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Abstract A surface plasmon resonance (SPR) imaging system was constructed and used to de-
tect the hexahistidine-ubiquitin-tagged human parathyroid hormone fragment (His;-Ub-hPTHF(1-
34)) expressed in Escherichia coli. The hexahistidine-specific antibody was immobilized on a thin
gold film coated with ProLinker™ B, a novel calixcrown derivative with a bifunctional coupling
property that permits efficient immobilization of capture proteins on solid matrices. The soluble
and insoluble fractions of an £. co/i cell lysate were spotted onto the antibody-coated gold chip,
which was then washed with buffer (pH 7.4) solution and dried. SPR imaging measurements
were carried out to detect the expressed Hisg-Ub-hPTHF(1-34). There was no discernible protein
image in the uninduced cell lysate, indicating that non-specific binding of contaminant proteins
did not occur on the gold chip surface. It is expected that the approach used here to detect af-
finity-tagged recombinant proteins using an SPR imaging technique could be used as a powerful
tool for the analyses of a number of proteins in a high-throughput mode.
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INTRODUCTION

Surface plasmon resonance (SPR) is an optical tech-
nique that is used as a valuable tool for the investigation
of molecular interactions. SPR allows for the sensitive
detection of molecular interactions in real time, without
the use of labels [1]. The method uses a quantum phe-
nomenon that arises at the interface between two media
of different refractive indices when light is reflected under
certain conditions from a thin metal film. When the SPR
is linked to imaging, the SPR imaging (SPRI) becomes
an ideal surface-sensitive optical technique for the detec-
tion of the affinity binding of unlabeled biomolecules
onto arrays of molecules immobilized on chemically
modified gold surfaces. SPRI utilizes collimated illumina-
tion of the entire surface, with the reflected beam imaged
onto a two-dimensional array detector [2]. So far, SPRI
has been applied to a variety of biomolecular interaction
studies such as DNA [3,4], peptide [5], protein [6] and
carbohydrate [7].

Proteomics has become the focus of major research to
understand the vast amount of genomic information as a
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gene function is derived from the protein product it en-
codes. The challenge of studying proteomics requires a
high-throughput approach for protein expression and
purification [8]. In addition, the rapid detection of pro-
tein expression is especially required to determine whether
the desired protein is successfully expressed or not. After
this, purification can be performed to obtain the desired
protein in high purity. To facilitate high-throughput ex-
pression and purification of proteins, affinity fusion tags
are commonly used. In this study, an efficient method for
the rapid detection of the hexahistidine-tagged proteins
expressed in E. coli is reported using a SPR imaging
measurement.

MATERIALS AND METHODS
Construction of Plasmids

A 246 bp fragment encoding the hexahistidine-ubiquitin
(His,-Ub) fusion protein was amplified by polymerase
chain reaction (PCR) using Saccharomyces cerevisiae
genomic DNA as template and two primers: 5-CTA
GGC CAT ATG CAT CAC CAT CAC CAC CAT CAA
ATT TTC GTC AAA ACT CTA ACA GGG -3 (new Nde
I site, 5’ to start codon) and 5-ACC ACC TCT CAG
TCT CAA CAC CAA-3’. The PCR product was purified
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using a QIAEX II gel extraction kit (Qiagen, Germany),
and digested with Nde 1 (Bochringer Mannheim, Ger-
many). A gene encoding the human parathyroid hormone
fragment(1-34) was amplified using a PCR of the plas-
mid pECPYE-hPTHF [9]. The primers used were 5'-TCT
GTT TCT GAA ATT CAA TTG-3" and 5'-GGG CTC
GAG TCA GAA GTT GTG AAC GTC-3’, which adds a
Xho 1 site to it. The PCR product was purified and di-
gested with Xho 1. The fragment (102 bp) was ligated
into pET22b(+) with a piece of the Hisq-Ub-coding gene
cut with Nde 1. The construct was designated pEHUb-
hPTHEF.

Expression of His;-Ub-hPTHF(1-34)

The transformed E. coli cells were cultured in Luria-
Bertani (LB) medium and allowed to grow at 30°C to
OD 0.6, followed by the addition of 1 mM isopropyl B-
D-thiogalactopyranoside (IPTG). After IPTG induction,
the cells were cultured for an additional 4 h followed by
centrifugation at 5,000 rpm for 5 min. The resulting pel-
lets were suspended in 50 mM Tris-HCI buffer (pH 8.0)
and lysed by sonication for 5 min. After sonication, the
cell lysate was again centrifuged at 5,000 rpm for 5 min.

Surface Modification of Gold Chip

A gold chip (2 nm of chromium as an adhesion layer
and 45 nm of gold deposited on an 18 x 18 x 0.3 mm
section of glass) was obtained from K-MAC Co. (Korea).
Which was cleaned with a solution of H,S0,/H,0, (3 v/v)
at 50°C for 30 min. The cleaned gold chip was then im-
mersed overnight in a CHCI; solution containing 5 mM
Prolinker™ B (Proteogen Co., Korea) at room tempera-
ture to assure the formation of a calixcrown derivative
self-assembled monolayer on the gold surface. It was
then washed sequentially with CHCI;, acetone, ethanol
and deionized water. The Prolinker™ B-coated surface
was immersed overnight in 10 mM PBS (pH 7.4) solu-
tion containing the Hisg-specific antibody (Novagen Co.,
Germany) at room temperature. After washing the gold
chip with PBST (10 mM PBS containing 0.5% Tween 20,
pH 7.4) solution, it was immersed in 3% BSA in PBS
solution for 3 h to block the chip surface. The chip was
washed with deionized water to remove the excessive
BSA, and then used for the detection of the hexahistidine
fusion protein.

