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Abstract Swellable Organically Modified Silica Chemical Stability of Adsorbed BSA: Thermal Stability of Adsorbed BSA
(SOMS) Deuterated Ethanol (ethanol-d6) N

Swellable organically modified silica (SOMS) Is a porous

material that has been shown to non-specifically adsorb . Mesoporous material with surface area of TR TR ~ I\/Ietho_ds |
proteins_ The gQa| of this project was to Study whether 450 m2/g :)Tf,?y_l%&ﬁgi?w’;‘;f:j\?& Methods . Ahealtmg_:)r:oclt(hwas set upltci hold n_lultltpl)qle ESA-SOtMS samples and one water
: . : . . _ 0.0 % v, Bgb o ST VL sample with a thermocouple to monitor the temperature
bovine serum albumin (BSA) maintains a folded state « Hydrophobic due to functional groups on ﬁgﬁmﬁj’#{”:{wﬂg‘?ﬁ « BSA-SOMS samples were exposed to 8 solutions (500 pL) with EtOH-d6 « BSA-SOMS samples were gradually heated in the heating block
upon adsorption to SOMS. Measurements were taken for BTEB (Fig. 2) Y: Vﬁ.‘wﬂ“ LA concentrations of 0%, 5%, 10%, 20%, 30%, 50%, 70%, and 90% (v/v) | « Measurements were taken using IR spectroscopy at ~5-degree increments between
BSA loading and folded state upon adsorption, as well as . Rapid and reversible pore expansion (Fig. 3) B, ety - ool SERIES TR Gt T 20 g ESAm IS BiEheldd B saliens | 807Cand 9 °C (515 minutes of equiibration time) y
, - isted above
structural stability in denaturing conditions. Sequential - Spontaneously adsorbs over 400 mg/g of \. Samples were measured using IR spectroscopy y
adsorption experiments revealed that SOMS irreversibly protein
adsorbs >380 mg of BSA per gram of SOMS. Thermal a i e g ) A
and chemical stability experiments showed that BSA MY Mot e A E 3 | | O
. . “y- . H,CO—Si BTEB nnmv RS AP 0.80 - % a0 et E —_ 3 s Q 0.70
adsorbed to SOMS maintained stability in temperatures Hco _\_ —— S & BEFECy - E
R . ] 0 ] Figure 3: Scanning electron %0 s [ E [ 2 | | %
up to 99 °C, solutions with up to 50% EtOH-d6, and \" / oK micrographs of SOMS while e I ’, . H | e o
guanidine HCI solutions with molarity up to 6 M. /' ~0CH,8 unswollen (a) and swollen 2 e / LI 2"
HaCO with 0.6 TMA (b). S— s T= / Solution g 291
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Figure 2: Chemical structure of BTEB /\/ g e 7 3 = E 0.40 K’—)/./ 347 malg
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1. How do proteins adsorb to surfaces and why is the reaction favorable? y - Wavenumber )

Figure 12: FT-IR spectra in the Figure 13: Ratio between IR absorbance at 1618 cm and 1648 cm-!
amide region for BSA in solution  for thermal denaturation samples.
(a) and BSA adsorbed to SOMS

(~347 mg BSA / g of SOMYS) (b)
In varying temperatures.

Figure 8: IR spectra in the amide Figure 9: Ratio between IR absorbance at 1618 cm* and 1648 cm! for
region for BSA in solution (a) and BSA adsorbed to SOMS and in solution after exposure to EtOH-d6.
BSA adsorbed to SOMS (~367 mg

BSA / g of SOMS) (b) in varying

EtOH-d6 concentrations.

2. How does surface chemistry affect protein adsorption? Broadly Studied
Can be fluorescently labeled
Minimal protein-protein affinity, preventing aggregation

Critical for medical applications

3. How does adsorption affect protein structure, including conformation,
hydration state, and structural stability?

4. Does adsorption have an impact on the biological function of the K
protein?

Background BSA Loading and Adsorbed Structure Chemical Stability of Adsorbed BSA: Conclusions

o " BSA adsorbs strongly and irreversibly to SOMS, resisting desorption from
 All surfaces in contact with biological solutions adsorb proteins \ G uani d Ine Hyd rOC h I Orl d e

