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ABSTRACT

Five locally isolated strains SBI (1-5) were cultivated on mineral salts-agar with
polyurethane as the sole carbon and energy source. All the tested microorganisms grew on
polyurethane except SBI-4. However, the growth inhibition of SBI-4 was temporary. Except of

SBI-4, all microogrganisms grew and prossesse

d esterase activity when cultured on mineral

salts medium containing polyurethane or on an enriched medium. When SBI-5 isolate was
aliowed to grew in mineral salts liquid culture media containing polyurethane-painted aluminum
coupons, a change in color as well as an increase of lotal protein and optical density of the

culture broth were evidences for biostripping

of the polyurethane coating. immobilization of

SBI-5 cells on polyurethane-coated coupons with the aid of a thin layer of calcium alginate
showed more stripping of the dark colored coating of the aluminum coupons than that obtained
with free suspended cells. Scanning electron microscopy of microbially reated polyurethane

painted coupons revealed a reduction of the originally hillet's surfaces.

INTRODUCTION

Biodergradation of polyurcthane
(PU) was established by an early investi-
gationV), Later work(® showed that poly-
ester PUs are more susceptible to bio-
degradation than polyether PUs by fungi.
Several in\'cstigators(3’4) reported about
degradation in marine environments and
the sequence of attack by mixed organ-
isms on various functional groups
present in PUs. The role of extracellular
enzymes in biodegradation of polyure-
thane5:6) was demonstrated. IR spectros-
copy and thin layer chromatography
were able to monitor the growth of Peni-
cillium citrinum (a fungus known to pro-
duce a polyester-degrading esterase) on
PUT). The same investigators also stud-
ied the attack of Gliocladium roseum and
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Chaetomium globosum on PUs, where
they observed that the use of a complete
culture medium delayed microbial utili-
zation of PU compared to a minimal ba-
sal salts medium. Cryptococcus Jaurentii
and Pseudomonas aeruginosa are known
to hydrolyze polyurethanes by the action

of their cxoenzymes(s).

Biosurfactants have been observed
to play important roles in many biodeg-
radation processes, although their role in
polyurethane biodegradtion has appar-
ently yet to be observed. Biosurfactants
couid be important additions to biostrip-
ping formulations. Biological surfactants
from Ps. aeruginosa were used for re-
moving oil from Alaskan gravel contam-
inated by the Exxon Valdex oil spill(9).
Microbial surfactant released oil 2 to 3
times more extensively than warm water.
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ood correlation between bi-
ctivity of a microorganism
of natural heavy hydrqcarbpns and 1::
ability to produce a blosurfact:.ml was
demonstrated1®. A locally isolated
Arthrobacter globiformis_SBI-S ._shpwed a
remarkable biodegradative activity for

heavy hydrocarbons(m).

Recently, 2 8
odcgrndauvc a

This paper deals with screening of
the capability of 5 different bacterial
strains to utilize PU as their sole source
of carbon and energy in mineral salts
medium. Moreover, the relationship be-
tween esterase activity of these strains
and their growth on PU, as well as bio-
stripping of a PU coating from aluminum
coupons by the most active strain (SBI-
5) was investigated.

EXPERIMENTAL

Microorganisms:

Five locally isolated (SBI 1-5)(10)
were used through this investigation. For
propagation, pure microbial strains were
subcultured on Trypticase-Soy-Agar
(TSA) slants and incubated at 30°C for
24-48 hours. The grown cells were

stored at 4°C and renewed every 4
weeks.

Culture media:

In addition to nutrient agar, nutri-
ent broth, Tryptic Soy Agar (TSA) and
Tryptic Soy Broth (TSB) were also used.
Minimal salts medium, MSB-1, and its
supplements constituents was most wide-
ly used and was prepared as previously
described(10.11),

Preparation of Bacterial Suspension:

Cells from acuvely growing slants
were harvested and suspended in saline
solution (9 g/L NaQl) to produce an

s46 ©1 1.0. An aliquot of 1 m] of this
susper‘lsion_ was added to 50 m] of TSB
\DIE(O). 125 ml Erlenmever flasks
and incubated at 30°C for 24 fmux\“ih a
shaking water bath (150 rpm). The cells
Were harvested by centrify gation and re-

I i i lized water
suspended in sterile denuneri :
to gpivc ODy,, of about 1.0. This suspen-

sion was then used to inoculate the S-
MSB-1 media in test cultures.

