L-axit amin ngudn gbc
homoserin ¢6 thé L-threonin, L-isoleuxin, O-axetyl-L-homoserin, O-sucxinyl-L-
homoserin, va/hodc L-metionin, nhung L-axit amin ngudn gbc homoserin khong bi gidi

han tai day.

Homoserin hodc L-axit amin nguon goc homoserin c6 thé 1a méi trudng nudi cay
homoserin hodc L-axit amin ngudn géc homoserin, dugc san xuit béi vi sinh vt duogc

md ta theo sang ché, hoic c6 thé & dang di tinh sach. RS rang la nguoi c6 hidu biét trung
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binh trong cling linh vue k¥ thudt ¢ thé hiéu ring homoserin hodc L-axit amin ngudn

goc homoserin bao gom khong chi chinh né ma con bao gdm mudi cta ching.

Phwong phép san xuét homoserin hodic L-axit amin ngudn gbc homoserin c6 thé
dé dang dugc x4c dinh boi ngudi c6 hidu biét trung binh trong cing linh vuc k¥ thuét
trong cac diéu kién nudi céy t81 wu va cac diéu kién hoat déng enzym da biét trong cung

Iinh vure.

Theo phuong phap néu trén, vi sinh vt c6 thé dwoc nudi cdy theo quy trinh mé,
quy trinh lién tuc, quy trinh theo mé b sung, v.v. di biét trong cung linh vyc k§ thuat
nhung qué trinh nudi cdy khong bi gi6i han cu thé tai day. Ngoai ra, vdi cac didu kién
nuéi cy, d6 pH nuéi cdy c6 thé dugc didu chinh dén d6 pH phu hop (vi dy, d6 pH tir 5-
7, t6t hon 1a 4 pH tir 6-8, va t6t nhét 1a d6 pH 14 6,8) véi cac thanh phin bazo thich hop
(vi du, natri hydroxit, kali hydroxit, hodc amoni) hodc hop chit axit (vi du, axit
phosphoric hodc axit sunfuric), va cac diéu kién hiéu khi cta nuéi cdy c6 thé duoc duy
tri bang cach dua oxy hodc hén hop khi c6 chira oxy vao moi truong nudi cdy. Nhiét do
nuodi cdy thong thudng c6 thé trong khoang tir 20°C dén 45°C, va tét hon 1a trong khoang
fir 25°C dén 40°C trong khoang tir 10 dén 160 gio, nhung céc diéu kién nudi ciy khong
bi gidi han tai ddy. Threonin, isoleuxin, hodc axetyl homoserin dugc sinh ra béi qua

trinh nudi cay cé thé duoc tiét vao mai trudng hodc c¢b thé duoc gift trong cic té bao.

Ngoai ra, trong mi trudng nudi ciy, ngudn cacbon nhu 1a dudng va hydrat cacbon
(vi dy, glucoza, sucroza, lactoza, fructoza, maltoza, ri dudng, tinh bot va xenluloza), dau
va chit béo (vi du, diu ddu nanh, diu hat huéng duong, diu dau phong va diu dira), axit
beo (vi dy, axit palmitic, axit stearic va axit linoleic), rugu (vi dy, glyxerol va etanol),
va axit hitu co (vi du, axit axetic) c6 thé dwgc st dung riéng 1¢ hoic két hop nhung
ngudn cacbon khong bj giéi han & céc chét nay. Ngudn nito nhu hop chit hitu co chira
nito (vi du, pepton, dich chiét nAm men, nuéc thit, chiét xuit mach nha, rugu ngd, bot
déu nanh va ure) hoac hop chét vo co (vi du, amoni sulfat, amoni clorua, amoni phosphat
hodc amoni cacbonat va amoni nitrat), v.v. ¢ thé duoc st dung riéng 1€ hodc Kkét hop,
nhung ngudn nito khéng bi giéi han & cac chit nay. Ngudn phospho, kali dihydrogen
phosphat, dikali hydrogen phosphat, mudi ¢6 chira natri twong g, v.v. ¢6 thé duoc sir
dung riéng 1¢ hodc két hop, nhung ngudn phospho khong bi gidi han ¢ ddy. Ngoai ra,
cac nguyén liéu kich thich tang truong can thiét khac bao gém cac mudi kim loai (vi du,

magie sufat hodc sat sufat), cac axit amin hodc cac vitamin c6 thé ¢ trong moi trudng.
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Theo séng ché, phwong phdp thu hdi homoserin hodic L-axit amin ngudn gbc
homoserin dwgc san xuat trong qué trinh nudi ciy c6 thé dugc thuc hién bing céc thu
c4c san phdm dich tir canh nudi cdy sir dung phuong phap thich hop da biét trong cling
linh vyre k§ thuét. Vi du, cdc phuong phap nhu ly tam, loc, sic ky trao ddi ion, két tinh,
sic ky long hiéu ning cao (High Performance Liquid Chromatography-HPLC), v.v. ¢6
thé dugc st dung va san phdm dich 12 homoserin hodc L-axit amin n gudn gbc homoserin,
c¢6 thé dugc thu hdi tr moi truong da nudi cdy hodc vi sinh vat d3 nudi cdy sir dung
phwong phap phu hop da biét trong cing linh virc k§ thudt. Ngoai ra, qué trinh thu hdi
c6 thé bao gdm qua trinh tinh sach bd sung va c6 thé dwoc thuc hién sit dung phuong

phap phi hop di biét trong cing linh vuc k¥ thuat.

Khia canh khéc nita ctia sdng ché d€ xuat st dung homoserin dehydrogenaza bién

doi de cai thién san sinh homoserin hodc L-axit amin ngudn gdc homoserin.

Khia canh khic nita ciia sing ché dé xuit phuong phap cai thién san sinh homoserin
hodc L-axit amin ngudn goc homoserin trong vi sinh vat, bao gom ting cudng hoat tinh

cua homoserin dehydrogenaza bién doi.

Nhu duge sir dung & ddy, thut ngit “biéu hi¢n/dugc biéu hién” d& cép dén trang
thai trong d6 protein dich dwoc dua vao vi sinh vét hodc, trong trudng hop protein ¢6
trong vi sinh vat, hoat tinh clia protein dugc ting cudng so v4i hoat tinh cta protein ndi

sinh hodc hoat tinh ctia protein trudc khi stra déi.

Cu thé 1a, thuat ngit “dua vao protein” nghia 13 vi sinh vt biéu hién hoat tinh ciia
protein cu thé khéng dugc sé hitu ban diu & vi sinh vat hodc vi sinh vat biéu hién hoat
tinh dugc tdng cudng so véi hoat tinh ndi sinh hodc hoat tinh ctia protein trude khi sira
d6i. Vi du, thut ngit “dua vao protein” nghia 1a polynucleotit ma héa protein cu thé
duoc dua vao nhiém sic thé caa vi sinh vat hodc vecto chita polynucleotit ma hoa protein
cu thé duoc dua vao vi sinh vat va tir 46 biéu hién hoat tinh cua protein. Ngoai ra, thut
ngilt “ting cudng hoat tinh” nghia 13 hoat tinh ctia protein cu thé dugc cai thién so véi
hoat tinh néi sinh ctia protein hodc hoat tinh truéc khi stra ddi. Thuat nglt “protein ndi
sinh” dé cap dén hoat tinh cua protein cu thé c6 sin béi chung bd me cta vi sinh vit,
trong trudng hop dic tinh cua vi sinh vat bi thay di do dot bién gen gy ra boi yéu to
nhan tao hodc ty nhién.

Cu thé 13, theo sang ché, tdng cudng hoat tinh ¢ thé duoc thuc hién boi mot hodc
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nhiéu phuong phap tir cic phwong phép sau day: phuong phap dé ting sé luong ban sao
noi bao ctia gen ma héa bién thé protein; phuong phép dua dot bién vao trinh tu kidm
soét biéu hién clia gen mi hoa bién thé protein; phuong phép dé thay thé trinh tu kidm
so4t biéu hién cua gen mi hoa bién thé protein voi trinh tir ¢6 hoat tinh manh; phirong
phép thay thé gen m hoa protein nguyén thé trén nhidm séc thé c6 hoat tinh homoserin
dehydrogenaza véi gen ma hoa bién thé protein; phuong phép d& dwa thém dot bién vao
gen mi hoa bién thé c6 hoat tinh homoserin dehydrogenaza sao cho hoat tinh ctia bién

thé protein duoc ting cuong, nhung céc phuong phap khdng bi gidi han tai day.

Nhu mb ta bén trén, s6 lugng béan sao clia gen co thé duoc tang dudi dang tai do
gen duoc lién két hoat dong vdi vecto hoidc bang cach chén gen vao nhidm séc thé cua
té bao chii, nhung phuong phap khong bi gidi han cu thé tai day. Cu thé 13, sé lwong ban
sao cta gen c6 thé ting bang cach dua vecto vao té bao chi, tai @6 vecto duoc lién két
hoat ddng véi polynucleotit ma hoa protein ctia sang ché va c6 thé sao chép va hoat dong
khong phu thudc vao vat chii. Ngoai ra, s6 lugng ban sao cia gen c6 thé ting bang cach
dua vecto, ma polynucleotit duwoc lién két hoat dong, vao nhiém séc thé cua té bao chu.
Viéc chén polynucleotit vio nhiém sic thé c6 thé dugc thuc hién bang phuong phép di

biét trong cting linh vyc k§ thuét (vi dy, tai t6 hop twong ddng).

Sau d6, dé ting sy biéu hién cta polynucleotit, trinh tu kiém soat bidu hién ¢6 thé
duoc sira d6i bang cich gay ra dot bién tai d6 bang cach x6a, chén, thay thé bao thit hoic
khong bao thu, hodc két hop ciia ching dé tdng cuong thém hoat tinh ciia trinh ty kiém
sodt bicu hién, hodc bing cach thay thé trinh tw kiém soét biéu hién véi trinh tu axit
nucleic v6i hoat tinh manh, nhung phuong phap dot bién khéng bi gi6i han cu thé tai
day. Trinh tu kiém so4t bidu hién c6 thé bao gém promoto, trinh ty diéu khién, trinh tu
ma héa vi tri bam ribosom, cdc trinh tu kiém soat két thuc phién ma va dich ma, v.v.,

nhung trinh ty kiém so4t biéu hién khéng bi gidi han cy thé tai day.

Promoto manh c6 thé duoc lién két voi ving nguge dong ciia don vi biéu hién ctia
polynucleotit thay vi promoto ban d4u, nhung phuong phap khong bi gidi han tai day.
Vi du, c4c promoto manh d biét trong cing linh vyc k§ thuat cé thé bao gdm cac
promoto cjl dén cj7 (patent Han Qubc sé 10-0620092), promoto lac, promoto trp,
promoto trc, promoto tac, promoto PR thuc khudn thé h¢ lamda, promoto PL, promoto
tet, promoto gapA, promoto SPL7, promoto SPL13 (sm3) (patent Han Qudc sé 10-
1783170), promoto 02 (patent Han Qudc s6 10-1632642), promoto tkt, promoto yccA,

-16-



39469

v.v., nhung cic promoto khong bi gidi han tai day.

Hon nita, viée sira di trinh tu polynucleotit trén nhiém séc thé co thé duogc thuc
hién bang céch tao ra stra d6i trén trinh tw kim so4t biéu hién bang cach x6a, chén, thay
thé khong bao thi hodc bao thi, hoic tdng hgp clia ching dé ting thém hoat tinh ciia
trinh ty polynucleotit; hoic bing cich thay thé trinh tu polynucleotit véi trinh tu
polynucleotit d3 sira d6i c6 hoat tinh manh, nhung phuong phép sira @i khong bi gi6i

han cu thé tai day.

Viéc dua vao va tdng cudng hoat tinh protein nhu dd mo ta bén trén thong thuong
6 thé tdng hoat tinh hoac nf‘mg d6 cua protein tuong Gng tb1 thiéu 1%, tdi thiéu 10%,
t61 thiu 25%, t6i thidu 50%, tbi thidu 75%, tbi thiéu 100%, tdi thiéu 150%, tdi thiéu
200%, t6i thiéu 300%, tbi thiéu 400%, hoic tbi thiéu 500%, va t6i da 13 1.000% hoic
2.000%, dya vao hoat tinh hodc ndng d6 cia protein trong ching vi sinh vat hoang dai

hodc khéng sira d6i, nhung ty 18 khong b gi6i han tai day.

Trinh ty axit amin protein c6 hoat tinh homoserin dehydrogenaza, axit amin tai vi

tri thir 407, va vi sinh vat nhur @& mo6 ta bén trén.
Vi du thwe hién sang ché

Sau day, sang ché s& duge mo ta chi tiét thong qua cac vi du thuc hién. Tuy nhién,
cac vi du duoc dua ra chi nhdm muc dich minh hoa, va pham vi cta sang ché khong bi
gioi han ¢ nhitng vi du nay.

