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Abstract Immunocytochemistry is a powerful tool for

detection and visualization of specific molecules in living or

fixed cells, their localization and their relative abundance.

One of the most commonly used fluorescent DNA dyes in

immunocytochemistry applications is 40,6-diamidino-2-

phenylindole dihydrochloride, known as DAPI. DAPI binds

strongly to DNA and is used extensively for visualizing cell

nuclei. It is excited by UV light and emits characteristic blue

fluorescence. Here, we report a phenomenon based on an

apparent photoconversion of DAPI that results in detection

of a DAPI signal using a standard filter set for detection of

green emission due to blue excitation. When a sample

stained with DAPI only was first imaged with the green filter

set (FITC/GFP), only a weak cytoplasmic autofluorescence

was observed. Next, we imaged the sample with a DAPI

filter set, obtaining a strong nuclear DAPI signal as expected.

Upon reimaging the same samples with a FITC/GFP filter

set, robust nuclear fluorescence was observed. We conclude

that excitation with UV results in a photoconversion of DAPI

that leads to detection of DAPI due to excitation and emis-

sion in the FITC/GFP channel. This phenomenon can affect

data interpretation and lead to false-positive results when

used together with fluorochrome-labeled nuclear proteins

detected with blue excitation and green emission. In order to

avoid misinterpretations, extra precaution should be taken to

prepare staining solutions with low DAPI concentration and

DAPI (UV excitation) images should be acquired after all

other higher wavelength images. Of various DNA dyes tes-

ted, Hoechst 33342 exhibited the lowest photoconversion

while that for DAPI and Hoechst 33258 was much stronger.

Different fixation methods did not substantially affect the

strength of photoconversion. We also suggest avoiding the

use of mounting medium with high glycerol concentrations

since glycerol showed the strongest impact on photocon-

version. This photoconversion effect cannot be avoided even

when using narrow bandpass filter sets.

Keywords DAPI � Photoconversion � Fluorescence �
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Introduction

Immunocytochemistry is a powerful tool in cell biology. It

allows one to see the distribution and localization of bio-

molecules within a single cell. Obtaining results from
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immunocytochemistry is a multistep process. These steps

are: preparation of the cells, fixing the cells, staining the

cells, data acquisition and data analysis. Preparation of

cells has been well established. Cell confluence and cell

adherence prior to fixation have to be optimized according

to the cell type and the purpose of the study. The most

commonly used fixatives are methanol, ethanol, acetone

(coagulants) and formalin or paraformaldehyde (cross-

linking agents). Coagulants precipitate antigens and per-

meabilize the cell at the same time. They cause cellular

shrinkage and destruction of most organelles within the

cell, thus are not suitable for electron microscopy (Melan

1999). Formaldehyde and paraformaldehyde crosslink

proteins by addition of various chemical groups (Melan

1999). Fixatives have a substantial effect on the cell mor-

phology, immunoreactivity of antigens and stability of

different molecular complexes. Therefore, an appropriate

fixation procedure should be carefully chosen depending on

the cell components being investigated (Suthipintawong

et al. 1996; Skoog and Tani 2011). Fixation time is also

among the many important parameters that should be taken

into consideration when fixing cells. The duration of fixa-

tion should be long enough to complete the chemical

process without over fixing the cells (Grizzle 2009; Oyama

et al. 2007; Skoog and Tani 2011). The analytical criteria

include the working pH, osmolarity, temperature and the

solvents used (Bacallao et al. 2006). Detection of intra-

cellular antigens requires a cell permeabilization step prior

to staining to allow antibodies to enter the cell. This can be

facilitated by a wide range of detergents, such as SDS or

nonidet NP-40. Throughout these steps antigen availability

and cell morphology is altered depending on treatment

duration and the chemicals used. Therefore the duration,

the reagents and the concentrations of the reagents have to

be optimized for a particular set of antigens. Staining can

be improved by blocking the non-specific binding of the

antibody via bovine serum albumin, milk or serum. Anti-

body selection is the key for quality immunostaining. The

primary antibody has to be specific and should have high

affinity to its antigen. The secondary antibody should be

stable and better yet cross-adsorbed for good species

specificity (Fritschy 2008; Saper 2009).

