



Spectroscopic and time domain reflectometry studies of protein in 1, 2-dihydroxyethane solution
Abstract
The analysis of the dielectric relaxation of the protein solution, the effective hydrodynamic radius and the electric dipole moment of the protein were calculated as a function. On the antagonistic 1, 2-dihydroxyethane (C2H6O2) intensely affects the dielectric response of lysozyme signifying a specific effect on its dynamics. The data are consistently inferred hypothesizing that glycol molecule blocks and separates the two domains of lysozyme making them rotationally self-determining. This paper explored the dielectric properties, as a function of occurrence and temperature of the hydrated globular protein lysozyme. A dielectric measurement was performed on time domain spectroscopy over a wide range of frequency 10 MHz to 30 GHz. 
Keywords: dielectric constant, relaxation time, conductivity, time domain reflectometry.
Introduction
This work deals with a dielectric study at microwave frequencies of 1,2-dihydroxyethane effect on dynamic properties of lysozyme, demonstrating very useful models for folding studies lysozyme extracted from chicken egg-white [1-3]. The structure of 1,2-dihydroxyethane consists of an ethane backbone with a hydroxyl group (-OH) attached to each of the two carbon atoms. The role played by water molecules adsorbed on the surface of a protein is crucial for processes ranging from enzymatic activity [4] and catalysis in organic solvents [5] to anhydrobiosis (life without water) [6]. A convenient experimental system to study, on one hand, the dynamics of adsorbed water molecules and, on the other, to associate these dynamical features with biological functions is represented by a hydrated powder of a protein, such as lysozyme [7]. The conductivity percolative conversion found for the lysozyme–water system is due to proton displacements along hydrogen-bonded water molecules adsorbed on the protein surface, with ionizable groups as sources of migrating protons [8, 9]. The dynamics of these migrating protons over the lysozyme surface has been investigated by means of conventional dielectric techniques over a limited frequency and temperature range [10] and recently by means of broadband dielectric spectroscopy [11]. Both experiments provided evidences of interesting analogies with the dielectric behavior of delicate proton glasses, the electric counterparts of magnetic spin glasses. In particular, the three canonical features of a glassy system [12] such as non-Arrhenius temperature dependence of the dielectric relaxation time, non-exponential relaxation processes, along with non-ergodic behavior below a transition temperature were observed. Dielectric spectroscopy is a noninvasive, very sensitive technique to investigate complex systems and it is particularly suitable in studying biological systems. Protein solutions exhibit at radio frequencies typical dielectric relaxations due to orientation polarization. From the dispersion curve it is possible to determine two significant parameters characterizing conformation and structure of a protein: the effective hydrodynamic radius and the electric dipole moment. Our experiments have shown that dielectric spectroscopy is really a valid tool in studying structural and conformational modifications of proteins promoted by different agents, such as pH, temperature, and solvent composition. The technique is highly sensitive and able to evidence small effects on the overall conformation of the macromolecule [13]. A convenient experimental system to study, on one hand, the dynamics of adsorbed water molecules and, on the other, to correlate these dynamical features with biological functions is represented by a hydrated powder of a globular protein, such as lysozyme. In particular, the lysozyme system has been studied by several experimental techniques. The conductivity percolative transition found for the lysozyme is due to proton displacements along hydrogen-bonded water molecules adsorbed on the protein surface, with ionisable groups as sources of migrating protons. The dynamics of these migrating protons over the lysozyme surface has been investigated by means of conventional dielectric techniques over a limited frequency and temperature range and recently by means of broadband dielectric spectroscopy. Both experiments provided evidences of interesting analogies with the dielectric behavior of fragile proton glasses, the electric counterparts of magnetic spin glasses. In particular, the three canonical features of a glassy system such as non-Arrhenius temperature dependence of the dielectric relaxation time, non-exponential relaxation processes, along with non-erotic behavior below a transition temperature were observed. Dielectric spectroscopy (DS) is a non-invasive, very sensitive technique to investigate complex systems and it is particularly suitable in studying biological systems. Protein solutions exhibit at radio frequencies typical dielectric relaxations due to orientation polarization. From the dispersion curve it is possible to determine two significant parameters characterizing conformation and structure of a protein: the effective hydrodynamic radius and the electric dipole moment. Our experiments have shown that dielectric spectroscopy is really a valid tool in studying structural and conformational modifications of proteins promoted by different agents, such as pH, temperature, and solvent composition. The technique is highly sensitive and able to evidence small effects on the overall conformation of the macromolecule. In this paper, we report on ample study of the lysozyme at different concentration using time domain reflectometry technique in the frequency range of 10 MHz to 30 GHz.
Experimental details
Material

