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ABSTRACT

Transparent sol-gel thinfilmsimmobilized with human serumabumin (HSA)
were made viathe acid catalyzed sol-gel reaction of tetraethylorthosilicate
in presence of the human serum albumin. Different surfactants include;
cationic cetyl trimethyl ammonium bromide (CTAB), anionic sodium dodecyl
sulfate (SDS) and nonionic Triton X-100 (TX-100) were tested for the
improvement of the host material mesostructure, increasing its porosity
and well accommodation of the HSA protein within the silica matrix. The
thin films show similar behavior in presence of surfactants as their free
counterparts in aqueous solution with a significant shift in the wavelength
of absorption. The activity behavior of the immobilized human serum
albuminretained its activity by immobilization. Different parametersinclude
concentration of protein and surfactant, type of surfactant, life time and
number of measurements were investigated. The HSA thin film sensor
showed stability, repeatability, reproducibility and long life time behavior.
Maximum stability of HSA thinfilmswere achieved by drying at 37 °C.
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INTRODUCTION

Immobilization of chemically and biologically ac-
tivemol eculesonto sol-gel matricesisapromiseroute
to chemica and biological solid-state sensorg*. Over
the past decade, many articles have reported the de-
vel opment and characterization of proteins entrapped
intoinorganicsilicasol-gel matrices®d. Thesol-gd tech-
niqueisoneof themost promising toolsin material sci-
ence’l. The porosity of sol-gdl glasses alows small
analyte moleculesto diffuse. Thetransparency of the
matrix enablesoneto useoptica spectroscopic meth-
odsto characterizethereactionsthat occur inthe pores

of theglass. Porousthree-dimensiona siloxane (—Si-
O-Si-) network of high surface area are generally pre-
pared viasol-ge method by hydrolysisand polycon-
densation of tetraethoxysilanein presence of water,
organic solvent and an acid/base catal yst®+#, Sol-gel
matrices appear asavery important techniquefor im-
mobilization, entrapment and encapsul aionfor large
variety of materias such asorganic, inorganic, and
bi omol ecul es asthey synthesized at theambient tem-
perature’®2,

Dueto theinherent low temperature process, the
sol-gel technology provides an attractive way for the
immobilization of heat sengtive biomolecules(enzyme,
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protein, and antibodly). In particular, sol-gel silica(SO,)
possesseschemical inertness, physicd rigidity, negligible
swdllinginagueous sol ution, tunable porosity, and ther-
mal stability. These attractivefeatureshaveledtoan
intensiveresearch inthe electrochemical sensorsand
biosensorg .

Sol-gd encapsulation has opened new waysto im-
mobilizebiologica materia sthat offer animmensepo-
tential for thedesign of alargevariety of gpplications.
Severd kindsof biomolecules, including enzymes, anti-
bodies, DNA, RNA, and liveanimal, plant, bacterial
and fungal cellsaswell aswhole protozoahave been
encapsul ated and then tested and impl emented as opti-
cal and electrochemical sensorsaswell as core com-
ponents of diagnostic, chromatographic, and catalytic
deviceg'#19,

Proper conditionsmay be achieved to control the
sol-gel process'”. The sol-gel processinvolvesthe
addition of acolloidal suspension (sol) of apolymer-
forming precursor to asolution of an active material.
Further processing of the sol resultsin theformation of
anamorphousglassy likematrix (gel) inwhichtheac-
tivematerid isentrapped™”*®l. Theversatility of sol-gel
chemistry alowsproducing awide rangeof organic-
inorganic hybrid materia swith many promising appli-
cations. Moreover, themild conditions associated with
s0l-gel chemistry alow thesuccessful immobilization of
abroad range of enzymesand living cellg%21,

Entrapped proteinsmay retain their activitiesand
react with substrates speciesthat diffusethrough the
poresof sol-gel matrix. Thesol-gd entrapmentinsilica
metrix isargpidtechniquefor immohbilizingbiomolecules
intoachemicaly stablematrix preserving high activity
andlong lifetimeé?2,

The proposed work aimsto study the entrapment
of Human SerumAlbumin (HSA) inasilicaglassnet-
work through silicathinfilm by using sol gel spin coat-
ing technique?. Different surfactantsinclude; cationic
e.g. CTAB, anionice.g. SDS, and non-ionice.g. TX-
100 will beadded to examinetheir effect onthinfilm
meatrix optimization.

