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Characterization of Congo red binding in Streptococcus gordonii
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Iron is essential for bacterial growth. The ability to use heme compounds to derive iron in pathogenic bacteria has been reported.
In some pathogenic bacteria, studies indicated that hemin binding is related to their Congo red binding abilities. In this study, we
investigated the Congo red binding of Streptococcus gordonii , an oral streptococcus, to characterize the association between Congo red
and hemin binding. Bacteria and Congo red were mixed and incubated. After centrifugation, the optical density of the supernatant was
measured, and the amount of Congo red bound to bacteria was determined using a Congo red standard curve. Adhesion competition
analysis between hemin and Congo red in bacteria was also conducted by the pre-binding of S. gordonii to hemin and then analyzing
Congo red binding. The ability of S. gordonii to bind Congo red was increased depending on added bacteria and Congo red quantities.
Inhibition of the Congo red binding ability to S. gordonii was dependent on pre-bound hemin levels. These data suggested that S.
gordonii bound Congo red and may contain Congo red binding sites. Competitive analyses also indicated that Congo red and hemin
binding in S. gordonii may be related.
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Introduction

acquire iron.
Currently, there are three known mechanisms for iron

Iron is an essential nutrient for the growth of bacteria,

accumulation in bacteria. One is the mechanism by which

and iron is needed for various biochemical and physiologi-

siderophores present in bacteria act. The siderophore binds

cal responses of bacteria [1-3]. Oral streptococci that reside

to iron to form a ferric siderophore complex, and ferric sid-

in human oral cavity are gram-positive bacteria and play an

erophore binds to a complex present in bacteria. Through

important role in plaque formation [4]. Some of them cause

this, the bacteria obtain iron [8]. The second mechanism is

dental caries and infective endocarditis [5,6]. Streptococcus

the use of host iron binding proteins (transferrin, lactofer-

mutans , also known as the causative bacteria of dental car-

rin, etc.) [9,10]. Some bacteria have low-iron-inducible

ies, require iron to grow [7]. Therefore, the growth of oral

outer membrane proteins capable of binding to the human

streptococci can be attributed to the ability of bacteria to

iron binding protein, transferrin or lactoferrin, and are used
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to obtain iron through human iron binding proteins [9,10].

18 hours.

The third is the mechanism of using heme compounds.
It is a mechanism to obtain iron by using hemin binding

Congo red binding assay

protein of bacteria that can bind with heme or heme compounds [11,12]. Heme compounds can act as an iron source

S. gordonii was cultured for 18 hours, and the bacterial

for bacterial growth [13]. Heme compounds can provide a

pellet was harvested by centrifugation (12,000 ×g, 4°C,

sufficient supply of iron for bacterial growth, even at low

10 minutes). Bacteria were washed twice with phosphate

concentrations (＜10 μM) [14].

buffered saline (PBS) and resuspended in PBS to OD660=1.5

Several previous studies report that the hemin bind-

(1×1010 cells/mL). One ml of bacterial suspension was

ing ability of bacteria is closely related to the Congo red

incubated with 0.5 mL of Congo red (Sigma-Aldrich, Saint

binding of bacteria [13,15-18]. According to Surgalla and

Louis, MO, USA) (final concentration 30 μg/mL) for 30 min-

Beesley [19], strains binding to hemin in Yersinia pestis

utes in a 37°C water bath. The optical density (OD) of the

could bind to Congo red, but strains not bound with hemin

supernatant was then analyzed by a spectrophotometer

could not bind to Congo red. In addition, studies on oral

at 488 nm [21,22], after centrifugation (12,000 ×g, 4℃,

spirochetes (Treponema denticola , Treponema vincentii ,

10 minutes). The concentration of Congo red present in

Treponema socranskii ) have also reported that hemin bind-

the supernatant was calculated from the standard curve of

ing of bacteria is associated with Congo red binding [13].

