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Abstract—A unique peptide sequence of HGGHHG screening from a combinatorial synthetic peptide library showed a good
chelating ability to bind a transition metal on a chip better than hexa-His peptide. It was directly conjugated with a His-Tagged
proteins onto a chip in a mild aqueous solution and can be used this chip as a high throughput technique for protein array in order

to detect and purify the His-Tagged proteins.
© 2004 Elsevier Ltd. All rights reserved.

Along with the wide spread use of DNA array as a
powerful tool for genome research, protein array has
emerged as an exciting technology for the broad char-
acterization of the activities and interactions of
proteins.!~!? Recombinant antibody and antibody frag-
ment have also been used for array.!>!* Unfortunately,
there is no protein equivalent of PCR and proteins are
not specifically hybridized to the complementary of
amino acid sequences. The conjugation of proteins on a
chip for array can be achieved by many methods such as
ion exchange chip,'”> EDC coupling,'® adsorption to
borosilicate,!” affinity capture reagents,'® and streptavi-
din sensor surface self-assembled.'®?° However, the
protein loss of non-specific binding proteins on chips is
the severe problem for reproducibility of chip. A new
technology of protein immobilization on chips without
biological activity loss is currently interesting for devel-
oping the protein array. Using peptide library and
transitional metal-Tag to construct a peptide library or
protein on chips based on immobilized metal-affinity
chromatography (IMAC) provide a new throughput
technique of protein array. The briefly mechanism of
His-Tag based on IMAC is the selective interaction
between a TentaGel resin as solid matrix immobilized
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with either metal ions (Cu?*, Co?", Ni’*, or Zn?>")
and a polyhistidine Tag (His-Tag) fused to either the N-
or C-terminal of proteins. The metal is held by chelation
with reactive groups covalently attached to a solid
matrix and the proteins containing a polyhistidine Tag
are selectively bound to the matrix while other cellular
proteins are washed out.?'>? In this research, we pre-
pared a protein array on a commercial available chip
following to six steps of procedure: (1) synthesize a
combinatorial hexapeptide library on TentaGel resin;
(2) screen the high affinity hexapeptide from the combi-
natorial hexapeptide library by using a FITC-labeled
His-Tag; (3) determine the sequences of the high affinity
hexapeptide; (4) test the binding affinity of the new
peptide; (5) resynthesize the high affinity peptide on a
chip; (6) test for protein array.

The combinatorial hexapeptide library was synthesized
on a TentaGel NH, resin (Advanced ChemTech,
Louisville, KY) using the one-bead one-sequence pro-
tocol.?? The binding affinity of hexapeptides on resins
was monitored by binding with a synthetic FITC-
labeled His-Tag in a mild aqueous solution containing
50 mM NaH,PO,, 300 mM NaCl and 10 mM Ni?>*, pH
8.0 as shown in Figure 1.2* The bright fluorescent resins
were selected and the amino acid sequences were deter-
mined. Four hexapeptides (HGGHHG, HHGHHH,
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Figure 1. Fluorescent binding test of hexapaptide library on TentaGel
resins with FITC-labeled hexa-His. Colors: yellow, high affinity bind-
ing of hexapaptide library and FITC-labeled hexa-His; green, low
affinity binding; transparent green, non-binding. Arrows show the
selected resins for amino acid sequencing of hexapeptide.

HGHHGH, HGHHGG) showing high affinity with
FITC-labeled hexa-His were selected and resynthesized
on TentaGel resins to further confirm their binding to
the FITC-labeled hexa-His. Finally, the HGGHHG
hexapeptide was found to be the one with the highest
affinity, which showed the most brighten fluorescence
on the screening resin, and thus used for comparison
with His-Tag and subsequent study of protein array.

