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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)*

Strain Growth Rate Lag Time Max ODggo
(gen hr) (hrs)
Empty Vector Control™ 0.24+0.001 5 1.03+0.01

@ Experiments were performed in biological triplicate
® Time points used to calculate growth rate were T=6 and T=12
¢ 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)?

Strain Growth Rate Lag Time Max ODggo
(gen hr') (hrs)

Empty Vector Control ND" ND 0.130.003

K12pBBRMCS-5/bgI3A° 0.17+£0.003 21 0.95+0.02

K12pBBRMCS-5/bg/3B ND ND 0.14+0.003

K12pBBRMCS-5/bgl3C* 0.13+0.02 33 0.80+0.02

K12pBBRMCS-5/bg/3D° 0.1310.02 27 0.92+0.10

@ Experiments were performed in biological triplicate

® Not Determined due to lack of growth

° Time points used to calculate growth rate were T;=22 and T=28
? Time points used to calculate growth rate were T;=30 and T=40
° Time points used to calculate growth rate were T=28 and T=34

Table S1C. Growth statistics of E. coli GH3 heterologous expression strains grown in a defined
gentiobiose medium (corresponding to Figure 2C)®

Strain Growth Rate Lag Time Max ODggp
(gen hr') (hrs)

Empty Vector Control ND" ND 0.12+0.004

K12pBBRMCS-5/bgl3A° 0.06+0.002 10 0.70+0.01

K12pBBRMCS-5/bgl3B ND ND 0.1410.004

K12pBBRMCS-5/bg/3C* 0.08+0.003 8 0.72+0.02

K12pBBRMCS-5/bgl3D° 0.07+0.0.001 8 0.77+0.01

@ Experiments were performed in biological triplicate

® Not Determined due to lack of growth

° Time points used to calculate growth rate were T;=22 and T=28
? Time points used to calculate growth rate were T;=30 and T=40
° Time points used to calculate growth rate were T;=28 and T=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)?

Strain Growth Rate Lag Time Max ODggo
(gen hr') (hrs)

Empty Vector Control® 0.07+0.002 22 0.61+£0.002

K12pBBRMCS-5/bgI3A° 0.231£0.01 5 0.71£0.01

K12pBBRMCS-5/bg/3B° 0.09+£0.0002 15 0.86+0.02

K12pBBRMCS-5/bgl3C° 0.12+£0.01 5 0.68+0.06

K12pBBRMCS-5/bgl3D° 0.22+0.004 5 0.71£0.004

@ Experiments were performed in biological triplicate

® Time points used to calculate growth rate were T=32 and T=44
° Time points used to calculate growth rate were T;=6 and T=12
? Time points used to calculate growth rate were T=16 and T=22

Table S1E. Growth statistics of C. japonicus GH3 mutants grown in a defined sophorose
medium(corresponding to Figure 3)°

Strain Growth Rate Lag Time Max ODggo
(gen hr') (hrs)
Wild Type® 0.2940.01 4 1.241£0.16
Abgl3A° 0.19£0.005 8 1.05£0.003
Abgl3B° 0.241£0.004 5 1.13£0.003
Abgl3C® 0.28+0.003 4 1.1120.01
Abgl3D" 0.30+0.004 4 1.13+0.003
Wild Type® 0.28+0.003 3 1.41%0.01
Abgl3A Abgl3B' 0.24+0.003 9 1.18%0.01
AbgI3A Abgl3C ND? ND 0.14£0.01
Abgl3A AbgI3D" 0.27+0.01 9 1.31£0.01
Abgl3B Abgl3C° 0.21£0.01 4 1.31£0.02
Abgl3B Abgl3D 0.22+0.01 4 1.31£0.01
Abgl3C Abgl3 0.26+£0.003 3 1.34%0.01
Wild Type® 0.20£0.02 3 1.20£0.02
Abgl3A Abgl3B Abgl3C ND ND 0.13£0.01
AbgI3A Abgl3B Abgl3D ND ND 0.10£0.01
AbgI3A Abgl3C AbgI3D ND ND 0.10£0.01
Abgl3B Abgl3C Abgl3D° 0.15£0.02 4 1.191£0.02
ARG ND ND 0.10£0.004

