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Biological and Ecological Studies on Bdellovibrio

3. Growth of B. bacteriovorus in media composed of living and

of autoclaved bacterial cells
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Abstract

Five isolates of Bdellovibrio bacteriovorus obtained from paddy field soils of Japan
were tested on their ability and mode of multiplication in media composed of auto-
claved susceptible or resistant bacteria. The isolate Bd-N6801 successively transferred
on Xanthomonas oryzae living cell medium was commonly used in this experiment.

Bd-N6801 multiplied in media composed of autoclaved cells of susceptible and also
of some species of resistant bacteria. The multiplication was slightly retarded in the
autoclaved cell (AC) medium than in the living cell (I.C) medium. Autoclaved cytoplasm
fraction of the bacteria also supported the multiplication of Bd-N6801. Bd-N6801
grew well on AC-agar plate, forming light yellowish colonies. Lytic zone appeared
around each colony on AC-agar plate prepared from susceptible bacteria, in contrast
to negative results with plate prepared from resistant bacteria.

Since the plague forming units (PFU) on LC-agar medium closely corresponded
with the colony forming units (CFU) on AC-agar medium, it is concluded that every
cell of BA-N6801 either in the plaque on L.C-agar or in the colony on AC-agar possesses
both parasitic and saprophytic propagation abilities. The morphological characteristics
of the cells from the colony were identical with those from the plaque.

The other isolates of B. bacteriovorus, Bd-IN6802, Bd-N6804, Bd-N6805, and Bd-
N6806, also formed colonies on AC-agar medium. The ratio of CFU to PFU, however,
varied much with different isolates. (Received November 5, 1970)

Introduction

It was formerly believed that Bdellovibrio bacteriovorus could multiply only in living host
bacterial®'?, Recently, attempts to grow the bacterium on media without living host cells have suc-
cessfully been made by several workers. Burger et al.? reported that a strain of B. bacteriovorus was
able to grow on heat-killed or UV-inactivated cells of host bacteria. Shilo et al.” succeeded in cultur-
ing a host-independent mutant of B. bacteriovorus by using artificial medium, retaining their parasitic
characteristics. Huang® confirmed the multiplication of B. bacteriovorus strain 6-5-S on resting,
pasteurized, or autoclaved cells of Spivillum sepens strain VHL in several kinds of suspending media
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supplemented with CaCl; and MgSO,. Another host-independent mutant of B. bacteriovorus UK
was cultured on host-cell free artificial media by Dietrich et al.®, retaining its parasitic capacities.
1t is evident from these results that some isolates of B. bacteriovorus possess both parasitic and sapro-
phytic abilities.

The present work was carried out to make clear the fundamental problems concerning to multi-
plication of Japanese isolates of B. bacteriovorus.

Materials

Organisms B. bacteriovorus isolate Bd-N6801'® successively transferred on Xanthomonas
oryzae living cell medium was mostly used throghout the experiment. The original Bd-N6801 isolate
and other isolates, Bd-N6802, Bd-N6804, Bd-N6805, and Bd-N6806 which had been kept in freeze
dried condition were used occasionally. Susceptible bactetia, Xanthomonas oryzae, X. pruni, X.
bhaseoli, Pseudomonas solanacearum, P. eriobotryae, P. mori, Escherichia coli and Aerobacter cloacae,
and resistant bacteria, Corynebacterium michiganense, C. rathayi, X. campestris, Bacillus megaterium,.
B. subtilis, B. cereus, P. fluovescens and Agrobacterium tumefaciens were used either in living culture
or as autoclaved cell medium. B. bacteriovorus forms plaques on the susceptible bacteria, but does.
not on the resistant bacteria.

Media PSA medium!® was used to grow the host bacteria. The composition was as follows:
potato decoction 300 g, Ca(NO3)2+4H0 0.5 g, K;HPO4«12H,0 2.0 g, peptone 5 g, sucrose 20 g, agar
15 g, water 17, pH 6.8-7.0. “Living cell (L.C) medium” means a concentrated suspension of bacterial
cells in sterilized distilled water. To determine plaque forming units (PFU), LC-agar (LC plus agar
0.6%) medium was employed. “Autoclaved cell (AC) medium” was prepared by the following pro-
cedure. Bacterial cells cultured on PSA medium for 2 days were washed three times by centrifuging
in sterilized distilled water. The final precipitant was resuspended in water to make concentration of
101 to 10" cells/ml, and autoclaved at 120°C for 20 min. To determine colony forming units (CFU),.
AC-agar medium (AC plus agar 0.6%,) was used.

