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Abstract

In pharmaceutical biotechnology and recombinant protein production, due to the low
efficacy of inserting the target gene into the host gene genome and its integration into
the heterochromatin regions, which leads to the suppression of transcription as well as
the instability of the expression of the desired sequence, achieving cells with
highexpression is a challenge. To overcome the limitations transposons, which are
mobile genetic elements and have the ability to cut and insert target fragments in certain
regions of the genome with the “Cut and Paste” mechanism, are effective. This research
aims to evaluate the effect of the PiggyBac transposon vector on the expression level of
recombinant Erythropoietin (rEPO) protein and to find a cell line with high expression.
First the optimized rEPO sequence based on CHO codon performance was cloned into
the pOptiVEC™ plasmid. To create the second expression vector, the EPO-IRES-DHFR
fragment was inserted into the PB513B-1 plasmid, and then the homogenization steps in
both vectors were confirmed using Colony PCR reaction, enzyme digestion, and Sanger
sequencing. In order to create a stable cell line, both vectors were separately transfected
into CHO DG44 cells and then screened. After confirming the insertion of the vectors
into the genome of the target cell, the level of erythropoietin gene expression at the
transcript and protein level was checked using qRT-PCR and western blotting tests,
respectively, in two cell lines. The Real-Time PCR data indicate a 188-fold increase in
erythropoietin gene transcript in the PB513B-1-EPO cell line compared to pOptiVEC-
EPO. Additionally, the western blotting test's result confirmed the correct synthesis and
secretion of this protein. Analysis of findings in this research revealed that the
transposon element significantly increased the expression of the desired gene at the
transcriptional level and had could create a cell line with high expression of the target
protein.

Keywords: Transposon element, High-expression cell line, PiggyBac, Erythropoietin,
Therapeutic recombinant protein, CHO DG44.
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Fig 1. Schematic picture of two expression vectors pOptiVEC-EPO and PB513B-1-EPO. A) In order to
make the pOptiVEC-EPO vector, the erythropoietin sequence was amplified through the PCR reaction on
the pUC57 vector and then homogenized in the pOptiVECTM plasmid. B) To amplify the EPO-IRES-
DHFR fragment, the pOptiVEC-EPO vector was used as a PCR reaction template. The amplified
sequence was then transferred to plasmid PB513B-1.

SRy ol o3 edda SIS a4 sl ST - Jpu

Table 1. Primers used in this research

Annealing

Length of

Primer sequence (5' — 3) Temperature _ fragment Aim of use

1 ATATCTAGAGCCGCCACCATGGA 63 593 b Amplification of the SRP-

2 ATTGCGGCCGCTTTTTTGTCG 63.5 P EPO fragment

3 ATATCTAGAGCCGCCACCATGGA 63 1781b Amplification of the SRP-

4 CGGGAATTCGTTTTAGTCTTTCTTCTCG 62.6 P EPO-IRES-DHFR fragment

5 ATGCTCCTCCTCGGCTGAT 60.5 Investigating the insertion of
83 bp the structure into the host _ceII

6 GGTGGTGATATTCTCGGCCTC 60.3 genome and the Real-Time

PCR reaction on the EPO gene
7 GACTTCAACAGCAACTCCCAC 59.4 125 bp Performing Real-Time PCR
8 TCCACCACCCTGTTGCTGTA 61.1 reaction on GAPDH gene

CHO DG44 J).L.u tfj [}})J Lha)l.w C)J xR 6‘]: ol €l>Ul PCR U':“‘S\} b5_3.LA.> 'b'i‘j"‘:’_“ J}J.}
Table 2. Temperature conditions of PCR to check the insertion of constructs into the genome of CHO DG44 cells

Steps Temperature (°C) Number of repetitions
Primary DNA Denaturation 94 1

DNA Denaturation 94

Primer Annealing 58 30
Extension (DNA Synthesis) 72

Final Extension 72 1

Table 3. Temperature conditions of qRT-PCR reaction to check the level of EPO transcript expression in two cell

lines
Steps Temperature (°C) Number of repetitions
Primary DNA Denaturation 95 1
DNA Denaturation 95 40
Annealing and Extension 60

