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" —BR 69 A KL, 81T Real-time PCR 447 T OXDC A A LTR_4445 f£ 3B AL 32 T 69 kLK
. [4 2] /2 PDA B4R3ZHRAF, 25°C FARBEMHTIEHR5d, £EHRKE A 50-80 mmol/L
i, LTR-2 T A47E, A EFH%EFA; £ 30-50 mmol/L KA TF, LTR-2 £#H X BERTF, @
J& BRI KB LT A B £<30 mmol/L SR T, LTR-2 A %, A& Kik B 4. 25 °C. 160 r/min
HIEHR5d, LTR-2 T[HREEL. £ 20 mmol/L RER, EEIHMRFERS, # 66.50%; 10 mmol/L
RE TR ERZ, # 55.06%. FERE>50 mmol/L B, SHR4E A T4 6.75%-38.94%., 4F
ML, 3SR pH AR AR A2 E MRS, £ 10. 20 mmol/lL FERE TR GOMEEEZR. HFEBRK
<20 mmol/L B, REMEHLTFEARRREGRG. HEBMEAE—BRBITRIKIZR 5 d
BT, 7£10. 20 mmol/L JRE T, LTR-2 TTHax K IR T L9k &1 43k, 125 F 50 mmol/L &4 F
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Tolerance and elimination of oxolic acid by Trichoderma spp.

WU Xiao-Qing* LU Yu-Ping® REN He®* ZHAO Xiao-Yan! ZHAO Zhong-Juan®
ZHANG Guang-zhi* LI1Ji-Shun? ZHANG Xin-Jian® YANG He-Tong**"

(1. Key laboratory for Applied Microbiology of Shandong Province, Ecology Institute of Shandong Academy of Sciences,
Jinan, Shandong 250014, China)
(2. Biology Institute of Shandong Academy of Sciences, Jinan, Shandong 250014, China)
(3. College of Life Science, Shandong University of Technology, Zibo, Shandong 255049, China)

Abstract: [Objective] Oxalic acid (OA) is a virulence factor of several plant pathogens, e.g.
Sclerotinia sclerotiorum and Botrytis cinerea. Some strains of Trichoderma spp. have the ability to
eliminate OA and thereby reduce disease incidence, while the pathways and mechanism of OA
elimination have not been well discovered. [Methods] In this study, T. harzianum LTR-2, performed
the best capacity of OA elimination among 42 Trichoderma strains under the stress of 30 mmol/L OA.
The developmental features of LTR-2 under OA stresses were analyzed using morphology and in situ
observational methods. OA elimination rates, ambient pH and biomass under different OA stresses
were analyzed. Then, the growing states of LTR-2 were described under the condition of OA as the
sole carbon source. In the end, Real-time PCR was used to analyze expression level of OXDC coding
gene LTR_4445. [Results] LTR-2 was cultured on PDA plate containing different concentrations of
OA. With 50-80 mmol/L of OA, LTR-2 could survive, but didn’t form normal colon. With
30-50 mmol/L of OA, LTR-2 developed chlamydospores firstly, which then germinated hypha and
formed normal colon. LTR-2 could eliminate OA in liquid culture. LTR-2 showed the highest OA
elimination rate of 66.50% under 20 mmol/L OA, and the second highest of 55.06% under
10 mmol/L. When OA concentration was enhanced to 50—80 mmol/L, the OA elimination rate was
dropped down to 6.75%—38.94%. pH of culture filtrate was enhanced to varying extents along with
OA elimination under different OA stresses, and the highest increase occurred under the
concentration of 10 and 20 mmol/L. Interestingly, OA showed growth-promoting effect when
concentration was under 20 mmol/L. Moreover, LTR-2 could develop macroscopic mycelium pellet
when OA (<20 mmol/L) was the sole carbon source in media. Transcriptional level of LTR_4445 was
up-regulated under OA stress. [Conclusion] Our study implied that Trichoderma spp. may employ
several strategies under OA stress besides degradation, e.g. transformation on stress-resistance mode,
converting OA into a precursor of nutrients, etc.

Keywords: Trichoderma harzianum LTR-2, OA tolerating, Developmental pattern, OA elimination

(Oxalic acid OA) 23% 7] (T. viride)
g TvB1 (T. harzianum) ThB1 (T.