For the competitive binding test of HGGHHG on hexa-
His chip, hexa-His (HHHHHH) as competitive control
was synthesized on a commercial amine chip (Super-
Amine, TeleChem International Inc.) using a home-
made reactor on PS3 Synthesizer (Rainin). Accompany
with an amine chip, a small amount of TentaGel resin (5
mg, 0.1 mmole) was added in the reactor. Simulta-
neously, a few synthesized resins were used to test the
completeness of peptide coupling by ninhydrine.>®> For
the study of competitive binding, the synthesized FITC-
HGGHHG and hexa-His (107> mmol) were orderly
added onto a hexa-His chip in a mild aqueous solution
containing 50 mM NaH,PO,, 300 mM NaCl and 10
mM Ni?*, pH 8.0 and incubated at room temperature
for 30 min. Interestingly, the HGGHHG showed the
high competitive binding on hexa-His chip rather than
hexa-His with a higher fluorescent intensity (Fig. 2).
Hexa-His showed the competitive binding on hexa-His

(a) f:;'t‘]‘;f 1 4L FITC-HGGHHG (20 min)
(b) 1 uL FITC-HGGHHG (first 10 min) +
> | LL HHHHHH (10min)
(c) — » 1 pL HHHHHH (first 10 min) +
1 BL FITC-HGGHHG (10 min)
(d) — 1ULFITC-HGGHHG +
1 pnL HHHHHH (at the same 20 min)
g Negativ
(e) oo~ 1 uL HHHHHH (20 min)
6xHis chip

Figure 2. Competitive binding test of HGGHHG and HHHHHH
hexapeptides on hexa-His (6xHis) chip by fluorescent detection.

chip less than HGGHHG and the mixture of HGGHHG
and hexa-His with 19.9% and 3.4% less intensities,
respectively. As the competitive binding, the mixture of
HGGHHG and hexa-His showed the intensity less than
HGGHHG followed with hexa-His about 16.6%. In
addition, we found that some factors such as sequence
similarity and binding sequence order were affected to
the competitive binding.

In the same manner, hexa-His and HGGHHG were
synthesized on a commercial SuperAmine chip and also
compared the affinity binding by binding with a recom-
binant DP5P proteins, which are the allergic proteins
and expressed in E. coli system containing a His-Tag at
C-terminus,?® in a mild aqueous solution containing 50
mM NaH,PO,, 300 mM NaCl and 10 mM Ni?*, pH
8.0. Using the first antibody against the DP5P proteins
(1 mg/mL) and its secondary antibody labeled with
FITC (1/50 dilution), there were clearly monitored the
fluorescent spots on chips as shown in Figure 3.27 In
addition, the affinity binding of bound DP5P proteins
on both chips was examined by elution with EDTA as
chelating reagent. The recombinant DP5P proteins on
HGGHHG and hexa-His chips were washed with dif-
ferent concentrations of EDTA for competitive binding
on chip and removing the DP5P proteins. The FITC
labeled-second antibody was against with DP5P protein
on both chips and monitored by using a fluorescence
scanner (Typhoon 9200 image scanner, Amersham
Pharmacia Biotech). The DPSP proteins bound on
HGGHHG chip was found to have higher affinity and
stability than on hexa-His chip after elution with
10xelution buffer containing 0.5M NaH,PO,, 3M
NaCl and EDTA, pH 8 for 20 min. Proteins bound on
the HGGHHG chip were stable in a concentration
range of 0.1 M—1 M EDTA with only 1% loss. In con-
trast, the DPSP protein on hexa-His chip was lost by 9,
12 and 15% after elution with EDTA at 0.1, 0.5 and
1 M, respectively.

