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Abstract

Thermal conformational changes in human serum albumin (HSA) in present with a 10
mM phosphate buffer, at pH=7 have been investigated via circular dichroism (CD) and UV
spectroscopic methods. The results indicate that temperature in a range of 25°C to 55°C could
induce a reversible conformational change in the structure of HSA. The HSA phase transition
corresponds to the physiological and pathological conditions of the body, especially fever. The
conformational change observed in HSA is accompanied by a mild conversion of its secondary
structures. Acetaminophen is a papular pain killer, and HSA is used as a drug carrier. Hence,
acetaminophen could it interact with HSA. The study of HSA — acetaminophen interaction
reveals the effects of acetaminophen on HSA structure, preventing it’s phase transition. HSA
— acetaminophen interaction leads to the stabilization of HAS. This interaction is accompanied
with 8 kJ/mol of free energy change. The structural changes within HSA due to it’s interaction
with acetaminophen could be considered as a drug side effect and it may affect the protein
functions.
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Introduction

Human serum albumin (HSA) is a major
protein component of blood plasma (present at
50 mg/ml (600 um)), which is also found in the
interstitial fluid of body tissues and has a half-
life of 19 days in humans (1, 2).

HSA has different roles in the body.
The most important ones are: maintenance
of normal oncotic pressure, binding to the
different substances and transporting drugs and
endogenous compounds, metabolic function
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such as inactivation of some compounds, and
acid-base function due to having numerous
charged residues and being abundant in plasma.
It also has an effective role in the regulation of
plasma buffer, anti-oxidant function and an anti-
coagulant effect (1, 3, 4). HSA is best known
for its ligand binding capacity, because it binds
to different substances ranging from metal ions
such as calcium (5), zinc (5), copper (6) and
nickel (7) to fatty acids (8), amino acids (9),
hormones and a wide variety of drugs (1-10).
HSA consists of a single polypeptide chain
of 585 amino acids with a molecular weight of
66500 Da. The chainis characterized by having no
carbohydrate moiety, a scarcity of triptophan and
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methionine residues and an abundant of charged
residues, such as lysine, arginine, glutamic acid
and aspartic acid (1). HSA is monomeric but
contains three alpha helical domains (I — III),
which are structurally similar. Each domain can
be divided into subdomains A and B, which
contain six and four alpha helices respectively
(11, 12). The flexibility and three-domain
structure of HSA makes the molecule have a
variety of binding sites. The fatty acid binding
sites are distributed throughout the protein and
involve all six subdomains, while most drugs
have specific binding sites which are known as
Sudlow's site I and II (13). The drug sites I and
IT are located in the subdomains IIA and IITA
respectively (12). Bulky heterocyclic anions bind
to site I, whereas site II is preferred by aromatic
carboxylates with an extended conformation.
Remarkably, ibuprofen, as a nonsteroidal anti-
inflammatory agent and warfarin (14) as an anti-
coagulant drug, are considered as stereotypical
ligands for Sudlow's site II and Sudlow's site
I respectively (1, 12, 13, 15-17). warfarin
shares its binding site with a range of other
drugs including phenylbutazone, tolbutamide,
indomethacin, salicylates, digitoxin, furosemide,
phenytoin, chlorpropamide and some penicillins
(4, 13, 18-20). Other experiments show that
low levels of fatty acids or elevated pH may
enhance the affinity of HSA for warfarin by
up to 3-fold (16, 21-22). Other drugs that bind
to the site II include diazepam and other 2, 3
benzodiazepines, naproxen and clofibrate (4).
Although examples of drug binding elsewhere
on protein have been documented (13, 23-24),
most work was focused on the primary drug
sites. Dennis et al. showed that study of albumin
— drug interaction is a general strategy for
improving the pharmacokinetics of proteins
(29).

In another study the interaction of 2, 2'-
bipyridine glycinate palladium (II) chloride
with HSA was investigated and the enthalpy of
unfolding was estimated from the comparison of
the equilibrium dialysis and the microcalorimetry
results. This thermodynamic parameter can be
considered as a measure of protein structural
change, and hence, as a side effect of the drug
(26). Acetaminophen (paracetamol), chemically
named as N-Acetyl-P-aminophenol (APAP)
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(27-28), is a popular pain killer. Its’ chemical
formula is illustrated below:

HO\QNH\
CH, c=0

In the present study, it is proposed that
acetaminophen binds to HAS and as a result
alters the structural aspects of the protein.
Circular dichroism (CD) and UV absorption
spectroscopic methods have been used to
determine the structural changes of HSA in the
temperature range of 25-60°C in the presence
and absence of acetaminophen.

