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All cells share a common genetic code. From the nucleus of mammalian cells to the nucleoid of the 

smallest bacterium, all cells use DNA to encode the traits and cellular processes that drive the diversity of 

life on earth. Replication of the genome is the most fundamental form of heritability and errors or damage 

during this process can have dire consequences. It is therefore of great importance that all organisms carry 

out mechanisms to protect nuclear material in the event of cellular stress. To study the form and function 

of DNA structures during cellular stress, we are using cryo-electron tomography (cryo-ET) of bacteria. In 

doing this, we use the bacterial nucleoid as a reporter of in vivo chromosome structure, and to study the 

replication and protection of a cells’ genetic material. 

For this work we are using Rhodobactersphaeroides, a facultative alphaproteobacterium with features that 

make it attractive for analysis.  R. sphaeroides cultures were grown at 30°C and 200 RPM shaking in 

Sistrom’s minimal medium until the culture reached an OD600 of 0.4. Cells were then treated with the 

antibiotic chloramphenicol or transferred to ice to produce cold shock. Suspensions of the cells were 

deposited onto 200 mesh R2/1 copper Quantifoil grids in 5 μL aliquots, blotted, and plunge frozen in 

liquid ethane using a Vitrobot Mark IV (ThermoScientific). Cryo-electron microscopy (cryo-EM) and 

cryo-electron tomography (cryo-ET) data were collected using a Titan Krios TEM (ThermoScientific) 

operated at 300 kV, equipped with a Bioquantum energy filter and a K3 direct electron detector (Gatan). 

Single axis tilt series were acquired using SerialEM (1), with an increment of 2° covering −60° to +60° 

and a cumulative dose under 150 e-/Å2 at a defocus range between −4 and −10 μm. Tomograms were 

reconstructed using IMOD/eTomo (2), and 3D rendering was performed using EMAN2 neural network 

segmentation training(3). 

This work seeks to observe and compare the structure and interactions of the nucleoid during normal replication 

and in response to a cellular stress such as cold shock or antibiotic treatment. Upon cold shock a condensed 

nucleoid is observed by cryo-ET (Figure 1). Repeating striations that swirl through the cell are representative 

of nuclear material. Observations on the spacing of the DNA strands under cold shock, and modeling of the 

nucleoid within the cell and in conjunction with other cellular structures such as vesicles, ribosomes and 

storage granules will also presented based on segmentation analyses. Cryo-ET studies also reveal a condensed 

nucleoid upon treatment with the protein synthesis inhibitor chloramphenicol (Figure 2). Additionally, stress-

induced changes to cell structure observed by cryo-ET, including changes to cell size and accumulation of 

storage materials will also be presented. These observations illustrate the ability of cryo-ET to monitor the 

cellular effects of stress and antibiotic treatment. Future work will be targeted to understand mechanisms of 

nucleoid condensation and the function of condensed DNA for survival and persistence of cells during stress. 

This work seeks gain a better understanding of the mechanisms bacteria use to survive and persist during cold 

shock stress and during antibiotic treatment. 
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Figure 1. Figure 1. a. A slice through the reconstructed tomogram of a cell demonstrating condensed 
nuclear material during cell division. b. The same slice with an outline demonstrating the location of 
condensed nucleoid. Scale is 500 nm. 
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Figure 2. Figure 2. Nucleoid compaction in R. sphaeriodes. Cells grown to OD600 of 0.4 were 
allowed to continue incubation (a & b) or were treated with Cm (c & d). Bright nuclear foci stained by 
Hoechst DNA stain (d) and tight localization within the cells DIC image (c) represents evidence of 
nucleoid compaction relative to no treatment. 
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