
ing peg and tube associated with Rothylenchulns  
reniforntis in cotton. Nematologica 26:396-405. 

11. Rebois. R. V., P. A. Madden, aml B. J. 
Eldridge. 197.5. Sonic ultrastrucii ire changes induced 
in resistant and susceptible soybean roots following 

Rolylenchulus borealis: Vovlas, Inserra 377 

infection of Rotylenchulus reniformis. J. Nematol.  
7:122-129. 

12. Robinson, A. F., and C. C. Orr. 1980. Histo- 
palhologv of Rotylenchulus reniforniis on snnflower, 
,l. Nematol.  12:84-85. 

Cultivation of the Pine Wilt Nematode, 
Bursaphelenchus xylophilus, in Axenic Culture Media ~ 

R. I. BOLLA ANO W. JORDA~ 

Abstract: The  pine wilt nematode, llursapheienchus xylophilus, has been cultured axenically 
in vitro on soy peptone/yeast  extract or  modified Caenorhabditis medium supplemented  with 
cholesterol and hemogk)bin. Al though growth,  development and reproduct ion were best in soy 
peptone/yeas t  exU'act medium, satisfactory popula t ion  size increases were observed in the chem- 
ic.'dly defined CaenoHmbditis medium. Key words: axenic culture, Bursaphele~whus xylophilus, 
in vitro culture, pine wilt disease. Journa l  of Nematology 14(3):377-381. 1982. 

Several free-living and parasitic nema- 
todes have been maintained in axenic cul- 
ture systems, some of which are chemically 
defined, during at least part  o[ their life 
cycle (1-6,9-13,18,20,23,26). The  use o[ such 
culture systems for growth, reproduction,  
and development  of nematodes has facili- 
tated biochemical and physiological studies. 

Bursaphelenchus xyIophilus (Steiner 
and Buhrer,  1934) Nickle, 1970 (sym. B. 
lignicolus, Mamiya and Kiyohara, 1972) is 
parasitic in several pine and nonpine spe- 
cies (7,8,19,22) and causes rapid wilting 
(17). Infection is epidemic in Japan (12,17) 
and is wide spread in the Uni ted States (7, 
21). 

T h e  symptomatology of the disease and 
tile life cycle of B. xylophilus are fairly well 
defined (11-15,17), but  the physiology and 
biochemistry of the nematode and the host- 
parasite relationship have not  been eluci- 
dated. 

Bursaphelenchus xylophilus is localized 
in the resin canals where it feeds on epithe- 
lial cells l ining the canal (17). Disease 
symptoms become apparent,  however, prior 
to the time that the nematode populat ion is 
large enough to cause conspicious damage 
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to the canals (17). This  has led Oku et al. 
(21) to propose that toxic materials pro- 
duced by the nematode, or by bacteria asso- 
ciated with the nematode, may be responsi- 
ble for the disease symptom. Recent  results 
(Bolla, unptd)lished observation) support  
this hypothesis. If a toxin is produced by 
B. xylophilus, it would be advantageous to 
define the metabolic precursors of toxin 
synthesis. Unfortunately,  as is true of most 
plant parasitic nematodes, little is known 
about  tlm intermediary metabolism of this 
nematode. Progress could be made toward 
ehtcidating the intermediary metabolism of 
plant parasitic nematodes if techniques for 
axenic culture on a chemically defined me- 
dium were available. Presently B. xylophilus 
is maintained in the laboratory on fungal 
mats (15). The  reported studies were under- 
taken, therefore, to develop a defined axenic 
culture system for B. xylophihts. 

MA TERIA LS  AND M E T H O D S  

Axenization: A populat ion of B. xylo- 
philus, orginally isolated from pine wood 
chips, was established in the laboratory on 
Botrytis cinerea growing on potatoe dex- 
trose agar (16). After the cultures were 1 
month  old, the nematode larvae and adults 
were washed from fungal cultures with 
sterile 0.9% saline, filtered through cheese 
cloth, and collected by centrifugation at 
100 g for 3 min. These  mixed populat ions 
of nematodes were then washed through 
5-7 changes of 10 ml each of an axenization 
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medium composed of 0.9% sterile NaC1 
containing 10 mg/ml  of streptomycin sul- 
fate, 5 mg/ml  of Nystatin (prepared im- 
mediately before use), and 16,000 uni ts /ml  
of penicillin-G. An incubat ion period of 5 
min was allowed between each washing. 
T h e  number  of nematodes in the final wash 
was determined and known numbers of 
nematodes were transfered to the culture 
media. 

