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Linh vire ky thuat dwoc dé cap

Sang ché dé cap dén bién thé adenylosuccinat synthetaza méi, polynucleotit chira
bién thé adenylosuccinat synthetaza, vecto chtra polynucleotit, vi sinh vét chta
adenylosuccinat synthetaza, va phuong phéap diéu ché 5'-inosin monophosphat (IMP),
xanthosin 5'-monophosphat (XMP) hodc 5'-guanin monophosphat (GMP) str dung vi

sinh vit nay.
Tinh trang k¥ thuit ciia sang ché

5'-inosin monophosphat (sau ddy goi 1a IMP) 1 loai vat liéu gdc axit nucleic 1a
mdt dang trung gian ctia hé théng trao ddi chét sinh téng hop axit nucleic dugc st dung
trong cac linh vuc khac nhau (nhu trong dugc phdm, tng dung y té khac, v.v.), va 1a
nguyén liéu dugce st dung rong rdi nhu chit phu gia cho gia vi thuc phim hoic thuc
phdm ciing véi 5'-guanin monophosphat (sau diy goi 14 GMP). Nhu d4 biét rang ban
thAn IMP san sinh ra huong vi thit bo va lam ting cudng huong vi cia axit glutamic

(MSG) nhu GMP, vi thé dugc cht y dén nhu loai gia vi axit nucleic 1am ting huong vi.

Phuong phap diu ché IMP c6 thé bao gdm phuong phap phan hity enzym axit
ribonucleic chiét xuét tir cac té bao ndm men, phuong phap dé phosphoryl héa inosin
duoc san xudt bang cach 1én men (Agri. Biol. Chem., 36, 1511(1972), v.v.), phuong phép
nudi cdy vi sinh vat c6 thé truc tiép san sinh IMP va thu héi IMP tir mdi trudng nudi cay,
v.v.. Trong cac phuong phap ndy, phuong phép dugce st dung rong rai nhit 13 phuong

phép str dung vi sinh vét c6 khd ndng san xuét truc tiép IMP.

Ngoai ra, phwong phap diéu ché GMP c6 thé bao gbém phuong phap bién dbi
xanthosin 5'-monophosphat (sau day goi 18 XMP) dugc sdn xuét boi sy 1én men vi sinh
vat thanh GMP sir dung vi khudn coryneform va phuwong phap bién d6i XMP duoc sin
xuét boi su 1én men vi sinh vét thanh GMP sit dung vi khuén Escherichia coli. Trong
cac phuong phép trén, khi GMP dugc san xuét theo phuong phép trong d6 XMP dugc
san xuét trude va sau d6 duge chuyén dbi thanh GMP, ning suét ciia XMP (tirc 13, tién

chit ctia phan ng bién dbi trong sudt qué trinh 1én men vi sinh vat) phai duoc ting
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cudng, ngoai ra, ca XMP va GMP dd dugc san xuét trong toan bd qué trinh phan tng

chuyén ddi phai dugc bao vé khoi bj ton that.

Trong khi d6, do c4c enzym trong tu nhién khong phai lac nao cling thé hién cac
tinh chét t8i vu vé hoat tinh, tinh 4n dinh, tinh dic hiéu cla chét nén dbi véi cac ddng
phén quang hoc, v.v. trong céc ing dung cong nghiép, nhiéu nd hrc di dugc thyc hién
d8 cai thién enzym cho phu hop v6i muc dich sir dung bing cach thay dbi trinh t axit
amin cta ching. Trong sb nay, thiét ké hop ly va gy dot bién diém dinh vi cua céc
enzym da duogc ap dung dé cai thién chirc ning enzym trong nhiéu trudng hop; tuy nhién
cac phuong phap nay c¢6 nhuge diém 1a thong tin vé cdu tric cla enzym dich 1a khong
phut hop hodc méi tuong quan cAu tric-chirc ning khong rd rang, do d6 ching khong
thé dwoc ap dung mot cach hiéu qua. Trong truong hop nay, d3 ¢6 bao cdo cho rang hoat
tinh ctia enzym co thé dugc ting cudng bing cach cai thién enzym thong qua phuong
phap tién hoa c6 hudng din, trong d6 enzym cia céc tinh trang mong mudn duoc sang
loc tir thu vién c4c enzym duogc tao ra thong qua cac bién thé gen enzym ngau nhién clia
gen enzym. Céc tic gia cla sang ché da thuc hién nghién ctru sdu rong dé san sinh purin
nucleotit ning suét cao bang phwong phap diéu ché purin nucleotit chira IMP hodc XMP
thong qua qua trinh 1én men vi sinh vét. Két qua 13, ho da phat hién ra cic bién thé

protein c6 nang suét cao hon purin nucleotit, do d6 hoan thién sang ché nay.
Ban chit ky thuit ciia sang ché
Muc dich cia sang ché 1a @ xuét bién thé adenylosuccin synthetaza.

Muc dich khdc cta sing ché 1a d& xudt polynucleotit ma héa bién thé

adenylosuccinat synthetaza.
Muc dich khéc ctia séng ché 12 dé xuét vecto chira polynucleotit.

Muc dich khéc nita ciia sang che 1a d€ xuat vi sinh vét c6 kha nang san sinh purin

nucleotit chira bién thé adenylosuccinat synthetaza va vecto.

Muc dich khéc nita ctia sing ché 1a dé xuit phuong phép diéu ché IMP, XMP hoic
GMP bao gdbm nudi cy vi sinh vat thudc chi Corynebacterium trong méi trudng; va thu

hdi IMP, XMP hodc GMP tir vi sinh vt hogc moi trudng nudi céy.
Hiéu qua dat dugc cua sang ché

Khi st dung vi sinh vat thudc chi Corynebacterium didu ché purin nucleotit sit
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dung bién thé adenylosuccinat synthetaza clia sing ch€ c6 thé san xuat purin nucleotit
v6i nang suét cao.
Mo ta chi tiét sing ché

Sau day, sang ché s& dugc mo ta chi tiet thong qua cac phuong an vi du. Trong do,
mdi su giai thich va cac phuong 4n vi du duge bdc 10 & day c6 thé duge ap dung cho cac
giai thich va cac phuong an vi du khac. Do do, tat ca su két hop cia cac yeu t0 khac
nhau dugc boc 16 & day nam trong pham vi bao hd ciia sang che. Ngoai ra, pham vi bao

ho cua sang ché khong nén bi gidi han béi cong bo cu thé dugce cung cap dudi day.

Pé dat dugc cac muc dich trén, mot khia canh cua sang ché @& xuét bién thé
adenylosuccinat synthetaza trong d6 axit amin thir 85 tir ddu N cua trinh ty axit amin
néu trong SEQ ID NO: 2 duoc thay thé bing axit amin khac. Adenylosuccin synthetaza
bién dbi da dugc bién ddi vé axit amin & vi tri thir 85 tir dAu N cua trinh ti axit amin néu
trong SEQ ID NO: 2. Cu thé, sang ché & xuét bién thé adenylosuccinat synthetaza c6 it
nhét mot bién thé axit amin trong trinh ty axit amin néu trong SEQ ID NO: 2, trong d6

vide bién dbi bao gdm thay thé vi tri thir 85 tir dAu N bang axit amin khéc.

Nhu duge sit dung & déy, thuat ngit “adenylosuccinat synthetaza” de cép dén
enzym cé vai trd quan trong trong sinh tong hop purin. Véi muc dich cua séang che,
enzym dé cip dén protein lién quan dén viéc san sinh purin nucleotit chira 5'-inosin

monophosphat (IMP) hodc 5'-xanthosin monophosphat (XMP).

Theo sang ché, trinh ty SEQ ID NO: 2 dé cap dén trinh ty axit amin c6 hoat tinh
adenylosuccinat synthetaza. Cu thé, trinh ty SEQ ID NO: 2 1a trinh tu protein c¢6 chira
hoat tinh adenylosuccinat synthetaza dugc ma hoa béi gen purd. Trinh tyr axit amin néu
trong SEQ ID NO: 2 ¢c6 thé dugc 14y tir Ngan hang gen Trung tdm Thong tin Cong nghé
sinh hoc Qudc gia (National Center for Biotechnology Information: NCBI) la mot co SO
dit lieu da biét. Trong phuong 4n, trinh ty axit amin néu trong SEQ ID NO: 2 ¢6 thé c6
ngudn gbc tir vi sinh vat thudc chi Corynebacterium, nhung sang ché khong gi6i han &
vi sinh vt ndy, va ¢6 thé chira bit ky trinh tw c6 hoat tinh tuong ty nhu trinh tw axit
amin & trén ma khong gi6i han. Ngoai ra, pham vi ciia trinh ty axit amin néu trong SEQ
ID NO: 2 ¢6 thé bao gbém trinh tw axit amin néu trong SEQ ID NO: 2 ¢6 chira hoat tinh
adenylosuccinat synthetaza hogc trinh ty axit amin c¢6 80% hodc cao hon sy trong dong

hogic ddng nhAt véi trinh tyr axit amin néu trong SEQ ID NO: 2 nhung sang ché khong
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giéi han & day. Cu thé, trinh tir axit amin & trén c6 thé bao gém trinh tu axit amin néu
trong SEQ ID NO: 2 va/hodc trinh tu axit amin c6 chira it nhéit 80%, 85%, 90%, 95%,
96%, 97%, 98% hodc 99% hodc cao hon sy tuong ddng hoic dbng nhét véi trinh ty axit
amin néu trong SEQ ID NO: 2. Trinh ty axit amin c6 twong dbng hoic ddng nhét c6 thé
12 mot trong nhitng ty 1& trong pham vi néu trén, ngoai trir trinh tu c¢6 chira 100% sy
ddng nhét, hodc co thé trinh tu c6 chira it hon 100% su dbng nhit. Ngoai ra, rd rang 1a
bét ky protein ndo c6 trinh tur axit amin bi mét, sira ddi, thay thé hogc bd sung mot phin
ciia trinh tu cling c6 thé dugc st dung trong sang ché nay mién né 1a protein c6 trinh ty
axit amin tuong déng hoic dbng nhit va thé hién hiéu qué tuong Gng v6i hiéu qua cia

protein & trén.

Trong sang ché, thuat ngit “bién thé adenylosuccinat synthetaza” c6 thé dugc st
dung thay thé cho bién thé polypeptit c6 kha ning san xuét purin nucleotit, purin
nucleotit didu ché bién thé polypeptit, bién thé polypeptit didu ché purin nucleotit, bién
thé polypeptit c6 hoat tinh adenylosuccinat synthetaza, bién thé adenylosuccinat
synthetaza, v.v.. Ngoai ra, protein co thé c6 ngudn gbc tir chi Corynebacterium stationis,

nhung protein khong dugc gidi han & déy.

Bién thé adenylosuccinat synthetaza chira bién dbi axit amin & vi trf thir 85 tir d4u
N trong chudi axit amin néu trong SEQ ID NO: 2. Bién thé adenylosuccinat synthetaza
trong d6 axit amin thir 85 trong trinh ty axit amin néu trong SEQ ID NO: 2 dugc thay
thé bang axit amin khac. Bién thé adenylosuccinat synthetaza c6 thé bao gbm trinh tu
axit amin néu trong SEQ ID NO: 2 hodc n6 ¢6 thé 12 bién thé adenylosuccinat synthetaza
¢6 hoat tinh yéu so vé6i adenylosuccinat synthetaza khong bién ddi c6 ngudn gbe tir vi
sinh vat kiéu dai. Bién thé adenylosuccin synthetaza chi ra sy bién ddi cua axit amin thir
85 tir ddu N trong trinh ty axit amin néu trong SEQ ID NO: 2 hodc trinh tu axit amin c6
it nhat 80%, 85%, 90%, 95%, 96 %, 97%, 98%, hodc 99% hodc cao hon sy trong déng
hoic ddng nhit véi trinh ty axit amin néu trong SEQ ID NO: 2, nhu da gii thich & trén.

Cu thé, bién thé adenylosuccin synthetaza trong d6 axit amin thi 85 trong trinh tu
axit amin néu trong SEQ ID NO: 2 duoc thay thé bé‘mg serin, alanin, valin, leuxin,
methionin, isoleuxin, threonin, asparagin, glutamin, xystein, tyrosin, lysin, axit aspartic
hodc axit glutamic, va bién thé adenylosuccinat synthetaza c6 hoat tinh adenylosuccinat
synthetaza yéu hon so vé6i polypeptit chira trinh tw axit amin néu trong SEQ ID NO: 2,

nhung bién thé adenylosuccin synthetaza khong bi gi6i han ¢ déy.
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Véi muc dich clia sdng ché, khi vi sinh vét chira bién thé adenylosuccinat
synthetaza, ham lugng purin nucleotit san xuét chtra IMP hoic XMP dugc ting 1én. Didu
ndy c6 v nghia ring sang ché cho phép ting lugng san sinh IMP ho@ic XMP théng qua
bién thé adenylosuccin synthetaza clia sang ché trong khi chiing Corynebacterium kiéu
dai khong thé san sinh IMP hodc XMP, hoic c6 thé chi san sinh v6i mot lugng rat nhod
néu IMP hodc XMP duoc sinh ra.

Bién thé adenylosuccinat synthetaza c6 thé chira trinh tir axit amin dugc chon tir
nhém céc trinh tw axit amin trong d6 axit amin thir 85 tir diu N trong trinh tyr axit amin
néu trong SEQ ID NO: 2 dugc thay thé béng axit amin duogc chon tir nhoém bao gém
serin, alanin, valin, leuxin, methionin, isoleuxin, threonin, asparagin, glutamin, xystein,
tyrosin, lysin, axit aspartic va axit glutamic. Cu thé, bién thé adenylosuccinat synthetaza
c6 thé bao gdm polypeptit chira trinh tir axit amin, dugc chon tlir nhém trinh t axit amin
trong d6 axit amin thir 85 tir diu N trong trinh ti axit amin néu trong SEQ ID NO: 2
dugc thay thé b%mg axit amin dugc chon tir nhém bao gém serin, alanin, valin, leuxin,
methionin, isoleuxin, threonin, asparagin, glutamin, xystein, tyrosin, lysin, axit aspartic
va axit glutamic. Ngoai ra, bién thé adenylosuccinat synthetaza c6 thé bao gdm trinh tur
axit amin trong d6 axit amin thir 85 diu N trong trinh ty axit amin néu trong SEQ ID
NO: 2 duge thay thé bing mot axit amin khéc c6 chira trinh ty axit amin ctia bién thé
adenylosuccinat synthetaza hodc trinh ty axit amin c6 tir 80% hodc cao hon su tuong
ddng hodc ddng nhat véi trinh tu axit amin cia bién thé adenylosuccinat synthetaza
nhung trinh ty axit amin khong duoc gidi han & day. Cu thé, bién thé adenylosuccinat
synthetaza ctia séng ché c6 thé bao gdbm poypeptit c6 chira it nhat 80%, 85%, 90%, 95%,
96%, 97%, 98% hodc 99% hodc cao hon su tuong déng hoac déng nhét véi trinh ty axit
amin, trong d6 axit amin thir 85 cua trinh tu axit amin néu trong SEQ ID NO: 2 dugc
thay thé bang axit amin dugc chon tir nhém bao gbm serin, alanin, valin, leuxin,
methionin, isoleuxin, threonin, asparagin, glutamin, xystein, tyrosin, lysin, axit aspartic
va axit glutamic. Ngoai ra, rd rang 14 bat ky trinh tir axit amin nao c6 trinh tu twong dong
hodc dong nhit va thé hién hiéu qua twong tmg véi protein ciing thudce pham vi clia sang
ché, ngay c4 khi phén clia trinh tu axit amin c6 thé bi x6a, stra ddi, thay thé hodc bd sung

vao trong phan cta trinh ty, thém axit amin tai vi tri th 85.