Methods and results

Multiplication of Bd-N6801 on L.C and AC media of susceptible and resistant bacteria
The bacteria listed in Table 1 and 2 were cultured on PSA medium at 28°C for 2 days. Both L.C

Table 1. Multiplication of Bd-N6801 in susceptible bacteria

Host LC medium?) Ratiob) AC mediuma) Ratiob)

X. oryzae 2.6x10° X 3,800 4.0 108 X 590
X. phaseoli 3.0x107 X 4,400 8.0x10¢ % 1,190
X. pruni 2.2x107 x 3,200 1.2x107 x 1,790
P. solanacearum 1.5x107 X 2,200 4.5%107 X 6,710
P. mori 2.5x107 X 3,700 7.6 X107 x 11,260
P. eriobotryae 5.5x10¢ x 820 3.2x108 X 47,160

" E. coli 1.5x107 X 2,100 4.4%107 X 6,570
Aer. cloacae 1.0x108 % 15,300 1.2x108 % 17,160

a) PFU determined on 4th day after inoculation.
b) Initial concentration of Bd-N6801: 6.7 X103 cells/ml.



Ann. Phytopath. Soc. Japan XXXVII (2). March, 1971 93

Table 2. Multiplication of Bd-N6801 in resistant bacteria2)

Host LC mediumb) Ratioc) AC mediumb) Ratioc)
C. michiganense 1.0x 102 <1 2.0x108 % 2,240
C. rathayi <1.0x10? " <1.0x10? <1
B. subtilis " " 2.4x10° X 250
B. cereus " " 6.5x10¢ X 6,840
A. tumefaciens 3.5x103 X 4 3.3x105 X 350
B. megaterium 9.5x10% X100 1.5x108 % 1,580
P. fluorescens <1.0x10? <1 8.0x10¢ X 80

a) Plaque did not appear on the lawn of these bacteria.
b) PFU determined on 4th day after inoculation.
c) Initial concentration of Bd-N6801: 9.5x 102 cells/ml.

PFU/mt
E\l

1 1
20 40 60 80 100 120
Hrs after inoculation

Fig. 1. Growth of Bd-N6801 in living (L.C) and in autoclaved
cells (AC) media prepared with Bacillus subtilis.
O : LC medium. @ . AC medium.

and AC media prepared from these cultures were inoculated with 6.7 X 10% cells/ml of Bd-N6801
cells and were incubated at 30°C. The population of Bd-N6801 was determined in terms of PFU on
the 4th day after inoculation. In AC media prepared with susceptible bacteria, Bd-N6801 multiplied
well as in LC media (Table 1). '

Bd-N6801 could not form plaques on the lawn of the resistant bacteria as listed in Table 2,
although it multiplied to a slight degree on living B. megaterium and A. tumefaciens cells. On the
other hand, Bd-N6801 multiplied rather well in AC media prepared from such resistant bacteria as
C. michiganense, B. subtilis, B. ceveus, A. tumefaciens, B. megaterium, and P. fluorescens (‘T'able 2 and
Fig. 1).:

Growth of Bd-N6801 in LC and AC media of X. oryzae Both LC and AC media prepared
from cultures of X. oryzae were inoculated with Bd-N6801 cells which had been prepared by passing
through 0.45 4 Millipore filter, and were shaken at 31°C. Periodical plating with LC-agar medium com-
posed of X. oryzae cells was carried out for PFU determination.

As shown in Fig. 2, the multiplication of Bd-N6801 in the AC medium was somewhat retarded
in comparison with that in the LC medium. In both cases, PFU decreased rapidly after attaining
maximum.
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Table 3. Multiplication of BA-N6801 in crude fraction of
Xanthomonas oryzae cells

Hours after inoculation

Medium Ratio
0 100
Washed intact cells 1.1x103 1.4x108 X 127,272
Cytoplasm " 2.0x107 % 18,181
Cell walla) " 6.5x10¢ X 5,918

Water (Control) " 1.0x 102 X <1

a) Possibly contaminated with a small quantity of cytoplasm.

