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Abstract 

Horizontal gene transfer rapidly changes bacterial gene repertoire and contributes to 

bacterial adaption and evolution. Natural transformation, one mechanism of the horizontal gene 

transfer, is defined as the process that bacterial cells successfully take up and incorporate 

extracellular DNA from the environment. The extracellular DNA and the bacterial cells are both 

exposed to various environmental conditions, which could alter the natural transformation 

processes. Natural organic matter (NOM) is ubiquitous in the subsurface environment and the 

presence of NOM interferes with the conformation of the adsorbed DNA, which is more 

persistent against enzyme degradation. The conformation change could have consequences in the 

DNA-cell interaction. Bacterial fate and transport in the subsurface controls bacterial cell 

interaction with and attachment to the soil surfaces and may influence bacterial cell 

transformation.  

Therefore, the objectives of this thesis were to investigate the physicochemical and 

biological parameters affecting the extracellular DNA-bacterial cell interaction and the resulting 

natural transformation, with a long-term goal of modelling and assessing natural transformation 

in the environment. This thesis designed systematic experimental setups to study adsorbed DNA 

transformation in the presence of NOM and bacterial fate and transport with references to the 

soil surface and the following natural transformation in the model bacterial strain Azotobacter 

vinelandii. The systematic experimental setups consisted of the quartz crystal microbalance with 

dissipation (QCM-D) and Fourier transform infrared spectroscopy (FTIR) for measuring 

extracellular DNA adsorption and the conformation of the adsorbed DNA on model soil surfaces, 

a multi-scale approach for understanding bacterial fate and transport including the use of radial 

stagnation point flow (RSPF) cells, two-dimensional micromodels, and column experiments, and 

transformation assays for quantifying the natural transformation. This work addressed the 

potential significance of natural transformation and quantified the potential controlling factors 

and the transformation rates with model strain A.vinelandii. The most important findings of this 

research are the followings: 1) adsorbed DNA transformed bacterial cells in the presence of 

natural organic matters; 2) flagella affected the dynamics of bacterial deposition and swimming 

motility reduced bacterial deposition; 3) natural transformation kinetics depended on availability 

of transforming DNA; 4) extracellular DNA transformed both swimming and non-swimming 

bacterial cells similarly. 