Congo red. The amount of Congo red bound to bacteria

And according to studies on Shigella flexineri , the ability of

was calculated by subtracting the amount of Congo red

bacteria to bind to Congo red can be inhibited by hemin

that was left after the reaction from the amount of Congo

and protoporphyrin IX [15,17]. Daskaleros and Payne [15]

red initially added [21,22]. Experiments were carried out

analyzed Congo red binding of bacteria after hemin and

at various bacterial concentrations (0–20×109 cells/mL) to

pre-binding S. flexineri . They found that hemin and Congo

determine if Congo red binding to S. gordonii depends on

red could bind to the same or closely related sites.

the amount of bacteria. In addition, the experiment was

Congo red was reported as one of the identification

carried out with several concentrations of Congo red (final

markers used to distinguish the toxicity and harmlessness
of certain bacteria [20]. For example, in vitro experiment

concentration 0–40 μg/mL) to see if Congo red binding of S.
gordonii was dependent on the concentration of Congo red

on S. flexineri showed that the ability to bind Congo red

added.

and heme compounds was associated with virulence [20].
In addition, strains bound to Congo red in S. flexneri were

Competition analysis of hemin and Congo red

toxic, and strains that did not bind to Congo red were
found to be harmless in various systems [20].

After binding of S. gordonii DL1 to hemin, the Congo

In this study, the binding of Congo red was analyzed in

red binding was analyzed and the relationship between

oral streptococcus, Streptococcus gordonii , one of the early

the hemin binding and Congo red binding of the bacteria

colonizing bacteria in dental plaque formation.

was confirmed. First, 1 mL of bacterial suspension (1×1010
cells/ml) and 0.5 mL of hemin (final concentration 0–30 μg/

Materials and Methods

mL) were incubated in a 37°C water bath for 30 minutes.

Bacterial strain and culture

tion (12,000 ×g, 4°C, 10 minutes) was washed twice with

Thereafter, the bacterial pellet obtained by centrifugaPBS and resuspended in 1 mL of PBS. This was incubated

(Bectron Dickinson Biosciences, Franklin Lake, NJ, USA) for

with 0.5 mL Congo red (final concentration 30 μg/mL)
in a 37°C water bath for 30 minutes. After centrifugation

1 day at 37°C in a CO2 incubator containing 5% CO2, trans-

(12,000 ×g, 4°C, 10 minutes), the OD value of the super-

ferred to a Todd-Hewitt liquid medium and incubated for

natant was measured with a spectrophotometer at 488

S. gordonii DL1 was cultured on a Todd-Hewitt agar plate
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nm [21].

amount of Congo red bound to bacteria even when the
concentration of added Congo red was increased

Statistics analysis
Competition analysis of hemin and Congo red
Statistical significance was determined using a twosample Student t-test. The Student t-test was run through

To determine the association between hemin binding

the Software Package for Social Sciences (SPSS version 23;

and Congo red binding, Congo red binding of bacteria was

IBM Corp., Armonk, NY, USA) program.

analyzed after hemin prebinding of S. gordonii . The results
showed that Congo red binding to S. gordonii was inhibited

Results

by about 23.1% and 27%, respectively, when hemin 1 μg/
mL and 30 μg/mL were pretreated. As the concentration

Congo red binding assay

of added hemin increased, the ability to inhibit Congo red
binding increased, but there was no significant difference

To determine whether the Congo red binding capacity

(Fig. 3).

of S. gordonii is dependent on bacterial concentration, we
analyzed several bacterial concentrations. As a result, the
bacterial Congo red binding capacity was dependent on

Discussion

the amount of bacteria (Fig. 1). In addition, the experiment

Congo red binds structurally to receptors capable of

was conducted at several Congo red concentrations to de-

recognizing this substance, and Congo red binding can be

termine whether the Congo red binding ability of bacteria

inhibited by structurally very similar compounds [13]. This

was dependent on the amount of Congo red added. Over-

was suggested by showing that Congo red binding of oral

all, Congo red binding to bacteria was increased dependent

spirochetes is inhibited by hemin and protophorphysin IX

on the concentration of added Congo red (Fig. 2). However,

in studies on oral spirochetes (T. denticola , T. vincentii , T.

