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Abstract

Buffalo (Bubalus bubalis) is a ruminant that can utilize low quality roughage feed and agricultural
crop-residues. Its rumen contains a high diversity of microbes producing enzymes for degradation of plant
fibers to nutrients for the host animal. This project aimed to isolate genes encoding cellulase belonging to
the glycoside hydrolase family. 9 from swamp buffalo rumen using metagenomic approach. Degenerate
primers were designed hased on the conserved regions on cellulase family 9 of gram positive bacteria.
DNA fragments of 1,200-bp length were amplified by polymerase chain reaction, cloned into pTZ57RIT
vector and transformed into Escherichia coli DH5a host strain. Putative amino acid sequence alignment
revealed that 6 clones contained the conserved regions of cellulase family 9, named cel9-I, ce!9-2, cel9-3,
cel9-4, cel9-A and cel9-B. A full-length gene of Cel9-B was successfully identified by genome walking
technique, consisting of 2,100 bp encoding a putative protein of 699 amino acids. The protein Cel9-B
sequence shared maximal similarity (53%) to the GH9 cellulase from Ruminococcus sp. 18P13
(CBL17554.1). The protein contained a putative signal peptide at amino acid position 1-43, glycosyl
hydrolase family 9.domain at position 49-454 and dockerin type | domain at position 617-682
respectively. The Cel9-B was classified as a new member of GH9 class L with a cellulosomal structure.
After construction of the GH9 domain into pKLAC2 vector, integration of the recombinant plasmid into
the genome of Kluyveromyces lactis GG799 host strain, positive clone was selected and named
PKLAC2-Cel9B/GHI-K3. The recombinant' yeast was cultivated and the secreted crude protein was
harvested from the culture media. The cmde protein was 803.87 mg/L after 7 days of cultivation and a
protein band of molecular weight 49.7 kDa was visible by SDS-PAGE gel. The enzyme Cel9B/GHO-
K3 showed activities toward CMC, Avicel, filter paper and xylan, with specific activities at 0.624 + 0.036,
0.083 £ 0.013, 0.154 + 0.032 and 0.178 + 0.029 [mg of cmde protein respectively, indicating
endoglucanase exoglucanase and xylanse activities. The optimal condition of Cel9B/GH9-K3 for CMCase
was pH 6.0 at temperature 60°c and incubation time 10 min. Moreover, the enzyme Cel9B/GH9-K3
exhibited activity of at least 40% of the maximum activity toward the CMC at pH 3-11 and temperature
30-80°C. The enzyme from this project could find applications in relevant industries i.e. pulp and paper
degradation, ethanol production from plant fiber and animal feed production. However, further
characterizations are needed to determine optimum conditions for use.
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CMC
Da
DMSO
DNS
dNTP
DTT
EDTA
FP

GH
IPTG
kDa
LB
mg
mg/ml
mM
M
PBS
PIPES
rDNA
SDS-PAGE
wiv
x-gal
YCB

YPGal
YPGlu

ng
Eg/pl
Mg/

Carboxymethylcellulose

Dalton

Dimethyl sulfoxide

3,5-Dinitrosalicylic acid
Deoxyribonucleotide triphosphate
Dithiothreitol, threo-2,3-dihydroxy-| 4-dithiolbutane
Ethylenediaminetetraacetic acid

Filter paper

Gram

Glycoside Hydrolase

Isopropyl-(3-D thiogalactoside

KiloDalton

Luria-Bertani

Milligram

Milligram per millilitre

MilliMolar

Molar

Phosphate-buffered saline
14-Piperazinediethanesulfonic acid
Ribosomal deoxyribonucleic acid

Sodium dloclecy! sulfate-polyacrylamide gel electrophoresis
Weight per volume
5-Bromo-4-chloro-3-indolyl-B-D-galactoside
Yeast Carbon Base

YeastPeptone medium containing Galactose

Yeast Peptone medium containing Glucose
Microgram

Microgram per microlitre

Microgram per millilitre



Microlitre
MicroMolar
Micromole
Degree Celsius
Percentage



4
(Reticulum) 5%
(Rumen)
80% (Omasum) 7-8%
(Abomasum) 1-8%
130 202
25
70%
5% ( 2540;
2541)
1
3
(Hungate, 1996)
10910
1 109100 (Prasad and Pradhan, 1990;
Pradhan et al., 1991)
165 rRNA
8 Low G+C gram-positive
bacteria  (57.8%), Cytophaga-Flexibacter-Bacteroids  (31.21%), Proteobacteria  (6.36%),
Lentisphaerae (1.16%)  Spirocheates (0.58%) Low G+C gram-positive

hacteria Clostridia Bacilli



(unculturabie bacteria) 56.07%( ,2551)
(herbivore)
(pentose)
(hexose)
4xlo* (Lynd et al., 2002)
60% 90%
100 40,000
amorphous paracrystalline
P-I,4-glucosidic linkage
4
2
CJOH  group
CB0H group
crystalline
Flat-Ribbon
amorphous.
crystalline
(cellulase)
(beta-1,4-glycosidic bond)
(cellulose) (lichenin) cereal p-D-glucans
International ~ Union ~ of

Biochemistry and Molecular Biology (IUBMB, 2004)

3

1) Endoglucanase



(E.C3.2.14)  endo-1,4-(3-D-glucanase Beta-,4-Glucosidic linkage
amorphous
(cellobiose)
carboxymethylcellulose  (CMC)
CMC  CM-cellulase (Wike ., 1983)

56,7809, 10 12 16, 18,
19, 26, 44, 45, 48, 51, 61, 74, 124 NC (Henrissat and Davies, 1997); 2) Exoglucanase
(E.c.32.1.91) exo-cellobiohydrolase crystalline

crystalline cellulose

(filter paper) (Avicel) (Wike et al., 1983) Avicel
Avicelase
56,7,9 48 (Henrissat and Davies, 1997)  3) P'glucosidases (E.c.3.2.1.21)
cellobiase
(Beguin, 1990)
cellobiose p-nitrophenyl-p-D-glucopyranoside (p-NPG) (Wike et al., 1983)
13579 30
116 NC (Henrissat and Davies, 1997)
9 9 (GH9) cellulase family E
5 9
catalytic domain (a)6barrel fold
6 -4 +2 (Sakonetal,
1997, Guerin et al., 2002)
cellulose binding module (CBM) CBM3c
C-terminal (catalytic domain)
9 (Sakon et al; 1997) CBM3c (Tormo et al.,
1996) 9 2 El E2
processive
endoglucanase EI (Tomme et al.,, 1995) 9

[STV] - x - [LIVMFY] - [STY] - x(2) - G - x - [NKR] - x(4) -
[PLIVM] - H - x - R (Henrissat and Davies, 1997) 9



endoglucanase (EC 3.2.1.4) cellobiohydrolase (EC 3.2.1.91) beta-glucosidase (EC
32.121)
(cellulosome) (Henrissat and Davies, 1997) 9
inverting Cel9A Thermobifidafusca
crystalline  (Chenet ., 2007)
CAZy (http:/lwww. cazy.org/fam/GH9.html)

9 Ampullaria crossean (ABD24274.1)
Arabidopsis thaliana (AAC16418.1) Cryptococcus neoformans var. neoformans JEC21
(AAW44965) Epidimum ecaudatum (CAL91976.1)
2 9 315
9 (Cantarel et ., 2009)
Clostridium sp. 9
¢. acetobutylicum, ¢. josul, ¢. cellulolyticum, c. lentocellum, c. cellulovorans - c. thermocellum
9 5 ¢. thermocellum

9 16 Fibrobacter succinogenes Ruminococcus
albus
9 8 Bacillus pumilus, Cellulomonasfimi,
Cellulomonas flavigena, Cellulosilyticum ruminicola, Cellvibrio japonicus, Cytophaga hutchinsonii,
Dyadobacter fermentans ~— Eubacterium cellulosolvens 9

(Cantarel et al., 2009)

uncultured unidentified microorgnism
(metagenomics)

9 uncultured microorganism 1L ( amecke et al., 2007)
9 3 (Pang et al., 2009)
9 (Grant et al., 2004)


http://www

(Tasse et al, 2010)
2010)

14-glucosidic linkage

50

(Wang et al., 2009)

v £

(Beloqui et al,

(lignocellulosic biomass)

heta-

(cellulase)
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15 . 10,000 5
0.85% 15
-80°c

