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Abstract

A comparative study has been performed on the Vibrational Dynamics of the bio-polymers poly(L-Histidine)
and poly(L-Glutamine). We have compared the Fourier Transform Infra-Red (FTIR) spectra and the dispersion
curves reported for these polymers which help us in comparing the amide modes of these polymers and a
comparison of their density curves.
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. Introduction
Poly(L-Histidine)

Poly(L-Histidine) is a biopolymer that has gotten a lot of interest because of its unusual features and
many uses in industries ranging from healthcare to materials science. It is a synthetic or modified biopolymer
that is made up of repeating units of the natural amino acid L-Histidine. It is a particular kind of polypeptide,
which is a chain-like molecule made up of several amino acids connected by peptide bonds. The building blocks
of proteins, which are vital macromolecules in living things and are in charge of a variety of biological
processes, are polypeptides. The amino acid L-Histidine has an imidazole group as part of its side chain. Poly(L-
Histidine) exhibits a pH-responsive behavior because of its imidazole group.

Bio-Medical Advantages of Poly(L-Histidine)

It exhibits special pH-responsive properties that have piqued the interest of researchers in a variety of
scientific and technical fields. Because it undergoes reversible protonation and deprotonation transitions in
response to pH changes, this biopolymer is a versatile molecule with applications in tissue engineering, drug
delivery systems, and other fields.

Because of its pH-responsive behavior, poly(L-histidine) may switch between hydrophilic and
hydrophobic states, affecting its solubility, charge, and conformation. This property has been used in the
creation of pH-sensitive drug delivery systems, allowing for the controlled and precise release of therapeutic
medications in certain situations, such as cancer tissues with lower pH values*.

The pH-dependent optical and electrical properties of Poly(L-histidine) have also been used in
biosensing and diagnostic applications. This makes it possible to create sensors that can track biological activity
and detect pH changes in real-time®$,

Poly(L-Glutamine)

Poly(L-Glutamine) is a biopolymer made up of repeated amino acid I-glutamine units. It is a form of
polypeptide with many uses due to its unique characteristics and biocompatibility. Poly(L-Glutamine), like other
polypeptides, is a chain-like molecule generated by peptide bonds connecting numerous L-Glutamine amino
acids. L-Glutamine is a non-essential amino acid that is required for protein synthesis, energy generation, and
the maintenance of cellular homeostasis. Poly(L-Glutamine) has gained popularity due to its biocompatibility,
minimal immunogenicity, and ability to degrade in biological settings under regulated conditions.

Bio-Medical Advantages of Poly(L-Histidine)

Poly(L-glutamine) is widely regarded as biocompatible and immunogenic, lowering the likelihood of
unfavorable immunological responses when utilized in medicinal applications’.

Because of its biocompatibility and capacity to encapsulate and release diverse compounds, researchers
have investigated its potential in medication delivery systems, tissue engineering scaffolds, and as a carrier for
gene delivery™.

Poly(l-glutamine) can also be utilized to generate coatings, hydrogels, and other materials with
customized characteristics in the field of biomaterials. Because of its biodegradability, it is an appealing
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possibility for producing materials that may progressively degrade in vivo, decreasing the need for surgical
removall®,

Comparative Study of Vibrational Dynamics for PLH and PLGn

We have previously reported the vibrational dynamics for bio-polymeric systems having a, B, ®, and
three-fold helical conformations???2. Also, researchers have already reported the FT-IR Graph and the
Dispersion Curves in accordance with the Vibrational Dynamics of PLH and PLGn. In continuation of these
studies, we report a comparison between these two bio-polymers. Fig. 1 and Fig. 2 show the chemical repeat
units of poly(L-Histidine) and poly(L-Glutamine).
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Fig. 1: Chemical repeat unit of Poly(L-histidine)??

Experimental and Theoretical Approach

Normal Mode Calculation
In experiments performed by La’Verne et al.?*?* for PLH and PLGn, the well-known Wilson's GF

matrix method?, as modified by Higgs?®, was used to determine the normal mode frequencies. The inverse
kinetic energy matrix G and the potential energy matrix F must be expressed in terms of internal coordinates R.
In the case of infinite isolated helical polymers, there are infinitely many internal coordinates, resulting in
infinitely ordered G and F matrices. The infinite problem may be condensed to a finite set of dimensions thanks
to the screw symmetry of the polymer, which allows for a transformation identical to that described by Born and
Von Karman?’.
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@) H
Fig. 2: Chemical repeat unit of Poly(L-Glutamine)?

