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Identification of malodorous substances emitted by bacteria isolated from the kendo protective
gear warehouse and their effects on fungal growth
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Bacteria-emitting malodors were detected in the kendo protective gear warehouse. In this study, structures of the
malodors were analyzed by using headspace Gas chromatography-mass spectrometry (GC-MS). The results showed
that various species of the bacteria commonly and mainly produced organosulfur compounds such as methanethiol,
dimethyl disulfide (DMDS), and dimethy trisulfide (DMTS) as volatile organic compounds (VOCs). When the VOCs
were collected at 37°C in GC-MS, DMDS was the major substance, whereas when they were collected at 80°C, DMTS
was the major one, suggesting that temperature-induced structural changes from DMDS to DMTS occurred. To clarify
the function of these organosulfur compounds, the bacteria were respectively incubated with two kinds of fungi. The
VOCs significantly inhibited growth of Aspergillus parasiticus 95DM as well as Penicillium citrinum MI190. The
organosulfur compounds also inhibited the same fungal growth. These results indicated that these bacteria inhibit fungal

growth by producing these organosulfur compounds such as DMDS and DMTS in nature.
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WFFETIE, 2V OEMN E D L 5 e iR MEA#LEY)  (Volatile Organic Compounds, VOCs) Z /L TV %
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2. REBMMLERREE

2.1 WEOER

fER L7 R OOV Table 1 IR L7z, 20 9 6, KE S W IZREER R E Dt SN - b0
ThHDH. FMEE, ZNZEN%E 9em HEY L — MIASTFEBEIEREM (0.5% = AL BEA T R, 025%
BERET 2, 0.1%7 R UBE, 1.5%%K, pH7.0~7.2) |2, JTUGH T iR m a4 L C, 37°CT2~4 A

B Uiz, DOOEERIZIE, GY ZEREM Q%7 /L a—R, 0.5%FER=F A, 2%FER) T, 28°C T
L7z,
Table 1 The list of the bacterial and fungal strains used in this study
Strain Origin/features References
1 Bacillus cereus K69 bacteria isolated from protective gear and body armor
2 Staphylococcus aureus K6 bacteria isolated from protective gear and body armor
3 Micrococcus luteus K85 bacteria isolated from protective gear and body armor
4 Priestia megaterium K110 bacteria isolated from protective gear and body armor
5 Micrococcus luteus K118 bacteria isolated from protective gear and body armor
6 Roseomonas mucosa K121 bacteria isolated from protective gear and body armor
7 Actinomycetia bacterium K122 bacteria isolated from protective gear and body armor
8 Corynebacterium gintianiae K126 bacteria isolated from protective gear and body armor
9 Mixta calida K130 bacteria isolated from protective gear and body armor
10 | Bacillus cereus K12 bacteria isolated from protective gear and body armor
11 | Bacillus subtilis K71 bacteria isolated from protective gear and body armor
12 | Micrococcus luteus K73 bacteria isolated from protective gear and body armor
13 | Priestia megaterium K23 bacteria isolated from protective gear and body armor
14 | Roseomonus K106 bacteria isolated from protective gear and body armor
15 | Brachybacterium faecium K140 bacteria isolated from protective gear and body armor
16 | Bacillus subtilis var. natto Bacteria from Natto (Japanese fermentation food)
17 | Escherichia coli GS780 NBRC JCM collection No. 3972
18 | Pseudomonas aeruginosa GS781 NBRC JCM collection No. 12689
19 | Bacillus cereus GS782 NBRC JCM collection No. 16305
20 | Staphylococcus aureus GS783 NBRC JCM collection No. 100910
21 | Escherichia coli GS784 NBRC JCM collection No. 102203
22 | Moraxella osloensis GS785 NBRC JCM collection No. 111460 (1)
23 | Moraxella osloensis GS786 NBRC JCM caollection No. 113844 (1)
24 | Moraxella osloensis GS787 NBRC JCM collection No. 113899 (1)
25 | Aspergilus parasiticus 95DM Aspergillus parasiticgs NRRL2999 mutant Iacki?g aﬂato>.(ir.1 pro.dtjctivity @
as well as accumulating aflatoxin red precursor “norsolorinic acid
26 | Penicillium citrinum MI190 Soil isolate 3)
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2.2 GC-MS I

