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CHAPTER |

INTRODUCTION

Biopolyesters occur in higher plants as the structural component of the cuticle

that covers the outer surfaces of plants. This insoluble polymer, cutin, attached to the

epidermal cell walls is composed of inter-esterified hydroxy and hydroxy epoxy fatty
acids (Kolattukudy, 2001). Anof'y | plant polyester is suberin, a polymeric
material deposited in cell ; . " 7/ &'s to erect a barrier as a result of
physical or biological st = 2 Ne WVir s during development. Suberin is
composed of aromaticw/ me — e acid, and aliphatic polyester
domains derived from C & wic_elongation products (Bernards,
2002). The ester bond wigh £ ' _ 7' A \ . -uolyzed by lipase (EC 3.1.1.3),
; »d by bacteria and fungi
(Kolattukudy, 1980; 20.4). | i ister in plants is as a protective
barrier against physical, ical 4 ¥3 ice. %ad rs in the environment, including
plant pathogens. These p to s Wngi from the genus Fusarium and
gle of producing cutinolytic esterase

bacteria in the genus Stren! ﬁ‘, : \,g;

L .
enzymes which e : iando, Zimmermann and
] \
g

Kolattukudy, 1984; '1‘ : =11 these microbes also arises

because of their abn.ues to degrade many types of oynthetlc polyesters including

aliphatic and mil
Synthﬁwy;me ave been intensively deve oped during the last 50 years
5 a] hatic polyesters
mcludungmda qjkanojesiuh-? poly” ( -capr(gstone IXJ and poly (L-

lactide) (PLA) can easily be degraded by microorganisms that are widely distribute in
nature (Murphy et al., 1996). On the other hand, aromatic polyesters such as
polyethylene terephthalate (PET) are more resistant to microbial attack (Kim and Rhee,
2003). Many of biodegradation polyester's products are based on aliphatic polyesters
and exhibit only limited applications. Aromatic polyesters were more widely used

because of their superior properties (Muller et al., 2005). The polyester fibers made of



2

PET have very good strength properties. They are resistant to chemicals and abrasion,
stretching, shrinking and wrinkling (Yoon, Kellis and Poulose, 2002). However, the great
disadvantage of the PET fiber is its low hydrophilicity and inactive surface. These affect
processing of the fibers such as lose a degree coloring and also bereave “coziness” of
the fabric to the wearer. The conventional modification of PET fiber properties is through
strong alkaline treatment at high temperature which concomitantly gives both weight

loss and excessively hydrophilic fibers. Both alkaline wastes and the high processing

l <im and Rhee, 2003; Vertommen et al.,

_ //"nodlﬁcatlon of PET fibers is the

application of hydrolytic s e vhics CG_-npllshed under mild conditions.

temperature invoke environment:

2005). An interesting alte

Hydrolases, esterases aii: ” " . Alvoolers such as cutin and suberin
could have potential in - ‘ ‘ ‘ ) » W xiber (Carvalho, Aires-Barros and
Cabral, 1998, 1999; Xioc v s BT NBOU and Vertommen et al., 2005).
Although PET-fabriccd®er COr \ e here has been accumulating
(1983) found changes in the
physical properties of [# ' the Rellile strength, viscoelasticity and |
extension behavior followir) rin @ ln2® ne preparation from Cladosporium
cladosporioides. Treatments CH by ; ics with several lipases improved their
water wettability a " -—— Jzjase in hydrophilicity due to

L)

enzymatic hydrolysi l > '. 1998). Polyester-hydrolyzing

bacterial and fungal werases reduce pilling of PET {=rics (Andersen et al., 1999).

Yoon et al. (2 ri rs by a serlne esterase.
resulted in eﬂgﬂdﬁzﬂv\'ﬂ iﬂzj:a]oﬁj/e binding ability of the
dh il stain removal

m a@ﬂnﬁjm\ﬂ;ﬁer rgl)jc>§’t]zymes for the

propertig

fibers.

modnflcatlon of PET fibers has also been described (Oda and Kimura, 1998). Cutinases
(EC 3.1.1.74) from the phytopathogen, Fusarium solani f. sp. pisi and a thermophilic
actinomycete, Thermomonospora fusca, have been successfully used for the
modification of PET (Muller et al., 2005; Vertommen et al., 2005) including their ability to
improve the hydrophilic properties and activation of the surface of PET fibers (Nimchua,

Punnapayak and Zimmermann, 2007).
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This range of studies illustrates the proof of concept for the modification of PET
fibers, though new and more efficient enzymes need to be considered for industrial
development. In this study, | isolated further fungi producing extracellular cutinolytic
esterases from plant leaves, underground storage organs, fruits, and soil in different
habitats of Thailand. This esterase production was assessed. Moreover, screening for
the most efficient enzyme on PET fiber was carried out. The best selected isolate was
identified as a Fusarium sp.. The purification and characterization of the most efficient

enzyme was investigated. Finallv. % » was shown for modifying the properties

of polyester fabric.

Objectives of this study
1. To obtain Fusarium 1< N unolytic esterase from different

habitats in Thailand .-
2. To identify the sel t yield of cutinolytic esterase
3. To purify and chara from the selected fungus

4. To detect the modi of “_ ) W face by esterase treatment to

<

4

AUEINENINYINS
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CHAPTER Il

LITERATURE REVIEW

2.1 The plant biopolymers

2.1.1 Occurrence of cutin and suberin

Plants have polyester outerwear, as the outer parts of higher plants are covered

with a cuticle layer whose struch: “pnent is a polyester, cutin. The term cutin
came from the name cutose ﬂinany to describe the material that
formed part of the epider ™ ve; anc—d sisted the action of strong acids

(Martin and Junifer, / | 1 . omeslant cuticle began in the 19"
century. In these early®u, Daned after treatmént of the aerial
parts of plants with o 4 y ]G ,' AL\ \o e true cuticles (Kolattukudy,
- _' cuticles of the higher plants.
such as Zoestra marina or sea
pe of monomers as those found
on land plants (Kolattuku, ance that cuticle occurs in lower
plants including mosses, | liverworts (Holloway, 1_982). Cutin
).Laqrial part of plants including

stems, petioles, -V-- g ‘

.' H!r

on internal parts such ‘ ) juice sacks of citrus {Kolattukud# 2001a). The thickness of the

polymer Iayerﬁ ﬁﬁ)ﬁ miﬂw ;iﬁo same plant. In higher
plant leaves, t S.lt nﬁ ﬁ wilh than 20 to 600 pg cutin
per cm’ of the surface area. In s&ne fruits witkma_well- develcﬁﬁ cuticle, the cutin

conerBp b NN 1 EM bl hed K] L

(Kolattukudy, 2001a). This lipid-derived polyester covering is unique to plants, as

containing layers ajo4

some seed coats, but also

thin (~0.1 um)

animals use carbohydrate or protein polymers as their outer covering. Cutin, the
insoluble cuticular polymer of plants, is composed of interesterified hydroxy and hydroxy
epoxy fatty acids derived from the common cellular fatty acids and is attached to the
outer epidermal layer of cells by a pectinaceous layer (Figure 2.1a). The insoluble
polymer is embedded in a complex mixture of soluble lipids collectively called waxes

{Kolattukudy, 2001b).
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The name suberin was first used almost 200 years ago by Chevruel to describe
the insoluble material that formed the major portion of the cork used to seal bottles
(Kolattukudy, 2001c). The first reports appeared in 1878, when nitric acid treatment of
cork was shown to produce suberic acid - this being the same material obtained some
80. years previously from the oxidation of cork. Later, it was recognized that suberic
acids were degradation products from suberin monomers. Towards the end of the 19"

century, the alkaline hydrolysis products were isolated using classical chemical

methods, and this further raised thgy ~jof suberin containing a polyester domain.

Althought several of the ma =SS 28 of cork had been identified by the
- d

mid-20" century, only in — stasls e 1y With the introduction of more

definitive analytical teciivicre ~ w2 picture of the structure of suberin

Cork cells, aS"we #f J § soaitier that covers barks and the
underground organs Yy S : \ \\ by depositing on the walls of
the outer one or two (#3 . . is composed of aromatic and
also found in a variety of other

anatomical regions withiij p’ pidrmis and hypodermis of roots,

endodermis (Casparian band g’ﬁ-}';w_i ths of grasses, the sheaths around

idioblasts, the bourg= mJorgans such as glands and
| )

trichomes, the pign S odion connecting seed coats

and vascular tissue, nd certain cotton fibers (Kola ”<udy, 1987; Kolattukudy and
Espelie, 1989 ﬁ/ i of suberin are derived
mainly from @ﬁgjd ?ﬂﬂgn ﬂﬂjﬂiﬁnenm are derived from
13l 26 %mm ,og. ¢

Cell wall
-Suberized walt
Plasma membrane
Cytoplasm

Vacuole

(a) (b)

Figure 2.1 Schematic representation of the cuticle (a) and suberized cell wall (b)

{Kolattukudy, 2001a).



2.1.2 iIsolation of plant polyesters

The cuticle, being attached to the epidermal cells via a pectinaceous layer, can
be released by disruption of this layer by chemicals such as ammonium oxalate/oxalic
acid or by pectin-degrading enzymes. After treatment of the recovered cuticular layer
with  carbohydrate-hydrolyzing enzymes to remove the remaining attached
carbohydrates, the soluble waxes can be removed by exhaustive extraction with organic
solvents such as chloroform. The cutin sheets can be powdered and subjected to

chemical and/or enzymatic depoly g (Holloway, 1982; Kolattukudy, 1980).

Suberin, being an ad: . wall, cannot be separated from cell

walls. However, suberin-22= - B! aé be obtained by digesting away
as much -carbohydy | oy pectinases and cellulases
(Kollattukudy, 1981; KSTIT ¥ AR

Cutin can be -df Y & “‘ (N ester bonds either by alkaline
hydrolysis, transesterific: 7 g boron trifluoride or sodium
methoxide, reductive cleav g: ‘ : z pati@nt with LiAIH, in tetrahydrofuran, or
with trimethylsilyl iodide (TMSII\ , .‘J ents to release free monomers or their
derivatives (HoIIow: . rr i depolymerization is also
effected e.g. lipases V g ‘ that catalyze the hydrolysis
of ester bonds (Hollow, ;I , 1974; KUIGLEnEdy aiu wWalton, .; )73).

The polyester démains of suberizeawalls can also be depolymerized using

cherrica andﬂ S EH PR I AN Tde@or cutn. The aromati

domains are more difficult to depolyerize as C45,and C-O-C crggslinks are probably
e R BN AT HIAR TG o e
mtroben;ene, CuO oxidation, or thioglycolic acid/HCI treatment are used to release

aromatic fragments (Kolattukudy and Espelie, 1985; 1989).

2.1.4 Composition of cutin
The major components of cutin are derivatives of saturated C,, (palmitic) acid
and unsaturated C,, acids (Table 2.1). The major component of the C, family of acids is

9- or 10,16-dihydroxyhexadecanoic acid (and some midchain positional isomers), with
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less 16-hydroxyhexadecanoic acid and much smaller amounts of hexadecanoic acid
(Deas, Baker and Holloway, 1974; Espelie, David and Kolattukudy, 1980). The major
components of the C,, family of monomers are 18-hydroxy-9,10-epoxy C,, acid and
9,10,18-trihydroxy C,, acid together with their monounsaturated homologues (Table 2.1).
Lower amounts of 18-hydroxy C,, saturated, mono-, and diunsaturated fatty acids and
still lower amounts of their unhydroxylated homologues occur. Fatty acids longer than

C,qs their ®-hydroxylated derivatives, and the corresponding dicarboxylic acids are

minor components of cutin (Walix kudy, 1972). The major components of

Table 2.1 Structure Ofmam'/ . ,- ‘ar and Kolattukudy, 1972)

Cye-F&ni 7/ 7RET\ O ig-Family

cutin have been described &

CHz~(CHg) 4-E00" @ 7CH = CH -(CH,)9-COOH
CHy~(CHg){ 4~C4F A "N/ 7-CH = CH -(CH,)7-COOH
[ g |

OH
nl:Hz-(cuz)x-tle-(cH : (Nigdy=CH - cH ~(CH,)-COOH
OH OH 37N I 0
QI £) - CH -(CHy)-CO0H
* X=5, 6, 7, 8; 'Vf 'rI ok

J.H

The ¢ j ugh most plants contain
different typeﬂ Rﬂo Wﬂ\nﬁ maﬁltj 'j mposition of cutin differ
with t ﬁ) ti ﬁ/ leaf, stigma, and
rowe:atﬁgfj a ﬁﬂimﬂﬁb /oﬂgr {:]O thlvely, of hydroxy

and hydroxy-epoxy C,, monomers (Espelie, Dean and Kolattukudy, 1979). In general,

fast-growing plant organs have higher content of C,, family-of monomers.

2.1.5 Structure of the polymer cutin
Being an insoluble, amorphous polymer, only a limited number of methods can
be applied to investigate the structure of this polymer. Early study of the chemical

structure of isolated cutin was investigated using Transmission Fourier transform infra-
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red (FTIR) spéctra (Villena et al., 2000). One method used oxidation of the free hydroxyl
group with CrO,-pyridine followed by depolymerization with NaOCH, in anhydrous
methanol and analysis of the carbonyl containing monomers (Dea and Holloway, 1977).
The other involved rhesylation of the free hydroxyl groups in the polymer by treatment
with methanesulfonyl chloride followed by depolymerization with LIAID, (Kolattukudy,
1977). All methods led to similar conclusions. Most of the primary alcohol groups are in

ester linkage indicating that the polyester is held together predominantly by primary

alcohol ester linkages. About ha'Sy

ester linkages, indicating br: / (Kolattukudy, 1977).

ndary alcohols were also found to be in

AULINENINYINT
ARIAATANNING A Y
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Table 2.2 Fatty acids with one or more additional functional groups as components of

cutin (Kolattukudy and Espelie, 1985).

Percentage of total

Monomer Source
aliphatics
Monohydroxy acids
8-Hydroxy C, Psilotum nudum stem 07
9-Hydroxy C, 0.5
9-Hydroxy C, ., 45
15-Hydroxy C,, leaf 72
2-Hydroxy C,q 33
20-Hydroxy C,, 2
Dihydroxy acids
7,16-Dihydroxy C,, 41
9,16-Dihydroxy va ' 73
10,16-Dihydroxy C, 83
10,18-Dihydroxy C,g., 1.1
Trihydroxy aci
6.7.16-Trihydrc) 7 ' Y 17
9,10,16-Trihydroxl . amm——— 19
9.10,18-Hdroxy C‘& : Citrus parfisi seed coat
HEANINIHEANS
Epoxy a dql X

A ansafiianeae:

Dicaboxylic acids

C, Diacid Solanum tuberosum leaf 1.7
C,,, Diacid Vaccinium macrocarpon fruit 0.1
7-Hydroxy C, diacid . Welwitchia mirabilis leaf 16

C,,., Diacid Pinus radiata stem 8
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’ o
(%:Mz@'lz)fi”(mz)a{:o
-3

2 Lo
|

Figure 2.2 A models Mning mainly the C,, family of

monomers (Kolattukud:

More recently, mc, st =s have been carried out using

Nuclear Magnetic Resonance f'"_

2/, 2001; Round et al., 2000). Cutin is

A-taints probably at cross-link

sites. In cutin conts y' - , with a higher potential for

shown to be modej24

cross-linking, even |er portions ot the methylenes =fay be in the rigid category.

Structural stu ETT I g olutlon state NMR and
liquid second ﬁ:ﬂ ij ﬂﬁ w(ﬂfjﬁ proof for the predicted
pre e ondary alcohol e te involvin ro of the major cutin
monovg Wm ﬂ ﬁm ﬁgﬁ% ﬂiﬁ e basis of these
studies, |t was concluded that the cutin structure consists of an amorphous three

dimensional network of polymethylene molecules containing double bonds and free

carboxylic functions{Figure 2.2).

2.1.6 Composition of suberin

The aliphatic monomers of suberin constitute 5-30% of the suberin-enriched cell

wall preparations (Cordeiro et al., 1998; Kolattukudy and Espelie, 1985). The main
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aliphatic structural components of suberin are illustrated in Figure 2.3, including 1-
alkanols (trace amounts to 11% of monomers), ®-hydroxyalkanoic acids (13-61% of
monomers), AL, M-dioic acids (2-33% of monomers), mid- chain epoxide- and di- and tri-
hydroxy-substituted octadecanoates (trace amounts to 58% of rhonomers), ferulates and
glycerol (10-26% of monomers) (Bernards, 2002; Holloway 1983; Graga and Pereira
1997). According to Matzke and Riederer (1991), the a,®-dioic acids represent
aliphatics unique to suberized tissue, and can be used as diagnostic markers to

Jed tissues. Homologues containing more

ams are often significant components

: ,; a, u:-—difound in cutin (Kolattukudy and
Espelie, 1985). The / ‘ =
functions similar to theTC 1 N

The composi®€ha . o 4 ; 7' O n Luberin (Table 2.3) originally

wepoxy, hydroxy, and dihydroxy

cumponents in suberin.

formulated in 1974 (I‘: based on a limited number of

samples has been ess pive analyses of such polymers

and Espelie, 1985; Matzke and

Riederer, 1991).

prm—

The more characteri" T gliphatic components of suberin is the

presence of very ""- 4 licarboxylic acids, mostly

\F \
unsubstituted dicar 1‘ ' r. ain hydroxy or epoxy acids.

.FI "

The major polyfunctio 4 aliphatic components found in

J‘erin are listed In Table 2.4.
¢ a .
Table 2.3 Co sunEJdQMﬂmejcm ﬂ:]l]nj‘(olattukudy and Espelie,
| | - € o o/

SINA 1 dbld N Vickd V1O ToVLdeoin
Dicarboxyli.c acids Minor Major
In-chain-substituted acids Major Minor®
Phenolics Low High

Very long-chain {C20-C26) acids Rare and minor Common and substantial

Very long-chain alcohols Rare and minor  Common and substantial’

® In some cases substantial
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1-Akanols,
Saluratad geniag, 160 to 30

Alanaic Acids,
Ssturated serlos, 160 to 280

a-Hdroxyakanolke Adds,
Saturated serios, 160 to 2417 and 18:1

a,m-Alkandioic Acids,
Safuralnd sarias, 1810 to 240 and 18-1

8(10), s-Dihydraxyslkanoie Ackd,
Predaminaniy 18:0

8,10-Difiyd rxyalkanoic Ack,
180, 160

N mo.fa Tiycbunaenok Aok,
3 Pradominandy 180

, WAL Y Prodominandy 180

8.1 0-Epoxy-ts-Hydmoxyslke noic Ackl
l:_l.l Flt ’w 1w

)
-, 1 0-Epoxy-u.e-Akandiokc Add s,
| | Prmdominandy 180

¥

“ﬁmmww B Plmdounsomemrcca

Glyearol

mwaﬁnﬁmy‘gnwmw

Figure 2.3 Aliphatic precursors of suberized tissues (Bernards, 2002)

{-alkannlz, hdﬂagC-ﬂ C1and C-24
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Table 2.4 Fatty acids with one or more additional functional groups of suberin

(Kolattukudy and Espelie, 1985).

Percentage of
Monomer Source
total aliphatics

Monohydroxy acids

16-Hydroxy C,, Populus tremula bark 22

18-Hydroxy C ‘Jhrarosum storage organ 31

18:1

20-Hydroxy C,, 29
26-Hydroxy C, 2

Dicarboxylic acids

C, Diacid 13
C,, Diacid 28
C,,, Diacid 31
9,10-Dihydroxy C,, di 17
9,10-Epoxy C,4 diacid | 16
C,, Diacid gtum kgreen fiber 25

Aromatic i W) e attached to cell walls on
one side, and aliph‘- polyester uuiianio i the othdtlsides, as indicated below. In
addition, aro ﬁg compﬁmts are attache@sto the polymer matrix by ester and amide

uﬂg maﬂons uﬂns |tﬂw f suberized cell walls of

the periderm of potato, sweet potat®, carrot and esl beet (Riley amgghKolattukudy, 1975).

oner R ob GO 1 LYl ) ol i s e

amide hnkage with phenylpropanoic acids and possibly with other acids in suberin

linkages. Esteji

(Negrel et al., 1996). Structures of phenolic precursors of suberized tissue are shown in

Figure 2.4.
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H
GH,OH 0
= &
OH
Rz Ry
OoH OH
e - R
RmOCH,, Rost, Ferullc Add RaRem0CH,, Sinapy Aloohol

RyeR=0CH,, Sinapic Add

Figure 2.4 Phenolic, \ tissues (Bernards, 2002)

217 Strucmry- h -
Since suberir=®" i " suberin-enriched cell wall

preparations can be . es extracted from such walls

with organic solvent: anerd analytical methods. The

imilar to that of cuticular waxes

but with some characteris gl A duEspeIie, 1989).
Depolymerization 1| #he ‘ os 8 bonds release a variety of the

aliphatic components while mo' —— _  age methods such as nitrobenzene or

)N

CuO oxidation, or (u¥pg ifepts of the aromatic matrix.

According to the c@& V g ‘ structure and organlzat|on

H |
of suberized walls (Fi AI e 2.5) (RUlawunuuy, <UU1C), aldll atic domains are attached to

the  phenolic _matrix €neh soluble wax@/ are associated with the hydrophobic

scorustain ﬂ S8 Q] E VR WNELD Ehdrance in e etecton

micrographs of suberm “C CPMASSNMR studiesgghow the presegge of polymethylenic
sona®pifb BNl B dd Preb-debbidod Bboense o
Both ultrastructural and chemical studies have identified suberization not only in the
natural periderm of tubers, roots and barks and wound periderms in tubers, leaves and
fruits, but also in the internal barrier layers deposited to respond to stress -or during
development: casparian band of endodermis, mestome sheet and bundle sheath cell
walls of monocots, chalazal region of seed coat and crystal idioblast walls (Kolattukudy,

1980; Kolattukudy and Espelie, 1989).
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Figure 2.5 A model ent in the polymers suberin

(Kolattukudy, 2001c).