Tajima el al. (1999) 300 extraction buffer (200 mM
Tris-HCl pH 8.0, 100 mM EDTA pH 8.0, 100 mM Sodium phosphate buffer pH 8.0, .5 MNaCl, 1%
Cetyltrimethylammonium bromide: CTAB)  proteinase K—{20-mg/ml) 65°c
30 -80°C 60 5
phenol—hloroform-isoamyl alcohol (25:24:1) 5.3 MNaCl
|sopropanol 70% ethanol

Ultraspec 1100pro (Amersham Biosciences, UK)

260 (AB) 280 (AB)
-20°c

31 9
Cel9_FI : 5’ GAYGCNGGNGAYCAYGTIAARTT 3’

Cel9 Rl 5’ GCRTTRTARTCNRTIGCNACYTc 3’
R=A GY=c T:N=Ac¢C,G T: [ = inosine
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3.2 Cel9-B genome walking

Cel9_4 Upl :5" AAACGATCTCGTCGCCCTTGTCGCAGTCAG 3
Cel9_4Up2 : 5’ TCAGTCCGTCCGGGTACTGGTACATACCC 3’
Cel9_B Dwl ;5" CGAGTACAATCAGGCTGGCGCTACATTCGG 3’
Cel9 BDw2 5 CTTccAGGACGCAAACTTccAGTTCAAGGAC 3
Cel9 B Dw3 5’ GCGATGTTACTACCGCGGACGCAGTTGCT 3’
Cel9_B Dw4 :5" CGAGGCAAAGGCTAATGCGGACGTTTACGG 3’

Cel9-B
33 GH9 Cel9-B pKLAC2
Kluyveromyces lactis GG799

Ncol
pKLAC 9 BF 5’ CATGCCATGGTAACAATGAAGAACCAGAAACTTATCC 3

IScoR|
PKLAC_9 BR 5’ CCGGAATTCTTAGGCAGCAGCGGCAACGAGAGTTGCGTTGTA 3’

(polymerase chain reaction: PCR)

Cel9 F  Cel9 R 25

200 IX Taq Buffer (500 mM KC1, 100 mM Tris-HCI, 0.1% Triton™
X-100) dNTP 400 pM MgCI22 mM Cel9 F Cel9 R 1
M Tag DNA Polymerase (Vivantis, USA) 0.1

MyCyclerT™M
thermal cycler (Biometra, Germany)
94°c 3
3 94°c

45 ( ) 50°C

45



12°c 1
3
12°C 10 1
0.8%
TAE pH 8.0 55°C
(Gel tray) 6X Loading dye
51 lambda Hindlll
100 60 0.5 pg/ml
15 10

gel documentation  Syngene Genious (Bio Imaging System, Germany)

1%

Gel documation
QIAquick Gel Extraction Kit (QIAGEN, Germany)

QG 3
50° 10
Isopropanol (1 ) Spin column
Collection tube 2 10,000
1 Collection tube QG
500 10,000 1
Collection tube PE 750
Spin column 2-5 10,000
1 Collection tube
10,000 1 Spin column
EB 30

5-10 10,000
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1%
100 bp DNA Ladder

Escherichia coli DH5CC
E.coli DHACC LB agar (1% (wiv)
Tryptone, 0.5% (w/v) Yeast-extract, 1% (w/v) NaCl, 1.5% (w/v) agar) 37°c
12-16 1 300
SOB medium (2% (w/v) Tryptone, 0.5% (w/v) Yeast-extract, 10 mM NaCl, 25 mM KC1, 10 mM
MgClj, 10 mM MgS04 200 ; 18°c 200
20 600
0.6 (Sambrook et al. 1989) 15
3,000 4° 10
Transformation buffer ~ TB (10 mM PIPES, 15 mM CaClj,
250 mM KC1 pH 6.7 55 mM MnCI2) 40
10 1B 10
DMSO 0.7 10 (competent host cell)
-80°c

PTZ5TRIT
1. (ligation)
PTZ5TRIT ( )
InsTAclone™ PCR Cloning Kit (Fermentas, Canada)
31 10

IX Ligation buffer (40 mM Tris-Hcl, 10 mM MgCl, 10 mM DTT, 0.5 mM ATP pH 7.8
16°c) pTZ5TRIT 55 T4 DNA Ligase (Fermentas, Canada)

5, , -150

16

2. E.coli DH5tt
E.coli DHb5a Heat shock
(Sambrook et al, 1989) 100 10
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20 30

42°c 90
2-3 LB broth (1% ( Nv) Tryptone, 0.5%
(wiv) Yeast-extract, 1% (w/v) NaCI)* 1 200
37°c 60 (Spread)
LB agar  Ampicillin 200 pg/ml, IPTG 0.2 mg/ml X-gal 0.2 pg/ml
37°c 12-16
3.
LB Ampicillin, X-gal ~ IPTG
pTZ57RIT (Fermentas, Canada) lacZ gene p-galactosidase
X-Gal
lacZ gene
4,
LB Ampicillin 100 pg/ml 3
250 37°¢ 12-18.
8,000 3
QIAprep® Spin Miniprep Kit (QIAGEN, Germany) Resuspension
250 Lysis 250
4-6 Neutralization 350
4-6 12,000 10
QIAprep® spin column 6,000
1 Wash 500 pi
6,000 1 collection tube
Wash 500 6,000
1 collection tube
12,000 1 spin column
EB 3

5-10 10,000
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0.8%

5.
10 1 100 IX Buffer Tango™ with BSA (Tris-
acetate (pH 7.9 at 37°c) 3.3 mM, Magnesium acetate 10 mM, Potassium acetate 6.6 mM, BSA 0.01
mg/ml), 3
37°c 12-16
1%
M13F M13R-pUC

(Ist Base, Malaysia)

Genome walking
genome walking
E. coli
Contig Express
1
(blunt end)
adaptor GenomeWalker™ universal kit (Clontech, USA)

restriction enzyme: Dral, Pvull Stui
100 5 IX restriction

enzyme buffer 100
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37°c 12-16 1

1%
2.
® QIAquick® Nucleotide Removal Kit
(QIAGEN, Germany) PN 10
Spin column Collection
tube 2 6,000 1
Collection tube PE 500
Spin column 2-5 6,000
1 Collection tube
12,000 . 1 Spin column
EB 3
5-10 12,000
3
1% 1kb DNA Ladder (Fermentas, Canada)
3. Genome Walker adaptor
Genome Walker adaptor (Clontech, USA) 8 digested DNA
400 , Genome Walker adaptor, Ix ligation buffer T4 DNA ligase 3
16°c 16-18 70°C 5
TE buffer 72
4,
Genome Walker adaptor 2
(nested PCR) 2 1 (primary PCR)
adaptor 1 (API)
1(GSP1) 1 specific

2 (secondary PCR)
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adaptor 2 (AP2) !
2 (GSP2) 1
primary PCR 25 IXTth PCR reaction
buffer (40 mM Tris-HI pH 9.3 at 25°c, 15 mM KOAc, 0.02% Triton X-100), IX advantage genomic
polymerase mix (0.10-0.20 units/pl Tth DNA polymerase , 0.01 jig/pl Tth Start antibody, 1.0%
glycerol, 0.2 mM Tris-HCI (pH 7.5), 4.6 mM KC1, 11 mM Mg(OAc)2 0.2 mM dNTP, 0.2 mM API,
0.2mM GSP1

94°c 5
12°c 3 ! 2
94°c 25 67°C 3 32
67°C 4
1%
Genomic DNA
ir ‘fs*1 168 icar
GesomeWaikaf *Ukfwric*
I Ampli aMm
X fromall feartrades
® DNA
f, RAY)
4» 6SP1
AH 4 SWWIker
\Y;
| SRR
Y

1 GenomeWalker™ universal kit
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primary PCR
1:100
secondary PCR 25 IX77/z PCR reaction buffer (40 mM Tris-
HCL (pH 9.3 25°c), 15 mM KOAc, 0.02% Triton X-100), IX advantage genomic polymerase mix
(0.10-0.20 units/pl Tth DNA polymerase, 0.01 pg/pl 772Start antibody, 1.0% glycerol, 0.2 mM Tris-
HCL (pH 7.5), 4.6 mM KC1, 1.1 mM Mg(OAc)2 0.2 mM dNTP, 0.2 mM AP2,0.2 mM GSP2

