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Linh vie k¥ thuit dwoc dé cap

Sang ché dé cap dén polypeptit dugc bién ddi mdi c6 hoat tinh synthaza
isopropylmalat, polynucleotit ma hoa polypeptit ndy, vi sinh vét bao gbm polypeptit

ndy, va phuong phap san xuét L-leuxin bing viéc nudi cay vi sinh vat.
Tinh trang ky thuft ciia sing ché

L-leuxin 14 axit amin thiét yéu, mot loai axit amin dét tién va duoc st dung phé
bién trong dugc pham, thuc phim, phu gia thirc dn chin nudi, cong nghiép hoa chat,
v.v. Ngoai ra, L-leuxin dugc san xuét chi yéu bang cach st dung vi sinh vét. Qua trinh
lén men cua cac axit amin mach nhinh bao gém [ -leuxin duwgc thuc hién chu yéu
thong qua vi sinh vat cla chi Escherichia hodc vi sinh vat cia chi Corynebacterium,
duoc biét 12 2-ketoisocaproat sinh tbng hop nhu tién chat tir axit pyruvic thong qua

mdt vai bude (cac Patent Han Quéc 6 10-0220018 va 10-0438146).

Synthaza isopropylmalat (sau déy dugc goi 1a “IPMS”), la enzym c¢6 trong qua
trinh sinh tdng hop ctia leuxin, & enzym & budce thir nhét trong qua trinh sinh tdng hop
ctia leuxin, ma chuyén ddi 2-ketoisovalerat, dugc san xuat trong subt con dudng sinh
téng hop valin thanh isopropylmalat, cho phép sinh tbng hop cta leuxin thay vi valin,
va do d6 IPMS 12 enzym quan trong trong qua trinh sinh tdng hop leuxin. Tuy nhién,
[PMS phai chiu su ¢ ché phan hdi béi L-leuxin, ma 14 san phdm cudi cung, hoic cac
din xuét cta chung. Theo d6, méc du cd phiéu linh vuc k§ thuét trude do6 lién quan
dén cac bién thé IPMS ma giai phong su (e ché phan hdi déi véi myc dich san xuét
ndng dd cao leuxin (cong bb don sang ché M§ s6 2015-0079641, va patent My 56

6403342), nghién clru van dang tiép tuc dé phat hién cac bién thé t6t hon.
Ban chit ki thuit ciia sang ché
Vin dé k¥ thuat

Céc tac gid sang ché da cb ging dé phat trién bién thé IPMS ma c6 thé duge sir

dung dbi véi viéc san xuat L-leuxin voi ndng d6 cao, va ket qua 1a, céc tac gia sing
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ché da phat trién bién the IPMS méi. Cac bién thé dugc x4c nhan 1a da giai phong su
trc ché phan hdi bang L-leuxin, ma 1a san phdm cubi cung, va ting cuong hoat tinh cla
chung sao cho bidn thé c6 kha ning san xuat L-leuxin vdi hi¢u sudt cao tlr cac vi sinh

vét chira L-leuxin, nho d6 hoan thanh sang ché.
Giai phap k¥ thuét

Muc dich cta séng la dé xuit polypeptit dugc bién ddi co hoat tinh synthaza

isopropylmalat.

Muc dich khéc cta sang ché 1a d& xuit polynucleotit ma hoa polypeptit dugc
bin doi.
Muc dich khac nita cua sang ché 12 d2 xuét vi sinh vat cua chi Corynebacterium

san xuit L-leuxin, bao gdm polypeptit.

Muc dich khéac nita ca sang ché 1a @& xuit phwong phép san xuét L-leuxin

bang cach nudi cay vi sinh vat trong moi truong.
Loi ich clia sang ché

Polypeptit duogc bién dbi c6 hoat tinh cta synthaza isopropylmalat 1a polypeptit
trong d6 hoat tinh duoc ting so Vi polypeptit kiéu dai va sy uc ché phan hdi boi
L-leuxin dugc giai phong va nho d6 L-leuxin c6 thé duge san xudt véi hidu sut cao

bang céach st dung polypeptit duoc bién ddi nay.
M5 ta chi tiét sang ché

pé dat dugc cac muyc dich cla sang ché, khia canh cla sang ché d& xuit
polypeptit dugc bién dbi mai co6 hoat tinh synthaza isopropylmalat. Polypeptit dugc
bién ddi méi co thé 1a polypeptit duoc bién dbi c6 hoat tinh synthaza isopropylmalat,
trong d6 arginin ¢ vi trf 558 tir dau N cta polypeptit bao gbm trinh ty axit amin néu
trong SEQ ID NO: 1 dugc thé voi gbe axit amin ngoai arginin, hodc glyxin & vi tri 561
tir dau N cua polypeptit bao gbm trinh ty axit amin néu trong SEQ ID NO: 1 dugc thé
v6i gbe axit amin khac ngoai glyxin. Polypeptit dugc bién db6i ctia sang ché khong chi
c6 hoat tinh cao hon polypeptit néu trong SEQ ID NO: 1 ¢6 hoat tinh synthaza
isopropylmalat, ma con c6 ddc tinh (rc ché phan hoi béi L-leuxin dugc gidi phong.
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Nhu duge st dung ¢ day, thudt ngi “synthaza isopropylmalat” d& cap dén
enzym chuyén héa 2-ketoisovalerat thanh isopropylmalat, ma la tién chit ctia L-leuxin,
bang phan Gng voi axetyl-CoA. Synthaza isopropylmalat ctia sang ché c6 thé dugc bao
gdm mién 13 enzym c6 hoat dong chuyén héa, khong phén biét ngudn gbc ctia vi sinh
vat. Cu thé 13, synthaza isopropylmalat ¢ thé 13 enzym dugc 14y tir vi sinh vét cua chi
Corynebacterium. Cu thd hon nita 13, synthaza isopropylmalat ¢d thé 13 synthaza
isopropylmalat ¢ ngudn gbc tir Corynebacterium glutamicum, va cu thé 13, n6 ¢ thé
bao gdm trinh tu axit amin néu trong SEQ ID NO: 1, nhung khong bi giGi han & do.
Ngoai ra, synthaza isopropylmalat ¢ thé bao gom polypeptit c6 d6 twong dong it nhét
13 80%, 90%, 95%, 96%, 97%, 98%, hodc 99% voi trinh tu axit amin néu trong SEQ
ID NO: 1. Vi dy, r& rang I3 trinh tu axit amin co d6 tuong ddng nhu véy va thé hién
hiéu qua twong Gng véi synthaza isopropylmalat ¢6 thé nim trong pham vi cua sang
ché ngay cé khi n6 c6 trinh ty axit amin trong d6 mot sb trinh ty duoc x0a, dugc bién

dbi, duoc the hodc duge thém vao.

Nhu duogc st dung & déy, thuat nglt “lam ting hoat tinh ctia synthaza
isopropylmalat” dé cap dén sy gia tdng hoat dong chuyén héa thanh isopropylmalat.
Do d6, polypeptit dugc bién dbi cta sang ché c6 mirc hoat dong chuyén hoa
isopropylmalat cao hon so v6i polypeptit néu trong SEQ ID NO: 1 ¢6 hoat tinh cua
synthaza isopropylmalat. Hoat dong chuyén hoa isopropylmalat c6 thé duogc x4c nhan
truc tiép bang cach do mirc do cua isopropylmalat dugc san xuat, hodc c6 thé duge xéac
nhan gian tiép béng cach do mac do cua CoA duogc san xuat. Nhu dugc st dung ¢ day,
thuat ngit “lam ting hoat tinh” ¢6 thé dugc dung Kkét hop v6i “hoat tinh dugc tang
cudng”. Hon nita, isopropylmalat 1a tién chit cua L-leuxin, va do d6 viéc st dung
polypeptit dugc bién dbi theo sang ché dan dén viéc san xut ham lugng cao hon clia
I-leuxin so v&i polypeptit néu trong SEQ ID NO: 1 c¢6 hoat tinh cua synthaza

isopropylmalat.

Ngoai ra, khong gidng nhu polypeptit néu trong SEQ ID NO: 1 ¢6 hoat tinh cta
synthaza isopropylmalat, polypeptit dugc bién ddi theo sang ché ¢6 thé dugc dic trung
& chd su tre ché phén hoi béi L-leuxin, ma [a san phém cudi cung, hodc din xuét cta
ching duge giai phong. Nhu dugce sir dung & ddy, thuat ngir “sy uc ché phan hdi” @&

cip dén su Uc ché cia phan ing & trang thai som cta hé thong enzym bang san pham
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cudi cing trong hé théng enzym. Péi v6i cac muc dich cua sang ché, su uc ché phan
hdi c6 thé 1a su tc ché phan hdi trong d6 L-leuxin hodc din xuét cia ching thé hién
hoat tinh cta synthaza isopropylmalat, ma sap xép budc thir nhét cta con dudng sinh
tdng hop, nhung khong bi giéi han & do. Do do, khi su trc ché phan hdi ctia synthaza
isopropylmalat dugc gidi phong, hiéu sudt ctia L-leuxin ¢6 thé dugc gia tang so voi

treong hop khong giai phong L-leuxin.

Nhu duoc sir dung & day, thudt ngtt “su bién 4817, “duoc bién dbi”, hoic “bién
thé” d& cap dén mdi truong nudi chy hotic ca thé thé hién su bién dbi khong di truyén
hodic khong ké thira c6 kiéu hinh 6n dinh. Cu thé 1a, thuat ngtt “bién thé” c6 the dugc
ding dé chi mot bién thé trong d6 hoat tinh clia n6 duge tang 1én mot cach hiéu qua
bdi vi trinh tu axit amin twong Gng v6i synthaza isopropylmalat co ngudn gbe tur
Corynebacterium glutamicum dugc bién dbi so vai kiéu dai, bién thé trong d6 sy trc
ché phan hdi béi L-leuxin hodc dan xuét cua ching duge giai phong, hodc bién thé

trong d6 viéc gia tdng hoat tinh va sy tic ché phan hdi déu duoc giai phong.

Cu thé 1a, polypeptit dugc bién dbi cta sang ché c6 hoat tinh cua synthaza
isopropylmalat, ¢o thé 1a polypeptit duoc bién d@di c6 hoat tinh cia synthaza
isopropylmalat, trong d6 arginin, axit amin & vi trf 558 tu dau N cua polypeptit bao
gbm trinh ty axit amin néu trong SEQ ID NO: 1 dugc thé voi gde axit amin ngoai
arginin, hodc glyxin, gbc axit amin ¢ vi tri 561 tir dau N cua polypeptit bao gdm trinh
tuy axit amin néu trong SEQ ID NO: 1 dugc thé v6i gbe axit amin khac ngoai glyxin.
Céc axit amin khic ngoai arginin ¢ thé bao g6m alanin, leuxin, isoleuxin, valin, prolin,
phenylalanin, tryptophan, methionin, glyxin, serin, threonin, cystein, tyrosin, asparagin,
glutamin, lysin, histidin, axit aspartic, va axit glutamic; va céc axit amin khac ngoai
glyxin co thé bao gdm alanin, leuxin, isoleuxin, valin, prolin, phenylalanin, tryptophan,
methionin, arginin, serin, threonin, cystein, tyrosin, asparagin, glutamin, lysin, histidin,
axit aspartic, va axit glutamic; tuy nhién khong gi6i han chi ¢ cdc axit amin nay. Cu
thé hon 13, polypeptit dugc bién ddi co thé 1a polypeptit dugc bién ddi, trong dé
arginin, gdc axit amin 6 vi tri 558 tur dau N cua polypeptit bao gbm trinh ty axit amin
néu trong SEQ ID NO: 1 dugc thé v6i histidin, alanin, hodc glutamin; hodc glyxin, gbe
axit amin & vi tri 561 tur dau N cia polypeptit bao gdm trinh ty axit amin néu trong

SEQ ID NO: 1, dugc thé véi axit aspartic, arginin, hodc tyrosin, nhung khong bi gidi
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han & d6. Ngoai ra, polypeptit duoc bién d6i c6 thé 1a polypeptit trong do arginin & vi
tr{ 558 duoc thé véi histidin, alanin hodc glutamin, va glyxin ¢ vi tri 561 duoc thé voi
axit aspartic, arginin, hodc tyrosin, nhung khong bi gigi han & do. Cu thé nhit 1a,

polypeptit dugc bién ddi c6 thé bao gdm trinh tu axit amin cta bat ky mot trong s cac

SEQ ID NO: 21 dén SEQ ID NO: 35.

Ngoai ra, polypeptit duogc bién ddi c6 thé bao gdm polypeptit c6 d tuong dong
it nhét 13 80%, 90%, 95%, 96%, 97%, 98%, hodc 99% vdi trinh tu axit amin ctia bét ky
mot trong sd cac SEQ ID NO: 21 dén SEQ ID NO: 35. Vi dy, 10 rang 1a bién thé
enzym c0 trinh tu axit amin, trong d6 mot sb trinh ty dugc loai bo, dugc bién dbi, dugc
thé, hoic dugc thém vao trong khi trinh tu axit amin dugc bién ddi twong tng voi trinh
ty axit amin & cdc vi trf 558 va/hodc 561 dugce ¢b dinh, cling nén nam trong pham vi
cla sang ché mién 1a trinh tu axit amin c¢6 d§ tuong ddng & trén va thé hién hiéu qua
twong tng voi trinh tu axit amin cliia synthaza isopropylmalat. Mat khac, cac vi trf 558
va 561, ma la cac vi tri bién ddi cu thé, dé chi céc vi tri ma dugce xac dinh dya trén dau
N trong trinh ty axit amin néu trong SEQ ID NO: 1, va do dd, thuc té 1a cac vi tri nay
dugc xac dinh béng cach xem xét sd luong céc axit amin ma duoc thém vao hodc loai
b6 khoi diu N ciia SEQ ID NO: 1 1a hién nhién déi véi ngudi ¢6 hicu biét trung binh
trong linh vyc k¥ thuat nay, va do vay clng ndm trong pham vi cua sang ché. Vi du,
leuA, ma 1a gen ma hoa synthaza isopropylmalat, dugc thé hién boi SEQ ID NO: 1 bao
gOm 616 axit amin. Tuy nhién, trong mdt s6 tai liéu tham khao, bo ba ma hoa khoi dau
dich ma duoc biéu thi 35 axit amin huéng xuéng theo trinh tu cta gen leuA, tic la,
gen bao gdm 581 axit amin. Trong truong hop ndy, axit amin 558 dugc giai thich nhu

axit amin 523 va axit amin 561 nhu axit amin 526, va do do nam trong pham vi cua

sang che.

Nhu dugc st dung & day, thuat nglt “dd tuong ddng” dé cap dén ty 16 phan trdim
tuong dong cua hai gbc polynucleotit hodc polypeptit. Do tuong dong gitta cac trinh tu
gbc nay voi gbc con lai ¢6 thé duoc xac dinh bang k¥ thuat da biét trong linh vuc k¥
thuat nay. Vi du, d0 tuong dong c6 thé duge xac dinh bing céch sap xép truc tiép
thong tin trinh tu, tirc 1a cdc thong s6 chang han nhu diém sb, do twong dong, do twong
tu, v.v. cta hai gbc polynucleotit hodc hai gbc polypeptit bang cach st dung chuong

trinh truy cdp may tinh (vi du: BLAST 2.0). Ngoai ra, d0 tuong ddng gilta céc
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polynucleotit ¢6 thé duoc xac dinh bang cach lai tao cac polynucleotit trong diéu kién
san xut soi doi 6n dinh gifta cac vung tuong ddng, thdo roi nucleaza cu thé dang soi

don, sau d6 1a xac dinh kich thude cta cac manh duoc thao roi nay.

Theo mot khia canh khac, sang ché @& xuit polynucleotit ma héa polypeptit

dugc bién doi.

Polynucleotit ¢6 thé 1a polynucleotit ma hoa polypeptit dugc bién ddi c6 hoat
tinh cta synthaza isopropylmalat, trong d6 arginin, axit amin & vi trf 558 tur d4u N cta
polypeptit bao gdm trinh tu axit amin néu trong SEQ ID NO: 1 duogc thé véi gde axit
amin khéc ngoai arginin, hodc glyxin, gbe axit amin 6 vi tri 561 tr ddu N cla
polypeptit bao gdm trinh tu axit amin néu trong SEQ ID NO: 1 dugc thé v6i gde axit
amin khéc ngoai glyxin. Cu thé 13, polynucleotit ma hoa polypeptit bao gbm trinh tu
axit amin néu trong SEQ ID NO: 21 dén 35 va hoat tinh cta synthaza isopropylmalat;
polypeptit dugc bién doi ¢6 do tuong ddng it nhat 12 80%, 90%, 95%, 96%, 97%, 98%,
hodc 99% v&i polypeptit & trén; hodc ma hoa polypeptit dugc bién dbi c6 hoat tinh cla
synthaza isopropylmalat, trong doé mot sb trinh tu duoc loai bo, dugc bién dbi, dugc
thé hodc duogc thém vao trong khi trinh ty axit amin dugc bién ddi & cac vi tri 558
va/hodc 561, ma 1a cac vi tri bién dbi cu thé trong polypeptit ¢ trén, dugc ¢b dinh c6
thé bao gdbm ma khong gi6i han. Ngoai ra, cac doan do co thé dugc tao ra tir trinh tu
gen da biét, vi du, trinh tw ma hoa protein c6 hoat tinh clia synthaza isopropylmalat
bé“mg cach lai trinh ty bd tro cho tAt ca hodc mot phén cta trinh tu nucleotit trong

nhitng diéu kién nghiém ngat, c6 thé duogc bao gdm nhung khong gidi han ¢ do.

