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Table S1 Oligonucleotides and sequences used in this study.

Name Sequences (5′ -3′)

ctcbh1 

optimized for 

E. coli

atgatgtataaaaagtttgcggcactagctgctctcgtagcgggcgcgtccgcacagcaggcgtgtagcttgaccgcggagaaccacccgagcttgacctggaaa

cgctgcacctcaggcggtagctgctccacggtgaatggtgcagttaccattgatgcgaactggcgttggacccacaccgtgtctggttcgacgaactgctataccg

gtaaccagtgggatacctccctgtgtactgacggcaaaagctgcgcacaaacctgctgtgtcgacggtgctgattacagctctacctacggcatcaccacttccgg

cgatagcttgaatctcaagttcgttaccaagcaccagtacggcactaacgtcggctcccgtgtttatctgatggaaaatgacaccaagtaccagatgtttgagctgct

gggtaacgagttcacctttgatgtcgacgtgagcaacctgggctgcggtttgaatggcgctctgtatttcgtgagcatggatgcggatggcggcatgagcaagtact

cgggtaataaggctggtgcgaaatacggcactggttattgtgacgcgcaatgtccgcgtgatctgaaattcatcaacggtgaagcgaacgtgggcaactggaccc

cgtcgaccaacgatgcgaacgcgggttttggtcgttacggcagttgctgcagcgaaatggacgtgtgggaagccaacaacatggcaacggcgtttaccccgcac

ccgtgtactacggtgggtcagagcagatgcgaagcggacacctgcggtggcacctactctagcgatcgctacgccggcgtgtgcgatccggacggctgcgactt

taacgcgtaccgtcagggtgataaaaccttctacggcaagggtatgaccgttgacaccaacaagaaaatgaccgttgttacccaatttcataaaaactccgcaggtg

ttctgagcgagatcaaacgcttctatgtgcaggatggcaaaatcattgccaatgcggagagcaagatcccgggcaacccgggtaacagcattacccaagaatattg

cgacgcccaaaaagttgctttcagcaacaccgacgacttcaatcgtaagggtgggatggcacaaatgagcaaggcgttagcaggtccgatggttttggtgatgtca

gtttgggacgatcattatgcaaatatgctgtggctggattccacgtacccgatcgaccaggcgggtgctccgggtgctgagcgcggtgcctgcccgaccacatctg

gtgtcccagcggagatcgaagcccaggttccgaattccaacgtgattttctccaatattcgttttggtccgattggcagcaccgtaccgggcctggacggcagcaat

ccaggtaacccgactacgacagtggttccgcctgcatccaccagcacgagccgtccgacttccagcaccagctccccggtgagcacgccaaccggacaaccg

ggtggctgcacgacccagaagtggggtcaatgcggtgggatcggctacaccggctgcaccaattgcgttgcgggcaccacctgtacgcaactgaacccgtggt

attctcagtgtctgtaa

trcbh1 

optimized for 

E. coli

atgtataggaaactagctgtaatatcagcattcctcgccaccgcgcgcgcacagtccgcgtgtacccttcagagcgagacccacccgccgctgacctggcaaaag

tgcagcagtggtggcacctgcacgcagcagaccggaagtgtggttattgatgcgaactggcgttggactcacgcgacgaactcttccaccaattgttacgacggta

atacctggtcgtctaccctgtgcccggacaatgagacttgcgcgaagaactgctgtttggacggcgcggcatatgcgagcacctacggtgttacgacttccggcaa

ctctctgagcattggctttgttacccagagcgcgcagaagaacgttggtgcgcgtttgtatctgatggcttcggacaccacgtatcaggagttcaccttgctgggcaa

cgagttctcttttgatgttgatgtgtctcaactgccgtgtggtttgaatggtgcgctgtattttgtgagtatggatgccgatggtggcgtctcaaaatacccgacaaacac

tgcgggtgcaaagtacggcaccggttattgcgacagccagtgcccgcgtgatctgaaatttatcaatggccaggcaaacgtggaaggttgggaaccgagctcca

