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Abstract
Background: Parathyroid Hormone (PTH) is secreted by parathyroid glands and
controls the level of calcium in bones and kidney. PTH is a small polypeptide with
84 amino acids, but the first 34 amino acids of which are enough for hormone
biological activity and can be used in the treatment of Osteoporosis. The
expression efficiency of recombinant human parathyroid hormone rhPTH (1-34)
or Teriparatide using a cleavable fusion protein strategy was compared in two
strains of E. coli.
Materials and Methods: A cassette was designed and fully synthesized for
prokaryotic expression of rhPTH using pET system. From 5’ to 3’, the cassette
consisted of: Trx tag to increase the solubility of protein, His tag for purification
and detection of protein, enterokinase site to cleave all fusion moieties, and an
optimized gene code for Teriparatide corresponding to the amino acid sequence of
hPTH. This cassette was cloned into pET32a vector. The vector was
simultaneously transformed and expressed in two different E. coli strains. The
ability of strains for expression of this recombinant pharmaceutical was compared.
Early expression was confirmed by SDS-PAGE and Western Blotting. The soluble
fusion protein was harvested and purified by immobilized affinity
chromatography. Then the fusion moiety was released from Teriparatide by
enterokinase digestion.
Results: The fusion form of rhPTH was efficiently expressed in both E. coli
strains. However, the percentage of the target protein to the total protein content in
Rosetta-gami was more than its amount in BL21 (60 % vs 25%).The fusion
protein was highly purified with Ni-NTA column. Up to 18.5 mg/ml of pure
fusion protein has been obtained from 1-liter Rosetta-gami strain of E. coli. The
pure Teriparatide was released by enterokinase digestion.
Conclusion: The pure rhPTH (1-34) produced here, could be the subject for
biological activity and quality control assessments, and following formulation
processing, it could be applied as a peptide drug in the treatment of Osteoporosis.
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Introduction
Teriparatide or rhPTH (1-34) is the recombinant
bioactive portion of human parathyroid hormone
secreted by parathyroid glands. Parathyroid hormone
(PTH) has 115 amino acids in its original form; the
first 25 N-terminal amino acids are separated as a
signal, the next 6 amino acids are separated during
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secretion from Golgi, and finally, the mature form is
secreted from parathyroid glands with 84 amino
acids. This hormone affects the metabolism of
calcium and phosphorus and acts directly on the
kidneys and bone tissues(1). Studies show that all
these 84 amino acids are not necessary for the
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functioning of hormone and the main biological
activity is related to N-terminal 1-34 amino acids (2).
PTH binds to specific receptors in osteoblasts and
renal tubular cells and results in upregulation of
RANKL expression, a protein essential for osteoclast
development and survival (3, 4). PTH signaling occurs
via a PTH receptor 1, cAMP, and protein kinase A,
CREB cascade. Moreover, this hormone indirectly
increases serum level of calcium through its effects on
metabolism of 1,25 di-hydroxi vitamin D (5).
Teriparatide has been FDA approved since 2002 and
has been used as a drug to treat patients with
Osteoporosis (4). Several studies used different hosts
for expression of Teriparatide, such as E. coli, yeasts,
and even mammalian cells (6). Since the molecular
weight of this recombinant hormone is low (4 kDa),
the risk of protein digestion by intracellular proteases
is very high at the time of expression (7). To solve
this problem, the polypeptide is expressed in fusion
with another protein as part of a partner; this increase
in size inhibits the protease activity of the protein

expression. Different partners are used to express
Teriparatide, such as Saccharomyces cerevisiae V8,
Fc in human IgG, etc. (8). In this study, Trx tag was
used as partner, which in addition to the
aforementioned features has unique characteristics that
could play an important role to optimize its expression.
Trx tag, weighing about 12 kDa, helps folding of the
fusion protein with the creation of disulfide bonds,
and prevents the formation of inclusion bodies, which
is one of the problems of cytoplasmic expression in
prokaryotic hosts and changes proteins to cytoplasmic
solution form (9, 10). This unique feature enhances the
quality of expression efficiency in downstream
processes, such as purification, and omission of the
de-urea and folding, along with reducing the process
of purification steps, increases the final efficiency
and prevents the loss of protein. The most generally
used host organism for biopharmaceutical production
is E. coli. BL21 and Rosetta-gami strains of E. coli
are the most popular prokaryotic hosts for expression
of recombinant proteins (11).

A

B

Figure 1. A) Expression cassette of rhPTH 1-34 which codes for a fusion protein with molecular weight of 22kDa B) The restriction
map of pET-32a .The position of restriction sites through which cloning is carried out.

