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Abstract Bare FePtCu nanoparticles (NPs) are first pre-
pared for laser desorption/ionization mass spectroscopy
(LDI-MS) analysis as affinity probes to selectively trap
oppositely charged analytes from a sample solution. Our
present results demonstrate bare FePtCu NPs to be a
potentially useful matrix for surface-assisted laser desorp-
tion/ionization mass spectroscopy (SALDI-MS), for the
analysis of small proteins and peptides. The upper
detectable mass range of peptides was approximately
5 kDa, and the detection limit for peptides approximately
5 fmol. Sulfonate group-modified FePtCu nanoparticles
(FePtCu-SO; NPs), with ionization being independent of
the solution pH, can interact with a positively charged
analyte, and the analyte-bound NPs can be separated from
the reaction supernatant by centrifugation or an external
magnetic field. An oligopeptide, Gly-Gly-Tyr-Arg (GGYR)
from an oligopeptide mixture containing Asp-Asp-Asp-Asp
(DDDD), Gly-Gly-Gly-Gly (GGGG) and GGYR, was
detected using SALDI-MS with FePtCu-SO3(—) NPs
employing electrostatic interaction. Furthermore, FePtCu-
SO;  NPs can detect lysozyme (Lyz) in human serum
through the electrostatic attraction between positively
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charged Lyz and FePtCu-SOs;(—) NPs at pH 8, while
detection of negatively charged albumin in human serum
is not possible.
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Introduction

Matrix-assisted laser desorption/ionization mass spectrom-
etry (MALDI-MS) is extensively used in biochemical
analysis and is an indispensable tool in proteomic research
[1-7]. In a MALDI experiment, analyte molecules are
mixed with a large molar excess of organic matrix, and the
analyte molecules are thereby embedded throughout the
matrix and separated from one another. Using the matrix
increases the efficiency of energy transfer from the pulse
laser to the analyte, and thus enhances the desorption/
ionization efficiency. In this way, the desorption of analyte
molecules is assisted by the matrix, making possible
analysis of compounds with a molecular weight in excess
of 300,000 Da. MALDI also has a higher tolerance to salts
and buffers than electrospray ionization (ESI), another soft
ionization technique. Despite the success of MALDI, three
major problems associated with the use of organic matrixes
are frequently encountered: (1) matrix optimization, (2)
uneven analyte distribution, and (3) matrix interference. In
particular, the MALDI mass spectra have a high chemical
background noise due to the formation of clusters of matrix
ions or degradation products of the matrix. The matrix
background peaks appears in the low-mass region, i.e.,
below m/z 700, and MALDI is thus normally employed for
macromolecules such as proteins synthetic polymers, and
for oligonucleotide analysis.
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Inorganic matrixes are more useful than organic matrixes
such as «-cyano-4-hydroxycinnamic acid (CHCA) and 2,5-
dihydroxybenzoic acid (DHBA) for the analysis of small
molecules in LDI-MS [8]. This concept was originally
introduced by Tanaka et al. using 30 nm cobalt powder
suspensions in glycerol [1]. Surface-assisted laser desorp-
tion/ionization (SALDI), developed by Sunner et al. [9],
utilizes graphite particles of micron-scales as the LDI-
assisted material. More recently, to meet the requirement
for analysis of small organic molecules, the applicability of
SALDI without a liquid matrix such as glycerol has been
studied using various nanomaterials including carbon nano-
tubes (CNT) [10], ZnO [11], TiO, [12], Fe,05/TiO, [13],
platinum [14], and gold nanoparticles (AuNPs) [15-18].
These strategies have included the use of desorption/
ionization on porous silicon (DIOS) [19-21].

