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ABSTRACT. The light-induced global conformational change of photoactive yellow protein was directly
observed by small-angle X-ray scattering (SAXS). The N-terminal 6, 15, or 23 amino acid residues were
enzymatically truncated (T6, T15, or T23, respectively), and their near-UV intermediates were accumulated
under continuous illumination for SAXS measurements. The Kratky plot demonstrated that illumination
induced partial loss of globularity. The change in globularity was marked in T6 but very small in T15
and T23, suggesting that structural change in positient5/mainly reduces the globularity. The radius

of gyration Rg) estimated by Guinier plot was increased by 1.1 A for T6 and 0.7 A for T15 and T23 upon
illumination. As T23 lacks most of the N-terminal loop, structural change in the main part composed of
the PAS core, helical connector, afiescaffold caused an increaseRfby 0.7 A. The structural change

of positions 7-15 caused an additional increase by 0.4 A. The decreaRgugfon truncation of positions

7—15 for dark state was 0.3 A, while that for the intermediate was 0.7 A, suggesting that this region
moves outward on formation of the intermediate. These results indicate that a light-induced structural
change of PYP takes place in the main part and N-terminal 15 amino acid residues. The former induces
only dimensional increase, but the latter results in additional change in shape.

Photoactive yellow protein (PYP) photoreceptor protein by Glu46 (12). The structure of PY{? has been analyzed by
found in the purple phototrophic bacteriuiictothio- time-resolved crystallographyl§), demonstrating that the
rhodospira halophila(1), has been proposed as a blue light amino acid residues near the chromophore are rearranged
receptor for negative phototaxis of the bacteridn As PYP and Arg52 is exposed to the solvent upon formation of RYP
was the first example of a photoreceptor protein responsible We recently probed the surface charge of RYi®Psolution
for light signal transduction whose tertiary structure has beenby using multivalent organic acids such as citrate and
characterized in high resolution, it is thought to be the most demonstrated that citrate specifically binds to RYR4).
suitable target for understanding the light-capturing mech- This suggests that the positive charge is exposed to the
anism of living organisms at the atomic level. For this reason solvent upon formation of PYJP in solution, which is
PYP has been extensively studied from the point of view of consistent with the model proposed by crystallography.
structural biology 8—5). PYP is composed of 125 amino However, although the structural difference between PYP
acid residues and the chromophatrans-p-coumaric acid. and PYR, in the crystal is limited to the region around the
PYP chromophore is isomerized to the cis form upon photon chromophore, accumulated evidence strongly suggests that
absorption §), and PYP undergoes a photocycle-(1). the structural change under physiological conditions is much
Among the photocycle intermediates, the last one (RYP larger than that in the crystal, probably because conforma-
also called pB or 12), whose absorption band is located in tional change is restricted in the crystal.

the near-UV region, is considered to be in a physiologically  puch spectroscopic data for PYRn solution have been

active form. Therefore, the structure of PiYReeds to be  jccumulated to date. Comparison of far-UV circular dichro-

clarified and compared with that of the dark state in order g, spectra of PYP and PY;Rlemonstrated that the contents
to understand the activation mechanism of photoexcited PYP. yf the a-helix and/orB-sheet are decreased upon conversion

The absorption maximum of PYfs blue shifted because  fom pyp to PYR, (15, 16). The difference Fourier transform
the phenolic oxygen of the chromophore is donated a proton;nfrared spectrum between PYP and RyRecorded in
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interaction of PYR, in solution is quite different from that

in the crystal 21). Finally, recent SAXS measurement using
the M100L mutant 16) or under acidic conditionsl1d)
demonstrated thdky of PYP is significantly increased upon
formation of PYR,. This accumulated evidence strongly
suggests that the structure of RYI strikingly different
from that of PYP in the dark, and PYjRassumes a partially
unfolded structure. However, what kind of structural change
takes place has not been substantially elucidated.

The main reason why detailed characterization of RYP
is difficult is its short lifetime (about 100 ms under
physiological conditions). Hence in the previous studies,
PYPu was stabilized by acidification or site-directed mu-
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system (S2000 system; Ocean Optics, Dunedin, FL). The
sample was illuminated by a 100 W optical fiber illuminator
(Megalight 100; Hoya-Schott, Tokyo, Japan) equipped with
a glass optical filter (Y43; Asahi Techno Glass, Chiba,
Japan), which transmits410 nm light. The absorption
spectra of the samples (1 mm light path length) were
measured in the dark and under continuous illumination with
>410 nm light. The temperature of the sample was kept at
20 °C.