Materials and methods
Construction of the expression vector for the
prokaryotic expression of recombinant hormone,
expression cassette of pET32a was designed and fully
synthesized (Pouya Gene AZMA Co, IRAN). As
shown in Figure 1, this cassette from 5’ to 3’ includes
rmm.mazums.ac.ir

Τrx tag (between BglII and KpnI) to enhance the
solubility of recombinant protein, His tag for
purification and a specific restriction site for
enterokinase that separates connected tags from the
original protein structure. The abov-mentioned
cassette was cloned into pET32 vector and expressed
Res Mol Med, 2017; 5 (3): 27
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in two strains of E. coli.
Expression of rhPTH 1-34 in different E. coli hosts
The rhPTH-pET plasmid was transformed into E. coli
Rosetta-gami and BL21 via transformation. Single
colonies from transformed cells were used for
inoculation of 5 ml pre-culture medium containing
ampicillin (100mg/ml). The cultures were incubated
for 24hr at 37 °C with the shake of 180 rpm. 250 µl
of the pre-cultures were used for inoculation of 5 ml
of LB medium (ampicillin 100mg/ml) at 37 °C until
reaching the OD 600 of 0.7. For protein expression,
Isopropyl β-D-1-thiogalactopyranoside (IPTG) was
added to the final concentration of 1 mM. Expression
was continued at 37 °C for 4hr and cells were
harvested within desired intervals. Quantification of
protein expression released in medium was carried
out by image analysis of the SDS-PAGE in 14.5
percent scans using CLIQS (12).
Western blotting
Using specific antibody-antigen binding, recombinant
protein can be detected. The samples were transferred
from the gel onto nitrocellulose paper. After transfer,
the paper was incubated for an hour in BSA 3%
solution for blocking at room temperature with shake.
Afterward, the paper was washed three times with
TBS-T solution and was reacted with Anti-His6
(Roche Cat# 04905318001) diluted 1:6000 in TBS-T
for 1hr at room temperature. After repeated washing
of paper, it was incubated with the appropriate
secondary antibody, anti-mouse IgG Peroxidase
conjugate (Sigma Cat# A8924) diluted 1:10000 in
TBS-T at the same condition. Then, rinsing was
repeated and, finally, by adding a solution of 3, 3’-

diaminobenzidine (DAB) (Sigma Cat# D5637) in the
darkness after about 3 minutes, the bands related to
the recombinant protein were observed in the
expected size.
Purification of recombinant PTH
The frozen biomass of E. coli was resuspended in
washing buffer (50 mM Na2 HPO4/NaH2 Po4 -pH =
7.4). After the centrifuge (9000rpm for 5 min), the
resulting cells were resuspended in lysis buffer (20
mM Tris, 0.5 M NaCl, 10 mM Imidazole, PMSF
1mM-pH=8). Then, sonication was performed in
100W at 4 °C (12 cycles, 10 seconds off and 15
seconds on) and centrifuged at 11,000 rpm. The
supernatant containing the fusion protein was
collected and applied to Ni-NTA resin (Chelating
Sepharose Fast Flow). The column was equilibrated
with buffer A (20mM Tris, 0.5 M NaCl, 20 mM
Imidazole-pH=8) followed by washing with buffer A.
The fusion protein was eluted with Linear gradient of
Imidazole concentration by Gradient maker with
buffer B (20 mM Tris, 0.5 M Nacl, 500mM
Imidazole pH=8). Fractions containing His6Thioredoxin-hPTH (1-34) fusion protein were pooled
and were evaluated by SDS-PAGE gel.
Proteolytic cleavage of fusion protein with
enterokinase
In order to cleave hPTH from its tag, the desalted
fusion protein by dialysis process was digested with
enterokinase enzyme (EK MAX, Invitrogen Co,
USA) for 16hr at room temperature. After 16 hours,
the results of the digestion were evaluated by SDSPAGE gel.

Figure 2. A) Expression of rhPTH 1-34 in Rosetta- gami: Lane 1; before induction. Lanes 2, 3, 4, 5 and 6 were shown 30 min, 1hr, 2hr, 3hr and
4hr after induction, respectively; Lane 7, protein marker. B) Expression of rhPTH1-34 in BL21: lane 1 before induction; Lanes 2, 3, 4, 5 and 6
were shown 30 min, 1hr, 2hr, 3hr and 4hr after induction, respectively; Lane 7, protein marker.
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Results
Construct and expression of recombinant hPTH with
Trx tag
The gene sequence encoded for PTH (1-34) was
inserted in the C terminal end of thioredoxin gene
sequence. Between them, enterokinase specific
recognition site of (Asp-Asp-Asp-Asp-Lys) was
inserted as a specific recognition site. The construct
was inserted in pET32a (+). The expression vector
was transformed into two E. coli strains, including
BL21 and Rosetta-gami.

The over -expression was obtained 4hr after IPTG
(1Mm) induction in the Rosetta-gami. The results
shown in Figure 2 are related to the expression in the
BL21 and Rosetta-gami. The Results of CLIQS
analysis showed that the yields of expression 4hr
after induction are 45% and 23% of the total protein
in the Rosetta-gami and BL21 respectively.
Confirm the expression of rhPTH protein+ Trx tag by
Western blotting
Western blotting was performed before purification
for confirmation of rhPTH1-34+Trx tag recombinant
protein (22 kDa). Figure 3 is related to expression of
target protein in Rosetta-gami.
Purification of rhPTH + Trx tag
The rhPTH + Trx tag proteins were applied to NiNTA chromatography. The purified protein was
obtained by 70% concentration in the supernatant
(Figure 4A). Pattern of the eluted PTH protein from
the Imidazol gradient (Figure 4B).

