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ABSTRACT: |-309 is a member of the CC subclass of chemokines and is one of only three human chemokines
known to contain an additional, third disulfide bond. The three-dimensional solution structure of 1-309
was determined byH nuclear magnetic resonance spectroscopy and dynamic simulated annealing. The
structure of 1-309, which remains monomeric at high concentrations, was determined on the basis of 978
experimental restraints. The N-terminal region of 1-309 was disordered, as has been previously observed
for the CC chemokine eotaxin but not others such as MCP-1 and RANTES. This was followed in 1-309
by a well-ordered region between residues 13 and 69 that consisted @fheli&, a triple-stranded
antiparallel3-sheet, and finally a C-terminal-helix. Root-mean-square deviations of 0.61 and 1.16 were
observed for the backbone and heavy atoms, respectively. A comparison of 1-309 to eotaxin and HCC-2
revealed a significant structural change in the C-terminal region of the proteino-Fiedix normally
present in chemokines was terminated early and was followed by a short section of extended strand.
These changes were a direct result of the additional disulfide bond present in this protein. An examination
of the 1-309 structure will aid in an understanding of the specificity of this protein with its receptor,
CCRS8.

The chemotactic cytokines (chemokines) and their cognatethe N-terminus and a third that is well-separated in the
receptors are a superfamily of proteins that are essential insequence from this motis}. Two other chemokines, HCC-
orchestrating leukocyte chemotaxis and host inflammatory 2* and CK8, have been found to contain an additional
responsesl). Chemokines are small proteins (680 amino disulfide bond ¢, 8), although the location of the third
acids) that tend to be highly conserved across species (i.e.disulfide bond appears to be variable. Chemokines stimulate
an average degree of identity of 69% between human anda wide variety of cell types and initiate signal transduction

mouse) and can even be almost identical (SDB)1;This at the plasma membrane of cells via G-protein-coupled
pattern of conservation has suggested other fundamentakeven-transmembrane recepto®s. Recruitment of given
developmental roles outside of the immune respoBgsé e leukocyte populations is dictated by a combination of a

family is divided into two major classes, CC and CXC, chemokine’s receptor specificity and cell distribution of that
dependent upon the location of two highly conserved receptor 10, 11). I-309 has been shown to be specific for
N-terminal cysteine residues (adjacent and separated by arCCR8 (12, 13), where it displays a potency similar to that
intervening residue, respectively; 5) that are involved in of other chemokines for their receptors (threshold for calcium
the formation of a pair of disulfide bonds. Increasingly, flux response of 0.1 nM). CCR8 transcripts are not expressed
however, chemokines are being discovered that lie outsidein lymphocytes or neutrophilsl4) and, contrary to some
this classification, and a number of subclasses are requiredreports, are not expressed in monocyt&®).(Conversely,

to group these newer members (e.g., fractalkineg@GX CCR8 has been shown to be specific for 1-309 while
lymphotactin, C). 1-309 is a member of a subclass that insensitive to 20 other chemokinek3f.? The tissue expres-
contains three disulfide bonds: two in a CC arrangement atsion of CCR8 is unique, with constitutive mRNA expression
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I-309 SKSMQUP FSR CCFSFAEQEIPLRAILCYRNTSSI CSNEG LIFKLKRGKE ACALDTVQWVORHRKMLRHCPS KRK
TCA3 SKMLTVS NS CCLNTLKKELPLKFIQCYRKMGSS CPDPPAVVFRLNKGRE SCASTNKTWVQONHLKKVNPC
Eotaxin GPASVP TT CCFNLANRKIPLQRLESYRRITSGKCPQK AVIFKTKLAKD ICADPKKKWVQDSMKYLDQKSP TPKP
HCC-2 H FAADCCTSYISQSIPCSLMKSYFE TSSECSKP GVIFLTKKGRQ VCAKPSGPGVQDCMKKLKPYSI
MCP-3 QPVGIN TSTTCCYRFINKKIPKQRLESYRRTTSSHCPRE AVIFKTKLDKE ICADPTQKWVQDFMKHLDKKTQ TPKL
MCP-1 QPDAIN APVTCCYNFTNRKISVQRLASYRRITSSKCPKE AVIFKTIVAKE ICADPKQKWVQODSMDHLDKQTQ TPKT
vMIPI  AGSLVSY TPNSCCYGFQQHPPPVQILKEWYP TSPACPKPG VILLTKRGRQ ICADPSKNWVRQLMORLPAIA
MIP-18  APMGSD PPTACCFSYTARKLPRNFVVDYYETSS CSQP AVVFQTKRSKQ VCADPSESWVQEYVYDLELN
VMIPII LGASWHRPDKCCLGYQKRPLP QVLLSSWYPTSQLCSKPG VIFLTKRGRQ VCADKSKDWVKKLMQQLPVTAR
CKB8 MDRFHATSADCCISYTPRSIPCSLLESYFETNS ECSKPG VIFLTKKGRRRFFCANPSDKQVQOVCMRMLKLDTRIKTRKN
RANTES SPYSSDTTPCCFAYIARPLPRAHTKEYFY TSGKCSNP AVVFVTRKNRQ VCANPEKKWVREYINSLEMS
Summary ------------- CC-mmmmmmm P ¥Y----8--C----~ V-F-TK~-----~ CA-P---WVQ---~-- Lm—mmmmmm o

