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Construction of Yeast Pichia pastoris Expressing
the Recombinant p53 as a Secreted Protein into Culture
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Abstract: Human p53 protein has been known as a tumor suppressor and described as "the
guardian of the genome", referring to its role in conserving stability of genome by preventing
mutation. The recent studies on p53 protein expression have demonstrated the important role and
effectiveness of exogenous p53 protein in tumor suppression. In the world, the expression of p53
for therapeutically interest was extensively study but in Vietnam it has not been noticed. In the
other hand, Pichia pastoris showed a good expression system for many exogenous proteins with a
simple cloning work and cheap culture. In this study, codon optimization of gene encoding human
pS3 protein was performed for suitable expression in Pichia pastoris yeast. It was designed as
construct of p53 fused with TAT and His-tag sequences (TAT-p53-His). The construct was cloned
into pPICZaA expression vector by using EcoRI and Xbal enzymes to make pPICZaA-TAT-p53-
His. Yeast strains containing genes coding for TAT-p53-His was obtained. The integration of
TAT-p53-His construct into yeast genome was verified by using PCR with AOX1 primers. The
expression of the recombinant TAT-p53-His in the culture of P. pastoris X33 was confirmed by
SDS-PAGE.
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1. Introduction

Human protein p53, encoded by gene TP53,
contains 393 amino acids with mass about
53kDa [1]. Missense point mutations of p53
protein was found in more than 50% of human
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cancers and most of them are located in its
highly conserved protein domains and result in
the synthesis of mutant p53 protein lacking
DNA-binding activity and failing in tumor-
suppressing function [2, 3]. In the normal
circumstances, the p53 protein exists with low
concentrations  because  of  conditioned
ubiquitination by MDM2. Only when the cells
are received signal stress or damaged to the
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DNA, p53 is produced with 3 main functions:
controlling of the cell cycle in order to prevent
the cell not to enter cell division phase;
activating the transcription of proteins related to
DNA repair and triggering the cell's apoptosis
program to prevent the abnormal cells [4, 5].

Pichia pastoris is one of the best systems to
the production of heterologous proteins for drug
developments [6-8]. There are several
advantages of this system, such as, the strong
promoter of alcohol oxidase I gene, stably
integrate expression vector into genome, a
simplified purification procedure for secreted
heterologous proteins and post-translational
modifications of foreign proteins [9, 10].

Today, the protein therapy has been
attractively studied and developed as an
important method to treatment of cancer [11].
Recently there are several reports about the

additional foreign p53 into culture causing
inhibition of the growth and inducing apoptosis
of cancer cells [12-14]. With the desire to create
recombinant p53 protein for cancer treatment in
Vietnam, we conduct this study to express an
exogenous p53 in Pichia pastoris yeast.

2. Materials and Methods
2.1. Vector, primers and culture strains

E. coli DH5a and X33 Pichia pastoris yeast
strains were provided by Invitrogen. Vector of
pPICZaA  was provided by Enzyme
Biotechnology Laboratory, IBT. Vector pUC-
TAT-p53-His was purchased from IDT
company. Primers used for PCR reactions was
listed in Table 1.

Table 1. Primers used for PCR reactions

STT Primers

DNA sequence

1. EcoRI_Fw 5 -ATGATATCGAATTCTACGGTCG-3’
2. Xbal_Rv  5’-TACTCGAGTCTAGAAATCAATGATG-3’
3. AOXI1_Fw 3’-GCAAATGGCATTCTGACATCC-5’
4. AOXI1_Rv 5 -GACTGGTTCCAATTGACAAGC-3’
EcoRl site