The 1, 2-dihydroxyethane used in these experiments was purchased from Qualigens fine chemical and lysozyme was purchased from Himedia Laboratory Pvt. Ltd.  Water mixtures of 10% to 100% concentration in 1, 2-dihydroxyethane were prepared.  Distilled and deionized water with electric conductivity lower than 18.3µs-1 was obtained from an ultra-pure water distiller (Millipore, MILLI-Q Lab). We utilize a time domain reflectometry technique for measuring dielectric spectra of liquids up to 30GHz with a Tektronix DSA8200 Digital Serial Analyzer Oscilloscope mainframe along with the sampling module 80E08. A flat ended coaxial line makes contact with the liquid sample, and TDR measure the complex reflection coefficients at frequencies between 10 MHz to 30 GHz. A repetitive fast rising 250mv voltage pulse of 200 KHz with 18ps incident rise time was fed through coaxial line system of impedance 50 ohm. The co-axial cable was copper metal and semi rigid model no. EZ_86/M17 (Huber Suhner Electronics Pvt. Ltd.). The inner diameter of outer conductor is 2.2mm; outer diameter of center conductor is 0.51mm and the diameter of dielectric material is 1.68mm. Sampling oscilloscope monitors changes in step pulse after reflection from the end of line. Reflected pulse without sample R1(t) and with sample Rx(t) were recorded in time window of 5ns and digitized in 2000 points. The complex permittivity spectra have been obtained from reflection coefficient spectra by applying the least squares fit method. The details of the apparatus and the procedures of the TDR have been reported previously [14-23].
Apparatus
The complex permittivity spectra were studied using the TDR method. The basic TDR setup consists of broadband sampling oscilloscope, TDR module and coaxial transmission line. The Tektronix DSA8200 sampling oscilloscope with 30GHz bandwidth and TDR module 80E08 with step generator unit was used. A 200mV step pulse with 18 ps incident pulse and 20 ps reflected pulse time and 200 kHz repetition rate passes through coaxial 50( lines. All measurements are carried out in open-load condition. Sampling oscilloscope monitors changes in step pulse after reflection from sample. Reflected pulses without sample R1(t) and with sample RX(t) were recorded in time window of 5 ns and digitised in 2000 points. Temperature of the sample was controlled electronically within 10C.
Data Analysis

The step pulses recorded without sample R1(t) and with sample RX(t) were subtracted and added to get 

p(t) = [R1(t) - RX(t)]




(1)

q(t) = [R1(t) + RX(t)]




(2)

These recorded pulses were as shown in Fig. 1. The processing of the data was carried out to give the complex reflection coefficient (*(() over a frequency range of 10 MHz to 30 GHz determined as follows:
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Where p(() and q(() are the Fourier transforms of p(t) and q(t) obtained using the summation and Samulon methods [24], respectively. c is the velocity of light, ( is the angular frequency and d is the effective pin length (0.09 mm). The complex permittivity spectra, (*((), were obtained from the reflection coefficient spectra (*(() by applying the bilinear calibration method suggested by Cole [25].
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Fig. 1 Complex permittivity spectra vs Log frequency (Hz) of protein (lysozyme) in various concentrations at 250C.

Result and Discussion
The general form of the relaxation equation is given by the Havriliak-Negami equation [26].
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Where (0 is the static permittivity, (( is the permittivity at high frequency, ( is the relaxation time and ( & (  are empirical parameters for the distribution of relaxation times with values between 0 and 1. The Havriliak-Negami equation includes three relaxation models as limiting forms. The Debye model ((=0 and ( = 1) implies a single relaxation time while the Cole-Cole model (0≤(≤1 and (=1) and Cole-Davidson model ((=0 and 0≤(≤1) both suggest a distribution of relaxation times. The magnitudes of ( and ( indicate the width of the distribution. The relative to the aqueous solutions of the L-alanine at all molar concentrations of L-alanine they fit Cole-Davidson type dispersion. Therefore, here (=0 and 0≤(≤1 and experimental values of (*(() were fitted to the Cole-Davidson equation as,
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The values of
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are fitting parameter. A non-linear least squares fit method was used to determine the values of the dielectric parameters. The temperature dependent dielectric relaxation parameters for aqueous solutions of protein are listed in Table 1. For the aqueous solution of protein, the static permittivity and relaxation time both increase with an increase in molar concentration of protein and also increase with a decrease in temperature. It should be noted that the relaxation time varies from 8 ps to 25 ps within the temperature range studied. The errors in the last significant digits are also reported. The dielectric constant ((0) observed for the aqueous solution of protein increases with increase in protein content in water may be due to the larger value of the dipole moment of protein molecules. This suggested that water structure is modified due to hydrogen bond by the protein so as to produce an increase in relaxation time and dielectric permittivity in the mixture.
Table 1. Dielectric relaxation parameters of protein (lysozyme) at 250C. The number of bracket denotes uncertainties in the last significant digits obtained the least squares fit method e. g. 60.13 (1) means 60.13 ( 0.01.