Ficure 1: Amino acid sequence of 1-309 aligned with those ofi€keotaxin, HCC-2, MCP-1, MCP-3, MIP-I, MIPSLMIP-II, RANTES,
TCA-3, vMIP-1, and vMIP-Il. Sequences are numbered according to 1-309 and shown in order of decreasing degree of identity with 1-309.
The alignment was produced using XALIGH1].

occurring in the thymus, while other chemokine receptors the N-loop (typically about 9 residues) that are anchored to
may be expressed in many tissues. This confers [-309 withthe core via the twin disulfide bridges. Functional studies
the ability of blocking dexamethasone-induced apoptosis in have revealed that varying patterns of residues within the
mouse thymic cell lines and may infer a role for I-309 in N-terminus and N-loop have predominant control over
thymocytic migration and development. This suggests the receptor specificity and binding while selected residues

exciting possibility of a more fundamental role for the 1-309

within the core show at best only minor contributions.

CCRS8 coupling. The selectivity is unusual and has only been Historically, the first structures that were determined revealed

seen previously for CXCR1 and CXCR4 that bind IL-8 and
SDF-1, respectively. Alongside 1-309, only virally encoded
chemokines exhibit a high affinity for the CCR8 receptor;
HHV8 encoded vMIP-1 and vMIP-II and MCV-encoded
vMCC-1 (17, 18). Whereas vMIP-lIl and vMCC-1 have
promiscuous and antagonistic receptor binding profilé&}, (
VMIP-I, like 1-309, is a specific agonist for CCR8. The
functional relevance of vMIP-I, whose sequence is only 52%
identical (Figure 1), mimicking 1-309 function is unclear.
[-309 has been shown to inhibit CCR8-dependent-—cell
cell fusion and infection by a diverse range of HIV-1 strains
(20). Macrophage tropic or non-syncitia-inducing strains of
HIV-1 primarily use CCR5 21), while syncitia-inducing,

differing quaternary structure between the CC and CXC
family. Several CC chemokine structures form a dimer
interface via the formation of a shofi-strand along the
N-terminus, while the CXC chemokines dimerized along the
first g-strand. Although this neatly accounted for functional
data at the time, evidence that the monomer unit can
successfully bind and trigger a receptor coupled with the
observation of an increasing number of purely monomeric
structures has meant that it is no longer possible to attribute
chemokine function to quaternary structure. If monomeric
subunits form the active species, then it is desirable to study
chemokines that do not associate at concentrations required
for functional studies. The structure of HCC-2 (containing

T-cell tropic strains that emerge in the progressed stages ofthree disulfides) was recently determined, and the additional
infection primarily use CXCR4292). In addition, several  disulfide bond (Cy&—Cys®) was shown to have little impact
additional receptors can act as coreceptors, e.g., CCR2b an@n the structure when it was compared to the structures of
CCR3 @3, 24), and some dual-tropic strains can adopt Other CC chemokinesif). In addition, HCC-2 was shown
several different receptors. CCR8, however, may contribute to be monomeric over a wide range of conditions. The three-
uniquely to the pathogenesis of HIV-1 as it has been dimensional structure of I-309 presented in this study is the
identified as a coreceptor for several HIV-1 types, including first example of a chemokine structure in which the helix is

macrophage, T-cell, and dual-tropic strairZ)( 1-309 is

anchored to firs{3-strand through an additional disulfide

nevertheless able to block CCR8-mediated infection by thesebridge. We show that I-309 is monomeric, but unlike HCC-

strains.
As the chemokine family and their receptors emerged with

an increasingly complex array of subtypes and interactions,

2, the additional disulfide bond results in significant structural
changes, namely, leading to a disruption of the C-terminal
helix and the unique formation of a shghstrand running

detailed structural and functional studies have attempted toPerpendicular to the plane of the three-stranfesheet.

