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Supplementary Tables

Table S1. Core enzymes activities on different substrates.
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Note: One unit of specific activity was defined as 1 μmol pNP released per mg protein per minute. One unit of specific activity was defined as 1 μmol (as glucose equivalents) reducing sugars released based on DNS method (for Avicel and CMC) per mg protein per min. For beechwood xylan, specific activity was defined based on xylose equivalents. For cellobiose and xylobiose, one unit of specific activity was denoted as 1 μmol of glucose or xylose released per mg protein per minute, n.d. is not detectable.






























Table S2. Statistical model regression coefficients for xylan conversion at three protein mass loadings for EA-CS(-) and EA-CS(+) pretreated biomass.
[image: ]
Note: Here, the Coef. is the correlation coefficient.



















Table S3. The average difference of glucan conversion and their statistical significance for EA-CS(-) and EA-CS(+) under thirty-one enzyme combinations(at three different enzyme mass loadings, with 7.5, 15, and 30 mg protein/g glucan). Note: sig. here means significance. *: P<0.05; **: P<0.01; ***: P<0.001.
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Note: 1. EG I was inhibited mostly by lignin when compared with other individual enzymes (#3).
2. EG I*βX was inhibited mostly by lignin in all the binary enzyme combinations (#14).
3. CBH II*EG I*βX was inhibited mostly by lignin among all the ternary enzyme combinations (#23).
4. CBH I*CBH II*EG I*βX was inhibited mostly by lignin when compared with all other quaternary enzyme combinations. Besides, the intensity of lignin inhibition for all the quaternary enzyme combinations are: CBH I*CBH II*EG I*βX > CBH I*CBH II*EG I*EX > CBH II*EG I*EX*βX > CBH I*EG I*EX*βX > CBH I*CBH II*EX*βX(#27).







Table S4. The model generated optimum mixture hydrolysis predictions were verified at three total enzyme loadings for both EA-CS(-) and EA-CS(+).
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Supplementary Figures

Fig. S1. SDS-PAGE of purified biomass degrading enzymes used in all of the experiments. Here, EG I (lane 1), CBH II (lane 2), CBH I (lane 3), EX (lane 4), X (lane 5) and G (lane 6) and marker (lane M)

Fig. S2. Glucan conversion optimization using five core enzymes at different enzyme mass loadings (7.5 mg/g; 15 mg/g and 30 mg/g of glucan), with G loading at 10% supplementation. 

Fig. S3. Xylan conversion optimization using five core enzymes at different enzyme mass loadings (7.5 mg/g; 15 mg/g and 30 mg/g of glucan), with G loading at 10% supplementation.
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image2.png
EA-CS() EA-CS() EA-CS() EA-CS(+) EA-CS(+) EA-CS(+)

Purified enzyme 7.5mg/g 15mg/g 30mg/g 7.5mg/g 15mg/g 30mg/g
& their combinations

Coef. P-value Coef. P-value Coef. P-value Coeff. P-value Coef. P-value Coef. P-value
CBHI 0.03 * 0.05 * 0.07 * 0.03 * 0.05 * 0.06 *
CBHII 0.02 * 0.03 * 0.04 * 0.02 * 0.03 * 0.04 *
EGI 0.08 * 0.12 * 0.15 * 0.07 * 0.11 * 0.14 *
EX 0.15 * 0.20 * 0.25 * 0.13 * 0.18 * 0.23 *
X 0.02 * 0.03 * 0.04 * 0.02 * 0.03 * 0.04 *
CBH I+X 0.13 0.00 0.21 0.00 0.33 0.00 0.12 0.00 0.17 0.00 0.29 0.00
CBH II+EX 0.10 0.00 0.15 0.00 0.16 0.00 0.09 0.03 0.12 0.00 0.12 0.00
EG I+BX 1.05 0.00 1.13 0.00 1.26 0.00 0.87 0.00 0.96 0.00 1.05 0.00
EX+BX 1.35 0.00 1.40 0.00 1.42 0.00 1.22 0.00 1.25 0.00 1.28 0.00
CBH I+EG I+X 2.97 0.00 3.55 0.00 4.39 0.00 2.49 0.00 3.09 0.00 331 0.00
CBH IHEX+BX 4.37 0.00 4.76 0.00 5.23 0.00 3.51 0.00 4.42 0.00 4.18 0.00
CBH II+EG I+BX 3.17 0.00 3.99 0.00 4.98 0.00 2.54 0.00 3.34 0.00 4.46 0.00
CBH II+EX+BX 4.30 0.00 4.87 0.00 5.22 0.00 3.27 0.00 4.57 0.00 4.86 0.00

