Mission to provides efficient and cost effective

proteomics and small molecule mass spectrometry based
services.

Introduction The Mass Spectrometry (MS) &

Proteomics Resource at Yale has its roots in 1980 in the
Department of Molecular Biophysics and Biochemistry
and has a history of providing investigators with access to
the most advanced protein and small molecule profiling
technologies.

Mass Spectrometers (MS

Rashaun Wilson,

Services

Protein Identification

(1) Basic Protein ID
(2) Protein Post Translational Modifications:

-Phosphorylation
-Ubiquitinylation

-Acetylation
-Methylation

Protein Profiling and Quantitation

For ProteinID

For Protem PTM Profllmg, & Quantltatlon

Thermo Fisher Scientific nano-UPLC ESI
LTQ-Orbitrap ELITE MS systems

Thermo Fisher Scientific nano-UPLC

. . . i i
Thermo Fisher Scientific nano-UPLC ES| Orbitrap Fusion MS systems

For Open Access ES| Q-Exactive Plus MS systems

New Instrumentation

-PTM Level

(SILAC).

Small Molecule Analyses

For Metabolism Separation &
Quantitation

Usage

Q-Exactive HE-X mass
spectrometer with ACQUITY

UPLC M-Class.

Thermo Fisher Scientific nano-
UPLC ESI LTQ-Velos MS systems

PE UPLC AB Sciex

4000 QTRAP MS system Waters H-Class

UPLC

(1) Label Free Quantitation:
-Protein Level
-Peptide Level

(4) Targeted Protein Quantitation (PRM).
(5) Untargeted Protein Quantitation (DIA).

(1) Exact/Accurate Mass Determinations
(2) Structural Elucidation
(3) Small Molecule Quantitation: Targeted
Compound Specific (e.g.: drug, hormones, lipids, etc.)

Identification of Protein and Protein Posttranslational Modification (PTM)

Workflows

ean Kanyo, Wendy Wang, TuKiet T. Lam*

Yale Keck MS & Proteomics Resource: Supporting research through mass spectrometry

Intact protein analysis

Sample: Single purified protein of molecular weight

/7 = \\E&
Top-loading = i - “ Elute

up to 50 kDa that is either lyophilized or dissolved in
water. No salts, detergents, or chemicals. \We

requiring 10 ug or less.

Steps

remain bound

(2) TMT (multiplexed isobaric tagging; 6- or 10-plex)
(3) Stable-Isotopic Labeling of Amino acid in Cell culture

Basic Protein ID of 1D or 2D* gel bands or spots

MS Capabilities
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nstrument Fundin

(4000 QTRAP) NIH CTSA,UL1 RR024139

(Orbitrap ELITE) NIH SIG, RR031795

(Orbitrap Fusion and Q-Exactive Plus) [1S100D018034-01 & YSM]

(UPLC H-Class) [1S100D019967-01 & YSM]

(Q-Exactive HF-X Mass Spectrometry system) [S100D023651-01A1 & YSM]

Samples need to be...

Database, http://yped.med.yale.edu)

Digested with trypsin
Analyzed by LC MS/MS on a LTQ Orbitrap Elite
Database searched against the NCBInr or
SwissProtein databases (any taxonomy in these databases)
Results will be posted online in YPED

All with a quick turn-around

Selected
. Gel Band
Samples will be... pr——
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4

Just want to know what protein that band or spot in your gel is? Then this is the
service for you!

In a Coomassie blue stained gel band (additional charge applies for silver stained gel bands)
Place in an Eppendorf tube without buffer (**Do not use color tubes)
Gel volumes (lane width x gel thickness x band height) less than 50mm?3, (additional charges
applies if gel bands are larger than this).
Simple protein mixtures (e.g.< than 30 proteins in the band)
Submitted in YPED (The Yale Protein Expression

Protein ID’ed

$114 per sample/gel band (Yale) $137 per sample/gel band (Non-Profit)**

Sample Submission:

300 George St, Rm G001 (ground level)

1) Drop off at Yale’s MS & Proteomics Resource located at
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2) Ship to: Attn: Basic Protein ID
MS & Proteomics Resource
300 George Street
Suite G001
New Haven, CT 06510

*Volume discount available for 20+ spots per submission.

Small Molecule: Exact Mass Determination

Observed
monoisotopic m/z Elemental
from Average MS of | Composition
EIC (GMF)
251.0927 C6H15N603S1
277.0061 C5H7N703S2
291.1996 C6H21N130
351.1336 C11H25N7S3
351.1627 10H25N901S2
349.2046 C15H31N304S1
313.2379 C18H3304
289.1054 C12H21N202S2
315.2535 C18H3504
269.0778 C10H15N5S2

Predicted
Theoretical
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(-1 charge state) | (ppm)
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currently require at least 100 micrograms of protein;
and is working to improve on this to hopefully only

. Samples will be analyzed by direct infusion method
on Orbitrap-Fusion mass spectrometer

. Standard Pressure Mode (8 mTorr) or Intact Protein
Mode (3 mTorr and 1 mTorr) pressure will be tested

