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This project aims at producing a recombinant proteinase in a yeast expression system and 
more precisely in Pichia pastoris. This yeast had already been transformed previously, so we 
produced and induced a batch of it. The production of the recombinant proteins went well 
and was a success, that was verified by SDS-PAGE. After that, we wanted to purify those 
His-tagged protein, and also tried to prove that the genomic construction was still present 
inside the yeast. The purification step failed, after performing it several times, and we think 
that the Ni-NTA marbles may be the cause of this failure. Regarding the genomic 
verification, we correctly extracted the genomic DNA of the yeast, but the PCR step with 
specially designed primers failed too. Those weeks of experimentation led us to think that 
the purification beads were not efficient anymore, and the PCR step has to be improved by 
searching better annealing temperatures for instance. Finally, an application for the 
purified PEP2 had been thought.

Introduction

 S e v e r a l d i f f e r e n t f u n g i s p e c i e s a r e 
pathogenous. Among them, Aspergillus fumigatus (A. 
fumigatus) is one of the most well-known. This 
saprophytic strain is also one of the most commonly 
found in ambient air(1). Humans and animals are 
constantly breathing its spores, that are fortunately 
eliminated by immune system in healthy bodies. 
However, in rare cases, invasive aspergillosis and 
Allergic BronchoPulmonary Aspergillosis Aspergillosis 
(ABPA) are observed in healthy systems. In 
immunodeficient patients, an infection can often lead to 
serious and fatal consequences. Many studies were 
carried out to better understand the biology of A. 
fumigatus and the pathologies it causes. Thanks to 
recombinant antigenes, a diagnostic test of aspergillosis 
in immunodeficient and healthy patients have been 
developed(2). Markers were directed toward a 
ribonuclease (18-kDa RNU), a catalase (360-kDa CAT) 
and a peptidase (88-kDa DDPV). 

An aspartic peptidase PEP2, coming from A. fumigatus 
has been previously transformed into Pichia pastoris 
(P. pastoris). This transformed strain was received from 
Reichard, et al. They chose this protein because there is 
evidence that additional peptidases than the ones 
already known are produced by A. fumigatus. This 39 
kDa protein is present in a small quantity and is not 
secreted by the fungus in native conditions(3). As its 
name suggests, it hydrolyzes proteins.

 A. fumigatus cannot be manipulated in 
laboratories available at school for the project, because 
of the high risk of infection. Furthermore, many people 
are potentially in direct contact with manipulation 
spaces. To produce the recombinant PEP2, P. pastoris 
expression system was used. P. pastoris is a well-
known yeast strain in biotechnologies, and widely used 
for its expression system function. This strain allows 
the production of high amounts of recombinant 
proteins, with a highly regulated system(4). Last but not 
least, P. pastoris is not pathogenous, and can be used as 
part of this project. 

 The aim of this project is to produce, purify and 
study the PEP2 protein in P. pastoris. 

Material and methods

Media 
Subculturing media composed with yeast nitrogen base 
without amino acids (YNB,291940 - BD Difco™). The 
production media contains 700ml of BMGY medium 
(containing 10g of yeast extract (Sigma-Aldrich, 
cat.Y1625-250G) and 20g of peptone (Grosseron, cat. 
211677)), 100mL of potassium phosphate buffer 1M, 
pH 6.0 (Sigma-Aldrich, cat. P5504-100G), 100mL of 
yeast nitrogen base without amino acids (YNB,291940 
- BD Difco™), 100ml of glycerol 10% (Sigma-Aldrich, 
cat. G5516) and 2mL of biotin 
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 (Sigma-Aldrich, cat. 1551128-5G) and NaCL 5M 
(Sigma-Aldrich, cat.S7653-250G) and centrifuged 
without the brake at 900 RPM after each wash. Pichia 
supernatant were mixed with the marbles and incubated 
on slow gear at room temperature (RT) for 3h. After 
centrifuging at 900 RPM, the beads were washed three 
times with Wash Buffer pH 6 (75% wash buffer A 1X 
(10X contains sodium phosphate monobasic 200mM 
and NaCL 5M) a 25% Wash buffer B 1X).  In order to 
pick up proteins, the pellet was mixed with Histidine 
50mM (Sigma Aldrich, cat. H0750000) twice and put 
on slow gear for respectively 45 minutes and 20 min at 
RT. 