CBHI+CBH II+EG I+pX 19.88 0.00 24,19  0.00 25.94 0.00 15.04  0.00 21.16 0.00 22.06 0.00
CBH [+CBH II+EX+pX 25.18 0.00 27.09  0.00 25.92 0.00 28.44  0.00 20.76 0.00 22.02 0.00
CBH I+EG I+EX+pX 16.73 0.00 13.37  0.00 7.54 0.00 26.81 0.00 18.58 0.00 18.04 0.00
CBH II+EG I+EX+BX 14.21 0.00 9.74 0.00 8.48 0.00 18.58  0.00 14.25 0.00 15.81 0.00

Regression R-Sq 98.68% 99.32% 99.06% 98.58% 99.28% 98.91%
R-Sq (pred.) 97.89% 99.02% 98.70% 97.69% 98.90% 98.42%
R-Sq (adj.) 98.31% 99.13% 98.79% 98.19% 99.08% 98.61%
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Purified enzyme Average difference Statistical

No. & their combinations for glucoseyields T-test®) sig.
7.5mg/g 15mg/g 30 mg/g 7.5mg/g 15mg/g 30 mg/g
1 CBHI 0.6 08 0.6 0.06 0.01 002 *
2 CBHII 0.7 13 1.8 0.76 031 0.18
3 EGI 34 43 4.1 0.01 0.00 043 *
4 EX -0.1 03 0.6 0.14 0.05 0.14
5 BX -0.5 -0.4 -0.5 0.44 0.88 0.79
6 CBHI+CBHII 13 2.0 21 0.70 0.84 0.19
7 CBHIFEGI 14 14 438 0.02 0.02 006 *
8 CBHIFEX 0.6 -0.1 -0.5 0.01 0.00 0.00 ==
9 CBHI+BX -0.1 0.5 0.7 0.00 0.00 0.11 *
10 CBHII+EGI 33 39 2.0 0.02 0.00 0.05
11 CBHIIFEX 14 22 0.9 0.02 0.00 0.03
12 CBHII+BX 0.1 0.9 12 0.69 0.75 0.17
13 EGIFEX 34 39 39 0.32 0.20 0.04
[ 14 EG I+BX 3.1 39 4.5 0.00 0.00 0.00 xxx*
15 EX+BX -04 02 02 0.07 0.00 0.12
16 CBHI+CBHII+EGI 1.7 36 4.6 0.00 0.00 0.01 **
17 CBHI=CBHIIEX 1.1 02 74 0.00 0.23 0.00 *x
18 CBHI+CBHII+BX 1.1 2.0 22 0.00 0.00 0.05 **
19 CBHIFEG IFEX 26 25 83 0.01 043 0.10
20 CBHIFEG I+BX 1.9 1.7 78 0.00 0.00 0.00 **x
21 CBHI#EX+BX 0.1 02 0.0 0.05 0.00 0.00 *x
22 CBHII#EGIFEX 27 3.6 2.7 0.19 0.24 0.14
l 23 CBHIIFEGI+BX 34 38 37 0.00 0.00 0.00 xxx
24 CBHI*EX+BX 15 14 14 0.13 0.03 0.00
25 EG FEX+BX 3.0 4.1 44 0.00 0.03 0.08 *
26 CBHI-CBHII-EGI:EX 2.0 3.6 13.5 0.00 0.00 0.00  **x
I 27 CBHI+CBHIIFEG I+fX 28 5.5 11.0 0.00 0.00 0.00 xxx*
28 CBHI+CBH IIEX+BX 0.6 0.0 22 0.00 0.00 0.05 **
29 CBHIFEG FEX+BX 12 1.0 13 0.03 0.01 076 *
30 CBHII+EG I+EX+BX 2.6 28 2.0 0.18 0.04 0.01 *

31 CBHI*=CBHIZEGIZEX+fX 1.1 1.6 03 0.35 0.05 0.03 x
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Biomass Glucose yields

Model prediction % Experiment average % *+ Std. %
7.5 mg/g 15 mg/g 30 mg/g 7.5 mg/g 15 mg/g 30 mg/g

EA-CS(-)  60.6 82.2 99.9 586 05 824+04 975124

EA-CS(+) 584 78.7 94.7 575+02 803+07 91417
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Specific activity

Substrates
CBH1 CBHII EG1 BG EX BX
PNPC 0.00066 n.d. 0.079 1.296 n.d. n.d.
PNPG n.d. n.d. nd. 8.58 nd. 0.00709
pNPX n.d. n.d. nd. nd. nd. 1.268
PNPAf n.d. n.d. nd. nd. nd. 0.152
Avice 0.13 0.19 0.09 nd. nd. nd.
Beechwood Xylan nd. nd. 5.01 nd. 8.69 3.9
CcMC nd. nd. 1.74 nd. nd. nd.
Cellobiose nd. nd. nd. 22145 nd. nd.
Xylobiose nd. nd. nd. nd. nd. 54.59





