Tap chi Cong nghé Sinh hoc 16(1): 157-165, 2018

SU PHOI HQP CUA ENDOGLUCANASE A VA EXOGLUCANASE S TAI TO HQP TIET
BOI TE BAO CHU BACILLUS SUBTILIS WB800N

Nguyén Hoang Ngoc Phuong'?,
Linh Thuéc?, Nguyén Pirc Hoang"?

V& Minh Toan', Lé Dwong Vwong', Phan Thi Phuong Trang"> ™, Trin

lTrung tdm Khoa hoc va Cong nghé sinh hoc, Dai hoc Khoa hoc ty nhién Thanh phé Hé Chi Minh
’Pai hoc Khoa hoc tu nhién, Pai hoc Quoc gia Thanh pho H6 Chi Minh

* Nguoi chiu trach nhiém lién lac. E-mail: ptptrang@hcmus.edu.vn

Ngay nhan bai: 05.4.2016
Ngay nhan dang: 30.11.2017

TOM TAT

Viée xay dung cach tiép can dé khio sat hoat dong phdi hop giita cac tiéu don vi enzyme 14 mot nhu ciu

cén thiét trong dinh hudéng tao dong va biéu hién ngoai bao cic thanh phin cia cellulosome. Endoglucanase A
(CelA) va exoglucanase S (CelS) 1a hai cellulase biéu hién manh trong phirc hé cellulosome cua vi khuan ki
khi, wa nhiét Clostridium thermocellum. Trong khi endoglucanase thé hién hoat tinh ro rét voi co chét cellulose
tan carboxymethyl cellulose (CMC) thi exoglucanase van chura c6 co chit dang tan chuyén biét. Trong nghién
clru ndy, hai enzyme CelA va CelS duoc tao dong va biéu hién ngoai bao trong ching chii Bacillus subtilis
WBS00N. Két qua phan tich dich ngoai bio cta cac ching tai t& hop bing Tandem Mass spectrometry cho
thiy protein tai t hop di dugc tiét thanh céng. Nhim danh gia hidu qua phdi hop hoat tinh ctia CelA va CelsS,
dich ngoai bao cua ting ching chu dugc thu nhan va trdn theo cac ti 1€ khac nhau. Hoat tinh CMCase tung
enzyme va hdn hop hai enzyme dugc do bang quy trinh dinh lwgng dudng khir dinitrosalicylic acid trén dia 96
giéng. Phin 16n gia tri hoat tinh CMCase & céc ti 18 tron déu cao hon tdng gia tri hoat tinh ciia timg enzyme.
Diéu nay cho thdy c6 sy cong huong hoat tinh giita 2 enzyme nay trong qué trinh thiry phan CMC. Dich ngoai
bao chira CelA va CelS & ti 18 tron 3:5 theo thé tich ¢6 hoat tinh CMCase cao hon 35,5% téng hoat tinh ciia
timg dich ngoai bao chura riéng CelA va CelS. Nghién ctru ndy cung cép cach tiép can dé khao sat hoat dong
phdi hop cua céac tiéu don vi enzyme trong qua trinh thiét ké mini-cellulosome trong ching chi B. subtilis
WBSO0ON.

Twr khoa: Bacillus subtilis WB800N, Clostridium thermocellum, Endoglucase A, CelA, Exoglucanase S, CelS
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Phirc hé cellulosome cua vi khuin wa nhiét, ki
khi C. thermocellum c6 hi¢u qua thuy phan cellulose
cao hon 50 lan so véi Trichoderma (Demain et al.,
2005). Huéng dén muc tiéu thuy phan rom ra tao ra
c4c phén tir dudong don ding 1am co chat 1én mén san
xuét bioethanol, cac nha nghién ctru da tao dong va
biéu hién cac gen thudc phirc hé cellulosome trong
cac chung vi sinh hiéu khi, 6n hoa (Kumar et al.,
2008; Dixon, 2013). Céc phan tich proteomics cho
thdy CelS va CelA 1a 2 exo va endoglucanase chiém
phin 16n trong hoat dong cua cellulosome va dugc
biéu hién lién tuc trong sudt qué trinh séng cta C.
thermocellum (Gold & Martin, 2007). Hoat dong
phdi hop ciia cic enzyme c6 thé dwoc mo ta nhu sau:
endoglucanase cit giita mach cellulose tao ra cac diu

soi la diém bam hoat dong cia cac exoglucanase.
Hoat tinh ctia CelA chi yéu trén CMC, vdi avicel va
xylan rat thdp, hdu nhu khéng co (Beguin et al.,
1985). Vai tro quan trong cua CelS trong hoat
dong cua cellulosome d3 dugc ching minh khi
ching C. thermocellum @6t bién mét CelS co toc do
thiy phan cellulose thip hon va chi dat 60% so véi
chung ty nhién (Olson ef al., 2010).

