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Table 1 Chymosin A specific primers used for PCR amplification of synthetic cyhmosin gene

PCR Product Primers sequence (5'- 3 annealing
length q temperature
CGGAATTCGCTGAGATTACCAGG .
1109bp Forward EcoRI 64.6 °C
Reverse ATGCGGCCGCTCTAGAGATG 62.5°C
Notl
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9
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Fig1 Circular plasmid map of the pPIC9 vector [20]. The sequence encoding chymosin A was inserted between the
EcoRI and Not sites.
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Fig 2 Sequence comparison between the original (prochy A) and the optimized (prochy A -opt) genes
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Table 2 The Results of chymosin A gene sequence analysis before and after optimization with web based
Rare Codon Analysis Report and Codon Adaptation Index Calculator software

CAI GC content CFD (The percentage of low frequency (<30%)
before after before after before after
0/59 0/72 57/37 0/43 7% 3%
S g o e (s olas as es Jlz=) B e 5 WA 5seS 05 JS s ses 5l ol b
sy g Sloses jlade oV Jsds) cils 13 Shs g 05 My oS s oLis NCBI cule js 5508 gileang
LYET s 8 acsloes 30 55 50 sla JIg5 L Sl peman 35l glaes adgl 0F g LTAY s us 0u
Table 3 The results of alignment of the optimized and non-optimized sequences of the chymosin A gene.
Accession Max score Total score Query coverage E value Max identity
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Fig 8 Confirmation of recombinant (pPIC9-chymosin) vector by restriction enzyme digestion. The plasmids were
extracted and digested with EcoRI and Nofl enzymes. Lane M: 1 kb DNA ladder, lanes 1-6: recombinant vector
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Animal chymosin due to the high quality of cheese texture and flavor is the most effective enzyme for
cheese production. Due to the increasing demand for this enzyme, in addition to the plant and microbial
sources, recombinant sources should be considered for chymosin production. In this study, in order to
produce recombinant chymosin, as well as improving the expression of bovine chymosin gene in yeast,
the sequence of the chymosin A gene was optimized and synthesized based on the codon usage of the
Pichia pastoris and was cloned in an appropriate expression vector. The codon adaptation index (CAI)
increased from 0.59 to 0.72 after codon optimization. There were 41 yeast rare codons (with frequency of
less than 10%) in the bovine chymosin A gene, whereas no rare codons in the codon optimized sequence.
In order to transfer the resynthesized chymosin A gene to the yeast expression vector pPIC9, this gene was
proliferated using the specific primers and was cloned in the PTG-19 vector. Recombinant (PTG19-
chymA) colonies were selected by the screening of white-blue colonies method. The resynthesized
chymosin A gene was then cut from PTG19-chymA vector using the restriction enzymes Notl and EcoRlI,
cloned into the pPIC9 vector and was transformed into DHS5a strain of E. coli. Colonies containing
recombinant vector (pPIC9-chymA) were identified and selected using colony-PCR technique. The
recombinant nature and correct insertion of resynthesized chymosin A gene in the yeast expression vector
pPIC9 were confirmed by plasmid extraction and its digestion with BamHI enzyme.
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