








extracellular side of TM 1, where the molecular electrostatic
potential is positive due to the FPR2-specific Arg261.32 (Fig.
6C). Therefore, formyl peptides of different lengths can
interact with different structural features of a receptor.
Some of these features, including the negatively charged Asp-
2817.32, are found in FPR2, whereas others including the salt
bridge between TM 2 and TM 7 are present only in FPR1. It
should be pointed out that the salt bridge is important for high
affinity interaction of formyl peptides with a receptor, as evi-
denced by the generally higher potency of all tested peptides at
FPR1 compared with FPR2. Evidence supporting this notion
also came from the observation that the D2817.32G mutation of
FPR2 failed to restore the potency of fMLF and fMLFE to the

level in FPR1. Thus, the salt bridge between TM 2 and TM 7 is
indispensable for a strong interaction with fMLF, fMLFE, and
other formyl peptides. The sequence of the mouse formyl pep-
tide receptors, mouse Fpr1 and Fpr2, resembles that of human
FPR2 in that they lack the salt bridge between TM 2 and TM
7. This is the probable reason for their low affinity binding to
most of the formyl peptides tested, as compared with human
FPR1 (15).

In summary, we have shown that selected formyl peptides
from L. monocytogenes and S. aureus, which share certain
C-terminal features such as one or two additional amino acids
beyond the tripeptide fMLF and a positive charge, are potent
agonists for FPR2. In addition, we have found that FPR1 and
FPR2 interact with these peptides quite differently, and a neg-
atively charged region in the binding pocket in FPR2 as well as
the salt bridge between its TM 2 and TM 7 provide explanations
to the difference. Further structural analysis is expected to
delineate the mechanisms by which FPR2 interacts with various

FIGURE 8. Substitution of Asp-2817.32 to Gly differentially affects the
potency of formyl peptides of different length and terminal charges. The
dose-response curves of wild type FPR2 and the mutant D2817.32G are shown,
respectively. Dark lines represent the dose curves of wild type FPR2, and gray
lines represent the curves of the D2817.32G mutant. The dose curves were
based on peak Ca2� mobilization at the indicated agonist concentrations and
are shown as the means � S.E. based on three separate experiments.

FIGURE 9. Effects of length and terminal charges of formyl peptides on
cAMP accumulation. In the presence of 10 � M forskolin, formyl peptides
including fMLF (A), fMLFE (B), fMLFK (C), fMLFW (D), fMLFII (E), fMLFIK (F), fMIFL
(G), and fMIVIL (H) at different concentrations were incubated with RBL-2H3
cells expressing wild type FPR2 and D2817.32G, respectively. The dose curves
for formyl peptides are shown as the means � S.E. of cAMP concentrations
detected at 450 nm after 30 min of incubation at 37 °C, calculated from cAMP
standard curves (not shown). Three separate experiments were conducted in
duplicate, and standard curves were generated for each set of samples.
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agonists in the forms of monomers and dimers, as shown in a
recent report (37). The new information will expand our under-
standing of the FPRs as modulators of both proinflammatory
and anti-inflammatory functions.

Acknowledgment—We thank Dr. Masakatsu Nanamori for helpful
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