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Nomenclature for proteins: is calprotectin a

proper name for the elusive myelomonocytic
protein?

M K Fagerhol

Introduction
"New" proteins will continue to be discovered,
and suitable names for them should be sought.
In many instances preliminary symbols are in-
troduced which serve a practical purpose until
the proteins have been characterised and ap-
propriate descriptive names can be chosen.
Using modem molecular biological methods,

the existence of a protein may be suspected
before it has ever been seen on an analytical
gel. By cloning and gene manipulaton it may
also be possible to produce proteins that may
never appear in the human body. This raises a
fundamental question: when should the specific
protein be regarded as such and be given a
proper name? When the DNA sequence is
determined? When the specific mRNA is
formed? When single polypeptides emerge from
ribosomes? When glycosylated or otherwise
modified polypeptides are detected within the
cell? When complexes of more than one poly-
peptide chain are formed? Or when the func-
tionally active substance is released?
The very fact that such questions have not

yet been discussed in depth in the scientific
literature, let alone been covered by inter-
national conventions, suggests that the prob-
lems involved are difficult to address.

In a time when biological sciences are be-
coming increasingly dominated by patents and
their use for commercial purposes, it is not
surprising that different scientific groups may
be reluctant to agree that they are, in fact,
working with the same protein: it might spoil
the chance of obtaining a separate patent. In
the case of calprotectin, which will be used as
an example below, scientists have been un-
willing to exchange reagents or use proper
analytical methods to clarify whether various
groups were working with the same protein.
There is a good tradition and sound basis for

giving descriptive names for well characterised,
functional proteins. Their genes should also
be named accordingly. As characterisation and
delineation of biological activities may take
considerable time, the use of preliminary sym-
bols or short notations for proteins will still be
necessary.
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WVHAT IS A PROTEIN?

Polypeptides can be subdivided into: oligo-
peptides (five amino acids); polypeptides (six
to 40 amino acids); and proteins (>40 amino
acids, corresponding to a molecular mass of
about 5 kDa). Some proteins are more complex

and may have carbohydrate side chains or con-
sist of complexes of two or more polypeptide
chains (oligomeric proteins). The term qua-
ternary structure has been introduced for spe-
cific, complex oligomeric proteins. Individual
polypeptide chains are called protomers, mono-
mers or subunits, which combine to form
homo- (one chain type only) and hetero-oli-
gomers (different chain types encoded by
different genes)-for example, heterodimers.

Oligomeric protein subunits are mainly
joined by non-covalent bonds, although co-
valent, disulphide bonds occur between cyst-
eine residues and may confer additional
stability on the quaternary structure of the
protein.

MATERIALS AND METHODS FOR STUDYING
PROTEIN STRUCTURE
Degradation during purification of protein, for
instance by lysosomal enzymes or enzymes in-
volved in specific activation or inactivation,
must be avoided.

Conventional sodium dodecyl sulphate
(SDS) polyacrylamide gel electrophoresis
(SDS-PAGE) and two dimensional electro-
phoresis using isoelectric focusing in the first
dimension and SDS electrophoresis in the sec-
ond, are standard procedures for determining
the molecular mass and composition of oli-
gomeric proteins. It must be remembered, how-
ever, that these procedures involve intentional
splitting of oligomeric proteins. Often, a com-
bination of heating in a boiling waterbath in
the presence of SDS alone or together with a
potent detergent, 9M urea, a reducing agent,
such as dithiothreitol, followed by alkylation to
prevent formation of new covalent, disulphide
bonds, is used. After such treatment, even the
familiar heterotetramer IgG protein may have
only two bands on SDS-PAGE. This method
is clearly unsuitable for determining the qua-
ternary structure of IgG. The information
garnered from SDS-PAGE should be combined
with data from gel filtration (gel permeation
chromatography) or analytical ultracentrifug-
ation of the native protein. Details of the con-
figuration of proteins may be revealed by x ray
crystallography or nuclear magnetic resonance
imaging, but such methods are available only
in a limited number of laboratories.
Using antibodies raised against the subunits,

