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Graphic Abstract
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Abstract

We report the binding of milk f-lactoglobulin (f-LG) with PEG-3000, PEG-6000 and
methoxypoly (ethylene glycol) anthracene (mPEG-anthracene) in aqueous solution at pH
7.4, using multiple spectroscopic methods, thermodynamic analysis, transmission electron
microscopy (TEM) and molecular modeling. Thermodynamic and spectroscopic analysis
showed that polymers bind f-LG via Van der Waals, H-bonding and hydrophobic
interactions with overall binding constants Kpgg-3000-5-L6= 9.2 (£ 0.9) x 10° M'l, KPpEG-6000-5-
1= 9.7 (£ 0.7) x 10° M and KumpEG-anthracenep1.6= 3.5 (£ 0.5) x 10* M. The binding affinity
was mPEG-antracene > PEG-6000 >PEG-3000. Transmission electron microscopy showed
significant changes in protein morphology as polymer-protein complexation occurred with
major increase in the diameter of the protein aggregate. Modeling showed several H-
bonding systems between PEG and different amino acids stabilized polymer-5-LG
complexes and the free binding energy indicated that the interaction process is spontaneous
at room temperature. Furthermore, mPEG-anthracene is a stronger protein binder than PEG-

3000 and PEG-6000 due to its major hydrophobic character.
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Introduction

Polyethylene glycol (PEG) (scheme 1) is a non-ionic hydrophilic polymer with stealth
behavior often used to increase the stability of particles and proteins in physiological
conditions. PEG conjugation to therapeutic proteins has emerged as an effective strategy for
drug-delivery.'” PEGylation of peptide and protein significantly alters protein structure and
function.’

Indeed, the mass and structure of PEG have been shown to play an important role in
PEG conjugated protein delivery. For example, small PEGs are more rapidly cleared than
larger ones from blood.®® It has also been shown that the structure of PEG molecule
markedly influenced PEG—protein conjugation.””

Despite the extensive investigations on PEG conjugated proteins, the effect of mass and
PEG structure on the protein-polymer complexation is poorly understood. Therefore, the
aim of this study was to evaluate the effects of both mass and structure of PEG polymers on
the protein-polymer interactions.

[-Lactoglobulin (f-LG) is an abundant milk protein with the ability to bind a wide

range of hydrophobic and hydrophilic compounds.''

Under physiological conditions, f-
LG exists as a mixture of monomers and dimers the equilibrium ratio of which depends on
the association constant of the dimer and on the protein concentration. Each monomer

consists of 162 amino acid residues and has a molecular mass of 18 kDa.*'** A-LG was

used as a simple model protein, in order to provide a better understanding of how mass and
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structure of PEG affect the polymer-protein interaction at the molecular level. In this study,
we report the spectroscopic analysis, thermodynamic parameters, TEM and molecular
modeling of the S-LG complexes with PEG-3000, PEG-6000 and mPEG-anthracene
(Scheme 1), in aqueous solution at pH 7.4. The structural analysis, regarding protein binding
sites and the effects of PEG hydrophilic and hydrophobic compositions on the f-LG stability

and morphology is also reported here.

Experimental section

Materials

fS-Lactoglobulin (A variant, purity > 90%), PEG-3000 and PEG-6000 were purchased from
Sigma Chemical Company and used as supplied. Methoxypoly (ethylene glycol) anthracene
(mPEG-anthracene) was from Polymer Source (Quebec). Other chemicals were of reagent
grade and used without further purification.