94°c 25 12°
3 5 2 94°c 25
67° 3 25 67°c 4
1%
)
M13F M13R-puC
5" (upstream) 3" (downstream)

contig assembly  BioEdit

(start codon)
(stop codon)

(specific primer)

PKLAC2
pKLAC 9JBF  pKLAC 9 BR
25
200 IX PCR Buffer (75 mM Tris-HCI, 20 mM (NI )2 4,0.01% Tween 20),
dNTP 200 pM 05 pM Platinum® Tag DNA Polymerase (Invitrogen,

USA) 1

120254
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94°c 3 94°¢c 1

' 55°C 30 12°c 3
35 12°c 5
PTZ5TRIT E. coli DH5a

(1¢BASE, Malaysia)

CAP contig assembly (Huang, 1992)
Translate Tool EXPASy Proteomics Server
http:/lexpasy.org/toolsidna.html.
Basic Local Alignment Search Tool (BLAST search)
http://www.ncbi.nlm.nih.gov/BLAST (Altschul et al., 1997)

9 Clustalw2
http:/lwww.ebi.ac.uk/Tools/msalclustalw2/ (Larkin et al, 2007)
Neighbor-Joining method MEGAA4 (Saitou and Nei, 1987)
(restriction site) NEBcutter V2.0

http://tools.neb.com/NEBcutter2/

ProtParam EXPASy (Expert Protein
Analysis System) proteomics server (Gasteiger et al., 2003) signal peptide
SignalP 3.0 server http:/www-cbs.dtu.dk/services/SignalP/
functional domain InterProScan version 48
http://www.ebi.ac.uk/Tools/pfa/iprscan/ (Quevillon et al., 2005)
CD-search http://www.nchi-nim.nih.gov/Structure/cdd/wrpsb.cgi (Marchler-
Bauer and Bryant, 2004)


http://expasy.org/tools/dna.html
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ebi.ac.uk/Tools/msa/clustalw2/
http://tools.neb.com/NEBcutter2/
http://www-cbs.dtu.dk/services/SignalP/
http://w,ww.ebi.ac.uk/Tools/pfa/iprscan/
http://www.ncbi-nlm.nih.gov/Structure/cdd/wrpsb.cgi

Kluyveromyces lactis

19

L pKLAC2
5’ 3
Ncol ) EcoKl 3 ’
1%
PKLAC2 ( ) Nco\
EcoM K. lactis Protein
Expression Kit (New England Biolab, USA)
2. pKLAC2
pKLAC2
E. coli DH5a heat shock LB 250
3ft 2-3 LB
37°c 12-16
colony PCR specific - primer PKLAC2
1%’
Plasmid DNA Purification (Fermentas, USA)
3. K. lactis
pKLAC2 Sadi
37°c 16 linear DNA linear DNA
1 K. lactis GG799 30°c 30
heat shock 37°c 7,000
2 YPGlu (1% yeast
extract, 2% Bacto peptone, 2% glucose) 1 7,000
2 YPGlu 1
50 250 30°
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34 7,000

2 IXPBS (8 g NaCl, 02 ¢
KCL, 14 g Na,HP04 0 24 g KHPO4 pH 7 4) YCB
(Sigma, France) 5 mM acetamide (Sigma, France) 30°
34
4,
K. lactis
yeast peptone 1% CMC
20% -80°c (Tokunaga et al. 1997)
YPGal (1% yeast extract, 2% Bacto peptone, 2% galactose)
250 idas 1-7 8,000
1
BioRad Protein Assay Reagent 14
100 BioRad Protein Assay Reagent 900
5 1 595 nm
SDS-PAGE
10-20 5X SDS loading buffer (2% SDS, 5% 2-
mercaptoethanol, 10% glycerol, 15 mM Tris-HCI pH 6.8) 1 4% stacking gel
12% separating gel
vertical slab gel 7x10x0.75 15mA 120

pre-stain protein marker (Fermentas, Canada)
running  buffer



coomassie blue staining buffer'
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destaining buffer 3

K. lactis YPGal 250
30°C 1.7 7,000
30 4°c
K. lactis Protein Expression Kit (New England Biolab, USA)
Miller (1959)  crude enzyme 100 pi
CMC 1% 0.L M (pH 6.0) 300 pi
50° 10 DNS (dinitrosalicylic acid) reagent
600 pi 10
540 nm
unit_of enzyme 1
1pmole 1
1 (optimal time)
100 pi 1% CMC 0.1 M (pH 6.0)
50°% 10, 20, 30, 40, 50, 60 DNS reagent
2. (optimal pH)
100 pi 1%CMC 01M pH3,4,56,7,8,9,10
il 50°C DNS reagent



100 |1 1% CMC
30, 35, 40, 45, 50, 95, 60, 65, 70, 75, 80, 85
DNS  reagent

90 °c

(optimal temperature)
1M pH

22



0.915 py (AZVAZ)

1% M 1kb ladder g

165 rRNA
BSF RIVB (Kanokratana et al. 2004)

(3

153
0.8 %

23
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3 16 DNA
1 BSF  RIVB % M
100 bp ladder 13

9
Bacillus sp. BP-23 (CAB38941.1), Bacillus pumilus (AAQ91573.1),
Cellulomonasflavigena (AAW62376.2) Clostridium acetobutylicum ATCC 824 (AAK78892.1)
CAZy (http:/www.cazy.org/fam/GH9.html)
ClustalW  (http://www ebi.ac.uk/Tools/clustalw2/index.html)

(conserve sequence) 2 ( 4) degenerated primer 1 Cel9 FI
(Forward) 5 GAY GCN GGN GAY CAY GTI AAR TT 3’ Ccl9 RI (Reverse) 5-GC RTT
RTARTCNRTIGCNACYTC3  R=A G Y=c TLN=ACG T I=

Ac, G T 400

1,200


http://www.cazy.org/fam/GH9.html
http://www.ebi.ac.uk/Tools/clustalw2/index.html
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4 9

9 Bacillus sp. BP-23 (CAB3894L.1), Bacillus pumilus (AAQ91573.1), Cellulomonas
flavigena (AAW62376.2)  Clostridium acetobutylicum ATCC 824 (AAKT78892.1)
Cel9 F1  Cel9 R
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9
Cel9 FI Cel9_RI
annealing 45°, 50°c b5°C
1,200
annealing  50°c ( 5)
M C 1 2 3
500
5 9
Cel9_FI Celg_R
1% M 100 bp ladder, C  negative control
13 annealing 45°C, 50°C h5°c
PTZ5TRIT
9
PTZ57RIT Escherichia coli DH50C (Heat
shock) Blue/white screening
6 Cel9-1, Cel9-2, Cel9-3, Cel9-4, Cel9-A  Cel9-B
Cel9 Fl
Cel9 Rl 1,200 ( 6)

OTZ57RIT



1,200 bp

Blastx

1,000 bp
500 bp
6
Cel9_FL  Cel9_RI
— 1% M 100 bp ladder, C  negative control
1-4 Celo-L  Cel9-4
L
9
1
Cel9-1 1,144
Glycoside hydrolase family protein (ZP 06144448.1)
flavefaciens FD-1 1%
82%
Cel9-2 1,121
Cellulose binding domain/Glycosyl hydrolase family 9 (CBL18389.1)
Ruminococcus sp. 18P13 69%
1%
Cel9-3 1,079

27

Ruminococcus

Glycoside hydrolase family 9 (EFB39125.1) Clostridium /ftermocellum



JW20 56%
Cel9-4 -1,085
Glycoside hydrolase family protein (ZP_06144448.1)
flavefaciens FD-1

28

69%

Ruminococcus
74%

uncultured organism

Ruminocaccus sp. 18P13
64%

Cel9-1, Cel9-2, Cel9-3, Cel9-4, Cel9-A

83%
Cel9-A 1,060
Putative carbohydrate-active enzyme (ADD61854.1)
55%
1%
Cel9-B 1,062
Glycoside hydrolase family 9 (CBL17554.1)
50%
2. |
Cel9-B
GenBank MEGA4
9
9 ( 7)

Clostridium sp. 30-70% ( 2)

9

Ruminacoccus sp.



