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Supplemental Tables 
 
Table S1A. Growth statistics of E. coli GH3 heterologous expression strains grown in a defined 
glucose medium (corresponding to Figure 2A)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Empty Vector Controlbc 0.24±0.001 5 1.03±0.01 
 

a Experiments were performed in biological triplicate  
b Time points used to calculate growth rate were Ti=6 and Tf=12 
c All heterologous expression strains grew as the empty vector control 
 
Table S1B. Growth statistics of E. coli GH3 heterologous expression strains grown in a defined 
sophorose medium (corresponding to Figure 2B)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Empty Vector Control NDb ND 0.13±0.003 
K12pBBRMCS-5/bgl3Ac 0.17±0.003 21 0.95±0.02 
K12pBBRMCS-5/bgl3B ND ND 0.14±0.003 
K12pBBRMCS-5/bgl3Cd 0.13±0.02 33 0.80±0.02 
K12pBBRMCS-5/bgl3De 0.13±0.02 27 0.92±0.10 

 

a Experiments were performed in biological triplicate  
b Not Determined due to lack of growth 
c Time points used to calculate growth rate were Ti=22 and Tf=28 
d Time points used to calculate growth rate were Ti=30 and Tf=40 
e Time points used to calculate growth rate were Ti=28 and Tf=34 
 
Table S1C. Growth statistics of E. coli GH3 heterologous expression strains grown in a defined 
gentiobiose medium (corresponding to Figure 2C)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Empty Vector Control NDb ND 0.12±0.004 
K12pBBRMCS-5/bgl3Ac 0.06±0.002 10 0.70±0.01 
K12pBBRMCS-5/bgl3B ND ND 0.14±0.004 
K12pBBRMCS-5/bgl3Cd 0.08±0.003 8 0.72±0.02 
K12pBBRMCS-5/bgl3De 0.07±0.0.001 8 0.77±0.01 

 

a Experiments were performed in biological triplicate  
b Not Determined due to lack of growth 
c Time points used to calculate growth rate were Ti=22 and Tf=28 
d Time points used to calculate growth rate were Ti=30 and Tf=40 
e Time points used to calculate growth rate were Ti=28 and Tf=34 
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Table S1D. Growth statistics of E. coli GH3 heterologous expression strains grown in a defined 
laminaribiose medium (corresponding to Figure 2D)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Empty Vector Controlb 0.07±0.002 22 0.61±0.002 
K12pBBRMCS-5/bgl3Ac 0.23±0.01 5 0.71±0.01 
K12pBBRMCS-5/bgl3Bd 0.09±0.0002 15 0.86±0.02 
K12pBBRMCS-5/bgl3Cc 0.12±0.01 5 0.68±0.06 
K12pBBRMCS-5/bgl3Dc 0.22±0.004 5 0.71±0.004 

 

a Experiments were performed in biological triplicate  
b Time points used to calculate growth rate were Ti=32 and Tf=44 
c Time points used to calculate growth rate were Ti=6 and Tf=12 
d Time points used to calculate growth rate were Ti=16 and Tf=22	  
	  
Table S1E. Growth statistics of C. japonicus GH3 mutants grown in a defined sophorose 
medium(corresponding to Figure 3)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Wild Typeb 0.29±0.01 4 1.24±0.16 
Δbgl3Ac 0.19±0.005 8 1.05±0.003 
Δbgl3Bd 0.24±0.004 5 1.13±0.003 
Δbgl3Cb 0.28±0.003 4 1.11±0.01 
Δbgl3Db 0.30±0.004 4 1.13±0.003 
Wild Typee 0.28±0.003 3 1.41±0.01 
Δbgl3A Δbgl3Bf 0.24±0.003 9 1.18±0.01 
Δbgl3A Δbgl3C NDg ND 0.14±0.01 
Δbgl3A Δbgl3Dh 0.27±0.01 9 1.31±0.01 
Δbgl3B Δbgl3Cb 0.21±0.01 4 1.31±0.02 
Δbgl3B Δbgl3Di 0.22±0.01 4 1.31±0.01 
Δbgl3C Δbgl3j 0.26±0.003 3 1.34±0.01 

Wild Typek 0.20±0.02 3 1.20±0.02 
Δbgl3A Δbgl3B Δbgl3C ND ND 0.13±0.01 
Δbgl3A Δbgl3B Δbgl3D ND ND 0.10±0.01 
Δbgl3A Δbgl3C Δbgl3D ND ND 0.10±0.01 
Δbgl3B Δbgl3C Δbgl3Db 0.15±0.02 4 1.19±0.02 
Δ4βG ND ND 0.10±0.004 

