Extraction, Sequence alignment and Cloning of recombinant papain from carica
papaya

ABSTRACT

Papain is a proteolytic enzyme obtained from the fruits of carica papayawith abundant
therapeutic, food, industrial and analytical applications. The challenges related to the development of
papain technology on industrial scale include cost of production and downstream processing of the
enzyme. In the present research, the responsible for gene encoding papain enzyme was obtained from
the carica papaya plant, sequenced and amplified using polymerase chain reaction. This papain gene
was initially converted to cDNA and then the papain gene was sequence to identify the region of similarity
that may be a classify base on functional, structure, and phylogenic relationships between the known
papain DNA sequence and the sample Papain gene. The papain gene was then clone into the pBR322
cloning vector to create recombinant protein molecules. This showed that the DNA sequencing of the
extracted genes exhibited an acceptable level of similarity to the corresponding gene (MEROO647) with
identity of 98% and E-value 0.246 X10° from the public database NCBI (National Centre for
Biotechnology information) In contrast, the similarpapain genes sequence (P00784, MEROOG647, and
AT3G5470) in NCBI extracted from other sources in this study, the papaya gene sequences was obtained
from carica papaya (fruit) and in the sequence similarity analysis because the product was amplified from
MRNA that was extracted from carica papaya fruit.
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1. Introduction

“Papain is like other form of enzymes such as bromelain and ficin that are protein-digesting enzyme.
There enzymatic activity is based on the thiol-group of a cysteine residue within its active site. Papain has
a wide range of application including Food industries, cosmetics, fertilizer and pharmaceutical industries.

The application of purified proteins in therapeutics has been known for a long period of time. Hormones
such as insulin and human growth hormones, and other proteins were extracted and purified from
blood and other tissues before the emergence of recombinant DNA technologythe ability to genetically
engineer Escherichia coli and other organisms to produce large quantities of therapeutically desired
molecules, has led to the development of several therapeutic proteins” [1, 3]. “Some of these proteins
(e.g. erythropoietin) are greatly successful drugs with annual worldwide sales of several billion

dollars”[4].



Genetic and protein engineering are one of the vital tools employed for the industrial production of
recombinant proteins. Such proteins have greater applications in enzyme, pharmaceutical and the
agricultural industries. Over 200 approved recombinant proteins including albumin, growth hormone and
insulin among others, are on the FDA list [6]. The recombinant DNA technology had boosted enzyme
industries in several means: (i) the use of fermentation to produce enzymes of animals and plants origin;
(i) the use of industrial organisms to produce enzymes from microorganisms that are hard to propagate;
(i) enhancing productivity of enzymes with the help of manifold copies of genes, competent signal
sequences and very strong promoters; (iv) using a safe host to produce functional enzymes from[7].

Using recombinant DNA technology, currently, enzymes can be custom-made to meet the requirements
of the users or of the process. Moreover, protein engineering is being employed to generate enzymes of
greater quality[6]. In addition, directed evolution serves as a novel method for enhancing enzymes

production [8].

2. MATERIALS AND METHODS

2.1. Chemicals and Reagents

All chemicals and reagents used in this study were of analytical grade and commercially purchased.

2.1.2 Papaya sample (Fruit)

Fresh maturing Carica papaya (JS.22) was collected from the fruit sellers in Akure, Ondo state, Nigeria

and transported to Bio-solution laboratory.

2.2. METHODS

2.2.1 Extraction of mRNA

Thecarica papaya fruit, at its mid-development stage, was picked and immediately placed in dry ice that
had been crushed to a powder. The fruit was then shipped under these condition, 100 to 200 grams of the
frozen fruit were pulverized into fragments approximately the size of peas using a large mallet and plastic

bags. These fragments were then further ground into a fine powder at high speed in a Waring blender



that had been cooled with liquid nitrogen. The resulting powder was utilized immediately and stores at a

temperature of 70°Cin seal-a-meal bags.

