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ABSTRACT. Proteins of the class Il major histocompatibility complex (MHC) bind antigenic peptides that
are subsequently presented to T cells. Previous studies have shown that most of the residues required for
binding of the chicken ovalbumin (Ova) 32339 peptide to the I-AMHC class Il protein are contained
within the shorter 325336 peptide. This observation is somewhat inconsistent with the X-ray structure
of the Ova peptide covalently attached to 9-@IAO structure) in which residues 323 and 324 form
binding interactions with the protein. A second register for the Ova{®3B) peptide is proposed where
residues 326 and 327 occupy positions similar to residues 323 and 324 in the 11AO structure. Two Ova
peptides that minimally encompass the 11AO and alternate registers, Ové§32Band Ova(325336),
respectively, were found to dissociate from 4-@ith distinct kinetics. The dissociation rates for both
peptides were enhanced when the His81 residue of the [gHdRain was replaced with an asparagine. In

the 1IAO structure thggH81 residue forms a hydrogen bond to the backbone carbonyl of 1323. If the
Ova(325-336) peptide were also bound in the 1IAO register, there would be no comparable hydrogen-
bond acceptor for th8H81 side chain that could explain this peptide’s sensitivity tgAH81 replacement.

The Ova(323-335) peptide that binds in the 1IAO register does not stimulate a T-cell hybridoma that is
stimulated by Ova(325336) bound in the alternate register. These results demonstrate that a single peptide
can bind to an MHC peptide in alternate registers producing distinct T-cell responses.

A key regulatory step in the generation of an immune  Because MHC class Il proteins must present a wide variety
response is the activation of helper T cells by peptides boundof antigenic peptides, they have evolved promiscuous pep-
to MHC? class Il proteins. The MHC class Il proteins are tide-binding sites. Sequencing of peptides eluted from cellular
highly polymorphic oS-heterodimers expressed on the MHC proteins has revealed a diverse collection of peptides
surface of specialized antigen-presenting cells. Crystal- with ragged N- and C-termini that extend out of the open
lographic analysesl(-9) have shown that the peptide is ends of the binding groovel(Q—12). In one sense, the
bound to the membrane distal surface of the protein in a presence of the array of hydrogen bonds to the peptide
groove formed by two helices atogfesheet platform (Figure  backbone constrains the diversity of peptides that can be
1, top). The bound peptide is in an extended conformation bound. Only those peptides that can adopt the hydrogen-
similar to a polyproline 1l helix with most of its backbone  bond-stabilized backbone conformation without deleterious
hydrogen-bonded to conserved MHC residu@s Peptide steric contacts in the binding groove are likely to form stable
side chains directed into the binding groove reside in complexes. In another sense, the presence of the hydrogen
“pockets” delineated by most of the polymorphic residues. bond array allows for promiscuous binding. Any peptide that
In most of the MHC class Il proteins there are four major can adopt the required backbone conformation can presum-
pockets, designated P1, P4, P6, and P9, where the numberingbly form stable complexes without high complementarity
refers to the peptide side chain residing in the pocket (Figure between “anchoring” side chains and the MHC pockets.
1, bottom). Most of the remaining peptide side chains are Indeed, in the recently reported crystal structures of two
directed out of the MHC peptide binding pocket where they peptides bound to the murine MHC class Il protein 4-A
can interact with the T-cell receptor (TCR). little complementarity between peptide side chains and the
MHC pockets is observed). It seems reasonable then to
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responses that discriminate between the manner in which
the peptide-MHC complex was generated, leading again to
the suggestion of isomeric peptid®HC complexes 22,

23). A study of overlapping, cross-reactive peptides that
differed in the residues required for MHC binding has led
to the proposal that peptides might even bind in a different
orientation within the groove 2d). In support of this
suggestion, a recent combined modeling and binding study
has provided evidence for a peptide bound to the human
DQ0302 MHC protein with its termini in an orientation
reversed with respect to the canonical binding ma2is). (

