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Bacteria reproduce by cell division. Therefore, the daughter cells are genetically identical with their

mother cells. Horizontal gene transfer enables bacteria to exchange genetic information. One

consequence of gene transfer is that multi-resistant bacteria evolve very fast. Through mutations of

specific genes bacteria can become resistant against an antibiotic and this process often happens

within few days [1]. Through gene transfer, bacteria can rapidly acquire resistance genes from other

bacteria and thus become multi-resistant within hours. Therefore, it is very important to understand

the mechanism of horizontal gene transfer at the molecular level.

In the simplest case, bacteria acquire DNA directly from their environment in a process termed

transformation. Transformation is the import and inheritable integration of DNA acquired from the

environment. For importing DNA, bacteria have evolved nanomachines that support the transport

through into the cell [2]. We are trying to elucidate how the DNA import machine works.

For deciphering the molecular mechanism of the bacterial import machine, we are using tools from

nanotechnology. Laser tweezers enable us to manipulate small objects [3]. The accuracy of the

technique is in the range of nanometers (10-9m) and piconewtons (10-12N). In particular, we can

watch the import of single DNA molecules in living bacteria in real time and quantify the speed and

the force generated by the DNA import machine. We found that the speed of DNA import is high

enough for some bacterial species to import their entire gene content within ~ 20 min [4].

The next challenge will be to combine laser tweezers with super-resolution microscopy and with

methods from molecular biology to understand the mechanism of DNA import. Production and

running of the DNA import machine is are associated with a cost. Therefore another long term

question will be under which conditions the benefit of gene transfer outweighs its cost.

Horizontal gene transfer has a major impact on bacterial adaptation and fitness. Deciphering its

mechanism and control will hopefully improve our understanding of bacterial evolution.
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