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A grg xlaAle] S5d Boe ¥ gl =2 dEs A6
9]

e WE 9.

=
AAE AFLAZHFEH oF 6000 7HAe] EHAS oz Aapis®t Plarvae 183l
=

S F9l st ey, anwulignan H.th oFgh

AL 3ol 3 A 3 L lead compound®E = AR 7Fs S

24H 48H 24H 48H
1 >200 >200 19 100 >200
2 100 >200 20 >200 >200
3 6.25 6.25 21 100 >200
4 >200 >200 22 100 >200
5 100 >200 23 >200 >200
6 >200 =200 24 >200 >200
7 3.125 6.25 25 >200 >200
8 >200 >200 26 100 >200
9 >200 >200 27 >200 >200
10 >200 >200 28 100 >200
1 >200 >200 29 50 >200
12 100 >200 30 >200 >200
13 >200 >200 31 >200 >200
14 50 >200 32 >200 >200
15 100 100 Anwulignan 1.56 3.13
16 25 50 Corosolic acid 12.5 12.5
17 25 >200 Miconazole 1.56 1.56
18 12.5 25 Congo Red >200 >200

[219F Aapis /37 AAA HE=]

- EHo AWS dod|= it T Aspergillus spp.ol Wg & Ht g3 EA WS
8] 657HA] gHebAl FEES Yo RE X AdS 79,

- 657HA FefAl FEES o838kl Aspergillus nigerdl Wdte]l Xyt F3I} Sl FE
ES 82 3 A3 33719 1 FE2E g9
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120
100 -
2 _
= W HepG2-24h Pl
= = B HepG2-24h
‘5 W HepG2-48h z 60
3 W HepG2-48h
™ HaCaT-24h an -
W HaCaT-24h
W HaCaT-48h
20 W HaCaT-48h
0
g 0 1 10 50 100
Axis Title
120 120
100 100 -
g 801 20 4
= W HepG2-24h & W HepG2-24h
£ o B
E W HepG2-48h = W HepG2-48h
0.7 ® HaCaT-24h 2 40 ® HaCaT-24h
20 - ™ HaCaT-48h 20 1 ™ HaCaT-48h
0 o
0 1 10 50 100 0 1 10 50 100
20
Axis Title Axis Title

[t wad 2 @ A fel Axe 44 o)

Compounds # MIC Value (mg/ml) Compounds # MIC Value (mg/ml)

1 >20 20 >20
2 10 27 >20
3 >20 28 >20
4 >20 29 20
5 >20 30 >20
6 >20 31 >20
7 >20 40 0.625
8 >20 41 >20
9 >20 43 >20
10 >20 44 10
11 >20 45 >20
12 >20 48 >20
13 20 49 >20
14 >20 50 >20
15 20 51 >20
17 >20 62 >20
18 >20 65 >20
19 >20

- 65714 Zofa]l FEES o] &3] A apisol Ete] FXF I v FEES g
s Aat 23719 TR FEE Q. o5 F A apisol st S A = FEE
e AoE o4 ol T AdAdel o Asfbe]l & As &< & 5, FFo dS
H]-§-3 Fsol tiste] &l oA,
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Compounds # Activity Compounds # Activity
1 + 18 -
2 + 19 -
3 - 20 +
4 23 +
3 + 26 +
6 - 27 +
7 - 36 +
8 - 40 +
9 - 42 +
10 - 43 +
11 - 44 +
12 - 50 +
13 + 51 +
14 52 +
15 + 56 +
16 + 59 +
17 + 65 +
LokA] FEE 93t A apise] A A
- Ayt g Ed wES Qe B dAgioA R EZ tgte  Plarvae
M.Plutonius®] Wste] st 23S 53
P.larvae (p618)
24H 48H 72H 24H 48H 72H 24H 48H 72H
1 X X X 13 X X X 25 X X X
2 X X X 14 100 X X 26 50 50 50
3 3.125 6.25 6.25 15 6.25 12.5 12.5 27 X X X
4 X X X 16 1.56 1.56 1.56 28 X X X
5 X X X 17 12.5 12.5 25 29 6.25 12.5 12.5
6 25 25 25 18 X X X 30 3.125 3.125 6.25
7 0.78 0.78 1.56 19 X X X 31 6.25 12.5 12.5
8 X X X 20 100 100 X 32 6.25 12.5 12.5
9 X X X 21 12.5 12.5 12.5 control X X X
10 25 25 25 22 25 50 50 Mi 3.125 3.125 3.125
11 X X X 23 100 100 X Tet 0.78 0.78 0.78
12 50 50 50 24 X X X Co 3.125 12.5 25
M. plutonius (P630)
24H 48H 72H 24H 48H 72H 24H 48H 72H
1 X X X 13 X X X 25 X X X
2 X X X 14 X X X 26 50 50 100
3 6.25 12.5 12.5 15 6.25 6.25 6.25 27 X X X
4 X X X 16 3.125 3.125 6.25 28 X X X
5 X X X 17 100 100 X 29 X X X
6 12.5 25 25 18 X X X 30 12.5 12.5 50
7 3.125 6.25 6.25 19 X X X 31 X X X
8 X X X 20 X X X 32 X X X
9 X X X 21 X X X control X X X
10 100 X X 22 X X X Mi 6.25 6.25 6.25
11 X X X 23 X X X Tet 12.5 12.5 12.5
12 X X X 24 X X X Co X X X
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- P.larvae®t M. plutonius®l| 37} = A =Z 3,7, 16, 30HS =, webA] o] 59 djs}

o 3 & HYo) AESHVE glon, 53 3HY 30Me] & d 7ol tiste] v gt

AA Kol Aol A, 3He AF muldA e Hol A st A A4 7 B Ao
Aoz A& Ad

of Aea7] fated @l 00Fe] B4 o Hu 8
o & it AR A @ F wAn A7 Abse)

A A2 F=EFS anwulignane] 71AAT 78 T, EHAISZ Hogl
pathway S &l om, As WS &A3t7] Ya| Aapis=FEH gDNAS mRNAES
Z3}o] sequence #Hel.

- A A gr g g a7 = EF F anwulignan®] 71HS &0 1] 98k
of Z odeA Jdar AFHNA BFstar lo] vfE g<le] 7Hs3k Hogl¥ Mpkle €4
Ael star Q=X Feldr] 98] anwulignans 2417 B A3 3 Aapise] vz S
st 7} 7} Hogl(sc-6815 (santa cruz)), p—p38(sc-17852-R (santa cruz)), Mpkl-FLAG
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20% AX #A&o] #Aago]l HiuxEo] o, Nosemaol #HE Aol QA= dwjd=z
GRP78¢] <& 4 )&

- Clostridium aceticum®] spore coat ©r¥l & % CotHe &5 AEQ oz GRP78¥ ZA3t
sto] w5 QAo wo] St AoR WAl H.

- drg|glole} FFol7t FEo R AN S5 Ao @ F shv= GRP78E A7t b
), o] @ulHel 7] Mde wet 7 AA Hol ds F dS5s o3k waA =29
o] GRP78 @i g3} wAlnts AFAd o 45 2§

- e = BHe AdES ARt A= Apis melliferas 6744 2] GRPT8 homology
dw o] glom o] F Ho FA st FEd] 1w A do] AE wro= el gl
Ao w oA %= 722 heat shock protein cognate 5 9 97 kDa heat shock protein
isoform X2, hypoxia up-regulated protein 1-like isoform X1 Al 7}#] ¢]. o]& o™
AT AEX o wF Ho YS AoR Jdi HeE FES 4 4 Yeast 2-hybridEs 43
3t7] 98t pGAD424¢9) clonings 3.
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Ul Al = A A Xz ekA e o] 7
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P. larvae® 747¢S Adlete= 2 A A mAE JNdste] =4
Zhkstarat sl

Lo

> ST = Y X o2 o
@ g pg O
ox

o,
i
Ir
—
_>|4_rl
ax
lo
ot
1>
i
o,
ol
H Ho
QL
g
flo yo

2

o9 52 o M AN

53t Eofl thale] Plarvaed W3 it &3S 213 1x the European Committee on
Antimicrobial Susceptibility Testing (EUCAST)ol| A A A3t Broth microdilution assayS A}
£3A9t ZF 3FES 10mg/mle H %= Dimethyl sulfoxide (DMSO)ol ol & AL-g3F9lt}.
P.larvae= Luria-Bertani(LB) agar (1% (w/v) bacto-tryptone, 0.5% (w/v) bacto—yeast
extract, 1% (w/v) NaCl and 4.5% (w/v) nutrient agar)°l 7]%-t+7} MYPGP (MYPGP: 1%
of Mueller-Hinton broth, 1.5% of yeast extract, 0.2% of glucose, 0.3% of KoHPO, and 0.196
of sodium pyruvate)E AF&3te] AdS 8 Atk 2 g5Ee] o] DMSO F%+ 25%
Hoh =4 @55 5to A&kt

Zy 3petEo vy Al 3 AE F 96-well microtitre plated] 100x0 F7FE oW, 100109
P.larvae +F HEN(0Dpo0=0.1)2 Z+7+2] well o F43F 5 35°Coll A 24A17F = 48417 H
Fotdh 72 3= F=a Ho 200mg/ £ ol A HA 0.2mg/ 2 o] HA slom, Edo] ik
MIC #2 Z+7+e] platedl Al o571 AebA] v HA T2 dto] A 72} 5 m
2bA P. Jarvaeo] W3t A AE S MYPGP brothE AF&3F T (Gende ef al, 2008, Gende
et al, 2010). S aureus®} S. saprophyticus| W3+ 74 A &S Miller-Hinton brothS AF-&
st_ Ty B. subtilis subsp. Spizizenii 9+ E. faecaliss= Mueller Hinton II brothE A}&3te] 7+
FA AFE sttt M. plutoniusy KBHI brothE AF&3te] 5% COy, ZAoA 74A 23

S &

Compounds P. larvae M. plutonius
boun 24h  48h  24h  48h

Loganic acid >200 >200 >200 >200

Anwulignan 313 313 313 ~>200
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Tracheloside >200  >200 >200  >200

Fangchinoline 50 >200  >200 >200

Corosolic acid 3.13 200 3.13 3.13

Dehydrocostus lactone 50 50 >200  >200

Emodin=5-075 >200  >200  >200  >200

-D-glucopyranoside

Miconazole 156 313 313 3.13

Tetracycline 1.56 1.56 0.78 0.78

1 &y R - o gy a3

% 194 YER wbRe} o] 7Fe] EXS g e® () a3E gdgt 23 anwulignan
2 P. Jarvae (MIC value: 3.13mg/ ¢, 3.13mg/[)0ﬂ st =& A A 298 RS
ol &ttt T3 corosolic acid (MIC value: 3.13mg/ ¢, 3.13mg/ ¢ )7} 71 Z 4# A Ud+=
A A Q1 tetracycline (MIC value: 0.78mg/ ¢, 0.78mg/ ¢ )Rt} = <F7v <FstX| 9y M. plutonius®)
T AAS AsEs HA olE d BdeE 7ol & dElA e Edel vt 4
T2 F2 gdolH, 7|Ed dHA e FEo] A= WA dF e Edd A vl
Aot LA wjitel thde 3 23U e =2S deEetde HAA gena &
o T3 o5S AR FEEAS WEY US a9 2 24E vteed 798
S Aolt. o]l fangchinolines P. Jarvae®l “37&(MIC value: 50mg/ ¢, >200mg/ ¢

dehydrocostus lactone P. larvae (MIC value: 50mg/ ¢, 50mg/ ¢ )2 3&S
acid<}
= Aoz g2l sk

ﬂ] ﬂ] 0]’ Fx AL

o, a2 =k UR
~-D-glucopyranoside &(X)w &37F ¢l

loganic

tracheloside,

Strain name

MIC for Anwulignan

24h 48h
KH A5 A. apis 1.56 3.13
KACC42589 A. niger >200 >200
KACC40071 A. clavatus >200 >200
KCTC7965 C. albicans >200 >200
KCTC7270 C. albicans >200 >200
KACC45480 C. parapsilosis var. parapsilosis >200 >200
KCTC7212 C. tropicalis >200 >200
KCTC17762 C. tropocalis var. tropicalis >200 >200
KCTC7219 C. glabrata >200 >200
KCTC17528 F. neoformans var. bacillispora 6.25 6.25
KCTC7211 P. guilliermondii 3.13 200
KACC40256 R. oryzae >200 >200
BY4742 S. cerevisiae >200 >200
KACC30068 S. cerevisiae >200 >200
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KCTC3705 B. subtilis subsp. spizizenii 1.56 50

KACC11304 E. faecalis >200 >200
ATCC35311 M. plutonius 3.13 >200
ATCC9545 P. larvae 3.13 3.13
ATCC6538 S. aureus >200 >200
KACC15799 S. saprophyticus 6.25 >200

¥ 2. Anwulignan®l] 93+ &)+ &3

® 194 &= ¥ Anwulignanel] tjsto] thst F7F2 FFo|t3} vk glolat o] Aol
= I 55 ez ()t &84S

ot 0@ o
o, OSL'E

72*%74 Srolw 7] 98ty A. nigers ESHsle] 207
stttk E 2014 B viel o] Anwulignane A. apis (MIC value: 1.56mg/¢, 3.13mg/
0O} F. neoformans var. bacillispora (MIC value: 6.25mg/¢, 6.25mg/¢), P. larvae (MIC
value: 3.13mg/¢, 3.13mg/0)°l A3 A& @237 A= Ao=w 3l HAow, P guilliermondil,
B. subtilis subsp. spizizenii, M. plutonius®} S. saprophyticus®| 24A17F & A4S A& 3
ARE (MIC value W $]: 1.56mg/¢ ~3.13mg/0) 48A1%F Folli= &S F4 %S el 313
(MIC value ®¥9: 200mg/¢ or >200mg/f). L ©]2]9] dFoll= A3 PSS F4 Fron o
A2 Anwulignans 54 5wk Sojdo=m #&al= ZdUS g st A A=
teFet mAEe] EAsk ol F £ o B3 Wol vk webA o] Anwulignans A&
st Ae- g vAEY AFole TS vAKA LA A apis¢t P larvae o] el AW
= o= w5l SolHom ALE THe & Aoln

o o

MIC for Miconazole
Strain name

24h 48h
KH A5 A. apis 12.5 12.5
KACC42589 A. niger >200 >200
KACC40071 A. clavatus >200 >200
KCTC7965 C. albicans >200 >200
KCTC7270 C. albicans >200 >200
KACC45480 C. parapsilosis var. parapsilosis >200 >200
KCTC7212 C. tropicalis >200 >200
KCTC17762 C. tropocalis var. tropicalis >200 >200
KCTC7219 C. glabrata >200 >200
KCTC17528 F. neoformans var. bacillispora 3.13 >200
KCTC7211 P. guilliermondii >200 >200
KACC40256 R. oryzae >200 >200
BY4742 S. cerevisiae >200 >200
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KACC30068 S. cerevisiae >200 >200

KCTC3705 B. subtilis subsp. spizizenii 6.25 200
KACC11304 E. faecalis >200 >200
ATCC35311 M.plutonius 3.13 3.13
ATCC9545 P. larvae 3.13 200
ATCC6538 S. aureus >200 >200
KACC15799 S. saprophyticus 12.5 50

¥ 3. Corosolic Acidel 93+ 3(R)+ &3

¥ 3+ Corosolic Acidell ¢gt zt7z}e] 3¢
7

it 3 ol vl glolol] tE AF Ad =S e
Aot 9ol ® 1eA Ft 't = A <

(e}

o= vt ¥ Corosolic acidol tiste] tpksk 7
o wrgold wtE ot Aol o %—E—X] dotr 7] 918t A. nigers XT3 20
N HFE WEeZ FEFDAT EA4E gdsdnt. & 394 B+ vkel o] Corosolic acide
M. plutonius®] 73748 A3 AASHMIC value: 3.13mg/¢, 3.13mg/t) A. apisoll= A3}
A= FAT S Adbets Aoz SRISITHMIC value: 12.5mg/0, 12.5mg/t). F.
neoformans var. bacillispora ¢ P. larvae, B. subtilis subsp. spizizeniPl| = 24X|3F F7}A]
= A4S Asl AT (MIC value ®191: 3.13mg/t ~6.25mg/0) 48417t Foll= F&FS X
s 3ol st (MIC value ¥$]: 200mg/¢ or >200mg/¢). 1 o]L]e] H#Fol+= A3 F¢S
o wabA Corosolic acidE M. plutonius®t A. apis 5 EA o9 A dur &
3= 24UdS el Y. o= Anwulignand #Z-& 0]%i M. plutonius;
apis 59 ol A& doy|= Tl HolHoR ALg JHs I Aol

=

o ook
g o

O

o

S

=

MIC for
Strain name Dehydrocostus lactone

24h 48h
KH A5 A. apis 50 50
KACC42589 A. niger 100 100
KACC40071 A. clavatus 50 50
KCTC7965 C. albicans 100 >200
KCTC7270 C. albicans >200 >200
KACC45480 C. parapsilosis var. parapsilosis 100 >200
KCTC7212 C. tropicalis 50 50
KCTC17762 C. tropocalis var. tropicalis 50 >200
KCTC7219 C. glabrata 100 100
KCTC17528 F. neoformans var. bacillispora 25 100
KCTC7211 P. guilliermondir 50 50
KACC40256 R. oryzae >200 >200
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BY4742 S. cerevisiae 100 100

KACC30068 S. cerevisiae 50 50
KCTC3705 B. subtilis subsp. spizizenii 50 100
KACC11304 E. faecalis >200 >200
ATCC35311 M. plutonius >200 >200
ATCC9545 P. larvae 100 100
ATCC6538 S. aureus >200 >200
KACC15799 S. saprophyticus 25 50

B=)

% 4. Dehydrocostus lactone®] 93 )+ &

el & 1oA A. apis & P. larvaedl °Fst k4t 2371 &= Ao 2 g2l ¥ Dehydrocostus
lactoneol] wate] wrgg FFoldtIt wbH golite] A dFS FA LdotrRy] 8t
Anigers X3t 207 #FE Ude=z )T S #9183 Y. Dehydrocostus
lactone> A. apis ¢+ A. clavatus, C. tropicalis, F. neoformans var. bacillispora, P.
guilliermondii, S. cerevisiae, B. subtilis subsp. spizizenii, S. saprophyticus®| ZI}E Ho|+=
A& B SAHMIC value H9l: 25mg/ ¢ ~50mg/¢). 1} 1 &3t wujsle] f o] &

(D)t J ol st} HA3shA = sk
71Ee] & dH A FAYAQl Tetracyclined] 9| &1 &5& &<l s} ol 2 A A7
sl 5 A5 AAloke] Bl diale] Blaly] flatel Fa B

MIC for Tetracycline

Strain name

24h 48h
KCTC3705 B. subtilis subsp. spizizenii 0.39 0.78
KACC11304 E. faecalis 100 200
ATCC35311 M. plutonius 0.78 0.78
ATCCY9545 P. larvae 1.56 3.13
ATCC6538 S. aureus 200 200
KACC15799 S. saprophyticus 3.13 3.13

