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Studies were conducted to show physical evidences of colonization of polyethylene

plastic strips by Xylana o using

ns for growtt

were determined hy gmwvng the organism on

substrates like tannic acid, gallic a

on
ent minerr meclia with dfferent

 flter paper and celluloseas carbon sources. The

fungus grew best at 25°C and at pH 5. When grown at these optinumconditions, growth

'lhe fungus produced mucilaginous sheath that fa

tated adhesion of mycelial growth

he mycelial

Tt after 50 days of incubation. Scanning electron mlcroscopy shoveed visible damages

of the surface structure of the plastic strips. There were tear
active burrowing of Xylaria yphae on the polyethylon mat

gand siriations caused by
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Plastic bags and wrappers have been a major
component of our contemporary way of living. These
pastics are made of high molecular weight, semi
cystaline polymer prepared from ethylene. The ethylene
monomeris prepared in farge quaniities by the cracking
olnatural gas and light petroleum (Knapczyk & Simon
1992). The wide use of plastics is attributed to their
durabilty, chemical resistance and stability. However,
these very qualities are also the factors that present a
problem in their ulimate disposal (Cain 1992). Plastics

addilves to form peroxides that iniiate the breakdown
of the polymer chain maiing it Susceptible to microbial
attack (Albertson & Ranby 1976). Studies that involve
the use of biologicalfactrs in the degradation of these
synthetic materials have been conducted. The ultimate

materials. One of hese processes s biodegradation

break down the poyrner molecules themselves. The
microorganisms codd atack susceptible filer material
i h

source of public concern in recent years. In the
Piilippines, plastic bags and wrappers end up in canals
and waterways that clog the drainage. As such, they
‘cause major floods during the rainy season.

There are several disposal methods for plastics.
Anong these methods are incineration, recycing and
photo degradation. Some systems employ auto oxidant

1852). However the rmust important process causing

bio deterioration of plasics is assimilatory process in

which constituents f theplastic are used as sources of
carbon by microorganiss (Eggins etal. 1971)

imerous micuorganisms are reported as active

f plant d

lignin. This ability of rmicroorganisms to decompose

natural polymers makes them important agents of

of syntetic bio polymers such as

iobler done undor the suporvision f the co-author.
“Gortesponding author:gcuovas @uic.com ph

plastics. For the past clecade, several species of fungi
such as Chaetoniurm globosum, Trichoderma sp.,
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Penicillium funiciosum and Aspergillus niger are
reported to have pasticbiodegradative abiity. Cuevas
& Manaligod (1997) reported a fungal isolate consisting
only of sterile meanin pigmented mycelia growing on
sando plastic bagburied in forest soi and litter in the
owiand secondany forest of Mt. Makiling, Laguna. The
fungalisolate wasableto grow inmineral medium with
0.5 percent glucose and plastic strips as sources of
carbon. In this medium ihe plaslic strips decreased in
weight indicative that the fungus was able to use
e i N

MnSO,7H,0, 1.4 g/L ZnSO,.7H,0. 2.0y G:Cl, 1000
mi distiled water. Carboxy methyl celblose medium
(Leisola and Kauppinen 1978) consisted of the
following: 0.2 % KH,PO, 0.03% MgS0,7 HO, 0.14%
(NH,),HPO,, 0.03% CaCl, 2H,0, 007% Carboxy
methyi cellulose, 0.02% Tween 80, 1000 i distlled
HO.

Tannic and gallic acid media were used to assay
potential lignin degradation through producion of
phenolic oxidases (Davidson 1938). The Wo media

decay agentof poyethylene plastics. Initially reported
as ascomycale serile dark mycelia (ASDM), further
cultural studies ofthe isofate showed that it belongs
1o genus Xylaria under Order Xylariales, Class
Ascomycete (unpublished data).

he polyner degrading ability of such
microorganisms & attibuted to the enzyme systems
they possess. Thus, setting the right conditions for
enzyme inductionwould lead toa high decay ability of

to determine the optirmum physical condilions that favor
cellulose and lignn decomposition that will also favor

P inthis manner. 20 g agarand15 g Ditco
mall were dissolved in 850 mi distiled! water and
steriized. 50 g tannic acid were dissovedin 150 ml
sterile distiled water. This solution mixed wih the 850
mi sterile agar solution when the agarhas sufficienty
cooled gave a 5% tannic acid solution. (Heaing tannic
and gallic acid solutions with agar cause s hydrolysis
of agar. therefore the acid solutions and the agar
should not be autoclaved together). The resulting
mediun was milky white. Gallic acd medium was
prepared in the same manner. 5 percent gallc acd
was used. However gallic acid did not charige the color
of the mait agar.

plastic degrading abilty of the fungal isolate, An
attempt attack
of the isolate in the degradation process of
polyethylene plastic sheets in vitro using scanning
electron microscapy.

