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I. Binding Affinity
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Figure S1. Direct comparison of the K.q4s values of the glycosylated and unglycosylated CBMs on (A) commercially
available Avicel PH 101 cellulose, (B) Clean-Fractionation derived cellulose (CF cellulose), and (C) phosphoric acid
swollen cellulose (PASC) at 4°C. Bold numbers represent the identity of CBM glycoforms as per Fig. 2 (main text).
The glycosylated CBMs were divided into 5 groups based on the differences in their glycosylation pattern. 2-4, 5-7,
and 8-10 are O-mannosylated at one site, Thrl, Ser3, or Serl4. 11-20 are O-mannosylated at more than one site.
21-23 are modified by other O-linked glycans and mutation. More detailed structural features of each CBM isoform
are indicated by its name, i.e., CBM100 representing the isoform containing a single mannose at Thrl, CBM111
represents the isoform containing a single mannose at Thrl, Ser3, and Serl4, CBM010+Q2A representing the
isoform containing a single mannose a-linked to Ser3 and a GIn-to-Ala mutation at position 2, and CBMS3GIcf3
representing the isoform containing a single glucose B-linked to Ser3. * No observable binding noted. Error bars
show variance between three independent trials.
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Figure S2. Direct comparison of the K.q4s values of the glycosylated and unglycosylated CBMs on (A) Clean-
Fractionation derived lignin (CF Lignin) and (B) commercially availble Kraft lignin at 4°C. Bold numbers represent
the identity of CBM molecules as per Fig. 2 (main text). The glycosylated CBMs were divided into 5 groups based on
the differences in their glycosylation pattern. 2-4, 5-7, and 8-10 are O-mannosylated at one site, Thrl, Ser3, or
Ser1l4. 11-20 are O-mannosylated at more than one site. 21-23 are modified by other O-linked glycans and
mutation. More detailed structural features of each CBM isoform was implied by its name, ie., CBM100
representing the isoform containing a single mannose at Thrl, CBM111 representing the isoform containing a
single mannose at Thrl, Ser3, and Ser1l4, CBMO010+Q2A representing the isoform containing a single mannose o-
linked to Ser3 and a GIn-to-Ala mutation at position 2, and CBMS3GIcf representing the isoform containing a single
glucose B-linked to Ser3. * No observable binding noted. Error bars show variance between three independent

trials.
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Figure S3. Changes in binding affinities caused by glycosylation at 4°C. Percent change in binding affinity towards
the given substrates for each CBM glycoform relative to unglycosylated CBM 1 expressed as a heat map. Compared
to Figure 3 in the main text, additional binding data for bacterial microcyrstalline cellulose (BMCC) is added here ¥
2, Color varies from red (indicating a 100% or more increase in binding affinity) to white (indicating no change in
binding affinity) to blue (indicating an almost 100% decrease in binding affinity). Black is for CBM glycoform
substrate pairs that displayed complete loss of binding. Although the order is slightly different to take into account
the additional data, CBM glycoforms are ordered with the same purpose as those of Figure 4 in the main text so
that poor cellulose binders are at the top, unselective binders to cellulose and lignin are in the middle, and CBMs
highly selective for binding to cellulose at the bottom.
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Table S1: Binding affinity values at 4°C — Numerical data represented by bars in Figure S1.

Avicel PH 101 CF Cellulose PASC
Binding Brmax Binding Brmax Binding Brmax
Affinity Affinity Affinity
(Kocs, M) (umol/g) (Kocs, uM-1) (umol/g) (Kogs, uM-1) (nmol/g)

1 CBMO000 0.26 + 0.04 11.66 +0.93 0.17+0.14 14.72 +6.40 0.10+0.04 12.39+2.82
2 CBM100 0.17 +0.03 23.99+2.16 0.08 +0.06 16.73+7.30 0.24 +0.10 9.61+1.75
3 CBM200 0.17 +0.03 13.53+1.00 0.11 +0.05 10.52+2.28 0.14 £ 0.06 7.69+1.41
4 CBM300 0.22 +0.06 10.71+1.40 0.07 £0.05 9.83+4.79 0.11 +0.05 13.58 +3.30
5 CBMO010 1.01+0.22 10.39+0.92 0.27+0.11 9.16 + 1.67 0.14 +0.04 1446 +1.94
6 CBMO020 0.32+0.07 10.37+0.94 0.18 +0.09 10.25+2.48 0.42+0.17 7.95+1.81
7 CBMO030 0.14 +0.05 9.39+1.51 0.15+0.05 8.29+1.52 0.13+0.06 7.97 £ 1.65
8 CBMO001 0.18 +0.04 16.57 +1.87 0.18 +0.09 5.62+1.25 0.18 +0.07 10.69 + 2.07
9 CBMO002 0.28 +0.04 12.61 +0.96 0.21+0.12 7.25+1.83 0.23 +0.06 11.02+1.43
10 | CBMOO3 0.10+0.03 16.72 +2.96 0.38+0.16 5.26 +£0.85 0.28 +0.05 12.67 +1.10
11 | CBM110 0.44 +0.03 16.00 + 0.65 0.43+0.22 9.68 +2.26 0.13+0.08 21.90+7.64
12 | CBMO11 0.39+0.07 16.88 +1.28 0.34+0.21 7.06+1.75 0.35+0.15 13.29+2.53
13 | CBM111 0.42 +0.08 16.35+1.32 0.64 +0.34 8.42+251 0.23+0.11 11.52+2.49
14 | CBM112 0.77 +£0.17 15.72+1.93 0.72+0.34 8.14 +1.80 0.76 £0.32 15.63+4.84
15 | CBM120 0.30+0.11 8.42+1.36 0.29+0.18 9.66 +3.11 0.25+0.10 15.76 + 2.89
16 | CBMO021 0.69 +0.15 8.89 +0.89 0.34+0.20 10.93 +3.39 0.21+0.13 12.41 + 3.66
17 | CBM121 0.42 +0.09 13.49+1.16 0.26 +0.15 14.58 +4.01 0.13+0.06 25.20+6.87
18 | CBM122 0.41 +0.07 12.61+0.95 0.20+0.26 4.95+3.13 0.06 +0.06 13.80+7.70
19 | CBM222 0.53+0.13 9.33+0.99 0.20+0.18 8.19 +2.92 0.55+0.31 10.88 +2.76
20 | CBM333 0.27 £ 0.09 6.03+1.02 0.40+0.27 8.19+2.47 0.37+£0.15 6.83+1.59
21 | CBMO010+Q2A 0.04 +0.03 29.01+£12.50 0.07 £ 0.06 9.13+3.81 0.22+0.11 8.75+2.07
22 | CBMO10+Y5A * * 0.20 +0.09 7.10+1.49 * *