¥ 5. Tetracyclineol] 2|3+ &+ &3}

9] & BolA] wite] HE ol vistel $9d ¥e Fit EHE WAL o] wHole] o
she] gdol Aolubs wE Aol Tetracyclineol AHg & 5 glom) oes thekaisl Abgol
oz thopet £Fe Yol & WA # 5 U2 @tk w3 of Fi Al e WA
& Plarvae] B3tel® R3vl N3 vk webd HES B gdy A8 JoslE 7o
Bat Soldom A8 B4 wEel Basl Ak £ o FYA AHEFS 22U F 9
= oapgel U@ A7k BasA WUtk WA Plarvaes] U@ 7 G 24l g E34
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o & g a5 gRlstr] st WA e =4d& £AA o= RPMI 1640 without
sodium bicarbonate and with 1-glutamineE 0.165 M morpholinopropanesulfonic acidE A&
sto] pH 7082 2 3 2% glucoseE ¥ wlXE (& YPD media (1% BactoYeast
extract,2% BactoPeptone, 2% Dextrose)) AF&3ste], 28] s|AM gt ¢ 90°wgfo = & v & &t
By R= —,:X}Xq o=z 2v) 3Asle] 96-well microtitre plate©l IOO,u(% e e, 100409
P.larvae 5 @AEre (2x10” 5x10°CFU/ml)S Z7te] well o] €& 3 35°Coll 4] 2447 =
A8A1 7 vl sl th. Miconazole>  FH ol 200mg/ # oA A 0.2mg/ /4 °] = A
Anwulignan< Hl 25mg/ 2 ol A A 02mg/ ¢ 7F HAA stk 2k =4l dig MIC e 74%
o] platedl| Al thA] &1 A TE.  Tetracycline Z Wl 100mg/ 2 ol A #H A 0.1mg/ 2 o] = A 3
o™ Anwulighan< o 25mg/ ¢ oA 2 02mg/ ¢ 7} HA 3tAth 2 &4 W3 MIC
2 Z+7} o] plateol| A tHA] &1 Y. M.plutoniusell W gt Tetracycline?} Corosolic acid &
ARGl o3k At AHE 9 HAFS o WY skl KBHI brothg AF&3te] 5% CO, =
Ao A APE ok Tetracycline FHtH 100mg/ 2 ol A H A 0.1mg/ ¢ o] WA o
] Corosolic acid& FHth 25mg/ 2 oA HA 02mg/ ¢ 7F FA Atk 2 2o hak MIC ik
& 74749 plateoll A thA] &<l sEA T

TS AdA AgE =AY ASEHRE FICI=(Ac/Aa)+(Be/Ba) &2&  AR&-38ho]
Fractional inhibitory concentration indexes (FICIs)©e. & X A3}t (Drogari-Apiranthitou et
al, 2012) Ac®t Bce &3 A3 S A9 A 243 B B4 779 MIC #olH, Aast
Bat & E4o] & 459 A 5434 B =4 74749 MIC #o= h:‘r FICIgke] 0.5¢]3s}

ol
el
32

O
_E

QA9 AeEIATL Yk S, 05 4L A AR Awge] gl Ao s
P. larvae MIC FICI
Anwulignan Tetracycline
24hour 48hour 24hour  48hour 24hour 48hour

Median 3.13 3.13 1.56 3.13 0.83+0.14 0.83+0.14
3 6. Anwulignan?} Tetracycline®] E3AREol o8t Plarvaedtol tigk 47 A 3|

¥ 69 Ao HE Anwulignan ¥ Tetracycline®] E-3HAlgo] 93t 4 As-agis HE
Tz A A vk (FICI value=0.83t0.14, 0.83+0.14), Anwulignan 3.13 mg/¥¢ & A}&83t9 <
749 Tetracycline 0.39 mg/ ¢ S Abg 3o % Plarvaed] A4S AsieS gl 3t =3

Anwulignan©] 156 mg/ ¢ & AF&3+99S 7% Tetracycline 0.78mg/ ¢ & A 8ol % P.larvae@)
s AMgs Fd Sa ek Anwulignan  #+  Tetracycline®] H@AEO®

e}
I~ [e}e) S =)
=4 F »lu*et gkl 3k

2
g

Tetracycline®] A}
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M. plutonius MIC FICI

Corosolic acid Tetracycline
24hour 48hour 24hour 48hour 24hour 48hour
Median 3.13 3.13 0.78 0.78 0.29+0.07 0.46+0.07

3 7. Corosolic acid®#} Tetracycline®] &3AF-&ol 98 M. plutoniusttol gt 47 3l

-
, it

N
lo

Aol A H 50| Corosolic acid®} Tetracycline®] &3hAgo] o3t st HF52&
gkl &t} (FICI value=0.29+0.07,0.46+0.07). ©] Z3}+= Corosolic acid¥®} Tetracycline?]
A&l et AlgH = B4 s AA stox dd EHE = 7 OUeS grgt
Corosolic acid 1.56mg/ ¢ < AF-&3F9S 75 Tetracycline 0.05 mg/ 2 & A& 3ol 24417 &
M plutoniust 2] A4S 43 Asgs &2l 34tk &3k Corosolic acid 0.39mg/ ¢ & A&}
NS 4% Tetracycline 0.39mg/ ¢ & A& s+l %= M. plutoniusit o] A4S Aaishe &2l &9
. w2kA] Corosolic acid 2+ Tetracycline®] E3FAFE- S 2 Tetracycline®] AFE 48 FolHx
M. plutoniustt® 43S AT &+ Ade= &<l 3k
17} % 29 A3 % Anwulignan¥} corosolic acid A. apis ¢+ P. larvaeitol| 5] o=
Gt ZA7F A= AS 2l k. olE AHEE A AFd A 7 2 ¢ deEAE &
k7] 918kl HepG2 cell lineE AF&3sto] Abgl Alaze] Ao ddF& F=X4 MTT assay=
a3tk 2x10° cells/0.1me 2] Hep-G2 cell linesS 96-well tissue culture plates (Falcon)<]
welld] €2 3 DMSO9| o7 72 528 ¥AE FE2 culture platesol F71stich of
Z7 DMSO+= HUY s%7F 05%7F A =% st 7+ platesol]l 9o FATh 24417F 5 100
b 5Smg/mé MTT (sigma Cat. M2128)= ¥o] & Us WHeEs FEdt 4= ELISA
reader(VersaMax, Molecular Devises, USA)E ©]&3}o] 540nmeolA FHE=E S =2
= AFL FHA& 33| whEste] 3l

120 A

- I I '
0 1 3 10

Anwulignan [mg/l]

e

ot
o

I

>

4

N oAy (o o B b

% of Control

o3& 88

9 )z Hske] 76.6£10.1% A EL] Aol wE H)e) o
I (Xu LJ, et al, 2006)°] ¢35t Anwulignan< AFH Al 9]

LEF A

FA @E Ae F9 sk WA o] BAE FR)AAR AL S
==
T
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120 -
— 100 -
£
E %0
U 60 -
T 40 -
2
= 20 A
0 r . '
0 10

Corosolicacid [mg/1]

2 2. Corosolic acidell 23+ HepG2 cell lineo| i3k A4 A 3j

&

g 29 Ao 25t Corosolic acide 10mg/ ¢ A 2] dt - thZxo+ol H]3le] 53.6+8.0% Al
o] o] #F HAY o] 2 T AW S doy|= o S Aty fd AFEst

Fo H]ale] w9 =& oFS Al83le] 2383 Aro]i Corosolic acidE FFx| AshA =
APEE AL Q7] Wl AbgRl Al B2Fgo] 42 Aow dHA vk mEA o] 2ES F(H)
TAZ AFE StH e Al Al dAS S 4] et AE 22l ST

M

o[

O

2

St A EZ-o] thate] AlE Al 3 HA TR QS Yste] A o] AFEo
Gt A EEES Fol 3 3 AXE AMES A ST
lg.‘l:
10 1 0.1 0.01 0.001 0.0001
[ug/ml]

2T 40X10° 65X10° 29X10° 83X10°  25X10° 45X10°

ZAaE&(%) 9991 99.95 99.89 99.96 99.11 97.68

Fo A= & 5 d%, obAEAZIL 0.00lug/mlS A2 3RS AFolE AE Ao
99.11% #2 Hol A8 & F Jde HA FEE 0.00lug/mldS &2l skt

P.larvae, M. plutonius UYEElolitel] <ste] Aol #ASH F=2 FIS BHSAY
Tetracyclines AH&atSith AR AtiE @ X9 A 7] wEo] d AAASE Fe
Fo| A A aA NS FA3 Jrh Anwulignan & A F(2)F G237 A BuFEA &
< At BERA A apis % 01 Tt 3} Plarvae?«] *éx*% fﬂxiﬂ A &l sk = %é‘%‘% 2“11

ff;‘:% —zrx] ‘”Oﬂﬂ E 204 B HE HFF Oﬂ—w— BEFE 74-4 FA AN A apisst P.
S 4oyl #Fd ooz 283 o2 Anwulignane °lES #Elsh
g AES o vk AAY A B HAEAY AAEE EdAW
of i Wkl Azt et mAEo] EATES nElete I HAE

Mg &3 A (new-paradigm antibacterials)®] W&o ZHE wEa ¢
Anwulignan< A. apis < B E35to] A3 ALE 3 5 F owle SAHAA] 2E ol vk 2§
gto =z o]k el # gtevta & 4 S Flolth S Abg AEe] Ad%
= TA &L, 71ECd FAe deoor AMgH A 7] wEe] # 45 4
Frste ol e vhe Eote] A o% A elfst7] flste] AREsto = A7 gls A olth
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3 Corosolic acide @A st 37 A Huwx F& Ay EZ2M M. plutonius BF
HZlolwt ol Ads dAs] Adfste =4dds &2 sAvk ®=3 17 29 Corosolic acid
MTT 23, Corosolic acidv= Hep-G2°l #¢] 4 okom F 304 HE TE F3o|
T JgFE A9 FA AN, M. plutonius BYH o Hol| S YdoIE= 3o
Eolxqog z83sto 2 Corosolic acidi= °l&S ¥
UTH AbgE AlES] Aol Ao s T4 &L, 7
ol & 545 ol d¥& st vte o] 4%
sle Aol

3 80l uERd mpep o], oAl A S 4-3| =S A H YA, AxgEgEleE G B et =Y
4 A &7 d5s Fd st 7Ll 2

MIC #<& =H3 A3} Plarvaed] st A%
ALEE = HEZGAO|EFH Y sty 4-3|ESA AL 0 £2 395 HY o, ofAEA
A, AxgEgveE G 2 FEgeEe Agder nEd dxd 248 yEhgsl o

P.larvae®] 73735 dAA 3] A 3lst3.
P649 P618

(KACC14031) (KACC11540)

T 24h 48h 24h 48h
Acetylshikonin 3.125 3.125 125 125
4-Hydroxyderricin <0.78 <0.78 6.25 125
Sophoraflavanone G 1.56 1.56 3.125 125
Kurarinone 6.25 6.25 6.25 125
Miconazole 1.56 3.125 6.25 125
Tetracycline 0.78 0.78 25 50
Alismol 100 100 >200 >200
Alpiniumisoflavone >200 >200 >200 >200
Bisdemethoxy—curcumin 25 >200 >200 >200
(R)-(+)-Dalbergiphenol 100 100 >200 >200
Dehydrodieugenol >200 >200 >200 >200
6,8-Diprenylorobol 25 25 50 >200
Eupatilin >200 >200 >200 >200
Falcarindiol 6.25 6.25 50 100
Gagaminine >200 >200 >200 >200
Galangin >200 >200 >200 >200
Guaiacin 50 50 50 50
Matairesinoside >200 >200 >200 >200
Myristargenol A >200 >200 >200 >200
Oleiferin F >200 >200 >200 >200
Sargachromanol G 6.25 6.25 6.25 50
Timosaponin Al >200 >200 >200 >200

F 8 4 24 o7 sjunpdE s 2ol et FF Z
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Ao o3 WyrFTAA ZFEYSA(Melissococcus plutonius)®l W3t st A4S ¢

N Jl.m
>,
g
e
b
52
L)
[
)
=
rif
D
)
U
AL
AU
rr
Lo

T2 &2 STk obAIE A
= 71E 2 AHgHE HEZ
T BAY vt 2o

T 24h 48h

Acetylshikonin 6.25 6.25
4-Hydroxyderricin 3.125 3.125
Sophoraflavanone G 3.125 3.125

Kurarinone 125 125
Miconazole 3.125 3.125
Tetracycline 0.78 0.78
Alismol >200 >200
Alpiniumisoflavone >200 >200
Bisdemethoxy—curcumin >200 >200
(R)-(+)-Dalbergiphenol >200 >200
Dehydrodieugenol >200 >200
6,8-Diprenylorobol 125 25
Eupatilin >200 >200
Falcarindiol 100 100
Gagaminine >200 >200
Galangin >200 >200
Guaiacin 50 50
Matairesinoside >200 >200
Myristargenol A >200 >200
Oleiferin F >200 >200
Sargachromanol G >200 >200
Timosaponin AIIl >200 >200

¥ 9 ZF B4 93 WygAadr ZFEYSA(Melissococcus plutonius)®l o -+ &4

SREe FE Lo EPstE ARG 2B 54 #F d@ SolHd NS BiT
o gM B Algo] FREFEA Fa A wAE HAiIE & gorz 7 EHol iy
vk 8] ~ @l (Paenibacilus larvae)®t e 2332 =

A 7% e AHgstel sk

Acetylshikonin
T
24h 48h
. P. larvae 3.125 3.125
7ol gt P. larvae 125 25
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M. plutonius 6.25 6.25

A. Baumannii >200 >200
B. subtilis subsp. spizizenii 50 >200
E. Cloacae >200 >200
E. coli >200 >200
E. faecalis 12.5 125
H| ol E. faecium 125 125
L. Monocytogenes 1.56 6.25
M.Iuteus 3.125 3.125
P. aeruginosa >200 >200
S. aureus 25 50
S. saprophyticus 125 125

F 10 oA EA ] 7 stSeol] thik A A sl

7

ot

¥ 100 yERF mle} o] olAMEAFTIL P Jarvae®} M. plutonius, M.luteus ¢ L.
Monocytogenes®el dlste] =2 x4 A4S Yeplgloy, 1 9ol 3t &g o] mekstA
U 24h o] H]8le] 48hell Aol FoEAY o] AE YElUA gkt

T 4-Hydroxyderricin
24h 48h
%o:'é;i.} P. larvae <0.78 <0.78
o P. larvae 6.25 12.5
M. plutonius 3.125 6.25
Hl 2 A. niger >200 >200
A. Baumannii >200 >200
B. subtilis subsp. spizizenii 3.125 6.25
E. Cloacae >200 >200
E. coli >200 >200
E. faecalis 6.25 12.5
E. faecium 25 25
L. Monocytogenes 0.78 3.125
M.luteus 3.125 3.125
P. aeruginosa >200 >200
S. aureus >200 >200
S. saprophyticus 6.25 12.5
311 A7) 4-sl =S A b Al Y ZF el igh A Ae &

¥ 110 Yepd wpel o] 4-S|=2 AU AL P, Jarvae$t M. plutonius ,B. subtilis subsp.
spizizenii , E. faecalis, L. Monocytogenes, M.luteus, S. saprophyticus®l W alte] 1 A=
el vbd, 7 o]9]e] o o) dighk &t &2 ERA] gkt
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Sophoraflavanone G

T 24h 48h

P. larvae 1.56 1.56

= P. larvae 3125 6.25
ATt

M. plutonius 3.125 3.125

A. Baumannii >200 >200

B. subtilis subsp. spizizenii 6.25 125

E. Cloacae >200 >200

E. coli >200 >200

E. fecalis 3.125 6.25

H] ul 3 E. faecium 125 125

L. Monocytogenes 0.78 1.56

M. luteus 1.56 1.56

P. aeruginosa >200 >200

S. aureus >200 >200

S. saprophyticus 125 125

® 12, A7) AxgEdube G 24 ol ik A As 29

¥ 120 YERd mpe} o] A EEZEvl= GE P larvae$t, M. plutonius, E. fiecalis, L.
Monocytogenes, M luteus®| st gt &S eEpH wbA 1 o]ele] & 5o st &
o A oFstAY UEYA] kT

o Kurarinone

v 24h 48h

P. larvae 6.25 6.25

f?;é& P. larvae 6.25 125
M. plutonius 12.5 125

A. Baumannii >200 >200

B. subtilis subsp. spizizenii 125 25

E. Cloacae >200 >200
E. coli >200 >200

FE. faecalis 25 25

H| ol E. fecium 25 25
L. Monocytogenes 6.25 6.25

M. Iuteus 6.25 6.25
P. aeruginosa >200 >200
S. aureus >200 >200

S. saprophyticus 125 25

F 13 471 ekl el oF 2 el Wik 4 As 2
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F 130 uEbd wke} o], Fpetele
M luteus?] Wste] @3t &35 e
L YEREA e Sk

P. larvaeS}, M. plutonius, L. Monocytogenes,
o9le] thi el WE G BHE s

iz rlo

o

kA olAEA Y 4-S =EA " B A, AxeEgrhs G 2 Ao e 95 rAESd O
sto] SolHowm ztgsto] S A3 ot s vEdoR, EHo dd 3], -4
A5 F&sHA &8&d F Jdow, BT AFE Y] FHTF AS AR AR
7} 3ol tiste] 7]E e Aete] B A& mE 3w &S Hrketalal, 471g Broth
microdilution assay & chequerboard fashion© = AF&-3tHTh 7t &3t&E9] & Hdl 200mg/
LolA Ha 02mg/ 2 0] =S ALz 20 343 F 96-well microtitre plateell 1000 3
ARl om], 100 7 #5F AN (ODo=)S 27k well of Fa F 35°Col A 2443
Hj ¥t Zb shstEol digk MIC #k2 Z}2be] platedl Al o771 A &+ HA4 v
sko] z+zte] platedll A Al &F2l ¥ ATt

F7] E3AEe wmE A5 adyEs FICI=(Ac/Aa)+(Be/Ba) &4S  AF83te  Fractional
inhibitory concentration indexes (FICIs)©. 2 A3} tH Drogari-Apiranthitou et al, 2012).
Ac®t Bee &3 AHE3 49 A 52 2 B &4 479 MIC #olH, Aast Bat: d5 o2 Al
&3 4%+ A =4 32 B =2 747 MIC el 471 FICIREe] 05018k A5 dsad7t
U AR Hrlstw, 05 WA 49 A5 AsaA7t AW meks Ao w Uit

i

T FICI
Acetylshikonin + Tetracycline 0.75+0.12
4-Hydroxyderricin + Tetracycline 0.625+0.10
Sophoraflavanone G + Tetracycline 0.83+0.10
Kurarinone + Tetracycline 0.88£0.10

X 14, ofNEAZd, 43 =SAH A, xSl G 2 FEEl=d HESHA|EH S
Al P. larvaeol AHe]ld o A Adle
/\]-7]