For analyses of complex biological samples, sample
preparation also plays a critical role in obtaining good-
quality mass spectra. In LDI-MS including SALDI and
MALDI, signal suppression from multiple components in
biological samples is a significant disadvantage. Thus,
sample separation and enrichment of the analytes of interest
from sample mixtures is an important step in detecting these
analytes in the LDI-MS. Nanoparticles have enormous
potential in sample pretreatment, especially for trace analyte
enrichment, because functionalization of the nanoparticle
surface provides the additional advantage of high capacity.
Recently, various nanoparticles such as Au [22, 23], Ag [24,
25], silica [26], silanized iron oxide [27], and magnetic NPs
coated with titania [13], zirconia [28], and alumina [29] have
thus been employed for the separation and the enrichment of
biomolecules from mixtures in LDI-MS analysis.

FePt NPs or FePtCu NPs are reportedly applicable to
data storage and are the only permanent magnetic nano-
composites as yet established [30-33]. However, we
consider FePt NPs and FePtCu NPs to also be promising
affinity probes for LDI-MS, since these NPs can be
modified with thiol-terminated molecules via the formation
of Pt—S and Fe-S bonds [31]. The analyte-bound NPs can
be separated from the reaction supernatant by centrifugation
as well as an external magnetic field. However, there are no
applications for affinity probes comprised of FePt NPs or
FePtCu NPs in LDI-MS analysis of biomolecules. FePt NPs
also generally interact with alkyl carboxylic acid (RCOOH),
and alkylamine (RNH,): —COOH can covalently link with
Fe, forming iron carboxylate (-COO—-Fe), and —-NH,, as an
electron donor, preferentially binds to Pt via a coordination
bond. Such interactions of FePt with amine- and carboxylic
acid-containing biomolecules may allow selective affinity
probes, i.e., for specific analytes, to be derived from complex
samples.

In the present study, bare FePtCu NPs were newly
prepared for LDI-MS analysis as affinity probes to
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selectively trap oppositely charged analytes from the
sample solution. This work is, to our knowledge, the first
demonstration that sulfonate group-modified FePtCu nano-
particles (FePtCu-SOs(—) NPs) are a potentially useful
SALDI matrix which can be successfully utilized, without
an elution step, for the separation and detection of a target
oligopeptide, from an oligopeptide mixture, and lysozyme
(Lyz) from human serum.

Experiment

Materials Iron dichloride (FeCl,-4H,0), chloroplatinic acid
(H,PtClg-H,0), copper sulfate, (CuSO45H,0), hydrazine
(N,H4H,0), 0.1 M hydrochloric acid (HCI), ammonia
water (25%), citric acid, nonafluoro-1-butanesulfonic acid
(PFBS), trifluoroacetic acid (TFA), human insulin, dextro-
methorphan hydrobromide, caffeine, chicken egg-white
Lyz, ethanol (99.6%), methanol (HPLC grade), and acetone
(99.9%) were purchased from Wako Pure Chemical
Industries Ltd. (Osaka, Japan). CHCA, amitriptyline hy-
drochloride, and ammonium citrate dibasic were purchased
from Sigma-Aldrich (St. Louis, MO). Water (LC-MS grade)
was purchased from Kanto Chemical Industries Ltd.
(Tokyo, Japan). Cytochrome C was purchased from
Calbiochem. Co. Asp-Asp-Asp-Asp (DDDD), Gly-Gly-
Gly-Gly (GGGG), Gly-Gly-Tyr-Arg (GGYR), and Gly-
Gly-His (GGH) were purchased from Peptide Institute, Inc.
(Osaka, Japan). Human serum was purchased from CHEM-
ICON International. 2-Mercaptoethanesulfonic acid sodium
salt (HSCH,CH,SO;Na; >95%) was obtained from Tokyo
Chemical Industries Ltd. (Tokyo, Japan).

