FrAl 2w 2] 83 A 10(4) © 305-313(1994)
Korean J. Plant Pathol. 10(4) : 305-313(1994)

Bacterial Multiplications and FElectrophoretic Patterns of
Soluble Proteins in Compatible and Incompatible
Interactions of Pepper Leaves with Xanthomonas

campestris pv. vesicatoria

Yeon Kyeong Lee, Young Jin Kim and Byung Kook Hwang*
Department of Agricultural Biology, College of Natural Resources,
Korea University, Seoul 136-701, Korea

Xanthomonas campestris pv. vesicatoria®l| Z‘H=l 1FE 9|
ZIEHE, 8%I3F oi2oAM MZFSAnt
84 chizol MI|HE mE

01 - AP - gy
st AARAN S}

ABSTRACT : Typically susceptible lesions were developed on pepper (cv. Hanbyul) leaves inocula-
ted with the compatible strain Ds 1 of Xanthomonas campestris pv. vesicatoria. The lesions appeared
first water-soaked and then turned yellow with a chlorotic area. In contrast, the leaves inoculated
with the incompatible strain 81-23 initially turned yellow and then developed local necrosis. Multi-
plication of X. c. pv. vesicatoria in pepper leaves also were distinctly different between the two
strains. The strain Ds 1 multiplied more greatly than did the strain 81-23 in the infected leaves.
X. c. pv. vesicatoria infection of pepper leaves induced the synthesis of soluble proteins, especially
more greatly in the compatible than in the incompatible interactions. Some pathogenesis-related
(PR) proteins were detected in the intercellular washing fluid (IWF) and extracts of the infected
pepper leaves. In particular, the 32kDa protein on SDS-PAGE gels appeared intensely in the
incompatible interaction. In contrast, some proteins with molecular masses of 65, 71, and 75kDa
disappeared in the infected pepper leaves. Isoelectric focusing could identify the pIs of soluble
proteins in infected pepper leaves. The accumulation of the IWF from infected leaves was more
conspicuous in the incompatible than the compatible interaction. These results suggest that some
extremely acidic and basic proteins were induced and accumulated in the intercellular spaces
of infected pepper leaves.

Key words : Xanthomonas campestris pv. vesicatoria, Capsicum annuum, bacterial multiplication, pa-
thogenesis-related protein.

bacteria is characterized by the phenomena that ba-
cterial growth is very active and susceptible lesions

Xanthomonas campestris pv. vesicatoria (Doidge)
Dye, causes bacterial spot disease in pepper (Capsi-

cum annuum L) and tomato (Lycopersicon esculen-
tum Mill). Development of the disease on these host
plants has been known to be favored by plant wou-
nding, high air temperature, rain, and wind (26).
Severe plant infection may reduce fruit yield and
quality of pepper.

Compatible interaction of plants with pathogenic
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develop (9). Compatible strains inactivate and avoid
plant defense responses. Incompatible interaction is
characterized by inhibition of bacterial growth and
spread, lack of symptom, and hypersensitive reac-
tion. Genetic analysis of host-pathogen interactions
can be used to help dissect the process by which
plants perceive the presence of a pathogen.
Infections by incompatible microbial pathogens
induce accumulation of soluble proteins in plants
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(4,21,22). Enzymatic role and way of interacting
with pathogen of such proteins remain to be unelu-
cidated. However, such host-synthesized proteins
have been known to be usually correlated with de-
velopment of defense response. When plants are
infected with bacteria, fungi or viruses (7,13, 16, 18,
20), soluble host-encoded proteins are accumulated
with symptom development. Since the first discovery
of such proteins in tobacco plants hypersensitively
reacting with TMV, these have currently been found
in several plant species after infection with various
pathogens (7,11,16,19,25). Namely, ‘pathogenesis-
related (PR)’ proteins are accumulated in plant tis-
sues responded to various pathogens. PR proteins
are characterized by selective extractions at low pH,
relatively low molecular weight, accumulation in the
intercellular space, a high resistance to proteolytic
activity, easy resolving by electrophoresis in polyac-
rylamide gel, and extreme isoelectric points.

