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4. Discussion

4.1 Discussion of expression and reconstitution eepments

The basic idea behind the experiments described here was to pnodutte properly folded

and functionally active HLA-B27 molecules together with peptiddss Was obtained for all
three subtypes B*2703, B*2704 and B*2706 in complexes with self- and viratipepyielding
different results. The method described by Garboczi and co-wdi&arboczi et al., 1992) for
formation of an HLA-A2b,m:peptide complex was successful and provided refolded proteins
that were purified with very good quality.

In comparison to the isolation of membrane proteins in their nati& thein vitro
reconstitution has many advantageéscoli cells grow well in LB medium and they accumulate
the proteins in the cytoplasm to a very high level (the aeeamgount of 70 mg of protein per
one liter of culture). However, the main advantageEofcoli expression system is that
reconstitution can be achieved with a single peptide.

Inclusion bodies are amorphous aggregates and resistant to proteplsisoli proteases,
which results in high yield protein production. However, the expersnamducted in this study
showed that the yield of inclusion bodies as well as protein quedity vary between the
proteins. As already mentioned, B*2706 subtype was less problematxpression than
B*2703 and B*2704. Before initiation of complex formation, all inclaslwody proteins were
tested for purity by SDS gels (section 3.1.2). Inclusion boofidsest quality were obtained for
B*2703 andb,m, whereas expression of B*2704 and B*2706 resulted in production giuess
proteins. It is difficult to explain why the quality of the$wo subtypes was reduced in
comparison to HC of B*2703 and light chain as well as why the expreksiel of B*2703 was
much lower than that of B*2704 and B*2706.

Successful gene expression En coli depends on many factors such as codon usage,
expression vectors, folding competence, proteases. There arecedares in every species for
which only very little tRNA is made. I&. colithese are mainly AGA and AGG (Arg codons). It
could happen that the amino acids which differentiate B*2703 from B*2704 #2itD8 have
lower adaptiveness . coli, and therefore some subtypes are expressed at lower yield.
However, this is not the case here because codons of all gpljim residues in the three
subtypes have a very similar percentage of codon usage. Thes&rprvector was the same for
all three subtypes as well as fom, and was also used previously for other HLA-B27 subtypes,

and no problems with expression were reported. The folding anditgtab mMRNA could
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influence the gene expression as well, but not in this case tieanRNA folds for all subtypes
reveal similar structure in the regions of all mutationarabteristic for each subtype (online
analysis with mfold by Zuker and Turner).

Complex formation resulted in diverse amounts of properly folded
HLA-B27:b,m:peptide complexes. The yield of B*27b63n:peptide was low (0.4 mg/ml), and
the peak obtained after size exclusion chromatography was btoaver, the complex eluted
at a position expected according to molecular weight, and an SD& RBA&ysis confirmed that
the ternary complex contains all components. B*2704 gave a proper atabont 1.3 mg/ml)
of complexes in presence of 20 % glycerol after testing difteconditions. The HLA-B*2704
complexes, formed with the peptides used here, appear as slakp q@e gel filtration
chromatography at an elution time consistent with the expected utaleweight of the
complexes. Analysis of the peaks containing the complexes by SO% Pévealed that they are
composed of two polypeptide chains of the expected sizes of the B*2704 dieanyando,m,
and delivered complexes of high purity. It is surprising that B*2#&aled poor complex
formation since all three subtypes are closely sequendedela

Additional experiments on complexes of B*2703 with both peptides peeidrin the
frame of this study showed that the stability of HLA-B*21®&:pVIPR was higher than that of
the complexes of B*2705 and B*2709 with the same peptide, and compleati@nnof the two
last mentioned subtypes was easier than with B*2703. The pVIPRLAMNdZopeptides reported
here have been shown to bind to HLA-B2705 and B*2709 and supported the refoldiveg of

complexes (Hulsmeyer et al., 2004, Fiorillo et al., 2005).

4.2 Discussion of crystallization experiments

For all HLA-B27 subtypes (B*2703, B*2704 and B*2706) in complex with individugtipes,
crystals suitable for X-ray diffraction were obtained. As dbed above (chapter 3.2) the
crystals of all complexes were obtained by using hanging-drop dffasion. Since all three
subtypes are very closely related to B*2705 (ancestral plield B*2709, for B*2703, B*2704
and B*2706 we employed crystallization conditions in which crystathefther two subtypes
grew. As expected, only the polyethylene glycol concentratiohdrptecipitant solution had to
be modified to obtain crystals large enough for X-ray data dmlec Crystals of
B*2704b,m:peptide had a slightly different morphology (long, thin platégh the ones of
B*2703 and B*2706 (prisms). The shape and size of the crystals dependeroal symmetry

and relative growth rates along the various directions of tretatryCrystals are formed by the
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repetition of unit cells in 3-D space. Therefore, the shape alfystal is partly related to the
shape of the unit cell. Different morphologies of crystals icapes that they may have different

unit cell parameters.

4.3 Discussion of crystallographic data, structureanalysis and structural
comparisons

This study was designed and carried out in order to gain better knewddamt HLA-B*27
subtypes and their association to Ankylosing Spondylitis. The einfl@ of A-pocket
polymorphism on self- and antigen peptide conformation was invesdigesing the B*2703
subtype, whereas comparison of pLMP2 and pVIPR binding modes in B*27@3048 and
B*2706 was thought to bring valuable information about the relationship 8fBR27 subtypes
and AS. Determining, whether conformations of these peptides baurigt2704/B*2706
resemble those found in B*2705/B*2709 was performed in order to verifgther molecular

mimicry can be generalized.

4.3.1 How are peptides such as pLMP2 and pVIPR bouanto B*2703?

The crystal structures of the B*2763m:peptide complexes presented in section 3.3.1.1
allowed to elucidate how the two peptides, pVIPR and pLMP2 whiehe wpreviously
investigated in complex with B*2705 and B*2709, are bound to B*2703. Thanksttoled
analysis of peptide conformation in the binding groove, it becpossible to establish the
maintenance of a pentagonal bonding network within the A-pocket of B*2703.

This study is the first determining the crystal structurethefhuman MHC class | antigen
HLA-B*2703. The pLMP2 and pVIPR peptides are bound to the groove of HLA4iB27
drastically different conformations (Figure 3.14 and 3.15). Theigeptexhibit sequence
dissimilarities at p3 and from p7 to p9. The structures of B*270®imnptex with pLMP2 and
pVIPR show that drastic changes in the binding mode of both psm@eseen in the middle
part. This was already observed for two other closely relaibtyges, B*2705 and B*2709
(Hulsmeyer et al., 2004; Fiorillo et al., 2005). These two distinaformations of the peptides
are called pd and p@ (Figure 1.8) depending on the residue of the main chain whessedin
is in a-helical conformation (p4 or p6 respectively; Hilsmeyer e28l04; Fiorillo et al., 2005).

However, the conformations of the N- and C-termini of both peptidesxtremely similar when
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bound to B*2703 subtype as well as to B*2705 and B*2709 (Hulsmeyer et al., 2004;
Fiorillo et al., 2005). In case of HLA-B27 bound peptides, the pénformation has been
observed in the structures of B*2705 with pVIPR (Hulsmeyer et 2004), pLMP2
(Fiorillo et al., 2005) and pGR (Riickert et al., 2006).

There is so far no explanation for the different binding modes otwbepeptides in
B*2703, but the differences can have consequences for the recoghitimcomplexes by TCR
molecules since residues p3-p7, which form the central sectidre aftestigated peptides, are
thought to be accessible to the T-cell receptor (Stryhn el@06; Sant Angelo et al., 2002;
Rudolph and Wilson, 2002). In case of them®nformation which was found for pVIPR when
bound to B*2703, the middle part of the peptide is buried deeper inirileng groove whereas
in the p4 binding mode this section of the peptide pLMP2 is exposed to the schrehthe
interactions with the same receptor will consequently berdiite In B*2703b,m:pLMP2, the
central part of peptide is also more flexible as demoestiay elevated B factors (Figure 3.16).

The ancestral allele B*2705 is so far the only one where ap#ymide binding mode was
elucidated for the pGR (Ruckert et al., 2005) and pVIPR peptidesifi¢yer et al., 2004). The
differences in the structures of pVIPR and pLMP2 in complex#is B*2705 and B*2709
(Hulsmeyer et al., 2004; Fiorillo et al., 2005) can be explaingzblymorphic residue 116 in the
binding groove. Since the bottom of the binding groove of B*2708astical to that in the
B*2705 subtype, it is not surprising that the pVIPR binding mode shows higitesiies
although it was present in only one conformation in B*2703. However, cisopasf pLMP2
conformation in complexes with B*2703, B*2704, B*2705, B*2706 and B*2709 brought
unexpected result. Overlays of the B*2#}&1:pLMP2 structure with those of B*2704, B*2705,
B*2706 and B*2709 in complexes with pLMP2 indicate that the peptide backiooriermation
is similar in all subtypes except B*2705. However, numerous diffags were noticed in side
chains of solvent exposed residues, mostly between B*2703 and B*2704 or B*2786. |
difficult to explain this result, especially because the B*2703 pebtyas expected to present
the pLMP2 peptide in the p6conformation which was also found for this peptide in B*2705 as
well as for the pVIPR in B*2703 and B*2705 subtypes.
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4.3.2 How does the His59Tyr replacement in B*2703ffact the binding mode of

N-terminal amino acids within the A-pocket?

Comparison of the results obtained for B*2703 in complex with pLMP2 and®R\Mb the
crystal structures of B*2705 and B*2709 in complex with these pepfidasmeyer et al.,
2004; Fiorillo et al., 2005) permits us to discuss the replaceméme @ommon Tyr59 by His on
peptide binding. This exchange in B*2703 seems to have no influence orepaptfdrmation.
It is probably due to the additional water molecule which compesn$at the shorter side chain
of His59 (B*2703) in comparison to Tyr59 (other B27 subtypes).

Among HLA subtypes the ones with different amino acid exchangeei\-pocket were
identified: HLA-B37, HLA-B14, HLA-B18, HLA-B*7301, and the pairs dfe¢ HLA-B subtypes
HLA-B*5101/HLA-B*5102 and B*3704/B*3701 (Kikuchi et al., 1996, Estefania et 2002).
B*3704 differs from B*3701 and B*5101 differs from B*5102 just by a replacemémtis for
Tyr at position 171. Although residue 171 is located inaf#helix, it is similar to His/Tyr59,
as it lines the A pocket of the peptide binding groove. Duthitb exchange in B*5101, the
H-bond network within the A-pocket is altered. The alternetivargement of the N-terminal
part of the peptide results in deeply burried central pateopeptide and change of the epitope
for TCR recognition (Maenaka et al., 2000). It is less likbbt tsuch a situation will apply to
B*2703 subtype since the H-bond network within the A-pocket as wdlleaN-#erminus of both
peptides remains unchanged with respect to other HLA-B*27 subtymeglexed with the same
peptides.

Solving the two crystal structures of the B*2703 subtype allotweanswer the question
whether any structural differences can be observed in the A{paskeresult of the His to Tyr
exchange at position 59 of the HC. The replacement of Tyr59 ocaoelyrgh B*2703 (His59) and
B*2717 (Phe59), and since Tyr59 is known to take part in a pentagonal netfvoyklrogen
bonding pattern, which is characteristic for MHC class | moéc(iMadden, 1995), it was of
importance to elicit whether this single amino acid exchaagenfluence the structure.

The two first residues of both peptides in B*2703 (pArgl and pArg2) adiaptical
positions as in other HLA-B27 subtypes, and pArg2 is known to be timeamyiresidue
(Madden at al, 1992; Urban et al., 1994), which is required for peptidboring in the
HLA-B27 binding groove. The structures of B*2703 with both pVIPR and pLM&#irm this
finding. The single amino acid exchange in the A-pocket of HC, ewpArgl is bound, does not
influence the structure of this interaction. As presented snstioidy the hydroxyl group of Tyr59
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is replaced in B*2703 by an additional water molecule which allowsm#intain the
characteristic pentagonal hydrogen bond network (Figure 3.18).

This finding was even more interesting in the light of resultsinbt for the B*5101
subtype. As already mentioned, B*5101 carries an amino acid excimatigeA pocket (Tyrl71
to His171). Residue 171 is located at the C-terminus ofaxaelix. The exchange of this
otherwise highly conserved amino acid is expected to influencepénéagonal hydrogen
bonding architecture at the peptide N terminus as well. Recéimglycrystals structures of two
peptides (KM1 and KM2) in complex with B*5101 were solved (Maenakal.e?000). The
structure of B*5101:KM1 (2.2 A) revealed differences in the hydrogen hgndetwork in
comparison with the one observed for B*2t&:pLMP2 and B*2703,m:pVIPR. An
additional water molecule bound to His59 is mimicking the phencbup of Tyrl71 and
permits the formation of a hydrogen bond to the N terminus of thddpe resulting in an
“elevation” of the N-terminal part of the peptide. Howevdris leads to a non-standard

arrangement, resulting in a tetragonal or even trigonal hgdrognding network (Figure 4.1).
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Figure 4.1. Structural comparison of the A-pocketn B*5101 and B*2703.The structure of the B*5101
A-pocket when complexed with a) KM1 and b) KM2 pdps. P1 is the first amino acid of the peptidesitges
which form hydrogen bonds in the A-pocket (Tyr5%H 1, Tyrl59 and Tyr7) are in stick representatidile the
rest of the molecule is shown as cartoon. c¢) Thassital hydrogen bonding network within the A-pdcke
(Griffin et al., 1997), as schematic diagram. Cowse tyrosines at positions 7, 59 and 171 form atggonal
H-bond network with a water molecule and the N-fatm (P1) of the peptide. The His59 side chain Wwhaplaces
Tyr59 in B*2703 is shown in the inset. d) Structafethe A pocket in B*2703 subtype in complex withptide
pLMP2. The hydrogen bonding network between corexbmesidues, water molecule and the carbonyl oxyden
pArgl is drawn with dashed linesl- anda2-helicies are in ribbon representation.

