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1 Abstract 

This study focused on utilization of Pichia pastoris system for the expression of 

type G non-specific lipid transfer protein (nsLTPs) from moss Physcomitrella 

patens, a small, soluble, basic protein which is capable of in vitro transfer of 

phospholipid molecules between membranes. A 250-265 bp DNA fragment which 

contains the coding region of the nsLTP gene was amplified by Polymerase Chain 

Reaction (PCR).  The nsLTPs were inserted into the expression vector pPCIZαA 

which contains the alcohol oxidase gene (AOX1) promoter. The AOX1 promoter 

under methanol induction allows for the expression of heterologous protein gene. 

The recombinant plasmid was transformed into the host strain P.pastoris KM71H 

by electroporation. PCR analysis showed a clear 800-900 bp fragment with AOX1 

primers and a 250-265 bp fragment with gene specific primers suggesting that 

nsLTP gene has been successfully integrated into the P.pastoris genome. The 

expressed nsLTP had a molecular mass of 11-13 KDa when analyzed with SDS-

PAGE and Western blot. Western blot analysis also confirmed that nsLTPs were 

N-glycosylated with a molecular mass of ~33KDa. A simple affinity purification 

procedure was adopted to purify nsLTPs from the culture supernatant, yielding 10 

mg of nsLTPG2 (purity 46%), 8.8 mg of nsLTPG4 (purity 30.5%) and 9 mg of 

nsLTPG8 (purity 52%) from 9 mL of the supernatant. These results clearly indicate 

that P.pastoris is an efficient system for expression of nsLTPs. 

Keywords: AOX1, Glycosylation, KM71H, nsLTPs, Pichia pastoris, pPCIZαA 

expression vector.  

2 Introduction 

2.1 Non-specific lipid transfer proteins (nsLTPs) 

The non-specific lipid transfer protein (nsLTPs) is a small, soluble, basic protein 

which has the ability to transfer phospholipid molecules between membranes in 

vitro (Thoma et al. 1994). The nsLTPs are mainly characterized by a tunnel-like 

hydrophobic activity (Kader et al. 1984, Lee et al. 1998, Lascombe et al. 2008) that 

accepts one acyl chain but not a phospholipid molecule (Shin et al. 1995). This 

binding activity favors phospholipid extraction when these proteins tend to interact 

with membrane surface. The nsLTPs are characterized by an eight cysteine motif 

(8 CM) which has the general form, C-Xn-C-Xn-CC-Xn-CXC-Xn-C-Xn-C (José-

Estanyol et al. 2004). The cysteine residues are mainly involved in four disulphide 

bond formation which helps in stabilizing the hydrophobic cavity and allows 

binding of various lipid molecules (Douliez et al. 2000). The nsLTPs are found 



  

2 

 

only in land plants and are encoded by larger gene families with more than 40 

members (Boutrot et al. 2008, Edstam et al. 2011). The nsLTPs possess an N-

terminal
 
signal peptide which directs the protein to the apoplastic space. Many of 

these proteins carry a sequence motif which is necessary for the post-translational 

addition of a glycosylphosphatidylinositol (GPI)-anchor (DeBono et al. 2009, Lee 

et al. 2009). Plant nsLTPs consist of two major types: type I (approximately 90 

amino acids) and type II (approximately 70 amino acids) (Douliez et al. 2000). 

Type G nsLTPs are nsLTPs which have a GPI-anchor.  

The biological roles of the nsLTPs still remain unclear, but several important 

functions have been proposed. These proteins may play a role in the biosynthesis 

of plant cutin by carrying hydrophobic acyl monomers (Hendriks et al. 1994). The 

nsLTPs have been implicated in different biological functions like embryogenesis 

(Sterk et al. 1991) and Programmed Cell Death (PCD) (Eklund & Edqvist 2003). 

Other functions of nsLTPs include, binding to sterol molecules in order to trigger 

plant defense response by interacting with a receptor present at the plasma 

membrane (Wang et al. 2007, Carvalho & Gomes 2007). These proteins may play 

a role in plant defense against viral, fungal and bacterial pathogens (Molina et al. 

1993, Gomes et al. 2003). DIR1 in Arabidopsis thaliana is an nsLTP with a role in 

long-distance signaling (Maldonado et al. 2002, Lascombe et al. 2008) that 

possibly is involved in plant defense against pathogens. 

There are also several indications that some nsLTPs are involved in the formation 

of protective hydrophobic layers on the surfaces of plant aerial organs (Sterk et al. 

1991, Thoma et al. 1994, Cameron et al. 2006, DeBono et al. 2009, Lee et al. 

2009) and also in pollen wall development (Zhang et al. 2008). Other nsLTPs are 

highly expressed in the endosperm of germinating seeds and may have a role in the 

recycling of endosperm lipids or as protease
 
inhibitors protecting the cotyledons 

from proteases
 
released from the endosperm during PCD (Edqvist & Farbos 2002, 

Eklund & Edqvist 2003).  

It still remains difficult to obtain a wider understanding of the biological role of 

nsLTPs with research pointing in different directions. In this study, we try to 

provide evidences to nsLTP function by investigating the heterologous expression 

of type G nsLTPs from P.patens in P.pastoris. 

2.2 P.pastoris – Protein Expression System 

P.pastoris, being a eukaryote is very useful as a protein expression system as it has 

the advantage of 10-100 fold higher heterologous expression levels compared to 
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Saccharomyces cereviseae (Higgins & Cregg 1998). P.pastoris expression system 

is mostly used by researchers as it can perform post-translational modifications 

very efficiently and also produces foreign proteins of interest either extracellularly 

or intracellularly (Lee et al. 2000).  

P.pastoris is a methylotrophic yeast which can metabolize methanol as a sole 

carbon source. The first step in methanol metabolism is the methanol oxidation to 

produce formaldehyde using oxygen by alcohol oxidase (Lee et al. 2000). Two 

genes AOX1 and AOX2 are present in P.pastoris which codes for alcohol oxidase. 

The enzyme alcohol oxidase has a poor affinity for oxygen and P.pastoris makes 

up for this by expressing the enzyme in high amounts (Lee et al. 2000). The AOX1 

gene was isolated and the AOX1 promoter (plasmid-borne) which basically 

regulates the alcohol oxidase production mainly drives the expression of the gene 

of interest which encodes the heterologous protein (Ellis et al. 1985, Koutz et al. 

1989, Tschopp et al. 1987a). 

P.pastoris expression system paves the way for the recombinant protein to be 

either secreted into the growth media or be expressed intracellularly. When 

P.pastoris cultures induced with absolute methanol (0.5% final concentration) are 

grown in shake-flasks, it returns expression levels of 5% of total soluble proteins 

(Burrowes et al. 2005). Most importantly, P.pastoris are used for respiratory 

growth and this is mainly because these organisms can be grown at high-cell 

densities compared to S.cereviseae (Higgins & Cregg 1998, d’Anjou & Daugulis 

2001, Villatte et al. 2001).  