Detection of Hexahistidine Fusion Protein

The insoluble and soluble fractions were printed on the
antibody-coated gold chip using a microarrayer (Proteo-
gen Co., Korea) equipped with an SMP10 Stealth pin
(Telechem Co., USA). Printing was carried out in an at-
mospherically controlled chamber with a relative humid-
ity of 70-80% at room temperature. The gold chip was
washed sequentially with PBST solution and deionized
water to remove unbound proteins, and then dried under
N, gas. The dried gold chip was subjected to SPRI meas-
urement.
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Fig. 1. The optical layout for the surface plasmon resonance
imaging (SPRI) system.

RESULTS AND DISCUSSION

A two-dimensional surface plasmon resonance (2D-
SPR) imaging system was constructed to obtain microar-
ray images of protein spots on a gold thin film. Fig. 1
shows a schematic view of the SPRI system manufac-
tured in our laboratory. The proteins spotted gold chip
was optically coupled with a prism coupler (Korea Elec-
tro-optics Co., Korea) via an index matching oil (np, =
1.517), and placed on the center of the goniometer con-
trolled by a DC servo motor controller. When a bio-
molecular interaction takes place on the surface of the
thin gold film, the change in the intensity of the reflected
light at a fixed angle was measured. The resulting
changes in the light intensity were displayed as images by
a CCD camera.

Unlike DNA, proteins are physically unstable and have
three-dimensional structures that are critical to their
functions. Thus, the development of surface chemistry is
especially required for the fabrication of protein microar-
rays onto a solid matrix. Recently, two different calix-
crown-5 derivatives, novel and bifunctional molecular
linkers, have been prepared and used to immobilize pro-
teins for protein-protein interaction studies [10]. Of the
two derivatives, ProLinker™ B, which was synthesized to
contain SH groups for gold-coated substrates, was used
in this study. This novel linker molecule has a great ad-
vantage over other linker molecules, with respect to the
direct immobilization of proteins, without chemical modi-
fication and the correct orientation of antibodies on the
ProLinker™ surface.

The hexahistidine-ubiquitin-tagged human parathyroid
hormone fragment (Hisg-Ub-hPTHF(1-34)), which was
expressed in a soluble form, was partially purified using
one-step metal affinity chromatography, spotted onto the
antibody-coated gold chip using a microarrayer, and ana-
lyzed by SPRI. Fig. 2 shows a schematic view of the ana-
lytical procedure used in this study. The SPR images
were captured at an incident angle lower than the SPR
angle of the background surface. The protein microarray
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Fig. 2. A schematic view of the procedure for detection of His,-tagged recombinant proteins using SPRI imaging.

0.9 images, with varying protein concentrations, are shown in

. Fig. 3. The brighter spots indicate the affinity binding of
mo/mL His,-Ub-hPTHF(1-34) with the His,-specific antibody.
The brightness of the SPR image increased with increas-

0.8 ing protein concentration.
mo/mL Using SPR imaging, a direct analysis of the recombi-
nant proteins, without purification, was carried out. After
0.7 the recombinant E. coli cells expressing Hise-Ub-hPTHF
mg/mL (1-34) were lysed by sonication, the soluble and insoluble
fractions were separated by centrifugation, and directly
0.6 spotted onto the antibody-coated chip. After 30 min in-
mg/mL cubation of the spotted gold chip, to induce the affinity
binding between Hisg-Ub-hPTHF(1-34) and antibody, it
0.5 was washed with the washing solution and deionized dis-
mo/mL tilled water. After drying, the expressed protein spots
0.4 bound to the antibody were measured using SPR imaging.

- Fig. 4 shows the result of the SDS-PAGE and SPR imag-
mg/mL ing analyses. Lanes 1, 2, 3 and 4 in the SDS-PAGE cor-

RS respond to lanes 1°, 2°, 3" and 4’ in the SPR imaging,
Fig. 3. SPRI analysis of purified His,-Ub-hPTHF(1-34) at respectively. Brighter SPR spot images were observed

various concentrations. with the induced soluble cell lysates, whereas no visible
1 mg/mL
M 1 2 3 4 BSA 1°” 20 & 4

Fig. 4. SDS-PAGE (a) and SPR imaging (b) analyses of E. coli cell lysates expressing His,-Ub-hPTHF(1-34): lane M, protein
marker; lanes 1 and 1°, insoluble fraction, uninduced; lanes 2 and 2’, soluble fraction; lanes 3 and 3’°, insoluble fraction, induced,
induced and lanes 4 and 4’, soluble fraction, induced. The arrow indicates a His,-Ub-hPTHF(1-34) protein band.
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images were observed with the uninduced cell lysates.
Furthermore, there were no discernible images in the in-
soluble fraction of the induced cell lysates. This demon-
strates that the insoluble inclusion bodies cannot be de-
tected because they do not bind to the antibody. As a
control, bovine serum albumin (BSA) at a concentration
of 1 mg/mL was also spotted onto the antibody-coated
gold chip. The BSA control spots are almost invisible on
the SPR imaging chip. This indicates that non-specific
binding is negligible on the surface of the antibody/
ProLinker™ B-coated gold chip.

This study has demonstrated the creation of Hisg-
tagged protein microarrays on a SPR gold chip coated
with a Hisg-specific antibody/calix crown derivative, and
its use to rapidly monitor Hise-tagged recombinant pro-
teins using a SPRI optical detection system. The Hisg-
specific antibody was successfully immobilized on the
self-assembled monolayer of a thiol-functionalized calix-
crown, without chemical modifications. It is expected
that the approach used here to detect affinity-tagged re-
combinant proteins using an SPRI technique could be
used as a powerful tool for the analyses of a number of
proteins in a high-throughput mode.
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