Protein dosage with Bradford assay:  
Bio-rad Protein Assay Dye Reagant concentrate (cat. 
5000002) was used. Five dilutions were prepared of 
BSA for the standard range. 200 µl of each standard 
solution was put into separate microtiter plate wells and 
50 µl of 5X dye reagent was added to each well. After 
incubation, the absorbance was measured at 595nm. 

Genomic DNA extraction:  
One yeast culture was suspended in a solution of 
Lithium acetate 200mM (Sigma-Aldrich, cat. 517992) 
and 1% SDS. After 5 minutes  incubation at 70°C, 
ethanol 100% were added before centrifuging at 15 
000g for 3 minutes. The supernatant was then removed 
and the pellet was washed with ethanol 70%. After 
removing as much ethanol as possible. The pellet was 
dissolved in water and centrifuged. The supernatant 
was then stored at 4°C for the PCR. Protocol from 
Lõoke et al., 2011(5). 

PCR primers: 
PCR primers (Table 1) were designed on an online tool 
called Primer Blast. 

PCR: 
Presence of DNA in the pellet was checked by 
electrophoresis and quantified with the Thermo 
Scientific Micro-drop Plate. To calculate the 
concentration of DNA : A260 /A320 x dilution factor x 
50µg/mL. Each tube was filled with 5µl OneTaq 
standard reaction buffer (NEB, cat.B9022S), 0.5µl of 
dNTPs (NEB, cat. N0447S), 0.5µl of each primers, 
0.25 µl of OneTaq DNA polymerase (NEB,M0480L), 
less than 1µg of DNA and QSF to 25µl of water. We 
launched the PCR machine with a specific program 
(Figure 1).

(2mg in 1ml absolute ethanol with 9ml of H2O, ref: 
Sigma-Aldrich, cat.B4501). Inducing media BMMY 
has the same composition of the BMGY except that 
methanol 5% (Sigma-Aldrich, 322415) is added instead 
of the glycerol. 

Subculture of P. pastoris 
P. pastoris strains were taken from -80°C stock and 
subcultured on YPD (yeast extract, peptone, dextrose) 
plates. Inoculated YPD plates were grown at 30°C for 
48 hours. After incubation, colonies grew on YPD 
plates and subcultures are ready to be cultured (not 
shown). 

Culture of P. pastoris  
After subculturing the strains, colonies were picked up 
and precultured in 10 ml of BMGY medium for 24 
hours at 30°C 200 RPM. Then precultures were 
cultured in 250 ml of BMGY for 48 hours at 30°C 200 
RPM. 

Induction of P. pastoris  
Grown cultures of P. pastoris were harvested (5 000 
RPM for 5 minutes) and the supernatant thrown away. 
Pellet was resuspended in 50 ml of BMMY and 
incubated at 30°C 200 RPM for 72 hours. 1 ml of pure 
methanol is added every 12 hours. A non-induced 
control is cultured by incubating it in 50 ml of BMGY 
instead. 

SDS-page analysis: 
Stacking gel is composed of Acrylamide/Bisacrylamide 
30% (Sigma-Aldrich, cat. A3574), TrisHCL 1.5M, pH 
8.8 (Sigma-Aldrich, cat. T1503), SDS 10% (Sigma-
Aldrich, cat. 1614363) , H20, TEMED (Sigma- Aldrich, 
cat. T9281) and Ammonium Persulflate (Sigma-
Aldrich, cat. A3678). Separation gel is composed of 
Acrylamide/Bisacrylamide 30%, TrisHCL 0.5M, pH 
6.8 (Sigma-Aldrich, cat. T5941), SDS 10% , H20, 
TEMED and Ammonium Persulflate. Samples were 
denatured by heating them for 5 minutes at 95°C. Gel 
was run at 100 V for an hour with a BioRad 
PowerPacTM HC High-Current Power Supply in a Mini-
PROTEAN® Tetra Vertical Electrophoresis Cell. 
Coloration solution is composed of Isopropanol 
(Sigma-Aldrich, cat. I9516), Acetic Acid (Sigma-
Aldrich, cat. 71251), Coomassie Blue (Labomoderne, 
cat. CL801450) and water. Decoloration solution is 
composed of acetic acid 10%. 