@ Experiments were performed in biological triplicate

® Time points used to calculate growth rate were Ti=5 and T=10
° Time points used to calculate growth rate were T=9 and T=19
¢ Time points used to calculate growth rate were T;=6 and T=14
° Time points used to calculate growth rate were T=4 and T=10
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"Time points used to calculate growth rate were T=10 and T=17
9Not determined due to lack of growth

_h Time points used to calculate growth rate were T;=10 and T=14
' Time points used to calculate growth rate were Ti=5 and T=19

' Time points used to calculate growth rate were T=4 and T¢=9

* Time points used to calculate growth rate were T;=4 and T=8

Table S1F. Growth statistics of C. japonicus GH3 mutants grown in a defined laminaribiose

medium (corresponding to Figure 4A-C)°

Strain Growth Rate Lag Time Max ODggo
(gen hr') (hrs)

Wild Type® 0.29+0.01 3 1.141£0.02
Abgl3A° 0.21£0.002 5 1.05%0.01
Abgl3B° 0.40£0.02 5 1.14%0.01
Abgl3C® 0.3410.01 3 1.191£0.03
Abgl3D' 0.30+0.02 3 1.080.01
Wild Type® 0.32+0.04 4 1.19£0.03
Abgl3A Abgl3B" 0.23+£0.003 4 1.08%0.01
Abgl3A Abgl3C 0.16£0.002 9 0.91£0.001
Abgl3A AbgI3D 0.24+0.03 6 1.04%-.01
Abgl3B Abgl3C* 0.29+0.01 3 1.17£0.04
Abgl3B Abgl3D" 0.27+0.02 3 1.14%0.01
Abgl3C Abgl3D' 0.32+0.02 4 1.1420.01
Wild Type® 0.29+0.01 3 1.141£0.02
Abgl3A Abgl3B Abgl3C' 0.09+0.01 10 0.54+0.06
AbgI3A AbgI3B Abgl3D™ 0.20£0.01 6 1.05£0.04
AbgI3A AbgI3C AbgI3D" 0.09£0.01 11 0.32+0.02
Abgl3B AbgI3C AbgI3D° 0.33£0.11 5 1.05£0.23
ARG NDP ND 0.10£0.001

@ Experiments were performed in biological triplicate

® Time points used to calculate growth rate were T=4 and T=8

¢ Time points used to calculate growth rate were T;=6 and T=12
¢ Time points used to calculate growth rate were T;=6 and T;=10
° Time points used to calculate growth rate were T=4 and T=7
"Time points used to calculate growth rate were T;=4 and T=9
9Time points used to calculate growth rate were T=5 and T=10
_h Time points used to calculate growth rate were T;=5 and T=13
' Time points used to calculate growth rate were T=10 and T=17
' Time points used to calculate growth rate were T;=7 and T=12
* Time points used to calculate growth rate were T;=4 and T=11

' Time points used to calculate growth rate were T=11 and T=21
™ Time points used to calculate growth rate were T;=7 and T=16
" Time points used to calculate growth rate were T=12 and T=24
° Time points used to calculate growth rate were T=6 and T=9

P Not determined due to lack of growth



Supplemental Materials

Table S1G. Growth statistics of C. japonicus GH3 mutants grown in a defined curdlan medium
(corresponding to Figure 4D-F)*°

Strain Growth Rate Lag Time Max ODggo
(gen hr') (hrs)
Wild Type® 0.14+0.04 3 0.19+0.002
AbgI3A° 0.13+0.01 3 0.18+0.003
Abgl3B° 0.20+0.03 4 0.19+0.01
Abgl3C' 0.12+0.02 4 0.17+0.002
Abgl3D' 0.16+0.01 4 0.19+0.002
Wild Type® 0.10+0.005 3 0.17+0.001
Abgl3A Abgl3B° 0.10+0.01 3 0.17+0.003
Abgl3A Abgl3C? 0.06+0.01 7 0.18+0.02
Abgl3A Abgl3D° 0.11+0.01 3 0.18+0.001
Abgl3B Abgl3C® 0.11+0.01 3 0.16+0.01
Abgl3B Abgl3D° 0.17+0.03 4 0.18+0.01
Abgl3C Abgl3D® 0.10£0.01 3 0.16+0.004
Wild Type® 0.14+0.04 3 0.19+0.002
Abgl3A Abgl3B Abgl3C" 0.05+0.004 8 0.16+0.005
Abgl3A Abgl3B Abgl3D® 0.20+0.001 4 0.19+0.01
Abgl3A Abgl3C Abgl3D' 0.03+0.01 13 0.13+0.01
Abgl3B Abgl3C Abgl3D' 0.15+0.01 4 0.18+0.01
A4pG 0.02+0.002 11 0.13%0.005