2.1_.8 Functicn of

2.1.8.1 Matd 7 7

R Demier of plants plays a major role

Cutin as the st

o

in the interaction of the pzlant with its enwronment Development of the cuticle is thought

to be responﬁeﬁﬁ?%ﬂﬂﬁﬂ%ﬁﬁwhﬂe the cuticle limits

diffusion of moifilire and thus prevents deS|ccat|on (Edwards, Abbott and Raven, 1996).

" AW fT‘TﬁJ 1?1’9[9@7?8 @”
propertiép of the cuticle strongly influence the loss of water an utes from the leaf

interior as well as uptake of nonvolatite chemicals from the atmosphere to the leaf
surface. In the absence of stomata the cuticle controls gas exchange. The cuticte as a
transport-limiting barrier is important in both its physiological and ecological functions.
The diffusion across plant cuticle follows basic laws of passive diffusion across

lipophylic membranes (Schreiber, Kirsch and Riederer, 1996).
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2.1.8.2 Low temperature adaptation

Electron microscopic examination of winter rye (Secale cereale) grown at 5 °C
showed the thickening of the epidermal celi walls which were four-fold grater than in
plant grown at 20 °C (Griffith et al., 1985). This increase of polyester occurs as 18-
hydroxy-9,10-epoxy-C,, acid that is probably the major factor in the increased freeze
resistance of cold-hardened plants, in part by decreasing ice nucleation from the
environment as described recently in the bud axes of Vitis vinifera (Jones and McKersie,
2000)

\

2.1.8.3 Role of cuf ter?"tioéobes
o —

The cuticle by ntepst ~ vironmental microbes plays a
significant role in the o\ Wrganisms (Figure 2.6). It can

athat occupy the aerial plant

provide the carbon
% them from germinating and
differentiating until thé\ N BEV. S5 b\ iche such as a plant surface.
These chemicals, callec I Bl - Nen lipophilic molecules (Macko,
1981). Upon contact with th — = o jj hitors can diffuse into the lipophilic
cuticle and thus relieve the s ST de and Kolattukudy, 1997) permitting
transcription of 9q Mg i s Lt play important roles in
pathogenesis (Liu V X P Jigal conidia with the host
surface itself can indu, :l the expreasi it oimuigdl genes uJ volved in the early events that
are crucial for the germlfahn and differenia#ion of the infection structures required for

succsssul peﬁl B IV HLAINELNF Q vetrogens carry sma

amounts of cutmase (Koller, Allangand Kolattukggy, 1982 ), smghl amounts of cutin
monor@sﬂ?@t@yﬂ?ﬁ“ﬁ umq %mr&’]}a B interaction with
the plant surface. Such cutin monomers, as well as certain soluble cuticular components
(Podila, Rogers and Kolattukudy, 1993), were found to trigger the differentiation of the
infection structure (appressorium) in some fungi (Francis, Dewey and Gurr, 1996;
Gilbert, Johnson and Dean, 1996). The next step is actual penetration into the host.
Since cutin is the major structuél component of the cuticle, it is a major physical barrier

to penetration by the invading pathogens, particularly fungal pathogens.
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| Hard surface contact on the host |

(Diffusion of self-inhibitors into host cuticle)

2 hr priming: Ca2*,
calmodulin signalling,
gxpression of chip gene:

Chemical signals
om host cuticle,
gext 2 hr

] next 4-6 hr, expression
v of cap genes

appressorium formation |

'|_Germination and

\ > host
o \.\ .
N

\\\ ts in the early stages of fungal

had surface induced protein;

Pa ‘16

Figure 2.6 Hypothetical
interactions with plef

cap=_Colletotrichum ap, e

As cutin is the firs! oa ley"2nzymes involved in invasion was
postulated to be cutinase, latts -“9 A aws (Kolattukudy, 1996):

(a)' Pathoge‘ {.argeted at the penetration

)
«m enzyme has been detected

iF |

point and during act\ -
lmmunocytochemlcaHy

u E]m?rwiﬂ%ﬁ w mﬂ ‘T antibodies including

monoclonal antigpdies prevents |nfect|on
W g]'ﬁvv'l mdanﬁce but infection
can be qm s@(:xogenous utinase.

d) Pathogens that cannot infect a host without a breached cuticle {wound) can
be genetically engineered to provide cutinase-producing capability and such
engineered organisms can infect intact hosts, without requiring a breached cuticle.

{e) Knocking out cutinase gene decreases virulence of organisms that have a

single cutinase gene.
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The cutin monomers as a result of fungal enzyme action may act as early alarm
signals of fungal attack and trigger defense reactions in the host. Cutin monomers could
induce alkalanization of the medium when plant celi cultures were treated with cutin
monomers, possibly indicative of the early phase of the defense reaction (Schweizer et
al., 1996). Hypocotyl segments produced an oxidative burst (H,0,) when treated with
cutin hydrolysate, indicative of the defense reaction triggered by cutin monomers (Fauth

et al., 1998). Thus, the polymer may act not only as a physical barrier against fungal

infection but also serve as the sertc ' |5 early signals to alert the host.
2.1.8.4 Regulation™®
Conidia from pa levels of cutinase to sense the

contact with the host; ' upon contact. These can be

the inducers that al uantities of cutinase to gain

access into the host (& et al., 1982).

]
A 2]
I :.H |

Figure 2.7 Schematic representatlon of how the plant cuticle induces cutinase in a

oo 401 390 219 SN RN T

CTF113 gthe transcription actor involved in the constitutive expression of cut 2/3

genesﬁﬁm qm W?nﬂg u]m 2/3 genes differ
from thq ly "inducible cu m at palindrome™ s€ genes have two

nucleotide substitutions that prevent a palindrome 1 binding protein (PBP) binding to the
promoter of these genes. In the absence of PBP binding, CTF1R can tranactivate these
genes by binding to palindrome 2 in these genes. PBP binding to palindrome 1 would
sterically prevent binding of CTF1QL to palindrome 2 of cut! gene as the two
palindromes is overlap. These results strongly suggest that PBP binding precludes

CTF1Q binding of cut! promoter, and thus PBP probably acts as a repressor of the
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inducible cut? gene. On the other hand, the represéor PBP cannot bind the overlapping

palindrome 2 in these promoters (Figure 2.8) (Kamper et al., 1994; Kollatukudy, 2001a).

yd<s)ion

—

Figure 2.8 Postulat J mechanisi Ly wnich cutinddhonomers are produced by

e iromoter seﬁent of €utinase tran€ription_factor 841 gene shows a

AN AR AT RV e e

element {(CRE) (Kollatukudy, 2001a). In microorganisms producing cutinase, CRE

constitutive engssion of @&¥/3 induce cutﬁ(»kollatuku;ii 2001a)
Y

binding protein (CREBP) was expressed and this protein was found selectively to bind
the CRE. CREBP was phosphorylated by the fungal extract and this phospho&lation
was stimulated by cutin hydrotysate. Thus, cutin hydrolysate-induced phosphorylation of
CREBP enhances its binding to CTF10L promoter and causes up-regulation of ctfiQ

gene. The increased CTF1QL levels allow CTF1QL to effectively compete with PBP for
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binding to the palindrome 2 in cut! promoter, thus causing transcriptional activation of

cut1 gehe {Figure 2.8) (Kollatukudy, 2001a; Kolattukudy et al., 1995).

2.1.9 Function of suberin.

One of the major functions of suberin is as a diffusion barrier this function being
best illustrated with wound-healing tissue. Wound-healing in potato tuber discs deposit
suberin in the walls of one or two oultermost layers of cells within 7 days after cutting

(Kolattukudy, 1987). Suberization_ogi

| pfluenced by physical stress (e.g., mineral
deficiency), and both chen \ H ural examinations have shown that
magnesium deficiency cAm : — _ — .apd odermis of Zea mays roots to
have more heavily sub - wis | Py ' W084). Plants may also resort to
suberization in seekm® ‘ v —umage, as demonstrated by
suberization of the . W 1980; Patoshy et al., 1980).
Suberization can als Y 4 5 - . SN SHs, and many reports have
suggested that fungal , | : . ok ' nsition of suberin in cell walls,

thereby limiting infection 989). Many reports indicate that

older plant organs are resi, n ‘@

whereas very young organs wit T

e of a heavily suberized periderm,
ion are susceptible to pathogen attack
(Lulai and Corsini, {543
2.1.10 Cutin d4J-adation
2.1.10.1 Cutin degiagation by animajgy

oo B DIIEIIBS PR G o e vt

fruits in their dﬂ. Pancreatic lipasgginvolves in tm hydrolysis ofdys polyester (Brown
o QIR RGR TR AP BIAR B oo

the inhiztation>caﬁsed b&/ ‘biie s‘alt ;Nith .cutin as»a subsfréte. Tﬁus »th»e interaction of the
enzyme with the cutin surface involving co-lipase and bile salt is similar to that observed
for triglycerides. This lipase releases oligomers and monomers in similar manner to

fungal cutinase.
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2.1.10.2 Cutin degradation by plants

Since the insoluble cutin polymer covers expanding plant organs, this polymer
may undergo a “make and break” type of expansion during the growth of the organ.
However, how the polymer structure adjusts to the expansion of the organ it covers is
not known. No enzymatic degradation of cutin in the plant organ has been detected
except for pollen cutinase that may be involved in fertilization (Kollatukudy, 2001a;
Linskens, 1975). A pollen cutinase is thought to be involved in gaining access through

the stigmatic cuticle. When cutin v

of pollen cutinase wy , 'owgal cutinases as it contained a
much higher conten{™oi - AR ¢ Tosidues (Heinen and Linskens,

Catalytic pror, DO - ) | stically different from those of

'J7,to germinated pollen, a slight increase in

bacterial and fungal cigfia #f £ pollen enzyme was 6.8, similar
to that observed for a Ga yw i) ). fnost of the microbial enzymes
usually show much highe; I i II"8:ontrast to the fungal enzyme that
showed stability at both acidi' _ itions, the pollen enzyme was unstable

4£Shaykh, 1979). The catalytic
|-r

except under neuiiz4

mechanism of this active serine catalytic triad

i i I!r
(Kollatukudy, 2001a), I s this enzyme was totally inse=fitive to active serine-directed

reagents. On ﬁ sensitive to inhibition by
thiol-directed a ﬂeﬂ:t ﬁnﬂmmﬂnﬁﬁhus this pollen enzyme
-seems_to sterase. In “spite of s ar and catalytic
propeg ﬁﬁérﬁﬁeﬁm ﬂﬁ Ajﬁ%ﬁ’jtﬁé Ejt of the microbial
cutlnase. Pollen cutinase showed a high degree of preference for hydrolysis of primary

alcohol esters. It also hydrolyzed p-nitropheny! esters of C,~C,, fatty acids (Kolattukudy
1980; Kollatukudy, 2001a).

2.1.10.3 Cutin degradation by bacteria

Bacteria were isolated from soil and surface of aerial plant organs were found to

degrade cutin (Hankin and Kolattukudy, 1971; Sebastian, Chandra and Kolattukudy,
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1987). First bacterial cutinase was purified and characterized from the extracellular fluid
of Pseudomonas mendocina (Sebastian and Kolattukudy, 1988). This bacterial cutinase
is a 30-kDa protein with an amino acid composition distinctly different from that of fungal
cutinases, and it does not show an immunological relationship with fungal cutinases
(Sebastian and Kolattukudy, 1988). It hydrolyzes p-nitrophenyl esters of C, to C,, fatty
acids and short chain triacylglycerols such as tributyrin, although long chain esters are
less readily hydrolyzed. This bacterial cutinase uses a catalytic triad involving active

serine for catalysis {Sebastian 2p% ' idy, 1988). Cutinase from Streptomyces

scabies has also been purifs 4 (Lin and Kolattukudy, 1980). More
recently other bacteria, 2 : : theginer o i ICh as Thermomonospora, have
been found to produC®. | =i, 999). Such species are being

examined for potentiai ~g® wextile industry (Gouda et al.,

2002).

2.1.10.4 Cutin

Fungal cutinase extensively, not only because -of
its potential importance in ', ptsWl at cause extensive loss in food and

fiber production, but also fﬂ”i ia| industrial applications. It has been

postulated for almgzt) ‘ . k2 rial parts of plants involved
] \

enzymatic cutin 1' Mfgh the cuticle (Purdy and

1!
Kolattukudy, 1975). 5|

2111ﬂMﬂ’Jﬁmﬁlﬂ3WU’]ﬂ‘i

_ Ability to degrade suberirf has been gaported for Roagllinia desmazieresii
(Ofon@wq aa?&;ﬂgﬁ mnu%f] g mrélr%awﬂeemuller 1984),
and Mycena meliigena {Schultz, Chamuris and Dallabrida, 1996), while a variety of fungi
were found to grow on potato suberin as the sole source of carbon {Kolattukudy and
Espelie, 1989). Fusarium solani f. sp. pisi was found to grow more rapidly than the other
fungi. The culture filtrate was tested for enzymes that could release labeled components
from potato suberin biosynthetically labeted by incorporation -of labeled -cinnamic acid |
and labeled oleic acid. The enzyme that released the labeled esterified aliphatic

components was purified to homogeneity and characterized (Fernando, Zimmermann
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and Kolattukudy, 1984). This enzyme was found to be identical to the cutinase produced
by F. solani f. pisi grown on cutin. When the periderm of Rubus idaeus was incubated
with this purified enzyme, a variety of aliphatic monomers of this suberin were released
(Espelie, Koller and Kolattukudy, 1983). It is not surprising that the fungus produces the
same polyesterase to grow on the polyester containing suberin as that produced upon

growth on cutin.

2.1.12 Cutinase 7
Cutinases (EC 3.1.1 5 axtracellular enzymes produced by
several phytopathogenio’-- ,,- er, anéhlch are able to hydrolyse ester
bonds in the cutin poly== il e kudy, 1987). Cutinases belong
to a class of serine ™yur. pc Variety of synthetic esters and
show activity toward#*€ihe y. ; ; j , \ » _ , w.acylglycerols as effciently as
- : 989). Contrary to lipases, the

lipid-water interface, cutinases

do not display, or displ: i §F, i 55 5 5 ‘ WA zing active on both soluble and

2.1.12.1 Celzks
Fungal V £ strate-s and in particular p-

-' n

nitrophenyl! esters of )rt chain fatly acias, providing AL lonvenient spectrophotometric

assay for thlséjzu Ei iﬁlﬁﬂ %ﬁﬂﬁ dy, Purdy and Maiti, 1981 ).
Hydrolysis of ﬁw h ree of preference of this
enzyme for Enmary alcohol ester h ron3|s Wax#&sters and mef Vaesters of fatty acids

voro gLl BNS) Fea B VA3 4 B

than wax esters and esters of mid-chain secondary alcohols were not hydrolyzed at

ch more slowly

significant rates. Triglycerides were hydrolyzed by the purified fungal cutinases at slow
rates and this activity was as sensitive as cutinase to active site-directed reagents,
showing that both activities involve the same catalytic site. Trioleyl glycerol and tributyryl
glycerol were hydrolyzed 5-30 times as rapidly as tripalmitoyl glycerol by several fungal
cutinases. Cinnamoyl esters of alcohols and cholesterol esters were not hydrolyzed at

measurable rates, whereas cyclohexy! esters were readily hydrolyzed. With cutin as the
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substrate fungal cutinase showed both exo- and endo-esterase activity. Thus, short-term
incubation of biosynthetically labeled cutin with purified cutinase released oligomeric
and monomeric labeled products (Purdy and Kolattukudy, 1975). Cutinase also
catalyzed hydrolysis of the oligomers to monomers.

Cutinase is a serine esterase that catalyzes hydrolysis of ester bonds using the
catalytic triad involving histidine, aspartic acid and “active” serine (Figure 2.9) (Kdller,

Kolattukudy, 1982). A variety of organic phosphates and other reagents that are known

to react with active serine irreversil g >4 fungal cutinases. Some of them showed
50% inhibition at lower than 28§ - rongly suggesting that the enzymes

contain extremely reactivg_2

SENDG

0
'\ . NII‘H

v ]
\/R\C'OH
# GOHOL) (FA‘ITYAGD)
ﬂu&lfj'ﬂ ETIE?T%WEJ’]ﬂ‘i
Figure 2.9 MeBhanism of cataIyS|s by cutmase via the active seﬂne catalytic triad

RN IUNRINYAL

2.1.12.2 Purification and molecular characterization

Several cutinases from pathogenic fungi including Alternaria brassicicola (Trail
and Koller, 1992.), Botrytis cinerea (conidial cutinase) (Gindroo and Pezet, 1999),
Colletotrichum gloeosporioides (Dickman Patil and Kolattukudy, 1982), F. solani f. sp.
pisi {Purdy and Kolattukudy, 1975), Monilinia fructicola (Wang et al., 2000), Venturia

inaequalis (Koller and Parker, 1989.) and pathogenic bacterium Streptomyces scabies
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(McQueen and Schottel, 1987) have been puriﬂed' and characterized. Among these is
the cutinase from the pea pathogen, F. solani f. sp. pisi, the first cutinase purified and -
characterized and the only one that has been extensively studied structurally and
biochemically (Kolattukudy, 1984; Martinez et al., 1992). QAE-Sephadex
chromatrography is used to remove all of the colored material from the enzyme. The
intense color of the concentrated culture filtrates was caused from presence of
covalently attached phenolics in the cutin preparation (Purdy and Kolattukudy, 1975).

The colorless enzyme preparatio J~gted to hydrophobic chromatrography on

Octyl-Sepharose, followed b \ \ ‘ xchange chromatrography to yield
a highly purified enzy-— “owl a éd in SDS-PAGE. This general

procedure yields puriy - N o9 (Kolattukudy et al., 1981). The
_ A\ N \ S\ Lulypeptides in the range of 18-

majority of fungal cutiias g#

60 kDa (Kolattukudy #3045 & F I ‘J"‘ : N CU.‘..dial cutinase is 6.0 (Gindroo
: : | usually show much higher
alkaline pH optima. Th#fu #& n : WA bility at both acidic and basic
| \ a&ukudy,1975)

The three dj1 si cutinase (Figure 2.10) that

-
-

had been cloned arsds £ ,‘h et al.,1998; Longhi et al.,

| 14 . .
1997). Cutinase is a il J7-residue prowcni 1l a compeald one domain molecule. This

cutinases have _a molcuaar Weiéﬂi aroufid 22,000 daltons with highly conserved -

stretches, whiﬂnucajogirmﬁ mtgeWOﬂiam ﬁulﬂde bridges. F. solani
U

f.sp. pisi cutinase has an isoelectric#point of 7.8 (Bgtersen et al., 9907). This enzyme is
also aﬂﬂﬁh’y]rasg‘ﬁ ﬁmum:lg m\ﬂ"‘a aﬂﬂ parallel strands
coveredqby four helices on either side of the sheet. It belongs to the class of the serine
esterases. The stretch Gly-Tyr-Ser-GIn-Gly containing the active site Ser120, has even
stronger homology with the consensus sequence Gly-(Tyr or His)-Ser-X-Gly commonly
present in lipases. The catalytic triad Ser120, Asp175 and His188, is accessible to the
solvent. It is located at one extremity of the protein ellipsoid, and is surrounded by the

loop 80-87 and by the more hydrophobic loop 180-188 (Jelsch et al., 1998). To date,
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around 40 X-ray structures of cutinase and its mutants and inhibitor conjugates have

been solved (Martinez et al., 1992; Longhi et al., 1997; Jelsch et al., 1998).

Figure 2.10 Ribbon repre: jFtati=d . Helices (red), B-strands (blue) and
F =

coils (yellow) are shown. The res alytic triad (Ser120, green; His188, blue;
Asp175, red), are mypres s C#limiting the catalytic crevice
(residues 80-88 andL 77 1] Cambillau, 1999).

J 1)

2113 Cutlnases‘and their potential &Bphcatlons

As a ﬁ)% H[@%Lﬂléﬁ ﬁsweﬂﬁ ﬂég as a versatile enzyme

showing severdl interesting propegies for apphcatlons with mdustnal products and
R TN YA e
in the diry industry for the hydrolysis of milk fat, in household detergents, in the
oleochemical industry, in the synthesis of structured ftriglycerides, polymers and
surfactants, in the synthesis of ingredients for personal-care products, and the synthesis
of pharmaceuticals and agrochemicals containing one or more chiral centers {Murphy et
al., 1996). At low water activities transesterification of fats and oils or (stereo) selective
esterification of alcohots can be achieved. Some of these processes are already applied

in industry, while others are still under evaluation at a research level. In recent years, the
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esterasic activity of cutinase has been largely exploited and several applications in
different industrial fields have been presented. Taking profit from its in vivo cutinolytic
activity, an enzymatic preparation containing cutinase has been developed for
increasing the pharmacological effect of agricultural chemicals (Genencor, 1988).

In vitro, cutinases display hydrolytic activity towards a broad variety -of esters,
from soluble synthetic esters (e.g. p-nitrophenyl esters) to insoluble long-chain
triglycerides. Moreover, cutinases can be considered as a link between esterases and
hi2 esters and emulsified triacylglycerols

.e has been evaluated as a lipolytic

enzyme in laundry ang__ = inCy det\éwlations (Okkels et al., 1997;

lipases as they efficiently hydrql

(Egmond and van Bemmel, 1%

Egmond and van Ber™Cr g i 1NN onie benefits were achieved with

cutinase, when comgaie g : | N LipolaseTM, on the removal of
triacylglycerols in a ¢fgl- , 4 c.u able to hydrolyze the fats in

dation of synthetic polyester. It
Hlysis of ester bonds in cutin or
suberin and also attac, s e aliphatic polyester such as
polycaprolactone (PCL) ( well as aromatlc polyesters which is

polyethylene terepr'-"“ 4
; \"

Polyester flb Sy * They are resistant to a wide

! H
l |

range of chemicals QJ also withstand abrasion, stre®hing, shrinking and wrinking.

