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Erwinia chrysanthemi is an enterobacterium that causes soft-rot in plants in general, re-

sulting in enormous economic losses annually. For the pathogen to survive in the host
plant, it has to use the readily assimilable compounds from the host fluids and degrade
the host tissue. To accomplish this, E. chrysanthemi produces several extracellular and in-
tracellular enzymes. Among the intracellular enzymes there is a special digestive class, the
galactosidases, which can be either periplasmic or cytoplasmic. a-Galactosidase is known
to degrade melibiose and raffinose into glucose and galactose, and into galactose and su-
crose respectively. The aim of the present study was to investigate the kinetic properties of
o-galactosidase in E. chrysanthemi, and the localization of total proteins, after culturing it
in the presence of raffinose and melibiose. The a-galactosidase that degrades melibiose se-
ems to be the same enzyme that is also responsible for the breakdown of raffinose in E.
chrysanthemi. It is localized mainly in the cytoplasm with a fraction of between 2.4 and 5.4
% localized in the periplasm. The majority of E. chrysanthemi proteins have cytoplasmic lo-

calization.
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Introduction

Bacterial cells utilize a variety of mechanisms in the
transport of carbohydrates and their subsequent meta-
bolic degradation. Although bacteria lack discrete cellu-
lar compartments such as organelles, they do possess
subcellular organization at the level of protein localiza-
tion. Nutrients that cross the envelopes of Gram-nega-
tive bacteria have to traverse a complex structure, con-
sisting of a pair of membranes (periplasmic and cyto-
plasmic) interspersed by the periplasm and cytoplasm,
respectively. The two membranes have points of contact
with one another, suggesting a more complex structure

(1-3). The surface of the cell wall has proteins (porins)
incorporated into it that function as hydrophilic pores of
various diameters through which water and water-solu-
ble solutes can migrate (4).

Among the proteins found in the periplasm is a spe-
cial class of digestive enzymes that cleave cytoplasmic
membrane-impermeable molecules into molecules whose
translocation across the cytoplasmic membrane is cata-
lyzed by the presence of specific enzymes called per-
meases. These transport proteins are localized primarily
in the cytoplasmic membrane and they exhibit specifici-
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ties for different nutrients such as sugars, vitamins, ami-
no acids, nucleotides and many other compounds (5,6).

Erwinia soft-rot species of plant pathogens are en-
terobacteria that cause diseases, typified by the macera-
tion of host tissues on a wide range of plants (7,8). Soft-
-rot erwinias produce several extracellular enzymes in-
cluding pectinases, cellulases and proteases that can at-
tack different components of the plant cell wall. The se-
cretion of pectinases is responsible for the maceration of
the plant tissue by soft-rot erwinias. Some characteristics
of the disease are still not well understood. For example,
the mode of action involved in the systemic spreading
of Erwinia within the plant is not known (8,9).

Melibiose and raffinose are known to constitute a
carbohydrate source in plants (10,11), and may provide
nutritional resources for E. chrysanthemi during infection
(12). The survival of E. chrysanthemi in the host plant de-
pends, among other things, on its ability to degrade and
assimilate the host tissue. This requires the presence of
specific degradative enzymes and the existence of vari-
ous transport systems. In this study, the localization of
the proteins within the bacterial cell as well as the kine-
tic properties of a-galactosidase produced by this patho-
gen are investigated.

Materials and Methods

Erwinia chrysanthemi strain and culture media

Erwinia chrysanthemi strain (EC-C) used was isolated
from corn (7). Luria Bertani and Minimal M63 media
were prepared according to Miller (13). All media were
adjusted to the desired pH before sterilizing at 101 kPa
(121 °C) for 20 min. The sugar solutions were made in
bidistilled water and filter-sterilized through a 0.22-um
membrane filter (Millipore Corp., USA). o-Nitrophenyl-
a-D-galactopyranoside (20 mM) was made in bidistilled
water. Buffers: (i) 0.1 M CH;COONa at pH=3.7, 4.8 and
5.6, (ii) 0.1 M NaH,PO, at pH=6.4, 7.0, 7.4 and 8.0, (iii)
0.1 M Tris-HCl, pH=9. The solution of MgSO,-7H,0 was
added to all buffers to a final concentration of 0.1 %.

