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Abstract

Heparin, a member of the glycosaminoglycan family, is known to interact with more than 400
different types of proteins. For the past few decades, significant progress has been made to
understand the molecular details involved in heparin-protein interactions. Based on the structural
knowledge available from the FGF1-heparin interaction studies, we have designed a novel
heparin-binding peptide (HBP) affinity tag that can be used for the simple, efficient, and cost-
effective purification of recombinant proteins of interest. Purification of recombinant proteins
using the HBP tag can be achieved using a simple sodium chloride gradient. In addition, owing to
the high density of positive charges on the HBP tag, recombinant target proteins are preferably
expressed in their soluble forms. Further, the purification of HBP-fused proteins/peptides can also
be achieved in the presence of chemical denaturants like urea. Additionally, polyclonal antibodies
raised against the affinity tag can be used to detect HBP-fused target proteins with high sensitivity.
Given these properties, we believe that the HBP tag will be enthusiastically used by researchers for
the purification of recombinant proteins.
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Introduction

This unit describes the use of novel heparin-binding peptide (HBP) as an affinity tag for
purification of recombinant proteins from bacterial cell lysates. We constructed the
expression vector using the standard pET22b™ vector backbone by inserting the nucleotide
sequence that encodes for the affinity tag. A multiple cloning site (MCS) was restored
downstream of the affinity tag with various combinations of restriction site(s) for directional
cloning of the target genes/nucleotide sequences. Nucleotide sequence encoding the protein
of choice can be amplified using PCR and ligated into the MCS region of the HBP
expression vector. The HBP tag can be fused at either the N- or C- terminal end of the
protein of interest. Recombinant proteins tagged with HBP can be purified to homogeneity
using single—step heparin Sepharose™ affinity chromatography. Column-bound fusion
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protein can be collected under mild elution conditions consisting of a simple sodium
chloride gradient.. After purification, the tag can be eliminated by subjecting the HBP fusion
protein to specific restriction protease cleavage to obtain pure form of the protein of interest.
Based on the criteria and the protocols for purification described, here in this unit, the novel
HBP tag based affinity chromatography would be an ideal choice for purification of different
types of recombinant target proteins. This purification technology/strategy can be adapted
from a laboratory scale to an industrial scale for obtaining higher yields of purified proteins
in a cost-effective manner. This aspect is critical for downstream processing in protein
biotechnology. We believe that the HBP tag will also be a valuable avenue for the
purification of small recombinant peptides. Currently, work is underway to further improve
the heparin binding affinity of the HBP-tag through engineering mutations in the affinity tag
to increase its protein solubilizing property. Increasing the solubilizing nature of the HBP
tag will significantly benefit the biotechnology sector because several proteins of high
biomedical importance are known to be expressed in £.coli as inclusion bodies. Further, we
are planning to extend our research to exploit the HBP tag to selectively purify heparin from
a mixture of different glycosaminoglycans. Lastly, efforts are currently underway to design
and develop an exclusive resin to purify HBP-fused recombinant proteins in a cost-effective
manner.

Strategic Planning

Design of the HBP tag

We had demonstrated the use of HBP tag for expression of diverse kinds of proteins, ranging
from soluble intracellular proteins such as the C2A domain of synaptotagmin, S1I00A13 and
also the C-terminal tail of the membrane protein, Albino-3 (Rajalinagam et al, 2005;
Sivaraja et al, 2006; Marty et al, 2009). The HBP tag was rationally designed for optimal
binding affinity based on the structural information available on various heparin-protein
interactions (Beenken et al, 2009; Capila & Lindhart, 2002; Demepewolf et al, 2013). This
affinity tag is 32 amino acids long consisting of the positively charged lysine in a defined
repetitive manner interspersed with alanine and glutamine. Two tryptophan residues, one
each at the N- and C-terminal ends of the HBP tag, were introduced to monitor the elution of
HBP-fused recombinant protein(s) by UV-vis absorbance or fluorescence. /n silico analysis
of the HBP tag suggested that the positively charged side-chain group of lysines would be
oriented to one side of the peptide, facilitating strong interaction(s) with the negatively
charged heparin molecule(s). Circular dichroism spectroscopy data obtained on the HBP tag,
in the presence and absence of heparin, revealed that the backbone conformation of the HBP
tag transitions from an unfolded state(s) to a partial helical conformation upon binding to
heparin (Morris et al, 2016). Isothermal titration calorimetry experiments showed that HBP
has a strong binding affinity to heparin (Kd ~ 190 nM, unpublished results).

