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Abstract: The PDGF-BB plays a key role in several pathogenesis diseases and it is believed to be an important mediator for wound healing. The 
recombinant human PDGF-BB is safe and effective to stimulate the healing of chronic, full thickness and lower extremity diabetic neurotrophic 
ulcers. In the present study, we attempted to produce a PDGF-BB growth factor and also, evaluate its functionality in cell proliferation in yeast 
host Pichia pink.  Pichia pink yeast was used as a host for evaluation of the rhPDGF-BB expression. The coding sequence of PDGF-BB protein 
was synthesized after optimization and packed into the pGEM. Recombinant proteins were produced and purified. The construct of pPinkα-HC-
pdgf was confirmed by sequence, the PDGF-BB protein was expressed and purified with using a nickel affinity chromatography column and 
then characterized by SDS-PAGE electrophoresis. The biological activity of PDGF-BB was estimated with using human fibroblast cell line. 
The measurement of protein concentration was determined by Bradford and human PDGF-BB ELISA kit. Purified rhPDGF-BB showed similar 
biological activity (as the standard PDGF-BB) and suggested that the recombinant protein has a successful protein expression (as well as consi-
derable biological activity in P. pink host). The exact amount of recombinant PDGF-BB concentrations were measured by specific ELISA test 
which it was about 30 µg/ml. Our study suggested that efficiency of biological activity of PDGF-BB protein may be related to its conformational 
similarity with standard type and also, it practically may be important in wound healing and tissue regeneration.
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Introduction

Platelet-derived growth factor has multiple in-
fluences on cells which were derived from a mesen-
chymal origin and it has potency for a pharmaceuti-
cal application which  it has become a point of focus 
in many studies (1). The PDGFs comprise a family of 
homo or heterodimeric growth factors including PDGF-
AA, PDGF-AB, PDGF-BB, PDGF-CC and PDGF-DD 
(2). These growth factors exert their functions through 
binding to three different kinds of transmembrane tyro-
sine kinase receptors which are homo- or heterodimers 
of α- and/or β-polypeptide chains (2, 3). The PDGF 
was first growth factor which it was shown to be a che-
moattractant for cells migration into the healing skin 
wound such as; neutrophils, monocytes and fibroblasts. 
It also enhances the production of extracellular matrix. 
In addition, PDGF stimulates fibroblasts proliferation 
and contract collagen matrices to them and also induces 
myofibroblast phenotype in these cells (4). Therefore, it 
has been suggested that it plays a crucial role in wound 
healing. Indeed, experimental series and clinical stu-
dies have demonstrated a beneficial effect of PDGF for 
treatment in wound healing disorders (5). Furthermore, 
PDGF was first growth factor which it has been appro-
ved for human ulcers treatment (6, 7).

Although it is considered to be a therapeutic product 
which recombinant human PDGF-BB has been applied 
for therapeutic uses. Human trials have only been per-
formed by PFGF-BB and it was concluded that the 
once-daily topical application of rhPDGF-BB was safe 
and effective in stimulating the healing of chronic, full-
thickness, lower-extremity diabetic neurotrophic ulcers 

(8). PDGF-BB are structurally arranged in an anti-pa-
rallel fashion and joined by two disulfide bonds which 
result in folding of the PDGF-B monomers in the BB 
dimer which it causes to form three loops at the end of 
the molecule (9). These loops have been proposed to 
be responsible for the binding of PDGF to its receptors 
(10).

