
Introduction

Human serum albumin (HSA), as the most abundant

protein constituent of blood plasma, has a high affinity

to an extraordinarily diverse range of materials, such as

drugs, metabolites, fatty acids and metal ions [1–3].

HSA can bind and carry through the bloodstream many

drugs, which are poorly soluble in water and it is also re-

sponsible for the maintenance of blood pH, the drug dis-

position and efficacy, and the contribution of colloid os-

motic blood pressure [4, 5]. The unique feature of

albumin is its ability to bind a wide variety of com-

pounds, mainly because of the availability of hydropho-

bic pockets inside the protein network and the flexibility

of the albumins to adapt its shape [6–8]. The crystallo-

graphic analysis of HSA revealed that this protein is a

single-chain 66 kDa protein, which is largely �-helical,

and consists of three structurally homologous domains

that assemble to form a heart-shaped molecule. Each do-

main is a product of two subdomains, which are pre-

dominantly helical and extensively cross-linked by sev-

eral disulfide bridges [8–10].

Erbium is one of the rare chemicals that can be

found in houses in equipment such as color televi-

sions, fluorescent lamps, energy-saving lamps and

glasses. All rare chemicals have comparable proper-

ties. Erbium will gradually accumulate in soils and

water soils and this will eventually lead to increasing

concentrations in humans, animals and soil particles.

The use of erbium is still growing, due to the fact that

it is suited to produce catalysers and to polish glass.

Erbium is mostly dangerous in the working environ-

ment, due to the fact that damps and gasses can be in-

haled with air. This can cause lung embolisms, espe-

cially during long-term exposure. Erbium can be a

threat to the liver when it accumulates in the human

body [11]. All erbium compounds should be regarded

as highly toxic because the biological properties of

the lanthanides, primarily based on their similarity to

calcium, have a high affinity for Ca
2+

sites on biologi-

cal molecules and hence can act as either Ca
2+

inhibi-

tors or probes. Although the lanthanide cannot gain

access to intracellular organelles, they have been used

as biochemical probes to study calcium transport in

mitochondria and other organelles [12]. The biologi-

cal properties of the lanthanides, primarily based on

their similarity to calcium, have been the research ba-

sis into the potential therapeutic applications of

lanthanides, since the early part of the twentieth cen-

tury. The lanthanides have similar ionic radii to cal-

cium, but by virtue of possessing a higher charge,

they exhibit a high affinity for the Ca
2+

sites on bio-

logical molecules and a stronger binding to water

molecules [12–14]. One of the major physiological

effects of the lanthanide (Ln
3+

) ions is to block both

the voltage operated and the receptor operated cal-

cium channels. Ln
3+

can block the Na
+
/Ca

2+
synaptic

plasma membrane exchange and inhibit the skeletal,

smooth and cardiac muscle contraction by blocking

the Ca
2+

-ATPase in the sarcoplasmic reticulum of the

muscle. The Ln
3+

ions themselves are unable to cross

the cell membranes, but they act by blocking the exte-
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rior face of the calcium channel. Though Ln
3+

cannot

gain access to the intracellular organelles, they have

been used as biochemical probes to study the calcium

transport in mitochondria and the other organelles

[15, 16]. The lanthanides can substitute calcium in

proteins, even though it should be noted that the Ln
3+

ions can also substitute other metal ions, such as

Mg
2+

, Fe
3+

and Mn
2+

. The calcium dependent en-

zymes can either be inhibited by lanthanides, or in

some cases, be activated to a similar or greater extent

by calcium. It has been proposed that the stimulatory

or inhibitory effect of the lanthanides may be a func-

tion of the role of calcium in the native enzyme. The

interest in lanthanides regarding the biochemical

reactions arises from the fact that they can be used as

probes to unravel the interactions between Ca
2+

and

the biologically important molecules [17–19].

This work represents the most comprehensive

study on the interactions between Er
3+

cations with

HSA and provides new evidence for validity of our re-

cently introduced solvation model and more insights

into the interactions of Er
3+

with HSA for further un-

derstanding of the effects of metal ions on the stability

and the structural changes of macromolecules.

Experimental

Materials

HSA was obtained from Sigma and Er
3+

was purchased

from Merck. Protein concentrations were determined

from absorbance measurements at 277 nm in 1 cm

quartz cuvettes. All other materials and reagents were

of analytical grade, and solutions were made in 50 mM

buffer phosphate using double-distilled water.

Method

The isothermal titration calorimetric experiments

were carried out on a VP-ITC ultra sensitive titration

calorimeter (MicroCal, LLC, Northampton, MA).

The microcalorimeter consists of a reference cell and

a sample cell of 1.8 mL in volume, with both cells in-

sulated by an adiabatic shield. All solutions were

thoroughly degassed before use by stirring under vac-

uum. The sample cell was loaded with HSA solution

(40 �M) and the reference cell contained buffer solu-

tion. The solution in the cell was stirred at 307 rpm by

the syringe (equipped with micro propeller) filled

with ErCl3 solution (500 �M) to ensure rapid mixing.

Injections were started after baseline stability had

been achieved. The titration of HSA with ErCl3 solu-

tion involved 30 consecutive injections of the ligand

solution, the first injection was 5 �L and the remain-

ing ones were 10 �L. In all cases, each injection was

done in 6 s at 3-min intervals. To correct the thermal

effects due to ErCl3 dilution, control experiments

were done in which identical aliquots were injected

into the buffer solution with the exception of HSA. In

the ITC experiments, the enthalpy changes associated

with processes occurring at a constant temperature are

measured. The measurements were performed at a

constant temperature of 27.0�0.02°C and the temper-

ature was controlled using a Poly-Science water bath.

The measurement accuracy of VP-ITC ultra sensitive

titration calorimeter was 0.4 �cal.

Results and discussion

We have shown previously that the enthalpies of the

HSA+Er
3+

interactions in the aqueous solvent system

can be accounted for quantitatively in terms of three

factors: preferential solvation by the components of a

mixed solvent, weakening or strengthening of sol-

vent–solvent bonds by the solute and the change in the

enthalpy of the solute–solvent interactions [20–25].

This treatment leads to:
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B B
� �( )n N are the composite parameters which

reflect to the net effect of Er
3+

cations on the HSA sta-

bility in the low and high Er
3+

concentrations respec-

tively, with �n resulting from the formation of a cavity

wherein nEr
3+

cations become the nearest neighbors of

the HSA and 
N reflecting the enthalpy change from

strengthening or weakening of water+Er
3+

bonds of N

solvent molecules (N�n) around the cavity. The posi-

tive values for � � 

	 	

A A
� �( )n N or � � 


	 	

B B
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indicate that Er
3+

cations stabilized the HSA structure

and vice versa. The constants � and 
 reflect the pro-

portion of the total enthalpy of water+Er
3+

binding

which is associated with the cavity formation and mod-

ification of solvent structure (water+Er
3+

) around the

cavity, respectively. Cooperative binding requires that

the macromolecule have more than one binding site,

since cooperativity results from the interactions be-

tween binding sites. If the binding of ligand at one site

increases the affinity for ligand at another site, the

macromolecule exhibits positive cooperativity. Con-

versely, if the binding of ligand at one site lowers the

affinity for ligand at another site, the protein exhibits

negative cooperativity. If the ligand binds at each site

independently, the binding is non-cooperative. p<1 or

p>1 indicate positive or negative cooperativity of

macromolecule for binding with ligand respectively;

p=1 indicates that the binding is non-cooperative. �x
B

can be expressed as follow:
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