If the specimen is prepared on a coverslip, mounting the

coverslip onto a slide is an essential intermediary step

before data acquisition. An ideal mounting medium should

be optically clear and stable. It should have anti-fading

ability, which should be preserved during storage. Finally,

it should maintain fluorescence during the microscopic

examination and also inhibit photobleaching. There are

many commercially available mounting media and lab-

made versions, which are mainly composed of glycerol,

buffered glycerol with anti-fade, fructose syrup, Apathy’s

gum-syrup, and polyvinylpyrrolidone (Longin et al. 1993;

Ono et al. 2001). Among these media the most commonly

used ones are glycerol or a specified glycerol–water (or

PBS, Phosphate buffered saline) mixture. The glycerol–

water or glycerol–PBS mixture can be adjusted to an

appropriate refractive index. Adding more water/PBS to

the mixture lowers the refractive index of the specimen

(Diaspro et al. 2002; Barcellona et al. 1990).

40,6-Diamidino-2-phenylindole dihydrochloride (DAPI)

has been widely used in multicolor co-localization studies

(Waggoner et al. 1996), for detecting DNA in various

organisms (Kapuscinski 1995), in multicolor flow cytom-

etry experiments (Douglas et al. 1998), for quantitative

DNA analysis (Maciorowski et al. 1997) and for cell cycle

analysis (Darzynkiewicz et al. 2008). DAPI can also be

used to stain double stranded DNA in agarose or poly-

acrylamide gels (Buel and Schwartz 1993; Nairn et al.

1982). One of its advantages is that the cells do not need to

be permeabilized so DAPI can be used to stain live or fixed

cells. It migrates through the cell membrane less efficiently

in live cells and therefore the higher DAPI concentrations

are needed for live-cell staining (Zink et al. 2003).

Another group of widely used DNA probes are blue-

fluorescent bisbenzimidazole derivatives: Hoechst 33258,

Hoechst 33342 and Hoechst 34580. When bound to DNA

molecules, Hoechst 33258 and Hoechst 33342 exhibit

spectral properties very similar to those of DAPI (Latt and

Stetten 1976; Otto and Tsou 1985). Because of their

superior membrane permeability properties and lesser

toxicity, they are often used instead of DAPI as live nuclear

stains (Arndt-Jovin and Jovin 1977; Reeve and Kelly

1983). Hoechst dyes could also be used for all other

previously described DAPI applications (Mocharla and

Mocharla 1987; Brunk et al. 1979; Crissman and Steinkamp

1982; Latt et al. 1977).

There are known fluorophores in which the fluorescent and

spectral properties can be altered due to specific conditions.

Excitation and emission spectra of several fluorescent pro-

teins can be altered by an exposure to a light of a specific

wavelength (Lukyanov et al. 2005). In this manner, proteins

can be changed irreversibly from a quiescent state to a

fluorescent one—photoactivation (Patterson and Lippincott-

Schwartz 2002), irreversibly to a state with a different fluo-

rescence spectrum—photoconversion (Wiedenmann et al.

2004) and reversibly between two different fluorescence

states—photoswitching (Ando et al. 2004). All these fluo-

rescent proteins are used for highlighting individual mole-

cules, organelles or cells and tracking them with live-cell

microscopy techniques (Lukyanov et al. 2005).

Recently, Piterburg et al. 2012 showed photoconversion

of DAPI. When exposing fixed cells stained with DAPI and

mounted in different commercial mounting media to UV

excitation for longer periods (2–4 min) they observed

sensitivity to a blue/cyan excitation. Here we extend these
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observations and further investigate the role of glycerol on

photoconversion of DAPI. We show that photoconversion

of DAPI leads to a change in DAPI fluorescence charac-

teristics and induces a robust fluorescence signal upon

imaging in the FITC/GFP (fluorescein isothiocyanate/green

fluorescent protein) channel. The intensity of the photo-

converted signal depends on DAPI concentration, duration

of DAPI excitation, cell fixation method and the compo-

sition of the mounting medium. We also noticed that

photoconversion is present even when cells are stained

with Hoechst 33258 or Hoechst 33342 though at different

intensity. Our observations suggest that caution needs to be

exerted when acquiring fluorescence images of nuclear

proteins on samples counterstained with DAPI.

