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ABSTRACT (THAI)  บุณยสิทธิ์ พรงาม : การหาภาวะที่เหมาะสมของการผลิตโปรตีนนิวคลีโอแคปซิดของ

ไวรัสพีอาร์อาร์เอสในต้น Nicotiana benthamiana. ( PRODUCTION 
OPTIMIZATION OF PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME 
(PRRS) VIRUS NUCLEOCAPSID PROTEIN IN NICOTIANA BENTHAMIANA) อ.ที่
ปรึกษาหลัก : รศ. ดร.วรัญญู พูลเจริญ 

  
ไวรัสพีอาร์อาร์เอส (PRRS)เป็นเชื้อก่อโรคที่สำคัญที่ก่อให้เกิดโรคในสุกรและส่งผล

กระทบทางเศรษฐกิจต่ออุตสาหกรรมสุกรทั่วโลกรวมทั้งประเทศไทย การตรวจสอบการติดเชื้อไวรัส
พีอาร์อาร์เอสอย่างสม่ำเสมอเป็นสิ่งที่จำเป็นสำหรับการเฝ้าระวังและควบคุมโรคได้อย่างมี
ประสิทธิภาพ วิธีการตรวจสอบที่ใช้กันอย่างแพร่หลายคือการใช้โปรตีนนิวคลีโอแคปซิด (N) ของ
ไวรัสในการตรวจหาแอนติบอดีต่อโปรตีนนั้นในเลือดสุกร ฉะนั้นการศึกษานี้จึงมีวัตถุประสงค์เพ่ือ
ผลิต โปรตีนนิวคลีโอแคปซิด (N) ของไวรัสพีอาร์อาร์เอส โดยใช้พืช Nicotiana benthamiana 
เป็นแหล่งผลิต โปรตีนนิวคลีโอแคปซิด (N) จะถูกผลิตใน 4 รูปแบบ คือ มีและไม่มี plant signal 
peptide รวมถึงตำแหน่งที่ของ poly His-tag ที่ต่างกันและถูกใส่เข้าไปในเวคเตอร์ geminiviral 
(pBYR2e-K2Md) สำหรับการแสดงออกชั่วคราวใน N. benthamiana สภาวะของการแสดงออก 
เช่น  โครงสร้างยีน  ระยะเวลาในการเก็บ เกี่ ยวใบ  (dpi) และความหนาแน่นของเซลล์  
Agrobacterium (OD600) จะถูกปรับให้เหมาะสมสำหรับการผลิตโปรตีนให้ได้ปริมาณมากที่สุด 
นอกจากนี้การวิเคราะห์ด้วย western blot ของโครงสร้างยีนทั้งหมดบ่งชี้ว่า นิวคลีโอแคปซิด (N) 
มีน้ำหนักโมเลกุลประมาณ  38 kDa อย่างไรก็ตามโครงสร้างยีนที่ประกอบด้วย plant signal 
peptide และมี poly His-tag ในตำแหน่งปลายด้านหมู่อะมิโนอิสระ ให้ผลการแสดงออกในระดับ
ที่สูงกว่าเมื่อเปรียบเทียบกับโครงสร้างยีนอ่ืนๆ จากนั้นโครงสร้างยีนนี้ได้นำมาหาสภาวะที่เหมาะสม
สำหรับการแสดงออกเพ่ือให้ได้ปริมาณโปรตีนที่สูงที่สุดคือเก็บเกี่ยวใบวันที่  4 หลังการฉีดเชื้อและ 
ความหนาแน่นของเซลล์ Agrobacterium ที่ 0.6 ดังนั้นการพิสูจน์แนวคิดนี้บ่งชี้ว่า นิวคลีโอแค
ปซิด (N) ที่ผลิตจากพืชนั้นสามารถใช้เป็นทางเลือกหนึ่งในการผลิตโปรตีนรีคอมบิแนนท์แอนติเจน
ไวรัสพีอาร์อาร์เอส เพ่ือใช้สำหรับการวินิจฉัยการติดเชื้อไวรัสพีอาร์อาร์เอส 
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KEYWORD: PRRS virus, Transient expression, Nicotiana bemthamiana 
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REPRODUCTIVE AND RESPIRATORY SYNDROME (PRRS) VIRUS 
NUCLEOCAPSID PROTEIN IN NICOTIANA BENTHAMIANA. Advisor: Assoc. Prof. 
WARANYOO PHOOLCHAROEN, Ph.D. 

  
Porcine Reproductive and Respiratory Syndrome virus (PRRSV) is a 

considerable pathogen to occur disease in pigs and effect to economic on the 
swine industry around the world including Thailand. Routine observation, rapid 
diagnosis of PRRSV infection is essential for effective monitoring and disease 
control. The serological assays using highly conserved viral nucleocapsid (N) 
protein are widely used for the detection of antibodies to the PRRSV. Accordingly, 
this study was aimed to produce the N-protein of the PRRSV in the plant system 
by using Nicotiana benthamiana. The N-protein gene was designed into four 
constructs that contained with and without the plant signal peptide including the 
different locations of poly His-tag and cloned in a geminiviral vector, pBYR2e-K2Md, 
for transient expression in N. benthamiana. The conditions of expression such as 
effective gene construct, leaf harvesting time (dpi), and Agrobacterium cell density 
(OD600) were optimized for maximal protein production. Further, by using a western 
blot assay, the results of protein expression of all constructs indicated N-protein 
size with an approximate molecular weight of 38 kDa. However, the construct that 
consists of the plant signal peptide with poly his-tagged in the N-terminus shows a 
higher-level expression compared to the other constructs. Subsequently, this 
construct was optimized for the high-level expression at 4 dpi and 0.6 of the 
Agrobacterium cell density. Therefore, this proof-of-concept study indicated that 
plant-produced N-protein can be used as an alternative production platform to 
produce recombinant PRRSV antigens for the diagnosis of PRRSV infection. 
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CHAPTER I INTRODUCTION 
Porcine reproductive and respiratory syndrome (PRRS) is an infective swine 

illness, which affects pigs in respiratory illness and reproductive failure in pregnant 

sows. It causes widespread economic loss by decreases productivity in the swine 

industry worldwide including Thailand (1, 2). This virus was initially found in the North 

American countries in 1987, a few years later in the European countries (3) and it was 

an outbreak since 1989 in Thailand ( 4) .  The PRRSV has been described as two 

different genotypes, European (type 1), and North American (type 2). In 2004, PRRSV 

in Thailand was reported that virus type 1 was found more frequently than the virus 

type2  ( 5) .  In 2 0 0 6 , the highly pathogenic PRRSV (HP-PRRSV) outbreak caused 

extremely damages in most swine herds in China ( 6)  and expanded to neighbor 

countries including Vietnam, Lao PDR in 2008 (7)  and Thailand in 2010. After 2010, 

Thai-PRRSV can be divided into 2 groups, type 2 and HP-PRRSV strain (8). 

PRRS virus (PRRSV) is a positive-stranded enveloped RNA virus that belongs to 

the genus Arterivirus. The PRRSV genome RNA is 15 kb in length and contains at least 

11 known open reading frames (ORFs). The replicase gene composes of the immense 

ORFs 1a and 1b, which locates in the 5’-terminal three fourths of the polycistronic 

genome. Of these, ORF1 a and 1 b regions encode two large nonstructural 

polyproteins (pp), pp1 a and pp1 ab. the pp1a, and pp1ab replicase polyproteins 

processed into at least 14 nonstructural proteins (nsps). The ORFs 2 –7  encode to 

eight structural proteins, consisting minor envelope proteins, major envelope 

proteins, and the nucleocapsid protein (N protein) (9). 

