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Abstract This paper describes an analytical method for
the determination of ceruloplasmin (Cp) in human serum.
The method uses immunoaffinity chromatography and
size-exclusion chromatography (SEC) to “purify” the
serum sample prior to analysis of 63Cu and 65Cu by
inductively-coupled plasma mass spectrometry (ICPMS).
By removing the six most abundant proteins from serum
with immunoaffinity chromatography and by using SEC to
separate Cu bound by Cp from any free Cu that might be
present in the serum sample, we demonstrated that SEC-
ICPMS can accurately and reproducibly measure Cp in the
ERM DA470 reference serum. Cp identification is based
on retention time match of the unknown in the serum
sample with the Cp external standard and the presence of
63Cu and 65Cu at a ratio of 2.2±0.1. This method was used
to analyze a reference serum certified for Cp, 47 serum
samples from four different diseases and a set of normal
controls. The reference serum and a serum sample from a
patient with myocardial infarction, as well as a Cp
standard, were also analyzed by electrospray mass spec-
trometry to confirm the presence of Cp in the SEC fraction
known to contain 63Cu.

Keywords Metalloproteins . Ceruloplasmin .
Size-exclusion chromatography . Inductively coupled
plasma mass spectrometry

Introduction

Ceruloplasmin (Cp) is a blue alpha-2 glycoprotein with a
molecular weight of 132 kDa that binds 90–95% of blood

plasma copper (Cu) and has 6–7 Cu ions per molecule [1].
The complete amino-acid sequence was reported in 1984
[1] and the various functions of this protein, although not
fully understood, include: ferroxidase activity, amine
oxidase activity, superoxidase activity [1] and involvement
in Cu transport and homeostasis [2]. More recent published
data indicate that albumin and transcuprein are also
involved in Cu transport; for example, one report indicates
65% of Cu is bound to Cp, 15% to albumin, 15% to
transcuprein, and 5% to low molecular weight complexes
[3], and in another 71% of Cu bound to Cp, 19% to
albumin, 7% to transcuprein, and 2% to aminoacids [4].

Current analytical procedures for the determination of
Cp include immunoturbidimetry and nephelometry assay
[5], in which Cp is reacted with anti-Cp antibodies to
give insoluble aggregates whose absorbance is propor-
tional to the concentration of Cp in the sample [5], radial
immunodifussion (RID) test [6], and bichromatic assay
[7]. Comparison of measurements done by radial immu-
nodiffusion with those by immunonephelometry showed
a significant bias between the two methods that was in
part related to the variation in the antisera sources used in
the two methods [6]. In the case of the bichromatic assay,
the most commonly used procedures are based on the
oxidase activity of Cp on diamines such as benzidine,
p-phenylene diamine, and N,N-dimethyl-p-phenylene
diamine, that require special precautions (i.e., benzidine
is a known carcinogen) and purification of the substrate
due to light and metal ion-catalyzed oxidation of the
substrate [8]. There is no standardardized reference
method for Cp and the immunologic methods cross-
react with apoceruloplasmin (apoCp) thus giving higher
concentrations for Cp [9].

The most important clinical application of the Cp assay
is in detecting Wilson disease where the Cp concentration
is reduced and the inorganic Cu-ion is increased, because
Cu ion fails to reenter the circulatory system as Cp and,
thus, gets deposited in the liver, cornea, kidney, bones, and
parathyroids. This disease is fatal if the patient is not treated
immediately with Cu chelators, and treatment takes usually
3–6 months, during which the disease progresses.
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The relationship between serum Cp concentration and
the incidence of myocardial infarction (MI) was studied by
Reunanen et al. [10] using serum from 104 patients with
MI or stroke and 104 matched controls. The researchers
concluded that high Cp concentration in serum was
significantly associated with higher incidents of MI but
not of stroke. Besides MI, Cp concentration was also high
in a variety of neoplastic and inflammatory conditions like
carcinomas, leukemia, Hodgkin disease, primary biliary
cirrhosis, systemic lupus erythematosus, and rheumatoid
arthritis [11].