(Botrytis cinerea)'? (Sclerotinia sclerotiorum)®  koningii) Sclerotium rolfsii

(8]

pH ca®
[4-5]
36] (T. harzianum) LTR-2
(T. (T. viride) (T. harzianum)
viride) S7

(Oxalate oxidase OXO)
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LTR-2 PDA 28°C 5-7d KCI0.5 FeSO,0.01) 64.73 kPa 30 min
10.0 mm 50 °C
122 ERMZHEMNEFRRE: 42
6 71%-81%" PDA 25 °C 3d
LTR-2 80 mmol/L 5 mm
42 20 30 mmol/L
LTR-2 PDA 1 cm
LTR-2 25 °C 4 d PDA
1 RSN +
. r mm
L1 RBHE R )
(r mm) (T %)
A
1 T :mxloo%
12 REHZE d
' k ’i 123 ERPHETAEMEENE: 3d LTR-2
=Ty = ; 1l
121 BEBRIEFEMEH: & mm 10 20 50 80
0.22 pm 100 mmol/L PDA 25 °C
0.5 mol/L 104
PDB ( BD ) PDA ( 0 10 20 50 80 100 mmoliL
PDB 10.09/L ) PDA 3d  LTR-2
z1 RHEAEREKIE 25 °C
Table 1 Sampling sites and 42 Trichoderma strains 1d
Sampling Site Strain code
Beijing 599-2 600-1 609-1 610-4 610-9 124 ABEBRIAEREEREENE: 4d
Hainan  509-11 510-9 519-1 LTR-2
. 0.01% Triton
Hebei Sl ;
10 /mL
Hunan  409-1 409-6 409-13 428-2 430-9 440-1 PDB 500 mL 100 mL
Jilin 550-2
Jiangxi  538-1 538-5 539-20 539-22 0 10 20 50 80 100 mmol/L
LTR-2 16-1 16-16 38-7 39-0 48-12 100 pL .
Shandong ( 10 /mL)
558-4 558-5 558-8 559-3 560-7 560-9 (100 pL 0.01% Triton
Shanghai i .
anghai 568-2 570-4 ) PDB 3
90-2 90-5 639-1 ]
Tibet 25°C 160 r/min 5d
200-6 208-7 230-1 679-1
Xinjiang °
Yunnan 288-6 50°C
pH pH
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Kim (0]
125 EBRAKRREHAKSIES: 124

500 mL 100 mL
0 10 20 50 80 100 mmol/L
100 pL
(100 pL
0.01% Triton )
3 25 °C 160 r/min
5d

1.2.6 A EBTH LTR-2 fhEE; B #£ Bf (Oxalate
decarboxylase, OXDC)EE LTR_04445 3kik7k

T#Yy Real-time PCR #23I: LTR-2  RNA
OMEGA
TaKaRa
3 456 7 8d
LTR_04445 Real-time PCR

Beacon Designer 7.0
F 5-ATTTCTCCCTCTTCCAGT-3'
R 5-TCGTAATCTCGTCCTTCT-3
132 bp LTR_04445 Real-time PCR
(15 pL) 2xSybrgreen Premix 7.5 pL
Primer Premix 1.5 uL. ¢cDNA1puL ddH,O5 puL
95°C2min 95°C10s 58°C20s 72°C

20s 40 65 °C-95 °C
05°C 20s Eppendorf
2 HRHHMH
2.1 EEHIB T RKEEHRATGIE
20 mmol/L 30 mmol/L
24 h
96 h 48 h
72 h 42
20 mmol/L 8
48 h 72h 50%

LTR-2 72 h 73% (
1A B) 30 mmol/L
50% LTR-2
48 h 43.82% 72 h
39.50% ( 1C D)
OA 20 mmol/L
20 mmol/L
( 1B)
LTR-2
LTR-2
2.2 EEHET LTR-2 BYASF4HE
LTR-2 0 10 20
50 80 100 mmol/L  PDA 25 °C
120 h LTR-2
( 2A)
( 26)
LTR-2 (1 10 mmol/L 20 mmol/L
PDA LTR-2
[13 11( 28 C)
( 2H 50 mmol/L
80 mmol/L
120 h
( 2D
E)
( 2 K) 50 mmol/L 8d
( 2)
100 mmol/L  LTR-2 ( 2P
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Figure1 OAtolerance of 42 Trichoderma strains under different OA stresses

A-B 20 mmol/L A 48h B 72h C-D 30 mmol/L
Cc 48h D 72h E 20 mmol/L 4d LTR-2 639-1
16-16 38-7 PDA 25°C . 3

Note: A—B: Cultured under 20 mmol/L OA stress, of which A as cultured for 48 h, B as cultured for 72 h; C—D: Cultured under 30 mmoI/L
OA stress, C: Cultured for 48 h, D: Cultured for 72 h; E: Colony shape of typical strains cultured under 20 mmol/L OA stress for 4 d, LTR-2
and 639-1 represent strong tolerance strains, 16-16 and 38-7 represent poor tolerance strains. The strains were cultered on PDA at 25 °C in
the dark. The data are average of 3 replicates.
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B2 EEAEE LTR-2 BEERASM B ML
Figure 2 Colonies and mycelia morphology of LTR-2 under OA treatment

A-F 5d A B 10 mmol/L Cc 20 mmol/L D 50 mmol/L
E 80 mmol/L F 100 mmol/L .GK 5d G H 10 mmol/L |
20 mmol/L J 50 mmol/L K 80 mmol/L .L 8d LTR-2 50 mmol/L
PDA 25 °C

