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SCHRZE  [1] Nakagawa H. et al. (2004) J. Phys. Soc. J. 73. 2. 491-495.
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HARBE DO #E 5 25720 WE OREMATIZ LN
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DR, KB DOIET WM BELE MO 1 & b
RRENZETHD, (- T, AKROEZEEN Z BRI T 20
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Table 1. Neutron coherent and incoherent scattering length

Beop (10" m) Bine (10 m)

H! -3.7423 25.217

D? 6.674 4.033

c? 6.6535 0

N4 9.37 1.98

o' 5.805 0

p3! 5.13 0.22

s32 2.804 0
(b) sat  RHE5C)

Nosalt 100%

KNO;  93.0%

KCl 86.0%

NaCl 75.0%

NaBr 57.0%

CaCl, 24.5%

solution i D,O or H,O with various salts

Fig. 1. Preparation of hydrated protein; (a) schematic figure in procedure, (b) relative humidities (R.H.) of various salt

solutions '

-170 -



2. 2. 2 ETFEELRAIES LU
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T o’ +(Dq2)2

ZHUFE— LY BRECT, AR T
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B R ERERT DR T ORPEENIKF R - THD,
B R RN T DKRFAKRERET D56, #
INTENEDBENRKE IR NI T TR D, 22T
AWFZE T, Fig. 4 DOIOITRKEIR AL EKEFRAD
BELREDEWVAFI L2 2R B 5K 5y D -8
L7 v asEEr sz bz VO 7abh | kT
KFILT=Z L P BIIKRDL T F IR REDDITH L, E

Elastic scattering

Quasi-clastic scattering

Inelastic scattering

Neutron energy gain Neutron energy loss

Fig. 2. Schematic profile of neutron scattering
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Fig. 3. Incoherent elastic neutron scattering profiles of

Protein Staphylococcal nuclease at various temperatures
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W, WFH DAL NTANE RHZET, KFAKNLDS 7
VR, Fig. 5 13HEAKKFNS B LHARKFIS /8
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7
2.3 DFENFHE

AWFTETIL, XX EOKFESEZ A L3579
DFENFHBEET o7, FHRICIZERS D558
FIFFRE DY 7 727 Amber8 Z W T 172 M) 1)
1% Amber /99, /KDET /LIE TIP3P Z W TitH AT T-
7o BT DRIIK D BEE X TR IS SED20
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o ® HO
Cross-section (102* m?) O D,0
H atom (@) 80.2 ®
D atom (O) 2.0
Large scattering from Small scattering from
water water
Water visible Water invisible
Fig. 4. Observation of protein hydration water by isotope contrast
i ZOREHEI, &5 OB RKOEIGEZRTEHE
5 3.5 104 : | & W0 diated) protein ZENTHY, BT OMEMOEET T KRER S BE R
o A DEO-hydrated protein R
_E‘\ 3 104 - OOO e Hydra‘t ion water @i—;—f:&)\ ﬁ&l@@ﬂ&@b%é@*‘é‘i‘%kbfﬁﬁb\%néo
= O . . = 5 N
295104, ... 000 4 I 213, A RO R T KSTHEA R E TR
= & o © . N N
T ool fea, . . 20 o B SR 5 O EREEL\ 2 B, ATFECIE L Ky
iy > °
£ i FEMERIE I, KT M LabSwift-aw (DKSH 2/
I ) 2=, BIEE 25 COIRE T o7,
§ 110 i
5000 L < ]
2 il S S heb I L SRS 3. BIEME
= 1 | 1 I 1 o
2 T 1 T B - B R - S ABFIETIE, (A) o T ERENIWAE T DKOEHY

q¢ [A]
Fig. 5. Neutron scattering profiles of H,O- and D,O
-hydrated proteins, and hydration water estimated by
subtraction of D,O-hydrated from H,O-hydrated. The
hydration level of protein is h=0.45.
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Gy BCH LR E R DO IKFNK OIS L BR) SE 8 A 50~
HZEIT LT, WIS, 2o BT A LT K Gy 1 D43 F-
TEE) LK TGP O BIFRYEZ G~ K TE PRI K IE
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Fig. 6 |3, 7K43 & h=0.62 (g D,O/g protein) TD -4 H F
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04l h=0.62 g DoO/g protein |
. oaf slope a 1
% 09 L 7
0.1 i
00L_* | ! . ‘ L
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Temperature [K]
Fig. 6. Mean-square displacements as a function of

temperature at h=0.62 (g D,0O/g protein)
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SNh=0.3712HDZEN DT, ZOFERIS, By
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72%) K5y BT BIENTFET DN 55Tz,
TNETOIZET, Zo 7 EKFIK O E) T
SRS T AL TNDEEZ LN TS M, ST, k7D
Dt RIT, h=0.37 OREMEA LRI K FEIE 2 OB Fr
PERREWEL T HEREERIND, T2 TRIZZOBIfEAT
TH TGO KRFMEENE DI T D0% ., 751
B )R EIC Lo T2, Fig. 8 I3AX 7 a2y 1L X
LT —EDLTHEE L Rkx 2Ky BT DKk
EERL WD, KWK EDORT, < DKFIKITA

