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(57) Giai phép hitu ich d& cap dén trinh ty gen bge ma hoa beta-glucoxidaza c6
ngudn gbe tir vi khuén trong da cé dé va trinh tu axit amin suy dién tir gen, c6 cu
trac md dun GH3-FN3-GH31, ma hoa beta-glucoxidaza. Bing cong nghé giai trinh
tir gen thé hé méi phan tich da hé gen, gen bge méi, ma héa cho beta-glucoxidaza da
duogc khai thac tir dit liéu giai trinh ty DNA da hé gen cta vi khuan trong da co dé.
Viéc phén tich cAu tric ving bao tdn, ving hoat tinh dua trén cac phin mém tin sinh
hoc d3 cho thiy beta-glucoxidaza ¢6 ciu tric mé dun méi gdm ba ving GH3-FN3-
GH31 dugc sip xép tudn tu tir dAu N téi ddu C. Két hop véi cong nghé DNA tai t6
hop, gen bgc da duoc biéu hién manh trong té bao biéu hién Escherichia coli
Rosseta 1. San pham beta-glucoxidaza tai tb hop sau tinh sach c6 hoat tinh cao trung
binh dat 35 U/mg trén co chit pNPG.
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Linh vwe k§ thuat dwece dé cip

Giai phap hiru ich dé cdp dén trinh tu gen bgc mé hoa beta-glucoxidaza c6 ngudn goc
tir vi khuan trong da cé dé va trinh ty axit amin suy dién tir gen, c6 cau tric mé dun

GH3-FN3-GH31, mi hoa beta-glucoxidaza.
Tinh trang k§ thuat ciia gidi phap hiru ich

Viét Nam 1a dt nudc c6 nén néng nghiép phat trién. Trir luong sinh khéi phé
phu phdm ciia néng nghiép hang nim 1én téi trén 150 triéu tAn. Trong d6 phé phu
phém tir sinh khéi thuc vat gém rom, ra, ba mia, triu, vo hot cac loai trai cay co trit
lugng khoang 89 triéu tAn, 14m nghiép khoang 5,5 triéu tAn. Ngudn sinh khéi thuc vat
nay dugc danh gia 1a ngudn sinh khéi xanh rét c6 gid tri cho phét trién kinh té, dic
biét 1a cho san xuét dién va ning luong sinh hoc dién hinh nhu cdn sinh hoc va mét
sb san phim c6 gi4 tri nhu nhua sinh hoc, xylitol, dugc pham,... (Patel & Shah,
2021). O nudc ta, theo thong tin ciia Bo Cong thuong, tai thoi diém thang 12 nam
2021 sinh khéi duoc tan dung dé san xuét dién sinh hoc véi ty 18 rat thip (chi chiém
0,14% dién thuong phim va 0,94% cong sudt 14p dat trén toan qudc). Mot phan nho
sinh khéi dugc tan dung lam phan bén hitu co, tréng nim, nu com,... Téng sinh khéi
noéng nghiép duogc su dung chi chiém 11%, 89% luong con lai dang bi vit bo, giy
lang phi, 6 nhiém moi trudng sinh thai.

Trong khoang 7 nam trd lai ddy, nhién liéu sinh hoc dugc san xuét va ung dung
rAt manh mé& & nhiéu nudc trén thé gidi. Nam 2018, cdn sinh hoc san xuét tir sinh
khéi thuc vét lignoxenluloza dat 3 ty lit. Dy kién, dén nam 2030, sin lugng con sinh
hoc s& dat khoang 233 ty lit (Morales, Arvesen, & Cherubini, 2021). O nudc ta, viée
khai thac, chuyén héa nguén sinh khéi nay con rat han ché do tr& ngai 16n nhét 13
hiéu quéa chuyén héa sinh khéi thanh dudong dé 1én men con rat thap. Lignoxenluloza
duoc cAu tao tir ba thanh phan cha yéu la xenluloza (s¢i polyme mach thing cua

dudng glucoza lién két v6i nhau boi lién két 1,4-beta glucozit), hemixenluloza
1
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(polyme phan nhénh cta cac dudng 5 cdc bon va dudng 6 cac bon) va lignin. Céu
tric cua lignoxenluloza l1a cAu tric vimg chéc. Xenluloza 14 thanh phan chinh, chiém
khoang 40-60% sinh khéi lignoxenluloza (Su et al., 2020). Mac du la phan tir co chu
tric don gidn nhét trong lignoxenluloza nhung viéc chuyén héa xenluloza thanh
duong cling cin it nhét ba loai enzim d6 13 exo-glucanaza, endo-glucanaza va beta-
glucoxidaza. Ba enzim nay hoat dong theo kidu hiép ddng: endo-glucanaza (EC
3.2.1.4) phén cit ngiu nhién sgi xenluloza thanh cac doan oligoxacarit ngén, exo-
glucanaza (1,4-B-xenlobiosidaza, xenlobiohydrolaza, EC 3.2.1.91, EC 3.2.1.176) cit
soi oligoxacarit ngan & hai d4u dé tao cac phéan tir xenlobioza (c6 hai gbc duong
glucoza) va cubi cing beta-glucoxidaza (EC 3.2.1.21) phéan cét xenlobioza thanh
dudng don glucoza (Suwan, Arthornthurasuk, & Kongsaeree, 2017). Beta-
glucoxidaza la enzim tham gia vao budc cudi cing trong con duong chuyén hoa
xenluloza thanh dudng nén nod quyét dinh hiéu qua cua ca con dudng chuyén héa
(Zhang et al., 2019; Srivastava et al., 2019). Do beta-glucoxidaza c6 vai tro ddc biét
quan trong trong nén cdng nghiép nhién lidu sinh hoc nén viéc nghién ctru tim kiém
enzim c6 hoat tinh cao, c6 kha ning san xuét lwgng 16n dé dap umg nhu cdu enzim
trong cong nghi€p dang la van dé& duoc cac nha nghién clru dic biét quan tAm

(Srivastava et al., 2019).

Beta-glucoxidaza cdng nghiép duoc san xult tir nhidu vi sinh vat nhu ndm
Trichoderma reesei, Aspergillus niger, A. phoenicus, A. saccharolyticus,...; Vi khuan
Bacillus subtilis, Acidothermus cellulyticus (Srivastava et al., 2019). Biang cong nghé
DNA tai t6 hop, beta-glucoxidaza tir chiing B. licheniformis dugc san xuét tr chiing
E. coli t4i tb hop véi hoat tinh cao hién nay dat 45,44 U/mL (Liu et al., 2021). Beta-
glucoxidaza tai to hop dugc san xuét tir E. coli ¢4 san luong cao nhat dat 15 g/L

(Ferreira, Azzoni, & Freitas, 2018).

