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Abstract
G protein coupled receptors (GPCRs) are key players in signal recognition and cellular
communication making them important therapeutic targets. Large-scale production of these
membrane proteins in their native form is crucial for understanding their mechanism of action and
target-based drug design. Here we report the overexpression system for a GPCR, the cannabinoid
receptor subtype 2 (CB2), in Escherichia coli C43(DE3) facilitated by two fusion partners: Mistic,
an integral membrane protein expression enhancer at the N-terminal, and TarCF, a C-terminal
fragment of the bacterial chemosensory transducer Tar at the C-terminal of the CB2 open reading
frame region. Multiple histidine tags were added on both ends of the fusion protein to facilitate
purification. Using individual and combined fusion partners, we found that CB2 fusion protein
expression was maximized only when both partners were used. Variable growth and induction
conditions were conducted to determine and optimize protein expression. More importantly, this
fusion protein Mistic-CB2-TarCF can localize into the E. coli membrane and exhibit functional
binding activities with known CB2 ligands including CP55,940, WIN55,212-2 and SR144528.
These results indicate that this novel expression and purification system provides us with a
promising strategy for the preparation of biologically active GPCRs, as well as general application
for the preparation of membrane-bound proteins using the two new fusion partners described.
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Introduction
The physiological effects of endogenous and synthetic cannabinoid ligands are mediated by
two cell surface receptors, belonging to the Rhodopsin family of G protein coupled receptors
(GPCRs) [1]. These two receptors, cannabinoid receptor subtype 1 (CB1) expressing
abundantly in the brain and subtype 2 (CB2) expressing mainly in the immune system, share
68% similarity in their transmembrane domains and 44% similarity in their overall receptor
sequences [2–5]. After stimulation, the CB2 receptor couples to Gαi to negatively regulate
cyclic AMP levels by inhibiting adenylase cyclase activity [6–7], and to the Gβγ domain to
enhance MAPK and PI3K activation, ceramide production and downstream gene expression
[8–10]. Clinically, modulation of the CB2 signaling exhibits great potential for the treatment
of inflammatory and autoimmune diseases, cancer, heart and bone disorders as well as
neurodegenerative disorders [11–15]. In addition, CB2 activation has also shown to have
neuroprotective and analgesic effects in animals via unclear mechanisms [16–17]. CB1 is
highly expressed in the brain and therapeutic modulations of this receptor have resulted in
adverse psychotropic side effects [18–19]. Selective modulation of CB2, however, would be
able to achieve the desired therapeutic effect without such psychotropic side effects due to
no or very low expression of CB2 in the central nervous system (CNS). Therefore, the CB2
receptor is a significant and desirable target for therapeutic intervention requiring more in-
depth information regarding the receptor structure and function to design highly selective
ligands. However, expression levels of CB2 are very low in native tissues, and structure
determination of CB2 has been impeded due to the inability to produce sufficient amounts of
the receptor proteins with high homogeneity and natural ligand binding activity.

Different hosts have been employed to improve the expression levels of GPCRs.
Baculovirus-infected insect cell lines have been used to produce GPCRs including the
cannabinoid receptor 2 [20], beta 2-adrenergic receptor [21–23], chemokine receptor [24]
and the A2a adenosine receptor [25–26]; most of which have been structurally modified to
facilitate receptor stability and crystallization. Yeast cells also provide eukaryotic
environment for post-translational modification of the exogenous GPCRs [27–28]. However,
compared to mammalian cells, they differ in membrane composition and posttranslational
modification [29]. While lacking post-translational modifications, the bacterial system offers
several unbeatable advantages for the expression of exogenous proteins: fast, homogeneity
in protein production, low cost and ability to isotopically label the protein of interest for
subsequent NMR studies [30]. Previously, E. coli was used in our lab to express CB2
receptor fragments by directing the fragment expression to inclusion bodies using the Trp
LE leader sequence [31–32]. The CB2 receptor fragment produced in E. coli and
reconstituted in Brij 58 showed > 75% preservation of the alpha helical structure [33].
However, the methodology developed in these studies may not be applied to the intact
receptor without substantial modifications.