The vibrational secular equation, which has the form:
GOF()— A8 1=0, 0<é6 <= (@)
gives the normal mode frequencies and their dispersion as a function of phase angle.
The interrelation between the vibrational frequencies v(3) (in cm™) and eigenvalues A(8) by the relation:
A(8) = 4m?c?v2(8) (2)

Experiment:

In the experiments performed by La’Verne et. al., the samples were analyzed to obtain the FTIR spectra of PLH
and PLGn shown in Figure 3 and Figure 4, recorded on the Perkin EImer RX-1 in the range 4000-400 cm™ at a
resolution better than 1 cm™.
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Figure 3: FTIR spectra of poly(L-Histidine)??
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Figure 4: FTIR spectra of poly(L-Glutamine)?*

Il.  Results and Discussion:
PLH and PLGn, both exist in a-helical form. There are 17 atoms in one residue which give rise to 51 dispersion
curves.
Amide Mode Analysis:
The observed and calculated values for the Amide Modes of the polymers PLH and PLGn are given in brief, in
the Table 1 and Table 2.

Table 1: - Observed and Calculated values for different modes of PLH:1?

S.NO. AMIDE OBSERVED CALCULATED
1. \ Amide A 3282 3277
2. \ Amide | 1642 1651
3. \ Amide 11 1549 1546
4. \ Amide 111 1269 1281
5. \ Amide IV 463 486
6. \ Amide V 621 633
7. Amide VI 767 759

All frequencies are in cm™.,

It is seen that the Amide modes of both these polymers are in good comparison with the other poly-peptides
already published in journals.

We see that for PLH the Amide A mode appears at 3282 in the IR characteristic curve and is calculated at 3277,
while for PLGn it is observed that the Amide A mode is observed at 3321 in the IR curve and is calculated at
3318, which is in good comparison.

Considering the Amide | mode for PLH, we observe it at 1642 in the IR Curve and is calculated at 1651,
whereas for PLGn the Amide | mode is observed at 1687 in the IR characteristic curve and is calculated at 1583,
which is again in close comparison.

Table 2: - Observed and Calculated values for different modes of PLGn:13

S. NO. AMIDE OBSERVED CALCULATED
L | Amide A 3321 3318
2. | Amide | 1687 1683
3 | Amide 11 1587 1591
4, | Amide 111 1317 1313
5. | Amide IV 480 488
6. Amide V 539 535
7. Amide VI 777 776

All frequencies are in cm,

Moving on to the Amide Il mode of PLH, it has been observed at 1549 in the IR Curve and is
calculated at 1546, while the Amide 1l Mode for PLGn has been observed at 1587 in the IR characteristic curve
and is calculated at 1591, which is also in close comparison.

Now for the Amide 111 mode for PLH, it appears at 1269 in the IR characteristic curve and calculated at
1281, whereas for PLGn the Amide 111 mode appears at 1317 in the IR curve and is calculated at 1313 and this
is also in good comparison.
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Considering the Amide IV mode for PLH, it is observed at 463 in the IR characteristic curve and is
calculated at 486, while the Amide IV mode for PLGn is observed at 480 in the IR curve and is calculated at
488, which is again in close comparison.

Moving on to the Amide VV mode for PLH, it has been observed at 621 in the IR curve and is calculated
at 633 which is also in close comparison with the Amide V mode of PLGn, which is has been observed at 539 in
the IR curve and is calculated at 535.

Taking into account the Amide VI mode for PLH, it is observed at 767 in the IR curve and is calculated
at 759, while for PLGn, Amide VI mode appears at 777 in the IR curve and is calculated at 776, which is also in
good comparison.

Hence it is observed that for the Polymers poly(L-Histidine) and poly(L-Glutamine), the Amide modes
are in good comparison.

Dispersion Curves:

In the region below 1350 cm'l, the modes are mostly coupled and, depending on the degree of coupling,
conformation and chemical species, show some characteristic features. The dispersion curves for the polymer
PLH are shown in Figure 5, 6 and 7 while dispersion curves for PLGn are shown in Figure 8, 9 and 10.
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Figure 5: (a) Dispersion curves for PLH (1350-980 cm™); (b) density-of-states g(v) (1350-980  cm %)%
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Figure 6: (a) Dispersion curves for PLH (900-200 cm™); (b) density-of-states g(v) (900-200 cm™)%
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Figure 7: (a) Dispersion curves for PLH (below 200 cm™); (b)density-of-states g(v)(below 200 cm™)%
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Figure 8: (a) Dispersion curves for PLGn (900-200 cm™); (b) Density-of-States g(v) (900-200 cm)?*
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Figure 9: (a) Dispersion curves for PLGn (900-200 cm™Y); (b) Density-of-States g(v) (900-200
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Figure 10: (a) Dispersion curves for PLGn (200-0 cm™); (b) Density-of-States g(v) (200-0 cm™)*

In the figure 7 and figure 10, it can be observed that the first four dispersion curves for the polymers
poly(L-Histidine) and poly(L-Glutamine) are is a close comparision. The fifth and sixth curves, observed for
PLH and PLGn, tend to repel.

Taking into account Figures 6 and 9, it is observed that the first and second dispersion curve for PLH
tend to attract, and the first and second dispersion curve for PIGn also tend to attract. Also, the third and fourth
dispersion curves for both PLH and PLGn tend to attract. A repulsion is observed between the second and third
dispersion curves for PLH and PLGn. The last three dispersion curves for PLH and PLGn are almost a straight
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line which suggests that both the polymers are having a constant phase factor between the frequency range 800-
900 cm™.

