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It is generally accepted that urea in polar environments like water plays a vital role in denaturing of proteins [1-3],
increasing of the sqlubility of hydrocarbons [4] and regulating to inhibit micelle aggregation [5], however the
behavior of urea-water interaction and mechanism of the denaturation by urea are not yet clearly understood [1-7].
Major focus of this thesis was to reveal effects of aqueous solutions of urea and its some derivatives such as
thiourea (TU), 1-methylurea (MMU), 1-ethylurea (MEU) and N, N'-dimethylurea (DMU), N,N'-diethylurea (DEU)
on the dielectric relaxation (DR) property of surrounding water. The next attention of this thesis was to the effect
of urea and its derivatives on the interaction between myosin S1 and ADP, and myosin S1 ATPase reaction rate.
In detail, this thesis is divided into six chapters. Chapter 1 cited a general overview of urea, water and hydration
dynamics of aqueous urea solution. Chapter 2 provided a principle, general description of theory of DRS and
experimental methods of DRS with regard to study this study. Chapters 3 and 4 exhibited the DRS measurement
and results of the hydration analysis of the low concentration of aqueous solutions of urea, thiourea and alkyl
derivatives of urea. Chapter 5 showed the results as the effect of urea on the binding heat of ADP on myosin S1,
and on the myosin S1 ATPase reaction rate. In Chapter 6 gave a conclusion of this study.

The complex dielectric permittivity (&’,&"") of aqueous solutions of urea (0.1-0.5 M), TU (0.04-0.2 M) and alkyl
derivatives of urea (0.1-0.3 M) were measured by a high precision dielectric relaxation spectroscopy (DRS).

Experimental DR spectra measured by the DRS were interpreted using the combination of both Hanai's mixture
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theory and least squares Debye decomposition method. The analysis of the DR spectra between 3-26 GHz has
disclosed the hydration properties of urea and its derivatives, whereas the analysis between 0.2-5 GHz has
revealed the dynamics of the solute molecules. In this study, three DR components were found for urea and
thiourea with £, /2 and f3 of 18.5-19.8 GHz, 7.3-10 GHz and 2.8-3.9 GHz, respectively, whereas two DR
components had been observed for alkyl urea derivatives with £, f3 of 7.3-8.4 GHz and 0.9-1.8 GHz,
respectively (Table 1 and Fig. 1).

Table 1. DR parameters of the hydrated molecules of thiourea and alkyl urea derivatives in water

Solutions fa & fa & Jei 4 /2%
(GHz) (GHz) (GHz) M)
Urea 39 14 98 286 192 494  0.59

Thiourea 2.8 1.0 73 19.8 18.6 59.0 0.687

MMU 1.8 1.0 84 185 16.8 58.5 1.21
MEU 1.0 1.2 7.5  20.1 16.5 55.4 1.19
DMU 1.2 1.8 75  23.0 16.0 52.7 1.09
DEU 09 44 7.3 12.0 16.2 62.0 2.8
#error +0.1 0.2

Our results indicate that the DR behavior of the solutions of urea and thiourea can be described by the
combination of the bulk water and two Debye relaxation functions, which are assigned to be the constrained water
and hyber-mobile water (HMW) components which has a higher DR frequency than bulk water. The solutions of
the alkyl urea aeﬁvatives can be represented by the bulk water and a single Debye relaxation component. The
surrounding water molecules around urea and thiourea are more mobile than bulk water, but the HMW is
eliminated by alkyl groups of the alkyl urea derivatives. The HMW with DR frequency of 18.5- 19.8 GHz was
first observed around urea and thiourea. Our results concluded that urea and thiourea has both effects on

surrounding water network structure as a structure breaker [2, 3] and a structure maker [6, 7].
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Fig. 1. Dependence of DR parameters from the nature of solute molecule

Several experimental investigations have been performed to examine the effects of the low concentration of urea
and its derivatives on the protein-nucleotide binding, and the ATPase reaction rate by isothermal titration
calorimetry (ITC) and by enzymatic assay. Using 1TC, the measurement of binding heat between ADP and myosin
51 revealed that the binding constant, K, in the presence of urea was about twice larger than that in the absence
of urea. The thermodynamic parameters of binding heat of ADP on myosin 51 in the presence of 0.1 M urea, the
AH, AS and AG were 6.5 %, 8.0 % and 4.5 % higher than the binding in the absence of urea. The activity of
myosin S1 ATPase reaction was measured by a Malachite-Green method [10]. The rate of ATPase reaction was
not affected by the presence of 0.2 M urea, whereas the same concentration (0.2 M) of thiourea (TU) and
diethylurea (DEU), respectively, induced an obvious increase of the rate of myosin S1 ATPase reaction. Thus, in
such a low concentration range of urea and its derivatives do affect protein-ligand binding and enzymatic activity.

