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HA 23k % 61AI(SMS) El6I3t AIE 2 Sl5to] B Sl 418k EISMS, =
23%0| SMS, LEl2] SMSE AL R4 2 =z =Y g

WAL EEulx Elo| (CSMS)el 28] sietE S o ojgEUT 7Y

23, Sefel, =2 20| WAL EF| E5|(CSMS) Mol ke DE, A, o
zMSEY 51} 7Y

D, =eaolu A SHR Eul(LeCSMS)HElol mE nEW W E D}
T

EIHA 258X 2| Pilot-scale =3 SEMFTHSZE M AMXHA FH5104
CHEFM A A 5

16S ribosomal RNA @7|MEE o[Zst LeCSMSH| Exshk= MAsHe=z 7
Citrobacter koseri, 1 Bacillus altitudinis, 2 Burkholderia multivorans, 3
Klebsiella pneumoniae, 2 Bacillus velezensis , 3 Pseudomonas spp.& &35t
1 Bacillus velezensis HKB-1 £2| & £33 F 7|&

Bacillus velezensis HKB—1 2| LeCSMS 3 &= M 7igr 3! S D1Foddd Hixjlg
ot 7y

LeCSMS 2l 4-hydroxybenzoic acid®t vanillic acide| &retde FEads
Hstol DY dixo X EEXE B2

gRT-PCRZ CREIHUO|HMN T X| eh sSgdEE
N-De—-phenylethylisohericerin®] 13 & MM FMX} CaPR1028 Lo RE 7=

HA Z 3 it 1330 HA =& = UiX| F&22 Y 75 FEE 539 1Y
ol st &M AAE S 852, Oudemansiella sp., Panus rudis, 10
A =2 = HiX| E520| 242 LIEtH S BtE.

DA o] tist de=d & dEnY8 A7 E sAs 22, Oudemansiella
sp.= strobilurin A, Panus rudise 21+ &tet=¢2l panepoxydioltt 95 2| 7| X|&tgt

22 AYE

MASIA 2 =T MY FOHA = = x| B2 25 E Ch2S column
chromatography ¥ MPLCE 0O|&st0{ & ol Z2& g4 LiEl = &gt
= compound 1& 22| HXM35I2, mass 2 NMR M8 $£=85/0] compound 1
o| sttt x=E M-De—-phenylethylisohericerin@ 2 HH &,

EIOHA 2 T uijX|] 5822 AE YEFT=He 22|, ¥ME =835t
Foo, O 23 Alg YEAEZ M2 crdMEo| ofst ol ot stEhEO| F
Moz =X of &Ms LEE 7S BHE.

EIOHA 2t = x|t 0N == T x| E=5E2| HPLC M2 =dst
o B= ZFof szo| IA &7t compound 22 38 X EMEo=Z MAE,
ANEMHELZ MATE compound 22t 32| &ttt x=E HHSH| 5104 silica gel

column chromatography, MPLC, HPLCE 0| 2535}0 stgtE 22 32 22|, A &t
= mass % NMR 242 35101 compound 22| st&t7 =& 4-hydroxybenzoic
acidZ, compound 32| & =E vanillic acid2 &t x=& ZHE.

XEMEo=Z MASEH 4-hydroxybenzoic acid2l vanillic acidel £0|A, &MN
S2 ZAlstol EAMHE =Elstl, (F)AH o2 2Ho|A M =¢ct A Z ctZ 37§ s R
A Z(lot number: 20210722, 20210917, 20211213)2 AI235I0] 2EAMHE HAS

B 42 % uix 28 HEHUMANAS 75 3

A S8 % iR £5(CSMS)ES SR ZaMolME sl “Holulolg AAE
2" A AIMES = MHM DE ofu wHo| 28

ED6A S8 F oix Elul R LAY MEGIoBoY B2 EWlY U HBNS
2 R|SUAME B2 2 4 20| J|E| SAELAIR §7|2u| 20| o5 2 Sof
MEASS WHSID MBS TASU| R0 JltEE HE

MHES| obEM AT SMAIE (SMM30l o8t SM, 2 RS S8 =4,
THHSN) BHS MAHOISH, BHSN 2048 5)
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2. ATMLAAS 2 Y L +Y LS
HIFZATHR: B4 oA +8 Fujx| £H20] Al2uun 2 ASYSEN 50 7E >
1) BiA 28 % Hix|(SMS)2] F4 HM T o

0| SMS, =El2| SMSE AtE3IRCE SMSE ¢ 122
2m x =0| 1m)oll Fsty XEs 2= HA

HA =2 & X[ (SMS) E|H|zl Al 25t A STl =7 st E1SMS, =22
w2 M &St Egflol(5lo] 2m x Z O|

E
HEAM LIEILE 2EHEE A[ZEE XS 7IEOP°:'EF 371722 E&llo] sttt 7] F
2l 22 MRSt HEYME 24|12 ZHH o = 1624 S7(E FasIan 13:dof 13 2+
oz F7|z=ee flsto] EH| FEHVIE FASIAC

ol
SMS—‘?—%‘% '—H—'T'—(2m X 1m X 2m)

SMS H=3} 1pd

<OE> HATETUiXe Al & B

1, SEf2|, =F 20| SMSE =3} ZH-A LIEHt 2E¥HEHE 20 TI'_ A'EP x0
F= 6UMEE 271 55T O|Ae 2 ZHs| AESHI| AlZS

A = 8em == 45 E 50CO0|stE st 5t7| A|&HSH0 OCOHM 35 CLHEIE T

x| =[of ElH|2tE SZSIC =El2] SMSEH|3t 2= st= 3

Al&tsto] 1022t 50CollA 70Cel 20| RX[= 20 EH|Z} 27

EH[St7F ot 3t =0 30 Ol 7IX| 2ol HaEtrt glof ElH|E Y S ZS=5HUCE
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Composting time (days)
He: =& 2Ho0l, Le: 1, Po: =ElZ
<OE> HAF=ZHIX| S/FE Fxstatde| 2EHs)
2) A s=&tZHiX[o| R HY
ElH] =% Hoted| 2o SERAAILE 2 Az HF7|E0 WA A= B SHH(E
e o ESXIHoAE 2 M 2831FCE. CSMSAIZ 10gol &7 50mI= 715101 80°COollAl 2A|Z
Ay FEE BHUHS 3M paperdl 0{2lsto] E-=S MAHSES FEEY 10 mIE 2002 o X[ 7}
2ZH2l 90mm petri disholl 715t FZXH Raphanus sativus L.) 302 S E0{ 25CollA 57t
Hi 2ksto] 2rotg Xzl He2|ZOo|E Z=AbsIRCE == SFTE 0|3stct. SAEobX[
Z

(Germination Index, GlI)&= Zo}l&(Germination rate, GR)Z} 22| Z 0|(Root extension, RE)S O
23501 X|53} ot Ao 2 =29 Al 0|Z23t%F CHLee et al. 2015). Gl = (GR X RE)GR = (2o}
g / =7 2otg) X 100, RE = (%2[&0| / th=7 #2|Z0]) X 100.

<E> HASEFHR Y BaE

Treatments Germina?;or)l Index Rogi]elrzng%th CoMMe-100 Maturity Index

LeCSMS 131.04 3.37 Completed

HeCSMS 80.31 3.30 Completed

PoCSMS 69.25 3.29 Completed

Water 100 4.26 -

ED, =F2Yo|, Efz| SMSY E|H|5HE D WARY F 25 sl NEMoz |A Hof
Fotdol Bt AIE S 3022 ot 25 ZALSIQICE f=5E= CoMMe-100Y#H2 = 5t
Ho0 DE SMSOIA REE 80% Ol4CR BIRBHAAS S SISt RET AHS 95to]
£ SXt YolX|$+=& =Alet Z1F # 13} 2t LeCSMS+= 131%, HeCSMS= 80.3%<2| dhobX| %=
£ 20{, HE 3™ B LotX|$ 70% O|&2 FFsIUCt o PoCSMS= 69%2|
22 LolX|+=2 SAtEotof Foll 7t = of EH|=tof E 22| 2tsty Halyt SX; Hotol| Feks

= rjo

=

Aoz Atz =t

—

_10_



3) EH| HA2t=uiX[2| =2 &5 24
Eld|2tE HATEFHiX] A|2 (CSMS)= mESM=ZE 22 F7|SsHAA AlF7|2#2
2 XY ololgl 4 ._|E101| o|2|5loy EASIFCE &2 A g2 (Kjeldahl method; Bremner,
1965), x|&tMd 20| K+, Ca2+, Mg2+ (1 N NH4-acetate pH 7.0, AAS, atomic absorption
spectroscopy), TTA._._QI S22 Lancaster H (2 0|35t EAMSIQCE 525 sk
—hydrochloric acid M2| & ICP(Inductively coupled plasma spectrometer)2 ZA3SIACE. pH
of MI7IMEX(EC)= AlR2t E/FFTE 2421 1 10(w/v)2E Z25t0d 1A|1ZF Wit = EH- SN
Ch |7|2 £ 2 3|31 (Ben—Dor and Banin, 1989)2 0|&3I¥ 20 600°COllAl 2F 2A|ZF 71
T US M 222 ALtsIUCE
1, =23Ho0|, =Efz| SMSet F=3} E[H| LeCSMS, HeCSMS, PoCSMS 7te| 22| &tst
& W3S ZASIYCHTable 2). T2 ZAIE=R pH, EC, 3%, NPKet Mg ¥ Ca EHE2 =2
St CE LeSMS, HeSMS, PoSMS2| pH= 4.1, 4.8, 5.82 M3 =Hof UYLt E
LeCSMS, HeCSMS, PoCSMS= pH 6.9, 6.8, 7.92 =A B3l=ct. EC2 CSMSUlel E &=
TE dUYgsi =R FEsEe ESu AlEAMo o IS o[E £ At 2 AFoIM T, &
F3Ho|, =Etz| CSMS= 1.48, 1.89, 1.32 ds/mZ H|WA F2 EC ¢t2 LIEHNACE EH]|2Q|
EC %ol 6 ds/moO|3t7} E[H|Z2 0|8 Jtset Ao 2 21 =[0{(Brady, 1990) £ 72| CSMSE
7|ER @2 555HUCE 77|1& oA LeCSMSE= 36.9%, HeCSMS= 53.6%, PoCSMS+
53.52 LIEl} E[H|2] R7|E &2 7| &EX|E SFoIUCt o|2fst CSMSe| 77|& & 24
= YoM 0|4 = 2ol elet R7|E= 207t LS 22 AtE ECh LeCSMSe| & H A
2 1.39% 2 =FJ0| HeCSMS2| 1.94% 2 Ct It} ZEIZ| PoCSMS2| 0.96% 5Lt =4
Ct. ol S22 LeCSMSOHIM 2.03% 2 7+ =7 LiEtgen ZEH2 =F 20| HeCSMSO|
M 1.3322 JH&F = LiEtct O ghol CaZl Mgetae SMSA|Z 2.t LeCSMS, HeCSMS,
PoCSMSA|Z20lM 60% O|a Z7t =AUt E[H| H= Alol| 5 AES Zetet SMERTt d- e
HIE2 Iteholl w2l Ash obF 7 UM stoy SAIRE ol M5 Xe2|2 216t ElH| Lioll s<2ko|
AE=o| w2t 1?r7| SAA &80 2MEE £2F =10 gt CSMS EH|&= Fletd SAH =
7

28 Jts3st o gle EB|Z2 TA| vi2itt ol R85t 28 Jisd Aoz MYECh
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<E>. HAFEtediX[o] E=3slof wWE 2| stetM st

Materials Le SMS Le CSMS He SMS He CSMS Po SMS Po CSMS
pH 4.1 6.9 4.8 6.8 5.8 7.9
EC(dS/m) 2.02 1.48 1.89 1.34 1.32 1.06
Organic matter (%) 53.7 36.9 73.0 53.6 57.5 53.5
As(mg/kg) ND ND ND ND ND ND
Cd(mg/kg) ND ND ND 0.13 ND ND
Hg(g/kg) ND ND ND ND ND ND
Pb (mg/kg) ND ND ND ND ND ND
Cr (mg/kg) ND 6.17 ND ND ND ND
Cu (mg/kg) 4.01 15.1 ND 17.3 ND 3.08
Ni (mg/kg) 0.19 2.52 ND 3.40 ND ND
Zn (mg/ke) 253 69.9 11.9 52.1 81.0 10.0
Nitrogen ratio in
5 ’ 45.1 26.5 58.4 27.65 39.7 55.7
rganic
Moisture(%) 39.7 553 24.1 41.2 39.7 42.7
Maturity - completed - completed - completed
Total Carbon(%) 31.1 21.4 423 31.0 333 31.0
Total
Nitrogen(%) 1.19 1.39 1.25 1.94 0.71 0.96
C/N ratio 26.1 15.3 33.8 15.9 46.9 322
Total
Phosphorus(%) 1.54 2.03 0.74 1.50 0.2 0.23
Total
Potassium(%) 0.84 0.77 0.68 1.33 0.3 0.46
Ca (%) 1.19 2.01 0.36 0.63 0.68 0.79
Mg (%) 0.29 0.46 0.23 0.45 0.09 0.12

ND: Not detected. He: =5 =2HO0[, Le: T, Po: =ElZ[, SMS:HA FEZ X[,
CSMS: E A =2t | X|

k=3 b £ plug trayoll AE(ZEZA 65:HE}
ISt IFEJIAE IE T 3F ¢ FEE HFAZCL CSMS =M=
IReny 13F REE 0[A5H0 4
SHUCH = F2AM

] — - I’
AE (Control), AlEH 20| AHE (Commercial Soil Bed, CSB)E Al2313 20 AlZtz|&= E/H|
A

(Commecial compost, N A= CSMSe| =&t H|g1} 5ot MELl =86t AIZstRICt
E 32 CSMSXzlof e D FEo MIUEIE ZAlet HA2e=2 E1 LeCSMS =FZHO|
HeCSMS2} =Elz2| PoCSMSE H|Z¢et Ct=E XMz|7o| dH|sto] =& &, A=, 2 FoAM 2
n b o

T 2Tt MEauE EQck EO LeCSMSAE| #+= =FO0| 41cmz2 =FZH 0| HeCSMS
XMzl 7 24cm@t PoCSMSHXzZ| + 8.2 cmEZCt €535l =2 4
2 E|H| X2|F(CC, NAHLR} AlEE AtE X2| FHECt 1

dtHoll PoCSMSHME| & 11F REUSF X[EES LIEH



<E> 243 oS RIH0] 23 DFYSET

Plant height Leaf length Leaf width Leaf
Treatments
(cm) (cm) (cm) number

PoCSMS 8.24+0.50d 3.81+0.19d 3.6£1.71b 3.7+£0.21¢c
HeCSMS 24.4+2.01bc 11.4£0.67b 6.0+0.28ab 8.2+0.57b
LeCSMS 41.0+2.50a 13.840.66a 6.1£0.30a 12.8+1.17a
Control 20.3+0.47¢ 9.7+0.45¢ 4.9+0.23ab 9.8+0.36b
CSB 26.3+0.73b 11.74£0.47b 5.94+0.23ab 8.5+0.27b
CcC 25.5+2.09b 12.240.92ab 6.2+0.51 10.0+£0.93b

The different letters are significantly(p<0.05)different according to Duncan's multiple.
Control (Peatmoss 65:pearlite 35, v/v), CSB(Commercial soil bed) and CC(Commercial
compost, N company). He: =FZ4O0|, Le: XL, Po: LEIE|, SMS:HAFTZZH{X|,
CSMS: St =2t S f x|

Le-CSMS CcC Control

Le-CSMS: x5 E14&=HiX|,CC(Commercial compost, N company), control: Peatmoss 65:pearlite

<OE> FuANLSuiX| EH|X2lo ot nEMSE D}

EICSMS2t SMSE  AtE(Peatmoss 65:pearlite 35, v/v)2F 2:82 Zgist & 11
T T 60Y7ZF MZAIZI Al CSMS XMelT#= IFEe Ms0] E/US =

3t=l0 Qo] HOX|= Me|zofrt e siQict o2l AESMFE 2/5td SMSE A THALE S
7| 2ot Bx35tE CSMSe| Mz|7t EH|ZAM RESH wiEel Hez ol =it Yerdoe
LeSMS= H{AMZE7|of|l oxalic acid 2 77|40 B0l MMEO pH 40|5t2 =M =0 AlF

o
of et ZollRele2 A& S A2 AR =HUCH
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H T CSMS " H1SMS

LeCSMS Le+HeCSMS Commecial N Water

LeCSMS: H14stSHIX|EH], HeCSMS: »2-gtlo|HAl4f2tSHIA|EH], CC(Commercial compost, N
company), control: Peatmoss 65:pearlite 35, v/v
<> BRASBUIA] (SMS)2t B4R DAESuR|(CSMO)H0] The RS AT

(2) 4% H viF MsFET
CSMSe| &t 3! HiF: MsFIE ZAlstY| f/5t0{ 22te| ZXALE plug trayoll A E(T]

