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Protein abundance is the final output of the central dogma
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Protein and mRNA may correlate poorly
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Human brain - mRNA abundance
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BrainSpan/psychENCODE project samples
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Same subjects used in BrainSpan for RNA-seq
~6 subjects spanning postnatal development

5 adult subjects, 7 brain regions
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Simple proteomic workflow
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Match between runs feature

a Main steps of the match between runs algorithm
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Fractionated regions
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Fractionated regions - Comparison with RNA-seq
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Single shot samples

undetected
identified using MBR
directly identified by MS/MS
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On average, without matching between runs, we detect 3612 proteins per sample

Using match between runs significantly increases the number of protein IDs in the

single shot samples by up to 50%




Single shot data: DEX genes - regions

( 32 \ f region DEX - sample clustering Pearson correlation\
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Single shot data: DEX - genes

32 region DEX clusters
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Single shot data: DEX - genes

32 region DEX clusters 9 period DEX clusters
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DEX genes - clustering

cluster26 (15) cluster30 (13) cluster31 (12)
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Comparison to RNA-seq

f RNA

Protein
@ @ region
0.2- ° “ o 0.3- ¢ * 9 ® AMY
: @]
o®® ® CBC
1 %o DFC
® % @ °® Q o
01= -
T ., 0.2 ® HIP
® oo % ® MD
o® ®
N 0.0- ° }.‘ .0:" » STR
< e ® 80 o01- ® ViC
o9
&
e § ©
-0.1- o
3. L P ® .o‘
° ® o 0.0= e © o
o ,6’ ®
-02- ® X \g.o
o
®
O -0.1= fo.

0.106 0.110 0.114
PC1

Cerebellum is more clearly separated from the other regions by protein

The other regions are easier to define by protein

i



Comparison to RNA-seq
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RNA - protein comparison
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RNA - protein comparison
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Ontological analysis

Do these groups of genes relate to ontology in any way?
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Protein only changes
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- Overall enrichment for nuclear
proteins driven by cell body density

Generation of precursor metabolites/energy
Oxidation reduction

Purine nucleotide metabolic process
Monosaccharide metabolic process
Cellular respiration

Tricarboxylic acid cycle

Glycolysis

Secondary metabolic process
Gluconeogenesis

Translation

Chromatin organization

Chromatin modification

Cell division

Mitosis

Cell cycle

Transcription

Regulation of transcription
Ribosome biogenesis

Regulation of cytokine production

ncRNA processing
RNA splicing MRNA

tRNA processing .
Dephosphorylation /
mRNA processing proceSSI ng
Regulation of cell proliferation

Defence response

Glycogen metabolic process

Cellular iron ion homeostasis

Integrin-mediated signalling pathway

Cell adhesion

Cellular cation homeostasis

Chemical homeostasis

Phosphorylation

Proteolysis

- RNA processing terms more
significant than other nuclear terms

- may be a reflection of relative
stability

- Other interesting proteins appear in
region comparisons with more similar
cytoarchitecture
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RNA only changes
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\ signaling 0.00071 1.39
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ion transmembrane transport 0.0017 2.09
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neurological system process 0.0027 2.23
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transporter complex 0.041 2.24

ion channel complex 0.042 2.36

dense core granule 0.05 6.78
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RNA only changes

- Tend to be membrane based, signalling proteins
- These proteins may be synthesized in one region, but transported to another

- Could have important implications for targeting knockdowns, for example

28



Comparison of areas with similar cytoarchitecture
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Comparison of areas with similar cytoarchitecture

Proteins enriched in
DFC compared to
V1C are functionally
related

b v b Vv D Vv D V D V

GRM2/3 = g Pt S~ L =% - 100 kDa
GAPDH — — — — — ——— w—— 3] kDa
75 kDa
CNR1 r
50 kDa
PDE4D . == = 100 kDa
150 kDa
e e e (D
NTRKS s B __ B 100 kDa
GRM2/3 CNR1 _PDE4D
%‘ 2.0, *p=0.0043 2.0, *p=0.0022 2.0. p=0.037
8 1.5/ 1.5. 1.5.
;5, 1.04 1.0 1.0
-% 0.5. 0.5 0.5 :
E 0.0 : . 0.0 . 0.0 r
6,(0 4"0 6"0 4"0 <§‘° \\,\o




Talk outline

- Why proteomics?

- BrainSpan/psychENCODE project samples
- Proteomic methods

- Results

« Conclusions

|



Conclusions

Proteomic level data can reveal differences between regions not seen at the RNA level
- This approach is most powerful in comparing regions with similar cytoarchitecture

Proteomic data is still biased towards abundant proteins. Future work should consider
how best to simplify mixtures to increase the sensitivity of the technique:

- multiplexing samples for fractionation by liquid chromatography
- sub cellular fractionation
- tissue specific references to increase identification rates/identify isoforms

- cell-type specific proteomics

£l



How can you use this data?

- Increase the number of IDs in your label free experiments through matching between
our fractionated libraries

.- Use these spectra to select peptides for targeted proteomics
- For assessing protein stoichiometry
- Useful tool for looking at RNA/protein agreement for a new gene of interest

- We also have mouse vs human comparison data - is protein expression similar between
humans and your animal model?

- We are hoping to extend this work to isoform level coverage soon

Data can be found in the supplementary tables here:
https.//www.nature.com/articles/s41593-017-0011-2
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