Materials and Methods

Media used
The isolated mycelium was cultured in potato

Optimi of physical
degradation of bio polymers.

1. Temperature

o determine the optimurm growth sol temperatures
in the forest where the organism was is dlated were
taken daily for one week at dawn and oo n. The mean
temperature readings were taken as the temperature
regimes where the organism was cullired.

a. Growth on filter paper and carbory methyl
cellulose

i (POA) sants with 101
solution to preven: bacierial conlamination. The culture Blof :7" he fter paper lest. two tipliates (Sets A&
d etri

ailinto

the slants and kept in a glass cabinet in an air.

conditioned roon. Il was deposited o the culure

collection of decornposer fungi of Or. Virginia C.

uevas. Whenever he isolate is needed, a PDA

subeulture is made fom the preserved mineral oil
culture.

o test the aliity 1o degrade cellulose, two types
of media were usad: fler paper mineral medium (fiter
paper as a souce ol naive cellulose) and carboxy
methy! cellulose metium (carboxymelhyl cellulose,
CMC, as a sourceof partaly degraded cefulose). Fiter
paper mineral mediumconsisted of the folowing. 5.0 g
ammonium tartate. 10 g Difco malt, 0.5 g MgSO,

filier paper #1 in 1000 m distilled water. 1ml of frace
element solution with the following composiion was
added 1o the mireralmeduim - 5 gL FSO,, 1.6/
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# 01 filler paper fitted to the bottom piate., with 15 mi/
petri dish mineral medium, were prepared. Each plate
wasinoculated with a loopful of the myceliuim of Xylaria
sP. at the center of the filter paper. After noculation
set A plates were incubated for seven days at 25°C
andset 8 al 37°C. The diameter of themy celial growth
was measured after 7 days incubation,

In the carboxy methyl cellulose (CMC) test,
triplicate of flasks containing 50 ml of cellulose medium
was inoculated with the organism. CMC induces the
production of cellulose particularly endo-1,4 b-
glucanase (C,). The flasks were then incubated for
seven days at 25°C and another selat 37°C. Afer
incubation each mycelial biomass prowuced was
removed from the culture, oven driedand weighed.

b. Tannic acid and gallic acid utilization

Eachtannic and gallic acid platewasioculated



atthe center with a loopful of Xylaria sp. mycelia. The
plales wiere incubated at 25°C and at 37°C lor seven
days. Three replicate plates were done for each
treament. The reaction of Xylaria sp. to gallicacidand
tamic add media were recorded using (+) and (-)sign
to indicale the extent of the bmwmng of the cullure
media with respect 1o their control set-ups.

2.pH

The same sets of media used for determining

prelerred pH in triplicates. All plates and flasks were
incubated for seven days at temperature where growth
wasbesibased on the previous results on temperature
tests. The same methods used for of

Colonization of Plasic by Xylario sp.
Results and Discussion

Temperature Optimization

The organism was grown at temperatures 25°C and
37°C. These temperatures were the means obtained
from repeated measurements of soil temperatures. The
abilty of the fungus to degrade cellulose andlignin was
tested at these two temperatures.

Table 1 presents the results of the fests on growth
at different carbon sources at two incubation
temperatures. No growth was observed in the filter
paper at 37°C, while the fungus grew normally at 25°C
in the same medium. There was no signiicant

gronth in temperature tests were followed

3.Growth of Xylaria sp. in the presence of
polyethylene plastic strips
f the studi

pHwereabtained, the test on the ability of the organism
o gow on medium with plastic strips as co-source of
carton was done. The temperature and pH wherethe
organism grew best was used in the test

Twosets of flasks containing 50 m mineraimedum

o=
each sel having five replicates. pH was adusted to
five. Tenpieces of polyethylene plastic strips cutinto
1 X1 cm were added to the first set and were hen
inoculated with a loopful of Xylaria sp mycelum. The
second set without polyethylene plastic stips ere
used ascontrol. Allthe sels were then incubated for
fifty days at 25°C in an air-conditioned room, which
vaties flom 25°C during daytime to 28°C duiing
nightinme.

At the end of the incubation period, plasiic stips
were removed from the culture medium and prepared
for scanting electron microscopy. This was done to
study the extent of colonization and possible
degiadalion of the plastic by the organism.

al25°c
andat 37°C. These results imply that e degrada(lon
of native cellulose, inthis case fiter paper, was greatly
hampered by temperalures close to 37°C. In contrast
the fungus can siill utlize partially degiaded cellulose
at this temperature.

