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As natural chemokine inhibitors, evasin proteins produced in tick
saliva are potential therapeutic agents for numerous inflammatory
diseases. Engineering evasins to block the desired chemokines and
avoid off-target side effects requires structural understanding of
their target selectivity. Structures of the class A evasin EVA-P974
bound to human CC chemokine ligands 7 and 17 (CCL7 and CCL17)
and to a CCL8-CCL7 chimera reveal that the specificity of class A
evasins for chemokines of the CC subfamily is defined by con-
served, rigid backbone–backbone interactions, whereas the prefer-
ence for a subset of CC chemokines is controlled by side-chain
interactions at four hotspots in flexible structural elements. Hot-
spot mutations alter target preference, enabling inhibition of
selected chemokines. The structure of an engineered EVA-P974
bound to CCL2 reveals an underlying molecular mechanism of
EVA-P974 target preference. These results provide a structure-
based framework for engineering evasins as targeted antiinflam-
matory therapeutics.
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While some proteins exhibit absolute specificity for a unique
binding partner, many others display “multispecificity,”

whereby they interact with several, but not all, members of a
partner protein family (1, 2). Understanding how proteins
achieve such selectivity provides a basis for rational engineering
to regulate alternative targets. In this study, we investigated the
structural basis for multispecific recognition of human proinflam-
matory chemokines by tick evasin proteins.

Chemokines are the master regulators of leukocyte-trafficking,
the unifying feature of immune homeostasis and all inflammatory
diseases (3). Chemokines stimulate leukocyte migration via acti-
vation of chemokine receptors, G protein–coupled receptors
expressed on the surfaces of leukocytes. Chemokines are classi-
fied into two major families (CCL and CXCL) and two minor
families (XCL and CX3CL) based on the arrangement of con-
served cysteine residues near the N termini of their amino acid
sequences. Chemokine receptors are classified (CCR, CXCR,
XCR, and CX3CR) based on their chemokine selectivity. The
types of leukocytes recruited to specific tissues depend on the
array of chemokines expressed in those tissues and the selectivity
of those chemokines for the receptors expressed on different leu-
kocyte subsets. For example, in vascular inflammation associated
with hypertension, elevated levels of the chemokines CCL2,
CCL7, and CCL8 act via the receptor CCR2 (and possibly also
CCR1) to stimulate migration of monocytes into the blood vessel
wall (4).

To suppress leukocyte recruitment in inflammatory diseases,
numerous antagonists of specific chemokine receptors have
been evaluated in clinical trials. However, these trials have not
yielded any new antiinflammatory therapeutics (5), in part
because most leukocytes can utilize multiple chemokine recep-
tors, thus circumventing the specific antagonists. The alterna-
tive approach of targeting chemokines has not generally been

favored, because it would require agents that bind with high
affinity to multiple chemokines. However, the natural chemokine-
binding proteins of ticks, helminths, and viruses (6–8) display
multispecificity for mammalian chemokines, suggesting that they
could potentially be deployed as antiinflammatory therapeutics.

Evasins are two families of chemokine-binding, antiinflam-
matory proteins from tick saliva (6). Class A evasins each
inhibit multiple CC chemokines of their mammalian hosts but
none of the closely related CXC chemokines. Conversely, class
B evasins are specific for CXC over CC chemokines but exhibit
variable selectivity among CXC chemokines. Typically, each
tick species secretes a mixture of evasins, thereby accomplishing
broad-spectrum suppression of the host inflammatory response,
presumably enabling the tick to feed on the host for extended
periods.

The in vivo antiinflammatory activity of tick evasins has been
demonstrated using a variety of animal models of inflammatory
diseases, including lung fibrosis, skin inflammation, arthritis,
colitis, pancreatitis, ischemic reperfusion injury, postinfarction
myocardial injury, and Leishmania major infection (9–13).
However, deploying evasins as effective antiinflammatory
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therapeutics in humans would require engineering the natural
evasins to selectively target the relevant array of chemokines
for any given indication while minimizing off-target inhibition
(14). Such engineering requires understanding both the specif-
icity of evasins for a single chemokine subfamily and their tar-
get preference among chemokines within that subfamily.

