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Table 2.6 The Experimental binding reactions for the heat shocked test system 

Reagents Final 

concentration 

           E1                   E2                   E3 

Ultrapure water - 5 μl 4 μl - 

10X binding buffer 1X 2 μl 2 μl  2 μl 

1 μg/μl Poly (dI•dC) 50 ng/μl 1 μl 1 μl 1 μl 

50% Glycerol 2.5% - - - 

100mM MgCl2 5mM - - - 

1% NP-40 0.05% - - - 

Protein Extract  (heat 

shocked and non-heat 

shocked lysates) 

1 Unit - 1 μl 1 μl 

Biotin-labeled 

SP1F_KLFS_01 

oligonucleotides 

(consensus) 

60 fmol 12 μl 12 μl 12 μl 
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CHAPTER 3: RESULTS AND DISCUSSION 

The aim of this study was to identify novel CAREs that are involved in the 

regulation of the expression of heat shock response genes. Genes that are 

functionally related (e.g. heat shock responsiveness) will be regulated in the same 

way (Werner, 2001). These genes may therefore also be regulated by the same 

TFs and consequently these genes may have the similar CAREs in their promoter 

regions. It is thus possible that genes encoding heat shock response proteins share 

a sequence signature in their promoter region, which regulates the expression of 

these genes in response to heat stress. Identifying these CAREs will give us 

insights on gene expression of heat shock responsive genes and their functional 

characteristics. These novel CAREs can also be beneficial in therapeutic 

advances, by turning gene expression “on” where it was previously turned “off” 

(Garrett and Grisham, 2005). TFs will recognize specific nucleotide sequences 

(motifs/CAREs), which are located before or after the gene and turn “on” gene 

expression (Phillips, 2008). 

An in silico approach was used to identify CAREs that are shared by known heat 

shock response genes. This was followed by an in vitro approach to evaluate the 

involvement of these CAREs in the regulation of gene expression in response to 

heat stress.  
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3.1 The identification of promoter sequences of known heat shock responsive 

genes. 

 The promoter sequences for well-known heat shock responsive genes were 

identified with the use of the Gene2Promoter tool in the Genomatix software 

(http://www.genomatix.de). Gene2Promoter is an online software tool used to 

identify promoter sequences in all query gene sequences. This is done by 

identifying the locus in a query gene sequence and alternatively listing all 

transcripts and promoters specific for that locus (http://www.genomatix.de). 

Using the search term “heat shock”, 50 genes (from Rattus norvegicus species) 

were identified (Table 3.1). These genes included the well-known heat shock 

proteins Hsp70, Hsp90 and αβ-crystalline (Wyttenbach
 
and Arrigo, 2000). The 

Gene2Promoter tool identifies three categories of promoter sequences, namely (1) 

experimentally verified promoter sequences, (2) in silico predicted promoter 

sequences that were verified using the PromoterInspector tool 

(http://www.genomatix.de), and (3) in silico predicted promoter sequences that 

were not verified in any way. Experimentally verified promoter sequences are 

promoters that were confirmed using in vitro assays such as promoter mapping as 

the functional promoter for a particular gene (http://www.genomatix.de). 

PromoterInspector is an online software tool which predicts promoter regions with 

high specificity in mammalian genomic sequences (http://www.genomatix.de). In 

this study, only promoter sequences from categories (1) and (2) were considered.  
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The promoter sequences for only 19 (Table 3.2) out of the 50 heat shock 

responsive genes (38 %) were either previously experimentally verified or verified 

using the PromoterInspector tool. The table in Appendix 1 shows the promoter 

sequences for these genes. The promoter sequences for genes that were in silico 

predictions, and not verified, were not considered in this study. 
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3.2 The identification of common promoter modules in the promoter 

sequences of known heat shock genes. 

The promoter sequences for the 19 known heat shock responsive genes were 

analysed using the ModelInspector tool (www.genomatix.de) to identify all the 

promoter modules (i.e. potential TF binding sites) the promoter regions of these 

genes. ModelInspector is an online software tool which uses a library of 

predefined models to search DNA sequences for matches to these models. A 
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model would consist of various individual sequence elements (e.g. TF binding 

sites, hairpins, repeats etc.). (http://www.genomatix.de). Table 3.2 shows a 

summary of the results. 

CAREs that are statistically over represented in the promoter sequences of genes 

that share a common function may also regulate the expression of these genes. 

The most common promoter module in the promoter regions of the19 heat shock 

responsive genes was SP1F_KLFS_01 (a total of 15 promoters contained 

SP1F_KLFS_01 sequence). SP1F_KLFS_01 is a promoter module that consists of 

two overlapping TF binding sites, which are SP1F (Specificity protein 1 or GC 

box factor) and KLF (Kruppel-like factor), these binding sites enable the binding 

of SP1F and KLFs TFs (McConnell and Yang, 2010). According to Augustin et 

al, GC box factor, plays a vital role in chromatin silencing and embryonic 

development, whereas KLF assists in the development and stress response 

mechanism to external stress (Augustin et al., 2011). KLFs have been studied 

extensively for their role in cell proliferation, differentiation and cell survival in 

the context of cancer (McConnell and Yang, 2010). KLFs also share a high degree 

of homology with the SP1 family of zinc-finger TFs. It has been shown that the 

multiple SP1 TFs are highly responsive to the stressful stimuli such as ethanol 

exposure (Wilke et al., 2000). KLF4 and KLF5 (two closely related members of 

the KLFs family) respond to numerous external stressful stimuli and are involved 

in restoring cellular homeostasis following exposure to stressors (McConnell et 

al., 2007).  It is therefore possible that SP1F and KLF work together to regulate 

the expression of heat shock responsive genes following heat stress. 
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3.3 Sequence analysis of the SP1F_KLFS_01 modules in the promoter 

sequences of heat shock responsive genes.  

A sequence alignment (Table 3.4) of the SP1F_KLFS_01 modules identified in 

the promoter sequences of the 15 heat shock response genes shows a high degree 

of conservation of 5 nucleotides (5-CGCCC-3) in the SP1F_KLFS_01 modules. 
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Table 3.4 Sequence alignment of SP1F_KLFS_01 sequences of genes 

encoding heat shock responsive proteins. The sequence alignment was 

performed using CLUSTALW2.1 (Chenna et al., 2003). A total of 24 

SP1F_KLFS_01 sequences from the 15 genes were aligned. The asterisk 

under the sequence alignment indicate the conserved nucleotides (5-

CGCCC-3). 

Promoter Name Sequence Alignment 

Heat shock protein 4-like_2 -----CCCCCCCCGCCCGT---GACA- 18 

Heat shock protein 90, beta, member 1_1 -----CGTCCCCCGCCCGC---AAGC- 18 

Heat repeat containing  2_1 -----CACGCCCCGCCCAT---TTGG- 18 

Heat shock protein 4-like_1 -----GCCGCCCCGCCCTG---CCCT- 18 

Heat shock protein 90, beta, member 1_2 -----TCCACCCCGCCCAA---CCCG- 18 

Heat shock transcription factor 4_1 TGCCGCCCGCCCCGCCCTA---CTCC- 23 

Heat shock transcription factor 4_1a   TGCCGCCCGCCCCGCCCTA---CTCC- 23 

Heat shock 70kD protein 1B (mapped) (Hspa1b) -----CCGGCCCCGCCCAC---CCTC- 18 

Heat shock protein 4-like_1 -----TCCGGGACGCCCCC---CCCC- 18 

Heat shock protein 90, alpha (cytosolic),  class B member 1 -----TCTTCCCCGCCCCC---TCCC- 18 

Heat repeat containing  2_2 -----CTGGTCCCGCCCTTTACCCCTT 22 

Heat shock protein 1 (chaperonin 10)_2 -----GCGGCCCCGCCCT----CCTTA 18 

PDGFA associated protein 1 -----GGGGCCCCGCCCA----CCTCG 18 

Heat shock protein 90, alpha (cytosolic),  class A member 1 -----CGGGCCCCGCCCCT---CCAC- 18 

Heat repeat containing  1_1 -----GGAGCCCCGCCCCC---T-CCA 18 

Heat shock protein 2_2 -----TGAGCCCCGCCCAG---TGCC- 18 

Heat shock protein 2_1 -----CGCGCCCCGCCCCG---CGCC- 18 

Heat shock protein 1 (chaperonin 10)_1 -----CCGGCCCCGCCCCG---CGGC- 18 

AHA1,  activator of heat shock protein ATPase homolog 2 

(yeast)_2 

-----CCTGCCCCGCCCCG---CTGC- 18 

Heat repeat containing  1_2 -----AAAGCCCCGCCCTC---CGCT- 18 

DnaJ (Hsp40) homolog, subfamily A, member 1_1 -----GAAGTCCCGCCCCT---CGCTT 19 

Heat shock protein 90 alpha (cytosolic),  class B member 1_2 -----CTAGCCCCGCCCTT---GGAT- 18 

AHA1,  activator of heat shock protein ATPase homolog 2 

(yeast)_1 

-----AAGACCCCGCCCTA---TGCG- 18 

AHA1,  activator of heat shock protein ATPase homolog 2 

(yeast)_3 

-----AAGTCCCCGCCCCG---GGCC- 18 

           .*****           

 

Table 3.3 ModelInspector output data representing SP1F_KLFS_01 modules identified in heat shock responsive promoters.   
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3.4 The generation of promoter reporter constructs for Hsp70 

To investigate whether the SP1F_KLFS_01 module is involved in the regulation 

of the expression of heat shock responsive genes, the GLuc-ON™ promoter 

constructs from GeneCopoeia Inc. was used. The GLuc-ON™ promoter 

constructs from GeneCopoeia Inc. are designed to perform promoter analysis in 

real-time (http://www.genecopoeia.com). The dual-reporter system uses Gaussia 

luciferase (GLuc) as the promoter reporter and Secrete Alkaline Phosphatase 

(SEAP) as the internal control for signal normalization. The promoter sequence 

(in this case the rat Hsp70 promoter) was cloned upstream (on the 5´ end) of the 

GLuc gene. Hsp70 was used since it is a well-known heat shock responsive gene 

and since it was shown in this study to contain one SP1F_KLFS_01 module 

(Figure 3.1) in its promoter sequence.  

