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Search for Plant-originated Antibacterial Compounds
Against Pathogen (Acidovorax avenae subsp. citrulli) of
Watermelon Bacterial Fruit Blotch

Noh, Jin-Taek - Choi, Yong-Hwa

133 Species of medicinal plants were used for the development of natural
agrichemicals with anti-microbial activity against Acidovorax avenae subsp. citrulli,
a pathogen of bacterial fruit blotch in watermelon. The MeOH-extracts of these
medicinal plants were examined for anti-microbial activity by bioassay. The
MeOH-extract of Citrus unshiu Markovich had the strongest antibacterial activity
against Acidovorax avenae subsp. citrulli. To identify anti-microbial compounds
from Citrus unshiu Markovich, solvent-fractionation was used. The fraction of
hexane, which showing the highest value of anti-microbial activity, was analyzed
by GC-MS. Each mass spectra, corresponding to each peak of chromatogram, was
compared to mass database of Wiley library. As a result, d-Limonene, y-terpinene,
[3-linalool, terpineol, palmitic acid, 9,12-octadecadienoic acid, Linolenic acid, and
stigmasterol were identified. Among them, d-Limonene, y-terpinene, (3-linalool, and
terpineol confirmed to be shown the anti-microbial activity by bioassay. Especi-
ally, d-Limonene and vy-terpinene found to have strong activity. In conclusion, we
thought d-limonene and vy-terpinene from Citrus unshiu Markovich. Latin, had anti-
microbial activity against Acidovorax avenae subsp. citrulli and could be candi-
dates for the control agents for the control of bacterial fruit blotch in watermelon.

Key words : acidovorax avenae subsp. cirulli, bacterial fruit blotch, citrus unshiu
markovich, d-limonene, y-terpinene
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uhs} ZHE-o] 24 -8 (Bacterial fruit blotch, BFB)-S 1965 1|+ S=ub zjuj Aol A 2
B 15 213 (Sowel and Schaad, 1979), 1980t} 1990t Zuk m|=tell A =A WA s 3

35 % S W (Hopkins et al., 1996; Latin and Rane, 1990; Somodi et al., 1991) = &
ojuy} &uf & by} ZEd it vse Eojital ks Bl 9l thIsakeit et al., 1997;

Langston et al., 1999; Martin et al., 1999). ¥¥ 4] 1990t] ZHE 7} oy o
o, o] A Fute] HASH AR SEE 19919 WE TF A X Bad o] 2t
702 Al § a1 (Song et al., 1991), 200597 200613, 2009 0] Ay SER A o] Futy
o SEGNA Bt HEE FRoH, HT A BT} dFA oA AnjEs A
29 Aol BE vl tkSeo et al., 2006).

Tk oA 2 A st AAH S-S Acidovorax avenae subsp. citrullioll 21| &
At o] waleo]l Fa, SHEYIFE A HE & ZAFETHHopkins et al., 1996;
Hopkins and Schenck, 1971; Hpokins and Thompson, 2002; Lessl et al., 2007). 12} &2 H
2 Aol FA Tl WollE FEA ) BABCL, BEF B0l BuaT e
DA Alo] B= 9o Th(Lessl et al., 2007; Latin and Hpokins, 1995). T3 58 of, &
£ B o e DA Rol Aol HAY, A F AL So) Aue AUe B
Wl 23} Aol $ei7k Ak 30C olakel neTid BN WHo] Z/hatkLatin and
Hpokins, 1995; Rane and Latin, 1992).

Tk oM Fr BAss JAASTH S AldE He=E
A AL sAA &) 7hesht 1 7 AL 3}
HARSHE WA = e SAZsHH Holy Aol H4d

Aul= ¥ U5 (Citrus unshiu Markovich) == 4 & =
LSl=H|(Kubo et al,, 1989), 3] 2] AHf o] &37] A=, 2353, F148§ 5 3
= AL 2 H3EtH(Matsuda et al., 1991; Kuroyanagi et al., 2008).
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41 280 A}-&H MeOH, hexane, CHCL;, EtOAc, Z18]3 BuOH 5 HAHFEFA(F)
S)AL9] extra pure grade®] Euj7} AFEE QT EFF A]9F d-limonene, y-terpinene< Fluka
A #-S, B-linalool Aldrich A%<, terpineols Sigma-Aldrich A|5-S AF8-3}% U} Bioassay
o] AF&-H beef extract, yeast extract, peptone Bacto |3, NaCl2 Samchun A|3%, KH,PO,,
Na,HPO, 52 Duksan A|F2 AF&-3} T UV/VIS Spectrophotometer= Shimadzu 3A}2]
UV mini 12402, Gas chromatography-Mass spectrometry (GC-MS)E Agilent®] 7890A7]F <
AH8-3F99 31 Column-S HP-5MS capillary S AH8-3}50 2™ Detector= Agilent 5975C, Library+
Wiley (WINO8.L)Z AH-&-3}93t}.