MATERIALSAND METHODS

Chemicalsand reagents
Tetraethylorthosilicate Si(OEt), (TEQS), human
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serum albumin (HSA), sodiumdodecylsulfate
C,,H,.SO,Na(SDS), cetyltrimethylammonium bro-

12° '25
mide C H,BrN (CTAB), Triton-X 100 C H,,0

19" 42
(C,H,0), (TX-100), hydrochloric acid and absol ute
methanol were purchased from Merck (Darmstadt,
Germany). All chemicalswere used asreceived with-

out further purifications.
Thinfilm preparation
(a) Preparation of hydrolyzed TEOS

A volumeof 5mL of TEOSwas mixed with 0.5
mL of HCI (0.1M) asacatayst and 2.5 mL of absolute
methanol was added as solvent, then 2.5 mL of deion-
ized water was added. The mixturewasstirred for 40-
60 min at ambient temperature until aclear, colorless
and monophasi ¢ sol ution was obta ned. Mthanol was
allowed to evaporatein order to obtainadlightly vis-
cous mixturewith minor amount of methanol. Thesolu-
tion formed was cool ed and stored at room tempera-
ture beforeuse. The hydrolyzed TEOS solution (sol)
was used asahost matrix for the protein.

(b) Preparation of different pH phosphatebuffer
solutions

Phosphate buffer solutionswere prepared by using
cdculated volumesof mixtureof 0.1M solution of citric
acid (19.219g,in 1000 mL) and 0.2M solution of diba
sic sodium phosphate hydrated (28.40g. in 1000mL).

(c) Preparation of surfactantssolutions

Different concentrations(0.05, 0.01, 0.001, 0.0001
and 0.00001 M) of cationic CTAB, anionic SDS, and
non-ionic TX-100 surfactantswere prepared in water.

(d) Preparation of stock solution of human serum
albumin (HSA)

200puL of HSA (5g/dl) was dissolved in SmL of
phosphate buffer of pH 7.

(e) Sampleand blank solutions

Sample solution containing HSA was prepared by
mixing 2 mL of hydrolyzed TEOS, 1mL of HSA stock
solution and 0.5 mL of CTAB, SDSor TX-100 sur-
factants. Theblank solutionswere prepared by mixing
the hydrolyzed TEOS (sol), surfactant (CTAB, SDS,
or TX-100) and phosphate buffer of pH=7 in 2:1:1
volumeratio respectively.
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(f) Thinfilmsdeposition

A glassmicroscopedides(2.5cmx 0.8cmx 1mm)
were pretreated beforefilm depostion. Theglassdides
weretreated with concentrated nitric acid for 2 hours,
washed with water and ethanol then dried at 120 °C
for two hours. All thinfilmslayersprepared weredone
by spraying a100 mL of themention coating solutions
onto the clean glass dides. The coating processwas
performed using the spin coater machineat 1900 rpm
spinning speed and 25 secondstime period. The ob-
tained wet coated layerswerelet todry gradually at 37
°C for 24 hoursfollowed by drying at 37 °C for 6 days,
then stored in the desiccator. Thefilmswere washed
severd timeswith deionized water thendried at 37°C.
Washingswere collected to examine HSA leaching.
Characterization wasinvestigated using UV/Vis spec-
trophotometer and fluorescence spectroscopy.

Activity test for freeand encapsulated HSA

Theactivity behavior for both free and encapsu-
lated HSA wasfollowed spectrophotometrically, by
monitoring theformation of p-nitrophenol (pNPhOH)
that produced from catalyzed hydrolysisof p-nitrophenyl
acetate (pNPhOACc). The method was performed as
follows

A 6uM concentration of free and encapsulated HSA
werefreshly preparedin 2 ml phosphate buffer (0.1M)
solution of pH 7. Theactivity assayswereinitiated by
the addition of 1mL of solution containing 1mM p-
nitrophenyl acetate (pPNPhOA c) dissolved inisopro-
panol. Thisreaction mixturewasimmediately placedin
the spectrophotometer set at room temperature. The
background substrate hydrolysiswasaccounted for with
blanks containing buffer instead of HSA for al condi-
tionstested. Thereaction rateduringtheactivity assay
was determined by measuring theincreasein absor-
banceat A of p-nitrophenol (410 nm) for two min-
utes. All experimentswere performed in duplicate.

