




















Quantitation in proteomic experiments utilizing mass spectrometry I I

quantitate the rK5 protein from plasma samples (Ji et a1.,2003). The method was
then employed to conduct preclinical trials of rK5 concentration in monkey plasma
samples after initiation of a drug regimen. Plasma samples with 200 pl of approxi-
mately 5 pglml of '5N rK5 were loaded in 96 well plates on a HLB 60 mg solid phase
extraction plate (Waters Oasis), washed, and then eluted with 0.8 ml of acetonitrile
and0.2%o TFA. These samples were then resolved on a Cl8 column (Symmetry300)
at 40'C to improve peak shape, and analysed on an API 3000 triple quadrupole mass
spectrometer (PE Sciex), utilizing selective reaction monitoring for the rK5 and t5N

rK5 standard. The peak areas were determined utilizing Sciex MacQuan software
version 1.6 in order to determine the ratio of standard and analyte protein. The linear
range of this assay was determined to be between 99.23 and52920.0 nglml, with R2
values for calibration curves ranging between 0.9972 and 0.9994. Eighteen repli-
cate samples from three analyses were run at the low and high end of the assay range
and yielded CV values of 4.8Vo and l.l%o, and accuracy (per cent theoretical) of
lO5.37o and 100.37o, respectively. The extraction recovery of two control samples
was determined to be 857o and 72Vo when the ion chromatograph peak area ratios
were compared to quality control samples. This methodology was then applied to
determine the rK5 level in monkey plasma samples after an intravenous drug was
administered to the animal. The toxicokinetic curve was linear over the range
studied (10.5e4 to 10e3 ng/ml) during a 25-hour period after drug administration and
all samples were analysed without dilution (Ji et a1.,2003). This study demonstrates
that intact proteins may be utilized as internal standards even in complex mamma-
lian samples, but it is important to demonstrate the chromatographic system employed
is capable of resolving the protein targets.

The new methodologies for absolute protein concentration determination
described here allow for very precise measurements of individual proteins from
increasingly complex samples. While these methods will allow very specific
hypotheses to be addressed, they do still retain some drawbacks. Some of the
reagents are costly and not widely available (VICAT), require extensive purification
procedures, the target protein must be extensively analysed to demonstrate it is a
viable candidate (digestion and recovery issues), while several methods still rely on
gel separation techniques. This means that the process is difficult to automate and
precludes the study of certain proteins (high or low molecular weight, hydrophobic,
extreme isoelectric point) (Patton,1999; Gygi et al.,20OO;Patton et a1.,2002; Shaw
and Riederer, 2003). As the methodologies become mature and are further refined, it
is likely that many of these issues will be addressed to allow more scientists to
employ these methods efficiently.

RELATIVE PROTEIN CONCENTRATION DETERMINATION

While relative protein concentration determinations cannot provide the precision of
absolute quantitation studies, important details of the biological system's response
to stimuli can be ascertained. In many instances (such as the response to a drug
regimen), these studies may provide enough data to allow the investigator to
reliably draw the proper conclusions. Relative protein concentration determinations
can be measured with and without the use of stable isotopic labelling. Studies that
do not incorporate isotopic labelling may use an exogenous protein (or peptide) as
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an internal standard that the signal from sample proteins are normalized to, or
compare the ratio of the signals from the same protein from two different samples.
When stable isotopic labelling is utilized, one sample may be labelled either
metabolically (Ibanola et al., 2003) or during digestion (Bonenfant et a1.,2003),
with equal quantities of both samples measured concurrently, and the ratio of
proteins from each sample determined by comparison of the signals from each
isotopic species present. Alternatively, peptides labelled with stable isotopes, corre-
sponding to tryptic peptides from the target protein, may serve as internal standards
for each protein sample.

Non-isotopic labelling

Several groups have recently published articles describing the use of unlabelled,
exogenous proteins (digested to peptides) as internal standards to allow for relative
protein concentration determination between samples (Figure 1.3). The following
three studies are applications of this methodology.