Do d6, mic dit sdng ché mé ta “protein hodc polypetit c6 trinh tyr axit amin SEQ

ID NO cu thé”, rd rang 1a protein c6 trinh tu axit amin véi viéc x6a, sira d6i, thay thé
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hodc thém vao mot phan ctia trinh ty cling c6 thé dugc sir dung trong sdng ché, mién 12
protein c6 hoat tinh gidng hét hoic twong ing véi polypeptit chira trinh trr axit amin
SEQ ID NO tuong tmg. Vi du, mién 12 protein c6 hoat tinh gidng hét hoic twong ting
v6i bién thé polypeptit, khong loai trir bd sung trinh tu, dot bién x4y ra tu nhién, dot bién
cam hodc thay thé bao tht khong 1am thay dbi chirc ning ctia protein trudc va sau trinh
tur axit amin. RO rang 1a protein c6 su b sung hodc dot bién trinh ty nhu vay cling nam

trong pham vi cua sang ché.

“Thay thé bao thi” c6 nghia 13 thay thé axit amin bang axit amin khéac c6 déc tinh
chu tric va/hodc héa hoc twong tu. Su thay thé axit amin nhu vay thudng c6 thé xay ra
dua trén su giéng nhau vé do phén cuc clia céc géc, dién tich, d6 hoa tan, tinh ky nudc,
tinh khong wa nudc va/hodc tinh ludng tinh. Vi dy, cdc axit amin tich dién duwong (c6
tinh bazo) bao gdm arginin, lysin va histidin; va c4c axit amin tich dién 4m (c6 tinh axit)
bao gdm axit glutamic va axit aspartic; axit amin thom bao gbébm phenylalanin,
tryptophan va tyrosin; va cdc axit amin ky nudc bao gbm alanin, valin, isoleuxin, leuxin,

methionin, phenylalanin, tyrosin va tryptophan.

Theo d6, trong sang ché, “bién th8” ¢6 thé con bao gdm sy thay thé bao thu
va/hodc bién d6i it nhit mét axit amin trong “protein hodic polypeptit c6 trinh ty axit
amin SEQ ID NO cu thé”. Vi du, mdt s6 bién thé nhit dinh c6 thé bao gdm cac bién thé
trong d6 it nhat mot phan ching han nhu trinh tw din diu N hodc phén xuyén mang dugc
loai bd. Cac bién thé khac c6 thé bao gdm céc bién thé trong d6 phan dugc loai bd khéi
du N va/hodc ddu C cta protein hoan chinh. Bién thé ciing c6 thé bao gbm bién dbi
khéc chira x6a hodc thém axit amin c6 anh huéng t6i thidu dén cac tinh chit va cdu tric
thir cAp cia polypeptit. Vi du, polypeptit c6 thé dwoc lién hop thanh trinh tu tin hi¢u
(hodc chit din) tai diu N cua protein ¢ kha ning dong dich hoic chuyén dich truc tiép
protein. Polypeptit ciing ¢6 duge lién hop véi trinh tur hogc lién két khac dé tao diéu kién
cho viée xéc dinh, tinh sach hogc téng hop polypeptit. Thuat ngit “bién thé” c6 thé dugce
str dung thay thé cho bién ddi, protein bién ddi, polypeptit bién dbi, dot bién, mutein, di
biét, v.v., va bét ky thuit ngit nao ciing ¢ thé duoc st dung ma khéng gi6i han trong

sang ché, mién 1a n6 dugce sir dung theo nghia bién doi.

Twong ddng va déng nhit nghia 13 mirc d6 lién quan giita hai trinh ty axit amin

hodc trinh tu nucleotit nhét dinh va c6 thé dugc biéu thi duéi dang phén tram.
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Thuét ngit “twong ddng” va “ddng nh4t” c6 thé thudng dwoc sir dung dé thay thé

cho nhau.

Trinh tu twong ddng hodc ddng nhét ctia polypeptit dugc bao thii ¢6 thé duoc xac
dinh bang thuat toan cin chinh tiéu chudn va cac ham phat khoang tréng dich chuyén
méc dinh duoc thiét 1ap bsi chuong trinh dang dung c6 thé dugc sir dung két hop. V&
co ban, cAc trinh tw twong ddng hogic ddng nhét c6 thé dugc lai dudi diéu kién vira phai
ho#c nghiém ngit cao doc theo toan bg trinh ty hodc it nhét 1a khoang 50%, khoang 60%,
khoéang 70%, khoang 80% hodc khoang 90% toan b chiéu dai cta trinh ty. Lién quan
dén cac polynucleotit dugc lai, cdc polynucleotit chira don vi ma héa thodi bién thay vi

don vi mi hoa cling c6 thé dugc xem xét.

Cho du hai trinh tu polynucleotit hodc polypeptit cé tinh tuwong ddng, tuong tu
hoac déng nhét ¢6 thé duge xé4c dinh bﬁng thuat toan may tinh da biét, vi du nhu chuong
trinh “FASTA” st dung tham s6 mic dinh nhu trong Pearson et al., (1988) (Proc. Natl.
Acad. Sci. USA 85]: 2444). Ngoai ra, n6 c6 thé dugc x4c dinh bing thuat toan Needman-
Wunsch (Needman va Wunsch, 1970, J. Mol. Biol. 48: 443-453) dugc thuc hién trong
chuong trinh Needman ctia géi EMBOSS ((EMBOSS: Bo phin mém mé sinh hoc ctia
khu vuc Chau Au, Rice et al., 2000, Trends Genet. 16: 276-277) (phién ban 5.0.0 hodc
cac phién ban sau d6) (bao gdbm gbi chuwong trinh GCG (Devereux, J., et al., Nghién ciru
v& axit nucleic 12: 387 (1984)), BLASTP, BLASTN, FASTA (Atschul, [S.] [F.,] [et al.,
J Molec Biol 215]: 403 (1990); Huéng din may tinh khéng 16, Martin J. Bishop, [ED.,]
Nha xuét ban Hoc thuat, San Diego, 1994 va [CARILLO ETA/.] (1988) SIAM J Ung
dung Toan 48: 1073). Vi duy, tinh tuong déng, tuong tu hodc déng nhét c¢6 thé dugc xac
dinh bang BLAST hoic ClustalW ctia Trung tim Thong tin Céng nghé sinh hoc Qudc
gia (National Center for Biotechnology Information: NCBI).

Twong ddng, twong tu hodc ddng nhit ctia polynucleotit hoic polypetit co thé ¢6
thé duoc xac dinh bing cach so sanh thong tin trinh tw st dung chwong trinh may tinh
GAP (vi du, Needleman et al. (1970), J Mol Biol 48: 443) dugc cong bd boi Smith va
Waterman, Adv. Appl. Math (1981) 2:482. Tém lai, chuong trinh GAP dinh nghia tinh
tuong tu 13 s6 lugng céc d4u hiéu dugc cin chinh (nghia 13, nucleotit hodc axit amin) 1a
twong tw nhau, dwoc chia cho tdng s6 d4u hiéu trong trinh ty ngin hon ctia hai trinh tu.
Céc tham s6 mic dinh cho chwong trinh GAP ¢6 thé bao gém (1) ma trén so sanh don

(chira gia tri 1 cho gidng nhau va 0 cho khong gidng nhau) va ma trin so sanh trong
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lugng (hoac EDNAFULL (EMBOSS phién ban cia NCBI NUC4.4) ma trin thay thé)
ctia Gribskov et al. (1986) Nucl. Acids Res. 14: 6745, dugc cong b bai Schwartz va
Dayhoff, bién tap, Atlas vé trinh ty va cAu tric protein, Qu nghién ctru y sinh qudc gia,
trang 353-358 (1979); (2) Trir 3,0 diém cho mbi khoang tréng dich chuyén va trir 0,10
diém cho mdi ddu hiéu trong mdi khoang tréng dich chuyén (hoic mé khoang tréng dich
chuyén trir 10 diém va md rong khoang tréng dich chuyén trir 0,5 diém); va (3) khong
bi trir diém dbi v6i cac khoang tréng dich chuyén cudi. Theo d6, thuét ngit “twong dong”

hodc “d@)ng nhat” duogc st dung dé cdp dén su li€n quan gifta cac trinh tu.

Ngoai ra, 13 rang 1a polynucleotit c6 thé dwoc dich mi héa bdi don vi ma héa thoai
hoéa thanh bién thé polypeptit chira trinh tu axit amin trong d6 axit amin thi 85 tir ddu N
clia trinh ty axit amin néu trong SEQ ID NO: 2 12 thay thé bang axit amin khac, hoic
cling c6 thé duoc bao gdm bién thé polypeptit c6 twong déng hodc ddng nhét. Hon nira,
bang cach lai dudi cac diéu kién nghiém ngit véi dau do dé c6 thé duoc diéu ché tir trinh
tu gen da biét (vi du, trinh tu bd sung cho tAt ca hodc mot phén cua trinh tu nucleotit),
c6 thé bao gbm bét ky trinh ty polynucleotit ndo ma héa cho bién thé adenylosuccinat
synthetaza chtra trinh tu axit amin trong d6 axit amin thir 85 ctia trinh tu axit amin néu
trong SEQ ID NO: 2 dugc thay thé béng axit amin dugc chon tir nhém chira serin, alanin,
valin, leuxin, methionin, isoleuxin, threonin, asparagin, glutamin, xystein, tyrosin, lysin,

axit aspartic va axit glutamic, nhung sang ché khong gidi han & cac axit amin nay.

Khia canh khic ciia sang ché lién quan dén polynucleotit md héa bién thé

adenylosuccinat synthetaza hodc vecto chira polynucleotit.

Nhu duge sir dung & day, thuat ngit “polynucleotit” dé cap dén chudi ADN hodc
ARN c6 nhiéu hon chiéu dai nhat dinh duéi dang polyme nucleotit 13 chudi dai cac don
vi phén t& nucleotit dugc ndi v6i nhau béng lién két cong hoa tri, va cu thé hon 13 doan
polynucleotit ma héa bién thé polypeptit.

Polynucleotit m4 héa bién thé polypeptit ciia sang ché c6 thé bao gdm bét ky trinh
tw polynucleotit ma khong giéi han, mi&n 13 n6 ma héa cho polypeptit bién thé c6 chura
hoat tinh adenylosuccinat synthetaza. Theo sang ché, gen ma héa trinh tir axit amin cta
adenylosuccinat synthetaza 14 gen purd, cu thé 1a gen c6 thé c6 ngudn gdc tir vi khuin

Corynebacterium stationis nhung séng ché khong gi6i han & vi khuén nay.

Cu thé, do sy thodi bién ciia don vi ma hda hodc bing cac xem xét cac don vi ma
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héa duge wu tién boi vi sinh vét trong d6 polypeptit c6 thé dugc biéu hién, cac bién dbi
khac nhau c6 thé dugc thuc hién trong ving ma héa cia poylypeptit trong pham vi ma
khong lam thay ddi trinh tw axit amin cta polypeptit. B4t ky trinh tu polypeptit ndo c6
thé chira nhung khong gidi han mién 14 n6 mi hoéa cho bién thé adenylosuccinat
synthetaza trong d6 axit amin tht 85 cua trinh ty axit amin néu trong SEQ ID NO: 2

dugc thay thé bang axit amin khéc.

Ngoai ra, lai duéi diéu kién nghiém nggt véi dau do dugc didu ché tir trinh tu gen
da biét (vi dy, trinh tu bd sung tAt c4 hodc mot phé‘m cua trinh tu nucleotit), c6 thé bao
gdm bét ky trinh tw ndo mi héa protein c6 hoat tinh cua bién thé adenylosuccinat
synthetaza trong d6 axit amin tht 85 trong trinh tu néu trong SEQ ID NO: 2 dugc thay
thé bang axit amin khac, nhung sang ché khong gi6i han & cac axit amin nay.

“Pidu kién nghiém ngit” d& cap dén cac diéu kién c6 kha ning lai dic hiéu giita
cac polynucleotit. Nhitng diéu kién nhu vy dwgc mo ta chi tiét trong tai lidu (vi du J.
Sambrook et al., supra). Cac didu kién nghiém ngit c6 thé bao goém céc didu kién theo
d6 cac gen c6 tinh twong ddng hodc ddng nhit cao (vi du, gen cé 40% tr& 1én, t&t hon
1a: 90% trd 18n, 95% trd 16n, 97% trd 1én, va tot nhét 13 99% trd 1én su trong ddng hodc
ddng nhét) c6 thé lai v6i nhau; diéu kién theo d6 céc gen c6 tuwong ddng thip hon hoic
ddng nhit khong thé lai v6i nhau; hodc cc diéu kién 12 diéu kién rira thong thudng cho
lai Southern (vi du, néng d6 mudi va nhiét do tuong tng vaéi 60°C, 1 x SSC (saline-
sodium citrate: nudc mubi-natri xitrat), va 0,1% SDS (sodium dodecyl sulfate: natri
dodexyl sulfat), tbt hon 14 60°C, 0,1 x SSC, va 0,1% SDS, va tdt nhét 12 68°C, 0,1 x

SSC va 0,1% SDS, rira mot 14n, t&t hon 14 rira hai hoic ba l4n).

