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Abstract: In this work we demonstrate that analytes, covalently linked to a polymeric support through a
photolabile linker, can be directly analyzed by matrix-assisted laser desorption/ionization (MALDI). Mass
spectral analysis is performed in a single step requiring no pretreatment of the sample to induce cleavage from the
support. Our results show that the UV laser light in the MALDI experiment can be used to simultaneously
promote an analyte's photolytic cleavage from a solid support and its gas phase ionization for subsequent mass
spectral analysis. In this manner, MALDI facilitates the dissociation and identification of resin-bound analytes in
a single analytical procedure without the need for any prior chemical treatment. Copyright © 1996 Elsevier Science Ltd

Introduction

Mass spectrometry is playing an increasingly important role in the molecular characterization of
combinatorial libraries, natural products, and biopolymers!. The recent development of soft ionization techniques
such as matrix-assisted laser desorption/ionization (MALDI) and electrospray ionization (ESI) have significantly
extended the application of mass spectrometry to a wide variety of compounds previously inaccessible because of
their low volatility and thermal lability. Several reports2- have also shown that mass spectrometry can be very
useful in characterizing compounds from solid polymeric supports. These reports illustrated that compounds
covalently bound to a single polymeric bead (~50 pm in diameter) or set of beads were amenable to mass spectral
analysis subsequent to their chemical cleavage from the resin. Preliminary results’ in another report suggested
that MALDI could be used to analyze selected Fmoc-protected amino acids that were bound to a solid-phase resin
through a photolabile link. In this report we demonstrate that peptides covalently linked to a polymeric support
through a photolabile linker can be directly analyzed by MALDI mass spectrometry. We also show that the
technique is suitable for following chemical reactions on the solid phase.
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Scheme 1. Schematic representation of the products generated upon laser photolysis and MALDI ionization of a
peptide covalently attached to a solid phase resin through a photolabile a-methylphenacyl-ester linker.
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The approach outlined in Scheme 1 permits the characterization of resin-bound analytes in a single step
that requires no pretreatment of the sample to induce cleavage from the support. The MALDI technique facilitates
the vaporization and ionization of intact analytes by isolating analyte molecules in an appropriate matrix (usually a
small organic compound) and irradiating the sample/matrix mixture with a UV laser. Our primary goal in this
work was to determine if the MALDI experiment could be used to simultaneously promote an analyte's photolytic
cleavage from a solid support and its gas phase ionization for subsequent mass spectral analysis.

Materials and Methods

The peptide of sequence KPAFLKPQFLG was manually synthesized from protected amino acids in a
stepwise fashion using i situ neutralization/HBTU activation protocols for Boc chemistry8. The synthesis was
initiated on Br-Wang resin (obtained from Novabiochem, San Diego, CA) that consists of a brominated o-
methylphenacyl linker attached to a polystryrene-1% divinyl benzene support®10. The first amino acid was
activated as the Cs salt before it was coupled to the resin. During synthesis, the side chain amino groups of the
two lysine residues were protected using a base labile Fmoc group. Prior to mass spectral analysis, resin samples
were treated with 20% (v/v) piperdine in DMF in order to remove the Fmoc protecting groups, and then washed
with 50/50 (v/v) dichloromethane/methanol.

For MALDI analysis, ~1 mg of the deprotected peptide resin was added to 5 mL of ethanol. A 2 pL
ethanol/bead suspension containing ~50 beads was then deposited on the MALDI sample plate, prior to the
addition of 2 UL of a saturated ethanol solution of the matrix, a-cyano-4-hydroxycinnamic acid. Samples were
dried at room temperature and then analyzed on a PerSeptive Voyager Elite MALDI mass spectrometer or a
prototype Ciphergen Biosystems mass spectrometer. Both instruments were equipped with a nitrogen laser
which radiates at 337 nm.

It is important to note that our sample preparation involved the addition of 5 ml of ethanol to the resin-
bound peptide. When the peptide resin was resuspended in smaller volumes (0.01 - 1.0 mL) of solvent, we
detected free peptide in the MALDI analysis of the supernatent. Presumably, trace amounts of peptide (< 1 nmol
or < 1% of the resin bound material) were present as a result of photolytic cleavage by room light. In this work
we wanted to establish whether or not MALDI affects both the cleavage and ionization of resin-bound peptides.
Therefore, it was important to suspend the peptide resin in a large solvent volume (~5 mL) in order to sufficiently
dilute the residual free peptide in the sample to undetectable levels.