Preparation of stock solutions

PEG-3000, PEG-6000 and mPEG-anthracene were dissolved in Tris-HCI solution (pH 7.4).
The f-lactoglobulin was dissolved in aqueous solution (4 mg/ml to obtain 0.25 mM protein
content) containing Tris-HCl (pH 7.4). The protein concentration was determined
spectrophotometrically using the extinction coefficient of 17600 M cm™ at 280 nm.*
FTIR spectroscopic measurements

Infrared spectra were recorded on a FTIR spectrometer (Impact 420 model, Digilab),

equipped with deuterated triglycine sulphate (DTGS) detector and KBr beam splitter, using

AgBr windows. The solution of polymer was added dropwise to the protein solution with
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constant stirring to ensure the formation of homogeneous solution and to reach the target
polymer concentrations of 15, 30 and 60 uM with a final protein concentration of 60 uM.
The detailed spectroscopic treatments were carried out according to previous reports.'* **
Analysis of protein conformation

Analysis of the secondary structure of f-lactoglobulin and its PEG complexes was carried

out using FTIR spectroscopic analysis based on literature reports.'**

The protein secondary
structure is determined from the shape of the amide I band, located at 1660-1650 cm™’. The
FTIR spectra were smoothed and their baselines were corrected automatically using the
built-in software of the spectrophotometer (OMNIC ver. 7.3). Thus, the root-mean square
(rms) noise of every spectrum was calculated. By means of the second derivative in the
spectral region 1700-1600 cm™, five major peaks for S-lactoglobulin and the complexes
were resolved. The above spectral region was deconvoluted by the curve-fitting method
with the Levenberg-Marquadt algorithm and the peaks related to a-helix (1660-1650 cm™),
S-sheet (1640-1610 cm™), turn (1680-1660 cm™), and S-antiparallel (1692-1680 cm™) were
adjusted and the area were measured with the Gaussian function. The area of all the
component of the bands assigned to a given conformation were then summed up and

divided by the total area. The curve fitting analysis was performed using the GRAMS/AI

Version 7.01 software of the Galactic Industries Corporation.

Fluorescence spectroscopy
Fluorescence spectra were recorded with a Perkin-Elmer LS55 Spectrometer. The p-

lactoglobulin fluorescence emission was recorded at Acx = 295 nm and Ay, 342 nm. Stock
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solution of S-lactoglobulin (30 uM) in Tris-HCI buffer was prepared at 24 + 1 °C. Samples
containing 0.06 ml of the above protein solution and various polymer solutions were mixed
to obtain final polymer concentrations, ranging from 15 to 45 uM with constant f-LG
content (30 uM).

Transmission electron microscopy

The specimens were observed using a Philips EM 208S microscope operating at 180 kV.
The morphology of the complexes of f-LG with PEG-3000 and mPEG-anthracene in
aqueous solution at pH 7.4 were observed using transmission electron microscopy (TEM).
One drop (5-10 pL) of the freshly-prepared mixture [f-lactoglobulin solution (60 pM) +
polymer solution (60 uM)] in Tris-HCI buffer (24 + 1 °C) was deposited onto a glow-
discharged carbon-coated electron microscopy grid. The excess liquid was absorbed by a
piece of filter paper and a drop of 2% uranyl acetate negative stain was added before drying
at room temperature. The particle diameter was estimated by using IMAGEJ® software
analysis of the TEM micrographs. It should be emphasized that our determination of the
size was based on at least 5 groups (~lcm x lcm of the TEM image), each containing
almost 100 particles and the average size was deduced from these groups.

Molecular modeling

The docking studies were carried out with ArgusLab 4.0.1 software (Mark A. Thompson,
Planaria Software LLC, Seattle, Wa, http://www.arguslab.com). The S-LG structures were
obtained from literature report** and the PEG three dimensional structures were generated
from PM3 semi-empirical calculations using Chem3D Ultra 11.0. The whole protein was

selected as a potential binding site, since no prior knowledge of such site was available in
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the literature. The docking runs were performed on the ArgusDock docking engine using
regular precision with a maximum of 1000 candidate poses.

Results and Discussion

Fluorescence spectroscopy and binding parameters for polymer-#-LG adducts

The intrinsic fluorescence of S-LG was studied in the presence of various polymer
concentrations, in order to determine the nature of interaction and the binding parameters
between the PEG and the f-LG. The fluorescence emission spectra of f-LG (10 uM) at pH
7.4 with different concentrations of PEG-3000, PEG-6000 and mPEG-anthracene are shown
in Fig. 1. The emission maxima (Aem) of the free S-LG was observed at 342 nm. The
fluorescence intensity of f-LG was gradually decreased as the polymers concentration
increased (Fig. 1A-C). The changes indicate that the quenching of protein intrinsic

. . . 11,12
fluorescence is due to polymer-protein complexation.

