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Isolation of Microorganisms Capable of Decomposing

Polystyrene from Mealworms

ABSTRACT

In a previous science fair project “Polystyrene’s enemy—mealworms”, it was found
that mealworms could feed on polystyrene. Based on this finding, this study aims at
confirming whether or not mealworms can sustain life by feeding on polystyrene. The
presumption is that mealworms feed on polystyrene and that this very fact has much to do
with the microorganisms inside the worms’ digestive tracts. This study also attempts to
make certain which kind of microorganism is responsible for the metabolization of

polystyrene.

This study involved cultivating microorganisms from the digestive tracts on Luria-
Bertani(LB)medium agar plates under anaerobic condition, which resembles the conditions
in the mealworms’ digestive tracts. There were two kinds of bacteria isolated: one formed
red colonies and the other formed white colonies. Different nutritional conditions were
further designed to examine the ability of decomposing polystyrene of different bacteria.
The results showed that the red bacteria from mealworms' digestive tracts could decompose
polystyrene. Implication from the result of this study is that if we can find a way to mass-
produce the red bacteria, the serious environmental pollution caused by polystyrene might

be possibly solved.
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Abstract

Due to the properties of waterproof, light-weigh and low-price, styrofoam is now
widespread used in our daily lives. However, overuse of styrofoam caused a serious
environmental problem. The observation that mealworms might be able to feed on
styrofoam sparked a curiosity to answer whether mealworms could digest styrofoam, and if
so, how could they remain alive. First of all, these mealworms were fed in different kinds
of food to insure the mealworms can digest styrofoam. The results showed that mealworms
can indeed feed on styrofoam only. The hypothesis of this study is that microbes inside the
digestive tracts of mealworms are responsible for the decomposition of styrofoam. To
further test this hypothesis, microbes from the digestive tracts of mealworms were cultured

at 37° C in LB medium under anaerobic conditions. There were many kinds of microbes

isolated. From those microbes, a kind of bacteria forming red colonies was confirmed
responsible for decomposing styrofoam. The growth conditions and strain characteristics of
the bacteria forming red colonies were further examined. These results imply that the red
bacteria isolated from the digestive tracts of mealworms may shed light on solving the

serious environmental pollution caused by styrofoam.
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A styrofoam-decomposing bacterium

from mealworms

Introduction

1.Motivation

Styrofoam is usually oversed because it is light weight, water proof, and relatively
inexpensive. When | bought mealworms for my cute little parrot, I used a styrofoam box to
pack them. I was surprised to find that the mealworms had nibbled holes through the box.
Because the fact that the serious pollution caused by styrofoam needs to be solved
immediately, | decided to work on this topic out of concern for our environment and
passion for science. What is better, this project can even be extended and probably applied
to other pollutions like a variety of plastics. | sincerely hope that my research will provide

an effective method contributing to environmental protection.
2. Goals

2.1 To study whether mealworms could feed on styrofoam alone.

2.2 Toisolate styrofoam-decomposing microbes from the digestive tracts of mealworms.
3.Main material

3.1 Mealworm

Mealworm (Tenebrio molitorz) is categorized into Animalia, Arthropoda, Insecta,
Coleoptera, Tenebrionidae. Its complete metamorphism includes four life stages - egg,

larva, pupa and imago. Its life cycle spans about 100 days.

T.molitor originates from South America and is typically used as bait. Because of the
high content of fat (31 %) and protein (56 %) in its body, it is often used to feed birds,

. I S
= ‘ry - ‘ﬁ‘hﬁ

Figure 1. Mealworm 5x.

frogs and fish.
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3.2 Styrofoam
Styrofoam,a trademarked word, made from expanded polystyrene (PS), is a plastic

material of refined petroleum. It is a polymer consisting of styrene.

/CHz /CHa

S 0 ) ééc&i

Figure 2. Chemical structural formula of styrofoam.

