
Heat shock transcription factor 1 (HSF1) mediates the response 

to heat in all cellular organisms.  On exposure to heat, the HSF1 

in cells refolds, enters the nucleus and switches on genes 

encoding protective heat shock proteins (hsps). Two isoforms 

(protein variants) of mammalian HSF1, denoted α and β, were 

previously known to be derived by alternative splicing of an 

additional coding exon. These forms differ by the presence of 

an additional 22 amino acid segment in the HSF1α protein as 

compared to β. Our previous studies show that these isoforms 

switch on different subsets of hsp genes and to different 

extents; HSF1α  is generally a better activator of hsp genes. 

This study provides evidence for expression of the mouse 

mRNAs for two additional isoforms, also derived by alternate 

splicing, containing an additional 28 amino acid segment, 

denoted HSF1γ and δ. Existence of these new isoforms was 

predicted by bioinformatic (computational based) analysis of 

HSF1 expressed sequence tags using the basic local alignment 

search tool (BLAST). Comparative bioinformatic analysis 

suggests many vertebrate species, including zebrafish, clawed 

frogs, mice, and humans possess these isoforms.  Based on 

reverse-transcriptase PCR analysis, the HSF1γ isoform mRNAs 

from mouse fibroblast cells and various mouse tissues may be 

widely expressed, both before and after heat shock, while 

HSF1δ is expressed only in certain tissues. Experiments are 

underway to construct mouse expression plasmids that can be 

used to test the ability of HSF1γ and δ isoforms to activate hsp 

target genes in mouse fibroblasts to begin to identify their 

functions. 
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ABSTRACT 

BACKGROUND 
The heat shock response is a remarkably conserved pathway 

present in organisms as distinct as bacteria, fruit flies, and 

humans, which enables them to maintain homeostasis in the 

presence of a variety of stressors. The heat shock transcription 

factor 1 (HSF1) is the principal regulator of the heat shock 

response (Pirkkala et al., 2001). HSF1 turns off the transcription 

of some cellular genes and activates other genes encoding the 

heat shock proteins. Heat shock proteins assist misfolded 

proteins to refold and restore equilibrium. 

Fig. 1. Isoforms predicted by alternate splicing of transcripts  

derived from the mouse Hsf1 gene.  

•Previous studies (Goodson and Sarge, 1995) have shown 

that there are two distinct protein isoforms of HSF1 in 

mammals, designated HSF1α and HSF1β.  

•We have shown by virtual analysis of mouse genomic and 

transcript sequences that two additional isoforms, denoted 

HSF1γ and HSF1δ, are predicted.  

•As shown in Fig. 1, these can be produced by splicing of an 

additional 84 nt exon encoded upstream of the exon that 

distinguishes the HSF1α and β forms. The upstream exon 

specifies an additional 28 amino acids (Fig. 2). 

mHSF1γ      PTPSTPEKCLSVACLDNLARAPQMSGVARLFPCPSSFLHGRVQPGNELSDHLDAMDSNLD 

mHSF1δ      PTPSTPEKCLSVACLDNLARAPQMSGVARLFPCPSSFLHGRVQPGNELSDHLDAMDSNLD 

mHSF1α      PTPSTPEKCLSVACLD----------------------------KNELSDHLDAMDSNLD 

mHSF1β      PTPSTPEKCLSVACLD----------------------------KNELSDHLDAMDSNLD 

                 

mHSF1γ      NLQTMLTSHGFSVDTSALLD----------------------IQELLSPQEPPRPIEAEN 

mHSF1δ      NLQTMLTSHGFSVDTSALLDLFSPSVTMPDMSLPDLDSSLASIQELLSPQEPPRPIEAEN 

mHSF1α      NLQTMLTSHGFSVDTSALLDLFSPSVTMPDMSLPDLDSSLASIQELLSPQEPPRPIEAEN 

mHSF1β      NLQTMLTSHGFSVDTSALLD----------------------IQELLSPQEPPRPIEAEN 

 

Fig. 2. Detail of inserts contained in HSF1γ and δ isoforms 

(upper alignment) and HSF1δ and α isoforms (lower alignment). 

RESULTS 
•Transcripts representing Hsf1γ and δ isoform mRNAs 

were identified in mouse NIH 3T3 cells in the presence 

or absence of heat shock (Fig. 3).  

•Transcripts containing the Hsf1γ insert were expressed 

in all mouse tissues tested in a cDNA panel (Fig. 4A). 

•Transcripts containing the Hsf1δ insert were expressed 

in four of eight mouse tissues tested in a cDNA panel 

(Fig. 4B), including eye, liver, spleen and testes. 

•Virtual analysis of vertebrate HSF1 transcripts 

suggests that HSF1γ and δ isoforms are evolutionarily 

conserved (not shown). 
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Fig. 4.  RT-PCR of tissue panel transcripts using primers 

for Hsf1γ and δ (tissues are eye, heart, kidney, liver, small 

intestine, lung, spleen, testes). 

FUTURE WORK 
•We have constructed expression plasmids of HSF1δ 

and work is in progress to construct these for HSF1γ. 

 

•These will be introduced into mouse NIH 3T3 cells by 

transient transfection to test the ability of HSF1γ and δ 

isoforms to activate heat shock protein target genes, 

such as HSP70 and HSP27. 
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Fig. 3. NIH 3T3 cell RT-PCR of transcripts, 

including Hsf1γ,δ, and GAPDH (control) in the 

presence (+) or absence (-) of heat shock. 


