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Abstract 

Background: Human alpha 1-antitrypsin (AAT) is a potent inhibitor of multiple serine proteases, and 
protects tissues against their harmful effects. Individuals with reduced or abnormal production of this 
inhibitor need intravenous administration of exogenous protein. In this study, we employed the 
methylotrophic (methanol utilizing) yeast Pichia pastoris (P. pastoris) as a preferential host for efficient 
production and secretion of recombinant AAT. Furthermore, we examined different strategies to 
maximize the yield of the secreted protein. 
Results: Our findings revealed that optimizing the codon usage of AAT gene for P. pastoris had 
positive effects on the level of secreted AAT under the control of inducible alcohol oxidase 1 (AOX1) 
and constitutive glycerol aldehyde phosphate dehydrogenase (GAP) promoters. Compared to AOX1, 
the GAP promoter increased the yield of AAT by more than two fold. It was also demonstrated that the 
human AAT native signal sequence was more effective than the well-known yeast signal sequence, 
alpha mating factor (α-MF). Doubling gene dosage nearly doubled the production of AAT, though 
dosages exceeding this limit had negative effects on the yield.  
Conclusion: P. pastoris is shown to be an efficient expression system for production of recombinant 
and biologically active AAT. Also different strategies could be used to elevate the amount of this 
secretable protein. 
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INTRODUCTION 

Human alpha 1-antitrypsin (AAT), a serum glycoprotein, is one of the best-known prototypes of serine 
protease inhibitors (serpin) superfamily (Heutinck et al. 2010). AAT inhibits a range of proteases 
including one powerful protease known as neutrophil elastase (NE). The released protease from white 
blood cells plays a pivotal role in inflammation, and can be deleterious if not properly controlled. Much 
of AAT is produced by hepatic cells, and then transported to the lungs via the blood flow (Greene and 
McElvaney, 2009). Defects in the blood levels of AAT (below 15% of normal level) or its deposition in 
liver cells is responsible for early onset of chronic liver disease, emphysema, aneurysm (Rice-
McDonald, 2005; Kok et al. 2007; Fairbanks and Tavill, 2008) and possibly other disorders such as 
bronchiectasis, asthma, vasculitis and Wegener’s granulomatosis (Lonardo et al. 2002; Takii et al. 
2003; Shoemark et al. 2007). Currently, the only available treatment for patients with AAT deficiency is 
intravenous augmentation therapy with human serum derived AAT. Although the results suggest the 
effectiveness of this therapy in slowing the disease progression (Chapman et al. 2009), it has some 
disadvantages including source limitation and safety concerns (Stockley, 2010). The latest generation 
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of treatment for AAT deficiency focuses on the recombinant AAT and new approaches in drug delivery 
(Brantly et al. 2006; Martin et al. 2006; Pemberton et al. 2006; Chulay et al. 2011). 

In a previous study, we used methylotrophic yeast P. pastoris as a suitable host for expression and 
secretion of human AAT gene, while replacing its signal peptide with that of Saccharomyces cerevisiae 
(S. cerevisiae) α-MF. The results showed that this eukaryotic host can produce considerable quantities 
of functionally active recombinant AAT in its glycosylated form (Arjmand et al. 2011). We hoped to 
increase this amount using various environmental culture conditions and also genetic strategies to 
construct a productive yeast clone which expresses heterologous AAT in high quantities. This 
improved fabricated host strain would be economically profitable later, in large scale production. 

Regardless of the host type, there are various strategies to improve the expression or secretion of 
recombinant proteins. In the simplest method, one can optimize conditions of the culture such as 
culture medium, cell density, inducer concentration, temperature, pH, aeration, etc. (Maldonado et al. 
2007; Maldonado et al. 2008; Zhao et al. 2008; Fredericks et al. 2010; Varghese et al. 2010). However, 
most of the time, improving external factors is not sufficient, whereas changing some genetic factors 
can significantly impact the production of recombinant protein (Wang et al. 2006; Li et al. 2008). Based 
on the previous studies, the kind of genetic alterations depend mainly on the kind of recombinant 
protein. The same strategy may have contradictory effects on different recombinant proteins, even in 
identical hosts, which makes prediction almost impossible. Thus, for every single individual protein, 
there should be different strategies to elevate its production. Some of the most common methods for 
adjusting and increasing recombinant protein expression are: 1) optimizing the sequence of 
heterogonous gene according to the host, which subsequently affects the RNA secondary structure 
and its G+C composition, 2) switching from an inducible promoter to a constitutive one or vice versa, 3) 
trying for different signal peptides in cases of secretary proteins, and 4) increasing the copy number of 
transfected gene in the host genome. The results vary from several times increase in protein 
production to no effects or even negative effects on the level of protein products.  

