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ABSTRACT: LuminousVibrio harveyi(VH1039) isolated from tea brown gill syndrome (TBGS) black tiger
shrimp,Penaeus monodonvas examined as a lysogenic bacteriophage host. Temperate phages found were
morphologically identified as siphoviruses of various sizes (i.e., heads of 20-100 nm diameter and tails of 20-
200 nm in length). The colonies of VH1039 were highly variable upon extended cultivation. This variability
might be caused by transposon like activity of these phages. Lysogenic VH1039 caused no disease symptoms in
the shrimp. This study also showed that luminescence was influenced by temperature and pH conditions but that
it was not critical to shrimp pathogenicity. The relationship of the phage to the TBGS shrimp is being studied.
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INTRODUCTION In the present paper we report highly variable character-
Vibrio harveyi(VH) is one of many luminous bacterigstics ofVibrio harveyiVH1039 isolated from TBGS black
like V. fisheri Photobacterium leiognathand P. tiger shrimp. This bacterial strain is lysogenic and luminous.
phosphoreunit is found abundantly in marine and estuarig/e report the optimal physical conditions for its growth and
habitats (Hastingst al 1981, Jiravanichpaisat al 1994). |uminescent expression. The temperate phage was isolated
Some studies have reported that VH is a devastating patyed morphologically identified. Moreover, there was evi-

gen of penaeid larvae, especially those of the black tigrihce to show that a transposon (Tn3) might also reside in
shrimp (Baticadost al 1990, Lavillla-Patoget al 1992). this strain.

However, previous studies have also reported that it is a nor-

mal constituent of the non-pathogenic flora of marine ani- MATERIALS AND METHODS

mals (O’Brien & Sizemore 1979, Ruby & Morin JG 1979)Cultivation and identification of VH1039

All these luminous bacteria, whether normal flora or patho- TBGS in black tiger shrimp was first reported in 1998

gens, can exhibit luminescence in marine animals. A recéRtiangparet al 1998). A luminescent bacterial strain was

study found that luminous VH isolate and a bacteriophagelated from moribund TBGS shrimp and it was later iden-

could be found in black tiger shrimp exhibiting tea brawtified as VH1039 by biochemical tests. The bacterium was

gill syndrome (TBGS). A bioassay study showed that intredltured on TCBS agar, on tryptic soy agar (TSA) and in

muscular injections of this VH strain into juvenile shrimgryptic soy broth (TSB). It was incubated at various tem-

causes no symptoms, but that the combination of bact@eratures (from room temperature to 37 °C), in media of

ophage and VH caused shrimp death (Ruangpain1998). various percentages of NaCl (between 0.5-8%), and various

Vibrio species, including VH, are major hosts of marir@kalinity (pH 5-12). Under these physical conditions, the

bacteriophages (Proctor 1997). Most bacteriophages strain grew well and colony morphology and luminescence

temperate phages and they have been reported to causgrdduction were investigated. The bacterium was also sub-

versity in bacterial hosts by acting as transposon-like ejeeted to confirmatory biochemical tests and antibiotic sen-

ments. It is well known that some temperate phages in bsitivity tests were carried out using BBL Sensi-Discs (BBL).

terial hosts play major roles in causing diseases in humans, . .

(Cheetham & Katz 1995, Reid & Mekalanos 1995). In miS6lation and examination of temperate

rine shrimp, however, there is still no confirmed eviden§¥1ages

that temperate phages lead to disease. To investigate the possibility that VH1039 was infected
with temperate phages, it was cultured in TSA with 3% NaCl
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for 18-20 hours at temperatures between 30°C and 33
Bacterial colonies were then fixed in a solution of 0.5% gl
taraldehyde in 4% paraformaldehyde, stained with 2% ph
photungstic acid and examined by transmission electr
microscopy.

To stimulate the production of higher quantities of pha
particles, VH1039 was cultured in TSB with 3% NacCl ¢
30-33°C for 18-20 hours to reach OD 0.6-0.7 at 590 n
The medium was then divided into portions containing d
ferent concentrations of mitomycin-c (from 1-250 ug/ml) ar
allowed to incubate at 37°C for another 18-20 hours. The
suspension were also examined by transmission elect
microscopy. To concentrate and purify phage particles, b
terial cells were precipitated by adding NaCl to a final co
centration of 1 M followed by immersion in an ice bath for
hour before centrifugation at 12,000 g for 20 minutes. Aft
this, bacterial debris was eliminated from the supernatant
repeated centrifugation under the same conditions. Bact
ophage suspended in the supernatant was then precipit
by adding polyethylene glycol 8000 at a concentration
10% followd by immersion in an ice bath for 1 hour befol
pelleting by centrifugation at 12,000 g for 20 minutes. T}
pellet was resuspended in phage buffer (20 mM Tris-H(
pH 7.5 contianing 10 mM MgSQ The solution was finally
filtered through a 0.22 m filter membrane before examina-
tion by the transmission electron microscopy.