H

4. Media

4.1 1S (inorganic synthetic) broth:

Sodium chloride 50g/L
Magnesium sulfate 0.2g/L
Ammonium dihydrogen phosphate 10g/L
Dipotassium hydrogen phosphate 10g/L

4.2 LB (Luria-Bertain) broth

Tryptone 100 g/L
Yeast extract 5 g/L
Sodium chloride 10 g/L
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5.Research flow chart

Styrofoam feeding test for mealworms

v

Isolation of microbes from the
digestive tracts of mealworms

A 4
Styrofoam culture test for isolated

Y
Growth curve of the red bacteria

In the presence of styrofoam

Y
Styrofoam decomposition test

Y
Identification of the red bacteria

Methods

1. Styrofoam feeding test for mealworms

(a) 10-day-old mealworms were divided into three feeding groups (Table 1.) and raised in

three plastic boxes (15 mealworms per boxes) at 25° C.

Table 1. Three cultures were designed to feed mealworms.

Culture Styrofoam Oatmeal
A - +
B + -
C
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(b) Counted the number of surviving mealworms (including pupae) every ten days for

twenty days.

(c) Weighed all mealworms (pupae and dead worms were excluded) every ten days and

recorded average body weight of each culture.

(d) Observed when mealworms grew.

(3)Mealworms fed with styrofoam

Figure 3. Styrofoam feeding test formealworms.

2. Isolation of microbes from the digestive tracts of mealworms
(a) Chose mealworms fed with different culture.

(b) Soaked mealworms in 70% ethanol for two minutes and then washed with sterilized
distilled water twice.

(c) Put mealwormes in sterilized distilled water to drown them.
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(d) In laminar flow, pulled out the digestive tracts of mealworms and mixed them with dd

water.
(e) Spreaded the mixture on LB agar plates.

(f) Incubated the plates under anaerobic condition at 37 ° C.

Figure 4. Digestive tracts of mealworms (A) Mealworms drown by water (B).

3. Styrofoam culture test for isolated microbes

(a) Cultured microbes isolated from the digestives tracts of mealworms and Escherichia

coli in LB broth overnight.
(b) Centrifuged down bacterial cells and discarded supernatant.
(c) Resuspended cell pellets with sterilized distilled water.

(d) Inoculated cell suspension into three different media.

Table. 2 Three different culture media.

Condition Styrofoam LB broth IS broth*

A 0 10 mg 0
B 10 mg 0 10 ml
C 0 0 10 ml
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Figure 5. Three media(A,B,C).
(e) After growing for one week, 0.1 ml of culture fluid from different media was spreaded
on LB agar plates.

(f) Incubated the plates under anaerobic condition at 37 ° C for one week.

4.Growth curve of the red bacteria in the presence of styrofoam
(a) Cultured the red bacteria in LB broth overnight.

(b) Diluted 100-fold into LB broth and IS broth with styrofoam.

(c) Cultured under anaerobic and aerobic condition.

(d) Number of the red bacteria was measured every four hours.

5. Styrofoam decomposition test

(a) Cultured the red bacteria in LB broth overnight.

(b) Centrifuged and discarded supernatant.

(c) Resuspended cell pellets with sterilized distilled water.

(d) Inoculated the cell suspension into IS broth supplementing with styrofoam disks

(diameter : 7 mm thickness : 0.5 mm) for two days.
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6. Identification of red bacteria

6.1 Gram’s staining
(a) Prepared bacterial smears of the red bacterium and fixed by heat.

(b) Flooded the smear with crystal violet and let stand for 1 minute, and then washed with

water.

(c) Flooded the smear with the Gram's iodine solution for 1 minute, and then washed with

water.
(d) Decolorized with 95% ethanol.
(e) Washed with water to stop decolorization.
() Counterstained with safranin for two minutes.
6.2 Identification by 16s rRNA sequencing

(a) Cultivated the red bacteria in 3 ml of LB broth overnightat 37° C

(b) Centrifuged at 12000 rpm for 15 minutes

(c) Discarded supernatant

(d) Resuspended cell pellet with 550 pl TE buffer

(e) Added 30 pl of SDS (10%) buffer and 15 pl of proteinase K, mixed well.
(f) Added 100 pl of NaCl (5 mol/ L), mix well