The aim of the present study was to improve the amount of secreted AAT in P. pastoris by codon 
optimization, replacing promoter and signal peptide, and increasing gene dosage. 

MATERIALS AND METHODS 

P. pastoris strain and vectors 

Wild-type P. pastoris X-33 (Invitrogen, USA) was applied as a host cell to express recombinant AAT 
protein. The expression cassettes including inducible and constitutive promoters were compared for 
protein expression. The plasmids pPICZαB and pPICZA were used to construct the methanol-inducible 
AAT expression vectors. In all cases the methanol utilization plus (Mut+) phenotype clones were used 
for analysis and comparison. Constitutive expression was constructed using pGAPZαA and pGAPZA 
plasmids. Both plasmid contained GAP promoter instead of AOX1. XhoI and XbaI restriction sites were 
added to sense and antisense primers, respectively, for cloning of AAT fragment in the he pPICZαB 
and pGAPZαA plasmids. EcoRI and NotI restriction sites were used for cloning in the pPICZA and 
pGAPZA plasmids in the same way. Structure of all constructs is depicted in Figure 1. Cloning steps 
were performed in E. coli DH5-α. 

Media and culture conditions 

YPD liquid medium or agar plates (2% peptone, 1% yeast extract, 2% dextrose, and 20 g/l agar) were 
used routinely for culture of P. pastoris. Other culture media used in this study are as follows: buffered 
glycerol complex (BMGY) medium (1% yeast extract, 2% peptone in 100 mM potassium phosphate 
buffer pH 6.0, 1.34% yeast nitrogen base (YNB), 4 x 10-5% biotin containing 2% glycerol) used for P. 
pastoris cell growth, buffered methanol complex (BMMY) medium (1% yeast extract, 2% peptone, 100 
mM potassium phosphate buffer pH 6.0, 1.34% YNB, 4 x 10-5% biotin, and 0.5% methanol was used 
for AAT inducible expression). MM and MD agar plates (1.34% YNB, 4 x 10-5% biotin, 2% dextrose, 2% 
agar), for MM, 0.5% filter-sterilized methanol was added instead of 2% dextrose used for screening of 
methanol utilizing phenotype. In all experiments, the cultivation was held in 250 ml baffled flasks 
(working volume of 50 ml) at 30ºC and at the agitation rate of 200 rpm.  
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Isolation of genomic DNA  

Genomic DNA from P. pastoris was isolated using DNeasy® blood and tissue kit (Qiagen, Germany) 
according to the supplier’s supplementary protocol for the purification of chromosomal DNA from yeast. 
DNA concentration was measured at OD260 with spectrophotometer (Jenway Genova). 

 

Fig. 1 Six expression cassettes constructed for this study. AOX5’: AOX promoter; GAP5’: GAP promoter; 
AOX3’: AOX transcription terminator sequence; α-MF: secretion signal peptide; zeocin: Streptoalloteichus 
hindustanus (Sh ble) gene which confer zeocin resistance; colE1: bacterial replication sequence. 

P. pastoris transformation  

Fresh competent X-33 P. pastoris cells were generated according to the Easyselect™ Pichia 
expression kit manual (Invitrogen). 100 μl of the cells plus 10 μg of purified linearized plasmid DNA 
pulsed in 0.1 cm electroporation cuvettes at 1.5 kV, 25 F, 400 Ω and 8 millisec (Bio-Rad gene-pulser). 
Transformants were selected on YPD zeocin plates, and then screened for the insert at AOX1 and 
GAP locus, by PCR on yeast genomic DNA using 5’ and 3’AOX1 (5’-GACTGGTTCCAATTGACAAGC-
3’ and 5’-GTCCCTATTTCAATCAATTGAA-3’) and pGAP forward (5’-GTCCCTATTTCAATCAATTGAA-
3’) primers (Invitrogen). Positive clones were used in subsequent analysis. 