Culture media: T wo  culture media have 
been tested. One medium consisted of 4% 
soy peptone (a tryptic digest of soy peptides, 
Sheffield Chemical Co., Nashville, Tennes- 
see) and 1% Difco yeast extract supple- 
mented with 50/ ,g /ml  of cholesterol (Chol) 
and 50 /~g/ml bovine hemoglobin (hb) 
(SP/YE supplemented medium). Choles- 
terol was solubilized as a stock solution in 
dimethyl sulfoxide prior to being added to 
the cultures. T h e  medium was autoclaved at 
15 psi for 7 rain. T h e  second medium con- 
sisted of modified Caenorhabditis medium 
(6) buffered to pH 7.4 with 0.1 M KH2PO4/ 
Na2HPO4 and supplemented with 50 / ,g /ml  
chol and 50 /~g/ml hb. Stock solutions for 
this medium were prepared as previously 
described (23) and were sterilized either by 
Millipore filtration or autoclaving at 15 psi 
for 7 min. T h e  final medium was com- 
pounded immediately before use and buf- 
fered to pH 7.4. 

Culture conditions: Two  physical con- 
ditions for culture were tested. In one sys- 
tem, 4% agar substrates in petri dishes 
were overlaid with 10 ml of liquid culture 
medium containing 20,000 or 40,000 adults 
and larvae of B. xylophilus. T h e  cultures 
were covered and incubated at 25 C. A 
second set of cultures were established in 50 
ml tissue culture flasks containing 10 ml of 
liquid medium inoculated with 20,000 or 
40,000 nematodes per ml from a mixed pop- 
ulation. T h e  flasks were tightly closed and 
incubated at 25 C. After 15 days in culture, 
a mixed populat ion of 20,000 nematodes, 
containing both larvae and adults, was 
transferred directly to fresh 10 ml cultures. 
Transfers were made only from supple- 
mented SP/YE to supplemented SP/YE or 
from modified, supplemented Caenorhab- 
ditis medium to the identical medium. Cul- 
ture conditions were also kept  consistent. 
Fur ther  subcultures were made at 15-day 
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intervals by serial transfer. All cultures 
were maintained for at least 30 days. 

Sterility of the initial culture and each 
subculture was determined by trans[ering 
aliquots of the culture medium to nutr ient  
agar, potato dextrose agar, thiglycollate 
hroth, or nut r ient  broth. Sterility check cul- 
tures were incubated at both room tempera- 
ture and at 37 C for up to 1 month.  No 
bacterial or fungal growth was observed 
either from initial cultures or from sub- 
cultures. 

Cultures were evaluated by counting the 
nematodes in a small al iquot of the liquid 
culture medium on days 3, 5, 7, 15, 25, and 
30 and by determining if the nematodes 
remained pathogenic. 

Pathogenicity of B. xylophilus from 
axenic culture was tested by determining 
the ability of the nematode to induce wilt- 
ing of 45-day-old Pinus sylvestris seedlings. 
Seedlings were infected by suspension in 2 
ml of water containing a mixed popula t ion 
of 2,000 B. xylophilus. T h e  rate of seedling 
wilting was determined by daily observa- 
tion. 