Cel9-1

Cel9-2

Cel9-3

Cel9-4

Cel9-A

Cel9-B

1,144

1,121

1,079

1,085

1,060

1,062

317

378

373

382

356

357

ZP_06144448.1

CBL18389.1

EFB39125.1

ZP_06144448.1

ADDG61854.1

CBL17554.1

Blastx

Glycoside hydrolase family protein
[Ruminococcusflavefaciens FD-1]
Glycosyl hydrolase family 9
[Ruminocaccus sp. 18P13]
Glycoside hydrolase family 9
[Clostridium thermocellum JW 20]
Glycoside hydrolase family protein
[Ruminococcus flavefaciens FD-1]
Putative carbohydrate-active enzyme
[uncultured organism]

Glycosyl hydrolase family 9
[Ruminococcus sp. 18P13]

71%

69%

56%

T4%

55%

50%

29

82%

1%

69%

83%

71%

64%



AAA20892
CAK22316
YP_GQ10371
YP~0010369
CAPT78918
3F_0542803
Cel9~A
CBL17554
3P _0614286
Cel9-B
CBL17683
CBL18389
Cel9-2
Csl9-1
Cel9-4
ZP_0614444
1p~0542892
Cel9-3

SAA20892
CAK22316
00 0371
YP 0ol0369
CAP78918
ZP_0542803

N

CBL?7683
CBL18389
Cel9-2
Cel9-1
Cel9-4

ZP 0614444
3P~0542892:
Cel9-3
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9
Cel9-1  Cel9-2  Cel9-3  Celo-4 Celd-A Celd-B 1 2 3 4 5 6 1 8 9 10 il v
celo-l 100
Cel9-2 69 100
Cel9-3 36 38 100
Cel9-4 86 60 39 100
Cel9-A 29 32 30 30 100
Cel9-B 29 30 29 3 38 100
1 39 45 57 44 32 34 100
2 40 43 58 40 3 3 56 100 ’
3 30 3 37 3 4 40 29, 33 100
4 28 3 30 29 37 50 27 27 37 100
5 42 49 37 46 29 30 36 39 28 28 100
6 60 69 38 62 30 30 34 36 27 28 44 100
7 39 42 58 40 31 30 51 58 3 29 39 36 100
8 40 43 58 40 3 32 56 99 33 2 39 36 58 100
9 31 32 38 32 43 39 30 35 69 37 27 27 34 35 100
10 44 50 48 44 31 32 45 50 34 29 46 42 52 50 35 100
il 26 29 26 28 36 42 18 24 27 47 23 2 22 24 35 260 +100
2 70 68 39 74 3 30 32 37 27 28 41 58 36 37 28 44 24

\=Clostndium thermocellum (AAA20892), 2- Clostridium thermocelluru (CAK22316), 3= Clostridium thermocellum (CAP78918), 4=Ruminococcus sp, (CBL17554), 5=
Ruminococcus sp. (CBL17683), 6= Rwninococcus sp. (CBL18389), 7= Clostridium thermocellum (YP_001036972), 8= Clostridium thermocellum (YP_001037173), 9= Clostridium
thermocellum (ZP_05428039), 10= Clostridium thermocellum (ZP_05428925X 1\=Ruminococcus flavefaciens (ZP_06142866), 12=Ruminococcusflavefaciens (ZP_06144448)
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3
(phylogenetic analysis)
Cel9
9 GenBank MEGA4
( 8) Cel9-1, Cel9-2,  Cel9-4
Ruminococcus sp. ZP 06144448, CBL18389  CBL17683 Cel9-B
Ruminococcus sp. CBL17554  ZP 06142866
Cel9-3 Clostridium-
thermocellullum  ZP_05428925, AAA20892,. YP 0010036972, CAK22316 YP 001037173
Cel9-A Clostridium thennoceUuUum CAP78918

ZP 05428039

100 | =25 0 ¢
& - CelS4
100 - ZP96'44448 Ruminotaccus fier-iefecie's
o - Cel9-2
3 -— €81/8389 Rurmnac-occus -
------------ CBL'7888 Rtrsinacoecus sp
-ZP 05428025 CtostrisSum thetracaeUirn
----------------- CelS-3
- AAA206S2 QasMdSurn Hiaraaceliura
----- yp 00'036372 ClostHtfeim thetraocellurB
53 -GAK22316 ctasiridiurn thamacsBum
toolyp 001037 73 Ctetrdiuri tbsmacaBtim
]m ---------------------- - CAP7SO].8 Clostridium thermcceltum
58 -ZP 05428038 CtostrkSum thenwjqefcra
t00 -€ 93
% 18 17554 RumirkkoCHS sp

— ZP 36142888 nurrrinacoccus flasefacians

MEGA4 boostrap test
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9
(library) 4 EcoRV, Dral, PwuW Stul
Adapter
Genome walking
CAP contig assembly Cel9-B
start codon (ATG) stop codon (TAA)
3,037 ( )
Cel9-B
Translate Cel9-B
2,100 699
Cel9-B GenBank
Blastx Ruminococcus sp. 18P13 (CBL17554.1)
53% 66%
NEBcutter V2.0
Xhol £CoRV
multiple cloning site pKLAC2
Cel9-B
Cel9-B ProtParam
5.7 pi 4,92 signal peptide
SignalP Cel9-B Signal peptide 1-43
Argd3 Argdd ( 9)
InterProScan Cel9-B
Glycoside hydrolase family 9 49-454 (InterPro: IPR001701;
Pfam: PF00759) 46-460 Superfamily Six-
hairpin glycosidase (InterPro: [PR008928) Signal peptide 1-25
Type | Dockerin 617-682 (InterPro: IPR016134)

(10
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CD-search Glycoside

hydrolase family 9 Cel9-B 9
active site CWVGFNAQSAKYPHHE ( 11)

9 [STV] - x - [LIVMFY] - [STV] - X(2) - G - x -
[NKR] - X() - [PLIVM] - H - x- R (PROSITE: PDOC00511)

SignalP-NN prediction (gram+ networks)! 9 B MS EBP

>Cel9-B length = 100 1
# Measure Position Value Cutoff signal peptide?
max. ¢ 44 0.611 052 vYES
max. Y 44 0.587 032 vYES
max. 19 0.998 0.97 YEs
mean 1-43 0,773 051 vEes
D 143 0.680 0.45 YES
# Most likely cleavage site between pos. 43 and 44: ANA-AD

9 signal peptide Cel9-B
SignalP



InterProScan (version: 4.8)
Sequence. AA.CeO'B

length 699

CMC64: 2CSD877E8SBS444C

InterPro Match leee ... L4444, ......c.. oo M. . Query SeqUENCE ......iviisevennenencns Lot e |
1 699
IPR001701 j Glycoside hydrdase, family 9
IPR008928 ] Six-hairpin gfyeosidase-like
IPR012341 Six-hairpin glycosidase
IPR0O16134 1Cellulosome enzyme, dockerin type 1
C3DSA:1.10 .m 10» mmmm -
nolPR lunintegrated
PS51257P (— >
Signal? NNjeuki* < %
0 PROOOM a PRINTS OMR = PFAM 0 SMART mTCRFAMs
0 HAMA? OPROsITE m SUPERFAMH.Y OSIGNALP BTMHMM h panther

3

Launched Sun, Jun 12.2011 at 15:42:51
Finished Sun,Jun 12,2011 at 15:43:31

Description

m CNco_hydro_9

m Six-haxipin glycosidases

m no description

®m no description
m Type ldockerin domain

® FAMILY NOT NAMED

® INtO* I.< pfrA.Ctl.-CANASI
0 PROKAJLLIPOWtOTEIN

o Sigral-Deptide

m tfinsmembrane ,'Mons

0O PROFILE
m CENE3D

© European Bioinformatics Institute 2006-2Q 11, CBI Is an Outstatton of the European Molecular Biology Laboratory,

10

Cel9-B

InterProScan version 4.8



qi 121828
gi 145559480

1RQ5 A
q| 7%427674
qi 121828
qi 145559480
1RQ5 A

o 421674
qi 121828
qi 145559480
lRQ5 A
q| 7%427674
qi 121828
qi 145559480
1RQ5 A
q| 7%427674

qi 121828"
qi 145559480

qi 121828
qi 145559480

1RQ5 A

11 145550480

100 . [1].YTOMKYDALAFFYHKRSG

[ 1]. YAKLLQYSMYLYDGNMCG.[1 ] .E
114 [1]". YEDIVKASIKWFYYQRAS MA [1] .ESQYA
31 1] . YGEALQKAIMFYEFQRSG KL PENKR NNWRGD.[1] *"ALNDGA.
77 . [1].YGEALQKAIFFYECQRSG KL.[1].PSTLR LNWRGD.[1].GLDDGK.