Determination of methanol utilizing phenotype 

Transformation of X-33 cells with linearized DNA generated two different methanol utilization (Mut) 
phenotypes in host cells. Since single crossover recombination at the AOX1 promoter region is 
favoured, most of the transformants had Mut+ phenotype, in which the AOX1 gene is intact. However, 
due to the presence of the AOX1 terminator sequences in the plasmid, there is a chance for second 
recombination at this region which results in the replacement of AOX1 gene and creating MutS 
phenotype. The latter is weak in metabolizing methanol. The Mut phenotype for the transformed X-33 
cells was determined by growing 100 clones on minimal media with methanol (MM) and minimal media 
with dextrose (MD) plates. The results were confirmed by PCR amplification, using AOX primers 
obtained in previous step. 

Construction of multi-copy clones  

Clones with possible harbouring of two or three copies of the inductive or constitutive AAT expression 
cassette were selected using the zeocin screening method as described elsewhere (Vassileva et al. 
2001). For this purpose the transformants were streaked on YPD plates containing 100, 500 and 1000 
μg/ml zeocin. The precise number of AAT copies in the transformants was determined by real-time 
PCR (see below). 
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Quantification of AAT gene dosage by real-time PCR amplification 

Expression cassette copy numbers were determined by real-time PCR using SYBR Green I dye 
technique. The 2-∆∆Ct method of relative quantification was used to estimate integrated AAT copy 
number (Ferreira et al. 2006). The P. pastoris homoserine-O-transacetylase (MET2) was used as a 
house-keeping gene (reference gene) of constant copy number in all samples. Genomic DNA extracted 
from a P. pastoris clone which had been proven by southern blot (Inan et al. 2006) to harbour a single 
copy of integrated AAT (the data was not shown) was used as a calibrator. The ∆∆Ct calculation for the 
relative quantification of target was used as follows ∆∆Ct = (Ct, AAT gene - Ct, MET2) X - (Ct, AAT gene 
- Ct, MET2) Y, where Ct is threshold cycle, X = sample with unknown copy of AAT and Y = sample with 
known one copy of AAT. Results for each sample were normalized to MET2 relative to the copy 
number of the target gene in known sample, according to the following equation; amount of target =    
2-∆∆Ct (Livak and Schmittgen, 2001). 

 

Fig. 2 Diagram of relative frequency (%) of AAT gene codons for P. pastoris according their positions. (a) 
codon optimized sequences; (b) human native sequences. 

Real-time PCR reactions were carried out in a StepOne™ (48 well) real-time PCR system (ABI) using 
10 μl of power SYBR Green master mix (ABI), 1 ng recombinant P. pastoris genomic DNA and 0.4 μM 
of each primer in a final volume of 20 μl. The amplification profile included one cycle of 95ºC for 5 min 
followed by 40 cycles of initial denaturation at 95ºC for 10 sec and 60ºC for 30 sec. Out of the four 
primers used, AATF2 (5’- ATAAGGCTGTGCTGACCATCGAC-3’) and AATR2 (5’-
TTGGGTGGGATTCACCACTTTTC-3’) primers amplified a sequence of AAT gene that was 179 bp in 
length, while MET2F1 (5’- GCCCGAAAACCCATTCTCACTTC -3’) and MET2R1 (5’- 
CACTGGAACCCGTTAAAGCAGG -3’) amplified a sequence of host MET2 gene of the same length. 
The quantity of each target was expressed as the difference in threshold cycle (Ct) for each reaction. 
All experiments were performed in duplicate in each run and repeated at least two times in different 
runs.  
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Synthetic AAT cDNA with optimized codon usage 