Characteristics and detection of the HBP tag

We found that the expression yields of the HBP-fused recombinant target proteins in £.colj,
were quite comparable with the yields obtained when the same target proteins were fused
with glutathione S-transferase (GST). In fact, in some cases, the expression yields of the
target proteins studied were marginally better than when fused to the GST tag. One other
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noteworthy feature is that HBP-fused target proteins were predominantly found in the
soluble fraction rather than in the insoluble inclusion bodies. We believe that high content of
positively charged residues in the HBP tag helps thwart the target proteins aggregating as
inclusion bodies. Polyclonal antibodies raised against a N-terminal 15-amino segment of the
HBP tag (QKAQKAQAKQAKQAC-) were very efficient and exhibited high sensitivity in
the detection of recombinant HBP-fused target proteins present along with contaminating
host (£.colilyeasttmammalian cells) proteins. Western blot and ELISA results showed that
polyclonal HBP antibodies can detect HBP-fused target proteins up to 5 ng — 10 ng quantity.
In addition, multidimensional NMR spectroscopy revealed that the HBP tag does not
interfere with the folding and activity of the fused recombinant target proteins (unpublished
results).

Design of the clone to overexpress HBP-fused target protein(s)

Yields of the final protein product depends on the optimization of different conditions
starting from cloning all the way through protein purification. We have constructed a
recombinant HBP-pET22b™ expression vector which in principle can be extended to other
classes of expression vectors compatible with different expression hosts. The HBP tag in
pET22b™ was cloned downstream of the ribosome binding site followed by the MCS
consisting of a wide range of restriction sites for convenient directional cloning. The stop
codon is located downstream of the MCS to facilitate termination of the translation process
(Figure. 1). In our studies, all HBP-fused target protein-encoding DNA inserts contain a
thrombin cleavage site between the HBP tag and target protein of interest. Users will have
the provision of cloning the DNA insert, encoding for a specific polypeptide, in-frame with
the HBP tag using any of the available restriction site(s) on the vector. However, one may
introduce other well-known restriction protease sites such as factor Xa, enterokinase and
TEV protease. The amino acid sequence of the HBP tag does not contain methionine,
asparagine or glycine. Therefore, users will have an option to incorporate restriction site(s)
that are amenable to chemical cleavage using specific reagents such as cyanogen bromide
and hydroxylamine to enable the removal of the HBP-tag from the pure recombinant target
protein

Overexpression and Purification of HBP fused recombinant protein(s)

A flow chart depicting the steps involved in the purification of the target recombinant
protein(s) using the HBP tag is shown in Figure 2. Optimization of the expression levels of
the target protein is critical to render the entire purification process efficient and cost-
effective. Some fusion proteins are known to be inherently toxic to the host cell and this
aspect consequently impacts their expression levels. In fact, detection of the expressed target
protein becomes challenging in the background of other contaminating proteins produced by
the host cells. This problem was circumvented by using sensitive immunoblot detection for
unambiguous identification of HBP-tagged proteins. The bacterial cell pellet collected was
subjected to disruption using ultra-sonication or French press and the whole cell lysate was
centrifuged at high speeds to collect the clear supernatant. SDS PAGE analysis indicated that
most of the overexpressed HBP-fused target protein(s) was in the soluble fraction. The
supernatant was loaded onto a heparin Sepharose column followed by wash and elution steps
using either a linear or a step-gradient of sodium chloride. In all cases, the HBP-fused target
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proteins were eluted at NaCl concentrations greater than or equal to 500 mM. The fraction(s)
containing the HBP-fused target protein was subjected to desalting and concentration
process to equilibrate the target protein to the desired buffer and salt concentration.
Subsequently, the HBP-tag was cleaved from the target protein by selective restriction
protease (thrombin) treatment and the cleaved mixture was reloaded back onto the heparin
Sepharose column to separate the HBP-tag from the protease (thrombin). The target protein
was eluted in the wash buffer. Both the HBP-tag and thrombin, due to their strong binding
affinity to heparin, were subsequently eluted at high salt concentration (> 500 mM NaC).
The homogeneity of the target protein was verified from the SDS PAGE gels, stained
separately with either Coomassie blue or silver staining or western blotting. The target
protein was freeze-dried and stored at - 80° C for future use. The heparin Sepharose column
was subsequently regenerated following the manufacturer's protocol.