However, the i f affecting the wearing
comfort of PEq:naﬂ ylﬂyj wzjqﬁﬁ; hydrophobicity of the
fibers, il c.cha rﬁ‘ﬂval of oil stains,
curren@ ﬁﬁﬁﬁﬁmj\ﬁaﬁ ﬁﬁﬂy) try under harsh
condltJon to improve the flexibility of fibers and to increase their hydrophilicity. However,
this treatment is not environmentally benign. It reduces the quality of the fibers and
causes a loss of fiber material in the process (Shukla et al., 1997; Zeronian and Collins,
1989). Enzymatic modification for the textile finishing process of PET fibers would have

the advantage that it can be performed under mild and environmentally friendly process

conditions. The reaction is selective and only involves the -surface of the fibers. The
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potential of enzymes to modify synthetic polyester has recently been reported (Yoon et
al., 2002). Cutinase from F. solani f.sp. pisi can hydrolyze ester bonds of PET in polymer
chains, resulting in the generation of hydroxyl and carboxyl groups at the surface and in
the formation of terephthalic acid and ethylene glycols as reaction products (Carvatho et
al.; 1999; O Neill et al., 2007). Pilling properties of polyester fabrics were found to be
improved by treatment with enzyme preparations from Humicola sp., Candida sp. and

Pseudomonas sp. (Andersen et al., 1999). The application of Arthrobacter and

Trichosporon for the modificatio ers has also been described (Oda and

gty and/or dyeability of PET fabrics
I —

d Wlycammm—— pases, esterases or cutinases)

Kimura, 1998). Improved S
treated was reported Vi
(Yoon et al., 2002). ATNct: a® ' - : Liciinomonospora fusca strain with

catalytic properties s~ ' w Sasbeen described which efficiently

hydrolysed aliphatic-aror, ; A a:.,2005)

Polyethylene terep .al = nylt widely used polymers in textile

industry. PET, manmade fiber. ,,— — st share of 31.3% in textile industry and

P
tends to gain eve.' A ‘ ‘i s (Yoon et al., 2002). The
primary drive for v £ )ntainer resin. Seventy five

percent of the entire ﬂl T production Is Qirected towar ) |ber manufacturing. Hoechst,

Dupont and Ea naré’ three world la yester producers. Additional current
U.S. Polyesteﬁnu ﬁ fmﬁﬁﬁlnc.; Allied Signal Inc;
Cookson Flbers Inc.; KoSa; Intercﬁntmental P ers, Inc., Mcatih Color-Fi. Nan Ya
Plastlc‘a’y‘m’\l/ﬁﬁl nim uMDr ﬁm&lh’l aT&ler production is
foreseen in Asia in the near future (Harris, 1996). Forty nine percent of the total
nonwovens market share in the USA belongs to polyesters, reaching 291 million pounds
in 1996 and ranking number one among all kinds of fiber supplies. Moreover, the
filament fiber consumption is half of that of staple, the total PET consumption in the USA
nonwovens industry alone would be over 450 million pounds. Thus, polyester has

become the most widely used polymer in the nonwovens industry since 1995 {Harrison,

1997).



2.2.2 PET fibers

Polyester fiber is a manufactured fiber in which the fiber forming substance is
any long chain synthetic polymer cqmposed at least 85% by weight of an ester of a
dihydric alcohol (HOROH) and terephthalic acid {p-HOOC-C,;H,COOH) (Figure 2.11).
The most widely used polyester fiber is made from the linear polymer poly {ethylene

terephthalate), and this polyester class is generally referred to simply as PET.

2.2.3 Polymer fo "

PET is a condenaatl

P 9

'is "industrially produced from either

terephthalic acid or_dimets

X

1968). Other polye] y Y |

(a) Terephtha 1 B ctififrom p-xylene with bromide-

¥

bvlene_glycol (Figure 2.12) (Cook,

controlied oxi é:latlon

(b) Dlﬁum% Ht\w ﬁ“rﬂé}ﬂ %ges by esterification of

terefhthalic acid with m%jhyl alcohol. However a dlfferent process involving
q TR PN N

) Ethylene glycol (EG) initially generated as an intermediate product by

oxidation of ethylene. Further ethylene glycol is obtained by reaction of

ethylene oxide with water.
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COOH COOCH,
® 4+ CHOH —
COOH COOCH,
TEREPHYHALIC  METHYL DIMETHYL
ACID ALCOHOL TEREPHTHALATE
COOCH, EH oM COO CHy CHL0H
® + I i
¢
COO CHy HaOH COO CH, CHZOH
3 DIETHYLENE
GLYCOL

TEREPRTHALATE

'cp ‘alate

Figure 2.12 Pre ‘ : . Wealate (Rosalind, 1989)

i ' S '
Polyester fibers are maiiees = rariety of cross section including round,

trilobal and pentalokgl. T RN, il fibars appear as long, smooth

-
-

rods with spots of y— By Jappearance decreases the

luster or brightness E POiywo¥ =y, m ]Th lobal fibers appear striated

(Phyliis, 1978). ¢

ALY

Figure 2.13 Photomicrographs of regular polyester fiber, longitudinal view (a) and cross-

section {(b) (Phyllis, 1978)
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2.2.5 Physical properties

The physical properties of PET fibers include (East, 2005):

(a) Shape and appearance

Except for the multilobal van'éties, polyesters are generally round and uniform.
They can be of any length or diameter as required by fiber producers and yarn and
fabric manufacturers. The fiber is partially transparent and white of slightly off-white in
color. Optical brighteners are frequently added to produce clear, bright white polyester

fibers.

(b) Strength
The strength or tef '

3 /___Jrh. the type of fiber; however, as a

general category, pols 2latively strong fiber. Regular

Ch N, Oty filaments are rated at 6.3
\\\
\ \\_'
d:lasticity. In general, polyester

;0 8ch resistance, which means that

filaments have a brec=#
to 9.5 g/d.
(c) Elasticity 2

polyester fabrics are not li gy ﬁff I"We too easily. Polyester fiber has a

~high degree of resilience. Not.z 191. aster fabric resist wrinkling when dry, it

T

also resists wrlnklm A d
(d) Density & . V-'- "‘ J

-!

The density o< ,peC|ﬁc gravity (1.3 or 1.22 d s w=nd|ng on type) is moderate.

AN s

. Pol ester is the one of the fBast absorbaekfibers. Absorl@ehcy is quite low for
polyesa ﬁ;f]qa)ﬁ(ﬂ im um flfa ﬂﬁl ’}@ &Jabsorbency has
two im—pc)rtant advantages. Polyester fabrics will dry very rapidly since almost all the
moisture will lie on the surface rather than penetrate the yarns. Therefore they are well
suited for the wa'ter-repellent purposes such as rainwear. Furthermore this low
absorbency means that polyester fabrics will not stain easily. Fabrics -of low absorbency
generally have the disadvantages of being clammy and uncomfortable in humid weather

because they will not absorb perspiration or atmospheric moisture.
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(f) Dimensional stability

Polyesters that have been given heat-setting treatments have excellent
dimensional stability, so long as the hest-setting temperature is not exceeded. If
polyester fabrics have not been heat-set, they may shrink at high temperature.

Typical physical and mechanical properties of PET fibers are reviewed in Table

2.5.

Table 2.5 Physical properties of

palvester fibers (Hearle and Miraftab, 1995)

Staple and tow

Regular High

tenacity”  tenacity®

Breaking tenacity ("l O NS, 0350.47 048061

Breaking elongatior, 35-60 17-40

Elastic recovery at 4
75-85 75-85

elongation (%)

Initial modulus (N/tex) | 22-35  4.0-4.9

Specific gravity 1.38 1.38
Moisture regaij o) £) 04 0.4
Melting temper W 058263 258263

| | J
*Textile-filament yarns fof Joven and kmt rics. “Tire cord and high strength, high

mocuns me L0 FSALL w@w@mﬁr

fiberfill, and ble’l!js with cellulosic bjends or wool High strength lgh modulus staple
o W TR U %SI]%J ’ols‘é'l e, stancer
measure%ents are conducted in air at 65% rh and 22°C."To convert N/tex to g/d, multiply

by 11.33.°The equilibrium moisture content of the fibers at 21°C and 65% rh.

2.2.6 Thermal properties
The thermal properties of PET fibers depend on the method of manufacture. The

thermal desorption analysis (TDA) and thermomechanical analysis (TMA) (Figure 2.14)

data for fibers spun at different speeds show peaks corresponding to glass transition,
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crystallization, and melting regions. Their contours depend on the amorphous and
crystalline content. The curves shown for 600 m/min and above are characteristic of
drawn fiber. The glass transition range is usually in the range of 75°C; crystallization and

melting ranges are around 130°C and 260°C, respectively (Morton and Hearle, 1975).

(a)

- - e — - 0 o .
50 | A ' 100 200 300
- ) Te‘rnoera'turg, <

A ;@mﬁmﬁm e
RN ATy

The thermal degradation of PET proceeds by a molecular mechanism with
random chain scission at ester linkages, although a radical mechanism has also been

proposed. A chain-scission scheme is shown as figure 2.15.
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0 9] o
(Q-t-0mno- Q) — -(@)-doon=ch + wo0o- @)
{f
o 0
i If
-@—C’—O—C -@- + CH,CHO

Figure 2.15 A chain-scission scheme of PET polymer proceeded by the thermal

The degradation "= g éﬁmher changes, but at ordinary
processing temperaturec 4 — , 'xyl groups is introduced into the
polymer structdre. C~ 7/ _ has been attributed to the
safrom a further breakdown of
poly(vinyl ester)s. As t* 5.0 ‘ \ u wny-colored bead that is hard
and non-crushable. Pot ¥ i > ; a dark smoke and an aromatic

odor. However, they dJ n: SR et fabrics (Moncrieff, 1963).

|/ = 7-_77
2.2.7 Chemical pro.Jert

Polyester fibers ha b D,

temperature, and = fire, but are dissolved with

]
’ rl‘ irolysis is highly dependent on

.I.N

temperature. Thus conv%ptlonal PET fibers soaked in water at 70°C for several weeks do

not show a nﬁsﬁtﬁjlfﬂs WW ?lﬂe&jﬂxﬁ?t 100°C, the strength is

reduced by apfoximately 20%.

ARTAN ﬁ“ﬁm "1 ?‘Fmﬂ’ﬂ petocs ane
methylaqnne which serve as catalysts in the hydrolysis reaction. These alkalies

penetrate the structure initially through non-crystalline regions, causing the degradation

veak mineral acids even at boiling

partial decomposmon !I y ©

of the ester linkages. The fiber loses weight as the reaction occurs. The hydroxyl ions
attack the electron-deficient carbonyl carbons of the polyester to form an intermediate
anion. Chain scission follows and results in the production -of hydroxyl and carboxylate
end-groups (Figure 2.16) (Zeronian and Collins, 1989). This susceptibility 1o alkaline

attack is sometimes used to modify the fabric aesthetics during the finishing process.
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The porous structures produced on the fiber surface by this technique contribute to

higher wettability and better wear properties (Hsieh, 1996).

0 0 0 o-
I Il ou- 41 / :
~c_@-c-o-m,-cn,_o~ — c-@-c-o-cn,-cm-o
-\

OH

Fl

/ﬁ)-coo- + HO-CH, - CH, -
=~

. —

er produced by the alkaline

Polyester displav’ 4 A4 ~.Hn,; agents, such as conventional
! A\“

textile bleaches, an@®s g \ViNts™Ind surfactants. Also, PET is

W
N,
insoluble in most solv 9 = iehted acetic acids and phenols.

:nol have a swelling effect.

PET is both hydrop 0 @ T hydrophobic nature imparts water

repellency and rapid drying. B .,=‘f- loophilic property, removal of oil stains

is difficult. Under (e ———— ;.‘f a low moisture regain of
| y L)
J

around 0.4%, which ! e ealing properties even at high

temperatures. The tenbne properﬂes of the wet fiber are aumllar to those of dry fiber. The

low moisture ﬂru ﬂjwﬂﬂ ?wmﬂjaﬁect fabric processing

and soiling (Le

PAIDI UM NN Y

Polyester fibers can be dyed to useful depths only by dyes with low solubility in
water. Disperse dyes are the most important dyes used in dyeing polyester fibers.
Because of their high crystallinity, hydrophobic nature, the absence of dye sites, very
low swelling, low diffusion of the dye molecules, high glass-transition temperature and

the absence of chemically reactive groups in the molecular chain, these fibers can be
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dyed with a satisfactory rate of dyeing, either at te'mperatures in the region of 130°C or

at lower temperatures in the presence of a carrier (Georgiadou et al., 2002).

2.2.9 Biological properties

Insects will not destroy polyesters if there is other food available. However, if
trapped, beetles and other insects will cut their way through the fabric as a means of
escape. Although PET was classified as non-biodegradable polymer, some pathogenic

microbes produced cutinase caq ) > _ester bond of this polymer. Usually, any

discoloration is easily remoyai W/ ﬂetrated the fiber.

2.2.10 Main proses

Of all the nm® " widely used because of its

outstanding proper: wear resistance, pleasant
appearance and eas
0.2-0.8 %, lowers the apparel and upholstery. Low
moisture absorption is iéh build-up of static charges
that can add to discomfort, F— oWl ape improperly (Lewin and Pearce,
1985). ‘

The conve'rl v ¢} non-woven textiles can be

-

modify some quali £ ;d to enhance its aesthetic,

] 1
performance propert. iI and surface cnaractenstics. T+ modification results in either

physical or ¢ ic |ﬁ" ' f_the fi br fabri hi »h‘ n be achieved through
chemicals suﬂ’ﬁ ! ﬁ:ﬁ:&j?ﬁiﬂﬁo’iﬁi)

In add?t!on to alterations ¥n the aesthslics and mec@dnical properties of
chem @lmo;}a tﬂt@iemru%atgam &ls?]raoﬂ‘ocessing. These
disadvagtages include the use of large amounts of chemicals, high temperature
treatments, increased cost, and environmental concerns. Environmental problems arise
from both airborne particulate emission during processing, and water pollution caused
by the discharge of untreated effluents. These concerns and limitations have {ed to the
further development of alternative modification processing methods. An enzymatic
modification of PET and other polyester fibers has been investigated, since it could be

performed without damaging the fibers using environmentally friendly and energy saving
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process conditions (Guebitz and Cavaco-Paulo 2003). There are many applications of
using the enzymes including cutinase and lipase to improve polyester fabric properties
as described previously (Hsieh and_ Cram 1998; Yoon et al. 2002). Thus, the potential
use of the enzymes will help to improve of many undesirable properties of polyester and
opens new possibilities to improve product quality with the environmental friendliness of

related industrial processes.

2.2.11 Applications

DuPont Company pr . commercial polyester fiber in 1953.

Since polyester fiber has® pegl c-d__ ics, most of them are used in the

(a) Apparel: [

, sheets and pillowcases, wall

(c) Other Use #f4- & 7 "d nets, thread, tire cord, auto

upholstery, s | Z irfill for various products including

AUEINENINYINS
ARANTUNNIINGAY



CHAPTER 3

MATERIALS AND METHODS

3.1 Materials and Equipment
ABI PRIAM® 3100 Automated DNA Sequencer: Applied Biosystems,
Foster City, CA, USA
AD 4715 infrared

“Jetermination balance: A&D weight,
s

ABI PRISS - 3igde 'I v3.0 Cycle Sequencing
o Uster City, CA, USA

Sant ractory, Taipei, Taiwan
'..ce
pus, Tokyo, Japan
¢ Centrif:

, Burladingen, Germany

sille 260D, Denville Scientific

Electrophoresiziiid i 2 4 arotein cell, Bio-Rad Applied Biosystem

- - —— -
-
%

FIu. : r ' = 55, Perkin Elmer Inc.,

</ienna, Austria

GRPLIN 113NN 113010 e
ARSI ITNg AL, ..

Hitrap phenyl HP column: GE Healthcare Bio- Sciences, Uppsala,

¥

Sweden
Hounsfield universal testing machine: Model H10KM, Brisbane, Australia
Incubator Shaker: New Brunswick Scientific Co., Edison, NJ, USA

Laminar flow: Model BV 123, ISSOC, Bangkok, Thailand
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Luminescence spectrophotometer : Model LS 50 B, Perkin Eimer Inc.,
Vienna, Austria

Membrane filter: Whatman No.1, Tokyo, Japan

Peltier PTC-100" Thermal Cycler: MJ ResearchTM, Inc., MA, USA

pH meter: Model PP-50, Sartorius, Goettingen, Germany

Power supply: Model Power PAC1000, Bio-Rad Laboratories, Hercules,
CA, USA

Reflectance spec's F Jtar Macbeth, Newburgh, NY, USA

Regeneratec SN MU 2brane: Membrane Filtration Products
uu, Dayton, NJ, USA
) ..\,'ter: GMI, Inc., Ramsey,

UV trar ‘ %/ %r Lourmat, France

Vivaspin #F ' ‘ =8, MWCO 5,000, Sartorius,

Weigh balances =y ,‘ 6510, Sartorlus, Goettingen, Germany

Webd =)er Instrument Company,

“Cﬁ“ﬁmm NINYANTs

Alpha naphthy! butyfate: Sigma-Alggich Inc., Milwagdee, WI, USA
A WIANR- S AN DL, usa

Agarose: GenePure, Minneapolis, MN, USA

Ammonium sulfate: Ajex Finechem. Auckland, New Zealand

Avolan IW: DyStar Thai Ltd., Bangkok, Thailand

Bacto peptone: Ajex Finechem, Auckland, New Zealand

Bla-nkit® IN (BASF): DyStar Thai Ltd., Bangkok, Thailand

Bovine serum albumin {BSA): Ajex Finechem, Auckland, New Zealand
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Calcium chloride dihydrate: Ajex Finechem, Auckland, New Zealand

Chloroform: Carlo Erba, Milano, italy

Copper sulfate: Carlo Erba, Milano, Italy

Deoxyribonucleotide triphosphate (ANTP): Vivantis, Shah Alam Selangor
DE, Malaysia

Dianix Red CC dye a kind gift from DyStar Thai Ltd., Bangkok, Thailand

Ethylene diamine tetra-acetic acid (EDTA): Ajex Finechem, Auckland,

W5 SG, Switzerland

Phenolpnthale i/ ,,"'_ Switzerland

AN SR 41 Inc., Milwaukee, W1, USA
Vi X

PolyC &y ° v -aukee, W1, USA

Potas®m chloride : Ajex Finechem, AucC®and, New Zealand

@ﬁﬁm}gﬂiﬂﬂfmﬁt”2,;.“325“"'a”"
QRIS R,

Manganese sulfate heptahydrate: Scharlau, Barcelona, Spain
Mercuric chloride: Scharlau, Barcelona, Spain

Methanol; Merck, Darmstadt, Germany

Silver nitrate: Scharlau, Barcelona, Spain

Sodium carbonate: Scharlau, Barcelona, Spain

Sodium chioride : Scharlau, Barcelona, Spain
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Sodium dodecyl sulfate: Scharlau, Barcelona, Spain
Sodium thiosulfate: Merck, Darmstadt, Germany

Sodium hydrosulfite: Carlo Erba, Milano, Italy

Sodium hydroxide: Ajex Finechem, Auckland, New Zealand
Terephthalic acid: Merck, Darmstadt, Germany

Triton X-100 : Sigma-Aldrich Inc., Milwaukee, WI, USA

Trizma base: Sigma-Aldrich Inc., Milwaukee, WI, USA

Zinc sulfate hepteh: rlau, Barcelona, Spain

3.3 Enzymes an-.

is, Shah Alam Selangor
W ivantis, Shah Alam Selangor

ERG3-4 (CTCC‘ 7" T i ): Vivantis, Shah Alam Selangor

EF-nd Wiis, Shah Alam Selangor

‘- E, Malay3|a

”‘iﬁYiﬁEf% an ?JTﬁ e

ammmzuummmaﬂ

Prewashed 100% PET fibers: Germany
Woven 100 % PET fabric: Asia Fiber Public Company, Thailand
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3.5 Procedures

3.5.1. Sample collection

Twenty three samples of plant surfaces including leaves, flowers, underground
storage organs, barks and fruits and thirty two samples of soil nearby the roots of these
plants were collected from several habitats in nine Thai provinces (Figure 3.1). The
sampling collections included the rainy season (June, July, August and September) and
the dry season (March). The samples were collected from low (0.5 m, Samutsakorn

Rrovince) altitudes, at ranges from 20.2 °C

(Chaingmai Province) to 32. ) and from seven provinces.

Province) to high (1,100 m, Chig

Figure 3.1 Map of collection sites of plant and soil samples from nine provinces in:

Thailand
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3.5.2 Screening for PET-hydrolyzing enzymes
‘The surface of leaves, flowers, underground storage organs, barks and fruits
were aseptically cut into small pieces (0.5 x 0.5 cm) and placed on a selective agar of
mineral medium (pH 7.0) supplemented with a suspension of polycaprolactone {MM-
PCL) 0.5 g/l, A{see Appendix A) (Murphy et al, 1996). This cutin analog,
polycaprolactone (PCL - mol. wt. 14,000), was purchased from Sigma-Aldrich Inc., St.