Experimental

Materials

Serum albumin was obtained from Sigma
chemical Co. ,USA, The other substances of
reagent grade were obtained from Merck chemical
Co., Germany the buffer used throughout the
study was a 10 mM phosphate buffer, , pH 7.

Methods

CD spectra were recorded on a Jasco J-715
spectropolarimeter (Japan). Results are expressed
as ellipticity, [0] (degree cm?dmol'), based
on a mean amino acid residue weight (MRW),
assuming an average molecular weight of 113 Da
for the serum albumin. The molar ellipticity was
determined as [0], = (0 x 100MRW/cl), where
c is the protein concentration in mM, I the light
path length in cm and 0 the measured ellipticity
in degree at a given wavelength. The data was
smoothened using the Jasco J-715 software,
including the fast Fourier-transform noise
reduction routine, which allows enhancement
of most noisy spectra without distorting their
peak shapes. All the experiments were repeated
three times. The concentration of the protein
solution was 0.5 mg/ml. Acetaminophen
concentration for the related experiments was
0.01 mg/ml. Spectrophotometeric experiments
were performed by using a recording
spectrophotometer (U.Vmodel.3100 Shimadzu,
Japan). The sample cell contained 0.8ml of a 1
mg/ml serum albumin at fixed temperatures (25
- 60°C). The reference cell contained the buffer
solution and the absorption of sample cell was



recorded at a range of wavelengths, 230nm to
330nm. The extent amounts of absorbance at
from each temperature at 280 nm was determined
and illustrated as a function of temperature. The
experiment was repeated in the presence of 0.01
mg/ml of acetaminophen.

Results and discussion

UV spectroscopy is a suitable method for the
study of protein phase transition. This method
provides useful information about protein
stability and its physical and chemical properties
(29). Figure 1 represents the UV absorption
spectrum of HSA in the absence (solid line) and
presence (dash line) of acetaminophen at 280
nm as a function of temperature. The selected
temperature range (25°C -60°C) corresponds to
the predenaturation region of temperature (30).
In here acetaminophen affects on the HSA and
alters its physical properties, as shown from the
absorbances obtained through out the range of
wavelengths investigated (see Figure 1). It seems
that acetaminophen induces contraction of the
HSA structure, decreasing the accessibility of its
aromatic groups. Figure 2 shows the net effect
of acetaminophen on the absorption of HSA, In
here the extent of HSA-acetaminophen complex
absorptionis subtracted from HSA absorption and
the results illustrated as a function of temperature.
The effect of acetaminophen on HSA structure
is significant for lower temperatures (30°C
— 40°C), but falls to zero at about 70°C (see
extrapolation of Figure 2). It has been reported
that HSA unfolding occurs above 70°C (31),
hence the effect of acetaminophen on the HSA
structure limits to the predenaturation condition.
As depicted in Figure 1 (the thick part of solid
line) temperature induces phase transition within
HSA in the absence of acetaminophen. This
transition is a typical sigmoeidal curve starting
at 35°C and finishing at 45°C. The sigmoeidal
curve in correspondance to the two-state theory
(32) could be analyzed for the determination of
thermodynamic paremeters. The determination
of free energy change (AG®), as a criterion of
conformational stability of a globular protein, is
based on the two state theory as follows:
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Figure 1. UV absorption of HSA in the absence (solid line) and
presence (dashed line) of acetaminophen (0.01 mg/ml) at 280
nm as a function of temperature. The thick part of solid line
refers to the temperature induced phase transition in the HSA
in the absence of acetaminophen.

Pace (32, 33) described the process as a
single denaturant- dependent step according to
the two state theory. By assuming the two state
mechanism, one could determine the process
by monitoring the changes in the absorbance,
and hence calculating the denatured fraction of
protein (F,) as well as the determination of the
equilibrium constant (K).
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Figure 2. The net effect of acetaminophen on the absorption
of HAS. In here the extents of HSA-acetaminophen complex
absorption is subtracted from the HSA absorption and the
results (solid line) are illustrated as a function of temperature
(the concentration of acetaminophen is 0.01 mg/ml). The

dashed line is an extrapolation of the solid line.
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Figure 3. The standard free energy changes (AG°) of HSA
phase transition as a function of temperature.