Furthermore, a minor blue shift
(from 342 to 340 nm) was observed with increasing PEG concentration. This blue shift was
more pronounced for mPEG-anthracene (from 342 to 338 nm). The blue shift indicates that
the fluorophore (i.e., tryptophan) is experiencing a more hydrophobic environment as
compared to its native state. This means protein in the presence of PEG undergoes a
conformational change, such as that the tryptophan residue (fluorophore) inside S-LG
becomes more exposed to the surface after the polymer-protein complex formation. This is

also consistent with the FT-IR results that showed major protein conformational changes

upon polymer interaction (will be discussed further on).
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The fluorescence quenching of a protein by ligand can be dynamic, static or
both.***” To elucidate the nature of fluorescence quenching mechanism, the fluorescence
data was analyzed using the Stern-Volmer equation (Eq. 1)

Fy/F=1+Ks[Q] =1+ K,z[Q] (1)
where, Fy and F represent the steady-state fluorescence intensities in the absence and
presence of quencher. K, is the quenching rate constant, 7y1s the average lifetime of protein
in the absence of quencher (1.2 ns) for free f-LG at neutral pH."? [Q] is the molar
concentration of quencher and Ky is the Stern-volmer constant.”® The plots of Fy/F versus
[Q] showed a linear feature for all polymers (Fig. 2), which means that static or dynamic
quenchings can occur.”®*’ The values of Kg, were obtained from the slope of linear
regressions of the Stern-Volmer plots (Fig. 2) and the K, values were deduced from
equation 1 and listed in the Table 1. The K, values for all PEG--LG complexes (at 298.15
K) were found to be greater than the maximum value for a diffusion-controlled quenching
process (10'° M s™),%° which shows that the quenching mechanism of A-LG by PEG is
static.

Additionally, the dynamic or static quenching can also be determined by
temperature variations. In the case of dynamic quenching, higher temperature results in
faster diffusion and consequently, in a larger quenching rate constant (K,). In contrast, in
static quenching, raising temperature results in decreasing complex stability and decreasing
of the static quenching constant.**?” As shown in Table 1, the values of Kgy and K,
decreased with increasing temperature and this confirms that the static quenching is

predominant in these PEG-protein complexes.
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It should be noted that in the case of static quenching, the Stern-Volmer quenching
constant (Ksy) can be taken as binding constant of the quencher to the fluorophore.*>' The
calculated binding constant for PEG showed that PEG-3000 binds to f-LG with the binding
affinities of the order 10° M"' (Table 1). Increasing the PEG chain to PEG-6000 has no
major effect on the affinities of PEG-4-LG binding (Table 1). However, by substitution of
anthracene (a hydrophobic molecule) in PEG leads to a huge increase of Ky value from 10°
M to 10* M for mPEG-anthracene-f-LG adduct (Table 1). Therefore it is evident that the
hydrophobic force plays an important role in the PEG-protein binding.

Thermodynamic analysis of polymer-£-LG adducts

The thermodynamic parameters were analyzed, in order to examine the
different intermolecular forces involved in the formation of polymer- protein complexes
with PEG-3000, PEG-6000 and mPEG-anthracene. The thermodynamic parameters
(standard enthalpy changes, AH; standard entropy changes, AS and standard Gibbs free
energy changes, AG) for PEG-protein interaction were determined at pH 7.4, conducted at

three different temperatures: 298.15, 308.15 and 318.15 K, using the equations 2 and 3.