To heterologously express eukaryotic membrane proteins, fusion protein technology in E.
coli has been successfully applied for the neurotensin receptor, an integral membrane protein
for which the expression level was enhanced 40-fold when neurotensin was fused to maltose
binding protein (MBP) at the at the N terminus and the signal peptide sequence Endotoxin B
at the C terminus [34]. Related methods have also been used for the production of the rat
neurokinin A receptor [35] and human adenosine A2a receptors [36]. In addition, expression
of the CB2 receptor by using MBP as an N-terminal fusion partner and Thioredoxin as a C-
terminal fusion partner has also been reported [37–39].

Determining the correct fusion partner(s) to optimize GPCR expression is not empirical but
largely depends on the receptor in question. Mistic is an unusual B. subtilis membrane
protein [40–41]; TarCF is the C-terminal fragment of bacterial aspartate chemosensory
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transducer Tar [42–43]. While Mistic and TarCF have been used as fusion partners to
enhance protein expression and stabilization their effects on the expression and stabilization
of GPCRs are obscure and remain unexplored. In the present study, we have evaluated the
roles of several fusion partners including Mistic, TarCF and TrxA, alone or in combination,
to drive the functional expression of the CB2 receptor in E. coli. To facilitate the fusion
protein release and purification, Factor Xa/TEV sequences and multi-His tags were
introduced into the expression construct. Culture conditions were optimized to determine the
conditions for maximum fusion protein yield.

Materials and Methods
Expression bacteria strain and reagents

The expression bacteria strain E. coli C43(DE3) was purchased from Lucigen (Middleton,
WI). Strain C43(DE3) contains no intrinsic plasmids and expresses the T7 polymerase from
the lacUV5 promoter upon IPTG induction. In addition, C43(DE3) shows no proteolytic
activity towards exogenously overexpressed proteins [44]. 3H-CP55,940 (specific activity:
88.3 Ci/mmol), CP55,940, WIN55,212-2 and SR144,528 were obtained from RTI
International (Research Triangle Park, NC). Isopropyl-β-D-thiogalactoside (IPTG),
Benzonase nuclease and lysozyme were purchased from EMD Chemicals (Gibbstown, NJ).
Protease inhibitor cocktail was purchased from Sigma (St. Louis, MO). All restriction and
DNA modifying enzymes were purchased from New England Biolabs (Ipswich, MA).

Construction of recombinant CB2 receptor expression vectors
The constructs used in the present study are shown in Figure 1. All expression vectors were
based upon the pET-21a vector backbone. Gene fragment encoding octahistidine tagged
Mistic (8His-Mistic) was derived from the pMIS3.0E vector via polymerase chain reaction
using specific primers (For: 5’-atatacatatgaaacaccaccacc-3’; Rev: 5’-
aagcttaccactcaggatcatgtaat-3’). The forward and reverse primers included the restriction
sites NdeI and HindIII respectively for subsequent cloning. The Human cannabinoid
receptor 2 (CNR2) gene with the Factor Xa sequence (5’-attgagggacgc-3’) fused at its 5’
terminal end (Xa-CB2) was extracted from the pMMHb-TrpLE-Xa-CB2 vector using
HindIII and BamHI sites. The pET-21a-TarCF construct was used as a template. The 8His-
Mistic-Xa-CB2 encoding sequence was cloned upstream of the TarCF gene on the pET-21a-
TarCF template using NdeI and BamHI sites. A Tobacco Etch Virus (TEV) (sequence 5’-
gaaaacctatacttccaagga-3’) protease recognition site was introduced between TarCF and CB2
encoding sequences on the expression plasmid pET-21a for higher efficiency and specificity
of protein cleavage. Similarly, the 8His-Mistic encoding sequence was subcloned into the
pET-21a-CB2-TrxA template using NdeI and HindIII sites to create the construct (2).
Constructs (3) and (4) were created by removing either the TarCF sequence (using HindIII
and XhoI sites) or the 8His-Mistic sequence (using NdeI and AvaI sites) from construct (1),
followed by subsequent Klenow treatments (or a subsequent Klenow treatment) and
intramolecular ligation reaction. Double digestion of the constructs with AvaI and HindIII
released the CB2 gene fragment confirming successful cloning. All construct sequences
were verified by automated DNA sequencing at the University of Pittsburgh Genomics core
facility.