In P.pastoris expression system, secretion is thought to be the basic step in 

purifying heterologous proteins as it separates the recombinant protein from other 

proteins present at lower concentrations (Eldin et al. 1997, Higgins & Cregg 1998, 

Shen et al. 1998). Therefore, in the expression media, the major portion of the 

protein produced will be the recombinant protein. Researchers have used the 

presence of signal sequence favoring secretion and the polyhistidine (6XHis) tag 

present in the pPCIZα expression vector in order to express and purify the 

recombinant protein using affinity purification (Eldin et al. 1997, Baumgartner et 

al. 2002, Burrowes et al. 2005).  Several allergenic nsLTPs from orange (Ahrazem 

et al. 2005), wheat (Klein et al. 1998), apple (Diaz-Perales et al. 2002), peach 

(Diaz-Perales et al. 2002) and hazelnut (Lauer et al. 2008) were expressed in 

P.pastoris. Apart from plant nsLTPs, Interleukin, IL-22 (Cai et al. 2010) and 

ribosomal protein S3 (Lee et al. 2000) etc. from human were also successfully 

expressed in P.pastoris. Hence, the idea of using P.pastoris expression system is 
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mainly due to the features indicated above and secondly, because of the proved 

success of researchers using this expression system.  

Previously, nsLTPs from wheat were expressed in Escherichia coli and the yield of 

the protein obtained was too low (Klein et al. 1998). Hence, yeast (P.pastoris) 

expression system is chosen as it was previously studied to be a more suitable host 

than E.coli for expression of nsLTPs, probably due to formation of several cysteine 

bridges required for proper folding of the nsLTPs (Pokoj et al. 2010) and also the 

feasibility of expressing proteins of small molecular weight. This expression 

system is selected as the transgene can be integrated into the P.pastoris genome 

with high stability, the AOX1 promoter which is induced with methanol favors 

strong expression, high success rates in producing foreign proteins and due to the 

commercially available P.pastoris strains and vectors (Klein et al. 1998). 

2.3 Aim of the study 

The objective of this research was to clone nsLTPs into P.pastoris expression 

vector followed by studying the recombinant expression and purification of these 

proteins. At least three P. patens type G nsLTPs (GPI-anchored nsLTPs) were 

heterologously expressed in the yeast P.pastoris. Most of the previous studies in 

P.pastoris target to express high molecular weight proteins (Lee et al. 2000, 

Burrows et al. 2005). However, a major goal in this study would be to express and 

purify a small protein, nsLTPs of ~11-13 KDa. The produced proteins will be used 

for testing of in vitro lipid transfer activity and structural characterization.  

3 Materials and Methods 

3.1 PCR amplification of nsLTPs 

The nsLTPG2, nsTLPG4 and nsLTPG8 genes were amplified from moss cDNA 

with gene specific primers which were designed in such a way that it has EcoRI 

restriction site introduced at 5’ end of the forward primer and Not I site at 5’ end of 

the reverse primer (Appendix I) as it would be highly advantageous for performing 

ligation with P.pastoris expression vector (Xuan et al. 2009). The PCR reaction set 

up was as follows, 2.5 μL 10X Dream Taq buffer, 0.5 μL 10mM dNTP mix, 0.2 μL 

Taq polymerase (5u/ μL), 2.5 μL forward primer, 2.5 μL reverse primer, 1.0 μL of 

cDNA (225 ng/ μL) were mixed and made up to 20 μL with water. After initial 

denaturation at 95 ºC for 2 min, nsLTPs gene amplification was carried through 30 

cycles of denaturation (95 ºC for 30 s), annealing (55 ºC for 30 s) and extension 
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(72 ºC for 45 s) followed by a final extension (72 ºC for 7 min) in a BioRad thermo 

cycler. The PCR products were analyzed on 1% agarose gel.                           

3.2 Sub-Cloning of nsLTPs in pGEMT- easy  

The PCR products were purified (GeneJET™ PCR purification kit, Fermentas Life 

Sciences) and cloned into vector pGEMT-easy. Ligation reactions were performed 

by mixing purified PCR products and vector in the ratio 1:3 with T4 DNA ligase (3 

Weiss units/μl) and 2X ligation buffer. Reaction tubes were incubated overnight at 

4 ºC.  

3.2.1 Transformation into DH5alpha E.coli strain 

The ligated products were transformed using Sub cloning Efficiency™ DH5α™ 

competent cells according to the instructions provided by the manufacturer 

(Invitrogen). The cells after heat shock were recovered by adding Luria Bertani 

(LB) medium (0.5% yeast extract, 1% Tryptone, 1% NaCl) and incubated with 

shaking at 37 ºC for 1 h. The pelleted cells were plated on LB/ Ampicillin/ 

Isopropyl β-D-1-thiogalactopyranoside (IPTG)/ X-gal (Ampicillin conc. 100 

μg/mL, X-gal conc. 80μg/mL and IPTG conc.0.5mM) containing plate overnight at 

37 ºC. Blue/white screening was performed and white colonies were screened for 

the insert by plasmid isolation (GeneJET™, Plasmid Miniprep kit, Fermentas Life 

Sciences) followed by restriction using EcoRI.  

3.3 Cloning of nsLTPs in pPCIZαA P.pastoris expression vector 

The vector used in this study is pPCIZαA expression vector (Easyselect™ Pichia 

Expression Vectors, Invitrogen). The above mentioned vector has functional sites 

which are constructed for an easier way to integrate foreign genes of interest, 

transformants selection and for purification of recombinant protein (Burrowes et al. 

2005). The P.pastoris expression vector is constructed in such a way that it has a c-

myc epitope which is used for Western blotting and 6XHis tag for purification of 

recombinant protein. 

The clones containing the nsLTPs were gel purified (QIAQuick® Gel Extraction 

Kit, QIAGEN) and ligated into purified pPCIZαA expression vector restricted with 

EcoRI and Not I. After transformation into E.coli DH5α, recombinant plasmids 

were selected for each nsLTP gene on a low salt LB agar plate (1% Tryptone, 0.5% 

Yeast Extract, 0.5% NaCl, 1.5% agar, pH 7.5) containing 25µg/mL zeocin. The 
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insertion of nsLTPs was verified by restriction enzyme analysis and DNA 

sequencing. 

                                        

 

Figure 1. Schematic representation of nsLTPs and pPCIZα vector. nsLTP gene was 
cloned between EcoRI and Not I site in frame with c-myc epitope and 6xHis tag. The 
vector also has a strong AOX1 promoter and a gene for resistance in zeocin antibiotic. 

3.4 Sequencing recombinant clones 

In order to sequence the construct in pPCIZα, α-factor primer was used. The 

lyophilized primer was resuspended in 20 µL sterile water yielding a stock solution 

of 0.1µg/µL. 13.5 µL of recombinant plasmid was mixed with 1.5 µL of α-factor 

primer. DNA sequencing was performed by Eurofins MWG Operon, Germany. 

