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WASTEWATER COMPONENTS EFFECT
ON METACHROMASIA REACTION
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Microorganisms that contain the polyphosphates volutin granules take active part in phosphorus
and heavy metals removal from the wastewater. The metachromatic reaction is a simple cytochemical
method for the detection of these granules. The objective of current research was to study the
metachromatic reaction of inorganic polyphosphate with Methylene Blue dye in combination with
other components of wastewater (proteins, carbohydrates, metal ions) in vitro. It was demonstrated
that manifestation of metachromatic coloration depends on the polyphosphate concentration and to
a lesser extent, on its chain length. Glucose did not influence metachromasy reaction. At the same
time, calcium ions and bovine serum albumin, depending on their concentration, stimulated or
inhibited the metachromatic color of the test solutions. Bovine serum albumin, in contrast to calcium
ions, had a lesser effect on metachromasy. Thus, the abundant accumulation of polyphosphates and
metal cations (as we demonstrated with of Ca2* ions), in microorganisms of activated sludge not
always accompanied by a pronounced reaction of metachromasy of the volutin granules. In this
regard, the use of other cytochemical methods for the identification of polyphosphate granules is
recommended, for example, staining with fluorescent dye 4’,6-diamidino-2-phenylindole (DAPI).
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wastewater treatment.

Currently, the technology of Enhanced
Biological Phosphorus Removal (EBPR) is an
effective and economically viable method for
wastewater treatment from excess phosphorus
and cations of heavy metals. EBPR technology
is based on the activity of microbial
communities of active sludge, which
accumulate phosphorus and transform it into
volutin granules [1, 2]. These granules include
polyphosphates (linear condensed phosphates,
linked by P-O-P macroergic bonds), which are
able to bind both metal cations and proteins [2].

The earliest and simplest method for
identifying of volutin granules is their
cytochemical determination using cationic
dyes [1-3], such as Methylene Blue. When
staining, granules can exhibit the
metachromatic reaction. This reaction is a
change in the original color of the dye, which is
due to the shift of its absorption spectrum
toward shorter wavelengths [3-6]. It is
believed that the mechanism of metachromasy
occurrence involves aggregation (polyme-
rization) of the dye on the polyanion chain,
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which serves as matrix [5, 6]. The metachro-
matic reaction of volutin granules can have a
different degree of manifestation. Perhaps this
is due to polyphosphate metabolism, which
depends on the changes in environmental
conditions, as has been demonstrated by the
example of Chizhevsky-Velhover bio-
astronomical effect in the yeast Saccharomyces
cerevisiae [7].

In connection with this, the aim of this
work was to research the metachromatic
reaction of Methylene Blue with
polyphosphates, in combination with different
natural compounds, as possible model
components of sewage that affect the
composition of the volutin granules.

Materials and Methods

We used aqueous solutions of inorganic
polyphosphates with a chain length of 12-18
and 200 phosphate residues (Sigma, USA,
Reanal, Hungary) in the final concentrations
of 0.05; 0.25; 0.5 and 5 mg/ml. The pH of
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solutions was adjusted to neutral by titration
with 0.1 N NaOH. The Methylene Blue
concentration in samples was 0.05 mg/ml.
Glucose, bovine serum albumin and CaCl, at
final concentrations of 0.1 and 1 mg/ml have
been used as model components for
carbohydrates, proteins and metal cations.

The absorption spectra of Methylene Blue
in samples were recorded against water on the
DeNovix DS-11 FX+ spectrophotometer
(DeNovix Inc., USA).

The effect of medium pH on the spectral
shift of Methylene Blue absorption was
recorded visually (by changing the color of the
solutions) and by spectroscopy approach. To
achieve this, test solutions were acidified with
0.1 N HCI to a pH of 2.7 and below, and also
alkalinized with 0.1 N NaOH to a pH of 10.8
and higher.