Data will be analyzed with Protein Deconvolution 4.0
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Isoform-Level Interpretation of High-Throughput Proteomics Data
Enabled by Deep Integration with RNA-seq
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Abstract: Activation of nicotinic acetylcholine receptors containing a4 and B2 subunits (a4/B2* @U
nAChRs) in the mammalian brain is necessary for nicotine reinforcement and addiction. &
We previously identified interactions between a4/ p2* nAChRs and calcium/calmodulin-dependent
protein kinase I (CaMKII) in mouse and human brain tissue. Following co-expression of u/ﬁz \v7 “' —
NACHR subunits with CaMKII in HEK cells, mass spectrometry identified 8 ph &h expmssl Melanoma
sites in the a4 subunit. One of these sites and an additional site were identified when isc ohtsd growth

o4/ B2* nAChRs were dephosphorylated and subsequently incubated with CaMKII in vitro, while

ability to promote melanoma growth.

3 phosphorylation sites were identified following incubation with protein kinase A (PKA) in vitro. e

We then isolated native a4/B2* nAChRs from mouse brain following acute or chronic exposure Highlights

to nicotine. Two CaMKII sites identified in HEK cells were phosphorylated, and 1 PKA site was e MELK is upregulated in melanoma by the MAPK pathway
dephosphorylated following acute nicotine administration in vivo, whereas phosphorylation of the via E2F1

Data and Software Availability
PXD007872

PKA site was increased back to baseline levels following repeated nicotine exposure. Significant
changes in 2 nAChR subunit phosphorylation were not observed under these conditions, but 2 novel © MELK inhibition blocks melanoma growth
sites were identified on this subunit, 1 in HEK cells and 1 invitro. These experiments identified
putative CaMKII and PKA sites on o4/B2* nAChRs and novel nicotine-induced phosphorylation

sites in mouse brain that can be explored for their consequences on receptor function.

e MELK phosphorylates a large number of BRAF and MEK
substrates

o MELK partly promotes melanoma by stimulating the NF-xB
pathway via SQSTM1

Keywords:  nicotinic receptor; CaMKII; PKA; quantitative phosphoproteomics; mouse;
phosphorylation; nicotine
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Mycobacterium tuberculosis universal stress
protein Rv2623 interacts with the putative ATP
binding cassette (ABC) transporter Rv1747 to

A multiregional proteomic survey of the postnatal
human brain

The repeat region of cortactin is
intrinsically disordered in solution
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André M. M. Sousa®4, TuKiet T. Lam(®23, Mark B. Gerstein?, Nenad Sestan®45¢* and Angus C. Nairn®6*
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regulate mycobacterial growth
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tandem mass-spactrometry to create an in-depth proteomic survey of regions of the postnatal human brain, ranging in age r constructs of the cortactin repeats alone or toget (| Jr.2, Jordi B. Torrelles”*, John Chan
(RNA-seq) i i
from the ‘BrainSpan projec trevealed ared patterns of protein-RNA relationships, with generally increased magnitudes of ‘Small-angle X- Chegk for
RNA. Many of the differences amplified in protein data were and Undates
reflecnve of cytoarchitectural and functional variation between brain regions. Comparing structurally similar cortical regions
revealed significant differences in the abundances of receptor-associated and resident plasma membrane proteins that were
not readily observed in the RNA expression data.
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Development and Validation of LC-MS-MS
Assay for the Determination of the Emerging
Alkylating Agent Laromustine and Its Active
Metabolite in Human Plasma
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Abstract

The objective of this study was to validate a method for the determination of laromustine
(VNP40101M) and shortived its active metabolite (VNP4090CE) that has a halfife in human blood of
<90s in human plasma by liquid chromatography (LC) with tandem mass spectrometric (MS/MS)
detection. We overcome the stability dilemma by acidified the human plasma with citric acid.
Laromustine “breaks” down on the source of mass spectrometry to give m/z 249 which is the same
mz for VNPA0SOCE. Because VNPA0SOCE and laromustine elute at approximate retention time of 1.93
and 294min, respectively, we were able to quantify both of them in one method. VNP40101M,
VNP4090CE and the intemal standards were extracted from human plasma by liquid-liquid extraction
into ethyl ether. The ethyl ether layer was evaporated, reconstituted and analyzed using LC with MS/
MS detection. Validation parameters such as selectivity, limit of quantitation, linearity, precision, accu-
racy, recovery, autosampler viability, freeze-thaw cycles and compounds stability are evaluated for
this method. Results were calculated using peak area ratios, and calibration curves were generated
using a weighted (1) linear leastsquares regression. Calibration curves for VNP40101M and
VNPAO9OCE in human plasma ranged from 1.00 to 1,000 ng/mL. In this study, both intra- and inter-
assay results demonstrated a relative standard deviation for calibration standards (inter-assay) and
quality control samples (intra- and inter-assay) to be <15.0%. In this method, there is ~1.79% isotopic
interference of VNP40101M to VNP40101MIS, and ~3.76% isotopic interference of VNP409OCE to
VNPA09OCE-IS. It was concluded that there was no significant carryover.

