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Abstract Spectroscopic and microscopic study on applica-
tion of actinomycins as anti-tumor photo-sensitizing drugs
was carried out in this work. It has been shown that 7-
aminoactinomycin (7AAMD) and actinomycin D (AMD)
inside cells of line HeLa bind not only with DNA, but also
with proteins. Fluorescence of 7AAMD in HelLa cells and
destruction of these cells by photosensitizing with actino-
mycin D were detected. When photo-destruction occurs, the
antibiotic is released out from destroyed cells.

Keywords Actinomycin D - 7-aminoactinomycin D -
Tumor cells HeLa - Photo-sensitizing - Fluorescence

Introduction

Antibiotics of actinomycin series are widely used to treat
infectious and malignant diseases [1, 2]. This application is
based on the ability of actinomycins to form specific stable
complexes with DNA, leading to inhibition of RNA
polymerase reaction and resulting in suppression of protein
synthesis and cell division.

Natural heterocyclic antibiotic actinomycin D (AMD) and
its fluorescent derivative 7-aminoactinomycin D (7TAAMD)
form at low concentrations non-stacking complexes, stabi-
lizing the structure of DNA [3—5]. And perhaps that is why
they exhibit anti-tumor activity, in contrast to stacking-
intercalating dyes, for instance, ethidium bromide—the most
powerful carcinogen, destroyed the DNA double helix [5].
At low concentrations, actinomycins block only the mitotic

N. Vekshin (<)

Institute of Cell Biophysics of Russian Academy of Sciences,
Pushchino, Moscow Region 142290, Russia

e-mail: nvekshin@rambler.ru

activity of cells, without affecting the basic metabolic
processes.

AMD is a typical representative among actinomycins,
consisting of a flat phenoxazone chromophore (4,6-
dimethyl-2-amino-phenoxazone-3-one-1,9-dicarboxylic
acid) and two identical penta-peptide-lacton groups, two
amino groups of which are acylated by two carboxyl
chromophores.

Incorporation of triated AMD into drug-sensitive and
drug-resistant HeLa cells was investigated many years ago
[6]. TAAMD as a fluorescent cytochemical probe was
firstly applied in [7].

It has been shown that AMD greatly enhances the DNA
photosensitization [8]. Superoxide radical anion and radical
anion of AMD were identified as intermediates in the
photodynamic process. The obtained data were explained as
electron transfer from DNA to photo-excited AMD.

Photo-reactions of TAAMD with and without DNA were
studies by fluorescence correlated spectroscopy [5, 9]. It
can be suggested that anti-tumor activity of the antibiotic
could be dramatically stimulated by light exposing.

In the present work, the spectroscopic and microscopic
studies on application of actinomycins as anti-tumor photo-
sensitizing drugs are carried out. Fluorescence of 7AAMD
in cells of line HeLa and photo-induced damage of these
cells by illumination of AMD were detected for this aim.

Experimental

Tumor cells HeLa were cultured in a nutrient medium
RPMI 1640. The job was carried out with suspensions of
cells in 20 mM Tris with 200 mM sucrose (pH 7.5). After
incubation with AMD or 7AAMD, the samples were
centrifuged at 600 rpm for the deposition of cells (in
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Table 1 Fluorescence intensity of 7-amino-actinomycin D in HeLa
cells

Initially: Fluorescence intensity (rel.un.)
7AAMD in external solution 0.25

Cells, stained by 7AAMD 0.31

Cells 0.26

After 30-min incubation at 37 °C

7AAMD in external solution 0.01

Cells, stained by 7AAMD 2.0

Cells 0.66

The samples were tested in mirror micro-cuvettes. Excitation was
540 nm, emission was 610 nm

which, therefore, only intracellular 7AAMD or AMD was
contained). Then, the supernatant was discarded, and the
precipitate of cells was diluted to the initial concentration.

AMD (“Serva”) and 7AAMD (“Fluka”) were used. Concen-
tration of 7AAMD in most cases was 2 uM, AMD — 20 uM.

Photo-sensitizing experiments were done by light irradi-
ation from the 450-Wt xenon lamp (with heat filter—
copper sulfate solution). The diluted suspension of cells
was placed in special mirror cuvette (to increase the
irradiation efficiency) [5], supplied with a special thermo-
static holder.

Absorbance and fluorescence of AMD and 7AAMD in
the mentioned buffer with or without caffeine were detected
in 1-cm quartz cells at 20 °C by spectrophotometer “M-40”
and spectrofluorometer “SLM-4800”. The excited state
lifetime of 7AAMD was measured by phase method with
“SLM-4800” in mirror cuvettes [5] to increase the
fluorescence signal by many times.