In contrast, when pLMP2 and pVIPR form complexes with B*2703, the hydrogen bond
network in the A pocket is arranged in the classical pentageagl (Figure 4.1 d). The
structures described here are in sharp contrast to the strumftuB*5101:KM2, where no
pentagonal bond network has been conserved (Maenaka et al., 2000mifdteresolution of
3.0 A for B*5101:KM2 did not permit to model water molecules, preciydimlirect comparison

with the structures described here.
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The crystal structures of B*27@8m:pLMP2 and B*2703,m:pVIPR allowed, for the
first time, a detailed analysis of this HLA subtype. Insthilele the polymorphism in the
A-pocket of the peptide binding groove has no influence on the coafimn of the N-terminus
of the peptide. This may also be a consequence of the tight sanidwited by the side chains
of Arg62, pArgl and Trpl67 (Hillig et al., 2004). However, it i#l :i0t possible to explain
different peptide binding modes exhibited by pVIPR and pLMP2 when pegesbgtB*2703. It
seems that residue 116 does not determine on its own in whifdrroation a peptide will occur
since in B*2703 the two peptides are bound in drastically differeniner. This resembles the
situation in B*2705 subtype in complex with pVIPR where both peptide coaf@mns are
possible. The distinct conformations, which characterizéitnging of pVIPR-p@& and pLMP2
in the B*2705 subtype, are now also seen for B*2703. This result inglit@e it is impossible

to provide a rationale for this finding only on the basis ofyatallographic analysis.

4.3.3 Thermodynamic properties of B*2703 subtype ircomplex with pLMP2 and
pVIPR peptides.

Performing CD and DSC measurements of HLA-B*2703 complexes witteth@eptide pVIPR
and the viral peptide pLMP2 enabled discussion of the results withopsdyiobtained data for
two other complexes B*2705 and B*2709 with the same peptides (Misselwital.,e
unpublished). CD and DSC measurements of B*2703 subtype in complex with2pBkdP
pVIPR were performed by co-worker Dr. Rolf Misselwitz. Aoting to CD measurements,
pVIPR bound to both subtypes formed slightly less stable compi®84 to 60.8°C) in
comparison to B*2708;m:pVIPR (62.3°C). However, complexes of all three B27 subtypes
with pLMP2 have an almost identical, T49.6 to 51.4°C), much lower in comparison with those
found for pVIPR. These finding suggest that the stability of cergd depends on the bound
peptide and not on the subtype (Misselwitz et al., unpublishea)|g®.1).
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Table 4.1 Thermal unfolding of B*2703, B*2705, and*2709 in complex with pVIPR or pLMP2.

DH,,1 DH .2 DH .3 DH ot
Tml Tm2 Tm3 Tm (CD)
Samples (kcal/ (kcal/ (kcal/ (kcall
°C) °C) °C) (°C)
mol) mol) mol) mol)
2703:pVIPR - - 62.9+0. 104+4 | 66.840.0 | 17842 282 62.310.
2705:pVIPR - - 63.5+0.2 100+7| 67.3+0.7 168+8 268 60.8+0.3
2709:pVIPR - - 60.2+0.4 11445 64.1+0.7 1731 287 58.4+0.6

2703:pLMP2 | 51.8+0.5 757 55.2+0.2 109+4 65.0+0{3 124%8 308 LY 7

2705:pLMP2 | 52.7+0.5 83+2 57.7+0.5 129+3 64.1+0{1 7743 2809 517440
2709:pLMP2 | 50.4%0.¢ 80+& 55.1+0. 127+z | 64.3+0.: 78+2 28¢ 49.6+0.!
b,m? - - - - 63.8t0.5 759 - 64.6:0.8

#(Hillig et al., 2004)

10 mM phosphate buffer, pH 7.5, 150 mM NaGlg = 3-4nmM, Cyorm = 10-12nM

* - standard deviation

Tml/TW2/T3 — thermal midpoints of transitions 1, 2 and 3(dD) — the temperature where just one-half of the
total ellipticity change is observedH,1, H.2, Hx3, Hy — calorimetric heat changes at the corresponding
T values determined from the are under the correfipgriransition peaks.H values describe the enthalpy change
between the folded and unfolded states.

As expected from previously published studies (Hillig et al., 2004srHéyer et al., 2005),
the unfolding of the heterotrimeric HLA-B27 molecules shows aemmmplex unfolding
behaviour in comparison toom. The asymmetry or partial overlapping of the excessive heat
capacity curves implicate multi-step unfolding reactions #®t2703:b,m:pVIPR and
B*27031b,m:pLMP2 complexes. Dissociation of the peptide and unfolding of the crrople
occur sequentially or simultaneously, and unfolding of HC domainsocaur separately or
independently resulting in more or less separated or partiabtylapping melting profiles.
Therefore, to obtain more detailed information from the unfoldingsitians, the excessive heat
capacity curves were deconvoluted (Figure 4.2). Using the twe statine of the ORIGIN
software two (B*27031,m:pVIPR) or three (B*2708,m:pLMP2) partially overlapping peaks
with Tl to Tn3 and corresponding “apparent” enthalddgh,1 toDH,3 were calculated.
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Figure 4.2. Deconvolutions of experimental excesgi\neat capacity curves of B*2708,m:peptide complexes.
a) Deconvolution excessive heat capacity curveg*a703:b,m:pLMP2 (green), and b) B*270%m:pVIPR (blue).
Deconvolution (cyan, magenta and black) resultshiee two-state transitions for B*2703m:pLMP2 and two
two-state transitions for B*270&m:pVIPR.

As described above, the B*2763m:pLMP2 complex unfolds in two separated peaks with
an asymmetry in the low temperature region of the peak. Ttdrnsition is characterized by a
melting temperature significantly lower théam, whereas the second one melts at about the
Tm of bom (64.6°C). Deconvolution of the experimental excessive heatitapacove yields two
overlapping transitions for the low temperature peakl(DHn1 and 1,2 andDHn2; Table 4.1)
and only one for the second, high temperature peaB, (DH,3; Table 4.1). Complexes of
B*2705 and B*2709 subtypes with pLMP2 also reveal a three-step unfoldihgmelting
temperatures very similar to those obtained for B*2@88:pLMP2, but with a significantly
reducedDH 3 (not published)DH,3 (about 78 kcal/mol) and B (about 64°C) values of
B*2705b,m:pLMP2 and B*270%,m:pLMP2 complexes are similar to that of fréem
(63.8°C, 75 kcal/mol), corresponding to the melting of foldgd (Table 4.1).

The deconvolution results of B*2705/09m:pLMP2 complexes suggest, that at first two
domains of the HC with different energetic profiles unfolg ;T H,1; and T2, Hm2) with
concomitant dissociation of folded,m and unfolding ofb,m at higher temperature
(Tm3, Hm3). Energetic domains cannot be unambiguously assigned to known siructur
domains; however, their melting is characterized by defingdnl Hy, values. In contrast, a
significantly higheDH,3 value of 124 kcal/mol was obtained for B*2788n:pLMP2. Similar
to the unfolding of B*2705/0%,m:pLMP2 complexes two energetic domains of the HC unfold
at first (Tn1, Hmnl; and 1,2, Hn2; Table 4.1). The increasedd,3 of 124 kcal/mol can only
be explained by an additional enthalpic contribution of the HC to thedimd enthalpy ob,m.
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In contrast, B*2703 and B*2709 in complex with pVIPR unfold in single peaks avislight
asymmetry at the low temperature side of the excessatechpacity curves, and unfolding starts
at higher temperatures compared to HLA-B2#H:pLMP2 complexes (Figure 4.2 .b)
HLA-B27:bom:pVIPR complexes mostly melted at a similar temperaturefras bom
(B*2709b,m:pVIPR) or even at slightly higher temperatures (B*2B@%:pVIPR and
B*2703:b.,m:pVIPR). Deconvolution of the melting curves of all three sutgypeomplex with
pVIPR yielded only two partly overlapping transitions, charang¢eriby T,2, DHn2 and T3,
DHn3, with T2 and T3 differing by about only 4 °C. A correlation of the two partly
overlapping transitions ¢I1, Tn2, Hmnl, Hm2) with the melting of structural domains (heavy
chain andbom) was not justified by the data. However, this melting bemawidicates that
dissociation of the complexes is coupled to the unfolding of botlahti®b,m (Table 4.1). The
higher Hn3 value for HLA-B*2703b.m:pVIPR complex, in comparison with isolatéegm,
represents overlapping enthalpy changes resulting from the unfoldingno&nd parts of the
heavy chain that must be a consequence of the Tyr59His exchatvgeemeB*2705 and
B*2703.

The comparison of melting patterns of B*2703 subtype with B*2705 and B*2708 agai
points to peptide-dependent dissociation and unfolding of the complexepLWVi2 peptide
appears to change the unfolding behavior of the investigated subtypesay that the pMHC
complex becomes less stable and dissociates and unfolds in threeveEeas complexes with
pVIPR always dissociate and unfold in two-steps. For both peptidesntblding behaviour is
subtype-independent.

4.3.4 Do the polymorphisms in B*2704 and B*2706 idence the binding mode of
pLMP2 and pVIPR?

This study describes for the first time the structures ofwibeHLA-B27 subtypes, HLA-B*2704
and B*2706, both in complex with a self-peptide (pVIPR) and a pegkide (pLMP2). These
nona-peptides were previously investigated with B*2705 and B*2709, amdgtks allowed to
suggest a structural frame-work for molecular mimicry asaase for disease association
(Hulsmeyer et al., 2004; Fiorillo et al., 2005). It was found éhpathogen-derived peptide can
be presented by an MHC in a subtype-dependent manner, and theigeli-gn¥IPR) has been
shown to mimic a viral peptide in the AS-associated subt@j2705). Additionally there is
evidence that individuals with the B*2705 subtype possess T celidatiragainst a self-peptide.
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Since the closely related B*2704 and B*2706 form a second pair of ssbiyifie differential
association to AS, a detailed analysis was expected tadatacwhether they present certain
peptides in the same manner and give a hint in explaining the fbadise role of antigens
specified by the major histocompatibility complex (MHC)histdisease.

Section 3.3.2.1 shows that a pathogen-derived peptide such as paMRll as
self-peptide such as pVIPR can be displayed by two closelyedeBt2704 and B*2706
subtypes in similar binding modes (Table 4.2). Since B*2704 and B*270& diffly in two
amino acids and are, similarly to B*2705 and B*2709, differentiall»a&Sociated, it was
interesting to compare their structures in complex with pLMP2 an®RMWtith the results for
the complexes of these peptides with B*2703, B*2705 and B*2709.

Surprisingly, both peptides presented by the B*2704 subtype as wall B2706 are in
the p4 conformation (Table 4.2).

Table 4.2. pLMP2 and pVIPR peptide conformationsn HLA-B27 subtypes.Conformation pd - mainchain
| torsionangles in -helical conformation at @ conformation pé& - mainchain / torsionangles in -helical
conformation at pé.

Subtype
B*2703 B*2704 B*2705 B*2706 B*2709
Peptide
pLMP2 pda pda p6a pda pda
pVIPR p6a pda pdal/p6a pda pda

Since there is no difference in amino acid sequence atidbe df the binding groove
between B*2704 and B*2705, it is surprising that the B*2704 subtype prekenself peptide
only in pda conformation and not in two modes as in B*2705. In case of B*2706, wiiffeins
from B*2705 and B*2709 in five residues, two of which are locatedebbttom of the binding
groove, it was highly possible that the Hisl114Asp and the AsplléXghanges would
contribute to the pVIPR presentation by the B*2706 subtype.

The influence of the two polymorphic residues located at therbatf the binding groove
(Table 1.1) on overall peptide binding mode can not be establishedithxphevertheless,
some interactions of residues 114 and 116 with the peptide amid® maght explain the
conformation of both peptides, and an influence of other polymorphiduessi(outside the
groove) in B*2704 and B*2706 can be noticed. p3 of both peptides interactslydioe
indirectly with Asp114 of B*2706 and disables the interaction of pArdh thie binding groove,
resulting in pArg5 directed to the solvent. Located in tBehelix of B*2705/09, Vall52 is
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neutral and shorter than the negatively charged Glu which occtinis giosition in B*2704 and
B*2706. Therefore it is likely that Glul52 would form a novel saltdde with positively
charged pArg5 (Figure 4.3 a). However, this is possible ortly tve pLMP2 peptide since the
pArg5 side chain of pVIPR is directed more towards the N ternghti®e peptide in the B*2704
subtype (Figure 4.3 b), while in B*2706 it could not be to modeled

L VTW N <

Figure 4.3. Consequences of Val to Glu change in Bf04 a) A novel salt bridge between polymorphic residu
Glul52 and pArg5 in the B*2704:m:pLMP2 structure, b) The conformation of pArg5 Bi2704:b,m:pVIPR
structure.

Moreover, Vall52 exchanged to a charged Glu is most probablydkernrevhy pTrp7 of
the pVIPR peptide in B*2704 and B*2706 is pushed out of the peptide binding grbowe.
Asp77Ser and Ala211Gly exchanges in B*2704 and B*2706 seem to have no influeinee on t
peptide conformations (Table 3.8 and Table 3.10). However, ibdas reported that due to
Asp77Ser mutation in H-Z®* (MHC class 1) the TCR-chain interacts more intimately with
the pMHC (Rudolph and Wilson, 2002), which increases the number of tobetgsveen the
b-chain and the pMHC. Therefore it cannot be excluded that inldise talleles B*2704 and
B*2706 the Asp77Ser exchange will also influence the peptide remoghit a TCR.