3.5 Transformation into KM71H P.pastoris strain 

The P.pastoris strain used in this study is KM71H which results in a Methanol 

utilization slow (Muts) phenotype where the cells show less ability to metabolize 

methanol. The main advantage of using KM71H P.pastoris strain is that all the 

zeocin resistant transformants produced will be Muts and there is no need of 

separate selection on methanol medium (Burrowes et al. 2005). Insertion of the 

gene into the genome of P.pastoris arises due to single cross over between the loci 

and either of the two AOXI regions on pPCIZαA expression vector.  
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For integration into P.pastoris genome, ~ 10µg of the recombinant plasmid was 

linearized with Sac I at 37 °C for 30 min and heat inactivated at 65 °C for 5 min 

and transformed into P.pastoris by electroporation. A small aliquot of the 

linearized plasmid was checked on 1% agarose gel. The linearized plasmid was 

mixed with P.pastoris KM71H competent cells (Instructions according to Easy 

select™ Pichia Expression Kit) for electroporation. The mixture was transferred to 

a pre-chilled 0.2 cm electroporation cuvette followed by 5 min incubation on ice. 

After electroporation using gene pulser (BioRad), 1 mL of ice-cold 1M sorbitol 

was added immediately to the sample cuvette and incubated at 30 °C for 2 h 

followed by addition of 1 mL Yeast extract Peptone Dextrose (YPD) media (1% 

yeast extract, 2% peptone and 2% glucose) and incubated at 30 °C in a shaking 

incubator. The plates were incubated at 30 °C until colonies appeared. 

The transformants were selected on YPD agar plates at 30 °C containing 100 

µg/µL zeocin. The integration of nsLTP gene into P.pastoris genome was 

confirmed by PCR using gene specific and AOX1 primers. 

Table 1. Parameters for electroporation 

 

3.5.1 Analysis of P.pastoris integrants 

The integration of nsLTP gene into P.pastoris genome was confirmed by PCR 

analysis with gene specific primers and AOX1 primers. Cell lysis was performed 

by growing single colonies from each nsLTP construct in YPD media at 30 °C in a 

shaking incubator. 10 µL of the overnight grown culture was mixed with 5 µL of 

5U/µL lyticase and incubated at 30 °C for 10 min followed by freezing the sample 

at -80 °C for 10 min. The DNA obtained from the above step was used as the 

 
Cuvette Size 
(cm) 

Voltage (KV) No. of pulses 
Time constant 
(ms) 

 

Linearized Empty  

vector 

0.2 2.10 1 5.50 

nsLTPG2 
0.2 1.99 1 5.50 

nsLTPG4 
0.2 1.99 1 5.60 

nsLTPG8 0.2 2.01 1 5.70 
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template for PCR analysis. After initial denaturation at 95 °C for 5 min, the 

amplification of P.pastoris  recombinants with AOX1 primers was carried through 

30 cycles of denaturation (95 ºC for 1 min), annealing (55 ºC for 1 min) and 

extension (72 ºC for 1 min) followed by a final extension (72 ºC for 7 min) in a 

BioRad thermo cycler. The PCR program for P.pastoris recombinant confirmation 

with gene specific primers was similar to the nsLTP gene amplification (Refer to 

section 3.1). 

3.6 Expression of nsLTPs in P.pastoris KM71H 

P.pastoris recombinants verified with AOX1 primers were grown in 100 mL of 

Buffered Glycerol Complex Medium (BMGY) (Yeast extract 1%, peptone 2%, 

potassium phosphate, pH 6.0, 100mM, YNB 1.34%, Biotin 4 x 10
-5 

%, glycerol 

1%) at 30 °C, 260 rpm until an OD of 2.0-6.0 was reached. To induce nsLTP gene 

expression in P.pastoris grown cultures, the cell pellet was harvested by 

centrifuging at 3000 x g for 5 min at room temperature and resuspended in 20 ml 

of Buffered Methanol Complex Medium (BMMY) (Yeast extract 1%, peptone 2%, 

potassium phosphate, pH 6.0, 100mM, Yeast Nitrogen Base (YNB) 1.34%, Biotin 

4 x 10
-5 

%, methanol 0.5%). Cells were grown in a shaking incubator at 30 °C, 260 

rpm and absolute methanol (final concentration 0.5%) was added every 24 h in 

order to maintain induction. 1 mL of the culture was harvested every 24 h up to 10 

days. The cell pellets and the supernatants were stored at -80 °C until ready to 

assay. The expression of nsLTP was analyzed using Sodium Dodecyl Sulphate 

Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Western blot. 

3.6.1 Protein assay  

Protein assay was performed according to the instructions in Pierce® BCA Protein 

assay kit, Thermo Scientific.  

3.6.2 Analysis of protein expression 

SDS-PAGE and Western blot was performed for analyzing the expression of 

nsLTPs. Proteins in the supernatant were denatured at 45 °C for 10 min, separated 

by 4-20% Tris SDS-PAGE (4-20% Precise™ Protein gels, Thermo Scientific) and 

stained with EZBlue staining reagent or electro-transferred to the nitrocellulose 

membrane at 45mA for 1h. The membrane was blocked with 5% non-fat dry milk 

(Semper) in Tris-Buffered Saline (TBS). The membrane was washed with Tris-

Buffered Saline containing 0.1% Tween 20 (TBST) and incubated with 

monoclonal mouse anti-myc primary antibody (1:5000) at room temperature, 
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overnight followed by incubation with peroxidase conjugated sheep anti-mouse 

IgG secondary antibody (1:15,000) for 1 h at room temperature. After three washes 

with TBS and TBST, Chemiluminescent substrate, 3 mL of Substrate A and 75μL 

of Substrate B (Pierce® ECL Plus Western Blotting Substrate, Thermo Scientific) 

was added immediately over the membrane after mixing and incubated for 5 min. 

The blot was analyzed using a chemiluminescence system (LAS 4000 mini) with a 

5 min exposure time.  

3.6.3 Treatment of nsLTPs with Peptide: N-glycosidase F (PNGase F) 

In order to confirm glycosylation, the culture supernatant containing nsLTPs were 

treated with PNGase F which cleaves between the innermost GlcNAc and 

asparagine residues of high mannose. 1 μg of supernatant containing nsLTPs were 

mixed with 1 μL of 10X glycoprotein denaturing buffer and the reaction volume 

was made up to 10 μL with water. The proteins were denatured by heating at 100 

°C for 10 min. To the existing reaction mixture, 2 μL of 10X G7 reaction buffer, 2 

μL of 10% NP-40, 2 μL of PNGase F was added and the volume was made up to 

20 μL with water. The reaction mixtures were incubated at 37 °C for 1 hr. The 

samples were analyzed with Western Blot.  

