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R-A2 10 mg 0 iml 10 ml
R-Bl 0 mg 0 ml 10 ml
R-B2 0 mg 0 ml 10 ml
R-C1 0 mg 10 ml 0 ml
R-C2 0 mg 10 ml 0 ml

£ = 32 % & Sodium chloride (5¢/liter); Magnesium sulfate (0.2g/liter);
Ammonium dihydrogen phosphate (1g/liter)
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& =32 % A : Sodium chloride (5g/liter); Magnesium sulfate (0.2g/liter);

Ammonium dihydrogen phosphate (1g/liter)
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A styrofoam decomposing bacterium from mealworms

Introduction

Styrofoam is widely-used and difficult to decompose. As a
result, discarded styrofoam causes serious environmental
pollution. In the process of feeding birds with mealworms,
| was surprised to find that mealworms had nibbled holes
through their styrofoam packaging. In this study, microbes
from the digestive tracts of mealworms have been

isolated and are shown to provide a biological way to A B
decompose styrofoam. The results of this study could be Fit, 1. Mialworts and styrafoam
a solution to serious Sterfoam pO”Ution. Mealworms can eat styrofoam, and

remain alive.

* Mealworms (Tenebrio molitor) were bought ) AR | Im
from a birdseed shop. Their larvae were about g w

30-35 millimeters long, yellow colored and (B)

segmented. ~ar Mg

 Styrofoam, a trademarked word, made from

expanded polystyrene (PS), is a plastic n

material of refined petroleum. It is a polymer Fig. 2. Mealworm (A) and chemical
consisting of styrene (CgHg)n. structural formula of styrofoam (B)

™ To study whether mealworms could feed on styrofoam alone.
™ To isolate styrofoam-decomposing microbe(s) from the digestive tract of mealworms.




1. Styrofoam feeding test for mealworms (Styrofoam feeding test for mealworms )

Table 1. Three cultures were designed to
feed mealworms _U,
Culture | Styrofoam Oatmeal Isolation of microbes from the
A — -+ digestive tract of mealworms

o — {1

The mealworms used were 10 days old [ Styrofoam culture test for]
from hatching. isolated microbes
2. Isolation of microbes from the digestive 'U’
tract of mealworms
The digestive tract of mealworms fed with Growth curve of the red bacteria in
oatmeal or styrofoam were separately mixed the presence of styrofoam
with deionized distilled water and spread on J:L
LB agar plates. The plates were cultured under
anaerobic conditions at 37°C for three days. [Styrofoam decomposition test]
3. Styrofoam culture test for isolated microbes _D

After being cultured over night with LB liquid
broth, bacteria isolated from mealworms fed
with styrofoam were inoculated into three Fig. 3. Flow chart of experiments
different media (Table 2) under anaerobic 4. Growth curve of the red bacteria in the
conditions at 37°C. After five days, bacterial presence of styrofoam

growth assay was performed for each The specific bacteria (the red bacteria) which
condition. E. coli was used as a control. The was the most promising candidate for

experiments were repeated three times for ~ decomposing styrofoam was cultured in LB
each condition. broth and IS broth with styrofoam under

: s anaerobic and aerobic conditions. The
Table 2. Three different culture media amounts of the bacteria were recorded every

(Identification of the red bacteria

Medium | Styrofoam|LB broth|IS broth* four hours.

A 0 10 ml 0 5. Styrofoam decomposition test

B 10 mg 0 10 ml The specific bacteria were cultured in IS

C 0 0 10 ml broth with identically-sized circular styrofoam

slices ( diameter: 0.7 cm, thickness: 0.05 cm)

*1S broth (inorganic synthetic broth) has no under aerobic conditions at 37 °C.
carbon source. It contains NaCl (5.0 g/L), 6. Identification of the red bacteria
MgSO:s (0.2 g /L), NH4H2PO4 (1.0 g /L) and Gram staining and 16s rRNA sequencing

KHPO4(1.0 g /L). were used to identify the red bacteria.



