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Biolog phenotypic microarray reveals the metabolic substrates
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Abstract: [Objective] To analyze the metabolic substrates required for the sclerotial formation of
Rhizoctonia solani and understand the influence of nutritional elements and environmental factors
on this process. [Methods] Biolog phenotypic microarray was used to study the effects of 663
nutritional substances, 96 osmotic environments, and 96 pH environments on the sclerotial
formation of R. solani. [Results] Among the tested nutritional substances and environmental
conditions, 19/95 carbon sources, 21/95 nitrogen sources, 16/94 phosphorus and sulfur sources,
69/94 nutritional supplements, 61/282 peptide nitrogen sources, 28/96 osmotic environments, and
40/96 pH environments induced the sclerotial formation of R. solani. Notably, N-acetyl-D-
glucosamine, uridine 3’-monophosphate, phosphoryl choline, and five dipeptides (Arg-Trp,
Met-Arg, Pro-Phe, Val-Tyr, and Val-Met), as well as three environmental conditions of 10 mmol/L
and 20 mmol/L ammonium sulfate at pH 8.0, and pH 4.5+L-proline, significantly induced the
sclerotial formation of R. solani. R. solani formed sclerotia in the environments with a broad range
of pH 4.0-10.0. The KEGG analysis indicated that the substances inducing sclerotial formation
were primarily involved in metabolic pathways, ABC transporters, secondary metabolite
biosynthesis, and D-amino acid metabolism. [Conclusion] Nutrient limitation and environmental
stress are key factors inducing the sclerotial formation of R. solani. Under nutrient-restricted
conditions, the suitable substances for inducing sclerotial formation include five carbon sources
(D-sorbitol, D-xylose, N-acetyl-D-galactosamine, D-arabinose, and D-melezitose), three nitrogen
sources (N-acetyl-D-glucosamine, adenosine, and thymidine), two phosphorus sources (uridine
3’-monophosphate and phosphoryl choline), one nutritional supplement (Tween-80), and five
peptide nitrogen sources (Arg-Trp, Met-Arg, Pro-Phe, Val-Tyr, and Val-Met). The suitable osmotic
environments were 10 mmol/L and 20 mmol/L ammonium sulfate at pH 8.0, and the suitable pH
environments were pH 4.0—4.5 and pH 9.5-10.0. These findings provide a foundation for understanding
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the sclerotial formation mechanism of R. solani.

Keywords: Rhizoctonia solani; sclerotium; material metabolism; phenotypic microarray; KEGG
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Table 1

to each microplate

Composition and dosage of substances added

Solutions PM1,2A PMS3B, 5,6, PM4A PM9, 10
7,8

FF-IF inoculum 20.00 50.00 10.00 20.00

(mL)

D-glucose (mL) - 1.88 0.38  0.75

PM additive - 5.00 - 2.00

solution (mL)

Mycelial fragment  0.50 1.25 0.25  0.50

suspension (mL)

Sterile water (mL)  3.50 1.88 1.38  0.75

Total volume (mL) 24.00 60.00 12.00 24.00

- Indicates that the corresponding substance has not been
added to the solution.
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B4 1] (galactose metabolism) AR A= 5T 9) 4= ¥
4 1% (biosynthesis of secondary metabolites) %5 ( J5t
U6 BE Al e B KA Rk s b, Ik
% http:/nmde.cn, %54 NMDCX0001772).
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Table 2 The carbon source promotes the development

of sclerotia in Rhizoctonia solani

Microplate  Well  Substrate Sclerotial
formation
PM1 B02  D-sorbitol ++
B03  Glycerol +
B08  D-xylose ++
C03  D,L-malic acid +
C08  Acetic acid +
D05  Tween-40 +
D10  Lactulose +
E07  o-hydroxybutyric acid +
FO05  Fumaric acid +
HO6  L-lyxose +
PM2A BO1  N-acetyl-D-galactosamine  ++
B05  D-arabinose ++
C01  Gentiobiose +
C04  D-melezitose ++

C12  Palatinose
D01  D-raffinose
D04  L-sorbose
D07  Turanose

G12  L-methionine

+ o+ o+ o+ o+
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glucosamine) i3 I W R AZIE WCRE 0 ek, AR
(adenosine) 1 i A % IE (thymidine) X 2 (£ 3).
KEGG /r#r4i %M, N-ZHt-D-2 L4 S
5 & 5 HE A% AT 1R B X I (amino sugar and
nucleotide sugar metabolism) . fUIHE&AE . #ZH R
Wi 1Y A W) & 1l (biosynthesis of nucleotide sugars) .
ABC # iz & A M MR % B W R 4%
(phosphotransferase system, PTS) 5 251153 1 .
W R ALY O RR 2S5 0945 S
RfiEte . ABC # iz . AR AED &
AN D-23 He R AL 15 (D-amino acid metabolism) %5
(%5 NMDCX0001772).