Lai héa yéu cdu hai axit nucleic c6 trinh tw bd sung, mic dii sy khong phit hop giita
céc bazo c¢6 thé phu thudc vao tinh nghiém ngit ciia phép lai. Thudt ngir “bd sung” duoc
str dung dé mod ta mbi quan hé gitra cc bazo nucleotit c¢6 thé lai véi nhau. Vi du, dbi véi
ADN, adenosin bd sung cho thymin va cytoxin bd sung cho guanin. Theo d6, sang ché
cling c6 thé bao gdbm doan axit nucleic duoc tach chiét bd sung cho toan bo trinh tu ciing

nhu trinh tu axit nucleotit twong tu nhau.

Cu thé, polynucleotit c6 twong ddng hoidc ddng nhét ¢ thé duge phat hién khi st
dung didu kién lai bao gdm budc lai & gid tri Tm 12 55°C va st dung céc diu kién dugc

mo ta & trén. Ngoai ra, gid tri Tm c6 thé 12 60°C, 63°C hoic 65°C, nhumg séng ché khéng
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gi6i han & nhiét d6 nay; c6 thé duge didu chinh pht hop boi ngudi c6 hiu biét trung

binh trong cung linh vuc k¥ thuét theo muc dich cta no.

Muc do phu hop nghiém ngit cia viéc lai cac polynucleotit phu thudc vao chidu
dai cta polynucleotit, mirc d6 bd sung va cc bién dugc biét dén trong k¥ thuét nay

(tham khao Sambrook et al., supra, 9,50 dén 9,51, 11,7 dén 11,8).

Trong sang ché, gen md hoa trinh ty axit amin cta bién thé adenylosuccinat

synthetaza la gen pur4 va polynucleotit ma héa cho gen d3 md ta bén trén.

Nhu duoc st dung & day, thuat ngit “vecto” dé cap dén cAu trac ADN chira trinh
tu nucleotit clia polynucleotit ma héa polypeptit mong mubn, duogc lién két hoat dong
v6i trinh trr kiém soat thich hop sao cho polypeptit dich dugc biéu hién trong vat chu
thich hop. Trinh ti kiém so4t c6 thé bao gbm ving gen khoi dong dé bét diu phién m3,
bét ky trinh tu khéi dong nao dé kidm soét phién ma nhu vay, trinh tw ma héa cho mét
vi tri gin vé6i ribosom trén ARN thong tin, va trinh tu dé kiém soat viéc két thuc phién
mi va dich ma. Khi duoc bién nap vao trong té bao chu thich hgp, vecto c6 thé dugc sao
chép hodc hoat dong doc 1ap v6i bo gen cuia té bao chi, hodc ¢6 thé tich hgp vao chinh

bd gen cua nd.

Vecto duge st dung trong sang ché c6 thé khong bi giéi han cu thé nao mién Ia
vecto duge sao chép trong té bao chu, va bt ky vecto dugc biét dén trong k¥ thuat cé
thé duoc sir dung. Vi du vé vecto thudng duoc st dung c6 thé bao gbm plasmit ty nhién
hodc téi td hop, cosmit, virut va thuc khuén thé. Vi du, vecto phage hodc vecto cosmit
nhu la: pWEILS, M13, MBL3, MBL4, IXII, ASHII, APII, t10, tl1, Charon4A,
Charon21A, v.v. ¢6 thé duoc st dung, va cac vecto plamit c6 ban chit 1a pBR, pUC,
pBluescriptll, pGEM, pTZ, pCL, pET, v.v. c6 thé duoc sit dung. Cu thé 13 cac vecto
pDZ, pACYC177, pACYCI184, pCL, pECCG117, pUC19, pBR322, pMW118,
pCCIBAC v.v. c6 thé duogc st dung.

Trong phuong 4n cta sang ché, polynucleotit ma héa cho polypeptit dich c6 thé
duge chén vao nhiém sic thé thong qua vecto. Viéc chén polynucleotit vio trong nhidm
sic thé c6 thé dugce thuc hién bang céch sir dung bét ky phuong phap nao duogc biét dén
trong ky thudt twrong tng (vi du, bang tai td hop twong ddng), nhung séng ché khong
giéi han ¢ phuong phép nay. Chi ddu chon loc d& x4c nhan vi€c chén vecto vao trong

nhiém sic thé c6 thé duge bao gdm thém. Chi déu chon loc duogc sir dung dé Iva chon
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céc té bao dugc bién nap voi vecto (tie 13, dé x4c nhén sy hién dién ctia viéc chén phan
tir axit nucleic dich), va c4c chi ddu c6 kh ning cung cép cac kiu hinh c6 thé chon loc
(vi dy, khang thue, khuyét dudng, khang tic nhan gay doc té bao va bidu hién polypeptit
bé mit) co thé dugc st dung. Trong truong hep c6 tdc nhan chon loc dugce xir ly, chi cé
cac té bao co kha ning biéu hién cac chi ddu chon loc c6 thé ton tai hodc biéu hién cac

dac diém kiéu hinh khac, va do d6 cac té bao dugc bien nap c6 thé dugc chon dé dang.

Khia canh khac ctia sang ché d& xuit vi sinh vAt san sinh purin nucleotit béi chira
bién thé adenylosuccinat synthetaza hodc polynucleotit ma hoa bién thé adenylosuccinat
synthetaza. Cu thé, vi sinh vat chira bién thé adenylosuccinat synthetaza va/hoic
polynucleotit ma héa bién thé adenylosuccinat synthetaza c6 thé 13 vi sinh vt duogc diéu
ché bing cach bién nap sir dung vecto chira polynucleotit, nhung vi sinh vét khong bi
gi6i han & day.

Nhu duoc st dung & ddy, thuat ngit “bién nap” dé cép dén qua trinh dua vecto bao
gdm polynucleotit m4 héa cho protein dich trong t€ bao chu sao cho protein dugc ma
héa boi polynucleotit c6 thé duge biéu hién trong té bao chu. Khéng quan trong c6 hay
khong polynucleotit bién nap dugc chén vao nhidm séc thé cia té bao chi va nim & do
hogc ndm bén ngoai nhim séc thé, midn 1a polynucleotit duoc bidn nap c6 thé dugc
biéu hién trong té bao chu. Ngoai ra, polynucleotit c6 thé chira ADN va ARN m3 hoa
protein dich. Polynucleotit ¢6 thé duoc dua vao bét ky duéi hinh thirc ndo mién 1a
polynucleotit ¢6 thé dugc dua vao trong t& bao chi va bidu hién trong d6. Vi duy,
polynucleotit c¢6 thé duge dua vao trong t& bao chu duéi dang catxet biéu hién c6 cAu
tric gen chira tit c4 céac yéu t6 cn thiét cho su tr biéu hién. Catxet bidu hién c6 thé chtra
ving gen khdi dong, tin higu két thic phién ma, vi tri gén két ribosom va tin hiéu két
thic dich ma c6 thé lién két hoat dong véi polynucleotit. Catxet biéu hién c6 thé & dang
vecto biéu hién thuc hién tu sao chép. Ngoai ra, polynucleotit c¢6 thé duoc dua vao té
bao chu duge lién két hoat dong véi trinh tu can thiét cho biu hién trong té bao chu,

nhung khong giéi han & day.

Ngoai ra, thuit ngit “lién két hoat dong” dé cap dén lién két chirc nang gifta trinh
tu gen va trinh tu gen khoi dongdé bat ddu va lam trung gian cho qua trinh phién m3 ciia

polynucleotit ma héa polypeptit dich ctia sang ché.

Thudt ngtt “vi sinh vét chira bién thé polypeptit” hodc “vi sinh vat chira bién thé
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adenylosuccinat synthetaza” dugc st dung & déy, d& cap dén vi sinh vat san sinh IMP
hodc XMP, ching ty nhién san sinh IMP yéu hoic chiing b4 me khong c6 kha nadng san
sinh IMP hodc XMP. Cu thé, vi sinh vat c6 thé 13 vi sinh vat biéu hién bién thé
adenylosuccinat synthetaza chira it nhit mot bién thé axit amin trong trinh ty axit amin
néu trong SEQ ID NO: 2 va bién ddi axit amin c6 thé bao gdm thay thé axit amin thir 85
tir dAu N cua trinh tu axit amin néu trong SEQ ID NO: 2 bang axit amin khéc. Ngoadi ra,
vi sinh vét c6 thé 1a vi sinh vat biéu hién bién thé polypeptit c6 hoat tinh adenylosuccinat
synthetaza trong d6 axit amin thir 85 trong trinh ty axit amin néu trong SEQ ID NO: 2

duoc thay thé bang axit amin khéc, nhung vi sinh vat khong dugc gidi han & day.

Vi sinh vat c6 thé 1a t& bao hodc vi sinh vét chita polynucleotit ma héa bién thé
adenylosuccinat synthetaza, hodc té bao hoic vi sinh vat dugc bién nap véi vecto va c6
thé biéu hién bién thé adenylosuccinat. Dé dat dugc myc dich cua sang ché, t& bao cha
hodc vi sinh vét c¢6 thé 1a bat ky vi sinh vat nao c6 thé biu hién purin nucleotit mién 13

chira bién thé adenylosuccinat synthetaza.

Trong séng ché, thudt ngft “vi sinh vat san sinh purin nucleotit” c6 thé dugc sir
dung d¢ thay thé cho “purin nucleotit-vi sinh vat san sinh” va “vi sinh vat san xuat purin

nucleotit”

bé dat dugc muc dich cta sang ché, thuat nglt “purin nucleotit” dé cap dén
nucleotit chtra cAu tréic gbc purin, vi dy, IMP hodc XMP, nhung purin nucleotit khong

dugc gi6i han & day.

Trong sang ché, thuét ngit “vi sinh vét san sinh purin nucleotit” c¢6 thé 1 vi sinh
vat trong d6 gen sira ddi xuét hién hogc hoat tinh dugc ting cudng dé san sinh purin
nucleotit mong mudn, bao gdm ¢4 vi sinh vét kiéu dai hodc vi sinh vat da thuc hién stra
dbi gen tu nhién hodc nhén tao, va vi sinh vét c¢6 thé 13 vi sinh vat trong d6 co ché cu thé
duoc tang cudng hodc lam suy yéu do cac nguyén nhén nhu chén gen ngoai sinh, ting
cuong hoic 1am bét hoat gen ndi sinh, v.v.. D& dat duoc muc dich cua séng ché, vi sinh
vat san sinh purin nucleotit khac biét & chd n6 ting ning suit clia cac purin nucleotit
mong mubn bang cach chira bién thé adenylosuccinat synthetaza, va cu thé, vi sinh vat
¢ thé 14 vi sinh vat thudc chi Corynebacterium. Cu thé, vi sinh vét san sinh purin
nucleotit hodc vi sinh vat ¢6 hoat tinh san xuét purin nucleotit c¢6 thé 13 vi sinh vét trong

d6 mot phén cta gen lién quan dén con duong sinh tong hop purin nucleotit duoc tdng
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cudng hodc 1am suy yéu. Vi du, vi sinh vat c6 thé 13 vi sinh vat trong d6 biéu hién cua
purf ma hoa phosphoribosylpyrophosphat amidotransferaza duoc ting cudng hoic biu
hién cia guaB md héa 5'-inosin-monophosphat dehydrogenaza tuong Ung véi con

duong suy thoai IMP bi suy yéu, nhung vi sinh v4t khong bi gidi han ¢ d6.

Nhu duge st dung & day, thuat ngit “vi sinh vat thudc chi Corynebacterium sin
sinh 5'-purin nucleotit” d& cip dén vi sinh vat thudc chi Corynebacterium san sinh purin
nucleotit ty nhién hofic bién ddi. Cu thé, khi sir dung & dy, vi sinh vat thudc chi
Corynebacterium c6 kha nang san sinh purin nucleotit c6 thé 12 vi sinh vét thuc chi
Corynebacterium c6 kha nang san sinh purin nucleotit dugc cai thién bing cach tdng
cudng hoic lam suy yéu hoat don g cuia gen pur4 mé héa cho adenylosuccinat synthetaza.
Cu thé hon khi st dung ¢ day, vi sinh vat thudc chi Corynebacterium c6 kha nang san
sinh purin nucleotit c6 thé 14 vi sinh vat thudc chi Corynebacterium c6 kha niang san
sinh purin nucleotit dugc ting cudng nhd chita bién thé adenylosuccinat synthetaza ctia
sang ché hoic polynucleotit ma héa cho bién thé adenylosuccinat synthetaza d6, hoic
bang cach bién nap véi vecto chtra polynucleotit ma héa cho bién thé adenylosuccinat
synthetaza. “Vi sinh vat thugc chi Corynebacterium san sinh purin nucleotit duogc ting
cudng” dé cap dén vi sinh vat san sinh purin nucleotit dugc ting cudng so véi chiing b
me trude khi bién nap hodc vi sinh vét khong bién thé. “Vi sinh vat khong bién thé” @&
cdp dén chinh vi sinh vat d6 nhung 14 chiing kiéu dai, vi sinh vat khong bao gdm bién
thé protein san sinh purin nucleotit, hodc vi sinh vét khéng bi bién nap voi vec to chira

polynucleotit ma héa bién thé adenylosuccin synthetaza.

Nhu duoc st dung & day, “vi sinh vat thudc chi Corynebacterium” c6 thé cu thé 1a
Corynebacterium  glutamicum, Corynebacterium ammoniagenes, Brevibacterium
lactofermentum, — Brevibacterium  flavum, Corynebacterium  thermoaminogenes,
Corynebacterium efficiens, Corynebacterium stationis, v.v., nhung séng ché khong gidi

han & céc vi sinh vat nay.

Khia canh khac ctia sang ché @& xuit phuong phap didu ché pruin nucleotit bao
gdm nuodi cdy vi sinh vat thudc chi Corynebacterium san xuét purin nucleotit trong moi
trudng va thu hdi purin nucleotit tir vi sinh vét hodc moi truong nudi céy.