Hudng dén ung dung trong san xuét, protein tai
t6 hop nén duoc biéu hién trong chung chi an toan
va ¢ dang tiét. B. subtilis 1a mot trong cc chung chu
tiém nang vi c6 cac wu diém nhu: (i) chung an toan
(i1) co kha nang 1én men mat do cao, (iii) kha nang
tiét protein ngoai bao hiéu qua. Anderson va cong su
(2011, 2013) da tao dugc chung B. subtilis tai td hop
tiét mini-cellulosome va c6 kha niang sdng sot trong
mbi trudng tbi thiéu chi chira co chat rom ra di qua
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tién xir Iy(Anderson et al., 2011; Anderson et al.,
2013). Tuy nhién, viéc duy tri su én dinh hé protein
ngoai bao khoi su phan cét clia cic protease ngoai
bao 1a mot van dé can quan tim. Mot trong nhirng
bién phap c6 thé lam giam nguy co phan cét protein
ngoai bao 1a viéc st dung ching dot bién B. subtilis
WB8OON ([nprE aprE epr bpr mpr :: ble nprB :: bsr
Avpr wprd :: hyg cm :: neo; Neo® (WB800 pB-cat5-
neo-cat3)] da bi dot bién loai b tam protease ngoai
bao (Wu et al., 2002). Cho dén nay vin chua co
nghién ciru nao dugc thyc hién nhim xdy dung
vector biéu hién phi hgp ciing nhu danh gia mirc do
hidu qua ctia viéc phbi hop hoat tinh hai enzyme
CelA va CelS duoc biéu hién trong ching B. subtilis
WBSO00N.

Trong nghién ciu nay, ching t6i tao dong hai
vector biéu hién tiét CelA va CelS trong ching B.
subtilis WB80ON sau d6 phdi tron dich ngoai bao ciia
hai enzyme nay dé danh gia hiéu qua phdi hop hoat tinh
thily phan véi co chat CMC. Cac két qua nay s& lam co
s& tién d& cho nghién ciru tao mini-cellulosome hiéu
qua hon tir chiing B. subtilis WB80ON.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Chiing vi sinh vit, plasmid, mdi PCR va méi
trwong nudi cay

Bang 1. Trinh tw mdi cho phan (rng PCR.

Nguyén Hoang Ngoc Phuong et al.

Hé théng vector con thoi pHT dugc sir dung dé
tao dong trong E. coli OmniMAX (Invitrogen) va
biéu hién protein ngoai lai trong B. subtilis
WB8O0ON. Plasmid pHT43 khong mang gen dung
lam ching d4m (MoBiTec, Germany). Plasmid
pHT43-cel4 1a pHT43 mang gen ma hoa CelA
(Pham Luong Théng et al., 2014).

Qua trinh dong hoéa plasmid pHT1717 mang gen
celS dugc thuc hién nhu sau: Gen celS dugc thu
nhan biang ky thuat PCR vé6i cdp moi
ON1107/ON1108 trén khuéon DNA bd gen C.
thermocellum. Sau d6 celS dugc chén vao plasmid
pHT1219 da dugc cit mé vong bang BamHI va Aafl
bang phan ng In- fusion (In-Fusion HD Cloning Kit,
Clontech). San pham nbi dugc bién nap vao E. coli
va sang loc bang PCR khuan lac véi cap moi
ON314/ON1347, trong d6 mdi ON314 c6 trinh ty
bét cap trén plasmid va ON1347 c6 trinh tu bat cip
trén gen muc tiéu celS. Khuan lac c¢6 két qua PCR
dwong tinh s& dwgc nudi cdy, tach chiét plasmid va
giai trinh ty véi 3 mdi ON707, ON1101 va ON314.
Cac trinh ty mbi duoc thé hién trong bang 1.

Méi trudong Luria Broth (LB) dugc s dung dé
nudi ciy cac ching E. coli véi Ampicilline (Amp)
ndng d6 cudi 100 pg/ml va B. subtilis vé6i
Chloramphenicol (Cm) ndng d6 cubi 10 pg/ml.

Muc dich Tén mbi Khuén Trinh tw nucleic acid (5’- 3’)
Thu nhan gen ON1108 DNAbdgen C.  TGCGGATGGCTCCAGGCACAAGCCGTCCTTTCAAATC
celS ON1107 thermocellum GCATCAGCAGGATCCGGTCCTACAAAGGCACCTAC
R ON1347 ACCGCTTCTGGCATGAAGTTG
PCR khuan lac pHT1717
ON314 TGTTTCAACCATTTGTTCCAGGT
ON707 AAAGGAGGAAGGATCAATGAGAGGAAGCA
Giai trinh tw ON1101 pHT1717 GCAGAAGGCCGTGCTATACAG
ON314 TGTTTCAACCATTTGTTCCAGGT

Kiém tra sy hi¢n di¢n ciia protein tai té hgp trong
dich ngoai bao bing LC — MS/MS