 

a Experiments were performed in biological triplicate  
b Time points used to calculate growth rate were Ti=5 and Tf=10 
c Time points used to calculate growth rate were Ti=9 and Tf=19 
d Time points used to calculate growth rate were Ti=6 and Tf=14 
e Time points used to calculate growth rate were Ti=4 and Tf=10 
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f Time points used to calculate growth rate were Ti=10 and Tf=17 
g Not determined due to lack of growth 
h Time points used to calculate growth rate were Ti=10 and Tf=14 
i Time points used to calculate growth rate were Ti=5 and Tf=19 
j Time points used to calculate growth rate were Ti=4 and Tf=9 
k Time points used to calculate growth rate were Ti=4 and Tf=8 
 
Table S1F. Growth statistics of C. japonicus GH3 mutants grown in a defined laminaribiose 
medium (corresponding to Figure 4A-C)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Wild Typeb 0.29±0.01 3 1.14±0.02 
Δbgl3Ac 0.21±0.002 5 1.05±0.01 
Δbgl3Bd 0.40±0.02 5 1.14±0.01 
Δbgl3Ce 0.34±0.01 3 1.19±0.03 
Δbgl3Df 0.30±0.02 3 1.08±0.01 
Wild Typeg 0.32±0.04 4 1.19±0.03 
Δbgl3A Δbgl3Bh 0.23±0.003 4 1.08±0.01 
Δbgl3A Δbgl3Ci 0.16±0.002 9 0.91±0.001 
Δbgl3A Δbgl3Dj 0.24±0.03 6 1.04±-.01 
Δbgl3B Δbgl3Ck 0.29±0.01 3 1.17±0.04 
Δbgl3B Δbgl3Dk 0.27±0.02 3 1.14±0.01 
Δbgl3C Δbgl3Dl 0.32±0.02 4 1.14±0.01 
Wild Typeb 0.29±0.01 3 1.14±0.02 
Δbgl3A Δbgl3B Δbgl3Cl 0.09±0.01 10 0.54±0.06 
Δbgl3A Δbgl3B Δbgl3Dm 0.20±0.01 6 1.05±0.04 
Δbgl3A Δbgl3C Δbgl3Dn 0.09±0.01 11 0.32±0.02 
Δbgl3B Δbgl3C Δbgl3Do 0.33±0.11 5 1.05±0.23 
Δ4βG NDp ND 0.10±0.001 

 

a Experiments were performed in biological triplicate  
b Time points used to calculate growth rate were Ti=4 and Tf=8 
c Time points used to calculate growth rate were Ti=6 and Tf=12 
d Time points used to calculate growth rate were Ti=6 and Tf=10 
e Time points used to calculate growth rate were Ti=4 and Tf=7 
f Time points used to calculate growth rate were Ti=4 and Tf=9 
g Time points used to calculate growth rate were Ti=5 and Tf=10 
h Time points used to calculate growth rate were Ti=5 and Tf=13 
i Time points used to calculate growth rate were Ti=10 and Tf=17 
j Time points used to calculate growth rate were Ti=7 and Tf=12 
k Time points used to calculate growth rate were Ti=4 and Tf=11 
l Time points used to calculate growth rate were Ti=11 and Tf=21 
m Time points used to calculate growth rate were Ti=7 and Tf=16 
n Time points used to calculate growth rate were Ti=12 and Tf=24 
o Time points used to calculate growth rate were Ti=6 and Tf=9 
p Not determined due to lack of growth 
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Table S1G. Growth statistics of C. japonicus GH3 mutants grown in a defined curdlan medium 
(corresponding to Figure 4D-F)ab  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Wild Typec 0.14±0.04 3 0.19±0.002 
Δbgl3Ad 0.13±0.01 3 0.18±0.003 
Δbgl3Be 0.20±0.03 4 0.19±0.01 
Δbgl3Cf 0.12±0.02 4 0.17±0.002 
Δbgl3Df 0.16±0.01 4 0.19±0.002 
Wild Typed 0.10±0.005 3 0.17±0.001 
Δbgl3A Δbgl3Bd 0.10±0.01 3 0.17±0.003 
Δbgl3A Δbgl3Cg 0.06±0.01 7 0.18±0.02 
Δbgl3A Δbgl3Dd 0.11±0.01 3 0.18±0.001 
Δbgl3B Δbgl3Cd 0.11±0.01 3 0.16±0.01 
Δbgl3B Δbgl3De 0.17±0.03 4 0.18±0.01 
Δbgl3C Δbgl3Dd 0.10±0.01 3 0.16±0.004 
Wild Typec 0.14±0.04 3 0.19±0.002 
Δbgl3A Δbgl3B Δbgl3Ch 0.05±0.004 8 0.16±0.005 
Δbgl3A Δbgl3B Δbgl3De 0.20±0.001 4 0.19±0.01 
Δbgl3A Δbgl3C Δbgl3Di 0.03±0.01 13 0.13±0.01 
Δbgl3B Δbgl3C Δbgl3Df 0.15±0.01 4 0.18±0.01 
Δ4βGj 0.02±0.002 11 0.13±0.005 