V& céu truc, beta-glucoxidaza cé nguén géc tr nAm, thuc vat, vi khuén déu co
chung trinh ty bao thu. Viéc nhan biét va phén loai enzim hién nay déu dua trén hai
cach d6 13 kiém tra tinh dic hiéu co chét clia enzim va dua trén do tuong déng vé
trinh ty nucledtit va axit amin (Singhania et al., 2013; Singh, Verma, & Kumar,
2016). Viéc phén loai enzim dya trén ca do tuong d@)ng v& trinh tu va kiéu cAu trac
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(mé6 dun) dugc cac nha khoa hoc chép nhan nhiéu nhat (Henrissat & Davies, 1997; Li
et al., 2012). Theo cach phén loai nay, hién nay (tai thoi diém ngay 15/5/2022), céc
enzim c6 hoat tinh phan cit cacbon hydrat (carbohydrate active enzyme - CAZy)
dugc phan vao 173 ho trong d6 beta-glucoxidaza chu yéu thudc ho GH1, GH3 va mot
s6 ho GH khac nhu GH2, GH5, GH9, GH16, GH30, GH39, GH116 (Chen et al.,
202 17 Beta-glucoxidaza GHI1 chu yéu dugc san xudt tir cd khuln, thuc vat, dong vat,
trong khi d6 ho GH3 dugc tdng hop chu yéu tir vi khu4n, nAm men, nAm mdc. Mdi ho
lai duoc phén thanh cac dong (clan) dua trén sy tuong ddng vé ngudn gbc va co ché
xuc tac (Singhania et al., 2013). Beta-glucoxidaza cd trinh tu rit da dang nhung ving
xtc tic cia mdi ho GH lai rat giéng nhau. Beta-glucoxidaza GHI, 5, 30 c6 cAu tric
bng duogc tao thanh tir 8 phién beta/xoin anpha goi 12 cAu tric 6ng (B/o)s va c6 hai
gbc axit cacboxylic bao thi nam & vi tri xtc tac (Ketudat Cairns & Esen, 2010). Céc
beta-glucoxidaza GH3 lai c¢6 hai vung chu tric duogc tao thanh tir cAu tric dng (B/or)s
tiép theo 1a sau phién beta xép kep hai phia ciia ba xodn anpha duoc goi 1a ciu tric
(B/o)s. Vi tri xtc tac cla enzim nim gitta hai ving céu tric  (B/a)g va (B/o)s

(Varghese, Hrmova, & Fincher, 1999; Ketudat Cairns & Esen, 2010).

Céc enzim thudc ho xenlulaza, hemixenlulaza thuong c6 céu tric gém nhidu
vung, cac vung co ciu trac riéng biét, ¢6 chirc ning khac nhau, gitip ddm bao cho
enzim hoat dong dugc hiéu qua nhét. Dang cAu trac ndy duoc goi 1a chu trac mo dun
(modular structure). Céc enzim thuong co6 it nhét mdt md dun xuc tac. C6 enzim cé
nhiéu m6 dun xuc tac, ching thudc cung mot ho hodc nhiéu ho GH khéac nhau. Ngoai
vung xuc tac ra, enzim cling chura nhiéu cac md dun hd tro cho hoat tinh xtc tac nhu
céc Ving bam co chit cacbon hydrat (carbohydrate binding module - CBM), ving
tuong tu fibronectin-3 (FN3), ving twong tu globulin mién dich (immunoglobulin -
Ig) va ving khong biét chirc ning (ving X). Beta-glucoxidaza thuong khéng cé ving
CBM (Alvarez-Gonzalez et al., 2022). Trong nhiing nam gan day, ung dung k¥ thuét
gidi trinh tu da hé gen (metagenomics) cac nha khoa hoc da tim kiém duoc rit nhidu
chu triic enzim méi, ¢6 trinh ty twong dong thap véi trinh tu gen da biét. C4c ngudn
gen moi nay chu yéu dugc khai thac tir vi sinh vat chua nudi céy duoc, dugce cho la
chiém ty 18 rat 16n t61 99% trong mdi hé sinh thai nhd. Dua trén phan tich trinh ty
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beta-glucoxidaza tir di¥ liéu da hé gen, chu tric thong thudng nhat ctia enzim ho GH3
clia vi khuén trong da ¢ dé 13 ¢6 chira thém ving FN3. Dién hinh, dir liéu giai trinh
tr da hé gen cda vi khuin trong da co dé véi dung luong 8 Gb, trén 90% trinh tu
beta-glucoxidaza ctia vi khudn duoc khai thac cé chira FN3 va gan 10% con lai chi
chtra viing xtc taic GH3 (Nguyen et al., 2021). M6 dun FN3 gitip tdng kha ndng bam
dinh-ctia enzim vao co chét, gitp 6n dinh phén ti, ting hoat tinh riéng clia enzim
(Mohsin et al., 2019; Nguyen et al., 2021). Ngoai vung FN3 ra, ciu trac beta-
glucoxidaza méi cling dugc phat hién co6 thém ving CBM6. Day la dang cAu trac
dugc tim thy trong dit liéu giai trinh tw da hé gen vi sinh vat trong da cé bo Tay
Tang (Yak) (Dai ef al., 2012). C4u tric nay ciing dugc phét hién thay trong dit liéu
DNA da hé gen cua vi khuén trong da cé dé khi giai trinh tu siu vé6i dung tich 1én t6i
48,66 Gb (Dao et al., 2021). Trong bd dit liéu nay, cac trinh tr dugc udc doan ma hoa
cho beta-glucoxidaza dugc khai thac 1a 859 trinh tu trong d6 c6 638 trinh ty ma hoa
cho enzim thudc ho GH3. Céc céu tric duoc phat hién thy nhiéu nhat van 13 GH3-
FN3 (500 trinh ty). Ngoai ra, cac chu trac khac duge phat hién 12 GH3-FN3-CES,
DUF-GH3-FN3, GH3-FN3-GHS5, GH3-FN3-Ig va mdt trinh tu co cAu tric domain 13
GH3-FN3-GH31. Ciu tric enzim GH3-FN3-GH31 1a m6t cdu tric enzim mdi, chua
timg duoc phat hién va chua duoc khiang dinh hoat tinh enzim théng qua hoat tinh
phan cét dic hidu. Cac bai bao thudng dé cap dén beta-glucoxidaza cé ving xuc tac 1a
GH3-FN3 nhung khéng c6 thém ving GH31. Bing ddc quyén sang ché
EP2995687B1, US 9,708,594 B2 m6 ta vé trinh tu beta-glucoxidaza chiu nhiét GH3
va c6 d& cap dén beta-glucoxidaza c6 ving GH3 hodc GH31 nhung khéng dé cép dén
enzim cé hai vung xtc tac ho GH3-GH31 (Mort ef al., 2015; Okuma et al., 2016).
Gen m3 hoa cho enzim ndy 14 gen méi, ¢6 muc do twong ddng thap véi cac gen da

timng dugc nghién ctru va ciu tric enzim 1 hoan toan méi.
Ban chit k§ thuét ciia giai phap hitu ich
Muc dich ctia giai phap hitu ich 1a d& xuét trinh tu gen bge mé héa enzim cd

cdu tric md dun GH3-FN3-GH31 nhu duoc thé hién trong SEQ ID NO:1. Trinh tu

gen nay c6 ngudn goc tur vi khuan trong da cé dé.
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Theo muc dich khéc, giai phép hiru ich d& xuét trinh ty axit amin nhu dugc thé
hién trong SEQ ID NO:2 ma hoéa beta-glucoxidaza co6 chu tric mé dun GH3-FN3-
GH31. Enzim tii td hop c6 hoat tinh beta-glucoxidaza chuyén hoéa esculin, 4-
nitrophenyl-B-D- glucopyranosit (pNPG, co chdt dic hiéu cho enzim beta-
glucosidaza) dugc mé hoa tir trinh ty gen néu trong SEQ ID NO:1.

