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Figure 1 Schematic picture of views of a myoglobin in sugar solution.
(A), by X-ray scattering method; (B), by inverse contrast
variation method of neutron scattering.
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Figure 2 Wide-angle X-ray scattering curve (WAXS) of myoglobin
depending on sugar concentration (10 mM HEPES, 50 mM
NaCl, pH 7.0 at 25 °C). The sugar concentration was varied
from 0 to 32.5% w/w for trehalose, (A); from 0 to 35% w/w
for glucose, (B).
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Figure 3 Theoretical WAXS functions of myoglobin depending
on the average scattering density of the solvent (oc sugar
concentration) for two different model cases. (A), model-1:
replacement of hydrated water with sugar; (B), model-2:
exclusion of sugar from the hydration-shell of the protein. The
variation range of the solvent scattering density corresponds
to that of the sugar concentration from 0 to 35% w/w.
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Figure 4 Comparison of theoretical and experimental values of radius
of gyration (R,) and square-root of zero-angle scattering
intensity (sqrt-/(0)). (A), normalized theoretical R, values
obtained from WAXS functions; (B), normalized theoretical
sqrt-7(0) values are plotted against the solvent scattering
density. In both (A) and (B), the symbols correspond to
experimental values; the solid and dash lines correspond to
model-1 and model-2, respectively.
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Figure 5 Neutron scattering curve depending on the glucose
concentration (100% D20, 10 mM HEPES, 50 mM NacCl,
pD 6.6 (= pH 7.0) at 25 °C)). The insert shows the zero-
angle scattering intensity, sqrt-/(0). The solid lines show
the theoretical scattering functions obtained by fitting
experimental data.
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Figure 6 Contrast of the hydration-shell evaluated by the fitting and
the experimental R, values obtained from Fig. 5. The symbols
(square and circle) correspond to the hydration-shell contrast
and the R, value, respectively.

TawTaYIhoBEoNzI4 70 rokipkoay
FIAMBXU p(r) hSFELZ R, R T, IKFGRO O
YRS RANMITINO—RBEFICHKS T ~0.58x10"7 cm ™ (&
KD ASD DFI 9.1%) LIFIF—EDfEZ R Uize IKFIFRD
a2 b A MIKFIRROEE L HBEBRIC D 5728, A
RIF A7 0 VIKRABROIKG T T )N I—ATERT T
REINZ T EEZPRITRLTVS, ThUE, TR
VT BE DKM BIEIRINICHEBRE NS &1 5 WAXS
DOFER 2B SR L TV B,

—7, IATAEYDOR BTN A—AREIKFLT
MR AMEm Z R L, FRERT O 13.840.1A »h 5 7))L a
— A 30% wiw 1D 13.640.1A N 2L LTz, T ORER%
FAT B 728, —ARRYIE LB S RO K S IcHE

PF NEWS Vol. 36 No. 2 AUG, 2018

19

WA EDNTES, BHEADOHEDOTMCED, NIVITE
it 2 R BIKAR & DRNALER T > o v VD FEED
HC, REBLEAMLADBHET S, o THEIREETIE,
2 N7 BRI DEENDIKFGRD KD FDILERT > v
R TR X5 IHIFHE U IEHIEE N5, 2D R,
RBHFEA LA LR 2R ORI S 287 7%
THAREENE TS (FREZITAT 4w 7w TV V)
[13]o T DOBEMABREEE I X C/KRIROZ(ICHAZL T,
2R BRKROEE B XU FNES 2T 5T &
MERENTWVS [14], IM D F)L I — AVATRD RS IX
~1.4 TH D [15], ZINTEDENTOHPEBRARIO TR &
LTEBICBREINES EZ25N5, TOREICHED
EFCRYSON DY I al—vareitoliER, 3470
E > DO HEBRARE D i O R, DN T2 i D HI
Nt (KM, YIal—yaURIcks &, R,
DIANE I A 7 v VHBRARE DR 5% DIANTHIEL T
BO, HEEIREENT (16 TRENB XD RXVISNTEE
HOED & EDIFNCHKT B EEZ BN,

4. 3%

AT, ZDOEFINCE D FIEREERES 2 2
L—a Y ERWT, XHREELS K O FRGELO IS
e Ul TV -11&, Z2ISTEKRFERDIKT T
HED FORENIARANC X > TEBE N, ETFIV 210
IKFFRAEIE D S WE OIS HERR E N, K P Bk
BIKFENMREEIND LWV EDTH B, XAFHHELOTER
BRBIUYIalb—ya VEERIZ, FREE -25% wiw R
i CIEETIV 2 TIGE LB IR PR NI RIN TH 5 T
EERIAMICR Uz, T OEMIEZ )V a— R AT F L
O— A CEEATHD, FLa—ADEMKRHEEHOER
D—DEEZLNS, WY hT A MBI LS Pk T
BOELOFERAE R E, XARBELO TG F i < SZFE L, Bl
BRP TERDFN S5 R 7 KRR FEE NS
T ERIARICR Ut JTEMRIMNEBLS D DAWIZE TR L
FIECDWTHRS &, XARHBELS K O HEL O
R, BADARETA MILB RN E#EBXT
Z OIKFIRFMEIC R 2 8 72 EHBIII S 5 a7
RO MO THALZS T,

