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Introduction
 
 
 
The aggregation of locusts is (partially) triggered by aggregation pheromones. The predominant 

compounds in nymphal and young adult faeces are phenol and guaiacol, whereas older adults 

also contain phenylacetonitrile [1]. The production of these compounds have been associated 

with the locust gut bacteria [2]. To reverse this swarming behaviour, we researched enzymes that 

degrade the compounds phenol and guaiacol.  

Our initial idea was to express and improve the enzyme laccase, from Bacillus pumilus (BPUL, 

BBa_K863000), as it is an enzyme capable of oxidizing both phenolic and non-phenolic lignin 

related compounds. In literature we found that by performing site directed mutagenesis to 

introduce the mutations L386Q, G417R, V482G we could enhance the oxidation reaction [3], 

thereby increasing the rate at which the laccase degrades guaiacol. But after talking to experts 

about our approach, they recommended us to not reverse this swarming behaviour but to kill the 

locust instead.  

Despite not using BPUL BBa_K863000 we decided to add some literature information that we 

found to be really relevant into the registry page, as well as propose an approach to obtain the 

desired mutations. We hope that another iGEM team will find these suggestions on how to 

improve the laccase activity useful. 

 

 Mutations to be introduced 
 

We will use the BPUL BioBrick as a DNA template (BBa_K863000) and introduce the 

mutations described in Ihssen et al. (2017) [3]. In order to decide the codon for each 

mutation, the GenScript Codon Usage Frequency Table (chart) Tool was used 

(https://www.genscript.com/tools/codon-frequency-table). In order to decide which codon to 

mutate, three parameters have been considered: Higher fraction, Higher frequency/thousand and 

less bp to mutate. The mutations chosen are described in Table 1. 

 
Table 1: Mutation codons chosen for the desired point mutations. The bp number in the original part BBa_K863000 is described, as 
well as the original codon and the mutated version. 

Mutation Bp in BBa_K863000 Bp in BBa_K863000 Mutation codon 

L386Q 1189 – 1191 TTA CAA 

G417R 1282 – 1284 GGC CGC 

V482G 1477 – 1479 GTT GGT 

 

http://parts.igem.org/Part:BBa_K863000
http://parts.igem.org/Part:BBa_K863000
https://www.genscript.com/tools/codon-frequency-table
http://parts.igem.org/Part:BBa_K863000
http://parts.igem.org/Part:BBa_K863000
http://parts.igem.org/Part:BBa_K863000
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Site-directed mutagenesis (SDM): primer design 
 

 
In order to introduce the point mutations, a double-stranded DNA (dsDNA) will be constructed by 

PCR using overlapping primers (50 bp overlap) containing the desired mutations (Figure 1) .  

 
Figure 1: Schematic representation of the BPUL gene with the primers that will be used for introduction of the 

mutations  (BPUL Fwd and BPUL Rev) as well as for amplification of the plasmid backbone pSB1C3 (Vector Fwd and 

Vector Rev). 

The maximum length of this type of primers is 200 bp. The primers can be ordered in IDT as 

Ultramer(R) DNA Oligonucleotides. Each primer has 25 bp before the first introduced mutation. 
 
 

Gibson Assembly 
 

Assembly of the constructed dsDNA into the plasmid vector with the rest of the gene will 

be done by Gibson Assembly. The BioBrick plasmid containing BPUL enzyme (available 

in the Registry 2019, well 13I) was constructed in silico using Snapgene: 

 

1. Addition of the prefix and suffix sequences to the BBa_K863000 

2. Digestion of the BBa_K863000 and the plasmid backbone pSB1C3 with EcoRI and PstI. 

3. Ligation 

 

Primers to amplify the vector were designed with the following considerations: 

• 20 bp overlapping with the insert 

• 35 bp from the vector (in this case, part of the BPUL gene as the insert is a part of this 

gene containing the mutations) 

 

A list of the sequences of the primers designed can be found listed Table 2. Each primer has 

been analyzed using Snapgene (Table 3). 

 

  

https://www.idtdna.com/pages/products/custom-dna-rna/dna-oligos/ultramer-dna-oligos
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Table 2: Primer sequences to amplify the BBa_K863000 dsDNA and plasmid backbone pSB1C 

for Gibson Assembly. 

 

Primer Sequence (5’  3’) 

BPUL Fwd 
acaggataaatacggccgtcctattcaattgctagataaccaattttggaatgaccctgtcacggaaaatcct
cgtcttggcagtgtggaggtttggtctatcgtcaatccaacaaggcgcacacatcctattcatttacaccttgtt

caattcagagtgatagacagaagaccatttgatactgaggtc 

BPUL Rev 
gccacacatacctgccgctgtatggaccaaagcgagcgatgatccgaatgacttcaccggcatgcgcttg
aatggtgtccttgtagccttgttcatgtaagggaggtgcttcgtttggtcctgtatacacaatgtcccctgtcgatt

gatagacctcagtatcaaatggtcttctgtctatcactctgaattgaacaagg 

Vector Fwd cagcggcaggtatgtgtggcattgtcatatattagagcacgaggattatgacatg 

Vector Rev gacggccgtatttatcctgtgtaccggtaagagtgagcgtacgctctttatcagc 

 

Table 3: Information about the primers described in Table 3, including: length, GC%, Melting 

temperature (Tm) and mutations contained. 

 

Primer Length GC% Tm Mutations 

BPUL Fwd 190 bp 43% 75˚C L386Q, G417R 

BPUL Rev 200 bp 49% 79˚C V482R 

Vector Fwd 55 bp 45% 70˚C - 

Vector Rev 55 bp 51% 72˚C - 
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