$7] & 140 b wksh o), obg g A s
Eal

SR AR Y PN RS Eﬂéa} =
kol Ay 17} Qo] Akg-gFol Azrd & dglon], 4-s=EAua HEGA} ]2
= 2]

B
i)
Im
)
S
°

A
Age ASEI O Bol #F o
galol 2o wIE F7t AA Fit wdel A &

B ) _>.i FH
[m r“
R o>“

>}err5&:i¥
o Lo £

9

o},
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T FICI
Acetylshikonin + Anwulignan 0.83£0.12
4-Hydroxyderricin + Anwulignan 0.88+0.10
Sophoraflavanone G + Anwulignan 0.625+0.12
Kurarinone + Anwulignan 0.75£0.25
315 ofAEAIFEY, 4-3EEA U A, AxeEehte G R FoEes dvEadd w4
off P. Jarvaeol #2]dr o] A A=
37 159 vrehd nhsk gl Aol IR A Fehe G B Fehelie] 2

of W JEEIt AASHA GRAT, FHGoR FEENt A& He Sk 2xetE
Bube G 078 mg/0 & SRS W F9YTW 039 ng/ LW AEAE P larvace] AR
dA% A el H F, 2¥eBebbe G Y9 BgHoR Asgory

Aggol Ad & e e s

i

l"g _11N

do

o} M e Al L (Acetylshikonin)< 4-[(2S,3R)-4-(1,3-¥l Zt}o] &&-5-y])- 23-vuEF-E]-2-u]
A9 = [1-(5,8-t3slo]| EFA-14-Y S Azl -2-d)4-HEAE-3-o Do} A H o] E
([1-(5,8-dihydroxy-1,4- dioxonaphthalen-2-yl)-4-methylpent-3—-enyl] acetate)® ™ = =}
% (Lithospermum erythrorhizon S. et 7.)°] 8] FEEA 2 & & Aot Ax&= AA
I (Borraginaceae)® st o] 3 o] £ fEvtet 7k A A oA A g
Atz BEE s SR ste] FESHH, olE fU8viE '©AF 1 WA 109 A WS &)
T, AT 1 WA 109 AWS 28t setaeas 2 gag 2 YA 109 JdsHEE ARE
sto] EEletal o] & FrHAH R Ay A Ay AZnEIYIYPS ol&ste] #E & 4 3

1

OH (o]
29 3. olAlE Al Z W (Acetylshikonin) @] %

4-3}o] == Al v 2] 41 (4-Hydroxyderricin)<  (©])-1-[2-3| =& A]-4-w| EA| -3-(3-w| & F-2-H] <)
H 9 ] -3 - (4 -3 = 5 794 4 ) = =2 -2 - dA -1 - 4
((E)-1-[2-hydroxy-4-methoxy-3-(3-methylbut-2-enyl)phenyl]-3-(4-hydroxyphenyl)prop-2-e
n-l-one &2% Wr o A% ¥g (Angelica keiskei roots) FEZo|A &2 & F 3l
th Al xE Plve] F(Apiaceae)ol|l Fohes thdAl 2Ho0 R WHAdPGoRE oA Qv ofd
o Aol A A st S-2ukel Aol AuirE 7heete] Au) Eo] A i vt
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4-3Fo] == Al v 2] 21 (4-Hydroxyderricin) & #2387 9ste] A dxe] AEA AA, o H5,
=7], e, £& EF AEE F dow UMY & e e Feoin Az BYE #o}
W s s ey 2 dFE v s o5 &3 fulE I FEI Fo 7
o T o, st & B8 T 2 & MEA TR EYeta, AV = HEAE 2
eolAlH ol EE AMESte] 1A} e8] 3 v HSA F7]18WE 33] o] EXAIA Aldx
o 24 ETES AASY o B2 4-sol=EAYEASS R 8 £ . o
A5 AZnfEIHTE Hlo] & FAF AREste] T oA 28 & 4 vt

OH O

9 4. 4-3Fo]l =F A ¥ 8] Al (4-Hydroxyderricin) 2] 3%

A gtE et G(Sophoraflavanone G)&  (25)-2-(24-Ydlo] =5 A Hd)-57-T] 5} 0] =5 A
-8-[(2R)-2-¢to] A Zm o d-5-HE-4-FA-1-U]-2,3-Hslo]| =22 -4H- A= -4-¢
((2S)-2-(2,4-Dihydroxyphenyl)-5,7-dihydroxy-8-[(2R)-2-
isopropenyl-5-methyl-4-hexen-1-yl]-2,3-dihydro-4H-chromen—-4-one) & o Ak
(Sophora flavescens Ait root.) FZ=&FA #2 & 4+ Ao 142 A9 A5 Ao& I3
of &3&t, i 1000m 015}94 ZA A &3] Ak oy & o] F= fEuhel 7 Ao A
I SolA AL AxE Ao 40T vwke] A9 B e dHSS

sy, 43 FEES ‘?/_‘rﬁ:T 1 WA 108 A= st g
gttt ol A7l A A7 ARvEIHIYP S AHESt o =5 EEE 2 s7=E g

a9 5. A¥eFZ b= G(Sophoraflavanone G) 9] %

Jrebg] = (kurarinone)2 2-(24-U 3| =5 A H 4 )-23-t] 3} 0] = 2 -7-3| =5 A| -5-H| & A] -8-[5-H]
g-2-(1-"wWeE8eHd)-4-FANd]-4 0 FH-1-9=x39=z-4-49

(2- (2,4—Dihydroxyphenyl) -2,3-dihydro-7-hydroxy-5-methoxy-8-[5-methyl-2-(1-methylethen
yl)-4-hexenyl]-4H-1-benzopyran-4-one) .= 9w H7|% 3}vW, 314 (Sophorae Flavescens
Aiton) FZEo]A EeFvh nire T thad zEoR FR Jhge HZ AH sl
Azxsto] Abgstn g A2, T AA AAst S-2vet Aol A Aujrt 7hsste
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2}e)i= (kurarinone) & T A 0% FEa7] Slatel 47 A WelE Larw Baee] 80 %

o] d:ew 35 A4 2EF S 4% 5FAT o2 ZHSd LA A AW F B

e e ﬂﬂE‘Eﬂ% Bl =2 ALgalel 33 A% w4 dr) o] Ee® 2L A A
] 5AE Agate] B BT

19 6. 28] =(Kurarinone) 9] 1%

o} Al & Al 1 (Acetylshikonin), 4-3}o] == A ¥ 2] 41 (4-Hydroxyderricin), A ¥ =g}
G(Sophoraflavanone G), iF2Fg]=(Kurarinone)®] <A 2 Ao 3 SA4S

af Zb shek=ol oste] QA el MES S Adlst=A S = A A
2= gosty] Y8 7+ 24 Fxo wel HepG2 cell line ¥+ HaCaT cell lineol z}z}
83t MTT assayS S35t}

7+ 2x10° cells/0.1mle] A XS 96-well tissue culture plates (Falcon)e] 7} wello] @& =
DMSO°l &&l¥ 7zt E2d& XY FE& culture platesoll 718t DMSOE A %7}
02% 5 x93+ A== SEAT 24A17F = 48417 A3 & 10040 Smg/mé MTT
(sigma Cat. M2128)E F 43t & ELISA reader(VersaMax, Molecular Devises, USA)E ©] &
ato] 540nm FF=olA EAES SAHAT BE AP 33 o vy FaH T

(

el

o

=
-

120 -a-HepG2-24h
-0~HepG2-48h
——HaCaT-24h

-o—-HaCaT-48h

CH=# CHH| H|E(%)
—

N &8 Qg8 8
o o & & o

1 10 50 100
Acetylshikonin(g/ml)

a3 7. obAlE A W (Acetylshikonin)ell ¢]8F Al X EA]

20 9
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120 -

-s—HepG2-24h
100 ¢ -O—HepG2-48h
- —e—HaCaT-24h
= 80 -
o =o=HaCaT-48h
= 60 4
=
= 40 -
i
K:
= 20 1
0 . v
I 1 10 50 100
20 4-Hydroxyderricin (ug/mi)

18] 8. 4-3fo] == A v 8] 4l (4-Hydroxyderricin) o] &3+ AX A

120 -a-HepG2-24h
100 -0~HepG2-48h
——HaCaT-24h

-o=-HaCaT-48h

CHz= 2 CHH| B (%)
(5

1 10 50 100
Sophoraflavanone G (pg/mil)

19 9. A¥EFEZ = G(Sophoraflavanone G)oll o3k A|E =A4]

X:l

120
-8-HepG2-24h
100 =0-HepG2-48h
;E 80 A —e—HaCaT-24h
o —-0-HaCaT-48h
= 60
=
= 40 A
H
K4
= 20 -
0
I 1 10 0
-20 Kurarinone (ag/ml)

19 10. 72+ +=(Kurarinone)©l] &3 A X =A]

% 7o) YERG vre} Zo] olAEANZULE T (10mg/)E AYHUE A$ Hep-G2 cell
linesel A= obAlEA S AgatA] &S A9 vluste] 182+54%9 AE Ad7do] #&E
Attt HaCaT cell lines A& F¢+ 15 =00mg/ )= A=A 45 60.7+2.6%°] A=E
A #Fo] #zbE @1l Miconazoled 7% 14.3t5.2%¢] A|E A o] Holx= Aol v Ab7] of



a9 89 yeRd niep o] 4-3|=FAE RS AEE(10mg/ /)2 HEsa S 4 Hep-G2
cell linesoll A= 4-3|=SAH A S AR &S 59 vlusle] 89.0+5.3%2] Al A %ol
#z H 2}k HaCaT cell lineg AF£3%F A%+ 25=0mg/ )= HHAS 4-F 93.1+82%
of M Aol #AHATE F, 43 =FAH YA AFER AFSEHEEE AA o gis 54
of wj-g- vtom FAAQ ALE FEEA ALEEE Afetd Aol g 540 A gle A

a9 9o uERd vhe} o] AxeEEiule GE

cell linesoll A= oFAEAIZ IS AP s}A| & 73 o} vjusle] 204+17.9%2] AE A o] T
2k ¥t} HaCaT cell lines AFE3 A$-= (10mg/ 2 )= A=A 45 20.6+6.9%°]
AE Qo] ARG 7] 2xgZEelE GE 122 AYEHAS o AEe] A4S o
FRoY, AFARA T4 sEE AMEEHE Ay A gig 542 =53] 7

|

TEE(10mg/ 4)Z2 A EHNS dF Hep-G2
o
o

l-ﬂ

5 A& sk ]

n 3l FEd Aow BT

a9 109 YERG wlel o] FElgl=e mEE(10mg//)E HIYFHYL A Hep-G2 cell

linesol A+ Fehel=S A A &2 73%9} Hl 1L3le] 51.645.3% 2] *ﬂ Aol #Z HSl
h

t}. HaCaT cell lineg AFE3 A5+ 25 5=(10mg/ ¢ )2 A EHAS A5 45.3+2.1%2] A x A
ol FEEAY. Fetgl=e 1FEE AFEEHYEE A st S50 g vrom FA4F

A FERA AGHE Sl QA tE S4o] A9 92 Aom BAHL

St A EZo] thete] Al A Hed HA TR QS Yste] A o] AxE
gt oA BEES Fo] 3 3 AX AMES A ST
% [ug/ml] 10 1 0.1 0.01 0.001 0.0001
5 B 4.0X10°  6.5X10° 2.9X10° 8.3X10° 2.5X10° 4.5X10°
728 (%) 99.92 99.94 99.89 99.96 99.13 97.47
X 16. oAl Al Z U 93 AE A TAe
¥ 169 AFAE & F % olAEAZIE 0.00lug/mlS AP NS AFoE AE A
o] 9927% - Ho] A1E & F e HA FEZ 0.00lug/mlY S &2 ST
%= [ug/ml] 10 1 0.1 0.01 0.001 0.0001
gz 4.0X10°  6.5X10° 2.9X10°  8.3X10°  2.5X10°  4.5X10°
A& (%) 100 100 99.90 99.96 99.01 98.02

¥ 17 AXEHEZgnl= Gol o3 AY A A4S
¥ FZ e GE 0.000lug/mlS e 39S ASole AX AFEo] 98.02% #F Hof A}
£ & F e HA FEZ 0000lug/miYd-S & s
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%% [ug/ml] 10 1 0.1 0.01 0.001 0.0001
o 4.0X10°  6.5X10° 2.9X10°  8.3X10°  2.5X10°  4.5X10°

2428 (%) 100 100 99.89 99.95 98.96 98.00

i 18 %a}ﬂioﬂ A% Ax B s

ek FehE=e 0.000lug/mls HE s Aed®E AE AbEe] 98.00% i Hol ARg
& 9l JM E=& 0.000lug/mlelE g2l ssltk

-
At @ FR =d TS 98k, AwtEAS anti- Paenibacillus larvae2’d 3 A FHE

Aol gt BYL FA gk

e MIC at 24hr 3H§H& MIC at 24hr
Pimaric acid 6.25 Ninhydrin >100
Actinidic acid 50 Paeonol >100
Folic acid >100 Sulphosalicylic acid >100
Gallic acid >100 L-Tartaric acid >100
Gentisic acid >100 Thymol >100
Gibberellic acid  >100 Vanillin >100
Glycyrrhizic acid  >100 (-)-Bornyl acetate ~ >100
Hesperidin >100 4-Carvomenthenol >100
soborneol >100 Citronellol >100
1-Naphthol >100 p-Cymene >100
Tetracycline 50 Oxytetracycline 50

3 19. At &+ 24d 24

3E 199 vERE vpe} o] wmpE kel MIC#S Z4¢ A¥ Plarvaed tiste] 474 A8 =
s UETh 71Ee] 'Y AMEH e HEZAO]F (tetracycline) o] U S A H E R o] 2
(oxytetracycline) ¥ vl sl At ow £& Ao R Plarvaed] A 5

ATt

Edol o3k Plarvaed W3t 3t a5 stz dwt ik AFS AMRskd 7 519
52 10mg/mle] TXE2 dimethyl sulfoxide (DMSO)el| =<1 F A&3AT. 2 g
100ug® 6-mm diameter antibiotic test disksel 7V FH  Plarvae w5 HEY

(5x10°CFU/mL)& MYPGP agar plated] ¥&]3& % 35T A 24A17F = 36A17F Bk %3t
Atk EE A2 33] o] whE Qi)
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Oxvtetracycline Tetracycline

Pimaric acid

a9 11, 4y

P.larvae® 744

Diameter (mm)

Chemical Compound

24h 36h
Pimaric acid 10£0.5 9+0.5
Tetracycline 17+1 14+1
Oxytetracycline hydrochloride 19+1.5 16%+0.5

3200 Awk S NS S Plarvaed tigh vwp=4ke] a4t g3

e
J

¥ 200 yERd vle} o] dup2 AL Plarvaed] tidte] 24A17F o] o= 10+0.5mme] &t
TEHE Yella 36417 o] Fo = 9+05mme] &3S Ve T

o

gut22to] Plarvaed A=Y A Ao HA=E sty 98| Paenibacillus larvaes 96
well platedl]l A 24A17F S8 53} 34 7] F 05% crystal violeto @ 30TCo A 2057+ &
A5 3to], Crystal violet assayE X33t Th o] % crystal violets 2 il W&l th& 30%
ol Esto 2 AEute] Zoli= crystal violetE #F HFJT. 71 $ microplate reader
(BioTek Instruments, Korea)E ©]&3}o] 450nme] S# =4 =0} Y2 crystal violete] <

S S5t e AdL 33 o) wkE FPH A
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120 +

100 4

80 +

60 +

a0 4

% Biofilm formation

20 +

1]

0 0_623 0.0.47 0.':;95 D.;B 0_59 IIJ.':"B 1.‘55 3,;2
Pimaric acid (ug/mL)
a9 12, gulE2ke] X wE Plarvaee) AE9 A A

a9 129 ey vhe} o], Sul2 e BRIt EAGFE Plarvaed) AR @Al Had
= e Fasgr

0.8 1

07 4 - 00260

«@ OD2E0
0.6 +

=
tn

Optical density
o 2 e
hd (8] -9

o
-

0 0.7 15 31 6.2 12
Pimaric acid (pg/mL)
9 13, WmpEate] HEd Aele we 260nmet 280nm FHEANAM F4 Hed Ao &

7l sehEste] A% G RES FAss] 9 WrERe FEo) B Plarvac] A9
F 260nmst 280nmel A FHE sl AT HAHYL W ot BATY FoE %
Axe) Fg BASAT. RE AP 35 o4 W Sy

E;:ql Qs

130l uEbd mpep o] vjmpEAbe] wimo wel A" AEolA U= =HEC] Bel
gol HAth o= yvtEite] v A A =Ho] oty FAeHA

A & 5 A

ot N | ol o

ab7] 98l A e AlEe] s Asiet=A
A3l7] 98ke], ZF 10%cells/0.1mle] A XS 96-well tissue culture plates (SPL)2] 7} wellol
2 5 DMSO9 &&ld 72t B4e A" ¥52 culture platesol] F7H8Fgth tix+ DMSO
=AY =7} 02%2 27364 RE2 7 platesd]l FHaSITE 48413 3 F 1040 Smg/
m¢{ MTT (sigma Cat. M2128)E F 3k & 3AZF &<t 37C WA ZIth wiX] & Al A% 0.1ml

ox
N
&
o
=)
I
[
1o,
2,
b
=
fu)
rol
It
oX,
o
Job
ro

ot N
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°] DMSOE *

Asta 10+ F<F ¥ A2l ¥ microplate reader (BioTek Instruments,
Korea)Z ©]§39] 540nm &FEolA S A3 e AdL 33 o4 whE S=3ix
At
120 4
100 4
80 4 mHaCaT-24h
2 OHaCaT-48h
of
-_Eﬁﬂ b
=
=40 4
rH
0 1 T . —r ¥ }
0 1 10 100
20 Pimaric acid [pg/mL]

a9 14, 322k o]k MTT assay

a9 149 yERd vl 2ol IelE4FS 10ug/mlzZ A 28RS 49 HaCaT cell line A3
A A7 Aoy, Plarvaedl Wik miul2Ake] MIC#I A= AE S-S Ao A& stA] &
OLE]r ol FHARA FAAA TER AEEHE A9etd AAe A 542 =3 v

o],ﬂ/]_ ?ﬂ— _/_’[: 01

dut2 by g EgGALo]Fd W SAHEGA|FHY TS mE P larvaed] Wd St
g39= #2lstarAa 4713 broth microdilution assay= checkerboard assay S AF-83FS3 T},

Compound MIC alone MIC in combination FIC index value

Pimaric acid 6.25 1.56 05

Tetracycline 50 12.5 )

Pimaric acid 6.25 3.12

. 0.625

Oxytetracycline 50 6.25
% 21, yrtE4k "HEZAolE- W SAJHEZ Ao SRl o] ERtAbEol whE Plarvaed] dlgh
shot a3}

HEZAI S T SAHEZA 2 drp2ils H@xor Fojd 499 FICI= #4
7t 059 0655 BTl ol& ¥ A it e 25ug/m¢ o] Tup=
e T & A Plarvaes Fole 2 etH, HEZtA}o]
3 SAHEAtol 2o g3E SV AA i gl Had S AR A S A

