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Abstract

Botanical antimicrobial agent-grapefruit seed extract mixture (BAAG) have an unknown compounds which exhibit the
antibiotic activities aganist microorganisms including bacteria and fungi. We have examined the effects of BAAG on the
physiological function of Botrytis cinerea which was isolated from necrotic lesions of decayed fruits and vegetables such as
cucumbers, grapes, tomatoes, and red peppers during storage. In the results of enzymatic activities related to the energetic
metabolism there was no inhibitory effect of BAAG on the activities of several enzymes in vitro including glucose 6-phosphate
dehydrogenase and malate dehydrogenase, while there was inhibitory effect of BAAG on the activities of hexokinase and
succinate dehydrogenase. O-nitrophenyl-B-D-galactopyranoside(ONPG), the artificial substrate of B-galactosidase was hydrolyzed
in the presence of BAAG, indicating that the membrane was pertubated by the BAAG. From the results we suggested that
the antibiotic activity of BAAG is due to the change of membrane permeability of the cell. BAAG was fractionated and
purified by silica gel and sephadex column chromatography. Among active fractions two peaks were identified as naringin
and limonin when they were analyzed by by NMR and Fast atomic bombardment.
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& FERUE dF FE3, FEHUNA ASTFTAFEE
(Grapefruit seed extract : GFSE)2 =3 3lg o ojuf &4
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A ExZZE 0| lactic acid 5%, citric acid 5%°] HEE
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Glucose-6-phosphate dehydrogenase (D-
glucose-6~-phosphate: NADP-oxido reductase
; G6PDH, EC 1.1.1.49)2| £ &H
Glucose-6-phosphate  dehydrogenase®] 412 o] o} Wb
O " SHsHTY F £4 v (AA ¥¥ 1 mL)
9] ZAHE FE)L 30 mM TrsHC (pH 90), 6 mM
MgCl;, 024 mM NADP+, | mM glucose-6-phosphate} <&
72 T2 BAAGS Aottt EaA wREE 71E<
glucose- 6-phosphateS 713t Al28I4 AL, At wet 340 nm
A FFT H3E SA%A faae] FAE AASIAh

Hexokinase (ATP: D-hexose 6-phosphotransferase
'EC 2.7.1.1) 9 24 &H

Hexokinase®] §4 AL 54 wgNd] glucoseE 712
Z 3o} AHAlE glucose-6-phosphate dehydrogenaseE % 713}
o 3 A4/3¥ D-glucose-6- phosphateE- coupling assay ¥
(10022 AFsle AANIYL o wAR@A By 1
mL)2] ZA(AF F5)& 40 mM Tris-HCl (pH 7.6), 222 mM
Glucose, 8 mM MgCl;, 091 mM NADP+, 0.64 mM ATP, 1
unit®] glucose-6-phosphate dehydrogenase, o2 7}#] Fx o
BAAGS} #A-go|itt B AL gluicosed 718le] A28t
95 40 nmelqe] BREY MaE Zste] AR

Malate dehydrogenase (L-malate NAD+
oxidoreductase : MDH, EC1.1.1.37)8| M&H

Malate dehydrogenase®] &4 4 &AL malateE 7|2=Z
st AAE NADHo| 2]3] 2,6-dichlorophenol indophenol
(DICPIP)7} EYH = %S 620 nmollN F3E9 W3 E &
Aansted FHsGch SREAGEART 1mL)e] ZHHF
$5%)€ 20 mM phosphate buffer (pH 7.4), 0.43 mM NAD, 30
mM nicotinamide, 10 mM Na-malate, 0.86 mM KCN, 0.0034

mM DICPIP, &&] 7}A] FX9] BAAGS} f4Yolith

Succinate Dehydrogenase (succinate :
oxidoreductase ; SDH, EC 1.3.99.1)2] M =4

Succinate dehydrogenase?] &AL F Fo| WD wet
AT &, v (A 27 1ml)e] 2AHFT TE)
£ 50 mM phosphate buffer (pH 7.6), 1 mM KCN, 0.04 mM
DIPCIP, 20 mM sodium succinate, &&] 7}2] F%9 BAAG
o} ZAgoldrt ¥ DIPCIPY] kS 620 nmojlH ZA
st &40 848 FHIG

B-galactosidase(B-D-galactoside
galactohydrolase ; EC 3.2.1.23)2] ™zt

BAAG7} PIAE9 HETo] wXe s dolrr] 9
g AEE 54354 23, toluene, chloroformi} BAAG &
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A FA 2] B-galactosidase’} A FEH e o] ARE Fur
SrtH12). AME-F57) B-galactosidaseE 7}R|3L §lS-& IPTG
(Isopropyl-B-D-thiogalactoside), X-gal(5-Bromo-4chloro-3-indolyl-
B-D-galactoside)S 73 v Aol A 1T Wl Lo
AEA Bel® E coli @ Pseudomonas  syringaeS < %)
Aol AEG 5, 37ClAM 24412 WP F, M9 medium o
2 $AFD 600 nmolM FRE7} 02~070] HEE Wik
g o, 0TAlA WAlstd A4S A Wi 05
mLo] 22 Ao gFAs sty 1023 T EE

toluene, 7%, FFFEE, chloroformg 2 FE(500 ug
mL)E Xgsta, A 1027 HA E59] F9c}. Toluene
AAE A3 37CelA 4023+ WR)ekar, 28TellA 583 o
HFX)5}al o-nitrophenyl--D-galactopyranoside(ONPG, 4 mg/mL)
£ 02 mL A7bE & 50| F31 oF 20417 F<t 28T A
WSt 1 M Na;CO; 05 mLE 718t -8 AFAAZ)
23t 454 FREE 420 nmol N EHFY

