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Abstract 

Cellulose-binding module (CBM) is a protein domain commonly found in various types of 
cellulase enzymes. The function of this CBM can be used for the binding process and the 

immobilization of a protein in the cellulose matrix. CBM can be obtained from several 

organisms, one of them is Trichoderma reesei. To get a gene, it does not have to be isolated 
from the original organism. Gene sequences can be obtained synthetically through 

bioinformatics analysis in accordance with the same gene sequences as those at Gene Bank. 

Bioinformatics analysis can be used to find new gene sequences or existing genes. This study 

aims to get a cbmsyn synthetic gene quickly and efficiently without reducing protein activity, 
which can then be ligated with other genes so that it functions as an immobilized enzyme. From 

the results of bioinformatics analysis, obtained DNA sequences measuring around 498 pb with 

166 amino acid protein lengths. The sequence was modified by adding several restriction sites, 
namely BamHI, AfeI, and ScaI. The DNA sequences obtained were optimized with the Pichia 

pastoris codon. 
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1. INTRODUCTION 

Cellulose-binding Module (CBM) is a 

protein domain found in many types of 
cellulase enzymes. CBM generally 

functions in the process of binding cellulase 

enzymes to the substrate, namely cellulose 
so that it can facilitate the work of the 

cellulose enzyme (Wang et al. 2001). This 

CBM function can be used for the binding 

process and immobilization of a protein in 
the cellulose matrix. 

CBM was initially classified as 

Cellulose Binding Domain (CBD) based on 
the initial discovery of several modules that 

bind cellulose (Ito et al. 2004). CBM can be 

obtained from various organisms, one of 

which is Trichoderma reesei. Trichoderma 
is a cellulase enzyme producing 

microorganism that has often been used in 

industry. To obtain a CBM protein coding 
gene, it does not have to be isolated from 

the original organism. Gene sequences can 

be obtained synthetically through 
bioinformatics applications. 

Bioinformatics is the science of 

collecting and analyzing biological data 

such as the genetic code (Saraswati, 2017). 
Bioinformatics is an alternative in exploring 

sequences of genes or enzymes because 

there are various biological information 
presented in an online database (Wahyuni, 

2018). The advantage of this method is that 

it is economical and can be a preliminary 

study before a real experiment is conducted. 
This bioinformatics analysis aims to 

create synthetic CBM genes (cbmsyn) with 

web-based programs from T. reesei 
organisms at GeneBank. In addition, a 

specific primary design for cbmsyn gene 

amplification will also be made. 
 

2. RESEARCH METHOD 

Analysis of structure, function, and 

expression of cbmsyn genes 
 The analysis was done using several 

bioinformatics databases such as http://www. 
ncbi.nlm.gov, Pubmed, http://www.uniprot. 

org, and http://www.ensembl.org. The 

CBM gene sequences obtained were then 
optimized with the Pichia pastoris codon 

using the DNAWorks 3.2 program. 
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CBM protein sequence analysis 

 Sequence analysis of CBM proteins 
(protein domains, psycho-chemical 

characteristics, amino acid scale profiles, 

signal peptide predictions, target peptide 

predictions) using the site 
http://www.expasy.org, Prosite, Protparam, 

Pro-Scale, Psipred, SignalP, TargetP and 

PeptideCutter. 
Analysis of 3D structure of CBM 

proteins. 

 The analysis performed using the Bank 

Data protein site, http://bioinf.cs.ucl.ac.uk/ 
PSIPRED menu and 3D protein using the 

website http://www.pdb.org Swiss menu 

PYMOL model and software. 
Primary Design Analysis 

 The analysis conducted using Primary 

3 software from gene sequences which have 
high similarity (in the dominant cds base 

region) with a unique base for primary 

design. To avoid the hairpin, select the 

sequence of results from the primary 
Perlprimer software design. 

Amplification of the CBMSyn gene with 

Polymerase Chain Reaction (PCR) 

 Amplification of the cbmsyn gene 

using cbmF 'specific primers (5'-GTT 

ACTCCTATCGATTCTAGAAGCGCTGA
TTACAAGGACGATGAT-3') and cbmR  

'(5'-GATGAGTTTTTGTTCTAGAGACA 

AACATTGTGAGTAGTAATCGTTAGA

GTA-3') with a total volume of 25 µl 
containing 1 µl DNA, 0.2 µl DNA 

polymerase enzyme, 0.625 µl primers cmbf' 

and cbmR', 0.5 µl dNTPs, 5 µl Buffers and 
17.05 ddH2O. PCR amplification was 

carried out in 30 cycles. One cycle consists 

of three stages, namely denaturation 

(denaturation), attachment (annealing), and 
elongation (extension). The PCR condition 

consisted of initial denaturation at 980C for 

3 minutes. 
 The next stage of the PCR cycle was 

carried out 30 times starting with 

denaturation at 980C for 30 seconds, 
annealing at a temperature of 44.5-57.50C 

for 30 seconds, initial polymerization at a 

temperature of 720C for 3 minutes. The 

PCR cycle was followed by final 

polymerization at 720C for 5 minutes and 
the temperature dropped to 40C. The PCR 

results were then visualized by 1% agarose 

gel electrophoresis. 