separate purely structural regions within the chemokine fold

from regions important for receptor specificity and/or recep-
tor triggering. To date, the CXC chemokines ILE5( 26),
PF4 @0, 27), MGSA (28, 29), CINC/Gro (30), SDF-1o. (31,
32), NAP-2 33), MIP-2 (34), CC chemokines MIP1(35),
RANTES (36, 37), MCP-3 (38, 39), MCP-1 @0, 41), eotaxin
(42), and the CXC chemokine fractalkine4@) structures
have been determined by either NMR or X-ray crystal-

EXPERIMENTAL PROCEDURES

Chemical Synthesid-309 was synthesized by stepwise
solid phase methods using tBoc protection chemistry. Fol-
lowing hydrogen fluoride deprotection, the polypeptide was
folded and purified as previously described). The purity
of the protein was assessed by ion-exchange chromatography
and by electrospray mass spectrometry.

lography. Structurally, these studies have revealed that the NMR SpectroscopNMR experiments were performed on
chemokine tertiary fold is remarkably homogeneous, being a Varian Unity 600 MHz spectrometer at 3C. Samples
comprised of a central core of a three-stranded antiparallelfor NMR were 2 mM protein in 90% kD/10% °H,O or

[-sheet packed against a C-terminahelix. Preceding this
core is an N-terminal region (typically-5L0 residues) and

99.90%°H,0, containing 20 mM deuterated sodium acetate,
1 mM sodium azide, and 1 mM DSS (pH 5.8 chemical
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shifts were assigned from standard two-dimensional pulseTable 1: Structural Statistics and Atomic rmsds for a Family of 40

sequences4g). Pulse sequences in@ incorporgted the  Lowest-Energy I-309 Structures and the Minimized Average
Watergate sequence to improve water suppression and allowstructure

significant reduction in the water presaturation powers used 1-3090] 1-309_min
at the beginning of the sequences. A set of NOESY spectray, (911) 0.026% 0.003 0015
vv_ere_collected at 50 and 150 ms to |d_ent|fy Spépin interresidue ¢ averaged)
diffusion effects and allow accurate assignment of NOE  sequential | —j| = 1) 0.026- 0.008 0.020
distances, especially in the determination of side chain IShO”'fange (& .“;é' =9) 8'8231 8-882 8'812
rotamers. Overlap of cross-peaks in the two-dimensional intrg?gs'irgﬂgéﬂe a\)ér;ge)d) : ' :
spectra and ambiguities in chemical shift assignments were = j 0.017+ 0.002 0.015
resolved by collection ofH NMR spectra at 20 and 4TC energies (kcal mot)P
and from a natural abundanc&g]HSQC. Spectra were Enoe 14.12+0.04 10.98
. i Eoie 0.589+ 0.002 1.01
analyzed W'th. _NMR\_/'eW 47). . . deviations from idealized geometry
Stereospecific assignments gyidestraints were obtained bonds (A) 0.00321 0.00001  0.0030
from the analysis of thél,s coupling constants in the DQF- angles (deg) 0.562% 0.006 0.537
COSY spectrum and the relative intensities of the NOEs from _ ImPropers ((2;9) 0.343+0.0002  0.334
the NH and the Q;'Fo Cs protons_ in a 50 ms NOE_SY well-ordered regions 0.42+ 0.03 _
spectrum collected in . x? torsion angles for leucine (residues 2530 and 39-68)
residues were obtained from analysis of intraresidue NOEs baCkaSe atciggg 0.61+0.09 -
between the Cand G; and G, protons after establishing hegf;;tlé?nss ) 1164 0.09 _
the correctyl. A ¢ restraint, corresponding to a specific (residues 1368)
solution to the Karplus equation, was applied only if it agreed ¢ andy in the Ramachandran plot (%)
with the purely NOE-driven convergence of the individual ~ S9eredion . 5357'82 6292'59
¢ angle in initial structure calculations. generous&l allowed regions 6.2 76
Structural Restraints.3June coupling constants were forbidden regions 0.9 0

