
The ProSAAS Neural Chaperone Interacts
with Endoplasmic Reticulum Proteins

Item Type Poster/Presentation

Authors Schaffer, Nicholas; Nair, Saaya; Lindberg, Iris

Publication Date 2022-09-30

Keywords BioID tagging; proSAAS; Parkinson Disease; Neurodegenerative
Diseases; Alzheimer Disease; Protein Folding; Endoplasmic
Reticulum; Molecular Chaperones

Rights Attribution-NonCommercial-NoDerivatives 4.0 International

Download date 19/05/2023 14:42:51

Item License http://creativecommons.org/licenses/by-nc-nd/4.0/

Link to Item http://hdl.handle.net/10713/19928

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://hdl.handle.net/10713/19928


The ProSAAS Neural Chaperone Interacts with Endoplasmic Reticulum Proteins
Nicholas Schaffer, Saaya Nair, and Iris Lindberg

Department of Anatomy and Neurobiology, University of Maryland-Baltimore, MD
In their need to maintain high rates of protein synthesis and secretion, neurons and endocrine cells incur a

large proteostatic burden which extends to maintaining proteostasis in the extracellular space. To combat this
burden, these cells express large quantities of protein chaperones within the lumen of the secretory pathway.
The secreted chaperone known as proSAAS is almost exclusively expressed by neurons and endocrine cells.
proSAAS blocks the fibrillation of several aggregation-prone proteins; its expression protects cells from toxic
effects of such aggregates, and it is associated with extracellular plaques, Lewy bodies, and tau tangles in human
tissues, suggesting direct interaction with aggregating proteins. Viral overexpression of proSAAS within the
substantia nigra results in near-complete protection in a rat Parkinson’s disease model. This cytoprotection occurs
by an as-yet unknown mechanism. Indeed, the cellular substrates of secretory proSAAS remain unclear.

In order to examine the natural potential binding partners for proSAAS within the secretory pathway, Bir1-
mediated biotin tagging was combined with proteomic analysis to examine the complement of biotinylated
proteins generated by a proSAAS-Bir1 fusion protein stably expressed in AtT-20 cells (a neuroendocrine cell line).
A number of biotinylated secretory proteins were identified with levels higher than those present in cells
expressing Bir1 alone, including the known proSAAS interactor PC1/3. Protein hits overrepresented in proSAAS-
expressing cells include MIA3/Tango1; PDIA3; POMC; and Grp94, among others. The PDIA3 and PC1/3 hits were
validated by Western blotting of streptavidin-captured proteins from biotinylated cell extracts. In HEK and SH-
SY5Y cells transiently transfected with proSAAS constructs, colocalization was visualized for the ER proteins
MIA3/TANGO, PDIA3, and PRDX4. We plan to further validate interactions using pull-down assays and
immunofluorescence, with the eventual goal of defining the natural complement of proSAAS-interacting proteins.

ProSAAS Overexpression Protects Neurons from 
Synuclein-Induced Injury in Culture and in vivo

Data from Jarvela et al, PNAS 2016; Lindberg et al, 2022

Midbrain Neurons                                          PD Model Rat Motor Asymmetry Test

• Primary hippocampal neurons were treated with vehicle, tetrodotoxin (TTX) or bicuculline 
(BIC) for 24 hours to modify neuronal activity

• Neurons were lysed for Western blotting OR fixed and stained for immunofluorescence
• ProSAAS levels were compared to two other top synaptic scaling hits,  CPE and 7B2 

(Schuman Lab, et al. 2020)

Homeostatic Scaling Experiment Shows ProSAAS 
Expression is Preferentially Impacted 

Example of 
Western blotting 
showing changes 
in hippocampal 
proSAAS levels in 
triplicate samples

Ratio of 
increase 
compared to 
no-drug 
controls in 7 
independent 
Western 
blotting 
experiments. 
1.0= no change  

Conclusions

• ProSAAS levels are preferentially increased in both cell bodies and neurites following
TTX treatment as compared to other synaptic proteins, which may support a pro-
survival mechanism. We are currently performing a time course for different
proteins.

• Biotin tagging with Bir1 demonstrates proSAAS interaction not only with a known
interactor (PC1/3) but also, surprisingly, with a variety of other ER-resident proteins
including Tango/MIA3, PDIA3, PRDX, and TMED10.

• Many proteomics interactor hits have chaperone, cargo loading, or sorting functions,
which suggests a possible function for proSAAS within the ER.

• Immunofluorescence experiments show colocalization between proSAAS and its
interactors, supporting at least partial ER residence for proSAAS.

• We conclude that the proSAAS chaperone may have an important ER function. This
function could potentially be related to its cytoprotective and pro-survival actions.

Proteomics Hits Reveal Mainly ER Protein Interactions

Biotin Tagging to Identify ProSAAS Interactors 

• BioID: tagging your “bait” 
protein with a small 
bacterial enzyme known as 
BirA (Bir1) that “proximity-
labels” all nearby proteins 
with biotin

• In this case, our bait is 
proSAAS; we attached the 
BirA enzyme to the amino 
terminus of proSAAS and 
made stable cell lines 
expressing the fusion 
protein OR BirA alone

Bir1 biotinylates any proteins in 
proximity of proSAAS

Mass spec or Western Blotting 
of biotinylated proteins

Western Blotting Confirms the Presence of  
Proteomics Hits Only in Bait-Containing Samples 
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Imaging from Homeostatic Experiment Shows 
ProSAAS-ir in Neurites and Cell Bodies

BIC                         Vehicle                        TTX

Hippocampal proSAAS-ir (green) is located both in cells and neurites (red: Bassoon- a synaptic protein)

ProSAAS Interactors Colocalize with proSAAS by 
Immunofluorescence
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ER resident chaperone 
which assists the folding 
of newly synthesized 
glycoproteins and also 
has protein disulfide 
isomerase activity

ERES cargo loading protein 
which loads bulky cargo 
into special vesicles. Also 
plays a role in secretion of 
proinsulin and may have a 
special role in secretion in 
neuronal cells

Controls Controls
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Interactors were identified based on biotinylated peptide differences between 2 stable cell lines expressing the Bir1-
proSAAS fusion protein (red columns)  and 2 cell lines expressing the Bir1 protein alone. Shown above  are the  top hits.

Percentage fractional overlap of immunoreactivities was determined by Manders' Colocalization Coefficient with
bisection threshold regression. Controls consisted of omission of primary antibodies and represent
background/nonspecific antibody reactivity.


