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ABSTRACT
Background:
Adding signal sequence and His- tags to the expression vectors of recombinant
proteins usually increased the production yield by promoting protein secretion to the periplasmic
space and by facilitating the purification processes.
In this study, three different expression constructs including vectors with or without signal sequence
and His-tags were designed to compare the effect of these elements on Hirudin expression and
function. Hirudin is a natural anticoagulant protein produced in the salivary glands of leeches.
Methods:
Hirudin variants including cytoplasmic Hirudinn without His-tag (cr-Hirudin),
cytoplasmic Hirudin with His-tag (crhis-Hirudin), and periplasmic Hirudin with His-tag (prhisHirudin) constructs were expressed in E.coli BL 21(DE3). Ion exchange chromatography and ion
metal affinity chromatography were applied for protein purification. The prothrombin time (PT) and
activated partial thromboplastin time (aPTT) assays were performed to assess the anti-thrombin
bioactivity of variants.
Results:
The expression rate of prhis-Hirudin was approximately 1.6 fold higher than cytoplasmic
variants ( cr-Hirudin and crhis-Hirudin). The prothrombin time and activated partial thromboplastin
time of crhis-Hirudin and prhis-Hirudin were similar and approximately 20 and 55 % lower than those
of cr-Hirudin.
Conclusion:
Applying signal peptide or His-tag increased the production yield of recombinant
hirudin but had negative contributions to its activity.
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Introduction
Hirudin is a naturally produced protein in the
salivary glands of blood-sucking leeches with a
blood coagulant property (1). Hirudin directly
effects thrombin to inhibit blood clot production
(2-4). This protein is the strongest natural
thrombin inhibitor which not only inhibits blood
clotting but also resolves the produced clot (5, 6).
Lepirudin, a safe and effective recombinant
anticoagulant derivative of Hirudin, has been
approved for the treatment of Heparin-induced
thrombocytopenia (HIT) and anticoagulation
during procedures in patients with heparin
associated antiplatelet antibodies (HAAb) (7, 8).
Hirudin is a well-known strong blood
coagulator so that it can inhibit coagulation of
soaked blood with leech for more than 6 hours (4,
9). Researches at Kentaki University compared
the function of Hirudin and heparin and showed
that Hirudin does not need a cofactor for
activation. Also, Hirudin affects directly on
thrombin inhibition. Additionally, Hirudin has not
poisoning effects and Hirudin create local
anesthesia (7, 10).
There are different pharmaceutical types of
Hirudin in the market which some of them
produced by prokaryote recombinant technology.
Expression and purification steps are some of the
important bottlenecks of recombinant protein
production
technology
regarding
their
complexity, yields, and costs. Using signal
sequence and protein tails is one of the practical
solutions for simplifying expression and
purification processes (11, 12).
His-tag tail, introduced first time by Hochuli in
1987 (13), makes the advantages of specific
adsorption affinity of His-tags to the immobilized
certain transition metal ions (Nickel, Cobalt, or
Copper) on chromatography resins (11, 12).
Primary, it was supposed that the His-tags did not
affect the structure or function of the target
protein because of its low molecular weight, but
in the following, some controversial cases were
reported (14, 15).
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The signal sequences mainly consist of 15 up to
40 amino acids that are added to the N-terminal of
the protein sequences to export proteins from the
cytosol to the outer membrane of bacterial hosts.
Although, the role of the signal sequence in the
navigation of protein to the outer membrane is
well known (14, 15), there are few studies on its
impact on the function of the proteins (16-18).
Normally, signal peptides are removed by special
peptidases situated in the host cell membrane
(16). However, there is some doubt about
correctly slicing of pre-protein by the peptidase in
membrane to remove the signal peptide and the
effects of inaccurate cutting of signal peptides on
protein properties should be clear (18, 19).
In this study, the protein expression and antithrombin activity of 3 variants of recombinant
Hirudin expressed with a signal sequence and
His-tags, with His-tags but without signal
sequence, and without signal sequence /His-tags
were evaluated to assess the effects of these
biotechnological tools on Hirudin function and
potency.
Materials and Methods
Genes designing and synthesis
The Hirudin sequence was obtained from
Uniprot data bank and used for designing three
gene constructs. The first construct (named
rHirC1) was related to cytoplasmic recombinant
Hirudin (without any signal peptide or His- tag).
The second one (rHirC2) contained signal peptide
and His- tag and the last (rHirC3) contained only
His- tag. The constructs were synthesized in
PET22b plasmid (Biomatik Company, Canada),
then were transferred to E.coli Top 10 to amplify the
plasmid and then transferred to E.coli BL21 (DE3)
strain as expression strain (20). The Gradient PCR