The rhPDGF-BB homodimer has been produced 
in a variety of heterologous systems, including mam-
malian cells, insect cells, bacteria, fungi and yeast. In 
every case, the recombinant protein is purified, either 
as a monomer followed by dimerization or as a com-
plete molecule that is synthesized inside the cell and 
secreted into the growth medium. The low expression 
level of rhPDGF-BB in Saccharomyces cerevisiae is a 
key issue that leads to high production costs (11). On 
the other hand, there are multiple promising advantages 
which  regard to the production of recombinant proteins 
in Pichia pink yeast, which it includes rapid growth rate, 
high levels of recombinant protein (g/L) production, ap-
propriated for laboratory and industrial purposes, elimi-
nation of endotoxin and bacteriophage contamination, 
easy genetic manipulation of well-characterized yeast 
expressing vectors, lower production cost than mam-
malian cell culture, simplicity of transformation and 
selection process and compared to bacteria. The lack of 
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determined human pathogenicity is applied in protein 
expression with high disulfide in the spectrum of lytic 
viruses. Also, there are key advantages of P. pink yeast 
such as  removal of methionine from the amino termi-
nal of the protein, ability to secrete target protein inso-
luble in the culture medium, the capability to produce 
complex human protein,  the availability of an unusual 
tightly regulated promoter with methanol-regulated al-
cohol oxidase I (AOX1) gene. The preference of Pichia 
pastoris is grown in a respiratory mode which it has a 
reduced fermentation benefit activity with producing 
excretion such as ethanol or acetic acid which allows 
achieving an interestingly high level of cell densities in 
medium (12-14).

On the basis of data are reported by previous stu-
dies, we investigated that Pichia pink host cell can be a 
suitable system for expression of a rhPDGF-BB protein 
with curative properties.

Materials and Methods

Bacterial strains, plasmids and media conditions
Escherichia coli strain DH5α was used for the 

propagation of recombinant plasmid and Pichia pink 
strain was used for hPDGF-BB protein expression. 
The ppinkα-hc expression vector was provided by Invi-
trogen company. E. coli transformations were selected 
on Luria-Bertani plates and supplemented with 80μg/
ml of ampicillin. 

Construction of pPinkα-HC_ pdgf plasmid and E. 
coli transformation

The pdgf -bb gene (GenBank accession 
no.NM_033016.2) was optimized according to codon 
usage bias of P. pink and synthesized (by Shine Gene 
Co.) in the pGEM_ pdgf vector. Synthesized sequence 
XhoI and KpnI were digested and inserted into similarly 
digested pPinkα-HC to generate the pPinkα-HC-pdgf-
bb plasmid. Using a micro-pulsar (Bio-Rad) at 1200, 
E. coli was transformed in a 0.1 cm electroporation cu-
vette. Preparation of electrocompetent cells and elect-
roporation were carried out as described in Bio-Rad’s 
Micro Pulsar electro proration apparatus operating ins-
tructions and applications guide (Bio-Rad, #165-2100).
The cells were plated on LB agar ; containing 40 μg /
ml ampicillin to obtain positively transformed colonies. 
Transformants were confirmed by PCR technique using 
primers designed for pPinkα-HC (Table 1). Then, doub-
le-digested was performed by restriction enzymes and 
DNA sequencing was performed with (090617KR-029, 
MACROGEN, Seoul, Republic of Korea) using primers 
in the vectors. Plasmid pPinkα-HC-pdgf-bb isolation 
was carried out with using GeneJETtm Plasmid Miniprep 
Kit (ferment as, # K0502) following the manufacturer’s 
protocol. Amplification was made in a total volume of 
20μl of reaction mixture containing 0.3μl of genomic 
DNA( 0.5μg/ml) , 2μl of  Taq polymerase buffer (10×), 
0.8μl  MgCl2 (25mM), 0.4 μl dNTP Mix(10 m M each), 
0.4μl of each primer (25 pmol) and 1μl Taq polymerase 

PCR mix. A total of 30 cycles was performed as follow; 
the first denaturation initiated at 95 °C for 15 s, then all 
30 cycles followed by the same thermal pattern of  94 
°C for 50 seconds, 59 °C for 50 second and 72 °C for 1 
min. The final extension occurred with using72 °C for 3 
min. The amplicons were separated by electrophoresis 
on a 1% agarose gel, then it was analyzed by ethidium 
bromide staining and UV-transilluminator visualization.

