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Biological Mass Spectrometry Laboratory

Mass Spectrometry

• A mass spectrometer is an instrument 

used to weigh molecules.

• It allows scientists to:

– identify molecules present in solids, liquids, 

and gases.

– determine the quantity of each type of 

molecule.

– determine which atoms comprise a molecule 

and how they are arranged.
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QSTAR Elite:
Hybrid LC/MS/MS System



LTQ FT-MS
(Even more powerful)



NCBI Acc. # Name Biological function/process

AAI12964 HSPA5* Ca2+ binding chaperone  involved in folding and 

assembly of proteins in the endoplasmic 

reticulum (ER); also involved in anti-apoptosis

P04792 HSPB1 Chaperone involved in stress resistance and anti-

apoptosis; translocates from cytoplasm to nucleus

NP_001019820 Calnexin precursor Ca2+-binding, ER-associated chaperone 

Q12907 Lectin, mannose-binding 2 Ca2+ binding chaperone that shuttles between ER , Golgi 

apparatus, and plasma membrane

Q9NQC3 Isoform 1 of Reticulon-4 Involved in neuroendocrine secretion or in membrane 

trafficking  and associated with the ER

O75844 CAAX prenyl protease 1 

homolog

Metal ion binding peptidase associated with the ER

NP_004095 Fatty acid synthase Multifunctional enzyme involved in fatty acid 

biosynthesis; associated with Golgi apparatus

Figure 5.  (A) Schematic representation of S1R sequence coverage 

(84%) after enzymatic digestions under different conditions. (B) 

MS/MS of chymotrypsin in-gel digested transmembrane domain 

peptide VFVNAGGW. 

A

B
identified peptide:

VFVNAGGW

Objectives

o Develop a chemical proteomic method to isolate the human 

sigma-1 receptor (S1R) using an active small molecule 

ligand.

o Characterize the amino acid sequence of the S1R protein.

o Characterize the S1R interactome.

Methods

o Affinity purification using an in-house synthesized reduced 

haloperdol (RHAL)-coupled resin

o In-gel and on-bead enzymatic digestions

o Nanocapillary reversed-phase (RP) HPLC coupled to ESI-

QTOF mass spectrometry

Results

 Quantitative isolation of S1R using the RHAL-coupled 

affinity matrix

 Characterization of 84% of the primary amino acid 

sequence of S1R

 Identification of 44 potential binding partners using strict 

filtering criteria, including a known interactor (HSPA5).

INTRODUCTION

OVERVIEW

RESULTS

CONCLUSIONS

o Confirmation of the absence and presence of S1R in MCF-7 

and line 41 cells, respectively, using western blotting. Low-

passage MCF-7 cells do not express S1R7. Line 41 cells are 

transfected to over-express S1R7.

o Design and synthesis of RHAL affinity matrix. RHAL was 

coupled to epoxide-activated silica beads, which have a 

hydrophilic spacer arm.

o Affinity purification of S1R from whole cell lysates and 

membrane protein extracts from line 41 cells using the 

RHAL-affinity matrix under optimized conditions.

o In gel-digestion in the presence of varying amounts of 

acetonitrile using chymotrypsin. 

o On-bead digestion in the presence of the acid-labile 

surfactant RapiGest using trypsin, chymotrypsin, and Glu-C.

o Analysis of digested peptides using nanocapillary-RP-HPLC 

coupled to ESI on a hybrid QTOF mass spectrometer.

o Identification of S1R interactome by comparing LC-MS/MS 

data obtained from line 41 cells and MCF-7 cells.
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ANALYSIS OF THE HUMAN SIGMA-1 RECEPTOR AND

ITS INTERACTING PROTEINS USING CHEMICAL PROTEOMICS

METHODS
Table 1.  Partial listing of proteins co-purified with S1R. Forty-

four potential binding partners of S1R were identified from the on-

bead digestion experiments. Each protein not found in the control 

samples was confirmed by at least three unique peptides. The 

Paragon searching algorithm (Applied Biosystems, Inc.) made 

assignments based on a 99% probability score. *Known interactor
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 Synthesized a S1R-selective affinity-resin using the small 

molecule ligand, reduced haloperidol.

 Quantitatively isolated S1R from an in vitro cell line under 

optimized conditions.

 Characterized 84% of the primary amino acid sequence of the 

S1R using in-gel and in-solution digests.

 Identified 44 potential binding partners of the 1-receptor, 

including a known interactor, using strict filtering criteria of 

three identified peptides per protein at a 99% confidence level 

for each peptide.

 Future work:

Using quantitative proteomics, identify changes in post-

translational modifications and interacting proteins in 

response to ligand treatment.

Figure 4. Affinity purification 

of the S1R interactome is 

specific. Coomassie blue-

stained gel of proteins selectively 

isolated from line 41 cells (lanes 

3 and 5) versus MCF-7 cells 

(lanes 4 and 6). Other lanes 

contain protein markers (lane 1) 

or line 41 membrane proteins 

(lane 2) prior to purification.

Figure 3.  Isolation of S1R using the RHAL bead is quantitative and 

specific. RHAL or control beads were incubated with a fixed amount of 

membrane protein sample for up to 2 hours at 4 C. (A) Aliquots of the 

supernatants were subjected to S1R dot-blot immunoassay. S1R is no 

longer detectable in supernatant after 2 hours. (B) Affinity-purified protein 

was eluted from beads using 1% SDS. S1R does not nonspecifically  

interact with the control beads.

eluent

S1R

Figure 2.  Scheme describing the synthesis of the RHAL affinity resin. 

Control beads were synthesized by blocking all epoxy groups with 

ethanolamine. Binding data from Vilner and Bowen, J Pharmacol Exp Ther, 

2000, 292, 900-911.

o The human sigma-1 receptor (S1R) mediates a pro-survival 

signaling pathway1 and has been implicated in processes 

associated with cancer, cardiovascular disease, and 

neurological disorders. 

o In the CNS, S1R can regulate various processes, such as: 

neurotransmitter synthesis and release; neurotransmitter 

receptor function; learning, memory, and mood; and 

movement and posture2, 3.

o Studies in neoplastic tissue have been particularly revealing: 

Sigma receptor expression is upregulated in cancer cells4

and correlates with cellular proliferative status5, 6. 

Furthermore, pharmacological antagonism of S1R allows 

cells to undergo apoptosis1. 

o Due to its involvement in a multiplicity of (patho)physiological 

pathways, this membrane-bound receptor is an important 

potential target for therapeutic intervention. 

o Comprehensive characterization of the receptor at the 

protein level, which has not been done, would identify 

potential sites of posttranslational modification or amino acid 

deviations from the gene sequence. This information is 

necessary for future rational drug development and for an 

understanding of S1R functional diversity. 

o To this end, we have developed a technique that not only 

allows for the characterization of native S1R, but also 

facilitates identification of its binding partners. 
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Figure 1. S1R is expressed in line 41 cells only. Immunodetection of 

S1R in whole cell lysates from line 41 cells (lane 1; 20 g) and from MCF-7 

cells (lanes 2-4; 20ug, 40ug, and 60ug respectively). S1R is not detectable 

in whole cell lysates derived from MCF-7 cells.

S1R
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SEMINARS IN GLYCOMICS AND GLYCOPROTEOMICS

The Glycomics and Glycoproteomics Seminar Series will bring leading scholars to Brown to present new and 
novel research in this cutting edge field. The seminar series is sponsored by the National Science Foundation 
ADVANCE Program at Brown University and the Department of Chemistry.
For further information, contact the Department of Chemistry at (401) 863-2565.
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