o-Galactosidase assay

The assay method for a-galactosidase activity was a
modified version of the method of Gray (12). An over-
night E. chrysanthemi culture grown in Luria Bertani (30
°C, 200 rpm) was used to inoculate minimal M63 me-
dium supplemented with either 0.05 % glycerol and 0.4
% melibiose, or 0.05 % glycerol and 0.4 % raffinose. The
cultures were incubated at 30 °C with shaking (200 rpm)
until an absorbance at A=600 nm reached 0.8. Cultures
supplemented with glycerol only (0.4 %) were used as
controls. The assay mixture contained 0.1 mL of cells, 0.5
mL of Tris buffer, 0.3 mL of bidistilled water and 25 pL
of toluene. After vortexing and equilibrating at 30 °C for
5 min, the reaction was started by the addition of 0.1 mL
of o-nitrophenyl-o-D-galactopyranoside (20 mM). The re-
action was stopped after 15 min by the addition of 1 M
Na,CO; solution. After determination of the absorbance
at 420 and 550 nm, respectively, a correction for turbidity
was made by subtracting 1.711 X Asso,, from the Agyonm
reading in a Milton Roy Spectronic 1201 spectro-

photometer (Milton Roy, New York, USA). Enzyme ac-
tivity was calculated according to Miller (13), as follows:

Activity units (A.u.) =
= (1000 x Nett A42(]nm) / (t XD X A(,()()nm)

where:

Nett Aponm = average Agponm — average Asson, x 1.711,
t = time of the reaction in min,

v = volume (mL) of culture used in the assay.

Kinetic properties of a-galactosidase

The kinetic properties of o-galactosidase were de-
termined using o-nitrophenyl-a-D-galactopyranoside
(0-ONPG) as substrate. These properties included the
pH optimum, the pH stability, the temperature opti-
mum, the temperature stability, the Michaelis constant
(K,) and maximum reaction rate (v,,,) of this enzyme.
A linear enzyme assay curve was achieved in the fol-
lowing way: phosphate buffer, pH=7.4 (2.5 mL), was
mixed with bidistilled water (2.2 mL) and a-ONPG (0.25
mL) in a 25-mL Erlenmeyer flask, the mixture was equil-
ibrated at 30 °C for 5 min prior to the addition of 0.25
mL of cell suspension. Samples (0.5 mL) were taken at
5-min intervals over a period of 45 min and immedi-
ately mixed with 1 M Na,CO; (1 mL) to stop the reac-
tion. Absorbance was determined at 420 nm in a Milton
Roy Spectronic 1201 spectrophotometer (Milton Roy,
New York, USA). Control was prepared by replacing
the substrate with bidistilled water. All subsequent ki-
netic determinations were done on the basis of the en-
Zyme assay curve.

For the study of the pH optimum, the determina-
tion of enzyme activity was done in triplicates at each
pH value. The assay procedure was similar to the one
used in establishing the enzyme assay curve, but scaled
down in volume and carried out in Eppendorf micro-
centrifuge tubes. The reaction mixtures were incubated
at 30 °C for 30 min before determining the absorbance at
420 nm. For determining pH stability, the crude enzyme
was incubated with individual buffers in equal volumes
and left at room temperature for 3 h before its activity
was assayed in phosphate buffer (pH=7.4).

Temperature optimum was obtained by determin-
ing enzyme activity at different temperatures ranging
from 0 (ice-water slurry) to 100 °C (boiling water bath).
The assay procedure was as described above for pH op-
timum, except that phosphate buffer at pH=7.4 was
used. For determining temperature stability, 0.5 mL of
cell suspension was dispensed into Eppendorf microcen-
trifuge tubes and pre-incubated at various temperatures
for 1 h before assaying for enzyme activity in phosphate
buffer (pH=7.4) at 30 °C.