Pichia pink competent cell preparation and transfor-
mation

10 ml YPD was inoculated with a single colony of 
P. pink and incubated at 30 oC under 300 rpm for 1 day. 
Then, 2 ml of 10 ml YPD was added to 100 ml fresh 
YPD to reach the first optical density of 0.2 at OD600 
and then it was incubated at 30 oC under 300 rpm to 
reach the final optical density of 1.5 at OD600. Cells were 
harvested by centrifugation under 1500 ×g for 5 min at 
4 oC. The cells were resuspended in 250 ml Distilled 
water and harvested next to centrifugation under1500 
×g for 5 min at 4 oC. The process was repeated for 50 
ml distilled water as mentioned above and also it was 
the same for 10 ml cold 1.0 M sorbitol too. After cen-
trifugation for 5 min, cells were harvested and then, it 
was done suspension 300 µl of 1.0 M sorbitol. Cells 
were aliquoted into 1.5 mL tubes. 300 µg pPinkα-HC_ 
pdgf plasmid was linearized with using AflII and used 
to transform P. pink by electroporation (Bio-Rad Gene-
pulser; Bio-Rad, Hercules, CA, USA). 1 ml of cold 1 
M sorbitol was immediately added to the cuvette after 
pulsing. Cells were cultured on selective medium after 
incubation for 2h at 30oC [SD, 18.6% sorbitol, 5% glu-
cose and 2% agar]. Transformations were stretched on 
minimal glucose (MD) medium for screening purpose 
(1.34% YNB, 2% glucose and 2% agar). 

PDGF expression
At first, colonies were inoculated into 250 ml flasks 

supplemented with 25 ml Buffered Minimal Glycerol 
complex medium (BMGY) [1% (w/v) yeast extract, 
2% (w/v) peptone, 100 mM phosphate buffer pH 6.0, 
1.34% (w/v) yeast nitrogen base, 0.4 µg/ml biotin and 
1% (w/v) glycerol] and then, incubated at 30°C while 
shaking at 300 rpm for 72h. Then, the cells were ino-
culated in 500 ml Buffered Minimal Methanol complex 
medium (BMMY) [1% (w/v) yeast extract, 2% (w/v) 
peptone, 100 mM phosphate buffer pH 6.0, 1.34% 
(w/v) yeast nitrogen base, 0.4 µg/ml biotin and 0.5% 
(v/v) methanol] and incubated at 30°C under 300 rpm 
for 16 h to reach an OD600 of 0.5-0.6. The cells were 
resuspended in 200 ml BMMY 1:5 and incubated again 
at 30°C under 300 rpm for 72 h. Induction was carried 
out by adding 50% pure ethanol after 24h and proceed 
with incubation at the same condition for an overnight 
to reach the optimum induction time and then,  followed 
by cells harvesting. In order to achieve intracellular re-
combinant protein, the cells harvesting was broken with 
using Breaking buffer. 

Purification of recombinant protein with using nic-
kel affinity column

Induced cells were harvested. Supernatant and whole 
cell were studied to purify the protein content. The cells 
were resuspended in 5 ml Yeast Buster reagent and THP 

Target Gene Primers
F 5′ACTGCTGTTTTATTCGCAGCATCC3′
R 5′GGCGTGAATGTAAGCGTGACATAAC3′

Table 1. Nucleotide Primers Used for pPinkα-HC
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tion was done by ELISA with a kit Human PDGF-BB, 
Mini ABTS ELISA Development Kit (Peprotech com-
pany). Range diagnostic kits was 1pg / ml to 10000pg 
/ ml.  Bradford was shown that protein concentration 
was about 40 μ/ml. ELISA kit was read at a 650 nm. 
According to the manufacturer's instructions, the Anti-
PDGF-BB was on the floor and then, Human PDGF-
BB protein was coated with different concentrations of 
standard kit (picograms per liter) and then, it was added 
to Avidin -HRP poly and finally, it was added to ABTS 
substrate (2,2 - azino-bis 3- ethylbenzothiazoline-6- sul-
phonic- acid)  and the absorbance was read at a 650 nm.

