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ABSTRACT

Biofilm is predominant habitats of microbes in aquatic environments. Biofilm forms when
microbes attach on surfaces and produce extracellular polymeric substances. Biofilm matrix
has been showed to have high sorption capacity to accumulate various ions including
nutrient ions. The main driving force of the accumulation of the ions is supposed to be an
electrostatic interaction between the nutrient and the biofilm polymer. Hence, the
understanding of electric charge properties of biofilm polymer is critically important to
understand the accumulation process. The present study aimed to investigate the
characteristics of electric charge properties of biofilm polymer from biofilms formed on
various surfaces (stone, wood, glass bottle, Teflon, rubber, and stainless steel). The electric
charge properties of biofilm polymers were investigated by measuring the electrophoretic
mobility of the biofilms in various pHs (range from pH 2 to pH 9) and titrated HCI and
NaOH aqueous solution to the biofilm suspension. The results indicated that biofilm
matrices seemed to have both negatively and positively charged sites as a result of
ionization of functional groups existed in biofilm polymers. According to the results of this
study, there is a universal characteristic of electric charge properties of biofilms regardless
of the kind of substrate.
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INTRODUCTION

A predominant habitat of microbes in aquatic environments is biofilms. Biofilm is
generally defined as an aggregate of microbes that formed on the surfaces [1-4]. These
microbial aggregates have been found almost in all aquatic ecosystems from fresh water until
ocean. In the ecosystems, microbial biofilms have various important functions such nutrient
cycling [5] and purification of pollutants [6].

In most biofilms, the microbes account for less than 10% of the dry mass, whereas the
matrix can account for over 90% [8]. The matrix of biofilms was indicated as a highly
hydrated matrix (interstitial water content up to 98%) [9,10]. The previous study showed that
the concentrations of nutrient ions in the interstitial water of biofilms are hundreds to
thousands of times greater than surrounding water [2,4]. These particular nutrient-rich
environments inside the biofilm matrices are established from a very early stage of biofilm
formation [7]. The adsorption of nutrient ions from the surroundings to the biofilm is
suggested to form this nutrient-rich environment [2,4].
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The main driving force for ion adsorption to the biofilm matrix is a physicochemical
interaction between the charged sites in the biofilm polymer and the ions in the surrounding
water [11]. However, although the electric charge characteristics of biofilm polymer are
important not only to accumulate ions inside the biofilms, but also to stabilize flexibly the
aquatic ecosystem concerning ion concentrations [12], the study concerning the electric
charge properties of biofilm polymers formed on various surfaces in aquatic environments
have rarely been conducted. Thus, the present study investigated the electric charge
characteristics of polymers of biofilm formed on various substrates (stone, wood, glass bottle,
Teflon, rubber and stainless steel) in the lake ecosystem.

EXPERIMENT
Chemicals and instrumentation

Chemicals used for this research were NaCl (Wako), Na,HPO,-12H,0 (Wako), HCI
aqueous solution (Wako), NaOH aqueous solution (Wako) and Ethanol 95% (Wako).
Meanwhile some main instruments operated in this present study were High Speed
Refrigerated Centrifuge (Tomy MX-305 High Speed Refrigerated Micro Centrifuge, Tomy
Seiko CO. LTD., Japan), Vortex (Vortex Genie 2, M&S Instruments, Inc., Osaka, Japan), pH
meter (Mettler Toledo S220K SevenCompact pH/Ion Meter, Mettler Toledo International
Inc., USA), Ultrasound machine (2510J-MT, Yamato Scientific, Tokyo, Japan; 42 kHz, 125
W), Automated Titrator (DL50, Mettler, Toledo, OH, USA and ZETASIZER Nano-Z
(Malvern Instruments, Ltd., Worcestershire, England).