This paper describes a method for the determination of
Cp in human serum at biologically relevant concentrations
>0.01 mg/ml. The method uses SEC to separate Cp from
other proteins and from inorganic ions, and ICPMS to
detect Cu isotopes at mass-to-charge (m/z) ratios of 63 and
65 amu, and to identify Cp from the 63Cu /65Cu signals. To
eliminate possible interference from highly abundant
proteins, some of which may bind Cu to form protein-Cu
complexes, the serum sample is depleted of albumin, IgG,
IgA, transferrin, haptoglobin, and anti-trypsin using im-
munoaffinity chromatography prior to SEC. Quantitation
of Cp in the depleted serum is performed by external
standard calibration with a Cp standard. Method accuracy
and precision were established with a reference serum
certified for Cp. Forty-seven human sera from four
different diseases and a set of normal controls were
analyzed by this method and the Cp concentration was
correlated with the total Cu concentration measured by
direct ICPMS analysis. To confirm the presence of Cp, two
serum samples and the Cp standard were immunodepleted
of the six most abundant proteins, fractionated by SEC, and
the Cp fraction was collected, concentrated, and subjected
to one-dimensional gel electrophoresis to separate Cp from
any coeluting proteins. After tryptic digestion, the digests
were analyzed by HPLC with electrospray MS.

Experimental

Materials

Two standards of Cp purified from human plasma were
used in the study. One was from EMD Biosciences/
Calbiochem (La Jolla, CA) in lyophilized form from 133 μl
of 50 mM potassium phosphate, pH 6.8, 100 mM potas-
sium chloride, 200 mM ɛ-amino-n-caproic acid and 5 mM
EDTA, with a purity of >95%. The other standard was from
Sigma (Saint Louis, MO), in the form of lyophilized
powder containing about 30% protein with the balance of
sodium chloride and sodium acetate (6.7 mg solid, 11.2
units/mg solid). Water (18.2 mΩ) was purified with a Milli-
Q Gradient A10 system (Millipore Corporation, Billerica,
MA). The helium collision gas (99.999% purity) was from
Scott Specialty Gases (Plumsteadville, PA) and liquid
argon (purity 99.997%) was from Air Products (Allentown,
PA).

Serum samples from patients with four different diseases
including myocardial infarction (MI), rheumatoid arthritis

(RA), systemic lupus erythematosus (SLE) and pulmonary
embolism (PE) and normal controls (NC) were obtained
from Stanford University (Stanford, CA). All samples were
kept frozen at −20 °C until analysis.

ERM DA470 is a human serum certified for 15 proteins
including Cp [12, 13] and was purchased from RTC
(Laramie, WY). Seronorm Level I and Level II sera,
certified for trace elements including Cu, were purchased
from Accurate Chemical & Scientific Corporation (West-
bury, NY). All certified samples were in lyophilized form
and were reconstituted (per manufacturer instructions)
immediately prior to use.

Immunoaffinity chromatography

High-abundant protein removal from human serum was
performed on a 4.6×100 mm immunoaffinity column
(Agilent Technologies). The recommended column capac-
ity is 40 μl of non-diluted human serum (capacity is defined
as the amount of original serum that can be loaded onto the
column such that 99% of the targeted high-abundant
proteins are removed for at least 200 injections on a
particular column). After a fivefold dilution of serum
sample with buffer A and filtration through a 0.22 μm spin
filter (Agilent Technologies), 150 μl of the diluted sample
was injected onto the 4.6×100 mm column in 100% Buffer
A at a flow rate of 0.5 ml/min for 10.0 min. After collection
of the flow-through fraction (2 ml), the column was washed
and the bound proteins were eluted with 100%Buffer B at a
flow rate of 1.0 ml/min (volume of bound protein fraction
3 ml). The immunoaffinity column was then regenerated by
equilibrating it with Buffer A for 13 min bringing the total
run cycle to 30.0 min. Fraction collection of flow-through
proteins was time-controlled and corresponded to the UV
280 nm absorbance of the eluting proteins. The flow-
through fraction (fraction 1) was collected into a 10-ml
round-bottom tube, and kept at 4 °C using the thermostated
fraction collector. Bound proteins (fraction 2) were also
collected in a 10 ml round- bottom tube. Buffer A (Agilent
Technologies) is a phosphate buffer (pH 7.4) and buffer B
(Agilent Technologies) is a concentrated urea buffer in
water, pH 2.25.

