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Advances In cutinase research
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Abstract: Cutinase (EC 3.1.1.74) is a kind of hydrolase capable of catalyzing the cleavage of ester bonds of cutin to release fatty
acids. Cutinase displayed hydrolytic activity not only toward cutin but also a variety of soluble synthetic esters, insoluble
triglycerides and polyesters. Besides its hydrolytic activity, cutinase also showed synthetic activity and transester activity. Therefore,
cutinase was evaluated as a versatile lipolytic enzyme used in food and chemical industry. Recently, it is found that cutinase has
potential use in cotton bio-scouring and synthetic fibers modification. Cutinase is the most important enzyme in clean production of

textile industry.
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Fig. 1  Structure of F. solani pisi cutinase.
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Fig. 2 Sequence alignment of fungal cutinase. The GXSXG motif is boxed, A is the catalytic triad.
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Fig. 4 Scanning electron microscopy images of (A) alkali-scoured cotton and (B) bioscoured cotton.

Journals.im.ac.cn



1835

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

Nardini M, Dijkstra BW. Alpha/beta hydrolase fold
enzymes: the family keeps growing. Curr Opin Struct Biol,
1999, 9(6): 732-737.

M. Alpha/Beta-hydrolase fold
structures, functions and mechanisms. Curr Protein Pept
Sci, 2000, 1(2): 209-235.

Kolattukudy PE, Purdy RE, Maiti IB. Cutinases from
fungi and pollen. Methods Enzymol, 1981, 71: 652—-664.
Purdy RE, Kolattukudy PE. Hydrolysis of plant cuticle by
plant pathogens. Properties of cutinase I, cutinase 11, and a
nonspecific esterase isolated from Fusarium solani pisi.
Biochemistry, 1975, 14(13): 2832-2840.

Maiti 1B, Kolattukudy PE. Prevention of fungal infection

Holmquist enzymes:

of plants by specific inhibition of cutinase. Science, 1979,
205(4405): 507-508.

Shaykh M, Soliday C, Kolattukudy PE. Proof for the
production of cutinase by Fusarium solani f. pisi during
penetration into its host, Pisum sativum. Plant Physiol,
1977, 60(1): 170-172.

Shayk M, Kolattukudy PE. Production of a novel
extracellular cutinase by the pollen and the chemical
composition and ultrastructure of the stigma cuticle of
Nasturtium (Tropaeolum majus). Plant Physiol, 1977,
60(6): 907-915.

Heslop-Harrison J. The physiology of the pollen grain
surface. Proc R Soc Lond B Biol Sci, 1975, 190(1100):
275-299.

Pio TF, Macedo GA. Cutinase production by Fusarium
oxysporum in liquid medium using central composite
design. J Ind Microbiol Biotechnol, 2008, 35(1): 59-67.
Wang GY, Michailides TJ, Hammock BD, et al. Molecular
cloning, characterization, and
redox-responsive cutinase from Monilinia fructicola
(Wint.) honey. Fungal Genet Biol, 2002, 35(3): 261-276.
Gindro K, Pezet R. Purification and characterization of a

expression of a

40.8-kDa cutinase in ungerminated conidia of Botrytis
cinerea Pers.: Fr. FEMS Microbiol Lett, 1999, 171(2):
239-243.

Machida M, Asai K, Sano M, et al. Genome sequencing
and analysis of Aspergillus oryzae. Nature, 2005,
438(7071): 1157-1161.

Maeda H, Yamagata Y, Abe K, et al. Purification and

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

(24]

[29]

characterization of a biodegradable plastic-degrading

enzyme from Aspergillus oryzae. Appl Microbiol
Biotechnol, 2005, 67(6): 778—788.
Fett WF, Gerard HC, Moreau RA, et al. Cutinase

production by Streptomyces sp.. Curr Microbiol, 1992,
25(3): 165-171.
Sebastian ], PE.

from a

Kolattukudy Purification and
characterization  of
Pseudomonas putida bacterial
phyllosphere. Arch Biochem Biophys,
77-85.

Fett WF, Wijey C, Moreau RA, et al. Production of
cutinase by Thermomonospora fusca ATCC 27730. J Appl
Microbiol, 1999, 86(4): 561-568.

