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Abstract

SNAREs (Soluble N-Ethylmaleimide-Sensitive Fusion Protein Attachment Protein Receptor) are a class of membrane proteins
that mediate membrane-membrane fusion in eukaryotic cells. SNAP-23 is a t-SNARE which is a component of cellular machin-
ery is required for membrane fusion. SNAP-23 lacks transmembrane domain. Cysteines in the linker region of SNAP-23 are
involved in targeting of SNAP-23 to the membrane. In the present work, a portion of MDR3 gene (MDR3 4.445) and CLP24
(CLP434.195) was subcloned into a plasmid encoding EGFP-SNAP-23 Cys™ mutant for the generation of a fusion protein contain-
ing the two functional coiled-coil domain of -SNARE, SNAP 23 and a transmembrane domain of MDR3 gene and CLP24 for
mast cell. This fusion protein will be important to study the membrane targeting and raft association of the chimeric SNAP23
protein, which plays an important role in mast cell exocytosis in the mammalian system. A novel bioinformatics approach has
been applied to identify the specific transmembrane domain. This novel approach can be used to construct other fusion
proteins.
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INTRODUCTION family (Jahn and Scheller, 2006). Like SNAP25, SNAP
-23 is present in many types of cells at the plasma
membrane domain, with a little intracellular localiza-
tion, and mediates exocytosis of secretory vesicles
(Sakuraia et al., 2012). Structurally, SNAP-23 lacks a
transmembrane domain but contains two SNARE mo-
tifs (coiled-coiled domains) connected by a linker re-
gion containing five cysteines (Hepp et al., 2005). This
cysteine-rich linker region plays a crucial role in raft
localization. But the molecular mechanism elucidating
the role of these cysteines in targeting of SNAP-23 is
not well known. The present work was carried out with
the aim to construct a SNAP-23 fusion protein in
which the cysteine-rich linker would be replaced by a
transmembrane domain of some non-raft protein. This
construct would help us in investigating the role of
palmitoylation of the cysteines in membrane-
membrane microdomain association of SNAP-23 and,
further in membrane fusion events during exocytosis.

Biological membrane fusion is the central process in
all living organisms. It contributes to a variety of biolog-
ical processes including viral infection, cell fertilization,
as well as intracellular transport, and neurotransmitter
release. In particular, the various membrane-enclosed
compartments in eukaryotic cells need to exchange
their contents and communicate across membranes
(Han et al., 2017). Members of the SNARE (Soluble N-
Ethylmaleimide-Sensitive Fusion Protein Attachment
Protein Receptor) superfamily are required for intracel-
lular membrane fusion events in eukaryotes (Chen et
al., 2001, Buxton et al., 2003, Blumenthal et al., 2003).
SNARE proteins are classified into two classes based
on their membrane localization. SNARE proteins asso-
ciated with the vesicle’s membrane are termed vesicle-
SNAREs (v-SNAREs) and those on the target plasma
membrane are called target-SNAREs (t-SNAREsS)
(Ramakrishnan et al., 2012). SNAP-23 (Synaptosomal
associated protein of 23 kDa) is a ubiquitously ex- MATERIALS AND METHODS

pressed t-SNARE protein that belongs to the SNAP-25 Human Lung Carcinoma cell line A549 was a gift from
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Dr.Raijiv K. Saxena, School of life Sciences Jawaharlal
Nehru University, New Delhi, and Human liver carcino-
ma cell line HepG2 was a gift from Dr. Rakesh K.
Tyagi, Special Centre for Molecular Medicine, Ja-
waharlal Nehru University, New Delhi. All cell lines
were grown adherent as a monolayer and cultured in
Dulbecco’s MEM (Sigma) with 10% FBS in a humidi-
fied atmosphere containing 5% CO, at 37°C, according
to standard mammalian tissue culture protocols and
sterile technique. The doubling time of A549 cells is 40
hrs. and the doubling time of HepG2 and LS180 cells
is approximately 27-30 hrs. Guidelines of human ethics
committee were followed for these experiments.
pEGFP- hSNAP-23 Cys™ plasmid was a gift from Dr.
Paul. A. Roche, NIH, USA. The primers were designed
for MDR3 (1-145 amino acid residues), and CLP24
(134-195 amino acid residue) using the guidelines for
primer designing and were then tested for various pa-
rameters like length of primer, GC content, Tm, self-
complementarities, hairpin formation, etc., using on
line tools. Primers were custom synthesized by Sigma
Aldrich at 25 nmol scale and purified by desalting. The
lyophilized primers were reconstituted in 1x TE (10 mM
Tris, TmEDTA to prepare 100um stocks. From these
stocks 10 um working solution was made.