The K, and v,,,, were measured at 30 °C in phos-
phate buffer (pH=7.4) over a substrate concentration
range of 0.24 to 0.96 mM. The assay procedure was sim-
ilar to that reported for determining o-galactosidase ac-
tivity (12).

Protein determination and enzyme localization studies

The localization of periplasmic proteins (14,15) was
investigated after culturing the cells in M63 medium
supplemented with 0.001 M MgSO, and either with me-
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libiose or raffinose (0.4 %), to an absorbance value of 0.6
at A=600 nm. The cells were conditioned for osmotic
shock by adding 1 M NaCl and 1 M Tris-HCI buffer
(pH=7.3) to a final concentration of 0.03 M each. They
were harvested by centrifugation (4500 rpm) for 10 min
at room temperature and the pellet resuspended in 7.5
10 volumes of 0.03 M Tris-HCI buffer, pH=7.3. After mi-
xing by inversion, an equal volume of 0.03 M Tris-HCI,
40 % sucrose, and 2 mM Na-EDTA were added with
stirring and the cells were collected by centrifugation.
The cell pellet was resuspended in 20 mL of bidistilled
water and 1 M MgCl, was added to a final concentra-
tion of 1 mM. The cells, after salt stress, were removed
by centrifugation (4500 rpm) and the supernatant repre-
sented the periplasmic fraction.

The pellet was washed twice in 0.03 M Tris-HCl
buffer and resuspended in 1 mL of bidistilled water
prior to adding a drop of toluene and incubating at 37
°C for 1 h. After harvesting the cells by centrifugation
(4500 rpm), the supernatant was collected for the assay
of cytoplasmic proteins.

To isolate the membrane bound proteins, the pellet
was washed twice in bidistilled water, resuspended in 1
mL of bidistilled water and the cells disrupted by so-
nication on ice at 10 s for 3 min with intervals of 20 s.
After centrifugation (4500 rpm) in an Eppendorf micro-
centrifuge for 20 min at room temperature, the super-
natant was collected and assayed for membrane bound
enzymes. Total protein was determined by using the
Bio-Rad protein microassay procedure with bovine se-
rum albumin (Sigma, St. Louis, Missouri, USA) as a
standard protein.

Results and Discussion

The kinetic properties of Erwinia chrysanthemi o-ga-
lactosidase were determined using a-ONPG as a substra-
te. These properties include pH optimum and stability,
temperature optimum and stability, Michaelis constant
and maximum reaction rate. The K, and v,,,, were deter-
mined using the Lineweaver-Burk double reciprocal plot.
In order to obtain an accurate measurement of the initial
reaction rate, standard enzyme assay curves were con-
structed within time intervals. The localization of pro-
teins was investigated using both the osmotic shock me-
thod described by Willis et al. (15) and the chloroform
shock method described by Ames et al. (14).

A pH optimum of 7.4 was obtained for a-galactosi-
dase. Its pH stability ranged between pH=6.4 and 8.0.
The enzyme exhibited a temperature optimum of 50 °C
and was stable at this temperature for 1 h. Similar ki-
netic properties of a-galactosidase produced in the pres-
ence of melibiose and raffinose respectively were obtai-
ned (Table 1).

The K, values obtained in the presence of melibiose
(0.32 mM) and raffinose (0.35 mM) are shown in Table
1. This suggests that the same enzyme may be responsi-
ble for the hydrolysis of both melibiose and raffinose in
E. chrysanthemi. o-Galactosidase is a cytoplasmic enzy-
me. Raffinose has less effect on the activation of a-galac-
tosidase as compared to melibiose, as seen from Table 2.
This finding is consistent with the observations made by

Table 1. Determination of kinetic properties of a-galactosidase
produced by E. chrysanthemi grown on either melibiose or raffi-
nose using a-ONPG

t/°C pH Km  Umax
optimum stability optimum stability mM - Au
melibiose 50 0-50 74 64-80 032 0.39
raffinose 50 0-50 74 64-80 035 041

