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Calcium and zinc binding protein, calprotectin is a

multifunctional protein with broad spectrum antimicrobial

and antitumoural activity. It was purified from human

neutrophil, using a two-step ion exchange chromatography.

Since surface hydrophobicity of calprotectin may be

important in membrane anchoring, membrane penetration,

subunits oligomerization and some biological roles of

protein, in this study attempted to explore the effect of

calcium in physiological range on the calprotectin

lipophilicity. Incubation of human calprotectin (50 µg/ml)

with different calcium concentrations showed that 1-

anilino-8-naphthalene sulfonic acid (ANS) fluorescence

intensity of the protein significantly elevates with calcium

in a dose dependent manner, suggesting an increase in

calprotectin surface hydrophobicity upon calcium binding.

Our study also indicates that calcium at higher

concentrations (6, 8 and 10 mM) induces aggregation of

human calprotectin. Our finding demonstrates that the

starting time and the rate constant of calprotectin

aggregation depend on the calcium concentration.

Keywords: Aggregation, ANS-binding fluorescence, Calcium,
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Introduction

Myeloid-related protein (MRP) 8 and MRP14 are two small

anionic proteins, with zinc and calcium binding capacity; they

belong to S-100 protein family and abundantly found in

cytosolic fraction of neutrophils (Hessian et al., 1993; Bella

and Rossmann, 1999). They form a heterodimeric complex in

a calcium dependent manner that called MRP8/14,

calprotectin or cystic fibrosis antigen (Steinbakk et al., 1990;

Murao et al., 1998). Human MRP8 and MRP14 have

molecular masses of 11 and 14 kDa with 93 and 114 amino

acids, respectively. Each subunit of the protein is composed of

two distinct calcium binding motifs (EF-hand) flanked by

hydrophobic regions at either terminus and separated by a

central hinge region (Ordink et al., 1987; Hessian et al., 1993).

Calprotectin shares properties with calmodulin but differ in

molecular mass and it would be expected to exert a major

biological effect by modifying the intracellular calcium level

(Burgess et al., 1980). High concentration of calprotectin in

neutrophil acts as calcium sink and may be protecting cells

from harmful effect of prolonged calcium elevation.

Calcium is a key secondary messenger during signal

transduction and calprotectin may binds to free intracellular

calcium and interfere with signal transduction (Heizmann and

Hunziker, 1991).

Calprotectin is a multifunctional protein with broad

spectrum antimicrobial and antitumoural effects (Steinbakk et

al., 1990; Satoru et al., 1997) that is significantly elevated in

the serum and body fluids of patients with cystic fibrosis

(Dorin et al., 1987) and inflammatory states such as

rheumatoid arthritis (Berntzen et al., 1991), Crohn’s disease

(Lawrance et al., 2001) colorectal carcinoma (Tibble et al.,

2001), multiple sclerosis (Bogumil et al., 1998) and human

immunodeficiency virus (HIV) infection (Müller et al., 1994).

Also the large subunit of calprotectin is expressed in brain

tissue of those suffering from the amyloid disease, Alzheimer

(Akiyama et al., 1994).

A variety of possible functions have been proposed for

calprotectin such as the capacity for binding to poly

unsaturated fatty acids (PUFAs) governed through calcium

binding (Klempt et al., 1997; Kerkhoff et al., 1999).

Investigators have shown that calprotectin inhibits the activity

of casein kinases I and II (Murao et al., 1989), two enzymes

that mediate RNA polymerase (Stetler et al., 1982; Rose et

al., 1983) and topoisomerase activity (Ackerman et al., 1985).

Research also reveals that calcium binding induces
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conformational changes in the molecule, complex formation,

phosphorylation of MRP14 and translocation (Edgeworth et

al., 1989; Teigelkamp et al., 1991; Roth et al., 1993). Upon

calcium binding, calprotectin translocates from the cytosol to

the cytoskeleton and to the plasma membrane. As the protein

kinase C (PKC) activates, this protein is released from human

monocytes by a novel secretory pathway that is energy

consuming and depends on the intact microtubule network

(Roth et al., 1993; Guignard et al., 1996; Rammes et al.,

1997).Since the protein does not contain a membrane

anchoring region or signal peptide for secretion, the

mechanism by which calprotectin penetrates the plasma

membrane and how this protein complex is anchored in the

membrane is unclear (Muesch et al., 1990). Hence surface

hydrophobicity of calprotectin may be important in membrane

anchoring, membrane penetration, subunits oligomerization

and probably some biological roles of this protein.