Note: A—F: Colonies of LTR-2 cultured for 5 d on PDA containing different concentration of OA; A: Nil; B: 10 mmol/L; C: 20 mmol/L; D:
50 mmol/L; E: 80 mmol/L; F: 100 mmol/L. G-K: Microscopic morphology of LTR-2 cultured for 5 d on PDA containing different
concentration of OA. G: Nil; H: 10 mmol/L; I: 20 mmol/L; J: 50 mmol/L; K: 80 mmol/L. L: Microscopic morphology of LTR-2 cultured on
PDA containing 50 mmol/L of OA for 8 d. The strains were cultered on PDA at 25 °C in the semi-light.

LTR-2 ( 3B) 20 mmol/L

LTR-2 24 h
( 3A) ( 3C) 30 mmol/L

10 mmol/L 24 h ( 3D) 50 mmol/L
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B3 HEERAERE LTR2MEMNABIER
Figure 3 In situ development of LTR-2 treated with different concentration of OA
A B 10 mmol/L C 20 mmol/L D 30 mmol/L

E 50 mmol/L F 80 mmol/L . PDA25°C 1d.
Note: A: Nil; B: 10 mmol/L OA; C: 20 mmol/L OA, the arrow indicates terminal chlamydospore; D: 30 mmol/L, the arrow indicates
spherical chlamydospore; E: 50 mmol/L, the arrow indicated spherical chlamydospore; F: 80 mmol/L. The strains were cultered on PDA at
25 °C in the dark for 1 d.

pH
( 3E) pH 10

80 mmol/L 24 h 20 mmol/L ( 40

( 3F)
23 LTR-2 AFHEMBRERMGED 4D

LTR-2 5d LTR-2
0.13g 10 20 mmol/L
LTR-2 020g 0.15¢g
5d 10-100 mmol/L 50 mmol/L 5d
LTR-2
( 4A)

20>10>80>50>100 mmol/L
66.50% 55.06% 38.94% 28.43% 6.75% ( 4B) 24 LTR-2 AJHAERAWKIREEEK
pH 5.89 5d pH LTR-2
7.25 pH
5d pH LTR-2 5 d LTR-2
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Figure 4 Effects of OA elimination of LTR-2 under some treatment conditions

A B LTR-2
a—f

10* /mL. 3

0 10 20 50 80

100 mmol/L a'—f'

C pH D LTR-2
a—f

PDB 25°C 160 r/min

LTR-2
5d.

Note: A: Variation of OA concentration in culture filtrate; B: OA elimination rate of LTR-2; C: Variation of pH in culture filtrate; D: Dry
mass of LTR-2. a—f indicate the initial OA concentration in culture medium are 0, 10, 20, 50, 80 and 100 mmol/L, respectively; a'—f" indicate
initial concentration of LTR-2 in a—f is 10* spores/mL. The data are average of 3 replicates. The strains were cultured in PDB at 25 °C and

160 r/min in the dark for 5 d.

LTR-2 (

5A) 50 mmol/L LTR-2

( 5D-F) 10 mmol/L 20 mmol/L

LTR-2

10 mmol/L (

5B C) LTR-2 <20 mmol/L
>20 mmol/L

LTR-2

25 LTR-2 4# OXDC £E LTR 04445 #Y
Real-time PCR RiE4

LTR-2
LTR-2 OXDC
LTR_04445
LTR-2 20 mmol/L
PDB 25°C 160 r/min 3-8d
Real-time PCR LTR 04445
( 6
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0.5 cm

5 LTR-2 EUEE HBGEMERIZFEFHERKIER

Figure 5 Growth of strain LTR-2 in Czapek-Dox liquid medium under different concentration of OA as sole carbon source

A B 10 mmol/L C 20 mmol/L D 50 mmol/L E 80 mmol/L F
100 mmol/L . 25°C 160 r/min 5d.

Note: A: Nil; B: 10 mmol/L; C: 20 mmol/L; D: 50 mmol/L; E: 80 mmol/L; F: 100 mmol/L. The strains were cultured at 25 °C, 160 r/min in
the dark for 5 d.

350 [ LTR 4445 ¢ 5d

30} I 6 d

sl T . 3d 4d

. 1 7d 8 d
2 20¢ 1
T st @

Lol b b LTR-2 OXDC LTR_04445

e a @)

0.5}

| k | 5d 8d
0.0 = : : : - ;
3 4 5 6 7 8 LTR-2
1(d)
6 EBIE S LTR_ 04445 #FKFRIFIEETW
Figure 6 Transcriptional levels changes of LTR_04445 at
different time points
2d 3 Zw5iie
3d 6d )
pH 6.0 8d pH 2
pH 6.0 3-8d ca**

3 4d LTR_04445
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