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1. General Information 

CRHSP-24, also known as CARHSP1, is named 

for its properties as a calcium regulated, heat 

stable protein of 24 kDa and was identified in a 

phosphoproteomic screen of pancreatic acinar 

proteins.  Two dimensional gels were used to 

separate proteins after 32P metabolic labeling and 

CRHSP-24 showed secretagogue mediated 

dephosphorylation (4,5,24).  The 

dephosphorylation was later shown to be inhibited 

by cyclosporine A and FK506, inhibitors of 

calcineurin (link to Calcineurin molecule page) 

and could be mimicked by adding constitutively 

active calcineurin to acinar cell lysate (12).  The 

protein was then purified from rat pancreas 

making use of its heat stable property, sequenced 

and characterized as a 147 amino acid, proline 

rich protein (13).  The protein is broadly present in 

various tissues with high levels in testis, liver, 

pancreas and other exocrine glands.  Its 

phosphorylation is entirely on Ser residues. 

Immunodetection of CRHSP-24 in pancreatic 

acini showed multiple phosphorylated forms 

separable by 1D IEF consistent with four 

regulated phosphorylation sites.  A mutation study 

of CRHSP-24 in which all fourteen serine residues 

were mutated established the phosphorylation 

sites as Ser-30, -32, -41, and 52 (15).  Of these, 

Ser-30 and -32 were specifically 

dephosphorylated in response to an increased 

cellular calcium and inhibited by CsA indicating 

that calcineurin is targeting these sites.  CRHSP-

24 is also partially dephosphorylated in response 

to cAMP (24) and this was shown to be stimulated 

by a phosphatase inhibited by calyculin A and 

okadaic acid, namely a PP2A or PP4 (21).  This is 

most likely at Ser-52 as this site was not sensitive 

to calcium.  Less is known of the kinases 

phosphorylating CRHSP-24 under physiological 

conditions.  Auld et al (2) identified CRHSP-24 as 

a PKB (Akt) substrate and the site of 

phosphorylation as Ser-52.  IGF-1 stimulated this 

phosphorylation in HEK-293 cells which could be 

inhibited with wortmannin, a PI3K inhibitor.  

Bacterially produced CRHSP-24 was also shown 

to be phosphorylated in vitro by DYRK2, a 

constitutively active proline directed kinase on 

Ser-30, -32, and -41 (6,25). In serum fed cells, 

both Ser 41 and -52 were phosphorylated as 

http://www.ncbi.nlm.nih.gov/gene/52502


 

2 

identified by mass spectrometry (2).  

Subsequently, phosphorylation of all four sites 

plus Ser-2 phosphorylation were identified by LC-

MS/MS in C2C12 myoblasts stimulated to 

differentiate (18). 

CRHSP-24 was found to be homologous to a 

brain specific paralog known as PIPPin which had 

been identified in a screen for RNA binding 

proteins (3,7,16).  Both CRHSP-24 and PIPPin 

possess RNA binding domains and a central cold 

shock domain (CSD).  The overall domain 

structure of CRHSP-24 is shown in Fig. 1 and a 

detailed comparison of the sequence of these 

proteins from mammals to Drosophila and 

Schistosomes has been presented (15). 

 

Fig. 1.  Domain structure of mouse CRHSP-24. The Cold Shock Domain (CSD) is shown in blue and the 
phosphorylation sites in red. 

The crystal structure of CRHSP-24 was recently 

reported and shown to contain an N terminal 

alpha helix and a central β-barrel nearly identical 

to a bacterial CSD (14).  In this study CRHSP-24 

was shown to form dimers and tetramers in 

solution and also to bind to a RNA sequence from 

the 3’ untranslated region of Histone H3.3, a 

mRNA previously shown to bind PIPPin (16).  