Materials and methods

Sample preparation

Human testicular embryonal carcinoma cells (NTERA-2,

CRL-1973, American Tissue Culture Collection) were cul-

tured on glass coverslips (Fisher, thickness no. 1) in DMEM

with 10 % FBS. Cells were washed once in PBS and fixed in

formalin-free fixative Accustain� (ACC, 20 min) (Sigma-

Aldrich, USA), ice-cold methanol (MeOH, 10 min) or fresh

4 % paraformaldehyde (PFA, 10 min). After fixation, cells

were washed with PBS and stained with DAPI or Hoechst

33258 or Hoechst 33342 for 5 min at room temperature in

the dark. After staining, the samples were washed three

times. Coverslips were mounted with appropriate glycerol

concentration and sealed with nail polish. For staining

nuclei, 1,000, 300 and 100 nM DAPI or 1,000 nM Hoechst

33258 or 1,000 nM Hoechst 33342 concentrations were

used. Samples were then mounted in 100, 80, 50 % glycerol

and PBS or in ProLong� Gold mounting medium (Invitro-

gen). Each experiment was repeated twice.

Image acquisition

Images were acquired with a 639 air objective in a specific

order. After a phase contrast image, the cells were imaged

first with the FITC/GFP filter set for 1,000 ms followed by

DAPI excitation. The duration of DAPI excitation with UV

light prior to taking the second FITC/GFP image was set for

10 s. The exposure of the second FITC/GFP image was

again 1,000 ms. Images for experiments where we were

determining the rate of DAPI photoconversion with FITC/

GFP filter sets depending on the length of pre-illumination

with DAPI light were acquired after 1, 2, 4, 8, 16, 32 and

64 s of excitation with UV. DAPI exposure times were

adjusted depending on the dye concentrations and mounting

media used. The series was repeated on two independent cell

samples and three visual fields from each were analyzed.

Images were acquired with Axio Observer.Z1 (Zeiss) fluo-

rescence microscope equipped with DAPI filter set 49

(excitation 365 nm, emission 445/50 nm, beam splitter

395 nm) and GFP filter set 38HE eGFP (excitation

470/440 nm, emission 525/50 nm, beam splitter 495 nm)

(Zeiss, detailed information at https://www.micro-shop.

zeiss.com). Images were acquired using AxioCam MRm

camera (Zeiss) and processed with AxioVision Rel. 4.7

software. A halogen lamp for phase contrast and a 100 W

mercury arc lamp for fluorescence imaging were used.

Signal quantification and data analysis

Fluorescence intensity was quantified using ImageJ (http://

rsbweb.nih.gov/ij/). Mean fluorescence intensity was

determined by calculating the mean gray value within the

selected image area. Three areas without cells were

selected for mean background signal quantification. Aver-

age nuclear fluorescence intensity represents the mean of

all nuclei analyzed corrected for background intensity.

Data are represented as mean ± SD. Statistical t test was

applied for normally distributed data or its nonparametric

equivalent Sign test (related samples) or Mann–Whitney

U test (independent samples) was applied otherwise. In

order to verify assumptions of t test, a Kolmogorov–

Smirnov test was applied to test normality of analyzed

data. A selected risk level was a = 0.05.

Results

DAPI photoconversion

Excitation spectra for DAPI and FITC/GFP are discrete and

they do not overlap. Their emission spectra, however,

significantly overlap (from 490 to 600 nm). DAPI has

excitation maximum at 370 nm and emission maximum at

470 nm; while GFP’s excitation maximum is at 490 and

emission maximum at 525 nm. The overlap in the emission

spectrum is normally not problematic; if the images are

acquired sequentially starting with the ‘‘reddest’’ dye

(Kapuscinski 1995).

Pursuing an initial observation for the possibility of a

DAPI photoconversion, we stained human testicular

embryonal carcinoma cells (NTERA-2) with 1,000 nM

DAPI. We tested DAPI stained cells for green fluorescence

before and after DAPI image acquisition. As a negative

control, DAPI-stained samples were first imaged with the

FITC/GFP filter set for green fluorescence. As expected,

we only observed minor cytoplasmic autofluorescence.

