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The MMPs are proteolytic enzymes whose functions are associated with tumor angiogenesis, metastasis, and with the physiological remodeling of                                                                          
the female reproductive tract. During the 22-month gestation period of the spiny dogfish shark, the ovaries and uteri undergo dramatic tissue remodeling to accommodate the 
growth of follicles and fetuses, respectively.  These changes correlate to morphological and biochemical endpoints obtained following autopsy.  With declining populations of 
sharks as a growing concern and the difficulty in obtaining blood samples from large pelagic sharks, we seek to develop non-lethal approaches to assess shark reproductive 
status. Because MMPs are involved in tissue remodeling of the reproductive tract, and because of the relative ease in obtaining muscle samples, our goal was to determine if 
MMPs are found in shark skeletal muscle. Muscle samples were collected from spiny dogfish of 4 gestational stages: A (n=6), B (n=6), C (n=5) and D (n=9). Gelatin zymography 
was performed to assess gelatinase (MMP) activity.  Visual observations of zymograms revealed low expression of gelatin-degrading enzymes in dogfish skeletal muscle. 
Although we have not yet established a relationship between muscle MMPs and reproductive status, we showed that dogfish shark muscle tissue expressed MMPs. 
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 SUMMARY 

 22-month gestation period 
 
 Divided into four stages (A-D) 
 
 Ovarian follicles grow from 1mm   
   to 32-38mm 
 
 Embryos/fetuses grow from ≤   
   3.5cm to ≥ 25cm 

 

Major Tissue Remodeling Occurs Over Gestation 

Matrix Metalloproteinases (MMPs) Are Needed 
For Tissue Remodeling 

 A family of highly conserved, zinc-dependent 
   endopeptidases, e.g. gelatinases 
 
 MMPs are capable of cleaving virtually every component of  
   the extracellular matrix (ECM). 

 
 MMPs are involved in processes such as wound healing,  
   ossification, and physiological remodeling of the  
   reproductive tract. 

Rationale  and Objective 

 Uterine and ovarian cells 
 Blood 
 Skeletal muscle of some fish, e.g. cod and sea bream.  

 Skeletal muscle samples were collected from spiny dogfish  
   caught off the coast of Rhode Island (n=20) and in the Gulf   
   of Maine (n=6). 

 
 For each dogfish, reproductive stage (A-D), body weight,  
   total length and sex were recorded, ovarian follicles were  
   measured and counted, as well as the total length and sex  
   of pups.  

Protein Extraction 

 Total proteins were extracted in the presence of protease  
   inhibitors AEBSF, Pepstatin A, and Aprotinin 
 
 Samples homogenized using a polytron probe 
 
 Samples spun at 4
 

C, at 10,000xg 

Bradford Assay 

 Total protein concentrations were determined and used to  
   normalize loading for zymography. 

Gelatin Zymography 

Proteins were separated on 10% polyacrylamide gels  
  impregnated with 0.05% gelatin. 
Following staining and destaining, gel images were captured  
  using a UVP MultiDoc Digital Imaging System before   
  densitometric analysis by UN-SCAN-IT. 
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Figure 2. Lanes 1 and 2 = stage A. Lane 3 = stage B. Lane 4 = stage C.  

     Five gelatinolytic  bands migrating between 11 and   
     174 kDa were detected in spiny dogfish skeletal 
     muscle (Fig. 2). 

     No gelatinolytic bands were detected in spiny dogfish   
     skeletal muscle (Fig. 3). 

Figure 3. Lanes 1 and 2 = stage A. Lane 3 = stage B. Lane 4 = stage C.  

Gulf of Maine Samples 

    Skeletal muscle extracts were incubated in 10 mM   
    1,10 phenanthroline, an inhibitor of MMP activity.  

 While MMPs are found in skeletal muscle of some teleosts,  
   it is not known whether MMPs are present in shark   
   skeletal muscle. Therefore, the objective of the study was  
   to determine if MMPs are present in skeletal muscle of the  
   spiny dogfish shark. If so, does the pattern of MMP  
   expression mirror reproductive status?  

Matrix Metalloproteinases Are Found In  
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MMP Blood Muscle 
High Molecular 
Weight MMPs 

117 kDa 
 

174 kDa 
 

MMP-9 94 kDa 

MMP-2 69 kDa 
56 kDa 

79 kDa 

MMP-1 43 kDa 41 kDa 

MMP-7 35 kDa 

Low Molecular 
Weight MMPs 

14 kDa 
11 kDa 

 Gelatinolytic proteinases are present in dogfish skeletal muscle. 
 The 174 kDa species is a divalent cation dependent MMP. 
 The 174, 14 and 11 kDa proteinases in dogfish skeletal muscle  
   have not been previously reported in teleosts.  
 There was a complete absence of proteinases in skeletal muscle  
   of Rhode Island spiny dogfish. 

 More muscle tissue will be analyzed to confirm the proteinase  
   profile in Gulf of Maine samples and the lack of proteinases in  
   Rhode Island samples. 
 Since skeletal muscle can be obtained non-lethally, we hope   
   that these proteinases (MMPs) found within this tissue can  
   serve as biomarkers to assess reproductive status in sharks. 
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