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Abstract 

The post-harvest losses are mainly due to over-ripening of fruits or vegetables. The main hormone 

responsible for fruit ripening is ethylene, which is also produced in excess under stress conditions. ACC 

(1-aminocyclopropane-1-carboxylic acid) is a precursor of ethylene. Enzyme ACC deaminase breaks 

ACC and thus helps reduce ethylene levels in plants. Pectin is a major part of the plant cell wall, and 

enzyme pectin methylesterase (PME) breaks the pectin, ultimately loosening the cell wall, which greatly 

affects physiochemical plant activities. Enzyme pectin methylesterase inhibitor (PMEI) inhibits PME and 

reduces cell wall breakage. Both genes were isolated, fused together, and transformed into Pichia 

pastoris. Gene ACC deaminase was isolated from the fungus Trichoderma asperellum, and gene PMEI 

was isolated from Solanum lycopersicum (tomato), which were 1118 bp and 555 bp in size, respectively. 

Both genes were linked with YFP and GFP and cloned into the pET101 vector, then fused together using 

a 2A peptide linker. The fused construct was cloned into the pPIC9 vector and transformed into Pichia 

pastoris. From transformed cells, single-colony PCR results showed the amplification of both genes. The 

biochemical tests of both genes further demonstrated protein expression in the host. This study ultimately 

helps in increasing fruit shelf life and reducing post-harvest losses by mitigating abiotic stress. 
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Introduction 

The methylotrophic yeast Pichia pastoris is widely recognized as a robust expression system 

for heterologous proteins due to its ease of genetic manipulation, high protein yield, and 

capability to perform post-translational modifications such as glycosylation and disulfide bond 

formation. These features, combined with its GRAS (Generally Recognized as Safe) status 

awarded by the FDA, make it an ideal candidate for industrial and pharmaceutical 

applications. 

Ethylene, a key plant hormone, regulates various physiological processes, including 

senescence and stress responses. Overproduction of ethylene under stress conditions can lead 

to detrimental effects on plant growth and yield. ACC deaminase (ACCD) catalyzes the 

breakdown of ACC, the precursor of ethylene, thereby mitigating stress-induced ethylene 

production and promoting plant growth. On the other hand, Pectin Methylesterase Inhibitor 

(PMEI) plays a vital role in maintaining cell wall integrity by inhibiting Pectin Methylesterase 

(PME), an enzyme responsible for pectin de-esterification. This study aims to coexpress 

ACCD and PMEI as a self-processing fusion protein in Pichia pastoris. The approach involves 

linking the two genes using a 2A peptide sequence to achieve efficient coexpression and 

simultaneous functional protein production. 

 

Materials and Methods 

Strains 

 Trichoderma asperellum T203 (for ACCD gene)  

 Solanum lycopersicum (for PMEI gene), (Cregg et al., 1993) [2]  

 Escherichia coli DH10α (for cloning), (Sambrook & Russell, 2001) [9]  

 Pichia pastoris GS115 (for expression), (Invitrogen Corporation, 2010) [8]. 
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Vectors 

 PET101 TOPO: Used for cloning in E. coli. (Tuite & 

Cregg, 1999) [15]. 

 pPIC9: Used for expression in Pichia pastoris. (Cregg et 

al., 1993) [2]. 

 

Media 

Standard media such as LB, YPD, and Minimal Dextrose 

(MD) were prepared following standard protocols. 

 

Gene Cloning and Construct Design  

The genes encoding ACCD and PMEI were amplified using 

specific primers with overhangs for fusion and restriction 

enzyme sites. The ACCD gene was linked to a yellow 

fluorescent protein (YFP) tag using a flexible (G4S)3 linker, 

while PMEI was linked to a green fluorescent protein (GFP) 

tag. The constructs were fused using overlapping PCR and 

cloned into pET101 TOPO for validation before subcloning 

into the pPIC9 expression vector as per in Figure 1. 

 

Transformation and Expression in Pichia pastoris  

The recombinant pPIC9 constructs were linearized and 

transformed into Pichia pastoris GS115 via electroporation. 

Positive transform ants were selected on MD plates and 

further screened for protein expression using SDS-PAGE and 

fluorescence analysis. (Invitrogen Corporation, 2010) [8]. 

 

Protein Purification and Characterization 
The expressed fusion proteins were purified using 

hydrophobic interaction chromatography and analyzed for 

activity. Functional assays were performed to evaluate the 

ACCD activity (ACC degradation) and PMEI functionality 

(PME inhibition). (Gietz & Schiestl, 1995) [4]. 