Mau ding dé chay LC — MS/MS duoc chuin bi
theo quy trinh cai tién tr quy trinh cua Lai va
Witzmann (2011). Nudi cdy cac ching B. subtilis
WBS00N mang cac plasmid tii tb hop & 30°C, cam tmg
isopropyl B-D-1-thiogalactopyranoside (IPTG) 0.5 mM.
Sau 8 gio, 2 ml dich nudi ciy dugc thu va ly tim &
13000 vong/phiit trong 10 phut dé loai sinh khdi. Dich
ngoai bao dugc tia protein bang 10% trichloroacetic
acid (TCA), u trong da 30 phat, ly tdm 13000
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vong/phit trong 10 phut & 4°C. Tua duoc rira hai lan
bang acetone lanh va dé kho & nhiét d6 phong. Tua sau
d6 dugc xtir Iy voi 1 pg trypsin/P (Pierce Trypsin
Protease, Thermo Fisher Scientific) trong 100 pl
NaHCO;200 mM, pH 8 va tién hanh kiém tra protein
duoc biéu hién tiét thong qua hé thong Q-Exactive
Mass Spectrometer két hop véi Easy-nLC 1000 LC
(Thermo Fisher Scientific). Két qua xac dinh protein
dugc phan tich bang phan mém Thermo Proteome
Discoverer 1.2 két ndi véi dit liéu phén tich tir Mascot
(MatrixScience).
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Khio sat thoi gian thu nhan protein tai té hop

Céc chung B. subtilis WB80ON mang plasmid tai
t6 hop duoc nudi cdy trong méi truong LB véi khang
sinh Cm ¢ 30°C va toc do lic 250 vong/phit. Cam
tng IPTG ndng d6 0.5 mM khi ODg, dat 0,8. Dich
nudi cay duoc thu tai cac thoi diém 0 gio, 4 gio va 8
gi0 sau cam ung. Thyc hién twong tu vdi ching am la
B. subtilis WB80OON chua plasmid pHT43. Thi
nghiém dugc lap lai 3 lan trén 3 khuén lac khac nhau.

Hoat tinh endoglucanase dugc do theo quy trinh
dinh lugng duong khir dinitrosalicylic acid (DNS)
(Ghose, 1987). 250 ul dich ngoai bao dugc tron véi
250 ul CMC 0.5% pha trong dém phosphate va 1 hon
hop phan (mg & 55°C trong 1 gio. Sau d6, 500 pl DNS
1% duoc thém vao hdn hgp phan g, tiép tuc 0 hn
hop nay & 95°C trong 5 phiit va do gi4 tri OD hép thu
& bude song 540 nm. Mau blank dugc chudn bi twong
ty nhu mau chira enzyme nhung bd qua budc u &
55°C trong 1 gid va xir Iy ngay véi DNS dé biét dugc
luong duong ban dau khong c6 sy hoat dong cua
enzyme muc tiéu vdi co chét.

Pon vi hoat tinh enzyme (IU/ml) dugc tinh 1a
lugng enzyme can thiét dé tao ra 0,18 mg (ing voi 1
pumol) duong khir glucose twong duong trong 1 phut.
Thoi gian u phan Gng gilta enzyme va CMC la 60
phut, nén 1 mg duong khir tao thanh tuong duong
0,0925 TU. Pudng chuan duoc xdy dung dwa vao kha

Bang 2. Ti I& phdi tron thé tich clia 2 enzyme CelA va CelS.

ning hép thu ¢ budc séng 540 nm cua glucose phan
ung voi DNS sau khi dugce thyc hién cac budce tuong
tu nhu quy trinh khao sat hoat tinh endoglucanase,
trong d6 lugng enzyme phan g dugc thay thé bang
glucose & cac nong d6 khac nhau. Cac két qua dugc
xir Iy thong ké bang phan mém Minitab 16.

Khio sat hoat tinh phdi hgp CelA-CelS

Dya vao két qua khao sat anh huong thoi gian
thu mau 1én hoat tinh cua ting enzyme dbi véi co
chdt CMC, dich nudi cdy hai ching B. subtilis
WBS00ON mang plasmid tai t hop pHT43-celd va
pHT1717 trong cung didu kién nudi s& dugc thu
nhan va do hoat tinh phdi hgp véi quy trinh nhu thi
nghiém khao sat hoat tinh riéng 1é cua hai enzyme
CelA va CelS. Dich nudi cdy cua hai ching dugc
phdi tron theo ti 18 vé thé tich nhim danh gia kha
ning phdi hop hoat tinh ciia 2 enzyme trong dich
ngoai bao. Ti 1€ phéi tron 2 dich ngoai bao enzyme
duoc thé hién trong bang 2.

Hiéu qua phdi hop trong sy phén cit co chit
CMC duoc danh gia thong qua ti 1¢ H gilra gia tri
hoat tinh do dugc ciia mau ph01 tron véi tong gia tri
hoat tinh cua tung thanh phan ding dé phdi tron véi
luong thé tich twong tmg. Néu ti 1& nay 16n hon 1 thi
¢6 su phdi hop hoat tinh gita 2 enzyme, nguoc lai,
néu nho hon 1 thi khéng c6 sy phdi hop dé phan cit
co chit (Murashima e al., 2003).