measured in a high-resolution DQF-COSY Spectrum &s ™ aThe rmsd of the experimental restraints is calculated with respect
described by Kim and PrestegadB). In the initial stages  to the upper and lower limits of the input restraints for 40 structures
of the calculation, coupling constants ®8.0 Hz or <6.0 (I-3090) and the minimized average structure (I-309_mt)he values
Hz were used to determi nale restraint A couplin for Enoe and Epive are calculated from a square well potential with
constant of>8.0 Hz Wasr,dec%n%/erted to asr?i)m le ccf)nstgraint force constants of 50 keal mdl A? and 200 keal mof rad 2

: g respectively ¢ The values for bonds, angles, and impropers show the
of _12(_) + 40°, and <6.0 Hz was conyerted to an angle  geviation from ideal values based on perfect stereochenfisttye rmsd
constraint of—60 £ 30°. In the final refinement stages of from the average structure. The average structure was obtained by
the structure calculation, thigangle restraints were removed averaging the coordinates of the individual structufess determined
and replaced by direct refinement against the measuredPy the program PROCHECK for residues-G8 (54).

backbone coupling constanp. angle restraints were deter- ]
mined by analysis ofiye/duy ratios but only incorporated ~ Starting structures were ge_nerated from an extended str_and
into the regions of well-defined secondary structure, and and were examined for basic features typical of a chemokine
typically, large bounds%100°) were used %0). * angle fold. A new starting structure was chosen, and a family of
restraints were determined as described in 5&f All 100 structures were generated. For this round, an extended
structure calculations included the disulfide bonds,ys  heating and conformational search stage was still employed
Cys®, Cys?—Cys, and Cy&—Cys, previously determined (50 ps) to ensure that sufficient conformational space was
for 1-309 (6), and in each case, these were restrained to asampled and the starting structure did not overly bias new
distance of 2.02- 0.1 A. structures. In latter rounds, where only minor modifications
A series of one-dimensional spectra were collected in rapid Weré made to the input restraints, only the cooling stage of
succession after dissolving 1-309 in 99.90%CD Several  the simulated annealing protocol was employed. Of the
well-dispersed proton shifts from the corg-sheet region family of 100 structures, 40 structures that exhibited the best
of 1-309 could be assigned (residues 29, 44, and 50) from overall energy, compliance with restraints, and good covalent
these one-dimensional spectra and were assigned as hydrogefieometry were selected. The quality of the final families of
bonded amide protons. In the structure calculations, theseStructures was analyzed using PROCHEGHK)(MOLMOL
distances were incorporated as an essentially linear restrain{>9): and VADAR (VADAR-Structural analysis of protein
whereryy—o = 1.8-2.4 A andry_o = 1.8-3.5 A and were coordinate data. Software available free from http://www.
only added after initial examination of ensembles of struc- pence.ualberta.ca). For visualization of structures, Insight98
tures generated without incorporation of hydrogen bonds. (MSI) was used and the program Molscrip6f was used
Structure CalculationsStructures were determined using [0 9enerate graphical figures.
dynamic simulated annealing protocols of Nilges et 52) (
and X-PLOR version 3.85158). A total of 911 distance RESULTS AND DISCUSSION
restraints were incorporated that were distributed as 272 long- Solution Structure of 1-309Assignment of the chemical
range (i — j| > 5), 127 short-range (¥ |i — j| < 5), 222 shifts for protons in I-309 was accomplished using standard
sequential|{ — j| = 1), and 290 intraresidue restrainis< two-dimensional sequential assignment techniques. A com-
j)- In addition, 59 dihedral restraints were employed in the plete list of these shifts has been deposited in the BioMag-
initial stages of the calculations to be replaced by 50 ResBank (entry 4686). No evidence of dimerization was
J-coupling restraints in the final refinement stage. Initial found during the assignment process, and all assigned
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Ficure 2: Summary of NOE restraints, rmsds, and angular order parameters as a function of residue number for the final 40 I-309 structures.
Panel A shows a summary of the number and nature of the NOE restraints per residue vs the amino acid number. The NOEs are represented
as follows: intraresidue (black), sequential (stippled), short-range (gray), and long-range (white). Atomic rmsds from the geometric mean

structure were calculated (B) for the 40 structures after best fitting the, Nar@ C backbone atoms of residuesd and (C) for all heavy
atoms in the sequence of residuest8. Angular order parameters are shown gofD) andy (E).