& ovie,

o
E']
ok
£
o
rir
1:1@

WL
0o o
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O
19 15. ¥ v 22 Pimaric acid)®] +%

3] v} 2 AH(Pimaricacid) & Dextropimaric acid2 =
(13a-methyl-13-vinylpodocarp-8(14)~ene-15-oic acid)® WH=E 4 St}
St A 44 st AlE Aol HQad HA T SQlS fste] dATH
gt 22 BEEE Fol g = MxE AES 3 ST
&% [ug/ml] 10 1 0.1 0.01 0.001 0.0001
27 4.0X10°  6.5X10°  2.9X10°  8.3X10°  2.5X10°  4.5X10°
A& (%) 99.17 99.4 98.66 99.53 97.22 91.48
T2 Fax7led 95k AxE AR As
#2290 Ao & F 9% T:7]2S 0.000lug/ml= AP A S AFol®=
97.22% &2 Hoj A1 T F e HA FEE 00lug/mldS & s Th
4. Honokiol®l] 2]t g+ &3}
AT & TR B BAS 9sle], 327129 anti-Paenibacillus larvaeZ’d 3}
do] gt dAdE g9l stk
w7129 Paenibacillus larvae®| W3+ & &S H7Lsl7] 15k $oA

microdilution assay & AM&3le] A8S 533}
shet &= MIC at 24hr 3= MIC at 24hr
Honokiol 125 Ninhydrin >100
Actinidic acid 50 Paeonol >100
Folic acid >100 Sulphosalicylic acid >100
Gallic acid >100 L-Tartaric acid >100
Gentisic acid >100 Thymol >100
Gibberellic acid >100 Vanillin >100
Glycyrrhizic acid >100 (-)-Bornyl acetate >100
Hesperidin >100 4-Carvomenthenol >100
Isoborneol >100 Citronellol >100
1-Naphthol >100 p-Cymene >100

_6"_
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Tetracycline 25 Oxytetracycline 25
% 23 AAE 7 = o Fv 53

% 23] Ve e} 2ol 517] 0] MICZS 348 A% Plarvaed] thake] HlEeiilo]2
dolup SAEEGA ol Zes vaste] Aujdon 58 44 A8 adE etk W,
dzrow A48 FFB5e 47 vz me 44 Ad 240 gAY S vlekal)
ebs

shet= MBC at 48hr
Honokiol 50
Tetracycline 50
Oxytetracycline 50

3 24 3x7]=% MBC#

w7129 MBC#S 4 23 i 2400 vepd A3 o] 7|Eel 48 gt
Eglalo]l 2oL} 2 A HE 3 o2 Plarvaed Wiste] &+t &
W

ﬂmﬂ
il >
Lr_t
o =,

of Yehd vt} o], 78S Plarvaedl EHO}@ 24X 7k, 36A|7F o] & R
T Eﬂfg‘ QE}‘;‘,{EE#, a9 163 Zo] A7) EHES  Plarvae o Wid S ZH7F §<t

Diameter(mm)

51511
e 924h 36h
Honokiol 9+0.5 9+0.5
Tetracycline 161 15%1
Oxytetracycline 17+1 16+0.5
¥ 25, Ak Ak A H S E3 Plarvaed] i w729 g &3
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a9 16, Sx7l&oll ek Plarvaedl #H+/3 B7t

57180 AX HE FEZ 32387 s Plarvaed] Zzre] 33E AE F 260nm T =
ol e AE EAE 2l vk 2 1794 HEo], Tx7]29 w27 F7Ed wet
FAE AENAM Yo EFEo Be Aoz 54 Hh oy w7 Ee] v A% IA
Edo] ofyel Plarvaec] Wgh stz 2Aste], A3 TS AAT F U= 2HE A= E
AYdS Fog 4= JAY
go.
w
o
®
E -
;]
|
4]
=
T“D.I}E -
o
o
(@]
D L T L] L 1

0 50

é%ncentratizo% of comp?é?.md (ug.fmﬁ
17 7120l 93t Plarvae A 3}

5

H
o ro
o
N
iIh3
B=)
=2
=
ol
ol
2
—m
B=)
2
D)
et
=
o,
ftlo
of
ol
ol
&
=
==
N
)
e
2
ol

| FEEHA=A AFE =

oo g gelsldth 7] Tx7]&S 6.25ug/mlZ A 23 Plarvaed] tiste], Ag&oistu FA

st FEr 719 80kV T3 Ax @wA(JEMI010, JEOL)S A}&3te] #zatgom,

P o Ei Az} dnjAFS Abgelr] A, a7 =9 &% 3 phosphotungstic acid® A5}

ek 1 A, e 18614 wEol 587188 Plarvaedl AN S d SAs AEI} Y
3}
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Sx7] & 9%t gt 7| SIS
Lo A+ Biofilm formation® A &
AE 9 & A= "“‘E‘r—‘f s

e -
< & o] T

A = %

218 Biofilm formation® A& &<l stk o1 Ay A&
gkl st¥ oy F%7F =il 39 Biofilm formation®
Skl skt S5 A2 FRAALE oF 40% A=l Biofilm
<l

formationS < 71 &9 29]3}o] Biofilm formation®] < A% &

s

0.5

T l [

04

Optical density

0 1 2 3 4 3 6
Honeldol (ug/ml)

a9 19, 37180l 9% biofilm formation ¢

HlEg Aol 59 B SAH|

Egilol FH o &AL WE Plarvaed] W3 s aHE ol

d

3t A 4713k broth microdilution assayS checkerboard assay @ Ab-&3}S3th.

Compound MIC alone MIC in combination FIC index value
Honokiol 12.5 3.12
Tetracycline 25 6.25 05
Honokiol 12.5 3.12
Oxytetracycline 25 6.25 05

# 26 2x7)E HESAIE Y B SAHESA] S U] EFALE A mE Plarvacd] Wi

g7 o

Sdlas HEZHP|FY Ee SAHEZA|FHSY HEHoR Fod F4-9 FICIE

= O ZF 055 Btk 312ug/mle] Tx7ES Fol @ A Plarvaes Fol=d Zad

FAA L] Fo] Hads odnletH, HEZM|FH B SAHEZA O F JJr Txvles BE
ss Ay, 37 A *E ST AA It mael 2ed FAA FE 3
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H.C \

CH,
a9 20 Ex7)S FFR
572 (2-(4-hydroxy-3-prop—2-enylphenyl) —4-prop—2-enylphenol)® ™% 7|% 3},
Ed 3 (Magnoliaceae)oll &3 thd A xE Q1 S8 (Magnolia cortex) .25 & wek& o
B ZE@HE FES T ¥4 EE 9 Aw €3, ofAE, oHoMMHOE, EREX
7 13-FEdagE T sty oS EFT FEE&E o8t eAE FE el ofd
F= @ F A
gt A 2ol tete] AF AAAG] Wad Ha FE FAL g5k AW Fol AT
gt 22 EEE Fof g = MEZ AEES #F ST
&% [ug/ml] 10 1 0.1 0.01 0.001 0.0001

=7 4.0X10°  6.5X10° 2.9X10° 8.3X10° 2.5X10° 4.5X10°

Z2E&®  99.92 99.94 99.89 99.96 99.13 97.47
R 27 FewT| & o Ax AT Fas
F 279 AyeME & AR &2 0.000lug/ml& A2l &

tRe Agolw AE Aol
)

2 0.00lug/mlYd = &2

Y
B~
off ¢
=8

()]
AR
97.47% #Z o] A T F 9l

5. P.acnes® &+t A
2 GA ol A F RS
P.acnes's ] Hrdglolel U

il e}
2,
=2

P.acnestt2 AW 34, 7148 o g A WA 77t A7) 22 S8 el 98
BFE dol WA HArt ol#EA & A 7F AAAZ=GA dolrtop sl ol & HHAl Hof
2 ozt oA ¥ By JE &8s WA "ok £33 PacnesttS A E FAOE
] ok =

|
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WG oQa, W AV HA o wRel FE Azo]l V1A Hrk meb A o
Egol A9g glol7] 9a, JuBe] WA 27 EE olde] JuE w2 AASE Ao A
sl 1ol o] 52 Alofsly] 918 thFs AAE Abgekglon, ool Clindamycin®
Erythromycin’se] $1ot}, o5& WAl hd FA7b wastel 47142 482 & 5+ 9
o ES B 35 9] vstel EHEE Roly] Wie] S4o] A FAge] A AR

2 oATE AAe kAol SFsta, WS HASE £ e Aesfd 84 A8H A=
B ] A AAA dE2 71d AFE fske 7] gEE HAdE FU E4E €854
t 2 AR 4-S =S AU A, AxgEdubs G B olMEAIZd T 3 40 a3 dee
el sttt o5 Plarvaeo] tlstd®= EH7F S ol &<l o, weps &5
gt A5 +39 Ao

7] 3 282 4-sl=F AT g4l AF S The G 2L oA Al 51 €]
anti- Propionebacterium acnes &3 &7 71&0] dy] Al g5 +E= A $H Ao 3t
HAa TEE v HAoR 7 gdFgE P oacnesol Wk it HA TEE FRA5FaLA} The

European Committee on Antimicrobial Susceptibility Testing(EUCAST)ol| 4 #| A%+ broth
microdilution  assayE  AFE3S ZF 3}ES 10mg/mLe] FE%  Dimethyl
suLfoxide(DMSO)oll &3A1zl & ’\P&O} Jth.  P. acnest reinforced clostridial broth(RCB;
Becton, Dickinson and Company, USA), Mueller-Hinton agar(MHA; MB cell, USA) %+
broth(MHB; MB cell, USA)E Al&3ste] AAdS 8 sttt dF= g viAE o] &3
anaerobic package(Becton, Dickinson and Company)E ©]-&3}¢] anaerobic AE]= 37Tl A
ik gk & HA 13 Al wikete] &Ao] 3EE #FE AFES AT

7} shekEel 9ol DMSO &%+ 25% HUth 54 ¥ s sto] AREstith Zh 313&ES 2uj
A% gAE F 96-well microtitre plate®] 100ul # 7}t o™, 100ule] P. acnes 15 &
N (ODpo=0.1)S Z+7+2] well ol FYU3g ¥ anaerobic 7oA 37°Coll Al 24A13F H&= 48A7F

i kst ZF s vx= FAd 200mg/L WA A4 02mg/LE Alojstgd o, Edd o

g MIC %2 729 plateol Al 57 AetA] &+ HA s=8 SF3th

I 285 FxeH, 4-s=F5AH A, AxgEdbte G 92 ofAEAZY e MIC #hs FA %

A3 P. acnesdl thsto]l A% A a7t 1A 4 =S4 YA 2 Az Eebbe
G 710 2 AMEHE ARl HEGA | E-H I Hlwste] -3 3 E3E HIo

), ofAMEAl TS FA o R ngek &yt &ido] glom, VE FAe}t Hluste] 1 &

dol s AY T frAbska kAol e G o] ATk
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P625 P693 P694 P687

T (ATCC9008) (KCTC3314) (KCTC3320) (KACC11946)
24h 48h 24h 48h 24h 48h 24h 48h
4-Hydroxvderricin 3.125 3.125 3.125 6.25 6.25 6.25 3.125 3.125
Sophoraflavanone G 3.125 3.125 1.56 3.125 3.125 3.125 3.125 3.125
Acetylshikonin 12.5 125 3.125 3.125 125 25 125 125
Miconazole 12.5 12.5 25 25 25 25 25 25
Tetracycline 6.25 125 3.125 6.25 6.25 125 6.25 125
6,3-Diprenylorobol 6.25 6.25 6.25 12.5 25 50 6.25 6.25
Kurarinone 125 125 3.125 6.25 125 125 6.25 6.25
Alismo >200 >200 >200 >200 >200 >200 >200 >200
Actinidic_Acid >200 >200 >200 >200 >200 >200 >200 >200
Alpiniumisoflavone >200 >200 >200 >200 >200 >200 >200 >200

Bisdemethoxy-curcum
) >200 >200 200 200 >200 >200 >200 >200

in

Dehydrocostus lactone 100 200 >200 >200 >200 >200 >200 >200

(R)-(+)-Dalbergipheno
| >200 >200 >200 >200 >200 >200 >200 >200
Dehydrodieugenol >200 >200 >200 >200 >200 >200 >200 >200
Eupatilin >200 >200 >200 >200 >200 >200 >200 >200
Falcarindiol >200 >200 50 100 100 100 >200 >200
Gagaminine >200 >200 >200 >200 >200 >200 >200 >200
Galangin >200 >200 >200 >200 >200 >200 >200 >200
Guaiacin 100 100 50 100 100 100 >200 >200
Matairesinoside >200 >200 >200 >200 >200 >200 >200 >200
Myristargenol A >200 >200 100 100 100 100 6.25 6.25
Oleiferin F >200 >200 100 100 100 100 3.125 3.125
Sargachromanol G >200 >200 12.5 50 >200 >200 >200 >200
Sargachromanol I >200 >200 >200 >200 >200 >200 >200 >200
Timosaponin AIll >200 >200 >200 >200 >200 >200 >200 >200

i*ﬁ 1:u

i

O

28. ol =5 wtol et &t 3ot

—sleSE A YA SxetEebube Goll 9ste] dviy v

bol thpg ol ojetel gt 4@

T8 sk

Fob atol] @FS F=A

s}kl 3}7]

do

EAth 4-Hydroxyderricin
- 24h 48h
P. acnes (P625, ATCC 9008) 3.125 3.125
P acnes (P682, CCARM 9009) 3.125 6.25
P. acnes (P687, KACC 11946) 6.25 6.25
P acnes (P693, KCTC3314) 3.125 3.125
A. Baumannii >200 >200
B. subtilts subsp. spizizenii 3.125 6.25
E. Cloacae >200 >200
E. coli >200 >200
E. faecium 25 25
P. aeruginosa >200 >200
S. aureus >200 >200
S. saprophyticus 6.25 12.5

3 29. 4-sl==Afd gAY Zb ool dist A As] =yt

2 Sophoraflavanone G
- 24h 48h
P. acnes (P625, ATCC 9008) 3.125 3.125
P. acnes (P682, CCARM 9009) 1.56 3.125
P acnes (P687, KACC 11946) 3.125 3.125
P acnes (P693, KCTC3314) 3.125 3.125
A. Baumannii >200 >200
B. subtilts subsp. spizizenii 6.25 12.5
E. Cloacae >200 >200
E. coli >200 >200
E. faecium 12.5 12.5
P. aeruginosa >200 >200
S. aureus >200 >200
S. saprophyticus 12.5 12.5

==

30. xebaeihs GO 7 ol tid

F A w
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I A3 -3 =EAUEAS Pacnes W E3HY] B. subtilis o tiste] &3t 750l Ui, AX
etZebrbs G Pacnedl Wisto] &3t 750l £+ &2 33

w3 At 7)5S Al &elstr] 98] Log phase A& Ao P. acnes 5 & E 9 (ODgy
= 0.5 McFarland standard 8% Z=4; 15 X 10° CFU/mL)S 7] A o] Hi® HES o]
5]_04 J:‘juq I:u]— ]_oﬂou:] 7 §].'6‘1— o

& St o 7 Aird 8Smm A &9 paper diskoll 10mg/mLe
L2 10uLE H7 st AxA AEE =2 wiA 9ol AH&stdu. P oacnes W A€
s Esta Jr)xA, 37T A 24 AZF wigetd o whabgS o] &5t & ¢
stATE 1 Ad 4-sl=sA el iﬁiﬁ]r thite= G2 HEHA|S- 3 n 2
=5 wske] F Ao w v FsAY FARE ARl A AdS BN oY, P.oacnes®] 73
s ZaA o oA sk

[
O
N'
o2l
Lr

P62 P67
P693
T (CCARM (KACC
(KCTC 3314)
9009) 11946)
4-Hydroxyderricin 0.9 0.9 1.2
Sophoraflavanone
1.6 1.6 1.7
G
Acetylshikonin - - -
Miconazole 1.3 1.7 1.7
Tetracycline 2.4 3.2 3.2
Alpinumisoflavone - - -
6,8-Diprenylorobol
- 0.85 -
6
Kurarinone 15 1.2 1.35 14

% 3L 7 244 0d EET g54 gl

4-sl=EAd A, AxgEdileE G 9 oMAEAZULS duF AWS FUst= P oacnesol
st 4%k &t G4 S UEd e, 43 =EA A, AxgEenle G 71EY] A
oF vluste] Aol FASEAY e 9FFF vEety b Aol -49ks &9 STt

6. ~¥etZehl= G(Sophoraflavanone G)oll €3 3+ &5
AxetEgnleE GOl e AFE AU EZIZA L AR (Enterococcus faecium)ol A -83ke] 3
o A3 71" &2l ST

WA AxgtEgleE Go dHZFZAZ FA gl gt & 84S EUCAST(the European
Committee on Antimicrobial Susceptibility Testing)ol 4] A A+ broth microdilution assay=
Abgstel H7keldth 96 well platedl  ODgpo=0.1¢] <dMHIZ A~ sHAR(KACC 11954,
CCARM 5506)< Holw ¥ 7 &S Hd 100 pg/ml 278 2814 52 35to] A2l 33
7zt ZYolEE 30°C oA 24 & 48A17F wie & MX o AFEES JAEE HA w9
MIC (Minimum Inhibitory concentration) #k< T3l th EE A2 33 o4 HbE F3 5

ATt
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¥ 328 SPF-G¢ 71€0 de] AMgHE A9 dEzaAs gae o sk MIC 35 v
7

MIC %k (ug/mL)
LRSI KACC 11954 CCARM 5506
24H 48H 24H 48H
Sophoraflavanone G 6.25 12.5 6.13 12.5
Ampicillin 1.5625 6.25 3.125 6.25
Vancomycin >100 >100 0.78 0.78
Streptomycin >100 >100 >100 >100
Acetylshikonin 25 50 12.5 12.5
6,8-Diprenylorobol 25 50 25 50
Kurarinone 25 50 25 50
Pimaric acid 100 100 100 100
Corosolic acid 12.5 25 12.5 25
Oleanolic acid >100 >100 >100 >100
Ursolic acid >100 >100 >100 >100
Berberine chloride form >100 >100 >100 >100
Sclareol >100 >100 >100 >100

=5

32. A¥eZEupE Goll 9J3F g+ T3

AxgEghhlE GE AYste A5, 719 A A (Ampicillin, Vancomycin, Streptomycin)&
Aelete A9 v=g £ dEEaAL ARl it A A EHE Blon,
3], Corosolic acid®} B] 13} Fo & AsHA A8 A Z )
71 S Adlste AxdEdhe GO sRdA AxgEdghbeE GE AAT F dEE
A= YA Fo AES FRAFEEHA, SAFEdGEFdeE G7F HEIAZL A w9 A%
Al b oyt AL = e sheA Fdskt. AXxgEgukE G s
AEIZAAZ A5 AL AFE Fsty] 98 LxgZebabe GO s A7) MIC
kb geon, 1 5 AE Aol dEy = A% WAE v & %
MBC(Minimum Bactericidal Concentration) testE =33} t}. 37°C ol A 24 A3+ g3t o
platedl] HFAI 713l WA 24A13F wj ekl e A3 S 33 AASSATH
MIC(¢g/mL) MBC(ug/mL)
SPF-G Ampicillin SPF-G Ampicillin

CCARM 5506 25 50 25 50
T 33 AT AZIEE GOl o@ AE ATE S

Jm

rUR
>
N
[r =

T

9ol A7 dHZIAAL HAS] LS AAEE=
AR, 2FgZent=E G7F dERZasAs AL AFS At Mak ol g, OﬂEﬂE:rﬂ

BA &S AL F 9SS on @k

A Zgule GO A EIAA GA S e 3T FHLS Felsty] 9 1A wWAS &
43+ Disc diffusion assayE T33sth 1

]%9/] /\é%]—o] A2 A G= :[Loﬂ-/] 2712 Yehd A
S % 340 YER AT

juic
[\
[—
rlo
.