 

a Experiments were performed in biological triplicate  
b Time points were taken every 15 minutes 
c Time points used to calculate growth rate were Ti=4 and Tf=7 
d Time points used to calculate growth rate were Ti=4 and Tf=6 
e Time points used to calculate growth rate were Ti=5 and Tf=6 
f Time points used to calculate growth rate were Ti=5 and Tf=7 
g Time points used to calculate growth rate were Ti=8 and Tf=13 
h Time points used to calculate growth rate were Ti=9 and Tf=13 
i Time points used to calculate growth rate were Ti=14 and Tf=19 
j Time points used to calculate growth rate were Ti=12 and Tf=22 
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Table S1H. Growth statistics of C. japonicus GH3 mutants grown in a defined mixed linkage 
glucan medium (corresponding to Figure 4G-I)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Wild Typeb 0.31±0.03 6 1.00±0.05 
Δbgl3Ac 0.21±0.02 4 1.01±0.04 

Δbgl3Bd 0.33±0.01 5 1.04±0.06 
Δbgl3Ce 0.25±0.02 5 0.99±0.08 
Δbgl3Df 0.26±0.04 4 0.97±0.07 
Wild Typeg 0.36±0.02 6 1.02±0.01 
Δbgl3A Δbgl3Bh 0.18±0.02 9 0.96±0.02 
Δbgl3A Δbgl3Ci 0.23±0.02 9 1.05±0.001 
Δbgl3A Δbgl3Dj 0.23±0.02 7 1.03±0.03 
Δbgl3B Δbgl3Cd 0.29±0.02 5 0.94±0.01 
Δbgl3B Δbgl3Dk 0.31±0.06 7 0.96.0.01 
Δbgl3C Δbgl3Dc 0.23±0.01 4 1.05±0.11 
Wild Typeb 0.31±0.03 6 1.00±0.05 
Δbgl3A Δbgl3B Δbgl3Cl 0.17±0.02 14 0.58±0.04 
Δbgl3A Δbgl3B Δbgl3Dm 0.20±0.05 11 1.01±0.03 
Δbgl3A Δbgl3C Δbgl3Dn 0.21±0.01 8 0.92±0.03 
Δbgl3B Δbgl3C Δbgl3Do 0.39±0.08 5 1.03±0.04 
Δ4βGp 0.10±0.02 15 0.34±0.02 

 

a Experiments were performed in biological triplicate  
b Time points used to calculate growth rate were Ti=7 and Tf=10 
c Time points used to calculate growth rate were Ti=5 and Tf=13 
d Time points used to calculate growth rate were Ti=6 and Tf=11 
e Time points used to calculate growth rate were Ti=6 and Tf=12 
f Time points used to calculate growth rate were Ti=5 and Tf=9 
g Time points used to calculate growth rate were Ti=7 and Tf=11 
h Time points used to calculate growth rate were Ti=10 and Tf=15 
i Time points used to calculate growth rate were Ti=10 and Tf=14 
j Time points used to calculate growth rate were Ti=8 and Tf=13 
k Time points used to calculate growth rate were Ti=6 and Tf=11 
l Time points used to calculate growth rate were Ti=8 and Tf=11 
m Time points used to calculate growth rate were Ti=15 and Tf=20 
n Time points used to calculate growth rate were Ti=12 and Tf=16 
o Time points used to calculate growth rate were Ti=9 and Tf=12 
p Time points used to calculate growth rate were Ti=6 and Tf=10 
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Table S1I. Growth statistics of C. japonicus GH3 mutants grown in a defined xyloglucan 
medium (corresponding to Figure 5A-C)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Wild Typeb 0.30±0.04 3 1.03±0.15 
Δbgl3Ab 0.27±0.05 3 1.01±0.14 
Δbgl3Bc 0.34±0.02 3 1.00±0.08 
Δbgl3Cd 0.36±0.01 3 1.26±0.07 
Δbgl3De 0.17±0.003 3 1.12±0.03 
Wild Typed 0.36±0.01 3 0.89±0.04 
Δbgl3A Δbgl3Bb 0.27±0.02 3 0.91±0.003 
Δbgl3A Δbgl3Cd 0.35±0.02 3 0.91±0.01 
Δbgl3A Δbgl3Df 0.12±0.02 5 0.98±0.07 
Δbgl3B Δbgl3Cb 0.29±0.03 3 0.5±0.03 
Δbgl3B Δbgl3Dg 0.16±0.02 2 0.83±0.03 
Δbgl3C Δbgl3Dh 0.13±0.03 6 0.98±0.06 
Wild Typei 0.26±0.01 3 0.90±0.07 
Δbgl3A Δbgl3B Δbgl3Cb 0.23±0.04 3 0.74±0.11 
Δbgl3A Δbgl3B Δbgl3Dj 0.13±0.01 2 0.58±0.004 
Δbgl3A Δbgl3C Δbgl3Dk 0.13±0.01 6 0.97±0.06 
Δbgl3B Δbgl3C Δbgl3Dg 0.14±0.003 2 0.63±0.05 
Δ4βGl 0.18±0.02 5 0.86±0.002 

