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ABSTRACT

This study aimed to isolate and characterize fungi from freshwater environments in South
Korea and evaluate their extracellular enzyme activities. Fungal strains were collected from
various freshwater sources and identified using phylogenetic analysis. The isolated fungi
included known aquatic hyphomycetes and previously unreported species. Extracellular
enzyme, including those of protease, amylase, lipase, cellulase, laccase, and chitinase,
activities were evaluated. Among the isolated strains, several showed high enzyme activity,
suggesting their potential role in organic matter decomposition in freshwater ecosystems.
This research expands our knowledge of the diversity and enzyme activities of the fungi in
freshwater environments, contributing to our understanding of their ecological roles.
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Table 1. Information of fungal strains from freshwater environments.

No. Strain No. Species Isolation source Locations (GPS) GenBank Acc. NO. (ITS)
1 NNIBRFG36 Colletotrichum godetiae Plantlitter Sohan-cheon, Hamaengbang-1i, Geundeok-myeon, KU751867
Samcheok-si, Gangwon-do
37°23'144"N, 129°11'53.1"E
2 NNIBRFG41 Aquanectria penicillioides Plantlitter Sohan-cheon, Hamaengbang-1i, Geundeok-myeon, MZ771259
Samcheok-si, Gangwon-do
37°23'144"N, 129°11'53.1"E
3 NNIBRFG65 Phomopsis liquidambari Plantlitter Sohan-cheon, Hamaengbang-ri, Geundeok-myeon, KU751869
Samcheok-si, Gangwon-do
37923'144"N, 129°11'53.1"E
4 NNIBRFG108 Didymella segeticola Plantlitter Sohan-cheon, Hamaengbang-1i, Geundeok-myeon, MZ771260
Samcheok-si, Gangwon-do
37923'144"N, 129°11'53.1"E
5 NNIBRFG164 Nothophma spiracae Plantlitter Bukcheon, Sangju-si, Naeseomyeon, Gyeongsangbul-do MW841132
(36°2426.7"N, 128°4'17.8"E)
6 NNIBRFG202 Discosia rubi Plantlitter Buk-cheon, Namjang-dong, Sangju-si, Gyeongsangbuk-do MZ771261
36°24348"N, 128°650.8"E
7 NNIBRFG203 Discosia rubi Plantlitter Buk-cheon, Namjang-dong, Sangju-si, Gyeongsangbuk-do MZ771262
36°24348"N, 128°650.8"E
8 NNIBRFG206 Microsphaeropsis arundinis Plantlitter Buk-cheon, Namjang-dong, Sangju-si, Gyeongsangbuk-do MZ771263
36°2434.8"N, 128°650.8"E
9 NNIBRFG207 Mucor moelleri Plantlitter Buk-cheon, Namjang-dong, Sangju-si, Gyeongsangbuk-do MZ771264
36°2434.8"N, 128°650.8"E
10 NNIBRFG210 Phacosphacria sp. Plantlitter Geum-cheon, Dacha-1i, Sanbuk-myeon, Mungyeong-si, MZ771265
Gyeongsangbuk-do
36°39'58.8"N, 128°15464"E
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Table 1. Information of fungal strains from freshwater environments (continued).

No.

Strain No.

Species

Isolation source

Locations (GPS)

GenBank Acc. NO. (ITS)

