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An Improved Method for Rapid Sequencing a phenylcarbamoyl group (N-capping). Repetition of the

of Support-Bound Peptides by Partial Edman partial Edman degradation reaction forcycles € is the

Degradation and Mass Spectrometry number of residues to be sequenced) results in a series of
sequence-related truncation products. Next, the treated beads

Michael C. Sweeney and Dehua Pei* are individually treated with CNBr to cleave the peptides

. ] ] ) off the resin and are analyzed by MALDI-TOF mass

Department of Ch_emlstry ano_l O_hlo State Biochemistry spectrometry.

Program, The Ohio State Upersity, 100 West 18th . . . .

Avenue, Columbus, Ohio 43210 At first glance, the Edman degradation/N-capping ratio
of 9:1 seemed to be caused by the 10:1 ratio of PITC/PIC,

Receied December 12, 2002 as originally employed by Chait et ¥ However, because

PIC is much more reactive toward nucleophiles than PITC,

Peptide libraries have found widespread applications in 3 much higher percentage of N-capping would have been
defining the substrate specificity of enzynteislentifying  expected during each cycle of degradation. We have found
specific ligands of protein modules or receptdtse design  that the reaction solvent, which typically contained 50%
of enzyme inhibitor$,and the development of new catalysts. pyridine in water, can dramatically affect the product ratio
Frequently, peptide libraries are synthesized and screenedhy competing with the N-terminal amine of peptides for
on the solid phase in the one-bead-one-peptide fotrfiats reaction with PIC and PITC. Thus, the amount of N-capping
results in a large number of positive beads that need to bejs dependent on not only the PITC/PIC ratio, but also a host
individually characterized, requiring a rapid and inexpensive of other factors, including the solvent composition, the nature
method for high-throughput sequencing of library derived and number of amines present in a peptide, and the reaction
peptides. Several methods have been used for this purposeemperature. Consequently, the optimal degradation condi-
including conventional Edman sequenchig?*“¢the use tjon, which should produce-510% N-capping at each cycle,
of encoding tag8, and tandem mass spectrometfgach  may differ from one peptide to another, or for the same
of these methods has some disadvantdgesnpromising  peptide, from one position to the next. Failure to obtain the
their utility in the routine high-throughput sequencing of optimal degradation condition results in either too much
library-derived peptides. Werecently reported a partial  N-capping, thus, the absence of low-molecular-weight frag-
Edman degradation method that converts a support-boundments, or too little N-capping and the absence of high-
peptide into a series of sequence-related truncation productsnolecular-weight species. To arrive at the optimal conditions,
(a peptide ladder) by repeated treatment of the support-boundytiple trials have to be conducted with different PITC/
peptide with a 10:1 mixture of phenyl isothiocyanate (PITC) p|c ratios as well as solvent compositions. Once the optimal
and phenyl isocyanate (PIC).Subsequent analysis of the  congitions are found, a success rate 080% has been
peptide ladder by matrix-assisted laser desorption ionization 5:hieved within the same batch of beads (usually B0
mass spectrometry (MALDI-MS) reveals the sequence of the yaads are degraded in one polowever, when applied to
original peptide. This method is rapid, sensitive, and g gifferent batch of beads from the same library, these
inexpensive. However, during the subsequent application Of“optimal” conditions may fail to produce MS spectra of

this method to other peptide libraries, we and others have gygficient quality for unambiguous sequence determination.
frequently experienced low success rates in obtaining the To improve the reliability of the technique, we reasoned

full-length sequences. We have since undertaken a systematii;h . : :
. . - at a better capping agent must be found. An ideal cappin
study of the method with the intent of finding better reagents. agent should the ?hegfollowing properties. First, it shlc())[l)JIdg

and reaction conditions to increase the success rate. Here'r}eact only with the N-terminal amine of peptides but not
we report an improved method that has resulted from this with the solvent (e.g., pyridine or water). Second, it should
Stul(:]yihe original method. positive beads selected from a not react with any amino acid side chains, or if it does, it