 

a Experiments were performed in biological triplicate  
b Time points used to calculate growth rate were Ti=4 and Tf=9 
c Time points used to calculate growth rate were Ti=4 and Tf=7 
d Time points used to calculate growth rate were Ti=4 and Tf=8 
e Time points used to calculate growth rate were Ti=4 and Tf=13 
f Time points used to calculate growth rate were Ti=6 and Tf=16 
g Time points used to calculate growth rate were Ti=3 and Tf=9 
h Time points used to calculate growth rate were Ti=7 and Tf=13 
i Time points used to calculate growth rate were Ti=4 and Tf=10 
j Time points used to calculate growth rate were Ti=3 and Tf=10 
k Time points used to calculate growth rate were Ti=7 and Tf=15 
l Time points used to calculate growth rate were Ti=6 and Tf=10 
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Table S1J. Growth statistics of C. japonicus GH3 mutants grown in a defined xyloglucan 
oligosaccharide medium (corresponding to Figure 5D)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Wild Typeb 0.26±0.01 8 1.04±0.01 
Δbgl3Ac 0.27±0.01 8 1.02±0.01 
Δbgl3Bd 0.21±0.004 8 1.00±0.01 
Δbgl3Cc 0.16±0.01 8 1.03±0.01 
Δbgl3De 0.23±0.01 10 0.76±0.01 
Δbgl3B Δbgl3Df 0.14±0.004 8 0.71±0.01 
Δ4βGg 0.15±0.01 8 0.67±0.01 

 

a Experiments were performed in biological triplicate  
b Time points used to calculate growth rate were Ti=9 and Tf=13 
c Time points used to calculate growth rate were Ti=9 and Tf=14 
d Time points used to calculate growth rate were Ti=9 and Tf=15 
e Time points used to calculate growth rate were Ti=11 and Tf=14 
f Time points used to calculate growth rate were Ti=9 and Tf=18 
g Time points used to calculate growth rate were Ti=9 and Tf=17 
	  
Table S1K. Growth statistics of C. japonicus GH3 mutants grown in a defined gentiobiose 
medium (corresponding to Figure S4)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Wild Typebc 0.36±0.004 3 1.16±0.004 
 

a Experiments were performed in biological triplicate  
b All mutant strains grew as wild type 
c Time points used to calculate growth rate were Ti=6 and Tf=10 
 
Table S1L. Growth statistics of C. japonicus mutants grown in a defined xyloglucan medium 
(corresponding to Figure S6)a  

 
Strain Growth Rate 

(gen hr-1) 
Lag Time 
(hrs) 

Max OD600 

Wild Typeb 0.24±0.01 2 1.05±0.04 
ΔxylAb 0.25±0.04 2 0.96±0.06 
Δ4βGc 0.15±0.01 3 0.99±0.06 
ΔxylAΔ4βGd 0.09±0.01 2 0.39±0.01 
Δxyl31A NDe ND 0.15±0.02 

 

a Experiments were performed in biological triplicate  
b Time points used to calculate growth rate were Ti=3 and Tf=9 
c Time points used to calculate growth rate were Ti=4 and Tf=12 
d Time points used to calculate growth rate were Ti=3 and Tf=11 
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e Not Determined due to lack of growth 
 