RESULTS 

Figures I and 2 show the results obtained 
when B. xylophilus is maintained in tissue 
culture flasks containing 10 ml of supple- 
mented SP/YE media or of modified supple- 
mented Caenorhabditis medium. Identical 
results are obtained when these l iquid 
media are used in the agar overlay system. 
As can be seen, growth, development,  and 
reproduct ion of B. xylophilus is supported 
axenically in either medium (Figs. 1, 2). 
Best growth and development  (based on 
rate of increase in populat ion,  the appear- 
ance of larval stages in the culture system, 
and the final populat ion size) occurred in 
the supplemented SP/YE medium (Fig. I). 
Populat ion doubling time in this medium 
was approximately one-half that in modified 
and supplemented Caenorhabditis medium 
(Fig. 2). Although larval stages were present 
in both culture media, the popula t ion size 
attained in the supplemented SP/YE me- 
dium was 1.5-2-fold greater than that  in the 
modified Caenorhabditis medium (Figs. 1, 
2). Reestablishment of the popula t ion oc- 
curred when 20,000 adults and larvae of 
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Fig. l. Growth and developu|ent of Bursaphelen. 
chus xylophilus in an axenic culture medium con- 
sisting of 4% soy peptone and 1% Difco yeast ex- 
tract supplemented with 50 #g/ml of choleste.rul and 
50 #g/ml of bovine hemoglobin. Cultures were main- 
rained at 25 C in tissue culture flasks. Results are 
given as total number of nematodes in 10 ml of 
culture medium. 

B. xylophilus were s u b c u l t u r e d  to fresh 
m e d i u m  of  the  same type  as used  for  the  
in i t i a l  cu l t u r e  (Figs. 1, 2). T h i s  was t rue  
w h e t h e r  the  agar  ove r l ay  or  the  t issue cul- 
ture  flask system was used. T h e  r a t e  of  
s u b c u l t u r e  p o p u l a t i o n  increase  is d e p e n d e n t  
on the l i q u i d  cu l tu re  m e d i u m  used a n d  is 
m o r e  r a p i d  in  S P / Y E  m e d i u m .  

A decrease  in  p o p u l a t i o n  size in the 
l i q u i d  phase  of  the  aga r  over lay  system was 
obse rved  on  c u l t u r e  day  7. T h i s  decrease  
occu r red  when  e i t he r  S P / Y E  or  modif ie t l  
Caenorhabditis m e d i u m  was used,  a n d  was 
a resu l t  of  a m i g r a t i o n  of  the  n e m a t o d e s  
u n d e r  the  agar.  

P o p u l a t i o n  size inc reased  t h r o u g h  day  
15 in  b o t h  the  i n i t i a l  c u l t u r e  a n d  subcul -  
tures  of  B. xylophilus m a i n t a i n e d  on  sup- 
p l e m e n t e d  SP/YE;  however ,  f rom day  15 to 
day  30 a s l igh t  b u t  s igni f icant  decrease  was 
observed  (Fig. 1). T h i s  decrease  was no t  
obse rved  w h e n  m o d i f i e d  Caenorhabditis 
m e d i u m  was nsed;  i.e., the  p o p u l a t i o n  size 
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Fig. 2, Growth and development of Bursaphelen- 
chus xy[ophilus in an axenic culture medium con- 
sisting of modified Caenorhabdilis medium (5,23) 
supplemented with 50 #g/ml each of cholesterol and 
bovine hemoglobin. Cultures were maintained at 
25 C in tissue culture flasks. Results are given as 
total number of nematodes in 10 ml of culture 
medium. 

inc reased  to d a y  15 a n d  then  d i d  no t  change  
s ign i f ican t ly  to day  30 (Fig.  2). 

Bursaphenenchus xylophilus (2,000) re- 
covered  a t  any  t ime  f rom the  i n i t i a l  c u l t u r e  
o r  f rom s u b c u h u r e s  a re  in fec t ive  to 45-day- 
o ld  P. sylvestris seedl ings  a n d  cause com- 
p le te  w i l t i n g  of the  seedl ings  w i t h i n  3-5  
days of  in fec t ion .  T h i s  is the  ra te  of w i l t i n g  
i n d u c e d  in  these seedl ings  by  2,000 B. 
xylophilus recovered  d i r ec t ly  f rom c u l t u r e  
on  ma t s  of  B. cinerea. T o  da t e  B. xylophilus 
has been  n i a i n t a i n e d  t h r o u g h  25 subcu l tu r e s  
over  a p e r i o d  of  13 m o n t h s  on  mod i f i ed  sup- 
p l e m e n t e d  Caenorhabditis m e d i u m  w i t h  no  
change  in  p a t h o g e n i c i t y  to  45-day-old P. 
sylvestris seedl ings.  

