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ABSTRACT

The effects of separated exposuresto a static magnetic field at 200 mT and
to a 50 Hz electromagnetic field at 2 mT on the secondary structure of a
typical protein, the bovine serumalbumin (BSA), in H,O water solution and
in deuterium oxide (D,0O) solution have been taken into account analyzing
the changes of characteristic vibration bands by means of FTIR
spectroscopy.

It was observed that after 3 h of separated exposure to the static magnetic
field andto 50 Hz el ectromagnetic field, amideA and amidel vibration bands
decreased inintensity for BSA samplesin bidistilled H,O water solution. In
contrast, no significant change was observed in amide | and amide A modes
after exposure of BSA in D,O solution. Thisresult can be explained by the
hypothesis, advanced by other authors with respect to other stress agents,
that H/D isotopic exchange can strengthen the hydrogen bond interaction
providing that D,O can protect the secondary structure of a protein against
the effects of extremely low frequency electromagnetic fields.
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INTRODUCTION

Theaim of thisstudy wasto highlight the effects of
H/D isotopic exchange on the secondary structureof a
typica protein, thebovineserumabumin (BSA) inH,O
andin D, O solution, under two separated extremely
low frequency eectromagneticfieds(ELF-EMFs) ex-
posures. astatic magnetic field (SMF) and a50 Hz
EME

BSA isoneof themost studied proteinsutilized as
amodd for many and diversebiophysca and biochemi-

cd studies.

It isthe most abundant of the proteinsin blood
plasma, and serves astransport protein for numerous
compounds, aslong chainfatty acidsor bilirubin, which
areboundwith ahigh affinity tothe protein.

Thisprotein hasinteresting propertiesinbinding a
variety of hydrophobic ligands in the transport and
deposition of avariety of endogenousand exogenous
substancesin blood dueto the existence of alimited
number of binding regionswith different specificity.

The secondary structure of BSA ischaracterized
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by ahigh a-helix content (~60%), 10% turn, and 23%
extended chain, and quasi non-f-sheet structure inthe
amidel and | modes.

Theband shape of the amide | mode can be con-
Sidered as overlapping bands representing a-helices,
B-sheets, turns, and random structures. Thisband arises
mainly from the CP%0 stretching vibrationwith minor
contributionsof the C—N stretching vibration, and the
N—H in-plane bend. The weak intense band around
1550 cnm?, theamide |1 band, correspondsto amix-
tureof N—H in-plane bend and C—N stretch!*3.

Another prominent spectrd festuresistheamideA
vibrationinthelR spectracloseto 3300 cm?, whichis
duemodtly tothe peptidelinkageN—H stretching mode,
whichispresentinthemid-infrared spectraof polypep-
tidesand proteins.

Previous studies showed that the secondary struc-
tureof BSA can beinfluenced by externd stressfactors.
For instance, the unfolding of BSA was showed to be
induced by denaturants such as ureaand surfactant mi-
celles, by chaotropicreagentssuch asguanidiniumchlo-
rideor ionic detergents such assodium dodecyl sulfate®
and by thermal stressup to 130°C¢l,

Proteins secondary structure can be successfully
investigated by means of Fourier transform infrared
(FTIR) spectroscopy.

Indeed, FTIR can be considered asaval uabletool
for analyzing protein structurein H,O-based structure
or indeuterated form, which can detect transitionsbe-
tweenrotationa and vibration energy levels, yielding
interestinginformation on molecular structure™9,

The effects of the exposure of BSA to aSMF at
200mT andtoa50Hz EMF a 2 mT have been taken
into account when anayzing the changesof thevibra-
tionbandsof proteinlinkagesinthemid-infrared region
from 4500 to 1200 cm® by FTIR spectroscopy.

A careful andysisof EMF effectson the secondary
structure of some proteins has been performed up to
nOW[11'15].

Theamidel vibration for proteins absorbs between
1600 and 1700 cm™, overlapping directly withtheH,O
bending vibration band at 1645 cm™. Theintensity of
thewater absorbanceat 1645 cmt isapproximately an
order of magnitude higher than theamide | absorbance
of proteins.