ORF7 of the viral genome, 123-128 amino acid, produced nucleocapsid 

protein (N protein). The infected cell is plentiful of N protein, which is the most 

immunogenic. The anti-N antibodies are non-neutralizing and nonprotective. The N 

protein can separate into two parts, including N-terminal and C-terminal. The N-
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terminal part contains a large number of positive charges, which is logical with 

function in the RNA-binding. The C-terminal part is the dimerization domain (10). This 

protein is enclosed by a lipid envelope comprising the viral membrane (11). In the 

previous study, N protein has ever been produced from several production systems, 

for example, bacteria (12-15), plants (16), and mammalian cells (17-19). The study of 

PRRSV N protein has been applied to use as a vaccine and detector. 

Using plants to protein production system is a new technology. It has 

advantages over other systems, for example, cheap manufacturing cost, rapid 

production, protein modification by the addition of protein glycosylation for similar 

to the human protein, low contamination of pathogens that cause disease in humans 

and animals and not need laboratory skill. The plant-produced recombinant protein 

has already sold as a commercial product in the market, such as Taliglucerase alpha 

( 2 0 ) , Zmapp. The production of recombinant proteins in plants can produce in 

several ways. The traditional method is used to produce genetically modified plants 

or transgenic plants, but it takes a long time to produce, and protein production is 

low. Currently, the new technology that can be used in the production of proteins 

makes temporary the proteins produced in plants is a transient expression (21 -23 ). 

This method has many advantages. They are ease of management, short production 

period, low production cost, and high production yield. The plant is used to produce 

proteins in the transient method are Lactuca sativa, Arabidopsis thaliana or tobacco 

(Nicotiana tabacum). Recently, Nicotiana benthamiana has been used as a source 

for transient producing protein because it is accessible to transferred the genes and 

higher protein production (24). 

The financial capabilities for product manufacturing is associated on the final 

yield. Multiple aspects directly affect the product yields, including the mechanism of 

transgene expression and targeted protein secretion, physiological properties of the 
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host, and the surronding (25 ).To enhance protein production capasity, combination 

of affecting factors, for example, cloning methods for optimization of gene constructs 

can be utilized (26-29).  For cloning techniques, the yields of protein is increased 

following the addition of stabilizing sequences such as the endoplasmic reticulum 

(ER) retention tag, which can induce protein storage in the intracellular compartment 

(29). Thus, this phenomenon demonstrates the improvement on recombiant protein 

production as provided by the localization capacity for recombinant protein storage 

and enhanced stability of storaged protein. 

This study aims to optimize the condition of plants-produced recombinant 
nucleocapsid protein of porcine reproductive and respiratory syndrome virus (PRRSV) 
by transient expression technique.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4 

1.1 Research Hypotheses 
1. Nicotiana benthamiana can produce Porcine Reproductive and Respiratory 

Syndrome Virus nucleocapsid protein transient expression technique. 

2. A construct containing plant signal peptide has a higher protein expression 

 than another construct that is without plant signal peptide. 
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CHAPTER II LITERATURE REVIEW 
1. Overview of Porcine Reproductive and Respiratory Syndrome (PRRS) 

Porcine Reproductive and Respiratory Syndrome (PRRS) is a porcine infectious 

disease caused by the PRRS virus (PRRSV). It causes abnormal symptoms in pigs such 

as fever, conjunctivitis, depression, diarrhea, and anorexia. In addition, an acute 

respiratory failure in young piglets is more obvious. In breeder pigs, the reproductive 

system has serious problems, for example, the semen quality of the male pigs is low 

or contaminated with PRRSV that makes symptoms of miscarriage in pregnant sows 

(9, 30).  

Initially, PRRSV emerged in the United States in 1987 and a few years later in 

Europe. With the outbreaks in different regions, the genomic identity is an 

approximately 50-60% between the two subtypes (10), so there is divided into two 

distinct genotypes: type 1 was found in Europe also known as Lelystad (LV) and Type 

2 in the United States (ATCC VR2332) (7). The PRRSV strains that can be isolated in 

Thailand are genetically similar to the PRRSV genotype type 2 (8). 

PRRSV is a member of the Arteriviridae family within the order Nidovirales, a 

recently recognized viral family genomically related to the Coronaviridae and 

Roniviridae families. The Arteriviridae family consists of five viruses and constitutes of 

single-stranded positive-sense (+) RNA genome which participate in a hallmark 

replication/transcription strategy (31). There characteristics are genetically and 

biologically similar, such as genomic organization, morphology, and a cellular tropism 

for the macrophage lineage (32) but differ in host species, disease phenotype 

genomic size, and encoded content (33). In length 14.9 to 15.5 kb of PRRSV genome 

expresses a range of accessory and structural proteins through a set of sub-genomic 

mRNA transcripts, each used for the translation of one open reading frame (ORF) 

Figure 1.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6 

 

Figure 1. Porcine reproductive and respiratory syndrome virus (PRRSV) genome 
organization. 

PRRSV replication progresses by a range of genetic and protein regulatory 

mechanisms. Expression of the first three-fourths of the 14.9–15.5 kb genome yields 

4 known polyproteins (pp1a, pp1a-nsp2N, pp1a-nsp2TF, pp1ab). Canonical 

structural proteins are expressed exclusively through a set of subgenomic RNAs 

(sgRNA; 2–7) via a co-terminal discontinuous transcription strategy via a negative-

sense strand intermediate (31). 

The PRRSV genome has the large overlapping replicase ORF, the first and 

largest region of ORF for the non-structural proteins via ORF1a, ORF1a’, and ORF1b. 

ORFs 2-7 can be encoded to make up 8 structural proteins; 4 types of glycosylated 

membrane protein (GP2-5), three of un-glycosylated membrane proteins (E, GP5a, M), 

and nucleocapsid protein (N). 

In Thailand, the specific treatment of PRRS diseases for infected herds, or 

prevention methods other than vaccines are still incurable (34, 35).  Moreover, the 

use of antibiotics is necessary to prevent the secondary infection by other viruses or 

bacteria. In the field, various management procedures have been implemented to 
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achieve farm and regional control of PRRSV infection; these include a PRRSV test for 

semen and gilt acclimation, the elimination of the seropositive animal, herd 

depopulation and repopulation. However, control and eradication of PRRSV within a 

relatively large region is much more complicated and is expected to require a much 

longer-term commitment. Therefore, effective PRRSV control and prevention 

methods are urgently needed (36). 

2. Recombinant Protein Production via Nicotiana benthamiana 
In the current production of recombinant proteins, it can be produced using 

various systems such as bacteria, yeast, insect cells, mammalian cells, and plants. 

Furthermore, the production of recombinant proteins in bacteria is used the most 

because it can be produced easily, quickly and the production price is relatively low 

(37). However, produced-recombinant proteins by bacteria are not the same as 

recombinant proteins produced by higher organisms such as yeast and mammalian 

cells because bacteria do not have the ability of post-translational modification, the 

addition of a sugar group (glycan) to a protein. In order that bacteria are non-

processed of post-translation modification (38), which is necessary to many proteins 

such as antibodies (39 ) or other glycoproteins (40 -42) because the sugar groups on 

proteins have a significant effect on the functioning of these proteins. Therefore, 

many proteins produced by bacteria cannot function effectively. 