D I S C U S S I O N  

As an  i n i t i a l  a p p r o a c h  to the  axen i c  in  
v i t ro  c u l t i v a t i o n  of  B. xylophilus, two cul- 
ture  m e d i a  wh ich  ]lave been  successful ly  
used for axen i c  c u l t i v a t i o n  of  several  species 
of n e m a t o d e s  (1-6,18) have  been  investi-  
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gated. The  media were supplentented with 
ltemoglobin and cholesterol, since some 
nematodes are incapable of de novo syn- 
thesis of these factors which appear to be 
essential for growth and developntent (1, 
9,23,24). 

I t  is evident from the present studies 
that both media tested snpport  growth attd 
development of B. xylophilus. Better growth 
and development was supported on the 
chemically undefined SP/YE medium. This 
might suggest that this nematode, like other 
stylet bearing nematodes (25), requires a 
source of sohtble protein or peptides as 
supplied in the SP/YE medium. Modified 
Caenorhabditis medium contains only 
amino acids and precipitated bovine hemo- 
globin. This medimn does, however, support 
a significant growth anti development of 
B. xylophilus and has the advantage of 
being chemically defined (23). 

The  reestablishment of the populat ion 
following subculture to fresh medium is ad- 
ditional evidence that these media support  
axenic growth and development. Retained 
pathogenicity of B. xylophiIus from sub- 
culture also supports the success of the 
culture system. 

A decrease in populat ion size was con- 
sistently observed after 15 days of initial 
culture in SP/YE medium and after 15 days 
in each subsequent subculture in this me- 
dium. In addition, populat ion size remained 
unchanged after 15 days culture in modified 
Caenorhabditis medium. There  are several 
possible reasons for these changes in popula- 
tion growth rate. The  nutrients in the me- 
dium may become depleted and unable to 
support the large population; or the ac- 
cumulat ion of metabolic end products may 
alter the suitability of the medium for con- 
tinued maintainance of the nematode; or 
metabolites may create a toxic environment 
or lower the pH of the medium to a harm- 
ful level. A change in pH brought  about  by 
excretion of acidic metabolites would be 
most significant in the unbnffered SP/YE 
medium. We have observed a decrease of 
pH  from pH 6.8 in freshly innoculated 
SP/YE medium to pH 5.2 over 15 days of 
culture. This is not the only reason for the 
changes in populat ion dynamics, since daily 
adjustment of pH  with 100 mM N a O H  does 
not extend the actively increasing phase of 
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the cultures. Additionally, the pH of the 
buffered modified Caenorhabditis medium 
does not change during 15 days of culture. 
h is nnlikely that the decrease of popula- 
tion growth rate represents some physiolog- 
ical or biochemical change resulting from 
maintaining the nematodes in the in vitro 
cultnre system since transfer of the nema- 
todes, at a lower populat ion density, to 
fresh medium results in a relatively rapid 
reestablishment of populat ion size. A sim- 
ilar decrease in poImlation size has been 
reported in natural infections of B. xylo- 
philus just before and after death of the 
tree (12,13,17), and in 6-month-old fnngal 
culture prior to dauer larvae development 
(Dropkin, personal communication).  

Although the in virto populat ion doub- 
ling time is greater than when B. xylophilus 
is in its natural  habitat or when it is main- 
tained on B. cinerea (popnlation doubl ing 
occurs in 5-7 days [12]), these culture media 
do support  significant growth anti develop- 
ment of Otis nematode. These should, there- 
fore, be helpftll in obtaining axenic B. 
xylophiIus populations [or fnndantental 
studies on metabolism anti phytotoxin pro- 
duction and to elucidate tim relationship of 
the nematode and other organisms associ- 
ated with the infection. 
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