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ABSTRACT: The presence of fish tissue in the inoculum inhibited growth of Renibactenum salmoninarum when samples were plated on charcoal-containing KDM-C agar. The inhibition was similar
to that seen on serum-containing medium (KDM-2). Liver and ludney tissues from rainbow trout, brook
trout, and coho salmon inhibited growth unless samples were diluted. The inhibition could not be
removed by a d d n g activated charcoal directly to tissue. Inhibition due to tissues of rainbow trout, but
not those of coho salmon or brook trout, could be removed by spreading out spot inocula on the agar
surface.

INTRODUCTION

Renibactenum salmoninarum, the agent of bacterial
kidney disease (BKD)of salmonid fishes, is fastidious in
its growth requirements and has been generally
cultured on such media as KDM-2, containing serum
and cysteine (Evelyn 1977). Under ideal conditions,
and with a heavy inoculum, growth appears on agar
after approximately 10 d. With Light inocula, growth
may not be evident before 6 wk (Fryer & Sanders 1981).
Isolation of the bacterium from infected fish is further
complicated by the inhibitory effects of kidney tissue
from coho salmon Oncorhynchus kisutch and sockeye
salmon (0,nerka) towards R. salmoninarum (Evelyn et
al. 1981). Growth was inhibited unless tissue samples
were washed and/or diluted. When homogenized
tissue was washed in peptone-saline and collected by
centrifugation, the inhibitory activity (hereafter referred to as tissue toxicity) was found in the supernatant
fraction.
One purpose of this study was to determine whether
tissue toxicity occurred with other salmonid genera,
particularly the widely cultured rainbow trout. Another
purpose was to find out whether the tissue toxicity was
also seen when samples were plated on a serum-free
charcoal agar (KDM-C) developed for the culture of
Renibactenum salmoninarum (Daly & Stevenson 1985).
If charcoal replaces serum by acting as a detoxifying
agent, use of KDM-C might relieve the observed tissue
toxicity and eliminate the necessity for laborious washing. Thus, we examined the effect of charcoal on tissue
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toxicity by adding it directly to the growth medium and
by adding it (as an inoculum pre-treatment) directly to
the tissue homogenate serving as the inoculum.

MATERIALS AND METHODS

Liver and kidney tissues from rainbow trout Salmo
gairdnen and brook trout Salvelinus fontinalis were
obtained from BKD-free laboratory stocks. Coho salmon Oncorhynchus kisutch were obtained from a
hatchery where BKD was a chronic problem. All fish
were held in running well-water at approximately
10°C. Fish were killed by an overdose of MS-222 in
water, and liver and kidney tissues were aseptically
removed, placed in sterile plastic bags (Whirl-PakB),
and weighed.
To artificially seed tissues with bacteria, a culture of
Renibacterium salmoninarum ATCC 33209 was grown
biphasically on KDM-C for 10 to 14 d, as described
previously (Daly & Stevenson 1985). For the agar and
all other procedures, the activated charcoal used was
an untreated powder form, C-5260 from Sigma Chemical Co., St Louis, MO, USA. A bacterial suspension was
made by adding 1 m1 of the Liquid overlay phase from a
culture to 100 m1 of peptone-saline (0.1 % peptone in
0.85 % NaC1). The suspension was added to rainbow
and brook trout tissues in the plastic bags at ratio of
0.1 m1 to 0.1 g of tissue. The mixtures were
homogenized for approximately 2 min with a mechanical stomacher (Seward Laboratory, London, England).
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As the coho salmon were naturally infected with R
salmonlnarum, these tlssues did not requile a r t i f ~ c ~ a l
seeding They were treated in the same manner except
that stenle peptone-saline was used rather than the
bacterial suspension
In the expenments to determine ~f t ~ s s u e scould be
directly treated with charcoal to remove toxicity, 0 I g ,
1 g or 2 g of charcoal was added to 100 m1 of peptonesaline To this suspension, 1 m1 of biphasically grown
bactena was added, and the charcoal, peptone-sal~ne,
bacterial mmture was immediately added to the tissue
at a rat10 of 0 1 m1 to 0 1 g of tissue, providing a 1/2
tissue homogenate The tissue homogenates were
diluted further by making s e r ~ a ldoubllng dilutions to
1/64 in peptone saline Two 25 LLI samples of each
dl!l.?+!fi".T 1 ' ?then
~ ~ ~ ~ ~ t - i > ~ ~ i iO !I ~~ :~KDhT-C
eGd
agal
plates, 3 diluhons per plate Inoculated plates were
allowed to dry overnight in a 15°C incubator, then
placed In bags to prevent dehydrahon d u n n g further
incubat~onat 15°C for 1 mo