Another popular industrial production of recombinant protein is the use of 

mammalian cell cultures (43), which can produce good quality recombinant protein 

and similar to proteins in humans. Nevertheless, in this production system from 

mammalian cell cultures, the production cost is quite high because the production 

process must be controlled to have very high sterility and cell culture media is quite 

expensive. Therefore, the recombinant protein production system using mammalian 

cell cultures is not suitable for use in developing countries. 
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The production of recombinant proteins can be processed by using the 

platform that mention above. Plants are novel recombinant protein production 

platforms and have many advantages over other production systems such as low 

production costs, fast production time, the protein is enriched by adding a sugar 

group for similar to that of humans, free from pathogens that cause disease in 

humans and animals, and do not need laboratory skills workers. In addition, 

production can be scaled up at the factory level. Recently, many recombinant 

proteins are produced in plants and tested to use properly, such as monoclonal 

antibodies (44-46), subunit vaccines (42, 47, 48), cytokines (49 , 50), biologically active 

peptides (51).  

There are several methods for the production of recombinant proteins in 

plants. The traditional method used is transgenic plants were developed in a sterile 

condition and transfer the gene of interest into plant cells by using Agrobacterium. In 

order to transfer the genes into plant cells, the plant cells are cultured on selective 

medium and then only plant cells with the transfected genes that make the cells 

resistant to antibiotics. After the selection of cells containing the desired genes will 

change the media by adding hormones to stimulate roots and stems until when the 

plants grow and able to be planted in the soil. Then it is possible to select plants 

with the genes of interest (52). The process of producing genetically modified crops 

to produce the required proteins is shown in Figure 2. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 9 

 

Figure 2. Schematic diagram showing major steps involved in the generation of 
transgenic plants using Agrobacterium-mediated transformation. (52) 

Due to the transgenic plant will take a long time to develop and the amount 

of recombinant protein produced is low. Presently, the new technologies that can be 

used to produce protein in plants can be done without the need to change the 

plant's genetics or transient expression (21-23). The transgenic plant method requires 

considerable time and cost, and the level expression of target proteins is usually 

low, which results make a higher product cost due to the difficulty of protein 

purification ( 5 3 , 5 4 ) . Transient protein expression is a quick alternative method to 

genetically modified plants. The advantages of transient production ease of 

management short production time, low cost, and higher protein yield per weight of 

plant tissue/ fresh leaves. 

There are several types of plants used in the transient proteins production, 

such as lettuce (Lactuca sativa), Arabidopsis (Arabidopsis thaliana) or tobacco 

(Nicotiana tabacum). Currently, Nicotiana benthamiana has been used as a 
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bioreactor to produce a large amount of transient protein. Because the genes can be 

easily transmitted to plant cells and can produce large quantities of recombinant 

proteins (24). As part of the transient recombinant protein production process in 

plants will be able to bring plants that are not genetically modified to put the genes 

by using Agrobacterium. After injecting bacteria into the leaves, the plants are 

planted for 4-12 days, and then the leaves can be extracted for the protein and 

purified proteins out of other plant proteins. This method of protein production 

requires a short production time and able to produce high amounts of protein. In 

addition, there is no genetic modification of plants. A method for the production of 

transient recombinant proteins in plants. is shown in Figure 3. 

 

Figure 3. The general principle of transient expression in plants mediated by A. 
tumefaciens. (55) 

Genes encoding the recombinant protein of interest in a binary expression vector (1) 

are introduced into A. tumefaciens (2), which is cultivated (3) and infiltrated into 

plant tissue (4), facilitating the expression and accumulation of the recombinant 

protein in plant cells (5). 

Advances in the expression of heterogeneous proteins from plant systems 

include strategies relevant to bioengineering, such as optimizing gene expression 

constructs that have some affecting factors to improve the potential of protein by 

adding promoter sequences, tag sequences, and retention signals (56-59). First, signal 

peptides (SP) are proteins tagged with an N-terminal secretion sequence in a short 

length of approximately 16-30 amino acid residues. The signal peptides are necessary 

for passing through the secretory pathway across the first membrane and for this 
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reason universally control the entry of all proteins to the secretory pathway in 

eukaryotes and prokaryotes (60). Moreover, the newly synthesized recombinant 

protein with secretion signal is recognized and translocated in the endoplasmic 

reticulum (ER)-Golgi pathway to allow protein processing and complete post-

translational modifications. Previous studies have demonstrated that utilizing efficient 

signal peptides to subcellular localization can contribute to the yields of the 

recombinant proteins (61-63). Selection of the most suitable signal peptide has 

described a method to increase secretion of proteins and improve production levels 

of recombinant proteins. Second, poly-histidine (His) tag is a well-known small metal 

chelating tag which consists of 6 to 10 Histidine residues added either at the N- or C-

terminus (64). Poly-His tag is widely used for detection and purification of 

recombinant proteins via immobilized metal affinity chromatography (65). Third, 

retention peptide tag, a C-terminal peptide (SEKDEL/KDEL), play as a major 

determinant for recombinant proteins structure and stability (66) by expressing 

proteins that go through to the endoplasmic reticulum (ER) for post-translational 

modification (PTM) and move to Golgi complex for Golgi-specific modifications (67). In 

addition, the SEKDEL-tagged protein can interact with the KDEL receptor, leave the 

ER, undergo PTMs in the cis-Golgi, and be successively retrieved back to the ER by 

retrograde transport (68). Furthermore, the SEKDEL-tagged possess essential features 

to assist recombinant protein in the proper folding because they are localized in ER 

that has become promising for protein folding and storage to presumably increase 

protein levels (69) Therefore, the potential of the SEKDEL tagging strategy in 

increasing yields of recombinant proteins suggests further investigations.  
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CHAPTER III EXPERIMENTAL 
1. Experimental Design 
 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 13 

2. Materials 

2.1. Gene 
The published PRRSV nucleocapsid gene sequence (N gene; Accession No. 

ABU87671.1) has been synthesized (Bioneer company, Korea) 

2.2. Enzyme 
Restriction enzyme XhoI (New England BioLabs, Ipswich, MA, USA) 

Restriction enzyme XbaI (New England BioLabs, Ipswich, MA, USA) 

Restriction enzyme SacI (New England BioLabs, Ipswich, MA, USA) 

Taq DNA polymerase (Vivantis, Malaysia) 

Q5 DNA polymerase (New England BioLabs, Ipswich, MA, USA)  

T4 DNA ligase (New England BioLabs, Ipswich, MA, USA)  

2.3. Cloning and Expression vector 
pGEMT-Easy Vector (Promega) (Appendix A) 

pGEMT-SP Vector 

pBYR2e-K2Md Vector (Appendix B) 

2.4. Molecular Biology kits 
AccuPrep Nano-Plus Plasmid Mini Extraction kit protocol (Bioneer, Korea) 

AccuPrep Gel Purification Kit (Bioneer, Korea) 

2.5. Chemical 
Acrylamide (Himedia, India) 

Agarose (Vivantis, Malaysia) 

Ampicillin (ITW Reagents, Darmstadt, Germany) 

Kanamycin (Bio Basic, Markham, ON, Canada) 

