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Protective properties of gold in the composition of nanoparticles
and Au—rutin complexes
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Protective properties of gold nanoparticles and gold—rutin complexes were studied.
Aurophilic bacteria Micrococcus luteus and methanotrophic bacteria Methylococcus capsulatus
were studied. Gold—rutin nanoparticles and complexes protect the respiratory activity of the
bacteria against toxins. Pretreatment of the cells with gold is more efficient than the treatment
after the action of toxin.
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Increased interest in the use of gold in chemistry, med�
icine, and biology is observed in the recent time. Special
attention is given to gold nanoparticles1—3 and gold
complexes with natural compounds, including flavo�
noids.4 This direction is one of the most important
in green chemistry. As for the use of gold in medicine and
biology, unique medicinal properties of this metal known
from the ancient time (chrisotherapy) should be men�
tioned. Studies on the application of gold preparations
for point diagnostics and treatment of such severe diseas�
es as cancer and tuberculosis are carried out in many la�
boratories.5

In our opinion, it is also interesting that metalo�
philic organisms that assimilate gold including it in
cell metabolism exist in nature.6,7 We showed that in
the presence of colloidal gold in an incubation medium
aurophilic bacteria Micrococcus luteus incorporate the
Au atoms into the active site of specific membrane�
bound NADH oxidase, which was named Au�protein.8

A specific feature of this protein is the presence of flavin
and flavonoid cofactors.9 It is the flavonoid cofactor
that chelates gold. As a result, Au�protein gains a new
function, viz., the ability to oxidize methane and its
homologs.10,11

Taking into account the medicinal properties of gold
and the ability of aurophilic bacteria to include it in
their metabolism, it seemed of interest to study the possi�
bility of appearance of other new functions in bacte�
ria cells under the action of gold, in particular, protec�
tion of biological systems against toxins. Since respira�
tion is the main process providing vital activity to all
living organisms, in the present work we studied the ability
of Au—flavonoid nanoparticles and complexes to pro�
tect cells against poisons and toxins inhibiting respirato�
ry activity.

Experimental

The studies were carried out on aurophilic microorganisms
Micrococcus luteus and methanotrophs Methylococcus capsulatus.
Inhibitors of the respiratory chain, 1�naphthol and 2,2´�bipyridyl,
were used as toxins. The respiratory activity was determined by
polarography using the Clark electrode.12 The protein concen�
tration was determined by the biuret method after the prelimi�
nary disintegration of cells and spheroplasts on an UZDN�1
sonicator at 22 kHz and 0 °С. The Au�protein was isolated from
bacteria Micrococcus luteus.8 The complexes and nanoparticles
Au—rutin were prepared according to a method developed earli�
er.4,13,14 Colloidal gold prepared by the Zsigmondy method15

was used as the standard. Absorption spectra were recorded on a
Specord M�40 spectrophotometer (Carl Zeiss).

The following reagents were used: HAuCl4•4 H2O, rutin,
NADH (Sigma), 1�naphthol, 2,2´�bipyridyl (reagent grade),
Tris�HCl buffer, pH = 8.0, and bidistilled water.

Results and Discussion

When studying the respiratory activity of bacteria
Micrococcus luteus, we found that the respiratory activity
of the cells increases by 20—25% in the presence of the
Zsigmondy colloidal gold, Au—rutin nanoparticles, and
the Au—rutin complex (Table 1, Fig. 1, curves 1—4),
indicating that gold is incorporated into the main mem�
brane electron�transport chain (ETC) of the bacte�
rial cell.16

To solve the problem of the protective properties of
gold, we carried out studies on the influence of the classi�
cal ETC inhibitors, 1�naphthol and 2,2´�bipyridyl, on the
respiratory activity of bacterial cells Micrococcus luteus
and Methylococcus capsulatus. In the experiments with cells of
Micrococcus luteus treated with 1�naphthol and 2,2´�bi�
pyridyl, the oxygen uptake reduces by 35 and 30%, respec�
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Table 1. Influence of gold sols and the Au—rutin complex on the respiratory activity of bacteria Micrococcus luteus and
Methylococcus capculatus in the presence of toxins