Similar to the structures of B*2705, B*2709 and the recently soB&¥03 with viral
peptide, pArg2 serves as primary anchor also in B*2704 and B*2706vdtysinteresting that
the peptide N-terminus in the structures of both subtypes with plaiB2VIPR is identical in
all crystal structures which are compared in this study. Mewédor the first time a new anchor
residue is observed in the structures with pLMP2 and pVIPR gsptichis occurs in B*2706,
where pLMP2 is bound by a salt bridge to the polymorphic residue Aspll14 hhp#rg3,
establishing peptide residue 3 as a secondary anchor for thinfesin HLA-B27 subtypes. In
case of B*2706,m:pVIPR, a contact between pLys3 and Aspll4 is mediated by a wate

molecule since the distance between the pLys3 and Aspllhsies ¢s longer.
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As expected, in B¥2704 (His114) a comparable situation could not be fliwvas already
reported that p3 is an important anchor position for peptide binding £6B#7 (Sesma et al.,
2002). Peptides with pArg3 are overrepresented in B*2706 but not in B*27@4 Wwas a strong
preference for aliphatic or aromatic amino acids (Sesns.,e2002; Lopez de Castro et al.,
2004). The occurrence of an additional anchor residue could explaconfigrmations of the
pLMP2 peptide in subtype B*2706. It is possible that the polymorphism atigoositi4
(His against Asp) causes formation of a salt bridge betwespd 14 and pArg3 instead of a salt
bridge between Aspl116 and pArg5 (found in B*2Q61:pLMP2 and in the pb conformation
of B*2705b,m:pVIPR as well as in B*270B;m:pVIPR). Also a direct interaction between
pArg5 and residue 116 (Tyr in B*2706), described in B*2B@B:pLMP2 (Fiorillo et al., 2005)
is not possible in B*2706 since p5 interacts with Glu152, additionallpdti®m of the binding
groove is already filled by p3.

One more important similarity was noticed when all HLA-B27 spésyin complexes with
both peptides were compared, namely in all complexes with tia¢ peptide pLMP2 the
C-terminus of the peptide sits slightly deeper inserted eénbihding groove. This might be a
consequence of the Val/Leu exchange at peptide position 9. Tiuileisegery interesting with
respect to the C-terminal amino acids of a peptide that fearel to take part in the interaction
between HLA-Cw4 antigen and KIR2DL1 (Fan et al., 2001). Howeweglucidate the influence
of a shift observed in structures of pLMP2 peptide with some BRA-subtypes on the binding
of receptors present on the surface of the NK cells, ttetadrstructure of the HLA-B27 antigen
complexed with pLMP2/pVIPR and the receptor should be provided.

4.3.5 Do the results presented in this study suppbocurrently discussed molecular

mimicry hypothesis?

Comparison of all the mentioned structures allowed to establistheriae molecular mimicry
found in B*2705 and B*2709 in complexes with pLMP2 and pVIPR (Fiorillo et24l05) can
also be observed for B¥2704 and B*2706 in complexes with the same pepiiges=sult was
expected to lend support to the arthritogenic peptide hypothesis Beraad Parham, 1990;
Ramos and Lépez de Castro, 2002). This hypothesis requires thadelfal peptides to feature
extremely similar conformations when bound to the B*2705 subtype d¢batd have
consequences on the recognition of the peptide-bound antigen by the dceptbr. | hoped to

observe a similar situation in B*2704 subtype since position 116 of @hesldccupied by Asp
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like in B*2705. From the peptide binding modes (all irapgbnformation) in the B*2704 and
B*2706 subtypes, we could suspect that molecular mimicry holds indas#s. An additional
surface representation analysis contradicts this conclusioce ach of the four analyzed
structures looks different when seen from the top of the bingiogvgr(Figure 4.4), however,
the B*2706 does not reflect full peptide binding mode since p5 and p&lsailes of pVIPR

could not be modeled due to disorder.

B*2704b,m:pLMP2 B*2704k,m:pVIPR

B*2706:b,m:pLMP2 B*270t.m:pVIPR

Figure 4.4. Molecular surface analysis of B*2704 ahB*2706 in complexes with self and viral peptides.
Structures of B*2704 and B*2706 with pLMP2 and pRIRre shown in surface representation, the peptdes

color-coded. p5 and p6 in B*27@m:pVIPR structure are not resolved, possible pmsitiof the two amino acids
are indicated by arrows.

Contrary to the finding for B*2705 and B*2709 antigens (Figure 1.6), the wdalec
mimicry in B*2704 and B*2706 in complexes with self and viral peptidesoisthat much
pronounced. This can be explained by differences in side chainopssifi peptide residues,
since the backbone conformations are p¥all four structures. The only difference ia @toms

is found at position p6 of the pLMP2 and pVIPR backbones whereahpdSition of pLMP2 is
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shifted by 2.0 A toward thal-helix (Figure 4.5). This is caused by pArg6é which in the
self-peptide pVIPR contacts amino acids from #iehelix, whereas pArg6 in pLMP2 is
pointing toward the solvent. This difference at position 6 between LA pVIPR seems to
be characteristic for the p4conformation and can be found also in this binding mode in
B*2703, B*2705 and B*2709.

Figure 4.5. Overlay of B*2704 and B*2706 subtypes icomplexes with pLMP2 and pVIPR.The structures are
in ribbon representation. Peptides are color-cogeddP2 in B*2704 is yellow, in B*2706 — blue, pVIPR
B*2704 is green, in B*2706 — orange.

The experiments performed in this study and the presented reslitiste that the finding
about molecular mimicry can not be generalized. However, obabis of the X-ray structures
of B*2704 and B*2706 in complexes with self- and viral peptides we aznclude that the
polymorphism of HLA subtypes in the binding groove might have anenfla on peptide
presentation as already shown for B*2705 and B*2709 (Fiorillo et al., 20@Smdyer et al.,
2004).

4.3.6 Can expression and reconstitution systems f&iR3DL1 be developed?

Until now, only very few crystal structures for KIRs hakeen solved (Fan et al.,, 1997;
Maenaka et al., 1999; Snyder et al., 1999; Boyington et al., 2@0eFal., 2001), and no
structure for a 3-domain KIR such as KIR3DL1, which we investifjaseavailable. Two of the
few structures that have been determined concern an HLA molbouled to a 2-domain
KIR: HLA-Cw3:KIR2DL2 (Boyington et al., 2000) and HLA-Cw4:KIR2D (Fan et al., 2001).
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It seems that the additional DO domain of KIR3DL1, which iseabsn the 2-domain
KIRs, is a factor which interferes with protein production/andrystallization. This domain is
needed for the recognition of HLA-Bw4 molecules (Rojo et al., 18%&koo et al., 2002and
appears to enhance the affinity for HLA (Khakoo et al., 2002). RIR8DL1 binds only to
HLA-B molecules with the Bw4 serological determinant.

Previous experiments with 2-domain KIR have shown that the proteihecaxpressed in
E.coli, in the form of inclusion bodies (Snyder et al., 1999). As shown dtiose3.4.2 the
production of KIR3DL1 by this system yielded nearly pure protein.eBrpents which were
performed with KIR2DL2 (Snyder et al., 1999) and KIR2DL1 (Maenakal.et1999) indicate
that it was possible to refold KIR alone, and the complex witlgiid was obtained by mixing
both components in equal molar ratio. Obtaining KIR3DL1 in the detbktate would allow for
complex preparation with HLA-B27 molecule as well as for ityst@llization in a
heterotetrameric form. In this study we tried to produce anddrétiel 3-domain KIR, however,
there was no previous trial which indicated that a properly doidelecule could be obtained.
All refolding and purification results described in section 314.8how that the protein
aggregates and it was not possible to obtain refolded KIR3@m the aggregates.

The 3-domain KIR contains three immunoglobulin-like domains and threephidel
bridges. Whether this can be the cause for the molecular agjgreg is not known, however,
two Ig-like domains of a 2-domain KIR could be refolded to protein. Shiggest that it is
possibly the DO domain which gives rise to refolding problems of3RIRL, but its presence
was found to be necessary for the binding to the Bw4 epitope (Rajg @097; Khakoo et al.,
2002). In our experiments with KIR3DLifh vitro refolding in presence of HLA-B*27 (B*2704
and B*2706),b,m and peptide, the major peak after size exclusion purificatoriamed
aggregates. Testing different conditions of refolding time armdiefy buffer composition, we
were able to produce the complex only in small amount which allowesd8-PAGE analysis,
but not crystallization. Previously described refolding conditiongpfoteins containing cysteins
(Rudolph and Lilie 1996) were also not successful in case of KIR3DL

Very interesting results were presented for trehalose ditey@&nger and Lindquist 1998)
which is known to be produced by a variety of organisms during stmedssas found to stabilize
proteins during heath shock. Even more interestingly, trehadosdactor which suppresses the
aggregation of proteins, maintaining them in a partially-foldatesHowever, trehalose as well
as the recently released Stabil-PAC (Novexin) applied in egperiments with Killer Cell
receptor did not help in complex production. The peptide pEBVS8TVE used ofoplex

formation is known to protect NK lysis (Stewart-Jones et28lQ5) which means that it could
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enhance KIR binding to pMHC. We tested two other peptides with suopenies
(von Biuneudijk et al., 1992; Maluati et al., 1995) and additionaly which did not protect
from NK lysis (Jardetsky et al., 1991; Maluati et al., 1995)pfsingly there was no difference
in complex formation between all the peptides used. The expgsnmperformed in this study
involve in vitro methods, and this may explain why the peptides which are known tenprev
inhibitory KIR binding to pMHCin vivo, gave a complex of B*2708;m:peptide-KIR3DL1 as
well. This experiment provides evidence that the in vitro tesduld be misleading and have to
be interpreted with caution.

Other receptors which inter alias are present in the sub$¥ eells are LIR molecules
(Chapman et al., 2000; Allen et al., 2001; Willcox et al., 2003kyTare similar to KIR
molecules as they contain two immunoglobulin-like domains in the ektidaceart. Since they
bind to thea3 domain of HLA and not to the top of the binding groove, it was expéud¢dhe
LIR receptor might stabilize the HLA-KIR interaction and @& complex formation. However,
the aggregating properties of KIR3DL1 appeared to be far strohgerthe stabilizing activity
of any molecules and substances which were tested. This ewlitett the protein itself has a
very strong predisposition to aggregate and it seems to beutfitbcproduce it in refolded state
either alone or in complex with pMHC in larger amounts.

However, the reconstitution of KIR3DL1 with B*27@m:pEBV8TVE from one of the
many conditions which were tested produced sufficient amounts of céimeplex for
crystallization set-ups. The produced complex contained all compoaedtsorresponded in
size to the HLA molecule and KIR. Additionally, MALDI-TOF/TO&nalysis confirmed the
presence of the KIR3DL1 protein. Unfortunately, crystallaatscreens performed at 20°C as
well as at 4°C did not give any crystals which had the properfgizharvesting and X-ray data
collection.

From this study it can be concluded that the 3-domain KIR is aeauk@ which
preferentially creates both aggregates of itself and ggtge of complexed components. This
was demonstrated by time course experiments where aggregatebtained already 4 hrs
after KIR3DL1 was added to the reconstituted B*2B@%:peptide complex. KIR aggregation
mediated by bivalent metal cations in NK cell inhibition waevpusly described. It was
demonstrated that KIR clustering on the cell surface followsgrdton of protective HLA-C
molecules on a target cell (Davis et al., 1999). It wa® ahown that soluble dimers of
KIR2DL1 bind more strongly to HLA-C than the monomer (Fan et24Q0 a; Fan et al.,
2000 b). This is important in the light of the finding that the &ffiof KIRs to MHC class |

molecules is weak (about 10 uM; Vales-Gomez et al., 1998). Birafinggo KIR molecules
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through their D2 domains was suggested to bring together their @ymoipl tails where the
N-terminal ends would possibly be linked by bivalent cations (Faal.e2000b). Although

crystallography revealed that KIR-KIR and HLA-C-KIR binding different than expected
(Snyder et al., 1999; Fan et al., 2001) and none of them resemgglegaes, the hypothesis
about KIR aggregation can not be excluded since the crystaltizatas performed in the
absence of bivalent cations (Vilches and Parham, 2002). The expeyimescribed here
demonstrate that both complex formation of HLA-B27 with 3-domain K&Rwell as its

crystallization are very difficult.

4.4 Importance of the presented results for HLA-B2'biology.

All experiments performed in this study were aimed to verify andien that HLA-B27 is a
very important gene family associated with Ankylosing Spondyhiisiough it has to be stated
clearly that not all alleles are equally AS associated.péltleogenic role of HLA-B27 has been
already established and the main properties of the molecule baem discussed
(L6pez de Castro 2007); however, different biological featureth@fmolecule might cause
diseases. The characteristics that provide evidence for thegeaic role of HLA-B27 are:
specificity of peptide presentation, possibility of misfoldiremd formation of heavy chain
homodimers. It has been postulated that the often occurring digfobf HLA heavy chains
might be a reason for the disease (Colbert; 2000). This coulddféeahof misfolded molecules
which accumulate in the ER, induce stress in the endoplasmiclueti@and disturb the normal
physiological state in this compartment, leading to the @bt of inflammatory pathways. Part
of misfolded molecules in ER constitutesn-free dimers which have also been identified on the
cell surface which is caused by HLA-B27 overexpression (Antoniall,é2004). It was reported
that subtypes which are non-AS-associated fold more efficiehtiyp tAS-associated ones
(L6pez de Castro, 2007), suggesting a correlation between dissas@éaton and misfolding of
an HLA. However, recent results show equal misfolding ratitwim differently AS associated
subtypes (B*2705 and B*2709) and suggest that different disease susitgptinihot be linked
to dimer formation and misfolding of the molecules (Giquellet2007).

