
APPLIED MICROBIOLOGY, Feb. 1974, p. 346-350
Copyright @ 1974 American Society for Microbiology

Vol. 27, No. 2
Printed in U.SA.

Polygalacturonate Lyase Production by Bacillus subtilis and
Flavobacterium pectinovorum
OWEN P. WARD AND WILLIAM M. FOGARTY

Department of Industrial Microbiology, University College, Ardmore House, Dublin 4, Ireland

Received for publication 17 August 1973

Nutritional factors relating to the production of polygalacturonate lyases by
strains of Bacillus subtilis and Flavobacterium pectinovorum were examined.
Studies were carried out in shake flask cultures. In the case of B. subtilis the
enzyme was produced constitutively, whereas in the case of F. pectinovorum it
was only produced in quantity in the presence of pectic substances. Glucose was

the most suitable carbon source for production of the polygalacturonate lyase of
B. subtilis; of the nitrogen sources examined, the highest activities per milliliter
of supernatant and per milligram of cells were obtained with glutamine and
ammonium sulfate, respectively. The pattern of enzyme production and growth
was similar although enzyme production ceased at pH 5.3. Sodium polypectate
was the best inducer of polygalacturonate lyase with F. pectinovorum. Highest
activity per milliliter of cell-free supernatant was obtained with skim milk
powder as nitrogen source, although ammonium sulfate gave highest enzyme

production per unit of biomass. Growth of F. pectinovorum occurred between pH
5.7 and 7.2. Enzyme production occurred during active growth and was

independent of the pH of the medium.

Many species of wood are naturally resistant
to treatment with preservatives, even when
applied under pressure. During storage of Sitka
spruce (Picea sitchensis) in water, bacterial
degradation of the tori and bordered pit mem-
branes takes place and this results in a marked
increase in the permeability of the wood (1, 2).
A number of bacterial species have been iso-
lated from the sap of Sitka spruce poles that
had been stored under water; two of these
isolates were shown to possess high pectinolytic
enzyme activity (4). This observation was sig-
nificant because the pit membranes in the
sapwood contain much pectic material. When
these isolates were inoculated into sapwood
blocks under laboratory conditions an increase
in the permeability of the blocks occurred (3).
The bacterial isolates have been identified as

strains of Bacillus subtilis and Flavobacterium
pectinovorum. Both isolates elaborate polyga-
lacturonate lyase extracellularly and grow well
and produce this enzyme in sapwood blocks in
laboratory experiments. Polygalacturonate
lyase activity has also been detected in sap,
expressed from water-stored Sitka spruce (18).
Polygalacturonate lyase was the only pectic
enzyme produced by the bacterial isolates and
was likewise the only pectinase detectable in
expressed sap of water-stored Sitka spruce. The

importance of pectinases in the process is indi-
cated by the observation that a commercial
pectinase was also capable of increasing the
permeability of sapwood blocks (3).
This investigation is a comparative investiga-

tion of some factors affecting production of
polygalacturonate lyase by the isolates in batch
culture.

MATERIALS AND METHODS
The basal mineral medium consisted of, in grams

per liter: K2HPO4, 5.0 g; KH2PO4, 1.0 g; KCl, 1.0 g;
MgCl,.6H20, 0.2 g; CaCl2 2H20, 0.1 g; MnSo4-
4H20, 0.001 g; FeSO4.7H,0, 0.0005 g. Carbon
sources, 0.5% (wt/vol), were added to this medium.
The nitrogen sources consisted of complex nitrogen,
(peptone, casein, etc.), 1.0% (wt/vol), amino acids
0.5% (wt/vol) or inorganic N, 0.2% (wt/vol). In stud-
ies on the effects of carbon and nitrogen sources on
enzyme production, the initial pH (pHi) of the me-
dium was 7.0 to 7.2. Media were dispensed in 50-ml
volumes in 250-ml Erlenmeyer flasks, and autoclaved
at 121 C for 15 min. A standard inoculum was
prepared as follows: actively growing cells were cen-
trifuged from the basal mineral medium containing
bacteriological peptone (0.5%, wt/vol), washed, and
suspended in sterile saline to give an optical density
(OD) reading of 10.0 in an EEL spectra colorimeter at
600 nm. All media were inoculated with 1.0 ml of this
standard suspension and shaken at 150 rpm in a New
Brunswick orbital incubator (model G25) set at 27 C.
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Enzyme activity was measured in the cell-free super-
natant (CFS). In studying the effect of pH on growth
and enzyme production, biomass and enzyme activity
estimations were carried out throughout the growth
cycle of the organism. In other investigations, enzyme

