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MS04.15.07 STRUCTURL\L ANALYSIS OF A PROTEIN 
COMPLEX IN THE IMMUNE SYSTEM. P.J. Bjorkman. W.P. 
Burmeister. M. Raghavan, D.E. Vaughn, California Institute of 
Technology, Pasadena, CA 91125 

Maternal immunoglobulin G (IgG) in milk is transported to 
the bloodstream of newborn rodents via an Fe receptor (FeRn) 
expressed in the gut. FeRn binds IgG at the pH of milk in the 
intestine (pH 6.0 - 6.5) and releases IgG at the pH of blood (pH 
7.5). The receptor shows a striking similmity to class I MHC 
molecules. Because the structures of MHC molecules appear 
uniquely adapted to their peptide binding function, it is surprising 
to find a molecule with a structural similarity, yet a completely 
different function in the immune system. The 2.2 A crystal struc
ture of soluble FeRn is similar to structures of class I MHC mol
ecules. Although the two helices that form the sides of the MHC 
peptide binding groove on the tops of the alpha! and alpha2 do
mains me present in FeRn, they are closer together than their MHC 
counterparts, rendering the FeRn groove incapable of binding pep
tides. Together with biochemical and structural data from an FeRn/ 
Fe complex, the FeRn structure suggests a unique utilization of 
the MHC fold for immune recognition, differing substantially from 
modes ofMHC interactions with peptides, T cell receptors or CDS. 
The co-crystal structure shows that FeRn binds to Fe at the inter
face between the Fe CH2 and CH3 domains, which contains sev
eral histidine residues that could account for the sharply pH de
pendent FcRn/IgG interaction. A dimer of FeRn heterodimers 
observed in the co-crystals and in the crystals of FeRn alone could 
be involved in binding Fe, correlating with the 2: l binding sto
ichiometry between FeRn and IgG, and suggests an unusual ori
entation of FeRn on the membrane. 
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Murine CDldl is a member of a family of cell smface gly
coproteins that are distantly related to MHC molecules.l CD! 
molecules are encoded outside the MHC and have restticted tis
sue expression.1.2 The precise function of CD 1 molecules is as 
yet unknown but CD 1 is believed to represent a novel class of 
antigen presenting molecules of the immune system. Like MHC 
class I presenting cells, CD 1 presenting cells can illicit a cytolyt
ic T-cell medicated immune response)..+ Two T-cell lines reac
tive to murine CD 1 d have been phenotyped; the first has a con
ventional MHC class I reactive phenotype ex/~ CD4-/CD8+ TCR+ 
and the second has phenotype ex/~ CD4-/CD8- TCR+.5.6 

The crystal stmcture of a type II mwine CD! molecule, CDldl, 
has been detetmined to 2.8A by moleculm- replacement and refined to a 
crystallographic R value of 19%. Each of the four domains of the struc
ture m·e structurally homologous with the CO!Tesponding domains of the 
known MHC and MHC-like molecules. With the exception of the small 
H 1 helix of class I iVIHC antigens all of the secondary structural elements 
of the class I MHC me preserved, There me, howevet: substantial differ
ences in the shape and chemical properties of the putative ligm1d binding 
groove suggesting a different mode of ligand binding. 
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The crystal structure of a rheumatoid arthritis-associated 
human leukocyte antigen DR4 Dw4 complexed with the 
superantigen, S. mn·eus enterotoxin B, has been solved by moleculm
replacement techniques at 2.8 resolution ( l ). The peptide binding 
groove was loaded with a 13-residue antigenic peptide from 
hemagglutinin, HA306-318. Compmison of the DR! (2) and DR4 
peptide binding domains with bound HA306-318 revealed 
differences in the DRl and DR4 backbones in theN-terminus of 
the a-chain helix beginning near residue 51 and continuing through 
residue 74 with maximal displacement between the two structures 
near the C-tem1inus of this region. In general, many of the DRl
HA peptide interactions were preserved in the DR4-HA structure. 
There were. however, significant differences in the 01ientation of 
peptide side chains at Lys 310, Gin 311, Asn 312, Lys 315, and 
Leu 316. Thus, the different class II major histocompatibility 
complex molecules recognize the same peptide in different ways. 
These findings provide support for the hypothesis that the 
orientation of peptide in the groove influences T cell recognition. 

Crystals were grown from polyethylene glycol over a 
considerable pH range. The lattice parameters are a= 91.5, b =92.5, 
c =102.3 , space group P212t21 with a single superantigen and 
peptide-loaded MHC Class II molecule in the asymmetric unit; 
thus DR4 does not crystallize as a dimer. Data, 75% complete, 
were collected from a single crystal flashed cooled in a liquid 
nitrogen stream. 
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The central recognition event in the cellular immune response 
is between a T cell receptor (TCR) found on the surface of a T 
lymphocyte and an MHC-peptide complex found on the smface 
of a cell being inspected by the T lymphocyte. A TCR specific for 
HLA-A2 complexed with a peptide from the Tax protein of 1m
man T lymphotropic virus type 1 (HTL V-1) has been expressed in 
E. coli as inclusion bodies, refolded, and purified. This TCR 
binds specifically to its in vivo target, HLA-A2/Tax peptide, as 
seen by gelshift assays using HLA-A2 also expressed in E. coli as 
inclusion bodies and refolded. The ternm·y complex ofTCR/pep
tide/MHC has been crystallized and Xray diffraction data to 2.7 A 
have been collected at a synchrotron. The st:ruct1n·e has been phased 
from two heavy atom detivatives and from partial molecular re
placement solutions. Electron density maps from these phasing 
methods reveal the nature of interactions between TCR and MHC/ 
peptide, elucidating at the atomic level the mechanism of immune 
surveillance. 


