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Major histocompatibility complex (MHC) class II molecules are key
players in antigen-specific CD4+ T cell stimulation, despite their lack
of discrimination between “self” and foreign antigens. The
susceptibility of many individuals to autoimmune diseases is directly
attributed to this lack of specificity, as well as to the expression of
subclasses of MHC class II molecules. Increased susceptibility to
the autoimmune disease rheumatoid arthritis (RA) has been
attributed to the expression of the MHC class II alleles HLA-DR1
and HLA-DR4. To define the structural requirements of the HLA-
DR4 protein in the autoimmune response of RA, we have
crystallized HLA-DR4 with the immunodominant peptide from
human collagen II, covalently linked to theN-terminus of theβ-
chain [HLA-DR4/hCII(257-273)]. Crystallization time, crystal size,
and reproducibility were greatly improved by macroseeding into
microdialysis buttons.
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1. Introduction 

Antigen-specific CD4+ T-cell stimulation is directly mediated by
the action of the polymorphic major histocompatibility complex
(MHC) class II family of cell surface molecules. The allelic
polymorphisms found within class II molecules directly affect the
peptide binding affinities of MHC class II for their peptide ligands,
which subsequently affects the immunogenicities of the peptides that
are presented. MHC class II molecules are unique in that they fail to
discriminate between peptides generated from normal host proteins
(“self” antigens) and those generated from foreign proteins
(Rosloniec et al., 1990, Benichouet al., 1990). As would be
expected, many of the peptides bound by MHC class II molecules
are generated from “self” proteins, which would put a majority of the
population at risk to developing autoimmune diseases. However,
such pervasive autoimmunity is held in check by tight regulation of
T cell development and stimulation within the immune system
(Wonget al., 2001). This strict regulation is, however, not absolute,
and a significant portion of the population does develop autoimmune
diseases. The exact etiology of most these diseases is unknown, but
MHC class II molecules have been implicated as culprits. For
example, the increased risk of developing the autoimmune disease
rheumatoid arthritis (RA) has been attributed to the expression of the
MHC class II alleles HLA-DR1 and HLA-DR4, specifically the
DRB1*0101, DRB1*0401, DRB1*0404, or DRB1*0405 alleles
(Statsnyet al., 1988). However, it still remains to be determined
how the presence of these particular molecules predisposes an
individual to developing RA. Numerous hypotheses aimed at
determining the functional role of these class II molecules in RA
have been proposed (Winchester & Dwyer, 1991, Albaniet al.,
1992, Zanelliet al., 1995), but identification of the causative agents
of the disease remain obscure.

A wide variety of proteins are involved in the stimulation of
pathogenic T cells in RA, including proteins from cytomegalovirus
(Fujinamiet al., 1988), Epstein-Barr virus (Roudieret al., 1988), and
several proteins found in the joints, including gp39 (Copeet al.,
1999), proteoglycan (Banerjee & Poole, 1992), and type II collagen
(Stuartet al., 1988). In particular, many studies have focused on the
specific role of type II collagen (CII) in RA, due in part to its
presence as a major component of articular cartilage, and the
demonstrated cellular immunity to CII in RA patients (Watsonet al.,
1994, Kimet al., 1999; 2000).

Through the use of transgenic mice, it has been determined that
HLA-DR1 and HLA-DR4 bind antigenic peptides from human CII
(hCII) and mediate the susceptibility to RA in the mouse (Rosloniec
et al., 1997; 1998). Both of these molecules bind to and are involved
in antigenic presentation of the same hCII immunodominant peptide,
hCII(257-273), and both use Phe263 and Lys264 of the peptide as
binding anchors (Rosloniecet al., 2002). The use of only these two
adjacent residues as binding anchors is quite different from all other
HLA-DR1- and HLA-DR4-peptide interactions, as are the low
affinities of both molecules for hCII. The structure of a CII peptide
bound by HLA-DR4 (DRB1*0401) has been determined (Dessenet
al., 1997). However, the peptide used in these analyses was from a
procollagen portion of the CII molecule that is not part of mature
cartilaginous tissue. Using this crystal structure as a template, the
authors modelled hCII(261-273) into the HLA-DR4 binding cleft.
Several hCII residues predicted to interact with DR4 based upon this
model were later confirmed (Anderssonet al., 1998). To determine
the structural specifics in the binding of hCII to HLA-DR4 we
crystallized HLA-DR4 with the immunodominant peptide hCII(257-
273) covalently linked to theN-terminus of theβ-chain [HLA-
DR4/hCII(257-273)].