activity was assayed when enzyme production had
ceased in the stationary phase of growth. Variations in
activity between duplicate culture flasks were negligi-
ble, and results were reproducible on repetition of
experiments.

Acid-soluble pectic acid (ASPA) was prepared by
the method of McCready and Seegmiller (11). Polyga-
lacturonate lyase activity was measured with a solu-
tion containing 0.2% (wt/vol) ASPA, 0.001 M CaCl2,
and 0.05 M tris(hydroxymethyl)aminomethane
(Tris)-hydrochloride buffer, pH 8.0. The substrate
was prepared immediately before use. Appropriately
diluted, cell-free supernatant (0.1-ml samples) was

added to 2.0 ml of substrate in all assays. The rate of
change in absorbance at 235 nm was measured in a

1-cm cell, using a Pye Unicam SP 500 spectrophotom-
eter equipped with a constant temperature unit. An
enzyme unit is defined as the lyase activity releasing 1
Mmol of product per min at 30 C. A molar absorbtivity
of 4,600 M-'/cm was used for this calculation (16).
Activities are expressed in units per milliliter of CFS.
However, to establish that differences in enzyme

activities were not merely due to differences in
bacterial growth, activity was also determined as a

function of biomass (i.e., in units per milligram of
biomass). This value provides a better measure of
enzyme induction.

Biomass was measured in OD units at 600 nm in an
EEL spectrophotometer. OD units were converted to
milligrams (dry weight) of cells by reference to a

standard curve. Results of biomass determinations
are expressed as milligrams per milliliter of CFS.
When an insoluble carbon source was used in the
growth medium, biomass was not measured.

RESULTS
Enzyme production by B. subtilis. The ef-

fect of carbon source on polygalacturonate lyase
production by B. subtilis is summarized in
Table 1. A 0.2% (wt/vol) amount of (NH4)2SO4
was added as nitrogen source to the basal
medium. Although considerable enzyme activ-
ity was produced on many carbohydrates, glu-
cose was clearly the best carbon substrate.
Saccharides containing two or more glucose
units were the poorest inducers.

Glucose was incorporated as carbohydrate in
media used to investigate the effect of nitrogen
source on enzyme production. The results are

presented in j'able 2. Although highest enzyme

activity per milliliter of CFS was measured in
media containing glutamine, highest induction
as related to biomass was detected with
(NH,)2SO as nitrogen source. However, signifi-
cant levels of enzyme activity were measured
with all nitrogen sources.

The effect of pH on growth and polygalactu-
ronate lyase production by the B. subtilis iso-
late is illustrated in Fig. 1. (NH4)2SO4 and
glucose were incorporated into the basal salts
medium. Although bacterial growth occurred
between pH 4.7 to 7.5, the growth rate de-
creased with increase in pH. Because growth
was accompanied by acid production, growth
stopped when the pH dropped to about 4.5.

TABLE 1. Effect of carbon source on
polygalacturonate 1yase production by B. subtilisa

Polygalacturonate
lyase act

Carbon source Biomass
(0.5%, wt/vol) (mg/ml) Units/ Units/

ml of mg of
CFS biomass

Glucose ................ 0.9 8.4 9.3
Galactose .............. 0.6 2.7 4.6
Lactose ................ 0.24 0.01 0.04
Maltose ................ 1.4 1.8 1.3
Cellobiose .............. 0.9 0.6 0.6
Melibiose .............. 1.4 8.4 6.0
Raffinose ............... 0.9 2.1 2.3
Starch ................. 1.4 2.1 1.5
Amylose ..0.6
Xylan ..6.0
Pectin ................. 1.5 6.0 4.0
Na-polypectate (Sigma,
London) ............. 1.6 6.6 4.1

a The basal mineral medium contained ammonium
sulfate (0.2%, wt/vol) as nitrogen source.