Bondarenko and colleagues employed horse myoglobin (Sigma) as an internal
standard spiked into human plasma samples (Sigma) (both were digested and
analysed as peptides) (Figure 1.3; Bondarenko e/ al., 2002). The peptides were
resolved on a 75 pm i.d. column packed with BioBasic C18 media (New Objective),
and analysed on an LCQ Deca ion trap mass spectrometer (ThermoFinnigan). Two
plasma samples with 200 or 400 fmole of horse myoglobin were analysed, and peak
areas for the peptides were compared to determine if the difference in concentration
could be reliably calculated. Next, the peak area for an internal protein, Apolipoprotein
A-1, was calculatedby comparison andnormalized tohorsemyoglobin. All chromato-
graphic peak areas were defined as ion intensity times seconds. The total peak areas for
horse myoglobin peptides at 200 and 400 fmole were calculated to be 3.48 x 10e and
6.46 x 10e, respectively. Next, the horse myoglobin to apolipoprotein A- 1 ratio of peak
areas was determined and found to be | .15 and2.23 for 200 and 400 fmole, respectively
and, after normalization, the peak area ratios were determined to be 1 and 1.93,
respectively. Repetitive measurements demonstrated that relative peak area measure-
ment error was below ll%o (Bondarenko et a1.,2002).

Wang and colleagues utilized a similar method in which exogenous proteins
could be spiked into a complex protein sample and relative changes in sample
protein concentration could be determined by comparison with these internal stand-
ards (Figure 1.3) (Wang et al., 2003). Bovine carbonic anhydrase and horse
myoglobin (Sigma) were spiked into human serum proteome samples (Sigma) at
concentrations of 100 fmole to 100 pmole, depleted of serum albumin and IgG
proteins by affinity beads (Proteomic Biosciences), digested with trypsin, resolved
in a fused silica capillary column packed with BioBasic C18 media (New Objective),
and analysed by both LCQ Deca ion trap (ThermoFinnigan) and LCT ESI TOF
(Micromass) mass spectrometers. It was demonstrated that peak intensities for these
internal standard peptides were linear over this concentration range, with R2 values
ranging from 0.993 to 0.9912 for calibration curyes for these peptides. The CV
values for 25 runs of the human serum samples gave median and average values of
25.77a and29%o,respectively. Comparison of peak areas from sample peptides with
these internal standard peptides will allow for differential protein concentration
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and no peptides were detected by mass spectrum analysis (Anderson et a1.,2004).
While the use of antibodies holds promise for greater enrichment and resolution of

target peptides, this study demonstrates that the field has to overcome many obsta-
cles inherent in antibody chromatography (slower binding kinetics, selectivity and
lifetime issues).

Relative protein concentration determinations have more traditionally employed
stable isotopic labelling to measure concentration differences between samples
(Washburn er a1.,20021, Hardwidge et a1.,2004). This method has been demonstrated
to be reliable, but relatively costly, due to the stable isotopes utilized. New computer

algorithms are beginning to allow differential protein concentrations to be measured
without the need for stable isotopes (Bondarenko et al., 2002; Chelius and
Bondarenko, 2002; Wang et al., 2003; Liu et al., 2004). These methods allow
unlabelled, commercially available standards (cheaper than labelled samples) to be
utilized as internal standards, or for the signals from individual samples to be
compared without the need for standards at all. As these new methods are improved
and demonstrated to be reliable, the costs associated with current studies should
decrease and allow increased numbers of researchers to employ these methods.

Conclusion

Absolute protein concentration determinations allow for very precise measurements
of individual proteins from complex samples, but are costly and more time consum-
ing due to the expensive stable isotope labelled standards and the extensive
purification protocols utilized. Relative protein concentration determinations can
be utilized when only changes in concentrations need to be measured (such as in
response to a drug regimen). While these measurements have utilized stable isotopic
labelling, they do not require extensive purification protocols and new method-
ologies described here are now alleviating the need for isotopic labelling.

The tools available to scientists today allow for great flexibility in determining
protein concentrations from biological samples. This can range from simple differ-
ential expression experiments with unlabelled standards to absolute concentration
determinations using isotopically-labelled standards and affinity-purified complexes
from transfected cells. These methods allow the examination, in ever-greater detail,
of the role individual proteins (or PTMs) are playing in the context of the entire

system. The technology necessary to carry out these experiments is either commer-
cially available (mass spectrometers, chromatographic systems, search algorithms)
or available for public use through government-funded initiatives (NCBI, Swiss-
Prot). The contribution made by mass spectrometric-based proteomics to the
biological field should increase dramatically as more scientists become aware of
these technologies and become familiar with their use.
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