dournal of Physical and Theoretical Chemistry
of Islamic Azad University of Irar. 6 {2 113-1 18" Sumaoer 2009
{i. Phys. Theor. Chem. JTAU Iran)
IS8W, 17352128

Interaction of Pyrene with Human Serum Aibumnin {H5A): A Uv-Vis Spectroscopy
Study

Morteza Keshavarz'™

]Depﬂrlmmt of Chemistry. Shahreza Branch, lslaouc Awad University, P. O Box 311-86145, Shabreza lstahan. Iran

ABSTRACT

In this research the interactiun of Pyrene (Crathin) as 4 polyeyelic aromatic hydrocarbon with human serum
athumtn (HSA} has heen investigated. Variations of UV.Vis spectrum of Pyrene can heip us to investigate
the changes that are vreated in protein structure. Pyrenc is insoiuhic in walet and solublc in acelic acid,
mixture of scetic acid and water and in organie sobvents sueh s metisnol, UV-Vis spectrum of Pyrene has
three strong Lands ut 308, 348 and 433 nr. A series of U'V-Vis tirutinn expenments were camed oul hased
on titration of a given amounl of Pyrene with HSA at varous rH. phosphate huffer und different
emperatures. The Hiration spectrurn were anaivzed al each lemperature using SQUAD program and based
on 1:i, 1:2 and 2:1 models. Results indiested that formed complex hetween Pyrene and HSA is 1:1. All
thermodynamic parameters of eomplex formalion meluding AG®, AH®, AS” and formativn constant of
complex {K) were calculated and results showed that the process is endathernic and entropy driven, This
issue shows the predormmnant role of hydrophohic firces in imeraction between Pvrene and HSA.
Investigating the effect of increasing the fonie strength on uhsnrption spectrum of Pyrene-HSA complex
also contirms the results of thermodynamic studies, Using the changes in the struclure of absorption
spectrum of Pyrene in water. plasma of human hlood und in n bulfer selufion of HSA, we could indicate
that Pyrene in blood plasma is concentrated in bydrophilic miero phases of plasma proteins and lipid.
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INTRODUCTION

The mieraction of small ions and molecules with special
sites on the vital macromolceules is one of the most
important issucs  in biophysical and  bichemica)
mvestigatons. Today the study of this kind of binding 15
the heart of molecular biology.

Titration ef protcin is onc of the important information
tools ubout titrable groups on protcin. All proteins have
various acidic and basic sites [1]. Since the profeins arg
different in kind amd order of amino acwds so each
protem  has  special  acidic and  basic properiics,
According to Tanford model, each electrieal charge
GeCupy a special silc on the protein so Using the

* Comesponding author: hnkeshinysreiivabos.comn

oblamed equations from titratioo diagrams, the
situation of ionizable sites arc relzted (o intrinsic
properties of these sites,

The interaction betwern tracers such as
Pyrene (CiHig) that is « polyevelic aromatic
hydrecarbon and htman serum albumin protein
{[ISA} s 1mportant because e UV-Vis
absorption changes of bound tracer (v protein can
help us w trace the created changes 1n protain
struciure so the quality of hinding of Pyrene as a
proper  ghsorplion  tracer to wawr  solubie
spherical pretein (HSA) is investigated using
LIV-Vis absorpuon spectrum.
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The main purpose of this rescarch is analyzing
the intcraction of Pyrene with HSA. In this
research according to importance of Pyrene as an
important tracer, we¢ have investigated the
physicochemical and thermodynamic propertics
and quality of intcraction berween Pyrcne and
HSA using the UV-Vis spectroscopic technigue.
We have determined the bonding constants by
snalyzing the spectra! data of Pyrene at varifius
concentrabion  of HSA using the SQUAD
program. We enuld determine all thermodynamic
parameters nl Interactinn with detcrminng the
hioding constants at differsot temperatures and
hased on van't Hafl model. Caleulated quantitics
pive us valuable informaton abowt molecular
mechanism of interaction.