There might also be HLA homodimers which are formed on thesadlce, and these can
be recognized by leukocyte receptors like KIR3DL1 (Allen et24lQ1 and Kollnberger et al.,
2002). A hypothesis about the immunomodulatory effect of this recognitiordiseases
associated with HLA has been proposed (Allen and Trows2ia0zl).
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Spondyloarthropathy might also be caused by T-Cell autoimmunitysigelf-peptides of
HLA-B27 initiated by cross-reactive antigens derived from pahegBenjamin and Parham,
1990; Hulsmeyer at al., 2004, Fiorillo et al., 2005, and Rickeat. e2006). It is difficult to
establish a set of arthritogenic peptides as well as explaintwo AS associated subtypes
(e.g. B*1403 and B*2705) share only 3% of their peptide repertoiregr{et al., 2005). Since
crossreactivity of T cells has been investigated with the PRMnd pVIPR peptides using two
differently AS-associated subtypes, our experiments with the smptides and with another
pair of HLA-B27 subtypes, differing in AS association, sheltlgn currently discussed issues.
Unexpectedly, the binding mode of pLMP2 and pVIPR peptides in B*2704 and B*2706 is
similar in all cases and does not show such discrepancies ageab® B*2705 and B*2709.
On the one hand, the result for B*2704 supports the arthritogeni@@epeory since this
subtype is associated to AS, and the self peptide seemisio the viral peptide when bound to
the groove, however, it is difficult to conclude whether th@etular mimicry is present in the
light of results obtained for B*2706. Although the existence of nutdeamimicry in B*2704
and B*2706 can not be stated unequivocally, the similarities iacrepresentations between
self- and viral peptide are here definitely less pronouncéuB&2705 and B*2709.

Thanks to crystal structures which were solved in the coursheofpresent study, a
comparative analysis of several HLA-B27 subtypes becamebimsghich allowed to establish
that the self- and the viral peptide behave differently inemoos HLA subtypes. Various amino
acid exchanges within the peptide binding groove did not result idistiact pLMP2 peptide
positions (B*2703, B*2704, B*2706), whereas the pVIPR peptide is preseritectdily by one
and the same subtype B*2705. Nevertheless detailed analysiacbfp®lymorphic residue
located in the binding groove shows that Aspl114 in B*2706 and Glul52 in B*2704 and B*2706
might explain the peptide binding mode or at least give anefas residues positions.

To understand what happens when peptides are already attached, draghly strey are
bound and what the interaction with the receptor looks like, a numbertbef experiments
should be performed. Fluorescence polarization with a labeladi@epould help to understand
movements of the peptides within the binding groove. To eshalblie basis for HLA-B27
recognition by the receptors, the structure of HLA-B*2703/04/06 wititigee and TCR or NK
should be provided and analyzed in detail. The recognition pattem l[dLA-B27 subtype by
the KIR receptor was one of the subjects under investigatitreipresent study. To provide a
structure of KIR3DL1 bound to an HLA-B27 subtype several methodsotéiprproduction and
purification were tried (e.g. bacteria and yeast systemeal as S2 cells for protein production,

affinity chromatography). Only the most successful techniques, wdilichved to produce
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complex of HLA-B27 with KIR3DL1 in a quality and quantity sufficiéat crystallization, were
described here. However, the structure of a three domainsvkhiRan HLA-B27 subtype could
not be solved so far.

The presence of AS among people from different populations beaffagedt HLA-B27
alleles confirms the importance of this gene family in geghogenesis. An approach must be
taken to learn more about the biological implications as wedlbasit the efficient treatment of
AS.
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SUMMARY

Autoimmune diseases are characterized by cellular or antibeggnses against self-antigens.
However, the precise role of antigens specified by the magtwdumpatibility complex (MHC)
in these diseases, although crucial, has not been determinealsd of the human MHC gene
HLA-B27 and its association with the rheumatoid disease Ankylosing SlsdAS), the
HLA-B27 protein itself is the strongest predisposing factor fohggnesis. It is possible that
the molecule binds self- and viral peptides in an extrenmlyas way (molecular mimicry) and
disables distinguishing of peptides by T cells. HieA-B*2706 subtype exhibits no association
to AS and its product differs only at two amino acid positions (11414 in the peptide
binding groove from that of the AS-associated subtypkA-B*2704 Similarly, the
HLA-B*2703 subtype, which exhibits a questionable AS-association, differs the ancestral,
AS-associated allelelLA-B*2705only in one residue. It is known that the self-peptide pVIPR
(RRKWRRWHL) and the viral peptide pLMP2 (RRRWRRLTYV) areegented in drastically
different conformations by the subtypes HLA-B*2705 and HLA-B*2709 that ddfdy by an
Aspl16His exchange. The similar binding modes lead to molecularcryitnetween the two
peptides only when displayed by the AS-associated subtype HLA-B*270S. df great
importance to establish whether this finding can be genedaliz

Therefore, a structural analysis of the HLA-B*2704/B*2706 pair of ypds as well as a
comparison of the HLA-B*2703 and HLA-B*2705 subtypes, all complexed witMP2 and
pVIPR peptides, may be expected to shed light on this problem. Tiits i@esented here show
that molecular mimicry does not occur in the B*2704 subtypes prolabklyo very flexible side
chains of the peptide amino acids. In B*2703 subtype both peptides hang défaed distinct
binding modes, and this excludes molecular mimicry. Furthermioeebihding of interacting
proteins on effector cells including killer 1g-like receptorsRRDL1 in case of HLA-B27) may
also be influenced, and this is a further topic of the théfssng X-ray crystallography, we
attempted to solve the structure of KIR3DL1 bound to at least foine ¢1LA-B271Hb.m:peptide
complexes whose structures had been solved previously. | producedBBLKI protein in the
form of inclusion bodies irE. coli and tested a vast number of different conditions of
reconstitution. The best complex was obtained for HLA-B2705 subtyge thét pEBV8TVE
peptide and KIR3DL1. The only microcrystal which was obtained @nyatallization process
was too small for harvesting and X-ray data collection.

Results presented in this study show that even a close siynbativeen two HLA-B27

subtypes does not allow to predict how a given peptide is bound. Addiionadl very difficult
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to establish the basis for the recognition of an HLA-B2%:peptide complex by KIR3DL1, and

further structural analyses still must still be performed isheprto understand this important

interaction.
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ZUSAMMENFASSUNG

Autoimmunerkrankungen zeichnen sich durch zellulare oder Antikorper Resktigegen
korpereigene Antigene aus. Jedoch die prazise Funktion der Antigenespezifisch fur
Haupt-Histokompatibilitatskomplexe (MHC) in diesen Erkrankungen sind, kdnoitzt ihrer
wichtigen Rolle, noch nicht geklart werden. Wenn es sich um GBee HLA-B27 von
menschlichen MHC und ihre Assoziation mit der Ankylosing Spondyiti8) handelt, bilden
die Proteine einen sehr starken Veranlagungsfaktor fir die Padgs®eEs ist moglich, dass die
Eigen- und Viralpeptide von MHC in sehr @hnlicher Weise gebundemen (molekulare
Mimikry), was T-Zellen eine Unterscheidung der prasentieReptide unmoglich macht. Der
Subtyp HLA-B*2706 ist nicht AS assoziiert und seine Aminosauresequenz unterscsaible
von HLA-B*2704, der AS assoziiert ist, in zwei Aminosauren (114 und 116), die sidei
Bindungsstelle des Peptides befinden. In &ahnlicher Weise um@et sich der Subtyp
HLA-B*2703 vom urspringlichenB*2705 Subtyp, der AS-assoziiert ist, nur in einer
Aminosaure. Es konnte jedoch nicht abschlieRend gezeigt werden, daSshdgp B*2703
AS-assoziiert ist. Es ist bekannt, dass das korpereigeniel PeiPR (RRKWRRWHL) und das
virale Peptid pLMP2 (RRRWRRLTV) von den Subtypen B*2705 und B*2709, die sich nu
durch einen Asparagin zu Histidin Austausch an Position 116 untedeahein &uf3erst
unterschiedlichen Konformationen prasentiert wird. Die ahnlichen uBgemodi fuhren zur
molekulare Mimikry zwischen zwei Peptiden, nur wenn sie vom gs®aiertem Subtyp
HLA-B*2705 prasentiert werden. Es ist aul3erordentlich wichtigalrezufinden, ob diese
Beobachtung verallgemeinert werden kann.

Deshalb ist eine strukturelle Analyse der B*2704 und B*2706 Subtypen undedgleih
von B*2703 mit dem B*2705 Subtyp, wenn sie mit den pLMP2 und pVIPR beladeénnstig,
um Licht auf diese Fragestellung zu werfen. Die hier présgem Ergebnisse zeigen, dass
molekulare Mimikry im Subtyp B*2704 auf Grund der hohen Flexibilitdt derindséure
Seitenketten des Peptides wahrscheinlich nicht vorliegt.Suhtyp B*2703 besitzen beide
Peptide sehr unterschiedliche Bindungsmodi, und somit kann molekulareikriylim
ausgeschlossen werden. Dariiber hinaus konnte die Bindung interagiefnodeinen auf
Effektorzellen, eingeschlossen dem Ig-dhnlichen Killer-RezegkKIR3DL1 im Falle von
HLA-B27) beeinflusst werden und dies ist ein weiterer Punktediggbeit. Mit Hilfe der
Rontgenstrukturanalyse versuchten wir die Struktur eines KIR3DLIcheel an einen
HLA-B27:Peptid Komplex gebunden ist, dessen Struktur bereits bekanatiistmitteln. Ich

habe das KIR3DL1 Protein in Form von Einschlusskdrpet. icoli produziert. Es wurde eine
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Vielzahl verschiedener Rekonstitutionsbedingungen getestet. Bier Kemplex wurde fur den
Subtyp B*2705, der mit dem Peptid pEBV8TVE und KIR3DL1 beladen ist,lerier einzige
Mikrokristall der durch Kristallisation erhalten wurde, wareedings zu klein, um geerntet zu
werden und um kristallgraphische Daten zu sammeln.

Die dargestellten Forschungsergebnisse deuten darauf hindigadhnlichkeit zwischen
zwei HLA-B27 Subtypen nicht erlaubt vorherzusagen, wie das Peelidnden ist. Darlber
hinaus, es ist sehr schwer die Grundlage der Interaktion zwiseinem HLA-B27:Peptid
Komplex und KIR3DL1 zu bestimmen. Weitere Strukturanalysen missemammen werden,

um diesen wichtigen Prozess zu verstehen.



Literature 133

LITERATURE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts., Watson, J.D. (1994) Molecular biology of thell.
Garland Science Publishing.

Alfonso, C., Karlsson, L. (2000) Nonclassical MHI@ss || moleculesAnnu. Rev. Immunal8, 113-142.
Allen, R.L., O'Callaghan, C.A., McMichael, A.J., Boess, P. (1999) Cutting edge: HLA-B27 can fornogenh
beta 2-microglobulin-free heavy chain homodimeunatuire.J. Immunal 162, 5045-5048.

Allen, R.L., Raine, T., Haude, A., Trowsdale, J.iladh, M.J. (2001) Leukocyte receptor complex-erezbd
immunomodulatory receptors show differing spedifidor alternative HLA-B27 structures. Immunol.167,
5543-5547.

Allen, R.L., Trowsdale, J. (2004) Recognition ofsdical and heavy chain forms of HLA-B27 by leukecy
receptorsCurr. Mol. Med.4, 59-65.

Androlewicz, M.J., Cresswell, P. (1994) Human tporéers associated with antigen processing possess
promiscuous peptide-binding siteamunity 1, 7-14.

Androlewicz, M.J., Ortmann, B., van Endert, P.MpieS, T., Cresswell, P. (1994) Characteristics ejptige
and major histocompatibility complex class I/betanizroglobulin binding to the transporters assaaiatvith
antigen processing (TAP1 and TAPRyoc. Natl. Acad. Sci. USA1, 12716-12720.

Antoniou, A.N., Powis, S.J., Elliott, T. (2003) Assbly and export of MHC class | peptide ligands.
Curr. Opin. Immunol15, 75-81.

Antoniou, A.N., Ford, S., Taurog, J.D., Butchen\G, Powis, S.J. (2004ormation of HLA-B27 homodimers
and their relationship tassembly kineticsl. Biol. Chem279, 8895-8902.

Ausubel, F.M., Brent, R., Kingston, R.E., MoorePD.Seidman, J.G., Smith, J.A., Struhl, K. (1994i€nt
protocols in molecular biologyohn Wiley and Sons, Inc. Hoboken, New Jersey

Bauer, S., Groh, V., Wu, J., Steinle, A., Philligd{., Lanier, L.L., Spies, T. (1999) Activation MK cells and
T cells by NKG2D, a receptor for stress-inducibleCd. Science285, 727-729.

Benjamin, R. Parham, P. (1990) Guilt by associatidbA-B27 and ankylosing spondylitismmunol. Today
11, 137-142.

Bishara, A., De Santis, D., Witt, C.C., Brautbar, Christiansen, F.T., Or, R., Nagler, A., Slawn,(2004) The
beneficial role of inhibitory KIR genes of HLA cle$ NK epitopes in haploidentically mismatched stesii
allografts may be masked by residual donor-alldread cells causing GVHDTissue Antigene$3, 204-211.
van Binnendijk, R.S., von Baalen, C.A., Poelen, Md& Vries, P., Boes, J., Cerundolo, V., OsterhAuB.,
UytdeHaage, F.G. (1992) Measles virus transmembfasien protein synthesized de novo or presented in
immunostimulating complexes is endogenously pramedsr HLA calss I-and class ll-restricted cytotxi
cell recognitionJ. Exp. Med176, 119-128.

Bijimakers M. J., Ploegh H. L. (1993) Putting tdgat an MHC class | molecul€urr. Opin. Immunal5, 21-
26.

Bjorkman, P.J., Saper, M.A., Samraoui, B., BenWtS., Strominger, J.L., Wiley, D.C. (1987) Struetof the
human class | histocompatibility antigen, HLA-A®ature.329, 506-512.

Bjorkman, P.J., Saper, M.A., Samraoui, B., BennattS., Strominger, J.L., Wiley, D.C. (1987) Thedign
antigen binding site and T-cell recognition regiof€lass histocompatibility antigerdature.329, 512-518.
Bjorkman, P.J., Parham, P. (1990) Structure, foncéind diversity of class | major histocompatibiliiomplex
moleculesAnnu. Rev. Biochen®9, 253-288.