Previously, only a single structure has been reported for an
evasin:chemokine complex, class A evasin EVA-1 bound to
CCL3 (15), so it has not been possible to identify the conserved
and variable features of the interactions. Nevertheless, the
structure revealed that EVA-1 binds to several receptor recog-
nition elements of CCL3, explaining its inhibitory activity.
Moreover, limited mutational data (15, 16) have confirmed that
residues in the N- and C-terminal regions of EVA-1 and the
homologous EVA-4, respectively, contribute to binding affinity,
raising the question of whether the structural basis of CC che-
mokine recognition varies across the class A evasin family.

To establish a structure-based platform for engineering the
chemokine selectivity of class A evasins, we now report the
structures of EVA-P974 (previously called ACA-01) (17, 18),
from the Cayenne tick (Amblyomma cajennense), bound to
each of two wild-type chemokines and one chimeric CC chemo-
kine. Structural comparisons and extensive evasin and chemo-
kine mutational data revealed the structural basis for CC
chemokine specificity and identified several “hotspots” that
define target preference among CC chemokines. These insights
enabled EVA-P974 to be engineered to modify its target prefer-
ence. We further verified the molecular basis of the modified
selectivity by solving the chemokine-bound structure of the
engineered evasin. Finally, by inhibiting a chemokine mixture,
we provide proof of principle for applying engineered evasins
as multichemokine inhibitors.

Results and Discussion
Chemokine Selectivity of EVA-P974. Evasins have previously been
produced in either bacterial or eukaryotic expression systems,
with both yielding functional proteins (15, 17–19). To avoid the
heterogeneity and extensive glycosylation resulting from
eukaryotic expression, we overexpressed recombinant EVA-
P974 in Escherichia coli and purified it to homogeneity. Mass
spectrometry confirmed the presence of the four expected
disulfide bonds. EVA-P974 was then immobilized, via a biotiny-
lated Avi-tag, on a surface plasmon resonance (SPR) chip
and screened for binding to all available human chemokines.

EVA-P974 bound to 11 of the 22 human CC chemokines tested
(equilibrium dissociation constants; Kd ∼0.05 to 400 nM) but
did not bind to any of the 16 CXC, one CX3C, and two XC che-
mokines tested (at 500 nM) (Fig. 1A and SI Appendix, Fig. S1
and Table S1). Thus, like other class A evasins, EVA-P974 is
specific for CC chemokines over other chemokine families but
displays limited selectivity among CC chemokines.

Structure of EVA-P974 in Complex with Chemokines. We crystal-
lized complexes of EVA-P974 (truncated by eight N-terminal
and four C-terminal residues) with human CC chemokine
ligands 7 and 17 (CCL7 and CCL17) and solved their structures
to resolutions of 1.82 Å and 1.64 Å, respectively (Fig. 1 B and
C and SI Appendix, Table S2). EVA-P974 binds to both chemo-
kines with 1:1 stoichiometry. Chemokine-bound EVA-P974
comprises extended N- and C-terminal regions and a structured
core (three β-sheets and an α-helix) with four disulfide bonds,
which are conserved in other class A evasins (15, 20). CCL7
and CCL17 adopt the canonical chemokine architecture, in
which the critical receptor-binding regions (21)—the N termi-
nus, CC motif, and “N-loop”—are linked to the secondary struc-
ture core via two conserved disulfide bonds. These chemokine
regions interact directly with EVA-P974 (Fig. 1B), consistent with
the ability of EVA-P974 to inhibit chemokine stimulation of cog-
nate receptors (Fig. 1D). Specifically: the chemokine CC motif
binds to the first β-sheet of EVA-P974; the chemokine N-loop
interacts with the EVA-P974 N-terminal region and with a hydro-
phobic pocket formed by noncontiguous elements from the first
two β-sheets of EVA-P974; and the chemokine N terminus inter-
acts with the EVA-P974 C-terminal tail.

Structural Basis of CC Chemokine Specificity of EVA-P974. Why do
class A evasins target CC chemokines with absolute specific-
ity? CC and CXC chemokines differ not only in the spacing
of N-terminal Cys residues but also in the amino acid sequen-
ces of their N-terminal and N-loop regions. To probe the
direct role of the CC motif, we constructed a variant of CCL7
with an alanine inserted within the CC motif to mimic the
CXC equivalent (Fig. 2A). This mutant, C(A)CL7, underwent
cooperative thermal denaturation, as shown using differential
scanning fluorimetry (Fig. 2B), with a denaturation midpoint
of ∼68 °C, compared to ∼78 °C for wild-type CCL7. These
data indicated that C(A)CL7 was fully folded at ambient tem-
perature, albeit slightly destabilized relative to the wild-type

