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ABSTRACT

An increasing production and demand of natural rubber products has caused
problems in waste management. Biodegradation is environmentally friendly but normally
extremely slow. Therefore there is a need to reduce the time for decomposing. In this study,
natural rubber degrading bacteria were isolated from 80 latex-contaminated soil samples in
the southern Thailand. 120 of possible rubber degrading bacteria were isolated and tested
for their abilities to degrade rubber gloves in a mineral salt medium (MSM). Isolate pn 12.1
gave 8.53 % weight loss of the rubber gloves. Ten isolates were also isolated from a soil
consortium from previous study (F1-F10). Isolate F5 gave 9.36% weight loss of the rubber
gloves and produced 4.89% of CO, evolution in the degradation process. Changes in
appearance were observed by scanning electron microscopy (SEM), rubber gloves seemed
to undergo degradation which resulted in the deterioration of glove’s surface. FTIR method
was also performed to confirm the degradation. Isolate F5 was then identified as
Rhodococcus pyridinivorans with 99% similarity by 16S rRNA analysis. The presence of a
gene encoding a latex clearing protein (lco gene) was determined to confirm the latex
degradation ability. Consortium and the mixed culture gave the highest percentage weight
losses of rubber gloves of 18.38% and 18.82% respectively, which were more effective than
using single strain of isolate F5. Consortium and mixed culture could use rubber gloves as
the sole carbon source as can be seen by growth and many deteriorated holes on rubber

surfaces.
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Gram positive
Bacterial strains
Gordonia
polyisoprenivorans

Gordonia westfalica

Gordonia
polyisoprenivorans VH2
and Y2K

Streptomyces coelicolor
and

S. griseus 18a,
Nocardia SMZ43191
Streptomyces sp. La7
Nocardia sp. 835A

Gordonia sp. Kb2, Kd2
and VH2;
Micromonospora
aurantiaca \W2b;
Mycobacterium
fortuitum NF4
Streptomyces sp. S1G,
S3D, S4C, S4E, S4F
and S4G;
Amycolatopsis sp.S1A
and S1D;

Nocardia sp. SF3

Type of rubber degraded

Natural and synthetic rubber

Natural and synthetic rubber, natural
latex

Natural and synthetic rubber

Vulcanized rubber (glove)

Latex, unvulcanized natural rubber
Unvulcanized natural and synthetic
rubber, vulcanized natural rubber (latex
gloves, bands, tubing)

Natural and synthetic rubber (following

antioxidant removal), natural latex

Vulcanized rubber (glove)

References

Linos et al., 1999

Linos et al., 2002

Arenskotter et al., 2001

Bode et al., 2001

Gallert, 2000
Tsuchii et al., 1985

Berekaa et al., 2000

Heisey and Papadatos,

1995
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Gram positive

Bacterial strains
Nocardia 835A mutant
strains Wh, Rw and Rc
Streptomyces sp.;
Micromonospora sp.;
Microtetraspora sp.;
Actinoplanes sp.;
Nocardia sp.;
Actinomadura sp.;
Dactylssporangium sp.
Streptomyces coelicolor
1A

Gordonia sp. VH2 and
Kb2, Mycobacterium
fortuitum NF4
Micromonospora
aurantiaca W2b
Actinomadura sp. EB6,
Nocardia farcinica E1,
Thermomonospora
curvata E4 and E5
Streptomyces sp.
LCIC4, Actinoplanes
sp. OR16,
Streptomyces sp.,
Amycolatopsis orientalis
SY6, Pseudonocardia
sp.

Bacillus sp. SBS

Type of rubber degraded

Vulcanized rubber (tire)

Natural rubber latex

Synthetic rubber

Vulcanized rubber (glove)

Latex dispersed in agar

Latex dispersed in agar, synthetic

rubber

Latex dispersed in agar

Latex dispersed in agar

Natural latex rubber

References
Tsuchii and Tokiwa,
1999

Jendrossek et al.,

1997b

Bode ef al., 2000

Linos et al., 2000b

Linos et al., 2000a

Ibrahim et al., 2006

Imai et al., 2011

Chengalroyen et al.,

2013

Cherian et al., 2009
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Gram negative

Bacterial strains
Actinobacter
calcoaceticus,
Xanthomonas sp.
Methylibium sp. NS21
Methylibium fulvum HZ

Xanthomonas sp.
Pseudomonas
citronellolis
Pseudomonas sp.
Pseudomonas

citronellolis

Type of rubber degraded

Vulcanized rubber (glove)

Latex dispersed in agar

Latex dispersed in agar

Purified natural latex, synthetic rubber

Synthetic rubber

Natural and vulcanized rubber (glove)

Synthetic rubber

References

Bode et al., 2001

Imai et al., 2011
Chengalroyen et al.,
2013

Jendrossek et al., 2003
Bode et al., 2000

Roy et al., 2006
Bode et al., 2000

(Chengalroyen and Dabbs, 2013)
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(A = dagdaaag19sITNTIALALNITHAawlT B = daudansg19sIsnzsalagnisia

n1g)
Organisms Degradative = Rubber Incubation References
strategy reduction (week)
(%)
Nocardia sp. 835A strain B 80 8 Tsuchii and
Rc Tokiwa, 1999
Nocardia sp. 835A B >90 3 Tsuchii and
Tokiwa, 1999
Gordonia sp. VH2 B >50 4 Linos et al.,
2000
Pseudomonas B 13 10 Bode et al., 2000
citronellolis
Acinetobacter B 12 10 Bode et al., 2000
calcoaceticus
Pseudomonas sp. B 10.38,43.11 6 Roy et al., 2006
Xanthomonas sp. 35Y A 60 1 Tsuchii and
Takeda, 1990
Xanthomonas sp. A 12 10 Bode et al., 2000
Streptomyces griseus 1D A 18 10 Bode et al., 2000
Streptomyces coelicolor A 10 - 18 6 Bode ef al., 2000
1A
Streptomyces sp. K30 A 13.4 12 Rose et al., 2005
Streptomyces sp. S1G, A >10 6 Heisey and

S3D, S4C, S4E, S4F,
S4G

Papadatos, 1995

(Chengalroyen and Dabbs, 2013)
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‘ Heat treatment ‘

|

‘ Detoxification {(R. bicolor) ‘

l' - — Rubber catabolism
Devulcanization Rubberr-nlnerallzatlon . (Streptomyces sp. or
(T. ferroxidans) == | (Nocardia sp. 835A strain Rc  |™= Xanthamonas sp.

and G. polyisoprenivorans) roxA overexpression

lv strain)
‘ Filtering ‘ N

!