Bjorkman, P.J. (1997) MHC restriction in three dims®ns: a view of T cell receptor/ligand interanso
Cell. 89, 167-170.

von Boehmer, H., Aifantis, I., Gounari, F., Azog@i,, Haughn, L., Apostolou, I., Jaeckel, E., GraBsiKlein,
L. (2003) Thymic selection revisited: how esseniat? Immunol. Revi91, 62-78.

Borges, L., Hsu, M.L., Fanger, N., Kubin, M., CosmB. (1997) A family of human lymphoid and myeldgd
like receptors, some of which bind to MHC classdi@sules.J. Immunol.159, 5192-5196.

Bouvier, M., Wiley, D.C. (1994) Importance of pefgiamino and carboxyl termini to the stability oH®
class | moleculesScience265, 398-402.

Boyington, J.C., Motyka, S.A., Schuck, P., Brooks(., Sun, P.D. (2000) Crystal structure of an Nl c
immunoglobulin-like receptor in complex with itsask | MHC ligandNature.405, 537-543.

Braun, J., Sieper, J. (2007) Ankylosing spondylitsncet.369, 1379-1390.

Brewerton, D.A., Hart, F.D., Nicholls, A., Caffrep., James, D.C., Sturrock, R.D. (1973) Ankylosing
spondylitis and HL-A 27Lancet.1, 904-907.

Breur-Vriesendorp, B.S., Dakker-Saeys, A.J., lvaRyi(1987) Distribution of HLA-B27 subtypes in feaits
with ankylosing spondylitis: the disease is asdediavith a common determinant of the various B2 Tetuges.
Ann. Rheum. Dig16, 353-356.

Brooks, J.M., Murray, R.J., Thomas, W.A., Kurild,G., Rickinson, A.B. (1993) Different HLA-B27 sulgtes
present the same immunodominant Epstein-Barr yiepgide J. Exp. Med178, 879-887.



134 Literature

28.

29.

30.

31.
32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

Brodsky, F.M., Bodmer, W.F., Parham, P. (1979) @bearization of a monoclonal anti-beta 2-microglabu
antibody and its use in the genetic and biochemaeelysis of major histocompatibility antigerisur. J.
Immunol.9, 536-545.

Brown, M.G., Dokun, A.O., Heusel, J.W., Smith, H.Beckman, D.L., Blattenberger, E.A., Dubbelde, .C.E
Stone, L.R., et al. (2001) Vital involvement of atural killer cell activation receptor in resistanto viral
infection. Science292, 934-937.

Burmester, G.R., Daser, A., Kamradt, T., Krause,Mitchison, N.A., Sieper, J., Wolf, N. (1995) Immalogy
of reactive arthritidesAnnu. Rev. Immunol 3, 229-250.

Campbell, R.D., Trowsdale, J. (1993) Map of the harviHC.Immunol. Today14, 349-352

Cella, M., Longo, A., Ferrara, G.B., Strominget,.JColonna, M. (1994) NK3pecific natural killer cells are
selectively inhibited by Bw4ositive HLA alleles with isoleucine 80. Exp. Med180, 1235-1242.

Cerundolo, V., Alexander, J., Anderson, K., Lamb, @esswell, P., McMichael, A., Gotch, F., TowndeA.
(1990) Presentation of viral antigen controlled by gene in the major histocompatibility complex.
Nature.345, 449-452.

Cerwenka, A., Baron, J.L., Lanier, L.L. (2001) Futoexpression of retinoic acid early inducible€ing (RAE-
1) permits natural killer cell-mediated rejectionaoMHC calss I-bearing tumor in viv@roc. Natl. Acad. Sci.
USA98, 11521-11526.

Chambers, B.J., Salcedo, M., Ljunggren, H.G. (19B6ygering of natural killer cells by the costimtdry
molecule CD80 (B7-1)mmunity.5, 311-317.

Chaplin, D.D. (2003) Overview of the immune respods Allergy. Clin. Immunol.111, 442-459.

Chapman, T.L., Heikeman, A.P., Bjorkman, P.J. (398® inhibitory receptor LIR-1 uses a common hiredi
interaction to recognize class | MHC molecules #ralviral homolog UL18Immunity.11, 603—-613.

Chapman, T.L., Heikema, A.P., West, A.P.Jr., BjaakanP.J. (2000) Crystal structure and ligand bigdin
properties of the D1D2 region of the inhibitoryegtor LIR-1 (ILT2).Immunity.13, 727-736.

Chen, I.H., Yang, K.L., Lee, A., Huang, H.H., LiR,Y., Lee, T.D. (2002) Low frequency of HLA-B*2706
Taiwanese patients with ankylosing spondylifisr. J. InmunogeneR9, 435-438.

Choo, S.Y., St John, T., Orr, H.T., Hansen, J.A3@) Molecular analysis of the variant alloantigéipA-B27d
(HLA-B*2703) identifies a unique single amino aaidbstitutionHum. Immunol21, 209-219.

Christensen, M.D., Geisler, C. (2000) RecruitmdrildP-1 protein tyrosine phosphatase and signalling

by a chimeric T-cell receptor-killer inhibitory reptor.Scand. J. Imunob1, 557-564.

Colbert, R.A., Rowland-Jones, S.L., McMichael, A.Frelinger, J.A. (1994) Differencies in peptide
presentation between B27 subtypes: the importahd¢keoP1 side chain in maintaining high affinityptide
binding to B*2703Immunity.1, 121-130.

Colbert, R.A. (2000) HLA-B27 misfolding: a soluticlm the spondyloarthropathy conundrum®l. Med.
Today.6, 224-230.

Colonna, M., Navarro, F., Bellén, T., Llano, M., 1@, P., Samaridis, J., Angman, L., Cella, M., €BjBotet,
M. (1997) A common inhibitory receptor for majorstacompatibility complex class | molecules on human
lymphoid and myelomonocytic cell§. Exp. Med186, 1809-1818.

Colonna, M., Samaridis, J., Cella, M., Angman,Allen, R.L., O’Callaghan, C.A., Dunbar, R., 0gg,S5.et
al. (1998) Human myelomonocytic cells express &ibitory receptor for classical and nonclassical MElass

I moleculesJ. Immunol.160, 3096—-3100.

Cosman, D., Fanger, N., Borges, L., Kubin, M., Chiv., Peterson, L., Hsu, M.L. (1997) A novel
immunoglobulin superfamily receptor for cellulardaviral MHC class | moleculesmmunity.7, 273-282.
Cudkowicz, G., Bennett, M. (1971) Peculiar immurbbgy of bone marrow allografts. Il. Rejection of
parental grafts by resistant F 1 hybrid migeExp. Med134, 1513-1528.

D’Amato, M., Fiorillo, M.T., Carcassi, C., Mathied., Zuccarelli, A., Bitti, P.P., Tosi, R., Sorrém, R.
(1995) Relevance of residue 116 of HLA-B27 in deti@ing susceptibility to ankylosing spondyliti&ur. J.
Immunol.25, 3199-3201.

Davis, D.M., Chiu, I., Fassett, M., Cohen, G.B.,rdalboim, O., Strominger, J.L. (1999) The humarurzt
killer cell immune synapsé&roc. Natl. Acad. Sci. US86, 15062-15067.

Davies, M., Flower, D. (2001) Structural Moleculemmunology — Section 11Birkbeck Colege online
material.

Dhaliwal, J.S., Too, C.L., Lisut, M., Lee, Y.Y., Vad, S. (2003) HLA —B27 polymorphism in the Malays.
Tissue Antigen$2, 330-332.

Diegel, M.L., Chen, F., Laus, R., Graddis, T.Jd&iic, D. (2003) Major Histocompatibility class Irestricted
presentation of protein antigens without prioracgllular processingcand. J. Immunob8, 1-8.

Ducruix, A., Giegé, R. (1992) Crystallization of adeic acids and proteins. A practical approaGixford
University Press.

Edwards, J.C., Bowness, P., Archer, J.R. (2000ylUakd Hyde: the transformation of HLA-B2#mmunol.
Today.21, 256-260.



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Literature 135

Eisenlohr, L.C., Bacik, I., Bennink, J.R., BerneteK., Yewdell, J.W. (1992) Expression of a memleran
protease enhances presentation of endogenousmit@g®HC class I-restricted T lymphocyt€ell. 71, 963-
972.

Estefania, E., Gémez-Lozano, N., de Pablo, R., NmreM.E., Vilches, C. (2002) Complementary DNA
sequence of novel HLA-B*3704 allel@issue Antigene$9, 142-144.

Fan, Q.R., Mosyak, L., Winter, C.C., Wagtman, Nong, E.O., Wiley, D.C (1997) Structure of the iritoby
receptor for human natural killer cells resemblasrhatopoietic receptordature.389, 96-100.

Fan, Q.R., Long, E.O., Wiley, D.C. (2000) A disulgdrlinked natural killer cell receptor dimer haigter
affinity for HLA-C than wild-type monomeiEur. J. Immunal30, 2692-2697.

Fan, Q.R., Long, E.O., Wiley, D.C. (2000) Cobalteliz¢ed dimerization of the human natural killerlcel
inhibitory receptorJ. Biol. Chem?275, 23700-23706.

Fan, Q.R., Long, E.O., Wiley, D.C. (2001) Crystabsture of the human natural killer cell inhibiyareceptor
KIR2DL1-HLA-Cw4 complex.Nat. Immunol2, 452-460.

Faron, D.T., Austen, K.F. (1980) Current conceptsmimunology: the alternative pathway of complerrent
system for host resistance to microbial infectidnEngl. J. Med303, 259-263.

Feder, J.N., Gnirke, AThomas, W., Tsuchihashi, Z., Ruddy, D.A., Basava,Dormishian, F., Domingo, R.
Jr, et al., (1996) Aovel MHC class I-like gene is mutatedpatients with hereditary haemochromatokiat.
Genet.13, 399-408.

Feldtkeller, E., Khan, M.A., van der Heijde, D.,nvder Linden, S., Braun, J. (2003) Age at diseamsetoand
diagnosis delay in HLA-B27 negative vs. positiveigrts with ankylosing spondylitiRheumatol. Int23, 61-
66.

Fiorillo, M.T., Maragno M., Butler R., Dupuis M.LSorrentino R(2000) CD8(+) T cell autoreactivity to an
HLA-B27-restricted self-epitope correlates with Addsing SpondylitisJ. Clin. Invest106, 47-53.

Fiorillo, M.T., Rickert, C., Hulsmeyer, M., Sorremd, R., Saenger, W., Ziegler, A., Uchanska-Ziegkr
(2005) Allele-dependent similarity between viradaself-peptide presentation by HLA-B27 subtypisBiol.
Chem.280, 2962-2971.

Flajnik, M.F., Kasahara, M. (2001) Comparative geius of the MHC: glimpses into the evolution of the
adaptive immune systemienmunity.15, 351-362.

Flaswinkel, H., Reth, M. (1994) Dual role of thedsine activation motif of the Ig-alpha protein ihgr signal
transduction via the B cell antigen recep&¥BO J.13, 83-89.

Frank, M.M., Fries, L.F. (1991) The role of compkemin inflammation and phagocytosisimunol. Today 2,
322-326.

Gal, P., Ambrus, G. (2001) Structure and functiboamplement activating enzyme complexes: C1 and-MB
MASPs.Curr. Protein Pept. Sck, 43-59.

Garcia, F., Marina, A., Lopez de Castro, J.A. (39Rd@ck of carboxyl-terminal tyrosine distinguishd®
B*2706-bound peptide repertoire from those of B*278nd other HLA-B27 subtypes associated with
ankylosing spondylitisTissue Antigeng19, 215-221.

Garboczi, D.N., Hung, D.T., Wiley, D.C. (1992) HLA2-peptide complexes: refolding and crystallizatmn
molecules expressed in Escherichia coli and coreplexith single antigenic peptideBroc. Natl. Acad. Sci.
USA.89, 3429-3433.

Garcia-Fernandez, S., Gonzales, S., Mifia BlancoMartinez-Borra, J., Blanco-Gelaz, M., Lopez-Vaggu
A., Lopez-Larrea, C. (2001) New insight regarding AHB27 diversity in the Asian populationTissue
Antigens58, 259-262.

Garrett, T.P., Saper, M.A., Bjorkman, P.J., Stragein J.L., Wiley, D.C. (1989) Specificity pockets the side
chain of peptide antigens in HLA-w6Rature.342, 692-696.

Garshoni, J.M., Palade, G.E. (1982) Electrophor#¢iémsfer of proteines from sodium dodecyl sulfate-
polyacrylamide gels to a positively charged memerfiter. Anal. Biochem124, 396-405.

Giquel, B., Carmouse, S., Denais, C., Cherfa, Ain@nti, M.S., Fert, |., Hacquard-Bouder, C., Brebl!.,
André, C. (2007) Two Hla-B27 alleles differntly asmted with spondylarthritis, B*2705 and B*270%spmlay
similar intracellular traficking and oligomer fortian. Arthritis Rheumb56, 2232-2243.

Glenn, R.E. (1991) HLA Beyond Tears. Atlanize Novo Inc

Gold, M.R., Matsuuchi, L., Kelly, R.B., DeFranco,LA(1991) Tyrosine phosphorylation of componeritthe
B-cell antigen receptors following receptor crasiiing. Proc. Natl. Acad. Sci. US88, 3436-3440.

Goldrath, A. W., Bevan, M. J. (1999) Low-affinitighnds for the TCR drive proliferation of mature DT
cells in lymphopenic hosttmmunity11, 183-190.

Gonzalez, S., Garcia-Fernandez, S., Martinez-BdrraBlanco-Gelaz, M.A., Rodrigo, L., Sanchez d&,R.,
Lépez-Vazquez, A., Torre-Alonso, J.C., Ldépez-Larr€a (2002) High variability of HLA-B27 alleles in
ankylosing spondylitis and related spondyloarthtbies in the population of northern Spaitum. Immunal
63, 673-676.