From Figures 5 and 8, it is observed that the dispersion curves lying between the frequency range 900-1000 cm-
1, for the polymers PLH and PLGn, are almost a straight line indicating a constant phase factor.

[1].
[21.
(31
5]
[6].
[71.
[8].
9.

[10].
[11].

[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].
[22].
[23].
[24].
[25].

[26].
[27].

References
Dvir T, Timko BP, Kohane DS, Langer R. Nanotechnological strategies for engineering complex tissues. Nat Nano. 2011;6(1):13-
22.
Dhandayuthapani B, Yoshida Y, Maekawa T, Kumar DS. Polymeric scaffolds in tissue engineering application: a review. Int J
Polym Sci. 2011;2011.
Yin H, Chen X, Shu Y, et al. pH-Responsive polypeptide-based polymers for drug delivery. Acta Pharm Sin B. 2014;4(2):134-142.
Lee ES, Gao Z, Bae YH. Recent progress in tumor pH targeting nanotechnology. J Control Release. 2008;132(3):164-170.
Kwon IK, Lee SC, Han B, Park K. Analysis on the current status of targeted drug delivery to tumors. J Control Release.
2012;164(2):108-114.
Choi J, Kim HY, Ju EJ, Jung J, Park J, Chung HK, Lee JS, Lee JS, Park HJ, Song SY, Jeong SY, Choi EK, Mok H. Use of a pH-
Responsive Polymer to Overcome the Diffusion Barrier of Implants. ACS Nano. 2013 Sep 24;7(9):7715-26.
Singh R, Kumar A, Kapoor DN. Polyglutamic acid: a versatile biopolymer for potential drug delivery applications. Biomed Res Int.
2013;2013.
Zhu X, Jung S, Luo S, Kim H, Yun J, Huh KM. pH-Responsive glutamine-based biodegradable poly(amidoamine) dendrimer
nanoparticles for anticancer drug delivery. Biomacromolecules. 2013;14(3):920-928.
Ekdawi SN, Stewart JM, Dunne M, Stapleton P, Mitsakakis K, Dougan M, et al. Poly(I-glutamic acid)-based drug delivery systems:
from design considerations to recent clinical studies. J Control Release. 2017;262:92-102.
Li Y, Rodrigues J, Tomas H. Injectable and biodegradable hydrogels: gelation, biodegradation and biomedical applications. Chem
Soc Rev. 2012;41(6):2193-2214.
Yang L, Wang W, Ge Z, et al. Polyglutamic acid-based drug delivery systems with stimuli-responsive characteristics. Prog Polym
Sci. 2021;112:101326.
Prasad, O., Tandon, P, Gupta, V.D. and Rastogi, S.J., Polym. sci. B, 1996, 34, 1213.
Gupta V. D. Trevino, S. and Boutin, H.J. Chem., phys. 1968,48,3008.
Srivastav. S, Tandon, P, Gupta, V.D. Rastogi S .and Mehrotra. C.Polymer Journal. VVol. 29, No. 1, pp 33-43 (1997)
Krishnan, M.V. and Gupta, V.D. Chem., phys. Lett 1970, 7, 285.
Singh, R. D. and Gupta, V.D., Spectrochem, Acta 1971, 27A, 385
Dwivedi, A.M. and Gupta, V.D. chem.phys. lett 1972, 16,909
Gupta, V.D., Singh, R.D. and Dwivedi, A.M. Biopolymers 1973,12,1377.
Krishnan, M.V. and Gupta, V.D. Chem., phys. Lett 1970, 6,231.
Burman, L., Tandon, P, Gupta, V.D., Rastogi, S.Srivastav, S, and Gupta, G.P.J. Phys. Soc. Japan 1995,64,327
Gupta, A, Tandon, P, Gupta, V.D., Rastogi, S. and Gupta, G.P.J. Phys Soc. Japan 1995, 64,315.
Burman, L., Tandon, P, Gupta, V.D., Rastogi, S. and Srivastav, S. Polym. J. 1995, 27,481.
Sanjeev J. La'Verne, Seema Srivastava, Shinoo Srivastava, Shweta Srivastava, V. D. Gupta
Sanjeev J. La'Verne, Shweta Srivastava, Seema Srivastava, V. D. Gupta
Wilson E B, Decius J C and Cross P C Molecular Vibrations: the theory of infrared and Raman vibrational spectra. New York,
Dover Publication, (1980)
P. W. Higgs, Proc. Roy. Soc. (London) (1953), A220, 472.
Tandon, P.; Gupta, V. D.; Prasad, O; Rastogi, S; Gupta, V. P. Polym Phys 1997, 35, 2281-2292.

DOI: 10.9790/4861-1504016878 www.iosrjournals.org 78 | Page