Proteomics
Clinical Applications

Biomarkers

www.clinical.proteomics-journal.com

Quantification of Urinary Protein Biomarkers of Autosomal
Dominant Polycystic Kidney Disease by Parallel Reaction
Monitoring

Navin Rauniyar,* Xiaoging Yu, Jennifer Cantley, Edward Z. Voss, Justin Belcher,
Christopher M. Colangelo, Kathryn L. Stone, Neera Dahl, Chirag Parikh, TuKiet T. Lam,
and Lloyd G. Cantley*

Purpose: Autosomal dominant polycystic kidney disease (ADPKD) is a
life-long disease in which the genes responsible are known, but the
pathogenesis of cyst formation and cyst growth are not understood. Cyst
growth ultimately leads to end-stage renal failure in most patients. Analysis of
the urinary proteome offers the potential to identify proteins that indicate the
presence of cysts (and thus provides diagnosis) as well as the rates of cyst
growth (providing prognostic information).

Experimental design: A scheduled parallel reaction monitoring (sPRM) assay
is performed on urine samples from 14 patients and 18 normal controls. For
relative quantification, stable isotope-labeled synthetic peptides are spiked in
the urinary protein digests prior to data collection. The data are subsequently
normalized to creatinine and protein concentration in the respective urine
samples to control for variations in water intake between indivi or whetheri
Results: Out of the 143 urinary proteins targeted for SPRM assay, 69 proteins.
are observed to be significantly dysregulated in ADPKD. The dysregulated
proteins are used to cluster ADPKD patients into those who are more or less
similar to normal controls.

Conclusions and clinical relevance: This study shows that sPRM is a
promising approach to rapidly screen large numbers of proteins in urine in
order to provide earler diagnosis and potentially better understand the

prevalence of clinical disease of about
4/10 000 in the population."’ ADPKD is
a genetic disorder caused by mutations
in cither polycystin 1 or polycystin 2 en-
coded by PKD1 and PKD2, which lead to
the formation and growth of fluid-filled
cysts in the ki ress-
ing to kidney
no cure for
therapeutic options are limited. Tolwap
tan, avasopressin-2 receptor (VR2) antag-
onist, has been shown to slow the growth
rate of cysts and preserve kidney function
during clinical trials,? but it is unclear
how long the effect of tolvaptan persists
ill benefit patients with ad-
vanced disease.”

Presently, ADPKD is diagnosed by the
detection of fluid-filled cysts using ra-
diological imaging. This approach can
only detect cysts after significant, and
possibly irreversible anatomical changes
have occurred. Early diagnosis prior to
macmscbplc eyst formation might allow

1. Introduction

is of ADPKD development and pi

effe
G - conld delay
opment of (llmc

vert disease. One

such approach is the analysis of the urine
proteome by mass spectrometry. Since cysts initially develop as

Autosomal dominant polycystic kidney disease (ADPKD) is  outpouchings of the tubule in communication with the urine,
the fourth leading cause of end-stage kidney failure with a  changes in the composition of urinary proteins can reflect the
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SUMMARY

response element [TAR] DNA-binding proteir), the common
FILD subtype characterized by neuronal inclusions of TAR
N 20

granulin (GRN) and are
with several common neurodegenerative disorders
including frontotemporal lobar degeneration (FTLD).
A TMEM106B variant modifies GRN-associated
FTLD risk. However, their functional relationship
in vivo and the the risk
modification remain unclear. Here, using transcrip- |
tomic and proteomic analyses with Grn/~ and
Tmem106b~~ mice, we show that, while multiple .4 page
lysosomal enzymes are increased in Grn ™/~ brain at i fo

both transcriptional and protein levels, TMEM106B
deficiency causes reduction in several lysosomal
enzymes. Remarkably, Tmem106b deletion from ga o
Gm '~ mice normalizes lysosomal protein levels TMEM1068B has been fou
and rescues FTLD-related behavioral abnormalities  29anst CSORF72 expan
and retinal degeneration without improving lipo- 20
fuscin, C1q, and microglial accumlation. Mechanisti- 7
cally, TMEM106B binds vacuolar-ATPase accessory .
protein 1 (AP1). TMEM106B deficiency reduces
vacuolar-ATPase AP1 and VO subunits, impairing ¢;
lysosomal acidification and normalizing lysosomal
protein levels in G/~ neurons. Thus, Grn and
Tmem106b genes have opposite effects onlysosomal
enzyme levels, and their interaction determines the  thought to have neurotrophic
extent of neurodegeneration. the brain. However, recent studies aiso link PGAN to lysosomal
biology. NCL and Gaucher diseases, in which PGRN is impli-
cated, are lysosomal storage disorders. PGRN binds several
INTRODUCTION

Progranulin (PGRN) is a widely expressed secreted glycoprotein
mm plays a role in development, wound repair, and tumorigen-
. Inthe CNS, PGRN expressad by ne

i ut
lreq ent cause of familial
(FTLD)-TOP

due
tions in the PGRN genelGPM

otiity, and traffi
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