Nhu dugce st dung & déy, thuat ngft “cac diéu kién nghiém ngat” @8 chi cac diéu
kién ma tao ra thé lai dugc dé cép trong khi khong tao ra thé lai khong dac hiéu. Vi du
vé cac diéu kién nay bao gbm céc didu kién trong d6 cdc gen c6 cidc muc do tuong
ddng, chiang han nhu cdc gen c6 do tuong ddng 1a 80% hodc 16n hon, cu thé 1a 90%
hodc 16n hon, cu thé hon nita 1a 95% hodc 16n hon, cu thé hon nita 12 97% hodc 16n
hon, cu thé nhat 1 99% hodc 16n hon, lai v6i nhau trong khi cac gen c6 cac muc turong
déng thép khong lai v4i nhau, hodc cac diéu kién ma gen dugc rira mot lan, cu thé 1a 2
va 3 1An & nhidt do va ndng do mubi twong duong v6i 60°C, 1xSSC, va 0,1% SDS, cu
thé 12 60°C, 0,1xSSC, va 0,1% SDS, va cu thé hon nira 1a 68°C, 0,1xSSC, va 0,1%

SDS, ma la céc diéu kién dé rira ctia viée lai Southern thong thuong (Sambrook et al.,
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Molecular Cloning: A Laboratory Manual, 3rd Ed., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. (2001)).

Poan do dugc su dung trong k¥ thudt lai ¢6 thé 12 mot phﬁn cua trinh tu bd tro
ctia trinh tu nucleotit. Poan do c6 thé duoc xay dung bang PCR su dung oligonucleotit
duoc tao ra dya trén trinh tu d3 biét 1am moi va doan gen chira trinh tu nucleotit lam
khuén. Vi du, doan gen c6 do dai khoéang 300bp co thé duoc st dung nhu doan do. Cu
thé hon nita 13, trong truong hop st dung doan do c6 do dai (khoang 300bp), 50°C,

2xSSC, va 0,1% SDS ¢6 thé duogc dé xuét cho cac didu kién rira cua qua trinh lai.

Mat khac, polynucleotit ¢6 thé 1a polynucleotit c6 trinh tu nucleotit cua bat ky
trong sb cac SEQ ID NO: 36 dén SEQ ID NO: 50, vard rang la polynucleotit cling bao
gdm mot polynucleotit ma co thé dwoc phién ma thanh polypeptit dugc bién d6i boi su

thoai hoa bd ba ma hoa.

Theo khia canh khéc nita, sang che dé xuat vi sinh vat cua chi Corynebacterium

san xuit L-leuxin, bao gdm polypeptit dugc bién ddi.

Trong sang ché, vi sinh vat c6 theé bao gbm tat ca cac vi sinh vét dugc san xuat

nhan tao thong qua sy bién doi hodc vi sinh vat ¢o trong ty nhién.

Nhu duoc str dung & ddy, thudt ngir “su bién nap” dung dé chi viéc dua gen vao
trong t& bao chi dé biéu hién. Trong sang ché, phwong phap bién nap bao gdm phuong
phap bat ky ma dua gen vao trong té bao va c6 thé dugc thuc hién bang cach chon k¥
thuat tiéu chuén phu hop da biét trong linh vuc k¥ thuat nay. Cac vi du vé& phuong
phap bién nap 1a k¥ thuét dién phén, ddng két tia canxi phosphat, tiém retrovirut, vi
tiém, DEAE-dextran, liposom cation, phuong phap s6¢ nhiét, v.v. nhung khong bi gidi

han ¢ do.

Gen dugc bién nap c6 thé bao gom c4 dang duoc chen vao trong nhiém séc thé
ctia té bao chu va dang nam bén ngoai nhim séc thé, mién 1a n6 thé duoc biéu hién
trong té bao chu. Ngoai ra, gen bao gdm ADN va ARN nhu polynucleotit c6 kha nang
ma hoa polypeptit, va gen bét ky ma co thé duoc dua vao va dugc biéu hién trong té
bao chu ¢ thd dugc dung ma khong gidi han & d6. Vi du, gen co thé dugc dua vao

trong té bao chu ¢ dang bang biéu hién, ma la cAu trac polynucleotit chira tht ca cac
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thanh phan can thiét cho viéc tu biéu hién. Bing biéu hién thudng bao gdm ving gen
khoi dau dugc lién Kkét c6 thé hoat dong véi gen, tin hiéu Kkét thiic phién ma, cac vi tri
lién két ribosom va tin hiéu két thuc phién ma. Bang bidu hién c6 thé & dang vecto
bidu hién tu sao chép. Ngoai ra, gen c6 thé 1a gen dugc dua vao trong té bao chu cua
chinh n6 hoic ¢ dang cua cAu tric polynucleotit, trc 1a, dang cta vecto, va duogc lién

It c6 thé hoat dong véi trinh tu duge yéu cau d6i v6i viée biéu hién trong te bao chu.

Nhu dugc st dung & ddy, thuat ngit “yecto” dé cap dén bét ky chit mang dé
tach dong va/hodc chuyén céc nucleotit dén té bao chu. Vecto co thé 1a don vi sao chép
cho phép sao chép cac doan duoc két hop véi cac manh ADN khac. “Pon vi sao chép"
dung dé chi bAt ky don vi gen hoat dong nhu tu sao chép cho dén khi sao chép ADN in
vivo, tac 1a, co thé tu sao chép béng viéc tu diéu hoa (vi du, plasmit, thuc té, cosmit,
nhidm séc thé, va virut). Thuét ngit “vecto™ co thé bao gdm céc chit mang virut va
chit mang khong phai virut dé dua cac nucleotit vao trong té bao chu in vitro, ex vivo,
hodc in vivo va cling ¢0 thé bao gdbm ADN hinh ciu nho. Vi du, vecto ¢6 thé 12 plasmit
ma khong phai 1a trinh tw ADN vi khuan. Viéc loai bo trinh tw ADN vi khudn ma giau
trong khu vuc CpG da duoc thuc hién dé giam sy im ling cua viéc biéu hién gen
chuyén va dé thuc ddy viéc biéu hién lién tuc nhidu hon tir vecto ADN plasmit (vi du
Ehrhardt, A. et al. (2003) Hum Gene Ther 10: 215-25; Yet, N. S. (2002) Mol Ther 5:
731-38; Chen, Z. Y. et al. (2004) Gene Ther 11: 856-64). Thuét nglt “vecto™ co thé
bao gdm gen nhay ching han nhu Sleeping Beauty (Izsvak et al. J. Mol. Biol.
302:93-102 (2000)), hoac nhidm séc thé nhén tao. Cac vi du vé cac vecto thuong duoc
sir dung co thé 1a cac plasmit tu nhién hodc tai tb hop, cosmit, virut, va thé thuc Khuén.
Vi du, nhu vecto thé thuc khuén hodc vecto cosmit, pWE15, M13, AMBL3, AMBLA4,
AIXII, LASHIL, AAPIL, At10, M1, Charon4A, Charon21A, v.v. ¢ thé duoc st dung.
Ngoai ra, vecto plasmit, kiéu pDZ, kiéu pBR, kiéu pUC, kiéu pBluescriptll, kiéu
pGEM, kiéu pTZ, kiéu pCL, kiéu pET, v.v. ¢6 thé duoc st dung. Cu thé hon 14, vecto
pECCG117 ¢6 thé duogc sir dung. Vecto ¢o thé duoc st dung trong sang ché khong bi

gidi han cu thé, va cac vecto biéu bién/vecto thay thé d3 biét co thé duge st dung.

Ngoai ra, vecto co thé 13 vecto tai to hop ma co thé bao gom thém nhidu gen
khang khang sinh khac nhau.
Nhu dugc st dung & day, thut ngit “gen khang khang sinh” dung dé chi gen ¢6
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kha ning khang khang sinh, va cac té bao bao gdm gen nay séng sot tham chi trong
moi truong duge xu ly véi khang sinh twong tng. Do d6, gen khang khang sinh c6 thé
dugc str dung hiéu qua nhu chit danh diu chon loc cho viéc san xuét quy mo 16n cta
cac plasmit trong vi sinh vat, chang han E.coli, v.v.. Trong sang ché, do gen khang
khang sinh khong phai 12 yéu t6 anh huéng dang ké dén hicu qua biéu hién co dugc
nho su két hop tdi vu cac thanh ph?m cta vecto, do la d4u hiéu chinh cua sang ché, nén
6 thé sir dung bét ky gen khéng khang sinh thong thuong co thé dugc st dung nhu
ch4t danh diu lga chon ma khoéng gi6i han. Cu thé 13, cac gen khang lai ampixilin,
tetraxyclin, kanamyxin, chloramphenicol, streptomyxin, hodc neomyxin co thé duoc

su dung.

Nhu duoc st dung & day, thudt ngit “dugc lién két co thé hoat dong” dung aé
chi viéc lién két c6 thé hoat dong cita trinh tu diéu hoa d8 biéu hién nucleotit v6i trinh
tu nucleotit ma hoa protein dich d8 thuc hién chirc nang chung cta nd, nho do tac dong
dén viéc biéu hién trinh tr nucleotit ma hoa. Lién két c6 thé hoat dong vai vecto ¢ thé
duoc thuc hién bing cich st dung k¥ thuét tai td hop gen da biét trong linh vuc k¥
thuat nay, va viéc phan cat va gén ADN vi tri cu thé ¢6 thé dugc thuc hién béng cach

str dung enzym gi6i han va ligaza da biét trong linh vyc ky thuat nay.

Nhu duoc st dung ¢ ddy, thudt ngtr “t§ bao chu trong d6 vecto duge dua vao
(dugc bién d6i)” dé chi té bao duogc van chuyén véi vecto c6 gen ma hoa mot hodc
nhiéu protein dich. Té bao chu c6 thé bao gdom bét ky vi sinh vat nhan so va vi sinh vat
nhan chudn mién 1a vi sinh vét bao gdm polypeptit dugc bién ddi c6 kha ning san Xudt
synthaza isopropylmalat bang cac dua vecto ¢ trén vao. Vi du, chung vi sinh vat thudc
chi Escherichia, Erwinia, Serratia, Providencia, Corynebacterium, va Brevibacterium
6 thé duge bao gom. Vi du vé vi sinh vat cua chi Corynebacterium c0 thé la

Corynebacterium glutamicum, nhung khong bi gidi han & do.

Vi sinh vat cua chi Corynebacterium san xuat L-leuxin, ma c¢6 kha nang biéu
hién polypeptit dugc bién dbi co6 hoat tinh ctia synthaza isopropylmalat, bao gbm tat ca
cac vi sinh vét c6 thé biéu hién polypeptit duge bién dbi bang nhiéu phuong phap da

biét khéac nhau, ngoai viéc dua vecto vao.

Theo khia canh khdac, sang ché dé xuét phuong phép san xuét I-leuxin bao gdm
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cac bude: (a) nudi cdy vi sinh vét thudc chi Corynebacterium san xuat L-leuxin; va (b)

thu hdi L-leuxin tir vi sinh vat dugc nudi cAy hogc moi truong dugc nudi ciy.

Nhu duoc st dung & ddy, thuét nglr “nuoi cdy” dé chi viéc nudi cAy vi sinh vét
trong diéu kién mai truong dugc kiém soat phu hgp. Qud trinh nuoi ciy theo sang ché
¢6 thé duoc thuc hién phu thude vao méi truong thich hop va diéu kién nudi ciy da
biét trong linh vuc k¥ thudt nay. Qua trinh nuoi cly ¢6 thé dugc diéu chinh dé dang va
dugc st dung boi ngudi co hidu biét trung binh trong linh vuc k¥ thuat nay tuy thudc
vao chung dugc chon. Cu thé 13, nudi cdy c6 thé bao gdm nudi cdy theo mé, nuodi ciy

lién tuc, va nudi cay theo meé 1én men, nhung khong bi gidi han ¢ do.

Céc ngudn cacbon ¢6 trong moi trudng co thé bao gdm duodng va cacbonhydrat,
chéng han nhu glucoza, sucroza, lactoza, fructoza, maltoza, tinh bot, va xenluloza; dau
va chét béo, chéng han nhu dAu diu nanh, dau huéng duong, dau thau dau, va dau dura,
v.v.; cac axit béo, ching han nhu axit palmitic, axit stearic, va axit linoleic; ruou,
chéng han nhu glyxerol va etanol; va cac axit hitu co, chéng han nhu axit axetic. Cac
chit nay c6 thé duoc st dung mdt minh hodc két hop cuia ching, nhung khong bi gidi
han & d6. Cac ngudn nito ¢ trong moi trudng c6 thé bao gdm céc ngudn nito hitu co,
chéng han nhu pepton, chiét xuét men, nudc thit, chiét xuét mach nha, rugu ngd ngam,
va dau tuong; va cac nguén nito vo co, nhu uré, amoni sulfat, amoni clorua, amoni
phosphat, amoni cacbonat va amoni nitrat. Cac nguén nito nay co thé duoc str dung
mot minh hodc két hgp v6i nhau, nhung khong bi gi¢i han ¢ do. Cac ngudn phospho
c6 trong modi truong co thé bao gdm kali dihydrogen phosphat, dikali hydrogen
phosphat, va cac mubi chira natri twong (mg, nhung khong bi gidi han & do. Ngoai ra,
cac mudi kim loai nhu magie sulfat va sit sulfat co thé dugc bao gébm. Ngoai ra, cic
axit amin, vitamin, tién chét thich hop, v.v. co thé duogc bao g6m. Moi truong hodc tién
chét ¢o6 thé dugc thém vao qud trinh nudi cdy theo mé hodc qua trinh nu6i cdy lién tuc

dé nudi cAy, nhung khong bi gidi han & do.

Do pH ctia miu nudi chy c6 thé duoc diéu chinh trong sudt qua trinh nubi chy
bang cach thém hop chit thich hop ching han nhu amoni hydroxit, kali hydroxit,
amoniac, axit phosphoric va axit sulfuric, va viéc hinh thanh bot co thé bi Grc ché trong
qué trinh nuoi chy bang céch sir dung chét chéng tao bot nhu este cla polyglycol axit

béo. Dé duy tri cac diéu kién hiéu khi cta mAu nudi cdy, oxy hodc khi chira oxy c6 thé
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dugc bom vao trong moi trudng nudi ciy. Dé duy tri cc didu kién hiéu khi va cac diéu
kién ua khi, khong bom khi hodc bom nito, hydro, cacbon dioxit vao. Nhiét do cua
viéc nudi ciy co thé 1a 27°C dén 37°C, va cu thé hon 12 30°C dén 35°C, nhung khong
bi giéi han ¢ d6. Giai doan nudi ciy cé thé dugc tiép tuc mién 13 lugng mong mudn
ctia chét hitu hiéu dugc thu hdi, va tdt hon 1a trong vong tr 10 dén 100 giv, nhung thoi

gian nudi cdy khong bi gi¢i han ¢ do.

Buéc thu hdi L-leuxin dugc san xuét trong budc nudi cdy theo sang ché co thé
thu thip L-leuxin mong mudn tir vi sinh vt hodc mdi truong bang phuong phap thich
hop da biét trong linh vuc k§ thudt nay phu thudc vao cac phuong phap nudi cay. Vi
du, ly tam, loc, sdc ky trao d6i anion, két tinh, HPLC. v.v. ¢6 thé dugc st dung, va
phuong phap thich hop da biét trong linh vuc k¥ thuét nay co thé dugc st dung dé thu

hdi L-leuxin mong mudn, tir modi trudng hodc vi sinh vat. Ngoai ra, budc thu hdi c6 thé

bao gém qua trinh tinh sach.
Vi du thye hién siang ché

Sau day, sang che s& dugc mo té chi tiét cing v6i cac phuong dn minh hoa kem
theo. Tuy nhién, cic phuong dn minh hoa nay dugc md ta ¢ ddy chi nhdm muc dich

minh hoa va khong dugc coi 1a 1am gi6i han pham vi k¥ thuat cua sang ché.

Vi du 1: X4c nhén trinh tu nucleotit leuA ctia KCCM11661 P, vi sinh vat san xuét

leuxin.