23 | CBMS3GIcp 0.45+0.22 4.95+0.89 * * * *

* No observable binding noted.
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Table S2: Binding affinity values at 4°C — Numerical data represented by bars in Figure S2.

CF Lignin Kraft Lignin
Binding Affinity Bmax Binding Affinity Bmax
(Kaas, HM) (nmol/g) (Kags, pM) (umol/g)

1 | CBMOOO 0.38+0.12 10.63+1.61 0.62+0.16 11.37+1.90
2 | CBM100 0.37 £0.09 10.73+1.03 0.68+0.14 8.95+0.83
3 | CBM200 0.77 £0.17 8.50+0.95 0.53+0.17 9.33+1.21
4 | CBM300 0.33+0.06 12.21+1.01 0.41 +0.09 9.43+0.83
5 | CBMO0O10 0.46 £0.10 8.48 +0.81 0.21 +0.07 9.69 +1.37
6 | CBMO020 0.34+0.17 4.79+1.23 0.37+0.19 6.98 £1.98
7 | CBMO30 * * 0.11 +0.06 10.17 +2.79
8 | CBMO0OO1 0.45 +0.07 9.92 +0.66 0.57+0.13 9.84 +1.08
9 | CBMO002 0.65+0.14 5.75+0.58 0.53+0.16 11.54+1.79
10 | CBMO0O03 0.41+0.12 7.81+0.92 0.56 +0.19 5.57+0.74
11 | CBM110 0.66 +0.24 6.40+1.84 0.36+0.13 7.98+1.25
12 | CBMO11 0.32+£0.09 8.86+1.20 0.38+0.12 6.09 £0.92
13 | CBM111 0.23 £0.09 7.07+1.17 0.31+0.10 5.94 +0.85
14 | CBM112 0.53+0.19 5.25+1.00 0.10 +0.02 19.46 + 2.50
15 | CBM120 0.47 £0.23 7.77+£3.81 0.64 +0.32 4.62 +3.95
16 | CBMO021 0.64 £0.30 3.19+0.66 0.22+0.11 493+1.13
17 | CBM121 0.45+0.21 6.11+1.97 0.09 +0.07 7.78 £3.32
18 | CBM122 * * 0.24 +0.15 3.72+1.23
19 | CBM222 * * * *

20 | CBM333 0.14 +0.13 5.25+2.84 * *

21 | CBMO010+Q2A 0.59+0.22 6.10+1.09 0.36 +0.09 7.83+0.78
22 | CBMO10+Y5A 0.22+0.10 593+1.16 0.70+0.22 6.48 £1.52
23 | CBMS3GIcpB 0.71+0.24 5.24+0.71 0.55+0.13 5.63+0.62

* No observable binding noted.
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Table S3: Percent Change in Binding Affinities at 4°C — Numerical data represented in Figure 4 and Figure S3.

BMCC# Avicel PH 101 CF Cellulose PASC CF Lignin Kraft Lignin

2 | CBM100 79% -32% -52% 140% -2% 9%

3 | CBM200 280% -31% -32% 42% 102% -16%
4 | CBM300 -33% -15% -61% 12% -13% -34%
5 | CBMO0O10 347% 294% 59% 42% 22% -66%
6 | CBMO020 135% 26% 8% 316% -10% -41%
7 | CBMO030 45% -45% -14% 33% -100% -82%
8 | CBMO00O1 291% -30% 5% 79% 17% -9%

9 | CBMO002 247% 9% 27% 125% 72% -14%
10 | CBMO0O03 180% -60% 122% 177% 8% -10%
11 | CBM110 113% 72% 156% 33% 73% -42%
12 | CBMO11 200% 53% 100% 254% -15% -39%
13 | CBM111 638% 66% 276% 131% -41% -51%
14 | CBM112 317% 202% 329% 663% 41% -84%
15 | CBM120 174% 17% 74% 153% 25% 2%

16 | CBMO021 113% 169% 102% 106% 70% -64%
17 | CBM121 549% 65% 57% 32% 18% -85%
18 | CBM122 146% 60% 20% -38% -100% -61%
19 | CBM222 73% 108% 21% 449% -100% -100%
20 | CBM333 -100% 6% 139% 275% -63% -100%
21 | CBMO0O10+Q2A 269% -83% -58% 117% 54% -43%
22 | CBMO10+Y5A -100% -100% 19% -100% -41% 12%

23 | CBMS3GIcp 68% 75% -100% -100% 88% -11%

# Data calculated based on previous studies.?
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Figure S4. Changes in maximum binding (Bmax) caused by glycosylation at 4°C. Percent change in Bmax towards
the given substrates for each CBM glycoform relative to unglycosylated CBM 1 expressed as a heat map. Color
varies from red (indicating a 100% or more increase in Bmax) to white (indicating no change in Bmax) to blue
(indicating an almost 100% decrease in Bmax). CBM glycoforms are ordered according to the numbering in the
main text. Bmax data for bacterial microcrystalline cellulose (BMCC) is calculated based on previous studies.?
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Table S4: Percent Change in maximum binding (Bmax) at 4°C — Numerical data represented in Figure S4.