T T T T T
1.2+ | —3
o e | 148x107 &
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@ 140 -
5 08f . “r
| 135 =
2 4
o 06F ®
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o ©
© ~+
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Fig. 7. Slope a and largest water cluster size as a function of

hydration level

(a) Protein structure

-

Ry

S >
S0

(b) h=0.11

@

(c) h=0.33

Fig. 8. Images of hydration water molecules on the SNase
surface obtained by MD simulation. (a) MD structure of
SNase presented as a ribbon model, (b) h=0.11, (¢) h=0.33,
(d) h=0.45, (e) h=0.56. The protein moiety is shown in gray.
Red denotes the hydration water molecules that belong to
the largest cluster, and green and yellow show those
belonging to the second and third largest clusters,
respectively. Blue shows either isolated hydration water

molecules or molecules belonging to small clusters.
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Fig. 10. Hydration water contents as a function of relative

humidity with Staphylococcal nuclease
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Fig. 9. Mean-square displacements of the hydration water (filled circle) and protein (open circle) at two hydration levels of

(a) h=0.30 and (b) h=0.44.

174 -



T eI D, WK 80% LA BT, ATk Ay EANEE N
BHEVIFERIL ALZRT L /L D E KA ARSI
T HILEEMWT D, £/ Fig. 10 i, BEHK) 80% LA
T h=037 OREEBZ DI LN D, ZDTEDD,
{LFERT e VDB WKTIABRE b L, B
DIEFEIRK, T70bb, B HARBLNLZEN 3D,

3. 1.2 AUNRVEIZRELIZKDFDEE LK EME

DR

Fig. 11 [, ¥ % 2200 T COUY'F—LDKyBEDOE
bZRUTZKTH D, HiF1E Fig. 10 LREE, TRER 80%
DL E TR DAL CWND, ZOZ 8, Eito
Ham 0 B 80% LLE TSR T v L DE O
HARRBLONDZEEERT D, VY F—LD5E5, Al
IKBBLONDDITK 73 8D h=0.25 (g H,O/g protein) T
B5, Fig. 12 13V F —LDOKFTEHEAEO K Fn B A
ZRULIZIKTH D, KB EOEEITIFKRTE T
aw=0.8 LL L THDH3, BLZ h=0.25 % FlaIHEEHIZK
IITEMEEDS NELIRDZED 303D, ZAUTFERRITH 37
BREO B HAKREIKSTEMEEE 52 TWHZEER
LTW5,

3. 2 BHRMIZHESIR/NIEQKMKDERIZEB LK
SEMOEIL [T B/ B]

0 -2 E&E% CTNaClZIRMLIZYY F— 5% 100% i
TS T CHELKFISE 72, Fig. 13 1[TRT X912,
NaCl OO L K EDEINL T, — 5T, 2
BOKRTEHEAITR 0.9 FRE TIRIEFRL Thote, 202
EMD, [AUAKGTEMEAE TH-> T, NaCl ZiRINL7ZIED
DB, KN ZLDOKRGEERFFTEDHENZ D, KFNENE
ELTh, ARIEMEEARIC THIUE, TS L T HDAKRD
BB IHEVE DRI T ThD, 2T, IV F—
LT NaCl 2N TZBE DK 53 1 OB 2B 4 Hhtk: - 1L
TLEBRIZ I~ Till~<7=, Fig. 14 1%, 1 EE% ® NaCl (2
H,0 & D0 TS EAHELARZ L BIW
Fig. 4 OFEIZL S TRFIKIZT OBGELZfhH L7k
FHELART IV TH D, KFAKNPOEDEELART ML %
FoXou—1L Y BEE W CTRRITL . Z 0 2AifhE (T)
ZROTFERD, Fig. 15 TH D, H+EED NaCl s & D
IRTFMEIE, FEATRAEFFN CRIC CH 5, HIEIT, 553
REVIEHUEECBEAH T BID, ZORE RN FREFL
TWDKROENHENIL7ZELTH, NaCl 2 RInEnsz e

