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Human serum albumin (HSA), a monomeric 66 kD protein containing three homologous domains (I-III), is
an important carrier protein for several endogenous ligands (e.g. fatty acids, bilirubin, thyroxine). It also
binds a wide variety of drugs and has a significant impact on drug pharmacokinetics. The transport
capabilities of HSA have attracted interest for more than four decades. In recent years high-resolution
structural studies, coupled with the development of recombinant methods for expressing HSA in yeast, have

stimulated renewed interest in the protein. A
detailed characterisation of its binding properties
is necessary not only for understanding its key
physiological functions but also to help control
its impact on drug delivery and, most recently to
facilitate development as a designed delivery
vehicle for a range of therapeutic and diagnostic
reagents.

In an effort to understand the transport role of
HSA for natural and artificial compounds we are
engaged in a wide-ranging structural survey of
HSA-ligand complexes, primarily using protein
crystallography. We have already studied
complexes with fatty acids, thyroxine and several
drugs compounds, producing results that have
yielded several important new insights,
especially with regard to the interactions between
different binding sites on the protein [1-5].

One of our most striking observations is that
fatty acid binding produces a large
conformational change in the protein: domains I
and III both rotate outwards with respect to the
central domain II (Figure 1) [1, 2].  This
conformational changes has been characterised in
some detail using crystallographic techniques; in
particular we are currently examining the effects
that fatty acid binding has at the two primary
drug binding sites on the protein in order to
understand the cooperative and competitive
effects between fatty acids and drugs that have
been observed in binding assays.

HSA also undergoes a major structural alteration
in response to rises in pH. The so-called N-B
(neutral-to-basic) transition, which occurs in the
pH range 6-9 has been characterised using
circular dichroism and by observing fluorescence
changes in bound marker compounds. Of
particular importance is the observation that
physiological levels of calcium (2 mM) can

Figure 1: Comparison of defatted HSA (top) and the
HSA-myristate complex (bottom). The two structures
are shown in the same orientation, with their left-
hand edges aligned. Note that the molecule expands
significantly as a result of domain rotations when
fatty acids bind. The grey lines indicate the width of
defatted HSA.



depress the mid-point of the transition to around pH 7; this implies that the B-form of HSA may actually be
the dominant form present in plasma (pH 7.4). However the precise structural changes involved have not
been determined. So far it has not been possible to obtain crystals of HSA at the elevated pH required to
induce the B form of the protein. The current crystal structure of HSA was determined at pH 7 and is
presumed to represent the N form of the protein.

We have used small-angle
X-ray scattering (SAXS) to
probe the nature of the
conformational change that
occurs during the N-B
transition. Previous work by
has demonstrated that the
technique is able to detect
the conformational changes
that are induced by fatty
acid binding [6]; on the
basis of several strands of
evidence, we suspect that
the N-B transition may
involve similar
conformational changes [7].

We examined samples of
purified recombinant HSA
in the presence and absence
of fatty acids at neutral and
basic pH in order to obtain
new data on the N-B
transition and its
relationship to the structural
changes associated with fatty acid binding. The scattering curves obtained on beamline X33 for three of
these samples are indicated in Figure 2. The differences between them are small but significant. The
calculated radii of gyration—which give an indication of the apparent size of the molecule in solution—are
2.67nm for HSA at pH 7 (N-form), 2.80 nm for HSA-myristate at the same pH and 2.87 for HSA at pH 9 (B-
form). These data are consistent with our current understanding of ligand effects since crystallographic
studies have shown that fatty acid binding will cause a significant widening of the protein molecule. They
are also consistent with the notion that elevating the pH conditions for unliganded HSA gives rise to a
similar expansion. The data can be analysed further, using rigid-body refinement of crystallographic models
to arrive at a more detailed description of the conformational changes that occur to HSA under different
conditions. This work is in progress and should provide the first molecular model of the B-form of the
protein.
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Figure 2: Scattering curves for (1) HSA at pH 7, (2) HSA-myristate
at pH 7 and (3) HSA at pH 9.