Louis, MO, USA. For selective isolation of soil fungi, soil samples near by roots (10 g)

were mixed into sterile water (1Q0) J ! ;suspensions were vigorously shaken until

thoroughly mixed and the s , /ﬁr, mixed with 90 ml of sterile distilled

water. Ten-ml samples 4— vfen-, )| uiéiate dilution serial was obtained

(Barron, 1968). One-r® & A s were spread plated onto MM-

PCL agar plates. All'Cair. > S0 7 days and examined daily for

growth and capabil® £F 4 ' ,' \ e The fungi producing clearing
. N

The active igf | 7 ' “ i’ mineral medium (LMM-see

Appendix A) (Murphy € U e lotato skin suberin (see Appendix

A) 2 g/l, isolated from Sol, JF ("8 Iton and Kolattukudy, 1972) or PET
fibers 2 g/t (1 cm, untreatedf AT T filament fibers, the kind gift of Dr. Th.

Bohme KG, Gere " A=Jin LMM containing glucose

\7 Y |

0.1% (whv) and inC== " r==fcula were transferred to the

.,I H|.,.
| .

LMM containing susfrin or PET fiber, and the ct=fires incubated at the same
temperature tur %( sed for esterase activity
(see append‘ﬂ‘j¢£jy ﬁ’ﬁﬁﬂo eﬁﬂ;’jﬂf nm using p-nitrophenyl
- buty, ubstrate {(Sébasti 987 unit (1 U) was
defi %aﬁ iﬂ ijﬂflj ijjhjuj ﬁﬂﬁ ﬁﬁhenol per minute
at pH 7.0 and 25 °C.

3.5.3 Fungal identification
3.5.3.1 Morphological observation

All active fungal isolates on PCL degradation were grown on potato dextrose

agar {PDA-see Appendix A) pH 70 at 30 °C for several days and the colony



44

morphology {color and texture) were examined. Slide cultures were prepared using
banana leaf agar {BLA-see Appendix A) (Seifert, 1996) stained with lactophenol-cotton
blue, and examined by bright-field microscopy (mycelium, mycelium color, septa and
conidia). Isolates were identified to genus level using Barnett & Hunter (1998) and

Fusaria by use of Seifert (1996).

3.5.3.2 Molecular identification of F. solani PBURU-B5
3.5.3.2.1 DNA extraction

PBURU-B5 producegs \ ; ' enzyme and was focused on. Fresyh

\ — ) Z. (PDB-see Appendix A) for 5 days

(pH 7.0, 30 °C, 150 rz . gocild o paper filter under suction and
then washed with Tn‘/ | N =~ pendix B). The mycelium was
disrupted by grindin,##* il , ' e 3 ' ked into microcentrifuge tubes.
o "%yl ammonium bromide (CTAB)

method (Saghai-Mafor S¥ N By ' ', see Appendix B) 700 pl was
added to the microfuge | Ny P a%kelium. The contents were stirred
with a pipet tip, and mixe fo o I orc . @m 700 pl was added into this tube
and mixed to emulsify. The mic. — — . were centrifuged at maximum speed for
10 min to separate e 4l S W) was removed to a fresh 1.5

ml microfuge tubed 4% N d 'd by adding isopropanol (-
20°C) 500 pl and th :l ube was wireneERelveial timed ,g b mixing. Visible DNA strands
were often seen. The Dl A=pellet was collegied by centrifugation at maximum speed for

5 min. The b bgRiva: Wb HlD W @&m Wshed with 70 % etharol

1,000 pl. Receqnfugmg (maximumgspeed for 3 @ip ) allowed collggtion of the DNA. The

ow RRABIE TSR FRE e o

was theqstock genomic DNA used for further experimentation.

3.5.3.2.2 Nuclear ribosomal DNA internal transcribed spacer (ITS) sequencing
The ITS region of the ribosomal DNA {rDNA) was amplified using primers 1TS5
{GGAAGTAAAAGTCGTAACAAGG) and ITS4 {TCCTCCGCTTATTGATATGC) (White et

al., 1990). Amplification reactions were performed using Peltier PTC-100™ Thermal
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Cycler (MJ ResearchTM, Inc., MA, USA) in a total volume of 100 pl containing 10 mM
Tris-HCI buffer, 50 mM KCI, 2.5 mM MgCl,, 12.5 pmol each dNTP.ISO pmol each primer,
2 U Taq polymerase, 4 pl of stock genomic DNA , and 55.5 pl of sterile distilled water.
The amplification conditions included a hot start for 6 min at 80°C and a denaturation
step for 2 min at 95 °C, followed by primer annealing for 30 s at 56 °C and primer
extension for 1 min at 72 °C. After 35 cycles, the extension step was followed at 72 °c

for 10 min. Successful PCR products were cleaned of primers and saits, using the
;. ®
/alencia, CA, USA). ABI PRISM = 3100

1 / ns (Applied Biosystems, Foster City,
e

CA, USA) were prepare® : (he-—.ers protocol, using primers ITS5

QIAquick PCR Purification Kit 4

and ITS4 and the PCPR . ' sto ef al, 1990). Sequences were

o

analyzed using an AP’ 'FO, N e equencer (Applied Biosystems,
(75 \

3.5.3.2.3 Seqéfac, | Ltisis gene (ERG)

A portion of ER ) tR% W CAGCATGGCTACGAGTTC) and
ERG3-4 (CTCCTTGTTTC( _,G ha®g et al., 2006). PCR amplifications
were carried out in a total ﬂJa ~action mixtures as described in ITS

sequencing sessigges—————— I rmed in a Peltier PTC-100"

A

Thermal Cycler (u = ¥ == Program included an initial
' .:.H

denaturation step for o m|n at 95 °C, foIlowed by primer annealing for 30 s at 55 °C and

primer extenﬁﬂ Erj» WJ ﬁ H Wﬁ 'Tﬂ?lon step was followed at

72 °C for 10 @ln. The PCR produ?s were purlfled and then sequenced using primers

RRTRN TN TR =

3.5.3.2.4 Sequencing of the translation elongation factor 1-a. gene (TEF)

A portion of TEF was amplified with the primer EF-1
(ATGGGTAAGGARGACAAGAC) and EF-2 (GGAR*GTACCAGTS*ATCATGTT) {Zhang et
al., 2006). Ampilification of PCR products was performed using the same ratio of reaction
mixtures and PCR conditions as carried out with ERG. Purification of the PCR products
was performed using the QIAquick PCR Purification Kit (QIAGEN, Inc., Valencia, CA,
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USA). The sequence of TEF was investigated by the same method as described
previously.

*Remarks: R=A,G; S=C_C, G

3.5.3.2.5 Analysis of the sequences
Sequences obtained from section 3.5.3.2.2 (ITS), 3.5.3.2.3 {ERG) and 3.5.3.2.4

(TEF) were subjected to blast analysis based on the with nucleotide collection in

GenBank using BLASTN programs j |

PBURU-B5
3.5.4.1 Inocu!

ys. Suspensions of mycelia in
sterile distilled water ' g¥e WA %ataining glucose 0.1% (w/v) and

incubated at 30 °C forg * W e\Nansferred to the LMM containing

3.5.4.2 Effects {1 | ffa A

To determine pH opt®

AT ,w . . .
samples (2 ml) of gctive TN & production media (100 ml) which

vtic esterase production of PBURU-B5,

were adjusted to 7% 5% 1.0, 100, 11.0 and 12.0. The
cultures were incube "| 1 at’ o= oL (. , n rotary incubating shaker (150
i¥ |

rpm) for 10 days. The Galture supematants‘j each pH were collected and measured for

the esteraseﬁ T B9 GG P E3 INB) QifipRp assay per pH were run

and the experﬂlent was repeated %noe

YRTNNTUININYAY

§rhe production media were adjusted pH to 11 using 6 M NaOH. Active inocula
(2 mi) were added to each flask of this medium (100 ml). The cultures were incubated at
each different temperature including 15 °C, 20 °C, 25 °C, 30 °C and 35 °C on a rotary
incubation shaker at 150 rpm for 10 days. Daily esterase activity was determined from a
culture supernatants as described previously. Duplicate assays per temperature were

run and the experiment was repeated once.
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3.5.4 .4 Statistical analysis
Results of the effect of pH, temperature, enzyme activity, and incubation time

were statistically analyzed using a multiple regression.

3.5.5 Estimation of PBURU-BS5 growth in solid state culture
3.5.5.1 Culture conditions and sample preparation

Production media were prepared in 250 ml Erlenmenyer flasks with a working

volume 100 ml. pH was adjusted Ko ‘

\ative inocula (2 ml) were used to inoculate in

each flask of production w2 : )ures were incubated at optimum

temperature that gave thems — (o 5 °C on rotary shaker at 150 rpm at
g ! : ma———

10 days. Culture sups )ase activity everyday as well as

pH value. After tha S N d mycelia were collected by

filtration through filte \ .= dried at 105 °C to constant
N

\\ ssays were done.

. Samples (100 m¢ : = mai Wals, suberin and mycelia was mixed
with 2 N HCI (5 ml) in a hard @ = - City 15 ml) which was sealed and placed
into a boiling wate at S agrwvater. An aliquot sample was

transferred into a & V R ) henolpnthalein solution {see
Appendix B) added ;I oweqa Uy ooammsm——on of 1 jﬂ NaOH until the solution turned
pink. The solution was Wagk-titrated drop-wgge with 1% potassium hydrogen sulfate (see

soverc PSP YNNG IBINRS cotse e moce

up to 5.0 ml WH distilled water (Tsyji et al., 1969 This glucosamm solution was further

=RV ’W'?/l I8

3.5.5.3 Glucosamine assay

Glucosamine solution (1.0 ml) (resulting from the extractions described above)
was mixed with acetylacetone reagent (1.0 ml, see Appendix B) in an ampoule which
was sealed and heated in a vigorously boiling water bath for 20 min. After cooling to-
room temperature the ampoule was opened and 6 ml of absolute ethanol added

foltowed by 1 mi.of Erhlich's reagent (see Appendix B). The mixture was incubated at 65
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°C for 10 min, cooled to room temperature and optical density read at 530 nm against a
reagent blank (Swift, 1973). A calibration curve (see Appendix C) was determined
based on a glucosamine hydrochloride standard (0, 20, 40, 60, 80, 100,120, 140, 160,
180 and 200 pg/ml). A linear correlation obtained was found [intensity (530 nm)
= 0.0048 x conc. (ug/ml) with R® =-0.9969] and was linear between 0 and 200 pg/ml

glucosamine solution.

3.5.6 Purification of cutinoly ‘ 39 from PBURU-B5

Crude extracellu’ — v:thy' ne /.__Jrallate—hydrolyzing enzyme was

B pedium as described previously
at pH 11 in 2 liter shs : ‘ ‘ W\ o 0 flasks) with incubation on a
rotary shaker at 15C.a# | . =y 'E W 1108 supernatant was recovered
7 \ T Nesidual materials, suberin and
'. g in 0.1 % Triton X-100 in one
liter of 50 mM Tris-HC! ! i '. : i = X "gt (Fernando et al., 1984). The

insoluble residues were a #fn r—= Lot These -culture supernatant (4,640

ml) and Triton X-100 wash QJ‘", .-:%“_

and then concentrated by ultrafiltration

(‘

(Vivaspin 15 poly¢t Sartorius AG, Goettingen,

Germany). The eisd “ p-nitrophenyl butyrate as
i |

described above. Pr ;,I 5N CONCeElitaucts wao determi .; 1 using the Bradford assay

(Bradford, 1976) with Bd%igm Serum AloumXBSA) as standard (see Appendix C). The

optcal dens.ﬂ AEL AU & ) FIRLATH3reo was avsorbance a

595 nm = 0. OO&IS x conc. (ug/ml) with R* = 0. 9984, and was lineggbetween 0 and 100

om RN IUNNTINY 1R E

3.5.6.2 Optimization of ammonium sulfate precipitation

Precipitation of protein was carried out using ammonium sulfate fractionation
method {Scopes, 1994). The culture extract from the section 3.5.6.1 (578 ml) was placed
in beaker and pre-chilled to 4°C. The required amount of ammonium sulfate was -

calculated to give the sequential fractionations of saturations (0-10 %, 10-20%, 20-30%,
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30-40%, 40-50%, 50-60%, 60-70%, 70-80% and 80-90%) from the equation given in
Appendix D (Scopes, 1994). Ammonium sulfate was siowly added to crude enzyme until
10% saturation was achieved with mjld stirring. The suspension was stirred for 2 h at
4°C. The precipitate was recovered by centrifugation at 9,000 rpm for 30 min and it was
totally dissolved in 50 mM Tris-HCI buffer, pH 8.5 in a minimal volume. The suspension
was dialyzed against the same buffer using regenerated cellulose tubular membrane
(Cello Sep, MWCO 5,000, Membrane Filtration Products, Inc., Texas, USA) in 1 liter, with

3 changes for overnight at 4 °C ‘E.y ‘

‘ >4 al., 1984). Assay of esterase activity and

AU /.' ined as described previously. This
procedure was repeatez _ - 9 éate to 10 % saturation culture

protein concentration (0-10%
supernatant until 20%0%EC5. g : A " Orecipitate was recovered as
described above. Tluo . ' 7 N\ uwie other fractions. Purification
factors of each fract: 7_ &1 .ﬁ”&.\ \ n..t, equation (Harris and Angel,
1989). ' WS

.m...

OI#.I :ng, STivA ecipitation

ieWrecipitation
= —

The higher' ¥ 4= ) ncentrated by ultrafiltration

[ :
(Vivaspin 15 Polye P ‘Sartorius AG, Goettingen,
;IV "

Germany).

‘W |
s56 ﬁ W WYL RINEL I 3 matgrapny
3.5.6.3. Hltrap Q FF columgg' (QAE sephaggse, anion exhagge
RN VU NIRRT IIARY Bov.
Hntrap ' FF column (1.6 x 7.5 cm, 15 ml; GE Healthcare Bio-Sciences AB, Uppsala,
Sweden) was pre-equilibrated with 50 mM Tris-HCI, pH 8.5 (150 ml, see Appendix B).
The concentrated enzyme (5 ml) was applied to this column by using flow rate of 5
ml/min. After the application of protein, the column was washed with the same buffer

with at least 5 column volumes (75 ml) or until no material appeared in the effluent.

Proteins were eluted with linear gradient (100 ml) of 50 mM Tris-HCI, pH 8.5 and 50 mM
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Tris-HCI (pH 8.5) + 1 M NaCl (see Appendix B). The 2 ml fractions were collected and
determined for the esterase activity as described above. The proteins were detected
using spectrophotometric assay at 280 nm. The column effluent fractions containing
esterase activity were pooled and dialyzed against the excess voIQme of 20 mM sodium
phosphate buffer (pH 7.5) for overnight. This enzyme solution was concentrated by
ultrafiltration. The protein concentration using the Bradford method as described in
section 3.5.6.1 (Bradford, 1976) and esterase activity as described previously. This

enzyme preparation was further pur'’i § vdrophobic interaction column.

3.5.6.3.2 Hitrap F — , éiobic interaction Chromatography)

The concentr 1) = y the Hitrap Q FF column was
added with (NH,),SCe® 1t SN ™nd then loaded at 1 ml/min to
Hitrap phenyl HP col; | A s AN We Bio-Sciences AB, Uppsala,
Sweden) equilibrated ‘ Ner (pH 7.5) + 1.3 M (NH,),SO,
(Start buffer-see Appér | shed with the start buffer for at
least 5 column volumes of the effluent returned to near
baseline. A gradient elutic = S buffer and elution buffer (20 mM
sodium phosphate buffer, pH 7‘ e - e of 125 ml was applied. The OD,,, was
measured for each m R A vity. The active fractions was
pooled and then dis V X JH 8.5 with 0.15 M NaCl for
overnight. This enzyn AI was conceliuacu using ultrafilti u‘ lon as described in procedure
3.5.6.3.1 and then quﬁt&d the esterad®factivity and protein concentration using

Sradiords mﬂoua%l& WA MWL 3 cnyme ves e

purified on gel permeatlon chromato§raphy.

’QW’WNﬂimﬁJWTJﬂEﬂﬁU

5 6.3.3 HiPrep 16/60 Sephacryl S- 200 High Resolution Column (Gel filtration
chromatography)

The concentrated enzyme (5 ml) from section 3.5.6.3.2 was applied to HiPrep
16/60 Sephacryl S-200 High Resolution Column (1.6 x 60 ml,120 ml; GE Healthcare Bio-
Sciences AB, Uppsala, Sweden) pre-equilibrated with 50 mM Tris-HCI, pH 8.5 + 0.15 M

NaCl (240 ml, see Appendix B). The protein was eluted with the same buffer at the flow
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rate 0.4 ml/min. Fractions of 2 ml were collected. The fractions were monitored for
protein and enzyme activity as previously described. The active fractions were pooled
and then concentrated by ultrafiltration. The purified enzyme was determined the
esterase activity and protein concentration using Bradford's method (Bradford, 1976) as

described previously.

3.5.6.4 Determination of enzyme purity and protein pattern

3.56.6.4.1 Sodium Dodecyl Sg§'k ,Polyacrylamide Gel Electrophoresis (SDS-

PAGE)

The denaturing Gas ™
Osborn (1957). The ge!
(see Appendix B) ancd & B). Tris-glycine buffer pH 8.3
containing 0.1% SDS - 'see Appendix B). Samples to
be analyzed and stain- W% with SDS reducing buffer (see
Appendix B) and boilec the gel. However, samples to be
stained with esterase ac! SDS reducing buffer without 2-
mercaptoethanol and it warP

3.5.6.4.2 Si R

Protein wa‘ ;——‘ ution (see Appendix B) 200

_— ‘t'f le shaking. The fixing solution

ml for 1 hour to over| ht
iF |

was discarded and the qel was washed by ith 50 ml of 50% Methanol for 20 minutes 3

times. The geﬂ u%jp% %Htﬂ)ﬁj w ﬂﬂeﬂl‘ions (freshly preparation,

see Appendix ﬂ' and incubated for‘] minute exactly Deionized water (50 ml) was used
- RRVYRIATUUND PR o o
Appendk B) 200 ml and 37% formaldehyde 0.15 ml for 20 min with mild shaking. The
gel was washed with deionized water (50 ml) for 30 seconds twice. The gel was
incubated in developing solution (200 ml - see Appendix B) for 10 min at room
temperature with gentle agitation. Stained bands of protein appeared within a few
minutes. With continued incubation until the desired contrast was obtained. The gel was

rewashed with deionized water (50 ml) for 2 min twice. The reaction was stopped by
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incubating the gel in 100 ml of 50% Methanol and 12% Acetic acid for 10 min, and it
was then washed with 50 % Methanol for 20 minutes at 4°C. The gel was incubated with
30 % Methanol for 30 minutes at 4°C and then 3% glycerol for 30 minutes at 4°C. Finally,

the gel was dried for overnight at room temperature (Blum et al.,1987).

3.5.6.4.3 Esterase activity staining
For SDS gels analysis, proteins were renatured by incubating the gel in 50 mM

Tris-HCI buffer, pH 8.5, containing 0. '§ §7iton X-100 for 2 hour at room temperature with
/‘nM Tris-HCI buffer, pH 8.5, twice prior

i é was performed by incubating the
| ——

pd a-naphthyl butyrate (50 pg),

mild shaking. The gel was brigé
to esterase activity stainii
gel in solution containiz
and Fast blue RR sal Cl buffer, pH 8.5 for 1 hour at
room temperature o peared (lbrahim and Rowe,

1995).

3.5.7 Charactériz: f fF 2 [ . arase from PBURU-B5
3.5.7.1 Effect of i |

The purified cutlno.ytlc

-,"-'9-' V"

Lbaied with p-NPB at different pHs and

the enzyme activity was asg dbed in section 3.5.2. The 0.1 M of

17
buffers for pH 4.0- il © e 1L.(Jfrespectively. The result was

i ¥

sodium acetate, F‘ were used as reaction
]

monitored as a percent@ge of the relative actlwty The pH which gave the maximum

““V"”a”ﬁﬂ“&l?ﬂﬂlﬂiw BN
quﬁinmumrx um@ﬂ procedure 3.5.2

at various temperatures {15, 20, 25, 30, 35, 40, 45, 50, 55, 60 and 65 C The result was
displayed as a percentage of the relative activity. The temperature which gave

maximum activity was set as 100%.
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3.5.7.3 Effect of pH on cutinolytic esterase stability
pH stability of the enzyme was measured, after incubating the enzyme in 50 mM
buffers at various pHs (section 3.5.7.1) for 30 min at 4 °C. Residual esterase activities
were assay at 25°C and pH 9.0 as described in section 3.5.2. The result was shown
relative to the activity. Esterase activity of enzyme determined at 25°C and pH 9.0
without incubation was set as 100% activity.

3.5.7 4 Effect of temperature_cjg | jtinolytic esterase stability

Thermostability of the a8 /"ed, after incubating the enzyme for 30
gé Residual esterase activities were
| ——

assay at 25°C and pH 0% : N 5 The result was shown relative to

the activity. Esteraseg ) NN at 25°C and pH 9.0 without

activity measurement as de ' = 3.5...When each metal ion was added with

the reaction mixture at three c o mM, 1.0 mM and 10 mM). The metal

-,"-'9-' V"

ions  included  G3CI . 7420, HgCl,, MgSO0,.7H,0,

MnSO,.7H,0 and L v§ By pmpared with the activity of

enzyme without metal ‘[ 1S allo e —thtagy ” f the relative activity.

'wf@mwﬂ ORI

3.5.2. TRe control was activity of the enzyme without NaCl. The result was reported in the

relative activity.

3.5.7.7 Effect of ethylene diamine tetra-acetic acid (EDTA) cutinolytic esterase
activity
The effect of EDTA on enzyme was evaluated based on esterase activity {section

3.5.2). The different concentrations of €EDTA (0-3.0 mM) were added into the reaction
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mixture. The residual activity was compared with the activity of enzyme without EDTA

and reported as a percentage of the relative activity.

