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Abstract 

Steinernema spp.  a ~ d  Heterorhabditis spp . ,  t o g e t h e r  

wi th  t h e i r  a s s o c i a ~ e d  b a c t e r i a l  Xenorhabdus spp. a r e  used a s  

b i o l o g i z a l  concrol  agencs of i n s e c t  p e s t s  i n c l u d i n g  s o i i -  

. 0 1iv;cg i a s e c t s ,  This  s tudy  was done t o  determine t h e  e f f e c t  

of Xenorhabdus spp. on s o i l  b a c t e r i a .  The r e s e a r c h  focused 

on t h e  i n t e r a c ~ i o n  of Stefnernema and Xenorhabdus, t h e  

p r o p e r t i e s  of che a n t i b i o t i c s  produced by Xenorhabdcs spp.  

and ~ h e  e f f e c t  of  chese  a n t i b i o t i c s  on s o i l  b a c t e r i a .  I t  was 

shown t h a t  more t h a n  two forms of b a c t e r i a  occur  i n  each of 

%. nematophi:us and X. bovienii. In X, bovienii, t h e s e  form 

v a r i a n t s  d i f f e r  n o t  only i n  a n t i b i o t i c  a c t i v i t y  bu t  a l s o  i n  

g roh th  and p igmenta t ion ,  The a n t i b i o t i c  a c t i v i t y  of e x t r a c t s  

from Galleria l a r v z e  cadavers  was s i m i l a r  r e g a r d l e s s  of 

whether t h e  i n s e c t s  were k i l l e d  by i n f e c t i n g  them wi th  

~ e x ~ a t o d e s  and t h e i r  symbionts o r  with X, nematophilus a l o n e .  

n- ine  a n t i b i o t i c  a c t i v i t y  of  X. nematophilus c u l t u r e s  was due 

co s e v e r a l  subs tances  wkich have d i f f e r e n t  molecular  weights  

and a r e  water  and o rgan ic  s o l u b l e .  I n  vitro experiments  

shoxed t h a ~  t h e  a n t i b i o t i c  a c t i v i t y  of X. nematophilus was 

s ~ r o n g f y  in f luenced  by a b i ~ t i c  f a c t o r s  such a s  tempera ture ,  

p H ,  ae rax ion  a d  n u ~ r i t i o n .  - 4 n t i b i o t i c  a c t i v i t y  was optimum 

a t  2 5 • ‹ C  and p H  7 . 0  and no a n t i b i o t i c  a c t i v i t y  was d e t e c t e d  

when X, nematcphifus was c u l t u r e d  a t  3 0 • ‹ C  o r  above, under 

a n z e r c b i c  c o n d i t i o n s  o r  i n  1% p e p t m e  water .  The a n t i b i o t i c s  



from i n  vitro c u l t u r e s  o f  X. nematophilus w e r e  s t a b l e  i n  

h e a t ,  i n  s t o r a g e  and t o  s u n l i g h t  UV, and i n h i b i t e d  t h e  

growth o f  v a r i o u s  b a c t e r i a l  s p e c i e s  i n  P e t r i  d i sh  c u l t ~ x e s .  

T h i s  a n t i b i o t i c  a c t i v i t y  was q u i c k l y  l o s t  when  he b a c z e r i a l  

s o l u t i o n  w a s  a p p l i e d  t o  s t e r i l e  s o i l .  There  was no 

a n t i b i o t i c  e f f e c t  when X. nematophilus c u l t u r e  was a p p l i e d  

t o  s t e r i l e  s o i l  c o n t a i n i n g  exogenous p o p u l a t i o n s  of  Bacilius 

subtilis and Rhizobium phaseoli. Although the i n s e c t  

c a d a v e r s  k i l l e d  by X. nematophilus r e t a i n e d  the i r  a n e i h i o t i c  

a c t i v i t y  f o r  more t h a n  1 0  days  in n a t u r a l  garden  s o i l  t h e r e  

w a s  no ev idence  t h a t  a n t i b i o t i c s  c o n t a i n e d  i n  t h e  c a d a T T e r s  

had an  a d v e r s e  e f f e c t  on t h e  s o i l  b a c t e r i a l  p o p u l a t i o n ,  even 

when b a c t e r i a  i n f e c t e d  cadave r s  w e r e  p r e s e n t  i n  u n n a t u z a i l y  

l a r g e  numbers. 
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Chapter 1. %ntrsduction 

It has been almost sixty years since Glaser and Farrel 

(1 9353 applied insect nematodes, Neoaplectana glaseri 

(Steinernema glaseri), to control Japanese beetle. Great 

progress has been made in entomopathogenic nematology, 

including breakthroughs in mass production technology, that 

have led to the commercialization and large-scale field 

application of parasitic nematodes against insect 

pests(Bedding, 1984; Friedman, 1990; Georgis, 1987, 1990). 

Research into the use of entomopathogenic nematodes as 

biological control agents has focused mainly on 

investigations of the families Steinernematidae and 

Heterorhabditidae. Kernatodes of these families are 

symbiotically associated with bacteria of the genus 

Xenorhabdus. The synbiotic bacteria are carried monoxenically 

within the intestines of the infective juvenilesfIJ) of these 

r~ernatodes. After penetrating into the insect's haemocoel, the 

13s release the bacteria which then kill the insect and 

enhar:ce the conditions for nematode reproduction(Poinar and 

Thomas, 1966) . It has been reported that these symbiotic 

Zenorhabdws spp, produce antibiotics which inhibit the growth 

of s wide range of other micro-organisms (Akhurst, l982a) . 

Although they are adapted to the soil environment, the 

bioric interactions of the released entomopathogenic 

nematodes with other soil micro-organisms are virt~all!~ 

unknown. It w o ~ l d  be premature to claim that releases of very 



large numbers of entomopathogenic nematodes in insect control 

programs have no impact on soil micro-organisms in view of 

the production of antibiotics by their symbiotic bacteria. 

These antibiotics, which are capable of inhibiting the growth 

of a wide range of micro-organisms, may well have an inpact 

on soil micro-organisms. Consequently, it is appropriate that 

the impact on soil micro-organisms of these released 

nematodes and their associated bacteria should be 

investigated as part of the study of their efficacy as 

environmentally safe biological control agents. Therefore, 

the objective of this study was to investigate the properties 

of the antibiotics prodcced by Xenorhabdus spp. and to 

determine their effect on soil bacteria. 

1-1. The nematode-bacteria complex 

The classification of the Steinernematidae is confusing 

because cf inadequate descriptions or loss of type specimens 

or both. Depending upon rhe author, there is a single qenus, 

Steinernema (Wouts et al., 1982) or two genera, Steinernema 

and Neoaplectana (Poinar, 1973, 1984, 1986) . However, r-ast 

recent authors have accepted the prime status and use uf 

Steinernema. To minimize confusion and to establish 

consistency, Poinar ( 1 9 9 0 )  proposed a nine-species 

nomenclature (Table 1) in which many earlier species aze 

synonymized with Steinernema . 



S - a f f i n i s  ( B o v i e n ,  1 9 3 7 )  
S .  anomaf i (Kozodo i ,  1 9 8 4 )  
S .  c a r p o c a p s a e  (Weiser, 1 9 5 5 )  

S .  f e l t i a e  ( F i l i p j e v ,  1 9 3 4 )  
s e n s u  F i l i p j e v  

S .  g l a s e r i  ( S t e i n e r ,  1 9 2 9 )  
S .  i n t e r m e d i a  ( P o i ~ a r ,  1 9 8 5 )  
S. k r a u s s e i  ( S t e i n e r ,  1 9 2 3 )  
S .  k u s h i d a i  Marniya, 1 9 8 8  
S .  r a r a  ( D o u c e t ,  1 9 8 6 )  
S .  s c a p t e r i s c i  Nguyen 

a n d  S m a r t ,  1 9 9 0  

- 
? N .  a r e n a r i a  A r t y u k h o v s k y ,  1 9 5 7  
N .  b e l o r u s s i c a  Verernchuk, 1 9 6 6  
N. c h r e s i m a  S t e i n e r  i n  Glaser ,  

Mccoy a n d  G i r t h ,  1 9 4 2  
N, d u t k y i  T u r c o  e t  d l . ,  197  1 
N .du+ky i  J a c k s o n ,  1 9 6 5  
N .  dutkyi Welch,  1 9 6 3  
AT. e l a t e r i d i c o l a  Veremchuk,  1970  
N . s e m i o t h i s a e  Veremchuk a n d  

L i t v i n c h u k ,  1 9 7 1  
N. a g r i o t o s  Veremchuk,  1 9 6 9  
it'. f e l t i a e  F i l i p j e v  s e n s u  

S t a n u s z e k ,  1974  
N . b i b i o n i s  B o v i e n ,  1 9 3 7  
N .  b o t h y n o d e r i  K i r  j a n o v a  a n d  

Puchkova ,  1 9 5 5  
N. k i r j a n o v a e  Veremchuk ,  1 9 6  9 
N .  l e u c a n i a e  Hoy, 1 9 5 4  
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" Z. Mracek, Research S c i e n t i s t ,  Entomology I n s t i t u t e ,  CSAS, C e s k e ,  
Budejovfce, Czechosloaakia 



The family, Heterorhabditidae, was erected by Poinar 

( 1 9 7 6 ) .  Unlike Steinerzematidae, the  c l a s s i f i c a t i o n  of the  

Heterorhabditidae i s  r e l a t i v e l y  c l ea r .  Three species have 

been described: Heterorhabditis bacteriophora Poinar 1976, H. 

zealandica Poinar and H ,  megidis Poinar, Jackson and K i e i n ,  

1987. A s  new i s o l a t e s  were found (Poinar, 1990) , new 

techniques, such a s  DKA analysis ,  were used t o  help define 

t h e  taxonomy of heterorhabdit ids ( Smits et al., 1 9 9 1 )  and 

more new species may be described i n  the  near f u t u r e .  

Steinernematids and heterorhabdit ids a r e  groups of 

obl iga te  entomopathogenic nematodes capable of infec t ing  a 

wide range of i n s e c t s .  Their l i f e  cycles (F ig .1)  include t h e  

egg, four juvenile s tages  and the  a d u l t .  The in fec t ive  

juvenile i s  the  chird-stage and it i s  capable of searching 

f o r  and enter ing  t h e  body of a host i n s e c t .  i n  s p i t e  of t h e i r  

s i m i l a r i t y  the re  a r e  importmt differences  between 

Steinernema and Heterorhabditis. One major dif ference 5s i n  

t h e i r  development subsequent t o  the  in fec t ive  s tage .  E e  I J s  

of Steinernema spp. deveiop i n t o  an amphimictic generarion of 

females and males, whereas the  I J s  of Heterorhabditis spp.  

develop i n t o  hermaphroditic females (Poinar, 1990) . 

O f  t he  characters  t h a t  s e t  steinernematids and 

he terorhadi t ids  apar t  from other  rhabdi t ias  it i s  t h e i r  

assoc ia t ion  with t h e  symbiotic bac ter ia ,  Xenorhabdtis, cha t  

makes them unique. A s  well it i s  t h i s  character  t h a t  er:ables 

them t o  be so e f f i c i e n t  a s  insec t  pathogens. 



3.Femaic, eggs ~ i l d  Juvcnilcs 
J.Fernale, malel eggs anri jrr~eniies of thc s c c o ~ d  generation 
5.I-Itrmaphr-odiiic fcrnalc 
G.Arnphirnictic, fernate and male 
7.Juvenilcs i;isIdt and otrtside the female 



Poinar and Th~mas (1965) described this unusual 

association of a bacterium with a nematode and named it 

"Achromobacter nematophilus". Subsequently, as more species 

of bacteria were described with unusual characteristics, the 

genus Xenorhabdus was erected (Thomas and Poinzr, 1979) and 

now there are five species (Table 2). Xenorhabdus luminescens 

is commonly associated with Heterorhabditis spp. and the 

other four with Steinernema spp. 

1-2. Biology and physiolcgy of Xenorhabdus 

Xenorhabdus are gram-negative, asporogenous, 

p~ritrichous, motile and rod-shaped bacteria varying from 

0.8-2 pm x 4-10 pm, In older cultures, crystalline inclusions 

and intracellular ccccoid bodies occur. The ~azterih are 

facultatively anaerobic, having both a respiratory and a 

fermentative type of metabolism. Xenorhabdus do not f o ~ m  

spores and do not have an environmentally resistant stage. 

There is no record of them occurring free in the soil hut 

only in their nematode vectors, in the nematode infecc-d 

insects and in some wounds of human patients(Thomas and 

Poinar, 1983; Farmer, et al. 1989) . Thomas and Poinar ( 1  983) 

described two species and several subspecies and, based on 

phenotypic characteristics and phase variations, kkhurst and 

Boemare (1988) proposed the elevation of these subspecies to 

species. Five species have been described (Table 2) . However, 

new evidence ( Grimont et a l . ,  1984; Colepicolo et al., 1989; 

Farmer et a l . ,  1989; Akhurst e t  a l . ,  1990; Han et al. ,1990 and 



X i  e t  a l . ,  1 9 9 1 )  i n d i c a t e s  t h a t  X .  l u m i n e s c e n s  i s  a  

m u l t i s p e c i e s  taxon and s e v e r a l  taxonomic changes may be made 

i n  t h e  f u t u r e .  Farmer e t  a1. (1989) i s o l a t e d  b a c t e r i a  f r o n  

human wounds which were i d e n t i f i e d  a s  new X e n o r h a b d u s  

s p e c i e s .  This  occnrrence  i n d i c a t e s  t n a t  X e n o r h a b d u s  spp.may 

inc lude  non-nexatode a s s o c i a t e s .  Moreover, based on D N k  

homology, Akhurst e t  al. (1990) sugges ted  t h a t  t h e r e  a r e  

s e v e r a l  s p e c i e s  of X e n o r h a b d u s  a s s o c i a t e d  wi th  t h e  

S t e i n e r n e m a  s p p *  and t h a t  t h e  b a c t e r i a l  symbionts of 

H e t  e r o r h a b d i t i s  s-- ~ p .  and S t e l n e r n e m a  spp .  may belong t c :  

d i f f e r e n t  genera .  The case  f o r  X. l u m i n e s c e n s  being  p laced  i n  

a  s e p a r a t e  genus i s  f u r t h e r  supported by recen t  work (Ekhurst  

and Boemare, 1990; Lec le rc  and Boemare, 1 9 9 1 ) .  

I n  comrnon wi th  a l l  r h a b d i t i d s ,  t h e  s t e i n e r n e m a t i d s  and 

h e t e r o r h a d i t i d s  a r e  b a c t e r i a l  f e e d e r s .  The developing 

nematodes feed  on and d i g e s t  X e n o r h a b d u s  spp.  i n  t h e  i r isect  

haemocoel (Poinar ,  i 9 9 0 ) .  I t  has  been r e p o r t e d  (Po ina r  a n d  

Thornas, 1966j c h a t  nematodes a r e  unable t o  reproduce ir. 

axen ic  i n s e c t s  without  t h e i r  X e n o r h a b d u s  syrrbionts t o  yrovide  

s u i t a b l e  n u t r i e n t  c o n d i t i o n s .  However, many of t h e s e  

c o n d i t i o n s  have not  been i d e n t i f i e d .  In  f a c t ,  r i c h  media 

without  b a c t e r i a ,  such a s  s t e r i l e  r a b b i t  kidney and raw l i v e r  

e x t r a c t s  can s u s t a i n  axen ic  c u l t u r e s  of S t e i n e r n e m a  

spp.  (Glase r ,  1940; Stcr l l ,  1953) . Although t h e  bacteriurri, 

Pseudomonas  a e r u g f n o s a ,  i s  a b l e  t o  provide s u i t a b l e  

c o n d i t i o n s  f o r  t h e  nematode, S .  c a r p o c a p s a e  s t r a i n  DD136, t o  

reproduce,  t h e  nematode's reproduct ion  i s  l i m i t e d .  However, 



E h l e r s  e t  a l .  (1990)  f o u n d  n o  e v i d e n c e  t h a t  E s c k i e r i c h l a  coli 

h a d  a n e g a t i v e  i n f l u e n c e  on t h e  r e p r o d u c t i v e  p o t e n t i a l  o f  S. 

c a r p o c a p s a e  when t h e  nematode w a s  c u l t u r e d  on E. c o l i  Fn v e r y  

r i c h  m e d i a .  They o b s e r v e d  a d e l a y  i n  t h e  nematode 

deve lopment .  

The b a c t e r i a ,  o n c e  r e l e a s e d  from t h e  i n t e s t i n e  of t h e  

n o n f e e d i n g  IJ, m u l t i p l y  i n  t h e  i n s e c t  haemocoel  a n d  p r o v i d e  

t h e  n u t r i e n t s  e s s e n t i a l  f o r  nematode d e v e l o p m e n t .  Xenorhabdus  

p r e v e n t s  t h e  i n s e c t  c a d a v e r  f rom b e i n g  

o t h e r  mic ro -o rgan i sms  by p r o d u c i n g  v a r i o u s  a n t i m i c r o b i ~ l  

s u b s t a n c e s  ( P a u l  e t  a l , ,  1981;  A k h u r s t ,  1982a;  R i c h a r d s o n  et 

a l . ,  1988 a n d  McInerny e t  a l . ,  2 3 9 1 a , b ) .  Each s p e c i e s  cf 

nematode u s u a l l y  h a s  a s p e c i f i c  n a t u r a l  a s s o c i a t i o n  v ~ i t k  a 

s i n g l e  Xenorhabdus s p e c i e s  ( A k h u r s t  , 1882bf  . However, a 

Xenorhabdus  s p .  may b e  a s s o c i a t e d  w i t h  more t h a n  one nematode 

s p e c i e s  ( Dunphy e t  al., 1985;  Akhiirs t  a n d  Eoemare, 5 Sari 

e t  a l . ,  1991)  (see T a b l e  2 )  . 

Xenorhabdus  s p p .  are c r j n s i d e r e d  to b e  a d i v e r s e  a n d  i ln l :suai  

bacter ia l  g r o u p  ( S e a l s o n  et  al, 1990), b e c a u s e  t h e y  20x7. 

v a r i a t i o n s  t h a t  d i f f e r  i n  t h e i r  p r o d u c t i o n  of varic1i.s 

m e t a b o l i t e s ,  a n t i b i & i c s ,  e x t r a c e l l u l a r  enzymes,  

i n t r a c e i l u l a r  p r o t e i n  c r y s t a l s  a n d  b i o l u m i n e s c e n c e .  



Table 2. Xenorhabdus species and their nematode 

associates (Akhurst and Boemare, 1990) 

Xenorhabdus species Associated nematode species 

X. bovienii 

X, poinarii 

Undescribed Steinernerna sp. 

S. feltiae 

S. kraussei 

S. affinis 

S. intermedia 

Steinernema carpocapsae 

S. glaseri 

K .  luminescens All Heterorhabditis spp . 

........................................................... 



Xenorhabdus c a n  b e  c u l t u r e d  i n  s t a n d a r d  b a c t e r i a l  med ia .  

A c c o r d i n g  t o  t h e  1984 e d i t i o n  o f  B e r g e y ' s  Manual ,  t h e  c,piimum 

t e m p e r a t u r e  f o r  Xenorhabdus i s  a b o u t  2 5 ' ~ .  I n  l i p i d  b r u c h  X. 

nernatophiius h a s  a d o u b l i n g  t i m e  o f  0 .8 -1 .2  h a t  2 5 O ~  (Dunphy 

et a l . ,  1985)  . X. luminescens h a s  a d o u b l i n g  t i m e  o f  about 

1 . 5  h  i n  p e p t o n e  w a t e r  a n d  2 .5 -3  h i n  l a r v a e  o f  G a i l e r i a  

mellonella, t h e  g r e a c e r  wax moth a t  25•‹C ( P o i n a r  et a l . ,  

1 9 8 0 ) .  The b a c t e r i a  a re  u s u a l l y  m a i n t a i n e d  eit-her by deep-  

f r e e z i n g  o r  f r e q u e n t  s u b c u l t u r e  a t  room t e m p e r a t u r e  (Wuodring 

a n d  Kaya, 1 9 8 8 ) .  I n  s t u d i e s  o f  Xenorhabdus s e v e r a l  workers 

( P o i n a r  a n d  Thomas, 1967;  Go tz  e t  a l . ,  1981  a n d  Xu et ~ 1 . ,  

1989  ) r e p o r t e d  low p l a t i n g  e f f i c i e n c y ,  i n  which  va r io i z s  

f a c t o r s  c o u l d  b e  i n v o l v e d ,  s u c h  as o s m o t i c  s e n s i t i v i t y ,  

n u t r i e n t  r e q u i r e m e n t s  a n d  s e n s i t i v i t y  t o  O2 t e n s i o n .  A s  well, 

Xenorhabdus s p p .  t h a t  are  ca ta lase  n e g a t i v e  are  s e n s i t F v e  t o  

H,O, p r o d u c e d  i n  media  e x p o s e d  t o  o r d i n a r y  f l u o r e s c e n t  light 

!Xu a n a  H u r l b e r t ,  1990)  . P o i n a r  et a1. (1980)  f a i l e d  t o  

r e c o v e r  v i a b l e  X. luminescens a f t e r  t h e y  i n o c u l a t e d  t h e  

b a c t e r i a  i n t o  s t e r i l e  s o i l .  