CelS (pl)

CelA (ul)

125 100 75 50 25
125 5:5 5:4 5:3 5:2 5:1
100 4:5 4:4 4:3 4:2 4:1
75 3:5 3:4 3:3 3:2 3:1
50 2:5 2:4 2:3 2:2 21
25 1:5 1:4 1:3 1:2 1:1

KET QUA Nhu vay, plasmid pHT1717 ma héa CelS da dugc

Thiét ké plasmid pHT1717 mang gen celS

Gen celS sau khi dugc thu nhén tir DNA b6 gen
cia C. thermocellum bang phan ung PCR véi cap
mdi ddc hidu ON1107/ON1108 va tién hanh chén
vao plasmid pHT1219 bang phan ting in-fusion tao
thanh plasmid pHT1717. Plasmid tai t6 hop dugce
sang loc bang PCR khuin lac véi cip mdi
ON1347/ON314. Tach chiét plasmid va giai trinh ty
ving gen celS cho thiy su twong ddng 100% so v&i
trinh tu 1y thuyét (két qua khong dugc trinh bay).

tao dong thanh cong. Cac plasmid pHT43-celd va
pHT1717 lan luot ma hoa CelA va CelS dugc bién
nap vao chung B. subtilis WB80ON dé khao sat hiéu
qué phdi hop hoat tinh ciia 2 enzyme.

Kiém tra sy hi¢n di¢n ciia protein tai t6 hgp trong
dich ngoai bao bang LC - MS/MS

Két qua SDS-PAGE phat hién vach dam xép xi
40 kDa gan voi kich thuéc 1y thuyét cua
CelA/pHT43-celA trong khi khong thay vach dam
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khac biét gilta mau c6 va khong cam ung véi IPTG
trong dich ngoai bao ctia chung am pHT43 va
CelS/pHT1717 (~80 kDa) trén hinh 1A. Cé thé
lwong CelS tiét ra qua thap trong dich ngoai bao nén
khong thdy rd vach biéu hién. Do d6, chung toi sir
dung LC-MS/MS dé phan tich cac miu dich ngoai
bao nay. Protein ngoai bao trong dich nudi cdy cac
chung B. subtilis WB80ON mang plasmid muc tiéu
duogc thiy phan bing enzyme trypsin/P dé tao cac

M 43 43CelA 1717
KDa + - + - -+ -
100
85
70
60

50

40

30
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doan peptide, sau d6 dugc nap vao hé théng phéan
tich LC-MS/MS. Két qua khdi phd xir 1y bang phan
mém Thermo Proteome Discoverer 1.2 két ndi
Mascot dé so sanh giira khdi phd 1y thuyét va khoi
phd quan sat cua cac protein c¢6 trong dich ngoai bao.
Khéi phd 1y thuyét duya vao co sé dir lidu protein
Uniprot cua B. subtilis 168 (chung gbc cia B. subtilis
WBS0ON) két hop véi trinh twy protein tir cac
plasmid.

1  MVKSRKISIL LAVAMLVSIM IPTTAFAGPT
51 IKDPKNGYFS PDEGIPYHSI ETLIVEAPDY GHVTTSEAFS YYVWLEAMYG
101 NLTGNWSGVE TAWKVMEDWI IPDSTEQPGM SSYNPNSPAT YADEYEDPSY
151 YPSELKFDTV RVGSDPVHND LVSAYGPNMY LMHWLMDVDN WYGFGTGTRA
201 TFINTFQRGE QESTWETIPH PSIEEFKYGG PNGFLDLFTK DRSYAKQWRY
251 TNAPDAEGRA IQAVYWANKW AKEQGKGSAV ASVVSKAAKM GDFLRNDMFD
301 KYFMKIGAQD KTPATGYDSA HYLMAWYTAW GGGIGASWAW KIGCSHAHFG
351 YQNPFQGWVS ATQSDFAPKS SNGKRDWTTS YKRQLEFYQW LQSAEGGIAG
401 GATNSWNGRY EKYPAGTSTF YGMAYVPHPV YADPGSNQWF GFQAWSMQRV
451 MEYYLETGDS SVKNLIKKWV DWVMSEIKLY DDGTFAIPSD LEWSGQPDTW
LATYAAATER WEGKLDTKAR

KAPTKDGTSY KDLFLELYGK

501 TGTYTGNPNL HVRVTSYGTD LGVAGSLANA
551 DMAAELVNRA WYNFYCSEGK GVVTEEARAD YKRFFEQEVY VPAGWSGTMP
601 NGDKIQPGIK FIDIRTKYRQ DPYYDIVYQA YLRGEAPVLN YHRFWHEVDL
651 AVAMGVLATY FPDMTYKVPG TPSTKLYGDV NDDGKVNSTD_AVALKRYVLR
701 SGISINTDNA DLNEDGRVNS TDLGILKRYI LKEIDTLPYK N

Hinh 1. Két qua phan tich SDS-PAGE (A) va trinh tw aa cla protein CelS/pHT1717 (B). (+)/(-) cé/khéng cam (ng véi IPTG
1 mM. Trinh ty in dam va gach dwéi la cac peptide dwoc phat hién b&i LC-MS/MS.

Bang 3. Cac peptide phat hién thudc protein CelS/pHT1717.