recombinant proteins or synthetic polypeptide
analogs, it may be possible to detect subunit
epitopes in biological fluids, cell smears or
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tissue sections. However, monoclonal anti-
bodies are not suitable for studying the mo-
lecular configuration of a protein. Staining with
antibodies can show the presence of one or
more epitopes in cells, but this does not provide
any information about the size of the protein
carrying the epitope or whether two or more
epitopes are situated on the same macro-
molecule. A negative reaction with certain
monoclonal antibodies may not necessarily
mean that the relevant polypeptide is absent:
epitopes may be lost due to partial proteolysis;
certain epitopes may be hidden in the intact
oligomeric protein, by complex formation with
other proteins or macromolecules in the tissue,
or by the fixation procedures. Fixation pro-
cedures, as well as details of immuno-
histochemical protocols, are often optimised so
that it is possible to see what one wants to see,
which consequently means that the whole truth
is not revealed.

Isolation and purification of calprotectin
Neutrophil granulocytes were isolated from
standard units of citrated (CPD) blood from
the blood bank as described previously,' except
that EDTA-K, was added to a final con-
centration of 2-5 mM within one hour of vene-
puncture. The cells were resuspended in four
volumes of 20mM sodium barbital, 0-75 mM
EDTA-K2, 10 mM diisopropylfluorophosphate
(DFP) (pH 7 5). The cytosol fraction was isol-
ated as described by Dale et al.2 Calprotectin
was purified by anion exchange chromato-
graphy on a 2-5 x 10 cm column packed with
DEAE-Sepharose FastFlow (Pharmacia, Upp-
sala, Sweden), equilibrated with 20mM so-
dium barbital and 0 75mM EDTA-K2
(pH 7 5). After washing out non-bound pro-
teins, calprotectin was eluted with 20mM so-
dium barbital and 10 mM calcium chloride
(pH 7 5). The eluate was concentrated by ultra-
filtration using an immersible-CX filter (Mil-
lipore, Bedford, MA, USA). The concentrate
was run on a 2-5 x 30 cm Sephadex G-25 col-
umn (Pharmacia) equilibrated with 50mM
ammonium bicarbonate, and then lyophilised.
The dry protein dissolves rapidly in water or
buffer.

Enzymatic degradation of calprotectin was
then carried out by granulocyte derived ly-
sosmal proteins. The granulocytes were isol-
ated as described earlier, except that DFP was
omitted.
The cells were disrupted2 and centrifuged at

100 000 x g for 60 minutes. The lysosome rich
sediment was harvested and resuspended in
four volumes of 0 34M sucrose, 20mM im-
idazole, 2 mM ATP, 5 mM EGTA, 5 mM DTT,
and 0-1% Triton X-100. The suspension was
frozen and thawed three times, centrifuged at
100 000 x g for 60 minutes and the supemratant
fluid harvested and used as the enzyme solution
(E*). Mixtures of calprotectin, E* with or with-
out calcium chloride or enzyme inhibitors
(phenylmethylsulphonyl fluoride (PMSF) or
DFP) or the antimicrobials sodium azide (final
concentration 15 mM) or thimerosal (final con-
centration 0-25 mM), were incubated in a water

.. .. ..
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Figure 1 Protein band patterns of normal human serum
(NS), crude neutrophil extracts (NE) and purified
calprotectin, 2 or 4gll (c2, c4), after agarose gel
electrophoresis with 75mM sodium barbital buffer
(pH 8-6) containing 2 5mM EDTA-K2. The calprotectin
bands are indicated by the arrows.

bath at 37°C for 10 to 60 minutes. Enzymatic
activity was subsequently inhibited by addition
of DFP or PMSF (final concentration 5 to
10 mM ) to each sample before quantitation of
calprotectin by single radial immunodiffusion
or analytical agarose gel elctrophoresis. Con-
centrations are given as the per cent value at
time tO.