ataacgccaacacggggatcggcggtcacggcagctgctgcagcgagatggacatctgggaagcgaactccatcagcgaagcgttaaccccacatccgtgcac

caccgttggtcaagaaatttgtgaaggtgatggctgcggtggcacctacagcgacaaccgttacggcggtacgtgcgatccggacggttgtgactggaatccgtat

cgcctgggtaacaccagcttctacggtccgggtagcagcttcaccctcgacaccaccaaaaagctgaccgtggttacgcaatttgaaacctcgggtgcgatcaac

cgctattacgtgcagaacggcgtcaccttccagcaaccgaatgcagaactgggttcttacagcggtaatgagctgaacgatgattattgcaccgctgaggaagcgg

agttcggtggtagctctttcagcgacaaaggtggcttgacccaatttaaaaaagctaccagcggcggcatggtgttggttatgagcctgtgggatgactactatgcta

atatgctgtggctggacagtacgtacccgaccaacgagaccagctctacgccgggtgccgtacgtggttcttgcagcactagcagcggtgttccggcccaagttg

agagccaatccccgaatgctaaggtgacctttagcaatattaaattcggtccgattggctccacgggtaacccgtccggtgggaacccgccaggcggtaacccgc

caggaacaactaccacgagacgtccggctacgaccaccggctcctcaccaggccccacccaatcacattatggtcagtgcggtggcatcggctacagcggccc

aacggtctgcgcaagcggcacaacctgccaggtgctgaa cccgtattactctcaatgtctgtaa

xynA 

optimized for 

E. coli

atggtaaaaaagaaagaatttatgaatcactctagcaatggtggttcccaggagcaggaggaccagtcctggcgtaaagaagccaacgaccgcatcctgcaacat

cgtcaacgtgaattggttattaacgtgatcgacaaagagaagaagccgttggccggtattgaagttgagatcaaacaaattcgtcatgaatttgcgttcggttctgcaa

tgaatgatcaggttctgtttaatcagacgtacgcagacttcttcgtacaacacttcaactgggcagtttttgagaatgaggccaagtggtatgctaacgagccggaac

gtggcaagatcacctacgagaaggcggacgctatgctgaactttgcgaaccgccaccagattccggtgagaggccacgctttgttttgggaagtggaggatgcga

atccgaattggttaaaaagccttccgaatcacgaggtgtacgaggccatgaaacgccgtctggaacacgcgggtaaccacttcaagggtaagtttcgtcattggga

tgttaacaacgaaatgatgcacggctcgttcttcaaagatcgttttggtaaacaaatctggaaatggatgtatgaagagacaaaaaagattgatccacaggcactgtt

gtttgtcaacgactacaatgttatcagctacggcgagcaccacgcatataaagcccatattaacgagttacgtcagctgggtgcgccggtcgaggcgatcggtgtg

caaggtcatttcgcggaccgcgtcgatccggtcgttgttaaggagcgtctggacgtgctggcggaacttggactgccgatttgggtcaccgaatacgatagcgttc

atccggatgcgaaccgtcgcgcggacaacttggaagccctgtatcgtgtggcattcagccatccggctgtgaagggcgttctgatgtggggtttttgggcgggcgc

gcattggcgtggcgaacacgcggctatcgtgaaccacgattggtccctgaatgaggctggccgtcgttatgagaagctgctgcaagaatggaccacccagcgcg

tagagaagaccgatgcgaacggccaggttacgtgcccggcgttccatggtacttacgaagtgcgcatcggcgaagaaagcaaaatgctccaacaacagaccatt



gaattggacagcgcgaaacagaccccgctgcagctggacatcatcgtgccagtggagtaa

ctcbh1 

optimized for 

C. militaris

atgatgtacaagaagttcgccgctctcgcagctcttgttgcaggcgcttcagctcaacaggcttgctctcttacagcagaaaaccacccatctctcacttggaaacgtt

gcacatcaggcggttcttgctctacagttaacggcgcagtcaccattgacgcaaattggcgttggacacacaccgtttcaggctctaccaattgctacaccggtaac

cagtgggatacctctctttgcacagacggtaagtcttgcgctcaaacttgctgcgttgacggcgccgattattcttctacctacggcattacaacctcaggcgattctct

