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ABSTRACT

The epitope recognized by a mouse mon-
oclonal antibody (MAb) to the crystalline
surface layer protein of Rickettsia typhi,
SRT10, was mapped to 10 amino acid
residues (SRTag TFIGAIATDT). The oligo-
nucleotide sequence covering the epitope
recognized by SRT10 was inserted into a
mammalian expression vector together with
multiple cloning sites. When the SRTag was
fused in frame to the coding region of the
NCC27/CLIC1 gene and expressed in mam
malian cells, the MAb SRT10 could detect
the tagged protein by immunaoblotting, im
munocytochemistry, and immunoprecipita-
tion. In addition to the SRT-NCC27/CLIC1,
SRT10 could detect N-terminal-tagged
MEF2D and C-terminal-tagged CD4 by im
munocytochemistry. We suggest that this spe-
cific recognition of the SRTag by SRT10 is
generally applicableto cellular and molecu-
lar biology research that requiresthe expres-
sion and detection of fusion proteins.

INTRODUCTION

Epitope tagging and the antibody to
the epitope are widely used in cellular
and molecular biology research. When
no antibodies to a particular protein are
available, the construction of a fusion
gene containing a particular epitope or
Tag and the subsequent detection of its
products by the anti-Tag antibody are a
valuable alternative for the characteri-
zation of that protein. For example,

epitope tagging has been applied to elu-
cidate intracellular location, post-trans-
lational modification, affinity purifica-
tion, and interactions with other
proteins of the tagged protein (2,7).
Furthermore, to simultaneous express
several ectopic genes and distinguish
the gene products from endogenous
proteins, several different Tags and an-
tibodies that are sensitive and specific
to those Tags are required.

Previously, we reported mouse mon-
oclonal antibody (MAb) to the crys
talline surface layer protein (SLP) of
Rickettsia typhi and cloned the gene
(slpT) encoding this protein (3). In this
study, we determined the epitope that
was recognized by one of our MAbs
(SRT10 and 1gG2a) to 10 amino acid
residues of SLP. By tagging this epi-
tope to a putative chloride channel pro-
tein, NCC27/CLIC1 (5,6), CD4 (4),
and MEF2D (1), we examined the use-
fulness of this epitope tag and SRT10
astoolsfor molecular and cellular biol-
ogy research.

MATERIALSAND METHODS

Epitope Mapping and Construction
of Expression Plasmids

A seriesof deletion constructs of the
dpT gene of R. typhi were prepared in
pPGEX™-4T-1 (Amersham Pharmacia
Biotech, Uppsala, Sweden). By exam
ining the reactivity of the SRT10 to
bacterial lysates transformed with the
expression constructs, we determined
the epitope that was recognized by this
MADb. On determining the epitope, its
DNA seguence was inserted into the
Sall/EcoRI sites of pCMV6 together
with several cloning sites with oligonu-
cleotides (Figure 1). Into this modified
pCMV6 (pCMV6-SRT), we inserted
the PCR-amplified cDNA of NCC27/
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Figure 1. Construction of pPCMV6-SRT plasmid. Oligonucleotides containing the coding region of
SRTag and multiple cloning siteswereinserted into pPCM V6.
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CLIC1 (5,6). Oligonucleotides used for Preparation of Rabbit Polyserato coli. Purified GST-NCC27/CLIC1 was
PCR were 5-GACGGATCCATGGCT- theNCC27/CLIC1 cleaved with biotinylated thrombin
GAAGAACAAC-3" and 5-TCQCT- (Novagen, Madison, WI, USA).
CGAGGGGCTTATTTGAGGGC-3". Recombinant GST-NCC27/CLIC1-  Cleaved GST and thrombin were re-

The underlining indicates the BanrHI ~ fusion protein was prepared from E. moved by Glutathione Sepharose® 4B
and Xhol restriction sites, respectively.
The resulting PCR product was cloned
into the BanH1/Sall sites of the pGEX-
4T-1 and the pPCMV6-SRT for bacterial 1 2 3 4 5 g
and mammalian cell expressions, re- : ‘

spectively. CD4-SRT was created using kDa
the primers5-AAGICTAGAATGAA
CCG®GAGTCCCTTTTAG-3 and 97.4 —
5-CTGGGATCCTCATGTATCTGTA '
GCAATAGOCCTATAAATGTAA 66 —
TGGGGCTACATGTCTTCTGAAA-
3. SRT-MEF2D was created using
primers 5-CCGGAATTCATGGGG 45 -
AGGAAAAAGATCAGATCCAGC-3’
and 5-TGGGTCGACTCACTTTAAT- |
GTCCAGGTATCAAGCCGCATCC- '