was applied for confirming the insertion of
plasmid PET-22b (+) constructs to E.coli BL21
(DE3). The different types of Hirudin protein
expressed by rHirC1, rHirC2, and rHirC3 gene
constructs were named as cr-Hirudin (cytoplasmic
recombinant Hirudin), prhis-Hirudin (periplasmic
jmb.tums.ac.ir
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recombinant Hirudin containing His- tag), and
crhis-Hirudin (cytoplasmic recombinant Hirudin
containing His-tag), respectively.
Protein expression and Purification
The Luria-Bertani (LB) broth media was used
for culturing the screened E.coli BL21 (DE3)
strains containing the recombinant plasmids at
37˚C. The cells were induced by IPTG (Isopropyl
β-d-1-thiogalactopyranoside. The membrane of
cells producing cr-Hirudin and crhis-Hirudin
were disrupted by the ultrasonic method
(MISONIX, USA). The nickel-nitrilotriacetic acid
(Ni-NTA)
metal-affinity
chromatography
(Qiagene, Sweden) combined with the triton X114 method for simultaneous endotoxin removal
was used for purification of crhis-Hirudin and
prhis-Hirudin through their His- tag (21, 22). The
Ion-exchange chromatography method was
performed for purification of not containing Histag Hirudin (cr-Hirudin). The purity of the
purified fractions was evaluated by SDS-PAGE
18%. The GelQuant.Net software was used for
estimating the expression rate.
Bioactivity assay
Hirudin activity was determined and routine by
PT and aPTT assays. For obtaining plasma, the
blood sample was anticoagulated by adding to
0.13 M tri-sodium citrate. The mixture was
centrifuged at 4 ° C (1500 ×g, 15 min) and then
frozen at -20° C. For aPTT assay, 100 µl of
plasma –Hirudin mixture was added to 100 µl of
Dade 1 Actin 1 FSL activated PTT reagent and
after 5 minutes incubation at 37 ° C, 100 µl of
CaCl2 was added to the mixture and the clotting
time was recorded by a coagulation timer. For PT
assay, the mixture of plasma- Hirudin was added
to 100 µl of PT reagent and the clotting time was
recorded (23, 24).
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Result
Gradient PCR
The universal primers of plasmid PET-22b (+)
were used for investigating the vector
transformation to E.coli BL21 (DE3). In this assay
PET22b (+) containing rHirC2 gene and the
enzymatic cutting site must have almost 500bp
and those of RHirC1 and RHirC3 were slightly
less (Figure 1).
Protein expression and purification
The screened strains containing recombinant
plasmids were cultured, induced, and harvested.
The prhis-Hirudin and crhis-Hirudin ( the Hirudin
variants containing His-tag ) were purified by NiNTA affinity chromatography The Hirudin
without His-tag (cr-Hirudin) was purified by ion
exchange chromatography. The expression of each
variant was investigated by SDS-PAGE test. The
results are shown in Figures 2- 4. Semiquantification of expression rates were calculated
by using GelQuant. Net software. The expression
rates about 19, 21, and 32% were estimated for crHirudin, crhis-Hirudin, and prhis-Hirudin variants,
respecticely.
Hirudin bioactivity determination
The anti-thrombin activity of Hirudin variants
was determined by PT (prothrombin time) and
aPTT (activated partial thromboplastin time)
methods. The PT test evaluates the external
pathway of blood coagulation and normally it lasts
12 up to 14 seconds. However, the aPTT test
evaluates the internal pathway of blood
coagulation and usually, it lasts between 35 to 43
seconds.
The coagulation of human blood mixed with
each of Hirudin variants was evaluated by PT and
aPTT tests and the results are shown in figure 5 .
The PT and PTT results of prhis-Hirudin and
crhis-Hirudin were almost the same but those of
cr-Hirudin were stronger.
jmb.tums.ac.ir
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Figure 1. Gradient PCR: M: marker, 1: rHirC2 (construct containing genes of Hirudin + His- tag

+ signal peptide phoA), 2: rHirC3 (construct containing genes of Hirudin + His-tag), and 3:
rHirC1 (construct containing only the gene of Hirudin).