GC-MS #IE 2%, IMS-Q1500GC (JEOL Y 7 b @ = 7 msPrimo, msPrimoEditor, msPrimoConnector,
msPrimoBackuper, LogViewer)% =, 73474 7 AL Zebron ZB-XLB (30 mx0.25mm, 0.25um), # 7 AJEEIX
40°C(3 min)-5°C/min -160°C(0 min)-30°C/min-280°C(3 min)-40°C/min-300°C(5.5 min) , JFE AR 250°C, 1 &
—7 = —RREEIE 250°C, A AT 250°C, FEAEEATY v L A(Imin) T 1ml A, F¥ U7 —H 2T
AU DL, BWEE— NI N v 7T, fiHEEL 3 B, 77wy ZIRE 80°CE 72X 37°C, NI VAT 7 —
200°C, THfE L7z,

HENAET L7 ZEREE O 1 em W%, TUWGHUIE 2y N CTEREMZ LD HL, GC-MS O~ R
A= AN TIVDENZEN T2, NA TN E T —V LT, ~y RAR=X|ZEy M LT, ~y RAN—Z/ 1
T VN DT ZAOERIIRE L 37°C T, #EEITI LT 80°C L 28°CTIT o 7=,

2.3 WEIrEETIERENMEOHIVERT~OZE

RITERS B2 & B U 72 03 AEET 5 VOCs OO #E % Dual plate assay® & IV Tal~<7z. O
L C Aspergillus parasiticus 95DM K O Penicillium citrinum MI190 %\ 2. A. parasiticus 9SDM #£IZ, 77 F K
X v (AF)EFERE A. parasiticus NRRL2999 D UV HINZEFML TH VD, AF AFENEITBEE I L T2 Dickt L
T, WAPITHRE AF PR vy u ) UiREER L, REOan=—2Bd 5. P. cirinum MI190 ki3t
HE OB L 72 BP AR T, Y hY =2 (CTN) 24T 5. ABIETIE, AR Z 2 Z VR EFE R A
FCEERE L C 37°CT 2 HFESE L2k, BEENTT L— hOFELX T L. B, »ORT% 4 S L
GY ZEREEMZ R L C, 7L — hOEZITT LIS, MEOT L — hEERADET, 20T L— e =
—NAT =7 Ty LT, TEL2HERDOT L— M, 28°CTHHER, 7'L— FOEMIND, 2 EONP=m
=—OEBEORE, KO9SDM KROMREDRRE (/v v U IOER) 28l L.

2.4 BRREREDESRICL SN VEET~DOEE

iR R E T H A X o FA—F R 7 A (K 15%KEHR)  (methanethiol, MeSH, HU{bAk),
ATV AT 4 R (dimethyl disulphide, DMDS, B bak) , 7212 A T4 b U A7 ¢ K (dimethyl trisulphide,
DMTS, HnUfbik) 2 AF LT, EBRIZHL L7z, A parasiticus 95SDM ¥k & 7213 P. citrinum MI190 £EDd 1%, %
NEIN GY FERIEHIC 3 S L7k, L— h 2SIl T, HOWNANCKARIEEL—TEEM F Lz, 7L—h
DEFEHZ LIth, == AT —TEFINT T4V LTV L T2 CTHE L. BE#%3 HEIL, »tan=
—DHERERE L.