when Congo red was added at a high concentration (more
than 7.5 μg/mL), there was no significant difference in the
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Fig. 1. Effects of bacterial concentration on Congo red binding of S.
gordonii DL1. S. gordonii (0–200×108 cells/mL) were incubated with
hemin at 37°C. After incubation of the mixture for 30 min, bacteria
were removed by centrifugation, and the amount of hemin bound
was determined by measuring the amount of dye remaining in the
supernatant. Values indicate means of duplicate experiment and the
error bars indicate standard deviations of the mean.
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Fig. 2. Effects of Congo red concentration on Congo red binding of
S. gordonii DL1. The reaction mixture contained 1 mL of bacterial
suspension (OD660=1.5) and 0.5 mL Congo red (final concentration
0 to 30 μg/mL). After incubation of the mixture at 37°C for 30 min,
bacteria were removed by centrifugation, and the amount of Congo
red bound was determined by measuring the amount of dye remaining in the supernatant. Values indicate means of duplicate experiment
and the error bars indicate standard deviations of the mean. Because
the standard deviation value is too small, the error bar is obscured by
the point.
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These results suggest that hemin and Congo red are likely

16

to bind to the same or related sites of bacteria. In this study,

14

*
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*
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it was confirmed that the Congo red binding of S. gordonii
was inhibited by about 27% when pre-binding with hemin
(30 μg/mL) before binding of S. gordonii with Congo red.
This inhibition rate was similar to previous studies [15,16].

8
6

When bacteria were pre-bound with hemin, the Congo red

4

binding of S. gordonii was inhibited, but the bacteria still

2

showed binding to Congo red. Previous study [15] has as-

0
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Fig. 3. Competition assays between hemin and Congo red binding
to S. gordonii . Hemin were allowed to prebind onto the cells, and the
excess was removed by washing with PBS, followed by the addition
of Congo red (final concentration, 30 μg/mL). Amount of Congo
red bound to bacteria was measured with spectrophotometer. Values
indicate means of duplicate experiment and the error bars indicate
standard deviations of the mean.
PBS, phosphate buffered saline.
The significant p -values (<0.05) are indicated by *.

sumed two reasons for the above results. One is that Congo
red and hemin are structurally very similar, but not identical, so that Congo red can additionally bind to the receptors
of hemin-bound bacteria. The other is that Congo red can
bind to other site of the bacterium other than the common
binding site to which both compounds bind. Although not
yet been accurately disclosed, bound hemin might be separated and Congo red may be bound to the hemin separated
site since the binding strength of hemin is weak.
Overall, S. gordonii has the ability to bind with Congo

socranskii ) [13].

red, and the Congo red binding capacity of S. gordonii is

In this study, the binding of S. gordonii to Congo red was

dependent on the concentration of added bacteria and the

analyzed. S. gordonii could bind with Congo red, and the

concentration of Congo red. In addition, the Congo red

amount of Congo red bound to bacteria increased depend-

binding capacity in S. gordonii was confirmed to be related

ing on the concentration of added bacteria. In addition,

to hemin binding. However, we do not know for certain

Congo red binding of S. gordonii was increased depending

whether the two compounds interact and whether the

on the amount of Congo red added. However, there was no

binding sites of the two compounds in S. gordonii are iden-

significant difference in the amount of Congo red bound

tical. Therefore, in order to more accurately confirm the

to bacteria even though the amount of Congo red added

association between the Congo red binding and the hemin

was increased when high concentration of Congo red was

binding of bacteria, identification of binding proteins of

added. This result shows that bacteria can bind only with

two compounds and gene analysis of binding proteins are

a certain amount of Congo red. In other words, it suggests

additionally required.

that bacteria may have a certain number of Congo red
binding sites.
Studies on the association between hemin and Congo
red binding have been conducted in several bacteria. Das-
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kaleros and Payne [15] showed that Congo red binding of S.

flexneri was inhibited by more than 30% when S. flexneri
pre-binds with the hemin before binding to Congo red.
According to a study by Kay et al. [16], the Congo red binding of bacteria can only be weakly inhibited by structurally
similar substances. They showed that when Aeromonas sal-

monicida was pre-bound with hemin (30 μg/mL), the Con-
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go red binding of bacteria was inhibited by more than 40%.
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