_AH  AS
logK,, = + 2
08 = 303RT T 2.303R @
AG = AH —TAS 3)

Where, T and R are the temperature and gas constants, respectively.
According to the binding constants K, measured at three temperatures (298.15, 308.15 and
318.15 K), the AH and AS values were estimated from the linear relationship between log

Ksy and the reciprocal thermodynamic temperature (1/T) (Fig. 3 and Table 2). The AG was
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calculated using Eq. (3). As one can see, the AH and AS were found to be -51.71 kJ.mol™
and -98.58 J.mol" K™ for the binding between PEG-3000 with f-LG and -33.21 kJ.mol
and -35.66 J.mol" K™ for the binding between PEG-6000 with f-LG. While for mPEG-
anthracene, the AH and AS were 11.63 kJ.mol" and 32.49 J.mol K™ (Table 2). All three
PEG-4-LG complexes have negative AH and AG, which show that the binding process was
exothermic and spontaneous at different temperatures.

AS is a measure of the disorder in a system during the reaction and thus, in polymer-
protein complex formation, AS involves in the two main processes with the opposite
contributions: (i) the approaching of PEG to f-LG, which results in the decrease of freedom
with negative AS and (ii) the binding of PEG to S-LG, which could lead to protein
conformational changes increasing the freedom of the complex with positive AS. Therefore,
the positive value of AS indicates that entropy provides a contribution to the standard Gibbs
free energy changes (AG). Furthermore, the positive AS is frequently taken as a typical
evidence for hydrophobic interaction.*>

Interestingly, it is found that in the binding between PEG-3000 and PEG-6000 with S-
LG, the major contribution to AG arises from the AH (negative value), rather than the AS
(negative value), so the binding process is enthalpy driven (Table 2). Therefore, the
negative AH and AS values (Table 2) suggest the involvement of van der Waals force and
hydrogen bonding in the PEG-3000-4-LG and PEG-6000-3-LG complex formation.**~*
However, a decrease in entropy (Table 2) is attributed to the formation of hydrogen bond
between PEG-3000 and PEG-6000 with S-LG, which markedly reduces the degrees of

freedom, because the system is more ordered after the complex formation. In contrast, the



RSC Advances

11

binding reaction between mPEG-anthracene with f-LG, both AH (negative value) and AS
(positive value) were favorable to a polymer-protein complexation (Table 2). However, the
negative enthalpy (AH = -11.63 kJ.mol") and entropy (T*AS = -9.68 kJ.mol" at 298.15 K)
for mPEG-anthracene-f-LG, both terms provide about the same contribution to AG, which
indicates that the binding process is enthalpy and entropy driven (Table 2). It can therefore
be concluded that hydrogen bonding and hydrophobic interactions are the main forces
behind the binding of mPEG-anthracene with f-LG.> These findings also suggest that PEG-
protein complexation is more stable when both hydrogen bonding and hydrophobic contacts
are involved in the binding process.
FT-IR spectroscopic analysis of polymer-f-LG complexes
The polymer-protein interaction was characterized by infrared spectroscopy. The protein
amide I band at 1660-1650 cm™ (C=0 stretching vibrations) and amide II band at 1550-
1530 cm™ (C-N stretching coupled with N-H bending modes)*® can be used to assess the
polymer-protein complexation. The amide I band is also used to quantify protein
conformational changes, upon ligand interaction.'* >

Given that there was no major spectral shifting for the protein amide I and II bands
upon polymer interaction, the difference spectra [(f-LG solution + polymer solution) — (-
LG solution)] were generated, in order to monitor the intensity variations of the amide
bands and the results are shown in Fig. 4. At low polymer concentration 15 uM, several
negative features were observed in the difference spectra for the protein amide I and amide
IT at 1642 and 1537 cm™ (PEG-3000-4-LG), at 1640 and 1533 cm™ (PEG-6000-8-LG) and

at 1641 and 1538 cm™' (mPEG-anthracene-f-LG) (Fig. 4A-C, diff,, 15 uM). As polymer