SAXS MeasurementSAXS measurements were carried
out at Beam Line BL10C in the Photon Factory of the High
Energy Accelerator Research Organization (Tsukuba, Japan).
Eighty microliters of the sample was placed in the sample

tagenesis around the chromophore. We have developedcell (1 mm light path length), and the scattering patterns were

alternative methods to stabilize PYRy enzymatic trun-
cation of the N-terminal regior2g).
We have reported that bovine pancreas chymotrypsin
selectively cleaves the peptide bonds at positiong,6L5—
16, and 23-24 (22). The truncated PYP, which lacks the
N-terminal 6, 15, or 23 amino acid residues (T6, T15, or
T23, respectively), can be isolated from the reaction mixture
by DEAE-Sepharose column chromatography. The lifetimes
of M intermediates from T6, T15, and T23 ($6T15y and
T23y, respectively) at pH 7.0, 28C, are 18, 300, and 600
s, respectively, whereas that of intact RyiWas 130 msZ2).
Utilization of truncated PYPs has several advantages. First,
measurements can be made under physiological conditions
Enough PYR can be accumulated under photo steady state
produced by continuous illumination at neutral pH and an

ordinary temperature. Second, because the N-terminal loop,

and chromophore binding site are located on opposite side
of the 8-sheet, the chromophore binding site is not affected
by cleaving the N-terminal regio2®). Site-directed mutants
which have markedly long-lived PXPhave mutations near
the chromophore (for example, M100L and R52Q), in which
hydrogen-bonding network around the chromophore may be
altered. In addition, systematic analysis using T6, T15, and
T23 may give site-specific information on structural change
that occurs in the N-terminal region.

In the present study, light-induced structural change was
studied by small-angle X-ray scattering (SAXS) using
truncated PYPs. The radius of gyratidR,\ was estimated
by a Guinier plot of SAXS pattern, and globularity was
examined by a Kratky plot. On the basis of these results,
light-induced conformational change of PYP is discussed.

MATERIALS AND METHODS

Sample PreparationPYP of E. halophilawas heterolo-
gously overexpressed tscherichia coli reconstituted by
adding p-coumaric anhydride, and purified by DEAE-

S

measured with a PSPC (position-sensitive proportional
counter) 25).

In the small angle region, the scattering intensityCat
[1(Q)] is expressed as

1(Q) = 1(0) exp(-"1,Q°R,) 1)

where Q = 4z sin 6/4 is the amplitude of the scattering
vector, & is the scattering anglé,is the wavelength of the
X-ray (1.488 A),1(0) is the scattering intensity & = 0,
andRy is the radius of gyration. The slope a¥dntersection

of a Guinier plot [In1(Q) vs Q? give In 1(0) and R?,
respectively. The shapes of PYPs and intermediates were
examined by Kratky plot after normalizing the molecular
weight and dimensions usin) andR, [Q?R,?(Q)/1(0) vs
QRy]. The scattering patterns for the dark state and photo
steady state were measured in the dark and under continuous
illumination with >410 nm light. The temperature of the
sample was kept at 2TC.

Calculation of the Scattering Profile from the Crystal
Structure SAXS profiles of PYP and PYj?(12) in the crystal
were calculated using CRYSOL softway by setting the
hydration shell width at 3 A. For intact PYP, the SAXS
profile was calculated using PDB ID 2PHY, while for T6,
T15, and T23 profiles were similarly calculated after the
coordinates for the N-terminal 6, 15, and 23 amino acid
residues were deleted from 2PHY. For RYPDB ID 2PYP
was usedRy in the crystal was estimated from the Guinier
plot of these profiles.

RESULTS

The limited lifetime of PYR, prevents detailed charac-
terization of PYR, by SAXS. To overcome this difficulty,
PYPR, was stabilized by truncation of several N-terminal
amino acid residues. The amount of R¥kh the photo
steady state was first estimated by YMsible spectroscopy
(Figure 1).

Sepharose (Amersham Biosciences, Piscataway, NJ) column The absorption spectra of intact PYP, T6, T15, and T23

chromatography as reported previousB3,(24). The N-
terminal 6, 15, or 23 amino acid residues of PYP were
truncated by bovine pancreas chymotryp&8)( Truncated
PYPs (T6, T15, and T23) in the reaction mixture were
separated by DEAE-Sepharose column chromatogr&dy (
Finally, PYPs were suspended in MOPS buffer (10 mM
MOPS, 200 mM NacCl, pH 7.0) at concentrations of 12
mg/mL.