RESULTS AND DISCUSSION

Liver and ludney tissue from rainbow trout, brook
trout, and coho salmon were all toxic towards Renibacterium salmoninarum when tested on charcoal agar. As
with the previous KDM-2 studies by Evelyn et al.
(1981), toxicity disappeared when the tissues were
diluted to 1/4 or 1/8 of their original 1/2 concentration.
These findings demonstrate that tissue toxicity affecting R. salmoninarum occurs not only in isolations from
Oncorhynchus nerka and 0. klsutch, as described by
Evelyn et al. (1981), but in those from other salmonids
as well Toxicity was not restricted to ludney tissue and
is potentially present in all organ tissues.

The charcoal agar, KDM-C, does not appear to be
any better than KDM-2 in its ability to reduce tissue
toxicity. Attempts to remove the toxicity by mixing
charcoal directly wlth the tissues dunng homogen~zation In peptone-saline were unsuccessful with concentrations of charcoal up to and including 2 % . Higher
concentrations of charcoal could not be used because of
the danger of puncturing the bags containing the bssue
during stomaching.
Increasing the concentration of charcoal in KDM-C
agar to 0.5 or 1 O/O also failed to eliminate toxicity and,
at these concentrations, the spot-inocula began to
bead up on the agar surface. When rainbow trout
homogenates were cultured on KDM-C plates, it
appeared that the toxicity was reduced if the spot
~ L I V C U were
~ ~
more spread out. The bactena appeared
to grow well at the outer edge of the spot-inoculum.
This suggested that the toxicity might be reduced by
actively streaking out the inocula; in effect, doing a n in
situ dilution of the tissue. Thus, the 25 p1 spot inocula
were spread wlth an inoculating loop, such that each
spot covered about one-sixth of the plate. With both
liver and kidney tissue, this procedure did allow
growth of the bacteria at the 1/2 dilution, when it would
otherwise have been inhibited (Fig. 1). Similar results
were obtained consistently in trials of the procedure.
The s p r e a d n g technique was, however, not very
effective in reducing the toxicity of coho salmon and
brook trout tissues. Spreading of the 1/8 dilution
resulted in growth, but not consistently. It is not evident
why the tissues of rainbow trout are different from
those of brook trout or coho salmon, nor is it known
whether in situ tissue dilution .will reduce the toxic
effect of tissues of all strains of rainbow trout. However,
it would still seem to be a useful procedure to spread
out spot inocula on agar plates in order to separate

1 Growth on KDM-C
from d ~ l u t ~ o nofs r a m
trout ludney homogeseeded w t h R e n ~ b a c tenum salmonlnarum For
the 25 ul drops
Plate A
served duectly as lnocula, for
B, they were spread with a
sterlle loop The dllut~onsof
hssue were ( a ) 1/2, (b) 1/4,
a n d (c) 1/8 The whlte contam a n t colony at t h e top of
plate A (position a ) dlustrates
o n e of the problems of prolonged t n c u b a t ~ o n ,earher, a
spread~ng contaminant had
been e x n s e d from Plate B ( a )
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bacteria from tissue when attempting to culture
Renibacterium salmoninarum from tissues.
In coho salmon, w e have noticed that when there are
large numbers of bacteria in a tissue sample, as in a
pustule, toxicity may not be apparent. In this case, the
toxic material may be bound up by the sheer numbers
of bacteria present, or perhaps little tissue remains to
provide the toxicity. Austin & Rayment (1985) did not
detect toxicity in their work with rainbow trout tissue
samples, but the inocula, collected on swabs, contained
only small amounts of tissue and the tissue was not
homogenized. Direct addition of charcoal to our larger
tissue samples did not remove toxicity, but this may
have been a function of the amounts of tissue relative to
charcoal present and the release of more toxic materials by hon~ogenization.Thus, the toxic load may have
been too high to b e absorbed adequately by the charcoal. The nature of the toxic component in tissues is still
unknown; however, the hydrophobic cell surface of
Renibacterium salmoninarum (Daly & Stevenson 1987)
would facilitate the binding of toxic fatty acids liberated from the tissues by homogenization.
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