For IR study of protein in H,O solution, water
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absorptioninthe 1600"1700 cm™ region might bethe
biggest problem.

Itismuch easier if the spectroscopic study iscar-
ried out in D,O solution becausethereisno absorption
spectrumof D,Ointheregionwheretheamidel and
bands are observed.

H,O asasolventismuch morepreferablethan D,O
for studying protein structure*®*#. Infact D,O changes
the protein properties somewhat in comparison with
thenativeones. In particul ar, theamidel band frequen-
ciesarestrongly affected by the H-D exchangesinthe
peptidelinkages 29,

Theeffect of H-D exchange on protein structura
propertiesisnot fully understood, and it hasbeen used
for theanalysisof protein structure and structural dy-
namics of proteing?+2, |t was shown that the struc-
tural dynamicsof proteinsare sensitiveto the second-
ary structural composition and experimenta conditions
such as pH, temperature and pressure®-23,

Hydrogen-deuteriumisotopic exchangeidentifies
sub-molecular motiond domains, induding fast exchang-
ing protonsof the protein surface, dow exchanging pro-
tonsinvolved in secondary structures, exchangerate
depending on accessibility to the solvent!?34,

Slowly exchanging core hasbeen related for sev-
erd proteinstotheinitial folding coreduring the se-
quenceof eventsleading to theprotein folding®.

In particular, theeffectsof H/D i sotopic substitution
onthestructura stability of BSA inagueoussolutionwere
studied over thetemperaturerange of 5-90°CE, [t was
found that the presence of D,O retardsthe occurrence
of irreversbletherma denaturationin BSA, asevidenced
by ahigher onset temperature of 58 °C, showing that
D,O exhibitsaprotectiveeffect onthedomain structure
during theearly stagesof domain denaturation.

Theseresultsled usto investigate the protective
effects of H/D isotopic exchange on the secondary
structure of BSA with respect to another stress agent:
the exposure to static and extremely low frequency
EMFs.

MATERIALSAND METHODS

BSA samples

Lyophilized BSA was purchased from Sigma
Chemical Co. Prior to infrared spectroscopy, the pro-
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teinwasdissolvedinD,O at 25 °C at a concentration
of 60 mg/mL and lyophilized from D,O. Thisproce-
durewasrepeated using H,O for further exposure.

Experimental design

The exposure system consisted of a couple of
Hemholtz coils, with pole piecesof round parallel

polar faces, to produceauniform magneticfield at
the center of thecoilsdistance. Thisdevicewasused to
generatetime-varying EMFsat afrequency of 50 Hz
by meansof an AC voltageregulatingupto 230V.An
SMF was generated by another couple of Helmholtz
coilsthat were powered by aDC generator, producing
auniformmagneticfiedintensity of 200mT.

Exposed sampleswere placed at the center of the
generated uniform field areabetween thecoils.

Themagnetic field was continuousy monitored by
amagneticfield probe(GM07 Gmeter of HIRST Mag-
netic Instruments, Ltd, UK).

I nfrared spectroscopy

FTIR absorption spectrawere recorded by aspec-
trometer (Vertex 80v) from Bruker Optics. Theattenu-
atedtotd reflection (ATR) method was chosen for spec-
trum collection.

For each spectrum, 64 interferogramswere col-
lected with aspectra resolution of 4 cm? intherange
7500-1200 cm™.

IR spectraof thewater solution were subtracted
fromthe spectraof BSA at the corresponding tempera-
ture. Each measure was performed under vacuum to
eliminate minor spectral contributionsdueto residua
water vapor. However, asmoothing correction for at-
mospheric water background was performed. IR spec-
trawere baseline-corrected and area-normalized for
exposed sol utionsand control samples.

Theautomatic baseline scattering correction func-
tion wasused to subtract basdlinesfrom spectra, which
alowsgetting spectrawith band edges of upto thetheo-
retical basdine,

ATR spectrawere smoothed by the Loess ago-
rithm and the deconvol ved spectrafitted with Gaussian
band profiles. Initial valuesfor the peak heightsand
widthswere estimated from the deconvolved spectra.

