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Abstract

Background: Biosynthetic teriparatide (1-34) (TPD) is a N-terminally truncated ver-
sion of human parathyroid hormone (hPTH). The recombinant form of this polypep-
tide has been expressed in Escherichia coli (E. coli) and approved as the first anabolic
treatment of osteoporosis in the EU and the USA. Feasibility of expression and secre-
tion of a tag- fused form of TPD into Bacillus subtilis (B. subtilis) was examined due to
several advantages of B subtilis over E. coli in production of recombinant proteins
with pharmacological activities.

Methods: A codon optimized gene containing TPD open reading frame carrying en-
terokinase site in its upstream was fully synthesized. According to our cloning scheme,
this synthetic polynucleotide was used as a template for PCR amplification using en-
gineered primers in such a way that a polyhistidin tag was added in frame to the up-
stream of the amplicon as well as two restriction sites at its ends. The resulted ampli-
con, a cassette containing His-tag, enterokinase site and TPD, from 5’ to 3’, was
cloned into pTZ57R/T vector and subjected to sequencing.The cassette was then sub-
cloned into pHT43 shuttle vector and transformed into B, subtilis. Expression of target
protein was analyzed by SDS-PAGE and western blotting upon induction by IPTG.
Results: The accuracy of construction of pHT43-TPD was confirmed by sequencing
and restriction map analyses. SDS-PAGE and western blotting results showed that the
recombinant fusion form of hPTH was successfully expressed and secreted into cyto-
plasm and extracellular medium.

Conclusion: TPD may be successfully expressed and secreted in B. subtilis however,
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Introduction

Osteoporosis, as a persistent skeletal disorder in-
volves decreased bone strength due to density reduc-
tion and increased fracture risk leading to an inequality
in normal bone remodeling process where bone mass is
resorbed by osteoclasts while failing to create adequate
space. As a result, bone microarchitecture becomes
porous and susceptible to fracture due to a compromise
in its structural integrity .

Currently, recommened osteoporosis therapy in-
volves reducing bone remodeling by inhibiting hone
resorption. This treatment is not sufficient in decreas-
ing osteoprosis rates of morbidity and mortality °. In
contrast to anti-resorptive medication, anabolic treat-
ment preferentially increases bone formation through
direct early stimulation of osteoblasts *.

Parathyroid Hormone (PTH) and its analogue Teri-
paratide (TPD) provide the possibility of improving
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skeletal microarchitecture and represent a new class of
anabolic therapies for the treatment of severe osteopo-
rosis °.

Anabolic properties of full-length PTH are incorpo-
rated in TPD as a recombinant human parathyroid hor-
mone (1-34) corresponding to the first 34 amino acids
of hPTH °. Considering costs, side effects, and limited
clinical utility, TPD is more effective on patients with
severe osteoporosis compared to bisphosphonates and
other antiresorptives °.

Gram-positive bacterium Bacillus subtilis (B. sub-
tilis) has been widely adopted for protein production
due to its "Generally Recognized As Safe" (GRAS)
status in biotechnological processes '. It demonstrates
excellent fermentation properties, strain deficiency in 6
extracellular proteases, complete lack of toxic by- pro-
ducts, and high product yields (20-25 g/L) without a
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significant codon bias *. Additionally, gram-positive
bacterium B. subtilis has a naturally high secretory cap-
acity and exports proteins directly into extracellular
medium simplifying downstream purification and pre-
vents formation of inclusion bodies °.

Due to the above-mentioned advantages of B. sub-
tilis over Escherichia coli (E. coli) in production of re-
combinant proteins with pharmacological activities, in
the present study, a designed tag fused TPD gene was
cloned and used to transform B. subtilis for the first
time. The obtained recombinant B. subtilis is capable
of expression and particularly secretion of TPD into
medium.

Materials and Methods

Cassette design

A cassette encoding recombinant human parathyroid
hormone favouring high-yield protein production was
constructed based on prokaryotic codon usage. This
sequence was synthesized by Bioneer Corporation
(Bioneer, Korea) and was cloned into pET32a plasmid
named pET32a-TPD. From 5’ to 3’, the cassette con-
sisted of enterokinase site to cleave the fusion moiety
and the open reading frame encodes for TPD.

