병원성 선충 Heterorhabditis bacteriophora 의 성장에 대한 복합 배지의 영향 
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Introduction
Entomopathogenic nematodes Heterorhabditis bacteriophora are recognized as effective biocontrol agents of insects [1].  Free living infective juveniles of H. bacteriophora carry the symbiotic bacterium Photorhabdus luminescens in the lumen of their pharynx and intestine.  They penetrate an insect host via natural body openings and release bacteria into the host’s hemocoel.  The bacteria multiply rapidly to cause a lethal septicemia and the host’s death within 48 h.  The nematodes utilize the bacteria and degraded host tissues, which provide essential nutrients for reproduction and development [2].  Interest in entomopathogenic nematode culture technology has increased with strong demand for environmentally safe insecticides.  There have been developed commercially for mass production of entomopathogenic nematodes using two  processes in vivo and in vitro culture.  Culture in vivo has been used at the cottage industry level due to minimal capital investment and expertise is required. However, this process limits scale-up for mass production and is sensitive to the physiological condition and pathogen load of the insect host [3].  For these reasons, researchers have developed in vitro liquid culture processes amenable to sterilization and scale-up.  To date, most research has focused on identifying essential nutrients for nematodes such as proteins, lipids [4], and additional growth factors [5].  In this study we reported how complex medium concentration influenced the recovery and growth of nematodes that affected the yield of nematodes. 
Materials and Methods

Wildtype H. bacteriophora was isolated from turfgrass plots in central New Jersey, USA using the method of Bedding and Akhurst [6] and was maintained in last instar Galleria mellonella by the method of Dutky et al. [7].  Active infective juveniles were collected by modified White traps [8] and were used to initiate a monoxenic culture.  A single phase 1 bacterial colony was isolated by the method of Hu and Webster [9].
Liquid culture medium was prepared using the following method described by Yoo et al. [4].  This mixture was serially diluted to 168, 84, 56, and 28 g L-1.  Aliquots of 40 ml were dispensed in triplicate into 250 ml culture flasks.  These flasks were inoculated with 5% (v/v) bacterial culture and incubated at 25oC and 200 rpm in a shaking incubator for 24 h Nematodes were counted under a stereo microscope (Nikon, Japan).  To determine nematode recovery, 100 (l samples were taken from culture flasks and diluted with distilled water.  Diluted 100 (l subsamples were examined microscopically with the addition of Giemsa stain (EM Science, Gibbstown, NJ, USA), and numbers of first generation adults (hermaphrodites) were counted.  To determine the size of first generation adults, ten mature first generation hermaphrodites were selected from each treatment.  They were placed with a calibration scale under a stereo microscope onto which was mounted a video camera connected to a video cassette recorder (EVD, Sony, Japan).  Hermaphrodite lengths were determined with the aid of a video editor (Premiere 5.0, Adobe, USA).  To determine the number of infective juveniles generated from hermaphrodites, twenty mature hermaphrodites of various sizes were chosen from the productive treatments.  These were placed individually into wells of a 24-well plate filled with 500 (l aliquots of distilled water.  After two days, infective juveniles generated from each hermaphrodite were counted. 
Results and Discussion

Industrial production of entomopathogenic nematodes generally employs two-step fermentation in vitro liquid culture.  Three to four days after nematode inoculation, hermaphrodites were readily apparent at medium concentrations of 28 to168 g L -1, while only a few small adults were present at 224 g  L -1, resulting in negligible infective juvenile production (Fig. 1).   Infective juveniles were produced without any notable difference at medium concentrations of 56 and 84 g L -1.  In contrast, production was suppressed at the lowest and highest medium concentrations.  The highest yield, 2.4 x 105 infective juveniles ml -1, and productivity, infective juveniles 3.0 x 107 L–1 day -1, were achieved at 84 g L -1 in 8 days after nematode inoculation (Table 1).  We found that recovery of inoculum and average size of first generation adults (hermaphrodites) correlate with infective juvenile yield.  Strauch and Ehlers [10] reported that, in monoxenic liquid culture, unstable recovery causes inconsistent yield and productivity.  
Recovery responded positively with increasing medium concentration up to an optimal concentration, then decreased rapidly.  Indeed, the observed recovery trend corresponded to infective juvenile yield and productivity (Table 1).  An interesting result was that infective juvenile recovery at 28 g L-1 was greater than at 168 g  L-1 (Fig. 2), but that the superior recovery did not translate to enhanced yield. Because hermaphrodites were of a similar size range at the lower and higher concentrations (Fig. 3), the discrepancy in yield could not be attributed directly to nutritional deficiency of the lowest medium concentration in the first generation.  However, reproductive adult size and fecundity might have been reduced in subsequent generations, as is the case for H. megidis.  Hermaphrodite size varied less at the intermediate concentrations, and the size range obtained at these concentrations correlated with the greatest fecundity (Fig.4). 
The increase in fecundity with hermaphrodite length explains the observed differences in corresponding yields.  Maximal infective juvenile yield and productivity occurred at a medium concentration of 84 g L-1.  Fermentation parameters, as indicated by doubling time, suggest this concentration as a key factor for optimization of the growth environment.  Further, nematode recovery, hermaphrodite size, and bacterial mass also peaked at this concentration, with only a modest reduction in the yield coefficient and with a concomitant decrease in time until maximum production.  We therefore conclude that an increase in medium concentration of 56 g L-1 to 84 g  L-1 provides a simple and efficient step toward optimization of mass production of this entomopathogenic nematode species.
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Fig. 1.  Production time course of Heterorhabditis bacteriophora infective juveniles. (, 28 g;    , 56 g; (, 84 g; (, 168 g; (, 224 g. 
Fig. 2. Recovery of Heterorhabditis bacteriophora after 5 days in liquid culture.  Infective juveniles were inoculated into 24 h old bacterial cultures of Photorhabdus luminescens.
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Fig. 3







Fig. 4

Fig. 3. Lengths of first-generation hermaphrodites of Heterorhabditis bacteriophora grown in liquid culture.  

Fig. 4. Number of infective juveniles of Heterorhabditis bacteriophora hermaphrodites of different lengths
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