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‘eu A simple and rapid method for DNA content measurement

Introduction

The most common approach for determining the cell cycle stage is based on quantification of cellular DNA content. DNA content can be determined using fluorescent DNA-selective stains that exhibit emission signals proportional to DNA mass. Cellular fluorescence is measured by
flow, image or laser scanning cytometry. DNA staining is typically performed on cells permeabilized with either non-ionic detergents or alcohol fixation. A wide range of protocols based on these two approaches for cell permeabilization have been published in the literature. Although
most of these protocols are relatively simple and applicable for many cell types they have several drawbacks and limitations. Firstly, the current methods require that cells are in suspension and, accordingly, adherent cell lines have to be detached prior to analysis. Secondly, they con-
tain washing steps, calling for centrifugation that often results in cell loss. Thirdly, they promote cell aggregation, which hampers DNA content quantification of individual cells.

Here we present a simple, rapid and robust method for analyzing and quantifying the DNA content of cells. It allows detaching, permeabilization, declumping and homogenous staining of the cell population in two simple steps without any washing and centrifugation. Cellular fluores-
cence can be quantified by flow, image or laser scanning cytometry. Here we describe the use of our new image cytometer NucleoCounter NC-3000.

Methods and Results
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step procedure for DNA content measure-
ment. In the first step cells are treated briefly
with a weakly acidic solution containing a
non-ionic detergent and a DNA specific dye,
5 min. - detachment, de-aggregation and staining of cells such as DAPI. This treatment causes detach-
. - ing of cells, declumping and homogenous
e staining of the cell population. In the second
¥ Z° Basic buﬁer step the sample is neutralized by adding a
weakly basic solution. After neutralization of
the sample cellular fluorescence is directly
0 min. - neutralization of sample quantified using flow, image or laser scan-
- - ning cytometry.
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. 4. DNA content profiles of CHO cells measured by imaging cytometry (NucleoCounter NC-3000) and
flow cytometry (Accuri C6). Nuclei were released by acid lysis followed by neutralization and either directly
stained with DAPI or RNase treated prior to propidium iodide (Pl) staining. DAPI stained sample was ana-
lyzed with NucleoCounter NC-3000 (left panel), whereas Pl stained sample was measured with Nucleo-
Counter NC-3000 (middle panel) and Accuri C6 (right panel).
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. 3. DNA content profiles of DAPI stained nuclei from MCF-7 cells. Fluorescence was measured by imag-

ing cytometry using a NucleoCounter NC-3000. Left panel: Nuclei released at neutral pH; Middle panel, B e S et Ett SN P
nuclei released at pH 2.25 followed by neutralization; Right panel, nuclei released at pH 1.45 followed by : Untreated wox) : L-mimosine ao) : Hydroxyurea s2% )
Lysis at pH 2.25 (no neutralization) Lysis at pH 2.25 followed by neutralization neutralization. Upper panel, images captured by NucleoCounter NC-3000 (2x magnification); Lower panel, ! o ! o N -
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g. 2. DNA content profiles of DAPI stained nuclei from MCF-7 cells obtained by acid lysis. Released nuclei
were either directly analysed (left panel) or neutralized by adding basic buffer (right panel) prior to analysis.
Fluorescence was measured by quantitative imaging cytometry using a NucleoCounter NC-3000. DNA content
histograms were obtained from the NucleoView NC-3000 software and display fluorescence intensity as a
function of cell number

. 5. DNA histograms of U20S cells treated with different drugs. Cellular fluorescence was measured using
the described two-step procedure and a NucleoCounter NC-3000. DNA content histograms were obtained
from the NucleoView NC-3000 software and display fluorescence intensity as a function of cell number. His-
togram in lower right corner is the result of merging untreated, L-mimosine, camptothecin and etoposide
treated samples.

Effects of pH on release of nuclei, aggregation and DNA quantification

Conclusions

Here we present a method that is extremely fast and easy to perform and the entire procedure, including detachment of the cells, takes only five minutes. The accuracy of our method is reflected in low coefficient variation (CV) values of the mean DNA content of individual cells with

identical DNA content. Thus, we routinely obtain CV values below 2% for G /G, cell populations. Accurate DNA content measurement is crucial for analyzing cell cycle distributions and we here present results illustrating that our method can be used for evaluating the effect of different
drugs on the cell cycle.