1-D gel electrophoresis and in-gel digestion

The SEC fractions in which Cp was expected to elute were
concentrated to 20 μl using spin concentrators and were
diluted twofold with reducing agent (Bio-Rad Labora-
tories, Hercules, CA) prior to electrophoresis on a 4–20%
acrylamide precast-gel (Pierce Biotechnology, Rockford,
IL) at 60 V for 1 h. Gels were then stained with gel blue
(Pierce Biotechnology) for 18 h. The stained protein bands
were cut with a clean razor blade and were immersed in
10 mM ammonium bicarbonate containing 10 mM dithio-
threitol and 100 mM iodoacetamide. The gel pieces were
treated with 50% acetonitrile in 10 mM ammonium
bicarbonate to remove the stain and then digested overnight
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at 37 °C with 0.1 mg trypsin in 10 mM ammonium acetate
containing 10% acetonitrile.

Instrumentation

An Agilent 1100 LC system (Agilent Technologies)
equipped with a binary pump, degasser, autosampler
(300 μl loop) with thermostat, diode array detector with
6-mm flow cell, and a thermostated fraction collector was
used for the immunoaffinity work. Protein separation was
achieved on a silica TSKGel column SW3000 (30×4.6 mm
id×4 μm particles ×250 nm pore size) from Tosoh
Bioscience (Montgomerryville, PA). All SEC analyses
were performed on another Agilent Technologies 1100
Series High Performance Liquid Chromatography system
equipped with a binary pump, degasser, autosampler
(100 μl loop) and diode array detector (215 and 280 nm).
0.1 M Tris (pH 7) was used as mobile phase at a flow rate of
0.3 ml/min. The exit from the diode array detector was
connected to a Micromist nebulizer with PEEK tubing
(60 cm in length) and the nebulizer was fitted to a double-
pass Scott spray chamber which was kept at 2 °C. 63Cu and
65Cu scan was performed on an Agilent 7500ce ICPMS
system with a quadrupole mass analyzer and an Octapole
Reaction System for matrix-based interference removal.
ICP conditions: outer gas (Ar) flow rate 15 l/min; carrier
gas (Ar) flow rate 0.8 l/min; forward power 1.55 kW,
sampling depth 8 mm. He was used as collision gas
because serum samples were also analyzed for other
elements, including Fe, and 40Ar16O was being removed by
He in the octapole reaction cell. The flow rate was set at
3.5 ml/min which seemed to be the optimum value to meet
the instrument tuning criteria on a daily basis. The voltages
for ion lenses were: 0 V for extraction lens 1 and −185 V
for extraction lens 2. The octapole bias was set at −18 Vand
the quadrupole bias was set at −16 V.

MS identification of the tryptic digests was performed by
HPLC using a Zorbax 300SB-C18 nanocolumn
75 μm×150 mm, 3.5 μm particles (Agilent Technologies).
The peptides were eluted at 300 nl/min with a 60-min linear
gradient from 0 to 95% acetonitrile containing 0.1% formic
acid in water. The effluent from the HPLC column was
electrosprayed into an ion trap MS (Model XCT Plus,
Agilent Technologies). The MS parameters were as
follows: m/z range 50–2,200 Da; skimmer 40 V; cap
exit −200 V; multiplier 830 V; nitrogen as curtain gas and
collision gas; source temperature 300 °C. TheMS detection
was done in the positive mode using repetitively full MS
scan (for 0.5 min) followed by collision induced dissoci-
ation (CID) of four most intense ions selected from the MS
scan. The MS data was compared to simulated proteolysis
and CID spectra of proteins in the SwissProt database using
Spectrum Mill software (Agilent Technologies).