Electrophoresis of PCR Results 

The results of PCR were migrated into 

1.5% agarose gel at 100 Volt 40 minutes. 1 

kb DNA marker is used as a marker. Gel 
staining using ethidium bromide (10µg / 

mL) for 10 minutes, then put into distilled 

water for 5 minutes to wash ethidium 

bromide which is still attached to the gel. 
Gels containing DNA fragments are 

visualized using the UV Trans Illuminator 

and documented using the Digibox Camera 
Documentation System Gel. 

Purification of the cbmsyn gene from 

agarose gel 

Purification of the cbmsyn gene from 

agarose gel was carried out by DNA 

Fragments Extraction Kit / PCR from 

Geneaid. Purification of DNA from agarose 
gel consists of four main stages, namely gel 

dissociation, DNA binding, washing, and 

DNA elution. 
 

3. RESULT AND DISCUSSION 

CBM gene sequence analysis 

Based on the search results of the CBM 

gene sequences in the geneBank through 
NCBI with access number M15665, cbm 

gene sequences were obtained from 

Trichoderma reesei (Hypocrea jecorina) 
organisms consisting of 498 base pairs 

(figure 1.) 

The gene has been modified by adding 

some restriction sites like BamHI, AfeI, and 
ScaI. The DNA sequence was then 

optimized with the Pichia pastoris codon 

using the DNA Works 3.2 program. 
Analysis of 3D structure of CBM 

proteins 
To determine the presentation of amino acids, 

molecular weight, isoelectric point (pI) and 

other physico-chemical properties of the protein 

Endoglucanase EG-I, an analysis was performed 

using Postparam Expasy. 
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Figure 1.Modified cbmsyn gene sequences by loading several restriction sites (GGATCC: 

BamHI; AGCGCT: AfeI ’AGTACT: ScaI). 
 

  

Table 1. Physical and Chemical Properties of the protein Endoglucanase EG-I 

Parameter Protein 

Endoglucanase EG-

1 

Berat Molekul 42870.67 

pH isoeleltrik 5.17 

Komposisi asam 

amino 

ala (A)  128          

25.7% 

Cys (C) 132          

26.3 % 
Gly (G) 89            

17.9 % 

Thr (T) 150           
30.1 % 

Komposisi atom Carbon      C          

1555 

Hydrogen  H         
2614 

Nitrogen    N           

498 
Oxygen      O          

649 

Sulfur         S           
131 

C1555H2614N498O649S131 

Total jumlah atoms: 

5447 

Index aliphatic 25.70 

Grand average of 

hydropathicity 

(GRAVY) 

0.837 
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Primary Design Analysis 

Primary design is part of bioinformatics 
which is the most important factor in 

determining unknown DNA sequences 

(Seprianto, 2018). The primary design 

using "Primary 3" software was then 
confirmed by BLAST NCBI to see primary 

specificity. To see the secondary structure 

(hairpin loop,  

 

dimer) produced by the primer, an analysis 
was performed using PerlPrimer. The 

primary design of the sequences was 

selected and entered into the primary output 

3 program, and several primary design 
alternatives were obtained as follows: 

 

  
 

 

     
Figure 2.  Primary design through the primary 3 output program 

  

From the results of the primary analysis, the 

one that meets the requirements is primary 
2 which has a product size of 154 bp 

starting at base 270. Forward Primer1 has a 

length of 20 bases, Tm 58.88 ° C, and% GC 

50%. Reverse primer 1 has a length of 20 
bases, Tm 59.30 ° C, and% GC 55%. This 

primer does not form a hairpin loop, dimer, 

or palindrome after being analyzed using 
software http://sg.idtdna.com / analyzer / 

Applications / OligoAnalyzer / 

 

Site Analysis Restriction 

To find out the restriction sites found in the 

cbmsyn gene, the analysis was performed 

using Snapgene software. The purpose of 
this restriction site is to ensure that the gene 

can be cut with one of the desired 

endonuclease restriction enzymes. The 

results of the analysis are presented in 

Figure 3.  

 
 
Figure 3. Restriction Enzyme Mapping on 

the cbmsyn gene with Snapgene software 
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Amplification of the cbmsyn gene with 

Polymerase Chain Reaction (PCR) and 

Purification 

Amplification of the cbmsyn gene is done 

using CbmF 'and CbmR' specific primers. 

The length of the cbmsyn gene DNA 
fragment was 498 pb and after 

amplification it produced a cbmsyn gene 

size of 261 pb (Figure 4). The PCR results 
are then purified with the aim of increasing 

DNA purity and minimizing the occurrence 

of contaminants 

 

 
Figure 4. Results of cbm gene PCR with a 

size of around 261 pb. M = marker 100 bp, 

1: result of cbmsyn 1st elute gene 

amplification purification, 2: cbmsyn gene 
amplification results of 2nd elute gene. 

4. CONCLUSION 

 From the results of bioinformatics 

analysis, obtained DNA sequences 

measuring around 498 pb with 166 amino 
acid protein lengths. The sequence was 

modified by adding several restriction sites, 

namely BamHI, AfeI, and ScaI. The DNA 
sequences obtained were optimized with the 

Pichia pastoris codon. 
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