BMCC# Avicel PH 101 CF Cellulose PASC CF Lignin Kraft Lignin

2 | CBM100 -73% 106% 14% -22% 1% -21%
3 | CBM200 1% 16% -29% -38% -20% -18%
4 | CBM300 -8% -8% -33% 10% 15% -17%
5 | CBMO0O10 -75% -11% -38% 17% -20% -15%
6 | CBMO020 -85% -11% -30% -36% -55% -39%
7 | CBMO030 -88% -19% -44% -36% -100% -11%
8 | CBMO00O1 -79% 42% -62% -14% -7% -13%
9 | CBMO002 -75% 8% -51% -11% -46% 1%

10 | CBMO0O03 -56% 43% -64% 2% -27% -51%
11 | CBM110 -46% 37% -34% 77% -40% -30%
12 | CBMO11 -33% 45% -52% 7% -17% -46%
13 | CBM111 -73% 40% -43% -7% -33% -48%
14 | CBM112 -60% 35% -45% 26% -51% 71%

15 | CBM120 -77% -28% -34% 27% -27% -59%
16 | CBMO021 -70% -24% -26% 0% -70% -57%
17 | CBM121 -80% 16% -1% 103% -43% -32%
18 | CBM122 -44% 8% -66% 11% -100% -67%
19 | CBM222 -66% -20% -44% -12% -100% -100%
20 | CBM333 -100% -48% -44% -45% -51% -100%
21 | CBMO0O10+Q2A -54% 149% -38% -29% -43% -31%
22 | CBMO10+Y5A -100% -100% -52% -100% -44% -43%
23 | CBMS3GIcp -69% -58% -100% -100% -51% -50%

# Data calculated based on previous studies.'?
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Table S5: Binding affinity values of three representative CBM glyco-variants at 30°C — The binding affinity was
measured as described in the “Methods”, except that the samples were stirred to equilibrium at 30°C for 2 h.

Avicel Kraft Lignin
Binding Affinity Bmax Binding Affinity Bmax
(Kads, pM-2) (rmol/g) (Kags, kM) (nmol/g)
1 | CBMOOO 0.29 £ 0.09 6.79 £0.39 0.27+£0.05 22.83+1.28
10 | CBMO0O03 0.41+0.18 5.81+1.04 1.06 £ 0.85 4.10+6.99
12 | CBMO11 0.44 +£0.10 13.57+1.82 0.25+0.08 10.27 +1.57
14 | CBM112 0.78 £0.30 14.03 + 8.02 * *

* No observable binding noted.
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Il. Average correlation and the Spearman’s ranked correlation coefficient:
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Figure S5. Cross-correlations are a function of distance at 4°C. The average correlation (AvgCorr) is displayed for
each of the three pairs of glycosylation sites: (A) Thrl and Ser3, (B) Thrl and Ser14, (C) Ser3 and Serl4. Note the

difference in y-axis scale between panels. These values represent how coordinated the motions of two
glycosylation sites are and can very from +1.0 to -1.0. White bar is unglycosylated, wild-type CBM.
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Table S6: Calculated average correlation of motion at 4°C — Numerical data represented by bars in Figure S5.

Correlation between:
Thrl & Ser3 Thrl & Ser14 Ser3 & Ser14
1 CBMO000 0.2720 0.0806 0.0739
2 CBM100 0.2869 0.0710 0.0544
3 CBM200 0.3204 0.0827 0.0755
4 CBM300 0.3766 0.0934 0.0796
5 CBMO010 0.3147 0.0960 0.1114
6 CBMO020 0.3232 0.0805 0.1124
7 | CBMO030 0.3189 0.0966 0.1192
8 CBMO001 0.2762 0.0952 0.0822
9 CBMO002 0.2812 0.0991 0.0936
10 | CBMO0O03 0.2540 0.0927 0.0830
11 | CBM110 0.3786 0.0975 0.1214
12 | CBMO011 0.3111 0.0878 0.1135
13 | CBM111 0.3775 0.1069 0.1301
14 | CBM112 0.3714 0.0887 0.1102
15 | CBM120 0.3580 0.0906 0.1062
16 | CBMO021 0.3174 0.0945 0.1104
17 | CBM121 0.3690 0.0858 0.1160
18 | CBM122 0.3840 0.1066 0.1267
19 | CBM222 0.3971 0.1054 0.1199
20 | CBM333 0.3718 0.0827 0.1052
21 | cBMO10+Q2A 0.3041 0.0920 0.0905
22 | CBMO10+Y5A 0.3005 0.0983 0.0894
23 | CcBMS3Glcb 0.3183 0.0924 0.0889
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Table S7: Calculated correlation coefficients — Numerical data represented by bars in Figure 5. Colors indicate
strength of the correlations or anti-correlations: orange is very weak, yellow is weak, light green is moderate and
dark green is strong.?

Correlation between... Correlation Value Key
Substrate Thrl & Ser3 Thrl & Ser14 Ser3 & Ser14
Avicel 0.5089 0.2016 0.5642 0.00-0.30 very weak
CF Cell 0.2717 0.2090 0.5366 0.30-0.49 weak
PASC 0.0875 -0.2501 0.1458 0.50-0.69 moderate
CF Lignin -0.2502 0.2122 -0.3185 0.70-0.89 strong
Kraft Lignin -0.6242 -0.1812 -0.6706 0.90-1.00 very strong

lll. Adsorption isotherm plots of CBMs with different substrates

The following are the adsorption Isotherm plots of CBM variants that were obtained as previously reported. 2 Data
points represent averaged data of at least three trials. X-Error Bars represent the standard deviations of ‘Free’
concentrations. Y-Error Bars represent the standard deviations of the calculated ‘Bound’ concentrations.