@ Experiments were performed in biological triplicate

® Time points were taken every 15 minutes

° Time points used to calculate growth rate were Ti=4 and T=7

? Time points used to calculate growth rate were Ti=4 and T=6

° Time points used to calculate growth rate were T=5 and T=6
"Time points used to calculate growth rate were T;=5 and T=7
9Time points used to calculate growth rate were T=8 and T=13
_h Time points used to calculate growth rate were T;=9 and T=13
' Time points used to calculate growth rate were T=14 and T=19
! Time points used to calculate growth rate were T=12 and T=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)°

Strain Growth Rate Lag Time Max ODggo
(gen hr') (hrs)

Wild Type® 0.3120.03 6 1.00£0.05
AbgI3A° 0.21+0.02 1.01+0.04
AbgI3B° 0.33+0.01 5 1.04+0.06
Abgl3C® 0.25+0.02 5 0.99+0.08
AbgI3D' 0.26+0.04 4 0.97+0.07
Wild Type?® 0.36+0.02 6 1.02+0.01
AbgI3A Abgl3B" 0.18+0.02 9 0.96+0.02
AbgI3A Abgl3C 0.23+0.02 9 1.05+0.001
AbgI3A Abgl3D 0.23+0.02 7 1.030.03
AbgI3B Abgl3C* 0.29+0.02 5 0.94+0.01
AbgI3B Abgl3D" 0.31+0.06 7 0.96.0.01
AbgI3C AbgI3D° 0.23+0.01 4 1.05+0.11
Wild Type® 0.3120.03 6 1.00£0.05
AbgI3A Abgl3B AbgI3C' 0.17+0.02 14 0.58+0.04
AbgI3A Abgl3B Abgl3D™ 0.20+0.05 11 1.01£0.03
AbgI3A Abgl3C Abgl3D" 0.21£0.01 8 0.92+0.03
AbgI3B Abgl3C Abgl3D° 0.39+0.08 5 1.030.04
A4BGP 0.10£0.02 15 0.34+0.02

@ Experiments were performed in biological triplicate

® Time points used to calculate growth rate were T=7 and T=10
¢ Time points used to calculate growth rate were Ti=5 and T=13
¢ Time points used to calculate growth rate were T;=6 and T=11

° Time points used to calculate growth rate were T=6 and T=12
"Time points used to calculate growth rate were T;=5 and T=9
9Time points used to calculate growth rate were T=7 and T=11

_h Time points used to calculate growth rate were T;=10 and T=15
' Time points used to calculate growth rate were T=10 and T=14
' Time points used to calculate growth rate were T;=8 and T+=13

* Time points used to calculate growth rate were T;=6 and T=11

' Time points used to calculate growth rate were T=8 and T=11

™ Time points used to calculate growth rate were Ti=15 and T=20
"Time points used to calculate growth rate were T;=12 and T=16
° Time points used to calculate growth rate were T=9 and T=12
P Time points used to calculate growth rate were T;=6 and T=10
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Table S1l. Growth statistics of C. japonicus GH3 mutants grown in a defined xyloglucan

medium (corresponding to Figure 5A-C)°

Strain Growth Rate Lag Time Max ODggo
(gen hr') (hrs)