A bioinformatic approach was followed for identification
of a potential transmembrane protein that has multi-
spanning domains, and not having the targeting
sequence for lipid rafts (Fig.1). The search was
performed by using different databases: The European
Bioinformatics Institute databases- UniProt, Swiss-
Prot, the ExPASy (Expert Protein Analysis System)
proteomics server. This broad search yielded a large
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Fig. 1. Schematic representation of SNAP-23 wild type
protein and SNAP-23 fusion protein in which the
cysteine-rich linker was to be replaced by a trans-
membrane domain.

number of potential target proteins. These proteins
were studied in detail for their membrane topology,
functions, sequence analysis, post-translational modifi-
cations, tissue-specific expression by using TMMOD,
GPI-SOM, NMT online analysis tools and the search
was first narrowed down to a few potential protein can-
didates and then narrowed down to a few transmem-
brane domains from these proteins (Kahsay et al.,
2005, Pierleoni and Martelli, 2008).

A cloning strategy (Fig.2) was followed to construct
trans-membrane SNAP-23 fusion protein that does not
go to the lipid rafts. RNA was isolated from A549 and
HepG2 cell lines by Trizol reagent method
(Chomczynski et al., 1987). RNA recoveries were esti-
mated by using Nanodrop ND3000 Spectrophotome-
ter. 1.2% Formaldehyde Agarose Gel electrophoresis
was used to visualized RNA. Gradient PCRs were per-
formed for CLP434.19s and MDR3.145 gene amplification
using sequence-specific primers incorporating the
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Fig. 2. Cloning strategy to construct trans-membrane, non-raft SNAP-23 fusion protein for mast cell.
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Ahdl site present in the linker region of SNAP-23 by
QIAGEN OneStep RT-PCR kit and RNA of A549 and
HepG2 as a template. The amplified products were
digested with Ahdl and ligated into the same Ahdl site
present in plasmid encoding EGFP-SNAP-23 Cys-
mutant. Ligation was carried out by Quick Ligation™ Kit
(from NEB). It enables ligation of cohesive end or blunt
end DNA fragments in 5 minutes at room temperature.
The ligated product was transformed into E coli DH5a
competent cells and selected using an antibiotic selec-
tion marker. Miniprep of all the transformed colonies
was done and isolated plasmid was checked by diges-
tion with same Ahdl restriction enzyme to see the in-
sert fall out CLP134.195 (217) and MDR31.145 (416 bp)

RESULTS AND DISCUSSION

In the present study, 50 proteins were found to be as-
sociated with the terms “human OR rat AND multi
AND membrane-spanning NOT lipid-rafts” in InterPro,
UniProt, ExXPASy and NCBI protein databases. Among
them, 10 proteins were common. These proteins were
membrane-spanning which belonged to human and
did not show any association with membrane raft. The
common proteins were selected on the basis of their
complete structural details; individual work on mem-
brane targeting domains does not participate in any
signalling function. Finally, this In silico search yielded
two membrane proteins that were found to be potential
candidates for use in generating fusion protein: Hu-
man membrane glycoprotein P (MDR3) and Trans-
membrane Protein 204 (CLP24).

After Functional analysis, Membrane Topology and
Post-translational Modifications study, the polypeptide
sequence MDR31.145 (AA,1-145) and CLP24134.195 (AA
134-195) were selected. These polypeptide segment
of MDR3 and CLP23 protein fulfilled the necessary
criteria to be used for the generation of the fusion pro-
tein. In silico gene expression profile shown that hu-
man MDR3 gene is expressed at a higher level in he-
patic tissues (liver). HepG2 cell line is a hepatic carci-
noma cell line that expresses MDR3 gene at a higher
level and used for isolation of RNA and amplification of
the desirable gene sequence by Polymerase chain
reaction (PCR). Similarly, In silico gene expression
profile showed that human CLP24 gene is expressed
at the higher level in the lungs. A549 cell line is a hu-
man alveolar basal epithelial carcinoma cell line that
expresses CLP24 gene at higher level and is a poten-
tial candidate for isolation of RNA for amplification of
desirable gene sequence by PCR.