11

14

15

16

17

19

20

21

23

24

25

26

27

28

29

30

NNIBRFG243

NNIBRFG245

NNIBRFG247

NNIBRFG267

NNIBRFG334

NNIBRFG339

NNIBRFG396

NNIBRFG435

NNIBRFG450

NNIBRFG813

NNIBRFGS814

NNIBRFG843

NNIBRFG868

NNIBRFG1139

NNIBRFG1470

NNIBRFG1480

NNIBRFG1552

NNIBRFG1555

NNIBRFG2631

NNIBRFG2634

Paraphaeosphaeria michotii

Neosetophoma italica

Microdochium paspali

Volutella delonicis

Trichosporon porosum

Margaritispora aquatica

Monochaetia dimorphospora

Leptosphaerulina trifolii

Didymella segeticola

Lemonniera fraxinea

Tetracladium fraxineum

Monochaetia kansensis

Monochaetia kansensis

Didymella ellipsoidea

Penicillium scabrosum

Didymella aeria

Filosporella exilis

Filosporella fistucella

Microsphaeropsis arundinis

Plantlitter

Plantlitter

Plantlitter

Freshwater foam

Freshwater foam

Plantlitter

Plantlitter

Plantlitter

Plantlitter

Plantlitter

Plantlitter

Plantlitter

Plantlitter

Sediment

Sediment

Sediment

Sediment

Sediment

Sediment

Sediment

Geum-cheon, Dacha-1i Sanbuk-myeon Mungyeong-si,
Gyeongsangbuk-do
36°4623.3"N, 128°1843.7"E
Geum-cheon, Dacha-i, Sanbuk-myeon, Mungyeong-si,
Gyeongsangbuk-do
36°4623.3"N, 128°1843.7"E
Geum-cheon, Daeha-1i, Sanbuk-myeon, Mungyeong-si,
Gyeongsangbuk-do
36°4623.3"N, 128°1843.7"E
Jukgye-cheon, Cheonggu-ri, Sunheung-myeon, Yeongju-si,
Gyeongsangbuk-do
36°5537.7"N, 128°34'54.7"E
Jukgye-cheon, Cheonggu-1i, Sunheung-myeon, Yeongju-si,
Gyeongsangbuk-do
36°5537.7"N, 128°34'54.7"E
Jukgye-cheon, Cheonggur-1i, Sunheung-myeon, Yeongju-si,
Gyeongsangbuk-do
36°5537.7'N, 128°34'54.7"E
Nakdong-river, Togye-ti, Dosan-myeon, Andong-si,
Gyeongsangbuk-do
36°4321"N, 128°51'49.6"E
Naeseong-cheon, Daeeun-1i, Yonggung-myeon, Yecheon-gun,
Gyeonsangbuk-do
36°35'13"N, 128°1938.5"E
Naeseong-cheon, Daeeun-ri, Yonggung-myeon, Yecheon-gun,
Gyeonsangbuk-do
36°35'13"N, 128°1938.5"E
Geomryongso, Changjuk-dong, Taebaek-si,
Gangwon-do
37°142.3"N, 128°54'572"E
Geomryongso, Changjuk-dong, Tacback-si,
Gangwon-do
37°1423"N, 128°54'572"E
Geomryongso, Changjuk-dong, Tacbaek-si,
Gangwon-do
37°1423"N, 128°54'572"E
Sohan-cheon, Hamaengbang-ri, Geundeok-myeon, Samcheok-si,
Gangwon-do
37°23'6.5"N, 129°11279"E
Namsaengi-mot, Sinchon-ri, Jocheon-eup, Jeju-si, Jeju-do
33°31'57.7"N, 126°36’51.7"E
Mureung-cheon, Masan-ri, Guseong-myeon, Gimcheon,
Gyeongsangbuk-do
36°254.6"N, 127°5742.9"E
Mureung-cheon, Masan-1i, Guseong-myeon, Gimcheon-si,
Gyeongsangbuk-do
36°254.6"N, 127°5742.9"E
Namsaengi-mot, Sinchon-ri, Jocheon-eup, Jeju-si, Jeju-do
33931'57.7"N, 126°36'51.7"E
Namsaengi-mot, Sinchon-ri, Jocheon-eup, Jeju-si, Jeju-do
33931'57.7"N, 126°36'51.7"E
Hapcheon-ho, Heoyang-1i, Daebyeong-myeon, Hapcheon-gun,
Gyeonsangnam-do
35931'37.7'N, 128°18.3"E
Hapcheon-ho, Heoyang-1i Daebyeong-myeon Hapcheon-gun
Gyeonsangnam-do
35931'37.7'N, 128°18.3"E

KU751878

KU751879

MZT771266

MZ771267

KU892286

MZ771268

MZ771269

MZ771270

MZ771271

OP351699

ON922528

MZT771272

MZT771273

MZT771274

MT995062

MZ771275

MZ771276

MZ771277

MZ771278

MZ771279
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Table 1. Information of fungal strains from freshwater environments (continued).

No.

Strain No.

