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Research progress in metabolites of filamentous fungi against
Bursaphelenchus xylophilus

QIN Feifei’, YANG Xiaogang, YANG Lixia

College of Life Sciences, Hulunbuir University, Hulunbuir 021008, Inner Mongolia, China

Abstract: Pine wilt disease caused by Bursaphelenchus xylophilus is a severe disease with
strong transmission and destructive damage to the forest ecosystems in China. It is therefore
urgent to prevent this disease. Compared with the physical and chemical control measures of B.
xylophilus, biocontrol being environmentally friendly has a wide research prospect.
Filamentous fungi and their secondary metabolites have less impact on the environment and
more specific lethal effects on B. xylophilus than chemical nematicides. Therefore, it is of great
significance to isolate antinematodal metabolites from filamentous fungi and determine their
structures and activities. This paper introduces the structures and activities of metabolites from
filamentous fungi against B. xylophilus. A total of 57 metabolites against B. xylophilus have
been discovered in the past two decades, with diverse structures and varied activities. This
paper systematically summarizes the structures and activities of all the metabolites to facilitate
the research in this field and then summarizes and prospects the research in this field. It is
hoped that this review will provide reference for the biocontrol of pine wilt disease and the
further research on the metabolites of filamentous fungi against B. xylophilus.

Keywords: Bursaphelenchus xylophilus; filamentous fungi; metabolites against
Bursaphelenchus xylophilus; structures of secondary metabolites; activities of secondary
metabolites
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B 1 RERE = 1-4 514

Figure 1  Structure of secondary metabolites of 1-4.
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Figure 2  Structure of secondary metabolites of 5-20.

LCso (XEFH 36 hy{f/ 103.1.,105.8 F1105.1 pg/mL™, ) JF isoamericanoic acid A (26)F! caffeic acid
/K 4 H H# Ophioceras dolichostomum YMF (27),LCso 43 42 133.7 pg/mL F1 46.8 pug/mL>*,
1.00988 BEfE ™A 2 P4 4 A B/ E P 21-27 S5F UL 3
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Figure 3  Structure of secondary metabolites of 21-27.
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4 IRFAH ) 28-32 L5t
Figure 4 Structure of secondary metabolites of 28—32.
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Figure 5 Structure of secondary metabolites of 33—41.
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Figure 6  Structure of secondary metabolites of 42—51.
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7 ORFAE YD 52-53 G544
Figure 7 Structure of secondary metabolites of 52—53.
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R1=R3=H,R2=Ac: thermolide A (54)
R1=R2=H,R3=Ac: thermolide B (55)

B8 IRFR =) 54-57 549

Figure 8 Structure of secondary metabolites of 54—57.
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Table 1
biological activities

Antinematodal metabolites against Bursaphelenchus xylophilus of filamentous fungi and their

The name of the secondary metabolite Source Bioactivity References
Bursaphelocide A (1) Imperfect fungus When the concentration was [15]
Bursaphelocide B (2) strain D1084 100 pg/mL, it had obvious lethal
effect on B. xylophilus
Hypocrellin A (3) Hypomyces sp. After treatment for 18 h, the [16]
Elsinochrome A (4) semi-lethal concentrations of the
two substances were 50 pg/mL
and 15 pg/mL
(2S2'R,3R3'E,4E,8E)-1-O-(B-D-glucopyranosyl)-3- Freshwater The LCsq of both substances was [17]
hydroxyl-2-[N-2'-hydroxyl-3'-eico-sadecenoyl]amino- Fungus 110 pg/mL
9-methyl-4,8-octadecadiene (5) Paraniesslia sp.
(2S2'R,3R3'E,4E,8E)-1-O-(B-D-glucopyranosyl)-3- YMF 1.01400
hydroxyl-2-[N-2'-hydroxyl-3'-octadecenoyl]amino-
9-methyl-4,8-octadecadiene (6)
3,5-dicarboxyaldehyde-4-hydroxy-acetophenone (7) Freshwater The LDsg at 24 h was 200 ppm  [18-19]
Fungus
Paraniesdlia sp. 83
4,8-dihydroxy-3,4-dihydronaphthalen-1(2H)-one (8) Freshwater After 36 h treatment, LCs of the [20]
4,6-dihydroxy-3,4-dihydronaphthalen-1(2H)-one (9) Fungus four substances were 209.7,
4,6,8-trihydroxy-3,4-dihydronaphthalen-1(2H)-one) (10) Caryospora 229.3,220.3 and 206.1 mg/L
3,4,6,8-tetrahydroxy-3,4-dihydronaphthalen-1(2H)-one callicarpa YMF
(cis-4-hydroxyscytalone) (11) 1.01026
Ymf 1029A (12) Freshwater After treatment for 24 h, ICs, [21]
Ymf 1029B (13) Fungus was between 100-200 pg/mL,
Ymf 1029C (14) Coelomycetessp.  and preussomerin D had the best
Ymf 1029D (15) YMF 1.01029 effect
Ymf 1029E (16)
Preussomerin C (17)
Preussomerin D (18)
(4RS)-4,8-dihydroxy-3,4-dihydronaphthalen-1(2H)-one (19)
4,6,8-trihydroxy-3,4-dihydronaphthalen-1(2H)-one (20)
Pseudohalonectrin A (21) Aquatic fungus When the concentration was [22]
Pseudohalonectrin B (22) Pseudohalonectria 100 ppm and the treatment time
adversaria YMF  was 24 h, the fatality rate was
1.01019 more than 50%
Caryospomycin A (23) Aquatic fungus After 36 h treatment, LCso were [23]
Caryospomycin B (24) Caryospora 103.1, 105.8, 105.1 pg/mL
Caryospomycin C (25) callicarpa YMF
1.01026
Isoamericanoic acid A (26) Aquatic fungus LCso were 133.7 ug/mL and [24]
Caffeic acid (27) Ophioceras 46.8 pg/mL
dolichostomum
YMF 1.00988
Glioclasine (28) Gliocladium roseum LDs, was 200 pg/mL [18-19]
Gliocladin C (29) Gliocladiumroseum After treatment for 24 h, EDs,  [25]
5-n-heneicosylresorcinol (30) YMF1.00133 was 200 pg/mL and 180 pg/mL
4-hydroxyphenylacetic acid (4-HPA) (31) Oidiodendron sp. The nematoidal efficiency was  [26]
Oidiolactone D (32) 23% and 31% at 3 mmol/L
Bikaverin (33) Fusarium At 100 pg/mL, the fatality rates [27]
Fusaric acid (34) oxysporumEF119  were 50% and 43%
(752
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The name of the secondary metabolite Source Bioactivity References
Beauvericin (35) Fusarium At 1 mmol/L, the fatality rate [28]
bulbicola reached 46%