The growth of the test organism on gallic acid and
tannic acid at 25°C was much higher than at 37°C.
Utlization of the acids was indicated by the deep
browning of the surrounding medium extending from
center of the colony to the margin of the fungal mat.
Darkening of the medium was very inlense at 25°C.
The plates incubated at 37°C using tamnic acid in the
medium showed no reaction, while those plates
containing gallic acid showed a mild reaction. A slight
browning was formed just beneath the point of
inoculation and was only visible at the underside of
the dish

It has been proposed that the sequence of lignin
degradation begins with demethylation to yield
diphenolic acids that has two adjacent hydrox groups.
The rings are then opened up by deoxygenase
enzymes to expose the aliphatic chainatiached lo the
lignin. The aliphatic chains are then spit off from the
polymer by an oxygenase enzyme such as laccase.
The aliphatic side-chains are similarly degiaded by
oxidases. However, the tests for gallicacid and tannic

Tl 1. Growih Xyariasp.in filr paper carbry ety cllulose (CC) galic acid and anmic acida wo ncubaion

temperal

Paramets Incubation Temperatures

25'C 37°C

Tiler paper Colony diameler (mm) = SD 867153 o
chie biomass (ng) ' SD 897 x17.42 599+ 25.88
galic acid browning ol medumm-* ++ +
tamic avid browning ol medumm** ey nochange
“Menof 3 upic

“Samg Sromussdio ovalal reacionto tanic ac andlic i moia
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Table 2. Growth (mm) of XyJaria sp. in various carbon sources at varying pH olgrowh medium.

ia | Carbon Source —
pHofmedia ——rpr paper ] Cvic [ Tamicacid™ | Gaiicaca™ ]
3.0 0.00° 100.47° = 11.21°" - -
5.0 33.33%+5.03 103.33" + 23.49 s 4t
70 18.00° £ 115 106.93° £8.70 et v

Thaangrovih Gamater ) <50 wih e (e
“Meanbiomass produen (1l = SD wi hvee replcales

- nogrowtn

acid ullization donot spexify which enzyme/s islare
actively produced by!the test organism, it is just
indicative of potenial production of phenol oxidizing
enzymes (Davidson1 938)

These results suggest that this organism may be
a cellulose and lignin decomposer. It can grow in both
native and partiall degraded cellulose as shown by
its activities on filer paper and CMC. Likewise, the
organism has the potential to produce phenol
oxidases, the initial enzymes needed for the
degradation of ligin. The organism preferred 25°C -
28°C temperaturelor is metabolic activity

2. pH Optimization

Optimization of Hs concentration was done to
determine the opimun pH for growth and production
of cellulases and phend oxidases. Enzyme production
was measured indrecly thiough the measurement of
the diameter of gronth end mycelial biomass production.
Measurement of thes e wo parameters was indicative
of the ability of te fuigus to utiize substrates and
convert them metabolicalty to microbial tissues through
the use of their emymesysiems. Results onthe tests
on growth of Xylara sp. on difierent media adjusted to
various pH are peseried in Table 2. Growth in filler
paper was best al pH 5. Analysis of variance test
(ANOVA) showed hatmean growth on filter paper at
pH5 and pH 7 were significantly different.

Mycelial biomass production in CMC was not
ignificantly different al pH 3, 5 and 7, although the
lowest mycelial bisrass was produced at pH 3 and
highest at pH 5.

Growth was onsstently inhibited at pH 3 with
tannic and gallic acid & carbon sources. The results
seemed toindicale thalthe enzymes produced for the
degradation of cefulost and lignin-fike substrates are
optimally active al pH5. This could be reflective of
environmental condion of their habitat since the
organism was isdatedirom the forest floor which has
aslightly acidic condliton.

Plates contairing rineral medium with filter paper
adjusted to pH 5 caused a change of color of filter
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paper from white to pink noted on the 6th day of
incubation. This could be indicative that production of
enzymes used to degrade the filter paper was high at
pH5 thus yiekingamuch thicker growth of the mycelia.
No such change in color o filler paper was noticed in
other cultures.

Figue 1 shows the growth of Xylaria sp. in
various carbon scurces — filter paper, tannic
acid, gallic aid and carboxy methyl cellulcse atpHs
and incubated at25°C - 28°C for 7 day:

Growth of Xylaris 5p. on mineral medium with
polyethylene plastic strips and 0.5% glucose

Figures 2a and b show the contrast in the growth
of Xylaria sp. in optimal and non-optimal temperature
and pH condiions. The fungus in Fig. 2 a was grown
a120°C - 31°C and at pH 6.6. Under these condiions
of Fig. 2 a, lhe fugus caused 5 mg decrease in dry
weightof the plasii stips (Cuevas & Manaligod 1997).
In Fig. 2b, the Organism was grown at 25°C - 28°C
and at pH 5. It was observed that the organism grew
much more profusely compared to growing in non-
optimal condiions