Protein purification:  
Protein solution was purified using ProBond™ Nickel-
Chelating Resin (cat. R80115). The marbles were 
washed three times with Buffer B 1X (buffer B 10x 
contains Sodium Phosphate Dibasic 200mM

Figure 1: PCR program.
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DNA 
First, plasmid DNA was extracted and purified, and an 
electrophoresis on agarose gel was carried out. No 
DNA was obtained at all (Figure 4A), even when 
digested (Figure 4B). Afterwards, genomic DNA 
extraction was carried out and an electrophoresis on 
agarose gel confirmed that it had been correctly 
extracted (Figure 4C). 

PCR 
PCR was performed to amplify the region of interest to 
verify the genetic construction. An electrophoresis on 
agarose gel was performed with PCR products, and 
nothing appeared on the gel (not shown). 

Discussion

 Culture and induction of P.  pastoris  gave 
satisfying results. Production of recombinant PEP2 has 
been  verified  by  different  gels.  The stripes at 15-20 
kDa, whereas the protein is 39 kDa, could not be 
explained. Indeed, those stripes appeared every time the 
production was performed and verified.

Figure 4: Electrophoresis on agarose gels. A) plasmic DNA extraction 
from the four induced liquid cultures B) digestion of the extracted 
plasmic DNA, a: NotI-HF b: EcoRV-HF c: both C) genomic DNA 
extraction.

A) B) LadderLadder

a b c
Samples 1, 2, 3, 4

C)
Ladder

Samples 1, 2

Results

Growth of P. pastoris 
After the incubation of P. pastoris, the solution was 
murky with a very dark yellow-brownish color. It also 
had a harsh smell of yeast, all of this is due to the 
saturation of Pichia inside the solution (not shown). 

Induction of P. pastoris 
Induction of the cultures was carried out and verified 
with a SDS-PAGE. The gel clearly shows a single 
stripe standing for a protein around between 20 and 15 
kDa for each sample of induced culture (Figure 2). 
Non-induced culture showed no band (not shown). 

Purification of recombinant proteins 
Purification with nickel bonds was performed three 
times and same results were obtained. No protein 
stayed in the purified elution but washing bonds 
supernatants were full of them, as shown  on the SDS-
PAGE verification gel (Figure 3). Furthermore, a 
Bradford assay confirmed those results (not shown).

Figure 2: SDS-PAGE carried out with samples of four induced 
cultures. A stripe is visible for each sample between 20 and 15 kDa.

20 kDa
15 kDa

Figure 3: SDS-PAGE carried out after purification. 1, 2, 3, 4: purified 
protein samples. 4, 5, 6, 7: supernatants kept after bead washing. 8: 
purified sample containing the recombinant PEP2.

Name Sequence % GC TM (°C)

Forward Primer 1 (oAP1) ACATTGACGCTCATGTTCGC  50 59,56

Reverse Primer 1 (oAP2) CTTTCGCAGGAAAGCGTCTC 55 59,56

Forward Primer 2 (oAP3) CTTTCTTCCTCTAGGGTGTCGT 50 59,17

Reverse Primer 2 (oAP4) CTGGGCTGGTTTTTCGATGG 55 59,47

Table 1: PCR primers characteristics.
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But as it is known that no other protein is secreted by P. 
pastoris, this stripe stands for the PEP2 protein. 
However, the purification process did not succeed. 
First, despite several attempts, no protein was present 
after the purification protocol. It had been supposed 
that the beads may not be efficient anymore, they could 
have been stored in a wrong way, or that a manipulation 
mistake was made. The whole process of production, 
induction and purification was made another time, and 
exact same results were obtained. By comparing those 
results to the ones of the previous group, which 
purification step succeeded, those results seem to be 
very surprising. All those arguments led us conclude 
that the beads, that arrived in the laboratory two years 
before, were defective and do not allow anymore a 
correct purification of His-tagged recombinant proteins. 

Perspectives

 Optimization of the genetic verification is a 
major research axis. PCR has to be improved, and 
annealing temperatures have to be enhanced to better 
correspond to the different couples of primers. The 
purification step, with new beads, has to be carried out 
again from the beginning in order to get a sample of 
purified proteins. Once those recombinant PEP2 
proteins will be purified, coupling this protease with 
antibiotics could led to a better efficiency of those 
substances. For instance, Staphylococcus aureus has 
many proteins on its surface(6), and a synergistic effect 
of the PEP2 and the antibiotic could be easily thought 
of. That would lead to limit the use of antibiotics, or 
improve their efficiency.
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