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New fluorescent PAMAM dendron with sensor
and microbiological activity
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A new dendron containing Eosin Y as fluorescence unit has been synthesized and characterized. The basic photo-
physical characteristics of dendron have been investigated in organic solvents with different polarity and the results
have been compared to the modified Eosin Y. In N, N-dimethylformamide solution, the newly synthesized dendron
quench its fluorescence intensity in the presence of metal cations (Li*, Na*, K*, Ag*, Co*', Zn*, Mn*', Ni*", Cu**, Fe**
and Cr*") depending from the nature of metal cations. It has also been observed than the fluorescence intensity is not
affected from pH of the medium. Antimicrobial activity of the new dendron was tested in meat-peptone broth towards

some model bacteria and yeasts.
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INTRODUCTION

The monitoring and rapid control of the envi-
ronment pollutants is at the core of the develop-
ment of new analytical systems for their detection.
Especially suitable for these purposes are fluores-
cence optical sensors responsive to light irradiation
in the presence of certain analytes with a change of
their fluorescence emission. Therefore, in recent
years, research has been focused on finding the pos-
sibility to increase the sensitivity, selectivity and
appropriate working range of new sensor systems,
depending on their application areas. An innova-
tive area is the use of dendrimer or dendritic mac-
romolecules, which are a new form of organization
of polymeric materials [1]. For sensing applications
dendrimers must be functionalized with fluorescent
dyes because dendrimer molecules do not exhibit
intrinsic photophysical properties. As fluorescent
fluorophores for dendrimer and dendron modifica-
tion are used 1,8-naphthlimide, xanthene dyes, dan-
syl, acridine, naphthalene, etc. [2—7].

In our laboratory we perform systematic investi-
gations on the synthesis and photophysical proper-
ties of new luminescent polyamidoamine (PAMAM)
and polypropyleneamine (PPA) dendrimers modi-

* To whom all correspondence should be sent:
E-mail: i.grabchev(@chem.uni-sofia.bg

fied with 1,8-naphthalmide units in their periphery
[7]. Several fluorescent tripods based of 1,8-naph-
thalimide with sensor properties have also been
described [8—10]. Xanthene dyes, such as eosin Y,
are a very interesting and special class of environ-
mentally sensitive fluorophores which participate
as a signal fragment in the design of different sen-
sor systems [11]. They have low toxicity in vivo,
and moderately high water solubility. They exhibit
different tautomeric structures with different photo-
lytic forms, either proton “on” or “off ” depending
on pH [12].

In this paper we describe the synthesis and char-
acterization of a new PAMAM dendron from second
generation. Its basic photophysical characteristics
have been investigated in organic solvents of differ-
ent polarity. The behaviour of fluorescent intensity in
media with different pH and the ability to detect met-
al ions have been investigated. /n vitro antimicrobial
activity against Gram-positive and Gram-negative
bacteria and yeasts has also been tested.

EXPERIMENTAL
Materials and methods

The synthesis of acylated eosin Y (E) with
chloroacetyl chloride has been described recently
(Scheme 1) [13]. Dendron D has been synthesized
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by the procedure described by Ghosh et. al. [14].
Absorption spectra were performed using “Thermo
Spectronic Unicam UV 500 spectrophotometer.
The fluorescence spectra were taken on a “Cary
Eclipse” spectrophotometer. Organic solvents were
of spectroscopic grade and used without special
treatment. The effect of the metal ions on fluo-
rescence intensity was measured by adding a few
ul of stock solution (¢ = 103 mol I'") of the metal
cations to a known volume of the ligand solution
(3 ml). The addition was limited to 0.08 ml, so that
dilution remained insignificant [15]. NaNO; KNO;,
LiNO,, AgNO,, Cu(NO,),.3H,0, Ni(NO,),.6H,0,
Mn(NO,),.6H,0, Co(NO;,),.6H,0, Zn(NO,),.4H,0,
and Cr(NO,),, Fe(NO,), salts were the metal cation
sources, and were used as obtained from Sigma-
Aldrich. IR spectra were recorded on an Infrared
Fourier transform spectrometer (IRAffinity-1
Shimadzu) with the diffuse-reflectance attach-
ment (MIRacle Attenuated Total Reflectance
Attachment) at a 2 cm' resolution. 'H (600.13
MHz) and *C (150.92 MHz) spectra were acquired
on an AVANCE AV600 II+NMR spectrometer.
The measurements were carried out in a DMSO-d,
solution at ambient temperature. The chemical
shifts were referenced to a tetramethylsilane (TMS)
standard. Electrospray mass spectroscopic meas-
urements were carried out using a Hewlett—Packard
Series 1100 MSD.

