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Introduction and the scope of the Thesis 
 
Diabetes mellitus (DM) is a chronic progressive metabolic disorder that makes it difficult for 

the body to use glucose1,2. It may be caused by a drop in insulin release from pancreatic cells 

or a lack of insulin sensitivity in the body. Blood glucose levels can stay within a safe range 

(80-120 mg/dL) because insulin helps cells to absorb glucose1. Thus, a lack of insulin in the 

body causes hyperglycemia, which raises blood sugar levels and causes a variety of metabolic 

and potentially fatal diseases, including cardiovascular, nephropathic and neuropathic 

illnesses2. There are two common types of diabetes. An autoimmune disorder known as type 1 

diabetes (T1D), cause the death of pancreas beta-cells. Type 2 diabetes (T2D), which is 

significantly more prevalent, is mainly an issue of progressively poor glucose regulation caused 

on by a combination of insulin resistance and defective pancreatic beta cells3.. 

 
Thiosulfate sulfurtransferase (TST, EC 2.8.1.1), also known as rhodanese, is an abundant 

mitochondrial enzyme which belongs to the sulfurtransferase family of enzymes4,5. It  catalyzes 

the transfer of sulfane sulfur from thiosulfate to cyanide generating the less toxic material 

thiocyanate and from glutathione persulfide (GSSH) to sulfite generating thiosulfate6. The 

metabolism of sulfur is not only important in detoxification, but also in anti-oxidative stress 

response7. TST is important in the metabolism of sulfide (H2S) by the degradation of reactive 

oxygen species (ROS) and sulfur dioxygenase8. Potential medical applications will result from 

an understanding of the function of sulfur metabolism, especially the role of detoxifying 

enzymes like TST7,9. A recent study demonstrated that TST is among a few peripherally 

expressed genes that are established as a positive genetic factor in metabolic health, showing a 

clear negative association with the development of obesity related insulin resistant type 2 

diabetes4,10. Thiosulfate, the substrate for mitochondrial TST, has protective effects against 

various diseases11–13. The beneficial effects of TST activation by thiosulfate likely relates to 

improvement of mitochondrial function and attenuation of ROS-induced damage9,14. 

Activation of the mitochondrial TST pathway could be a promising solution for therapeutic 

intervention in diabetes and its organ complications. 

 
In Chapter 2, a comprehensive literature review about the role of thiosulfate sulfurtransferase 

in metabolic diseases is presented. The structural and biochemical properties of 

sulfurtransferases are discussed in the first section of this chapter, which is followed by a 

detailed analysis of TST's intracellular physiological functions.  An overview of the molecular 

pathways implicated in disorders linked to altered TST expression and function is given in the 
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second part of this chapter. This thesis reveals the clinical applicability and wide range of TST 

functionality. The upregulation or artificial increase of TST activity would make sense in 

familiar adiposity and diabetes.10,14 The enzymatic activity of TST to positive clinical outcomes 

make TST an interesting target for drug therapy. 

 

In Chapter 3, the effect of hTST and its activator, thiosulfate, was tested in a model for  

hyperglycemia in zebrafish embryos utilizing a knockdown strategy targeting the transcription 

factor pancreatic and duodenal homeobox 1 (Pdx1; essential for pancreatic cell development)  

using the morpholino technology 15. 

 

Zebrafish can be used as a model that mimics certain features of the human disease and are 

used to study metabolic diseases because of its high conservation of lipid metabolism, pancreas 

structure, adipose biology and glucose homeostasis16–18.  Hyperglycemic kidney damage in 

zebrafish embryos induced by pdx1 knockdown caused alterations in the pronephros. 

Treatment with hTST as well with its substrate (thiosulfate) in zebrafish phenotypically 

recovered the damage caused by hyperglycemia. This may be because TST is involved in a 

number of pathways that could significantly decrease the oxidative damage caused by 

hyperglycemia. These findings offer a compelling argument that TST may reduce the damage 

caused by diabetes in zebrafish and other diabetic models. 

 
In Chapter 4, 623 compounds from our library of small molecule fragments were screened to 

identify a small molecule activator of hTST. The identified activator compounds were 

characterized and used to measure the link between TST activity and mitochondrial respiratory 

function. The hTST was recombinantly expressed in E. coli and purified for further analysis. 

The activity of hTST to detoxify cyanide was measured in vitro19,20. The sulfurtransferase 

activity of TST was measured in the presence of a multitude of the activator compounds and 

Km and Vmax values were obtained. Michaelis–Menten plots and Lineweaver–Burk plots were 

used to understand the mechanism of binding between the activator and the protein. The best 

identified concentration of the activator compound in vitro was tested in an ex vivo environment 

using the Oroboros method. A model of hTST was created from the available bovine TST 

structure in the literature4. This model was used to explain the binding of our identified 

activator compound with E. coli mercaptopyruvate sulfurtransferase (ecMST) and bovine TST 

(bTST) and its ability of activate these homologs was identified.  
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The crystal structure of a full domain hTST amino acids 2-297 is not available in the literature. 

The high identity between hTST and bTST around 90%, makes the available crystal structure 

of bTST the most reference used to find target therapies to activate hTST 4,21. However, in 

Chapter 5, a preliminary low structure of hTST was identified with resolution 3.4 Å.  hTST 

crystals have been grown in space group I121, with unit-cell parameters a=41.9, b=48.5, 

c=152.5 Å, α=90o, β=96o, γ=90o. This crystal structure of hTST will help to characterize the 

protein and to identify the molecular mechanism behind the activator and could help to improve 

its properties against diabetes and other diseases.  

 

Chapter 6 is a summary of this thesis which reflects the final outcome of this research. 

Furthermore, the future prospective of antidiabetic drug discovery and its validation in cell 

system and animal model are discussed. High throughput tools for drugs screening and 

crystallization, data collection, processing and analysis will significantly help in drug 

discovery. Moreover, understanding the sulfur metabolism and TST pathway will accelerate 

the clinical outcomes which makes TST an interesting drug target therapy not only in diabetes 

but for other diseases.  
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