Rifampicin (Thermo Fischer Scientific, Waltham, MA, USA) 

Gentamicin (ITW Reagents, Darmstadt, Germany) 

2-N-morpholino-ethanesulfonic acid (MES) (ITW Reagents, Darmstadt, 

Germany) 
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Magnesium Sulphate (MgSO4) (Merck, USA) 

Tris (Vivantis, Malaysia) 

Enhanced Chemiluminescence (ECL) plus detection reagent (Abcam, UK) 

Color reagent A (stabilized peroxide solution) and color reagent B (stabilized 

chromogen solution) (R&D Systems) 

Nitrocellulose membrane (Bio-Rad) 

0.45 µm S-Pak membrane filters (Merck, Massachusetts, USA) 

Amintra Ni-NTA affinity resin (Expedeon, Cambridge, UK),  

Visafe green dye staining (Vivantis, Malaysia) 

2.6. Bacteria 
Escherichia coli (DH10B strain) 

Agrobacterium tumefaciens (GV3101 strain) 

2.7. Antibodies 
HRP-conjugated rabbit polyclonal anti-His antibody (Abcam, UK) 

2.8. Buffer 
2.8.1. DNA loading 6x dye 

38% (w/v) Glycerol, 0.08% (w/v) Bromophenol blue, 0.08% (w/v) Xylencyanol 

2.8.2. Z-buffer non-reducing dye 

125 mM Tris HCl pH 6.8, 12% Sodium Dodecyl Sulphate, 10% Glycerol, 

0.001% 

Bromophenol blue 

2.8.3. 1X Phosphate-buffered saline (PBS) 

137 mM Sodium chloride (NaCl), 2.7 mM Potassium Chloride (KCl) 

8.1 mM Sodium hydrogen phosphate (Na2HPO4) 

1.5 mM Potassium dihydrogen phosphate (KH2PO4) pH 7.4 

2.8.4. Phosphate-buffered saline-Tween (PBST) 

1X PBS, 0.05% Tween 20 
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2.8.5. Coomassie® blue stain solution 

0.1% (w/v) Coomassie Brilliant Blue R-250, 40% Methanol, 10% Glacial acetic 

acid, H2O 

2.8.6. Destaining solution 

10% Glacial acetic acid, 40% Methanol, H2O 

2.8.7. 1X Running buffer 

25 mM Tris, 192 mM Glycine, 1% SDS 

2.8.8. 1X Transfer buffer 

25 mM Tris, 192 mM Glycine, 15% Methanol 

2.8.9. 1X Infiltration buffer 

10 mM MES, 10mM MgSO4 pH 5.5 

 2.8.10 Buffer for protein Isolation: Extraction buffer 

20 M Tris-HCl pH 7.4, 50 mM NaCl, 5 mM Imidazole 

2.8.11 Buffer for protein Isolation: Washing buffer  

20 M Tris-HCl pH 7.4, 50 mM NaCl, 20 mM Imidazole 

2.8.12 Buffer for protein Isolation: Eluting buffer 

20 mM Tris-HCl pH 7.4, 50 mM NaCl, 250 mM Imidazole 

2.9 Media 
2.9.1. Luria Bertani Broth (LB broth) 

1% NaCl, 0.5% Yeast extract, 1% Peptone 

2.9.2. Luria Bertani Agar (LB Agar) 

1% NaCl, 0.5% Yeast extract, 1% Peptone, 1.5% Agar  
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3. Method 
3.1. Gene design and construction 

3.1.1. Codon opimization for Nicotiana benthamiana 
 a. SP–PRRSV-N–His–SEKDEL 

 The published PRRSV nucleocapsid gene sequence (N gene) was selected 

from GenBank (Accession No. ABU87671.1). The nucleotide sequence was condon-

optimized for Nicotiana benthamiana expression by geneart codon optimization 

(ThermoFisher Scientific, USA). The gene was combined with plant signal peptide, 8x 

histidine tag, SEKDEL sequence and restriction enzyme including XbaI, XhoI, and SacI. 

The pattern of PRRSV N-gene construct was XbaI - plant signal peptide – XhoI - 

PRRSV N-gene - 8x histidine tag – SEKDEL – SacI (Figure 4). This template was 

ordered for synthesis from a company (Figure 4A) and was inserted into geminiviral 

vector (pBYR2e) at gene of interest position (Figure 4B). 

 

 

 

 

 

 

Figure 4. Schematic diagram of pBYR2e with PRRSV N-gene constructs 
(A.) Schematic diagram of pBYR2e used in this study. LB and RB, the left and right 

borders of the gene region transferred by Agrobacterium into plant cells; Pin2 3′: the 

terminator from potato proteinase inhibitor II gene; P19: the RNA silencing 

suppressor from tomato bushy stunt virus; TMVΩ 5′-UTR: 5′ untranslated region of 

LB RB TMVΩ 

5’-UTR 

Pin2 3’ P19 P35S P35S LIR Gene of Interest Ext3’FL Rb7 5’del SIR C1/C2 LIR 

A. 

(a.)  

SP-N-His XbaI XhoI SacI 

SP N gene 8x His SEKDEL 

B. 
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tobacco mosaic virus Ω; P35S: Cauliflower Mosaic Virus (CaMV) 35S promoter; LIR: 

long intergenic region of BeYDV; (B.) Gene of Interest: construct (a.) SP-N-His. 

3.1.2. Primer designed and construction 
 For the other three constructs of PRRSV N-gene, SP-PRRSV-N–His–SEKDEL, 

which used as a template, was amplified with specific primer (Table 1.) and cut with 

a restriction enzyme. 

Table 1. The designed primers used for amplification and cloning 

Primer name Primer sequence (5’ to 3’) Direction 

XbaI-SP-F TCTAGAACAATGGGCTGG Forward 

SacI-SEKDEL-R CGAGCTCTCAAAGCTCATCCTTTT  Reverse 

SP-His-PRRSV-F CTCGAGCATCATCACCACCATCACCATCATATGGCCGGCAAG

AACCAGTC 
Forward 

SEKDEL-PRRSV-R GAGCTCTCAAAGCTCATCCTTTTCAGAACTAGCACCCTGTGA

AGCAG 
Reverse 

T7-F TAATACGACTCACTATAGGG Forward 

SP6-R ATTTAGGTGACACTATAG Reverse 

2e-29e-F TGATATCTCCACTGACGTAAGG Forward 

2e-29e-R GCTTTGCATTCTTGACATC Reverse 

 

b. PRRSV-N–His–SEKDEL  

 For PRRSV-N–8x histidine–SEKDEL (Figure 5) was digested the SP–PRRSV-N–

His–SEKDEL, used as a template, by using restriction enzyme XhoI and SacI for 4 

hours at 37oC. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 18 

 

 
Figure 5. Schematic diagram of PRRSV N-gene constructs (b.) 

c. His–PRRSV-N–SEKDEL  

 To make 8x histidine-PRRSV-N-SEKDEL construct (Figure 6), the specific 

primer SP-His-PRRSV-F and SEKDEL-PRRSV-R were used for amplifying the template. 

This construct was amplified by polymerase chain reaction (PCR) with Q5™ High-

Fidelity DNA polymerase which has a proofreading activity (3’ to 5’ exonuclease 

proofreading activity) and in final step was added Taq DNA polymerase for generating 

the DNA products have adenosine base overhang at 3’-terminus that useful in 

cloning with plasmid that has a T (Thymine) 3’ overhang, pGem®-T cloning vector, so 

the DNA products were able to ligate into cloning vector. 