In the present study, we investigated the changes
in amounts and patterns of soluble proteins accu-
mulating in the intercellular washing fluids (IWF)
and extracts of pepper (cv. Hanbyul) leaves after
inoculation with X. ¢ pv. vesicatoria strains Ds 1
(compatible) and 81-23 (incompatible) and of uni-
noculated leaves. The multiplications of X ¢ pv.
vesicatoria in pepper leaves also were compared bet-
ween compatible and incompatible interactions.

MATERIALS AND METHODS

Plant, bacteria, and inoculations. Seeds of pepper
cultivar ‘Hanbyul’, which differed in susceptibility
to X. ¢ pv. vesicatoria strains tested (14), were sown
in a plastic tray (55X35X15cm) containing steam-
sterilized soil mix (peat moss, petlite, and vermicu-
lite, 5:3:2, v/v/v), sand, and loam soil (1:1:1, v/v/v).
Six seedlings at the six-leaf stage were transplanted
in each of plastic pots (5X15X10cm) containing
soil mix, sand, and loam soil. Pepper plants were
raised up to the second-branch stage in a growth
room with temperatures ranging from 23 to 27°C
and 16 h-photo period.

The two strains of X. ¢. pv. vesicatoria Ds 1, com-
patible or 81-23, incompatible to the pepper cultivar
Hanbyul were used in this study (14). Strain Ds
1 was isolated in 1991 from pepper plants in Korea.
The other strain 81-23 was provided by R. E. Stall,
Department of Plant Pathology, University of Flo-

rida, Gainsvile. Bacteria were repeatedly purified
from single colonies. Broth cultures of bacteria were
grown in the yeast-nutrient medium (5g yeast ext-
ract and 8 g nutrient broth per liter H,O). The bac-
terial strains were usually stored at —70°C in the
yeast-nutrient broth containing 15% glycerol.

To prepare bacterial inoculum for inoculation in
pepper leaves, bacterial strains were grown in yeast-
nutrient broth for 24 h. Bacterial inoculum were pe-
lleted by centrifugation at 3,000g for 15min. The
harvested bacterial cells were then suspended in ste-
rile tap water. Cell suspensions were adjusted to
10® colony-forming units per ml (an absorbance of
0.06 at 660 nm) with sterile tap water prior to inocu-
lation. Pepper plants of second-branch stage were
inoculated by vacuum-infiltrating the bacterial sus-
pension (10° cfu/ml) into the abaxial side of the fully
expanded leaves with an atomizer connected to a
compressor. The inoculated pepper plants were in-
cubated in a moist chamber with temperature ra-
nging from 23 to 27°C, and 16 h-photo period.

Evaluation of bacterial population in pepper leaves.

Test pepper plants were observed for symptom
development daily after inoculation. Bacterial popu-
lation in the inoculated pepper leaves was determi-
ned at different time intervals after inoculation by
dilution-plating procedure. Two leaf segments (4 cm’
each) were cut from the inoculated areas and tritu-
rated in 10 ml sterile tap water. The resulting suspe-
nsions were serially diluted with sterile water. The
0.1 ml bacterial suspension in a dilution series was
spread onto Tween media (10g pepton, 10g potas-
sium bromide, 025¢g calcium chloride, 0.3 g boric
acid, 10ml Tween 80, 50 mg cycloheximide, 65 mg
cephalexin, 12 mg 5-fluorouracil and 0.4 mg tobram-
ycin per liter) (17). The inoculated plates were incu-
bated at 28°C for 3~4 days. The numbers of colo-
nies appearing were transformed into logl0O values.
The experiment was repeated twice and each expe-
riment had three replications.

Preparation of intercellular washing fluids (IWF)
and leaf extracts. Intercellular washing fluids (TWF)
in pepper leaves were obtained at different time in-
tervals after inoculation, according to the method
of Klement (8). Entire leaves were vacuum-infiltra-
ted with distilled water at 4°C for 20 min and then
blotted dry with paper towel or filter paper. The
infiltrated leaves were rolled and placed in a spe-
cially designed centrifuge tube. The IWF was colle-
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cted by centrifugation of leaves at 3,000 g for 10 min
and stored at —20°C.