Human AAT gene coding sequence was recreated synthetically by GenScript corp. to optimize codon 
usage for expression in P. pastoris. The rare codons were replaced with more frequent ones for this 
host, and the GC content and stability of possible secondary RNA structures were reduced. Evaluation 
and comparison of the secondary structures and their free energy (∆G) in original type sequence and 
the newly synthesized one was done using the web free software Centroidfold 
(http://www.ncrna.org/centroidfold) (Sato et al. 2009a). This tool predicts RNA secondary structures 
with the γ-centroid estimator which is a kind of posterior decoding method based on statistical decision 
theory. Relative adaptiveness of the newly synthesized gene towards the codon usage of highly 
expressed genes in P. pastoris was measured by codon adaptation index (CAI), using rare codon 
analysis tool (http://www.genscript.com/cgi-bin/tools/rare_codon_analysis). This numerical value is the 
ratio of the usage of each codon to that of the most abundant codon for the same amino acid and 
ranges from 0 to 1. A high value of relative adaptiveness indicates a high proportion of the most 
abundant codons, while a low value of this measurement points to a high chance that the desired gene 
will be expressed poorly (Sharp and Li, 1987).  

Quantification of AAT by enzyme-linked immunosorbent assay (ELISA) 

Culture media at different time points (0, 24, 48 and 72 hrs) were subjected to ELISA assay to quantify 
the amounts of recombinant AAT. The experiments were done using human alpha 1-antitrypsin ELISA 
Quantitation Kit (GenWay Biotech, Inc), in accordance with the manufacturer’s instructions. All samples 
were diluted equally in sample/conjugate diluents buffer (50 mM Tris, 0.14 M NaCl, 1% (w/v) BSA, 
0.05% (v/v) Tween 20, pH 8.0) and assayed in triplicate. Commercial human AAT (Sigma) and the 
medium of non-recombinant P. pastoris were applied as positive and negative controls, respectively.  

 

Fig. 3 Secondary structure of AAT RNA. (a) for native human AAT gene (∆G = -244.69); (b) for codon optimized 
AAT gene (∆G = -149.99). 

Elastase Inhibition Capacity (EIC) 

Biological inhibitory activity of recombinant AAT against its main substrate, elastase, was detected 
using EnzChek® Elastase Assay Kit (Molecular Probes, Inc.), in accordance with the manufacturer’s 
recommendations. The alteration in fluorescence level was monitored using a standard fluorometer 
(Hitachi F-3010) with a maximum absorption at 505 nm and a maximum fluorescence emission at 515 
nm. Standard curve was plotted using the known concentrations of commercial human AAT. Non-
recombinant X-33 medium was used as a negative control.  
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RESULTS 

Codon optimization and following analysis  

The structural AAT gene is composed of 1254 nucleotides that encodes for a protein of 418 amino 
acids. According to the codon bias of P. pastoris, 312 nucleotides were replaced in new synthetic 
sequence. There was 75.2% similarity between the human and synthetic sequence of AAT. 
Furthermore, the CAI value is increased in P. pastoris from 0.66 for human AAT gene sequence to 
0.96, amount of rare codons (< 30%) was decreased from 5% to 0 (Figure 2) and GC content was 
shifted from 52% to 36%. Moreover, the optimization caused substantial changes in mRNA folding, 
and, subsequently, in its total free energy (∆G) from -244.69 to -149.99 (Figure 3). 

Quantification of gene dosage 

Real-time PCR results indicated that clones grown on the same concentration of zeocin (and not grown 
on the higher concentrations) showed the same Ct values for AAT gene amplification. The observed Ct 
difference between clones grown on 100 and 500 µg/ml zeocin was almost one, while the difference in 
Ct for 100 and 1000 µg/ml zeocin was observed to be almost one and a half cycles. A constant Ct was 
obtained for all clones of reference gene (15.03 ± 0.044) and calibrator (26.4 ± 0.02). Integrated AAT 
copy number was calculated according to equations mentioned in materials and methods (Table 1). No 
significance difference was observed between expected and calculated copy numbers (P value > 
0.95). 

 

Fig. 4 The growth curve of P. pastoris cells in inductive medium BMMY. Logarithmic phase continues until 55 
hours and death phase starts after 3 days. The samples were diluted to enable photometric measurement in the 
linear range between 0.1-0.5 for high OD600 reading. Error bars represents standard errors. 

Quantification of secreted AAT from different constructs 

In all experiments, the quantity of measured recombinant AAT in media indicated a constant increase 
over three consecutive days, with almost a twofold elevation in each day. This doubling showed a good 
compatibility with the P. pastoris growth kinetic in BMMY media (Figure 4).  