‘ Washing ‘-D‘ Drying ‘—D‘ Treated rubber combined with fresh rubber ‘

sJoldealolg

v
o

~ 1 a o & a [V ¢ a a ¢
Eﬂ'ﬂ 2 w%ma%ﬂqiﬂaﬂﬁa']ElNa@lﬂm‘ﬂﬁ]"lﬂﬂqﬂﬁiiuﬁqﬁtﬂﬂiﬁlﬁaga%ﬂiﬂ

(Chengalroyen and Dabbs, 2013)

6. lanlasuazdniitng2a9nUNIzUINM L DAANYLEITNDG
] a a a {00: A 4 a A o
1ummaﬂamﬂﬂﬁdﬁii&l%ﬁ@li@ﬂﬁ!auﬂiuuu NNewnuIng euloizasaianyii
v A, o N a 4 a _ _ d'
ninNiaenuszlulasiginewe18N9sIINT A (Eﬂﬂ 3) @@ Latex clearing protein (Lcp) NWu
Tu Streptomyces sp. strain K30 (Rose et al, 2005) Tu Streptomyces lividans L8
Saccharopolyspora erythraea (Yikmis and Steinbichel, 2012) L& Rubber oxygenase A
(RoxA) fiwulw Xanthomonas sp. (Jendrossek and Reinhardt, 2003) lag Lep a2 RoxA Y
o @ Ay A , o Aa & ' < & A
faunsaazllunuandeny LL‘Llﬂ"nLﬁ?&lmaadﬂguﬁa\‘ll,auvlmwaaﬂuﬂummﬂwamaﬂamm poly

(cis-1, 4-isoprene) laaldilfjfiTen oxidative reaction (Braaz et al., 2004) (Jendrossek and

Reinhardt, 2003)



CH Ch Ch
~CHy=C=CH=CHp~CHy=CACH-CHy~CH y=C=CH-CH,-

l 02

ChH CHy CH,
|
~CHy-C=CH-CHy=CH)=C=0 + 0=CH-CHy~CHy-C=CH-CH,-

12

3U7 3 unnnnuEAsHaNaaTiiinaNNsdaaaaa1slaLBa Nocardia sp. 835A way

Q

Y A Ao @ ° T @ 1 A o
Xanthomonas sp. 35Y lazidudadandudunwinuszafiignanlulaseasieans

u

5335321@ (Tsuchii et al., 1985) (Tsuchii and Takeda, 1990)

Lcp RoxA

OxiAB o
S T P S
“ 1
n
tungstate k HSCoA
AcCoA
‘% S-CoA
S-CoA HSCoA

H o beta-oxidation
2

oxidation l
(o] — —

HSCoA OH

n

o
# n=1
O

o
n

S ad i
S-CoA o —
n
o co,
# n=1; n=2

HSCoA omega-oxidation supter_minal
\ oxidation
\F’roCoA

Q S-CoA [
o — OWO
n n
HSCoA HSCoA
AcCoA . ; EtOH
o)

beta-oxidation
OWS-COA S
n

a a

‘:{ [ v a s [ ¢ A 1 a a €
51n 4 navlnn']sﬂazlamﬂmofmﬂqauﬂ 'JE]'Jﬁﬂi'l\‘iLﬂ%l“ﬁNLwaﬂﬂﬂﬁaﬂﬂﬂ'l‘SE]%ﬂ‘iﬂ

u

mnTmaqammm‘lmﬂﬁ’ﬁwmmLES N@ad (Rose and Steinbiichel, 2005)
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6.1 RoxA

& A a A , P
lutTaunsuaundsearwindarnusivisalun1sdesaa1o8195730T76 Ao
Xanthomonas sp. strain 35Y ﬁLﬁﬁtyiJu Y1BIINTA poly(cis-1,4-isoprene) WUINTORA
lu3@iu RoxA 1iwavhdfAsenusnslagmsaanuszunlasiasnizessnisssud aidusns
niilasaaaLinad Aa CHO-CH,- ez ~CH,-COCH; (3U1 5) Taianlmaf RoxA gnatuqulas

1 . . &
flu roxA Neaunulu Xanthomonas sp. strain 35Y (Jendrossek and Reinhardt, 2003) GiREY
minaaadlaauduidigisa Ecoli wuiiu roxa ldsunsnuaasean’d (Hambsch et al.,

2010)

- et . —— et ——

3N 5 nalnnstasaansaslaatanlessi RoxA (Braaz et al., 2004)
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6.2 Lcp

lunsdasaa1senssIsua@esidounsuvindsoawitewlod Lep 289
Streptomyces sp. strain K30 Wwanansnfanbz1898195530 T a1 widsanuianlos RoxA
LﬁwﬂuaﬁﬁﬁﬁmﬁfﬂhLaqa@"i’]mﬁa isoprenoid aldehydes anuwAamstiosdaluanldin
CO, UAZENTTININGU (gﬂﬁ' 6) lagiawbus Lep ﬁgﬂﬂauqui@]ﬂﬁu Icp Snpauinulu
Streptomyces sp. strain K30 (Rose et al., 2005) %dﬁﬁu oxiB e oxiA agﬂu operon @8N

2 o o A o a A a o
GﬁﬁﬂqﬁuqﬂluﬂqﬁﬂjﬂqNﬂ']?ﬂ’]\‘i']ufﬂa\‘]ﬂu Icp (E‘Lh’] 7) I@Uluﬂqi‘ﬂ@ﬂa\‘]ﬂqiiﬂﬂuﬂulﬂnq

E.coli Wuin 8% Icp RNTOUEAIDEN b (Yikmis et al., 2008)

OxiAB
Ho\/\)“\\/\/kn_/“
o-
Activation
+
R-oxidation

'

CO, * cellular material

317 6 nalnn1sdasaaisanslaaianlysl Lep (Yikmis and Steinbiichel, 2012)
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mem

| oxfﬂ>—< eno

BamHI

31N 7 unnAIuanIEH Icp oxiA uaz oxiB (Rose et al., 2005)

Sau3A
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v

= g/ L 1 Q 1 = dy d. = =
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{ P2 ¥ ' SN 'y § = ' 4 '