Fabrication of Bare FePtCu NPs FePtCu nanoparticles
were prepared by reduction of metallic salts using hydra-
zine in aqueous medium, followed by modification with the
method of Gibot et al. [34]. FeCl,'4H,O (2 mmol),
H,PtClg'H,O (2 mmol), and CuSO45H,0 (0.48 mmol)
were dissolved in 100 mL of water at 70°C, to achieve
concentrations of 20 mM, 20 mM, and 4.8 mM, respec-
tively. An aliquot (10 mL) of a freshly prepared aqueous
solution of N,H, (0.4 M, reduction agent) was rapidly
added to the metal solution under vigorous stirring
(~600 rpm). The mixture was then maintained at 70°C for
three hours under vigorous stirring. FePtCu NPs thus
prepared were rinsed several times with water until the
electric conductivity of metal ions in the supernatant was
less than 1 mS/m, and then finally rinsed several times with
pure ethanol.

To avoid complete aggregation of NPs, vigorous stirring
was very important at the injection of reduction agent into
the aqueous solution of metal salts. If the FePtCu NPs are
synthesized under gentle stirring, a macroscopic size of
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large aggregates is formed. Such large aggregates cannot
any disperse in the aqueous solution of peptides and
proteins, resulting in no use as the NPs for the affinity
studies.

Surface modification of FePtCu NPs with thiol sulfonate
compound The FePtCu NPs (100 mg) were re-suspended in
50 mL of ethanol by ultrasonic sonication for 10 min. An
aqueous solution of HS (CH,),SO5;Na (1 M, 5.6 mL) was
rapidly added to this solution under vigorous stirring
(~800 rpm) at room temperature. Next, water (10 mL)
was added to the solution and the mixture was then
maintained at room temperature for 24 h under vigorous
stirring. The sulfonate-modified FePtCu NPs [FePtCu-
SO;(—)] were rinsed several times with water until the
electric conductivity of metal ions in the supernatant was
less than 1 mS/m, then finally rinsed several times with
acetone and ethanol. FePtCu-SOz(—) NPs were dried to
obtain NPs powders. The FePtCu-SO; NPs powders were
stored at approximately —30°C in a freezer before use for
LDI-MS.

SALDI-MS LDI mass spectra were acquired in linear mode
on an AXIMA-CFR time-of-flight mass spectrometer
(Shimadzu/Kratos, Manchester, UK) with a pulsed nitrogen
laser (A=337 nm). One hundred laser shots were used to
acquire the mass spectra. The analyte ions were accelerated
at 20 kV under delayed extraction conditions. We do not
know the actual laser fluence value of the instrument,
although we do have the relative values, denoted by laser
power (LP). The peak intensities of analytes are denoted by
millivolts in mass spectra of Figs. 3, 4, 5, 6, and 8 in the
present paper. The two-layer sample preparation method
was employed for SALDI-MS with the FePtCu NPs: the
first step was spotting of the FePtCu NPs solution (1 pL,
2 mg/mL), prepared by dispersing FePtCu NPs in water
with ultrasonication for 5 min, onto a stainless steel plate,
followed by drying; the second step was typically deposition
of'a 1.0 uL sample solution on the plate. To use citrate buffer
as the proton source, the sample aqueous solution was mixed
with a citrate aqueous solution [triammonium citrate
(50 mM)/citric acid (100 mM), 3:1 (v/v)] for SALDI-MS
analysis.

Sample extraction with FePtCu-SO3(—) NPs and LDI-MS

Oligopeptides The pH values of stock aqueous solutions
(100 uM or 1 uM) of peptides were adjusted to achieve a
given pH value with HCl or ammonia water. A 100-uL
solution of FePtCu-SO5(—) NPs (2 mg/mL) was added to this
1 mL stock solution of peptides, and the mixture was
vortexed for 10 min. The peptide-bound NPs were separated

from the supernatant by centrifugation (~6,000 rpm) for
1 min or by using an external magnetic field for 10 minutes.
The peptide-bound NPs were further washed three times
with water, having the same pH as the extraction solution.
Finally, the 100-pL residue solution including 0.1% NBA
and peptide-bound NPs was analyzed by SALDI-time-of-
flight (TOF) MS.