YHBERIEFEEOPME LI D EMEINEL
[17]e FTz, BADOWME TN —TEERETTFICKB R
IS EIKRRANDRNR [18], ZVtka—)LD & IS7EK
35 K UBVEZE EAN ORI [19, in press] IZDWVT, ARid
H L FAREONT Z I TG 2T 1o, BIEEE B, AN
ZRWIEL, WL L TAYVa—ABXTTIVY F—Z%h
Z, K OREMIKRREEDMET &, (P2 X UEEN
WX BREDORNRIC DN T OIREG Z i TH 5,

5. %

ARWEFRIC BT 2 X ARECGELIE &, PF I [EF) A 525 aR
#E (No. 2016G560, 2017G698) 35 & U SPring-8 3 7] I
FERHE (No. 2015A1557, 2017A1435) I CTitbNt, F

BOEDWIEN 5



1l

|

V¥ B(EL = BR 1Z, J-PARC-MLF 4L [A Fi| F 9 B
2016B0003, 2017B0218) I TithNiz,

iE (No.

51 FASRR

[1]  J. Rosgen, B.M. Pettitt et al., Protein Sci. 16, 733 (2007).

[2] P.R. Davis-Searles, A.J. Saunders et al., Annu. Rev.
Biophys. Biomol. Struct. 30,271 (2001).

[3] E.P. Feofilova, A.I. Usov et al. Microbiology 83, 271
(2014).

[4] F. Gabel, D. Bicout et al., Q. Rev. Biophys. 35, 327 (2002).

[5] A. Oleinikova, N. Smolin et al., Biophys. J. 93, 2986
(2007).

[6] M. Hirai, M. Koizumi et al., Biochemistry 43, 9036
(2004).

[7] D.L SveRgun, C. Barberato et al., J. Appl. Cryst. 28, 768
(1995).

[8] H.B. Stuhrmann and A. Miller, J. Appl. Crystallogr. 11,
325 (1978).

[9] M. Auton, D.W. Bolen et al., Proteins 73, 802 (2008).

[10] M. Auton, D.W. Bolen et al., Funct. Bioinfo. 73, 802
(2008).

[11] S. Sukenik, L. Sapir et al., Curr. Opin. Colloid Interface
Sci. 18, 495 (2013).

[12] D.I. SveRgun, C. Barberato et al., J. Appl. Cryst. 28, 768
(1995).

[13] A. Suzuki, M. Yamazaki, Biochemistry 28, 6513 (1989).

[14] H. Frauenfeldera, G. Chena et al., Proc. Natl. Acad. Sci.
U.S.4. 106, 5129 (2009).

[15] M. Sola-Penna and J.R. Meyer-Fernandes, Arch. Biochem.
Biophys. 360, 10 (1998).

[16] A.Kidera, N. Go et al., J. Mol. Biol. 225, 457 (1992).

[17] S. Ajito, M. Hirai et al., Physica B: Condensed Matter
(2018).

[18] M. Hirai, S. Ajito et al., Physica B: Condensed Matter
(2018).

[19] M. Hirai, S. Ajito et al., Biophysical J. in press.

U532 H @ 2018 4F 6 H 21 H)

EE&EBN

BRHAZE  Satoshi AJITO

F,k. BES KR 2B T 22 B T2 I
= it 14

e-mail : t161a002@gunma-u.ac.jp
REOWIR: By FBXU & T
crowding DVAWHELIEIC K 5 fi#bT.

BRIR ¢ BHFER EESFTREAND Ny 7%
wEIY, APV —FE VA,

PF NEWS Vol. 36 No. 2 AUG, 2018

SEHOEE Mitsuhiro HIRAT
e-mail : mhirai@gunma-u.ac.jp

RER R AR AR T2 2%

AT Hiroki IWASE
e-mail : h_iwase@cross.or.jp

TRERIENT RN TPt T RA e > 2 — BigEA

{E7/KHF%  Nobutaka SHIMIZU
e-mail : nobutaka.shimizu@kek.jp

18 L)L — IR e b P E RS RIZATTERT #eBu%

A EHAZ  Noriyuki IGARASHI
e-mail : noriyuki.igarashi@kek.jp
i TV — I ST TR VI ERE R AT e

K5 Noboru OHTA

e-mail : noboru_o@spring8.or.jp

DRI EI g > 2 — RIS 9t 8

S U WAL