No atlempt wies made to measure the change in
weight of theglastc strips when the fungus was grown
in optimal condiitions. It was very difficult to remove
the mycelia snce the lungus closely adhered to the
plastic stripsand grewinto it. The initial growth of the
fungus in the flassks containing mineral medium with
0.5 percent glucose and plastic growth may be
attributed to the glucose present in the medium
(Cuevas & Manaligod 1997). Thus when the glucose
was depleted, the organism had to utiize the plastic
strips as souce of energy. The good growth of the
organism in this medium in Fig. 2b can only be
attributed tofhis capability of the organism. According
toJohnson el al. 1993, organisms growing on plastic
materials may either utlize the plasticizer molecule (i.
e. starch, celulose) or the polymer molecule. In this
study it can ot be letermined which components of
the plastic malerialwas used by the fungus for growth.




Colonization of Pastic by Xylario sp.

Figure 1. Growth of Xylaria sp. in: (a) filter paper,
incubatcd al 25°C - 28°C for 7 days.

et i with 1457
T

20 Grosth of Xylarss sp. 1 mnoral e
0.5% glucose and plastic strips: pH of medui - 66 arx
cubation temperature a1 29 G - 31 C lor 50 days

More sophisticated method should be done to
ascertain this such as comparative chemical analyses
of colonized materials and the original uncionized
plastic strips.

On the third day of incubation, a muciaginas
sheath was observed which started at the edges of
the plastic strips extending over its surface. Atlihe endt
of the 50-day incubation period, mycelial growh o e
organism was observed enveloping the plasic stis
Ofher researchers like Sietsma et al. 1981, Whiekelle
1981 and Milstein et al. 1992 mentioned that e acive
colonizers of polymer are able to adhere o their
substrates because of their ability to pocice
exocellular polymers composed primarily of ronionic
and anionic polysaccharides. Such adhesion o

) tamic acid, (c) galkc acid and () caroxy mahy! caliuiose alpH S and

S -
Figure 25, Grosth of Xyiari s i inoral medum with
0.5 lucoss and paslc srps: g of necum —

Cubaton omperature 125 &< G 1050 day

Oand

surfaces of substrates is a dedsivestep in microbially
induced corrosion. Kaeppeli & Fiechter (1976}

first involves a passive adsorpiion to lipophilic
lipopolysaccharide of the cel surhice lo the alkane
group of the polymer. It was hypohesized that after
adhesion, solubilizing agents are produced and
secreted by many microorganisms capable of uiiizing
water-immiscible compounds (Reddy et al.1982,
Gutnick & Minas 1987).

s Xylaria sp. grew on mineral medium.
polyethylene strips was observed to be deeply
embedded on the mucilaginous sheath formed by the
arganism. Favorable environmentalcondiions such as

gt
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e image of the sur.
mineal cullure me-

L L W

ure ab. Evidence of degradation reveal edby SEM..Stria-
uons (pormied by arrows) an the conpone of plastc sur-
s the hypha,

Figure 4c. Undor:
Actow pomts an actvely b
mataria)
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facilitaed the production of extra cellular mucilage by
mg«esmrgzmsm Note thatin Fig. 2a the plastic srips

Colonization of Plastic by Xylario sp.

Cuevas VG & Manaligod RL. 1997. Isolation of
decumpwsel fungi with plastic degladmg ability.

was prmluced In Fig. 2b, the plastic strips were barely
seen sice he strips were cempIEIely enveloped by
the dark myselia of Xylaria sp.

Verification of Colonlzalmn Dl the Plastic Strips.
by Scanniing Electron Microscopy

Mycelia of the fungus on polyethelene after
sufficient_adaptation to the conditions in the set-up
penetialed to the plastic material. Some chemical
reactions might have taken place since evidences of
bio-corosion by the mycelia observed through
scanning_electron microscope were tearing, pitting
and stiating of the plastic materials. Figures 3a and
b show the scanning electron microscope (SEM)
image of the surface of the plastic strips incubated
with and without the fungus. Other SEM data for the
colonized polyethylene plastics are shown in Figures
4a-d

Summary and Conclusion

Profused growth of mycelia of Xylaria sp. was
observed inmineral medium at pH 5.0 with 0.5 percent
glucose and plastic strips as sources of carbon and
incubalon temperature of 25°C - 28°C. The plastic
strips vere completely enveloped by the mycelia of
the fumgus after seven weeks incubation. Scanning
electron micoscopy of the plastic strips showed that
fungal mycleia colonized the strips. The hyphae of the
fungus we re observed burrowing on the edges of the
plastic strips, Tearing and shearing of the surface of
the plasic sirps were also seen. However this study
only presenied evidences that the fungus is capable
of colorzingplastic strips but did not identify whether
the polymer components or the plasticizer molecules
of the pasticmaterials were utilized by the fungus for
their growth,
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