The effect of gene dosage on the production and secretion of AAT, both extra- and intracellulary, was 
shown in Figure 5. The graph represents the obtained data on the third day. Doubling the gene dosage 
increased the amount of AAT produced almost proportionally, while with three copies of the gene, an 
overall reduction in the amount of AAT was observed. 
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Comparison of the amount of AAT production under AOX1 and GAP promoters for human and yeast-
optimized AAT sequence is represented in Figure 6a. For this protein, GAP promoter and expression in 
constant mode seems to be considerably more efficient. Regardless of promoter type, optimizing the 
AAT sequence in favour of host improved expression rate more than 40%. 

The data on the influence of signal sequence on the secreted AAT with codon optimized sequence are 
shown in Figure 6b. The amount of AAT protein in the media was more than twice when native human 
signal sequence was used compared to that of yeast. 

Biological activity of secreted AAT from different constructs 

The protease inhibitor activity of constructed AATs was measured for pPICZα AAT, pGAPZα AAT and 
pPICZα OPTAAT. The activities of the produced AATs are in agreement with their quantity (Figure 7). 

DISCUSSION 

The methylotrophic yeast P. pastoris expression system is similar to the well-known S. cerevisiae 
system without having some of the difficulties often encountered in S. cerevisiae production systems, 
such as mitotic instability of recombinant strains, undesirable hyperglycosylation and low production 
yield (Kim et al. 2005). This single cell organism is capable of many of the functions carried out in 
higher eukaryotic cells such as glycosylation, folding and disulphide bond formation, and yet its 
molecular manipulation needs simple and established techniques used for prokaryotes (Bollok et al. 
2009). This system is less expensive than insect and mammalian tissue culture cell systems and has 
been widely used, both intracellulary and extracellulary, for the production of negligible to high 
quantities of foreign heterologous proteins (Macauley-Patrick et al. 2005; Vad et al. 2005).  

 

Fig. 5 Graphs related to comparison of secreted and intracellular recombinant AAT protein in clones with 1, 
2 and 3 copies of integrated AAT gene, in three consecutive days. Error bars represent standard errors. 

Despite long time experience and great advances in recombinant protein production, finding 
appropriate hosts for the expression of desired protein or improving the protein yield following a 
successful expression is a matter of trial and error (Stevens, 2000; Yokoyama, 2003). Moreover, there 
are potential bottlenecks for the optimum expression of every heterologous protein including promoter 
strength (Kim et al. 2009), the gene copy number (Vassileva et al. 2001), the codon usage of 
recombinant gene (Xu et al. 2010), and finally processing in ER and Golgi and secretion out of cell in 
case of secretary protein (Inan et al. 2006). Based on previous experiments, each of these factors can 
be considered for elevating the heterologous protein expression, though there are no reliable means of 
predicting the precise effect of each factor (Strausberg and Strausberg, 2001; Luo et al. 2006; 
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Geymonat et al. 2007; Ramachandran et al. 2008; Reisinger et al. 2008; Pérez-García et al. 2010). 
AAT protein was expressed and partially characterized in the previous work (Arjmand et al. 2011). In 
the present study, we selected some known parameters and evaluated their effects on the expression 
of heterologous AAT in P. pastoris to create a clone with maximal expression. Each of these 
parameters displayed characteristically distinct contribution in the AAT expression level.  

Changing the AAT gene codons in favour of P. pastoris was the first strategy considered for increasing 
the AAT expression levels. The observation that preferred codons are consistent across the genes of 
specific species and their correlation with the most abundant aminoacyltRNA results in the codon bias 
theory and has been investigated (Grantham et al. 1980; Sinclair and Choy, 2002). Currently, 
frequencies of codons for different investigated organisms have been calculated and are available as 
tables of codon usage. Different studies have been done to examine the effect of varying codon bias in 
numerous expression systems from simple prokaryotes to higher eukaryotic hosts and led to different 
results from slight change to 100 fold increase in heterologous protein production (Wu et al. 2009; 
Tiwari et al. 2010). Besides codon bias, RNA secondary structure is another important factor 
restructured by codon change and represents significant effects on heterologous gene expression and 
hence should be placed under great observation during codon optimization. Lower folding energies 
(higher stability) slow down the ribosome and decrease translation efficiency (Lammertyn et al. 1996; 
Tuller et al. 2010). On the other hand, it appears that codon bias in lower eukaryotes tends towards 
A+T (Sinclair and Choy, 2002). In present study, the sequence of AAT was optimized for the 
expression in P. pastoris in a way that decreased G+C content and increased the RNA free energy. 
The synthetic construct was then cloned under both AOX 1 and GAP promoters. Regardless of 
promoter, this optimization caused about 40% increase in medium detected AAT. Although in 
comparison with other studies this percentage is, by number, not significant, given the relatively high 
amount of protein obtained in baffled flask culture from natural human AAT sequence (at least ~ 60 
mg/L for pPICZα AAT), it is considerable (at least ~24 mg/L). 