182 KYWNGGIAVWTL MNMYERAKIR. [16] E% 1] NGYPD [4] .ARWEIEFFKKMQV T, [2!)

100 KFGITAGYSGTTL. [1].WAYYEYKDVF GQTGH LKLLTDHFCKYFK[S] [9]. 163
180 RYIVNSGITTYTL LSLYEHFPQY. [ 9].AE GSLPD [4J . KYNLDWMLTMQA D 237
87 KFNLPMAYAVTML.[1].WSVYESRDAY V 1 LPY . IKWATDYFIKCHP D 146
134 KFNLPMSYSAAML. T1] .WAVYEYEDAF 1] GQYN .IKWACDYFIKCHP E. 9 D 193

EKKSG

250 [5] GMVHHK |11 WTACIL] Ge - HEDPOPR. 2} RPV. . STATLNFAATLAOSARLIIKD 309
164 GNMDHN. [1] .Y (LLLEKD. (1] SSRKVFR TSN E1l AADVAACYARALAVNYLNFHN 212
238 GOVYHK ~ L.[4] 6 b hiduskt, JOK - STAGTEDEAAVIAMASRIVK 288

- 147 GALDHS WGP. ELEVMQ ~ MPRPSFK. [2].LTN.[1] .GSTWAETAAAMAASSIVFKP 195
194 GHADHA WGP. [L.EVMP ~ MERPSYK. [2].RSS [1] .GSTWAETSAALAIASIIFKK 242
307 [6] .ADCLEKAEIAWQAALK.  [8].TPGS. 1] G - GOPYND DYVGDEEYWACELYVITGKDEY 373
213 EEDLKYAKALFDFA K SIS [ _[1] VSPFYES  AGCDDDKAFAAGFLYLATKEEKY 266
289 [6 .SKCLEAAKKAYAWG "LANP. STGAYEN ~ DNPNDEKVLAGTELFITTGDASY 353
9 (o] ATCLRNAKELFTFADT 21 DAG AEGYYSS. [1] . SGEYDELTWASIWLYLATGDQSY 257
243 [6] . KECLKHAKELFEFADT. [2]:SDDG. ANGFYNS. [1] . SGFYDELSWAAVWLYLATNDSSY 304
314 (1) NYLMNSPH. [26]  WGTTQGLGTIT. (2] AADRWLENIEE . [1] .GYRL  PIKQ. EL[5) YR 471
267 NTILKNER. [12] WORVAIGASIL NGEINGDFGIA. [1] .NYAK 1] PK o1 Mgt 528
354 [1] .QSGSSEYV. . WGDVMGLATYE. [21 O ONFANRAL KGOV MPK i 420
258 [1] .DKAESYEP, [18] .WDNKLYGSLLL. [12 _cIENHLDYWTV. 1) s, L]

305 [1]-DKAESYSD.[18 .WDDVTYGTYLL.[lS].AIERHLDWWTT.[1].YNG. 11.YT P .[5].DQW 386

472 GS. [3] .ILN. [5] .GYAYD FTGDSKYLDGMFDGISYLLGRNAM. . E H E 536
329 GA. [1] RYN. [1] .AAQYT. [5] .KYKQGDYSEWA! SQMNMHGDNPK A H 3 392
421 GS. [2] .VAS. [6] LYAYY LTGEQKYYKAAVKVLDYLLGKNPL. H p 482
339 GS. [1] .RYA. [6] ASVYA. l PAKAAVYKEFAKKQVDYALGSTGR H 3 406
387 GS. [1] .RYA. [6] ACVYS. [6 KEKAKTYLEFARSQADYALGSTGR H G 454
537 QTSKRFPAP % I1SGG PNS [17] . SKCFIDHTDSWGTNQITVNWNAPFAWVTA 602
393 . [1] .SGWDEYNQA. [5] .P ﬁ] GALEGG [1] .Q FQFKDELNDITSSEVATDYNATLVAAAA 454
483 STSDNIEEP %; ATAYTDQRCSYATNEVAHMNNAPLAYLAG552
407 SWSALMTEP GALVGG PDG SDSYVDRLDDYQCNEVANDYNAGFVGALA 461
455 SWADSQMEP GALVGG PDS TDNYTDDISNYTCNEVACDYNAGFVGLLA 509
Cel9-B
CD-search 1RQ5_A= C. thermocellum CbhA Exocellulase, gi 75427674 =

thermocellum Endoglucanase F, gi_145559480 = C. thermocellum Endoglucanase L; GH9

Ip. 4] ENPYA. 2] .EQUTR. [1] GHIGIE. (28] .VTGRIVDAGDHG 151
VPGGFHDAADHV 99

GKWARA. l]GHTNPT 14].SSKGWYDAGDYG 179
5 ] LTGGWYDAGDHV 86

5" LTGGWYDAGDHV 133

[5] DRW 338

F. succinogenes Endoglucanase D, gi_121828

| = active site
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PLACAPBI = LAC4 promoter, OMF = a-mating factor signal peptide, K-R = Kex

endoprotease site, Cel9-B/GHI = 9
LAC4 transciption terminator, PADHL = yeast ADHL promaoter

marker gene

Cel9_ B, TTLAC4 =

amds = acetamidase selectable

YCB+ 5 mM acetamide 5

YGal 1
crude  protein
300 pi

(KL-K5)
100
1% CMC
DNS

K3

sodium acetate pH 5.0

K3

crude protein

50° 1

pKLAC?

19)
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K = K+p= pKLAC2  K1-K5 =

pKLAC2-Cel9B/GHI-K3 YGal

7 803.87 BER 3)
SDS-PAGE : 49,7 kDa
Cel9B/GHY ProtParam 443 kDa
AN/ Y 14)

K.lactis
(mglL)

690.62
309.69
4201

92.05

186.14
309.69
803.87

1

DKLAC?
pKLAC2_Cel9-BIGH9-K3

~N oo o1 &~ W —~ —

40
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>¢* ki
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im kDa Ki&]
mm

55 fcfia

35 W

a? kOa

14
SDS-PAGE
43-d7 =

crude protein
Y Gal
pH 5.0
60

15

10
Cel9B/GHI-K3

4

d4 & do d?

49.7 kDa

K. lactis PKLAC2-Cel9B/GHI-K3

20 pig M = pre-stained protein marker,

3-7
pKLAC2-Cel9B/GHI-K3
1% CMC 0.1 M
50°C DNS 10, 15, 30, 45
10
0458+0.043 (4
50%
0% (19



Cel9B/GH9I-K3

Specific activity Relative activity
) (Ulmg protein) (%)-
101 0.458 £ 0.043 100
15 0.276 £ 0.017 53
30 0.150 £0.029 30
45 0.098 + 0.018 21
60 0.095 £ 0.002 14

Cel9B/GHI-K3
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crude protein PKLAC2-Cel9B/GHI-K3

YGal 1% CMC  0.05M
pH 3-6 pH 7-11 50°c
DNS 10
pH 6
0.591 £ 0.011 u/mg pH 5
0536 + 0.004 Umg ~ 91% ( 5)
pH 3-4 pH 7-11 '40-50%
( 16) pH 6

Cel9B/GHI-K3

Cel9B/GHI-K3

Specific activity Relative activity

(Ulmg protein) (%)
3 02751 0.014 47
4 0.276 + 0.008 a7
5 0536  0.004 91
6 0.591 +0.011 100
T 0.282  0.005 18
8 0.320 + 0.011 b4
9 0.311+0.006 53
10 0.307 +0.005 52

1 0.247 + 0.003 42



16 Cel9B/GH9-K3

3,
crude protein PKLAC2-Ce!9B/GHI-K3
YGal 1 1%CMC
0.1 M pH 60 30-80°C
DNS 10
60°C 10
0.624+0.036 Umg ( 6) 30-50°C
70-80% 70-80°0
55% ( 17)

Cel9B/GHI-K3  60°c

44



(C)

30
40
50
60
10
80

17

Cel9B/GH9-K3

Specific activity
(' Img protein)
0.474 £ 0.005
0.538 £ 0.004

0.490 £ 0.005
0.624 £ 0.036
0.415 +0.015
0.353 + 0.013

Cel9B/GHI-K3

Relative activity
(%)
16
86
18
100
67
57

45



crude protein
YGal

DNS

CMCase, Avicelase, FPase
0.178 £ 0.029 u/mg

1% CMC
1% Avicel
1% Filter paper

1% Xylan

46

pKLAC2-Cel9B/GHI~K3
1%

01 M pH60 60°c
Cel9B/GHI-K3
Xylanase 0.624 £ 0,036, 0.083 £ 0.013, 0.154 + 0.032
7)
Cel9B/GHI-K3

Specific activit

Activity i 4

(U/mg)