(9) Incubated ina 65° C water bath for 10 minutes

(h) Added 100 pl of phenol, chloroform and isoamyl alcohol
(i) Centrifuged at 12000 rpm for 5 minutes

() Transfered the supernatant to another tube

(k) Added 70 pl of isopropyl alcohol

() Mix them softly until DNA precipitated

(m) Wash the pellet with 70% ethanol

33



(n) Dried and dissolved the DNA pellet in sterilized dd H20

(o) Added 5 pl of chromosomal DNA into a tube as template

(p) Added 1 pl dATP, dTTP, dCTP ,dGTP (10 mM)

(g) Added 2 pl universal primer (35 p mole/ ml)

(r) Added 5 pl PCR buffer (10X)

(s) Added 2 ul Taqg DNA polymerase

(t) Added sterilized dd H20 to 50 pl

(u) Started PCR (94 C 30s, 55 C 30s, 72 C 30s =>35 cycles)( Perkin Elmer 2400)
(v) Sequenced the amplified 16s rRNA gene fragment.

6.3 Observed the red bacteria with microscopy.
Results

1. Styrofoam feeding test for mealworms

1.1 The mealworms of each culture were weighed every ten days and their average

weight was recorded. The results are as following.

e L)
-~
= # Oatmeal
S

D 0E4q 2 N
o a2 2N W W Styrofoam
i A 2 Control
T 0 = Y
s | E

° o R

2 19

Time (Day)
Figure 6. Average body weight of survival mealworms.
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The average body weight of mealworms fed with styrofoam was similar to those with

oatmeal, the control group could not grow without feeding.

1.2 Every ten days, the number of surviving mealworms were recorded (including

pupae). The results are as follows.

2 g
S ;§ : =i
" §§ : § # Oatmeal
9 §§ § N Styrofoam
2 §§ : § " Control
2 1ENT EN
=
- Time l((:)ay) =

Figure 7. Average number of surviving mealworms.

The average numbers of surviving mealworms fed with styrofoam were similar to

those with oatmeal. After twenty days, the control condition had no mealworms left.
2. Isolation of microbes from the digestive tracts of mealworms

Microbes isolated from the digestive tracts of mealworms fed with styrofoam
contained a high percentage of the red bacteria, but microbes from mealworms fed with

oatmeal did not.
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Figure 8. Microbes isolated from mealworms feeding on styrofoam (A) and oatmeal (B).
(under anaerobic condition)

The majority of microbes isolated from mealworms feeding on styrofoam was a kind
of bacteria forming red colonies, whereas those from mealworms feeding on oatmeal could
not detect.

Figure 9. The streaking plate of the red bacteria.
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When the red bacteria was streaked on LB agar plate, the same colonies ensure it is a

pure isolate.
3. Styrofoam culture test for isolated microbes

The bacteria forming red colonies grew in IS broth with styrofoam, but did not grow
in IS broth alone. E. coli and other bacteria isolated from the digestive tracts of mealworms
did not grow in IS both even the styrofoam was added. Therefore, the red bacteria could
use styrofoam as the only carbon source but the bacteria without styrofoam-decomposing

activity could not.

Table 3. Growth of microbes with different medium.

'I:"/I.edi”k’)“ A B C | AB.C:see Table 2.
ICrobe R : the bacteria forming red colonies
R + + - E : E. coli
E ; ; - O : the other bacteria isolated from
0] + - -

RA-a RB-a RB-b RC-a RC-b

A=

Figure 10. RA, RB, RC before cultured (b) and after cultured (a).
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4.Growth curve of the red bacteria in the presence of styrofoam

w
'

CFU / ml (log 10)

—LB (aerobic)
LB (anaerobic)
———|S with styrofoam (aerobic)
IS with styrofoam (anaerobic)

L)
n 4 R 12 1R n

24 (Hr)

Figure 11. Growth curve of the red bacteria.

The red bacterium could surely 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 24I hr

Figure 12. Styrofoam decomposed by the red bacteria.