To eliminate the problems associated with the promiscuous
binding of MHC proteins, a strategy for linking the peptide
to the N-terminus of thg-chain with a flexible (Gly Sep)
linker was developedg). This strategy was used to generate
a complex of the Ova(323339) peptide bound to I-Afor
crystallographic analysi®( 27). Even though the recombi-
nant Ova-I-Ad complex was homogeneous with respect to
composition, subsequent preparative isoelectric focusing
(IEF) separation gave several isoforn®y)( It was shown
that these isoforms did not differ in glycosylation and it was
concluded that some of the isoforms could be due to different
registers for the bound peptide. One of the isoforms of the
Ova(323-339) peptide covalently linked to [“Agave
crystals of sufficient quality for crystallographic analysis.
The solved structure, 1IAO, shows the peptide bound in a
canonical conformation with little complementarity between
MHC pockets and the enclosed peptide side cha@)s (
Previous studies have shown that most of the residues
required for stable binding of Ova(32339) to I-A? are
contained within the shorter 32836 peptide Z8). This
observation is somewhat inconsistent with the 11AO crystal
structure, in which the side chain of Ser324, not contained
within Ova(325-336), is seen to occupy the P1 pocket.
However, the shorter peptide in the 1IAO register could bind
with measurable affinity because of the array of backbone

Ficure 1: Structures of the Ova peptide bound to the MHC class hydmgen bonds near the peptld(_a s C-terminus. An alter_nat_|ve
Il protein I-A, (Top) Shown is a ribbon diagram of the Ova(323  €xplanation for the apparent discrepancy between binding
339) complex generated from the coordinates of the 1IAO crystal studies and the 11AO crystal structure is that the Ova{323
structure (9). The perspective is of the membrane apical face of 339) peptide binds in alternate registers as suggested by the
the protein showing the peptide-binding groove formed by the g analysis of the covalent Ovd-A¢ construct 27). We
a-helix (top) andj-helix (bottom) above #-sheet platform. The : . .

Ig domains are not shown for clarity. The peptide lies within the had prewous_ly proposed a register for the Ova peptide bound
groove in a polyproline Il-like conformation with the its N-terminus ~ to I-A? that differs from that observed in the crystal structure,
to the left of the illustration. Also shown is thf#H81 side chain in herein referred to as the alternate regisi&j.(In the alternate

a ball-and-stick representation at the bottom left. (Bottom) Shown regjister, the valine side chain observed to be in the P4 pocket

are schematics of the Ova peptide bound tcf litwo different [y ;
registers. The register observed in the 1IAO crystal structure is of the crystal structure was proposed to reside instead in the

illustrated on the top (residues 32335 are shown). An altemate ~ P'1 Pocket (Figure 1, bottom). The alternate register was
register, proposed here, is shown in the bottom of the figure proposed on the basis of binding studi28)(and molecular
(residues 325336 are shown). In both representations, peptide side modeling 7). We provide evidence here demonstrating that

chains that occupy the MHC P1, P4, P6, and P9 pockets are directeqphe Ova(323-339) can indeed bind to I4Ausing distinct
down into the protein schematic and peptide side chains that areregisters

potential TCR contacts are directed upward. Residues of Ova(323

335) and Ova(325336) that are required for recognition by the
3D0-54.8 and 8D0O-51.15 T-cell hybridomas, respectively, are EXPERIMENTAL PROCEDURES

elevated above other potential TCR contacts. fH81 side chain Peptide SynthesiBeptides were synthesized with standard
forms a hydrogen bond to the peptide carbonyl immediately Fast-MOC chemistry on an Applied Biosystems 431A
N-terminal to the left of the P1 pocket. The complete sequence for . . . .
Ova(323-339) is ISQAVHAAHAEINEAGR. peptide synthesizer and labeled on the N-terminus with the
N-hydroxysuccinimidyl ester of 5(6)-carboxyfluorescein

