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This report describes the first use of size-selected gold nano- (A) Nominal diameter: 2 nm

Sauter mean diameter: 2,65 nm

particles (AUNPs) as low concentration (1 AuNP tox110"—1(° 0.4~

analyte molecules) and selective matrixes for the ionization of 03
biomolecules, in contrast with measurements of ions and clusters 023

formed by laser desorption/ionization (LDI) of AuNMNanopar- =

ticles and, in particular, AUNPs have found wide application in 5015

_chenjlcal blqlogy (e.g., |r_nmunocyt0_chem|cal proheand emerg- (B) Nominal dameter: 5 um 2 0 A —————
ing biochemical applications for NP include catalysts for biological Sauter mean diameter: 4.46 nm 204-

reactions’ drug encapsulation/targetiigggregation assaysun- = o

able quantum labefsmultiplex encoded quantum taggehtsjrface 037 .
enhanced Raman spectrosc8@mnd analyte concentration prior to 0.2+

mass spectrometry (MS)which are now collectively termed 0.1
nanobiotechnologi? MS applications of metal NPs date back to o

Tanaka, who demonstrated LDI of intact proteins and protein 300 400 500 60D 700 800
aggregates by suspending Co particle8@ nm), which serve as avelength (nm)

; . ; oM Figure 1. TEM images (left) and UV (250800 nm) solution-phase
reser;{o'lés for phztop ngﬂygap?ssmog’ é? glycb etal azd absorption spectra (right) of (A) 2-nm and (B) 5-nm AuNPs. The surface
metalloid (e.g., Ad J IN,™ an ) S_u strates offer ~ plasmon resonance band designated by “*” is observed in spectra of all
advantages over organic compounds as matrixes for LDI-MS in particles>3 nm.

terms of sample preparation and flexibility in the sample deposition
conditions (e.g., pH, solvents, etc.). Further, the NP size distributionsAuNp) to no peptide ions observed using 10-nm AuNP. The
used to date (i.e~10 nm to>2 um) appear to perform as LDl apyndances of higher-order Au-clusters increase as AuNP size
matrixes independent of irradiation wavelength (near-UV to near- increases (i.e., 16 5 > 2 nm). In general, spot-to-spot precision
IR), although in all cases, NP sizes are greater than that expectedys <100 RSD in signal intensity across the deposited material
to exhibit quantum effects as described below. is observed with limits of detection ca. 100 fmol of peptide
We examined the utility of AUNPs using size distributions of 2,  geposited.
5, and 10 nm. Transmission electron micrographs (TEM) of 2-and  prior studies using metal and metalloid substrates have utilized
5-nm AuNPs (Figure 1, data for 10 nm not shown) suggest that materials exhibiting macroscopic properties of the bulk mat&riaf.
the AuNPs are spherical with Sauter mean diameters of 2.65 andgnergy transfer from the substrate to the analyte likely occurs via
4.46 nm, respectively, which correspond to ca. 250 and 3860 Au g thermally driven process, similar to the mechanism proposed by
atoms/NP7 Using AuNPs as LDI matrixes we have successfully Tanakal! and abundant Au-cluster ions in the spectra of 5- and
ionized a number of peptide systems and small proteins (e.g., bovine10-nm AuNPs are consistent with this idea. For all size distributions
insulin, M; = 5733.6 Da) including posttranslationally modified  ytilized here, the calculated heat diffusion lengli() is ~3 orders
peptides (e.g., phosphorylated). Because our proteomics researclyf magnitude (ca. 1.48m) longer than the NP diameter, thus the
uses almost exclusively “bottom-up proteomics”, we have not entire NP volume effectively achieves the same temperature and
optimized for large proteins. The absorption spectra of the AUNPs the corresponding change in surface temperatiés >1 x 10¢
contain a broad band from the visible into the ultraviolet, and the K.20 However, this explanation does not account for the different
characteristic SPR band (owing to coherent oscillation of the AUNP jon yields from 2-nm AuNPs. With decreasing size, the AuNPs
conduction band) appears at ca. 522 nm. For the 2-nm particles,begin to exhibit meso- and microscopic properties, which exhibit
the absence of the SPR band is predicted, owing to the onset ofquantum confinement effects and are thus termed quantum dots
quantum size effects observed for NP~3 nm?8 (QDs)2! For 2-nm AuNPs it appears that energy transfer involves
When co-deposited with peptides, both positive- and negative- electronic excitatiod? and analyte ionization is a result of such
mode MALDI (337 nm) is observed for all three size distributions  processes.
(Figure 2)!° In the positive ion spectra [M- H]*, [M + NaJ*, AuNP matrixes also afford selectivity which is not observed using
and [M + K]* are observed, as well as peaks corresponding to organic matrixes. For example, the preferential ionization of phos-
Au-cluster species (e.g., At Aus*), where the relative abundance  photyrosine (pTyr)- over phosphoserine (pSer)- or phosphothreonine
of peptide to Au ions ranges from 1.1:1 (2-nm AuNP) to 0.7:1 (pThr)-containing peptides. Phosphotyrosine is important for many
(10-nm AuNP). The abundance of [M H]~ ion signals increase  cell regulatory functions, but pTyr analysis is challenging owing
as the AuNP size decreases (i.e., 2 arb nm> 10 nm), ranging to the low abundance of phosphorylation at Ty0(5%) relative
from a relative abundance of peptide to Au ions of 0.4:1 (2-nm to that at Ser and Thr. Thus, the development of selective method-
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Figure 2. MALDI-TOFMS mass spectra of substance P (RPKPQQFFGLM;NW = 1347.64 Da) obtained by using AuNPs: (A) 2 nm, (B) 5 nm, and
(C) 10 nm (337 nm, energies of ca. 120 and 180pulse? for positive and negative mode MALDI, respectively). AUNP/peptide molar ratio ranged from