3.7 Purification of nsLTPs 

P.pastoris cultures were grown similar to the expression protocol and absolute 

methanol (final concentration 0.5%) was added every 24 h up to 10 days. The 

culture supernatants obtained after 10 days were directly purified using a Nickel 

Nitriloacetic acid (Ni-NTA) spin column (His Pur™ Ni-NTA Purification Kit, 

Thermo Scientific). The column was initially equilibrated with a buffer containing 

10mM imidazole. The sample was mixed with 10mM imidazole and loaded onto 

the column. The spin column was incubated at room temperature for 30 min, 

centrifuged at 700 x g for 2 min and flow through was collected. The column was 

then washed with buffers containing higher concentrations of imidazole (25mM) 

and finally eluted with buffer containing 250mM imidazole concentration. After 

each step, centrifugation was performed at 700 x g for 2 min. The purified samples 

were concentrated using Amicon Centrifugal filters (Millipore, EMD Millipore 

Corporation).The purified samples were analyzed on 4-20% SDS-PAGE and 

confirmed by Western blot.  
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4 Results 

4.1 PCR amplification of nsLTP genes 

The nsLTPG2, nsLTPG4 and nsLTPG8 were selected due to high expression 

levels in P.patens (Edstam et al. 2011). All three nsLTP genes were amplified from 

moss cDNA using gene specific primers and the product sizes were 258 bp, 264 bp 

and 254 bp for nsLTPG2, nsLTPG4 and nsLTPG8 respectively. The product sizes 

obtained after amplification were found to match the predicted size from the DNA 

sequences. As these products were directly used for cloning into pGEMT-easy 

vector, PCR products were purified further using PCR purification kit.  

 

 
 

Figure 2. PCR amplification of nsLTPs. Amplification of nsLTPG2 (Lane 1- 8), 
Amplification of nsLTPG4 (Lane 10 – 17), Amplification of nsLTPG8 (Lane 19 – 26), 
Gene Ruler™ 1 Kb DNA Ladder (Fermentas Life Sciences) (Lane 9 and 18). 

4.2 Sub-cloning of nsLTPs in pGEMT- easy  

The PCR amplified nsLTP genes with a single A - overhang were cloned into 

pGEMT- easy vector. The vector had two EcoRI sites; hence restricting the 

plasmids obtained from the clones with EcoRI should release the insert. Four 

clones for each nsLTP construct were screened initially. When restricted with 
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EcoRI, vector band of 3.0 Kb and right insert sizes (i.e.) 258 bp, 264bp, 254 bp 

were obtained for the clones screened corresponding to nsLTPG2, nsLTPG4 and 

nsLTPG8 respectively. Figure 4 shows the plasmids (pGEMT- easy + nsLTP) 

restricted with EcoRI and Not I. 

  

Figure 3. Sub-cloning of nsLTPs into pGEMT-easy vector. Plasmids containing 
nsLTPG2 (Lane 1- 4), nsLTPG4 (Lane 5 – 8) and nsLTPG8 (Lane 9-12) restricted with 
EcoRI respectively, M-Gene Ruler™ 1 Kb DNA Ladder (Fermentas Life Sciences) 

 

Figure 4. Plasmids (pGEMT-easy + nsLTP) restricted with EcoRI and Not I. Plasmids 
containing nsLTPG2 (Lane 1 and 3), nsLTPG4 (Lane 2 and 5) and nsLTPG8 (Lane 6 
and 7) restricted with EcoRI and Not I respectively. M - Gene Ruler™ 1 Kb DNA Ladder 
(Fermentas Life Sciences). Lane 4 - Blank. 
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4.3 Cloning of nsLTPs in pPCIZαA P.pastoris expression vector 

About four clones for each nsLTP gene were screened. As nsLTP genes were 

cloned between EcoRI and Not I site of pPCIZαA, the extracted plasmids were 

restricted with EcoRI and Not I in order to release the insert. When screened for 

the insert from four different clones for each nsLTP gene, vector band of 3.6 Kb 

and right insert sizes (i.e.) 258 bp, 264 bp, 254 bp were found corresponding to 

nsLTPG2, nsLTPG4 and nsLTPG8 respectively (Fig. 5). Further, these positive 

clones were confirmed by sequencing in order to check for the presence of the 

insert. 

 

      
                     

Figure 5. Cloning of nsLTPs into pPCIZαA P.pastoris expression vector. Plasmids 
containing nsLTPG2 (Lane 1-4), nsLTPG4 (Lane 5-8) and nsLTPG8 (Lane 9-12) 
restricted with EcoRI and Not I respectively. M - Gene Ruler™ 1 Kb DNA Ladder 
(Fermentas Life Sciences). 

4.4 Sequencing recombinant clones 

Sequencing results from MWG Eurofins Operon confirmed that the reading frame 

of nsLTP genes were correct in recombinant plasmids (pPCIZαA+nsLTPs). The 

presence of the gene sequences were also verified by performing a BLAST against 

the P.patens genome.  
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4.5 Transformation of P.pastoris 

4.5.1 Preparation of transforming DNA 

The recombinant plasmids were linearized with Sac I (Fig. 6). Purification of 

linearized DNA showed high purity levels and DNA concentration of about 10µg 

was obtained.  

 

                                          
 

Figure 6. Linearization of plasmid DNA (pPCIZαA + nsLTP) with Sac I. nsLTPG2 (Lane 
1), nsLTPG4 (Lane 3) and nsLTPG8 (Lane 4) containing plasmid restricted with Sac I 
respectively and M - Gene Ruler™ 1 Kb DNA Ladder (Fermentas Life Sciences). Lane 
2,5 – Blank. 

4.5.2 Screening and analysis of P.pastoris recombinants  

Many transformants of KM71H strain were generated for each nsLTP gene 

construct. 18 clones were picked for each nsLTP construct and screened with gene 

specific primers and AOX1 primers. When screened with gene specific primers, 

three P.pastoris clones of each nsLTP construct (Fig. 7a, named A to I) showed the 

expected product size of 258 bp, 264 bp and 254 bp corresponding to nsLTPG2, 

nsLTPG4 and nsLTPG8 respectively. The positive recombinants obtained after 

screening with gene specific primers (clones A to I) were selected for further 

confirmation with AOX1 primers. The empty vector when amplified with AOX1 
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primers gives a product size of 588 bp (Fig. 7b, Lane 2 and 9). When screening 

with AOX1 primers, expected size of 800-900 bp (588 bp + [250-265 bp]) were 

observed for the clones B, C, D, E, H and I (Fig. 7b). There were no visible bands 

present in the untransformed cells after amplification with gene specific primers 

(Fig. 7a, lane 10) and AOX1 primers (Fig. 7b, lane 8).  Both the above results 

indicate that nsLTP gene was successfully integrated into P.pastoris genome.  

Some of the P.pastoris recombinants showed two bands (data not shown), one  

588 bp and the other 800-900 bp and those recombinants which gave one single 

prominent band of 800-900 bp when amplified with AOX1 primers were used for 

expression studies. 

 

             
 

Figure 7a. PCR analysis of P.pastoris recombinants with gene specific primers. M - 
Gene Ruler™ 1 Kb DNA Ladder (Fermentas Life Sciences), Clones A,B,C containing 
nsLTPG2 gene (Lane 1-3), Clones D,E,F containing nsLTPG4 gene (Lane 4–6), Clones 
G,H,I containing nsLTPG8 gene (Lane 7-9), Control DNA (untransformed P.pastoris 
cells)(Lane 10) and PCR negative control (Lane 11). 