Either exposed and control sampleswerelocated
inthesameroom at atemperature of 20 °C.
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RESULTSAND DISCUSSION

Samplesof 200 uL of BSA in bidistilled H,O war
ter andin D, O solutionswere exposed separately to an
SMFat 200mT at aroom temperature of 20 °C. Ana-
logue unexposed sampl es at the sameroom tempera-
turewere used asthe control.

ATR-FTIR anaysesinthemid-infrared regionwere
performed after 3 h of exposure as described in the
preceding section, to detect eventud structurd changes
of vibration bands of BSA induced by exposure com-
pared to unexposed samples.

Typical spectraacquired after 3 h of exposure of
BSA inbidistilled water aqueous solution arerepre-
sented in Figure 1 (A) and Figure 2 (A), where the
amideA band, represented by adouble peak closeto
3293 and 3307 cm?, and theamidel modeare shown,
respectively.

It appearsthat after 3 h of exposureto SMF, the
intensity of theamideA and amide| bands decreased
for BSA inbidistilled water solution.

Andogueexposureof BSA in D, O sol ution showed
alower decreaseinintengity of amideA after exposure
to the SMF in comparison to not-exposed samples, as
represented in Figure 1 (B), whereas no appreciable
changewas observedintheamidel mode (seeFigure
2-B).

Exposureof samplesof 200 ul. of BSA in bidistilled
H,Owater and D, O agueous sol utionswas carried out
alsowithrespecttoauniform50Hz EMF at 2 mT.

It produced a decrease in amide A and amide |
intengtiesfor exposad samplesof BSA inbiditilled water
agueous solution, asrepresented in Figure 3(A) and
Figure4 (A), respectively.

H-D exchangerepresented by exposureof BSA in
D,0 solution, provided only alow decreasein amideA
(Figure 3-B) in comparison to not-exposed samples,
whereas no appreciable change was detected in the
amidel region, ascan be observedin Figure4(B).

A reasonabl eexpl anation of the observed amideA
band isthat it derives from an overtone of amide Il
(NH in-planeanglebend) or acombination of amidel
and amidel that interactswith thestrong NH sfunda
mental through acubic anharmonic potentia, acquiring
enoughintengty to beobservablethroughaFermi Amide
A isauseful indicator of secondary structureand often
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Figurel: Infrared spectrain theregion of AmideA of BSAin bidistilled H,O solution (A) and in D,O aqueoussolution (B)
after 3h of exposuretoa SM Fat 200mT. Thered dashed linesrefer to exposed sample spectra.

appears asadoublet band arising from two different
structures, the stronger of the two componentsbeing
associated with the standard a-helical structureinthe
chainB3l,

The secondary structure of BSA ischaracterized
by amide | and Il regions, that can be considered as
overlapping bands representing a-helices, -sheets,
turns, and random structures.

Theamidel arisssmainly fromthe C-O stretching
vibration with minor contributions of the C—N stretch-
ing vibration, and the N-H in-plane bend. The weak
intense band around 1550 cm'?, theamidell band, cor-
respondsto amixtureof N-H in-plane bend and C-N
stretcht®.

Theband shape of the amidel mode can be con-
Sidered as overlapping bands representing a-helices,
[-sheets, turns, and random structures. A high a-helix
content (around 60%), 10% turn, and 23% extended
chain, and quas non-B-sheet structure characterizethe
amidel band of BSA[*2,

Hence, H-D isotopic exchangeresulted to preserve
BSA from effectsof SMFsand ELF-EMFs.

Thesgnificant decreaseinintensity of amideA and
amidel vibration band after exposureto SMF andto
ELF-EMF of BSA samplesin H,O agueous solutions,
can be explained considering that aloss of CP%0 and
C—N stretching vibrations and NH bending linkages
occurred inthe secondary structure of the protein after
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Figure2: (A) Representativeinfrared spectraof amidel region of BSA in H,O solution and in D,O solution (B) after 3h of
exposuretoaSMF at 200mT (thered linesrepresent theexposed samplespectra).
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Figure3: Infrared spectrain theregion of amideA of BSAin bidigtilled H,O solution (A) and in D,O aqueoussolution (B) after
3hof exposuretoa50HzEMF at 2mT. Thered dashed linesrefer to exposed sample spectra.