UV\Visspectrophotometer

The optica absorption spectraof the coating solu-
tionsand thedeposited filmswereobtained by usinga
singlebeam GENESY S10 UV Scanning Spectropho-
tometer intherange (190 - 1100 nm) of automatically
rotation. Coated dideswere placed dongthewall of
the samplecdll and exposed to phosphate buffer solu-
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tionatpH 7.
Fluor escence spectr oscopy

Spectrofluorimetric spectraof the coating films
were performed using a Perkin Elmer luminescence
(seriesno. 70412). The spectrometer equipped with
awater jacket cuvette holder to maintainthe desired
temperature. The excitation wavel ength was 290 nm,
and theemission wasrecorded inthewavelengthrange
of 350-625 nm. Theexcitation and emission ditswere
both 10 nm.

RESULTSAND DISCUSSION

Human serum abumin (HSA) hasbeen entrapped
withinglicage thinfilmsthrough spin coating process.
Theglasssubstrate was spinned at acontrolled speed
where the sol was spread on to the substrate. The
preparation methodissummarized inthefollowing seps:
a) Hydrolysisof tetraethylorthosilicate by water at

room temperature.

b) Additionof HSA of different concentrationsinthe
presence or absence of surfactant.

c) Deposgtion of trangparent thin film using spin coat-
ingtechnique.

The deposited HSA thin filmswere studied and
characterized under different factors.

UV/Vis Spectra of the free and immobilized HSA

The absorption spectrafor thefreeHSA, and en-
capsulated HSA/SDSintherange of 250-400 nm, in
buffer phosphateat pH=7 aregiveninFigure 1. The
spectrum of thefree HSA in phosphate buffer solution
showsan absorptionband a 280 nm (Figure1a) while
thespectrumof theimmobilized HSA/SDSthinfilm ex-
hibitsan absorption band at 290 nm (Figure 1 b). The
red shift of 10 nm of theencapsulated HSA compared
withthefreeHSA isattributed to changein protein con-
formation?? dueto the physical interactions of HSA
moleculeswiththesilicanetwork. Theinteractionses-
sentially involve van der waals force and hydrogen
bonding, with aninfluence of thediversity of theenvi-
ronmental changesthat may affected the protein con-
formations during sol-gel process®!. The presence of
surfactant affectstheinteraction of proteinwhich may
lead to the formation of protein-surfactant com-
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plexes?¢21, Dueto the existence of nonpolar andionic
amino acid Sde-chainsin protein molecule, theforma:
tion of these complexesisdriven by e ectrostatic inter-
actions between the charged head groups of the sur-
factant and the oppositely charged unitsof the protein
and also by hydrophobic interactions®2%, The effect
of SDSontheHSA interaction with matrix surfacewill
bediscussed | ater.

16

14 -
12 4
1 4

{A) 08 A
0.6 B
0.4 o

02

n—\_//
250 260 2170 280 290 300 310 320 330 380 350 30 3N 3IW IV AW
{nm)

Figure1: Absor ption spectraof (a) freeHSA, (b) immobilized
HSA/SDS, in phosphatebuffer (pH=7), at 25°C.
Effect of concentration of HSA

Different concentrationsof HSA (5, 7.5, 10, 12.5,
15uM) in presence of SDS were used to investigate
theeffect of amount of HSA trapped withinthethinfilm
on absorption capacity. The sol mixtureby volumera
tiowas1:1:0.5 of HSA: hydrolyzed TEOS: surfactant,
respectively. Thetrapped HSA thin filmswere exam-
ined versustheabsorbanceat s, =290nm (Figure2).