3.5.7.8 Kinetic study of cutinolytic esterase

p-NPB was used as a substrate for the kinetic studies. The assay was performed
using purified enzyme with concentrations of p-NPB ranging from 0.1-1.0 mM. The
activity was determined as described in section 3.5.2. The kinetic constants, K and

V__ . was determined from Lineweaver,

nlot (Rudolph, 1879)

max'

Zﬁﬁed cutinolytic esterase by gel .

o

3.5.7.9 Molecular
filtration on HiPrep 16/60-¢
HiPrep 16/60 S-

n Column
olumn (1.6 x 60 ml,120 ml; GE
Healthcare Bio-Scienc o4 ~ W ilibrated with 50 mM Tris-HC,
pH 8.5 containing 0.15 ' 4 . \ Mt the flow rate of 0.4 mi/min to
allow stabilization of bed 4 ".\'\‘x Jjot of the concentrated enzyme
solution was applied t¢ th th tne same buffer. Fractions of 2
ml were collected. The eQ for protein and enzyme activity as
described previously.
The elution xolume ' goared with the standard protein

molecular weight rl y li:" Da), chymotrypsinogen
(25,000 Da), ovalbumj (4 - =0 ,0 Da). Blue dextran 2000 and
potassium dichromate w used to deter the posmon of the void volume (V,) and

the total bed ﬁ i M’} 354 3{}% W R <. values for eacn

standard prote marker calculate.d from (V, V)/(V -V,) were lotted against log

@ A GARTUUN AN & EJ o re erzyme

was cal@lilated and used to determine its native molecular weight from the calibration

curve.
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3.5.8 Applications of cutinolytic esterase produced from PBURU-B5 on surface
modification of PET

3.5.8.1 Enzyme preparation

Crude extracellular polyethylene terephthalate-hydrolyzing enzyme was
prepared as described in section 3.5.6.1. This crude enzyme was further precipitated by
ammonium sulfate precipitation {50-80% saturation), followed by removal of the salt by
dialysis as described in procedure 3.5.6.2. Ultrafiltration was used to concentrate the

enzyme as previously described. gy g enzyme activity was determined using p-

nitrophenyl butyrate as descal ; / concentration was determined using

). Thus éyme was used for further study in

the Bradford assay (Brae

Shers based on ultraviolet light

The terephthalic #fc J# A k. released from PET fibers were
measured following irCut i) : > AR 160 ml 50 mM Tris-HCI buffer, pH

9.0 with the different enfyr e 5 1,'1.0 U/mi and 2.0 U/ml). Reaction
Tl

mixtures were incubated at 45%
LT,

analysis via absorkgn il 002 Controls included mixtures
1

= periodically up to 48 hours, followed by

o

lacking enzyme af~@ .F‘ All assays were minimally
carried out in duplic "'| ATCEE S carr, 7’7 out using standard solutions
with different concentrayo of TPA concegtgation (0, 10, 20, 30, 40, 50, 60, 70, 80, 90

and 100 ,Lgﬂ usggeg NN T B Y Frton i v

Intensity (240 = 0.0255 x Conc‘ (ng/ml) W|th R’ = 0.9995 an as linear between 0

and@mmwwwrmma d

3.6.8.3 Assay for enzymatic hydrolysis of PET fibers based on fluorescence

response

PET fibers were treated with the enzyme as described in section 3.5.8.2, but TPA
released from PET ﬁberé was analyzed as fluorescence absorbency using a
luminescence spectrophotometer (Model: LS 50 B, Perkin Elmer Inc., MO, USA) at 425

nm (O'Neill and Paulo, 2004). Controls included mixtures lacking enzyme and also
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inactivated autoclaved enzyme. All assays were minimally carried out in duplicate. A
standard curve was performed using standard solutions with different concentrations of
TPA concentration (0, 10, 20, 30, 40, 50 and 60 pg/ml) dissolved in a 50 mM NaOH
solution. The correlation obtained was Intensity (425 nm) = 5.7113 x Conc. (ug/ml) with

R’ = 0.9988 and was linear between 0 and 60 pg/ml of TPA (see Appendix C).

3.5.8.4 Enzymatic and alkaline treatment of fabrics
Woven PET fabrics were | om Asia Fiber Public Company, Bangkok,
s 2=d in boiling water for 10 min, then
.—d

Thailand. These prewashega
water rinsed and dried , * heosver = With the different concentrations

of enzyme (0.5 U/ml, Wi Iris-HCI buffer, pH 9.0 at 45 °C,

liquor to fabric ratio or ° pm and sampled periodically up

to 48 h. Controls were gfurd ' 7' ' \ . ‘nd treated identically with the
corresponding buff#E. & : | ves were washed thoroughly
several times with taf | W arbonate solution for 30 min at
70°C (to remove the re g “Darai e of the fabrics) and finally with
a2001; O’'Neill and Paulo, 2004). The

samples were dried at room & ﬁ‘, 25 2/

For alkalinig i : vith different concentrations
] \,
A

of NaOH (1.5 M and ' , L. catment as described above.

After the reaction, the® oamples were washed thoroughl several times with tap water to

neutralization ueg!ya:ﬂﬂvrj(ﬁﬂhlnjwater at 70 °C for 1h (2

times) and dr ure. Alle e carried out in triplicate.
LHIR mmw NANE VAL s e

fabrics

In order to investigate the wettability {or hydrophilicity) of untreated and treatéd
fabrics from the section 3.5.8.4, a water droplet absorption time measurement was
applied according to AATCC standard test method 79 (Absorbency of Bleached
Textiles). A distilled droplet was allowed to fall from a burette held 10-mm height from

the stretched fabric surface. The time for the disappearance of water-mirror on the
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surface was measured as the wetting time. The éverages of wetting time at different
positiohs on the sample surface were recorded. The studied area of fabric was divided
(Figure 3.2) and the wetting time of each area was determined. The area horizontal to
the chamber was divided into 9 parts, including I, I, 1, IV, middle, V, VI, VII, VIl as
illustrated in Figure 3.2. The minimum or zero of wetting time obtained from the
measurement showed the most of enhancing hydrophilicity or ability to adsorb water of

* fabrics treated by enzyme or alkali.

Vi VI Vil 12 cm

A\ 4

s of the fabric

3.5.8.6 Measurement 5;_}?; a0 of the enzyme and alkaline treated

PET fabrics -1

- -

The effect | V

ability of PET fabrics 4.

"‘ ‘tion in the water adsorption

3ction 3.5.0.4) was uetermined 4dng the wicking test following a

1LE]JHVRLYN FUE) 2 113 05 om o e oot

charged with the corresponding amunt of distillaskwater up to 1Gshin. The rising height

’ waQ e 11260 & 1A dFN BB & roamenss were

performed in triplicate. The higher water height absorbed by test strips displayed the

standardized method élihﬁ3924 ). All test 8#ips of a series had the threads running the
same way. T xﬂe

higher increase of hydrophilicity of the fabrics.
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3.5.8.7 Measurement of moisture content of enzyme and alkaline treated PET
fabrics

Enhanced hydrophilicity of treated PET fabrics from section 3.5.8.4 was
demonstrated by measuring the changes of moisture content of fabrics before and after
treatment with the enzyme and alkali. Fabric pieces were 10 x 10 cm. These fabrics
were incubated at The moisture content of untreated and treated PET fabrics was
determined using an AD 4715 infrared moisture determination balance (A&D weight,

Bradford, MA, USA) (Figure 3.3) 3t B § G for 5 min. All analyses were performed 5

times.

i
JSA)
¢

SRS na 8. o o

solutions containing disperse dye (Dianix Red CC), a kind gift from DyStar Thai Ltd.,

weight, Bradford, MA

¢

Bangkok, Thailand. The solutions contained the disperse dye {20 g/l) and wetting agent
(1g/)) at a liquor ratio {L:R) of 20:1 at pH 4-5. The initial temperature of dyeing process
was 80 °C for 10 min, then raised to 130 °C (2 °C/min) and maintained at this
temperature for 30 min (Figure 3.4). After dyeing, the fabrics were washed in water

containing 2 g/l wetting agent at 60 °C for 15 min. The unfixed dye was removed using
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the reduction clear process shown in Figure 3.5. This process required 2 g/l sodium
hydrosulfite, 2 g/l sodium hydroxide and 1 g/l wetting agent, and it was conducted at 80
°C for 15 min. Then the fabrics were washed, air dried, and measured the color intensity

as described in section 3.5.8.8.3.

130 °C

washing

60 °C

(L:R =20:1)

arse dye for polyester fabric

X

ﬂuﬂiwﬂw5Wﬂﬂﬂ@m
ﬂW’lﬁ\‘lﬂ%ﬂﬁjﬂ%Vlma&l

(LIR=20:1)  Na,S,0,2 g/l

NaOH 2 g/l

Wetting agent 1 g/l

Figure 3.5 The reduction clear process for PET fabric after disperse dyeing
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3.5.8.8.2 Basic dye (Astrazon Red FBL 200% 03)

‘Treated and untreated PET fabrics from section 3.5.8.4 were dyed in the
solutions containing basic dye (Astrazon Red ¥BL 200% 03), a kind gift from DyStar Thai
Ltd., Bangkok, Thailand, in solutions containing dye (20 g/l) and Avolan IW (0.5 %) at a
liquor ratio (L:R) of 20:1. The initial temperature of dyeing process was 60 °C for 20 min,
then raised to 98 °C (2 °C/min) and maintained at this temperature for 75 min {Figure
3.6). The unfixed basic dye was removed from the fabric using the reduction clear

process shown in Figure 3.7. Thicy . required Blankit® IN {BASF) 1 g/l and this

solution was adjusted the p _0,. It was held at 50-70 °C for 20 min,

and then the fabrics we j‘ Sy era——é' distilled water to neutralize the

fabrics, air dried and , ol r N "icribed in section 3.5.8.8.3.

70°C

60 °C- 20 min()

(L:R =20:1) 'V}: :

ﬁfﬁﬁﬂwﬂwﬁ"ﬂﬂwnﬁ
CL LR/ ) (T}
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50-70 °C
washing
20 min

(L:R =20:1) pH 8.5-9.0 with Na_

. ® ' .
Blankit® IN./ / sulphite) 1 g/l

Figure 3.7 Th® - . | o abric after basic dyeing

3.56.8.8.3 Co#

The reflecta: Wlos were evaluated using an

Instrument Color Sys'#f \ &% spectrophotometer (Figure 3.8)

connected to a digital ¢ W the reflectance of the employed

sample and wavelength ¢ imum absorbance of the empioyed

dyes (disperse and basic). Eag= as folded once leading to a total of two

T3
Kb ned as the average of four

I‘.-,d

thicknesses of fa )
measurements. PeXd ed into K/S values, the color

strength of the fabric- ! ccording to the kubelka-Munk exdation:

AUEINENINEINS
FRINIAINUBIANYAY

S = the scatting coefficient
R = the reflectance of the fabric at the wavelength of maximum
absorption (?»max)
* The higher K/S values measured from dyed fabrics indicated the higher increase of

color intensity of samples.
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3.5.8.9 Tens/ ! LN [kaline treated PET fabrics

:cO=T fabrics from section 3.5.8.4
inSachine (Model: H10KM, NSW,
oC . g to ASTM D5034. The testing
esting was 300 mm/min and the

gauge length was 75 mm g he== vas W' x 6". The tensile values of fabric

89N T G 1§

Figure 3.9 A Hounsfield universal testing machine model H10KM
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3.5.8.10 Surface chemical analysis of enzyme and alkaline treated PET fabrics
‘The changes in surface chemical structure of the selected fabric samples were
characterized using attenuated total reflection/ Fourier transform infrared specfroscopy
(ATR—FTIR) (Thermo Nicolet Nexus 670 spectrophotometer, GMI, Inc., Minnesota, USA)

(Figure 3.10). The sample from section 3.5.8.4 were scanned at the frequency range of

4,000 - 6,000 cm” 300 consecutive scans and 4 cm’' resolution.

N,

-

Figure 3.10 Attenuate, | \ orm infrared spectroscopy (ATR-
FTIR) (Thermo Nicolet Nes#fs T

35.8.11 siaAL R, £-): and alkaline treated PET

ot GMI, Inc., Minnesota, USA).

fabrics

In order to o ‘ arve the intluence of enzyme .“' alkaline treatment on surface
morphology ﬁ i ology was observed by
scanning ele@rij jﬁﬁﬂ ﬁcﬂpiﬁ %gure 3.11). The samples
were coated with_thin evapomted ayer of order to i ve conductivity and
preveﬂ mr:l aﬁaﬁmnuil‘;m& ﬁ ration was at 15
keV or 10 keV acceleration voltages. SEM photographs were taken at different angles of

view with magnification of 100X and 1,500X.
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Fi 3.118 é\‘EM JSM-6400, MA, USA
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CHAPTER 4

RESULTS

4.1 Screening for PET-hydrolyzing enzymes
4.1.1 PCL degradation by fungi
A diverse variety of plant surfaces and soil from a range of environmental niches

yielded 22 fungi out of 115 isolates t'i b gere capable of degrading PCL, as indicated by

zone of clearing on MM-PCal giire 4.1). Such zones could be easily

observed after 3-5 days

4.1.2 Source ¢ . d PCL

The isolates * , es, 16 of 22 isolates. A few of
the more generally oc #fri f [ " species isolated from soil were
found td attack PCL, & . - H were generally isolated
from different aerial par <7 h ‘ _ : "Wad park) and also from soil nearby
roots, and all produce .‘.Cl Olytaia "-: Aldis .T;. The sampling times included the
rainy season (June, July, Aug ¥er) and the dry season (March), and from

=N L . o .
low (0.5 m, Samutsgkoras N i Chiangmai Province) altitudes, at
ranges from 20.2- = li"‘j isolates were from seven

provinces. 1
W

4.1 3ﬁ'ﬁ'&j‘ﬁ%%€ %ﬁ 6] ﬂéﬁ. and PET degradation

All isdidtes when cultrvated on suberin produced esterases with maximum
ARSI NN NG TR e
Howevqr it is noteworthy that only one fungus {F. solani PBURU-B5) was able to grow to
any reasonable extent on PET fibers, and in doing so produced 61 mU/ml after 21 days

growth (Table 4.2).
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= ; |
Figure 4.1 Th#Cs, ‘acl.m-..‘ -

. (e/§EWRU-B1, (b) PBURU-B2, (c) PBRU-

his¥ates towards PCL as evidenced
by clearing zones on p#fc frolar

B3, (d) PBURU-B4, (e) PHORMEEE
PBURU-BY, () PBURU-BiRZ=A82/ 4=/

36:%g) PBURU-B7, (h) PBURU-BS, (i)

& PBURU-B12, (m) PBURU-B13, (n)

-PBURU-B14, (0) ; 5 \U-B17, () PBURU-B18, (s)
PBURU-B19, (t) PBCe)" ) URU-B22

| U]
AULINENINYINT
AMIANTAUNNIINYAY



Table 4.1 Fungal isolates attacking polycaprolactone (PCL): :

67

Description of collection site

Fungal strain

Province Mean Temp. Elevation Collection
(°c) (m) Date
n.) Peel
o, W
Bangkok 32.0 ik March 2005 Wjientum) Peel

Soa Wlsa sapientum Linn.)
W vcoperslcon esculentum)

Fusarium sp.PBURU-B1
Fusarium sp.PBURU-B2
Fusarium sp.PBURU-B19
Penicillium sp. PBURU-B13
Fusarium sp. PBURU-B7,
Fusarium sp. PBURU-B8

" "\ (Kosa chinensls)
Chiangmai 20.2 1,100 June 2005 ‘ | Waldsi. ol Mok Wild)) Leaf
3 ree (Litchi chinensis Sonn.)

Aspergillus sp. PBURU-B10
Fusarium solani PBURU-BS
Aspergilllus sp. PBURU-B3

Fusarium sp. PBURU-B16,
Fusarium sp. PBURU-B22

Fusarium sp. PBURU-B11
Fusarium sp. PBURU-B15
Fusarium sp. PBURU-B20

September
L .
ampang 28.0 262 2005 ir
sroc¥rpus Indicus ) Bark
Pathumthani 29.7 11 August 2005 Shady gligiosa Linn.) Bark . ,
lowlans 2 2rf date palm (Phoenix loureri
Prachinburl 30.7 17 June 2005 & 44 AL

s

Aspergilius sp. PBURU-B9

o an palr :“ 2e (Licuala grandis H.
wendl.) :

e w e e BUBGTEINEAT

Sonl near by root of chhee tree (Litchi ch/nenSIs Sonn.)

A A9NIUURIINLIAY

Aspergillus sp. PBURU-B17,

Fusarium sp. PBURU-B4,
Fusarium sp. PBURU-B12
Fusarium sp. PBURU-B18,
Peniciilium sp. PBURU-B6
Fusarium sp. PBURU-B21

Fusarium sp. PBURU-B14

Samutsakorn 27.0 0.5 gust 2005 Muddy shore Mangrove (Rhizophora apiculata Blume) Leaf

L9
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Table 4.2 Maximum esterase yields from the pblycaprolactone attacking isolates

Maximum esterase activity (mU/ml)*

Isolate
Suberin powder PET fiber
Fusarium sp. PBURU-B1 76 3
Fusarium sp. PBURU-B2 36 6
Aspergillus sp. PBURU-B3 20 5
Fusarium sp. PBURU-B4 20 7

Fusarium sp. PBURU-B5
Penicillium sp. PBUR
Fusarium sp. PBl=
Fusarium sp. P
Aspergillus sp. FP!
Aspergillus si%
Fusarium sp. F,
Fusarium sp. PE
Penicillium sp. PB ‘
Fusarium sp. PBURL 14 —
Fusarium sp. PBURU- B1

=

Fusarium sp=§B
Aspergillus | V.
Fusarium sp. ! IRU-

Fusarium sp. PBL‘RU -B19

) EW]? ‘Wﬁﬂﬂﬁ

Fusariufgjsp. PBURU-B21

OO W O A OO O @

~N W W

135 4 4
1,126 4

Enzymes from culture supernatants of isolates grown in liquid mineral medium

containing either suberin powder or PET fiber as sole carbon source, * Determined with

p-nitrophenyl butyrate as substrate —

10°M 'cm (see Appendix D).

the extinction coefficient .of p-nitrophenol = 1.84 x
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4.2 Identification of the fungal isolate PBURU-B5

4.2.1 Morphology

The colony grew to 5 cm diameter in 4 days and was whitish (Figure 4.2).
Examination by bright field light miéroscopy of the morphology of PBURU-B5 grown on
BLA for 5 days showed typical Fusaria characteristics (Barnett and Hunter, 1999;
Seifert, 1993). It produced both macro- and microconidia (Figure 4.2). Macroconidia are
hyaline and canoe-shaped in side view. Microconidia were ellipsoidal, produced from

long monophialides in aerial mycgh lamydospores usually occurred singly or in

pairs. It was apparently Fusa

!
Figure 4.2 C g logy. of Fu ola -BS (a) colony (5 cm in
diameter) ﬁﬁiﬂnﬁﬁ ﬂ)ﬁfﬂ zJﬂla hyphae and conidia, (c)
ellipsoidal-s microconid |a,‘ (d) caneshaped ma@ebconidia and (e)
ti NIUURINYIAE
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4.2.2 Molecular biological identification of F. solani PBURU-B5

4.2.2.1 Sequence of Nuclear Ribosomal DNA Internal Transcribed Spacers
(ITS)

Culture was grown in PDB, pH 6.5 for 7 days at 25 °C. The chromosomal DNA of
PBURU-BS was extracted and checked by agarose gel electrophoresis (see Appendix
B). DNA obtained was larger than 10 kb {Figure 4.3) with an absorbance ratio (A, Of
1.90. From the gel pattern and the absorbance ratio, the extracted DNA was clean

enough for amplification (Kim and g g pada, 2005). After amplification using specific

primers for ITS region of rDNA 43.2.2), a PCR product of about 500 bp

Figure ﬁ ﬂﬁ) oﬁﬁ io }i)NA from strain PBURU-BS
uo ij ﬁ\ﬁ tis Iam Selangor, Malaysia)

ane 1 = Genomic INA of PBURWSB5

ARIAARAUAATINE TR ¢

The ITS sequence was isolated using primers mentioned in section 3.5.3.2.2.
Each primer gave more than 500 bp sequences. Both sequences were extended and
searched for the overlapping region. The resulting sequence was 525 bp (Figure 4.4).
The alignment of this sequence was blasted with other ITS sequences -deposited in the

GenBank databases. The results indicated that PBURU-B5 showed 98% homology with -
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F. solani strain FRC#s1592 (DQ094746) and 98%'homology with F. solani NRRL 22354
(AF178402).

GGATCATTACCGAGTTATACAACTCATCAACCCTGTGTTCCATACCTAAACGTT
GCTTCGGCGGGAACAGACGGCCCCGTAACACGGGCCGCCCCCGCCAGAGGACCC
CCTAACTCTGTTTCTATAATGTTTCTTCTGAGTAAAACAAGCAAATAAATTAAAACTTTCA
ACAACGGATCTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAA

TGTGAATTGCAGAATTCAGTGAA i
TATTCTGGCGGGCATGCC IR

/)DAACCCTCAGGCCCCCGGGCCTG

GCGTTGGGGATCGGC, Jo«-_—ﬁCGCCGTCCCCCAAATACAGTG

GCGGTCCCGCCGC T /i " MU ACCTCGCAACTGGAGAGCG
gion of rDNA

4.2.2.2 Amplificz
gene (ERG)

ion of the ergosterol biosynthesis

Amplification of ERG T= omed using specific primers listed in
T
section 3.5.3.2.3. "WPCH oy Ltalned (Figure 4.5). The ITS

- -

sequence observ V ) ‘ an 500 bp. Analysis of both

sequences resulted _I 2 bp (Figuiorng e dlignm ;,, of this sequence was blasted
with the ERG sequenc@sgsleposited in th@fenBank databases. The results indicated

that PBURU ﬁ u& Q Vrloﬂ %] ﬁ W ﬂé'r] ﬂa FRC#s1592 (DQ237259)

and 96% homca'logy with F. solani NRRL 22354 (DQ236829).