Corynebacterium glutamicum ATCC14067 dugc dua vao trong moi truong
nhan gibng c6 cac thanh phan dugc mo ta bén dudi & 121°C trong 15 phit, sau do
dwoc nudi cdy trong 13 gio, va sau do, 25mL mdi truong nuodi cdy duge thu hdi. Mai
trrong nuodi céy dugc thu hdi dugc rira v6i 100 mM chét dém xitrat dugc xt 1y béng
N-metyl-N'"-nitro-N-nitrosoguanidin (NTG) trong 30 phut dén khi ndng do cubi cung 1a
400 pg/mL. Sau do, chat thu dugc duoc ria voi 100 mM chit dém phosphat. Ty 1&
chét ctia céc chiing duge xir Iy voi NTG duge xéc dinh 1a 99,6% la két qua khi phét
cac chung trong moi truong t61 thiéu c6 c4c thanh phén duoc md ta bén dudi. Dé dat
dugc céc bién thé khang norleuxin (NL), cic ching dwoc xir Iy NTG duoc phét 1én
moi truong ti thiéu véi cac néng do cudi cung lan luogt 12 20mM, 40mM, dugc céy 4]
nhiét d6 30°C trong 5 ngy, va sau d6 cac bién thé khang NL dugc thu lai.
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MBoi truong nhan gidng

Glucoza (20 g), pepton (10 g), chiét xudt men (5 g), cacbamit (1,5 g), KH,PO4
(4 g), KaHPOs (8 2), MgSO4-7H20 (0,5 g), biotin (100 pg), thiamin hydroclorua
(1,000 pg), axit canxi-pantothenic (2000 pg), nicotinamit (2,000 pg); trén 1 lit nudce
pha lodng), 6 pH 12 7.0.

MOoi truong san xuat

Glucoza (100 g), (NH4)2804 (40 g), protein d4u nanh (2,5 g), ruou ngo ran (5 g),
uré (3 g), KH2POs (1 g), MgSO04-7TH20 (0,5 g), biotin (100 pg), thiamin hydroclorua
(1000 pg), axit canxi-pantothenic (2000 ng), nicotinamit (3,000 pg), CaCOs (30 g; trén
1 lit nuéc pha lodng), do pH 12 7,0.

Céc bién thé thu dugc bing phwong phdp néu trén dugc dat tén la
Corynebacterium glutamicum KCJ-24 va Corynebacterium glutamicum KCJ-28 va
dugc gui dén trung tAm nudi cdy vi sinh vat Han qudc (Korean Culture Center of
Microorganisms), co quan co thim quyén qubc té, vao ngay 22 thang 01 nam 2015,
theo Hiép uGc Budapest, va két qua 1a, Corynebacterium glutamicum KCJ-24 va
Corynebacterium glutamicum KCJ-28 dugc luu gitt theo cac sb truy cap lan luot Ia
KCCM11661P va KCCMI11662P. Corynebacterium glutamicum KCJ-24  va
Corynebacterium glutamicum KCJ-28 san xuét L-leuxin v6i ndng do lan luot 1a 2,7
g/L va 3,1 g/L. Do do, hiéu suit cua L-leuxin dugc san xuét tir cac bién thé duoc xac

nhan 13 gip hon 10 1dn so voi kiéu dai.

Ngoai ra, cac nd luc duoc thyc hién dé xac nhan xem bién thé cta leuA ma hoa
synthaza isopropylmalat (IPMS) c6 xay ra trong bién thé KCCM11661P khong. Trinh
tu axit amin (SEQ ID NO: 1) cta leuA kiéu dai dugc xéac nhan béng cach tham chiéu
dén WP _003863358.1 ctia ngén hang gen. ADN nhidm séc thé cia bién thé dugc
khuéch dai bing phuong phap phén Ung chudi polymeraza (sau day duoc goi la
“PCR”). Mic du, nguoi ta biét rang gen leuA bao gbm 616 axit amin, trong mot s tai
liéu tham khao, dugc cong bd 12 by ba ma hoa khoi d4u dich ma dugc biéu thi 35 axit
amin hudng xudng theo trinh ty clia gen leuA, va nhd d6 gen leuA bao gdm 581 axit
amin. Trong truong hop nay, s6 lugng vi tri biéu thi su bién ddi cua axit amin tuong
ung co thé khéc nhau. Do d, trong trudng hop gen leuA dugc xem 1a bao gdm 581
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axit amin, vi tri bién thé duoc chi dinh thém trong ngoac don.

Cu thé 13, PCR duoc thuc hién bang cach ding ADN nhidm séc thé cua bién thé

Jam khuon va st dung cac mdi néu trong SEQ ID NO: 3 va 4 theo cac diéu kién sau:
bién tinh & 94°C trong vong 1 phut; i ¢ nhiét do 58°C trong 30 gidy; va polyme héa O
72°C trong 2 phut st dung Taq ADN polymeraza. PCR duoc lap lai tong cong 28 lan
dé khuéch dai mot doan c6 khoang 2700 cap bazo. Trinh tu nucleotit cua doan dugc
phén tich bang cach st dung moi gibng nhau, va két qua 13, xdc nhén dugc G, la
nucleotit 1673 cua leuA trong KCCM11661P, dugc thé véi A. Két qua nay chira rang
arginin nay, la axit amin 558 (hodc axit amin 523; sau day chi goi la axit amin 558)
duoc thé vé6i histidin. Ngoai ra, xac nhén duoc GC, 1a céc nucleotit thir 1682 va 1683
duoc thé voi AT, Két qua nay chira rang glyxin, 12 axit amin 561 (hodc axit amin 526,

sau dy chi goi la axit amin 561) dugc thé véi axit aspartic.
Vidu 2: San xuit vecto thé cua bién thé IPMS

D& san xuit vecto chua trinh tu nucleotit duge bién dbi duoc x4c nhan trong Vi
du 1, PCR duoc thyc hién bing cach ding ADN nhiém shc thé cua bién thé lam khudn
va st dung cac mdi cta cac SEQ ID NO: 5 va 6 theo cac diéu kién sau: bién tinh &
94°C trong vong 1 phat; 0 ¢ nhiét do 58°C trong 30 gidy; va polyme héa ¢ 72°C trong
1 phut bang cich dung Pfu ADN polymeraza. PCR dugc lap lai tdng cong 25 lan dé
khuéch dai mdt doan khoang 1460 cap bazo véi céc vi tri enzym giGi han Sall va Xbal.
Doan 1<huéch dai dugc xt ly véi cac enzym gi6i han, Sall va Xbal, va sau do
pDZ-leuA (R558H, G561D) dugc tao ra bang cach gin v6i vecto pDZ ((Patent Han
Quéc s6 100924065 va cong bd don séng ché qudc t€ 2008-033001) duge xir Iy voi
cac enzym tuong tu. Ngoai ra, dé tao ra vecto véi mdi bién thé, ATCC14067 dugc st
dung lam khudn, va sau d6 2 doan dugc khuéch dai béng cach str dung cac mdi 5va7,
va cac mdi 8§ va 6, tuong tmg. PCR duoc thuc hién bing cach dung hai manh dugc tao
ra 1am mAiu theo céc diéu kién sau: bién tinh & 94°C trong vong 1 phut; u ¢ nhiét do
58°C trong 30 gidy; va polyme héa ¢ 72°C trong 1 phut dung Pfu ADN polymeraza.
PCR duoc lap lai tbng cong s6 25 1an d khuéch dai mot doan khoang 1460 cdp bazo
v6i cac vi trf enzym gidi han Sall va Xbal. Doan khuéch dai dugce xur Iy voi cdc enzym
gi6i han, Sall va Xbal, va sau d6 pDZ-leuA (R558H) dugce tao ra bang cach gan voi
pDZ dugc xt Iy voi cac enzym tuong tu. pDZ-leuA (G561D) da dugc tao ra bang cach
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str dung mdi 5 va 9, va mdi 10 va 6 bing phuwong phép tuong tu & trén.
Vi du 3: San xuét ching thay thé ciia bien thé IPMS

Corynebacterium glutamicum ATCC14067 dugc st dung lam chung gbe dé tao

ra chung chtra trinh tu nucleotit leuA duoc bién dbi da dugc tim thdy trong ching bién

doi ¢ trén.

Corynebacierium glutamicum ATCC14067 duoc bién ddi véi cac vecto
pDZ-leuA (R558H), pDZ- -leuA (G561D), va pDZ-leuA (R558H, G561D), ma da dugc
tao ra trong Vidu 2 bang k¥ thuét dién phén. MB&i chung dugc tao ra thong qua lién két
ngang phu dugc chi dinh 1a 14067: leuA (R55 8H), 14067:leuA (G561D), va
14067::leuA (R558H, G561D). Pé xac nhan xem nucleotit cua leuA duoc thé, PCR
duoc thyc hién bang cach st dung céc mdi ctia cac SEQ ID NO: 3 va 4 theo cac didu
kién sau: bién tinh & 94°C trong vong 1 phut; G & nhiét d6 58°C trong 30 gidy; va
polyme hoa ¢ 72°C trong 2 phat dung Taq ADN polymeraza. PCR duoc ldp lai tong
cong 28 lin dé khubch dai mot doan c6 khoan 2700 cdp bazo. Sau d6, viéc thé cuia

nucleotit cua leuA dugc xac nhén bang cach phan tich trinh tu nucleotlt v6i cac moi

tuong tu.

Ching 14067:: leuA (R558H, G561D) ma dugc bién @i v6i vecto pDZ-leuA
(R558H, G561D), da duogc chi dinh'1a KCJ-0148, va dugc gui dén Trung tAm nudi céy
cac vi sinh vat Han Quéc vao ngay 25 thing 1 ndm 2016, va két qua 13, ching dugc

luu gitt theo s6 truy cap KCCM11811P.
Vidu4: San xuit L-leuxin trong chung thay thé ctia bién thé IPMS.

Pé san xuét L-leuxin tit Corynebacterium glutamicum 14067::leuA (R558H),
14067::1euA (G561D), va 14067::leuA (R558H, G561D), ma da dugc tao ra trong vi

du 3, viéc nuoi chy dugc tién hanh theo cach dudi day.

Vong bach kim cta mdi chung gbc, Corynebacterium glutamicum ATCC14067,
va Corynebacterium glutamicum 14067 duogc tao ra:: leuA (R558H), 14067::leuA
(G561D), va 14067::ching leuA (R558H, G561D) duogc cdy vao binh goc vach ngan
(250 ml) c6 trong mdi trudng san xudt (25 ml). Sau déy, L-leuxin dugc san xuét bang
cach & trong bé nudce lic & 30°C véi tdc dd 200 vong/phut trong 60 gio.
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Sau khi hoan thanh viéc U, lugng san <uét L-leuxin duogc do bang sac ky long
cao ap. Nong dd cua L-leuxin trong mdi truong nudi cdy cho moi ching thir nghiém

duoc thé hién trong bang 1 bén dudi.

Bang 1: Viéc san xudt L-leuxin trong ching thay thé ciia bién thé IPMS.

Chung Nong do L-leuxin (g/L)
ATCC14067 0,1
14067::leuA (R558H) 1,2
14067::1euA (G561D) 1,6
14067::1euA (R558H, G561D) 2,5

Nhu duoc thé hién trén Bang 1 ¢ trén, xdc nhén hiéu sut san xudt L-leuxin cta
cac chung san xuat L-leuxin, Corynebacterium glutamicum 14067::leuA (R558H),
14067::leuA (G561D), va 14067 JeuA (R558H, G561D), trong do ¢6 c4c bién thé
G561D R558H, G561D, hoic R558H & gen leuA, dugc tang tir 12 dén 25 1an so voi
cac chiing gdc, Corynebacterium glutamicum ATCC14067.

Vidu5: San xuét vecto biéu hién qua mirc bién thé IPMS

P& san xuit vecto biéu hién chua trinh tu nucleotit dugc bién ddi xac nhin
trong Vi du 1, PCR duoc thyc hién bang cich ding ATCC14067 va ADN nhiém séc
thé cia 3 bién thé duoc tao ra trong vi du 3 lam mau va st dung céac mdi cua cac SEQ
D NO: 11 va 12 theo céc didu kién sau: bién tinh & 94°C trong 1 phut; u ¢ nhiét do
58°C trong 30 gidy; va polyme hoa ¢ 72°C trong 1 phat dung Pfu ADN polymeraza.
PCR duoc lap lai téng cdng s6 25 1an dé khuéch dai mot doan khoang 2.050 cap bazo
v6i cac vi tri enzym gidi han Nde/ va Xbal. Doan dugc khuéch dai duoc xir ly bang
enzym gi6i han, Ndel va Xbal, va cac vecto biéu hién pl117 PCI7-leuA (WT),
pl17 PCJ7-leuA (R558H), pl 17_PCJ7-leuA (G561D), va p117_ PCJ7-leuA (R558H,
G561D) da duogc tao ra bang cach thit bang cich st dung p117_PCJ7 trong do6 vung
gen khoi d4u PCJ7 duoc chén trong vecto pECCG117 (Biotechnology letters Vol. 13,
No. 10, p. 721-726 (1991)) dwoc xt 1y bing cdc enzym tuong tw. Ving gen khoi dau
PCJ7 1a vung gen khoi d4u ma lam tang biéu hién gen, va dugc cong bd trong Patent

Han Quéc. 10-0620092 va Cong bo don Sang ché quéc té 2006-065095.
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Vi dy 6: San xuit ching dugc bién doi v6i cac vecto bicu hién qué mirc bién thé IPMS

Pé san xuit chiung dugc bién ddi v6i vecto biéu hién qua muc chira trinh tu
nucleotit dugc bién dbi leuA dugc tao ra trong Vi du 5, chung géc, dé la
Corynebacterium glutamicum ATCC14067 kiéu dai, va cac chung san xudt leuxin

KCCM11661P va KCCM11662P dugc st dung.

M&i  vecto  pll7 PCI7-levA  (WT), pl17 PCJ7-leuA  (R558H),
pl17 PCJ7-leuA (G561D), va pl117 PCJ7-leuA (R558H, G561D), dugc tao ra trong
vi du 5, dugc bién dbi v6i Corynebacterium glutamicum ATCC14067, KCCM11661P,
va KCCM11662P bdi ky thudt dién phan. Két qua 1, 14067::;p117_PCJ7-leuA (WT),
14067::p117 PCJ7-leuA (R558H), 14067::p117_PCJ7-leuA (G561D),
14067::p117_PCJ7-leuA (R558H,G561D); KCCM11661P::pl 17 PCJ7-leuA (WT),
KCCM11661P::p117_PCJ7-leuA (R558H), KCCM11661P::p117_PCJ7-leuA
(G561D), KCCM11661P::p117_PCJ7-leuA (R558H, G561D); va
KCCM11662P::pl117 PCI7-leuA (WT), KCCMI 1662P::p117 PCJ7-leuA (R558H),
KCCM11662P::p117_PCJ7-leuA (G561D), KCCMI 1662P::p117_PCJ7-leuA (R558H,
G561D) dugc san Xuét.

Vi du 7: San xuit L-leuxin trong ching bién dbi voi cac vecto biéu hién qua murc bién

thé IPMS

Pé san xudt L-leuxin tir cidc ching san xuit L-leuxin, Corynebacterium
glutamicum 14067::p117_PCJ7-leuA  (WT), 14067::p117_PCJ7-leuA (R558H),
14067::p117 PCJ7-leuA  (G561D), 14067::p117 PCJ7-leuA (R558H, G561D);
KCCM11661P::p117 PCJ7-leuA (WT), KCCM11661P::117PCJ7-leuA  (R558H),
KCCM11661P::pl17 PCJ7-leuA (G561D), KCCMI 1661P::p117 PCJ7-leuA (R558H,
G561D); va KCCM11662P::pl 17_PCI7-leuA (WT), KCCM11662P::pl 17 PCJ7-leuA
(R558H), KCCM11662P::p117_PCJ7-leuA (G561D),
KCCM11662P::p117_PCJ7-leuA (R558H, G561D), dugc tao ra trong vi du 6, viéc

nudi céy duoc thuc hién theo cach sau day.

- Vong bach kim cua mdi chung gbc Corynebacterium glutamicum ATCC140067,
KCCM11661P, va KCCM11662P, va cac ching dugc san xuét trong Vi du 6 dugc u
trong binh goc vach ngén (250 ml) ¢ trong mdi trudng san xuét (25 ml). Sau day,
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L-leuxin dugc san xuAt bang cach U trong bé nuée lic & 30°C voi tbc do 200
vong/phut trong 60 gio.

Sau khi hoan thanh viéc 0, lugng L-leuxin dugc san xuat dugc do béng sic ky
long cao ap. Nong dd cua L-leuxin trong mdi trudng nuodi cdy cho mdi chung thi

nghiém duoc thé hién trong bang 2 bén dudi.

Bang 2: Viéc san xuét L-leuxin trong chiing bidu hién qué mitc bién thé IPMS.