Culture of E. coli C43(DE3) for protein expression
Minicultures were inoculated with single colonies from an LB-Ampicillin plate containing
freshly transformed E. coli C43(DE3). The bacterial cultures were grown overnight in
presence of Ampicillin (100µg/ml) in a shaker (at 250 rpm) at 37°C. Bacterial maxicultures
(1 L) were inoculated with the minicultures and shaken at 250 rpm, 37°C until the culture
reached an OD600 of 0.6. Expression of the recombinant CB2 protein was induced with 0.5
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mM isopropyl-β-D-thiogalactoside (IPTG), followed by continuous shaking for another 4 h
at 37°C. Cells were harvested by centrifugation. After a 50 mM Tris–HCl (pH 8.0) wash, the
pellets were stored at −80°C for further experiments. Optimization of culture conditions and
IPTG concentration were performed for maximum expression of Mistic-CB2-TarCF.
Briefly, E. coli C43(DE3) cultures were grown to OD600 0.6, induced with 0.5 mM or 1 mM
IPTG and then maintained at 25°C or 30°C for 8, 22, 32, 48 and 72 h after IPTG induction.

Preparation of bacterial membrane fractions
The harvested bacterial pellet was washed twice with 0.1 M Tris-HCI (pH 8.0) buffer and
resuspended in the same buffer containing 20% (w/v) sucrose. The OD600 of the cell
suspension was adjusted to 10.0. The suspended pellet was incubated at 37°C for 25 minutes
in the presence of the protease Inhibitor Cocktail (PIC) (430 µg/ml) and lysozyme (0.5 µl/g )
followed by immediate addition of EDTA to a final concentration 10 mM. After a 0.1 M
Tris-HCI wash containing 20% sucrose, the pellet was then subjected to osmotic lysis by
suspension in cold water and sonicated on ice. This suspension was incubated for 1 h with
PIC, Benzonase nuclease and MgCl2 (10 mM). After a low speed centrifugation (4500 × g,
10 mins), the supernatant was subjected to a high speed spin (100,000 × g, 90 mins) at 4°C.
The membrane pellet obtained was dissolved in Tris-HCI buffer with 20% sucrose and PIC.
This was flash frozen and the aliquots were stored at −80°C for subsequent use.

Detection of CB2 fusion protein expression in E. coli
Transformed E. coli cell pellets or membrane fractions were analyzed for CB2 expression by
Coomassie blue staining and Western blot. Cell pellets or membrane fractions were lysed in
buffer (10 mM Tris-HCl, 10 mM MgCl2, 10% SDS, 430 µg/ml PIC) and sonicated briefly.
The lysate supernatants were subjected to SDS-PAGE, followed by Coomassie blue
staining. For Western blot analysis, the lysate supernantant (30 µg) was heat-denatured,
subjected to 12 % SDS-PAGE, and transferred to polyvinylidene fluoride membrane.
Following, histidine tagged CB2 receptor were probed with anti His monoclonal (1:1000,
Sigma) and anti CB2 polyclonal (1:1000, Cayman Chemicals) primary antibodies, the
protein bands were detected using Amersham Enhanced Chemiluminescence-Western
blotting detection reagents (GE Healthcare, Piscataway, NJ).