Results and Discussion

Penetration of Actinomycins into HeLa Cells

7AAMD and AMD at micromolar concentrations under
“soft” conditions (5-min incubation at 20 °C) did not

penetrate into the HeLa cells.

Table 2 Effect of added AMD on the intensity of tryptophan
fluorescence of proteins in HeLa cells

Samples: Intensity of tryptophan
fluorescence (rel. un.)

Cells 0.14

Cells + AMD 0.07

Cells + AMD + caffeine 0.12

The incubation time was 30 min. Caffeine concentration was 2 mM.
The emission was measured after re-precipitation of cells. Excitation
was 295 nm, emission was 338 nm
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Fig. 1 Photomicrographs of two HeLa cells, stained by AMD. Carl
Zeiss microscope and camera Sony Cyber Shot (resolution of 5 mega-
pixels) were used

Bad penetration of heterocyclic antibiotics into cells can
be improved by heating of cells and prolongation in the
time of incubation with antibiotic [5] and also—through
formation of special complexes with hairpin oligonucleo-
tides [5, 10], caffeine [5, 11] or lipids [2]. Most simple
methods are heating and prolongation.

There was a good penetration of actinomycins under
more “hard” conditions: 30-min incubation at 37°C. Table 1
shows the data on incorporation of 7AAMD from external
solution into HelLa cells. It is clearly seen that the external
solution initially contains 7AAMD, but the antibiotic
disappears from the solution after such incubation. Almost
all molecules of the antibiotic pass into cells. It should be
noted the existence of the initial (before incubation) non-
additivity of the 7AAMD fluorescence intensity and
background intensity of cells. This clearly suggests that
7AAMD initially emits less from cells than from the
external solution. So, either it inside cells worse absorbs

Fig. 2 Photomicrographs of destroyed HeLa cells (stained by AMD)
after irradiation. Photo-destruction of cells was carried out by using
the 450-Wt xenon lamp, supplied by a liquid heat filter (5% solution
of copper sulfate)
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Fig. 3 Releasing AMD from HeLa cells to external solution after
photo-destruction of cells. The below curve is the absorption spectrum
of AMD in cells. The above curve is the spectrum after irradiation

the exciting light or (and) it is strongly quenched by
something in the cells. However, after long incubation,
when the quantity of 7AAMD in cells becomes enough
much, it starts to fluoresce very intensely—almost an order
of magnitude stronger than initially in solution.

When the polarized measurement of the 7AAMD
fluorescence in the HelLa cells (after incubation with the
antibiotic) was done, the fairly high value of polarization
degree P=0.33 was obtained. Since the 7AAMD lifetime
in HeLa cells is ~1.5 ns (T in water is less than 0.9 ns,
and in complex with DNA—about of 2 ns) and the
volume of antibiotic molecules is approximately 400 A,
thus, the micro-viscosity 1 around of 7AAMD molecules
can be found by the known Levshin-Perrin equation [5].
The calculation gives that 1 is about 2.6 poise. Therefore,
the antibiotic inside cells places in rigidly viscous
structures, but not in water phase of cytoplasm. Inside
HelLa cells, the molecules of 7AAMD have to be bound
with nuclear and mitochondrial DNA and also with
oligonucleotides.

Besides, it was found, that the antibiotic interacts also
with hydrophobic proteins. When 7AAMD or AMD
penetrates into cells, the quenching of tryptophan
fluorescence of proteins was recorded. Tryptophan is
the most hydrophobic residue of proteins. Data for
quenching of tryptophan fluorescence by AMD are
shown in Table 2. To exclude the external shielding of
the tryptophan absorption band by molecules of the
antibiotic in solution, the measurements were carried out
after incubation of HeLa cells with antibiotic for 30 min

with subsequent re-precipitation of the cells, accumulated
the antibiotic inside.

It is interesting that AMD in combination with caffeine
quenches the tryptophan fluorescence of proteins in cells
less actively than without caffeine. A possible reason is that
AMD, adsorbed on the surface of caffeine clusters, is
hardly pass to cellular proteins.

Using the optical microscopy for visualization of the
antibiotic in cells and digital photography with camera, it was
shown that AMD and its complex with caffeine at 20 °C were
adsorbed on the plasma membrane of HeLa cells during first
10 min and only then a slow penetration into cells during 30-
min incubation was observed (data are not shown in figures).