Trong phuong phap trén, nudi cy vi sinh vat c6 thé dugc thuc hién bang cac

phuong phip dugc biét dén nhu nudi ciy theo mé, nudi cdy lién tuc, nudi cay theo meé-
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b sung, v.v. nhung sang ché khéng gi6i han cu thé & phuong phap nudi ciy nao. Cu thé,
diéu kién nuoi cdy c6 thé khong bj gi6i han cy thé nhung d6 pH ti wu (vi du, d6 pH 5
dén pH 9, tot hon 14 d6 pH 6 dén pH 8 va tt nhét 13 do pH 6,8) ¢6 thé duoc didu chinh
bang cich st dung cac hop chit bazo (vi du, natri hydroxit, kali hydroxit hoic amoniac)
hoiic cac hop chit axit (vi du, axit phospho hogc axit sulfuric), va didu kién hiéu khi cé
thé duoc duy tri bang cach bd sung oxy hozc hdn hop khi ¢6 chira oxy vao nudi cy.
Nhiét d6 nudi cy c6 thé duge duy tri & 20°C dén 45°C, va tét hon 14 tir 25°C dén 40°C,
va nuoi cdy c6 thé duoc thuc hién trong khoang tir 10 gi¢y dén 160 gio, nhung diéu kién
nudi cay khéng bi gi6i han & ddy. Axit 5'-inosinic dwgc sin xuét bing cach nudi cdy c6

thé duoc bai tiét vao moi truong nudi cdy hodc cé thé van con bén trong t€ bao.

Hon nita, méi trudng nudi cdy duogc sir dung nhu 13 ngudn cacbon, dudng va
carbohydrat (vi du, glucoza, sucroza, lactoza, fructoza, maltoza, ri dudng, tinh bot va
xenluloza), dau va chit béo (vi dy, dau d4u nanh, dau hat huéng duong, dau dau phong,
va dau dira), axit béo (vi dy, axit palmitic, axit stearic, va axit linoleic), ruou (vi du,
glyxerol va etanol) va axit hitu co (vi dy, axit axetic), v.v. c6 thé dugc st dung riéng 1é
hoic két hop nhung ngudn cacbon khong bi gidi han ¢ do. Nguén nito, hop chét hitu co
chtra nito (vi dy, pepton, dich chiét nAm men, nudc thit, chiét xuAt mach nha, rugu ngo,
bot d4u nanh va ure) hodc hop chét vo co (vi du, amoni sulfat, amoni clorua, amoni
phosphat ho&ic amoni cacbonat va amoni nitrat), v.v. ¢6 thé dugc sir dung riéng 1¢ hoidc
két hop, nhung nguén nito khong bj giéi han & day. Ngudn phospho, kali dihydro
phosphat, dikali hydro phosphat, mudi c6 chra natri tuong tng, v.v. ¢6 thé dugc st dung
riéng 1¢ hozc két hop, nhung ngudn phospho khong bi giéi han ¢ ddy. Ngoai ra, moi
trudng cling c6 thé bao gdm céac yéu t6 nguyén liéu kich thich ting trudng can thiét nhu
13 cac mudi kim loai khéac (vi du, magie sufat hodc sit sufat), cac axit amin hojc céac

vitamin.

Phuong phdp thu hdi purin nucleotit dugc san xuit trong cac budc nudi cy cua
séng ché dé thu hoach c4c purin nucleotit mong muén tir mdi trudng nuéi cdy bing
phuong phap thich hop duge biét dén trong k¥ thuat nay theo phwong phép nudi cdy. Vi
dy, ly tam, loc, sdc ky trao ddi ion, két tinh, sic ky 16ng hiéu ning cao (High Performance
Liquid Chromatography: HPLC), v.v. ¢ thé duogc st dung, va purin nucleotit mong
mubn c6 thé duoc thu hoi tir moi truong nuodi céy hodc vi sinh vat bﬁng cach st dung

céc phuong phéap duoc biét dén trong k¥ thuit nay.
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Ngoai ra, bude thu hoi c6 thé bao gdm qu4 trinh tinh sach. Qua trinh tinh sach co
thé dugc thuc hién biang cach st dung cac phuong phép dugc biét dén trong k¥ thuét
teong ng. Vi thé, thu hdi purin nucleotit c6 thé thu duoc duéi dang tinh sach hoic dich
1én men vi sinh vat chira purin nucleotit (Giéi thiéu vé céng nghé sinh hoc va k§ thuat

di truyén ctia A. J. Nair, 2008).
Vi du thue hién ciia sang ché

Sau day, sang ché s& duoc md ta theo cac phuong 4n vi du. Tuy nhién, hién nhién
rang ngudi c6 hiéu biét trung binh trong cung linh vuc k¥ thuét 1a nhitng phuong 4n vu
tién nay chi dugc dwa ra nhim muc dich minh hoa ma khong nhim muc dich gi6i han

pham vi ciia sang ché
Vidu 1: Diéu ché ching san sinh IMP dwa trén ching kiéu dai

Ching kiéu dai thudc chi Corynebacterium khong thé san sinh IMP hodc ¢6 thé
chi san sinh véi lugng rat nhé thdm chi 1a khong thé. Theo do, chuing san sinh IMP dugc
diéu ché dua trén ching Corynebacterium stationis ATCC6872. Cu thé hon, chiing san
sinh IMP dugc diéu ché bing cich ting cudng hoat ddng gen purF mi héa
phosphoribosylpyrophosphat amidotransferaza 14 enzym tht nhét cia sinh téng hop
purin, va 1am suy yéu hoat tinh cia gen guaB mi hoa axit 5'-inosinic dehydrogenaza

twong ing véi con dudng suy bién ciia IMP.
Vi dy 1-1: Diéu ché chiing dugc ting cudng gen purF

Dé diéu ché chiing trong d6 don vi mi héa bit dau cua gen purF duoc bién dbi,
vecto chén chtra gen purF néu trong SEQ ID NO: 3 dugc diéu ché. D& nhan dong gen
purF vao trong vecto chén, cu thé, PCR dugc thuc hién st dung bd gen ADN cua
Corynebacterium stationis ATCC6872 lam mach khudn va céc cip moi c6 cac trinh tu
SEQ ID NO: 4 va SEQ ID NO: 5, va SEQ ID NO: 6 va SEQ ID NO: 7 trong 30 chu ki
bao gdm bién tinh & 94°C trong 30 gidy, t d& gin mdi & 55°C trong 30 gidy, va kéo dai
¢ 72°C trong 2 phut. PCR dugc thuc hién lai st dung hai doan ADN thu dugc & PCR
trén 1am mach khudn va cip mdi néu trong SEQ ID NO: 4 va SEQ ID NO: 7 trong 30
chu ki bao gdm bién tinh 94°C trong 30 gidy, i & gin mdi & 55°C trong 30 gidy, va kéo
dai & 72°C trong 2 phtt dé thu duoc céc doan ADN. Cic doan ADN thu dugc dugc phan
cit v&i enzym gidi han Xbal, va duge nhan dong vao trong vecto pDZ (Patent Han Qudc

56 10-0924065 va cong bd don quéc té s6 2008-033001) duge phéan cét enzym gidi han
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Xbal. Vecto dugce diéu ché nhu vy duge dit tén 1a pDZ-purF-gla.

Bang 1

SEQ ID

NO Poan moi Trinh ty (5'dén 3")

4 purF gla-1 | GCTCTAGACCACTCTAAGACGCGGCCACC

purF gla-2 | AAGTAGTGTTCACCATGACGCTGATTCTACTAAGTTT

5
6 purF gla-3 | AGTAGAATCAGCGTCATGGTGAACACTACTTTCCCCAG
7 purF gla-4 | GCTCTAGACTGTGCGCCCACGATATCCAG

Vecto tai td hgp pDZ-purF-gla duogc bién nap vao trong Corynebacterium stationis
ATCC6872 bang dién bién nap, va cac chung trong d6 vecto dugc chén vao bd gen ADN
bing cach tach tb hop tuong ddng duoc sang loc trén moi truong chua 25 mg/L
kanamyxin. Cac chiing so cip dugc lya chon da trai qua lai chéo 1an thir hai, va céc
ching dugc sang loc ndy duge giai trinh ty, do d6 chiing mong mudn ¢6 dot bién dugc

chén vao da duoc chon. Chiing thu dugce dugc dat tén 13 chiing ATCC6872::purF(gla).
Vi du 1-2: Diéu ché ching c¢6 gen guaB bi suy yéu

Dé didu ché chiing chtra don vi ma héa bit diu cia gen guaB dugc sta dbi, vecto
chén vao chira gen guaB néu trong SEQ ID NO: 8 di dugc diéu ché. Nhan dong gen
guaB vao trong vecto chén, cu thé, PCR dugc thuc hién st dung bd gen ADN cua
Corynebacterium stationis ATCC6872 1am mach khudn va céc cip mdi néu trong SEQ
ID NO: 9 va SEQ ID NO: 10, SEQ ID NO: 11 va SEQ ID NO: 12. San phdm PCR duogc
nhan dong nhu trong vi du 1-1, va vecto duogc didu ché dugc dit tén 1a pDZ-guaB-alt.
Vecto dugc dura vao trong ATCC6872::purF(gla) va ching chira dot bién trén duoc dua

vao cudi cung dugce chon.

Chuing kiéu dai cubi cung dugc chon Corynebacterium stationis ATCC6872-dua

trén ching didu ché IMP dwoc dit tén 1a CJ12330.

Béng 2
SEI:\(IQOID Poan mdi Trinh ty (5’ dén 3')

9 guaB alt-1 | GCTCTAGACTACGACAACACGGTGCCTAA
10 guaB alt-2 | CACGATTTTCGGTCAATACGGGTCTTCTCCTTCGCAC
11 guaB alt-3 | AGGAGAAGACCCGTATTGACCGAAAATCGTGTTTCT
12 guaB alt-4 | GCTCTAGAATCGACAAGCAAGCCTGCACG
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Vi du 1-3: Thir nghiém chuén do 1én men cta CJI12330

Sau khi pha m6i trudng nudi ciy gidng (2 mL) vao trong dng thi nghiém (duong
kinh: 18 mm), ong dugc hip tiét tring. Mi ching ATCC6872 va CJ12330 duge cdy 1an
lwot vao va 1 lic & 30°C trong 24 gid va dugc sir dung nhu moi truong nudi cdy gibng.
MBoi trudng 1én men (29 mL) duge pha trong mdi binh tam giac lac 250 mL va dugc hip
tiét tring & 121°C trong 15 phut. Mbi trudng nudi cdy gidng (2 mL) dugc cdy vao trong
mdi trudng 1én men va duge nudi trong 3 ngay. Pidu kién nudi cdy dugc didu chinh tdc
do l5¢ & 170 vong/phut, 30°C va d6 pH 7.,5.

Sau khi hoan thanh nubi ciy, lugng IMP san sinh dugc do béi HPLC (SHIMAZDU
LC20A), va két qua nudi ciy duoc thé hién trong Bang 3 bén duéi. Két qua sau day cho

thdy rang ching c6 purF dugc tang cuong va purd 1am suy yéu c6 kha ning san sinh

IMP.

Bang 3
Chiing v IMP (g/L)
ATCC6872 0
CJI2330 0,50

- Moi trudng nudi cdy gidng: 1% glucoza, 1% pepton, 1% canh thit, 1% dich chiét
ndm men, 0,25% natri clorua, 100 mg/L adenin, 100 mg/L guanin, do pH 7,5.

- Maoi trudng 1én men: 0,1% natri glutamat, 1% amoni clorua, 1,2% magie sulfat,
0,01% canxi clorua, 20 mg/L sét sulfat, 20 mg/L mangan sulfat, 20 mg/L. k&m sunfat,
5 mg/L ddng sunfat, 23 mg/L L-xystein, 24 mg/L alanin, 8 mg/L axit nicotinic, 45 pg/L
biotin, 5 mg/L thiamin hydroclorit, 30 mg/L adenin, 1,9% axit phospho (85%), 2,55%

glucoza, 1,45% fructoza.
Vi du 2: Piéu ché bién thé chira adenylosuccinat synthetaza dugc lam suy yéu

Pé tim ra bién thé adenylosuccinat synthetaza c6 kha ndng tang cudng san sinh
purin nucleotit, thur vién dot bién gen purd ma hoa adenylosuccinat synthetaza da duoc

diéu ché.
Vi du 2-1: Piéu ché vecto chira gen purd

Dé diéu ché thu vién dot bién gen purd, vecto tai tb hop chtra gen purd duge didu

ché trude tién. PCR duoc thue hién st dung bd gen ADN ctia Corynebacterium stationis
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ATCC6872 lam mach khuon va cip mdi néu trong SEQ ID NO: 13 va SEQ ID NO: 14,
san phim PCR duoc nhan dong vao trong E. coli nh¢ vecto pCR2.1 st dung kit nhan
dong TOPO (Invitrogen) dé thu duge pCR-guaB.

Bang 4.

SEQ ID
NO

13 MOi xudi purA 5' (mach khuén) | ATGGCTAAATACATTATCACT
14 MJi nguoc purA 3’ (mach khuén) | TGTGCTGGAGACCCCTCATAG

Poan mdi Trinh ty (5’ dén 3")

Vi du 2-2: Diéu ché thu vién dot bién gen purd

Thu vién d6t bién gen purA dugc didu ché dua trén vecto duge diéu ché trong vi
du 2-1. Thu vién dugc diéu ché str dung kit PCR tao dot bién ngiu nhién (Clontech
Diversify® PCR Random Mutagenesis Kit). Trong diéu kién dot bién c6 thé xay ra, PCR
dugc thuce hién st dung cip mdi néu trong SEQ ID NO: 15 va SEQ ID NO: 16. Cu thé,
duéi cac didu kién trong d6 0 dén 3 dot bién trén 1.000 bp c6 thé xay ra, gia nhiét trudec
khi thyc hién & 94°C trong 30 gidy, tiép theo 13 25 chu ki & 94°C trong 30 gidy va 68°C
trong 1 phut 30 gidy. San phdm PCR thu dugc dé PCR st dung megaprimer (500 ng dén
125 ng) trong 25 chu ky bao gdm 95°C trong 50 gidy, 60°C trong 50 gidy, va 68°C trong
12 phut, dugc xit Iy véi Dpnl, bién nap vao E. coli DH5a va cy trai trén moi trudng
thach LB dac chira kanamyxin (25 mg/L). Sau khi lua chon 20 loai khudn lac khac nhau
duoc bién nap, plasmit thu duoc duge giai trinh tu. Két qua 14, da duogc xac nhin réng
dot bién duoc dua vao tai vi tri khac nhau véi thn suét 1 2 dot bién/kb. Khoang 20.000
khuén lac E. coli duge thu va plasmit dugc tach, dugc dit tén 1a thu vién pTOPO-purA.