Endoglucanase 0.624 £ 0.036
Exoglucanase 0.083 £ 0.013
Endo- and Exo-glucanases 0.154 £0.032
Xylanase 0.178 £0.029
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random short gun sequencing
GH5 56 GH 1 GH8 5 GH45 6
E. coli
i (Wamecke et al.; 2007)
Activity Expression-based strategy

9 3 (Pang etal, 2009)
(Grant et al., 2004) (Tasse et al., 2010)
(Wang et al,, 2009) (Beloqui et al, 2010)
5
E. coli
12
10,000 9 (Nhung et al., 2010)
9

Sequence-based strategy
Genome walking
lactis LAC4 PKLAC2

9
Cel9 FI Cel9 RI 1,200
PTZ57TRIT ., E.coli DH5a



48

4 Cel9-1, Cel9-2, Cel9-3, Cel9-4, Cel-A Cel-B

GenBank
9
genome walking Cel9-B
, Y 3037
' 9 (start codon)
(stop codon) 2,100 699
signal peptide 1-43 Cel9-B
53% 9 Ruminococeus sp. 18P13 (CBL17554.1)
(Pajon et W, 2010) Cel9-B
glycoside hydrolase family 9 49-454 dockerin type |
617-682 Cel9-B
9 1 [STV] = x- [LIVMFY] - [STV] - X(2) - G - x -
[NKR] - x(4) - [PLIVM] - H - x - R His active site residue (Tomme et al., 1991;
Sigrist et al,, 2010) Cel9-B 9
1 9
Clostridium thermocellum  Clostridium
cellulolyticum
crystalline (Beguin, 1990; Beguin et al., 1992)
dockerin type | 65 70
dockerin tandem repeat
calcium-binding loop-helix motif 2 (Shoham et al., 1999) Cel9-B
' ' Clostridium  sp.
9
GenBank
9 PKLAC2
K. lactis
CMC PKLAC2-Ce!9B/GHI-K3
YGal 1-7

803.87 mg/L SDS-PAGE



49

49.7 kDA

6 7
Cel9B/GHI-K3
CMC endoglucanase
xylannase avicel crystalline cellulose
exoglucanase (Cheng et al. 2011) Cel9B/GHI-K3
filter ~ paper endoglucanase
exoglucanase (Han et al. 1995)
Cel9B/GHI-K3 1%CMC
pH 6.0 60°c 10 pH 5.0-
6.0 40% pH 3-4  T7-11 ,
30-80°C
0.140 £ 0.008 jamole/min CMCase 0.624 + 0.036 /mg
of crude protein
CelD -~ Fibrobacter succinogenes S85 (gi75427674; P77864.1) pH
55 35°% CMCase 15 'y
(Malburg et al., 1996) CelF Clostridium thermocellum ATCC 27405 (gil45559480;
002934.2) pH 6.5 60°c
CMCase 0.800 u/mg (Hazlewood et al., 1993) Cel9B/GHY-K3
CMCase
Cel9B/GHI-K3

(Rajeev et al., 2005.)



9 Sequence-based strategy
, 9 6
cel9-1, ce!9-2, cel9-3, cel9-4, cel9-A  cel9-B 1200
cel9-B
2,100 699 Cel9-B
53% 9
Ruminococcus sp. 18P13 (CBL17554.1) signal
peptide 43-44 glycoside hydrolase family 9 49-454
dockerin type | 617-682 9
1
GH9 PKLAC2-Cel9B/GHI-K3 K. lactis
Cel9B/GHI-K3
CMC
pH 6.0 60°C 10

pH 3-11 30-80°C

50
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. 2541, . 6.
. 2540,
. 2551,
(Bubalus bubalis).
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610 620 630 640 650 660 670 680 690 700

............................................................................................................ TV . ' 1
CTCCAGTATTCAATGTATCTTTACGACGGCAATATGTGCGGCGGCGAGGTCGAAAAGAAGAGCGGCTTCTCGTGGCGCGGCAACTGCCACGTTGACGACG 700

T 120 730 740 750 760 770 780 ljn o 790 800
mimim:m:L:*IJmLmJmilimimilimimim. RSO RN EURUR P

CTGTTCCCGGAGGCTTCCACGACGCGGCTGACCACGTAAAATTCGGCATTACCGCCGGATATTCAGGCACTACTCTCGGCTGGGCATATTACGAATACAA 800
810 820 830 ;L ; 840 850 860 870 880 890 900

783
GGACGTTTTCGATGAACTCGGTCAGACAGGACATCTCAAGCTCCTGACAGACCACTTCTGCAAATACTTCAAGGACAGCACGACCCTCAGCGGTGATACA 1180

........................................................................................................................................................................................................ 1
GGACGTTTTCGATGAACTCGGTCAGACAGGACATCTCAAGCTCCTGACAGACCACTTCTGCAAATACTTCAAGGACAGCACGACCCTCAGCGGTGATACA 900
910 920 930 940 950 960 970 980 990 1000

783
GTGACCGAG CTCGTTTACCAGATAGGCGACGGCAACATGGACCACAACCAGTACTGGGGGCCTCC CGAGAAGCAGGATTCCTCGTCGCGTAAGGTTTTCA 12 80

1
GTGACCGAGCTCGTTTACCAGATAGGCGACGGCAACATGGACCACAACCAGTACTGGGGGCCTCCCGAGAAGCAGGATTCCTCGTCGCGTAAGGTTTTCA 1000
1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

783
AGACCTCCAACGGCGCTGCTGACGTTGCTGCCGAGTATGCAGCCGCTCTCGCGGTGAACTACCTCAACTTCCACAACGAGGAGGACCTCAAATACGCGAA 1380

1
AGACCTCCAACGGCGCTGCTGACGTTGCTGCCGAGTATGCAGCCGCTCTCGCGGTGAACTACCTCAACTTCCACAACGAGGAGGACCTCAAATACGCGAA 1100

56



cap_cel9 B EcoRV4 +
cap_Celg B 1062 ba+
cap_ cel9 B Drain +
cap~9_B D121 638 b-
Contig-0
cap_cel9 B _EcoRV4 +
cap_Celd B - 1062 ba+
cap_cel9"B Drain +
cap_ 9 B D121 638 b-
Contig-0
cap cel9 B EcoRV4 +
Cel9 B 1062 bat
cap cel9 D rain +
cap~9 D121 638 b-
Contig-0
cap_cel9 B EcoRV4 +
cap_ Celd H 1062 ba+
cap_cel9 B Drain +
cap_9 B D121 638 b-
Contig-0
cap_cel9 B EcoRV4 +
cap_Cel9 B - 1062 ba+t
cap_cel9"B Drain +
cap_9 B D121 638 b-
Contig-0
cap_cel9 B EcoRV4
cap_ Celd. H 1062 ba+
cap_ cel9 Drain
cap_9_B D121 638 b-

Contig-0

1110 1120 1130 1140 1150 1160 1170 1180 1190 1200

783
GGCTCTGTTCGATTTCGCTCAGAAGTCAAATTCCTGCGCTACCGAAGGCGTTTCGCCTTTCTACGAGTCGGCAGGCTGCGACGACGACAAGGCTTTTGCA 80

GGCTCTGTTCGATTTCGCTCAGAAGTCAAATTCCTGCGCTACCGAAGGCGTTTCGCCTTTCTACGAGTCGGCAGGCTGCGACGACGACAAGGCTTTTGCA 1200
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300

783
GCGGGATTCCTCTACCTTGCAACCAAAGAGGAAAAGTACAACACCATTCTCAAAAACTTCGCCGGCAACTCGAGCAATAACCCCAACTGGGACTACTGCT 80

GCGGGATTCCTCTACCTTGCAACCAAAGAGGAAAAGTACAACACCATTCTCAAAAACTTCGCCGGCAACTCGAGCAATAACCCCAACTGGGACTACTGCT 1300
1310 1320 1330 1340 1350 1360 1370 1380 1390 1400