(3UN 9) snu%alunquﬁml qoﬁamuﬂﬁuumﬂﬁmﬂﬂLﬂuﬁmﬁamu U4 Lﬁaﬂqﬂ LaY
81AITYAIN ahm%alumju sky02 sky07 uae bin31 snansnsesle 5.88 % 5.83 % uas
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mmﬁiuﬂ’mﬂma ﬁhuL%aﬁmﬁaziaﬂaawqaﬁasmvlﬁ@‘hﬂdﬁ 5 % ﬁﬂwm:m‘mﬂjwﬁnﬁaﬂ

fsla uazliaunglalaianfivinldngefiasadfoud laun 18 11.1 uaz cp 2.1 Mfauand
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. { { o A
mﬁ'JVLiJLﬂuﬁwwu wazt¥io bin 32 Mdsuagidassanasriuie FIAMNFINITDIUNNT
1 dy 1 dy 1 U cl: 1 d'd = 2] A
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L A 9 o ' o & ' =
sapagf 10-18 % udltianluniatia 6-10 dlaw (Bode et al., 2000) uazwuinisiilaula
UUB11T MSM latex overlay agar bal l@gUNBEALANNFINITO IANTEasaa8 lasLTa KB
Aa LA o A | A & A . e

37 fflvwaslalngnga navlianusunlunisdesassidiningen lisshnsls lag

, [ . & - [ , 1
9INN13ANB1V89 Chengalroyen Waz Dabbs WuINLTa Nocardia sp. 835A Fuiduisalungud

W P= ' 2 ' [ ¢ A2 '
ligs199ls Jausnisalunisdessaiuns ¥1An31 90 % 1u 3 §FUANY TIgINi
P2 & oA o A '
Streptomyces sp. K30 milumalunqmaﬁmﬂa AAMVENTDIUNSLOURAY 13.4 %
) ‘A 2 U [

14 12 §a1% (Chengalroyen and Dabbs, 2013) @9a1nudia 120 laloian Juendloula 43
lalaan tduwnsuuan 40 laloan unsuay 3 lalaan was vraf bidlawla 87 lalaian

Wuinsuuan 65 laloan wnsuau 22 lalaan
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Abstract

The increasing production of natural rubber compounds has led to major
challenges in waste management. The degradation of natural rubber is normally
extremely slow. We have investigated the degradation of rubber latex gloves in a
mineral salt medium (MSM) by a consortium, a mixed culture of selected bacteria and
a pure culture using weight loss, scanning electron microscopy (SEM) and viable cell
counts. Weight losses of the latex gloves of 9-18% and an increase in viable cell counts
after incubation occurred with the consortium, the mixed culture and even the pure
culture so this indicated that degradation of the polymer had occurred. Degradation
was also confirmed by observing the growth of bacteria on the surface of the gloves
and the formation of aldehyde or keto groups using (SEM) and shift’s reagent,
respectively.
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Comparative Studies on Rubber Biodegradation by
Mixed Culture and Pure Culture Isolated From the
Soil Samples

Chairat Nawong, Natthawan Sermwittayawong, and Kamontam Umsakul

Abstract— An increasing production of natural rubber (NR)
compounds has led to major challenges in waste management. The
degradation of NR is normally extremely slow. In this study, the
degradation of rubber latex gloves in a mineral salt medium (MSM)
using a mixed culture of the selected bacteria and a pure culture was
investigated by monitoring weight loss, scanning electron microscopy
(SEM) and viable cell counts. About 18% weight loss of the rubber
gloves were detected after incubated with the mixed culture and the
pure culture. The increased viable cell counts over incubation time
indicated that cells used rubber gloves as a carbon source leading to
the degradation of the polymer. The degradation of NR gloves was
also determined by observing the growth of NR-degrading bacteria
on the glove surface using SEM.

Keywords— Biodegradation, natural rubber, latex glove.

I. INTRODUCTION

Natural rubber is a polymer that is produced from several
plant species. The main composition of natural rubber latex is
poly-1, 4 isoprene that consists of isoprene as a monomer. In
nature, poly isoprene can be divided into two groups, poly-cis
isoprene and poly tran isoprene. Natural rubber is mainly
produced from the Hevea brasiliensis. However, not only
Hevea brasiliensis but also many plants can produce latex
[16]. In addition, they are an alternative rubber such as Ficus
elastica, Ficus nitida and Euphorbia pulcherrima [9]. The
latex from the Hevea brasiliensis contains a polymer of cis-1,
4-polyisoprene units. Up to 90% of the dry weight of the latex
is cis-1, 4-polyisoprene and less than 10% is non-rubber
constituents such as protein, and carbohydrates [17].

Global natural rubber production increased to 12.2 million
metric tons in 2013, a rise of 79.4 % from 6.8 million metric
tons in 2000 [18]. These polymers can be used in thousands of
ways i.e. in the fabrics, mining, power generation, agriculture,
transportation, paper industries, insulation of cables, wires,
and various equipments, in addition, it is the major component
in rubber tires [16]. However, billions of discarded tires are
currently stockpiled around the world and these are increasing
exponentially and causing important environmental problems.

Chairat Nawong (Author), Prince of Songkla University, Thailand
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At present, much rubber waste is eliminated by either
burned or used as landfills, but this process can cause serious
pollution [6].

Biodegradation is the degrading process by microorganisms.
Roles of microbes in degradation process are releasing of an
extracellular enzyme to cleave polymer chain into small
molecules and these products are absorbed into the cell for use as

carbon and energy source. Final process, CO2, H 20 and other
metabolic products are released and they can be used for
photosynthesis by the plants. Therefore, the biodegradation is an
alternative way to degrade the rubber waste and could overcome
these environmental problems [2], [3].

However, microbial degradation of polyisoprene rubber is a
very slow process that is taking months or even years.
Microbial degradation of poly (cis-1, 4-isoprene) rubber is
currently being intensively investigated. So far rubber-
degrading organisms have been classified into two different
groups; the first group is rubber-degrading organisms
producing clear zones on natural rubber latex agar plates.
Members of these groups generally belong to the mycelium-
forming actinomycetes such as Actinoplanes, Streptomyces,
and Micromonospora. In contrast, the second group of rubber-
degrading organisms is the organisms which cannot produce
any clear zone, therefore they require the direct contact with
the rubber substrates. The example of this group is
nocardioform, actinomycetes i.e. Gordonia, Mycobacterium
and Nocardia. Xanthomonas sp. strain 35Y is the only known
gram-negative rubber degrading bacterium which does not
belong to the actinomycetes [13].

In this study, the degradation of rubber latex gloves in a
mineral salt medium (MSM) by a mixed culture of the
selected bacteria and a pure culture was compared. The weight
loss, scanning electron microscopy (SEM) of the rubber glove
substrate and viable cell counts were determined.