>

Lo,



Ene Inhibition zone(nm)

- KACC 11954 CCARM 5506
Ampicillin 19 2.5
Kurarinone 9 1

Sophoraflavanone G 13 1.2
Berberine chloride - -
Sclareol -

¥ 34. A¥xgEebnt= GOl 93 Disc dlffuswn assay 23

a9 21 2 F 34 #x3E, Paper disc Smm7| =02, A¥eE e GY A ¢ Jﬂliiﬂ
2~ A S (KACC11954: 1.52cm, CCARM 5506: 1.6cm)e] A4S A3 A Dﬂ s

AxdtEehbe GY vEE 9 Agste A5 1Eﬂi:77i* AR el PA = G
813t arAF, ODgpo=0.1 MEHZZA X FA|

/mL)¢} 71 §ke] %¥(6.25 pg/mL)S g
(2™ 22).

0.3

0D600nm
e
-
@

1H 2H 3H 8H 12H 24H
concentration

e CONEIOl amCamMIC i 1/2MIC

a9 22, A¥EEEE GOl g%k dHZaAs A2 A oA
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T A AEE AL HAFMC, 12MIOE A o, AeaAs AA5E 43
A e YR vastel 4L AAAA AAAE AL FaAtark

Staphylococcus aureus ° ™3+ A¥etZEul= GO d3f 7| A Aol A AEepZenb= G7}
Staphylococcus aureus®] E| =& 7} ﬁg"aoi’ﬁ g G395 Kol 4HA Ay 9
o, &AXxgEeptes G7F dHEZIA L JAF] HE =Sy Ajete] g = Ho]

j

2 gelaty] Y3 axEEglE GE A g i, M ZZA HAH

SO o Hrbete] AERIA~ AR A WIE #ASEATE (Merkel, G.J. 1978
Kuhner, D., 2014). FAA o2, AxgtZebbe GE 22 6.25(1/2MIC) 2 125(MIC) pg/mL
FEE 96 well plated] ¥& ¥ ODgp=0.19] OﬂEﬂi:fﬂz: b foﬂ Hze 5 dEZIaAXS
Ao AH FE3 NE = ZF 2 7Hpeptidoglycan, PGN)S H(0.29 WA 150 pg/mL)=
Al F 24 AF wl%E 5 ODgonmoll A B 37~ JMwA s A3kl 19 23
o YER ST

loé‘.:t\)

0.4

0.29 0.59 117 224 4.69 9.38 18,758 s 75 8.5 100 1125 128 150
PGN

e CONIOl i MIC e 172MIC

a9 23 A=Y wol wE duzars s R dst

oA, axeEduhs GMIC, 12MIOE Ade 39, AEEelzte] $E7b 100 p/ml
ool A zIAL WAL Fgol AsHUh WL FES 100 WA 150 ue
LA A%, Aslzards 0§ Aol AN A s, 100 winl o] W w el e
Agste A5, AxgEepbe GE AgehA ¥ dE2d(contro) @ F5 % TR AET}
ARG ol 2XGEGE G AMZIAL HAE o BEEF At AFs] A
Hzass dfaee] AEy 342 AL AEES Augonn 4Fe ARALL A

AxdtEehbe GOl 98 EEZaA L Ao AEE g Eo] AlE Yo FHo] How
Ho=x glst7] skl ODew=0.19] <MEHZIAZ~ Al sxetEeivles GE 247
6.25(1/2MIC) % 125(MIC) pg/mL w% IAZE s A = 23 FEA
(spectrophotometer)S AF-&3}o] 260 % 280 nmolA FHEE =AH3ATHLH 24).

=
o

—
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0.00

0 078125 15625 31425 625 125 25 50
[Sophoraflavanone G]
--0D260 -8-0D280
a8 24, AFgEgulE Goll 98] 260 2 280 nmoll A 3= W3l g

o

a9 245 FxEH, Ax@ZdhhlE GOMIC, 1/2MIC)E A 83k 29, 260 2 280 nmel A &
= %7}3}3}9_@, A7 FHE SV dHRIA FAR MY I o] AE

cxgEgrleE GE AEste AF, dEEZIAL HAF Az Bl vX= TS
gttt FEToZE ANEH] RS F7HA7I= shetE A<l Triton X-100 Al
839 th ODgo=0.19] MElZ 372~ A2 Triton X-100(Tx-100, 0.0001%), A e}Zehut
= G(3125 pg/mL)E 27 = A Aelste] 2447wl F - ODegyooll A 2 W“:E =74t
of 1 AxE 27 259 e AT

i

0DB00nm

N
. .
.

0.00

control Tx-100 SPF-G(3.125) Tx-100+SPF-G(3.125

a9 25 AEebEehulis Gol o@ AXu Rabgel mAE % el

1

a9 255 23, Triton X-100 =5 A¥egZ el GE 95 Agste 499 Hlashe]
2 A¥xgZghuleE GE 3 Ay ul, Ax Aol dAAEA AL
2 S o, de 23 A2 A2 MET}

o

™ Triton X-100
Fapdol dAAstA 57

AxgEguhe Ge dEEZaAs dAF AEZYS gysiAu, AlxT 534S S7HAF
omM FAAL i FAES FAANE F US Aew qFHIJouR, AxepEebulE G
A B SAS Hr) skt



MIC %t (ug/mlL)
& KACC 11954 CCARM 5506
24H 48H 24H 48H
SPF-G + Ampicillin 1.25 4.97 0.93 3.96
SPF-G + Vancomycin 3.19 7.34 0.42 0.51
SPF-G + Streptomycin 2.96 9.15 1.84 7.53
SPF-G 6.25 12.5 6.13 12.5
Ampicillin 1.5625 6.25 3.125 6.25
Vancomycin >100 >100 0.78 0.78
Streptomycin >100 >100 >100 >100

¥ 35, AXdETubE GOl 93k 3+ Hxs HUb

A, axeEdrke Ge B @AAS A A EHME W Hs g o dHEaAs
HAA 2o S Adistdan, 58] wtantolql Bl AEfEvio]AlS dEo® AYss
g w2 FEoR SAHNY I GHS dAS FUHAAY A A AxeEdhvbe
G7} AHlZaAL SAFo] AEH S I erA FAA 7 It FAS A3 S
Al e AR

o] dat= axepEeihes Ge dHRIAA L Ao e AAd Bk obyzh, Al
of dul Aty 2gdomA duzaAs fA 5o Aol g AldE A7)
H, xetEebbe Gol osto] dulzaris Ao AxT Fido] FrbEE e Fol
g 7 e A Ee FAAE HEH W2 v adder JFEAE 5 9], 1 AL
&Fo] dAAS] AdHEY, WA TAE =3 HL3AE F ASS Gr gk

Ascosphaera apis= &'32] larvaeol] st ddAd AWS dovl= w3 T stz ¥
EHE doith

WS 2 o] wAZE A A {F5] Aol et
As BEEE 23 AdodA &zl =
= sl AE X85 oy, AA #EE
WH © 2 = Propionic acid &5 A1 7F AFEH a1 Q)
=9 A AR AHY FES

7] A

< SAl Eo] Abgo] ApAl Hofof & FHolal HIE FXIA T} propohs‘/‘r honey bee°ﬂ
wol oS & Q7] wWiZel A & F d' AZIZF wlg A Holmw olF Al & 5 U=
FA A 7F A5k

Z1Ee FAT Aol dEA AA Fe At T A =4S wIs] 95t A= FE
S o] &3to] HZE screenings FHIATE ol AE FEFEOV] Wil V& <A A
= A A A A4 At 2AC diE sbelA e Aol e Ao o4 |
o md 29t BES RSt A AES IR AREst e J& it ARES)
A =W, Ao S G 2 s Ao dirol AE FEES AMEEY. 2Ee
71Eo BI7E ofm A A AW EAUF mvlete], 37t e FEE T 710 Bavt
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A g FRF AL S FoR o HeE BEFS gdoE AFPsiiac
7t =2 BEAS St Aapis® S A& =4 Broth microdilution assayS &
sto] &2l g v ol E4E0 tste] thE FBoly vteE ol AES Adfste=A &<
7] 9ste] okt F579 FFol9t vhE|glolE thA S ® Broth microdilution assayE 3o
A A B skt
A. apis
Compounds o4 ASh
Loganic acid 100 >200
Anwulignan 1.56 3.13
Tracheloside 100 >200
Fangchinoline >200 >200
Corosolic acid 125 125
Dehydrocostus lactone 50 50
Emodin-8-0O-B-D-glucopyranoside >200 >200
Miconazole 1.56 1.56
Tetracycline N.D N.D

3* 036 7 AAE e =do g T a9

A.apis®] 745, EUCASTolA AAl¥ broth micodilution assayS A &3ttt HAEA LS
Dimethyl SulfoxideE ©]&3}4 10mg/ml == THEo] A& A

without sodium bicarbonate and with 1-glutamine® 0.165 M morpholinopropanesulfonic acid
£ AHEete] pH 7082 BtE F 2% glucoseE ¥ MiAIE AR&sto], A& o w 2w 345}
of (AF8E HAEL Hu 200mg/ 2 olA HZA 02mg/ 2 olth) 1000 %o = 96 well flat-
bottomed microtitration platesoﬂ ottt mA T wellE #FNF S0t EE o] EHZERE
ALkl th 10008 FF Aekd (0.5x10° 25x10°CFU/ml)S 2+2+¢] Well of ¥ % 35°Cel
A 24X T = A8A1ZF WSt MIC @2 o] AAS Adsts AAE HAArFeRE 3}
At (Cuenca-Estrella M et al, 2002).

% 1olA el vEel o] 7F9 EXS ddo® I a9E st A3 anwulignan
A. apis (MIC value: 1.56mg/ ¢, 3.13mg/ ¢ ZtZt 2411 7F F9F 48417 5 o3} HA)o] H3le] =
g A A 2HE BYdS g9l ook m=gk 2 g A e 3T AI9] miconazole©] A
apis (MIC value: 1.56mg/ ¢, 1.56mg/ ¢ )2 A4S Aslgs HAx=2 SAsAT. X a3+
71Eo & deEA e 24 vt 2 BEE F2 5ol 7|Ed g U=
7HA = WA dFe A3 7S "ol HAske SAR wEo] ok Fxld 23 A
= EFS g E #HA weEvga & 4 9tk ol 9o Corosolic acidi A. apis (MIC
value: 12.5mg/ ¢, 125mg/ ¢)°] 4&& Adl Aoy, anwulignan R th= sl AS €<l
EI 53

A9 ® 369014 = ¥ Anwulignano] thste] kst T/ Fgold ) wE Eolire] A
of g3k —T—LX] }Eﬂ A8t A nigergE ESHst] 207 wE oz () A



st A . Candida 43 2o &S = = NCCLS document M27-Adi A
ZF73= broth microdilution assay® AF&3stgow 10%cells/me] A EE
bottom microdilution platesell @i A& 3}t (Cuenca-Estrella M et al, 2002, Park et al,
2001).
¥ 3794 HE vk} o] Anwulignane A. apis (MIC value: 1.56mg/ ¢, 3.13mg/ ¢ )e} F.
neoformans var. bacillispora (MIC value: 6.25mg/ ¢, 6.25mg/ ¢ ), P. larvae (MIC value: 3.13mg
/2, 313mg/ 2)° A A3 EF7F A= Aoz B8Rl HJow, P guilliermondii, B. subtilis

Hate F3ol

N o

9% well round

subsp. spizizenii, M. plutonius®t S. saprophyticusd 24X17¢ & A& A8 skxw (MIC
value H$]: 1.56mg/ ¢ ~3.13mg/ ¢ ) 43A17F Fol= F&gFS 4 £ &2l At (MIC value
M 200mg/ ¢ or >200mg/¢). L o] wFelv= A FFS FA FRew, o] AR
Anwulignan< 574 oy SolAdog &= EXAS &2l stk AAdAd = vt
nAdEo]l EAetH olE F F& oF E3 Fo] Ak webA o] Anwulignans AHEE A5
& nAEe] Aol FeFS v XA FXW A apist P. larvae 7o) Holl AWS Ao 7]
=TT SolAo® AR 7l & Aot

MIC for Anwulignan

Strain name

24h 48h
KH A5 A. apis 1.56 3.13
KACC42589 A. niger >200 >200
KACC40071 A. clavatus >200 >200
KCTC7965 C. albicans >200 >200
KCTC7270 C. albicans >200 >200
KACC45480 C. parapsilosis var. parapsilosis >200 >200
KCTC7212 C. tropicalis >200 >200
KCTC17762 C. tropocalis var. tropicalis >200 >200
KCTC7219 C. glabrata >200 >200
KCTC17528 F. neoformans var. bacillispora 6.25 6.25
KCTC7211 P. guilliermondii 3.13 200
KACC40256 R. oryzae >200 >200
BY4742 S. cerevisiae >200 >200
KACC30068 S. cerevisiae >200 >200
KCTC3705 B. subtilis subsp. spizizenii 1.56 50
KACC11304 E. fiecalis >200 >200
ATCC35311 M. plutonius 3.13 >200
ATCC9545 P. larvae 3.13 3.13
ATCC6538 S. aureus >200 >200
KACC15799 S. saprophyticus 6.25 >200

3 37. Anwulignanol| &gt 7z} Fsgo]t 2} g glokytol digh Y A S|

Miconazole2 2 &# 7 x4 =
Aot} o] Xt

FFo #9st= Candidas 52 X5 AFEH+= X
Aol sty A apis®] A7l Asirt d & A=A &

r o
ol
5
32
o

MIC for Miconazole

Strain name 24h 48h
KH A5 A. apis 1.56 1.56
KACC42589 A. niger 6.25 125
KACC40071 A. clavatus 125 125
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KCTC7965 C. albicans 1.56 125
KCTC7270 C. albicans 1.56 125
KACC45480 C. parapsilosis var. parapsilosis 125 125
KCTC7212 C. tropicalis 125 125
KCTC17762 C. tropocalis var. tropicalis 25 25
KCTC7219 C. glabrata 125 125
KCTC17528 F. neoformans var. bacillispora 6.25 3.13
KCTC7211 P. guilliermondii 125 125
KACC40256 R. oryzae ND ND
BY4742 S. cerevisiae 125 25
KACC30068 S. cerevisiae 125 125
KCTC3705 B. subtilis subsp. spizizenii 3.13 3.13
KACC11304 E. faecalis ND ND
ATCC35311 M.plutonius 3.13 3.13
ATCC9545 P. larvae 1.56 3.13
ATCC6538 S. aureus ND ND
KACC15799 S. saprophyticus 3.13 3.13

3 38. Miconazoledl| &gt 7} Fgo]at 3 vhyg glolatol tist A7 A 3l

Yo #F 364 7Eo & dH A d= XAl Miconazole©] A. apis®t P. larvae, M.

plutoniuss Bl AWS doy|= #F3Fol9t vhg ol = &7 IS &9 s & A
ol AU R o]Fo] He=AE SR1staA A nigers XFsle] 1671 o —‘% Ao =2 (Rt
A8 shelstdth 3 3894 B HEe} Zo] Miconazoled 7)o H1uE A& vx WY ¢k

o A ALESt BE Fgolo S AsTS & 9 (MIC value UHI 1.56mg/ ¢ ~25mg/
). mEtA 2 Aol AdE FIPHJSS FQ v T3 Miconazole B. subtilis
subsp. spizizeniiMIC value:3.13mg/ ¢ ,3.13mg/ ¢ )¢} P. larvae(MIC value: 1.56mg/ ¢ ,3.13mg/ ¢ ),
S. saprophyticusc MIC value: 3.13mg/ ¢ ,3.13mg/ ¢ )l = w¢- &3S skel & o)==
Miconazole©] &xldtAlZA ¥rE ofe}t SwtA|=A ARgo] 7hsdhs ondth. wapa 99
A= Miconazoles A. apis =% P. larvae, M. plutonius® 739 X5 Alg & 4+ A5

% % 9k

o] & anwulignans oz 7]FEo] 2 dH A 9= XA Miconazole ¥ &35k A}
g3t A oy §37F d+=AZ= Broth microdilution assay® chakerboard WH o &2 23S
T8t

MiconazoleE 24 22 RPMI 1640 without sodium bicarbonate and with l-glutamine&
0.165 M morpholinopropanesulfonic acid& A}&3le] pH 7002 =& 5 2% glucoseEs ¥
B2 E (% YPD media (1% BactoYeast extract,2% BactoPeptone, 2% Dextrose)) A}-&3d}
o, 2v) A T 90°WFoZ Anwulignans TR o= 28] 3435k 96-well microtitre
plate®]] 100u2 go oS 100 A Apis 5 FEA (2x10° 5x10°CFU/m)S 27+ e] well
of W & 35°Col A 24/\] b & 48A1%F Al FsF T Miconazole & o] 200mg/ Z ol A A4
02mg/ ¢ °o] A 3R o™, Anwulignane H W] 25mg/ ¢ oA HA 02mg/ 27} HA AT Z+
=4 g MIC 2 Zh2be] platecl A ohA] &<l siaith. & AHE A7l AHgd =43
o] A5 a3+ FICI=(Ac/Aa)+(Bc/Ba) &21S AF83F9 Fractional inhibitory concentration
indexes (FICIs)Z 3 A|3}A Tt
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A.apis MIC FICI

Anwulignan Miconazole
24hour 48hour 24hour 48hour 24hour 48hour
Median 1.56 3.13 1.56 1.56 0.75%£0.15 0.78+0.14

¥ 39. Anwulignan®} Miconazole®l| 2%+ A.apisttol] ot A& A& (H9mg/¢)

Anwulignan< 3% 363 % 379 A3 A apis B AHS doIE #Fo] Sol¥ow g3
w, gxe g3 g9t Zloz &2l st th Miconazole B3 o] ol digk A A
o] gt Aoz gl ATt AR AzoleAdl R EFL uUlido] Hol Hauwox gko
H, 7280l 2 Aoz d#A vt wEA Miconazoles o] #59 A4 AAAZ A18&E
A9 Miconazole®] A8 43 Fol= Aol T 83 ) o= ¢ 3le] Anwulignan #} Miconazole
o] E3tALgol ot gvE A& 3T

¥ 399 Ao HE Anwulignan ¥ Miconazole®] E-gAgo] 93 A+ Asgies &
2 Holx &S &2l AT}t (FICI value= 0.75+0.15, 0.78+0.14; Z+ 24A17F -9} 48A13F 3

o] F<d). 3tA7F Anwulignan 0.78 mg/ /¢ 2 AF£3199S d-$ Miconazole H=3F 0.78 mg/ ¢ <
A g St A apis o S AES &2l vk wEkA Anwulignan ¥ Miconazole 9]

E3AE 92 Miconazole®] AHE & =9 & =S &< A

Anwulignan®] 71 gelst7] skl 7]Eel 2 delx da AFAoA Hietal o]
2 glo] 7153k Hogl¥ Mpklel &A4stE As) star de=x &Ast7] 93l anwulignans 2
A ZE Bk A3 F Aapise] @M AL FEEe] 7z 7} HOgl(SC*6815 (santa cruz)),
pp38(sc-17852-R  (santa cruz)), Mpkl-FLAG (nti-FLAG antibody (M2; sigma))
Phosphorylated Mpkl (p44/42 MAPK antibody 9102S (Cell Signaling))S A& 3lo] A 9
HslE gelst ok

Cont. Ma
P-Mpkip=> S
Mpkip-FLAG> el S

198, Anwulignano] ¢]3F Mpkle] ¢14+3}

Macelignan[mg/L]
0 1 3 5 10
p-Hog1p> T S S —

Hoglp> e wssesr wansy Ssaay ==

19 26. Anwulignan®l] 28] Hogl?] <lAks}t

1 A3}, Anwulignane] ]3] Hogle] <14ts7t AsigS &<l st o5 Aapise] HOGI
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homologue =3+ A a7} 5&=%] &218l7] 915te] Aapise] HOGI homologues & RolA &
sto] #ol & A GAR LA Z7h7h vehubx oS sl sttt webA Anwulignane
A.apis®] Hogl®] <14tstE Asliste] &zl a3E 7S &<l 53

=2 ®B7] 93t MTT assayE 53 3+
q

x4 A¥e Hep-G2 cell liness Ab&3slte] 3313

._.