1:1 x 107—10°.

ologies for determining pTyr in a background of pSer and pThris gaferences

the subject of much recent wofk By using AUNPs as matrixes
for an equimolar ratio of phosphopeptides (i.e., LKRApYLG-NH
LRRApPSLG, and LKRApTLG-NH), only ions corresponding to
LKRAPYLG-NH, viz. [M +H — PQ;] ™, [M + H] ™, and cationized
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species are observed, whereas high-abundance ions for pSer and ~ E. Proc. Natl. Acad. Sci. U.S.2002 99, 12617.

pThr species only result when they are analyzed separately. We
are performing additional studies to understand the molecular
interaction responsible pTyr selectivity but presently rationalize this

as catior-zr interactions akin to those observed between AuNPs

and aromatic molecule4.

In comparison with conventional UV MALDI using organic
matrixes?®> the molar matrix-to-analyte (M/A) ratio for AuNP
MALDI is ca. 1 NP/1x 10’—1(° analyte molecules vs & 10°—
10P/analyte molecule. The observed M/A suggest a highly efficient
ionization process for AUNPs whereby AuNPs may possess the
capacity for ionization of more than one analyte per laser pulse, or
the potential for regeneration to a matrix-“active” state between
laser pulses. This apparent inversion in the optimum M/A ratio also
corroborates results recently obtained from samples (peptide film
and tissue) implanted with massive gold clusters (i.e.4ofW.28

The use of QDs as matrixes for biological MS opens several
exciting avenues for defining new experimental constructs in life
sciences research: (i) conjugated QDs to elicit analyte selectivity
prior to MS analysidwith inherent matrix capabilities, (ii) in vivo
introduction of QDs via receptor-mediated endocycdsisr
phospholipid micelle® followed by “tagless” imaging-mode MS,
(iii) immobilized QDs as biomolecular arrays followed by SPR and
MS readout, and (iv) tailoring the optoelectronic properties of NPs
or QDs for specific MS applications by changing size, shape,
composition, or derivatizatiot?® Importantly, the enhanced matrix
ionization efficiency of AUNP over organic matrixes (indicated by
a reduction in M/A ratios of 1814 decades) provides a means for
matrix incorporation (with potential selectivity) without adulteration
of the sample or toxicity for in vivo experiments.
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