Lysozyme in human serum Human serum containing Lyz
(10 uM and 1 uM) was prepared at pH 8. A 200-uL solution
of FePtCu-SO;3(—) (2 mg /mL) was added to the serum
solution (1 mL), and the mixture was vortexed for 60 min.
The Lyz-bound NPs were separated from the reaction
supernatant by centrifugation (~6000 rpm) for 1 min. Then,
100 pL of water were added to this residue (i.e., the
Lyz-bound NPs) followed by vortexing for 5 min. The Lyz-
bound NPs were further washed three times with water at pH
8. The 1-uL suspension of Lyz-bound NPs and 1 puL of
CHCA matrix (20 mg/mL, water/methanol mixture: 3:7)
were applied to the MALDI steel plate and dried at room
temperature. The Lyz bound to the NPs was analyzed by
MALDI-time-of-flight (TOF) MS with the CHCA matrix.
For comparison, human serum containing 10 uM of Lyz was
analyzed by MALDI-TOF MS without the above-described
sample extraction.

A schematic summary of these experimental procedures
is shown in Fig. 1.

FT-IR attenuated total reflectance (FT-IR-ATR)
spectroscopy

FT-IR-ATR spectroscopy was performed on a Jasco FT-IR
4200 spectrometer with an ATR attachment (ATR8100H)
equipped with a mercury-cadmium-telluride (MCT) detector.

Electron microscopy

SEM imaging and EDX analysis of the FePtCu were
carried out with a JEOL JSM-7401FNT at 15 kV. The TEM
was performed at the Institute of Neurology and Genetics,
Cyprus, on a JEOL-1010A instrument with an acceleration
voltage of 120 kV. Drops of the solutions were placed on
formvar-coated grids and were allowed to remain on these
grids for a few minutes to facilitate water evaporation. The
solutions were diluted with sufficient amounts of water
before being examined by TEM.

Results and discussion

Characterization of FePtCu NPs Figure 2 shows TEM and
SEM images of FePtCu NPs. The size distribution of the
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NPs was broad, ranging from 20 to 100 nm. The EDX
analysis indicated that the NPs consisted of three compo-
nents, Fe, Pt, and Cu, but that the chemical component
distribution of NPs is size-dependent (see supporting
information). The smaller NPs (~30 nm) have a Pt rich
component, while the large NPs (~100 nm) have a Fe-rich
component. Thus, the surfactant free FePtCu prepared in
this study was inhomogeneous in terms of chemical
components and size, but this inhomogeneity was not a
serious problem in using the NPs for performing SALDI. In
fact, the use of sodium dodecylsulfate (SDS) surfactant for
this method of synthesis produced FePtCu NPs with an
average size of about 20 nm and the chemical compositions
of these NPs were almost the same. However, the use of
SDS surfactant-capped FePtCu NPs as the SALDI matrix
was disadvantageous in terms of background noise, in the
low-mass region, from the surfactant (observations not
shown).

It should be noted that there is no direct evidence to
show that the individual nanoparticles are actually FePtCu
NPs. But we consider that the NPs are not simply a mixture
of individual Pt, Cu, and Fe NPs from the following
reasons.

1. FePtCu NPs prepared in this study were rinsed several
times with water. At that time, we separated the NPs
from the supernatant by an external magnetic field.
From this operation, individual Pt and Cu NPs without
magnetic property are not included in the NPs,
indicating that the NPs contains Fe component.

2. From the EDX analysis, the Cu component of the NPs
was almost the same, irrespective of the size of NPs
(supporting information). That is, all NPs have the Cu
component.

Fig. 1 Schematic of sample
extraction with FePtCu-SO;(—)
NPs and LDI-MS analysis

Affinity probe:
FePtCu-SOs(-)

3. The atom weight percent of individual Pt, Cu, and Fe
from the EDX for the SEM image (supporting
information) were 61.76, 16.41, and 21.83%, respec-
tively. In the conversion to the mole ratio, Pt (M=
195.1), Cu (M=63.55) and Fe (M=55.85) were roughly
estimated to be 0.32 (61.76/195.1), 0.26 (16.41/63.55),
and 0.39 (21.83/55.85), respectively. The result of
almost equal mole existence for these metals might
reflect that the NPs are actually FePtCu NPs, but the
ratio of individual metals depends on the size of NPs
from the EDX image.