-well tissue culture plates (Falcon)®] 7} wellel] %
2 % DMSOY =947 7zt 248 ¥AH FE2 culture platesol F7131% E]r = DMSO
= Hd =7} 05%7F @A & EE 5t ZF plateso] €o] T 24A17F 3 10040 5Smg/mé
MTT (sigma Cat. M2128)S Yo <+ U ¥EESE FE3519 A4S ELISA
reader(VersaMax, Molecular Devises, USA)E ©]-&3}o] 540nmolA] 3 EE SASIAY. =

£ Age Az 38 wEstel FAsy
120 A

100 -
80 -+
60-
40-
20 -+
0

Anwulignan [mgfl]
a9 27. Anwulignan®] 9%+ HepG2 cell lineo] th3sk A% A &l

% of Control

|

a9 272 Anwulignane] €8t HepG2 cell linedl w3 A%
379 A3 2 Anwulignans A. apis 9 P. larvaedtol] &
el st ol & AMEE A5 AFglAl d7F 2 Ad=AE gdst7] 915ke] HepG2 cell
lineg AF&3ste] Abgh Alze] o] J&S =4 MTT assays skt 19 279 2
7 (10mg/ ¢ A&l g A5 vizare] vlste] 76.6+10.1% Axe] 4go] #z H)ef ol &
Ao WS Ay (Xu L], et al,, 2006)°] ¢]&tH Anwulignane A A9 A Ao &

AL & sttt wEbA o] EES FERDHTEAR AMS stHEE AR

L =
NAE Al dFe FA P AL 8l sk

o ke

% of Control

=]

N&%“Q

[T — R ] L= e R s
I T TR TR T |

0 1 ] 10
Miconazole [mg/1]

19 28. Miconazoled] €3+ HepG2 cell lineo] th3at A% A &l

19 282 Miconazoleo] 2|3t HepG2 cell lineo| W3k A4

f
2
:?L_',
o
k1
il
T
luj
=
°

<
w
(@)}
X
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389] A= Miconazole A. apis ¢ P.larvae, M. plutoniusit %5F o}yl A3 o] A&
ol tiste] (D) 237F e RS &< ok Miconazoles 7]&Eel 1 =4
280l HaxEo] gllom, mAdo] s AR o4 =AU HepG2 cell lines A

stod MTT assays T3t ol 3 #Zo] 19 289 Ao 93t Miconazole Abg
Aol e &S wol & Z& &2l et 1mg/ ¢ F%2 Miconazoleo] &A% oF
45%2] A7} S A XSk, 10mg/ 4 -5 2] Miconazoledl A ¢F 70%9] AE7} =+
< &<l stadth webA Miconazoles AHA AEjAlol AF&ste= A B2 FE7F s Ao
oA =m wek AL sl Elx® Anwulignan B Corosolic acid$} 7o) Abgd o7 ARg
S =0l Zo] nEAE Folnf, e a8/ Fom o4 He WA HA WEE FAA

= hun =
AL, Abl A =S HAsE 5 s Aot

oo ol i
-
o

Mo

o
O

)

- Algf g Ji TR EAZ Magnoflorine ¥
At A A TE 1 gels st & dE A A= candida©l
et XA H=s 3 A

KCTC7965 KACC30071  KCTC17762  KACC45480  KCTC7219

Miconazole 3.125 6.25 6.25 0.7813 6.25

Magnoflorine 50 100 >100 100 >100

Berberine chloride 100 100 >100 100 >100

Cinnamaldehyde 100 100 >100 >100 >100

3 40. 728 Bl Ut & candida s B7T

At & candida B TES 98l 459 =HES AMESte] gl 3 Ay, dAEHEA 7E
of W= Berberine chloride ¥ Cinnamaldehyde ®.t} 37} 53 dd 3+ EH B2

2 Magnoflorines = 3}3it}

/0

L3 Magnoflorine®] t©& ZAAAME g+ 397 Jd=A &2l 3k A3} agar plate ol A
T A9 £& A8 v MRS g2 9T
Compounds MIC value (mg/mL)

24 h 48 h 72 h
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Miconazole 3.125 3.125 3.125

Magnoflorine 50 50 50
Berberine 100 100 >100
Cinnamaldehyde 50 100 >100

3£ 40. AlZHoll whE eIt g b ekl

2o EAS 397 Folg A vE gz vlgte] kAol £55 Ik

d

71Ae 3 5] st A3} Magnoflorine®l] 23+ A 3=

60 -
40 |

(=]
o
L

% of o -glucosidase activity

o

0 25 50 100
Magnoflorine[mg/mL]

1% 31. Magnoflorine®l|] ©] 3+ a-glucosidase activity # 3l

Magnoflorine®] ¢]3}e] Dose-dependent &}l a-glucosidase activity’} Asig < 32l 31
o

=
o] Magnoflorine®] 3} 3+ 7] 7 o] a-glucosidase activityZS A slste] LeEbES on|sk

o,

Viability
120
100
2 =0
o
S 60
S 40
2 --HaCaT
20 1 3-HepG2
04 . : , ;
0 1 10 50 100

Magnoflorine

% 32, A9t E-] 9% AE 54

o

AEgdR 280 A5

et

o

o] A3l AL 4=, A4t ¥Fcandida E4 F=ES 9

§]—
=

o it
o,

Kol
=

I Qo AT g37F = EFE Acetylshikonin, 4-Hydroxyderricin, Sophoraflavanone G,
Falcarindiol, Timosaponin AII, Otobaphenol, Corosolic acid, (-)-Bornyl acetate, Curcumin,
Cinnamaldehyde, 1-Decanol, 5<& W= 3}t

Chinomethionate: DNAE &} W71t DNA| 7]o] E°7F X+ 55 B¢

o

R4

ftlo
g
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O WA 71d a7

Tetracyclines A¥ ¥oz U HuUle 988 = FdAd U3t A+2 =3 39 =,
P.larvacs =°]7] 9138t Tetracyclines Ne =

of oJste] ¢fEo]l A wro =z U RuUlAA HH WS ZHAA ok B A3 ol o
gs g8 & Her AAYe A A= 3

el skl A-sF

1 A d
1% 33% 343 #o] Tetracycline resistance MFS efflux pump (TetMFS)E &<l 3}o] o]
Gl e digk WAdo] A 7] gl 5k

ATGGCTGTCAACCTGGCCAATCTAAGGGAGGTACCTGT TC T TACATACGG TT TACCTT TGCCTCTGAAAGGAAGCGAAACATTCAAR
AAGCCGATATTACTTATCATGATCATGTTGTT T TTCOTCTATG TAGGGT TTGGCAT TATCATTCCCGTAT TGCCGGTT TTTGTGCAR
GAAGAAGGAGTTGACCOGGCCGEACTCGGLCTGCTGCT TTCCAT CTATTCCATCO TATCCT TTC TG TTGCC CCAT TC TGO GGAGCS
CTGTCCGACCOEAAAGGCAGGCGTCCCAT TCTGCTGACAGCCACGT TTGE TT T TGCAT TAAGC TTCGTGC TT TTGGCT TTATCGGAA.
CGGCATATT TGGCTGCTC TATCTATCCAGGGTCCTGGGAGGAC TAT T TTCAGGAGC TT TAAGCGGAGTCGCCATGGCATATGTAGCS
GATATTACTTOCCATGAGGAAAGGACGAAATCCATGGGAT TCOTCOGGATGTCCAT TGGGCTGGGC TTTATC TTTGGTCCGGCTTTG
GGCGOTCTTCTAAGCAGT TGGAGC TTAACTCTGCCTTT TTGGST TTCGGC TGGAGC TT GCACT GCAGTG T TTGCAGGTACACTGCTG
GTTTTGCCGGAATCTCT TGATAAAAGTGTACAGCCTGCAGAACATTCGCATTCATCCAGGT GRAAAGCT TTCAGCGGTCTGCTGCGT
TATCTGTATATTCTTACCTT TGTAGTATCCGTCTCTCT GGCASGAC T GCAATCCACCT TCCAGTACT TTGAAATCCCGAGTATTTCAG
GTTACCTCT TCACAAATCGGGCTAATGTT TATGTTCAGCGGTT T TCC TCATGCCC T TG T TCAAGGGGCAT TAATTCGCCCCGATTGCC
AAACGCAAATCOGAGAAACAGGCTAT TGO TACAGGATTGT TCT TCTC TCTGAT GGCGT TTATCATAATTCTTCAATCCGCCGGTTTC
TOGACAGCTACGGTGGCGCT TAC TATATTCAGCATGGEGAATGCGAT GG TCCGCCC TTG TG TCAGC TCT TTAT TGACGCAGCGCACT
ACAGGCGGACAGGGAAT TACAACCGGGCTGAAT TCTTC TATGOACAGCC TCOGACG TAT TGCAGGC CCCCTCC TG GCAACAAGCTTG
TTCGGGTOGAAATCAGGCGCTCCT TATCTGGCAGGTAT TTTGC T TAGCC T TGCAGCAGGGTAT TGGCTT TGGAAGTTTCATGAATTG
GACCAAANRAAGANA AATGCAGGAGGCGTGTAG

29 33, WA B TetMFSe A2 A 49

MAVNLANLREVEPV LT YGLPLPVEGRET LIKK PILLIMIML.FFVYVGEGII I FVLPVEVOEEGVDPAGLGLLLS IYSIVSFLVAPFWGA
LSDREGRRPIILTATFGFALSFVLIALSERHIWL LY LSRVLGGLESGALS GVAMAYVADIT SHEERTESMGFV@ISIGLGF I FEPAL
GGLLSSWSLTLPFWVSAGACT AN FAGT LLVLPE SLDESVOPAEHSHS SRWKAF SGLIRY LY ILTFVVSVSLAGLESTFQYFEMGVED
VISSQIGIMFME SGFADATVOGELIRP IMKREWER QAT GT GLE FSVMGF I ITLOSAGFWIATVALT IFSMENAMVEPCVSSLLTORT
TEEOCITTGLNS SMDSLGRIAGPLLGT SLEGWE SCGAPYLAGIL.LSLAACYWLWEF HELDORERNAGGY

29 34, WA v TetMFESS] @il A<

2. xS B sle A AT dud AT

TetMFS®] #A2 AEe At oz {FHaE5 SEste] Ecoliol A& skt o5 oz
Tetracyclineoll thale] zrAdo]l nmhd 5= A=A &< 3 A Aol A4S &<l shal
o},
Compound MIC
E. Coli 25
E. Coli with Pumping protien 100
3 41 TetMFSoll e]gh zHAd st o<l
3. & &exl Al dig g A5 IPstr] Astel WAEES g st slo, of
Ao we FF7 ggroltt, mebA 7)E atAl F glycopeptides o 93 dt 71 @

d A 34 A
=, 2 FA A s
Y 5te] &gt ZES Holi=dl o]i= glycopeptidese] & 7|Hx
peptidoglycan®] /43 o]e] ®Wsto] <fsle] ujAdo] WAy st
dol oy Ao g WstshA HW Aol A & deA 4l ﬂﬁit‘r
Sophoraflavanone G+ peptidoglycan®] o] H-9o} ZA3tsl=% &<2lst7] ¢ste] tpts =7
s 5

9] amino acidE *# 3 & AMxE AAS I AT} glycopeptide resistance?] W2 7



peptidoglycan 4 =25 vp4o] atAlo] WS Hole A¢7F wWol vt wabx 193
Syt Al 7F 7R = &t 85 9] peptidoglycan®] 14, 53] amino acid®] 7+ Aol =
2] Zlsl7] f1ske] thFgt FF9 amino acidE A 2lg § vrH gole] S &<l 33T

oS T8
19)
A 4

Ethyl Acetate
fraction (1 Qg)

‘ Rp-18 column chromatography
80% Methanol

I::

a9 35, stol=EA]d gl Al B
Nutmeg EwlZ25H dFz+de E8HS

i

J {
ro
ol
o
32
o

Methanol
extract (7g)

Ethyl Acetate
fraction (4.2g)

l Silica gel column chromatography

N-Hexane:Ethyl Acetate= 10:1(v/v

Silica gel column chromatography
N-Hexane:Ethyl Acetate= 20:1(v/v

Rp-18 column chromatography
80% Methanol

2 F= A dAel g A
TS o Aor A Ho] £33 T3 Gl st o

ol © F2 8 FdS Hd FH T FolH, ofA=EAEd £



H2] ¥ hexane: EtOAc=10:1e14 ®2l& 3o )

AV
4

i
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=
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fot
fz
ol
ol
2
ol
ult
o
o
of
J U
ro,

B-Gal. Sp. Act.

PGAD424 COGS-F2R1 GRP78X1-FIR1 GRP78X1-F2R2 GRP78X1-F3R3 GRP78X2-F2R1

a9 37 del wudn Agsts wAt gy 4% 9

4 ol ¥ AT AL F AT wmAnt AL Q)

- 49 Ao #odts ATE T3 shol, Nosemadl #9 oA 2= 2719 A& #
=4, 19 F=e& 2=

v}

5
WA= dadoz =AudE doyle= Alup ofy s
(Nosema apis)
AL ofy ~(Nosema apis)v w8 Aol et PIEASE 5 StU=E ol wAste
HHo] AWl w=Aup & w=Aul o}y ~(Nosema apis)ol o& EHH AZFo A3zlr] 2 HE
710 ZFAHe 71Asta dH Y= AW T stutolth. mAlwt ok = (Nosema apis)® EAbE
Fe oAl izt AE Zhsstn 2l A A Stk Wdite] fYg EHe Hol 4
NS &3 ]—Eﬁoixluﬂ ol A EA7F wobsto] W T WoldkA] 4-59 0] AW A
3> B ool FHAFAA v ol
P7l A A=Y =¥ Fohoy, ofan A s & F3o ]/‘1 A7)
ek ® (fumagillin) ol o g WA ¢} o A&l S AFo] = (ethylene oxide)®] &% 4
2 A ok AR Feb2 W (fumagillin) ol 213 WA 7]&S 9o wet
Hol Jdom, 3 Ffoll A EAHE wmAlmgels Ut FA4 ES
th shARE AR wm=AebE o] WAl ARE Ve R i BRI A
Al e AFAE o5ty wAlnke] HAE A s E
E7F Bol o]FolAa glow, & Al olgd e A
wAmp o}y ~(Nosema apis)el 7S A=
T FEEd gt a7 S I skAth
H]=2] (Lespedeza cuneata, Chinese bushclover):= &3 2 E9] ofgjsjato]|Z 2 A, 2% T
AlEe] dEEA &3] AHgHET A", A E, vE Fo FHEEERE U T8t
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At HolFAh 88 A &
ZF 400rpmo.E A4 Fe)
2 AEE 500 pLel F
50%, 75%, 90%°] EALHFOZ 0
15000g% 302 Q42 AT oldl %ol wAlnt ofs s Fue Bete] olE ALgad

d
(03
o
&
[
o
=
r |
odk
B
kol
<)
il
i1t
i)
ol
o,
N

] 93 gos, B ol9ld wmAnl ofu] o
oF 2 #] 9}% Trichoplusia ni M3 W+ 2F7]ol A Alzrek 7+ & 0]

Edy
=
2mL¢] glutamine®] £9]7+ Express Five Bl %] (Gibco)ol 4]
=
E[Z

4 T
%0,
rir
i
o\
lo
fu
,

ro
il
>
>
ofo
_0|L

N e
o
B
)
H:l
I

of wAvkE 10MATE obdl 2/mLel SRS AUE dQu FE

A AR
Oug/mLe] == AZ sttt =Avpg e By Fsr] fd=5 AgE ¢4 54

Am 4L HA 1OOHHi wEg 5 A9E

C 2 e o o2 8
o U o
>

=

ot

R R S gl BES 400z o o)

r

a7 38 wAwl ofg a8} vl FEES BT HYSA & AE AR

I 389l M ®ol= mpel o], wAm} ofuss} W] FEES B
oA, Alxs Tt Axe] BEigs FA8H 23shs Eae A
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a9 39, w=Aln o}uAE A Fo AE AR

W 1 399k zro] wAlm} obmlag AT sl Hw Az e Yukx

2
d
-
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= AW oy 28} v
=5 @ Agg A, A= —?9} /H]E A717F A dixzad & o] gl E ARt
EATE AE FE Hoe ﬂ—roﬂ 2ol A& AATh F, 1Y 39 AF{EREH vFE FEE
S APk Z2 o vlgte] Hl¢E FEES AT oA wAvl EAH(spore)e] FE
A3 FAAIA vl FEEY At wAR A5 a7 dSs ST 7 AJT

Htgo R Hgy FEEO AXESAS HA G w=Av of s A
SR
o 4=

2 27 938t 27 AY %2 50ug/mLE 7)1EO

oy SRS el 4 oRE AR 5 W AREA) 278 Bl w1
Ash, Wgel FEES SR/ 200ug/mL 014U A, AL 27 oA AL B 5 AR
3, ARFE 7 EES

u
o
ftlo
o
oo
ol
b
=

2 }oola 2o o gt w=A|uly o
wAmpE o] W delel Nosema apis® 79SS WAL = AFS oA E
sho] oF 20009 Fo] AEFY }FES o]t A