Bang 5
SEQ ID NO Poan mbi Trinh tu (5’ dén 3')
15 Mbi xudi cho PCR 16i purA | AAGGGCAAAGCTACAGACATC
16 M&i nguge cho PCR 181 purA | CCGCCGAGCATGAGAACCCGA

Vi du 3: Déanh gia thu vién duoc diu ché va lya chon chiing
Vi du 3-1: Danh gia thu vién

Thu vién pTOPO-pur dugc diéu ché trong vi du 2-2 dugc bién nap vao trong chiing
CJ12330 dugc diéu ché trong vi du 1 bang dién bién nap, va ching dugc ciy trai trén

mdi treong dinh dudng chita 25 mg/L kanamyxin dé thu duge 10.000 khuan lac c6 chira
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dot bién gen dwoc chén vao. Mbi khuin lac dugce dit tén 12 CJ12330::pTOPO_purA(mt)1
dén CJ12330:pTOPO_purA(mt)10000.

- Mo6i truong dinh dudng: 1% pepton, 1% canh thit, 0,25% natri clorua, 1% dich
g p

chiét nAm men, 2% aga, d6 pH 7,2.

Mbi khuén lac trong s6 10.000 khuén lac dugc cdy chuyén vao trong 200 pL coa
mdi truong nudi cdy gidng da dugc hép tiét trung, va dugc nudi cdy trong dia 96 giéng,
lic & 30°C, 1200 vong/phut trong 24 gid st dung may lic vi dia (TAITEC), va duoc st
dung nhu méi trudng nudi cy gibng. Mbi truong 1én men dugc hip tiét trung (290 pL)
dugc chia vao cac giéng cua dia 96 giéng, va 20 pL cta mdi moi truong nudi cdy gibng
dugc cdy chuyén vao do, tiép theo nudi cdy duoc lic trong ciing diéu kién nhu trén trong
72 gio.

Dé phén tich axit 5'-inosinic dugc san xut trong moi trudong nudi ciy, sau khi hoan
thanh nuéi ciy, 3 pL cia dich 16ng cuia moi trudng nudi ciy duge chuyén dén dia UV
96 giéng trong d6 mdi giéng duoc chira 197 ul nuée dé pha lodng, va lic trong 30 gidy
str dung may doc vi dia, va do hip thu duge do tai 270 nm & 25°C st dung méy quang
phé. b6 hép thu dugc so sanh véi chiing CJ12330, va 50 khuin lac cuia ching dot bién
thé hién do hép thu tdng 10% trd 1én dugce chon. Cac khuén lac khac thé hién do hép thu

twong tu hodc thép hon duoc so sanh véi dbi chung.

b6 hép thu cua 50 chiing d4 chon dugc do twong tu nhu trén dé kiém tra ham lugng
clia axit 5'-inosinic dugc san sinh. Mt chiing CJ12330::pTOPO _purA(mt)333 duoc lua

chon ¢6 biéu hién tang cuong ddng ké nang suét axit 5'-inosinic so v6i ching CJ12330.

D€ xac nhan gia tri cia dot bién dugc chon, thi nghiém chuin d 1én men duoc

thuce hién.

Sau khi pha moi truong nudi cay gidng (2 mL) trong 6ng thi nghiém (duong kinh:
18 mm), cic ong dwoc hdp tigt tring. M3i ching CJI2330 va
Cl12330::pTOPO_purA(mt)333 dugc cay chuyén va nudi lic & 30°C trong 24 gidy va
duogc st dung nhu mdi truong nudi ciy gidng. Moi truong 1én men (29 mL) dugc pha
vao trong mdi binh tam gidc 250 mL, va dugc hap tiét tring & 121°C trong 15 phut. Moi
tredng nudi cdy gidng (2 mL) dugc ciy chuyén dén moi truong 1én men va dugc nudi
cy trong 3 ngdy. Didu kién nuoi cdy dugc diéu chinh tc do lic 170 vong/phut, 30°C,
vado pH 7,5.
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Sau khi hoan thanh qu4 trinh nudi cdy, lwong IMP sén sinh dugc do bing HPLC
(SHIMAZDU LC20A), va két qua nudi cdy duoc thé hién trong Bang 6 bén dudi:

Bang 6
Chiing IMP (g/L)
CJI12330 0,50
CJ12330::pTOPO_purA(mt)333 0,61

C6 thé thay tir két qua trén, da dugc xac nhén ring lwrong IMP duoc ting 1én 122%
trong chiing chira d6t bién gen purd so véi ching CJ12330. Theo d6, dugc xAc dinh ring

dot bién dugc chon trong thu vién 1a c6 gia tri.
Vi du 3-2: Xé4c nhén bién thé purd
Pé xac nhan bién thé gen ciia ching dot bién, PCR duoc thuc hién véi ching

CJ12330::pTOPO_purA(mt)333 sir dung ciip mdi néu trong SEQ ID NO: 17 va SEQ ID
NO: 18, san phém PCR dugc giai trinh tw, do d6 x4c nhan sy ¢6 mit cia bién thé trong

gen purA.
Bang 7
SEQ ID NO Poan mbi Trinh ty (5' dén 3")
17 Trinh ty mdi xudi purA | GACGCGTCGGAATCGCCGATA
18 Trinh tw méi nguge purA | CCGCCGAGCATGAGAACCCGA

Cu thé, di duoc x4c nhan ring  gen pur4 cia  ching
CI12330::pTOPO_purA(mt)333 chira bién thé trong d6 axit amin thi 85 (tie 13, glyxin)
cta trinh ty axit amin twong ng néu trong SEQ ID NO: 2 dugc thay thé bang serin (ttic
1, nucleotit thir 253 ‘g’ dwoc thay thé bang nucleotit ‘a’). Theo d6, trong vi du duéi day,
cac thuc nghiém da dugc thuc hién dé x4c nhan trong d6 bién thé & trén c6 thé anh
huéng dén luong san sinh purin nucleotit trong mdi ching vi sinh vat cda chi

Corynebacterium.

Vi du 4: Xac nhén san sinh IMP trong chiing san sinh IMP ¢6 ngudn gdc tir
ATCC6872

Chiing diéu ché IMP ¢6 ngudn gbc tir ATCC6872 duoc didu ché, bién thé duoc xéc
nhan trong vi du 3 dugc dua vao trong ching va ning suit IMP cua ching dugc xéac
nhan.
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Vi du 4-1: Lya chon ching san sinh IMP ¢6 nguén gdc tir ATCC6872

Pé diéu ché ching san sinh IMP ¢6 ngudn gde tir ATCC6872, viée nudi ciy cua
ching ATCC6872 dugc hoa tan trong dém phosphat (pH 7,0) hodc dém xitrat (pH 5,5)
& mat 6107 t& bao/mL dén 108 té bao/mL, va dugc xtr Iy v6i tia UV & nhiét do phong
hoic 32°C trong 20 phut dén 40 phut dé gay dot bién. Ching d6 duge rira 2 14n véi 0,85%
dung dich nuéc mubi va ciy trai, sau khi pha loéing trén mdi trudng t6i thiéu chira 1,7%
aga dugc bd sung v6i nguyén licu cung cip sirc d& khang & ndng do thich hop, do do
cac khuén lac dugc thu duge. Mbi khuén lac duogc nuodi céy trong moi truong dinh dudng
va sau d6 dugc nudi cdy vao mdi trudng nudi cdy gidng trong 24 gio. Sau khi nuoi ciy
mdi khuan lac dugc nudi trong moi trudng 1én men trong 3 dén 4 ngay, cac khuén lac
biéu hién san sinh IMP t4t tich lity trong méi trudng nudi cdy dugc chon. Dé didu ché
chiing san sinh IMP & ndng do cao, khuyét dudng adenin, ro ri guanin, nhay cam vai
lysozym, khéng 3,4-dehydroprolin, khang streptomyxin, khédng sulfaguanidin, khéng
norvalin, va khang trimethoprim dugc cung cp bang cach thyc hién cac quy trinh twong
tng mdt cach tuan ty. Két qua 13, ching CJI2335 duge cung cp c6 sirc dé khang vai
cac nguyén liéu & trén va c6 ning suit IMP cubi cing da dugc chon. Sirc dé khang cia
ching CJI2332 lién quan dén cac ching ATCC6872 di dugc so sanh va két qua duoc

thé hién trong Bang 8 bén dudi.

Béang 8
Dic diém ATCC6872 CJ12332
Khuyét dudng Adenin Khong khuyét dudng Khuyét duong
RO ri Guanin Khong 106 ri RO ri
Nhay cam véi Lysozym 80 pg/mL 8 ng/mL
Khang 3,4-dehydroprolin 1.000 pg/mL 3.500 pg/mL
Khéng Streptomyxin 500 pg/mL 2.000 pg/mL
Khéng Sulfaguanidin 50 pg/mL 200 pg/mL
Khéang Norvalin 0,2 mg/mL 2 mg/mL
Khang Trimethoprim 20 pg/mL 100 pg/mL

- Mbi trudng toi thidu: 2% glucoza, 0,3% natri sulfat, 0,1% KHyPOs, 0,3%
KoHPO4, 0,3% magie sunfat, 10 mg/L canxi clorua, 10 mg/L sit sulfat, 1 mg/L kém
sunfat, 3,6 mg/L mangan clorua, 20 mg/L L-xystein, 10 mg/L canxi pantothenat, 5 mg/L
thiamin hydroclorua, 30 pg/L biotin, 20 mg/L adenin, 20 mg/L guanin, diéu chinh do

-2



38971

pH 7.3.
Vi du 4-2: Thi nghiém chudn d6 1én men caa CJ2332

Sau khi pha mdi truong nudi cdy gibng (2 mL) trong 6ng thi nghiém (dudng kinh:
18 mm), cdc éng dugc hdp tiét tring. M3i ching ATCC6872 va CJ12332 duge chy
chuyén vao 6ng va nudi lic & 30°C trong 24 gid va dugc st dung nhu moi trudng nudi
cdy gibng. Mbi truong 1én men (29 mL) dugc pha vao mdi binh tam gidc 250 mL, dugc
hép tiét tring & 121°C trong 15 phut. Méi trudng nudi cdy gibng (2 mL) duge cly
chuyén vao méi truong 1én men va nudi cdy trong 3 ngay. Didu kién nuoi ciy duoc didu

chinh téc d6 lic 170 vong/ phit, 30°C, do pH 7,5.

Sau khi hoan thanh nudi céy, lugng IMP san sinh dugc do HPLC (SHIMAZDU
LC20A), va két qua nudi ciy duoc thé hién trong Bang 9 bén duéi.

Béang 9
Ching IMP (g/L)
ATCC6872 0
CJI2332 - 1,74

Vi dy 4-3: Diéu ché vecto chira bién thé purd

Dé dua bién thé duoc chon trong vi du 3 vao trong chung, vecto chén da dugc diéu
ché. Qué trinh dé diéu ché vecto dé dwa bién thé purA(G85S) vao dugc thuc hién nhu
sau. PCR dugc thuc hién st dung CJ12330::Topo_purA(G85S) lam mach khudn va cap
mdi néu trong SEQ ID NO: 19 va SEQ ID NO: 20. PCR dugc thuc hién nhu sau: bién
tinh & 94°C trong 5 phut; 20 chu ky bao gdm bién tinh & 94°C trong 30 gidy, u dé gén
mdi & 55°C trong 30 gidy, trung hgp ¢ 72°C trong 1 phut; va tring hop ¢ 72°C trong
5 phut. Sau d6 cac doan gen thu dugc phan cit v6i Xbal. Mbi doan gen dugc nhan dong
vao trong vecto pDZ tuyén tinh dugc phan cit véi Xbal st dung T4 ligaza, do d6 vecto
pDZ-purA(G85S) duoc diéu ché.

Bang 10
SEQ ID NO Poan mbi Trinh ty (5’ dén 3')
19 purA(G85S) F' | GCTCTAGATGCCGGCATTTTTCGAAGC
20 purA(G85S) R | GCTCTAGAAAGTAGTCGGTAAAGCCGTTG

Vi dy 4-4: Dua céc bién thé vao trong ching CJ12330 va chiing CJ12332 c6 ngudn
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gbc tir ATCC6872 va danh gia chung

Bién thé purd dugc dua vao mdi ching CJI12330 sén sinh IMP ¢6 ngudn gbc tir
chiing hoang dai dugc diéu ché trong vi du 1 va ching CJI2332 dugc chon trong vi du
4-1, lugng IMP sén sinh b&i mdi chiing duoc danh gia. Pé xac nhan sy c¢6 mit cta bién
thé gen pur4, ADN nhiém séc thé ciia chiing CJ12332 dugc khuéch dai bing PCR. Cu
thé, trudce tién, doan gen purd duge khuéch dai PCR sir dung ADN nhiém sic thé cta
ching CJI2332 lam mach khu6n va cip mdi néu trong SEQ ID NO: 17 va SEQ ID NO:
18, trong d6 PCR dugc thuc hién trong 28 chu ky bao gém bién tinh & 94°C trong 1
phut; 0 dé gin mdi & 58°C trong 30 gidy, va tring hop & 72°C trong 2 phut sir dung Taq
ADN polymeraza. Trinh ty nucleotit ctia c4c doan gen purd duge khuéch dai dugc phin
tich st dung cling doan mdi, va két qua 1a da duoc x4c nhan rang 12 khéng c6 bién thé

nao trong gen purA cia ching CJI2332.

Sau do, vecto pDZ-purA(G85S) dugc bién nap vao trong chung CJI12330 va ching
CJI2332, céc ching trong d6 vecto duge chén vao bd gen ADN bang céch tai hop céac
trinh tu twong déng duoc chon trén mdi truong chira kanamycin (25 mg/L). Ching so
cap duoc chon da trai qua lai chéo 1an thir hai, va nho d6 ching trong d6 bién thé cua
gen dich dua vao dugc chon. P& x4c nhan viéc dua vao bién thé gen trong chiing bién
nap mong muén, PCR dugc thuc hién st dung cip moi néu trong SEQ ID NO: 17 va
SEQ ID NO: 18 va cac san pham PCR dugc x4c nhan bing giai trinh tu. Két qua 1, da
duogc xac nhan ring 12 bién thé gen duoc dwa vao trong cac chiing. Cac chiing dugc didu

ché nhu vay dugc dit tén twong ung 12 CJ12330::purA(G85S) va CJ12332::purA(G85S).

Ning sudt cia mdi chung CJI2330, CJI2332, CIJ12330::purA(G85S), va
CJ12332::purA(G85S) dugc danh gia. Sau khi nuéi cdy hoan thanh, luong IMP san sinh
boi mdi chiing duge do bing phuong phép st dung HPLC, va két qua nuoi cdy dugc thé

hién trong Bang 11 bén duéi.