A k h u r s t  (1980)  w a s  t h e  f i r s t  t o  r e p o r t  t h e  occurrF5nce of 

two  f o r m s  o f  Xenorhabdus, a n d  showed t h a t  t h e r e  were  mc..j.sr 

d i f f e r e n c e s  be tween  t h e  fo rms  i n  t h e i r  p r o d u c t i o n  of 

a n t i b i o t i c  s u b s t a n c e s  a n d  l e c i t h i n a s e  a n d  i n  t h e i r  a b s o r p ~ l o n  

o f  d y e s .  H e  d e s i g n a t e d  them i n i t i a l l y  a s  p r i m a r y  a n d  

s e c o n d a r y  f o r m s .  On n u t r i e n t  a g a r ,  c o l o n i e s  o f  t h e  p r i m a r y  

f o r m  o f  X. nematophilus are w h i t e ,  opaque ,  convex  a n d  

c i r c u l a r  w i t h  a n  i r r e g u l a r  m a r g i n ;  b u t  c o l o n i e s  o f  t h e  



secondary form are tracslucent, flatter and of greater 

diameter. On nutrient agar supplemented with bromothymcll 

Slue (BTBf and t riphenytetrazolium chloride (TTC f (NBTA rzediurn, 

see appendix 111, primary form colonies are surrounded by 

cle3red zones in the blue agar because of their absorprion cf 

the BTB. Primary form colonies of Steinernema symbionts are 

colored from blue to blue-green and those of Heterorhahd i t i s  

synbionts from greenish to brown. There is no clear zoLe 

around the secondary form colonies because they lack tk-e 

ability to absorb BTi3. The c o l ~ r  of secondary form colcnies 

are usually from reddish to rusty because of their a b s c s p t i o ~  

and red~~ction 02 TTC (Woodring and Kaya, 1988) . In X. 

luminescens, except for the non-bioluminescent strain 

(Akhurst and Boemare, 1986), bioluminescence is stronger in 

the primary than in the secondary form (Boemare and Akk-urst, 

1988; Nealson et al., 1988) , and the primary form is 

sensitive to a phage par~icie to which the secondary f rrn is 

not {Poinar et a:., 1384). There is recent evider!ce of the 

possibility of more ~ h a n  two forms in X, luminescens 

(9urlbert et al,, 1989; Boemare and Akhurst, 1990; Ehl-r  rs et 

al,, 1993 ) . 

Primary and secondary forms are considered to be 

equally pathogenic towards G ,  mellonella larvae, but t c e  

primary form creates better conditions for nematode 

reproduction (Akhurst, 1980). It has been strongly sugu?s~ed 

that reversion from the secondary to the primary form :s 

common in Xenorhabdus spp.(Akhurst, 1980; Boemare and 



b e e n  d e t e c t e d .  k l t i m u g h  t h e  fJ i s  c a p e b i e  of r e c a i n i n -  u the 

s e c o n d a r y  form o f  i t s  X e n o r h a b d u s  syrnbiont w i t h i n  i ~ s  

i n t e s t i n e ,  nematodes  c o l l e c t e d  i n  n a t u r e  a l m o s t  i n ~ ~ a r i z b l y  

c o n t a i n  o n l y  p r i m a r y  f o r x  z e l l s l A k h u r s t  a n d  3 o e ~ a r e ,  153G). 

T h e r e  i s  no e v i d e n c e  f o r  s e c o n d a r y  t o  p r i m a r y  for3 r e v + r s l ~ ~ r :  

o f  X e n o r h a b d u s  w i t h i n  t h e  I Z s  o f  S t e i n e r n e r n a  a n d  

H e t e r o r h a b d i t l s .  F c i n a r  et  a1.(1989) p r o p o s e d  that c h e  fcrs 

change  n i g h t  r e s u l t  f rom a b a c t e r i o p h a g e  which Lyses  z!-e 

- .  . p r i m a r y  b u t n o t  t h e  s e c o n d a r y  f o r m  of X. l u r n l n o s c e ~ s .  i - r ; ~ ~ > ~ ~ t  

( i 9 8 2 a j  was u n a b l e  t o  p r o v e  t h i s  by  u s i n g  mutaGens and  

p h y s i c a l  i d e n ~ i f i c a c i o n  mechods.  Couche et a i .  (1987) r l . l e d  

o u t  t h e  p o s s i b i l i t y  o f  p l a s n i d  invo lvement  by a e m o z s c r c z i r ~ q  

t h a t  i d e n t i c a l  p l a s m i d  DNA was p r e s e n t  i n  both f o r x - s .  ::outs 

(1990) o b s e r v e d  s m a l l  c e l l s  a s s o c i a t e d  w i t h  xhe  prircarl- forz 

o f  X e n o r h a b d u s .  2e assumed t h a t  t h e s e  s m a l l  c e l l s  wEre 

r e s p o n s i b l e  f o r  zne d i f f e r e n c e s  between t h e  fo rms  and  

s u g g e s t e d  t h a t  t h e s e  s low-growing ce l l s  were a new and 

unnamed b a c t e r i a l  s p e c i e s .  Recen t  p h y s i o l o g i c a l  

s t u d i e s ( B o e m a r e  a n d  A k h u r s t ,  1990) have  shown t h a t  t n e  

rnechanisrr, o f  fo rm c b a n g e s  i s  c o a p l i c a t e d .  They s u g g e s t  t h a ~  

t h e  form s h i f t  is enhanced  by a n a e r o b i c  c u l t u r z i  c o n d i t i o ~ s ,  

a n d  t h a t  it may be r e l a t e d  t o  d i f f e r e n c e s  i n  n u t r i e n t  

a s s i m i l a t i o n  a n d  t h e  r e q u i r e m e n t s  of t h e  p r i m a r y  a n d  

s e c o n d a r y  f o r m s .  Hoxever, t h e  mechanisms of t h e  fo rm c?-anje 

re9.ai.n u n c l e a r .  



Xen~rhabdus iurninescens is t h e  o n l y  b a c t e r i a l  s p e c i e s  i~ 

A Lhe t e r res t r i a l  e n v i r o x i e n t  known t o  h a v e  t h i s  p r o p e r t - :  
- 

a l t h o u g h  t h e r e  Is a non- luminescen t  s t r a i n  ( A k h u r s t  anci 

Boernare, 1986 )  . When  a n  i n s e c t  i s  i n f e c t e d  b y  X. luminescens, 

t h e  c a d a v e r  becomes v i s i b l y  l u m i n e s c e n t  f 2o ina r  e t  al., 

- -0.- 1 9 5 0 ) .  The b a c t e r i a  e m i t  L i g h t  most  e f f i c i e n t l y  a t  3.3 i in a 

low-salt medium x i ~ 5  t h e  e m i s s i o n  s p e c t r u m  p e a k i n g  a t  -8Gnm 

bio:urr,inescence i s  b e l i e v e d  t o  be c a t a l y z e d  b y  a n  e n z y i e  

q i-. 4 - L t l ~ l a r  i n  s u b s t r z t e  r e q u i r e n e c t s  a n d  s u b u n i t  s i z e  t o  c i ~ h e r  

b a c t e r i a l  l u c i f e r a s s s  ( C o l e p i c o l o  e t  al., 1989 ;  ?:eals:n 3t 

y e l l o w  t o  r u s t y .  S o ~ e  w o r k e r s  u s e  t h e  p r e s e n c e  of p igmen t  a s  

a t a x o n o m i c  characrer ( Grimont  e t  a 1 . ,  1 9 8 4 )  . Gnn p i g r n e r . ~  f rsm 

X. lvmlnescens w a s  p z r i f i e d  a n d  i d e n ~ i f i e d  as  a n  

P r o d u c t i o n  of c r y s t z l l i n e  i n c l u s i o n s  i s  another cFmmon 

fezture i.3 Xenorhzbdus s p e c i e s .  Couche et ai. ( 1 9 5 7 )  r ~ p o r t e d  

l i q u i d  m e d i a .  C r y s t a l  f o r m a t i o n  o c c u r s  i n  p r i m a r y ,  b u t  not i n  

s e c o n d a r y  f o r m s  of X. nematoph i lu s ,  w h e r e a s  b o t h  f o r m s  of  X. 

l u m i n e s c e n s  p r o d n c e  i n c l u s i o n s .  Ens ign  e t  a l .  ( 1 9 9 0 )  o b t a i n e d  



l a r g e  i n t r a c e l l u l a r  c r y s t a l s  from X. l u m i n e s c e n s  c e l l s  

i s o l a t e d  from i n s e c t  c a d a v e r s .  Two morpho log ica l ly  d i s t i n c t  

forms o f  i n c l u s i o n  were p u r i f i e d ,  namely, l a r g e ,  c igar - shaped  

and smaller, ovo id  forms.  The i n c l u s i o n s  c o n t a i n e d  p r o t e i n  

a lmos t  e x c l u s i v e l y .  The c r y s t a l l i n e  p r o t e i n  i s  n o t  t o x i c  t o  

i n s e c t  l a r v a e  and  i t s  f u n c t i o n  i s  unknown (Ensign e t  a:., 

I n  common wi th  many gram-negative b a c t e r i a ,  X e n o r h a b d u s  

s p e c i e s  produce i n s e c t  t o x i n s .  Dunphy and Webster (198bb) 

r e p o r t e d  t h a t  X. n e r n a t ~ ~ h l l u s  r e l e a s e d  1 ipopolysaccharFde  

i n t o  t h e  i n s e c t  h o s t  where i t ac t s  as a  haenocy to tox in .  I n  

a n o t h e r  p a p e r  t h e s e  workers  showed t h a t  X. l u m i n e s c e n s  

produced t h e  same t o x i n  i n  G a l l e r i a  l a r v a e  (Dunpky and 

Webster,  1988a) . Ensign et al, (1990) d e t e c t e d  an 

i n s e c t i c i d a l  t o x i n  produced by X. l t l r n i n e s c e n s  b o t h  in -.itro 

and i n  vivo.  The fo rma t ion  o f  t h e  tox i r !  i n  pep tone  b r o r h  

b e g i n s  as t h e  c e l l s  e n t e r  t h e  s t a t i o n a r y  p h a s e  of  g r o w ~ h  and 

r e a c h e s  a maximum l e v e l  a t  48-60 h o u r s .  The p u r i f i e d   oxi in 

k i l l s  t h e  f i f t h  i n s t a r  l a r v a e  of  Manduca s e x t a  i n  1 2 - 2 4  hour s  

when i n j e c t e d  i n t o  t h e  l a r v a e  b u t  i s  n o t  t o x i c  when fitci t o  

t h e  l a r v a e .  I n t e r e s t i n g l y ,  McInerney e t  a l  . (1991a) reported 

that an a n t i b i o t i c ,  xenorhabdin 2 ,  produced Sy X e n c r h a S d u s  

spp .  had per os l a r v i c i d a l  a c t i v i t y  a g a i n s t  Hellothis 



1-3. Ant ib io t i c s  produced b y  Xenorhabdus  

Dutky e t  a l .  ( 1 9 6 4 )  suggested t h a t  t h e  b a c t e r i a l  

symbiont of t h e  DD136 s t r a i n  of N e o a p l e c t a n a  ( S t e i n e r n e m a )  

f e l t i a e  produced a n t i b i o t i c s .  Poinar e t  a l .  (1980) repor ted 

t h a t  both X. n e r n a t o p h i l u s  and X .  l u m i n e s c e n s  i n h i b i t e d  t h e  

growth of B a c i l l u s  c e r e u s  v a r .  m y c o i d e s  and B .  t h u r i n g i e n s i s .  

Paul e t  a1.(1981) repor ted t h a t  nine s t r a i n s  of X. 

n e m a t o p h i l u s  and X .  l u m i n e s c e n s  produced a n t i b i o t i c s  t h a t  

i nh ib i t ed  growth of t n e  luminous bac t e r i a ,  V i b r i o  spp,  and 

P h o t o b a c t e r i u m  spp. Moreover, Akhurst (1982a) documenr~d 

a n t i b i o t i c  a c t i v i t y  of Xenorhabdus  spp. aga ins t  a  v a r i e t y  of 

micro-crganisms, including gram-positive and gram-negacive 

b a c t e r i a  and yeas t s .  I n  t h i s  study, Akhurst concluded t h a t :  

a )  a l l  primary forms of Xenorhabdus ,  except t h e  syinbi0r.t of 

S .  g f a s e r i  (presumably X. p o i n a r i i )  , produced a n t i b i o t  lcs; b) 

some Xenorhabdus  s t r a i n s  o r  species  were mutually i nh ib i to ry ;  

c )  rhe anaerobic c u l t u r e s  of Xenorhabdus  produce no 

a n t i b i o t i c s ;  d) t h e  a n t i b i o t i c  a c t i v i t y  was not a f f e c t e d  b y  

t k  c u l t u r e  media and h e a t .  Noticing t h e  spectrum v a r i k t i o n  

of a n t i b i o t i c  a c t i v i t y  within and between Xenorhabdus  

spec ies ,  both Paul et al. (1981) and Akhurst (1982a) 

i nd i ca t ed  t h a t  d i f f e r e n t  campounds were produced by d i i f e r e n t  

Xenorhabdus  spec ies  e  . g . ,  each of these  Xenorhabdus species  

o r  strains produces one o r  more d i f f e r e n t  a n t i b i o t i c s .  I n  

s p i t e  of t he  previous work, l i t t l e  i s  known of t h e  production 

r a t e s  of these  a n t i b i o t i c s .  Paul e t  a1 . ( 1 9 8 1 )  obtained 5COmg 

of semipurified a n t i b i o t i c  e x t r a c t  from 1 5 L  c e l l - f r e e  X.  



nematophilus s p e n t  c u l t u r e  medium. They i s o l a t e d  f i v e  

compounds from X. nematophilus a n d  two from X.  luminescens, 

a l l  o f  which  h a v e  a n t i b i o t i c  a c t i v i t y .  R i c h a r d s o n  et a:. 

(1988)  p u r i f i e d  a n d  c h a r a c t e r i z e d  a n t i b i o t i c  compounds from 

X. luminescens, a n d  f o u n d  t h a t  t h e s e  c h e m i c a l s  b e l o n g  co two 

d i s t i n c t  g r o u p s ,  namely i n d o l e  a n d  h y d r o x y s t i l b e n e  

1 ""I  d e r i v a t i v e s .  I t  h a s  b e e n  r e p o r t e d  (McInerney e t  al., " 331a,bl 

t h a t  s e v e n  a n t i b i o t i c  compounds have  been i s o l a t e d  f r o E  

Xenorhabdus s p p . ,  a n d  o f  t h e s e ,  f i v e  r e l a t e d  compocnds named 

x e n o r h a b d i n s ,  a r e  o r g a n i c  s o l u b l e .  The o t h e r  cwo, 

xenocoumacins 1, 2 a re  w a t e r  s o l u b l e ,  a n d  t h e y  are prociuced 

i n  1:1 r a t i o  i n  i n s e c t  cac iavers  i n f e c t e d  w i t h  X. n e r n a t ~ p h i i u s  

( ~ u n ~ h ~ * ,  P e r s .  comm. f . I t  w a s  found  t h a t  xenocournacins have  

a n t i b a c t e r i a l  a c t i v i t y  a n d  t h a t  xenocoumacin 2 h a s  a n t F f u n g a 1  

a n d  p o t e n t  a n t i u l c e r  a c t i v i t y  (McInerney e t  a l . ,  1 9 9 1 b ) .  

I t  i s  well-known t h a t  XenorhaSdus s p p .  p r o d u c e  a r a n g e  

of i n h i b i t o r y  s u b s t a n c e s  b u t  t h e i r  r o l e  i n   he nematode 

i n f e c t i o n  o f  i n s e c t s  has  n o t  b e e n  d e t e r m i n e d .  The hypc:?i?s1s 

t h a t  a n t i b i o t i c  ( s )  p r e v e n t  ( s )  t h e  i n s e c t  c a d a v e r  f r em 

p u t r e f y i n g  a n d  s o  m a i n t a i n  p r o p e r  c o n d i t i o n s  f o r  nenar2>de 

g r o w t h  a n d  reproduction, seems l o g i c a l .  The p r e s e n c e  05 many 

d i f f e r e n t  a n t i b i o t i c  classes a n d  t h e i r  p r o d u c t i o n  b y  

d i f f e r e n t  s t r a i n s  o f  Xenarhabdus may h e l p  t o  e x p i a i n  s:raix 

v a r i a t i o n  i n  Xenorhabdus. I t  i s  u n c l e a r ,  however,  i f   be 

p r e s e n c e  of these a n t i b i o t i c s  i s  s u f f i c i e n t  t o  e x p l a i n  all 

'~rofessor, Dept. of Entomology, Macdonald College of McGill University, 
Montreal, Quebec. 



t he  va r i a t ion .  I n  view of the  number of species and s t r a i n s  

already studied for a n t i b i o t i c  production and t h e  disccvery 

of more s t r a i n s  o r  species of Xenorhabdus ,  it i s  likel:; t ha t  

more a n t i b i o t i c s  w i i l  be i so la t ed .  Moreover, t he  production 

and a c t i v i t y  of a n t i b i o t i c s  i n  vivo may be d i f f e r e n t  f r o m  

t h a t  i n  a  defined medium. 

I n  short ,  although the re  has been grea t  i n t e r e s t  i n  and 

a l o t  of work done on insect  nematodes and t h e i r  b a c t e r i a l  

symbionts, there  i s  a n  incomplete understanding of t h i s  

nematode/bacteria ~ s s o c i a t i o n .  The object ive of t h i s  s t u d y  

was t o  increase our understanding of t h e  an t ib ioz ics  produced 

b y  Xenorkabdus  spp. with spec ia l  reference t o  t h e i r  

proper t ies  and t h e i r  a n t i b i o t i c  a c t i v i t y  against  other 

bac te r i a  i n  t he  s o i l .  



Chapter 2. Materials and methods 

2-1 .  General mater ia ls  and methods 

A .  Sources and preparation of nematodes 

A i l  nematode species o r  s t r a i n s  were from t h e  co l lec t ion  

i n  D r .  J .  M .  Webster's laboratory a t  Simon Fraser University. 

Table 3 shows t h e  source of the  nematode species 2nd scra ins  

used i n  t h i s  study.  

A l l  nematode species were cultured in  larvae of t : -~e  

grea te r  wax moth, Galleria meilonella(L.), t o  produce fresh 

stock mater ia l  fo r  t h e  study. The cu l ture  procedure waz a 

modification of t h e  method described by Dutky et a1.(IG64). 

Last- instar  larvae of G. mellonella, reared accoriiing 

Dutky et  a1. ( 1 9 6 2 )  , were provided by the  insectary of  he 

Departmnt of Eiologicai  Sciences, Simon Fraser Univerzity,  

Upon rece ip t  of t h e  insec ts ,  l a rge  larvae of 220-26~9ng were 

co i lec ted  and s tored  a t  4'~ u n t i l  needed. 

Nematodes kept i n  a storage spongej4'C) xere alio::ed -,o 

warm f o r  l h  a t  room temperature before suspensions were m d e  

by squeezing t h e  sponge i n  d i s t i l l e d  water. Twenty 

m i l l i l i t e r s  of nematode suspension were poured i n t o  a  COnl 

t e s t  tube, the  nexatodes were allowed t o  s e t t l e  fo r  15-20 

min., and then were p ipe t ted  i n t o  another t e s t  tube a n d  

washed twice with d i s t i l l e d  water. 



T a b l e  3 .  The s o u r c e s  o f  t h e  nematode s p e c i e s  a n d  s t r a i n s  

u s e d  i n  t h i s  s t u d y .  

Wenatoae s p e c i e s  S t r a i n  S o u r c e s  

S. feftiae 

S .  feltiae 

carpocapsae 

intermedia 

G .  0. P o i n a r ,  U n i v e r s i t y  o f  

C a l i f o r n i a ,  B e r k e l e y ,  C a l i f o r n i a  

I s o l a t e d  f rom B r i t i s h  Columbia ,  

Canada 

B i o s y s ,  P a l o  A l t o ,  C a l i f o r n i a  

I s o l a t e d  f rom B r i t i s h  Columbia ,  

Canada 

BC1* 

(iJC162) 

3C2"  

(SC)  

890  I s o l a t e d  f rom B r i t i s h  Columbia ,  

Canada 

Cultures of unknown o r i g i n  d u e  t o  r e i d e n t i f i c a t i o n  o: 

c u l t u r e  a f t e r  =any p a s s a g e s .  