Vi du 1: Sang loc céc vi sinh vét khang AHV thong qua gay sira d6i nhan tao

Trong vi du nay, thi nghiém dé truyén tinh khang 2-amin-3-hydroxy-valerat (sau
ddy goi la “AHV”) 1a ddng phan cia L-threonin, dwoc thyc hién st dung
Corynebacterium glutamicum KFCC10881 (patent Han Québc sb 10-0159812) lam
ching bd me, dé giai phong tinh @c ché ngwoc boi L-threonin ciia homoserin

dehydrogenaza (sau ddy goi la “Hom”, EC:1.1.1.3).

Sira d6i dugc tao ra bang phwong phép stta ddi nhan tao sit dung N-metyl-N'-nitro-
N-nitrosoguanidin (sau day goi 1a “NTG”). Ching KFCC10881 dugc nudi cdy trong
méi trudng nudi ciy gidng trong 18 gid, dugc cdy vao 4 ml méi trudng nudi cy giéng,
va sau d6 dugc nudi cdy dén khi mat d6 quang hoc ODgeo (Optical Density: OD) dat dén

khoang 1,0. Mdi truong nudi ciy dwoc Iy tim dé thu hdi céc té bao, va sau d6 duoc rira
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hai 14n v6i dung dich dm 50 mM Tris-malat (46 pH 6,5) va duoc tao huyén phu trong
4 ml cubi cting ctia cing dung dich dém. Dung dich NTG (2 mg/mL trong dung dich
dém 0,05 M Tris-malat (d6 pH 6,5)) dwgc thém vao huyén phi t& bao c6 ndng do cudi
cung la 150 mg/L, va sau d6 cho phép giit & nhiét d§ phong trong 20 phat. Sau d6, cac
té bao dugc thu hdi bang ly tdm, va duoc rira hai 1in véi cung dung dich dém dé loai bo
dung dich NTG. C4c té bao di rira cudi cing dwoc tao huyén phu trong 4 ml dung dich
glyxerol 20% va sau d6 dugc bao quan & —=70°C dén khi sir dung. Cac ching NTG da
xir Iy dugc cdy trai trén méi trudng tdi thidu chira 3 g/L AHYV, va sau d6 thu dugc chiing
khéng 126 AHV nguén géc tir KFCC10881 thong qua quy trinh bén trén.

Mbi truong nudi cdy gidng (d6 pH 7,0)

glucoza 20 g, pepton 10 g, cao ndm men 5 g, ure 1,5 g, KH2PO, 4 g, KoHPO4 8 g,
MgS04-7H20 0,5 g, biotin 100 pg, thiamin HCI 1.000 pg, canxi pantothenat 2.000 pg,
nicotinamit 2.000 pg (trong 1 L nuéc cit)

MBbi truomg tbi thiéu (d6 pH 7,2)

glucoza 5 g, KH>PO4 1 g, (NH4)2804 5 g, MgSO4-7H20 0,4 g, NaCl 0,5 g, biotin
200 pg, thiamin HCI 100 pg, canxi pantothenat 100 pug, nicotinamit 0,03 g, ure 2 g,
NazB407°10H20 0,09 mg, (NH4)sMo7027-4H>0 0,04 mg, ZnSO4-7H,0 0,01 mg, CuSO4
5H20, MnCl>*4H,0 0,01 mg, FeCl3:6H20 1 mg, CaCl; 0,01 mg (trong 1 L nuéc cit)

Vi du 2: Thir nghiém séan sinh L-threonin véi ching khiang AHV ngudn gbc tir
KFCC10881

Thir nghi¢m khd ning sén sinh L-threonin dugc thuc hién trén cdc ching khang
126 AHV thu dwoc trong vi du 1. 126 ching thu dugc trong vi du 1 dugc cdy vao mbi
binh tam gidc (250 ml) chira mdi trudng nudi cdy gidng (25 ml), va sau dé duoc nuéi
cdy lac tai 30°C & 200 vong/phut trong 20 gidr. Méi trudng nudi cdy gidng (1 ml) duoc
cdy vao ting binh tam gidc (250 ml) chita méi truong san xuét L-threonin (24 ml) bén
trén, va sau d6 dugc nudi cdy lic tai 30°C & 200 vong/phit trong 48 gid.

Mai truong san xuét L-threonin (d6 pH 7,2)

glucoza 30 g, KH>PO4 2 g, ure 3 g, (NH4)2SO4 40 g, pepton 2,5 g, CSL (Sigma)
5 g (10 mL), MgS04-7H20 0,5 g, leuxin 400 mg, CaCO3 20 g (trong 1 L nudc cét)

Sau khi nudi cay, ham lugng cac axit amin khac nhau duoc san sinh dugc do st
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dung HPLC. Nong d0 clia cAc axit amin trong mdi trudng nudi cdy véi 5 chiing ding
dAu, nhu thé hién trong bang 1 cho thdy kha ning san sinh L-threonin vuot trdi trong sb
126 chiing thir nghiém trén d6. 5 chiing d chon dugc xac nhén thong qua quy trinh bén
trén duoc d3t tén 14 KFCC10881-1 dén KFCC10881-5.

Bang 1: C4c thi nghiém san sinh L-threonin ctia cic chiing khang AHV vuot troi

OD | Thr | Hse | Gly Ile Lys | Thr+Hse+Gly+lle
KFCC10881 60,1 | 0,0 | 0,1 0,2 0,0 12,3 0,3
KFCC10881-1 | 53,6 | 4,1 1,3 1,4 1,2 2,0 8,0
KFCC10881-2 | 53,3 | 2,2 | 0,9 1,0 1,1 8,3 52
KFCC10881-3 | 68,5 | 1,5 1,2 1,1 0,2 10,8 4,0
KFCC10881-4 | 59,1 | 1,2 | 0,9 1,0 0,7 1,9 3,8
KFCC10881-5 | 49,6 | 24 | 1,1 1,2 0,9 5,4 5,6

Nhu thé hién trong bang 1, ham lrong L-threonin, L-homoserin, L-glyxin, va L-
isoleuxin, dugc san sinh boi 5 loai chung ¢6 tinh khang véi AHV, dugce ting so véi nhom

dbi chung, trong khi ham lwgng L-lysin dwoc san xut bi giam.

Céc con dudng sinh tong hop L-threonin va L-lysin dugc tich ra tir aspartat-
semialdehyt (sau ddy goi 1a “ASA”) la diém phan nhanh. Tirc 14, ham lwong L-lysin
duoc san sinh bi giam do ham lugng L-threonin dwgc san sinh ting 1én. Theo do6, ham
lwong cia homoserin (Hse), glyxin (Gly), va L-isoleuxin (Ile) c6 thé 13 cdc san phdm
phu trong con dudng sinh tdng hop L-threonin c6 thé dwoc ting do ham lwong L-
threonin dwgc san sinh bi gidm xuéng, va do d6 ham lugng téng cua ching dugc san
sinh (Thr+Hse+Gly+Ile) cling dugc xdc nhan.

Theo d6, trong s céc ching khang AHV bén trén, chung KFCC10881-1 thé hién
ham lwong L-lysin bi giam xudng, ham luong san sinh L-threonin cao, va ham lugng
tdng san sinh (Thr+Hse+Gly+Ile) cao, duge lya chon la ching khang AHV vuot troi
nhit.

Vi du 3: Phén tich trinh ty ctia cac chiing c6 kha nang san sinh vugt trdi threonin
ngudn gbc tir KFCC10881

Dé phan tich trinh ty nucleotit ciia c4c enzym sinh tong hop L-threonin ctia ching
dugc lya chon trong vi du 2 bén trén, cac thi nghiém sau day dugc thuc hién. Dya trén

thong tin gen dugc cung cdp boi Bach khoa toan thu gen va hé gen Kyoto (Kyoto
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Encyclopedia of Genes va Genomes: KEGG), thu dugc ting trinh ty nucleotit ciia gen
hom (SEQ ID NO. 2, NCgl1136), ma hoéa cho homoserin dehydrogenaza cua
Corynebacterium glutamicum ATCC13032, va trinh tu nucleotit cia gen th7B (SEQ ID
NO. 3, Gen No. NCgl1137), mi héa cho homoserin kinaza. Ca gen hom va thrB d3 biét
¢6 céu triic operon (Peoples et al., Mol. Biol. 2(1):63-72, 1988).

Pé thu dugc doan ADN chita operon hom-thrB cuia chung dugce lya chon, PCR
dugc thyc hién st dung ADN hé gen clia chiing 1a mach khudn va cip mdi SEQ ID
NO. 4 va SEQ ID NO. 5. Enzym ADN polymeraza d¢ chinh xic cao PfuUltra™
(Stratagene) dugc sir dung lam polymeraza cho phan ting PCR. Céc diéu kién PCR nhu
sau: 30 chu ky bao gdm bién tinh & 96°C trong 30 gidy, 0 dé gin mdi & 52°C trong 30
gidly, va kéo dai & 72°C trong 3 phut. Két qua 13, c6 thé khuéch dai doan gen (2.778 bp;
SEQ ID NO. 6), bao gbém trinh ty nucleotit (300 bp) chira viing ngugc dong clia promoto
ctia codon khéi ddu ciia SEQ ID NO. 2 véi 200 bp viing xudi dong ciia codon két thiic
SEQ ID NO. 3.

Trinh ty nucleotit dugc xac dinh st dung céc doan mdi da diéu ché boi may giai
trinh tw ABI PRISM 3730XL Analyzer (96 mao quan; Applied Biosystems). Trong trinh
tw nucleotit twong tng vdi gen hom cla opreon hom-thrB trong chung KFCC10881-1,
guanin (tirc 13, nucleotit tai vi tri 1.220 ctia SEQ ID NO. 2) dugc stra ddi thanh adenin,
va do d6 codon gen CAT ma héa gde arginin duoc stra ddi thanh codon gen CAT ma hoa
gbc histidin (sau ddy goi 1a “sira dbi R407H”; SEQ ID NO. 7). Trong khi d6, khéng c6
d6t bién duoc phat hién trong gen thrB tuong ung véi SEQ ID NO. 3.

T c4c phén tich trinh tw nucleotit bén trén, c6 thé két luan rang su e ché nguoc
bdi L-threonin duoc giai man cam boi sy dot bién cla arginin (tic la, géc axit amin thi
407) cta gen Hom (SEQ ID NO. 8) trong chiing KFCC10881-1 thanh histidin (sau day
goi 1a “sira d6i R407H”).

Vi du 4: Bidu ché cac ching trong d6 dugc dua vao homoserin dehydrogenaza

Cdp mdi SEQ ID NO. 9 va SEQ ID NO. 10 dugc diéu ché dé diéu ché c4c ching
trong d6 bién thé (R407H) duoc x4c dinh trong vi du 2 dugc dua vao cac chung hoang
dai ctia ching.

Dé diéu ché cac chung trong d6 mdi sira dbi hom R407H duge dua vio, PCR duoc

thuc hién st duyng ADN hé gen dugc tach chiét tir ching KFCC10811-1 lam khudn miu
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va cdp mdi SEQ ID NO. 9 va SEQ ID NO. 10. Enzym ADN polymeraza c6 d¢ chinh
xac cao PfuUltra™ (Stratagene) dugc st dung lam polymeraza cho phan tng PCR. Cac
didu kién PCR nhu sau: 28 chu ki bao gdm bién tinh & 95°C trong 30 gidy, i dé gin mdi
& 55°C trong 30 gidy, va kéo dai & 72°C trong 2 phit. Két qua 13, thu dugc doan gen
(1.668 bp) c6 chira viing promoto (khoang 300 bp) cua gen hom (1.338 bp). Sén phim
da khuéch dai duoc tinh sach st dung b kit tinh sach PCR (QIAGEN) va dugc st dung
1am doan ADN chén dé diéu ché vecto. Trong khi d6, sau khi xtt 1y v6i enzym gi6i han
Smal, ty 1& ndng d6 mol (M) cta vecto pDZ (patent Han Qudc s§ 10-0924065) xir 1y
nhiét & 65°C trong 20 phut & doan ADN chén da khuéch dai boi phan ing PCR bén
trén dugc thiét dit 13 1:2, va vecto duoc tach dong st dung bd Kit Infusion Cloning
(TaKaRa) theo hudng din cta nha san xut, va do d6 didu ché duoc vecto pDZ-R407H

dé dua stra ddi R407H vao nhidm séc thé.