Fumiquinone A (36) Aspergillus The fatality rates at 300 pg/mL  [29]
Fumiquinone B (37) fumigates were 24%, 44%, 31%, 42% and
Spinulosin (38) 40%
LL-S4908 (39)
Pseurotin A (40)
5-hydroxymethyl-2-furoic acid (41) Aspergillus sp. After 4 days of treatment, the [30]

fatality rates of 0.02, 0.2 and

2 mmol/L were 2%, 6% and

16%. The fatality rates reached

4%, 48% and 73% after 14 days

of treatment with three

concentrations
1-[(2R*,4S¥,5S%)-2-chloro-4-methyl-1,3-oxazinan-5-yl] Geotrichum sp. When treated with 100 pg/mL  [31]
ethanone (42) AL4 for 48 h, the fatality rates were
1-[(2R*,4S*,5R*)-2-chloro-4-methyl-1,3-oxazinan-5-yl] (62.3+2.4)%, (64.2+2.7)% and
Ethanone (an epimer of 42) (43) (54.8+2.3)%
1-(2,4-dihydroxyphenyl)-ethanone (44)
4-(4'-carboxy-2'-ethyl-hydroxypentyl)-5,6-dihydro- Paecilomyces After 24 h treatment, LDsy was  [32]
6-methyl-cyclobuta[b]pyridine-3,6-dicarboxylic acid (45) sp.YMF1.01761 167.7 mg/L
Cerebroside A (46) Paecilomyces After 24 h of treatment, [33]
Cerebroside B (47) lilacinus ZBY-1 cerebroside A with

concentrations of 1 000, 100, and

10 pg/mL had 100%, 100%, and

11.1% fatality rates for

nematodes. Cerebroside B with

concentrations of 1 000, 100 and

10 pg/mL were 90.48%, 11.48%

and 1.66%
Pseudopelletierine (48) Paecilomyces It was speculated that these four [34]
n-hexadecanoic acid (49) lilacinus PT1 isolated secondary metabolites

Phthalic acid-butyl hexyl ester (50)
Oleic acid (51)
6-pentyl-2H-pyran-2-one (52)

Alternariol 9-methyl ether (53)

Thermolide A (54)
Thermolide B (55)

Fusarentin 6,7-methyl ether (56)

1,8-cineole (57)

Trichoderma sp.
YMF 1.00416

Alternaria sp.
Samif01
Talaromyces
thermophilus YM
3-4

Leucostoma sp.

Annulohypoxylon
sp. FPYF3050

were involved in the nematoidal
activity

When the treatment time was [35]
48 h and the concentration was

200 mg/L, the fatality rate was
86.67%

1Csowas 98.17 pg/mL [36]
LCso was 0.5-1.0 pg/mL [37]
When the concentration was [38]
1.0 mg/mL, the fatality rate

reached 80.68%

After treatment for 48 h, it had  [39]

40%-100% inhibition effect on
the eggs of B. xylophilus. For J2
stage nematodes, the fatality rate
of 24 h, 48 h and 96 h was more
than 82.9%. The fatality rate of the
mixture of different nematodes of
different instars stage ranged from
18.7% t0 91.9%
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