Code for TAT
|

GAATTCTACGGTCGTAAGAAACGTCGTCAGCGTCGTCGTATGGAAGAACCCCAGTCCGATCCTTCT
GTGGAGCCACCTTTGTCCCAAGAAACCTTCTCTGACCTTTGGAAGTTATTGCCAGAGAATAATGTGT
TGTCCCCATTGCCTTCCCAGGCTATGGATGACTTAATGTTATCTCCTGACGACATCGAACAGTGGTTC
ACTGAGGACCCAGGACCTGATGAAGCCCCAAGGATGCCTGAGGCCGCTCCACGTGTCGCCCCAGC
TCCTGCTGCCCCAACCCCTGCTGCCCCAGCTCCAGCCCCATCTTGGCCATTGTCTTCCTCTGTCCCAT
CCCAAAAAACTTACCAAGGATCTTACGGTTTTCGTTTAGGATTCCTTCACTCCGGTACCGCCAAATCC
GTCACTTGTACCTACTCCCCTGCCTTAAATAAGATGTTTTGCCAATTGGCTAAGACCTGTCCTGTCCA
GTTGTGGGTTGACTCCACCCCACCTCCAGGAACTAGAGTCAGAGCTATGGCTATCTACAAACAATCC
CAACACATGACTGAAGTTGTCAGAAGATGCCCACATCATGAGAGATGCTCTGACTCCGATGGATTG
GCCCCACCTCAGCACTTAATTCGTGTTGAAGGTAATTTGCGTGTTGAATACTTGGATGATAGAAATAC
CTTTCGTCATTCCGTGGTCGTTCCATATGAACCTCCTGAAGTTGGATCTGATTGTACTACCATTCACTA
TAACTATATGTGTAACTCCTCTTGTATGGGAGGTATGAATAGACGTCCTATTTTGACCATCATTACTTTA
GAAGATTCCTCTGGTAACTTATTGGGTCGTAATTCCTTTGAAGTCCATGTTTGCGCTTGTCCAGGTCG
TGATCGTAGAACTGAGGAAGAAAATTTGAGGAAGAAAGGTGAACCTCACCATGAATTACCACCAG
GATCCACCAAAAGAGCTTTATCTAACAACACCTCTTCCTCACCACAGCCAAAGAAGAAACCACTTG
ACGGTGAGTATTTCACTCTTCAAATTAGAGGTCGTGAAAGATTCGAGATGTTTAGAGAGTTGAACG
AGGCTCTTGAATTAAAAGACGCCCAAGCTGGTAAAGAACCAGGAGGCTCCAGGGCTCACTCATCT
CATTTGAAGTCCAAAAAGGGACAGTCCACTTCAAGACACAAAAAGTTAATGTTCAAGACCGAAGG
TCCAGATTCAGATCATCATCATCATCATCATTGATTICTAGA

Code for His taq Xbal site

Figure 1. DNA sequence for TAT-p53-His. Recognition sites for restriction enzymes were indicated in
underline; sequence coding for TAT was in bold and sequence coding for His-tag was in bold and italic.
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2.2. Construction of DNA sequence coding for
Tat-p53-His

The mRNA encoding the protein p53 in
human from NCBI (AB082923.1) was
optimized for suitable expression in P. pastoris
yeast using GenScript Rare Codon Analysis. 33
nucleotides coding for 11 amino acids of TAT
and 18 nucleotides coding for 6X Histidine
were fused with optimized p53 to make TAT-
pS53-His sequence. To facilitate the cloning into
expression vector pPICZaA, the recognition
sites of two restriction enzymes EcoRI and Xbal
was designed at the ends of TAT-p53-His
fragment. The whole structure of TAT-p53-His
fragment was artificially synthesized by IDT
company and cloned into pUC-TAT-p53-His
vector. The codon optimized sequences for
TAT-p53-His was presented in Figure 1.

2.3. Construction of PICZaA vector contained
TAT-p53-His sequence

pUC-TAT-p53-His vector was transformed
into competent E. coli DH5a cells by heat-
shock and cultured in LB media contained
ampicillin. pUC-TAT-p53-His plasmid was
extracted by using GenJET™ Plasmid Miniprep
Kit (Fermentas) and TAT-p53-His fragment
was cut by couple of restriction enzymes
EcoRl/Xbal and ligated with 74 DNA ligase
with pPICZoA previously digested with the
same enzymes (EcoRl/Xbal) to make
recombinant pPICZaA-TAT-p53-His plasmid.
This plasmid was transformed into a new
competent E. coli DHS5a strains to select the
colonies in LB media contained Zeozin. PCR
technique was used to check the clone of TAT-
pS3 with EcoRI_Fw and Xbal_Rv. Further,
TAT-p53-His cloned into pPICZaA was
confirmed by DNA sequencing (First Base,
Singapore).