Il. METHODS

A.lsolation of rubber degrading microorganisms from soil
samples by enrichment culture technique

The rubber-degrading microorganisms were isolated from
soil samples collected from various contaminated rubber sites
in Songkhla, Thailand. Approximate ten grams of the soils
mixed with pieces of natural rubber (NR) glove were added to
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100 mL of sterile mineral salt medium (MSM) in each
Erlenmeyer flask and were then incubated at 30°C at 150 rpm.
Mineral salt medium is composed of (g/L): NayHPO,4 9.0,
KH,PO4 1.5, (NH4),NO 3 1.0, MgSO4 0.2, CaCl, 0.02, and
Fe(111)NH4 0.0012. The medium was adjusted to an initial pH
of 7.0 before sterilization. After a month of incubation, 0.5 mL
of each culture broth was transferred into a new flask
containing fresh MSM with NR glove and further incubated
under the same conditions as described above for another
month to encourage the rubber degrading bacteria to grow.
The developed culture broth was then assigned as the natural
soil consortia and stored in 15% glycerol at —80°C. The rubber
degrading bacteria were also screened and isolated from the
culture broth using NR latex agar plates.

B. Screening of NR-degrading bacteria

The degradation of the rubber gloves by the selected strains
was investigated through plate assay. Latex overlay plates
were prepared by spreading 5 mL of solubilized latex
concentrate as a thin film on MSM agar plates and then left it
to evaporate until dried. All tested strains that grew well on
the latex overlay agar were picked for further study.

C. Rubber glove degradation of the individual
tested bacteria and the mixed culture

Latex glove pieces were washed once with distilled water
prior to drying in an oven at 60 °C until obtained a constant
weight before being used as a carbon source. Two experiments
were designed to test the microbial activities for degrading
rubber gloves. The first experiment was testing each
individual isolated strain and the second experiment was the
randomly mixed cultures of isolated strain. Each culture was
incubated in MSM supplemented with dried latex glove piece
(0.6% wi/v) as a sole carbon source and were incubated at 30
°C, 150 rpm for 4 weeks. This experiment was performed in
triplicate. The inoculated MSM without any latex glove pieces
and the non-inoculated MSM with latex glove pieces were
used as control experiments. Viable cell counts of each culture
were determined throughout the incubation time. Weight loss
of incubated latex gloves at the end of incubation period was
measured and calculated in gram unit.

D. Scanning Electron Microscope (SEM)

The surface of the latex glove film pieces from the
inoculated samples and the control were analyzed by scanning
electron microscopy (SEM) to investigate the surface changes
after the degradation. The samples were washed with sterilized
distilled water and then were mounted on aluminum stubs.
Gold coating was carried out in vacuum by evaporation to
make the samples conducting. SEM images of the tested and
control samples were compared.

A.lsolation of rubber-degrading microorganisms from
soil samples

Ten bacterial isolates, F1 to F10, obtained from soil samples
were capable of growing on MSM agar containing NR. Isolate F5
and F7 were identified as Gram-positive and others were

RESULT AND DISCUSSION

Gram-negative bacteria. All ten isolates did not produce
clearing zone around the colonies indicated that they could
degrade the latex concentrate by a production of an
intracellular enzyme [16].

B. Weight loss of degraded latex glove

The weight loss of latex glove pieces after one month
incubation was around 0.1-18%. The highest weight loss of
18.82% received from the mixed cultures (Fig. 1) and 9.36%
from the pure culture of isolate F5 compared to only 0.2% of
the control samples (see Table I). Moreover, NR glove had
been broken down into little pieces (Fig. 2) indicated that the
bacteria had the ability to degrade natural rubber

TABLE |
WEIGHT LOSS IN LATEX GLOVE AND VIABLE CELL COUNTS OF PURE CULTURE

Isolate Weight loss of latex Viable cell counts (CFU/mL)

glove Day 0 Day 30
F1 5.06% 1.22x10° 3.20x10°
F2 5.12% 1.15x10° 4.30x10°
F3 0.11% 121x10° 3.00x10°
F4 0.32% 1.20x10° 1.40x10°
F5 9.36% 121x10° 150x10°
F6 5.23% 1.20x10° 4.50x10°
F7 6.93% 1.26x10° 3.40x10°
F8 0.41% 1.23x10° 2.40x10°
F9 0.81% 1.25x10° 131x10°
F10 0.47% 1.19x10° 2.10x10°
Control 0.20% 0.00 0.00
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C. Viable cell counts
Mixed culture grew well with the highest viable cell count

of 6.20x10° CFU/mL (see Table I1). The best growth related
to the highest weight loss of latex glove pieces among selected
strains. The increased viable cell counts through the end of the
incubation time indicated that the bacteria had the ability to
degrade natural rubber and used rubber gloves as the sole
carbon source.

20

18

16 |
14 |
12 |
10 |

% weight loss

[= T S T S« (I <]

mixed culture pure culture control

Fig. 1 Percentage weight loss of rubber gloves after incubation with
various inocula.
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TABLE Il
WEIGHT LOSS IN LATEX GLOVE AND VIABLE CELL COUNTS OF VARIOUS
INOCULA
“"e.igil Joss "iable cell counts
Isolate of latex (CFU/mL)
glove Day 0 Day 30
mixad cultura 18.82% 1.15x10° 6.20x10°
P Kt 9.36% 1.21x10° 1.50x10°
(F3)
e >35.00% 1.20x10° >1.00x10°
(other strains)
control 0.20% 0.00 0.00

Fig. 2 Image of the latex glove pieces after incubation for 30 days:
(a) control, (b) mixed culture and (c) pure culture (isolate F5).

D. SEM

Fig. 3a shows the surface of the control piece of NR glove
(uninoculated). They were smooth without any pits whereas
the glove pieces that were exposed to mixed culture for 30
days showed a rough appearance i.e. there were numerous
irregular cracks, surface erosions, and pits in varoius sizes on
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the surface of polymer films (Fig. 3b). This is a similar
situation to some other species e.g. Bacillus sp. AF-666 [13]
and Streptomyces strain La 7 [7]. Interestingly, isolate F5
colonized not only on the surface but also deeply inside the
polymer holes (Fig. 3c). The colonization and growth on the
NR glove surface were confirmed by SEM and showed that
there were numerous small holes on latex glove degraded by
F5 than in mixed culture.

S5um

Fig. 3 Scanning electron micrographs of the latex glove pieces after
incubation for 30 days: (a) control, (b) mixed culture and (c) pure
culture (isolate F5).

