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Abstract. This study explores the impact of salt concentration and the degree of hydration on
the structure of bovine serum albumin (BSA) using vibrational spectroscopy methods, specifically
Fourier transform infrared spectroscopy and Raman scattering. BSA, a key plasma protein, plays
essential roles in binding and transporting various molecules in the bloodstream. The research
focuses on understanding how do the interaction with ions and water molecules affect the secondary
and tertiary structure of globular proteins, emphasizing the significance of environmental factors
in protein conformation. The results indicate distinct responses in the vibrational spectra of BSA
to the presence of salt. Analysing the Amide I band give the parameters of the secondary structure
of BSA. In all systems investigated the values obtained is in good correspondence with the data
for native BSA, but the secondary and tertiary BSA structure in dehydrated films containing
NaCl is closer to native, hence ions prevent albumin from denaturation and pB-aggregation.
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AnHoTamms. B naHHO#1 paboTe n3yvyaeTcs BIUSTHUE KOHIIEHTPAIIUK COJTU U CTETIEHU THApaTalliv
Ha CTPYKTYpY ObIUbETro ChIBOpoTOUHOTO anboymuHa (BCA) ¢ moMolpio MeToI0B KoJiebaTeTbHOU
CIIEKTPOCKOIIMM, B YACTHOCTU, MH(PAKPACHOI CIIEKTPOCKOIUU ¢ IpeobpaszoBaHueM Dypbe u
KoMOuMHaloHHoro paccesiHusi. BCA, KitoueBoii 0e/loK TJ1a3Mbl KPOBU, UTPAET BaXKHYIO POJIb B
CBSI3bIBAHUM M TPAHCIOPTUPOBKE Pa3TMUHBIX MOJIEKYJI B KPOBOTOKE. VcciienoBaHe MOCBSIILIEHO
MU3YyYEHUIO TOTO, KaK B3aMMOIEHCTBHE C MOHAMMU METAJJIOB M MOJIEKYJaMUu BOIbI BJIMSIET Ha
BTOPUYHYIO Y TPETUUHYIO CTPYKTYPY TIIOOYISIPHBIX O€TKOB, MOAYePKMBasi 3HAUMMOCTD (DAKTOPOB
OKpy>Kaloleil cpeasl 11st KoHpopmarmu 6eika. [TomydeHHbIE pe3yabTaThl CBUIETENBCTBYIOT O
TOM, 4TO B KoJjeOaTenbpHbIX criekTpax bCA HabmomaeTcss OTYETIMBBIN OTKIIMK Ha MPUCYTCTBUE
coJiu. AHanMu3 nosockl AMua 1 1Mo3BoJIsIeT MOJYyYUTh MapaMeTpbl BTOPUYHOI cTpyKTyphl BCA.
Bo Bcex MccienoBaHHBIX CUCTEMax IMOJyYEHHbIE 3HAUEHMSI XOPOIIO COMIACYIOTCS C JaHHBIMU
niast HatuBHOoro BCA, Ho BropuuHast u TpeTuuHasi cTpyktypa BCA B BBICYILLIEHHBIX IJIEHKAX,
conepxanmmx NaCl, 6ike K HATUBHOM, ClieqoBaTeIbHO, MOHBI TIPEIOTBPAlAlOT AeHATYPaInio
7 B-arperanuio aJbOyMUHa.

© Fedotova E.V., Paston S.V., 2024. Published by Peter the Great St. Petersburg Polytechnic University.

331



4 St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2024. Vol. 17. No. 3.2 >
I

KinoueBbie cia0Ba: ObIYMII CBHIBOPOTOYHBINA aJILOYMWUH, IUIEHKUA Oe€jiKa, paMaHOBCKAas
cnekrpockonus, MK-Dypbe-crneKTpocKonus

Ccouika npu nutupoannn: @enorona E.B., [Tacton C.B. CTpykTypa ObI9beTO CBIBOPOTOUYHOTO
anrpOyMMHA B pacTBOpe M IUIEHKAX MO JAHHBIM KoJjiebaTelbHOM crekTpockormuu // HayaHo-
texunyeckne Begomoctu CITOITTY. ®duszuko-maremarnyeckne Hayku. 2024. T. 17. Ne 3.2. C.
331—335. DOI: https://doi.org/10.18721/JPM.173.267

CraTbhsl OTKPBITOTO JOCTyMa, pacmpoctpaHsemas mo juneHsuu CCBY-NC 4.0 (https://
creativecommons.org/licenses/by-nc/4.0/)

Introduction

A wide variety of approaches based on vibrational spectroscopy have been used to study pro-
tein structure. The advantages of this method are a small amount of sample, the ability to study
multicomponent systems and complex structures (such as cells, tissues, biological fluids), and
the use of a substance in the liquid or solid phase. FTIR and Raman scattering spectroscopy
provide information about the secondary and tertiary structure of proteins, their conformational
transitions in consequence of folding, variation in external conditions or intermolecular interac-
tions [1—3]. Methods for diagnosing various diseases are now being actively developed, based on
measuring the vibrational spectra of blood, hair and other biological samples, followed by analysis
of the structure of biomolecules as well as Principal Component-Discriminant Function Analysis
[1, 4—8]. Spectroscopy investigation of biofluids is carried out in transmission mode or with
ATR technique and often includes preliminary dilution or evaporation of samples [7, 8]. Since
commonly the assay is mainly based on spectral features of proteins, it is important to take into
account changes in structure and spectral parameters of proteins upon variation of water activity.
The present work is devoted to comparison of the IR and Raman spectra of bovine serum albumin
(BSA) in solutions and dried films to analyze influence of water and monovalent ions content on
conformation parameters of the protein.

