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Effect of preparation date and cage compared to En

hment analysis

The postsynaptic density (PSD) is a specialized protein complex at the
synaptic junction of glutamatergic excitatory synapses. The protein
components of the PSD, including neurotransmitter receptors, cytoskeletal
proteins, and signaling molecules, can be altered by synaptic activity and drug
exposure. Therefore, methodologies to quantify the changes in the abundance
of PSD proteins should help our understanding of the molecular basis of
synaptic plasticity. In this study, 112 proteins in PSD fractions prepared from
rat brain were initially selected for analysis using multiple reaction monitoring
(MRM) mass spectrometry based on the number of peptides detected, peak
distribution and signal/noise ratio. However considerable variation in the
levels of a sub-set of proteins was observed that was dependent on sample
preparation. To produce more consistent data, we applied fraction-enrichment
analysis and analyzed the levels of a larger number of proteins than initially
targeted by the MRM approach. Crude synaptoneurosome (P2) and PSD
fractions were prepared systematically and analyzed by SWATH LC-MS/MS, a
novel data-independent acquisition technique. We examined the levels of
~1,700 proteins by SWATH that were differentially enriched in PSD compared
to the P2 fraction. Bioinformatic analysis revealed classes of proteins that were
enriched or excluded from the PSD fraction compared to the P2 fraction, and
identified factors that contributed to higher levels of technical and biological
variance for identified PSD proteins. The results from these studies will be
helpful in defining proteins that exhibit robust association with the PSD, and
that can be reproducibly analyzed by targeted mass spectrometric methods.

Overview of our studies

Development of MRM method for PSD
proteins

Identification of PSD core proteins
selection of ‘appropriate’ MRM target

Characterization of the differences in the PSD
proteome following cocaine treatment
We originally started this project to characterize the differences in the PSD
proteome following cocaine treatment. For this purpose, we designed a
comprehensive workflow for the development of large scale (>1000
transitions/run) label-free LC-MRM proteome assay. However, the MRM data
raised some issues related to sample variability in PSD proteins. To address
these issues, we have examined in more detail the basis for altered PSD protein
levels that might be caused by preparation conditions.
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Rat brain tissue was homogenized using a Dounce tissue grinder. Nuclear and
unhomogenized cell contaminants were removed by low-speed centrifugation,
followed by a high-speed centrifugation to obtain the pellet containing
synaptoneurosomes (P2). This was applied to a Percoll gradient and
ultracentrifuged. The synaptosome fraction was collected and subjected to
hypotonic lysis. Subsequently, the synaptic plasma membrane fraction was
collected by ultracentrifugation. Following a Triton extraction, the PSD
fraction was collected by ultracentrifugation.
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MRM is highly specific assay method for detecting analytes of interest
utilizing, most predominantly, a triple quadrupole-based mass spectrometer.
QI is set to transmit only the parent m/z of the peptide, the fragmentation via
collisional induced dissociation occurs in Q2, and Q3 is set to transmit this a
single diagnostic fragment. The specific combination of m/z associated with
the parent and fragment ions selected is referred to as a “transition”.
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Approximately 1,200 proteins were initially identified in the PSD fraction by
discovery runs on a TripleTOF 5600 MS. From the protein list, 112 proteins
were selected as target analytes (M112) based on the number of peptides
detected, peak distribution and signal/noise ratio. The data were translated into
a QTRAP 5500 LC-MRM assay enabling rapid quantitation of 112 proteins. 3
peptides per protein were quantified by measuring 5 transitions for each
peptide.
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MRM log 2 scatter plots between PSD 1 and five other PSD biological
replicates. The red dots indicate transitions that are four fold up-regulated in
PSD 2 vs. PSD 1. These same transitions were then mapped onto the other four
scatter plots.

cocaine treatment on the M 112 proteins

Peak area clustering
analysis for 112 PSD
proteins from control
(blue  square) or
cocaine (red square)
treated rat.  The
control and cocaine
treated groups could
not be distinguished.
Samples prepared at
same day or from
same cage tend to
form clusters.
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Evaluation of variability from preparation conditions

for the reselection of MRM targets using SWATH
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In the MRM workflow, a fixed number of analytes are targeted and high
resolution MS/MS spectra are collected across an LC run. On the other hand,
in SWATH, a wider Q1 window containing more ‘mdlytes is passed. This
produces a more complex MS/MS spectrum which is a composite of all the
analytes within that Q1 m/z window. The Q1 quadrupole is stepped at 25 amu
increments across the mass range of interest, passing a 25 amu window
through into the collision cell. The transmitted ions are fragmented and the
resulting fragments are analyzed in the TOF MS Analyzer at high resolution.
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The NGAR divides by the average of this ratio for all samples (for a given
transition). The net result was that the reported value should be close to 1.0 if
the ratio of a transition to the first is constant across the samples. If not, one (or
other) of the peaks was not integrated well or had some other interference.
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PSD/P2 enrichment analysis were
performed using MSstats without
normalization and with NGAR.
Right dot plot: Volcano plots by
protein level analysis. —log, scaled
adjusted p-value (y-axis) against S «
log, fold change (x axis).
According to the adjusted p-values

and fold change, they are labeled
in black (no change), blue 10 5 0 B 10
(depleted) or red (enriched). log, Fold change

g, adjusted p-value

p<0.05,
Total PSD p>0.05, Fg;ol
proteins| proteins Total FC<l
p<0.05, FC>1 127 22 proteins 26%
p<0.05 FC<1| 823 13| p>005,  p<0.05,
p>0.05, FC>1 281 13 FC>1 FC<1
p>0.05, FC<1| 447 11 L A
not qualified 9 1
total 1682 60|
Upper table and right pie charts: "ngf p<0.05,
Proteins were sorted depending on PSD 18% =~ FC>1
fold-change value and adjusted p- proteins ' n.0.05, 36%
value. 60 PSD proteins were FC>1 o005,
identified based on gene ontology. 22 Z%:/ﬂl

s e

gene name. \
Syngap

000
[0 Left table: fold change
value (pink: enriched,
light blue: depleted) and

p-value (grey: >0.05) of

1z [Glutamate receptor ragmen)
hanics [5r3 ang v o

59 PSD proteins. 22 PSD

core proteins (FC>1,

i
rinza c NVDAZA

o p<0.05) are indicated by
[—ood boldface.
Lower Pie chart: 22 PSD

b 1 :
oo Honerpoai hanlos T core  proteins  were
- classified by molecular
Cacno i g - .

Grad Giuanateteceptor & function using Panther.
Srqap7 ST RO0 fho GT7

Do Jorebon-fc protern
Lzis1_eucine zipper puiaive umor suppressor ]

Molecular functions
of 22 PSD proteins

LonnI —[Lavopnin-1
Gapi [Newromocuin

L JSmapsint
Domg ovnamins

P ase 2bets
Poozea [serier
b ve\ﬁlﬂ o b oA
ase (Fragmen)
A

phai [proten Epnad

cas] [oreast carcnon
iz JE3 ubiguin

Thomoog

This work was supported by NIDA DA018343, NIDA DA10044 and NIMH
MH90963.