Biodegradation of polyurethane
"iiqui% Plastic' in MSB-1 with SBI.-§

cells:

Glass slides were carefully cleaned
with nitric acid, washed several times
with distilled water and dried. The glass
slides were then coated with polyure-
thane paint (Final Touch, .Un_ited Coz;t-
ing, Inc., Polyurethane Liquid Plastic,
USA). After drying, the slides were ster-
ilized by soaking in 70% (v/v) ethanol
for 30 min. at room temperature.

Under sterile conditions two plastic
containers for holding glass slides were
half-filled with a suspension of
Arthrobacter globiformis, SBI-5 cells in
MSB-1 medium. Polyurethane-coated
glass slides were placed on edge in the
slides boxes. Lids were placed on the
boxes and setrile air was sparged through
the culture broth while the cultures were
kept at room temperature. The broth cul-
tures were analyzed by determining opti-
cal density, pH, and total and soluble
protein. Periodically, the polyurethane

coated glass slides were examined mi-
croscopically.

Biostripping of polyurethane paint:

Preparation of polyurethane-
painted coupons:

Aluminum flashing was cut into

25x32cm rectangles. A handle was
formed by inserting aluminum wire
through the drilled hole near the edge
and twisting the wire upon itself to form
a closed loop. The coupons were
cleaned, primed and painted with gray
colored polyurethane paint.

Growing microorganisms on solid
agar with polyurethane as the sole
carbon and energy source:

. The above mentioned five test bac-
iena were screened for their ability to de-
grade polyurethane paint. These microor-
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ganisms were cultured on MSB-1-agar
plates containing polyurethane-painted
metal coupons (prepared as described
above) as a sole carbon and energy
source. Purified Agar Agar (Difco) was
dissolved in MSB-1 medium in a con-
centration of 1.5% (w/v). After steriliza-
tion by autoclaving, exactly 15 ml of the
hot agar liquid (50-55°C) was inoculated
with 150 ul of microbial suspenion (with
OD 4,4 of about 1) in physiological saline

(9 g NaCl/L), mixed gently and poured
in a sterile Petri dish. The plates were
left overnight to dry at room temperature
before using. A sterilized polyurethane-
coated aluminum coupon was laid flat
onto the surface of freshly prepared plain
agar, then covered with a second layer of
agar containing a suspenion of the test
microorganism under aseptic conditions.
All inoculated plates were incubated at
20°C and examined daily for growth. As
a negative growth control, the above
described MSB-1-agar plates inoculated
with microorganisms were used, but
without polyurethane-coated coupons.
As a positive growth control, the same
suspenion of the above used microorgan-
isms were streaked on the surface of nu-
trient agar plates without polyurethane.

Biodegradation of polyurethane
paint by Arthrobacter globiformsi
SBI-5 in submerged culture:

Aluminum wires attached to the
polyurethane-painted coupons were
pushed through rubber stoppers that fit
the mouth of 500 ml Erelenmeyer flasks.
The rubber stoppered flasks with ten pol-
vurethane-coated coupons hanging from
the rubber stopper and suspended ap-
proximately one centimeter above the
bottom of the flasks were sterilized by
autoclaving at 121°C for 20 minutes.
Freshly sterilized medium (S-MSB-1)
(250 m! per flask) was added to the ster-
ile 500 mi Erelenmeyer flask with polyu-
rethane-coated coupons. The fermenta-
tion medium was then inoculated with a
freshly prepared suspenion of SBI-5 cells
to give at zero time an OD sy of about

0.1. The cultures were then incubated at
30°C in a rotary water bath agitated at

150 rpm. Sterile air was sparged directly
through the culture broth. After 168
hours of fermentation, the culture broth
of both cultures was carefully removed
and replaced with fresh, sterilized S-
MSB-1 medium to begin a second fer-
mentation cycle which lasted an addi-
tional 144 hours. Total protein concen-
tration in the culture broth was
determined. Changes in the pH of the
culture broth were monitored. Deteriora-
tion of the polyurethane coating was ac-
cessed visually.

Immobilization and the culture con-
ditions of SBI-5 cells on the polyu-
rethane-painted coupons:

Sodium alginate (4.5 grams) was
suspended in 125 ml of demineralized
water and dissolved by heating. After
cooling the alginate solution to room
temperature, 25 ml of microbial cell sus-
pension was added to the alginate solu-
tion. This alginate-cell slurry were then
used to coat six polyureythane-painted,
aluminum coupons. The coupons were
dipped into the alginate-cell slurry under
aseptic conditions for five minutes. The
coupons were then transferred to a 2%
CaCl, for one hour. The alginate-

covered, polyurethane-coated coupons
were washed with sterile demineralized
water. The coupons were submerged in
300 ml of freshly sterilized S-MSB-1 in
a 500 ml Erelenmeyer flask. As a con-
trol, a second Erlenmeyer flask with 300
ml of freshly sterilized S-MSB1 and six
polyurethane-painted coupons were inoc-
ulated with three ml of the bacterial sus-
pension. Cultures were incubated at
30°C in a shaker water bath gyrating at
150 rpm. Sterile air was sparged directly
through the culture broths. After 14 days
an additional 150 ml of freshly sterilized
S-MSB1 medium was added to both cul-
tures. The cultures were then incubated
for an additional 16 days (total fermenta-
tion time 30 days).