Saturation binding assay of the fusion protein
The saturation binding of 3H-CP55,940 to the membrane proteins was performed as
described previously [45]. Briefly, the membrane fractions (20 µg) were incubated with
increasing concentrations of 3H-CP55,940 (0.01–5 nM) in 96-well plates at 30°C with slow
shaking for 1 h. The incubation buffer was composed of 50 mM Tris-HCl (pH 7.4), 5 mM
MgCl2, 2.5 mM EGTA and 0.1% (w/v) fatty acid free BSA. Ligand was diluted in
incubation buffer supplemented with 10% dimethyl sulfoxide and 0.4% methyl cellulose.
Non-specific binding was determined in the presence of 1:1000 unlabeled CP55,940 (5000
nM) in excess. The reaction was terminated by rapid filtration through Unifilter GF/C filter
plates using a Unifilter Cell Harvester (PerkinElmer). After the plate was allowed to dry
overnight, 30 µl MicroScint-20 cocktail (PerkinElmer) was added to each well and the
radioactivity was counted by using a PerkinElmer TopCounter. Data from these assays were
analysed using GraphPad Prism 5.0 Software. The difference between total and nonspecific
binding equals the receptor specific binding. Non-linear regression analysis revealed the
receptor density (Bmax) and the equilibrium dissociation constant (Kd) values of 3H-
CP55,940 for the CB2 receptor.
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Competitive ligand displacement assay
CB2 receptor ligand displacement assay was performed as described previously [45]. The
known CB2 ligands CP55,940 (unlabelled), WIN55,212-2 and SR144528 were used in this
displacement assay to test whether the fusion proteins expressed in E. coli C43(DE3)
exhibited receptor-ligand binding properties. Briefly, non-radioactive (or cold) ligands were
diluted ( 10−2–103 nM ) in binding buffer [50 mM Tris-HCl (pH 7.4), 5 mM MgCl2, 2.5 mM
EGTA and 0.1% (w/v) fatty acid free BSA], supplemented with 10% dimethyl sulfoxide and
0.4% methyl cellulose. Each assay plate well contained a total of 200 µl of reaction mixture
comprised of 20 µg of membrane protein, labeled 3H-CP55,940 ligand at a final
concentration of 4 nM and the unlabeled ligand at its varying dilutions as stated above.
Plates were incubated at 30°C for 1 h with gentle shaking. Reactions were terminated and
read as described in the previous section. All assays were performed in triplicate (n=3) and
data points represented as mean±S.E.M. Bound radioactivity was analyzed for Ki values
using non-linear regression analysis by GraphPad Prism 5.0 software.

Results and Discussion
Recombinant CB2 receptor produced in E. coli does not have the ability to translocate to the
membrane and is devoid of membrane environment. This phenomenon has been proposed to
be toxic towards the host and lead to misfolded protein aggregation, requiring the isolated
protein to undergo refolding [46]. To enhance membrane protein expression and solubility
with correct folding, as well as membrane localization of the recombinant GPCRs,
researchers have employed several approaches including the identification of fusion partners
linked with GPCRs in E. coli [47–48]. Previous studies have shown that MBP or thioredoxin
(Trx) can stabilize and improve the expression and solubility of foreign fusion proteins in E.
coli [49]. Furthermore, Trx fusion proteins can be folded correctly and express complete
biological activity [50]. Mistic, a bacterial membrane-associating protein, has been found to
enhance expression of eukaryotic membrane proteins at the bacterial membrane [40–41, 51].
The chemosensory aspartate receptor, Tar, is a resident membrane protein of the bacterial
host which is expected to facilitate membrane protein expression [52]. Combining different
fusion partners at both ends of a target gene has emerged as a promising strategy to facilitate
expression and improve the solubility of recombinant proteins [39]. However, application of
the fusion tags Mistic and TarCF for the expression of GPCRs in E. coli has not been
investigated previously. For the first time, we report in this study the use of different fusion
partner combinations (Mistic, TarCF and TrxA) for the functional expression of the
recombinant CB2 receptor in E. coli C43(DE3). We show here, that the fusion protein
Mistic-CB2-TarCF is overexpressed by E. coli and localized to the bacterial membrane with
ligand binding properties comparable to those on mammalian cells.