UV—Visible SpectroscopyJV —visible spectra were re-
corded with a multichannel CCD/fiber optic spectroscopy

(pH 7.0, 293 K) were measured in the dark. The absorption
maxima were located at 445 nm for T6, 443 nm for T15,
and 442 nm for T23, whereas for intact PYP it was 446 nm.
Then the absorption spectra of the photo-steady-state mixture
produced by>410 nm were recorded. lllumination decreased
the absorbance at 446 nm but increased it at 360 nm,
indicating that the photo-steady-state mixture was composed
of the dark state and M intermediate. However, the decrease
of the dark state varied according to the lifetime of the
respective M intermediate. About 3% of intact PYP was
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Ficure 1: Accumulation of M intermediates from intact PYP, T6,
T15, and T23. The sample-¢ mg/mL) was placed in a sample 10.0
cell of 1 mm light path length. The absorption spectrum of the
sample was recorded in the dark (Dark) and under continuous 90
illumination with >410 nm light (Light). :
converted to PYR under the present irradiation conditions. 8.0
However, about 90% of T6 and almost all T15 and T23 were | |

converted to their M intermediates (§6T15y, and T23,
respectively). The absorption maxima of the photo-steady- s o
state mixtures produced from T6, T15, and T23 were all 357 Q" (A%

nm, which is in good agreement with the absorption Ficure 2: Guinier plots of intact PYP, T6, T15, and T23. SAXS
maximum of intact PYR (21). patterns were measured in the dark (closed circles) and under

; ihili ; ; continuous illumination with>410 nm light (open circles). Each
d.f-fro examllzr]reléhe re\{[ers;)blltlty of trll_lsh[:'[)hotgc(;)n\liersmg_,t_the trace was fitted by a linear line i@* < 0902 ,%_ (a) Intac{ PYP
ierence spectra between light and dark conaitions 4t concentrations of 10, 6, 4, and 2 mg/mL (from top to bottom).
(PYPv minus PYP) were repeatedly measured in the same (b) T6 at concentrations of 12, 8, 6, and 4 mg/mL (from top to
irradiation condition (data not shown). The results demon- bottom). (c) T15 at concentrations of 12, 8, 6, and 4 mg/mL (from
strated that the difference FTIR spectra were reproducibly top to bottom). (d) T23 at concentrations of 10, 8, 6, and 4 mg/mL
obtained for all PYPs. In addition, the spectra were not (oM top to bottom).
altered by changing the intensity of the excitation light. . ,
Because FTIR spectroscopy is sensitive to the changes indata were cqmp_arag)le to prew_ozus ones, each trace was fitted
the protein backbone as well as the chromophore, theseby a linear line inQ? < 0.02 A2,
observations indicate that the artifactual structural change Rg® and 1(0) were estimated from the slope and
caused by intense prolonged light did not take place. intersection of the Guinier plot, respectively. The slope for
SAXS measurements were carried out under the Samethe iluminated condition was Steeper than that in the dal’k,
conditions. The scattering patterns of dark states wereindicating an increase & by light. However, no significant
measured, and then the scattering patterns of photo Stead)difference in theY-intersection was observed between dark
states were measured under continuous illumination with and light conditions for each sample. AQ) divided by
>410 nm light. In Figure 2, the logarithms of scattering Weight concentration I{0)/conc] is proportional to the
intensities at various concentrations were plotted ag@fst ~molecular weight of the scatterer, this indicates that no
(Guinier plots). aggregation was induced by light. Therefore, the increase
It is well established that the Guinier plot is linearQR, of Ry? is attributable to conformational change of a single

< 1 regardless of the shape of the scatterer. However, thePYP molecule.
linear region for the globular protein sometimes expands to  1(0)/conc andRy are possibly dependent on protein

0.000 0.010 0.020 0.030

QRy < 2 (27). In fact, our previous SAXS experimerit4) concentration because of interparticle interaction. Hence the
has demonstrated that the linear regions for intact PYP andintrinsic values for (0)/conc andR¢? should be estimated at
PYPy in the acidic condition ar&? < 0.02 A2 (QR, < 2). sufficiently low protein concentration§0)/conc values for