Two constructs were generated: the one construct (pEZX-pG04) contained the 

wild type rat Hsp70 promoter, while the second construct (pEZX-pG04-Mut) 

contained a mutated version of the rat Hsp70 promoter. Both constructs were 

purchased from GeneCopoeia Inc. In the mutated Hsp70 promoter (pEZX-pG04-

Mut) the conserved nucleotides (5-CGCCC-3) in the SP1F_KLFS_01 module 

was replaced with a mutated (5-ATACT-3) sequence. DNA sequence data for 

pEZX-pG04 and pEZX-pG04-Mut was supplied by GeneCopoeia Inc. Figure 3.2 

shows a sequence alignment between the Hsp70 promoter sequence 

(>GXP_2964156) and the promoter region of pEZX-pG04, while Figure 3.3 

shows an alignment between the Hsp70 promoter sequence (>GXP_2964156) and 

the promoter region of pEZX-pG04-Mut. A 100% match between Hsp70 
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promoter and the promoter region of pEZX-pG04 was obtained, while a 99 % 

match was obtained for the Hsp70 promoter and the promoter region of pEZX-

pG04-Mut. Four mismatches were observed between the Hsp70 promoter and the 

promoter region of pEZX-pG04-Mut. These mismatches correspond to the four-

nucleotide replacements (5-ATACT-3) in the SP1F_KLFS_01 module of the 

promoter region of pEZX-pG04-Mut. 

 

>GXP_2963156(Hspa1b/rat) loc=GXL_187112|sym=Hspa1b|geneid=294254| acc 

=GXP_2963156| taxid=10116|spec=Rattusnorvegicus|chr=20 |ctg=NC_005 11 9| 

str=(+)|start=3955107|end=3955707|len=601|tss=501|descr=heat shock 70kD 

protein 1B (mapped)| comm=GXT_23117308/ ENSRNOT0000004966 7/501 

/bronze 

5´- GCCAAGCGTTATCCCTCCCGTTTTGAGAAACTTTCTGCGTCCGCCATCCTGTAGGA 

AGAATTTGTACACCTTAAACTCCCTCCCTGGTCTGATTCCCAAATGTCTCTCACCGCCC

AGCACTTTCAGGAGCTGACCCTTCTCAGCTTCACATACAGAGACCGCTACCTTGCGTC

GCCATGGCAACACTGTCACAACCGGAACAAGCACTTCCTACCACCCCCCGCCTCAGG

AATCCAATCTGTCCAGCGAAGCCCAGATCCGTCTGGAGAGTTCTGGACAAGGGCGGT

ACCCTCAACATGGATTACTCATGGGAGGCGGAGAAGCTCTAACAGACCCGAAACTGC

TGGAAGATTCCTGGCCCCAAGGCCTCCTCCCGCTCGCTGATTGGCCCATGGGAGGGTG

GGCGGGGCCGGAGGAGGCTCCTTAAAGGCGCAGGGCGGCGCGCAGGACACCAGATT

CCTCCTCCTAATCTGACAGAACCAGTTTCTGGTTCCACTCGCAGAGAAGCAGAGAAGC

GGAGCAAGCGGCGCGTTCCAGAACCTCGGGCAAGACCAGCCTCTCCCAGAGCATCCC

CACCGCGAAGCGCAACCTTCTCCAGAGC- 3´ 

Figure 3.1 The promoter sequence of Hsp70. The promoter sequence of the 

rat Hsp70 gene as identified by Gene2Promoter is shown. The 

SP1F_KLFS_01 sequence is highlighted in yellow. 
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Query  1     GCCAAGCGTTATCCCTCCCGTTTTGAGAAACTTTCTGCGTCCGCCATCCTGTAGGAAGAA  60 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1015  GCCAAGCGTTATCCCTCCCGTTTTGAGAAACTTTCTGCGTCCGCCATCCTGTAGGAAGAA  1074 

 

Query  61    TTTGTACACCTTAAACTCCCTCCCTGGTCTGATTCCCAAATGTCTCTCACCGCCCAGCAC  120 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1075  TTTGTACACCTTAAACTCCCTCCCTGGTCTGATTCCCAAATGTCTCTCACCGCCCAGCAC  1134 

 

Query  121   TTTCAGGAGCTGACCCTTCTCAGCTTCACATACAGAGACCGCTACCTTGCGTCGCCATGG  180 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1135  TTTCAGGAGCTGACCCTTCTCAGCTTCACATACAGAGACCGCTACCTTGCGTCGCCATGG  1194 

 

Query  181   CAACACTGTCACAACCGGAACAAGCACTTCCTACCACCCCCCGCCTCAGGAATCCAATCT  240 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1195  CAACACTGTCACAACCGGAACAAGCACTTCCTACCACCCCCCGCCTCAGGAATCCAATCT  1254 

 

Query  241   GTCCAGCGAAGCCCAGATCCGTCTGGAGAGTTCTGGACAAGGGCGGTACCCTCAACATGG  300 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1255  GTCCAGCGAAGCCCAGATCCGTCTGGAGAGTTCTGGACAAGGGCGGTACCCTCAACATGG  1314 

 

Query  301   ATTACTCATGGGAGGCGGAGAAGCTCTAACAGACCCGAAACTGCTGGAAGATTCCTGGCC  360 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1315  ATTACTCATGGGAGGCGGAGAAGCTCTAACAGACCCGAAACTGCTGGAAGATTCCTGGCC  1374 

 

Query  361   CCAAGGCCTCCTCCCGCTCGCTGATTGGCCCATGGGAGGGTGGGCGGGGCCGGAGGAGGC  420 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1375  CCAAGGCCTCCTCCCGCTCGCTGATTGGCCCATGGGAGGGTGGGCGGGGCCGGAGGAGGC  1434 

 

Query  421   TCCTTAAAGGCGCAGGGCGGCGCGCAGGACACCAGATTCCTCCTCCTAATCTGACAGAAC  480 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1435  TCCTTAAAGGCGCAGGGCGGCGCGCAGGACACCAGATTCCTCCTCCTAATCTGACAGAAC  1494 

 

Query  481   CAGTTTCTGGTTCCACTCGCAGAGAAGCAGAGAAGCGGAGCAAGCGGCGCGTTCCAGAAC  540 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1495  CAGTTTCTGGTTCCACTCGCAGAGAAGCAGAGAAGCGGAGCAAGCGGCGCGTTCCAGAAC  1554 

 

Query  541   CTCGGGCAAGACCAGCCTCTCCCAGAGCATCCCCACCGCGAAGCGCAACCTTCTCCAGAG  600 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1555  CTCGGGCAAGACCAGCCTCTCCCAGAGCATCCCCACCGCGAAGCGCAACCTTCTCCAGAG  1614 

 

Query  601   C  601 

             | 

Sbjct  1615  C  1615  

Figure 3.2 Sequence alignment between the Hsp70 promoter and the promoter 

region of pEZX-pG04. BLAST (Altschul et al., 1990) was used to align the 

Hsp70 promoter sequence (Query sequence) and the pEZX-pG04 (Sbjct 

sequence). The position of the SP1F_KLFS_01 sequence in both the Hsp70 

promoter sequence and the promoter region of pEZX-pG04 are highlighted in 

yellow.  
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Query  1     GCCAAGCGTTATCCCTCCCGTTTTGAGAAACTTTCTGCGTCCGCCATCCTGTAGGAAGAA  60 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  7707  GCCAAGCGTTATCCCTCCCGTTTTGAGAAACTTTCTGCGTCCGCCATCCTGTAGGAAGAA  7766 

 

Query  61    TTTGTACACCTTAAACTCCCTCCCTGGTCTGATTCCCAAATGTCTCTCACCGCCCAGCAC  120 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  7767  TTTGTACACCTTAAACTCCCTCCCTGGTCTGATTCCCAAATGTCTCTCACCGCCCAGCAC  7826 

 

Query  121   TTTCAGGAGCTGACCCTTCTCAGCTTCACATACAGAGACCGCTACCTTGCGTCGCCATGG  180 

              ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  7827  CTTCAGGAGCTGACCCTTCTCAGCTTCACATACAGAGACCGCTACCTTGCGTCGCCATGG  7886 

 

Query  181   CAACACTGTCACAACCGGAACAAGCACTTCCTACCACCCCCCGCCTCAGGAATCCAATCT  240 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  7887  CAACACTGTCACAACCGGAACAAGCACTTCCTACCACCCCCCGCCTCAGGAATCCAATCT  7946 

 