Results

Construction of Recombinant Plasmid
The polymerase chain reaction products were 

amplified from pGEM-PDGF and cloned into diges-
ted pPinkα-HC vectors. The pPinkα-HC-pdgf  was 
fragmented,as a result of two KpnI and XhoI restriction 
enzymes activity (Figure. 1A) and isolation of a 714 bp 
fragment was related to the pdgf gene with using PCR 
(Figure. 1B). The PCR product was also sequenced for 
further confirmation of correct cloning.

Transformation of Pichia Pink
The pPinkα-HC-pdgf expressing plasmid was li-

nearized by AflII and introduced into the P. pink strain 
(Figure. 2A). The white colonies were grown on selec-
tive medium with supporting the pdgf gene integration 
into AOX1 locus which was on the chromosome of the 
transformed P. pink (Figure. 3) and also, it was additio-
nally confirmed by PCR technique (Figure. 2B).

Expression of Recombinant Platelet-Derived Growth 
Factor Protein 

The colonies were confirmed as a result of genomic 
PCR and selected to express the target gene. The ex-
pression level was studied in cell fractions with using 
SDS-PAGE analysis. The SDS-PAGE analysis of cell 
fractions showed a new protein band about 35 kDa in 
a column which was related to the intracellular fraction 

solution per mg of cell dry weight, the process followed 
by incubation at room temperature for 20 min under 50 
rpm. Then, the supernatant was collected at 4 oC under 
1600g. The denaturing condition was applied to purify 
the recombinant protein for IMAC (Immobilized Metal 
Affinity Chromatography) column with using Ni-NTA 
agarose (Qiagen, USA) (15). The prepared column was 
washed with double distilled water and then, washed 
with 1.5 ml Mes buffer (20 mM). 2 ml protein solution 
was added to the column after completing elution of Mes 
buffer,and it followed by 2 ml washing buffer. The elu-
sion buffers number 1(1 ml of 100 mM imidazole) and 
2 (1 ml of 250 mM imidazole) were added in ordered 
to elute the recombinant protein attached to the nickel 
column. Finally, 500 µl Mes buffer (20 mM) was used. 
The purified protein content was analyzed SDS-PAGE 
electrophoresis on 12% polyacrylamide to verify PDGF 
expression and then, followed by Western blotting.

Western blot analysis
Proteins in the culture supernatants were subjected to 

a 15% polyacrylamide SDS–PAGE with using Bio-Rad 
Mini Protean II System. The separated protein bands on 
polyacrylamide gel were electroblotted onto a polyviny-
lidene fluoride (PVDF) membrane with using a transfer 
buffer (39 mM glycine, 48mM Tris-base, 0.037% SDS, 
and 20% methanol). The membrane was blocked with 
3% BSA for one hour at 37°C. Then, it was  incuba-
ted in a 1: 250 dilution of mice anti-His-tag (Roche) in 
the PBST (PBS contains 0.05% Tween 20) while gently 
shaking were performed for 2 h at 37 ◦C. the process 
was followed by membrane incubation in 1:100 dilution 
of secondary antibody anti-mouse conjugated to HRP. 
Slides were incubated with DAB (3,39-diaminobenzi-
dine tetrahydrochloride) after three times washing with 
PBST and  was immediately washed with tap water af-
ter the color development. 

