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Production of pectinesterase and polygalacturonase by
Aspergillus niger in submerged and solid state systems
MC Maldonado and AM Strasser de Saad

Departmento de Microbiologia Industrial y General, Facultad de Bioquimica, Quimica y Farmacia, Universidad Nacional
de Tucuman, Ayacucho 491, 4000 Tucuman, Argentina

Production of pectinesterase and polygalacturonase by Aspergillus niger was studied in submerged and solid-state
fermentation systems. With pectin as a sole carbon source, pectinesterase and polygalacturonase production were

four and six times higher respectively in a solid state system than in a submerged fermentation system and required

a shorter time for enzyme production. The addition of glucose increased pectinesterase and polygalacturonase
production in the solid state system but in submerged fermentation the production was markedly inhibited. A com-
parison of enzyme productivities showed that those determined for pectinesterase and polygalacturonase with pec-

tin as a carbon source were three and five times higher by using the solid state rather than the submerged fermen-
tation system. The productivities of the two enzymes were affected by glucose in both fermentation systems. The
membranes of cells from the solid state fermentation showed increased levels of C18:1, C16:0 and C18:0 fatty acids.
Differences in the regulation of enzyme synthesis by Aspergillus niger depended on the fermentation system, favor-
ing the solid state over the submerged fermentation for pectinase production.
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Introduction whereas in SmF this production was inhibited, probably by

. . . : lite repression.
Pectinases are constitutive or inducible enzymes, produce(ii"‘t"’lbO te repressio

by a variety of microorganisms that catalyze the breakdowrhiégrogo?;?géoﬁfoﬂu%?; E}lgﬁemggs Svt;g;’vggfﬁgr%lrl‘;‘guce
of pectin. These enzymes are widely used in the industrial ,
processing of fruit juices because of their capacity togxtracellular pectinesterase (PE) and polygalacturonase

degrade pectin and related substances, resulting in mar PG). The synthesis of both enzymes is induced by pectin,

edly enhanced yields [3,14], as the resultant decrease alacturonic and polygalacturonic acids at the transcription

the viscosity of fruit pulp facilitates extraction, maceration, :;{ZLE)Z”?Q' rglurggzﬁ)r:eﬁ::;?aeﬁistge tﬁgtzy(/)rgceurssyr;h?hsés trg):]sa-
liquefaction, filtration and clarification processes [10]. P

: : tion level [21]. In this current study, PE and PG pro-
Pectinases can be produced either by submerged [4— . S . .
or solid state [1,2,26-29] fermentation. ction was studied in SmF and SSF systems with pectin

Submerged fermentation (SmF) systems have been us&S 2 ca_rbon source. The effect of glucose addition on the
extensively for the study of the synthesis of microbial P oduction of enzymes by both systems was determined.
metabolites and for the production of high-priced materials
[7,28]. Solid-state fermentation (SSF) has been used for th .
production of proteins [23], enzymes [8,24] and ethanolﬁlate“als and methods
[12]. Microorganism

Studies concerning regulatory aspects of pectinase profhe strain ofA. nigerused in this work was isolated from
duction by molds have been carried out in SmF systemsa rotten lemon [19]. It was maintained by monthly transfers

The enzymes are induced by pectin or by some of itso Czapek agar slant tubes, incubated &tC3@nd stored
derivatives [20,25] but production can be controlled by cat-gt 4°C.
abolite repression [11,15,21].

However, information about the regulatory mechanisms,

in pectinase production by SSF is scarce. The effect of car‘-Smeer ged fermentation (SmF)

bon sources on endo- and exo-pectinase productioA.by 'II\'IherermeEteagng ;nl_(lezgung chrgtzae% 'glglj(‘llﬁi)z%%" gj
niger CH4 in both SmF and SSF systems was reported b%r?é (in A;ng 1); MNSO, - 7HZO 70- I-gBO 102 Pécti’n
Solis Pereiraet al [28]. They concluded that high sugar g ") ang pectin su4ppleme’nted’ with different concen-
concentration stimulated pectinase production in SSFtrations of glucose (5, 10 and 20 g3 were used as carbon

source. Liquid media were adjusted to an initial pH 4.5 and

sterilized for 15 min at 12W. An inoculum of 2x 1(°
Correspondence: Dr MC Maldonado, Departmento de Microb'ialogl spores mP was used. Fermentation was carried out on a
Ind_ustrial y General, Facultad de Bioquica, Qumica y Farmacia, Univ_— rOtatqry shaker at 300 rpm .at 30. Samples were taken.at
ersidad Nacional de TucumaAyacucho 491, 4000 Tucuman, Argentina 12-h intervals during 72 h, filtered through SS No. 595 filter
Received 12 May 1997, accepted 19 September 1997 paper and kept at°€ for further assays.
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Solid state fermentation (SSF) Results and discussion
The fermentation medium contained in g per 100 g: urea
0.3; K;HPGQ,, 0.65; (NH,),S0O,, 1.26; MgSQ, 0.02; FeSQ
0.029; pectin, 1.5; sugar cane bagasse (SCB) pith as SL(JEnZ : P o