Query  241   GTCCAGCGAAGCCCAGATCCGTCTGGAGAGTTCTGGACAAGGGCGGTACCCTCAACATGG  300 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  7947  GTCCAGCGAAGCCCAGATCCGTCTGGAGAGTTCTGGACAAGGGCGGTACCCTCAACATGG  8006 

 

Query  301   ATTACTCATGGGAGGCGGAGAAGCTCTAACAGACCCGAAACTGCTGGAAGATTCCTGGCC  360 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  8007  ATTACTCATGGGAGGCGGAGAAGCTCTAACAGACCCGAAACTGCTGGAAGATTCCTGGCC  8066 

 

Query  361   CCAAGGCCTCCTCCCGCTCGCTGATTGGCCCATGGGAGGGTGGGCGGGGCCGGAGGAGGC  420 

             |||||||||||||||||||||||||||||||||||||||||   | |||||||||||||| 

Sbjct  8067  CCAAGGCCTCCTCCCGCTCGCTGATTGGCCCATGGGAGGGTATACTGGGCCGGAGGAGGC  8126 

 

Query  421   TCCTTAAAGGCGCAGGGCGGCGCGCAGGACACCAGATTCCTCCTCCTAATCTGACAGAAC  480 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  8127  TCCTTAAAGGCGCAGGGCGGCGCGCAGGACACCAGATTCCTCCTCCTAATCTGACAGAAC  8186 

 

Query  481   CAGTTTCTGGTTCCACTCGCAGAGAAGCAGAGAAGCGGAGCAAGCGGCGCGTTCCAGAAC  540 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  8187  CAGTTTCTGGTTCCACTCGCAGAGAAGCAGAGAAGCGGAGCAAGCGGCGCGTTCCAGAAC  8246 

 

Query  541   CTCGGGCAAGACCAGCCTCTCCCAGAGCATCCCCACCGCGAAGCGCAACCTTCTCCAGAG  600 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  8247  CTCGGGCAAGACCAGCCTCTCCCAGAGCATCCCCACCGCGAAGCGCAACCTTCTCCAGAG  8306 

 

Query  601   C  601 

             | 

Sbjct  8307  C  8307  

Figure 3.3 Sequence alignment between the Hsp70 promoter and the promoter 

region of pEZX-pG04-Mut. BLAST (Altschul et al., 1990) was used to align the 

Hsp70 promoter sequence (Query sequence) and the pEZX-pG04-Mut (Sbjct 

sequence). The position of the SP1F_KLFS_01 sequence in both the Hsp70 

promoter sequence and the promoter region of pEZX-pG04-Mut are highlighted 

in yellow. 
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3.5 The transfection of H9c2 cells with pEZX-pG04 and pEZX-pG04-Mut. 

Large-scale plasmid DNA preparations of pEZX-pG04 and pEZX-pG04-Mut 

were generated as described in Section 2.9.1 (Figure 3.4) Lane 2 and 3 shows the 

3 forms of plasmid DNA (supercoiled, nicked and linear). 

H9c2 cells were transfected with 2 μg of the two plasmids as described in Section 

2.11.5 using MetafectenePro™. Figure 3.5 shows the results of the transfection 

after 12 days of selection in 0.5 μg/ml puromycin. Cells that are successfully 

transfected with either pEZX-pG04 or pEZX-pG04-Mut should be resistant to 

puromycin treatment since the plasmid carries the puromycin resistance gene. 

Treatment with 0.5 μg/ml puromycin will kill all the cells that are not transfected 

with the plasmid. Figure 3.5 (B) shows that untransfected cells that were treated 

with 0.5 μg/ml puromycin did not survive the selection process. No viable cells 

were present in the well. Cells that were stably transfected with pEZX-pG04 (C) 

and pEZX-pG04-Mut (D) survived the selection process, suggesting that the cells 

were successfully transfected with the plasmid DNA. H9c2 cells successfully 

transfected with pEZX-pG04 and pEZX-pG04-Mut were renamed H9c2-Hsp70 

and H9c2-Hsp70-Mut, respectively. H9c2-Hsp70 cells can therefore be used as a 

reporter for wild type Hsp70 promoter, while H9c2-Hsp70-Mut cells can be used 

as a reporter for the mutant Hsp70 promoter.  

 

 

 

 



75 

 

 

Figure 3.4 Large-scale plasmid DNA preparation of pEZX-pG04 and pEZX-

pG04-Mut. Lane M is the GeneRuler 1kb DNA ladder, Lane 1 is the plasmid 

preparation of pEZX-pG04 and Lane 2 is the plasmid preparation of pEZX-pG04-

Mut. 
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Figure 3.5 H9c2 cells transfected with pEZX-pG04 and pEZX-pG04-Mut. A 

shows the untransfected cells, B shows cells untransfected treated for 12 days 

with 0.5 μg/ml puromycin, C shows cells that were transfected with 2 μg pEZX-

pG04 and treated with 0.5 μg/ml puromycin (generating H9c2-Hsp70 cells) and D 

shows cells that were transfected with 2 μg pEZX-pG04-Mut and treated with 0.5 

μg/ml puromycin (generating H9c2-Hsp70-Mut cells). The images were taken at 

20 times magnification using the Nikon microscope fitted with a Leica camera. 
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3.6 The expression of Hsp70 in response to heat stress. 

It is known that heat stress induces the expression of Hsp70 (Mosser et al., 1997). 

Heat stress can therefore be used as a stimulus to evaluate Hsp70 promoter 

activity. To confirm that Hsp70 is induced by heat stress, H9c2 cells were 

exposed to 42 °C for 1 hour and the expression of Hsp70 was evaluated by 

Western blot analysis 1, 4, 6 and 24 hours after exposure to heat stress. Total 

protein lysates were prepared using the Cytobuster™ Protein Extraction Reagent 

(as described in Section 2.13). Figure 3.6 A shows the total protein lysates 

isolated from the cells and Figure 3.6 B shows the Western blot analysis. Figure 

3.6 A demonstrates that equal quantities of the protein samples were loaded on the 

gel. The Western blot (Figure 3.6 B) shows that the expression levels of Hsp70 

increase significantly 6 hours after exposure to heat stress and remains elevated at 

24 hours.  

 

This suggests that the activity of the Hsp70 promoter will also increase 6 hours 

after exposure to heat stress and that this would be the appropriate time point to 

assess Hsp70 promoter activity.  
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Figure 3.6 Analysis of Hsp70 expression in response to heat stress. H9c2 cells 

were exposed 42 °C for 1 hour and allowed to recover for 1, 4, 6, 24 hours. Total 

protein lysates were prepared and analysed by SDS-PAGE (A).  Lane 1 is the 

Spectra Multi-colour Broad Range Protein Ladder (Fermentas) and Lane 2 (Non-

heat shocked or NHS) is a lysate prepared from H9c2 cells that were not subjected 

to heat stress. Lanes 3, 4, 5 and 6 are lysates prepared from H9c2 cells that were 

subjected to heat stress and allowed to recover for 1, 4, 6 and 24 hours, 

respectively. A Western blot analysis was performed on the same samples using 

an anti-Hsp70 antibody (B). 
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3.7 The Hsp70 promoter reporter assay 

Based on the in silico analysis of the promoter sequences of heat shock response 

genes, it was suspected that the SP1F_KLFS_01 promoter module is involved in 

the regulation of the gene expression of heat shock responsive genes such as 

Hsp70. To evaluate the involvement of the SP1F_KLFS_01 promoter module in 

regulating the expression of heat shock responsive genes, two cells lines H9c2-

Hsp70 and H9c2-Hsp70-Mut were generated. H9c2-Hsp70 can be used in reporter 

assays for the Hsp70 promoter, while the H9c2-Hsp70-Mut can be used in the 

reporter assays for the mutant Hsp70 promoter. Hsp70 promoter activity was 

evaluated in H9c2, H9c2-Hsp70 and H9c2-Hsp70-Mut cells following exposure to 

heat stress. The cells were cultured in 6 well plates and exposed to 42 °C for 1 

hour as described in Section 2.12. Hsp70 promoter activity was assessed in these 

cells by measuring the luciferase activity 1, 4, 6, and 24 hours after heat stress as 

described in Section 2.16 (Figure 3.7). Since H9c2 cells were not transfected 

(Figure 3.5), no luciferase activity was observed in these cells. Both H9c2-Hsp70 

and H9c2-Hsp70-Mut cells demonstrated a time dependent increase in luciferase 

activity between 4 and 24 hours after exposure to heat stress. This is in line with 

the Western blot result, which showed that the expression levels of Hsp70 

increase 6 hours after exposure to heat stress. However, Figure 3.7 also shows that 

there is no significant difference in the Hsp70 promoter activity in H9c2-Hsp70 

and H9c2-Hsp70-Mut cells. This suggests that the mutation that was introduced 

into the Hsp70 promoter in H9c2-Hsp70-Mut cells did not affect the activity of 

the promoter. Furthermore, it also suggests that the SP1F_KLFS_01 promoter 
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module may not be involved in the regulation of the expression of heat shock 

response genes. 

 

 

Figure 3.7 Hsp70 promoter activity in H9c2-Hsp70 and H9c2-Hsp70-Mut cells.  

A) Gaussia Luciferase (GLuc) assay for high sensitivity, using GL-H buffer. 