it was shown that the biphasic dissociation arises from a before cleavage. Cleavage from the resin was achieved with
stable intermediate in the dissociation reactib8, (19, 20. 92.5% trifluoracetic acid, 5% water, and 2.5% thioanisole,
In other cases it was suggested that the peptide bound to thend crude peptides were then purified by reverse-phase
MHC in distinct registers or at different sitedq, 19. It HPLC (acetonitrile/water gradient with 0.1% TFA). Identity
has also been shown that a single peptide can induce T-cellof the purified peptides was confirmed by electrospray mass
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spectrometry, and concentrations of peptide solutions wereature (298 K) to examine the nature and stability of peptide
obtained through absorbance measurements of the fluoresceiMHC contacts. The AMBER suite of programs was used
label in bicarbonate buffer (pH 8.9) at 495 nm. for all molecular mechanics calculatior3lf, and the final
Dissociation Rates of PeptiddIHC Complexesl-A¢ model structures were analyzed with PSSHOW and MD-
protein was isolated as described previouly, 7). In brief, DISPLAY (32).
L-cells expressing I-Awere lysed and passed over a lentil
lectin column that was subsequently eluted with methyl RESULTS
mannoside onto an affinity column (MK-D6 antibody). The Native Peptides Exhibit Complex Dissociation Kinetics.
protein was eluted from the antibody column with,8&; Because of the kinetic complexity of binding reactions
(pH 11.5) and dialyzed into phosphate-buffered saline with between peptides and MHC proteiB3], we chose to use
0.2 mM dodecyl maltoside. Purity of the protein was assessedthe more readily interpreted peptide dissociation rates as a
with silver-stained SDSPAGE, and concentrations were measure of relative binding capacity of different Ova peptides
determined with a Micro BCA assay. To measure the rate for I-AY The dissociation of Ova(323339) from I-Ad is
of dissociation of fluorescein-labeled peptides, a solution of complex, however, giving rise to a kinetic curve that is at
I-A9 protein and a 3©50-fold excess of peptide was least biphasic (Figure 2A). About 20% of the Ova(323
incubated at pH 5.3 at 37C for 18 h. Unbound peptide  339) peptide-MHC complexes dissociate with an apparent
was then removed by size exclusion (Sephadex G50-SF) atrate constant of approximately (240.8) x 10°*s ! (Table
4 °C and pH 7.4. The reaction mixture was separated by 1). The remaining peptideMHC complexes are very long-
high-performance size exclusion chromatography using a 30lived, dissociating with an apparent rate constant of
cm by 7.5 mm TSK3000SW column (Toso Haas, Mont- (3.54 0.3) x 1076 s™. The longer Ova(323339) peptide
gomeryville, PA) and a fluorescence detector. At the begin- was truncated to identify shorter core peptides that minimally
ning of the dissociation, the initial amount of labeled peptide encompass the 11AO crystal structure and alternate registers,
bound to the MHC was measured as the peak height of therespectively. The first peptide evaluated was Ova{3235),
peptide/MHC fraction. After subsequent incubations at 37 which includes all of the residues observed in the 1IAO
°C, the relative peak height at each time was used as acrystal structure. Dissociation of this peptide from4was
measure of peptide still bound to the protein. Apparent first- at least biphasic (Figure 2B), similar to that seen for the full-
order dissociation rate constanigyf) were obtained from  length peptide. An even shorter peptide, Ova(3333), that
single-exponential fits to the monophasic dissociation data. only occupies positions P(1) to P10 in the 1IAO structure
Dissociation data that are apparently biphasic were fit with also exhibits biphasic dissociation kinetics (not shown).
double-exponential functions and both the component pre- The Ova(325-336) peptide that minimally encompasses
exponential terms and exponential constakitale reported. the alternate register exhibits monophasic kinetics in its