Furthermore, there has been found that the transitional
metal ions have the different affinity binding and speci-
ficity to the chelating ligands and His-Tagged pro-
teins.?!>? Thus, the affinity binding and specificity of
metal ions were examined by changing the chelating
metal ions such as Cu?*, Co?*, Ni?" or Zn?* (10

6xHis chip

HGGHHG chip

Figure 3. Immunofluorescent binding test of recombinant DPSP
protein containing His-Tag at C-terminus bound on hexa-His and
HGGHHG immobilized chips, which were against with FITC-labeled
DPS5P antibody. The chips were washed with different concentrations
of EDTA for 30 min (1, 0.1 M EDTA; 2,0.5M EDTA; 3, I M EDTA;
4, no EDTA).
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mM), and by eluting with imidazole (1.5M) instead of
EDTA in different times of 30, 60, 90 and 120 min as
shown a model in Figure 4. We found that all transi-
tional metal ions had the different coordination ability
in binding with DP5P proteins on chips. The distinctly
difference of metal ions showed at 60 min elution time
(Fig. 5). Cu?* as a chelating metal ion formed the stable
complex with proteins on both chips better than other
metal ions along 120 min elution time, in which the
observed metal-binding orders on hexa-His and
HGGHHG chips were Zn?>">Cu?* >Ni2" >Co?™
and Cu’* >Zn%" >Co?* >Ni%", respectively. It indi-
cated that the different metal-binding order on both
chips varied to specificity on different sequence order
and affinity binding with proteins after elution. This
observed metal-binding order is the useful information,
which can be used to be the suitable condition for pro-
tein conjugation. Although the HGGHHG showed the
specificity and affinity metal binding with His-Tagged
DPS5P proteins than hexa-His after elution with imida-
zole, the affinity binding of protein in the presence of
Cu?" was found to have higher affinity and stability on
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both chips along 120 min elution than other metal ions,
in which the HGGHHG chip showed the highest affi-
nity with the His-Tagged proteins. In contrast to the
other metal ions such as Co?", Ni?*, or Zn?",
HGGHHG was found to have lower affinity with His-
Tagged proteins than hexa-His. This evidence showed
that some factors such as ordered sequence, chelating
reagents such as EDTA and imidazole, and washing and
elution times were affected to the affinity binding of
protein on chips.?!>> However, this technique can be
used for protein array and will be further optimized to
get a higher affinity and stability in different conditions.

In conclusion, we introduced a new technique of facile
synthesis of metal-chelating hexapeptide on chip that is
very useful to prepare a specific metal binding peptide
on chips and can highly bind the His-Tagged DP5P
proteins as model on chips as protein array. In addition,
we successfully investigated a good HGGHHG hex-
apeptide, which was found to have higher affinity and
specificity with His-Tagged protein than hexa-His in the
presence of Cu?". Therefore, this technique is very

6xHis chip

HGGHHG chip
2 3 4 1 2 3 4

Wash buffer: 50 mM NaH,PO, pH 8, 300 mM NaCl

10x Elution buffer pH 8:
- 0.5 M Nall,POy4, 3 M NaCl, 1.5 M imidazole
Time: 30, 60, 90, 120 min

Figure 4. Immunofluorescent binding test of His-Tagged DP5P protein bound on hexa-His and HGGHHG chips after chelating with different metal
ions (10 mM) and eluting by imidazole for 120 min. Each chelating metal ions were repeated in four spots (no 1-4).

,

100
—_—
X 90 A
=
= ]
=
= J
B 80
)
2 ]
2 “+- 0+ Cu2+ (6xHis)
= 70 98- Co2+(6xHis)
> | Ni2+ (6xHis )
= “- @ - - Zn2+ (6xHis )
- ) 4 —%— Cu2+(HGGHHG )
Q60
—8— Co 2+ (HGGHHG )
1 —&— Ni2+ (HGGHNG )
_ —&— Zn2+ (HGGHHG )
50 T
0 30

60 20 120

Elution time (min)

Figure 5. Protein retention of His-Tagged DP5P protein bound on hexa-His and HGGHHG chips after chelating with different metal ions and
eluting with imidazole in different elution times. The protein intensities in four experimental spots are averaged and the initial protein intensity at 0

min is defined as 100% protein retention.
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useful and can be used for rapid detection and puri-
fication of other His-Tagged proteins or any targets
containing His-Tag.
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