Protein isolates were subjected to SDS
electrophoresis on 8-18% polyacrylamide gels
(ExcelGel, Pharmacia) using the LMW cal-
ibration kit (Pharmacia) which contains the
following standards: phosphorylase b (94 kDa);
bovine serum albumin (67 kDa); ovalbumin
(43 kDa); carbonic anhydrase (30 kDa);
soybean trypsin inhibitor (20-1 kDa); and ci-
lactalbumin (14-4kDa). Before each run, 10
volumes of 1% SDS in 75mM Tris-acetate
buffer with 75 mM EDTA-K2 and 0-01%
bromphenol blue (pH 8 0) were added to each
sample. The standards and samples, dissolved
in the same buffer, were heated on a boiling
water bath for five minutes, cooled on ice
and 1/20 volumes of iodacetamide were added
(40 mg dissolved in 1 ml of distilled water).

What is the relation between
calprotectin, Li protein, p8,14, MRP-8,
MRP-14, calgranulins A and B, and
cystic fibrosis antigen?
The existence of the protein now known as
calprotectin was suspected in the late 1970s.
The cytosol fraction ofhuman neutrophil gran-
ulocytes gave a very prominent band on agarose
gel electrophoresis (fig 1), and the protein was
provisionally named LI protein.3 The name
calprotectin was suggested when the protein
was found to have antimicrobial properties.4
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Figure 2 Band patterns produced on SDS electrophoresis
of purified calprotectin and molecular mass standards of
94, 67, 43, 30, 20, and 144 kDa run on an 8-18%
polyacrylamide gel. A, standards; B, calprotectin (0-5 mgl
ml) treated with SDS; C, untreated calprotectin (3 5 mgl
ml).

Initially, purification of the protein was an
arduous task. Major obstacles were proteolytic
degradation by enzymes in crude leucocyte
extracts and loss due to binding of the protein
to various surfaces in the presence of calcium.
The protein was highly protease resistant in
the presence of calcium; however, addition of
calcium precluded the use of gel filtration col-
umns or standard membranes to concentrate
the dilute protein solutions by ultrafiltration.
The protein could only be purified in stable
form and in amounts sufficient for char-
acterisation when PMSF was used to inhibit
protease.2 It was then possible to isolate and
characterise the subunits.57 Calprotectin (Li)
has a molecular mass of about 36kDa, and
consists of subunit polypeptide chains, LlHea,
and LILight (fig 2), with molecular masses of
about 13 and 8 kDa, respectively. The N-ter-
minal of the former is blocked, while the latter
tends to form aggregates and precipitate when
isolated.7 The amino acid sequences of LI H
and LIL are identical with the MRP-14 and
MRP-8 proteins described by Odink et al.8 The
sequence of LiL is also identical with that of
the cystic fibrosis antigen (CFAg).9"-1 Wilkinson
et al," using SDS electrophoresis, showed that
CFAg was present on a protein containing
subunits of 11 and 14 kDa. Although these
authors mentioned that data from blot analysis
under non-reducing conditions and gel fil-
tration experiments suggested that the subunits
occur predominantly as a heterodimer, they
concluded that they are distinct proteins, and
were named calgranulin A and calgranulin B.
Subsequent reports by two other groups'213
have confirmed that the "cystic fibrosis protein"
occurs as a complex, also known as p8,14 . In
fact, no data have been reported as yet to
suggest that either of the chains (LIH =MRP-
14=pl4 =calgranulin B or L1L=MRP-8 =
p8= CFAg = calgranulin A) occur as free, in-
dividual proteins in any biological material. Gel
filtration fractions of human plasma covering
the molecular mass range from 0-1 to 600 kDa
were tested by both enzyme linked im-
munosorbent assay and dot blot using poly-
clonal rabbit calprotectin antibodies directed
against three different antigenic epitopes on

o
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Figure 3 Degradation of calprotectin (L1) by lysosomal
enzymes (E*) from human granulocytes and the
inhibitory effect of 10mM PMSF and 5mM DFP
Calprotectin concentrations are expressed as the per cent
value at time tO.