Results and Discussion

It is known that Methylene Blue
absorption peaks in dilute aqueous solution
are located at 664 nm (a-band) and at 610 nm
(B-band), which is characteristic for the dye in
monomeric state [6]. The appearance of a
small metachromatic band simultaneously
with a decrease in the a-band’s intensity is
characteristic for the dimer or weakly
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aggregated Methylene Blue, which is
manifested by weak metachromasia.
Pronounced metachromatic coloring is
characterized by disappearance of the a-band
and the appearance of intense band at a
wavelength of about 550 nm. Such effect is
attributed to a highly aggregated dye [6]. In
our studies, the absorption spectra of
Methylene Blue aqueous solution (0.05 mg/ml)
were characterized by a pronounced a-band at
a wavelength of about 664 nm and a 3-band at
614 nm (Fig. 1-2: (1, 1’)), which is in
agreement with literature data. The addition
of polyphosphate with a chain length of 12-18
phosphate residues at a final concentrations
from 0.05 mg/ml to 0.5 mg/ml into a solution
of Methylene Blue led to the appearance of a
metachromasia reaction (Fig. 1: (3, 3’)—(5,
5’)). Further increase in the concentration of
polyphosphate results restoration of a- and
B-bands and disappearance of the
metachromatic band (Fig. 1: (6, 6”)). A more
intense metachromatic color was observed in
the present of polyphosphate with a chain
length of 200 phosphate residues (Fig. 2: (3,
3") — (5, 5")). Absorption spectra from
polyphosphates were not recorded (Fig. 1-2:
(2, 2’)). Thus, the metachromatic reaction
depends primarily on the concentration of the
polymer, and then on the degree of its
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Fig. 1. Absorption spectra (A, nm) of Methylene Blue (MB, 0.05 mg/ml) and its complexes with polyphosphate
with a chain length of 12—18 phosphate residues (PolyP5_;g) of different concentrations:

1) MB (I — 664 nm, 1"’ — 614 nm);

2) 2 mg/ml of PolyP;5_15(2 — there is no absorption maximum);
3) MB + 0.05 mg/ml of PolyP5_5 (3 — 664 nm, 3 — 575 nm);
4) MB + 0.25 mg/ml of PolyP;5 15 (4 — 665 nm, 4 — 580 nm);
5) MB + 0.5 mg/ml of PolyP;5 13(5 — 665 nm, 5 — 590 nm);

6) MB + 5 mg/ml of PolyP;5_;5(6 — 665 nm, 6 — 610 nm)
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polymerization, which agrees with the earlier
published findings [3, 5, 8, 9]. It is known
that polyphosphates with a chain length of
less than 10 phosphate residues have no
metachromasy [3, 5, 9]. This is due to the
number of anionic groups on the polymer,
which play an important role in the binding of
Methylene Blue and its aggregation [6, 9]. On
the other hand, the metachromatic reaction
may depend on the polymer state (sol-gel
transitions) and conformation (at a distance
between reaction groups equal to/or less
than 5 A) [4]. An increase in the concentration
of the polyanion leads to the redistribution
of aggregated Methylene Blue on anionic
groups of polymer molecules [6]. This in turn,
this results in restoration of a- and p-bands
and to the disappearance of metachromatic
band [6, 8].

It is known that solution pH change can
influence the aggregation of Methylene Blue
and, a result in appearance of metachromasy
[3, 4]. It has been shown that acidification and
alkalization of dye solutions (0.05 mg/ml) did
not lead to a metachromatic shift of its
absorption spectrum (Fig. 3: (I1—1’; 3—-3)). The
addition of polyphosphate at a final
concentration of 0.05 mg/ml promoted the
appearance of a metachromatic reaction at
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neutral pH (Fig. 3: (6—6")). The metachromatic
color of methylene blue solution with
polyphosphate was preserved both at acidic
(Fig. 3: (4—4’)) and alkaline (Fig. 3: (7-7"))
media. However, at pH below 2.7 (Fig. 3:
(5-5")) and above 10.8 (Fig. 3: (8-8)), it
disappeared. Thus, a pH change of about 2.7 to
10.8 has practically no effect on the
metachromatic reaction.

The addition of glucose into the reaction
mixture of Methylene Blue with polyphosphate
did not lead to a shift in the absorption spectra
(Fig. 4). Thus, glucose does not affect the color
of the solutions.

Unlike glucose, calcium chloride exerted
influence on the metachromatic reaction in
solutions of Methylene Blue with
polyphosphate (Fig. 5). Metachromatic
coloring could either appear or disappear
depending on the ratio of CaCl, and
polyphosphate concentrations in solution.
CaCl, contributed to the appearance of
metachromatic reaction if its ratio to
polyphosphate was 1: 5 (Fig. 5: (56-5")),
respectively. On the contrary, an increase in
calcium chloride concentration of was
associated with the, metachromasy inhibition
(Fig. 5: (4—4'; 6—6’; 7-7')). It is known that
polyphosphates have a well-expressed ability to
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Fig. 2. Absorption spectra (A, nm) of Methylene Blue (MB, 0.05 mg/ml) and its complexes with polyphosphate
with a chain length of 200 phosphate residues (PolyP5) of different concentrations:

1) MB (I — 664 nm, I’ — 614 nm);

2) 2 mg/ml of PolyPy, (2 — there is no absorption maximum);
3) MB + 0.05 mg/ml of PolyPyy, (3 — 664 nm, 3" — 570 nm);
4) MB + 0.25 mg/ml of PolyPy, (4 — 664 nm, 4" — 675 nm);
5) MB + 0.5 mg/ml of PolyPyg, (5 — 664 nm, 5 — 580 nm);

6) MB + 5 mg/ml PolyPy, (6 — 664 nm, 6" — 610 nm)
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Fig. 3. Absorption spectra (A, nm) of Methylene Blue (MB, 0.05 mg/ml)
and its complexes with polyphosphate (PolyP5,, 0.05 mg/ml) at different pH:
1)pH 2.7 MB (I — 664 nm, I’ — 614 nm);
2)pH 7.1 MB (2 — 664 nm, 2" — 614 nm);
3)pH 10.8 MB (3 — 664 nm, 3" — 614 nm);
4) pH 2.7 MB + PolyPy, (£ — 664 nm, 4" — 575 nm);
5) <pH 2.7 MB + PolyPyq, (56 — 664 nm, 5" — 610 nm);
6) pH 7.1 MB + PolyPy, (6 — 664 nm, 6" — 570 nm);
7) pH 10.8 MB + PolyPyyq (7 — 664 nm, 77 — 580 nm);
8) > pH 10.8 MB + PolyPy4 (8 — 664 nm, 8 — 610 nm)
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Fig. 4. Absorption spectra (A, nm) of Methylene Blue (MB, 0.05 mg/ml) and its complexes with polyphosphate
with a chain length of 200 phosphoric residues (PolyPy(,) and glucose (Gl) of different concentrations:
1) MB (I — 664 nm, 1" — 614 nm);
2) MB + 0.05 mg/ml of PolyPyg, (2 — 664 nm, 2" — 570 nm);
3) MB + 0.5 mg/ml of PolyPy, (3 — 664 nm, 3 — 600 nm);
4) MB + 0.05 mg/ml of PolyPyy + 0.1 mg/ml of Gl (4 — 664 nm, 4 — 570 nm);
5) MB + 0.5 mg/ml of PolyPygy + 0.1 mg/ml of G1 (5 — 664 nm, 5 — 600 nm);
6) MB + 0.05 mg/ml of PolyPy,, + 1 mg/ml of Gl (6 — 664 nm, 6" — 570 nm);
7) MB + 0.5 mg/ml of PolyPyqo + 1 mg/ml of Gl (7 — 664 nm, 77 — 600 nm)
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form complexes with various substances, often
with the participation of divalent metals, in
particular with Ca?" and Mg?" [2]. Thus,
calcium ions influence on the manifestation of
the methachromatic color of solutions via the
direct competition with the dye for binding
sites.

Unlike calcium chloride, bovine serum
albumin had less pronounced effect on the
metachromatic reaction (Fig. 6). Only high
concentration of protein added led to
disappearance of the metachromatic band of
the absorption spectrum of Methylene Blue
(Fig. 6: (6—6")). It is known [10] that bovine
serum albumin has the ability to bind a wide
range of organic and inorganic ligands. The
mechanism of ligands binding to the albumin
molecule is determined by the presence of
specific binding sites in the protein molecule.
Some reactions of protein association with
ligands are provided by electrostatic
interactions, others are covalent in nature,
causing chemical modifications of the side
radicals of amino acids. The tertiary
structure of this protein is determined by
three domains [10]. It is assumed that
subdomain ITA forms an important area for
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Fig. 5. Absorption spectra (A, nm) of Methylene Blue (MB, 0.05 mg/ml) and its complexes with polyphosphate

with a chain length of 200 phosphoric residues (PolyP5,) and calcium chloride (CaCl,) of different
concentrations:

1) MB (I — 664 nm, 1’ — 614 nm);

association with bilirubin and some dyes.
There is an opinion that the main place of
Methylene Blue binding to BSA is the
subdomain IIA [11]. In addition, it is known
that this protein is able to associate with
anionic dyes of fluorescein family —
fluorescein, erythrosine, eosin and Bengal
pink [10]. Consequently, bovine serum
albumin exhibits both anionic and cationic
properties. If this fact is taken into account,
then it becomes quite logical that direct
interaction of albumin occurs with both
polyphosphate and dye, thereby disrupting
the aggregation of Methylene Blue. However,
these interactions seem to be rather weak,
since bovine serum albumin shifted the dye
absorption spectra only at high concentration.
Consequently, this protein has little effect on
the metachromatic reaction.