Trinh tw peptide lonScore  Exp Value 5;‘;" MH"* [Da] AM [ppm]  m/z [Da] E’:Erg:z?
VNSTDAVALK 75 48E-008 2 1017.56072 3.1 500.28400  13.67
DMAAELVNR 59 75E-007 2 1018.49767  -0.99 500.75247  18.40
LYGDVNDDGK 58 7.4E-007 2 109548979  -5.06 54824854  13.18
AIQAVYWANK 56 3.4E-006 2 116362029  -0.45 58231378  18.54
VNSTDLGILK 49 19E-005 2 1059.60344  -1.00 530.30536  18.88
EIDTLPYK 40 6.6E-005 2 97851396  -0.31 489.76062  17.37
GEAPVLNYHR 38 1.8E-004 3 115558930  -1.10 385.86795  13.79
VMEYYLETGDSSVK 33 21E-004 2 1636.73857  -1.57 818.87202  18.08
DWTTSYK 32 22E-004 1 900.40344  -7.05 900.40344  17.12
DmAAELVNR 31 6.0E-004 2 1034.49333  -0.24 517.75031  14.64
EIDTLPYKN 28 33E-003 2 1092.55754  0.31 546.78241  17.05

Ghi cht: m: Géc methionine bj oxi hoa.

Qua trinh phan tich két qua LC-MS/MS cua
mau protein ngoai bao cua chung tiét
CelS/pHT1717 s& dugc phan tich cu thé nhu sau.
Ban déu, t6 hop peptide ciia CelS (hinh 1B) duoc
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phan cit bang trypsin/P va chay MS', thu duoc cac
“miii me” (manh ion c6 cuong do manh) nhu bang
3. Két qua MS? vé6i peptide dién hinh nhu manh
peptide VNSTDAVALK c6 dinh m/z = 509.28400
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thu dwgc nhu hinh 2A. Cac gia tri khdi phd quan
sat ciia cac manh ion nay phu hop véi mot s phan
manh ion trén 1y thuyét cia “mii me” c6 trinh tu
VNSTDAVALK (hinh 2A). Tuong tw, nhiéu
peptide khac cia protein cung dwoc giai trinh tu
dén ting trinh ty amino acid, cho thdy protein
CelS/pHT1717 da dugc tiét thanh cong vao dich
ngoai bao.

FTMS, HCD@28.00, z=+2, Mono mz=509.28400 Da, MH+=1017.56072 Da, Match Tol.=0.01 Da

Phan tich LC-MS/MS dich ngoai bao cua
pHT43-celA phat hién thay CelA trong khi chimg
am pHT43 khong phat hién peptide nao thugc CelA
hay CelS cua C. thermocellum nhu bang 5. Cac
protein CelA/pHT43-celA va CelS/pHT1717 déu co
diém Mascot ting peptide trén 30 va déu duoc giai
tdi tung trinh ty amino acid, cho thay két qua nhan
dién protein c6 do tin cay cao.

Yo Y& Y7 Y6 Y5 Y4 Y3 Y2 Y1
VIN[JSITIDIATVIATL TK
b2 80444421
by
21411824
20
A
331.23297
~ v
3 14711264 vs'
gm 1 ve 918.48279
H 616.36249
% v2©
H 260.19%72
2 v
o 717.41235 vs-NH;
901.45776
s
/ 430, 30164 50133701 -
be-NH;
571.23163
i
1
LU L L] |
100 800 900
#1 a* az* b* b?* Seq. y* y2* #2
1 | 7208078 | 3654403 | 100.07570 | 50.54149 | V 1
2 | 186.12371 | 9356549 | 214.11863 | 107.56295 | N | 918.48913 | 45074820 | 2
3 | 27315574 | 137.08151 | 301.15066 | 151.07897 | S | 804.44620 | 402.72674 | 3
4 | 37420342 | 187.60535 | 402.19834 | 20160281 | T | 717.41417 | 35021072 | 4
B
5 | 48923037 | 24511882 | 517.22520 | 25911628 | D | 616.36649 | 308.68688 | 5
6 | 560.26749 | 280.63738 | 588.26241 | 29463484 | A | 501.33954 | 251.17341 | 6
7 | 659.33591 | 330.17159 | 687.33083 | 344.16905 | V | 430.30242 | 21565485 | 7
8 | 730.37303 | 36569015 | 75836795 | 379.68761 | A | 331.23400 | 166.12064 | 8
9 | 84345710 | 422.23219 | 871.45202 | 436.22965 | L | 260.19688 | 130.60208 | 9
10 K | 14711281 | 74.06004 | 10

Hinh 2. Phd MS? ciia peptide VNSTDAVALK thudc CelS/pHT1717 (A) va Bang 4. Ma tran MS® ly thuyét cha peptide
VNSTDAVALK thudc CelS/pHT1717 (B). In dam: gia tri phé ly thuyét séat véi phd quan sat.
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Bang 5. Tdng hop két qua phan tich LC-MS/MS protein muc tiéu trong dich nudi cdy clia cac ching.

peptide peptide

Chiéu dai

Do phu Unique Téng sb

Plasmid CelA CelS (aa) (%) peptide peptide Score
pHT43 ) )

CelA/pHT43celA (+) (-) 477 25 12 21 556
CelS/pHT1717 (-) (+) 741 13 11 12 363

Ghi cht: D6 phti = % aa phat hién trén téng sé aa. Unique peptides = s6 Peptide khéng tring Iap. Score= ,tc"Sng diém cda cac
peptide. Théng thuong, cac peptide cé dé tin cdy cao thuong co Score >25. Protein CelS/pHT1717 c6 tong score 363, tirc

trung binh méi peptide >30.