3. Theresulting PCR products of CD4- B - -
SRT and SRT-MEF2D were cloned into

the Xbal/BanHI sites of the pCMV6
and the EcoRI/Sall sites of the
pCMV6-SRT, respectively. Human thy-
mus cDNA (Clontech Laboratories,

Palo Alto, CA, USA) was used as a Figure2. SRT 10 recognizesthetagged NCC27/CL1C1 by immunoblotting. Untransfected cell lysate
template for the reactions. The authen- wasprobed with 1 ug/mL SRT10 (lane 1). SRT-NCC27/CLIC1-transfected cell lysateswere probed with
ticity of the constructs was confirmed 0.1 (lane 2), 1 (lane 3), 10 (lane 4), 100 (lane 5), or 1000 ng/mL (lane 6) SRT10. Alkaline phosphatase-

conjugated goat anti-mouse 1gG antibody was used as a secondary antibody. Molecular size standards

by automatic nucleotide sequencing. areindicated on the left in kilodaltons.
A B
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Figure 3. SRT10 precipitates the tagged NCC27/CL1C1 from mammalian cell lysates. (A) Radiolabeled lysates of SRT-NCC27/CLIC1-transfected cells
were precipitated and subjected to autoradiography as described in Materials and Methods. Cell lysates (300 pg) were precipitated with acontrol antibody (lane
1) or SRT10 (lanes 2-6). Precipitated tagged protein and antibody complexes were washed with washing buffer containing 0.25M (lanes1 and 2), 0.5 M (lane
3),0.75M (lane4), 1 M (lane5), or 1.5 M (lane 6) NaCl. After SDS-PAGE, the gdl was exposed to radiographic film for 50 h. (B) Lysates of SRT-NCC27/CLIC-
transfected cells were precipitated and subjected to immunoblotting. Inlane 1, 75 ug total cell lysate (50% of input) wasloaded. Cell lysates (150 g) were pre-
cipitated with control antibody (lane 2) or SRT10 (lanes 3—7). Precipitated tagged protein and antibody complexes were washed with washing buffer containing
0.25M (lanes2and 3), 0.5 M (lane4), 0.75M (lane5), 1 M (lane6), or 1.5 M (lane 7) NaCl. After SDS-PAGE and transfer, the blotted membrane was probed
by rabbit anti-NCC27/CLIC1 antibody. Alkaline phosphatase-conjugated goat anti-rabbit 1gG antibody was used as a secondary antibody.
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(Amersham Pharmacia Biotech) and
streptavidin agarose, respectively. The
resulting cleaved and purified NCC27/
CLIC1 was used as an immunogen in-
jected into rabbits. Three injections
were performed every two weeks. Two
weeks after the last immunization, sera
were collected.

Cell Cultureand Transfection

Human embryonic kidney (HEkK
293), Hel g, and C,C,, cells were main-
tained in DMEM supplemented with
10% FCS. HEK 293 cellswere transient-
ly transfected with the expression plas-
mid by a calcium phosphate precipita-
tion method. Cellswereincubated for 8
h with the transfection solution, washed
with PBS; returned to culture with fresh
media, and grown for another 24 h.
HeLaand C,C,, cells were transiently
transfected by LiIPOFECTAMINE™ (Life
Technologies, Rockville, MD, USA) ac-
cording to the manufacturer’s instruc-
tions. For radiolabeling, transfected
HEK?293 cells were incubated for 3 h
with 100 uCi/mL L-[35S]methione and
100 pCi/mL L-[®S|cysteine in me-
thione- and cysteine-deficient medium
(Life Technologies).