caacctcaagttcgtcaccaagcaccaatacggtaccaacgttggctctcgagtttacctcatggagaacgacaccaagtaccagatgttcgagctccttggcaacg

aatttaccttcgacgtcgacgtttctaaccttggttgcggccttaacggcgctctttactttgtctctatggacgcagacggcggtatgtctaagtattcaggcaacaag

gcaggcgctaagtacggtacaggttattgcgacgctcagtgcccacgagatcttaagttcatcaacggcgaagctaacgtcggcaattggacaccatctacaaacg

acgctaacgcaggttttggtcgttacggctcttgctgctcagaaatggacgtttgggaggccaacaacatggctacagcttttaccccacatccttgcacaacagtcg

gtcaatctcgttgcgaagcagatacttgcggcggcacatattcttcagatcgttacgcaggcgtttgcgatccagacggttgcgactttaacgcttaccgtcaaggcg

acaagaccttttacggtaagggcatgaccgtcgataccaacaagaagatgaccgtcgtcacccaatttcacaagaactccgcaggcgtcttgtctgagattaagcg

cttctacgtccaagacggtaagatcatcgccaacgccgaatccaagatcccaggtaacccaggcaactctattacccaagaatattgcgacgctcaaaaggtcgcc

ttctctaacaccgacgatttcaaccgtaagggcggtatggctcaaatgtctaaggctcttgccggtccaatggttcttgtcatgtccgtttgggacgatcactacgctaa

catgctttggctcgactctacctacccaattgatcaagccggtgctccaggcgcagaacgaggcgcttgcccaacaacatcaggcgttccagccgaaattgaggct

caggtcccaaactccaacgtcattttctccaacattcgctttggcccaattggctctacagttccaggtcttgacggttctaacccaggtaacccaacaacaacagtcg

ttccaccagcttctacctctacatctcgtccaacctcttctacctcctctccagtctctacaccaacaggtcaaccaggcggttgcacaacacaaaagtggggtcaatg

cggcggtatcggttataccggttgcacaaattgcgttgccggtacaacttgcacccaactcaacccttggtactctcaatgcctttaa

trcbh1 

optimized for 

C. militaris

atgtaccgtaagcttgccgtcatttccgctttccttgctacagctcgagctcaatcagcttgcacacttcaatccgaaacacacccaccactcacttggcaaaagtgct

cttcaggcggtacctgcacacaacaaacaggctcagtcgttatcgacgcaaattggcgttggacacacgctacaaactcctctaccaattgctacgacggcaacac

ttggtcttctaccctttgcccagacaacgagacttgcgctaagaattgctgccttgacggtgcagcttacgcttctacatacggtgtcacaacatccggcaactctctct

ccattggctttgtcacccagtcagctcaaaagaacgttggcgctcgtctttaccttatggcttctgacaccacctaccaggaatttacactcctcggcaacgagttctctt

tcgacgttgacgtttctcagcttccttgcggtcttaacggcgctctctactttgtttctatggacgcagacggcggcgtttctaagtatccaaccaacacagccggcgct

aaatacggtacaggctattgcgattctcagtgcccacgagacctcaagttcattaacggccaagctaacgtcgaaggttgggaaccatcctctaacaacgccaaca

caggcattggcggtcacggttcttgctgctcagagatggacatttgggaagccaactccatctccgaagctcttacaccacatccttgcacaaccgttggccaagaa

atttgcgaaggcgacggttgcggcggtacatattcagataaccgttacggcggtacttgcgatccagacggttgcgattggaacccataccgtcttggcaacacctc

tttctacggtccaggctcttcttttaccctcgatacaaccaagaagctcacagtcgtcacccaattcgaaacctcaggcgctattaaccgctactacgtccaaaacggc

gtcacatttcagcagccaaacgcagaacttggctcttattccggtaacgagctcaacgacgactattgcacagcagaagaagccgaattcggcggttcttctttctcc

gataagggcggcctcacacaatttaagaaggctacatccggcggtatggttcttgttatgagcctttgggacgactactacgccaacatgctttggctcgattctacct