Chung Nong d6 L-leuxin (g/L)
ATCC14067 0,1
14067:: p117 PCI7-leuA (WT) 0,3
14067:: p117_PCJ7-leuA (R558H) 4,5
14067::;p117_PCJ7-leuA (G561D) 5,1
14067::p117_PCJ7-leuA (R558H,G561D) 9,8
KCCM11661P 2,7
KCCM11661P:: p117_PCI7-leuA (WT) 3,0
KCCM11661P:: p117 PCJI7-leuA (R558H) 6,1
KCCM11661P::p117 PCI7-leuA (G561D) 6,8
KCCM11661P::p117 PCJ7-leuA (R558H,G561D) 12,3
KCCM11662P 3,1
KCCM11662P:: p117 PCJI7-leuA (WT) 3,3
KCCM11662P:: p117 PJ7-leuA (R558H) 6,3
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KCCM11662P::p117 PCI7-leuA (G561D) 6,9

KCCM11662P::p117_PCI7-leuA (R558H,G561D) 13,1

Nhu duge thé hién trong bang 2 ¢ trén, dugc xac nhan rang viéc san xudt
L-leuxin ctia cdc ching san xuht L-leuxin, 14067::pl117_PCJ7-leuA (R558H),
14067::p117_PCJ7-leuA (G561D), va 14067::p117_PCJ7-leuA (R558H, G561D), ma
duoc bién nap voi bién thé chua vecto biéu hién qua muc ciia gen leuA trong chung
ATCC14067, duoc ting 1én 45 dén 98 1an so v6i chudi gbc ATCC14067; viéc san xuat
[-leuxin ctia cac chung san xuit L-leuxin, KCCM11661P::p117_PCJ7-leuA (R558H),
KCCM11661P::p117 PCI7-leuA (G561D), va KCCM11661P::p117_PCJ7-leuA
(R558H, G561D), ma dugc bién ddi v6i bién thé chira vecto biéu hién qua mirc cua
gen leuA trong ching KCCMI 1661P, dugc tang 1én 2,3 dén 4,5 1an so véi chudi gbc
KCCM11661P; va viéc san xuat L-leuxin ctia céc ching san xuat L-leuxin,
KCCM11662P::p117_PCJ7-leuA (R558H), KCCM11662P::p117_PCJ7-leuA
(G561D), va KCCM11662P::p117 PCJ7-leuA (R558H, G561D), ma duoc bién doi
v6i bién thé chira vecto biéu hién qua muc cua gen leuA trong chung KCCM11662P,

duooc ting 1én 2 dén 4,2 14n so v6i chudi gbc KCCM11662P.

Vi du 8: Phép do hoat tinh synthaza isopropylmalat trong ching bién dbi véi vecto

biéu hiéu qua mirc leuA.

Dé do hoat tinh synthaza isopropylmalat trong cac chung san xuét L-leuxin,
Corynebacterium glutamicum 14067::p117_PCJ7-leuA (WT),
14067::;p117 PCJ7-leuA  (R558H), 14067::;p117_PCJ7-leuA  (G561D),  va
14067::p117_PCJ7-leuA (R558H, G561D), dugc tao ra trong vi du 6, cac thir nghiém

d3 duoc thuc hién theo cach dudi day.

Vong bach kim cua mdi ching trong s6 4 chung ¢ trén dugc U trong binh goc
vach ngin (250 ml) ¢6 trong mdi truong san xuét (25 ml). Sau day, chét thu dugc U
trong bé nuéc lic & 30°C véi toe do 200 vong/phut trong 16 gio. Sau khi hoan thanh
viéc U, moi truong nudi céy duoc ly tam dé loai bod chét ndi trén bé mat, hat dugc rua
va dugc trdn voi chit dém phén giai, va cac té bao dugc nghién voi chét dong nhét hat.
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Céc protein cé trong cac san pham phén gidi dugc dinh lugng theo xét nghiém
Bradford, hoat tinh cuia synthaza isopropylmalat dugc do bang cach do CoA dugc san
xuét khi protein c6 trong san phim phan giai (100 ng/mL) dugc st dung. Cac két qua

do hoat tinh synthaza isopropylmalat trong mdi ching dugc thé hién trong Bang 3

dudi day.
Bang 3
Ching Hoat dong IPMS tuong doi (%)
14067::p117_PCI7-leuA (WT) 100
14067::p117_PCI7-leuA (R558H) 105
14067::p117_PCJ7-leuA (G561D) 130
14067::p117 PCI7-leuA (R558H, G561D) | 328

Pé xac nhan muc do gidi phong cua sy e ché phan hoi béi leuxin trong enzym,
hoat tinh synthaza isopropylmalat dugc do bing cich do CoA dugc tao ra khi céac
protein ¢ trong san phdm phén giai (100 pg/mL) dugc st dung dudi diéu kién néu
leuxin (3g/L) dugc thém vao. Cac két qua do hoat tinh synthaza isopropylmalat trong

mdi chung duoc thé hién trong Bang 4 duéi day.

Bang 4

Chung Leuxin 0 g/L | Leuxin 2 g/L
Hoat dong IPMS tuong déi (%)

14067::p117 PCJ7-leuA (WT) 100 24

14067::p117 PCJ7-leuA (R558H) 100 61

14067::p117_PCI7-leuA (G561D) 100 70

14067::p117_PCJ7-leuA (R558H, | 100 89

G561D)

Nhu dugc thé hién trén Bang 3 va Bang 4 ¢ trén, dugc x4c nhén la hoat tinh
synthaza isopropylmalat cua cac chuing san xuit L-leuxin, Corynebacterium
glutamicum 14067::p117 PCJ7-leuA (R558H), 14067::p117_PCJ7-leuA (G561D),
val4067:p117 PCI7-leuA (R558H, G561D), ma dugc bién dbi v6i cac vecto bicu
hién bién thé IPMS duge tang lan lugt 1,5 lin, 1.3 lan va 3,2 14n so v6i nhém doi
chimg, Corynebacterium glutamicum 14067::;p117_PCJ7-leuA (WT). Ngoai ra, cac
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chimg san xuét L-leuxin dwoc duy tri hoat tinh IPMS lan lugt & 61%, 70%, va 89%
ngay cé khi leuxin (2g/L) dugc thém vao, viéc x4c nhén su ¢ ché phan hoi boi leuxin

duoc giai phong.
Vidu9: San xult vecto @& cai thién bién thé synthaza isopropylmalat (IPMS)

Trong cac vi du 4, 7 va 8 béi vi cac axit amin 558 va 561 trong trinh tu axit
amin (SEQ ID NO: 1) cta synthaza isopropylmalat dugc xdc dinh la cac vi tri quan
trong cho hoat tinh ctia enzym bién thé IPMS, nd luc dugc thuc hién dé x4c nhan xem
hoat tinh enzym dugc cai thién hodc xem sy ttc ché phan hdi duge giai phong thém khi
duoc thé v6i axit amin ngoai cac axit amin trong bién thé. Do d6, nd luc dugc thuc
hién dé tao ra bién thé dugc thé voi mét axit amin cta cac nhom axit amin khéc c6 thé

gay ra bién doi cau truc.

Bién thé trong d6 axit amin 558, arginin duoc thé vGi alanin (Ala) hodc
glutamin (Gln) dugc tao ra. Vecto p117 PCJ7-leuA (R558A), trong do6 axit amin 558
dugc thé voi alanin (Ala), va vecto p117 PCJ7-leuA (R558Q), trong do6 axit amin 558
duoc thé véi glutamin (Gln) dugc tao ra bang cach st dung phwong phéap dot bién vi
tr truc tiép va bang cach st dung vecto p117 PCJ 7-leuA (R558H) lam khuon, moi cia
cac SEQ ID NO: 13 va 14, va cap mdi cta cac SEQ ID NO: 15 va 16.

Bién thé trong d6 axit amin 561, glyxin dugc thé v6i arginin (Arg) hodc tyrosin
(Tyr) dugc tao ra. Vecto pl17 PCJ7-leuA (G561R), trong d6 axit amin 561 dugc thé
v6i arginin (Arg), va vecto p117 PCJ 7-leuA (G561Y), trong do axit amin 561 dugc thé
véi tyrosin (Tyr), thu dugc bing cach st dung phuong phap dot bién vi trf truc tiép
bang cach st dung p117 PCJ7-leuA (G561D) lam khuon, mdi ctia cdc SEQ ID NO: 17
va 18, cap mdi cia SEQ ID NO: 19 va 20.

Vi du 10: San xuét chiing trong do bién thé duoc bién ddi isopropylmalat duge dua
vao

Dé tao ra ching duoc bién dbi v6i vecto biéu hién chua trinh tu nucleotit duoc
bién dbi leuA duoc tao ra trong vi du 9, Corynebacterium glutamicum ATCC14067

kiéu dai dugc st dung lam ching goc.

M3i  vecto, pll7_PCI7-leuA (R558A), pl17_PCI7-levA  (R558Q),
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pl17_PCJ7-levA (G561R), va p117_PCJ7-leuA (G561Y), ma da dugc tao ra trong Vi
du 9, d3 duoc bién ddi trong Corynebacterium glutamicum ATCC14067 béi k¥ thuat
din phan dé tao ra 14067:p117_PCI7-leuA (R558A), 14067::p117 PCI7-leuA
(R558Q), 14067::p117_PCI7-leuA (G561R), va 14067::pl 17 PCJ7-leuA (G561Y).

Vi du 11: San xuét L-leuxin trong d6 bién thé duoc bién doi isopropylmalat duge dua
vao

Pé san xuidt L-leuxin tr cac ching san xuat L-leuxin, Corynebacterium
glutamicum 14067::p117 PCJ7-leuA (R558A), 14067::p117 PCI7-leuA (R558Q),
14067::p117 PCJ7-leuA (G561R), va 14067::p117 PCJ7-leuA (G561Y), dugc tao ra

trong vi du 10, viéc nudi cdy da duge thuc hién theo cach duoi day.

Vong bach kim cua mdi chung gbc Corynebacterium glutamicum ATCC14067,
va 4 ching o trén duge U trong binh goc véach ngan (250 mL) chira mdi truong san
xuét (25 mL). Sau ddy, L-leuxin dugc san xut bing cich U trong bé nudc lic & 30°C

voi toe do 200 vong/phut trong 60 gio.

Sau khi hoan thanh viéc @, luong san xuét L-leuxin dugc do bang sic ky long
cao ap. Nong do cua L-leuxin trong moi trudng nudi cay cho mdi chung tht nghiém

dugc thé hién trong bang 5 bén dudi.

Bang 5: Viéc san xut L-leuxin trong ching biéu hién qud mic bién thé IPMS.

Chung Nong do L-leuxin (g/L)
ATCC14067 0,1
14067::p117_PCJ7-leuA (WT) 0,3
14067::p117_PCJ7-leuA (R558H) 4,5

(Vidu7)

14067::p117_PCJ7-leuA (R558A) 3,8
14067::p117_PCJ7-leuA (R558Q) 3,2
14067::p117_PCJ7-leuA (G561D) 5,1

(Vidu 7)

14067::p117_PCJ7-leuA (G561R) 4,0
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14067::p117 _PCI7-leuA (G561Y) 3,6

Nhu duoc thé hién trén Bang 5 o trén, xac nhin hiéu suit L-leuxin cta céc
ching san xudt L-leuxin, Corynebacterium glutamicum 14067::p117 PCI7-leuA
(R558A), va 14067::p117 PCJ7-leuA (R558Q) duoc ting tir 32 dén 38 1an so véi cac
ching gbc, Corynebacterium glutamicum ATCC14067.

Ngoai ra, xdc nhén hiéu suit L-leuxin cua cadc chung san xuit L-leuxin,
Corynebacterium glutamicum 14067::p117 PCI7-leuA (G561R), va i4067::p117
PCI7-leuA (G561Y) dugc tang tr 36 @én 40 lin so v&i cac ching gdc,
Corynebacterium glutamicum ATCC14067.

Dua trén cac Kkét qua & trén, duge xac nhén cac axit amin 558 va 561 trong trinh
tu axit amin (SEQ ID NO: 1) cta synthaza isopropylmalat ¢ cac vi tri quan trong doi
v6i hoat tinh ctia enzym bién thé IPMS, va ngay ca khi mdi axit amin 558 va 561 cua
protein IPMS kiéu dai dugc thé 13n luot v6i histidin va axit aspartic, hiéu suét L-leuxin

duoc tang lén dang ké trong chung c6 su bién dbi nay.

Maic du sang ché da duoc md ta v6i cdc phuong an minh hoa cu thé, s& dugc
hiéu boi nhitng nguoi co hidu biét trung binh trong linh vuc k¥ thudt nay ma sang ché
dé xuét, sang ché ¢6 thé duogc thuc hién theo cac dang cu thé khac ma khong xa roi
tinh than k¥ thuat hodc cac dAu hiéu co ban cla sang ché. Do d6, cdc phuong an dugc
mo ta & trén s& duoc minh hoa véi tt cac khia canh va khong bi giéi han. Hon nita,
pham vi cua sang ché duoc xic dinh badi cac diém yéu ciu bao hd kém theo hon 1a
ph?m mé ta chi tiét, va nén duoc hidu 1a tAt cac cac bién ddi hodc bién thé tir y nghia va
pham vi cla sang ché va tuong duong cia ching dugc ndm trong pham vi cla cdc

diém yéu cau bao ho keém theo.
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YRU CAU BAO HQ

1. Polypeptit duoc bién dbi c6 hoat tinh synthaza isopropylmalat, trong do arginin & vi
tri 558 tir ddu N cta polypeptit bao gdm trinh ty axit amin néu trong SEQ ID NO: 1
duoc thé véi gdc histidin, alanin, hodc glutamin va/hodc glyxin O vi tri 561 tu dau N
cua polypeptit bao gdm trinh tu axit amin néu trong SEQ ID NO: 1 dugc thé voéi

arginin hodc tyrosin.

2. Polypeptit duoc bién ddi co hoat tinh synthaza isopropylmalat, trong do arginin & vi
tri 558 tir dau N cta polypeptit bao gdm trinh ty axit amin néu trong SEQ ID NO: 1
duoc thé véi histidin, alanin hodc glutamin, va glyxin & vi tri 561 tir ddu N cua
polypeptit bao gdm trinh ty axit amin néu trong SEQ ID NO: 1 dugc thé véi axit

aspartic, arginin hodc tyrosin.

3. Polypeptit dugc bién ddi theo diém 1, trong d6 polypeptit duoc bién ddi bao gdm
rinh tur axit amin dwoc chon tir nhém bao gdm SEQ ID NO: 21 dén 23 va SEQ ID
NO: 25 dén 35.

4. Polynucleotit ma hoa polypeptit dugc bién dbi theo diém bat ky trong sb cac diém

tir 1 dén 3.

5. Polynucleotit theo diém 4, trong d6 polynucleotit bao gbm trinh ty nucleotit dugc

chon tir nhém bao gbm SEQ ID NO: 36 dén 38 va SEQ ID NO: 40 dén 50.

6. Vi sinh vat thudc chi Corynebacterium san xuét L-leuxin, bao gdm polypeptit dugc

bidn déi theo didm bat ky trong s6 céc diém tir 1 dén 3.

7. Vi sinh vat thudc chi Corynebacterium san xuét L-leuxin, ma dugc bién nap voéi
vecto bao gdbm polynucleotit ma hoa polypeptit dugc bién dbi theo diém bét ky trong

sO céc diém tur 1 dén 3.