Additive Micrococcus luteus Methylococcus capculatus

CО2
A (%) I (%) CО2

A (%) I (%)
/μmol L–1 /μmol L–1

— 113.7 — — 72.2 — —
Zsigmondy sol 135.4 20 0 47.2 0 34.6
Au—rutin nanoparticles 135.4 20 0 57.1 0 20.8
Au—rutin complex 133.5 18 0 78.2 8.3 0
1�Naphthol 75.1 0 34.2 44.1 0 38.8
2,2´�Bipyridyl 78.2 0 29.4 50.0 0 30.7
Zsigmondy sol + 1�naphthol 135.4 0 0 55.5 0 23.0
Au—rutin nanoparticles + 1�naphthol 135.4 0 0 63.5 0 12.0
Au—rutin complex + 1�naphthol 117.0 0 14.0 69.4 0 4.0
1�Naphthol + Zsigmondy sol 130.1 0 0 52.5 0 27.0
1�Naphthol + Au—rutin nanoparticles 125.0 0 7.5 61.5 0 15.0
1�Naphthol + Au—rutin complex 123.0 0 10.0 72.5 0 0
Zsigmondy sol + 2,2´�bipyridyl 135.5 0 0 58.3 0 19.0
Au—rutin nanoparticles + 2,2´�bipyridyl 135.4 0 0 66.4 0 8.0
Au—rutin complex + 2,2´�bipyridyl 123.0 0 6.0 76.4 5.0 0
2,2´�Bipyridyl + Zsigmondy sol 132.0 0 2.5 52.8 0 27.0
2,2´�Bipyridyl + Au—rutin nanoparticles 122.5 0 9.5 57.7 0 20.0
2,2´�Bipyridyl + Au—rutin complex 119.3 0 12.0 76.4 5.9 0

Note. Composition of the sample: initial cells of Micrococcus luteus or Methylococcus capculatus + additives. The content of
the components in the samples: 2.5 mL of 0.005 М Tris�HCl buffer, pH = 8.0; 2 mg of total protein. Inhibitors: 1�naphthol;
2,2´�bipyridyl in a concentration of 1•10–4 mol L–1, gold concentration 1•10–5 mol L–1. A is activation; I is inhibition.

tively (see Table 1 and Fig. 1, curve 5). The data in Table 1
and Fig. 1 show that the preliminary treatment of bacteria
Micrococcus luteus with the gold�containing preparations
(the Zsigmondy sol, Au—rutin nanoparticles, and the
Au—rutin complex) results in blocking of the inhibitor
effect (Fig. 1, curves 6—8). The protective effect of gold
remains at the level of 90% if the order of introducing gold
and the inhibitors into the incubation medium is reversed
(when the cells are first subjected to the action of the
inhibitors and then, 5 min later, gold is introduced, see
Table 1 and Fig. 2, curves 6—8).

Based on the results obtained, we may conclude that
Zigmondy sol Au—rutin nanoparticles and complexes en�
hance the respiratory activity of the aurophilic cells and
also favor acquiring resistance against toxins.

It was necessary to establish whether the fact of pro�
tective effect of gold against toxins is common for various
cells or characteristic of aurophilic bacteria Micrococcus
luteus only. For this purpose we carried out analogous
experiments with methane�oxidizing bacteria Methyl�
ococcus capsulatus. It is seen from Table 1 and Fig. 3
(curves 1—3) that, unlike cells of Micrococcus luteus, col�
loidal gold (the Zsigmondy sol) and Au—rutin nanoparti�
cles induce the inhibition of the respiratory activity in�
stead of the activation of this process. At the same time,
the introduction of the Au—rutin complex intensified res�
piration in cells of Methylococcus capsulatus by 8—10%