Table S2. Strains, plasmids, and primers used in this study 
Strain, plasmid, or primer Genotype or Sequence Source or Reference 
Strains   
E. coli DH5α λ-Φ80dlacZΔM15 Δ(lacZYA-

argF)U169 recA1 endA1 
hsdR17(rk

-mk
-) supE44 thi-1 gyrA 

relA1 

Laboratory collection 

E. coli S17 λpir Tpr Smr recA thi pro hsdR hsdM+ 

RP4-2-TC::Mu::Km Tn7 λpri 

Laboratory collection 

E. coli K12  Laboratory collection 
E. coli K12 / pBBRMCS-5 Gmr (Nelson et al., 2017) 
E. coli K12 / pBBRMCS-5-
bgl3A 

bgl3A+;Gmr (Nelson et al., 2017) 

E. coli K12 / pBBRMCS-5-
bgl3B 

bgl3B+;Gmr (Nelson et al., 2017) 

E. coli K12 / pBBRMCS-5-
bgl3C 

bgl3C+;Gmr (Nelson et al., 2017) 

E. coli K12 / pBBRMCS-5-
bgl3D 

bgl3D+;Gmr (Nelson et al., 2017) 

C. japonicus Ueda 107 Wild Type Laboratory collection 
C. japonicus Δbgl3A Ueda 107 Δbgl3Aa (Nelson et al., 2017) 
C. japonicus Δbgl3B Ueda 107 Δbgl3Bb (Nelson et al., 2017) 
C. japonicus Δbgl3C Ueda 107 Δbgl3Cc (Nelson et al., 2017) 
C. japonicus Δbgl3D Ueda 107 Δbgl3Dd (Nelson et al., 2017) 
C. japonicus Δbgl3AΔbgl3B Ueda 107 Δbgl3AΔbgl3B (Nelson et al., 2017) 
C. japonicus Δbgl3AΔbgl3C Ueda 107 Δbgl3AΔbgl3C (Nelson et al., 2017) 
C. japonicus Δbgl3AΔbgl3D Ueda 107 Δbgl3AΔbgl3D (Nelson et al., 2017) 
C. japonicus Δbgl3BΔbgl3C Ueda 107 Δbgl3BΔbgl3C (Nelson et al., 2017) 
C. japonicus Δbgl3BΔbgl3D Ueda 107 Δbgl3BΔbgl3D (Nelson et al., 2017) 
C. japonicus 
Δbgl3CΔbgl3D 

Ueda 107 Δbgl3CΔbgl3D (Nelson et al., 2017) 

C. japonicus 
Δbgl3AΔbgl3BΔbgl3C 

Ueda 107 Δbgl3AΔbgl3BΔbgl3C (Nelson et al., 2017) 

C. japonicus 
Δbgl3AΔbgl3BΔbgl3D 

Ueda 107 Δbgl3AΔbgl3BΔbgl3D (Nelson et al., 2017) 

C. japonicus 
Δbgl3AΔbgl3CΔbgl3D 

Ueda 107 Δbgl3AΔbgl3CΔbgl3D (Nelson et al., 2017) 

C. japonicus 
Δbgl3BΔbgl3CΔbgl3D 

Ueda 107 Δbgl3BΔbgl3CΔbgl3D (Nelson et al., 2017) 

C. japonicus Δ4βG Ueda 107 
Δbgl3AΔbgl3BΔbgl3CΔbgl3D 

(Nelson et al., 2017) 

C. japonicus ΔxylA Ueda 107 ΔxylAe (Nelson et al., 2016) 
C. japonicus Δ4βG ΔxylA Ueda 107 

Δbgl3AΔbgl3BΔbgl3CΔbgl3DΔxylA 
This study 

C. japonicus Δxyl31A Ueda 107 Δxyl31Af (Larsbrink et al., 
2014) 

Plasmids    
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pRK2013 ColE1 RK2-Mob+ RK2-Tra+; Kmr (Figurski & Helinski, 
1979) 

pK18mobsacB pMB1 ori mob+ sacB+; Kmr (Schafer et al., 1994) 
pK18ΔxylA Contains 500bp upstream and 

downstream of xylA cloned into 
pK18mobsacB; Kmr 

(Nelson et al., 2016) 

Primers   
ΔxylA CONF (5’) AGGTTTGTTCCATC (Nelson et al., 2016) 
ΔxylA CONF (3’) GAACTTGAAASCTGCCTG (Nelson et al., 2016) 
xylA INT (5’) GAATTCGCATCGGCAAAA (Nelson et al., 2016) 
xylA INT (3’) TCTAGAACCGCCCCAGAA (Nelson et al., 2016) 
a Gene locus CJA_0204 
b Gene locus CJA_1497 
c Gene locus CJA_0223 
d Gene locus CJA_1140 
e Gene locus CJA_3061 
f Gene locus CJA_2706 
 
References 
Bradford, M.M., (1976) A rapid and sensitive method for the quantitation of microgram quantities of 

protein utilizing the principle of protein-dye binding. Analytical Biochemistry 72: 248-254. 
Figurski, D.H. & D.R. Helinski, (1979) Replication of an origin-containing derivative of plasmid RK2 

dependent on a plasmid function provided in trans. Proceeding of the National Academy of 
Sciences 76: 1684-1652. 