   C (%)

ε(

    ε0

 ((ps)

( (mho/m)
    β



    10

1.90(1)

60.13(1)

11.20(2)

0.07523(5)
0.922(1)

    20

1.91(2)

60.53(1)

12.90(2)

0.05383(7)
0.931(2)

    30

2.00(1)

61.52(2)

14.96(3)

0.05064(5)
0.920(1)

    40

2.11(2)

61.96(3)

16.53(5)

0.04426(4)
0.900(2)

    50

2.28(3)

59.13(4)

18.19(18)
0.03398(4)
0.865(2)

    60

2.50(3)

52.87(9)

22.30(37)
0.02868(2)
0.834(4)

    70

2.28(2)

42.43(8)

31.20(41)
0.01504(2)
0.828(3)

    80

2.01(2)

37.70(9)

27.85(89)
0.008414(1)
0.801(4)

    90

3.05(1)

23.02(9)

51.23(60)
0.005061(1)
0.773(4)

    100

3.16(1)

19.26(10)
55.74(71)
0.000839(1)
0.759(5)

Conclusion 

We have studied the dielectric relaxation in aqueous solution of protein (Lysozyme). The values of static dielectric constant, relaxation time, and conductivity of protein (Lysozyme) and 1,2-dihydroxyethane mixtures for various concentrations are reported. The experimental dielectric relaxation data contains valuable information regarding 1,2-dihydroxyethane and protein (Lysozyme) mixture. The dielectric dispersion of Lysozyme has been studied at various concentrations using time domain reflectometry technique. The static dielectric constant, relaxation time, d.c. conductivity has been determined. The dielectric data reveal the formation of a solvation sheath of bound 1,2-dihydroxyethane molecules around the Lysozyme. The present study helps to determine interaction of Lysozyme with its ligand at different concentrations using dielectric property study. 

Reference
1. S. S. Patange, A. D. Bokhare, A. C. Kumbharkhane, J. Ind. Chem. Society, 102(9), 101916, 2025.
2. Javier Cardona, Martin B. Sweatman, Leo Lue, J. Phys. Chem. B, 122, 1505−1515, 2018.

3. A. Bonincontro, S. Cinelli, G. Onori, A. Stravato, Biophys. J., 86, 1118-1123, 2004.

4. J. A. Rupley, G. Careri, Adv. Protein Chem., 41, 37, 1991.

5. C. Mattos and D. Ringe, Curr. Opin. Struct. Biol., 11, 761, 2001.

6. F. Bruni, G. Careri, J. S. Clegg, Biophys. J., 55, 331, 1989.

7. F. Bruni, S. E. Pagnotta, Phys. Chem. Chem. Phys., 6, 1912-1919, 2004. 

8. G. Careri, Prog. Biophys. Mol. Biol., 70, 223, 1998.
9. G. Careri, G. Consolini, F. Bruni, Solid State Ionics, 125, 257, 1999.
10. A. Levstik, C. Filipic, Z. Kutnjak, G. Careri, G. Consolini and F. Bruni, Phys.  

      Rev. E, 60, 7604, 1999.
11. F. Pizzitutti, F. Bruni, Phys. Rev. E, 64, 52 905, 2001.
12. C. A. Angell, et al., J. Appl. Phys., 88, 3113, 2000.

13. A. Bonincontro, S. Cinelli, G. Onori, A. Stravato, Bio. Phys. J. 86, 1118-1123, 2004.

14. Y. Wei, S. Sridhar, Rev. Sci. Instrum. 60, 3041-3046, 1989.

15. Y. Wei, S. Sridhar, IEEE Trans. Microwave Theory Tech., 39, 526-531, 1991.

16. Y. Wei, A. C. Kumbharkhane, M. Sadeghi, W. D. Tian, P. M. Champion, S. Sridhar,  

      M. J. McDonald, J. Phys Chem. 98, 6644-6651, 1994.

17. S. M. Puranik, A. C. Kumbharkhane, S. C. Mehrotra, J. Micro. Pow. and EM energy, 26, 190, 1991.

18. A. Chaudhari, A. Das, A. Raju, G. Chaudhari, H. Khirade, P. Narain, S.C. Mehrotra, Proc. Natl. Counc. ROC (A), 25, 205-210, 2001.

19. Ajay Chaudhary, A. G. Shankarwar, B. R. Arbad, S. C. Mehrotra, J. Sol. Chem. 33(3), 313-322, 2004.

20. A. C. Kumbharkhane, S. M. Puranik, S. C. Mehrotra, J. Chem. Soc. Faraday Trans. 87, 10, 1569-1573, 1991.

21. A. C. Kumbharkhane, S. N. Helambe, S. Doraiswamy, S. C. Mehrotra, J. Chem, Phys. 99, 2405, 1993.

22. R. H. Cole, J. G. Berberian, S. Mashimo, G. Chryssikos, A. Burns & E. Tombari,   

      J. Appl. Phys. 66, 2, 793-802 (1989)

23. S. Havriliak Jr, S. Negami, J. Polym. Sci. C, 14, 99-117, 1996.

24. Samulon H. A. 1951. Spectrum Analysis of Transient Response Curves. Proc. IRE. 1.39: 175.

25. Cole R. H., Berberian J. G., Mashimo S., Chryssikos G., Burns A. and Tombari E.1989. Correlation function theory of dielectric relaxation. J. Appl. Phys. 66(2): 793-802.

26. Havriliak S. and Negami S. 1966. Comparison of the Havriliak-Negami and stretched exponential functions. J. Polym. Sci., part C, 14: 99-117.
PAGE  
7

_1332155409.unknown

_1334828805.unknown

_1368083704.bin

_1334403352.unknown

_1332159222.unknown

_1332154523.unknown