Biofilm sample preparation

Biofilms used in this study were biofilms formed on the surface of stone, wood, glass
bottle, Teflon, rubber and stainless steel. More than 2 months before the sampling date, the
substrates were placed in the Akanoiwan shore of Lake Biwa Japan at a depth of ca. 70 cm in
order to let biofilm form on the surface of those substrates. The sampling was conducted in
the middle of April 2013. The substrates covered by biofilms were collected and brought
back to the laboratory in a plastic container filled with lake water from the same site. The
temperature of the container was maintained at 4°C. The biofilms were removed from the
surfaces of the substrates with a sterilized toothbrush and then suspended in distilled water.
The suspensions were centrifuged (8,000 x g at 4°C for 10 min), and biofilm pellets were
obtained. All the pellets were stored at -40°C until their use in the experiments.

Electrophoretic mobility measurement

In this experiment, we put the suspension of biofilm fragments in an electric field and
measured the velocity of the fragments movement by electrostatic force under various pH
conditions. We could then estimate the functional group(s) producing the electric charge in
the biofilm. The biofilm suspension was centrifuged at 8,000 x g for 10 min at 4°C. The
supernatant was discarded, and a biofilm pellet was obtained. The pellet was washed three
times as follows. The pellet was resuspended in 40 mL of 10 mM NaCl aqueous solution. The
suspension was centrifuged (8,000 x g at 4°C for 10 min), and the supernatant was discarded.
The obtained biofilm pellet (ca. 0.03 g) was suspended in 1 mL of 10 mM NaCl aqueous
solution. The suspension was mixed vigorously with a vortex for 5 min, and then sonicated
for 10 min, followed by the vortex for 10 s. The obtained biofilm suspension was mixed with
10 mM phosphate-buffered saline (PBS) (NaCl, 0.526 g; Na,HPO,4.12H,0, 0.358 g; distilled
water, 1,000 mL) at a ratio of 1:19 and used to analyze the electric charge of the biofilm
polymer. The electrophoretic mobility (EPM) of the biofilm was measured on a ZETASIZER
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Nano-Z (Malvern Instruments, Ltd., Worcestershire, England) in PBS varying in pH values
from 2.0 to 9.0. The pH of the buffer was adjusted with 20 mM HCI or NaOH aqueous
solution to maintain a constant ionic strength (10 mM).

Potentiometric titration

Part of the biofilm pellet (from biofilm formed on the stones) was placed in a plastic cup
(100 mL), and distilled water was added to give a total weight of 40 g. Then, 10 mM of HCI
or 10 mM of NaOH aqueous solution was titrated onto the samples using an automatic
titration machine (DL50, Mettler, Toledo, OH, USA). The pH changes were recorded and
analyzed. Intact lake water samples (40 mL) were also subjected to titration. The uptake
capacity of proton/hydroxide ion of biofilm or lake water was calculated based on equation
reported by Kurniawan ef al. [11] as described below:

(1 OPH( dW)_l O—pH(sam I)l\/?)

W (1)

where C(H") is the uptake capacity of a proton (H") at a given pH per unit weight of biofilm
(umol wet-g ') or lake water (pmol gﬁl), pH (dw) and pH (sample) are the pH values of
distilled water and the sample (biofilm suspension or lake water), respectively, when the
same amount of HCI or NaOH solution was added. The term v represents the sample volume
(L), and w is the wet weight of the biofilm (wet-g) or the weight of lake water (g). When
NaOH solution was added, the uptake capacity of hydroxide ions (OH") per unit weight of
biofilm or lake water, C(OH") was obtained by a similar equation as follows:

C(H) =

(1 OpH( sam pl_el) OPH( dw)v

w )
where C(OH) is the uptake capacity of OH™ ions by the biofilm or lake water at a given pH.
The other terms are the same as above.

C(OH) =

RESULT AND DISCUSSION
Electric charge of the biofilm at various pH values

The electrophoretic mobility (EPM) values of biofilm polymers were measured (Fig. 1).
The result was used to analysis the surface charge distribution of biofilm polymer and
estimates the functional groups in biofilm polymer.