Lienqueo ME, Salazar O, Henriquez K, et al. Prediction of

cutinase fluorescent
isolated from

1988, 263(1):

strain

retention time of cutinases tagged with hydrophobic
peptides in hydrophobic interaction chromatography. J
Chromatogr A, 2007, 1154(1/2): 460—-463.

Chen Z, Franco CF, Baptista RP, et al. Purification and
identification of cutinases from Colletotrichum kahawae
and Colletotrichum gloeosporioides. Appl Microbiol
Biotechnol, 2007, 73(6): 1306—-1313.

Pio TF, Macedo GA. Cutinases: properties and industrial
applications. Adv Appl Microbiol, 2009, 66: 77-95.

Silva C, Cavaco-Paulo A. Biotransformations in synthetic
fibres. Biocatal Biotransf, 2008, 26(5): 350-356.
Feuerhack A, Alisch-Mark M, Kisner A, et al. Biocatalytic
surface modification of knitted fabrics made of poly
(ethylene terephthalate) with hydrolytic enzymes from
Thermobifida fusca KW3b. Biocatal Biotransf, 2008,
26(5): 357-364.

Longhi S, Cambillau C. Structure-activity of cutinase, a
small lipolytic enzyme. Biochim Biophys Acta, 1999, 1441:
185-196.

Longhi S, Czjzek M, Lamzin V, et al. Atomic resolution
(1.0 A) crystal structure of Fusarium solani cutinase:
stereochemical J Mol Biol, 1997, 268(4):
779-799.

Longhi S, Nicolas A, Creveld L, et al. Dynamics of
Fusarium solani cutinase investigated through structural

analysis.

comparison among different crystal forms of its variants.
Proteins, 1996, 26(4): 442—-458.

Longhi S, Mannesse M, Verheij HM, et al. Crystal
structure of cutinase covalently inhibited by a triglyceride
analogue. Protein Sci, 1997, 6(2): 275-286.

Martinez C, De Geus P, Lauwereys M, et al. Fusarium
solani cutinase is a lipolytic enzyme with a catalytic serine
accessible to solvent. Nature, 1992, 356(6370): 615-618.
Jelsch C, Longhi S, Cambillau C. Packing forces in nine
crystal forms of cutinase. Proteins, 1998, 31(3): 320-333.
Martinez C, de Geus P, Stanssens P, et al. Engineering
cysteine mutants to obtain crystallographic phases with a
cutinase from Fusarium solani pisi. Protein Eng, 1993,
6(2): 157-165.

Maarten RE, Jacob de V. Fusarium solani pisi cutinase.

Journals.im.ac.cn



1836

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

December 25, 2009 Vol.25 No.12

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

(40]

[41]

(42]

[43]

[44]

Biochimie, 2008, 82(11): 1015-1021.

Prange T, Schiltz M, Pernot L, et al.
hydrophobic sites in proteins with xenon or krypton.
Proteins, 1998, 30(1): 61-73.

Brzozowski AM, Derewenda U, Derewenda ZS, et al. A
model for interfacial activation in lipases from the

Exploring

structure of a fungal lipase-inhibitor complex. Nature,
1991, 351(6326): 491-494.

Dodson G, Wlodawer A. Catalytic triads and their relatives.
Trends Biochem Sci, 1998, 23(9): 347-352.

Flipsen JA, van der Hijden HT, Egmond MR, et al. Action
of cutinase at the triolein-water interface. characterisation
of interfacial effects during lipid hydrolysis using the
oil-drop tensiometer as a tool to study lipase kinetics.
Chem Phys Lipids, 1996, 84(2): 105-115.

Jaeger KE, Ransac S, Dijkstra BW, et al. Bacterial lipases.
FEMS Microbiol Rev, 1994, 15(1): 29-63.

Drablos F, Petersen SB.
residues in family of esterase and lipase sequences.
Methods Enzymol, 1997, 284: 28-61.

Petersen SB, Drablos F, Petersen MT, et al. Identification
of important motifs

Identification of conserved

in protein sequences: program
MULTIM and its applications to lipase-related sequences.
Methods Enzymol, 1997, 284: 61-85.