F i n a l l y ,  nematodes i n  a l i q u o t  samples were counted and a 

suspension of e s t ima ted  concen t ra t ion  was made. To i n f e c ~  t h e  

i n s e c t s ,  l m l  of t h e  nematode suspension a t  a  concen t ra t ion  of 

about 500 I J s / m l  was evenly  d i s t r i b u t e d  on a  9cm Whatman #1 

f i l t e r  paper  i n  a 10cm P e t r i  d i s h ,  and 1 0  Galleria l a r v a e  

were added t o  each d i s h .  To reduce l a r v a l  movement, a similar 

p i e c e  of  dampened f i l t e r  paper  was p laced  on t o p  of t h e  

i n s e c t s  and l i g h t l y  p r e s s e d  t o  make a paper- insec t  saniwich 

F i n a l l y ,  each d i s h  was covered with i t s  l i d ,  s e a l e d  with 

Paraf  i l m  (American Na t iona l  Can, Greenwich, GT . ) and incgbated 

i n  t h e  dark a t  24OC. A f t e r  24-48h incuba t ion  t h e  prepared  

d i s h e s  were opened, t h e  t o p  f i l t e r  papers  removed and the 

d i s h e s  were r e s e a l e d  and incubated  a g a i n .  A f t e r  8-10 d a y ' s  

incuba t ion ,  t h e  nematodes were ready f o r  h a r v e s t .  

To h a r v e s t  t h e  nematode IJs, a t r a p  was made b y  wrzpping 

t h e  l i d  of a  6cm P e t r i  d i s h  e x t e r n a l l y  with f i l t e r  paper  a n d  

p l a c i n g  it open-side down i n  a  l a r g e r  d i s h .  The l a r g e r  d i s h  

was f i l l e d  t o  a  depth of 2-3mm with  d i s t i j l e d  water  s o  t h a ~  

t h e  f i l t e r  paper  came i n t o  c o n t a c t  with t h e  water s u r f z c e .  

The nematode i n f e c t e d  i n s e c t  cadavers  were c a r e f u l l y  removed 

from t h e  P e t r i  d i s h  and about 40 of them were p laced  or  t h e  

t o p  of each f i l t e r  paper-covered l i d ,  After t h e  emerge-ce of 

t h e  IJs had been observed f o r  2 days,  t h e y  were h a r v e s ~ e d  by 

r i n s i n g  t h e  l a r g e r  d i s h  and c o l l e c t i n g  t h e  nematode 

suspecs ion .  To remove unwanted i n s e c t  t i s s u e  and n o n i n f ~ c t i v e  

s t a g e  nematodes, t h e  c o l l e c t e d  nematode suspension was poured 

i n t o  a  500-mesh s i e v e  p o s i t i o n e d  over  a c o l l e c t i o n  c o n t a i n e r .  



2 1 

The c o n t a i n e r  w a s  f i l l e d  w i t h  enough d i s t i l l e d  w a t e r  so  t h a t  

t h e  s i e v e  s c r e e n  came i n t o  coZltact w i t h  t h e  w a t e r  s u r f ~ c e .  

The a c t i v e  IJ nematodes  w e r e  l e f t  t o  m i g r a t e  t h r o u g h  the 

s i e v e  o v e r n i g h t ,  a n d  t h e  r e s u l t i n g  IJ s u s p e n s i o n  w a s  washed 

t w i c e  w i t h  d i s t i l l e d  w a t e r .  F i n a l l y ,  t h e  IJs were pumped i n t o  

a p l a s t i c  b a g  c o n t a i n i n g  a wet sponge  a n d  s t o r e d  at. ~ O C _ '  ~ z n ~ i l  

f u t t l r e  u s e .  

B .  S o u r c e s  a n d  p r e p a r a t i o n  o f  t e s t  b a c t e r i a  

i) . S o u r c e s  o f  t e s t  b a c t e r i a  

B a c t e r i a l  c u l t u r e s  were  g e n e r o u s l y  p r o v i d e d  b y  thz? 

f o l i o w i n g  i n d i v i d u a l s :  B a c i l l u s  s u b t i l i s ,  b y  D r  J .  E .  Fahe ,  

Depar tmen t  o f  B i o l o g i c a l  S c i e n c e s ,  Simon F r a s e r  i l i i v e r :  i t y ;  

R h i z o b i u m  p h a s e o l i  TAL 1 8 2 ,  b y  D r .  F .  B. Ho17, Depar tmen t  o f  

P l a n t  S c i e n c e s ,  S a l m r ~ n e l l a  t y p h i m u r i u m  SLl344 by  D r .  E. 

F i n d l e y ,  B i o t e c h n o l c g y  l a b o r a t o r y ,  t h e  U n i v e r s i t y  of B r i t i s h  

Columbia,  Vancouver ;  E s c h e r i c h i a  c o l i  PA63, PA67 a n d  

S t a p h y 2 o c o c c u s  a u r e u s  b y  D r ,  A .  C l a r k e ,  Depar tmen t  of 

M i c r o b i o l o g y ,  S t .  P a u l  ' s H o s p i t a l ,  Vancouver ,  3.  C . ; B a c i l l u s  

t h t i r i n g i e n s i  s s u b s p .  k e n y a e  IPI, P r o t e u s  v u l g a r i s  MAC -'74, 

Pseudornonas a e r u g i n c s a  ATCC902 6 ,  A l c a l i g e n e s  f a e c a l i s  

ATCC8750, E n t e r o S a c t e r  a e r o g e n e s  1.1AC438, S e r r a t i a  m a r c e s c e n s  

?'4&C21 a n d  F , z o l o b a c t e r  ehroococcurn MCD1, by D r .  G. E. Diaphy,  

Depar tmen t  of M i c r o b i o l o g y ,  Macdonald C o l i e g e ,  M c G i l l  

U n i v e r s i t y .  



j i j  Preparation of t e s t  bac ter ia  

Upon rece ip t  of the  cul tures ,  a l l  bac ter ia ,  excepc f c r  

R. phaseoli and A. chroococcum, were cul tured on na t r i en t  

agar (NA, see appendix 111) . I?. phaseoli was cul tured on yeast 

extract-mannitol agar(YMA, see appendix VII) and A .  

chroococcum was cul tured or, Cron !s nitrogen-free media (CNFM) 

(Pawsey, 1974), (see appendix i f  . A .  chrcioroccum and -R. 

phaseoli were maintained a t  room temperature, and the 

remainder were maintained a t  4*C a f t e r  f i r s t  being cuL-r .ur~,d 

a t  room temperature. 

iii). Preparation of spore suspensions 

A s  one of t h e  most comrmonly used bac ter ia  f o r  bioassay 

of a n t i b i o t i c s  and very sens i t ive  t o  a n t i b i o t i c s  produced by 

Xenorhabdus spp, 9. subtilis was chosen as  t h e  standarc: 

b a c t e r i a i  ind ica tor  of a n t i b i o t i c  a c t i v i t y ,  and a  stan5ard 

spore suspension was made. The procedure was a  modificztion 

of Hewitt and Vincent 11989) as  follows: 1) lorn1 of bac te r i a l  

broth was grown overnight a t  3 7 ' ~  on t r y p t i c  so;. brcch(TSB), 

I m l  of t h e  b a c t e r i a l  broth was t ransfer red  i n t o  a m e  l i t r e  

f l a s k  with 50Oml TSB; 2 )  t he  f l a sk  was incubated a t  3?-" L f  and 

shaken a t  80rpn f o r  10  days; 3)  the  b a c t e r i a l  spores a . 5  

c e l l s  were co l lec ted  by centr i fuging a t  10,000rpa fo r  ' n i n  

and washed t h r e e  times with s t e r i l e  water; 4 )  the spores and 

c e l l s  were resuspended i n  a  s t e r i l e  0 . 9 %  NaCl so lu t ion;  5 )  

t h e  suspension was pasteurized a t  8gaC i n  a  water b a ~ h  fo r  20  

m i n ;  6 )  a concen t ra ted  spore  suspension of 6x10' colon;-- 

forming-units(CFU)/rnl was made from t h e  pasteur ized s a l i n e  



suspension and t h e  spore suspension was then t r a n s f e r r e d  i n t o  

50ml tubes  w i t h  screw caps and s to red  a t  4OC u n t i l  r equ i red .  

C . Preparat ion of X e n o r h a b d u s  spp . 

if  . To i s o l a t e  X e n o r h a b d u s  spp. ,  G a l l e r i a  l a rvae  xere 

i n fec t ed  with X e n o r h a b d u s  spp. by t h e i r  respec t ive  nematode 

a s s o c i a t e s  us ing about 25 I J s / l a r v a ,  a s  descr ibed i n  sec t ion  

2-1.A. After  24-48h of i n f ec t ion  the  i n sec t  cadavers were 

sur face  d i s i n f e c t e d  by dipping thex  i n t o  95% ethanol  and 

i g n i t i n g  them. Then t h e  cadavers were a s e p t i c a l l y  opened w i t h  

q+prile forceps and the hernolymph w a s  s t reaked  onto NBTA (see  ......- 

appendix 11) . 

ii) . To obta in  pure X e n o r h a b d u s  spp. c u l t u r e s ,  b a c t e r i a l  

c ~ i o n i e s  which resembled t h e  primary forms of X e n o r h a b d u s  

were subcultured onto f r e s h  NBTA p l a t e s .  After  2-3 days of 

ineusat ion i n  t h e  dark a t  24OC, t he  b a c t e r i a  were checked 

under t h e  microscope f o r  t h e i r  c e l l  s i z e ,  m o t i l i t y ,  ana gram 

s t a i n .  Their  a n t i b i o t i c  a c t i v i t i e s  aga ins t  B .  s u b t i l i s  were 

t e s t e d  on agar p l a t e s  {see  sec t ion  2-ID below).  

i i i )  . To obta in  the  secondary form of X e n o r h a b d u s  spp. ,  

t h e  primary form c u l t u r e  was maintained a t  2 4 ' ~ .  A l a rqe  

propor t ion of b a c t e r i a l  co lcn ies  became secondary a f t e r  about 

20 day ' s  maintenance without subcul ture ,  and those  secondary 

f o i o n i e s  were s u b c u l ~ u r e d  onto NBTA and t e s t e d  f o r  a n t i b i o t i c  

a c t i v i t y (  see  s ec t ion  2-ID). 

iv), Two methods were used t o  maintain X e n o r h a b d u s  spp.  

For short-term maintenance, b a c t e r i a i  c u l t u r e s  grown on NBTA 



were incubated a t  24'C a n d  subcultured on NBTA every 2 weeks. 

For long-term maintenance, b a c t e r i a  were grown i n  TSB far 

24h, cen t r i fuged  and  suspended i n  TSB containing 15% glycerol 

and then s t o r e d  a t  -2OoC.  

D. Bioassay of a n t i b i o t i c  a c t i v i t y  

Before t e s t i n g ,  a l l  t e s t  so lu t ions  from spent  bac-zerial 

c u l t u r e  media of Xenorhabdus species  a r  insect extrzcc;  were 

neu t r a l i zed  with 6N H C l  and centr i fuged a t  10,000rpm fo r  2 0  

min. a t  4OC. Then they were s t e r i l i z e d  by f i l t r a t i o n  tl--rough 

0.2p-pore f i l t e r  (Mil l ipore ,  Redford, 

An agar d i f f u s i o a  bioassay (Hewitt and Vincent, l ' i 8 9 )  

was employed throughout t h e  whole s tudy.  Except where 

otherwise s t a t e d ,  a l l  a n t i b i o t i c  a c t i v i t y  t e s t e d  on agar 

p i a t e s  followed t h e  procedure ou t l ined  below. 

The b a c t e r i a l  agar-based media were autoclaved for 15 

min and held  i n  a  water bath a t  50•‹C f o r  I h .  Asep t ica l Iy ,  

10ml of media were poured i n t o  each lOcm P e t r i  d i s h .  A f t e r  

cooling,  t h e  p l a t e s  were s to red  a t  room temperature m ? i i  

requ i red .  

Test b a c t e r i a  were cu l tu red  i n  t h e i r  s u i t a b l e  b rc rhs ,  

shaken a t  80rpm a t  25OC over-night and 10Opl of t h e  b-r- a \ - t e r l a i  , - 
c u l t u r e  o r  B. subtilis spore suspension(see  2-1.3) was 

inocula ted onto each assay p l a t e .  The inoculum was ever-ly 

spread on t h e  p l a t e  with a  s t e r i l e  spreader .  The plate:, were 

d r i e d  i n  a laminar a i r - f low with t h e i r  l i d s  open f o r  211-30 

min. 



Before t e s t  so lu t i ons  were added t o  t h e  p l a t e s ,  2 -4  

we l l s ,  each of 8.5cm diameter,  were cu t  i n  t h e  inocu la ted  

agar  with a  alcohol-flame s t e r i l i z e d  cork bore r  and t h c  agar 

p lugs  were removed with s t e r i l e  fo rceps .  Then 50pl of t e s t  

s o l u t i o n  were added inco each well ,  t h e  p l a t e s  were coTTered 

with t h e i r  l i d s  and incubated a t  25OC. Afte r  24h incubat ion ,  

t h e  diameter of t h e  i n h i b i t i o n  zone of t h e  t e s t  b a c t e r i a  was 

measured with hand-held c a l i p e r s .  

2-2. General observat ions  and t e s t s  of Xenorhabdus spp. 

To decide t h e  cond i t ions  f o r  sho r t  term l abo ra to ry  

maintenance of Xenorhabdus s p p , ,  t h e  fol lowing t e s t s  were 

conducted: a )  The primary forms of X. nematophilus and X .  

lurninescens were c ~ l t u r e d  s epa ra t e ly  on NBTA a t  24'~ f t2 r  4 

days .  Then t h r e e  p l a t e s  of each spec ies  were moved i n t ~  a 4 " ~  

r e f r i g e r a t o r .  Af t e r  1, 5, 1 0 ,  15,  20 ,  2 5  and 30 d a y ' s  

t rea tment  a t  4"C, t h e  b a c t e r i a l  colonies  from 3 p a r t s  cf each 

p l a t e  were s t reaked  s zpa ra t e ly  on NBTA and incubated  aca in  a t  

24'C. Afte r  4 d a y ' s  incubat ion ,  t h e  v i a b i l i t y  of t h e  c ~ ~ l o n i e s  

of each spec i e s  was recorded.  bj Each l a s t - i n s t a r  1ar-v;; of 

Galler ia  was i n j e c t e d  with 5k1 of a  24h-old c u l t u r e  of X .  

nematophilus. One day a f c e r  l a r v a l  death ,  t h e  cadavers  were 

YpF,; * ,,,,,,crated a t  4•‹C.  Af te r  5, 10, 30 and 60 d a y ' s  incukat ion ,  

desc r ibed  i n  2-IC and incubated i n  t h e  dark f o r  3-4 days a t  

24"G, a f t e r  which  he b a c t e r i a l  .form and v i a b i l i t y  were 

checked according t h e i r  growth t h e  p l a t e .  



I t  was observed t h a t  colonies  of Xenorhabdus isol=:red 

s t r a i n  had d i f f e r e n t  colony co lo r s  on NBTA, t he re fo re ,  t h e  

fol lowing observation and experiment were conduct2d. T-, 

observe t h e  form v a r i a t i o n ,  XenorhaSdus spp. were isolc:::ed 

from i n s e c t  cadavers a s  described i n  sec t ion  2-1C. The 

b a c t e r i a  were s t reaked  onto p l a t e s  conta ining 1031 !;3T;_ 323 

incubated i n  t h e  dark a t  24OC. After  4 d a y ' s  i n c ~ h a ~ : c r ,  z2z 

p l a t e s  were checked f o r  dye absorption by t h e  b a c r n r i a .  T h ~ s e  

colonies  which appeared obviously d L f e r e n t  i n  co lo r  f:c~x, 

o the r s  of t he  same spec ies ,  were subcultured separafel;- sr. 

NBTA again .  After  4 day 's  incubation,  t he  p a r a  ccl:czeL sf 

t he se  colonies  were cu l tu red  i n  TSB, four realicazes f r ~ 3 ~ 5  

of t h e  i s o l a t e s ,  then t h e  a n t i b i o t i c  a c t i v i k y ,  pE Zeve 3::a 

o p t i c a l  absorbance of  he c u l t u r e s  were ~ e a s - z r e d  5 day: e f t e r  

c u l t u r e .  

The growth curves of both primary and seccrdary  f - r ~ s  72 

,- X. nematophilus ( i r o n  DD136) were deterntirisd b y  addc$ L .lnl 

- q . I of t h e  b a c t e r i a l  inocult~mjsee 2-3. l A ,  below) t o  L L X ~ I - . ~  -:>= :rA 

each form. The growth was measured spectrophotometr~1:,?r11.~~~ a r  

540nm a t  d i f f e r e n t  incubation t imes .  To determine eke I c r x  

changes durincj tht3 cult t i re ,  a  s e r i a l  d i l u t i o n  w a s  nade f zc r  

each sample, p l a t e d  o n  NBTA and a f t e r  4 day's i n - u k z i  z, 

nurnber and t h e  propor t ion of primary and secocdar:; 

co lon ie s (ve ry  l i g h t  b l u e ,  t r ans lucen t )  were z o u n ~ e d .  T 

record the p H  change during the incubation,  t h e  p H  25 -ach of 



t h e  a b o v e  c u l t u r e  s a m p i e s  was measured ,  u s i n g  a F i s h e r  2 2 0  p H  

m e t e r .  

2-3.  A n t i b i o t i c  a c t i v i t y  o f  Xenorhabdus s p p .  i n  vftro 

a n d  in vivo 

E x c e p t  where  o t h e r w i s e  s t a t e d ,  a l l  p r o c e d u r e s  w e r -  

c o n d u c t e d  a t  2S0C. 

2 - 3 . 1 .  In vitro 

A .  Inocu lum p r e p z r a t i a n .  

I n o c u l a  o f  Xenorhabdcs s p p .  were p r e p a r e d  by a d d i n g  one 

l o o p f u l  o f  o v e r ~ i g h t  s r o c k  c u l r u r e  t o  50ml o f  TSB i n  1CiOml 

E r i e n m e y e r  f l a s k s .  C u l t u r e s  were  s h a k e n  a t  80rpm on a 

h o r i z o n t a l ,  q y r a t o r y  s h a k e r  f o r  24h.  

B .  E f f e c t  o f  a b i o t i c  f a c t o r s  on a n t i b i o t i c  a c t i v i 2 y  of 

Xenorhabdus nematophilus 

The a n t i b i o t i c  a c t i v i t y  o f  X. nematophilus a t  d i f f e r e n t  

t e m p e r e t u r e s ,  n u t r i t i o n  a n d  p H  l e v e l s  was d e ~ e r r n i n e d  bl- 

i n o c u l a t i n g  O . l m l  of t h e  a b o v e  X. nematophilus i g o c u i u : ~  i n t r j  

100rnl o f  c u l t u r e  media i n  250ml f l a s k s ,  t h r e e  r e p l i c a t ~ s  f o r  

e a c h  t r e a t m e n t  a n d  s h a k i c g  them a t  80rpm on  a h o r i z c n t ? ! l  

s h a k e r .  A f t e r  6 da:~'s i n c u b a t i o n ,  t h e  c u l t u r e s  were  treated 

8 .  . am3 t h e  a n t m l o t i c  a c t i v i t i e s  w e r e  t e s t e d  by  b i ~ a s s a y  C t i >  agar 

p l a t e s  a s  d e s c r i b e d  i n  s e c t i o n  2-ID, u s i n g  B .  subtilis a s  t h e  

i n d i c a t o r .  T h e  c o n d i t i o n s  o f  t e m p e r a t u r e ,  p H ,  n u t r i t i o r :  a n d  

aeration were established as f o l l o w s :  1 ) .  The e f f e c t  o: 

t e m p e r a t u r e  o n  antibiotic a c t i v i t y  w a s  measured  c u l t u r i n g  



X. nematophilus i n  f l a s k s  o f  TSB a n d  t h e  i n o c u l a t e d  f l s s k s  

were i n c u b a t e d  s e p a r a t e l y  a t  15 ,  20, 25, 30  a n d  3 5 O ~ .  2). T o  

d e t e r m i n e  t h e  e f f e c t  o f  pH on t h e  a n t i b i o t i c  p r o d u c t i o ~  t h e  

b a c t e r i a  w e r e  c u l t u r e d  i n  TSB where t h e  pH h a d  b e e n  a d j u s t e d  

u s i n g  5 N  H C 1  a n d  6 N  N a O H  t c  5 .8 ,  6 . 4 ,  7 . O ,  7 . 6  o r  8 . 0 .  3 )  . 