1. Avicel at 4 °C

Avicel-Bound CBM (umol/g)
» o
1 1
.\i }
Avicel-Bound CBM (umol/g)
[} ©
1 1
N
A,

,?f - 44 //}—t
24 /
}i# = CBMO00, 1 21 /. [ = cBM100, 2
| i
0 T T T T T T 0 T T T T T T T
0 2 4 6 8 10 12 0 1 2 3 4 5 6 i
Free CBM (umol/L) Free CBM (umol/L)

S13



104 12 4
= L — s
o L \031 B
= + "1 = 0
= _ 5
& =
s 7 s 8 L///“’/
[ m .
o o =
o T 64 -
| c -
3 3
D 47 @
T T 47
2 9
z 2 1 A
2 5
= CBM200, 3 = CBM300, 4
0 T T T T T 0 T T T T T 1
0 2 4 6 8 10 12 0 4 6 8 10 12 14
Free CBM (umol/L) Free CBM (umol/L)
144 104
2] g e
2 2 * i
2104 S =
= — _ = /
m - m 6] <
O 84 . é . o 6 %}
e} kel
[= c
=3 6 - 3
8 B4
2. 7t g 1
z 7L 2 5
24 = CBMO010, 5 E—
g = CBM020,6
0 T T T T T 1 0 T T T T T
0 2 4 6 8 10 12 0 4 6 8 10 12
Free CBM (umol/L) Free CBM (umol/L)
124
8 - _
) G
° e ©
(= €
2 -
= s 81
m m
o (@)
E T 6
3 3
o o
@ =
@ T 47
2 e}
> >
< <
2 -
=  CBMO030, 7, = CBMOO01, 8
T ] T T T 0 T T T T T
8 10 12 14 16 0 2 4 6 8 10

Free CBM (umol/L)

Free CBM (umol/L)

S14



Free CBM (umol/L)

124 12
— __104
2 — 2 '
° T °
1 € P
& = 8- ///
& z e
o O ¢ g
i) ©
= c
=] 3
o o
& % o .
[} [0}
i@ L
2 2 £
2 ¥
= CBM002, 9 g T = CBM003, 10
0 T T T T T 1 O T T T T T 1
0 2 4 6 8 10 12 0 z 4 6 8 10 12
Free CBM (umol/L) Free CBM (umol/L)
14
3 B S 124
E E
= 310_
= =
[} Qg |
(@] O
el kel F
[= c
3 S 64 i
(=} [=}
@ @
© ©
2 k]
z 2
H = CBM110, 11 = CBMO11, 12
0 T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 2 3 4 5 6 7
Free CBM (umol/L) Free CBM (umol/L)
14 4 144
> 124 — > 124
g - E
310+ 510+
2 2
O 8- O 8-
e} kel
(= [=
3 6 [ — 3 6+
@ =
'8 44 42_’) 44 .
z {m 2
24 24
= CBM111, 13| L2 = CBM112, 14
]
O T T T T 0 T T T T T T
0 2 4 6 8 0 1 2 3 4 5 6

Free CBM (umol/L)

S15



Avicel-Bound CBM (umol/g)

= CBM121,17

4 6 8 10
Free CBM (umol/L)

Avicel-Bound CBM (umol/g)

104 _ -
12
) T 3
© °
g P N £ 10 :
& S =
= —— = : [ o
m — m L —
o ///T (@] . — 7,‘/;?7{ i
=] 1 ©
c € 64 T
= = A
o 2 1
@ Q0 1
g g4 )
> > J
< <
24
= CBM120, 15 = CBMO021, 16
T T T T T T 0 T T T T T T 1
6 8 10 12 14 16 0 2 4 6 8 10 12 14
Free CBM (umol/L) Free CBM (umol/L)
144 14 4
12 12 4
- | —
10 1 10 1
1 -

= CBM122, 18|

4 6 8 10
Free CBM (umol/L)

Avicel-Bound CBM (umol/g)

= CBM222, 19

Free CBM (umol/L)

Avicel-CBM (umol/g)

6
>7%7< T
5 L
4+ - »—u—«‘
3
2 /T *
] [
H = CBM333, 20
0 T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20
Free CBM (umol/L)

S16



- 6 g
Py 10 7 - Py
= — =2
© © 44
g 84 T e J g
- T z
P 3
g - s
5 5 L1
o _ - 2 o4 5 N +
Q 4 @ — .
© } ©
o - o
£ — £
< 2 ~ < .2 |
| L— = CBMO010+Q2A, 21 = CBMO10+Y5A, 22
0 T T T T T T '4 T T T T T 1
0 2 4 6 8 10 12 0 5 10 15 20 25
Free CBM (umol/L) Free CBM (umol/L)
10 -
cRR
©
£
=
= 64 e
0
o
e}
o ! -
3 44 1
@ =
[}
2
2 2 % T
L
ﬁt = CBMS3GIcp, 23
0 T T T T T T T T T
0o 2 4 6 8 10 12 14 16 18
Free CBM (umol/L)
o
2. CF Cellulose at 4 °C
14 -
12
D12+ 5
[=} o i’
£ —— £ 10 ‘
20 l = . —
o P @ g ‘ | —
O 4. g ) Il ]
kel — o =
(= =& c I L2
3 / 3 6 /
Q 64 a
2 % Coom
ERE 3 44 ‘
© © .
o - (&)
6 24 —— b 24
1 = CBMO00O, 1| A | = CBM100, 2|
ot : : : : 0 L
0 2 4 6 8 10 0 2 4 6 8 10 12 14