Page 12 of 32



Page 13 of 32

RSC Advances

12

concentration increased to 60 uM, larger negative features were observed for the protein
amide I and amide II at 1640 and 1535 cm™ (PEG-3000-4-LG), at 1639 and 1534 cm’
(PEG-6000-4-LG) and at 1639 and 1538 cm” (mPEG-anthracene-5-LG), upon polymer-
protein complexation (Fig. 4A-C, diff., 60 uM). These negative features are related to the
intensity reduction of the protein amide I and amide II bands, upon polymer-protein
complexation. The results indicate that the polymer-protein interaction occurs with protein
C=0 and C-N groups. It is worth mentioning that the observed decrease in intensity of the
amide I and amide II in the presence of polymers is also due to a change in protein
conformation, which is discussed below. This is also consistent with the fluorescence results
that showed major protein conformational changes upon polymer interaction.

In order to evaluate the conformational changes of f-LG upon PEG interaction, a
quantitative analysis of the protein secondary structure for the free f-LG and its complexes
(-LG-PEG) has been carried out and the results are shown in Figure 5 and Table 3. The
free f-LG has 58% f-sheet (1640, 1623 cm™), 11% a-helix (1655 cm™), 14% turn structure
(1667 cm™) and 17% p-antiparallel (1679 cm™) as previously reported.'*'* Upon PEG
interaction, major changes of the a-helix from 11% (free f-LG) to 34% (PEG-3000-5-LG),
28% (PEG-6000--LG) and 46% (mPEG-anthracene-$-LG) with a reduction of f-sheet
structure from 58% (free f-LG) to 47% (PEG-3000-5-LG), 52% (PEG-6000-4-LG) and
29% (mPEG-anthracene-f-LG) were observed (Table 3). The major alterations of f-LG
conformation (reduction of the f-sheet and increase of the a-helix structure) are due to a
partial protein destabilization. Our results are consistent with those of the recent studies by

CD spectroscopy that showed PEG-BSA interaction alters protein conformation.’’*®
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Morphological characteristics of polymer-§-L.G aggregates

The changes in the morphological aggregation of A-LG molecules after polymer
complexation can be observed visually by using transmission electron microscopy (TEM).
The TEM photographs of f-LG in the absence and presence of PEG-3000 and mPEG-
anthracene in aqueous solution at pH 7.4 are shown in Fig. 6. As TEM photograph of the
native -LG (i.e., without polymers Fig. 6A) shows, it is likely that we have minor spherical
aggregates. Aggregates take the form of white masses due to the negative staining
procedure employed. The observed changes in TEM photograph are consistent with the fact
that as a globular protein, native f-LG is almost spherical with a packing density at the
interior of the molecule, which shows that the hydrophobic amino acid residues tend to be
buried inside the protein, whereas hydrophilic charged groups are located on the surface, in
contact with the aqueous phase as reported in the literature.”**' The particle size analysis of
S-LG in the absence of polymers shows that the particle size ranges from 3 to 12 nm with a
mean diameter of 5.48 +2.29 nm (Fig. 6A).

Upon mixing f-LG with PEG-3000 and mPEG-anthracene, the stable dispersions of
S-LG aggregates become more evident in the TEM photographs (Fig. 6B-C). These results
suggest that PEG-protein complexation causes a major change in protein morphology. As a
consequence, segments of different f-LG molecules may interact through hydrophobic
contacts or by forming hydrogen bonds, leading to aggregation. TEM images show that the
number and size of the spherical aggregate has been increased after PEG-4-LG complexes

formed (Fig. 6B, C, E and F) compared to the small aggregate observed in native f-LG
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molecules (Fig. 6A and 6D). The size aggregate analysis reveals that the mean diameter of
the aggregation of f-LG with PEG-3000 and mPEG-anthracene is 12.09 and 17.57 nm,
respectively (Fig. 6E). It is worth mentioning, that the increase of the diameters of f-LG
aggregates are consistent with those of the binding constants estimated by fluorescence data
that showed more stable complexes form with mPEG-anthracene (Table 1).