Leaf extract was prepared by homogenizing 1g
leaves in liquid nitrogen and extracting the fine leaf
powder with 3ml 0.5M sodium acetate buffer (pH
5.2) containing 15mM 2-mercaptoethanol using a
prechilled mortar and pestle. The homogenates were
centrifuged for 60 min at 20,000 g and the superna-
tants were stored at —20°C. Aliquots of the clear
supernatants from the IWF and leaf extracts were
used to determine protein content with the method
of Bradford (1), using bovine serum albumin as a
standard.

SDS polyacrylamide gel -electrophoresis. Before
polyacrylamide gel electrophoresis, proteins in inter-
cellular washing fluid and leaf extracts were precipi-
tated with 100% acetone at —20°C for overnight.
IWF and leaf extract were centrifuged at 4°C, 1,500 g
for 15 min. The pellet was washed with 80% acetone
and resuspended in distilled water. Electrophoresis
was performed in 10~20% SDS polyacrylamide
gradient gels with an overlayed stacking gels of 5%,
according to the method of Laemmli (12). The mo-
lecular weights of the various proteins were estima-
ted by coelectrophoresis of marker proteins (Serva)
ranging from 6.5 to 92.5kDa.

The sample solution which consisted of 30 ul pro-
tein solution (30 pg protein) and 6 ul sample buffer,
was heated for 3min in a boiling water bath and
applied to the gel. Sample buffer contained 09g
glycine, 0.1 ml 1% (w/v) bromophenol blue, 1 ml 10%
(w/v) SDS and 0.1 ml mercaptoethanol. The elect-
rode buffer (pH83) contained 144g glycine, 1g
SDS and 3 g Tris per liter. SDS-PAGE was carried
out at 100V for 1h and then at 200V for 6h at
8°C. Proteins in the SDS-polyacrylamide gel were
stained by Coomassie brilliant blue R 250.

Isoelectric focusing (IEF). Isoelectric focusing of
proteins in the IWF and leaf extracts was carried
out on 10% polyacrylamide gel containing ampho-
line (pH 3.5~10, Sigma) according to manufacturer’
s protocol (LKB). The pl markers, ranging from
pl 3.6 to 93 (Sigma), were coelectrophoresed to esti-
mate the pls of the various proteins. Samples (40 ug)
were loaded in the center of the IEF gel and run
at 200V for 20min, 400V for 1h, 600V for 1h,
800V for 1h, 1,000V for 3h and 1,100V for 1h.
The IEF gel was fixed in 20% (v/v) trichloroacetic
acid (TCA) for 1h and then shortly rinsed with

distilled water. The gel was stained in Serva blue
W and destained in 0.02% (v/v) TCA until backg-
round disappeared.

RESULTS

Multiplication of bacteria in the compatible and in-
compatible responses. Typical bacterial spot lesions
were observed daily on pepper leaves inoculated
with each of X ¢ pv. vesicatoria strains Ds 1 and
81-23 (Fig. 1). Pepper leaves inoculated with the co-
mpatible strain Ds 1 developed susceptible lesions,
which appeared water-soaked and turned yellow at
3 days after inoculation. After 6 days, large chlorotic
and necrotic areas were developed, turing light-
brown. The lesions were slightly sunken on the up-
per leaf surface, but slightly raised on the lower
surface. After 8 days, affected pepper leaves were
curled up. Severely affected leaves were dried and
dropped. With the incompatible strain 8§1-23, the
affected leaf tissue changed from green to yellow

Fig. 1. Differential reactions of pepper (cv. Hanbyul)
leaves to the strains Ds 1 (compatible) and 81-23 (inco-
mpatible) of Xanthomonas campestris pv. vesicatoria at
the second-branch stage.

81-23
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Fig. 2. Time course of bacterial multiplication in pep-
per (cv. Hanbyul) leaves inoculated with Xanthomonas
campestris pv. vesicatoria strains Ds 1 (compatible) and
81-23 (incompatible) at the second-branch stage. Verti-
cal bars represent standard deviations.

at 3 days after inoculation. After 4 days, localized
necrosis appeared at the site of inoculation and fa-
ded from green through light-tan to a chalky white
color.