The e f f e c t  o f  n u t r i t i o n  on a n t i b i o t i c  a c t i v i t y  was d e t e r m i n e d  

by c u l t u r i n g  t h e  b a c t e r i a  s e p a r a t e l y  i n  TSB o r  1% p e p t o n e  

w a t e r  ( f o u r  r e p l i c a t e s  ) . 4 )  . The e f f e c t  o f  a e r a t i o n  on  

a n t i b i o t i c  a c t i v i t y  was d e t e r m i n e d  by  i n o c u l a t i n g  O.lmi of 

t h e  Xenorhabdus inocu lum i n t o  1 O m l  o f  TSB i n  20ml s t e r i l e ,  

p o l y p r o p y l e n e  t e s t  t u b e s .  The i n o c u l a t e d  test t u b e s  w e r e  

t r e a t e d  i n  one o f  t h r e e  d i f f e r e n t  ways, namely:  a )  a e r o b i c ,  

i n c u b a t e d  on a h o r i z o n t a l ,  g y r a t o r y  s h a k e r  a t  8 0 r p n  ; G )  

i n c u b a t e d  s t a t i c a l l y ;  c )  a n a e r o b i c ,  p u t  i n  a  b o i l i n g  w h t e r  

b a t h  f o r  10min b e f o r e  i n o c u l a t i o n ,  a l l o w e d  t o  coo l  to room 

t e m p e r a t u r e ,  i n o c u l a t e d  a n d  t h e  s u r f a c e  of t h e  medium >,-as 

c o v e r e d  w i t h  a l a y e r  o f  s t e r i l e ,  m e l t e d  V a s e l i n e  aiid -" ~ - . e  

t u b e s  were i c c u b a t e d  s t a t i c a l l y .  

C .  D e t e r m i n a t i o n  o f  a n t i b i o t i c  c o n c e n t r a t i o n  and  i m t e n z y  

To d e t e r m i n e  a n t i b i o t i c  c o n c e n t r a t i o n  ( X i e l s e n  et ?1., 

f 99O), s e r i a l ,  t w o f o l d  d i l u t i o n s  w e r e  made w i t h  filter- 

s t e r i l i z e d  t e s t  s o l u t i o n s  o f  s p e n t  X. nematophilus c u l - u r e  

media(see 2-ID) a n d  s t e r i l e  w a t e r .  From each d i l u t i o n ,  5p1 

w e r e  p l a c e d  on t h e  s u r f a c e  o f  a TSA(TSB w i t h  1 . 5 3  a g a r )  p l a t e  

s e e d e d  w i t h  a O.Zml s p o r e  s u s p e n s i o n  o f  B. subtilis. Tken t h e  

p l a t e s  w e r e  i n c u b a t e d  a t  25OC f o r  24h .  One a r b i t r a r y  u r A i t  (AU) 

w a s  d e f i n e d  as 5 jl1 o f  t h e  h i g h e s t  d i l u t i o n  o f  t h e  tesr  



s o l u t i o n  c a u s i n g  a  d e f i n i t e  z o n e ( @  = 4 m )  o f  i n h i b i t i o n  on 

t h e  lawn o f  t h e  i n d i c a t o r ,  B.  subtills. 

To d e t e r m i n e  minimum i n h i b i t o r y  c o n c e n t r a t i o n s  a n d  

minimum k i l l i n g  c o n c e n t r a t i o n s ,  s e r i a l ,  t w o f o l d  d i l u t i c n s  

w e r e  made w i t h  t h e  f i l t e r - s t e r i l i z e d  t e s t  s o l u t i o n  o f  z p n t  

X. nernatophilus c u l t u r e  media a n d  s t e r i l e  T S B .  To e a c h  20ml 

t u b e  c o n t a i n i n g  l O m l  of  d i l u t e d  media,  100p1 of b a c t e r i a l  

c u l t u r e  o f  B .  subtifis were added and  t h e  t u b e s  were  

i n c u b a t e d  and  shaken  The minimum i n h i b i t o r y  

c o n c e n t r a t i o n  was d e t e r m i n e d  a s  t h e  l o w e s t  c o n c e n t r a t i o n  o f  

t e s t  s o l u t i o n  which p r e v e n t e d  v i s i b l e  t u r b i d i t y  i n  t u b e s  

a f t e r  24h .  Each o f  t h e  above t u b e s  showing no  t u r b i d i t ; . -  w z i s  

v o r t e x e d ,  and  0 . 1  m l  o f  i t s  c o n t e n t s  was t r a n s f e r r e d  t o  10ml 

o f  TSB i n  a  20ml t u b e  a n d  i n c u b a t e d  a t  25•‹C. The minim-~rn 

k i l l i n g  c o n c e n t r a t i o n  was d e f i n e d  a s  t h e  i o w e s t  o r i g i n a l  t e s t  

c o n c e n t r a t i o n  a l l o w i n g  no v i s i b l e  t u r b i d i t y  i n  t h e  t u b e s  

a f t e r  2 4 h 1 s  i n c u b a t i o n .  

D. Comparison o f  a n t i b i o t i c  a c t i v i t y  o f  Xenorhabdus s p p .  

I n o c u l a  o f  a l l  Xenorhabdus s p p .  i s o l a t e d  from nematodes  

l i s t e d  i n  T a b l e  3 w e r e  p r e p a r e d  a s  d e s c r i b e d  i n  2-3.1A. One 

m i l l i l i t e r  o f  b a c t 2 r i a l  inoculum was added t o  e a c h  2,OQOrnl 

f l a s k  c o n t a i n i n g  l O O O m l  TSB c r e a t i n g  two r e p l i c a t e s  f o r  each 

species, The i n o c ~ l z t e d  f l a s k s  w e r e  i n c u b a t e d  a t  25OC a n d  

s h a k e n  a t  8Grpm on  a  h o r i z o n t a i  shaker .  A f t e r  6 - d a y ' s  

i n c u b a t i o n ,  t h e  c u l t u r e s  were b i o a s s a y e d  on a g a r  p l a t e r  a s  

d e s c r i b e d  i n  2-10. 



2-3.2.  I n  v i v o  

L a s t - i n s t a r  l a r v a e  o f  G .  m e .  lia w e r e  i n f e c t e d  b y  

e i t h e r  IJs or  p u r e  Xenurhabdus c u l t u r e .  The p r o c e d u r e  f o r  

i n f e c t i n g  t h e  i n s e c t  l a r v a e  w i t h  IJs was a s  d e s c r i b e d  Ln 2- 

1.1.A. e x c e p t  t h a t  t h e  c o n c e n t r a t i o n  o f  IJs u s e d  w a s  650 

I J s / m l .  To i n f e c t  t h e  i n s e c t  l a r v a e  w i t h  p u r e  b a c t e r i a ,  t h e  

b a c t e r i a l  c e l l  number of a  Xenorhabdus c u l t u r e  w a s  d e t e r m i n e d  

u n d e r  a m i c r o s c o p e  u s i n g  a hemocytometer .  Each i n s e c t  was 

a s e p t i c a l l y  i n j e c t e d  i n  t h e  haemocoel  w i t h  5 p 1  o f  t h e  

r e q u i r e d  Xenorhabdus c u l t u r e ,  a t  a c o n c e n t r a t i o n  of 52 19' 

cel ls /ml ,  u s i n g  a  m i c r o i n j e c t o r .  A f t e r  t h e  i n j e c t i o n ,  t h e  

i n s e c t s  were s e a l e d  i n  w e t  P e t r i  d i s h e s  and  i n c u b a t e d  2 r  

2S0C. From e a c h  t r e a t m e n t  o f  b o t h  nematode- a n d  p u r e -  

X e n o r h a b d u s - k i l l e d  i n s e c t s ,  20 i n s e c t  c a d a v e r s  w e r e  sampled 

d a i l y  f o r  7 d a y s  a f t e r  t h e  i n s e c t ' s  d e a t h .  The c a d a v e r s  

sampled  on e a c h  d a y  were d i v i d e d  e q u a l l y  i n z o  two grouy,s ,  

c r u s h e d  a n d  mixed w i t h  d i s t i l l e d  w a t e r  a t  a r a t i o  of cne 

l a r v a f m l .  The m i x t u r e s  were t h e n  s t i r r e d  on a  m a g n e t i c  plate 

f o r  20rnin. To remove i n s e c t  t i s s u e  and  f a t  d r o p i e t s  t h e  

m i x t u r e s  w e r e  c e n t r i f u g e d  a t  7,OOCrpm f o r  20min a t  roo;. 

t e m p e r a t u r e .  The s u p e r n a t a n t s  were n e u t r a l i z e d  b y  1 2 N  ECI a n d  

c e n t r i f u g e d  a g a i n  a t  10,000rpm f o r  20min. The a n t i b i o t r c  

a c t i v i t y  of each s u p e r n a t a n t  was tested on agar p l a t e s  3s 

d e s c r i b e d  i n  sect im 2-1C. 



2 - 4 .  A n t i b i o t i c  p r o p e r t i e s  and separa t ion  

The spent c u l t u r e  medium of X. n e m a t o p h i l u s  f f ron  

DD136) was used f o r  t h e  fol lowing experiments,  t h e  c u l t u r e  

s o l u t i o n s  were prepared and bioassayed on agar  p l a t e s  f o r  

t h e i r  a n t i b i o t i c  a c t i v i t y  a s  descr ibed i n  s e c t i o n  2-3.ID and 

2 - I D .  

A .  Effec t  of d i a l y s i s  on a n t i b i o t i c  a c t i v i t y .  

The c u l t u r e  of X. n e m a t o p h i l u s  was d ia lysed  i n  running 

d i s t i l l e d  water overnight  with two r e p l i c a t e s .  Three tl.pes of 

d i a l y s i s  tubings  were used with molecular weight cut -off  

(?4NC) ranges of 8-9,000, I 2 - 1 4 , O O O  and 25,000. A n t i b i o t i c  

a c t i v i t y  of t h e  d i a l y s a t e s  were t e s t e d  on agar  p l a t e s  2s 

desc r ibed  i n  s e c t i o n  2 - I D .  Since t h i s  experiment was designed 

t o  t e s t  t h e  q u a l i t a t i v e  e f f e c t  of d i a l y s i s  no volume 

adjustment of t h e  d i a l y s a t e  was conducted, 

B .  P rope r t i e s  

Three experiments were done on t h e  X. nernatophilu.7 t o  

tes t  t h e  a n t i b i o t i c  products  f o r  t h e i r  s e n s i t i v i t y  t o  hea t ,  

t o  UV and t h e i r  s t a b i l i t y  i n  s t o r a g e ,  

i f  . S e n s i t i v i t y  t o  heat  

The t e s t  s o l u ~ i o n s  uere  heated e i t h e r  a t  2 0 ,  4 0 ,  50, 8 0 ,  

o r  100•‹C i n  a  water ba th  f o r  20min, o r  autoclaved a t  1 2 1 • ‹ C  

for 20nin, with t h r e e  r e p l i c a t e s  f o r  each t r ea tmen t .  A i t e r  

heat t rea tment  a l l  t h e  s o l u t i o n s  were cooled t o  room 

ter rpera ture  and bioassayed.  



ii) S e n s i t i v i t y  t o  s u n l i g h t .  

I n t o  each of i 2  3ml quar tz  photometer t e s t  tube  2ml of 

t e s t  s o l u t i o n  was added and t o  minimize evapora t ion  each tube 

was plugged with i t s  l i d  and s ea l ed  with t a p e .  Then t h e  t e s t  

t ubes  were exposed t o  d i r e c t  sun l i gh t ,  t h r e e  tubes  were noved 

into a  4 * ~  r e f r i g e r a t o r  each time, a f t e r  t rea tment  of i: .5, 1, 

3 and 7 hour.  To ensure maximum sun l igh t  absorp t ion  th? tubes  

were t i l t e d  a t  an angle  of about 45" with t h e i r  r rar isparent  

f ace s  towards t h e  sun ,  The p o s i t i o n  was ad ju s t ed  e v e r y  hour 

from t h e  beginning of t h e  t e s t  a t  10:30 A . M .  t o   he enci a t  

5:30 P . M . ,  a s  t h e  sun moved. Af te r  t reatment  t h e  anc ib i  o ~ i c  

a c t i v i t y  of each s o l u t i o n  was t e s t e d .  

iii) . S t a b i l i t y  i n  s t o r a g e .  

To t e s t  t h e  a n t i b i o t i c  s t a b i l i t y ,  100 ml of 6-day-old X. 

nematophilus c u l t u r e  w a s  prepared a s  desc r ibed  i n  2-3.:D, of 

which 50 m l  was cen t r i f uged  a t  10,000 rpm f o r  2 0  min. 3r_ 4 O C ,  

s t e r i l i z e d  by a  0.2p-pore-size f i l t e r ,  and poured squall;? 

i n t o  four  s t e r i l e  50x111 t e s t  t ubes .  The tubes  conta in in9  he 

c u l t u r e  with o r  without t h e  c e l l s  of X. nemato2hiJus w+.re 

closed with t h e i r  screw caps and s t o r e d  i n  t h e  dark az 24'~ 

f o r  5, 10, 30, 60  and 90 days, a f t e r  which t h e  a n t i b i o r  ic 

a c t i v i t y  of each c u l t u r e  was neu t r a l i z ed  and t e s t e d .  

C ;  Separa t ion  

a n t i b i o t i c  a c t i v i t y  t h e  a n t i b i o t i c  was e x t r a c t e d  by c t l ' y l  

a c e t a t e .  T h e  s epa ra t i on  procedure was s i m i l a r  t o  t h a t  1:sed by 

Richardson et  a 1 . ( 1 9 8 8 ) .  Spent b a c t e r i a l  c u l t u r e  media cf X. 



nematophilus were prepared a s  descr ibed i n  s e c t i o n  2-3.1D and 

2-19  but  without s t e r i l i z a t i o n .  One l i t r e  of c e l l - f r e e  

b a c t e r i a l  c u l t u r e  was mixed w i t h  2L of e t h y l  a c e t a t e  arid 

shaken vigorously  f o r  i n .  The e t h y l  a c e t a t e  f r a c t i o n  was 

c o l l e c t e d  and t h e  aqueous f r a c t i o n  was e x t r a c t e d  again w i t h  

e t h y l  a c e t a t e .  Af te r  t h r e e  such ex t r ac t i ons ,  t h e  e t h y l  

a c e t a t e  f r a c t i o n s  were combined, concentrated on a  r o t & r y  

evapora tor  a t  25'C and t h e  d r i e d  res idue  was suspended i n t o  

30ml d i s t i l l e d  water .  The a n t i b i o t i c  a c t i v i t y  of t h e  e t h y l  

a c e t a t e  and aqueous f r a c t i o n s  were t e s t e d  on agar  p l a t e s  a s  

descr ibed i n  s e c t i o n  2-ID. 

2 - 5 .  Effec t  of t h e  a n t i b i o t i c s  on s o i l  b a c t e r i a  

i n  P e t r i  d i s h e s .  

Agar d i f f u s i o n  bioassay ( see  2 - I D . )  was used t o  t e s t  

t h e  a n t i b i o t i c  a c t i v i t y  of X.  nematophilus, from e i t h e r  in 

vitro o r  in vivo Galleria c u l t u r e ,  aga in s t  t h e  s o i l  b a c t e r i a  

l i s t e d  in s e c t i o n  2 - I B .  A l l  b a c t e r i a  were grown i n  TSB and 

t e s t e d  on TSA, except f o r  A .  chroococcum and R. phaseoii. For 

A. chroococcum, CNFM was used a s  f o r  inoculum preparation and 

t e s t .  The procedure was a s  fo l lows:  a  s t r eak -p l a t e  of A. 

chroococcum was incubated f o r  4 days, t h e  b a c t e r i a l  grc~wth 

was scraped from t h e  agar  and t r a n s f e r r e d  i n t o  a  1 0  m l  t e s t  

t u b s  con ta in ing  5 ml of s t e r i l e  0.9% NaCl s o l u t i o n .  T n p  c e l l  

suspension was homogenized by manual shaking f o r  about 30sec.  

and t h e  suspension was spread immediately onto t e s t  p l a t e s  

t h a t  were incubated f o r  4 days before  t h e  growth was 



r e c o r d e d .  F o r  R .  phaseoli, t h e  inoculum w a s  grown i n  y e a s t  

e x t r a c t - m a n n i t o l  b r o t h ( s e e  a p p e n d i x  V I I  a n d  tested on '!'MA. 

T e s t  p l a t e s  w e r e  i n c u b a t e d  a t  2 5 ' ~  f o r  2 d a y s  b e f o r e  

r e c o r d i n g .  

2-6.  T e s t s  i n  s t e r i l e  and g a r d e n  s o i l s  

2 - 6 . 1  P r e p a r a t i o n  a n d  t e s t  o f  s o i l  

A .  P r e p a r a t i o n  o f  s o i l  

S o i l  was c o l l e c t e d  f rom g r a s s l a n d  a r e a s  on t h e  S i : ~ o n  

F r a s e r  U n i v e r s i t y  campus. A sample  o f  t h e  t c p  10cn of s o i l  

was t a k e n ,  m a n u a l l y  mixed, s p r e a d  o u t  and d r i e d  a t  room 

t e m p e r a t u r e  fo r  a b o u t  one  month.  Then p l a n t  d e b r i s  and stones 

w e r e  removed b y  s i e v i n g  t h e  s o i l  t h r o u g h  a 30-mesh sic:-e. T h e  

s i e v e d  s o i l  w a s  s t o r e d  a t  room t e m p e r a t u r e  u n t i l  required. 

The s o i l ,  which h a s  a  c o m p o s i t i o n  o f  c l a y :  4 5 ,  s i l z :  18% 

a n d  s a n d : 7 8 %  w i t h  2 . 7 2 %  of o r g a n i c  m a t t e r  a n d  p H ,  5 - 7 3 ,  was 

a n a l y z e d  i n  t h e  Depar tment  o f  Renewable R e s o u r c e s ,  McGiil 

U n i v e r s i t y  . 
To p r e p a r e  s t e r i l e  s o i l ,  t h e  s o i l  was a u t o c l a v e d  zhree 

t i m e s  a t  121•‹C f o r  30 min, w i t h  a  3 d a y  i n t e r v a l  betwee= each 

a u t o c l a v i n g .  The s t e r i l i t y  was c h e c k e d  by a d d i n g  one 9-am of 

t h e  s o i l  to e a c h  TSA p l a t e  a n d  i n c u b a t i n g  them a t  room 

t e m p e r a t u r e .  I f  b a c t e r i a l  g rowth  o c c u r r z d ,  a  '--- L u u r t h  

a u t o c l a v i n g  w a s  bone .  

B .  C u l t u r e  methods f o r  b a c t e r i a l  p o p u l a t i o n  i n  s o l l  

The methods  u s e d  t o  i n v e s t i g a t e  b a c t e r i a l  population of 

s o i l  i n  t h i s  s t u d y  w e r e  c u l t u r e  methods,  m o d i f i e d  f rom Wolium 



11 ( 1 9 8 2 )  a n d  Herbert  ( 1 9 9 0 ) .  A f t e r  t r e a t m e n t ,  t h e  s o i l  

bacter ia l  p o p u l a t i o n  w a s  i n v e s t i g a t e d  as  o u t l i n e d  b e i o c :  

i f .  P r e p a r a t i o n  of s o i l  d i l u t i o n s  

F o r  e a c h  s a m p l e ,  a  d i l u t i o n  b o t t l e  c o n t a i n i n g  95  r n l  

d i l u e n t  of 0 . 9 %  NaCi w a s  made. To make a ser ies  o f  s o i l  

d i l u t i o n s ,  s e v e r a l  90ml d i l u t i o n  b l a n k s  w e r e  made w i t h  t h e  

s s m e  d i l u e n t .  A l l  d i l u t i o n s  were a u t o c l a v e d  a t  1 2 1 • ‹ C  f ~ r  26 

m i n .  a n d  allowed t o  c o o l  t o  room t e m p e r a t u r e .  Then 109 o f  the 

s o i l  s a m p l e ( s e e  2-6.2D; 2-6.3B, b e l o w )  w e r e  t r a n s f e r r e d  i n t o  

a b o t t l e  c o n t a i n i n g  t he  95ml o f  d i l u e n t .  The b o t t l e  w a s  

s h a k e n  v i g o r o u s l y  b y  hand  f o r  30 sec. I m m e d i a t e l y  t h e r e a f t e r ,  

10ml o f  t h e  s o i l  s u s p e n s i o n  w a s  t a k e n  f r o m  t h e  c e n t e r  c ) f  the 

s u s p e n s i o n  a n d  added t o  a  f r e s h  90ml b l a n k .  T h i s  b o t t l e  was 

s h a k e n  a n d  10ml o f  t h e  s u s p e n s i o n  was removed f r o m  it  6s 

d e s c r i b e d  above. T h i s  s e q u e n c e  was c o n t i n u e d  u n t i l  t h e  

desired d i l u t i o n  w a s  r e a c h e d .  

i i)  . P r e p a r a t i o n  o f  p l a t e s .  

O n  t h e  b a s i s  o f  p r e v i o u s  e x p e r i e n c e  w i t h  t h e  s a m p l e s ,  a 

r a n g e  o f  t h r e e  o f  t h e  a b o v e  d i l u t i o n s  which  p r o d u c e d  tk'e 

opt imum n u n b e r  cf o r g a n i s m s  f o r  c o u n t i n g  were c h o s e n .  E i t h e r  

l m l  o r  O . 1 m l  o f  e a c h  s e l e c t e d  d i l u t i o n  w a s  t r a n s f e r r e d  i n t o  

each o f  t h r e e  P e t r i  d i s h e s .  B e f o r e  e a c h  p i p e t t i n g ,  t h e  

d i l u t i o n  was drawn up  a n d  p u s h e d  b a c k  i n t ~  t h e  b o t t l e  z ~ t  

l eas t  t h r e e  t i m e s  t o  e n s u r e  a w e l l  m ixed  d i l u t i o n .  Thic  

p r o c e s s  w a s  c a r r i e d  o u t  a t  a l l  d i l u t i o n s .  T r y p t i c  s o y  

a g a r  ( S e e  a p p e n d i x  V )  ( M a r t i n ,  1 9 7 5 )  was u s e d  f o r  t e s t  

b a c t e r i a .  



