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Isolation of Antimicrobial Active Substances from Chinese Gall Nut
(Schlechtendalia chinensis) against Watermelon Fruit Rot
Pathogens (Acidovorax avenae subsp. Citrulli)

Kim, Hyun-Woo - Choi, Yong-Hwa

This study was conducted to develop environment-friendly agricultural products
with anti-microbial activity against Acidovorax avenae subsp. citrulli as a pathogen
of bacterial fruit blotch in cucurbit. Schlechtendalia chinensis was extracted by
MeOH and solvent fraction. The hexane fraction, which showed highest value of
anti-microbial activity, was analyzed by GC-MS. Each mass spectra, corresponding
to each peak of chromatogram, was compared to MS database of Wiley library. As
a result, myristic acid, palmitic acid and 3-n-pentadecylphenol were identified as
maine compounds showing antimicrobial activity against 4. avenae subsp. citrulli.
Bioassay using commercial myristic acid, palmitic acid and 3-n-pentadecylphenol
to test for the anti-microbial activity conformed the anti-microbial activity of
potential active compounds, and myristic acid and 3-n-pentadecylphenol showed
strong activity. In conclusion, myristic acid and 3-n-pentadecylphenol identified
from S. chinensis were anti-microbial chemicals.

Key words : acidovorax avenae subsp. citrulli, bacterial fiuit blotch,
3-n-pentadecylphenol, Schlechtendalia chinensis, watermelon
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ulyl 2LE-o] 3124 2-H(Bacterial fruit blotch, BFB)& ¥ o 7]+=
subsp. citrulliZ 1 AAHoZ BRI 9o F=2 —,—J'Oﬂ Z J3s F1 Idu. 4
avenae subsp. citrulliv= 19653 1= 8 Au AN A A& X3 F 3 (Sowel and Schaad,
1979), 1980 th 2} 1990\ =R w]=r o] Ful AR A tjFo =z WA= o A &
A7 HRAE A E HAA T O ZA 1988 NS vl RSt Bl Rz A4S 91 s}
31 A ThH(Hopkin et al., 1996; Latin and Rane, 1990; Somodi et al., 1991; Wall et al., 1990). &=
3k 19973 o] At A= w] =l A =43k 7}A] Z(Solanaceous) EAH(Assouline et al., 1997)
o} Mol A HIE O M (Isakeit et al, 1997), B3} 2HEQ] o] @ Fwule|= HIET
(Langston et al., 1999; Matin et al., 1999). YN = 21& FH Al Ao ZASIA ©]
mo] PEo YA X eF FolE 71tk T, FHatol A o] Bol 1998, 2001

d, 20090l oF7|EH, ofri7lEld, REYE, Wihed, EFAnE SellA EA skt

%ﬂbﬂfﬂt 1990 thell Pseudomonas®l] 2]gF M+t Wo| ZHEoA Bag o]% 1991:d #
B vAolA xS HuEI(song et al, 1991), TFE ZHEA o] A BRyuE Qidloy
2005133} 2006'd, 200930l A shEA Ao FHEAI SEAAA TSt F A E
FAT & A FFe UFA oA A WEe] PR 5o BaH \f ]Stt](seo
et al., 2006), 3 201013, 2011, 20121 FFAlollA] o] WF7t WA= AN o™ Fal7} =
55 AT

i Zejo A FE BASHE AU S o=

243+ Acidovorax <5 M2 Pseudomonas <50l A%5 o] W AlFol o 19921 Willems
et al.o] o8l MEA EFE $o2 WA, A 54, 16S IRNA €714 E 4 5ol
oJ3)] 8% 30}F 0 2 BFEUTKSong et al., 2000). I XSS Ao WAjo] Wy, S H
7158 @S] HE & S4kEti(Hopkins et al., 1996; Hopkins and Schenck., 1971; Hopkins
and Thompson, 2002; Lessl et al., 2007). %] WM A ZkA = 2540 QS g,
Fo o2 wA 4 9JtHLatin and Hopkins, 1995). 12} A F-S HUA Aldo] FA Auj =
Aol Fold AEA S =, 9F, 4 &) AEsit oo A el & vt
50l TH(Lessl et al., 2007; Latin and Hpokins, 1995). T=¢F 23 A9 A& = 4T
o FH AXS ol AhE F2 & A4 5o Auje] Aol s Agenh =3
30C oo athE3 oA WHlo] F7hat 90-100%9] &Aool dojdth= Bl
$JTH(Latin and Hpokins, 1995; Rane and Latin, 1992).