Fig. 1. EVA-P974 binds and inhibits multiple CC chemokines. (A) Affinities of EVA-P974 for CC chemokines, measured using SPR. (B) Structure of EVA-
P974 (gray: N terminus, red: first β-sheet, cyan: C terminus, blue: Cys residues as sticks) bound to CCL7 (green: Cys residues, yellow sticks), with key recog-
nition regions circled and labeled. (C) Structure of EVA-P974 (shown as in B) bound to CCL17 (pink: Cys residues, yellow sticks). (D) EVA-P974 inhibits acti-
vation of chemokine receptors by their cognate CC chemokines.
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protein. Nevertheless, C(A)CL7 was unable to bind to immo-
bilized EVA-P974, as shown by SPR (Fig. 2C). These results
demonstrate that interactions with the CC motif itself determine
the specificity of EVA-P974 (and probably other class A evasins)
for CC chemokines.

EVA-P974 interacts with the cysteine residues (or adjacent res-
idues) of both CCL7 and CCL17 via five identical backbone–
backbone hydrogen bonds (Fig. 2 D and F), four of which are
conserved in the only previous structure of an evasin:chemokine
complex (SI Appendix, Fig. S2) (15). This hydrogen-bonding
results in the relative positions of the two Cys residues in the CC
motif being highly constrained. We postulated that insertion of
even a single residue between them would cause the inserted res-
idue to protrude from the chemokine surface, sterically clashing
with the evasin and preventing evasin binding. To systematically
assess this hypothesis, we determined the distance, d (defined in
Fig. 2D), for all CC and CXC chemokines whose structures were
available. Indeed, this analysis showed that the distance is greater
in all CXC chemokines than in all CC chemokines (Fig. 2E), sup-
porting the proposal that CXC chemokines cannot be accommo-
dated within the structural constraints of the evasin:chemokine
complex. We conclude that the conserved backbone–backbone
interactions, rather than directly favoring CC chemokines, are
incompatible with binding to CXC chemokines, a phenomenon
previously termed “negative selection” (1). This phenomenon
likely accounts for the binding specificity of all characterized class
A evasins for CC chemokines.

Although our data demonstrate the requirement of the CC
motif for recognition of class A evasins, we note that it is not
the only required chemokine region. This is clear because not
all CC chemokines bind to any given class A evasin. The roles
of several additional chemokine elements are also supported by
mutational data (see the next section). Thus, simply removing

the X residue may not necessarily convert CXC chemokines
into evasin binders.

In addition to class A evasins, several other families of pro-
teins selectively recognize CC chemokines over other chemo-
kine families, including CC chemokine receptors (21, 22), viral
CC chemokine inhibitors (23, 24), and CC chemokines them-
selves (by homo- or heterodimerization) (25). Structural com-
parisons revealed that the mode of CC motif recognition is
almost identical in all these protein families (Fig. 2 G–I), with a
structurally constrained (rigid) β-strand being the central recog-
nition element in each case. This is a remarkable example of
convergent evolution and structural mimicry of a protein recog-
nition motif.

Interactions with the Chemokine N-Loop Dominate the Target Pref-
erence of EVA-P974. What controls the target preference of class
A evasins among CC chemokines? Side-chain interactions are
limited to the chemokine N-loop, adjacent β3 strand, and N ter-
minus. Considering that EVA-P974 binds with high affinity to
CCL7 (Kd ∼ 24 nM) but not measurably to the 71% identical
chemokine CCL2 (at a concentration of 500 nM), we used a set
of CCL2–CCL7 chimeras (26) to determine the contributions
of these three chemokine regions to the preference of EVA-
P974 for CCL7. Swapping of the N terminus or β3 region
between these two chemokines had no effect on binding to
EVA-P974 (SI Appendix, Fig. S3). However, replacing the
N-loop of CCL7 with that of CCL2 (chimera CCL7(2NL)) dra-
matically reduced binding to EVA-P974 (affinity was not mea-
surable at 500 nM chemokine), whereas replacing the N-loop
of CCL2 with that of CCL7 (chimera CCL2(7NL)) substantially
enhanced binding to EVA-P974 (Kd = 470 ± 65 nM) (Fig. 3A
and SI Appendix, Fig. S3). These data demonstrate that the

