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1,5-Anhydro-D-fructose: A natural antibiotic that inhibits
the growth of gram-positive bacteria and microbial
biofilm formation to prevent nosocomial infection
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Abstract. Nosocomial infections caused by microbial oppor-
tunistic infections or microbial biofilms may occur during
hospitalization and increase patient morbidity, mortality and
health care costs. Artificial antibiotic agents were initially
used to prevent infection; however, the high prevalence of
nosocomial infections has resulted in their excessive use,
which has led to microbial resistance to these agents. The
increase in microbial resistance to antibiotics and the develop-
ment of antibiotic agents may be the cause of the production
of other microbial resistance. Thus, natural compounds that
have no adverse side effects would be a preferred treatment
modality. Recently, the monosaccharide 1,5-anhydro-D-
fructose (1,5-AF), a natural plant compound derived from
starch, has been found to have multifunctional properties,
including antioxidant, antiplatelet aggregation by thrombin and
anti-inflammatory activities. The results of the present study
demonstrate that 1,5-AF suppressed the growth of coagulase-
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negative staphylococci on the hands as well as the growth of
Staphylococcus epidermidis, which is a cause of opportunistic
infections. Furthermore, 1,5-AF suppressed biofilm formation
by the methicillin-resistant Staphylococcus aureus. In conclu-
sion, 1,5-AF is a natural compound that may be effective in
preventing nosocomial infections, without causing adverse
side effects.

Introduction

Nosocomial infections caused by opportunistic infections
or microbial biofilms with resistance to antibiotics may
occur during hospitalization or treatment at healthcare
service units. Recently, the increase in microbial resistance
to antibiotics, for example, that of methicillin-resistant
Staphylococcus aureus (MRSA), has threatened public
health on a global scale as it reduces the efficacy of treat-
ments and results in increased patient morbidity, mortality
and health care costs (1).

An opportunistic infection is an infection caused by patho-
gens (bacterial, viral, fungal or protozoan) that do not usually
cause disease in a healthy host with a functioning immune
system. However, in patients with a compromised immune
system, the pathogen has the ‘opportunity’ to infect through
skin injury, a chronic disease, cancer or a drug-induced
abnormality. Opportunistic infections are a potential cause
of nosocomial infection, and may be resistant to antibiotics.
Microbial biofilms, which are polymer-dipped communi-
ties of cells responsible for a number of chronic infections,
also have extremely high resistance to antibiotics and host
defense systems (2,3). However, there are no commercially
available specific biofilm inhibitors. Natural compounds
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with antibiotic properties, particularly plant-derived ones, are
therefore preferred to artificial compounds. However, few of
these natural compounds have been identified. Biotechnology
companies are currently focused on identifying natural plant
compounds with potential use as antimicrobial and antibio-
film drugs (4).

The sugar 1,5-anhydro-D-fructose (1,5-AF) is a recently
identified monosaccharide that is formed directly from
starch or glycogen through an a-1,4-glucan lyase reaction
(EC 4.2.2.13), during which its carbonyl group does not
undergo hemiacetal bonding; however, when fully hydrated
in an aqueous solution it may play a metabolically active
role (5). The compound 1,5-AF has been found in fungi,
red algae, Escherichia coli and rat liver tissue (6-9). A
recent study reported that the 1,5-AF pathway is possibly
operative only when the organism is subjected to biotic
and abiotic stresses (10). 1,5-AF is likely to act as an anti-
oxidant (11) and a precursor of antibiotics (5). However, the
functionality and physiological role of 1,5-AF are largely
unknown.

In the present study, the antimicrobial activity of 1,5-AF
against a wide range of pathogens, including coagulase-
negative staphylococci (CNS), Staphylococcus epidermidis
and MRSA biofilm formation, was investigated.

Materials and methods

Preparation of 1,5-AF solution. 1,5-AF was provided by
Nihon Starch Co., Ltd. (Kagoshima, Japan) as a gift. Fresh
1,5-AF solutions were prepared in sterile H,O at a concentra-
tion of 1 mg/ml.

Determination of the effect of 1,5-AF on coagulase-negative
staphylococci. Hands contaminated with coagulase-negative
staphylococci were treated as follows: 75% ethanol was spread
on one hand and 1% 1,5-AF + 75% ethanol on the other. After
1 min, each hand was placed onto an agar plate. The speci-
mens were incubated at 37°C for 24 h.