Results and discussion

Determination of Cp by SEC-ICPMS

Use of SEC coupled with ICPMS to detect the presence of
metals bound to biomolecules has been reviewed by
Makarov and Szpunar [14] and very recently Palacios et al.
[15] reported on the fractionation of Se-containing proteins
in serum by multiaffinity liquid chromatography before
SEC-ICPMS. We used the information presented in Ref.
[14] as a starting point for the selection of the SEC column
and the mobile phase buffer. Tris buffer was chosen
because it seems to be widely used with ICPMS detection.
Addition of NaCl to maximize the molecular sieving and
minimize any hydrophobic interactions between the
proteins and the column packing material did not improve
the chromatographic separation of our test proteins, and
caused plugging of the nebulizer; therefore, it was not
considered. A mixture of proteins (identified as the
“ladder” in this study) was used to check the SEC column
performance or a regular basis. With 0.1 M Tris at pH 7,
thyroglobulin (669 kDa) elutes in the exclusion volume of
the SEC column (TSK Gel SW3000 is suited for separation
of proteins with MW of 70 kDa–300 kDa). IgG elutes at
8.2 min and ovalbumin at 9.4 min. Cp elutes between
albumin and IgG at 8.4 min. Although a 1-min difference in
retention time between Cp and albumin may seem
sufficient to resolve these two proteins when present in a
mixture at equal concentrations, this is no longer the case
when albumin and IgG are present at 10–40 times higher
concentrations in human serum than Cp. Therefore,
albumin and IgG as well as transferrin, IgA, haptoglobin
and anti-trypsin (known to be present at mg/ml concentra-
tions) had to be removed from the human serum prior to
SEC. Despite the fact that these six abundant proteins were
removed, other proteins are present in the depleted serum
that make the identification of Cp impossible by UV
detection (see Fig. 1), but very easy to identify by ICPMS
signal when monitoring 63Cu and 65Cu. Under these
experimental conditions the Cu bound in Cp can be easily
distinguished from the free Cu ions since the retention time
of free Cu ion is 13.0 min (or scans 740–840 in the ICPMS
chromatogram).

The ladder was analyzed daily at the beginning of the
day to assess column performance in terms of peak shape
and resolution. If peaks tail, there is an indication that the
column needs to be regenerated per manufacturer’s
instructions.

Figure 1 also shows SEC-ICPMS chromatograms for the
two standards of Cp that were used to in this study. Sigma
standard was found to be more stable than the EMD-
Calbiochem standard; however, the purity of the Sigma Cp
is only reported as approximate by the supplier, so we did
not pursue a multipoint calibration for the Sigma standard.
The latter Cp standard is pure but it is losing Cu as evident
in the Cu scans by ICPMS and forms a compound that has a
retention time of about 7.3 min. The identity of the Cp
standard from EMD Calbiochem was confirmed by ESI-
MS but the peak at 7.3 min has not been identified yet.
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Physico–chemical changes in Cp, usually arising from
partial loss of Cu, were attributed to aging of solutions,
exposure to certain buffers, and ion exchange chromatog-
raphy [16]. It is well known that a small amount of
colorless protein, apoCp, in serum represents 10–20% of
the total immunologically reactive protein and that in sera
from patients with Wilson disease, apoCp is present at
levels near those found in sera from normal subjects [16].

The peak area ratio of the peak at 7.3 min to the Cp peak
was plotted in Fig. 2 at three different time events (day 1

when the standards were prepared fresh from the lyophi-
lized material; day 2,a day later; and day 8–7 days later
since the preparation of the calibration standards). At day 1,
the peak area ratio was about the same (0.22–0.27) for the
five standards at concentrations of 0.05, 0.1. 0.25, 0.5, and
1 mg/ml, and kept increasing as a function of time (at day 2
the ratios were 0.28 to 0.42 and at day 8 were 0.47 to 0.86),
indicating that Cp is unstable. Five separate injections of
the 1 mg/ml Cp standard gave a coefficient of variation
(CV) of 5.3%, indicating the injection is reproducible and
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what was observed was not an artifact during the injection
of the calibration standards into the HPLC system.

The increase in the concentration of the peak at 7.3 min
seems to correlate with the increase in the concentration of
free Cu ions in solution (Fig. 3), which substantiates the
fact that Cp is losing Cu. The decrease in the concentration
of Cp is consistent across various concentrations as shown
in the calibration plots obtained at three time intervals
(Fig. 4). The loss of Cu from the Cp molecule translates
into lower slopes of the calibration curves (for the EMD
Calbiochem standard on days 1, 2, and 8; the slopes are
7,000,000, 6,000,000, and 5,000,000 respectively) and
therefore calibration standards need to be prepared fresh,
on a daily basis, during sample analysis.