Indicating increased luciferase promoter expression after 1, 4, 6 and 24 hour 

recovery in both the H9c2-Hsp70 and H9c2-Hsp70-Mut cells.  
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3.8 Evaluating protein binding to SP1F_KLFS_01 sequence following heat 

shock 

The promoter reporter assay could not confirm the involvement of 

SP1F_KLFS_01 promoter module in the control of Hsp70 expression.  Therefore, 

a second experimental approach was used to evaluate the involvement of 

SP1F_KLFS_01. The Electrophoretic mobility shift assay (EMSA) can be used to 

study the possible interaction between DNA-binding proteins and DNA. The 

principle of the assay is based on the fact that DNA-protein complexes migrates 

slower on a gel compared to unbound DNA (Holden  and Tacon, 2011). EMSA 

analysis is often used to show the binding of the TFs to their respective sites in the 

cis-regulatory elements (Werner, 2001). As shown in Figure 3.7, Hsp70 promoter 

activity incresed after a recovery period of 4 hours, and continues until 24 hours. 

It is therefore expected that TFs that regulate the expression of Hsp70 and other 

heat shock responsive proteins, will be present in the proteome of the cells at this 

time point. If SP1F_KLFS_01 is involved in the regulation of Hsp70 expression 

then proteins present in a cell lysate, prepared at this time point, should bind to a 

synthetic copy of the SP1F_KLFS_01 sequence. H9c2 cells were therefore 

subjected to heat shock, allowed to recover for 1, 4, 6 and 24 hours and total 

cellular proteins were extracted using Cytobuster ™ Extraction Reagent (Section 

2.13). For this experiment the 24 hour recovery sample was used as it showed the 

highest expression in the Western blot analysis. The EMSA was performed as 

described in Section 2.17. A biotin-labelled probe representing the 

SP1F_KLFS_01 sequence was used as the target. Figure 3.8 shows a pronounced 

shift for the Biotin-EBNA control DNA binding to the proteins present in the 
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EBNA protein extract (Lane 2). However, no shift was observed when the Biotin-

SP1F_KLFS_01 probe was incubated with the protein lysate prepared from heat 

shocked cells (Lane 5).  

                               

Non- HS lysate         -        -       -        -        +       -         

HS lysate                            -         -        -        -        -       +        

Biotin-SP1F_KLFS 

 probe                                 -         -         -        +       +      +         

Unlabelled EBNA DNA    -         -        +        -        -       -             

EBNA Extract                   -         +        +        -        -       -         

Biotin-EBNA Control       +        +        +        -        -       -         

DNA   

 

Figure 3.8 Electrophoretic Mobility Shift Assay (EMSA) investigating the 

binding of SP1F_KLFS_01 to protein lysate and showing no binding of protein 

(heat shocked and non-heat shocked lysates) to DNA. 

 

The EMSA results clearly validated the promoter reporter assay data by showing 

that SP1F_KLFS_01 is not a target for TFs expressed in H9c2 cells after heat 

shock, and that this promoter module is probably not involved in the regulation of 

heat shock response in these cells. However, it is possible that binding of the 
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proteins to SP1F_KLFS_01 was affected by the fact that total cellular protein 

lysate as opposed to nuclear lysates was used.  

 

Future directions  

Seeing that in vitro experiments of this study did not support the findings of the in 

silico experiments, there are various steps which could be taken to further 

investigate the involvement of cis-acting regulatory elements in the regulation of 

heat shock.  

Other promoter modules could be investigated, such as SMAD_E2FF_01 and 

E2FF_SP1F_01 to verify the regulation of the heat shock response in 

cardiomyocytes.  

Nuclear extracts should be extracted from protein lysates opposed to total cellular 

extract to ensure that the correct experimental procedure for the EMSA 

experiment in followed.  
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APPENDIX 1 

Promoter sequences for heat shock responsive genes  

  

 

 

>GXP_3419496(Hspa5/rat) loc=GXL_246319 |sym=Hspa5|geneid=25617 |acc=GXP_3419496| 

taxid=10116|spec=Rattus norvegicus| chr=3|ctg=NC_005102|str=(+)| start=13783636| 

end=13784237|len=602|tss=501|descr=heat shock protein 5|comm=GXT_24675410/ 

trans_ENSMUST00000145466/501/silver 

GCGCGCTCGATACTGGCTGTGACTACACTGACTTGGACACTTGGCCTTTTGCGGGTTTGAGAGGTAAGCGTCG

CGGCCTGCTTCCAGGCCTACCCTGATTTTGGTTCGTGGCTCCTCCTGACCCTGAGACCTCTGTCGCCCTCAGAT

CAGAACCGTCGTCGCGTTTCGGGGCTACAGCCTGTTGCTGGACTCTGTGAGACACCTGACCGACCGCTGAGCG

ACTGACTGGTCCACAGCGCCGGCAAGATGAAGTTCACTGTGGTGGCGGCGGCGCTGCTGCTGCTGTGTGCGG

TGCGGGCGGAGGAGGAGGACAAGAAGGAGGATGTAGGCACGGTGGTTGGCATCGACTTGGGGACCACCTA

TTCCTGGTAAGTGGCAATCGTCGGAGGAGGTTGGGGGGGGGGAGTGGGGCGTGGCCTCCGGGGCTACCGT

GAGAAAGTGCGGTGCTGATTCCTTTTCTGTGGGGTTTTCCCATCAGCGTCGGTGTATTCAAGAACGGCCGCGT

GGAGATCATAGCCAACGATCAGGGCAACCGCATCACACCGTCGTATGTGGCCTTCACTCCTGAAGGGGAGCG

TCTGATTGGCGATGCGGCCAAGAAC 

>GXP_1149850(Heatr2/rat) loc=GXL_622470|sym=Heatr2|geneid=304332| acc=GXP_1149850| 

taxid=10116|spec=Rattus norvegicus|chr=12|ctg=NC_005111|str=(-)|start=15994871| 

end=15995471|len=601|tss=501|descr=HEAT repeat containing 2|comm=GXT_23485096/ 

NM_001134857/501/silver;GXT_24168388/ENSRNOT00000035545/501/silver 

TCGCCCTGCCTACAAAAGACAACGCTCCGCCTGCCACCTCCTGCAACGCTCCCAAAGTCCACGCCCCGCCCATT

TGGTTCTTTTCCCTCCCATTACACGTTATTCCCCACTCTTCACACTAAGCCTCTACCCAAGAGGCCTGTGTCCCG

CCTACCACCCCCTCGTACCGCCCACTACCCAAGGCCCTTGAGGAGCTTGCTGCCTCCTGCCTCGCCCTCGAGGT

TCTCGCCCCACCCTCGACTCCTAGACTCAGCCAATAACACTTTCTCTTCGCCCCCTCTCTCGTCCCCCTGCCCGCT

ACTCCGCCCTCTAAGCCCTTTGTCCGCCCACTTCCCCTGGTCCCGCCCTTTACCCCTTACTCCCTACCCCTCCCCC

AGCACCACTCCTAAGACGCGCACACGCTGCCTCGAGCAACCGAGTCAGCCGGAAGTCTTGCCGTAAAGCGTG

CTACGACCATCGTACTAGCGCCGGTTCCCTTGGAGACAAGCAACGCGTTCAAGATGGCGGCGCCGGCGGAGG

CGGAGGTGGCCGCGGGCTTCGCCGAGGCGGATGAAGCAGCGGAACTGACCCGCGCGCTAGGTCGTCTGTTA

CCGGGACTGGA 

>GXP_2963156(Hspa1b/rat) 

loc=GXL_187112|sym=Hspa1b|geneid=294254|acc=GXP_2963156|taxid=10116|spec=Rattus 

norvegicus|chr=20|ctg=NC_005119|str=(+)|start=3955107|end=3955707|len=601|tss=501|descr=

heat shock 70kD protein 1B (mapped)|comm=GXT_23117308/ENSRNOT00000049667/501/bronze 

GCCAAGCGTTATCCCTCCCGTTTTGAGAAACTTTCTGCGTCCGCCATCCTGTAGGAAGAATTTGTACACCTTAA

ACTCCCTCCCTGGTCTGATTCCCAAATGTCTCTCACCGCCCAGCACTTTCAGGAGCTGACCCTTCTCAGCTTCAC

ATACAGAGACCGCTACCTTGCGTCGCCATGGCAACACTGTCACAACCGGAACAAGCACTTCCTACCACCCCCC

GCCTCAGGAATCCAATCTGTCCAGCGAAGCCCAGATCCGTCTGGAGAGTTCTGGACAAGGGCGGTACCCTCA

ACATGGATTACTCATGGGAGGCGGAGAAGCTCTAACAGACCCGAAACTGCTGGAAGATTCCTGGCCCCAAGG

CCTCCTCCCGCTCGCTGATTGGCCCATGGGAGGGTGGGCGGGGCCGGAGGAGGCTCCTTAAAGGCGCAGGG

CGGCGCGCAGGACACCAGATTCCTCCTCCTAATCTGACAGAACCAGTTTCTGGTTCCACTCGCAGAGAAGCAG

AGAAGCGGAGCAAGCGGCGCGTTCCAGAACCTCGGGCAAGACCAGCCTCTCCCAGAGCATCCCCACCGCGAA

GCGCAACCTTCTCCAGAGC 
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>GXP_3994204(Heatr1/rat) loc=GXL_322134|sym=Heatr1|geneid=361262|acc=GXP_3994204 | 

