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In their need to maintain high rates of protein synthesisand secretion,neuronsand endocrinecells incur a

large proteostaticburden which extendsto maintainingproteostasisin the extracellularspace. To combat this
burden, these cellsexpresslarge quantitiesof protein chaperoneswithin the lumen of the secretorypathway.
The secretedchaperoneknown as proSAASis almost exclusivelyexpressedby neurons and endocrinecells.
proSAASblocks the fibrillation of severalaggregation-prone proteins; its expressionprotects cells from toxic
effectsof suchaggregates,and it is associatedwith extracellularplaques,Lewybodies,and tau tanglesin human
tissues,suggestingdirect interaction with aggregatingproteins. Viral overexpressionof proSAASwithin the
substantianigraresultsin near-completeprotection in a rattŀǊƪƛƴǎƻƴΩǎdiseasemodel. Thiscytoprotectionoccurs
by anas-yet unknownmechanism. Indeed,the cellularsubstratesof secretoryproSAASremainunclear.

In order to examinethe natural potential binding partners for proSAASwithin the secretorypathway,Bir1-
mediated biotin taggingwas combined with proteomic analysisto examinethe complement of biotinylated
proteinsgeneratedby a proSAAS-Bir1 fusionprotein stablyexpressedin AtT-20 cells(a neuroendocrinecell line).
A number of biotinylated secretory proteins were identified with levels higher than those present in cells
expressingBir1 alone,includingthe known proSAASinteractor PC1/3. Proteinhits overrepresentedin proSAAS-
expressingcellsincludeMIA3/Tango1; PDIA3; POMC; and Grp94, amongothers. ThePDIA3 and PC1/3 hits were
validatedby Westernblotting of streptavidin-capturedproteins from biotinylated cell extracts. In HEKand SH-
SY5Y cells transiently transfected with proSAASconstructs,colocalizationwas visualizedfor the ERproteins
MIA3/TANGO, PDIA3, and PRDX4. We plan to further validate interactions using pull-down assaysand
immunofluorescence,with the eventualgoalof definingthe naturalcomplementof proSAAS-interactingproteins.

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

Data from Jarvela et al, PNAS 2016; Lindberg et al, 2022
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ÅPrimary hippocampal neurons were treated with vehicle, tetrodotoxin (TTX) or bicuculline 
(BIC) for 24 hours to modify neuronal activity
ÅNeurons were lysed for Western blotting OR fixed and stained for immunofluorescence
ÅProSAAS 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 
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Conclusions

ÅProSAASlevelsarepreferentiallyincreasedin both cellbodiesandneuritesfollowing
TTXtreatment as comparedto other synapticproteins, which may support a pro-
survival mechanism. We are currently performing a time course for different
proteins.

ÅBiotin taggingwith Bir1 demonstratesproSAASinteraction not only with a known
interactor (PC1/3) but also,surprisingly,with a varietyof other ER-residentproteins
includingTango/MIA3, PDIA3, PRDX,andTMED10.

ÅManyproteomicsinteractorhits havechaperone,cargoloading,or sortingfunctions,
whichsuggestsa possiblefunction for proSAASwithin the ER.

ÅImmunofluorescenceexperiments show colocalizationbetween proSAASand its
interactors,supportingat leastpartialERresidencefor proSAAS.

ÅWe concludethat the proSAASchaperonemayhavean important ERfunction. This
functioncouldpotentiallybe relatedto its cytoprotectiveandpro-survivalactions.

Proteomics Hits Reveal Mainly ER Protein Interactions

Biotin Tagging to Identify ProSAAS Interactors 

ÅBioIDΥ ǘŀƎƎƛƴƎ ȅƻǳǊ άōŀƛǘέ 
protein with a small 
bacterial enzyme known as 
BirAό.ƛǊмύ ǘƘŀǘ άǇǊƻȄƛƳƛǘȅ-
ƭŀōŜƭǎέ ŀƭƭ ƴŜŀǊōȅ ǇǊƻǘŜƛƴǎ 
with biotin

Å In this case, our bait is 
proSAAS; we attached the 
BirAenzyme to the amino 
terminus of proSAAS and 
made stable cell lines 
expressing the fusion 
protein OR BirAalone

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
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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.

Percentagefractional overlap of immunoreactivitieswas determined by Manders' ColocalizationCoefficientwith
bisection threshold regression. Controls consisted of omission of primary antibodies and represent
background/nonspecificantibodyreactivity.