In short, we have provided basic protocols for using HBP tag as an efficient purification tool
for overexpression and isolation of protein of interest. In basic protocol 1 we =describie the
steps required for performing bacterial overexpression which will be followed with basic
protocol 2 wherein the details pertaining to the protein purification of HBP fused target
proteins will be discussed. This unit will be concluded with the final support protocol
describing the details for cleaving the affinity tag to obtain pure tag free homogenous
recombinant protein.

Basic Protocol 1

Cloning and expression of recombinant heparin-binding peptide (HBP) fusion proteins

Using gene-specific primers, nucleotide sequence (encoding the target protein) was PCR
amplified and subjected to restriction digestion followed by directional cloning in the MCS
region. The accuracy of cloning was verified by subjecting the plasmid to DNA sequencing.
E.coli cells were transformed with the pET-22b-HBP plasmid and the transformed bacterial
cells were selected by ampicillin resistance (Figure.3).

High density shaker flask cultures, induced with IPTG (0.5-1 mM), usually result in
significant intracellular expression of the fusion target protein. The protocol described herein
is suitable for working with a culture of approximately 2L volume which could also be
scaled to a pilot scale expression using fermenters/bioreactors. Optimal expression
condition(s) for HBP fusion proteins involves aeration of the inoculated culture at 250 rpm
(using an orbital shaker) at a temperature ranging between 25°C to 37°C until an optical
density (OD) of 0.4 to 0.6 (at 600 nm) is reached. In our experience, the post-IPTG
induction incubation time for the culture medium to reach the desired optical density is
between 3 and 5 hours. These growth parameters can be adjusted to achieve maximum
expression yields of the target protein(s).

Materials
Luria-Bertani (LB) medium pH 7.2

Antibiotic stock (ampicillin 100mg/mL)

Bacterial cell culture containing the HBP vector with desired gene of interest
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IMIPTG

2L Erlenmeyer flasks

Temperature-controlled environmental shaker

UV-vis spectrophotometer

Refrigerated centrifuge, and centrifuge bottles (500 mL and 50 mL).

Bacterial overexpression of HBP fusion protein and detection

1.

10.

11.

12.

Prepare 2L of LB medium (500mL broth in 2L flasks - a total for four flasks)
and sterilize the flask containing medium by autoclaving.

Cool all the media flasks to room temperature before inoculating the bacterial
cell culture.

To the starter culture flask, add ampicillin (100 pg/mL), 1 mL of HBP
recombinant vector glycerol stocks (frozen in -80°C freezer) and incubate the
cells at 37°C with 250 rpm agitation for 14-16 hours until the bacterial culture
inside the flasks reaches flocculent growth.

To 500 ml fresh, sterile LB broth in a 2 liter Erlenmeyer flask, transfer 25 mL of
the overnight grown bacterial culture using a sterile falcon tube and also add
appropriate amounts of antibiotic(s).

Allow cells to grow under the same growth conditions of 37°C and 250 rpm until
the OD reaches 0.5.

Collect one milliliter of bacterial cells from the flask, centrifuge the sample and
store the pellet in -200C freezer as a pre-induction sample, for SDS-PAGE
analysis.

To the rest of the bacterial cell culture, add 500 uL of 1 M (iso-propyl thio-p- D-
galacto pyranoside) IPTG stock solution to achieve a final concentration of 1
mM.

Continue the growth of the bacterial cells for an additional 4 hours under the
same incubation conditions.

Similar to pre-induction sample, collect 1 mL of post-induced sample before
harvesting the cells for SDS-PAGE analysis.

Centrifuge the remaining volume of bacterial culture at 5000 x g for 15 minutes
at 4°C in 500 mL centrifuge bottles.

Carefully discard the supernatant, consisting of LB broth, without disturbing the
bacterial cell pellet.

To the bacterial cell pellet, add 50 mL of freshly prepared 1 x PBS (pH 7.2) and
gently resuspend the cells using a glass rod and with intermittent mixing on a
vortexer.
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13.  Transfer resuspended cells to a new conical tube (50 mL) and centrifuge again at
5000 x g for 15 minutes at 4°C.