Species

Isolation source

Locations (GPS)

GenBank Acc. NO. (ITS)

31

32

33

34

35

36

37

38

39

NNIBRFG2714

NNIBRFG2943

NNIBRFG3280

NNIBRFG3775

NNIBRFG4092

NNIBRFG4126

NNIBRFG4173

NNIBRFG4211

NNIBRFG4454

NNIBRFG4843

Didymella acria

Stagonospora trichophoricola

Monochaetia kansensis

Sarocladium strictum

Phialemoniopsis pluriloculosa

Paramyrothecium viridisporum

Preussia typharum

Microdochium lycopodinum

Microdochium paspali

Sediment

Endophyte
Sediment

Sediment

Plantlitter

Sediment

Sediment

Sediment

Sediment

Sediment

Sicheon-cheon, Jungsan-ri, Sicheon-myeon,
Sancheong-gun, Gyeonsangnam-do
35°1730.6"N, 127°45209"E
‘Yongsu-jeosuji, Yongsu-ti, Hangyeong-myeon, Jeju-si, Jeju-do
33°192.7"N, 126°11'154"E
Ulsukdo, Hadan-dong, Saha-gu, Busan
35%'8.2"N, 128°56382"E
Yongchu-valley, Wanjang-1i, Gaeun-eup, Mungyeong-si,
Gyeongsangbuk-do
36°4031.8"N, 127°5738"E
Hyang-ho, Hangho-i, Jumunjin-eup, Gangreung:si, Ganworrdo
36°4031.8"N, 127°5738"E
Dal-cheon, Beopju temple, Sanae-ri, Sokrisan-myeon, Boeun-gun,
Chungcheongbuk-do
36°3227.3"N, 127°49'56.7"E
Jecheon-cheon, Okjeong-1i, Bongyang-eup, Jecheon-si,
Chungcheongbuk-do
37°1027.3"N, 127°49'56.7"E
Jecheon-cheon, Okjeong-1i, Bongyang-eup, Jecheon-si,
Chungcheongbuk-do
37°1027.3"N, 127°49’56.7"E
Danjangcheon Gorye-ti, Danjang-myeon, Milyang-si,
Gyeongsangnam-do
35929'15"N, 128°55'53"E
Gapyeong-cheon, Jeokmok-1i, Buk-myeon, Gapyeong-gun,
Gyeonggi-do
37°5752.7'N, 127°2624.6"'E

MZ771280

MZ771281

MW237690

MZ771282

MZ771283

MZ771284

MZT771285

MZ771286

MZ771287

MZ771289

ITS: intemal transcribed spacer.

ol

NS FEAAAEAE ol 29 AlA S & 4ol Wil 20°CollA] YU A v
35 ke 2 100 uLE WA B A of] £kl 2 S0k 15°Coll A B st S EYA R
£10°,10°, 10°0.& 3]A5}0] 200 uLE PDA B 2|0l =H3E & 15°Col|A] Bt o2 #2l5t3
o}, 22 F3Fol= 15% 2| Al 2ol B2 3 -80°Coll Ast3it.

ga|E 350l 57X

2] 755 54517| 25l PDACI B St HARAE =8sto] glass bead”t B7! beol] E L
FZASFAIZ] Z Nucleospinn® Plant I DNA extraction Kit (Macherey-Nagel, Diiren, German)S- A}-8-5
o] DNAE FZ513th 2% DNA+= internal transcribed spacer (ITS) rDNA -8 AF 2412 9|5
ITS1 (5-TCCGTAGGTGAACCTGCGG-3) 2 1TS4 (5-TCCTCCGCTTATTGATATGC-3)) Z2jo|
£ AHESHo] PCRE AAISIATH12]. DNA B714E A8 9 W3, Al54 A5 s MEGA 11
= AREITH13].

Proteinase 8/ 24

225 Fg0]9] proteinase 232 Z7517] 2I5H 1% malt extract agar (1% MEA; 1% malt extract,
15% agar)°ll 1% skim milkZ} 0.05% congo redS A 7}F5t0] Z A3t v of| Z3go] S HZ31ich
25°ColH 7-102 S0k TS} RIA] 3241 w7} Zeai wiskex) Bsleitt

M
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Amylase 8/ &4

E2|H F0]9] amylase B3-S =7517] 215l 1% malt extract agar (1% MEA; 1% malt extract,
15% agar)°l| 0.5% soluble starch™} 0.05% congo redS %7Foto] ZASH 2|0 FgolE 553
T} 25°Col|A] 7-102 & QF ¥HEsPH A F-2A Bl A| 7} oA k=] ¥t

