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Crystallization and preliminary X-ray structural
studies of a high-affinity CD8aa co-receptor to
pMHC

The class I CDS8 positive T-cell response is involved in a number of conditions in
which artificial down-regulation and control would be therapeutically beneficial.
Such conditions include a number of autoimmune diseases and graft rejection in
transplant patients. Although the CDS8 T-cell response is dominated by the
TCR-pMHC interaction, activation of T cells is in most cases also dependent on
a number of associated signalling molecules. Previous work has demonstrated
the ability of one such molecule (CD8) to act as an antagonist to T-cell activation
if added in soluble form. Therefore, a high-affinity mutant CD8 (haCDS8) has
been developed with the aim of developing a therapeutic immunosuppressor. In
order to fully understand the nature of the haCDS8 interaction, this protein was
crystallized using the sitting-drop vapour-diffusion method. Single haCD8
crystals were cryocooled and used for data collection. These crystals belonged to
space group P6,22 (assumed by similarity to the wild type), with unit-cell
parameters a = 101.08, ¢ = 56.54 A. Vum calculations indicated one molecule per
asymmetric unit. A 2 A data set was collected and the structure is currently
being determined using molecular replacement.

1. Introduction

CD8 T-cell responses occur through the interaction between the
T-cell receptor (TCR), the major histocompatibility complexes bound
to peptide (pMHC) and various signalling molecules such as the CD8
co-receptor and the CD3 complex (Delon et al., 1998; Dembic et al.,
1987; Sgro, 1995). This interaction is responsible for controlling
antigenic specificity through the recognition of a pMHC complex by a
specific TCR (Davis & Bjorkman, 1988) and a CD8/CD3-mediated
signalling cascade leading to T-cell activation and subsequent cyto-
lytic events (reviewed in Janeway, 1992). Although this pathway is
responsible for host defences against viral infections ezc., there are
also reports of CD8 T-cell mediated auto-reactivity, for example type
1 diabetes (Amrani et al., 2000; Anderson et al., 1999), rheumatoid
arthritis (Gringhuis et al., 2000; Prinz et al., 2002), multiple sclerosis
(Babbe et al., 2000), intestinal autoimmunity (Prinz et al., 2002),
autoimmune neuronal degeneration (Albert et al., 1998) and auto-
immune thyroiditis (Gringhuis et al., 2000; Kong et al., 1989; Vladutiu
& Rose, 1971). CD8 T-cell responses involved in conditions such as
chronic heart rejection in transplant patients have also been reported
(Fischbein et al., 2002).

The CD8 co-receptor has been shown to be critical for the acti-
vation of most CD8 T cells (Meuer et al., 1982; Swain, 1981). It binds
to pMHC as a homodimer, referred to here as CD8wa. Structural
studies of CD8aa—pMHC have alluded to the importance of the
interaction between the CD8«, the o3 and, to a lesser extent, the a2
and A2m domains of pMHC (Gao et al., 1997). Of particular impor-
tance is the interaction between residues 223-228 of the pMHC «3
domain and residues 51-55 of the CDR-like loop of the CD8w chain.
Mutation of these sites has been shown to disrupt CD8-pMHC
interactions (Giblin et al., 1994). Furthermore, soluble CD8 has been
shown to act as a strong antagonist to CD8 T-cell interactions, with
approximately five- to tenfold higher efficacy than anti-CDS8 anti-
bodies (Sewell et al., 1999). Therefore, we have used our knowledge
of the wild-type CD8-pMHC crystal structure to design a high-
affinity CD8««r (haCD8) molecule with threefold greater affinity than
the wild-type CD8 (Cole et al., unpublished work). We achieved this
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by mutating residue Ser53 on the CD8« chain to Asn. This muta-
genesis was carried out to improve the electrostatic interaction
between residue Asp227 on the o3 domain of pMHC and residue
Asn53 on the CDR-like loop of haCD8 owing to the bulkier and
more electron-dense nature of the Asn side chain (Dawson et al.,
1986). In an attempt to improve refolding and to reduce the like-
lihood of non-specific intermolecular disulfide bonds forming
between CD8« chains, the unpaired Cys33 was mutated to Ala.

A pGMT7 Escherichia coli expression system (Rosenburg et al.,
1987) was used to make inclusion bodies (IBs) which were refolded to
produce soluble haCD8, which was in turn used to prepare crystals.
Crystallographic structural analysis would be the first step in better
understanding the interaction in the haCD8-pMHC complex and
should aid the design of even higher affinity CD8 mutants suitable for
therapeutic applications.

2. Materials and methods
2.1. Protein expression

The plasmid stock containing the sequence for amino acids 1-120
of haCD8 (Gao et al., 1998) was transformed into E. coli Rosetta DE3
competent cells and used to inoculate 11 TYP media. 0.5 mM IPTG
was used to induce expression and the resulting inclusion bodies were
harvested by lysis (10 mM Tris, 10 mM MgCl,, 150 mM NaCl, 10%
glycerol), sonication and treatment with Triton wash buffer (0.5%
Triton X-100, 50 mM Tris, 100 mM NaCl, 10 mM EDTA). Washed

®)

Figure 1
Typical appearance of crystals in the hanging drops. Individual needles were
separated for cryocooling.

Table 1
Diffraction data statistics.

Values in parentheses refer to the highest resolution shell.