Larsbrink, J., A.J. Thompson, M. Lundqvist, J.G. Gardner, G.J. Davies & H. Brumer, (2014) A complex 
gene locus enables xyloglucan utilization in the model saprophyte Cellvibrio japonicus. 
Molecular Microbiology 94: 418-433. 

Nelson, C.E., N.R. Beri & J.G. Gardner, (2016) Custom fabrication of biomass containment devices 
using 3-D printing enables bacterial growth analyses with complex insoluble substrates. 
Journal of microbiological methods 130: 136-143. 

Nelson, C.E., A. Rogowski, C. Morland, J.A. Wilhide, H.J. Gilbert & J.G. Gardner, (2017) Systems 
analysis in Cellvibrio japonicus resolves predicted redundancy of beta-glucosidases and 
determines essential physiological functions. Molecular Microbiology 104: 294-305. 

Schafer, A., A. Tauch, W. Jager, J. Kalinowski, G. Theirbach & A. Puhler, (1994) Small mobilization 
multi-purpose cloning vectors derived from the Escherichia coli plasmids pK18 and pK19: 
selection of defined deletions in the chromosome of Corynebacterium glutamicum. Gene 145: 
69-73. 
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Supplemental Figures 
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CjGH3A  LEEKIGQLVQPEIRHVTPEDIKQYHVGSVLNGGGSTPGANKYASLEDWVKLADSFYYASVDKSDGRIGIPVIWGTDAVHG  
CjGH3B  LEEKIGQMMQPEIRHLTPEDVKQYHVGSVLNGGGSVPNSNRYSKAADWLAMADAFYAASMDESDGKVAIPIMWGTDAVHG  
CjGH3C  PEQKVGQLIQPELRQITPEEVTRYSVGSILNGGGSFPAENKYAKVEDWLALADSFYQASMSTEGGRVAIPVIWGTDAVHG  
CjGH3D  LEEKVGQIMQAEIQTVTPEDVKKYHLGSVLNGGGSMPNRIENAKPKDWVEFYDALYDASMDTSDGGQAVPILWGTDAVHG  
 
                170       180       190       200       210       220       230       240        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  LGNVIGATLFPHNIGLGATNNPELLKQIGWATAREIAATGLDWDFSPTVAVARDDRWGRTYESWSEDPQIVHAFAGKMVE  
CjGH3B  VGNIVGATLFPHNIGLGATQNPELIKEIGKVTATEIAVTGLDWDFSPTVAVARDDRWGRTYESYSEDPAIVRLYAAEMVA  
CjGH3C  HNNVIGATLFPHNIALGAMRNPELIRQIGAATAAEVAVTGIDWTFAPTLAVARDDRWGRTYESYAEDPEIVKAYGGMMVE  
CjGH3D  HNNLTGATLFPHNIGLGATHNAELIRRIGAATAKEVRSTGIEWVFAPTLAVAQNDRWGRTYESYAEDPKVVATLATAMVE  
 
                250       260       270       280       290       300       310       320        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  GLQGTGGSDRLFTHEHVIATAKHFIGDGGTLNGVDRGETQGDEKVLRDIHGAGYFSAIESGVQVVMASFTSWEGTRMHGH  
CjGH3B  GLQGDADTASFLSITQVVATAKHFLGDGGTLNGIDRGDCSASESELLEIHAAGYYSAIEAGVQTVMASFNSWHGQHMHGH  
CjGH3C  GLQGIPGTAELFDGTRVVATAKHFLADGGTEGGIDRGDAVISEADLVAIHNPGYLTALASGAQTVMASFSSWQGVKMHGH  
CjGH3D  GLQGKVNTREFLTENHVIATAKHFLADGGTEAGDDQGNARINEKELIKIHNAGYVPAIEAGVQTIMASFSEWNGQKVHGS  
 
                330       340       350       360       370       380       390       400        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  KYLLTDVLKDRMGFDGLVVGDWSGHSFIPGCTALNCPQSLMAGLDIYMVPEPDWKELYKNLLAQAKTGELPMARVDDAVR  
CjGH3B  RYLLTDVLKEQMGFDGFIVGDWNGHGFVEGASVLNCPQAINAGLDMFMVPDPEWKTLYQNTLDQVRDGIIPLARVDDAVR  
CjGH3C  TYLLTDALKKRMGFDGFVVGDWNGHAFVPGCTTTSCPQAINAGLDMFMAPDPNWKELYENTLAQVKSGAISQARLDDAVG  
CjGH3D  HYLLTEVLKNRMGFDGFVVGDWNGHGQVPGCTNDSCAQAINAGIDLVMVT-YDWKDMITNTLAQVKSGEISQARLDDAVR  
 