Synthesis of dendron ED

A solution 0.709 g (1mmol) of compound E and
1.24g, (1mmol) of D in 50 ml acetone was refluxed
in the presence of 0.1500, (1.1 mmol) K,CO, for
8 hours. The process was controlled by thin-layer
chromatography and the final product was filtered
off with very high yield and purity after pouring
the liquor into 500 ml of water. The resulting pre-
cipitate was washed with water, and then dried in
vacuum at 40°C. Yield: 1.36g, 85.0%.

FT-IR (KBr)ecm™: 1736, 1652,1619, 1557, 1507,
1455, 1346, 1230, 1085, 1057, 973, 879, 762, 707,
645; 'H-NMR (DMSO-d6, 600 MHz, ppm): 9.06
(s, IH, COOH), 8.42 (d, 1 H, j = 7.8 Hz, H-Ar),
8.08 (t. 2H, j = 5.6 Hz, NHCO), 790 (d, 1 H, j =
7.4 Hz H-Ar), 7.64 (d, 1 H, j = 7.2 Hz, H-Ar), 7.38
(d, 1 H, j=7.8 Hz, H-Ar), 6.90 (t, 1 H, j = 7.8 Hz,
H-Ar), 4.42 (t. 2H, j = 6.4 Hz, -OCH,-CO), 3.80
(m, 18H, N-CH,), 3.61 3.62 (s. 12H, OCH,), 3.44
(br. 2H, OCH,), 3.22 (q, 4H, NCH,CH,CONH),
291 (br, 4H, NCH,CH,NH), 2.64 (t, 8H, j =
6.5 Hz, NCH,CH,COOCH,) 2.33 (t, 8H, j = 6.5
Hz, NCH,CH,COOCH,). API-ES-MS calc. for
(1320.8) found 1321.7 (M+H)"; Elemental analysis:
C,,Hs,N,O,.Br, (1320.8): C 45.42% (calc. 45.58%);
H 4.46% (calc. 4.39%); N 5.30% (calc. 5.41%)
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Antimicrobial assay

The antimicrobial activity of the newly synthe-
sized dendron ED was evaluated in meat-peptone
broth towards Gram-positive bacterium Bacillus
subtilis, Gram-negative bacterium Pseudomonas
aeruginosa and the yeasts Candida lipolytica.
Aliquots of sample solution in DMSO (0.1%)
were added in test tubes with sterile meat-peptone
broth achieving final concentration 50 pg/ml and
then inoculated with 1% of each overnight indica-
tor culture. Test tubes without added compound
were also prepared for each strain. After incubation
of the strains at 26°C for 24h under shaking, the
microbial growth was determined by measuring the
optical density at 600 nm (ODy,,). Three independ-
ent experiments were carried out and averages are
reported.

RESULTS AND DISCUSSION

Scheme 1 presents the synthetic rout of fluores-
cent dendron ED. Initial compound (E) was synthe-
sised by the reaction of eosin Y with chloroacetyl
chloride following the method described recently
[13]. This compound has been used as fluorescent
units for the synthesis of fluorescent PAMAM den-
dron by the reaction with dendron D. The final solid
product (ED) was obtained in high yield, filtrated,
washed with water and dried under vacuum.