Polymerase chain reaction (PCR)

Full-length sequence of TPD was amplified from
pET32a-TPD through PCR reaction using Taq poly-
merase (Thermo, USA). The forward primer with a
Xbal cut site and a His-tag overhang (5‘ATTATCT
AGACACCACCACCACCACCATGATGATGATGA
TAAGAGCGTGAG3") and reverse primer with a Aa-
tII cut site and stop codon overhang (5‘GCGCGACG
TCTTAGAAGTTATGCACATCCTG3*) were design-
ed in accordance with the cloning strategy and were
used to amplify TPD gene from pET32a-TPD vector.
Thirty rounds of amplification were performed per fol-
lowing cycle: pre-denaturing step at 94°C for 3 min
proceeded by 30 cycles of denaturation at 94°C for 30
s, anannealing step at 55°C for 30 s, and an extension
step at 72°C for 30 s. Final extension step at 72°C for 5
min was performed. Figure 1 demonstrates schematic
drawing of the resulted amplicones with a size of 158
bp.

Cloning and subcloning of TPD amplicon

Amplified fragments were purified and cloned into
pTZ57R/T vector using the InsTAclone PCR Cloning
Kit (Thermo, USA). Purified amplified fragments were
then transformed to E. coli XL1blue competent cells.
Plasmids were purified from insert positive clones and
then digested with Xbal/Aatll after colony PCR screen-
ing from white colonies. The released inserts were re-
cloned into expression vector pHT43 to construct
pHT43-TPD (Figure 2). The fidelity of pHT43-TPD
construction was confirmed by restriction analysis and
sequencing. Extracted pHT43-TPD was used for trans-
formation of B. subtilis (WB600) by Eppendorf Epora-
tor (Eppendorf, USA) according to the B. subtilis elec-
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Figure 1. Schematic representation of tag fused hPTH (1-34) (TPD)
demonstrating the arrangement and composition of cassette after
PCR.
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Figure 2. Schematic diagram of recombinant pTZ57R/T-TPD and
pHTA43-TPD vectors. A) Map of cloned TPD cassette into pTZ57R/T
vector. B) The map of subcloned TPD cassette into pHT43. Above
diagrams were generated using SnapGene® software from GSL
Biotech.

tro-transformation method '°. In order to ensure the
accuracy of transformation, B. subtilis colonies were
cultured on LB agar medium containing 5 ug/ml! chlo-
ramphenicol as a selective marker and were verified by
colony PCR. Plasmid DNA preparation, restriction en-
zyme digestion and agarose gel electrophoresis proc-
esses were performed in accordance with the published
methods ',

Gene expression in Bacillus subtilis (WB600)

B. subtilis (WB600) cells, harbouring the recombi-
nant vector pHT43 were grown on a LB-agar plate
containing 5 ug/ml chlromphenicol at 37°C. A single
colony was selected from the plate and cultured for 4
hr in 5 ml LB broth containing 5 pg/ml chlorampheni-
col at 37°C and 200 rpm. One millilitre of this culture
was used to inoculate 15 m/ of the same medium which
was incubated under similar conditions. 0.1 mM of
Isopropyl-D-thio-galactoside (IPTG) was added to in-
duce expression when the Optical Density (OD) of the
culture medium at a wavelength of 600 nm reached
about 0.7.
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Figure 3. Restriction enzyme digestion confirming new recombinant
of pHT43-TPD construct. Lane 1: GeneRuler™ 1 kb DNA ladder
(Thermo, USA). Lane 2: Two bands of 5 kb and 3.1 kb generated
from Pstl/Xhol double digestion on the pHT43-TPD construct. As
demonstrated in figure 1, a unique Pstl site and a unique Xhol site
are indentified through target DNA and plasmid backbone, respec-
tively. Lane 3: A single band obtained from the same double diges-
tion on non-recombinant plasmid (a negative control). Lane 4: undi-
gested pHT43 plasmid.

Culture samples were withdrawn at different time
intervals at 1 ml/hr. Cell pellet of samples was then
sedimented by centrifugation at 10000 rpm for 10 min.
Protein preparation process was carried out for each
section separately. The procedure of protein precipita-
tion from the supernatant liquid was performed by
saturation with Polyethylene Glycol (PEG) 8000 fol-
lowed by centrifugation at 10000 rpm for 20 min at
4°C. Subsequently, fidelity of the TPD protein samples
prepared from the cultivation broth was checked by
sodium dodecyl Sulphate-Poly- acrylamide gel (SDS-
PAGE) and Western Blotting (WB). "Image]" software
was used to estimate TPD expression level.