8 AA EH& W szt 3} 9k 1 é
7 Feo] Y oAl gY3d aFol &S < Atk FEH(Rutin)< rutoside,

quercetin-3-O-rutinoside, sophorin %+ (3-[[6- O-(6-Deoxy—a-L-mannopyranosyl)-3-D-
gluco pyranosyl)oxyl-2-(3,4- dihydroxyphenyl)-5,7-dihydroxy-4H-1-benzopyran-4-one) =
R =

a9 41 FHY Fx
F®l(Chemfaces, CAS: 153-18-4)> DMSOd &3|AIA L™ 10mg/mLe FE=Z WHE9oH

AV&H Nosema apis © 4719 22 Wy oz Fuste] Ad 31t
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a8 44, =AmE A2 e A XS 5A7 wjekste] Mo AR
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T

Awp ofu 2 whAle] &
7] kel ZEe %<
100ug/mL7F Ao Al



Al Ao EBAY Az R A9 Soug/mLolA WA Zosbd steletith. 1 A
3125ug/mLRE B8 2 537 "ojA 7] A 4aaln
wAlvlE WAy $§ Fee] A4%EE 3125-100ug/mLolet @ = Uk

ol T o WYy Ady A A4 S}
- = A Fo] il F wAule] e st 2E WSty = FHAAE g9l g
Marker® 28 o o]t}

=AY E HAE 7] 98 AFAEY] =¥ Bgoy, ol a&AHo® WAy 9% W
He 7] oy AAolH, wekA wAnpyE S Z7)of dste] 7 2FS A sk WY
2 =Au A vl Qs HAoltt V|FEolE =AvY WS 9% 5 wyo] ¢l
of, ojn] FHE FFoEHH HATS FEstAU, ofy™ HAE ZFol AHEE wi7bA 7]
tEl= Ftel §llth &, =Aetg S 27] Fdste] oo M & Q= Wete] e FUL
NA= wjg- Bask Aot

=] WY o] duld S Eokg wAlvke] el diste]l e WEE e FAAE &
371 skl HHEHEE weAvtEd dd BHIS A7) 98 50% HA¥E Nosema apiss
Ha 1087 A ES Aok YA EFS 50% AgEwe AdFHAS =S 9k 109 59
DA uEe AdY dX HENA Nosema apisE TA| 920 87H =

o 311

=2}

)

&7 Euld A =SEH sto] HapAbEES o] §ate] EHE HAEE I
3l9aL, RNA mini kit (Ambion) & ©]&3t9] RNAE FZ3I%TH RNAE sHo= 93a
Reverse transcriptase (Thermo) £ ©]|&3l%] cDNAE Aot cDNAE FIF o2 3o,
A Y EHZEE ddSe] HstE R 98] ® 42014 yERd wlel o] AdWs
11 WA 159 Awek Zelolmol I s 16 WA 209 933 Zelo] ™= Bionics(Korea)ol
ol glsto] sk

A whA

FAA 1

0

Ol

pacs

H71M L Tm#k
11 TTCAT TACAA GTTGC CTCGG 5347T
12 TGTAA ACTGA GTTGG TGAGG 52.5T
13 GAAGA TATCA AAGTT GTGGC 49.1TC
14 TAATG CTATG TCGTT CTTCC 49.8T
15 CACAA GAAGT ACACG ACCAA  53.0T
16 CGATT CGTCG AACTC GAATG 54.5T
17 CAAAT TTGTG CACCG TATGC 53.6T
18 AATTC TCCTC GAACG ATACC 52.2T
19 TGAAA CTCCG CATAT CCGTC  55.7TC

20 GACAT ATGCT GTTTG CTGTC 52.3T
RE!

o

fole | 2

foi

foi

FA4 PhA2

foi

FA4 wHA3

fol

fol

FAA wHAY

foir fo

A4 wHA5

3 42. AHeH

R R R R R
folr

e 12 12 12 1R R e R pe pe |

IS/ T T T N N N N
o

H fok
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A2 cDNAE F3 o7 &al, gPCR master mix (Cellsafe)E ©]&3}e] 95C 58 — (95T
20%, 49 T 58T 20%, 72T 20%)E 28W HbE — 72T 5 — 4TC¢ =7& CFX Connect
(Bio-rad)°lA RT-PCRS F338}l%th. =& RT-PCRS 39 ol AP Joy 1 Ay 19
45, 46, 47, 48, 49° UERH wie} e AdE Av 3 7 FFxY] dEEFS G dx
a3 vlaletr] 9ate], Zzbe]l FRE v {52 Cq @ Aarstete] wlasta 1 A
T 11 A = 1504 BZol, ZF mbA #HAY Cq #h2 AN iz vlalste], A A 5H
o3}

Hate AS aEd = A

A0
4 -
3
2 -
1 -
0 —
Control nfected

a9 45 74 mhA1e Td R

N

, TAACR AHEH, FAx v 19 A%, 2" 450 dEbd wkel Zo] Cagts Atk
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479 2o sk ghow e, A4Tat s vans dug e Fdwds waw -
ARom, A7) vhe] Wy waE Fate] wATh obvlze) g oRE AWF & Arks
A%e wE g,

- A 4F0 At = AW AR g T4 AT

i T—’V@ & 33F TA4ste]l 4 Folm, 53] 7¥2 At mAERE 1Al Hof 165l

g A& NCBI ¢ Genebankell &5 dtlon SAS &4 aaidh

s ]*3301] st Aatds gty 918k 1659 A ES Hlal 3k olo] A 7F
Aol glof ol&el gk vjAE

) . . Similarity )
Name Top-hit taxon Top-—hit strain %) Top-hit taxonomy
Proteobacteria,Gammaproteobacteria,
Baml Erwiniapersicina NBRC 102418 99.52 Enterobacteriales,Enterobacteriaceae,
Erwinia

i . Actinobacteria,Micrococcales,
Bam?2 Micrococcus yunnanensis YIM 65004 99.86 ) )
Micrococcaceae,Micrococcus

Actinobacteria,Micrococcales;

Bam3 Micrococcus aloeverae AE-6 96.22 ) )
Micrococcaceae,Micrococcus
) Actinobacteria,Micrococcales;
Bam4 Micrococcus aloeverae AE-6 92.44 . .
Micrococcaceae,Micrococcus
o 3 Proteobacteria,Betaproteobacteria;
Bamb Ralstoniapickettii ATCC 27511 90.68

Burkholderiales,Ralstonia

o . Proteobacteria,Betaproteobacteria;
Bamb6 Ralstoniapickettii ATCC 27511 87.05 . .
Burkholderiales,Ralstonia

) ) Firmicutes,Bacilli,Bacillales;
Bam7 Bacillus toyonensis BCT-7112 100

F 43 AT A=l tF 165 A< Bl

Bacillaceae,Bacillus

Atz EAT s T T 232 o A §4 A7 exten N =88 €4 T

ae]a thA] 4Fel tiste] ety d4E s TEM ARS A5

19 50. Transmission electron microscopy (TEM) analysis

AT AR 459 BHS B so] TS HA sk

Characteristic Bam3 Bam4 Bamb Bam6

Motility - - - -

Gram—Reaction - - - -
Anaerobic growth obilgate aerobic obilgate obilgate
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anaerobic anaerobic anaerobic

Oxidase + + ; = : =
Salt tok (w/v) 4.5% 4.5% 4% 2%
k temperature (°C) 20C ~ 40C 20T ~ 40T 30T 30T
v "'L_ by Qspm : lpm 1
optimum temperature 30T 30T
Bam3 Bam4 .1--Bamb::-i.0 Bamé
optimum pH 8 8 7 7

E 44 A5 MAE] Ead 54

At mAE 4F 0] EAS delslr] ¢8te] Hydrolysis test 3 3}

Hydrolysis of Bam3 Bam4 Bamb Bamé6

DNase - - - -
Casein + +
Starch - - - -
Esculin - - +
Tween 20 - - - ND*
Tween 80 - - - +
Lipid - - - _
L-Tyrosine + +
L-Tyrosine(12days) + + - _
CMC - + - _
Chitin - - - -

3t 45. Hydrolysis Test

AT AR 439 EHS g5 dAstel 4w 54 79 st

API 20NE Bam3 Bam4 Bamb Bamé6

Glucose Acidification - -

L-arginine dihydrolase

Urease +
B-Glucosidase (esculin hydrolysis) - + - +
Protease (gelatin hydrolysis) - - - +
B-Galactosidase (PNPQG) - + - -
D-Glucose + + + -
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L-Arabinose
D-Mannose
mannitol
acetyl-glucosamine
D-Maltose
gluconate
caprate
adipate
Malate
Citrate
phenyl-acetate
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mRNA level
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HaCaT alone HaCaT +P.acnes HaCaTl +P.acnes +
C89

OlKEB mNF-kB
19 53. C89ell 9]k IKB, NF-kB9] & w3}
L OHaCaT alene
5 mHaCaTl +P.acnes

EHaCaT +P.acnes + (89
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ThFa IL-1B IL-6 IL-8
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mMRNA level
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Acetylshikonin and 4-Hydroxyderricin from natural plant
extract can be used as effec_tive growth inhibitors of the
Honey Bee infectious fungi Ascasphaera apis

Jaegoa Kim', Sangchul Park', Yu-Kyong Shin™" and Ki-Young Kim*""
'Graguate School of Biotechnology, Kyung Hee University, 1 Seochean,
Kihung Yangin Gyeanggi 17104, Republic of Korea
‘Cuuageufufeme,mrgmeummrylmm Kihung Yongin,
Gysonagi 17104, Republic of Kores
*Department of Genetic engineering College of Life Scence and Graduate School of
Biotechnalogy, Kyung Hee University, 1 Seocheon, Kihung Yongin Gyeonggi 17104,

*Comespondance: KiYoung Kim, PhD, Department of Genstic Englrvaenng College of Life
Science and Graduste schoo! of Biotechnology, Kyung Hee University, 1 Seodheon, Giheung,
Yengin, Gyeongg-do 17104, Republic of Kores. Tek +82312012633, E-mait kiyoungmkhuacks

Chalkbrood, the most common fmgal bes brood disexse it cowsed primanly by the
fmsus dzcophaera apiz. Subsaquent myeslisl growh iz lefhal to fhe larvae and
resilfs in lupe economc keser The zim of the present smdy was to fnd a plant-derived
compouzds fo ighibit growth of honey bee infectiows fmgi, A apir. Acetylshikonin
and 4 Hydroxydemiom was evahuated the activity of 12.5ug/mi and 3.125 to 6.25uz/ml
respectively. wsmg mimmal ihibitory concentration (MIC) test with 32 natural plant-
derrved compounds: We defermmed that Acetylsikonn and 4-Hydroxydemem has a
speafic amn-fimzal acovity agamst 4 qpis. In ow remits, 4-Hydoxydsmicn had a
more effectve mb-fimzal scthaty agamst A apiz and dede't show anh-faneal acoviny
o others, The cytotomecity of compounds were determuned on HepG2 cell lme or
HaCaT call bme uomg 2 tetrazohum-based colorimetne cellubr assay (MTT). The cell
gowth was 173263% md §82:0.8% mested 10mgl of Acetylhiomn: £6.2:4.8%
and §61+18.0% reated 10mz/] of 4 Hydroxydemicin on HepG2 cell line and HaCaT
¢ell line respectively. Compared to the miconazale showinz 15.25:3.8% cell mowth,
touicity of bofl compounds fo fie orgamism seens to be at an extremely muld level
The synergic effect of miconamle with two compounds using a fractional inhibitory
concentiation mdex (FICT) <howed 2 relative synergistic effect, alihough the synergistic
effect was mot sgmficant. Tt can be teduced the amount of the compownds fo heat
the disease by the combined use of the fwo antifingal agemt: With fhese resulfs,
Acenylshikonin and 4 Hydroxydemein with low toxcity in vifre and geat anti-fimeal
activity can be useful fo protect infections disexe of honey bees, specially Chalkbrood.
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Natural compounds (Acetylshikonin, 4-Hydroxyderricin,
Sophoraflavanone G and Kurarinone) inhibit growth of
Honey Bee infectious Bacteria P. Jarvae and M. plutonius

sangchul Park™, Jaegoo Kim'*Yu-Kyong Shin™ and Ki-Young Kim'™
'Graduate Schoal of Bistechnology, Kyung Hee University, | Seacheon, Kihung Yongin
Gysanggi 17104, Republic of Korea
*College of Life Science, Kyung Hee University, | Seachean, Kihung Yangin,
Gyeanggl 17104, Republic of Kores
Department of Genetic engineering College of Life Science and Graduste school of
Biotechnology, Kyung Hee University, 1 Seocheon, Kihung Yangin Gyeonggi 17104,
Republic of Korea
Hauthors contribute equally
*Cormespondence: Ki-Young Kim, PhD, Department of Genstic engineering College of
L¥e Sdence and Graduste School of Biotechnology, Kyung Hee University, 1 Seochean, Giheung,
Yongin, Gysonggi-do 17104, Republic of Korea. Tel: +82312012633, Emait: kiyoungakhuacks

The ibacillis larvas and Meli latonins are the mest
important pathogemc bactens thar affect honey bes brood We miisted studies with
these two pathogens fo devalop severa] potential ansbacterial compounds thit interfere
with growth Tn vibo actvity of potential anthacterial compound: asainct P lanae
and A plutorius were evalusted by the ik diffrion and microditinon methods. and the
el inlsbitory concertration, (MIC) wes: ko dstermined Acetyldikonm 4 Hdrouydemen,
Sophorafisianone G and Kurarinons inhibited the mowth of P, lanae 2t concentrafions
of %13 to 125ughl 078 to 635ugml 156 to 31%jgiml 625zl repectively.
and M pluoniu 3t concentiations of 625uefml 313ugml 3 D3ugiml 12 Supml
sespectively, Funthermore, the actrity of eack four compownds agamst other kinds of
bacteia wa: deternined in crder o confinn whether they pozse:sad the ammmicrobial
activity specifically. These four compounds inkibited the mowth of 2 fow of microbial
species, inchuding boney bee brood pathogemc bacteris, which makes them be ble to
we specafically as miectons dizeases of homey bees. The cylotoxicity of compounds
were determired on HepGl cell line or HaCal cell line using a tetrazolimnbased
coloriinstic cellulsr asay (MTT) Tn both the cytotoicity assays wsing HepGl cell
Jine or FaCaT cell line 4-Hydroxydermicin snd Korainene had Jow deleterions effect,
md Acetylihilonin and Sophoraflmvenone G had 2 mild delsterions effect on the
diffarent call types conpared witk 143 = 52% call growth of 10melL of Miconazale. The
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Pimaric acid as a novel antibacterial compounds against
Honey infectious bacteria Paenibacillus larvae

Hyunchan Song’, Jaegoo Kim’, Yu-Kyong Shin' and Ki-Young kim'*"
'College of Life science, Kyung Hee University, 1 Seocheon, Kihung Yengin,
Gyeongal 446701, Republic of Korea
“Graduate school of Bictechnology, Kyung Hee University, 1 Seocheon,
1ohung Yongin Gyeonggl 446701, Republic of Korea.
*Comespondence: Ki-Young Kim, PhD, Depantment of Genetic engineering College of
Life Science and Graduate school of Biotechnology, Kyung Hee University, 1 Seochean,
Giheung, Yongin, Gyeanggi-do 446701, Republic of Korea
(Tel: +82 31 201 2633, E-mail: kiyoung@khu.ackr)

Panibacillus larvae is a causative agent of American foulbrood disease in honey
bees (4pis mellyfera). To find effective antibacterial compound with promising activity
against P lavas, we screened 20 compounds that were available through chenical
company, using single-dose assay. The minimal ishibitory concenmration (MIC) values
was obfained fo find the most effective compound among candidafes fhat showed
antibacterial activity. Pimaric acid showed the best antbactesial activity with lowest
MIC valne of 625 wyiml In the previous smaies done before, pimaric acid inhibited
biofilm formation and disrupied fhe membrone of some bacteria. To check fhose
mechanisms of pimaric acid i the same on P lavae. we performed crystal violet assay
and measwed optical density of 260 and 280.m sbsorbing muferials. We verified fhat
pimanic acid inhibited biofilm formation and induced cell buast of P lavae Al effects
were depend on the dose of the compouad. Also an effective synergy of pimaric acid
with fefracycline and oxy-tefracycline was proved by checkerboard assay. with Sactional
inhibitery concentration (FIC) index valve of 0.5 and 0.625. Furthermore, MTT assay
shows that pimaric acid was comparatively safe to HaCaT cell line at MIC vaive of
P. larvae
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Honokiol as an effective antimicrobial compounds against
causative agent of American foulbrood, Paenibacillus larvae

Hyunchan Song, Jaegoo

m and Ki-Young Kim

Graduate schoal of Biotechnology, Kyung Hee University, | Seachean

wng Yongin Gysongg! 346701, Republic of Keres

Pantbacillus larvae s @ causaive agent of Americmn foulbrood disease in honeybees
(dpis wellgere). To control fhis diseace. the Mimimal imhibitory concentration (MIC) test
and agar diffision fest were done among the candidates Honokiol had MIC walve of 125
pegml Although it did mot have the lowest MIC vahe. the inhibitory zone created in
agar diffision test was lmger than oiher conpownds or widely wsed antbicties. The results of
aystal violet assay proved that bioflm formation was displed by the compomd in
dosc-dependent manmer, meaning honskiol makes P. lavae vulnersble to antimicrobial agets.
Since honokiol was stdied 25 a compound which inferacts with membrane of several

260w and 280ma absorbing materials were measwed in order fo detenmine the
presence of leskage by honokiol The leakage of P iarvae occured in dose-dependent
mamers. The leakage of the cells was viswelized by TEM Synerey effect of honckicl with
other compounds were tested using checkerboard assay, proving that honokiol works well

tested to determme the safeness on human sk cells

n addifive compound Furthermore, MTT assay of honokiol on HaCaT cell line were

2016 NexiGen Genomics, Biology, Bicinfarmatcs and Technoiogies (NGST) Confereros, Sep 30~ Oet 2°, 2018, Jaipur, INDIA

profile for the transcrition factors invlved and the other
proloin_coding genes expressed i the various
immunalagical groups in T-ALL patients in India. A total of
130 TALL patients were included in the sludy and RNA-
5eq was done for gene oxprossion signatures in 36 cases
of T-ALL (immature 15; cortical 17, mature 4). Sequencing
data analysis was done by Tuxedo pipeline. A fotal of
16,040 genes were differentially sxpressed in T-ALL. Out
ofinese, 421 gans were most sgrrcanty iferentaly
xprassedin T-ALL

Regulation of MRNA Expression in Head and Gut of
Apis Mellifera after Nosema Ceranae Infoction

Hyunchan Song" and Ki-Young Kim'#

c . Kyung
1 Seocheon, Kinung Yongin Gyoonggi, Republic of Korea
“Calloge of Life scence. Kyung Hee University, 1
Seocheon, Kinung Yongin, Gyeonggi, Republic of Korea.
K

Knuacke

Dorpa v o T el Sprection
marker ganes in T-ALL, LYL1, HOX11, LMO1 ard TAL1,
wore not differentially expressed in various types of TALL.
WEF2C, BAALC, ZEB2, HOPX and PDGFC were highly
expressed in immature T-ALL Ou
difrontsly expressac genes, 11 (D13, Chle CD1e,
©D35, TdT. ANPEP, CSF1. ITGAM, HLA-
i werts oty e to nematopaietc col insage
palhway. MEF2C a s have boan Sarier
o in immature T-ALL.

