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Bioinformatics and expression analyses of glycoside hydrolase
3 genes in Trichoderma asperellum

LI Cong, WANG Yun"

College of Life Sciences, Yangtze University, Jingzhou 434025, Hubei, China

Abstract: [Background] The glycoside hydrolase 3 gene (GH3) family mainly encodes
extracellular B-glucosidases, which are the key enzymes in cellulose degradation. [Objective] To
identify the GH3 genes in Trichoderma asperellum (TaGH3 genes) and investigate their
transcriptional patterns. [Methods] The bioinformatics tools were employed to identify the 7aGH3
genes and analyze the gene structure, phylogenetic relationship, as well as the physicochemical
properties, subcellular localization, and tertiary structure of the deduced proteins. Quantitative
real-time polymerase chain reaction (RT-qPCR) was employed to investigate the transcriptional
patterns of 7aGH3 genes in the presence of cellulose. [Results] A total of 16 7aGH3 genes were
identified, which contained 1-8 exons. The deduced TaGH3 proteins had the length of 533-934
amino acid (aa) and the theoretical molecular weights of 57.82-101.91 kDa. The majority of
TaGH3 proteins were predicted to be extracellular. Phylogenetic analysis demonstrated that all the
TaGH3 proteins could be classified into 4 clades, which had higher homology with Trichoderma
reesei. Cellulose affected the transcription of all the 16 TaGH3 genes, while the transcription level
varied among genes. Specifically, cellulose induced the constitutive expression of 1 gene,
down-regulated the expression of 2 genes, and up-regulated the expression of 13 genes. Moreover,
cellulose enhanced the extracellular B-glucosidase activity, which was consistent to the
transcriptional pattern of most 7uGH3 genes. [Conclusion] The genome of 7. asperellum carried
16 GH3 genes, most of which encoded hydrophilic proteins with the potential for commercial
exploitation. The transcription of the majority of 7aGH3 genes was up-regulated by cellulose,
which was consistent with the enhanced B-glucosidase activity, indicating that these genes played
a key role in cellulose degradation. This study systematically investigated the GH3 genes in T.
asperellum, providing new insights for the resource utilization of lignocellulosic materials and the
construction of strains with high cellulase production.
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Table 1  Primers for RT-qPCR

Gl kA Ik 2]l RN sIATR BIYIEA N7/ PNUN
Primers Primer sequence (5'—3’) Size (bp) | Primers Primer sequence (5'—3’) Size (bp)
TaActinF AGGCAACCTTCTCGCCAACG 256 TaGH3-9F CGTCAATGCTGCTTCCGATG 174
TaActinR TCGCTTCTCGACAATGCCAACT TaGH3-9R  TTGTCAACCAGGCGGATACC
TaGH3-1F TTGACAGCCTTGTCGAGACC 85 TaGH3-10F GCCAAATACGCTTCGCTGAG 153
TaGH3-1R TCCCAGTTCTCGTTGACAGC TaGH3-10R TGGGCCAATAACAGCGACAT
TaGH3-2F GCACGGCCATATTCAACGAC 168 TaGH3-11F TGAAGGACAACCCGAAGACG 102
TaGH3-2R  TGTTACACTGATCCGCCACC TaGH3-11R TCGTACAAGCCAGGGTTTCC
TaGH3-3F GCTGACCTTGCTCGAGAGTT 131 TaGH3-12F ATCCAAGGAGCTAATCGGCG 141
TaGH3-3R TTAACCGTCGCTGAGACACC TaGH3-12R  GGACTTCCCCTCAGACAAGC
TaGH3-4F TCACCAAGACGGAGATGCAC 94 TaGH3-13F AACGCGCTGGTCGATATTCT 135
TaGH3-4R TCATCGGCGGTATAAGTGCC TaGH3-13R CGTAAACAGCCCCTCACTGT
TaGH3-5F CCGCAGTGCTGGATACTCAT 119 TaGH3-14F TCGAATGGGCAACCTCCTTC 156
TaGH3-5R GCCCACCGAGTAAGGTATCG TaGH3-14R CATTGATGTTGGGCGCGTAG
TaGH3-6F TGTTATGGCTGTGGAGGCTG 105 TaGH3-15F CGCAACATGGAATAGGCAGC 189
TaGH3-6R  ATGCCGTTCTCATAGCCCAG TaGH3-15R  ATGGTCTGAGAGCCAGCAAC
TaGH3-7F GATCCTGTGCTTCAGGCTGT 114 TaGH3-16F AGCTAATCCGCAAACAGGCT 142
TaGH3-7R  CATGCGGTACATCTCCTGCT TaGH3-16R TTGTCTCCGTTGTAGGCACC
TaGH3-8F CAGACACCTTTGAGGAGCGT 113