Lipase 24 &4

H2|H F350]9 lipase /32 Z7517] Y2l 1% malt extract agar (1% MEA; 1% malt extract,
15% agar)°l 0.5% tween20 (Sigma, St. Louis, USA)Z} 0.05% congo redS 7F5t0] ZA|5H vl z|of] &
FolE AEoIATE 25°Coll A 7-109 B9+ S -2 2| 7F Fy oA Hoh=A] kel
Ak

Cellulase 24 &4

2% 50]9] cellulase /32 Z7d517] 130 1% malt extract agar (1% MEA; 1% malt extract,
15% agar)°ll 1% carboxymethyl cellulose (CMC)Z}+ 0.05% congo red S 3 7Foto] ZA|SH v x| o] =g
ol MBI 25°Col 7102 S WA A s} Eriap A ok BN
ok

Laccase &4 &M

Ee|H 370]9] laccase 232 =757 5K, 1% malt extract agar (1% MEA; 1% malt extract,
15% agar)°l] 0.02% guaiacol& 47F5to] ZASH vl 2]of] 3F5FATH 14]. 25°CoflA] 7-102 52k &
Ao A 2|7} F-2A 0 & Hoh=A] Tt

Chitinase &4 24 &

225 #50]9] chitinase /32 45171 Y, 1 L colloidal chitin 4.5 g, MgSO,-7H,0 03 g,
NH,SO, 3 g, KH,PO, 1 g, bromo creasol purple 0.15 g, tween80 0.2 mL agar 15 g= g0} ZA||$Hujz]of]
=G0l & HESATH15].25°ColA 7-10Y Bt oA 2] o] Bsh=%] & 3ict.

21}
3molo| 57

Aol AREH FFE2 2015-2018'F01 23] FpgHgoll A Y E AlzollM 227 S0
2 GAEIAZ0NA 270, FEA EolA 1571, Ee2 Bl G Rl A 271, AU
T 170 #5271 28] A= JATKTable 1). °5 &80le FE7dolA f718= Zdlloh= &l
AL g k= A 02 4 A Q= 428w F(aquatic hyphomycetes) 5 =UHol] 2 11 Aquanectria
penicillioides, Margaritispora aquatic, Filosporella exilis, F. fistucella, Lemonniera fraxinea, Tetracladium
fraxineum©] 3= 0] Q1 OH[16-19], FEgollA| EelE 2 0 2 B 31E Colletotrichum godetiae,
Discosia rubi, Monochaetia dimorphospora, Didymella segeticola, Did. ellipsoidea, Did. aeria, Nothophoma
spiraeae, Mucor moelleri, Paraphacosphaeria michotii, Penicillium scabrosum, Sarocladium kiliense &= 3
gt=lo] QUTH19-26]. ?HH, =Fufjol] oF2) B A1E|R] 912 Neostophoma italica, Microdochium paspali,
Micorosphaeropsis arundinis 5- TFg e 278 0] 50| Q1% At 72t #352] % H = Table 134 Fig. 1
off Hojz] 1L it
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NEeBozi

El-'l
=0

Proteinase &4

. o
Proteinase &S

AARE A 207 25 F 207 220N B0l ekt o] F

Microdochium, Monochaetia & S 137 @504 =2 @42 Bt} Penicillium scabrosum

NNIBRFG1470, Sarocladium kiliense NNIBRFG2180 v+

= protease S/ T 2 %I THTable 2).