3. 48 WY ke
Sub 9pal A 28 5 2] v 9F v A= Beef extract (1 g), Yeast extract (2 g), Peptone (5 g),
Nacl (5 @), KH,PO, (0.45 @), NaoHPO; (239 g), D.W. (1 L), pH (6.8) 2702 ZAS}IL 120

C2 1583t 7tdsto —%Zﬂa’%ﬂ\‘:}- w1 (Acidovorax avenae subsp. citrulli)2 incubatorl| A]
30C 2 244)7F XEF vk & A}8-5} o)

4. MeOH &wi5&

AFAZ] FLAE 13322 A|EE blenderS ©]83le] 2zt ZA B35+ 99.5% MeOH
2 Ao 2447 HAFEY FE31H T MeOH HA9F 5 A S 33 §HES

=]
T
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_O|_,
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ks
2

Y3l MeOH FZE-2 40Coll A rotary evaporator = Z.}O"i——,zr AnA AT AA 7] MeOH
FZE2E 4AFEFS 10,000 ppme] FEZ MeOHO| =9 bioassayE SFATE
5. MeOH #% ¥ &v|£2

AZAIZI A3 600 g& 1 L MeOHZE 33] ¥HE FE31o] 55 AXAA MeOH FE&
(3148 g)& LAY MeOH FEES 74 500 mlo] AEA)Zl F hexane, CHCl3;, EtOAc,
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BuOHE 500 ml¥ 33] 21807 fuji &3], hexane fraction (3.43 g), CHCI; fraction
(2.70 g), EtOAc fraction (3.27 g), BuOH fraction (5.15 g), aqueous fraction (16.93 g)= 2]t}

6. Bioassay

HA A avenae subsp. citrulli TFE B Fu Aol FF3}AL incubatorel]l 30Coll A 244 7F
H A TE Ml AT 10 mlE test tubed]] E-2> F 50 ul®] AR E tubedll FH7Fste] 30T
] 24217t shaking HiFsle] 30E37F X & 600 nm UV/VIS Spectrophotometerol] A optical
density (OD) #tS =43ttt 2F&4 % 13359 MeOH FEE53 Hu B0 3 =4

B A3 Avo]11 A3 Hexane fractionoA] AESHE IFFES] izt YEAAHL 3
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7. Hexane fraction? 3

o

437 st GC-MSE A8t Flow rate= 0.9
ml/min (He)o] 3 =4 A] A8 HPLCE hexaneo] 341519 auto sampler AF&-3ted 1 ul
2 7989tk Ovend 2% 60T, 170C, 220C, 310C & Rate 10 (C/min), Hold timeS
Z}7}2 min®|th. GC-MSo| A A Z spectrumE -2 Wiley library Data base®} Hn 3} 3L o] &
53] 439 MeOH F2E0] &8 ERZES TH3IATh

Hexane fraction®] F8 A&

l‘lr

oF&21E 133F 9] MeOH FE&0l theh F8F FAXNSH Aol gt I ddS =AM
A3}, A 3I|(Citrus unshiu Markovich)2] MeOH FZE°] 4 2% -SHof st &S
YEtAth F9ERE 3 GAEHES 7] st B39 MeOH FE&ES &viE 9
sto] Su Rl JAEAS 7S A, hexane fractiono] A 7HE =& A4S Ry

(Fig. 1).
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Fig. 1. Antibacterial activities of solvent fractions of Citrus unshiv Markovich extract
against Aciqovorax avenae subsp. citrufli measured by investigating the transmit-
tance of cultural media with UV/VIS spectrophotometer.

Fub Ao ek Fdd/dol AskA UEhd hexane fractions GC-MSE &4 %h
A3} GC chromatogram> Fig. 29} Z34th

File :C:\imsdchem\f\data\140516\01901001.D

Operator :

Acquired : 27 May 2014 17:41 using AcgMethod DEFAULT.M
Instrument: msd1

Sampie Name: cp hex 10,000ppm

Misc Info :

Vial Number: 19

Abundance TIC: 01801001 .DWdata.ms H \
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Fig. 2. GC chromatogram data of hexane fraction.