                410       420       430       440       450       460       470       480        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  RILRVKIRAGLFEKGAPSTRPLAGKKDVLGAPEHREVARQAVRESLVLLKNKNNLLPLARQQTVLVTGDGADNIGKQSGG  
CjGH3B  RILRVKLRADLWGKGLPSSRPLAGRDELLGAAAHRAIARQAVRESLVMLKNKNNLLPLSPKSRVLVAGDGADNISKQTGG  
CjGH3C  RILRVKLRAGLFEAGLPSTRPLAGQQALLGSAEHRAVARQAVRESLVLLKNNGSVLPANPAGKILVTGDGADNIGKQSGG  
CjGH3D  RILRVKMRAGLWEK-KPSARANAADLAVVGSAEHRAIARQAVRESLVLLKNANKVLPINPRQTVLVAGDAADHIGKQAGG  
 
                490       500       510       520       530       540       550       560        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  WSVSWQGTGNTNAD--FPGATSIYAGINAVVEQAGGKTLLSDDGSFSEKPDVAIVVFGEDPYAEMQGDVGNMAYKPRDTS  
CjGH3B  WSVNWQGTGNTMED--FPGATTLWMGIKAAVTAAGGDAELSPDGTYSSRPDVALVIFGEDPYAEMQGDIQHQLLKSGDTA  
CjGH3C  WTITWQGTGNVNSD--FPGATSIYQGIATAVNAAGGHVELSSDGSYQQKPDLAFVVFGENPYAEMQGDVNSLLYQ--NEQ  
CjGH3D  WSVWWQGVADASENYRFPGATSIYAGIKQAVEHHGGKVVLSVDGSFTQKPDVAVVVFGENPYAEGSGDRATLEFEPAKKK  
 
                570       580       590       600       610       620       630       640        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  DWELLKKLRSQGIPVVSLFISGRPLWVNREINASDAFVAVWLPGTEGQGIADVIFRNAQGEINYDVKGRLSFSWPKRPEQ  
CjGH3B  DLDLLRRLKADGIPVVALFITGRPMWVNRELNAADAFVVIWQPGTEGAGVADVLFARAEGGVNYPMGGRLTFSWPKRPDQ  
CjGH3C  DLALLKKLRAEGIKVVALFITGRPLWANSFINASDAFVVVWQPGTEANGIADVVLANADGSVNHDFKGQLSFSWPADPGQ  
CjGH3D  SLALLKTLKAQGIPVVSVFISGRPLWVNPELNASDAFVAAWLPGSEGAGVADVVIAGADGKPRYDFTGRLSFSWPKSPLQ  
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                650       660       670       680       690       700       710       720        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  TPLNRGDANYDPLFPYGYGLSYGDKDTLGDNLSE-EGIQLAEALDVLDLFNRRPIEPWQLEIIGYQNDRVPMASSTVT-A  
CjGH3B  GPLNVHDTNYDPLFPYGYGLRYGDKDILGDTLSE-EGISMPQSTRVLELFNRRPMGNYVIALEGNRNDRQLMNGNLAK-A  
CjGH3C  SPLNVGQADYQPQFAYGYGLRYRAHKELANLSET-IKAPAATTSERLAIFNQRPQAPWQLVLRDHLNNSRTVTTSKDE-V  
CjGH3D  DVLNPHHKGYQPLFKLGYGLHYKSGKAGPEKLPENMPGVASDKPQDIELYVRRPLEPWHIFIENYERQQILSGAFAALPK  
 
                730       740       750       760       770       780       790       800        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  SSLKIQAVDRNEQEDARRVQWNGSGPGQVALSVGDRQDFIGYVKSDSALVFDIKVNAAPTVTTYLRLGCG-SYCASDIDL  
CjGH3B  STLTVTVVDRDVQEDARRAVWNGEGEGLVALSTPNRQVLSDYYESDAALFFDIKVDQAPEQQAFVRIGCG-PSCHSDVDV  
CjGH3C  STLSVSAVDNKVQEDARRAVWNGTGKGTLSFASIQRSDLSAYAANKAALVVDFKLNQAPASAVTIGMSCG-TDCETDIDV  
CjGH3D  GDVKAITSDKDVQEDALTFTWKDTWRAGLTLEGGEPLDLTAHVKTG-ALSLDINIIELAKGGVSFKLECQRDGCERLVPY  
 