Isolated RNA was of good quality and amount of RNA
isolated was higher from A549 cells as compared to
HepG2 cells. RNA gel (1.2 % Formaldehyde Agarose)
showed distinct bands of 28s and 18s for RNA sam-
ples along with 7 bands of ssRNA ladder (Fig. 3). The
amplified DNA fragment for CLP434.195s Was seen at
50.1°C, 50.6°C, 52.4°C and 53.2°C. By band quantiza-
tion 50.6°C was chosen to be the appropriate anneal-

ing temperature. The length of the amplified DNA was
217 bp which was observed slightly above the corre-
sponding 200 bp band of a ladder (Fig. 4). Similarly,
the amplified DNA fragment for MDR3 1.145 was seen
at 43.8°C (Fig. 5). In order to confirm that the right
plasmid DNA had been amplified by mini preparation,
the plasmid samples were linearized by restriction
digestion and then ran on the gel. The restriction
digestion of the plasmid pEGFP and pEGFP-
hSNAP23-Cys™ by Hindlll restriction enzyme showed
that the size of the wild type plasmid (pEGFP) is 4.7
kbp and that of Cysteine mutant plasmid pEGFP-
hSNAP23-Cys’) is 5.5 kbp (Fig. 6). The digested plas-
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Fig. 3. Formaldehyde Agarose Gel Electrophoresis of
RNA extracted from HepG2 and A549 cell lines (1.2 %
Formaldehyde Agarose). RNA gel showing three distinct
bands of 28s 18s and 5s for RNA samples along with
SSRNA ladder.
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Fig. 4. Agarose Gel electrophoresis (1.8%), Temperature
Gradient showing 217 bp bands for CLP134.195.
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Fig. 5. Agarose Gel electrophoresis (1.8%), Temperature
Gradient showing 436 bp band for MDR3.145,
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Fig. 8. Transformed, isolated plasmid checked by
restriction digestion with Ahdl showing two inserts fall out
of MDR31.145 (416 bp).

mid was linear and hence showed a single band as
compared to a native undigested plasmid, which
shows multiple bands. Restriction digestion of pEGFP-
hSNAP23-Cys™ plasmid with Ahdl, which cut the plas-
mid in the linker region of SNAP23 showed a linear-
ized single band of 5.5 kbp size. Restriction digestion

of insert (MDR3 .45 and CLP434.195) with same re-
striction Enzyme Ahdl showed a slight difference be-
tween digested and undigested band 2.0 % agarose
gel (Fig. 7). After ligation and transfection, three colo-
nies were found positive, which shows the MDR3 4_145
insert fallout of 416 bp and CLP434.195 insert fallout of
217 bp (Fig. 8-9).

A longstanding goal in protein engineering is to identify
specific sequence changes that endow proteins with
desired functional properties. However, constructions
of many mutant SNAP-23 fusion proteins have been
reported (Bark et al., 1994, Cabaniols et al., 1999, Suh
et al., 2011, Klein et al., 2016, Suzuki et al., 2008). As
opposed to traditional rational and random protein en-
gineering techniques, we have applied a novel bioin-
formatic approach to identify specific transmembrane
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Fig 7: Ahdl digested transformed pEGFP-hSNAP23-Cys’
plasmid.
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Fig. 9. Showing one insert fall out of CLP134.195 (217bp).

domain changes that influenced key topological and
functional properties of SNAP-23 protein. The pEGFP
plasmid encoding full-length wild-type SNAP-23 and its
phosphomutants have been reported by Naskar and
Puri, (2017). SNAP-23 Cys” mutant, devoid of all five
cysteines, and SNAP-23 P119A (proline to alanine)
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mutant, that likely interferes with palmitoylation of
SNAP-23 as reported by Agarwal et al. (2019). In the
present work, a portion of MDR3 gene (MDR3 1.145)
and CLP24 (CLP434.195) was separately subcloned into
a plasmid encoding EGFP-SNAP-23 Cys’ mutant
for the generation of a fusion protein containing the
two functional coiled-coil domain of t-SNARE,
SNAP 23 and a transmembrane domain of MDR3
gene and CLP24 gene. This fusion protein will be im-
portant to study the membrane targeting and raft
association of the chimeric SNAP23 protein, which
could play an important role in mast cell exocytosis in
the mammalian system.

Conclusion

We have successfully cloned a GFP fusion protein
containing the two functional coiled-coil domain of t-
SNARE, SNAP 23 and a transmembrane domain
(MDR3 gene and CLP24 gene). This fusion protein will
be important to study the membrane targeting and raft
association of SNAP-23. A novel bioinformatics
approach has been applied to identify the specific
transmembrane domain. This novel approach can be
used to construct other fusion proteins.
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