217} 9] peak7} oW EAQIR] 75} A} Wiley library DB} Z12+2] MS spectraS H] L
st WA S Z profilingsty] FE2E 1T

GC chromatogram®l| 4] 6.651 min®] YENH peak (A)2] mass spectrum= Wiley library DB2]
spectrum™} Y28 A3} d-limonene . 2 # H A THFig. 3).
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Library Searched : C:\Database\WSNO8.L
Quality - as
D : di-Limonene $$ Cyclohexene, 1-methyl-4-(1-methylethenyl)- (CAS) $$ Nesol
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Fig. 3. Mass spectra of A (@) in Fig. 2 and d-limonene (®) in Wiley library.

7.132 min® YERE peak (B)9] mass spectrum= Wiley library DBS] spectrum®} H] !4
3l A3} y-terpineneC.E I8 & A TtHFig. 4).

Library Searched : G\Database\W9NOS.L
Quuality 197
1D : .gamma.-Terpinene 3% 1.4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- (CAS)
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Fig. 4. Mass spectra of B (®) in Fig. 2 and y-terpinene (®) in Wiley library.
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7.750 min®] YERE peak (C)2] mass spectrumS Wiley library DB9] spectrum¥} H] &4
3t A3} B-linaloolZ ' & ATh(Fig. 5).
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Fig. 5. Mass spectra of C (®) in Fig. 2 and B-linalool (®) in Wiley library.

9.215 min® YEPE peak (D)2] mass spectrumS Wiley library DB spectrum3} H] ul A
St A3} terpineolZ I = A TH(Fig. 6).

Library Searched ChDatabase\WSNOS. L
Quallty
H 3 Cyclohexene—1—methanol .alpha., alpha. 4-trimethyl-, (S)- (CAS) $$% Terpineol
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Fig. 6. Mass spectra of D (@) in Fig. 2 and terpineol (®) in Wiley library.
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19.978 min®l] YEFF peak (E)2] mass spectrum3- Wiley library DB2] spectrum™} H] 1l &4
S 23} palmitic acidZ ¥ A hFig. 7).
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Fig. 7. Mass spectra of E (®) in Fig. 2 and palmitic acid (®) in Wiley library.

22.278 min®l|] YEIS peak (F)] mass spectrum= Wiley library DB2] spectrum3} H] 2]
Sl A3} 9,12-octadecadienoic acidZ 4 = ATh(Fig. 8).
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spectra of F (®) in Fig. 2 and 9,12-octadecadienoic acid (®) in Wiley library.
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22.381 min®l] YEH peak (G)2] mass spectrum= Wiley library DB2] spectrum} H] w34
A3} linolenic acidZ ™ & Y tHFig. 9).
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Fig. 9. Mass spectra of G (®) in Fig. 2 and linolenic acid (®) in Wiley library.

32.789 min®| YEFE peak (1)2] mass spectrum= Wiley library DB2] spectrum3} H] w34
A3} stigmasterol 2 T ] A THFig. 10).
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Fig. 10. Mass spectra of | (®) in Fig. 2 and stigmasterol (®) in Wiley library.



86 +=3

CH; H3 ,

Hac” “NCH, e gy, HaC g
v VI
X
)
WMMOH 0
HO
VI

OH

Fig. 11. Chemical structures of the compounds detected from hexane fraction of Citrus
unshiuv Markovich extract, 1. d-limonene, II. y-terpinene, Il. B-linalool, 1V.
terpineol, V. palmitic acid, VI. 9,12-octadecadienoic acid, VI. linolenic acid, VI.
stigmasterol.

E A3E 38 EH 6~10 min A}o]ol] UERA peaks-2 essential 0il¢! d-limonene, -
terpinene, [B-linalool, terpineol > 2 FHE A3, 19~23 min Alo]o] YEFD peaks palmitic
acid, 9,12-octadecadienoic acid, linolenic acid 5 A|Ato.2 FHEHJQ O™ 32789 minol A
steroid 3312 stigmasterol®] HEFH AT 23 32.086 mino A YERS peak (H)2} € X
Sk 3H8HEo] Wiley library databaseol M= AEH A Fdth webd 3 o] sHehE<] 3}
&4 o] o]Folxeol & ZoF Addnh

ol HEH IHE T I GHELE FHET essential oil A

= -limonene, -
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o o
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Fig. 12. Antibacterial activities of essential oils detected from hexane fraction of Citrus
unshiv Markovich extract against Acidovorax avenae subsp. citrulli measured by
investigating the transmittance of cultural media with UV/VIS spectrophotometer.
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