06

05
04

—_1

) oz —

02

01

0

275 295 315 33s 355 375 395
(om)
Figure2: Absorption spectra of immobilized HSA/SDS at
different concentrationsof HSA. (a) 5uM, (b) 7.5 uM, (c) 10
pM (d) 12.5 uM, and (e) 15 uM, in phosphate buffer (pH=7),
at25°C.
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Theabsorbanceincreaseswith increasing concentra-
tion of added HSA and reach itsmaximum at 15uM.
At high concentration of HSA (>15 uM) leaching oc-
curred.

Effect of concentration of surfactants

Different concentrations of SDS (0.00001M-
0.05M) whichtrapped with HSA (0.05M), were pre-
pared and examined versustheabsorbanceat & =290
nm. Figure 3 depicted theeffect of SDS concentration
ontheabsorbanceof HSA thinfilms. Itisfoundthat the
absorbanceincreased with increasing concentration of
surfactant and reachesitsmaximumeat 0.05 M. Increas-
ing SDS concentration lead to leaching of HSA from
slicamatrix asthe excessof SDS surfactant removed
the adsorbed HSA from the solid matrix®.

005 {nm)
Figure3: Absorption spectra of immobilized HSA/SDS at
different concentrationsof SDS. a) 0.00001M, (b) 0.0001M,
(c) 0.001M, (d) 0.005M, (e) 0.01M and (f) 0.05M, in
phosphatebuffer (pH=7), at 25°C.

Comparison between surfactants

The absorption spectraof theimmobilized HSA
withinthesol-gd matrix thinfilmswithand without sur-
factantsaregivenin Figure 4. Threedifferent surfac-
tants (SDS, CTAB and TX- 100) were used to exam-
inethelr effect on efficiency toformauniformfilm. It
was observed that HSA/SDS gave the best resultsin
absorption spectra. The spectra show an absorption
band at 290 nm for HSA/SDS, whilein case of HSA/
CTAB, HSA/Triton X-100, HSA/without surfactant,
thespectraarenihilistic. Thereason of thisbehavior is
due to the nature of interaction of doped HSA with
dlicamatrix inthe presence of SDSin comparisonwith
the presence of CTAB or Triton X-100 or in case of
absence of surfactant.
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Generdly the presence of surfactant modifiesthe
structure of gel matrix and thereforethe surface area
increases, so more HSA moleculescan penetratethis
matrix which makeacage around thesemolecules. In
addition, the presence of surfactant layer affectsthe
adsorption of protein moleculeswithinminera matri-
ces®, The presence of SDS surfactant of low con-
centrationswithin hydrophilicmatrix might leed to higher
affinity of proteinto thismatrix. On theother hand, at
high amount of SDStheadsorption of protein decreases
within solid matrices. Increasing amount of surfactant
within the hydrophilic matrix leadstoincreaseof itshy-
drophobicity and theinteraction between protein and
SDSismost probably of hydrophobic character’?.

Many studies have revealed that the interaction
between SDS and HSA isacomplex process accord-
ing to the dual property of sodium dodecyl sulphate
(SDS) which consistsof ahydrophobictail and anega
tively charged head. Inlow concentrations, SDSin-
ducesconformationa changesin HSA viadectrogatic
interactions, with anet stabilizing effect on the struc-
ture. Thisimpliesthat HSA structure becomes more
stabilized and compact, presumably asaresult of the
interaction of negatively charged SDS headswith sev-
era positively charged residueson HSA surface, and
itsassociated cationg®Y.
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Figure 4: Absorption spectra of HSA with and without
surfactant, in phosphatebuffer (pH=7), at 25°C (a)HSA/SDS,
(b)HSA/CTAB, ()HSA/T X-100, (d)H SA/without surfactant.

Catalytic behavior of encapsulated HSA

Themost important issueinimmobilization of a
biomoaleculeistheretention of itsbiologica activity upon
immohilization. Theimmobilization or encapsulation

process has to be mild enough to retain most of the
activity of an encapsulated molecule. Figure 5 shows
the variation of absorbance of the produced p-
nitrophenol (pNPhOH) at 2 =410 nmversustimeby
thehydrolysisof p-nitrophenyl acetate (pNPhOAC) for
both free and encapsulated HSA, in which the slope
(AA/t) for free HSA isdightly higher than that of en-
capsulated HSA.