Biological Activity
The biological activity of the purified rh PDGF-BB 

was examined with using mouse fibroblast 3T3 clone 
A31 cells and received from institute pasture, Iran 
branch. The cells were cultured in DMEM medium sup-
plemented with FBS 10%, 100µ/ml penicillin and 100 
µg/ml streptomycin at 37 oC in the presence of 5% CO2. 
The medium was used to replace every other day. To 
assesses the biological activity of rh PDGF-BB, 1×104 
cell/well were transferred to 96-well plates containing; 
DMEM and  10% FBS. The grown cells were supple-
mented with 0.1-100 ng/ml rh PDGF-BB protein after 
three days and then, cultured for another 3 days. Then, 
the medium replaced with a 100µl solution of 0.5 mg/ml 
MTT. After four hours, the solution was removed and 
100µl isopropanol was added and incubated for 5h at 37 
oC. The amount of dissolved material was evaluated in 
isopropanol by ELISA reader at 490nm. The well with 
more cells showed more OD value. MTT color in the 
mitochondria of living cells was modified from yellow 
to purple.

Measurement of protein concentration was determi-
ned by Bradford in micrograms per milliliter. For this 
purpose, it needs a standard diagram which graph was 
drawn with using a standard protein BSA. The exact 
amount of recombinant PDGF-BB protein concentra-

Figure 1. Cloning confirmation with using PCR and Double digest 
techniques. A) lane 1, Gene ruler sm0333. Lane 2, 3, Released 
pdgf fragment from the pPinkαHC_PDGF plasmid using KpnI and 
XhoI. B) lane 1, Gene ruler sm0333. Lane 2, 3, PCR products from 
the pPinkαHC_PDGF plasmid. Lane 4, Negative control.



48

Recombinant human platelet-derived growth.H. Babavalian et al. 2016 | Volume 62 | Issue 8 

(Figure. 4).

Purification of the Recombinant Protein and Wes-
tern Blot Analysis

The 35 kDa PDGF-BB protein was purified by chro-
matography of concentrated yeast supernatant with using 
nickel-nitrilotriacetic acid (Ni-NTA) agarose (Qiagen 
Inc., Valencia, CA, USA) (Figure. 5) and confirmed by 
appearing a proper band in Western blotting (Figure. 6). 
These results showed that the PDGF-BB was correctly 
translated into the transformed P. pink.

Biological Activity
The biological activity of the purified recombinant 

protein was studied by measuring the proliferation of 
3T3 cell with using the rapid colorimetric method. The 
rhPDGF-BB produced from P. pink is a homodimer in 
its native and biologically active form. 

Recombinant protein concentration was measured 
in μg / ml with standard protein BSA. BSA concentra-
tion curve charts were shown of PDGF-BB protein pro-
duction in 40 μg / ml. The exact amount of PDGF-BB 
concentrations of recombinant protein was calculated 
by a specific ELISA test. The amount had been compa-
red with the standard curve Human-PDGF-BB protein 

which was used in the kit and calculated 30 μg / ml.

Discussion

PDGF-BB with a weight of about 25-35 KD is 
two polypeptide chains linked by disulfide bonds. The 
PDGF-BB has a functional group containing 17 amino 
acids (RVRRPPKGKHRKFKHTH) which are a sulfate 
and heparin-binding domain and conducts the sulfate 
and heparin binding to alginate hydrogel thereby, it ex-
plains the therapeutic usage in healing. Compounds are 
prescribed in the form of a gel which contains PDGF-
BB. Formulations are proper to accelerate the wound 
healing in some conditions such as ulcers, superficial 
wounds, surgical wounds, abrasion and bone defects. 
Nowadays, a gel formulation from rPDGF has been ap-
proved to heal full-thickness ulcers in diabetic patients 

Figure 2. A) lane 1, Gene ruler SM0333, Lane 2, Linearized. The 
pPinkαHC_pdgf by BsptI. B) Identification of the recombinant 
pPinkαHC_pdgf containing the pdgf gene after transformation 
into P. pink: Lane 1, Gene ruler SM0333. Lane 2, 4, 5, 6, 7, PCR 
product.