IV. CONCLUSIONS

In the present study, a mixed culture and pure culture were
able to degrade poly (cis-1, 4-isoprene) which is the monomer
compositions of rubber. The weight loss of rubber, the
increase in viable cell counts and the appearance changes and
the microbial growth of the NR glove surface after one-month
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incubation confirmed the biodegradation of natural rubber by [16] M. Yikmis, and A. Steinbichel, “Historical and Recent Achievements in

: : : the Field of Microbial Degradation of Natural and Synthetic Rubber,”
these isolates. Mixed culture of the selected strains reached the Applied and Environmental Microbiology, vol. 78, 2012, pp. 4543

highest rubber degradation with the percentage of weight loss 4551.

of 18.82 % after one-month incubation (Fig. 1). This mixed  [17] G. Nayanashree, and B. Thippeswamy, “Natural rubber degradation by
culture has shown the potential to be used efficiently for laccase and manganese peroxidase enzymes of Penicillium
rubber degradation. chrysogenum,” International Journal of Environmental Science and

Technology, vol. 12, 2015, pp. 2665-2672
[18] International Rubber Study Group, “STATISTICAL SUMMARY OF
ACKNOWLEDGMENT WORLD RUBBER SITUATION,” Rubber Statistical Bulletin, 2016.
This work is financially supported by Research assistant
scholarships, Faculty of Science, Prince of Songkla University ~ About Author (s):
the Faculty of Science.

Isolation of rubber degradation bacteria from soils
for complete natural rubber degradation
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agriculture, transportation, and various farming equipment, in addition, it is the major component in rubber
tires (Yikmis and Steinbtichel 2012). However, billions of discarded tires are currently stockpiled around
the world and these are increasing exponentially and causing important environmental problems. At
present, most rubber waste is eliminated by either burned or used as landfills but this process can cause
serious pollution (Fatta et al. 1999). Biodegradation of rubber wastes has been much of interest. Roles of
microbes in degradation process are releasing of extracellular enzymes to cleave polymer chains into
small molecules and these products are absorbed into the cell for use as carbon and energy source. Final
process, CO,, H>O and other metabolic products are released and they can be used by other living
organisms. Therefore, the biodegradation is an alternative way to degrade the rubber waste and could

overcome the environmental problems (Bode et al. 2001).

However, microbial degradation of polyisoprene rubber is a very slow process that taking months or
even years. Microbial degradation of poly (cis-1,4-isoprene) rubber is currently being intensively
investigated. Rubber-degrading organisms can be classified into two different groups; the first group is
rubber-degrading organisms producing clear zones on natural rubber latex agar plates. Members of these
groups generally belong to the mycelium-forming actinomycetes such as Actinoplanes, Streptomyces,
Micromonospora (Chengalroyen and Dabbs 2013) and Rhodococcus (Watcharakul et al. 2016). In
contrast, the second group of rubber-degrading organisms is the microorganisms, which do not produce
any clear zone, therefore, they require the direct contact with the rubber substrates. The examples of this

group are nocardioform, actinomycetes i.e. Gordonia sp., Mycobacterium sp. and Nocardia sp.

Lep (latex-clearing protein) encoded by lcp gene has been considered a key enzyme in NR degradation
by clearing-zone-forming gram-positive bacteria. While RoxA (rubber oxygenase) is a key enzyme in NR
degradation found in the gram-negative bacterium Xanthomonas sp. strain 35Y. RoxA controlled by roxA
gene is an extracellular protein secreted by this strain during growth on NR. Purified RoxA degraded
poly(cis-1,4-isoprene) by oxidative cleavage at the double bonds, yielding 12-oxo-4,8-dimethyltrideca-4,8-
diene-1-al as the main cleavage product; other minor cleavage products differed only in the number of
repetitive isoprene units. In vitro experiments also revealed occurrence of two 18 O atoms in the reduced
degradation product 12-hydroxy-4, 8-dimethyltrideca-4, 8-diene-1-ol, thereby disclosing a dioxygenase
mechanism (Rose and Steinbuchel 2005).

Most efforts on the study of rubber biodegradation have been directed to using single bacterial strain
which still gave poor results. It was hypothesized that the synergistic interaction among various
microorganisms should accelerate the rubber degradtion process. So in this study, the degradation of
rubber latex gloves in a mineral salt medium (MSM) by a consortium, a mixed culture of the selected
bacteria and a pure culture were compared. The weight loss, scanning electron microscopy (SEM) of the

rubber glove substrate and viable cell counts were determined.
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2. Materials and methods

2.1 Isolation of rubber degrading microorganisms from soil samples by enrichment culture
technique

The rubber-degrading microorganisms were isolated from soil samples collected from rubber
contaminated in Songkhla province, Thailand. Soil samples were mixed with pieces of natural rubber (NR)
glove incubated in sterile mineral salt medium (MSM) and incubated at 30°C at 150 rpm. Mineral salt
medium is composed of (g/L): Na:HPO4 9.0, KH2PO4 1.5, (NH4)2NO3 1.0, MgSOs 0.2, CaCl; 0.02, and Fe
(Il1) NH4 0.0012. The medium was adjusted to an initial pH of 7.0 before sterilization (Jendrossek et al.
1997). After a month of incubation, 0.5 mL of those culture broths was transferred into MSM with latex and
further incubated under the same conditions as described above for another month to encourage the
growth of rubber degrading bacteria. The developed culture broth was then assigned as the natural soil
consortium. The rubber degrading bacteria were also screened and isolated from the culture broth using

NR latex agar plates.

2.2 Screening of NR-degrading bacteria

The degradation of the rubber gloves by the selected strains was investigated through plate assay.
Latex overlay plates were prepared by spreading 5 mL of solubilized latex concentrate as a thin film on
MSM agar plates and then left to dry. All tested strains that grew well on the latex overlay agar were

picked for further study.

2.3 Rubber glove degradation investigation of the individual tested bacteria, the mixed culture, and

the natural soil consortium

Latex glove pieces were washed once with distilled water prior to drying in an oven at 60 °C until
obtained a constant weight before being used as a carbon source. Three experiments were designed to
test the microbial activities for degrading rubber gloves. The first experiment was testing each individual
isolated strain. The second experiment was testing the mixed cultures of high effective isolated strains
(mixed cultures) and the third experiment was the mixed cultures of all isolated strain (consortium). Each
culture was incubated in MSM supplemented with dried latex glove pieces (0.6% w/v) as a sole carbon
source at 30°C, 150 rpm for 4 weeks. Each experiment was performed in triplicate. The inoculated MSM
without any latex glove pieces and the uninoculated MSM with latex glove pieces were used as biotic and
abiotic control experiments respectively. Viable cell counts of each culture were determined throughout the
incubation time. Weight loss of incubated latex gloves at the end of incubation period was measured and

calculated in gram unit.
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2.4 Scanning Electron Microscope (SEM)

The surfaces of the NR glove film pieces were analyzed by scanning electron microscopy (SEM) to
investigate the appearance changes after the degradation. The samples were washed with sterilized
distilled water and then were fixed with 2% glutaraldehyde in 0.1 M phosphate-buffered saline (PBS; pH
7.3). After washing with PBS and dehydrated in graded ethanol (50, 60, 70, 80, and 90% and absolute
ethanol). The dehydrated samples were subjected to critical point drying with liquid CO2 according to the
standard procedure. The samples were then mounted on aluminum specimen stubs by using electrically
conducting carbon (PLANO, Wetzlar, Germany) and coated with a gold layer. Micrographs were recorded
using scanning electron microscope (SEM-JSM5800LV; JEOL Ltd., Tokyo, Japan).