Free CBM (umol/L)

Free CBM (umol/L)

S17



\ \ - / e | 8
\ e 2 e -
\ g g ,,, g [*®
\ =| te > \ =
\ m - m rs ! L‘, % Lo
\ ' @
\ . -3 - = 7 \ ]
- 4 LSE
/ o & - 4 2
= 3 3 \ la B
\ g re g v ¢ g
Lo\ . > A >
F = \ Lo
Y z = B \ °z
\ |l © ) / )
Q Q F© o
3 lo @ 2
w w w
Fo© L|r / [
] e ok W
b < s i\A L <
1 1 . .l % N N
r T T T T o r T T T T T o T T T T T T T o
‘OI © © -+ o~ o mV_ ‘OI © © < o~ o ~ © wn < @ o~ i o
(B/1owr) NGO punog-asojn|j@d 40 (B/10w) NgO punog-asojn||vd 40 (Bjjow) pygD punog-asojn|ied 49
2} ~© ~© ~©
u - \ © - \ =
g / S / .
[ = \ 3
= L < ,, W L < \ o L=
8 [ / 8l [~ \ 3 [
[&]
"ot - .t / o Fo
| |
s 2 | s 2 \ 2
T g \ T g g
2 \ 3 2
Lo = / Fo = =
o \ o o
o 1/|. (@] (@]
w / w [T
. 7
H N
r T T T T o T T T T T T ©
o o © < o o o © ] © < o o
= 2= ’ )
(B/1ow) NgO punog-esoniieY 49 (B/1owr) NgO punog-esoniied 49 (Bjjoun) wgod punog-esoiniiad 49

S18



r ry
,,, g e ,_ £ fe ‘J g
_ — : ,, = | 2 e
,, o |= ,,, 3 |z , o
- / " / [
) | v g ,, B )
E , E M i ¥ E
2 \ e 2 T 2
s / s \ o =
m o \ o
: DR B ol | :
Q Q = / (0]
m m [ — m
e 7 % Lo w \ w
. 1
+ .
,F, o
r T T T T T T T o r T T T T T T o T T T T T T
© ~ © wn < el 3'] -~ o =t o o © © < o~ o © < N o © © < o~ o
6/jowr unog-asojn||e - ~ = AP
(6/10w) NGO punog-asoniig) 4 (B/10wm) NGO punog-esojniied 49 (B10wr) NGO punog-asoinijed 40
~©
| @ |7 ,,
,,, g T fe | e =
| S| fe S ol
. | a = W p=
| © W =) ,, W re
\ . PO o I~ ,, S
/ _ I . ,ﬂ I P
\ ° 3 =] , g
| r~ o o B 3
— £ £ | £
= = \ Lo =
re = = \ =
o Fo M T o
o (@] / (@]
% o) ) \ T Fo o
re o © , ©
IC I / IC
L« ,
v|+l L
r T T T r T T T T T T mﬂvo r T T T T T T T ©

(B/10wm) WgO punog-asoin|iad 40

(B/10wr) NGO punog-asoin|jed 40

(B/j0w) WgO punog-asoin|iad 40

S19



o
| © | | o -
\ N | ) 2 | N
\ S <l 3
A S e 8 Lo g ¥
3 m 8
oy
[ Lo S - -
L
) lo 2 o =
3 = 3 = 3o
£ £ £
3 lo 2 2
s T T s Fo =
m eom o o
o 1 L © o
Q Q (0]
o T o re o
[y \—a— Lo WL (T8
T T - <
% < ,4‘4
e < [
1 =
r T T T r T T T T o r T T T T T T o
M MM m © © - o~ o w © © < o~ o M MM m © © < o~ o
(B/1owr) NGO punog-asojn|j@d 40 (B/10w) NGO punog-8sojn||vd 40 (B/1owr) NgO punog-asoin||vd 40
1 | - mm |
,,, 2 / E , e
\ 5 L | JR I
| s r*® < e ., S5 e
\ s / s - T < =
/, 8 / 8 . N \ 8 |e
\ - re / L] - ,,/ "
/ M / - M / M
e 3 < 35 - \ o 3
\ . & \ £ £
s \ Fo = s
o] \ m = Fo m
o (@] (@]
.8 \ - 2 ot
N ! oL
2 8 <
<
+[° % |
- P
/w i & I.WWWA,
/ YW
T T T T T T o r T T T T T T T = o© r T T T T T T ©
(B/10wr) NGO punog-esojn|jed 40 (B/10wr) NGO punog-esoin|jed 40 (B/10wr) NgO punog-esojn|jed 40

S20



ES o ®
L 1 1

CF Cellulose-Bound CBM (umol/g)
N
1

CF Cellulose-Bound CBM (umol/g)

@
)

o
1

IS
1

N
1

= CBMO010+Y5A, 22

0 T T T T T T T T ] 0 T T T T T T T T )
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Free CBM (umol/L) Free CBM (umol/L)
8 4
3 6]
o
1S
= 4
=
8 1 L
B oA S R
3 [
3 ]
@ 24
(0]
(%2}
S 44
2
3
[
O g4
= CBMS3GIcp, 23
-10 T T T T T T T
0 5 10 15 20 25 30
Free CBM (umol/L)
[}
3.PASCat4"°C
14 ~
104
12 4
S )
© g4 °
g ° - 2 10
& =
= = 84
m g4 m
o (@) e
2 i —T
3 ‘ 2] sk
@ 41 3 —T
O f O 4 /
@ 2] % "
< T < ~
o 2 4 o
- L =  CBMO00, 1 2 = CBM100, 2
0 T T T T T T T ] 0 T T T T T T )
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14