T-Cell Stimulation. T-cell responses to antigen were dissociation from |-A (Figure 2C). The stability of the
assessed by measuring the amount of IL-2 present in culturealternate register Ova(3258336) peptide f.pp = (2.6 £ 0.3)
supernatants after incubation of<1L10* T cell hybridomas x 107®s71 is comparable to that of the long-lived complexes
with 1 x 10* A20 cells and 1Qig/mL peptide. Incubations  observed in the dissociation kinetics for the full-length Ova-
were carried out in triplicate for 48 h in 96-well flat-bottom  (323—339) and shorter Ova(323835) peptides. The peptide
plates in a total volume of 20@L of growth medium Ova(326-336) that further eliminates binding contacts
containing RPMI 1640 supplemented with 10% fetal calf observed in the 1IAO structure also binds stably td'|Happ
serum. Supernatant (30./well) was transferred to another = (8.0+ 0.4) x 106 s71]. The peptide Ova(325333) that
96-well plate and frozen at80 °C. Relative amounts of  encompasses the overlapping sequences of the two minimal
IL-2 in the supernatants were determined by adding IL-2- core peptides does not form long-lived complexes witH!I-A
dependent HT-2 indicator cells ¢ 10%well) and measuring  (data not shown). Thus, the peptides that constitute the core
proliferation of the cells after 24 h by an MTT assay. of the 1IAO and alternate registers, Ova(3&385) and Ova-
Molecular Modeling StudiesAll models for the Ova-I- (325-336), respectively, exhibit distinct dissociation kinetics.
A peptide complex were based on the recent 11AO crystal A Model of the Alternate Register Suggests a Variation
structure 9). Models with single point mutations in either in Hydrogen BondingA model of the Ova(325336) peptide
MHC (e.g.,fH81N in theB-chain) or peptide were generated bound to I-A' in the alternate register was derived from the
with the interactive graphics modeling package PSSHOW 11AO crystal structure. Visual inspection of this model after
(29). The alternate register model was generated by use oflimited energy minimization suggested that the alternate
a standard polyproline type Il helix backbone conformation register is chemically and physically plausible. The anchor
from the 11AO crystal structure. The PSSHOW program was residues in pockets P1 (valine), P4 (alanine), P6 (alanine),
used to replace all side chains with the appropriate residuesand P9 (asparagine) exhibit good steric and chemical
for the alternate register sequence. Standard side-chaircomplementarity with the anchor pockets. This model
conformations were selected from a rotamer library. All maintains the polyproline type Il helix backbone conforma-
models were refined with limited energy minimization (300  tion observed in the 11AO9) and other MHC class Il crystal
200 cycles), followed by low-temperature molecular dynam- structure complexesl{-8). In fact, the only marked differ-
ics for 1-2 ps at 20 K. All molecular mechanics calculations ence in the two registers after energy minimization is the
were performed in vacuo with a distance-dependent dielectricset of probable TCR contacts (see Figure 1). Molecular
constant, using a standard all-atom potential functie). ( dynamics relaxation of the 1IAO and alternate register
After initial model refinement, molecular dynamics simula- complexes revealed some notable differences, however. In
tions were performed for all MHEpeptide complexes for  the 1IAO complex, the MHC3H81 side chain forms a
5—10 ps at both low temperature (20 K) and room temper- hydrogen bond to a backbone carbonyl oxygen of the 1323
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Ficure 2: Dissociation of Ova(323339) and two truncated Ova
peptides from I-A. (A) Dissociation of the full-length Ova(323
339) peptide is at least biphasic. (B) Dissociation of the C-terminal
truncated Ova(323335) is also biphasic. (C) Dissociation of the
N-terminal truncated Ova(325336) is monophasidkfp,= (2.6 +