Expression of cannabinoid receptor 2 fusion protein in E. coli
E. coli C43(DE3) cells were transformed respectively with the fusion constructs shown in
Figure 1. Expression of the recombinant fusion proteins were detected by Western blot or
Commassie Blue staining. Since all constructs contain a multi-histidine tag, we used either
anti-His or anti-CB2 antibody to detect expression of the CB2 fusion protein. As shown in
Figure 2A, Mistic and TarCF alone failed to boost the CB2 gene expression. Only when
both partners were linked to CB2 in the proper order did the fusion protein expression
increase dramatically. In addition, fusion protein expression was also observed with the
Mistic-CB2-TrxA construct at a comparable expression level with that of the Mistic-CB2-
TarCF (data not shown). However, the construct Mistic-CB2- TarCF was used for further
optimization due to its novel combination of fusion partners and prominent expression levels
of recombinant fusion protein.
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Next, we investigated whether the expressed CB2 fusion protein possessed membrane
affinity or localized to the E. coli membrane. Coomassie staining of the membrane enriched
fractions revealed a prominent band at MW ~ 86 KDa for the fusion protein Mistic-CB2-
TarCF while no bands were detected for the fusion proteins that carried either the Mistic or
TarCF tag individually (Fig. 2B). Importantly, the membrane enriched fractions exhibited
the same expression pattern as the whole E. coli cell lysates, indicating that all or the
majority of CB2 fused protein driven by the two partners could localize or integrate into the
E. coli membrane. Our data suggests that combination of the two tags (Mistic and TarCF)
may contribute synergistic effects on the CB2 protein expression compared to either tag
used alone. Our data also show that membrane fractions contain concentrated CB2 fusion
protein compared to the whole cell lysate, indicating that most of the fusion protein is
localized within the bacterial membrane. This is in accordance with previous studies where
the effects of Mistic and other bacterial membrane resident protein to stabilize GPCR
expression has been demonstrated [41, 53–54].

In absence of induction with IPTG, there was no expression of the fusion protein. However,
after induction with IPTG, the fusion protein level increased significantly in a time-
dependent manner (Fig. 3), suggesting that the expression cassette is under the tight control
of the lac operon and T7/lac promoter. Also the pET21a carries the lacI gene together these
elements explain why the expression is tightly controlled.

Control of recombinant protein expression under the tight regulation is necessary to avoid
toxicity of protein expression to the host and ensure sufficient biomass of viable E. coli that
would be available for membrane protein expression after induction.

To determine the time point of maximum receptor production, IPTG-induced cells were
harvested at different time intervals from 1–8 hours. Whole cell lysates were analyzed by
Western blot using mouse anti-His (1:1000 dilution) and rabbit anti-CB2 antibodies (1:500
dilution). As shown in Figure 3A, CB2 fusion protein expression levels steadily increased
and reached maxima at 3–4 hours, followed by significantly reduced expression. Thus, from
this experiment we can conclude that the expression level of the fusion protein peaked
during culture at 37°C for 3–4 hours after IPTG induction. Since IPTG induction at lower
temperature was previously reported to improve the exogenous protein production and
correct folding [54], we optimized the culture conditions by combining different IPTG
concentrations (0.5 mM and 1 mM), culture temperature and time. We found that the
expression levels of the fusion protein Mistic-CB2-TarCF are weakly detected during
culture period (2–48 h) at 22°C (data not shown). The fusion protein expression at 30°C was
not distinct from the regular 37°C culture condition (Fig. 3B). However, once the
transformed cultured underwent IPTG induction (1 mM) at 25°C for 8 h, the fusion protein
levels were significantly increased 2-fold of that of regular conditions (Fig. 3B). Overall, 0.5
mM IPTG used for inducing protein expression resulted in lower amounts of fusion protein
than 1 mM—especially for the conditions of culture temperatures at 25 or 30°C (data not
shown).