B AFol M= 4. avenae subsp. citrulliol FHEE Zt= JFAAFFAAE NS =
Ho g uiAZEH FAEAS SASH Y. | RN (Schlechtendalia chinensis)<
(Aphidae)®ll &3t 2% 93] FUF-9F 22 22U dnacardiaceae)dl FHE Z

=)

HANFE 4. avenae

o

HAFL A avenae subsp. citrulli7}
o)
AR

o\vH
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2, vty 4 EYF(Rhus javanica L.)o] LujARA 0] 7| sle] o] FoAX L7}
BT AE AR AREEHO] 2 uliAb= AT dAY Aol Yl ks, e, A
28, FIEH 5o Aol HusEi tkJo et al, 2000). 8|} FEFES
Staphylococcus aureus Y82 Salmonella gallinarum BHol ) =& FH4E4HE e
yglom, doj theiX = ¢k A3E B ks B3 (Choi et al., 2002)7F Qom, HY
=5 Pseudomonas aeruginosa2t A =5 DJMFR! Propionibacterium acnes®| 3l A=
%W%“é% YER ATl B E ATHCha et al., 2008).
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2 Aol ARE i AR S WAl A avenae subsp. citrulli= 7
E3HProf. FZF)oNA Lot ARt

AT BastHA afgstod ARESEA AL, AEA =S —‘?—HHZ}% AEA oA Aol £
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|1 &2 silica gel column chromatography®ll AF8-%¥ MeOH, hexane, CHCl;, EtOAc, 1
2]3l BuOH 5 YAFFEFA(F) 3 AH] extra pure grade®] §mi7} AMEH AT HFEF Al
oF myristic acid, palmitic acid< Samchun #|3%-& 3-n-pentadecylphenol Aldrich A& AM&
3T}, Bioassay©ll A8 beef extract, yeast extract, peptone<> Bacto A3, NaCl Samchun
A ZF, KH,PO,, Na,HPO, 52 Duksan A|FE AFE3Ith. UV/VIS Spectrophotometer=
Shimadzu #]AF2] UV mini 12402, Gas chromatography-Mass spectrometry (GC-MS)+ Agilent
9] 7890A71% S AHE3SIH AL Column-2 HP-5MS capillaryE AH8-35F .M Detector= Agilent
5975C, Library= Wiley (WONO08.L)Z A}&3}t}.
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Nacl (5 g), KH2PO4 (0.45 g), Na,HPO, (239 g), D.W. (1 L), pH (6.8) 27 0.8 243} 120
CTE 1583 71g3ste] ZASHRT WY avenae subsp. citrulli)< incubatorol| 4] 30C 2
24A17F 8w & ARESEATH

4. MeOH &&=

AZAIZ 22+ A SE blenderg ©]-83te] ZA 238+ 99.5% methanol (MeOH)ZE
A2 A 24412 A BE FZ3H T MeOH FA9F 2 14 & 33] 9HE3AT A 3A
(Toyo Rosh Kaisha Ltd, 300 mm x 100 circles, No 2, Japan)E AF8-3te] 1 ES Aejuir

MeOH FEEE& 40C oA rotary evaporator® 7& S A=A H T

9 M
>
N
to

71 QEIAK(12 kg)E MeOHZ 33] W8 3] 55 XA MeOH FEE(372
2)S At MeOH FEE2S 575 500 mlol] @EAZ] 3 hexane, CHCl;, EtOAc, BuOHS
500 ml® 33] &=2H o2 Lu|E-E 3}, hexane fraction (6.6 g), CHCl; fraction (8.3 g),
EtOAc fraction (314.5 g), BuOH fraction (13.6 g), aqueous fraction (29 g)= AT

6. Bioassay

A. avenae subsp. citrulli 7% B FH] Ao ZF3F2L incubatordl] 30°C Al A 124131 B s}
of vjokele AYEZ Aol AFESATE vk 9,900 ulE test tubeo] - 3 10,000 ppm Al
5100 ul & test tubeol] F7lst] A=A FEE 100 ppm O = ZA 3 TE 30T ol A 244
7t shaking Wl ¥3ted 3047F A X F 600 nm UV/VIS Spectrophotometerol| 4] optical density
(OD)# < =43kt