KU846298 Paramyrothecium parvum CBS 257.35
KU846288 Paramyrothecium acadiense CBS 123.96
KU846308 Paramyrothecium viridisporum CBS 873.85
MT940585 Paramyrothecium viridisporum AUMC 14060
I Mz771285 Paramyrothecium viridisporum NNIBRFG4173
B MW175358 Paramyrothecium pituitipietianum CPC 38688
1 AJ301966 Volutella ciliata BBA 70047
19 | NR 171101 Volutella delonicis MFLU 19-1384
s | MZ771267 Volutella delonicis NNIBRFG267
82- NR 169676 Volutella thailandensis MFLUCC 16-0366
KU751867 Colletotrichum godetiae NNIBRFG36
100 ' KR180296 Colletotrichum godetiae PPO-44377
MZ771259 Aquanectria penicillioides NNIBRFG41
100 MHB857316 Aquanectria penicillioides CBS 257.54
| KU751869 Phomopsis liquidambari NNIBRFG65
0 100 FJ478124 Phomopsis liquidambari xsd08082
100 | MZ771284 Phialemoniopsis pluriloculosa NNIBRFG4126
MK164154 Phialemoniopsis pluriloculosa REB-019C
MT995062 Penicillium scabrosum NNIBRFG1470
62100 MK353139 Margaritispora aquatica DSM 105081
1 OP351699 Lemonniera fraxinea NNIBRFG813
Us MZ771268 Margaritispora aquatica NNIBRFG339
ON922528 Tetracladium fraxineum NNIBRFG814
KC834047 Filosporella fistucella CCMF-13098
99| MZ771277Filosporella fistucella NNIBRFG1555
a I"MZ771276 Filosporella exilis NNIBRFG1552
%! KC834046 Filosperella exilis CCMF-13097
100 MZ771266 Microdochium paspali NNIBRFG247
%9 Mz771289 Microdochium paspali NNIBRFG4843
% | NR 158810 Microdochium paspali CBS 138620
99 - KP858998 Microdochium trichocladiopsis CBS 623.77
KP859015 Microdochium fisheri CBS 242.90
MZ771287 Microdochium lycopodinum NNIBRFG4454
KP859005 Microdochium lycopodinum CBS 109398
KP859016 Microdochium lycopodinum CBS 125585
MZ771261 Discosia rubi NNIBRFG202
1 MZ771262 Discosia rubi NNIBRFG203
MT452904 Discosia rubi TTI 00863
MT816438 Monochaetia monochaeta C191
MH858742 Monochaetia monochaeta CBS 118.66
92| MZ771269 Monochaetia dimorphospora NNIBRFG396
5 LC 146750 Monochaetia dimorphospora NBRC 9980
MH554171 Monochaetia quercus CBS 144034
95| MZ771272 Monochaetia kansensis NNIBRFG843
MZ771273 Monochaetia kansensis NNIBRFG868
99 KC311518 Monochaetia sp. SC1107 02
MZ771282 Monochaetia kansensis NNIBRFG3775

100

93

66

47

94

93

100

(Continues)
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EF094556 Microsphaeropsis arundinis AMMRL 159.03
. | MZ771279 Microsphaeropsis arundinis NNIBRFG2634
MZ771278 Microsphaeropsis arundinis NNIBRFG2631
100 | Mz771263 Microsphaeropsis arundinis NNIBRFG206
79 KU751878 Paraphaeosphaeria michotii NNIBRFG243
100 ' MZ098686 Paraphaeosphaeria michotii ICMP 11777
MH388367 Volutella krabiensis MFLUCC 16-0268
r KF251255 Stagonospora duoseptata CBS 135093
' MG386067 Stagonospora lomandrae CBS:143447
56 MT446144 Stagonospora bicolor ZMXR39
' MZ771281 Stagonospora trichophoricola NNIBRFG2943
KY750315 Stagonospora trichophoricola PO68
MZ771286 Preussia typhanum NNIBRFG4211
100 ' MH860065 Preussia typharum CBS 199.71
54 MTO00426 Phaeosphaeria sp. LSU0694
99 57|- MK448275 Dothioraceae sp. NTOU:4901
100 | MZ771265 Phaeosphaeria sp. NNIBRFG210
91| ' MF588873 Phaeosphaeriaceae sp. SYPF 7948
KU751879 Neosetophoma italica NNIBRFG245
~-100 ' LC206635 Neosetophoma italica FC-3846
» MNO73605 Leptosphaerulina sisyrinchiicola CBS:121688
sa. MN973602 Leptosphaerulina obtusispora CBS:569.94
HQ328035 Leptosphaerulina trifolii HJ19
MZ771270 Leptosphaerulina trifolii NNIBRFG435
% | MW841132 Nothophoma spiraeae NNIBRFG164
%8| MZ771260 Didymella segeticola NNIBRFG108
889 MZ771275 Didymella aeria NNIBRFG1480
75! MZ771280 Didymella aeria NNIBRFG2714
KY742051 Didymella aeria CGMCC 3.18353
20/ MZ771271 Didymella segeticola NNIBRFG450
- KY742084 Cidymella segeticola LC8141
3 mz771274 Didymella ellipsoidea NNIBRFG1139
52' KY742060 Didymella ellipsoidea CGMCC 3.18350
100 | MZ771264 Mucor moelleri NNIBRFG207
| MH857827 Mucor moelleri CBS 406.58
100 KU892286 Trichosporon porosum NNIBRFG334
100 ' HF558656 Trichosporon porosum TSN-24

4|

0.10

Fig. 1. The phylogenetic tree of the 84 strains using the Neighbor-Joining method. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) are
shown next to the branches. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The rate variation among sites
was modeled with a gamma distribution (shape parameter=1). The differences in the composition bias
among sequences were considered in evolutionary comparisons. All ambiguous positions were removed
for each sequence pair (pairwise deletion option). There were a total of 634 positions in the final dataset.
Evolutionary analyses were conducted in MEGA11.

