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Inductive effects of animal sera on predatory organ formation in
nematode-trapping fungi and analysis of key factors

WANG Qian, SHI Yifan, CHEN Jinmao, LI Xinnuo, WANG Depei, CHEN Yue"

College of Biotechnology, Tianjin University of Science and Technology, Tianjin, China

Abstract: [Objective] Animal sera have the potential to induce predatory organ formation in
nematode-trapping fungi, while the specific mechanism remains unclear. This study systematically
compared the inductive effects of different animal sera on predatory organ formation in nematode-
trapping fungi, determined the optimal serum type and concentration, and identified and validated
key synergistic active metabolites, aiming to provide a basis for elucidating the chemical signaling
mechanisms underlying predatory organ formation and for applications in agricultural biocontrol.
[Methods] D. dactyloides capable of producing constricting rings was used as the model strain.
Horse, pig, sheep, and bovine sera at different concentrations were applied in induction cultures to
determine the optimal induction conditions. Constricting ring development was monitored over
time. Ring inflation was assessed by stimulation with 55 °C hot water, and trapping and digestion
activities against Caenorhabditis elegans were further evaluated. Untargeted metabolomic profiling
was performed for horse, pig, and bovine sera with different inductive effects, followed by
differential metabolite screening and clustering analysis. Lyso-platelet-activating factor C-16(lyso-
PAF C-16), linoleic acid (LA), and glycochenodeoxycholic acid (GCDCA) were subsequently
tested in synergistic induction assays. [Results] All the sera were able to induce constricting ring
formation, although their induction efficiencies differed markedly. Horse serum showed the
strongest induction activity at concentrations of 0.5%—1%. A small number of constricting rings
appeared at 48 h, and ring formation peaked at 72 -96 h. Rings formed at 48 h could not be
stimulated to inflate, whereas those formed at 96 h exhibited efficient inflation and effective
nematode trapping and digestion. Metabolomic analysis revealed clear separation among serum
groups and identified several candidate metabolites enriched in horse serum. Functional validation
showed that GCDCA significantly increased constricting ring formation when combined with 1%
horse serum, producing the strongest effect at 0.04 pmol/L.[Conclusion] This study establishes a
robust induction system for constricting ring formation in D. dactyloides, clarifies the optimal
induction conditions and time, and identifies GCDCA as a key synergistic factor that promotes
constricting ring formation.

Keywords: nematode-trapping fungus; Drechslerella dactyloides; constricting ring; horse serum;
metabolome; differential metabolite
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Figure 1

Predatory structures of nematode-trapping fungi. A: Adhesive network; B: Adhesive column with a

trapped nematode; C: Adhesive knob with a trapped nematode; D: Non-constricting ring associated with adhesive

knobs and a trapped nematode; E: Non-expanded and expanded constricting rings with a trapped nematode.
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Figure 2  Effects of serum type and concentration on constricting ring formation in Drechslerella dactyloides. A:
Number of constricting rings formed after 96 h of induction with different concentrations of serum (NF: Not
found); B: Microscopic images of constricting rings induced by different sera at 1% (top) and 5% (bottom)
concentrations (Arrows indicate typical constricting rings); C: Negative control treated with sterile water (H,0O),

showing no trap formation.
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Figure 3 Time-dependent induction of constricting ring formation in Drechslerella dactyloides by 1% horse

serum. A: Quantification of constricting rings formed at different time points after treatment with 1% horse serum
(NF: Not found); B: Microscopic observation of fungal growth and trap formation at 12, 24, 48, 72, and 96 hours.
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Figure 4 Evaluation of constricting ring inflation and nematode-trapping capability. A: Percentage of inflated
constricting rings after 48, 72, and 96 hours of induction with 1% horse serum (NF: Not found, no inflated rings
observed; Representative microscopic images at each time point are shown; Arrow “a” indicates uninflated rings;
arrow “b” indicates inflated rings); B: Inflated rings (black arrow) formed after 96 h induction successfully
trapped nematodes (blue arrow) (Right panel shows magnified view of boxed area); C: At 24 h post-trapping,
fungal hyphae were observed penetrating and degrading nematodes (blue arrows).
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Figure 5 Comparative analysis of horse serum-induced trapping structures in different nematode-trapping fungi.

Enlarged views of selected regions are shown below, with adhesive knobs and adhesive columns indicated by
arrows.
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Figure 6 Differential metabolite analysis in positive ion mode. A: PCA score plot showing distinct metabolic

profiles among HS, PS, and BS groups; B: Volcano plots of differential metabolites in HS vs. BS and PS vs. BS

comparisons (*: P<0.05; |log, fold change|>2); C: Venn diagram of significantly upregulated metabolites

identified using stringent criteria (**: P<0.01; |log, fold change|>4; VIP>1); D: Hierarchical clustering heatmap

of the 8 overlapping upregulated metabolites; E: Violin plots showing the abundance of representative candidate
metabolites across different serum groups (*: P<0.05; **: P<0.01; ***: P<(0.001).
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Figure 7 Differential metabolite analysis in negative ion mode. A: PCA score plot showing distinct metabolic
profiles among HS, PS, and BS groups; B: Volcano plots of differential metabolites in HS vs. BS and PS vs. BS
comparisons (*: P<0.05; |log, fold change|>2); C: Venn diagram of significantly upregulated metabolites
identified using stringent criteria (**: P<0.01; |log, fold change|>4; VIP>1); D: Hierarchical clustering heatmap
of the 10 overlapping upregulated metabolites; E: Violin plots showing the abundance of representative candidate
metabolites across different serum groups (*: P<0.05; **: P<0.01; ***: P<(0.001).
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Table 1

differential metabolites

Analysis of constricting ring induction by

Treatments Constricting ring

production at 96 h

1% HS

0.03 ng/mL lyso-PAF C-16+1% HS
0.05 ng/mL lyso-PAF C-16+1% HS
0.1 ng/mL lyso-PAF C-16+1% HS
1 ng/uL LA+1% HS

2 ng/uL LA+1% HS

4 ng/uL LA+1% HS

0.02 pmol/L GCDCA+1% HS

0.04 pmol/L GCDCA+1% HS ++
0.08 pmol/L GCDCA+1% HS ++

n
+
+
+
+
+
+
+

More+symbols indicate greater constricting ring production.

A o
1%HS | %

0.02 pmol/L GCDCA+1% HS =2
0.04 pmol/L GCDCA+1% HS [

0.08 pmol/L GCDCA+1% HS [

3 R W E o R AR EAE R, B AE
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C-16 5 LA b se K it — L1 i%E S O), 7l
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ML, DD BB T Ca” Wk 1Y sh 48
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A. oligospora fi—F F4f 45 £ i W # [ K; Chen
SECURE AR A0 i 1 2 OGP U4 B 1 R ) AT 38
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Figure 8 GCDCA synergizes with 1% horse serum to promote trap formation. A: Quantification of trap numbers
under treatment with different concentrations of GCDCA (**: P<0.01; ***: P<(0.001; ns: Not significant; NF: Not

found); B: Microscopic images showing the formation of trapping structures under different treatment conditions

(Arrows indicate constricting rings).
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