7. Hexane fraction 222 AA|

o] 43 hexane ¥ &2 SHEZS BAS)r] 913} Silica gel (Merck 7734, 500
2)< glass column(50 mm x 860 mm)©ll %73t T Hexane fraction (6.6 g)= n-hexane®l £-5i
AlA columm chromatography©ll loading 31T}, n-hexane-chloroform(CHCI3)2] &A= =}
|Z(step-wise) N A D2 127712 S EE L silica gel TLC platedl] gk F88-& o] 83|
spottingd} 3l hexane-chloroform (8:2)& /&2 /) sIHTE UV spectrume 53] TLC
plate FellAl UV &7 v T4 spoto] A7 AL, A4A| HS0,& 55t BiSlS o 2
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A spot LAY F-F5 AT ol wet F o719 IFSE SO LFo] 500 nl
S S 271 JATRY B=UE = AZXZAFH Y. hexane fraction 2 H-E Z}
Z} OBJ-H-S1 (760 mg), OBJ-H-S2 (80 mg), OBJ-H-S3 (230 mg), OBJ-H-S4 (410 mg), OBJ-H-
S5 (240 mg), OBJ-H-S6 (4,270 mg) 670 2] subfractionS AAT}

Hexane %< silica gel chromatography 2 #&] HA5te] A& 6702] subfractionsS 7
o7 il A Ao O S-S AASAT 22| subfraction A S 1 mg &
1 ml 9 MeOHZ Z7F3ted 1,000 ppme] AAARE THEQ T

Tl JAHSHAAS o R BE HYe 249 test tubeol] 12413t 30C E I &Hnj
F 3 HiFY 9,900 wl A Wi, ZHze] HAANRE 100 pA HFsEATE A2 £ 30T oA
243t shaking W g T2 3083 294 X & 600 nm UV/VIS Spectrophotometer ]|
A1 optical density (OD)#t2 S3tHoH, g 7o §7]& ¢ HHEo= 5 RiE o2 a3}
At

9. Silica gel column chromatography #32 ¢| & A EH A

Silica gel column chromatography &322 8 A& £4317] 95t GC-MSE AF&-3}
At} Flow rate= 0.9 ml/min(He)®] 2l &3 A] Al&+ HPLCE hexane©ll 3]443}4] auto sam-
plerE AR&3] 1 S FYJ3A T Ovene] 25+ 80T, 170C, 310C Z Rate 10 (C/min),
Hold time Z}Z} 2 min®]th. GC-MSO|A] A7 spectrumE- Wiley library Data base2} Hl
W3F Il o] & F3 silica gel column chromatography 2 A= &4 subfraction®l -F2 &2
=& THIATh

Tl AAR S AT gk 2ufAe] MeOH F2& {vlliE-gol g &4 244
A3} hexane fractiono| A 7} 733 SHEAS R o RS9 2 CHCL; fractionol] A
3t &8 B O, EtOAc fraction, BUuOH fraction, Aqueous fraction®| A= &AJo] Ho]
A &SkTHFig. 1).
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Fig. 1. Antibacterial activities of solvent fractions of S. chinensis extract against A.
avenae subsp. citrulli.

meA] o] 7HE Z33HAl UERE hexane fraction< silica gel column chromatography =
B A st EE88 300 m 2 olx 127719 B8-S AL T AL fractionsE TLC
o] loadingdled TLCHE el wahA 6719 fraction© 2 grouping 1] subfractionsE 2}
7} OBJ-H-S1, OBJ-H-S2, OBJ-H-S3, OBJ-H-S4, OBJ-H-S5, OBJ-H-S62} 331 th.

6711] subfraction®] o} FAHN SHE Ao e FHBHFE A A7, OBI-H-S6°1A4]
74 =L AA&S BAI, OBI-H-S2004 1 thg o8 %o 98-S Ve th(Fig. 2).
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Fig. 2. Antibacterial activities of 6 subfractions against A. avenae subsp. citrulli.

ub 3224 2-3(BFB)oll thek Al o] A UEld OBJ-H-S22} OBJ-H-S62 GC-MS
2 743 23 GC chromatogram2 Fig. 3 % Fig. 49} 23t}
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Fila Crimsdchem’ 1\data’ 140922%00201002.0

Oparator

Acquired 22 Sep 2014 1118 using AcgMethod DEFALILT M
Instrsment ©  msd1

Samgple Mame: 08.)-H-5 2 1000ppa
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Wial Number: 2

A000000

Fig. 3. GC Chromatogram data of OBJ-H-S2 fraction.