Mo ta van tat cac hinh vé

Hinh 1 thé hién cdu trac ving (md dun) trén phan tir enzim cé trinh tu axit
amin néu tai SEQ ID NO:2 dugc phén tich dua trén phan mém udc doan cau tric
PFAM (https://www.ebi.ac.uk/Tools/hmmer/search/phmmer) (A) va ciu trac béc 3
cuia beta-glucoxidaza dugc udc doan dua trén trinh ty néu tai SEQ ID NO:2 béng
cong cu Phyre2, phan tich chuyén sdu (intensive). Ca hai phin mém déu chi ra enzim
gbm c¢6 3 ving chirc nang 1a GH3, FN3 va GH31. Trong d6 ving chirc nang GH3 bao
gém hai vung GH3N va GH3C. Tén cung dau N c6 mdt trinh tu kéo dai tir axit amin
s6 1 dén sb 22 1a trinh tu tin hiéu tiét. Cac chit sb trén hinh chi vi tri géc axit amin

tinh tir du N t6i dAu C ctia phan tir enzym.

Hinh 2 thé hién dién di d6 beta-glucoxidaza duoc biéu hién trong ching E. coli
Rosetta (A) va beta-glucoxidaza tai t hop duoc tinh ché (B) trén gel polyacrylamit
12,6%, va hinh anh beta-glucoxidaza tai tb hop tinh sach phan cat esculin tao mau
niu xung quanh giéng thach chira enzim (C), trong d6 céc chit viét tit duoc thé hién
trén hinh v& 1a M: protein chuén (Fermentas); TS: protein téng s; T: protein pha tan;
KT: protein pha khong tan; (-): ddi ching am (PBS); (+): dbi ching duong
(xenlulaza, Sigma 0,05 U).

MG ta chi tiét giai phap hiru ich
Theo mét phwong an, giai phép hitu ich dé cdp dén trinh tu gen bge ma hoa
enzim c6 ciu tric mé dun GH3-FN3-GH31, ¢6 trinh tu nhu néu trong SEQ ID NO:1.

Trinh ty gen bgc ma hoda beta-glucoxidaza néu trén dugc khai thac tir dit liéu
gii trinh tw ADN da hé gen ctia cac vi khuan trong da c6 dé. Dé duogc sir dung trong
giai phéap hiru ich 12 10 con dé gdm 5 dé Co, 5 dé Béach Thao sbng chin tha tai céc
vung nui cao ¢ Ninh Binh, Quang Ninh. Mau hdn dich trong da co cua 10 con dé sau
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khi thu thap dugc bao quan lanh va dua vé phong thi nghiém. MAu duge loc nhiéu lan
b@fmgyéi x6 dé loai bo thirc an va cic manh thic an, sau d6 dugc ly tam phan doan dé
loai bo céc sinh vat don bao, nAm va thu vi khudn. Vi khuan nay 12 vi khuén tdng sb
tr m3u da c6. Sau 46 ADN cia cac vi khudn dugc tach chiét, gii trinh tu trén hé
théng giai trinh ty thé hé méi llumina 2500 (BGI, Hong Kéng). Téng kich thuéc da
hé gen giai dugc 1a 48,66 Gb dugc 1ép ghép bang cong cu tin sinh hoc thanh céc doan
trinh tw dai (contig). Dya trén cac contig, 5.367.270 gen da dugc phat hién. Churc
ning cua cac protein ma hoéa tir cac khung doc m¢ dé dugce chu giai dua trén co s¢ dit
liéu CAZy (Cantarel et al., 2009), KEGG (Kanehisa et al., 2008). Bén canh do,
ngudn gdc cia cac gen cling dugc ude doan dya vao Vivéc so sanh véi co s¢ dit li€u
NR (non-redundant) cia NCBI két hop voi phan mém MEGAN 4.6 (Huson et al.,
2007).

Dua trén viéc chi giai chirc ning cla cc gen, tir 5.367.270 gen, cac tac gia
giai phap hitu ich d tim kiém dugc mot trinh ty ma s6 GL0036730 (goi tit 1a bge) cd
kich thuéc 3780 nucleotit nhu da néu trong SEQ ID NO:1. Phéan tich chi tiét khung
doc m& cho thiy 66 nucleotit dau 5' ma hda cho trinh tu peptit tin hiéu c6 vai tro
trong viéc tiét enzim ra ngodi moi trudng, 1 ma b ba tan cung dau 3' khéng ma hoa

axit amin, qui dinh ma két thtic va 3711 nucleotit ma hoa cho beta-glucoxidaza.

Trinh tu nucleotit ctia gen bge trong SEQ ID NO:1 khong tuong dong voi bat
¢t trinh tu gen nao trén NCBI (truy cdp ngay 13/05/2022). Toan b trinh tur axit amin
doc theo phén tir suy dién tir gen trong SEQ ID NO:2 khoéng tuong ddng v6i bat c
trinh ty axit amin nao. Mot phén trinh tu (chiém 56% kich thudc phan tir vé phia dau
N) tuong ddng cao nhit 1a 61,07% véi protein chita ving GH3C tir Bacteroidales
(md s6 MBR4478618.1), twong ddng 61,49% véi beta-glucoxidaza tir Bacteroidales
(ma s MBE6253225.1). Ving tan ciing dau C c6 kich thude khoang 42% phan tir c6
d6 twong ddng cao nhét 44,17% véi protein GH31 tir Bacteroides fragilis (ma 36
WP_084819186.1). Viéc tim kiém trinh tu twong dong véi trinh tu SEQ ID NO:2
trong dir liéu cac trinh tu tir bing doc quyén sang ché va dir liéu trinh tu phén tich da
hé gén cling cho thiy trinh tu trong SEQ ID NO:1 twong ddng thap (dudi 56%) va do
bao phi thip (dudi 56%) véi céc trinh tu trong ca hai co s¢ dir lidu nay. Piéu dé
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chimg t8, trinh tu gen bgc trong SEQ ID NO:1 va trinh ty axit amin trong SEQ ID
NO:2 la méi (Bang 1).

