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INTRODUCTION

Although many undergraduate and graduate Cell and 
Molecular Biology courses study the bacterial cell cycle 
and the mechanisms that regulate prokaryotic cell division, 
few laboratory projects exist for the enhanced study of cell 
cycle characteristics in a standard teaching laboratory. One 
notable reason for this lack of engaging laboratory projects 
is, although bacterial cells can be grown fairly easily, these 
cultured cells are in a variety of cell cycle states. As such, to 
study and understand the factors that regulate bacterial cell 
division in morphological, physiological, and even molecular 
respects, it is necessary to have bacterial cells in the same 
stage of its cell cycle. This matching can be performed by a 
procedure called cell cycle synchronization.

The prokaryotic cell cycle is comprised of the B period, 
C period, and D period, which correspond broadly to G1, S, 
and G2/M phases of eukaryotic cell cycle, respectively (12). 
Cell cycle synchronization is a method that brings most 
cells in a cell population to an identical cell cycle stage. Such 
synchronization methods are necessary in many experimen-
tal protocols, such as in the expression and regulation of 
cell cycle related genes, in the isolation of cells of different 
morphological and physiological properties, and in the mi-
croscopic examination of cells during cell division.

In the past, several approaches have been used in dif-
ferent model bacterial organisms to obtain synchronized 
cell populations. For instance, one approach includes the 
usage of temperature sensitive mutants of dnaA or dnaC to 
arrest cells prior to DNA replication (2). Another method 
is known as the “baby machine” technique, which utilizes the 
difference of physical attachment to a membrane between 
newborn cells and adult cells (6, 7). However, both these 
methods have their own drawbacks and have varied yields. 
For instance, for the “baby machine” method, the amount 
of cells collected using this method is quite low, while for 
the temperature sensitive mutant method, the initiation of 
replication for cells is abnormal.

Here, the sucrose density gradient centrifugation method 
was applied in a modified form. This method separates cells 
from an asynchronously grown cell culture based on their 
fluctuating buoyant densities (3, 5, 9, 10). These fluctuations 
and differences in buoyant density during the bacterial cell 
cycle result from the properties of nucleoids, the differences 
in accumulations of macromolecules such as lipids, hydrocar-
bons, and biopolymers, and the change  in cell volume (4, 5, 
10). This method is inexpensive, does not require any heavy 
instrumentation, and is fairly simple to adapt to teaching and 
laboratory settings. The following procedure is written for the 
model photosynthetic and metabolically versatile bacterium, 
Rhodobacter sphaeroides, and the efficacy of the method is 
discussed in the Conclusion section below. However, it can 
be applied to almost any asynchronously dividing bacterium 
desired with minor modification.

PROCEDURE 

Bacterial culture 

R. sphaeroides 2.4.1 was grown in Sistrom’s (SIS) mini-
mal medium, at its optimal growth temperature, 30°C (11). 
Bacterial cell cultures were grown under aerobic or photo-
synthetic growth conditions. Photosynthetic cultures were 
grown in tightly capped tubes wrapped with Parafilm under 
medium light intensity (15 W). As is apparent, the ideal 
culturing conditions may differ among different bacteria, so 
it is wise to consult a reference for the most appropriate 
conditions for the bacteria to be cultured.

Measurement of buoyant densities by sucrose 
density gradient 

Density gradients of sucrose were made with a range 
of 40% to 80% (w/v) with 10% increments. Sucrose was 
dissolved in a solution containing 10 mM (EDTA) and 5 mM 
HEPES KOH, pH 7.5 (4). One mL aliquots of 80%, 70%, 60%, 
50%, and 40% sucrose were carefully pipetted into Beckman 
5 mL swinging-bucket polyallomer centrifuge tubes sequen-
tially, so that the solution went down slowly on the top of 
the preceding solution with 10% higher concentration. The 
sucrose gradient was stored at 4°C for up to 4 hours. To 
determine buoyant densities of R. sphaeroides under both 
aerobic and photosynthetic growth conditions, 107–108 
of R. sphaeroides cells grown under these conditions were 
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harvested by centrifuging for 5 minutes at 4,000 rpm at 4°C; 
pelleted cells were then resuspended in 200 μl SIS medium, 
and the cell suspension was subsequently loaded on top of 
the sucrose gradient. Centrifugation was performed in a 
swinging-bucket rotor (Beckman SW 55 Ti) for 30 minutes 
at 20,000 rpm at 4°C. The density of the cells was calculated 
as described previously (1, 4).