 

Fig. 6 (a) Graphs related to comparison of secreted AAT from constructs containing native and optimized 
AAT gene sequence under AOX1 and GAP promoter. Error bar represents standard errors. (b) Graphs related to 
comparison of secreted AAT from constructs containing optimized AAT gene sequence with yeast α-MF signal 
sequence and native AAT signal sequence under AOX1 and GAP promoter. Error bars represent standard errors. 
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One reason for the popularity of P. pastoris is availability of strongly regulated AOX1 promoter which is 
especially useful for the expression of cytotoxic protein. This promoter is the most widely utilized, and 
is induced when cells are grown on methanol (Macauley-Patrick et al. 2005). However, other promoter 
options are available for the production of foreign protein in P. pastoris. Constitutive GAP, for instance, 
which promote the expression of heterologous protein in different carbon sources like glycerol and 
glucose and avoids some of the problems encountered in using AOX1 such as fire hazard of methanol 
(Cereghino and Cregg, 2000; Daly and Hearn, 2005). According to our results, human AAT was 
expressed more efficiently by the GAP promoter. Although the GAP promoter seems to be a suitable 
choice on this particular scale, the results of our study may not be applicable to larger scale situations, 
where other determining factors arising from the choice of promoter including carbon sources, their 
availability and cost, productivity and etc., would be involved; the effects of these on large-scale 
production requires further research. Despite indication of good performance for GAP promoter, AOX1 
has been used considerably more in fermentation studies (Koganesawa et al. 2002; Damasceno et al. 
2004; Ning et al. 2005; Naested et al. 2006; Jacobs et al. 2010; Vester-Christensen et al. 2010). 

 

Fig. 7 Graph related to comparison of elastase inhibition activity of recombinant AAT. 100 µl of X-33 media 
containing pPICZα AAT, pGAPZα AAT and pPICZα OPTAAT and pPICZA OPTAAT used for each assay. It is 
expected that these values contain about 5.8, 10, 8.4 and 20 μg of AAT protein respectively. 100 μg of commercial 
AAT and 100 µl of non-recombinant X-33 used as positive and negative controls respectively. Error bars represent 
standard errors. 

In the present research, we employed the P. pastoris secretion machinery system. Due to secretion of 
few proteins, expression of heterologous protein in secretary manner in this host is considered as the 
first step in purification. An important parameter involved in the secretion is signal peptide which guides 
protein trafficking through the secretary route. The most common signal peptides which are 
incorporated in commercial P. pastoris plasmids include PHO1 obtained from P. pastoris acid 
phosphatase and S. cerevisiae α-MF. As yet these signal peptides have been used successfully for the 
secretion of a variety of heterologous proteins in P. pastoris (Ha et al. 2001; Kommoju et al. 2007). 
Numerous experiments demonstrated the ability of this yeast to identify and properly cleave signal 
peptides belong to prokaryotic or eukaryotic cells, including human (Colao et al. 2006; Huang et al. 
2008; Liu et al. 2008; Oliveira et al. 2008; Sato et al. 2009b). However, conflicting results have been 
achieved in some studies (Ghosalkar et al. 2008). Our study shows that α-MF secretion signal is 
suitable for direct secretion of AAT; however, the native codon optimized AAT signal sequence worked 
better since the rate of secreted AAT was increased more than two times and led to a remarkably 
higher yield of AAT in culture media which should be separated from a few yeast secreted proteins. 