Total RNA was isolated using the Fruit-mate (RNA Kit) as described by the manufacturers. To
begin with, the carica papaya was subjecting to a lysis and homogenization process using a buffer that
contained guanine-thiocyanate, a substance that denatures and inactivates RNase instantly. The sample
RNA mixture was purified using Mini Spin column-based purification method, and the sample was eluted
by adding 40-50pu L RNase free water to the column prior to centrifugation and quantified using

spectrophotometer and its quality was assessed using electrophoresis.

2.2.2 Conversion of RNA to cDNA

The recovered pellets were extracted with 1: 1 chloroform-butanol, precipitated with ethanol and
stored at -20°C. The gene (RNA) was converted to cDNA using reverse transcriptase and primers. The

Poly (A)-containing RNA was separated out using cellulose column without SDS in the buffers.

2.2.3 Papain gene Sequencing

The sequence alignment is a way of arranging the sequence of Papain DNA to identify region of
similarity that may be a consequence of functional, structure, and relationships between the known
papain DNA sequence and the sample Papain DNA sequence. mRNA sequence of the papain gene
(MEROOG647) from the National Centre of Biotechnology Information (NCBI)

(http://www.ncbi.nim.nih.gov). The relevant sequence was being retrieved from GenBank for sequence

alignment using Basic Local Alignment Search Tool (BLAST) and compared protein sequence and the
statistical significance of matches was calculated base on available papain sequence (UniProt

Knowledgebase).

2.2.4 Amplification of papain gene

A pair of primers Papain-F (3’-AAA TAA AAC ATC TCA- 5’) and Papain-R (5-GCC GTA GAA
AAG CCC TAT TAA A- 5), were designed using Primer3 software (version 4.0) (http://frodo.wi.mit.edu)

and synthesized by Eurogentec (Singapore) to be used for reverse transcription polymerase chain


http://www.ncbi.nlm.nih.gov/

reaction (PCR) experiments. The ACAC bases were added to the forward primer in order to make it
compatible with the TOPO vector. A 30 cycle’s reaction was performed at 94 -C (2 min) for denaturing, 58
°C (30 s) for annealing, and 72 -C (2 min) for extension. The PCR product was sequenced and the results

were blasted against the NCBI database to confirm that, if the correct gene was amplified.

2.2.5 Cloning of the Papain (Gene of interest)

The PCR product (papain gene) was cloned into a pBR322 cloning vector following the
manufacturer’s instructions and Recombinant molecules were formed after digesting the pBR322 and the
papain gene with the restriction enzyme BamHI (G-GATCC) and EcoRI (G-AATTC) to create sticky end
on both. And then the digested pBR322 was mixed with the papain gene and DNA ligase was employed

to the sticky end base pair creating a stable bond for recombinant papain.

3.RESULT AND DISCUSSION

3.1 The mRNA to cDNA

The size of the cDNA obtained was 1000 bp with at a range of +/-500 bp. One of the identified
(H6) clone observed was from mRNA released from polysomes pre-selected using papain-specific
antibody produced from total mRNA. Table 1 shows the clone’s cDNA screened for the papain gene

using synthetic single —stranded sequence of DNA[8].

Table 1: The sequences of the synthetic single —stranded sequence of DNA

Probe Region of papain complementary Sequence
Sequence
LDI Phe207 through termin. Codon 3-AAAATAGGNCANTTTTTAA- 5
G G C G
LC1 GInl14 through Ala120 3-TTGGNATATTAGTTCCNCG- &
C G GC

LC2 Tyr61 through Gly65 3-TATGGNTGTAATGG- 5"

C CC
VC1 Ser23 through Ala30 3-TCGACTCTTACGGGTTCTTGA-5

The alternate sequence combinations for mixed single-stranded DNALDI, LCl and LC2 are

indicated table 1. From the genetic code and the NCBI sequence for papain, three mixed probe



DNAdesignated LDI, LCl and LC2 were synthesized that would hybridize with three distinct regions of the
desired gene (Table 1). Each cDNA from the region on a plate showing hybridization to the probe DNA
isolated into wells of a microtiter dish, then after growth the pattern of isolates was transferred to filter

paper and hybridized to the LCI and LDIsingle-stranded DNA.