Free CBM (umol/L)

Free CBM (umol/L)

S21



84
5] 5 o
© T ©
2o g
3% L —==T1 3
[8) — [8)
24 T/ °
c c
= 3 4
o o
o 3 @ —
6] (6]
1] @
< 2+ <
o o 249
14 = CBM200,3 e = CBMB300, 4|
0 T T T T T T T T 1 0 T T T T ]
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10
Free CBM (umol/L) Free CBM (umol/L)
10 4
10 :
) t {//’/// S 84
3 84 ] 3
g? £
2 =
= S 6
[T o
o (&)
e} ©
(= =4
=3 3 4
[=} o
@ 49 Q
o] Q
(7] (7]
< < .
o o a 24 /ﬁ
= CBMO010, 5/ = CBMO020, 6
&
0 T T T T T T 0 T T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14
Free CBM (umol/L) Free CBM (umol/L)
10 4
s _
&) RS
3 3 .
£ £ t
264 2 o
= S 64
m m
o o
© ©
c 44 c
=1 3 44
o o
aQ by
6] Q
2 2
a o 249
= CBMO001, 8
0 0 T T T T T
p 4 6 8 10 12 14 16 0 2 4 6 8 10

Free CBM (umol/L)

Free CBM (umol/L)

S22



PASC-Bound CBM (umol/g)

104
. _
F 1 '/7/”/'
_—
= CBM002, 9
; . : . )
6 8 10 12 14

Free CBM (umol/L)

PASC-Bound CBM (umol/g)

N
1

o
!

®
1

6 8 10 12 14
Free CBM (umol/L)

16 -
16
14 4
S 141
= 12 — g
g T £ 12 -
2] 2 N
= ° / = 10+ |
2 81 - o . =
= (R N — o 8- L L i
é & § 6
o o T
-
2 = CBM110, 11 2+ + = CBMO11, 12|
e A
0= ; ; . . . o . ; . ; .
0 2 4 6 8 10 0 2 4 6 8 10 12
Free CBM (umol/L) Free CBM (umol/L)
144 18 1
124 16
& =
] 3 ISP
E10— b — g —
— % ) 2
2 o L =
o _— a
b = 3 T P el
5 64 - 2
2 5]
aQ aQ
O 4] %)
a4 L @
z <
a o
1 4 = CBM111,13 = CBM112, 14
0 T T T T T T ! T T T T T )
0 2 4 6 8 10 12 14 3 4 5 6 7 8

Free CBM (umol/L)

Free CBM (umol/L)

S23



14 4
12 T B
2 1o 1 2
2 — =
S 4 =
m m
o (&)
'KCJ el
5 64 g
(o} o
o Q
O 44 O
@ @
<< <
o o
24
= CBM120, 15
0 T T T T T 0 T T T T T )
0 2 4 6 8 10 0 4 6 8 10 12 14
Free CBM (umol/L) Free CBM (umol/L)
12 -
16
—~ 14 w104 ‘
(=) . S L=
= — =
[e) / [e) ——
124 1
& el 5 o [
S 10 el s
m m
o O ¢
T 84 ©
= [ =
3 3
@ 64 e @ 44 2
o 1 O /
2 4 : 2 ‘
a ' o =g l
A ) 2 ) —
27 [ = cBM121,17) = cBM122,18
) = CBM121,17 . = CBM122, 18
4
0. T T T T T T 0 T T T T T T )
0 3 4 5 6 7 8 0 2 4 6 8 10 12 14
Free CBM (umol/L) Free CBM (umol/L)
10
16
B 14 S 8+
g 12+ g [
= =
= 104 S 64 P
m o m e
o IS s} g
B 8 e T T
= _— 3
o <}
o 6+ T @ |
O (6] 1
Q 4o ‘ 2
e a1 :
29 Lo = CBM222, 19 = CBM333, 20|
*ﬂ‘(
0 T T T T ! T T T T T T T 1
0 2 4 6 8 10 0 2 4 6 8 10 12 14 16 18

Free CBM (umol/L)

Free CBM (umol/L)

S24



PASC-Bound CBM (umol/g)

i %4{//

0 T T T T

= CBMO010+Q2A, 21

0 2 4 6 8

10 12 14 16

Free CBM (umol/L)

PASC-Bound CBM (umol/g)

—

= CBMO10+Y5A, 22

Free CBM (umol/L)

20 25

PASC-Bound CBM (umol/g)

SRS

= CBMS3GIcp, 23|

0 5 10 15

T T 1

20 25 30

Free CBM (umol/L)

4. CF Lignin at 4 °C

EN o ® =) IN)
1 1 1 1 1
{

CF Lignin-Bound CBM (umol/g)

IN)
1

= CBMO000, 1

CF Lignin-Bound (umol/g)

= CBM100, 2

10 12 14

Free CBM (umol/L)

Free CBM (umol/L)

10 12 14




o ® =
1 1 1

CF Lignin-Bound CBM (umol/g)
S
1
-

3 ~—

CF Lignin-Bound CBM (umol/g)

N
1

o
!

®
1

IS
!

