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Abstract  Using fungal (Fusarium solani f. pisi) and bacterial
(Pseudomonas mendocina) cutinases, the initial hydrolysis
rate of p-nitrophenyl esters was systematically estimated for a
wide range of enzyme and substrate concentrations using
a 96-well microplate reader. Both cutinases exhibited a high
substrate specificity; i.e. a high hydrolytic activity on p-
nitropheny! butyrate (PNB), yet extremely low activity on
p-nitrophenyl palmitate (PNP). When compared to the
hydrolysis of PNB and PNP by other hydrolases [lipases and
esterases derived from different microbial sources, such as
bacteria (Pseudomonas cepacia, Pseudomonas flurescens, Bacillus
stearothermophilus), molds (Aspergillus niger, Mucor miehei),
and yeasts (Candida rugosa, Candida cylindracea)], the above
substrate specificity would seem to be a unique characteristic
of cutinases. Secondly, the hydrolytic activity of the cutinases
on PNB appeared much faster than that of the other hydrolytic
enzymes mentioned above. Furthermore, the current study
proved that even when the cutinases were mixed with large
amounts of other hydrolases (lipases or esterases), the initial
hydrolysis rate of PNB was determined only by the cutinase
concentration for each PNB concentration. This property
of cutinase activity would seem to result from a higher
accessibility to the substrate PNB, compared with the other
hydrolytic enzymes. Accordingly, these distinct properties of
cutinases may be very useful in the rapid and easy isolation of
various natural cutinases with different microbial sources,
each of which may provide a novel industrial application with
a specific enzymatic function.
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Cutinases are hydrolytic enzymes that degrade cutin, the
cuticular polymer (i.e. a polyester composed of hydroxy
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and epoxy fatty acids with usually #-C16 and #-C18) in
higher plants. Certain microorganisms live on cutin as their
sole carbon source, while producing extracellular
cutinolytic enzymes, and several cutinases have already
been isolated and characterized from different sources,
mainly fungi (Fusarium solani f. pisi) and bacteria (a
phyllospheric  fluorescent Pseudomonas putida and
Pseudomonas mendocina, cohabiting with a nitrogen-
fixing bacteria, and Corynebacterium sp.) 2,7, 10, 12, 14,
15, 17]. Based on its cutinolytic activity, an enzyme preparation
containing cutinase has been developed to increase the
pharmacololgical effect of agricultural chemicals [4]. In
recent years, the esterification [20] and transesterification
activities of cutinases have been extensively exploited and
could be advantageously applied in chemical synthesis [5].
Cutinases have also been applied as a lipolytic enzyme in
laundry or dishwashing detergent composition to efficiently
remove immobilized fats [3, 9, 13, 18], while potential uses
include application in the dairy industry for the hydrolysis
of milk fat, the oleochemistry industry [1], and pollutant
degradation [6, 12, 19]. Due to these potential applications
of cutinases, this enzyme has been cloned and expressed in
heterologous hosts, and more recently, an efficient production
system for recombinant cutinase in Saccharomyces cerevisiae
was developed, as the yeast is capable of carrying out post-
translational modifications important for full protein biological
activity [1].

Accordingly, the present study examined and compared
the hydrolytic properties of cutinases, lipases, and esterases
from different microbial sources in the hydrolysis of p-
nitrophenyl esters with different fatty acid chains as the
substrate. Rapid access to the substrate and chain length-
specific hydrolysis were identified as intrinsic properties of
just the cutinases, which were not found in the hydrolysis
by the other lipases and esterases. As such, these unique
characteristics of cutinases could be utilized as simple
phenotype markers for selecting novel microorganisms
producing cutinases.
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MATERIALS AND METHODS

Preparation of Enzyme Solutions (Cutinases, Lipases,
and Esterases)

The purified cutinase from Fusarium solani f. pisi was kindly

provided by Prof. C. M. J. Sagt at Utrecht University (The ~

Netherlands) and kept at -21°C. The purified commercial
lipases and esterases preparations were purchased from
various manufacturers as follows: lipases (Aspergillus niger,
1.4 U/mg and Pseudomonas cepacia, 48 U/mg) from Fluka
(Buchs City, Switzerland); lipase (Candida rugosa, 360
U/mg) from Meito Sangyo (Tokyo, Japan); cholesterol

esterases (Pseudomonas fluorescens, 25 U/mg and Candida
cylindracea, 26 U/mg) from Boehringer Mannheim GmbH
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(Mannheim, Germany); and esterases (Mucor miehei, 1.2
U/mg and Bacillus stearothermophilus, 0.41 U/mg) from
Fluka (Buchs City, Switzerland).