2. Materials and methods 

2.1. Crystallization of HLA-DR4 linked to the immunodominant human 
CII peptide (257-273). 

Purified and biologically active samples of recombinant HLA-
DR4/hCII(257-273) were the generous gift of Dr. Ed Rosloniec. The
sequence of theβ-chain of HLA-DR4 was modified by PCR
insertion mutagenesis to incorporate amino acids 257-273 of hCII
into the expressedβ-chain peptide using the method of Crawfordet
al. (1998). The protein was concentrated to 10 mg/ml for
crystallization trials. Initial crystals were obtained at room
temperature from 18% polyethylene glycol of molecular weight
3000 (PEG-3000; Fluka Chemical) and 0.1 M Tris at pH 8.0 (Sigma
Chemical Co.). Macroseeding into microdialysis buttons was
undertaken to improve crystal size. Following microdialysis for
three days, we removed seed crystals and washed them sequentially
in 20% w/v PEG-3000, 18% w/v PEG-3000, and 16% w/v PEG-
3000, and incubated in 16% w/v PEG-3000 including 2 mg/ml HLA-
DR4/hCII(257-273) for five minutes. PEG of molecular weights
3000 and 4000 were used as precipitants in parallel trials and 0.1 M
Tris at pH 8.0 was used in all wash solutions. The washed crystals
were placed in 5�l dialysis buttons containing 18% PEG of either
molecular weight 3000 or 4000, 0.1 M Tris at pH 8.0, and 10 mg/ml
HLA-DR4/hCII(257-273). The microdialysis button were placed in 5
ml of the same crystallization solution and incubated at room
temperature.

2.2. X-ray diffraction of HLA-DR4/hCII(257-273) crystals 

Crystals were screened for X-ray diffraction using a DIP2030 area
detector system (MacScience) mounted on a Nonius FR591 X-ray
generator operating at 45 kV and 90 mA equipped with focusing
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Figure 1 Photomicrographs of HLA-DR4/hCII(257-273) crystals. Crystals obtained from initial crystallization screens (A) using PEG as the precipitating
agent and 0.1 M Tris at pH 8.0, stained with IZIT. Microdialysis resulted in the crystals seen inB, obtained using similar conditions. Using these crystals as
seeds, the crystals seen inC andD were obtained from 0.1M Tris at pH 8.0 and PEG-3000 or PEG-4000, respectively. All photographs were taken at the same
magnification.

mirrors (MacScience). Crystals were soaked in 0.1 M Tris pH 8.0,
16% PEG-3000, and 30% glycerol prior to cryo-freezing for X-ray
diffraction analysis.

3. Results and discussion 

Vapour diffusion was used to obtain crystals of HLA-
DR4/hCII(257-273). These crystals grew over a period of 2 months
to a final size of 0.02 mm in all three dimensions (Figure 1A). To
confirm that we had indeed crystallized HLA-DR4/cHII(257-273),
we performed an SDS page gel analysis of the crystals and stained
the crystals with the protein dye IZIT (Hampton Research; Figure
1A). Microdialysis methods were used to increase the size of the
crystals. This approach not only increased the crystal size to 0.08
mm in all three dimensions (Figure 1B) but, more importantly,
allowed crystal growth within only 24 hours. These crystals
diffracted to 6.5 Å Bragg spacing (data not shown). To obtain larger
crystals with stronger diffraction to higher resolution, seed crystals
were placed into microdialysis buttons, which generated larger
crystals (Figures 1C and 1D). Using PEG-3000 as the precipitating
agent in the wash and in the dialysis solutions crystals of up to 0.12
mm in each dimension were obtained (Figure 1C). By contrast, in
crystallization experiments utilizing PEG-4000 as the precipitant,
dense protein precipitation on the surface of the seed crystals was
observed during the initial 24 hours of dialysis (Figure 1D). This was
followed by visible increases in crystal size during the ensuing 24 -

36 hours, resulting in a final average size of 0.12 mm in each
dimension. The dense precipitation initially observed using PEG-
4000 could be due to the increased degree of polymerization that
drives faster protein aggregation, as this precipitation was not
observed in samples using the smaller PEG-3000. Unfortunately,
despite their improved size, crystals grown from the seeds did not
display significant improved diffraction. Poor diffraction was
observed of crystals of HLA-DR1 has been previously reported
(Dessen et al., 1997) and high quality crystals required co-
crystallization with staphylococcal enterotoxin B (SEB). We are
currently co-crystallizing HLA-DR4/hCII(257-273) with SEB.
However, the described method of macroseeding into dialysis
buttons reported here is novel and could potentially be of general use
for many proteins by both decreasing crystal growth time and
increasing crystal size.