Next, we imaged the sample with DAPI filter set, retrieving

a strong nuclear DAPI signal as blue fluorescence.
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Subsequently, we acquired images of the same view field

using a FITC/GFP filter set. Contrary to our previous

observation without pre-DAPI imaging, we observed a

robust nuclear signal (Fig. 1c). Only the field of view that

was excited with DAPI filter set displayed green nuclear

fluorescence (Fig. 1d). When the field of view was moved,

no green fluorescence was observed in the neighboring

cells that were not first exposed to DAPI filter set excitation

(Fig. 1g), although cells were present throughout the

viewing fields. Once we have confirmed that DAPI

photoconversion could be detected with FITC/GFP filter

set and that its intensity depends on the time of DAPI

excitation, we examined other variables that could be

affecting DAPI photoconversion.

The effect of DAPI excitation duration on DAPI

emission in FITC/GFP

Next, we wanted to determine the effect of excitation time

on DAPI photoconversion in samples stained with a standard

1,000 nM DAPI concentration. We tested 1, 2, 4, 8, 16, 32

and 64 s exposure times. An increase in nuclear fluorescence

in the FITC/GFP channel was observed even after 1 s of

DAPI excitation. Exposure times longer than 32 s did not

further increase fluorescence intensity, indicating saturation

of the system (Fig. 2b). Mean FITC/GFP fluorescence

intensity of NTERA-2 cell nuclei enhanced with increasing

DAPI excitation times and with increasing glycerol con-

centration in the mounting medium used (Fig. 2).

Since relatively short DAPI exposure times resulted in a

substantial amount of signal (Fig. 2), we set 10 s as the

DAPI excitation before taking the second image with

FITC/GFP filter set as the optimal excitation time for the

following sets of experiments.

The effect of mounting media and DAPI concentration

on DAPI photoconversion

Mounting media can cause optical aberrations so we next

tested the effect of different glycerol concentrations in

Fig. 1 DAPI photoconversion. Human testicular embryonal carci-

noma cells (NTERA-2) stained with 1,000 nM DAPI and mounted in

100 % glycerol. a Phase contrast, b UV excitation with DAPI filter at

100 ms exposure and c is FITC/GFP filter with 1,000 ms exposure

following prior excitation using DAPI filter for 10 s. c becomes d,

where view field was shifted to the right and FITC/GFP image taken

with 1,000 ms exposure time without first exposing this field to DAPI.

e Phase contrast, f UV excitation with DAPI filter at 100 ms exposure

and g FITC/GFP filter with 1,000 ms exposure following prior

excitation using DAPI filter for 10 s. Scale bar 20 lm
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mounting media on DAPI photoconversion. Coverslips

were mounted in 100, 90 (not shown), 80, 50 % glycerol and

in PBS. Post-exposure mean GFP fluorescence intensities

were significantly different from the mean intensity before

DAPI excitation (p \ 0.001) (Fig. 3). DAPI photoconversion

was the strongest in 100 % glycerol. Briefly, the photocon-

version was quite strong in 80 and 90 % glycerol (we did not

see a noticeable difference between 80 and 90 %). The signal

was still detectable in 50 % glycerol. When we used only

PBS as mounting medium, the effect of DAPI photocon-

version was very weak and barely noticeable at the set

exposure time (Fig. 3).

The most commonly used DAPI concentration is

300 nM (Life Technologies 2006). 100 nM DAPI con-

centration is not sufficient for imaging and longer exposure

times are required to obtain better quality images. There-

fore, we tested the effect of DAPI concentration on DAPI

photoconversion. We compared three DAPI concentra-

tions: 100, 300 and 1,000 nM and an unstained control

sample. We found that the higher the DAPI concentration,

the more pronounced the DAPI photoconversion (Fig. 4).

At 100 nM DAPI, mean FITC/GFP fluorescence intensity

in all glycerol-based mounting media was significantly

different than the PBS mounting medium (p \ 0.001). At

300 and 1,000 nM DAPI concentrations, mean intensities

of cell nuclei in 50, 80 and 100 % glycerol-based media

further increased (p \ 0.001). DAPI photoconversion was

most severe for the samples stained with 1,000 nM DAPI

and mounted in 100 % glycerol, showing a synergy between

DAPI and glycerol concentration. We did not observe any

fluorescence in DAPI or FITC/GFP channel in our control

unstained sample. Increased nuclear fluorescence of fine

structures correlates with DAPI concentration.