&3 PM3BRFLIRFIHF S AL EE R
Table 3  The nitrogen source promotes the development

of sclerotia in Rhizoctonia solani on PM3B microplate

Well Substrate Sclerotial
formation
A04 Nitrate +
A10 L-aspartic acid ++
Al2 L-glutamic acid +
BO1 L-glutamine ++
B10 L-serine +
Co1 L-tyrosine +
C05 D-aspartic acid +
Co08 D-serine +
D04 Hydroxylamine +
D06 N-amylamine +
D12 Agmatine +
E08 D-glucosamine +
Ell N-acetyl-D-glucosamine -
FO03 Adenosine +++
Fo4 Cytidine +
FO8 Thymine +
F09 Thymidine +++
HO3 Ala-Glu
HO04 Ala-Gly
HO5 Ala-His
H10 Gly-Glu ++

2.3 B BUEXM A 2ZE
Al

W . WA Sk 20 A5 A8 %) 2 8 o3 LA K Tt 3
e Z 5%, 18 94 R ilwl . BIR P AUA 16
FRREUE 1 T Al 2 R A A% (R 4). Hir,
S 22 W TR TE R 3'- 2R R AR (uridine 3'-
monophosphate) F1 # {2 JIH % (phosphoryl choline)
WS T EAZIEBGRE IR . KEGG 43T s,
PRATF 3-FABEIREh 2 5 rACHHE B 45 QR 1
1 WE AR 15 (pyrimidine metabolism), 17 5 i H
il 2 5 0 A B RE SR OB R AR W & R
H ol B BE AR
(glycerophospholipid metabolism) . AR AR Fies
JiE H %) BH B AR 35 (choline metabolism in cancer)
(%5 NMDCX0001772).

A% B RY

(teichoic acid biosynthesis).

x4 PMAARFLIRPF S I LZEEZT R
B wiR

Table 4 The phosphorus and sulfur source promote
the development of sclerotia in Rhizoctonia solani on
PM4A microplate

Well  Substrate Sclerotial
formation

A09  Adenosine 3'-monophosphate +

B09  Guanosine 3’-monophosphate +

C04  D-glucose-6-phosphate ++

D04  Phospho-L-arginine +

D07  o-phospho-L-threonine +

D09  Uridine 3’-monophosphate -+

E04  Phosphoryl choline -+

E11  Inositol hexaphosphate +

F06  Dithiophosphate +

G12  L-methionine sulfone +

HO02  Thiourea +

HO3  1-thio-B-D-glucose +

HO5  Taurocholic acid +

HO06  Taurine +

HO09  Butane sulfonic acid +

HIl  Methane sulfonic acid +

>4 actamicro@im.ac.cn, 7 010-64807516
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Table 5 The nutrient supplement source promotes the development of sclerotia in Rhizoctonia solani on PM5

microplate

Well Substrate

Sclerotial formation Well Substrate

Sclerotial formation

A06 L-aspartic acid +
A08 L-glutamic acid +
A10 Adenine +
All Adenosine ++

Al12 2'-deoxyadenosine +
B0l L-glutamine +
B02 Glycine +
B04 L-isoleucine +
B06 L-lysine +

B08 L-phenylalanine

B09 Guanosine 3',5'-cyclic monophosphate
B10 Guanine

B1l Guanosine

B12 2'-deoxyguanosine

CO01 L-proline

C03  L-threonine

C06 L-valine

C07 L-isoleucinetL-valine

+ o+ + + o+ o+ o+

+
+

C08 Hydroxy-L-proline
C09  (5)4-amino-imidazole-4(5)-
carboxamide

+

C10 Hypoxanthine
C11 Inosine

C12 2'-deoxyinosine
D02 L-citrulline

D03  Chorismic acid
D04 (-)Shikimic acid
D05 L-homoserine lactone
D07 D-aspartic acid
D08 D-glutamic acid
D10 Cytosine

