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Abstract: The pine wilt nematode, Bursaphelenchus xylophilus, has been cultured axenically
in vitro on soy peptone/yeast extract or modilied Caenorhabditis medium supplemented with
cholesterol and hemoglobin. Although growth, development and reproduction were best in soy
peptone/yeast extract medium, satisfactory population size increases were observed in the chem-
ically defined Caenorhabditis mediwmn. Key words: axenic cultuve, Bursaphelenchus xylophilus,

in vitro culture, pine wilt disease.
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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 of their life
cycle (1-6,9-13,18,20,23,26). The use of such
culture systems for growth, reproduction,
and development of nematodes has facili-
tated biochemical and physiological studies.

Bursaphelenchus  xylophilus  (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 United States (7,
2.

>The symptomatology of the disease and
the 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 lining the canal (17). Disease
symptoms become apparent, however, prior
to the time that the nematode population is
large enough to cause conspicious damage

Reccived for publication 12 November 1981,

1'This rescarch was supported by grants from the Weldon
Springs ¥ndowment of the University of Missouri. We thank
Dr. V. Dropkin and Dr. A, Foundin of the University of
Missouri-Columbia for supplving B. xylophilus for these
studics.

Department of Biology, University of Missonri-St. Louis,
K001 Natural Bridge Road, St. Louis, MO 63121,

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(Bolla, unpublished observation) support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 the intermediary metabolism of this
nematode. Progress could be made toward
elucidating 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. xylophilus.

MATERIALS AND METHODS

Axenization: A population 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 populations
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 NaCl
containing 10 mg/ml of streptomycin sul-
fate, 5 mg/ml of Nystatin (prepared im-
mediately before use), and 16,000 units/ml
of penicillin-G. An incubation period of 5
min was allowed between each washing.
The number of nematodes in the final wash
was determined and known numbers of
nematodes were transfered to the culture
media.

Culture media: Two 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 yg/ml of cholesterol (Chol)
and 50 ug/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. The medium was autoclaved at
15 psi for 7 min. The second medium con-
sisted of modified Caenorhabditis medium
(6) buffered to pH 7.4 with 0.1 M KH,PO,/
Na,HPO, and supplemented with 50 pg/ml
chol and 50 ug/ml hb. Stock solutions for
this medium were prepared as previously
described (23) and were sterilized cither by
Millipore filtration or autoclaving at 15 psi
for 7 min. The 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. The 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. The flasks were tightly closed and
incubated at 25 C. After 15 days in culture,
a mixed population 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.
Further subcultures were made at 15-day

intervals by serial transfer. All cultures
were maintained for at least 30 days.

Sterility of the initial culture and each
subculture was determined by transfering
aliquots of the culture medium to nutrient
agar, potato dextrose agar, thiglycollate
broth, or nutrient broth. Sterility check cul-
turcs were incubated at both room tempera-
ture and at 37 G 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 aliquot 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 population
of 2,000 B. xylophilus. The rate of seedling
wilting was determined by daily observa-
tion.

RESULTS

Figures 1 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 liquid
media are used in the agar overlay system.
As can be seen, growth, development, and
reproduction of B. xylophilus is supported
axenically in either medium (Figs. 1, 2).
Best growth and development (based on
rate of increase in population, the appear-
ance of larval stages in the culture system,
and the final population size) occurred in
the supplemented SP/YE medium (Fig. 1).
Population 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 population 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 population oc-
curred when 20,000 adults and larvae of
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Fig. I. Growth and development of Bursaphelen-
chus xylophilus in an axenic culture medium con-
sisting of 49}, soy peptone and 19, Difco veast ex-
tract supplemented with 50 pg/ml of cholesterol and
50 ug/ml of bovine hemoglobin. Cultures were main-
tained at 25 C in tissue culture flasks. Resulis are
given as total number of nematodes in 10 ml of
culture medium.

B. xylophilus were subcultured to fresh
medium of the same type as used for the
initial culture (Figs. 1, 2). This was true
whether the agar overlay or the tissue cul-
ture flask system was used. The rate of
subculture population increase is dependent
on the liquid culture medium used and is
more rapid in SP/YE medium.