Thus, based on the results obtained, it is
assumed that with active accumulation of
phosphorus in the volutin granules and a
significant binding of metals to
polyphosphates, which has been shown in our
studies using the Ca?" ions, the meta-
chromatic reaction may not be observed. This
occurs by shielding the anionic groups of the

Wavelength, nm

2) MB + 0.05 mg/ml of PolyPygo (2 — 664 nm, 2" — 570 nm);

3) MB + 0.5 mg/ml of PolyPyg, (3 — 664 nm, 3’ — 600 nm);

4) MB + 0.05 mg/ml of PolyPyg, + 0.1 mg/ml of CaCl, (4 — 664 nm, 4" — 614 nm);
5) MB + 0.5 mg/ml of PolyPyg, + 0.1 mg/ml of CaCly (5 — 664 nm, 5" — 570 nm);
6) MB + 0.05 mg/ml of PolyPyg, + 1 mg/ml of CaCl, (6 — 664 nm, 6" — 614 nm);
7) MB + 0.5 mg/ml of PolyPyqo + 1 mg/ml of CaCly (7 — 664 nm, 77 — 612 nm)
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Fig. 6. Absorption spectra (A, nm) of Methylene Blue (MB, 0.05 mg/ml) and its complexes with polyphosphate
with a chain length of 200 phosphoric residues (PolyP5(,) and bovine serum albumin (BSA) of different
concentrations:

1) MB (I — 664 nm, I’ — 614 nm);

2) MB + 0.05 mg/ml of PolyPy (2 — 664 nm, 2" — 570 nm);

3) MB + 0.5 mg/ml of PolyP,, (3 — 664 nm, 3 — 600 nm);

4) MB + 0.05 mg/ml of PolyP,, + 0.1 mg/ml of BSA (£ — 664 nm, 4 — 570 nm);
5) MB + 0.5 mg/ml of PolyPyg, + 0.1 mg/ml of BSA (5 — 664 nm, 5 — 600 nm);
6) MB + 0.05 mg/ml of PolyPyg, + 1 mg/ml of BSA (6 — 664 nm, 6" — 600 nm);
7) MB + 0.5 mg/ml of PolyPygy + 1 mg/ml of BSA (7 — 664 nm, 7/ — 605 nm)

polymer from +the dye molecules.
Consequently, the absence of metachromasy
in the presence of the volutin granules
themselves probably indicates the amount of
absorbed phosphorus and metals by the
microorganisms of active sludge. In this
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BIIJINB KOMIIOHEHTIB CTITYHUX BOJ
HA PEARIIIIO METAXPOMAS3II
BOJIOTHUHOBUX I'PAHYJI in vitro

M.C. Xapuyk, O. M. I'pomo3zosa

TacTuTyT Mikpob6iosorii i Bipycosorii
im. [I.K. 3a6omoraoro HAH Vkpaiuu, Kuis

E-mail: sithmcx@ukr.net

Mikpoopranisamu, n10 MalOTh BOJIOTHUHOBI
rpanyJiu, 0epyTh aKTUBHY YUacTh Y BUJIYUYEHHI
docodopy Ta BalKKUX MeTaJiB 3i CTIYHUX BO/I.
MeToto poboTu 6yJI0 HOCTiAUTY in Vitro peaxIliio
MeTaxpomasii B po3umrHax MEeTUJIEHOBOTO CUHBO-
ro 3 moJipocharaMu y IMOETHAHHI 3 iHITUMU
cmoJiyKkamu (IpoTeiHaMu, ByTJIeBOJgaMu, ioHaMu
MeTaJsiB). BeTaHoBsieHO, 110 BUAB MeTaxpoMaaii
3aJIeKUTh BiJ KOHIIeHTpAIlii Ta, MEHIITO0 Mi-
poro, Big moBxKUHU JiaHIora moJigocdary. o-
TaBaHHA TJIIOKO3W He ITPU3BONJIO A0 3MiH CTY-
meHA BUABY peakIlil meraxpomasii. Boguouac
i0HM KaJIbIlifo i OMYaumnii CHMPOBATKOBUII aIb0y-
MiH 3aJIe}KHO BiJ KOHIIEHTpPAI[il CTUMYJIIOBAJIN
a00 iHrioyBansa MeTaxpoMaTHUYHe 3a0apBJIeHHS
B T€CTOBUX Po3unHax. TaKuM YMHOM, 3HAUHE
HaKOIMUUYeHHd ImoJidocdariB i KaTioHiB MeTa-
JiB, siKe OyJI0 MOKAa3aHO HaMU Ha HPUKJIAIi io-
HiB Ca?' MikpooprazisMaMu aKTUBHHX MYJIiB,
MOJKe He 3aBiK1 CYIPOBOJKYBATHCS BUPAaXKe-
HOIO PEaKI[i€l0 MeTaxpoMasii BOJTIOTHHOBUX I'pa-
HYJI. Y 3B A3KY 3 IIUM AOIiJIbHO BUKOPHCTOBY-
BaTH iHINi MuToxXiMiuHi MeTonu mJisa imeHTU)I-
Kamii mosidochaTHUX rpany, 30kpeMma papoy-
BauHsa 4',6-giamigmHO-2-peHimingomom —
DAPI.