Qmmnmum'mmaﬂ
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Std. 1

2,000 bp —»

1,500 bp—»

e masterol biosynthesis gene (ERG)
. - )
Lane St 4~ | oo \ \\\\, Alam Selangor, Malaysia)

WCTARGRGAAGATGGTGTTGGCGGTAAG

GATCTGGATGAAGTTGT(,L,G JAGACGGGGAACTCGGCGCCCTGGG
CTGCGGTTCCGGCGGCa -%‘ oV 22 CGTGCTGCTGTACAGAGCTAAG
ACAAGTCAGCAC‘ B ] TAACACACTGTTGAGTCT

ATACTTGAGACGAC JCON ‘:" 'CCACCTCATAGGCTGGAAG

iF |

CACACGGTAGAGGAT(;.AATGACAGCAGGAGGTAGCCAGCCGTAG CAGCAGAAGCCT

CCCAGCTAﬁﬁTﬂA(JDW%ﬁ]ﬂmﬂ%CCTCTTGTTTAAGCTT

GTCGAGCGA@‘\GGGTC'ITGGGACTCAGAAGAGACGGGGCGGGGCAGCCCGAGATG

G AR X LU AT

GAATGLACCGGGACTAACACGTCAGTTAG

Figure 4.6 Nucleotide sequence of portion of the ergosterol biosynthesis gene (ERG)
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4.2.2.3 Amplification and sequencing of a portion of the translation elongation

factor 1-o. gene (TEF)

A portion of TEF gene was amplified using specific primers as listed in section
3.56.3.24, and a PCR product of about 500 bp was obtained (Figure 4.7). The TEF
sequence was obtained using the same primers and gave more than 600 bp. Analysis
of both sequences resulted in 691 bp {Figure 4.8). The alignment of this sequence was

blasted with the TEF sequences deposited in the GenBank databases. The results

indicated that PBURU-B5 showe } homology with F. solani strain FRC#s1592
(DQ247446) and 99% homol v ¢ #RL 22354 (AF178338).

gene (TEF)

ﬂﬁ E] ?ﬂ ﬁ‘ﬂ(ﬁt‘w\'ﬂqsﬂ“?am Selangor, Malaysia)

Qiane 1 =PCR product of TEF gene

qmmnmummmaﬂ
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GACAAGACTCACCTCAACGTCGTCGTCATCGGCCACGTCGACTCTGGCAAGT
CGACCACCGTAAGTCAAACCCTCCATCGCGATCTGCTTATCTCGGGTCGTGGAACCC
CGCCTGGCATCTCGGGCGGGGTATTCATCAGTCACTTCATGCTGACAATCATCTACAG
ACCGGTCACTTGATCTACCAGTGCGGTGGTATCGACAAGCGAACCATCGAGAAGTTC
GAGAAGGTTGGTGACATCTCCCCCGATCGCGCCTTGATATCACACATCGAATTCCCTC
CCTCACGATCCGCGCTGCGCCCGCTTCTCCCGAGTCCCAAAATTTITTGCGGTGCGAC
CGTGAATTTTTTTGGTGGGGCATTTTACCCCGCCACTCGGGCGACGTTGGACAAAGC

CCTGATCCCTGCACACAAAAANLY | 1 CCTCTTGGCGCGCATCATCACGTGGTT

GACCACAGACGCTAACCSS _AGCCGCTGAGCTCGGTAAGGGTTC
CTTCAAGTACGCCTG G ACR\G e CGAGCGTGAGCGTGGTATCAC
CATCGACATTGCCCTE . ' s SCLTACTATGTCACCGTCATTGGT

ATGTTGCTGTCGTCTC . " o SACAATCAACAGACGCCCCCG

Figure 4.8 Nucleotid# i a %8 ransiation elongation factor 1-a

gene (TEF)

4.3 Optimization of culture c'* alytic esterase production from PBURU-
B5 : {2

4.3.1 Effeck 7 .." ')

The results o :I 16 ECCT O ——C |ncub )n time on esterase production
are illustrated in Figurd &9 and were stgijstically analyzed by a multiple regression

analysis. TheﬂNuAﬂsms%gt%tg W&Q ﬂr@ant differences in yields

(Table 4.3). Th%lregression is significant at the 1?&signif cance leggl. The largest amount

estergw;]@»aﬂogw.mfm 047 ) Rbetec 10 o

4 days This pH was used for further analysis. of the effect of incubation temperature on

enzyme production when pH was a constant variable.
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]
1,000 -

800 -

600 A

400 -

(Juynw) AnAnoe ase1aysy

Figure 4.9 Interac

Table 4.3 The effect

regression*®
Model E et A an Square F Sig.
1 Regress i - ? 2 8.320 .0012

Residua’s =. 3 ‘
Total V-

a. Predictors: (Ca "I ant), Day,¢
b. Dependent Variabl ‘e Actnvrty

f‘O?ﬂUEJ’JVIEW]ﬁWEJ’]ﬂ‘i

RIS I N R

§\ multiple regression analysis was also applied for analysis of the results

75

obtained from the effect of incubation temperature and culture time on esterase

production. The ANOVA results indicated that there was a significant different amount

treatment yields (Table 4.4). The regression is significant at the 1% significance level.

The response surface graph showed in Figure 4.10. The optimal temperature given the

most esterase yield was found at 25 °C on day 4 of incubation period when pH 11.0 was

applied.
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£
>
&
2
Z
8
[
g o 10
a
Time (Days)
Figure 4.10 Interaction- spbation time on esterase activity at
pH 11.0.
Table 4.4 Analysis oo ff JF fodsi - Nkt of incubation temperature on
enzyme production exg,
Sur fi ikt A 2
Model s ATy qure F Sig.
1 Regres s ] 5.515 .0072

Residuasy 44
Total 1 kr,

BUIiEN NN
ARIANTANNINGIA Y
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4.4 Estimation of PBURU-B5 growth in a solid state culture system

PBURU-B5 was grown on production medium at 25°C, initial pH 11.0 for 10
days. Figure 4.11 shows the relationship between glucosamine content, esterase activity
and culture pH measured from the culture of PBURU-B5 for a period of 10 days. The
fungal growth indicated by the content of glucosamine showed rapid growth until day 4,
followed by a slow down. It should be noted that mycelial yields as estimated by
glucosamine analysis were quiet low. The_enzyme production curve followed the same

pattern as the growth determinati 4 first four days, and then was constant until

day 8. The esterase activitv. ' ﬁy the following day. The pH dropped

from the initial pH 11.0 to
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4.5 Purification of cutinolytic esterase from PBURU-B5

4.5.1 Preparation of crude enzyme

Crude enzyme was prepared from 5 liters of the production medium containing
0.2% suberin as described in sectioh 3.5.6.1. After washing the mycelium with Triton X-
100, extracellular fluid and this Triton X-100 wash were pooled and yielded 5,614 ml of
crude extract with 1,488 units of esterase activity and 752 mg protein. Thus, the specific
activity of the enzyme in the crude preparation was 1.98 U/mg protein (Table 4.5). The

crude enzyme was concentrated by i b Fi'j-ation (Section 3.5.6.1) and yielded 578 mi of

crude extract with 1,386 u v ‘ n and 2.12 U/mg of specificity was
obtained. -

4.5.2 Optimiz

Crude enzyr, mmonium sulfate precipitation

as mentioned in ‘suitable ammonium sulfate

concentration for pre %2, preliminary experiment was
performed by a stepw _ \ nt from 0-90%. Most of enzyme
activity was detected in th #H0; L el -80% fractions with the most activity
in 60-70% fractions (Table_4 YT O hérvest the most of enzyme, protein
fractionation was (O e 8/ jaturated ammonium  sulfate
precipitation. The %44 ' tivity yielded at 1,091 (about
73% vyields from .i enzyme). v spouinc activity 3 the enzyme from this step was

6.23 U/mg protein (Tabl‘

ﬂUEJ’J'VIEWI?WEﬂﬂ'ﬁ
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Purification step

Extracellular fluid
Triton X-100 wash
Crude extract
Ammonium sulfate
QAE Sepharose
Hitrap Pheny! HP

Sephacryl S-200

Purification fold  Yield (%)

Total Volume (ml)  Total Act? ‘ f O e cific Activity (U/mg)

4,640 1.48
974 2.75
5,614 1.98
59 6.23

15 32.87

8 71.32

5 137.50

- 49.9
- 49.63
1.00 100
3.15 73
16.61 51
36.04 25
69.49 11
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Table 4.6 Ammonium sulfate precipitation of cutinolytic esterase

Percent saturation

. Total volume  Total protein
range of ammonium

Percent protein Percent enzyme  Purification

sulfate (ml) (mg) precipltated precipitated factor
- Crude extract 200 209 100.00 100.00 1.00
0-10 11 30 14.35 0.04 0.00
10-20 11.5 24 9.80 0.03 0.00
20-30 18 32 13.06 0.22 0.02
30-40 16.5 26 10.61 0.08 0.01
40-50 10.5 17 6.94 0.09 0.01
50-60 10.5 17 6.94 24.62 3.55
60-70 12 25 10.20 52.52 5.15
70-80 11.5 80 56 4 03 v 8.16 18.79 2.30
80-90 12 ﬁ‘”ﬂ’;ﬂﬂﬂjﬂﬂ’]nﬁ 4.08 0.25 0.6
90% saturation 205 10.32 ¢ 2.41 0.37

supernatant
NW la‘aflﬁmﬂﬁ Iﬂlﬂ Iﬁtl
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4.5.3 Hitrap Q FF column (QAE sepharose, anion exhanger)

The enzyme obtained from 50-80% ammonium sulfate was applied onto Hitrap Q
FF column (Section 3.5.6.3.1), unbound protein was washed out with 50 mM Tris-HCI,
pH 8.5 and bound proteins were then eluted with a linear salt gradient (0 to 1.0 M NaCl)
with the same buffer (Figure 4.12). The fractions containing esterase activity were
pooled and concentrated, and then. dialyzed against 1 liter of 20 mM sodium phosphate
buffer (pH 7.5). There was 23 mg of protein with 756 activity units of enzyme (specific
activity 32.87 U/mg) (Table 4.5). Thy |

~J! 7-fold purification with a 51% vyield.

4.5.4 Hitrap Phenyl HP C - v Lé g n chromatography)

; g - s further purified using a Hitrap
®ohic profile is shown in Figure
» ith 20 mM sodium phosphate
A% ESNd proteins were eluted with a
\ ~adient (1.3 to 0 M) in the same
; 7centrated and dialyzed against
50 mM Tris-HCI, pH 8.5 s+ ssyllase (378 units; specific activity 71
U/mg). The enzyme was purifie ﬁ; aut 25% yield (Table 4.5).

455 HiPrep ; - .-‘F' Column (Gel filtration

chromatography) '-pl T
i iF |

The enzyme waé subsequent purlf ied using HiPrep 16/60 Sephacryl S-200 High

Resolution cﬂnuﬁ t,g dﬂaﬁﬂ ?Wﬁ ﬂoﬂ aiﬂgure 4.14. The protein

was eluted frof the column with 50 mM Tris-HCI, pH 8.5 contammg 0.15 M NaCl. The

actqumr]/m W n?j”l ‘anE] Tris-HCI, pH 8.5.
This prqtem remained In this step abou mg with activity units and 138 U/mg of

specific actlvnty. The enzyme was purified to 69 fold with about 11% yield. The enzyme

from this step was kept as aliquot at 4 °C for further characterization experiments.
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4.5.:6 Determination of enzyme purity and protein pattern on SDS-PAGE

The enzyme purity at each purification step was analyzed by SDS-PAGE
(Section 3.5.6.4.1). In gel activity was compared with the silver staining. The enzyme
from the HiPrep 16/60 Sephacryl S-200 High Resolution Column showed a single protein
band 5 (Figure 4.15a) which corresponded with ité activity by activity staining in lane 6
(Figure 4.15b).

(b)

Figure 4.15 SDS-P3 4 g L. putinolytic esterase at each

I;“

purification - 12% 2 V . ity staining.

4

" HiHAnsnineans
Lane 2 = 50-80% Ammdhium sulfate pcipitation (25 1#%/protein)
PINASHIENTEINE

Lane 4 = Hitrap Phenyl HP (10 ug protein)

Lane 5 = HiPrep 16/60 Sephacry! S-200 (10 pg protein)
{b) Activity staining

Lane 6 = HiPrep 16/60 Sephacryl S-200 (10 pg protein)
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4.6 Characterization of purified cutinolytic esterase from PBURU-B5
4.6.1 Effect of pH on cutinolytic esterase activity
The optimum pH of the enzyme was determined as defined in section 3.5.7.1
(Figure 4.16). The 0.1 M of sodium acetate, potassium phosphate, Tris-HC!| and borate
were used as reaction buffers for pH 4.0-6.0, 6.0-8.0, 8.0-9.0 and 9.0-11.0, respectively.
No buffer effect was observed at all pH ranges. Optimum pH was pH 9.0. The enzyme

showed 60-85% of the activity at pH 6.0-8.0 while no activity was observed at pH 4.0.

9.0 10.0 11.0

AU RATAEIRS
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4.6.2 Effect of temperature on cutinolytic esterase activity
The optimum temperature of the enzyme was determined by running the assay
at various temperatures (Section 3.5.7.2). The enzyme showed the greatest activity at

45°C. At 50 and 55 °C, 84% and 57% of the activity remained after incubation for 30 min
(Figure 4.17).

110

100

Relative activity (%)

65

A ylic esterase activity

4
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4.6.3 Effect of pH on cutinolytic esterase stability

The pH stability of the enzyme was measured by incubating the enzyme at pHs
from 4.0-11.0 for 30 min (50 mM buffers) at 4°C and then residual activity was measured
(Section 3.5.7.3). The enzyme was quiet stable to pH (6.0-10.0) at this cold temperature
(Figure 4.18).

100
90 -——/-3\.
80 -
~ 70 -
é
& 60 -
=
S 50 -
2
§ 401 i= buffer, pH 4.0-6.0
~ 30 - phate buffer, 6.0-8.0
“fer, 8.0-9.0
20 - AN 9.0-11.0
10
0 T T T

9 10 I

Figu ‘.E 4.18 EfteCrur i uni cutinolyticit terase stability
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4.6.4 Effect of temperature on cutinolytic esterase stability

" The effect of temperature on stability of the esterase was determined by heating
without substrate for 30 min at different temperature (section 3.5.7.4). Total enzyme
activity remained when the enzyme was incubated at various temperatures from 10-65
°C for 30 min as shown in Figure 4.19. Heating from 50°C for 30 min let to gradual
inactivation. More than 80% of activity remained when enzyme was incubated at 15°C to

45°C.
100

9 /

80 -

70 1

60 -

50 1

40 -

Relative activity (%)

30 -

20 A

10

0 T
10.0 15.0

20.0

Figureswdd M Jasterase stability

] )
ﬂﬂﬂ’&ﬂﬂﬂﬁﬂﬂ’lﬂﬁ
Qmmnmumfmmaﬂ
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4.6.5 Effect of metal ions on cutinolytic esterase activity

The effect of metal ions on esterase activity was determined by adding the salts
to the enzyme reaction mixture at various concentrations. The results are summarized in
Table 4.7. No inhibition was observed with Ca”", Fe*', Hg>*, Mg, Mn>" and Zn’" at 10

mM, though Cu®’ was inhibitory.

Table 4.7 Effect of metal ions on cutinolytic esterase activity

» activity (%)

10

100
94.18
50.84

Nd
91.16
94.41
90.93

94.92

The ﬁuﬁq Tflﬂ %’ ngj; d due to FeSO,.7H,0

interference ojhe assay (a yellow color develop ffecting the assay at 405 nm).

¢

ﬂW']ﬁ\‘lﬂ‘iflJi.lWl’mEﬂﬁ&l
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4.6.6 Effect of NaCl on cutinolytic esterase activity
"The effect of NaCl towards esterase activity is shown in Figure 4.20. NaCl had a

slight negative effect on the activity. More than 80% activity remained even when NaCl

was applied at 0.7 M.

100

Relative activity (%)

600 700 800

. f prase activity

I;“

4
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4.6.7 Effect of ethylene diamine tetra-acetic acid (EDTA) on cutinolytic esterase
activity
EDTA essentially had no effect on the activity of the esterase {Figure 4.21). There

was over 80% residual activity even added 3 mM EDTA.

100 < —y

80 ~

60 -

40 ~

Relative activity (%)

20 A

0.0 25 3.0 3.5
Figure 4.2 f.}éﬂ tiriSlytic esterase activity
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4.6.8 Kinetic study of cutinolytic esterase

The kinetics of the esterase were evaluated by the Lineweaver-Burk analysis
(Figure 4.22). concentrations of p-NPB from 0.1-1.0 mM were used. From x-intercept
value (-1.899 = -1/K ), Km was calculated to 0.53 mM while V,_, was determined from y-

intercept value (0.0963 = 1V, ). V., value was 10.38 pmoles/min.

=
41
-3

0.60
y =10.0507x + 0.0963

1/Vo

(1/mmole of p-nitrophenol/min)

1K,

T =T T T T T

-1.00

-3.00 -2.00 0.00 500 6.00 7.00 800 9.00 1000 11.00
itvrate (1/mM)
\Z Y
Figure 4.22 Linewea. r-Buii ’ molytigilsterase of F. solani PBURU-BS

with p-NPB as substratgo

ﬂﬂﬂ’&ﬂﬂﬂﬁﬂﬂ’lﬂﬁ
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4.6.9 Molecular weight of cutinolytic esterase by gel filtration using a HiPrep
16/60 Sephacryl S-200 High Resolution Column

The native molecular weight of cutinolytic esterase was determined using

calibrated a HiPrep 16/60 Sephacryl S-200 High Resolution Column (Section 3.5.7.9).

The partition coefficient (K,,) values for each standard protein marker [(V,-Vy)/(V,-V,)]

plotted against log molecular weight of each protein yielded a calibration curve (Figure

4.21). The K, of the enzyme was used to determine its native molecular weight, and it's

Log molecular weight
S
Wi
o

Figure 4.23 Assessmantapf the native

= -1.9804x + 5.1236
R?=0.9996

R ) 40 0.50 0.60

¥

g@wplecular weight of PBURU-BS cutinolytic

ssrese @1 WE N mq SW YA Go sorocm 520 g

Resolution Col

Qmmmmummmaﬂ

Ribonuclease A
Chymotrypsinogen
Ovalbumin

Albumin

(MW 13,700)
(MW 25,000)
(MW 43,000)
(MW 67,000)
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Figure 4.24 Molecular weight determination of cutinolytic esterase from PBURU-B5 by HiPrep 16/60 Sephacryl S-200 High Resolution Column
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4.7 Applications of the enzyme on PET surface modification

The effect of cutinolytic esterase towards PET cloth was observed using the
partially purified enzyme (50-80% ammonium sulfate cut). Concentrated crude enzyme
(987 ml - 553 mg total protein and with 2,578 activity units) (specific activity 4.7 U/mg),

was used for all PET modification experiments.

4.7.1 Assay for enzymatic hydrolysis of PET fibers based on ultraviolet light

(UV) absorbance assay

The release of terep sl , /‘om PET was estimated by incubating
pieces of PET yarn in 1w — Y Tris:ér (pH 9.0) at 45°C with a range of
enzyme concentrationg : g3 H (S i (Figure 4.25). The activity of the

enzyme towards PE#%. . { N s response was not completely

proportional to enz ; 0, 3 'x\"' Wtion of the insoluble nature of
al A\l

PET, the enzyme sir 4 - e \\C‘\_- e PET, resulted in releasing of

TPA and the amoun' i [ . h igher concentration of enzyme

Terephthalic acid liberated
(ng/mI)
-]

0‘ T T T T T L T T L] L) T T T T T T
0 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150 160 170

Incubation time (h)

Figure 4.25 F. solani PBURU-B5 esterase activity towards PET fibers assessed by

terephthalic acid release based on ultraviolet light (UV) absorbance assay.
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4.7.2 Enzymatic hydrolysis of PET fibers based on fluorescence analysis
The action of the enzyme towards PET was assessed by incubating PET fiber
with enzyme and the enzyme action monitored by fluorescence (Figure 4.26). The TPA

released fairly closely followed enzyme concentration.

[\%3
o

—
o0
1

—o— 0.5 U/ml of esterase activity

—— 1.0 U/ml of %

—
[+,
1

p— —
N E-3
1 1

Terephthalic acid liberated (ug/ml)
)

0 110 120 130 140 150 160 170

Figure 4.26 F. solani PBUP‘ AT ivity towards PET fibers assessed by

terephthalic acid g

|

]
AUEINENINYINS
ARANTUNNIINGAY



99

473 Measurement of wettability of the enzyme and alkaline treated PET fabrics
The wetting time of untreated PET fabric is greater than that of enzyme and also
alkali treated PET fabrics (Figure 4.27). The wetting time of buffer and inactivated
enzyme did not change compared to the untreated control. However, there was
reduction of wetting time of enzyme and also alkali treated fabrics. Although the PET
fabrics treated with 3.0 M NaOH resulted in greatest wettability (Figure 4.27), those

treated with all concentrations of enzyme also gave significant level of reduction in

wetting time. The enzyme or alkgly 1,ester bond of fabric thus bulk of carboxyl

and hydroxyl groups were 2cBSE 8 hilicity of fabric was enhanced.