Because thdry values roughly estimated from the present the dark state PYP, T6, T15, and T23 measured at various
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Ficure 3: Concentration dependence I¢D)/conc. (a)l(0)/conc
for intact PYP (circles), T6 (triangles), T15 (diamonds), and T23 200 -
(squares) in the dark plotted against concentration. They were fit 1
to linear lines, and the intrinsi¢(0)/conc was estimated by Intact T6 T15 T23
Yl-lr:tegsectllon.l(b) Th_ehrilot df(0)/conc was superimposed on the  p o 4. Concentration dependenceRyf. R;? in the dark (closed
plot of molecuiar weight. symbols) and with>410 nm light (open symbols) was plotted
against the concentration. They were fit to linear lines, and intrinsic
Table 1: 1(0) andRy of PYPs and Intermediates Ry? was estimated by-intersection. (a) Intact PYP, (b) T6, (c)
R, (A) T15, (d) T23, (€) comparison &2 in the dark (black) and with
light (white).
mol wt 1(0)/conc calcd exptP
intact 14019.8 3860 90 15.4 15.2- 0.2 obtainedRy values were compared with those calculated from
T6 13305.0 367@ 130 15.1 15.6:0.2 the crystal structure (Table 1). The scattering profile for the
ﬁg 193460 3446130 148 116‘-1% 8-3 crystal structure was calculated by CRYSOL softwa®) (
T15, ' ' 154+ 02 using the coordinates of 2PHY. Scattering profiles for T6,
T23 11487.0 304@ 170 14.3 14.1 0.2 T15, and T23 in the crystal were calculated after the
T23y 14.8+0.2 coordinates for 6, 15, and 23 amino acids were deleted from
a Calculated from PDB ID 2PHY®Experimentally determined. 2PHY. These scattering profiles were Guinier plotted, and

Rs? was estimated by fitting a linear line @ ranging from
concentrations were plotted against concentration and fitted0 to 0.02 A2 Ry was calculated to be 15.4 A for intact PYP,
by linear lines (Figure 3a). The slope of the line became 15.1 A for T6, 14.8 A for T15, and 14.3 A for T23. Although
gentler as the number of truncated amino acid residuesthe calculated values were 6:0.2 A greater than the
increased, indicating that interparticle interaction is altered experimental ones, the decrease&jiby truncation agreed
due to changes in surface properties. The intrih€iconc well with each other.
was then estimated by theintersection (Table 1). The plots Upon illumination, R,? values of truncated PYPs were
of molecular weights calculated from the amino acid markedly increased, whil¢(0) values were unchanged
sequences of intact and truncated PYPs were super-(Figure 2). R2 under illumination was plotted against
imposed on the plot of(0)/conc (Figure 3b). They were concentration, and intrinsic values were similarly estimated
consistent with each other, indicating that no aggregations by Y-intersection (Table 1). The increaseRg by illumina-
are present in the sample, and the values obtained by thetion was 1.1 A for T6 and 0.7 A for T15 and T23.
present experiments are attributable to the monodispersed Changes in shapes of PYP molecules by light were
molecules. examined by Kratky plot (Figure 5). The molecular weight
Rg? for intact PYP in the dark and for T6, T15, and T23 is decreased by truncation, and the dimensi&y) (is
in the dark and under illumination were then plotted against increased by light (Table 1). These changes cause a reduction
concentration (Figure 4). They were fitted by linear lines, in peak height of the Kratky plotQ?(Q) vs Q] even if
and the intrinsid=,?> was estimated by-intersection (Table  globularity is maintained. Hence the molecular weight and
1 and Figure 4e)R, values for the dark states were slightly dimension were normalized by plotti@fR,? (Q)/I1(0) against
decreased by truncation (Table 1). The experimentally QR,. The Kratky plots for intact and truncated PYPs in the
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T T T T globularity from illumination is due to structural change of
R the N-terminal 15 amino acid residues.

DISCUSSION

Spectroscopic data accumulated to date suggest thag PYP
in solution assumes a strikingly different structure from dark
state PYP, unlike in the crystal. It has been suggested that
PYPu is in a partially unfolded structure, but what kind of
structural change takes place has not been substantially
demonstrated. Due to the limited lifetime of Py,Pits
characterization has been difficult. In the present study PYP
was stabilized by enzymatic truncation of the N-terminal
region @2). As the chromophore binding site and N-terminus
are located on opposite sides of {hesheet, the effect of
truncation on the chromophore binding site is expected to
be small. In fact, the absorption spectra of, T 15y, and
T23y are identical to that of PY{P(22), suggesting that the
chromophore/protein interaction in P¥Rs not altered by
truncation.

