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Abstract

The first bacteriophdge which infect and lyse Edwardsiella tarda, the pathogen
of fish edwardsiellosis, was isolated from one of the 350 screened water samples and
was named as ¢ET-1. Bacteriophage ¢ET-1 had wide spectrum of host range by
showing 92.6% of the virulence in 27 strains of E. tarda. Bacteriophage ¢ET-1 had
strong killing power for E. tarda by its quick lysis ability. The viable E. tarda could
be reduced to less than 0.1%5 of the starting concentration by ¢ET-1 infection at an
M.0.1.=0.08 in 8 hours. In the meantime, ¢ET-1 phage were under active multiplication
of infective viral particles. Immersion of loaches Misgurnus anguillicaudatus in E. tarda
suspension rather than injection was chosen for the assessment of biological control
measure of ¢ET-1. The pathogenecity of E. tarda was almost completely eliminated
after 8 hours by $ET-1 infection at an M. 0.1.=0.1. The shorter time of infection (2
or 4 hours) and lower M. 0.1 (0.01, 0.001, 0.0001) of infection by @ET-1, the patho-
genecities of E. rarda were partially retained. By the above data, the biological control
of E. tarda by ¢ET-1 is feasible.

Introduction

Edwardsiellosis is caused by the infection of Edwardsiella tarda and is one of the most
common fish diseases in the culture pond*:*®. E. rarda had been isolated from eel¢'®:'''®,
channel catfish:'’, goldfish‘ and large mouth bass®’’. The infected eels show ecchymoses
and petechiae on the body surface, mainly on the belly surface, putrefactive lesions of the liver
and kidney, and the necrosis of the skin and muscle® ',  The worldwide distribution of E.
tarda and high mortality caused by E. tarda had drawn the intensive study and practice of
prevention and therapy of edwardsiellosis. At present, the drugs such as antibiotics, nitrofurans
and sulfonamides arc widely unsed in the hatcheries?+'?.  However, due to the poor ingestion

of the diseased fish, the deposition of drug residucs and the induction of resistant strains of E.
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tarda, the chemotherapeutic method is not successful for edwardsiellosis in the long term prac-
tice of chemical drugs.

The virulent bacteriophages can specifically infect the host bacteria and result in cell lysis
within one or several hours'™. After one phage growth cycle, several hundreds of phage pro-
genies are multiplicated from one phage-infected bacterium. By the specific properties of
bacteriophage, the pathogenic bacteria can be controlled at low concentration by phage infection
and reach the purpose of specific biological control of fish diseases*>. However, no any known
virulent bacteriophage which could infect E. tarda as host cell had been reported. In this
paper, we described the first successful isolation of bacteriophage ¢ET-1 which could infect E,
tarda. The assessment of the efficacy of the biological control of edwardsiellosis by this
bacteriophage was also presented.

Materials and Methods
1. Bacteria

Different strains of Edwardsiella tarda were isolated from diseased fishes in different locus
of Taiwan. Those strains were identified and obtained from Department of Zoology, National
Taiwan University and Department of Veterinary Medicine, National Ping-Tung Agricultural
College.

2. Media

(i) 3XD medium®®: 3XD medium Was prepared by mixing sterilized solution A (9gm
of KH,PO,, 21 gm of Na,HPO,, 30gm of casein hydrolysate, 26 gm of glycerol and 60 mg of
gelatin in 1,900 m] of H,0) and sterilized solution B (0.6 gm of MgSO, . 7H,O and 0.6 ml of
IM CaCl, in 100 ml of H.0).

(ii) Diluting medium: 1,000 m1 of H,0O contained 0.8 gm of nutrient broth and 5gm of
NaCl.

(iii) Bottom agar medium: It was prepared by dissolving 10 gm of Bactoagar, 13 gm of
Bactotryptone, 8 gm of NaCl, 2gm of sodium citratesH,0 and 1.3 gm of glucose in 1,000 ml of
H.O.

(iv) Soft agar medium: This medium was same as Bottom agar medium except Bactoagar
and glucose were reduced to 6.5 gm and 3 gm, respectively.