Multiplication of X ¢ pv. vesicatoria in pepper
(cv. Hanbyul) leaves inoculated with each of the
compatible strain Ds 1 and the incompatible strain
81-23 at second-branch stage is presented in Fig. 2.
The number of bacteria recovered from lesions on
the leaves inoculated with Ds 1 was in general hi-
gher than those from lesions on the leaves inocula-
ted with 81-23. However, there were no significant
differences between the two compatible and incom-
patible combinations in bacterial multiplication du-
ring the first period of 24h after inoculation. In
the leaves inoculated with compatible strain Ds 1,
bacterial population increased to 10''— 10" cfu/cm?
leaf by 14 days after inoculation and then declined.
In the leaves inoculated with incompatible strain
81-23, bacterial population also increased to 108—10°
cfu/cm? area by 8 days and then declined. The
compatible strain Ds 1 multiplied 10° to 10*fold

more than of the incompatible strain 81-23 in pep-
per leaves within 14 days after inoculation.

Comparison of soluble proteins between the compa-
tible and incompatible interactions. Levels of soluble
protein concentrations in intercellular washing
fluids (IWF) and extracts of pepper (cv. Hanbyul)
leaves inoculated with X. ¢ pv. vesicatoria strains
Ds 1 (compatible) and 81-23 (incompatible) and of
uninoculated pepper leaves are presented in Fig 3.
Low levels of protein concentrations remained in
IWF and extracts of uninoculated pepper leaves.
In contrast, an increase in protein concentrations
was observed in IWF and extracts of the leaves
inoculated with each of the two strains. Compared
to the incompatible interaction, a rapid increase in
protein concentrations occurred in the compatible
interaction, reaching maximum at 13 days after ino-
culation. In particular, the differences between the
compatible and incompatible interactions in protein
accumulations were more pronounced in IWF than
in the leaf extracts.

SDS-PAGE of soluble proteins in IWF of leaves
inoculated with the compatible strain Ds 1 and the
incompatible strain 81-23 and of uninoculated pep-
per leaves are illustrated in Fig. 4. Proteins of diffe-
rent molecular weights in the range of 6.5~92.5kDa
were detected in TWF of leaves inoculated with the
two strains and of uninoculated pepper leaves. The
protein with molecular weight of 32kDa appeared
intensely in the TWF of infected leaves. The protein
begun to accumulate rapidly within 2 days after
inoculation. In the incompatible interaction, the in-
crease in the protein intensity was higher than in
the compatible interaction. However, three protein
bands (M.W. 65, 71, and 75kDa) disappeared gra-
dually in the inoculated pepper leaves. On the other
hand, five protein bands (M.W. 25, 28, 39, 42, and
53 kDa) became intense in the IWF of inoculated
pepper leaves. In the incompatible interaction, the
accumulation of these proteins were more pronoun-
ced than in the compatible interaction.

SDS-PAGE of soluble proteins in the extracts of
pepper leaves inoculated with the strains Ds 1 and
81-23 and of uninoculated pepper leaves is illustra-
ted in Fig 5. Proteins of different molecular weights
were detected in the range of 6.5~92.5kDa. The
protein of 32kDa occurred in a high level in the
extracts of inoculated pepper leaves, as in the IWF.

‘In the inoculated leaves, the accumulation of this
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Fig. 3. Time course of soluble proteins in intercellular washing fluids (IWF) and extracts of pepper (cv. Hanbyul)
leaves after inoculation with Xanthomonas campestris pv. vesicatoria strains Ds 1 (compatible) and 81-23 (incompati-
ble) and of uninoculated pepper leaves at the second-branch stage. Vertical bars represent standard deviations.