BSA, a prevalent plasma protein, is extensively utilized for studying various aspects of protein
behavior, such as folding and aggregation, as well as for biotechnological purposes [9]. BSA primar-
ily functions in binding, transporting, and delivering a wide array of small molecules and metal ions
in the bloodstream. Structurally, BSA consists of a single polypeptide chain organized into three
domains (I, I1, III), with a dominant a-helical secondary structure at room temperature [10].

Materials and Methods

BSA lyophilized powder (DiaM, USA) was dissolved in deionized water or 0.15M NaCl solu-
tion in concentration of 70 g/I. IR spectra of albumin solutions and films were recorded on FTIR
spectrometer Nicolet 8700 (Thermo Scientific), on ATR attachment. 10 pl of BSA solution was
dropped on the ATR crystal and covered with a cap to prevent evaporation during the recording.
The spectrum of the background was recorded and subtracted from the spectra of the samples
automatically. The spectrum of the corresponding solvent was registered for further subtraction
from the spectra of protein solutions. BSA dehydrated films were obtained from protein solutions
dried by a nitrogen stream. The spectral data within the range of 4000 to 500 cm-! were recorded,
and 512 scans were averaged for each spectrum with a spectral resolution of 2 cm-!. The software
supplied with the spectrometer and OriginPro were used for data processing.

Raman spectra of BSA dehydrated films prepared on aluminium foil were measured by Express
Raman spectrometer SENTERRA (Bruker). The excitation source was 785 nm laser, the spectral
resolution was 3 cm™!. The laser power on the sample was about 100 mW. The curve fitting anal-
ysis was implemented using the OPUS/IR v 5.0 program and Origin Pro.

Results and Discussion

The BSA IR spectra were measured in water solution and in 0.15 M NaCl, as well as in films
obtained by dehydration of these solutions. Raman spectra of BSA were recorded in films pre-
pared from the same solutions by desiccation of 10 ul drop on aluminium foil. In the IR and
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Raman spectra of proteins, the vibrational band of the Amide I peptide group (about 1650 cm')
is very sensitive to various forms of secondary structure [11]. After the baseline correction, we
analyse the Amide I band by procedure of decomposition on components of Gaussian con-
tours. The area of each Gaussian contour represents the contribution of the definite type of the
secondary structure [11]. The percentage of the components of BSA secondary structure in the
studied systems is given in Table 1. According to literature data, the secondary structure of BSA
is composed of 67% a-helix, 10% turn, and no B-sheet is contained [3, 10, 12]. From the FTIR
spectroscopy results we can conclude that after desiccation the content of a-helices in protein sec-
ondary structure grows and the content of B-sheets decreases. BSA structure in dehydrated films
containing NaCl is closer to native, so we can conclude that ions Na*" and Cl- prevent albumin
from denaturation and pB-aggregation.

Biophysics and medical physics >

Table 1
Content of BSA secondary structure forms in solutions and films
Fil J a-helices, %, B-sheets, %, B-turns, %,
ormand +4% (band +4% (band +4% (band
solution composition .. 1 .- B ... 4
position, cm™) | position, cm™) | position, cm™)
Raman spectra water (film) 65 (1655) 1 (1636) 25 (1671, 1683)
P NacCl (film) 66 (1655) 4 (1693) 22 (1670, 1682)
water (solution) 58 (1653) 36 (1628) 6 (1680)
NaCl (solution) 54 (1652) 23 (1630) 8 (1680)
Infrared spectra =0 (film) 63 (1648) 14 (1632) 7 (1681)
NacCl (film) 70 (1650) 5(1632) 15 (1677)

Raman spectrum of a protein along with the vibrational bands of peptide group contains strong
signals from amino acids side chains, and it was found to be very sensitive to their conformations
and surroundings. Raman spectra of BSA films after baseline correction and normalization on the
Amid [ intensity with assignments of the bands are shown in Fig. 1. Several vibrational modes
can be used to analyze BSA structure (Table 2) [1, 2]. Change in the intensity ratio of 850 cm™!
to 827 cm™! talks about alteration in manner of H-bonding of phenyl hydroxyl of the tyrosine.
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Fig. 1. Raman spectra of BSA films obtained from water and from 0.15M NaCl solution
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The intensity of Phe band 621 cm™' lowers at the degree of hydration increases. The ratio of Trp
doublet /,./1,,,, decreases at the transition of Trp into more polar medium. The value 7, ../ .
reduces if the water content around the Tyr residue curtails. All these markers show the lowering
of degree of hydration of non-polar amino acids in NaCl-containing film in comparison with
film, prepared from water solution. This may indicate a more preserved tertiary structure of albu-

min in the NaCl-containing film.

Table 2

Protein structure markers from Raman spectra of BSA

1 / I 1

621 1360 850 1177
’ s s 9

Structure markers Lio0s Lo I, 003

Phe Trp Tyr Tyr
water | 0.187 | 0.305 | 1.21 | 0.172
NaCl | 0.208 | 0.337 | 1.45 | 0.146

Film composition

Conclusion
In summary, the experimental study involving the measurement of protein spectra in different

conditions highlights the intricate sensitivity of vibrational bands to variations in salt concentra-
tion and humidity level. The investigation of aromatic amino acids vibrations reveals the influence
of salt on the protein environment, indicating a shift towards a less polar state. BSA structure in
dehydrated films containing NaCl is closer to native. These findings shed light on the structural
alterations of proteins in response to varying conditions and provide insights into the interplay
between environmental factors and protein conformation.
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