Immunaoblot Analysis

Transfected HEK293 cells were
lysed in 50 mM Tris, pH 8.0, and 0.5%
Nonidet® P-40 containing protease in-
hibitors (1 mM phenylmethylsulfonyl
fluoride, 2 mM aprotinin, and 2 mM
leupeptin). Lysates were cleared by
centrifugation at 15 000x g for 10 min.
The protein contents of the resulting
supernatants were determined by
BCA™ kit (Pierce Chemical, Rock-
ford, IL, USA). Proteins (20 pg/lane)
were separated by SDS-PAGE using
10% polyacrylamide gels, transferred
to nitrocellulose membrane, and
probed with the MAb SRT10 (0.1, 1,
10, 100, or 1000 ng/mL ). Untransfect-
ed cell lysate used as a control was
probed with SRT10 at 1 pg/mL. Alka-
line phosphatase-conjugated goat anti-
mouse |gG antibody (16 ng/mL) (San-
ta Cruz Biotechnology, Santa Cruz,
CA, USA) was used as the secondary
antibody, followed by colorimetric de-
tection with nitroblue tetrazolium and
bromochloroindolyl phosphate.
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Immunopr ecipitation

The preparation of transfected cell
lysates was performed with the meth-
ods previously described. Immunopre-
cipitation was performed by adding 8
ug SRT10 to 300 ug radiolabeled cell
lysates and incubating for 1 h at 4°C
with constant rotation. Protein A-
Sepharose® beads (Amersham Phar-
macia Biotech) were then added and in-
cubated in the same condition for
another hour. Immune complexes were
then centrifuged for 2 min at 4000x g,
washed twice in lysis buffer and twice
in washing buffer (lysis buffer with
0.25, 0.5, 0.75, 1, or 1.5 M NaCl), and
resuspended in SDS gel-loading buffer
containing 50 mM Tris-HCI, pH 6.8,
100 mM dithiothreitol, 2% SDS, 0.1%
bromophenol blue, and 10% glycerol.
Another MAb to the SLP of R. typhi
(lgG2a) was also used as a control for
the precipitation and washed in wash-
ing buffer with 0.25 M NaCl. Samples
were then analyzed by SDS-PAGE and
autoradiography. The gel was exposed
to radiographic film for 50 h.

In aseparate experiment, the precip-
itates were analyzed by immunoblot-
ting. In this case, 150 ug cell lysates
were precipitated with 4 ug SRT10. Af-
ter SDS-PAGE and transfer, the blotted
membrane was probed by the anti-
NCC27/CLIC1 antibody previously de-
scribed. Alkaline phosphatase-conju-
gated goat anti-rabbit IgG antibody (0.4
ug/mL) was used to detect antibody-
binding sites.

Immunocytochemistry

HelLa or C,Cy, cells grown on mi-
croscope cover glasses and transfected
with the expression plasmid SRT-
NCC27/CLIC1, CD4-SRT, or SRT-
MEF2D were fixed with 4% parafor-
maldehyde in PBS and permeabilized
with 0.1% Triton® X-100. After wash-
ing them in PBS, the cells were incu-
bated in 3 pg/mL SRT10, washed three
timeswith PBS, incubated in 30 pg/mL
FITC-conjugated goat anti-mouse 1gG
antibody (ICN Biochemicals, Costa
Mesa, CA, USA), washed three times
with PBS, and mounted with Flouro-
Guard™ (Bio-Rad Laboratories, Her-
cules, CA, USA). The prepared cells
were examined by laser scanning mi-
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croscopy (LSM 510; Carl Zeiss, Jena,
Germany).

RESULTSAND DISCUSSION

Epitope M apping

By the analysis of a series of dele-
tion constructs of the slpT gene of R. ty-
phi, we determined the epitope that was
recognized by the MAb SRT10 (3) as
the 10 amino acid residues, TFIGA
IATDT (SRTag).