EXPERIMENTAL

Materialr

All materials eontaining Pyrenc (CigHig), human
seram alburmn {HSA), methanol. acche acid,
cthannl, Na,HPDy.12H:O0,  NaH,I'O,2ZH.D,
spdium chlonde and sodium hydroxide were
obtained from Fluka, Merck and Aldrich. All
bufters were prepared using double disulled
watcr. HSA and Pyrene solulio0s were prepared
wsing thesc huffers. AN snlutions were freshly
prepared and used.

Apparatuses

UV-Fis spectrophotomeler

Al ahsorptwe spectra were recorded oo 2 Cary

i30  Scan  double becam UV-Vis-NIR
spactrophotometer  that  was  cquipped by
temperature regulation system,

Digital balance

A balaoce on the model of AE 160 from Mettler
Company was used for weighing he materials
that its precision was 0.0001 g.

pH-meter

Regulation of pH was carried out by a pH-meter
on the model of F-12 [rom Metrohm Cnmpany.

Methndy

Preparing the steke yolatiun of Pyrene

Pvrene with molecular mass nf 202.26 g /mol is a
yellow powder and is insoluble in water and
should be erystallized in ethanol twice. In this
regard at first Pyrence was dissolved in munimum
ethancl by heaung and then cooled o room
temperature until the crystals [ormed. These

stages were repeated once again, The obtained
solution was filtered and ::-btamed' pure Pyrene
was placed in oven with tempcrature of 60 °C for
10 minutes and then a 1 mM solutmn of Pvrcne
1n aleohol was preparcd. The 1 M solution of
Pyrcne in water was prepared from this stock

solution. B 1 -
Preparing the | mM  buffer  solution of
phosphate

The pH was rcgulaed at 7.0 by concentrated
solution of hydrochlode acid and ' sodiym
hydroxide and then 0.675 g of dipotassium
hvdrogen phosphate and 0.0414 g of potassium
dihydrogen phosphate were reached to vn!umc of
1000 ml.

Preparing the 5 mM  baffer solusion of
phosphare with a specified fonic strength

0.4675 ¢ of NaCl was dissolved in double
dustilled water and 0.0475% ¢ NaH.PD,.2H,0
and 0 2023 g Na,lHPQ4.12H.0 were added to it.
The pH of solution was regulated on 7.0 and
volume of solution was reached to 100 mL.
Preparing the stake sulation of sodium chloride
73.1235 g NaC! was dissolved i phosphate buffer
with pH=7 and volume of solution was rcached
to 250 mL. The comcentration of this solution
would be 5.0 M. This solution was used as stoke
solution of salt tor titration cxpenments of HSA
and Pvrene with salt.

The Beer - Lantbert experiment

The molar absorpuon cocfficient of Pyrenc
solutions ip metbano! in ennceolration range of
16710 M at 25°C and usiog the’l mM
phosphate buficr and  art pH =700 were
determined accordiog to obtained results of
ahsorption  spectra of Pyrenc| at  different
temperatures and wavelengths and its” amount
was obtained $x10° M em™, I I
Prepuring the stoke solation of H3A

20 mL of 3% solution of HSA {4.4x107*M) in
phosphate huffer (0.3 M} at different pH was
prepared. This Solution was uscd: for preparing
mnre dilute solutions nf HSA i next stages nf

reSearch. it
Titrotion experiment of HSA on the abserplion
spectrim of Pyrene i%

HSA has an ahsorption maximum wavelength at
26! nm and also there 15 8 higher maximum at
204 nm The solution of Pyrene in methanol bas
maximum wavelengths at 305, 318 and 333 om
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s0 the range of 280-400 nm was considered for
banding studies. | mg of HSA was dissolved in 1
mL of Pyrene solutian in water and methanol
(6.7x107}. Dissalving of HSA in solution of
Pyrene 1n water and methanol was carried out i
order to eliminating the dilution cffects of Pyrene
m watcr and mcthanol duc to increasing the
valume.

