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ABSTRACT

Bio-aerosols transported by the air have been considered as the major source of dispersal
agents that contaminate agricultural products. Unseen fungal spores are known sources of
bio-aerosols that harm mushroom and human health during mushroom cultivation. This
study was conducted to obtain basic data on the concentration and species distribution
of fungi present in the indoor air of oak mushroom cultivation houses in Korea. In 2015

O.) and 2016, we sampled and analyzed indoor airborne fungal spores 21 times from 13 oak
mushroom cultivation farms located in six different provinces. The concentration of airborne
Chegh for fungi ranged from 1.30 X 10” to 1.59 X 10* cfu/m>. Surprisingly, in 20 sampling cases,
the fungal concentration exceeded 500 cfu/m’, which is recommended as the indoor air
ﬂ OPEN ACCESS quality standard by the Ministry of Environment, Korea. A total of 450 fungi were isolated
. and identified to belong to 33 genera and 46 species. Among the identified fungi, human
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) present. In addition, Trichoderma harzianum, Trichoderma atroviride, and Trichoderma
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& 21 AEiAtel A AW F7] T R3S ARSI o] T A (awdust media) & 0|85
o] E05 Afishe AHARE 10 3 0] 2m 11 312 D5 (log bed)E- ©]-85H= AHIAI T Table 1).

M= ME S S0 22| 3%

A7) 5 A 55 743 AL FATEFR IS0 16000-180] 7|9kt Z77]7] Andersen
sampler (Single Stage Ambient Viable Sampler, Model 10-880; Tisch Environmental, Cleves, OH, USA) =
Agste] FEH O 2 283 L/min R0 2 1 21 A 55 AR sHITHI2]. AHiAF U 3 712 2]3&
Adeieba e Z-ollA AR 1.3 m E0]E 90| $4717]8 Ax|ote] Haxld-2 3 34
HH2.0 2 JJ 351 ch ARG B R| = malt extract agar (MEA, Difco, Detroit, MI, USA)o]| At S-4]S-
3A|5}7] 9J3H streptomycin (100 pg/mlL), ampicillin (100 pg/mL), kanamycin (50 pg/mlL) 5~ 3d7}5}o]
A8t AU F710lA K& (T HiA] = 25°C 87 ]ollA] 5 L7t vliFablar Afehd 71
Tt colony =5 Al4=510] 37| 5 F-R2H w5 ALtetlT v A|of] Azhd Z14-2] colony2] &
of} A = sk 0 2 ThE A e = 717 colony 2 potato dextrose agar (PDA; Difeo, Detroit, MI,
USA) vfjz]o]] o422 5Tt

seRd A4 JHE HEES Yolire B0 (Axioskop40; Carl Zeiss,
Oberkochen, Germany) O & Z 29} FAMS 351911 I Q of whe} lactophenol blueS A
sto] G S ekl FEiA TS oAt 24 5ol BR3 HFE AolA=
PDA HiZ]ol|A] 5~10 & 2t vigFete] viz]of ztehd FAFS &Sl drilling WHH O
genomic DNAS FZ5ITH13]. Xt 540l AFHEH %42 F-9]+= internal transcribed

Table 1. Temperature, humidity, fungal concentration in the indoor air of greenhouses for oak mushroom cultivation

investigated in 2015 and 2016
Year  Culture type Location Temperature (°C) [18] Humidity (%) [18] Fungal conc.” (cfu/m’)
2015 Sawdustmedia Buyeo 20.8+£0.3 774+02 1.59 x 10*
Cheongyang 228+1.0 849+ 1.0 124 x 10*
Jangheung 166+13 82.0+0.5 9.00 x 10°
Yeoju 263+1.1 283+0.5 270 % 10°
Yeoju Forest Mushroom Research Center 283+03 395+13 3.60 x 10°
Log-bed Geochang 199+08 515+1.6 731%10°
Gumi 17.7+£09 556+12 2.75x10°
Tksan 20.1£038 519+0.8 1.55x 10
Jangheung 162+028 784+13 1.01 x 10*
Yeoju Forest Mushroom Research Center 282+04 39.7+£1.6 643 x 10’
2016 Sawdustmedia Cheongyang 25.1+0.7 53.6+09 130 % 10°
Gunsan 285+18 659+1.7 3.14 % 10°
Jangheung 234+1.1 76.6+19 144 x10*
Yeoju 268+0.5 85.6+5.7 9.62 % 10°
Yeoju Forest Mushroom Research Center 265+0.7 603+7.7 536 x 10°
Log-bed Geoje 250+ 1.1 46.8+4.0 6.18 x 10°
Gumi 30.8+03 282+18 9.89 x 10°
Tksan 302+0.7 57.8+2.6 9.82 x 10°
Jangheung 258+0.6 473+51 191 x 10°
Seocheon 294+02 604+2.7 1.50 % 10°
Yeoju Forest Mushroom Research Center 280+02 454+24 5.54x 107

