JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Direct Adsorption and Detection of Proteins, Including
Ferritin, onto Microlens Array Patterned Bioarrays

Feng Zhang, Richard J. Gates, Vincent S. Smentkowski, Sriram Natarajan,
Bruce K. Gale, Richard K. Watt, Matthew C. Asplund, and Matthew R. Linford
J. Am. Chem. Soc., 2007, 129 (30), 9252-9253+ DOI: 10.1021/ja072250m « Publication Date (Web): 10 July 2007
Downloaded from http://pubs.acs.org on February 16, 2009

Avidin

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 2 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja072250m

JIAIC[S

COMMUNICATIONS

Published on Web 07/10/2007

Direct Adsorption and Detection of Proteins, Including Ferritin, onto
Microlens Array Patterned Bioarrays
Feng Zhang,' Richard J. Gates,' Vincent S. Smentkowski,* Sriram Natarajan,® Bruce K. Gale,"
Richard K. Watt," Matthew C. Asplund,*t and Matthew R. Linford* "
Department of Chemistry and Biochemistry, Brigham Youngéfsity, Prao, Utah 84602, GE Global Research, 1
Research Circle, Niskayuna, New York, and Departments of Chemical Engineering and Mechanical Engineering,

University of Utah, Salt Lake City, Utah 84112

Received April 9, 2007; E-mail: mrlinford@chem.byu.edu

A variety of methods have been described for preparing protein

arrayst* including photolithograph§y,” microcontact printing, 532 nm laser light through the optic. TOF-SIMS ion images of

H-, CH", CH,", OH-, C,H~, and the total ion image showed

microspotting’ pin spotting!® and microfluidicsi! These methods i
allow different substrate properties and attachment chemid#iés. good contrast between the spots aqd the b_ac_:kgrounds, that is, the
spots and backgrounds were chemically distinct. Almost no con-

However, many of the arrays that have been described cannot be . : )
. . . . . trast and little signal was found for the CNsee Figure 1a) and
made in an industrially viable manner. For real world use, a protein

array would be simple and inexpensive to manufacture, its t(;\:g;g Il\(jlr,lks (;?tet:r‘:: dSgrlzfzcerﬁov;\n;llghe?sfewzrsr;cetﬁ”iir:l;e(:fse%roi;l
fabrication amenable to automation, the size and shape of the ; P Y

features could be controlled, and the resulting arrays could be usedSOIUtlons of various protglns chosen to havg a Wldef range of pl
for high throughput and rapid analyses. values and molecular weights. All of the proteins studied adsorbed

Here we describe a technologically viable platform for producing to the spots with strong preference over the background, as shown

protein arrays that appears to possess all of these virtues. Thisby the CN- (see Figure 1) and CNQons in TOF-SIMS imaging

: ; . . . of these surfaces. This adsorption appears to be general and
method consists of coating a silicon oxide surface with a poly- nonspecific and based on van der Waals and electrostatic interac
ethylene glycol (PEG) terminated silane monolayer, known to resist P

protein adsorptiof} and then modifying it by microlens array (MA) tlic;ns \?"tt:]] the fxposTg l:? UbStrr]?rtel'l Aasbsugge:ttie: |rt1hth¢|9 flg:Jre,v\tlh?
patterningt> In MA patterning, an MA is positioned a short distance size ot the spots could be controfied by changing the laser powe

. o
over a monolayer-coated substrate. A nanosecond pulse of Iaseland the focus of the MA? The S ion image also showed good

light is then directed through this optic. Each lens in the MA focuses contrgst na number of the Pmtem array images. .Amor)g the
the light it receives onto the substrate, which burns away the proteins studied were some with useful function in bioconjugate

protective monolayer near the focus of the light. In this manner chemistry. For example, avidin and streptavidin have a well-known,

10000 spots/cin(for 100 um spacing between microlenses) can and h.'gh affinity for biotin. PTOte'“ A bmds 9G ant.|bod|e‘s, and
be made on a surface in ca. 4 ns. Arrays of microbeads have alsoBSA is employed as a blocking agent in enzyme-linked immun-
been employed for surface micromachini§g’ The exposed spots osorbent assayELISA).

in the monolayer show excellent affinity for the direct adsorption a,Background |  <b. Avidin
of proteins, while the background PEG layer maintains excellent
resistance to protein adsorption. Protein adsorption and/or surface
modification are confirmed by time-of-flight secondary ion mass
spectrometry (TOF-SIMS), which is a powerful tool for analysis
of immobilized proteind® as well as X-ray photoelectron spec-
troscopy (XPS), spectroscopic ellipsometry (SE), fluorescence
microscopy, and wetting. It is shown that avidin retains its activity
after immobilization. All of the immobilized proteins show good - . -

stability to soaking in buffer. Protein localization using a microf- g-‘)ﬂg%lE-GEﬁ’a':n':'n'\q/'osngl‘zgitr“’ea't?e”r}] gglv'ﬂﬁge%gg?énmszrfgo”%?;
luidic spotter is also shown. Finally, we demonstrate that ferritin PEG silane monolayer pe)lltter%ed with a microlens array afte?limmersion in
adsorbs onto PEG coated substrates after MA patterning and thaty solution of the protein indicated in each panel. Panel h shows an AXSIA
TOF-SIMS reveals that the metal atoms are located inside the multivariate curve resolution MCR analysis of the negative ion spectra from
protein shell and not at the surface of the protein. the avidin image.