Figure 7b. PCR analysis of P.pastoris recombinants with AOX1 primers. P.pastoris 
recombinants containing nsLTPG2 gene (Lane 1 and 3), M - Gene Ruler™ 1 Kb DNA 
Ladder (Fermentas), pPCIZαA vector alone transformed into P.pastoris (Lane 2 and 9), 
P.pastoris recombinants containing nsLTPG4 gene (Lane 4 and 5), P.pastoris 
recombinants containing nsLTPG8 gene (Lane 6 and 7) and Control (Untransformed 
P.pastoris cells) (Lane 8).  
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4.6 Expression of nsLTPs in P.pastoris  

For nsLTP expression, clones B, D and I corresponding to nsLTPG2, nsLTPG4 

and nsLTPG8 were examined in shake flasks. 1 mL of the culture was aspirated 

every 24 h until 10 days after induction with absolute methanol (0.5% final 

concentration). The supernatants were evaluated by SDS-PAGE and Western 

blotting (Fig. 9 A, B and C). Through SDS-PAGE analysis, these clones were 

identified to express an 11-13 KDa protein (Fig. 9 A, B and C - Red arrow head). 

The expressed protein has a c-myc epitope for Western blotting and a 6XHis tag 

for affinity purification. The molecular weights of nsLTPs were similar to the 

predicted molecular weight, nsLTPG2 ~ 12 KDa, nsLTPG4 ~ 11 KDa and 

nsLTPG8 ~ 11 KDa. The expression level was found to be three fold higher from 

day 6 - day 10 compared to day 1 - day 5 (ImageJ). The overall amount of protein 

produced in the supernatant was found to be higher after 10 days of induction. As 

seen in figure 8 A, B and C, the overall amount of protein produced in the 

supernatant was inversely proportional to growth of P.pastoris.  

It is known that proteins undergo post translational modifications like 

glycosylation, disulphide bridge formation, etc. when expressed in P.pastoris (Lee 

et al. 2000). Using Expasy Proteomics tools (NetOGlyc 3.1 and NetNGlyc 3.1), it 

was predicted that these nsLTPs had potential sites which were glycosylated 

(Appendix II) and hence it has a higher chance for glycosylation. But, with SDS-

PAGE, the glycosylated protein could not be exactly located as the molecular 

weight after glycosylation was not known. Hence, the molecular weight of the 

protein was confirmed by Western blot using monoclonal mouse anti-myc 

antibody against the c-myc epitope.  

Western Blot analysis confirmed that the molecular weight of the nsLTP coincided 

with the predicted molecular weight. As seen in Figure 10, no visible bands were 

observed in the control sample (Untransformed P.pastoris cells). The other band 

on the blot above the nsLTP indicates the glycosylated form (Fig. 9 A, B and C - 

Black arrow head) where the molecular weight was found to be ~33 KDa. 

Glycosylation was confirmed by treating the culture supernatant containing 

nsLTPs with an enzyme PNGase F (Fig. 11). These results indicate that nsLTPs 

were identified to be N-glycosylated. 
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Figure 8. Overall Protein production vs growth of P.pastoris from Day 0 to 10. Squares 
indicate amount of protein produced. Diamonds indicate growth of P.pastoris.             
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Figure 9 A. Expression of nsLTPG2 in P.pastoris KM71H at various time points. a. 4-
20% SDS-PAGE of nsLTPG2 expressed in P.pastoris after methanol induction. Page 
Ruler™ prestained protein ladder, Fermentas Life Sciences (Lane 1), nsLTPG2 
expression from 0-10 Days (Lane 2-12) b. Western Blot of nsLTPG2 expression, Page 
Ruler™ prestained protein ladder, Fermentas Life Sciences (Lane 1), nsLTPG2 
expression from 2-10 Days (Lane 2-10). Red arrow indicates the molecular weight of 
the nsLTPG2 (~13 KDa) and black arrow indicates the glycosylated nsLTPG2 (~33 
KDa). 

   

Figure 9 B. Expression of nsLTPG4 in P.pastoris KM71H at various time points. a. 4-
20% SDS-PAGE of nsLTPG4 expressed in P.pastoris after methanol induction. Page 
Ruler™ prestained protein ladder, Fermentas Life Sciences (Lane 1), nsLTPG4 
expression from 0-10 Days (Lane 2-12) b. Western Blot of nsLTPG4 expression, Page 
Ruler™ prestained protein ladder, Fermentas Life Sciences (Lane 1), nsLTPG4 
expression from 2-10 Days (Lane 2-10). Red arrow indicates the molecular weight of 
the nsLTPG4 (~11 KDa) and black arrow indicates the glycosylated nsLTPG4 (~33 
KDa). 
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Figure 9 C. Expression of nsLTPG8 in P.pastoris KM71H at various time points. a. 4 -
20% SDS-PAGE of nsLTPG8 expressed in P.pastoris after methanol induction. Page 
Ruler™ prestained protein ladder, Fermentas Life Sciences (Lane 1), nsLTPG8 
expression from 0-10 Days (Lane 2-12) b. Western Blot of nsLTPG8 expression, Page 
Ruler™ prestained protein ladder, Fermentas Life Sciences (Lane 1), nsLTPG8 
expression from 2-10 Days (Lane 2-10). Red arrow indicates the molecular weight of 
the nsLTPG8 (~13 KDa) and black arrow indicates the glycosylated nsLTPG8 (~33 
KDa). 

     

Figure 10. Western Blot of Day 10 Culture supernatant Vs Control. Page Ruler™ 
prestained protein ladder, Fermentas Life Sciences (Lane 1), Control sample 
(Untransformed P.pastoris cells) (Lane 2), Culture supernatant containing nsLTPG2 
(Lane 3), nsLTPG4 (Lane 4) and nsLTPG8 (Lane 5) after 10 days of induction with 
methanol, Lane 6 Blank.  
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Figure 11. Treatment of nsLTPs with Peptide: N-.Glycosidase F (PNGase F).  Culture 
supernatant containing nsLTPG2 (Lane 1), nsLTPG4 (Lane 2), nsLTPG8 (Lane 3) 
treated with PNGase F, Culture supernatant containing nsLTPG2 (Lane 4), nsLTPG4 
(Lane 5), nsLTPG8 (Lane 6) without enzymatic treatment.  