. ) yme production byA. nigerin SSF was studied in the
port, 23.1 and 70 mi .d'St'"ed water. T_he pH was adjus_te edium with pectin as the only carbon source and was also
to 4.5. SCB was previously washed with hot water to elim-

; ) studied in the same medium supplemented with different
inate sucrose. When glucose was used, the final conce@]ucose concentrations (5, 10 and 20g)L

Frations were: 5, 10 and 20gL The sglution was steril- PE activity (Figure 1a) was nearly the same in pectin
ized at 120C for 15 min; SCB was sterilized separately for (500 y L) ‘or in the presence of 5gt glucose
15 min at 120C. After cooling, both fractions were mixed (520 U L%) and it was maximum at 24 h of incubation.

and inoculated with % 10" spores g dry matter; 10 g of  wjith the addition of 10 and 20 gt glucose, there was a
the inoculated material was placed in a Petri dish and incurag period in the enzyme synthesis that was proportional
bated at 30C. Samples (10 g) of fermented material wereto glucose concentration. Under these conditions, enzyme
taken at 12-h intervals during 72 h, mixed with 10 ml dis- production was maximum at 36 h (725 U%.for 10 g L2
tilled water and pressed in a manual press. The liquicand 72 h (600 U %) for 20 g L™* glucose. Enzyme pro-
extract was kept at°€ for enzymatic assays. It should be duction achieved with 10 g glucose was about 30%
noted that differences in media composition for SmF anchigher than that observed in the medium with pectin as the
SSF were due to nutritional requirements optimized by presole carbon source.

vious work (unpublished results).

Pectinesterase and polygalacturonase production in

a
Separation of plasma membranes 900
Mycelium was washed and suspended in 0.02 M acetate
buffer pH 4.5, disrupted (at 100 W for 5 min at@) in an _
ultrasonic disintegrator (Megason, Branson Sonic Power < 700}
Co, Danbury, CT, USA) and submitted to a differential cen- 2
trifugation. Pellets from the last centrifugation were used 2
for fatty acids extraction. % 500
©
&
Analytical methods 300
Pectinesterase assay (PE): To 10 ml of 0.5% (w/v) pectin
in 0.1 M NaCl, 2 ml of filtrate was added. The pH was
adjusted to 4.5 with 0.1 M NaOH and the mixture was incu- 100

bated for 60 min at 3. PE activity was measured by
determining the carboxyl groups released by titration with 1 >a 3% 75 =
0.02 N NaOH [13]. One unit of PE was defined as the time (h)
amount of enzyme releasing one milliequivalent of ester p
hydrolyzed (carboxyl group) per minute.

Polygalacturonase assay (PG): 1 ml of sample was addec 500
to a solution containing 1 ml of 0.9% polygalacturonic acid
in 0.1 M acetate buffer, pH 4.5. After incubation at°@5
for 30 min, reducing sugars were determined by the dinitro-  400F
salicylic acid (DNS) method [22] using galacturonic acid

as a reference. One unit of PG was defined as the amoun 3
of enzyme that liberates one micromole of galacturonic acid . 300}
of enzymatic filtrate per minute. S
For biomass determination in SmF the mycelium *;;
obtained after filtration was rinsed and dried af®@Cfor © 200}
a

12 h until constant weight. In SSF, biomass could not be
measured accurately by dry weight, so it was determined
by measuring glucosamine concentration with Ehrlich’s 100
reagent [30]. Glucose was determined by using an enzy-
matic kit supplied by Boehringer Mannheim. Proteins were
determined by the Lowry method [18]. . . . .
Fatty acids were extracted by the Bligh and Dyer method 12 24 36
[9] and were determined by HPLC using an analytical col-
umn C18. All fermentations and assays were carried out iffigure 1 PE (a) and PG (b) yields by solid-state fermentation system

trinlicate. The results are presented as a mean value. (SSF) with pectin ©) as a substrate and with glucose as a supplement
P P [5gL™?(A),10gL™* (@) and 20 g * (A)].