Method performance

The performance of this assay was established with the
reference human serum ERM DA470 that is certified for
Cp at 0.205 mg/ml. This serum was reconstituted with high
purity water and analyzed in triplicate. Since the instruc-

tions provided with the serum state that the reconstituted
serum should be equilibrated overnight at room tempera-
ture, we chose to carry out two sets of triplicate
measurements. One set was processed immediately on
the immunoaffinity column and the other set was processed
after overnight equilibration at room temperature (22 °C).
The results are summarized in Table 1. The agreement
between the concentration of Cp in the certified serum and
the freshly reconstituted serum is excellent. The concen-
tration of Cp in the serum kept at room temperature for
overnight is about 20% lower. The coefficient of variation
for the three replicate measurements of the freshly
reconstituted serum and the serum equilibrated overnight
are 5.4 and 9.9%, respectively. Given the fact that Cp is
labile, we recommend that samples be analyzed immedi-
ately upon collection.

A Cp standard at 5 mg/ml was processed through the
immunoaffinity column to verify that Cp is not retained by
the column. For a 150 μg of Cp loaded to the immuno-
affinity column (30 μl of a 5 mg/ml Cp standard diluted to
150 μl with buffer A,) less than 0.01% (or 13 ng) was
found in the bound fraction that was eluted with buffer B
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and analyzed directly by ICPMS. This data indicate that the
recovery of Cp by our method is 100%.

Method performance data are included in Table 2. The
method detection limit was established from the instrument
detection limit and applies only to sample injection
volumes of 5 μl; larger injection volumes would allow a
lower method detection limit, but such experiments were
not pursued here. The method dynamic range is given as
0.01–5 mg/ml since this is the range of concentrations that
were tested here. Typical concentrations of Cp in human
sera from normal subjects are in the 0.2–0.5-mg/ml range
[17]; therefore, a 30-μl volume of the original serum is
processed through the analytical method, and the final
volume of the depleted serum that is recovered from the
spin concentrator is adjusted to 30 μl. The overall CV for
method reproducibility is <10% and it is shown in Table 2
for various steps in the analysis. Finally, the identification
of Cp is based on retention time match of the unknown
peak in the sample to the Cp standard and the ratio of
63Cu/65Cu. The average retention time for eight consecu-
tive injections of the Cp standards is 8.389 min with a CV
of 0.059%. The relative abundance of the 63Cu is 69.17%
and 65Cu is 30.83%, thus the theoretical ratio for 63Cu/65Cu
is 2.24; based on our experimental data we set the
acceptance limits for 63Cu/65Cu to 2.2±0.1.

Cp measurements in sera from different diseases

Figure 5 shows the distribution of Cp concentration across
four diseases, including MI, PE, RA, SLE and normal
control sera (total of 47 samples). The Cp concentrations
reported for normal subjects range from 0.2 to 0.5 mg/ml
[17] and are shown in the dashed area of Fig. 5. Although
this is a very limited sample set, the MI samples exhibited
some of the highest concentrations of Cp. This seems to be
in agreement with published data by Reunanen et al. [10]
using serum from 104 patients with MI or stroke and 104
matched controls, who concluded that high Cp concentra-
tion in serum was significantly associated with higher
incidents of MI but not of stroke.

To find out if there is a correlation between the Cp
concentration in the depleted serum and the total Cu
concentration in the original serum, we analyzed some of
sera, for which we had enough sample, for total Cu by
spraying the diluted sample directly into the ICPMS
system. We used a 150-fold dilution of the serum with 1%
nitric acid. To verify the accuracy of the total Cu
measurement by direct ICPMS, we checked the procedure
with two reference sera, Seronorm I and Seronorm II, and
found that total Cu concentration for Seronorm I is
1,043 ng/ml (certified value is 997–1123 ng/ml) and for
Seronorm II is 2,480 ng/ml (certified value is 2,400–
2,800 ng/ml). Furthermore, method blanks (i.e., 1% nitric
acid) and calibration standards were analyzed in between
samples to ensure that there was no cross-contamination
between samples and that system calibration was within
acceptable limits. The correlation between the total Cu in
the original serum and the Cp concentration in the depleted
serum for 23 samples is high as indicated by the R2 of 0.8,
which would confirm literature reports that most Cu in
serum is bound by Cp [1]. Since in our study all samples
have been depleted of albumin, transferrin, IgG, IgA,
haptoglobin and anti-trypsin, we are certain that what we
measured was Cu bound only to Cp and not to transferrin
or albumin, both of which are known to bind Cu to some
extent [3, 4].