A decrease in population size in the
liquid phase of the agar overlay system was
observed on culture day 7. This decrease
occurred when either SP/YE or modified
Caenorhabditis medium was used, and was
a result of a migration of the nematodes
under the agar.

Population size increased through day
15 in both the initial culture and subcul-
tures of B. xylophilus maintained on sup-
plemented SP/YE; however, from day 15 to
day 30 a slight but significant decrease was
observed (Fig. 1). This decrease was not
observed when modified Caenorhabdiiis
medium was used; i.e., the population size
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Fig. 2. Growth and development of Bursaphelen-
chus xylophilus in an axenic culture medium con-
sisting of modified Caerorhabditis medivm (5,23)
supplemented with 50 pg/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.

increased to day 15 and then did not change
significantly to day 30 (Fig. 2).

Bursaphenenchus xylophilus (2,000) re-
covered at any time from the initial culture
or from subcultures are infective to 45-day-
old P. sylvestris seedlings and cause com-
plete wilting of the seedlings within 3-5
days of infection. This is the rate of wilting
induced in these seedlings by 2,000 B.
xylophilus recovered directly from culture
on mats of B. cinerca. To date B. xylophilus
has been maintained through 25 subcultures
over a period of 13 months on modified sup-
plemented Caenorhabditis medium with no
change in pathogenicity to 45-day-old P.
sylvestris seedlings.

DISCUSSION

As an initial approach to the axenic in
vitra cultivation of B. xylophtlus, two cul-
ture media which have been successfully
used for axenic cultivation of several species
of nematodes (1-6,18) have been investi-
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gated. The media were supplemented with
hemoglobin and cholesterol, since some
nematodes are incapable of de novo syn-
thesis of these factors which appear to be
essential for growth and development (1,
9,23,24).

It is evident from the present studies
that both media tested support growth and
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 soluble protein or peptides as
supplied in the SP/YE medium. Modified
Caenorhabditis medium contains only
amino acids and precipitated bovine hemo-
globin. This medium does, however, support
a significant growth and development of
B. xylophilus and has the advantage of
being chemically defined (23).

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

A decrease in population size was con-
sistently observed after 15 days of initial
culture in SP/YE medium and afcer 15 days
in each subsequent subculture in this me-
dium. In addition, population 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-
cumulation 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 unbuffered 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 population dynamics, since daily
adjustment of pH with 100 mM NaOH does
not extend the actively increasing phase of

the cultures. Additionally, the pH of the
buffered modified Caenorhabdilis medium
does not change during 15 days of culture.
It is unlikely that the decrease of popula-
tion growth rate represents some physiolog-
ical or biochemical change resulting from
maintaining the nematodes in the in vitro
culture system since transfer of the nema-
todes, at a lower population density, to
fresh medium results in a relatively rapid
reestablishment of population size. A sim-
ilar decrease in population 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 fungal
culture prior to dauer larvae development
(Dropkin, personal communication).

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

LITERATURE CITED

1. Bolla, R. 1979, Developmental nutrition of
nematodes: the biochemical role of sterols, heme
compounds, and lysosomal enzymes. J. Nematol.
11:250-259.

2 Bolla, R. I, P. P, Weinstein, and C. Lou,
1972. In vitro nutritional requirements of Nip-
postrongylus brasiliensis 1. Effects of sterol, sterol
derivatives and heme compounds on the free-living
stages. Comp. Biochem. Physiol. 43B:487-501.

3. Bolla, R. I., P. P. Wecinstein, and C. Lou.
1974. In vitro nutritional requirement of Nip-
postrongylus brasiliensis II. Effects of heme com-
pounds, porphyrins and bile pigments on the free-
living stages. Comp. Biochem. Physiol. 48B:147-157.

4. Buecher, E. J., E. L. Hansen, and T. Gottfried.
1970. A nematode growth factor from baker’s yeast.
J. Nematol. 2:93-98.

5. Buccher, E. ]J., E. L. Hansen, and E. A. Yar-
wood. 1971. Cultivation of Caenorhobditis briggsac
and Turbatrix aceti with dcfined proteins. J.
Nematol. 3:89-90.