3. Isolation of Bacteriophage

The pond and Sewerage waters were collected from different locus. The sample water was
centrifuged at 15,000 g for 10 minutes at 4°C to sediment the removable contaminants. Then
the supernatant was filtered through the millipore filter (0.22 zm). The bacteriophages contained
in the filtrate wers multiplicated by enrichment culture in E, tarda'V. 3 ml of the filtrate was
added to 1ml of the early log phase of E. tarda. After 24 hours of aerobic cultivation at
28°C, the bacterial debris were removed by centrifugation and the supernatant was assayed for

the presence of bacteriophages by plaque forming method® The bacteriophage plaque was
removed from agar surface and subjected to infect E. rarda culture in liquid medium,

4. Infection of PET-1

The ocevrnight culture of E. tarda was diluted 100 times in 3XD medium and aerated at
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28°C. When the bacteria grew to ODyseun=1.0, the culiure was centrifuged and the pellet was
suspended in sterilized tap water to a concentration of 1.1310° cells per ml. The E. rarda
suspension was infected with ¢ET-1 at an M. O. T. (multiplicity « { infection)=0.1. The viable E.

tarda and #ET-1 changes were followed by colony formation = ad plaque-forming, respectively.

r

5. E. tarda Pathogenecity of Test

The pathogenecity test was performed by injection of E. tarda suspension to loach, Mis-
gurnus anguillicaudatus, or immersion of loaches in E. tarda suspension. For the injection
methods, the loach was injected with E. rarda at a dosage of 4% 107 cells per gm of body
weight by ventral or dorsal injection. For the immersion method, the loach was immersed in
1X10° cells per ml or lower concentration of E. tarda suspension for one hour. The patho-

genecity and mortality were observed following the treatments.

Results and Discussion

Growth Curve of Edwardsiella tarda

The outbreak of edwardsiellosis was observed during the end of spring when the water
temperature reached around 25°C with fluctuation‘*'®:*>, By this character, E. tarda was con-
sidered as warm-water fish pathogen. For the isolation and cultivation of E. rarda, it is usually
grow on Rimler-Shotts medium (R-S medium) of Trypticase Soy medium (T-S medium)¢. In
this paper, E. tarda was grown in 3XD medium or nutrient broth at 28°C for the infection and
multiplication of bacteriophage. In order to understand the growth curve of E. rarda under
our condition, the E. tarda overnight culture was diluted 100 times with 3XD medium and
cultivated at 28°C with aeration. As shown in Fig. 1, the first two hours was the lag phase
which showed almost no viable cell increase. Between two to seven hours after subculture,
the bacteria division went rapiply and the cell number increased from 1.5x10° cells/ml to
9x10* cellsyml. This rapid increase period belongs to log phase and is the best host cells for
viral infection and growth*®., After log phase, the cell growth rate was slowed down and
went to stationary phase. In the mean time, the absorbancy of the culture was measured at
A=450 nm and expressed as O.D. value (Fig. 1). For example, OD.spma=1.0 will correspond to
1X10° cells/ml in E. tarda culture, the suitable infection condition by bacteriophages can be

determined.

Isolatien of Bacteriophage ¢ET-1

E. tarda strain A-49 was used as host for the enrichment culture and plaque-forming of
bacteriophage isolation. [rom the 350 water samples, one bacteriophage was isolated and named
as ¢ET-1. ¢ET-1 is a virulent bacteriophage by having a property of strong cell-lysis pro-
perty©*,  As indicated in Table 1, ¢ET-1 had wide host range of infection. 92.6% (25/27) of
the E. tarda strains were susceptible to ¢ET-1 infection either by plating efficiency or lysis
spot test. The plating efficiency of ¢ET-1 could be ranged between 3.9% and 176.3% in di-
flerent host strains by comparing with strain AT-49 (1009%). The usefulness of this bacterio-
phage in biological control purpose depends on the host range of infection®”, The wider host
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Fig. 1. Growth curve of Edwardsiella tarda at 28°C with aeration.

===+ Viable cells; a---a OD,;, nm.