4.7 Purification of nsLTPs 

The culture supernatant (~ 9mL) was collected after 10 days of methanol 

induction. The nsLTPs were purified from the culture supernatant using a Ni-NTA 

spin column and identified by Western blot using monoclonal mouse anti-myc 

antibody (Fig. 12 b). The purified fractions were concentrated using Amicon 

Centrifugal filters and analyzed by SDS-PAGE (Fig. 12a). The purified fractions 

gave one single prominent band corresponding to nsLTPs in the Western blot 

analysis (Fig. 12 b). Along with the purified 11-13 KDa nsLTP, the band above 

indicate the glycosylated nsLTP. In total, 10 mg, 8.8 mg and 9 mg of nsLTPG2, 

nsLTPG4 and nsLTPG8 were obtained from 9 mL of the culture supernatant 

respectively. The purity (%) after affinity purification was found to be 46%, 

30.5%, 52% for nsLTPG2, nsLTPG4 and nsLTPG8 respectively.  
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Figure 12. Purification of nsLTPs. a. 4-20% SDS-PAGE, M - Protein ladder prestained, 
Fermentas Life Sciences, Concentrated nsLTPG2 (Lane 3), nsLTPG4 (Lane 6) and 
nsLTPG8 (Lane 7), Lane 1,2,4,5 – Blank. b. Western Blot of purified fractions, Purified 
fractions containing nsLTPG2 (Lane 2), nsLTPG4 (Lane 4) and nsLTPG8 (Lane 6) 
respectively, Ni-NTA flow through fractions (Lane 3, 5, 7), Lane 1 – Blank.  

5 Discussion 

The goal of this research was to understand the biological role of these proteins in 

a detailed aspect; one of which was to study the recombinant expression in yeast 

P.pastoris and the other was to purify these proteins which could be used in future 

for structural characterization. 

5.1 Cloning of nsLTPs into pPCIZαA and Analysis of P.pastoris recombinants 

The DNA fragments encoding nsLTPs were inserted between the EcoRI and Not I 

sites of pPCIZαA P.pastoris expression vector which contains an alpha factor 

signal leader and an alcohol oxidase (AOX1) promoter (Cai et al. 2010). In 

P.pastoris, AOX1 gene is tightly regulated and highly induced by methanol 

(Higgins & Cregg 1998). Direct cloning of nsLTPs into P.pastoris expression 

vector could not be achieved due to problems in efficient ligation; hence the nsLTP 

PCR amplified product was sub-cloned into pGEMT-easy vector which has a T 

overhang (Klein et al. 1998). Further, the nsLTP fragment was gel extracted and 

ligated into the pPCIZαA P.pastoris expression vector. This seemed to be more 

efficient than direct cloning as we could make sure that correct fragment was 

electroporated into P.pastoris cells. In addition to this, presence of the nsLTP gene 

fragment in the recombinant plasmid was further confirmed with sequencing. A 
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similar two-way cloning was performed for expressing nsLTPs in P.pastoris from 

wheat (Klein et al. 1998). 

In figure 7b (lane 2 and 9), the empty vector transformed into P.pastoris gave the 

expected product size of 588 bp. Screening of P.pastoris recombinants with AOX1 

primers also gave the expected product size of 800-900 bp. No visible bands were 

observed for untransformed cells in figure 7a (lane 10) and figure 7b (lane 8). 

These results clearly show the differentiation between transformed and 

untransformed P.pastoris cells. In figure 7a (lane 11), absence of visible DNA 

band indicates that no DNA contamination was present in the PCR samples. The 

presence of expected DNA band (800-900 bp) in the transformed P.pastoris and 

the absence of DNA band in the untransformed P.pastoris confirm that nsLTP 

gene has been integrated into the P.pastoris genome (Burrowes et al. 2005). Some 

of the clones had both 588 bp and 800-900 bp band (data not shown), which might 

indicate either partial integration into the genome or some form of contamination. 

Hence, P.pastoris recombinants which showed two bands were not used for 

expression studies.  

5.2 Protein expression 

The phenotype of the transformants produced had slow growth in methanol 

medium due to the disruption of alcohol oxidase gene, AOX1 (as mentioned in 

Invitrogen Easy select™ Pichia selection kit instructions). This might be the reason 

for slower growth of the P.pastoris recombinants in BMGY media. Clones B, D 

and I (Fig. 7a and 7b) were examined for protein expression in shake flasks. 5 days 

of induction was performed initially but there was no drastic change in the 

expression level of nsLTPs. But, after 10 days induction with 0.5% methanol, the 

expression level was found to be increased and there was a three-fold higher 

expression level (ImageJ) observed from day 6-day 10 (Fig. 9 A, B and C - a). This 

could be due to the fact that induction occurs slower in KM71H P.pastoris strain 

(Burrowes et al. 2005) and the increase could be observed in the last few days of 

10 days expression. A similar increase in the expression levels were observed after 

5 days when nsLTPs from hazelnut (Cor a 8) was expressed in P.pastoris (Pokoj et 

al. 2010). Figure 8 A, B and C indicates that the expression of protein was found to 

be increasing in the latter growth phase (Burrowes et al. 2005). The other bands 

seen on SDS-PAGE gel (Fig. 9 A, B and C - a) are naturally secreting P.pastoris 

proteins which were also secreted into the growth media.  

The nsLTP expression was confirmed using Western blot. Two forms of nsLTPs 

observed in the Western blot were due to different levels of glycosylation (Angela 
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et al. 1998). Similar results were observed for nsLTP from wheat when they were 

expressed in shake flasks (Klein et al. 1998). Expasy proteomics online tools 

(NetOGlyc and NetNGlyc 3.1) predicted that nsLTPs from P.patens had potential 

sites which were glycosylated (Appendix II). Western Blot analysis confirmed that 

molecular weight of the nsLTPs were similar to the predicted one in SDS-PAGE. 

No visible bands were observed in the control sample (Fig.10, lane 2), clearly 

confirms the specificity of primary anti-myc antibody to nsLTP. Further, the 

analysis showed that glycosylated protein was also recognized by anti-myc 

antibody. The absence of ~33 KDa glycosylated band (Fig. 11, lane 1, 2 and 3) 

after treatment with PNGase F clearly shows that nsLTPs were N-glycosylated. 

This confirms that nsLTPs have undergone post-translational modifications when 

expressed in P.pastoris.  

An advantage of P.pastoris over other bacterial expression systems is that it can 

perform post translational modifications very efficiently like protein folding, 

disulphide bridge formation, O and N linked glycosylation and different types of 

lipid addition (Cereghino & Cregg 2000). It was predicted that hazelnut nsLTP 

(Cor a 8) had one single N-glycosylation site and the site was unoccupied even 

though there is a chance of glycosylation using P.pastoris system (Lauer et al. 

2008). Detailed studies have not been carried out so far for nsLTP family of 

proteins in plants with respect to post translational glycosylation (Lauer et al. 

2008).  Glycosylation pattern was not identified for the nsLTP (Pru p 3) from 

peach (unpublished data, Lauer et al. 2008). There were also evidences that 

tyrosine phosphorylation could occur in plants and it has a possible impact on 

nsLTP from apple (Malus domestica) (Koutb 2006). In general, phosphorylation 

plays a role in different functions like growth, proliferation, metabolism, motility 

and differentiation (Bonenfant et al. 2003). With respect to binding activity of 

nsLTP, it was suggested that phosphorylation of tyrosine residues can modulate 

this activity (Koutb 2006).  From these studies, it is understood that glycosylation 

may or may not occur for all nsLTPs, other modifications like lipid addition, 

disulphide bridge formation and phosphorylation could also occur in plant nsLTPs.  