Figure 3. White colonies of P. pink on selective medium after 
transformation.

Figure 4. Protein detection was expressed by pPinkα-HC_pdgf 
using 12% SDS-PAGE. Lane 1: Recombinant glycoproteins in the 
supernatant, Lane 2: Protein size marker (cat No#sm0671), Lane 
3: Recombinant glycoprotein intracellular fraction.

Figure 5. Purification analysis of recombinant PDGF protein with 
SDS-12% PAGE gel. Lane 1, flow-through. Lane 2, 3, 4, wash 
columns, Lanes 5, purified protein after elution with 250mM imi-
dazole. Lane 6, Washing with 20mM MES buffer, Lane 7, Protein 
marker (#sm0671).
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such as the Regranex brand (Smith & Nephew Plc, 
London, UK). Yeasts are strong industrial fermentative 
organisms which it is able to express therapeutic pro-
teins more efficiently and compared to other eukaryotic 
expression systems such as mammalian cells and the 
baculovirus system. The purpose of this study is that 
the gene encoding of PDGF protein was extracted from 
Gene Bank which was followed by gene optimization to 
express the protein in yeast host cell. Gene was synthe-
sized in the final size of 714 bp and delivered into pGEM 
vector. Gene was subsequently subcloned in pPinkα-HC 
vector and its expressed recombinant protein production 
was purified.

The Escherichia coli expression system has many 
advantages, although it is faced with several challen-
ging issues such as the lack of desired post-translatio-
nal and post-transcriptional modifications of eukaryo-
tic proteins, the formation of inclusion bodies and also 
inappropriate folding. It seems that this occurs due to 
the low amount of intracellular chaperones or reduced 
environment of cytoplasm. Moreover, proteins ex-
pressed in E. coli preserve their N-terminal extension 
which may affect the stability or immunogenicity in 

hosts (10, 16). Therefore, E. coli is not proper for the 
cloning and expression of the purpose protein. On the 
other hand, the cloning and expression of recombinant 
proteins in eukaryotic cells require expensive and com-
plex mammalian cell culture laboratory equipment. On 
the other hand, the P. pink expression system is a P. pas-
toris mutant cell which it has both advantages of E. coli 
expression system, such as high levels of expression, 
inexpensive medium, expression of proteins with many 
disulfide bonds and controlled induction, and also, the 
advantages of eukaryotic systems are included: post-
transcriptional and post-translational processes and gly-
cosylation process. These advantages make the system 
more appropriate for production of eukaryotic proteins 
(10, 17). Because several common codons are rare or 
lacking aminoacyl-tRNA in the yeast Pichia. The trans-
lation process could be incomplete (16, 18). In addition, 
if the target gene contains AT-rich regions, the transcrip-
tion may be incompletely terminated (19). Therefore, in 
order to improve the expression of the desired glyco-
proteins, several codons with these characteristics were 
replaced and optimized by similar codons.

Since pPinkα-HC is a large size of plasmid (8 kb) 
and also for maximizing the plasmid elution yield, the 
TE buffer needs to be pre-warmed for about 2 min, at 
60oC and it is able to be followed by incubation of the 
column at 37oC for 1 h. Otherwise, the desired concen-
tration would not be obtained. It is recommended to 
incubate the extracted plasmid at 60oC for 1 h in order 
to prevent DNA degradation and remove DNAse or use 
a DNAse free micro tube. 

Our observation suggested that transformed cells 
were incubated in an immovable incubator with sucrose 
at 37oC which this performance was done after elec-
troporation which it caused to make a higher transfor-
mation rate and it seems to occur due to the cell wall 
reformation. 