Fig. 1. Influence of gold sols and the Au—rutin complex on the
respiratory activity of bacteria Micrococcus luteus in the absence
and in the presence of 1�naphthol: 1, bacteria Micrococcus luteus;
2, bacteria Micrococcus luteus + Zsigmondy´s sol; 3, bacteria
Micrococcus luteus + Au—rutin nanoparticles; 4, bacteria Micro�
coccus luteus + Au—rutin complex; 5, bacteria Micrococcus
luteus + 1�naphthol; 6, bacteria Micrococcus luteus + Zsigmondy´s
sol + 1�naphthol; 7, bacteria Micrococcus luteus + Au—rutin
nanoparticles + 1�naphthol; and 8, bacteria Micrococcus lu�
teus + Au—rutin complex + 1�naphthol. The content of
the components in the samples: 2.5 mL of 0.005 М Tris�HCl
buffer, pH = 8.0; 2 mg of total protein; 1•10–4 М 1�naphthol;
1•10–5 М gold.
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(Fig. 3, curve 4), which can be due to different valent
states of gold in the nanoparticles and Au—flavonoid com�

plexes and to different permeabilities of cell walls for the
gold nanoparticles and complexes.

When the inhibitors 1�naphthol and 2,2´�bipyridyl are
introduced into cells of Methylococcus capsulatus treated
with gold, no further decrease in the respiratory activity
was observed (see Table 1 and Fig. 3, curves 6—8). Gold
nanoparticles exert a dual effect on methane�oxidizing
cells of Methylococcus capsulatus: gold decreases the level
of cell respiration and, at the same time, protects them
from toxins.

Since the Micrococcus luteus and Methylococcus capsu�
latus cells possess the common function, viz., the ability to
activate methane,8 we studied the possibility of recombi�
nation of the Au�protein from Micrococcus luteus and the
synthetic Au—rutin complex with cell membranes of
Methylococcus сapsulatus in order to use them as protec�
tion against toxins. As is known, membranes of Methyl�
ococcus capsulatus contain methane monooxygenase, the
enzyme, which like Au�protein from Micrococcus luteus
is NADH oxidase. However, cells of Methylococcus cap�
sulatus are incapable of transforming colloidal gold. More�
over, as can be seen from Table 1, for this bacterium,
unlike Micrococcus luteus, gold nanoparticles are an respi�
ratory inhibitor.

The experiments on the recombination of the compo�
nents from Micrococcus luteus with Methylococcus capsu�
latus membranes showed (Fig. 4, curves 1—3) that the
Au�protein and the Au—rutin complex interact with the
Methylococcus capsulatus membranes, which is expressed
in reduction of the level of oxygen uptake by the mem�
branes. Nevertheless, this recombination increases the
resistance of the Methylococcus capsulatus membranes
against the inhibitors of the respiratory chain, 1�naphthol
and 2,2´�bipyridyl (see Fig. 4, curves 4—6). This fact can
be explained by the interaction of gold of the Au�protein
from Micrococcus luteus and of the model Au—rutin com�
plex with the active site of methane monooxygenase of
Methylococcus capsulatus or by the conformational chang�
es in the membrane under the action of the gold�contain�
ing preparations. These data agree with the results of stud�
ies of intact cells of Micrococcus luteus and Methylococcus
capsulatus, which suggest that the protective effect of gold,
especially in the complex with the flavonoid (rutin), is
common for the studied microorganisms.

The respiratory chain of bacteria localized in cell mem�
branes and the respiratory chain of higher organisms loca�
lized in mitochondria are similar in composition and,
hence, it can be assumed that the protective properties
of gold combined with flavonoids would be common
for prokaryotes and eukaryotes. Since rutin pertains to
the group of vitamins P, which strengthen walls of blood
vessels,17 the addition of rutin—gold nanoparticles to
drugs, in particular, to Troxevasin (troxerutin) can
enhance their efficiency in curing vascular and articula�
tion diseases.

