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Abstract

Three strains of endolichenic fungi identified as Creosphaeria sassafras, Annulohypoxylon multi-
forme and Penicillium vulpinum, were isolated from samples of Peltigera species collected from
Shennongjia forest region in Central China. The anti-pathogenic microorganic activities of them
were assessed by the methods of culturing with their fermentation broth and plate confrontation
co-culture against four pathogenic fungi. The results showed that some strains had more obvious
inhibitory effect than positive control strain Chaetomium globosum. We conclude that some endo-
lichenic fungi have the potential for use in developing a novel therapy to control plant disease and
saprolegniasis.

Keywords

Endolichenic Fungi, Fermentation Broth, Inhibition Rate, Biocontrol Activity, Saprolegniasis

S ENNRAE RERNEREYE

WY, BT, #HgET, 1T R

SR A AR AR 2B, A AR

SRR SR E R G AR X ER, L Ak
Se [ R 2 e 2B 0 E S B L e R e, b
Email: ‘guosy@im.ac.cn, *hanlf@hbnu.edu.cn

Weks H . 20174F11 4130 FHEM: 20174114278 KA H: 20174F12H4H

LR EH.
il AR .

SCES|H: X, BT, SRR, BT RIS AR N B ERE D] SCEYIRTH, 2017, 6(4): 91-97.
DOI: 10.12677/amb.2017.64012


http://www.hanspub.org/journal/amb
https://doi.org/10.12677/amb.2017.64012
https://doi.org/10.12677/amb.2017.64012
http://www.hanspub.org

HML 5

R

AOr 5 M AR P AR BLEE AR B I . TSI AL A R SR 4 J MK 43 B R AE 3R AR IR L AR
R R O RSB I R R B AR BB E MR, 43N Creosphaeria sassafras, Annulohypoxylon
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1. 5]

Hiu A & L (A ARy mycobiont, B AR W4A) 5 SR A/ i (A< FRFR A photobiont, & A4
PR E IR A B TR B AR OE I3 AE B A A 1] . R ILB I R AR A TE T3S 22 4 (L2 TR A4
MIREA R 2], TR R E B 2 R Gt A (lichen-like) AL A TR 5L, 2908 6 AZ4FERT[3]. TfEHLAC 1,
B T A A B ADG SRR IL AR, EAAEVF 2 WA, P I E R PR AR
P A= B (endolichenic fungi, ELF). H i C R BRI HIACIT 2 J5 0, i fh vF F6 Py A= B ml ke 10 /3[1] [4].
KLZHW ELF J& T F2EE 1+ KA H T (Pezizomycotina), 3= B4y 47 {F 36 5% 1 4X (Sordariomycetes) . #i
LA 2N (Eurotiomycetes) A1 4 14 4X (Dothideomycetes) [ 5] [6].

KIET HE W HUER A2 R & O H 1 LT, R0 o8 . 1928 4F R I
HER, B - MNMETHRMOBEAEY, HRIME 7 BRE AT R[] E-HFK, K
PN A L TR DR B 7 A R PR IR A = 4 52 BBk B 22 1R 9T [5] [6] [7]. VR NFE R YIEEE, MR
PN AR B AT A T AR — 3 O RO A LA 22 A A P P 2 AU A () SRV R A P B, E A AGEE 30 AR A
A O I 145 NHRARE Y, GFEESARSE . BRI, BRI S SEORILT] [8] [9]. FEHIARAAE
L AR T LE 2454 B B A s MR o1 R S AN T R PR RIS AR B A P AR 4 OGTE[10], Herb i 45
& T R AR A AR LR R L AT A R G A 3Rl R[] [12].

A0S 53 85 BT AR S 2 S 1 A e ) R AR BB B AR AR B AT WE A A e T 3 Ak
HAS N AR EL TR 2 AR 0 R LT A 2 KRR T R O B AR R R, DA 9 R T A OK B
FETRIRALHT @S, BN N AR B BRI R SR R LR 2%

2. M55 %E
2.1. BtiEHk

At 3 J8 K P A= BUT B iR Creosphaeria sassafras (GHL-LF2016R1), Annulohypoxylon multiforme
(GHL-LF2016R2) A1 Penicillium vulpinum (GHL-LF2016R3), 343 & b # 4 40 K o 5 b 45 J b oA

ik
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AR IES I L ZE[9VRIE A FT SR [ 101 STk A58 J5E 08 O 51 S A 4093 25 (1) 5 B2 9k ) 1 (Fusarium
solani) Fl134 JIN 2 2 77 1 (Plectosphaerella cucumerina); & 51 2 /K 8995 1) 9 14 47 8 (Achlya bisexualis) Fl—Fi
J&& % (Pythium capillosum). _F3 B 55 B e FERE 27 B Sl A= A0t 5 R B T DR 2 PR A BT 9 20 3 ] DR A7 A
PRt BRI A= 15 1 3Kk 6 5% i (Chaetomium globosum strain 6, CGS6) il b i i k27 s AT 98 23R 14t