COMPATIBLE INCOMPATIBLE

| ml 1

M C 2 4 7 1013 2 4 7101 M
DAYS AFTER INOCULATION
Fig. 4. SDS-PAGE of soluble proteins in the intercel-
lular washing fluids (IWF) of pepper (cv. Hanbyul) lea-
ves obtained 2, 4, 7, 10, and 13 days after inoculation
with Xanthomonas campestris pv. vesicatoria strains Ds
1 (compatible) and 81-23 (incompatible) and of unino-
culated pepper leaves (C). Each lane contains 25ug
protein. Lanes ‘M’ contain Mr. markers. The SDS pol-
yacrylamide gel was stained with Coomassie brilliant
blue. Arrows indicate the 32kDa proteins in the gels.
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Fig. 5. SDS-PAGE of soluble proteins in the extracts
of pepper (cv. Hanbyul) leaves obtained 2, 4, 7, 10,
and 13 days after inoculation with Xanthomonas campe-
stris pv. vesicatoria strains Ds 1 (compatible) and 81-23
(incompatible) and of uninoculated pepper leaves (C).
Each lane contains 25pg protein. Lanes ‘M’ contain
Mr. markers. The SDS polyacrylamide gel was stained
with Coomassie brilliant blue. Arrows indicate the 32
kDa proteins in the gels.
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Fig. 6. Isoeclectric focusing (IEF) of soluble protein in
intercellular washing fluids (IWF) and extracts of pep-
per (cv. Hanbyul) leaves obtained 7day after inocula-
tion with Xanthomonas campestris pv. vesicatoria strains
Ds 1 (compatible) and 81-23 (incompatible) and of uni-
noculated pepper leaves (C). Each lane contains 20 pg
protein. The IEF gel was stained with Serva blue W.

protein was in general higher in the incompatible
interaction than in the compatible interaction. Three
proteins of 65kDa, 71 kDa, and 75 kDa disappeared
gradually in pepper leaves 7 days after inoculation
with the compatible strain Ds 1. An intense protein
band of 20kDa also appeared in the leaves 13 days
after inoculation with the two strains. No significant
differences in the other protein patterns were found
between the uninoculated leaves, compatible or in-
compatible interactions.

Patterns of soluble proteins in the IWF and ext-
racts of pepper leaves inoculated with the compati-
ble strain Ds | and the incompatible strain 81~23

and of uninoculated pepper leaves after isoelectric
focusing (IEF) are illustrated in Fig.6. A number
of proteins with pl in the range of 3.7~9.7 were
separated in the IEF gel (Ampholine, pH 3.5~10.
Sigma). In the IWF, significant differences in the
levels of five proteins with pls 3.7, 4.0, 4.2, 90, and
9.5 were found between the compatible and incom-
patible interactions. These proteins accumulated
more greatly in the incompatible than in the unino-
culated and compatible IWF. In the leaf extracts,
there were no significant differences in protein pat-
terns between these compatible and incompatible
interactions. The two proteins of pls 40 and 4.2
only occurred slightly more in the incompatible
than in the uninoculated or compatible leaves.

DISCUSSION

Multiplication of bacteria in compatible and incom-
patible responses. Typically susceptible lesions were
developed on pepper leaves inoculated with the co-
mpatible strain Ds | of X ¢ pv. vesicatoria. The
lesions appeared first water-soaked and then turned
yellow with a chlorotic area. Severely affected leaves
were dried and dropped. In contrast, the leaves ino-
culated with the incompatible strain 81-23 initially
turned yellow and developed hypersensitive, local
necrosis on the site of inoculation. Thereafter, the
lesions did not enlarge any more, as previously ob-
served by Stall and Cook (24) and Hibberd er al
(5). Multiplication of X. ¢ pv. vesicatoria in pepper
leaves also were distinctly different between the two
strains. In particular, the strain Ds 1 multiplied
more greatly than the strain 81-23 in the infected
leaves. The population of Ds | continuously increa-
sed by 14 days after inoculation, whereas in leaves
inoculated with 81-23, the increase of bacterial po-
pulation reached maximum by 8 days after inocula-
tion and thereafter declined. Since the pepper leaves
inoculated with 81-23 developed local necrosis at
the onset of pathogenesis so as to provide condi-
tions unfavorable for bacterial multiplication, the
incompatible bacteria did not multiply actively wi-
thout the continuous enlargement of the lesions (2,
14,23, 24).