3. REEHR
3.1 GC-MS AIEIC X S RLVMEADEE

RINEPS B A& BB L7 M# (Table 1)%, FEWEFEREAMIT 37°C, 2 ARE#E%, an=—0—% (1 Az
fE) ZEREMEGIVHL, ~y RAR=2AA T/ LT (Fig. la) . A 7L EERICE Y b L,
37°C DO H AREEAET, GC-MS M %47 >7=. B. cereus K69 %z /ohr L7=fER, 7 n~ v27'Z 4 F, 5.10min |2 A
A= nktsh, £72, 611 min 2 E— 27 2 E4, MS HTic LD Wiiud DMDS Th o Z & 035
iz (Fig. 1bd) . S 5HIZ, 1146 min [ZE— 27 2MEH &4, DMTS Th b Z & Dfifst 47z, P. megaterium
K110 %5347 L7 55A121E, 3.23 min |2 MeSH O B — 727 23R S 41, 5.39 min & T 6.18 min OFTZ DMDS @ & —
M, LT, 12.04 min (21X DMTS O B —7 B S vz, Z 0 2 FOMIE % 37°CTHEE L7 2ERES I 61X
FRWAREN L2206, RIEEREOERIL, ZhoOHFEMEILEWNERL TS EHEEShT-.
BB &2, DMDSIZGC 7 u~ b7 T4k, #IZ250E—7 24 U7 (Fig. 1b-d) . DMDS 43 FI3 5%
REEERVD, GC HT Ll vARLE NT 2B 2 BHOMEEZ LY, TRONRERLE—7 L L THH
S5 ATREMESHERE STz,
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Fig. 1 GC-MS analysis of bacterial colonies. a. Bacterial colonies incubated at 37°C were cut into approximately 1 cm
squares along with agar medium and placed in headspace vials for GC-MS analysis. b. Gas chromatograms of VOCs of B.
cereus K6 when the VOCs were collected at 37°C. c. Gas chromatograms of VOCs of P. megaterium K110 when the VOCs
were collected at 37°C. d. MS spectra of the organosulfur compounds. e. Gas chromatograms of VOCs of B. cereus K6 when
the VOCs were collected at 80°C. MeSH, methanethiol; DMDS, dimethyl disulfide; DMTS, dimethyl trisulfide

M Z &2, GC 7 r~ b7 A EOXREEIIULEY O B — 2 [Hffi% Table 2 [T F &7z, 1T & AL DM
FEVOCs & L TCRIRO A E(L AW AEPE LT=. P. aeruginosa GS 781 TlX, & 5HIZ, 3.10min DY A FILA
N7 4 R (DMS) ARSIz, E coli TIE IO OAKMBEILEMIZ< D AT, EEROFRNTHL A F—
AR STz, F72, Moraxella osloensis GS 787 {22\ T, DMDS M IDMTS OAENHERSZ. Uk

OFERND, RLER R AEN G HEESNZMEOZ R, ROWEE L TEMIREILAMEAFEL TND 2 ERN
HENE7roTz.
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Table 2 VOCs produced by bacteria isolated from armor warehouses (relative values)®

Epr. Bacteria DMS MeSH | DMDS-1* | DMDS-2° | DMTS

o.
1 B. cereus K69 4.0E+07 1.6E+06
2 S. aureus K6 7.0E+06 1.0E+05
3 M. luteus K85 5.2E+07 1.3E+08 7.5E+07 1.6E+06
4 P. megaterium K110 6.6E+07 2.7E+07 5.2E+05
5 E. coli GS780 9.0E+06 4.4E+06

6 P. aeruginosa GS781 3.1E+08 6.2E+07 1.7E+07

7 B. cereus GS782 3.2E+07 4.3E+06 3.4E+05
8 S. aureus GS 83 1.8E+07 1.7E+06

9 E. coli GS GS784 9.3E+06 3.8E+06

10 M. osloensis GS785 7.5E+05 8.1E+05

11 M. osloensis GS786 7.6E+06 1.8E+05

12 M. osloensis GS787 1.9E+07 2.6E+06 2.9E+05

2 Collected at 37°C. Relative measurements are noted,
b The two separate DMDS peaks are described as DMDS-1 and DMDS-2 in elution order,
DMS, dimethyl sulfide; MeSH, methanethiol; DMDS, dimethyl disulfide; DMTS, dimethyl trisulfide