Bang 11
Chiing IMP (g/L)
CJI2330 0,50
CI12330::purA(G85S) 0,61
CJ12332 1,74
CJI2332::purA(G85S) 2,03
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Trong két qua bén trén, da duoc x4c nhan ring 13 chiing trong d6 bién thé gen purd
dua vao cho thdy su ting lwong IMP san sinh 13 khodng 122% va khoang 116% so v6i
ching CJ12330 sén sinh IMP ¢6 ngudn gbc tir chiing hoang dai va chung CJI2332 twong
ung.

Chung CJ12332 dugc luu giit tai Béo tang gidng chudn vi sinh vat Han Qubc
(KCCM) vao ngay 22 thang 6 ndm 2018, theo theo Hiép udc Budapest va cép sb luu
ching KCCM12277P. Ngoai ra, chiing CJ12332::purA(G85S) duge diéu ché, cling dugc
goi 1a CJ12348, duoc luu gitr tai KCCM vao ngay 22 thang 6 nim 2018, theo theo Hiép
udc Budapest va cip sb luu ching KCCM12280P.

Vi dy 5: X4c nhén ning sut axit 5'-xanthylic boi bién thé gen purd
Vi du 5-1: Chon chung sén sinh XMP ¢ ngudn géc tir ATCC6872

" Dé didu ché ching san sinh 5'-xanthosin monophosphat (XMP) c¢é ngudn gbc tir
ATCC6872, ching Corynebacterium stationis ATCC6872 dugc hoa tan trong dém
phosphat (d6 pH 7,0) va dém xitrat (pH 5,5) ¢6 mat do 107 t& bao/mL dén 108 t& bao/mL
va duge xit Iy v6i UV & nhiét d6 phong hodc 32°C trong 20 phut dén 40 phut dé gay dot
bién. Chiing duogc rira 2 1in véi 0,85% dung dich nudc mubi va ciy trai, sau khi pha
lodng trén moi trudng tdi thiéu chira 1,7% aga dugc bd sung nguyén lidu cung cip stic
dé khéng & néng do thich hop, do d6 thu dugc cac khuén lac. Mbi khuén lac duoc céy
trong mdi truong dinh dudng va sau d6 duge ciy trong moi truong nudi ciy gidng trong
24 gid. Sau khi nudi ciy mdi khuan lac duge nuoi trong moi trudng 1én men trong 3 dén
4 ngdy, cac khuan lac bién hién san sinh t6t XMP duoc tich lily trong mdi trudng nudi
cdy dugc chon. Cu thé, chiing dugc chon tir c4c ching 6 thé phat trién trong moi trudng
c6 bd sung thém fluorotryptophan theo ndng do (dwoc thém vao mdi trudng), va cu thé
hon 1a tir nhitng chiing c6 thé phat trién trong mdi truong chira fluorotryptophan c6 ndng
do 100 mg/L va néng d6 duoc ting cudng cua axit 5'-xanthylic. Chuing dugc chon dugce
dat tén 1a CJX1664.

- Moi trudng t6i thiéu: glucoza 20 g/L, KHaPO4 1¢/L, KsHPOS 1g/L, ure 2 g/l
amoni sulfat 3 g/L, magie sulfat 1 g/L, canxi clorua 100 mg/L, sit sulfat 20 mg/L,
mangan sulfat 10 mg/L, k&m sulfat 10 mg/L, biotin 30 pg/L, thiamin hydroclorit
0,1 mg/L, déng sulfat 0,8 mg/L, adenin 20 mg/L, guanin 20 mg/L, do pH 7,2.

- Mbi trudng bd sung: moéi truong trong d6 fluorotryptophan cé cic ndng do
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10 mg/L, 20 mg/L, 50 mg/L, 70 mg/L, 100 mg/L, va 200 mg/L dugc thém vio trong moi
truong tdi thiéu.

Céc dic tinh héa sinh ctia chung CIX1664 duge biéu hién trong Bang 12 bén dudi.
Dya vao Bang 12, ching CJX1664 c6 thé phét trién trong méi truong co
fluorotryptophan dugc thém vao c6 néng d6 100 mg/L.

Béang 12
Dic tinh ATCC6872 CIX1664
Khéng Fluorotryptophan 10 mg/LL 100 mg/L

Vi du 5-2: Thi nghiém chuin dd 1én men CJX1664

Sau khi hoa tan mdi trudng nuéi cdy giéng (2 mL) vao trong ng nghiém (dudng
kinh: 18 mm), c4c éng duoc hép tiét tring. Mbi chiing ATCC6872 va CTX1664 13n Iuot
duoc cdy chuyén vao cac 6ng va duoc nudi lic & 30°C trong 24 gi¢ va dugc st dung
nhu moi trudng nudi cdy gibng. Mbi truong 1én men (29 mL) dugc pha lodng vao mbi
binh tam giac 250 mL, va dugc hap tiét trung ¢ 121°C trong 15 phut. Modi trudng nubi
cdy gidng (2 mL) dugc cdy chuyén vao méi truong 1én men va duge nudi cdy trong 3

ngay. Diéu kién nuoi ciy dugc diéu chinh tdc doc Iic 170 vong/ phit, 30°C, va d6 pH 7,5.

Sau khi nuoi cdy hoan thanh, luong XMP san sinh dugc do bing HPLC
(SHIMAZDU LC20A), va két qua nudi cdy dugc thé hién trong Bang 13 bén duéi.

Bang 13
Ching XMP (g/L)
ATCC6872 0
CJX1664 4,72

Vi du 5-3: Pua bién thé vao trong chung CJX1664 va danh gia cic chiing dé.

Dé x4c nhén sy ¢6 mit c4c bién thé clia gen purA trong chiing CJX1664 duoc chon
trong vi du 5-1, PCR ctia ADN nhiém sic thé cta ching CJX1664 dugc khuéch dai bing
PCR. Cu thé, truée tién, cac doan purd duoc khuéch dai béng PCR stt dung ADN nhiém
sdc thé cua ching CJX1664 lam mach khudn va cip mdi néu trong SEQ ID NO: 17 va
SEQ ID NO: 18, PCR duoc thuc hién bdi 28 chu ki cia bién tinh & 94°C trong 1 phut;
1 4 gdn mdi ¢ 58°C trong 30 gidy, va trung hop & 72°C trong 2 phut stt dung Taq ADN

polymeraza. Céc trinh tu nucleotit ctia cac doan gen purd da dwoc khuéch dai dugc phan
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tich sir dung cung c@p moi, va két qua 13 dd dugc xac nhin rang khong c6 bién thé nao

trong gen purA cua chiing CJX1664.

Vecto duge diéu ché trong vi du 4-3 duge bién nap vao trong ching CJX1664, va
ching trong d6 vecto duge chén vao bd gen ADN bang tai td hop céc trinh tu tuong
ddng dwgc chon trén moi truong chira 25 mg/L kanamyxin. C4c chiing so cip dugce lya
chon d4 trai qua lai chéo 14n thir hai, va do d6 cac chiing d6 chira bién thé gen dich dua
vao dugc chon. Sy dwa vao ciia bién thé gen trong céc chiing bién nap mong muén duoc
xac nhan béng gidi trinh tu.

Ning suit XMP cta mdi ching CJX1664 va CJX1664::purA(G85S) dugc danh
gid. Sau khi nudi cdy hoan thanh, lwong XMP san sinh béi mdi ching dugc do bang
phwong phap st dung HPLC, va két qua nudi cy dugc thé hién trong Bang 14 bén dudi.

Bang 14
Chiing XMP (g/L)
CJX1664 4,72
CJX1664::purA(G85S) 5,19

C6 thé thiy trong Bang 14 & trén, ching CJX1664::purA(G85S) biéu hién ting
lugng XMP séan sinh 1a khoang 109% so vé6i ching CIX1664 (tirc 14 ching san sinh
XMP ¢6 ngudn gde tir ATCC6872).

Ching CJX1664 dugc luu giit tai Bao tang gidng chudn vi sinh vat Han Quéc
(KCCM) vao ngay 6 thang 6 nam 2018, theo Hiép udc Budapest va duoc cip sb luu
ching KCCM12285P. Ngoai ra, chiung dugc diéu ché CJX1664::purA(G85S), ciing
duoc goi la CJX1665, dugc luu gift tai Bdo tang giéng chuin vi sinh vat Han Quéc
(KCCM) vao ngay 6 thang 6 nam 2018, theo Hiép uéc Budapest va duoc cip s luu
ching KCCM12286P.

Vi du 6: Thay thé axit amin trong bién thé purA bang axit amin khac
Vi du 6-1: Piu ché vecto dé chén axit amin cta bién thé purA

Thong qua céc vi du trén, d3 dugc x4c nhan réng bién thé purA(G858S) ¢6 thé duogc
céi thién nang sudt ctia purin nucleotit. V& vin dé nay, dé xac nhan vi tri quan trong ctia
bién thé purA, anh huéng vé ning suat purin nucleotit cia viée thay thé axit amin thu

85 béng axit amin khac da dugc kiém tra. Qué trinh didu ché vecto dé chén bién thd
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purA(G85S) nhu sau. Dot bién diém dinh vi dugc thuc hién st dung vecto pDZ-
purA(G85S) duoc diéu ché trong vi du 4 déng vai trd chinh. Cu thé, PCR duoc thuc

hién stt dung céc trinh tu doan mdi thé hién trong Bang 15 duéi cac diéu kién sau: 18

chu ky bao gdm bién tinh & 94°C trong 30 gidy, i dé gén mdi & 55°C trong 30 gidy, va

kéo dai & 68°C trong 12 phut. San phdm PCR thu dugc duge xi ly v6i Dpnl, bién nap

vao trong chiing DH5a, va cac khudn lac thu duge tr 6. Cac plasmit ctia cac khuén lac

thu dugc, duge thu bang céch st dung phuong phap tach chiét plasmit da biét, va thong

tin ciia cac plasmit thu duge dugc thé hién trong Bang 15 bén duéi.

Bang 15
I]%%\?O Poan mbi Trinh tw (5' dén 3')
21 | purA(G85A)F | CTTTGAGGAAATTGAAGCTCTCGAAGCCCGCGGCGE
22 | purA(G85A) R | GCGCCGCGGGCTTCGAGAGCTTCAATTICCTCAAAG
23 | purA(G85V)F | CTTTGAGGAAATTGAAGTCCTCGAAGCCCGCGGCGE
24 | purA(G85V) R | GCGCCGCGGGCTTCGAGGACTTCAATTICCTCAAAG
25 |purA(GS5L)F | CTTTGAGGAAATTGAACTGCTCGAAGCCCGCGGCGT
26 | purA(G8SL)R | GCGCCGCGGGCTTCGAGCAGTTCAATITCCTCAAAG
27 | purA(G85M) F | CTTTGAGGAAATTGAAATGCTCGAAGCCCGCGGCGE
28 | purA(G85M) R | GCGCCGCGGGCTTCGAGCATTTCAATTTCCTCAAAG
29 | purA(G8SDF | CTTTGAGGAAATTGAAATCCTCGAAGCCCGCGGCGE
30 |purA(G8SDR | GCGCCGCGGGCTTCGAGGATTTCAATTTCCTCAAAG
31 | purA(G85T)F | CTTTGAGGAAATTGAAACTCTCGAAGCCCGCGGCGE
32 | purA(G85T)R | GCGCCGCGGGCTTCGAGAGTTICAATTICCTCAAAG
33 | purA(G85N)F | CTTTGAGGAAATTGAAAACCTCGAAGCCCGCGGCGE
34 | purA(G85N) R | GCGCCGCGGGCTTCGAGGTITICAATTTCCTCAAAG
35 | purA(G85Q)F | CTTTGAGGAAATTGAACAGCTCGAAGCCCGCGGCGT
36 | purA(G85Q)R | GCGCCGCGGGCTTCGAGCTGTTCAATTICCTCAAAG
37 | purA(G85C)F | CTTTGAGGAAATTGAATGCCTCGAAGCCCGCGGCGT
38 | purA(G85C) R | GCGCCGCGGGCTTCGAGGCATTCAATTTCCTCAAAG
39 | purA(G85P)F | CTTTGAGGAAATTGAACCACTCGAAGCCCGCGGCGE
40 | purA(G85P)R | GCGCCGCGGGCTTCGAGTGGTTCAATTICCTCAAAG
41 | purA(G85Y)F | CTTTGAGGAAATTGAATACCTCGAAGCCCGCGGCGC
42 | purA(G85Y)R | GCGCCGCGGGCTTCGAGGTATTCAATTTCCTCAAAG
43| purA(G85W) F | CTTTGAGGAAATTGAATGGCTCGAAGCCCGCGGCGE
44 | purA(G85W) R | GCGCCGCGGGCTTCGAGCCATTCAATTICCTCAAAG
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45 purA(G85K) F | CTTTGAGGAAATTGAAAAGCTCGAAGCCCGCGGCGC
46 | purA(G85K)R | GCGCCGCGGGCTTCGAGCTTTTCAATTTCCTCAAAG
47 | purA(G85R)F | CTTTGAGGAAATTGAACGCCTCGAAGCCCGCGGCGC
48 | purA(G85R)R | GCGCCGCGGGCTTCGAGGCGTTCAATTTCCTCAAAG
49 | purA(G85H) F | CTTTGAGGAAATTGAACACCTCGAAGCCCGCGGCGC
50 | purA(G85H)R | GCGCCGCGGGCTTCGAGGTGTTCAATTTCCTCAAAG
51 purA(G85D) F | CTTTGAGGAAATTGAAGATCTCGAAGCCCGCGGCGC
52 | purA(G85D)R | GCGCCGCGGGCTTCGAGATCTTCAATTTCCTCAAAG
53 purA(G8SE) F | CTTTGAGGAAATTGAAGAACTCGAAGCCCGCGGCGC
54 | purA(G8SE)R | GCGCCGCGGGCTTCGAGTTCTTCAATTTCCTCAAAG
Bang 16
S6 thir tu Plasmit
1 pDZ-purA G85A
2 pDZ-purA G85V
3 pDZ-purA G85L
4 pDZ-purA G85M
5 pDZ-purA G851
6 pDZ-purA G85T
7 pDZ-purA G85N
8 pDZ-purA G85Q
9 pDZ-purA G85C
10 pDZ-purA G85P
11 pDZ-purA G85Y
12 pDZ-purA G85W
13 pDZ-purA G85K
14 pDZ-purA G85R
15 pDZ-purA G85H
16 pDZ-purA G85D
17 pDZ-purA G85E

Vi du 6-2: Piéu ché chiing trong d6 axit amin dugc thay thé bing axit amin khéc

theo vi tri bien thé ciia bién thé purA, va so sanh ning suét cta axit 5'-inosinic

MOoi loai vecto trong sO 18 loai vecto, dé chén vao cia cac bién thé, dugc diéu ché

trong vi du 6-1 duoc bién nap vao trong chung CJ12332, va nhitng ching d6 trong d6

cac vecto ndy dugc cheén vao trong b gen ADN bing tai td hop twong ddng duge chon

trén moi trudong chira 25 mg/L kanamyxin. C4c chiing so cip dugc lya chon d3 trai qua
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lai chéo 1an thtr hai, va do d6 nhiing ching nay trong d6 bién thé ctia gen dich dua vao
duoc chon. Pé xac nhén viéc dua gen bién thé vao trong ching duogc bién nap, PCR
duoc thuc hién st dung cip mdi néu trong SEQ ID NO: 17 va SEQ ID NO: 18 va san
phdm PCR dugc x4c nhan bang giai trinh tw. Cac ching dugc dit tén theo cac bién thé

dugc chén vao thé hién trong Bang 17.