Vecto pDZ-R407H dugc bién nap vao Corynebacterium glutamicum ATCC13032
br?mg dién bién nap va thuc hién trao ddi chéo thir cép, va do d6 thu dugc ching trong
do su thay thé nucleotit d bién ddi dwoc dua vao nhidm sic thé. St dung cac cip mdi
duogc liét ké bén dudi va k¥ thuat PCR khuéch dai alen cu thé dot bién (Mutant Allele
Specific Amplification: MASA) (Takeda et al., Hum. Mutation, 2, 112-117 (1993)),
murc ¢ phu hgp cua su thay thé duoc xac dinh chu yéu béng cach lua chon ching duoc
khuéch dai sir dung ciip mdi twong ting vai trinh ty d3 sira di (SEQ ID NO. 11 va SEQ
ID NO. 12). Ngoai ra, phén tich trinh tu gen hom cua chung da Iya chon dugc thuc hién
dé x4c nhén thir cAp mic d6 phi hop cia thay thé st dung cip mdi SEQ ID NO. 11 va
SEQ ID NO. 13 va bﬁng cach phan tich trinh tu di sira dbi theo cting phwong thic nhu
trong vi du 2. Ching dugc thay thé v&i nucleotit d3 stra ddi duoc dit tén 13 CA09-0900.

Ching CA09-0900 dugc ky gii & Trung tAm nudi cdy vi sinh vit Han Qudc
(Korean Culture Center of Microorganisms: KCCM), co quan ding ky Qudc té, vao
ngay 14 thang 12 ndm 2018 va dang ky s6 KCCM12418P.

Vidu 5: Do hoat tinh ctia homoserin dehydrogenaza

Hoat tinh ciia enzym Hom duoc do trong ching didu ché. Ching hoang dai
ATCC13032 (nhém dbi chiing) va chiing diéu ché CA09-0900 trong vi du 4 dugc cy
vao 25 ml méi truong nudi cdy gibng va duge nudi cdy dén khi cac chang dat dén nira

sau giai doan ting trudong. CAc té bao clia mdi chiing duge thu hdi bang cach ly tim, ria
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hai 14n véi 0,1 M dung dich dém kali phosphate (d6 pH 7,6), va dugc tao huyén phu
cudi cling véi cing dung dich dém chira glyxerol tai ndng dd 30%. Mdi huyén phu té
bao dugc nghién nhé vét Iy bing phuong phap xody hat thiy tinh thong thuong trong
10 pht, va mdi huyén phii dugc thu hdi qua hai lin ly tdm (13.000 vong/phut, 4°C, 30
phtit) va dugc st dung 1am dich chiét thé dé do hoat tinh cta enzym Hom. Pé do hoat
tinh clia enzym Hom, dung dich coenzym (0,1 mL) dugc bd sung vao 0,9 ml dung dich
phan @ng dé do hoat tinh enzym (dung dich dém kali phosphat (d6 pH 7,0), 25 mM
NADPH, 5 mM aspartat semi-aldehyt) va dwoc phan ing & 30°C. Hoat tinh enzym Hom
(don vi hoat d6 enzym: U) duoc xéac dinh 13 sb pmol NADPH da tiéu thu trén phit theo
sy ¢6 mat ctia L-threonin (0 mM, 10 mM), va céc két qua do hoat tinh enzym duoc thé

hién trong bang 2 bén dudi.

Béng 2: Do hoat tinh ctia Hom (U) va su gidm nhay bdi L-threonin

Ching Hoat tinh enzym (U) theo lugng L-threonin dugc bd sung (mM)
0 mM 10 mM
ATCC13032 0,91 0,02
CA09-0900 1,37 1,23

Nhu két qué ciia thi nghiém, x4c nhén rang enzym Hom bao gdm sira d6i R407H,
su trc ché hoat tinh duoc giam xuéng trong diéu kién tai d6 c6 chira 10 mM L-threonin,
khong giéng nhu Hom chiing hoang dai, do d6 xac nhan viéc xuit hién cua su gidm nhay

cam voi L-threonin.

Vi du 6: Diéu ché va dénh gia cac chung vi sinh vat thudc chi Corynebacterium co

khd ning sén sinh L-threonin

Céac chung san sinh L-threonin dwoc phét trién t¥ chung Corynebacterium
glutamicum ATCC13032 hoang dai. Cu thé 13, dé giai quyét e ché nguge béi aspartat
kinaza (lysC) (tirc 13, enzym quan trong trong d6 hoat dong dau tién trong con duong
sinh téng hop threonin), leuxin (tirc 14, axit amin tai vi tri 377 cua lysC) duoc thay thé
bang lysin (SEQ ID NO. 14).

Cu thé hon 13, dé didu ché cac chiing trong @6 lysC (L377K) stra di duoc dua vao,
phéan tng PCR dugc thyc hién sir dung nhiém séc thé cia ATCC13032 lam mach khuon
va céc cdp moi SEQ ID NO. 15 va SEQ ID NO. 16 hoic cip mdi SEQ ID NO. 17 va
SEQ ID NO. 18. Enzym ADN polymeraza d6 chinh xac cao PfuUltra™ (Stratagene)
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duoc st dung 1am polymeraza cho phan ing PCR. Cac diéu kién PCR nhu sau: 28 chu
ky bao gdm bién tinh & 95°C trong 30 gidy, i & gin mdi & 55°C trong 30 gidy, va kéo
dai & 72°C trong 1 phit. Két qua 13, thu dwoc timg doan ADN (515 bp) trong ving 5°
nguoc dong va doan ADN (538 bp) trong ving 3’ xubi dong, véi vi tri stra dbi ctia gen
IysC 1a trung tAm, dwgc thu lan luot. PCR dugc thyc hién v6i hai doan ADN da khuéch
lam mach khuén va cép moi SEQ ID NO. 15 va SEQ ID NO. 18. PCR dugc thuc hién
nhu sau: bién tinh & 95°C trong 5 phut; 28 chu ky bao gdm bién tinh & 95°C trong 30
gidly, & @& gén mdi & 55°C trong 30 gidy, va kéo dai & 72°C trong 2 phut; va kéo dai &
72°C trong 5 phut. Két qua 13, doan ADN (1.023 bp) chtra sira d6i ctia gen /ysC, ma hoa
bién thé aspartokinaza trong d6 leuxin tai vi tri 377 dwoc thay thé bing lysin, dugc
khuéch dai. San phdm khéch dai dugc tinh sach sir dung b kit tinh sach PCR (QIAGEN)
va dugc sir dung 1am doan ADN chén dé diéu ché vecto. Trong khi d6, sau khi xir Iy v&i
enzym gi6i han, ty 18 ndng d6 mol (M) ctia vecto pDZ (patent Han Qudc sb 10-0924065)
duoc xi 1y nhiét & 65°C trong 20 phit d& doan chén ADN da khuéch dai bi phan tng
PCR bén trén dugc thiét dit 1a 1:2, va vecto dugce tach dong str dung kit tach dong
Infusion Cloning Kit (TaKaRa) theo huéng din ctia nha san xuét, va tir d6 diéu ché duoc

vecto dé dwa L377K stra dbi vao nhiém sic thé, pDZ-L377K.

Vecto pDZ-L377K di didu ché dugc bién nap vao ching ATCC13032 va thuc hién
trao dbi chéo thit cip, va theo d6 thu dugc ching trong d6 sy thay thé nucleotit di sita
d8i duoc dua vao nhiém sic thé. Ching dugc dat tén 1a CJP1. Chung CJP1 dugc dét tén
lai 1a CA01-2307, dugc ky giti & Trung tdm nudi cdy vi sinh vat Han Québc (Korean
Culture Center of Microorganisms: KCCM), co quan ding k¥ Qudc té vao ngay 29 thang
3 nam 2017 va sé ding KCCM12000P.

Dé x4c nhan chic chin sy thay ddi trong san sinh L-threonin cta ching bén trén,
stra d6i duoc x4c nhén trong vi du 4 duoc dua vao gen mi hda homoserin dehydrogenaza.
Cu thé 13, dé dua sira d6i R407H vio ching CJP1, vecto pDZ-R407H di didu ché trong
vi du 4 dugc bién nap vao ching CJP1 bz‘?tng dién bién nap va thyc hién trao ddi chéo
thir cp, va tir d6 thu duoc ching trong d6 nucleotit di sira dbi dugc dua vao nhidm sic

thé. Chung dwoc thay thé v6i nucleotit d sira d6i dwoc dat tén 13 CJP1-R407H.

Bang 3: Xac nhén kha nang san sinh L-threonin cua cac chung dugc dicu ché

Ching Axit amin (g/L)
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Thr Lys
CJP1 0,36 3,62
CJP1-R407H 1,50 2,47

Két qua 13, trong chiing tai d6 stra ddi dugce dua vao, lugng L-lysin san sinh bi
giam xudng va luong L-threonin san sinh dugc tang khoang 1,14 g/L, so v&i chiing CJP1

(nhém dbi chiing), do d6 x4c nhan sy cai thién dang ké trong hiéu qua giam nhay.

Vi du 7: Diéu ché va danh gia cic chung vi sinh vat thudc chi Corynebacterium

san sinh L-isoleuxin

Pé diéu ché cac chiing san sinh isoleuxin, vecto dugc diéu ché dé tang cuong biéu
hién ctia gen d4 sira d6i ilvA(V323A) (4ppl. Enviro. Microbiol., thang 12/1996, p. 4345—
4351), ma hoa L-threonin dehydrataza d3 biét (enzym thi nhit trong con dudng sinh

tong hop isoleuxin), trong cac ching duge diéu ché trong vi du 6.

Cu thé 13, dé diéu ché vecto dé dua sira d6i, nhém dén gen ilv4, cip mdi (SEQ ID
NO. 19 va SEQ ID NO. 20) d¢ khuéch dai viing 5’ ngugc dong va cip mdi (SEQ ID
NO. 21 va SEQ ID NO. 22) dé khuéch dai viing 3’ xudi dong dwoc dua ra véi vi tri sira
dbi 1 trung tAm. Enzym gi6i han BamHI dwgc chén vao & mdi déu ctia cip mdi SEQ ID
NO. 19 va SEQ ID NO. 22, va ciip moi SEQ ID NO. 20 va SEQ ID NO. 21 duoc thiét
ké sao cho sy sta ddi thay thé nucleotit cé thé duoc dinh vi trong ving tai d6 trao doi

chéo xay ra.

PCR duoc thuc hién véi nhiém sic thé coa chung hoang dai lam mach khudn st
dung cac mdi SEQ ID NO. 19, SEQ ID NO. 20, SEQ ID NO. 21, va SEQ ID NO. 22.
PCR duoc thuc hién nhu sau: bién tinh & 95°C trong 5 phut; 30 chu ky bao gém bién
tinh & 95°C trong 30 gidy, 0 dé gén mdi & 55°C trong 30 gidy, va kéo dai & 72°C trong
30 gidly; va kéo dai & 72°C trong 7 phit. Két qua 13, thu duoc doan ADN (627 bp) trong
ving 5’ nguge dong va doan ADN (608 bp) trong ving 3’ xudi dong véi vi tri sira d6i
cua gen ilvA 1a trung tim.

PCR dugc thyc hién st dung hai doan ADN d3 khuéch dai 1am mach khudn va cap
mdi SEQ ID NO. 19 va SEQ ID NO. 22. PCR duoc thuc hién nhu sau: bién tinh ¢ 95°C
trong 5 phut; 30 chu ky bao gém bién tinh & 95°C trong 30 gidy, t dé gin mdi & 55°C
trong 30 gidy, va kéo dai & 72°C trong 60 gidy; va kéo dai & 72°C trong 7 phut. Két qua
la, doan ADN (1.217 bp) duoc khuéch dai, trong d6 doan ADN chira sira ddi cua gen
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ilvA ma hoa bién th8 IIvA tai d6 valin tai vi tri 323 dugc thay thé bang alanin. Vecto
pBECCG117 (patent Han Qudc sb 10-0057684) va doan ADN (1.217 bp) duoc xtt Iy véi
enzym gidi han BamHI, ndi st dung enzym ADN ligaza, va sau d6 tach dong dé thu

dugc plasmit. Plasmit thu dwoc sau d6 duoc dat tén [a pECCG117-ilvA(V323A).

Vecto pECCG117-ilvA(V323A) dugc dua vao ching CJIP1-R407H dugc diéu ché
trong vi du 6 bang dién bién nap va dugc cly trai trén méi trudng chon loc c6 chira
kanamyxin (25 mg/L) d& thu dwoc céc ching bién nap. Cac chiing bién nap thu dugc
sau d6 duge nudi cdy theo phwong phap nudi cdy trong binh tam gidc gidng nhau theo
vi du 2, va cac ndng d6 ciia L-isoleuxin trong méi truong nudi céy duogc phan tich. Cac

két qua dugc thé hién trong bang 4 bén dudi.

Bang 4: Xac nhén kha nang san sinh L-isoleuxin cuia cac chung diéu ché

Ching L-Isoleuxin (g/L)
CJP1/pECCG117-ilvA(V323A) 0,7
CJP1-R407H/pECCG117-1lvA(V323A) 14

Ké&t qua 13, x4c nhan ring ching chira sira d6i hom(R407H), kha ning san sinh L-

isoleuxin cai thién 0,7 g/L so véi ching déi chimg.