TaGH3-8R  AACATCGGCCTCCTCTACCT

*x2 BHMAE GH3 ZEQREUMRS

Table 2 Physicochemical characters of GH3 proteins identified in Trichoderma asperellum

R FAER TR SR ARERK BIRE UKMEFHREC FENUEN
Name Amino My pl Instability Aliphatic GRAVY Genomic location

acids (kDa) index index
TaGH3-1 884 94.72 5.54 29.83 75.61 —0.260 Scaffoldl: 664 481-667 205
TaGH3-2 781 84.15 5.13 35.50 78.54 —0.208 Scaffold1: 3290 843—-3 293 717
TaGH3-3 771 83.93 5.17 31.89 83.81 —0.134 Scaffold2: 2 900 558—2 903 190
TaGH3-4 836 91.1 5.59 26.32 78.65 —0.255 Scaffold3: 118 379—-121 033
TaGH3-5 934 101.91 5.79 36.37 81.90 —-0.229 Scaffold3: 383 661-386 880
TaGH3-6 932 102.03 6.64 38.64 98.58 —0.056 Scaffold3: 1 013 511-1 016 752
TaGH3-7 893 96.09 5.02 31.21 75.60 —0.248 ScaffoldS: 1218 063—1 221 133
TaGH3-8 533 57.82 5.53 42.51 91.93 —-0.127 Scaffold6: 1 943 4311 945 432
TaGH3-9 763 83.59 5.77 28.81 81.85 —0.281 Scaffold11: 202 562-205 201
TaGH3-10 872 92.62 4.77 31.01 80.94 —0.048 Scaffold11: 217 842—-220 634
TaGH3-11 865 92.78 5.60 31.34 75.31 —0.311 Scaffold16: 107 054-109 883
TaGH3-12 830 90.52 5.85 34.45 87.57 —0.097 Scaffold16: 366 080—368 681
TaGH3-13 733 76.67 5.71 29.28 83.49 —0.040 Scaffold16: 402 753—-405 123
TaGH3-14 795 87.03 5.44 35.26 80.92 —0.290 Scaffold16: 398 760—401 402
TaGH3-15 889 96.83 5.73 35.96 80.71 —0.338 Scaffold18: 107 287—109 956
TaGH3-16 814 88.57 5.12 33.73 80.98 -0.216 Scaffold25: 64 952—67 449
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Table 3  Predicted subcellular localization of GH3 proteins in Trichoderma asperellum

FR AR Predotar Euk-mPLoc YLoc WoLF PSORT CELLO
Gene name

TaGH3-1 4k Extra Hfi5h Extra Jfi4h Extra Jfa4h Extra Hfi b Extra
TaGH3-2 - AMIIE Mem Mfu4h Extra Jfa4h Extra Hfu4h Extra
TuGH3-3 - i E A4 Pex Ji4h Extra Mi4h Extra Hi4h Extra
TaGH3-4 - i E AL A Pex Yl fifeJi7 Cyto 4Bt Cyto Yl fifeJi7 Cyto
TaGH3-5 LR Mito M4k Extra 2R R Mito Ah Extra Nusb Extra
TaGH3-6 - 43T Cyto MR Cyto  4HAEAE Mem IR/ 4 i ) Mem/Cyto
TaGH3-7 - Ha4h Extra Ha4h Extra L4k Extra Hfa4h Extra
TaGH3-8 - - LBRifR Mito 4L Cyto M) Cyto
TaGH3-9 s Extra - Ja &b Extra a4 Extra Ui Cyto
TaGH3-10 Mi4h Extra Mish Extra Mish Extra Mi4h Extra Mish Extra
TaGH3-11 Mi4h Extra Mu4h Extra Hu4h Extra a4 Extra M4k Extra
TaGH3-12 - i AL Pex 4T Cyto 4 LT Cyto -

TaGH3-13 4l Extra a4k Extra a4k Extra L4l Extra a4k Extra
TaGH3-14 Mi4h Extra fash Extra fash Extra Jfa4h Extra Mfu4h Extra
TaGH3-15 8Kk Mito  — LRRIfR Mito  FfiSh Extra HHfLIT Cyto
TaGH3-16 - 20 fE Mem i 4h Extra Jfi4h Extra i 4h Extra
—: RTMZF]; Extra: Midh; Mito: ZRRiA; Mem: AJENE; Pex: idHELWEFHA; Cyto: MR

—: Unpredicted; Extra: Extracellular matrix; Mito: Mitochondrion; Mem: Membrane; Pex: Peroxisome; Cyto: Cytoplasm.
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Figure 2 The analysis of conserved motifs of TaGH3 proteins. A: The motif pattern of TaGH3 family.

B: The detailed information of ten motifs.
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