2.4.  Transformation pPICZaA-TAT-p53-His
into yeast and selection of recombinant clones

Pichia pastoris strain (X33) was grown in
100 ml YPD medium (1 % yeast extract, 2 %

peptone, 2 % dextrose) at 30°C, 200 rpm until
ODgyy = 1.4-1.6. Cells were collected by
centrifugation at 4.000 rpm, 5 min, 4°C. The
pellet was dissolved in 100 ml ice-cold water
and centrifuged at 4.000 rpm, 5 min, 4°C
(repeated twice). The pellet was washed in 4 ml
ice-cold 1 M sorbitol and re-suspended in 0.2
ml of 1 M sorbitol and the cells were kept on
ice until use. 80 pl above cells were mixed with
5-10 pg of plasmid DNA (pPICZoA-TAT-p53-
His vector previously digested with Sacl) by
pulsed electroporation (1500 V, 25 pF, 200Q).
Immediately after electroporation, 1 ml of ice-
cold 1 M sorbitol was added to the cells and
incubated for 2 h at 30°C and transformants
were selected on YPDS plate contained Zeocin
(1 % yeast extract, 2 % peptone, 2 % dextrose,
1 M sorbitol and 100pg/ml Zeocin). Colonies
appeared after 3 days incubation were used for
colony PCR with AOX1_Fw and AOX1_Rv to
investigate the integration of TAT-p53-His
construct into yeast genome.

2.5. Expression of p53 in Pichia pastoris
X33 yeast

A colony carrying the p53 protein
expression vector were cultured foreign protein
biosynthesis in BMGY medium (1% yeast
extract, 2% peptone, 1.34% YNB, 4.10°%
biotin, 1% glycerol, pH 6) at 28°C, shaked 250-
300 rpm overnight until OD600 about 2-6.
Cells were centrifuged and transfered in fresh
BMMY (1% yeast extract, 2% peptone, 1.34%
YNB, 4.10°% biotin, 0.5% methanol, pH 6)
medium with OD600 approximately equal to 1,
and were grown at 28°C, shaked 250-300 rpm.
Methanol was added daily to the appropriate
concentration of 0.5% to induce p53
recombinant synthesis and was as carbon
source for cell growth. Cell density is used to
measure the growth of the cells, when OD600 is
greater than 3, the samples were diluted 10
times and measured to get accurate results. Cell
cultures were collected after 72 hours of
incubation and cells were removed by
centrifugation at 3.000 rpm for 10 minutes.
Extracellular fluids were preserved at -20°C to
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evaluate the possibility of p53 synthesis of
recombinant strains by SDS-PAGE. The
experiments were repeated 3 times and the
growth curve is set based on the average value
and standard deviation of the measurements.

3. Results and Discussion

3.1. Codon optimization for DNA sequence
coding human p53
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Using GenScript Rare Codon Analysis tool,
we analysed the suitable codon indicators CAI
(codon adaptation index) and determined the
codons in the sequences of the gene which are
present as low frequency usage by Pichia
pastoris yeast. The value of 100 is set for the
codon with the highest usage frequency for a
given amino acid in the desired expression
organism. Codons with values lower than 30%
are likely to hamper the expression efficiency
(Fig. 2A).
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Figure 2. The distribution of codon usage frequency along the length of the p53 coding sequence for expression
in Pichia pastoris. (A) The p53 coding sequence before codon optimization. (B) The p53 coding sequence after
codon optimization.

In this study, the codons having the
appropriate index under 30% were changed by
the synonymous codons having consistently
with 90-100% (Fig. 2B). CAI index analysis
results of the p53 coding sequence expression
system in P. pastoris yeast showed before the
codon optimization, sequence of gene had CAI
= 0.63, not really suitable for gene expression
in yeast. After being replaced by the
synonymous codons, CAI index increased 0.81
has improved without codons have a low
frequency of use under 30%, instead of the
codon has a high frequency of usage (Fig. 2B).
Nucleotide sequence coding for TAT, p53, His-
tag and restriction enzyme sites were 1247bp,
was named shortly as TAT-p53-His. This
construct was commercially synthesized and
provided as pUC-TAT-p53-His plasmid.