The purified enzymes listed above were dissolved in
10 mM Tris-HCI buffer (pH 8.00) and well mixed. The
enzyme solution was centrifuged at 7,000 rpm for 15 min
to remove any insoluble debris, then the dissolved enzyme
concentrations were determined using a Bio-Rad (Hercules,

CA, U.S.A)) protein assay kit with bovine serum albumin
as the standard.

Cultivation of Cutinolytic Bacteria

The cutinase-producing bacteria, Pseudomonas mendocina
(ATCC 55613), was cultivated on an NBY medium [0.2%
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Fig. 1. Initial maximum rate of PNB and PNP hydrolysis by lipases from various microbial sources.

(a) Pseudomonas cepacia; (b) Candida rugosa; (c) Aspergillus niger.
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yeast extract; 0.8% nutient broth (Difco)]. To enhance Triton X-100 solution (4 g/1), 13.3 pl of enzyme (lipase,
the production of the cutinases, apple cutin (1.0%) was esterase, or cutinase at variable concentrations), and 66.7 pl
added as an inducer. The apple cutin was prepared using of substrate (PNB or PNP at variable concentration).

the same procedure as previously described by Kolattukudy The reaction was started by adding 66.7 ul of the
etal. [8]. substrate solution to each well in the 96-well microplate.

The initial velocity [i.e. initial maximum rate of absorbance

Substrate Preparation, Enzymatic Hydrolysis, and change (AOD,, .. per second)] was measured using a Bio-
Activity Estimation Rad microplate reader (Cat. No. 170-6850, Hercules, CA,
U.S.A.), while the above solution A without any enzyme
was used as a blank. Since the eight wells in each of the 12
columns of the 96-well microplate were under the same
reaction conditions, i.e. contained an equal content of
enzyme and substrate, the eight initial velocities measured
for each column were used to calculate an average initial

velocity for specific reaction conditions (the standard
deviations were less than 5%).

Using p-nitrophenyl butyrate (PNB) and p-nitrophenyl
palmitate (PNP) (Sigma, St. Louis, MO, U.S.A.) as the
substrates, the substrate solutions were prepared by following
a previously described procedure [8].

The hydrolysis reactions were carried out in a 96-well
microplate at 30°C for 4 min, where each well contained
200 ul of an enzyme/substrate solution (solution A), comprising
106.7 1l of phosphate buffer (0.1 M, pH 8.0), 13.3 ul of
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Fig. 2. Initial maximum rate of PNB and PNP hydrolysis by esterases from various microbial sources.
(a) Bacillus stearothermophilus; (b) Candida cylindracea; (¢) Mucov miehei; (d) Pseudomonas fluorescens.
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RESULTS

Substrate-Specific Hydrolysis by Cutinases

On two p-nitrophenyl esters, PNB and PNP, the hydrolytic
activities of various lipases and esterases (commercial
purified products, see Materials and Methods) were estimated
for a range of enzyme and substrate concentrations. The
hydrolytic activities of the enzymes in the current study are
defined as the initial maximum rate of hydrolysis at each
substrate concentration. As presented in Figs. 1 and 2, the
hydrolytic activities of all lipases and esterases were

comparable on both PNB and PNP for the entire range of
substrate and enzyme concentrations tested, except for the
esterase from P, fluoresens, which exhibited a much higher

activity on PNP than on PNB [Fig. 2(d)].
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However, the hydrolysis of both p-nitrophenyl esters by
cutinases revealed that the initial hydrolysis rate was
significantly dependent on the fatty acid chain length of the
p-nitrophenyl esters. The initial rate of PNB hydrolysis by
the purified fungal cutinase (derived from F solani f pisi)

was up to several hundred-fold higher than that by the lipases
or esterases, whereas the cutinase showed an extremely low
hydrolytic activity on PNP with the same range of enzyme
and PNB concentrations (Fig. 3). The extracellular culture
broth of the cutinolytic bacteria P. mendocina (ATCC
55613) exhibited exactly the same substrate-specificity in the
hydrolysis of PNB and PNP as the fungal cutinase above; i.c.
the supernatant of the bacterial culture hydrolyzed PNB at a
high rate, but not PNP (Fig. 4a). Cutin (10 g/1) was used as an
inducer for cutinase production in the cultivation of P,
mendocina. Since the time-course of hydrolytic activity of
the noninduced culture (where no cutin was added) was
almost negligible (Fig. 4b), it would seem evident that the
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Fig. 3. Initial maximum rate of PNB and PNP hydrolysis by
cutinase from Fusarium solani f. pisi.

Fig. 4. Initial maximum rate of PNB and PNP hydrolysis by

extracellular culture broth of Pseudomonas mendocina (ATCC
55613).

Cultivated (a) with cutin (10 g/l) as an inducer; (b) without cutin.