FePtCu NPs had magnetic properties. Hence, the FePtCu
particles could be isolated from sample solutions using an
external magnetic field and could be used as concentrating
probes for the separation and purification of specific
analytes from sample solutions. It is noteworthy that in
place of FePt NPs, we used FePtCu NPs as the SALDI
matrix, because of the weak magnetic property of FePt NPs
with this preparation method.

Surface modification of FePtCu NPs with HS
(CH;),SO;Na was confirmed by absorbance from the
ethylene chain around 2,900 cm ™' and the sulfonate group
around 900 cm™ ' using FT-IR-ATR (data not shown).

SALDI performance using bare FePtCu NPs

Peptides and proteins Figure 3 displays the SALDI mass
spectrum of angiotensin I (500 fmol) obtained using bare
FePtCu NPs mixed with citrate buffer as the proton source.
The mass spectrum shows the protonated molecular ion of
angiotensin 1 at m/z 1,297. The detection limit of this
peptide was 5 fmol, which is compatible with the value

Complex formation between particles
and target molecules

FePtCu -SO3(-)
+)Targetmolecules
Ve (+)Targ

(+) Target molecules

in mixture
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Fig. 2 a TEM and b SEM
images of FePtCu NPs. The
distribution of NPs was broad,
ranging from 20 to 100 nm. The
bar in b is 1 mm

8

obtained using Fe,O3 NPs (~20 fmol) [27]. Small proteins
like insulin (500 fmol) can also be detected, but larger
proteins such as cytochrome C (500 fmol) were not
detectable using FePtCu NPs. In contrast to the Fe,O;
SALDI [27], a series of iron—analyte adducts was not
observed in the mass spectrum. The above results indicate
that FePtCu NPs can be used as a SALDI matrix.

It is worth mentioning that the only reason for the
multimetallic particles is not their magnetic properties. The
use of the multimetallic particles increases the SALDI
efficiency compared to the use of individual Pt, Cu, and Fe
nanoparticles as the follows: the SALDI-MS of using Cu
NPs could not detect angiotensin I [35]. In contrast, the use

Fig. 3 SALDI mass spectra of a

(a)

of the FePtCu NPs made it possible to detect the peptides
with the detection limit of 5 fmol. The SALDI-MS of using
the aggregates of spherical Pt NPs could not detect insulin
[14], in contrast to the detection of insulin using FePtCu.

Small molecules (<500 Da) Figure 4 shows the SALDI
mass spectra of two small drug molecules: (a) dextro-
methorphan hydrobromide (1 pmol) and (b) amitriptyline
hydrochloride (1 pmol). Compared to the MALDI mass
spectra obtained with the CHCA matrix, it is clear that the
matrix interferences are relatively low for the SALDI mass
spectra using FePtCu. As might be expected, the detection
of small salt ions is relatively easy with SALDI using

angiotensin I (500 fmol) and b o [M+H]*
insulin (500 fmol) using bare %Int. 813 mV elnt. 1297
FePtCu NPs mixed with citrate Kt . i 100
+

buffer as the proton source 39 [Citrate+K] 93 mV

100 231 50

>0 Mo 1300 1330 1360
1297
m/z
0 L R . N I\
200 400 600 800 1000 1200 1400
m/z
(b)
%Int. 31 mV
100
[M+H]* 3 mv
m