Hypersensitive reaction (HR) in plants to the pa-
thogenic bacteria seems to be a general event invol-
ved in infection processes (10). A basic difference
in reactions of hypersensitive and susceptible tissues
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is that necrosis occurs much more rapidly in hyper-
sensitive tissue. Interestingly, the multiplication of
the incompatible strain §1-23 was greatly inhibited
in the hypersensitive, necrotic leaf tissue. Since the
Xanthomonad is a facultative saprophyte. it does not
seem reasonable that the growth stop or decrease
of the strain 81-23 in hypersensitive tissue may re-
sult from the altered food relationships after death
of plant cell, as suggested by Klement and Good-
man (10). The inhibition of bacterial multiplication
in hypersensitive leaves may occur after release of
bacterial inhibitors such as phytoalexins from hype-
rsensitive plant cells. More recently, the possible in-
volvement of pathogenesis-related (PR) proteins has
been demonstrated in the formation of necrotic le-
sions characteristic of the HR in plant responses
to plant pathogenic bacteria (3,4, 6,22). Some hyd-
rolytic enzymes may become functional only when
host cells are lysed during pathogenesis, e. g, when
fungal enzymes digest the host cell walls, thereby
causing the protoplast to burst, or when the patho-
gen triggérs a hypersensitive response to the surrou-
nding host tissue.

Comparison of soluble proteins between the compa-
tible and incompatible interactions. A X. ¢ pv. vesi-
catoria infection of pepper leaves induced the syn-
thesis of soluble proteins, especially more greatly
in the compatible than in the incompatible interac-
tions. Such an accumulation of large amounts of
proteins in the compatible interactions suggests that
protein metabolism in the compatible leaves may
be stimulated to favorably multiply X. ¢. pv. vesicato-
ria. In particular, the presence of high levels of so-
luble proteins in the intercellular fluid of pepper
leaves infected with X. ¢ pv. vesicatoria could be
explained by the availability of some proteins to
colonize and multiply the bacteria in the intercellu-
lar space.

Our data of protein patterns on SDS-PAGE indi-
cate that in pepper leaves some pathogenesis-related
(PR) proteins could be induced upon inoculation
with compatible or incompatible strains of X. ¢ pv.
vesicatoria. Several new proteins were detected in
IWF or extracts of pepper leaves infected by X ¢
pv. vesicatoria. Some of these proteins, of which the
32kDa protein was an example, were induced in
pepper leaves by X ¢ pv. vesicatoria. They could
be candidates for PR proteins which have a func-
tion specific to host-pathogen interaction. In parti-

cular, the 32 kDa protein on SDS polyacrylamide
gels appeared intensely in the incompatible interac-
tion. The protein was ascertained as. a chitinase on
the renaturated gel or by an affinitiy chromatogra-
phy on a regenerated chitin column (15). In cont-
rast, some proteins with molecular masses of 65,
71, and 75kDa disappeared from pepper leaves by
X. ¢ pv. vesicatoria infection especially in the com-
patible interaction, indicating their possible degra-
dation during pathogen attack. In rice plants infec-
ted by X oryzae. pv. oryzae, Kim and Yoo (7) demo-
nstrated recently that ten proteins increased in res-
ponse to infection, one protein decreased during in-
fection, and ten new proteins were induced by infe-
ction.

Isoelectric focusing of soluble proteins in the IWF
and extracts of pepper leaves showed significantly
differences in the levels of some proteins between
the compatible and incompatible interactions. In
particular, the accumulation of proteins with pls
3.7, 40, 42,90 and 9.5 in the IWF of infected leaves
was more pronounced in the incompatible than in
the compatible interaction. These data suggest that
the synthesis of some extremely acidic and basic
proteins were remarkably induced in the IWF from
the incompatible interaction.

From the SDS-PAGE and IEF, we could observe
that acidic and basic proteins with low molecular
masses, so called PR-proteins, were induced in pep-
per leaves following infection by X ¢ pv. vesicatoria.
The PR proteins which accumulate in the patho-
gen-infected plant tissue have been considered to
be encoded and synthesized by the host, but not
by the pathogen (27). Some of these PR-proteins
may function in the disease expression of X ¢ pv.
vesicatoria in pepper plants, whereas other PR-pro-
teins may also play a significant role in the induc-
tion of a defense against the disease. Further detai-
led study will be done to elucidate whether or not
new proteins occurring in the X ¢ pv. vesicatoria-
infected pepper leaves are PR-proteins such as B-
I, 3-glucanases and chitinases, and what are their
biological functions in the compatible and incom-
patible interactions of pepper leaves infected by X
¢. pv. vesicatoria.
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