 

 

Figure 6. Schematic diagram of PRRSV N-gene constructs (c.) 
d. SP–His–PRRSV-N–SEKDEL  

 For SP–8x histidine–PRRSV-N–SEKDEL (Figure 7) was ligated into pGem®-T 

cloning vector that had already been fused with plant signal peptide. 

 

 

Figure 7. Schematic diagram of PRRSV N-gene constructs (d.) 
 

3.2. Cloning and transformation of cloning vector 
 The synthetic gene (construct a.) with the cloning vector from a company 

was transformed into competent Escherichia coli (E. coli) cells strain DH10B by heat-

(b.)  

N-His XhoI SacI 

N gene 8x His SEKDEL 

(c.)  

His-N 
XhoI SacI 

N gene 8x His SEKDEL 

(d.)  

SP-His-N 
XbaI XhoI SacI 

SP N gene 8x His SEKDEL 
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shocked transformation, which process introduces foreign DNA into a cell. The cells 

were mixed with the recombinant plasmid and incubated for at least 20 minutes on 

ice. The mixture cells were heat-shocked at 42oC for 45-90 seconds in the heating 

box. The heat-shocked cells were put back on the ice again for 2 minutes and 

incubated with Luria Bertani (LB) broth at 37oC for 45-60 minutes. The transformed 

cells were spread on LB agar overnight in -37 oC incubator. The recombinant cells 

grew up and were selected for confirming by PCR with specific primers, XbaI-SP-F and 

SacI-SEKDEL-R (Table1.), and separated by 1% agarose gel electrophoresis. The gel 

visualized by Visafe green dye staining. 

The completion amplified gene (construct c.) was ligated into pGem®-T 

cloning vector with T4 DNA ligase enzyme and incubated at room temperature for 

overnight. The ligated product was transformed into DH10B competent cells by the 

heat shock transformation. The transformed cells were spread plate on LB agar with 

100 mg/L of ampicillin, 20 µl of 1M IPTG (Isopropyl β-d-1-thiogalactopyranoside), and 

40 µl of X-gal (5-bromo-4-chloro-3-indolyl-beta-D-galacto-pyranoside) and incubated 

at 37oC for 16-18 hours. The cells grew up in blue and white colonies because the 

cloning vector, pGem®-T, contains the coding sequence of lacZ gene which encodes 

of β-galactosidase enzyme for hydrolyzing X-gal and making blue-colored colonies. 

When a plasmid vector is inserted by foreign DNA, the β-galactosidase enzyme will 

not produce, therefore, the colonies will turn a white color. The white-colored 

colonies were selected and confirmed by PCR with forward primer, T7-F, and reverse 

primer, SP6-R, (Table1.). The PCR products were separated by 1% agarose gel 

electrophoresis and visualized by Visafe green dye staining. 

 The selected colonies were cultured in LB broth containing ampicillin 100 

mg/L and incubated at 37oC, for 16-18 hours. The cultured cells were extracted from 

the recombinant plasmid by using a plasmid extraction kit. The extracted plasmids 
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contain the gene of interest (construct a.) was double digested with a restriction 

enzyme at XbaI- SacI site and XhoI- SacI site, which was for making construct b. and 

resolved from 1% agarose gel after agarose gel electrophoresis by using the Gel DNA 

Extraction kit.  

 The extracted plasmid (construct c.) was double digested with XhoI and SacI 

restriction enzyme. The digested construct c. was ligated into pGem®-T cloning 

vector that had already been fused with plant signal peptide and transformed into E. 

coli by the heat-shocked transformation. The selected recombinant cells were 

checked by PCR with T7-F and SP6-R primer and cultured in LB broth containing 

ampicillin 100 mg/L at 37oC, for 16-18 hours with shaking incubator, 200 rpm. The 

cultured cells were extracted from the recombinant plasmid. The extracted plasmid 

was double digested with XbaI and SacI restriction enzyme. The digested gene was a 

construct d. All the constructs were confirmed the sequence by sequencing analysis. 

3.3. Cloning and tranformation of plant expression vector 
 This study was used plant expression vector that is a geminiviral vector 

named pBYR2e. The pBYR2e was double digested with XbaI and SacI and XhoI and 

SacI. The digested expression plasmids were ligated with the digested N gene 

(construct a.-d.) to make pBY-SP-N-His (construct a.), pBY-N-His (construct b.), pBY-

SP-His-N (construct c.), and pBY-His-N (construct d.). The recombinant plasmids 

were transformed into E. coli by the heat-shocked transformation. The recombinant 

cells were spread on LB agar plates containing 50 mg/L of kanamycin and incubated 

at 37oC for 16-18 hours. The colonies were selected and verified by using PCR with 

specific primer, 2e-29e-F and 2e-29e-R, and double digestion with a restriction 

enzyme. The selected colonies were cultured in LB broth containing 50 mg/L of 

kanamycin at 37oC, for 16-18 hours with shaking incubator, 200 rpm. The 

recombinant plasmid was extracted from cells cultured.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 21 

After recombinant plasmid extraction, the plasmid was transformed into 

Agrobacterium tumefaciens strain GV3101 by electroporation, which technique uses 

an electric for the permeability of cell membrane is introduced DNA into the cells. 

The competent Agrobacterium tumefaciens was mixed with a recombinant 

expression vector on ice and transferred to a dry electroporation cuvette and 

electroporated using an electroporator. The electroporated cells were added 1 mL 

of LB broth immediately and incubated at 28oC for 90-120 minutes. The recombinant 

cells were spread plate on LB agar comprising of three antibiotics, 50 mg/L of 

kanamycin, gentamicin, and rifampicin, and maintained at 28oC for 48 hours. The 

chosen colonies were confirmed the inserted gene by PCR with primer, 2e-29e-F, and 

2e-29e-R. 

3.4. Plant inoculation and protein expression 
3.4.1. Determination of protein expression level from each construct 

Each construct of recombinant Agrobacterium tumefaciens was cultured in 

the LB media containing 50 mg/L of kanamycin, gentamicin, and rifampicin in 

condition at 28oC for overnight with shaking incubator, 200 rpm. The cultured cells 

were centrifuged in condition at 4,000 g for 15 minutes. The cell pellet was 

resuspended with 1x infiltration buffer (10 mM of MES and MgSO4). Tobacco leaves, 

Nicotiana benthamiana, 6 to 8 weeks-old were infiltrated with the cell solution in 

optical density at wavelength 600 nm (OD600) approximately 0.4 by syringe without a 

needle. Plants are grown in a controlled room with 16-hr light exposure per day at 

28°C after infiltration. The infiltrated leaves were collected on days 4 post-infiltration 

(dpi). 

For small-scale, infiltrated tobacco leaves were extracted by grind using liquid 

nitrogen with a mortar. The leaves were become too fine powder and added PBS 

buffer (phosphate buffer saline) as an extraction buffer in ratio 1 g of fresh leaves to 
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1 mL of extraction buffer. The solution was homogenized by vortex for at least 5 

minutes. The crude was centrifuged at 26,000 g, 4°C for 20 minutes. The crude 

extract was determined by SDS-PAGE and western blot analysis. 