/ EtOH-d6 and guanidine HCI exposure. Kinetics experiments and the calculated
with mechanisms that are not fully understood. Methods / \ surface coverage of adsorbed BSA (44%) suggest monolayer adsorption, with
. SRS : . the mesoporous structure of SOMS causing interactions to occur with multiple
Factors that may affect adsorption include protein affinity and « SOMS particles were finely ground (50-100 um particle size) and swollen with EtOH (~1mL) Methods i
ibilit entati d furat ¢ hemist i P yd Hmp faces of BSA molecules (Fig. 14).
reversinility, orientation, aenaturation, surface chemistry, Speciiic « Two consecutive PBS buffer (8 mL) rinses were performed to remove EtOH from pores ¢« BSA-SOMS | d to 6 soluti 2 ith idi Cl and
: . . - . BSA MS samples were exposed to 6 solutions (25 mL) with guanidine HCI an .
interactions, and competitive binding (Fig. 1). « BSA solution was added (8 mL, 1 mg/mL) with equilibration time of 2 days PBS(OM, 1.6 M, 2.4M,3.2M, 4.8M, 6 M) Overall,_ SOMS was found 1o _have a protective e_ffect on B_SA molepgles,
. Protein adsorption is important for enzyme immobilization, as well « BSA adsorption was repeated twice, four times, or six times, with three samples at each . Samples were equilibrated for 24 hours, then supernatants were exchanged with preventing them from unfoldlng |n.thermal a}nd qhemlcal denaturing conditions.
. . . - loading amount, then measured using UV-Vis spectrometry PBS (8 mL). then D-O (4 mL) (24-h ilibration f h BSA adsorbed to SOMS maintained stability in temperatures up to 99 °C,
as environmental decontamination, synthesis of food additives, \_ -/ B mIL, e (2O (¢ (Ml ) (2ol Gl SEwem el S2En), . . . - . . )
4 biodiesel thesi . Samples were measured using IR spectroscopy and results were compared to the solutions with up to 50% EtOH-d6, and guanidine HCI solutions with molarity up
ana biodiesel syntnesis. K literature / to 6 M.
« While non-porous materials are capable of adsorption, porous
materials provide a three-dimensional matrix of surfaces, which
. . . A
allows for increased adsorption capacity and makes c 1% 5 490 i 1L 0
. - 400 -
measurements more feasible. 5 100 9 s .
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| | : | = 20 | . . . £ 100 - o Figure 14: Possible protein-surface interactions, including contact with more
i i e i 2 a7 0.00 than one surface of BSA molecules due to the mesoporous structure of SOMS.
| | | @ | S0 - 0 ' ' ' ' ' '
| | | | 0 1 2 3 0 1 2 3 4 5 6 7 . ' i
@ /i/ @ i @ i @ i @ /N Time (Hours) Number of BSA Addition Steps 0.0 2.0 4.0 6.0
H | l | l | K i | & ) . . . . . i ] ) ) GdnHCI [M]
i i | : i Figure 4: Depletion of BSA in solution upon Figure 5: BSA adsorption to SOMS after multiple _ _ _
— @@@ — e i | @ a?sorptionlto SOI\Q?1 over the course of three hours additions of protein in solution. Halim et al., Journal of Biochemistry, 2008, 144, 33-38 F U t U r e WO r
. j , _ ! | Surf ! » after initial BSA addition. - . - - _r - - o _ _ _ _
Affinity & i Orientation i Denaturation | Ch::;sc;y i Competitive Figure 10: Normalized denatgraFlon curve for guanidine HCI denaturation of BSAin 0.1 |\/|-TI’I-S HCI . Future work should further investigate the mechanism of protein
Reversibility | | | e | Binding buffer, pH 8.0, and 25 °C. Intrinsic fluorescence measurements were made at 340 nm on excitation at . : . : .
| | | DS adsorption to SOMS and the protein-surface interactions involved.
! | Substrate | Interactions ! 280 nm.
Figure 1: Properties of protein adsorption to solid surfaces and their proposed mechanisms. 0.50 — 030 0.35 * The limits of protein Stablllty should be S_tUdled more eXte_nSIVely to
SO | - ; fully understand how SOMS protects proteins from denaturation.
o ] o o 020 | 0025  Future projects should explore the mechanism of strong protein
Sp eCl f| C A| ms g o . £ o 8 02 oM Gan el adsorption and whether adsorbed biomolecules maintain bioactivity
5 T Si-CH;§ 2 o 3.2 M Gdn HOI . .. : : ‘-
g m \ < 010 %0.15 (enzymatic activity) in denaturing conditions.
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1. Adsorb BSA to the surface of SOMS at different degrees of loading 0101 [ AmideRegion 1] - 005 .
Measure the infrared spectrum of adsorbed BSA to determine the 020 Wavenumber (om) © Wavelength(em?) e P e e
folding state as a function of protein loading Figure 6: IR spectrum of BSA showing all amide Figure 7: IR spectra of BSA before and after adsorption Wavenumber (cm-) A C k n O W I ed g e m e n tS
3. Measure the structural stability of BSA adsorbed to SOMS using regions and SOMS peaks. to SOMS in three different loading quantities. Figure 11: IR spectra in the amide region for BSA adsorbed to SOMS (~385 mg BSA / g of SOMS) in

\_ thermal and chemical denaturation Y, varying guanidine HCI concentrations. The College of Wooster Independent Study Funding: Department of Chemistry
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