The basic spectral characteristics of compound
E and Dendron D have been investigated in organic
solvents with different polarity and the results have
been summarised in Table 1 and Table 2: the ab-
sorption (A,) and fluorescence (A;) maxima, the ex-
tinction coefficient (¢), Stokes shift (v, — v;), and
quantum yield of fluorescence (D;.).

Compound E has absorption maxima in the
region A, = 528-540 nm and the respective fluo-
rescence maxima are at A, = 547-560 nm. These
results suggest that the polarity of the organic sol-
vents influence the position of the absorption and
fluorescence maxima. At the organic solvents con-
taining hydroxyl groups, both types of maxima are
hypochromically displaced, with this effect being
most pronounced for methanol. This is due to the
possibility of the formation of hydrogen bonds. The
similar results have been obtained for the dendron
ED. That means the bonding to the dendron chain
do not affect the chromophoric system of the mono-
meric compound E. The normalized absorption and
fluorescence spectra of dendron ED in n-butanol
solution are plotted in Fig. 1. As seen the absorp-
tion and fluorescence spectra have bands with a
single maximum, without vibrational structure. The
fluorescence curve is an approximately equal mirror



D. Staneva et al.: New fluorescent PAMAM dendron with sensor and microbiological activity

H;CO
co
N
(o]
/ _\_C\OCH
OC-NH 3
OC—NH OCH3;
\—\ _/—CO
N
D ocC
“OCH;
acetone
K2CO3 /yield:85%
H3CO,
HC 0
OC-NH OCH;,
N
Hfo/\/
OC-NH OCH3
co
N~
ED h
“OCH;
Scheme 1. Synthesis of Dendron ED.
Table 1. Photophysical characteristics of compound E in organic solvents
N € Mg vV, — Vg
nm I mol™! cm™ nm cm™! A, !
Acetonitrile 539 61300 557 600 0.64 0.345
N,N-dimethylformamide 538 64200 556 602 0.60 0.349
n-Buthanol 530 68000 550 686 0.62 0.366
2-propanol 531 54720 549 617 0.58 0.249
Methanol 528 58970 547 657 0.54 0.289
Chloroform 537 55320 556 636 0.29 0.256
Dichlorometane 537 54300 560 764 0.26 0.241
Tetrahydrofuran 540 66700 559 629 0.28 0.371
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Table 2. Photophysical characteristics of dendron ED in organic solvents

A € M Vy—V
nrl;l I mol™! cm™ nril ém"F Py !
Acetonitrile 538 114000 560 730 0.76 0.542
N,N-dimethylformamide 536 119000 556 671 0.66 0.539
n-Buthanol 533 129000 559 872 0.64 0.599
2-propanol 534 130000 560 869 0.56 0.590
Methanol 526 114250 557 1058 0.49 0.534
Chloroform 537 113300 557 668 0.21 0.496
Dichlorometane 536 130600 557 703 0.20 0.558
Tetrahydrofuran 539 149385 560 695 0.24 0.603
1.0 The Stokes shift is a parameter, which indicates
o the difference in the properties and structure of the
& 054 dyes between the ground state S, and the first ex-
g ited state S, and it has been estimated according to
g A F Equation (2):
L 0.6
o (Va—vp) = (/A — 1/A;) x 107 (2).
§ 0.4
g The Stokes shift values for both compounds are
2 o very similar and do not imply any change in the
< . .
chromophores systems in the excited state. The val-
ues are typical for this class of compounds.
oot =00 =0 00 50 The ability of compounds E and ED to emit ab-

Wavelength / nm

Fig. 1. Normalized absorption (A) and fluorescence (F) spectra
of dendron ED in butanol solution (¢ = 1x107° mol 17).

image of the absorption curve what is indicative of
the molecular structure of the dendrimer in excited
state and prevailing fluorescence emission.