3.2. Construction of the expression vector
pPICZoA-TAT-p53-His

TAT-p53-His was cut and collected back
from pUC-TAT-p53-His plasmid by pairs of
restriction enzymes EcoRl/Xbal (Fig 3A, lane
2). pPICZaA expression vector also was cut to
open the round by this pairs of enzyme (Fig.
3A, lane 4). TAT-p53-His was paired into
vector frame of pPICZaA straight circuit by 74
DNA ligase and trasformed into the cells of
E. coli DH5a strains. We collected the colony
by PCR technique with specific primer pairs for
vector (AOX1-Fw/AOXI1-Rv). Positive
colonies having PCR product of 1.8 kb DNA
band on 1% agarose gel (figure 3B, lane 2-9)
was selected for extraction plasmids and tested
by wusing restriction enzymes and DNA
sequencing.
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Figure 3. Result of electrophoresis of products of restriction enzyme (A) and PCR reactions (B).

(A) Processing the pUC-TAT-p53-His and pPICZaA with EcoRl/Xbal; Lane 1: intact pUC-TAT-p53-His;
Lane 2: pUC-TAT-p53-His plasmid products digested with EcoRl/Xbal; Lane 3: intact pPICZoA;
Lane 4: pPICZaA products digested with EcoRI/Xbal. Lane M: 1 kb marker.

(B) The PCR products of colonies with the pair of primer AOX1-Fw/AOXI1-Rv; Lane 1: negative control;
Lane 2-9: the PCR products of colonies. Lane M: 1 kb marker.

pPICZaA-TAT-p53-His plasmid was cut by
enzyme Xbal obtained a DNA band about 4.8
kb (Fig. 4, lane 2); and when dealing with two
restriction enzymes EcoRI/Xbal, producing a
DNA fragment of 3.6 kb is the vector pPICZaA
and a DNA band about 1.2 kb in size is the
length of TAT-p53-His (Fig. 4, lane 3).

Figure 4. The recombinant vector pPICZaA-TAT-
p53-His was extracted from a colony and checked
by using restriction enzymes. Lanel: intact
pPICZoA-TAT-p53-His vector; Lane 2: product of
digesting pPICZaA-TAT-p53-His with Xbal;
Lane 3: products of digesting pPICZaA-TAT-p53-
His with both EcoRl/Xbal. Lane M: 1 kb marker.

3.3. Construction of P. pastoris X33 strain
contained pPICZaA-TAT-p53-His intergrated
into genome

To insert TAT-p53-His into the yeast’s
genome, pPICZaA-TAT-p53-His plasmid was
digested with Sacl and transformed into Pichia
pastoris X33 strain. According to the protocol
manual, pPICZaA-TAT-p53-His plasmid is
crossedover and inserted the whole exogenous
gene expression structure in AOXI1 region in
Pichia genome. Therefore, AOX1 structural
gene in the genome is conserved to produce
alcohol oxidase enzyme to convert methanol as a
source of carbon for yeast growth. This type of
Mut" strain of recombinants has been preferably
selected because methanol is used as an inducer of
foreign protein biosynthesis and is a carbon
source for recombinant strains to grow well.

The Mut" recombinants obtained and
verified by using PCR with AOX1 primers.
Results from PCR products electrophoresis of 6
recombinants showed that all of them had two
bands: higher band is AOX1 gene in inherent
Pichia genome (about 2.2 kb) and lower band is
expression structure from recombinant vector
(about 1.8 kb) (Fig. 7, lanes 4-9). Therefore, all
of the recombinants are Mut" strains.
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Figure 5. Electrophoresis result of selection of recombinant strains by using PCR with AOX1 primers.
Lane 1: negative control; Lane 2: PCR product of Pichia genome; Lane 3: PCR product of Pichia transformed
pPICZoA; Lane 4 to 10: PCR products of pPICaA-TAT-p53-His recombinant strains. Lane M: marker 1 kb.

3.4. Expression of recombinant TAT-p53-His
protein

P. pastoris X33 strain carrying plasmids
pPICaA-TAT-p53-His and pPICZaA parallel
cultured in YP medium with 1% methanol and
methanol is added per 24 hours. To track the
growth of recombinant strains and the effect of
TAT-p53 to the vitality of the transformants,
we sampled cultures before adding methanol
and measured OD600 culture interval times.
After 72 hours of cultivation, the culture
mediums were collected and used for SDS-
PAGE, Figure 6.
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Figure 6. Result of SDS-PAGE with culture media
samples. Lane 1: X33 transformed with pPICZaA
(control); Lane 2: X33 transformed with pPICZaA-
TAT-p53-His; Lane M: protein marker.