Two quartz cells were charged with 2 mL
butfer and bascline carrcetion was carried out,
With replacing the contents of sample cell with 2
mL of Pyrene solution in water and methanol
with mentioned coneentration and after two
mitutes temperature fixation, the total ahsorption
spectrum in range of 280-400 nm was recorded.
Then each time 100 pL of USA solution was
added to sample safution and previous stages
were repeated. The optical spectromelric tiration
af Pyrere solution in watcr and methanol and in
phosphatc  bufter (SmM)} at constant ionic
strength at pH 7 with HSA at 20, 25, 30, 35, 40
and 43 °C was repcated. At cach temperature
ghout 30 Htrations were carred nut and
absntption nf each titration was recorded in
range of 300-350 nm. The measured ahsorptinns
obey Beer Lambert Jaw.

Titration experiment of salt effect on the
prrene-HAS

The sample ccl! was charged with 500 L ol a
solution with a rtio of 1:2 pf Pyrenc-HSA and
the valumes of 50 pL of NuC! salution (5.0 M)
were added to it consecutively. After each
adding, the solution of ccll was simed for i
minute and then its spectrum wag recorded. The
effect of dilution oo the ohtained spectrum was
done and corrected specirum was ohtained. This
cxperiment was carricd out al pH=7 and 235 °C.

RESULTS AND DISCUSSION
Analyzing the UV-Vis absorption spectra of
ASA and Pyrene

In absomption spectrum of IISA there 15 a
maximum absorplion at 261 »m and a higher
maximum at 205 nmn (Fig 1), The hand of 261
nm is related to electron transition (T->x*) of
bonds of aromatic amuno acids of tyrosine,
phenyl alaning and tryptophan and absorption at
20% nm is reiated to transition (1—n*) of amid

groups of peptide bonds. In absorpiion spectrum
of Pyrene there arc 10 absorption bands at
differemt wavelengths (Table 1 and Fig, 23,
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Fig.1. Absorption specium of HSA in | mM hutter,
piT=7, Na(l and at 25°C
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Fig.2. Absorption spectrum of Pyrene in methanod ai
25°C
Binding of Pyrene to HSA

After investigating the ahsorption spectra of
HSA and Pyrenc, the best spectral region for
investigating the inrcraction of Pyrenc and HSA
was chose between 300-400 nm becausc 1n this
regiun ther 1 no absorption for HS A but Pyrene
has three strong bands at 305, 318 and 333 nm so
the created changes in UV-Vis spectrum of
Pyrenc and HSA mixture in ranpe of 300-400 nm
is related in Pyrene-MSA complex. Fig 3 is
ahsorption spectrum of Pyrene with different
concentrations of 11SA st 25 "C. Increasing of
H3A causes to decreasing of absorplion intensity
al all wavelengths. The isobestic points indicate a
I:1 simple cquilibrium bctween Pyrene and
HSA. In other word it seems thut there is only
anc binding sitc for Pyrene on the HSA. Fig. 4
shows ¢hunges of compiex spectrum in presence
of HSA in diiferent 1ome strength and at 25 °C,
The molar ratio of Pyrene to HSA & shout 5.
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After investigaring the absorption spectra at
different phl, the 1 mM phosphate buffer and
pH=7 was chosen as the best buffer and pH. Fig.
5 shows the cffeet of temperature om the
absorption spectrum of Pyrene with dfferent
concentration of HSA. The obtained spectral data
can be analvzed m order 10 extractmg the
gquilibrium constant vsing SQUAD program.
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Fiz.3. Absorption spectrum of Pyrene in methanol at
different concentrations of BSA in phosphate buffer
{5 mM), pH=T and a1 25 °C

; Fig.4. Absorption spectrum of Pyrene in metbanol in
i difierent concentrations of HSA in phosphaic huffer

{1 mM3, pH=7 and 25 °C and in fugh concentration of
, NaCl
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Fig.i. Absorption specinum of Pyreng in methanol m
di fFerent concenirations of HSA in pbosphate bulfer
{1 mbiy, pi=7 and diffcrent temperatures,

Anolyzing the binding process of Pyrene to

HSA | if
Thermodynamic analysis of a process is based on
three basic quantitics of Gibbs free energy
{AG®)., enthalpy changes (AlJ") and emTopy
changes (AS"Y. With determimung the value of
AH® based on diagram slope of In K versus 1/T,
all thermodywamic parameters of Pyrens-HSA
complex  Tormation were  determined. §, These
parameicrs are shown in tables 2 and 3. Iﬁ

The resules mdicated that the binding process
15 endothermic and  with  inercasing  the
tempersiure. the hinding affinity increased and i
seoms that process is baseally cotropy dnven
that reprosone che special role of hydrophobic
interaclms in hinding process, The values nf K
arc yhout 7' M that confirms the corectness of
caleulanons. Avconling 1w SQUAD calculatinns
and pomts. the formatinn of 1°1
compley was confinned and alse the amounts of
hindine ecanstanis were delermined.