2.5 Fourier Transform Infrared (FTIR) Spectroscopy

The FTIR (VERTEX 70; Bruker, Germany) analysis was done to detect the degradation of NR latex
glove on the basis of changes in the functional groups. The correlation of absorption bands in the
spectrum of an unknown compound with the known absorption frequencies was analyzed. The polymer
pieces were mixed with KBr and made into a pellet, which was fixed to the FTIR sample plate. Spectra

were taken in triplicate at 400 to 4000 wavenumbers cm~' for each sample.

2.6 16S RNA gene analysis

The genomic DNA of isolate F5 was extracted using Power Soil DNA isolation kit (MO BIO Laboratories,
a QIAGEN Company, USA). Molecular genetic identification was performed by amplification of 16S rRNA
gene with bacterial universal primers 27F (5-AGAGTTTGATCCTGGCTCAG-3) and 1492R (5-
CGGCTACCTTGTTACGACTT-3) (Weisburg et al. 1991). PCR reaction was carried out in a final volume
of 50 pL containing 10 mM Tris—HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl,, each dNTP at a concentration of
0.2 mM, 1.25 |U of Tag polymerase, each primer at a concentration of 0.2 mM and 1 uL of the DNA
template. PCR was performed according to the following program: 2 min denaturation at 95 °C, followed
by 30 cycles of 1 min denaturation at 95 °C; 1 min annealing at 55 °C; 1 min extension at 72 °C; and a
final extension step of 10 min at 72 °C. The PCR product was then analyzed and purified using an
agarose Gel DNA Purification Kit (E.Z.N.A. Gel Extraction Kit; Omegabiotek, USA). The 16S rDNA gene
was sequenced. A phylogenetic tree was constructed by means of MEGA version 7.0 using a neighbor-
joining algorithm, and the Jukes-Cantor distance estimation method with bootstrap analyses for 1,000

replicates was performed.

2.7 Amplification of the Icp gene

The coding region of /cp from Rhodococcus pyridinivorans was amplified by using primers IcpF (5-
ATAATCCGAGCAGGCGCGA-3) and IcpR (5-TCGGGGATCTCGATGCTGA-3). PCR reaction contained
10 mM Tris—HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl., each dNTP at a concentration of 0.2 mM, 1.25 U of
Taqg polymerase, each primer at a concentration of 0.2 mM, and 1 pL of the DNA template. PCR was



O J oy U WN

OO OO O Orur U1 U1 O1O1O1TOTOT U B BB D DB DB WWWWWWWWWWNRNNRDRNDNDNDNDNDNDNRFERE P R s
U”»bu)!\)b—‘OkOCO\lO\U'IbUJl\)D—‘OLOO’)\IG\U'I-bu)Y\)P—‘Ok.Om\]O\U'lbL«)l\)D—‘OLO(})\]m(ﬂbwl\J!—‘OLOCD\IO\U'l‘waF—‘O\.O

performed according to the following program: 2 min denaturation at 95 °C, followed by 30 cycles of 1 min
denaturation at 95 °C; 1 min annealing at 55 °C; 1 min extension at 72 °C; and a final extension step of 10

min at 72 °C.

2.8 CO; emission test
Biodegradation of latex glove was also determined by CO. emission test. The released CO.during the

cultivation of cells in MSM in which contained rubber gloves as the sole carbon source was trapped in a
solution of 1N Ba(OH)2 and was quantified by titrating of the remaining Ba(OH). with 0.1 N HCI (Shah et
al. 2012).

3. RESULTS AND DISCUSSION

3.1 Isolation of rubber-degrading microorganisms from soil samples

In order to enrich the growth of rubber degrading bacteria, soil sample was incubated with rubber glove
pieces for a month. The developed culture which was assigned as a natural soil consortium was grown on
NR agar to isolate rubber degrading bacteria. Ten bacterial isolates, F1 to F10, obtained from a natural
soil consortium were capable of growing on MSM agar containing NR as the sole carbon source. Isolate
F5 was identified as Gram-positive and others were Gram-negative bacteria. All ten isolates did not
produce clearing zone around the colonies indicated that they could degrade the latex concentrate by a
direct contact with the rubber substrate (Yikmis and Steinbtichel 2012). The degradation of rubber gloves
were tested using each isolated strain compared with the mixed cultures of top 5 effective strains (F1, F2,
F5, F6, F7) and the consortium of all 10 bacterial isolates (F1-F10).

3.2 Weight loss of latex glove pieces

The weight loss of latex glove pieces after one-month incubation was around 0.5-9% when using
individual culture of F1-F10 (data not shown) and among 10 isolates, F5 gave the best weight loss of
9.36%. The highest weight loss of 18.82% was obtained from the mixed culture of top 5 effective strains
(F1, F2, F5, F6, F7), while 18.38% was obtained from the consortium (F1-F10) compared to only 0.2% of
the abiotic control (Fig.1). It was clearly shown that using mixed culture and the consortium gave the better
degradation results. This result confirmed the existence of synergetic interaction between microorganisms.
However, the decrease of rubber degrading property of the consortium after successive transfer in NR
medium was observed. The instability of degrading ability might due to the loss of any bacterial population
in the consortium during transfer. The rubber degrading property could be re-stored again after a long

incubation time which allows microorganisms to adapt.

3.3 Viable cell counts

The increased viable cell counts through the end of the incubation time in all tested bacterial group
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indicated that the bacteria had the ability to degrade natural rubber and used rubber gloves as the sole
carbon source (Fig.2). The bacterial population of the mixed cultures showed the biggest increase from
1.2x108 CFU/mL to 6.2x10° CFU/mL after 1 month incubation with rubber gloves, the bacterial population
in the consortium had increased from 1.2x108 CFU/mL to 4.0x10° CFU/mL while pure culture showed the
smallest bacterial population increase from 1.2x10® CFU/mL to 1.5%10° CFU/mL. Production of biomass

from rubber also implies the presence of oxidative degradation of rubber polymer.

