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TABLE S1. The primers used in this study. 19 

 20 

Primer  Sequencea 

PMan5A_f GCGAATTCGCAAATTGGGGTCAGTGTGGTG 

PMan5A_r AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATG 

M1_f1 GCGAATTCGTTGCCAACTATGGCCAATGTGGTGGAC 

M1_r1 GGCATTGTTCGTGAGGAACGGGAGCCAGTA 

M1_f2 TACTGGCTCCCGTTCCTCACGAACAATGCC 

M1_r2 AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATGATCC 

M2_f1 GCGAATTCGTTGCCAACTATGGCCAATGTGGT 

M2_r1 CATTCCAATTGTTCACAAAGTTAATGATCAGTTTG 

M2_f2 CAAACTGATCATTAACTTTGTGAACAATTGGAATG 

M2_r2 AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATG 

M3_f1 GCGAATTCGTTGCCAACTATGGCCAATGTGGTGGAC 

M3_r1 ATGCCCTCATCTCCGATGCAGACCATGC 

M3_f2 GCATGGTCTGCATCGGAGATGAGGGCAT 

M3_r2 AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATGATCC 

M4_f1 GCGAATTCGTTGCCAACTATGGCCAATGTGGTGGAC 

M4_r1 CAGGAGGCAGGGTTTGCCGGCGTTCTT 

M4_f2 AAGAACGCCGGCAAACCCTGCCTCCTG 

M4_r2 AATGCGGCCGCTCACTGAAACTGGCTAATATGATTCGTCAC 

ΔN1_f GCGAATTCACCCAAACGACCACTCTGACGACG 

ΔN1_r AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATGA 

ΔN1N2_f GCGAATTCTCTATACCCAGCAAGAATGGTCTCAAG 

ΔN1N2_r AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACA 

ΔN1N2N3_f GCGAATTCGCAGGCACCAACACCTACTGGCTT 

ΔN1N2N3_r AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATGA 

PMan5A(ΔN3)_f1 GCGAATTCGCAAATTGGGGTCAGTGTGGTGGCGAAAAC 

PMan5A(ΔN3)_r1 

CGTCAATGGTAAACTTGAGACCATTCTTGCTGGGTATAGAGCCGGC

A 

PMan5A(ΔN3)_f2 ACGGCAAGACCGCCTACTATGCAGGCACCAACACCTACTGGCTTCC 

PMan5A(ΔN3)_r2 AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATGATCC 

M1-C1_f1 GCGAATTCGTTGCCAACTATGGCCAATGTGGT 

M1-C1_r1 GGAGCTACAGTGATTAGTTGAACCATA 

M1-C1_f2 TATGGTTCAACTAATCACTGTAGCTCC 

M1-C1_r2 AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATG 

M1-C2_f1 GCGAATTCGTTGCCAACTATGGCCAATGTGGTGGAC 

M1-C2_r1 

GAAACTATCCGCGGCGATACCGTTCGTGCTGAGAGCGGTCGACTGC

C 

M1-C2_f2 

GGCAGTCGACCGCTCTCAGCACGAACGGTATCGCCGCGGATAGTTT

C 

M1-C2_r2 AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATGATCC 

M1-C3_f1 GCGAATTCGTTGCCAACTATGGCCAATGTGGT 

M1-C3_r1 ACTACTACCATAGTAAATGGTATACCCGTCATTCGGAGACTGTCCA



GT 

M1-C3_f2 

ACTGGACAGTCTCCGAATGACGGGTATACCATTTACTATGGTAGTA

GT 

M1-C3_r2 AATGCGGCCGCTCAAGCCGAGTCAATTGCACTAACATGATCC 

M1-E411G_f CAGTCTGCACATGACGGGTACAGCATC 

M1-E411G_r CCGTCATGTGCAGACTGTCCAGTACTC 

M1-S412T_f GCACATGACGAGTACACCATCTTCTAT  

M1-S412T_r GTGTACTCGTCATGTGCAGACTGTCCA 

M1-F415Y_f GACGAGTACAGCATCTACTATGGTAGT  

M1-F415Y_r TAGATGCTGTACTCGTCATGTGCAGAC  

H112Y_f GACGGTAAAAAGGGGTACTTTGCTGG 

H112Y_r ACCCCTTTTTACCGTCAATCACGAAG 

F113Y_f GTAAAAAGGGGCACTATGCTGGTACA 

F113Y_f TAGTGCCCCTTTTTACCGTCAATCACG 

H112Y/F113Y_f GACGGTAAAAAGGGGTACTATGCTGGTACAA 

H112Y/F113Y_r ATAGTACCCCTTTTTACCGTCAATCACGAAG 

L375H_f GTATGGTTCAACTAGTCACTGTAGCTCC  

L375H_r TGACTAGTTGAACCATACTCTTCGAGGA  

A408P_f GAGTACTGGACAGTCTCCGCATGACGAGT 

A408P_r CGGAGACTGTCCAGTACTCAATGTATCAC 

A99K/S100N_f GGCTCTCTTCCTAGTAAGAATGGCACTAGCT  

A99K/S100N_r ATTCTTACTAGGAAGAGAGCCGGCAGTAG 

T102L_f CCTAGTGCTAGTGGCCTCAGCTTCGTG 

T102L_r GAGGCCACTAGCACTAGGAAGAGAGCC 

V105T_f AGTGGCACTAGCTTCACCATTGACGGT 

V105T_r GGTGAAGCTAGTGCCACTAGCACTAGG 

Y108H_f GACGGCAAGACCGCCCACTATGCAGG 

Y108H_r GGGCGGTCTTGCCGTCAATGGTAAAC 

Y108H/Y109F_f GACGGCAAGACCGCCCACTTTGCAGGCACC 

Y108H/Y109F_f AAGTGGGCGGTCTTGCCGTCAATGGTAAAC 

H371L_f ATGGATCCACCAATCTCTGCTCTTCC 

H371L_f AGATTGGTGGATCCATATTCTTCCAG 

P406A_f AGCACGGGCCAGTCGGCAAATGACGGGT 

P406A_f TGCCGACTGGCCCGTGCTTAAGGTATCA 
a Restriction sites are underlined. 21 
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Fig. S1. Multiple sequence alignment of PMan5A and TlMan5A (GenBank: KJ607175) with 24 

the secondary structure elements of ManBK (PDB ID: 3WH9) as the template25 
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Fig.S2. Multiple sequence alignments of 50 fungal -mannanase of GH5. Three modules of 

N3, Loop7 and 8 are labeled by braces.  
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Fig.S3. Enzymatic properties of the wild type TlMan5A and their variants. (A) 

Temperature-activity profiles of TlMan5A and its variants tested at the optimal pH of each 

enzyme in the temperature range of 30–95 °C for 10 min.  (B) Thermostability of TlMan5A 

and its variants investigated after 30-min incubation without substrate at indicated 

temperatures and pH 4.5. (C) pH-activity profiles of TlMan5A and its variants tested at the 

optimal temperature of each enzyme (70-90 °C) over the pH range of 3.0–7.0 for 10 min. 