Gough, J.D., Barrett, E.J., Silva, Y., Lees, W2D0E) Ortho- and meta-substituted aromatic thiotsedficient
redox buffers that increase the folding rate ofsalfide-containing proteinl. Biotechnal 125, 39-47.



136 Literature

81. Griffin, T.A.., Yuan, J., Friede, T., Stevanovic,, @riyoshi, K., Rowland-Jones, S.L., Rammense&;.H.
Colbert, R.A. (1997) Naturally occurring A pocketlymorphism in HLA-B*2703 increases the dependeunce
an accessory anchor residue at P1 for optimal iindf nonamer peptided. Immunal 159, 4887-4897.

82. Gumperz, J.E., Litwin, V., Phillips, J.H., Lanidr,L., Parham, P. (1995) The Bw4 public epitope &fA-B
molecules confers reactivity with natural killedlagones that express NKB1, a putative HLA recepdo Exp.
Med.181, 1133-1144.

83. Haks, M.C., Pépin, E., van den Brakel, J.H., Sme8lA., Belkowski, S.M., Kessels, H., KrimpenfoR,,
Kruisbeek, A.M. (2002) Contributions of the T cedteptor—associated CD3TAM to thymocyte selectionl.
Exp. Med 196, 1-13.

84. Hayakawa, Y., Takeda, K., Yagita, H., Van Kaer, $ajki, I., Okumura, K. (2001) Differencial regutat of
Thl and Th2 functions of NKT cells by CD28 and C#@timulatory pathways. Immunol.166, 6012-6018.

85. Heemels, M.T., Ploegh, H. (1995) Generation, trasedion, and presentation of MHC class I-restricted
peptidesAnnu. Rev. Biocheng4, 463-491.

86. Hill Gaston, J.S., Lillicrap, M.S (2003) Arthritiassociated with enteric infectioBest. Pract. Res. Clin.
Rheumatol17, 219-239.

87. Hillig, R.C., Hulsmeyer, M., Saenger, W., Welfle,, Misselwitz, R., Welfle, H., Kozerski, C., VolA.,
Uchanska-Ziegler, B., Ziegler, A. (2004) Thermodyi@a and structural analysis of peptide- and allele-
dependent properties of two HLA-B27 subtypes eximbidifferential disease associatiah.Biol. Chem279,
652-663.

88. Hoffmann, J.A., Kafatos, F.C., Janeway, C.A., Exgkg R.A. (1999) Phylogenetic perspectives in iena
immunity. Science284, 1313-1318.

89. Hooft, R.W., Vriend, G., Sander, C., Abola, E.EBY®) Errors in protein structurdsature 381, 272.

90. Horton, R., Wilming, L., Rand, V., Lovering, R.@yruford, E.A., Khodiyar, V.K., Lush, M.J., Povey,, &t al.
(2004) Gene map of the extended human MN&L Rev. Geneb, 889-899.

91. Hosken, N.A., Bevan, M.J. (1990) Defective preseomaof endogenous antigen by a cell line expressiass
| moleculesScience?248, 367-370.

92. Hsu, K.C., Liu, X.R., Selvakumar, A., Mickelson, B'Reilly, R.J., Dupont, B. (2002) Killer Ig-likeeceptor
haplotype analysis by gene content: Evidence foogec diversity with a minimum of six basic frameko
haplotypes, each with multiple subsetsimmunal 169, 5118-5129.

93. Hu, G. (1993) DNA polymerase-catalyzed additiomohtemplated extra nucleotides to the 3' end ofNAD
fragment.DNA Cell Biol 12, 763-770.

94. Huston, D.P. (1997) The biology of the immune systdAMA.278, 1804-1814.

95. Hulsmeyer, M., Hillig, R.C., Volz, A., Ruhl, M., 8cbder, W., Saenger, W., Ziegler, Alchanska-Ziegler, B.
(2002) HLA-B27 subtypes differentially associatedhwdisease exhibit subtle structural alteratiahsBiol.
Chem.277, 47844-47853

96. Hulsmeyer, M., Fiorillo, M.T., Bettosini, F., Sormno, R., Saenger, W., Ziegler, A., Uchanska-ZegB.
(2004) Dual, HLA-B27 subtype-dependent conformatiba self-peptidel. Exp. Med199, 271-281.

97. Hulsmeyer, M., Chames, P., Hillig, R.C., Stanfigfdl_., Held, G., Coulie, P.G., Alings, C., Wille,,&Gaenger,
W., Uchanska-Ziegler, B., Hoogenboom, H.R., Ziegher(2004) A major histocompatibility complex-péjs
—restricted antibody t cell receptor molecules gmize their target by distinct binding modes: caystructure
of human leukocyte antigen (HLA)-A1:MAGE-A1 in coteg with its FAB-HYB3.J. Biol. Chem. 28Q@972-
2980.

98. Hulsmeyer, M., Welfle, K., Péhimann, T., Misselwit®., Alexiev, U., Welfle, H., Saenger, W., Uchaask
Ziegler, B., Ziebler, A. (2005) Thermodynamic antfustural equivalence of two HLA-B27 subtypes
complexed with a sepf peptid&.Mol. Biol 346, 1367-1379.

99. Isberg, R.R (1991) Discrimination between intradell uptake and surface adhesion of bacteria patisg
Science252, 934-938.

100Janeway, C.A. Jr. (1989) Approaching the asympt&edution and revolution in immunologg€old Spring
Harbor Symp. Quant. Biob4, 1-13.

101Janeway, C.A. Jr. (2001) How the immune system wdokprotect the host from infection: a personakwi
Proc. Natl. Acad. Sci. U SR8, 7461-7468.

102Janev;t%y, C.A. Jr.,, Travers, P., Walport, M., ShlbikicM.J. (2001) ImmunobiologyGarland Publishing, New
York 5" ed.

103Janeway, C.A. Jr., Medzhitov, R. (2002) Innate imsrecognitionAnnu. Rev. Immunak0, 197-216.

104Jardetsky, T.S., Lane, W.S., Robinson, R.A., Mad@eR., Wiley, D.C. (1991) Identyfication of seléptides
bound to purified HLA-B27Nature.353, 326-329.

105Jones, T.A., Zou, J.Y., Cowan, S.W., Kjeldgaard,(08291) Improved methods for binding protein modals
electron density maps and the location of errotbése model#Acta Crystallogr. A47, 110-119.

106.Karre, K., Ljunggren, H.G., Piontek, G., Kiesslirg, (1986) Selective rejection of H-2-deficient [yghoma
variants suggests alternative immune defence girdiature.319, 675-678.

107 Kéarre, K. (2002) NK cells, MHC class | and the mmsgsself.Scand. J. Immunob5, 221-228.



Literature 137

108Khakoo, S.I., Galler, R., Shin, S., Jenkins, JParham, P. (2002) Do DO domain of KIR3D acts asagom
histocompatibility complex class | binding enhandeExp. Med196, 911-921.

109Khan, M.A. (1995) HLA-B27 and its subtypes in woddpulationsCurr. Opin. Rheumatol7, 263-269.

110Khan, M.A., Ball, E.J. (2002) Genetic aspects dfydwsing spondylitisBest Pract. Res. Clin. Rheumatdb,
675-690.

111 Kiessling, R., Klein, E., Wigzell, H. (1975 a) “Naal” killer cells in the mouse. |. Cytotoxic delwith
specificity for mouse Moloney leukemia cells. Sgiettiy and distribution according to genotypEur. J.
Immunol 5, 112-117.

112Kiessling, R., Klein, E., Pross, H., Wigzell, HO{@5 b) “Natural” killer cells in the mouse. Il. yotoxic cells
with specificity for mouse Moloney leukemia cel@haracteristics of the killer celEur. J. Immunal5, 117—
121.

113Kimber, 1., Moore, M. (1985) Mechanism and reguwatiof natural cytotoxicity. Minireview on cancer
researchExp Cell Biol. 53, 69-84.

114 Kimbrell, D.A., Beutler, B. (2001) The evolutioncdgenetics of innate immunitiat. Rev. Genetl, 256-267.

115Kollnberger, S., Bird, L., Sun, M.Y., Retiere, Braud, V.M., McMichael, A., Bowness, P. (2002) Calirface
expression and immune receptor recognition of HLAZBomodimersArthritis Rheum46, 2972-2982.

116 Koren, H.S., Williams, M.S. (1978) Natural killirend antibody-dependent cellular cytotoxicity aredrated
by different mechanisms and by different cellsslmmunal 121, 1956-1960.

117 Kuhns, M.S., Davis, M.M. (2007) Disruption of extedlular interactions impairs T cell receptor-CD3rplex
stability and signallinglmmunity.26, 357-369.

118Laemmli, U.K. (1970) Cleavage of structural progeituring the assebly of the head of bacteriophagie T
Nature.227, 680-685.

119La Gruta, N.L., Liu, H., Dilioglou, S., Rhodes, MViest, D.L., Vignali, D.A. (2004) Architectural ehges in
the TCR:CD3 complex induced by MHC:peptide ligatidnimmunol.172, 3662-3669.

120Lang, H.L., Jacobsen, H., Ikemizu, S., AnderssonHarlos, K., Madsen, L., Hjorth, P., Sonderga&rdet al.
(2002) A functional and structural basis for TCRss-reactivity in multiple sclerosislat. Immunol.3, 940-
943.

121 Lanier, L.L., Ruitenberg, J.J., Philips, J.H. (1p&&inctional and biochemical analysis of CD16 atiign
natural killer cells and granulocytelk.Immunol.141, 3478-3485.

122 Lanier, L. L. (1998) NK cell receptorAnnu. Revimmunol.16, 359-393.

123Lanier, L. L. (2005) NK cell recognitioAnnu. Rev. Immuno23, 225-274.

124 L askowski, R.A., McArthur, M.\W., Moss, D.S., Thoomt J.M. (1993) PROCHECK: a program to check the
stereochemical quality of protein structur&sAppl. Crystallog26, 283-291.

125Latron, F., Pazmany, L., Morrison, J., Moots, Rap&, M.A., McMichael, A., Strominger, J.L. (1998)
critical role for conserved residues in the clefHbA-A2 in presentation of a nonapeptide to T seicience.
257, 964-967.

126 Lazarus, R., Vercelli, D., Palmer, R.J., KlimecdWi,J., Silverman, E.K., Richter, B., Riva, A., Ramadv., et
al. (2002) Single nucleotide polymorphisms in imiatmunity genes: abundant variation and potentikd o
complex human diseadeamunol. Rev190, 9-25.

127 Lechler, R., Warrens, A. (2000) HLA in Health ans&seAcademic Press Ltd. London.

128 eirisalo-Repo M. (2005) Reactive arthritiscand. J. Rheumat@4, 251-259.

1291 enschow, D.J., Walunas, T.L., Bluestone, J.A. @98D28/B7 system of T cell costimulatioAnnu. Rev.
Immunol.14, 233-258.

130. Leutermann, D., Braun, J. (2002) Ankylosing spditidy— cardiac manifestation€lin. Exp. RheumatoR0,
S11-S15.

131Lian, R.H., Kumar, V. (2002) Murine natural killeell progenitors and their requirements for deveiept.
Semin. Immunolfl4, 453-460.

132Liszewski, M.K., Farries, T.C., Lublin, D.M., Rompel.A., Atkinson, J.P. (1996) Control of the corapient
systemAdv. Immunol61, 201-283.

133Ljunggren, H.G., Karre, K. (1985) Host resistandeected selectively against H-2-deficient lymphoma
variants. Analysis of the mechanisinExp. Med162, 1745-1759.

134Ljunggren, H.G., Karre, K. (1990) In search of tmissing self”: MHC molecules and NK cell recodian.
Immunol. Todayll, 237-244.

135L0ll, B., Zawacka, A., Biesiadka, J., Rickert, ®¥glz, A., Saenger, W., Uchanska-Ziegler, B., Ziegla.
(2005 a) Purification, crystallization and prelimig X-ray diffraction analysis of the human major
histocompatibility antigen HLA-B*2703 complexed Wita viral peptide and with a self-peptide.
Acta Crystallogr. Sect. F Struct. Cryst. Commeéid, 372-374.

136. Loll, B., Zawacka, A., Biesiadka, J., Petter, Rickert, C., Saenger, W., Uchanska-Ziegler, B.gléie A.
(2005 b) Preliminary X-ray diffraction analysis ofystal from the recombinantly expressed human majo
histocompatibility antigen HLA-B*2704 in complex thi a viral peptide and a self-peptidecta Crystallogr.
Sect. F Struct. Cryst. Commui, 939-941.



138 Literature

137Long, E.O. (1999) Regulation of immune responsesuih inhibitory receptoréAnnu.Rev. Immunoll7, 875—
904.

138L04pez de Castro, J.A., Alvarez, I., Marcilla, MarBdela, A., Ramos, M., Sesma, L., Vazquez, M.4R60.A-
B27: a registry of constitutive peptide ligandisssue Antigen$3, 424-445.

139.L6pez de Castro, J.A. (2007) HLA-B27 and the patimagis of the spondyloarthropathiesmunol. Lett 180,
27-33.

140L6pez-Larrea, C., Sujirachato, K., Mehra, N.K. @tsdp, P., Isarangkura, D., Kanga, U., Dominguez, O
Coto, E., et al. (1995) HLA-B27 subtypes in Asiaatipnts with ankylosing spondylitis. Evidence fawn
associationTissue Antigengl5, 169-176.

141 Madden, D.R., Gorga, J.C., Strominger, L., WileyCD(1991) The structure of HLA-B27 reveals nonamer
self-peptide bound in an extended conformatideture.353, 321-325.

142 Madden, D.R., Gorga, J.C., Strominger, J.L., WilByC. (1992) The three-dimensional structure of HB27
at 2.1 A resolution suggests a general mechanistigftt peptide binding to MHQCell. 70, 1035-1048.