a .
conc., concentration
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spacer (ITS) region, large subunit rDNA (28S rDNA), calmodulin, B-tubulin, translation
elongation 1- o (tef-la) AR Xt 257 LEol weh 242 Xdt-& 54T - A= 79
£ Meisto] ARSI ITS region ITS1 primer (5-TCCGTAGGTGAACCTGCG-3")2}
ITS4 primer (5-TCCTCCGCTTATTGATATGC-3) [14], 28S rDNAX LROR primer
(5-ACCCGCTGAACTTAAGC-3")2} LRS primer (5-TCCTGAGGGAAACTTCG-3) [15],
calmodulin A A= CL1 primer (5-GARTWCAAGGAGGCCTTCTC-3")3} CL2A
(5-TTTTTGCATCATGAGTTGGA-3’) [16], B-tubulin-3-% A=BT12 primer (5-GTTGTCAATG
CAGAAGGTCTC-3")?} T10 primer (5-ACGATAGGTTCACCTCCAGAC-3’) [13], tef-la &
A= TEF728 primer (5-CATCGAGAAGTTCGAGAAGG-3")9} TEF1 primer
(5’-GCCATCCTTGGAGATACCAGC-3’) [17]& AF&3}o] PCRE 43351t 2Z 5 PCR
AFE-2 Macrogen (Seoul, Korea)ol| 92|50} A7|AM D& BTt EAE G714 L2
E25 42 9|84 = u]=- National Center for Biotechnology Information (http://www.ncbi.
nlm.nih.gov)2] AFo]EojA] BLAST 21348 AR85t0] DNA H|o]Ej#o] Ao 5E 5|0
A= AF52] DNA 2 45735 Bl sttt 24 DNA 47|49 GenBankol| 555
Hom SE2H G Table 20 A|AI5H T

Table 2. List of the fungal species isolated and identified from the indoor air of oak mushroom cultivation houses in 2015 and 2016

No. Species name Strain no.” D?\In:lyze.d Characteristics Location’ GenBank
region accession no.
1 Alternaria alternata DUCC4124 B-tubulin ~ Human pathogen (upper respiratory tract AFE G H,L, MH844689
infections and asthma) [19] Q,S, T,U
Plant pathogen [23,24]
2 Arthrinium arundinis DUCC 4132 28SrRNA  Plant pathogen (brown culm streak of P MHS819180
Phyllostachys praecox) [25]
3 Arthrinium saccharicola DUCC 4133 28SrRNA M MHS819181
4 Aspergillus fumigatus DUCC 4125 B-tubulin ~ Human pathogen (aspergillosis) [20] M MHS844690
5  Bjerkandera adusta DUCC4115 ITS ‘White-rot fungi [40] B MHS815138
6  Botrytis cinerea DUCC4101 ITS Plant pathogen (cause grey mold disease) [26] M,R MHS809367
7  Byssochlamys spectabilis DUCC 4134 28SrRNA K MH819182
8  Cenangium sp. DUCC 4135 28StRNA  Plant pathogen [44] Q -
9  Ceriporia lacerata DUCC4116 ITS White-rot fungi [41] K,N,0,Q, MHS815139
S, T
10 Cladosporium cladosporioides DUCC 4143 tef-1a Plant pathogen (grapes) [27] K,L,N,O,P, _
Human pathogen (phaeohyphomycosis) [45] Q,R,S,T,U
11  Colletotrichum gloeosporidides DUCC 4102 ITS F MHS809368
12 Colletotrichum liriopes DUCC4103 ITS Plant pathogen (anthracnose) [46] 1 MHS809369
13 Coprinellus xanthothrix DUCC 4117 ITS Inkcap mushroom [47] F MH815140
14  Epicoccum nigrum DUCC4104 1TS F MH809370
15  Fusarium fiyjikuroi DUCC4126 B-tubulin  Plant pathogen (rice) [48] PR, S,T MH844691
16 Fusarium incamatum DUCC 4105 ITS, tef-1oc  Plant pathogen (bell peppers) [49] S MHS809371, -
17 Fusarium proliferatum DUCC 4127 B-tubulin  Plant pathogen (garlic and onion) [28,29] H MHS844692
18 Hericium alpestre DUCC4118 ITS PQ,U MHS815141
19 Hypholoma fasciculare DUCC 4119 ITS White-rot fungi [42] 0,Q MHS815142
20 Lecanicillium psalliotae DUCC 4106 ITS Entomopathogenic fungus [38], H MHS09372

Nematophagous fungus [39]
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Table 2. Continued

No. Species name Strain no." D‘;nzlym Characteristics Locationb GenBank
region accession no.