80 ] 5806

60 1

401

201

0 ] Ll AL Fne N
2500 3000 3500 4000 4500 5000 5500 6000 6500
m/z
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Fig. 4 MALDI mass spectra of

a dextromethorphan hydrobro- (a) %lnt. [M-CI]Jr 285
mide (1 pmol) and ¢ amitripty- 100 278
line hydrochloride (1 pmol). %lInt. 150mV + 279
SALDI mass spectra of b dex- 100 190 [M-Cl] 285 50
tromethorphan hydrobromide 278 40 mV
(1 pmol), and d amitriptyline 279 379 0
hydrochloride (1 pmol) using MALDI 50 274 278 282 286
bare FePtCu NPs l m/z
0 L " ) m O e . .
150 200 250 300 350 400
m/z
+
(b) %Int, MH2C
+ 100 276 vecr
%Int. 120mV [M-H2-CI] 120mV |, ¢
100 276 50 77mV
50 278 o
ALDI n “
S 0772727276 280 284
m/z
0 Ly | ||l .l ™ J.L' " . ;
150 200 250 300 350 400
m/z .
0
(©) fggt‘ [M—Br]+ 279
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100 190 M-Br]" s0| 98mV
272 285 }[
279 M "
MALDI i 0
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0 L | | d ny i
150 200 250 300 350 400
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o 270 [M-Br]®
100 50 272
A 279
A A ,\
SALDI 50 272 0 T266 270 274 278
m/z
0 . Ll
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m/z

FePtCu. However, detection of the proton adduct form of
oligopeptides was difficult using SALDI-MS with FePtCu
employing a typical proton source of TFA. Citrate buffer is
known to be an effective proton source for SALDI-MS of
peptides [27, 35-37], but the use of this buffer may be
unfavorable for SALDI-MS of small peptides due to the
appearance of strong molecular ion peaks of citrate in the
low-mass region. In this study, therefore, nonafluoro-1-
butanesulfonic acid (PFBS) was used as the proton source
in place of citrate buffer. Figure 5 shows the SALDI mass
spectra of GGH (100 pmol) obtained using different proton
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source agents, i.e., (a) TFA, (b) citrate buffer and (c) PFBS.
Using PFBS, the mass spectrum contains only the proton-
ated molecular ion of GGH at m/z 270, while the sodium or
potassium—analyte adduct ions become the dominant peaks
with the use of TFA. When using citrate buffer, the
protonated molecular ion of GGH appears in the mass
spectrum, but the sodium- and potassium-citrate adduct
ions also are quite apparent at m/z 215 and 231,
respectively. These results demonstrate that the addition of
PFBS can significantly reduce metal ion adducts and
thereby enhance the yield of the protonated molecular ion.
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Fig. 5 SALDI mass spectra of

"
GGH (100 pmol) using bare [M+K] 114
FePtCu NPs with different [M+Na]" 308
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Fig. 7 a SALDI mass spectra of

oligopeptide (1 pmol) mixtures (@) (b)
of DDDD, GGGG and GGYR at [GGYR+H] ! .
’ pH2.5 DDDD-+NaJ* :
different extraction solution pH [GGGGNal* 452 [50] Nal"l Feptcu-so, >< 8
values (2.5, 8, and 10). b The 269 °
schematic shows the net charges e DDDD @D > ©
in oligopeptides at different pH [GGYR+H]" 35,2 ‘
values - |3 ;
pH8  Detection of only GGYR 4524 6GGG e : e)
E o
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T Ppl
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Extraction of target molecules using FePtCu NPs
and detection by LDI-MS

Peptide mixtures FePtCu-SOz(—) NPs were prepared by
surface modification with HS(CH,),SO3;Na to extract the
target oligopeptide through complementary electrostatic
interactions. First, to confirm oligopeptide extraction
efficiency employing the electrostatic interaction, the
SALDI ion abundance of GGYR with an isoelectric point
(p]) of 9.4 was examined as a function of the extraction
solution pH. The ionization state of FePtCu-SO3(—) NPs is
essentially independent of the solution pH from 3 to 10
because of the strong electrolyte action of the sulfonate
group. At pH values of 4, 6, and 8, which are all below the
pl, the SALDI mass spectra of GGYR (500 fmol) showed
the ion signal of GGYR in the mass spectrum, whereas
there was no signal at pH 10 which is above the p/ (Fig. 6).