0 10 40

NOESY cross-peaks were fitted to a monomeric model which core. The angular order paramefcan be used to assess
was used for structure determination. The calculation of the the precision of torsion angles within an ensemble of
final 100 1-309 structures, by dynamic simulated annealing structures %7). This is a statistical parameter that will be
using the program X-PLORSQ, 53), was based on a set of equal to 1 if a given torsion angle is identical within a family
911 NOE distance restraints, 59 dihedral angle restraints,of structures, whiles will equal 0 if the angle is undefined.
and 8 H-bond restraints. From this set of 100 structures, theFor anS near unity, the standard deviatien(in radians)
40 energetically most favorable were selected for statistical can be approximated ®~ 1 — ¢?%/2, giving angular standard
analysis. All structures in this final family had neither NOE deviations of 8, 18, and 26 for S values of 0.99, 0.98,
violations of >0.2 A nor dihedral violations of2°. The and 0.9, respectively. Th8 values on a residue basis are
final structures exhibited good covalent geometry as indicated shown for¢ andW angles in panels D and E of Figure 2.
by the low NOE and dihedral energies and the low rmsd Again, the terminal regions, the loop prior to thg-Belix,
from idealized values for bonds, angles, and impropers (Tableand the 30s-loop were the least well-defined.
1). The negative term for the Lennard-Jones potential, which  The family of I-309 solution structures is shown in Figure
was approximately-250 kcal mot?, indicated that the core 3. The structure contained a disordered N-terminus from
of the molecule (residues 39) was well-packed with few  residues 1 to 10 as seen in other chemoki3&s42). After
poor nonbonded contacts between atoms. Amino acidthe pair of cysteine residues at positions 11 and 12, typically
residues within this core had an average of 15 NOE restraintsseen in CC chemokines (Figure 1), there was a loop that
(Figure 2A). continued through to residue 21 and a-Belix between
Root-mean-square deviations were determined on a residugesidues 22 and 24. This was followed by a triple-stranded
basis for backbone and heavy atoms (Figure 2B,C). Theseantiparallels-sheet. The first strand extended from residue
results showed the N-terminal region (residuesl@) and 25 to 30 and the second from residue 39 to 44. Residues in
the C-terminal region (residues+Z4) to be ill-defined. The  the loop between these strands formed a relatively disordered
only residues within the core of the protein showing rmsds loop as shown by the rmsds and order parameter (Figure 2).
of >1.0 were residues 19, 20, and 36, where the values wereThe second and third strands of {hesheet were connected
1.29, 1.04, and 1.06, respectively. These results also showedy a well-defined type | turn, and the third strand extended
that the region prior to the;ghelix and the 30s-loop were  from residue 49 to 52. A turn connected the third strand of
slightly less well-defined than the remainder of the protein the g-sheet and a C-terminak-helix. The a-helix was
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Ficure 3: Ensemble and average minimized structures of 1-309. (A) Superposition of a family of 40 lowest-energy 1-309 solution structures
showing the disordered N- and C-termini (stereoview). (B) Well-ordered regions of 1-309 from residues 13 to 69. (C) A ribbon diagram of
the energy-minimized average structure.