8. Vi sinh vat theo diém 6, trong d6 vi sinh vat thudc chi Corynebacterium 1a

Corynebacterium glutamicum.
9. Phuong phép san xuit L-leuxin bao gdm céc budc:

(a) nuodi cay vi sinh vét thudc chi Corynebacterium san xuat L-leuxin theo diém 6
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trong mdi trudong d¢ san xuat L-leuxin; va

(b) thu hdi L-leuxin tir vi sinh vat dugc nudi cay hodc mdi trudng nudi cay.
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DANH SACH TRINH TU

<110> CJ CheilJedang Corporation

<120> POLYPEPTIT DUQGC BIEN p6I CO HOAT TINH SYNTHAZA ISOPROPYLMALAT VA
POLYNUCLEOTIT MA HOA POLYPEPTIT NAY
<130> OPA17193

<150> KR 10-2016-0181343
<151> 2016-12-28

<160> 50

<170> KoPatentIn 3.0

<210> 1
<211> 616
<212> PRT

<213> Trinh tu nhan tao

<220>
<223> leuA AA

<400> 1
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro Val Asn Arg Tyr Met Pro Phe Glu Val Glu Vval
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140
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Leu Ile Arg Arg Thr Phe Glu Ala Cys Glu Gly Ala Lys Asn Val Ile
145 150 155 160

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205 '

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu val Pro Tyr Leu Pro Ile Asp
405 410 415

-27-



Pro Lys

Gln Ser

Leu Gln
450

Asn Val
465

Asp Ile
Ile Ala
Ile Thr
His Gly

530

Gly Ile
545

Gly Asp

Arg Lys

Leu Lys

Glu Ala
610

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

<220>
<223>

<400>
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Asp Val Gly Arg Asp Tyr Glu Ala
420 425

Gly Lys Gly Gly Val Ala Tyr Ile
435 440

Ile Pro Arg Ser Met Gln Val Glu
455

Thr Asp Ala Glu Gly Gly Glu Val
470

Phe Ala Thr Glu Tyr Leu Glu Arg
485 490

Leu Arg Val Glu Asn Ala Gln Thr
500 505

Ala Glu Leu Ile His Asn Gly Lys
515 520

Asn Gly Pro Leu Ala Ala Tyr Ala
535

Asp Val Glu Ile Gln Glu Tyr Asn
550

Asp Ala Glu Ala Ala Ala Tyr vVal
565 570

Val Trp Gly Val Gly Ile Ala Gly
580 585

Ala Val Thr Ser Ala Val Asn Arg
595 600

val Leu Ala Gly Gly Val
615

2

1851

ADN

Trinh tyv nhan tao

leuA NT

-28-

Val

Met

Phe

Asn

475

Thr

Glu

Asp

Asn

Gln

555

Leu

Ser

Ala

Ile

Lys

Ser

460

Ser

Ala

Asn

Val

Ala

540

His

Ala

Ile

Leu

Arg

Thr

445

Thr

Lys

Pro

Glu

Thr

525

Leu

Ala

Glu

Thr

Asp
605

Val

430

Asp

Val

Ala

Val

Asp

510

Val

Glu

Arg

Val

Tyr

590

Val

Asn

His

Val

Met

Glu

495

Ala

Asp

Lys

Thr

Asn

575

Ala

Asn

Ser

Gly

Gln

Trp

480

Gln

Ser

Gly

Leu

Ser

560

Gly

Ser

His



atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctcgtgagce
gtgcacttct
gtgcaggtea
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggcggcg
ggtctggacg
gagcagctgc
ggtcgcgact
tacatcatga
accgttgtcc

gatatcttcg

gtcgagaacg

acgatgcatt
gccagccagce
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctggc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgce
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta

ctcagaccga
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catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttggc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagegc

aaacgaggat

cctgccaaga
cagcgtggct
atttctctgc
gctgttgacc
cgccgeatgt
tcagcttccc
gacgatgtca
gaagcttgceg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagegea
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctgce
aactcccagt
atccctcgct
gecggcgage
accgcaccag

gcatccatca

-20-

tcgaaacccc
cctcaatgcc
cggaccgceac
tgcgtgacgg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttcctga
accaggacgc
gctccactga
ctatcgatcc
ccggcaaggg
ccatgcaggt
tcaactccaa
ttgagcagat

ccgccgaget

agttgggcct
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagaé
gtccctgcac
ggctggegcet
ctgecectggtc
caccgatata
gcgccaccca
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttgcet
tgagttctcc
ggcaatgtgg
cgcgetgegc

catccacaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560



ggcaaggacg tcaccgtcga tggccacggc
ctggagaagc tgggcatcga cgttgagatc
ggcgacgatg cagaagcagc cgcctacgtg
ggcgteggea tegetggetc catcacctac

aaccgcgege tggacgtcaa ccacgaggcea

<210> 3
<211> 21
<212> ADN

<213> Trinh tu nhan tao
<220>
223> Trinh tuleuA-1

<400> 3
agaaggacaa agcactcatc ¢

<210> 4
<211> 20
<212> ADN

<213> Trinh tu nhan tao
<220>
223> Trinh tu leuA-2

<400> 4
tcgeccctagt attctggegt

<210> 5
<211> 30
<212> ADN

<213> Trinh tu nhan tao
<220>
<223> leuA sub F

<400> 5
acgcgtcgac ttgaccctca gctggacttc

36196

aacggcccac tggctgcetta
caggaataca accagcacgc
ctggctgagg tcaacggecg
gcttcgetga aggcagtgac

gtcctggetg geggegttta

-30-

cgccaacgeg
ccgcacctcg
caaggtctgg
ctccgecgta

a

1620

1680

1740

1800

1851

21

20

30



36196

<210> 6
<211> 28
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> leuA sub R

<400> 6
gctctagaaa ttccctgtcg gtgaagca

<210> 7
211> 33
<212> ADN

<213> Trinh ty nhan tao
<220>
<223> leuA 588 mut P-2

<400> 7
atcgtcgccc gaggtgtggs cgtgctggtt gta

<210> 8
<211> 33
<212> ADN

<213> Trinh ty nhan tao
<220>
<223> leuA 588 mut P-3

<400> 8
tacaaccagc acgcccacac ctcgggcegac gat

<210> 9
211> 35
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> leuA 561 mut P-2

<400> 9
tgcttctgea tcgtcatecg aggtgcggge gtgct

-31-

28

33

33

35



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

<220>
223>

<400>

36196

10
32
ADN
Trinh tu nhan tao

leuA 561 mut P-3

10

acgcccgeac ctcggatgac gatgcagaag ca

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

<220>
223>

<400>

11

33

ADN

Trinh tu nhan tao

leuA over F

11

ggaattttcc atatgtctcc taacgatgca ttc

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

<220>
<223>

<400>

12

28
ADN
Trinh tu nhan tao

leuA over R

12

gctctagatc gecctagtat tetggegt

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

<220>
<223>

<400>

13

43

ADN

Trinh tu nhan tao

R558A SD F

13

aggaatacaa ccagcacgcc gcaacctcgg gcgacgatge aga

-32-

32

33

28

43



<210>
211>
<212>
<213>

220>
<223>

<400>

36196

14

43

ADN

Trinh tu nhan tao

R558A SD R

14

tctgecatcgt cgeccgaggt tgcggegtge tggttgtatt cct

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

<220>
<223>

<400>

15
43
ADN
Trinh tu nhan tao

R558Q SD F

15

aggaatacaa ccagcacgcc cagacctcgg gcgacgatge aga

210>
<211>
<212>
<213>

<220>
<223>

<400>

16
43
ADN
Trinh tyu nhan tao

R558Q SD R

16

tctgeatcgt cgeccgaggt ctgggegtge tggttgtatt cct

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

<220>
<223>

<400>

17
43
ADN
Trinh tu nhan tao

G561R SD F

17

-33-
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43
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36196

accagcacgc ccgcacctcg cgcgacgatg cagaagcagc cgC

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

220>
<223>

<400>

18
43
ADN
Trinh tu nhan tao

G561R SD R

18

gcggetgett ctgcatcgtc gecgegaggtsy cgggegtget ggt

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

<220>
<223>

<400>

19

43

ADN

Trinh tu nhan tao

G561Y SD F

19

accagcacgc ccgcacctcg tacgacgatg cagaagcagc cgc¢

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

<220>
<223>

<400>

20
43
ADN
Trinh tu nhan tao

G561Y SD R

20

gcggetgett ctgeategtc gtacgaggtg cgggcgtget ggt

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

<220>
<223>

21
616
PRT
Trinh tu nhan tao

R558H AA

43

43

43

43



36196

<400> 21
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro Val Asn Arg Tyr Met Pro Phe Glu Val Glu Val
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

Leu Ile Arg Arg Thr Phe Glu Ala Cys Glu Gly Ala Lys Asn Val Ile
145 150 155 160 -

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

-35-
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Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp Val Thr Val Asp Gly
515 520 525

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu
530 535 540 ’

-36-



Gly
545

Gly

Ile

Asp

Arg Lys

Leu

Glu

Lys

Ala

610

<210>
211>
<212>
<213>

<220>
<223>

<400>

Met

1

Pro

Gly

Glu

Val

65

Leu

Leu

Ser

Ser

Val

Ser

Asp

50

Ala

Ile

Val

Gln

Asp

Asp

Val

Ala

595

Val

22

Val

Ala

Trp

580

Val

Leu

616
PRT
Trinh tu nhan tao

Glu

Glu

565

Gly

Thr

Ala

R558A AA

22
Pro

Gly

Ser

35

Ile

Pro

Asp

Gln

Thr
115

Asn

Pro

20

Met

Ser

Gln

Pro

Met
100

Asp

Asp

Arg

Pro

Leu

Trp

Met

85

Gly

Phe

Ile

550

Ala

Val

Ser

Gly

Ala

Asn

Val

Pro

Cys

70

Ser

Phe

Asp

Gln

Ala

Gly

Ala

Gly
615

Phe

Glu

Asn

Asp

55

Ala

Pro

Lys

Phe

Glu

Ala

Ile

Val

600

Val

Ile

Gly

Arg

40

Arg

Val

Glu

Glu

Val
120

36196

Tyr Asn Gln His

555

Tyr Val Leu Ala

570

Ala Gly Ser Ile

585

Asn Arg Ala Leu

Ser

Gln
25

Tyr

Thr

Asp

Arg

Ile
105

Arg

Ala

10

Pro

Met

Trp

Leu

Lys

90

Glu

Glu

-37-

Pro

Ala

Pro

Pro

Arg

75

Arg

Val

Ile

Ala

Trp

Phe

Asp

60

Asp

Arg

Gly

Ile

Ala

Glu

Thr

Asp
605

Lys

Asn

Glu

45

Lys

Gly

Met

Phe

Glu
125

His

Val

Tyr

590

Val

Ile

Lys

30

Val

Lys

Asn

Phe

Pro

110

Lys

Thr
Asn
575

Ala

Asn

Glu

15

Gln

Glu

Ile

Gln

Glu

95

Ser

Asp

Ser
560
Gly

Ser

His

Thr

Arg

Val

Thr

Ala

80

Leu

Ala

Met



36196

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His .
130 135 140

Leu Ile Arg Arg Thr Phe Glu Ala Cys Glu Gly Ala Lys Asn val Ile
145 150 155 160

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

Val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

Val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400
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Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp Val Thr Val Asp Gly
515 520 525 ’

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu
530 535 540

Gly Ile Asp Val Glu Ile Gln Glu Tyr Asn Gln His Ala Ala Thr Ser
545 550 555 560

Gly Asp Asp Ala Glu Ala Ala Ala Tyr Val Leu Ala Glu Val Asn Gly
565 570 575

Arg Lys Val Trp Gly Val Gly Ile Ala Gly Ser Ile Thr Tyr Ala Ser
580 585 590

Leu Lys Ala Val Thr Ser Ala val Asn Arg Ala Leu Asp Val Asn His
595 600 605

Glu Ala Val Leu Ala Gly Gly Val

610 615
<210> 23
<211> 616
212> PRT

<213> Trinh tu nhan tao

<220>
<223> R558Q AA

-30-
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<400> 23
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro val Asn Arg Tyr Met Pro Phe Glu Val Glu Val
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg

-40-
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260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

Val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp val Thr Val Asp Gly
515 520 525

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu

-41-



530

Gly Ile
545

Gly Asp

Arg Lys

Leu Lys

Glu Ala
610

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

<400>
Met Ser

Pro Val

Gly Ser

Glu Asp

50

Val Ala
65

Leu Ile

Leu Val

Ser Gln

Asp Val

Asp Ala

Val Trp

580

Ala Val
595

Val Leu

24
616
PRT

Glu

Glu

565

Gly

Thr

Ala

Ile

550

Ala

Val

Ser

Gly

535

Gln

Ala

Gly

Ala

Gly
615

Trinh tu nhan tao

G561D AA

24
Pro Asn

Gly Pro
20

Ser Met
35

Ile Ser

Pro Gln

Asp Pro

Gln Met

100

Thr Asp
115

Asp

Arg

Pro

Leu

Trp

Met

85

Gly

Phe

Ala

Asn

Val

Pro

Cys

70

Ser

Phe

Asp

Phe

Glu

Asn

Asp

55

Ala

Pro

Lys

Phe

Glu

Ala

Ile

Val

600

Val

Ile

Gly

Arg

40

Arg

Val

Glu

Glu

Val
120

36196

Tyr

Tyr

Ala
585

Asn

Ser

Gln
25

Tyr

Thr

Asp

Arg

Ile

105

Arg

540

Asn Gln His

555

Val Leu Ala

570

Gly Ser Ile

Arg Ala Leu

Ala

10

Pro

Met

Trp

Leu

Lys

90

Glu

Glu

-42-

Pro

Ala

Pro

Pro

Arg

75

Arg

Val

Ile

Ala

Trp

Phe

Asp

60

Asp

Arg

Gly

Ile

Ala

Glu

Thr

Asp
605

Lys

Asn

Glu

45

Lys

Gly

Met

Phe

Glu
125

Gln Thr Ser

560

Val Asn Gly

575

Tyr Ala Ser

590

Val Asn His

Ile

Lys

30

Val

Lys

Asn

Phe

Pro

110

Lys

Glu

15

Gln

Glu

Ile

Gln

Glu

95

Ser

Asp

Thr

Arg

Val

Thr

Ala

80

Leu

Ala

Met



36196

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

Val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala ’
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400



36196

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp val Thr Val Asp Gly
515 520 525

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu
530 535 540

Gly Ile Asp Val Glu Ile Gln Glu Tyr Asn Gln His Ala Arg Thr Ser
545 550 555 560

Asp Asp Asp Ala Glu Ala Ala Ala Tyr Val Leu Ala Glu Val Asn Gly
565 570 575

Arg Lys Val Trp Gly Val Gly Ile Ala Gly Ser Ile Thr Tyr Ala Ser
580 585 590

Leu Lys Ala Val Thr Ser Ala Val Asn Arg Ala Leu Asp Val Asn His
595 600 605

Glu Ala Val Leu Ala Gly Gly Val

610 615
<210> 25
<211> 616
<212> PRT

<213> Trinh tu nhan tao

<220>
<223> G561R AA



36196

<400> 25
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro Val Asn Arg Tyr Met Pro Phe Glu Val Glu Val
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

Leu Ile Arg Arg Thr Phe Glu Ala Cys Glu Gly Ala Lys Asn Val Ile
145 150 , 155 160

val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Vval Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255
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val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly '
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp val Thr Val Asp Gly -
515 520 525
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His

Gly

545

Arg

Arg

Leu

Glu

Gly

530

Ile

Asp

Lys

Lys

Ala
610

<210>
211>
<212>
<213>

<220>
223>

<400>

Met

1

Pro

Gly

Glu

Val

65

Leu

Leu

Ser

Ser

Val

Ser

Asp

50

Ala

Ile

Val

Gln

Asn

Asp

Asp

Val

Ala

595

Val

26

Gly

Val

Ala

Trp

580

Val

Leu

616
PRT
Trinh ty nhan tao

Pro

Glu

Glu

565

Gly

Thr

Ala

G561Y AA

26
Pro

Gly

Ser

35

Ile

Pro

Asp

Gln

Thr

Asn

Pro

20

Met

Ser

Gln

Pro

Met

100

Asp

Asp

Arg

Pro

Leu

Trp

Met

85

Gly

Phe

Leu

Ile

550

Ala

Val

Ser

Gly

Ala

Asn

Val

Pro

Cys

70

Ser

Phe

Asp

Ala

535

Gln

Ala

Gly

Ala

Gly
615

Phe

Glu

Asn

Asp

55

Ala

Pro

Lys

Phe

Ala

Glu

Ala

Ile

Val

600

Val

Ile

Gly

Arg

40

Arg

Val

Glu

Glu

Val

36196

Tyr Ala Asn Ala

540

Tyr Asn Gln His

555

Tyr Val Leu Ala

Ala Gly Ser Ile

585

570

Asn Arg Ala Leu

Ser

Gln
25

Tyr

Thr

Asp

Arg

Ile

105

Arg

Ala

10

Pro

Met

Trp

Leu

Lys

90

Glu

Glu
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Pro

Ala

Pro

Pro

Arg

75

Arg

Val

Ile

Ala

Trp

Phe

Asp

60

Asp

Arg

Gly

Ile

Leu

Ala

Glu

Thr

Asp
605

Lys

Asn

Glu

45

Lys

Gly

Met

Phe

Glu

Glu

Arg

Val

Tyr

590

Val

Ile

Lys

30

Val

Lys

Asn

Phe

Pro

110

Lys

Lys

Thr

Asn

575

Ala

Asn

Glu

15

Gln

Glu

Ile

Gln

Glu

95

Ser

Asp

Leu

Ser

560

Gly

Ser

His

Thr

Arg

Val

Thr

Ala

80

Leu

Ala

Met



36196

115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365 ’

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
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385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp val Thr Val Asp Gly
515 520 525

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu
530 535 540

Gly Ile Asp Val Glu Ile Gln Glu Tyr Asn Gln His Ala Arg Thr Ser
545 550 555 560

Tyr Asp Asp Ala Glu Ala Ala Ala Tyr Val Leu Ala Glu Val Asn Gly
565 570 575

Arg Lys Val Trp Gly Val Gly Ile Ala Gly Ser Ile Thr Tyr Ala Ser
580 585 590

Leu Lys Ala Val Thr Ser Ala val Asn Arg Ala Leu Asp Val Asn His
595 600 605

Glu Ala Val Leu Ala Gly Gly Val

610 615
<210> 27
<211> 616
<212> PRT

<213> Trinh tu nhan tao

<220>
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223> R558H, G561D AA

<400> 27
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro Val Asn Arg Tyr Met Pro Phe Glu Vval Glu Val
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

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

val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255
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val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

Val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 4709 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Tle Thr Ala Glu Leu Ile His Asn Gly Lys Asp Val Thr Val Asp Gly
515 520 525
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His