95

60
Draw the melting temperature diagram  Stepwise increase in temperature each time 1

by 0.3 degrees until reaching a temperature

of 95 degrees
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Fig 2. The results of PCR reaction to confirm the insertion of the construct into the genome of CHO
DG44 cells. 1: marker of 1kb Plus molecular weight, 2: PCR reaction product on pOptiVEC-EPO cell

line genome, 3: PCR reaction product on the genome of PB513B-1-EPO cell line, 4: positive control and
5: negative control without template.
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Fig 3. Examining the level of erythropoietin gene expression at the transcript level in two cell lines
PB513B-1-EPO and pOptiVEC-EPO. In the graph obtained from the Real-Time PCR test, an 188-fold
increase in the erythropoietin gene transcript is shown in the transposon population compared to the
control group (**** p < 0.0001).
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Fig 4. The results of the western blotting test performed on the cell supernatant of two lines PB513B-1-
EPO and pOptiVEC-EPO. 1: protein molecular weight marker, 2: positive control Cinnapoietin, 3:
supernatant of pOptiVEC-EPO cell population, 4: supernatant of PB513B-1-EPO cell line, 5: negative
control (supernatant of CHO DG44 cell transfected with non-identified vector pOptiVECTM).

g,ara.

Lole LA}‘JA c@w L;b)yul;‘j\:ﬁ)ﬁ Jbg\u d})t:}lovﬂ)‘ g&_})b ;,.JSJ:’}; éuﬂjﬂ J»;j).?‘)b

14y



b')&.ﬁ.ﬁ 9 W‘J@) 4.‘)\2'4_._) AV.Y-EAL WY Q‘m AEXAy )Le Lf"n\' B)Lﬁn: 5r.¢.>}$u JL.ﬂ Ad)}:’\? wt‘;cﬂd_’}

05 Ol S5 s 3 03503 03 0535 (s sigy Jlad
ol B YNV dba D3 o 558 s e
Gody 3 e s Ol sl WY L8
sdalin glasllae ;5 J 28 & Cond PB S350l 5
ass ol el Gda (Y AV Y A) s
O Ui 2 Suodsls 0Ss 2U o
5555 Olye 4 PBBI3B-1 LU sy 0505
Olge w0 POPHVEC™ el 5 Ssspml 5
Sl S Jols s w5k s xS
VAN 35d ol el alxl Real-Time PCR
PB513B-1- Jsho -0V o5 Clisis, cb.v Sl
sls 0L |, pOPHVEC-EPO (se3, 4 s EPO
3358 03 Sl f e U GASU el
OLE 5 axdly Gus 0F Cdssy Ol LRl
o S BL Sl 558 gl S dass
2o Jbd Ghla 5o B s, Mg s 15
ol 5 &Sl 4 a8 b ocpl e dle Ll ol
A3 ek L (g8 pe Oliee « KB O s
e u,':._ll.aﬂ ol s s clle B3y
S 5,5 lesl Ol g o o D13 Lo DLl s (ASaad
G o 3 Gl (San e
Cf L pOptiVEC-EPO ... PB513B-1-EPO
3 S eop Sl S eds pll 6 SV

el Y 3l s a4 L35G

& S 4omsi
plondl Sladllas b e fas5 Sl Jol ol
Fobe VL o33l 5 ol 5 eap axdIS 3 el
Ol 1y Bua 05 0le Oljee 30 2 (995 sl 5
ol Jb 5 a8 5 5 uSU sl Ll s s e
T 0> S5 a0k dse 5 Soleane
5oedg s d s Jike s S5 il

Ol 03 e gtk el 4 L Olares

14¢

TEF 3 dex s Sl Sl e S e s
Oollilin Sl w3 0T Sl 5 035 s
GRS 4 als VUil 5 cudS L
R L VO B PP E Rt PN PP g
5 Pk 25l sse (Sl JU oleee
foars L00) ol wax g e gl
St g agyloen s A5 O35 4u3p 5 ok
Y Ol shls glad s 4 olaws S oba s,
Sromb b Ol nreS L3 Guas it
S sk 4l Gl YL sl Sl e
SaS S )l plal a0 JIs gsleangs
St e e GOl o Klg e Ol s
Gl VB nln b GRIB) e 5 oS
OY Q) AL andls 5 po 1y lalssge 55, st
s S iy S IS 68« Sk
Ll OIas Sl das a1 S s 5o
33 s, Ul (Sayb s Il sl
03,5 58 ko 35, By WOT 55 5 Jshe
s pmmes 5 e o33k GRIBH e
S5 b ol 53 (1) 235 e 3l il 3
s S 5 s 03 0 el s A Ji
5385 o)l bl s SRP-EPO (gankas
wlhd S35l mede s (g5luang CHO Jsla
Sl s Ol mhe s e B ey sSs
Sl a5 L.V s o Wl Gas glay g
o BL s S & S 55 S Ol e
3 GO mi fpimes 5 adls S
rols 508 4 ks Jb b s, B
DA ke g e LS o Gle S5 3 b
05015 Oly b5l 5 ol e 5 05 S el
ooyl 53 el <=l>.=_3l Sldlas b (Y0) 55 8
S35 S sS55I 4 S S e

