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Abstract. We aimed to demonstrate that the functionalizatibnanocolloids of Aun vitro,
induce the formation of conjugated forms (with gthion) which can affect the cellular activity, as
tested onSaccharomyces cerevisiae and RPE cells. The cell line relevant for maculageneration,
type RPE (line D407) proved to be more sensitivaanogold and conjugated forms. By microscopy
we demonstrated the cell capacity to form a moreslags a prove of their proliferation and viability
as well in the presence of free AuC, glutathiong, dso in the presence of conjugated forms AuC-
glutathion. AuC-glutathion conjugate, at pH 5.6 tijmyum for cell growth) is stable and can have
effect on cellular activity, with impact on proliggion and viability. Obviously, the interaction A6C
and AuC-glutation conjugate with cell componentsyrhave effects on cell proliferation and rapid
metabolization in presence of appropriate enzynfegy. Glutation peroxidase). Alternative and
complementary studies are needed to show the tati@in of AuC and AuC-glutathion conjugate at
cellular level, by microscopy and spectroscopys fhossible that, inside cell, AuC to conjugateeoth
biomolecules, with a higher stability and affinipggmparing to glutathion.
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INTRODUCTION

We assist, during the last 2 decades, to an expiahelevelopment of nano- and
micro- biotechnologies, not only with applicatiomsthe material sciences, but, more and
more, in food science, nutrition and nanomediciibrecht, 1988; Hayat, 1991, 2003). The
materials’ chemistry is of biological inspiratiotihe nanostructures from ceramics to DNA
structures belonging to natural supramolecular negie Nowadays, scientists mimic in
laboratory the “intelligent” materials creating bamsors, good contrast agents for microscopy
(Beesley, 1989), detection agents at cellular olemuaar level, self-assembling of molecules
by biocatalysis, applied in biomedicine and biortehaology.

A large interest for nanogold and nanosilver isvaihoecently, their functionalization,
spontaneous in biological systems being benefforathe organism defense against bacteria
or against toxins. Such metals can link proteinszymes, even DNA, by specific
coordination of nitrogen, sulfur or other non-mstabm biomolecules (Bhattacharya, 2007,
Kouassi, 2006; Wagner, 2004). Since Roman timesw&s known that silver has
antimicrobial action, so they preserved food andebeges in silver cups, avoiding
fermentations. Gold-based complexes proved to baweficial effects in rheumatic diseases
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and against infections (Hainfeld, 1989; HongweiQ@&0 Interestingly, medicinal plants can
store silver and/or gold, being provided with amtirmbial and immune-stimulative or even
antitumor properties (Du, 2005; Kouassi, 2006). Pheparation of nanogold or nanosilver
colloids is possible in laboratory, their covalénhctionalization as well, using especially
their affinity for amino or thiol groups. These gps, by conjugation, reduce the oxidative
status of Au or Ag. This can be a reason of thetroaidant action on cells (Beatty, 2000;
Hainfeld, 1996, 2000; Lehmann, 2001). Differentl cgbes were used to demonstrate the
effects of nanostructured Au or Ag, such as RPE ¢Blvis, 1995) or tumor cells (Du, 2005)
We are interested to demonstrate that the fundiiaien of Au and Ag colloids in

vitro, to study the stability of functionalized fos (by conjugation with cystein, glutathione,
insulin) (as presented in the first part of thiscé) as well and to study their action on cells.
Such investigations can prove that natural waydwéand Ag functionalization, by formation
of stable conjugates, can be active also at cellalael and act synergistically as protective,
antioxidant agents.

MATERIALS AND METHODS

1. Invitro interactions of colloid gold AuC incubated with RPE cells

We used cell RPE (stabilized line type D407, kinadifiered by Biophysics laboratory
Bremen University, Germany) at a density of t8lls/ml MEM media, in order to measure
the incorporation rate of AuC-glutathion and tottés functionality on cells. We made
microscopic investigations (optical, reversed mscapy) for the identification of AuC
nanoparticle and AuC-glutathion conjugates locélra

Initially, we made a calibration curve, measurirte tcell density (counted by
microscopy) and its relation to Vis absorption 20 mnd 620 nm, at different dilutions (1:10,
1.5, 1:2 and 1:1) with UDW. Based on calibratios® could quantify the effect of AuC and
AuC-glutathion conjugates on cell proliferation ani@bility (determined by MTT assay,
during 24 hrs). The control was represented byd¢ets in medium (SA), SG -cells incubated
with glutathion, NS-Cells incubated with AuC at @41, NGS- Cells incubated with 10%
mixture AuC-glutathion where the ratios AuC: gllian were 1:1, 1:5 and 1:10

2. In vitro interactions of conjugated AuC-glutathion with Sacharomyces
cerevisiae cells

We used cellular suspensionsSatharomyces cerevisiae, as indicator of intracellular
interactions with free AuC and AuC-glutathion caygtes.

Initially, we made a calibration curve, measurirte tcell density (counted by
microscopy) and its relation to Vis absorption 20 mnd 620 nm, at different dilutions (1:10,
1. 5, 1:2 and 1:1) with UDW. The yeast cell suspm®f Saccharomyces cerevisiae (SC)
(10° cells/ml) was incubated with or without AuC, or @aglutathion conjugate. Similarly to
RPE cells, we could quantify the effect of AuC aAdC-glutathion conjugates on cell
proliferation and viability (determined by MTT agsaduring 24 hrs). The control was
represented by free cells in medium (SA), SG -celtsibated with glutathion, NS- Cells
incubated with AuC at 0,1% , NGS- Cells incubatathvit0% mixtures of AuC-glutathion
where the ratios AuC: glutathion were 1:1, 1:5 arikD. N was represented by AuC in UDW,
G- glutathione in UDW, GN- glutathion and AuC.
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RESULTS AND DISCUSSION

1. In vitro Interactions of nanoGold with RPE cells

Retinal RPE cells (of fibroblastic type) are a vemyeresting experimental model,
applied in physiology and pathology. Incubationstluése cells can prove oxidative stress
under chemical or photochemical stress, one cantifgemacular degenerescence, tumor
induction, anti-tumor effects.