Bang 1. Trinh ty axit amin cua beta-glucoxidaza GH3-GN3-GH31 la méi, c6 do
tuong dong thip (dudi 65%) so véi cic trinh ty protein/enzim trong ngin hang gen
qubc t& NCBI, trinh tu protein tir bing doc quyeén sang ché qudc té, va trinh tu dit lidu

da hé gen quc té truy cap ngay 13/5/2022.

bo bo )
Protein bao | Gia tri E | twong Ma so
phi dong

Trinh tw ciia cic protein/enzim trong ngan hang gen qudc té NCBI

Protein c?hua vung GH3C tu 56% 0.0 61.07%| MBR4478618.1
Bacteroidales

Protein chira ving GH3C tlr 56% | 0.0  |60.81%| MBO4924023.1
Bacteroidales

Beta-glucoxidaza tr Bacteroidales 55% 0.0 61.49%| MBE6253225.1
Beta-glucoxidaza tir Bacteroidales 56% 0.0 59.77%| NLZ18893.1
Beta-glucoxidaza tir vi sinh vat khong | 00, | o 160219%| AFX98011.1
nuoi cay dugc
Protein GH31 tir Bacteroides fragilis | 42% | 5e-145 [44.17%|WP 084819186.1

Protein GH31 thr Parabacteroides | 4y | 7¢.145 |43.55%|WP_106830034.1
pacaensis

Protein GH31 tir Bacteroides fragilis | 42% | le-144 |44.09%|WP 080767459.1
Trinh tu ciia cAc protein tir cac bang ddc quyén sing ché quéc té
Trinh ti 380 tlrbang doc quyen US| 550, | 0 |56.64%| AFA67567.1

8101393 ‘ ‘

g;l;l;otllg 19 tirbang doc quyen US| 5400 | 00 [47.14%| AIM34198.1
Trinh ty 1068 t bang doc quyenUS | seo | o |4630%| QPT77886.1
317112110%6 tir bang doc quyen US 52% | 0.0 |46.20%| AJM34185.1
g?i%?,‘i l4tibang docquyenUS | so0 | o |46.46%| AINISS27.]
'7T(r)19ngl9t71.§9149 tirbang doc quyen US| 1o | 7¢ 146 [43.98%| ABJ2418LI
ifgitein GH3 tr ditlicudahe genrudt | 530, | |51.89%| CCO21731.1
II;rgitein GH3 trdirligu dahe genrudt | 530, | |51.80%| CCO21842.1
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Beta-glucoxidaza tir dit li€u da hé gen

N 56% 0.0 46.68% | KAA6339589.1
ruot mo1

7
A

Trinh tw ciia cic enzim tir dit liéu da hé gen quoc té

Beta-glucoxidaza B bén nhiét trdif | 540, | 00 |45.19%| MPL64029.1
liéu da hé gen cia dong u
Beta-glucoxidaza B bén nhiét tir dit
liéu da hé gen ctia dong 0
Beta-glucoxidaza B bén nhiét tir dix
liéu da hé gen cua rudt mbi
Beta-glucoxidaza tur dit liéu da hé gen
16 thong hoi thity nhiét

55% 0.0 46.05%| MNQ28629.1

53% 0.0 46.67%| KAA6335917.1

53% | le-154 |39.70%| VAX25371.1

Alpha-xyloxidaza tir dit liéu da hé gen

I 42% | 2e-138 |41.31%| MPL89159.1
dong U

Alpha-glucoxidaza tur dit ligu da hé
gen cua rudt moi
Alpha-glucoxidaza tir dit liéu da hé
gen cua rudt mdi

42% | 3e-131 |41.01%| KAA6352008.1

42% | 1e-129 |40.26%| KAA6339479.1

Theo mot phuong an khéc, gidi phap hitu ich dé cap dén cau tric cia trinh tu
axit amin trong SEQ ID NO:2 suy dién tir gen bge trong SEQ ID NO:1 ¢6 clu tric
méi. Khao sat ving bao tha trong BLASTP va cAu trac m6 dun bang phan mém uéc
doan céu trac PEAM (https://www.ebi.ac.uk/Tools/hmmer/ search/phmmer) dya trén
trinh tu trong SEQ ID NO:2 cho thiy protein c6 chira ba ving cAu trac trong d6 ving
md dun GH3N va GH3C hgp thanh mét vung xtc tac dac thu ciua enzim thudc ho
GH3, tiép theo 1a ving FN3 va cudi cung 1a ving GH31 (Hinh 1A). Bing cong cu
phan rtich du doan cAu triic chuyén sdu cia phin mém Phyre2, trinh tu trong SEQ ID
NO:2 ¢6 chu trac rat dién hinh cta beta-glucoxidaza GH3, trong d6 ving GH3N c6
chu tric dién hinh (o/B)s, tiép gidp 13 vimg GH3C c6 céu trac dién hinh (o/B)s. Ving
FN3 nim gitta c6 ciu tric dang phién gip nép beta va cudi cung 14 ciu trac dién hinh

ctia GH31 (Hinh 1B).

Theo mét phuong 4n khac, giai phap hitu ich d& cap dén protein tai to hop c6
trinh ty axit amin néu trong SEQ ID NO:2, c6 hoat tinh cia beta-glucoxidaza duoc
thé hién & kha ning chuyén héa dic hidu co chét 4-nitrophenyl-B-D- glucopyranoside

(pNPG).
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Phuong phap sinh tong hop beta-glucoxidaza tai t6 hop theo giai phap hitu ich
duoc. thuc hién trong t& bao Escherichia coli. Phan gen bgc trong SEQ ID NO:1
khong chira trinh ty tin hiéu (dugc goi 1a gen gh3-fn3-gh3l, gdm 66 nucleotit tan
cling dau 5' dugc loai bd) dugc t61 wu ma bd ba, ma héa cho phan trinh tu axit amin
trong SEQ ID NO:2 gdm diy du ba ving GH3-FN3-GH31 dugc dua vao vector
mang gen tai vi tri clia enzim gidi han Ncol va Xhol. Vecto dung dé mang gen va
chuyén gen gh3-fm3-gh31 vao E. coli 1a pET22b(+) (Novagen) dé tao plasmit biéu
hién pET22-gh3fn3gh31.