Doing  cxpenmentss  at six  dbiferent
temperitures and  analysis of data made the
pussibilily ol thermodynamic analysis aceneding
tp vant MY eguation. Results showed  that
process s ondathennic and entropy driven. The
bionding process mdicated that there 15 one binding
site on the surfice of HSA for Pyrene. This issue
indicates the predominani and comparahle mle of
hydrophnbic tieractions n cpmparison  with
electrostatic furces, The high amounts ot binding
constants (10 M) indicate that HSA can actas a
proper tracer. Studying the effect of increasing the
innic strength nn the absorptinn spectrum of
Pyrene-115A complex shows that mcreasing the
concentratinn of salt cauvse to decreasing the
ahsorptinn intense of camplex in all speciral
regions but total scheme of spectrum is neatly
constant This 1ssue also indicates the low eflect
of clectrostatie micractions in the binding process
of Pyrenc ond HSA and confimns  the
thermodynamie resulls,

Changes in structure of absorption spectram
of Pyrene in watcr, blood plasma of human and
in a buffer solutinn of 118 A showed that Pyrenc
in blood plasma is concentated 1 hydrophilie
miero phases nf plasma proteins and lipid.

jscthesie
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Tablel. The properties af ubsorption speetrum of P'yrene solution wt different wavelengths

;v {Ill]'l] Abs

437.00 0.2H0
3300 1.8434
31800 131136
3054100 06505
271.00 15744
261 N 1.3359
25100 (16333
23800 2864
23100 2186
205,00 {3300

Table2 Thermodyname parameters for binding of Pyrene ta HSA in phosphue bulfer (| mM), pH=7 and
different emperaiurus

t’c ® J—;ﬁi]xm AG L AAG kfmol™ | AH £AME Kl © | AS™ + AAS SR il
20 | 0974F 1.026 -16.770  .06) 4435280117 200100 Fog
25 | 1432F o3 18014 X 0.057 HS5WmEO N7 209,765 £ 0.191
30 | 187t 100 -18.993 F 0.076 #4524 0,117 2,536+ 11,254
35| 24zt Laes -20.008 + 0.072 44520017 209.430F 0,407
40 | 28001 1003 20,751 0,060 M3t ns 208.456 £ 0,138
45 | 418 E Lose 22,0094 0079 H5mE017 200,137+ 0,254

Tabie3. Thermudynamic parameters for bindi ng of Pyrene to HSA in phosphate buifer (

different lemperatures

L mM). pH=6 and

¢ C (KiM]x 107 AG™ £ AAG RJmol” AH £ AN Wdmad™ | DY + AAS™IK "ol ™
(M) ]
| ot Lo t37a7d ooz 57197 £ voin 42176 0101
15 45074 1011 -15.ta8 £ woin 51197 0ly 226460 10
30 BaTI0E 102 16,2060 £ 0021 st ou; M2 0o
33 gu0set LUz -t7.452 2 00t 7197002 4 st on:
4 1279 1 0310 -1If ks o0 37197 T 01 242126 F 0101
45 1887000 -199351 0014 REA -t 1Y) 24248900011
CONCLUSION

The results of studics show that Pyrenc is a

proper absorption probe for binding 10 HSA and
can be used i order w0 following the ercated
structural changes n this proiein under different
environmental conditinns. Binding of Pyrene 1o
HSA indicates the special role of hydrophobic

117

forces in interaclion of this probe with protein.
About studied protein there was no asgregation
phenomenon and  this issue is one of the
advantages of this probe hecause aggregation e
create proat changes in protein.