Fig. 2. Conserved backbone–backbone interactions dictate specificity of class A evasins for CC chemokines. (A) Sequence alignment of CCL7 and the
CCL7 mutant, C(A)CL7, with Ala inserted in the CC motif. (B) Differential scanning fluorometry (DSF) traces show that CCL7 (green) and C(A)CL7 (orange)
undergo cooperative thermal unfolding. (C) SPR traces show that CCL7 (green) binds to EVA-P974, whereas C(A)CL7 (orange) does not. (D) EVA-P974
(cyan sticks) recognizes the CC motif of CCL7 (lime green sticks) but sterically clashes with the CXC motif of CXCL8 (thin magenta sticks); the indicated
distance, d, is defined as the distance from the line between the Cα atom of the third conserved Cys and the CO atom of the residue after the fourth con-
served Cys to the OC atom immediately preceding the second conserved Cys. (E) The key structural distance, d (defined in D), is conserved within CC and
CXC chemokine subfamilies but differs between these two subfamilies. (F–I) Conserved mode of CC chemokine recognition by EVA-P974, chemokine
receptor CCR5 (Protein Data Bank [PDB]: 7F1T), chemokine CCL8 (PDB: 7S5A) within a homodimer, and viral CC chemokine inhibitor vCCI (PDB: 4ZLT).
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flexible N-loop of the chemokine is critical for EVA-P974 to
bind CCL7 selectively over CCL2.

Mutational analysis identified three N-loop interaction
“hotspots” within EVA-P974, focused on Tyr12, Thr16, and
Phe31, respectively (Fig. 3B). These hotspot interactions differ
between the CCL7 and CCL17 complexes and each hotspot
could be modified to alter chemokine target preference.

Hotspot 1 represents the interaction of EVA-P974 residue
Tyr12 with a shallow pocket created by several hydrophobic and
positively charged residues from the chemokine N-loop and β3
regions (Fig. 3C). The side chains forming this pocket differ
substantially between CCL7 and CCL17. Several lines of

evidence support the importance of Tyr12 for chemokine recog-
nition. First, in a series of N-terminal truncation mutants of
EVA-P974, deletion of residues Asp11 and Tyr12 resulted in
the largest reduction in binding affinity to most chemokines
(Fig. 3D). Second, we have previously observed that sulfation
of Tyr12, which occurs posttranslationally in eukaryotic cells,
enhances affinity and alters selectivity for target chemokines
(19). Third, substitution of Tyr12 by Trp altered the target pref-
erence of EVA-P974, enhancing affinity for CCL3 and CCL18
(Fig. 3E).

Hotspot 2 is the interaction between Thr16 of EVA-P974
and residues in the chemokine N-loop and β3 strand (Fig. 3 B

Fig. 3. Hotspots between the EVA-P974 N terminus and the chemokine N-loop (NL) dominate target preference. (A) Swapping the NL between CCL7 and
CCL2 substantially switches their ability to bind to EVA-P974, as shown by SPR. Chimeric chemokines are shown schematically (color-coded) and named to
indicate the parental chemokine and the origin of the inserted NL region; for example, CCL7(2NL) consists of the CCL7 sequence with the NL replaced by
that of CCL2. (B) EVA-P974:CCL7 complex, highlighting the EVA-P974 hotspots for target chemokine selectivity. (C) Close-up views of EVA-P974 hotspot
residues (colored as in B) interacting with CCL7 (green) and CCL17 (pink). (D) N-terminal truncation of EVA-P974 substantially decreases chemokine-
binding affinity. (E) Hotspot mutations alter the chemokine-binding profile of EVA-P974. For F31A, each data point is labeled with the one-letter code
for the first residue in the NL. (F) Wild-type EVA-P974 binds to the CCL7 Tyr13 side chain in an orientation stabilized by a cation–π interaction with Arg14.
(G) Removal of the bulky phenyl ring in the EVA-P974(F31A) variant enables binding to the CCL2 Tyr13 side chain in an alternative orientation not possi-
ble in the wild-type evasin. All Kd values were measured using SPR (n = 3). #, no measurable binding at 500-nM chemokine concentration.
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and C). Thr16 is conserved in evasins with broad target prefer-
ence but substituted by Gly, in EVA-1, which has a more-
restricted chemokine-binding preference (27). Indeed, the
EVA-P974 T16G mutant displayed more-focused target prefer-
ence than wild-type EVA-P974 (Fig. 3E), demonstrating that
broad-spectrum chemokine-binding is dependent on the Thr16
side-chain interactions and/or the effects of this residue on the
conformation of the evasin N-terminal region.