An important characteristic of the fluorescence
compounds is the oscillator strength (f) which re-
veals the effective number of electrons whose tran-
sition from ground S to excited S, state gives the
absorption area in the spectrum. Values of the oscil-
lator strength can be calculated using Equation (1):

f=432x107 Av,, emax (1),

where Av,,, is the width of the absorption band (in
cm') at 1/2 emax.

The values obtained for E are: /= 0.249-0.366
and for the dendron ED the values are higher /=
0.496-0.603. The higher values correlate well with
the hypochromic effect of the ED in the respective
organic solvents.
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sorbed light energy has been characterized by the
fluorescence quantum yield @, using Rhodamine
6G as a standard. It has been calculated on the basis
of the absorption and fluorescence spectra in organ-
ic solvents using Equation (3).

3)

where the @, is the emission quantum yield of the
sample, @, is the emission quantum yield of stand-
ard, Ast and Au represent the absorbance of the
standard and sample, respectively, while Ist and Tu
are the integrals of the emission of the standard and
sample respectively, and n, and n,, is the refrac-
tive index of the standard and sample.

As seen from the data in Table 1 and Table 2,
the quantum yield depend strongly from the polarity
of the solvents. Higher values have been obtained
in polar solvents which are more than three times
compared to the non polar solvents.

Influence of pH on the fluorescence
intensity of E and ED

The influence of pH on the absorbance and fluo-
rescence intensity of compounds E and ED have
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Fig. 2. Effect of pH in range from 3.5 to 12.0 on absorbance of compound E (A) and Dendron ED (B) in ethanol/water solution

(1:4 v/v).

been investigated in ethanol/water (1:4 v/v) solu-
tion. In Fig. 2 are plotted the absorption spectra of
both compounds in the pH range from 3.5 to 12.0. In
the case of monomer compound E (¢ = 1x10° mol I'!)
the absorption maxima change it position from A,
= 522 nm in acidic medium to A, = 515 (Fig. 2A).
Also, a drastic increase in the molar absorbance of
the compound was observed, with the molar extinc-
tion coefficient of € = 49900 1 mol™! cm™ in acidic
medium was increase to € = 67100 1 mol™! cm™ in
the alkaline medium. The same investigations were
conducted for dendron ED and the results obtained
are shown in Fig. 2B. It can be seen the effect of pH
on absorption of dendron ED is less pronounced.
In this case, a hypochromic displacement of the ab-
sorption maximum was observed by 10 nm, but the
molar extinction coefficient increased significantly
less.

Figure 3 presents the normalized fluorescence
intensity of compounds E and ED depending on the
pH of the medium. Figure 3 shows that both com-
pounds have different behaviour. For compound E,
the fluorescence intensity slightly increased in the
interval pH = 3.5-10.0 after which in strong alka-
line medium (pH = 10—12) the emitted fluorescence
has increased significantly. In the case of dendron
ED, the influence of pH of the medium is negligible
and the fluorescence has almost the same intensity
in the interval of pH 3.5-12.0.

Influence of metal cations on the photophysical
properties of ED

Different metal ions (Li*, Na*, K*, Ag*, Co*,
Zn*, Mn*, Ni*, Cu*', Fe** and Cr*") upon the fluo-
rescent intensity of DMF solutions of ED has been
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Fig. 3. Dependence of fluorescence intensity from pH of com-
pounds E and ED.

studied with regards with its potential applications
as a detector for metal ions. DMF has been chosen
for the fluorescence experiments because it is good
solvent for dendron ED, metal salts used as well as
for the formed metal complex.