The media were prepared a s  fo l lows :  A f t e r  be ing  

autoc laved,  t h e  c o n t a i n e r s  of media were put  i n  a water bacn 

f o r  1-2h t o  a l low t h e  media t o  cool  t o  4B0C.  For pour p l a t e s ,  - 

10-15ml of t h e  medium were poured i n t o  each P e t r i  d i s h  

c o n t a i n i n g  l m l  s o i l  d i l u t i o n .  Immediately a f t e r  pouring,  t h e  

p l a t e s  were c a r e f u l l y  and thoroughly s w i r l e d  t o  mix t h e i r  

c o n t e n t s .  For sp read  p l a t e s ,  10 t o  15ml of au toc laved  media 

were poured i n t o  each P e t r i  d i s h  be fo re  adding t h e  s o i l  

d i l u t i o n s .  The p l a t e s  were allowed t o  s o l i d i f y  and d ry  on a 

laminar  a i r - f low bench overnight  o r  a l t e r n a t i v e l y ,  s t o r e d  a t  

room tempera ture  f o r  s e v e r a l  days be fo re  u s e .  Then 0,:rni of 

s o i l  d i l u t i o n  was t r a n s f e r r e d  i n t o  each p l a t e  and sp read  w i ~ h  

a  s t e r i l e  sp reader  on t h e  aga r  s u r f a c e .  

i i i) .  Incubat ion  and count ing  

A l l  p l a t e s  were incubated  a t  24'C i n  t h e  d a r k .  B a c t e r i ~ l  

c o l o n i e s  were counted a f t e r  incuba t ing  f o r  2 days .  The p l a t e s  

from t h e  d i l u t i o n s  which y i e l d e d  from 20-300 c o l o n i e s  p e r  

p l a t e  were s e l e c t e d  f o r  coun t ing .  

2-6.2.  A n t i b i o t i c  product ion  and p e r s i s t e n c e  of 

X e n o r h a b d u s  i n  s t e r i l e  s o i l  

A .  P e r s i s t e n c e  of X e n o r h a b d u s  spp.  i n  s t e r i l e  soil. 

To determine t h e  p e r s i s t e n c e  of Xenorhabdus spp.  in 

s t e r i l e  s o i l ,  t h e  fo l lowing  experiments w e r e  performed. 

Primary forms of X. n e m a t o p 3 i l u s .  and X .  l u m i n e s c e n s  were 

c u l t u r e d  s e p a r a t e l y  i n  50ml f l a s k s  each c o n t a i n i n g  2 5 m l  TSB, 

six f l a s k s  f o r  each s p e c i e s ,  and were shaken on a h o r i z o n t a l  



shaker a t  80 rpm f o r  24h. To decide i f  washing causes f a t a l  

c e l l  damage o r  not ,  c u l t u r e s  of t h r e e  f l a s k s  from each 

spec i e s  were washed t h r e e  t imes by centrifugation(lO,~OOrpmf 

Smin. ) w i t h  s t e r i l e  water (lorn1 j and a f t e r  each washing, a  

O . i m l  sample of t h e  b a c t e r i a l  contents  was p l a t e d  on NBTA. 

Af te r  washing, t h e  b a c t e r i a  were resuspende5 i n t o  25ml 

s t e r i l e  water .  Each f l a s k  of washed b a c t e r i a l  c u l t u r e  and t h e  

ha l f  t h a t  was not  washed were then added s e p a r a t e l y  t o  a  50g 

sample of t h e  s t e r i l e  s o i l ,  mixed and incubated a t  24OC i n  

t h e  dark .  B a c t e r i a l  s u r v i v a l  was t e s t e d  by spreading 19 of 

t h e  inocu la ted  s o i l  on each NBTA p l a t e  a t  i n t e r v a l s  of 1, 5 ,  

10, 20, 30 and 60 days .  The p l a t e s  were incubated i n  t h e  dark 

a t  24OC and examined f o r  v i a b l e  colonies  a f t e r  3 days .  

B. A n t i b i o t i c  product ion of X. nematophilus and X. 

luminescens i n  s o i l  

To t e s t  a n t i b i o t i c  product ion i n  soFlfDhingra and 

S i n c l a i r ,  1985) , X. nematophilus and X. 2umineseens were 

c u l t u r e d  i n  25 mi of TSB i n  50 m l  f l a s k s  and shaken a t  24'C 

f o r  24h. Then t h e  b a c t e r i a l  c u l t u r e s  were poured i n t o  SOg of 

t h e  s t e r i l e  s o i l  and mixed, t h r e e  r e p l i c a t e s  f o r  each 

s p e c i e s .  In t h e  c o n t r o l  t h e  s t e r i l e  s o i l  was mixed w i t h  

s t e r i l e  TSB. Af t e r  being incubated f o r  5, 1 0  and 15 da:.s, 5s 

of t h e  s o i l  was, a s e p t i c a l l y ,  t r a n s f e r r e d  i n t o  s epa ra t e  10cm 

P e t r i  d i shes ,  then l O m l  of 4 8 ' ~  TSA were poured i n t o  each 

P e t r i  d i s h  and mixed thoroughly w i t h  t h e  s o i l .  When t h e  agar  

was s o l i d  and coo l ,  0 . lml  of 24h-old 5 .  subtilis cul t r i re  

was inocu la ted  i n t o  each p l a t e .  To c l a r i f y  t h e  e f f e c t  i > f  TSB 



t h ree  p l a t e s  s f  TSA without s o i l  were inoculated with zhe B.  

subtilis cu l tu re .  After 24hr incubation a t  24O~, t h e  growth 

of B .  subtilis was observed. 

C .  Antibiot ic  pers is tence i n  s t e r i l e  s o i l .  

Seven m i l l i l i t e r  spent cu l ture  ~ ~ e d i u m  of X. nema t o p h i l u s  

, prepared as  i n  sect ion 2-3.1D and 2-ID, were mixed ~ : c h  

each 10g of s t e r i l e  s o i l  i n  a SO m l  tube w i t h  screw cap, and 

incubated. To assay the  a n t i b i o t i c  a c t i v i t y  i n  the  s o i l ,  

another 3 m l  of s t e r i l e  water were added t o  each tube 2nd t h e  

tubes were vortexed, 0 . 5 h  a f t e r  incubation, spun a t  7,Cti)O rpx 

fo r  5 min and the  supernatants assayed for t h e i r  an t ib iuc ic  

a c t i v i t y  on agar p l a t e s .  This experiment w a s  repeated three  

times with th ree  r ep l i ca te s  each time. 

D .  Ant ibiot ic  a c t i v i t y  against  B. subtilis and R. 

phaseoli i n  s t e r i l e  s o i l .  

As the  r e s u l t  of unsuccessful separation of t h e  

a n t i b i o t i c s  from the  the  b a c t e r i a l  cu l ture  of X. 

nernatophilus, a l l  a n t i b i o t i c  solut ions  ~ s e d  below and in 2 -  

6.3A a r e  spent b a c t e r i a l  cu l tures  of X. nernatophilus. To 

prepare t h e  inoculum, B .  subtilis was cul tured on TSB 

overnight.  The bac ter ia  were washed three times w i t h  s r e r i l e  

water by centr i fugat ion and a b a c t e r i a l  suspension of washed 

3. subtilis was made. R .  phasesii was grown on YMA, and a f t e r  

being incubated fo r  2 days a t  24'C, the  b a c t e r i a l  growth was 

scraped from t h e  agar and t ransfer red  i n t o  a  25 m l  tube 

containing 1 0  m l  s t e r i l e  water. The c e l l  suspension was 

homogenized by manual shaking. Before being inoculated i n t o  



s t e r i l e  s o i l ,  t h e  number of  b a c t e r i a  p e r  m i l l i l i t e r  we-e 

counted under a  microscope us ing  a hemocytometer. B a c t e r i a l  

inocu la  c o n t a i n i n g  6xii7 c e l l s / m l  of  B, subtilis and 5x10' 

c e l l s / m l  of R .  phaseoli were made. Tken 5ml of t h e s e  ir1ocula 

were added s e p a r a t e l y  i n t o  each 1Og of s t e r i l e  s o i l  i n  6cm 

P e t r i  d i s h e s ,  f o u r  r e p l i c a t e s  f o r  each s p e c i e s .  The 

inocu la ted  d i s h e s  were s e a l e d  and incubated  a t  24'~. The 

b a c t e r i a  were allowed t o  co lon ize  t h e  s o i l ,  1 day f o r  F .  

svStilis and 2 days f o r  R .  phaseo l i .  The d i s h e s  were t k e n  

t r e a t e d  by adding 5ml a n t i b i o t i c  s o l u t i o n f s e e  2 - 1 D )  of X. 

nematophiius i n t o  each d i s h ,  f o r  c o n t r o l s ,  t h e  same volume of 

water o r  TSE was added t o  each d i s h ,  and a l lowing t h e  d i s h e s  

t o  dry  i n  a laminar  a i r - f low with t h e i r  l i d s  open u n t i ;  t h e  

weight of each d i s h  was t i le same weight a s  t h a t  b e f o r e  t h e  

t r e a t m e n t .  The d i s h e s  were covered with t h e i r  l i d s ,  s e a l e d  

with Pa ra f i lm and incub;ted a t  24OC. I n  o r d e r  t o  show the 

a n t i b i o t i c  a c t i v i t y  i n  t h e  s o i l  t h e  b a c t e r i a l  popu la t ions  of 

t h e s e  s o i l s  were e s t ima ted  on spread  p l a t e s  a s  desc r ibed  i n  

s e c t i o n  2 - 6 . 1 B  a f t e r  incuba t ing  f o r  2 d a y s (  E .  subtilis) o r  4 

days (R. phaseoli). 



2 - 6 . 3 .  Tes ts  i n  garden s o i l  

A .  Ef fec t  of Xenorhabdus cu l tu re s  on b a c t e r i a l  

populat ion and t o t a l  microbial  a c t i v i ~ y  i n  nonzterile 

s o i l  

Tes t s  on t h e  e f f e c t  of che a n t i b i o t i c  so lu t ions  w-re 

made by adding 5ml of t h e  X. nematophilus a n t i b i o t i c  

solut ionf2-3.1D and 2 - I D )  i n t o  each 1Gg samsle of soiPisee 

sec t ion  2-5-11 i n  6cm P e t r i  d i shes  and mixing thea 

thoroughly.  A s  no a n t i b i o t i c s  was produced b y  the seco2dar-j 

form of X. nematophilus, dishes  t r e a t e d  with spent sec+cndary 

form c u l t u r e  medium of X. nenatophilus, TSB and water ?:ere 

used a s  c o n t r o l s ,  The d i shes  with t h e  t r e a t e d  s o i l s  i c e r e  

covered, sea led  with Paraf i lm and incubated a t  2 4 • ‹ C .  I ? e  

b a c t e r i a l  populat ions were assayed on spread p i a t 2 s  after 

incubat ing f o r  1, 2 ,  3, 4, S and 8 d z y s  a s  descr ibed Ir 

sec t ion  2-S.iB, t h r e e  r e p l i c a t e s  f o r  each day .  

T o  measure t h e  t o t a l  microbial  a c t i v i t y  of che serl, 

f l l i t  r esce in  2 i a c e t a t e  {FDA) hydrolys is  was used as ar, 

es t imator(Schnurer  and Rosswall, 1982) .  The s o i l  was z r l a c e d  

t h e  same a s  descr ibed above and t h e  method f o r  t h e  

measureyent of FEA hydrolys is  was a s  fol lows:  FDA solz:Loz 

- i-r was prepared by  d i sso lv ing  0.19 F D A  powder(Sigma C h e n i c a ~  c2. 

S t .  Louis, MO) i n  50ml acetone(Sigma) and the so l s t i o r ,  was 

s t o r e d  a t  -20•‹C until requ i red .  For determinat lo2 of FzgA 

hydro ly t i c  a c t i v i t i e s ,  each 10g (dry weight) s o i l  w a s  

suspended i n  5Cml s c s r i l e  60mM sodium phosphate b u f f e r ,  p3 



7 
i - 6 .  I~~ediately, 35pI o2 the FDA solution was added tc the 

soil suspension, and the suspension was incubated a t  23'2 on 

a ro ta ry  shaker for 15 min. After incubaticn, the large soil 

, - particles of the snspension were removed by centrrrugation at 

v i ,GGOrpm for 3 m i n . ,  t h e  supernatants were put on ice cad 

their optical absorbances z t  490nrn were measured, This 

experiment was conchcted f o r  a period of 6 days w i t h  three 

replicates for eac5 bay. 

- ' 
8 .  Effect  or ~nsect cadavers on soil b a c t e r i a l  

populatio~s 



dish. The b a c t e r i a l  population i n  the s o i l  w a s  assayed cm 

pour p l a t e s  a s  described in sect ion 2-6.1B a t  the  same time 

To t e s t  t h e  pers is tence of the  a n t i b i o t i c  from X. 

nematophilus-killed insec ts  i n  t h e  s o i l ,  the  above d i a l y s i s  

tubings were c a r e f u l l y  opened and the insect  cadavers i n s i d e  

were removed. These insec t  cadavers were then extracted i n  

the same way a s  described i n  sect ion 2 - 3 . 2  and the anc ih io t i c  

a c t i v i t y  of t he  extracts was t e s t ed  on agar p la res  a s  

described i n  2-1C. 

2-7.  Data ana lys is  

Ali data were anzl l -zed OG SAS software; Studenz ' s  

are presented a s  t h e  mean F standard e r r o r  of the means. 



Chapter 3 .  Results 

3-1. General observations and t e s t s  of X e n o r h a b d u s  spp. 

A .  I so la t ion  and observation of the  form var ia t ion  of 

X e n o r h a b d u s  

I n  i - 2  days a f t e r  insec t  death(see 2-1C)  X e n o r h a b d u s  

spp. could be i s o l a t e d  from G a l l e r i a  larvae k i l l e d  by 

nematodes. After t h a t  time it was very d i f f i c u l t  t o  obtain 

X e n o r h a b d u s .  By 4 da-ys a f t e r  the  i n s ~ c t ' s  death X. 

n e m a t o p h i l u s  was never i so la t ed  from t h e  insec t s  killecl by 

nematode s t r a i n  DD136. AE or  a f t e r  4 days the  bac te r i a  

i so la t ed  from t h e  insec t  cadavers were always ca ta l a se  

~ o s i t i v e  and red on NBTA which a r e  c h a r a c t e r i s t i c s  of 

contamination b y  o ther  bac te r i a .  Noticeably, these insec t  

cadavers from which no X e n o r h a b d u s  were i so la ted ,  but only 

contaminated bac ter ia  were i so la t ed  4 days a f t e r  insect 

death, have the  ~ y p i c a l  yellowish brown color and coulci 

~ r o d u c e  nematodes normally. Similarly,  when X. l u m i n e s - e n s  

was i so la t ed  from insec t s  k i l l e d  by heterorhabdi t ids ,  2'. 

l u m i L ~ e s c e n s  could be obtained only during the  1st and 2nd 

days a f t e r  infec t ion  

T h e  colonies of X e n o r h a b d u s  spp. i so la t ed  f r o m  

d i f f e r e n t  insec t  cadavers k i l l e d  by the  same s t r a i n  of 

rtematode, varied ii?. color on NBTA(see 2-2). This phenomenon 

occurred i n  i s o l a t e s  of X e n o r h a b d u s  from insec t s  k i l l e d  by 

S t e i n e r n e m a  or  H e t e r o r h a b d i t i s .  I n  i s o l a t e s  of X .  b o v i e n i i  

frcm S. feftiae strain A21-1, the  color of colonies varied 



f r o m  g r e e n i s h  b l u e  t o  d a r k  b l u e .  When t h e s e  c o l o n i e s  were 

e x p o s e d  t o  normal  room l i g h t ,  t h e  c o l o n y  c o l o r  changed  from 

g r e e n i s h  t o  b l u e  a n d  e v e n t u a l l y  a l l  became d a r k  b l u e  a f t e r  

more t h a n  6h e x p o s u r e .  When t h e s e  c o l o n i e s  w e r e  c u i ~ u r e d  

s e p a r a t e l y  i n  TSB b r o t h ,  the c o l o r  o f  t h e  c u l t u r e s  a p p e a r e d  

q u i t e  d i f f e r e n t ,  f rom l i g h t  y e l l o w  t o  d a r k  y e l l o w ;  they 

showed s m a i l  d i f f e r e n c e s  i n  t h e i r  f i n a i  c e l i  d e n s i t i e s  a n d  i n  

t h e  pH o f  t h e  c u l t u r e s  6 d a y s  a f t e r  i n c u b a t i o n .  The 

a n t i b i o t i c  a c t i v i t i e s  o f  t h e s e  c u l t u r e s  were a l s o  

d i f f e r e n t  ( T a b l e  4 f . 

When t h e  p r i m a r y  form o f  X. n e m a t o r j h i l u s  {from DD136) 

was i n o c u l a t e d  a n d  c u l t c r e d  I n  TSB (see 2-2) ,  o n l y  a  v e r y  

s m a l l  p r o p o r t i o n  ( a b o u t  0 . 5 % )  o f  s e c o n d a r y  form c o l o n i e s  were 

o b t a i n e d  a f t e r  6 d a y ' s  i n c u b a t i o n  a t  2 s 0 C .  Both  p r i n a r ~ .  a n d  

s e c o n d a r y  forms h a d  v e r y  low p l a t e  e f f i c a c y  when c u l t u r e d  i n  

TSB. No p r i m a r y  form was o b t a i n e d  from t h e  c u l t u r e  i n o c u l a t e d  

w i t h  t h e  s e c o n d a r y  fo rm.  When NBTA p l a t e s  o f  Xenorhabdus spp .  

were m a i n t a i n e d  a t  2 4 ' ~  i n  t h e  d a r k  (see 2-lC) , t h e  char.ge 

f rom p r i m a r y  t o  s e c o n d a r y  form began a f t e r  6-16 d a y ' s  

i n c u b a t i o n ,  d e p e n d i n g  on t h e  s t r a i n  a n d  i s o l a t e .  For  X. 

l u m i n e s c e n s  t h e  change  began  a s  e a r l y  as 6  d a y s .  F o r  X. 

n e m a t o p h i l u s ,  t h e  change  began i n  a b o u t  1 2  d a y s  and afcer 2 0  

day  's i n c u b a t i o n  w i t h o u t  s u b z u l t u r e ,  a b o u t  30-40% o f  t?-e 

c o l o n i e s  h a d  changed  t o  s e c o n d a r y .  I n  p l a t e s  o f  X. b c t t r l e n i i  

f r o m  S.  f e l t i a e  s t r a i n  A21-1, a b o u t  20% o f  i s o l a t e  #1 , 5% of 

#2 a n d  1% of #3 changed i n t o  s e c o n d a r y  f o r m s .  



T a b l e  4 .  F i n a l  a b s o r b a n c e ,  a n t i b i o t i c  a c t i v i t y  a n d  p H  level 

o f  t h r e e  i s o l a t e s  of Xenorhabdus bovienii, i s o l a t e d  

f r o m  Steinernema feltiae s t r a i n  A21-1, c u l t u r e d  i n  

TSB, s h a k e n  a t  80rpm a n d  i n c u b a t e d  i n  t h e  dar:k a t  

24O2 f o r  6 d a y s .  

* + 
i s o l a t e s  i A b s o r b a n c e  I n h i b i t i o n  zone  (cm) PH@ 

* .  F i n a l  a b s o r b a n c e  a t  540nm(n=4) 

+ .  A n t i b i o t i c  a c t i v i t i e s  a g a i n s t  p l a t e d  Bacillus subtilis, 

e x p r e s s e d  as  t h e  d i a m e t e r  of t h e  i n h i b i t i o n  zone  (n=12) , 

@ .  The f i n a l  pZ of t h e  b a c t e r i a l  c u l t u r e s .  

# E x p r e s s e d  a s  r w a n s  k S E . ,  means i n  a column w i t h  t h f  same 

l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  



In X. nematophilus, no secondary t o  primary form change was 

observed on NBTA a f t e r  20  d a y ' s  incubat ion  without  

s u b c u l t u r e .  