Table 1. Host range of bacteriophage ¢ET-1 infection of Edwardsiella tarda

icg no.of vighle cell/ml | v )

Strains  Titer (x107/ml) em(f;g‘é;g(%) Strains  Titer (x10"/ml) emg;g‘;’y‘%%)
800312-1L 402 176.3 810217-11 44 19.3
810312-1K 392 171.9 AK-301 24 10.5
AT-49 228 100 800129-11b 23 10.1
AT-53 204 89.5 AK 300 9 3.9
800325-6L 175 76.7 AC 60 +
810217-21 152 66.7 AC 54 +
AT-44 138 60.5 760508-3SK +
800423-2K 126 55.2 800123-5L +
810424-4K 119 52.2 800323-6L +
800312-11 119 52.2 800129-5L +
AT-46 118 51.7 810217-1L +
800325-6K 95 41.6 AW-286 —

AT-58 67 29.3 800423-1L -
810217-21 56 24.6
Note: +: cell lysis; —: no cell lysis

range of infection will simplify the application of bacteriophage. By this criteria, bacteriophage

$ET-1 has a great potential for the study of biological control of edwardsiellosis by having

lysis ability and wide host spectrum of infection.

Killing of E. trarde and Growth of ET-1

The overnight culture of E. tarda was diluted arnd grew in 3XD medium at 28°C. When
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the bacteria grew to ODs0.a=1.0, then the cells were pelleted by centrifugation and suspended
in sterilized tap water to a concentration of 1.2 10° cells/ml. This bacteria suspension was
infected with ¢ET-1 at an M.O.1.=0.08. The viable E. farda concentration was reduced
immediately following the bacteriophage infection (Fig. 2). The survival bacteria was less
than 0.1%; of the starting concentration after 8 hours of infection. After longer time of
$ET-1 infection, very low percentage of survival E. tarda at a same reduction rate can be
expected. In the mean time, the plaque-forming units of bacteriophage ¢ET-1 were increased
from 1X10*/ml to 1X10°/ml. The GET-1 progenies could infect the survived E. rarda for
further replication. Therefore, the drastic killing of E. tarda to very low concentration and
the continuous growth of ¢ET-1 can happened in the water system. Due to active replication
of gET-1, the practice of this method for disease control will be economic and feasible.
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Fig. 2. Killing of Edwardsiella tarda and multiplication of bacteriophage ¢ET-1.

Selection of Pathogenecity Test

The selection of a simple and rapid measure for E. rarda application to loach, Misgurnus
anguillicaudatus, will benefit to the assessment of the control efficacy of ¢ET-1. Usually, the
dorsal injection is the often used method to perform E. tarda pathogenecity test by observing
inflammation, necrosis, and mortality'®. In this study, the survivals of the loaches after
ventral injection, dorsal injection or immersion of E. tarda were compared (Fig. 3). The im-
mersion method had quickest Kkilling effect on the treated loaches. During the one hour im-
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Fig. 3. Pathogenecity test of Edwardsiella tarda by ventral injection, dorsal
injection or immersion of loaches Misgurnus anguillicaudatus.
«—. Treated; o—o Control.

mersion in 1X10° cells/ml of E. tarda, more than 709% of the loaches were infecicd and killed.
This lethal effect might be due to quick infection through gills in high concentration of E.
tarda and caused the blockage of respiration. The ventral injection or dorsal injection had
relatively slower lethal effect. All the loaches were infected and killed at 48 hours after infec-
tion. In the mean time, the inflammation and necrosis could be observed on the body surface.
By the immediate effect, the immersion method was the best choice for the assay for pathogen
elimination by ¢ET-1.

The loaches were immersed in different concentrations of E. rarda and to justify the patho-
gen dosage effect. As shown in Fig. 4, the loaches could stand at 1X107 or 1Xx10¢ cells pei
ml of E. tarda for more than 48 hours without any mortality. The critical concentration of
E, rarda to express pathogenic effect will between 1X107 to 1X10°® cells per ml. The immer-
sion concentration of pathogen at 1x10° cells/ml was the choice for the following biological
conwrol studies.