TABLE 2. Effect of nitrogen source on
polygalacturonate Iyase production by B. subtilisa

Polygalacturonate
iyase act

Nitrogen source B(omassg nits/mg
Units/m of bio-

mass

Peptone ........... 2.5 4.3 1.7
Casein ............ 3.0 6.6 2.2
Casamino Acids .... 2.0 7.7 3.9
Yeast extract ...... 2.4 9.2 3.8
Skim milk ......... 2.4 3.8 1.6
Alanine ........... 1.8 8.7 4.8
Glutamine ......... 1.8 12.0 6.7
Methionine ........ 0.1 0.6 6.0
Tryptophane ...... 0.1 0.7 7.0
Leucine ........... 0.2 0.6 3.0
Asparagine ........ 1.5 6.0 4.0
NaNO8 ............. 0.9 1.6 1.7
(NH4)2SO4 0.9 8.0 8.9
NH4NO3 .......... 0.8 5.1 6.4

a The basal mineral medium contained glucose
(0.5%, wt/vol) as carbon source.
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FIG. 1. Effect ofpH on growth and polygalacturon-
ate Iyase production by B. subtilis. The initial pH
values of the culture media were 5.5, 6.25, 7.0, and 7.4.

Generally, the pattern for enzyme production
was similar to the growth pattern. However,
production stopped when the pH of the medium
dropped to 5.3, although growth was not im-
paired.
Enzyme production by F. pectinovorum.

In determining the effect of carbon source on

polygalacturonate lyase production by F. pec-

tinovorum, (NHj2SO4 was added as nitrogen
source to the basal medium. The results are

presented in Table 3. The enzyme was only
induced by pectic substances. On other car-

bohydrates only a very low level of activity was

observed.
Sodium polypectate was added as inducer to

media used in investigating the effect of nitro-
gen source on enzyme elaboration by this orga-

nism (Table 4). While highest activity per milli-
liter of CFS was obtained when skim milk was

used as a nitrogen source, activity reflected the
high biomass production. The carbohydrate
content of skim milk made little or no contri-
bution to the level of activity produced (Table
4). (NH4)2SO4 caused highest enzyme produc-
tion per unit of biomass. Apart from skim milk,
enzyme production on complex nitrogen sources
was completely inhibited or low (Table 4).
The influence of pH on growth and enzyme
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production is illustrated in Fig. 2. Sodium
polypectate and (NH,)2SO were added to the
basal medium in this experiment. Bacterial
growth, which in this case was accompanied by
a slight rise in pH, occurred between pH 5.7 and
7.2. Within this range the growth rate increased
with increase in pH. Enzyme production oc-
curred during active growth by the organism.
Although enzyme production was affected by
the growth rate, it appeared to be otherwise
independent of the pH of the medium.

TABLE 3. Effect of carbon source on
polygalacturonate lyase production by F.

pectinovoruma

Polygalacturonate
lyase act

Carbon source Biomass
(0.5%, wt/vol) (mg/ml) Units Units/mg

of CFS of bio-
mass

Glucose .... .... 1.9 0.0 0.0
Galactose .......... 0.8 0.06 0.07
Lactose ............ 005 0.003 0.06
Maltose ........... 1.7 0.4 0.2
Cellobiose ......... 1.8 0.3 0.2
Gentiobiose ........ 2.0 0.8 0.4
Starch ............. 1.9 0.1 0.05
Amylose 0.3
Xylan 1.3
Pectin ............. 0.6 8.2 1.4
Na-polypectate .... 0.9 36.0 40.0

a The basal mineral medium contained ammonium
sulphate (0.2%, wt/vol) as nitrogen source.