B .  Temperature f o r  t h e  maintenance of  Xenorhabdus 

The e f f e c t  of tempera ture  on maintenance(see  2-2) of 

Xenorhabdus spp .  was not  c o n s i s t e n t .  Colonies  from some 

p l a t e s  of both X. nematophiius and X. luminescens were not 

v i a b l e  a f t e r  4-5 d a y ' s  incuba t ion  a t  ~ O C  whereas o t h e r s  

remained v i a b l e .  Both s p e c i e s  showed slower growth and poorer  

colony-forming t h a n  t h e  u n t r e a t e d  ones on NBTA a f t e r  1 5  d a y ' s  

t r e a t m e n t .  The bioluminescence of X. luminescens was a l s o  

decreased  a f t e r  1 0  d a y ' s  t r e a t m e n t .  No changes of t h e  primary 

t o  t h e  secondary form o r  vice versa were observed i n  e i t h e r  

s p e c i e s  a f t e r  15 d a y ' s  t r ea tmen t  a t  4OC. Eventua l ly ,  ail 

Xenorhabdus l o s t  t h e i r  v i a b i l i t y  2 5  days a f t e r  having been 

s t o r e d  a t  4OC. When i n s e c t  cadavers ,  k i l l e d  by t h e  pr imary 

form of X. nematophilus, were maintained a t  4OC b a c t e r f - a 1  

c e l l s  of reduced v i a b i l i t y  were i s o l a t e d  a f t e r  one month. The 

primary form b a c t e r i a  maintained t h e i r  v i a b i l i t y  a f t e r  two 

month's s t o r a g e  a t  4OC, and no secondary form bacter i s :  were 

i s o l a t e d  from t h e  i n s e c t  cadavers  even a f t e r  two months. 

C .  Growth of Xenorhabdus nematophilusfsee 2-2) 

The growth of both  primary and secondary forms of X .  

nematophilus (from DD136) were d i f f e r e n t  from each o t h e r  

When overnight  c u l t u r e s  of  both  forms were i n o c u l a t e d  i n  TSB 

t h e  lag phase of t h e  secondary form l a s t e d  much longer  than  

t h a t  of t h e  pr imary.  The f i n a l  absorbance a t  540nm between 



t h e  c u l t u r e s  of p r i m a r y  a n d  s e c o n d a r y  fo rms  o f  X. 

nematophilus h a d  a d i f f e r e n c e  o f  0 . 3  a f t e r  1 3 2 h r ' s  c u l t u r e (  

F i g . 2  A . ) .  D u r i n g  c u l t u r e ,  t h e  pH o f  t h e  p r i m a r y  form 

d e c r e a s e d  i n  t h e  f i r s t  20  h r  f rom 7 . 0  t o  6 . 3  a n d  t h e n  

i n c r e a s e d  g r a d u a l l y  t h e r e a f t e r .  However, l i t t l e  c h a n g e  o f  p H  

was r e c o r d e d  i n  t h e  s e c o n d a r y  fo rm c u l t u r e  d u r i n g  t h e  f i r s t  

32  h r s .  T h e r e a f t e r ,  i t  h a d  a s i m i l a r  r a t e  i n c r e a s e  t o  t h a t  o f  

t h e  p r i m a r y  f o r m  b u t  there w a s  a 0 . 3  d i f f e r e n c e  i n  t h e  f i n a l  

pE be tween  t h e  p r i m a r y  a n d  s e c o n d a r y  f o r m s (  F i g . 2  B), 

A n t i b i o t i c  a c t i v i t y / p r o d u c t  i o n  o f  Xenorhabdus s p p  . 

in vitro a n d  in vlvo 

3 - 2 . 1 .  In v i t r o  

A ,  E f f e c t  o f  a b i o t i c  f a c t o r s  on a n t i b i o t i c  a c t i v i t y ( s e e  

2-3.1B) 

(i) . T e m p e r a t u r e .  

A n t i b i o t i c  a c t i v i t y  o f  X. nematophilus ( f r o m  DD136) was 

g r e a t l y  i n f l u e n c e d  b y  t e m p e r a t u r e  i n  t h a t  it g r a d u a l l y  

i n c r e a s e d  w i t h  c u l t u r e  t e m p e r a t u r e  f rom 15OC t o  r e a c h  a 

maximum a t  25OC. No a n t i b i o t i c  a c t i v i t y  was d e t e c t e d  i n  

c u l t u r e s  grown a t  30•‹C or  35OC ( F i g . 3  A )  . 

( i i ) .  pH l e v e l  

p  en t h e  prinary fo rm of X. nematophilus w a s  cu l t1 : red  i n  

TSB a t  a r a n g e  o f  p H  f r o m  5 .8  t o  8 . 0 ,  t h e  a n t i b i o t i c  a c t i v i t y  

of t h e  b a c t e r i a l  c u l t u r e s  showed s i g n i f i c a n t  i n c r e a s e s  from 

those  a t  p H  5 . 8  to those at p H  7 . 0  after 6 d a y ' s  c u l t u r e  
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Fig.2.Gr0~ik and cuiiure pH of the primary and secondary firms of 

XemrkaEhs nemar'i)pkiEiis ir; TSE. Expressed, as in A the 

absorbances at 540nm, and in B the pH of the bacterial 

cuf tltres during 132 hours(n=3). 



Fig.3. Antibiotic activity of Xenorhabdm nematophilus cultured in T S B  at 

different temperatures (A) and pH levels (B) after 6 days. 

Expressed as the diameter of the inhibition zone on plated 

Bacillus slcbtifis (n=9). 



T h e r e a f t e r ,  t h e  a n t i b i o t i c  a c t i v i t y  decreased m o d e s t l y  b u t  

s i g n i f i c a n t l y  as t h e  p H  i n c r e a s e d  f rom 7 . 0  t o  8.0 (Flg.3 B). 

(iii) . A e r a t i o n  

When X. nematophilus w a s  c u l t u r e d  i n  TSB u n d e r  d i f f e r e n t  

a e r o b i c  c o n d i t i o n s ,  a n t i b i o t i c  a c t i v i t y  w a s  d e t e c t e d  from t h e  

2nd day  i n  b o t h  shaken  and  s t a t i c  c u l t u r e s .  The a c t i v i t y  

i n c r e a s e d  i n  a l l  a e r o b i c  c u l t u r e s  w i t h  t i m e  a n d  r e a c h e d  a 

maximum b y  t h e  6 t h  d a y .  No a n t i b i o t i c  a c t i v i t y  was detected 

i n  any  o f  t h e  a n a e r o b i c  c u l t u r e s .  The a n t i b i o t i c  a c t i v i t y  o f  

c u l t u r e s  u n d e r  s t a t i c  a n d  shaken  c o n d i t i o n s  i n  t e s t  t u b e s  

w e r e  s i m i l a r  t o  e a c h  o t h e r f T a b l e  5 ) .  

i i v )  . N u t r i t i o n  

When t h e  p r i m a r y  form o f  X. nemat~philus w a s  c u l t u r e d  i n  

1% p e p t o n e  water, t h e  g rowth  was p o o r  a n d  n o  a n t i b i o t i c  

a c t i v i t y  w a s  d e t e c t e d  a f t e r  6  d a y s  o f  i n c u b a t i o n  ( T a b l e  6). 

B .  A n t i b i o t i c  c o n c e n t r a t i o n .  

The X. nematophilus c u l t u r e  had 3200 a r b i t r a r y  

u n i t s ( A U ) / m l  a g a i n s t  B, subtilis. The minimum i n h i b i t o r y  

c o n c e n t r a t i o n  a g a i n s t  3. subtilis was 50 AU/ml and  the 

minimum k i l l i n g  c o n c e n t r a t i o n  a g a i n s t  B. subtilis was 100 

A U / m l  . 

C .  Comparison o f  a n t i b i o t i c  a c t i v i t i e s  o f  Xenorhabdus 

The a n t i b i o t i c  a c t i v i t y  o f  s i x  d i f f e r e n t  Xsnorhabdus 

s p p .  i s o l a t e s  when c u l t u r e d  i n  TSB(see 2-3 .10)  xere n o t  the 

s a m e .  



T a b l e  5 .  A n t i b i o t i c  a c t i v i t y  of Xenorhabdus nematophilus 

c u l t u r e d  i n  TSB a t  24OC u n d e r  d i f f e r e n t  c o n d i t i o n s  

of a e r a t i o n  o v e r  t i m e  a s  measured  by  t h e  d i a m e t e r  of 

t h e  i n h i b i t i o n  zone(cm) u s i n g  Bacillus subtilis a s  

t h e  t a r g e t  o r g a n i s m  on TSA 

* E x p r e s s e d  a s  t h e  mean (n=9) -i- SE, means i n  a day  w i t h  

t h e  same l e t t e r  a r e  not s i g n i f i c a n t l y  d i f f e r e n t ,  



T a b l e  6 .  A n t i b i o t i c  a c t i v i t y  a n d  f i n a l  a b s o r b a n c e s  of 

Xenorhabdus nematophi lus  c u l t u r e d  i n  d i f  f e r e n r  med ia  

f o r  6 d a y s .  

I Number of I n h i b i t i o n  F i n a l  
I 

Media f r e p l i c a t e s  z o n e  ( c m )  * a b s o r b a n c e "  
I 

S t a n d a r d  I 
TSB ! 3 2.06+0 .04a"  2 . 6 3  + 0 . 0 2 2  

I 
1% p e p t o n e  1 
w a t e r  1 4 0 . 0 0 + 0 . 0 0 b  0 . 3 1  + Q . 0 l b  

* E x p r e s s e d  as mean & SE diameter o f  i n h i b i t i o n  

z o n e ( n = 9 )  on p l a t e d  Bacillus subtilis; + t h e  

a b s o r b a n c e s  a t  540nrn; # m e a n s  i n  a column w i t n  t h e  

same l e t t e r  are  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  



The c u l t u r e s  f r o m  BC1 ,  BC2 and  A 3 2 - 5  showed t h e  s t r o n g e s i  

a c t i v i t y  whereas  t h a t  f rom #90  was s i g n i f i c a n t l y  weaker t h a n  

the rest,  and  t h a t  o f  t h e  DD136 was s i g n i f i c a n t l y  weaker t h a n  

f o r  a l l  t h e  o t h e r s  e x c e p t  #90 I F i g . 4 ) .  

3 - 2 . 2 .  A n t i b i o t i c  a c t i v i t y  in vivo. 

E x t r a c t s  (see 2 - 3 . 2 )  f rom i n s e c t  c a d a v e r s  k i l l e d  e i t h e r  

by  i n f e c t i n g  G. mellonella l a r v a e  w i t h  s t r a i n  DD136 o f  S. 

carpocapsae a n d  i t s  Xenorhabdus s y m b i o n t s  o r  by  i n j e c t i n g  

them w i t h  X. nematophilus a l o n e ,  showed s t r o n g  a n t i b i o t i c  

a c t i v i t y  w i t h i n  2 d a y s  o f  i n s e c t  d e a t h .  The a n t i b i o t i c  

a c t i v i t y  i n  i n s e c t s  k i l l e d  by X. nematophilus a l o n e  i n c r e a s e d  

g r a d u a l l y  f rom t h e  2nd t o  t h e  3 r d  day  a f t e r  t h e  i n s e c t  d e a t h  

a n d  t h e r e a f t e r ,  t h e r e  was no s i g n i f i c a n t  i n c r e a s e .  T h e  

a n t i b i o t i c  a c t i v i ~ y  i n  i n s e c t s  k i l l e d  by  nematodes  a n d  t h e i r  

b a c t e r i a l  s y m b i o n t s  f l u c t u a t e d  o v e r  t i m e  b u t  d i d  n o t  i n c r e a s e  

s i g n i f i c a n t l y  f o r  t h e  n e x t  6 d a y s .  The p r o f i l e  o f  a n t i b i o t i c  

a c t i v i t y  was s i m i l a r  i n  t h e  c a d a v e r s  k i l l e d  by  t h e  two 

methods  ( F i g .  5 )  

3 - 2 . 3 .  Comparison o f  a n t i b i o t i c  a c t i v i t y  ic v i t r o  and  in 

vi vo 

Comparison o f  a n t i b i o t i c  a c t i v i t i e s  f rom t h e  t h r e e  

c u i c u r e s  of two Xenorhabdus s t r a i n s  d e m o n s t r a t e d  d i f f e r e n t  

i n h i b i t i o n  p o t e n c i e s  a g a i n s t  B.  subtilis. 



Inhibition zone(cm j 



l ime after deathfday s) 

Fig.5 Antibiotic activity of Xenorhabbus nernatophilus, from 

extracts of Galleria mellonella cadavers infected with either 

Sleinerrrema carpocapsae plus symbiotic X. nematupizilrts (N) 

or XXX nematophilus alone@), as expressed by the inhibition 

zone on Bacillus strbtilis plates over time, 



For 3D135, ex t rac t s  f r o m  insects killed by both bac te r i a  a n d  

nematode-bacteria t r e a ~ n e n t s  shewed s ign i f i can t ly  strorigzr 

a n t i b i o t i c  ?.ztivi+- ,y than t h a t  from the  b a c t e r i a l  c u l t u r e .  3~ 

c-ntras t ,  the  a n t i b i o t i c  a c t i v i t y  of the  b a c t e r i a l  cu l tu re  of 

E C I  was s i g n i f i c a n t l y  stronger than t h a t  of ap ex t rac t  of t h e  

nematode-kiiied i n s e c t s .  The a n t i b i o t i c  a c t i v i t y  of the  

b a c t e r i a l  cu l ture  of the  DD156 symbiont was t h e  weakest 

whereas t h a t  of the b a c t e r i a l  cu l ture  of t h e  B C 1  symbisnt was 

t j 7  s t rongest  (Table 7 .  ) . 

: . - 3 .  Propert ies  and separhti-,L of the  a n t i b i o t i c s  

A.  Effect  of d i a l y s i s  on z n t i b i o t i c  a c t i v i t y  of X ,  



r-7 - i a b i e  7 .  Conparison of t h e  a n t i b i o t i c  a c t i v i t y  of  Xenorhabdus 

spp. from Steinernema carpocapsae DD135 and BC1 f r o m  

t h r e e  forms of c u l t u r e .  Expressed a s  t h e  mean 5 SE 

d i a m e t e r  of t h e  i n h i b i t i o n  zone(cm) on p l a t e d  

B a c i l l u s  subtilis 

,-. - 1  2.. Nemztode 1 L L ~  ~ u r e  type' 

I - 1. ~ x ~ r a c t s   fro^ Galleria mellonella killzj by injection 



However, the  a c t i v i t y  was s ign i f i can t ly  (P=O. O f )  reduced when 

t he  cu l ture  w a s  heated t o  1 0 0 • ‹ ~  o r  autoclaved a t  1 2 1 ~ ~  

(Fig.6,  A ) .  A l a rge  p rec ip i t a t e ,  probably protein ,  and loss 

of the  typ ica l  yellow color of t h e  cu l ture  were observed i n  

a l l  heated cu l tu res  except those a t  2 0 ' ~ .  

(ii) . Sens i t iv i ty  t o  sunlight 

When the  ce l l - f r ee  b a c t e r i a l  cu l ture  was exposed L O  

sunl ight  outdoors, t h e  a n t i b i o t i c  a c t i v i t y  w a s  very l i z t l e  

reduced, even a f t e r  7h exposure (Fig.  6. B j  . A la rge  

p r e c i p i t a t e  and ioss  of the  typ ica l  yellow color of the 

cul ture  solut ion were observed a f t e r  2 hrls exposure. 

( i ii).  Storage 

When cul tures  of X, nematophilus were s tored  i n  the  dark 

a t  room temperature e i t h e r  with o r  without (filter 

, < s t e r i l i z e d )  the  b a c t e r i a l  c e l l s ,   he ant ib2 .o~ic  a c t x v ~ z y  

decreased slowly w i t h  t ime. The a n t i b i o t i c  activity w a s  

s i g n i f i c a n t l y  decreased aicev t h e  f i r s t  2 3  day ' s  s t c r a ~ e .  K 3  

s ign i f i can t  d i f fe rence  i n  a n t i b i o t i c  a c t i v i t y  was detected 

between 2 0  and 60 days and the  a n t i b i o t i c  a c ~ i v i t y  leas 

s i g n i f i c a n t l y  d e c e a s e d  between 30 and 90 d s y y s  scoraqe. Xo 

p r o t e i ~  p r e c i p i ~ a t i o n  o r  color changes were observed. l:o 

s i g n i f i c a n ~  d i f fe rence  was detected i n  a n t i b i o t i c  a c ~ i ~ ~ i ~ y  

between t h e  sterile and non-ster i le  cu l tures  during 90 Zay's 

storage (Fig. 75 . 



Fig.6. Antibiotic acti~ity clf Xenorhabdrcs nernatophilus culture after 

having k e n  heated in a water bath (A) or exposed to sunlight(B), 

expressed as the diameter of the inhibition zone of Bacillus 

subtifis. 



Fig.?. Antibiotic activity of Xenorhabdus nematophilus stored at room 

temperature over 90 days, expressed as diameter of inhibition zone of 

Bacillus subtilis. st= ,Y, nemadophilus culture sterilized b y  filtration; 

nonst= X. nematophilus culture 



C .  S e p a r a t i o n  { s e e  2 - 4 C )  

When t h e  s p e n t  b a c t e r i a l  medium of X. nematophilus w a s  

e x t r a c t e d  wi th  e t h y l  a c e t a t e ,  b o t h  t h e  e t h y l  a c e t a t e  and t h e  

aqueous f r a c t i o n  had a n t i b i o t i c  a c t i v i t y  a g a i n s t  E .  subtilis. 

F e f t y  p1  o f  suspens ion  from t h e  e t h y l  a c e t a t e  f r a c t i o n  formed 

a  3 . 5  F 0 . 0 9  cm i n h i b i t i o n  zone whereas t h a t  of  t h e  c u l t u r e  

of  X. nematophilus and t h e  aqueous f r a c t i o n s  formed 2 . 0  F 

0 . 1 7  and 1.1 ;f G.G9 c m  zones r e s p e c t i v e l y .  

3 - 4 .  A n t i b i o t i c  a c t i v i t y  a g a i n s t  s o i l  b a c t e r i a  i n  

P e t r i  d i s h e s ,  

Both t h e  i n s e c t  e x t r a c t  ( s e e  2-3.2) and t h e  c u l t u r e  of X.  

nematophilus (.?ee 2-3.10) i n h i b i t e d  t h e  growth of  a  range  of 

b a c t e r i a l  c u l t u r e s  on a g a r  media i n  P e t r i  d i s h e s .  These 

b a c t e r i a  i n c l u d e d  

worth  n o t i n g  t h a t  

A. chroococcum ant 

g ram-pos i t ive  and n e g a t i v e  s p e c i e s .  I t  i s  

t h e  growth o f  t h e  n i t r o g e n - f i x i n g  s p e c i e s  

1 I ? .  phaseoli, and t h e  human pa thogens ,  E. 

c ~ i i  PA53,57 ,  S .  aureus and  S. typhimurium SL1344 were u ~ s o  

(Tab le  8) . 



T a b l e  8 .  A n t i b i o t i c  a c t i v i t y  o f  Xenorhabdus  

n e m a t o p h i l u s ,  f r o m  e i t h e r  T S B  c u l t u r e  o r  i n  vlvo 

G a l l e r i a  c u l t u r e  a g a i n s t  v a r i o u s  b a c t e r i a l  species 

i n  P e t r i  d i s h e s .  E x p r e s s e d  a s  w h e t h e r  t h e  bacterial 

growth w a s  i n h i b i t e d  (+ )  o r  was n o t  i n h i b i t e d  i-) . 

f 
A l c a l i g e n e s  f a e c a l i s  1 

I 
A z o c t o b a c t e r  chroococcum 1 

B a c i l l u s  siJbtilis 

B .  t h u r i n g i e n s i s  

E n t  e r o b a c t  er a e r o g ,  P n e ~  

E s c h e r i c h i a  c o l i  

Pseudomonas a e r u g i n o s a  

P r o t e u s  v u l g a r i s  

R h i z o b i u m  p h a s e o l i  

S e r r a t  i a  m a r c e s e e n s  

S a l m o n e l l  a typhimuriul .n  

S t a p h y l o c o c c u s  a u r e u s  



3-5. T e s t s  i n  s t e r i l e  s o i l  

3-5.1. P e r s i s t e n c e  and a n t i b i o t i c  a c t i v i t y  of 

X e n o r h a b d u s  

A.  P e r s i s t e n c e  of X e n o r h a b d u s  spp. i n  s t e r i l e  s o i l  

Nei ther  washed X. n e m a t o p h i l u s  nor  X .  l u m i n e s c e n s  were 

a b l e  t o  su rv ive  i n  s t e r i l e  s o i l  one day a f t e r  i n o c u l a t i o n ,  

However, when t h e  washed X e n o r h a b d u s  were p l a t e d  on NBTA 

b e f o r e  be ing  i n o c u l a t e d  i n t o  t h e  s o i l ,  t h e y  were v i a b l e  on 

t h e  p l a t e  even a f t e r  t h r e e  washes. Viable  primary form of 

X e n o r h a b d u s  c e l l s  were recovered from t h e  s o i l s  i n o c u l a t e d  

wi th  b a c t e r i a l  c u l t u r e s  of X. n e m a t o p h i l u s  and X .  

i u m i n e s c e n s .  X. l u m i n e s c e n s  were v i a b l e  30 days and X. 

n e m a t o p h i l u s  were v i ab l e  60 days a f t e r  inoculation (Table 9 ) .  