Vi du 8: Didu ché va danh gi4 chung san sinh O-axetyl-homoserin (OAH)-duogc

thay thé v6i Hom d sira d6i
8-1. Pidu ché ching ATCC13032 dugc thay thé véi Hom di stra dbi

Sira d6i R407H duogc dua vao gen hom clia ching ATCC13032 theo cling cach thirc
nhu trong vi du 4, va ching dwoc didu ché sau d6 dwoc dit tén 1a ATCC13032::HomBR,

8-2. Xoa gen metB

Trong vi du nay, gen metB ma hoa xystathionin gamma-synthaza trong con duong
tho4i hoa O-axetyl-homoserin thu dwoc qua PCR sitr dung ADN nhidm sic thé cua
Corynebacterium glutamicum ATCC13032 lam mach khuén. Dua trén Ngan hang gen
ctia Vién Stic khoe Québc gia (National Institutes of Health: NTH), thu dugc thong tin
trinh tu nucleotit ciia metB (NCBI s6 ding ky: Ncgl2360; SEQ ID NO. 23). Ngoai ra,
dwra trén Ngan hang gen, cip mdi (SEQ ID NO. 24 va SEQ ID NO. 25) bao gém dau N
va trinh tw 1ién két ctia gen metB va cip mdi (SEQ ID NO. 26 va SEQ ID NO. 27) chira
d4u N va trinh ty lién két cta gen metB dugc téng hop. PCR duogc thuc hién st dung
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ADN nhiém séc thé cua Corynebacterium glutamicum ATCC13032 1am mach khudn va
céac oligonucleotit cuia céac trinh tu nucleotit SEQ ID NO. 24 va SEQ ID NO. 25 va SEQ
ID NO. 26 va SEQ ID NO. 27 lam mbi thiét dit. Enzym ADN polymeraza do chinh xac
cao PfuUltra™ (Stratagene) duoc sir dung lam polymeraza. PCR dugc thuc hién nhuw
sau: 30 chu ky bao gdm bién tinh & 96°C trong 30 gidy, i d& gén mdi & 53°C trong 30
gidy, va kéo dai & 72°C trong 1 phut; va kéo dai & 72°C trong 7 phat. Két qua 13, thu
dwoc gen da khuéch dai (500 bp) chira ddu N va nhan 6 lién két clia gen metB va gen
d3 khuéch dai (500 bp) chira diu C v nhan 6 lién két clia gen metB.

PCR dugc thyc hién str dung hai gen da khuéch dai thu duge sau d6 lam mach
khudn va cip mdi SEQ ID NO. 24 va SEQ ID NO. 27 trong céc didu kién nhu sau: 30
chu ky bao gdm bién tinh & 96°C trong 60 gidy, i dé gin mdi & 50°C trong 60 gidy, va
kéo dai & 72°C trong 1 phut; va kéo dai & 72°C trong 7 phut. Két qua 13, thu dwoc gen
d3 khuéch dai AmetB (1.000 bp), 13 catxet bit hoat gen metB chira ddu C lién két dau N
cua gen metB. Gen metB thu dugc thdng qua PCR dugc xit Iy véi cadc enzym gidi han
Xbal va Sall duogc chita & cudi, va sau d6 tach dong thanh vecto pDZ, dwoc xt 1y thong
thuwong véi cac enzym gidi han Xbal va Sall, thong qua qué trinh néi. Sau do, diéu ché
dwoc vecto tai to hop pDZ-AmetB trong d6 catxet bt hoat metB dugc tach dong cudi
cung.

Vecto pDZ-AmetB d didu ché dugc bién nap vao cic ching Corynebacterium
glutamicum ATCC13032 va ATCC13032::Hom"™R, Sau khi trao ddi chéo th cép, thu
dugc cac ching Corynebacterium — glutamicum ATCC13032 AmetB va
ATCC13032::Hom!R AmetB, trong d6 thu dwoc gen metB bj bét hoat trén nhidm séc
thé. Gen bit hoat metB dugc xac nhan 1an cudi béng cach thuc hién PCR st dung cap
mdi SEQ ID NO. 24 va SEQ ID NO. 27, sau d6 bing cach so sanh trinh try v6i ching £
ATCC13032 trong d6 gen metB khong bi bét hoat.

8-3. Xoa gen metY

Trong vi du nay, gen metY ma hdéa O-axetylhomoserin (thiol)-lyaza trong con
duong thoai hoa O-axetyl-homoserin thu duge thong qua PCR sir dung ADN nhiém séc
thé ctia Corynebacterium glutamicum ATCC13032 lam mach khuén. Dua trén Ngan
hang gen clia Vién Strc khée Qudc gia (National Institutes of Health: NIH), thu dugc
thong tin trinh ty nucleotit ciia gen metY (NCBI s diang ky Ncgl0625; SEQ ID NO. 28).
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Ngoai ra, dya vio d6, tong hop dugc cip mdi (SEQ ID NO. 29 va SEQ ID NO. 30) chira
dAu N va trinh ty lién két cia gen metY va cip mdi (SEQ ID NO. 31 va SEQ ID NO. 32)

chira ddu N va trinh tu lién két clia gen metY.

PCR dugc thuc hién véi ADN nhiém sic thé Corynebacterium glutamicum
ATCC13032 1am mach khuén st dung cac oligonucleotit cuia cac trinh ty nucleotit cta
SEQID NO. 29 va SEQ ID NO. 30 va SEQ ID NO. 31 va SEQ ID NO. 32 l[am mbi thiét
dit. Enzym ADN polymeraza d9 chinh xac cao PfuUltra™ (Stratagene) dugc st dung
lam polymeraza. PCR dugc thyc hién nhu sau: 30 chu ky bao gdm bién tinh & 96°C
trong 30 gidy, 0 dé gén mdi & 53°C trong 30 gidy, va kéo dai & 72°C trong 1 phat; va
kéo dai & 72°C trong 7 phit. Két qua 13, thu dugc gen di khuéch dai (500 bp) chira déu
N va nhén t6 lién két ctia gen metY va gen d3 khuéch dai (500 bp) chira ddu C va nhéan
td lién két cua gen metY. PCR dugc thuc hién st dung hai gen da khéch dai thu duoc
sau d6 1am mach khudn va cip mdi SEQ ID NO. 29 va SEQ ID NO. 32 trong cac didu
kién nhu sau: 10 chu ky bao gdm bién tinh & 96°C trong 60 gidy, i ¢& gin méi & 50°C
trong 60 gidy, va kéo dai & 72°C trong | phit; va kéo dai ¢ 72°C trong 7 phut. Két qua
14, thu dugc gen da khuéch dai AmetY (1.000 bp) 14 catxet bat hoat metY chira dau C lién

két dau N cua gen metY.

Gen metY thu dugc théng qua PCR duge xir Iy véi cac enzym gidi han Xbal va
Sall dugc chita & cudi, va sau d6 duoc tach dong thanh vecto pDZ, dugc xt ly thong
thudng voi cac enzym gidi han Xbal va Sall, thong qua nbi. Sau d6, diéu ché duoc vecto

tai td pDZ-AmetY catxet bt hoat metY duoc tach dong cudi cung.

Vecto da didu ché pDZ-AmetY dwoc bién nap vao céc ching Corynebacterium
glutamicum ~ ATCC13032, ATCC13032:Hom™®, ATCC13032 AmetB, va
ATCC13032::Hom!®R AmetB. Sau khi thuc hién trao ddi chéo thw cip, thu dugc
Corynebacterium glutamicum ATCC13032 AmetY, ATCC13032::Hom™® AmetY,
ATCC13032 AmetB AmetY, va ATCC13032::Hom® AmetB AmetY, trong d6 gen metY
bi bat hoat trén nhiém sic thé. Gen bit hoat metY duoc xac nhan 1an cudi béng cach thuc
hién PCR st dung cdp mdi SEQ ID NO. 29 va SEQ ID NO. 32, sau d6 so sanh trinh tu
v6i ATCC13032 trong d6 gen metY khong bi bat hoat.

8-4. Didu ché va danh gia ching san sinh O-axetyl-homoserin

So sanh dugc thuc hién gitta kha nang san sinh O-axetyl-homoserin ctia cic chung
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ATCC13032, ATCC13032 AmetB, ATCC13032 AmetY, ATCC13032 AmetBAmetY,
ATCC13032::Hom"™R, ATCC13032::Hom™R® AmetB, ATCC13032::Hom R AmetY, va
ATCC13032::Hom™R AmetBAmetY dugc diéu ché trong céc vi du 8-1 dén 8-3, trong d6

cac gen metB, metY, va metBY bi x6a bé va gen sira ddi hom dugc thay thé tai do.

Cu thé 13, cic dong don duge nudi cdy qua dém trén moi trudng LB rin trong ti U
4m 32°C, va mot khuén lac cua tirng dong don 1é dugc céy vao moi truong hiéu gia O-
axetyl-homoserin (25 mL), va sau d6 cc méi truong di cdy khuén lac dwoc nudi chy
lic tai 32°C ¢ 250 vong/phit trong khoang tix 42 dén 64 gidy. O-axetyl-homoserin tir m3i
moi trudng nudi cdy duge phan tich béi HPLC, va céc két qua phan tich dugc thé hién

trong bang 5 dudi day.
MOoi truong sén sinh O-Axetyl-L-homoserin (46 pH 7,2)

glucoza 30 g, KH2PO4 2 g, ure 3 g, (NH4)2SO4 40 g, pepton 2,5 g, CSL (Sigma)
5 g (10 mL), MgS04-7H20 0,5 g, metionin 400 mg, leuxin 400 mg, CaCO3 20 g (trong

1 L nuéc cét)

Bang 5: Panh gia san sinh O-axetyl-homoserin

Cac chung Sén sinh O-AH (g/L)
- 0,0
metB 0,3
ATCC13032
metY 0,3
metBY 0,5
- 0,0
ATCC13032::Hom™R metB 1,3
(R407H) metY 1,5
metBY 3,7

K&t qua 13, nhu thé hién trong bang 5 bén trén, O-axetyl-L-homoserin khong tich
Iy, khi Corynebacterium glutamicum ATCC13032, ching dbi chimg, dwoc nudi cdy;
trong d6 O-axetyl-L-homoserin dugc tich iy v6i ham lugng 0,3 g/L, 0,3 g/L, va 0,5 g/L
ddi véi timg ching ATCC13032 AmetB, ATCC13032 AmetY, va ATCC13032 AmetB
AmetY, twong ung, trong d6 cac gen metB, metY, va metBY bi bét hoat.

Ngoai ra, trong truong hop chiing ATCC13032::Hom5R trong d6 gen hom duge
thay thé dudi dang R407H, va cic chung ATCC13032:Hom™R AmetB,
ATCC13032::Hom™R AmetY, va ATCC13032::Hom"™R AmetB AmetY trong d6 cic gen
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metB, metY, va metBY bi bét hoat, tuwong (g, da xac nhin re“mg O-axetyl-L-homoserin

duoc tich liiy véi ham lugng 1,3 g/L, 1,5 g/L, va 3,7 g/L dbi voi mdi ching nay.

Tu d6, x4c nhén ring tir céc ket qua bén trén cho thay lugng san sinh clia axit amin
dich cia homoserin 14 tién chat c6 thé dugc ting dang ké st dung som di sura d6i cua

sang ché.
Vi du 9: Diéu ché va danh gia cac ching san sinh L-metionin
Vi du 9-1: Diéu ché vecto tai t6 hop dé x6a gen mcbR

Trong vi du nay, dé diéu ché cic ching san sinh metionin, didu ché vecto dé bat
hoat gen mcbR (J. Biotechnol. 103:51-65, 2003), ma hoa cac protein didu hoa phién ma

metionin va xystein trong cac chiing dugc di€u ché trong vi du 6.

Cu th8 13, vecto plasmit tai t6 hop duoc didu ché sit dung phuong phap bén dudi
dé x6a gen mchR trén nhidm sic thé cia Corynebacterium ATCC13032. Dya vao cic
trinh ty nucleotit dugc bdo cdo trong Ngan hang gen ctia Vién Suc khoe Quéc gia
(National Institutes of Health: NIH), thu dugc gen mchR va trinh tu xung quanh gen
(SEQ ID NO. 33) cua Corynebacterium glutamicum.

Vi muc dich x6a gen mcbR, PCR dugc thuc hién st dung ADN nhiém sic thé cua
Corynebacterium glutamicum ATCC13032 1am mach khudn va céac cép mdi SEQ ID
NO. 34 va SEQ ID NO. 35 va SEQ ID NO. 36 va SEQ ID NO. 37 trong cac didu kién
sau ddy: bién tinh & 95°C trong 5 phiit; 30 chu ky bao gém bién tinh & 95°C trong 30
gidy; i dé gan mdi & 53°C trong 30 gidy, va kéo dai & 72°C trong 30 gidy; va kéo dai &
72°C trong 7 phut. Két qua 13, thu dwoc cac doan ADN (700 bp).