SAXS experiments clearly demonstrated an increa&y in
upon illumination of truncated PYPs. Despite the increase
of Ry, 1(0) was not significantly changed by irradiation
(Figure 2). In additionl(0)/conc of intact and truncated PYPs
experimentally obtained here were consistent with their
molecular weights (Figure 3). Together, the differences in
Ry observed in the present experiments are attributable not
to aggregation states but to the structures of the mono-
dispersed PYP molecule. Therefore, these results confirm
that global conformational change on formation of M
intermediate also takes place under physiological conditions,
without modification of the chromophore binding site.

Estimation ofRy by CRYSOL using the crystal structure
suggested that truncation of 6, 15, or 23 amino acid residues
results in a decrease Bf by 0.3, 0.6, or 1.1 A, respectively,
which agreed with the present data (Table 1). In addition,

Ficure 5: Normalized Kratky plots of truncated PYPs and :
intermediates. (a) The plots of intact PYP, T6, T15, and T23 in the the scattering patter calculated by CRYSOL reproduced the

dark compared to each other8) The plots of T6, T15, and T23  Kratky plots of intact and truncated PYPs in the dark very
in the dark compared with those under continuous illumination. well (not shown). These observations strongly suggest that
truncation of the N-terminal region does not affect the
dark show clear peaks &R, = 1.8, indicating that they are  structure of the residual part in the dark state. However, the
in globular structures. As they overlapped within experi- slope ofl(0)/conc vs concentration for intact PYP was steeper
mental error (Figure 5a), the truncated PYPs have globularity than for T6, T15, and T23 (Figure 3a). This indicates that
comparable to that of intact PYP. These patterns also agreednterparticle interaction of intact PYP is different from that
with the scattering patterns calculated by CRYSOL (not for truncated forms, and thus surface properties are changed
shown), confirming that truncation of the N-terminal region by removal of the N-terminal region. The N-terminal loop
does not induce a large structural change in the residual partis rich in acidic amino acid residues. In addition, hydrophobic
From illumination, the shapes fro@R; = 0—1.8 did not side chains are located between fhsheet and N-terminal
change, but the traces went upward @R, > 1.8. The loop. Thus the decrease in electrostatic repulsion and/or the
change in T6 was clear, but those in T15 and T23 were increase in hydrophobic interaction by truncation is likely
almost into the noise. The increase in bandwidth indicates to weaken interparticle interaction.
partial loss of globularity upon the formation of J6We While the present SAXS experiment clearly demonstrated
have recorded the SAXS profile of intact Py Bnder acidic the light-induced increase &%, the difference iR, between
conditions (4), in which the change in normalized Kratky PYPy and the dark state in the crystal, calculated using
plot by light was larger than T15 and T23 and comparable 2PYP, was~0.01 A, indicating that the structural change in
to T6 (not shown). As T23 lacks most of the N-terminal the crystal is too small to be detected by SAXS experiments.
loop, the Kratky plots of T23 and TZ3represent the shape The structural change in solution is thus much larger than
of the main part, composed of the PAS core, helical that in the crystal. It should be noted that the increasi&,of
connector, ands-scaffold @8), of PYP and PYR. No observed in the T6~> T6y transition (1.1 A) is comparable
significant change in the Kratky plot of T23 therefore to the decrease d®; by removal of 23 amino acid residues
suggests that structural change in the main part of PYP resultfrom the dark state PYP.
in no change in shape, although its dimensions are increased Truncation of the N-terminal region alters light-induced
by 0.7 A. These results strongly suggest that partial loss of Ry increase as well as the lifetime of P)PThis strongly

Q°R; Q)1 1(0)
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This means that Gly7Leul5 in the dark state is located
more proximately to the center than in the M intermediate.

The Kratky plot also suggests conformational change in
residues from Gly7 to Leul5. The light-induced changes in
globularity for T15 and T23 were almost negligible, while
for T6 it was marked. The change for T6 was comparable
to that for the intact PYP under acidic conditions (not shown),
suggesting that partial loss of globularity from illumination
is due to structural change of these residues.