Hotspot 3 involves binding of the first residue of the chemo-
kine N-loop, a large hydrophobic residue, into a hydrophobic
pocket in the core of EVA-P974 (Fig. 3 B and C). The orienta-
tion of this hydrophobic side chain and the composition of the
pocket differ substantially between the EVA-P974:CCL7 and
EVA-1:CCL3 structures (SI Appendix, Fig. S4). Moreover,
mutations in this pocket alter the target preference of EVA-
P974, with the F31A mutant exhibiting a profound preference
for chemokines in which the first residue of the N-loop is aro-
matic (Fig. 3E and SI Appendix, Fig. S5).

To explore the structural basis of this altered selectivity, we
crystallized EVA-P974(F31A) bound to CCL2 and solved
the structure of the complex at 1.74-Å resolution (SI Appendix,
Fig. S6 and Table S2). Comparison to the CCL7-bound struc-
ture of wild-type EVA-P974 reveals the likely reason for the
modified chemokine selectivity of the mutant. In wild-type
EVA-P974, the bulky side chain of residue Phe31 narrows the
hydrophobic pocket, so the Tyr13 side chain of CCL7 is orien-
tated toward an alternative binding site on the evasin surface
(Fig. 3F). This orientation appears to be stabilized by a
cation–π interaction (28) with the following residue, Arg14.
CCL2 lacks such a stabilizing interaction, explaining the prefer-
ence of wild-type EVA-P974 to bind CCL7 but not CCL2. In
EVA-P974(F31A), deletion of the bulky phenyl ring opens up
the hydrophobic pocket, enabling it to readily accommodate
the Tyr13 side chain of CCL2 in an extended conformation
(Fig. 3G). Indeed, this same extended conformation is observed
in the solution structures of all free chemokines in which this

residue is aromatic (SI Appendix, Fig. S7), indicating that it is
the most stable conformation and explaining why all these che-
mokines bind more tightly to the F31A mutant. Thus, we con-
clude that wild-type EVA-P974 cannot accommodate most che-
mokines for which the first residue of the chemokine N-loop is
aromatic without an energetically unfavorable conformational
rearrangement, whereas EVA-P974(F31A) binds favorably to
the preferred conformation of all these chemokines. By con-
trast, the F31A mutant showed reduced affinity to chemokines
with an aliphatic residue at the same position, apparently due
to loss of a favorable interaction with the Phe31 side chain (SI
Appendix, Fig. S8).

Interaction of the EVA-P974 C Terminus with Chemokine N Terminus
Fine-Tunes Binding Selectivity. Notwithstanding the importance
of N-loop interactions, exchanging the N-loop sequences of
CCL8 (the strongest EVA-P974 binder) and CCL7 (a relatively
weak binder) did not account for their ∼1,000-fold affinity differ-
ence (chimeras CCL7(8NL) and CCL8(7NL) in Fig. 4A and
SI Appendix, Fig. S9). However, swapping the N-terminal (in
addition to N-loop) sequences, giving the chimeras CCL7(8NNL)
and CCL8(7NNL), demonstrated that interactions of the
N-terminal region were largely responsible for the affinity differ-
ence (Fig. 4A and SI Appendix, Fig. S9). Despite several attempts,
the EVA-P974:CCL8 complex failed to crystallize. However, the
complex between EVA-P974 and CCL7(8NNL) crystallized, and
the structure was solved to 2.39-Å resolution (SI Appendix,
Fig. S10 and Table S2). Whereas the N-terminal structures in the
CCL7 and CCL17 complexes were only partially resolved, the
CCL7(8NNL) complex revealed a set of well-defined hydro-
phobic interactions between CCL8 N-terminal residues and
EVA-P974 C-terminal residues Gly92 and Asn93 and a salt
bridge between CCL8 Asp3 and EVA-P974 Arg90 (Fig. 4B). We
postulated that these interactions were responsible for the
relatively high affinity of CCL8. Consistent with this hypothesis,
truncation of the EVA-P974 C terminus past residue Gly92