0.3) x 10°% s1]. MHC protein was incubated with excess
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Table 1: Peptide Dissociation Rate Constants

rate constantk(x 1, s)

Ova peptide wt I-A H81N [-Ad
323-339 B 210+ 80 (0.2) n.d.
3.5+ 0.3(0.8)
323-335 b 27+ 5(0.2) m 5.8:02
6.1+ 0.1(0.8)
323-335,Q325A m 2.3+ 0.3 m 20+ 0.6
325-336 m 2.6£0.3 m 390+ 30
325-336, H328Q b 40t 10 (0.7) m 200Gt 200
15+ 4 (0.3)
326-336 m 8.0+ 0.4 m 370+ 10

a Apparent first-order rate constants were determined from single-
exponential fits to monophasic dissociation data. The component rates
for biphasic dissociations were obtained from double-exponential fits.
b Biphasic (b) or monophasic (m)The pre-exponential term from the
double-exponential fit.

between the two hydrogen-bond partners several times. In
the alternate register complex, a histidine side chain (H328)
is present at the P2 position, afii81 cannot reorient to
form an alternate hydrogen-bond contact with the H328 side
chain, so the original hydrogen bond to the backbone
carbonyl oxygen is maintained.

To test whether the hydrogen-bond fluctuations observed
in the 1IAO simulations might be a modeling artifact, we
used the modeling results to design additional experiments.
The models suggested that replacement of Q325 in the 11AO
structure with alternate residues such as alanine would alter
the hydrogen-bonding pattern for tj¢i181 residue. It was
found that an Ova(323335) peptide in which the Q325 side
chain was mutated to an alanine (Q325A) dissociates from
I-Ad with monophasic kinetics characterized blgg = (2.3
+ 0.3) x 1076 571 (Figure 4A). The reversion of Q325A to
monophasic dissociation kinetics confirms that the Q325A
side chain is involved in MHC binding despite its location
outside of the peptide binding groove. The H328 residue
occupies the P2 position in the alternate register. It was found
that Ova(325-336) peptide in which the H328 side chain
was mutated to glutamine (H328Q) dissociates fromd|-A
with biphasic kinetics (Figure 4B).

Previous studies have shown that and-#olecule in

fluorescein-labeled peptides for 18 h, excess free peptide wasWhich the fH81 residue has been mutated to asparagine
removed by rapid size exclusion, and the amount of fluorescence (BH81N) does not acquire peptides during expression and
associated with protein was periodically measured by high- has reduced capacity for peptide bindir8g)( Presumably
performance size-exclusion chromatography with a quorescencethe inability of BH81N to form stable peptideMHC

detector. The fluorescence at each time point (amount bound) was | is due t | f hvd bonding bet
normalized to that measured immediately upon isolation of the COMPIEXES IS due 10 a l0Ss of hydrogen bonding between

peptide-MHC complex. The curves shown in panels A and B are the SH81 side chain and peptide backbors#)( We have
double-exponential functions fit to the data (see Table 1); the curve shown that the dissociation rates for peptides are enhanced

in panel C is a single-exponential fit to the data. The data in panels hy 20—-200-fold for SH81N compared to the native protein
A—C each represent compilations of three to four independent

dissociation reactions.

peptide residue at the P{) position (Figure 1). A similar
hydrogen bond betwegfH81 and the A326 carbonyl was
also formed in the alternate register model. After limited
dynamics simulation of the 11AO complex, this hydrogen
bond broke quickly an@H81 formed a new hydrogen bond
with the carbonyl of the Q325 side chain at the P2 position
of the peptide (Figure 3). Only a small rotation of bgtH81

(35). Models were also generated for a H81N mutant in the
I-Ad 3 chain. The refined 11AO model and subsequent limited
molecular dynamics simulations suggest that the asparagine
side chain can alternately form a hydrogen bond with either
the P1) 1323 backbone carbonyl or the P2 Q325 side-
chain carbonyl. However, the hydrogen bonds are not
predicted to be particularly good, as the geometries are not
optimal and theSN81 must adopt a strained (i.e., high-
energy) side-chain conformation to interact with the back-

and Q325 side chains is required to form the new hydrogen bone carbonyl or Q325. The modeling results suggested that

bond. During the course of a3.0 ps simulation at 298 K,
the SH81 side chain alternately hydrogen-bonded with the

the dissociation of Ova peptides bound to44A the 11AO
register would be enhanced for the H81N mutant. It was

backbone carbonyl oxygen or Q325 side chain, fluctuating found that Ova(323335), the peptide that minimally
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Ficure 3: Computer models of the 11AO structure suggest tha{tH81 residue can also hydrogen-bond to the side-chain carbonyl of
Q325. Shown (top) is a stereoview of tfiel81 side chain hydrogen-bonded to the-Bj carbonyl. Shown (bottom) is a stereoview of a
molecular dynamics snapshot in which {#id81 side chain has slightly rotated from the conformer observed in the 11AO structure to form

a hydrogen bond to the Q325 side-chain carbonyl that is directed out of the peptide-binding groove. The conformer shown arises within
about 1 ps of a limited molecular dynamics simulation (20 K), suggesting that both rotamer conformers are highly populated. The Q325
residue is at the P2 position in the 11AO structure (see Figure 1).