Vecto pDZ khong thé sao chép trong Corynebacterium glutamicum, va cac doan
gen da khuéch dai mcbR duge xi 1y véi enzym gidi han Smal dé chén vao nhiém sdc
thé. Sau do, chung duoc ndi st dung ADN ligaza, dugc bién nap vao E. coli DH50, va
dugc cdy trai trén cing moi trudng LB ran chtra kanamyxin (25 mg/L). Cac khuén lac
dugc bién nap vdi vecto, trong d6 dugc xoa cac doan ctia gen dich dugc chén vao thong
qua PCR, dugc lya chon, va plasmit dugc thu st dung phuwong phap tach chiét plasmit.

Plasmit thu dugc sau do duoc dat tén la pDZ-AmcbR.

Vi du 9-2: Diéu ché va danh gia cac ching vi sinh vét thudc chi Corynebacterium

san sinh L-metionin
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Vecto pDZ-AmcbR duoc didu ché trong vi du 9-1 bang cach t4i td hop twong ddng
trén nhiém sic thé dugc bién nap vao timg ching CJP1-R407H va CJP1, di dwoc didu
ché trong vi du 6, bing dién bién nap (van der Rest et al., Appl. Microbiol. Biotechnol.
52:541-545, 1999). Sau d6, t4i to hop thir cp dugc thye hién trén moi trudng rén chira
X-gal. Cac chiing trong d6 gen mcbR bi x6a dugc x4c nhan bang phiwong phap PCR véi
céc ching bién nap Corynebacterium glutamicum, trong d6 ti td hop thtr cip dugc hoan
thanh, st dung cip mdi SEQ ID NO. 38 va SEQ ID NO. 39. Céc ching ti td hop dugc
dat tén 1a “CJP1-R407HAmcbR” va “CIP1AmcbR”, twong ting.

Dé phan tich khi ning san sinh L-metionin cta ching diéu ché CIP1-
R407HAmcbR, ching dugc nudi ciy cung voi chung CJP1AmchR theo phuong thirc sau
day.

Corynebacterium  glutamicum CJP1AmcbR va ching theo sang ché
(Corynebacterium glutamicum CJP1-R407HAmcbR) dugc ciy vao 250 mL binh tam
gidc chita mdi truong nudi ciy gidng dudi day (25 mL), va sau d6 duoc nudi cdy lic tai
30°C, & 200 vong/phit trong 20 gid. Sau d6, méi trudng nudi ciy gidng (1 mL) dugc
cdy vao 250 mL binh tam gidc chira moi trudng san xuit dudi day (24 mL), va sau do
duge nudi cdy lac tai 30°C, & 200 vong/phiit trong 48 gid. Céc thanh phn ciia méi

trudng nudi cdy gibng va moi trudng san xudt nhu sau:

Mbi trudng nudi cdy gidng (d6 pH 7,0)

glucoza 20 g, pepton 10 g, cao ndm men 5 g, ure 1,5 g, KH2PO4 4 g, KobHPO4 8 g,
MgS04-7TH20 0,5 g, biotin 100 pg, thiamin HCI 1.000 pg, canxi pantothenat 2.000 pg,
nicotinamit 2.000 pg (trong 1 L nudc cét)

Mbi truong san xuét (46 pH 8,0)

glucoza 50 g, (NH4)2S;03 12 g, cao nAm men 5 g, KH,PO4 1 g, MgS0O47TH,01,2 g,
biotin 100 pg, thiamin HCI 1.000 g, canxi pantothenat 2.000 pg, nicotinamit 3.000 pg,
CaCO;3 30 g (trong 1 L nudc cit)

Sau khi nudi cdy sir dung phuong phép nuéi cdy bén trén, ndng d L-metionin
trong tirng moi trudng nudi cdy dwoc phan tich, va cac két qué dugc thé hién trong bang

6.

Bang 6: Danh gia kha ning san sinh L-metionin cta céc chung diéu ché
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Chung L-Metionin (g/L)
CJP1AmcbR 0,01
CJP1-R407HAmcbR 0,19

K&t qua 13, xac nhén ring trong ching cé chira sira d6i R407H hom, kha ning san

sinh L-metionin dugc cai thién 0,18 g/L so véi chiing déi chimg.

Duya vao cac két qua bén trén, xac nhén rang ham lugng L-metionin san sinh co

thé ting dang ké sir dung hom stra dbi ctia sang ché.

R rang réng sang ché dugc mo ta bén trén c6 thé duogc thue hién céc thay dbi dudi
cac dang cu thé khac nhau boi nhitng ngudi ¢6 hiéu biét trung binh trong cting linh vire
k¥ thuat ma khong vwot khoi nguyén 1y ki thuat hodc cac dic diém cia sang ché. Do
d6, cac phuong an duge mé ta néu trén nhim minh hoa cho sang ché, va khéng nhim
gidi han sang ché. Pham vi ctia sang ché dugc xac dinh bang phan yéu ciu bao h¢ dudi
day thay vi phdn mo ta chi tiét, va dwoc hidu rﬁng ¥ nghia va pham vi ciia yéu ciu bao
ho va tit ca thay d6i hodc bién dbi tuong duong ciia cac phuong an thuc hién déu nim

trong pham vi cia sang ché.
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YEU CAU BAO HQ
1. Homoserin dehydrogenaza bién dbi, trong d6 trong trinh tw axit amin SEQ ID NO. 1,

axit amin tai vi trf thit 407 dwoc thay thé bang histidin.
2. Polynucleotit ma hoa homoserin dehydrogenaza bién d6i theo diém 1.

3. Vi sinh vt thudc chi Corynebacterium chira homoserin dehydrogenaza bién dbi

theo diém 1.

4. Vi sinh vat theo diém 3, trong d6 vi sinh vét thudc chi Corynebacterium san sinh
homoserin hodc L-axit amin ngudn gbc homoserin.

5. Vi sinh vat theo diém 4, trong d6 L-axit amin ngudn gbc homoserin 14 it nhit mot
loai dugc Iua chon tir nhém bao gém L-threonin, L-isoleuxin, O-axetyl homoserin, va

L-metionin.

6. Vi sinh vat theo diém 3, trong d6 vi sinh vat thudc chi Corynebacterium 13

Corynebacterium glutamicum.

7. Phwong phap san xudt homoserin hoic L-axit amin ngudn gbc homoserin, phuwong
phép bao gdm nudi ciy trong méi trudng vi sinh vat thude chi Corynebacterium chira
homoserin dehydrogenaza bién d6i theo diém 1.

8. Phwong phap theo diém 7, trong d6 phwong phap con bao gbm thu hdi homoserin
hodic L-axit amin ngudn gbc homoserin tir vi sinh vat dugc nudi ciy hogc méi truong
nudi ciy.

9. Phuong phép theo diém 7, trong d6 L-axit amin ngudn gbc homoserin 13 it nhat mot
loai dwoc lua chon tir nhém bao gém L-threonin, L-isoleuxin, O-axetyl homoserin, va

L-metionin.

10. Phuong phap theo diém 7, trong d@6 vi sinh vat thudc chi Corynebacterium la
Corynebacterium glutamicum.

11. Phuong phép cai thién san xudt homoserin hodc L-axit amin ngudn gbc homoserin
trong vi sinh v4t, phuong phip bao gdém ting cudng hoat tinh ctia homoserin

dehydrogenaza bién ddi theo diém 1.
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DANH MUC TRINH TU
<110> CJ CheilJedang Corporation
<120> HOMOSERIN DEHYDPROGENAZA BIEN HOI, POLYNUCLEOTIT, VI SINH VAT,
PHUONG PHAP SAN XUAT, VA PHUONG PHAP CAI THIEN SAN XUAT HOMOSERIN HOAC L-
AXIT AMIN NGUON GOC TU HOMOSERIN

<130> OPA19096

<150> KR 10-2018-0167599
<151> 2018-12-21

<160> 41
<170> KoPatentIn 3.0
<210> 1

<211> 445
<212> PRT

<213> Trinh ty nhdn tao

<220>

<223> homoserin dehydrogenaza

<400> 1

Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly Lys Gly Pro Gly
1 5 10 15

Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly Thr Val Gly Thr Glu
20 25 30

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu Ala His Arg Ile
35 40 45

Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser Asp Ile Ser Lys
50 55 60

Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu Asp Ala Phe Ala
65 70 75 80

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val Ile Gly Gly
85 90 95

Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys Ala Gly Lys
100 105 110

Ser Val Val Thr Ala Asn Lys Ala Leu Val Ala Ala His Ser Ala Glu
115 120 125

Leu Ala Asp Ala Ala Glu Ala Ala Asn Val Asp Leu Tyr Phe Glu Ala
130 135 140

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu Arg Arg Ser Leu
145 150 155 160

Ala Gly Asp Gln Ile Gln Ser Val Met Gly Ile Val Asn Gly Thr Thr
165 170 175

Asn Phe Ile Leu Asp Ala Met Asp Ser Thr Gly Ala Asp Tyr Ala Asp
180 185 190

Ser Leu Ala Glu Ala Thr Arg Leu Gly Tyr Ala Glu Ala Asp Pro Thr
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195 200 205

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys Ala Ala Ile Leu Ala
210 215 220

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp Asp Val Tyr Cys Glu
225 230 235 240

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu Ala Ala Gln Gln Ala
245 250 255

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu Lys Phe Thr Asn Lys
260 265 270

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His Pro Thr Leu Leu Pro
275 280 285

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn Ala Ile Phe
290 295 300

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe Tyr Gly Asn Gly Ala
305 310 315 320

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly Asp Val Val Gly Ala
325 330 335

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro Gly Glu Ser Thr Tyr
340 345 350

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr Thr Thr Arg Tyr His
355 360 365

Leu Asp Met Asp Val Glu Asp Arg Val Gly Val Leu Ala Glu Leu Ala
370 375 380

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg Thr Ile Arg Gln Glu
385 390 395 400

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His Ser Ala Leu
405 410 415

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val
420 425 430

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp
435 440 445

<210> 2

<211> 1338

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> gen hom

<400> 2

atgacctcag catctgcccc aagctttaac cccggcaagg gtccecggctc agcagtcgga 60
attgcccttt taggattcgg aacagtcgge actgaggtga tgcgtctgat gaccgagtac 120
ggtgatgaac ttgcgcaccg cattggtgge ccactggagg ttecgtggcat tgctgtttcet 180



gatatctcaa
ctcatcgagc
cgtgaggtag
cttgttgcag
tacttcgagg
gctggcgatc
gacgccatgg
ggttacgccg
gcaattttgg
ggtatcagca
aagttgttgg
cgcgtgcacc
aatgcaatct
ggtggcgege
gtgcacggtg
ggtgagacca
gctgaattgg
gagcgcgatg
tccecgcecaccg
cgcctcgaaa
<210> 3
<211>
<212>
<213>
<220>
<223>
<400> 3
atggcaattg
aacctcggac
gtggaaatta
cctcttgatg
gctgaagttc
ggctcctctg

ccgctgactce

agccacgtga
gcgaggatgt
ttctcgcagce
ctcactctgc
ctgctgttge
agatccagtc
attccaccgg
aagctgatcc
catccatcgce
acatcagcgc
ccatctgtga
cgactctatt
ttgttgaagce
caaccgcgtc
gccgtgcetece
ccactcgtta
ctagcctgtt
atgatgcacg
ttgaactgct

gggactaa

930
ADN
Trinh ty nhén

gen thrB

aactgaacgt
ctggctttga
ttccatctgg
gctcccacct
ctggattgcg
ctgcagcggc

aagagcagat

39469

aggcgttgca
tgacatcgtc
tctgaaggcc
tgagcttgct
aggcgcaatt
tgtgatgggc
cgctgactat
aactgcagac
tttccacacc
tgccgacatt
gaagttcacc
acctgtgtcc
agaagcagct
tgctgtgctt
aggtgagtcc
ccacctcgac
ctctgagcaa
tctgatcgtg

gaaggctaag

tao

cggtcgtaag
cactttaggt
cttggaagtg
ggtggttaaa
agtggtgtgce
ggttgctggt

tgttcagttg

cctgagcetgce
gttgaggtta
ggcaagtctg
gatgcagcgg
ccagtggttg
atcgttaacg
gcagattctt
gtcgaaggcc
cgtgttaccg
gaggcagcac
aacaaggaag
cacccactgg
ggtcgcctga
ggcgacgtcg
acctacgcta
atggatgtgg
ggaatctccc
gtcacccact

cctgttgtta

gttaccgtca
ttggcactgt
gaagtttttg
gctattcgtyg
cacaacaaca
gttgctgcag

tcctctgect

-35-

tcactgagga
tcggcggcat
ttgttaccgce
aagccgcaaa
gcccactgcg
gcaccaccaa
tggctgagge
atgacgccgce
cggatgatgt
agcaggcagg
gaaagtcggc
cgtcggtaaa
tgttctacgg
ttggtgccge
acctgccgat
aagatcgcgt
tgcgtacaat
ctgcgctgga

aggcaatcaa

cggtacctgg
cggtatacga
gcgaaggcca
ctggcctgaa
ttccgecagtce
ctaatggttt

ttgaaggcca

cgcttttgca
tgagtaccca
caataaggct
cgttgacctg
tcgctcectg
cttcatcttg
aactcgtttg
atccaaggct
gtactgcgaa
ccacaccatc
tatttctgct
caagtccttt
aaacggtgca
acgaaacaag
cgctgatttc
gggggttttg
ccgacaggaa
atctgatctt

cagtgtgatc

1338

atcttctgca
cactgtcgaa
aggcgaagtc
ggcagctgac
tcgtggtcett
ggcggatttc

cccagataat

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

60

120

180

240

300

360

420



39469

gctgcggett ctgtgectggg tggagcagtg
aagagccagc cacagtatgc tgctgtacca
gcgctggttc ctaatttcca cgcatccacc
gtcactcaca tcgatgcgcg atttaacgtg
cagcagcgtc ctgatttgct gtgggagggt
gcagaagtgt tgcctattac ctctgagtgg
gcataccttt ccggtgcecgg cccaaccgcce
aaggttttgg aagatgctcg tgagtctggce
ccagtcaagg ttgaagttaa ccaaccttag
<210> 4