Decl ine i n  colony aurnber of  both  s p e c i e s  over  t h e  incuba t ion  

was observed.  

B .  A n t i b i o z i c  product ion  i n  s t e r i l e  s o i l  

When t h e  pr imary ferrns of both  X. n e m a t o p h i l u s  o r  X .  

i ~ ~ a i n e s c e n s  i n  T S B  were r e l e a s e d  i n t o  s t e r i l e  s o i l  no 

a n t i b i o t i c  a c t i v i ~ y  was d e t e c t e d  5, 10 and 15 d a y ' s  a f t e r  t h e  

i n o c u l a t i o n  (Table 10) . 

C .  & t i b i o t i c  p e r s i s t e n c e  i n  s t e r i l e  s o i l  

When spent  c - c l t u r e  medium of X e n o r h a b d u s  n e m a t o p h l l  u s  

w a s  r e l e a s e d  i n t o  t h e  s t e r i l e  s o i l ,  no a n t i b i o t i c  a c t i ~ r i t y  

w a s  found 30 min a f r e r  t h e  r e l e a s e .  



Tab le  9 .  V i a b i l i t y  o f  Xenorhabdus nematophilus (N) and  %. 

luminescens (l) o v e r  t i m e  a f t e r  i n o c u l a t i o n  i n t o  

s t e r i l e  s o i l  w i t h  e i t h e r  t h e  c u l t u r e  b r o t h  o r  after 

b e i n g  washed 3 t i m e s  b e f o r e  i n o c u l a t i o n ,  a t  24OC. 

1 Days 
! 

Trea tmen t s  I I 1 5 10 2 0  30 50  
i 

I I 
With I 1 

* 
c u l t u r e  1 N .  I , + + 4- + + - 
bro th  I 1 

I 1 
I L .  I + + -I- + + 
1 I 
! I 

i I 
washed I N. I - - - - - - 

I I 
i f 
I L .  I - - - - - - 
I ! 

" + V i a b l e ;  - n o t  v i a b l e  



Table 1 0 .  A n t i b i o t i c  p r c d u c t i o n  d u r i n g  1 5  days ,  o f  

Xenorhabdus nematophilus and X. luminescens i n  

s t e r i l e  s o i l  supp lemented  with TSB. 

S p e c i e s  

I 
1 Time i n  s o i l  (days) 
! 

i 
X. nematophilus i 

I 
I 

X. 1 uminescens I 

* - i n d i c a t e s  no a n t i b i o t i c  a c t i v i t y  w a s  d e t e c t e i  



3 - 5 . 2 .  E f f e c t  of t h e  a n t i b i o t i c s  on s o i l  b a c t e r i a  

The popula t ion  of B .  subtilis i n  t h e  s o i l  t r e a t e d ( s e e  2- 

6.2D) with  TSB was l a r g e r  than  those  i n  s o i l  t r e a t e d  with 

water  and primary (P) c u l t u r e s  of X. nematophilus; and t h e  

popu la t ion  t r e a t e d  wi th  water was t h e  s m a l l e s t  2 days a f t e r  

t r e a t m e n t .  The means of t h e  popu la t ions  between t h e s e  t r e a t e d  

with t h e  primary ( P )  and secondary (S) c u l t u r e s  of X. 

nematophilus were not  s i g n i f i c a n t l y  d i f f e r e n t  ( F i g . 8  8 ) .  

The popu la t ion  of R. phaseoli i n  s o i l  t r e a t e d  with TSB 

was s i g n i f i c a n t l y  l a r g e r  than  when t r e a t e d  wi th  water o r  

spen t  Xensrhabdus c u l t u r e  m e d i a f c e l l  f r e e ) .  The p o p u l a ~ i o n s  

i n  t h e  t r e a t m e n t s  of primary and secondary c u l t u r e s  of X. 

nemat~philus were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from each o t h e r  

b u t  were s i g n i f i c a n t l y  l a r g e r  t h a n  t h a t  of t h e  water 

t r e a t m e n t  ( F i g .  8 B )  . 

3-6. T e s t s  i n  garden s o i l  

3-6.1. The e f f e c t  of X. nematophilus c u l t u r e  on s o i l  

A .  B a c t e r i a l  popu la t ions  

The b a c t e r i a l  popu la t ions  i n  a l l  t r e a t m e n ~ s f s e e  2-5.3A) 

were low a f t e r  one day, bu t  inc reased  r a p i d l y  t h e r e a f t e r  

(Table.111,  wi th  s h a r p  pogu la t ion  i n c r e a s e s  from t h e  2-6 LO 

t h e  3 r d  day a f t e r  t r e a t m e n t .  The popu la t ions  wich T S 3  ~ n d  

water  t r e a t m e n t s  reached t h e i r  maximums on t n e  3rd  day  

whereas t h o s e  of Xenorhabdus t r ea tmen t s  a t t a i n e d  t h e i r  

maximums on t h e  4 th  day .  



P S TSB Water 

Treatments 

P s TSB water 
Treatments 

Fig.$. Population sizes ofBaciZlus subfilis (A) and Rhizobium phaseoli 

(B) in sterile soil after having been treated with the 6-day-sad 

primary (PI and secondary (S) cultures of Xenorhabdas 

nernafophih, tryptic soy broth (TSB) and water. Means with 

ike same letter are not significantly different (n=i2) 



Table 11. Estimated t o t a l  s o i l  b a c t e r i a l  populat ion,  

expressed a s  t h e  mean nunber(kSE) of colony forming 

8 u n i t s ( x  10 ) ,  i n  garden s o i l  during 8 days a f ~ e r  

having been treated with 6-day-old primary aid 

secondary f e r n  c u l t u r e s  of Xenorhabdus 

nematophi2usr t r y p t i c  soy brothjTSBf and water .  

= Means i n  a day  w i t h  t h e  sane Letter are nos 

s i g n i f i c a n t l y  different. 



7 v a r i s t i o f i s  -- i n  bsct-rial p o p u l a t i o n s  w e r e  recorded a m o n q  these 

t c *  '-=-'---+-s L A  LCL -;L'CLL t- n o  signlr-cant d i f f e r e n c e s  were  found  between 

each t r e a t m e n t  in a p v  A day d u r i n g  the t e s t .  

" - + - 1  4 nF.q-+,; 7 3 9 .  ,",a, n-Liu~-,, a c t i v i t y .  

. - Of a l l  t r e a y a e c r s ,  t h e  FDA h y d r o l y s i s  of  the soil 

created with water wzs a l w a y s  s i g n i f i c a n t i y  weaker  over the 6 

9 ~ ~ ~ -  ;di=; of t e s t .  The h-d-olyt-c a c t i v i t i e s  of TSB s q e r e  al?,.:a- - A 

t , . . b  s i g z r r l c a n t l y  h i g i e r  t h a n  the others except on the 4th day 

arid :$ere e p z l  to -h-- I-+LSL 3f t h e  r ; r lmary  form t r e a r r n e n t  o r  the 

- 3rd dzy. A s  ref lected b-:? - the kDA h y d r o l y s i s ,  the total 



Fig. 9. Total soil microbial activity of garden soil after having been 
treated with primary m, and secondary form 
Xenorhbdus nemafophilus, TSB 0 and water a$, 2$ 3 ,4  
and 6 days after treatment, determined by spectsophstonetry 
at 490nm, using the hybrofysis of PPuorescei~r diacetate as the 
indicator. Means (n=3) with the same letter are not signifkantlg 
different. 



4 6 

Time in soil(days) 

Fig.10, Population of soil bacteria In four batches of garden soil, in each of which 

was buried cadavers of Galleria mellunella killed b y  Xenorhabdzts 

The treatments and their indicators are as follows: 
g% One cadaver killed by primar? form bacteria 

B Five cadavers killed by primary form bacteria 

One cadaver kitled b_v secondary form bacteria. 

Five cadavers killed by secondary form bacteria. 



•’3. The a n t i b i o t i c  activity of t h e  contents of insec t  

cadavers k i l l e d  by X. nematophilus s i g n i f i c a n t l y  (P-0 . DL) 

decreased a f t e r  6 days of the  cadavers being b u r i e d  i n  soil. 

However, e x t r a c t s  from t h e  insec t  cadavers continued t~ show 

a n t i b i o t i c  a c t i v i t y  against  B .  subtilis a f r e r  10 day's b u r '  la1 

i n  s o i l  (Fig .  11) . 



4 
7 6 

Time buried{& ys j 

Fig.11. Antibiotic activity of esgracts from insect cadavers after being 

buried in garden soil fur different periods of time. Expressed as the 

average diameters of the inhibition zones(cm) on plates of Bacillras 

subrilis. 



Chapter 4 .  Discussion 

A s  research has proceeded, it has become increasingly 

apparent t h a t  t h i s  nernatode/bacterial associat ion i s  very 

complex. The present study has provided sew informatiax on 

several  aspects  0 4  t h i s  nematode/bacteria assoc ia t ion  and 

espec ia l ly  on t h e  biology of Xenorhabdus and on the 

c h a r a c t e r i s t i c s  and activity of the  a n t i b i o t i c s .  



e a r l y  as p o s s i b l e  a f t e r  t h e  i n s e c t  has shown symptoms of 

i n f e c t i o n  o r  soon a f t e r  dea th .  

Poinar  ( 1 9 6 6 )  found v a r i o u s  b a c t e r i a ,  r a t h e r  than  only 

Xenorhabdus, a i o z g  with t h e  nematode DD136 i n s i d e  t h e  

cadavers  of G ,  mellonella. It i s  q u i t e  p o s s i b l e  t h a t  some 

b a c t e r i a  from t h e  i n s e c t  gu t  invaded t h e  haemocoel because of 

L  he breakdown of  t h e  i n s e c t  t i s s u e s .  I t  i s  ha rd  t o  imagine 

t h a t  an i n s e c t  cadaver  i s  no t  contaminated by g u t - i n h a b i t i n g  

b a c t e r i a  4 days a f t e r  i n f e c t i o n ,  because by t h a t  t ime t h e r e  

i s  probably no p h y s i c a l  b a r r i e r  between t h e  gu t  ~ n d  t h e  

haemocoel and n o t  all micro-organisms a r e  s e n s i t i v e  t o  t h e  

e n t i m i c r o b i a l  substm:ce produced by Xenorhabdus (Akhurst ,  

1 9 8 2 a i .  

I n s e c t s  infected by  nernztodes a r e  s u b j e c t  t o  secondary 

invas ion  by o t h e r  a icro-organisms which may modify c ~ n d i t i o n s  

w i t h i n  t h e  cada7er t o  t h e  de t r iment  of t h e  nematode's 

&.----a ~ ~ ~ , - o p r n e n t  3 and reproduct ion  (Nealson e t  a]., 1 9 9 0 )  . However, 

; ~ l , e  i. s e c m d a r y  invas ion  does not  n e c e s s a r i l y  r e s u l t  i n  t h e  

r. * - - i a z l u r e  o r  r e d s c t i o n  of nematode rep roduc t ion .  S. carpccapsae 

- .  can regrcducs  i n  c?.iiccre with s o s e  s p e c i e s  of b a c t e r i a  o ~ h e r  

- n - n  LA&; Xenurhabdns i> -k5urs~  and aoemare, 1990; E h l e r s  et a1 . , 

7 Q G . P . j  Tl? 
-/.,,J, . Llie normel process of i n f e c t i o n  i n  t h e s e  caciavers, as  

---, wLserved -A here [ see ,  3-7 , .A), i s  t h a t  t h e  presence  of some 

b~cterial s~ecies o the r  t h a n  +-he nematode's symbionts i n  t h e  

czdavers appears  t o  have n o  nega t ive  e f f e c t  on t h e  n e m ~ t o d e ' s  

c5evelopmznt and reproduc t ion ,  and  may be normal i n  n a t u r e .  

Zoxever, t h e  s t r o n g l y  s e l e c t i v e  r e t e n t i o n  of Xenorhabdus i n  



t h e  i n t e s t i n e s  of  IJ nematodes  s u g g e s t s  t h a t  t h e  s y m b i o n t s  

a r e  e s s e n t i a l  i n  t h e  n e m a t o d e ' s  development  s u b s e q u e n t  t o  t h e  

i n f e c t i v e  s t a g e .  The i m p o r t a n c e  o f  Xenorhabdus t o  t h e  

nematode i s  p r o b a b l y  m a i n l y  i n  t h e  e a r l y  s t a g e s  of t h e  

i n f e c t i o n .  I n  t h e  e a r l y  s t a g e s  of  t h e  i n f e c t i o n ,  t h e  i n s e c t  

imnune s y s t e m  min imized  t h e  c o m p e t i t i o n  o f  o t h e r  o r g a n i s m s  

a n d  e n s u r e d  t h e  development  o f  Xenorhabdus (Dunphy and 

T h u r s t o n ,  1990). A t  t h e  s a m e  t i m e  t h e  development  o f  

Xenorhabdus i n  t h e  i n s e c t  haemocoel  f a c i l i t a t e s  t h e  

d e v e l o p n e n t  o f  t h e  nematode (Akhurs t  a n d  Boemare, 'L9903. The 

f a i l u r e  o f  i s o l a t i n g  XencrhaSdus a f t e r  a  c e r t a i n  s t a g e  of 

i n f e c t i o n  i n d i c a t e s  that o n c e  t h e  i n s e c t  i s  k i l l e d  a n d  i t s  

t i s s u e s  d e s t r o y e d ,  v a r i o u s  o t h e r  b a c t e r i a  i n v a d e  t h e  ccdaver 

a n d  e s t a b l i s h  t h e  d o m i n a t i o n  o f  non-Xenorhabdus b a c t e r i a  in 

t h e  i n s e c t  c a d a v e r .  The d o m i n a t i o n  o f  t h e  non-Xenorhabdus may 

i n d i c a t e  t h a t  Xenorhabdus d o e s  n o t  pLay an  i m p o r t a n t  p - r t  i n  

t h e  development  of t h e  nematcde  a t  t h a t  s t a g e .  

The p r o d u c t i o n  o f  a n t i m i c r o b i a l  s u b s t a n c e s  by  

Xenorhabdus  i n  t h e  i n s e c t  c a d a v e r ,  a s  Nea l son  e t  5 1 .  (1590) 

h y p o t h e s i z e d ,  p l a y s  a part i n  m i n i m i z i n g  t h e  secondary 

i n v a s i o n  o f  t h e  i n s e c t  haemocoel  and,  i n  t h e  e a r l y  s t a ~ z e  o f  

. ,  - i n f e c t i o n ,  e n s u r e s  t h e  d o m i n a t i o n  of XenoxhaSdus, iqhlzr- 

converts  t h e  i n s e c t ' s  t i ssae i n t o  s u i t a b l e  n u t r i t i o n  fcbr 

nematode d e v e l o p m e n t .  Zowever, t h i s  a n t i m i c r o b i a l  p r e v e n t i o n  

nay be s e l e c t i v e  r a t h e r  t h a n  e x c l u s i v e  t o  some o f  t h e  

organisms which are h a r m f u l  t o  t h e  nematodes .  The main 

function of t h e  a n t i m i c r o b i a l s  m i g h t  b e  i n  p r o t e c t i n g  e a r l y  



nematode development and keeping t h e  cadaver from c o l l a p s e  

r a t h e r  t h a n  from contaminat ion.  it i s  u n l i k e l y  t h a t  t h e  

i n s e c t  cadaver would be completely des t royed by Xenorhabdus 

and o t h e r  invad izg  b a c t e r i a  su rv iv ing  i n  t h e  cadaver dur ing  

t h e  nematode's development, because t h e  c u t i c l e  of  i n s e c t  

l a r v a e  i s  u s u a l l y  very  tough.  Rowever, t h e  overwhelming 

growth of o t h e r  organisms, such as fungi ,  may d e s t r o y  the 

i n s e c t  c u t i c l e  and t h e  cadaver i n  a s h o r t  t ime i f  t h e i r  

mycelia grow through t h e  c u t i c l e .  This p a r t  of  a n t i f u n g a l  

a c t i v i t y  might be p layed by Xenorhabdus s p p ' s  product ion  of 

a n t i f u n g a l  subs tances ,  such a s  xenocoumaein 2 (McInerney e t  

a l . ,  1991b) . The r a p i d  i n c r e a s e  i n  p H  i n  t h e  Xenorhabdus 

c u l t u r e  may a l s o  p l a y  a  p a r t  i n  p reven t ing  t h e  growth of 

f u n g i  on t h e  cadaver ,  s i n c e  many saprophy t i c  f u n g i  grow 

poor ly  a t  high p H .  

The growth of t h e  pr imary form of X. nematophilus 

G i f f e r e d  f r o n  t h a t  of t h e  secondary form i n  t h e  l e n g t h  of t h e  

lzg phase,  and i n  t h e  f i n a l  c e l l  d e n s i t y  and p H  of  t h e  

culture b r o t h  ( F i g .  2) . Boemare and Akhurst (1990) r e p o r t ? d  t h a t  

primary and secondary forms of X. nernatophilus had d i f f e r e n t  

final c e l l  d e n s i t i e s  when t h e y  were c u l t u r e d  i n  v i t r o  f o r  2 

days. Sowever, t h e y  found no d i f f e r e n c e s  i n  t o t a l  c e l l  count 

h ~ t w n ~ n  ---  .-~--- t h e  ---.., two f ~ r m ~  and they  zssumed t h a t  t h e  d i f f e r e n c e s  

. * 7 - i n  cne c e i l  d e n s i t y  may be due t o  t h e  s i z e  and morpholoqy of 

t h e  pr imary form c e l l s ,  which a r e  l a r g e r ,  pleomorphic and 

have c e l l u l a r  i n c l u s i o n s ,  



The d i f f e r e n t  p r o f i i e  of t h e  growth of primary and 

L I L ~ S  .StudyI 3 2 y  secondary X. nematophiJi ls ,  a s  observed i n  

r e f l e c t  fundamental p h y s i o l o g i c a l  r a t h e r  t h a n  morphological 

d i f f e r e n c e s  between t h e  forms. I t  i s  sugges ted  t h a t  t h e  t w o  

forms may have d i f f e r e n t  metabol ic  systems a s  s t a t e d  by 

Boemare and Akhurs t (1990f I  and t h a t  a  much lower rate of 

i n c r e a s e  of t h e  secondary form i n  t h e  h a e r n c l y ~ p h ~  compsred 

wi th  t h a t  of t h e  primary form a s  observed by Dunphy an2  

Webster (1 9 8 4 )  , may be t h e  r e s u l t .  The o t h e r  d i f f e r e n c e s  

between t h e  two forms such a s  nematode y i e l d  i n  vivo, 

observed by Akhurs t (1980j r  a l s o  may be p a r t i a l l y  accr iucted 

t o  t h e s e  d i f f e r e n c e s .  The d i f f e r e n t  developxent of t h e  t x o  

forms i n  Galleria rnzy a f f e c t  the conversion cf c l z  >LOSE ~ c t c  

n u t r i e n t s  f o r  ehe  nematodes. 

Form v a r i a t i o n  i s  coninon i n  Xenorhabdus spp. 

Akhurs t ( l980)  r e p o r t e d  it i n  15 of 17 i s o l a t e s  of Xenorhabdus  

s p p .  t e s t e d .  Other  v a r i a t i o n s  r a t h e r  t h a n  t h e  p r i ~ . e r y  s.nd 

secondary forms have been d e t e c t e d  i n  X. iumlnescens 

( H u r l b e r t  e t  ai . , 1959: E h l e r s  e t  al., 1950) . Those 

d i f f e r e n c e s  among d i f f e r e n t  i s o l a t e s  from t h e  same neir.6.tode 

s t r a i n  i n  t h e i r  growth, p X  changes and a n t i b i o t i c  a c t i v i t y ,  

as documented i n  t h i s  p r e s e n t  s tudy(Tab le  4 1 ,  may r e f l e c t  Gek 

aspects of  form v a r i a t i o n  because each nematode o n l y  

a s s o c i a t e s  wi th  a s i n g l e  Xenorhabdus s p e c i e s  i n  

nz tu re (Akhurs t  and Boemare, 19901 .  I t  appears  t h a t  ~ 5 2  

primary and t h e  secondary forms r e p r e s e n t  t h e  extrernes of 

form v a r i a t i o n  and t h a t  t h e r e  a r e  i n t e r m e d i a t e s  bstwesn chese  



two forms.  For  example, i n  X. bwr ien i i  i s o l a t e s  of  S. i e i t i a e  

s t r a i n  A21-1, t h e  d i f f e r e n c e s  among t h e i r  f i n a l  c e l l  

d e n s i t i e s ,  pHs, and a n t i b i o t i c  a c t i v i t l e s ( T a b l e  4 )  seem t o  

r e p r e s e n t  a  g r a d i e n t  between t h e  forms.  The pleomorphic  

phenomenon of t h e  p r imary  form observed  by Boemare and 

Akhurst  f l g g O f ,  H u r l b e r t  et a1. ( 1 9 8 9 )  and E h l e r s  e t  a1. (1990) 

may r e f l e c t  d i f f e r e n t  t y p e s  i n  a g r a d i e n t  between t h e s e  

e x t r e n e s .  I t  i s  q u i t e  p o s s i b l e  t h a t  t h e  s m a l l ,  slow-growing 

b a c t e r i a  observed  by Wouts(1990) i s  one of  t h e  t y p e s  i z  t h e  

g r a d i e n t  o f  t y p e s  between t h e s e  two forms .  The t h r e e  X. 