In this study, we attempted to examine the effect of calcium

concentration at physiological range on the human calprotectin

lipophilicity. Also we investigated calprotectin aggregation at

higher calcium concentrations. Aggregation can be associated

with aberrant interaction with metal ions, changes in

environmental conditions such as pH or temperature or

chemical modification (oxidation and proteolysis), specific

mutation and miss processing phenomena (Stefani and

Dobson, 2003). Early aggregates have an intrinsic ability to

impair fundamental cellular processes by interacting with

cellular components (Bucciantini et al., 2002). The presence

of toxic aggregates inside or outside of cells can impair a

number of cell functions that ultimately lead to cell death

(Morishima et al., 2001). The mechanism for calprotectin

cell-death inducing activity is not precisely clear and calcium-

induced calprotectin aggregation may be important in the cell-

death inducing pathway of this protein.

Materials and Methods

Materials Dithiothreitol (DTT) and Lymphoprep were obtained

from the Merck and Amersham Company, respectively. Fetal calf

serum (FCS) was obtained from veterinary faculty at the University

of Tehran. RPMI 1640 medium, Penicillin, Streptomycin and all

other reagents and solvents were purchased from Sigma Chemical

Co. (St. Louis, USA) and were at least of analytical grade. All

solutions were made in double -distilled water.

Cell line K562 Chronic myelogenous leukemia cells were

obtained from the cell bank of Pasteur Institute of Iran. These cells

were maintained in RPMI 1640 medium supplemented with 10%

FCS in a humidified incubator (37oC and 5% CO2).

Neutrophil isolation and extraction Fresh human blood was

collected randomly from healthy donors into heparinated plastic

bags and leukocytes isolation was performed by the dextran

sedimentation in principle according to Skoog and Beck (Skoog,

and Beck, 1956). One unit of 500 ml heparinated blood was mixed

with 250 ml dextran T-500 (solution 6%). Sedimentation was

allowed to proceed for 45 min at room temperature. The

supernatant layer was harvested and leukocytes were spun down at

200 × g for 20 min at 4oC. Remaining red cells were lysed by the

addition of ice-cold distilled water to the sediment and isotonicity

was restored after 30 s by addition of phosphate-buffered saline

(PBS). After being washed twice in PBS, granulocytes were

separated from mononuclear cells by layering 3 ml suspensions on

the top of 6 ml lymphoprep followed by centrifugation at 800 × g

for 30 min at 20oC.

Granulocytes (neutrophils) were resuspended in PBS containing

0.2 M sucrose, 1 mM EDTA, 1 mM DTT and 0.5 mM phenyl

methyl sulfonyl fluoride (PMSF). The cell suspension was

sonicated for 30 s, five times by probe type sonicator (Model MK2-

3.75, MSE, France). During this procedure, the cell container was

kept in wet ice. After sonication the soluble fraction was separated

from cell debris by centrifugation at 12000 × g for 10 min at 4ºC

and clear supernatant (crude neutrophil extract) was collected.

Purification of calprotectin Crude neutrophil extract was

dialyzed against 25 mM Tris-HCl, pH 8.0, 1 mM EDTA, 1 mM

DTT (Buffer I) and injected onto anion exchange column (Q-

Sepharose) that has been pre-equilibrated with five column

volumes of buffer I at a flow rate of 1 ml/min. Bound proteins were

eluted from the column by the application of 0-0.5 M NaCl gradient

in buffer I over 150 min, at 4oC. Anion exchange eluted fractions

were analyzed by Tricine-SDS-PAGE (Gel 15%) under reducing

conditions. To check growth inhibition of calprotectin-containing

fractions, K562 cells were used as target.

These fractions were further dialyzed against 25 mM sodium

acetate pH 4.5, 1 mM EDTA, 1 mM DTT (buffer II) and injected

onto cation exchange column (SP-Sepharose) that pre-equilibrated

with five column volumes of buffer II at flow rate of 1 ml/min.

Bound proteins were eluted from the column by the application of

0-1.0 M NaCl gradient in buffer II over 100 min. At this stage

MRP8 and MRP14 appeared to be essentially pure (>98%) with

densitometric analysis of SDS-PAGE gel that visualized by

Coomassie Blue staining.

Dialysis was performed in 1000 molecular weight cut-off

dialysis tubing at all stages. The purified protein was aliquoted and

stored at −70oC for the long term and at 4oC for short term use.