0.5

0.5¢

0.4 L

0.2 L

g water/g protein

O =700

R.H.[%]

Fig. 11. Hydration water contents as a function of relative

humidity with Lysozyme
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Fig. 12. Water activity as a function of hydration level with
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Fig. 13. Water activity and hydration level as a function of
NaCl content
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Fig. 14. Quesielastic scattering of Lysozymes with NaCl
with D,0 and H,O-hydrated at g=1.3 A"'. And that of

hydration water estimated as in Fig. 4.
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Fig. 15. Half width at half maximum (I') of lorentzian a

function of NaCl content

Table 2. Limiting water activity (Aw) for microbes"®!

Class Aw

Regular bacteria 0.90
Regular yeasts 0.88
Regular moulds 0.80
Halophilic bacteria <0.75
Xerophilic moulds 0.65
Osmophilic yeasts 0.61
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H., NaCl ([ZEo TKRDEERHLFEEIZ HILDHTZH TH
HEBZLND, B2 1 EEY% OLA. VT —4ak
NaCl OFENLITBLZE 2.5 THDH, 2FV) /' F—L415
FATRL T, M3 2.5 53 FAAAET 2818725, NaCl iRAN
I2E57C NaCl 53 28D KRS 1- 23K FL, fEREL
THL R ERENIEN > TODENEDTEFE 72K D Fo b
T — 7 PRSI, FAUZI AR TEEE MR 2 D
DONHELIRY,

5. S 0DRE

WFFERTEE sy D 20 30 B O KR iE L KRk OB
HIZEENDOBURICOWTIE, HAOFRE Ik RE2E T2
EMTEEEZE X TNVD, ZNBAERIZE ST, AKITEMEAE
LR T OREIESCENZE B L O BARSC, AWK D

DB A LT D720 OHFFERAE S TE T2, KT,

HE - BORL 2 B A W o R i 2 o X B DK Gy TE A
DGy AI) =X LOFEMNTIE, BIFZEE O F R0 24 E
TENAEBIZR, KOBNIZEE) LR PE M3
DD DWW TORFIE T, 237G O KFIIRAE
(ZXF U CTHAREEL | AKOBIZEB D IIHI S LD AR
T DR RABDHIENTET, U\ E—K—HED3
BRI 20 & Ky AR A B RS ED
ZETHETDHZEN, XL E O KFIRIEC Ky TE M
E~OMOFBLHMRT D DITHNETHY, 5B OF
72D,

KIFFEAIB LT, XXV E DT AR KR & SR
<BERLTCWBZ LA R L, BROTTAMuITERED
BIH0, RO EE RO D EERER > TD, HE

2T, St KPR OKGPTEESCRIEE R EMT 557
F A=A LZRAL . B R R E DRSO
RERBUTHBIT DKOEENZA LI, FIEAZNALIZ
EDISNIHE T HONERONITHIEEL ., B
BEBIZBWCEERFET —I2705EEF 2 T,
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Summary

1. Purpose The purpose of this study is elucidation of molecular mechanism about food preservation by salt.
In order to effect of salt on dynamics of protein hydration water, the relationship between water activity and
hydration water dynamics, and how salt regulates them were examined.

2. Methods The samples were globular soluble protein, Staphylococcal nuclease and hen egg lysozyme.
The research methods were neutron scattering experiment, molecular dynamics simulation and water activity
measurement.

3. Results It was found that, for hydration water molecules to exist as free water, they need to form network
on protein surface!". The free water appears above water activity value of 0.8. This suggests that high value of
water activity is due to free water with higher mobility. Even when hydration content increases in the protein
with salt, dynamics of hydration water was not changed due to salt effect. As a result, water activity was not
changed.

4. Discussions By addition of salt to hydrated protein, salt would be hydrated, and, as a result, salt would
destroy water network on protein surface, which is high mobility free water. This would lead to lower water
activity. The microbes under usual circumstance can inhabit only above water activity of 0.8. On the other
hand, the microbes under the extreme circumstances, such as halophilic bacteria, can inhabit under water activity
of 0.8. The water activity in the environment where halophilic bacteria inhabits would be lower due to salt. The
bacteria would evolve to adapt the environment of the low water activity. This result is also biologically
interesting.

5. Future subjects It is necessary to study the protein hydration and water activity with different salt and
hydration water contents in order to understand effect of salt on protein hydration and water activity. In this study,
it was also found that protein glass transition is closely related with hydration. It should be also important to
examine the effect of salt on the glass transition.
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