Figure 2. SDS-PAGE results of cr-Hirudin. a) Expression step. M: protein ladder (kDa), lines1 -

4: after induction, Line 5: before induction. b): Ion exchange chromatography step. M: protein
ladder (kDa), lines 1 and 2: elution fractions.
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Figure 3. SDS-PAGE results of crhis-Hirudin. a) Expression step. M: protein ladder (kDa), line 1:

before induction, Lines 2 and 3: after induction. b): Ni-NTA Affinity chromatography step.
Lines 1 and 2: elution Fractions, M: protein ladder (kDa).

Figure 4. SDS-PAGE results of prhis-Hirudin. a) Expression step. Lines1 and 2: after induction,

Line 3: before induction, M: protein ladder (kDa). b): Ni-NTA Affinity chromatography step.
M: protein ladder (kDa), Lines 1 to 3: elution Fractions.
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Figure 5: The activity of different expressed types of Hirudin by PT (a) and PTT (b) assays at

different protein concentrations.

Discussion
Hirudin naturally is extracted from the Para
pharyngeal gland of the medicinal leech. Several
derivatives and recombinant types of Hirudin
have been presented to the market (25). Hirudin
makes a strong complex with thrombin to inhibit
the transformation of fibrinogen to fibrin as well
as thrombin-induced platelet aggregation (26).
Recombinant forms of Hirudin mostly are
produced in E.coli because of the fast-growing
and easy culturing. Signal peptide and His-tag tail
are some of the most useful tools of recombinant
technology to facilitate the expression and
purification steps of recombinant proteins.
Although signal peptide normally is removed by
specialized membrane-associated signal peptidase
(16) its impacts on the biological activity of
synthesized precursor proteins are not clear.
Significant differences between folding rate (2729) or stability (30, 31) of precursors and mature
proteins have been reported.
In the case of Hirudin, as it can be observed in
figures 5-a and 5-b, the bioactivity of the secreted
Hirudin was less than the non-signal peptide ones.
J Med Bacteriol.
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The PT of crhis-Hirudin and prhis-Hirudin were
approximately similar ( 13.9 and 13.5 seconds at
40 µg/ml) and about 20% less than the
prothrombin time of cr-Hirudin. The activated
partial thromboplastin times of crhis-Hirudin and
prhis-Hirudin were the same and about 55% less
than that of cr-Hirudin of In opposite of our result,
the experiment performed by Goder et al on
bovine pre-adrenodoxin (padx) and bovine
adrenodoxin (adx) showed equal activity but
reducing some physic-chemical properties include
heat capacity and transition temperature in padx
(19). It was proposed that the N-terminal positive
charge of signal peptide made a hydrophobic
region on the protein which may interact with
other hydrophobic regions of the protein that
affected its bioactivity (31).
The His-tag tail has been used for purification
by immobilized metal affinity chromatography
(IMAC) (32). In some proteins, the tag help
folding and stability (33) and believed that His-tag
has not interfered with protein function (33, 34)
but nowadays there are some convert assumptions
(35, 36). In a previous study, Dongxin et al in
2016 established two His-tag tails on N-terminal
jmb.tums.ac.ir
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and C-terminal of zinc finger protein ZNF191
(243-368) and compared their properties. Their
finding showed that each His-tag gave a unique
and different structure and folding to the zinc
finger protein (37). The same experiment by
William T. Booth and coworkers showed that Histag tails affected differently the thermal stability
of proteins and for some of them, positive
contribution and for others, negative contribiutions
were observed. Comparing the protein expression
rate of different variants of hirudin ( figures 2 to 4)
revealed that the expression rate of native
cytoplasmic variants ( cr-Hirudin and crhisHirudin) were similar ( around 20% ). However,
the periplasmic variant expressed by signal
peptide showed a higher expression rate (
approximately 32%).
Conclusion
In this study, 3 variants of Hirudin expressed
with different gene constructs including,
constructs with a signal sequence and His-tag,
Hirudin with His-tag, and Hirudin without signal
sequence / His-tag were designed and produced.
According to the results, Hirudin without signal
sequence and His-tag (cr-Hirudin) has more
activity than two others. However, the expression
rate of periplasmic Hirudin was more than the
cytoplasmic ones.
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