Acknowledgements We thank Ed Rosloniec, Katie Brown,
and Karen Whittington of the Veteran’s Affairs Medical Center,
University of Tennessee, Memphis, for protein overexpression and
purification. We are indebted to John Cleveland (Dept. of
Biochemistry) for helpful discussions on the manuscript.

References 

Albani, S., Carson, D. A. & Roudier, J. (1992).Rheum. Dis. Clin. North Am.
18, 729-740.

A C

D

0.12 mm0.12 mm

B

0.12 mm0.12 mm



Acta Cryst. (2002). D58, 1749±1751 Received 20 March 2002 � Accepted 7 August 2002 1751

conference papers

Andersson, E. C., Hansen, B. E., Jacobsen, H., Madsen, L. S., Andersen, C.
B., Engberg, J., Rothbard, J. B., McDevitt, G. S., Malmstrom, V.,
Holmdahl, R., Svejgaard, A. & Fugger, L. (1998).Proc. Natl Acad. Sci.
USA, 13, 7574-7579.

Benichou, G., Takizawa, P. A., Ho, P. T., Killiow, C. C., Olson, C. A.,
McMillan, M. & Sercarz, E. E. (1990).J. Exp. Med.172, 1341-1346.

Banerjee, S. & Poole, A. R. (1992).J. Rheumatol.19, 36-39.
Cope, A. P., Patel, S. D., Hall, F., Congia, M., Hubers, H. A., Verheijden, G.

F., Boots, A. M., Menon, R., Trucco, M., Rijnders, A. W. & Sonderstrup,
G. (1999).Arthritis Rheum.42, 1497-1507.

Crawford, F., Kozono, H., White, J., Marrack, P. & Kappler, J. (1998).
Immunity, 8, 675-682.

Dessen, A., Lawrence, C. M., Lupo, S., Zaller, D. & Wiley, D. C. (1997).
Immunity,7, 473-481.

Fujinami, R. S., Nelson, J. A., Walker, L. & Oldstone, M. B. (1988).J. Virol.
62, 100-105.

Kim, H. Y., Kim, W. U., Cho, M. L., Lee, S. K., Youn, J., Kim, S. I., Yoo,
W. H., Park, J. H., Min, J. K., Lee, S. H., Park, S. H. & Cho, C. S.
(1999).Arthritis Rheum.42, 2085-2093.

Kim, W. U., Yoo, W. H., Park, W., Kang, Y. M., Kim, S. I., Park, J. H., Lee,
S. S., Joo, Y. S., Min, J. K., Hong, Y. S., Lee, S. H., Park, S. H., Cho, C.
S. & Kim, H. Y. (2000).J. Rheum.27, 575-581.

Rosloniec, E. F., Brand, D. D., Myers, L. K., Whittington, K. B.,
Gumanovskaya, M., Zaller, D. M., Woods, A., Altmann, D. M., Stuart, J.
M. & Kang, A. H. (1997).J. Exp. Med.6, 1113-22.

Rosloniec, E. F., Brand, D. D., Myers, L. K., Esaki, Y., Whittington, K. B.,
Zaller, D. M., Woods, A., Stuart, J. M. & Kang, A. H. (1998).J.
Immunol.6, 2573-2578.

Rosloniec, E. F., Vitex, L. J., Buus, S. & Freed, J. H. (1990).J. Exp. Med.
171, 1419-1430.

Rosloniec, E. F., Whittington, K. B., Zaller, D. M. & Kang, A. H. (2002).J.
Immunol.168, 253-259.

Roudier, J., Rhodes, G., Pertersen, J., Vaughan, J. H. & Carson, D. A.
(1988).Scand. J. Immunol.27, 367-371.

Statsny, P., Ball, E., Kahn, M., Olsen, N., Pincus, T. & Gao, X. (1988).Br. J.
Rheumatol.27, 132-138.

Stuart, J. M., Watson, W. C. and Kang, A. H. (1988).FASEB J.2, 2950-
2956.

Watson, W. C., Tooms, R. E., Carnesale, P. G. & Dutkowsky, J. P. (1994).
Clin. Immunol. Immunopath.73, 27-37.

Winchester, R. & Dwyer, E. (1991).Immunol Ser.55, 203-219.
Wong, P., Barton, G. M., Forbush, K. A. & Rudensky, A. Y. (2001).J. Exp.

Med.10, 1179-1187.
Zanelli, E., Gonzalez-Gay, M. A. & David, C.S. (1995).Immunol. Today,

16, 274-278.