A 65:EHEIOIE 35, v/v)E FQ ! & AlZHch CSMS =4

CSMS 20: & 80 v/vH|EZ 285101 Pot(AA10cm)F e st¥ oo MAFet HiFfFR

5t abFE= 30Y, HiF= 602t MZAI7 =2, g, g9, & 560 IFRE

WE ZAtSIQICE = FE2AM = 2E(Control), AlE 20| &E (Commercial Soil Bed, CSB)

A2351% 20 AlEtE|= E[H| (Commecial compost, N A= CSMS2|

Eo} 35510 AFESIRICt CSMSolth st b Fo| MEg1t= 1 F

¢ cl. HeCSMS, LeCSMS, CC= =Z&0| 21-20cmZ =7 13cmEcCt €535 2o

D=, Yol UM FALSE BERE EACt PoCSMS2| ¢ M= FdofLt

A = ATt

Ho © Mo |m

r

HL 0z mu fr 1> ro 1

5 HR
0

|'|JO
i

r
o
L
0x
0'!‘
o

<E>E&3 uASESux| Halo| ofFt ujEM S E D}

Height Leaf length Leaf width Fresh weight
Treatments
(cm) (cm) (cm) (9)
HeCSMS 21.60+0.89a 17.30+3.38a 11.97%+1.61a 77.45%+12.30a
LeCSMS 20.80+1.48a 17.30x3.01a 11.00£1.49b 77.10%£8.95a
CC 20.00+1.22a 16.53+3.10a 11.43+£1.98ab 76.70%x15.90a
Control 13.94+3.22b 10.98%+3.01b 7.38%x1.47¢ 24.99+5.05b
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- PR
Commercial compost CcC

SUjR(CSMS)Hlo] T2 ulx S ET

LeCSMS

<J2> HagiLps

shd 45 XMl olMe =¥, 9, IF, YA ol 2L0jA HeCSMS>LeCSMS>PoCSMSE2
E7 LB 20| LeCSMS+HeCSMS+PoCSMSE2 &M 2| 3tle 29 M SsEaIt ot Zasql

|
Ol PoCSMSe| detez dF0| oM == A2z AR FHUCH

<E > B3 s{ASeeulx| Ma2lo ofst AFMSE D

Treatments H(ilri})lt Leagclrir)lgth Lea(fcrzi)dth Fresh(gv)veight
PoCSMS 3.66+0.32c 3.22+£0.68c  3.35+0.65e 1.53+1.48e
HeCSMS 10.22+0.82a 9.43+1.02b 11.13£2.0la 24.22+2.71a
LeCSMS 10.5+1.12a 9.90+1.48ab 10.49+1.09ab 20.13+2.35b

CcC 10.3+0.67a 9.75+0.99ab 11.17£1.10a  21.30+4.39ab
Le+He+Po 9.94+0.61a 9.41+£0.76b 9.95+£0.95bc  20.29+3.31b
Le+He 10.12+0.62a 9.72+0.87ab 10.64+£0.70ab 20.31+£2.13b
Control 6.1+0.42b 5.78+0.68c 6.04+0.85d 5.39+1.48d
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5) Chlorophyll &g

CSMSH{2|ollAM MZFet 159! 0.5 gFStod 2ARALEO| M Otaf St 99% acetones & 7tst
1 2ml ethanol2 F7t 715104 10ml {20 &7 &9 =&stl HS10|M 3052 &
THSZ Ea = 2000 romoflAl 1022 A 22| stUct M4SHEZ F 5101 spectrometerd|
A OD 6632} 64504 =X 3tFECE Chlorophyll &2k2  Chlorophyll a (mg/g) = (12.7 *
AB63) - (2.59 * A645), Chlorophyll b (mg/g) = (22.9 * A645) — (4.7 = A663), Chlorophyll
total (mg/g) = (8.2 * AB63) + (20 2 » AB45)Z 5101 B SHICH
LeCSMS= A Chlorophyll &2F0| 77.7mg/g22Z HeCSMS(69.05mg/g), PoCSMS
(21.07mg/g), Control (11.96mg/g)=2Ct = LtEIGD, FMUI=F 2 ALEE CC2t ®AL
oF ZIME LAct O ZI= LeCSMSAz|o mE HetM F82 SHE vtE 5t UCh

<3> CSMSHz[of wE 12| Chlorophyll &

Treatments Chlo(rrr?gp/hgs;ll A Chl?rl;log[?g)rll B Total gllgo}(;ophyll
LeCSMS 31.3 46.1 77.72
HeCSMS 31.6 37.1 69.05
PoCSMS 14.1 6.8 21.07

CcC 31.9 44.0 76.25
Control 8.0 3.9 11.96

6) Indole—3-acetic acid (IAA) &

HeCSMSZ} LeCSMSU 2| IAA &HEHE2 ZALSH?| @5t CSMS: =(1:10, v/v)E St 2A|Z2+S
of A 2olM FE5H 2ol JMNEE|st] ASHS 0.45 um syringe filterol A 0{n}sHICl. 0 mpOH
1mIE 200! orthophosphoric acid2t 2ml Salkowski reagent(0.5 M ferric chloride (FeCI3 )
and 35% perchloric acid)2F =gtstl 302 =9t 2 AtEfoflAM HHS S CH S S OD530

>
mJg

spectrophotometerdl A EX&st¥ 20 M= ?|5t0] |AA(sigma)E AlEsto] HEHIM S &M 5t
.
Standard curve of Indole - 3 - Acetlc Acid AR sencentration (pg/ml)
E L ‘ E; (1]
H 2 5.89
= 3 00 i 2.43
A W - 9. AW e g HeCSMS HeSMS  PoCSMS  PoSMS  LeCSMS  LeSMS
Concentration of LAA (pg/ml) Materials
<JP> SMSet CSMS F&-20fj9]
<J2> [AAQ] AZFT A 2=0. EE;
2> [AAS] A= (RT = 0.99) Indole-3-acetic acid (IAA) gt=F

HeCSMSFEZ=22| IA A2 21.26ug/mIZ =T Z AIEE HeSMSFEZE 0.24 yg/mlIZct &
59| =4 A&=Yct w2t HeCSMS2| =2 IAATE2 HeSMS7F =5 nfdof 2hdsh oA
=25 Fel & HW2=Z Atz =[Act O2{4 2 PoCSMS, LeCSMS= IAAEZO] 1.55ug/ml
e} 5.89ug/ml 2 AE50f @2 &2 ECt.

_16_



o
MM

F

= PDABIA| SYoll §E35t0{ 6L

°

£ =H

o

tof 2A|ZkS
A

T5t0{ HYX|

o

FAF
=

(1:10, v/V)E

=

teCSMS: =
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" 'LeCSMS | Control CC LeCSMS Control
33> LeCSMSEH] &a]qt 15889 1599 g awt

iseases index

Di

<13YU> HeCSMS 2552 Ajojjloigt 15500 159

8) CSMS2| 2&IHolAl LAzt nj42 U
(1) MeEisix|g AlpLEEA

A
Eld|=t nbg2 ciefet old=E ZXof o3t F=1tyo| dexez TdE o &3]
=1\ Al

[
ro
0x

I PLE=

S=
olst m2upyul 7|&o| Fsljupdol SHHEICE w2t RExnlyol| LS o|MEUTE ZASICE Cf
St MAFE A8 5= U= Tryptic Soy Agar(TSA), Bacillus spp.MEHBIX|(Plet medium), t'“.“iﬂ%— /.“_1

HiX| (Actinomyces medium), Pseudomonas spp. MEHH|X| (Pseudomonas medium)
HeCSMS, LeCSMS, PoCSMS 1:10(v/v) 2 Xz|stl s[MuftHo = 5101 22| v X|

E 71} Zo| Bacillus spp. 7} CSMSEHZ 9.6 x 10°A 1.2 x 10® CFU/mIEZ 7}
:753}0“'0'34 Pseudomonas spp.2 2 X 10°0M 9.8 X 10°22 7|z H2 o|ME AT
HAE 13). CSMSSoIM = HeCSMSI7t MEABIX| HE J1& @2 o|ds =S LIERQACH

2ru|ru
H1
-v-ml':_al':a
o ol
O 30 K JT 00 Hu

m|ru 0>'

Ar 0O
= H &2
4%

n

<E> SMS9| F=z=t o 2ME MaLE

CSMSs CEUu)  (CRum T SR e so CRU )
Po CSMS 1.4 x 10" 9.0 x 10° 3.2 x 10° 2.0 x 10*
He CSMS 1.28 x 108 1.2 x 108 6.24 x 107 9.8 x 10°
Le CSMS 3.9 x 107 2.6 x 107 5.0 x 10° 3.0 x 10°
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Actinomyces Bacillus Pseudomonas

<13 13> HeCSMSFHEE=9] Hix]of] Fdd Al

(2) F= FIHM i‘?HHXI(LeCSMS)E—rH nME 53
1TAX AFZM LeCSMSE = £3l0{ Bacillus, Actiomycete, Pseudomonas A1 EHH| X|
oA 1 YEo| |y =0 AE=H} %‘EP TSAE dH| MEHIX| 2 Citst 0| 20| =28 & A=
o & =lon] F2I(Z TSAHX[of HME MPFFE MLUSI0] TSBUA Y XAl 28CoHA] 2¢
HY 2k5101 Chang et al (Bactechnology Letter(2006)28:55-59) 28 o2 DNAE F&3IFCt. 0]
2 Gram-—-negative or Gram—positive bacterias A&5HA 22| & = U= ghHo|c bk
M/ E 8000gdlA 2 mingal 22[5t0{ pellet Ml7#S 400 xf STE Buffer (100 mM NaCl, 10
mM Tris/ HCI, 1 mM EDTA, pH 8.0)2 21 A& 3st11 20044 TE buffer (10 mM Tris/HCI, 1
mM EDTA, pH 8.0)oll HEHSICE 10040 Tris—saturated phenol (pH 8.0)& &7} 3l vortex
olA 60x7F =3tstl 13,000g0AM 52 AlEzlstol 228 =352 160uE M FEo £
40 xf TE bufferg A7t RNase (10 mg/mI)™elstFEF. 10044 chloroform2 & 7tstl A E2|
5t 235 =2 355t A "o o|ZstUct. ket MlA /2l 16S ribosomal RNAE PCR
SEe = U= 16S 27F (5°-AGA GTT TGA TCC TGG CTC AG-3’)2} 16S 1492R(5'-GGT TAC
CTT GTT ACG ACT T-3) primerg 0| &350y 94C-4&(1 cycle), 94C 30x-55C 1&-72T 2
(35 cycle)2 5t0{ PCR &SZ35I%ct Z42to] M3 R25FE SZ= 16S (DNA S HI|Md

=
241510 NCBI blasinoll A AHE4 ZAlg $a5l%Ct

ITS I (1.0kb) ITS 11 (100 bp)

—

168 (1 .5 kb) 23S (3.0 kb) 5s (120bp)

<> M2l ribosomal RNA &>
TSAHIX|Z22E LeCSMSE —’F—Z‘E— Z22E FeiE 50 M colonyE FA2I2 Mutstod DNAFZZ 68
(DNA ¥ 2 = s 21} 18 MM EZ0l|Al 16S rDNA PCREHEE 0| EI7IMES Z2Y st
Ct. NCBI blastn &4 A4 éﬂF 7 Citrobacter koseri, 1 Bacillus altitudinis, 2 Burkholderia

multivorans, 3 Klebsiella pneumoniae, 2 Bacillus velezensis , 3 Pseudomonas spp. & CIF
SHA| b'_éh_'_ UACE  E[H|Stof| 2Ho{st= O|M =2 M, S, Alabdo|o] E[H| S EHAObC}
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5]

I T2t X| 225 22|58t M72| 16S ribosomal RNA 3
16S ribosomal RNA

<E> 2=

Bacterial strains Bacterial species
homology (%)

B-1 Bacillus altitudinis strain WS1-9 98
B-2 Burkholderia multivorans strain FDAARGOS 99
B-6 Burkholderia multivorans strain FDAARGOS 99
B-7 Citrobacter koseri strain E710D3 98
B-8 Pseudomonas citronellolis strain Al3 99
B-9 Citrobacter koseri strain E710D3 98
B-10 Bacillus velezensis strain WK1 98
B-11 Klebsiella pneumoniae strain 1557 98
B-11 Citrobacter koseri strain E710D3 98
B-12 Citrobacter koseri strain E710D3 98
B-16 Klebsiella pneumoniae strain 587 99
B-17 Citrobacter koseri strain E710D3 98
B-18 Citrobacter koseri strain E710D3 100
B-20 Pseudomonas brenneri strain XJC-6 100
B-21 Pseudomonas aeruginosa strain MLTBM2 100
B-22 Bacillus velezensis strain HSB1 100
B-23 Klebsiella pneumoniae strain 99
B-24 Citrobacter koseri strain E710D3 97

(2) LeCSMSOIM 11=d o|d= et
EO4EX] 5351 BHM E525 60 CoHM MF S MES M HiYH2 2 54510

2.5%2| Agarg E25t= TSAHHXIOH TSt 500A 3 B = HEst D = E
Ch. A2Z=249| TSA HiX[o| M Atetdzt Mz E2tez 2ol= o|d=0| ot ddsiict

<J8> LeCSMSwef 124 o|dE &=
EH| BExzud I LI2CHAoAM = EH[e] MMt ciekMol IA AXM =D Bacillus
stearothermophillus % | D=, Pseudomonas, Klebsiella, M A&7 2 242 52 M n|MEZ0|

SHESHA o

9) XotHA HAHIKMC)FE£=2 ¥ MM F&
(1) x[ot{A exopolysaccharide(SC-EP) ol 2|5 = IFo| X &k dt
112}(Schizophyllaceae) X|OHAI =

ol
M

0
0l0

x| O A (Schizophyllum  commune Fr.)2  X|opHA
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(Schizophyllum Fr. )2z M2 ojMet E2 HoiRl 2t FAEo|ckFig. 4). &FH 720
L =, ORH7|, 4R EY, Sof HMots s ) F=Fo|ch X oA
A2 22 0|82 UL TAME UA UL Al
|=l B—(1,3)—glucan =5 7IX|0d (&), glucose 37Holl 1704 EX| =
AxE 2= HAUM EAZ (Franz et al., 1989) schizophyllanS 2 22{X Ao0{ x|oj{Al 9
exopolysaccharidel| TMEQl B-glucan &, HUI|SAE, =&
o] &£ o|F 1 ACHSutivisedsak et al., 2013). B—glucane BEAIA S Z&st FHo|F= HE
= MEzES MEo|o{ SC-EP2t FAtsIct. & AW (Phyvrophthora sojae)el MEZHM-E B—glucan

—
2F9| exopolysaccharideS Hif kM of|
|

r

2 2o AlEe 8 MM REA (elicitor) 2 2850 Al2H XMEM FUA LS R St=
He2 ™ At J2 Lt FHOIMEZH 2 HE B—glucand &2 L& E2x2| § =2l 85
& XMzl ™ol SEsto AEd F2o| ofz2 A™olct Oa2{Lt SC-EP= Hi ek ool Ci A
Ato] 7tssto] Bl oM S M = J|Et RE H AMEEE =M s =W A84Mo| Uct
22MZH B-glucan, Z=F Tl laminarin2 CHAsH AlEX o 8 XNEMHES FE st U2 ¢
HEch & AT M= X|ofe{Al vl 204 M 2| B—glucan= 0|85t Al=Ael H MM et 1
F odgio| kM| SIHE =AlSIRUCE

L —I 1n

<a¥> Autw Al el exopolysaccharidel| aFet™ 1= (Sutivisedsak et al, 2013)

O Ui b 2toifo|et X|OtHA exopolysaccharide(SC-EP)2| CH 2 A

x| oA FALHE Potato Dextrose Agar(PDA, MBcell)ollA 72ZF 25 ColA] Hi ¥ = 1 L
Potato Dextrose Broth (PDB, MBcell) x|t X|of| HCisto 2F7F v kst = FAIM E 0|23 2
=(Calbiochem, La Jolla, CA)E 0|&3}0{ 01} 5t0 Z2{'ll X[ohH{ Al v F0{H 2 SC-EPEE
o o|&stct x|otHA Hi2F 0{H S 3| M4 RS F7|(Eyela, Japan)E 0/ &3t0] 10H 2 55
St11 4 volume®| 100% OllEtE(Merke)& & 715101 SC-EPE EMAIZ1 Eoil CHAl 50 M E2|
sty 222 HM7Hstn SZZA=(lIshin, Co. Ltd.)5t04 SC-EPZ 5t & AM&of 0| &5+t B
—glucan =¥  Fdo| o|&stct  XOpHA  HiFo{Mel  B-glucan @ =HH2
1,3:1,6-BETAGLUCAN (Yeast/Mushroom) assay kit(Megazyme, Ireland)E& 0| 235t0{ SH I
Ct. SC-EP2| B—glucan &&2 23.07+1.02g/100g%F 20{ Mt X0 1.12g(H==)/LZ CH
2k MArs[Qict, ol = X[oPHA 2 CHEF2| exopolysaccharideE M| Hlf X|ofl £H|St0{ 0| 0| &8t