Plasmit tai t8 hop pET22-gh3fn3gh31 duoc dua vio té bao chat cta ching biéu
hién E. coli Rosetta 1 bing phuwong phap sdc nhiét. Qua trinh biéu hién gen gh3-fn3-
gh31 dugc thyc hién nhu sau: ching vi khuén E. coli Rosetta 1 mang gen gh3-fn3-
gh31 dugc nudi cdy trong mdi trudng LB c6 ampixilin (LBA) & 37°C qua dém. Sau
d6 dich nubi cdy qua dém duoc chuyén sang méi trudong TBcb co bd sung ampixilin
méi va tiép tuc nudi cdy lic 200 vong/phit & 37°C cho dén khi dat gia tri ODjy
khoéng 1,5 thi tién hanh cam g véi ndng d6 IPTG cubi cing 1a 0,3 mM. IPTG c6
mit trong moi trudng s& di vao trong té bio chét va cam tng ving khoi dong 77lac
d8 khoi dong qua trinh phién mé sinh téng hop protein tai t6 hop. Té bao dugc nudi
cdy trong mdi truong cam tng trén & 25°C trong 4 gio thi dugce thu lai bang phuong
phép ly tam. Cin té bao duoc hoa lai bing nudc dé dat gia trj ODggo cudi cling 14 10.
Dung dich t& bao chira protein tai t& hop dugc tién hanh siéu am dé thu protein pha
tan va pha khong tan. Protein tai t5 hop dugc kiém tra bang phuong phép dién di trén
gel polyacrylamit 12,6% (Laemmli, 1970). Trén dién di dd, protein tai to hop duoc
bidu hién véi kich thude khoang 136 kDa va ton tai chii yéu trong pha tan (Hinh 2A).

Dung dich protein & pha tan dugc bd sung dém PBS dén ndng do cubi cing 1a
20 mM va imidazol dén ndng d6 cudi cing 13 20 mM. Dung dich protein nay sau d6
duoc dua vao cot HiTrap dd duoc gén Ni*". Do protein tai t6 hop dugc gin 6 axit
amin histidin nén lién két chat véi Ni*™ duoc gift lai trén cdt con cac protein khac
khong c6 hodc cb 4i luc yéu v6i Ni*™ s& bi ria tréi & cac ndng do imidazol cao hon
(50, 70 mM). Protein tai tb hop sau d6 dugc tach ra khéi cot nho dém co néng do
imidazol cao 300 mM va dugc thim tach trong dém PBS 20 mM, ph7 c6 5% glycerol
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qua dém & 4°C. Protein tai td hop thu duge cé dd tinh sach dat >90% (nhu duoc danh
gi4 bang QuantityOne) va dugc bao quan ¢ -80°C tai Vién Cong nghé sinh hoc —
Vién Han 14m Khoa hoc va Cong nghé Viét Nam.

Protein t4i t6 hop dugc chimg minh c6 hoat tinh cia beta-glucoxidaza, cé kha
ning phan cét co chét esculin trén dia thach tao mau nau dic trung trong méi trudong
co sé:c; phéan c&t dic hiéu co chit pNPG véi hoat tinh dat khoang 35 U/mg. Nhu vay,
trinh tu gen trong SEQ ID NO:1 mé hoéa cho protein c6 trinh ty trong SEQ ID NO:2
14 beta-glucoxidaza c6 céu tric méi GH3-FN3F-GH31.

Vi du thwe hién giai phap hiru ich

Vi du 1: So sénh fim mitc d twong dong ciia gen bge, protein véi cdc trinh tu

trén ngdn hang gen

Trinh tu gen bgc trong SEQ ID NO:1, trinh ty axit amin trong SEQ ID NO:2
duoc tim kiém c4c trinh tu gen/protein twong dong tir ngan hang gen dya trén phan
mém nucleotit BLAST hodc protein BLAST trong
https://blast.ncbi.nlm.nih.gov/Blast.cgi. Cac database dugc lua chon la dit liéu cua
toan bd céc trinh tu c¢6 duoc, dit liéu trinh tu tir cac béng sang ché, dir liéu tir giai

trinh tu metagenome.
Vidu 2: Ubc dodn cau triic protein duwa trén trinh tw axit amin

Trinh ty axit amin trong SEQ ID NO:2 dugc chuyén vao phan mém tim kiém
ving chic nidng va vi tri cia cac ho protein doc trén phan tu
(https://www.ebi.ac.uk/Tools/hmmer/search/phmmer). CAu trac bic ba clia phan tir
protein dugc udce doan dua trén phan mém SwissProt
(https://swissmodel.expasy.org/interactive) ~va  Phyre2  (http://www.sbg.bio.ic.
ac.uk/~phyre2/html/page.cgi?id=index) & ché d6 phan tich chuyén sau (intensive).

Vi du 3: Biéu hién gen gh3-fn3-gh31 trong té bao E. coli Rosetta 1

Nudi cdy mét khuan lac E. coli Rosetta 1 mang plasmit pET22-gh3-fn3-gh31
trong 2 ml moi truong LB (0,5% cao ndm men, 1% trypton, 0,5% NaCl) c6 bd sung
100 pg/ml ampixilin (LBA) lic 200 vong/phit & 37°C qua dém. Chuyén 200 pl dich
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nudi ciy qua dém sang 50 ml méi truong TBcb (2,4% cao ndm men, 1,2% pepton,
0,24% D-glucoza, 17 mM KH,PO,, 72 mM K,HPO,) c6 bd sung 100 pg/ml
ampixilin (goi chung la méi truong TBcb-Amp), l4c tiép trong 2 gid & 37°C cho dén
khi OD4q, dat khoang 1.5 thi tién hanh cam tmg v6i 0,3 mM IPTG, té bao chuyén
sang nudi cdy ¢ nhiét d6 cam ung 25°C, lc 200 vong/phut trong 4 gio. Té bao sau
nudi cdy duoc thu lai bang cach ly tdm & 5000 vong/phit trong 5 phit. Cén té bao
duoc hoa lai vao nude dé dat OD600 cudi ciing bang 10. Dung dich té bao duoc tién
hanh siéu 4m 13p lai 100-200 14n, mdi lan phéng séng siéu am trong khoang 0,5 gidy,
cach nhau khoang 0,5 gidy, trong didu kién nhiét d6 4°C. Dich té bao sau siéu am
duoc coi 12 mAu protein tong s6. Dich nay duoc ly tAim & tdc d6 8000 vong/pht trong
10 phat dé tach riéng hai pha protein tan va khong tan. M3u protein téng sd, protein
tan déu duogc bd sung dung dich dém mau 6X (tris 0,375 M, pH8, glyxerol 60%, SDS
12%, bromophenol blue 0,06%, 2-mecaptoethanol 10%) theo ty 1€ thé tich 5 mau:l
dém, tron déu, bién tinh & 100°C trong 5 phut. Mau protein dugc kiém tra b.%mg dién
di trén gel polyacrylamit 12,6% (Hinh 2A). Beta-glucoxidaza tai t6 hop c6 kich thude
khoang 136 kDa d& dugc bidu hién & pha protein tan.

