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The high-throughput methods have been frequently used 
in the genomic studies to unravel unknown mechanisms for 
human diseases and biological events. DNA chips as tools 
for the high-throughput analysis have recently been 
developed and are now utilized to identify the expression 
profile of the full set of genes.1,2 Now a very few of protein 
chips have been developed and utilized as a research tool. 
However the preparation of universal protein chips for 
multiple purposes is hardly possible to make, because of 
their unstable three-dimensional structures and strong 
reactivity. More importantly, active conformations of proteins 
are easily denatured in harsh experimental conditions, 
resulting in technical difficulties for constructing protein 
chips.3

So far, various approaches have been employed to con­
struct protein-adsorbed platforms. Although polyacrylamide 
gel pads, polyvinylidene difluoride and nitrocellulose filters 
have been used as substrates for the adsorption of proteins, 
these opaque substrates could be inconvenient to detect the 
adsorbed proteins. Therefore the glass slides have been 
preferentially employed for the protein microarray display 
techniques due to their availability for better detection. 
Aldehyde- and amine-exposed glass slides were used to 
adhere proteins4,5 and a nickel chloride-coated glass slide 
was also developed to bind the histidine-tagged proteins.6

However the sol-gel method has a disadvantage. Since the 
sol-gel method does not form covalent linkages between 
chemicals and the glass slide, tight coating resistant to strong 
acids/bases or organic solvents is hard to be expected. 
Therefore we have searched for a polymer as a candidate for 
substances coated on the slide because the polymer coating 
could be stronger than the small molecule coating due to its 
different physical properties such as high viscosity and its 
fibrous form. For the above purposes, a polymer, poly-L- 
lysine, was chosen as a coating material. This polymer has 
another advantage for adsorbing proteins to the slide, 
because of possessing a lot of amine groups. The amine 
groups on the surface of the slide were chemically cross­
linked with a variety of proteins, efficiently fabricating the 

protein chips.7
In order to fabricate a proper platform for the protein chip, 

we varied the coating conditions and examined the effici­
ency and level of protein absorption to the slide. The 
conditions that we varied were the coating amount of poly- 
L-lysine, the spin speed and time, and drying temperature. 
The protein adsorption was measured using a BAS image 
analyzer after the slides were incubated consecutively with a 
cross-linker, 1 -ethy l-3 - [3 -dimethylaminopropyl] carbodi­
imide hydrochloride (EDC) and a fluorescein isothiocyanate 
(FITC)-tagged p43 protein. As showing in Figure 1, the 
protein adsorption was affected by the spinning time, the 
amount of poly-L-lysine and the drying temperature. The 
protein adsorption appears optimal at three second spinning, 
0.2 mL of poly-L-lysine (0.16 mg/mL) and 55 oC-drying 
temperature. The spin speed (500 to 3000 rpm) had no 
significant effect on the protein adsorption to the slide (data 
not shown). To know whether protein binding was specific, 
we investigated the adsorption propensity for the various 
amount of the FITC-tagged protein to the slide prepared at 
the above condition (Figure 1C). As increasing the amount 
of the protein, the detection of adsorbed protein became 
explicitly higher, implying that the protein adsorption was 
specific. To exclude the possibility for non-covalent 
adsorption to the PLL coated slide, we adsorbed the protein 
to the PLL coated slide pretreated with none or a cross­
linker, EDC (Figure 1D). The FITC-tagged protein was 
adsorbed only to the PLL coated slide pretreated with EDC, 
indicating that the p43 protein was not physically adsorbed 
to the PLL coated slide, but covalently linked to amine 
groups in poly-L-lysine. In addition, our previous report 
suggests that a protein cross-linked to amine groups in the 
slide through EDC is active.7

We then compared our poly-L-lysine-coated slide with 
other amine-exposed glass slides commercially available for 
fabricating the protein chips. Interestingly, our slides had 
higher capability to absorb proteins than the other commer­
cially available slides (Figure 1E) and our previous PPEDA 
coated slide (see reference 7). In addition, we also compared 
the density of amine groups exposed on the slides by 
detection of FITC using a BAS image analyzer after reacting 
amine groups directly with FITC. The amine density on our
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Figure 1. The FITC-labeled protein appears predominantly 
adsorbed to the poly-L-lysine coated slide comparing to other types 
of amine-exposed slides. The poly-L-lysine coated slides were 
prepared for the indicated spinning time (A) at the indicated drying 
temperature (B). Then the slides were cross-linked to the FITC- 
labeled protein as previously described in references 6 and 7. 
Briefly, the 1-ethyl-3-[3-dimethylaminopropyl]carbodiimide 
hydrochloride (EDC) solution (1 mg/mL) was applied to the 
surface of the poly-L-lysine (PLL)-coated slide and incubated for 
10 min at room temperature. The unbound EDC was thoroughly 
washed with PBS more than four times. Then, the FITC-labeled 
p43 protein solution (0.1 mg/mL) was incubated for 1h, washed 
with PBS and dried for fluorescence detection. The adsorbed 
protein was detected by the BAS image analyzer at excitation and 
emission of 490 and 520 nm, respectively. The FITC-labeled p43 
protein was specifically adsorbed in a dose-dependent manner (C) 
and in the presence or absence of EDC (D) to the PLL coated slide 
that was constructed by the above method. Furthermore, in panel E, 
the protein adsorption for the poly-L-lysine coated slide was 
compared with that for the other types of amine-exposed slides (a: 
the PLL-coated glass slide, b: the Arrayit slide, and c: the Corning 
slide).

slides was also highest (data not shown), probably due to 
plenty of amine groups inherently present in poly-L-lysine.

In order to elucidate the physical mechanism underlying 
the capability of the poly-L-lysine slides for absorbing 
proteins, we then observed the surface of the three different 
slides using an atomic force microscope (AFM; DI Nano­
scope 3A). Interestingly, the surface roughness of the slides 
was highly related to the protein adsorption to the slides; the 
poly-L-lysine coated slide (slide a) appeared most rough and 
the slide c with less or no protein adsorption showed the 
smoothest surface (Figure 2). It is likely that the more 
roughness of the surface provides the higher accessibility for 
proteins to the surface.

In summary, construction of protein chips for diverse 
purposes is very difficult to make because proteins are 
inherently unstable and their functionality is easily disturbed 
in the process of adsorption. Therefore, a diverse type of 
protein chips will be constructed for better utilities of protein 
chips. The significance of the current works is the supply of 
a better amine-exposed platform for the fabrication of the 
protein chips. The excellent protein adsorption of this plat-

Figure 2. AFM Micrograph for the different types of amine- 
exposed glass slides. a: the PLL-coated glass slide, b: the Arrayit 
slide, and c: the Corning slide.

form comparing with other types of amine-exposed slides is 
reflected by more surface roughness providing higher 
protein accessibility. The sol-gel method presented here, 
furthermore suggests a model technique to coat the glass 
slides with chemicals containing other functional groups for 
the fabrication of the protein chips.
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