Electrophoresis For Tricine-SDS-PAGE, the method described

by Schägger and von Jagow was used (Schägger and von Jagow,

1987). Samples were boiled in sample buffer with mercaptoetanol

for 5 min and electrophoresed on poly-acrylamide gel (separating:

16.5% T, 3% C; Stacking: 4% T, 3% C) at 200V. Protein bands

were visualized by Coomassie brilliant blue staining.

Protein assay The protein concentration was determined by

using the Bradford reagent (Bio-Rad, Richmond, USA) with bovine

serum albumin (BSA) as standard (Crestfield et al., 1963).

Cell culture K562 cells were grown in RPMI with 10% heat-

inactivated fetal calf serum (FCS), supplemented with 4 mM L-

glutamine, 100 U penicillin, 100 µg/ml streptomycin at pH 7.4, in a

humidified, 5% CO2 incubator and temperature of 37oC. Harvested

cells were seeded into 96-well plates (2 × 104 cell/ml) and
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proliferation curves for K562 were determined based on MTT

assay.

Cell proliferation assay Relative cell number was measured

using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide

(MTT) assay as described by Mossman (Mossman, 1983).

MTT (Sigma catalog no M2128) was dissolved in PBS at a

concentration of 5 mg/ml and solution was filtered through a 0.5

µm filter, then it stored at 2-8oC for frequent use. Four hours before

the end of incubations, 25 µl of MTT solution (5 mg/ml in PBS)

was added to each well containing fresh and cultured medium. The

insoluble formazan produced was dissolved in a solution containing

10% SDS and 50% DMF (left for 2 h at 37oC in dark conditions)

and the optical density (OD) was read against a reagent blank with

multi well scanning spectrophotometer (ELISA reader, Model

Multiskan MS) at a wavelength of 540 nm (OD540). The OD value

of study groups was divided by the OD value of untreated groups

and results presented as percentage of control groups (as 100%).

Turbidity measurements The turbidity of human calprotectin

(50 µg/ml) in 0.1 M ammonium acetate, at pH 7.0 and 25oC was

monitored by measuring the light absorption at 420 nm, using a

Cary spectrophotometer (Model Bio-100). The obtained data were

fitted to equation (1), (Kurganov, 2002).

A = Alim(1 − e−k (t−to) ) (1)

Where Alim is the limiting value of absorbance (A) at t→∞, k

represents the first-order rate constant for aggregation reaction, t

indicates time and to represents aggregation starting time.

ANS-binding experiments 1-anilino-8-naphthalene sulfonic acid

(ANS) was added to calprotectin solution. After incubation for 15

min, the fluorescence spectra were recorded at room temperature

between 450 and 600 nm, using an excitation wavelength of 400

nm. All necessary back ground correction was made. The fluorescence

measurements were made on Hitachi Spectrofluorimeter (Model

MPF-4).

Statistical analysis Results were analyzed for statistical significance

using two-tailed student’s t-test. Changes were considered significant

at p<0.05.

Results and Discussion

Purification of human calprotectin Human calprotectin

(MRP8/14) was purified from neutrophil cytosol, using a

protocol devised for the rapid purification of large quantities

of protein. Neutrophil cytosol containing a maximum of 35

mg of total protein was injected onto a Q-sepharose anion

exchange column. MRP8 and MRP14 were eluted from the

column at approximately 0.12 M, NaCl. Figures 1a and 1b

show chromatogram and SDS-page profile of anion exchange

column, respectively. By densitometric scannining of a

coomassie blue-stained sample after SDS-PAGE, following

Q-sepharose chromatography, the majority of MRP8 and

MRP14 were observed to elute in a single peak (fractions a

and b).

Similarly to recent reports (Vogl et al., 1999) and as shown

in Fig. 1b, S100A12 also co-eluted with calprotectin subunits

from anion exchange column. S100A12 or MRP6 is a

recently identified protein that exclusively expressed in

neutrophils and it has close homology with both MRP8 and

MRP14 (Robinson and Hogg, 2000).

Fig. 1. (a) Neutrophil extract was dialyzed against 25 mM Tris-

HCl pH 8.0, 1 mM EDTA, 1 mM DTT (buffer I), then loaded

onto an anion exchange column (Q-Sepharose). Bound proteins

were eluted by a linear NaCl gradient of 0-0.5 M in buffer I.

The graph shows the 595-nm trace of eluted proteins by use of

Brad ford solution. Majority of MRP8 and MRP14 were eluted

from the column at approximately 0.12 M NaCl. Fractions a, b

and c were showed major growth inhibitory against K562.