2
=]
vl

)
Q
E 500 -
£ 400 {1
2 300 - TR e W
200 - I\
100 - \x\
0»' . i ¥ T oy
— 36 42 48
¥
-+~ Untreated ! trol  -e-pune - - 4 tivated enzyme -o— 0.5 U/ml of enzyme
+IOU/mIofe e —=-2.0 U/ml of q;yme — 1.5 M NaOH -+ 3 M NaOH
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4.7.4 Water absorption of the enzyme and alkaline treated PET fabrics

Water absorption of treated PET fabrics with enzyme or alkaline showed sharply
increased compared to untreated control, buffer treated and inactivated enzyme treated
PET fabrics (Figure 4.28). The rising heights of water of all enzyme treated fabrics were
d'ramatically increased by the amount of enzyme treatment (time of incubation and -
enzyme concentration). Water absorption of enzyme treated PET fabrics increased the

anner to the alkali treated fabrics.

hydrophilicity of PET fabrics in simile

100 -
90 -
80 A
70
60 -
50 1
40 -
30 -
20 -
10 A

(mm/ 10 min)

Rising height of water

|!

2.0 U/m] of
"1.5 M NaOH b=
3 M NaOH [ = P e

QN7 DTS Tl S
ARIANTAUNNIING A Y



101

4.7.5 Moisture content of enzyme and alkaline treated PET fabrics
" The uptake of water by PET makes it more a meanable, and gives a softer feel of
the fabric to the wear. Moisture content of fabric following enzyme and also alkali
treatment was followed using infrared treatment to remove absorbed water coupled with
monitoring weight change (Infrared moisture balance - Section 3.5.8.7) as described in
Figure 4.29. The moisture uptake increased during the first 24 hours and then remained
static for all treated samples. The increasing percentage of moisture content of enzyme

treated fabric was less than 1% i 8 ]} § action of enzyme to fabric only occurred on

the fabric surface. Control c}

e

Py

Increasing percentage of
moisture content
o
w
L]

ﬂuﬂ“’“n aﬂ%ﬁx&imﬁ )

Figure 4.% Increasing percemfage of enzypg and alkaline tggated PET fabrics
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4.7.6 Susceptibility of enzyme and alkali treated PET fabrics to dye
4.7.6.1 Disperse dye (Dianix Red CC)

The “dyeability” of PET fabrics after enzyme and alkaline treatments were
evaluated based on disperse dye tréatment {Section 3.5.8.8.1). The results are shown in
Figure 4.30. The color strength {expressed as K/S value at maximum absorption
wavelength — 500 nm), indicated that the color strength of enzyme treated PET fabric
was significantly increased and this was proportional to enzyme concentration or time of

treatment (Figure 4.30). Clear 3 g and also alkali treatment enhanced the

susceptibility of the cloth to o

30.0

29.0 -

nactivated enzyme — 0.5 U/ml of enzyme
NaOH ——3 M NaOH

28.0 1

27.0 1

26.0 A

25.0 1

24.0 1

K/S values (500 nm)

23.0 1

22.0

¥

Time (h)

‘an

Figure 4.30 (ﬂ)ue su:aJm nt oﬂ Z;lated and enz:]meflr alkaline treated PET fabrics
THRTANS Ay T g

50
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4.7.6.2 Dyeing with the basic dye (Astrazon Red FBL 200% 03)

The uptake of the dye after enzyme or alkali treated PET fabrics showed that all
treatment gave in enhancement (see the K/S values — Figure 4.31). The 3 M NaOH-
treated fabrics yielded the most intensely dye fabric, followed by treatment of 2 U/ml of
enzyme, 1.5 N NaOH, 1.0 U/ml and 0.5 U/ml of enzyme. No color changés were

observed in the control samples. The treatment appears of basic practical value.

8.00

7.00 -

6.00

5.00

K/S Values at 520 nm

3.00 {

N1 Nivated enzyme -4 0.5 U/ml of enzyme
2-00 T \
il

3 M NaOH ~—3 M NaOH

1.00 T

Figure 4.31 Dye s V A ated PET fabrics. (Astrazon

Red FBL 200% 03, sulblied by Dyt ereio, - secticdd! 3.6.8.2)
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4.7.7 Tensile strength of enzyme and alkali treated PET fabrics

" The tensile strength of enzyme and alkali treated PET fabric were subjected to
test to analyze any changes in this parameter of tensile strength (Figure 4.32). The
tensile strength of 3 M and 1.5 N NaOH treated PET fabric was dramatically decreased
(Figure 4.32). In comparison, there was a little change in enzyme treated samples or
control (Figure 4.32). The molecule of enzyme was large; it couldn’t penetrate inside the
fabric. The reaction of enzyme towards fabric was only presented at the surface of

fabric. On the other hands, alkali cy§

bond, resulted weak strenais ‘ds a reduction in tensile strength the

110 -
100 1
90 1
80 1
70 1
60
50
40
30 -
20 1
10 -
0_

B Weft yam
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Relative Tensile strength (%)
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4.7.8 Surface chemical analysis of enzyme and alkaline treated PET fabric
ATR-FTIR analysis which monitors changes in did not reveal any major
differences between an enzyme, alkali and control samples (Figure 4.33). This analysis

is not useful for further enzyme action (Figure 4.33).

‘4.7.9 Surface morphological analysis of enzyme and alkaline treated PET fabrics
SEM images of morphological changes of treated PET fabrics using €nzyme or

alkali are shown in Figure 4.34. Ag.@

in Figure 4.34 (a, b and c, d) the original
surface of untreated PET fi : , 5 was buffer treated PET fabric. The
enzyme treated fiber sh '“é'@f, gh, and ij). Alkali treatment also
resulted in surface pim® kI and mn). Scanning electron
microscope is usefu! #ae and also alkali treated fiber,
but does not indica een the two fabric treatment
methods. Probably clhicroscopy could illustrate the

weight loss in the alka!’
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CHAPTER 5

DISCUSSION AND CONCLUSIONS

5.1 Screening for PET-hydrolyzing enzymes

A manifold variety of plant surfaces and soil from a range of environmental

niches yielded 22 fungi out of 115 isolates (Table 4.1) that were capable of degrading

polycaprolactone (PCL), as indig » gzone of clearing on MM-PCL agar plates

4 ad after 3-5 days of incubation. This
sutisgs a‘éd is widespread occurring on the

(Figure 4.1). Such zones <
diversity is not remarka s
surfaces of all aerial Paris aics, leaves, flower parts, fruits, and

some seed coats, but =’ _ iice sacks of citrus (Kolattukudy,

2001a). The total aniSur’ #fard ' ,' I \ ant leaves, cutin ranges from 20
to 600 p.g/cm2 of thes ; 4\ WS ‘. h a well developed cuticle, the
Y Mp1a). Thus with the ubiquity of
cutin, it was not surpri ##¢ T G aers W& generally isolated from different
al also soil near by roots, and all of

which produced CUtIﬂOlyth e _49 : _; 4 In analogous interpretation in that cutin

is widely prevalery i———: ading fungi from low (0.5 m,
. :

Samutsakorn Prow. " Tovince) altitudes, at ranges

e
“ |

from 20.2 °C (Chau.umas ) to 320 °C (Bangkok al from seven provinces. The
sampling col i ust and September) and
the dry seaﬂw H mﬂwjﬁﬂmi what was apparently
rema rm ﬁ g’ ates (Table 4.1),
perhiﬁjﬁ&mm n g ﬁlp]a ?Ingjﬂa a S€‘|€‘CtIV€‘ isolation

technique. A few of the more generally occurring Aspergillus and Penicillium species
were isolated from soil and found to attack polycaprolactone (Table 4.1).

There was no obvious correlation between esterase activities produced by the
fungi and sizes of clearing zones (Figure 4.1 and Table 4.2). However, the size of the
clearing zone includes the amount of enzyme, its release, and also the rate of growth of

the fungus. Such a correlation between enzyme yield and clearing zone size is further



113

obscured in that some enzyme apparently remains mycelial bound (Table 4.5). Further
enzyme was released following Triton X-100 treatment.

PCL has been shown to be degraded by enzymes secreted by a number of
bacteria (Benedict, Cameron and Huang, 1983) and fungi (Benedict,1983; Cameron
and Costa, 1987). Many phytopathogens secrete cutinase, a serine esterase that breaks
ester bonds in cutin. Nishidé and Tokiwa showed that some fungal pathogens degrade
PCL and suggested an involvement of cutinase (Nishida and Tokiwa, 1994). Genetic,

regulatory and enzymatic evide

}1 that the PCL depolymerase from Fusarium
that was required for utiliz2% I/ ‘ is a cutinase (Murphy et al.,1996).
Cutinase activity is indi:a — " érnatant of F. solani f. sp. pisi and
other fungal phytopa®™ el - ; Oeining cutin as a carbon source
(Koller and Parker, 1552 4 ‘ o\ | S viurphy et al. (1996) showed that
no depolymerase allivit 4 v . A asl-negative mutant of Fusarium,
even when cutin or 4%l S 7\ msium. Stahl and Schafer (1992)
ptaining cutin as a sole source of

thesis is induced naturally by a

variety of C,; and C,; ome 4 r I ' are released from cutin by cutinase

(Lin and Kolattukudy, 1978). gg& wdroxyhexadecanoic acid, induces PCL

depolymerase in 4=Jof PCL hydrolysis produced
\~F A '
by several fungal ™= ~= ronomers, dimers, and trimers

! orit
l |

(Murphy et al.,1996): CL dimers and trimers are stru®rally similar to natural inducers

e AU ANENIWEAN T o
oA mﬁ SHOp 1IN MY 1 *Lﬁ‘ﬂi'”f;;‘i;’f;‘i?i

and are also capable of degrading PET (Lin and Kolattukudy, 1978; Vertommen et al.,
2005). Cutinase is induced by cutin or suberin (Murphy et al., 1996), and can be
repressed by glucose (Lin and Kolattukudy, 1987). On these general bases, PCL
hydrolysis was used as an initial screen to find fungal isolates producing enzyme that

may be active on aromatic synthetic polyesters such as PET.
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Figure 5.1 Comparis 4 c, N - _ Wi two cutin monomers that are

All isolates readily grew r potato suberin as the sole carbon

Ve

source and produced esteras ,
-*' ':"4"

to 1,126 mU/ml <gB : yrirg~contains aliphatic domains

e

') activities ranging from 11 (PBURU-B14)
composed of esg7f Y Jis and the corresponding
dicarboxylic acids siflar (0 GIOCTRERIRCIIn (K] tukudy, 1980). Thus it would
appear that microbial €tipase should lggs able to hydrolyze suberin and perhaps

acsses refRhSIEH DY) )W TV 81 QRS vecracaton of soper

probably mvoh’és not only hydrolysgfs of the ahpalc componentijout also degradation
< ARARIATUHWIANLAGH o rnone
degradt g enzymes, consideration should be include enzymes which degrade either or
both of the aliphatic and aromatic components. Recently, hydrolytic enzymes acting on
cutin and suberin have shown to have a potential application in modification of polyester
synthetic fiber (Nimchua et al., 2007; Silva et al., 2005). The hydrolysis of polyethylene
terephthalate (PET) by a fungal cutinase from F. solani f. sp. pisi and a bacterial

hydrolase from Thermobifida fusca has been demonstrated (Miller et al., 2005;
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Vertommen et al., 2005). Such broad evidence shdwing that cutinase degraded suberin
could hydrolyze the ester bond of PET because of their similarity of structure. In my
study, it is noteworthy that only one fungus (PBURU-B5) was able to grow to any
reasonable extent on PET fibers yielding activity (61 mU/ml) after 21 days growth (Table

4.2). Thus, this isolate was selected for further study.

5.2 ldentification of the fungal isolate PBURU-B5

Examination by bright fiel § icroscopy of the morphology of PBURU-BS

.howed typical Fusaria characteristics

Zz=

Qr - - : o . .
(Barnett and Hunter, 19 : g, 1 ] —= d both macro- and microconidia
(Figure 4.2). Macroc/ inf - o seoed in side view. Microconidia
were ellipsoidal, pro®€Te: "\ =urial mycelium. Chiamydospore

'\. .
b,

usually occurred sind®y o 4 & W 7 \' \ am diameter in 4 days and was
: _— : _' arium solani.

The sequence VL s tis of the ERG gene and portion of
the TEF gene of PBURI e 2 ; CW s;ImiIar to F. solani sequences in
Genbank, including the f(fPwir== ‘ . (LW8 236829; AF178338; AF178402) and
FRC#s1592 (DQ237259; DO’ . This molecular biological analysis

gave the correspllli chxjical characteristics. On this

basis isolate PBU V cposit in a Culture Collection

i
|
L)

is under consideratic:

5.3 Optlmlzaﬂ\ u E’Jr% %i&}% @fw H fi(ﬂs‘iproductlon from PBURU-

B5 and its gro fidh

TRANIA T IR § frone o=

produc§on from PBURU-B5 were pH 11.0 (Figure 4.9) and 25 'C (Figure 4.10),
respectively. The obtained pH was corresponded to the other cutinases. T. fusca
cutinase exhibited a very basic pH optimum at 11.0 for cutinase production. Most of the
fungal cutinases also have a basic pH optimum {pH 9.0) (Kolattukudy, 1985), although
fungal cutinases with pH optimum below 7.0 have been reported (Koller and Parker,

1989; Trail and Koller,1993). The bacterial cutinase produced by P. mendocina ATCC
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55613 has a pH optimum at 10.5 when tested against apple cutin (Sebastian and
Kolattukudy, 1988).

Effect of incubation temperature affects cutinase production. Fusarium
oxysporum produced the most esterase activity at 30 °C (Macedo and Fraga, 2007).
Enzyme production of Pseudomonas aeruginosa was most rapid at 28 and 37°C for
strains K799 and DAR41352, with highest levels achieved at 28°C for K799 and 22°C for
DAR41352 (Fett et al, 1992). The most cutinase production from thermophilic
obtained from incubating the culture at 50

pH 11.0 ie most b= o c{-.-ddter bond of suberin in production
medium to be hydry | - ‘
easily released from™iie 4 4
other pHs lower thar®. ‘ Y Jre '. ' *.;drolysis reaction activated the

B activation of these fatty acid

actinomycete Thermomonospora

°C (Fett et al., 1999).

roee,. The fatty acid monomer was

"\,,\. Line™degradation compared to the

2 culture. The esterase was first

Gy lase liay 4 and was stable at this level

to day 10. The pH droppe, fr it 4 days, while glucosamine content
indicated rapid growth until d?' 5,_ low down (Figure 4.11).

- ————————————————————

I"

5.4 Purification of & V J

] T . . .
A variety of ! ;l hniques uiac pore 1apid and $ifective protein purification are
available. The pn'nciple{;ﬁerties of enzy@éds can be exploited in separation including

charge,%u;ﬂ@ L PERAFH ses. most puitcaton

protocols require more than one stdp to achieve 8¢ desired levelgof product purity. The
use PYRETE VIR ok & WhEh BEL@Jenty. e tey 0
succeseqful and efficient protein purification is to select the most appropriate techniques,
optimize their performance to suit the requirements and combine them in a logical way
to maximize yield and minimize the number of steps required {Janson and Ryden, 1998)
The first step in the purification of a protein is the preparation of an extract
containing the protein in a suitable form and extraction procedures should be selected

according to the source of the protein. In this work, cutinolytic esterase, an extracellular
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enzyme, was obtained from culture supernatant of F. solani PBURU-B5. The apparent
yields released to the extracellular fluid appear only half of total esterase activity (Table
4.5) in part reflecting that the enzyme can bind to the cell and/or the residual suberin in
the medium. Such bound enzyme was readily recovered by treatment with buffer
containing Triton X-100 (Fernando et al., 1984). The same results were obtained from
other isolates. Cutinolytic esterase from Melanocarpus albomyces Was also found to be

bound to fungal mycelium about 50% of the total activity and 30% could be released by

one extraction with 0.1% Triton-X ‘J~pen, Tenkanen and Reinikainen, 2006). The

enzyme from F. solani f. sp. % Wl .to the mycelia and suberin and more

than 90% of the esteras__—= “Ccoud bcéi by washing the residual suberin

and mycelium usingy |- - . om984). The yield from PBURU-B5

of 0.27 U/ml is reas&iiat. RS For instance out of 232 gram-

. seudomonas aeruginosa (10

e Wttt et al, 1992). A Botrytis

positive and gram®fc
isolates) produced
1 Pezet, 1999) and that from
Monilinia fructicola shc i #5.52 5~ 280 sier N \tivity (Wang et al.,, 2000). Other
fungi give lower yields, fc, = hc¥ alis gave only 0.12 U/ml (Kéller and
Parker, 1989). Thus the est' e lture extract of PBURU-B5 (0.27 U/ml)
was average corr'-'"" qing from 0.011 to 1.13 U/ml
(Table 4.2). A 5y

! H
l |

Solubility dlfL bnces in salt are frequently exp™iied to separate proteins in the

early stages g ). Ammonium sulfate is
the salt of ﬂu ﬁﬁﬂﬁFﬁﬂ gjg]n ﬁBO% ammonium sulfate
prec iﬁﬂe out 90% enzyme
recove Wﬂ?l/ ifitl ﬁrﬁ ﬁﬁﬁuﬁ {ﬁ(ﬂ ) (Table 4.5).

Column chromatography is often useful for efficient protein purification. lon
exchange chromatography gives high resolution combined with large sample loading
(Janson and Ryden, 1998). QAE Sepharose an anion exchanger has been used in the
purification of several cutinases (Fernando et al., 1984; Purdy and Kolattukuty, 1975b).
Its popularity stems from the possibility of high resolving power, versatility,

reproducibility and ease of performance. This column greatly contributed to the -column
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purification procedures, with less loss of esterase activity, while about 80% of other
proteins were eliminated (Table 4.5), (Figure 4.12) also indicates that the net charge of
the enzyme in working buffer, 50 mM Tris-HCI buffer, pH 8.5, was negative because the
binding of the enzyme illustrates an isoelectric point (pl) less than pH 8.5. The p! of F.
solani f. sp. pisi cutinase is 7.8 (Petersen et al., 2001), while from Monilinia fructicola
(Wint.) Honey its pl value is about 8.2 (Wang et al., 2000), and a 40.8 kDa cutinase from

Botrytis cinerea Pers.: Fr. is 4.2 (Gindro and Pezet, 1999).

tinolytic esterase, hydrophobic interaction

. // and Pezet, 1999; Kontkanen et al.,

- hy )prdrotems promoting their separation

Amongst the purification g

C

chromatography (HIC) hag.™

2006). HIC takes advan:

on thé basis of hydrog® el dioewized hydrophobic ligands on the

chromatographic medii!” ore on the surface of the proteins
(Queiroz et al., 200%" pha0ose has phenyl groups on the
surface. The sampl#Or # the = o \ s®A to increase hydrophobicity of
protein (Queiroz et a! ) regarding the conce'ntration of
the salt. It should be ic & ffait | _v_ % ":d in precipitation of the enzyme.
The salt concentration of | == sW¥otion in this work (Figure 4.13). The
elution of proteins is achieve’ e salt concentration in order to increase

their hydrophilici“"’ 4~ its effectively promotes

L7 X
hydrophobic mterd = = al, 1995; Glavin et al., 1994;

Queiroz et al., 200% . In my Hitrap Phenyl HP coi®®an, a decreasing gradient of
ammonium s i M o eliminated (Table 4.5).
The elution ﬁﬁz] w ﬂ' ihout ammonium sulfate
sugg is is zﬁ m oﬁ/
ﬁsﬁjﬁ%ﬂi ﬁﬁpi w]j &Jused immediately

after salt precipitation where the ionic strength of the sample will enhance hydrophobic
interaction and also for avoiding the desalting step (Janson and Ryden, 1998; Queiroz et
al., 2001). However, preliminary experiments of direct application of the enzyme
(ammonium sulfate precipitation step) to the Hitrap Phenyl HP column resulted in
removal of many proteins but were extremely slow. The purification sequence using

ammonium sulfate precipitation followed by Hitrap Phenyl HP column and then Hitrap Q
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FF column (QAE Sepharose) did not give acceptable yield of enzyme activity (5%)
(Figure 4.5). Better yield can be obtained through further experimentation.

Gel filtration chromatography is useful for purification of cutinases (Gindro and
Pezet, 1999; Kontkanen et al., 2006; Sebastian and Kolattukudy, 1988). In gel filtration,
proteins are fractionated mainly on the basis of their size. Protein molecules smali

enough to enter the beads have a longer path as they travel through the column matrix

than do larger molecules. Large protein molecules excluded from the matrix thus
' ~p and Ryden, 1998). | used HiPrep 16/60

//fw HR is a cross-linked copolymer of

$ach amd“atlon was effective (Table 4.5).

emerge in the “flow-through” fas
Sephacryl S-200 High Resai®
allyl dextran with N, N-ma

In conclusion, TNG: i BURU-B5 was obtained by used

of Triton X-100 extraluc LoNstion, followed by QAE sepharose,

Phenyl Sepharose &0 r _' as .cld an enzyme of high purity

| SO comparatively Purdy and
: \ | f. sp. pisi to homogeneity by
ammonium sulfate preci . QAE Sephadex A-25, and SE-
Sephadex. Efficient purific ﬂ;, from Pseudomonas putida was

accomplished thr | T —— s e of DEAE cellulose, QAE

I"

Sephadex A-25, Se wumn. Here purification gave a

207-fold enrichment & the enzyme activity but, the ov aII yield of the purified enzyme
was only 3% ﬁ % al. (2000) successfully

purified cutunﬂﬁnﬁ[t II]ZIU?:' mming the crude enzyme to
: ﬁ ﬁ & a single cutinase
bandarﬁiia 3@1&3 ﬂﬁ:’jjn ngpl ﬂ/as purified from

Colletotrichum kahawae and C. gloeosporioides, the process involved ammonium
sulfate fractiohation, and two column-chromatographic steps, namely DEAE sephadex
and SP Sephadex (Chen et al., 2007). A symmetrical peak consisting solely of the 21
kDa cutinase protein was eluented from the final column and -demonstrated a single

cutinase band on SDS-PAGE.
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5.5 Characterization of purified cutinolytic esterase from PBURU-B5

Optimum pH and temperature

Cutinase from F. solani .PBURU-BS showed the optimum pH of 9.0,
corresponding with certain other cutinases (Sebastian and Kolattukudy, 1988). The
cutinase from F. solani f. sp. pisi and F. roseum has the optimum pH at 10.0 (Soliday
and Kolattukudy, 1976; Trail and Kéller, 1992). In contrast enzyme activity can be at

lower pH. Cutinase from V. inaequg

~an optimum at pH at 6.0 (Koller and Parker,
1989). The Fusarium cutin e / ‘een the ranges of 6.0 to 10.0 of other
microbial cutinases. Tris— - vr (rka .43 4.16, 4.18) was the appropriate
buffer for the PBURU-5

Cutinolytic es W stable in a wide pH range of
6.0-10.0 (Figure 4.% minutes. This was similar to
alkalophilic F. solani Wl 992) though different from that
A pseumn {Soliday and Kolattukudy,
)—10.5 and 8.0-11.0, respectively.
Clearly, the stability of the #ioz=—= — in W8 tion to pH is species specific.