each of the chains.'4 No reactivity was found
in the fractions corresponding to a molecular
mass below 36 kDa. The same was found when
crude granulocyte extracts or purified cal-
protectin was tested. When the gel filtration
buffer contains EDTA, about 85% of the cal-
protectin in plasma elutes at a molecular mass
of about 36 kDa, and the rest between 100 and
300 kDa. If the buffer contains calcium, the
major calprotectin peak occurs at 70 kDa,
suggesting that the protein has dimerised
(Fagerhol, unpublished data).

Calprotectin is also excreted in stools.'5 The
median concentration in samples from healthy
adults is about 3 mg/l. Free calprotectin sub-
units were not found (R0seth and Fagerhol,
unpublished data).
On the basis of the data available, published

and unpublished, it is reasonable to conclude
that calprotectin is present as an oligomer or
is complexed with other macromolecules. Free
light and heavy chains can be seen only when
samples are subjected to dissociating con-
ditions for example, during preparation for
SDS electrophoresis.

What is the quaternary structure of
calprotectin?
The experiments carried out by Edgeworth et
all" suggested that p8,14 (calprotectin) has a
1:1 stoichiometry that is, it is a heterodimer,
although the presence of more than two sub-
units fits better with its estimated molecular
mass of 35 kDa. Even if the subunit masses are
taken to be 11 and 14 kDa, the highest values
reported, the sum of a heterodimer seems too
small. Based upon the masses of about 14 and
8 kDa, one light and two heavy chains gives
exactly 36 kDa. A heterotrimer structure is also
compatible with the presence of two calcium
binding sites on each subunit8 1 and the binding
of up to six calcium ions in equilibrium dialysis
experiments. I6A Possible explanations for the
discrepant conclusions may be found in how
the cells were handled. Firstly, citrate, in con-
trast to EDTA, cannot prevent leakage of large
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1 2 3 4 5 6 7 8 9 10 11

Figure 4 Banding pattern produced on agarose gel elctrophoresis of calprotectin incubated with lysosmal enzymes (E*)
from human granulocytes and inhibition of proteolysis by 10mM PMSF Samples: 1= human serum; 2 = purnfied
calprotectin (5 mglml); 3-11 = calprotectin incubated at 37°C for 30, 60 or 90 minutes in the presence of 15mM sodium
azide (samples 3-5), 0 25mM thimerosal (samples 6-8) or 10mM PMSF (samples 9-11).

amounts ofproteins from leucocytes when used
as an anticoagulant.3 Secondly, 1 mM PMSF
may not be sufficient to inhibit protease (figs
3 and 4). If the extraction procedure involves
incubation and contact of blood/cells with
different types of materials and surfaces, leu-
cocytes may become activated, rendering the
protein unstable. This might explain loss of
about 75% of the protein after two purification
steps.'2 Protein loss from the cells may also
explain the low estimate for the calprotectin
content of monocytes. Such problems can be
avoided by using EDTA as an anticoagulant or
by adding EDTA (to a final concentration of
2-5 mM) to citrated blood within one hour of
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venepuncture. Neutrophil granulocytes can be
rapidly isolated from blood by haemolysis with
ammonium chloride and differential cent-
rifugation.' Adequate protease inhibition is
secured by addition of 10 mM PMSF2 or pre-
ferably 10mM DFP to the cell suspension buffer
before neutrophil lysis. Large amounts of cal-
protectin can be purified from lysates of such
cells by ion exchange chromatography on DEAE
sepharose taking advantage of the appparent
shift in the isoelectric point of the protein in
the presence of EDTA (fig 5). When eluted
from the chromatography column following the
addition of calcium, calprotectin will be in its
protease resistant conformation (fig 6).
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Figure 5 Purification of calprotectin from a cnrde, granulocyte lysate by ion exchange chromatography on a 2 5 x 10 cm
column packed with DEAE-Sepharose FastFlow (Pharmacia, Sweden) equilibrated with 20mM sodium barbital
(pH 7-5) with 0 75mM EDTA. Calprotectin (U) was eluted with 20 mM sodium barbital (pH 7-5) with 10mM
calcium chloride.
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Figure 6 Degradation of calprotectin by lysosmal
enzymes (E*) from human granulocytes and the
inhibitory effect of 1, 5 or 10 mM calcium chloride when
incubated at 37°C for 30 to 60 minutes. Calprotectin
concentrations are expressed as the per cent valuie at time
tO.