Bang 17
S6 thir ty Chiing

1 CJI2332::purA(G85A)
2 CJI2332::purA(G85V)
3 CJI2332::purA(G85L)
4 CJI2332::purA(G85M)
5 CJI2332::purA(G85I)

6 CJI2332::purA(G85T)
7 CJI2332::purA(G85N)
8 CJI2332::purA(G85Q)
9 CJI2332::purA(G85C)
10 CJI2332::purA(G85P)
11 CJI2332::purA(G85Y)
12 CJI2332::purA(G85W)
13 CJI2332::purA(G85K)
14 CJI2332::purA(G85R)
15 CJI2332::purA(G85H)
16 CJI2332::purA(G85D)
17 CJI2332::purA(G85E)

Nbng d6 cta axit 5'-inosinic dugc phan tich bang nudi cly cac ching tuong tu nhu

trong vidu 1.

Béang 18
Néng d6 ctia axit 5'-inosinic véi cac bién thé trong purA (g/L)
‘. Trung binh
SO tht tu Ching —
Axit 5'-inosinic
CJI2332 1,74
Nhém déi chung | CJI2332::purA(G85S) 2,03
1 CJI2332::purA(G85A) 1,93
2 CJI2332::purA(G85V) 1,84
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3 CJI2332::purA(G85L) 2,01
4 CJI2332::purA(G85M) 2,01
5 CJI2332::purA(G85I) 2,02
6 CJI12332::purA(G85T) 2,02
7 CJI2332::purA(G85N) 1,83
8 CJI2332::purA(G85Q) 2,03
9 CJI2332::purA(G85C) 1,82
10 CJI12332::purA(G85P) 1,10
11 CJI2332::purA(G85Y) 1,92
12 CJI2332::purA(G85W) 0,39
13 CJ12332::purA(G85K) 1,86
14 CJI2332::purA(G85R) 1,30
15 CJI2332::purA(G85H) 1,67
16 CJI2332::purA(G85D) 2,02
17 CJI2332::purA(G85E) 1,94

Tham chiéu trén bang 18 bén trén, da dugc xac nhian réng cac chung chira purA,
trong d6 axit amin tht 85 cua trinh tu axit amin ma hoéa cho gen purd dugc thay thé
bang axit amin khAc, dugc thé hién thay d6i dang ké trong lwong IMP san sinh, dugc so
sanh v6i nhitng chiing khéc khong chira bién thé trén. Do d6 da duoc x4c nhén ring axit
amin thtr 85 cla trinh ty axit amin ma héa cho gen purd 14 vi tri quan trong cho su thay
ddi lién quan dén san sinh purin nucleotit, va khi axit amin tht 85 ctia trinh tw axit amin
ma héa cho gen purd dugc thay thé bang axit amin dugc chon tr nhém bao gdm serin,
alanin, valin, leuxin, methionin, isoleuxin, threonin, asparagin, glutamin, xystein,
tyrosin, lysin, axit aspartic, va axit glutamic, cac vi sinh vat chtra bién thé c6 thé tdng

déng ké san sinh ctia purin nucleotit.

Tir phin mb ta & trén, ngudi c6 hidu biét trung binh trong cung linh vuc k§ thuat
clia sang ché s& co thé hidu réng sang ché c6 thé duoc thé hién du6i cac hinh thire cu thé
khéac ma khong sira dbi cac nguyén ly k¥ thuét hodc cac dic diém co ban cia sang ché.
Vé van @& nay, cac phuong an wu tién dugc thyc hién & ddy chi nhdm muc dich minh
hoa va khong nén duoc hiéu 1a giéi han pham vi cta sang ché. Nguoc lai, sang ché
khong chi bao gbm cac phuong 4n yu tién khdc ma con bao gdm nhiéu phuong an, sira
di, twong duong va cac phuong an khéc c6 thé nam trong nguyén ly va pham vi bao hd

cla sang ché nhu da dugc xac dinh béi cac yéu clu bao ho kém theo.
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YEU CAUBAO HQ
1. Bién thé adenylosuccinat synthetaza, trong d6 axit amin thir 85 tir diu N cta trinh tu
axit amin cia trinh ty axit amin néu trong SEQ ID NO: 2 duoc thay thé bang axit amin
khac, trong do6 axit amin khac dugc chon tir nhém bao gém serin, alanin, valin, leuxin,
methionin, isoleuxin, threonin, asparagin, glutamin, xystein, tyrosin, lysin, axit aspartic,

va axit glutamic.
2. Polynucleotit ma héa bién thé adenylosuccinat synthetaza theo diém 1.
3. Vecto chira polynucleotit theo diém 2.

4. Vi sinh vat thudc chi Corynebacterium san sinh purin nucleotit chira bién thé

adenylosuccinat synthetaza theo diém 1 hoic vecto theo diém 3.

5. Vi sinh vat theo diém 4, trong d6 vi sinh vat thudc chi Corynebacterium la

Corynebacterium stationis.

6. Phuong phép diéu ché 5'-inosin monophosphat (IMP), xanthosin 5'-monophosphat
(XMP) hoic 5'-guanin monophosphat (GMP), phuong phép niy bao gdm:

nuoi cay vi sinh vt thudc chi Corynebacterium theo di€m 4 trong méi trudng nudi

céy; va
thu hdi IMP, XMP hodic GMP tir vi sinh vt hodc méi truong nudi ciy.

7. Phuong phép theo diém 6, trong d6 vi sinh vét thudc chi Corynebacterium 1a

Corynebacterium stationis.

-32-



<110>

<120>

NAY

<130>

<150>
<151>

<160> 54
<170>
<210> 1
<211>
<212>
<213>
<220>
<223>
<400> 1
atggcagcta
gacatcctgg
cacaccgttg
tccgaaaacg
gaggaaattg
aacgcgcacc
ggcaagcgceg
gcgegegtgg
gaatccgcgc
gaccctgaga
gtggactccg
ggcggcecagg
aacccaaccg
tccectgggea
ctctttgaca
ggccgcaccce

aacggcttta

cctatttgeg

OPA18284

1293
ADN
Chua xac dinh

purA NT

tcgttategt
gtggacgcgt
tagtcggtgg
ccgtgceccagt
aaggcctcga
tggttgcgcec
cgattggcac
gagttcgegt
tggatatcaa
ccatcgtcga
agtacgagct
ccaccatgcet
ccggtggtge
tcattaaggce
agtggggcga
gtegttgtgg
ccgactactt

tcgcctacga
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cggcgcccaa
ggactacgtc
cgaaaagtac
gctgggcaac
agcccgceggce
ataccaccag
caccggccgce
gcaagacatc
aaaccagatg
atacttcctg
caacaccgct
cgacgtggac
atcggtaggce
gtacaccacc
atacctccag
ctggtatgac
ccttactaaa

cgtcgatgge

CJ CheilJedang Corporation

tggggcgacyg
gtcaagccca
gaactcaagc
ggcgtagtta
gctgatgcett
accttagacc
ggtatcggcc
ttcgacgaat
ctggtcaaaa
tcctaccgeg
ctggatgccg
cacggcacct
tctggegtceg
cgcgttggtg
accaccggcg
tctgtcattg
ctcgacgtge

gaacgctteg
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aaggcaaggg

acggtggtaa
tgctgcccge
tcaacctcga
ccecgcettgeg
gcgtgcagga
cagcttatgce
ccatcctgeg
tgtacaaccg
accgcctcga
gcaagcacgt
acccattcgt
ggcctacccg
ctggcccatt
gcgaggtcgg
cacgctacgc
tcaccggcat

atgaaatgcc

caaagctaca
caatgctggc
cggcatcctc
agcactcttt
tatttccgece
acgtttcttg
cgacaaggtc
tcagaaggtc
caaggcgatt
gcctatggtce
gctcatggaa
gacctcgtcc
catcacgcac
cccaaccgag
cgtcaacacc
atcgcgegtc
cggcgaaatc

gctgactcag

BIEN THE ADENYLOSUCCINAT SYNTHETAZA, POLYNUCLEOTIT, VECTO, VI SINH
VAT VA PHUONG PHAP PIEU CHE IMP, XMP HOAC GMP SU DUNG VI SINH VAT

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



tcgcagttte
accggttgcea
gaggagctgt

atcgtgcgcece

<210> 2

38971

accacgcaca accaatttat gaaaccatgc cagcgtggga agaagacatc 1140

ccacctttga ggagctgccg caaaaggcac aggattacgt gctgeggcta 1200

ccggcacccg catgtcatac atcggegttg geccecctggecg tgaccagace 1260

acgacgtgct cgacgagaaa taa 1293

<211> 430
<212> PRT
<213> Chua x&c dinh

<220>

<223> purA AA

<400> 2
Met Ala Ala

Gly Lys Ala

Pro Asn Gly

35

Lys Tyr Glu
50

Val Pro Val
65

Glu Glu Ile

Arg Ile Ser

Asp Arg Val

115

Gly Arg Gly
130

Val Arg Val
145

Glu Ser Ala

Arg Lys Ala

Arg Asp Arg

195

Thr Ala Leu
210

Thr Met Leu
225

Ile Val

Thr Asp
20

Gly Asn

Leu Lys

Leu Gly

Glu Gly

85

Ala Asn
100

Gln Glu

Ile Gly

Gln Asp

Leu Asp

165
Ile Asp
180
Leu Glu

Asp Ala

Asp Val

Ile Val Gly Ala Gln Trp Gly Asp Glu Gly Lys
10 15

Ile Leu Gly Gly Arg Val Asp Tyr Val Val Lys
25 30

Asn Ala Gly His Thr Val Val Val Gly Gly Glu
40 45

Leu Leu Pro Ala Gly Ile Leu Ser Glu Asn Ala
55 60

Asn Gly Val Val Ile Asn Leu Glu Ala Leu Phe
70 75 80

Leu Glu Ala Arg Gly Ala Asp Ala Ser Arg Leu
90 95

Ala His Leu Val Ala Pro Tyr His Gln Thr Leu
105 110

Arg Phe Leu Gly Lys Arg Ala Ile Gly Thr Thr
120 125

Pro Ala Tyr Ala Asp Lys Val Ala Arg Val Gly
135 140

Ile Phe Asp Glu Ser Ile Leu Arg Gln Lys Val
150 155 160

Ile Lys Asn Gln Met Leu Val Lys Met Tyr Asn
170 175

Pro Glu Thr Ile Val Glu Tyr Phe Leu Ser Tyr
185 190

Pro Met Val Val Asp Ser Glu Tyr Glu Leu Asn
200 205

Gly Lys His Val Leu Met Glu Gly Gly Gln Ala
215 220

Asp His Gly Thr Tyr Pro Phe Val Thr Ser Ser

230 235 240



Asn Pro

Arg Ile

Gly Ala

Thr Ala

Thr His

Gly Pro

Gly
245

Ser
260

Phe

275

Gln
290

Leu

Arg
305

Cys

Asn Gly

Ile Gly

Phe

Ile

370

Thr
385

Glu

Arg

<210> 3
<211>
<212>
<213>
<220>
<223>
<400> 3
gtggtgaaca
cgcgaagagt
tactttggtc
gatggagacc
tccattttaa
ggtggcaaag
atcgctttgt

gctctgggac

ttgctggcge

Thr Thr

Gly Trp

Phe Thr

Glu Ile Pro

Asp Glu Met Pro

355

Tyr Glu Thr Met

Phe Glu Glu Leu

Glu Leu Ser Gly

Asp Gln Thr Ile

Gly

Gly Ala

Leu Gly

Pro Thr

Gly Glu

38971

Ser

Ile

265

Glu
280

Val

295

Tyr

Asp Ser

Val

310

Asp
325

340

Tyr Phe

Ile Cys

Leu Thr

Pro Ala

Pro Gln

Leu

Val

Gln
360

Trp
375

390

405

420

1500
ADN
Chua xa&c dinh

purkF

ctactttccce
gcggtgtcett
tgttcgcatt
gcctcegttgt
attccctcca
agtggtcgaa
gccacaacgg

tttaccgaga

acggagtcgg

Thr Arg

Val Arg

Met

His

cagcgacgtg
tggcgtetgg
gcagcatcgt
Cttcaaagac
tggctcegtg
tgtccagecg
caacttggtg
gaatgaaaaa

ggaaggcaac

Val

Ile

Leu

Gly

Ile

Thr

Ala

345

Ser

Glu

Ala

Ser

Asp
425

Gly Ser

250

Lys Ala

Phe Asp

Val Asn

Ala Arg

315

Lys Leu

330

Tyr Asp

Gln Phe

Glu Asp

Gln Asp

395

Tyr Ile

410

Val Leu

aatttagatg
gctcctggtg
gggcaggaag
atgggcttgg
ggcgtgggge
atgtttaata
aactaccaag
tccetgtegg

tctgtcetttyg

-35-

Gly Val Gly

Tyr Thr Thr

270
Lys Trp Gly
285

Thr
300

Gly Arg

Tyr Ala Ser

Asp Val Leu

Val Asp Gly

Pro Thr

255

Arg Val

Glu Tyr
Thr Arg

Val
320

Arg

Thr
335

Gly

Glu Arg

350

His Ala

365

His

Ile
380

Thr Gly

Tyr Val Leu

Gly Val Gly

Asp Glu Lys

430

accaaggcga
aagatgttgc
ctgcaggtat
tctcgaatat
atacgcgcta
ccacctcaaa
aactgcgcga
attccatgat