taxid=10116|spec=Rattus norvegicus|chr=17|ctg=NC_005116|str=(-)|start=68655147| 

end=68655810|len=664|tss=504|descr=HEAT repeat containing 1|comm=GXT_25266975/ 

trans_NM_144835/504/silver 

GTGGAAGTTTCCCGTGAATGAACCATCCCTGCTACACACCCATAAAGCTCCAAAAGACGACTGCAGAAACTGA

ATCCCAAACATAAGCCTGAGGGCACATACAAGGAACCCAAAGAGGCGAGCTTAAGTACCAAGGACTGGAGG

GGGCGGGGCTCCGAAAGAGGCGAGTCTTATAGGCGACTTTCTGAAAAGGAACTCCAAGAAGGAGGGGCTAT

GGGCGTGGTTTAGAGGTTTCCGTGAGGGGTGGGGCTTAAAAGAGGGGCGAGGAATAAGTGTGGGGTTTGG

AAAGAGGTGCGGATGGAAGGCGGAGCTTAAAGGGATGCGCAAGCGGAGGGCGGGGCTTTGAGGGTCAAGC

ACGTGGAGGGGAAAGTGAGTGGGGAATTAAATGACTGGCTTGAAGAATAGGCGGAACTTAGTGTCAGGGA

GGCGGGGCTGTTGTAACGCATTTCCTACTAAGATGTCCCTTTTCTCTTGCCGTAGTTGGAAGCCGGAAGTTCCT

ATGAGGCGTGCTTTAGAGTTCCGGGACAGTGCCGGCACCATGTGGGAGCTCCTCTAAGAAGTTGTTAGCTGT

CGAATCCTGCTGATATTCCTAGTTCGGGGTGAGGAGGAACACGGTGCGGCTAGGCGCGATCGTGTCTTGGGA

CGGGAGGCCAGGGTGGGCCTT 

>GXP_2964569(Hspa4l/rat) loc=GXL_627335|sym=Hspa4l|geneid=294993| acc=GXP_2964569| 

taxid=10116|spec=Rattus norvegicus|chr=2|ctg=NC_005101| str=(+)|start=127697753| 

end=127699004|len=1252|tss=786|descr=heat shock protein 4-like|comm=GXT_24198951/ 

trans_XM_002808421/786/silver 

AGAACACAAGGAATTGAATGAGAAGGATCAGCAGATACATGAAGAACCAGATAAGGGTCAGCATATACATG

AAGAATTGAACAAGAAGGGTCAGCATATAAATGAAGAACTAGGTAAGAAGGGCCAGCAGATACACGAAGAA

CTAGGTAAAAGCCAGGAGATACATGAAGAACTGGACCCTAAGGAACGGGGGACAAAGGGGCTGGATAAGG

AAGAGCCGAGTTCGCGCTGGGATGTGCATGGGAAGGAGCGGGACCGCCAGACTTCGTAAGTATAAGCTAAA

ACTTCTTCAAGTGCACAAAGGCAGCACGCCGCCCCTGGCAGGCTTCTTTTCTGAAATTCCGTGGGCAAGCAGG

TCAGGGCCTAGAAAACCAGTTTTCATGGGGAAAGCACCGGAAAGTGACAGGTTGGGACCGGGCAGCAGCGG

GGTGGCTCTGAGAAGGGGACAGTGCGGGCACCGCACAATGGGCACCACCTCACAGAGGAGTTGCAGGAGG

AGCCTCAGCACTAGCCACAAGCGGGGGGCCCCTCGGGGCGGCGAGGCCGGCGGTGAGCTCCCAGGCCAAGG

CTCTCCTCCCGGACCGTGGGAGGATGCGGGCGGGCGGCCGGGGCGAGCGGTGCTGAGGAGAGCGACTCCG

AGGAGGGTGGCGGCGCTGACAGGGCGGCGCTTAGGAGAGCGTCCGCAGGCCACGGCTGCCTCAGCGTTGCT

CGGAGACAGCCTCACCTCCCCTCGCGCCTCGCGACCGCCGCCCCGCCCTGCCCTGCGGGTTCCCTCCCGCCCCC

ATCTTTCCAGCTCTTTCTCCAACCTGCCACTCCGCAGCGAGCCGTTGCCGAGCGCTGACGGGAGCGGCCGAGG

GCGAGGCCGCCGAGCCTCAGCCGACCGGTGGCTCGCGCCTCCCGGGGCCGAGCGCGCAGGCGCAGACCGCA

GTAACTGCCGGTTGGGGGCGGCGAACCGCAGTGGAGACTAAGCGGCGGGCCGGGCGGAGGCGGCGCGGCG

CAGGCGAGCGGCTCCACCTCCGCAATTCCGACGCCCTGCCCTAGATTTTCTGACAGAGAGTGGGTCCTCTCCTT

TGCTTCTCGCAGGAGTCGCAGCGCCCGCAGTGGGGACCCGCAGCGGGACGCTGTCCCCCGACCCGGAGCGGT

AGGCGGGATGTCGGTGGTGGGCATTGACCTCGGCTTCCTCAACTGCTACATCGCTGTGGCGAGGAGCGGCGG

CATCGAGACCATCGCCAACGAGTACAGCGACAGGTGC 
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>GXP_3418059(Hspa4l/rat) loc=GXL_627335|sym=Hspa4l|geneid=294993| acc=GXP_3418059| 

taxid=10116|spec=Rattus norvegicus|chr=2|ctg=NC_005101|str=(+)|start=127698574| end=12769 

9176|len=603|tss=501|descr=heat shock protein 4-like|comm=GXT_24680446/ 

trans_ENSMUST00000108086/501/silver 

GAGCCGTTGCCGAGCGCTGACGGGAGCGGCCGAGGGCGAGGCCGCCGAGCCTCAGCCGACCGGTGGCTCGC

GCCTCCCGGGGCCGAGCGCGCAGGCGCAGACCGCAGTAACTGCCGGTTGGGGGCGGCGAACCGCAGTGGA

GACTAAGCGGCGGGCCGGGCGGAGGCGGCGCGGCGCAGGCGAGCGGCTCCACCTCCGCAATTCCGACGCCC

TGCCCTAGATTTTCTGACAGAGAGTGGGTCCTCTCCTTTGCTTCTCGCAGGAGTCGCAGCGCCCGCAGTGGGG

ACCCGCAGCGGGACGCTGTCCCCCGACCCGGAGCGGTAGGCGGGATGTCGGTGGTGGGCATTGACCTCGGC

TTCCTCAACTGCTACATCGCTGTGGCGAGGAGCGGCGGCATCGAGACCATCGCCAACGAGTACAGCGACAGG

TGCACGCCGTAAGTGCCGCACGCCCCCTTTCCTGGGGTGGGGTCCGGGACGCCCCCCCCCGCCCGTGACAGG

TGCAGCGTCTTCAGCCCAGACGAGGAGGGCAGGGGCTCGCCAACTCTGCTTGCCGCAGAGGTCTCTGACCCT

AGGGCCTCTGCGTGGGGCTGCAGAAAAGCGC 

>GXP_862885(Hspa2/rat) loc=GXL_468860|sym=Hspa2|geneid=60460|acc=GXP_862885| 

taxid=10116|spec=Rattus norvegicus|chr=6|ctg=NC_005105|str=(+)| start=99000041| 

end=99000641|len=601|tss=501|descr=heat shock protein 2|comm=GXT_22198962/ 

NM_021863/501/silver 

GTCTCAGAAAGAATTTCGACCCCCGGGAGCCTTCGGGAGGCCAGCGCCCTTTCCGTGCTGCCTCTGCGCGCCC

CGCCCCGCGCCGCGCCCCAGCGCCACACTCTTCGGGTTCCGCGCTGTTCATTGGGCATCTGCCCCGCCAATCTA

AAAGATGTCAACGAATCACGCTTTATAAAAGGCAAAGAGAGAGGGGAAAGGGGGCTTTTCACGCTGGCTCCC

TTGGCGCGAGCTTAACGCCCCCAAGCGGCTGGAGGCACTGGGCGGGGCTCATTTGCATAACGGCCGCCCCTT

GGTCTCCCTGCTGGGGGCTGGAGTCCCGCTCTCACCCACCTAGATATCTGTTGGACCACCGGCTGGTCACTCC

GACCAGGCAAGCCTGTGGGATCGCTGGACGGGTTGGAGCGGGCGGGCCCGGGGACCGATTGGCTCTGAGA

GTTTCCAGAAGGCAGGGGGTGGGGTGGGAGGACGACTATAAGACGGAGAAGCCCAGCAGGGGGATCCGGG

AGACGCTAGTCGCGCTCGTGGAGAGCAGTGCGAAGCGACCGTTGGCTCGGGTCCCGGCTTGCCTCTCCTGAC

TCTTTCGTCCTAACGTTGCTTTGCC 

>GXP_1731603(Hsf4/rat) loc=GXL_736263|sym=Hsf4|geneid=291960| acc=GXP_1731603| 

taxid=10116|spec=Rattus norvegicus|chr=19|ctg=NC_005118|str=(+)| start=35085032| 

end=35085632|len=601|tss=501|descr=heat shock transcription factor 4|comm=GXT_23138720/ 