Is there a need for names other than
calprotectin?
Separate names for calprotectin subunits
should be considered if they exist independ-
ently and not just as laboratory artefacts, and
if important biological functions are associated
with the free light and heavy chains and not
with calprotectin per se.

Calprotectin is the single descriptive name
suggested for what most likely is a hetero-
trimeric protein. The name calprotectin reflects
its calcium binding properties and its anti-
microbial, anti-nematodal and thereby putative
protective function.4"1317-19 The finding of very
high concentrations of calprotectin in stools
from patients with inflammatory bowel dis-
ease'5 suggests that it is brought into the gut
lumen by migration of neutrophil granulocytes
attracted by bacterial chemotactic substances.
Thus, calprotectin may contribute to the re-
gulation of the microbial flora in the gut. Other
biological activities, mainly related to ac-
tivation, migration and differentiation of my-
elomonocytic cells, have also been reported
and have been reviewed recently.20 However,
much work had still to be done before the
major biological functions of this protein can
be specified. Inherited deficiency of the protein
might be very telling in this respect, but no
such case has been found as yet. None the less,
it is most likely that the biological activities and
distribution of this protein are protective in
function.
The names calgranulin A and B were intro-

duced for the subunits'1 with the intention of
reducing the confusion surrounding the no-
menclature of calcprotectin; at the time the
names Li light and heavy chains, MRP-8,
MRP-14 and CFAg were used by others. Al-
though the name calgranulin may be indicative
of the presence of the protein in granulocytes
(in the cytosol rather than in granules), it does
not reflect its much wider distribution, namely

also in monocytes, macrophages and many
different types of squamous epithelial
cells. 121-30
The letters A and B in addition to calgranulin

are less informative than the alternatives light
and heavy chains or numerals 8 and 14, which
reflect the molecular masses of the subunits.

Conclusions and suggestions
Nomenclature of proteins has often caused
controversy for several obvious reasons. It
would be very useful if the World Health Or-
ganisation or another international body could
take the responsibility for working out con-
sensus rules for protein nomenclature including
that of complex oligomeric proteins like cal-
protectin and the rapidly growing number of
cytokines.

In naming proteins, scientists should care-
fully consider data collected by different
analytical methods, recognising their lim-
itations, before suggesting names for putative
new proteins. Preferably, names should be
descriptive and relate to the proteins as they
are found in what may be regarded as the
native, biologically active form in cells, tissues
or biological fluids.

In early stages when data are lacking, pre-
liminary and brief symbols are useful, and
should preferably reflect the origin and one or
more properties of the polypeptide/protein. An
example might be MRP-8, short for a my-
elomonocyte related protein with a molecular
mass of 8 kDa. As several proteins may have
similar masses, p8 alone may be ambiguous.
When further analyses have revealed that the

protein is a subunit of the functional protein,
the latter should be given a proper name. Using
calprotectin as an example, it might be referred
to as a hetero-oligomer consisting of the cal-
protectin p8 and p14 subunits.
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