Inhere Y, is the observed variable parameter
(e.g. absorbance) and Y, and Y, are the values
of the Y characteristic of a fully native and
denatured conformation respectively. The free
energy change (AG°) for equation (1) is given by
the following equation:

AG° =-RTLnK (4)

where R is the universal gas constant and T is

the absolute temperature and:
AG® = G, - G°, 5)

where G°, and G°), are free energies of
denatured and native orotein respectivelv. So
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Figure 4. CD spectra of HSA at the temperature range of 25°C
- 60°C in the presence (dashed line) and absence (solid line) of
acetaminophen (0.01 mg/ml).
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the larger negative values of AG? refer to the
higher affinity of protein for denaturation (phase
transition). Figure 3 shows the standard free
energy changes (AG®) of HSA phase transition
as a function of temperature. As depicted in
Figure 3 the amount of AG® for HSA phase
transition lies between 0 to -8 kJ/mol. The
amount of AG° for HSA phase transition is
equal to zero at 37°C but falls to -8 kJ mol!
at 44°C. UV spectroscopic analysis indicates
that the presence of acetaminophen prevents
the occurrence of the above-mentioned phase
transition.

CD is a suitable technique for detection of
structural changes of proteins. Near UV- CD is
applied widely for the study of tertiary structural
changes of protein while far UV-CD is one of
the best ways for studying the of secondary
structural changes of proteins during phase
transition. (34). Here, far UV-CD technique was
employed for the determination of the effect of
acetaminophen on the secondary structure of
HSA.

Figure 4 represents CD spectra of HSA at
the temperature range of 25°C - 60°C in the
presence (dashed line) and absence (solid line)
of acetaminophen. There is a considerable
difference between the obtained spectra, such
the effect of acetaminophen on HSA leads to
the formation of a new class of spectra which
are separated completely from the other one.
The obtained CD spectra in the presence of
acetaminophen include higher negative values
for the CD parameter relative to the spectra in
the absence of acetaminophen. This finding
refers to the induction of a greater degree of
secondary structure within HAS, due to the
effect of acetaminophen.

The extent of CD parameter at the
wavelength of 222 nm is proportional to the
o-Helix structure. Hence, the increase in the
negative value of this parameter corresponds to
the percentage of a-Helix secondary structure
of the protein. (34). Figure 5 represents the CD
parameter of HSA in the absence and presence
of acetaminophen at 222 nm as a function of
temperature. As depicted in Figure 3 there is a
considerable difference between the two curves.
Therefore, the presence of acetaminophen to
a greater extent induces the o —helix structure
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Figure 5. The CD parameter of HSA in the absence and
presence of acetaminophen (0.01 mg/ml) at 222 nm as a
function of temperature.

present within the HSA structure throughout the
range of all applied temperatures used. It seems
that the pattern of variation of CD parameter at
222 nm for both curves is similar. For detection
of the differences, the dashed line is subtracted
from the solid curve. Hence, the obtained
curve (Figure 6) refers to the net effect of
acetaminophen on the a-Helix content of HSA.

Regarding the UV spectroscopic findings, the
CD results (Figure 6) show a critical region in the
temperature range of 37°C — 45°C, characterized
with an increment of a-Helix structure.
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Figure 6. The net effect of acetaminophen (0.01 mg/ml) on the
CD parameter of HSA at 222 nm as a function of temperature. In
here the extent of HSA-acetaminophen complex CD parameter
at 222 nm (Figure 5) is subtracted from the HSA CD parameter
at 222 nm (Figure 5).
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Both the CD and UV spectroscopic findings,
confirm that acetaminophen prevents the HSA
phase transition at a critical temperature range,
including the physiological and pathological
conditions of the human body. The mechanism
through which acetaminophen affects the HSA
structure is the induction of a greater degree
of a-Helix. Acetaminophen is widely used as
a pain killer. It affects the HSA structure and
could alter the physicochemical properties
of HAS. This effect can be considered as an
acetaminophen side effect. The capacity of
HSA for ligand binding in the presence and
absence of acetaminophen at the physiological
and pathological condition is currently under
investigation in our laboratory.
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