Figure 1. Luminescence of VH infectd®l monodon
(top) and VH on TSA with 3% NaCl (bottom).

RESULTS Variation in colony morphology

Optimal condition for culture of VH1039 When VH1039 was sub-cultured in 3% NaCl TSA and
VH1039 grew well from room temperature (28-30°C) tTCBS, it presented variable colonial morphology. The ap-

R . arance of the colonies was diverse in size, shape and color
2;{2&%& ttré? db;"jtt ;i;nvsif;lgfcfcgrgarg;v\:z Wif r?i:éjhce.r I;[et “ig. 2). In spite of these diverse forms, tests identified each
olon as biochemically identical. This variation appeared
peratures like 37°C, it exhibited strong luminescence, b y y PP

little or none at temperatures from room temperature to 335J lyin solid culture medi_a i_ncubated for pe_riods from 3 to_5
ys or longer. The variation was not evident upon daily

However, luminescense weakened after incubation for 4- culture

days, regardless of the incubation temperature. The '

luminescense could be reactivated in approximately 6 hox g

after switching the cultures from a lower to a higher ter ‘u w4

perature (e.g., 30°C to 37°C). If the temperature was IoB

ered once again, the luminescence faded. t‘q.-

Salinity also influenced the growth of VH1039. It grev | =% « = 1’5 =
well in 2-3% NaCl but also persisted in percentages of Né . '
0 0, -
oot Tonertoan . an touly oty b abive 6. s | @l
7-9 it exhibited stronger luminescence than at lower pH. T il e
luminescent shrimp and luminescent VH are shown in F
1.

Antimicrobial sensitivity and biochemical
tests

VH1039 was tested with antimicrobial agents to exar
ine for the possibile presence of transposons. Among
antimicrobial agents tested were neomycin, kanamycin, str _ -
tomycin, trimethoprim, tetracyclin and ampicillin. It was regigure2. Various colony types of VH 1039; (A)clear and
sistant to Only ampiCiIIin, a characteristic of Tn3. In bio- (B) clouded Co|onies; (C_D) colonies with black pigments

chemical tests, it expressed an unusual charactgftioo on TCBS agar, some small and rough (C), others big and
species by producing B in 24-48 hours in triple sugar iron  smooth (D); (E) margins of big and small colonies on the
(TSI) medium. same plate; (F-J) other shapes and colors of colonies;

(K) colony partly digested.
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Detection of temperate phages in VH1039

Studies using the electron microscopic showed that
VH1039 could produce a siphovirus otike phage parti-
cles with icosahedral heads and a filamentous tails. The sizes
of the phages produced varied, with head diameters of 20 —
100 nm and a tail lengths of 20-200 nm. The sizes of the
head and the tails were not related (Figure 3 and 4). Induc-
tion of phages (using mitomycin-C) and extraction (i.e., us-
ing the NaCIl/PEG technique) resulted in higher density
yields. However, the use of mitomycin-C (optimal at 5 pg/
ml) generally resulted in the formation of separate heads and
tails (Figure 4).

DISCUSSION

Bacterial luminescense is reportedly autoinduced, with
each genus or species of luminous bacteria producing a dif-
ferent autoinducer. However, the major autoinducer of VH
has been reported to be a long chain aliphatic aldehyde.
Autoinducers are accumulated during bacterial growth and
their synthesis triggers lux gene expression. The electron
transport proceeds by reaction of luciferase enzyme which
catalizes the reaction amongst reduced flavin mononucle-
otide (FMNH,), oxygen and a long chain aliphatic aldehyde
to produce flavin mononucleotide (FMN) and an aliphatic
carboxylic acid which emits the light (Fishetral 1995).
Our results showed that temperature may also influence ex-
pression of luminescence. The temperature may either stimu-
late luciferase activity and/or the production and/or function
of the autoinducer. Logically, since VH1039 does not grow

Figure 3. TEM of various sizes of bacteriophages with at higher temperatures like 37°C, it would seem unlikely that
VH 1039. (A) Phage particleoutside VH 1039; (B) autoinducer production would be involved and it is more
phage particle inside VH 1039 (arrow); (C) unidenti- likely that temperature affects enzyme or autoinducer activ-
fied particle inside VH 1039 (arrow); and (D-E) ph- ity. We also found that alkalinity affected luminescence ex-
age adhered to VH 1039 (bars 100 nm).

with mitomycin-C and isolated
by NaCl/PEG. (A-B) mostly
phage heads; (C) complete ph-

age particle; (D) phage tails are| =

seperated from the heads (bars

100 nm).

pression. Higher than optimal-pH media gave strong lumi-
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