14.  Discard the clear 1 x PBS supernatant.

The buffer-rinsed bacterial cell pellet can be stored indefinitely in a -80°C freezer
for future use.

15.  Perform SDS-PAGE of the pre- and post-IPTG induced samples and visulaze the
bands using Coomassie blue staining.

The resulting gel should show a prominent band corresponding to the molecular
size of the HBP-fused target protein.

16.  Under certain circumstances, recombinant proteins might express in very low
amounts and therefore cannot be detected easily by regular Coomassie blue
staining. In these cases, perform a western blot using polyclonal antibodies
raised against HBP tag for specific detection of HBP fusion proteins at extremely
low concentrations (5 - 10 nanograms/mL) shown in Figure 4.

Basic Protocol 2

Protein Purification using Heparin Sepharose affinity chromatography

Purification of HBP fusion proteins can be successfully achieved by using well-established
conditions for heparin Sepharose chromatography. Depending on the isoelectric point,
solubility, and susceptibility of the target protein to cellular proteolytic cleavage, appropriate
cell lysis buffer conditions may be chosen. Inclusion of commercially available protease
inhibitor cocktail in the cell lysis buffer can prevent undesired degradation of the expressed
recombinant target-HBP fusion proteins. We have not encountered problems of degradation
of the protein affinity tag after lysis of bacterial cells overexpressing HBP-fused target
proteins. Cell debris and other insoluble material are eliminated by high speed centrifugation
(35, 000 xg). Depending on the thermal stability of the target protein, it may be required to
perform the heparin Sepharose affinity chromatography at specific temperature conditions. It
is important to equilibrate the buffers and the heparin Sepharose column to the required cold
temperatures if the purification of the target protein is to be performed under cold room
conditions (4°C). The HBP-tagged target protein can be expected to elute at higher (> 500
mM NacCl) concentrations of sodium chloride. An advantage of using heparin Sepharose
resin is that it can be reused multiple times by subjecting it to appropriate regeneration
procedures recommended by the manufacturer immediately after every use. The heparin
Sepharose column needs to be stored in either 20% ethanol or in buffers containing 0.1%
wi/v sodium azide to avoid bacterial growth.

Materials

Heparin Sepharose™ resin (GE Healthcare)
Sodium phosphate buffer

Step/linear gradient of sodium chloride (250mL gradient mixer with a starting NaCl
concentration of 100mM)
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Gradient mixer
Protease-inhibitor cocktail (Sigma)

Overexpressed bacterial cell pellet containing the HBP fusion protein (from Basic
Protocol 1?)

Econo column from BioRad, Econo UV columns from BioRad with dimensions
1.6cm x 20 cm can be used to pack heparin Sepharose with a bed volume of ~ 15
ml.Econo UV monitor

Low-flow peristaltic pump

Ultrasonicator or French cell press

Oakridge tubes

High speed refrigerated centrifuge (Beckman Coulter)

Millipore ultrafiltration centrifugal concentrating devices with appropriate molecular
weight cutoffs.

Column packing, cell lysis and protein purification

NOTE: Unless otherwise mentioned, all the purification steps are preferably conducted at
desired temperature.

1.

Prepare 15 ml of a 50% slurry of heparin Sepharose in 20% ethanol and degas
under vacuum (~2mTorr for 15 minutes).

Pour the degassed slurry into a 1.6cm x 20 cm Econo UV column along the walls
using a glass rod as a guide to avoid the formation of air pockets.

Allow the heparin Sepharose resin beads to settle by gravity flow for efficient
packing. Wash the beads with equilibration buffer (starting buffer of purification,
in most cases this buffer will be the same for cell lysis and for the first wash step)
with a constant flow rate of 1-2 ml/min for at least 5 column volumes (CV) of
buffer.

Resuspend a frozen bacterial pellet from a 2L culture in 30 mL of ice-cold
equilibration/lysis buffer.

Lyse the resuspended cellsby ultrasonication (amplitude # 15 watts output) with
an alternate cycles of 10 seconds in the ON and the OFF.

To achieve higher efficiency of cell lysis, pass post-sonicated sample through a
French Pressure Cell at 30,000 psi for 3 cycles.

Centrifuge the lysed cell mixture at 35,000 x g for 30 minutes at 4°C to separate
the insoluble material from the soluble cellular components.