2.2. HIIEFE

PDA H;573k. T2 200 g. #i%iFE 20 g« BiflE 20 g ZEM/KE A ZE 1000 mL. PDB 1;9%3E: PDA
B A g -
2.3. MRAERAERREAEFEHAEL

1 AT T AR SRR X R AR (1 3 25 S8 b A 43 BS RS 1 3 MR A P9 AR L1 S A 4 R SR BT % B
XF FRER BT bk CGS6 #:Rh T PDA &M B 953 b, 25°C #53%, KihRHH G4, 4l 3 w1k,
2.4, RIS LEHEF R A BRHIE

76 250 mL = AFINN 125 mL PDB £537 5, $5F CE O, 8 s B K B (121°C 20 min). #8844
Jei FRARE TIR BRI OE AR 3t P A2 EUE BEEL 0.5 cm x 0.5 om R T8 228 5 MR T = ff v 3% 97 2
W1, 25°C T 180~200 r/min FI4R R _F IR 1 7% 15 do AR N AR BB Rt 4 . REERS IR R, B,
VU ETC W A0S e R B =, RIFP AR & ik 4i 42 100 mL, E T 4°C UKFHRAE 4 H

2.5. MRAE BE & B R GISEEEREENE

B 45 g A A PN A TR R BEIIR 4T 2 mL, N 18 miL TH@LAL ) PDA 5983t rh, JRED, HIRE K
BER IR IR AL . FrE IR ETE O om WP AR PRI 5, 7E b ded N fE 00 Ji BB TR BT (0.5 em x 0.5 cm), fi
WA L 0 — SRR R B R, MM EE B 3 WRE R . LIRS INHIA P A B T R BRI A8 1) 1 77 ik b
b J L B AN R, 25°C 15 9R 7 d.

JE I A8 SO R R 1 VR B, A HIHIER (%) = (R E R B - A
P9 JE L T T VR AR R 5 B T 1A UK ELAR X 1009% H B HIAR P AE B TR U TEEVRONT P TR L T AR o

2.6. EHMHEFREFERANE

K 3 BRI PR TR 20 A 2 R AT 51 AR 0 R0 R R AT XTI IR, SR AR AR R
AHE Y R L1 73 M AE A 9 om f) PDA K74 B9 5d, HIEAZ 0.5 em T L& UL B U E TP
i, PITEBHAHER 5 cm, 25°C TEIL AT BIE IR o MEEIFIC R IR AE A DL, DA% J S T D FA A 0
AP EERBTCIE B bk CGS6 ARHTEXS I, WE 5 MNER. W3R 5 dJa, MEREEFEEKRER, WEt
AR P A R G A D O R v (RS L, % 2.5 TR A 4 ST B R

27. BRGIT S5

IRIEHIE K Excel 7138, iEit SPSS 19.0 3RAFHAT/E AR A K 2 5 Z 09 5 (ANOVA-LSD
VR P9 A B TR RO D R S R 2 A 2= 5 B 2 MK (P < 0.005) .

3. RS54
3.1 EHitERMRAE ARIEFISFENRGEMAE
R 3 MM P 2 ELI 540 B AL R 4k e % R AR (4 1), FUEFEHERA I R . %74
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PR AHIT AL T FO ik DNA SRS ITS FAIR RS B LK 1. B HERIES KSR RHES 5 1
LRG3

Creosphaeria sassafras (Schwein.) Y. M. Ju, F. San Martin & J. D. Rogers, Mycotaxon 47: 223 (1993)

Wik GHL-LF2016R1 7F 9 cm P4 PDA #5975 I, 25°C 153 7d HAEFIA 7.5 cm, WV A H,
JEHIBRK . AR EEEE, WIETRE, UREL WA, FeAsERAe, i, B, RiEA;
SAERTREE SR, AR, ERTKMETE S0 T, $E, Jka: 7.0~10.0 x 3.5~7.5 um.