The optimum tempef 3 m F. solani PBURU-BS was 45 °C. For,
other cutinases thi: Jpg O 40-50 °C (Carvalho et al.,
1998). Specifically \ V-' L ‘ om V. inaequalis {Kéller and
Parker, 1989) and F. FI lani f. sp. pisi Cuuiiase (frail anc ] oller 1992) were 40 °C and 50
°C, respectl\ﬁ The Jﬁctlve o timu ﬁera{ure of 80 °C was observed with

Y AN T WD e st pover

(McQueen and Schottel, 1987). Thét of thermopisiic Thermomorfadpora fusca is 80 °C

<MU.@WEQD§NF]‘§QJ AR1INEQE

Size of enzyme

Streptornyce

The molecular weight of the cutinolytic esterase PBURU-B5 was estimated to be
19 kDa by SDS-PAGE. Gel filtration gave the same molecular weight suggesting the
protein to be a monomer. In similar vein, most cutinases are monomeric, ranging in

molecular weight between 18-60 kDa (Soliday and Kolattukudy, 1976; McQueen and
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Schottel, 1987; Sebastian and Kolattukudy, 1988'; Koller and Parker, 1989; Trail and
Kolier, 1992; Gindro and Pezet, 1999; Wang et al., 2000). However, the majority of the

cutinases are all molecular weight range (18-20 kDa).

5.6 Effect of chemicals and Kinetics
When cutinolytic esterase from F. solani PBURU-BS was tested for the effects of

metal ions, EDTA and NaCl on enzyme activity, only Cu®" caused inhibition (Table 4.7).

The esterase activity was reduce "'e the concentration of Cu™ was presented
(Table 4.7). The chemicals = /_ protectants and that it was significant
that EDTA had no effect ctivay oée Figure 4.21). As EDTA is an
inhibitor of metallo-er= | omlytic esterase is not a metallo-
enzyme (Figure 4.2 \ activity of PBURU-BS esterase
(Figure 4.20) and \ .": ®eps including ion exchange

To determine i Wcsterase, p-NPB was used as
substrate. Substrate bir g - 7 5°0. % Ulhiure 4.22). Table 5.1 summarizes

kinetic parameter of the ¢, r
that of F. solani f. sp. pisi (T )g— A"

e K, of our enzyme was similar to

R7). It was lower than that of S. scabies

(McQueen and Sclak

LV

£ 2000).

Table 5.1 Compal{fon of /i W

Streptomyces scabies 125 AlcQueen and §ghottel, 1987
AR ‘s'lJ &A1 ’3 NANE:
Mon/I/n/a fructicola 1.23 Wang et al., 2000

Pseudomonas putida 0.27 Sebastian and Kolattukudy, 1988
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5.7 Applications of the enzyme on PET surface modification

The enzyme preparation from F. solani PBURU-BS cultivated in media containing
potato suberin was active towards PET fiber as indicated in UV (Figure 4.25) and
fluorescence (Figure 4.26) assays. Terephthalate and its esters released from PET fiber
have characteristic strong absorbance peaks around 240 nm. The UV assay with
increases the absorbance at this wavelength was found to correlate with the increase

enzyme concentration (Figure 4.25), indicating the release of terephthalate and its

esters.
| obtained similar res»s /’*P assay. Enzyme action cleaves ester

“cidaat éjrface) and releases terephthalic

acid and ethylene gy A+ LC"acid yields hydroxy-terephthalic
after reaction with p€iox! , N ~v the hydroxy-terephthalic acid
has a sharp emise®%| ° rJ % ,.tation at 315 nm, it can be

determined by fiuoy, s Y7 \ 3\ T apted from quantification of

radical formation by it #F Fnd S5 jocedure. In alkaline solution,

terephthalic acid produ #f5 fepr Otis L%l react with hydroxy radicals (HO')
from hydrogen peroxide { pr M :nt hydroxy-terephtalate ions (HTA)

(Mason et al., 1994). The ﬂ;, ;y alic acid was detected after cutinase

treatment of PET (i . £ ) s of PET fibers occurs with

L7 A
the enzyme (Figure==,& £ = izymatic hydrolysis increased
1 -

in relation to incubati®# time, and also concentration of ®e enzyme. The intensity of the

wedanl /111 1) [ 1)
'»1 L0 S At L1 10D

shown to display a high activity in this same assay (Poulose et al., 2001). The enzyme
preparations from the actinomycetes Thermomonospora fusca KW3b and also isolates
M5, M9 have also released aromatic compound from PET. Monitored attack of the PET
yarn by monitoring the increase of absorpbance from PET yam is generally useful

(Alisch et al., 2004).
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PET fabric characteristics include hydrophobicity and low reactivity with most
chemical agents as described previously (Alisch et al., 2006). The low hydrophobicity
makes the fibers less suitable to be in contact with the human skin while the low
reactivity causes the fiber to be unsuitable as a carrier for chemic.al finishing agents. The
conventional industrially approach to render polyester hydrophilic is an alkali treatment,
thus hydrolyzing the polyester bonds (Zeronian and Collins, 1989). Although
hydrophilicity is achieved, the favorable bulk properties of polyester, particularly the

the high amount of sodium hydroxide (30%)

&ssaw are a large disadvantage. The

n. _ of hydrolytic enzymes for the

strength, are also decreased. Fug

and the high operating terz=

process is not envirGass

modification of the fau/

limited to the fabric surt~ -

sioe the activity of the enzymes is
can be performed under mild and
compliant conditioris: 2 Qlfect of alkali and enzymatic
treétments to PET fes ' ing property, surface chemical
structure and surface s applied to the fabrics.

The wettability, bsorption of enzyme treated PET

fabrics and alkali treatme ‘w

treated and inactivated enz _49‘, A SIS

pd:d those of untreated control, buffer

spectively (Figure 4.27, 4.28 and 4.29).
The enzyme or a'. -—,—: ric resulted in presence of

Y
w i I .
many carboxyl ar= S =acal groups increased the
T -

hydrophilicity of fabr.va The wettability of the enzymé® Lneated PET fabrics was nearly
equivalent t m nger than the -chemical
treatment. Tﬂnﬂqm El sor E!;lmﬁmounts of water {Figure
4.27)

QTmr,elﬁ gten EQEMHJM r]i?/ m EJ f]p@w Hcreases were in

proportlon to the amount of enzyme applied. The enzyme treatment clearly decreases
the hydrophobicity of the PET fabrics (Figures 4.28, 4.29). The alkali treated fabrics
similarly showed increase of hydrophilicity since the higher moisture content and water
absorption were obtained (Figures 4.28, 4.29). The increased water and moisture

absorption by treated PET fabrics are analogous to those obtained with microbial
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enzymes from Aspergillus sp. strain St 5 (Fischef et al., 2004) and Thermomonospora
fusca (Alisch et al., 2006).

The main underline reason in enhancing the hydrophilicity of fabrics is an
increase the amount of carboxyl and hydroxyl groups caused by hydrolysis of ester
bond by enzyme of alkali treatment. Hydroxyl groups are more polar, thus greater
wettability, and moisture and water absorption result.

The dyeability of PET fabrics after enzyme or alkaline treatments was evaluated

in this study (Figures 4.30, 4.3‘ gatment with enzyme or alkali, PET fabrics

could be dyed with eithez g ! 4 = Fixation of disperse dyes to fibers

agent. Although dispeiSC’« il ned in the 1920's for dyeing cellulose

N ;-, w2 row primarily used for dyeing of

"

synthetic polyester Gnid 40! # ,‘ 4 \ e. 1983). The disperse dyes are

acetate and cellulose i

\ the alignment along the PET
~The enzyme treated PET fabric
C38on time while increasing of color
intensity was detected i} ‘ W ubation time, followed by rapidly
dropped.

Basic dye. A “+l= dyes are applied primarily

-

!
\— o fiDETS. Although basic dyes

to acrylics and oCe
i

gave birilliant colors ‘n wool, silk and cellulosic fbers,ﬂney show poor fastness. Thus,
they fell into ﬁe i nes, 1991). My enzyme
hydrolyzes eﬂﬁﬂ z] EJ?] (ﬂﬂjﬂ(\i carboxylic acid groups.

li ﬁ i rat ﬁ reased dyeability
with Hmﬁ @Oﬂﬁ ﬂﬁj ﬁm ﬂ The same resulit

was obtained from alkali treated PET fabric. The untreated control, buffer and
inactivated enzyme treated PET fabrics showed no significant changes in color intensity
(K/S value). Thus, the increasing of K/S value in PET treated fabric was caused by
enzymatic treatment. The results from both dye methods strongly supported the concept

leading to the loss of the dyeability with disperse dye.
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Surface modification of PET fabrics treated with 3.0 and 1.5 M NaOH showed
dramatically decreased in tensile strength compared with samples treated with enzyme,
buffer and untreated controls (Figure 4.32). This reaction leads to a more hydrophilic
fiber. It reduces the quality of the fibers such as tensile property and causes a loss of
fiber material in the process. PET is hydrolyzed under strong alkaline conditions yielding
a massive weight-loss and a highly hydrophilic fiber. The alkali hydrolysis is an “all-or-

nothing” mechanism providing more than surface changes {(Shukla et al., 1997). Thus,

though the alkali method could : improved. In contrast, since enzymes

' 2ol
are large molecules, diffu - WL ///'II not happen, and only superficial

approach to the future. B

The ATR-FTIR <' g#C /@ | \-’ Be or alkaline treated PET fabrics
e Introduction of new functional
g.roups, or the altera#Sn cli= : fall of fabrics. The result of ATR-
FTIR yielded the simi!## “ AIUSng enzyme and alkali and also
untreated control (Figur .’ ‘ ‘ | C ac ups caused by both enzyme and
alkaline hydrolysis had the#5aré; ped< at 1,710-1713 cm’ corresponding
to C=0 stretching of the e 7 ding ester bond. Thus, in the control

sample there wadde= 4ind a bulk of ester bonds

; Y]

remained on the fat‘ mer bonds and the carboxylic

.I.H |
groups that resulted trom hydrolysis have y|eIded similar amount. But no changes were

detected fronﬂ‘u u ﬂ fadnrﬂtwﬁw mmeated PET fabrics. ATR-

FTIR did not aggropriate useful in the particular treatment

nﬁﬁﬂ Wﬂ laflgvﬂ avﬂ as buffer treated
PET fatql:ﬂ/hen different conoentratlonﬁ enzyme apmhe breaking of fiber was
observed as seen in Figure 4.34 e, f, g, h, i and j. Alkaline treatment was found to be
attack the polyester and caused surface pitting on PET fibers. This is the main cause of
weight loss after treatment of polyester fabric with NaOH. The changes in the surface
morphology of the fabrics observed after the enzyme or alkaline treatment are explained

by the degradation of polymer by enzyme or alkaline treatment.
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Aromatic polyesters have previously beeh considered as very resistant. to
' degradation by hydrolytic enzymes (Muller, Kleeberg and Deckwer, 2001). However, the
current results add to the accumulating evidence that esterases and cutinases from
various fungi and bacteria can hydrolyze ester bonds in PET (Muller et al., 2005;
Nimchua et al., 2007; Yoon et al., 2002). The screening using polycaprolactone was
useful in selecting a variety of fungi producing esterases. However, in that only one

strain produced an enzyme with major activity towards PET fiber, a caution is raised in

using this substrate in an absolut at does not detract from the isolation of a

’/)Jpport the concept of the enzymatic

' p& est==mmemmmotential use in textile finishing

truly positive strain of F. so/ug
modification of aromatie

processes.

Summary statement
This study il cutinolytic esterase. In the
selection this type of e in twenty two of one hundred

and fifteen fungal sampy

spp. The best esterase tha #iss %
developed and the enzyme.d_iks applied to PET fabric increased

'enty two occurred in Fusarium

n Was analyzed, a purification protocol

wettability and gresg= S=Jut loss of tensile strength.

l“

.When applied to the 1y U = ourface texture was gain with
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Appendix A

Culture media

1. Liquid mineral medium (LMM)

(NH,),S0, 2.0g
KH,PO, 4 g
Na,HPO, 6 g
MgSO, g

FeSO,.7H,0

2. Polycaprolactone (PCL
PoI ‘ pra
roZ R

Dissol_ i PCLoe iade | , to 7.0 and to 1 liter by LMM.

L

: S“beﬂf%ﬁ?ﬂﬂﬂﬁwmﬂﬁ

Qberin was |solat%d from potatoes as descrlbed by Walton and

Q“Wﬂﬂ‘ﬂﬂ"?fﬁ%ﬁﬁ ?Wﬂaﬁfﬂu inn.) were boiled

# oxalate buffer (4 g of oxalic acid and 16 g of ammonium oxalate per liter) for 2

to 4 h. Suberin layer was collected by filtration through cheesecloth, washed
several times with distilled water, dried, and ground in a mill. Powdered suberin
was extracted with chloroform-methanol {2:1, V/V) overnight with mild stirring. A
second extraction was done with chloroform in a Soxhlet apparatus for 24 h. The
suberin was dried at 80 °C and then washed several times with distilled water.

Pectin and cellulose were removed by treatment with Rhizopus sp. pectinase (1
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glliter) and Aspergillus niger cellulase (5 g/iiter; Sigma Chemical Co., St. Louis,
Mo.) in pH 4.0 acetate buffer (50 mM) at 22 °C for 48 h. Suberin was recovered
by filtration, washed with distilled water, and dried at 60 °C.

.4, Banana leaf agar

Dry banana leaves (1-2 cm squares) 4 pieces

Corn meal 76 g
Agar 15 g
Added distill¢ 1| and then autoclaved. Autoclaved

banana leaves we:

cedion of corn meal agar.

o

Potato’in" @ :LD,Z Mg scrubbed and slice potatoes

-

(=

(200 @) in 1,000 mi . tlll =

hen passing through fine sieve.

6. Potato dextrage b

" *’m"“ﬂ‘tlgfnﬂﬂﬂﬂﬂiw mgi

Qmﬂ\anwum'mmaa

Dissolved in LMM 1,000 ml
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Appendix B

Reagents

A. DNA Extraction (Saghai-Maroof et al., 1984)

1. Tris-HCI buffer (50 mM, pH 7.5)
TrisBase 6.1 g

Distilled water 800 mil

Set pH to 7.5 adjusted the volume to 1,000 ml by

distilled water.

3. TE buffer, [T
utrer V ‘
1M TrrHC L0

|
! l" i¥

05M ED}A (di-sodium), pH 8.0 200

Wﬁ’mﬂﬂiw BT
’ Gﬁmmamum'mmaﬂ

Phenolphthalein 0.5 g
Ethy! alcohol 60 ml

Distilled water to 100 mi



2. Potassium hydrogen sulfate, 1%
Potassium hydrogen sulphate 1

Distilled water to _ 100

. 3. Acetylacetone reagent
Acetylacetone 1

0.5 N sodium carbonate solution 50

4. Erhlich's reagent
p-dimethylam 2.67

50

100
50
100
1,000

2. 50 mM Tris-H{l} pH o
TnsBase‘

ﬂ?%ﬂ’@ﬂﬂﬂiwmﬂﬁ

et pH to 8.5 with gonc. HCI an adjusted the

ml

ml

ml

ml

ml

mg
ml
ml

ml

Q'W@ﬂw‘lﬂ‘ifuuﬁ'l’m&lmﬂ

3. 50 mM Tris-HCI, pH 8.5 containing 1 M NaCl

TrisBase 6.1 g
NaCl 58 g
Distilled water 800 ml

143

| me to 1,000 mi by

Set pH to 8.5 with conc. HCI and adjusted the volume to 1,000 ml by

distilled water
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4. 50 mM Tris-HCI, pH 8.5 containing 0.15 M NaCl

TrisBasé 6.1 g
NaCl _ 8.8 g
Distilled water 800 mi

Set pH to 8.5 with conc. HCI and adjusted the volume to 1,000 ml by

distilled water

then set voiume to 1,000 ml

6. 20 mM sodium "ing 1.3 M (NH,),SO,
NaH,PO,,
Na,HPO,

(NH,),SO,

Disti

Adjiads W) hen set volume to 1,000 ml

by distilled wald

o someﬂumwﬂmwmm

1. Stock eagents

QWW‘@Wﬁ’ﬂﬂﬁﬂﬂmﬂﬂ

Acrylamide
N,N'’-methylene-bis-acrylamide 08 g

Adjusted volume to 100 ml with distilled water.
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2. 1.5 M Tris-HCI pH 8.8, 100 ml
TrisBase 18.17 ¢
Adjusted pH to 8.8 with 1 M HCI and adjust volume to 100 ml with

distilled water

3. 1.0 M Tris-HC! pH 6.8, 100 ml
TrisBase 121 g
Adjusted pH to

‘JM HCI and adjust volume to 100 mi with

distilled water

olume to 100 ml with distilled

water

TrisBase g
Glycine _ v . g
SDEY i )9
IRV X djust pH with acid or base

(final pH sho ..t be 8.3).

J wﬂ%oﬂlm’é HENIN 8’1 ﬂ‘i

mmonlum persulprpte

QW'@MW@W%WVWBW&I

7. 10% SDS, 50 mi
SDS 5 g

Dissolve in distilled water to 50 ml.
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8. 5X sample buffer

1 M Tris-HCI pH 6.8 0.6 ml
50% Glycerol 5.0 mi
10% SDS 2.0 ml
2-Mercaptoethanol 0.5 mi
1% Bromophenol blue 1.0 mi
Distilled water 0.9 ml

One part of sam was added to four parts of sample. The

ﬁfore loading to the gel.

mixture was heated &

9. 12% Separc e .
Distill s /, o mi

30% ml
1.5M 2.5 ml
10% Sl ml
10% Am; ml
TEMED ml
10. 5% -; 7 y
Disg 8 aJ ml
30% ,: ylamige 1\ix 0 , ml
0.5 M Tri€-lgg!, pH 6.8 038 ml
AW AINININYANT
0% Ammonium pergulfate 0.03 mi

ammmmumm&m



E. Silver staining
1. Fixing solution
50% MeOH
12% Acetic acid

37% H,CO

Distilled water to

5. _Developi $Q

-

% 2

37% "T‘ alae

0.02% NgsSuOs

500
120
0.1
200

147

ml
ml
ml

mL

‘ Y |

ml

ﬂuﬂl’JVIHVl’i‘W 4N
ammmmummmaa



Absorbance at 530 nm

Appendix C

Standard curve

. Stardard curve for glucosamine determination

1.20

148

y = 0.0048x

1.00 1 2
R" = 0.9969

0.80

0.60

0.40

0.20

0.00
140 160 180

W ration (pg/ml)

]

o

AULINENINYINT
RIANTAUNM TN

200
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B. Stardard curve for protein determination by Bradford’s assay

y = 0.0095x
R?=0.9957

S 2 =
®» v ©
1 i

n
&
~]

]

absorbance at 595 nm

> 2 2 2 2
N2 W A W &N
I R S e———

90 100

AULINENINYINT
ARIAATAUNN TN



C. Stardard curve for terephthalic acid (TPA) determination by UV assay

250 -

Absorbance at 240 nm

3.00

150

y = 0.0255x
R*=0.9995

2.00 -

1.50

1.00

0.50

0.00

AULINENINYINT
ARIAIATAUNM TN

100
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D. Stardard curve for terephthalic acid (TPA) determination by fluorescence assay

350
300 -
E 250 y =5.7113x
& R? = 0.9988
= 200
]
g 150
o
2
2 100 |
50 60

AULINENINYINT
ARIAATAUNN TN
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Appendix D

1. Esterase activity calculation

A solution of 10 mM p-ni.trophenyl butyrate (p-NPB) dissolved in absolute
ethanol was used as substrate. The reaction mixture consisted of 50mM Tris-HClI
buffer (pH 7.0), enzyme solution and p-NPB solution. One-cm quartz cuvette was

used for the measurements on a spectrophotometer at 25°C. The wavelength was

405 nm and a time scan o nnds where AA/At was calculated. Three

ﬁt was crucial that AA/At was almost

=1 p-NPB. The measurement was

measurements were ma2
equal. The referenim

made after the adaivor : LT nzyme volume added depends

Remark: A = J &SR I8 8¢ at 405 nm

0 of p-Nitrophenol

I‘:-d

release?nﬂ;;ﬁ]ﬁﬁﬁﬁﬁ m fi]:ﬁog ;f enzyme required to
RAINTUNAINYAY
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2. Calculation of ammonium sulfate solids to reach % satuaration to add to an
enzyme solution

Amount -of ammonium sulfate (solid) to be added to an enzyme

preparation was calculated from the following equation.

For 1 liter of enzyme solution:

5% of salt

f salt

‘ Y |

AULINENINYINT
ARIAATAUNM TN
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