S100A12 also co eluted with calprotectin subunits from anion

exchange column. (b) Active pooled fractions against K562 were

subjected to tricine SDS-PAGE (15% gel) under reducing

conditions and protein bands subsequently visualized by

Coomasie Blue staining (lanes 1, 2 and 3 are equivalent to

fractions a, b and c respectively). Molecular masses are indicated

on the left (lane 4).
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Fractions a and b from anion exchange column that showed

major growth inhibitory activity against K562, were further

applied to cation exchange column. MRP8 and MRP14 were

eluted from the column at approximately 0.5 M NaCl (Fig.

2a). Figure 2b shows the SDS-page profile of purified sample

of calprotectin.

Cell death inducing assay of human calprotectin Various

concentrations of purified calprotectin were used to culture of

tumor cell line K562 for 24 h, in order to examine its cell

death-inducing activity. As shown in Fig. 3, growth after 24 h

was significantly reduced by all treatments (p < 0.01, p < 0.001),

p < 0.001), indicating a dose dependent suppression on

growing of K562 leukemia cell line.

ANS binding experiments and aggregation study of

human calprotectin Previous investigations have revealed

that the sequences at both NH2 and COOH terminals of

calprotectin subunits are relatively hydrophobic (Ordink et al.,

1987; Hessian et al., 1993). An attractive hypothesis is that

these areas of molecule are buried until calcium binding

brings about the conformational changes cause their exposure

making them potentially available for interaction with other

molecules.

ANS, a hydrophobic dye, is useful for monitoring the

existence of any exposed hydrophobic surface(s) in molecules

(Wagner and MacDonald, 1998). In this study the ANS-

binding fluorescence changes of human calprotectin were

measured after incubating the protein (50 µg/ml) solution with

70 µM of ANS for 15 min, in 0.1 M ammonium acetate, at pH

7.0. ANS-fluorescence emission spectra were recorded at

room temperature between 400 and 600 nm using an

excitation wavelength of 400 nm. As shown in Fig. 4 after

incubation of human calprotectin for 30 min with calcium

concentrations in physiological range (1.0, 1.5, 2 mM) and

measurement of ANS-binding fluorescence intensity, indicates

a significant increase in emission spectra of calcium-incubated

protein relative to the native state. Also, ANS-fluorescence of

human calprotectin elevate with calcium in a dose-dependent

manner.

ANS-fluorescence enhancement of calcium-incubated protein

Fig. 2. (a) Calprotectin containing fractions a and b which were

obtained from anion-exchange column, were dialyzed against 25

mM sodium acetate pH 4.5, 1 mM EDTA, 1 mM DTT, injected

onto cation-exchange column (SP-Sepharose). Bound proteins

were eluted from the column by the application of 0-1.0 M NaCl

gradient in buffer II. The graph shows the 595-nm trace of

eluted proteins by use of brad ford solution. (b) Purified fractions

that had been obtained from cation exchange column were

subjected to tricine SDS-PAGE (15% gel), under reducing

conditions (Lane 2 and 3) and protein bands were detected by

Coomasie Blue staining. Lane 1 indicates Molecular masses

marker.

Fig. 3. K562 cells (2 × 104 cells/ml) were cultured with varying

concentrations of calprotectin sample for 24 h and cell

proliferation was assessed by MTT assay as described in

materials and methods. Results (Cytotoxicity) are presented

relative to cell growth under control conditions (absence of

calprotectin) and expressed as percentage of control (as 100%).

The vertical bars represent S.D. of triplicate determinations and

asterisks indicate *p < 0.05, **p < 0.01 and ***p < 0.001 compared

to control (absence of calprotectin).
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relative to the native state indicates an increase in surface

hydrophobicity of human calprotectin that take place during

the interaction of protein with calcium. Hydrophobic regions

of calprotectin that normally buried within the interior of the

protein are probably exposed to aqueous environment upon

calcium binding. Calprotectin does not have a signal peptide

for membrane anchoring or secretion, but upon calcium

binding and protein kinase C (PKC) activation, protein

anchors in and secretes from the membrane respectively

(Muesch et al., 1990). Therefore an increase in lipophilicity of

human calprotectin in the presence of calcium may be

important in the membrane anchoring and membrane

penetration of this protein.