HIXIME Otz 28 5 US U222 AR =ACH

O x|olHA el SC-EPAMZ|o w2 & e FMAL &3
7| 7ol M x|ohHA exopolysaccharide= 70%0|AH2| & WX 2271 U= W2 EolE
HE 2120 X|0tHA exopolysaccharide2| ZFA QI gt &M 2 0f? o|etet A2 LIEHRICH
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o2k X|ol{ A exopolysaccharide= 2 SY #(Phytophthora sojae)2
of AlZeol ¥ XMaM REAH (elicitor)ZAC] 7|50 52 AYS sl AR o F5[A20
RT-PCRZ} gRT-PCRE4{0f|A 500mg/LolM CaPR12| UHREE st= W22 LIEGCH

2 A= X oA exopolysaccharidel 11FofA{el ¥ XMetMd RAMA SR EE CaPR1,

CaBGLU, CaPR4, CaPR10 & XN&gd REAE &2 gRT-PCRE +d SiQct ZE(XHZ

10cm)ollM 60 MZAIZI 130 HfL0{M o] =LA E 500mg/LE =50 E2F0| 30mI4 2
Fot AlEH e Qo] E29| HS MEZR 25 SiQct 72A1Z2 = 11 F Qs U EAZ Ol st
Qich opafst 1F o2 FE TRIzol Reagent (Gibco—BRL, USA)E 0| &35}t0{ total RNAS

PCR IS =2 95C 10min (Pre—incubation),95C 15sec, 58C 30sec, 72C 30sec, & 40

cycleZ2 stCt AHAMQl FHMALe| 2& 2 D F o ActinmMAIR &d o2 HH std ERU

<E> 2 970 AIEE I1F ¥ NMEM FMX EZE primer
Target genes Primer sequences
CaPR1 F: 5’"-ACTTGCAATTATGATCCACC-3’
R: 5'-ACTCCAGTTACTGCACCATT-3’
CaBGLU F: 5"-TAAAAGGGGAAGTCCAAGAAGG-3’
R: 5'-TCAGCAAAAATGTCCAAAAATC-3’
CaPR4 F: 5"-AACTGGGATTTGAGAACTGCCAGC-3’
R: 5'-ATCCAAGGTACATATAGAGCTTCC-3’
CaPR10 F: 5’-ATGTTGAAGGTGATGGTGGTGCTG-3’
R: 5'-TCCCTTAGAAGAACTGATACAACC-3’
CaActin F: 5'-TTGGACTCTGGTGATGGTGTG-3’
R: 5'-AACATGGTTGAGCCACCACTG-3’

F: forward, R: reverse

ogRT-PCRE40|M SC-EPE AMelst XFEAMEHM = DWX 2| Fo| |5t CaPRT T A= 104l
Zt7to| Bro| wedstE 1 positive control?l BABARF RALSH CaPR1RMAL wWeieks Hl oo
CaBGLU, CaPR4 w&At= 3tfo|Ae| eiiztg EXCH A=Al HAHS 2 A=A
+ glucanase?| &4of 2o|sto B Ao MEzHMEOl EolleX F2|lE B-glucanO| A= X

T elicitor2 &&5t= He 2 &2 Uct B—glucan?| Al2¥ MaM RI elicitordd =
SYHAOM It Bo| A=A 2n] X|otA B2k 0¥ Feli B-glucan® LA E= L=
F M ZH MEQl B-glucan?l 7|s1t FAISH elicitor 2 7|sXQl H&rE st W22 AR =
Ct HXMEME S FEot= elicitorZt AEHM 2 =&HMdl 2lAl= ™ Salicylic acid(SA)Lt Jasmonic
acid(JA) €= HAN &M Mo =20 Matd FHAe| &g FEetct CaPRI CaBGLURE =

MA = EX M (Systemic acquired Resistance, SAR)o| &&= |FX™XIZ SAH 2

@
il
L=
il

(Minami et a/, 2011). HtHol|l CaPR4 CaPR702 ET(Ethylene), JA(Jasmonate) S|&EXH o=
Indused systemic resistance(ISR)7| 70l Z&tst= A2 =2 22{X UCt (Park et al. 2001, Yang
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et al., 2005). W2tA SC-EP= 1F A=A 0AM SARTt ISRMEA 7|0l 2oists A2ZE AlR
= At

CaPR1 CaBGLU

12 a 12
5 . o
=10 - J =10
- - %
g a2 2 8
: 8
.2 il a o g
3 = =
@ ]]:: 4 b
o 4 -
= =
& L I
o 2 . o 2 c
2 B i4 £

U D 2

DW BABA SC-EP DwW BARBA SC-EP
CaPR4 RERIU

2 12
o o
81 5 10
5 (= d 5 8
@ i
[ — 6
a £
B b o
2 4 it 2
o 2 C | 2 2 a a a
@ x = I & T

o 0

DWW BARBA SCEP Dw BABA SC-EP

<J8> SC-EPXzloelst & & XMad FHMALL| Quantitative real-time PCR (qRT-PCR)

>|.

O *|otHA Fel SC-E
90% mEteR &
2 2miZ2 HFHZE = Liqui
£ 0| 8&310{ Salicylic aci
AME3BIF 2N, SARAME ¢

PX{2|ol tZ2Salicylic acid &S}

AlEXH F&= 1mloll 5% Trichloroacetic acid 100ulE €1 DW
hromatograph Mass Spectrometer(LCMS8050, Shimadzu, Japan)
151%iCh ol =23} ZX| 2= ESl(electrospray ionization) &Hx| &

=42 ¢ S 2+ Kinetex 1.7um, C18(100 x 2.1 mm)2 2 O|s&2| &

£2 0.25ml/min2 & st¥ 1 2E= 40CE LHsHH ®X[ISIUCE o|4ate| B2+
Acetonitrile(0.1% formic acid) 2t Water (0.1% formic acid)& AFSsI¥ LI 5uL¥ FIst0] &
MSIQCt CaPRITHEAR CaBGLUR™ A= Salicylic aciddl 2[&X ¢l Systemic Acquired
Resistence (SAR)0| Zt0i5l= FHMAIRZ 22X EHHwang 2000; Kang et al., 2017). 2t
SC-VHME| 96A1ZE = 11F AlEA e SAREES FH5tUct O8 2 SC-EP, BABA, DW XE|

72M2t = D FAFH U SAE LC-MSE 0| &35t0 &4t ZIto|ct. SC-EPE HMElgt BFA=
Zd

i
o
K
¥

o a
o o
W  fr S

rsﬂ i
0E gy Ix

to
re

& e| SA= 3.446ng/ml, Positive control?l BABASE X =X 2l SA= 5.936ng/mIZ
DWX 2|70l d|sto{ 4-58) =H| LIEFGCH of2{et Z1t= SC-EP= 1FAEHM M SAE FE5t
01 SARX&M7|F0| Zoist= AE vhESst RUCh
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o
=
&

2
a

I
€
=

Salicylic acid{ng/ml)
1

b

CEP BABA DW

<J3> SC-EPXzlof = 1 FQloflAe| Salicylic acid &Hafist

3]

O SC-EPXzZloll 2 Phenylalanine ammonia lyase (PAL)ZAMS7}

537 Mgt DFERHO| SC-EP(0.5%)5 X2l 72A12F & 1F21(0.59)S Hx| & 2of of
Mot PALEAMo| ALESI¥EE AlE MEE 1mM EDTA, 15mM mercaptoethanol & 50mM
ascobic acidg &&R®st= 50mM Tris—HCI 2t&5%(pH 8.8) L
12,000rpmoilA 10272+ HAZE2[sl] =x=2 I1I710P°°'EF FEE9 25
100mM Tris—HCIl 2t (pH 8.8), 10mM L—phenylalanine 2! 0.4mL

£ 37ColM 1A[ZF S¢t BhE5t 0.5mLe 6M HCIS H7tsto] B+
290 nmollM FH =20, PAL2 cinamic acidoll CHall @2 2 IMS 7[|E2 :

PALS phenylalaninedl A trans—cinamate 22| H|Atstd Efolo|c3tE F0§5H0d cinamic

acidg MMsSICH cinamic acidol A A = phenylpropanmdsﬂ Ctekst ldl stetEo MTA A

2 ot PAL M1} Wz stetE zhe| afEtatAsL 2l vE ok, SC-EP % BABA HMzl&El 1
A=9| YoM PAL &Mo| FolstA St BHH, = XElEl 24 = A'%EI ol M= dlmgt
otet ZIt7 L 2l

Al

S77F X=X ghe A= LIEMRCHIOR). PAL2 22| SAR EHE0lM Aol AS

SAS| MMM Z25t detg stotn EEQict SC-EP7L 1F A2 R 1
t

stict olzet RE a2 PALY

ol

O LeCSMSFZH{X|E o| ¢t x[OtHAl vk I SC-EPA A

XofHA el B MEgM & 20l SRl & 7= HASEZHX| EH|E 0|88 S 133
A2 X[OHA AALHE LeCSMSE CHEFe| NPKet ol 2d 20| e7= 0] A0 LeCSMSE 0|
St x|ofHAl | vl ks A|E5HCE LeCSMS 50g0 & 1LE &Itst 44|72t %0._ Al20AM 100rpm
oM ZIE stHAM FEE=S Hist¥en DS =T 1%=2st0] Bt =2 0| st 1L
LeCSMS &= (ZY 1%)E 1YATFstD X otHA A HHEH(EZE 5mm x 5mm)E & &340
122dE2F 100rpmoll M Il 2k SHICE LeCSMS FEMUA b X[o| A F AL = PDASF FAFSH M &
2 2¥on |23 ZAZ FAHE MAHSID SC-EPS| EHS ZHSIUCE LeCSMS FZ U A HY
X|ol M Total glucanO| 25.31g/100g2 2 & = 20{ a-glucan, 4.5g/100g, B—glucan, 21g
/100g2 2, PDBOIAM dij2tst MZ9| B—glucan, 23g /100gECl= ClA gH2Fo| Ho{X|of O|=
LeCSMSEZ=0| Total glucan°| S7l= LeCSMSFE 2| HMEd 7|2 == H2ZE AR =HHA
Ct. ZE2XH2Z LeCSMSFZE=g 0[8310{ x[OtHA 8 2F0| 755t OI% ol&et 1F o b
nE S AZ T U2 A2E AR FHLE JA HH SFof| g 45l chA I H235H01 A
7 e ob 210 1otx[ojol & W2 =2 At EHUCH

_ o4 -

o

0r0

HH ol
mIE

1o
rol
I-_I



<iE> dff el X[ X[OpHA FARA B 2FO{H LY glucan =2

Cultural media gluc;ll;l(}tla()lOg a-glucan/100g  B-glucan/100g
LeCSMS
extract 25.31+1.21 454+0.24 21.18+1.12
PDB 24.15+0.73 2.51%0.18 23.12£0.81

3) M=t uiX| E[H| Fef Bacilus velezensis HKB-1&
oIAL iAo CHEA QI ZEIOWA (Lentinula edodes)2| M2 37, 000E/A LHQ| 7} =|of &
Mol ol M SEF 2X| Al 2 SE5] Mtz 0 ot oA 2X|ZH 8l = F O H{ A ARA B 2F——>
7

> A R7I2 B Z Ao Bt floof 2-35] SE2

o A

Moo LM st= E2| SHEHA Bsk= pH 6.00] A2 Al Fof TSt by M 3} NPKH| 2 A4 23} 0|
HEMEe S22 AEdSS 2t R7|2d|2 M 20| 37t stct . E[H| o] gutriol gaf= EQF A
= MMstl R ZE AlEHMo 3otk A 2o EY FE 0|HES SI7HMAA Al=2 2t
H3Hg =l

MO 2 ElH|= AE § FMER 58, &4, 2, 52 =%, YEAA UHEs F E
EH[e} AEM 7§ ML E2 WAZ|(otFnt2l, =i, S, ¥4 S2E M=t FEH|=EI}
7t 222 XX|5t2 Ut AR 752 R 0|22 2lst otF| el ASH S s2fo| AEE 0]
7715 EHZ2Me My Mo 2M™E 22 XM= JAct HA =2 = Ui X[(SMS)= 52, S35
S ol EZ0| gls #ot ot el Ao M AHSH Ctekst 2XHHAIE ot B M e & 20| =Z
e A0 7|5 775 EH| 2 85 22 J7hssith.(Kang et al., 2019; Song et al., 2000).
Ed|st Ity 2 S22 A, D2, SH A E HX =0 50CH A 70C D2EHA 7 X[ ST 24
o|MZol olst 22| 2tar™ Hslo | YA SHCF (Gonzalez—Marcos et al., 2014; Song et al., 2000;

Zhang and Sun, 2014).
D= RO LEZA FU MA /ML F I B2 Ao np 4 AreF
=]

SiAE DX MM TS FE s

lo

0=
R
o]
N
o
]
ol
[o rr 0

1o
(Hwang and Kim,
o WA 2 el A}
H

>
rr mo
0E
o
0x
O
oH
o
3
IS1
>
Q
Q
8
S
@
)
L
1o
o
S
LR

2

=2

-0

riu of

FO

oh

o

I
Kl
|lal
I
ro
0x
|0
HU
=2
[
H
=
kl
ok
A
=
0=
[
oM
o
0y
F>
>
< 0
rir
-+
0)
ro
o
il

©
©
o
=
L

F2tAM (metalaxyl), ZHEFE (captafol) 2t 242 3t&r A7 A 7}
7 o

=3

= UCH S| IF Y UK E 2510 Z2ke| EQFHE|

ct. w2t ZEo|ME Bacilus subtilis strainsE s
F(Nguyen et al., 2013; Lee et al., 2011; Woo et al., 2008). 1

M= k2 ?|5to] Ule| MstE o|dE HIX|E 0|25t JUN o|ME=52F M=

ASel olo] =1 Uct,

A st x| o Elb|at 2ol I s3tetE S old =2 tAtM=2t Al=4 O X CHARL

T Mo
m oo -
N 0z 0T 30 o

5|
=2 A g 22 JHE £ 2t (Kang, 2019; Suess and Curtis, 2006). =L A =&t 5
X & o| S5t ElH|= 52 Fld 0| gl 24F 7} LIX| 2o |f7|2 Alg dYMF0o| EF5H04
o|MZdtS st HlX| MEoZ 228 = US #ot ofL 2} Eof Hetkls Z2510] Al2M



LFMEfA O RS 7|52 & F AUcHSong et al., 2020).
| FIOHA 22U X| EH|2R2E 0F AH

tist &4 282 7HKl= Bacillus velezensis HKB-1

EES 0|83t Mk &

58 a
235 YH M82 BNHo=Z YSACH

ru|0 J

> 0
o 41 M
s [T rulo

n

(1) Z&M o|ME B velezensis HKB-12| 22| & =&

Bacillus velezensis = 1% %M M-I 22 siderophores, &d=%, 2Hd F7Ister=,
XNetd FEME1 Plant growth—promoting rhizobacteria (PGPR)
ZZ S22 Indole-3-acetic acid (IAA)E dAstE Aoz 2y
[HZ2FE B-22E &2|5t% 201 16S ribosomal RNA 7| ES
Hlw EAMst A3} Bacillus velezensis 2t 99%<2| @I7|MAo| AX[std FFY Bacillus
KB-12 3%ict.

lipopeptide §0| AZ2|
°f EME THX= AMEMS
=t

b
9}!,:'_, E_Ty_u.'klﬁ[\__il-

%)
T

velezensi.