Carefully decant the supernatant/cell lysate into a fresh Falcon tube without
disturbing the insoluble pellet.

Collect a small aliquot of supernatant for SDS-PAGE analysis.
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10. Load the cleared supernatant onto the pre-equilibrated heparin Sepharose column
at a uniform flow rate of 1-2 mL/minute.

Care should be taken such that the amount of fusion protein loaded should not exceed the
binding capacity of the column.

11 Wash the column with 2 column volumes of wash buffer/equilibration buffer
followed with gradient of sodium chloride to remove the bacterial contaminants.

Most of the bacterial proteins will be eliminated at lower concentrations of
sodium chloride and pure HBP fusion protein usually elutes at 500mM NaCl (in
case of HBP-C2A). But if the fusion partner has high positive charge, it might
bind to heparin Sepharose column more tightly and will be eluted at higher
concentrations of sodium chloride. From our studies, we have observed that c-
Alb3, a positively charged protein (pl ~ 9.3) bound to heparin Sepharose column
and eluted at 1M NaCl concentration.

12 Subject the collected fractions to SDS-PAGE to check for the presence of the
HBP fusion protein (Figure. 5).

13 Desalt and concentrate the column-eluted HBP fusion protein using an
ultrafiltration centrifugal device with molecular weight cutoff suitable the size of
fusion protein. Estimate the concentration of the obtained fusion protein by
measuring the absorbance at 280nm..

Alternate protocol 1

Purification of HBP-fusion proteins under denaturation conditions

Unlike other commonly used purification tags, such as glutathione S-transferase (GST),
maltose binding protein (MBP) and others, HBP-fused target proteins can also purified
under denaturing conditions in the presence of 8 M urea. Circular dichroism spectroscopy
analysis revealed that the HBP tag in 10 mM phosphate buffer (pH 7.2) containing 100 mM
sodium chloride is a random coil. In addition, the HBP tag binds strongly to heparin in the
unfolded state(s). The presence of the denaturant, 8M urea, does not affect the binding
affinity of the HBP-fused target protein to heparin Sepharose. However, it is recommended
that before attempting to purify HBP-fused target protein under denaturing conditions, care
should be taken to ensure that the target protein exhibits reversible denaturant-induced
unfolding. In contrast, we found that HBP-fused target proteins fail to show binding to
heparin Sepharose when guanidinium hydrochloride is included in the elution buffer.
Guanidinium hydrochloride is an ionic denaturant that interferes with the electrostatic
interaction(s) between the HBP-tag and the heparin Sepharose resin.

Materials (see Basic Protocol 2)—Materials used for purification of the HBP-fused
proteins under native and denaturing conditions are the same, with the exception of 8M urea.

1 Follow Basic Protocol 2, steps 1 through 6 the insoluble component consisting of
the inclusion bodies will be obtained. .

2. The insoluble pellet will be dissolved in the buffer containing 8M urea.
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3. Centrifuge the urea-solubilized pellet at 35,000 x g for 30 minutes at 4°C.
Carefully transfer the cleared into a fresh Falcon tube.

4 Load the supernatant onto a pre-equilibrated heparin Sepharose column with 8M
urea solution at a constant flow rate of 1-2 mL/min.

5. Perform wash steps using a decreasing gradient of urea concentration until the
urea is completely eliminated and the bound HBP fusion protein from heparin
Sepharose column is eluted in the increasing NaCl gradient with no urea in the
buffers. An alternate method of elution can also be employed in which the urea
concentration is descreasing and the NaCl concentration will be simultaneously
increasing.

6. Analyze all the fractions collected by SDS-PAGE to detect the presence of HBP
fusion protein.

Support protocol 3

ON/OFF column cleavage of HB fusion tag from the target protein

Cleavage using proteases (such as thrombin, factor Xa, enterokinase or TEV protease) for
the removal of HBP tag can be successfully accomplished, but restriction protease cleavage
conditions need to be optimized for each individual HBP fusion protein to achieve maximum
efficiency of cleavage using extremely low amounts of restriction protease. Common
parameters adjusted for obtaining an optimal cleavage include choice of cleavage buffer,
addition of reducing agents or mild denaturation, pH, temperature, length of incubation and
addition of divalent cations, like Ca2* to the buffer.