Elimination of E. tarda Pathogenecity by ¢ET-1

The log phase culture of E. tarda was centrifuged and resuspended in sterilized tap water
to a concentration of 1X10® cells per ml for bacteriophage ¢ET-! infection at an M. Q.1 of
0.1. After different times of ¢ET-1 infection, the loaches were immersed in the bacteriophage-
infected pathogen suspension for one hour and the mortality was observed. After 8 hours of
$ET-1 infection, over 909 of the loaches could survive in the bacteriophage-infected suspension

for more than 4 days (Fig. 5). 2 and 4 hours post-infection of $ET-1, the survival percentages
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Fig. 4. Pathogenic effect of Edwardsiella tarda on loached under

different immersion concentrations.
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Elimination of the pathogenecity of Edwardsiella tarda after bacteriophage
¢ET-1 infection with different times. The M.O.I. was 0.1 and the
immersion time of loaches was 1 hour.

a—a 8 hours; a—a 4 hours; -—. 2 hours; o—o 2 minutes; o—ao Unin-
fected E. tarda.
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of loaches were reduced to 59% and 20%; in the same period of immersion. The immediate
exposure of loaches to E. tarda foliowing $ET-1 infection for 2 minutes had similar killing
effect as the uninfected E. tarda group which showed complete mortality of fishes within 48 hours.
The different ability of @ET-1 to eliminate E. tarda pathogenecity was related to the time of
infection; the longer time post $ET-1 infection resulted in better protection of fishes. This
phenomenon was the reflection of the multiplication character of bacteriophage‘‘:**, The com-
plete growth cycle of bacteriophage consists of adsorption to host cell surface, replication of
nucleic acid, assembly of virion and release of bacteriophage progenies*:!*, The total time
required for the above process is usually finished within one or two hours at 30°C. The 2
minutes $ET-] infected E. tarda suspension still contained 90% or more of the alive bacteria,
therefore, the pathogenecity was showed up as quick as uninfected control group. On the other
hand, after 8 hours of ¢ET-1 infection, the bacteriophage had opportunity to multiplicate for
several cycles and the E. tarda bacteria were almost lysed by this long time infection. The
result was the loaches could survive under this condition. However, 2 or 4 hours infection of
$ET-1 was not long enough to have complete killing of E. farda, thus the partial pathogenic
eflect was retained.

The different M. O.1. of $ET-1 to infect E. tarda for 8 hours and the pathogenic effects to
loaches were followed (Fig. 6). At an M.O.L=0.1 or 1.0, the elimination of pathogenecity
was very successful. When the M. O.I. was reduced to 0.01, 0.001 or 0.0001, only 30%, 25%
or 107 of the loaches could survived at 96 hours after immersion. The partial pathogenecity
of low M. O. L-infected E. tarda was due to the 8 hours infection of ¢ET-1 was too short for
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Fig. 6. Effect of the multiplicity of infection (M.O.1) of bacteriophage ¢ET-1 on
the pathogenecity of Edwardsiella tarda. E, tarda was infected by ¢ET-1
for 8 hours and the loached were immersed for I hour in this test.

o—o M.O.1.=1.0; -—. M.0O.1.=0.1; a—a M.O. 1.=00]; a—a M.O.1L.=
0.001; o—o M.0O.1.=0.0001; s—m Uninfected E, tarda.
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enough bacteriophage multiplication. But for long term infection, the low M. O.I. was applic-
able to control E. tarda at low concentration.

Bacteriophage AHI had selected as a biological control agent for fish red-fin disease by
infecting and killing Aeromonas hydrophila®>. However, bacteriophage AH! had a rather
limited range of infection. In this study, bacteriophage gET-1 had wide spectrum of infection,
rapid killing on the host cells, continuous replication of bacteriophages and effective elimination
of E. tarda pathogenecity, therefore, this bacteriophage could be considered as a powerful and
potential biological control agent .for E. tarda in pond water. Further studies such as the
replication conditions of bacteriophage ¢ET-1, the stabilities of ¢ET-1 under different environ-
ment and the scale-up of the control measure pond should be justified before the application
of this bacteriophage in cultured ponds.
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