Comparison of DNA binding dyes

Three DNA dyes were studied: DAPI, Hoechst 33258 and

Hoechst 33342. DAPI exhibited the strongest photocon-

version under described conditions. An alternative nuclear

stain, Hoechst 33258 with alike fluorescence properties to

DAPI, exhibited a similar pattern of photoconversion as

DAPI, although the signal intensity was lower. The lowest

degree of photoconversion was observed when nuclei were

stained with Hoechst 33342. The photoconversion was

minimal in mounting medium containing 80 % and less

glycerol (Fig. 3).

The effect of fixative on DAPI photoconversion

Three fixatives (ACC, MeOH and PFA) were tested for their

effect on DAPI photoconversion. The photoconversion was

present regardless of the fixative used. The strongest photo-

conversion happened when cells were fixed with ACC. These

cells also exhibited the strongest autofluorescence. Cells fixed

Fig. 2 Time dependence of

fluorescence intensity for FITC/

GFP cube signal on the length

of prior excitation with UV.

a NTERA-2 nuclei stained with

1,000 nM DAPI and mounted in

100 % glycerol after 0, 1, 8 and

32 s of UV excitation. b Mean

fluorescence intensity using

FITC/GFP filter set of NTERA-

2 nuclei corrected for

background stained with 1,000

nM DAPI after 0–64 s of UV

excitation in four different

mounting solutions (50, 80,

100 % glycerol, and PBS).

Scale bar 20 lm
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with MeOH and PFA exhibited lower photoconversion. The

differences in photoconversion in cells fixed with different

fixatives were statistically significant (Fig. 5).

Photoconversion and ProLong� Gold mounting

medium

Next, we wanted to see if we could observe DAPI photo-

conversion with other mounting media. We mounted

unstained samples in commercially available ProLong�

Gold (Invitrogen) that already contains DAPI and is also

glycerol based. We could see DAPI photoconversion in

nuclei and cytoplasm with ProLong� Gold (Fig. 6).

In samples pre-stained with 300 nM DAPI and mounted in

ProLong� Gold without DAPI, the photoconversion was

comparable with that seen when slides were mounted in

ProLong� Gold containing DAPI (data not shown).

We have also repeated all of these experiments using an

Olympus IX81 microscope equipped with DAPI and FITC

filter sets (SemRock, Brightline�). Then, the images were

acquired using a Hamamatsu C4742-80-12AG CCD camera

and processed using Slidebook�. In addition, we tested

different cell lines, namely mouse embryonic fibroblasts and

NCCIT (ATCC). DAPI photoconversion was successfully

recapitulated in all these experiments (data not shown).

Discussion

The blue-fluorescent DAPI nucleic acid stain preferentially

stains double stranded DNA and when bound its

fluorescence increases by approximately 20-fold apparently

due to the displacement of water molecules from both

DAPI and the minor groove (Barcellona et al. 1990). DAPI

also binds to RNA but this binding is not strongly fluo-

rescent (Tanious et al. 1992). The DAPI/RNA complex

exhibits a longer-wavelength fluorescence emission maxi-

mum than the DAPI/dsDNA complex (500 vs. 461 nm)

and a quantum yield that is only about 20 % as high

(Kapuscinski 1990). The mechanism of binding to DNA

was not clear for a long time. It appears that DAPI asso-

ciates preferably with AT clusters (Kubista et al. 1987).

When it binds to dsDNA its absorption maximum is at a

wavelength of 358 nm and its emission maximum is at

461 nm. DAPI blue color is convenient because it can be

used in multicolor fluorescent experiments together with

yellow, green and red fluorophores. For this it is important

to use fluorescent labels with spectral characteristics that

can be separated from one another. The emission peak of

DAPI is rather broad and overlaps with FITC and FITC

emission. DAPI and FITC or FITC-like dyes are often used

together. Since they have discrete excitation spectra, it is

assumed that when using typical fluorescein or GFP filter

cubes, DAPI will not be observed.