3.4.2. Optimization of Protein expression 
The highest protein expression level construct was chosen for optimizing 

condition including the concentration of cell solution and day post-infiltration. The 

recombinant cell was cultured at 28oC for overnight with shaking incubator and 

centrifuged at 4,000 g for 15 minutes. The cell pellet was resuspended with 1x 

infiltration buffer. The resuspended cells were prepared in various OD600 

concentration of 0.2, 0.4, 0.6, 0.8, and 1.0. The prepared cell solutions were 

infiltrated into tobacco leaves and harvested at 2-5 dpi. Infiltrated tobacco leaves 

were extracted in small-scale extraction and determined by SDS-PAGE and Western 

blot analysis. 

3.4.3. Large scale protein expression 
The recombinant cell, the highest protein expression level construct, was 

cultured in a small volume (5-10 mL) of LB broth containing antibiotics at 28oC for 

overnight and cultured again in large volume (100-300 mL) of LB broth containing 

antibiotics at 28oC for overnight with shaking incubator. The cultured cell was 

centrifuged at 4,000 g for 15 minutes. The cell pellet will be resuspended with at 

least 2 L of 1x infiltration buffer to a final optimized OD600 concentration. The plants 

were infiltrated by using vacuum infiltration. The plants were placed upside down 

into Agrobacterium cell solution in vacuum chamber. The infiltrated leaves were 

harvested at optimized dpi and extracted with extraction buffer ratio 1:1 by using a 

blender. The homogenized solution was filtered through cheesecloth and centrifuged 

at 26,000 g, 4°C for 45 minutes. After centrifugation, the supernatant was filtered with 
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a 0.2-micron filter membrane and become crude extract. The crude extract will be 

purified by though into affinity chromatography. 

3.5. Protein purification 
The affinity chromatography in this study used nickel column 

chromatography. To prepare the nickel column, Chelating SepharoseTM was initially 

loaded onto the column and washed with 10 bed volumes of distilled water. Then, 

the bead was incubated with 5 column volumes (CV) of 1M NiSO4∙6H2O solution for 

at least 5 minutes. Subsequently, the column was equilibrated with 10 CV of PBS, 

extraction buffer in preparation for sample addition. The filtered crude extract was 

loaded into the column. After that, the column was washed with 10 CV wash buffer 

(20mM imidazole, 20mM Tris-HCl pH7.4, 50mM NaCl), the his-tagged protein was 

eluted out of the column after the addition of elution buffer (250mM imidazole, 

20mM Tris-HCl pH7.4, 50mM NaCl) and examined by SDS-PAGE and western blot. 

3.6. SDS-PAGE and western blot 
 The proteins were subjected to denaturation under non-reducing condition 

by boiling at 95oC for 5 minutes with Z-buffer as loading dye buffer and separated on 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS–PAGE) (15% 

acrylamide). Protein separation was investigated by visualization using Brilliant Blue 

R250 Coomassie staining or electrophoretically transferred to 0.2 µm nitrocellulose 

membrane. The membrane was blocked with 5% skim milk in PBS buffer. The 

membrane was probed with anti-6xHistidine conjugated with HRP diluted at 1:5,000 

in 3% skim milk in PBS buffer. The membranes were developed by 

chemiluminescence using ECL plus detection reagent.  
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6. Research Framework 
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CHAPTER IV RESULTS AND DISCUSSION 
Porcine reproductive and respiratory syndrome (PRRS) is described to be the 

swine disease-causing to pig’s health and productivity as a result has a significant 

economic and social impact. The PRRS virus (PRRSV) observation is necessary for 

early diagnosis, implementation of control measures, and disease handling (70). The 

N-protein stimulates the rapid humoral immune response after PRRSV infection. Since 

the N-protein is a numerous protein of the virion, and it is highly conserved and great 

antigenic. However, the N-protein of PRRSV has been generated in E. coli (71), the 

unseemly folding and aggregation of recombinant proteins may affect diagnostic 

utility and test sensitivity because viral proteins expressed in eukaryotic cells (72). On 

the other hand, the proteins expressed in bacteria do not have post-translational 

modifications so that such an approach may fail to produce clear results when 

relevant to the antigen complex (14). Therefore, the diagnostic tests are used to 

detect antibodies specific N-protein of PRRSV and are considered a potential 

biomarker for diagnosing early stage. In this study, the production optimization of 

PRRSV nucleocapsid protein in Nicotiana benthamiana was investigated. 

Recombinant proteins produced in plants have been shown to be optimally folded 

and used with fast scalability, safety, speed, and the most economical benefits. 

Plants are therefore an alternative protein production platform (73, 74). 

1. Nicotiana benthamiana-produced nucleocapsid protein of PRRSV 
1.1 Cloning of N-protein coding gene in plant expression vector 

To obtain a recombinant bacterium expressing a codon-optimized 

nucleocapsid protein (N-protein), the gene that encoding N-protein of PRRSV (region 

on ORF7) was codon-optimized for expression in tobacco. The clone was developed 

by containing plant signal peptide, 8x histidine tag and three restriction enzymes 

(XbaI, XhoI, and SacI) as showing in Figure 8. The gene sequence encoding N-protein 

of PRRSV was synthesized in different expression constructs as shown on Appendix A.  
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Figure 8. Schematic diagram of gene of interest PRRSV N-gene constructs 
Construct (a.): SP-N-His, Construct (b.): N-His, Construct (c.): SP-His-N, Construct (d.): 

His-N; SP: plant signal peptide, N: PRRSV N-gene, His: N or C terminal 8x histidine-tag. 

First two expression vector constructs, SP-N-His (construct a.) and SP-His-N 

(construct c.), were constructed with plant signal peptide that located at N-terminal. 

Last two expression vector constructs, N-His (construct b.) and His-N (construct d.) 

were constructed without plant signal peptide. All of constructs were located of 8x 

histidine tag either C-terminal or N-terminal and included for detection by western 

blot analysis. The restriction sites used for cloning respective fragments into plant 

expression vector pBYR2e-k2Md are mentioned in the Figure 8. The expression vector 

contains p19 PTGS suppressor, ER retention signal SEKDEL and the gene of interests 

were cloned under the transcriptional control of CaMV 35S promoter. The results 

indicated positive of N-gene constructs at 519 bp for SP-N-His, at 450 bp for N-His, at 

519 bp for SP-His-N, and at 450 bp for His-N as predicted. 

 

 

 

(a.)  

SP-N-His XbaI XhoI SacI 

SP N gene 8x His SEKDEL 

(b.)  

N-His XhoI SacI 

N gene 8x His SEKDEL 

(d.)  

SP-His-N XbaI XhoI SacI 

SP N gene 8x His SEKDEL 

(c.)  

His-N XhoI SacI 

N gene 8x His SEKDEL 
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Figure 9. Amplification of PRRSV N-gene constructs 
PCR amplification of Porcine Reproductive and Respiratory Syndrome (PRRS) virus 

gene constructs used in the study. Lane 1: SP-N-His; Lane 2: N-His; Lane 3: SP-His-N; 

Lane 4: His-N  

Accordingly, the recombinant genes were purified, ligated into pGEMT or 

pGEMT-SP vector and transformed into competent Escherichia coli cells strain DH10B 

for increasing a copy number of recombinant plasmids. The developed constructs 

were cloned into plant geminiviral vector (pBYR2e-k2Md) to get pBYR2e-SP-N-His (SP-

N-His), pBYR2e-N-His (N-His), pBYR2eSP-SP-His-N (SP-His-N) and pBYR2e-His-N (His-N) as 

the expression plasmid and transformed into competent Agrobacterium tumefaciens 

cells strain GV3101. The geminiviral vector derived from the bean yellow dwarf virus 

(BeYDV) was used to produce multiple copies of the N-protein mRNA transcript (44). 