N
1

= CBMS300, 4

/
= CBM200, 3| r@
0 T T T T T T T O T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12
Free CBM (umol/L) Free CBM (umol/L)
10+
74
) I

CF Lignin-Bound CBM (umol/g)

= CBMO10, 5

CF Lignin-Bound (umol/g)
S
1
\
\
\
\

= CBMO020, 6

0 T T T T T T T 1 0 T T T T T T T T T
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 18
Free CBM (umol/L) Free CBM (umol/L)
6 —
10
] &
5 3 e
= l 2
g o m O 64
©
e — g
E @
£ 24 3,
S 5
5 4 "
(T -
52
7 = CBMO30, 7 | = CBM001, 8
T T T T T T 0 T T T T T T T
0 5 10 15 20 25 0 2 4 6 8 10 12 14

Free CBM (umol/L)

Free CBM (umol/L)

S26



CF Lignin-Bound CBM (umol/g)
»
1

= CBMO002, 9|

e

8 10 12 14 16 18
Free CBM (umol/L)

CF Lignin-Bound CBM (umol/g)

= CBMO003, 10

6 8 1|0 12 14 16
Free CBM (umol/L)

IS ) @
1 1 1

CF Lignin-Bound CBM (umol/g)
N
1

= CBM110, 11

6 8 10 12 14 16
Free CBM (umol/L)

CF Lignin-Bound CBM (umol/g)

= CBMO11,12

10 12 14
Free CBM (umol/L)

EN o o o
1 1 1 1

CF Lignin-Bound CBM (umol/g)

[N)
!

= CBM111, 13

T T T T T

8 10 12 14 16
Free CBM (umol/L)

CF Lignin-Bound CBM (umol/g)

= CBM112,14

»

T
6 8 10 12 14 16 18

Free CBM (umol/L)

S27



104

- _o
J .«m mw ™ / N «
,, sts - , g
) g B re 1 =
) o \ w
J % o n / Y
,, " ) r& \ 3
, e g g ! g
\ ° T ° °
_— S 7 € S
| = e 2 2
—— . .
| \ = 7 = | =
1 o @ o o
/ = 2 + < p
[0} Lo @ L . — [}
\ 1< - Q <
/ w w 7 w
l / ‘\ L
% o %? m o
/ﬂ?l[ J,
o
T T T T T © T T T T T T T T T T T S
w < @ o ~ o © < o~ o o = © © © < ~N
(B/10wr) Wwgo punog-uiubry 49 (B/jowr) gD punog-uiubi] 49 (B/10wr) Wgo punog-uiubiy 40
) 0
| | - o[
,, 2 |« | S 2
\ = = Q
_ \ 8 [ — | 8 te 18/
| \
\ - \ & [}
<) \ e g -
< | < I o
E | E , “ 3
2 \ e 2 ﬁ 2
= = =
g o 8 &
8 8 8
s Lo w e
LJ e
% < eoom
!
-
. Lo v‘mi.,
- Fo
T iy
T T T T T T T o

©

(B1owr) wao punog-uiubiy

40

0 < ©® o~ = o

©
(B710w) ygO punog-uubry 40

T T T T
~ - o -

(B/owr) wgo u::om-:_cm__._ 40

o

S28



CF Lignin-Bound CBM (umol/g)

ﬁ = CBMO10+Q2A, 21

CF Lignin-Bound CBM (umol/g)
£
1

= CBMO10+Y5A, 22

0 T T p; T T 0 T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 12 14 16
Free CBM (umol/L) Free CBM (umol/L)
8-
5
3
£
=2 ——
=
=
o
o B I
o N P
5
247 v
7]
<
€
=2
—4 2
L.
S |
‘é‘ = CBMS3GIcp, 23|
0 T T T 1
0 5 10 15 20
Free CBM (umol/L)
. . o
5. Kraft Lignin at 4 °C
124 124
B0 S &)
5 e 5
£ ‘ . E
e o = o
s 849 ~ | s P -
[as} o + ]
o )
e} r ©
c 64 " &
= =2
o /A o
a Q
[ = c
E 44 g
k=2 k=
= - -
= / =
g 2q) BFRreTTYIT g
s [ = cBMO0O0, 1 = CBM100, 2
0 m L T T T T T 0 T T i T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14 16

Free CBM (umol/L)

Free CBM (umol/L)

S29



- R © S
, = " ,, o - | & -
= o | ~
| g ,, S le 3
\ = Lo l = - = Loy
[ o Ca | @ I o -
\ i | = < ' , o
/ - -2 | : . "l te
g g g
3 3 3
£ £ lo €
3 ) 2
s s s
o o o
o (@] Fo O
[0 Q (0]
o o <)
w w w
-
T o
—
/_7/ -
r T T T T - o r T r T T T T T o
‘OI © © < o o w © MV_ m © © < o~ o
(B/10wr) NGO punog-ulubi yesy (B/10wr) NgO punog-ulubi yesy (6/10wr) NGO punog-ulubi yesy
re © \ rs
| @ © \ ~
S S \ S
[=} - _ «
S o 2 I+ | = e
m m m
8} o o
N
- - - L] | o
) o= =
o L - | o
£ £ / lo E
2 2 2
> s - s
[} [} \ [}
(@] (@] Fo O
[0} 9] P 4 [
o o o
w w [T
<t
e
1 b
1
r T T T T T T T T T =

(B/10wr) WgO punog-utubi yesy

16\_053 NGO punog-uiubi yery

© < o
(Bj1owt) NgD punog-uiubi yeiy

S30



@
,, SN « \ =
\
| 3 Le g Lo 5 fe
| S = —
| 3 2 :
P ,\A m S o o \ (6]
| - (3} [~ \
,, [] / [ had
| N~ L} P &
,, '~ g = =
| : - 8 | :
,,, e 3 32 re 2
| s = s
\ | o O Lo @ )
\ o () ()
% 8 8 TT Lo 8
Fo LW w w
<
¥ . F e
F F o
T .
T T T T -Jy;./ o T T 1 T T T o T T T 1} T o
© © < o~ o © wn < el o~ Ll o 4OI © © < o~ o
(B/10wr) WgO punog-uiubi yesy (B/10wr) WgD punog-uiubi yesy (B/owr) ygO punog-uiubi yes
~
= | el |7
o Lo = |2 | g
o - = | = te
=) = = =
s s |ls 2
% = w \ ' (2] FS
u - Lo / n
2 = \ g
8 E / E
= 2 _ % - = 2
s s \ s
Lo @ ) \ o
o ) \ M iQ
[0) (0] / (0]
o < <
' ' Fo W
L« \
<
N Lo
—m— e
| o
LI ?
— iy ° ELI °
T T T T T T r T T r T T T T T T
(B/10w) NGO punog-ulubi yesy (B/10w) gD punog-ulubi yesy (owr) NgO punog-ulubi yeu