Immunaoblot Analysis

To test whether inserting the SRTag
into a different sequence environment
would affect its antigenicity, this epi-
tope was fused in frame to the N-termi-
nus of NCC27/CLIC1. This plasmid
construct was transfected, and the SRT-
NCC27/CLIC1 was expressed in
HEK293 cells. After measuring the
protein content, we subjected 20 ug to-
tal cell lysate to immunoblotting. As
shown in Figure 2, SRT10 recognized
the SRT-NCC27/CLICl—even at 1
ng/mL antibody concentration. De-
tectable cross-reactivity with the
HEK293 proteins was not observed.
When the blot was probed with the sec-
ondary antibody (80 ng/mL goat anti-
mouse 1gG antibody), this secondary
antibody cross-reacted with several cel-
lular proteins. However, at this concen-
tration, signals from the tagged proteins
were recognized at 0.1 ng/mL SRT10
(data not shown). When we expressed
the deletion constructs of SLPin E. coli
and examined their products with im
munobl otting, no detectabl e cross-reac-
tivity with E. coli proteins was ob-
served (data not shown). Thus, this
MAb can recognize the denatured
tagged protein sensitively and specifi-
cally by immunoblotting.

Immunopr ecipitation

To test whether SRT10 could precip-
itate tagged protein from mammalian
cell lysate, transfected 293HEK cells
were subjected to immunoprecipitation
(Figure 3). Using autoradiography, we
observed no detectable signal except
SRT-NCC27/CLIC1, which suggested
a specific binding of SRT10 (Figure
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3A). When the concentrations of NaCl
in washing buffers were increased from
0.25to0 1.5 M, the amount of precipitat-
ed SRT-NCC27/CLIC1 did not de-
crease, suggesting a high-affinity bind-
ing of the SRT10 to the SRT-tagged
NCC27/CLIC1. By immunoblotting,
we aso confirmed that the precipitated
protein is the NCC27/CLIC1 (Figure
3B). When the cell lysate was precipi-
tated with the control antibody de-
scribed in Materials and Methods, pre-
cipitation of the tagged protein was not
observed (Figure 3A, lane 1, and Figure
3B, lane 2). Compared with the signal

by the SRT-NCC27/CLIC1 from the to-
tal cell lysate (Figure 3B, lane 1), about
70% of the tagged proteins were pre-
cipitated by 4 ug SRT10in this condi-
tion. Thus, thisantibody can precipitate
the tagged protein from mammalian
cell lysate efficiently.

Immunocytochemistry

To test whether SRT10 could detect
intracellular tagged protein, HelL.a or
C,C,, cellswere transfected with SRT-
tagged NCC27/CLIC1, CD4, or
MEF2D, subjected to immunocyto-

Figure4. SRT10recognizesintracelular SRT-NCC27/CLIC1. HeLa(A and B) and GC, (C and D)
cellsweretransfected with the expression plasmid SRT-NCC27/CLIC1. Constructs of SRT-CD4 (E) and
MEF2D (F) weretransfected to HeL acells. Transfected cellswere stained with SRT10 and FITC-conju-
gated goat anti-mouse 1gG antibody. Prepared samples were examined by confocal microscopy.
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chemistry, and examined by confocal
microscopy (Figure 4). Most of the
NCC27/CLIC1-transfected C,C1o cells
were stained prominently in the cyto-
plasm; however, a few cells were
stained prominently in the nucleus. In
NCC27/CLIC1-transfected HeL acells,
the antibody stained dominantly in the
nucleus; however, some cells were
stained dominantly in the cytoplasm. It
is likely that the localization of the
NCC27/CLIC1 may change between
the nucleus and cytoplasm during the
cell cycle. Hel a cells transfected with
CDA4-SRT were stained in the cytoplas-
mic membrane and cytoplasm. In SRT-
MEF2D-transfected HeL a cells, the an-
tibody stained dominantly in the
nucleus. In adjacent, nontransfected
cells, no detectable staining was ob-
served (data not shown). Thus, this
MADb can detect the tagged proteins by
immunocytochemistry.

In this report, we determined the lin-
ear epitope that was recognized by the
mouse MAb SRT10 to the rickettsia
protein, SLP. By tagging this epitopeto
the N-terminus of NCC27/CLIC1, we
showed that SRT10 could detect this
tagged protein by immunoblotting, im
munoprecipitation, or immunocytoche-
mistry. We also showed that this anti-
body could detect N-terminal-tagged
MEF2D and C-terminal-tagged CD4 by
immunocytochemistry. Because this
MADb is both sensitive and specific, this
tag and its MAb should be generally ap-
plicable to cellular and molecular biolo-
gy research. Intersted individuals can
obtain antibody SRT10 from the authors.
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