Fig. 2. Influence of gold sols and the Au—rutin complex on the
respiratory activity of bacteria Micrococcus luteus after the treat�
ment with 1�naphthol: 1, bacteria Micrococcus luteus; 2, bacteria
Micrococcus luteus + Zsigmondy´s sol; 3, bacteria Micrococcus
luteus + Au—rutin nanoparticles; 4, bacteria Micrococcus lu�
teus + Au—rutin complex; 5, bacteria Micrococcus luteus + 1�naph�
thol; 6, bacteria Micrococcus luteus + 1�naphthol + Zsigmondy´s
sol; 7, bacteria Micrococcus luteus + 1�naphthol + Au—rutin
nanoparticles; and 8, bacteria Micrococcus luteus + 1�naphthol
+ Au—rutin complex. The content of the components in the
samples: 2.5 mL of 0.005 М Tris�HCl buffer, pH = 8.0; 2 mg of
total protein; 1•10–4 М 1�naphthol; 1•10–5 М gold.

240

220

200

180

160

140

120

1 2 3 4 5 τ/min

1

2, 3

5

7, 8
4, 6

CO2
/μmol L–1

Fig. 3. Influence of gold sols and the Au—rutin complex on the
respiratory activity of bacteria Methylococcus capsulatus in the
absence and in the presence of 1�naphthol: 1, bacteria Methylo�
coccus capsulatus; 2, bacteria Methylococcus capsulatus + Zsig�
mondy´s sol; 3, bacteria Methylococcus capsulatus + Au—rutin
nanoparticles; 4, bacteria Methylococcus capsulatus + Au—rutin
complex; 5, bacteria Micrococcus luteus + 1�naphthol; 6, bacteria
Micrococcus luteus + 1�naphthol + Zsigmondy´s sol; 7, bacteria
Methylococcus capsulatus + Au—rutin nanoparticles + 1�naph�
thol; and 8, bacteria Methylococcus capsulatus + Au—rutin comp�
lex + 1�naphthol. The content of the components in the sam�
ples: 2.5 mL of 0.005 М Tris�HCl buffer, pH = 8.0; 2 mg of total
protein; 1•10–4 М 1�naphthol; 1•10–5 М gold.
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Thus, gold as a constituent of the Au—rutin complexes
and nanoparticles manifests the protective effect against
the inhibitory effect of 1�naphthol and 2,2´�bipyridyl. The
resistance to toxins in the presence of gold is manifested
not only in cells capable of assimilating gold but also in
other biological systems. Pretreatment of cells with gold is
more efficient compared to the cases where the treatment
carried out after the action of a toxin. It is of note that the
protective mechanism of the action of gold to reach the
same effect can differ for different organisms. For certain
microorganisms, this is just a chemical reaction of an in�
hibitor with gold due to which the amount of free inhibitor
decreases and, correspondingly, the inhibition effect de�
creases.18 For other microorganisms, in particular, for
Micrococcus luteus, the main ETC is branched at the level
of cytochrome b558 and an additional alternative chain
of electron transfer to oxygen16 involving Au�protein
is formed, which enhances the resistance of the cells
against toxins.
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Fig. 4. The oxygen uptake by the membrane components of
Methylococcus capsulatus (MCMC) recombined with the
Au�protein from Micrococcus luteus and the model complex
Au—rutin before and after the treatment with 1�naphthol:
1, MCMC + NADH + buffer saturated with СН4 and О2;
2, (MCMC + Au�protein) + NADH + buffer saturated with
СН4 and О2; 3, (MCMC + Au—rutin) + NADH + buffer satu�
rated with СН4 and О2; 4, MCMC + 1�naphthol + NADH +
+ buffer saturated with СН4 and О2; 5, (MCMC + Au�protein) +
+ 1�naphthol + NADH + buffer saturated with СН4 and О2;
and 6, (MCMC + Au—rutin) + 1�naphthol + NADH + buffer
saturated with СН4 and О2. The content of the compo�
nents in the samples: 2.5 mL of 0.005 М Tris�HCl buffer,
pH = 8.0; MCMC is 2 mg of total protein; gold concentration
1.2•10–6 М (in the composition of Au�protein and Au—rutin);
СН4 5•10–4 mol L–1, О2 5•10–4 mol L–1, and 1�naphthol
1.2•10–5 mol L–1.

Received March 2, 2011


	Protective properties of gold in the composition of nanoparticlesand Au—rutin complexes
	Abstract
	Experimental
	Results and Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