Gly

545

Asp

Arg

Leu

Glu

Gly

530

Ile

Asp

Lys

Lys

Ala
610

<210>
211>
<212>
<213>

220>
<223>

<400>

Met

1

Pro

Gly

Glu

Val

65

Leu

Leu

Ser

Val

Ser

Asp

50

Ala

Ile

Val

Asn

Asp

Asp

Val

Ala

595

Val

28

Gly

Val

Ala

Trp

580

Val

Leu

616
PRT
Trinh tu nhan tao

R558H,

28
Pro

Gly

Ser

35

Ile

Pro

Asp

Gln

Asn

Pro

20

Met

Ser

Gln

Pro

Met
100

Pro

Glu

Glu

565

Gly

Thr

Ala

Leu

Ile

550

Ala

Val

Ser

Gly

Ala

535

Gln

Ala

Gly

Ala

Gly
615

G561R AA

Asp

Arg

Pro

Leu

Trp

Met

85

Gly

Ala

Asn

Val

Pro

Cys

70

Ser

Phe

Phe

Glu

Asn

Asp

55

Ala

Pro

Lys

Ala

Glu

Ala

Ile

Val

600

Val

Ile

Gly

Arg

40

Arg

Val

Glu

Glu

36196

Tyr

Tyr

Tyr

Ala

585

Asn

Ser

Gln

25

Tyr

Thr

Asp

Arg

Ile
105

Ala

Asn

Val

570

Gly

Arg

Ala

10

Pro

Met

Trp

Leu

Lys

90

Glu
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Asn

Gln
555

Leu

Ala
540

His

Ala

Ser Ile

Ala

Pro

Ala

Pro

Pro

Arg

75

Arg

Val

Leu

Ala

Trp

Phe

Asp

60

Asp

Arg

Gly

Leu

Ala

Glu

Thr

Asp
605

Lys

Asn

Glu

45

Lys

Gly

Met

Phe

Glu

His

Val

Tyr

590

Val

Ile

Lys

30

Val

Lys

Asn

Phe

Pro
110

Lys

Thr

Asn

575

Ala

Asn

Glu

15

Gln

Glu

Ile

Gln

Glu

95

Ser

Leu

Ser

560

Gly

Ser

His

Thr

Arg

Val

Thr

Ala

80

Leu

Ala



36196

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Tle Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380
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Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 : 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp val Thr Val Asp Gly
515 520 525

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu
530 535 540

Gly Ile Asp Val Glu Ile Gln Glu Tyr Asn Gln His Ala His Thr Ser
545 550 555 560

Arg Asp Asp Ala Glu Ala Ala Ala Tyr Val Leu Ala Glu Val Asn Gly
565 570 575

Arg Lys Val Trp Gly Val Gly Ile Ala Gly Ser Ile Thr Tyr Ala Ser
580 585 590

Leu Lys Ala Val Thr Ser Ala Val Asn Arg Ala Leu Asp Val Asn His
595 600 605

Glu Ala Val Leu Ala Gly Gly Val

610 615
<210> 29
<211> 616
<212> PRT

<213> Trinh tu nhan tao



36196

220>
<223> R558H, G561Y AA

<400> 29
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro val Asn Arg Tyr Met Pro Phe Glu Val Glu Val
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
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Val

Asp

Val

Gly

305

Thr

Phe

Leu

Ala

Met

385

Glu

Pro

Gln

Leu

Asn

465

Asp

Ile

Ile

Tyr

Ser

Gly

290

Cys

Leu

Thr

Arg

Phe

370

Ala

Gln

Lys

Ser

Gln

450

Val

Ile

Ala

Thr

Ala

Ile

275

Ala

Leu

Ala

Asp

Val

355

Ser

Ala

Leu

Asp

Gly

435

Ile

Thr

Phe

Leu

Ala

Asp

260

Ile

Ala

Phe

Leu

Ile

340

Pro

Gly

Lys

Arg

Val

420

Lys

Pro

Asp

Ala

Arg

500

Glu

245

Ser

Leu

Glu

Gly

Asn

325

Arg

Glu

Ser

Val

Asp

405

Gly

Gly

Arg

Ala

Thr

485

Val

Leu

Ile

Ser

Leu

Asn

310

Met

Gln

Arg

His

Gln

390

Thr

Arg

Gly

Ser

Glu

470

Glu

Glu

Ile

Glu

Leu

Gly

295

Gly

Leu

Ile

His

Gln

375

Pro

Glu

Asp

Val

Met

455

Gly

Tyr

Asn

His

Trp

His

280

Tyr

Glu

Thr

Arg

Pro

360

Asp

Gly

Trp

Tyr

Ala

440

Gln

Gly

Leu

Ala

Asn

36196

Met

265

Pro

Met

Arg

Gln

Ser

345

Tyr

Ala

Ala

Glu

Glu

425

Tyr

Val

Glu

Glu

Gln

505

Gly

250

His

His

Ala

Thr

Gly

330

Thr

Gly

Val

Ser

Val

410

Ala

Ile

Glu

Val

Arg

490

Thr

Lys
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Arg

Asn

Gly

Gly

315

Val

Val

Gly

Asn

Ser

395

Pro

Val

Met

Phe

Asn

475

Thr

Glu

Asp

Asn

Asp

Ala

300

Asn

Asp

Glu

Asp

Lys

380

Thr

Tyr

Ile

Lys

Ser

460

Ser

Ala

Asn

Val

Leu

Arg

285

Asp

Val

Pro

Tyr

Leu

365

Gly

Glu

Leu

Arg

Thr

445

Thr

Lys

Pro

Glu

Thr

Asn

2760

Gly

Arg

Cys

Gln

Cys

350

Val

Leu

Val

Pro

Val

430

Asp

Val

Ala

Val

Asp

510

Val

255

Arg

Thr

Ile

Leu

Leu

335

Asn

Phe

Asp

Ser

Ile

415

Asn

His

Val

Met

Glu

495

Ala

Asp

Arg

Gly

Glu

Val

320

Asp

Gln

Thr

Ala

Trp

400

Asp

Ser

Gly

Gln

Trp

480

Gln

Ser

Gly



36196

515 520 525

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu
530 535 540

Gly Ile Asp Val Glu Ile Gln Glu Tyr Asn Gln His Ala His Thr Ser
545 550 555 560

Tyr Asp Asp Ala Glu Ala Ala Ala Tyr Val Leu Ala Glu Val Asn Gly
565 570 575

Arg Lys Val Trp Gly Val Gly Ile Ala Gly Ser Ile Thr Tyr Ala Ser
580 585 590

Leu Lys Ala Val Thr Ser Ala val Asn Arg Ala Leu Asp Val Asn His
595 600 605

Glu Ala Val Leu Ala Gly Gly Val

610 615
<210> 30
<211> 616
<212> PRT

<213> Trinh tu nhan tao

<220>
<223> R558A, G561D AA

<400> 30
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro Val Asn Arg Tyr Met Pro Phe Glu Val Glu Val
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110
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36196

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln val Leu Val Gln Ala Arg Glu His
130 135 140

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

val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg '
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

Val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380
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Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp val Thr Val Asp Gly
515 520 525

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu
530 535 540

Gly Ile Asp Val Glu Ile Gln Glu Tyr Asn Gln His Ala Ala Thr Ser
545 550 555 560

Asp Asp Asp Ala Glu Ala Ala Ala Tyr Val Leu Ala Glu Val Asn Gly
565 570 575

Arg Lys val Trp Gly Val Gly Ile Ala Gly Ser Ile Thr Tyr Ala Ser
580 585 590

Leu Lys Ala Val Thr Ser Ala Val Asn Arg Ala Leu Asp Val Asn His
595 600 605

Glu Ala Val Leu Ala Gly Gly Val

610 615
<210> 31
<211> 616
<212> PRT

<213> Trinh tu nhan tao
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36196

<220>
223> R558A, G561R AA

<400> 31
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro Val Asn Arg Tyr Met Pro Phe Glu Val Glu Vval
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

Val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln val Leu Val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240
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Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

Val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr GIn Gly Val Asp Pro Gln Leu Asp |
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
- 340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp -
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510
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Ile

His

Gly

545

Arg

Arg

Leu

Glu

Thr

Gly

530

Ile

Asp

Lys

Lys

Ala
610

<210>
211>
<212>
<213>

<220>
<223>

<400>

Met

1

Pro

Gly

Glu

Val

65

Leu

Leu

Ser

Val

Ser

Asp

50

Ala

Ile

Val

Ala

515

Asn

Asp

Asp

Val

Ala

595

Val

32

Glu

Gly

Val

Ala

Trp

580

Val

Leu

616
PRT
Trinh tu nhan tao

R558A,

32
Pro

Gly

Ser

35

Ile

Pro

Asp

Gln

Asn

Pro

20

Met

Ser

Gln

Pro

Met

Leu

Pro

Glu

Glu

565

Gly

Thr

Ala

Ile

Leu

Ile

550

Ala

Val

Ser

Gly

His

Ala

535

Gln

Ala

Gly

Ala

Gly
615

G561Y AA

Asp

Arg

Pro

Leu

Trp

Met

85

Gly

Ala

Asn

Val

Pro

Cys

70

Ser

Phe

Phe

Glu

Asn

Asp

55

Ala

Pro

Lys

Asn

520

Ala

Glu

Ala

Ile

Val

600

Val

Ile

Gly

Arg

40

Arg

Val

Glu

Glu

36196

Gly

Tyr

Tyr

Tyr

Ala

585

Asn

Ser

Gln

25

Tyr

Thr

Asp

Arg

Ile

Lys

Ala

Asn

Val

570

Gly

Arg

Ala

10

Pro

Met

Trp

Leu

Lys

90

Glu

-62-

Asp

Asn

Gln

555

Leu

Ser

Ala

Pro

Ala

Pro

Pro

Arg

75

Arg

Val

Val

Ala

540

His

Ala

Ile

Leu

Ala

Trp

Phe

Asp

60

Asp

Arg

Gly

Thr

525

Leu

Ala

Glu

Thr

Asp
605

Lys

Asn

Glu

45

Lys

Gly

Met

Phe

Val

Glu

Ala

Val

Tyr

590

Val

Ile

Lys

30

Val

Lys

Asn

Phe

Pro

Asp

Lys

Thr

Asn

575

Ala

Asn

Glu

15

Gln

Glu

Ile

Gln

Glu

95

Ser

Gly

Leu

Ser

560

Gly

Ser

His

Thr

Arg

Val

Thr

Ala

80

Leu

Ala
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100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
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370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp -
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Vval Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp val Thr Val Asp Gly
515 520 525

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu
530 535 540

Gly Ile Asp Val Glu Ile Gln Glu Tyr Asn Gln His Ala Ala Thr Ser
545 550 555 560

Tyr Asp Asp Ala Glu Ala Ala Ala Tyr Val Leu Ala Glu Val Asn Gly
565 570 575

Arg Lys Val Trp Gly Val Gly Ile Ala Gly Ser Ile Thr Tyr Ala Ser
580 585 590

Leu Lys Ala Val Thr Ser Ala val Asn Arg Ala Leu Asp Val Asn His
595 600 605

Glu Ala Val Leu Ala Gly Gly Val

610 615
<210> 33
<211> 616
<212> PRT



36196

<213> Trinh tu nhan tao

<220>
<223> R558Q, G561D AA

<400> 33
Met Ser Pro Asn Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro Val Asn Arg Tyr Met Pro Phe Glu Val Glu Val
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240
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Pro

Val

Asp

Val

Gly

305

Thr

Phe

Leu

Ala

Met

385

Glu

Pro

Gln

Leu

Asn

465

Asp

Ile

Met

Tyr

Ser

Gly

290

Cys

Leu

Thr

Arg

Phe

370

Ala

Gln

Lys

Ser

Gln

450

Val

Ile

Ala

Ile

Ala

Ile

275

Ala

Leu

Ala

Asp

Val

355

Ser

Ala

Leu

Asp

Gly

435

Ile

Thr

Phe

Leu

Ile

Asp

260

Ile

Ala

Phe

Leu

Ile

340

Pro

Gly

Lys

Arg

Val

420

Lys

Pro

Asp

Ala

Arg
500

Asn

245

Ser

Leu

Glu

Gly

Asn

325

Arg

Glu

Ser

Val

Asp

405

Gly

Gly

Arg

Ala

Thr

485

Val

Leu

Ile

Ser

Leu

Asn

310

Met

Gln

Arg

His

Gln

390

Thr

Arg

Gly

Ser

Glu

470

Glu

Glu

Pro

Glu

Leu

Gly

295

Gly

Leu

Ile

His

Gln

375

Pro

Glu

Asp

Val

Met

455

Gly

Tyr

Asn

Ser

Trp

His

280

Tyr

Glu

Thr

Arg

Pro

360

Asp

Gly

Trp

Tyr

Ala

440

Gln

Gly

Leu

Ala

36196

Thr

Met

265

Pro

Met

Arg

Gln

Ser

345

Tyr

Ala

Ala

Glu

Glu

425

Tyr

Val

Glu

Glu

Gln
505

Val

250

His

His

Ala

Thr

Gly

330

Thr

Gly

Val

Ser

Val

410

Ala

Ile

Glu

Val

Arg

490

Thr

-66-

Glu

Arg

Asn

Gly

Gly

315

Val

Val

Gly

Asn

Ser

395

Pro

Val

Met

Phe

Asn

475

Thr

Glu

Met

Asn

Asp

Ala

300

Asn

Asp

Glu

Asp

Lys

380

Thr

Tyr

Ile

Lys

Ser

460

Ser

Ala

Asn

Ile

Leu

Arg

285

Asp

Val

Pro

Tyr

Leu

365

Gly

Glu

Leu

Arg

Thr

445

Thr

Lys

Pro

Glu

Thr

Asn

270

Gly

Arg

Cys

Gln

Cys

350

Val

Leu

Val

Pro

Val

430

Asp

Val

Ala

Val

Asp
510

Pro

255

Arg

Thr

Ile

Leu

Leu

335

Asn

Phe

Asp

Ser

Ile

415

Asn

His

Val

Met

Glu

495

Ala

Asn
Arg
Gly
Glu
Val
320
Asp
Gln
Thr
Ala
Trp
400

Asp
Ser
Gly
Gln
Trp
480

Gln

Ser



Ile

His

Gly

545

Asp

Arg

Leu

Glu

Thr

Gly

530

Ile

Asp

Lys

Lys

Ala
610

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

<220>
<223>

<400>

Met
1

Pro

Gly

Glu

Val

65

Leu

Ser

Val

Ser

Asp

50

Ala

Ile

Ala

515

Asn

Asp

Asp

Val

Ala

595

Val

34

Glu

Gly

Val

Ala

Trp

580

Val

Leu

616
PRT
Trinh tu nhan tao

R558Q,

34
Pro

Gly

Ser

35

Ile

Pro

Asp

Asn

Pro

20

Met

Ser

Gln

Pro

Leu

Pro

Glu

Glu

565

Gly

Thr

Ala

Ile

Leu

Ile

550

Ala

Val

Ser

Gly

His

Ala

535

Gln

Ala

Gly

Ala

Gly
615

G561R AA

Asp

Arg

Pro

Leu

Trp

Met
85

Ala

Asn

Val

Pro

Cys

70

Ser

Phe

Glu

Asn

Asp

55

Ala

Pro

Asn

520

Ala

Glu

Ala

Ile

Val

600

Val

Ile

Gly

Arg

40

Arg

Val

Glu

36196

Gly Lys

Tyr Ala

Tyr Asn

Tyr Val
570

Ala Gly
585

Asn Arg

Ser Ala
10

Gln Pro
25

Tyr Met

Thr Trp

Asp Leu

Arg Lys
90

-67-

Asp

Asn

Gln

555

Leu

Ser

Ala

Pro

Ala

Pro

Pro

Arg

75

Arg

Val

Ala

540

His

Ala

Ile

Leu

Ala

Trp

Phe

Asp

60

Asp

Arg

Thr

525

Leu

Ala

Glu

Thr

Asp
605

Lys

Asn

Glu

45

Lys

Gly

Met

Val

Glu

Gln

Val

Tyr

590

Val

Ile

Lys

30

Val

Lys

Asn

Phe

Asp

Lys

Thr

Asn

575

Ala

Asn

Glu

15

Gln

Glu

Ile

Gln

Glu
95

Gly
Leu
Ser
560
Gly

Ser

His

Thr
Arg
Val |
Thr
Ala

80

Leu



36196

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln val Leu Val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

Val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr Val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365
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Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400 -

Glu Gln Leu Arg Asp Thr Glu Trp Glu val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Vval Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480 |