High Accessibility of Cutinases to Substrate PNB
The initial maximum rate of PNB hydrolysis by enzyme
mixtures [(lipase+cutinase) or (esterase+cutinase) at various
compositions] was also estimated and compared with that
for pure hydrolases (lipase, esterase, or cutinase). The results
are summarized in Tables 1 and 2. Although lipase or esterase
was present, even in excess, with cutinase, the mnitial maximum
rate of PNB hydrolysis was basically invariable as long as
the cutinase concentration remained unchanged. For example
(from Table 1), the initial maximum rate of PNB hydrolysis
(V. mae) by the pure lipase (from P. cepacia, 9.9 mg/l) was
around 69.7 for PNB 10,000 pg/l; however, it drastically
decreased to around 9.4 when the lipase was replaced by
an enzyme mixture containing the P, cepacia lipase and the
fungal cutinase at 9.9 and 0.1 mg/l, respectively. Therefore,
based on the result that the V, ., (with PNB 10,000 pg/1) for
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Table 1. Initial maximum rate of PNB hydrolysis (V) by cutinase (from F solani f. pisi), lipases (from different sources), and
different mixtures at various PNB and enzyme concentrations.

No. Enzyme

Conc. (mg/1)

PNB concentration (ug/1)

300 500 700 1,000 2.000 5.000 7.000 10,000

CT 0.1 0 0 0 0 0 7154025 7404020  8.15+1.30

: LpP* 9.9 0 0 805:138 1065058 2444220 38.054047 S53A5+148 69.73:1.13

Mixture 0.1(CT) o 0 0 0 7308023  7.05£0.10  9.3542.14

(1%CT) 9.9 (LP/P) -30+0. 0520. 35£2.

CT 0.5 0 0  7.13£005 11355050 17.755047 23.8840.69 29.70+0.62 36.35+2.87

, Lp’ 9.5 0 0 732005 11.68£1.05 22.03£0.63 30.58+192 48.93+3.02 67.45+1.56
Mixture 0.5 (CT)

(onCh  osapmy 0 O 740020 12356030 16155075 23.18:0.67 30.83:224 37555112

CT 0.1 0 0 0 0 0 7154025 7404020  8.15+1.30

. Lp¢ 9.9 0 0 0 7054025 9.05+1.84 11.70+0.58 17.2040.58 21.85+1.44
Mixture 0.1(CT

Qonlh abaply 0 0 0 0 0 7.1540.06 8.01<136  8.70+1.62

CT 05 0 0  7.3£0.05 11358050 17.754047 23.8840.69 29.70+0.62 36.35+2.87

) Lp¢ 9.5 0 0 0 7.10£0.00 7.33021 10.8840.72 14.6840.51 20.90+3.21
Mixture 0.5 (CT)

Goen  asupdy O O 710:028 1110:082 17.00:0.52 2393+143 28056333 36934336

CT 0.1 0 0 0 0 0 7155025 7404020  8.15+1.30

S Lp* 9.9 0 0 0 0 8.80+1.50  7.3040.23 11.65:0.64 12.83+0.46
Mixture 0.1 (CT)

Qneh  esama O 0 0 0 0 7.00£0.12  8.8041.50 11.63+0.67

CT 0.5 0 0  7.3:005 11358050 17756047 23.8840.69 29.70+0.62 36.35+2.87

] Lp* 9.5 0 0 0 0 8.05:138  7.304023 1045:044 12.05:0.19
Mixture 0.5(CT)

Gl esupay 0 0 7305000 13.15:068 15634120 24206104 3175:0.52 39.601.10

CT: cutinase from F. solani £ pisi; LP": lipase from P. cepacia; LP: lipase from Candida rugosa; LP*: lipase from A. niger.

the pure fungal cutinase (0.1 mg/l) was approximately 8.2, it
is quite likely that the initial hydrolysis rate of PNB by the
enzyme mixture containing cutinase was primarily determined
by the cutinase. Also in Table 1, the V ,; (with PNB 10,000
ng/ly for another pure lipase (from A. niger, 9.5 mg/1) is around
12.1, yet increased to around 39.6 when the 4. niger lipase was
replaced by an enzyme mixture containing the same lipase (9.5
mg/l) and the fungal cutinase (0.5 mg/l). The V,, ., (with PNB
10,000 pg/) for the latter enzyme mixture was almost the same
as that for the pure fungal cutinase (0.5 mg/1), ~36.4 (Table 1).
Table 2 presents similar results when various esterases were
used with cutinase. Consequently, these results would seem
to suggest that the cutinases acted on the PNB with an
apparently higher accessibility to PNB than the other lipases or
esterases, hence the V, , for the enzyme mixtures containing
cutinase was determined by the cutinase activity, irrespective
of the amount or concentration of lipases or esterases.