RPE cells in culture can maintain their normal nn@mipgy and metabolism as vivo,
representing a good experimental model to studyrt@poration of nanopatrticles, bioactive
molecules, including drugs (Davis, 1995).
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Fig.1. RPE type | cells and their localizationdatermined by tomography (unpublished data)

Our aim was to test the effect of a gold nanopartiayer (AuC) on RPE cell
proliferation and viability using a monolayer systevhere the AuC was immobilized on
plates and treated with cells , in order to se#etfiled investigations can be made by SERS
(Surface enhanced Raman spectroscopy), as sugdgstaaati (2006) or Boca (2010).

2. In vitro interactions of conjugated nanoGold with D407 cells

Fig. 2 shows (A) the colors of suspensions aftex ouar of incubation of cells with
AuC (line 1), glutathion (line 2), AuC-glutathiod:() (line 3), AuC-glutathion (1:5) (line 4).
We could not reveal in this case the shift of coldue to the buffer pH pH=6,5, which avoid
the formation of the conjugate. On line 1 one cheeove the agglutination of cells, as an
indication of AuC toxicity, correlated with theieduced viability. In spite of this, the cells
keep their ability to form networks in the preseméeAuC-glutathion (1:1) (line 3), AuC-
glutathion (1:5) (line 4). The microscopic imagesmnstrate the network formation and
keeping the confluence capacity of cells, beforaftar treatment (B and C)

B C
Fig. 2. A. Cell culture D406 incubated with AuOn@i 1), glutathion (line 2), AuC-glutation (1:1)n@ 3),
AuC-glutathion (1:5) (line 4).
B-Microscopic image of cells Before (B) and aftecubation with AuC-glutathion (1:5) (C).
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By MTT assay (data not shown) we proved that tlability is maintained in normal
limits (above 75%), the presence of AuC and glubatidoes not induce toxicity, which may
affect the cell viability.

3. Invitro interactions of conjugated nanoGold with Sacharomyces cerevisiae cells
Fig.3 shows the microscopic images Ssicharomyces cerevisiae ( SC) cells (10x),
initially (A) and after incubation with AuC (B) avith AuC-glutathion conjugate (C)

A B B, U
Fig. 3. Microscopic images of SC cells (10x), iy (A) and after incubation with AuC ( B) or with
AuC-glutathion conjugate (C)

To evaluate quantitatively the effect of AuC onl gabliferation, we realized the
calibration curves (cell density versus Vis absorpait 530 and 620 nm respectively) (Fig. 4)
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Fig.4. Calibration curves for SC cells, correlatthg cell density (determined by microscopy) ara th
absorption units at 530 and 620 nm, respectivélyar{d B)

Good correlation indexes were established for ezade. After 24 hrs incubation,
measuring the absorptions at the same wavelengthapticed that, at low cell densities, the
absorptions increased from 0.15 to 0.250), while Hah cell densities, the absorptions
remained at a value of 0.50Bor SC cells incubated with SA, SG, GN,NS, N, GNwe
noticed different variations of absorptions in 2181 5-6 (lines) In the first set of cuvettes (2
and 3 in Fig. 5), la initially (line 2) and afted rs (line 3) it was observed a decrease of
absorptions for incubations with NS and GN and oaomitantly an indication of conjugates
AuC - glutation formation (as indicated by GN) oittwother cell components (NS). Lines 5
and 6 indicate also decreases of absorptions (dmn24 hrs) when NGS was used, but not
for GN, suggesting an inhibition of cell prolifeia when incubated with NS and NGS.
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Fig.5. Evolution of Vis absorptions (registeredb@0 nm) when SC cells were incubated with or
without AuC or AuC-glutathion conjugates. Abbreigat: free cells in medium — SA; SG - cells
incubated with glutathion, NS- Cells incubated wAilnC; G- glutathion; GN- glutathion and AuC,

added separately; NGS -Cells incubated with mistafeAuC-glutathion Line 2 and 5 — initial time.
Lines 3 and 6 — after 24 hrs.
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CONCLUSIONS

1. Our research demonstrated that colloid Au contparsicles which can enter and
have effect on cell proliferation, as demonstratefiaccharomyces cerevisiae and RPE cells.
The cell line relevant for macular degeneratiometyRPE (line D407) which proved to be
more sensitive to nanogold and conjugated forms.

2. By microscopy we demonstrated the cell capacitioptmm a monolayer, as a prove
of their proliferation and viability, as well inelpresence of free AuC, glutathione, but also in
the presence of conjugated forms AuC-glutathion.

3. We showed that AuC-glutathion conjugate, at pH(5@imum for cell growth) is
stable and can have effect on cellular activitythwmpact on proliferation and viability.
Obviously, the interaction of AuC and AuC-glutatioanjugate with cell components may
have positive or negative effects on cell prolifena

4. By UV-Vis spectrometry we observed that conjugatednAuC with glutathione
does not induce modifications of media colors, tlués low concentration (1% in culture
media) and also, possibly, due to its rapid metahtobn in presence of appropriate enzymes.
(e.g. Glutation peroxidase).

5. Alternative and complementary studies are needathda the localization of AuC
and AuC-glutathion conjugate at cellular level,rbigroscopy and spectroscopy. It is possible
that, inside cell, AuC to conjugate other biomolesy with a higher stability and affinity,
comparing to glutathion.
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