%Int. 33 mV

100
(a)
50
4000 6000 8000 10000 12000 14000
m/z
[M+2H]**
%Int. 33mV 7153
100
(b)
[M+3H]**
4769
>0 [M+H]*
14304
0 -
4000 6000 8000 10000 12000 14000
m/z

Fig. 8 MALDI mass spectra of Lyz a without separation (original
human plasma including 10 mM lysozyme) and b with separation and
enrichment of Lyz using FePtCu NPs
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This is because GGYR has a net positive charge at pH
values below the p/ and can be extracted efficiently with
negatively charged NPs. As we confirmed the oligopeptide
extraction efficiency employing the electrostatic interaction
using FePtCu-SOs(—) NPs, the ability of the NPs to
selectively extract oligopeptides from a mixture was studied
using a 1 uM oligopeptide mixture of DDDD (p/=3.2),
GGGG (p/=6.1), and GGYR (p/=9.4). Figure 7a shows the
SALDI mass spectra of the oligopeptide mixture of DDDD,
GGGG, and GGYR under different conditions of pH 2.5, 8,
and 10. With the strongly negatively charged NPs,
positively charged oligopeptides were detectable at pH
values below the p/. For example, at pH 8 only GGYR has
a net positive charge and thus the ion signal of GGYR
alone appeared in the mass spectrum, while there were no
signals of DDDD and GGGG which have a net negative
charge at pH 8.

Lysozyme in human serum As Lyz is a high-p/ enzyme that
hydrolyzes the polysaccharide walls of bacteria, it is widely
distributed in body tissues and secretions. Nevertheless,
Lyz is present in low concentrations in urine and serum.
Increased Lyz concentrations in urine and serum have been
recognized as being associated with leukemia [38], renal
diseases [39], and meningitis [40]. We therefore applied the
extraction approach using FePtCu-SO3(—) NPs to extract
Lyz (p/=11) from human serum. Human albumin is the
most abundant of proteins, and the suppression of albumin
binding to nanoparticles is hence important for selectively
detecting Lyz in human serum. FePtCu-SO;(—) NPs would
be expected to detect Lyz in human serum through an
electrostatic attraction between the positively charged Lyz
and the FePtCu-SO;(—) NPs, while there would be no
interaction with the negatively charged albumin in human
serum at pH 8. Figure 8 shows the MALDI mass spectra of
Lyz (a) before and (b) after extraction. Due to the presence
of numerous plasma components, Lyz in 10 uM Lyz-spiked
human plasma was barely detectable prior to affinity
extraction (Fig. 8a). Following the extraction employing
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FePtCu-SO3(-) NPs, the proton adduct Lyz around m/z
14304 for the single-proton adduct, as well as at m/z 7153
and 4769 for the multiple proton adducts, is prominent in
the MALDI spectrum (Fig. 8b). The Lyz from the 1 uM
Lyz-spiked human plasma was undetectable even after
affinity extraction (not shown). These results demonstrate
that FePtCu-SO5(—) NPs can serve as a useful matrix for the
selective detection of positively charged proteins in a
complex mixture.

Conclusion

We have demonstrated that sulfonate-modified FePtCu
nanoparticles (NPs) can be used as a SALDI matrix and
as affinity probes. The strongly negatively charged surfaces
of FePtCu NPs are capable of concentrating traces of
positively charged species from aqueous solutions. A given
oligopeptide from an oligopeptide mixture and lysozyme
from human serum can be enriched using sulfonate-
modified FePtCu NPs and directly analyzed by applying
LDI-MS. Bare FePtCu NPs can be modified with various
thiol-terminated molecules, via the formation of Pt-S or
Cu-S bonds, to serve as affinity probes. These surface-
modified FePtCu NPs are thus useful for LDI-MS
analysis. Employing surface-modified FePtCu NPs com-
bines rapid identification of analytes by SALDI-MS and
MALDI-MS, thereby providing a convenient, effective,
and specific bioassay for selectively trapping positively
charged analytes from a sample solution without the need
for an elution step.
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