To establish the number of Cu atoms in the Cp molecule,
we used the concentration of Cp that was determined in the
ERMDA470 reference serum by SEC-ICPMS and the total
Cu measurement of that serum sample, which we
determined in duplicate by direct ICPMS and found to be
618 and 661 ng/ml. If Cp would contain 6 Cu atoms per
molecule, then a Cp concentration of 0.208 mg/ml

Table 1 Concentration of Cp in the ERM DA 470 reference serum

Certified value (mg/ml) Conc measured in this study (mg/ml) 63Cu/65Cu

ERM DA 470 reference serum
(freshly reconstituted)

0.205 (0.011)a 0.208 (5.4%)b 2.1 (3.6%)b

ERM DA 470 reference serum
(after overnight equilibration at room temperature)

0.205 (0.011)a 0.168 (9.9%)b 2.2 (2.8%)b

aUncertainty (mg/ml) is defined as half-width of the 95% confidence interval of the mean value (K factors were chosen according to the t-
distribution depending on the number of labs)
bAverage of 3 determinations; value given in parentheses is the coefficient of variation

Table 2 Cp determination by SEC-ICPMS method performancea

Method
indicator

Value

Detection limit 0.01 mg/ml
Dynamic range 0.01–5.0 mg/ml (tested only until 5 mg/ml)
Reproducibility CV for immunodepletion: 0.07% to 2.2%

CV for injection into HPLC: 5.3% (Cp standard at
1 mg/ml)
Overall CV:<10%

Accuracy 101% (ERM DA 470)
Cp identifica-
tion

From retention time match of the unknown peak in
the sample to the Cp standard and the presence of
63Cu and 65Cu at a ratio of 2.2±0.1

aThis method takes approximately 95 min/sample from start to finish
(15 min dilution and filtration, 30 min immunoaffinity chroma-
tography, 20–30 min concentration, and 20 min SEC-ICPMS
analysis)
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(measured in this study) would correspond to a total Cu
concentration of 596 ng/ml; if Cp would contain 7 Cu
atoms per molecule, then the total Cu concentration would
be 695 ng/ml. Since the Cu concentration was 618–661 ng/
ml, we can then conclude that Cp in the ERM DA470
reference serum contains between 6–7 atoms per molecule,
consistent with the published value [1].

The ESI-MS data for the Cp standard and the two serum
samples are presented in Table 3 as the protein score,
number of peptides found, and the % sequence coverage.
The Cp standard was processed by one-dimensional gel
electrophoresis only, by SEC and one-dimensional gel
electrophoresis, and through all three steps. In all cases
involving the Cp standard, the database searches confirm
the identity of Cp with different degrees of sequence
coverage. A protein score above 20 indicates identity or
extended homology with a p value <0.05. The data for the
two serum samples (processed through immunoaffinity
chromatography, SEC) and from which we collected the
peak corresponding to the Cu protein, also resulted in the
correct identification of Cp. When the two serum samples
were not depleted of the high abundant proteins and were
not fractionated by SEC, the identification of Cp separated

from the serum only by one-dimensional gel electropho-
resis was not possible in the ERM-DA470 serum, but it was
successful in the MI-1 serum.

Conclusions

Interest in proteins with Cu or Cu binding sites has
increased in the last several years and standardized
analytical methods are needed to distinguish between Cp
and apoCp. The method described here uses immunoaf-
finity chromatography and SEC to “purify” the sample
prior to analysis of Cp by ICPMS. By removing the six
most abundant proteins from serum with immunoaffinity
chromatography and by using SEC to separate Cu bound
by Cp from any free Cu in the serum sample, we
demonstrated that SEC-ICPMS can accurately and repro-
ducibly measure Cp in the ERM DA470 reference serum.
The SEC-ICPMS method was used to analyze 47 serum
samples from four diseases and a set of normal controls for
Cp. The presence of Cp in two of the serum samples,
depleted of the six most abundant proteins, was verified by
SEC fraction collection, followed by one-dimensional gel

Table 3 ESI-MS data for Cp standard, ERM-DA470 reference serum and MI-1 serum sample

Sample name Immunoaffinity SEC 1D GE Score Peptides found % coverage Identification

Cp std 393 26 28 Cp
Cp std x x 45 3 4 Cp
Cp std x x x 162 11 12 Cp
ERM DA470 x 469 28 55 Albumin
ERM DA470 x x x 43 3 4 Cp
MI-1 x 45 3 4 Cp
MI-1 x x x 85 6 8 Cp

Fig. 5 Cp concentration in
human sera from four diseases
and normal controls
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electrophoresis, removal of the protein band of about
130 kDa, in-gel digestion with trypsin, and analysis of the
tryptic digest by electrospray MS. ICPMS coupled with
different forms of chromatography appears to be a
desirable analytical tool for determination of metallopro-
teins because of its selectivity, especially when dealing
with such complex matrices as the human serum.