In DMF solution the free of metal cations, den-
dron ED has a good fluorescence emission with
quantum yields @, = 0.66. Fluorescence emission
decreases after the addition of metal ions into the
solution and the effect of the guest metal cations in
the solution is signalled by fluorescence quenching
factor (FQ) (Fig. 4). The fluorescence enhancement
factor FQ = F/F is determined from the ratio of
initial fluorescence intensity (F, before metal ions
addition) and minimum fluorescence intensity (F
after addition of metal ions). As seen in Fig. 3, the
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Fig. 4. Fluorescence quenching factor
(FQ) of ED (c = 1x10° mol I'!) in the
presence of different metal cations (c =
1x107¢ mol I'") in DMF solution.

Fe**|Cr* | cu®| zn? | co?| NI | Mn?* Li*

A92+

.

metal cations lead to a decrease in the fluorescence
intensity which is different for each metal ion. The
highest value is observed in the presences of Cu?*
(FQ=24.6). A good reduction of the fluorescent
emission has been observed for Zn** and Co*". An
average fluorescence quenching has been observed
in the presence of Ag®, Ni*, Cr*" and Fe*'. Metal
ions such as Li* and Mn*" cause a slight reduction,
while alkali metal ions as Na*ad K+ havenoteffect oy the
fluorescence intensity of dendron ED. The rank of
the response can be presented as follows: Cu®" >
Zn** > Co* > Ni** = Ag" = Fe** = Cr** > Mn* > Li"
>Na"=K".
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Most probably during the complex formation
Cu?* are the most competitive in the reaction with
tertiary nitrogen atoms comprised dendron struc-
ture. That ensures a stability of the complex thus
formed which is greater than that of complexes
formed with the other metal ions studied.

In order to quantify the effect of Cu** on the fluo-
rescence intensity we have performed detailed titra-
tion experiments. The typical change in the fluores-
cence intensity of ED induced by Cu?" is plotted in
Fig. 5 as an example. As seen, the addition of Cu?*
leads to a reduction in the fluorescence intensity. A
pronounced increase in the fluorescence intensity
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Fig. 5. Fluorescence spectra of ED (¢ =
1x107° mol I'") in DMF at various con-
centrations of Cu?' cations. The con-
centrations of Cu?" cations are in the
order of increasing intensity from 0 to
4x10° mol 1"
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has been observed by increasing the concentration
of Cu?* cations up to 1.0x10° mol 1! and above this
concentration the change in the fluorescence inten-
sity is negligible. The inset in Fig. 5 shows the plots
of fluorescence intensity versus Cu?* concentration
which demonstrate than one metal ion coordinate
with ED. From Fig. 5 also it is seen that during the
titration with Cu?" ions the position of the fluores-
cence maximum do not change its position in the
presence of Cu?' ions. This indicates that Cu®* ions
do not coordinates directly with the chromophor
system of Eusin Y unites. The possible coordination
of metal ions with dendron ED is with him aliphatic
part as it is presented in Scheme 2.

The fluorescence titration profile shows that a
linear curve appears (R = 0.982) in 0+8%10~7 mol
I'! concentration range of Cu?" cations (Fig. 6). A

detection limit of 9.2x107 mol 1! for Cu?* has been
determined [16]. Such a linear curve and a detection
limit are sufficient enough to sense and determine
Cu* ions.

In this case the formed metal complex probably
destabilizes the planarity of the Eosin Y chromo-
phore system. The non-radiative deactivation dur-
ing the transition from S, to the S, prevails leads to
decrease in the fluorescence quantum yield (Fig. 7).
The lowest @ has been observed in the presence of
Cu?** cations (@, = 0.02).

Antimicrobial activity of ED

The results for antimicrobial activity showed that
the new dendron ED in concentration 50 pg/ml in-
hibited the growth of the used test cultures (Fig. 8).

H3CO,

Scheme 2. Proposed mechanism of complexation.
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Fig. 6. Dependence of fluorescence intensity of dendron ED (¢ = 1x107¢ mol 1) in the presence of different amount of Cu*".
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Fig. 7. Quantum yield of dendron ED (c = 1x10-° mol I'") in DMF solution in presence of metal ions.
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Fig. 8. The effect of ED on the growth of B. subtilis, P. aeruginosa and C. lipolytica tested in meat-peptone broth (MPB).