Weisenborn PC, Meder H, Egmond MR, et al.
Photophysics of the single tryptophan residue in Fusarium
solani the
conformational substates with unusual fluorescence
behaviour. Biophys Chem, 1996, 58(3): 281-288.

Lin TS, Kolattukudy PE. Structural studies on cutinase, a

cutinase: evidence for occurrence of

glycoprotein containing novel amino acids and glucuronic
acid amide at the N terminus. Eur J Biochem, 1980, 106(2):
341-351.

Calado CR, Monteiro SM, Cabral JM, et al. Effect of
pre-fermentation on the production of cutinase by a
recombinant Saccharomyces cerevisiae. J Biosci Bioeng,
2002, 93(4): 354-359.

van Gemeren IA, Beijersbergen A, van den Hondel CA, et
al. Expression and secretion of defined cutinase variants
by Aspergillus awamori. Appl Environ Microbiol, 1998,
64(8): 2794-2799.

Kwon M, Kim HS, Yang TH, et al. High-level expression
and characterization of Fusarium solani cutinase in Pichia
pastoris. Protein Expr Purif, 2009, 68(1): 104-109.

Belén Rubio M, Cardoza RE, Hermosa R, et al. Cloning
and characterization of the Thcutl gene encoding a
cutinase of Trichoderma harzianum T34. Curr Genet, 2008,
54(6): 301-312.

Nicolas A, Egmond M, Verrips CT, et al. Contribution of
cutinase serine 42 side chain to the stabilization of the
oxyanion transition state. Biochemistry, 1996, 35(2):
398-410.

Soliday CL, Kolattukudy PE. Primary structure of the
active site region of fungal cutinase, an enzyme involved
in phytopathogenesis. Biochem Biophys Res Commun,

Journals.im.ac.cn

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

1983, 114(3): 1017-1022.
Prompers JJ, Groenewegen A, Hilbers CW, et al.
Backbone dynamics of Fusarium solani pisi cutinase
probed by nuclear magnetic resonance: the lack of
interfacial activation revisited. Biochemistry, 1999, 38(17):
5315-5327.
Prompers JJ, Hilbers CW, Pepermans HA. Tryptophan
mediated photoreduction of disulfide bond causes unusual
fluorescence behaviour of Fusarium solani pisi cutinase.
FEBS Lett, 1999, 456(3): 409-416.
Prompers JJ, van Noorloos B, Mannesse ML, et al. NMR
studies of Fusarium solani pisi cutinase in complex with
phosphonate inhibitors. Biochemistry, 1999, 38(19):
5982-5994.
Egmond MR, Antheunisse WP, Ravestein P, et al.
Engineering surface charges in a subtilisin. Adv Exp Med
Biol, 1996, 379: 219-228.
Petersen MT, Martel P, Petersen EI, et al. Surface and
electrostatics of cutinases. Methods Enzymol, 1997, 284:
130-154.
van Gemeren A, Musters W, van den Hondel CA, et al.
Construction and heterologous expression of a synthetic
copy of the cutinase cDNA from Fusarium solani pisi. J
Biotechnol, 1995, 40(3): 155-162.
van Gemeren IA, Beijersbergen A, Musters W, et al. The
effect of pre- and pro-sequences and multicopy integration
on heterologous expression of the Fusarium solani pisi
cutinase gene in Aspergillus awamori. Appl Microbiol
Biotechnol, 1996, 45(6): 755-763.
Calado CR, Ferreira BS, da Fonseca MM, et al. Integration of
the production and the purification processes of cutinase
secreted by a recombinant Saccharomyces cerevisiae SU50
strain. J Biotechnol, 2004, 109(1/2): 147—-158.
Himmelsbach DS, Akin DE, Ian Hardin JK. Chemical
structural investigation of the cotton fiber base and
associated seed coat: fourier-transform infrared mapping
and histochemistry. Text Res J, 2003, 73(4): 281-288.

PB, Agrawal PB, Nierstraszl VA, et al.
and pectinase in

Agrawal 1
Cutinase cotton bioscouring: an
innovative and fast bioscouring process. Biocatal Biotrans,
2008, 26(5): 412—421.