Khio st thoi gian phit hgp thu miu dich ngoai
bao

Mot trd ngai 16n khi danh gia hoat tinh
exoglucanase CelS 1a khong c6 co chit phat hién dic
hiéu, nghia 1a lugng san phim do dac trude va sau
khi cho CelS phan cit co chat khong dii r& dé thiy
khac biét. Nguyén nhan do exoglucanase CelS cit
mach cellulose tir dau khir trong khi d6 cac co chat
cellulose phd thong nhu CMC, Avicel, RAC qué it
diém bam dé exoglucanase CelS phat huy hiéu qua
néu chi hoat dong doc lap (Zhang et al., 2009). Dé
danh gia hoat dong thuy phan cellulose cua CelS,
mot trong nhitng giai phap 1a bd sung thém
endoglucanase CelA gitup CelS c¢6 nhiéu diém bam
hon. Vi vy chung t6i tién hanh khao sat thoi diém

thu dich ngoai bao phu hop dé thdy dugc hoat tinh
riéng cua tung cellulase 1én co chat CMC.

Dich nudi cdy cta 2 chung B. subtilis WBSOON
mang plasmid pHT43-cel4 (CelA) va pHT1717
(CelS) sau khi cam ung vaoi IPTG tai céc thoi diém
khéac nhau duoc ly tdm thu dich ndi va dinh lugng
duong khir DNS. Két qua cho thdy hoat tinh
CMCase cua CelA ting dan va c6 su khac biét rd rét
so vai CelS va ching am theo thoi gian (hinh 3).
CelS héu nhu khong thé hién hoat tinh CMCase 1o
rét. Tai thoi diém 8 gio sau cam tmg v6i IPTG, hoat
tinh CMCase cia CelA ting gép g?m 3,5 1an so v&i
CelS. Thoi diém 8 gio dugc chon dé thu miu va
khao sat hoat dong phdi hop giita CelA va CelS
trong dich ngoai bao.

apHT43 w=pHT43-celA apHT1717
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0.600

/-/
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Thai diém thu mau (gio)

Hinh 3. D6 thj khao sat hoat tinh glucanase theo thoi gian.

Khio sat hoat tinh phdi hop CelA va CelS

Kiém ching vong phan giai trén dia CMC
nhuém véi Congo Red cho thdy ching chi B.
subtilis WB80ON khong cé hoat tinh CMCase. Phan
tich proteomics (LC-MS/MS) cac thanh phan dich
ngoai bao khong cho thiy c6 cellulase dang tiét tir
chung chu B. subtilis WB80ON. Phan tich genomics
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B. subtilis 168 cho thay chung chi c6 mang gen ma
hoé cellulase nhung c6 thé do moéi truong LB da day
da dinh dudng nén cac gen nay bi wc ché. Cac dir
liéu nay (khong trinh bay) cho thdy dich ngoai bao
clia cic chung tai to hop hoan toan chi chira CelA
hodc CelS va sy phdi hop hoat dong thiry phan CMC
chi do hai enzyme nay chiu trach nhi¢m.
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Hoat tinh phan cit co chit CMC duoc do truc
tiép bang dich méi truong nudi cdy nhim danh gia
hiéu qua phdi hop cia 2 enzyme trong didu kién
dich ngoai bao. Trong qua trinh thiy phan co chit
CMC, CelA (endoglucanase) s& phan cit giita
mach polysaccharide tao ra cac doan ngin
oligosaccharide ¢ dau khir va khong khu.
Exoglucanase CelS s& bam vao cac dau khir dé tiép
tuc cit ngin mach dudng tao ra cac cellobiose.
Phan tich Anova mét chiéu gifra hai cach do Hoat
tinh téng cua hai enzyme nhu hinh 4 cho thiy khac
biét rat c6 y nghia thong ké giira hai cach tinh: (i)
dya vao hoat tinh thu duoc khi phdi tron va (ii) dua
vao tong hoat tinh riéng ting thanh phan. Ti 1&¢ H
giita (i) hoat tinh ctia mau phdi tron hai enzyme
CelA va CelS (bang 6A) va (ii) tong hoat tinh riéng
cua ting loai enzyme (bang 6B) dai dién cho hiu
qua hoat dong phdi hop cua hai enzyme CelA va
CelS. Mot vi du voi ti 1€ phéi troén 125:125, hoat
tinh riéng 1¢ cua CelA va CelS 1an luot 1a 0,295 va