Wild Type® 0.30+0.04 3 1.03+0.15
AbgI3A® 0.27+0.05 3 1.01+0.14
AbgI3B° 0.34+0.02 3 1.00+0.08
Abgl3C® 0.36+0.01 3 1.26+0.07
Abgl3D° 0.17+0.003 3 1.12+0.03
Wild Type® 0.36+0.01 3 0.89+0.04
AbgI3A Abgl3B° 0.27+0.02 3 0.91+0.003
AbgI3A Abgl3C® 0.35+0.02 3 0.91+0.01
AbgI3A Abgl3Df 0.12+0.02 5 0.98+0.07
AbglI3B AbglI3C® 0.29+0.03 3 0.5+0.03
AbglI3B Abgl3D° 0.16+0.02 2 0.83+0.03
Abgl3C AbgI3D" 0.13+0.03 6 0.98+0.06
Wild Type' 0.2620.01 3 0.90+0.07
AbgI3A Abgl3B Abgl3CP 0.23+0.04 3 0.74+0.11
AbgI3A Abgl3B Abgl3D 0.13%0.01 2 0.58+0.004
AbgI3A Abgl3C Abgl3D" 0.1320.01 6 0.97+0.06
AbgI3B Abgl3C Abgl3D° 0.14+0.003 2 0.63+0.05
A4BG' 0.18+0.02 5 0.86+0.002

@ Experiments were performed in biological triplicate

® Time points used to calculate growth rate were T=4 and T=9
° Time points used to calculate growth rate were Ti=4 and T=7
? Time points used to calculate growth rate were T;=4 and T=8
° Time points used to calculate growth rate were T=4 and T=13
" Time points used to calculate growth rate were T;=6 and T=16
9Time points used to calculate growth rate were T=3 and T+=9
_h Time points used to calculate growth rate were T;=7 and T=13
' Time points used to calculate growth rate were Ti=4 and T=10
' Time points used to calculate growth rate were T;=3 and T+=10
* Time points used to calculate growth rate were T;=7 and T=15
' Time points used to calculate growth rate were Ti=6 and T=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)°

Strain Growth Rate Lag Time Max ODggo
(gen hr) (hrs)
Wild Type® 0.26£0.01 8 1.04%0.01
Abgl3A° 0.27+0.01 8 1.02%0.01
Abgl3B° 0.21£0.004 8 1.00£0.01
Abgl3C* 0.16£0.01 8 1.03%0.01
Abgl3D° 0.23£0.01 10 0.76£0.01
Abgl3B Abgl3Df 0.14+£0.004 8 0.71£0.01
A4BG? 0.15£0.01 8 0.67+0.01

@ Experiments were performed in biological triplicate

® Time points used to calculate growth rate were T=9 and T=13
¢ Time points used to calculate growth rate were Ti=9 and T=14
¢ Time points used to calculate growth rate were T=9 and T=15
° Time points used to calculate growth rate were T=11 and T=14
" Time points used to calculate growth rate were T;=9 and T=18
9Time points used to calculate growth rate were T=9 and T=17

Table S1K. Growth statistics of C. japonicus GH3 mutants grown in a defined gentiobiose
medium (corresponding to Figure S4)°

Strain Growth Rate Lag Time Max ODggo
(gen hr) (hrs)
Wild Type®® 0.36+0.004 3 1.16+£0.004

@ Experiments were performed in biological triplicate
® All mutant strains grew as wild type
¢ Time points used to calculate growth rate were Ti=6 and T=10

Table S1L. Growth statistics of C. japonicus mutants grown in a defined xyloglucan medium
(corresponding to Figure S6)°

Strain Growth Rate Lag Time Max ODggp
(gen hr') (hrs)

Wild Type® 0.24+0.01 2 1.050.04

AxylA® 0.25+0.04 2 0.96+0.06

NABGE 0.15£0.01 3 0.99+0.06

AxylAA4BG® 0.0920.01 2 0.3920.01

Axyl31A ND® ND 0.15+0.02

@ Experiments were performed in biological triplicate

® Time points used to calculate growth rate were T=3 and T=9
¢ Time points used to calculate growth rate were Ti=4 and T=12
¢ Time points used to calculate growth rate were T;=3 and T=11
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° 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 DH5a