It is known that glycosylation can mainly affect stability and also the activity of 

recombinant proteins (Sadhukhan & Sen 1996). In the current study, Western blot 

analysis proved that nsLTPs were expressed and also glycosylated. This could be 

due to the fact that since several cysteine bridges are required for proper folding of 

nsLTPs (Pokoj et al. 2010), this post translational modification is necessary to 

make nsLTPs perform its role.  
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5.3 Purification  

The purified fractions were analyzed by SDS-PAGE and identified using 

monoclonal mouse anti-myc antibody by Western blot. The undetectable band of 

nsLTP purified protein in SDS-PAGE was detected in the Western blot analysis 

which clearly indicates increased sensitivity of this technique compared to SDS-

PAGE (Burrowes et al. 2005). Hence, the purified fractions were concentrated 

using Amicon Centrifugal filters (Millipore, EMD Millipore corporation) and the 

samples were analyzed by 4-20% SDS-PAGE (Fig. 12 a). Along with the purified 

nsLTP, the other band identified using Western blot indicates the glycosylated 

form. Previous studies with nsLTPs from wheat (Klein et al 1998) and hazelnut 

(Pokoj et al. 2010) have shown that purification is easier with proteins carrying a 

6XHis tag. But, the purity levels were low, hence additional purification 

techniques (Klein et al. 1998) should be adopted when purifying large scale culture 

supernatants.  

The nsLTPs evolved very early during evolution of land plants. It was speculated 

that nsLTPs has some interesting properties which are necessary for the plants to 

cope up with different stresses; hence this might be the main reason why the 

nsLTP gene family was selected and also expanded among the land plants (Edstam 

et al. 2011). The nsLTP family of proteins have to researched on a wider basis with 

respect to expression levels, gene mutations etc. in order to understand the main 

biological role. It was suggested from experiments that heterologously expressed 

and purified nsLTPs might be toxic to fungal plant pathogens (Nielsen et al. 1996, 

Kirubakaran et al. 2008). In a similar way, it could be speculated that these nsLTPs 

which were heterologously expressed from P.patens could also play a role in 

pathogen defense, transfer of lipids between membranes or might as well have 

other specific roles.  

5.4 Future Research  

In future, the purified nsLTPs could be used for testing in vitro lipid transfer 

activity. The purified proteins could be structurally characterized to prove that 

protein folding was performed correctly with P.pastoris.  As P.pastoris has the 

ability to grow on low salt medium with methanol as the main carbon source and 

low cost of [
13

C] methanol makes it quite useful if labeled mutated nsLTPs have to 

be produced and this would also be helpful in understanding the structure-function 

relationship of nsLTPs (Klein et al. 1998).  
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5.5 Conclusion 

In conclusion, it is shown that nsLTPs from P.patens can be produced by 

P.pastoris at high levels. This research work is of significance as this is the first 

study where nsLTPs from P.patens were heterologously expressed in yeast 

expression system and successfully purified. Western blot analysis confirmed that 

the expressed nsLTPs had both glycosylated and unglycosylated forms. Treatment 

of supernatant containing nsLTPs with PNGase F confirmed that these proteins 

were N-glycosylated. As a result of Post translational modifications, nsLTPs could 

be highly functional clearly showing that P.pastoris serves as a very efficient 

eukaryotic expression system and can produce correctly folded proteins. Thus, it 

could be speculated that these heterologously expressed proteins would play a role 

in transfer of lipids between membranes or might have other biological roles.  
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Appendix I 

1. nsLTP Gene sequences 

A. nsLTPG2 

ATGGCGTACAGGATGTGTATAGCGATGTTAGTCGCTGCGACGCTGTTTG

CAGGAGTGGCTTCACAGACCGGTCCAGATTGTACTGGGGCGCTCAGTT

CCTTGACGCCATGTTTAGCGTATGTGTCGGGACCGGAGCTGACTCCACC

ACCGATGTGTTGCCAATCCATTGAATCCTTGAACATGAACGATCCCGTC

TGTTTGTGTCAGGCTGTGTCGTCGCTGGACGTGTATCCCGCTGTTAACC

AGACCAAGGCCTTCTCATTGCCACGAGATTGCAACGTGCAAGTAGATA

CTACGAGTTGTCCAGCCTTGGCTACTCCGCCAGGCTTCGGTGTCCCTCC

AGGCTTCGCTGCCCCTCCCAGCTTCGATGTCCCTCCAGGCTTCGCTGCC

CCTCCCAGCTTCGATGTCCCTCCAGGCTTCGCTGCCCCTCCAGGATTTG

ATGTTCCTCCCGGCTTCGCTGCCCCTCCAGGATTTGATGTTCCTCCCGGC

TTCGCTGCCCCTCCAGGCTTTGATGTCCCTCCAGGCTTCGCTGCGCCTCC

AGGCTTCGATGTTCCTCCGGGCTTCGCTGCACCTCCAGGCTTCGATGTT

CCTCCGAGCTTCGCTGCTCCTCCAGGCTTTGATGTCCCTCCAGGCTTTGC

TGCTCCTCCTAGTTTCGACGTGCCTCCCGGCTTCTCAGCACCACCGATG

CCTGCGGTTCCTCCCACTATGTTCACCCCTCCGTTGTCACCTGCCTCATC

TCCGACGTCTTCGCCCTCTGTTGATGCCCCAGAATTCGCACCGTCTTCTC

CAACTGTCCCTTCAACTCCCGCAGGAGGGCCTTCTGCTGGCACGCCCCC

TGTTGCTGGCAGATCTCCCCAGTCCAGTCCAGGTGGTACACCCGTGGTG
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GGTTCTCCCGGTCCGTCGCCTGCCGACTCCGGAGCTTCGGCTATTCAAC