Results and Discussion

1. Styrofoam feeding test for mealworms
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(A) Average number of surviving mealworms (B) Average body weight of surviving mealworms

At first, there were 15 mealworms per box. The average numbers of surviving mealworms fed with styrofoam
were similar to those fed with oatmeal. After twenty days, the control condition had no mealworms left alive.
The average body weight of the mealworms fed with styrofoam was similar to those fed with oatmeal, and
was significantly different from the control group.

Fig. 6. Red bactefié were streaked on an
Fig. 5. Microbes isolated from mealworms fed with LB agar plate

styrofoam (A) and oatmeal (B) To ensure that the red bacteria were
A majority of microbes isolated from mealworms fed with homogeneous, they were streaked on
styrofoam were a kind of bacteria that formed red colonies, plates. The results indicated that the red
whereas those in mealworms fed with oatmeal did not. bacteria were shown to be homogeneous.



3. Styrofoam culture test for isolated microbes

Table 3. Growth of microbes with different medium RA-b RA-a RB-b RB-a RC-b RC-a
~—Broth | A* | B* | C* P | = el -
Medium
R+ [+ [ =
E** + — =

O*** + T T

*A,B,C : see Table 2
**R : the bacteria forming red colonies

**E . E. coli Fig. 7. RA, RB, RC before being cultured (b)
****Q : the other bacteria isolated from mealworms and after being cultured (a)

The red bacteria could grow in IS broth with styrofoam, but E. coli and other bacteria isolated from
the digestive tract of mealworms could not. Therefore, the red bacteria could use styrofoam as their
only carbon source for growth but bacteria without styrofoam-decomposing activity could not.

4. Growth curve of the red bacteria in the presence of styrofoam

©0
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< 6- s e - — LB (anaerobic)
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= ———|S with styrofoam (aerobic)
5 — — IS with styrofoam (anaerobic)
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Fig. 8. Growth curve of red bacteria

The red bacteria grow in the presence of styrofoam under both anaerobic and aerobic
conditions. The growth rate of the red bacteria under aerobic condition was higher than that
under anaerobic condition.



5. Styrofoam decomposition test
0 hr 24 hr 48 hr 72 hr
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Fig. 9. Styrofoam decomposed by the red bacteria

Styrofoam can be
decomposed by the red
bacteria. The ability of
the red bacteria to
decompose styrofoam
IS remarkable.



6. Morphological characteristics of the red bacteria

(A) 1200x (B)  40000x
- e Fig. 10.
b o> - Morphology of red
o - o - bacteria
¢ LS The red bacteria are
’ S a9 0 rod-shaped. (A)
% e &) i taken under light
G 0 / ‘§‘" 5 microscope, (B)
e taken under SEM.
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Fig. 11. 16S rRNA sequence of the red bacteria (above) and Proteus mirabilis
(below) (highlighted pairs have different bases, all others are identical)

The 168 rRNA sequence of the red bacteria is 98% identical to that of P. mirabilis.

Fig. 12. Swarming motility (A)
and Gram staining (B) of red
bacteria
.~ Swarming motility of the red

. bacteria was demonstrated
under aerobic conditions (A),
which was also found in Proteus
(1,2). The red bacteria are gram-
negative. (B)

®P mlrabllls is a Gram-negative, facultatively anaerobic bacterium, and shows
swarming motility.




Conclusions

1.
2.

3.
4.

o.

Mealworms can survive by feeding on styrofoam alone.

The red bacteria can be cultured with styrofoam, especially under aerobic
condition.

The ability of the red bacteria to decompose styrofoam was demonstrated.

P. mirabilis has never been reported to decompose styrofoam. The red bacteria

found in this study might be a new strain due to its ability to decompose
styrofoam.

Application of present findings may lead to the possibility of solving pollution
problems caused by styrofoam.
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