Gram-positive B. subtilis was sllightly more sen-
sitive than Gram-negative P. aeruginosa: ED de-
creased the growth of B. subtilis and P. aeruginosa
by 44% and 28%, respectively. This could be at-
tributed to the different outer structural arrangement
of the bacterial cell walls: Gram-negative bacteria
have an additional outer membrane when compared
to Gram-positive bacteria. The yeasts C. lipolytica
showed higher resistance to ED than the bacterial
strains with growth reduction of 19%.
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CONCLUSION

A new fluorescent PAMAM dendron has been
synthesized and characterized. Its basic photophysi-
cal characteristics have been investigated in organic
solvents of different polarity and it has been found
solvent dependence. The influence of various metal
cations Li*, Na®, K*, Ag", Co*", Zn*, Mn*", Ni*,
Cu*, Fe*" and Cr*) on the fluorescence intensity
of the new Dendron has been investigated in DMF
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solution with regard to its potential application as a
fluorescent sensor for metal ions. It has been shown
that the fluorescence intensity depends strongly on
the nature of metal cations. Fluorescence quenching
has been observed. The new compound exhibited
good antimicrobial activity against Gram-positive
and Gram-negative bacteria and yeasts, which
makes this new PAMAM dendron interesting for
biological applications.
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HOB ®JIYOPECHEHTEH ITAMAM JJEHJAPOH CbC CEH30PHA
N MUKPOBUOJIOTUYHA AKTHUBHOCT

N. Cranea', E. BacuneBa-Tonkoa?, U. ['pabues’*

! Xumurxomexnonozuuen u Memanypeuuen Ynusepcumem, 1756 Coghus, Bvieapus

2 Cmedghan Aneenos Uncmumym no Mukpobuonozcus, BAH, 1113 Cogus, Bvieapus

3 Cogpuiicku Ynusepcumem ,, Ce. Knumenm Oxpudcku*, @akyimem no meouyuna,
1407 Cogpus, bvreapus

[Mocrprmna mapt, 2018 r.; mpueta anpui, 2018 r.

(Pesrome)

CuHTE3MpaH U 0XapaKTepU3HUpaH € HOB JICHIPOH, ChIbPIKAII €031H Y KaTo (iryopeciieHTeH hparment. M3cmenanu
ca OCHOBHHTE (POTO(YUIMUHN XAPAKTEPUCTHKH Ha JICHIPOHA B OPTaHWYHH Pa3TBOPUTENH C PA3JIHYHA MTOJISPHOCT U IO~
JIYYEHUTE PE3YNITATH Ca CPABHEHH C MOAMPHITMPAH €03KH Y, U3IOI3BaH MPU CHHTE3a Ha (PIyOPECIECHTHHUS IEHIPOH.
B mpuchcTBHETO Ha pasnuuHu 1o npupogamerandu karuonu (Lif, Na', K¥, Ag’, Co?*, Zn?*, Mn?*, Ni**, Cu*, Fe*" u
Cr’*") HOBOCHHTE3HUPAHUAT JICHAPOH TacH (IIyopecIieHTHAaTa CH MHTEH3MBHOCT, KaTO TACEHETO 3aBUCH OT MPUPOIaTa
Ha METATHUTE KAaTHOHW. YCTaHOBEHO €, Y€ MHTEH3UTETHT Ha (MIIyOpECIeHINATA Ha JCHIPOHa He ce Biuse oT pH Ha
cpenara, 3a pasjnka OT MOJU(DHUIMPAHHUSI MOMOMEPEH c03H Y. TecTBaHa € aHTHMHKPOOHATa aKTHBHOCT Ha JICHIPOHA
B MECO-TICTITOHEH OYIIBOH CIIPSIMO HAKOH OaKTEPHUH U IPOKTH.
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