While CRHSP-24 was primarily cytosolic in 

control HeLa cells (similar to prior localization in 

pancreatic acini), upon exposure to oxidizing 

conditions it concentrated in stress granules and 

processing bodies (P-bodies) (14).  P-bodies and 

stress granules are distinct structures but act 

together in response to stress conditions to 

sequester untranslated mRNA (1).  CRHSP-24 

was also found to bind the 3’ region of TNF-α 

mRNA, to inhibit its degredation, and to localize in 

P-bodies and exosome granules (17).  In this 

study calcineurin activity was required for the 

function of mRNA stability.  Taken together, these 

studies show that CRHSP-24 functions at the site 

of mRNA degradation and is not involved directly 

with translation. 

Several other potential functions of CRHSP-24 

have been identified.  CRHSP-24 showed 

increased phosphorylation during HeLa cell 

adhesion and spreading on a collagen coated 

surface suggesting that it might play a role in the 

response to integrin binding (8).  CRHSP-24 was 

also identified in a complex with STYX, an 

inactive dual specificity phosphatase, present in 

spermatids (23).  Reduction of CRHSP-24 levels 

by siRNA in S. japonicum altered parasite 

morphology and caused parasite death (26).  

Finally in mammalian liver CARHSP1 (CRHSP-

24) inhibited hepatic glucogenic gene expression 

by repression of PPARα (10).  Possibly related to 

this, Carhsp1 was identified in a screen of genes 

upregulated in diabetic retinopathy (11).  Whether 

these other actions are mediated by effects on 

mRNA stability or represent other actions of the 

molecule will require further study. 

2. CRHSP-24 in The Exocrine 

Pancreas 

CRHSP-24 is abundantly present in pancreatic 

acini and has been identified as a regulated 

phosphoprotein in rat, mouse and guinea pig 
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isolated acini as outlined above (4,5,21,).  

However, little is known of its function in acinar 

cells.  Because of the property of CRHSP-24 as 

an RNA binding protein it seems likely that it could 

be regulating protein translation.  In support of this 

possibility, feeding of fasted mice increased the 

rate of pancreatic protein synthesis (which is 

made up primarily of digestive enzymes) by a 

translational mechanism (19).  Calcineurin activity 

was shown to be required for both translational 

control of protein synthesis in rat isolated acini 

(20) and for pancreatic adaptive growth in 

response to sustained endogenous CCK release 

in response to feeding trypsin inhibitor (22).  

Whether and how CRHSP-24 is involved in these 

processes, however, is unknown at present.  

CRHSP-24 dephosphorylation has been used as 

an assay for calcineurin activation in response to 

CCK (20) and to show that rapamycin, an mTOR 

inhibitor did not inhibit calcineurin (9). 

3. Tools to Study CRHSP-24 

a. cDNA clones 

Human and rat CRHSP-24 clones in pcDNA3.1 

and pGEX have been reported in multiple papers 

referred to in this entry (2,10,14,15). Some are a 

GFP fusion protein or with an epitope tag. 

 

 

b. Antibodies 

Multiple antibodies to CRHSP-24 have been 

reported.  Our lab generated a rabbit antisera to 

GST-CRHSP-24 fusion protein which worked for 

both immunoblotting and IHC (13,15,23).  Auld et 

al (2) generated a sheep Ab against the full length 

GST fusion protein which was passed through a 

GST column to remove antiGST antibodies.  

Commercially antibodies include rabbit and 

chicken antibodies from AbCam and goat 

polyclonal and mouse monoclonal from Santa 

Cruz; the latter was used for IHC as well as 

immunoblotting (14).  These latter antibodies are 

found in the catalogs as against CARHSP1.  An 

antibody specific for CRHSP-24 phosphorylated 

at Ser-52 has also been generated (2). 

c. Viral Vectors 

An adenoviral vector to express human CRHSP-

24 was constructed and used to overexpress the 

protein in mouse liver or hepatic cells in culture 

(10). 

d.  siRNA 

A 21-mer siRNA from Santa Cruz has been 

reported to knock down CRHSP-24 protein (14) 

and a siRNA from Ambion was used in (10).  

siRNAs against S. japonicum  have also been 

used (26). 
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