DISCUSSION

Cutinases are known to have a high hydrolytic activity for
a variety of esters, ranging from soluble p-nitropheny! esters

to insoluble long-chain triglycerides. However, as presented
in the current report, the hydrolytic activity of cutinases on
p-nitrophenyl esters of fatty acid was very sensitive to the
chain length of the fatty acid. Previous reports have elucidated
that a fungal cutinase (from F solani f. pisi) lacks a large
hydrophobic surface around the active site, in contrast to
other lipases [11]. This structural feature of cutinases may
be closely related to a high substrate-specificity, for example,
an extremely low activity on the p-nitropheny! ester of a
long-chain fatty acid, like PNP. The initial maximum rate
of PNB hydrolysis by cutinases was exactly reproduced,
even when the cutinase was mixed with large amounts
of lipases or esterases from diverse microbial sources.
When using enzyme mixtures containing various cutinase
concentrations, the V., was significantly dependent on
the cutinase concentration. Unlike other lipases, since the
catalytic serine of cutinases is not buried under surface
loops, vet accessible to the solvent, cutinases do not exhibit
interfacial activation [11]. Therefore, this structural difference
may explain why the cutinases had easier access to the
substrate and exerted hydrolytic activity before the other
hydrolases. As such, this unique function of cutinases can
provide a significant advantage when they are used as a
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Table 2. Initial maximum rate of PNB hydrolysis (V, ;) by cutinase (from F. solani f. pisi), esterases (from different sources), and

different mixtures at various PNB and enzyme concentrations.

PNB concentration (pg/1)

No. Enzyme Conc. (mg/l)

300 500 700 1,000 2,000 5.000 7.000 10,000
CT 0.1 0 0 0 0 0 7.10£0.00 7.200020 9.35:1.50
ET 9.9 7.10£0.00 7.40£0.20 1035+0.50 14.2520.17 35.40£0.20 72.4040.23 92.13£0.10 115.43£0.10
Mixture 0.1 (CT)
e RN 0 0 0 7204020 7.33£021 10.40+0.20 15384025 19.95+1.33
CT 05 0 0 10.70£0.49 17.05£0.52 22.73£0.61 30.88+0.52 36.8840.32
, ET 9.5  7.10£0.00 7.20£0.20 10.10£0.00 13.1820.15 33.18+0.15 68.7040.14 92.13+0.10 111.43+0.17
Mixture 0.5 (CT)
(9D 05 (LPO) 0 0 7.23£0.19 11.05£0.06 19.08+1.13 28.45:0.40 39.45+0.75 55.23%0.05
CT 0.1 0 0 0 0 7.00£0.12  7.30£023 7.5040.00 10.60+0.58
, ET 9.9 0 0 730£023 11.65£0.52 18.454040 23304127 33.2550.10 52.18+0.05
Mixture 0.1 (CT) \
JneD on e 0 0 0 7.10£0.00 7.304024 11.35:0.50 12.7540.64 13.70+£0.46
CT 0.5 0 0 0 8.60+1.73 13.78+0.56 18.6320.35 32.6540.52 39.45+£0.75
L, ET 95 o 0 7203020 10.80+0.35 18.25:0.64 23.28+0.10 31.15+121 51.15+1.21
Mixture 0.5 (CT)
D 98P 0 0 7.10£0.00 7.50£0.00 14.2540.17 22.68+0.55 36.35:029 45.50+1.27
CT 0.1 0 0 0 0 7.00£0.12 7304023  7.50+0.00 10.60+0.58
, ET 9.9 0 0 0 0 7.00£0.12 10.05£0.06 17.10£0.00 25.0840.05
Mixture 0.1 (CT)
(0D o rio) 0 0 0 7.00£0.12  7.204020 11.10£0.00 13.7040.46 15.85+0.87
CT 05 0 0 0 8.60£1.73 13.7840.56 18.63£0.35 32.65+0.52 39.45£0.75
, ET 9.5 0 0 0 0 7304023 8.8041.50 16.45:0.30 24.75+0.40
Mixture 0.5 (CT) 0 0 7.4040.20 14.7340.38 19.4540.75 38254037 46.85£0.29

(5% CT) 9.5 (LP/C)

CT: cutinase from F. solani f. pisi; ET: esterase from C. cylindracea; ET": esterase from B. stearothermophilus; ET": esterase from M. miehei.

biodetergent, since they facilitate hydrolysis and thereby
effectively remove immobilized fat. Recently, recombinant
cutinase mutants have been designed by modifying the
hydrophobic surface around the active site to improve the
wash performance, making them useful in detergents [16].
Because of the significant application potential of cutinases in
various industries, new cutinolytic microorganisins and novel
cutinases with specific functions are worthy of being isolated.
Furthermore, the identification of unique cutinase properties
in the hydrolysis of p-nitrophenyl esters may significantly
contribute towards establishing a rapid and reliable method
for screening and isolating novel natural cutinases.
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