Parvaresh F, Robert H, Thomas D, et al. Gas phase
transesterification reactions catalyzed by lipolytic
enzymes. Biotechnol Bioeng, 1992, 39(4): 467—473.

Kim Y H, Ahn J Y, Moon S H, et al. Biodegradation and
detoxification of organophosphate insecticide, malathion
by Fusarium oxysporum f. sp. pisi cutinase. Chemosphere,
2005, 60(10): 1349-1355.

Pocalyko D J, Tallman M. Effects of amphipaths on the
activity and stability of Fusarium solani pisi cutinase.
Enzyme Microb Technol, 1998, 22(7): 647-651.

Dragana PC, de Barros, Dr, Luis P Fonseca. Synthesis of
alkyl esters by cutinase in miniemulsion and organic
solvent media. Biotechnol J, 2009, 4(5): 674—683.

Royon D, Daz M, Ellenrieder G, et al. Enzymatic production



1837

[60]

[61]

[62]

[63]

[64]

of biodiesel from cotton seed oil using t-butanol as a solvent.
Bioresour Technol, 2007, 98(3): 648-653.

Bi FZ, Shi JL, Li Y, et al. Cutinase production connditions
with thermobifida fusca. Chin J Appl Environ Biol, 2005,
11(5): 608-610.

. Thermobifida fusca

, 2005, 11(5):

> B s

608-610.

Zhang SL, Chen J, Hua ZZ, et al. Mutagenesis of
cutinase-producing strain Thermobifida fusca WSHO03-11
and optimization of fermentation conditions of mutant
with high cutinase production. Cheml Ind and Eng Prog,
2006, 25(5): 533-537.

Thermobifida

s s El

fusca WSHO03-11

, 2006, 25(5): 533-537.
Du GC, Zhang SL, Hua ZZ, et al. Enhanced cutinase
production with Thermobifida fusca by two-stage pH
control strategy. Biotechnol J, 2007, 2(3): 365-369.
He GQ, Huo GH, Liu LM, et al. Enhanced cutinase
production of Thermobifida fusca by a two-stage batch
and fed-batch cultivation strategy. Biotechnol Bioproc Eng,
2008, 13: 1-6.
Zhang SL, Chen J, Hua ZZ, et al. Optimization of
fermentation conditions for cutinase production with a
mutant of Thermobifida fusca WSHO03211. J Food Sci
Biotechnol, 2006, 25(5): 44—48.
Thermobifida fusca

s s >

[65]

[66]

[67]

[68]

[69]

[70]

[71]

WSHO03211

, 2006, 25(5): 44-48.
Chen S, Tong X, Woodard RW, et al. Identification and
characterization of bacterial cutinase. J Biol Chem, 2008,
283(38): 25854-25862.
Zhang FH, Chen S, Zhang DX, et al. Studies on two-stage
pH control strategy of recombinant cutinase production.
China Biotechnol, 2008, 28(5): 59—64.
. pH

, 2008, 28(5): 59-64.
Chen J, Wang Q, Hua ZZ, et al. Research and application
of biotechnology in textile industries in China. Enzyme
Microb Technol, 2007, 40(7): 1651-1655.
Wang Q, Fan XR, Gao WD, et al. Bleaching and dyeing
properties of enzymatic scoured cotton fabric. China
Textile Leader, 2006, 79(2): 79-81.

s s s s

, , 2006, 79(2): 79-81.

Wang P, Wang Q, Fan XR, et al. Effects of cutinase on the
enzymatic shrink-resist finishing of wool fabrics. Enzyme
Microb Technol, 2009, 44(5): 302-308.

Wang Q, Fan XR, Hua ZZ, et al. Influence of combined
enzymatic treatment on one-bath scouring of cotton knitted
fabrics. Biocatal Biotrans, 2007, 25(1): 9-15.

Yan HJ, Hua ZZ, Qian GS, et al. Effect of cutinase on the
degradation of cotton coat

seed in bio-scouring.

Biotechnol Bioprocess Eng, 2009, 14(3): 354-360.

Journals.im.ac.cn