S31




e lo ,,, 3 ]
< 17 , q le ] &
I \ N r— e}
g [, % ,,_ = =
3 [ g | 3 )
o |l - / . . F&
—~ & Lo~ —
< | - d <
© | 3 3
e g AL £ €
2 \ 2 re 2
Lo B , 2 2
O O O
Q [o] 4 Q
o o e @
w w % w
= Y|H|A
= 1 [Ty
L {
L 1
5 Wﬁm
T T T T T T T T T L © T T T T T T ©
© wn < el o - o w < el o~ -~ o ™ o~ - o st o @
(B/10wrl) NGO punog-uiubi yeuy| (B6/10wrt) NGO punog-ulubi yeiy (B/j0wr) gD punog-uiubi yesy
| 72 r mw B o mm
| b = o
| 1 8 le 3 le 8 =
| : = [ :
— 8 | 3 3
),, H [] [ e = (=)
|+ - L] % K
,, g P -
/ g - g
— e 3 ] re 2
| = & = {T =
/ lo @ % [} 4 [}
\ o (@) (&)
\ Fo [ % T
.|Y,|A <
N e T
F - § n
+‘ . o * m 4
//W/ -
T T T T T T = T T T T © r T T =y T ©
o o ©

© w < © o~ C ol
(B/10wr) NGO punog-ulubi yesy

© © < o
(B/10w) NGO punog-ulubi yesy

o~ - o -

(B/1ow) NGO punog-uiubi yery

S32



@
J

8- 7 . =
3 ol
g E
= e 2% < L
3] * Z e
m 2 m 54 >
o [5) 1
2 B4 '
5 5 T 1
o o -
0 a /1
£ £37 / :
5 5 1/
] T2 /1
& 5 /
£ g e
4 = CBMO010+Q2A, 21 ¥ 1 ’ﬁ} = CBMO10+Y5A, 22
T T T T T T 0+ T T T T T T T T
6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Free CBM (umol/L) Free CBM (umol/L)
5 e
) + P
] = el
E 4] ,,// L
s 1
= P
S A&
5 1/
o -
u|]2 /4
&2
£ i
= 14
S/
X L = CBMS3GIcB, 23
0 2 4 6 8 10 12
Free CBM (umol/L)
. [+
Avicel at 30 °C
8_
6 74 T
< °
[=] = 6
o i +
=) [ M—
%4' 25 . =
m e
S + o -
° 44
°
= c
3 g .
o 231
T‘J2— T‘) }/
S | L2 A—¥T
< < {/°
-
x = CBMO00, 1 at 30 °C| 1% = CBMO003, 10 at 30 °C|
0 T T T T T T T T T 0 '- T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

Free CBM (pmol/L)

Free CBM (umol/L)

S33



16
12 4
. [ 14
210 G o
g S 121 | g
i E L=
s 8 =
@ s
o 8 3
2 o .
3 S
1] o
3 41 o
L [
> 3
4 - 2
2 / Y
[ = cBMo11,12at30°C [ = cBM112, 14 at 30 °C]
0 T T T T T 0 T T 0 T T
0 2 4 6 8 10 0 2 4 6 8 10
Free:CBMi(molL) Free CBM (umol/L)
. . o
Kraft Lignin at 30 °C
8
161
~ 14+ G
g 3
© £ 6
€ 12 2
2 =
= 10+ 8 *
o
o = ‘ [
2 8 3 ~ —
3 ] Q .
Q@ 6 £
= k=]
5 4 =
= S
2 X | S —
T o
[ = CBM000, 14t30°C] E | = CBMO03, 10 at 30 °C
0 , : : 0 e e
0 3 4 s 8 0o 2 4 6 8 10 12 14 16 18
Free CBM (umol/L) Free CBM (umol/L)
104

Kraft Lignin-Bound CBM (umol/g)

= CBMO011,12at30°C

4 6 8 10 12 14
Free CBM (umol/L)

®
1

o
1

I
L

N}
L

Kraft Lignin-Bound CBM (umol/g)

o
L

|i¢'.‘ H -‘ -
T | D'M
1IO 1‘5 2‘0 2|5
Free CBM (umol/L)

S34



References:

1. Chen, L.; Drake, M. R.; Resch, M. G.; Greene, E. R.; Himmel, M. E.; Chaffey, P. K.; Beckham, G. T.; Tan, Z.,
Specificity of O-glycosylation in enhancing the stability and cellulose binding affinity of Family 1 carbohydrate-
binding modules. Proc Natl Acad Sci U S A 2014, 111 (21), 7612-7.

2. Guan, X.; Chaffey, P. K.; Zeng, C.; Greene, E. R.; Chen, L.; Drake, M. R.; Chen, C.; Groobman, A.; Resch, M. G,;
Himmel, M. E.; Beckham, G. T.; Tan, Z., Molecular-scale features that govern the effects of O-glycosylation on a
carbohydrate-binding module. Chem Sci 2015, 6 (12), 7185-7189.

3. Hinkle, D. E.; Wiersma, W.; Jurs, S. G., Applied statistics for the behavioral sciences (5th ed.). 2003.

S35



