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                                                         Summary  

The main aim of this thesis was to study structural and function aspects of various B-type 

vitamin transporters. The objectives were to obtain mechanistic information by characterising  

them in vitro. The Pnu transporter family was recently discovered and  is responsible for B-

type vitamin transport into bacterial cells. The Pnu name comes from Pyridine Nucleotide 

Uptake transporter which stems from the original interpretation of data suggesting that the 

proteins are involved in nucleotide uptake. The family contains membrane transporters which 

are specific vitamin B3 or Nicotinamide riboside (PnuC), vitamin B1 or Thiamin (PnuT) and 

vitamin B2 or riboflavin (PnuX). Recently, a crystal structure has been solved of PnuC with 

bound Nicotinamide riboside (NR). This structure has provided insights in Pnu protein 

architecture and function. PnuC transports only the unphosphorylated substrate NR across the 

membrane. In the cytoplasm the kinase NadR is present to phosphorylate the vitamin into NMN 

and NAD. Similarly, kinases for Phosphorylation of thiamine and riboflavin, transported by 

PnuT and PnuX, respectively) are present. Pnu transporters are not similar neither at the 

sequence level nor in the transport mechanism to other well characterized transporters, like 

ECF-transporters. The Pnu transporters family is only found in bacteria and these transporters 

mediate transport by the mechanism of facilitated diffusion. For the thiamine transporter (PnuT) 

a biochemical study has been done. In this thesis we have attempted to obtain more information 

about these B-type vitamin transporters, specifically their overall structure, substrates and 

similarity with other similar transporters such as SWEET (Sugar Will Eventually Efflux 

Transporters) and SemiSWEET. An overview of structures, substrate specificity, role of soluble 

kinases, and topology relationship among them have been discussed in chapter 1 of this thesis. 

In chapter 2, biochemical experiments are presented for teh Thiamine transporter PnuTSw. The 

study was done with purified PnuT protein from Shewanella woodyi (PnuTSw).  In this chapter, 

substrate binding (using ITC technique) was done with purified PnuTSw protein. The binding 

affinity measurements for thiamine and also for thiamine analogues  is  discussed in detail. The 

transport activity of PnuT was determined by reconstituting it into proteoliposomes. The PnuT 

protein activity in various condition has been discussed in detail, including the effect of pH, 

cationions and mebrane potential, along with demonstration of directionality of transport. We 

found that PnuT facilitates diffusion to transport substrate without the co- or counter transport 

of Na+ or H+ ions. Here, we also reported a comparison study on rate of thiamine uptake with 

wt-protein with various PnuTSw mutants, and it was shown that PnuTSw is monomeric in 
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detergent solution.  For the Pnu transporter, this kind of detailed in vitro functional experiment 

was done for the first time. 

Further we have investigated different condition to crystallize full length PnuTSw and also a 

truncated version, from which 16 amino acids were removed from the N-terminus with the aim 

to determine a high resolution crystal structure. Different detergents were used for purification 

and also for protein crystallization, but we were unable to obtain well diffracting protein 

crystals. In chapter 3 of this thesis, all the screening conditions used for protein crystallization 

are discussed in detail.  

Besides the study of Pnu transporters, we have presented a structural and functional study on 

the NadR protein from L.lactis. NadR is a soluble kinase, which converts NR (vitamin B3) to 

NMN and then further NMN to NAD. We analysed the kinetics of conversion and also solved 

high resolution crystal structures of full-length NadR from L.lactis. Crystal structures were 

solved with various substrates  (NAD, NMN, NR and AMP-PNP). The kinetic results indicated 

that NadR  uses NR and NMN as substrate and converts them to NAD as final product. The 

conversion of NR to NMN and NMN to NAD take place in two different domains, the RNK 

and NMNAT domains, which are clearly seen in the crystal structure. NadR is monomeric with 

or without substrate. The NadR results are discussed in chapter 4 of the thesis. 

We provide preliminary data for the characterization of SemiPnu transporters. In chapter 5, 

preliminary efforts are made to study SemiPnu from Gallionella capsiferriformans. Despite 

extensive trials we were unable to determine the substrate specificity of SemiPnuGc. 

Structurally, We found that SemiPnuGc forms a dimer in detergent solution, similar to what has 

been reported for SemiSWEET transporters. We also tried protein crystallization with 

SemiPnuGc protein but we could not manage to obtain any protein crystals. All the preliminary 

results about SemiPnu proteins are discussed in chapter 5 of thesis. In this chapter 6 we present 

a structural characterization of SecA by using cryo- EM. We report the first cryo-EM structure 

of SecA bound to the E.coli 70S ribosome. We show that full-length SecA bound to the 

ribosome in two conformations, as monomer and dimer. We demonstrate that the N-terminus 

of SecA plays an important role in stable binding with 70S ribosomes. It was concluded that 

SecA binds as monomer first and then gets dimerised on ribosomes. 
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