Ngudn i Bac ty do ss

Hoat tinh tong 1 0.25748
sai sé 148 1.13547
Tdng 149 1.39295
S = 0.08759 R-Sq = 18.48% R-Sq(adj)

0,169, trong khi do, hoat tinh phéi tron 2 enzyme
1a 0,566, suy ra ti 1¢ H=(0,295+0,169)/0,566 =1,22.
Nhu vay, o ti 1€ phéi trén 125:125, ti 1€ H 16n hon
1 nén c6 thé két luan co su phéi hop hoat tinh
duong voi gia tri 1,22 (tdng 22% hoat tinh). Nguoc
lai, ti 16 H nho hon 1 ching té c¢6 sy phdi hop hoat
tinh 4&m (e ché hoat tinh 13n nhau cua 2 enzyme)
va véi ti 18 H bang 1 thi khong ¢ sy phdi hop hoat
tinh.

Hau hét cac ti 16 H thu dugc tir cac ti 18 phdi tron
khac nhau (hinh 5A) déu 16n hon 1 cho thiy c6 su
cong hudng hoat tinh gilta 2 enzyme nay trong qua
trinh thity phan CMC. Su phdi hop hoat tinh hiéu
quéa hon khi ding nhiéu CelS va it CelA. Ving c6 ti
1¢ H cao nhit phan bd cha yéu quanh ti 1& 3 CelA : 5
CelS (twong dwong thé tich 75 ul CelA : 125 ul
CelS) (hinh 5B). Vi ti 1€ 75 ul CelA : 125 pl CelS
thi sy phdi hop hoat tinh ciia 2 enzyme nay la cao
nhét, ti 18 H 1én dén 1,355 (ting 35,5% hoat tinh).

MS Gia tri F P
0.25748 33.56 0.000
0.00767

= 17.93%

Poan thdng kiém dinh gia tri trung binh
véi db tin cay 99%

N Trung binh StDev --
0.31769 0.06793 (-

Céng hoat tinh 75

Phéi hop 75 0.40055 0.10358

P6 léch chudn = 0.08759

———-- Fomm Hmmmmmmm Fommm +--
______ *——————)

e L )

———-- Hommmmmm oo mmm o ommmmmm +--

0.315 0.350 0.385 0.420

Hinh 4. K&t qua phan tich Anova giira hai cach do hoat tinh tdng clia hai enzyme CelA va CelS.

Bang 6. Hoat tinh (IU/mL) phdi trén gitra CelA va CelS theo thé tich dich ngoai bao (uL).

A. Hoat tinh (IU/mL) phdi trén giira CelA va CelS theo thé tich (uL)

B. Hoat tinh riéng ttrng enzyme CelA
va CelS (IlU/mL)

CelS Dich

CelA 125 pl 100 pl 75 pl 50 pl 25 pl ngoai bao CelA CelS
125 ul 0,566 + 0,549 + 0,527 + 0,466 + 0,433 = 125 ul 0,295 + 0,169
H 0,0203 0,0216 0,015 0,0167 0,0137 M 0,0015 0,0007
100 ul 0,542 + 0,512 + 0,471 0,421 0,398 + 100 ul 0,242 + 0,155 +
H 0,0218 0,0107 0,0204 0,0095 0,0129 H 0,0072 0,0028
75 ul 0,491 0,452 + 0,419 = 0,374 0,335 75 ul 0,193 = 0,134
M 0,0124 0,0182 0,023 0,0129 0,0091 M 0,0037 0,0017
50 ul 0,421 0,392 + 0,349 + 0,314 0,281 50 ul 0,15 0,126

H 0,0114 0,0152 0,0084 0,0072 0,0254 H 0,0034 0,003
25 ul 0,328 + 0,294 + 0,256 + 0,229 + 0,193 = 25 ul 0,114 0,122 +
M 0,0355 0,0102 0,014 0,025 0,0153 M 0,0005 0,0032
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1.220 1.518 | 1.355 1.518 1.160 125
1.220 1.289 1.206 1.281 1.090 100
1.228 1.251 1.279 1.227 1.030 75
1.107 1.145 1.170 1.137 | 0.855 50
1.041 1.0%0 1.065 1.055 | 0.820 25
s | w0 | s | s | 25

CelA

125
A Cela {uL)
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Hinh 5. Khao sat hoat tinh phdi hop CelA va CelS. (A) Bang ti 1& phdi tron H gitva 2 enzyme CelA va CelS trong cling thé
tich tdng bb sung dém vira da 250 pl. (B) Phan bé ti 1& H dai dién cho s phdi hop hoat tinh dwoc biéu hién doc lap béng 2
chiing B. subtilis WB80ON lan Iwgt mang plasmid pHT43-celA va pHT1717.

THAO LUAN

Mini-cellulosome hién dang dwoc nghién ctu
xdy dyng nhim tmg dung trong viéc phan hiy luong
phé phim rom ra ddi dao. Hau hét cic enzyme
cellulase thanh phan trong hé cellulosome déu duoc
ching vi sinh biéu hién tiét ra ngoai méi trudng, qua
trinh nay gap tré ngai khi protein muc ti€u bi phan
cét boi cac protease ngoai bao. Chung B. subtilis
WBS0ON giam nguy co protein ngoai lai bi phén
hiy, mang lai tiém nang Gmg dung trong biéu hién
cellulase ngoai bao.