<211> 18

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan mdi

<400> 4

ctgcgacagc atggaact

<210> 5

<211> 18

<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> doan mdi

<400> 5

caacgacaaa cgcccatc

<210> 6

<211> 2778

<212> ADN

<213> Trinh ty nhdn tao

<220>

<223> doan gen

<400> 6

ctgcgacagc atggaactca gtgcaatggce
aagctccaaa atgtcctccc cgggttgata
agagtttttc cgttgaaaac taaaaagctg
gcaaaaatga acagcttggt ctatagtggc

gtgtcgtgga
cttgaggtgce
gaagctgtgce
tcccgegttg
actcgtgacc
gtaaaccgcc
atggtgctgt

attaaggtgc

tgtaaggcct
ttagatttca
ggaaggtgaa

taggtaccct

-36-

caaatctgtc
aggacaatat
gccgagtect
cagtgatgat
gtctgcacca
tgcgcaaccyg
ccactgagcc

ttgagcttga

gcaccaacaa
taaatatact
tcgaatttcg

ttttgttttg

tatcgacggc
tcgtgcgact
tcccactgaa
cgttgcgttg
gccttatcgt
tggctacgcg
aattccagac

ggttgcggga

tgattgagcg
aaaaatcttg
gggctttaaa

gacacatgta

930

18

18

480

540

600

660

720

780

840

900

60

120

180

240



gggtggccga
atgacctcag
attgcccttt
ggtgatgaac
gatatctcaa
ctcatcgagc
cgtgaggtag
cttgttgcag
tacttcgagg
gctggcgatc
gacgccatgg
ggttacgccg
gcaattttgg
ggtatcagca
aagttgttgg
cgcgtgcacc
aatgcaatct
ggtggcgege
gtgcacggtyg
ggtgagacca
gctgaattgg
gagcgcgatg
tccegcecaccg
cgcctcgaaa
taccgtcacg
ggcactgtcg
agtttttggc
tattcgtgct
caacaacatt
tgctgcagct
ctctgccttt

gtcgtggaca

aacaaagtaa
catctgcccc
taggattcgg
ttgcgcaccg
agccacgtga
gcgaggatgt
ttctcgecage
ctcactctge
ctgctgttgce
agatccagtc
attccaccgg
aagctgatcc
catccatcgce
acatcagcgc
ccatctgtga
cgactctatt
ttgttgaagc
caaccgcgtc
gccgtgectcee
ccactcgtta
ctagcctgtt
atgatgcacg
ttgaactgct
gggactaatt
gtacctggat
gtatacgaca
gaaggccaag
ggcctgaagyg
ccgcagtctc
aatggtttgg
gaaggccacc

aatctgtcta

39469

taggacaaca
aagctttaac
aacagtcggc
cattggtggc
aggcgttgca
tgacatcgtc
tctgaaggcc
tgagcttgct
aggcgcaatt
tgtgatgggc
cgctgactat
aactgcagac
tttccacacc
tgccgacatt
gaagttcacc
acctgtgtcc
agaagcagct
tgctgtgctt
aggtgagtcc
ccacctcgac
ctctgagcaa
tctgatcgtg
gaaggctaag
ttactgacat
cttctgcaaa
ctgtcgaagt
gcgaagtccc
cagctgacgc
gtggtcttgg
cggatttccc
cagataatgc

tcgacggcaa

acgctcgacc
cccggcaagyg
actgaggtga
ccactggagg
cctgagctgce
gttgaggtta
ggcaagtctg
gatgcagcgg
ccagtggttg
atcgttaacg
gcagattctt
gtcgaaggcc
cgtgttaccg
gaggcagcac
aacaaggaag
cacccactgg
ggtcgcctga
ggcgacgtcg
acctacgcta
atggatgtgg
ggaatctccc
gtcacccact
cctgttgtta
ggcaattgaa
cctcggacct
ggaaattatt
tcttgatggce
tgaagttcct
ctcctctgct
gctgactcaa
tgcggcttet

gagccagcca

-37-

gcgattattt
gtcccggcectce
tgcgtctgat
ttcgtggcat
tcactgagga
tcggecggeat
ttgttaccgce
aagccgcaaa
gcccactgcg
gcaccaccaa
tggctgaggce
atgacgccgc
cggatgatgt
agcaggcagg
gaaagtcggc
cgtcggtaaa
tgttctacgg
ttggtgccge
acctgccgat
aagatcgcgt
tgcgtacaat
ctgcgctgga
aggcaatcaa
ctgaacgtcg
ggctttgaca
ccatctggct
tcccacctgg
ggattgcgag
gcagcggcgyg
gagcagattg
gtgctgggtg

cagtatgctg

ttggagaatc
agcagtcgga
gaccgagtac
tgctgtttct
cgcttttgca
tgagtaccca
caataaggct
cgttgacctg
tcgctccctg
cttcatcttg
aactcgtttg
atccaaggct
gtactgcgaa
ccacaccatc
tatttctgct
caagtccttt
aaacggtgca
acgaaacaag
cgctgatttc
gggggttttg
ccgacaggaa
atctgatctt
cagtgtgatc
gtcgtaaggt
ctttaggttt
tggaagtgga
tggttaaagc
tggtgtgcca
ttgctggtgt
ttcagttgtc
gagcagtggt

ctgtaccact

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160



tgaggtgcag
agctgtgcgc
ccgcgttgceca
tcgtgaccgt
aaaccgcctg
ggtgctgtcce
taaggtgctt
ccaacaagga
ctgaacacgt
cggttgtttt
gatgggcgtt
<210> 7
<211>
<212>
<213>
<220>
<223>
<400> 7
atgacctcag
attgcccttt
ggtgatgaac
gatatctcaa
ctcatcgagc
cgtgaggtag
cttgttgcag
tacttcgagg
gctggcgate
gacgccatgg
ggttacgccg
gcaattttgg
ggtatcagca
aagttgttgg
cgcgtgcacc

aatgcaatct

gacaatattc
cgagtccttc
gtgatgatcg
ctgcaccagc
cgcaaccgtg
actgagccaa
gagcttgagyg
aggccccctt
gaaccttaca
caccgaggct

tgtcgttg

1338
ADN
Trinh ty nhan

R407H

catctgcccc
taggattcgg
ttgcgcaccg
agccacgtga
gcgaggatgt
ttctcgcagce
ctcactctgce
ctgctgttgce
agatccagtc
attccaccgg
aagctgatcc
catccatcgce
acatcagcgce
ccatctgtga
cgactctatt

ttgttgaagc

39469

gtgcgactgce
ccactgaagt
ttgcgttgca
cttatcgtgce
gctacgcggce
ttccagacaa
ttgcgggacc
cgaatcaaga
ggtgcccgge

ttcttggatg

tao

aagctttaac
aacagtcggc
cattggtggce
aggcgttgca
tgacatcgtc
tctgaaggcce
tgagcttgcet
aggcgcaatt
tgtgatgggc
cgctgactat
aactgcagac
tttccacacc
tgccgacatt
gaagttcacc
acctgtgtcc

agaagcagct

gctggttcct
cactcacatc
gcagcgtcct
agaagtgttg
atacctttcc
ggttttggaa
agtcaaggtt
agggggcctt
gcgttgagtg

aatccggcgt

cccggcaagg
actgaggtga
ccactggagg
cctgagctge
gttgaggtta
ggcaagtctg
gatgcagcgg
ccagtggttg
atcgttaacg
gcagattctt
gtcgaaggcc
cgtgttaccg
gaggcagcac
aacaaggaag
cacccactgg

ggtcgcctga

-38-

aatttccacg
gatgcgcgat
gatttgctgt
cctattacct
ggtgccggcec
gatgctcgtg
gaagttaacc
attagtgcag
gtttgagttc

ggatggcgca

gtcccggcetce
tgcgtctgat
ttcgtggcat
tcactgagga
tcggcggcat
ttgttaccge
aagccgcaaa
gcccactgeg
gcaccaccaa
tggctgaggce
atgacgccgce
cggatgatgt
agcaggcagyg
gaaagtcggc
cgtcggtaaa

tgttctacgg

catccaccga
ttaacgtgtc
gggagggtac
ctgagtgggt
caaccgccat
agtctggcat
aaccttaggce
caattattcg
cagctggatg

gacgaaggct

2778

agcagtcgga
gaccgagtac
tgctgtttct
cgcttttgca
tgagtaccca
caataaggct
cgttgacctg
tcgctccctg
cttcatcttg
aactcgtttg
atccaaggct
gtactgcgaa
ccacaccatc
tatttctgct
caagtccttt

aaacggtgca

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



ggtggcgege
gtgcacggtg
ggtgagacca
gctgaattgg
gagcgcgatg

tccecgcecaccg

caaccgcgtce
gccgtgcetcece
ccactcgtta
ctagcctgtt
atgatgcaca

ttgaactgct

39469

tgctgtgctt
aggtgagtcc
ccacctcgac
ctctgagcaa
tctgatcgtyg

gaaggctaag

ggcgacgtcg
acctacgcta
atggatgtgg
ggaatctccc
gtcacccact

cctgttgtta

ttggtgccgce
acctgccgat
aagatcgcgt
tgcgtacaat
ctgcgctgga

aggcaatcaa

cgcctcgaaa

gggactaa

<210> 8

<211>
<212>
<213>

445
PRT
Trinh ty nhén

<220>

<223>

<400> 8

Met

Ser

Val

Gly

Pro

65

Leu

Ile

Ser

Thr Ser Ala Ser Ala

5
Ala

Ala Val Gly Ile

20
Thr

Met Arg Leu Met

35

Val
55

Pro Leu Glu

Arg Glu Gly Val Ala

70
Ile Glu Arg Glu Asp
85
Glu Tyr Pro Arg Glu
100

Val Val Thr Ala Asn
115

tao

Ser Phe
10

Pro

Leu

25

Glu
40

Tyr

Arg Gly Ile

Pro Glu Leu

Val Asp Ile

90

Val Val Leu
105

Lys Ala Leu
120

Leu Ala Asp Ala Ala Glu Ala Ala Asn

130

135

homoserin dehydrogenaza R407H

Asn Pro Gly

Leu Gly Phe Gly Thr

30

Gly Asp Glu Leu

45

Ala Val Ser
60

Leu Thr Glu

75

Val val Glu

Ala Ala Leu

110

Val Ala Ala
125

Val Asp Leu
140

Ala Val Ala Gly Ala Ile Pro Val Val Gly Pro Leu
155

145

150

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

165

170

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

180

185

190

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

195

200

205

-30-

Lys

15

Val

Ala

Asp

Asp

val

95

Lys

His

Tyr

Arg

Asn

175

Asp

Ala

Gly

Gly

His

Ile

Ala

80

Ile

Ala

Ser

Phe

Arg

160

Gly

Tyr

Asp

acgaaacaag
cgctgatttc
gggggttttg
ccgacaggaa
atctgatctt

cagtgtgatc

1338

Pro Gly

Thr Glu
Arg Ile
Ser Lys
Phe Ala
Gly Gly
Gly Lys
Ala Glu
Glu Ala
Ser Leu
Thr Thr
Ala

