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No-fuss quantitative proteomics with pseudo-internal standards
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problem, including the use
of stable-isotope-labeled
“spike-in” standards, differ-
ential metabolic labeling, and molecu-
lar tagging. Yet, these approaches are
cumbersome, are expensive, or vary in
efficiency from sample to sample.

In the November 15 issue of Ana-
Iytical Chemistry (pp 8440-8445),
Yoshiya Oda of the Laboratory of Core
Technology at Eisai Co., Ltd. (Japan),
and colleagues describe a novel label-
free approach to quantitative proteomics
that addresses these shortcomings.

The technique uses pseudo-internal
standards (PIS), identified on the fly
during data analysis, to provide relative
quantification data; this is similar to
the approach used in molecular biology
techniques such as northern blotting.

“The unique feature of this is the
internal standards are not chosen before-
hand or spiked in,” Oda says. “Instead,
the internal standards are chosen from
the data set, going on the assumption
that the majority of proteins do not
change when stimuli are applied to cells.”

In northern blotting, relative gene
expression levels are quantified by com-
puting the ratio of abundance of a tar-
get RNA (i.e., the RNA of interest) ver-
sus that of a “housekeeping” RNA, the
levels of which should remain constant
across experimental conditions.

Similarly, in Oda’s approach, LC/MS
spectra collected from two samples (say,
control and drug-treated cells) are ana-
lyzed in a pairwise fashion both within

P15-based gquantitation in proteomic MS.

and across samples to identify peaks for
which the intensities relative to other
peaks do and do not change. Suppose
that the two samples each produce five
peaks. Each pairwise ratio of peak in-
tensities (1:2; 1:3, etc.) in the control
sample is compared with the same ratio
in the experimental sample. If the ratio
of ratios (e.g., 1:2 in the control/1:2
in the sample) equals 1—that is, the
relative abundances don’t change—the
peaks are designated PIS.

These PIS are then used to compute
the abundances of peaks of interest,
which do change across samples. Oda
notes that the retention times of the
standard and target peptide must be
within 1 minute of each other, because
the farther apart two peaks are, the
more they will differ in mobile-phase
composition, interferences, and so on.
“Similar environments as much as pos-
sible [are] important for normalization
of mass spec data,” he says.

To test the approach, Oda and his
team used both PIS and ion intensity
data to compare the abundances of indi-
vidual brain peptides from normal and
transgenic mice. In four experiments
performed on the same day, the precision
(coefficient of variance) of PIS-deter-
mined values was 6.9—8.0%, compared
with 8.0-14.3% by ion intensity. Preci-
sion suffered in experiments performed
across days, however, with values of

than the ion intensity
approach, especially when
multiple standards per
target peak are used and
at lower target protein concentrations.
That, says Oda, is probably because
lower-abundance proteins are more
prone to ion suppression effects.
Importantly, PIS-based quantita-
tion was largely in agreement with data
calculated with isobaric tagging for rela-
tive and absolute quantitation (ITRAQ)
reagents: 72% of PIS values were within
1.5-fold of ITRAQ values. In contrast,
44% and 49% of ion intensity and em-
PAT (exponentially modified protein
abundance index) values, respectively,
were within 1.5-fold of iTRAQ values.
PIS has been used extensively at Eisai
for the discovery of Alzheimer’s disease
biomarkers, says Oda. Yer, he adds, it
isn’t the best choice for those who need
more accurate or precise data (e.g.,
to support an application to the U.S.
Food and Drug Administration} or for
those who are interested in very large
changes—say, 10-fold or more.
Nevertheless, Oda continues to re-
fine his process, for instance, by using
peak-smoothing algorithms and higher-
resolution instruments to resolve and
quantify overlapping peaks.
And, he notes, the approach can be
applied to MALDI mass spectra and
to other classes of molecules (such as
metabolites), too, as long as the abun-
dances of most molecules remain con-
stant across conditions. =

—Jeffrey M. Perkel



Pseudo-internal standards for
label-free gquantitation
Stable-isotope labeling is time-consum-
ing and expensive, and ion-intensity
data are not always reliable, so Yoshiya
Oda and co-workers at Esai Co. (Japan)
and Japan Science and Technology Corp.
developed an alternative method in
which the levels of pseudo-internal stan-
dards (PIS) are analyzed. This label-free
method requires no additional reagents
and is simple to perform.

Just as unchanging expression levels
of housekeeping genes are used for
normalization in northern-blotting
procedures for RNA analysis, proteins
whose levels do not change under dif-
ferent conditions or among samples

in proteomics experiments are used as
surrogate standards in the PIS method.
The researchers got the idea when they
noticed that the levels of most proteins
are the same within a given quantitative
proteomics experiment.

With the new quantitation method,
the relative peak intensities of analytes
of interest are compared with those of
PIS. These standards are determined
during a proteomics MS experiment and
are represented by peaks that are pres-
entin a 1:1 ratio between samples. For
analyses, PIS within a 1 minute retention
time interval of a target peak are chosen
for comparisons.

Oda and co-workers tested the method
on mouse brain extracts. The precision

of the PIS strategy was better than that
of ion-intensity-based quantitation
techniques but was notas good as that of
stable-isotope techniques. To determine
the accuracy of the approach, the re-
searchers compared PIS and ion-inten-
sity data with data derived from isobaric
tagging for relative and absolute quanti-
tation (iTRAQ) measurements. Accura-
cies of unknown samples are difficult

to assess, so in this experiment, iTRAQ
results were taken as the correct answer.
PIS data were more similar to the iTRAQ
data than those from ion-intensity
measurements were. The investigators
say the method also could be applied to
metabolomics analyses. (Anal. Chemn.
2007, 79, 8440-8445)