Slacamdse VL b Ll Gae g Lilg



b'_)&.ﬁ.h 9 w‘;@) 4.‘)\2'4_._) AV.Y-EAL WY Q\m AEXAy )Le Lf"n\l a)Lm.:a LPAJ};L:J JL.ﬂ 5‘5)}5\? wucﬂ.ﬁ_}

concentration and temperature conditions.
Protein Expression and Purification,
124:55-61.

7. Dominguez A., Fermifian E., Sanchez
M., Gonzalez F.M., Pérez-Campo F.M.,
Garcia S., 1998. Non-conventional yeasts
as hosts for heterologous protein
production. International Microbiology,
1(2):131-142.

8. Galvan D.L., Nakazawa Y., Kaja A.,
Kettlun C., Cooper L.J., Rooney C.M.
2009. Genome-wide mapping of PiggyBac
transposon integrations in primary human T
cells.  Journal of  Immunotherapy,
32(8):837.

9. Ghavim M., Abnous K., Arasteh F.,
Taghavi S., Nabavinia M.S., Alibolandi M.,
2017. High level expression of recombinant
human growth hormone in Escherichia coli:
crucial role of translation initiation region.
Research in Pharmaceutical Sciences,
12(2):168.

10. Grabherr R., Nilsson E., Striedner G.,
Bayer K. 2002. Stabilizing plasmid copy
number to improve recombinant protein
production. Biotechnology and
Bioengineering, 77(2):142-147.

11. Grabundzija I., Irgang M., Matés L.,
Belay E., Matrai J., Gogol-Déring A. 2010.
Comparative analysis of transposable
element vector systems in human cells.
Molecular Therapy, 18(6):1200-12009.

12. Huang X., Guo H., Tammana S, Jung
Y.C., Mellgren E., Bassi P. 2010. Gene
transfer  efficiency and genome-wide
integration profiling of Sleeping Beauty,
Tol2, and piggyBac transposons in human
primary T cells. Molecular Therapy,
18(10):1803-1813.

13. Kim C.H., Oh Y., Lee T.H. 1997.
Codon  optimization  for  high-level
expression of human erythropoietin (EPO)
in mammalian cells. Gene, 199(1-2):293-
301.

14. Lalonde M.E., Durocher Y. 2017.
Therapeutic glycoprotein production in

AR

ESIFFSyes

Sb ol S ol
IR ACECR.ROYAN.REC.1400. uS L asllas -yl
sler 5 Ol oKiags GO sanes s 011
Colem b Jiass opl ol ol o poas a0
oo b AL sl 5 0Ly, oKaassn Jl
rl 3O slaaypa galdS 5 plil A4t o5 8

el 0dd Hlael el 5 b

cl:.o
1. Barnes L.M., Bentley C.M., Dickson A.J.
2004. Molecular definition of predictive
indicators of stable protein expression in
recombinant NSO  myeloma  cells.
Biotechnology and Bioengineering,
85(2):115-121.

2. Barnes L.M., Bentley C.M., Dickson A.J.
2003. Stability of protein production from
recombinant mammalian cells.
Biotechnology and Bioengineering,
81(6):631-639.

3. Burnight ER, Staber JM, Korsakov P, Li
X, Brett BT, Scheetz TE, 2012. A
hyperactive transposase promotes persistent
gene transfer of a piggyBac DNA
transposon.  Molecular  Therapy-Nucleic
Acids, 2012(1):50-62.

4. Chusainow J, Yang YS, Yeo JH, Toh
PC, Asvadi P, Wong NS, 2009. A study of
monoclonal antibody- producing CHO cell
lines: What makes a stable high producer?
Biotechnology and Bioengineering,
102(4):1182-1196.