Tir cac két qua trén, cac enzyme cellulase tai to
hop trong chung B. subtilis WB80ON di dwoc biéu
hién ngoai bao thanh cong. Ban than CelS khong thé
hién hoat tinh rd rét véi co chit CMC, tuy nhién khi
tron CelS va CelA, hoat tinh thuy phan CMC cua
hén hop c6 thé tang dén 35.5% (75 ul CelA : 125 ul
CelS) so v&i tong hoat tinh riéng ciia mdi enzyme.
Céc ti 1¢ H 16n hon 1 chimg t6 trong didu kién dich
ngoai bao, 2 enzyme muc ti€u c6 sy phéi hop hoat
ddng dé phan cit co chat. Khi ¢d dinh lugng CelA va
thay d6i lwong CelS, ti 1¢ H ting manh hon (so v&i
khi ¢b dinh lugng CelS va thay déi luong CelA) cho
thdy vai trd quan trong cua CelS trong viéc gia ting
tbc do thily phan CMC.

Nghién ctru nay cung cip cach tiép can va 1a nén
tang cho cac khao sat sdu rong khac cho viéc dong
biéu hién tiét cac cellulase. Dé c6 thé khai thac B.
subtilis. WB80ON trong viéc biéu hién mini-
cellulsome tai t6 hop, can ¢ nhitng khao sat thém vé
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kha ning duy tri hoat tinh ciing nhu hiéu qua phdi
hoat tinh phéan cat co chat theo thoi gian cua cac
cellulose tiéu don vi.

KET LUAN

Chung t6i da tao thanh cong cac chung B.
subtilis WB80ON biéu hién 1dn luot 2 enzyme CelA
va CelS. Két qua nay cung cép nguyén liéu va co so
khoa hoc cho chung t6i tiép tuc nghién ctru nhim sir
dung ching B. subtilis WBSOON dé tao mini-
cellulosome.

CelS duoc biéu hién nhung khong thé hién duoc
hoat tinh phan cit CMC 5 rét. Tuy nhién, khi phdi
hop voi ti 1€ 75 pl CelA : 125 pl CelS cho hiéu qua
phdi hop hoat tinh t6t v&i CelA.

Loi cam on: Nghién ciru ndy dwoc tai tro boi Quy
phat trién khoa hoc va cong nghé quéc  gia
(NAFOSTED) trong Dé tai md so 106-NN-
02.2015.20. Cam on GS. Joseph A. Loo, Rachel Loo
va Hong Hanh Nguyen (University of California, Los
Angeles, USA) da hé tro chuyén mén trong phan tich
khoi phé.
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SYNERGY BETWEEN RECOMBINANT ENDOGLUCANASE A AND EXOGLUCANASE
S SECRETED BY BACILLUS SUBTILIS WB800N

Nguyen Hoang Ngoc Phuongl’z, Vo Minh Toan', Le Duong Vuongl, Phan Thi Phuong Trangl’z, Tran

Linh Thuoc’, Nguyen Duc Hoang'?

Center for Bioscience and Biotechnology

University of Science, Vietnam National University, Ho Chi Minh City

SUMMARY

An approach for dertemining the synergistic activity of cellulosomal catalytic units in culture media is

among essential steps in the research of artificial cellulosomes. Endoglucanase A (CelA) and exoglucanase S
(CelS) are two abundant cellulosomal cellulases secreted by anaerobic thermophilic bacterium Clostridium
thermocellum and mostly responsible for the cellulolytic activities. They are the well-known candidates of
catalytic units for artificial mini-cellulosome. Their synergistic activities play important roles in cellulolytic
degradation. CelA cleaves inside the cellulose chains and produces more chain ends for the next step
controlling by CelS. While endoglucanase demonstrates distinct activity on carboxymethyl cellulose, it still
lacks the specific substrate for quantifying exoglucanase activity. In this research, we introduced an approach
for measuring the synergistic activity for these endo and exoglucanase. We designed two recombinant proteins
CelA and CelS secreted by the host-cell Bacillus subtilis WB80ON in order to investigate their synergistic
activity in culture media. The secretory expression was confirmed by tandem mass spectrometry. A modified
dinitrosalicylic acid assay was performed on 96 well-plate for quantifying cellulolytic activities of the secreted
cellulases in culture media. When adding CelA into CelS, CMCase activities were enhanced and higher than
the total of their individual CMCase activities at some cases. When mixing 3 of CelA with 5 of CelS, the
CMCase activity was enhanced about 35.5% of the total activities from individual ones. This indicated the
synergistic activity of the endo and exoglucanase could degrade cellulose more efficiently than their individual
activities. The research also provides the essential materials and methods for further research on designing
mini-cellulosome secreted by B. subtilis.

Keywords: Bacillus subtilis WB80ON, Clostridium thermocellum, Endoglucase A, CelA, Exoglucanase S, CelS
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