ACTCCGTAGTGTTTGGTGTGGCGGCTGCTGGATTTCTTGCTCTTGTGTTG

TAA 

B. nsLTPG4 

ATGGATCAGCGATTGTGCATTGCAATTCTATTTGCGACGCTCCTAGTCG

CAGGAGCGACCGCGCAGGCTCCCTCTGCAGATTGTTCGGCAGCATTGG

CATCCTTGACGCCGTGCCTCGCATATGTATCAGTGACTGGAACGGAGTC

CACACCGAGCCCAGCTTGCTGTGGAGGAGTCGACACCTTGAATAGGAA

CAGCCCAGATTGTCTGTGCCTGGCCTTCGCACAAGTCGGCTCCAATCCT

TCAGTGAATGCTACTAAAGCATACGCATTGCCCAGCGCTTGCAATCTCC

CCATCGATGCTTCCAAGTGCACAGATTCTGCTCCTCCTCCGATGGCCGC

AACTCCACCGACAACCGTCCCTGCCTCTCCACCGATGGGCGCTACTCCA

CCAACTGTTGCTTCTCCACCCATGGGCGCCACTCCTCCATCGGTCCCAG

TTTCTCCACCTGTGGTTGGGGGTGTACCTCCAACCATGAGCCCTTCGAC

GACCCCTGCGGCACCACAAATGCCACCTGCTGCGTCGACGCCATCCTCC

GCACCCGTCGAGGCACCGACATCCACCACCCCATCAGCTGCACCTGCTT

CAGCACCGACATCCTCTACTCCGGCACCAACCTCCACACCCGTCGCGGC

GCCTACAGCACCAAGCACCACTCCTGCAACTACACCAACCATGGCTCC

AATCAGCCCTACCTCTGAAAGTCCTACGCCTTCCTTGGCCCCCAATGGT

CCGGGATCTTCTCCCGCAGCCGATGCAGCTCAAGCTCCAGGTCCTCAAG

CTGCAGGCACTAGCGCAGCACCGGCGATGGTGGCTGCCTCATCGGTGG

TGGTGGGATCTGCCGCAGCTGTGGTCTTCTACGGACTGTTGTTGTAA 

C. nsLTPG8 

ATGGCACAACGCATTTGCATTGCGATTGTGCTACTGCTTTGCTTCTCTG

GAGTGTCTGCTCAGTTTACACCCGACTGTCAGGCTGCGGCCATTTCGTT

GGCGTCATGTTACAGCTATGCGTCGGGTCCAGCTACCACACCCCCCTCG

GATTGTTGCGCCCCCCTTCGTCAGGTGAACGCGAACAATCCTGATTGTG

TGTGCCAGGCACTCGCCAATGTGGGTACCAGCACAGCTGTGAATGCTA

CGAAGGTTCGGGCGCTTCCCAGCGACTGTGGCATCACAGTAGACTACG

CAAGATGCCCGGGATCAGCAACGCCTCCTCCCTCCGCCGGTACGCCCCC

CATGACATCTCCTCCCATGGGTTCTACTCCTCCTTCGATGACCCCTCCCA

TGGGTTCAACTCCTCCGTCGATAGCTCCCCCCATGGGTTCCACTCCTCCT

TCGATGGCTCCTCCCACGGGATCAACTCCTCCTTCGACCGCGCCTCCCA

TGGGGTCAACTCCTCCTTCGACCGCTCCTCCCATGGGGTCAACTCCTCC

TTCGACCGCTCCTCCCATGGGGTCAACTCCTCCTTCGATGGCTCCCCCC

ATGGGGTCAATGCCTCCTTCAATGGCTCCCCCCATGGGGTCAATGCCTC
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CTTCAATGGCTCCCCCCATGGGGTCAATGCCTCCTTCAATGGCTCCTCC

AATGGGGTCAATGCCTCCTTCGCTGGCTCCTCCCATGGGCTCAACTCCT

CCTTCGGTAGCTCCTCCCATGGGCTCAACTCCTCCTTCGCTGGCTCCTCC

CATGGGGTCGACCCCTCCTTCGATGGCTCCTTCAATGGCTCCCCCAATG

GGTTCCACTCCTCCAGCGATGGCTCCTTCTTCCGGCGAGACTCCTCCTG

CAATGTCACCCCCCAGTCCTCCCTCCGGCGCTGTCTCACCTGCCCCCAT

TATGACCCCTCCCTCCGGCGGTACGCCACCTGCTCCCACAGTGGCTCCT

TCCTCAGGCGAGATGCCTCCTACTCCTTCTGGCTCCATGCCATCCCCTCC

TCCAGAGAGTTCTCCAATGGCTCCTTCCAGCGGTGCTACTCCTCCAGGG

TCTTCTCCCACCTCTCCGTCTGAAGCCCCTGGCTCTGTCAATCCCTCACC

AGCCAATTCACCTATCGGAGCCACTAATCCACCTGTAACCTCCCCTGAG

GCTCCCGGACCTGTTGCACCCAGCAACAATGCAGCATCCATGGGCGCTT

CCTGGACTGTTGGAGTGGCGGCGGCAGTGGCTTTGCTTAGATTTCTGTA

A 

 

Red: Start codon 

Purple: Primer binding site 

Blue: Signal sequence 

2. nsLTP Primer Sequences 

A. nsLTPG2  

pPICZαA-LTPG2F: 5’-AGGCAGAATTCCAGACCGGTCCAGATTGTACTGG-

3’ 

pPICZαA-LTPG2R: 5’- 

AGATTGCGGCCGCCGGAGTAGCCAAGGCTGGACAACT-3’ 

 

B. nsLTPG4 

pPICZαA-LTPG4F: 5’-TGGTTGAATTCCAGGCTCCCTCTGCAGATTGTT-3’ 

pPICZαA-LTPG4R: 5’-

ATCGAGCGGCCGCAGGAGCAGAATCTGTGCACTTGGAAG-3’ 

 

C. nsLTPG8 

pPICZαA-LTPG8F: 5’-

AATGAGAATTCCAGTTTACACCCGACTGTCAGGCT-3’ 
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pPICZαA-LTPG8R: 5’-

TAGAAGCGGCCGCCGTTGCTGATCCCGGGCATCTTGC-3’ 

 

Yellow ---> Introduced EcoRI site  

Green ---> Introduced Not I site 

 

3. P.pastoris primer sequences 

5’AOX1 sequencing primer – 5’-GACTGGTTCCAATTGACAAGC-3’ 

3’AOX1 sequencing primer – 5’-GCAAATGGCATTCTGACATCC-3’ 

α factor primer – 5’ –TACTATTGCCAGCATTGCTGC-3’ 

Appendix II 

1. nsLTP Protein sequences 

A. nsLTPG2 

E F Q T G P D C T G A L S S L T P C L A Y V S G P E L T P P P M C C Q S I E 

S L N M N D P V C L C Q A V S S L D V Y P A V N Q T K A F S L P R D C N 

V Q V D T T S C P A L A T P A A A S F L E Q K L I S E E D L N S A V D H H 

H H H H  

 

Calculated Protein molecular weight – 12.28 KDa 

B. nsLTPG4 

Q A P S A D C S A A L A S L T P C L A Y V S V T G T E S T P S P A C C G G 

V D T L N R N S P D C L C L A F A Q V G S N P S V N A T K A Y A L P S A 

C N L P I D A S K C T D S A P A A A S F L E Q K L I S E E D L N S A V D H 

H H H H H 

 

Calculated Protein molecular weight – 11.75 KDa 

C. nsLTPG8 

Q F T P D C Q A A A I S L A S C Y S Y A S G P A T T P P S D C C A P L R Q 

V N A N N P D C V C Q A L A N V G T S T A V N A T K V R A L P S D C G I 
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T V D Y A R C P G S A T A A A S F L E Q K L I S E E D L N S A V D H H H H 

H H  

 

Calculated Protein molecular weight – 11.64 KDa 

Red indicates Poly his tag for Protein purification 

Blue indicates c-myc epitope for antibody binding (Western Blot)  

Green indicates Predicted O-linked glycosylation sites (NetOGlyc 3.1) 

Pink indicates Predicted N-linked glycosylation sites (NetNGlyc 3.1) 