Photo-Destruction of Cells

It was found that AMD significantly contributes to
photo-destruction of cells. After incorporation of AMD
in HelLa cells, about 60% of cells were totally destroyed
by short-time (3—5 min) light irradiation from 450-Wt
xenon lamp (with heat filter—copper sulfate solution). In
control samples, without antibiotic, the light irradiation led
to only 20% destruction of cells. The photo (Fig. 1) shows
an example for two HeLa cells, stained by AMD. After the
light irradiation switch on, both cells are completely
destroyed (Fig. 2) during 3 min. In suspension, the most
part (up to 90%) of cell population was strongly damaged.

When photo-destruction of HeLa cells in suspension
occurs, the antibiotic is released out from them, and the
optical density of the obtained solution sufficiently
increases (Fig. 3). This clearly indicates that the light
absorption ability of antibiotic in cells is substantially lower
than in solution.

Photo-destruction of cells leads to releasing antibiotic
to an external water phase. This process is accompanied
by a short-wavelength shift (~ 5 nm) of the absorption
maximum of AMD. Apparently, the spectrum, recorded
after photo-destruction of HelLa cells, is shifted due to
releasing AMD from DNA and proteins of the destroyed
cell to water phase.

The obtained data agree with the known fact that binding
AMD with DNA in aqueous solution leads to decrease in
the intensity of it absorption band and to long-wavelength
shift of the spectrum by 5-10 nm [12, 13].

Conclusion

Spectroscopic and microscopic studies on application of
actinomycins as anti-tumor photo-sensitizing drugs were
carried out. Inside cells, 7AAMD and AMD bind not only
with DNA, but also with hydrophobic proteins. Fluores-
cence of 7AAMD in HeLa cells and photo-destruction of
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these cells by AMD were detected. When photo-destruction
occurs, the antibiotic is released out from destroyed cells.

Acknowledgement Author is grateful to students M.L. Bychkov, N.
S. Yeshchenko and Y. Kim for assistance in preliminary experiments
and “Photon-vek” Company for financial support.

References

1. Takusagawa F, Carlson R, Weaver R (2001) Anti-leukemia selectiv-
ity in actinomycin analogues. Bioorg Med Chem 9:719-725

2. Kedar A, Mayhew E, Moore R, Williams P, Murphy G (1980)
Effect of actinomycin D-containing lipid vesicles on murine renal
adenocarcinoma. J Surg Oncol 15:363-365

3. Chen FM, Sha F, Chin KH (2004) The nature of actinomycin D binding
to d(AACCAXYG) sequence motif. Nucl Acid Res 32:271-277

4. Vekshin NL, Kovalev AE (2006) Prompt non-stacking binding of
actinomycin D to hairpin oligonucleotide HP1 and slow redistri-
bution from HP1 to DNA. J Biochem 140:185-191

5. Vekshin NL (2009) Fluorescence spectroscopy of biomacromole-
cules. Photon-vek, Pushchino

@ Springer

10.

12.

13.

. Goldstein M, Hamm K, Amrod E (1966) Incorporation of triated

actinomycin D into drug-sensitive and drug-resistant HeLa cells.
Science 25:1555-1556

. Gill JE, Jotz MM, Young SG, Modest EJ, Sengupta SK (1975) 7-

Amino-actinomycin D as a cytochemical probe. I. Spectral
properties. J Histochem Cytochem 23:793-799

. Pan JX, Liu Y, Zhang SP, Tu TC, Yao SD, Lin NY (2001)

Photodynamic action of actinomycin D: an EPR spin study.
Biochim Biophys Acta 1527:1-3

. Kovalev AE, Yakovenko AA, Vekshin NL (2004) Investigation of

7-amino-actinomycin D and DNA by fluorescence correlated
microscopy. Biofizika 49:1030-1037

Vekshin NL, Savintsev IV (2009) Hairpin oligonucleotides as
vectors for actinomycins. Biofizika 54:1037-1041

. Bitehtina MA, Vekshin NL (2008) Caffeine clusters as trans-

mitters of actinomycin antibiotics to DNA in solution. Bioorga-
nich Chkimiya 34:256-261

Smulevich G, Angeloni L, Marzocchi MP (1982) Raman
excitation profiles of actinomycin-DNA complex. Spectrochim
Acta 38A:219-221

Vekshin N, Savintsev I, Kovalev A, Yelemessov R, Wadkins
R (2001) Solvatochromism of the excitation and emission
spectra of 7-aminoactinomycin D: implications for drug
recognition of DNA secondary structures. J Phys Chem B
105:8461-8467



	Actinomycins Like Anti-Cancer Photo-Sensitizers
	Abstract
	Introduction
	Experimental
	Results and Discussion
	Penetration of Actinomycins into HeLa Cells
	Photo-Destruction of Cells

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