(2) Bacillus velezensis HKB-1 2| AlESw¥ st ZZo|of

Potato Dextrose Agar (PDA)oll HifX|ofl ’il%tc‘,%éé%%*ol DFAHA  (Phythopthora
capsicl), AMESYH(Rhizoctonia solani,), 3= (Collectotrichum coccodes,) A=
EY 3 (Fusarium oxysporium) AR H (24 5mm)E PDA %%FOH HE35t 2.5 cm Eo{ &l X|
Mol 1 x 10°2| B. velezensis HKB-15 5 E oto] 7oA 14 = A2 HaAN FZo|o
TALH M AXES =AUt FEO|H0| & dEe 4= A= Potato Dextrose Agar(PDA)
i X & =HMstn viX|ESYol|l DFAHI (Phythopthora capsic) AMEEH A (Rhizoctonia
solan), DFEMHE A (Collectotrichum coccodes,) MESEH I3 (Fusarium oxysporium) AR
H (24 5mm)E HSsIgct Helgd §E5E92 F5 2.5 cm QoiZ X[™Holl 1 x 10°2 A
velezensis HKB-18 5™ E ot0] 7UlX| 14 Fof ZtZto| v #o| FAl AN 2E &SI
Ct. Fig. 2= 1 ZZM B. velezensis HKB-1&= 43572 20| HelHol ofsto] 70% O Ao
TAMH MEAH 2ntE 2N

—

B. velezensis dF= AE0| HWlE sl WAL ZZolof =2 o882 2= 22
Fengycin, liturin, Surfactin 0| 211 =0 U220 (Park et al., 2018)AMZEZEH (Lee et al,
2016), M#M EOlEXOE" (Chen et al., 2020)z} cifst A28 el FEo|o MESHH 4t
Mol ol &=|AcCt (Fan et al., 2020). & AT M B. velezensis HKB-12 CIFst DFHAH S

2ot AlEH Y FEolo thstod e Eatrt &l HeE2AM dESHY g & Jtse A

i
2 A= FAct,

Phythopthora capsici Rhizoctonia solani  Collectotrichum coccodes — Fusarium oxysporium

<O8> Bacillus velezensis HKB-12| A& HelM ZHEolo| e s &4

_26_



(38) EOHA =S HiX|EH| = =0|

B. velezensis HKB-1& EIHAM F=t=HiX|E[H|(LeCSMS)olA E2|& df RUCt m2tM
LeCSMSOAM 2| HitEHE AESIUCE LeCSMSZAZEE 5090 2 1LE ™Itsto{ Al20M
80rom2E 2A|ZF FE510 1AA 22 D|2l T2 A0AM 091t5td 6000 rpmoilAl & Al F2| 510
LeCSMS A== MIH7|E X 7{5t01 LeCSMS2| water extract(WE)Z stUCE LeCSMS WEO| &
dEez HHs 25T 1%=2 =2 stod Eotstn 157| 121°C =HA 1522 7IAdHE A5t
of B X|E M =SICEH HxE F2E= LEHXQ MAF X2 71 Bo| A== 48 3t
Hi X| Triptic soy broth(TSB, Duchefa), Lurina—Bertani broth(LB, Duchefa) HiX|, Mueller Hinton
broth(MHB, Duchefa)& At SHHCE |2 MxuiX| 1L0l B. velezensis HKB-1(1 x 107/ml)
500 B &5t 28C 2 ZH 100rpmOoll A ZIEfH] 2F S CE LeCSMS WEO ZH 1% E & 7tet
B X|oll B. velezensis HKB-1& T &35t0 24A|ZF St 28 CollA 100 romOil Al ZIE v 2FSHF T
HEFZ= MR ek X2 AIEE= &4S3) ufX| TSB, LBB, THBE &2 =AM bf ek
St ZtZko| v X|of| Al x| bl kSt B M 50408 S| M YFH O Z TSTA| HfX|off =L 5t 2
2 =of HiX[of E@ME M-I colonyZ CFU/mIZ sHULCE

LeCSMS WE + 22 1% 8{X|= 6.2 x 10° CFU/mIZ TB2| 4.0 x 107, LBB2| 1.2 x 1070l
H|Sto] 100HH, MHBS| 7.5 x 10° 2Ct guff o|Ate| MZAM=Z I8 E3ict olz{st A=

LeCSMS WEFZ=1} Eta®Ioz Ha 1% HIIZ 4235 vfX|of| H|5t0{ YT B velezensis

HKB-12| Mdujetel 7tsMd S LEIY =t dEtM oz MM UH S 95t01 Bacillus spp.7t
LBBS &E=tuiX| EE= Bt Y Sofl 2/5tof 500 L fermenterE Ol &8 CH 2 8 22 A AlSH

Xt (Park et al., 2018). 8L} MdHf ¢S M X|= 2712 Hojs[1D A0 o|d=52F A
M= MMETEASe Feolo] Elct w2t ol E IS f|sh Mu|8 nE 6K 7Y
42 f|5t0o] Chfet s It i X| =AM S i st ALt TS| Trypton, yeast extract, Triptic

y &2 2221} glucose, starch, glycerol & EFA®, Na,COs3, MgS0O, 52 FI7/€8/E ol&
StHlX|=MH O 2 Bacillus sppE ISt 01M5| M H| & Hi 2 & =X ZstL U= AFHO|
Ct. 2 72| LeCSMS WEO| Y2 1%t X|= 7|&2| | S X|ECt H H| S22 COfZF b2
T A= 1 28 X2 AEE = AN O[d=E MY M= A7EH ol 75
US 2

do 2 J|thElch,

0

ek oM 1

=
< A
2 =l 4=

<E> Cltst vl X|oll M= Bacillus velezensis HKB-12| Mo & =

B ¥ X| M= (CFU/mI)
LeCSMS WE + molasses 1% 6.2 x 10°
Triptic soy broth 4.0 x 10’
Lurina—Bertani broth 1.2 x 10’
Mueller Hinton broth 7.5 x 10°

(4) B. velezensis HKB—12| LeCSMSHFo{He| 1At of CHst ehdsxt A
B. velezensis HKB-1& LeCSMS WE+Z2! 1% Of|A] 250k 2871
Triptic soy broth, Lurina—Bertani broth 2 Mueller Hinton brot H

0
rir
!
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2 MZuf Sich  HiXI® B, velezensis HKB-1 HIZXE 7000rpmez &4l £2|510d
HKB-1M @2 M AHstUCt 2tzte| AM|ldufoiHof 1/2 PDAHIX|E & Itsto{ nad =
Cl#lofl sfX[ofl EFot¥ct. HiX|] SUof| DFAEF A EH (A 5mm)E
SFYE DA 9H 238 Z=ASIRCE  LeCSMS WE B X[of| Al D F A AALX MEO| Of= +
2ot gAR &S0l 94% Oo|lat M EAg20] LB+HKB-1(78%), MHB+HKB-1 (40%),
TSB+HKB-1 (27%)ECt 25t e &8M8 S LIEHNACE LB O Z ALZBE = MAHiFE  MH,
TS, LB 0|4 & iX|= o9 1712 ME83t=1 o0 0|MES I v ket o 27t &
4 b

2e¢elo| ot gtHoll LeCSMS tiX|= = FEU2Z n|d=0 R AL S S
o
- =

ofu

o DT N Zufto]| 75522 & EH n|MEzef & =o of 2%t
AS Hoz AR =},

19
=
fol
il
gk
EY
1]
0x
fol
il

<X¥> Bacillus velezensis HKB—1tl 2Ful| X| & HY Qk0{ U of = AFA ZF

Hl k01 A T AR EHZ(cm)
LeCSMS WE + molasses 1% 0.5 £ 0.2
Triptic soy broth 4.7 £ 0.1
Lurina—Bertani broth 2.0 £ 0.3
Mueller Hinton broth 52 £ 0.2

MH MH+HKB-1 LeCSMS LeCSMS +HKB-1

<22> Bacillus velezensis HKB—1H| &M & 5t PDAAMOIA F A AAN X &1

o

o
fol

(6) EuHMP2ZH{X| E[H| (LeCSMS) & FE= et 24
LeCSMS A= 5090l & 1 LE H7tst F&ET =FE= LeCSMS WERl LeCSMS WEO &
U 1% S M5t B. velezensis HKB-1E5 Hi 2kt bl & LeCSMS WE+HKB-12| =2|=t5HA
E4& "l ZA45IUCt LeCSMS WE+HKB-1= LeCSMS WEZ2| pH7.255Ct 22 pH 6.252%

- AN E
LERt 2L EC, A, 21, Fi2|, otads, s 232 =otkls 2ot AU
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<> EIOHAEZHlX| E|H| (LeCSMS) & FZ Bacillus velezensis HKB—1 Hj 2k0{ 2| 0]z}

N EIE H EC T-N T-P T-K Mg Ca
P dS/m  g/100ml  g/100ml g/100ml g/100ml  g/100ml
LeCSMS WE 7.25 4.76 0.051 0.036 0.102 0.028 0.029
LeCSMS
WE-+HKB-1 6.25 5.63 0.058 0.038 0.11 0.031 0.031
eHd | eCSMS WE+HKB-1Hi 2L 2| Ralf2 2 el S3% 0|28 =AL & 2ot 2% 245 =&
7|=x olstz et 2lA Foli=Eel fleddol sle A2z shel= ot

£& PBacillus velezensis HKB-1 Hi2ko{H Ly 2

%o|&2
HAEIE SHA x| HEE
As(mg/L) 45 or less Not Detected
Cd(mg/L) 5 or less Not Detected
Hg(g/L) 2 or less Not Detected
Pb (mg/L) 130 or less Not Detected
(mg/L) 200 or less Not Detected
Cu (mg/L) 360 or less Not Detected
Ni (mg/L) 45 or less 0.48
Zn (mg/L) 900 or less Not Detected

(6) LeCSMS WES| Bacillus velezensis HKB—1 Hl| kx| X z[of| ot
LeCSMS HKB-1 Hi M| & 113 HE &0l 50 ml 3% ©Itst AlEM=
MU= 7= &, 24 dix 7= 483E EH|FEE (CC)E ARSI 1
EZA 65:HZI0|E 35, v/v 1FEQI0| 3-4¥0| ¥MEl I1F RE
of olalsto &2 MEE H
E& HE HE H4= 5x13|.o1

LeCSMS WE + HKB-1H|j 2
23%, 22%, 23% &7t 3|‘9ﬁ— o AEZ3tE
EtLiQiCE w2l LeCSMS WE + HKB-1H{ XA & A|F Fo{5to{T Al M KN e
0] 23521 MZ& =7 2= LIEMH ZHo 2 B2l dct 7| 2822 LeCSMS WEE NPKS A2

X

=
JdY=H0| EFSHL et 77| =220| o XL Z H|E Rt Qo Atz Y2ix|

HJ-|D rn
>.
>
_o'ﬂ
> 32
o

07
-

OBt
A A >
N

0
H 4
{0 3 H o

n
B A
& m
i ]';
o OX
> =

\Jv
ro
ol

hop
o
wn
=
wn
T
-~
UJ
z L

O
i
5
(@)
3
=
mu
m
o

= A2| Foll |5t =&, FE, =, =7t 35%,
Cl S

=

—

w782 F&=0f 8510 FAL E= 58 &2
A 5 7

0

=
iderophoreE A Atsto{ Al M A

o
B. velezensis= indole—3—acetic acid (IAA)2} s S
B. velezensis HKB-17} i k=0l Al=E
o

oSZ ¢8X AN (Myo et al., 2019), & = SESin!
HIAA S AE SEE MM {FEE EAMY ZeIt /US HA2=Z At=REICE
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<I¥> LeCSMS WEZQ| Bacillus velezensis HKB—1 H x| Xz|of w2 DTN

o ESY! = = o
(cm) (cm) (cm) =T

LeCSMS WE 58 545 002 12.640.56a  5.8+0.35a  11.5+1.17a
+HKB-1

Water 05.5+0.42c  9.840.42c  4.5+0.26ab  8.8+0.32b
Commercial

compost 35.3+0.43b 11.4+0.37b 5.240.32ab  10.5+0.37b
extract

*The different letters are significantly (P < 0.05) different according to Duncan’s multiple
test.

(7) LeCSMS WEZQ| Bacillus velezensis HKB—-1 B kx| o] mFoded vix & 1}

A dMHREE 2510 10% V8 HiX| Aol I1F A A FANEHS ¥ S5kl 24T
ot =AM 5dSot Hi st CE V8 HiX| ol EME nFAMA AAME HHEH(SE AF 10
mm)oll &3 20 mIE &It @ Y-S ZAISIHA 24CollAM CHA| 27t v 2SIQUCEH 73
At &M {EE HE(x 400) 2 3—.?_4'3|7o:'(Ze|ss Axioimager)2 2 &2Ist = 4CHZ 10| 60
22t X2l RES RTSIYCh FFA 2 2= sIHAO|EO|E{E ARSI 1 x 10°/mI 2 =
Msto] MEAS2 ALSSIYCE

DEEXNE 0 BAst A Eof oSSt GOE AEYAZ I1F 7RO DFAHEXNE HE
22l 20| LeCSMS+HKB-1 H x| 30mI4 3 2tHe=z 23 MHelstct 88 t= = 22
AtEsten 2N Hx = H MM fxof 2fst I1F o9 AN szt LHZE DL-B
—aminobutyric acid (BABA, 0.5mg/ml)& AzlstFct S E= 0 HAUS, 1: 10-20% A=

5, 20 30-40% Al=EE, 30 41-60%, 4: 61-70%, 5. 71-100% Al&m2
= M2l 7= 83 5 olsFE gHE 2 0|yl dHo| ils S

Zofl= YT 30|at0] X|£Hx0of & AT AISL ol2E MMl D o By

J2{tt LeCSMS+HKB-181 24l XM2| FollM= HE 8dZ 1t =of

T8 E%en 2 tix 7 BABA X2l FFECE 2opAQ

20| DFERE MATF AS0 HEl= 2F ¥l MYl HF0| LE Huol—F LeCSMS+HKB-1

Mzl FoM= dAdet 2F B2 ®X| =20 LeCSMS+HKB-18{ A= 15 AH Ao 4 =54

AL
YHol Moz A & U2 A= AR o

ru°l- -|>|'
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DM &Sl X| B8] Rl Bacillus velezensis HKB-15 0| &%t 15 duio| MESHx dhx|

@
EH

| Water

S

Disease Index

—s BABA
LeCSMS+ HKB-1

Days after Inoculation

<32> Bacillus velezensis HKB—1 EIH{Al $2t5 | X|

FOHANFTEFTUX| & FTEES &7 40| JA20 oxalic acid7t &Moo ZeH ez
stof ¥ MeM FHE AL &sdof 2| St salyeylic acid 8 HS7IZ2 8 MEMo| RES= HeZ E
= dH} *Jct (Kang et al., 2017). 2 A7 = EIHASTES HHIIEIHI LeCSMS & FZ&=1} &4

1% & It2 B. velezensis HKB-1& H 2Fsto{ D F AN M EZ 8 SIUCE LeCSMS= E|H|
ZMel o| ot ot el Z2etMd o|dE B. velezensis HKB-12| Ci &l ol &8 2 £+ U2r
st 2M0| ZEtE Hi eF s X|E Mateh = Ut 39| B. velezensis = & 24, AlE MEH
, H NN F S Ctekst 7150] U= MO 22X LeCSMSHIX[2| X H|ZHIX|Z &&
504 A o]y = &

S2 7lsd nldaze Yot rad Aoz Yoot ez LeCSMSOH EM3S
A H o

I AlE UEERT 22 7Y 2 AL2zR AR ErCf

7) LeCSMSFZ=0llA 4-hydroxybenzoic acid®}l vanillic aciddZ& % S&8MAH
LeCSMS F&=2| 115 A Aof oist Wl gxel sdetMo| U= W= &2l =gct =
ot B m™Mof| A Clkst 0|MEE0| 2Z35tH B. velezensis HKB-12F 22 ZstM n|ME2 2
2| s Y] eaedo HAntE FtetEo] =M g Aoz o4 FJct OB 2 £ 1
HA === 8 X| (LeSMS) 2+ 2= T ZIHAMSEZHIX|(LeCSMS)F&=2| HPLCZLI=
= TxE EME s

LeSMSoll= 11 LeCSMSO|AM &0 IH St stet=22 ™A S 3tst =
= Z 1} 4-hydroxybenzoic acid®t vanillic acid2 SASIFCHA 18 S2HA M &).
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<OE> EIHAsESuA] F=8 SMS(a)2t EIHAFTEH=ZFHX| F=F LeCSMS(b)2

HPLCZAM . c: standard 4—hydroxybenzoic acid (HA), d: standard Vanillic acid (VA)

OH
E
=)

2 AE2 LeCSMS 2 stetE2l vanillic acid2F 4-hydroxybenzoic acidel A28 &M
| CHet etdatd S X AL StQUCH PDAO Z7H7t2+e| atetES 25001 A 2000 mg/LE =X 5H0 P,
capsici, Phythium ul timum, Rhizoctonia solani, Collectotrichum coccodes, Fusarium oxysporium,
Botrytis cenerea| 2+2te| dALMEH (ZE 5mm)S Bt =7t v|wsto] dALH M EIHE ZAL
st ct. vanillic acid2t 4—hydroxybenzoic acid= ol &35H= Phytophthora capsicit Phythium
ultimum2 500 mg/LOIStoll A 90%0| 42| dALM-EEHAMES 2olHAM L=t &S LIEHACE O
2Lt ct2 #Eo| &2 Hydroxybenzoic acid?t vanillic acidel 1000 mg/LOlAM H| WA 2k5h 25%0] A
12%2| dAIEZEAMES EU 20 Rhizoctonia solanPlM= M0 giULCt

A= MNE 7|2hset Eo|L HELERH 22N
4—hydroxybenzoic acidZ7} &2 21 = d} At 4

o
T, ABHAMT, 52, ASHANTHOIS HAOR FREN M MAl o 2 J2tey

_,_
2
0%
o
—
N
\N|
-
ne
[l
L
Rl
20
|0
[m]
-]

o [ao — o a = o
Moot D2t Aol 28 g g40o| Us A2 By Aot 580| #olM= AM &
7b gle Aoz EHEizdct EiuH, SEReIHA, dEsA SolM vanillic acid?t

4—hydroxybenzoic acidZt 22| 21 = "} /o0 [/steria monocytogenes, Escherichia coli S
AlZHAMMZO| ERFEI} A= He2 21 = df ot ZEA 2 IZH0| Penicillium sp. AF5E2
£5 F2|= hydroxybenzoic acidE 0|&35t0{ Al2H M FEolo st ehdsdS =ALSH b U

ou{  Phytophthora capsici, Phythium ultimumo| 2+

il

r

o

o2 21 = H} o 2

A
g3l= 20 = d} gict w2kA] vanillic

&
e

ool A= Z

Az et Y| skt a2{Lt vanillic acide| &5 E0|
acid?t 4-hydroxybenzoic acide thdFol 20| ZsHA LIEIL E A =25 HfX] E|H|
o e dix| X|x SietEE 8 Jls ¥ HWeZE MZt Fct
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E> Hydroxybenzoic acide| Al M ZT0o|olt et FAFEEAX &1}