Materials

HBP fusion protein solution
bovine thrombin 1U/ul
0.2M PMSF solution

constant temperature water bath

OFF-column cleavage

1 For performing cleavage in solution (OFF column), add restriction protease
thrombin to the HBP- fused target protein solution at a ratio of 1U of thrombin
to 250 ug of HBP-fused target protein.

2. Incubate the HBP fusion protein-protease mixture at 4°C or 37°C, depending
upon the stability of the fusion partner, for 14 — 24 hours with continuous mixing
on a rotator.

3. Terminate the cleavage reaction by adding 0.2mM PMSF solution.

4, Reload the cleavage mixture onto the heparin Sepharose resin.
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5. Collect the unbound sample in sodium phosphate buffer containing 100mM
NaCl, pH 7.2 consisting of the protein of interest and regenerate the column to
remove the bound HBP tag and the restriction protease thrombin.

6. Subject the purified protein product to desalting and concentration using a
Millipore ultrafiltration concentrator(s) with the appropriate molecular weight
cut-off suited to the size of the protein of interest.

ON-column cleavage

7 To perform ON column cleavage, add restriction protease thrombin in larger
amounts at a ratio of 1U / 125 pg of fusion protein for achieving a higher
cleavage efficiency in a shorter time interval.

Reagents and Solutions

Stock Solutions

Ampicillin, 200 mg/mI—2100 mg of ampicillin in 1 mL of water. Filter sterilize the
solution and store in -20° C freezer for 1 month.

Isopropyl-1-thio- B-D-galactopyranoside (IPTG), 1 M—238 mg of IPTG in 1 ml of
water. Store at -20 °C for 1 month.

Growth medium

LB medium—Dissolve 25 grams of LB ready-made powder in 1 liter of water. Dispense
into flasks covered with aluminum foil s and autoclave with liquid cycle — 15 minutes at
121.5°C at 15 Ibs pressure. Must be used immediately.

Equilibration/Lysis/Wash buffer—10 mM sodium phosphate buffer containing 100 mM
NaCl; pH 7.2. Can be stored for 1 month at 4°C.

Elution buffer—Equilibration buffer with increasing gradient of NaCl concentration. Can
be stored for 1 month at 4°C.

Cleavage buffer—Same as equilibration buffer. May be CaCl, can be included in the
buffer depending upon the conditions used.

Commentary

Background information

The HBP affinity tag-based protein purification procedure mainly relies on the electrostatic
interaction between the positively charged HBP peptide fragment and the highly negatively
charged heparin immobilized on the agarose bead. This type of interaction(s) is very well
documented in different heparin-binding proteins ranging from growth factors to different
extracellular matrix proteins.
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A specific arrangement of basic amino acids in a particular pattern provide spatial
distribution of positive charged amino acids that facilitate the strong non-covalent interaction
with the heparin moiety. Such a specific binding can be exploited for purification of the
recombinant proteins. Electrostatic-based interactions can be selectively disrupted by
varying the ionic concentration of the buffer. Using this simple procedure, HBP tag-fused
recombinant proteins can be eluted from the heparin Sepharose with a simple salt gradient.

Critical parameters

Anticipated

Chromatography conditions—The binding affinity of HBP-tagged fused target
protein(s) to heparin Sepharose, at any pH, can be potentially influenced by the net charge
on the affinity tag-fused target protein. The strength of the heparin-protein interaction will
dictate the concentration of salt that will be required to elution HBP-tagged fused target
protein(s). For example, a highly acidic target protein (pl < 4.0) can decrease the affinity of
the HBP-fused target protein to the heparin Sepharose resin. In this context, it is
recommended that a small scale purification be performed initially to determine the
appropriate salt gradient to achieve the optimal purity of the HBP-fused target protein(s). In
general, it is recommended to incubate the heparin Sepharose with cleared cell lysate
(containing the overexpressed HBP tag-fused target protein) for at least 60 minutes (at 4°C)
to facilitate tight binding and consequently achieve high yields of the HBP-fused target
protein. Such optimization of elution conditions is critical to avoid wastage of time and
resources during large batch/scale purification.

Optimization of expression—Optimization of expression conditions, through
standardization of bacterial cell growth conditions, can result in significant gains in the final
yield(s) of pure target recombinant proteins. The major parameters that affect the expression
yields are growth temperature, agitation/aeration, time of induction, length of post-induction
before harvesting, and the concentration of IPTG used for induction. Further, addition of
protease inhibitor cocktail to the lysis buffer will significantly decrease degradation of HBP-
fused target proteins, especially when the protein purification is carried out at room
temperature.