NM_001106177/501/silver;GXT_24179864/ENSRNOT00000020682/501/silver 

TTAATATTCCTGCGTCCTGTGATCTCTAGTCGGCTGTGAAAGGGAGGGCAGGAAATACACAAAGGCTGGAAG

GACAGTCCCACCGGACATTCAAGAAGGAGACCTCAAGGGCCTTTGTACTGTGACTGTGGGGGATCGGGATCC

GGGCACCCTATACCCCGAGACTGACCAGTTCCCTAGCCTTCTCGCAGACCGGGCAAGTGCAACTTCACCCACC

ACTCTATCTGCCCGCCCTTACCTAGGTTCCACTATGTCCACAGATGAACTAGTCCTTTCCAAGCCCACAGATGTT

TTCTCCCAAACAACACAGACAGAGAGGAACTTGAGAAGGATGAGACTCGAACGTGGGCTCGCCCACCCACAC

ACCTACGTTTCAGCCAGTCCTTTCTCTCTGCCCGTGGCTGGGCCGCTGTCCGAGCCCCGCCTCTAGGGTTCGCA

CGCGGCCCCCGCCTGACCCGGCGCCCAGGGGCGGAGTAGGGCGGGGCGGGCGGCAAACGCAGCACTTTCAC

GGCTTTGACAAGCCCGCAGCGGCCGGGCTGGAACGCTGAGCCCGGCCGAGACTGCGCCATGCAGGAAGCGC

CAGCTGCGCTGCCCACGGAGC 
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>GXP_3995149(Hsf4/rat) loc=GXL_736263|sym=Hsf4|geneid=291960|acc=GXP_3995149| 

taxid=10116|spec=Rattus norvegicus|chr=19|ctg=NC_005118|str=(+)|start=35085188| 

end=35086379|len=1192|tss=1091|descr=heat shock transcription factor 4|comm=GXT_25265261/ 

trans_ENST00000517729/1091/silver 

CCCCGAGACTGACCAGTTCCCTAGCCTTCTCGCAGACCGGGCAAGTGCAACTTCACCCACCACTCTATCTGCCC

GCCCTTACCTAGGTTCCACTATGTCCACAGATGAACTAGTCCTTTCCAAGCCCACAGATGTTTTCTCCCAAACAA

CACAGACAGAGAGGAACTTGAGAAGGATGAGACTCGAACGTGGGCTCGCCCACCCACACACCTACGTTTCAG

CCAGTCCTTTCTCTCTGCCCGTGGCTGGGCCGCTGTCCGAGCCCCGCCTCTAGGGTTCGCACGCGGCCCCCGCC

TGACCCGGCGCCCAGGGGCGGAGTAGGGCGGGGCGGGCGGCAAACGCAGCACTTTCACGGCTTTGACAAGC

CCGCAGCGGCCGGGCTGGAACGCTGAGCCCGGCCGAGACTGCGCCATGCAGGAAGCGCCAGCTGCGCTGCC

CACGGAGCCAGGCCCCAGCCCGGTACCTGCCTTCCTCGGCAAGCTATGGGCGCTGGTAGGCGACCCAGGCAC

CGACCACCTCATCCGCTGGAGCCCGGTGAGGGCTGGGGCCCCTCAACTCCCTCAGTGGTCCCCGGGATCCCTC

CAATGTCTGTGAACACCCATGTCCACCCAGCCCCCGCCTGGGTCTGGGCTGTGAGTACCTCAGTTCAGCTGTCC

AGAGTGGATCACGGTGGAAGGGGTGTGTGAGACAAGGATGAGGAGAATTAAGGGTCCTAGAGCCTACAGG

GACCTAGGTAGTTCTCACTTTACTTCATCTACCCAGGGAAAAAACAGGCCAAGAAAAGGGAAGAACTAGCTTC

GTCTTTGGCTCAGAGTCAGGTAGAGTCTGGGACGGGTCTGAGATGGACCCTGGGTTGGCGTGTGCTAATTCT

TTCTGAGAACTGCATATAGATCTAGTTAGGGATAGGAATTCTTCGTGGTTATGACAGGATAGGCTCTACATGA

TACAGACCTGGCCAAGTCCTACCTCCCAGCGAGGTACAAATCTGTACCCCACAGTGAGTGAGTATGGCCCAGT

CGTGAGTGGCACTCACTCACGGAGTCTGGTCCCCACCCGCTTGCGGATGGTTGTCGTTCGTTCTCGGTAGAGT

GGCACCAGCTTCCTCGTAAGTGATCAGAGCCGCTTCGCCAAGGAAGTACTGCCCCAGTATTTCAAGCACAGCA

ATATGGCGAGCTTTGTTCGTCAACTCAAC 

>GXP_278484(Hspe1/rat) loc=GXL_233373|sym=Hspe1|geneid=25462|acc=GXP_278484| 

taxid=10116|spec=Rattus norvegicus|chr=9|ctg=NC_005108|str=(+)|start=53894833| 

end=53895625|len=793|tss=501|descr=heat shock protein 1 (chaperonin 

10)|comm=GXT_21772313/ NM_012966/501/silver 

GCACGTGATGAAAGCAGTATGGCCCTACTGGGCCTGAACAAGTGAACCGAGCCTGCGGCGTCGCTGACAGAC

TTATCCCCCAGCCCTCCGTGCTCGGTCCGCGCTGCAAGCAGGCCCACGAGCACCGGGCCGCCGTGCACGCCGA

GGCCGCGTACCTGCGGGGCGGCGGCGGAAGAGCACGAGGCGAGGCAGGCCGTCTGCGGCGAGTGAGGGAC

CCAGCACTGGGCGCGCACCGCAATGAGCCCGAGTCCCCTCCCTCCCCGGCCCCGCCCCGCGGCCCCGCGTGCG

CGCGCGCGCGCGCCCCACTTCTCCCACGCCCCGGCCCTGCAATCTGCATGCGACGCGCGCGGCCCCGCCCTCC

TTACCTGAGCGGCCTCAGCCCCGTGGCCTCAGCACTCTCCCGCCGCCGTACACTGGTTCCTGGGCCGCGCTCG

GTTCTAGAACCTTCCGGAAGGCCCCGCGCTTTTCGTGGGTGAAAGGTCAAGTGGCGTCATTTCCGGGAGGGG

CTTGTTCTTTCACCTCAGCGGCCGACCTGGAAAAGCCTAGAAAGTGCTCCCCTTTTCTTCCGCCTCCGGCTACCC

GCATCGGCCGCCTGCGCGGAGTCCTGGCCACCAATCGGCGCGCGCGCTGGAGTGGCCGCCTTCTCTCACGCT

AAGGGGCTGAGTGCGCCTGCGCGCTGCGCTGTCTTTTCACGTGTCCTGAGCCGGCCCACGGGAGTCTCCTTGC

AGCAGGAGTCCGAGTGCAGAGTCCGGAGCTGCGGCGGCGTAAGTCATGGTGAGTGTCTCGTGGCTGG 
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>GXP_52220(Hsp90b1/rat) loc=GXL_42957|sym=Hsp90b1|geneid=362862|acc=GXP_52220| 

taxid=10116|spec=Rattus norvegicus|chr=7|ctg=NC_005106|str=(-)|start=23347425| 

end=23348025|len=601|tss=501|descr=heat shock protein 90, beta, member 1|comm=GXT_2310 

7638/ENSRNOT00000059555/501/silver;GXT_23485332/NM_001012197/501/silver;GXT_24170419

/ENSRNOT00000059554/501/silver 

AATTTCTCTTTTGCGAAAAGAAACGCCCAAAAGAAAGGTGACGGCGAACGTAGCGCTGAAAGGGCTCGTAAC

GTGACCCACGTCGTAGACGGGAAAAGGGTATAAACCACATTGTCTTGGCTACGGTTTCCCCTAGTCACGGAAC

AAACGTTCTCTAAGAGCCGGAAGTGGTTCCCCGGGACCTCTAGGAAAGGACAGACGTGCTATGCGCCTACAT

TCATTGGACGGTTTTCCTCAGAGACCAAGGCTTCCCAGGCCAAGGGGTGGCCCGGTGTGTGAGGGGCCCGCG

GAGCCATTTGATTGGAGAAAAGCTGCTGGACAAACCCAATCGAAAGGAGCCACGCTTCGGGCATCGGGCACC

GCACCTGGACAGTTCCGATTGGCGAGTTGCGGTCCCCCCCATGCGTCCCCATTGGGTGCAGAGAGTGCGTGG

TGAGGCACGATTGGTGGGTTCGTGTTTCCCGTCCCCCGCCCGCAAGCTGTGGGGTGAAAAGCGGCCCGACCT

GCGCGCGGTTTAGTGGGCGGACCGCGCTGCTGGAGGTGTGAGGACCTGATGTACTCCGGGTTGGGCGGGGT

GGAGGCGGCTCCTGCGACCGAAAAG 

>GXP_202074(Hsp90aa1, LOC499735, LOC691091/rat) loc=GXL_168670|sym=Hsp90aa1, 

LOC499735, LOC691091|geneid=299331, 499735, 691091|acc=GXP_202074| taxid=10116| 

spec=Rattus norvegicus|chr=6|ctg=NC_005105|str=(-)|start=135418994| end=135419647| 

len=654|tss=501,552|descr=heat shock protein 90, alpha (cytosolic), class A member 1; similar to 

heat shock protein 1, alpha; similar to heat shock protein 1, alpha|comm=GXT_21799309/ 