GC-MS Tz 1T DM E OBREUZIE, £ < O%E, 80°CLLEDRMENHE SIS, Lo, 80°CTH
W L7 PERICIEWT, 2R —r7 B3 itEin, BEREOR VKRS EZFFET S 2 L ITRE L bz, £
72, BFEABOEEITESTH 37°CLLEIZ2 D Z L1HIFE A E72L, 3T CRETHLHEERRREANKE 5D Z
EnD, HRFE O VOCs NEROFIK & 72> TS Z ENHEE SN, £ 2T, ABFZETIE 37°CORESMET
VOCs Z{llE L (Fig. 1b,c, Table2) , F7z, 80°CTHERM L THER DL A1T 72 (Fig. 1d, Fig. 2) . £ DR,
80°CHATIE 37°CERFITHEL LT DMDS & (B —7 [ff) 1$BHE IS L, DMTS O v — 7 mifgEH BHE | E
A D2 LGRSz, ZOZ D, @RS TIE, HEEERICARME L AN S AR AL B2 Ha
THIENRBENT. £z, 80°COHNAGMTIX, GCZ7ua~ b/ Z 7 FE, 25min 75 7.5 min E TOH
PHTR—ZF A K& EFH L, MSHHTIC X > TZ O EFAEA HO I LT D 2 & AR S 7= (Fig. le).
L7235 T, 80°CTIEY U TN ETeK ORI U THRERICEET 5 LHEE Sz, & 51T, 80°COSLM
TlX, 37°CIZHERL TRV ZL D —7 B Sz, 28°CTORI G RAT-M, 37°C L IRIEFREEDORE R
vz, ULk, BRERFOROCHEORIZIE GC-MS JIEIZIBVT 37°CTO VOCs FRE N LT\ D Z & ARig
iz,
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Fig. 2 Effect of sampling temperature in the headspace on the amount of DMDS or DMTS detected. Collection
temperature in GC-MS: 37°C (blue bar graph); 80°C (orange bar graph). 1. B. cereus K69; 2. S. aureus K6; 3. M. luteus
K85; 4. P. megaterium K110; 5. M. luteus K118; 6. R. mucosa K121; 7. A. bacterium K 122; 8. C. gintianiae K126;
9. M. calida K130; 10. B. natto. DMDS showed the total of the areas of DMDS-1 and DMDS-2.

3.2 MEMNEETHERMEME (VOCs) 2L ADVDER~DEE

ZIVETORERNS, £ < OMBEFES G Y% F2 VOCs & L TIHEIZAET D Z LB E 72
ST, FOTH, HEIZE > TINOOEMEILEMOAFED, (LN OAERRHIEREEZH T 5 Z L HEEI
7=. Garveva HIIEEMEMIE CTH S Collimonas JEE D VOCs 2%, 6 FEEADIDN (Mucor hiemalis, Fusarium
oxysporum, Chaetomium sp., Trichoderma harzianum, Fusarium solani, Pythium ultimum) OEF 245 Z & WL
LTWAO, ZZCTARMIETIE, MOEDRIKE, A parasiticus & O P. citrinum ~D 2% {~_7-(Fig. 3). A.
parasiticus 95DM % AF AEH R TIECTH L REEFED /vy a ) VEOERBETH D Z b, DOOAEFT~D
W TIIRL,  AFAFEE~ORBEL D5 L b HE L.
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Fig. 3 Effect of VOCs produced by bacteria on fungal growths. a. Effect of coexistence with various bacteria on fungal
colonies (4. parasiticus 95DM (upper two colonies in each plate); P. citrinum MI190 (lower two colonies). Plate 1. P.
aeruginosa; 2. B. cereus GS782;3. S. aureus GS783;4. R. mucosa K106; 5. B. faecium K140; 6. No bacteria. Two layers
of plates (right photo). b. Effect of VOCs emitted by each bacterium on fungal growths. A. parasiticus 95DM (left); P.
citrinum MI190 (right). Black bar shows no bacterium.
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ZORER, REERGEAEN S B S - 4 FEOME XTI Y, A parasiticus 95DM DAEF Tt L CHE 2
PREZN R AR LT (Fig3a) . —J7, /Ay ml Uk (Rt) OFMET, Wihoao=—THRERICBIZ SN
7= Z Lint, VOCs X AF AT L TR ERBETEEIZ W2 E RS2 & 7572, P citrinum MI190 DAEF|Z
L CHOABREBHENBIEI NN, ZOMEFREIL 9SDM HRIZK L TX Y §5hoT-.

