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(57) ABSTRACT

Particular aspects provide novel protein interaction reporter
(PIR) compounds (e.g., formulas I and II), comprising at
least two protein reactive moieties (e.g., N-hydroxysuccina-
mide), each linked to a reporter moiety (e.g., mass reporter)
by a covalent labile bond that is differentially cleavable with
respect to peptide bonds (e.g., by a method such as colli-
sional activation in a mass spectrometer, activation by
electron capture dissociation (ECD), photoactivation, etc.),
wherein the reporter moiety is operatively releasable from
the PIR agent upon cleavage of the labile bonds, the released
reporter moiety having a characteristic identifying property
or label (e.g., m/z value). Particular PIRs comprise a mass
reporter moiety, and further comprise an affinity group, (e.g.,
biotin), linked to the PIR (e.g., to the mass reporter moiety)
by a selectively cleavable bone (e.g. photo-labile bond)).
Additional aspects provide methods for characterizing inter-
molecular or intramolecular protein interactions using one or
more inventive PIR compounds.
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PROTEIN INTERACTION REPORTER AGENTS
AND METHODS FOR USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Provisional Patent Application Ser. No. 60/629,396,
filed 18 Nov. 2004 and entitled CHEMICAL CROSS-
LINKERS, METHODS OF USING CHEMICAL CROSS-
LINKERS, AND METHODS FOR STUDYING PRO-
TEIN-PROTEIN INTERACTIONS, which is incorporated
by reference herein in its entirety.

STATEMENT REGARDING
FEDERALLY-SPONSORED RESEARCH

[0002] This work was supported by U.S. Department of
Energy Grant No. DE-FG02-04ER63924, and NIH grant
No. S10 RR017805-01. The United States has certain rights
in this invention, pursuant to 35 U.S.C. § 202(c)(6).

FIELD OF THE INVENTION

[0003] Particular aspects relate generally to protein or
polypeptide cross-linking and methods for studying same,
and more particularly to novel, substantially useful cross-
linking compounds and methods for using same.

BACKGROUND

[0004] Many cellular functions are carried out through
large multi-protein complexes, rather than individual pro-
teins. The systematic mapping of proteome-wide protein
interactions to produce a comprehensive network of protein-
protein interactions, or ‘interactome,’ is thus essential for
understanding processes in biological systems. However,
characterization of protein interactions is challenging
because most protein interactions are transient, and many are
unstable. In addition, multi-protein complexes possess no
common factors or physical properties that can be used as an
analytical handle.

[0005] Nonetheless, numerous efforts have been under-
taken to profile large-scale protein interaction networks
within a given cell, as the study of protein-protein interac-
tions is a critical component in systems biology research
directed at characterizing complex network interactions and
behavior to better enable comprehension of protein function.
Two popular methods to study protein-protein interactions
are: (i) the yeast two-hybrid system, which is a genetic
approach; and (ii) the use of protein cross-linking in com-
bination with mass spectrometry (MS) to analyze purified
protein complexes as well as their topological structures.
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[0006] Protein cross-linking approaches can, at least in
principal, not only identify what proteins interact within a
complex, but can also pinpoint where proteins interact.
However, despite much interest in profiling protein-protein
interactions using cross-linking strategies and the availabil-
ity of many commercial cross-linkers, (see, e.g., Pierce
Chemicals, Double-Agents Cross-Linking Guide, 1999) few
reports have illustrated progress in application/implementa-
tion of cross-linker approaches on a proteome-wide scale.
This limitation is primarily due to inherent complexity in
cross-linking reaction mixtures, which include large
amounts of undesirable or unexpected products (see, e.g.,
Swaim, C. L. et al., J Am Soc Mass Spectrom 15:736-749,
2004), in addition to 1:1 linkage of interacting proteins.
Moreover, the challenge of interpreting cross-linking
approach results derives not only from the complexity of
cross-linking reaction and digestion mixtures, but also from
the complexity of MS/MS mass spectra—typically used for
investigation of cross-linked peptides.

[0007] Therefore, there is a pronounced need in the art for
novel cross-linking agents, and methods for using such
agents, to simplify the identification and characterization of
cross-linked proteins and peptides and thus facilitate the
viability and utility of mass spectrometry for effective
‘interactome’ characterization.

SUMMARY

[0008] Particular aspects provide novel multivalent pro-
tein interaction reporter (PIR) compounds, and methods for
using same (e.g., mass spectrometry-based methods, etc., as
described in the working examples herein).

[0009] Additional aspects provide novel protein interac-
tion reporter (PIR) compounds having formulas I or II:
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where R1, R2, W, X, Y, Z and U are as defined herein below.