Results and Discussion

The results in Figure 1 show that MALDI analysis of the unprotected, resin-bound peptide yielded a
characteristic [M+H]* signal at m/z 1247 which is consistent with the expected mass of the free peptide (MW =
1245.5 Da). The mass spectrum shown in Figure 1A was acquired from over 30 laser pulses on a single bead
and the mass spectrum in Figure 1B was acquired from a single bead with one laser pulse (3 nanoseconds in
duration). The results in Figure 1B indicate that photolytic cleavage and ionization of material from the bead
occurred during the laser pulse, as this resin sample was not exposed to laser light prior to analysis. Using the
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visualization system on the Voyager Elite instrument, we were also able to irradiate very specific regions of the
sample. Peptide signal was only observed when individual matrix/bead deposits were irradiated on the sample
plate. No peptide signal was observed upon irradiation of matrix crystals not associated with resin beads,
suggesting that there was little or no free peptide in the sample prior to MALDI analysis. These same
observations were made even after repeated MALDI sample preparations on the same set of beads, indicating that
there was no appreciable cleavage of the peptide from the resin during our MALDI sample preparation. Also as
expected, in the absence of matrix analysis of the resin-bound peptide no signal was produced.
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Figure 1. The direct MALDI analysis of the unprotected peptide KPAFLKPQFLG (MW 1245.5 Da) covalently
attached to a polystyrene resin through a photolabile o-methylphenacyl-ester linker. The mass spectrum in (A)
was summed over 30 laser pulses acquired from a single bead and the spectrum in (B) was acquired from a
single laser pulse on a single bead. Both spectra were recorded in the positive-ion mode using a-cyano-4-
hydroxycinnamic acid as the matrix. A strong signal for the singly protonated peptide was detected in each case.

Treatment of the resin (before and after MALDI analysis) with 20% (v/v) hydrazine in methanol gave the
corresponding peptide hydrazide (MH* = 1261), as confirmed by MALDI and ESI mass spectrometry (data not
shown). Our ability to recover the peptide in a chemical cleavage step from resin samples subjected to MALDI
analysis indicates that the sample was not completely photolyzed in the MALDI experiment. This is not
surprising as only a small amount of material (< femtomoles) s typically consumed during MALDI analysis!!.

The rapid, one-step MALDI procedure for the direct analysis of resin-bound molecules described above is
ideally suited for studying chemical reactions on the solid phase. As a demonstration of the technique's utility, we
followed the time course of the coupling reaction of a Boc-Arg(Tos) residue (preactivated as the
hydroxybenzotriazole ester)8 to the protected 11 amino acid peptide described above. Interestingly, the Fmoc
protected peptide was not amenable to MALDI analysis. The absence of appropriate protonation sites in this
sample likely prevents ionization during the MALDI process. Therefore, prior to analysis, resin samples were
treated with 20% (v/v) piperdine in DMF in order to remove the Fmoc protecting groups. Resin samples taken at
0, 1, and 6 minute time points were subjected to MALDI analysis, the results of which are shown in Figure 2.
The data was generated using the Prototype Ciphergen Biosystems mass spectrometer with 3,5-Dimethoxy-4-
hydroxycinnamic acid as the matrix. Our results show that the reaction proceeded quickly and coupling appeared

nearly complete in just six minutes.
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Figure 2. MALDI mass spectra showing the time course of reaction, for the coupling of Boc-Arg(Tos) (MW =
428.5 Da) to the protected resin-bound peptide of sequence KPAFLKPQFLG. MALDI analysis was performed
directly on peptide-resin samples after deprotection of the lysine side chain amino groups. Resin samples were
taken after the reaction was allowed to proceed for (A) 0, (B) 1, and (C) 6 minutes.

The direct analysis of resin-bound molecules by MALDI has several important advantages over other
procedures which require an additional cleavage step prior to mass spectral characterization. Most importantly,
the procedure can be used to monitor chemical reactions on the solid phase in real time, in much the same way
that thin-layer chromatography is used to monitor reactions in solution. The capacity to perform MALDI directly
on the solid phase also provides for more efficient sample management since the resin-bound sample can be
easily recovered for subsequent manipulations following MALDI analysis. Analytes that are amenable to
MALDI ionization should prove suitable for routine analysis by this procedure. The use of ionization tags may
also facilitate the analysis of other compounds, such as protected peptides, that are not easily ionized.
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