Removal of HBP tag—Optimization of the restriction protease cleavage conditions to
removethe HBP tag from the recombinant target protein is another parameter that needs to
determined with different concentrations of the restriction protease and a low concentration
of HBP-fused target protein.

Binding of HBP tag to heparin Sepharose resin—Extreme changes in the buffer pH
and random temperature changes during purification may result in aggregation of protein on
the column.Proper maintenance and storage of heparin Sepharose in bactericidal solvents
will help retain the efficiency of binding of HBP-fused target protein.

Results

The HBP affinity tag has advantages over other commonly used protein affinity tags. As the
HBP-tag is a small positively charged polypeptide, the effective intracellular concentrations
of the overexpressed HBP-fused target protein(s) can reach high concentrations without
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being trapped in unproductive inclusion bodies. Depending on the properties of the fusion
protein, an appropriate bacterial host needs to be selected for obtaining maximum expression
yields. This could be achieved by using expression bacterial hosts that are protease-deficient
and have special codons for efficient incorporation such as, BL-21 (DE3) Star strains of
E.coli. As the heparin-HBP tag interaction is highly specific to heparin Sepharose resin, very
little or no loss of the HBP-tagged target protein can be expected during the initial wash.
More than 95% of the contaminating bacterial host proteins should be eliminated in initial
buffer washes, containing low salt concentration, and a highly pure HBP fusion protein will
be eluted in high salt conditions. Pure recombinant target protein, free of the restriction
protease (especially if the restriction protease used is thrombin), can be obtained by
performing off-column cleavage and passing the cleaved mixture (containing the restriction
protease, HBP-tag, and the target recombinant protein) through the heparin Sepharose
column. The restriction protease and the HBP tag bind to the heparin Sepharose resin and
the pure, tagless target protein is eluted in the flow-through.

Time Considerations

Typically, when the HBP affinity tag is used for purification, the large scale overexpression
to the final purification of the target protein can be completed in < 16 hours.

Breakdown of the experimental time involved for carrying out the different steps is as
follows: bacterial transformation (~ 2 hours), growth of transformants on plate (~ 14 hours),
growth of starter culture (~14 hours), large scale bacterial overexpression (~8 hours),
preparation of bacterial cell lysate and purification using affinity column chromatography
(~4 hours), and desalting/concentration (~1 hour) and freeze drying (~2 hours).
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Construction of recombinant HBP Vector. Panel A, shows the pET22b vector map with
restriction sites of the MCS region highlighted (courtesy from Biovisual Tech.), and Panel B,
cartoon depicting the broad details of the affinity tag, cleavge site and target protein site
available on the vector containing the constructed HBP recombinant expression vector. At
the bottom, amino acid sequence corresponding to HBP tag is provided in single letter code.
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Figure 2.
Flow-chart describing the steps involved in the purification of HBP-fused recombinant target
protein.
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Figure 3.
Flow chart describing the steps of cloning. Steps involved in the cloning of gene of interest

in for generating the pET22b-HBP recombinant construct.
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Figure 4.
Detection of HBP fusion proteins. Panel A, shows the dot blot analysis of HBP fusion

protein. The dot blots are labeled as Circle 1 to 8. 1 ug (circle 1); 500 ng (circle 2); 100 ng
(circle 3); 50 ng (circle 4); 10 ng (circle 5); 5 ng (circle 6); 1 ng (circle 7); 0.5 ng (circle 8);
Circles 9-13 are BSA: 1 pg (circle 9); 500 ng (circle 10); 100 ng (circle 11); 50 ng (circle
12); 10 ng (circle 13). Panel B, represents the bar graph depicting the densitometry scan of
the dot blot with concentration of HBP-C2A on X-axis and percent average pixel on Y-axis.
This figure was reproduced from Morris et al (Morris et al, 2016) with permission from the
publisher.
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Figure5.
Affinity chromatography for purification of HBP-fused recombinant proteins. SDS-PAGE

analysis of the purified proteins: Lane-1 shows the broad range protein marker and lanes 2
and 3 show the bands corresponding to HBP fusion protein and the cleaved protein of
interest. This figure was reproduced from Morris et al (Morris et al, 2016) with permission
from the publisher.
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