encompasses the 1IAO register, dissociates much morethough the Ova(323335) peptide that minimally encom-
rapidly from the SH81N I-Ad protein with kapp = (5.8 + passes the 1IAO register also binds stably to?)-&was
0.6) x 1078 s7! (Figure 4C). The fact that the dissociation unable to stimulate the 3D0O-54.8 T-cell hybridomas. Previ-
kinetics are monophasic further demonstrates the role of theous studies have shown that residues -3389 are not
SH81 hydrogen bond in the biphasic dissociations observedinvolved in recognition by these T cells, demonstrating that
for native I-Ad. It was also found that the dissociation rate the inability of this peptide to stimulate the T cells is not
for the Ova(325-336) peptide from th@H81N I-Ad protein due to the absence of these residug®.(The full-length
is considerably enhanced relative to that from the wild-type Ova(323-339) peptide did stimulate the T-cell hybridomas
(wt) I-Ad (Table 1). to the same extent as observed for Ova(3236), confirm-
T-Cell Stimulation Can Discriminate between the Two ing that the full-length peptide binds to 140 both registers.
Binding RegistersT-cell hybridomas generated from mice
immunized with whole Ova protein were initially used to DISCUSSION
identify the Ova(323-339) epitope. The specificity of one Two sets of results presented here demonstrate that the
of these hybridomas, 3DO-54.86), for truncated Ova  Ova(323-335) and (325-336) peptides bind to I-Ausing
peptides was evaluated. It was found that the 3DO-54.8 T-cell distinct registers. First, the dissociation kinetics for Ova-
hybridoma is stimulated by the Ova(32336) peptide that  (323—335), a peptide that presumably binds in the 1IAO
minimally encompasses the alternate register when presentedegister, are biphasic. It was shown that the biphasic kinetics
by antigen-presenting cells expressing‘{Bigure 5). Even are due to a hydrogen bond between the peptide Q325 and
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FIGURE 5: The 3D0.54 T-cell hybrid discriminates between Ova-
, (323-335) and Ova(325336) bound to I-A. Stimulation by each
] Ha28Q B peptide (10ug/mL) was normalized to the stimulation of the
ELW 3D0.54 hybridoma by 1@g/mL of the full-length Ova(323339)
081 \e peptide. Peptides were presented by the A20 B-cell lymphoma and
s 7 stimulation was assayed as the amount of IL2 released as measured
5 o.e] e by the proliferation of the IL2-dependent HT-2 cell line.
m
€ 04l . bound in the alternate register, there would be a backbone
g . carbonyl from A326 at the P{1) position that could form a
0.2 hydrogen bond with thggH81 side chain (Figure 1). The
] e observation that the dissociation rate of Ova(3336) was
°r ~ = = enhanced by mutation of the 198H81 residue suggests that
Time (h) the peptide is not bound in the 1IAO register. It could be

argued that Ova(325336) binds in the 1IAO register with

a hydrogen bond betweefiH81 and Q325 that, when
disrupted, increases the dissociation rate. However, the
dissociation rate of Ova(326336) is also significantly
enhanced for the H81N I-Pprotein.

Numerous studies have suggested that a single peptide can
form isomeric complexes with MHC class Il proteins that
differ in dissociation kinetics1(3—21). In several of these
studies it was shown that there is a lag phase in the formation
of the long-lived complexes, suggesting that the short-lived

complex is a stabilized intermediate in the association and
0 20 40 60 20 100 dissociation reactions1b, 19. Presumably these stable
Time (h) intermediates are complexes in which the peptides are partly
FIGURE 4. Effect of the hydrogen bond betweghi81 and Q325 dissociated from the binding groove. We have shown that
on dissociation kinetics. (A) Dissociation of the Ova(32385), the Ova(323-339) and Ova(323335) peptides dissociate
Q325A peptide-mutant from wt I-A' is now monophasicksp, = with biphasic kinetics consistent with the formation of a