10 10}
10° -
£
5 E
b 2 o1t
a9}
W'}
10° [
) L . 1
20 40 60 80
Hrs after inoculation .
o g Hrs after inoculation
Fig. 2. Growth of Bd-N6801 in living (L.C) and
autoclaved cell (AC) media prepared with X. Fig. 3. Growth of Bd-N6801 in fractions of X.
oryzae. oryzae cells.
QO : LC medium. ©® | AC medium. O : Cytoplasmic granule fraction.
+ : Control (PS medium). @ : Cytoplasmic soluble fraction.

Table 4. Multiplication of Bd-N6801 in cytoplasm of resistant bacteria

Hours after inoculation

Medium Ratio
0 100

A. tumefaciens .

Broken cell® 1.4x 104 3.8x103 X 36

Cytoplasm " 8.5x 108 X 80
B. subtilis

Broken cell " 6.3x10° X 60

Cytoplasm " 2.0x 108 x 160
C. michiganense

Broken cell " 4.0x 108 %380

Cytoplasm " 5.0x108 X476

a) Ultrasonic treated and centrifuged at 3,000 X g for 30 min to make
the preparation free from intact cells.
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Cell materials supporting multiplication of Bd-N6801 Fractionation of X. oryzae cells into
components of cell wall, cytoplasmic granules, and soluble substances was carried out by the method
of Kotani et al.¥ Each fraction was autoclaved and inoculated with Bd-N6801, followed by continuous
shaking. A small aliquot of the suspension was plated periodically for PFU determination.

Bd-N6801 multiplied most abundantly in the cytoplasmic granule fraction, followed by the
soluble fraction and cell wall fraction (Table 3). Both cytoplasmic granules and soluble substances
in other experiment supported the multiplication to the same degree (Fig. 3). Bd-N6801 also multi-
plied in the cytoplasm fraction of such resistant bacteria as 4. tumefaciens, B. subtilis, and C. mi-
chiganense (Table 4).

Colony formation of Bd-N6801 on AC-agar plate AC-agar medium inoculated with Bd-
N6801 was plated by means of the double-layer technique, and incubated at 31°C. Bd-N6801 formed
light yellowish colonies in the center of lytic zone by 4th to 5th day after plating (Fig. 4).

The morphology of the cells obtained from the colonies was almost identical with those from
the plaques, except the existence of spiral form cell (Fig. 5).

‘Similarity in parasitism between Bd-N6801 cells from colonies and those from plaques
A part of the colonies formed on the AC-agar medium was suspended in sterilized distilled water, and
the titer was simultaneously estimated in PFU and in CFU by using L.C-agar and AC-agar media,
respectively. From the result shown in Table 5, it was confirmed that Bd-N6801 cells obtained from

the colonies retained their parasitic ability to the host bacteria, as indicated by the close correspondence
between CFU and PFU. Similar test was also conducted with Bd-N6801 cells from the plaques

Fig. 4. Colonies of Bd-N6801 appeared on AC (X. oryzae)-agar medium (5 days after inoculation).
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Fig. 5. Electronmicrograph of Bd-N6801 cells obtained from the colony.
(A) Vibrio form cell.
(B) Spiral form cell.

Table 5. Parasitism of Bd-N6801 cells obtained from the colonies

Exp. No. 1 2 3 4 5
PFU on LC-agar medium 8.2x 108 1.2x 108 1.5x108 7.4x105 1.3x108
CFU on AC-agar medium 1.1x108 1.5x10¢ 1.5% 108 6.2x 108 1.5x 108

Table 6. Colony formation of Bd-N6801 cells obtained from the plaques

Exp. No. 1 2 3
PFU on LC-agar medium 4.2x10?% 1.7x10* 4.9%10!
CFU on AC-agar medium 4.8x10% 1.4x104 6.0x 10!

formed on LC-agar medium. PFU of Bd-N6801 cells from the plaques also closely corresponded with
CFU (Table 6). ' :
It is therefore concluded that every cell of Bd-IN6801 in the plaques has an ability to form colony
on AC-agar medium, and that individual cells in the colony retain their parasitic ability.
Colony formation of Bd-N6801 cells on various kinds of AC-agar medium AC-agar
media listed in Table 7 were prepared by the above described method. The colony forming efficiency
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(CFE) of Bd-N6801 on these media was tested by means of the usual plating technique.