Receptor saturation binding assay
pET-21a-Mistic-CB2-TarCF transformed E. coli membranes were subjected to a saturation
binding assay to determine receptor saturation with increasing concentrations of 3H-
CP55,940. pET-21a-TarCF transformed E. coli membranes were used as the negative
control. For the membrane proteins derived from Mistic-CB2-TarCF transformed E. coli, the
maximal receptor density (Bmax) and dissociation constant (Kd) of 3H-CP55,940 for specific
binding sites were 928.8 ± 117.6 fmol/mg protein and 3.04 ± 0.69 nM, respectively (Figure
4A). Membrane fractions clearly showed CB2 receptor binding characterization by the
abundance of binding sites recognized by agonist 3H-CP55,940. For the negative control,
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however, no difference was observed between specific and nonspecific binding (Figure 4B),
indicating that the overwhelming majority of the total binding was contributed by the
nonspecific binding. This confirms the absence of CB2 receptor on pET-21a-TarCF
transformed E. coli membranes.

Competitive ligand displacement assays
The conformational state of a receptor protein determines the functional state of a receptor.
High affinity binding between a ligand and its receptors is often physiologically important
when a portion of the binding energy can be used to cause a conformational change in the
receptor, resulting in altered downstream signaling pathways. In the present study, to
confirm whether the expressed fusion proteins from the E. coli exhibit functional binding
activity, we used the well-known CB2 ligands to probe the interactions of these ligands with
their cognate binding sites on the CB2 enriched membrane fractions (competitive binding
assay), by quantifying the equilibrium dissociation constant (Ki). By using 10 µg of
membrane fractions of Mistic-CB2-TarCF fusion protein in the binding assay, the Ki values
for these ligands were well consistent with previous reports using the CB2 from mammalian
cells: CP 55,940 (Ki= 1.43 nM), SR 144528 (Ki=−2.02 nM)m and WIN 55212-2 (Ki= 0.13
nM). These results indicate that the ligand binding domain of the CB2 receptor in the fusion
protein is not perturbed by the physical presence of its neighboring fusion partners Mistic
and TarCF.

Conclusion
In summary, our data has demonstrated that the Mistic-CB2-TarCF construct can
successfully express the CB2 receptor protein in E. coli C43(DE3). The obtained fusion
proteins can localize at the bacterial membrane. Importantly, the Mistic-CB2-TarCF fusion
proteins show effective binding activity with the known CB2 ligands. This suggests that the
conformational state of the native CB2 receptor, used for specific ligand binding, is retained
in the presence of fusion partners. Also, we found that the fusion partners – Mistic and
TarCF – in combination, are more effective for enhancing protein expression in E. coli, than
their use alone. Overall findings from this present study suggest that the targeting of fusion
partners to the bacterial membrane is critical to the conformational stability of the expressed
CB2 protein. The possible role of the fusion partners for the overexpression and stabilization
the CB2 protein is illustrated schematically (Fig. 6) for easy comprehension. In this putative
model, the CB2 receptor structure was adapted from the 3D CB2 model reported previously
by Xie et. al [5], while the structure of Mistic and Tsr (structurally related to Tar) were
determined by NMR (PDB:1YGM) [40] and cryo-electron microscopy [55] studies,
respectively. However, confirming the putative model will be subject to further biophysical
studies. Currently, we are using the entire fusion protein and cleaved receptor in parallel to
carry out 2-dimensional crystal growth and analysis by cryo-electron microscopy. The trials
for 2D crystal generation will be favorably facilitated by the increased molecular weight of
the fusion protein complex [56].