Vi dy 4: Tinh ché beta-glucoxidaza di té hop bang sdc ky di luc

Dich protein tan duogc bd sung dém PBS 30x (NaCl 4 M, KCl 80 mM,
Na2HPO4 300 mM, KH2PO4 53 mM) va imidazol dén ndng d6 cudi cing cuia
PBS1x va imidazol dén ndng do cudi ciing 12 20 mM, sau d6 dua 1én cot sac ky ai luc
HisTrap 5 ml d3 duoc gin Ni**. Dung dich beta-glucoxidaza dugc biéu hién c6 chira
hexahistidin & tan cung dau C c6 &i luc cao voi niken trén cdt va duoc gitt lai trén cot.
Céc protein tap khong c6 hodc c6 i luc yéu véi niken s& bi ddy ra khoi cot bang dém
rira PBS 1x ¢6 imidazol 50 mM va 70 mM. Protein sau d6 dugc thu lai & dung dich
dém chira ndng d6 imidazol 300 mM va dugc thdm tach trong dém PBS 20 mM, pH7
c6 5% glycerol qua dém & 4°C. Protein sau khi thu duoc tir cdc phan doan dugc dinh
luong bang dung dich Bradford va kiém tra bang dién di trén gel polyacrylamit
12,6% (Hinh 2B). Gel dién di sau khi rtra sach dugc scan bé“mg may scaner va dua
vao phén mém QuantityOne dé phan tich d6 sach, cho théy c6 do sach dat trén 90%.
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Vidu 5: Ddnh gid hoat tinh beta-glucoxidaza trén co chat déc hiéu
Co chét esculin

Beta-glucoxidaza c6 kha ning phan cit esculin thanh glucoza va esculetin.
Trong mdi trudng cb sit, ion sit s& bi esculetin khit tao mau nau hodc den. Thi
nghiém kiém tra kha nang thiy phan esculin ctia protein tai t6 hop duoc thuc hién
dua theo phuong phép ctia Veena va ddng tac gia (Veena et al., 2011). Dia thach moi
truong LBA ¢6 bd sung thém esculin (3 g/l) va ferric ammonium xitrat (0,2 g/1) duoc
chuén bi sén. Sau 46, dung dung cu tao cac giéng c6 kich thudc khoang 5 mm trén
dia thach. Hut 50 pl protein sau tinh ché va thim tich loai mudi cho vao mdi giéng.
Sau d6, dia dugc 4 & 37°C trong 16-20 gio. Eéi chung 4m 14 50 pl PBS, pH7 va doi
ching duong la xenlulaza (Sigma) 0,05 U.

Co chit pNPG

Hoat d6 beta-glucoxidaza tai té hop duoc xé4c dinh theo phwong phép ctia Fang
va dOng tac gia (Fang ef al., 2014). Dé xac dinh hoat d¢ beta-glucoxidaza trén co chat
pNPG, phéan tng gifta enzim va co chét duoc thue hién trong tong thé tich 200 pl bao
gdm 20 pl enzim (90 ng) trong d&&m PBS pHS5,5; 2 pl triton X-100, 45 ul pNPG 20
mM, 133 ul PBS 1x, pHS5,5 dugc i & 40°C trong 15 phut. Sau d6 phan tmg dugc
dimg bang céch bd sung 800 pl Na2CO3 0,2M. Mau sau phéan tmg duoc do & bude
soéng 410 nm. M4t don vi hoat tinh beta-glucoxidaza dugc dinh nghia la luong enzim
can thiét dé giai phong 1 pmol pNPG trong 1 phit & diéu kién thi nghiém. Mbi thi
nghiém duoc lap lai 3 1an. Ong ddi chig c6 thanh phan tuong tu 6ng phan tng, chi
thay 20 ul enzim bang 20 pl PBS 1x, pH5,5.

Hi¢u qua dat dwgc ciia gidi phap hiru ich

Giai phap hiru ich nhdm thu duoc trinh tu gen bge mi héa beta-glucoxidaza tir
céc vi khudn trong da cé dé mé hoéa cho enzim beta-glucoxidaza ¢ cdu triic méi gém
2 ving xtc tdc GH3 va GH31 va ving FN3 ndi gitta hai ving xtc tac. Enzim c6 hoat
tinh phan cat dic hiéu co chét pNPG véi hoat d6 cao, dat trung binh 35 U/mg.
Cac tai liéu tham khao
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YEU CAU BAO HO

1. Trinh tu gen bgc ma hda beta-glucosidaza, co ngudn gde tir vi khuén trong da
cd dé, ¢o trinh tu néu trong SEQ ID NO:1.

2. ~Céhu tric beta-glucosidaza GH3-FN3-GH31 c6 trinh tu axit amin néu trong
SEQ ID NO:2, trong d6 protein nay dugc mé hoa bdi trinh tu gen néu trong diém 1
c6 hoat tinh cao 35 U/mg trén co chit dic hiéu pNPG.
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DANH MUC TRINH TU

<110> Vién Céng nghé sinh hoc

17/20

<120> Trinh tu gen bgc mi héa beta-glucosidza c6 ngudn gbe tir vi khuin trong da cé dé va chu triic beta-glucosidaza

GH3-FN3-GH31 tai tb hop c6 hoat do cao.