RO ERRZ 18 2 OME (LFL4fETe) 2O\ T Tolz b 2 A, 0LV, A parasiticus 95DM (ZxF U T
RAERHENR LN (Fig 3b) . S. aureus X° Rosemonas % TlE 35%EE DR EE /R L, WEDOAETLE BOR
M. osloensis® T3, = ORI CTH 72, M. osloensis IFHEXNEE TH B 72 DMOMIE & X TAFHEE
MENST-ZZ &G, MOME XL 0 HAEEN D o722 ENERTH D A[REM NS 5. FFRIZ, P. citrinum
MI190 ~DFBEZFRT= L 2 A, 1F 0 PERE L 9SDM BRIZx L TRV Ko7, 2O EnD, DUDED
EWCE 2T, BN R 2 ATRENED VR STz,

3.3 MERERUEMEONIVET~AOEE

MeSH, DMDS, %7213 DMTS €241 5ul, 50ul ZZHDOFINIAILT, A. parasiticus 95DM & P. citrinum
MI190 DAEF~DFELZF~I-. 3 HEOan=—DEZZHH~5 L, MeSH, DMDS TITEKFINNTDA
BIHEN RS, DMTS I 5ul TOINTE 2 b ABFNERICIHE SN - (Fig. 4a). T T, X070 DMTS &%
WL & 2 A, 3ul 7213 4pl TRAIZAEFTRMZ b, ZOFE, BEREIL, HNTE > TREREWVITR
Loz (Fig. 4b) .
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Fig. 4 Effects of organosulfate compounds on strain growth. a. Effects on the growth of two fungal species (4. parasiticus
95DM, P. citrinum MI190) were examined by adding 5 pl or 50 pl of three organosulfur compound reagents (MeSH, DMDS,
and DMTS). b. Effects of various amounts of DMTS reagents were used to examine the effect on the growth of two fungal
species (solid line, A. parasiticus 95DM; dashed line, P. citrinum MI1190).
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4 # =®