Amylase 24

Amylase E4& 7H #5407 F 157 .21, o] F Trichosporon porosum
NNIBRFG334, Filosporella exilis NNIBRFG1552 730l A &2 43 H3Ith T porosum
NNIBRFG334 w5+ protease, amylase, lipase, cellulase 404 =2 E/4d-2 B O™ laccase &
A ST B thTable 2).
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Lipase 4
Lipase 242 Hol= o5+ 1712 7] 370 =2 S5 B9t =2 S S Hol=+
F5-2 protease?} laccase Ol A &= &2 &S B RIth T S0l A = Monochaetia?} Microdochium <5

752 54 VA ERTHTble)

Table 2. Extraenzyme activity of fungal strains.

. . Enzyme activity"
ne. Strain No. Species Protease Amylase Lipase Cellulase Laccase Chitinase
1 NNIBRFG36  Colletotrichum godetiae - - - - + R
2 NNIBRFG41  Aquanectria penicillioides + + - - - -
3 NNIBRFG65  Phomopsis liquidambari - - - - ++ -
4 NNIBRFG108  Didymella segeticola +H+ - - - + +
5 NNIBRFG164  Nothophma spiraeae - - - - - ++
6 NNIBRFG202  Discosia rubi - - + _ T+ _
7 NNIBRFG203  Discosia rubi ++ ++ -+ + + -
8 NNIBRFG206  Microsphaeropsis arundinis ++ ++ ++ + + -
9 NNIBRFG207  Mucor moelleri - ++ =+ + ++ R
10 NNIBRFG210  Phaeosphaeria sp. +H+ - - - + -
11 NNIBRFG243  Paraphaeosphaeria michotii - - - - ++ -
12 NNIBRFG245  Neosetophoma italica ++ + - ++ + -
13 NNIBRFG247  Microdochium paspali ++ - ++ - + +
14 NNIBRFG267  Volutella delonicis ++ - - - ++ _
15 NNIBRFG334  Trichosporon porosum -+ ++ -+ et + -
16 NNIBRFG339  Margaritispora aquatica - ++ - - + ++
17 NNIBRFG396  Monochaetia dimorphospora +H + ++ - -+ +H+
18 NNIBRFG435  Leptosphaerulina trifolii - - - - + ++
19 NNIBRFG450  Didymella segeticola - - - - ++ _
20 NNIBRFGS813  Lemonniera fraxinea - - +- - + -
21 NNIBRFGS814  Tetracladium fraxineum + + + - + -
22 NNIBRFG843  Monochaetia kansensis + ++ A+ - + -
23 NNIBRFG868  Monochaetia kansensis + - A+ - +H+ -
24 NNIBRFG1139  Didymella ellipsoidea - - - -t -
25 NNIBRFG1470  Penicillium scabrosum + - - - - -
26 NNIBRFG1480  Didymella acria - ++ - - ++ -
27 NNIBRFG1552  Filosporella exilis - ++ +- - ++ -
28 NNIBRFG1555  Filosporella fistucella ++ - - - ++ -
29 NNIBRFG2631  Microsphaeropsis arundinis - - - - + -
30 NNIBRFG2634  Microsphaeropsis arundinis - - - - + ++
31 NNIBRFG2714  Didymella acria ++ - + -
32 NNIBRFG2943  Stagonospora trichophoricola - + - - -+ -
33 NNIBRFG3280  Sarocladium kiliense ++ - - - - -
34 NNIBRFG3775  Monochacetia kansensis ++ - + - H+ +
35 NNIBRFG4092  Sarocladium strictum - - - - +H+ -
36 NNIBRFG4126  Phialemoniopsis pluriloculosa ++ - - - -+ -
37 NNIBRFG4173  Paramyrothecium viridisporum - - - - -+ -
38 NNIBRFG4211  Preussia typharum - - - - —+ -
39 NNIBRFG4454  Microdochium lycopodinum ++ - +++ - + -
40 NNIBRFG4843  Microdochium paspali ++ +F - - + -
a-:no activity; +-: O<clear zone<1; +: 1<clear zone<4; ++: 4<clear zone<6; +++: 6< clear zone.
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Cellulase 243

Cellulase 232 Discosia rubi NNIBRFG203, Paraconiothyrium sp. NNIBRFG206, Mucor moelleri
NNIBRFG207, Neosetophoma italica NNIBRFG245, Trichosporon porosum NNIBRFG334 57} w-5=0]|
A eSO, 71 5 NNIBRFG334 75201 A =2 ZA4J-S H 3 TH(Table 2).