File ClhmsdchemiTidatal 1408200501006, 0
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Fig. 4. GC Chromatogram data of OBJ-H-S6 fraction.

7y7ko] peak7} ol® B IA] FELLA Wiley library2t 2H2He] MS spectraS Bl ahe
W20 F profilingste] T2E &SI

Subfraction OBJ-H-S2 subfraction®] GC Chromatogram®l 4] 15.555min®l YERZ peak (A)2]
mass spectrum-S Wiley library DB2] spectrum¥} B] 224§t A 7} myristic acid= 7 &5 ATh
(Fig. 5).

Subfraction OBJ-H-S22] GC Chromatogram©l| 4] 17.998 min®l| WY-EFH peak (B)2] mass spec-
trum< Wiley library DB9] spectrum} Bl #2A1¢k A3} palmitic acid2 =% U TthFig. 6).
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Library Searched C:\Database\WW9NO08.L
Quality H
D 'l'eiradecanmc acid $$ Myristic acid $$ n-Tetradecanoic acid $$ Neo-Fat 14

Abundance 73.0 Scan 2179 (15.555 min): 00201002.0Wdata.ms
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Fig. 5. Mass spectra of A peak (@) in Fig. 5 and myristic acid (®) in Wiley library.
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Quality 199
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Fig. 6. Mass spectra of B peak (@) in Fig. 5 and palmitic acid (®) in Wiley library.
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Subfraction OBJ-H-S6-2 #4213+ GC chromatogram®| 4] 22.925 min®] YERE peak (C)2]
mass spectrum=- Wiley library DB2] spectrum3} Y| 22433k Z 3} 3-p-pentadecylphenol 2 73
Z = A thFig. 7).

Library Searched : C:\Database\WW9NO08.L
Quality :81
ID : Phenol, 3-pentadecyl- $$ Phenol, m-pentadecyl- $% m-Pentadecylphenol
AbuRdance Scan 3457 (22.925 min): 00601006.OWdata.ms

@ e
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Fig. 7. Mass spectra of C peak (@) in Fig. 6 and 3-n-pentadecylphenol (®) in Wiley library.
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Fig. 8. Chemical structures detected from Hexane fraction of S. chinensis 1. myristic
acid, I, palmitic acid, . 3-n-pentadecylphenol.
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¥ myristic acid, palmitic acid, 3-n-pentadecylphenol= 1,000 ppm o2 =4
Ho g FJAES AASATE. AEHA A myristic acid 3HHE©] wl-$- 4
A& R 3-n-pentadecylphenol 3FEE 733t &S B S palmitic acid®l
F 24 HATKFig. 9). WEkA B Ao QufAZRE EE] g myristic acid9}
-pentadecylphenol 3+3tE°] A EHEA A2 4 HloH, 3+
E = myristic acid®} 3-n-pentadecylphenol 3}3HES FAHAROZ = F
Aol thek X187 AlE AAZ Jhdo] 7hed A0 E ATE T

<=9 3}3HE myristic acid, palmitic acid, 3-n-pentadecylphenol®] &4
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Fig. 9. Antibacterial activities of myristic acid, palmitic acid and 3-n-pentadecylphenol
against A. avenae subsp. citrulll.

V. H L+

A= Fuk ARl AQNHFQl 4 avenae subsp. citrulliol T8 A4S 2t
HE 71 sAAE NED B0 E QURAKS. chinensis)E THEOo.E = ATk 2u)#}
S MeOH=E FZ3t] &8-S atlar, &g FollA 78 43 &3S YERH hexane
fraction= column chromatography® -2]3le] &Aool 73 £ E& GC-MSE #4313t
GC chromatogram ‘32| 2 peak®ll 3]33= mass spectrum3} Wiley libraryS H] 23}
profiling@t A3}, R4 myristic acid, palmitic acid®} 3-n-pentadecylphenol©] & EXZ

HAEHIUT o]& A= FAEY I & HAsH] Hste] £FFS AHE3SH bioassay g

ZA 3}, myristic acid®} 3-n-pentadecylphenol 3}3tE0] 7§ EA44-& BT weti QujAZ R
E] £2]% myristic acid®} 3-n-pentadecylphenol 3}3tE0] &+ S =20 S FHATH
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