Tk, BEIC@HHRRMEEANE D B A OB, B0 b Bl S Lo MED, PIEAEORREDFKTH

D2 EHEWLNIL, TNOOMEL, Bacillus B EOFRENZ N &, UL, FRFEEERE S RIRE A
RTEDONRNDLZ EEF LN Lz, 22T, AFRTIE, ZHOOMENERET S VOCs &, ~y RAR—X
GC-MS % & HLUWNTHRAT L7e. ZOfESE, 12 DMDS KUY DMTS 23R H S 47228, M IZ L > X b i
T MeSH, DMS E4{E->TEY, ZORE» LALE RARONREDORRIL, AHE(bAY & HEE Sz,
K, AR AT TN AR EZR L, MeSH 1T 724 v 2 F ORI T 5 |MAD KA TH 5. DMDS
ISR S, =2 =7 IR/ O R, 32 v R FHROBIOX Y XY BF - R &b RBLES
HEEE AL - TEY, FrEEEMEIZIREIN TS, DMTS 1Y, #ifif/e ¥ <~ 2 X0 BRX A FF o mm a0
UIREHEBORIKE ML TN D, 5T, BIREBEORWOERFRITARMI LAY TH D Z & BRI R S
iz, LU, E coli TIE, ZHOHEEMILEMIIMAT, BEROKFKTHLH A F—LbliiEhizZ &
Mo, MOBRWEGEAHIIES LTV AREERH D, TNET, TUyE=TRA 4/ VR ESEMNET
DRV ERMBILTEY, 4-AFN3-~Ft VERRIIHEMRROFR L fiE S Tn D0, AEBR TR I
oz, £z, GC-MS JIE THZR DM iz W ZBRIZIE, DMTS ICIIZ T, ¥7 = =A7 I Uiiish
TN, FRFEMHICE ST, EHICEE VOCs BRI SNAAREMEN B D LB 2TV D, WTHLIZ
LA, RFBRT I7°CIBW TR SN - A s b AL, REER R A TADE L 5 APREOEE 2 JH KT
DT DR R ST

AW TIE, BHMEETH- T, A LM EILEICEET 2RO E o7 £, EHEIC
BNTHAED DMDS #4EET 5 Z & 2R L. BEIZ, Pseudomonas donghuensis 5> DMS, S-methyl thioacetate,
S-methyl thiocyanate (MTA), DMTS 72 & O Al s b G E 2L 2 2 ENEE SN TND. £, 2L OAEN
HLEMET I VB THDL AT A=) %EE}Z%‘M’C% 0 GX6XD, ﬁjfxﬂ% Wi LB DR KA 71 =X LI1EZ% < DI
HOIEICA LTWaD. 51T, ARAFFETIE, GC-MS JIEIZBVT, VOCs OFRBURE %A 37°CH 5 80°CIZZE
W L7zF, DMDS 234 LT, UWBﬁ%M#é k%%mbt.;@_&wg,a%ﬁukwfi,ﬂnwﬁ
HZ LD VOCs ARk & & i, AIE LA O RFEIE L bR E 5 LHfEESN, ZHUCkY, KR
ROPETLHO LHEEEND. VOCs DFEMIZR AR BGREH i O OFIEIHIE I SV TSR OBETH 5.

Ossowicki © 1%, MTA(5’-methylthioadenosine), DMDS, DMTS 73, 2 fE? 584K E (Rhizoctonia solani, Pythivultimum)
DAEFEEHFEICHET S Z & % [bottom-top approach ] % W TG L TV 5H®,  Garbeva 5%, &M

(mycophagous) MR CTd 5 Collomonas fungivolans % % Collomonas pratensis 3 EFET 5 VOCs 73, 4 FREHD
Mucor hiemalis, Fusarium oxysporum, Chaetomium sp. , Trichoderma harzianum DAEBZHET D Z L E2HE LTS
O Into B 1%, Fans O HEES Itk 2 el RN, JWIEMERE Pyricularia oryzae, Rhizoctonia solani, Fusarium moniliforme,
Helminthosporium oryzae, Curvularia lunata D*EE %0130 [HET 5 Z & 2HE LT HW. 22T, AR TIE
MeSH, DMDS, DMTS O#3E%A HNT, A. parasiticus SO P. citrinum OEFIZXT DR EHR T2, ZORER,
WTNOWE B AEBMEZ/R LIZAY, DMTS 23 bIEFEMEN @V Z MR S L2, DLEORERA G, AR
WZRBWTIE, MENAERET 2 A EEDREBRONOOAETZE LT, MEBTDOEBICHRLBRE 2
FFIaRl0BERRH L B2 605, ITF, HE LN, BORRLINCEOMAEMERZE, MEHL~LT
AR AAERI DG SN TWD. 2O L) AT, AEIELEMOEIRIZOWTE, S HITHEA D T
WS ZEDBRETHS.

5. # ]

RIGERS B AN O ARREFET DL MERN R SND Z &G, 2D OMENERET D VOCs -~y K
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