Supplementary file

TRANSGENIC OVEREXPRESSION OF GLUTATHIONE S-TRANSFERASE Μ-TYPE 1 REDUCES HYPERTENSION AND OXIDATIVE STRESS IN THE SHRSP RAT.

Erin Olson1, Michal Pravenec2, Vladimir Landa2, HH Caline Koh-Tan1, Anna Dominiczak1, Martin W McBride1*, Delyth Graham1*

1 Institute of Cardiovascular & Medical Sciences, BHF Glasgow Cardiovascular Research Centre, University of Glasgow, 126 University Place, Glasgow G12 8TA, United Kingdom
2 Institute of Physiology of the Czech Academy of Sciences, Prague, Czech Republic
*These authors contributed equally.
Short Title: Characterisation of the Gstm1 SHPSP Rat



Expanded Methods
Transgenic Construction
The WKY Gstm1 cDNA sequence was cloned into pEF1/Myc-HisA (Invitrogen), an expression construct including the constitutive human elongation factor 1 α subunit (EF1 α) promoter and bovine growth hormone (BGH) polyadenylation signal separated by a multiple cloning site. The cloned cDNA ligation insertion was verified by direct sequencing with pEF1 T7F and BGH PolyAR primers. The resulting expression plasmid, named pEF1 WKY Gstm1 was amplified and purified using the Qiagen Maxi kit (Qiagen, Hilden, Germany). The construct was linearized by digesting the pEF1 WKY Gtsm1 plasmid with PvuII and AatII enzymes in order to generate a final isolated 2.725kb fragment encompassing the EF-1a promoter, Gstm1 cDNA and BGH polyadenlyation sequences (Supplementary Figure 1). GSTM1 protein expression from pEF1 WKY Gstm1 was confirmed by transfection into HeLa cells and Western blotting. Generation of the transgenic rats was carried out in Prague at the Czech Institute of Science using male and female SHRSP from the University of Glasgow. Superovulated female SHRSP, which were time-mated with SHRSP stud males and day one embryos were harvested and microinjected with the DNA linear construct into the pronuclei. The embryos were then transferred into the oviducts of pseudopregnant female recipient rats, followed by natural pregnancy and pup rearing. This process was repeated in order to generate an additional independent transgenic line in order to confirm phenotypic changes.

EF-1α promoter
The EF-1α promoter is a versatile expression system which has a wide host range and a high efficiency of gene expression. It promotes robust, constitutive, long-term expression of the gene of interest. We used this promoter since it has been used successfully in similar ‘transgenic rescue’ style studies, which generated transgenic SHR rat lines expressing wild type (WKY) Cd36 transgene. These previous studies have demonstrated EF-1α promoted transgene expression in rat brain, muscle, liver, heart and kidney1,2.
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Supplementary Figure 1. Illustration of the pEF1alpha Gstm1 linear fragment (2.725Kb)  
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Supplementary Figure 2. Hemodynamic parameters measured by radiotelemetry. (A) Levels of activity and (B) heart rate were not significantly different between SHRSP-Tg(Gstm1)1WKY (n=12), SHRSP-Tg(Gstm1)2WKY (n=5), WKY (n=15) and SHRSP (n=12). Data increments are weekly day-time and night-time averages.
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Supplementary Figure 3: Total mRNA expression and protein localization of Gstm1 in the aorta. 
Total mRNA expression of Gstm1 in thoracic aorta from WKY, SHRSP, SHRSP-Tg(Gstm1)1WKY and SHRSP-Tg(Gstm1)2WKY rats at (A) 5 weeks of age and (B) 21 weeks of age. (C) IHC of GSTM1 protein in thoracic aorta rings from WKY, SHRSP, SHRSP-Tg(Gstm1)1WKY and SHRSP-Tg(Gstm1)2WKY rats at 21 weeks of age,  magnification=10x. (D) Quantitative assessment of GSTM1 protein expression as percentage staining (n=4 for all strains). 
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Supplementary Figure 4: Total Gstm1 mRNA expression and oxidative stress measurements in heart. (A) Total Gstm1 mRNA expression in heart at 21 weeks of age in SHRSP (n=8), WKY (n=8), SHRSP-Tg(Gstm1)1WKY (n=8) and SHRSP-Tg(Gstm1)2WKY (n=6) rats. Significantly increased Gstm1 expression levels were observed in SHRSP-Tg(Gstm1)1WKY *(p<0.05). (B) Lipid peroxidation measurements in hearts from 21-week-old SHRSP (n=8), WKY (n=8), SHRSP-Tg(Gstm1)1WKY (n=8) and SHRSP-Tg(Gstm1)2WKY (n=6) rats showed no significant differences. Values are presented as mean ± SEM.
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Supplementary Table 1: Systolic blood pressure measured by tail cuff plyethysmography between 5 and  12 weeks of age.  