GYAN Scholarship winner

Poster No: 092

Transcriptome profile reveals oxprossion of novel
SRNA under antibiotic stress in  Acinetobacter
baumannii

Vineet Dubey, Atin Sharma and Ranjana Patharia

Indian_Institute of Technolagy Roorkes, Roorkes,
Uttarskhanc, India

vineeldubey158@gmail com

The critical role of small RNA in bacterial response 1o
environmental siress s highly recognized. However, their
role 1 post arscriptional regulation of antimicrobial

v
el efflux pump, AbaF
dso deiermined that (e RNA chapsrone iq is
imponant for Fciiaing binding betwoon the MRNA
et s SRNA e o rle 1 drog
resistance, we profile the transcriptome of drug traated A
baumanni cels oy Ilumina RNA-seg slr xposure to
chictamphoncal 1 examine the SRNA. fespones 1
Soumanoi TG 17375, W cemilod & et of 2667
intergenic regions and compared giobal SRNA and mRNA
expression profiles, without antibioic exposure and after
xposure to antbioti, among the wild type, g doiotion
&nd  chioramphenical  inducod  samples.
Exploration of data comparing the expression of SRNA
profile of all samples revealed the expression of four
RN

defnet  large SRNA roperors in s nosocomil
pathogen and shown that s A are part of the
mefo legnseriptionel response speciic o ammiciobial
exposi

GYAN Scholarship winner

Poster No: 093

ssemaceranas is mcrosporidia which infects honeybee
(Apismelifera) mic-gul epilhelial cells causing nosemosis
spile the abundanco of acknowiedging the risk
of nosemosis, the studies on . ceranae has not been
prograssed enough. Some studies did show the upidown-
regulation of honeybee MRNA after nosemosis and th
different amount of expressed mRNAS according (o their
iocation, owever, there are rio definite MRNAS tat can
a marker for the disease. In order to
understand _the

mostly from immune system, wer
candidale and were quantfied by using real-time PCR

bt inecte
differential gene regulation in those two parts. Some
iding GB44323 and PBAN, were upreguiated
whila some other genes, including apidecin wera down-
reguisted. The amount of some genes showed different
resuls depending on the location of expression, and even

e category, gene expression not ahways
showed the same tendenc

Poster No: 094

Comparative liver transcriptomics  of _hilsa
(Tenualosailisha) from tho rivors Hooghly and Padma
by next generation scquencing

Satabdi Ganguly, Tandrima Mitra, Arabinda Mahanty,
Basanta Kumar Das, Bimal Prasanna Mohanty™

Fishery Resource and Fnvionmental Management
Division, Biochemistry Laboratory, ICAR- Central Inlard
Fisheries Research Instiute, Barrackpore, Kolkata, India

bimal.mohanty@icar gov.in.
bimalmonanty12@gmail.com

Hilsais a prized foud fish in the South Asian countries as.
1 souce of omega (-3 leng-ehai polynsetrated
fatty acids (LC: DHA). The rivers Hoogniy
i s Pacina. n Bangisdesh are o Imbocam

of bisa using net gereration
sequencing under llumina HiSeq 2500
e s e L-P UF A meiahotn
Inhisa. Aol of 100,465 unigenas wore danifed, win
of average lengih and 1358 bp of NS0 DESeq
rogrammo oot et f 533 p oeculelod and 1269
Gown regulated genes in Padma hilsa rolative to Hooghly

T o
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2-4. Field Test 23}

)

7homlE BAY, FEEAY 13 dEHAE A

(D) i o] 718 o= Jé HAE %13

(2) 717k 20161 8L ~1097hA & 37047 A9

(3) AE AF wy B AT #) A GAHS, ) ot s
A0 A= ZHH

457 ANA =2/28 = wjd 327 Als A&
(4) 4 =¥ (Protocol) RT-PCRWY AA #A41W
B nFRAYe] BAFTE Fldte] PARTE BUY
D A=A
o 2) DNA %
EL 3) =574 2 DNAZA
1 4) PCRol|l 93t n=5rF- A2 dix=fHd2 5%

5) FAA mREAYe] FEH o] WER woln,
BRI ob e FEo] dojuA| srol WET} <k mel

Wizard Genomic DNA Purification kit (Promega)

vl =224 Primer Set(10pM)
Forward : GCAGCAAATCGTATCAG
Reverse : GGTCCTTTGTAACGATTG
Al oF A2 A Primer Set(10pM)
Forward : GAAGAGGAGTTAAAAGGCGC
Reverse : TTATCTCTAAGGCGTTCAAAGG
Actin Primer Set(10pM)
Forward : GTGTTTCCTTCGGGAGACG
Reverse | TCTCGTTGCCGATGGTGATGA

Z(Water Bath)
A2 7](15,000rpm)

] PCR”]7]

A 719 % Z(power supply 33}
Incubator

Gel image %3
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@ Zatdt ofdt Tl w5/ vk AR A

@ Nano-Dropol4 DW= BlankE %+ ¢t D.W+RNaseg o
DNAE 1727t AH st =& SAHIH
@ DNAS %5 50ng/wl¥ =% 34 g},
gt PCR(#F4 2 &%)
@D A1Z2 control 2351 PCR tubeE W8 (Actin A AFo} vl=r-4H)
@ =2 # PCR tubeol PCR WH-&HS ofgfj e} o] Azt th
2H4- yortexing S gt}
> PCR /&9

Template DNA(100ng) 1~2u0
10xPCR Buffer 2.0
1= B2 Primer Set(10pM) 2
or Actin primer set(10pM)

dNTP(10mM) 140
Taq polymerase(5U) 0.2
D.W fill-up
AA ¥HgH 2040

© FH2 SFHGA  PCR7I7]l 919 whg-Hg FFstar ofef} o]

= PCR 22119

A 25 A1 ZE
1A H oA 94C 5%
HoA 94C 30%
2¢HA N . )
Primer H2+ 60T 30x
30cycle _ . N
= = 72C 30x%
= = 72°C 5%

=% ° o
H 41T 00

@ 2% agarose gelS A Z3F th2 6ul
® Gel image X E4 PCRAMHE 9 =3

- 101 -



v, 34 (RT-PCRW)
Actin gene®. = DNA ol %5 &< £ 7
ad ARE AR (ActinfdAbs = A
ol g wHoA FY FEH= FHA

d

(6) ml=rF-AH, FH5A4H
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gowE RAY, SRAY 23 YEEAE A
() W 49 Bhe dger dedas WY
(2) 717F : 20179 89 ~109744 % 3497 22

(3) AZ AH Wy BT 7ouﬂ<7oh oF) A SA(F=, A=) et

478 N w A
457 ANA =/20 = v 3270 AR A&

(4) 41 i (Protocol) RT-PCRWY AA #A1W

:l:‘

ol mIRAYe] YHARLE FAdte] FIFLE B9

D A==
A 2) DNA 3=
gl 3) v5==74 3 DNA3ZH
RS 4) PCRell o & W=7 A3 dzfda 5%

5) 7+ A n|EE A Ho] ZEro] WlEg Holn,
WA ol EEo] ofubA ghol WEs} oF 1Yl

Wizard Genomic DNA Purification kit (Promega)

n] =329 Primer Set(10pM)
Forward : GCAGCAAATCGTATCAG
Reverse : GGTCCTTTGTAACGATTG
Al oF FH 54" Primer Set(10pM)
Forward : GAAGAGGAGTTAAAAGGCGC
Reverse : TTATCTCTAAGGCGTTCAAAGG
Actin Primer Set(10pM)
Forward : GTGTTTCCTTCGGGAGACG
Reverse | TCTCGTTGCCGATGGTGATGA

2 4= % (Water Bath)
QA5 2] 7](15,000rpm)
Vortex

7] PCR7]7]

27199 %5 Z(power supply *3)
Incubator

Gel image A
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@© 7P 3N T ARG, o)

@ AP kP ¥ad F5/4% svhed A A

@ Nano-Dropol4<] DW= BlankE Y+ U D.W+RNaseg ol
DNAE 172w AH st s=5 St
@ DNAFZE 50ng/uwl= == 38X st}

2}, PCR(F A A &%)
@ AZ2 control X3}l PCR tubeE H|SH (Actinf- A AF2} v]=14-4]H)
@ ¥ # PCR tubed] PCR HE-&-H S olgo} o] Ax3 v
2 vortexing S 3FU}.
> PCR W&

Template DNA(100ng) 1~2u0
10xPCR Buffer 20
n] =54 ¥ Primer Set(10pM) 5l
or Actin primer set(10pM) #
dANTP(10mM) 10
Taq polymerase(5U) 0.240
D.W fill-up
AA Khe 20440
© FAA SHEA  PCR7I 71l 919 wbs- A S Asal ofefep 2ol
ZRIHs dHITh
2 PCR Z&2719
A -5 A ZE
1A H A 94°C 5%
M A 94°C 30z
294 ; . i
Primer -2} 60C 30=
30cycle ;
s & 72T 30%
s & 72T 5%
35k ° o
H & 4C co
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® Gel image X E4 PCRAMHE 9 FZ F5F(130bp) =

@ 2% agarose gelS A Z%F U3 6ul A7

vl 34 (RT-PCRH)

N oo )
e d
ny )
DX
g - 5w
o H_l ﬂnﬂ =0
o )/ i
=) %o Gy
5 ! o] "
My oo - BH
X ol
- o N2
o & " N
] jans LVE
J 1 § m
B 0 Mx] F_ HEH il
G oy s
e oo M . . . T o
T L - @ — ﬂll — B £ MVTH Of
%_M oF % m 7 L : e - O
7 L] I
T % O : * X
, oo |2 = of DU <
_voT Q_O ~ 1} f— HEE .. m HT e
—_ e m g F I HIE: ot g E oF
Em_ % i 1 iz
EE ﬂ.E ] ,_Ir,_yl B m -_I | ! m ! U..* e
IR =3 e = s ! PHERE 4 b3
mww ~ ! X ﬂ_ “ [ |9)s | M o
i J_,AIL O_U HT._ m.h_n__ w— | : . % ﬁTl
<° oE 3 F i DR
SEL w il -
- m W X | 7 ._ 4 m HA_I ]
Z<n % | ; @ B
a — N g SHEHER = :
o] B : © ®
v o B i B Y
o T 3 23
g - H ooy
£ W i T <V ol
m L o
CE @ GRS
LY <y

- 105 -



(4) £4

CTHAE A3

D409 FUME Yo R HuEHAE %3

478 N w A

= AFH B E AAGE, o), A GRS, 4l whet

0,
v
rf A=

s
=

B VTR BARTE HN5] GPFTE Bk
1 AzAH

2) DNA =

3) ¥E54 % DNA3|A

4) PCRel 9% vi=n 4w} g2fdd %

Wizard Genomic DNA Purification kit (Promega)

v =AW Primer Set(10pM)
Forward : GCAGCAAATCGTATCAG
Reverse : GGTCCTTTGTAACGATTG
FHHEA Primer Set(10pM)
Forward : GAAGAGGAGTTAAAAGGCGC
Reverse : TTATCTCTAAGGCGTTCAAAGG
Actin Primer Set(10pM)
Forward : GTGTTTCCTTCGGGAGACG
Reverse | TCTCGTTGCCGATGGTGATGA

X]—]j]

Z(Water Bath)
A E 7] (15,000rpm)

PCR7]7]

A 719 & Z(power supply 3*3})
Incubator

Gel image %%
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[
@O Nano-Dropolsl DW= BlankE %& t}2 D.W+RNase& o
DNAE 172u0% = # &} %E%— R e

@ DNA%FE=Z 50ng/ul= == 3] sk},

2. PCR(F+3 A 5%)
@D AE2 control 233te] PCR tubeE H]8HL(Actin A &}eF w]=5-4H)
@ =2 # PCR tubeol PCR Hb-&-HS ol e} o] Alx3t th&
2H4- vortexing S gt}
> PCR WH&- 9

Template DNA(100ng) 1~20
10xPCR Buffer 20
1) 22 Primer Set(10pM) 20
or Actin primer set(10pM)

dANTP(10mM) 10
Taq polymerase(5U) 0.2.0
D.W fill-up
AR5 204

© FAA SFHFGEA  PCR7I 7]l #fo] whg-Hg FFstar ofefe} Lol

= PCR Z=2 71

A L A ZE
1A H A 94°C 55
H oA 94C 30%
25HA } )
Primer §-3&t 60T 30x%
30cycle . N
= & 72°C 30%
= = 72C 5%

307 °
H & 4T sle

@ 2% agarose gelS A %3k ‘ﬂr% 6l 7195 st}
® Gel image & 2Z4 PCRAF
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v, I3 (RT-PCRW)

Actin gene® 2 DNA ©]
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Absmract

Foulbrood disease, which 15 caused by Paemibacillus larvae (Amencan foulbrood) or
Meltssococcuz phitonns (Ewropean foulbrood ditense), is 8 majo threat o honcybees (1pts
mellifera) worldwide. vcline derivatives have been used fo control these bacteria. but
resistant stramns have ev nli,e:L ‘and the antibiotic denvatves can nd\.erxs[] affect bee health
When foulbrood disease is discovered. beekeepers usually burn the bee equipment
The sim of thin study was to investigate the o1 viro susceptbility of P lorvae and M plutontus to
new antibactenial agents. Antibacterial activities of seven compaunds prepared as sexal two-fold

lutions were a;m\ed using 96-well microtitre plates. Minmmum mhubitory concentration values
were obtained after 24 b or 48 h of incubation. Antibacterial synergistic activity of tetracycline
and the test compounds was evaluated using broth mcro-dilution assays with two-fold serial
dilutions of the compound: ong the seven compounds fested, macelignan and corosolic aci
showed the strongest anti-bacterial activity. In addifion, tetracycline mferacted synezgistically
with corosalic acid to reduce P larvae and Af plutomns growth Even though macelignan
and corosolic acid were worth as solely effective agents fo Geat P larvae and M. plutonis,
combinatorial treatment with tetracychine would be more useful to overcome toxicity, resistance

tliness. Further validation studies of these compounds and identification
vell as actual field tests and bee toxicity studies are still needed However,
macelignan and corosolic acid as natwal secondary metabolites would be effective agents for bee
foulbrood disease with valuable antibactenial activities.

Hongybee, infectious disease, naniral compound, anti-bacterial agent

Approximately one third of the human food supply depends on insect pollination.
Homneybees are the most econonucally important pollinators of agricultural and horticultural
plants. Bee populations worldwide have been declining for various reasons (Genersch
2010: Cornman et al 2012: Seitz et al. 2016). No single factor can account for the
overall global decline. but a contributing factor 1s bacteria. including Paenibacillus larvae
and Melissococcus plutonius (Mivagi et al. 2000- Alippi et al. 2002; Takamatsu et al

2014: Takamatsu etal. 2016)

Paenibacillus larvac is a gram-positive endospore-forming bacterium known to cause
American foulbrood (AFB) disease, which is cne of the most economically devastating
bee diseases. Paenibacillus larvae infects the brood stages of honeybees (Apis mellifera

L). and the infected honeybee brood mms black with a spotted appearance and

bitter

smell. The brood becomes a hard scale of material that sticks o the walls of the cells
Infected larvae usually dic after the cell is sealed. and billions of infective spores form in
their remains. Paenibacillus larvae spores remain viable for many years and are highly
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Antifungal activity of magnoflorine against Candida strains
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Abstract
Cundida albicans is a major mvasiv
been reporied in recent years. We

thogen, and the deve lopment of strains resistant 1o canventional antifungal agents has
aluated the antitungal activity of 44 compounds against Candida strins. Magnoflorine

showed the highest growth inhibitory activity of the tested Candida strains. with a minimum inhibitery concentration (MIC)
of S0 rg/ml. hased on microdilution antifungal susceplibility testing. Disk diffusion assay confirmed the antifungal activity
of magne was stable over 3 days compared to those of berherine and cinnamaldehyde

Cytatoxicity testing

ity o HaCaT cells even in 200 ug/mL of treatment. Magnoflorine at 50 ug/mL inhibited 5
activity which is required for normal cell wall compasition and virulence of Candida atbicans.

owed that magnoflorine could potentially be used in a clinical setting because it didn’t have any tovic-

.91 £7.17% of alpha-glucosidase
moflorine also reduced

the formation of C. albicans’ biotilm. Comhined treatment with magnoflorine and miconazoke decreased the amount of
miconazole required to kill various Candida albicans. Therefore, magnofiorine is a good candidate lead compound for novel

antifungal agents

Keywords Antifungal - Candida albicans - Alph:

Introduction

Infection by invasive fungal pathogens is on the rise and
poses 2 mujor human health risk (Comely ct al. 2017) Can-
dida albicans is one of the major invasive fungal pathogens
encountered (Shao et al. 20161, Infection by this pathogen
causes visceral or superficial mycoses on the mouth, neck,

Magnoflorine - Suscep assay

digestive tract, and vagina (Bramono et al. 1995: Satoret sl
2017). Immunocompromised patients in particular are sus-
ceplible to infection by this pathogen (Hagque et al. 2016).
Although various compounds, including azole; are currently
used to treat Candida infection, the mortality of patients
with Candida infection is 15-25% (Pal 2017; Chandra et al.
2018). The occurrence of wzoke-resistant Candida sirains has
also heen reported and currently used drugs have limitations

because of their toxicity (Zida et al. 2017; Whaley et al
2016: Hagse et al. 2016). There is therefore an urgent need
for new drugs to control Candida infections. C‘mnamalr.k'—

Jacgoo Kim and Thinh He Quing Bao have contribuked cqually as
first authars

Electronic supplementary matertal The online version of this
arsice (hips:fdal.ony/ 10100751 274018
supplementary material, which is available o suthorized users.

2016 Snddxquunm 2015; Zoric et al. 2017)

Wi cvaluaied the antifungal activity of 44 natural com-
pounds 1o find nesw agents that can be used to treal Candida
albicans infections. Through the microdilution antifungal
susceptibility test and disk diffusion assay, we found one of
candidate. magnoflorine (MF) (Chen ct al. 2009). MF is clas-
sified as an aporphine alkaloid (Supplementary Fig. 1) and
has boen shown (o have antifungal activity st Penicil-
lisun avellaneum and Penicillium oryzae (Chen et al. 2009)
MF has been found in the following plants: Acoruscalamus,
Tinospora cardifolia, Celestrus paniculatus, Magnalia
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