disrupted by the third disulfide bond, resulting in the unknown. While it may have implications for the specificity
formation of a short extended strand between residues 660f I-309, it can be seen that the changes do have implications
and 69 that is not seen in other chemokines. The remainderfor the ability of I-309 to dimerize along the firgtstrand.
of the C-terminus was unstructured. Impact of the Third Disulfide BondRecently, the solution
Comparison to Other CC Chemokinghe three-dimen-  structure of HCC-2 was determined, and it was shown that
sional structures of the eight CC chemokines determined tothe third disulfide bond had no impact on the structure when
date have been highly homologous, with all containingea 3  compared to other known CC chemokine structures such as
helix followed by a triple-stranded antiparall@isheet and  eotaxin (Figure 4B,C42, 44). It was proposed that the extra
finally a C-terminalo-helix. It could be predicted that the disulfide bond stabilized the orientation of the N-terminal
addition of a third disulfide bond, as present in HCC-258k residues 1520 and replaced a normally conserved tryp-
and 1-309, would result in some distortion of this general tophan that was not present in HCC-2. However, this is not
structural motif. In the case of HCC-2, the additional the case for I-309. Comparison of the amino acid sequences
disulfide bond was found to have no effect on the overall (Figure 1) shows that the position of the extra cysteines is
structure aside from a slight stabilization of the N-terminal different between chemokines HCC-2 and 1-309. In the case
amino acid residues between 15 and 24 (By comparison of HCC-2, the third disulfide bond was between residue 17
of the amino acid sequences (Figure 1), it can be seen thaiin the first3-strand and residue 57 at the start of ¢helix.
a similar situation is likely to exist for Gi8. However, while However, for 1-309 the third disulfide was between residue
the general protein fold of the 1-309 structure conformed to 27, also in the firsis-strand, but to residue 69 and the
that expected for CC chemokines, significant differences C-terminal end of theo-helix. This results in the early
were present at the C-terminus. Tdéhelix was terminated  termination of thea-helix compared to other chemokines
at residue 65, earlier than observed in all other chemokines,and the formation of a short stretch of extended strand
and this was followed by a short extended strand consistingbetween residues 65 and 68 (Figure 4A).
of three residues (Figure 4A). The existence of a strand-like Implications for DimerizationMany CC and CXC chemo-
structure was confirmed BY¥(HN—Ho) coupling constants,  kines have been shown to dimerize in solutis, 36, 39),
which were greater than 8 Hz for residues—&8. The and there has been much debate over which is the biologi-
biological significance of the extra disulfide bond and cally relevant species: monomer or dimer. Analysis of
resulting extended strand between residues 66 and 68 remainshemokine structures to date shows that there are two
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FiGure 4: Schematic ribbon diagram of (A) 1-309, (B) HCC-2,

and (C) eotaxin showing regular secondary structure elements. The

triple antiparallels-sheet is shown in red and tlhehelix in blue,

and random coils are shown in black. Conserved cysteines involved
in disulfide bond formation are shown in yellow, while the
additional disulfide bond in 1-309 and HCC-2 is shown in green.

possible sites where dimerization may occur. The first mode
of dimerization, observed in CXC chemokines and the CC
chemokine MCP-339), is through association along the first
pB-strand of the two monomer subunits. This results in a
compact, six-stranded antiparalekheet that in addition is
stabilized by packing against the two C-terminal helices. The
second mode of dimerization has only been observed in
members of the CC chemokine family. Both MIB-&and
RANTES were found to dimerize via residues in the
N-terminal region (prior to the CC motif), resulting in the
formation of a short antiparallgl-sheet structure between
the two subunits35, 36).

[-309 was reported not to dimerize up to micromolar
concentrationst), and this was confirmed in this study by
NMR data at a protein concentration of 2 mM. Most
obviously, we were fully able to reconcile all the observed
NOEs within a monomeric 1-309 model. However, given the
limitations of homonuclear NMR methods (e.g., limited
spectra resolution), there exits the possibility that intermo-
lecular contacts may have simply been missed. Therefore,
other structural data should support our model, and in this
instance, evidence is provided by an examination of the
N-terminal region and the overall 1-309 fold. First, the
structural data used in this study are unable to define the
N-terminal region. This is typical of the N-termini of several
CC chemokines that are observed to be monomeric in
solution and wheréN backbone relaxation studies have also
shown this region undergoes extensive moti6g).( It is
therefore unlikely that a “CC” type interface is forming along
the N-terminal region. Second, the solution structure reveals
that the position of ther-helix and C-terminally extended

Keizer et al.

strand that results from the presence of the third disulfide
bond blocks the dimerization interface along the first

p-strand, preventing the formation of the “CXC” type dimer

(Figure 2A).

Our observation that I-309 is monomeric at high concen-
trations supports the modeBY, 63, 64) that it is the
monomeric form of chemokines that forms the biologically
active species in vivo. 1-309, while a member of the CC
chemokine family, has been found to have novel biological
functions in apoptosis not shown by other chemokines. It
also has the ability to block CCR8-mediated HIV-1 infection.
The determination of the three-dimensional solution structure
presented in this paper will aid in the understanding of the
interactions and specificity of 1-309 with its receptor, CCR8.
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