783
GGGATAAGGTATCAATCGGAGCTTCTATCCTCAACGGCGAGATAAACGGCGATTTCGGCATCGCTTCCAACTACGCAAAGCAGAAATACACCAATCCGAA §80

GGGATAAGGTATCAATCGGAGCTTCTATCCTCAACGGCGAGATAAACGGCGATTTCGGCATCGCTTCCAACTACGCAAAGCAGAAATACACCAATCCGAA 1400
1410 1420 1430 1440 1450 1460 1470 1480 1490 1500

183
GCAGTGGTACCTGCTCAACAGCTGGGGCGCTGCAAGATACAACACTGCCGCTCAGTATACAGGTCTGCTTCTTACAAAGTATAAGCAGGGTGATTACTCC 80

GCAGTGGTACCTGCTCAACAGCTGGGGCGCTGCAAGATACAACACTGCCGCTCAGTATACAGGTCTGCTTCTTACAAAGTATAAGCAGGGTGATTACTCC 1500
1510 1520 1530 1540 1550 1560 1570 1580 1590 1600

GAATGGGCTCAGTCACAGATGAACATGATTCTCGGCGACAACCCCAAGGGCGTTTGCGTAGTTGTAGGATTCAACGCTCAGTCGGCTAAGTATCCTCACC 1600

610 620 1630 1640 1650 1660 ) 11670 1680 1690 1700
TR NEGYSEE T P AR S I
ATGAGGCTGCTTCCGGTCTCAGCGGCTGGGACGAGTACAATCAGGCTGGCGCTACATTCGGTCCGAAGGG GTCACGTCCTCACGGGCGCTCTCGAG RB 0

ATGAGGCTGCTTCCGGTCTCAGCGGCTGGGACGAGTACAATCAGGCTGGCGCTACATTCGGTCCGAAGGGTGGTCACGTCCTCACGGGCGCTCTCGAGGG 1700



cap_cel9 B EcoRV4 +
cap_Cel9 B - 1062 ba+
cap_cel9"B Drain +
cap_9 B D121 638 b-
Contig-0

cap_cel9 B EcoRV4 +
cap_Cel9 B 1062 bat
cap_cel9"B D rain +
cap_9_B D121 638 b-
Contig-0

cap_cel9 B _EcoRV4 +
cap_Celd B - 1062 ba+
cap_cel9"B Drain +
cap_9_B D121 638 b-
Contig-0

cap_cel9 B _EcoRV4 +
cap_Celd B - 1062 ba+
cap_cel9"B Drain +
cap_9 B D12l 638 b-
Contig-0

cap_cel9 B EcoRV4 +
cap_Cel9 B - 1062 ba+
cap_cel9"B Drain +
cap_9 B D121 638 b-
Contig-0

cap_cel9 B EcoRV4 +
cap_Ce!l9 B 1062 bat
cap_cel9”B Drain

cap_9 B D12t 638 b-

Contig-0

1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
bw 2 783
CGGCTTCCAGGACGCAAACTTCCAGTTCAAGGACGAGCTCAACGATATCACTTCATCTGAGGTAGCCACCGATTACAATGCA 1062

........ TTCCAGGACGCAAACTICCAGTTCAAGGACGAGCTCACCGGTATCACTICCTCTCAGGTAGGTATCGACTACAACECAACTCTCGTTGCCGCTECT 46
CGCTTCCAGGACGCARACTTCCAGTTCAAGGACGAGCTCAACGATATCACTTCATCTGAGGTAGCCACCGACTACAACGCAACTCTCGTTGCCGCTGET 1800
1810 1820 1830 1840 1850 1860 1870 1880 1890 1900
A
GCCGGACTTTACAGCATTTACAAGACCGGCAAGGTCGATGCTACTCCCAACGGCGTTGACAGAGTTATCCAGTACGGTAATATTCAGCCAACTTCATCTA 196
GCCGGACTTTACAGCATTTACAAGACCGGCAAGGTCGATGCTACTCCCAACGGCGTTGACAGAGTTATCCAGTACGGTAATATTCAGCCAACTTCATCTA 1900
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
783
CAACAACAACAGCTACAACTACTTCAACTACTTCCGAGTCTACCACAACTACCACCGTTACGACCTCCCAGACCECGCAMAGGCTATCGTGAACGTCGA 206
CAACAACAACAGCTACAACTACTTCAACTACTTCCGAGTCTACCACAACTACCACCGTTACGACCTCCGCAGACCGCGCAAAGGCTATCGTGAACGTGGA 2000
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

783

2160 2170 2180 2190 2200

783
1062
TCAAGCGACAAGACTGACGTCCTCGATGTAAACTGGCACGACTTATCTACCGAAAACTTCAAGAACGCTAAGTACTGGGAGCTCAGTATCAGGGATATCC 496

2110 2120 2130 2140 2150

2300

783
CCGCAGGATACAAGTTCCCCGCATCTTCAAACACAAAATTCAGCCTTGTAAACGGTACTGCCGATGTCAAGGTAGAGCTTGAATCCGACGGCAAGAAGGT 596
CCGCAGGATACAAGTTCCCCGCATCTTCAAACACAAAATTCAGCCTTGTAAACGGTACTGCCGATGTCAAGGTAGAGCTTGAATCCGACGGCAAGAAGGT 2300

2210 2220 2230 2240 2250 2260 22170 2280 2290



cap_cel9 B _EcoRV4

cap_Cel9 B . 1062 ba+
cap_cel9”"B Drain

cap 9 B D121 638 b-
Contig-0

cap_cel9 B _EcoRV4

cap_ Cel973 1062 ba+
cap_ ceI9 Drain +
cap_9_B D121 638
Contig-0

cap cel9 B EcoRV4
Cel9. B' 1062 bat
p_cel9 D rain
cap_9 B D12t 638 b-
Contig-0

cap_cel9 B _EcoRV4

cap_Cel9_ E 1062 ba+
cap_ ce|9 Drain

cap_9_B D121 638 b-
Contig-0

cap_cel9 B _EcoRV4

cap_Cel9 B 1062 ba+
cap_cel9"B Drain

cap_9 B D121 638 b-
Contig-0

cap_cel9 B _EcoRV4

cap Cel9 B~ 1062 ba+
cap_ cel9 Drain
cap_9 B D121 638 b-

Contig-0

2110 2320 23|30 2340 ZTSOAl 2360 2370 2380 | 23]90 21100

U IR P PP I P N P U Lo U PO P

2
CGTTTACGGCGATGCTAACCTCGACGGCGATGTTACTACCGCGGATGTAG GCTATCCTCCAGTTTATCGGCAACAAGGATAAGTACCCCTTCACTGA((Z: ?96
CGTTTACGGCGATGCTAACCTCGACGGCGATGTTACTACCGCGGACGCAGTTGCTATCCTCCAGTTTATCGGCAACAAGGATAAGTACCCCTTCACTGAC 2400
2440 2450 2460 2470 2480 2490 2500

.0IO...IO0.0IOOOO'OOOO|0000|0000|0000| 783

W KSSSEKh 1062
GAGGCAAAGGCTAATGCGGACGTTTACGGCGCTGACGGCATCACAGGCACAGACGCTCTCACGATTCAGAAGATAGACGCAGGTCTCTTCGCTGT 791
GAGGCAAAGGCTAATGCGGACGTTTACGGCGCTGACGGCATCACAGGTACAGACGCTCTIACGATTCAGAAGATTGACGCAGGTCTCTTCGCTGTTGAGG 101
GAGGCAAAGGCTAATGCGGACGXTTACGGCGCTGACGGCATCACAGGCACAGACGCTCTCACGATTCAGAAGATAGACGCAGGTCTCTTCGCTGTTGAGG 2500

2510 2520 2530 2540 2550 2560 2570 2580 2590 2600
783
STOP 1992

acctccctatcattccgaaggtttgcagactgacgaag” P agaaatattccacacttcgtacaaaaatcaaacaatgtttttgttaccggtgtacaaga 201

ACCTCCCTATCATTCCGAAGGTTTGCAGACTGACGAAG||IAGAAATATTCCACACTTCGTACAAAAATCAAACAATGTTTTTGTTACCGGTGTACAAGA 2600
2610 2620 2630 2640 2650 2660 2670 2680 2690 2700

i— 1= 1=
783
1062

TTTAAGCTTGTACACCGGTAATTTATTGCCTTTTTAATTGCAATTTTATTCAGAAATGTTTTGTTTCAGAAATAATTTATTCATAGAATCCAGTATATTT 301
TTTAAGCTTGTACACCGGTAATTTATTGCCTTTTTAATTGCAATTTTATTCAGAAATGTTTTGTTTCAGAAATAATTTATTCATAGAATCCAGTATATTT 2700

2710 2720 2730 2740 2750 2760 2770 2780 2790 2800
i'll.!.... |l.l. 1.ll.i ------ i.... |... |.... I |.... | |.... l !