M. Keshavarz /T Phys, Theor.Chen IAU Tran, 6(2). 113-118, Summer 2009

REFERENCES

[1]

[2]

(3]

[4]

(]

{7

A K. Bordbar, N.Sghrabi and H.Gharibi
(3004), BuflKarean.Chem.Sve, 13, T91-
795,

Chiti, F. & Dobson, €. M. (2006). Protem
misfolding. functional armyloid and human
disease. Annu. Rev. Biachem. 75, 333_366.
Hamiey, L W. {1007} Peptide
fibrillization Angew Chem fnt. Ed. Engl.
46, 8128 8147,

Hoyer, W., Cherny. D, Subramaniam, V.
& Jovin, T. M. {2004). Impact of the acidie
C-terminal region com- prising  amino
acids 43, 16233-16242.

Bertoneini, C. W., Jung, Y. §., Fernandez,
C. O.. Hoyer, W, Gricsinger, C., Jowvin, 1.
M. & Zweceksictier, M. {2005). Release of
jong-range tertiary interactions potentates
apgregation of natively unstructured +-
synuelein. Proc. Natl Acad. Sei. USA. 102,
1430 1435

Roches, J. C., Conway, K. A, & Lansbury.
P. T, Ir. {2000}, Inhibition of fibrillization
and aecurmulation of eefibrillar oligomers
in mxmures of human and mouse = -
synucleio. Biochermistry, 39, 10619-10626.
Gicse, A., Bader, B. Bieschke I,
Schatfar, (G.. Odoy, 5, Kahlie. P I et al.
(2005). Single panicle dewcction  and
characterization  of  svmuclem  ¢o-
aggrcgaton.  Blachem  Blopfivs.  Res.
Commur. 333, 1202-12140.

Masa¥ik, M., Swbiceka, A Kizck, R
Jeien, F.. Pechan, Z., Hoyer, W. et al
(2004) Sensitve ciectrochenucal detcetion
of native and apprepated -syouelein
pratein tnvoived in Parkinson-s discase.
Fleciroanalysis. 16, 1172-1181.

Paleck, F., Oswatnd, V.. Muasa¥ik, M.,
Berloneini, C. W. & Jovin. T. M. (2008}).
Changes in interfacial properucs of +

[10]

[11]

[13]

[14]

[15]

[18]

118

synuclein  preceding  ifs
Analvst, 133, 76-84.

Dusa, A, Kaylor, J., Edndge. 5., Bodner,
N., Hong, D. P. & Fink, A. L. (2006).
Charactenzation of oligomers dunng -
synuclein  aggfegation  using  intrissic
tryptophan fluorescenee. Bivchemisiry, 45,
2752-2740. .
Lin, T. 1. (1982). Exeimer fluorcscence of
pyrene- tropomyosin adducts  Biophs.
Chem. 15, 277-288,

Teherkasskaya, 0., Davidson, E. A,
Schmerr, M. J. & Orser, C. 5. (2005).
Conformational bigsensor for diagnosis of
pron diseases. Biorechnol  Lett. 27,
67l 675, '

Tamamizu-Kato, $.. Kosaraju, M. G,
Kato, H., Raussens, V.. Ruysschacrt. ). M.
& WNaravanaswami. V. (2006). Calcum-
triggered membrane interaction of the +
synuclein acidic ail. Blachemisiry, 42,
10947-10936, 1 !

Dee-Sarkissian, A., Jao, C. C., Chen, | &
Langen, R, {2003). Structural oruﬂ'mzatiﬂn
of £-synuckein tihnls studied by aite-
directed spin labeling. L Biof. Chom. '»"?E
37530-37535.

Luk, K. C.. Hyde, E. G., Trajanowski,"J.
Q. & Lec, V. M. {2007} Scnmme
fluorcscence pulanzﬂuun techmquc for
rapid  sercenmg of & -Synuclein
oligomerizatwon  fibrillization  inhibitors.
Binchemisiry, 46, 1252212529, * I

Asuneion-Punzalan, E. Kﬂchel K.,
London, E. (1998). Groups with polfar
characteristics can locate at hoth! shallow
and deep locations i membranes:  the
behavigr of dansyl and related” probes.
Brochemiswy 37, 4603-4611 E

aggregation.




