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Membrane proteins are important for homeostasis and
signaling of living cells, which work as ion channel, ion pump,
various types of chemical and biophysical sensors, and so on.
These proteins are considered as one of important targets for
biophysical studies. Our main goal is to clarify molecular
mechanisms underlying functions of the channels, transporters
and receptors mainly by using stimulus-induced difference
infrared spectroscopy, which is sensitive to the structural and
environmental changes of bio-molecules.

We applied attenuated total reflection Fourier-transform
infrared (ATR-FTIR) spectroscopy to extract ion-binding-
induced signals of various kinds of membrane proteins. For
example, KcsA is a potassium channel, which is highly selec-
tive for K* over Na*, and the selectivity filter binds multiple
dehydrated K* ions upon permeation. Shifts in the peak of the
amide-I signals towards lower vibrational frequencies were
observed as K* was replaced with Na* (Figure 1). These
vibrational modes give us precise structural information of the
selectivity filter. Moreover, by changing concentrations of K*
in buffer solutions, we can estimate affinity of the selectivity
filter for K* ions.

Recently, we have developed a rapid-buffer exchange
apparatus for time-resolved ATR-FTIR spectroscopy, which
can be utilized for studying dynamics of structural transition in
membrane proteins.
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Figure 1. (top) X-ray crystal structure of a potassium ion channel,
KcsA. (bottom) The ion-exchange induced difference infrared spectra
of KcsA with different potassium ion concentration. The amide I
bands are mainly originated from the carbonyl groups of the selec-
tivity filter of KcsA.

* Y. Furutani et al., “Development of a Rapid Buffer-Exchange
System for Time-Resolved ATR-FTIR Spectroscopy with the Step-
Scan Mode,” Biophysics 9, 123-129 (2013).



1. Nucleotide Base Specificity of P2X
Receptors?)

P2X receptors are cation channels activated by adenosine-
5’-triphosphate (ATP), which is a well-known biomolecule
utilized for various biological activities. The ATP-gated cation
channels sense extracellular ATP concentration and function
for muscle contraction, taste signal transduction, nociception
and so on. Three monomers form a trimeric structure and three
nucleotide binding sites exist in the interfaces between two
nearby monomers (Figure 2a).

X-ray crystal structure of P2X associated with cytidine-5’-
triphosphate (CTP) was resolved (Figure 2a; the right bottom)
and its functionality and nucleotide base specificity was
examined by applying electrophysiological and spectroscopic
measurements.

As shown in Figure 2b, ATP was tightly bound to WT and
most of the bound ATP retained after 15-30 min wash. T189S,
which loses a methyl group in the side chain, exhibited similar
affinity for ATP, while T189V, which loses a hydroxyl group
in the side chain, exhibited very low affinity for ATP. There-
fore, the hydroxyl group in the side chain of T189 is very
important for the ATP binding to P2X, which is consistent
with the X-ray crystal structure (Figure 2a; the right top)
showing that the hydroxyl group is located in hydrogen-
bonding distance from the adenine ring of ATP. On the other
hand, WT exhibited relatively higher affinity for CTP than
T189S and T189V mutants, while both mutants exhibited
similar affinity for CTP. Therefore, the hydroxyl group of
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Figure 2. (a) X-ray crystal structure of P2X with ATP or CTP
molecules. A nucleotide binding site is expanded in the right panel.
The dotted lines indicate that the atoms of Thr189 and the nucleotides
exist in hydrogen-bonding distance. (b) Ligand-binding-induced
difference IR spectra of P2X measured for WT, T189S and T189V
mutants with ATP or CTP.
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T189 is not so important for the CTP binding to P2X, which is
also supported by the X-ray crystal structure (Figure 2a; the
right bottom).

2. UV-Sensing Protein in the Brain of a
Marine Zooplankton?

Most of animals show some circadian (daily) behaviors.
On the earth, two large-scale daily movements of biomass are
known. One is human commuting and the other is daily
vertical migration of zooplanktons. Zooplanktons move down-
ward in water during daytime and upward at night, in order to
avoid predators and UV damage from sunlight. Thus, it is
important to understand how zooplankton species sense ambi-
ent UV signals.

Larva of the marine ragworm (Platynereis dumerilii) has
been studied as a zooplankton model, and the larvae possess
photoreceptor cells in the brain to control circadian swimming
behavior. The brain photoreceptor cells express an opsin
(named as c-opsin) that is closely related to visual pigments in
our eyes. We expected that Platynereis c-opsin is involved in
UV detection, and assessed spectral and biochemical prop-
erties of the opsin.

We purified the c-opsin protein that was expressed in
mammalian cultured cells. The purified opsin showed an
absorption maximum at 383-nm in the UV region (Figure 3a).
Also, Xenopus oocytes expressing the opsin showed electro-
physiological responses upon UV irradiation (Figure 3b).
These results clearly indicate that the c-opsin is a UV-sensitive
pigment. Mutagenesis analyses identified that a single amino
acid residue is responsible for UV sensing. Thus, the single
residue is essential for the opsin to achieve the ability to
receive UV signals. Taken together, the c-opsin would enable
the brain of Platynereis to sense ambient UV signals.

{a) B wyollow  +UV
o e S o
383-nm =
E /\ % -2 P -
i 4 L
= \_ | \
!

S N N S—
0 40 80 120
Timw (B8C)

W00 500 500
Wavelangth (nm]
Figure 3. UV sensing ability of Platynereis c-opsin.
(a) Absorption spectrum of purified Platynereis c-opsin. (b) Photo-
responses of a Xenopus oocyte expressing Platynereis c-opsin with a
potassium channel GIRK1/GIRK?2.
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