Our preliminary studies of detergent-screening in small-scale (data now shown) indicated
the feasibility of rapid affinity purification for the fusion protein in the presence of
detergents. These results strongly encourage us to optimize the extraction and purification
conditions for large-scale production of human CB2 receptor to study its functional aspects.
If necessary, we may use the refolding mechanism already demonstrated for the CB1
receptor [46]. Overall, our studies show new fusion partners for the functional expression of
the cannabinoid receptor 2 in the bacterial membrane. We anticipate this approach will
produce enough protein to conduct further biophysical studies.
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Highlights

a. In the present study we have designed and characterized a novel expression
system for production of the GPCR-Cannabinoid Receptor 2 in the Escherichia
coli. This novel combination strategy with fusion partners can be generally
applicable to other GPCRs.

b. The expressed membrane receptor CB2 as fusion protein (Mistic-CB2-TarCF)
can localize to the E. coli membrane.

c. Recombinant CB2 receptor fusion protein produced using this system shows the
same binding properties as that of native CB2 receptor derived from mammalian
cells.
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Figure 1.
Schematic diagram of human CB2 fusion protein constructs. All expression plasmid vectors
(1–4) were constructed on the pET-21a vector backbone under the control of the T7
promoter. Mistic, the N-terminal fusion tag, was separated from CB2 by the Factor Xa
sequence while TarCF or TrxA, C-terminal fusion tag, were separated from the CB2
receptor by the TEV sequence. The boxes shown are not drawn to scale. TarCF, C-terminal
fragment of bacterial aspartate chemosensory transducer Tar; TrxA, thioredoxin; TEV,
tobacco etch virus sequence; His, Histidine residues.
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Figure 2.
Enhanced expression of the CB2 receptor fusion protein (A) Representative immunoblot of
His-tagged CB2 fusion protein detected in E. coli C43(DE3) membrane fractions using anti-
His. Membrane fractions loaded from left are Lane 1: Mistic-CB2- TarCF; Lane 2: Mistic-
CB2; Lane 3: CB2-TarCF. (B) Coomassie Brilliant Blue staining on the SDS-PAGE of
extracted membrane fractions. The expected MW for the respective fusion proteins are as
follows – Lane 1: Mistic-CB2-TarCF (86 kDa); Lane 2: Mistic-CB2 (71 kDa); Lane 3: CB2-
TarCF (55 kDa). Asterisks show the corresponding fusion protein expression. M: protein
marker. Care was taken to normalize the amount of E. coli C43(DE3) membrane fraction
sample loaded on the gel.
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Figure 3.
Optimization of conditions for fusion protein expression in E. coli. (A) Cells transformed
with Mistic-CB2-TarCF were grown for the indicated hours after induction with IPTG (0.5
mM). Expression levels of fusion protein Mistic-CB2-TarCF tagged with poly-histidine
were detected by Western blot with anti-CB2 or anti-His antibody. Control group (0 hours)
represented no IPTG induction. (B) Optimization of Mistic-CB2-TarCF fusion protein
production in E coli. Different combinations of the parameters (IPTG, culture temperature
and time) were tested and one representative setting was shown.
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Figure 4.
Saturation binding assay of the membrane fractions. Total (ο) and non-specific (■) binding
was measured and the deduced specific binding saturation isotherm (▲) was obtained as the
difference between total and nonspecific binding. (A) Mistic-CB2-TarCF; (B) pET 21-
TarCF (negative control). Assay was performed in triplicate (n=3). Data presented as mean
±SEM.
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Figure 5.
Competitive displacement of the 3H-CP55,940 was obtained by using an increased amount
of cold ligands. Binding profile of (A) CP55,940 (unlabelled), Ki=1.43 nM; (B) SR144,528,
Ki=2.02 nM; (C) WIN55,212-2, Ki=0.13 nM. Assay was performed in triplicate (n=3). Data
presented as mean ±SEM.
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Figure 6.
Putative schematic diagram illustrating the plausible structure and membrane bound state of
the fusion protein construct. Mistic (golden) [PDB ID:1YGM] is joined to the N-terminal of
the CB2 receptor (structure from homology model,[5]) (rainbow) via linker 1 containing
Factor Xa sequence. The CB2 receptor is linked to TarCF (red) via linker 2 containing the
TEV sequence. Mistic and TarCF contain 8 and 6 histidine residues in their N- and C-
terminal domains respectively.
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