E. coli S17 A,

E. coliK12

E. coliK12 /| pBBRMCS-5
E. coli K12 / pBBRMCS-5-
bgl3A

E. coli K12 / pBBRMCS-5-
bgl3B

E. coli K12 / pBBRMCS-5-
bgl3C

E. coli K12 / pBBRMCS-5-
bgl3D

C. japonicus Ueda 107

C. japonicus AbgI3A

C. japonicus Abgl3B

C. japonicus Abgl3C

C. japonicus Abgl3D

C. japonicus Abgl3AAbgI3B
C. japonicus Abgl3AAbgI3C
C. japonicus Abgl3AAbgI3D
C. japonicus Abgl3BAbgI3C
C. japonicus Abgl3BAbgI3D

C. Jjaponicus
AbgI3CAbgI3D

C. japonicus
AbgI3AAbgI3BAbgI3C

C. japonicus
AbgI3AAbgI3BAbgI3D

C. japonicus
AbgI3AAbgI3CAbgI3D

C. japonicus
AbgI3BAbgI3CAbgI3D

C. japonicus A4BG

C. japonicus AxylA
C. japonicus ABG AxylA

C. japonicus Axyl31A

Plasmids

N®80d/acZAM15 A(lacZYA-
argF)U169 recA1 endA1

hsdR17(rmy’) supE44 thi-1 gyrA

relA1

Tpr Smr recA thi pro hsdR hsdM*

RP4-2-TC::Mu::Km Tn7 A,

Gm'
bgl3A*;:Gm"

bgi3B*:Gm"
bgl3C*;Gm’
bgi3D";Gm"

Wild Type

Ueda 107 Abgl3A°®

Ueda 107 Abg/3B°

Ueda 107 AbgI3C°

Ueda 107 Abg/3D°

Ueda 107 AbgI3AAbgI3B
Ueda 107 Abgl3AAbgI3C
Ueda 107 Abgl3AAbgI3D
Ueda 107 Abgl3BAbgI3C
Ueda 107 Abgl3BAbgI3D
Ueda 107 Abgl3CAbgI3D

Ueda 107 Abgl3AAbgI3BAbgI3C
Ueda 107 AbgI3AAbgI3BAbgI3D
Ueda 107 AbgI3AAbgI3CAbgI3D

Ueda 107 Abgl3BAbgI3CAbgI3D

Ueda 107

AbgI3AAbgI3BAbgI3CAbgI3D

Ueda 107 AxylA®
Ueda 107

Abgl3AAbgI3BAbgI3CAbgI3DAXyIA

Ueda 107 Axyl31A°

Laboratory collection

Laboratory collection

Laboratory collection
(Nelson et al., 2017)
(Nelson et al., 2017)

(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)

Laboratory collection
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)

(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)
(Nelson et al., 2017)

(Nelson et al., 2016)
This study

(Larsbrink et al,
2014)
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pRK2013 ColE1 RK2-Mob* RK2-Tra™; Km" (Figurski & Helinski,
1979)

pK18mobsacB pMB1 ori mob* sacB"; Km' (Schafer et al., 1994)

pK18AxylA Contains 500bp upstream and (Nelson et al., 2016)

downstream of xylA cloned into
pK18mobsacB; Km'

Primers

AxylA CONF (5) AGGTTTGTTCCATC (Nelson et al., 2016)
AxylA CONF (3’) GAACTTGAAASCTGCCTG (Nelson et al., 2016)
xylA INT (5) GAATTCGCATCGGCAAAA (Nelson et al., 2016)
xylA INT (3) TCTAGAACCGCCCCAGAA (Nelson et al., 2016)

@ Gene locus CJA_0204
® Gene locus CJA_1497
© Gene locus CJA_0223
4 Gene locus CJA_1140
¢ Gene locus CJA 3061
"Gene locus CJA 2706
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Supplemental Figures
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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 Il in case of BgI3A and Bgl3C, and signal peptidase | in case of Bgl3D.
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Fig S2. Kinetic parameters of GH3 enzymes against different gluco-disaccharides and
xyloglucan-based oligosaccharides. (A) BgI3A. (B) BgI3B. (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
(IM+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 A4BG quadruple, AxylA, Axyl31A, and the A4BG AxylA 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.