Determination of the effect of 1,5-AF on S. epidermidis. All
the keys on computer keyboards at the clinical laboratory of
Kagoshima University Hospital were swabbed with sterile
cotton swabs moistened with saline. The specimens were
incubated at 37°C for 24 h, then the strain of S. epidermidis
was identified. S. epidermidis from the swab was washed in
1 ml of saline solution, and 0.05 ml of the resulting suspension
was spread on either 5% sheep blood agar, 5% sheep blood
agar combined with 75% ethanol, or 5% sheep blood agar
combined with 1% 1,5-AF + 75% ethanol. The specimens
were incubated at 37°C for 16 h.

Determination of the effect of 1,5-AF on MRSA biofilm. A
microtiter plate assay (12,13) was employed to determine the
effect of 1,5-AF on biofilm formation. MRSA was obtained
from the clinical laboratory of Kagoshima University
Hospital and was cultured on sheep blood agar plates for
18 h at 37°C. Briefly, overnight cultures of MRSA strains
were inoculated in tryptic soy broth (TSB; BD Microbiology
Systems, Sparks, MD, USA) with 0.25% glucose for 18 h
at 37°C. A 0.5 McFarland standard was used to create
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inoculum densities of 1.5x10®8 CFU/ml in PBS using the
direct suspension method (14) for the biofilm assay. The
biofilm assay was performed in sterile 96-well flat-bottom
polystyrene microtiter plates. A volume of 5 ul of the bacte-
rial suspensions containing 1.5x10® CFU/ml was added to
the test wells, which already contained 200 pl TSB with
0.25% glucose. The wells were subsequently treated with 2
or 4 ul of 1,5-AF (1 mg/ml), resulting in a final concentration
of 10 or 20 ug/ml, respectively. To allow bacteria to form
a biofilm, the microplates were incubated for 18 h at 37°C
without shaking. The cells were then decanted, and the wells
were washed gently four times with tap water. The cells that
remained in the wells were stained with 0.1% crystal violet
for 5 min. The wells were then washed four times with tap
water. The stained cells were resolved by the addition of
200 ul of 95% ethanol. Absorbance was measured at 570 nm
using an ELISA plate reader (ImmunoMini NJ-2300, Japan).
Negative controls (bacteria + TSB), vehicle controls (bacteria
+ TSB + H,0) and media controls (TSB) were also included.
1,5-AF activity was defined as the ratio of the absorbance of
the biofilm remaining after 1,5-AF treatment in comparison
to the negative control (15). All experiments were performed
in quintuplicate.

Statistical analysis. Results are expressed as the means +
SE. Differences between the means were evaluated using an
unpaired two-sided Student's t-test. A value of P<0.05 was
considered significant.

Results

Growth inhibition of coagulase-negative staphylococci by
1,5-AF. Hand washing is the most fundamental method for
preventing nosocomial infections (16). Alcohol-based hand
rubs are the international gold standard method for hand
washing (16), but may nonetheless prove ineffective. We there-
fore examined whether 1,5-AF affects the growth of CNS on
CNS-contaminated hands. As shown in Fig. 1, 1,5-AF inhib-
ited the growth of CNS as compared to the control. Colony
numbers of CNS from the hand spread with 1,5-AF and 75%
ethanol were 99, versus 211 from the control hand spread with
75% ethanol alone.

Growth inhibition of S. epidermidis by 1,5-AF. To further
investigate the antimicrobial effect of 1,5-AF, bacterial counts
were collected from computer keyboards S. epidermis was
detected in a specimen from a computer keyboard. (Fig. 2A).
We then examined whether 1,5-AF affected the growth of
S. epidermidis. The strain of S. epidermidis was incubated
with a 75% ethanol solution with or without the addition of
1% 1,5-AF. In the specimen treated with 1,5-AF (Fig. 2B,
right), the growth of S. epidermidis was inhibited as compared
to the control (Fig. 2B, left).

Inhibition of MRSA biofilm formation by 1,5-AF. Lastly, we
examined whether 1,5-AF inhibited the biofilm formation
of MRSA by means of a microtiter plate assay. 1,5-AF was
found to significantly inhibit the biofilm formation of MRSA
(Fig. 3A). However, further investigation revealed that 1,5-AF
failed to induce the death of MRSA (Fig. 3B).
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Figure 1. Growth inhibition of coagulase-negative staphylococci (CNS) on
hands by 1,5-AF. Each hand was spread with 75% ethanol with or without
the addition of 1% of 1,5-AF for 1 min, and then placed on agar plates. The
specimens were incubated at 37°C for 24 h. CONT, control; 1,5AF, 1,5-
anhydro-D-fructose.