 
Cell cycle synchronization of R. sphaeroides 

One mL aliquots of 70%, 69%, and 68% sucrose, as 
well as 0.5 mL 65% sucrose, were carefully pipetted into 
a Beckman 5 mL swinging-bucket polyallomer centrifuge 
tube sequentially. About 107-108 of R. sphaeroides cells 
reaching mid-log phase (OD600 = 0.2) were harvested, and 
resuspended in SIS medium, and subsequently loaded on 
top of the sucrose gradient, as described in the previous 
section. After centrifugation, pelleted cells were collected 
and washed using SIS medium in 1.5 mL microcentrifuge 
tubes.  Cells were spun down by centrifugation at 6,000 rpm 
for 5 minutes to get rid of any remaining sucrose, and then 
eventually resuspended in 1 mL SIS medium. Immediately 
after resuspension, cells were fixed by adding 1/5 volume of 
fixative (12.5% formaldehyde, 150 mM sodium phosphate, 
pH 7.5), and incubated for 15 minutes at room temperature. 
Cells were washed by SIS medium twice, and then cell pellets 
finally resuspended in 500 μl SIS medium. The resulting cell 
suspension was mixed with 4.5 mL 70% ethanol for 1 hour 
at 4°C prior to flow cytometric and microscopic analysis.

Microscopic analysis

In addition, cells present in different gradient layers were 
carefully collected for immediate microscopic examinations. 
The capability of cell growth recovery from sucrose was also 
observed by starting new cell cultures using cells collected 
from the pellet and different sucrose gradient layers. Cell 
samples were affixed onto the slide using equal volume of 
poly-L-lysine (Sigma-Aldrich P4832) and then air-dried. Af-
fixed cells were examined using 100x objective lenses. The 
method for the scanning electron microscopy was modified 
from protocols described previously (8).

CONCLUSION

R. sphaeroides cells grown under aerobic or photosyn-
thetic growth conditions usually have different patterns in 
accumulations of metabolites and macromolecules, such 
as lipids, hydrocarbons, and biopolymers, which together 
determine cell buoyant density. When centrifuged simulta-
neously in separate sucrose gradients with a concentration 
range of 40%–70%, photosynthetic and aerobic grown 
cells were found to have different buoyant densities (Fig. 
1). The buoyant densities of the cells grown under photo-
synthetic and aerobic growth conditions had density ranges 
of 1.231–1.289 g/mL and 1.289–1.350 g/mL, respectively.

A low-range sucrose gradient was then used to sepa-
rate aerobically grown cells from an asynchronous culture 
in which cell population is comprised of cells with different 
buoyant densities representing cells being distributed over 
different cell cycle stages (Fig. 2). Approximately 70% of 
cells were concentrated in the 68% sucrose gradient band, 

FIGURE 1. Buoyant densities of R. sphaeroides under different 
growth conditions. The determination of buoyant densities of R. 
sphaeroides cells both aerobically (left panel) and photosyntheti-
cally (right panel). 

FIGURE 2. R. sphaeroides cells separated into two different sucrose 
gradient layers with corresponding buoyant densities.
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haploid cells (Fig. 3(B)), and almost all cells in the cell pellet 
were newborn cells (Fig. 3(C)). Thus, the results confirm 
that cells of different cell cycle stages have different buoyant 
densities and become localized to sucrose layers of different 
densities. The selection of the percent sucrose gradient can 
be varied for different bacterial species, and the method  
can  be used to isolate different species from a mixed grown 
culture. The toxic effect of sucrose is minimal, and cells 
collected from the gradient can be washed several times 
with a successive dilution for normal growth to be restored.

As shown, the sucrose gradient approach is simple and 
does not require any highly specialized instrumentation. 
Moreover, no specific molecular or genetic alterations are 
necessary, as with other synchronization methods. How-
ever, cell cycle synchronization is not only useful for specific 
cell-cycle research but also for the development of projects 
in teaching activities around understanding the cell cycle. 
For instance, this method shows the variability of different 
macromolecular compositions in different stages of the cell 
cycle and, therefore, can be utilized to allow for enhanced 
student understanding of cell cycle processes.
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