783
1062

A A A A A A N E

2810 2820 2830 2840 2850 2860 2870 2880 2890 2900
----- [P DU W NGO . =S U p—" - Sy -~ | o Y B i I

' ' 783

1062

791
GTGTGTAACTACTTCTCCGAAAAAATATGTATAATAGGTTATGGCATACATATTATAGGCTATGTAACGAATATTCAGAAAGAAGTGTGAATAGTATGCA 501
GTGTGTAACTACTTCTCCGAAAAAATATGTATAATAGGTTATGGCATACATATTATAGGCTATGTAACGAATATTCAGAAAGAAGTGTGAATAGTATGCA 2900

59



cap cel9 B ECORV4 +
cap Cel9 B 1062 bat
cap cel9 B Drain +
cap 9 B D121 638 b-
Contig-0

cap cel9 B ECORV4 +
cap Cel9 B - 1062 bat
cap cel9 B Drain +
cap 9 B D12t 638 b-
Contig-0

2910 2920 2930 2940 2950 2960 2970 2980 2990 3000
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
783

1062

791
TATAACCAAAAAGCTCACATCAATAGTTATGAGCGGCGTACTCGCTGCTGCTTCCGCAGCAAGCTCTTTCTCAGCAGTTGCCCCCTCTCTCAACGCAACA 601
TATAACCAAAAAGCTCACATCAATAGTTATGAGCGGCGTACTCGCTGCTGCTTCCGCAGCAAGCTCTTTCTCAGCAGTTGCCCCCTCTCTCAACGCAACA 3000

3010 3020 3030
e e T et o
783

1062

791
GACCAGCCCGGGCCGTCGACCACGCGTGCCCTATAGT 638
GACCAGCCCGGGCCGTCGACCACGCGTGCCCTATAGT 3037



L Cel9-B
EXPASy ProtParam
Number of amino acids: 699
Molecular weight: 75714.7
Theoretical pi: 4.92
Amino acid composition:

Ala (A) 79 11.3%
Arg (R) 9 1.3%
Asn (N) 46 6.6%
Asp (D) 55 7.9%
Cys (0 9 1.3%
Gin (Q) 23 3.3%
Glu (E) 29 4.1%
Gly (G) 63 9.0%
His (H) 12 1.7%
He (I) 27 3.9%
Leu (L) 45 6.4%
Lys (K) 50 7.2%
Met (M) 7 1.0%
Phe (F) 30 4.3%
Pro (P) 17 2.4%
Ser () 44 6.3%
Thr(T) 61 8.7%
Trp () 12 1.7%
Tyr (Y) 38 5.4%
Val (V) 43 6.2%
Pyl (0) 0 0.0%

Sec() O 0.0%

Total number of negatively charged residues (Asp + Glu): 84
Total number of positively charged residues (Arg + Lys): 59
Atomic composition:

Carbon ¢ 3367
Hydrogen H 5101
Nitrogen N 881
Oxygen 0 1080
Sulfur 16

Formula: CZM5INgALOj8) b
Total number of atoms: 10445



Extinction coefficients:
Extinction coefficients are in units of M 1cmat 280 nm measured in water.
Ext. coefficient 123120
Abs0.1% (=1 ¢/1) 1.626, assuming all pairs of Cys residues form cystines
Ext. coefficient 122620
Abs 0.1% (=1 ¢/1) 1.620, assuming all Cys residues are reduced
Estimated half-life:
The N-terminal of the sequence considered is M (Met).
The estimated half-life is: 30 hours (mammalian reticulocytes™- in vitro).
>20 hours (yeast, in vivo).
>10 hours (Escherichia coli, in vivo).
Instability index:
The instability index (I1) is computed to be 17.02
This classifies the protein as stable.
Aliphatic index: 69.31
Grand average of hydropathicity (GRAVY): -0.379
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Ash 595 nm

BSA concentration

myim) 0D at 595 nm
0.0 0.042
0.2.. 0.177
04 0.336
0.6 0.549
0.8 0.856

BSA Standard curve y =0.9713X - 0.0192

09 R2=0.9713
08

0.
06
05
04

0.2 Y

010 02 04 06 08 1

BSA (mg)



Glucose concentration*  Reducing sugar

(mM) (nmole)
0 0.00
5 0.10
10 0.20
15 0.30
25 0.50
50 1.00

* Add glucose 20 jt in 1000 |j,|-reaction

Glucose standard curve

4000
350
3000
2 2500
3 2000
1500
1000
050 ¢

0000+ -
000 020 040 060 080 100

Reducing sugar

OD at 540 nm

0.000
0.107
0.634
0.981
1,555
3.110

y = 3.8364x- 0.1682
r2- 0.9908

120



The pTZ5TRIT cloning vector

momrepssanjyml:M * r E |
AMMC SACGCCAS  * Ifl csrHer CGG me cfc

Xte,

' f SstSCATCgl'sSquEe
3' ¢ AW 116 CIS OCS ate ACT TAA GCT CSA Gee ATS GAG CSC TTA CGT AGA re: mh G
Lac2 *— 18 Val Ala Leo Ser Asn Ser Ser Pro ¥af As H Cps fcf Ser He

- = = il . PI T i Hhw

B 005~ Wriei " E Toc K k¥ 7,
cc TAG GGCCCG GGC AGC TG& CGTCTC CGG ACS THC GTT cm AA.
Po Ap A®Aa Ap fog Ser Cys-Lea fill  Ala Ms Lea Ser Ski

€ CCT ATA GTG ACT CGT ATT ASA GCT TGG AAT CAT GOT CAT AGC tat T7C C7C ¥,
Sim SAT CAC TCA CCA ®Uk TCT CGA ACC m CTA CCA CM TCS ACA Am SAC

R A His Thr Th RSV Ser Ser Pro Thr Mt ThEg et T s

66



The pKLAC2 expression vector

5

anr
liekT St
Bte}%m'
ons
Hindift 1 5
Snail! 8817 mMcs  lat 354,
e
C*ffJ 969
ford" 1000
Bon. B¢ oolll 1701
Sadi 147o- Rl
piv.AO isiAl 2226
9107 bp KqOIoT! - [ull'll- 253%
-Nad - sfot 2614
Aiidl 5828
9009 GaaTTSTgagcggataacaagotoaacacttgaaat ITA6gaaagagcasaatttggcaa 9068
9069 aAAAAATaAAAAAAAAATAAACACaCATaCTCaTCBabaa QCTT6AAAAAAA'\|’A?a %TTE 22
23 TCtACTATATTAGCCGCATCTACTGCTTTAATTTCCeTreTTATGGCTeCTCCAGTTTC 82
A AT A TR TT AR TTCCe e ATRR QG T
83 aCCSAAa€TSaCaTCGatSaTCTTCCAATaTCGATTCCaSaAGaaGCCTT6a TTS&aTTC 142
TfTol>rDbDti LP ISV P, EEALTIGSG6F
143 ATTSACTTAACCGSe6ATGAAGTTTCCTT6TTSeCTeTTAATAAC6SAACGGACACTS6T 202
/| bl T GG O E V S E L Py W H S T H T G
203 ATI'CTAITCTjAAACACCACCATCSCTGAAeCTG&TTTCSCTGACAASGATGATCTCGAG 262
£ a f A © KD 0 L
_ Kdét  Sc*1  Noa  EcokV_ Sail
263 A%AﬁAfIEGGgTG@AegTA&AA&AGgTCQTAﬁGTgCﬂ'G%SG%fICﬁGCBAT‘ATE/GTBaAC 322
323 GGATCCGEA\A'IE'CCCTG&a GGTAATTAAATAAAGECCTTGaa TCGaGaaTTTaTACTTaGa 382
G P G *
383 TAAGTATGTAeTTACAGGTATATTTCTATGAGATACTGATGTATACATGCATGA.TAATAT 442
443 TTAAACGGTTATTAGTSCCGATTeTCTTGTGCGATAATSACEeTTCCTATCAAAGCAATAC 602
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