Annulohypoxylon multiforme (Fr.) Y. M. Ju, J. D. Rogers & H. M. Hsieh, Mycologia 97(4): 859 (2005)

Wbk GHL-LF2016R2 7£ 9 cm P PDA 35374k |, 25°C #5397 7.d & 0[iA 5.5 cm, WyAWI A,
JEtFmREE G, FEIR, LG, ARG, WEIRBUAIIN, TR0 B O SRS TR 4.
FERILERRRS, TR IRAR O PERAIE R, Ok, 10.0~20.0 x 2.5~3.0 um; M AEETIEM, BHERTE,
3.5~6.5 x 2.5~3.0 um.,

Penicillium vulpinum (Cooke & Massee) Seifert & Samson, in Samson & Pitt (eds), Advances in Penicil-
lium and Aspergillus Systematics (New York): 144 (1986) [1985]

Pk GHL-LF2016R3 7 9 cm “F4Rk PDA 1573 |, 25°C £59% 9 d HAZRIIE 4.5 cm, KIH £ 4 G (4,
TERCR L2, R L2 RFEIERER (5, HEPI SRR, REWE M, HREN iRt ARk 5~
AT TR, 5 2~4 MEIE, BRIk, 9.0~12.0 x 2.0~3.0 um, JRFELK, BEAR, &4 3~5 1,
9.0~12.5 x 2.0~2.5 um; A FIFETEBOEEE, RIESERESRE, fBEETE, 3.5~4.5 x 3.0~3.5 um.

Table 1. Systematic positions of 3 endolichenic fungi isolated from Peltigera

1 ZHRERMRNERENRRUE

Strain/ B ¥k gm 5 Name/4 R Class/4¥ Order/H Family/F} Host and Locality/f5 3= K 7= b
GHL-LF2016R1 Creosphaeria Sordariomycetes Xylariales Xylariaceae Peltigera rufescens,"
sassafras Dalongtan, Shennongjia
GHL-LF2016R2 Annulohypoxylon Sordariomycetes Xylariales Xylariaceae Peltigera canina, .
multiforme Dalongtan, Shennongjia
GHL-LF2016R3 Penlc_llllum Eurotiomycetes Eurotiales ~ Trichocomaceae Peltigera Ieucophleb|§,
vulpinum Dalongtan, Shennongjia
GQ906955 Phomopsis sp. JW28-1-1 isolated from Lichen, Korea
100 KY610411 Creosphaeria sassafras from Argentina

GQ906957 Phomopsis sp. JIW28-2 isolated from Lichen, Korea
GHL-LF2016R1 Creosphaeria sassafras isolated from Peltigera
95 KU683754 Creosphaeria sassafras isolate CBS 119001 from Spain
KT949900 Creosphaeria sassafras strain CrS from Spain
100 GHL-LF2016R2 Annulohypoxylon multiforme isolated from Peltigera
4|-AF201717 Hypoxylon multiforme Strain ATCC36665
KX394789 Annulohypoxylon multiforme voucher Fan & Guo1700503
99 | GHL-LF2016Control Chaetomium globosum strain CGS6
KM268672 Chaetomium globosum strain YTG2(1)
KM268647 Chaetomium globosum strain GYG1(1)
100 T KY457277 Penicillium vulpinum isolate NCC 3421
L| DQ339572 Penicillium vulpinum strain NRRL 1002

100 | PQ339569 Penicillium vulpinum strain NRRL 2031
GH-LF2016R3 Penicillium vulpinum isolated from Peltigera

]

0.05

Figure 1. The phylogenic tree of the endolichenic fungal strains based on ITS sequence

E 1 &ETITS RIS RAEEREN ARG L EH
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3.2. MRAE AR LZERHREEEOIMGIHER

Annulohypoxylon multiforme F# & BT 7K 25995 99 J5 G B 1R 12 4 2 )40k B0, T3 30 2kl
70%:; Creosphaeria sassafras (]2 B nT 8 T2 3590 B (78.39%) 19 14 47 55 (50.4%) 40 1) VE FH e g B 4«
Penicillum vulpinum FRBZBOR 4 Miiam J5 o 1 B SO S TE, JUHX It 4n 21k 5] 81.3%. 1E
o R A7 Vi VR TN 25 75 BRI JES  B ) TR ARIE R b, 39 2 BRI AR LR AR T X IR BR B 1R
TAE XS 51 2K B9 109 1k 4 B i AR P vb 3 B 2B R S Tt IR ER B 72 s (B2 T bk
o} JE§ 2 I A A FH 3845 B 2. (1] 2)
33. MRANERAESHEVREERNERESFXR

MRYE 3 ARt N A B A 2 BREEDD 5 IR 5 RS 5 5 d e A R eT LR (R 2),
Creosphaeria sassafras 1 Penicillium vulpinum 73715 5% R ZE 50 b« 65 B Bl ) oA Bl e, 3
R E R 60%, FRILHELFHISE 4% 1 Annulohypoxylon multiforme & Penicillium vulpinum 43
I B TSRS bR JEF R i T T B B AR A T B AR B B ER B R . X A N A T A S R A
SRR IS IR ol AR R A — g, LAHIE S R R IR R — B