In this experiment, TAT-p53-His construct
was secreted in the cultures would have 500
amino acids in size (90 amino acids of a factor
signal sequence + 11 amino acids of TAT
sequence + 393 amino acids of p53 protein + 6x
histidine) and about 65-75 kDa. The control
was absent of this range indicated that we
suscessed in constructing of yeast P. pastoris
expressing the recombinant TAT-p53-His as a
secreted protein into culture. However, there are
several extra-cellular proteins in the culture
media, the steps of expression optimization
and protein purification should be carried out
in the future.

4. Conclusion

In this study, codon optimization of gene
encoding human p53 protein was performed for
suitable expression in P. pastoris yeast. It was
designed as construct of p53 fused with TAT
and His-tag sequences (TAT-p53-His). The
construct was cloned into pPICZaA expression
vector and transformed into yeast strains. The
integration of TAT-p53-His construct into yeast
genome was verified and the expression of the
recombinant TAT-p53-His in the culture of P.
pastoris X33 was confirmed by SDS-PAGE.
The recombinant yeast strains will be used for
further studies in p53 protein expression and its
application in cancer therapy.
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Tao ching nam men Pichia pastoris nham biéu hién protein
tai t0 hgp p53 ra modi truong ngoai bao

Tréan Thi Thl’ly Nga1 Nguyén Quang Hoa',
Hoang Vin Tuyén', B3 Thi Tuyén’, Pinh Nho Thai'?

'Khoa Sinh hoc, Truong Dai hoc Khoa hoc Ty n}}ién, DHQGHN, 334 Nguyén Trdi, Ha Noi, Viet Nam
Phong Thi nghiém trong diém Céng nghé Enzym va Protein,
Truong Dai hoc Khoa hoc Ty nhién, PHQGHN, 334 Nguyén Trai, Ha Noi, Viét Nam
3Ph0ng Cong nghé Sinh hoc En;yme, Vién Céng nghé Sirgh hoq, Vién Han lam Khoa hoc va Cong nghé
Viét Nam, So 18 Hoang Quoc Viét, Cau Giay, Ha Noi, Viét Nam

Tém tit: Protein pS53 da duoc biét dén véi vai trd e ché khdi u va diéu chinh su phét trién cua té
bao trong co thé ngudi. Céc nghién ciru gan day vé biéu hién protein p53 trén thé gisi da ching minh
vai tro quan trong va hi¢u qua cua protein p53 ngoai lai trong viéc tre ché khdi u. Mic dir biéu hién
protein p53 trén thé gidi da duoc nghién ciru nhleu nhung ¢ Viét Nam liéu phap diéu tri ung thu sir
dung protein p53 chua duge chi y. Mat khdc, nim men Pichia pastoris c6 nhiéu 1¢i thé ctia hé thong
biéu hién cua sinh vat nhan thyc nhu cai bién protein, cudn gap protein, va bién ddi sau dich ma, trong
khi Van thao tdc dé dang nhu & E. coli hay S. cerevisiae. Trong nghién ctru nay, chiing to1 da thlet ké
va toi vu ma bo ba ctia doan DNA mang trinh ty ma héa protein p53 & nguoi va cdc yéu t6 can thiét
cho tinh sach protein nay, goi la trinh tw TAT-p53-His. Trinh tu duoc tong hop nhn tao, tich hop
trong vector pUC-TAT-p53-His va da dugc ching tdi ghép nbi thanh cong vao vector biéu hién
pPICZaA & ndm men Pichia pastoris bang céch sir dung dong thoi hai enzyme gioi han EcoRI va
Xbal tao thanh pPICZaA-TAT-p53-His. Sau khi dugce bién nap vao E. coli va kiém tra ding trinh ty
ADN, vector tdi t6  hop nay da duge bién nap vao nim men P. pastoris bang xung dién. PCR v6i cap
mdi AOX1 cho thay trinh ty ma héa TAT-p53-His déa dung hop vao hé gen cua nam men. Biéu hién
clia protein téi to hop ra mdi truong ngoai bao da duge kiém chimg boi dién di SDS-PAGE.

Tir khéa: Pichia pastoris, biéu hién gen, p53, céi bién ma b ba.