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
500 505 510

Ile Thr Ala Glu Leu Ile His Asn Gly Lys Asp Val Thr Val Asp Gly
515 520 525

His Gly Asn Gly Pro Leu Ala Ala Tyr Ala Asn Ala Leu Glu Lys Leu
530 535 540

Gly Ile Asp Val Glu Ile Gln Glu Tyr Asn Gln His Ala Gln Thr Ser
545 550 555 560

Arg Asp Asp Ala Glu Ala Ala Ala Tyr Val Leu Ala Glu Val Asn Gly
565 570 575

Arg Lys Val Trp Gly Val Gly Ile Ala Gly Ser Ile Thr Tyr Ala Ser
580 585 590

Leu Lys Ala Val Thr Ser Ala Val Asn Arg Ala Leu Asp Val Asn His
595 600 605

Glu Ala Val Leu Ala Gly Gly Vval

610 615
<210> 35
<211> 616
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<212> PRT
<213> Trinh ty nhan tao

<220>
<223> R558Q, G561Y AA

<400> 35
Met Ser Pro Ash Asp Ala Phe Ile Ser Ala Pro Ala Lys Ile Glu Thr -
1 5 10 15

Pro Val Gly Pro Arg Asn Glu Gly Gln Pro Ala Trp Asn Lys Gln Arg
20 25 30

Gly Ser Ser Met Pro Val Asn Arg Tyr Met Pro Phe Glu Val Glu Val
35 40 45

Glu Asp Ile Ser Leu Pro Asp Arg Thr Trp Pro Asp Lys Lys Ile Thr
50 55 60

val Ala Pro Gln Trp Cys Ala Val Asp Leu Arg Asp Gly Asn Gln Ala
65 70 75 80

Leu Ile Asp Pro Met Ser Pro Glu Arg Lys Arg Arg Met Phe Glu Leu .
85 90 95

Leu Val Gln Met Gly Phe Lys Glu Ile Glu Val Gly Phe Pro Ser Ala
100 105 110

Ser Gln Thr Asp Phe Asp Phe Val Arg Glu Ile Ile Glu Lys Asp Met
115 120 125

Ile Pro Asp Asp Val Thr Ile Gln Val Leu Val Gln Ala Arg Glu His
130 135 140

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

Val His Phe Tyr Asn Ser Thr Ser Ile Leu Gln Arg Asn Val Val Phe
165 170 175

Arg Met Asp Lys Val Gln Val Lys Lys Leu Ala Thr Asp Ala Ala Glu
180 185 190

Leu Ile Lys Thr Val Ala Gln Asp Tyr Pro Asp Thr Asn Trp Arg Trp
195 200 205

Gln Tyr Ser Pro Glu Ser Phe Thr Gly Thr Glu Val Glu Tyr Ala Lys
210 215 220

Glu Val Val Asp Ala Val Val Glu Val Met Asp Pro Thr Pro Glu Asn
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225 230 235 240

Pro Met Ile Ile Asn Leu Pro Ser Thr Val Glu Met Ile Thr Pro Asn
245 250 255

val Tyr Ala Asp Ser Ile Glu Trp Met His Arg Asn Leu Asn Arg Arg
260 265 270

Asp Ser Ile Ile Leu Ser Leu His Pro His Asn Asp Arg Gly Thr Gly
275 280 285

Val Gly Ala Ala Glu Leu Gly Tyr Met Ala Gly Ala Asp Arg Ile Glu
290 295 300

Gly Cys Leu Phe Gly Asn Gly Glu Arg Thr Gly Asn Val Cys Leu Val
305 310 315 320

Thr Leu Ala Leu Asn Met Leu Thr Gln Gly Val Asp Pro Gln Leu Asp
325 330 335

Phe Thr Asp Ile Arg Gln Ile Arg Ser Thr val Glu Tyr Cys Asn Gln
340 345 350

Leu Arg Val Pro Glu Arg His Pro Tyr Gly Gly Asp Leu Val Phe Thr
355 360 365

Ala Phe Ser Gly Ser His Gln Asp Ala Val Asn Lys Gly Leu Asp Ala
370 375 380

Met Ala Ala Lys Val Gln Pro Gly Ala Ser Ser Thr Glu Val Ser Trp
385 390 395 400

Glu Gln Leu Arg Asp Thr Glu Trp Glu Val Pro Tyr Leu Pro Ile Asp
405 410 415

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

Gln Ser Gly Lys Gly Gly Val Ala Tyr Ile Met Lys Thr Asp His Gly
435 440 445

Leu Gln Ile Pro Arg Ser Met Gln Val Glu Phe Ser Thr Val Val Gln
450 455 460

Asn Val Thr Asp Ala Glu Gly Gly Glu Val Asn Ser Lys Ala Met Trp
465 470 475 480

Asp Ile Phe Ala Thr Glu Tyr Leu Glu Arg Thr Ala Pro Val Glu Gln
485 490 495

Ile Ala Leu Arg Val Glu Asn Ala Gln Thr Glu Asn Glu Asp Ala Ser
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Ile Thr

Ala

500

Glu Leu

515

His Gly

530
Gly Ile
545

Tyr Asp

Arg Lys

Leu Lys

Asn

Asp

Asp

Val

Ala

Gly Pro

Val Glu

Ile

Leu

Ile

Asn
520

His

Ala Ala

535

Gln Glu

550

Glu
565

Ala

Trp
580

Gly

val Thr

595

Ala
610

Glu

Val

Leu Ala

210> 36

<211>
<212>
<213>
<220>
<223> R5
<400> 36
atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctcgtgagc

gtgcacttct

1851
ADN
Trinh tu nhan tao

58H NT

acgatgcatt
gccagccagc
tcgaggttga
ccgttgceacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg

acaactcaac

Ala

Val

Ser

Gly

Ala Ala

Gly Ile

Val
600

Ala

Gly Val

615

catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct
ccgtactttt

ctccatcctg

36196

505

Gly Lys Asp

Tyr Ala Asn

Gln
555

Tyr Asn

Val
570

Tyr Leu

Ala
585

Gly Ser

Asn Arg Ala

cctgccaaga
cagcgtggct
atttctctgce
gctgttgacc
cgcecgeatgt
tcagcttccc
gacgatgtca
gaagcttgceg

cagcgcaacg
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510

Thr
525

Val

Ala
540

Leu

His Ala

Ala Glu

Ile Thr

Val

Glu

Gln

Val

Tyr

Asp Gly

Lys Leu

Thr Ser

560

Asn
575

Gly

Ala Ser

590

Leu Asp

605

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgcet
agactgattt
ccattcaggt
aaggcgcaaa

tggtgttccg

Val

Asn His

agttgggect
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc

catggacaag

60

120

180

240

300

360

420

480

540



gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggeggecs
ggtctggacg
gagcagctgc
ggtcgecgact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
ggcgacgatg
ggcgtcggcea
aaccgcgegce
<210> 37
<211> 18

<212>
<213>

agaagctggc
ccaactggcg
aggaagttgt
tcaacctgec
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggcetc

tggacgtcaa

51

ADN
Trinh ty nhan tao

36196

taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttgec
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagegce
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagegea
gttgaccctc
aaccagctgc
tceggttccc
ccaggtgcta
ccttacctgc
aactcccagt
atccctegct
gecggegage
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgagg
gcttcgetga

gtcctggetg

-73-

tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttectga
accaggacgc
gctccactga
ctatcgatcc
ccggeaaggs
ccatgcaggt
tcaactccaa
ttgagcagat
ccgecgaget
tggctgectta
accagcacgc
tcaacggecg
aggcagtgac

gcggegttta

cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagac
gtccctgcac
ggctggeget
ctgecctggtc
caccgatata
gcgccaccca
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttgct
tgagttctcc
ggcaatgtgg
cgcgctgcegc
catccacaac
cgccaacgcg
ccacacctcg
caaggtctgg

ctccgecgta

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1851



<220>
<223> R5

<400> 37
atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctcgtgagc
gtgcacttct
gtgcaggtega
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggegecs
ggtctggacg
gagcagctgc
ggtcgegact

tacatcatga

58A NT

acgatgcatt
gccagccagce
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctggc
ccaactggceg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgc
gcgacaccga
acgaggctgt

agaccgatca

36196

catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttgsc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg

cggtctgcag

cctgccaaga
cagcgtggct
atttctctgc
gctgttgacc
cgccgecatgt
tcagcttccc
gacgatgtca
gaagcttgcg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagegea
gttgaccctc
aaccagctgc
tcecggttccc
ccaggtgcta
ccttacctgce
aactcccagt

atccctcgcet

-74-

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttcctga
accaggacgc
gctccactga
ctatcgatcc

ccggcaaggsg

ccatgcaggt

agttgggcct
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagac
gtccctgcac
ggctggcgcf
ctgecctggtc
caccgatata
gcgccaccca
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttget

tgagttctcc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
ggcgacgatg
ggcgtcggca

aaccgcgegce

<210> 38

1851
ADN
Trinh tu nhan tao

<211>
<212>
<213>

<220>
<223>

<400> 38

atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctcgtgagce
gtgcacttct
gtgcaggtga
tacccagaca

gagtacgcca

agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggctc

tggacgtcaa

R558Q NT

acgatgcatt
gccagccagc
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctggc
ccaactggcg

aggaagttgt

36196

cgacgctgag
cctggagcegc
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttcect
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac

ggacgcagtt

ggcgecgass
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgags
gcttcgetga

gtcctggetg

cctgccaaga
cagcgtggct
atttctctgc
gctgttgacc
cgccgeatgt
tcagcttccc
gacgatgtca
gaagcttgeg
cagcgcaacg
gctgaactga
tcccctgagt

gttgaggtca

-75-

tcaactccaa
ttgagcagat
ccgecgagct
tggctgctta
accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgsg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg

tggatccaac

ggcaatgtgg
cgegetgcegce
catccacaac
cgccaacgceg
cgcaacctcg
caaggtctgg

ctccgecgta

agttgggcct
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt

tcctgagaac

1440

1500

1560

1620

1680

1740

1800

1851

60

120

180

240

300

360

420

480

540

600

660

720



ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggcgecs
ggtctggacg
gagcagctgc
ggtcgegact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
ggcgacgatg
ggegteggea
aaccgegegce
<210> 39
<211> 18
212> AD
<213>
<220>

<223> G5

<400> 39

tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggctc

tggacgtcaa

51
N

61D NT

36196

ttccaccgtt
caatctaaac
cggegttgsc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgceag
cgacgctgag
cctggagegce
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

Trinh tu nhan tao

gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagcegea
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctgc
aactcccagt
atccctcget
gecgecgage
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgagg
gcttcgetga

gtcctggetg

cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttecctga
accaggacgc
gctccactga
ctatcgatcc
ccggeaagge
ccatgcaggt
tcaactccaa
ttgagcagat
ccgecgagcet
tggectgctta
accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

ttacgcagac
gtccctgcac
ggctggegcet
ctgectggtc
caccgatata
gcgccaccca
tgtgaacaag
agtttcttgg
aaaggatgté
cggegttget
tgagttctcc
ggcaatgtegs
cgecgetgegc
catccacaac
cgccaacgceg
ccagacctcg
caaggtctgg

ctccgecgta

atgtctccta acgatgcatt catctccgea cctgecaaga tcgaaacccc agttgggect

-76-

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1851



cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctcgtgagc
gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggegecs
ggtctggacg
gagcagctgc
ggtcgegact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg

ggcaaggacg

gccagccagc
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctggc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga

tcaccgtcga

atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttgec
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgcgtg
cggtctgcag
cgacgctgag
cctggagcegc
aaacgaggat

tggccacggc

36196

cagcgtggct
atttctctgce
gctgttgacc
cgccgeatgt
tcagcttccc
gacgatgtca
gaagcttgeg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagegea
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctgc
aactcccagt
atccctegcet
gecggegags
accgcaccag
gcatccatca

aacggcccac

-77-

cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttcctga
accaggacgc
gctccactga
ctatcgatcc
ccggcaaggg
ccatgcaggt
tcaactccaa
ttgagcagat
ccgecgagct

tggctgctta

agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagac
gtccctgcac
ggctggeget
ctgectggtc
caccgatata
gcgecaccca
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttget
tgagttctcc
ggcaatgtgg
cgegetgegc
catccacaac

cgccaacgceg

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



ctggagaagc tgggcatcga

gatgacgatg

ggecgtcggea
aaccgcgegce
<210> 40
<211> 18
212> AD
<213>
220>
223> G5
<400> 40
atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctcgtgagc
gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat

ccgcacaatg

gaccgcatcg

cagaagcagc
tcgctggcetc

tggacgtcaa

51
N

61R NT

acgatgcatt
gccagccagce
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctgsgc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac

aaggctgect

36196

cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

Trinh tu nhan tao

catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttggce

gttcggcaac

caggaataca
ctggectgagg
gcttcgctga

gtcctggetg

cctgccaaga
cagcgtggct
atttctctgc
gctgttgacc
cgcecgeatgt
tcagcttccc
gacgatgtca
gaagcttgceg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc

ggcgagegcea

-78-

accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat

ccggcaacgt

ccgcacctcg
caaggtctgg

ctccgecgta

Q

agttgggcct
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagac
gtccctgeac
ggctggegct

ctgcctggtc

1680

1740

1800

1851

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



accctggcac
cgccagatcc
tacggegecs
ggtctggacg
gagcagctgc
ggtcgcgact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
cgcgacgatg
ggcgtcggea
aaccgcgcgc
<210>
<211> 18
<212>
<213>
220>
<223> G5
<400> 41

atgtctccta

cgcaatgaag

41

tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggcetc

tggacgtcaa

51

ADN
Trinh tu nhan tao

61Y NT

acgatgcatt

gccagccagce

tacatgcctt tcgaggttga

aaaaaaatca

ctgattgatc

ccgttgcacc

cgatgtctcc

36196

gacccagggc

tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagcegc
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

catctccgca
atggaataag
ggtagaagat
tcagtggtgt

tgagcgtaag

gttgaccctc
aaccagctgc
tccggttcecc
ccaggtgcta
ccttacctgc
aactcccagt
atccctegct
gecggegags
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgagg
gcttcgetga

gtcctggetg

cctgccaaga
cagcgtggct
atttctctgc
gctgttgacc

cgccgeatgt

-79-

agctggactt
gcgttcctga
accaggacgc
gctccactga
ctatcgatcc
ccggcaaggsg
ccatgcaggt
tcaactccaa
ttgagcagat
ccgecegagcet
tggctgctta
accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

tcgaaacccc
cctcaatgcc
cggaccgceac
tgcgtgacgg

ttgagctgcet

caccgatata
gcgccaccca
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttget
tgagttctcc
ggcaatgtgs
cgcgetgegc
catccacaac
cgccaacgeg
ccgcacctcg
caaggtctgg

ctccgecgta

agttgggect
agttaaccgc
ttggccagat
caaccaggct

ggttcagatg

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1851

60

120

180

240

300



ggattcaagg
cgtgagatca
gctcgtgagc
gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggéggcg
ggtctggacg
gagcagctgc
ggtcgecgact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
tacgacgatg

ggegteggea

aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctggc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc

tcgetggcetc

cggtttcecct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttgsc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagcegc
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg

catcacctac

36196

tcagcttccc
gacgatgtca
gaagcttgeg
cagcgcaacg
gctgaactga
tccecctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagegca
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctge
aactcccagt
atccctcget
gecgecgage
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgagg

gcttcgetga

-80-

agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttcctga
accaggacgc
gctccactga
ctatcgatcc
ccggeaagegs
ccatgcaggt
tcaactccaa
ttgagcagat
ccgecgaget
tggctgctta
accagcacgc
tcaacggccg

aggcagtgac

tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagac
gtccctgcac
ggctggeget
ctgcctggtc
caccgatata
gcgecaccca
tgtgaacaag
agtttcttgg
aaaggatgtc
cggcgttgcf
tgagttctcc
ggcaatgtgg
cgecgetgegc
catccacaac
cgccaacgceg
ccgcacctcg
caaggtctgg

ctccgccegta

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



36196

aaccgcgege tggacgtcaa ccacgaggea gtcctggetg geggegttta a

<210> 42
<211> 18
<212> AD
<213>
<220>
<223>
<400> 42
atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctecgtgagce
gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg

accctggceac

cgccagatcc

tacggcggcs

51
N

acgatgcatt
gccagcecagc
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctggc
ccaactggceg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt

acctggtctt

Trinh ty nhan tao

R558H, G561D NT

catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttggc
gttcggcaac
gacccagggc
tgaatactgc

caccgctttc

cctgccaaga
cagcgtggct
atttctctgce
gctgttgacc
cgccgeatgt
tcagcttccc
gacgatgtca
gaagcttgcg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagegca
gttgaccctc
aaccagctgc

tccggttccc

-81-

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgsg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttcctga

accaggacgc

agttgggect
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtf
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagac
gtccctgcac
ggctggeget
ctgeectggtc
caccgatata
gcgecaccca

tgtgaacaag

1851

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



ggtctggacg
gagcagctgc
ggtcgecgact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
gatgacgatg
ggcgtcggcea
aaccgcgege
<210>
<211>
212>
<213>
220>