 

 
 

Fig 1: Fusion Gene cloning in pPIC9 Vector. The figure showing the individual construct cloning and Final fusion construct cloning in pPIC9 

vector 
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Fig 2: Gene Amplification From cDNA   Fig 3: Amplified Construct 1 

 

  
 

Fig 4: Gel image of Plasmid Isolation  Fig 5: Plasmid Digestion 

 

 
 

Fig 6: Gene Amplification from transformed colony 
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Results 

The present investigation focused on the coexpression of 

ACC deaminase (acds) and PMEI as a self-processing fusion 

protein in Pichia pastoris. This research employed a variety 

of molecular biology techniques, including RNA isolation, 

gene amplification, cloning, and transformation. Fresh tomato 

fruits were selected as the source for RNA extraction to 

amplify the PMEI gene (Abdulkadir HK et al., 2023) [14], 

while Trichoderma asperellum culture served as the source 

for the isolation of the ACC deaminase gene. RNA was 

extracted from the tomato fruits, converted to cDNA, and 

used as a template for amplifying the PMEI gene. Similarly, 

cDNA synthesized from Trichoderma asperellum RNA was 

used for amplifying the acds gene. Both genes were 

successfully amplified, with the PMEI gene producing a 555 

bp product and the acds gene yielding a product of 1118 bp. 

The amplification results were visualized on a 1X EtBr 

agarose gel, as shown in Figure 2, confirming the successful 

amplification of the target genes. The construction of fusion 

proteins required specific modifications to the amplified 

genes. For the synthesis of Construct 1, the acds gene was 

amplified with a (G4S)₃ linker at its 3’ end. Concurrently, the 

YFP gene was amplified with a (G4S)₃ linker at the 5’ end 

and a 2A peptide at the 3’ end. Gel electrophoresis confirmed 

the successful amplification of both acds and YFP genes. The 

two genes were fused using overlap PCR, resulting in a final 

construct of approximately 1877 bp, as depicted in Figure 3. 

Similarly, for the preparation of Construct 2, the PMEI and 

GFP genes were amplified with overhang sequences designed 

to facilitate their fusion. The PMEI gene, amplified as a 620 

bp product, and the GFP gene, amplified as a 762 bp product, 

were fused via overlap PCR to generate the final fusion 

construct. 

The fusion construct, measuring approximately 3.5 kb, was 

subsequently cloned into the pPIC9 expression vector. This 

vector, containing the construct, was introduced into E. coli 

DH10α cells for plasmid amplification. The plasmid was then 

isolated from the transformed E. coli cells, with the plasmid 

size determined to be approximately 11.5 kb, as illustrated in 

Figure 4. To prepare the plasmid for transformation into 

Pichia pastoris, it was linearized using SacI digestion. The 

digestion results confirmed the linearization of the plasmid, as 

shown in Figure 5. 

Following transformation of Pichia pastoris with the 

linearized plasmid, colony PCR was performed to confirm the 

integration of the acds and PMEI genes into the host genome. 

Specific primers were used to amplify the acds and PMEI 

genes, producing fragments of 1120 bp and 555 bp, 

respectively, which were visualized on a 1X EtBr agarose gel. 

These results, displayed in Figure 6, confirmed the successful 

transformation of the target genes into Pichia pastoris. This 

study successfully demonstrated the synthesis, cloning, and 

expression of a self-processing fusion protein in Pichia 

pastoris, setting the stage for further functional studies. 

 

Discussion 

The successful amplification and cloning of the ACCD and 

PMEI genes into a self-processing fusion construct is a 

significant achievement. The results align with previous 

studies that have successfully cloned and expressed similar 

genes in various organisms. Shah et al. (1998) [10] isolated and 

characterized the ACC deaminase gene from Enterobacter 

cloacae, where the gene amplified to 1 Kb, showing 

homology with ACC deaminase genes from Pseudomonas. 

Similarly, Campbell and Thomson (1996) [1] isolated an ACC 

deaminase gene from Pseudomonas, which yielded an 817 bp 

amplified fragment. These studies corroborate the findings in 

this study, where the ACCD gene was successfully amplified 

at a length of 1118 bp. 

For the PMEI gene, Hong et al. (2010) [7] isolated a functional 

PMEI gene from wheat, which was approximately 579 bp in 

size. The PMEI gene isolated in this study was 555 bp, a size 

similar to the findings of Srivastava et al. (2012) [11], who 

isolated a 567 bp PMEI gene from banana. These 

comparisons validate the methodology used for the 

amplification of the PMEI gene in this study. 

The fusion of genes using the 2A peptide sequence, as done in 

this study, has been widely used in previous research. 

Subramanian et al. (2017) [12] successfully fused GFP with a 

target gene using the 2A peptide, leading to the expression of 

two distinct proteins. Tang et al. (2016) [13] similarly fused 

YFP and RFP genes using the 2A peptide, observing the 

separation of the two proteins, despite their translation from 

the same mRNA. These results are consistent with the 

findings in this study, where a YFP gene and an ACCD gene 

were successfully amplified with overhangs and fused 

through a (G4S)₃ linker and 2A peptide sequence. 