Figure 3. Western blotting for rhPTH protein+Trx tag. Lane 1, a
positive control (interferon alpha fused with His-tag). Lane 2,
rhPTH protein+ Trx tag expression in the Rosetta-gami. Lane 3,
Mw marker.

Cleavage of the rhPTH from Trx tag
The Trx tag (18 kDa) was detached from rhPTH
through digestion with enterokinase (Figure 5). Two
bands were determined including Trx tag (18 kDa)
and rhPTH (4 kDa) in the SDS-PAGE.

Figure 4. A) SDS-PAGE for fraction of outlet Ni-NTA chromatography. Lane 1, before induction. Lane 2, second supernatant. Lane 3, first
supernatant. Lane 4, out let. Lane 5, fraction 7. Lane 6, fraction 8. Lane 7, fraction 14. Lane 8, fraction 15. Lane 9, fraction 16. Lane 10, fraction
18. Lane 11, fraction 19. Lane 12, fraction 20. Lane 13, fraction 26. Lane 14, fraction 27. Lane 15, MW. Lane 16, pooled fraction (11-16). Lane
17, pooled fraction (17-22). B) Profile of the eluted PTH protein from the Imidazole gradient. The best concentration can be seen in 14-22.

Cleavage of the rhPTH from Trx tag
The Trx tag (18 kDa) was detached from rhPTH
through digestion with enterokinase (Figure 5). Two
rmm.mazums.ac.ir

bands were determined including Trx tag (18 kDa)
and rhPTH (4 kDa) in the SDS-PAGE.
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Figure 5. SDS-PAGE for digested fusion protein. Lane 1, Protein
Ladder; Lanes 2 and 3, two same samples from digested protein
rhPTH (4kD) and Trx tag (18kD); and lane 4 is undigested PTH
fusion protein (22kD).

Discussion
Osteoporosis is a metabolic disorder due to bone
tissue loses its strength and becomes highly sensitive
to be broken. According to the reports, one in every
two women and one in every four men over age 50
years old persons are suffering from this disease. The
presence of this disease in Iran considerably
increased from 15% of the population in 2001 to 34%
in 2011. Based on the reports, 20% of Iranian women
over 50 years old are affected by remarkable degrees
of bone density reduction. Due to the significance of
this disease and its high cost of therapy, using new
treatment methods is clearly important.
In 2002, a human recombinant drug, Teriparatide
(commercially named FORTEO), was produced by
Lilly pharmaceutical company and released to the
customer market for Osteoporosis therapy (13). This
hormone is also the only effective anabolic drug
against Osteoporosis that also is currently consumed
in different countries such as Iran. The need for this
drug in Iran will be increased in the near future
because of the growing elderly population and life
expectancy.
In 1991, Forsberg et al surveyed on expression of this
hormone in BL21 E. coli that was fused to the
carboxylic end of 15KD human IgG binding protein.
They reported that, the final yield of this hormone
was 5mg in each 1 liter of culture media (14). Oshika
et al in 1994 studied the direct expression of this
polypeptide in E. coli which was 27mg per liter based
on their report (15). In the recent study that was done
in 2017 by Bakhtiari et al in Iran, expression of
Teriparatide was approximately 43% of whole
protein expression that was less than the present
study (16).
Teriparatide is a small polypeptide that has been
mostly studied in fusion with other proteins like NUS
rmm.mazums.ac.ir

A, IgG and MBP for prevention of digestion by host
proteases. In our study, Trx fused expression of
Teriparatide was investigated in two hosts, including
Rosetta-gami and BL21 (17). In addition, this
molecular tag increased the expression level of
Teriparatide by causing soluble expression of this
product instead of the inclusion form, as well as,
preventing deformation of protein structure in the
cytoplasm by effecting on disulfide bindings leading
to reduction in downstream procedures and hence
save a lot in costs. Our results showed that the
Teriparatide expression was 45% of the total protein
in Rosetta-gami that was more in comparison with
the BL21 and other surveys.
Using the molecular labels was almost unavoidable in
the expression process of many recombinant proteins,
while, the presence of some excess factors in the final
products was used of a drug is impossible. Thus,
detachment of adjunct factors of the main product
after purification is important in recombinant drug
producing process. Enterokinase enzymes, by cutting
the specific sites with no addition of any amino acids
to the product and without harm or effect to humans,
are one of the most common ways for detachment of
the protein labels. Therefore, enterokinase was used
to obtain 4 kDa rhPTH purified product(18).
According to presented method in this study, the
efficiency of the fused form of rhPTH expression is
equal to 26 mg/liter of culture media of which 70%
was purified. This yield is a suitable output compared
to the other investigations and can be improved by
using fermenter system and can be used as a drug
candidate for Osteoporosis therapy following the
functional evaluation of purified protein in both in
vitro and in vivo. Since this product was obtained in
soluble form and in proper concentration by using the
mentioned procedure, it can be applied as an
appropriate way for producing this polypeptide.
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