NM_175761/501/silver;GXT_25267617/trans_ENSMUST00000124156/552/silver 

CTACGTCCCCAATGGGAGCCCGAAGACAGGGGGATCTTCTCGCCTCAGACACCTAACGCGCCGCAGAGGGCA

CTGAGGTTCACACAGCAACGCAGCCTCACATGGGAACATCCCTTTCGCAGACCCCACCCCCACCCCCCGAGAA

GAGGAGCCCTAGAGTGCTCACATGGCGGCCTCTAGCGCATGCGCTGGTCACCTTGTCCGCGCTCCACGAGAG

GCGGCGCGCGCGCGGCCCGGGAAGGCGCCAGGCCCGCCGAGAATCCCGGACTGCGCATGTCCAGAGCACCT

GGCTGTGGAGGAGGGGCTCGCGTTCGTTCTCCGCGCGGGTTCTGCGCGCTCCTGGTGGAGGGGCGGGGCCC

GTCCAGTGCGCAGGCGCAGGCGCGCGGCCGAGGCGACGGTTGGGGAGGGTTCTTCCGGAAGGTTCGGGAG

GCTTCTGGAAAAAGCGCCGCGCGCTGGGCGGGCCCGCCTCTATATAAGGCAGGCGCGGGGGGCGGCGCGCC

AGTTGCTTCAGTGTCCCGGTGCGGTTAGTCACGTTTCGTGCGTGCTCATTCTGCCAAGGTGAGTGTCCTCGCA

GAGGGGCTTAGTGGGGGATTGGGGAGAGAGGTTGACGGATGTAGACGCGGCGGCGGGGTCGGGGCCGCC

ATCCGAGCTCCC 

>GXP_2972579(Hsp90aa1, LOC499735, LOC691091/rat) loc=GXL_168670|sym=Hsp90aa1, 

LOC499735, LOC691091|geneid=299331, 499735, 691091|acc=GXP_2972579| taxid=10116| 

spec=Rattus norvegicus|chr=6|ctg=NC_005105|str=(-)|start=135418406| end=135419006| 

len=601|tss=501|descr=heat shock protein 90, alpha (cytosolic), class A member 1; similar to heat 

shock protein 1, alpha; similar to heat shock protein 1, alpha|comm=GXT_24190764/ XR_085622/ 

501/silver;GXT_24190787/XR_007019/501/silver 

CATCCGAGCTCCCTCAGCCCGCAGAGGTGGGCGGCCATGCCTTCAGACCCTAGGCCCCAGGCGGCCGCTACG

CCCCAGGCCCAGGATGCGGTGATGGCCGCCGAGGAGGAGCGGCGGCGGAGGGTCGGGGGCGAGGCGAAC

GTTCGGCTCTGGCCTTTGCCTAGGCCTCCCCGGCTCTCGCCGGTGCTCCTGAGGCGCGGGCGGAGGAGGGAG

GCGCCATAGCGGCGGCTTGTGGGGGGAGGGTGGCCGTTAGGAACGGCGTGCGTGGAGCCGCTTGGGTCCG

AACGTCCTCCCGGAGGCGCGCACATGCGCCTCGTAATTACCGCATTCTGAAATGAGGTCATCCCTTTGTCATCC

ACCCCCCCCCTCGGCCTCTTCTATTCCGTCCCCGTCTCAGACCGAAATAGAGTTCCTAAGGAATTTCTATAGGA
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>GXP_2972579(Hsp90aa1, LOC499735, LOC691091/rat) loc=GXL_168670|sym=Hsp90aa1, 

LOC499735, LOC691091|geneid=299331, 499735, 691091|acc=GXP_2972579| taxid=10116| 

spec=Rattus norvegicus|chr=6|ctg=NC_005105|str=(-)|start=135418406| end=135419006| 

len=601|tss=501|descr=heat shock protein 90, alpha (cytosolic), class A member 1; similar to heat 

shock protein 1, alpha; similar to heat shock protein 1, alpha|comm=GXT_24190764/ XR_085622/ 

501/silver;GXT_24190787/XR_007019/501/silver 

CATCCGAGCTCCCTCAGCCCGCAGAGGTGGGCGGCCATGCCTTCAGACCCTAGGCCCCAGGCGGCCGCTACG

CCCCAGGCCCAGGATGCGGTGATGGCCGCCGAGGAGGAGCGGCGGCGGAGGGTCGGGGGCGAGGCGAAC

GTTCGGCTCTGGCCTTTGCCTAGGCCTCCCCGGCTCTCGCCGGTGCTCCTGAGGCGCGGGCGGAGGAGGGAG

GCGCCATAGCGGCGGCTTGTGGGGGGAGGGTGGCCGTTAGGAACGGCGTGCGTGGAGCCGCTTGGGTCCG

AACGTCCTCCCGGAGGCGCGCACATGCGCCTCGTAATTACCGCATTCTGAAATGAGGTCATCCCTTTGTCATCC

ACCCCCCCCCTCGGCCTCTTCTATTCCGTCCCCGTCTCAGACCGAAATAGAGTTCCTAAGGAATTTCTATAGGA

AAGGGGTAGGTAGGCATTAGGACGCCTGCAGACATTCTGTGAGGCTTTAACACCGTCCCGTGTTCCCAGATGC

CTGAGGAAACCCAGACCCAAGACCAACCAATGGAGGAAGAGGAGGTCGAAACCTTTGCCTTTCAGGCAGAAA

TTGCCCAGTTAATGTCCTTGATCAT 

>GXP_4005779(Hsp90aa1, LOC499735, LOC691091/rat) loc=GXL_168670|sym=Hsp90aa1, 

LOC499735, LOC691091|geneid=299331, 499735, 691091|acc=GXP_4005779|taxid=10116 

|spec=Rattus norvegicus|chr=6|ctg=NC_005105|str=(-)|start=135418680| end=135419280| 

len=601|tss=501|descr=heat shock protein 90, alpha (cytosolic), class A member 1; similar to heat 

shock protein 1, alpha; similar to heat shock protein 1, alpha|comm=GXT_25267618/ 

trans_ENSMUST00000149189/501/silver 

CGCAGGCGCAGGCGCGCGGCCGAGGCGACGGTTGGGGAGGGTTCTTCCGGAAGGTTCGGGAGGCTTCTGG

AAAAAGCGCCGCGCGCTGGGCGGGCCCGCCTCTATATAAGGCAGGCGCGGGGGGCGGCGCGCCAGTTGCTT

CAGTGTCCCGGTGCGGTTAGTCACGTTTCGTGCGTGCTCATTCTGCCAAGGTGAGTGTCCTCGCAGAGGGGCT

TAGTGGGGGATTGGGGAGAGAGGTTGACGGATGTAGACGCGGCGGCGGGGTCGGGGCCGCCATCCGAGCT

CCCTCAGCCCGCAGAGGTGGGCGGCCATGCCTTCAGACCCTAGGCCCCAGGCGGCCGCTACGCCCCAGGCCC

AGGATGCGGTGATGGCCGCCGAGGAGGAGCGGCGGCGGAGGGTCGGGGGCGAGGCGAACGTTCGGCTCTG

GCCTTTGCCTAGGCCTCCCCGGCTCTCGCCGGTGCTCCTGAGGCGCGGGCGGAGGAGGGAGGCGCCATAGC

GGCGGCTTGTGGGGGGAGGGTGGCCGTTAGGAACGGCGTGCGTGGAGCCGCTTGGGTCCGAACGTCCTCCC

GGAGGCGCGCACATGCGCCTCGTAATTACCGCA 
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>GXP_241620(Hsp90ab1/rat) loc=GXL_201364|sym=Hsp90ab1|geneid=301252| acc=GXP_241620| 

taxid=10116|spec=Rattus norvegicus|chr=9|ctg=NC_005108| str=(+)|start=11032807| 

end=11033596|len=790|tss=664,690|descr=heat shock protein 90 alpha (cytosolic), class B member 

1|comm=GXT_21772405/NM_001004082/690/silver;GXT_24183722/ENSRNOT00000026920/664/si

lver 

AGAAATCGAAGCACCGCCACTGCTGCTCCTTCCGCCACAGGCCGCCAAAGAGTCCCTGCTAGCCCAGGCCCGC

GCCCCTCCCCTCGGAGAAGCTGCTCCCCGCCTGCCGCTTCGCTGTACCGGGGAGGGTGGGGATCAGGGACTC

CTTAAAGTTGGACAACGAATTTCTTATCATCCTTTTCTCTCGATGTGCGATTTGTAGGGAACATTCTAGTAAGAT

CGGGTCTGAAAATGGCAGCCGAATTGGTCACCTCCGTTCTCTTTCAGAAGTCCCTTGAGGACTGGACTCTTGA

GGGTGGGAGCGCCTACATCGAATTTTCTGCGCGAGTCCGTGGGGTATTCGCCGCAGATACATCCCCTAATAGC

ATATGCATGCTCCCTGGCCATCTTGAGGGCTACATGTCCTACTCATGCAGAAATGAGGGTACCAAACGCTATT

GAATTGGCCTTGACTCGCAGCCCAGGCCCGGGGTCCCGCTCTTCCCCGCCCCCTCCCCGGTCTGCGAGCATGA

CGTCAAGGTGGGCGGGCGGTGGCAGGTGCGTGGCTGGCAGCCACTCCTTTAAGGCGGAGGGATCCAAGGGC

GGGGCTAGGGCTGTGCTTCGCCTTATATAGGGCGGTCGGGGGCGTTTGGGAGCTCTCTTGAGTCACCCCCGC

GCAGCCTAGGCTTGCCGTGCGAGTCGGACGTGGTCCGGGCCCACCCTGCTCTGTACTACTACTCGGCTTTCTC

GTCAAGGTAAGGCCGCGCTCTCCTGTACTTGGCGGCTCCGTGGGTCTTCTTCCTGGGGTCTC 

>GXP_1727035(Ahsa2/rat) loc=GXL_735349|sym=Ahsa2|geneid=305577|acc=GXP_1727035| 

taxid=10116|spec=Rattus norvegicus|chr=14|ctg=NC_005113|str=(-)|start=104435411| 

end=104436011|len=601|tss=501|descr=AHA1, activator of heat shock protein ATPase homolog 2 