acccaaccaacgaaacctcttctacaccaggcgcagttcgaggttcttgctctacatcttcaggcgttccagctcaggtcgaatctcaatctccaaacgccaaggtca

ccttctccaacatcaagttcggtccaattggctctacaggtaacccttctggtggtaatcctccaggcggtaatccaccaggtacaacaacaacacgccgtccagcta

caacaacaggttcttctccaggcccaacacaatctcattacggtcagtgcggcggtatcggttattcaggtccaaccgtttgcgcttcaggtacaacctgccaagtcc

tcaacccatactacagccagtgcctttaa

xynA 

optimized for 

C. militaris

atgatgtacaagaagttcgccgctctcgcagctcttgttgcaggcgcttcagctcaacaggtcaagaagaaggagttcatgaaccactcttctaacggcggctctca

agaacaagaggatcaatcttggcgcaaggaagctaacgaccgtattctccaacaccgtcaacgagaactcgtcatcaacgtcatcgacaaggagaagaagccac

ttgccggcattgaagtcgagattaagcagattcgtcacgaattcgcttttggctccgctatgaacgaccaagtcctcttcaaccagacatacgccgacttcttcgtcca

acacttcaattgggccgtcttcgaaaacgaagccaagtggtacgctaacgaaccagaacgaggcaagattacctacgagaaggccgacgctatgcttaacttcgc

caaccgtcaccagattccagttcgaggtcacgctctcttttgggaagttgaagacgccaacccaaattggctcaagtctcttccaaaccacgaagtctacgaggctat

gaagcgtcgtcttgaacacgcaggtaaccactttaagggcaagtttcgccattgggacgttaacaacgagatgatgcacggctccttcttcaaggatcgcttcggca

agcagatttggaagtggatgtacgaggagaccaagaagatcgacccacaagctctcctcttcgtcaacgactacaacgtcatctcttacggcgaacaccacgctta

taaggcccacattaacgaactccgccaacttggcgctccagttgaagctattggcgttcaaggtcactttgccgatcgagttgatccagttgtcgttaaggaacgact

cgacgttttggctgaacttggccttccaatttgggtcaccgaatacgattccgttcatccagacgctaaccgacgagctgataaccttgaagctctctaccgagtcgct

ttttctcacccagcagttaaaggcgtccttatgtggggtttttgggcaggcgctcattggcgaggcgaacacgcagctattgtcaaccacgattggtctctcaacgaa

gcaggtcgtcgttacgaaaagcttcttcaggagtggacaacccaacgagttgaaaagaccgacgctaacggtcaagtcacttgcccagcttttcacggtacatacg

aggtccgtattggcgaagaatccaagatgctccagcagcaaaccattgagctcgattccgctaagcagacaccacttcaactcgacatcatcgtcccagtcgaata