143Madden, D.R. (1995) The three-dimensional strucbfrpeptide-MHC complexesAnnu. Rev. Immunoll 3,
587-622.

144 Maenaka, K., Juji, T., Stuart, D.l., Jones, E.Y999) Crystal structure of the human p58 killer ¢eHibitory
receptor (KIR2DL3) specific for HLA-Cw3-related MH€ass |.Structure.7, 391-398.

145Maenaka, K., Maenaka, T., Tomiyama, H., Takigubhi, Stuart, D.l., Jones, E.Y. (2000) Nonstandarptipe
binding revealed by crystal structures of HLA-B*318omplexed with HIV immunodominant epitopeks.
Immunol 165, 3260-3267.

146 Maluati, M.S., Peruzzi, M., Parker, K.C., Biddis&,E., Ciccone, E., Moretta, A., Long, E.O. (19%8)ptide
specificity in the recognition of MHC class | bytaeal killer cell clonesScience267, 1016-1018.

147 Martin, M.P., Nelson, G., Lee, J.H., Pellett, Fadz X., Wade, J., Wilson, M.J., Trowsdale, J. (3008tting
edge: susceptibility to psoriatic arthritis: infee of activating killer 1g-like receptor genestire absence of
specific HLA-C allelesJ. Immunol169, 2818-2822.

148 Medzhitov, R., Janeway, C.A. Jr. (1997) Innate imitya impact on the adaptive immune resporSatr.
Opin. Immunol9, 4-9.

149 Medzhitov, R., Janeway, C.A. Jr. (1999) Innate immunduction of the adaptive immune resporGeld
Spring Harb. Symp. Quant. Bid@4, 429-435.

150Mehra, N.K., Kaur, G. (2003) MHC-based vaccinategproaches: progress and perspectiteqert. Rev.
Mol. Med.24, 1-17.

151 Merino, E., Montserrat, V., Paradela, A., LépezQestro, J.A. (2005) Two HLA-B14 subtypes (B*1403an
B*1403) differentially associated with ankylosingosidylitis differ substantially in peptide specific but have
limited peptide and T-cell epitope sharing with HBR®7.J. Biol. Chem280, 35868—-35880.

152Mescher, M.F. (1995) Molecular interactions in thetivation of effector and precursor cytotoxix T
lymphocytesimmunol. Rev146, 177-210.

153Momburg, F., Tan, P. (2002) Tapasin-the keystonta@ioading complex optimizing peptide bindingNi#C
class | molecules in the endoplasmatic reticulital. Immunol.39, 217-233.

154 Moretta, A., Bottino, C., Vitale, M., Pende, D.,@ani, C., Mingari, M. C., Biassoni, R., Moretta, (2001)
Activating receptors and coreceptors involved irman natural killer celmediated cytolysisAnnu. Rev.
Immunol 19, 197-223.

155 Moretta, L., Bottino, C., Cantoni, C., Mingari, M,QMoretta, A. (2001) Human natural killer cell fition and
receptorsCurr. Opin. Pharmacol4, 387-391.

156 Moretta, L., Bottino, C., Pende, D., Mingari, M., Biassoni, R., Moretta, A. (2002) Human natur#ekicells:
their origin, receptors and functioBur. J. Immunol32, 1205-1211.

157 Murshudov, G.N., Vagin, A.A., Lebedev, A., WilsoiK.S., Dodson, E.J. (1999) Efficient anisotropic
refinement of macromolecular structures using F&dta Crystallogr. D Biol. Crystallogrs5, 247-255.

158Nasution, A.R., Mardjuadi, A., Kunmartini, S., Sadhana, N.G., Setyohadi, B., Sudarsono, D., Laxdy.,
Feltkamp, T.E. (1997) HLA-B27 subtypes positivelgdanegatively associated with spondyloarthropathy.
J. Rheumatol24, 1111-1114.

159Niedermann, G. (2002) Immunological function of gr@teosomeCurr. Top. Microbiol. Immunol268, 91-
136.

1600Ildham, R.K., Herberman, R.B. (1973) Evaluation agfil- mediated cytotoxic reactivity against tumor
associated antigens with 128dodeoxyuridine labeled target cells.immunol.111, 862—-871.

161.Oppenheim, J.J., Zachariae, C.O., Mukaide, N., Mdtisna, H. (1991) Properties of the novel proinfiatory
supergee “intercrine” cytokine famibAnnu. Rev. Immuno9, 617-648.

162 Ortmann, B., Androlewicz, M.J., Cresswell, P. (1p84HC class I/beta 2-microglobulin complexes assti
with TAP transporters before peptide bindihgture.368, 864-867.

163.0twinowski, Z., Minor, W. (1997) Processing of Xyrdiffraction data collected in oscillation modéethods
Enzymol276, 307-326.

164 Pamer, E., Cresswell, P., (1998) Mechanisms of Mtlass | restricted antigen processifginu. Rev.
Immunol.16, 323-358.



Literature 139

165Pangburn, M.K. (2000) Host recognition and targéerentiation by factor H, a regulator of the attative
pathway of complementimmunopharmacology9, 149-157.

166.Parham, P. (1989) MHC protein structure. Gettirtg the grooveNature.342, 617-618.

167 Parham, P. (1996) Presentation of HLA class I-d&fipeptides: potential involvement in allorecogmitand
HLA-B27-associated arthritismmunol. Revl54, 137-154.

168 Pende, D., Biassoni, R., Cantoni, C., Verdiani,Falco, M., di Donato, C., Accame, L., Bottino, ®loretta,
A., Moretta, L. (1996) The natural killer cell rgter specific for HLAA allotypes: a novel member of the
p58/p70 family of inhibitory receptors that is cheterized by three immunoglobuliike domains and is
expressed as a 14D disulphidelinked dimer.J. Exp. Med 184, 505-518.

169 Peruzzi, M., Wagtmann, N., Long, E.O. (1996) A ier cell inhibitory receptor specific for sevétdLA-B
allotypes discriminates among peptides bound to HB*2705.J. Exp. MedlL84, 1585-1590.

170Perrakis, A., Morris, R., Lamzin, V.S. (1999) Autated protein model building combined with iterative
structure refinemeniat. Struct. Bial 6, 458-463.

171 Peterson, E.J., Clements, J.L., Fang, N., Kore@&ly, (1998) Adaptor proteins in lymphocyte antigeseptor
signalling.Curr. Opin. Immunol10, 337-344.

172 Phillips, J.H., Gumperz, J.E., Parham, P., Lanied.. (1995) Superantigen-dependent, cell-mediated
cytotoxicity inhibited by MHC class | receptors ®riemphocytesScience268, 403-405.

173Privalov, P.L., Potekhin, S.A. (1986) Scanning mgalorimetry in studying temperature-induced chanige
proteins.Methods Enzymoll31, 4-51.

174 Radosavljevic, M., Bahram, S. (2003) In vivo immgaoetics: from MIC to RAET1 locimmunogenetic®5,
1-9.

175Ramos, M., Lopez de Castro, J.A. (2002) HLA-B27 #relpathogenesis of spondyloarthrifisssue Antigens.
60, 191-205.

176 Rammensee, H.G. (1995) Chemistry of peptides am®utiwith MHC class | and class I molecul&rr.
Opin. Immunol7, 85-96.

177 Ravetch, J.V., Bolland, S. (2001) IgG Fc receptarsiu. Rev. Immunal9, 275-290.

178Ren, E.C., Koh, W.H., Sim, D., Boey, M.L., Wee, G.Bhan, S.H. (1997) Possible protective role ofAHL
B*2706 for ankylosing spondylitiSissue Antigenst9, 67-69.

179Reth, M., Wienands, J. (1999) The maintenance hadttivation signal of the B-cell antigen recep@old
Spring Harbor Symp. Quant. Bid4, 323-328.

180Reveille, J.D. (1998) HLA-B27 and the seronegasipendyloarthropatie®m. J. Med. SciB16, 239-249.

181 Reveille, J.D., Arnett, F.C. (2005) Spondyloartkritupdate on pathogenesiad managemenfAm. J. Med.
118, 592-603.

182 Robinson, J., Waller, M.J., Parham, P., de GrogtB§ntrop, R., Kennedy, L.J., Stoehr, P., Marskg.£003)
IMGT/HLA and IMGT/MHC: sequencealatabases for the study of the major histocompigibiomplex.
Nucleic Acids Re<f1, 311-314.

183Raoit, 1., Brostoff, J., Male, D. (1985) Immunobighp Gower Med. Publishing.

184 Roit, 1., Brostoff, J., Male, D. (2001) Immunobighp Harcourt Publishers.

185Rojo, S., Aparicio, P., Hansen, J.A., Choo, S.Yapéz de Castro, J.A. (1987) Structural analysiaroHLA-
B27 functional variant, B27d, detected in Ameritdecks.J. Immunal 139, 3396-3401.

186.Rojo, S., Wagtmann, N., Long, E.O. (1997) Bindirfgacsoluble p70 killer cell inhibitory receptor tdLA-
B*5101: requirement for all three p70 immunoglobufiomainsEur. J. Immunol27, 568-571.

187 Rosenberg, E.B., Herberman, R.B., Levine, P.H.taéfaan, R.H., McCoy, J.L., Wunderlich, J.R. (1972)
Lymphocyte cytotoxicity reactions to leukeraasociated antigens in identical twitst. J. Cancer9, 648—
658.

188 Rudolph, R., Lilie, H. (1996) In vitro folding ohclusion body proteing:ASEB J 10, 49-56.

189 Rudolph, M.G., Luz, J.G., Wilson, l.LA. (2002) Sttwal and thermodynamic correlates of T cell sigmgal
Annu. Rev. Biophy&iomol. Struct31, 121-149.

190.Rudolph, M.G., Wilson, I.A. (2002) The specificitf TCR/pMHC interactionCurr. Opin. Immunoll14, 52-
65.

191 Rudwaleit, M., Bowness, P., Wordsworth, P. (1996 Tucleotide sequence of HLA-B*2704 reveals a new
aminoacid substitution in exon 4 which is also présn HLA-B*2706.Immunogenetic13, 160-162.

192 Riickert, C., Fiorillo, M.T., Loll, B., Moretti, R.Biesiadka, J., Saenger, W., Ziegler, A., SorrentiR.,
Uchanska-Ziegler, B. (2006) Conformational dimogphiof self-peptides and molecular mimicry in a dge
associated HLA-B27 subtypé. Biol. Chem281, 2306-2316.

193.Sambrook, J., Fritsch, E.F., Maniatis, T. (1989)lé¢alar cloning: a laboratory manual"{2dition). @ld
Spring Harbor, Laboratory Press, New York, USA.

194 Sampaio-Barros. P.D., Conde, R.A., Donadi, E.Anpfigpioli, R., Costallat, L.T., Samara, A.M., Bélbo M.B.
(2008) Frequency of HLA-B27 and its alleles in pats with Reiter syndrome: comparison with the diesgy
in other spondyloarthropathies and a healthy coptpulation.Rheumatol. Int28, 483-486.

195.Sant’Angelo, D.B., Robinson, E., Janeway, C.A. Denzin, L.K. (2002) Recognition of core and flarkin
amino acids of MHC class IlI-bound pepties by theell receptor Eur. J. Immunol32, 2510-2520.



140 Literature

196.Sawicki, M.W., Dimasi, N., Natarajan, K., Wang, Margulies, D.H., Mariuzza, R.A. (2001) Structubalsis of
MHC class | recognition by natural killer cell rgters.Immunol. Rev181, 52-65.

197 Schwarz, B.A., Bhandoola, A. (2006) Trafficking finothe bone marrow to the thymus: a prerequisite for
thymopoiesisimmunol. Rev209, 47-57.

198.Sebzda, E., Mariathasan, S., Ohteki, T., JoneB&hmann, M.F., Ohashi, P.S. (1999) SelectiomefT cell
repertoire Annu. Rev. Immunol7, 829-874.

199Sesma, L., Montserrat, V., Lamas, J.R., Marina,\Azquez, J., Lépez de Castro, J.A. (2002) Theigept
repertoires of HLA-B27 subtypes differentially asisted to spondyloarthropathy (B*2704 and B*270bjed
by specific change at three anchor positigh®iol. Chem277, 16744-16749.

200.Shankarkumar, U. (2004) The human leukocyte antftgei) system.Int. J. Hum. Gene#, 91-103.

201.Shiroishi, M., Tsumoto, KAmano, K.., Shirakihara, Y., Colonna, M., BraudM, Allan, D.S., Makadzange,
A. et al. (2003) Human inhibitory receptors Ig-lik@nscript 2 (ILT2) and ILT4 compete with CD8 fiefHC
class I binding and bind preferentiatty HLA-G. Proc Natl. Acad. Sci. USA00, 8856—8861.

202Singer, M.A., Lindquist, S. (1998) Multiple effectsf trehalose on protein folding in vitro and invei
Mol. Cell. 1, 639-648.

203.Smyth, M.J., Trapani, J.A. (1995) Granzymes: exogenproteinases that induce target cell apoptosis.
Immunol. Today16, 202-206.

204.Snyder, G.A., Brooks, A.G., Sun, P.D (1999) Crystaucture of the HLA-Cw3 allotype-specific killeell
inhibitory receptor KIR2DL2Proc. Natl. Acad. Sci. USAR6, 3864- 3869.

205.Snyder, M.R., Lucas, M., Vivier, E., Weyand, C.Mor@nzy, J.J. (2003) Selective activation of theun-J
NH(2)-terminal protein kinase signaling pathway stimulatory KIR in the absence of KARAP/DAP12 in
CDA4+ T cellsJ. Exp. Med197, 437-449.

206.Soloff, R.S., Dempsey, D., Jannings, S.R., WolcBiiM., Chervenak, R. (1992) Characterization of the
progeny of precursor-T (pre-T) cells maintainediino by interleukin-3 (IL-3). Development of T-¢élinction
in vivo. Immunology 76, 279-285.