All the EPM of biofilm polymers regardless of the substrate types ranged from negative
to positive values as a function of pH. It seems that both negative and positive charges exist
on all types of biofilm polymers. In the lower pHs, the EPM of biofilms showed greater
positive values. This indicates the decreasing of negative charges along the decreasing of
pHs. The biofilms showed negative EPMs at pH 7, and the value gradually decreased with
decreasing pHs, especially at around pH 4. This was probably due to the acidic environment
that suppressed the ionization of negatively charged functional groups in the biofilm
polymers, such as the carboxylic group whose pKa is around pH 4.
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Figure 1. Changes in the electrophoretic mobility (EPM) of the biofilm polymers with pH.
EPM was measured under various pH conditions. Bars represent the standard error.

The biofilm exhibited a positive EPM at pH 2, indicating the existence of positively
charged functional groups, thought to be amino groups, in the biofilm polymer. The charged
state of the amine depends on the pH of the solution. When the pH of the solution is below
the pKa, the group will be in its protonated state. Hence, amines have pKa's around 11, and
thus, at pHs lower than around 11, amines will be protonated (i.e., NH;"). The presence of
amino groups in the biofilm polymers has been reported also by previous studies [8,13-15].
The pH of the buffer solution used in the EPM measurement increased after the biofilm
samples were added (Table 1), e.g., buffer solutions with pH 4.0 and 5.0 shifted to 5.4 and
5.9, respectively. This indicated a decrease in the concentration of protons by an addition of
the biofilm samples. Protons seem to de-ionize acidic functional groups such as the
carboxylic group, which is the most probable acidic functional group in the biofilm polymer.

Table 1. pHs of the solution before and after added biofilm polymers.

No pH of PBS
Before added After added
1 9.0 8.4
2 8.0 7.9
3 7.0 7.0
4 6.0 6.4
5 5.0 5.9
6 4.0 5.4
7 3.0 3.4
8 2.0 2.2

Potentiometric titration of the biofilm

Potentiometric titrations of the biofilm and lake water to identify the functional groups
related to ion adsorption on biofilm polymers were conducted (Fig. 2). Due to the limitation
of the biofilm samples, only polymers from biofilm formed on the stones were subjected to
the titrations.
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Figure 2. Potentiometric titration of the biofilm, lake water, and distilled water.

The Potentiometric titrations curve of biofilm was different from that of distilled water
(as a background solution). This clearly reveals the presence of ionizable functional groups
associated with biofilm polymer. The Potentiometric titrations curve of lake water showed
higher/lower pH in the addition of HCI (0.03-1.35 mL) or NaOH (0.03-1.08 mL) than
distilled water. This result indicates the existence of some small particles carrying ionizable
functional groups in the lake water.

The maximum difference of pHs in the acid-base titration curve between biofilm and
distilled water were at around pH 4 for HCI addition and at around pH 11 for NaOH addition.
Similarly, the maximum uptake capacity of biofilm appeared at pH 3-4 for proton adsorption
and pH 10-11 for hydroxyl ion adsorption. The maximum adsorption of proton and hydroxide
ion by biofilm were about 19 umol/wet-g for proton and 15 umol/wet-g for hydroxide ion
(Fig. 4). It seems at around pH 4 and pH 11 there are some functional groups in biofilm
polymer having maximum ability to adsorb proton and hydroxide ion respectively. The peak
at pH 4 may indicate the existence of carboxyl groups (pKa = ca. 4), and that at pH 11 the
existence of amino groups (pKa = ca.11).
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Figure 4. The adsorbed amount of H' (black column) or OH™ (white column) per unit weight
of biofilm calculated using equations 1 and 2 described in EXPERIMENT section.

CONCLUSION

The result this study suggests that the biofilm polymers showed the same pattern of
electric charge characteristics that not depending on substrate types. Both the positively and
negatively charges exist on the polymer of the biofilm matrices. The charges sites seem to be
a result of ionization of functional groups on biofilm polymers. According to the results of
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this study, biofilms show the universal characteristic of electric charge properties regardless
the kind of substrates. The universal characteristics are needed to be clarified more by
investigating the charge properties of the polymer of biofilm matrix formed in more various
conditions such different regions (tropical, subtropical, pole) or different season (dry, rainy,
summer, winter, spring, autumn).
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