a



ptefcopF gcctgcaggtcgactctagaggatctcaaggtggccacgacaacc

ptefcopR ctgcgagagcggcgaacttcttgtacatcattttgaaggtgtttgttattgaatgcgag

celAF1 tcgcagctcttgttgcaggcgcttcagctcaacaggtcaagaagaaggagttcatgaac

celAR ttaagcgtaatctggaacatcgtatgggtattcgactgggacgatgatgtc

celAF2 gctctagaatgatgtacaagaagttcgccgctctcgcagctcttgttgcag

ptefcopR2 gactagt tttgaaggtgtttgttattgaatgcgag

opdctrpcF tacccatacgatgttccagattacgcttaaagtagatgccgaccggatc

trpUF gaaaattccgtcaccagccctg gccgcatagttaagccagtatac

Pgpdcel7aF gcctgcaggtcgactctagaggatcaggcaaccgggtcgaatcgga

Pgpda7aR cggcgaacttcttgtacatcat tgttcttgattagaaaagtgaggtgagag

Ctcel7AF ctctcacctcacttttctaatcaagaacaatgatgtacaagaagttcgccg

Ctcel7AR ttaagcgtaatctggaacatcgtatgggtaaaggcattgagagtaccaagggtt

TrpcR gtatactggcttaactatgcggccagggctggtgacggaattttc

pour cacacattattatggagaaactcgag cagggctggtgacggaattttc

TrpcFn gctctagatacccatacgatgttccagattacgct taa agtagatgccgaccggatc

TrpcRn gactagtcagggctggtgacggaattttc

Ctc7F gctctagaatgatgtacaagaagttcgccg

Ctc7R gactagtaaggcattgagagtaccaagggtt

Pgpdtrcel7aR atgacggcaagcttacggtacat tgttcttgattagaaaagtgaggtgagag

Trcel7AF ctctcacctcacttttctaatcaagaacaatgtaccgtaagcttgccgtcat

Trcel7AR ttaagcgtaatctggaacatcgtatgggtaaaggcactggctgtagtatgg

Ctrc7F gctctagaatgtaccgtaagcttgccgtcat

Ctrc7R gactagtaaggcactggctgtagtatgg

Dcns5F accgttatctcgtgcggatcctctagaccgcatgtacgagtcgtgctgagc

Dcns5R ccctcgtcaagcgcctcaaggatggttacaggaggaggatggtgcaag

Ura5F atccttgaggcgcttgacgaggg

Ura5R cccgcattgtacagcatcatttgg

Dcns3F ccaaatgatgctgtacaatgcgggtgcgcgacccggcatttcgattcc

Dcns3R cttgcatgcctgcaggtcgactctagagagcgagcccgccacctggacc



Table S2. Composition of spent mushroom (Hypsizygus marmoreus) substrate.

Nutrients Content in SMS (%) Content in pretreated SMS (%)

Aspartic acid 0.47 ± 0.02 Not tested

Threonine 0.24 ± 0.01 Not tested

Serine 0.22 ± 0.01 Not tested

Glutamate 0.68 ± 0.02 Not tested

Glycine 0.27 ± 0.01 Not tested

Alanine 0.28 ± 0.01 Not tested

Valine 0.27 ± 0.01 Not tested

Methionine 0.29 ± 0.02 Not tested

Isoleucine 0.20 ± 0.01 Not tested

Leucine 0.33 ± 0.03 Not tested

Tyrosine 0.10 ± 0.01 Not tested

Phenylalanine 0.26 ± 0.02 Not tested

Lysine 0.22 ± 0.01 Not tested

Histidine 0.15 ± 0.01 Not tested

Arginine 0.17 ± 0.01 Not tested

Proline 0.08 ± 0.01 Not tested

Total amino acids 4.24 ± 0.17 Not tested

Cellulose 26.34 ± 1.24 38.56 ± 3.54

Hemicellulose 8.93 ± 0.34 12.34 ± 1.34

Ligin 5.03 ± 0.15 1.24 ± 0.02

Crude fiber 39.30 ± 2.14 52.14 ± 5.04

Soluble reducing sugar 1.67 ± 0.03 Not detected

Glucose 1.1 ± 0.02 Not detected



Table S3. Coefficients of factors obtained from regression model analysis of the special cubic model. 

Factors SMSa pSMSa SMSb pSMSb

CF 1.06 1.23 1.30 2.98

CBH1 26.75 32.24 39.95 41.84

XynA 16.22 17.37 16.84 19.80

CF*CBH1 41.00 40.63 29.61 36.28

CF*XynA 33.13 36.39 44.50 45.50

CBH1*XynA 29.92 27.11 17.11 27.70

CF*CBH1* XynA 383.25* 543.66* 600.67* 653.88*
a Hydrolyzed by mixture composed by recombinant CBH1 of Trichoderma reesei
b Hydrolyzed by mixture composed by recombinant CBH1 of Chaetomium thermophilum

* The interaction between these factors was statistically significant 



Figure S1 Expression of recombinant cellulases in transformants according to Western Blot. M: marker. 
Different volumes of 1 μL (CmX, CmtrC, CmtrCX) or 30 μL (CmctC, CmCX, WT) of cultrate filtrate 
were loaded on each lane. The main bands of each recombinant cellulase are indicated by a black arrow.



Figure S2. Changes of SMS composition after fermentation with transformant CmTX.