g | -
. -
1 3
=1 (=]
w
28 £21
= =
<87 Py
g | .
o S
5. -
=] (=)
1700 1650 1600 17;30 10'50 1600
Wavenumber (cm-1) A Wavenmumber (em-11 B

Figure4: (A) Representativeinfrared spectrain theregion of amidel of BSA in H,O solution and in D,O solution (B) after
3hof exposuretoa50HzEMF at 2mT (thered linesrepresent the exposed sample spectra).
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exposure. In addition, thesignificant shiftsof theamide
A modetowardslower energiesafter exposures(shown
inFigure1-A and Figure 3-A) lead usto consider that
protein’s aggregation in BSA aqueous solution may be
induced by exposureto EMFs.

In contrast, the infrared spectraof BSA in D,0
solution turned out to be almost unchanged after the
exposureto SMF and ELF-EMF, suggestingthat D,O
solution can preservethe proteinfrom EMFs.

However, previousliterature evidenced the effect
of D,0O onbothintra- and intermolecular proteininter-
actionsin solutions38,

Ref = studied the effects of H/D isotopic substitu-
tion onthestructural stability of BSA in agueous solu-
tion over thetemperature range of 5-90 °C, showing
that the presence of D, O retardsthe occurrence of ir-
reversiblethermal denaturationin BSA, exhibiting a
protective effect ontheprotein’s secondary structure.

Also™ investigated lower critical solutiontempera-
tureof dagtin-like polypeptidesasafunction of e astin-
like polypeptides chain lengthin both D,O and H,O
solutions, observing that hydrogen bonding of B-turn
structureisstabilizedin D, O solution.

Indeed, the secondary structure of proteinsisde-
fined asthelocal conformations of the primary back-
bone, whichischaracterized by regular repeating struc-
turessuch asa-helices. Thestructura stability of these
repeating structuresistheresult of hydrogen bonding
between the amide hydrogen and the carbonyl oxygen
within thea phahelix and between beta sheets, so that
the hydrogen bondingisthe primary stabilizing forcein
all of thesestructures.

Hence, the observed stabilization of BSA second-
ary structure under EMFs exposure produced by D,O
solutionisinagreement with previousstudiesthat have
shown that hydrogen bonding configurations are stabi-
lizedin D, O solution.

Also ref .49 suggested that the H-bond in proteins
not only mirrorsthemotion of hydrogeninitsown ato-
mistic setting but also findsitsorigininthecollective
environment of thehydrogen bondinaglobal lattice of
surrounding H,O molecules. Theauthorstested their
model by changing to D,O asthe surrounding medium
resultinginasubstantia solvent i sotope effect, demon-
strating theimportant influence of theenvironment on
theindividua hydrogen bond.

BIOCHEMISTRY (mm—

Alsothisresult confirmsthat H/D isotopic exchange
may strengthen the hydrogen bondinteraction.

Theincreased stability of the secondary structure
of BSA whichwasobservedin FTIR spectraof samples
in D, 0 solution exposed to EMFs canfinditsexplana-
tioninthisscenario. Indeed, amideA and amidel modes
intensities are related to the a-helix component and
thereforeit dependson theformation of ligand-protein
complexesrelated to hydrogen bonding.

CONCLUSION

An alteration of the secondary structure of BSA,
represented by aclear decreasein amideA and amide
| vibration band intensities, was observed exposing
separately samples of proteinin H,O agueous solu-
tionsupto 3htoa200 mT SMFandtoa50HzEMF
at 2mT, leading usto consider that alossof C=0 and
C—N stretching vibrations and N—H bending link-
agesoccurred in the secondary structure of the protein.

Analogue exposure of BSA samplesin D,O solu-
tion did not evidence gppreciablechangein intensity of
amideA and amide| vibration bands, showingthat H/
D isotopic exchange can preserve aprotein from ef-
fectsELF-EMFs. Thisresult can be explained by the
hypothesis advanced by other authorsthat D,O solu-
tion can strengthen the hydrogen bond interaction with
respect to H,O solution.
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