<223>

<400> 43

43

1851
ADN
Trinh tu nhan tao

ccatggctgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggcetc

tggacgtcaa

atgtctccta acgatgcatt

cgcaatgaag gccagccage

tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca

gctcgtgagc

tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga

acctgattcg

36196

caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagegc
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

R558H, G561R NT

catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct

ccgtactttt

ccaggtgcta
ccttacctgce
aactcccagt
atccctecgcet
gecggcgasgsg
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgagg
gcttcgetga

gtcctggetg

cctgccaaga
cagcgtggcet
atttctctgc
gctgttgacc
cgcecgeatgt
tcagcttccc
gacgatgtca

gaagcttgceg

-82-

gctccactga
ctatcgatcc
ccggcaaggg
ccatgcaggt
tcaactccaa
ttgagcagat
ccgccgagcet
tggctgctta
accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgct
agactgattt
ccattcaggt

aaggcgcaaa

agtttcttgg
aaaggatgtc
cggegttget
tgagttctcc
ggcaatgtgg
cgcgetgegce
catccacaac
cgccaacgceg
ccacacctcg
caaggtctgg

ctccgeegta

Q

agttgggcct
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag

aaacgttatc

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1851

60

120

180

240

300

360

420

480



gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggegeces
ggtctggacg
gagcagctgc
ggtcgegact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
cgcgacgatg
ggegteggea
aaccgcgegc
<210> 44
<211> 18

<212> AD
<213>

acaactcaac
agaagctgsgc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgcect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggcetgce
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggcetc

tggacgtcaa

51
N

36196

ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttggc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgceag
cgacgctgag
cctggagcgc
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

Trinh ty nhan tao

cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagcgca
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctgc
aactcccagt
atccctecget
gecggcgags
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgags
gcttegetga

gtcctggetg

-83-

tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttectga
accaggacgc
gctccactga
ctatcgatcc
ccggcaaggs
ccatgcaggt
tcaactccaa
ttgagcagat
ccgececgagcet
tggctgctta
accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagac
gtccctgeac
ggctggegct
ctgcctggtc
caccgatata
gcgccaccca
tgtgaacaaé
agtttcttgg
aaaggatgtc
cggegttgcet
tgagttctcc
ggcaatgtgg
cgcgetgegce
catccacaac
cgccaacgceg
ccacacctcg
caaggtctgg

ctccgeegta

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1851



<220>
<223> R5

<400> 44
atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctcgtgagc
gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggeggcesg
ggtctggacg
gagcagctgc
ggtcgecgact

tacatcatga

58H, G561Y

acgatgcatt
gccagecagc
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctggc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt
acctggtcett
ccatggctgc
gcgacaccga
acgaggctgt

agaccgatca

36196

NT

catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccect
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttggc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg

cggtctgeag

cctgccaaga
cagcgtggct
atttctctgc
gctgttgacc
cgccgeatgt
tcagcttccc
gacgatgtca
gaagcttgcg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagcgea
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctgc
aactcccagt

atccctegct

-84-

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttectga
accaggacgc
gctccactga
ctatcgatcc
ccggeaaggg

ccatgcaggt

agttgggcct
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtf
tcctgagaac
ttacgcagac
gtccctgcac
ggctggeget
ctgecectggtc
caccgatata
gcgccacccé
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttgcet

tgagttctcc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
tacgacgatg
ggcgtcggca
aaccgegegce
<210> 45
<211> 18
<212>
<213>
<220>
<223> R5
<400> 45
atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctcgtgagc
gtgcacttct
gtgcaggtga
tacccagaca

gagtacgcca

agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggctc

tggacgtcaa

51

ADN
Trinh tu nhan tao

58A, G561D

acgatgcatt
gccagccagc
tcgaggttga
ccgttgcacc
cgatgtctcc

aaatcgaggt

tcgaaaagga

acctgattcg
acaactcaac
agaagctgsgc
ccaactggcg

aggaagttgt

36196

cgacgctgag
cctggagcgc
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac

ggacgcagtt

ggcggcegags
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgagg
gcttcgetga

gtcctggetg

cctgccaaga
cagcgtggct
atttctctgce
gctgttgacc
cgcecgeatgt
tcagcttccc
gacgatgtca
gaagcttgceg
cagcgcaacg
gctgaactga
tcccctgagt

gttgaggtca

-85-

tcaactccaa
ttgagcagat
ccgccgagct
tggctgctta
accagcacgc
tcaacggcecg
aggcagtgac

gcggegttta

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg

tggatccaac

ggcaatgtegs
cgecgetgegc
catccacaac
cgccaacgeg
ccacacctcg
caaggtctgg

ctccgecegta

agttgggect
agttaaccg;
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt

tcctgagaac

1440

1500

1560

1620

1680

1740

1800

1851

60

120

180

240

300

360

420

480

540

600

660

720



ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggegges
ggtctggacg
gagcagctgc
ggtcgcgact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
gatgacgatg
ggcgtceggea
aaccgcgegc
<210> 46
<211> 18
212> AD
<213>
220>

223>

<400> 46

tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgcct
tgaacatgct
gcagcaccgt
acctggtctt
ccatggcetgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggctc

tggacgtcaa

51
N

36196

ttccaccgtt
caatctaaac
cggegttggc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagegce
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

Trinh tu nhan tao

R558A, G561R NT

gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagcgca
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctgc
aactcccagt
atccctcegcet
gecggegags
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgags
gcttegetga

gtcctggetg

cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttcctga
accaggacgc
gctccactga
ctatcgatcc
ccggcaagegg
ccatgcaggt
tcaactccaa
ttgagcagat
ccgcecgagcet
tggctgctta
accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

ttacgcagac
gtccctgcac
ggctggeget
ctgcctggté
caccgatata
gcgecaccca
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttgcet
tgagttctcc
ggcaatgtgg
cgecgetgegce
catccacaac
cgccaacgceg
cgcaacctcg
caaggtctgg

ctccgecgta

atgtctccta acgatgcatt catctccgea cctgecaaga tcgaaacccc agttgggect

-86-

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1851

60



cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctcgtgagc
gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggcgscg
ggtctggacg
gagcagctgc
ggtcgegact
tacatcatga
accgttgtcc

gatatcttcg

gtcgagaacg

gccagecagce
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctggc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta

ctcagaccga

atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttcecct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttggc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagcegc

aaacgaggat

36196

cagcgtggct
atttctctgc
gctgttgacc
cgcegeatgt
tcagcttccc
gacgatgtca
gaagcttgeg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagcegca
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctgc
aactcccagt
atccctcgcet
gecggegags
accgcaccag

gcatccatca

-87-

cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgcet
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttcctga
accaggacgc
gctccactga
ctatcgatcc
ccggcaaggs
ccatgcaggt
tcaactccaa
ttgagcagat

ccgeegaget

agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttaté
catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagac
gtccctgcaé
ggctggeget
ctgecctggtc
caccgatata
gcgccaccca
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttgct
tgagttctcc
ggcaatgtgg
cgcgetgegc

catccacaac

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560



ggcaaggacg tcaccgtcga

ctggagaagc
cgcgacgatg
ggegtcggea
aaccgcgegce
210> 47
<211> 18
<212>
<213>
<220>
<223>
<400> -47
atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctecgtgagc
gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca

tccattgaat

ccgcacaatg

tgggcatcga
cagaagcagc
tcgetggcetc

tggacgtcaa

51

ADN
Trinh tu nhan tao

acgatgcatt
gccagccagce
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctgsgc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg

accgtggcac

36196

tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

R558A, G561Y NT

catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt

caatctaaac

cggegttggc

aacggcccac
caggaataca
ctggctgagg
gcttcgetga

gtcctggetg

cctgccaaga
cagecgtggct
atttctctgc
gctgttgacc
cgccgeatgt
tcagcttccc
gacgatgtca
gaagcttgceg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt

gcagctgagc

-88-

tggctgctta
accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct

tgggctacat

cgccaacgces
ccagacctcg
caaggtctgg

ctccgecgta

o]

agttgggect
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagac

gtccctgceac

ggctggegcet

1620

1680

1740

1800

1851

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



gaccgcatcg
accctggcac
cgccagatcc
Tacggcgecs
ggtctggacy
gagcagctgc
ggtcgegact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
tacgacgatg
‘ggcgtcggca
aaccgcgegc
48

18
AD

<210>
<211>
212>
<213>

<220>
<223>

<400> 48

aaggctgect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggctc

tggacgtcaa

51
N

gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagcgc
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

Trinh tu nhan tao

R558Q, G561D NT

atgtctccta acgatgcatt catctccgca

cgcaatgaag gccagccage atggaataag

tacatgcctt tcgaggttga ggtagaagat

aaaaaaatca ccgttgcacc tcagtggtgt

36196

ggcgagegea
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctgc
aactcccagt
atcccteget
gecggcegags
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgags
gcttcgetga

gtcctggetg

cctgccaaga
cagcgtggcet
atttctctgc

gctgttgacc

-89-

ccggcaacgt
agctggactt
gcgttcctga
accaggacgc
gctccactga
ctatcgatcc
ccggeaagge
ccatgcaggt
tcaactccaa
ttgagcagat
ccgecgagcet
tggctgctta
accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

tcgaaacccc
cctcaatgcec
cggaccgcac

tgcgtgacgg

ctgeetggtc
caccgatata
gcgccaccca
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttgcet
tgagttctcc
ggcaatgtes
cgecgetgegce
catccacaac
cgccaacgeg
cgcaacctcg
caaggtctgg

ctccgecgta

agttgggcct
agttaaccgc
ttggccagat

caaccaggct

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1851

60

120

180

240



ctgattgatc
ggattcaagg
cgtgagatca
gctecgtgagce
gtgcacttct
gtgcaggtea
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggegsgceg
ggtctggacg
gagcagctgc
ggtcgecgact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
gatgacgatg

ggcgteggea

cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctggc
ccaactggcg
aggaagttgt
tcaacctgcec
ggatgcaccg
accgtggcac
aaggctgcct
tgaacatgct
gcagcaccgt
acctggtctt
ccatggcetgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc

tcgetggcetc

tgagcgtaag
cggtttcect
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggcgttggc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagegce
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg

catcacctac

36196

cgccgeatgt
tcagcttccc
gacgatgtca
gaagcttgceg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagegea
gttgaccctc
aaccagctgc
tccggttecc
ccaggtgcta
ccttacctgc
aactcccagt
atccctegct
ggcggcegags
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgage

gcttecgetga

-90-

ttgagctgcet
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttectga
accaggacgc
gctccactga
ctatcgatcc
ccggcaaggs
ccatgcaggt
tcaactccaa
ttgagcagat
ccgeccgagcet
tggctgectta
accagcacgc
tcaacggccg

aggcagtgac

ggttcagatg
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt
tcctgagaac
ttacgcagaé
gtccctgcac
ggctggegct
ctgcctggtc
caccgatata
gcgccacccé
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttget
tgagttctcc
ggcaatgtgg
cgcgetgegc
catccacaac
cgccaacgceg
ccagacctcg
caaggtctgg

ctccgccegta
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36196

aaccgcgcge tggacgtcaa ccacgaggea gtcctggetg geggegttta a

<210> 49
<211> 18
<212> - AD
<213>
<220>
<223>
<400> 49
atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca
gctecgtgagc
gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg

accctggcac

cgccagatcc

tacggeggcg

51
N

acgatgcatt
gccagecagce
tcgaggttga
ccgttgcacc
cgatgtctcc
aaatcgaggt
tcgaaaagga
acctgattcg
acaactcaac
agaagctgsgc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgcect
tgaacatgct
gcagcaccgt

acctggtcett

Trinh tu nhan tao
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catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct
ccgtactttt
ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttggc
gttcggcaac
gacccagggc
tgaatactgc

caccgctttc

cctgccaaga
cagcgtggct
atttctctgc
gctgttgacc
cgccgeatgt
tcagcttccc
gacgatgtca
gaagcttgeg
cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagcgca
gttgaccctc
aaccagctgc

tccggttccc

-01-

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgg
ttgagctgct
agactgattt
ccattcaggt
aaggcgcaaa
tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttcctga

accaggacgc

agttgggcect
agttaaccgc
ttggccagat
caaccaggct
ggttcagaté
tgatttcgtt
tctggttcag
aaacgttatc
catggacaag
cgctcaggat
cactgaggtt
tcctgagaaé
ttacgcagac
gtccctgcac
ggctggegcet
ctgcctggtc
caccgatata
gcgecaccca

tgtgaacaag
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ggtctggacg
gagcagctgc
ggtcgegact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
cgcgacgatg
ggcgtcggea
aaccgcgege
<210>
<211>

212>
<213>

18
AD

<220>
<223>

<400> 50
atgtctccta
cgcaatgaag
tacatgcctt
aaaaaaatca
ctgattgatc
ggattcaagg
cgtgagatca

gctegtgagce

50

ccatggcetgce
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggcetc

tggacgtcaa

51
N

acgatgcatt

gccagccagc

tcgaggttga

ccgttgcacc
cgatgtctcc

aaatcgaggt

tcgaaaagga

acctgattcg

caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagcgc
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

Trinh tu nhan tao
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catctccgca
atggaataag
ggtagaagat
tcagtggtgt
tgagcgtaag
cggtttccct
catgatccct

ccgtactttt

36196

ccaggtgcta
ccttacctge
aactcccagt
atccctcget
ggcggcegags
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgags
gcttcgetga

gtcctggetg

cctgccaaga
cagecgtggct
atttctctgc
gctgttgacc
cgccgeatgt
tcagcttccc
gacgatgtca

gaagcttgceg

-02-

gctccactga
ctatcgatcc
ccggeaaggg
ccatgcaggt
tcaactccaa
ttgagcagat
ccgeecgagcet
tggctgectta
accagcacgc
tcaacggecg
aggcagtgac

gcggegttta

tcgaaacccc
cctcaatgcc
cggaccgcac
tgcgtgacgsg
ttgagctgcet
agactgattt
ccattcaggt

aaggcgcaaa

agtttcttgg
aaaggatgtc
cggegttgcet
tgagttctcc
ggcaatgtgg
cgcgetgegce
catccacaac
cgccaacgceg
ccagacctcg
caaggtctgg

ctccgecgta

Q

agttgggcect
agttaaccgc
ttggccagat
caaccaggct
ggttcagatg
tgatttcgtt
tctggttcag

aaacgttatc
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gtgcacttct
gtgcaggtga
tacccagaca
gagtacgcca
ccaatgatca
tccattgaat
ccgcacaatg
gaccgcatcg
accctggcac
cgccagatcc
tacggegses
ggtctggacg
gagcagctgc
ggtcgecgact
tacatcatga
accgttgtcc
gatatcttcg
gtcgagaacg
ggcaaggacg
ctggagaagc
tacgacgatg
ggcgtcggcea

aaccgegegce

acaactcaac
agaagctggc
ccaactggcg
aggaagttgt
tcaacctgcc
ggatgcaccg
accgtggcac
aaggctgect
tgaacatgct
gcagcaccgt
acctggtctt
ccatggctgc
gcgacaccga
acgaggctgt
agaccgatca
agaacgtcac
ccaccgagta
ctcagaccga
tcaccgtcga
tgggcatcga
cagaagcagc
tcgetggctc

tggacgtcaa

36196

ctccatcctg
taccgatgcc
ctggcagtac
ggacgcagtt
ttccaccgtt
caatctaaac
cggegttggc
gttcggcaac
gacccagggc
tgaatactgc
caccgctttc
caaggttcag
atgggaggtt
tatccgegtg
cggtctgcag
cgacgctgag
cctggagegce
aaacgaggat
tggccacggc
cgttgagatc
cgcctacgtg
catcacctac

ccacgaggca

cagcgcaacg
gctgaactga
tcccctgagt
gttgaggtca
gagatgatca
cgtcgtgatt
gcagctgagc
ggcgagcgea
gttgaccctc
aaccagctgc
tccggttccc
ccaggtgcta
ccttacctgc
aactcccagt
atccctecget
gecggegags
accgcaccag
gcatccatca
aacggcccac
caggaataca
ctggctgags
gcttcgetga

gtcctggetg

-03-

tggtgttccg
tcaagaccgt
ccttcaccgg
tggatccaac
cccctaacgt
ccattatcct
tgggctacat
ccggcaacgt
agctggactt
gcgttectga
accaggacgc
gctccactga
ctatcgatcc
ccggcaaggsg
ccatgcaggt
tcaactccaa
ttgagcagat
ccgececgagcet
tggctgctta
accagcacgc
tcaacggccg
aggcagtgac

gcggegttta

catggacaag
cgctcaggaf
cactgaggtt
tcctgagaac
ttacgcagac
gtccctgcac
ggctggegct
ctgectggtc
caccgatata
gcgccacccé
tgtgaacaag
agtttcttgg
aaaggatgtc
cggegttget
tgagttctcc
ggcaatgtgg
cgecgetgegce
catccacaaé
cgccaacgeg
ccagacctcg
caaggtctgg

ctccgecgta
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