Results

Construction of pHT43-TPD

Initially, agarose gel electrophoresis of the TPD
PCR product indicated correct weight of 158 bp band.
Analysis of sequencing results also confirmed the fi-
delity of TPD sequence fused with His-tag. Accuracy
of pHT43 vector carrying TPD gene was rechecked by
conducting colony PCR and enzymatic digestion ana-
lysis (Figure 3).
Expression of TPD protein in Bacillus subtilis WB600

Results of SDS-PAGE for samples after induction
of up to 4 hr indicated a gradual increase in intensity of
9.5 kDa band corresponding to target protein. Exis-
tence of the same band in a precipitated protein sample
from 15 ml of the culture medium confirms the secre-
tory expression of TPD protein (Figure 4). Relative ex-
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Figure 4. Expression and secretion analysis of the present recombi-
nant TPD protein in cell pellet and culture medium samples by 15%
acrylamide gel. Lane 1: Expression before induction. Lanes 2 to 5:
Gradual increase of expression respectively from 1 to 4 hr after
induction. Lane 6: Prestained Protein Ladder (Thermo, USA). Lane
7: Secretion of the recombinant protein in the medium 4 Ar after
induction. Position of the recombinant tag-fused TPD protein is
shown with an arrow.
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Figure 5. Outcome of performing a western blot to recheck the fideli-
ty of TPD expression. Lane 1: Expression 4 Ar after induction, Lane
2: Prestained Protein Ladder (Thermo, USA). The position of target
band is shown with an arrow.

pression level of TPD quantified by "Imagel]" software
was at least 15.22% of total protein of B. subtilis
WB600.

Western blot analysis of TPD

The fidelity of 9.5 kDa expressed TPD was recon-
firmed with western blotting using nitrocellulose mem-
brane and anti his-tag antibody as demonstrated in fig-
ure 5.

Discussion

Osteoprosis as a bone disease is common. It could
lead to patients expiration with certain severe fractures.
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Possibility of developing breast cancer is 1 in 9 among
white women, while the incidence of hip fracture may
be 1 in 6 during their lifetimes '2. Compared to rates
recorded in 1990, the worldwide incidence of hip frac-
ture is predicted to increase by 310 and 240% in men
and women, respectively by 2050 °. Teriparatide as an
osteoporosis treatment medication has been produced
in both synthetic and recombinant forms. Several host
systems such as E. coli, Saccharomyces cerevisiae,
Pichia pastoris, and mammalian cell lines have been
introduced to express this therapeutic polypeptide .
Various approaches have been adopted to express hu-
man parathyroid hormone in E. coli, but this expression
resulted in formation of large amounts of inactive pro-
teins as inclusion bodies. Therefore, a prolonged proto-
col is required for their low-yield conversion into ac-
tive proteins 15 Nevertheless, market available Forteo,
that is produced in E. coli host '® is a well known bio-
pharmaceutical protein manufactured by Eli Lilly,
France.

Existence of stable expression systems is a necessity
for economical production of recombinant proteins. In
comparison to E. coli, B. subtilis is a more attractive
expression platform because it has a natural ability to
interact with plants or pathogens via peptide secretion
into the media '’. Furthermore, B. subtilis (WB600) is
an appealing host for production of heterologous secre-
tory proteins *'® due to absence of significant codon
bias "°, deficiency of six extracellular proteases >, lack
of endotoxin (LPS), and existence of high secretory
capacity for direct protein export into extracellular me-
dium. This simplifies downstream purification and pre-
vents the formation of inclusion bodies.

Conclusion

Owing to above-mentioned advantages of B. subtilis
over E. coli in production of recombinant proteins with
pharmacological activities, feasibility of expression
and secretion of TPD in B. subtilis have been examined
in this study for the first time, even though the effi-
ciency of expression was not high enough. It is ac-
cepted that every recombinant protein is unique and
needs some levels of adaptation for production in dif-
ferent systems. Expression conditions must be opti-
mized to enhance the yield of soluble protein. These
optimizations must be carried out at both level of mo-
lecular regulations and fermentation conditions.

B. subtilis was taken as a candidate for TPD produc-
tion through a new simplified and cost-effective ap-
proach in this research. Further studies are needed to
optimize, purify and asses the biological activity of
TPD expressed into B. subtilis.

Acknowledgement

This research was supported by Malek-Ashtar Uni-
versity of Technology, Biotechnology Center.

Conflict of Interest

The authors declare that they have no conflict of in-
terest.

References

1. Migliore A, Broccoli S, Massafra U, Bizzi E, Frediani B.
Mixed-treatment comparison of anabolic (teriparatide
and PTH 1-84) therapies in women with severe osteopo-
rosis. Curr Med Res Opin 2012;28(3):467-473.

2. Gentleman E, Fredholm YC, Jell G, Lotfibakhshaiesh N,
O'Donnell MD, Hill RG, et al. The effects of strontium-
substituted bioactive glasses on osteoblasts and osteo-
clasts in vitro. Biomaterials 2010;31(14):3949-3956.