Asp

Pro Thr

1020

1080

1140

1200

1260

1320



39469

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys
210 215 220

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp
225 230 235

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu
245 250

Gly His Thr Ile Lys Leu Leu Ala Ile Cys Glu
260 265

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His
275 280 285

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser
290 295 300

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe
305 310 315

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly
325 330

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro
340 345

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr
355 360 365

Leu Asp Met Asp Val Glu Asp Arg Val Gly Val
370 375 380

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg
385 390 395

Glu Arg Asp Asp Asp Ala His Leu Ile Val Val
405 410

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu
420 425

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu
435 440 445

<210> 9

<211> 34

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi

<400> 9
tcgagctcgg tacccctgeg acagcatgga actc

<210> 10

<211> 34

<212> ADN

<213> Trinh tu nhén tao

-40-

Ala Ala Ile
Asp Val Tyr
240

Ala Ala Gln
255

Lys Phe Thr
270

Pro Thr Leu

Phe Asn Ala

Tyr Gly Asn

320

Asp Val Val
335

Gly Glu Ser
350

Thr Thr Arg

Leu Ala Glu

Thr Ile Arg

400

Thr His Ser
415

Lys Ala Lys
430

Arg Asp

Leu

Cys

Gln

Asn

Leu

Ile

Gly

Gly

Thr

Tyr

Leu

Gln

Ala

Pro

Ala

Glu

Ala

Lys

Pro

Phe

Ala

Ala

Tyr

His

Ala

Glu

Leu

Val

34



39469

<220>
<223> doan mdi

<400> 10

ctctagagga tccccttagt ccctttcgag gegg 34
<210> 11

<211> 18

<212> ADN
<213> Trinh ty nhdn tao

<220>
<223> doan mdi

<400> 11

caccggcgct gactatgc 18
<210> 12

<211> 19

<212> ADN
<213> Trinh ty nhdn tao

<220>
<223> doan mdi

<400> 12

tgggtgacca cgatcagat 19
<210> 13

<211> 18

<212> ADN
<213> Trinh ty nhan tao

<220>
<223> doan mdi

<400> 13
ttagtccctt tcgaggcg 18
<210> 14

<211> 421
<212> PRT
<213> Trinh ty nhén tao

<220>
<223> 1ysC(L377K)

<400> 14
Val Ala Leu Val Val Gln Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala
1 5 10 15

Glu Arg Ile Arg Asn Val Ala Glu Arg Ile Val Ala Thr Lys Lys Ala
20 25 30

-41-



Gly Asn Asp Val Val Val
35

Glu Leu Leu Glu Leu Ala
50 55

Glu Met Asp Met Leu Leu
65 70

Val Ala Met Ala Ile Glu
85

Gly Ser Gln Ala Gly Val
100

Ile Val Asp Val Thr Pro
115

Lys Ile Cys Ile Val Ala

130 135

Asp Val Thr Thr Leu Gly
145 150

Leu Ala Ala Ala Leu Asn
165

Asp Gly Val Tyr Thr Ala
180

Leu Glu Lys Leu Ser Phe
195

Ser Lys Ile Leu Val Leu

210 215

Val Pro Leu Arg Val Arg
225 230

Ile Ala Gly Ser Met Glu
245

Gly Val Ala Thr Asp Lys
260

Ser Asp Lys Pro Gly Glu
275

39469

Val Cys Ser Ala Met Gly Asp
40 45

Ala Ala Val Asn Pro Val Pro
60

Thr Ala Gly Glu Arg Ile Ser
75

Ser Leu Gly Ala Glu Ala Gln
90 95

Leu Thr Thr Glu Arg His Gly
105 110

Gly Arg Val Arg Glu Ala Leu
120 125

Gly Phe Gln Gly Val Asn Lys
140

Arg Gly Gly Ser Asp Thr Thr
155

Ala Asp Val Cys Glu Ile Tyr
170 175

Asp Pro Arg Ile Val Pro Asn
185 190

Glu Glu Met Leu Glu Leu Ala
200 205

Arg Ser Val Glu Tyr Ala Arg
220

Ser Ser Tyr Ser Asn Asp Pro
235

Asp Ile Pro Val Glu Glu Ala
250 255

Ser Glu Ala Lys Val Thr Val
265 270

Ala Ala Lys Val Phe Arg Ala
280 285

Ala Glu Ile Asn Ile Asp Met
290 295

Asp Gly Thr Thr Asp Ile Thr
305 310

Arg Ala Met Glu Ile Leu Lys
325

Val Leu Gln Asn Val Ser

300

Phe Thr Cys Pro Arg Ser

315

Lys Leu Gln Val Gln Gly

330

335

Asn Val Leu Tyr Asp Asp Gln Val Gly Lys Val Ser Leu

340

345

350

Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met

355 360

365

Arg Asp Val Asn Val Asn Ile Glu Lys Ile Ser Thr Ser

-42-

Thr

Pro

Asn

80

Ser

Asn

Asp

Glu

Ala

160

Ser

Ala

Ala

Ala

Gly

240

vVal

Leu

Leu

Ser

Asp

320

Asn

Val

Glu

Glu

Thr

Ala

Ala

Phe

Ala

Glu

Thr

Val

Asp

Gln

Val

Phe

Thr

Leu

Gly

Ala

Val

Gly

Trp

Gly

Ala

Ile

Asp

Arg

Leu

Thr

Arg

Gly

Arg

Ala

Val

Lys

Gly

Asn

Leu

Thr

Ile

Asp

Glu

Arg

Thr

Ala

Leu

Arg



39469

370 375 380

Ile Ser Val Leu Ile Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala
385 390 395 400

Leu His Glu Gln Phe Gln Leu Gly Gly Glu Asp Glu Ala Val Val Tyr
405 410 415

Ala Gly Thr Gly Arg
420

<210> 15

<211> 34

<212> ADN

<213> Trinh tuy nhan tao

<220>
<223> doan mdi
<400> 15

tcgagctcgg tacccgctgce gcagtgttga atac

<210> 16

<211> 30

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> doan mdi

<400> 16
tggaaatctt ttcgatgttc acgttgacat

<210> 17

<211> 30

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi

<400> 17
atgtcaacgt gaacatcgaa aagatttcca

<210> 18

<211> 34

<212> ADN

<213> Trinh ty nhdn tao

<220>

<223> doan mdi

<400> 18
ctctagagga tccccgttca cctcagagac gatt

34

30

30

34



<210> 19

<211> 28

<212> ADN

<213> Trinh ty nhéan

<220>

<223> doan mdi

<400> 19
acggatccca gactccaaag

<210> 20

<211> 30

<212> ADN

<213> Trinh tu nhén
<220>

<223> doan mdi

<400> 20
acaccacggc agaaccaggt

<210> 21

<211> 30

<212> ADN

<213> Trinh ty nhén

<220>
<223> doan mdi

<400> 21
ctggttctge cgtggtgtgce

<210> 22

<211> 28

<212> ADN

<213> Trinh ty nhén

<220>
<223> doan mdi

<400> 22
acggatccaa ccaaacttgc

<210> 23

<211> 1161

<212> ADN

<213> Trinh ty nhén

<220>
<223> gen metB

<400> 23
ttgtcttttg acccaaacac

39469

tao

caaaagcg

tao

gcaaaggaca

tao

atcatctctg

tao

tcacactc

tao

ccagggtttc tccactgcat cgattcacgc tgggtatgag

28

30

30

28

60



ccagacgact
aacgctccaa
gtggcattag
tccggcatgg
gtcctcggca
tggggcgtcg
aaggacaaca
gacatcgaag
accttcgcat
tccaccacca
gaccaggaaa
gttttcgatg
cactgcgaca
gtgctctacc
cgcttcggceg
tgtacctcca
gagcacccag
gacctcgtge
caggccctca
<210>
<211>
<212>
<213>
<220>

<223>

<400>
tctagacgcc

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

37

<220>
<223>

<400> 25

24

24

ADN

Trinh tu nhén

24

25

actacggttc
acgaactgcg
agcagaccgt
ctgcaaccga
acgatgctta
aatacaccgt
ccaagctgat
cagtagcaaa
ccccatacct
agtacatcgg
tggacgaaga
catacctgac
acgcagaaaa
caggtctgaa
gcatgatctc
ccaaactgat
caaccatgac
gcatctccat

ataaccttta

doan mdi

cgcatactgg

ADN
Trinh tu nhéan

doan mdi

cccatccact aaacttaaac

39469

gattaacacc
caaaggctac
cgcagcactc
catcctgttc
cggcggaacc
tgttgatacc
ctgggtggaa
gctcaccgaa
gcagcagcca
aggacactcc
actgctgttc
cgcccgtggce
gatcgcggaa
gaaccaccca
cgtccgttte
ctgtctggcc
ccaccagtca
tggtattgaa

g

tao

cttc

tao

ccaatctatg
gagtacaccc
gaaggcgcaa
cgcatcatcc
taccgcctga
tccgtegtgg
accccaacca
ggcaccaacyg
ctaaaactcg
gacgttgttg
atgcagggcyg
ctcaagaccc
ttcctggact
ggccacgaag
gcaggcggcg
gagtcccteg
gctgccggct

gacattgaag

agatgtgatc gcccggce

-45-

cctccaccac
gtgtgggcaa
agtatggccg
tcaagccggg
tcgacaccgt
aagaggtcaa
acccagcact
ccaagctggt
gcgcacacgc
gcggecttgt
gcatcggacc
ttgcagtgcg
cccgecccaga
tcgcagcgaa
aagaagcagc
gtggcgtgga
ctcagctcga

acctgctcgce

cttcgcgcag
ccccaccatce
cgcattctcc
cgatcacatc
attcaccgca
ggcagcgatc
tggcatcacc
tgttgacaac
agtcctgcac
ggttaccaac
gatcccatca
catggatcgce
ggtctccacc
gcagatgaag
taagaagttc
atccctectg
ggttccccge

agatgtcgag

1161

24

37

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



<210> 26

<211> 38

<212> ADN

<213> Trinh ty nhén
<220>

<223>  doan mdi
<400> 26
tgtttaagtt tagtggatgg
<2190> 27

<211> 23

<212> ADN

<213> Trinh ty nhén
<220>

<223> doan mdi
<400> 27

gtcgaccaat cgtccagagg
<210> 28

<211> 1314

<212> ADN

<213> Trinh ty nhéan
<220>

<223> gen metY
<400> 28
atgccaaagt acgacaattc
gcaggccagt cagtagacgc
gctttcgtgt tcgactccge
cctgtttact cccgectcac
ctcgaaggtg gcgtccacgce
attttgaacc tggcaggagc
accgagactc tattccttat
aaccccgacg accctgagtc
ggcgagactt tcgccaaccc
gcgcaccgca acagcgttcc
cgcccecgcectcg agctcggecgce
aacggctccg gactgggcgg
aaggatggaa agccagtatt
aagtacgcag accttggtgce