Bd-N6801 cells formed their colonies on various kinds of AC-agar medium without much varia-
tion in CFE. Bd-N6801 cells formed lytic zone around each colony on media prepared with susceptible
bacteria, but not on media prepared with resistant bacteria (Table 7).

v Colony formation of other isolates of B. bacteriovorus on AC-agar medium Preparation

of AC-agar medium and plating were done in the same way as in the case of Bd-N6801.

Table 7. Colony forming efficiency of Bd-IN6801 cells on
various kinds of AC-agar medium

Kinds oli Es;ﬁzr; ruesg;lr aftoil(; nAC-agau: CFU (per mi)
P. solanacearum 6.1x10°
E. coli 3.5x105
X. phaseoli 2.7% 105
X. citri 4.7x108
X. oryzae 7.9%105
Aer. cloacae 4.1x108
A. tumefaciensb) 8.1x105
B. cereusb) 6.5x10%®
S. sakeb) 3.0x105®
B. subtilisb) 4.8%x105%
C. michiganenseb) 5.1x10%%

a) PFU on LC-agar medium prepared with X. oryzae was
8.4x105/ml.

b) Resistant bacteria.

¢} No lytic zone appeared around the colony.

Table 8. Colony forming efficiency of the isolates of B. bacteriovorus
on AC-agar medium prepared with X. oryzae

Isolates PFU on LC-agar medium CFU on AC-agar medium
Bd-N6802 9.7x10% 8.1x105
Bd-N6804 5.4x10° 4.0x 102
Bd-N6805 2.6 X106 8.0x 102
Bd-N6806 4.4x108 1.1x104

It is concluded from the result shown in Table 8 that the relationship between PFU and CFU
much varies according to the isolates. CFU of Bd-N6802 on AC-agar medium closely corresponded
to PFU on LC-agar medium as in the case of Bd-N6801, whereas CFU of the other isolates was much
lower than PFU.

Discussion

The parasitic bacterium B. bacteriovorus attacks many kinds of Gram-negative and also some
kinds of Gram-positive bacteria. It attaches on the host bacterial cell surface, invades through cell
wall, and reproduces within the bacterial cell:%%101D,

Recently, Burger et al.® reported that B. bacteriovorus can propagate on heat (80°C) treated host
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bacteria. Varon et al.'® also reported propagation of the organism on ultraviolet-irradiated host cells
as well as cells treated at 70°C. Shilo et al.”, succeeded in culturing B. bacteriovorus A3.12 isolate
on a synthetic medium, reported that this strain retained their parasitic ability even after successive
transfers. Huang® and Dietrich et al.” obtained similar results by using different isolates. These
reports demonstrated that some strains of B. bacteriovorus do not necessarily require living host cells
for their propagation.

The authors confirmed that B. bacteriovorus isolate Bd-N6801 successively transferred on living
cell medium of X. oryzae grows well on a medium composed of autoclaved (120°C for 20 min) bacterial
cells, and that this isolate retains parasitic ability even after successive transfers on this medium.
Autoclaved cells of 8 species of susceptible and 6 species of resistant bacteria also supported the
multiplication of Bd-N6801. Cytoplasmic granule fraction of the bacteria appeared to be essential
to the growth of Bd-N6801. These results indicate that Bd~-N6801 can grow saprophytically in the
presence of some bacterial components without living host bacteria.

Bd-N6801 did not form lytic zone around the colony on AC-agar medium prepared with re-
sistant bacteria. It appears that the lytic enzymes of Bd-N6801 can not destroy the cell wall and cyto-
plasmic components of the resistant bacteria.

Both isolates Bd-N6801 and Bd-N6802 showed close correspondence between PFU on LC-
agar medium and CFU on AC-agar medium. It is suggested that almost all cells of these isolates have
the ability of both saprophytic and parasitic multiplication. The majority of the cells of the other
isolates, Bd-N6804, Bd-N6805, and Bd-N6806, however, may not be able to grow saprophytically.

Bd-N6801 did not form plaques on the lawn of B. megaterium and of A. tumefaciens, although it
multiplied to some degree in the suspensions of these bacteria. This may be explained by extremely
low plaque forming efficiency, but it is also possible that exudation of some nutrients from the cells
supported the multiplication of Bd-N6801.
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