3.4 SEM
The biodegradation of rubber gloves was also observed by SEM. After 4 weeks of incubation with the

consortium, mixed culture and F5, the surfaces of rubber gloves were covered with bacterial colonization
compared to control (Fig. 3a-d). Significant changes were irregular crashes, surface erosions, and holes in
variable sizes on the surface of latex glove pieces. Interestingly, isolate F5 (Fig. 3d) cells embedded and
colonized into the rubber matrix. The adhesive growth attachment of consortium and mix culture on rubber
surfaces can be detected as early as 7 days of incubation while when using single strain of F5, bacterial
colonization occurred after 10 days of incubation. A direct contact via a biofilm and embedding of cells into
rubber gloves may be a possible mechanism, as similar to a report of Gordonia and some other

actinomycetes (Linos et al. 2000).

3.5 Fourier Transform Infrared Spectroscopy test

FTIR analysis of the rubber glove pieces after incubated with F5 showed various spectra changes
compared to the control (Fig. 4). In the transmittance area corresponding to the cis-1,4 double bonds in
the polyisoprene chain, a relative decrease of the (=CHz) band at 833 cm™ was observed for the tested
sample compared to that of the abiotic control. Peaks 1423 cm™ was decreased in latex glove pieces
treated with isolate F-5 culture as compared to control, indicating the break of functional groups like C=C,
methyl and ester bonds. Moreover an increase in the intensity of the peak at 1634 cm™ showed the
presence of aldehydes (C=0) groups in the case of test pieces as compared to control. These indicated
that F5 used latex gloves as a carbon source during cultivation. The decreased spectra of cis-1,4 double
bonds, methyl and ester bonds in the polyisoprene chains and appearance of ketone and aldehyde groups
indicated that an oxidative attack at the double bonds might be the first metabolic steps of the
biodegradation process (Tsuchii et al. 1985, Rose and Steinbuchel 2005).

3.6 Molecular identification using 16S rRNA gene sequence comparison

The sequencing result of 1.470 kb nucleotides of 16S rRNA gene of strain F5 was aligned and
compared with other bacteria available in the NCBI GeneBank. The phylogenetic analysis of the 16S
rRNA sequence showed that the strain F5 belongs to genus Rhodococcus sp. having 99% similarities with
Rhodococcus pyridinivorans and was submitted to GenBank under accession number KX791436 (Fig. 5).
Genus Rhodococcus has been proved to be a promising option for the bioremediation of many xenobiotic
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compounds (Larkin et al 2006; Ludmila et al. 2009; Kundu et al. 2016; Zsolt et al. 2017). This is the first

report to demonstrate an ability to degrade rubber by Rhodococcus pyridinivorans.

3.7 Molecular identification and phylogenetic analysis using /cp gene sequence comparison

The PCR product of lcp gene was sequenced retrieving 1.293 kb nucleotides. The sequences were then
aligned and compared to the database of the NCBI GeneBank. The phylogenetic analysis of the lcp
sequences showed that 99% similarities with an /cp gene from Rhodococcus pyridinivorans. The presence
of Icp gene confirmed the biodegradation process in this species. Further investigation is required to

confirm the reaction mechanism of this enzyme.

3.8 CO; emission test

The CO, evolved from the biodegradation was measured to compare the ability to degrade rubber
gloves of tested bacteria. The mixed culture released 14.67 % COx, 9.78% from the consortium and 4.89%
from the pure culture F5 (Fig.6). The highest CO release was related to the highest weight loss of latex
glove experiment and confirmed the best degradation occurred when the mixed culture was incubated with

rubber gloves.
4. Conclusions

In the present study the consortium, mixed culture and pure culture were able to degrade rubber
gloves in which significant changes can be detected within 30 days. Determination of the weight loss, the
increase in viable cell counts, FTIR, CO; evolution test and the SEM has confirmed that the natural rubber
degradation process occurred. Rhodococcus pyridinivorans strain F5 demonstrated the highest rubber
degrading activity among all single strains used. The presence of /cp gene encode for latex degrading
enzyme in Rhodococcus pyridinivorans F5 supports the essential function of /cp in poly(cis-1,4 isoprene)
degradation. Mixed culture of the selected strains reached the highest rubber degradation after one-month

incubation and showed the potential to be used as an efficiently for rubber degradation.
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Fig. 1 Percentage of latex glove weight loss after incubation with the consortium, the mixed

culture and the pure culture F5 at 30 °C for 30 days.
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Fig. 2 Viable cell counts after incubation of the consortium, the mixed culture and the pure culture
F5 with rubber gloves in MSM at 30 °C for 30 days.



Fig.3. Scanning electron micrographs of the latex glove pieces after incubated with consortium

(b) mixed culture (c) and pure culture, F5 (d) for 30 days at 30 °C compared to abiotic control (a).
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Fig. 4. FTIR spectra of latex glove pieces after incubation with F5 in mineral salt medium for 1
month. Abiotic control (thick black line), Sample treated with F5 (grey line).
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Fig. 5. Phylogenetic of strain F5 among the neighboring species. The phylogenetic tree was
constructed by the method of neighbor joining, based on pairwise comparisons of 16S rRNA

sequences with bootstrap analyses for 1,000 replicates.
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Fig. 6 CO. evolved during the incubation of the consortium, the mixed culture and the pure culture
F5 with rubber gloves at 30 °C for 30 days.
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Primer Name

Amplicon size (bp)

Primer Sequence (5’ to 3’)

8F 1492R

Rodo41470

Rhodo591450

16s1563FR

16s1451FR

16sRho20

1484

1464

1391

1563

1451

1502

F:AGAGTTTGATCCTGGCTCAG
R:GGTTACCTTGTTACGACTT
F:CAGGACGAACGCTGGCGGCG
R:CGACTTCGTCCCAATCGCCG
F:CAGCTTGCTGGGTGGATTAG
R:GATCCCACCTTCGACGGCT
F:-TGTCCTCCTCGAAGTCCAGA
R:ACAGATGATGGTGCAGGTCG
F:AGAGTTTACCGTTCCGGTCC
R:CGGATACGGCACAGAACTGA
F:ACGGAGAGTTTGATCCTGGC