S. epidermis

CONT 1,5-AF

Figure 2. Growth inhibition of S. epidermidis by 1,5-AF. (A) Detection of
S. epidermidis. All the keys on keyboards at our clinical laboratory were
swabbed with sterile cotton swabs, and the specimens were incubated at 37°C
for 24 h. (B) Effect of 1% AF on S. epidermidis. S. epidermidis suspension
from (A) was spread on 5% sheep blood agar, 5% sheep blood agar and 75%
ethanol (left), or 5% sheep blood agar and 1% AF + 75% ethanol (right), and
incubated for 16 h. CONT, control; 1,5AF, 1,5-anhydro-D-fructose.
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Figure 3. Inhibition of biofilm formation of methicillin-resistant

Staphylococcus aureus (MRSA) by 1,5-AF. (A) Inhibition of MRSA biofilm
by 1,5-AF. Cultured MRSA was incubated for 0.5-18 h in a 96-microplate
and then removed by washing with PBS. The plates were stained with 0.1%
crystal violet for biofilm production. (B) Measurement of MRSA growth
with or without 1,5-AF. Cultured MRSA was incubated for 18 h, then cell
growth was measured at 600 nm. CONT, control; 1,5AF, 1,5-anhydro-D-
fructose.

Discussion

In the present study, we demonstrated that the monosaccha-
ride 1,5-AF had an antimicrobial effect on the proliferation
of CNS and S. epidermidis. Furthermore, 1,5-AF significantly
suppressed the formation of MRSA biofilm. These results
suggest that the antibiotic properties of 1,5-AF may be clini-
cally effective in preventing opportunistic infection and the
formation of biofilm, such as MRSA, with microbial resis-
tance to antibiotics.

In healthy subjects, internal tissues, such as the blood, brain
and muscle, are normally free of microorganisms. However,
surface tissues, such as the skin and mucous membranes,
are constantly in contact with environmental organisms and
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readily become colonized by various microbial species. The
normal flora of humans consists of a few eukaryotic fungi and
protists, with bacteria being the most numerous and obvious
microbial components. CNS are among the normal flora of the
human skin and mucous membrane. CNS that are aerobic and
gram-positive cocci are likely to consist mainly of S. epider-
midis. Opportunistic infections have previously been shown
to be caused by S. epidermidis (16), and result in nosocomial
infections. Thus, inhibition of the increase in opportunistic
infections as well as overcoming microbial resistance to anti-
biotics is essential for preventing nosocomial infections.

It is believed that 1,5-AF may inhibit opportunistic
infections and microbial resistance to antibiotics. Recent
studies have found that 1,5-AF has multifunctional proper-
ties, including acting as antioxidant for scavenging reactive
oxygen species induced by phorbol myristate acetate in
THP-1 cells, copper-mediated LDL oxidation, antiplatelet
aggregation by thrombin and anti-inflammation, and inhibi-
tion of the following: translocation of nuclear factor-xB
by lipopolysaccharide stimulation, expression of inducible
nitric oxide synthesis protein in vitro, cytokines, including
macrophage chemoattractant protein, interleukin-6, and
tumor necrosis factor (10,11,17,18). 1,5-AF contains pre-
antimicrobial substances. These are first converted to the
intermediate enolone ascopyrone M, which is then converted
to the antimicrobial microthecin in fungi belonging to morels,
such as Morchella (M) costata and M. vulgaris, and in the red
algae Gracilariopsis lemaneiformis (10). Our results, which
are consistent with those of previous studies (10,11,17,18),
indicate that treatment with 1,5-AF suppresses the growth
of CNS and S. epidermidis. Additionally, pre-treatment with
1,5-AF may suppress the growth of MRSA (data not shown).
We also found that, 1,5-AF inhibited MRSA biofilm forma-
tion, though it did not inhibit MRSA growth. Thus, 1,5-AF
has both a suppressive (pre-treatment) and therapeutic (inhibi-
tion of biofilm formation) effect. These findings suggest that
1,5-AF has important antibiotic effects that could aid in the
prevention of nosocomial infections.

The present findings suggest that 1,5-AF may serve as a
novel natural antibiotic compound with properties including
the suppression of gram-positive bacteria growth and MRSA
biofilm formation. This novel function of 1,5-AF may be
useful in the treatment of infectious diseases.
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