39469

tao

ggaagaacca

tao

gcg

tao

caatgctgac
acagaccagc
tgagcacgcc
caacccaacc
tgtagcgttce
gggcgaccac
cactcttaac
ctggcaggca
acaggcagac
actgatcatc
agacgttgtc
cgtgcttatc
cccctactte

accagccttc

cccaggcc

cagtggggct
gcacgaaacc
aagcagcgtt
gttgaggctt
tcctccggac
atcgtcacct
cgcctgggta
gccgttcage
gtcctggata
gacaacacca
gtcgcttccce
gacggcggaa
gtcactccag

ggcctcaagg

-46-

ttgaaacccg
ttccgatcta
tcgcacttga
tggaaaaccg
aggccgcaac
ccccacgcect
tcgatgtttce
caaacaccaa
ttcctgeggt
tcgctaccgce
tcaccaagtt
agttcgattg
atgctgctta

ttcgcgttgg

ctccattcac
ccaatccacc
ggatctaggc
catcgcttcc
caccaacgcc
ctacggtggc
cttcgtggaa
agcattcttc
ggctgaagtt
agcgctcgtg
ctacaccggc
gactgtcgaa
ccacggattg

ccttctacgce

23

38

60

120

180

240

300

360

420

480

540

600

660

720

780

840



gacaccggct
ctttccctge
aaccacgaga
accaaggaaa
ggcaaggatg
atcggcgatg
gaagctggcc

gagaccattg

ccaccctcte
gcctggageg
aggtggaaaa
agcttggcct
aggcttggge
ttcgectcect
tggcacgcgce

atgatatcat

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

<220>
<223>

<400>

29

24

ADN

Trinh tu nhén

doan mdi

29

tctagaccat cctgcaccat

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

<220>
<223>

<400>

30

37

ADN

Trinh ty nhén

doan mdi

30

cccatccact aaacttaaac

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

<220>
<223>

<400>

31

39

ADN

Trinh ty nhéan

doan mdi

31

tgtttaagtt tagtggatgg

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

<220>
<223>

32

23

ADN

Trinh tu nhéan

doan mdi

39469

cgcattcaac
ccacaacgaa
ggttaacttc
gaagtacacc
atttatcgac
cgttgttcac
gggcgttacc

cgctgacctc

tao

ttag

tao

acgctcctgce

tao

gcttggtacg

tao

gcatgggctg
éacgccatca
gcaggcctga
ggctccgttce
gccctgaagce
ccagcaacca

cagtccaccg

gaaggcggct

caggttc

caaccaagg

-47-

cagtccaggg
aggttgcaga
aggattcccc
tcaccttcga
tacactccaa
ccacccattce
tccgectgte

ttgctgcaat

catcgacacc
attcctcaac
ttggtacgca
gatcaagggc
ccttgcaaac
acagtccgac
cgttggcatc

ctag

24

1

37

39

900

960

1020

1080

1140

1200

1260

314



<400> 32
gtcgacgatt

<210> 33

<211>
<212>
<213>
<220>
<223>
<400> 33
aatctggatt
acacgtgcca
aaagagtgat
gcctcteccaa
gaaattaggc
ttggagcgga
tgccctaggt
gattaaaggc
tggtttgtta
gatcttcagc
cttcactcgg
acaggccttt
atacgaaccg
cccgaaagga
ggggcaaacc
aaccttttca
gacgtggcga
tacctggaga
aaggatccgg
aaagatttcc
gatagcgaaa
ctgactgatt
ttggtgttcc

gagacggctc

gctccggctt

2213
ADN
Trinh ty nhén

gen mcbR

tccgccaggt
aaagttcggc
ttcatggccg
tctccactga
catcaccttt
gccggttaaa
tggattacat
actgatgctc
ggcggctggce
ttcatcacat
aagaagtaat
tggtcatttt
gtttgtctat
cgtggccgaa
gtcgtcgcaa
ccacagaagg
aggcgagcct
acctcgatca
aagataaaat
gcggctcgceca
agggcattgt
tgctcactga
ttgatggtgg

gcgatttggce

39469

€99

tao

tttggcacgc
tttttcgeceg
agactcctaa
ggtacttaat
taataacaat
attggcagca
ggatcattat
agcaaggaat
tgcttggaat
gtctgattgg
ctgctttaaa
ggggtggaaa
attggtgtta
cgtggctgct
tcgaccaagc
tattcgcgtce
ctattccctt
gctgtggcegt
catcgcgttce
ctttcagaat
tgcagcagtg
gaagaacggc
acttgctgga

tcggcagttg

ccgtctggtt
atcttgtcac
aagtttgacc
ccttccgggg
acaatgaata
ttcaccgaaa
tggtggtcta
tttgctgaac
cttcggagtyg
tgctgtcatt
tccgtagggce
aagcgctaga
gacagttcgt
agcgcttcag
ccccgacagce
atcggtattg
ttcggatcga
gaagcgtggce
tttgatcagt
gcggctagtg
ttagagcacc
tacccaggca
tctcgattgg

ttgtcggcte

-48-

taggcaatga
gcctgecectgg
tcacaggatt
aattcgggcg
attggaatag
gaaaaggaga
gctggttgga
atagtcgtcg
gatgttgccg
ttgctgacga
ctgttgatat
cttgcctgtg
cgtatcttga
gcaagagtaa
gtctcctcga
atcgtatcct
aggacgcctt
gtgagcgcac
gcattgagga
agtaccctcg
gcgagtggtg
ccacccaggc
tccacaacat

cacctgcgga

gataccgaac
tttgtcttgt
gcttctaagg
cttaaatcga
gtcgacacct
accacatgct
ttgcctccaa
gtattatcgg
gtggcggctt
tcgtgcagtt
ttcgatatca
gattaaaact
aacagaccaa
aacaagtgcc
tagcgcaacc
ccgtgaagct
ggttattgca
cgtcggtatg
agaaccagaa
ccccgaaact
tcataagact
gaatcagctg
cagtcctctt

ctactcaatt

23

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440



tagtttcttc
ttttagcttt
cacgttgcgt
tttcggcagt
atggggtgag
ctttttgttt
taagtgggta
ggttgttgct
acagtgggaa
agaatccgga
ttgcggtgag
gcgtggtget
cattgctcac
<210>
<211>
<212>
<213>

<220>
<223>

34

28

ADN

Trinh ty nhén

attttccgaa
aacctcagcg
ttcgcgectce
acgggttttg
aatcatcagg
tgcgcggtag
tttgcgttce
gacccaatag
gatcggcgcey
tgcgtaatcg
gattgcggct
caaatatttt

gcgaccagcg

doan mdi

39469

ggggtatctt
cgacgctgct
ttgttcgcga
gtgagttcca
gcgeggtttt
atgtcgcgcet
aaaatgacca
agtgcgattg
aggatcgaca
ttggtttgga
gtgatgaaca
agctgctcag

aggaaagatt

tao

cgttggggga
ttaagcgctg
tttctttgcg
cgtttgttge
tgcgtcgtgt
gctctaggtg
tcatgatgat
ctgtggggaa
tcacgatcat
agctgcggta
gtggcaaaac
tgggcatcga

ccacttccte

<400>

34

ggcccgggece tgcctggttt

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

<220>
<223>

<400>

35
35
ADN
Trinh tyu nhén

doan mdi

35

cggaaaatga agaaagttcg

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

<220>
<223>

<400>

36
35
ADN
Trinh ty nhén

doan mdi

36

aggacgtggc cgaactttct

gtcttgta

tao

gccacgtcct ttcgg

tao

tcattttccg aaggg

-49-

ggcgtcgata
catggcggcg
ggcctgtttt
gtgaagcgtt
ccacaggaag
gtgcactttg
tgtttggagg
tggtcctgtg
gaacttcagc
catggacatc
gaaactaaga

aacataagcg

aggagttagg

agccccttcet
cggttcattt
gcttcgttga
gaggcgttcc
atgcgectttt
aaatcgtcgg
agcgtccaca
aggccaaggg
atgccgttag
gccatgttga
acttccgcecct
ggcagaggca

aag

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2213

28

35

35



39469

<210> 37

<211> 28

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> doan mdi

<400> 37

atcccggggt ttcgatgccc actgagca

<210> 38

<211> 20

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan mdi

<400> 38

aatctggatt tccgccaggt

<210> 39

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>

<223> doan mdi

<400> 39

cttcctaact cctgaggaag

<210> 40

<211> 445

<212> PRT

<213> Trinh ty nhdn tao

<220>

<223> homoserin dehydrogenaza (ATCC14067)

<400> 40

Met Thr Ser Ala Ser Ala Pro Ser Phe Asn Pro Gly

1 5 10

Ser Ala Val Gly Ile Ala Leu Leu Gly Phe Gly Thr
20 25 30

Val Met Arg Leu Met Thr Glu Tyr Gly Asp Glu Leu

35 40 45
Gly Gly Pro Leu Glu Val Arg Gly Ile Ala Val Ser
50 55 60
Pro Arg Glu Gly Val Ala Pro Glu Leu Leu Thr Glu
65 70 75

-50-

Lys

15

Val

Ala

Asp

Asp

Gly

Gly

His

Ile

Ala
80

28

20

20

Pro Gly

Thr

Glu

Arg Ile

Ser Lys

Phe Ala



39469

Leu Ile Glu Arg Glu Asp Val Asp Ile Val Val Glu Val

85 90

95

Ile Glu Tyr Pro Arg Glu Val Val Leu Ala Ala Leu Lys

100 105

110

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

115 120 125

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

130 135 140

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

145 150 155

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

165 170

175

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

180 185

190

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

195 200 205

Ala Asp Val Glu Gly His Asp Ala Ala Ser Lys
210 215 220

Ser Ile Ala Phe His Thr Arg Val Thr Ala Asp
225 230 235

Gly Ile Ser Asn Ile Ser Ala Ala Asp Ile Glu
245 250

Gly His Thr Ile‘Lys Leu Leu Ala Ile Cys Glu
260 265

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His
275 280 285

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser
290 295 300

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe
305 310 315

Gly Gly Ala Pro Thr Ala Ser Ala Val Leu Gly
325 330

Ala Arg Asn Lys Val His Gly Gly Arg Ala Pro
340 345

Ala Asn Leu Pro Ile Ala Asp Phe Gly Glu Thr
355 360 365

Leu Asp Met Asp Val Glu Asp Arg Val Gly Val
370 375 380

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg
385 390 395

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val
405 410

-51-

Ala

Asp

Ala

Lys

270

Pro

Phe

Tyr

Asp

Gly

350

Thr

Leu

Thr

Thr

Ala

Val

Ala

255

Phe

Thr

Asn

Gly

Val

335

Glu

Thr

Ala

Ile

His
415

Ile

Ala

Ser

Phe

Arg

160

Gly

Tyr

Asp

Ile

Tyr

240

Gln

Thr

Leu

Ala

Asn

320

Val

Ser

Arg

Glu

Arg

400

Ser

Gly

Gly

Ala

Glu

Ser

Thr

Ala

Pro

Leu

Cys

Gln

Asn

Leu

Ile

Gly

Gly

Thr

Tyr

Leu

Gln

Ala

Gly

Lys

Glu

Ala

Leu

Thr

Asp

Thr

Ala

Glu

Ala

Lys

Pro

Phe

Ala

Ala

Tyr

His

Ala

Glu

Leu



39469

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala Lys Pro Val

420

425

430

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp

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

435

41
445
PRT

<220>

<223>

<400>

Met

1

Ser

Val

Gly

Pro

65

Leu

Ile

Ser

41
Thr Ser Ala Ser Ala
5

Ala Val Gly Ile Ala
20

Met Arg Leu Met Thr
35

Gly Pro Leu Glu Val
50 55

Arg Glu Gly Val Ala
70

Ile Glu Arg Glu Asp
85

Glu Tyr Pro Arg Glu
100

Val Val Thr Ala Asn
115

440

Trinh ty nhdn tao

homoserin dehydrogenaza

Pro

Leu

Glu

40

Arg

Pro

Val

Val

Lys
120

Leu Ala Asp Ala Ala Glu Ala

130

135

Ala Val Ala Ala Ala Ile Pro

145

150

Ala Gly Asp Gln Ile Gln Ser

165

105

445

(ATCC13869)

Ser Phe Asn Pro Gly
10

Leu
25

Gly Phe Gly Thr

30

Tyr Gly Asp Glu Leu
45

Ile Ala Val Ser
60

Gly

Glu Leu Leu Thr Glu

75

Asp Ile Val Val Glu
90

Val Leu Ala Ala Leu
Ala Leu Val Ala Ala
125

Ala Asn Val Asp Leu
140

Val Val Gly Pro Leu
155

Val Met Gly Ile Val
170

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

180

185

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

195

200

205

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

210

215

220

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

225

230

235

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

245

250

-52-

110

190

Lys

15

Val

Ala

Asp

Asp

Val

95

Lys

His

Tyr

Arg

Asn

175

Asp

Ala

Ala

Val

Ala
255

Gly

Gly

His

Ile

Ala

80

Ile

Ala

Ser

Phe

Arg

160

Gly

Tyr

Asp

Ile

Tyr

240

Gln

Pro

Thr

Arg

Ser

Phe

Gly

Gly

Ala

Glu

Ser

Thr

Ala

Pro

Leu

Cys

Gln

Gly

Glu

Ile

Lys

Ala

Gly

Lys

Glu

Ala

Leu

Thr

Asp

Thr

Ala

Glu

Ala



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

Glu Gly Lys Ser Ala Ile Ser Ala Arg Val His Pro Thr

275

Val Ser His Pro Leu Ala Ser Val Asn Lys Ser Phe Asn

290

Val Glu Ala Glu Ala Ala Gly Arg Leu Met Phe Tyr Gly

305

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

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

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

355

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

370

Ser Leu Phe Ser Glu Gln Gly Ile Ser Leu Arg Thr Ile

385

Glu Arg Asp Asp Asp Ala Arg Leu Ile Val Val Thr His

Glu Ser Asp Leu Ser Arg Thr Val Glu Leu Leu Lys Ala

Val Lys Ala Ile Asn Ser Val Ile Arg Leu Glu Arg Asp

435

260

340

420

325

405

310

390

295

375

280

360

440

265

345

425

39469

315

330

395

410

-53-

300

380

285

365

445

270

350

430

335

415

Thr Asn

Leu Leu

Ala Ile

Asn Gly

320

Val Gly

Ser Thr

Arg Tyr

Glu Leu

Arg Gln

400

Ser Ala

Lys Pro

Lys

Pro

Phe

Ala

Ala

Tyr

His

Ala

Glu

Leu

Val