<160> 2

<210>_ 1

<211> 3780

<212> ADN

<213> Vikhuan trong da c6 dé
<400> 1

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941

ATGCATCTGATACGTCATTTCATCACCCTGTTCCTTACCGTCATGCTTTCCCTCGGCGCA
GCGGCGCAGCCACAGTTGCGGGAAGACAATATTGATGAGGTCCTTGCCGCCATGACCCTT
CAGGAGAAGGCAACCCTGCTGGTGGGCGGCAGCCGCGCAATCGTTTTCGAAGGCGTGARAA
ACCGGCTATGCCTGGCAGGTGCCCGGTGCCTGCGGCAGTACCCGTCCCATAGAGCGCCTG
GGCATTCCGGTCACCATCCTGGCCGACGGCCCCGCCGGCCTTCGCATCGCCCCTACCCGA
AAAGATACGGACCAGACCTTCTGGACCACCGGTTTCCCCTGCGGAACGCTGCTTGCCAGT
TCCTGGGATACCGCCCTTTTGGAGGAGGTGGGCGCCGCTATAGGCGAAGAAGTTCATGAA
TACGGGGTGGACGTGCTTCTCGCACCTGGTGTGAACATCCACCGCAATCCCCTCTGCGGC
CGCAATTTCGAGTATTTCTCTGAAGATCCGCTGCTGAGCGGCAGCATGGCCACGGCCTAT
ATCAACGGCGTACAAAGCAATGGGGTGGGAGTATCCATCAAACATTTTGCAGCCAACAAC
CAGGAGACCGCTCGCGTATGGGGCGATTCCCGGGTARGCGAAAGGGCGCTACGGGAAATC
TACCTCAAGGCCTTCGAGATGGCGGTGCGGGACGCCGCACCCTGGACGGTAATGTCGTCG
TACAACAAGATAAACGGCGRATATGCCCAGCAARACAGGGACCTGCTCACCACCGTGCTG
CGCGAAGAATGGGGTTTCGACGGCATCGTGATGACCGACTGGGGTAAAAAGGCCGGAACG
GTGAAGGCAGTGCAGGCCGGGAACGACCTTATGGAACCCGGATACGATGAAGAGATAGAC
CGTATCGTAAAGGCGGTGGAAGACGGCACGCTTAACATGGCCGATGTGGACCGCAACGTC
CGCAACATGCTCCGGTACATCGTAAGAACCCCGTCTTTCAAGCACTACGCCTTTTTCAAC
AATCCCGACCTTGAGGCCCACGCCGCCCTCGCCCGAAAGGCAGCAGCAGAGTCGTGTGTA
CTCCTGAAGAATGAAGGGGGAACTTTGCCGCTGGCGGGAACGGAAACAGTGGCCCTGTAT
AACATATCTTCCGTCGATTTCGTGGCAGGTGGCACAGGAAGCGGCAGCATCAGCAAATCC
CGTTTGGTAGACCTCCGCACCGGCCTGGAAARAGCCGGATTCACCGTGAACGGGAGCCAG
GACGCGGAGGTGGCGGTAGTGGTCCTTGGCCGCAGCGCCGGCGAGGCCCGCGACCGCAGC
GAAGAGAAGGATTTCCTCCTGAGCGAAGAGGAGCACCGGCAGCTGGAAAATATCAGCGGG
GCTTTCCACGGCCAAGGCARARAAGTAGTAGTGTTGCTGAACATCTGCGGGGTGGTGGAA
ACGGCCTCCTGGAAGCATCTGGCCGATGCCATCCTTCTTCCCTGGGCACCCGGGCAGGAA
GGGGGCCATGCCGTGGCCGATGTCCTTGCCGGCAGGGTCAGTCCTTCAGGCAGGCTCACC
ATGACCTTCCCGGTCTCCTATTCCGACGACCCTTCTGCCTCCAACTTCCCCGGCCACACG
CAGGAATATGTCAACAAGAGCGACAGCCCTCGCAAGGACATTGAATATGTAAACTATGAA
GAAGGCATTTTTGTCGGTTACCGCCACTATGTAACAGAGGGAAAAGAGGTTTCCTATCCG
TTCGGCTACGGCCTGGGATACACTTCCTTCGCATGGTCCAGGCCTTCGGTARAGAAAACC
GCCGACGGTTTCGARAGCGCGCATTACCGTTACCAATAAGGGTGACAGGTCGGGCCGCGAT
GTGGTGCAGCTTTATGTTTCCGCCCCGGCAGGTGGCATGGAAAAGCCGCTTCGGGAGCTG
AAAGGCTTTGCCARAAACACGTGAACTGAATCCAGGAGAGAGCGAAACGGTGCACATACGG
GTGAATACCTACGCCCTGGCATCGTACAATGAAGGTACATCCTGCTGGGARACAGCTGCA
GGGGTTTATAAGCTGCAATTCGGAGCCAATGCCCGGGATATCCGTGCCGGAGCGGGCTGG
T AAGCAGAAGAAGGCTGCCTCATGGARAGCCAACAAAGCCTTCTCCCCGAAGACGGCCCTG
CAGCCGGCCGCCAGCCCTGCAGCGCAGGAGCATGTTACCGTTATCCAGCCGCTGGAAGGA
GAATACTGGTGGGGCGCTGTGGTGAACAAGGGCTACGACCAGCCGTTCACCAATTTCGAA
GCATGCGACAACTTCTATCTGGACTGGCCCCATCCCAAGGGACCTCGGGACGGACGTCCC
TTCGACCTGGGAACGATGAGCGCAARGGGCACTACCGTGCCGCTGCTGCTCTCCAGCAAA
GGACGCTATGTCTGGGGCAACAGGCCGTTTTCCTTTGTCTTTAAGGATGGGGTTCTCACG
GTAACTTCAAAGTATGAGRAGTTGGAGCCGGTAGCGGCGGGAACCACTCTCAAAGAAGCC
TACAAGGCCGCCTGCGCGGCGCATTTCCTCTTCGACGGGAGAGAACCGGCTGAACTCATG
TTCACCATGCCCCAGTTCAACAACTGGATAGAGACCGTGGTGCTGGGCATCAACCAGGAG
AACGCCGAGACCTTTGTGGACAAGCTTCACGAAAGCGGCTTCCCCTGCGGGGTGGTGATG
ATAGACGGCGGCTGGCAGCGTTACCACGGCTGCCGGGACTTCAATCCCGACACTTTCCCG
GAACCGCAGCGTCTTTTTGACAAGATACACGACTACGGCTACAAGGGCGTGCTTTGGATT
GCATACTTCCTTTCGCCCGACAGCCGGCCGGAATACACCAGCTACAAGCCCGGAATGCAG
GACATCCTGGTGCACAGCAAGCACAGCCAGAAGGACCCCGCACTGGTATGGTGGTGGAAC
GGCATCAGCGTGACCATGGACCTTACCCGTGCTGACATTCGGGAAAAGTTTATCGGGGAG
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CTGAAGGATATGGCGCAGCGTTTCCACTTCGACGGCTACAAGTTCGACGGAGGTGATCCG 3060
GAATACTTCCGTGGCGACGCCGCATTCAGCGAGCCCTGGATGGAAGAGGCCGACTTCGGA 3120
AAGGCCTGGCAGCAGGTGGGGGAAGCTTTCCCATATAATGAATACCGTGCCGGCTATAAC 3180
AACGGCGGCACGCCCCTGGTGCTGCGCCACTACGATGTGGGCCACACCTGGACCGAATTC 3240
CAGGCCGTGATACCCAACCTTACCACCGCCGGCCTGCTGGGCTATCCCTACGTTTTTGCC 3300
GACATGATAGGTGGCGGCCTCTCCGGCAGCTATATGCCCGGAAAGACTTTCTCTCACAAG 3360
CTGTTCCTTCGCTCCTGCGAGGCCCAGGCCCTTATGCCCATGATGCAGTTCAGCGCAGCC 3420
CCATGGCGCGTGCTCACGCCCGAAGAATGCGAGGTGTGCCGCCGCTATGCGGAACTTCAC 3480
GTACAGTTCGGCCCCTATATCATGGAGCAGGTACACCATGCCTCCGCCACCGGAGAACCC 3540
ATCATGCGCAGCATGGAATACGAGTTCCCCGGATGCGGATACGAGAAGGTGGACCAGCAG 3600
TTCATGCTTGGGCCGCGATATCTGGTGGCTCCCGTTACCAGCGAAGACGACTCAAAGAGC 3660
GTGTATCTTCCCGCCGGCCGCTGGCGCGACGACCAGGGCAAGGTGTGGAGAGGTCCTAAG 3720
GTTCTGGAACTCAAGGATATCCCTGTAGAAAGACTCCCTTATTACGAAAAGCTCAAATAA 3780