21 Letendraea helminthicola DUCC 4136 28S rRNA R MH819184
22 Metarhizium sp. DUCC 4128 B-tubulin S -
23 Mucor nidicola DUCC4121 ITS E MHR15144
24  Mucor racemosus DUCC4122 ITS Human pathogen (mucormycosis) [21] M MHS815145
25 Moycosphacrella tassiana DUCC 4129 f-tubulin Q,R,S MH844694
26 Myrmecridium schulzeri DUCC 4137 28S rRNA O MHS819185
27 Moyrothecium gramineum DUCC4107 ITS J MH809373
28 Neopestalotiopsis sp. DUCC 4130 B-tubulin T MH&44695
29 Nigrospora oryzae DUCC 4138 28SrRNA  Plant pathogen (leaf spot — cotton) [30] H MH819186
30 Paraconiothyrium brasiliense ~ DUCC 4108 ITS Endophytic fungi (chinese maple leaf) [S0] J MHS809374
31 Penicillium brevicompactum — DUCC4109 ITS Cause blue mold disease (mushroom) [34] A,C,D,E I, MH809375

L N,O,PQ,

R,S, T, U
32 Penicillium glabrum DUCC4139 Calmodulin Plant pathogen (fruit rot of pomegranate) [31] P MHS844697
33 Penicillium multicolor DUCC4140 Calmodulin K MHS844698
34  Penicillium ochrochloron DUCC4131 B-tubulin R MH844696
35  Penicillium qii DUCC4141 Calmodulin M,R MH844699
3¢ Penicillium raistrickii DUCC4142 Calmodulin O MH844700
37 Periconia byssoides DUCC4110 ITS F MH809376
38 Periconia sp. DUCCA4111 ITS PQ,S -
39 Phomopsis vaccinii DUCC4112 ITS Plant pathogen (blueberry twig blight) [32] L MH809378
40 Pseudocercosporella fraxini DUCC4113 ITS A,B MHS09379
41 Rhizopus microspores DUCC4123 ITS Human pathogen (intestinal infection) [22] K MHS815146
42 Sarocladium strictum DUCC4114 ITS Plant pathogen (strawberry) [33] Q,S MHS09380
43  Trametes versicolor DUCC4120 ITS ‘White-rot fungi [43] HPQ,S MH815143
44  Trichoderma atroviride DUCCA4145 tef-la Cause green mold disease (mushroom) [35-37] A,L, O, P, Q, -
S, T

45  Trichoderma harzianum DUCCA4146 tef-la Cause green mold disease (mushroom) [35-37] A,I}S, C,D, -

E,G,H,LN,

PQR,S,T
46 Trichoderma longibrachiatum DUCC4147 tef-1a Cause green mold disease (mushroom) [35] A,CJ -

ITS, internal transcribed spacer.

no=number, Sampling site information (cultivation type, location of mushroom cultivation house, sampled year): A (sawdust media, Buyeo,
2015), B (sawdust media, Cheongyang, 2015), C (sawdust media, Jangheung, 2015), D (sawdust media, Yeoju, 2015), E (sawdust media,
Yeoju Forest Mushroom Research Center, 2015), F (log-bed, Geochang, 2015), G (log-bed, Gumi, 2015), H (log-bed, Iksan, 2015), I (log-
bed, Jangheung, 2015), J (log-bed, Yeoju Forest Mushroom Research Center, 2015), K (sawdust media, Cheongyang, 2016), L (sawdust
media, Gunsan, 2016), M (sawdust media, Jangheung, 2016), N (sawdust media, Yeoju, 2016), O (sawdust media, Yeoju Forest Mushroom
Research Center, 2016), P (log-bed, Geoje, 2016), Q (log-bed, Gumi, 2016), R (log-bed, Iksan, 2016), S (log-bed, Jangheung, 2016), T (log-bed,
Seocheon, 2016), U (log-bed, Yeoju Forest Mushroom Research Center, 2016).
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Fig. 1. Photos of the colonies of isolated fungi. A, Alternaria alternata; B, Arthrinium arundinis; C,
Arthrinium sacharicola; D, Aspergillus fumigatus; E, Bjerkandera adusta; F, Botrytis cinerea; G,
Byssochlamys spectabilis; H, Cenangium sp.; 1, Ceriporia lacerata; J, Cladosporium cladosporioides; K,
Colletotrichum gloeosporioides; L, Colletotrichum liriopes; M, Coprinellus xanthothrix; N, Epicoccum
nigrum; O, Fusarium fujikuroi; P, Fusarium incamatum; Q, Fusarium proliferatum; R, Hericium alpestre;
S, Hypholoma fasciculare; T, Lecanicillium psalliotae; U, Letendraca helminthicola; V, Metarhizium sp.;
W, Mucor nidicola; X, Mucor racemosus; Y, Mycosphaerella tassiana; Z, Myrmecridium schulzeri; AA,
Myrothecium gramineum; AB, Neopestalotiopsis sp.; AC, Nigrospora oryzae; AD, Paraconiothyrium
brasiliense; AE, Penicillium brevicompactum; AF, Penicillium glabrum; AG, Penicillium multicolor;
AH, Penicillium ochrochloron; Al, Penicillium qii; AJ, Penicillium raistrickii; AK, Periconia byssoides;
AL, Periconia sp.; AM, Phomopsis vaccinia; AN, Pseudocercosporella fraxini; AO, Rhizopus
microspores; AP, Sarocladium strictum; AQ, Trametes versicolor; AR, Trichoderma atroviride; AS,
Trichoderma harzianum; AT, Trichoderma longibrachiatum.
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