3. Hodsman AB, Bauer DC, Dempster DW, Dian L, Hanley
DA, Harris ST, et al. Parathyroid hormone and teripara-
tide for the treatment of osteoporosis: a review of the
evidence and suggested guidelines for its use. Endoc Rev
2005;26(5):688-703.

4. D'Amelio P, Tamone C, Sassi F, D'Amico L, Roato I,
Patané S, et al. Teriparatide increases the maturation of
circulating osteoblast precursors. Osteoporos Int 2012;23
(4):1245-1253.

5. Chintamaneni S, Finzel K, Gruber BL. Successful treat-
ment of sternal fracture nonunion with teriparatide. Os-
teoporos Int 2010;21(6):1059-1063.

6. Ponnapakkam T, Katikaneni R, Sakon J, Stratford R,
Gensure RC. Treating osteoporosis by targeting parathyr-
oid hormone to bone. Drug Discov Today 2014;19(3):
204-208.

7. Zhang X, Zhang R, Bao T, Rao Z, Yang T, Xu M, et al.
The rebalanced pathway significantly enhances acetoin
production by disruption of acetoin reductase gene and
moderate-expression of a new water-forming NADH oxi-
dase in Bacillus subtilis. Metab Eng 2014;23:34-41.

8. Chen J, Zhao L, Fu G, Zhou W, Sun Y, Zheng P, et al. A
novel strategy for protein production using non-classical
secretion pathway in Bacillus subtilis. Microb Cell Fact
2016;15:69.

9. Westers L, Westers H, Quax WJ. Bacillus subtilis as cell
factory for pharmaceutical proteins: a biotechnological
approach to optimize the host organism. Biochim Bio-
phys Acta 2004;1694(1-3):299-310.

10. Xue GP, Johnson JS, Dalrymple BP. High osmolarity im-
proves the electro-transformation efficiency of the gram-
positive bacteria Bacillus subtilis and Bacillus licheni-
formis. J Microbiol Methods 1999;34(3):183-191.

11. Sambrook J, Fritsch EF, Maniatis T. Molecular cloning:
a laboratory manual. 3rd ed. USA: Cold Spring Harbor;
2001. 1546 p.

12. van Staa TP, Dennison EM, Leufkens HG, Cooper C, et
al. Epidemiology of fractures in England and Wales.
Bone 2001;29(6):517-522.

13. Gullberg B, Johnell O, Kanis J. World-wide projections
for hip fracture. Osteoporos Int 1997;7(5):407-413.

14. Hamedifar H, Salamat F, Saffarion M, Ghiasi M, Hos-
seini A, Lahiji H, et al. A novel approach for high level
expression of soluble recombinant human parathyroid

Avicenna Journal of Mediical Biotechnology, Vol. 10, No. 3, July-September 2018



15.

16.

17.

18.

Karimi M, et a/

hormone (thPTH 1-34) in Escherichia coli. Avicenna J
Med Biotechnol 2013;5(3):193-201.

Durban MA, Silbersack J, Schweder T, Schauer F, Born-
scheuer UT. High level expression of a recombinant
phospholipase C from Bacillus cereus in Bacillus sub-
tilis. Appl Microbiol Biotechnol 2007;74(3):634-639.

Birch JR, Onakunle Y. Biopharmaceutical proteins: op-
portunities and challenges. Methods Mol Biol 2005:1-16.

Mongkolthanaruk W. Classification of Bacillus benefi-
cial substances related to plants, humans and animals. J
Microbiol Biotechnol 2012;22(12):1597-1604.

Luan C, Zhang HW, Song DG, Xie YG, Feng J, Wang

19.

20.

YZ. Expressing antimicrobial peptide cathelicidin-BF in
Bacillus subtilis using SUMO technology. Appl Microbiol
Biotechnol 2014;98(8):3651-3658.

Shields DC, Sharp PM. Synonymous codon usage in
Bacillus subtilis reflects both translational selection and
mutational biases. Nucleic Acids Res 1987;15(19):8023-
8040.

Jeong SJ, Kwon GH, Chun J, Kim JS, Park CS, Kwon
DY, et al. Cloning of fibrinolytic enzyme gene from
Bacillus subtilis isolated from Cheonggukjung and its
expression in protease-deficient Bacillus subtilis. J Mic-
robiol Biotechnol 2007;17(6):1018-1023.

Avicenna Journal of Mediical Biotechnology, Vol. 10, No. 3, July-September 2018