8 72
time(h)
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Similar behavior was observed for PG productionively. With 10 and 20 g E* glucose, the pH decreased in
(Figure 1b) and the stimulation produced by glucose (1Ghe first 24 h and remained at 2.3 and 2.9 respectively at
and 20 g %) increased enzyme levels about 23% (48 h)the end of the experiment. The slight decrease of enzymatic
with respect to the medium without glucose. activities observed after 24 h in the medium with pectin or

Addition of glucose was associated with initial (12 h) with 5g L™ glucose addition (Figure 1a and b) could be
high rates of sugar consumption, which increased in prorelated to pH level.
portion to carbohydrate concentration (Figure 2a). There-
fore, the glucose consumption rate may not be the limitingPectinesterase and polygalacturonase production in
factor for pectinase production. The delay observed inSmF
enzyme production can be related to glucose concentratiof;nzyme production byA. nigerwas studied by submerged
which must be lower than 5 gL when the production fermentation in the medium with pectin as a sole carbon
started. source and in the same medium supplemented with differ-

Biomass production (Figure 2b) was faster and greateent glucose concentrations (5, 10 and 20¢§.LIn the
with 20 g L™* glucose than that observed with solely pectinabsence of glucose, maximum production of PE
showing that glucose is more efficiently used Ayniger (127 U L'Y) and PG (55 U %) occurred at 48 h of incu-
for growth than for pectin production. bation (Figure 3a and b); the further increases observed at

Changes in pH were similar in pectin-containing medium72 h were not significant. When glucose was added to the
with 5 g L™ glucose; the final pH was 6.2 and 6.6 respect-medium, production of both enzymes was lower and slower
compared to pectin alone. The inhibitory effect increased
as glucose concentration increased and there was an inhi-
bition of about 74 and 90% for PE and PG activities
204 respectively by 20 g t.

Reduction and delay of the production of both enzymes
is related to the sugar concentration in the medium since
enzyme production begins when glucose is exhausted
(Figure 4a). These results are in accordance with the cata-
bolic repression by glucose reported #r niger growing
in liquid medium [21].

Maximum biomass concentration was observed at 48 h
in all studies. When glucose was present, the biomass con-
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'me Figure 3 PE (a) and PG (b) yields by submerged fermentation system
Figure 2 Glucose consumption (a) and biomass production (b) during(SmF) with pectin ©) as a substrate and with glucose as a supplement
PE and PG production in SSF; symbols as in Figure 1. [5gL™?(A), 10gL? (@) and 20 g L* (A)].
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1Y

24 h when the initial glucose concentration was 10 or
20g L™
The enzyme production and the effect of glucose are true
if the comparison is made using the results expressed as
units L*. However, if the more useful values of enzyme
15F productivity (Units g* dry cell per hour in SmF or
Units g* NAGA per hour in SSF) are used in the compari-
son, the following conclusions can be established.
10¢ In SmF with the pectin medium, maximal productivities
were obtained at 48 h, whereas in the SSF system, higher
values were achieved in a shorter time (24 h). PE pro-
ductivity in SSF was about three times higher than in SmF
5 (3.16 and 1.14 respectively). For PG, the productivity
values in SSF were about five times higher than that
attained in SmF (2.28 and 0.48 respectively). The differ-
. ences in productivity and the shorter times required for
12 24 36 48 time(h) enzyme production favour SSF over SmF techniques.
With respect to the effect of glucose addition, differences
were also observed in productivities. There is about 90%
decrease of productivity for both enzymes (1.14 to 0.12 for
PE and 0.47 to 0.054 for PG) in SmF when 107 blu-
cose was added. In SSF, the addition of the same glucose
concentration produced about 45% inhibition of PE and PG
8 productivities (3.16 to 1.81 for PE and 2.28 to 1.18 for PG)
in 48 h, whereas at 24 h in the pectin medium, there was
an increase of productivity of PE (41%) and PG (21%).
These results show that the enzyme production is affec-
ted in both fermentation systems but the sensitivity of
enzyme synthesis to glucose is different. The existence of
physiological differences between SSF and SmF is possible
41 and it may be related to different patterns of pectinase pro-
duction for each fermentation technique. Similar behavior
was observed by Solis Peregtal [28,29] in A. nigerCH4
but enzyme yields reported in this strain were higher than
those obtained by us. However, our results are at levels
similar to those reported by Acaret al [1] in the same
strain of A. niger CH4.
o f— e f—— Studies have indicated that under stress conditions,
12 24 48 72 timelh) microorganisms show changes in plasma membrane com-
Figure 4 Glucose consumption (a) and biomass production (b) duringPOSition [16]. The fatty acid composition of the cell mem-
PE and PG production in SmF; symbols as in Figure 2. branes ofA. niger was studied in both fermentation sys-
tems.
Results in Table 1 show that in the membranes ofAhe
centration was increased, higher values were obtained withiger cultivated in SSF there is an increase of unsaturated