Substrate

Table 2. Localization of o-galactosidase produced by E. chrysanthemi

A.u. (a-Galactosidase)

Substrate periplasm cytoplasm membrane-  extracellular
bound

melibiose 0.67 33.10 n.d. n.d.

raffinose 0.34 5.89 n.d. n.d.

n.d. — enzyme activity was not detected

Rios et al. (16) that the affinity of an enzyme decreases
as the length of the substrate molecule increases. In E.
coli, o-galactosidase is a cytoplasmic enzyme inducible
by melibiose and raffinose and is subject to catabolite re-
pression by other simple sugars (17). However, Wong
(18) has reported an a-galactosidase in Azotobacter
vinelandii that was located outside of the cell membrane.
Our results (Table 2) clearly show that 0.67 and 33.10 ac-
tivity units of a-galactosidase are found in the peri-
plasm and cytoplasm respectively, when melibiose is
used as a substrate.

As seen from Fig. 1, about 55 % of E. chrysanthemi
proteins have cytoplasmic localization. In addition, a
small fraction of proteins is detected in the extracellular
medium, whilst substantial amounts (~400 pg/mL) are
membrane-bound. The periplasmic fraction constitutes
about 11 % of total proteins (Fig. 1). The periplasmic
proteins of Gram-negative bacteria usually comprise 10
to 15 % of the total cell proteins and are defined as those
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800 — Ocytoplasm
E membrane
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a) Raffinose

b) Melibiose

Fig. 1. Distribution of total proteins in E. chrysanthemi

a) E. chrysanthemi was cultured in M63 medium supplemented
with raffinose

b) E. chrysanthemi was cultured in M63 medium supplemented
with melibiose
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proteins that are released into the medium by mild os-
motic shock (14,15). The separation of these proteins
from the bulk of the cell protein is a very important
step, characteristic for mutations that affect periplasmic
protein genes (19).

Our data are consistent with reports that both a-
and B-galactosidase are known mostly as cytoplasmic
proteins in Gram-negative bacteria (14). In addition, the
present study also shows an apparent presence of a
small fraction of 2 and 5.4 % of a-galactosidase in the
periplasm when melibiose and raffinose are used as
substrates, respectively (Table 2). For the first time we
show that in Erwinia chrysanthemi, between 2 and 5.4 %
of a-galactosidase is localized in the periplasm of the
cell, while the major quantity of it is in the cytoplasm.
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Kineticka svojstva o-galaktozidaze i
lokalizacija ukupnih proteina u Erwinia chrisanthemi

Sazetak

Erwinia chrisanthemi je enterobakterija koja uzrokuje meko truljenje biljaka, sto tijekom
godine uzrokuje velike ekonomske gubitke. Da bi patogena bakterija mogla preZivjeti u
biljci, treba koristiti lako asimilirajuce spojeve iz sokova biljke te razgraditi njezino tkivo.
Stoga Erwinia chrisanthemi proizvodi nekoliko ekstra- i intracelularnih enzima. Od intrace-
lularnih enzima posebnu skupinu ¢ine galaktozidaze, koje se nalaze u periplazmi ili u ci-
toplazmi. Poznato je da a-galaktozidaza razgraduje melobiozu i rafinozu u glukozu i ga-
laktozu, odnosno u galaktozu i saharozu. Svrha je ovoga rada bila ispitati kineticka svojstva
o-galaktozidaze u Erwinia chrisanthemi te lokalizaciju ukupnih proteina nakon uzgoja u
prisutnosti rafinoze ili melibioze. Cini se da je a-galaktozidaza koja razgraduje melibiozu
isti enzim kao i onaj koji razgraduje rafinozu u Erwinia chrisanthemi. Enzim je smjeSten
uglavnom u citoplazmi, a u periplazmi je nadeno samo izmedu 2,4 i 54 % o-galaktozida-

ze.