So it suggests that the modified water structure affect some of protein functions.
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NhFH s TANIRATBEDRLE, FAT7HA T ARSAA ATV ) ad—, AF 4 HNT T ) P—OWER
HCTEELRDFTHLIREL LCZOFEEOAKMFEL ERNICHS, A TROBREEO KIS EOERZ &0 TH
HLENEEZRBL TV, KRT6EML ORI D,
B1ETH, KBECBOTRERBIIETKROF A+ 37 Z~OEBIHOWT IR ETICA SR ERE « BinfHE
Flta—L, EKICHERMONIECLAMENLHLMDICERTZAIC OV TE LD TVS, B TIEREOKDF A
FII ANDEBIIOVWTEER—MNEBERENEON T RWI LABEX ARXDOELSBME LT, BHMBEEM
FHIEIZ LY | RE, FARK, TAFNMERFFEELZ AR, BEHOKOFERMEELZA ST THZ L 28I T
Wo, EXIZINET, F oV EGFOEEZISRITRELY T o LB, REQTFHESBREIZEIT BA~D
BREPRDELEHNE LTV, bb¥T, U0 HE ) H Y FOBARIER I A D ATP SREMEIC R LiE
TRELZOFHEOKBEL EOMRBL R T ERERG T THALNICTEZLEZEATVAS,
W2 ETIL, AETHERT 2B RS BRI IEIC L AR FIEIC SN T, TORBE T — 2 BT FiECONT
BARTNS,
3 ETIL, REABHOFERMD HIEC LHKMPEORKRICOVTRRTND, ZOERTHE, #EROBEER Y
HBITE CHBIER R - 72 RBEOE R A RIS 2 ERERE 21TV, BRMEX AKMSEEBAL N TH LB T
&z, TORR, REIFEREMABENH 10 GHz OWFK 3 L £7K 1 B b 21E0, B L < # 20 GHz D45y (N
ANR—FENRANVK) Z1~2BRAELTWHZLERHLELOTHS, ZORRIEZ, REO LS OKICHT 2HE
TR & EREE O W OFEL KIS TE 2 b0 TH 0 HEN &,
AT, FAREK L 7N LREFEEOKER OB BRI L 5 KMHEORERICOWTRRTNS,
DFER, FARFIRE L FRIC, FFKBOIEPIC, RELY LERONANS—FERA AKEE LS EBBEHLN LR
ofc, TOZEE, RELTFARBOPRFFHER LA A TOBNMNILHEDT, A A4 VFEFBEHEAKE VT LA
ANR—FENL NKEHICEBETHZ LETRLTWD, TAXNMERETHE, T/ EOKFEL 12 THAFALERF
WENTEI L= b D, FFKBEIE T T A NR—FASA VKB ERF R RB L E#HLN Lz, TS RER
T, TAXNVEOKOMERIER & ANVR =N EOMERBEERRTHELIERTHDZ LELRBRLTVS,
FH5ETIE, FEMENRBEIC LD ATP 5ffBEE TH D I AV VHHM~O ADP ORFABRMEL, IA Y IMic L
2 ATP MK RREEIC B K ITET . RE, FARE, TLIVRFEOFBERT-LOTHD, TORRE, AIFT b
ADP D#EEEMT 0.IM REFET TR 7% WAL, £/, ATP HREEEIT. 0.2M RECHEIIR OGN, FARHE
THRARICER L, TAFMLRBECTREFLMABEZ D LB LML,
BOETIE, ThbDOREEFREBSTND,
PlED X 5z, AR, ZhE CRIENSEEE - KR EORFL LU OFEEOKBIIZB T 5 ARt ot
BESNNEL LI L T RRZMAT HEREQOEMOAKOS A F I/ 2B LETRELERMICHL NI LEY
DT, EEEEE, Ao THEEEZBHA L, T¥MSHERS ETEELRE# A Eo 2B,

LoT, AIRIEE(THOFEMRLE LTHRBLHED S,
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