201
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Biomass dry weight (g /()
»

20 g Lt (Figure 4b). fatty acids C18:1 (oleic) and long chain saturated fatty acids

C16:0 (palmitic) and C18:0 (stearic). There is not a signifi-
Comparison of enzyme production between SmF cant difference in other fatty acids concentrations (C16:1
and SSF systems palmitoleic; C14:0 miristic). These changes may be related

In SSF with pectin as a carbon source, PE and PG prao the difference in glucose consumption and enzyme pro-
ductions were achieved in 24 h and were about four andluction.

six times higher respectively than those observed in the

SmF system. The addition of glucose in the SSF produced

a stimulation of activities when compared to the same sysTable 1 Fatty acid variations in plasma membraneAsfpergillus niger
tem with pectin alone. This behavior was in contrast with
the antagonistic effect of sugar addition observed in SmFermentation system Palmitic Estearic Oleic

The effect can be related to the higher rate of glucose con- acid acid acid
sumption in SSF. In this system at 12 h, more than 95% ogubmerged 17 24 198

the initial sugar was consumed when the initial concen—gig siate 316 16.4 204
tration was 5 or 10 g t* and 80% glucose was consumed

in the medium with 20 g t* initial glucose. Results are expressed as % of total fatty acid concentration in plasma

In SmF, 95% of the sugar consumption was attained aftemembrane ofAspergillus niger
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We can conclude that the production of PE and PG by Enzyme Biotechnology (Fogarty WM, ed), pp 131-182, Applied
A. nigeris affected by the fermentation system used. Every, S¢ience Publishers, London.

in th f al hiah ducti btai Kargi F and AJ Curme. 1985. Solid state fermentation of sweet sor-
In the presence or glucose, nigher proquction was oblaiNed gnym to ethanol in a rotatory drum fermentor. Biotechnol Bioeng 27:

in SSF than in SmF, suggesting a different level of sensi- 1122-1125.
tivity to catabolic repression. Changes observed in the cont3 Kertez ZI. 1955. Pectic enzymes. Meth Enzymol 1: 158-166.
centration of unsaturated fatty acids of the plasma memi4 Kilara A. 1982. Enzymes and their uses in the processed applied indus-

e try. A review. Process Biochem 17: 35-41.
brane could be related to stress conditions as re_ported Leone G and J Van Deu Heuvel. 1986. Regulation by carbohydrates
Lesageet al [17] who observed that a decrease in water — of the sequentialn vitro production of pectic enzymes b§otrytis

activity of growing cultures of fungi leads to modifications  cinerea Can J Bot 65: 2133-2141.
in the phospholipid fatty acid saturation and consequentlyt6 I'_-ehnhmggg A 19836 Bloqmcha- 2|nd edn, pp 285-309, Worth Pub-
i i i i ishers, Ediciones Omega, Barcelona.

Foi:educu%nf%n the membran.e _fIUIdIty 3nd pel_’meal?jllli!;{y. .The17 Lesage L, C Genot, E Record, C Pouliquen and D Richard-Molard.
Inherent differences In mixing and nutrient di US'F’” 1993. Fatty acid composition and molecular order of phospholipids
between SSF and SmF could also be related to the differ- from Eurotium chevalieriin response to changes in water activity. J
ences observed. Gen Microbiol 139: 1653-1661.

We have established that the SSF system furnishes af$ Lowry OH, NJ Rosebrough, AL Farr and RJ Randall. 1951. Protein
important tool to obtain higher productivity of pectinases measurement with the folin phenol reagent. J Biol Chem 193: 265—