: 1gin; P should result in complete modification of that side chain.
combinatorial .Ilbrary (typically 5.9100 beads) are pOOIGC.j Finally, it should have a reactivity toward peptidylamines
anq t.reated W_'th a 10:1 (viv) mlxturg of PITC an-d PIC N that is similar to that of PITC. With such a capping agent,
pyridine/water; both reager_lts react with the.N—termmaI amine . stion of N-capping should generally be determined
of the support-bound peptides. After washing to remove the y the ratio of PITC and the capping agent. Among the many
excess reagents, the beads are treated with trifluoroacetic aCickrPeagents that have been tested. we foun dI:thIay droxysuc-
(TFA). For~90% of the peptides that react with PITC, TFA cinimidyl benzoate (Bz-NHS) ,meets most of the above
treatment results in the cleavage of the N-terminal amino

acid (Edman degradation). For the othet0% peptides that requirements. At near neutral pH, NHS esters react readily

: . : . with free amines at a rate comparable to PITC, but only
react with PIC, no cleavage is possible under the conditions . ; . e
used, and these peptides become permanently N-blocked b}§Iowly with water, and no side chain modifications were
' detected, with the exception of lysine. Last, the molecular
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Figure 1. Sequencing of support-bound peptides by partial Edman degradation and mass spectrometry. (A) Reactions involved in partial
Edman degradation. (a) 3:2 PITC/Bz-NHS in 4:1 pyridine/water; (b) TFA. Bz, benzoyl. (B) MALDI mass spectrum of a peptide and its
truncation products obtained with 7% of the material from a singlei@8®ead. The sequence of the unknown peptide issNHEILNBBRM.

M, methionine prior to CNBr cleavage and homoserine lactone after CNBr cleavage.

respectively) capping agents to produce characteristic dou-a result of the addition of encoding tags during the synthesis
blets used to distinguish the degenerate amino acids (videof Leu and NIe’> On the basis of the mass differences

infra). between adjacent peaks in the ladder, the rest of the sequence
The modified method was first applied to sequence a was determined as Glu, lle, Leu, and Asn, respectively.
peptide library containing four randomized positiongNH To test the reliability of the modified method, we

XXXXLNBBRM-resin (X = norleucine or any of the 18 performed the same degradation reactions on five batches
o-amino acids, except for cysteine and methionine=B  of beads from the above library in five separate experiments
p-alanine), synthesized on TentaGel SNHsin (130um) (~50 beads in each batch). Unambiguous sequences were
by the split-synthesis methdé Partial Edman degradation  obtained for>92% of the beads in each batch, and the overall
reactions were typically carried out witk50 beads in a  success rate was 95% (Table 1). For the 5% of the beads
manner similar to that described above, except that thethat did not yield complete sequences, some had spectra
reagents contained a 3:2 (mol/mol) mixture of PITC and Bz- devoid of any significant signals. This suggests that the cause
NHS dissolved in 4:1 (v/v) pyridine/water. Repetition of the of failure was likely due to poor ionization during the
degradation/capping procedure for six additional cycles automated MALDI analysis or failure during library syn-
permitted the sequence determination of the four randomizedthesis. Indeed, we were able to reanalyze many of the beads
residues as well as the first two defined residues, Leu-Asnto obtain complete sequences (in the case of failed ioniza-
(Figure 1a). Since each bead carried a unique full-length tion). In another experiment, the new method was applied
peptide and six truncation products, MALDI analysis of the to sequence a phosphotyrosine (pY)-containing peptide
cleavage mixture generated a peptide ladder containing sevettibrary, HoN-XXpYXXXLNBBRM-resin. Out of the 24
individual peaks. Figure 1b shows a typical MALDI spec- beads analyzed by MALDI MS, 18 (75%) produced high-
trum, obtained with 7% of the peptide mixture isolated from quality spectra and complete sequences for the six-residue
a single resin bead. The protonated full-length peptide gaverandomized region. The incomplete spectra of the six
a peak atm/z 1201.03. The truncation products produced remaining peptides missed part or all of the pY-containing
four peaks at/z 1086.95, 973.84, 844.76, 731.63, 618.51, fragments, likely because of the lower ionization efficiency
and 504.42. The mass difference between the full-length of pY peptides in the positive ion mode. We later found by
peptide and the first truncation productVg 1086.95) is serendipity that the use of a nicotinoyl group (instead of
114.08, indicating that the N-terminal residue of the peptide benzoyl) can significantly improve the quality of the MALDI