207.Spits, H., Blom, B., Jaleco, A.C., Weijer, K., Vensiren, M.C., van Dongen, J.J., Heemskerk, M.Hs, ReC.
(1998) Early stages in the development of humanatural killer and thymic dendritic celltmmunol. Rev.
165, 75-86.

208.starr, T.K., Jameson, S.C., Hogquist, K.A. (2008kiffve and negative selection of T cellsnnu. Rev.
Immunol 21, 139-176.

209.Stebbins, C.C., Peterson, M.E., Suh, W.M., Sand, £1996) DM-mediated release of naturally occgrrin
invariant chain degradation intermediate from MH&ss 1l molecules). Immunal 157, 4892-4898.

210.Stern, P., Gidlung, M., Orn, A., Wigzell, H. (1988patural killer cells mediate lysis of embrionakrdaoma
cells lacking MHC Nature 285, 341-342.

211Stern, L.J., Wiley, D.C. (1994) Antigen peptide diimg by class | and class Il histocompatibility f@ios.
Behring Inst. Mitt.94, 1-10.

212 Stern L.J., Brown J.H., Jardetzky T.S., Gorga,,JJEban, R.G., Strominger, J.L., Wiley, D.C. (19%)ystal
structure of the human class Il MHC protein HLA-DRAmplexed with an influenza virus peptidéature.
368, 215-221.

213 Stewart-Jones, G.B., di Gleria, K., Kollnberger, McMichel, A.J., Jones, E.Y., Bowness, P. (2005ystal
structures and KIR3DL1 recognition of three immuaimihant viral peptides complexed to HLA-B*27@ur.

J. Immunol .35, 341-351.

214 Storoni, L.C., McCoy, A.J., Read, R.J. (2004). lilteod-enhanced fast rotation functiodgta CrystallogrD
Biol Crystallogr. 60, 432—-438.

215Stryhn, A., Andersen, P.S., Pedersen, L.O., Svejgaa., Holm, A., Thorpe, C.J., Fugger, L., Buus, S
Engberg, J. (1996) Shared fine specificity betwEerll receptors and an antibody recognizing aigefrajor
histocompatibility class | complefroc. Natl. Acad. Sci. USAR3, 10338-10342.

216.Suh W.K., Cohen-Doyle M.F., Fruh K., Wang K., Pster P.A., Williams D.B. (1994) Interaction of MHC
class | molecules with the transporter associaiéiu antigen processincience.264, 1322-1326.

217 Terasaki, P.I. (1990) History of HLA: ten recollieets. Los AnglesUCLA, Tissue Typing Laboratory

218Thornthwaite, J.T., Leif, R.C. (1974) The plaquéogyam assay. |. Light and scanning electron mawpg of
immunocompetent cells. Immunal 113, 1897-1908.

219Tran, T.M., Satumtira, N., Dorris, M., May, E., Wang, A., Furuta, E., Taurog, J.D0G2) HLA-B27 in
transgenic rats forms disulfide-linked heavy chaligomers and multimers that bind to the chaperBife J.
Immunol.172, 5110-5119.

220.Tran, T.M., Dorris, M.L., Satumtira, N., RichardsahA., Hammer, R.E., Shang, J., Taurog, J.D. (R006
Additional human beta2-microglobulin curbs HLA-B2iisfolding and promotes arthritis and spondylitis
without colitis in male HLA-B27 tansgenic ratsithritis Rheum.54, 1317-1327.

221 Trowsdale, J., Parham, P. (2004) Mini-review: deéestrategies arichmunity-related gene&ur. J. Immunol.
34, 7-17.

222Turley, S.J., Inaba, K., Garrett, W.S., Ebersold, Mnternaehrer, J., Steinman, R.M., Mellman, DO@
Transport of peptide- MHC class Il complexes ineleping dendrite cellScience288, 522-527.



Literature 141

223Turner, M.J., Sowders, D.P., Delay, M.Mohapatra, R., Bai, S., Smith, J.A., Brandewi&., Taurog, J.D.,
Colbert, R.A. (2005) HLA-B27 misfoldingn transgenic rats is associated witttivation of the unfolded
protein responsd. Immunol.175,2438-2448.

224Uchanska-Ziegler, B., Ziegler, A. (2003) Ankylosirgpondylitis: a beta2m-deposition diseas&ends
Immunol 24, 73-76.

225Uchanska-Ziegler, B., Alexiev, U., Hillig, R. C.,itémeyer, M., P6hlmann, T., Saenger, W., Volz,Zegler,
A. (2003) HLA 2002: Immunobiology of the Human MH®@upont, B., Hansen, J. (Eds.) International
Histocompatibility Working Group Press, Seattle.

226 Uhrberg, M., Valiante, N.M., Shum, B.P., Shilling,G., LienertWeidenbach, K., Corliss, B., Tyan, D., Lanier,
L.L., Parham, P. (1997) Human diversity in killedldnhibitory receptor genesnmunity.7, 753—-763.

227Urban, R.G., Chicz, R.M., Lane, W.S., Stromingel,,Rehm, A., Kenter, M.J., UytdeHaag, F.G., Plodd.,
Uchanska-Ziegler, B., Ziegler, A. (1994) A subsktHhA-B27 molecules contains peptides much londeat t
nonamersProc. Natl. Acad. Sci. USA1, 1534-1538.

228 Uysterpuyst, P., Tellier E., Dardenne, B., Darimadvit (1998) Reiter's syndrome: a propos of a cd#sza
Urol. Belg.66, 29-33.

229Wain, H.M., Lush, M.J., Ducluzeau, F., Khodiyar, KV,. Povey, S. (2004) Genew: the human gene
nomenclature database, 2004 updatesleic Acids Ref2, D255-257.

230.Wanders, A., Landewé, R., Dougados, M., Mielamhts, van der Linden, S., van der Heijde, D. (2005)
Association between radiographic damage of theesgind spinal mobility for individual patients with
ankylosing spondylitis: can assessment of spindlilitypbe a proxy for radiographic evaluatioAnn. Rheum.
Dis. 64, 988-994.

231 Weiss, A. (1993) T-cell antigen receptor-signahsduction: a tale of tails and cytoplasmic protgirosine
kinasesCell. 73, 209-212.

232 Willcox, B.E., Thomas, L.M., Bjorkman, P.J. (2003yystal structure of HLA-A2 bound to LIR-1, a h@std
viral major histocompatibility complex receptdfat. Immunol4, 913-919.

233 Williams, A.P., Bateman, A.R., Khakoo, S.I. (206%nging in the balance. KIR and their role in d&eiol.
Interv. 5, 226-240.

234 Williams, M.E., Chang, T.L., Burke, S.K., LichtmaA,H., Abbas, A.K. (1991) Activation of functiongll
distinct subsets of CD4+ T lymphocyté®es. Immunoll42, 23-28.

235Wilson, M.J., Torkar, M., Haude, A., Milne, S., &n T., Sheer, D., Beck, S., Trowsdale, J. (2003tieity in
the organization and sequences of human KIR/ILTedgamilies.Proc. Natl. Acad. Sci. US®v, 4778—-4783.

236Valés-Gémez, M., Reyburn, H.T., Mandelboim, M.,d&tinger, J.L. (1998) Kinetics of interaction of HL&
ligands with natural killer cell inhibitory receptImmunity.9, 337-344.

237Valiante, N.M., Uhrberg, M., Shilling, H.G., LienéWeidenbach, K., Arnett, K.L., D’Andrea, A., PhilpJ.
H., Lanier, L.L., Parham, P. (1997) Functionallydastructurally distinct NK cell receptor repert@ra the
peripheral blood of two human donohsimunity.7, 739-751.

238Vega, M.A., Wallace, L., Rojo, S., Bragado, R., Apa@, P., Lopez de Castro, J.A. (1985) Delineatidn
functional sites in HLA-B27 antigens. Molecular bysés of HLA-B27 variant Wewak | defined by cytoigtT
lymphocytesJ. Immunol.135, 3323-3332.

239Vega, M.A., Bragado, R., Ivanyi, P., Peldez, Jllopez de Castro, J.A. (1986) Molecular analysisaof
functional subtype of HLA-B27. A possible evolutayy pathway for HLA-B27 polymorphisnd. Immunal
137, 3557-3565.

240Vilches, C., de Pablo, R., Kreisler, M. (1994) Nagtide sequence of HLA-B*2706nmunogenetics39, 219.

241Vilches, C., Parham, P. (2002) KIR: diverse, rapillolving receptors of innate and adaptive immurinnu.
Rev. Immunol20, 217-251.

242Vitale, M., Sivori, S., Pende, D., Augugliaro, Bj Donato, C., Amoroso, A., Malnati, M., Bottino,.,C
Moretta, L., Moretta, A. (1996) Physical and funaial independency of p70 and p58 natural killer YNKlI
receptors for HLA class [: their role in the defion of different groups of alloreactive NK cellocies.Proc.
Natl. Acad. SciUSA 93, 1453-1457.

243Volz, A., Radeloff, B. (2006) Detecting the unusudatural Killer Cells.Prog. Nucleic Acid Res. Mol. Biol.
81, 473-541.

244Yang, D., Biragyn, A., Kwak, L.W., Oppenheim, J2002) Mammalian defensins in immunity: more thast j
microbicidal. Trends. ImmunoR3, 291-296.

245Yawata, M., Yawata, N., AbRached, L., Parham, P. (2002) Variation within theman killer cell
immunoglobulinlike receptor (KIR) gene familyCrit. Rev.Immunol 22, 463-482.

246Zawacka, A., Loll, B., Biesiadka, J., Saenger, \Wchanska-Ziegler, B., Ziegler, A. (2005) X-ray dif€tion
analysis of crystals from the human histocompatybdntigen HLA-B*2706 in complex with a viral paege
and with a self-peptidéicta Crystallogr. Sect. F Struct. Biol. Cryst. Coomr61, 1097-1099.

247 Ziegler, A., Loll, B., Misselwitz, R., Uchanska-gier, B. (2008) Implications of structural and tihedynamic
studies of HLA-B27 subtypes exhibiting differentiaksociation with ankylosing spondylitis. Molecular
Mechanism of Spondyloarthropathies. Lopez-LarreaDtaz-Pefia, R. (Eds.), in prekandes Bioscience and
Springer Science,Business Media



142 Literature

248Zinkernagel, R.M., Doherty, P.C. (1974) Immunolajicurveillance against altered self components by
sensitised T lymphocytes in lymphocytic choriomejitis. Nature.251, 547-548.
249Zinkernagel, R.M., Doherty, P.C. (1997) The disagwaf MHC restriction. Immunol Today 8, 14-17.



List of publications 143

LIST OF PUBLICATIONS

1. Loll, B., Zawacka, A., Biesiadka, J., Petter, C., Rutk€:, Saenger, W., Uchanska-
Ziegler, B., Ziegler, A. (2005) Preliminary X-ray diffrémt analysis of crystal from the
recombinantly expressed human major histocompatibility antigen BH2Y¥04 in
complex with a viral peptide and a self-peptiéeta Crystallogr. Sect. F Struct. Cryst.
Commun61, 939-941.

2. Loll, B., Zawacka, A., Biesiadka, J., Ruckert, €qlz, A., Saenger, W., Uchanska-
Ziegler, B., Ziegler, A. (2005) Purification, crystallimmn and preliminary X-ray
diffraction analysis of the human major histocompatibility amtigdLA-B*2703
complexed with a viral peptide and with a self-peptiéleta Crystallogr. Sect. F Struct.
Cryst. Commun61l, 372-374.

3. Zawacka, A., Loll, B., Biesiadka, J., Saenger, W., UckaidSegler, B., Ziegler, A.
(2005) X-ray diffraction analysis of crystals from the humastdtompatibility antigen
HLA-B*2706 in complex with a viral peptide and with a self-peptideta Crystallogr.
Sect. F Struct. Biol. Cryst. Commu@1i, 1097-1099



Acknowledgements 144

ACKNOWLEDGEMENTS

I would like to express my gratitude to all who contributethts work.

| am eternally grateful to Prof. Dr. Wolfram Saenger toe supervision of and the time
dedicated to the project, for being always open for discussion andafoeable advice
concerning this work.

| am deeply indebted to Prof. Dr. Andreas Ziegler and Dr. Barhkha ska-Ziegler for
enabling me to perform experiments in the Institut fir Immungentdr their scientific
support and remarks on the theoretical and practical aspehts tifesis.

My deepest gratitude goes to Dr. Bernhard Loll for his invalulblp during the last four
years. | thank him for X-ray data collection, data praogssand HLA structures
determination, for patience, helpful comments, precious suggestimh$or buoying me up
during this time.

| sincerely thank Dr. Rolf Misselwitz for CD and DSC measwsts, his unlimited patience,
hours of discussions and numerous advice concerning this projectHemt Welfle and
Dr. Karin Welfle from the Max-Delbriick Center of Molecularecine, Berlin-Buch for
enabling to conduct thermodynamic measurements, Mass Spectro@etyp of
Dr. Eberhard Krause for MALDI-TOF/TOF analysis, and YveReske from Protein
Structure Factory for testing a broad spectrum of conditions for -KIRSDL1
crystallization.

| owe a debt of gratitude to all people whom | have met idrikgtut fir Immungenetik for
stimulating research atmosphere, especially to Christine @Rilitdr introducing me to the
world of HLA molecules and protein crystallization, Christina Sckifior help in complexes
of HLA-KIR preparation, Cordula Petter and Armin Volz for vdllearemarks and readiness
for discussion, Angelika Zank for unremitting support.

| deeply appreciate to Dr. Aniela Go as from Department afieGes and Evolution of
Jagiellonian University in Krakow, Poland and Dr. Gareth Pagen frGuy’'s and
St. Thomas™ NHS Foundation Trust, London, UK for their commentsdiageathis thesis.

| direct special thanks to my family members, most of alldear parents for their constant

support and having faith in me.