by A. niger, on the basis of greater enzyme yields andig maldonado MC, AR Navarro and DAS Callieri. 1986. Production of
shorter fermentation times. pectinases byAspergillussp using differently pretreated lemon peel
as the carbon source. Biotechnol Lett 8: 501-504.
20 Maldonado MC, AM Strasser de Saad and DAS Callieri. 1989. Regu-
latory aspects of the synthesis of polygalacturonase and pectinesterase
References by Aspergillus nigersp. Sci des Aliments 9: 101-110.
- 21 Maldonado MC, AM Strasser de Saad and DAS Callieri. 1989. Cata-
1 Acura Arguelles M, M Gutierrez Roja, G Viniegra Gonzalez and E bolite repression of the synthesis of inducible polygalacturonase and
Favela Torres. 1994. Effect of water activity on exo-pectinase pro- pectinesterase bispergillus nigersp. Curr Microbiol 18: 303-306.
duction byAspergillus nigelCH4 on solid state fermentation. Biotech- 22 Miller GL. 1959. Use of dinitrosalicylic acid reagent for determination
nol Lett 16: 23-28. of reducing sugar. Anal Chem 31: 426-428.
2 Acura Arguelles M, M Gutierrez Rojas, G Viniegra Gonzalez and E 23 Mitchell DA, PD Greenfield and HV Doelle. 1988. Development of a
Favela Torres. 1995. Production and properties of three pectinolytic  solid-state fermentation model. Biotechnol Tech 2: 1-6.
activities produced byAspergillus nigetby submerged and solid state 24 Nisio M, K Tai and S Nagai. 1979. Hydrolase productionAspergil-
fermentation. Appl Microbiol Biotechnol 43: 808-814. lus nigerin solid state cultivation. Eur J Appl Microbiol Biotechnol
3 Aguilar G and C Huitron. 1986. Application of fedbatch cultures in 8: 263-270.
the production of extracellular pectinases Agpergillussp. Enzyme 25 Perley AF and OT Page. 1971. Differential induction of pectolytic
Microb Technol 8: 541-545. enzymes ofFusarium roseunfLk) emend Snyder and Hansen. Can J
4 Aguilar G and C Huitron. 1987. Stimulation of the production of extra- Microbiol 17: 415-420. -
cellular pectinolytic activities ofAspergillussp by galacturonic acid 26 Roussos S, A Olmos, M Raimbault, G Saucedo Castarand BK
and glucose addition. Enzyme Microb Technol 9: 690-696. Lonsane. 1991. Strategies for large scale inoculum for SSF system:
5 Aguilar G and C Huitron. 1990. Constitutive exo-pectinase produced conidiospores offrichoderma harzianumBiotechnol Tech 5: 415—
by Aspergillussp CH-Y-1043 on different carbon sources. Biotechnol 420.

Lett 12: 655-660. 27 Siessere V and S Said. 1989. Pectic enzymes production in solid state
6 Aguilar G, B Trejo, J Garcia and C Huitron. 1991. Influence of pH fermentations using citrus pulp pellets Biialaromyces flavyguber-

on endo- and exo-pectinase productionAspergillussp CH-Y-1043. cularia vulgaris and Penicillium charlessiBiotechnol Lett 11: 343—

Can J Microbiol 37: 912-917. 344.

7 Barrios Gonzalez J, G Rodriguez and A Tomasin. 1990. Environmental8 Solis Pereira S, E Favela Torres, G Viniegra Gonzelez and M Gutierres
and nutritional factors controlling aflatoxin production in cassava solid ~ Rojas. 1993. Effect of different carbon sources on the synthesis of
state fermentation. J Ferment Bioeng 70: 329-333. pectinases byAspergillus nigerin submerged and solid state fermen-

8 Battaglino RA, M Huergo, AM Pilosof and G Bartholomai. 1991. Cul- tations. Appl Microbiol Biotechnol 39: 36—41.
ture requirements for the production of proteaseAspergillus orizae 29 Solis Pereira.S, S Favela Torres, M Gutierrez Rojas, S Roussos, G
in solid state fermentation. Appl Microbiol Biotechnol 35: 292—-296. Saucedo Castada, P Gunasekaran and G Viniegra Gonzalez. 1996.

9 Bligh EG and WJ Dyer. 1959. A rapid method of total lipid extraction Production of pectinases byspergillus nigerin solid state fermen-
and purification. Can J Biochem Physiol 37: 911-917. tation at high initial glucose concentrations. World J Microbiol

10 Brawman JW. 1981. Application of enzymes in fruit juice technology. Biotechnol 12: 257-260.
In: Enzymes and Food Processing (Birch GG, Blakebrough N and30 Swift MJ. 1973. The estimation of mycelial biomass by determination
Barker JK, eds), pp 129-147, Applied Science Publishers, London. of the hexosamine content of wood tissue decayed by fungi. Solid Biol
11 Fogarty WM and CT Kelly. 1983. Pectic enzymes. In: Microbial Biochem 5: 321-332.