D11 Cytidine

D12 2'-deoxycytidine
EO01 Putrescine

E02 Spermidine

+ o+ o+ o+ o+

+

+

+ o+ o+ o+ o+ o+

E03  Spermine

E07 B-alanine +
E08  D-pantothenic acid +
E09  Orotic acid +
E11  Uridine +
E12  2'-deoxyuridine +
FO1  Quinolinic acid +
F02  Nicotinic acid +
FO03  Nicotinamide ++
F04  PB-nicotinamide adenine +
dinucleotide
FO5  3-amino-levulinic acid +
F06 Hematin +
F07  Deferoxamine +
FO8  o-D-glucose +
F09  N-acetyl-D-glucosamine +
F10  Thymine +
F11  Glutathione +
F12  Thymidine +
GOl  Oxaloacetic acid +
G03  Cyanocobalamin +
G04 p-amino-benzoic acid +
GO0S5  Folic acid +
G06 Inosine+thiamine +
GO08 Thiamine pyrophosphate +
G10 Pyrrolo-quinoline quinone +

G12  Myo-inositol ++
HO1 Butyric acid +
HO3  a-ketobutyric acid +
HO04 Caprylic acid +
HO06 D,L-mevalonic acid +
HO7 D,L-carnitine +

HO8 Choline ++
H10 Tween-40 +
H11 Tween-60 +
H12 Tween-80 +++

http://journals.im.ac.cn/actamicrocn
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F 4 ¥ 4 Wl (biosynthesis of cofactors). #%
72 1% 35 (nucleotide metabolism) A1 24 3 2 4= ¥) &
% (biosynthesis of amino acids) %% ( 4w 5 N
NMDCX0001772).

2.5 BRERIEX ML H 2 ZE R ZF R
Al

PM6., PM7 Fil PMS foffL A FH A k2 4

®6 FFIUMLBRERZ KRR ERIR

DERESE AL 22 W R AL LB 52 . 45 R R B
7E 282 FHLAIRE R, A 61 Ml i L
i 22 X% W W A%, Hh Arg-Trp, Met-Arg,
Pro-Phe, Val-Tyr I Val-Met 55 PR AR
W I R BE I B 5 Ala-Leu, Ile-Phe,
Ile-Tyr, Phe-Pro. Ala-Val 1 v-Glu-Gly 55 6 F
IR RIS T L L B BGR (R 6).

Table 6 The peptide nitrogen source promotes the development of sclerotia in Rhizoctonia solani

Microplate ~ Well Substrate Sclerotial formation Microplate ~ Well Substrate Sclerotial formation
PM6 A05 Ala-Asn + PM7 DO1 Phe-Pro +++
A06 Ala-Glu + D10 Pro-Phe -+
A09 Ala-Leu ++ E04 Ser-Leu
All Ala-Phe E06 Ser-Phe +
BO1 Ala-Ser Fo4 Thr-Met +
B02 Ala-Thr F06 Trp-Ala +
BO5 Arg-Ala G02 Trp-Ser +
BO7 Arg-Asp ++ HO3 Val-Arg ++
BO08 Arg-Gln + HO04 Val-Asn +
C02 Arg-Phe ++ H10 Val-Tyr -+
Co04 Arg-Trp -+ PM8 A03 Ala-Asp ++
Cco7 Asn-Glu + A07 Ala-Val +++
D05 GlIn-Gln + A10 Asp-Gly
D06 GIn-Gly ++ All Glu-Ala
D07 Glu-Asp + Al2 Gly-Asn
D08 Glu-Glu + BO1 Gly-Asp ++
D09 Glu-Gly + B02 Gly-Ile +
D10 Glu-Ser + Cl1 Pro-Arg +
EO1 Glu-Val + D07 Ser-Asn +
E04 Gly-Cys + D08 Ser-Asp +
Ell Gly-Pro + D10 Ser-Glu +
Fo7 His-Leu + E02 Thr-Ser ++
G04 Ile-Arg + E08 Val-Glu +
GO05 [le-GIn + E10 Val-Met -+
G10 Ile-Phe +++ FO7 D-Ala-D-Ala  +
HO02 le-Tyr ++ GO1 v-Glu-Gly -+
PM7 A02 L-glutamine  + GO03 Gly-D-Ala ++
B04 Lys-Trp + G04 Gly-D-Asp +
BO7 Met-Arg +H+ HO04 Gly-Gly-lle  +
Co03 Met-Lys + Hi12 Tyr-Gly-Gly +
C09 Phe-Ala +