is Asn. Likewise, the mass difference between the first and MS spectra. For yet unknown reasons, the N-terminally
second truncation products is 113.11, which is the residue nicotinoylated peptides produced much “cleaner” spectra and
weight of Leu, lle, or Nle. The absence of a second peak higher signal-to-noise ratio. Thus, by performing partial
near them/z 973.84 peak indicates that the penultimate Edman degradation witN-hydroxysuccinimidyl nicotinate
residue must be lle, because Leu and Nle would appear agNic-NHS) in place of Bz-NHS, we were able to increase
doublets separated by5 or +9 mass units, respectively, as the signal-to-noise ratio of the pY-containing fragments in
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Table 1. Success Rate for Sequencing Support-Bound Peptides by Partial Edman Degradation

peptide library trial

no. of beads analyzed by MS

no. of complete sequences obtained (%)

HoN-XXXXLNBBRM-resin 1a 48 44 (923
2 45 42 (93)
3@ 46 46 (1009
42 48 45 (94%
52 48 46 (96
HoN-XXpYXXXLNBBRM-resin 62 24 18 (75)
7° 24 22 (92)
aBz-NHS was used as the capping agémlic-NHS was used as the capping agér@omplete sequences for the four-residue randomized
region only.
A 2
786.32
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94.0 73028
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Figure 2. MALDI MS spectra of the peptide ladders derived from proline- (A) and tryptophan-containing peptides (B). In spectrum A,
instead of a single peak a¥z 715, proline produces a group of four peaks at 94, 112, 126, 128 mass units fronfiztb&8 peak. In
spectrum B, tryptophan produces three peaks at 183, 199, and 215 mass units fndmnBik peak, instead of the expect peakét 967.

the MALDI spectra and, consequently, the sequencing conditions to test the scalability of the method. Similar
success rate to 92% (Table 1). Finally, we performed success rates>00%) were obtained in each case. All
degradation reactions with a reduced (10) or an increasedtogether, we have used the new reagents to sequence nearly

number of beads~100) in the vessel under identical

a dozen batches of beads‘5300 beads total) and have
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succeeded in every batch. These results demonstrate that thReferences and Notes

modified method is highly reliable for sequencing anywhere
from a few to a few hundred beads each time.

It is worth noting that proline- or tryptophan-containing
peptides produce some unusual features in the spectra. When
the degradation reached the proline or tryptophan, the
corresponding N-acylated peptide/z 97 and 186 from the
previous peak, respectively) was rarely observed. Instead,
they each produced a unique set of peaks. With Bz-NHS as
the capping agent, a proline always produced a group of four
peaks atm/z 94, 112, 126, and 128 from the previous peak
in the spectrum; whereas a tryptophan gave three peaks at
199, 215, and 233 mass units from the previous peak (Figure
2). To ascertain that the observed patterns were caused by
the prolines and tryptophans in the sequences, we synthesized
peptides DFWYLNBBRM and FRAPLNBBRM individually
and subjected them to the same degradation procedure. The
same distinct patterns were observed. In the case of prolyl
residues, thet+128 peak appears to be the uncyclized
N-phenylthiourea formed between PITC and tigrolyl
peptide [136 (PITC) 97 (proline)— 105 (benzoyl= 128
Da]. The other species of the lower masses are likely the
degradation products of the thiourea (e.g., substitution of
sulfur by oxygen or loss of water). The peaks associated with
tryptophan residues are likely formed by a similar mecha-
nism. Further experiments are necessary to firmly establish
the identity of the species and the mechanism of their
formation. However, their presence in the spectra is easily
identifiable and, thus, does not affect the sequence determi-
nation. Another residue that was frequently modified is
lysine. In most peptides, the lysine side chain was partially
or completely acylated by a benzoyl (when Bz-NHS was
the capping agent) or nicotinoyl group (when Nic-NHS was
the capping agent). This resulted in a peak at 232 (benzoyl)
or 233 mass units (nicotinoyl) from the previous peak in the
spectra. Again, the side chain modification does not adversely
affect sequence determination. Rather, it is quite helpful in
differentiating Lys from GIn, which have the same nominal
mass.

In conclusion, the NHS esters (Nic-NHS, in particular)
are superior to PIC as capping agents for partial Edman
degradation. This provides a highly reliable, sensitive,
inexpensive, and rapid method for sequencing support-bound
peptides derived from combinatorial libraries. We expect this
sequencing strategy to become the method of choice in the
sequence determination of combinatorial peptide libraries in
the future.
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