Multiple growth factors have been produced in the 
yeast P. pastoris host including epidermal growth fac-
tor (20), insulin-like growth factor-1 (19), hepatocyte 
growth factor (21), keratinocyte growth factor 2 (22) 
and bone morphogenetic protein 6 (23). Our study is 
the first time to report the hPDGF-BB expression in 
P. pink. The expression of hPDGF-BB was previously 
studied by other researchers in heterogenous expres-
sion systems including bacteria E. coli (24, 25), yeast S. 
cerevisia (11), mushroom Pleurotus eryngii (12), insect 
and mammalian cells. The expression levels represent 
an essential issue in this system. For instance, Wang et 
al. reported the efficiency of 32 mg/L in Saccharomyces 
with optimization while Karumuri et al. reported the 
yields of 10-12 mg/L in E. coli. In the present study, a 
high efficiency without optimization was obtained for 
the rhPDGF-BB protein with using P. pink about 30 
mg/L. The obtained protein is considerably more puri-
fied when it was compared to the previously unpurified 
proteins. 

The rhPDGF-BB protein was produced in this study 
and it showed that the same pattern of proliferation in 
fibroblasts as standard PDGF-BB (Sigma-Aldrich, St. 
Louis, MO, USA). Protein cannot bind to its receptor on 
fibroblasts and cannot induce the proliferation because 
of incorrect conformation. Therefore, it seems that the 
rhPDGF-BB produced in P. pink host. In the present stu-

Figure 6. Western blotting analysis of expressed PDGF-Bb using 
histidine antibody, Lane 1: Protein size marker (sm0671), Lane 2: 
Purified recombinant protein.

Figure 7. Biological assessment of purified and standard rhPDGF-
BB. 3T3 fibroblast cells were treated with different concentration 
of rh PDGF-BB. The biological activity of the purified recombi-
nant protein was assessed by measuring the proliferation of 3T3 
cells using a rapid colorimetric technique. The data are expressed 
as means ± SD of three independent measurements.
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dy, it has conformational and biological similarity with 
the standard type which was produced by Sigma-Aldrich 
(St. Louis, MO, USA). The high purity of the rhPDGF-
BB was produced in our experiments and was confir-
med by SDS-PAGE and Western blotting. The rhPDGF-
BB has been recently used as a medicine for various 
diseases. In particular, rhPDGF-BB was produced from 
P. pastoris which is a homodimer in native form and is 
biologically active. The SDS-PAGE, Western blotting 
and cell culturing had confirmed the active structure 
of the purified protein. These data confirm that the P. 
pastoris is capable of producing a bioactive protein and 
that protein can be easily purified from yeast extract. We 
believe that rhPDGF-BB production in the yeast P. pink 
is economically cost-effective. In this study, pPinkα-HC 
vector was used for the subcloning and expression of 
target gene. The vector was designed for laboratory and 
industrial expression and has the following advantages: 
it has the AOX promoter (which is considered a strong 
promoter), it is an ampicillin selective marker in E. coli 
and an adenine selective marker in yeast P. pink. It is 
also a highly replicable plasmid. Methanol is used to in-
duce the promoter in BMMY medium. In this medium, 
methanol is the only carbon source for the recombinant 
glycoprotein production with a high level of availability.

In this study, the recombinant protein was obser-
ved on polyacrylamide gel electrophoresis as a single 
band with a molecular weight of approximately 35 kDa, 
based on used protein markers while the molecular 
weight of PDGF-BB is about 25 kDa.  There are a lot of 
differences due to the lack of glycoprotein production 
in control samples with using Nickel affinity chroma-
tography and Western blotting experiments with anti-
bodies against His-Taq, which gene was confirmed by 
sequencing process after it was transformed into yeast. 
Band formation was expected during the PCR yeast ge-
nome with vector and gene primers, Repeat expression 
steps were induced the correct expression of protein for 
a colony Starin1 and colony Starin4 and production of 
a recombinant protein of 35 kD. The only difference 
can be related to reducing of speed recombinant protein 
electrophoresis and  can not be related to separate secre-
tory signal from recombinant protein into the cytoplasm 
(signal S, 9 kD) during the passage.
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