Knawuo6i cnosea: BOJNIOTUHOBI T'paHyJH, IIOJIi-

dochar-akyMya0BaJbHI OpraHisMu, peakrIis
MeTaxpoMasii, OUmnINeHHA CTIiYHNX BOJI.

34

BJINAHUE KOMIIOHEHTOB CTOYHbIX
BOJA HA PEARIINIO METAXPOMAS3SHUHN
BOJIOTHUHOBBIX I'PAHY JI in vitro

M.C. Xapuyk, E. H. I'pomososa

WHCTUTYT MUKPOOUOJIOTUY ¥ BUPYCOJIOTUU
um. [1. K. 3a6omornoro HAH Vkpaunsl, Kues

E-mail: sithmex@ukr.net

MukpoopranmusMmsbl, cofiepKaliue BOJIOTHU-
HOBBI€ I'DAHYJIBI, IPUHUMAIOT aKTUBHOE y4Ya-
ctue B u3bATUU (hochopa U TAIKEIBIX METAJIIOB
u3 CTOYHBIX BOJ. 1]esrbio paboTh OBLIIO N3yUeHUE
in vitro peakuu MeTaxpoMasuu B pacTBOpax
MeTUJIEHOBOTO CUHEro ¢ noaudocharaMu B CO-
YeTaHUU C JPYTUMU COeTUHEHNAMY (IIPOTEeMHA-
MU, YIJIEBOJAAMU, MOHAMU METAJLJIOB). Y CTAHOB-
JIeHO, YTO IPOSABJIEHNE MeTaXpPOMa3nu 3aBUCUT
OT KOHIIEHTPAIIUMW M, B MEHbIIIEA CTEeIleHU, OT
nnmHb nenn noaudocdara. [flobaBiaenme riio-
KO3bI He IPUBOAUJIO K U3MEHEHUIO CTeIIeHU IIPO-
ABJIEHUA PeaKIIuu MeTaxpoMmasuu. B To Ke Bpe-
MsA MOHBI KAJbIIUA U OBIYMUA CHIBOPOTOYHBIN
aJIb0yMUH B 3aBUCHMOCTU OT KOHIIEHTPAIUU
CTUMYJNPOBAJIN WJIU WHIUOMPOBAJIU MeTa-
XpoMaTHUUYECKyI0 OKPackKy pacTBopoB. Takum
o0pasom, 3HAUNTEJIbHOE HAKOIIJIeHUE TTOJIu(OC-
¢aToB 1 KATHOHOB METAJLJIOB, IOKA3aHHOE HAMU
Ha mpuMepe moHoB Ca?" MukpoopranmsmMamu
aKTHUBHBLIX WJIOB, MOYKET He Bcerjla COIIPOBO-
JKIaThbCA BBIpA’KeHHOU peaKIiuell MeTaxpoMma-
3UM BOJIIOTMHOBBIX I'PaHyJI. B ¢Bs3u ¢ aTuUM pe-
KOMeH/IyeTcs UCII0JIb30BaHMe IPYTUX IIUTOXU-
MUUYECKUX METOAO0B I UJeHTU(DUKAIINY TOTIU-
dochaTHBIX I'PaHyJ, B YaCTHOCTU, OKPAIIINBa-
Hue 4’,6-guaMugNHO-2-QEHUINHIOIOM —
DAPI.

KnrwouesnvLe cnosa: BOIIOTUHOBLIE TPAHYJIBI, TIOJIH-
dochaT-akKyMyJIUPYIOIIEe OPTaHU3MbI, PEAKIIUA
MeTaxXpoMa3uu, OUNCTKA CTOUHBIX BOJ,.