R:AGAAAGGAGGTGATCCAGCC

o @ A o
RIAULLRN Lo

>GTGGCGATCTGGCGGCGTGCTTACCCATGCAAGTCGACGATGAAGCCCAGCTTGCTGGGT

GGATTAGTGGCGAACGGGTGAGTAACACGTGGGTGATCTGCCCTGCACTCTGGGATAAGCC

TGGGAAACTGGGTCTAATACCGGATATGACCTCGGGATGCATGTCCTGGGGTGGAAAGTTT

TTCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGC

GACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCA

GACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCG

ACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGACGAAGCGC

AAGTGACGGTACCTGCAGAAGAAGCACCGGCCAACTACGTGCCAGCAGCCGCGGTAATAC

GTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGCGGTTTGTCGC

GTCGTCTGTGAAATCCCGCAGCTCAACTGCGGGCTTGCAGGCGATACGGGCAGACTCGAGT

ACTGCAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACA

CCGGTGGCGAAGGCGGGTCTCTGGGCAGTAACTGACGCTGAGGAGCGAAAGCGTGGGTAG

CGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCGCTAGGTGTGGGTTT
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CCTTCCACGGGATCCGTGCCGTAGCCAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCC
GCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGATT
AATTCGATGCAACGCGAAGAACCTTACCTGGGTTTGACATGTACCGGACGACTGCAGAGAT
GTGGTTTCCCTTGTGGCCGGTAGACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAG
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCACGTGATGGT
GGGGACTCGCAGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTC
ATCATGCCCCTTATGTCCAGGGCTTCACACATGCTACAATGGTCGGTACAGAGGGCTGCGA
TACCGTGAGGTGGAGCGAATCCCTTAAAGCCGGTCTCAGTTCGGATCGGGGTCTGCAACTC
GACCCCGTGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTC
CCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGTCGGTAACACCCGAAGCCGGTGG
CCTAACCCCTCGTGGGAGGGAGCCGTCGAAGGTGGGATCGGCGATTGGGACGAAGTCGTA

ACAAGGAGCCTTCCCGGGGT
4.113013723%1 8% Icp lag35 PCR

sn1zdIUUAIen PCR

Cycling condition Temperature (°C) Time (minutes)

Pre Denaturation 95 2

Denaturation 95 1 ]

Annealing 55 1 30 cycles
S—

Extension 72 1

Final extension 72 10 N




42

Primer ﬁ‘l:ﬁ“

Primer Amplicon size (bp) Primer Sequence (5’ to 3’)
109FR-lcp 415 F: GAGGCMGAYSMGSTVVTCGC
R: GTCTTSASGSMBGTBACGA
LcpfSt143 560 F: TCGGTGGCSGGYWCSGG
R: AGRCTGTGCCAGGTGACCA
IcpR23FR 1109 F: ACGTTCTGAAAACCGGTGGC
R: CGAACGTCCAGTAGGCATCC
IcpR5FR 1197 F: ATAATCCGAGCAGGCGCGA

R: TCGGGGATCTCGATGCTGA

o @ A o
RIAULLRN Lo

>ATGCCGAGCAGTGACATTTCACGATTCATCGTGACCCGAGCCACGGTGTGGTTCCATGTTA
CAGAGAAACTCCAGATGTTTCATTGCTACATCCACGAGTCGTATGGGAGTGACAGTATGGAT
AATCCGAGCAGGCGCGACGTTCTGAAAACCGGTGGCCTCCTCGGTGCACTGGGCGCGTTC
GCGGTGGCGACACCGGCACAGGCCCGACCCTGGAGGTGGTCGCCCGCAGGATCGATACC
GGGTACGGGGAGCGGTGCCGATCCGCGACAGGTATGGGACAACGAGGCCGACCCGCTCG
TCGCCTCGTTGCTCGAGCGCGGCGACGTACCGAGGGTCAACGAGCTGCTGCGCACCTGGA
AGAAGAACTCCCAGCCGCTGCCCGAAGGGCTTCCGAACGACCTGCGCGACTTCATGGAACA
CGCCCGGCAGCTTCCGACCTGGGCCGATCCGGCGAAACTCGAGACGGCCGTCCGCTTCAA
CGAGAAGCGCGGGCTGTACCTCGGTGTGCTGTACGGATTCGTGAGCGGGATGATGAGCAC
GGTCATCCCGAAAGAGGCGCTGGCCGTCTACTACTCCAAGGGCGGCGCGAACATGAAGGG
CCGCATCTCGAAGACCGCAAAATTGGGCTACGACATCGGTTCTCGCAATGCGTATCTGGAC
GACGGTGAAATGATCGTCACGTCCGTCAAGACCAGGCTCGTCCATGCCGCCGTGCGCCATC
TGCTCCCGCAATCGTCGCACTGGTCCAACATGGCGCCCGAGGATGTGCCGATCAGCCAGC
ACGACATGATGGTCACCTGGCACAGCCTGCCCACCAGCGTGATGCGCACGTTGAAGGAGT
GGAAGGTTCCGATCCCGGCTGCGGAGGCCGACGGATTCCTGCACTCGTGGCAGGTCAGCG
CGCACATGCTCGGTATCGAGGATCAGTACATCCCGGCCACCTGGGACGACGCCGAATCCCA
GGCGCAGGAAGCGCTCGATCCGATCCTCGCGCCCACGCCCGAGGGTGTGAAGCTCGCCGA
TATGCTGCTCGACCTCGGTAAGGGTCTCGACTTCACGCTCCTGACCCGCCCCATCCTCGGG
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GCGCTGACACGGTTCGCGCTCGGCGACGAGATCGCCGACTGGCTCAACATTCCACGCGAA
ACCCGTCTGGGGGCACACTGGTTCGACGTCCCCGTGGGGGCCCGTTTCATCCCGGGTACG
CGAAAGGCCTGCTGGCCGCTTTCCGCTGGGGCCCGGATGCTATCGGGGGACTTTTTCGAAA
AGCAAAACCTCCCCCCCCCAT

feunInazdlun be

MDNPSRRDVLKTGGLLGALGAFAVATPAQARPWRWSPAGSIPGTGSGADPRQVWDNEADPLYV
ASLLERGDVPRVNELLRTWKKNSQPLPEGLPNDLRDFMEHARQLPSWADPAKLETAVRFNEKR

GLYLGVLYGFVSGMMSTVIPKEALAVYYSKGGANMKGRISKTAKLGYDIGSRNAYLDDGEMIVTS
VKTRLVHAAVRHLLPQSSHWANMAPEDVPISQHDMMVTWHSLPTSVMRTLKEWKVPIPAAEAD

GFLHSWQVSAHMLGIEDQYIPATWDDAESQAQESLDPILAPTPEGVKLADMLLDLGKGLDFTLLT
RPILGALTRFALGNEIADWLNIPREPVWGTLLDVAWGPFIAVREGLLPLPLAPDAYWTFDELLRQF
VLLYMAELRPISIEIPEFNNPNYP
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