6. Dougherty, E. C., E. L. Hansen, W. Nicholas,
J. A, Mollett, and E. A, Yarwood. 1959, Axenic
cultivation of Cacnorhahditis briggsae with un-
supplemented and supplemented chemically de-
fined media. Ann. N.Y. Acad. Sci. 77:176-217,



In vitro Growth to B. xylophilus: Bolla, Jordan 381

7. Dropkin, V. H,, and A, §. Foundin. 1979. Re-
port of the occurrence of Bursaphelenchus lignicolus
induced pine wilt desease in Missouri. Plant Dis.
Reptr. 63:904-905.

8. Dropkin, V. H., B. Kondo, M. J. Linit, M. T.
Smith, K. Robbins, and A. S. Foudin, 1981. Pine
wood nematode. Is it a threat to U.S. Forests? Plant
Dis. 65:1022-1027.

9. Hieb, W., and M. Rothstein. 1968. Sterol re-
quirement for reproduction of a free-living nema-
tode. Science 160:778-779.

10. Hieb, W., E. L. R, Stokstad, and M. Roth-
stein. 1970. Heme requirement for reproduction of
a free-living nematode. Science 168:143-144.

11. Ishibashi, N., and I. Kondo. 1977. Occurrence
and survival of the dispersal forms of pine wood
nematode Bursaphelenchus lignicolus. Appl. Ent.
Z.o0l. 12:293-302,

12. Jackson, G. J. 1961. The parasitic nematode.
Neoaplectana glaseri, in axenic culture I: Effects of
antibodies and anthelmenthics. Exp. Parasit. 11:
241-247.

18. Jackson, G. J. 1962. The parasitic nematode
Neoaplectana glaseri in axenic culture II. Initial
results with defined media. Exp. Parasit. 12:25-32.

14, Kiyohara. T, and K. Suzuki. 1978, Nematode
population growth and disease development in the
pine wilting disease, Eur. J. For. Path. 8:285-292,

15. Kobayashi, F. 1978. Pine bark beetle problem
in Japan, referring to the discovery of the pine
wood nematode Bursaphelenchus lignicolus. Anz,
Schadlingskde. Planzenschultz. Umweltschutz, 51:
76-79.

16. Kobayashi, T., K. Saski, and Y. Mamiya. 1975,
Fungi associated with Bursaphelenchus lignicolus
the pine wood nematode. J. Jap. For. Soc. 57:184-
193,

17. Kondo, E., and N. Ishibashi. 1978. Ultra-
structural differences between propagative and dis-
persal forms in pine wood nematode, Bursaphelen-
chus lignicolus with reference to survival. Appl. Ent.
Zool. 13:1-11.

18. Liu, N. C.,, W. R. Hieb, and E. L. R, Stok-
stad. 1976. Effect of vitamin B , and folate on bio-
synthesis of methionine from homocysteine in the
nematode Cacnorhabditis briggsae. Proc. Soc. Expl.
Biol. Med. 151:701-706.

19, Mamiva, Y. 1976. Pine wilting disease caused
by the pine wood nematode Bursaphelenchus
lignicolus in Japan. Jap. H. Agri. Res. Quart. 10:
206-211.

20. Meyers, R. F. 1967. Axenic cultivation of
plant parasitic nematodes. Nematologica 13:323-330.

21. Oku, H., T. Shiraishi, and S. Kurozumi.
1979, Participation of toxin in wilting of Japanese
pines caused by a nematode. Naturwissenschaften
66:210.

22. Robbins, K. 1979. Pine wood nematode. Pest
alert. Forest Service. USDA. NA-FB/U7.

23. Rothstein, M., and E. Cook. 1966, Nematode
biochemistry VI. Conditions for axenic culture of
Turbatrix aceti, Panagrellus redivius, Rhabditis
anomala and Caecnorhabditis briggsae. Comp. Bio-
chem. Physiol. 17:683-692.

24, Vanfletern, J. R. 1974. Nematode growth
factor. Nature 248:255-257.

25. Vanfleteren, J. R. 1978. Axenic culture of
free-living, plant parasitic, and insect parasitic
nematodes. Ann. Rev. Phytopath. 16:181-157.

26. Weinstein, P. P, 1966, The in vitro cultiva-
tion of helminths with reference to morphogenesis.
Pp. 143-154 in C. J. L. Soulsby ed. Biology of para-
sites. New York: Academic Press.



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