Acknowledgements The authors thank Toshiaki Matsuda of
Agilent Tokyo Analytical Division, Tokyo, Japan, for making
available an ICPMS system for performing this research; Alex
Apffel of Agilent Labs, Palo Alto, CA for making available an HPLC
system with fraction collection and for assistance with the immu-
noaffinity chromatography process; and to Darlene Solomon and
Brian Peter, also of Agilent Labs, for reviewing the manuscript prior
to publication.

References

1. Takahashi N, Ortel T, Putnam F (1984) Proc Nat Acad Sci
81:390–394

2. Goldstein IM, Kaplan HB, Edelson HS, Weissman G (1979) J
Biol Chem 254:4040–4045

3. Templeton DM (1998) Analusis Magazine 26:M68–M71
4. Barrow L, Tanner MS (1988) Eur J Clin Invest 18:555–560
5. Dako Cytomation Application Note Guideline for Determina-

tion of Ceruloplasmin in Serum/Plasma on Hitachi 911 Version
03, 01.04.98

6. Buffone GJ, Brett EM, Lewis SA, Iosefson M, Hicks JM (1979)
Clin Chem 25:749–751

7. Hohbadel DC, McNeely MD, Sunderman FW (1975) Annals
Clin Lab Sci 5:65–70

8. Schosinsky KH, Lehmann HP, Beeler MF (1974) Clin Chem
20:1556–1563

9. Twomey PJ, Viljoen A, House IM, Reynolds TM, Wierzbicki
AS (2005) Clin Chem 51:1558–1559

10. Reunanen A, Knekt P, Aaran RK (1992) Amer J Epidemiol
136:1082–1090

11. Ceruloplasmin Technical Update http://www.interpathlab.com/
TechnicalUpdates/ceruloplasmin.htm

12. Emons H (2005) Certificate of Analysis ERM DA470, Institute
for Reference Materials and Measurements, Geel, Belgium
Ceruloplasmin Technical Update http://www.interpathlab.com/
TechnicalUpdates/ceruloplasmin.htm

13. Baudner S, Bienvenu J, Blirup-Jensen S, Calstrom A, Johnson
AM, Milford Ward A, Ritchie R, Svendsen PJ, Whicher JT
(2004) Certification report: the certification of a matrix reference
material for immunochemical measurement of 15 serum
proteins, Institute for Reference Materials and Measurements,
Geel, Belgium

14. Makarov A, Szpunar J (1998) Analusis Magazine 26:M44–M48
15. Palacios O, Encinar JR, Schaumloffel D, Lobinski R (2006)

Anal Bioanal Chem 384:1276–1283
16. Carrico RJ, Deutsch HF, Beinert H, Orme-Johnson WH (1969)

244:4141–4146
17. Hahn S-H, Jang Y-J, Lee S-Y, Shin H-C, Park S-Y, Yu E-S, Han

H-S (2004) US Patent 6,806,044 B2 - Method of Measuring
Ceruloplasmin Concentration in a Blood Spot, Kit and Method
of Diagnosing Wilson’s Disease

187

http://www.interpathlab.com/TechnicalUpdates/ceruloplasmin.htm
http://www.interpathlab.com/TechnicalUpdates/ceruloplasmin.htm
http://www.interpathlab.com/TechnicalUpdates/ceruloplasmin.htm
http://www.interpathlab.com/TechnicalUpdates/ceruloplasmin.htm

	Determination of ceruloplasmin in human serum by SEC-ICPMS
	Abstract
	Introduction
	Experimental
	Materials
	Immunoaffinity chromatography
	1-D gel electrophoresis and in-gel digestion
	Instrumentation

	Results and discussion
	Determination of Cp by SEC-ICPMS

	Method performance
	Cp measurements in sera from different diseases

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