>4 actamicro@im.ac.cn, 7 010-64807516
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Table 7 The osmotic pressure environment promotes

A% AL

the development of sclerotia in Rhizoctonia solani on

PM9 microplate

Well Substrate Sclerotial
formation

D01 3% Potassium chloride +

D02 4% Potassium chloride +

D05 2% Sodium sulfate +

D06 3% Sodium sulfate ++

D07 4% Sodium sulfate +

D08 5% Sodium sulfate ++

D09 5% Ethylene glycol +

D10 10% Ethylene glycol ++

D11 15% Ethylene glycol +

D12 20% Ethylene glycol ++

EO07 2% Urea +

FO1 1% Sodium lactate ++

F02 2% Sodium lactate ++

F11  11% Sodium lactate +

GO01 20 mmol/L Sodium phosphate pH 7.0 ++
G02 50 mmol/L Sodium phosphate pH 7.0 +
G04 200 mmol/L Sodium phosphate pH 7.0  ++
GO05 20 mmol/L Sodium benzoate pH 5.2 ++
G09 10 mmol/L Ammonium sulfate pH 8.0 ~ ++++
G10 20 mmol/L Ammonium sulfate pH 8.0 ~ ++++
G11 50 mmol/L Ammonium sulfate pH 8.0  ++
G12 100 mmol/L Ammonium sulfate pH 8.0 ++

HO1 10 mmol/L Sodium nitrate ++
HO02 20 mmol/L Sodium nitrate +
HO03 40 mmol/L Sodium nitrate ++
HO04 60 mmol/L Sodium nitrate +++
HO5 80 mmol/L Sodium nitrate ++
HO06 100 mmol/L Sodium nitrate ++

10, 10, 4 #1111 (%55 NMDCX0001772).
2.7 pH IFIE X 374G 22 4% B B AZ T AR RY
211

% 8 Firn, A2 TE pH 4.0-10.0 1
RN REF A A%, HAE pH4.0, 4.5, 9.5 Al
10.0 B, WAZIEWHE 8% s 7E pH 5.0-9.0 B,
#*<8 PMI0MFLIR HiF S 3Lk 22 4% B A T B RY
pHIREE

Table 8 The pH environment promotes the development

of sclerotia in Rhizoctonia solani on PM10 microplate

Well Substrate Sclerotial
formation
A02 pH4.0 +H++
A03 pH4.5 +++
A04 pHS5.0 ++
AO05 pHS.S ++
A06 pH6.0 +
A07 pH7.0 +
A10 pH9.0 ++
All pH9.S5 -+
Al12 pH10.0 +++
B0l pH4.5 +++
B02 pH 4.5+L-alanine +
B03  pH 4.5+L-arginine ++
B04  pH 4.5+L-asparagine ++
B06 pH 4.5+L-glutamic acid +
B07 pH 4.5+L-glutamine +H++
B08 pH 4.5+Glycine +
B09 pH 4.5+L-histidine +
C02 pH 4.5+L-phenylalanine ++
C03  pH 4.5+L-proline -
C04 pH 4.5+L-serine ++
C05 pH 4.5+L-threonine +
C07 pH 4.5+L-citrulline ++
C08 pH 4.5+L-valine +++
C09 pH 4.5+Hydroxy-L-proline ++
C10 pH 4.5+L-ornithine ++
Cl11 pH 4.5+L-homoarginine ++
Cl12  pH 4.5+L-homoserine +
D02 pH 4.5+L-norleucine ++
D11 pH 4.5+Trimethylamine-N-oxide +
E10  pH 9.5+L-isoleucine ++
F12  pH 9.5+L-homoserine +
GO03  pH 9.5+L-norvaline ++
HO1 X-caprylate +++
HO5 X-B-D-galactoside +
HO06 X-o-D-glucuronide +
HO7  X-B-D-glucuronide ++
HO8 X-B-D-glucosaminide ++
H09 X-B-D-galactosaminide ++
H10 X-o-D-mannoside ++
H12 X-SO4 ++
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B I8 RS S TAREEER, TEARE
st . @ERAED A WA EY
AR, H BT AR AT I (protein digestion and
absorption), ABC #%iz & H M Z AL (RNA 44
& A (aminoacyl-tRNA biosynthesis) %5 ( 4 & N
NMDCX0001772).
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Figure 1

Sclerotial formation of Rhizoctonia solani

in representative microplate PM10.
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