Recently, DAPI photoconversion was detected in

samples mounted with Eukitt quick-hardening mounting

medium (Fluka 03989), Fluoromount-G (SouthernBio-

tech) and ProLong� Gold (Invitrogen) (Piterburg et al.

2012). Authors did not observe this phenomenon in live

cells stained with Hoechst 33342, which is consistent with

our results using PBS as a mounting medium for fixed

cells.

Fig. 3 Mean fluorescence intensity for FITC/GFP filter set of

NTERA-2 cell nuclei at various DAPI concentrations or Hoechst

33258 and Hoechst 33342 in different mounting media. Mean

fluorescence intensity measured following imaging with FITC/GFP

filter set of NTERA-2 cell nuclei was corrected for background before

and after 10 s of DAPI excitation for various nuclear stains (100, 300,

1,000 nM DAPI, and 1,000 nM Hoechst 33528 and Hoechst 33342)

and mounting media with different glycerol (GLY) concentrations

(PBS, 50, 80, 100 % GLY). For each BEFORE/AFTER pair all the

differences were statistically significant (p \ 0.001)
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Our data showed DAPI photoconversion in samples

mounted with varying concentrations of glycerol and also

with ProLong� Gold. With ProLong� Gold the effect is

less robust and slightly different than what we have been

observing with glycerol. With the ProLong� Gold, the

signal observed after DAPI excitation was more diffused

than what we observed for glycerol. We could see DAPI

photoconversion in nuclei and cytoplasm with ProLong�

Gold; whereas with glycerol the photoconversion was more

pronounced in nuclei (Fig. 6). We also observed photo-

conversion with fluorescent dyes Hoechst 33258 and

Hoechst 33342. Compared to the DAPI exposure times

(minutes) used by Piterburg et al., the excitation times of

DAPI used in our experiments were significantly shorter

(seconds). These differences could be due to different

microscope configurations or differences in excitation

source and excitation path efficiencies. In both studies, a

similar DAPI concentration dependency was observed for

fluorescence detected in the FITC/GFP channel.

In this study, DAPI-stained cells were first imaged using

the FITC/GFP filer set and displayed no fluorescence other

than some expected cytoplasmic autofluorescence. Second,

the same field of view was excited with DAPI filter set.

Third the same field was again imaged using the FITC/GFP

filter set, and now we observed a strong nuclear signal.

From the spectral properties of DAPI we can see that DAPI

(and also Hoechst 33258 and 33342) is a remarkable green

emitter; but it needs to be excited in the UV-blue range

Fig. 4 Mean fluorescence intensity for FITC/GFP filter set of

NTERA-2 cell nuclei at different glycerol concentrations. a Mean

fluorescence intensity for FITC/GFP filter set of NTERA-2 cell nuclei

was corrected for background after 10 s of UV excitation for various

glycerol concentrations in mounting media (PBS, 50, 80, 100 %

glycerol) and different DAPI concentrations (100, 300, and

1,000 nM). b The effect of DAPI and glycerol concentrations on

photoconversion of DAPI. Detection of DAPI photoconversion

increased with both DAPI and glycerol concentration. At each DAPI

concentration, all differences in fluorescence intensity measurements

between mounting media were statistically significant (p \ 0.001).

Scale bar 20 lm
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(peak at 358 nm). The standard GFP excitation at

480–490 nm does not allow DAPI excitation and bleeding

through the GFP channel would not be possible, if spectral

properties of DAPI are unchanged. We have also ruled out

the possibility of prolonged DAPI fluorescence, since we

have not observed any residual fluorescence post-DAPI

excitation, if we imaged sample using GFP/FITC filter set

with closed excitation path (data not shown). Therefore, we

suspect that the exposure to the UV light might be causing

the photoconversion of DAPI, shifting the excitation

spectra toward the red and resulting in the detection of

fluorescence when using the GFP/FITC filter set. It is dif-

ficult to say whether any other molecules or products of

photocatalytic reactions are involved in photochemical

modification of DAPI.