3.2 PCR product

The PCR product revealed 86%, 79% and 52% efficiency on D14057.1, D14058.1, and D14059.1
respectively with Correlation coefficient 0.999/85, 0.988/79 and 0.995/83 (Table 2). The coding started at
18 bp downstream from the last stop codon, is the sequence ATG CCT CCT GCA CCA CCA TAGAA for
D14057.1 at 86%, then 22 bp farther TGT AGG AGC CCG TAG GTC ATCT for D14058.1, and 28 bp

farther begins the GCCAAAAACCAACATGAAGCAT segment of D14058.1

Table 2: Fragment of PCR product

Gene Name Primer Sequence (Reverse and Spanned exons/ Amplicon PCR

Forward) 5 — 3’ (nM) Primer size (bP) efficiency R? ITm(°C)
Concentration (%)
D14057.1 ATG CCT CCT GCA CCA CCA 300/2™ 102 86 0.999/85

GCATTT GCG GTG GAC GAT

D14058.1 TGTAGGAGCCCGTAGGTCATCT 100/3th 135 79 0.988/79
TTCTCTCTGTATTCTCGAGCCATCT

D14059.1 GCCAAAAACCAACATGAAGCAT 300/4™ 95 52 0.995/83
TGCTCATGGCACTTCCCAG

3.3 Sequence alignment

The finding from a Blast search of the sequenced PCR product for papain gene showed that the
amplified fragment matched the following 98%, 96% and 92% similar to the mRNA sequences of the
papain gene in the NCBI database, MEROO647, P00784, and AT3G5470 respectively (Table 1). The
papain gene isolated from the papaya alignment result was not 100% similar to the sequence in the
public Database because the sample used in this study was extracted from a different varietal of carica

papaya, JS.22. The JS.22 varietal was used because it is available in Nigeria. This explanation is likely to



be correct because the primers we used were designed based on the mRNA sequence from carica
papaya Eksotika, while the PCR product was amplified from mRNA that was extracted from carica

papaya JS.22.

Table 3: Amplified fragment similarity/identity to the mMRNA sequences of the papain gene in the NCBI

database,

Sample Query sequence ldentity (%) Conserved Positive E-Value Accession
ID (% Coverage (%) Score Number
MSP1 86 96 95 0.5 0.313 X 107 P00784
MSP1 90 98 99 0.3 0.246 X 10° MEROO647
MSP1 74 92 75 0.1 1.821 X 10° AT3G5470

3.4. Recombinant Papain Clone

The clone amplified fragment were successfully inserted into the pBR322 vector. Through a
double digestion of the plasmid DNA using BamHI and EcoRlI, a positive clone was identified, showing
fragment of 820 bp, while EcoRI cut the TOPO vector DNA once at 673 bp. Enzymatic processes in
industries may necessitate high-temperature drying reaction to enhance productivity. The issues
discussed lend support to the idea that recombinant papain hold promise for various industrial uses. The
method outlined for producing recombinant papain in this research offers advantages in term of process
efficiency, scalability, and adaptability to specific application where commercially available papain is

currently utilized.

4. Conclusion

Papain gene has been successfully isolated, sequenced, and cloned into the pBR322 cloning vector. The
polar and hydrophobic amino acids encoded by the upstream sequence do not follow the typical
distribution pattern found in signal peptides. Instead, hydrophobic residues appear to be scattered

throughout the pro-sequence, suggesting that the polypeptide is unlikely to be transported out of the cell



during production. The presence of papain in the plant’s latex is likely due to the natural breakdown of
laticifer cells during fruit maturation. It will be intriguing to observe whether the cloned proprotein can be

converted to active papain through self-activation or by adding extracts from maturing papaya fruit.
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