5. Dahodwala H., Lee K.H. 2019. The
fickle CHO: a review of the causes,
implications, and potential alleviation of the
CHO cell line instability problem. Current
Opinion in Biotechnology, 60:128-137.

6. Dehnavi E., Siadat S.O.R., Roudsari
M.F., Khajeh K. 2016. Cloning and high-
level expression of [-xylosidase from
Selenomonas  ruminantium in  Pichia
pastoris by optimizing of pH, methanol



b'_)&.ﬁ.h 9 w‘;@) 4.‘)\2'4_._) AV.Y-EAL WY Q\m AEXAy )Le Lf"n\l a)Lm.:a LPAJ};L:J JL.ﬂ 5‘5)}5\? wucﬂ.ﬁ_}

22. Sandoval-Villegas N., Nurieva W,
Amberger M., lvics Z. 2021. Contemporary
transposon tools: a review and guide
through mechanisms and applications of
sleeping beauty, piggyBac and Tol2 for
genome engineering. International Journal
of Molecular Sciences, 22(10):5084-5113.

23. Stach C.S., McCann M.G., O’Brien
C.M., Le T.S., Somia N., Chen X., 2019.
Model-driven engineering of N-linked
glycosylation in Chinese hamster ovary
cells. ACS Synthetic Biology, 8(11):2524-
2535.

24. Walsh G. 2018. Biopharmaceutical
benchmarks 2018. Nature Biotechnology,
36(12):1136-1145.

25.Wang T.Y., Guo X. 2020. Expression
vector cassette engineering for recombinant
therapeutic production in mammalian cell
systems.  Applied Microbiology and
Biotechnology, 104(13):5673-5688.

26. Wei M., Mi C.L., Jing C.Q., Wang T.Y.
2022. Progress of transposon vector system
for production of recombinant therapeutic
proteins in mammalian cells. Frontiers in
Bioengineering and Biotechnology,
10:879222.

27. Wilson M.H., Coates C.J., George A.L.
2007. PiggyBac transposon-mediated gene
transfer in human cells. Molecular Therapy,
15(1):139-145.

28. Wurm F.M. 2004. Production of
recombinant  protein  therapeutics in
cultivated mammalian cells. Nature

Biotechnology, 22(11):1393-1398.

29.Yang Y., Chusainow J., Yap M.G.
2010. DNA methylation contributes to loss
in productivity of monoclonal antibody-
producing CHO cell lines. Journal of
Biotechnology, 147(3-4):180-185.

AR

mammalian cells. Journal of
Biotechnology, 251:128-140.

15.Li Z.M., Fan Z.L., Wang X.Y., Wang
T.Y. 2022. Factors affecting the expression
of recombinant protein and improvement
strategies in chinese Hamster ovary cells.
Frontiers in Bioengineering and
Biotechnology, 10:880155.

16. Makino T., Skretas G., Georgiou G.
2011. Strain engineering for improved
expression of recombinant proteins in
bacteria. Microbial Cell Factories, 10(1):1-
10.

17. Meir Y.J., Weirauch M.T., Yang H.S,
Chung P.C.,, Yu RK., Wu S.C. 2011.
Genome-wide target profiling of piggyBac
and Tol2 in HEK 293: pros and cons for
gene discovery and gene therapy. BMC
Biotechnology, 11:1-19.

18. Mufioz-L6pez M., Garcia-Pérez J.L.
2010. DNA transposons: nature and
applications in  genomics.  Current
Genomics, 11(2):115-128.

19. Okumura T., Masuda K., Watanabe K.,
Miyadai K., Nonaka K., Yabuta M. 2015.
Efficient enrichment of high-producing
recombinant Chinese hamster ovary cells
for monoclonal antibody by flow
cytometry. Journal of Bioscience and
Bioengineering, 120(3):340-346.

20. Peng C., Shi C., Cao X., Li Y., Liu F.,
Lu F. 2019. Factors influencing
recombinant protein secretion efficiency in
gram-positive bacteria: signal peptide and
beyond. Frontiers in Bioengineering and
Biotechnology, 7(139):1-9.

21.Ritacco F.V., Wu Y., Khetan A. 2018.
Cell culture media for recombinant protein
expression in Chinese hamster ovary
(CHO) cells: History, key components, and
optimization  strategies.  Biotechnology
Progress, 34(6):1407-1426.