Calcium binding induces conformational changes; increase

surface hydrophobicity and also make calprotectin prone to

aggregation. Aggregation is the interaction of unfolded

protein molecules that are responsible for formation of

agglomerates of irregular form as a result of incorrect protein-

protein contacts. The aggregation experiments of human

calprotectin at the presence of higher concentrations of

calcium (6, 8 and 10 mM) were carried out in ammonium

acetate, at pH 7.0 and room temperature and the turbidity was

monitored by measuring the light absorption at 420 nm for

180 min. As shown in Fig. 5, calcium at concentration of

6 mM or higher induces the aggregation of human

calprotectin. Calcium concentrations lower than 6 mM were

also examined at 420 nm for 180 min, but we did not

observed any increased absorbance. Previous investigations

demonstrate that calprotectin has more thermal and structural

stability at alkaline than acidic pH (Dale et al., 1983). Hence,

the aggregation experiment of human calprotectin was also

carried out at pH 8.0 in the same buffer, indicating that

calcium at concentrations 6, 8 and 10 mM (as mentioned

above) could not induce calprotectin aggregation. This

suggests that calprotectin stabilizing conditions such as

increase in the pH has an important role in preventing

calcium-induced human calprotectin aggregation.

The calcium binding proteins MRP8, MRP14, and

S100A12 have been characterized in myeloid cells; however

the relationship among these proteins remains unclear.

S100A12 represents a major calcium-binding protein in

granulocytes. Calcium binding level of S100A12 is

approximately 18 times higher than that of MRP8 and

comparable to MRP14 (Vogl et al., 1999). In this study the

semi-purified fractions that contain only S100 A12 as

contamination were also used as target for the calcium

induced aggregation. However, no aggregation was observed,

even at the presence of 10 mM calcium. This finding shows

that the presence of S100 A12, a major calcium binding

protein, may reduce effective calcium concentration necessary

for calprotectin aggregation.

The parameters of equation (1), obtained by fitting the

experimental data are listed in Table 1. The staring time and

the rate constant for aggregation depend on the calcium

concentration. The appearance of a lag period at the initial

part of the kinetics curve is probably due to the following

reasons. First, aggregation is preceded by a stage of the

unfolding of protein molecules, which makes unfolded protein

prone to the aggregation. Second, an increment of absorbance

becomes appreciable only after the appearance of sufficient

Fig. 4. The ANS fluorescence emission spectra of the human

calprotectin (50 µg/ml) in the absence (a) and presence of 1 mM (b),

1.5 mM (c) and 2 mM (d) of calcium in ammonium acetate (0.1 M),

at pH 7.0 and 25oC. The excitation wavelength was 400 nm.

Fig. 5. Aggregation Kinetics of human calprotectin (50 µg/ml), at

the presence 6 (a), 8 (b) and 10 mM (c) of Calcium in 0.1 M

ammonium acetate at pH 7.0 and 25oC.
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aggregate in the solution (Kurganov, 2002).

A number of reports indicate that many proteins and

peptides are able to aggregate into amyloid assemblies under

suitable destabilizing conditions. The common hallmark of

some pathological conditions such as Alzheimer, Parkinson,

Cystic fibrosis, Type II diabetes and some forms of

emphysema is the presence of proteinocious deposits in the

affected tissues and organs (Stefani and Dobson, 2003). It

seems that calprotectin elevation in the brain, especially in

conditions that make protein prone to aggregation may be

important in Alzheimer disease, because it has been reported

that calprotectin is expressed in brain tissue in this amyloid

disease (Akiyama et al., 1994).

It is not clear by which mechanism the calprotectin initiate

signaling toward the cell death. It has been reported that early

aggregates have an intrinsic ability to impair fundamental

cellular processes by interacting with cellular membranes,

causing oxidative stress and increases in free calcium that lead

to impairment of the cell viability and eventually to cell death

(Squire, 2001). It has been shown that antioxidants, such as

tocopherol protect cells against aggregates toxicity (Zhang,

2001) and our previous studies also demonstrated that

calprotectin cytotoxic effect against the cell lines MOLT4 and

K562 has been reversed by α-tocopherol (the article has been

submitted for publication).

We postulated that cell-death inducing activity of calprotectin

may be governed through toxic pre-aggregation species. This

is possible because calcium binding may lead to the formation

of a toxic variant of calprotectin with sticky (hydrophobic)

surface that interact with plasma membrane to kill cells.

Finally in calcium- and fatty acid binding capacity, also in

death-inducing activity against tumor cells and bactericide

effects, the milk protein α-lactalbumin shares similar

properties to calprotectin (Stefani, 2004). Also it has been

reported that acute phase isoforms of human serum amyloid A

(SSAp), similar to calprotectin rises dramatically during

inflammatory processes. Both a-lactalbumin and SSAp

exhibit cytotoxic effects by forming toxic aggregation species

(Stefani, 2004). These similarities led us to suppose that the

death-inducing mechanism of calprotectin may be similar to

those of SSAp and α-lactalbumin.
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