TABLE 4. Effect of nitrogen source on
polygalacturonate Iyase production by F.

pectinovoruma

Polygalacturonate
Iyase act

Nitrogen source
Biomass

Nitroensurce (mg/mi) Unt/lUnits/mg
of CFS ofb-

mass

Peptone ........... 2.6 0.0 0.0
Casein ............. 2.6 0.0 0.0
Casamino Acids .... 2.1 10.0 4.3
Yeast extract ...... 2.6 8.0 3.1
Skim milk ......... 2.5 40.0 16.0
Asparagine ........ 1.3 25.0 19.4
NaNO3 ............. 0.4 6W 15.0
(NH4)2SO4 ........ 0.9 35.0 39.0
NH4NOS .......... 1.2 26.0 21.6

a The basal mineral medium contained sodium
polypectate (Sigma, London) (0.5%, wt/vol) as carbon
source.
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FIG. 2. Influence ofpH on growth and polygalactu-
ronate lyase production by F. pectinovorum. The
initial pH values of the culture media were 5.9, 6.4,
and 6.9.

DISCUSSION
Although both organisms perform a similar

function in increasing wood permeability, the
above study reveals that the polygalacturonate
lyase is constitutively produced by the B.
subtilis isolate but is only induced in F.
pectinovorum when the medium contains pectic
substances. Apart from F. pectinovorum, induc-
ible polygalacturonate lyase has been observed
with Erwinia spp. (21), Pseudomonas fluores-
cens (5, 7, 20), Pseudomonas marginalis (13),
xanthomonads (17), Xanthomonas campestris
(14), and Clostridium multifermentans (9). On
the other hand, although constitutive polygalac-
turonate lyase synthesis was observed with Aer-
omonas liquefaciens (8) and with Erwinia spp.
(12), in contrast to B. subtilis, activity was re-
pressed by glucose. Repression of constitutive
enzyme production by glucose is a very common
phenomenon (D. D. Brown and J. Monod, Fed.
Proc., 20:222, 1961; 10). In a number of rumen
bacteria (19) and in a strain of P. marginalis (21),
constitutive polygalacturonate lyase production

was not repressed by glucose. With both B.
subtilis and F. pectinovorum, different degrees
of repression were observed when nitrogen
sources other than (NH,)2SO were added to the
medium. In contrast to this, Hancock et al. (6)
observed that polygalacturonate lyase elabora-
tion by Hypomyces solani was reduced when
individual amino acids or inorganic nitrogen
sources were substituted for casein hydrolysates
in the growth medium.
As in the case of B. polymyxa, polygalactu-

ronate lyases of F. pectinovorum and B. subtilis
are produced mainly in the log phase of growth.
The lyases of these two isolates are classical
extracellular enzymes, according to the criteria
established by Pollock (15), in that they are
produced during active growth, are found in the
cell-free supernatant, and are secreted before
extensive cell lysis has occurred.
The pH range for growth of B. subtilis was

wider than that of F. pectinovorum. Enzyme
production occurred in F. pectinovorum over its
complete growth range, but not at lower pH
values in the case of B. subtilis. Optimal
elaboration of polygalacturonate lyase by H.
solani (6) occurred within the pH range for
production of this enzyme by the two isolates.
During water storage, the pH of the sapwood

generally varied from 7.0 to 5.0 (2). It has been
illustrated that both organisms grow and elabo-
rate the enzyme within this pH range. The
growth rate of the B. subtilis isolate was higher
at lower pH values, whereas F. pectinovorum
had an increased growth rate at higher pH
values.
This study is part of a research project

undertaken to investigate the possibility of
utilizing artificial water storage tanks, seeded
with selected bacteria, to increase permeability
of softwoods to treatment with preservative.
The high pectinolytic activity and resultant
ability of the isolates to increase sapwood
permeability renders them suitable for use in
commercial storage plants for increasing wood
penetrability of preservatives.
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