(yeast)|comm=GXT_23136523/NM_001107241/501/silver;GXT_24174123/ENSRNOT00000056855/

501/silver;GXT_24174124/ENSRNOT00000007297/501/silver 

GTTCCTTCAGTAACCCCTCGACCAGCTCTGCTGAGGAACCTGCGCAGCTCACTAGCTCGTGGCCCAGGGACCT

CAGAAAAGGGACAGCGGGCTCTCGTAGGAGCCCTGGGCGAAGTCTAGGCCAGAAGTCGAAGCCCTAGGCCA

GAAGCCCCGCCGGTCGACAGGAACCAGCAGCAGGAACCAGGCGGCTCAGGGGATACAAAGCGGAGGATGG

AGCCAGGGCGGAGTCTTAAGGACTGGGGACCCGGCGAAGTCGGGGGAGGAGCCTAGCAGAAGACGCCGCC

GGGAGGTGCCGCATAGGGCGGGGTCTTAGGGCCGAGAGGCGGGGCGAAGTCCGGGTGGGGGAGGATCCC

GGCAGAGGGCGGTGCCGGGAGGTGTGGCATATTGGGGGCGTGACGGGGTCCGCAGCAGAGTGGATGTGGG

GCGGAGCGGGCTGCGGGGAGCGGGCAGCGGGGCGGGGCAGGCTGCGGCCGGGCCGGCCCGGGGCGGGG

ACTTCTGGCACTTTCTGGGAGCTGCGGGCGTGCGGCTCACAGACCTTCTGGCCGGAAACCCGCGCGCTCCCGC

TGCCAGGGCCCTCGTCGTCAGCGCCGCCATGGCCAAG 

>GXP_853081(Pdap1/rat) loc=GXL_468142|sym=Pdap1|geneid=64527| acc=GXP_853081| 

taxid=10116|spec=Rattus norvegicus|chr=12|ctg=NC_005111| str=(+)|start=9784230| 

end=9784844|len=615|tss=515|descr=PDGFA associated protein 1|comm=GXT_22199040/ 

NM_022595/515/silver 

AGCCTCTGCTGCTTAAGCAGCTCAGACAGCCCTCCTGGCCGTAACTATTGCCAAAAGGTACAATATTCAAGAA

CGGAGCAGGTAAACACTCACCGGAAACTCAAGCACCTAGGAACGCCGCTTCTTTATTGACGGCTTCCGCTCCG

GTGAGAAACTCTTCAGAATAAGGCCCTCGCGGGGCCCCGCCCACCTCGCCCAGAGATTGCGTCATCTTAGGTG

TCCGTAGCGCTGCCTTTGTAGAATTTCGGAAAACGTACGGCCCTTTCCCTCTCACTTCCTGTGGGGGTGGCCCG

CACGGCTACGTGTCTCCTCAGACAGGGACACCGGGGAACGCAGATTCCTGGCTGCACATATTCTGGCCAGGA

ATTCAGGCACCTCTTAAGACAGCCCGACCTCGGTGAGGTCCCAGTTCCTCGCAGCAGCCGCGGCGGCGGCGG

CGCGCGGAGAGGAACCAGGCCGGGCGGAAGAAGTCTATCCCAAGGTATTTCCGGTTCCGGTGTCAGTTCGAG
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>GXP_853081(Pdap1/rat) loc=GXL_468142|sym=Pdap1|geneid=64527| acc=GXP_853081| 

taxid=10116|spec=Rattus norvegicus|chr=12|ctg=NC_005111| str=(+)|start=9784230| 

end=9784844|len=615|tss=515|descr=PDGFA associated protein 1|comm=GXT_22199040/ 

NM_022595/515/silver 

AGCCTCTGCTGCTTAAGCAGCTCAGACAGCCCTCCTGGCCGTAACTATTGCCAAAAGGTACAATATTCAAGAA

CGGAGCAGGTAAACACTCACCGGAAACTCAAGCACCTAGGAACGCCGCTTCTTTATTGACGGCTTCCGCTCCG

GTGAGAAACTCTTCAGAATAAGGCCCTCGCGGGGCCCCGCCCACCTCGCCCAGAGATTGCGTCATCTTAGGTG

TCCGTAGCGCTGCCTTTGTAGAATTTCGGAAAACGTACGGCCCTTTCCCTCTCACTTCCTGTGGGGGTGGCCCG

CACGGCTACGTGTCTCCTCAGACAGGGACACCGGGGAACGCAGATTCCTGGCTGCACATATTCTGGCCAGGA

ATTCAGGCACCTCTTAAGACAGCCCGACCTCGGTGAGGTCCCAGTTCCTCGCAGCAGCCGCGGCGGCGGCGG

CGCGCGGAGAGGAACCAGGCCGGGCGGAAGAAGTCTATCCCAAGGTATTTCCGGTTCCGGTGTCAGTTCGAG

GCGCCGCCGCCGCTGCAGCCGCCGGAGCCGAGATGCCTAAAGGAGGTGAGGGGGTGGGCGCGCGTGATTC

GCGTGGCTTCTCTAGTGGCGGCCGTACGCCGACTGC 

>GXP_514212(Dnajb6/rat) loc=GXL_324763|sym=Dnajb6|geneid=362293|acc=GXP_514212| 

taxid=10116|spec=Rattus norvegicus|chr=4|ctg=NC_005103|str=(-)|start=796137| end=796737| 

len=601|tss=501|descr=DnaJ (Hsp40) homolog, subfamily B, member 6|comm=GXT_21925644/ 

NM_001013209/501/silver;GXT_24169497/ENSRNOT00000014194/501/silver 

ATTCGGCACTCCATGTAAGTAATGATGGGGCCTCTCACGGTTCAAGTAAGATCAGGGCTGGGGACGGGGCAC

TGAGGAGGATCTAAGTCGGGACCACAGCTCTCAACGTCCATTGGGAGTGTGAGTCATATTATGCTAGCAGCTC

GTTATCTCAGAATCCACAGTCAGAGGCTGTGAGCGTCCTTCCTCCCAGCCTGCTTCCGGCAAACGCAGGATTG

TCTACAGGTCGCCTCAGGCTTTAGAGTCCTCCAGGCTCAGGGCTTGCGAAAGGTGGCGGTTTCCCACTCTATT

CAGTCGCCTATATAAACCCTCTAGAGTTCCACCATGCTCAGCTCCGAGAATCTTCAGGTCTGGGAGACGCGCG

CTATCGGATCCGACGACCAAGGAAGCTGCTGTGCACGCTAGCTTCAGGGCCGGGCGGAAGTCGACGTCGCCG

CGCCGCCACCGCGTGACGCACTTCCTGTTTGTTGTTGGAGAAAAGGAGAGAAAGGAAAGCGCGAGGAGACG

CCGCCACCGCCACCAGCGCACTGTGCCAGAGCCGCGAGGAGACCGGCCGCCTGACTTCCCCCCTCGCTGGCC

GCCGCGTCCTCGGTGAGGGTCC 

>GXP_1742(Dnaja1/rat) loc=GXL_1468|sym=Dnaja1|geneid=65028|acc=GXP_1742| 

taxid=10116|spec=Rattus norvegicus|chr=5|ctg=NC_005104|str=(+)| start=58100294| 

end=58100894|len=601|tss=501|descr=DnaJ (Hsp40) homolog, subfamily A, member 

1|comm=GXT_21769964/NM_022934/501/silver 

CAGGTTCTGTCCGCCCAAGTCAGAGCCAGAAGGATCTGAAGCCTGGGCTCATCCAAAAAGCTGTGACAGGAG

TGCGCTTGGGTGAAACCACCGGATCCAAAGCCTGCAAGGCTAGTCTAGGGACTAGGCCCGCCTTGCTCAGCA

TTTCTTGCCCGCAAGGCTCAGAGCTAAGGAGCTGCAGAAAATTAGACTCCGGTGAGGTTAGGATCCCTTCTGC

ACAGCGCCTGAAGCACTCGTCCCCGGCTTACGGCTCTGGGACATGACCTCTCCACCTCAAGACTTCCGCCCTCT

GGTACCTCGCATAAAGAAAAAGCCTCTAGAAGATTCTACAAGGATCGGGAACCCGGGCCTGAGTCCACCCCC

ACAAGGCCCTTGGGCGCAGCCACTCTCCGCCCCCGCGCCGTTGCCCAGGTAACCGAGGGGCGGTGGCAGAAG

CGAGGGGCGGGACTTCCGGCAAGTGACGCGCCCGGGCTCCGCTACAAAAGAGGTCGGCTGCGGCGGGCCG

GGCGGAACTTTCCAGAACGCTCGGTGGGTGGTAGAGGAGCAGCGTCTGGCCGAGCTGCGCTGTGCTACGCTC

CTCTTTCCGCTCTCCGGCGCCGGC  

 

 

 

 