The results can be explained by the nature of the interactions between f-LG and PEG-
polymers. As we mentioned earlier in the section related to the FT-IR and fluorescence
spectroscopic studies, polymer induced major perturbations of secondary protein structure.
The protein secondary structure is the specific geometric shape caused by intramolecular
hydrogen bonding of amide groups. Therefore, in the case of PEG-3000-4-LG complex, the
increases in diameter of f-LG aggregate (110%) is due to the intermolecular hydrogen
bonding between PEG-3000 and protein, which constitutes the predominant interaction
force of protein-polymer complexation, as shown by the thermodynamic analysis. Thus,
intramolecular hydrogen bonds with amide groups are lost at the expense of the
intermolecular hydrogen bonds between PEG and f-LG, which causes the changes in the
secondary structure of protein and thereby their morphology. While, in the case of mPEG-
anthracene-f-LG complex, 300% increase in f-LG aggregate diameter is due to the fact that
hydrogen bonding and hydrophobic interactions are the main forces behind protein-polymer
complexation. In native protein, this larger morphological perturbation comes from the fact
that the hydrophobic amino acid residues are buried inside the protein core. Thus, to
promote the hydrophobic interactions between mPEG-anthracene and f-LG, protein must

expose its hydrophobic residues to the surface and adopt a conformation which facilitates
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complex formation, thereby causing a larger perturbation in protein secondary structure than
that of the PEG-3000 (Table 3).

Docking studies

Docking study was used to locate the preferred polymer binding sites with protein. The
models of the docking for polymer are shown in Fig. 7 and Table 4. Several amino acids are
located in the vicinity of PEG and PEG-anthracene (Fig. 7 and Table 4). The presence of
several H-bonding systems stabilizes the PEG-f-LG and PEG-anthracene complexes (Table
4). As one can see different amino acids are involved in PEG and PEG-anthracene
complexation, due to the mainly hydrophilic character of PEG and the very hydrophobic
nature of PEG-anthracene. This is consistent with more stable complexation of mPEG-
anthracene with f-LG than the PEG-3000 and the PEG-6000 (Table 1). The findings are
also in agreement with the TEM results that showed larger increase in protein diameter with
mPEG-anthracene than those of the PEG-3000 and the PEG-6000 (Fig. 6). Since f-LG
contains a large hydrophobic domain it seems hydrophobicity of anthracene residue results
in a stronger mPEG-anthracene-protein complex formation.

Conclusions

Spectroscopic results showed that PEG mass and compositions have a major effect on
polymer-4-LG interactions. mPEG-anthracene forms more stable complexes than PEG-
3000 and PEG-6000. Thermodynamic analysis showed that polymer-protein binding
process is enthalpy and entropy driven with hydrogen bonding, van der Waals and
hydrophobic contacts. Polymer-protein interaction alters f-LG conformation with mPEG-

anthracene causing larger perturbations of protein conformation than PEG-3000 and PEG-
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6000, due to its major hydrophobic character. Major alterations of protein morphology were
observed as protein-PEG complexation occurred with drastic increase in the diameter of
protein aggregates. Modeling showed the presence of several hydrogen bonding systems
between PEG and different amino acids that stabilized polymer-$-LG complexes. The
results are expected to provide important insight into the binding mechanism of protein with
PEG and its derivatives and to increase our understanding about the effects of PEG on

polymer-protein interactions.
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Captions for Figures

Figure 1. Fluorescence emission spectra of f-LG in 10 mM Tris-HCI (a) under varying
concentrations of (A) PEG-3000, (B) PEG-6000 and (C) mPEG-anthracene. Aex = 295 nm.
T=298.15 K, pH 7.4, [f-LG] = 30 uM. Concentrations of polymers from (a) to (e) are 0,
15, 25, 35 and 45 pM, respectively.

Figure 2. Stern-Volmer plots for fluorescence quenching data of the PEG-3000-5-LG (A),
PEG-6000-4-LG (B) and mPEG-anthracene-f-LG (C) at three different temperatures and
pH 7.4.

Figure 3. van’t Hoff plots of f-LG interaction with the three polymers; PEG-3000 (A),
PEG-6000 (B) and mPEG-anthracene (C).