Laccase 24

Laccase 242 A4S A1}, 407) 45 5 3771 Tl A B/ LEbTE 0] F Auanectria
penicilloides NNIBRFG41, Monochaetia dimorphospora NNIBRFG396, M. kansensis NNIBRFG868,
Monochaetia sp. NNIBRFG3775, Stagonospora trichophoricola NNIBRFG2943, Sarocladium strictum
NNIBRFG4092, Phialemoniopsis pluriloculosa NNIBRFG4126, Paramyrothecium viridisporum
NNIBRFG41732] 87} i+l A =2 2/dS B THTable 2).

Chitinase 43

Chitinase &43S A SH A1}, 407 w5 = Didymella segeticola NNIBRFG108, Nothophoma
spiracae NNIBRFG164, Microdochium paspali NNIBRFG247, Margaritispora aquatica NNIBRFG339,
Monochaetia dimorphospora NNIBRFG396, Mocnochaetia sp. NNIBRFG3775, Leptosphaerulina
trifolii NNIBRFG4335, Microsphaeropsis arundinis NNIBRFG26342] 871 #-520l|A] &S HYlom,
NNIBRFG396 2] 20| 71 =3 Tth(Table 2).

HrgtgollA 22 g0l 5 48w F(aquatic hyphomycetes) 2 &7 Fgo| 52 thi
U A2Ql0lA] A A5 ChoRst Ao RelEAS Aste] 27 52 ol 9]
HEbIS, APV 220 S Reiol 9 el Sk nve)
g1 o2 435} 9lo] olol HASHE BRolE B, AEZ 0 A 5 BeE 4 Bh
& 7HITHI1). 2 Aol = Tggoll A E2)E w5 4071 F 3771014 laccase B/ 2O
gRolstet. @4ggol| AAlshk= J38ol &2 lignocellulytic T 4(laccase, cellulase 5)5
Adstel AEA 77152 Eallsto] AEiA ool = }‘— g2 etk
Colletotrichum, Phomopsis, Didymella < 52 THFSH 7|54 &0f| 7|14 == BAdsto] ¥
7= YT B AEWAT o R E AdHA T} o] ¥ Ol + amylase, pectinase =+= laccase
5= A4/d5to] Al 2o ol Al AR AAAIZ| ALY At Al E F S&Wﬂh% Algol JE7HE
o &= A Bttt o2t A& Fgol7t &gl 43510 AlE 7| = Eolioh=t 249

O

m]o

=gol7H 84 0]*— laccase ZELO &i]—iﬁ:% o] g3t H|ATlEAS

o] Hilxo]f 9] OD:] ChRt Mol sl aa 2442 o &3t E2kA Eafof it
3] OIEOVIL ATH25,26].

oA Aol AR S B E2 22 BAE AU sUlol & diR|A] k2 n)7| 552

2 ;% A7} 01—1—017‘]2] e ’é‘%ol"—k M)l a4 tet HH = thefdt 2ok
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ollA 2 Fgol 5] HlzelEs]

7] g_x}gg/q g 7SSt R 2 AE 5ol R T
SO Aol g2 £ 4 US AR 7]didH:

ol o 7| AR B
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=g

& A= T F0lA 227k Fgole] 5492 Loty] flsl a4 BAd2 HIsiH: 40

7He] FgolE2 vt B Al B2 EYH oM, AlsEAS Sl A6 AFol
A& TS F 2ol Fuioll EAE A, ob2] EalE]R] e SO 2 A ofof theh £/ %

7} AQ] g x| A] Aot} & A Stof|A = 4071 75 thA O 2 protease, amylase, lipase, cellulase,
laccase, chitinase?] g A0f] tialjA] A4S HA O}dq E-EO] FZ7} laccase B S HY O,
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