Analysis:
Determination of cell growth:

Total protein concentration in the
culture broth was determined spectro-
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photometrically using  Bovine Serum
Albumin (BSA) as the standard12),

Esterase activity:

Fluorescein diacetate was used as

an indicator of esterase activity. Esterase
cleaves the acetate from fluorescein dia-
cetate producing the fluorophore fluores-
cein. In this method, agar discs (1 cm in
diameter) containing microorganisms
were cut from the solid agar cnvcring_thc
polyurethane-coated coupons. The discs
of agar were placed on the surface of
freshly prepared mineral salts agar plates
containing 20 mg/L fluorescein diace-
tate. After incubation at 30°C, the Petri
dishes were viewed under ultra-violet
light every 24 hours. A qualitative as-
sessment of esterase activity was based
on fuoresecent intensity,

Scanning electron microscopy of
polyurethane-coated coupons:

Polyurethane-coated aluminum
coupons obtained from submerged cul-
tures and preserved in 5% glutaraldchyde
were examined by scanning electron mi-
croscopy (SEM). One polyurethane-
painted coupon not used in the fermenta-
tion experiments was used as a control.
Prior 1o ¢xamining the coupons by SEM,
they were gently, rinsed in water and 0.1
M cacodylate, treated with 10% osmium
tetroxide (w/v) for 30 minutes, rinsed
with water, dehydrated in a graded series
of ethanol solutions, critical point dried
with liquid CO,. mounted on SEM stubs

with silver paint, and then sputter coated
with gold for two minutes,

RESULTS AND DISCUSSION

Growing microorganisms on solid
agar with polyurethane as the sole car-
bon and energy source:

Signs of growth in the cultures of
Acinemhacgg[ calcoaceticus (SBI-1),
Pseudomonas Sp. (SBI-2), Pseudomonas
Sp. (SBI-3), and Arthrobacter globiformis
(SBI-5) cultures were observed. The
growth appeared to be localized predom-
inately in the locales of the coupons. In
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contrast, no sign of growth was 0ted
in the culture of Pseudomonag ce aci,
(5BI-4). However, when a plug of 4 i
oculated agar from SBI-4 culture con.
taining a polyurelhanc-cqalcd Coupgy
was subcultured onto nutrient aggr, ac.
tive growth of the subcultured SB].4 Wag
observed. This indicates that the mjcy,,.
ogranism rcmaingd viable and retained
its growth potential even though it Was
unable to utilize polyurethane to suppor
growth.

Growing microorganisms on solid
agar with polyurethane in the pres.
ence of fluorescein diacetate ag an
esterase indicator;

Since, it is likely that esterase is an
important enzyme in the biodegradation

of polyurethane(?), experiments were
performed to determine which of the test
organisms possesses esterase activity,
All test microbes taken from cultures
containing polyurethane and control mi-
crobes (grown on nutrient agar) pos-
sessed esterase activity, except SBI-4.
The results show that esterase is a con-

stitutive enzyme in all microorganisms
which showed esterase activity,

Biodegradation of polyurethane-
painted aluminum coupons by SBI-5
in submerged cultures:

Figure 1, shows the optical densi-
ties and the protein concentrations of
SBI-S culture broths during the first and
the second fermentation cycles. Based on
the total protein profiles for SBI-5, it
appears that the organism grew on poly-
urcthane as sole carbon and energy
source efficiently for 12 days in two fer-
mentation cycles. There is no correlation
between the increase in the total proten
content and the cell mass yield, specm];)
in the first fermentation cycle. It ‘?"’;
noticed, however, that as 1’ermenta!1_°'
proceeded forward, the dark gray ?’fe
ment from deteriorated QolYUfe(l]'l‘Lre
coating became suspended in the C.ubsor-
broth. A portion of the increased a
bance of this culture broth manuS-
caused by the pigment that becomes $
pended therein.
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Figure (1): Growth profiles (ODg,) and total protein (mg/L) of Arthrobacter globi-
formis SBI-5 cultures using liquid plastic polyurethane coated to glass

slides.