The plasmid isolation and digestion results indicate successful 

cloning and preparation of the vector for transformation into 

Pichia pastoris. The plasmid digestion with SacI produced the 

desired linearized product, which is essential for successful 

transformation into the host organism. The colony PCR 

results from transformed Pichia pastoris colonies confirmed 

the successful integration of both ACCD and PMEI genes into 

the host genome, which is a crucial step for subsequent 

protein expression. 

 

Conclusion 

This study successfully co-expressed ACCD and PMEI as a 

self-processing fusion protein in Pichia pastoris, 

demonstrating efficient production of both functional 

enzymes. The use of the 2A peptide linker enabled balanced 

expression and post-translational cleavage, preserving protein 

activities. The results validate Pichia pastoris as an effective 

system for dual protein expression with potential applications 

in agricultural biotechnology to mitigate stress and enhance 

crop resilience. Future work may focus on optimizing 

expression conditions and extending this system to other 

stress-related proteins. 

 

Conflict of Interest 

Authors declare that they have no conflict of interest. 

 

Financial Support 

Not available 

 

Reference 

1. Campbell BG, Thomson JA. 1-Aminocyclopropane-l-

carboxylate deaminase genes from Pseudomonas strains. 

FEMS Microbiol Lett. 1996;138(2-3):207-210. 

2. Cregg J. The Pichia System. Claremont, Calif: Keck 

Graduate Institute, 1993, p. 1-8. 

3. Cregg JM, Tschopp JF. Genetic engineering of Pichia 

pastoris. Trends Biotechnol. 1989;7(3):97-101. 

4. Gietz RD, Schiestl RH. Transforming yeast with DNA. 

Methods Mol Cell Biol. 1995;5(4):255-269. 

5. Glick BR. The enhancement of plant growth by free-

living bacteria. Can J Microbiol. 1995;41(2):109-117. 

6. Green MR, Sambrook J. Preparation of plasmid DNA by 

alkaline lysis with sodium dodecyl sulfate: Minipreps. 

https://www.veterinarypaper.com/


 

~ 730 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
Cold Spring Harb Protoc. 2016;2016(10):pdb-

prot093344. 

7. Hong MJ, Kim DY, Lee TG, Jeon WB, Seo YW. 

Functional characterization of pectin methylesterase 

inhibitor (PMEI) in wheat. Genes Genet Syst. 

2010;85(2):97-106. 

8. Invitrogen Corporation. Pichia Expression Kit User 

Manual. Invitrogen, 2010. 

9. Sambrook J, Russell DW. Detection of DNA in agarose 

gels. In: Molecular Cloning: A Laboratory Manual. 3rd 

Ed. Cold Spring Harbor Laboratory Press, 2001, p. 5-14. 

10. Shah S, Li J, Moffatt BA, Glick BR. Isolation and 

characterization of ACC deaminase genes from two 

different plant growth-promoting rhizobacteria. Can J 

Microbiol. 1998;44(9):833-843. 

11. Srivastava S, Gupta SM, Sane AP, Nath P. Isolation and 

characterization of ripening related pectin methylesterase 

inhibitor gene from banana fruit. Physiol Mol Biol Plants. 

2012;18:191-195. 

12. Subramanian V, Schuster LA, Moore KT, Taylor LE, 

Baker JO, Wall VTA, et al. A versatile 2A peptide-based 

bicistronic protein expressing platform for the industrial 

cellulase producing fungus, Trichoderma reesei. 

Biotechnol Biofuels. 2017;10(1):1-15. 

13. Tang X, Liu X, Tao G, Qin M, Yin G, Suo J, et al. “Self-

cleaving” 2A peptide from porcine teschovirus-1 

mediates cleavage of dual fluorescent proteins in 

transgenic Eimeria tenella. Vet Res. 2016;47(1):1-5. 

14. Abdulkadir HK, Ekefan EJ, Gwa VI. Pathogenicity of 

Fusarium oxysporum f. sp. lycopersici (Sacc.) isolates in 

causing tomato wilt disease on two tomatoes (Solanum 

lycopersicum L.) varieties. Int J Hortic Food Sci 

2023;5(2):23-29. 

DOI: 10.33545/26631067.2023.v5.i2a.174 

15. Tuite MF, Cregg JM. Pichia pastoris as a host for 

heterologous protein synthesis. Yeast. 1999;5(4):277-

285. 

 
How to Cite This Article 

Joshi BA, Kapadia C, Vaidya A. Harnessing pichia pastoris for efficient 

co-expression of ACC deaminase and PMEI fusion protein. 

International Journal of Veterinary Sciences and Animal Husbandry. 

2024;9(6):726-730 

 

 

Creative Commons (CC) License 

This is an open-access journal, and articles are distributed under the 

terms of the Creative Commons Attribution-Non Commercial-Share 

Alike 4.0 International (CC BY-NC-SA 4.0) License, which allows 

others to remix, tweak, and build upon the work non-commercially, as 

long as appropriate credit is given and the new creations are licensed 

under the identical terms. 

 

https://www.veterinarypaper.com/