61 H inti
i(sz'gtile%ssg gipli?a_sisc. ]T'rgg)p%z?i%ﬂ%'foﬂgg i\;lag,&:(?é\?gé)Hizgg stable intermediate in the dissociation reaction. The observa-

same as Q325 in Ova(32335). The data are better fit with a  tion that these kinetics revert to being monophasic upon
mechanism that includes an intermediate in equilibrium with the mutation of either the peptide Q325 or EAH81 residues

fully bound state (not shown). (C) Dissociation of the native Ova- syggests that an interaction between these two residues is
(323-335) peptide from thgHB1N I-A? mutant has also become  jp\6lyed in formation of the intermediate. As a test for this

monophasic fapp = (5.8 + 0.6) x 1076 s71]. The data in panels . . .
A—C r.'jlre co%%pilatigns of thrc)ae to four ir]Idependent dispsociation hypothesis, the H328 residue in Ova(32386) was mutated
reactions. to glutamine. It was found that the H328Q peptide dissociated
with biphasic dissociation kinetics, an observation that
I-A¢ BH81 residues. If Ova(325336) was bound in the  recapitulates the effect of Q325 on the dissociation kinetics
1IAO register, a similar hydrogen bond could be formed. for the 1IAO register.
Yet, it was found that the dissociation kinetics for Ova(325 The structure of the intermediate responsible for the
336) are monophasic. Second, the dissociation rate for Ova-biphasic dissociation of the Ova(32339) peptides is not
(323—-335) A325 bound in the 11AO register was enhanced known. One possibility is that the intermediate is a structure
by mutation of the I-A 8H81 residue that forms a hydrogen in which the peptide is partly dissociated at the N-terminus
bond to the peptide 1323 carbonyl. If the Ova(3Z536) but still hydrogen-bonded between Q325 #tB1. Such a
peptide was also bound to 194n the 1IAO register, the  hydrogen bond increases the lifetime of the intermediate by
first peptide residue, Q325, would be in the P2 position slowing either the rate of conversion to the fully bound state
(Figure 1). Thus, there would be no carbonyl at the-BY( and/or the rate for further dissociation. The results observed
position to form a hydrogen bond with ti#¢181 side chain. here suggest that the former is more likely. Disruption of
In this case it would be predicted that the -H81N the potential hydrogen bond between Q325 #tdS1,
substitution would have no effect on the dissociation of Ova- achieved through mutation of either residue, eliminates the
(325—-336). If, however, the Ova(325336) peptide was  short-lived phase in the dissociation reactions. If conversion

Amount Bound
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of the partly dissociated intermediate to the fully bound state isoforms for an I-A molecule covalently tethered to the Ova-
is slowed by the formation of a Q32%H81 hydrogen bond  (323-339) peptide Z7). Our observation that the 3DO 54.8
in the intermediate, the probability for a subsequent rapid T-cell hybridoma recognizes only one of the two registers,
dissociation would be increased. There is no possibility for and the full-length peptide, confirms that both registers are
a hydrogen bond betwegfH81 and the P2 side chain in  functional and generated during natural antigen processing.
the alternate register [i.e., the Ova(32%36) peptide]. The open ends of the MHC class Il binding groove allow
Presumably a partly dissociated species precedes completéor the protein to bind a single peptide in one of several
dissociation of Ova(325336), but because of the absence registers. Because peptides eluted from MHC class Il proteins
of the stabilizing hydrogen bond, the equilibrium is largely are found to have ragged C- and N-termih@{12), there
shifted to the fully bound state and only slow, monophasic is the possibility that they were initially bound in different
dissociation kinetics are observed. Substitution of the P2 registers. Numerous studies of naturally processed antigenic
H328 with a glutamine leads to the formation of rapid, peptides have found that T cells responsive to the antigen
biphasic dissociation kinetics that are apparently caused bydiffer in fine specificities for the peptide residues at the
a hydrogen bond between the Q328 @iB1 residues. This  ragged termini outside of the peptide “cord047). In one
is supported by the observation that dissociation of the of these cases it was shown that T cells discriminated
H328Q peptide from the H81N I“Amutant is no longer  between peptide residues beyond the peptide core because
biphasic. The observation that the dissociation rates for thethey interacted with CD4, a coreceptor for the MHC class
H328Q peptide are increased about 5-fold with respect to Il and TCR proteins40). We suggest that explanation for
Ova(325-336) would suggest that the H328 side chain also some of the other reported fine T-cell specificities for
forms a binding interaction with the residues on the periphery residues at the flanking ends of the peptide may be due to
of the I-A% peptide-binding groove. The formation of binding the presence of multiple peptide registers as observed here
interactions between TCR contacts and the MHC protein is for the naturally processed Ova(32339) peptide.
relatively common 7).
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