The transformed Agrobacterium cells were infiltrated into tobacco leaves (Figure 9). 

In this way, the transformation by Agrobacterium provides numerous benefits, 

such as the simple system production, the utilization of the cost-effective and the 

well-developed mechanism of DNA integration into host cell (75, 76). It provides 

plant viral vectors carry with genes of interest to be immediately transient delivered 

to plant cells without loss of genes during transfection and allows for high protein 
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accumulation without expression of the infecting virus (77). These plant viruses are 

systematic proliferation that increases the level of the target gene's increase and able 

to release part of their genome into the host species, can result in efficiently 

produce recombinant proteins (78). There is substantial evidence showing that the 

possibility of viral antigen expression in plants could be used as a candidate for 

vaccines or diagnostic reagents (79-81). Consequently, the strategy relies on virus-

based transient expression has been invented for the adaptable and efficient 

expression of PRRSV N-protein in N. benthamiana. 

1.2. Optimization of Porcine Reproductive and Respiratory Syndrome 
(PRRS) virus nucleocapsid protein (N-protein) expression in Nicotiana 
benthamiana 

 In order to obtain the maximal protein production condition in N. 

benthamiana, the different PRRS N-protein expression constructs were evaluated. 

The protein expression levels of each construct were analyzed by the leaf harvesting 

time post infiltration on days 4 and the concentration of Agrobacterium cell 

suspension with optical density (OD600) 0.4. According to the results, the research 

found the signs of necrosis on the infiltrated tobacco leaves that appear at 3 days 

post-infiltration (dpi) for all constructs (Figure 10A). The protein molecular weight of 

PRRSV N-protein is approximately 19 kDa in monomer form and 38 kDa after 

dimerization (18). Under non-reducing conditions, the result, via western blot using 

HRP-conjugated anti-His antibody, of PRRSV N-proteins were detected at 38 kDa, as 

expected. The results showed that the construct SP-His-N (construct c.) showed 

highest level expression when compared to other constructs (Figure 10B). Therefore, 

this construct was used for further experiments 
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Figure 10. PRRSV N-protein expression in Nicotiana benthamiana 
Expression comparison of PRRSV N-protein four constructs in N. benthamiana leaves. 

The expression levels of recombinant protein in plants infiltrated with different 

vector constructs were determined on 2, 3, 4 and 5 dpi. (A) The leaf necrotic 

symptoms observation on 2, 3, 4 and 5 dpi with different constructs. (B) Expression 

of PRRSV N-protein was shown for all constructs used. Western blot probed with 

anti-His antibody. Lane 1: SP-N-His (construct A.); Lane 2: N-His (construct B.); Lane 3: 

S P - H i s - N  ( c o n s t r u c t  C . ) ;  L a n e  4  H i s - N  ( c o n s t r u c t  D . ) .  

 Agro-infiltration was performed as the same with the previous experiment by 

using the selected construct pBYR2e-SP-His-N. The infiltrated N. benthamiana leaves 

were collected on 2, 3, 4, and 5 dpi to obtain an optimal time course of expression. 

The expression of PRRSV N-protein was significantly represented from 2 dpi and the 

levels of recombinant protein expression at different time points were evaluated by 

western blot analysis. The result of crude extracts indicated that the strongest 

expression was detected on 4 dpi (Figure 10B). Correspondingly, the effect of 

Agrobacterium cell density was investigated during infiltration. The infiltration 

Agrobacterium cell suspensions that retain the construct pBYR2e-SP-His-N, at OD600 

concentrations of 0.2, 0.4, 0.6, 0.8, and 1.0 were demonstrated by infiltration into the 

leaves of N. benthamiana. After infiltration, the infiltrated plant leaves were 

collected at 4 dpi and protein expression was analyzed by western blot analysis. The 

western blot data of the infiltrated samples collected at 4 dpi showed the highest 
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expression at OD600 at 0.6. The conditions optimized for the use of the expression of 

PRRS N-protein was limited due to the rapid development of necrosis which can 

affect protein expression level, protein stability and final biomass of leaves (82, 83). 

According to the results indicated that the expression level on 4 dpi is higher than 5 

dpi However, even though the restricted of transfection time but achieved a high 

expression level of PRRS N-protein on the harvesting time at 4 dpi and optimal cell 

density of Agrobacterium infiltrated suspension (OD600) at 0.6 as show in Figure 11. 

 

 

 

 

 

 

 

 

Figure 11.Expression optimization of selected PRRSV N-protein construct in Nicotiana 
benthamiana 

Expression optimization of chosen PRRSV N-protein in N. benthamiana leaves. (A) 

The leaf necrotic symptoms notice in different concentration at 0.2, 0.4, 0.6 0.8 and 

1.0 on 2, 3, 4 and 5 dpii. (B) Expression of PRRSV N-protein was shown in same 

concentration 0.6 at OD600 on 2, 3, 4 and 5 dpi. (C) The expression of PRRSV N-
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protein was indicated with OD600 0.2, 0.4, 0.6, 0.8 and 1.0 concentration of selected 

vector construct on 4 dpi. Western blot probed with anti-His antibody. 

In comparison the same harvest time of protein expression among the four 

constructs, the expression of PRRSV N-protein in both of SP-N-His and SP-His-N 

constructs was higher expression level than other two constructs without signal 

peptide. In previous studies, the signaling localization peptide, SP, and ER retention 

peptide, SEKDEL, have been reported to increase protein production in plants (84, 

85). The signal peptide has shown efficacy to lead the yield of recombinant protein 

to increase (61, 86). Likewise, the selection of optimal peptide signaling describes a 

method for increasing protein secretion and improving levels of recombinant protein 

production. Moreover, the SEKDEK-tagged, interact with the KDEL receptor in Golgi 

body, is convenient to direct the protein recovery to ER by retrograde transport and 

ensures proper folding and enhanced protein stability (68, 87). This phenomenon is 

related to the possible effects of overwhelming protein accumulation triggering ER 

stress (68). Thereby, as shown from two highest expressing constructs, SP-N-His and 

SP-His-N, inclusion of signal peptide sequence help in enhancing accumulation of 

PRRS N-protein expression. 

1.3. Purification of plant-produced PRRS N-protein via Ni-NTA affinity 
chromatography. 

In this study, a simple purification method was performed only using Ni-NTA 

affinity chromatography to purify extracted plant-produced PRRSV N-protein. The 

construct c. with the highest-level protein expression (SP-His-N) was transiently 

expressed and the crude extract was purified with Ni-NTA column. The plant-purified 

PRRS N-protein was determined by western blot using anti-histidine conjugated with 

HRP antibody. 
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Figure 12. Western blot of plant-produced PRRS N-protein 
The expression and purification of plant-produced PRRS N-protein from 

construct c. (SP-His-N). Purification of N-protein was determined by western blot 

probed with anti-His antibody. Lane1: plant crude extract, Lane2: flow through; 

Lane 3: washing fraction at 20 mM Imidazole; Lanes 4-8: elution fraction 1 to 5 (1 

mL) at 250 mM Imidazole. 