Figure 4. FTIR spectra in the region of 1800-600 cm™ of hydrated films (pH 7.4) for free
S-LG (60 uM) and its PEG complexes for (A) PEG-3000 and (B) PEG-6000 and (C)
mPEG-anthracene with difference spectra (diff.) (bottom two curves) obtained at different
polymer concentrations (indicated on the figure).

Figure 5. Second derivative resolution enhancement and curve-fitting of the amide I region
(1700-1600 cm™) for free f-LG and its PEG complexes with 60 pM polymer (pH 7.4).
Figure 6. TEM photographs showing the morphology of f-LG at pH 7.4 and 24°C: (A) in
the absence of the polymers; in the presence of the: (B) PEG-3000 and (C) mPEG-

anthracene; The histogram of f-LG particle size distribution: (D) in the absence of the PEG;
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in the presence of the: (E) PEG-3000, (F) mPEG-anthracene (the concentrations of f-LG
and polymers were 60 uM in all samples).
Figure 7. Docking results of PEG—f-LG and PEG-anthracene-f-LG complexes. View of

the nearest amino acids surrounding PEG with H-bonding network and free binding energy.
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Table 1. The quenching constants for PEG-f-LG complexes at three different

temperatures
Quenching constants
Complexes Temperature
X Stern-Volmer constant, Kgy Quenching rate constant, K

M (M1s 1)
298.15 9.2 x 103 7.67 x 1012
PEG-3000-5-LG 308.15 3.2x10° 2.:67 16"
318.15 2.5x10° 2.08 x 1012
298.15 9.7 x 103 8.08 x 1012
PEG-6000-4-LG 308.15 50x 103 41T 216
318.15 4.2 x 10° 35x 1012
298.15 55 x10¢ 4.58 x 1013
mPEG-anthracene-B-LG 308.15 4.5 x 10 375 %1018
318.15 4.1x 10* 3.41 x 1083

Table 2. Thermodynamic parameters for PEG-#-LG complexes and the nature of

interaction predicted from these parameters

Thermodynamic parameters

Predominant

Complexes AH AS AG interaction
(KJ. mol'l)  (J. mol'l. K-1) (KJ. mol)

-22.32 (298.15K) Van der Waals forces
PEG-3000-5-LG -51.71 -98.58 -21.34 (308.15K) and hydrogen bonding
-20.35 (318.15K)

-22.57 (298.15K) Van der Waals forces

PEG-6000--LG -33.21 -35.66 -22.21 (308.15K) and hydrogen bonding
-21.86 (318.15K)
-21.31 (298.15K) H-bonding and
mPEG-anthracene-f-LG -11.63 32.49 -21.64 (308.15K) Hydrophobic

-22.96 (318.15K) interactions




RSC Advances

23

Table 3: Secondary structure analysis for amide I region (infrared) in free f-LG and
its polymer complexes at pH 7.4.

. 1 free f-LG | PEG-3000 | PEG-6000 | MPEG-
Amide I (cm™) H o o anthracene
components (Vo) (Vo) (Vo) (%)
60 pM 60 uM 60 pM 60 UM
a-helix (£2) 1654-1660 11 34 28 46
f-sheet (£2) 1614-1637 58 47 52 29
turn (£2) 1670-1678 14 12 12 18
f-antiparallel (1) 1680-1691 17 7 8 7
Table 4. Amino acid residues involved in PEG-#-LG complexes
Complex Amino acids in the vicinity of PEG AG pinding
P (Kcal/mol)
*Glu-44, Glu-45, **Lys-47, Glu-55,
PEG-4-LG *GIn-59, **GIn-68, *Lys-70, Gln- -5.57
159
Leu-39, Val-41, Leu-58., Lys-60,
Lys-69, Ile-71, **Asn-88, **Asn-90,
PEG-Ant-f-LG Met-107, *Asn-109, Glu-114, -10.79
Ser-116

*Hydrogen bonding involved with these amino acids.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 7
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