The strength of DAPI photoconversion is dependent on

DAPI concentration, mounting media used and DAPI

excitation time. We concluded that mounting in glycerol

strongly enhances the photoconversion. The higher the

glycerol concentration, the more pronounced is the appar-

ent DAPI photoconversion. Glycerol enhanced the bright-

ness of converted DAPI in GFP channel approximately 10

times stronger than if PBS was used as the mounting

medium. We used different fixation methods and different

reagents and yet the photoconversion was still observed.

We were also able to observe the photoconversion in cells

that were not fixed (data not shown).

Mean fluorescence intensity for FITC/GFP filter set

post-exposure to UV light was the strongest when cells

were fixed with ACC, and lower when cells were fixed in

MeOH and PFA (Fig. 5). It has been shown that binding of

Hoechst or DAPI to DNA is changed as a consequence of

Fig. 5 Effect of fixative on DAPI photoconversion. NTERA-2 cells

were fixed with ACC, MeOH or 4 % PFA and stained with 1,000 nM

DAPI and mounted in 100 % GLY. Mean fluorescence intensity for

FITC/GFP filter set of NTERA-2 cell nuclei was corrected for

background before and after 10 s of DAPI excitation for various

fixatives. For each BEFORE/AFTER pair and between fixatives all

the differences were statistically significant (p \ 0.001). ACC Accu-

stain� fixative, MeOH methanol, PFA paraformaldehyde, GLY
glycerol

Fig. 6 Photoconversion in samples mounted in ProLong� Gold.

NTERA-2 cells were mounted in ProLong� Gold with DAPI

(Invitrogen). Images in FITC/GFP channel were taken with

1,000 ms exposure. Post-UV image was taken after 10 s of DAPI

excitation with UV. Unstained sample mounted in ProLong� Gold

without DAPI was used as a control. Scale bar 20 lm
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changed DNA structure after various fixation methods

(Stokke and Steen 1985; Srinivasan et al. 2002).

The role of glycerol in this photoconversion is unclear,

but may be related to the reduction in the activity of water

in solutions with increasing glycerol concentrations. By

reducing the hydration shell of the molecules, the equi-

librium between the two binding modes of DAPI to DNA

may change (Barcellona et al. 1990; Manzini et al. 1983).

This can possibly affect the intensity of the photoconver-

sion and cause the stronger effect in mounting medium

with higher glycerol concentrations.

The possibility of DAPI photoconversion must be taken

into account by anyone using DAPI together with another

FITC-like dye or GFP. Widely recommended DAPI

concentration for counterstaining nuclei is 300 nM (Life

Technologies 2006). Most commonly used homemade

mounting media consist of 80 % glycerol (100 % glycerol

is rarely used due to high viscosity). If this or even higher

concentrations of DAPI are used, the described effect could

be strong enough to be mistaken for the fluorescence of

studied nuclear protein stained with green fluorescence-

conjugated antibody (FITC, Alexa488) or expressing GFP.

Automated microscopy followed by computerized image

processing together with data evaluation has become an

important screening instrument in various experiments

(Zeder and Pernthaler 2009). Since the DAPI fluorescence

is often used as a tool to focus on cells and to find

appropriate area for imaging, the photoconversion effect

can present a serious problem reporting false-positive

results. Suggestions to avoid this phenomenon would be to

take extra precaution while preparing DAPI solution in the

right concentration and to scan/capture the other channels

first and DAPI last. Also DAPI can be substituted with

Hoechst 33342 since this dye exhibited very low photo-

conversion. It is also important to choose an appropriate

mounting medium. Alternatively, when nuclear antigens

are the target for detection, counterstaining could be per-

formed using a cytoskeletal protein such as F-actin using

fluorescently conjugated molecules such as phalloidin.

Bleed-through of fluorescence emission complicates the

interpretation of the acquired image and can lead to false

results particularly in cases of co-localization studies and

fluorescence quantification. Use of alternative DNA dyes,

such as DRAQ5 (Martin et al. 2005) can alleviate the

problem. DRAQ5 is a far-red fluorescent DNA dye (exci-

tation/emission 647/670). It is a good choice for nuclear

staining of fixed and live cells. DRAQ5 is useful for most

bench-top, wide-field and confocal systems and due to its

far-red emission it is spectrally ideally compatible with

FITC-based fluorochromes.
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