Fungal species

PDA media with Hydroxybenzoic acid(mg/L)

250 500 750 1000 1500 2000
Fhylophihora g 540 6.8+0.24 3.2£017 2.040.16 NG NG NG
capsict
Phythium 8540 6.13+0.26 NG NG NG NG NG
ultimum
fihizoctonia 8.5+0 ND ND ND 8.540 ND ND
solani
Collectolrichum g ¢, o ND ND ND 6.440.16  ND ND
coccodes
Fusarum 8.540 ND ND ND 7.47+012  ND
oxysporium
Botrytis cenerea  8.5%x0 ND ND ND 7.23%0.2 ND
ND: Not Determined, NG: No Growth
<3 > Vanillic acide| A=S8H MM F oot AL AN Z2}
Funaal species PDA media with Vanillic acid(mg/L)
gal sp 0 250 500 750 1000 1500 2000
PIvIophinora g 510 333:0.18 1.7340.25 NG NG NG NG
capsict
fihizoctonia 8.5+0 ND ND ND 8.540 ND ND
solani
Collectolrichum g ¢, o ND ND ND 8.5+0 ND ND
coccodaes
Fusarum 8.5+0 ND ND ND 52+0.65 ND ND
oxysporium
Botrytis cenerea  8.5+0 ND ND ND 3.53+0.12 ND ND
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Control HBA(1000 mg/L) VA (1000 mg/L) Control HBA(250 mg/L) HBA (500 mg/L)

WLET! CHINTI LT

Botrytis cinerea

Control

Control HBA(1000 mg/L) VA (1000 mg/L) HBA(1000 mg/L) V{‘IUDD mg/L)

Fusarium oxysporium

Bolytis cenecrea

Control HBA(1000 mg/L) VA (1000 mg/L) Control HBA(1000 mg/L)

Hhizoctonia sofany

< 18> Hydroxybenzoic acid(HBA)2F Vanillic acid(VA)7F E 7= PDA i X[of| A2 AL A

ki x| & 1}

8) HAuATHTUA R FREH W NN FHAYH RE

o
h:E%E“OItHA%‘—E—.—?—HHXI eh st EMEZ compound 19| steta =

22k8k2 compound 12 300mg/LE2 =™
ZE(AZ 10cm)ollM 60 HEAIZI DF(ES:
£ o3 2 ol FASHR 20 0.5% BABAE ¥

Ct. 72A|2 = 2t ME|FE2EREH DFASH 2] S F5to UMELZE oSt DM E22E FH
RNAE TRIzol Reagent (Gibco-BRL, USA)E 0|-&3l01 total RNAE FZ&sIQUCt 2|8k Total
RNA 1 mgE Superscriptlll (invitrogen, USA)E 0| 235101 cDNAZ gHMsID, 0F 8 NeM &
MA+  CaPR12] PCR  primer set F 5-ACTTGCAATTATGATCCACC-3'R: 5’
-ACTCCAGTTACTGCACCATT-3'2} CaPR10 F: 5-ATGTTGAAGGTGATGGTGGTGCTG-3’

R: 5'-TCCCTTAGAAGAACTGATACAACC-3'2 gRT-PCR (Roche, UK)2 F&stQict. PCR Ht
S Z=H2 95T 10min(Pre—incubation),95C 15sec, 58C 30sec, 72C 30sec, & 35cycle@ =2
E =3I, A& 2l T AL Eg el L CaActin F: 5
-TTGGACTCTGGTGATGGTGTG-3" R: 5'-~AACATGGTTGAGCCACCACTG-3'primerg AtEst
ActinmdAtZ eite =2 HEM™ESID ERI gAlel LS ZAtsiQict O Ant gd=2
compound 1AHE[FoM CaPR1RHAL L& 7o X7} i 2Lt CaPR102 ol A BABAX 2|
H|Sto] 48 S X 2| ECh= 88 O|M2| FMAL &Ho| FolXIE ECt Ny
7t AlEA 2| =40l olAl=E™ Salicylic acid(SA)LE Jasmonic acid(JA) &
2ol MM FAAe WSS fotedl CaPRT REAs MAESX a4 (systemic acquwed

resistance, SAR)O| & E FHMALZ SA0| o =X 0|CHMinami et a/, 2011; Kwak et al, 2015).

i
_?_
1
_|,"_
1]
i
o 12
L2
o)
o)
3
kS,
o)
[
-]
a

=72, M7 SHUHZT2E ALE 5K

o
2 I

= FESk= elicitor
=3
—

XS Al S

o

- o
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HtHoll CaPR102 induced systemic resistance(ISR)oll &0{st= W2 =2 &2 JcCh ISR
plant growth promoting rhizobacteria(PGPR)2| 7| & 7}& o|MZ0| AlZX #2lo H=tst A
ot2 JA2} ethylen—sensitive pathwayoll 2|sH A = A =IC},

5 4

ke 5
z
c 41
g
8 3
0
!
o 27
=
5 14 :
o
U T L 1
BABA Compound 1 Water

<J8> s# =2 compound 1Xx2lo w2 nF H{FMA} CaPR1el gRT-PCR) &4
ofc e Aol ZFAIE MH2l¥ JdofaEX = FeXHE LERHACE (Duncan’ multiple testdp o

—_ o
2 AFAMM 2SI e HA gF tlY¥FEE 133 MM 22HE HYst= stA)
stm AFEOM IS HA = F HiX] B FEE 532 AR IFAHEA
(Phytophthora capsic)oll Cthet &gt s AMsHUct O Z3 HA FEE SAAM
=

=
Oudemansiella sp.7t st &A=t S LIEIJA20 | Panus rudise st &4
8Lt Oudemansiella sp.= strobilurin AS MAlSt= A2 2 ATEHOAM 2
= AFoM= ATt Bo| F>HEX| L2 Panus rudise| 8MEHH AFE FAsIQCt O 21t
Panus rudis?| otME FZ2=2E2FH & 2e=E2! panepoxydiolzt 952 7

vSpSkejang mass =L NMR spectrum £ 53 e M2 & 5t0q
hydroxy—3—methylbut—1—-en—1-yl)-7—oxabicyclo[4.1.0 ]hept—3—ene—2,5—diol, isopanepoxydone,
neopanepoxydone, panepoxydone, panepophenanthrin,
4—-hydroxy—2,2—dimethyl-6—methoxychromane, 6—hydroxy—2,2—dimethyl-3—chromen,
2,2—dimethyl-6—methoxychroman—4-one, 3,4-dihydroxy—2,2—-dimethyl-6—methoxychromane2 &

sisfmzE FHSIACH TeiLh Balet shetEel 2zt et SR EN HHAT BAO| o5t

F7b89l APE MR LUCh ok ofzfol T\ BA S5 F uix|ECh SR ENO| Lo

AFE =ws sgeh UMl AT E SUSA o WA SF 3
o BRE

=
Rl
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<E> MM 2F HjUXEE 135 22 Y 252 2>
L Extract yield S Extract yield
No. Scientific name (mg/400 mi) No Scientific name (ma/400 ml)
01 SH ) ) 12.9 08 SH 33.0
01 ST Lenzites betulina 17 8 08 ST Agrocybe praecox 35 1
02 SH Coprinus radians 58.6 09 SH Microporus affinis 23.3
02 ST |°9P 32.2 09 ST P 22 1
03 SH Calvatia craniiformis 19.0 10 SH Gymnopilus aeruginosus 95.1
03 ST 12.0 10 ST |7V7Mnep g 131.3
04 SH 201.3 11 SH ) 54 1
04 ST Dacrymyces palmata 53 5 11 ST Oudemansiella sp. 58 0
05 SH ) ) 45.7 12 SH ) 14.7
05 ST Fomitella fraxinea 59 5 12 ST Panus rudis 589 8
06 SH Marasmius siccus 26.7 13 SH Panellus serotinus 51.5
06 ST 15.7 13 ST 62.7
07 SH 14.7
07 ST Lycoperdon periatum 129

Oudemansiella sp. ST

<JE> adgd g LEPH HA 7F vjetF=EE2| HPLC chromatogram>
stdtistm AFEOAM HZet HA 2 = X = FE= 539 AR 42 70%
methanol2} E==(45C, 10A|ZHZ F&3503 70% methanol F&22 d+-FEES M =sIQUCh
0|8 FEES 10 mg/mle ST 2 2HE = 40 10 X paper discoll 221 1 F A9 7 (Phytophthora
capsicholl thst erdgtd g AYsidien, 1 Z otefe| ol LiEtH HieF Zo| 70%
methanol FE&=0|M= &3 2M0| LIEHLX] 2oL}, 2H A|RS| Ed4-FEE J TIHA £
gt & BE&shuiX|e] E FES0IM DFEGH A st 25t e 283 LIEHQACE 28 Al
29| A 70% methanol F&E22 2F W2 sToMes &8 HENX] LU2L SEE =
OlH d-FZ=1} Zo| Zst Zaed S LIEtHAUCE m2id E0HA & & = i X| 27 E
stHEdErs 22|, dHsto] et xS FHSIC
<¥E> StAtistn AFEOM MSs HA =& T HiX| FE=2
A2 HS Alz™
1 CERR|HA = = uiX|(SMS) + O0|Z + 12T
2 FOHAM 2 5 HiX[(SMS) M2|2 (=)
3 FEOHA 3 5 iX[(SMS) + H2(10%) + 222 + X 2[1
4 FIOHA =2 T HjX[(SMS)
5 CEIAOIHM = = HY{X|(SMS)
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<JE> 70% methanol F&=(2)1t S+FE=(P)el 2FY

S0l i3 Sy

2) EIMA +8 ¥ ujX 24222e DEAWDl e ZFENEN 2ol ¥ A
s
__I.T

et 550 methanolS M7 st

=
=t FESIcH DFAYTo| e Sred S d- e 21t ethyl
I

3
D
=
QO
o)
o
o
d
ol
)
o
]
_O'h
2 210
iul
o
L
o T

£ 23 ethyl acetateE & s
acetate ZollA M E LIER A2, wl2tA] ethyl acetate S 4 sF(2F 20.0 g)st &
chloroform : methanol (100:1—0:100, v/v)2 &Z30lZ 35+0{ silica gel column
chromatographyE F&st¥Ct 2 2=l & 1AFAdWdo| dst go8d2 HEW=
chloroform : methanol (100:1) 22!(1.95 g)2} chloroform : methanol (50:1) 22l(605.9 mg)
2 5l =35t & 0—100% aqueous acetonitrile gradientS & 2012 A}23l04 MPLCE

T SIQUCH MPLCE 8st & &M S LIEMH 223 2ol 558t T 100% methanolg 8& &
ol 2 AFE3}0d Sephadex LH-20 column chromatograpys d3stF o0, 11 A1} s =2

compound 1 (51.2 mg)2 M| st Cl.

<a#> Silica gel column chromatography

2e
MPLC 28/2(9)°| nEE ol i3t g HY
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MPLC 8

MPLC 9

<JZ> MPLC &

S| =
2=

| MPLC profile
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Spent mushroom substrate of Lentinula edodes

extracted with MeOH
partitioned with ethyl acetate

Ethyl acetate layer

concentrated i1 vacuo

Silica gel column chromatography
eluted with CHCl;:MeOH=100:1-0:100

I |
CHCIl;:MeOH=100:1 CHCl;:MeOH=50:1

concentrated in vacio
MPLC
eluted with 0-100% aq. ACN
Sephadex LH-20 column chromatography

eluted with MeOH

Compound 1 (51 mg)

HiX| SSERRe 22d SREMSN HeTx 7Y
PO

m]

q

2t = M =2 Compound 12| stetx=E AH

f EXES Eelsty| 215t01 ESl-mass &4

2 T 1, EPZF?E% ;wom 215t04 CD;0Dol =2l & 'H NMR, *C NMR S22 1xH¢
NMRZ} 'H-"H COSY, HMQC, HMBC &2l 2t NMRE =X 35t0f sl A{53icCh.

ESl-mass spectrum® & 2 s{AM: Compound 12 EAIZHS LotE7| 2[5H0{ ESl-mass
spectrume £H 501 s A5 Ct. Positive mode0| A ESI-mass spectrumS ™ st 23 m/z

= 1o

316.00iAf [M+H]* o] m 37} 2t&NE[Q1T, negative modedA &t Z1t m/z 314.00A
[M-H]™ ol2m 37} pEt=lof EXtge 3152 golsiqich,

%102 |+ESI Scan:1 (14.805 min) Frag=200.0V PG-H-2 (F).d
1 3160
1 T84p64
0.9
0.84
0.7
D6
0.5
0.4
034

0.2

0.14

A
" 190 200 210 220 230 240 250 260 270 230 250 300 310 320 230 330 350 250 270 380 390 400 410 420 430 440 450 48D 470 420 490 500 510 520 530 540 550 560 570 560 590 600 610
Counts vs. Mass-o-Charge {m/z)

<J&> Compound 12| ESI-mass spectrum (positive mode)>
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%102 [-ES| Scan:1(14.827 min) Frag=200.0 PG-H-2 (N).d

314.0
233p41

0.94
0.84
0.74
0.6+
05+
0.4-
0.3
0.24
014

[i] A A JL ot
' 190 200 210 220 230 240 250 260 270 260 280 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610
Counts ve. Mass-to-Charge (m/z)

<J&> Compound 12| ESI-mass spectrum (negative mode)>

'"H NMR spectrum® & % a4 '"H NMR spectrume Xt 21}, 6.91 ppmollM & 72
aromatic methine proton, 5.17, 5.03 ppmdlAl & 7H2| olefinic methine proton, 4.31, 3.41,
2.04, 1.94 ppmollAl 4l 72| methylene proton, 3.85 ppmOlA $F 72| methoxy proton, 1.77,
1.59, 1.54 ppmollA Ml 72| methyl protonO| 2HEHE|RALC}.

306
300

1.9

206
S
— 197
2.00

1.08
1.06

1 A

7.0 6.0 = /
= HZEZTERASLS 2 5 SLEE [LEESESZ PRESALCEA T 83 =2
=3 ——— D D ¥ 0O -~ e B - e e N W B B SoQoo oA M v nn L5
= AR W e e e - N e R I I i e L B B o R B -

<32> Compound 12 '"H NMR spectrum

13C NMR spectrum?| =& 2! s41: *C NMR spectrum2 X et A1}, 174.4 ppmollA &t 742
carbonyl carbon, 160.6, 151.7 ppmOollA & 7H2| oxygenated sp® quaternary carbon, 136.0,
132.2, 131.9, 125.0, 123.2 ppmollA A 7H2| sp? quaternary carbon, 123.7, 125.5, 97.9
ppmoll M Ml 7H2| sp? methine carbon, 56.5 ppmollAl &t 7H2| methoxy carbon, 44.8 ppmOil A
8t 72| nitrogenated methylene carbon, 41.1, 27.8, 23.7 ppmolM Al ZH2e| methylene
carbon, 26.0, 17.8, 16.4 ppmOllAl M| 7H2| methyl carbonO| ZH&H=UCH
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1800 17000 1600 150.0 140.0 30.0 120.0 110.0 100.0 90.0 0.0 T0.0 60.0 500 40.0 30.0 0.0 10.0

07.854
36455
49.659
49,486
17.820~—
lodg—

174413
160.640 —
151674 —

<2a2> Compound 12| 8C NMR spectrum

'H-"H COSY spectrum?| =& 3! s§4: stghE Compound 12| '"H-'H COSY spectrum2 =&
gt dat, F e BEF X =CH-CH,-CH,—1f =CH-CH,—2| EXME It

;:RG.H.Q_PRUTON.L_: jf | 5 e
il s S|k g

lcosy_pfg-1-2jdf

20
e
—=
a0
'Lf[
-|1 F%
=
CTNOLOHd T-H{2H

4
aple-1

0

4.0

30
.
9
]
=
=3

6,0

* S s

Y :parts per Million : Proton

o
"
="
70 6.0 5.0 4.0 30 20 Lo (p Lo
X : parts per Million : Proton abundance

<2> Compound 12 'H-'"H COSY spectrum



HMQC spectrum 2 HMBC spectrum®| 58 2 si4A: HMQC spectrum= 54
THsI¥CE £k HMBC spectrume
2zt o] Dl’OtOI’]OETE'l carbonol| Z+&El long-range
correlation2 ZFE compound 12| stet=E HHSIFCE F 1.59, 1.54 ppm?| proton2Z
£E 132.2, 125.5 ppm&| carbondll, 1.77 ppm&| protonoi—‘?—lﬂ 136.0, 123.7, 41.1 ppm2|
carbon®ll long-range correlationO]| EF"*5|01 72| isoprene unitZ7t AZ =R, 3.41 ppm|

ol
o
1=

ol

o
35104
|

e

1zt

ol
==

Z| @ = proton—bearing carbon ('Js-n)
st A3} ofelel a2lol T=A|SH HE} &

i A

J&" 2 njo
;

methylene proton@ 25 & 160.6, 151.7, 123.2 ppm<&| carbondl long-range correlationO| &
Zt=| 0] isoprene unite] 2R x|7F ZH = ACt ESF6.91 ppme| aromatic methine proton2 2
BE 174.4, 125.0, 123.2 ppm<| carbondl, 4.31 ppm< methylene protonS ZFE 174.4,
151.7, 125.0 ppm&| carbondll, 3.85 ppm<&| methyl proton2ZFE{ 160.6 ppm2l carbond|
long-range correlation0| #-&=|0{ otzie| O 1t Zo| ststr=7t AM = QUCt st xE HE
& OS2 SciFinder databaseE ZdAMst Zul, SH4EMHEZE compound 12 FETExEE
N-De—phenylethylisohericerin@ 2 Z M5 C}.

