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Structuralfluctuationonmicrosecondtomillisecondtime
scales has been reported to play an important role in pro-
teins thatundergosignificant structuralchangeduring
their expression of function. In these proteins, the struc-
tural change was obvious in the crystal structures. How-
ever, protein motions in solution could contribute to the 
functionofproteins,evenifnosignificantstructuraldif-
ference is observed in crystal structure of different states 
while they function. In this review, we introduce our 
recent report on the stabilization mechanism of human 
leukocyteantigen,andthepossibilityoffluctuationcon-
tributing to several biophysical properties of proteins.
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Fluctuation in proteins
Proteins move in their environment to express their func-

tion. Motions exist in different time scales, where they con-
tribute to different functions. Especially important biochem-
ical reactions exist on microsecond to millisecond time 

scales, and the motions at these time scales are called “fluc-
tuation” in the field of structural biology. The analysis of 
protein motion in these timescales would be important for 
revealing the mechanism of chemical reactions occurring in 
living things. NMR is a powerful tool for studying motions 
at different time scales (Fig. 1). Among them, relaxation dis-
persion is an effective method for a quantitative measure-
ment of fluctuation. Relaxation dispersion enables the detec-
tion of structures, which exists only in a few percentages. 
Since around 2000, several reports emerged on the precise 
reaction steps of proteins using relaxation dispersion. For 
example, it was revealed that an intrinsically disordered pro-
tein forms a transient intermediate structure during binding 
to its partner. The structure was different from the final 
bound structure, and was defined as encounter complex [1]. 
Another example is about an enzyme’s reaction. Wright and 
his colleagues reported that the time scale of the catalytic 
reaction and the fluctuation of the active loop was correlated 
in dihydrofolate reductase, and that the reaction was inhib-
ited when the active loop was mutated to a non-fluctuating 
form [2]. These examples show the importance of fluctua-
tion on functions for proteins that are known to undergo 
large structural change when they function. However, the 
role of fluctuation has not been investigated for proteins that 
showed no significant structural change in crystal structures 
during the steps of their function. In this review, we intro-
duce the impact of fluctuation on an important immunologi-
cal process, antigen presentation by human leucocyte anti-
gen (HLA).
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difference of motion in solution, and conducted relaxation 
dispersion analysis using NMR. In our experiment, we used 
three HLAs presenting different peptides, which has differ-
ent thermo-stabilities (Fig. 2). Although the three peptides 
are highly similar in its structure, the melting temperature of 
the HLA binding them vary by more than 5°C.

TherelationofHLAfluctuationandstability
We compared the fluctuation profile of the stable, middle, 

and unstable HLA using relaxation dispersion. The results 
showed that the fluctuating residues are concentrated in the 
peptide-binding domain. We observed a greater extent of 
fluctuation to the minor state in the stable HLA compared to 

Introduction of HLA
HLA plays an important role in infection defense. HLA 

presents many kinds of antigenic peptides to cognate T cell 
receptors (TCR), leading to activation of the immune sys-
tem. Each peptide presented by HLA is recognized by differ-
ent set of TCRs. For effective activation of the immune sys-
tem, the proper and stable presentation of peptides by HLA 
is essential. In our previous researches [3], we have investi-
gated the stability of HLA and reported that the stability of 
HLA drastically changed by the presented peptide. However, 
the crystal structures of HLAs are very similar, and thus the 
stability difference is difficult to explain [3] (Fig. 2). Thus, 
we postulated that the difference in stability is caused by the 

Figure 1 NMR measurements for protein motions. The graph was reprinted from seibutubuturi.

Figure 2 (a) Similarity of the crystal structures of stable HLA (blue) and unstable HLA (yellow). (b) The peptide sequences presented by the 
three HLAs (c) The graph shows the melting temperatures of the three pHLAs.
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1×10–6–4×10–6 s–1 [3,6]. In contrast, the rate constants of the 
major-to-minor transition observed in this study (9–34 s–1) 
were much faster than the disintegration rate [4]. This sug-
gests that a HLA rapidly forms the more packed minor state 
before it enters the disintegration pathway.