[0010] The inventive PIR compounds comprise at least
two protein reactive moieties (e.g., N-hydroxysuccinamide),
each linked to a reporter moiety (e.g., mass reporter) by a
covalent labile bond that is differentially cleavable with
respect to peptide bonds (e.g., by a method such as colli-
sional activation in a mass spectrometer, activation by
electron capture dissociation (ECD), photoactivation, etc.),
wherein the reporter moiety is operatively releasable from
the PIR agent upon cleavage of the labile bonds, the released
reporter moiety having a characteristic identifying property
or label (e.g., m/z value). Particular PIRs comprise a mass
reporter moiety, and further comprise an affinity group, (e.g.,
biotin), linked to the PIR (e.g., to the mass reporter moiety)
by a selectively cleavable bone (e.g. photo-labile bond)).

[0011] Additional aspects provide a method of character-
izing intermolecular or intramolecular protein interactions,
comprising: obtaining a sample comprising at least one
protein; contacting the at least one protein with at least one
multivalent protein interaction reporter (PIR) compound,
under conditions suitable for cross-linking to provide a
cross-linked protein sample, wherein the PIR compound
comprises at least two protein reactive moieties, each bound
to a shared characteristic reporter moiety by a covalent labile
bond, wherein the labile bonds can be differentially cleaved
with respect to peptide bonds, wherein the reporter moiety
is operatively releasable from the PIR agent upon differen-
tial cleavage of the labile bonds to provide for a character-
istic released reporter moiety; differentially cleaving the
labile bonds to provide for a released reporter moiety; and
subjecting the cleaved products to an analysis suitable to
distinguish the cleavage products by virtue of being the
reporter moiety or by inclusion of a protein reactive moiety
or portion thereof, wherein characterizing intermolecular or
intramolecular protein interaction or structure is, at least in
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part, afforded. In particular aspects, the method of further
comprises digesting, prior to differential bond cleavage, the
cross-linked protein sample with at least one protease.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 shows a conceptual modular design of
novel cross-linkers in accordance with particular aspects of
the present invention.

[0013] FIG. 2 shows an exemplary inventive cross-linker
structure and representative reaction scheme. The dashed
lines indicate labile bonds cleavable by low energy MS/MS,
where cleavage of both labile bonds leads to the production
of a characteristic reporter ion (e.g., at m/z 711). If one end
of the cross-linker is hydrolyzed and then the labile bond on
the other end is cleaved, a reporter ion at m/z 828 is
generated.

[0014] FIG. 3A shows an ESI mass spectrum of an
inventive protein interaction reporter (PIR) cross-linker,
acquired using low capillary exit voltage at 110 v. Most
cross-linker remains intact as shown at m/z 1139.6.

[0015] FIG. 3B shows an ESI mass spectrum of a PIR
cross-linker, acquired using high capillary exit voltage at
200 V. The cross-linker is fragmented by capillary exit and
skimmer dissociation. Peaks, corresponding to reporter ions
at m/z 828 and 711, were generated from the preferred
cleavage of the labile bonds as indicated in FIG. 2.

[0016] FIG. 4 shows SDS-PAGE analysis of cross-linking
reaction mixtures with molar ratios of RNase S to cross-
linker of 1:100 and 1:50, and cross-linking reaction times of
15, 30, 60, and 120 minutes. RNase S with no cross-linker
was used as control.

[0017] FIG. 5A shows the base peak chromatogram of a
Nano-LC/MS/MS analysis of a tryptic digest of cross-linked
RNase S complex in accordance with particular inventive
aspects. Data was filtered to include MS scan only.

[0018] FIG. 5B shows Nano-LC/MS/MS analysis of a
tryptic digest of cross-linked RNase S complex, in accor-
dance with particular inventive aspects. This panel shows an
EIC of ions at m/z 828.3. Data was filtered to include
MS/MS scan only.

[0019] FIG. 5C shows a Nano-LC/MS/MS of tryptic
digest of cross-linked RNase S complex in accordance with
particular inventive aspects. This panel shows an EIC of'ions
at m/z 711.3. Data was filtered to include only MS/MS scan.

[0020] FIG. 6 shows a specific fragmentation pattern that
distinguishes, in accordance with particular inventive
aspects, between and among dead-end, intra-, and inter-
cross-linked peptides.

[0021] FIG. 7A shows a mass spectrum of inter-cross-
linked peptides (K; and NLTKDR (SEQ ID NO:1)) from
RNase S complex in accordance with particular inventive
aspects. This panel shows MS/MS spectrum of the ions at
m/z 900.92+(labeled with a diamond). The structure of the
spacer chain in the cross-linker is fully drawn. The most
intense peaks were generated from favorable cleavage of
labile bonds as indicated in figure.

[0022] FIG. 7B shows a mass spectrum of inter-cross-
linked peptides from RNase S complex in accordance with








































