Styrofoam can be decomposed by the red bacteria. The ability of red bacteria to

decompose styrofoam is remarkable.
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6. Identification of the red bacterium

6.1 Light and electron microscopy
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Figure 13. Morphology of the red bacterium.

The red bacterium is rod-shaped. Left is taken under a light microscope. Right is taken
under a SEM.

6.2 Gram staining

Figure 14. Gram staining of the red bacteria.

The red bacteria are Gram-negative.
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6.3 The identification of 16S rRNA gene nucleotide sequence

The partial 16S rRNA gene nucleotide sequence of the red bacterium has 98 %
identity to Proteus mirabilis. ( Figure 15.)

Features in this part of subject sequence:
16SrRNA

Score = 1389 bits (752), Expect = 0.0
Identities = 779/792 (98%), Gaps = 1/792 (0%)
Strand=Plus/Minus

Query 58 TGCAGACT! TCCGGACTACGACCNAITTTATGAGTTCCGCTTGCTCTCGCGGGGTCG 117

NI (Y [ SR N Y In

Sbjct 454283 TGCAGACTC' TCCGGACTACGAC&GAcTTTATGAGTTCCGCTTGCTCTCGCGBGGTCG 454224

Query 118 CT A\CTTTGTATCTGCCATTGTAGCACGTGTGTAACCCTACTCGTAAGGGCCATGATGA 177

NN (AR AR AN NN NN AR

Sbjct 454223 CTTCICTTTGTATCTGCCATTGTAGCACGTGTGTAGCCCTACTCGTAAGGGCCATGATGA 454164

Query 178 CTTGACGTCATCCCCACCTTCCTCCGGTTTATCACCGGCAGTCTCCTTTGAGTTCCCACC 237

CPEETELEEEEEEET e e e e e e e e e e e e e e e ey

Sbjct 454163 CTTGACGTCATCCCCACCTTCCTCCGGTTTATCACCGGCAGTCTCCTTTGAGTTCCCACC 454104

Query 238 TGGCAACAAAGG GCTCGTTGCGGGACTRAACCCAACATTT 297
|l|||||||||I|||||||1|||||||||||||||||||||||ll|l‘|||||I||||||

sbjct 454103 TGGCAACAAAGGA TTGCGCTCGTTGCGGGACTEAACCCAACATTT 454044

Query 298 CACAACACGAGCTGACGACAGCCATGCAG 357
||II|||||||1|||||IIII|||||||||||l||[IIIIIIIIIIIIIIIIIIIIIIII

Sbjct 454043 453984

Query 358 TCTCTAAAGGATTCACTGGATGTCAAGAGTAGGTAAGGTTCTTCGCGTTGCATCGAA 417
|[|||||||||I|||||'Il||||||||||I|l||IIIII||||||I||||||l||||||

Sbjct 453983 TCTCTAAAGGATTCECTGGATGTCAAGAGTAGGTAAGGTTCTTCGCGTTGCATCGAA 453924

Query 418 CTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTT 477
|(|||||||1|l|||||||l||l|||l|||l|l|IIIIIIIIIIIIIIIIIIIIIIIIII

sbjct 453923 GCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTT 453864

Query 478 GCGGCCGTACTCCCCAGGCGGTCGATTTAACGCGTTAGCTCCAGAAGCCACGGTTCARGA 537

CEVEEEREEEEEEE P e e e e e e e e b e e e e e e e e ey
Sbjct 453863 GCGGCCGTACTCCCCAGGCGGTCGATTTAACGCGTTAGCTCCAGAAGCCACGGTTCAAGA 453804
Query 538 CCACAACCTCTAAATCGACATCGTTTACAGCGTGGACTACCAGGGTATCTAATCCTGTTT 597