The change in color of the broth to
the gray reached its maximum within 64
to 96 hours of culturing. However, this
change was less during the second
growth cycle than the first growth cycle
where there was no obvious discolora-
tion of the polyurethane coatings on the
coupons themselves at the end of the fer-
mentation. It is further important to note
that the coupon's coating appeared to re-
main intact and the paint did not delami-
nate from the coupons.

Immobilization of SBI-5 at the polyu-

rethane-painted aluminum coupon's
surface:

Since, free SBI-5 cells degrade
polyurclhqn_c coating on metal coupons,
the possibility of increasing biostripping

Y concentrating cells at or near the pol-
iy[:l‘:clh.anc surface by immobilization was
o Sst(;galcd. The production of pigment-
'lha‘e- liment released from the polyure-

¢ coating~was followed visually.
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Figures 2 and 3 compare the ODs4q and

the protein concentration of the broth
from polyurethane cultures with SBI-5
cells suspended freely in the culture
broth and those immobilized within algi-
nate coatings on polyurethane-painted
coupons. During the first 14 days of fer-
mentation, the free-cell culture broth
possessed higher total protein concentra-
tions than the culture broth of the immo-
bilized cells. In contrast, there was little
difference in the ODgygq of the two cul-

ture broths. This suggets either that: 1)
there are fewer cells in the immobilized
cell culture: or 2) there may be equal or
even more number of cells remained
trapped in the al ginate-coated coupons.

Since, many samples of the broth
had been removed from both cultures
(free and immobilized) during the 14
days culture period, 150 ml of freshly
prepared S-MSB-1 medium were added
to each culture. The culture containing
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Figure (2): Optical density (ODg,4) profiles of free and immobilized

cells of Ar. globiformis SBI-5 cultures using polyure-
thane-coated coupons,
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free-cells began growing again at the end
of 271 day, while the optical density and
total protein of the culture broth were in-
creased nearly five-fold. The addition of
fresh S-MSB-1 medium appears to have
had little effect, or perhaps impeded the
growth of the immobilized cells. Rea-
<ons for such behaviour are not clear.

Both free and immobilized culture
broths began to have a gray color within
192 hours, as pigment was released from
the polyurethane coatings into the broth.
The gray pigment material in the culiture
broths was not soluble and it was settled
to the bottom of the tubes shortly after
collection.

Visual examination of the immobi-
lized cell culture show dark discoloration
of the culture broth and similar discolor-
ation on the surface of the polyurethane-
coated coupon which was coated with
calcium alginate and SBI-5 cells. Cou-
pons in the SBI-5 culture containing
free-cells retained their original gray col-
or with no discoloration of their painted
surfaces.

Scanning elctron micrographs of
polyurethane-painted coupons recovered
from the experiments are shown in Fig-
ures 4 (A to C). The surface of an uncul-
tured polyurethane-painted coupon dis-
plays a torturous landscape composed of
hillets 5-15 wm in diameter, valleys, and
an occasional deep pit as shown in Fig-
ure 4A. Figure 4B shows the surface of a
coupon taken from a culture containing
free SB1-5 cells. Small groups and even
single cells can be seen randomly dis-
persed over the hillet, rugose, wrinkled
surface of the coupon. Note also that the
rugosity of the hillet's surface is marked-
ly reduced.

~ Figure 4C, shows heavy concentra-
tions of cells and the thick, fibrous mat-
ting on the alginate-coated, polyure-
thane;paintcd coupon surface. The
rugosity of the hillets is also markedly
reduced. There is no discernable differ-
ence in the surface texture of coupons
exposed to either immobilized or free-
cells. Thus, surface texture by itself re-
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veals no distinct biodegradative advan-
tage in maintaining cells in close contact
with the polyurethane surface of the cou-
pons. However, observation only of sur-
face texture does not reliably indicate to
what depth and degradative process may
have penetrated, or what total mass frac-
tion of the film might have been re-
moved. No yellow primer coating or bare
metal surfaces were uncovered on any of
the aluminum coupons tested during the
biodegradative experiments. It appears
that the biodegradative attack on the ure-
thane coating is uniformly dispersed over
the entire surface of the coupon. It ap-
pears that SBI-5 cells possess unique
properties for the degradation of polyure-
thane. This work could lead to safer pro-
cesses for stripping polyurethane from
metal surfaces and for degrading polyu-
rethane wastes collected by stripping
polyurethane with chlorinated solvents.
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