= JROEH{2 PROTON=T=3df +
hp, o+
. b
g I s
E= w0 -
E g = 2 J
B 2 L - L
" . > =
JRG-H-2_hmqc_pfg-1-2.jdf o
= T
¥ "=
- z
“ # g
= 4
R : L
E
S = '
b 0 0
= ]
2
L] q ] o L]
=]
=
z
g
58 ‘+=
gg
B
g
2
o o
= L7
=)
Eg
£q
s T
7.0 6.0 5.0 40 3.0 20 )20 40 60 RO
X : parts per Million : Proton (thousandths)

<Jd&> Compound 12 HMQC spectrum
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<« drbub grofro-1-Ljad = d A
o 2 3 [ N
R E | P FEe—F= -
nk | [ET2 | e
ER | i

IRG-HL2 Hmbd peg-1-.ji

=R

2000
L
o
L]
o
| T

=B MY

apl g4

SO0 140,0 1300 1200 1100 1000 900 800 700 600 500 400 300 20,

——

L T
6.9 6.8 6.7 6.6 6.5 64 6.3 6.2 6.1 6.0 59 5.8 5.7 5655354535251 5049484746454443424140393837 363534333210 30 50 70 9
X : pants per Million : Proton (thousandths)

<J&> Compound 12 HMBC spectrum

NH

=== : 'H-'H coupling H;CO
~—:HMBC

<Compound 12| 2At& NMR correlation>

<J&> Compound 12| 'H 2 '*C peak assignment
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4) EDHA Sot 3 uix BE2RE ASYTENEN B2 ¥ YA

e 77| el AWM Heistof BTN S8t F HjX| REBRRE ASYTET
=
=

- = %
SIS EOuA 8 F ujx| £52(3.2 kol methanolS TI5t0l 2
_§_

i
_O'E
8
ful

i

S . SE20| =1} ethyl acetateE €0 28 F&ct
4 =35I Ct Ethyl acetate (2 20 g)& chloroform : methanol (100:1

ethyl acetate &2 Z4¢
—0:100, v/v)2 8&&0i 2 35}01 silica gel column chromatographyE & st = Zt =l =0f
LHsto] A2 EEZ 2dg gotslict O 21 22l § A24%8 FTAIFIE chloroform

: methanol (10 1) 223} chloroform : methanol (2:1) &&lof| ztsto s ttA 22| Eel&E
FIM oz $£#SIFCE HA chloroform @ methanol (10:1) 22l(2k 5 g)2 UUS=sH = 25
Z0f 0—100% aqueous methanol gradientE 0| &35t0{ MPLCE & st Ct. ESF chloroform

: Methanol (2:1) 2&/(1.92 g)2 HYsEc & 2520 H 20—100% aqueous methanol& ALS

50 MPLCE &8st T methanolg 2
chromatographyE &8st Ct 2t2te| E=l2 M2 M8 S HAEeH 21} AlSMESTgY
S LIEHNX] £QtCH o|atel ZuE HIEOZ 2hMo| AAlIRIQIS EAM st 21 AlSMAESE Y
2 ot 2o olst §0t= ot Hez FHEO, 2o ZTetEo Us setE0| SEEe
2 =X i 282 LElE AL 2 FHEACEH
<E> Z 2EIEo AMSMEAETEM>
Treatments shoot height root height §hoot root weight
(cm) (cm) weight (g) (9)
water 7.54 7.54 0.7042 0.0687
~8t 5 x| 22 11.08 4.08 1.3506 0.1174
Ethyl acetate & 8.34 7.18 0.8482 0.1181
Silica column 10:1 22 = 8.32 6.20 0.6321 0.0548
Silica column 2:1 2&& 9.3 8.14 0.8558 0.5220

<OE> MEMIETEM: 2Z(water), SZHF

= — = o
g Z x| £58), 22X (ethyl acetate 5)>



5) EnHA & F ufX|et EOHA & F djX| F==2| methanol FE=2| H|1

EIOHM = 7 HiX| =0 F= He| diX|of v|5t0] e &40
A

1PN
o & HEz &2MME ZIOHMA =t = | =X

F= M x|t EOHA =2t F HfX| E5EE methanol2 F&& T E53I1-o| o510 MM
2 FR sIEtEe BM 2 £YstYLt ol MES X xEME HEE st E 25t odFolct
HPLC &4 Z 1}, retention time 10-152Al0[2| peakE0| F=H & A10|7} ERUct 5] EIHA
T2 = tfX[olM= o o|Fo|fet, B =of HEFo| A BTt &EHE compound 22F

b= 2= M diX|e] methanol &2 HPLC profile>

/ Compound 3

— Compound 2\ )

R %

Jtol

N
|
o
V
5]

6) EIHM 2 T HiX| E5=25E 228 compound 22 32 ™A 2 ststxE A4Y
(1) Z2HM == = x| E5=ZFE compound 22} 32| 22| & HA|

HfX] =2 2F 2.5 kgoll methanol& 7t5t0{ FE5IUCE FTE=S filter
papergs AR50 0o{fst & o{TlH S U 5F5109 methanols M HSH §l 22 ethyl acetate

£ Jo| Euf F=3519Ct Ethyl acetate 2(2F 15.1 g)2 4 53 £ hexane : ethyl acetate

(10:1—0:100, v/v)& & 20 2 0|235}0q silica gel column chromatographyS +38stGCl &

=2 HPLC &4 Z 1} hexane : ethyl acetate (2:1, v/v) 22!(1.8 g)ollA] H= & v x|} Xfo|
LIEIL = peak & compound 22} 30| ZHE = QUCE w2t O|F HEY sFet = 0, 30, 50,
70, 100% aqueous methanol2 &30 2 AIEs5t03 ODS column chromatographys <& st
¥t 2t 22=2 HPLC 2440t B ™ dHiX|2t Xt0| & LEtH= compound 22t compound

ot

mjn

&8t % 0

ok
o
!
_O'L
2

30| 30% methanol 221} 50% methanol 2&0fM ZEE F &
100% aqueous methanol gradients =202 AI25H0{ MPLCE &+
st Z3}, compound 2 (7.4 mg)E HH SR LD fr. 39-528 X U=
agueous methanolE2 2&20l2 ALE25}0{ preparative HPLCE $3 3503 compound 3 (8.4

mg)E FH ALt 22, YH2E S ot2fel ol ZASIACt
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Spent mushroom substrate of Lentinula edodes

extracted methanol
partitioned with ethyl acetate

ethyl acetate layer (15.3 g)

zilica gel column chromatography
eluted with hexane: ethyl acetate=10:1-0:100

hexane:ethyl acetate=2:1 (1.8 g)

0DS column chromatography
eluted with 0, 30, 50, 70, 100°% aqueous methanol

30% methanol 50% methanol

middle pressure liquid chromatography (MPLC)
eluted with 0-23% aqueous methanol gradient

Compound 2 (7.4 mg) fr. 39-52

preparativ -HP]_C
eluted with 7% agqueous methanol (+0.04% TFA)

Compound 3 (8.4 mg)

<O8> TIOHA == T HiX] 525 E compound 2
e 39| 22| ¥ MH mpHE>

_

X H==1 22|, M st ststE compound 22F 32 HPLC 242 &35
otz el a1 &of LIERH HIF Z+0] HPLC retention timeO| & 2 X|35IH

AXN
Ct. Ol2M = =xst B = o] IA Brtet st o] HH T compound 22}
O% 9

=
H=
o, 0| =tet=9| =tst7= 2M 2 ST
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(2) EOHAM ==t T x| E5=22F 5 228 compound 22| &7 =x= #4H

FOHA == 7 uiX| E5E25FE 22(8t Compound 22| 3tetgxE HSHY| 25101
mass S8t NMR 242 TSt Ct XS =2telsty| 215101 ESI-mass spectrum 2 S35t
R, sstrxs 2™t 25t DMSO-aoll =¢l & 'H NMR % "°C NMR spectrumg &8
5t04 sl A5t Ct
Compound 22| ESI-mass spectrum?| £& 2 s{AM: Compound 22| EAtZS LotE7| £|5t
0{ ESl-mass spectrume A 5t0{ sl A5t Ct Negative modedl|Al ESI-mass spectrum= &

Mst 23 13710 [M—-H]™ o|=2x| 37} sHEt=lo 2X&EHS 1382 =Helshyict.
x10 2 |-ESI Scan:3 (12.17 min) Frag=100.0V pg-2 (N).d

1.2

1.1 ‘ 137.10
1 923518
0.9
0.8
0.7
0.6
0.5
0.4
0.3
02
0.1 ‘
ol

100 105 110 11‘5 120 125 130 135 140 145 150 155 160 165 170
Counts (%) vs. Mass-to-Charge (m/z)

<> Compound 22| ESI-mass spectrum (negative mode)>

Compound 22| "H NMR spectrum2| & 2 sfA: DMSO-a:0ll =01 'H NMR spectrume =&
st 21} 12.35 ppmollAl carboxylic acid, 10.18 ppmoiA $F 7§ B+SEE hydroxyl proton,
7.78, 6.82 ppmOllAl 4l 7H2| aromatic methine proton0| Z+EH=[ACE 7.78, 6.82 ppm peaks

187

100
1.9

0.83

.49

T T
15.0 140 13.0 12.0 1 1.0

T
10.0 9.0 B.0 7.0 6.0 5.0 4.0 30 2.0
= = zzZEEIgsaoozg e S
= = EEECEESCdoSZE ==23%
= =

<J2> Compound 22| 'H NMR spectrum>
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|10

| &3} coupling constant25FE{ 1,4-disubstituted benzenel| ZX 7} &Iz ALt wi2fq 2
FeH22 benzeneodl & 70 2| carboxylic acid, 8t 7H2| hydroxyl 7|7} x| &=l 2x2 FF=UcCt

ol
1I°l'

Compound 22| *C NMR spectrum® =& 3! s{4A: 'C NMR spectrume =&t A1}, 167.1
ppmOollA 17H2| carbonyl carbon, 161.5 ppmollAl &k 7H2| oxygenated sp® carbon, 131.4,
115.1 ppmOollA U 70| sp? methine carbon, 121.3 ppmollA &k 7H2| sp? quaternary carbon
0| ZHEIZ|QUCt O]= oA A2 st HERE 20| 1,4—disubstituted benzenedl $F 72| carboxylic
acidet st 742l hydroxyl 7|7t x|gtEl F==2 %¥EIM ct. stst=& HIESZ SciFinder
databaseE AMTH A1}, compound 22| &tst#xE 4-Hydroxybenzoic acid2 Zd 35U 20

Ol= ESl-mass =AM 31l: & X|5I%CH.

-

Bepenll 2ol
Y g 7 T Y T ¥ T T T T T T T T
190.0 180.0 1700 160.0 1500 1400 1300 1200 11000 1000 900 S0.0 TO0 600 0.0 40.0 30.0 200 10.0 L)

132,031
|15,636

<22> Compound 22| C NMR spectrum>

6.82
10.18 1151

<J&> Compound 22|
'H 2 '3C peak assignment

(3) EuWHA & & x| E5E25E 22|18 compound 32| &tstetxE HY

% HiX| F==25FE Z2|8h Compound 32| aetfxE HYSH|
) 2tol5t7| 215404 ESI-mass spectrumeS
A1, st xE ZHE5H7| 250 DMSO-asoll =9 = "H NMR, 'C NMR 52| 1Xt2 NMR
HMBC & 2xt2l NMRS =X 5t0{ 5l A5t .

Jy o
ol
2

Il
ofr
-

=
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Compound 32| ESl-mass spectrum? =& 2 siAM: Compound 32| 2AIEs &

== &

0{ ESl-mass spectrum2 =X 3% CH Positive modedllA ESI-mass spectrume £& st A1}

m/z 1690 A [M+H]" O| 2 I I 7} 2HE=[AT, negative modedll A S& s Z1} m/z 167.201 M

[M-H]" ol 2m 37t 2HEkE| of E2Xto| 16822 QAL
x10 2 |+ESI Scan:2 (12.24 min) Frag=100.0V PG-4 (P).d

4] 169.00
436483

)
HI
N
=)
_Ol

0.9-
08 ‘
0.7 [
0.6 [
05| o
04 [
03 [
0.2

| 170.00
0.1 [ 37710

0,;7 B 77 - S -

152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179
Counts (%) vs. Mass-to-Charge (m/z)

x10 2 |-ESI Scan:4 (12.48 min) Frag=50.0V PG-4 (N).d
1 167.20
138?795

0.9 ”

0.8 ‘
0.7 ‘\ ‘
0.6 | ‘

05 |

|
0.3 ‘ |
0.2
0.1 |

144 146 148 150 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180 182 184 186 188 190 192
Counts vs. Mass-to-Charge (m/z)

<Z12> Compound 32| ESI-mass spectra (2I: positive mode, olzH: negative mode)

Compound 32| 'H NMR spectrum?| & 3! &i4: DMSO-as0ll =01 '"H NMR spectrum2 X
sk Z1} 7.56, 7.55, 6.84 ppmOllAl Al ZHe| aromatic methine proton, 3.89 ppmoOoilA{ t 7 2]
methoxy protonO| ZH&tz|iCt

r

e |
1.97

. I

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
TRITTHTS 74737271 7069 68 6.7 6.6 65 6463 62 61 60 39 58 57 56 55 54 53 332 51 5049458 47 4645 444342 4.1403938 37

9 —
5 —

393
184

2
X+
5]

4869

'H NMR spectrum>
— 49 —



Compound 32| "®C NMR spectrum?| =& 2! s4d: '5C NMR spectrum2 =&t Z2}, 170.2
ppmOollA 17H2| carbonyl carbon, 152.8, 148.8 ppmollA & 7H2| oxygenated sp® carbon,
125.4, 116.0, 114.0 ppmOllA Ml 72| sp? methine carbon, 56.5 ppmolA & 7H2| methoxy
carbonO| ZEH=[ACE.

160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0

= > (=]
= 22 2
= = o &

<> Compound 32| C NMR spectrum>

Compound 32| HMBC spectrum®| £d 3! sjA: HMBC spectrum2 Z&5t0f alj A{ st Z 1} of
e el agoll TA[SH Hi2b 20| ZH2te| proton2 25 E{ carbonoll &&=l long-range correlation
S Z&8E compound 39| stetFxEE HHSIYUCE =, 7.56 ppm<e methine proton2 ZFE
170.2, 152.8, 148.8, 125.4, 123.3 ppm<| carbondll, 7.55 ppm<&| methine proton2 ZF £
170.2, 152.8, 123.3, 116.0, 114.0 ppm&| carbondl, 6.84 ppm<&| methine proton2 25 H
152.8, 148.8, 123.3 ppm2| carbondll long range correlation0| &= At ESH 3.89 ppm2|

=project Y
Ex
£=
F o W
o' o i
2 - ) al
B
= <.
=7 2
- >
=
= . 6
1 <] 0
=
=]
0 [
L
s g é
fas]
= @
£2
G2
=
2
s= &
5=
2
£
=
e
-
|||||||||||||||||||||||||||||||||||||||||
T7767574737271706968676665646362616059585756555453525135049484746454443424140393837p 0[0’(!3 0:3(}'\(!(
X : parts per Million : Proton {thousandths})

<> Compound 32 HMBC spectrum
— 50 —



methyl proton2 2% E{ 148.8 ppm<2| carbondll long range correlation0| 2t&tz|of olefiel I1&
slstt=E HIEtSZ SciFinder databaseS ZAAist A},

ot Zo| stste=rF ZHEUCH

compound 32| &}t =xE vanillic acid2 ZAXM 35+ Ct.