Thereaction scheme proposed by Meansand co-
workerd®?% for the p-nitrophenyl acetate- HSA ac-
tivity assay isdepicted in equation 1.

HSA + pNPhOAc = pNPhOACc -

HSA — Ac — HSA 4+ pPhOH )
Theactivity unitsfor both freeand encapsulated HSA
werecal culated according to equation 2.

AA/t

U = Units/mg =

_ — 2
EXM(HsA) / V(reaction mixture)
WhereU: activity in umol/min/mg; AA/t: changeof ab-
sorbance with time; ¢: extinction coefficient for p-
nitrophenol at 25°C=1.8x10*M-*cm™; m . .- massof
human serumabumininmgunit; V. et VOlUME
of reaction mixtureinmL unit.

By applying equation 2, itisfound that theactivities
are0.458 and 0.394 pmol/min/mg for free and encap-
sulated HSA respectively. It isshown that HSA will
retain 86% of itsactivity when kept encapsulated in the
studied films. It’s suggested that, silica gel matrix does
not lead to denaturation of HSA during theformation
of slicagel matrix. Theslicamatrix (network) protects
the encapsulated HSA conformation against |leaching
and denaturation by the small poresizeinawell hy-
drated cage matrix.

HSA thinfilm repeatability

Repeatability of HSA thinfilmwasstudied by con-
ductingtencydesmeasurement usng HSA/SDSthinfilm.
Thecycleswererepeated within 24 hoursto check sta-
bility of the HSA thinfilm on repeating measurements.
Figure 6 showsthe absorbance versus number of mea
surementsat pH=7. Itisfound that thefirst measurement
ishigher in absorbancethan theother measurements; this
isduetolossalittleamount of HSA moleculesafter the
first washing, whilethe absorbance after each measure-
ment remainsa most unchanged, Absorbanceof there-
peated measurementswas performed at 290 nm.
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Figure 5: Variation of absorbance of the produced p-
nitrophenol at & _ =410nm, in caseof (a) FreeHSA and (b)
encapsulated HSA both in phosphate buffer (pH=7),and T =
25°C.
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Figure 6: Absorption spectra of HSA/SDS for ten
measur ementsin phosphatebuffer (pH=7), at 25°C.

HSA thinfilmreproducibility

Thereproducibility wasalso studied by performing
e ght independent preparationsof HSA/SDSthinfilms
using thesame method of preparation. Figure 7 shows
theabsorbanceof eight different preparedfilmsata =
290 nm. Resultsgivenin Figure 7 showed good agree-
ment and stability for al thepreparedthinilms.

Effect of lifetimeon HSA /SDSthin film stability

Thelifetimeof HSA/SDSthinfilmswasstudied at
sx-month timeperiod. Thefilmswere stored at ambi-
ent temperaturein dried conditions. Almost, no leach-
ing or changein absorbance response was shown for
thesefilms(Figure8). Sothesefilmsare considered to
bevery stableat long time periods.
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Figure7: Absorption spectra of eight different HSA/SDS
thin filmsin phosphatebuffer (pH=7), at 25°C.
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Figure8: Absor ption spectraof immobilized HSA/SDSwithin
six-month timeperiod of measur ementsin phosphate buffer
(pH=7), at 25°C.

CONCLUSION

A monolithicHSA immobilized thinfilmswerepre-
pared by spin coating techniquein the presence of cat-
ionic CTAB, anionic SDS, and non-ionic TX-100 sur-
factants. The sol gel processwas used to prepare en-
capsulated HSA thinfilmsdeposited onglassdides,
whichinvolves hydrolysis and polycondensation of
tetragthylorthosilicatein presence of surfactant. HSA
moleculeswere properly accommodated within silica
network poreswhenthethinfilmsweredried at 37 °C
andwdl interacted when SDS surfactant wasused. The
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immobilized HSA retains its activity towards p-
nitrophenol acetate asasubstrate. TheHSA thinfilm
showsgood reproducibility, high stability at longtime
interva sand repegti ng measurements.
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