The result revealed that PRRSV N-protein, extracted SP-His-N, was not able to 

bind to immobilized nickel ion column because the finally recovered with a high 

concentration of imidazole represented the inaccessible binding of the plant-derived 

His-tagged PRRSV N-protein to the Ni column (Figure 12). Nevertheless, despite the 

apparent unbinding capacities of SP-His-N construct, this study was incapable to 

verify protein structure because it was not investigated. By chance, when a protein 

forms into a structure, the facilitated purification tag possible folds inside the 

structure. This occurrence may be the reason why the protein unable to be purified 

or the protein amount is quite small, resulting in undetectable in the western blot 

after protein purification. First, in order to solve the shortcoming may begin by 

changing the protein signaling localization to transport and accumulate protein in 

another organelle, such as nucleus or chloroplast (88). Second, the extraction buffer 
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used for protein extraction may be changed, including adjusting the pH of buffer or 

adding some additives (89). Before purifying protein, reduction of concentration of 

crude extract able to be made by ammonium sulfate precipitation method (89) or 

fractional precipitation with acetone method. However, protein denaturation with 

high concentration of salt and refolding can be done as well (88). Interestingly, the 

process of protein purification try to change to other protein purification method , for 

example, ion-exchange chromatography or gel filtration chromatography (90). In 

contrast, the protein purification by using affinity chromatography with poly-histidine, 

as a purification aid, may try to change the location of affinity tag to the amino- (N) 

or carboxyl- (C) terminus of a target protein (91) or coating metal to the Sepharose 

bead that able to bind with poly-histidine by coating with cobalt instead (89). In 

addition, another fusion tag can be used to purify the protein, such as glutathione S-

transferase (GST) (92). At optimal expression and purification conditions, the results 

showed that PRRSV N-protein was not suitable to produce in N. benthamiana even 

though this protein could be expressed in this platform.  
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CHAPTER V CONCLUSION 
In conclusion, this study demonstrates the plant transient expression system 

to produce the N-Protein of PRRSV in N. benthamiana by using geminiviral vector. 

Preliminary testing of plant-derived N-protein by western blot showed that the 

protein was detected by anti-his antibody. As the results, the optimal condition for 

expression N-protein on 4 dpi at 0.6 (OD600) and the protein size of plant-produced 

PRRSV N-protein was approximately 38 kDa as predicted. Further study, the 

purification method for purifying PRRRV N-protein should be optimized conditions or 

procedure.  This indicates the possible method to produce plant-derived antigens for 

PRRSV diagnosis. This proof-of-concept study enables the use of plant expression 

platforms for antigen production to diagnose infectious diseases. 
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APPENDICES 
APPENDIX A 

 
PRRS virus N-protein gene expression construct sequences 

1. SP–PRRSV-N–His–SEKDEL 

TCTAGAACAATGGGCTGGTCCTGCATCATCCTGTTCCTTGTTGCTACTGCTACCGGCGTTCACT

CTGATGTTCAACTTCTCGAGATGCCGAACAACAACGGCAAGCAGCAGAACCGGAAGAAAGGTGA

TGGTCAGCCTGTGAATCAGCTGTGCCAAATGCTGGGCAAGATTATCGCTCAGCAGAATCAGAGC

AGAGGTAAAGGTCCGGGGAAGAAGAACAAGAAGAAAAACCCTGAGAAGCCGCACTTCCCACTT

GCTACTGAGGATGATGTGAGGCATCACTTCACTCCATCTGAGAGGCAGCTCTGCCTTAGCTCTA

TTCAGACCGCTTTCAATCAAGGCGCTGGTACTTGCACCCTTAGCGATTCTGGTAGGATCAGCTA

TACCGTCGAGTTCTCTCTTCCTACTCATCACACCGTGAGGCTTATTAGGGTTACCGCTTCTCCTT

CTGCTCATCATCACCACCATCACCATCATTCTGAAAAGGATGAGCTTTGAGAGCTC 

2. PRRSV-N–His–SEKDEL 

CTCGAGATGCCGAACAACAACGGCAAGCAGCAGAACCGGAAGAAAGGTGATGGTCAGCCTGTG

AATCAGCTGTGCCAAATGCTGGGCAAGATTATCGCTCAGCAGAATCAGAGCAGAGGTAAAGGTC

CGGGGAAGAAGAACAAGAAGAAAAACCCTGAGAAGCCGCACTTCCCACTTGCTACTGAGGATGA

TGTGAGGCATCACTTCACTCCATCTGAGAGGCAGCTCTGCCTTAGCTCTATTCAGACCGCTTTC

AATCAAGGCGCTGGTACTTGCACCCTTAGCGATTCTGGTAGGATCAGCTATACCGTCGAGTTCT

CTCTTCCTACTCATCACACCGTGAGGCTTATTAGGGTTACCGCTTCTCCTTCTGCTCATCATCAC

CACCATCACCATCATTCTGAAAAGGATGAGCTTTGAGAGCTC 

3. His–PRRSV-N–SEKDEL 

CTCGAGCATCACCACCATCACCATCATATGCCGAACAACAACGGCAAGCAGCAGAACCGGAAGA

AAGGTGATGGTCAGCCTGTGAATCAGCTGTGCCAAATGCTGGGCAAGATTATCGCTCAGCAGAA
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TCAGAGCAGAGGTAAAGGTCCGGGGAAGAAGAACAAGAAGAAAAACCCTGAGAAGCCGCACTT

CCCACTTGCTACTGAGGATGATGTGAGGCATCACTTCACTCCATCTGAGAGGCAGCTCTGCCTT

AGCTCTATTCAGACCGCTTTCAATCAAGGCGCTGGTACTTGCACCCTTAGCGATTCTGGTAGGA

TCAGCTATACCGTCGAGTTCTCTCTTCCTACTCATCACACCGTGAGGCTTATTAGGGTTACCGC

TTCTCCTTCTGCTTCTGAAAAGGATGAGCTTTGAGAGCTC 

 4. SP–His–PRRSV-N–SEKDEL 

TCTAGAACAATGGGCTGGTCCTGCATCATCCTGTTCCTTGTTGCTACTGCTACCGGCGTTCACT

CTGATGTTCAACTTCTCGAGCATCACCACCATCACCATCATATGCCGAACAACAACGGCAAGCA

GCAGAACCGGAAGAAAGGTGATGGTCAGCCTGTGAATCAGCTGTGCCAAATGCTGGGCAAGATT

ATCGCTCAGCAGAATCAGAGCAGAGGTAAAGGTCCGGGGAAGAAGAACAAGAAGAAAAACCCT

GAGAAGCCGCACTTCCCACTTGCTACTGAGGATGATGTGAGGCATCACTTCACTCCATCTGAGA

GGCAGCTCTGCCTTAGCTCTATTCAGACCGCTTTCAATCAAGGCGCTGGTACTTGCACCCTTAG

CGATTCTGGTAGGATCAGCTATACCGTCGAGTTCTCTCTTCCTACTCATCACACCGTGAGGCTT

ATTAGGGTTACCGCTTCTCCTTCTGCTTCTGAAAAGGATGAGCTTTGAGAGCTC  
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APPENDIX B 
 

pGEM-T Cloning Vector 
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APPENDIX C 
 

pBYR2e-K2Md Expression Vector 
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