/>
*x__ “ 170.2 755

0 > 0
125.4

OH -~ : HMBC OH
<J&> Compound 32| HMBC correlation (=} 2 'H, '°C peak

assignment ($)>

7) EOHM 8 3 ExEo XEMHME 2AH FE U A|MES o|SE AlEH 43
FOHA = 7 HiX| B FEE2 2305101 M=st HZFol tist 2MEHS =Hglsty| f/st
0{ compound 2 (4-hydroxybenzoic acid)2} compound 3 (vanillic acid)S X EMEo 2 &&5}
of EAMH s St ESH ILE EAMHES AESH7| f1sto FHo{7[del (F)AHOIZE
HollM H=gt MZ CtE 370e] ZEIWHA =2t = HjX]| §= FZE= AlME(lot number:
20210722, 20210917, 20211213)& AlE5t0] A|lHH S HSSIQCH ChYst HPLC =S A
5tol 2M S AAISH Z3 4-hydroxybenzoic acid?t vanillic acid& X ZEMEOZ $F 24 gHS
shElet = AApCt
7} 4-Hydroxybenzoic acid (Compound 2)& X|EAMEo=z ot EAMH 5t
1=

STt

1) 4—Hydroxybenzoic acide| 24 =t

—

- e
4—Hydroxybenzoic acid
o
MEoy
[ BN e }
OH
HO

4-Carboxyphenol, NSC 4961, p—Carboxyphenol
o—Hydroxybenzoic acid, p—Hydroxyl benzoic

Chemical name
acid, p—Salicylic acid, Parabenzoic acid

Molecular formula C7HeO3

Molecular weight 138.12
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= gt 4y 2 1

oo

HPLC 244 Al 4-hydroxybenzoic
£o0[d acidQ} EOHA 5 & x| B

(Specificity) FE29| AEAIZKRetention

time), UV spectrum A&

o A&EAIZE 1 2F 13.9~14.0 &
o UV spectrum : Amax. 2F 255 nm

EE8UT AHBY U

MM =220 gt 571 s=0lM | 0 0.425~8.5 mg/LOo[Al =2l
(Linearity) MM ol o R? : 0.9997
- 2Ny
(ZHd])
HPLC system HITACHI Chromaster, HITACHI , Japan
Pump 5110, Autosampler 5210
(Al2f)

4-Hydroxybenzoic acid: Sigma—Aldrich Co., H20059, 99%
Methanol: J.T.Baker, 4L, 9093-68
Trifluoroacetic acid (TFA): ACROS, 139721000

(EE=EMo| =H|)
EZE% 4-hydrxoybenzoic acid 1.7 mgoll 10% HEIE =¥ 10 mI& Y0 170

ppm2 SEE ot= & M EISZ 35/4(0.425, 0.85, 1.7, 4.25, 8.5 ug/ml)5t0] At

5= =

AKX 5 um, &EZ 4.6 mm X 250 mm, TSKgel ODS-100V,

zH
TOSOH, Japan
T 5 ul
Zdg 25 25T
; : 39 disti .04%
olEAl2a A: methanol, B: 3" distilled water (0.04% TFA)
30% A for 18 mins, 1 ml/min
AE7| 255 nm
(H 2kAL)
EE; _ dgdzm y AlHEH (mL) « EEETE 1
%) (ug/mL) A2 (mg) (%) 1000
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(2) 4-Hydrxoybenzoic acide| 244 =&l An}

- £0| M (Specificity)

2 T x| = FEE T 4-hydroxybenzoic acid®l retention time

Kl
-
€]
Q
=

o T

M A o

5|
2% 4-hydroxybenzoic acid?t EIHA $& F x| B =25
=

M 1x

Mo ok
M 2 2 Ar

eakE =olsIict &, 4-hydroxybenzoic aicd2F E11H
b

= i

£ i o

K
Kl
T
x
4>
@
ol
"
H

P
M 2k 13.9=Holl peakZt AE= 0 et =R S 2el5tAC,
o
=

E=0lM FH peakete| Z2|7t 23| 0| F0H

4-Hydrxoybenzoic acid

LS ia 17 4d

T o
<JOE> T2

=
v o

chromatogra

=
2 EISH A1} 255 nmollA] = ELEE EF o], EFEgWUn EIHA $& F x| B
FEEOM Sdst HYEH 2| UV spectrumS LIENHS S &kl st CH

[4—Hydroxybenzoic acid]

S
>
o
ok
>
i
H >
gl
]
Mo
2
x
N
i
[
T
U
—

<4-Hydroxybenzoic acid®?t 3EI1H
o UV spectrum>
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- ZMAM (Linearity)
4—Hydroxybenzoic acidel A&EsT 0.425~8.5 ug/mL H|o|A 335 HI=5t0 ZMMES H
Jt5tgc 2AMZ 10 RP20.9997, S 99.97%2| MM e Folg = Qlct
Goodness of fit (r"2): 0.999747
Peak: 4-hydroxy benzoic acid - ESTD — 1: 2550 am, 4.0 nm
7.5
:E 5.0 4
8
2
2.5
'I:I.EI- T T T T
L] S00000 1.0e+06 1.5e+06 20e+D8
Ares
<4-Hydroxybenzoic acide| &MMS LIEFH calibration curve>
O 4-Hydroxybenzoic acid (Compound 2)& X|EMECO=Z dt 2AMH AS
4—Hydroxybenzoic acid& X|ZMHME2 =2 225101 2MH S st on], =glsh 24 g
S 0| 2510 (F)HOIZ2HoM M=st MZ CI2 374 E1HA == T x| x5 FE= Al
M Z(lot number: 20210722, 20210917, 20211213)& Al25t0{ 2EMH S ASsIct O A1}
AlHZE lot number 20210722= A &20| 0.019%, lot number 202109172 0.091%, lot
number 202112132 0.173%2| WA &t&ES LIENNA o], BtE0f el HHSHH HEE S &
elstict, a3t M= lotol 2t ?:.*Etgl Ato|7} o & ezton] w2l M= ot & oM St etk
of HEE ™ol 7§Mo| Hst HoZ LIEIGCE.
<3Z A|IMZ9| 4-hydroxybenzoic acidel MEEA ZH1p>
HatMd A D =2k | AlZD
z% aedan | MBS AR o o) | w2
(ug/ml) (ml) (mg)
Lot No. 20210722-1 0.820 10 9.9621 0.080
Lot No. 20210722-2 0.775 10 9.9461 0.076 0.079+0.003
Lot No. 20210722-3 0.839 10 9.9968 0.081

Lot No. 20211213-1 0.311 10 9.9823 0.030
Lot No. 202112132 0.300 10 9.9982 0.029
Lot No. 20211213-3 0.305 10 10.1234 0.029

0.03+£0.001
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<Lot number 20210722>

20 20
MName
5]
B
10 4 g‘ 10
F
F =
1 -
' i
04 L ' O
I‘E é !IO 1-‘1 1‘-1- 16
Minutes
1: 2550 nm, 4.0 nm Resulits
™Name Retention Time Area Arca %o ppm
4-hydroxy benzoic acid 13.980 167743 0.51 0.820
20 20
Mame
=
B
10 3 1o
=
E £
=
3
0 I//\‘-— 0
B M 0 12 11 16
Mirustes
1: 2550 nm, 4.0 nm Results
MName Retention Time Area Arca % ppm
4-hvdroxy benzoic acid 13.973 157365 0.79 0.775
Li] o
Mame 3
m
8
o
]
=
£
z -5 T L5
-10 T T T T T -10
& & 10 12 14 18
Minutes
1: 255.0 nm, 4.0 nm Results
Name Retention Time Arca Area %o ppm
d-hvdroxy benzoic acid 13.940 172088 0.95 0.839
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<Lot number 20210917>

20 20
Mame =
o
:
10 E‘ 10
=
=
z :
g /\_l_,-\
- I ]
o I 1o
& ' 8 10 12 14 16
Minutes
1: 2550 nm, 4.0 nm Results
MName Retention Time Arca Arca % ppm
4-hydroxy benzoic acid 13.960 258437 1.06 1.219
20 20
Mame
B
-
L=
k-]
5
10 10
5 g
e Z
i -+ J
o /\ | 1 M
| | |
& 8 10 12 14 s
Minutes
1: 255,00 nm, 4.0 nm Results
MName Retention Time Arca Arca % ppm
4-hyvdroxy benzoic acid 13.973 258644 1.04 1.220
20 20
Mame
k-
]
10 g 10
x 2
-
o A} | Lo
5 P 10 12 14 18
Minutes
1: 255.0 nm, 4.0 nm Results
MName Retention Time Area Arca % ppm
13.980 258153 1.06 1.217

4-hvdroxy benzoic acid
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<Lot number 20211213>
20 20
z
=
(=]
-]
13
=
10+ _E‘ - 10
2 -
0 - ]
& M 10 12 14 16
Minutes
1: 255.00 nm, 4.0 nm Results
Name Retention Time Arca Area % ppm
4-hvdroxy benzoic acid 14.013 51689 0.02 0311
20 20
Marme
B
=
10 4 . 10
3 E
E
g
=
=
~+
LE o
B M 10 12 14 16
Minubes
1z 2550 nm, 4.0 nm Results
N ame Retention Time Area Arca Yo ppm
4-hvdroxy benzoic acid 13.967 49203 0.01 0.300
20 20
104 =2 10
]
Ed
- 2
: _
&
=
=)
0 E- Lo
-
5 ' M 10 12 14 16
Minutes
1: 2550 nm, 4.0 nm Results
MName Retention Time Area Arca %o ppm
4-hydroxy benzoic acid 13.940 S0485 0.02 0.305
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O
<
Q
=)
g
QO
0.
o
@)
(@)
3
@)
(@)
[
-]
o
<
mu
Ral
K
0x
Ao
|0
HU
o

Vanillic acid& X

I
38 xaHM = = uix| F

(1) Vanillic acide|

- e
Vanillic acid
0

P S E=RsE
o O

0

OoH
HO

Chemical name

2—Methoxy—4—carboxyphenol, 3—Methoxy—4—hydroxybenzoic
acid, 4—Carboxyl-2-methoxyphenol, Methylprotocatechuic acid,
m—Methoxy—p—hydroxybenzoic acid, NSC 3987, NSC 674322

Molecular formula CsHsOy4
Molecular weight 168.15
g = ot dhe Z o
HPLC 241 Al vanillic acid<t 2 EA7E : oF 08 5-08.7 &
Sol4 i
o e ) _ 0 UV spectrum : Amax. 2F 262 nm
(Specificity) FE=2| 4EAIZHRetention _ ~ i
EZZUT AHZN AdX|
time), UV spectrum 4&E
MM zZ==2o et 57 sE0M 0 0.625~12.5 mg/LoIA =2l
(Linearity) MM ol o R? : 0.9998
SR=13=;

_ d
T—od

(&Hl)

HPLC system

(Ale

HITACHI Chromaster, HITACHI , Japan

Pump 5110, Autosampler 5210,
Column Oven 5310, Diode Array Detector

Vanillic acid: Sigma—Aldrich Co., H36001, 97%
Methanol: J.T.Baker, 4L, 9093-68
Trifluoroacetic acid (TFA): ACROS, 139721000

o

Ho|
OH

Bl

rn My MY

THo 00

ok

Z=H|)
Z! vanillic acid 2.5 mgoll 10% H|
=, HE==Z 3A(0.625, 1.25, 2.5, 6.25, 12.5 pg/ml)sto] At2Et

_58_
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s =7

AKX 5 um, &2 4.6 mm X 250 mm, TSKgel ODS-100V,

ZzZd
TOSOH, Japan

Folzf 5 yl

2 2% 25C

A: acetonitrile, B: 3 distilled water (0.04% TFA)
10% A for 30 mins, 1 ml/min

4&7| o 262 nm
(Al ARAD
=Y HEgMza A EN (mL) EEETE 1
- X X X ——
%) (ug/mL) A2 (mg) (%) 1000

(3) Vanillic acide] =AM =gl Z 1}

- 50| M (Specificity)
FEES 2M5t0] AEE peakE 2HQlst
=

EZ20|M 2f 28.620H0l peak?t HEE

o
SHRACH o EIHA 2 3 HiX| 55 FES0|M FH peakte)

27} eHd3| olRoiF S SfolE £ Uich

] Vanillic acid

=0 == = =1 =5

<J8> EZFH3 mawM F2F T HiX] B FEEF2 vanilic acidel HPLC

chromatogram
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>

EIHAM 38 F u|X| B =&EE £ vanillic acidel UV spectrum &9l: EOHA 3
HiX| &= F&28 & 4% atogramO| vanillic acid E=3M 1} zdstX| =elstry| ¢ st

5|
0 UV spectruma =telstct ofF 28.6 2OiollM HAZE = peake| UV spectrums =

— L— —/ — — — =
262 nmoilM = ST E HEF o0, EF2Wn T & T ujX| B FEE0M Y
St TiE 2| UV spectrumS LIEIH S &olstict,
[Vanillic acid] [(EOHA == T bjX| B FE5F]
<> Vanillic acid2t E1HMA ==t = HiX| = FTE&S0M HEE HPLC /3Ll UV

spectrum

- ZMAM (Linearity)
?lolAM 33| BE=510] &AM M S "HIlsHE

gk o AAUACH

Vanillic acid2| 4&sX 0.625~12.5 ug/mL

TMZI R*E0.9998, & 99.98%°| HMME &

Goodness of fit (r*2): 0.999821
Peak: Vanillic acid - ESTD - 1: 262.0 nm, 4.0 nm

104

Amount | )

G T T T T
1] 500000 1.0e+06 1.5e+06 2.0e+06

Area

<J&> Vanillic acidel &MME LIEH calibration curve

L}) Vanillic acid (Compound 3)& X
Vanillic acid& X|ZM 222 &Zs510] 2MHS
(F)HOo|22HM HM=St MZE CI2 371e] ZIHMA ==t T bfX] x5 FE2 AlAE(ot
(o=}
AA

number: 20210722, 20210917, 20211213)& Al25t0{ &4
lot number 20210722= "W sr2Fo| 0.019%, lot number 202109172 0.091%, lot number

202112132 0.173%2| HHetzrs LIEten, dt5=of w2}l S HEES =elstd
EEStH
O

ct. a2{L} vanillic acid M= lotdl coh2b gh2Fe| xto|Jf o ERton] w2lM M= ot &

0 o
otX st &2ko| T =82 22X

L O — (=]

| 7H4do] Bt Aoz LiEtgTh

= 1
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<3Z& A|HZ2| vanillic acid M=EA H1>
Agudnt | A5g | ARA | _
=5 B (%) | BE BY (%)
m (ug/m) (ml) (mg) < <
Lot No. 202107221 0.200 10 9.9621 0.020
Lot No. 20210722-2 0.176 10 9.9461 0.018 0.019+0.001
Lot No. 20210722-3 0.190 10 9.9968 0.019

Lot No.

202112131 1.764 10 9.9823

0.176

Lot No. 20211213-2 1.743 10 9.9982

0.173

0.173+0.003

Lot No. 20211213-3 1.732 10

10.1234

0.170

<Lot number 20210722>

mal

LR

Vanillic acid
T
maL

175 200 225
Minutes

50 10.0 125 150

I: 262.00 nm, 4.0
nm Results

Name Retention Time

250

Area %

215

ppm

Vanillic acid 28.727 23339

0.03

0.200

mal

‘Vanillic acid
mau

7.5 200 225
Minuies

10.0 12.5 15.0

I: 262.0 nm, 4.0
nm Results
Name

Retention Time Arca

25.0

Arca %o

278

ppm

Vanillic acid 28.507 19651
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14

=
Ed 2 L
k o
-2 E Lo
=
-3 T T T T T ¥ T T T -3
50 75 10.0 12.5 150 175 200 225 250 275 0.0
Minutes
1: 262.0 nm, 4.0
nm Results
MName Retention Time Areca Arca % ppm
Vanillic acid 28513 21726 0.10 0.190
<Lot number 20210917>
5 — 2
Mame
=
G
m
=2
=
2 o B by
-5 T T T T T Y T T T -5
5.0 75 10.0 125 15.0 175 20.0 225 250 275 30.0
Minutes
1: 262.0 nm, 4.0
nm Results
Name Retention Time Area Arca %a ppm
Vanillic acid 2R.560 134083 0.43 0.921
§——— 5
Name
B
T
2
o
Z o 2 Lo
1
5 T r T T T T r T T -5
50 s 10.0 125 15.0 17.5 200 225 250 275 oo
MEnutes
1: 262.0 nm, 4.0
nm Results
Name Retention Time Area Arca % ppm
Vanillic acid 28.547 130171 0.44 0.895
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— 5
Name
B
-]
L=
-
2 0 8 Lo
-5 T T T T T T T T T -5
5.0 75 10.0 12.5 150 17.5 200 2325 250 275 300
Mautes
1: 262.0 nm, 4.0
nm Results
Name Retention Time Arca Arca % ppm
Vanillic acid 2540 132546 0.47 0.911
<Lot number 20211213>
10 10
=
=]
L
L=
5 4 E Lg
=]
2 -
E
0 -0
5 T T T T T T T T T -5
5.0 75 10.0 12.5 15.0 175 200 225 250 275 an0
Menutes
1: 262.0 nm, 4.0
nm Results
Name Retention Time Arca Arca % ppm
Vanillic acid 28.540) 263855 0.05 1.764

mal

*e0 75 wms  ms  wme  us  ms  =ms  #s zs .0
Minutes
1: 262.0 nm, 4.0
nm Resalts
Name Retention Time Arca Arca %o ppm
Vanillic acid 28.547 260511 0.05 1.743
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X
Hj S7H2

Aoz

Gl

o

A
oy

At

A

1) &
B AL

i
O
K

CREIYoIHA, S, SEREHA, MSolHAS 42 7t

4o
m

09 =

B A

K

)

CC
-

o~

=
1 o
tatol SM S HEET[RI5H0] F=o HERMdES 2Met 21 FE1) BHIE
_I

HAISMSHIM 3.3622 MY =410 OckS0| SSHHAISMSOA 2.15, =F
ZAOIHASMS 2.03, M{E0ISMS 1.74, =EIZ|SMS 0

_

rir
4o
i

z
)
lo

sto| 1

<E> F=T SMSo| HIZME &4 (5/18)>

kil SMSA| &7

3t = el %3 B} A o]
AT 1.01 0.74 0.77 0.45 0.99
AP 1.50 0.78 0.76 0.10 0.36
Zre] = 0.85 0.51 0.62 0.21 0.39
A 3.36 2.03 2.15 0.76 1.74