S s v i e n l i  i s o l a t e s  from nexa tode  A21-1 showed d i f f e r e n c e s  no t  

o n l y  i n  t h e i r  c e l l  d e n s i t y ,  p H ,  a n t i b i o t i c  a c t i v i t y  and t h e i r  

piqment p r o d u c t i o n  i n  T S 3  b u t  a l s o  i n  t h e i r  r a t e s  of  change 

t o  t h e  extreme secondary  form on NBTAfsee 3-1 A ) .  These may 

r e p r e s e n t  s u b s t a n t i s 1  d i f f e r e n c e s  i n  t h e  way t h e y  u s e  t h e  

. a . ' meala m a  r n  t h e i r  a d a p t a b i l i t y  t o  d i f f e r e n t  e n v i r o n m e ~ t s .  

Boexare and  Akhzrst (19881  r e p o r t e d  t h a t  t h e  secon-ciary 



v i a b i l i t y  was dec reased .  The even tua l  l o s s  of a l l  our  stored 

Xenorhabdus  spp.  i n d i c a t e d  t h a t  t h e y  could  not  be s t o r e d  at 

4OC f o r  long t e r z  maintenance. However, t h e  f a c t  t h a t  i n  t h i s  

s tudy  t h e  G a l l e r i a  l a r v a e  were k i l l e d  by t h e  primary f o r m  of 

X. n e m a t o p h i l u s  t h a t  had been maintained i n s i d e  t h e  cada-gers 

a t  4OC f o r  about 2 months sugges ted  t h a t  t h i s  t e c h n i q ~ e  rniglrt 

be an a l t e r n a t i v e  f o r  maintenance of s p e c i f i c  X e n o r h a b d n s .  

Xenorhabdus  spp. have never been i s o l a t e d  i n  the pasE 

* 7 from s o i l  even a f t e r  having been inocu la ted  i f i rc  s c e r l - e  

s o i l ( P o i n a r  e t  ai,, 1 9 8 0 ) .  The s u c c e s s f u l  recovery af 

Xenorhabdus  from s t e r i l e  s c i l  in c h i s  s tudy and t h e  F s o i a t  lo? 

of X. l u m i n e s c e n s  from hunan wounds repor ted  by Farmer et 

af . ( 1 9 8 9 )  , s:.~ggest t h a t  some Xenorhabdus  can s u r v i v e  u rde r  

c e r t a i n  l i m i t e d  c o n d i t i o n s  i n  n a t u r e  =uts2.de of i n s e e t ~  and 

nematodes. 

It i s  unders tandable  t h a t  Xenorhabdus  s p p .  have no t  S e f r  

found i n  and d e s c r i b e d  from s o i l  be fo re ,  because t h e v  crow 
2 - 

very  s lowly  compared with most b a c t e r i a  and perhaps because 

, - they need n u t r i e n t  augmentation o r  have sofie speclai, -znkzowz 

r equ i rements .  That t h e  washed c e l l s  d i d  no t  s u r v i v e  i n  the 

s t e r i l e  s o i l f T a b l e  3 )  s u g q e s t s  t h a t  Xenorhabdus  spp. cacncz 

be widespread a s  f r e e - l i v i n g  s p e c i e s .  H c w e v e r ,  t h e  r e a z m s  

' 7 whiz t h e y  w e r e  sot recovered from t h e  s t e r i l e  s o i l  are 
* 

unclear .  N u t r i t i o n  might not be t h e  only  reason because,  

a f t e r  2 months, the o r i g i n a l l y  amended n u t r i e n t  m u s t  h ~ u e  

7 ., been consumed. P h y s i c a l  damage by washing could  be p z r c l a i ? y  - .  
3 , . . , *  r e s p o n s i b l e .  However, washed c e l l s  r e t a i n e d  t h e i r  v i a n z i l t y  



when p l a t e d  on NBTA. The reason why X. lurninescens suzvived 

f o r  a  s h o r t e r  t ime than  X, nematophilus i n  t h e  s t e r i l e  s o i l  

i s  a l s o  not  c l e a r .  The s h o r t  s u r v i v a l  t ime of X. lumlnescens 

p l u s  i t s  apparent  g r e a t e r  s e n s i t i v i t y  t o  c o l d  and r e a d i n e s s  

t o  change t o  t h e  secondary form than  X. nena toph i lus ,  may 

scgges t  t h a t  X. luminescens i s  vu lne rab le  t o  such f a c t c r s .  I f  

t h i s  v u l n e r a b i l i t y  i s  confirmed, it might be one of t h e  

reasons  why Heterorhabdi t i s  i s  more d i f f i c u l t  t o  c u l t u r e  than  

is Steinernc-%a. 

. . 4 -2 .  A n t i b i s t i c  a c ~ r - z i t y  in v i t r o  and i n  viva 

. -averable tenperat lures  and. pE f o r  t h e  growth of X. 

fiematophiius r e s u l t e d  i n  t h e  s t r o n g z s t  a n t i b i o t i c  a c t i v i t y  i n  

t h e  c u l t u r e s .  The f a i l u r e  of a n t i b i o t i c  product ion  i n  20 and 

3 5 " ~  c u i t u r e s  could  Se attributed t o  t h e  i n h i b i t i o n  of 

b a c t e r i a l  growth(E' ig .3j .  The i n a b i l i t y  of an  anae rob ic  

c z l t u r e  of  X. n e m a t q ~ h i l u s  t o  i n h i b i t  growth of o t h e r  n i c r o -  

organisms, as observed b y  Akhurst ( l 9 8 2 a ) ,  w a s  confirmed.  X. 

nematophlius produces z ~ t i b i o t i c  only i n  a e r o b i c  

c c j ~ ~ d i t i o g s  (Table 5 f . Nut r i t io r ,  a l s o  a f f e c t s  t h e  a n t i b i ~ ~ + i c  

aativ< ALy + of X. n c m a t ~ p h l l u s .  I t s  growth was poor and n t  

a .  a-ntfbigt-c acf i v i t - . ~  was d e t e c t e d  when it was c u l t u r e d  in I:, - 

.-- ps,uU42e .-.--.f ,-, xater 5 days a f t e r  ir.c-&ation a t  25'~ (TzSle 6 )  . - 

~ - ~ o ; ~ ~ ~ e r ,  it appears  t k i a t  r i c h e r  n u t r i e n t  media enhance i t s  

4 -  5 a r i t ~ ~ ~ o t i c  product ion  i n  vitro. Akhurst (l982a) report- ,d tha'; 

Xenorhabdrzs isolated - frorn d i f f e r e n t  nematode s t r a i n s  d i - f f s r e d  



in t h ~ i r  antibiotic activities, and this study confirmed 

Akhurst ' s  observation (Fig. 4 )  . 

To my knowledge, the profile of antibiotic activity in 

insect cadavers has not been previously documented. The 

timing of the antibiotic activity appearing in vivo, is 

similar to that in v i t ro .  Fluctuation in antibiotic a c t i v i t v  

in nematode-kilied G a l l e r i a  cadavers might represent Erl 

effect of the nematode's metabolism or development(Fig. 5). 

However, the overall similarity of the G a i i e r i a  k i l . l e d  by 

nematodes and their syrnbionts or by Xenorhabdus alone 

suggests that the direct contribution of the nematode yo 

antibiotic activity is limited. 

The stability of antibiotics when exposed to heat, as 

observed by Akhurst fl582a) , was confirmd here, but ~ 1 : e i r  

stability to UV irradiation(sun1ightj had not been previously 

documented(Fig.6). Precipitation of a large amount of protein 

and loss of the pigment from the cell cultures were obz.ervcd 

when the cultures were heafed or ex~osed to UV light. 

However, the antibiotic reduction in heat of high temperature 

. ? and to UV did not necessarily result fron the Preciplzc:tiorl 

of protein and loss of pigment, because the ~iecipitation an3 

depigmentation also happened in these treatments where little 

reduction of antibictic activity was evident, 

- - ifidhen the spent culture media of X. n e r n a t ~ ~ ~ h i l u s  ih:ere 

stored at rooin tempsrature either with or withouc bacteria no 

differences in a n t i b i o t i c  activity were detected bet wee^ t h e x  

during the storage(Fig.7). These similar changes in 



a n t i b i o t i c  a c t i v i t y  between t h e  c e l l - b e a r i n g  and c e j ? - f r e e  

c u l t u r e s  d u r i n g  s t o r a g e  of X, n e m a t c p h i l u s ,  i i i u s t r a t e  t h a t  

t h e r e  w a s  a p p a r e n t l y  no con t inuous  a n t i b i o t L c  p r o d u c t i o n  by 

t h e  b a c t e r i a  a f t e r  a c e r t a i n  s t a g e .  

The a n t i b i o t i c  a c t i v i t y  shown h e r e  i n  d i a i y s e d  

Xenorhabdus cul- iure  d i d  n o t  a g r e e  w i t h  t h a t  o b t a i n e d  b:,- 

Akhurst  (1 98Za), i. e. t h e  d l a l y s a t e s  showed a n t i b i o t i c  

a c t i v i t y  a g a i n s t  B .  s u b t i l i s  a f t e r  hav ing  been d i a l y s e d  i n  

d i a l y s i s  t u b i n g  w i t h  a TGdC o f  U - l 4 , 8 O Q  o v e r n i g h t .  Th= r ea son  

i s  unknown. However, t h e  a n t i b i o t i c  a c t i v i t y  of t h e  

d i a l y s a t e s  i n d i c a t e s  t h z t  t h e  a n t i b i o t i c  a c t i v i t y  e v i d e n t l y  

i n v o l v e d  s u b s t a n c e s  hav ing  d i f f e r e n t  mo lecu la r  we igh t s  and i n  

the p r e s e n t  c a s e  t h e i r  mo lecu la r  weighcs a r e  less  t h a n  

25,GOG. A n t i b i o t i c  a c t i v i t y  i n  t h e  wate r  f r a c t i o n  after 

having been e x t r a c t e d  by e t h y l  a c e t a t e ,  i n d i c a t e s  t h a ~  X. 

ne.mtoghi2us p x ~ d u c e s  wate r -  and o r g a n i c - s o l u b l e  a n t i b L o t F c  

s u b s t a n c e s  and f u r t h e r  s e p a r a t i o n  i s  needed.  

4 - 3 ,  E f f e c t  o f  t h e  a n t i b i o t i c s  produced b y  Xenoshabdus 

spp .  oli s o i l  b a c t e r i a  

The s e n s i t i v i t y  of some s o i l  b a c t e r i a  t o  antibiotics 

- p r ~ ~ u ~ c d  -A,-.-.- by X. nenat~phi2uz w a s  demons t ra ted  i n  P e t r i  

d i s h e s { T & l e  8 )  . H o w e v e r ,  t h i s  a n t i b i o t i r ,  e f f ec t  c o u l d  2 c . T  be 

conf i rmed i n  s t e r i i e  s o i l  where exogenous p o p u l a ~ i o n s  of B. 

subtilis and R. phaseoli were unaffected by t h e  r e l e a s e  of 

t h e  bacterial  c u l t u r e s  o f  X. nematophilus ( F i g .  8) . 



Furthermore, t h e  f a i l u r e  co de tec t  a n t i b i o t i c  a c t i v i t y  i n  

s t e r i l e  s o i l  s h o r t l y  after r e l e a s e  of t he  a n t i b i o t i c s ,  

suases t s  J 2 t h a t  they m i g h t  not be capable of a f f e c t i n g  t h e  

b a c t e r i a  i n  s t e r i l e  s o i l .  The f a i l u r e  t o  d e t e c t  many 

a n t i b i o t i c s  a f t e r  t?~e a n t i b i o t i c s  were inocula ted i n t o  s o i l ,  

as described by Williams (1982) and Go t t l i eb  (1976) i s  

CoFZiofi. T h 2  reasozs are not c l e a r  but could be a s  Willlams 

and Vickers (l986) hypcthesized: a )  chemical o r  b io-  

degradation of the a n t i b i o t i c s ;  b) adsorpt ion of a n t i b i o t i c s  

onto c lay  and humus co l lo id s ;  c r  c )  i n s u f f i c i e n t  s e n s i t i v i t y  

in de tec t ion  of t h e  a n t i b i o t i c s .  In t h i s  s tudy,  reasor;. a )  i s  

un l ike ly  because t h e  a n t i b i o t i c s  a r e  extremely s t a b l e  in 

3 .  vzr ious  s i t u a t i o n s  a s  descrloed e a r l i e r ,  and  here I s  ria bio- 

, * a c t i v r c y  i n  s t e r i l e  s o i l .  Given the  bas i c  na ture  of some 

a n t i b i o t i c s  produced by X. nematophilus(Mc1nerney e t  a ? . ,  

i 991h5  reason b )  adsorpt ion t o  c lay  and humus c o l l o i d s ,  could 

well be a  reason, and i f  so,  t h i s  might a l s o  be a  c lue  t o  t h e  

chemical p rope r t i e s  of some o the r  a n t i b i o t i c s .  S a s i c  and 

arriphoteric a n t i b i o t i c s  are absorbed t o  s o i l  but not a c i d i c  o r  

neutral ones (Williams, 1982). Reason c )  lack of s e n s i t i v i t y  

of de t ec t ion ,  could well be one of t he  reasons .  This could be 

i += 2 by us ing more s e n s i t i v e  i nd i ca to r  organisxs o r  by 

chemical means i f  t h e  a n t i b i o t i c s  should be p u r i f i e d  and 

cha rac t e r i zed .  Iioxever, whether it i s  because of t h e  

adsorp t ion  o r  i n s u f f i c i e n t  de tec t ion ,  t h e  apparent absence of 

a n t i b i o t i c s  i n  s t e r i l e  s o i l  ind ica ted  t h a t  bes ides  being 

inac t iva t ed ,  t h e  a n t i b i o t i c s ,  i f  any, i n  t h e  s t e r i l e  s o i l  



might be too 1 0 i ~  in amount t o  be effective against so i -  

bactezia  . 

It would be generally accepted t h a t  s c e z i l e  s o i l  rs n o t  

normal a n d  t h a t  t h e  a c t i v i t y  of a n t i b i o t i c s  i n  s t e r i l e  s o i l  

would not be t h e  szme as  i n  na tura l  s o i l .  When ant ib ioyics  

were released i n t o  na tura l  garden s o i l  they not only c c u l d  be 

i n a c t i v a ~ e d  by the  neans t h a t  ex is ted  i n  s t e r i l e  s o i l  x,,r 

a l s o  could be bio-degraded. The data a r i s i n g  f r o m  t h i s  s t ~ d y  

i n  na tura l  s o i l  a r e  d i f f i c u l t  t o  interpret(Tab1e 11, F:g 9). 

Eowever, there  xas ns evidence t h a t  the re lease  of che 

a n t i b i o t i c s  had any e f f e c t  on the  popuiaticns cf nzzz rE l ;y  

I 7  occurring s o i l  b a c ~ e r i a ,  The differences  i n  t h e  total L O L L  

microbial a c t i v i t y  among d i f f e ren t  treatments were n o t  

cor re la ted  w i t h  t he  s o i l  b a c ~ e r i a l  population, b u r  seei-led 

r a the r  t o  be a f fec ted  by t h e  nut r ien ts  i n  the  varicus 

t reatments .  

T h e  re lease  of insec t  cadavers i n j e c ~ e d  w i t h  X. 

- 3  ?-a nematophllus c lose ly  represents t h e  r ea l  situari.cn i n  zat,-,, 

where insec t s  a r e  k i l l e d  by t h i s  nematode-bacterial conplex, 

except f o r  the  unnaturally high number of insec t  cadavers i n  

an a rea .  The e f f e c t  of a n t i b i o t i c s  produced b y  insec t s  

infec ted  by the  nematodes could be very well r e f l ec ted  by 

t h i s  model. The a n t i b i o t i c  a c t i v i t y  on s o i l  bac te r i a  wss noE 

evident even i n  the  extremely high dosage re l eased tF ig . lO) .  

T h e  slow re lease  of a n t i b i o t i c s  from the  insec t  cadavers 

suggested the  poss ib le  presence of a n t i b i o t i c s  around the  

cadaver f o r  more than 10 days(Fig.11) .  However, it i s  



, - 
d o u b t f u l  t h a t  even :r t h e s e  a n t i b i o t i c s  were p res2n t  iL lower 

, - c o z c e n t r a t i o n s ,  Deicw t h e  l e v e l  of d e t e c t i o n ,  t h e y  would 

con t inue  t o  antasonize s o i l  b a c t e r i a .  

-.. ' 
LC has  Seen demonstrated t h a t  i n s e c t  cadavers ,  k i l l e d  by  

insect nematodes axd t h e i r  s p r b i o n t s ,  c o n t a i n  a n t i b i o t i c s  

which a r e  very s t z b l e  and capable  of i n h i b i t i n g  t h e  g r ~ w t h  of 

v a r i o u s  b a c t e r i a .  Although t h e  a n t i b i o t i c s  showed an adverse  

impact on b a c t e r i a  in P e t r i  d i s h e s ,  t h i s  impact was n o t  

e v i d e n t  i n  s o i l  evec when a  l a r g e  amount of t h e  a n t i b i o t i c s  

and an u n n a t u r a l l y  h i o h  number of i n s e c t  cadavers  k i l l e d  b y  

%p-gorhzbdus were p r e s e n t .  Based on t h e  r e s u l t s  of The 

e x ~ e r i r n e n t s  it is suggeszed t h a t  t h e  a n t i b i o t i c s  produced b y  

Xenorhahdus  do noc have an adverse  impact on s o i l  b a c t e r i a  i n  

_,  it i s  u n l i k e l y  t h a t  inunda t ive  s o i l ,  and cgnsequent iv 

r e l e s s e  of entornopathogenie aenatodes w i i i  a d v e r s e l y  e f f e c t  

t h e  environment by k i l l i n g  t h e  s o i l  b a c t e r i a .  Bowever, t h i s  

conclus ion  may not  n e c e s s a r i l y  apply  t o  o t h e r  groups of t h e  

' 7 s o i i  micro-fauna. It i s  recormended t h a t  t h e  e f f e c t  of a l l  

Steinernem and Heterorhabditis s p e c i e s  and t h e i r  synb ion t s  

on t h e  major groups of t h e  micro-fauna be i n v e s t i g a t e d  be fo re  

2 a e n e r a l i z e d  conclus ion  i s  made concerning t h e i r  

environmental  impact .  
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APPENDIX 

T h e  z ed i a  used is t h i s  s tudy a r e  l i s t e d  i n  t h e  followi:.g 

appendices 

Except where o therwise  s ca t ed  a i l  media a r e  expressed k s  t h e  

quanz i ty  of i ng red i en t s  r equ i red  per  l i t e r  

I .  Crone's n i t r o g e n  free mediumfPawsey, 1974 )  

KC1 5g K,HPO, 1.25g 

CaS0,. 2H,O 1.25g MgS0, * 7H,O 1 .25g 

Gal ( P O 4 )  1.35g Fe3 ( P O 4 )  0.31g 

Grind up the salts zogether ,  add 1 .5g  of t h i s  and 15g cLgar t o  

1 l i t e r  water and autoclave  a t  i 2 I 0 C .  

11. NBTA (Woodring and Kaya, 1983) 

i l i t e r  Nxcrienr Rgar (NAf  before  autoclaving 

0 . C 2 5 g  Eronothymci Blue(BT3) 

0 . 0 4 9  Triphenyl tc t razol ium chloride(TTC) 

Mi:.: NA and BT3. Fiutoela-~e a t  i 2 i 0 c  f o r  1 5  min. Add TTC; r,o a 

f e x  m i l l i l i t e r s  distilled water, run through a  m i l l i p o r e  

r ' i l t e r ( 0 . 2  mic ron) .  Cool  he media t o  4B•‹C, add t h e  TTC 

so luz ion  t o  the medla and mix thoroughly.  



IPI. Nutrient agar 

B e e f  e x t r a c t  

Bacto agar 

IV. Tryptic soy bxoth(TSB) 

Bacto t r y p t o n e  

Bacto dextrose 

KZHPOd 

V. Tryptic soy agar {Martin, 1975) 

T r y p t i c  soy  broth 

VI. Yeast extract-manitol broth 

Manitol log  

Agar 

Yeast ex t rac t  0 .5g  

p H  was adjusted t o  6 . 8 .  

VII . Yeast extract-manitoi agar (YXRj 

Yeast extract-manitoi  broth  p l u s  15g agar per l i t e r  