2

259

axit amin

Trinh tu suy dién tir gen

1
MetHisLeuIleArgHisPheIleThrLeuPheLeuThrValMetLeuSerLeuGlyAla
AlaAlaGlnProGlnLeuRArgGluAspAsnIleAspGluVallLeuAlaAlaMetThrLeu
GlnGluLysAlaThrLeuLeuValGlyGlySerArgAlalleValPheGluGlyVallys
ThrGlyTyrAlaTrpGlnValProGlyAlaCysGlySerThrArgProIleGluArgLeu
GlyIleProValThrIleLeuRAlaAspGlyProARlaGlyLeuArgIleAlaProThrArg
LysAspThrAspGlnThrPheTrpThrThrGlyPheProCysGlyThrLeuLeuAlaSer
SerTrpAspThrAlaleuleuGluGluvValGlyAlaAlaIleGlyGluGluValHisGlu
TyrGlyValAspVallLeuLeuRlaProGlyValAsnIleHisArgAsnProLeuCysGly
ArgAsnPheGluTyrPheSerGluAspProLeuleuSerGlySerMetAlaThrAlaTyr
IleAsnGlyValGlnSerAsnGlyValGlyValSerIleLysHisPheAlaAlaAsnAsn

7GlnGluThrAlaArgValTrpGlyAspSerArgValSerGluArgAlaLeuArgGluIle

TyrLeuLysAlaPheGluMetAlaValArgAspAlaAlaProTrpThrValMetSerSer
TyrAsnLysIleAsnGlyGluTyrAlaGlnGlnAsnArgAspLeuLeuThrThrValLeu
ArgGluGluTrpGlyPheAspGlyIleValMetThrAspTrpGlyLysLysAlaGlyThr
VallLysAlaValGlnAlaGlyAsnAspLeuMetGluProGlyTyrAspGluGlulleAsp
ArgIleValLysAlaValGluAspGlyThrLeuAsnMetAlaAspValAspArgAsnVal
ArgAsnMetLeuRArgTyrIleValArgThrProSerPheLysHisTyrAlaPhePheAsn
AsnProAsplLeuGluAlaHisAlaAlaLeuAlaArgLysAlaAlaAlaGluSerCysVal
LeuLeulysAsnGluGlyGlyThrLeuProLeuAlaGlyThrGluThrValAlaLeuTyr
AsnIleSerSerValAspPheValAlaGlyGlyThrGlySerGlySerIleSerLysSer
ArgLeuValAspLeuArgThrGlyLeuGluLysAlaGlyPheThrValAsnGlySerGln
AspAlaGluValAlaValValValLeuGlyArgSerAlaGlyGluAlaArgAspArgSer
GluGluLysAspPheLeuLeuSerGluGluGluHisArgGlnLeuGluAsnIleSerGly
AlaPheHisGlyGlnGlyLysLysValValValLeuLeuAsnIleCysGlyValValGlu
ThrAlaSerTrpLysHisLeuAlaAspAlaIleLeulLeuProTrpAlaProGlyGlnGlu
GlyGlyHisAlaValAlaAspVallLeuAlaGlyArgValSerProSerGlyArgLeuThr
MetThrPheProValSerTyrSerAspAspProSerAlaSerAsnPheProGlyHisThr
G1lnGluTyrValAsnLysSerAspSerProArgLysAspIlleGluTyrValAsnTyrGlu
GluGlyIlePheValGlyTyrArgHisTyrValThrGluGlyLysGluValSerTyrPro

. PheGlyTyrGlyLeuGlyTyrThrSerPheAlaTrpSerArgProSerValLysLysThr

AlaAspGlyPheGluAlaArgIleThrValThrAsnLysGlyAspArgSerGlyArgAsp
ValValGlnLeuTyrValSerAlaProAlaGlyGlyMetGluLysProLeuArgGluLeu
LysGlyPheAlaLysThrArgGluLeuAsnProGlyGluSerGluThrValHisIleArg
ValAsnThrTyrAlaleuAlaSerTyrAsnGluGlyThrSerCysTrpGluThrAlaAla
GlyValTyrLysLeuGlnPheGlyAlaAsnAlaArgAspIleArgAlaGlyAlaGlyTrp
LysGlnLysLysAlaAlaSerTrpLysAlaAsnLysAlaPheSerProLysThrAlaLeu
GlnProAlaAlaSerProAlaAlaGlnGluHisValThrValIleGlnProLeuGluGly
GluTyrTrpTrpGlyAlaValValAsnLysGlyTyrAspGlnProPheThrAsnPheGlu
AlaCysAspAsnPheTyrLeuAspTrpProHisProlLysGlyProArgAspGlyArgPro
PheAspLeuGlyThrMetSerAlaLysGlyThrThrValProLeuLeuLeuSerSerLys
GlyArgTyrValTrpGlyAsnArgProPheSerPheValPheLysAspGlyValLeuThr
ValThrSerLysTyrGluLysLeuGluProValAlaAlaGlyThrThrLeuLysGluAla
TyrLysAlaAlaCysAlaAlaHisPheLeuPheAspGlyArgGluProAlaGluLeuMet
PheThrMetProGlnPheAsnAsnTrpIlleGluThrValvValLeuGlyIleAsnGlnGlu
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AsnAlaGluThrPheValAspLysLeuHisGluSerGlyPheProCysGlyValValMet
IleAspGlyGlyTrpGlnArgTyrHisGlyCysArgAspPheAsnProAspThrPhePro
GluProGlnArgLeuPheAspLysIleHisAspTyrGlyTyrLysGlyVallLeuTrpIle
AlaTyrPheLeuSerProAspSerArgProGluTyrThrSerTyrLysProGlyMetGln
AspIlelLeuValHisSerLysHisSerGlnLysAspProAlaLeuValTrpTrpTrpAsn
GlyIleSerValThrMetAspLeuThrArgAlaAspIlleArgGluLysPheIleGlyGlu
LeuLysAspMetAlaGlnArgPheHisPheAspGlyTyrLysPheAspGlyGlyAspPro
GluTyrPheArgGlyAspAlaAlaPheSerGluProTrpMetGluGluAlaAspPheGly
LysAlaTrpGlnGlnValGlyGluAlaPheProTyrAsnGluTyrArgAlaGlyTyrAsn
AsnGlyGlyThrProLeuValLeuArgHisTyrAspValGlyHisThrTrpThrGluPhe
GlnAlaValIleProAsnLeuThrThrAlaGlyLeuLeuGlyTyrProTyrValPheAla
AspMetIleGlyGlyGlyLeuSerGlySerTyrMetProGlyLysThrPheSerHisLys
LeuPheleuArgSerCysGluAlaGlnAlalLeuMetProMetMetGlnPheSerAlaAla
ProTrpArgValLeuThrProGluGluCysGluValCysArgArgTyrAlaGluLeuHis
ValGlnPheGlyProTyrIleMetGluGlnValHisHisAlaSerAlaThrGlyGluPro
IleMetArgSerMetGluTyrGluPheProGlyCysGlyTyrGluLysValAspGlnGln
PheMetLeuGlyProArgTyrLeuValAlaProValThrSerGluAspAspSerLysSer
ValTyrLeuProAlaGlyArgTrpArgAspAspGlnGlyLysValTrpArgGlyProLys
ValLeuGluLeulLysAspIleProValGluArgLeuProTyrTyrGluLysLeuLysOc*
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