FCGS6 .
Greosphaeria Error bars: +2SE
[JAnnulohypoxylon
EEPenicillium a
80.00- a
b
o a b
E 60.00+1 c
S
S
< b
%
E
40.004 [
g c
c
= o a a
20.00 4 " ; i i
o o b
o ! d
T
-Q.-
0.00

Fusarium solani  Plectosphaerella cucumerina Achlya bisexualis Pythium capillosum
% J5 Hipathogens

Figure 2. The inhibition rate of the endolichenic fungi against pathogens
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Table 2. The inhibition rate (%) of 3 endolichenic fungi from Peltigera against 2 pathogens

= 2. MUFEF T 3 Mt B RAEEERT 2 MEYRIREERIIEIZE(%)

Endolichenic fungi/Hti 4 i A4 EL Fusarium solani/J 5 4 71 Plectosphaerella cucumerina/# N2 55 14
Creosphaeria sassafras 42.22 +1.68° 81.98 £3.97°
Annulohypoxylon multiforme 54.16 + 2.29° 30.10 + 1.95°
Penicillium vulpinum 62.48 + 1.99* 58.40 + 1.52°
CK: Chaetomium globosum strain 6 (3R &%) 46.70 + 2.06° 37.78 +1.99°
Note: Data were the mean + SD. The lowercase letters in the same column indicated significant difference at 0.005 level. The control strain Chaeto-
mium globosum marked with"s ¥: FH SR N FIEFREZ, FFIEARJE AR /NS $CFRERORTE 0.005 K FZFRE . FE S HIE
MR ERE T .
A
4. g

AT, AW A =R F2 58 30w A A = 2 e &, ORI, )5 RR™H, 7~
BT —RBNNR, 75 R KA AEIA S . EYIBE R E ARSI 2 iE
AR 2 B AR ELVE R R A0 B B AR K R BB, ATIA B RS SUR . X RGN
BLH . MEIAER, W] LA B R TG B, RS A mn R B RO AR SR AT RS R R a7
3R[13].

FERRA R 10 3 J A Hh 43 B3 1) 850 ARAR N A LI Y, Bk 30 MRt 51 AR 9 T AN K 25008 5 1100 L 1A
HEAT AR BT VE TR S, 038 H 12 Ak 9 AR BB 2 /b0 1 o Ji B S B R — s KT IR IR FH (R 26 > 30%) .
ASCHRE e 3 BRADHIE R, 2/t Hodr 1 o [ A 28K T 50%. 5 FT T S [10] 458 M
F 4% (Evernia mesomorpha) 7143 &5 (I HbAC P 25 EL B FF-6 B Fk('5 Xylaria frustulosa FHIT), %8 NS5
BB, BT 23 B8 0 9 AR ST R A SR B A E A, 1R S A Y, 2 BRI
o ERFTER, XFFEHIENG o8, BRATES T EE BN P R R % E N 0.005, FATTA RN FH
WRMRE T, WH P {E7E 0.005 £ 0.05 . [A], MIFIZfEH &7~k (suggestive)” Kbrn; R P
{H/NF 0.005, AREMH SR E[14], PG BUREYE, HEmfE iR S e .

WA RN ZFEEEE AR, EEMYE A EEENITFRAAME. HhEREE
RIFRE, R 2 Bk R e T 22 MR I A AR 47 i) 4 /R I [15] [16] [17] [18] [19]. FATZRATHIHIAL Y
AR BB — MR IR B 5 DO R A SR B A R A T B i, (H S0 R BRI BB e A — e . 0 Tk
FRHE K EIR BT E, B WL A SPAE LR, i858 1 2 MR R4 &, i JeRenl A R0 77 [ 20] [21].
A F R P B R S — S b A SR B4 FH SR 1) 7K B3 AH D0 S5 B B BB 9T [20] [21], A — € BIPER, (BAK
RARE, A7 Eal TN A8 R AR N AR SR R B U, A IR K R BTA RS AL .

IR, ARFFRER, AR R SO R — A 7 B R 0 AR B RO AT, AR B R AT DA [ 2K )
S, WA LS RARET =Y SR, $& 5 AP RSO R e 1t [13] . BRIk, 5o Sk B A P AR TR 0 2 BT 1A
PR B 1) S IC FRAIE TR AT RT R B9 4 i IR 28 A B i P P — AN 7 16

B
TN A A R SRR X R R TR K A\ S B SR I 4R A B0
E&ME

FRHGCHE TR H (2013BAD03B03) AMi# b 44 B s S 46 % T A 422 (2012snj AB001) B B«
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