 SHRSP  WKY  Trans1  Trans2  

5 weeks  124.0  ±   5.50  107.5  ±   5.38*  ND  ND  

6 weeks  113.9  ±   5.18  127.5  ±   4.98*                 ND                 ND  

7 weeks  152.8  ±   4.68  127.6  ±   7.44*  126.5  ±   0.25*  100.3  ±   1.58*  

8 weeks  164.9  ±   5.76  136.2  ±   4.97*   135.5  ±   0.85*  124  ±   0.25*  

9 weeks   188.2  ±   10.27  136.8  ±   7.2*  142.3  ±   5.1*  ND  

10 weeks  191.6  ±   8.3  139.7  ±   8.38*  158.3  ±   6.67*  88.93  ±   6.48*  

11 weeks   205.9  ±   3.87  134.7  ±   8.03*  168.3  ±   0.339*  172.5*  

12 weeks  197.9  ± 11.37  146.7  ± 5.74*  164.8  ± 7.23*  161.7  ± 5.55*  

Trans1 denotes SHRSP - Tg(Gstm1)1 WKY , Trans2 denotes  SHRSP - Tg(Gstm1)2 WKY . * p<0.001 vs SHRSP  (repeated measures ANOVA). Values presented as  mean ±   SEM. ND = not determined   
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Supplementary Table 1: Systolic blood pressure measured by tail cuff plyethysmography between 5 and 12 weeks of age.

		

		SHRSP

		WKY

		Trans1

		Trans2



		5 weeks

		124.0 ± 5.50

		107.5 ± 5.38*

		ND

		ND



		6 weeks

		113.9 ± 5.18

		127.5 ± 4.98*

		              ND

		              ND



		7 weeks

		152.8 ± 4.68

		127.6 ± 7.44*

		126.5 ± 0.25*

		100.3 ± 1.58*



		8 weeks

		164.9 ± 5.76

		136.2 ± 4.97* 

		135.5 ± 0.85*

		124 ± 0.25*



		9 weeks 

		188.2 ± 10.27

		136.8 ± 7.2*

		142.3 ± 5.1*

		ND



		10 weeks

		191.6 ± 8.3

		139.7 ± 8.38*

		158.3 ± 6.67*

		88.93 ± 6.48*



		11 weeks 

		205.9 ± 3.87

		134.7 ± 8.03*

		168.3 ± 0.339*

		172.5*



		12 weeks

		197.9 ± 11.37

		146.7 ± 5.74*

		164.8 ± 7.23*

		161.7 ± 5.55*





Trans1 denotes SHRSP-Tg(Gstm1)1WKY, Trans2 denotes SHRSP-Tg(Gstm1)2WKY. * p<0.001 vs SHRSP (repeated measures ANOVA). Values presented as mean± SEM. ND = not determined 
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Supplementary Table 2: Renal oxidative stress measurements in SHRSP, WKY and Transgenic lines at 5  weeks of age  

 GSSG:GSH ratio ( µ M)  Lipid peroxidation (MDA:Protein  Ratio)  

   5 Weeks  21 Weeks  5 Weeks  21 Weeks  

SHRSP  0.0396  ±   0.004  0.4291  ±   0.08  0.00736  ±   0.002  0.0476  ±   0.01  

WKY  0.0769  ±   0.013  0.2572  ±   0.04  0.005332  ±   0.001  0.0241  ±   0.005*  

Trans1  0.0475  ±   0.010  0.2666  ±   0.04   0.01258  ±   00.004  0.0241  ±   0.002*   

Trans2   0.0553   ±   0.016  0.3607   ±   0.08  0.00776   ±   0.0003   0.0214  ± 0.002*  

Trans1 denotes SHRSP - Tg(Gstm1)1 WKY , Trans2 denotes  SHRSP - Tg(Gstm1)2 WKY . * p<0.001 vs SHRSP  (ANOVA). Values presented as mean ±   SEM.     
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Supplementary Table 2: Renal oxidative stress measurements in SHRSP, WKY and Transgenic lines at 5 weeks of age

		

		GSSG:GSH ratio (µM)

		Lipid peroxidation (MDA:Protein Ratio)



		 

		5 Weeks

		21 Weeks

		5 Weeks

		21 Weeks



		SHRSP

		0.0396 ± 0.004

		0.4291 ± 0.08

		0.00736 ± 0.002

		0.0476 ± 0.01



		WKY

		0.0769 ± 0.013

		0.2572 ± 0.04

		0.005332 ± 0.001

		0.0241 ± 0.005*



		Trans1

		0.0475 ± 0.010

		0.2666 ± 0.04 

		0.01258 ± 00.004

		0.0241 ± 0.002* 



		Trans2 

		0.0553 ± 0.016

		0.3607 ± 0.08

		0.00776 ± 0.0003 

		0.0214 ± 0.002*





Trans1 denotes SHRSP-Tg(Gstm1)1WKY, Trans2 denotes SHRSP-Tg(Gstm1)2WKY. * p<0.001 vs SHRSP (ANOVA). Values presented as mean± SEM. 
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