Why does HLA fluctuate to a minor state? A number of 
structurally different antigenic peptides are selected and 
loaded onto HLA. Our results suggest that the major state 
of HLA seems to accommodate an antigenic peptide more 
loosely, compared with the well-packed minor state, as if it 
allows various structurally different peptides to temporally 
bind. We proposed such a two-step “transient induced-fit 
model” for the binding of a peptide to HLA. In the first step, 
the major state loads a peptide loosely, without the need for 
conformational adjustment, and in the second step, confor-
mational tuning to the well-packed minor state enables the 
HLA to avoid rapid disintegration (Fig. 4).

the middle stable and unstable HLA (Fig. 3a), and the for-
mation of minor state correlated well with the stability of 
HLAs (Figs. 2, 3). In order to elucidate the reason why the 
fluctuating HLA is more stable, we conducted the analysis of 
ΔCp using the kinetic parameters obtained from the fluctua-
tion experiments conducted at different temperatures. The 
observed ΔCp was –0.88 kcal/mol [4]. It is generally appre-
ciated that a negative ΔCp value for a protein complex pro-
vides strong evidence that dehydration has occurred due to 
interaction and/or induced fit [5]. The peptide-binding domain 
is composed of many fluctuating hydrophobic residues (Fig. 
4), and dehydration in a hydrophobic area generally contrib-
utes to the formation of a strong interaction. Therefore, the 
minor state most likely forms a more packed dehydrated 
conformation. It is likely that the interaction between the 
peptide-binding domain and the peptide becomes stronger in 
the dehydrated minor state. From these results we concluded 
that the minor state is important for the stabilization of the 
HLA to prevent disintegration of the complex. It is previ-
ously reported that HLAs disintegrate with rate constants of 

Figure 3 (a) Conformational fluctuations of the stable HLA, and the unstable HLA. The amplitude of fluctuation is shown as chemical shift 
differences (Δω) on the crystal structures of HLA (PDBID:1A1N) as a continuous color scheme from gray to red. The peptide-binding domain of 
the structure is shown. (b) The graph shows the minor populations of the three pHLAs.
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Future perspective
Through our research, it was revealed that proteins, which 

do not obviously change their structure, are fluctuating in 
solution, and that its stability can be regulated by fluctuation. 
Although we first focused on the stability of HLA in our 
analysis, there is high chance that other several biophysical 
properties are correlated with fluctuation. For example, fluc-
tuation could contribute to the specificity regulation of HLA 
and TCR binding. Previous studies reported that the ΔCp of 
HLA and TCR binding suggested folding event occurring in 
TCR or HLA. Although the structural change of TCR loop 
could be the source, the amount of ΔCp reported is approx-
imately 1 kcal/mol, which is too large for the structural 
change in TCR alone [7]. The rest of the ΔCp can be attributed 
to the structural change in HLA. However, when we observe 
the crystal structure of HLA, little change is observed. Thus, 
the folding event that we observed in our NMR experiments 
could also occur in HLA-TCR interaction. HLA-TCR recog-
nition is known to be specific. However, that the affinity of 
HLA-TCR interaction is set to a limited range. More over, 
the structural motifs, which is used for interaction is over-
lapped. To explain the high specificity with such limits, cri-
teria besides static structures are needed. We suppose that 
the fluctuation during interaction could play a role in the 
specific recognition of HLA and TCR, and we are now 
investigating this issue. In the near future, we hope to reveal 
the role of fluctuation in other proteins as well.

Figure 4 (a) The pHLA transient induced-fit model. A schematic illustration of pHLA fluctuation is shown. The HLA is shown in pink, and the 
peptide is represented as a trapezoid. Water molecules are shown as light blue circles. (b) A schematic illustration of fluctuating TCR binding with 
fluctuating HLA is shown. The HLA is shown as in (a), and TCRs are shown as yellow.