acgccgctaa

Gln Pro

Cys Thr

Arg Leu
400

Pro
415

Gly

gcaagaaccc
gacactgacc
cggcgtcggt
tttcgatgag
ctcgactgcece
tggggtagac
tgaagcagta
catgacagct

gcaactgctg

60

120

180

240

300

360

420

480

540



ccaagcatca
cgtgacccgce
gcttccgaaa
ggtgaactta
cgccagggcet
cgcaacgttc
ccagaagctg
gcccgggaat
accttcattce
ctgcgcgagg
aacacccaac
cgcattgcett
ggtgaattga
tgcgaagcta
acgcaccaac

cttccgaccg

<210> 4
<211>
<212>
<213>

<220>
<223>

<400> 4

29
ADN
Trinh tu nhéan

aaggcgcettt
acggtgtacg
cctgtgceget
tctctgtcaa
gcgtctttga
acgcgacgcg
acatggtcat
cgggcctgac
agcccaccca
tcatcgaggg
gcgcgetggt
caccgccagt
ttgctaatat
tcggagcaga
Ctatcaattc

ctaaccccaa

purF gla-1

gctctagacc actctaagac

<210> 5

<211> 37

<212> ADN

<213> Trinh tu nhéan
<220>

<223> purF gla-2
<400> 5

aagtagtgtt caccatgacg

<210> 6
<211> 38
<212> ADN

38971

ttgcttgacc
ccecttggte
ggatatcgtg
tgaggcagga
atacgtctac
cgtggatatt
ccccecgtgceca
atttgcgcac
gaccttgcgce
caagtcactc
gcgcatgctg
caaatggcct
caagccttct
ctctttaggg
cttgtgtacc

tgctgacgcet

tao

gcggccacce

tao

tttaccgatg
attggcecgcet
ggcgcacagt
atccacagcg
ttggcacgtc
ggtcgcgcac
gaatccggaa
ggcttggtca
cagctgggta
gttgttgtag
cgtgaagcag
tgtttctacg
gatgatcctc
tttgtatctg
gcttgctttg

gtgcgaactt

ctgattctac taagttt

-36-

gcaagacctt
tggcgcaagg
ttatccgtga
aaaaattcgc
cagacaccgt
ttgcgaaatc
acccggcage
aaaacgccta
ttcgcctcaa
atgactctat
gcgctgctga
gcattgactt
aggtagtaac
tagatgagat
atggcaacta

tgctcagcca

gtacgccgceg
ctgggttgtt
ggtagagccc
tgagccgaag
gatcaaaggc
tcaccctgeg
tgttggctac
cgtgggtcga
gctcaacccce
tgtccgegge
agtgcacgtg
cgcctcgect
cgatgcagtg
ggttgaggca
cgaactcgga

aaagaactga

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

29

37



<213>
<220>
<223>

<400> 6
agtagaatca

<210> 7

<211> 29
<212>
<213>
<220>
<223>

<400> 7
gctctagact

<210> 8
<211>
<212>
<213>
<220>
<223>
<400> 8
atgaccgaaa
ttgacgtttg
gacacttcgg
atggacacgg
gtcttgcacc
tctgagtccg
gttgatgacc
accttgttgg
gtttctgaca
gaagccctgg
aacaagctgg
tcctceccaagg
tcttatgagc
gcacacgcgc

tccaagattg

gaggctggceg

purF gla-3

gcgtcatggt

ADN
Trinh tu nhén

purF gla-4

gtgcgcccac

1521
ADN
Chua x&c dinh

guaB

atcgtgtttc
atgacgtgct
cgcagttcac
ttactgaggce
gcaacttgtc
gcatggtcac
tgtgtgcacg
gcatttgcac
tcatgaccgce
atctgctgtc
tcggtctgat
atgcttcggg
gtgcaggctt
acaataaccg
atgttgtcgg

cagacgccat

38971

Trinh ty nhdn tao

gaacactact

tao

gatatccag

taccggtgga
gctgctacct
ccgcaatact
gcgcatggcet
ctcgcaagag
cgaccctgtg
cttccgecatce
caaccgcgat
tatgccgetg
gacgaacaag
taccgttaaa
ccgcttgceta
gcttgtcgat
cgtgctggaa
cggcaacctg

caaggtgggt

ttccccag

gatgacccaa
gccgaatcca
cgtttaggta
attgccatgg
caggcggage
accgcgaatc
tctggtcettce
atgcgcetttg
gttgtggcaa
gtagaaaagc
gactttgtta
gtagcagcag
gccggegtgg
atggtctcge
gcaacacgct

attggtcctg

-37-

ataaggttgc
atgttgttcc
ttcctttggce
cacgccaggg
aggtcgaaat
cagacatgac
ctgtggtcaa
agcgcgacta
aagaaggcgt
tacctatcgt
agaccgaaca
gtattggtac
acgttctcat
gcgtcaagaa
cggcagcaaa

gttctatctg

attgcatggce
gtcggaagta
atcggctgceg
tggcattggt
cgtcaagcgce
tatccaggaa
cgaagacggc
ttecececgecaag
cagcaaggaa
tgataaaaac
gttcccgaat
cggcgaggag
tgtcgactcce
tgacttcggce
ggcgatgatt

caccacccgt

38

29

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



gtggttgctg
tctgctgcgg
aaggctttgg
gaggctcctg
ggttcgatgg
gaccgctact
ggcaaggttc
cgcgcggcaa
gtgcgtatta

gaagctccga

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

<220>
<223>

<400>

gctctagact acgacaacac

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

<220>
<223>

<400>

cacgattttc ggtcaatacg

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

<220>
<223>

<400>

aggagaagac ccgtattgac

<210>
<211>
<212>

9
29
ADN

Trinh ty nhén

guaB alt-1

9

10
37
ADN

Trinh ty nhén

guaB alt-2

10

11
36
ADN

Trinh tu nhén

guaB alt-3

11

12
29

ADN

gtgttggtgce
gcgtgcecttt
ctgctggcgce
gtgacatcgt
gcgctatgca
tccaggcaga
cttaccgcgg
tgggctacac
ccactgctgg

actaccgtta

38971

accacagatt accgcgatca

gattgcagac ggcggcatgce
ggactcggtc atgctgggcect
gattgtcggce ggcaagcagt
aggccgtgge ctctececggceg
tgtgcgcagc gaagataagce
cgaaattggt cagattaccc
tggctccget actattgaag
cttggctgag tcgcacccge

a

tao

ggtgcctaa

tao

ggtcttctce ttcgcac

tao

cgaaaatcgt gtttct

-38-

tggaagcagc
agtactccgg
cgatgttcgce
acaagcgcta
agaagcgttc
tggttccaga
accagattgt
agctgaagac

accacctgca

taccgtggect 1020

tgacgttgct 1080
aggcaccctg 1140
ccgcggecatg 1200

ttactccaag 1260

aggcgtggaa 1320

gggcggtttg 1380
caagcagttc 1440
gcaaactgta 1500

1521

29

37

36



38971

<213> Trinh tu nhén tao

<220>
<223> guaB alt-4

<400> 12
gctctagaat cgacaagcaa gcctgcacg

<210> 13

<211> 21

<212> ADN

<213> Trinh tyu nhédn tao

<220>
<223> M&i xudi purA 5' (mach khudn)

<400> 13
atggctaaat acattatcac t

<210> 14

<211> 21

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> Mdi nguoc purA 5'(mach khuén)

<400> 14
tgtgctggag acccctcata g

<210> 15

<211> 21

<212> ADN

<213> Trinh tu nhin tao

<220>
<223>  Mbdi xubdi cho PCR 13i purA

<400> 15
aagggcaaag ctacagacat c

<210> 16

<211> 21

<212> ADN

<213> Trinh ty nhidn tao

<220>
<223> Mdi nguoc cho PCR 13i purA

<400> 16

ccgccgagea tgagaacccg a

<210> 17
<211> 21
<212> ADN

-30-

29

21

21

21

21



38971

<213> Trinh ty nhan tao

<220>
<223> Trinh tu purA xudi dong

<400> 17
gacgcgtcgg aatcgccgat a

<210> 18

<211> 21

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> Trinh tuy purA ngugc doéng

<400> 18
ccgccgagca tgagaacccg a

<210> 19

<211> 19

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> purA (G85S) F

<400> 19
tgccggecatt tttcgaagce

<210> 20

<211> 21

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> purA (G85S) R

<400> 20
aagtagtcgg taaagccgtt g

<210> 21

<211> 36

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> purA (G85A) F

<400> 21
ctttgaggaa attgaagctc tcgaagcccg cggcgce

<210> 22
<211> 36

-40-

21

21

19

21

36



38971

<212> ADN
<213> Trinh tyw nhédn tao

<220>
<223> purA (G85A) R

<400> 22
gcgccgeggg cttcgagagce ttcaatttcc tcaaag

<210> 23

<211> 36

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> purA (G85Vv) F

<400> 23
ctttgaggaa attgaagtcc tcgaagcccg cggegce

<210> 24

<211> 36

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> purA (G85V) R

<400> 24
gcgccgeggg cttcgaggac ttcaatttcce tcaaag

<210> 25

<211> 36

<212> ADN

<213> Trinh ty nh&n tao

<220>
<223> purA (G85L) F

<400> 25
ctttgaggaa attgaactgc tcgaagcccg cggcgce

<210> 26

<211> 36

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> purA (G85L) R

<400> 26
gcgccgeggg cttcgagcag ttcaatttcce tcaaag

<210> 27

-41-

36

36

36

36

36



38971

<211> 36

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> purA (G85M) F

<400> 27
ctttgaggaa attgaaatgc tcgaagcccg cggcgc

<210> 28

<211> 36

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> purA (G85M) R

<400> 28
gcgccgeggg cttcgagcat ttcaatttcce tcaaag

<210> 29

<211> 36

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> pPurA(G85I) F

<400> 29
ctttgaggaa attgaaatcc tcgaagcccg cggcgce

<210> 30

<211> 36

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> purA(G85I) R

<400> 30
gcgccgcggg cttcgaggat ttcaatttcce tcaaag

<210> 31

<211> 36

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> PurA (G85T) F

<400> 31
ctttgaggaa attgaaactc tcgaagcccg cggcgce

-42-

36

36

36

36

36



38971

<210> 32

<211> 36

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> purA(G85T) R

<400> 32
gcgccgcecggg cttcgagagt ttcaatttcc tcaaag

<210> 33

<211> 36

<212> ADN

<213> Trinh tyw nhdn tao
<220>

<223> PurA(G85N) F

<400> 33
ctttgaggaa attgaaaacc tcgaagcccg cggcgce

<210> 34

<211> 36

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> purA (G85N) R

<400> 34
gcgccgcggg cttcgaggtt ttcaatttcc tcaaag

<210> 35

<211> 36

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> PurA(G85Q) F

<400> 35
ctttgaggaa attgaacagc tcgaagcccg cggcgce

<210> 36

<211> 36

<212> ADN

<213> Trinh tu nhédn tao

<220>
<223> purh (G85Q) R

<400> 36
gcgccgcecggg cttcgagetg ttcaatttcce tcaaag

-43-

36

36

36

36

36



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

<220>
<223>

<400>

ctttgaggaa attgaatgcc

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

<220>
<223>

<400>

gcgccgceggg cttcgaggcea

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

<220>
<223>

<400>

ctttgaggaa attgaaccac

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

<220>
<223>

<400>

gcgccgeggg cttcgagtgg

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

<220>
<223>

<400>

ctttgaggaa attgaatacc

37
36
ADN

Trinh ty nhén

purA (G85C)

37

38
36
ADN

Trinh tu nhén

purA (G85C)

38

39
36
ADN

Trinh ty nhén

purA (G85P)

39

40
36
ADN

Trinh ty nhén

purh (G85P)

40

41
36
ADN

Trinh ty nhéan

purA (G85Y)

41

F

R

F

R

F

38971

tao

tcgaagcccg cggcge

tao

ttcaatttcc tcaaag

tao

tcgaagceceg cggcege

tao

ttcaatttcec tcaaag

tao

tcgaagceceg cggege

-44-

36

36

36

36

36



38971

<210> 42

<211> 36

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> purA(G85Y) R

<400> 42
gcgccgeggg cttcgaggta ttcaatttcce tcaaag

<210> 43

<211> 36

<212> ADN

<213> Trinh tyu nhén tao
<220>

<223> PurA (G85W) F

<400> 43
ctttgaggaa attgaatggc tcgaagcccg cggcgce

<210> 44

<211> 36

<212> ADN

<213> Trinh tyw nhan tao

<220>
<223> purA (G85W) R

<400> 44
gcgccgcecggg cttcgagcca ttcaatttcecce tcaaag

<210> 45

<211> 36

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> PurA (G85K) F

<400> 45
ctttgaggaa attgaaaagc tcgaagcccg cggcgce

<210> 46

<211> 36

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> purA (G85K) R

<400> 46

-45-

36

36

36

36



38971

gcgccgeggg cttcgagctt ttcaatttcce tcaaag

<210> 47

<211> 36

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> purA(G85R) F

<400> 47 .
ctttgaggaa attgaacgcc tcgaagcccg cggcgce

<210> 48

<211> 36

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> purA(G85R) R

<400> 48
gcgccgceggg cttcgaggecg ttcaatttcecce tcaaag

<210> 49

<211> 36

<212> ADN

<213> Trinh tyu nhén tao

<220>
<223>  purA(G85H) F

<400> 49
ctttgaggaa attgaacacc tcgaagcccg cggcgce

<210> 50

<211> 36

<212> ADN

<213> Trinh tu nhadn tao

<220>
<223> purA(G85H) R

<400> 50
gcgccgceggg cttcgaggtg ttcaatttcc tcaaag

<210> 51

<211> 36

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> purA(G85D) F

-46-

36

36

36

36

36



38971

<400> 51
ctttgaggaa attgaagatc tcgaagcccg cggcgce

<210> 52

<211> 36

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> purA(G85D) R

<400> 52
gcgccgeggg cttcgagatc ttcaatttcc tcaaag

<210> 53

<211> 36

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> PurA (G85E) F

<400> 53
ctttgaggaa attgaagaac tcgaagcccg cggcgce

<210> 54

<211> 36

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> PurA(G85E) R

<400> 54
gcgcegeggg cttcgagttc ttcaatttce tcaaag

-47-

36

36

36

36