The amount of recombinant protein is affected by the number of integrated copies of the expression 
cassette. In P. pastoris transformation is the result of recombination events which occur through the 
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homologous regions in vector and P. pastoris genome mostly by a single crossing over event. Hence 
most of cassettes incorporated into the specific locus by insertion (rather than replacement). In 1-10% 
of transformants repeated recombination events result in tandem multiple integrations (Daly and Hearn, 
2005). Several studies have shown that there is a positive correlation between integrated gene copy 
number and productivity in P. pastoris(Vassileva et al. 2001; Mansur et al. 2005; Luo et al. 2006; Li et 
al. 2009). By contrast, there are studies that show negative effects of increasing copy number on 
saturation of secretary pathway and therefore, decrease the amount of secreted proteins (Inan et al. 
2007). Whereas sh ble gene product inactivates zeocin in a dose-dependent manner, resistance to 
high concentration of zeocin is a sensitive way to screen for multiple integration events. Vassileva et al. 
(2001) reported that transformants resistant to 100 µg/ml of zeocin generally contained one copy of 
new cassette, those resistant to 500, 1000 and 2000 µg/ml had two, three and four copies respectively. 
This is a simple method to make multi-copy clones, but not quietly accurate and needs to be confirmed. 
In this study, we have shown that by increasing the concentration of antibiotic, yeasts with multi-copy 
integrated AAT can be achieved. Integrated gene copy number is a key issue to study the 
effectiveness of protein expressed and data interpretation. Typical southern blot has been applied as a 
gold standard method to determine the copy number of newly integrated gene (Liu et al. 2005; Abad et 
al. 2010; Ohta et al. 2010). Despite the high accuracy, southern blot is a tedious and time consuming 
technique which requires considerable amounts of DNA. The quantitative real time PCR is increasingly 
adopted as a fast, sensitive and effective technique for copy number analysis, especially in transgenic 
animal and plants. Two types of chemistries are developed for this technique: the double-stranded 
DNA-intercalating agent SYBR Green I dye and the sequence-specific TaqMan probes (Chiang et al. 
1999; Bustin et al. 2009). SYBR Green dye makes the assay more cost-effective, simplifies the 
experimental design and generates results comparable to those obtained with TaqMan chemistry (De 
Preter et al. 2002; Bel et al. 2011). In this work, we used real-time PCR with SYBR Green I dye 
detection and analysis of obtained Ct for each sample to quantify the gene copy number. It is assumed 
that a two-fold difference in gene copy number should have one Ct difference no matter where the 
threshold is set within the exponential phase of amplification, provided the efficiency is close to 100% 
(Dorak, 2006). The results indicated that extracellular AAT level increased 1.8 folds by increasing the 
gene copy number from one to two. With an opposite trend, a slight loss in the AAT level was obtained 
when the gene copy number increased from one to three. On the other hand, in comparison to single 
copy clones, intracellular detected ATT levels were higher in multi-copy clones than the single copy 
clones. In conclusion, it seems that increasing the AAT copy number to more than two is a bottleneck 
in both intracellular and extracellular expressions in P. pastoris. More accurate interpretation can be 
achieved using RNA transcription analysis. 

Table 1. Obtained Ct values and AAT copy numbers related to extracted yeast genomes from different 
clones grown in different concentration of zeocin.  

Target clones Ct value Expected AAT copy no. Calculated AAT copy no. 
Resistant to 100  
(but not to 500) µg/ml zeocin 

26.39 ± 0.022 1 1.00 

Resistant to 500  
(but not to 1000) µg/ml zeocin 

25.43 ± 0.031 2 1.95 

Resistant to 1000 
(but not to 2000) µg/ml zeocin 

24.84 ± 0.028 3 2.94 

As demonstrated in this study, changing of gene dosage could be an effective tool for increasing the 
yield of a heterologous protein, and it seems that the amount of this effectiveness for different 
parameters is cumulative. Checking the environmental parameters along with these internal changes 
could be concerned as a complementary study for improving the expression of heterologous proteins 
which can be helpful for future efforts. 

CONCLUDING REMARKS 

We found P. pastoris a valuable and efficient host for overproduction of recombinant AAT. Using 
different genetic strategies, the appropriate ways were investigated for increasing the expression of 
AAT in P. pastoris and yeast clones where high level AAT production were created which were 
promising for large scale production of AAT after optimizing environmental conditions. The results also 
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indicated increase in the biological activity alongside increase in AAT expression which was our 
desired outcome. 
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