S o) |24 20| SHLS EDHASMSS EIHAS

<
w
¥
H‘
alll

A

2L O|HASMSE 53120 ETHASMSE SFTALMASIIR e Borugron] of 5%

SNYUHE oFsAlel 2 BEtE WO 2 Of=HE XiolalefolA F£0| M= 2ich SMSE i)
o

=
sto 7tE22m MZ22mel EIiet & g U= SY|4UsE st 301 F =g
AFE 0| 835101 12 633715 Fe = A= EtolH MAx|7t & 6712 22 b HIHoO| A|lMES
Sto] M ZfSHACH 2 81). 0l F Al M ZtE F=4dof FH[E EISMSE Mol A2 =0/ 48cm=E
oF o

1.92FH|FC AMZE 2of 370 & =g delfjo| Ao 2 FA| of 502|E 2 22 3=35I%

O|% 6/24¥ 602|E, 7/9& 302IE, 7/12& 202|E, 7/20 172|E{2] 82 FAZ SZ5IAUCt
&= 6/26, 7/4, 7/12, 7/20, 7/26Y K| 2F dFA7IH o= 55| SIQUCt 8/2Y zE B
ZEsIQc 57|22 2 470[%en ER7(7HE0 FHIA2E= FEAIET 13YME=
6/29Y 54.7CE B0 o|F =3FH WO X|7| AZfHA 8/2 A2 28M 7t HO{X Rt
EE otYCh MAAHel 2EHsts 729 Zch B 27 T 342 71 Fof ES 21
S S0 271 50CO0|A CHA| 2EE Z{o2 Hot 25 BEx0| IR 5K 22 Aoz mit
SHACEH [h2bA O b2 =[QiCt] HESIHE =5 S HM 2o HEIEA o|F=54e)
£ sll&sliof & Aoz HelchHAe 3REE 257t ok 0| ot LiEth=d EaHA
SMSE= 60CE HA| UL} FIHOIHASMS E5Alol= E53LMEE 60CE 7| AlZ
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2R (B ENSMS) e
600 . . . . . . . .
50°C
40°C
30°C
20°C
e @ G

L R N T R T . T S T S S
S TR TR T TG, T TR T TR T T, TR, TR, T, TR, TR TR, TRy R TR, T

N

- Al gsd 25 B1)
- HME: £ BOSMS

- ek 27000 48 (1.9284H)
- Eghane

- BE-sn

- BTk a7

<> EDHASMS YE HH2Eel wab

+ CHOO1

u GHOR2
4%} (= FEMSG) CHO03

70°C
80°C
50°C

40°C

30°C

200
B B D B P S B B B B G B B B G B B B B B D B 0 O & 8,0 8 O & O D 8 8 8 O Ty 2 I T i T e Y Y Yp . Y Y %
2R DT H TR % N5 0% % % e B 0 0 00 8 00,7000, By e 0,0, 0 0 0 B

- MR 24 471 AB)

- ME: LBOMS+EAEBKgOM M Tkg

- AR 20005 (28H])

&7 30 4% (0,6,12,24h)

- Belel 720

- ERY 1027

Hrzhood

SIEI7E: 7726, 923, 10/13

- BBT: 7/26(80), B/16{40), §/22(80), 3/29(80), 92180}

<OE> ERIHOHASMS F=LAE 2o Hab>

_67_



70°C

s0°C

50°C

40°C

30°C

CHOO3
CHOO4

&} (=EFRISMS)

Ri-S Bl BRE (A4)

E: =ERRA SMS

=gl 2 205 (2B

=271 anfE 4810, 8, 12, 24R)
Eoial: 10/31

ZEEE:

HaZ 7

HEZL:

BEE: 11/2980)

<OE> LER| HASMS E5URE 239 Ha>

70°C

s0°C

53°C

40°C

306°C

" SO0

Kb Hapal: 90X (B3
AR MEC] SMS

ek 2GS (28
H21 500 2% (7, 18
Eafed 1143

el

HaZZh

FET|

s g 10
EE

=

M&0l HASMS FUAE 2E9| Hab>
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1.01
75.32
35.11

4.32

2.83

1.79

7.00

2.41

0.80

3.21
10.21

2.52
69.97
26.58
55.31

2.03
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P205 %
K20%
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o CSMSet MSe| &=

CSMSet MSe| F&=0f| thet 7= SMSe| F=A|Zt0] HAl= 4720l B7Hl= 907HK| 2= 1 Fat
g §= TS Rt AlZtol ol 22 =[}ict Cift CSMSFE=2| F=0|H2| SMSFEUo| M7

= MEHEH Zof Zof SMSe| A2 FEA Aol HF 0| 2YE= ZMZ 80Molae] 2o =&

SIACt FOlM E= Hiel 20| NPK d&2| gfo| =FZA0[HA SMS FEH (WESMS-He)ollAM 2ot £11

HASMS FEA (WESMS-Le)olA{e] Zatzt 2.8 =7 L2 A2 2 S0 EUHA SMS H[Z0| =73

O|t{ASMSOllA EEh =2 Zofl Z|eletot 2 == ot ff F&Y &
0

=
HZ HE2M S20| 7ttt 72 8% EFE=E

12

| 7Fs& A2z EHeolct

<H2> SMSe| FENM M7 =4

|G WESMS-He WESMS-Le
N 0.05 0.22
P205 0.026 0.031
K20 0.019 0.021
(NPK &A)) 0.095 0.27
CaO(%) 0.007 0.026
MgO(%) 0.009 0.015
72 275 273
ofA =4E =45
s 2745 0.0003
A =45 =45
24 245 275
pH 5.51 4.49

3) SESAAL MRSAHAL nld=HA

FIHACSMSol T et SEEH SATFHANIM S5 SAAE0| =X| PA2L} LIHX]|

MzZof tigt sURRAAE 5300 A AR 2T F50| 2t =10 atM o] 2z <ol MMl
A H

=
|2XHul AlRo| =2 ofHolct. gHH FAIEH|ZE Hof AR 2AtdE 2t

SUTHRAAL, o|M=HA A = A

M 24 2t ol $shoHo|ct

4) nFEHF ZFAH

F250|2t2E FIHACSMSE Xelsh 2ol 1FE HASIHCH XHe|l7 HAE 2 50m2Z2 £54]
M= 90kgS AESIF =M O] AFSES AUl HAAZE ALEEQ! 1.5kg/m20Al =22 Zotst
01 1.8kg/m2E& EHAHSH0{ AIMHAO| 90kgs AFESRUCE HET= AlSol Ye| AM8=IU= 7
sh(z2fuh)2 HYz[H2l 400g/m2E E=&510] AXMHA| 20kge MESIUCE FH2TZ
M 50m2E =ML SSHl HABMLEM IFE= 6/1Y TEstH 2] 7/9¢ AIXHZS Cf
TREYS ME 2 Z25tD 7/102 H|Y HAS Chs 2 A St

<ED: AE MEYE AZAEE>

- SEEMH| AAZ (2. {oZ=) 1,400-1,800kg/10a
— 70 —
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Height Leaf width
773 441
800 672 670 o 38.5 :
600 — B BN » —
400 — N BN BN - ]
200 N B BN 10 |
o NN M M @ . N
JMENCSP) CfET  BxET | BME(CSP) oiE?  2xjE|T
Leaf Numbers Leaf length
20 Ex 100 91.3
5.
15 % 747 727
10 77 67 50
0 . : —_—— 0
SNEHCSP) OI=T 22T amCsh) xR o a|;1

<a8> maolM EuHASEHSHA atd Eulo| nEMSED

<AIME XMl 7+> <tj =7-> <FHE| >

<O 7> AHE ZEAY (Flol22Y FEsE, Z7189)
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6) £% wAME MYHL: HuSS, EWY 2 HSYSS 2 s

HAN S5

i
L]
0
0
N
of

=L HA MAMEF F A2 "ol E=Ere|, =ER2|H A 0] 88%0|AS XIX| st Xt=

glolo] CHEM MK A ZF HE =0 2F 162HE/HO| MAE| 1 ot A HAIS| CHE
Mol FIWAM(Lentinula edodes)2| MAtEke 31,0008/ LH2| 7} =/of A=Al ol A S 2X|
Mol 2 55| Met=|0 A= Zdo| EHol2t 8 5= Uct A MAtZFo| Sotetol w2l B4 2 B

Hi X| (spent mushroom substrate, SMS) = Aol &7} =11 /204 CH2F 100 THE O] AHO|

Nrzgts -

stE=| 0 ot ZEf2|, ol, Wol, ¥&0|, 11 S SMS= EH| 2 AT MESIHLE 7IFS AR
M7, EVHZA & bioremidation2 £ &5 U201 SMS FE=2 0| 35t0{ Al2HYU A &
Mol 7oA && & df At (Kang, 2019 ).

Befe] EH|l= Ax, LIRS, &, &5 52 &ot 2HX 5t gt At E[H|F A E § Fit
2ot B, A, 22 2, Y@EAA s F B EH|7F HEES AX|5t Uct F7|E
H|Z A[Z2 247t 8,500 & (2018A)ol| Eetct. o] Z7H2dl E[H[7F HH 70%, REH|E7t 30% S
Hestn A= A2z L2 Uct ¥ oz EdH|= 22 Aejo|7| 2o Ald] Zredo| =H
5t1l, &AM E 22 RAISHA| Zot= THEo| Ut ESH EH[S] F A= HAE S FAE R
7|E=%| olatel moF MEO| AEE 1 A0 FEHA FI|s Mulj Aol ZB=0| =1 enf F
HHHI 2= 243 MCte] AENM 7§82 MUl E2 WIAZ[(otF7tel, 7, 3, &4H )& &=
M glo]l Mz=sto HAHTE glin AtEstY| HE|sHX| 2t EYXE| Al =2Fof| ofst &E=2 A
s 271 e = Zol= Fartelel 67 diol|l Eote SHER 2lA'0]l AEEHO RN =
zto| =l Ut

>
niok
0z
|0
Hu
=
Ral
d
o
_}'01
m
kl
=l
>
=
AN/
inl
02
rot

SMS&= 80| Matst= st =2 2l &
= 2, 2l

CIEH E Hotsto] cHf Al
A

0x
£l
o
0l
AN/
3
kI
Ral
=
0x
30
P
L]
rC
nz
M
HU
|>
AN/

N

|22t o|ZEeLE S55H0] =40 =82
i a 2

ro my O

C
=L
S A| 0| 8st= A2 dHiEAotX| Zotn = ™S ZZ CSMC (composted spent mushroom
substrate) & M2st= Zo| =2 Zntxo|ct

Hi K| E[H[ A SEE A AME 7lo/HIO| A HIY F
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<E> FIHMFEZHX|FE] AIME 7AlO|HIO|EHRSHS FH]

. = - Az | T 7=
A8 A FAR AFE= =10 A FZA
=AY | S g(%)
e
ESNE F
P NO SMELLS ! e /\g o @
KOLOBAL S7i % SR4RE §7I5UXH ~ ‘g :q‘ re)
Hio|E} =2l
Alojatolgt A 2022 |
2 241044 439
EgEsA e
A& 3009
500kg

Y42 7718 30%0|&at, 2T =7 7ol 22 2O ZF2 2 45mg/kg, ZH=&5mg/kg,

T=22mga/kg. &130mg/kg, 3 & 200mg/kg, 72| 360mg/kg, HZ& 45mg/kg, oted 90mg/kgol

Ct, HAMo|ME tEd (Escherichia coli) O157:H7, AR U2} (Sa/lmonella spp.)2 €4 Z0|

Cagkoll R7|=2CH AA2o|d| 450|8t, HA=F0l| thstod E-2(Nacl) 2%0[3t, F=2(H20) 55%0|

stolct =k HEI|ES SHeld e F=2E, SH|EHH ele 7| ER2 27| £= B
0

=
. gtk E8di=2 25%0|ct.

rl

ki
O
Rl
1=
o
Ral
>
rir
\‘
20
S
)el
S
o

<E> ARZAollo| 2B ZHAL 24

i S84 e =Bl H|aL
3+ (14) 71=% 30 o]4t 69.38 pass
dl4 mg/kg (1E2%) 45 o|st =05 pass
7tE& mg/keg (1=%) 5 o]3} 0.04 pass
2 mg/kg (12%) 2 o]st =0E pass
g mg/kg (A=%) 130 o]s} =05 pass
J& mg/kg (12%) 200 o]st 0.71 pass
Hall/d & 2] mg/kg (A=%) 360 o]st 23.86 pass
Y2 mg/kg (A=%) 45 o} 4.4 pass
ot mg/kg (U=%) 900 ojst 67.28 pass
tfAr# O157:H7 E4E =4E pass
Awdat =& =4 pass
Jsto] #4A S71=d AAaoy] 45 37.50 pass
% (H=%) 2 0.20 pass
o % 55 11.55 pass
455 (S8 EY) 255 7](4)01d 7 pass
BrE851=% 25 oJst 4.76 pass
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<E> AHZF AHolHIO|EH—IZ 2] NPK =4 Z 2}

BA9E BAAT 5
A AR =F 1.85

- Ol AM™ &F 3.87

Rl Zhe) A2k 1.70
pH (1:10) 6.39

ATFINL MM ES 7] EB|SE =S 555tL EH|SSE /=5IUCt EHSES 7 (W
S M ™= e070-71-20102 =), Lot SFEZZo[Le] A=A NPKe| gEe| #of 7
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DFEAY AAXH AN EoE ZAtst 2ot ROl EFSt= Phyvtophthora capsiciRt Phythium

ultimume 500 mg/LO|5tollA 90%0[4ate| AN ME AdxEsS Ho|HA HHT a2
LIEfACE  2HZFE  4-hydroxybenzoic acidZl & Mz H2n = odb Uch
4-hydroxybenzoic acide AMEZYHAMT, ASHYIMA, 22, ASHY

shretd AeE AMAl S 2o JSMAMA O SMAM o Z4e g3d 240 Us A=
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4-Hydroxybenzoic acid

Retention time : 13.91 * HPLC condition

PGSMS1 &7 L& - 255 nm

Moving phase : A-D.W. (+0.04% TFA)
B-MeOH

Method : 30% B for 18 mins

1 3 ERE] C

Column : TSKgel ODS-100V 5 tm
(4.6 1.D. x 250 mm)

Flow rate :1 ml/min

HIO|&F AAEZIY HWAX FEMHME 4-Hydroxybenzoic
acidd &> PGSMS-1: 1 EIHA I} F&FH|X|A|2, PGSMS-2: 2 EOHA I T&F

Hi XAl 2

X FEEEM 7 o|Hlo|EFRAMAEZLS|  4-Hydroxybenzoic
M A ASZG] O F2EH A
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1
In our ongoing search for new secondary metabolites from fungal strains, one novel com-
pound (1) and nine known compounds (2-10) were isolated from the EtOAc-soluble layer of
the culture broth of Panus rudis. The culture broth of P. rudis was extracted in acetone and
fractionated by selvent panition; column chromatography using silica gel, Sephadex LH-20,
and Sephadex G-10; MPLC; and HPLC. The structures of iselated compounds were elucidated
By ond sad s imansloral MR and LCEmast matiiements Ohe ek compatind;

ARTICLE HISTORY
Recelved 10ctober 2001
Revised § November 2021
Accepted 7 November 2021

KEYWORDS
Chemieal constituents;
‘askure broth; Panus nids

ey fiol (1), and nine known B-3-3-hyd

f)-7-0xz-

pa
blcyclofd.1.0]hept-3-ene-25-diol (2), sopanepoxydene (3), neapanepﬂxydane ), panepc)q&

done (5), panepophenanthrin

(6), 4-hydroxy-22-dimethyl6-metho:
hydroxy-2,2-dimethyl-3-chromen (8), 2,0-dimethyl-6-methox

xychromane (7), 6-
oman-i-one (9), 3,4-dihy-

droxy-2,2-dimethyl-6-methoxychromane (10), were isolated from the culture broth of P. ruds.
This is the first report of isolation of a new compound panepoxydiol (1) and nine other
chemical constituents (2-5, 7-10) from the cuiture broth of . rudis.
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inereased foal phenolic contents in the leaves of treated pepper plants
10016 and 0.17 mg CA/g, respectively, compared with the 0.1 mg CA/g
measured in the leaves of water-treated negative control plants
(Fig. 4A). The aceuulation of phenolic compounds such as phyto-
alexins at the site of infection site has been shown to be correlated with
Jefense mechanisms, such as the hypersensitive response, which is
associated with their toxic activities [2- 1. In this context, consistent
with the findings of the present study, it has been reported that BABA
induces the accumulation of phenolic compounds and PR proteins in
tomato roots [31] and enhances resistance to Uromyces pisi in pea plants
by promoting an increase in tofal phenolic contents [32]. Accordingly, it
is thus presumed that phenolics produced in SC-EP-treated pepper plants
play potential roles in disease resistance.
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