Fig. 4. Interactions of the EVA-P974 C terminus fine-tune chemokine-binding selectivity. (A) Swapping the N terminus (N) and N-loop (NL) between CCL7
and CCL8 substantially switches their ability to bind to EVA-P974, but swapping the NL alone does not, as shown by SPR. Chimeric chemokines are shown
schematically (color-coded) and named to indicate the parental chemokine and the origin of the inserted NL or inserted N terminus plus NL (NNL) region;
for example, CCL7(8NNL) consists of the CCL7 sequence with both the N-terminal and NL regions replaced by those of CCL8. (B) Detailed interactions
between the C terminus of EVA-P974 (R90, blue; K91-N93, gray) and the N termini of CCL7 (left, green) and the chimera CCL7(8NNL) (right, beige). Resi-
dues shown in the CCL7(8NNL) but not the CCL7 structure were not resolved in the latter data set. (C) C-terminal truncation of EVA-P974 alters
chemokine-binding affinity, with variants 1 through 90 and 1 through 91 exhibiting reduced selectivity among chemokines. All Kd values were measured
using SPR (n = 3). #, no measurable binding at 500-nM chemokine concentration.
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(EVA-P974(1-91) and (1-90) in Fig. 4C) resulted in complete loss
of CCL8 preference and very limited selectivity among chemo-
kine ligands.

Application of Engineered EVA-P974 in Chemokine Functional Inhibition.
To demonstrate the utility of engineered evasins as chemokine
inhibitors, we compared the inhibitory activity of wild-type and
F31A mutant EVA-P974 (Fig. 5). THP-1 cells, an immortalized
monocytic cell line, express two major proinflammatory chemo-
kine receptors, CCR1 and CCR2. The chemokines CCL2,
CCL5, and CCL7 are agonists of CCR2, CCR1, and both
receptors, respectively. As expected, treatment of THP-1 cells
with a mixture of these three chemokines induced intracellular
ERK phosphorylation. Selective small-molecule antagonists of
CCR1 (BX471) and CCR2 (INCB3344) confirmed that ERK
phosphorylation was mediated via combined activation of these
two receptors. Wild-type EVA-P974, which bound with high
affinity to CCL7 but not to CCL2 or CCL5, only reduced the
combined CCR1/CCR2 activation of these three chemokines
by ∼50% at 3,000 nM. In contrast, the F31A mutant bound to
all three chemokines and completely abrogated the combined
receptor activation. When the cells were treated with each
chemokine individually, rather than the mixture, wild-type
EVA-P974, at 300 nM, significantly inhibited the response to
CCL7 but not to CCL2 or CCL5, whereas the F31A mutant
significantly inhibited the responses to all three chemokines
(SI Appendix, Fig. S11). These, data demonstrate that it is

possible to engineer an evasin with superior ability, relative to
the wild-type evasin, to block the cellular response to multiple
chemokines acting via multiple receptors.

Concluding Remarks
Our results show that the absolute specificity of class A evasins
for chemokines of the CC subfamily is defined by structurally
conserved, rigid backbone–backbone interactions that cannot
be accommodated by other chemokine subfamilies. However,
the target preference of class A evasins for distinct subsets of
CC chemokines is controlled by side chain–side chain interac-
tions at several key hotspots in relatively flexible parts of the
structure. Thus, the evasin:chemokine system establishes a
structural paradigm by which proteins can achieve binding
selectivity within a restricted target family.

The structural basis of chemokine recognition defined here
establishes a foundation for engineering class A evasins to
selectively target subsets of chemokines involved in inflamma-
tory diseases. The enhanced chemokine-inhibitory activity of
EVA-P974(F31A) provides proof of principle for this approach.
Our results suggest that through a combination of rational
engineering and directed in vitro evolution, it may be feasible
to tailor the selectivity of evasins for applications as antiinflam-
matory therapeutics.

Materials and Methods
Expression and purification of EVA-P974 (or variants thereof) and chemokines
(CCL2, CCL7, CCL8, CCL11, CCL16, CCL17, CCL18, or variants thereof),
chemokine-binding by SPR, crystallization of complexes between EVA-P974
(or variants thereof) and chemokines, structure solution and refinement,
nano differential scanning fluorometry, cAMP inhibition assay, and ERK1/2
phosphorylation assay are described in detail in SI Appendix.

Data Availability. The coordinates and structure factors have been deposited
in the Protein Data Bank under the following accession codes: 7S58, 7S4N,
7S59, and 7SO0. All other study data are included in the article and/or
SI Appendix.
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