                810       820       830       840       850       860       870       880        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  TEKLKGFAGQDWQTVTVPLHCYPNSGANFGVTQPPEEFWTQVLQPFSLLTSGTLDVTFAQVRVVKGAGKDVACP------  
CjGH3B  TELLRSLEGKGWASIRVDLACYPEVETNFGLRRLPHELFALILEPFSLVANGKMDISFSRVYIEKNRAQHGTFGVVG---  
CjGH3C  TAALKAATPDAWQTLAIPLSCYSNARIKM----------DMVVAPFVIGTDGALDITLYNLRIEQ-ADQTITCPE-----  
CjGH3D  TLKAREMLGKGWHKVIVPLSCFVHEGDDFS----------AVTMPFALETGGAGQVEVANMQLLLNTPKDASLLSCPDYK  
 
                890       900       910       920       930       940       950       960        
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  --------------------------------------------------------------------------------  
CjGH3B  --------------------------------------------------------------------------------  
CjGH3C  --------------------------------------------------------------------------------  
CjGH3D  TQSVTPDMLNEWWALEWWLPRHEQKLKDKQAILDKKGQVDLLFIGDSITQGWEKEGAEVWKKYYAKRNAFNLGFGGDRTE  
 
                970       980       990       1000      1010      1020      1030      1040       
        ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
CjGH3A  --------------------------------------------------------------------------------  
CjGH3B  --------------------------------------------------------------------------------  
CjGH3C  --------------------------------------------------------------------------------  
CjGH3D  NVLWRLRHGAVDGLDPKLVVLMIGTNNTGHRKENPAGIAAGIQLLLSEIQQRLPNSRVLLLAIFPRDANADGQLRQNNEK  
 
                1050      1060      1070      1080      1090      1100     
        ....|....|....|....|....|....|....|....|....|....|....|....|.. 
CjGH3A  --------------------------------------------------------------  
CjGH3B  --------------------------------------------------------------  
CjGH3C  --------------------------------------------------------------  
CjGH3D  TNALIAGLADKRKVFFRNINAQFLAKDGELPVDIMPDLLHPNEKGYAIWAKAIEQDIQSLMK  
 

	  	  
Fig S1. Amino acid sequence alignment of the CjGH3 enzymes. Signal peptide cleavage 
sites are indicated by red arrows. The cleavable signal peptide is removed by the action of 
signal peptidase II in case of Bgl3A and Bgl3C, and signal peptidase I in case of Bgl3D. 



Supplemental Materials 13 

	  
Fig S2. Kinetic parameters of GH3 enzymes against different gluco-disaccharides and 
xyloglucan-based oligosaccharides. (A) Bgl3A. (B) Bgl3B. (C) Bgl3C. (D) Bgl3D. These 
data are summarized in Table 1. 
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Fig S3.  Sequential digestion of GXXG by CjGH3D and CjXyl31A with a heat inactivation 
step between each treatment. (A) HPAEC-PAD analysis of GXXG and the product of each 
enzymatic step. (B) MALDI-TOF analysis of the same sample: GXXG ([M+Na]+ calculated: 
953.8, observed: 953.29), XXG ([M+Na]+ calculated: 791.65, observed: 791.37), GXG 
([M+Na]+ calculated: 659.54, observed: 659.18), and XG ([M+Na]+ calculated: 497.4, 
observed: 497.25).	   	  
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Fig S5. Growth analysis of GH3 mutants on gentiobiose. C. japonicus wild type and GH3 
single (A), double (B), triple and quadruple (C) mutants were grown in defined media with 
0.5% w:v gentiobiose as the sole carbon source for 24 hours at 30°C with a high level of 
aeration. Growth was monitored as optical density (OD) at 600 nm. Experiments were 
performed in biological triplicate with the error bars representing the standard deviation. 
Growth rates and maximum OD can be found in Table S1. 
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Fig S6. Importance of xylose consumption during xyloglucan degradation. C. japonicus 
wild type, the Δ4βG quadruple, ΔxylA, Δxyl31A, and the Δ4βG ΔxylA quintuple mutants were 
grown with 0.5% w:v glucose (A), 0.5% w:v xylose (B), or 0.5% w:v xyloglucan (C) for 24 
hours at 30°C with a high level of aeration. Growth was monitored as optical density (OD) at 
600 nm. Experiments were performed in biological triplicate with the error bars representing 
the standard deviation. Growth rates and maximum OD can be found in Table S1.	  
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