Space group A P6,22

Unit-cell parameters (A) a =101.08, ¢ = 56.54
Wavelength (A) 0.978

29-2.0 (2.11-2.0)
110349 (12964)
11946 (1693)

Resolution (A)
Measured reflections
Unique reflections

Completeness (%) 99.9 (99.6)
Multiplicity 9.2 (1.7)
Io(I) 9.9 (0.8)
Ruerget (%) 209 (89.3)

T Rumerge = 2op 200 My — (I)1/2_(I), where I; is the intensity of a particular reflection in
the set of symmetry equivalents for any 4kl index and (/) is the average intensity of all the
equivalents of that index.

inclusion bodies were then dissolved in guanidine buffer (6 M
guanidine, 50 mM Tris, 2 mM EDTA, 100 mM NaCl) and purity was
measured using 10% Bis-Tris SDS-PAGE. Protein concentration was
estimated using a Bradford reagent kit (Sigma—Aldrich) with BSA as
a standard.

2.2. Protein refolding and purification

This was carried out as previously described (Gao et al., 1998).
Briefly, 60 mg 1" CD8a chain was incubated at 310 K for 15 min with
10 mM DTT and then added to cold refolding buffer (100 mM Tris
base, 76 mM Tris-HCl, 1 mM EDTA, 0.6 M L-arginine, 6 mM
B-mercaptoethylamine and 4 mM cysteine). Dialysis was carried out
in 10 mM MES pH 8 buffer for 2d (changing the dialysis buffer
once). The mixture was then filtered and diluted by half with 10 mM
MES pH6. The pH was adjusted to 6 using saturated MES solution.
The haCDS8 protein was purified by cation exchange using a Poros
S0HS column followed by gel filtration using a Superdex200 HR.

2.3. Crystallization

The haCD8 was concentrated to 20 mgml™" in 10 mM MES,
10 mM NacCl buffer. Crystal screens were initiated using Crystal
Screens 1,2 and Cryo 1 (Hampton Research) buffers 1-48 with 0.5 pl
drops of protein and 0.5 pl drops of crystallization buffer using the
hanging-drop method. Plates were incubated at 291 K and analysed
after 24 h, 48 h and one week. Needle-shaped crystals were observed
in Crystal Screen Cryo buffer 15 (25.5% PEG 8000, 0.085 M sodium
cacodylate pH 6.5, 0.17 M ammonium sulfate, 15% glycerol) after
24 h. Prismatic long needle-shaped crystals (typical dimensions 50 x
50 x 2000 pum; Fig. 1) were obtained from the sitting-drop method
after extensive optimization using 1 pl 20 mg ml~' haCD8 and 1 pl
buffer [25.5% PEG 8000, 0.085 M sodium cacodylate pH 6.5, 0.17 M
ammonium sulfate, 15% glycerol, 3%(v/v) ethylene glycol]. Crystals
were flash-cooled in liquid nitrogen in cryoloops.

2.4. Data collection and processing

Data were collected with the rotation method at station 14.2 of the
Synchrotron Radiation Source (SRS), Daresbury, UK using an
ADSC Quantum 4 CCD-detector system. The wavelength (1) was set
to 0.978 A. The total number of frames recorded was 100, each
covering 1° of rotation. The crystal was maintained at 100 K in an
Oxford Cryostream. Reflection intensities were estimated with the
MOSFLM package (Leslie, 1992) and the data were scaled, reduced
and analysed with the CCP4 package (Collaborative Computational
Project, Number 4, 1994). Crystal data and relevant statistics are
given in Table 1.
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Figure 2

A typical diffraction pattern, showing diffraction beyond the 2.1 A ring. The image on the right is an expansion, with change in contrast, of the top part of the pattern on the

left.

3. Results and discussion

The haCDS8 crystals were analysed by X-ray diffraction and found to
belong to space group P6,22, with unit-cell parameters a = b = 101.08,
¢ = 56.54 A (Table 1). The enantiomeric space group P6,22 was
discounted at this stage by virtue of the wild-type crystals showing the
former symmetry. One molecule (MW = 12 kDa) was present per
asymmetric unit, resulting in a V; value of 3.5 A’ Da"! and a solvent
content of 64%. A full data set was collected to 2 A resolution (Fig. 2).
A total of 110349 observations were measured including 11 946
unique reflections. The completeness was 99.9%, with a multiplicity
of 9.2 and an Ry, of 20.9%.

The high-resolution cutoff was extended to 2.0 A despite the
apparently poor statistics in the outermost shell. This was to afford
the opportunity of using as much information as possible for
discerning fine features of the structure during refinement. The
multiplicity is high and although (//o(/)) had fallen below 1.0, there
are likely to be many individual reflections that are reliable and
should be included in the refinement. This has been debated at length
on specialist bulletin boards (e.g. ccp4bb@dl.ac.uk), where the
consensus was that it is beneficial to retain these reflections in
refinement based on maximum-likelihood methods, e.g. as encoded in
REFMACS from the CCP4 package of crystallographic software.

Structure determination and refinement is currently under way and
will be compared with the wild-type CD8x« homodimer (PDB code
1cd8).

We wish to thank the staff at the SRS for providing technical
support, the UK Research Councils for providing the beamtime and
Avidex Ltd for providing resources, research and technical support
for the duration of this project. DKC is supported by an MRC
studentship.
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