This explanation is based on the premise that the light-
induced structural changes in T6, T15, and T23 reflect that
in intact PYP. Here we should discuss the possibility that
the enzymatic truncation of the N-terminal region alters the
light-induced structural change of PYP. Namely, N-terminal
region may enhance the structural change of the main part
composed of the PAS core, helical connector, aisdaffold,
resulting in larger structural change in ¥6 T6y than that
in T15— T15y and T23— T23y. Alternatively, truncation
may destabilize the native PYP structure, and the creation
of the light-generated PYPstate further destabilizes the
native fold, causing larger global structural change in the
FIGURE 6: Structure of the N-terminal loop in the dark (PDB ID truncated PYPs than in the intact PYP. BecaBge&alues
2PHY). Positions +6, 715, and 16-23 are colored inred, yellow,  of intact PYP, T6, T15, and T23 in the dark states obtained
e et suggcets sl 'y SAXS experiments agree with those calcuated from the
formation of PYR;. crystal structure, the disorder of the structure in the dark

states by truncation is negligible in the present experiments.
suggests that the N-terminal region is important for formation Therefore, both assumptions suggest that the structure of M
and decay of PYf. The crystal structure shows that the intermediate may be altered by truncation. RYiB in the
N-terminal region, which incorporates two shorthelices, equilibrium among several substates, whose absorption
forms a ring in the dark (Figure 6). This ring lies parallel to spectra are different from each oth&d); Our previous study
the plane of thes-sheet. It is closed by a hydrogen bond (14) has demonstrated that the spectral shift of M intermedi-
between the amide nitrogen of Glu2 and the amide oxygen ates is coupled with the changeRy Unchanged absorption
of Gly25. Amino acid residues from Metl to Phe6 have the spectra of M intermediates by truncation (Figure 2P)(
greatest effect on decay of PyPtruncation of this region  therefore suggest that the structural change of the main part
results in a 140-fold longer lifetime. In T6, the hydrogen is not affected by truncation.
bond between Glu2 and Gly25 is lacking and the N-terminal  In the dark state, GlyZLeul5 forms a shoxi-helix which
loop is open, which is likely to greatly prolong the lifetime lies parallel to the plane of thg-sheet. The present data
of PYPRy. can be explained by a model in which residues from Gly7

It should be noted that the difference Ry between T6 to Leul5 are detached from tifiesheet upon formation of
and T15 was 0.3 A, but that betweenyrénd T1% was PYPu. Surface plasmon resonance experiments have dem-
0.7 A (Table 1). In contrast, the difference Ry between onstrated that light increases the affinity of PYP to lipid
T15 and T23 was 0.6 A for both dark and light conditions. bilayers @9). Although PYP is net negatively charged, it
Namely, the decrease & by removal of Gly7Leul5 in can bind to net positively charged, net negatively charged,
the M state was larger than that in the dark state, but that ofand electrically neutral bilayers. Therefore, this suggests that
Alal6—Leu23 was constant. This suggests that Gly&ul5 the hydrophobic interaction is responsible for this binding.
has a more important role in structural change of PYP than Thus the hydrophobicity of the surface of PYP is increased

Alal6—Leu23. by light. The short helix at the N-terminal region is likely to
The most simple and straightforward explanation for the be exposed to the solvent and interact with membrane in a
difference in decrease & between T6—> T15 and T& — hydrophobic manner. In some peripheral proteins, fatty acids
T15v would be that residues from Gly7 to Leul5 inff6  covalently bound to the protein act as the anchor. While PYP
are more responsible fd®; than T6.Ry is expressed as has no posttranslational modification except for the chro-
mophore, the helix may be the anchor for the membrane or
f (r)rzdv the putative target protein which interacts with RYP
2 WP : w
= The present experiment demonstrated that the light-induced
Lp(r) av structural change of PYP is not limited to the N-terminal

region. lllumination of T23, which lacks most of the
wherer is the location vectorp(r) is the electron density at ~ N-terminal loop, caused an increaseRgby 0.7 A. However,
r, andV is the volume. The denominator is the total amount the Kratky plot demonstrated that the structural change in
of electrons, and it is not changed by light. Assuming that T23 results in no change in shape. These observations suggest
the movement of the center of gravity of the electron upon that the main part of PYP globally swells upon photon
truncation is negligible, the change R? by truncation is absorption. The present data did not suggest what kind of
mainly due tor?, the square of the distance from the center. structural change causes such a swelling, but molecular
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dynamics simulation has suggested that the structures of the 12. Imamoto, Y., Mihara, K., Hisatomi, O., Kataoka, M., Tokunaga,
loop including Thr50 and that including Met100 are remark-
ably fluctuated 80).

In summary, the structural change for formation of RYP

is not merely a rearrangement of the surface charge distribu-

tion but involves global conformational change, resulting in

increases in the dimensions and changes in the shape. This1*
may enable interaction with other molecules such as mem-
brane and proteins. Further detailed information may be

obtained by high-resolution structural analysis.
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