CPEEEECEEREEEEEE R e e e e e e e e e e e ree ey

Sbjct 453803 CCACAACCTCTAAATCGACATCGTTTACAGCGTGGACTACCAGGGTATCTAATCCTGTTT 453744

Query 598 GCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCG 657

COPECTETEEREEEE e et et e e e e e e e e e e ey

Sbjct 453743 GCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCG 453684

Query 658 GTATTCCTCCACATCTCTACGCATTTCACCGCTACACATGGAATTCTACCCCCCTCTACA 717

COPLVTRLEETEEEET e e e e e e e e e e e e e |

Sbjct 453683 GTATTCCTCCACATCTCTACGCATTTCACCGCTACACATGGAATTCTACCCCCCTCTACA 453624

Query 718 AGACTCTAGCCGACCAGTTTCAGATGCAATTCCCGAGGTTAAGCTCGGGGCTTTCACATC 777
LTI ||||||||||||||||||||l| §0 ENNNRRRNNARNNNRRNNAN

Sbjct 453623 AGACTCTAGCCAACCAGTTTCAGATGCAATTCCCAAG=TTAAGCTCGGGGCTTTCACATC 453565

Query 778 TGACTEAATTGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACC 837
CPLTEELECTEEEETEE e e e e e e e e

Sbjct 453564 TGACTTAATTGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACC 453505

Query 838 CTCCGTATTACC 849

ERARNARNANY!

Sbjct 453504 CTCCGTATTACC 453493

Figure 15. 16S rRNA sequence of the red bacteria (above) and Proteus mirabilis (below).

(highlighted pairs have different bases, all others are identical)
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Discussion

1. Styrofoam feeding test of mealworms

With ten days mealworms fed with nothing had all died. In this test, the survivals of
mealworms fed with styrofoam was similar to those fed with oatmeal. The body weight
of surviving mealworms (in terms of increasing or decreasing weight) of mealworms fed
with styrofoam was similar to those fed with oatmeal and different from those fed with
nothing. It indicates that mealworms could survive by using styrofoam as their only carbon
source. In fact, It was also observed that mealworms fed with both styrofoam and  oatmeal

could complete their life cycle (includes egg, larva, pupa and imago).
2. Isolation of microbes from the digestive tracts of mealworms

Microbes isolated from the digestive tracts of mealworms fed with styrofoam
contained a high percentage of the red bacteria. In other words, the red bacterium can

survive by using styrofoam as their only carbon source.
3.Styrofoam culture test for isolated microbes

3.1 problems and solutions

3.1.1 Event: Styrofoam floated on medium, causing the trouble when mixing it. If solid
medium is used, the styrofoam on the surface would be difficult for spreading

microbes.

Solution: LB broth was used to replace solid medium. To mix medium uniformly, put

culture tubes into shaking cultivation chamber.

3.1.2 Event: Nutrients in LB are enough for microbes to grow, so even though there are
microbes can grow in LB with styrofoam. It is difficult to judge whether they

can decompose styrofoam or not.

Solution: Using broth without a carbon source (inorganic synthetic broth).
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4. Growth rate of red bacteria in the presence of styrofoam

At the begining, red bacteria in IS broth with styrofoam could not grow as well as in
LB broth. However, at end the growth of the red bacteria in IS broth with styrofoam under
aerobic condition is simillar to those in LB broth. The growth rate of the red bacteria with
styrofoam under aerobic condition was higher than those under anaerobic condition, so
pollution problems caused by styrofoam may be solved at a lower cost since anaerobic

condition is not necessary for the red bacteria to decompose styrofoam.
5.1dentification of red bacteria

There was no pervious reports showed that P. mirabilis could decompose styrofoam.
Therefore, the strain found in this study might be a new strain due to its ability to

decompose styrofoam.

Conclusions

€ Mealworms could survive by feeding on styrofoam only.

€ A predominant, facultatively anaerobic red bacteria was isolated from the digestive
tract of mealworms fed with styrofoam.

€ The red bacteria could decompose styrofoam, especially under aerobic condition.

€ Proteus 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.

€ This study may lead to the possibility of solving pollution problems caused by
styrofoam.

Future work

To study the mechanism of degradatiom of styrofoam by the red bacteria.
Find the gene of decomposing styrofoam from the red bacteria.

Find a way to mass produce the red bacteria.

L IR 2R R 2

To use the red bacteria for decrease of the environmental pollution caused by
styrofoam.
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