We begin by noting that the PEG terminated monolayers used  \;,iivariate curve resolution (MCR) of the TOF-SIMS images

for MA patterning exhibit the expected resistance to protein g ther confirmed protein adsorption in the spots and not in the
adsorption. To within experimental error, spectroscopic ellipsometry backgrounds of the arrays. MCR, which has been shown to be a
showed no change in PEG monolayer thickness after immersion, . able tool for TOE-SIMS image analygfwas possible because

in dilute protein solutions. The protein resistance of these films an entire mass spectrum was saved at each pixel in the raw data
was further confirmed by XPS, which showed no N 1s signal from 1o \cR was performed on all of the spectral images of all of the

PEG monolayers that were immersed in solutions of proteins, but ;ysqrhed proteins in MA patterned protein arrays. A representative

strong N 1s signals from bare, clean silicon oxide control surfaces. example of these results is shown in Figures 1h and 2 and demon-
PEG monolayer coated Si/SiGlides were then patterned with  gy05 that the surfaces are primary composed of two surface spe-

an MA by placing it over the substrate and figim 4 nspulse of cies: a spectrum corresponding to the PEG background, and a spec-

»

IBrigham Young University. trum corresponding to the adsorbed protein. These assignments were
GE Global Research. : i ; ;

§ Department of Ghemical Engineering, University of Utah, confirmed for avidin arrays (see Figure 2) by comparlng_thz_ese two

I Department of Mechanical Engineering, University of Utah. MCR components to the TOF-SIMS spectra of planar Si$tat
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l o b Figure 4. TOF-SIMS negative ion CNand CNO images and positive
w3 1.0* .y s ‘.0' s s s T ion Fe" image after ferritin deposition. The right most panel shows the
5 3 Fe* image after the array was heated to 3@under Ar for 1 h. Images
° . are 500um x 500 um.
3 ° * ® w wow 0% whether the new metal is deposited within the ferritin shell, or
3 i d whether it remains outside, are sometimes ambiguous. This new
ety . . . T T T approach should shed light on this problem.
10 20 30 40 50 -] 70 a0

Mass We have demonstrated the rapid formation of protein arrays using
Figure 2. ToF-SIMS spectra of (a) the MCR component corresponding to  MA patterning of PEG monolayer substrates. All of the proteins
the avidin spot in a protein array, (b) an avidin-coated, planar, native oxide studied under all conditions adsorb spontaneously and with good
terminated silicon surface, (c) the MCR component corresponding to the stapility into these arrays. Protein configuration appears to be
background area in a protein array, and (d) a PEG silane coated Surface'retained. Selective protein deposition is shown. A new method for

Only the low mass region of the spectra are shown.

Figure 3. Fluorescence microscopy image of an avidin array made by MA

patterning after exposure to a fluorescein-biotin conjugate.

was coated with the PEG silane monolayer and avidin adsorbed
onto planar Si/Si@

We next determined whether the proteins were stably bonded to
the spots in the arrays and whether they retained their activity after
binding. TOF-SIMS imaging of bioarrays containing lysozyme and
myoglobin, both deposited at two different pH values (5.6 and 8.0)
showed that little change occurred in the protein spots after immer-
sion in PBS buffer for 1 or 3 days. To assay the activity of an
avidin array, a control experiment was performed. The surface was
incubated in a dilute solution of fluorescein and rinsed. As ex-
pected, no array was detected by fluorescence microscopy. How-
ever, when the array was incubated with a fluorescein-biotin

. . . 5447.
conjugate and rinsed, the array was seen by fluorescence microscopy (g) Renault, J. P.; Bernard, A.; Bietsch, A.; Michel, B.; Bosshard, H. R.;

(see Figure 3).
Localized protein deposition was demonstrated using a micro-
fluidic spotter at multiple points on the surfateThis polydi-

methylsiloxane device was pressed against an MA patterned surface, (10)

which allowed a dilute solution of Cy3 tagged protein A to be
circulated over selective regions (about 50@ in diameter) on
the surface. Selective adsorption of protein A at the MA patterned
spots was confirmed by fluorescence microscopy.

Ferritin also adsorbs directly onto spots on PEG monolayer
substrates after MA patterning. Ferritin is an iron storage protein
found in most biological systen#s.Ferritin molecules are hollow
protein shells that can store 2568000 iron atoms. Apoferritin is
the protein shell, which is ca. 2 nm thick. The cavity inside
apoferritin is ca. 8 nm in diameter.

After ferritin binds to the patterned substrates, TOF-SIMS, using
a Ga primary ion beam, shows the presence of the protein in the
spots, but no iron can be detected (see Figure 4, #). Aéis is
consistent with the extremely shallow information depth of
TOF-SIMS (ca. 2 nm¥? These results also suggest that, like
avidin, ferritin does not denature upon adsorption. After heating to
500 °C in an inert atmosphere to remove ferritin’s protein shell,
TOF-SIMS reveals iron at the surface (Figure 4, #2)FRecently,
there has been interest in replacing the iron in ferritin with other
metals?®-25 The results from analytical methods used to determine

detecting metals in ferritin is suggested. This method appears to
be quite general.
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