2e AFE 0202 FT toluencd HolE A

Fgago] =Ygt BAAGERE Jg@AE2E column
chromatography & ©]-§-3t ¢4=3}4 £2}3}1, NMR 2 Fast
atomic bombardment(FAB)Z 7ol 95t Fa8HEHY
#Ar2E o 2ol &Y - TG F, sympid
BAAG 100 g& 294 wjghg 300 mLE 33 FZ3lq
HgE F2ES AU ©] FEES TFS 300 mLo) &
ElSl &, ethyl ether 2 ethyl acetate® Ztz} 334 Huj - &
Z3l ethyl ether £EE} ethyl acetate EZHEL Ut
Ethyl ether ¥ & &% silica gel (70-230 mesh, Merck) column
chromatography (petroleum etherfethyl acetate=99 : 1 — 80 :
20, gradient)dted 3709 AFE(FE1~FE3)}E Al =
Y% 90| e &YE FEIS Sephadex LH 205 A}
43t column chromatography (CHClyMeOH = 30 : 70)8}<]
Compound AE |39t} ethyl acetate H&E-S silica gel
(70-230 mesh, Merck) column chromatography (CHCly/MeOH =
98 : 2 — 70 : 30, gradient)3}} 4709 AR E(FAI-FA4)L
Uoitk Belg $8F FFFo] gl 288 FA2E sephadex
LH 208 AFE3t column chromatography (CHCly MeOH = 10
: 90)8l] Compound BEZ ]38ttt H2]9 compound A$}
Bl T2EAHE 8 'H 2 "C NMR 25EZg 429
A ZA3Yt) 717]2E Bruker DRX500 (500 MHz)& A&
9o TMSE 7[EEAZ AMSIHTh 3, 7189 AR
e AHEHo] EXF S0 AF= vhd, nEse A
FE4e H2 J1eveel 9, AREHoS 338
A4 240 e Qo Wt BANE AT + e
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A B4 B vXe 9% ZARIYG 53] ouvx o
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glucose 6-phosphate  dehydrogenase, malate dehydrogenase 2}
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Table 1. The relative activities of botanical antimicrobial
agent-grapefruit seed extract mixture on various metabolic
enzymes concerned with energy production. Enzymatic activities
were represented as percentage assuming the control as 100.

Glucose-6- .
Treatment (%)' de};});l;sggh:tnzse de}?;;zcol;t:me &h;grﬂogfm Hexokinase
CONTROL 100 100 100 100
BAAG 001 9% 93 98 )
BAAG 01 % 8 9 8

winjo|sE el MES} 7ls0) ojxks BAAGS! XzlEm}
BAAGE MZo| Hesige o, AZote] 93¢ FE7H
2 gdoluy] Y3l BAAGS] &3t A Botrytis cineread)
M Z] B-galactosidase®] B3-S ZA3MAck. Borrytis cinerea
7} B-galactosidaseE A AJsl=71E Loliy] iste] PTG}
X-galg 7ehed & sl sl SHeAl colony7) 2
o o) fad AL VAL & AATh olojA, A2
k3t 3, ONPGS} M|E E3tolo] &34, toluene, chloroform,
BAAG(0.05% 3 0.1%)% 7lste] 3ok EFAstux ste
f4 P-galactosidaser} ¥ G X o] EA)EFRZ BAAG7} Al
Eutel] JEFLS Fo] MEo] £ARL wrol B-galactosidaser}
HE wrog 20| o), wlened 7tete] & BzToIN
Ad A ZAo] HEHr Fg 1o vebd vigl o,
Z55E 71EE dzFoA e e 0223530 toluened 7}
3t F RS 10022 3198 o, BAAG 0.05%2 72
62%, BAAG 01%°] 7% 93%2 @A) 74251“!:}
Chloroform & 7}ate] HEuHS 45t E2 gho] 10%%E
b o] EujE BW, BAAGE chloroformBth AlE=S ©
& A7l Aoz WY HUT. o) A PAT AZ
4 A A Ade & AL, BAAGY FFZ}
&2 ouix AU dAE fdste AnebiEde
HAEL] MER 7150 £48 FE A ZIdske Al

2 4738
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Relative actwity of B-galactosidase

Toluene I Chlorotorm .BAAG(O‘OS%) ' BAAG(0.1%)

Fig. 1. The effect of BAAG on the membrane pertubation
of Botrytis cinerea : The cells were treated with the reagents
including toluene, chloroform, BAAG (0.05% or 0.1%) in
the media containing ONPG as substrate for B-galactosidase.
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Fig 2°M RE ups) go] 3¢E A9 'HNMR 23
THA sMo] Tt o] 75t

% Alﬁﬂ hmom A skt WA limonin 2] 4%
# " 4 CHy) q f, j 2 iE 112~1.24 ppmoll z4z}
H dde gdxog Aozt 5289 vddl 44 (CHy)
ZF o % pe 77 143 9 135 ppmoll A oA oZ el
ot 283 UHA 3FF dEd

)\o] m, 1 cﬂ g_o_ 7L7¥

AHos ARG 482, 282 2 245 ppmoll A *H dHO
2 dojFth olx¥g ARTIZANA AEIE Yed olfiE
Qe Axplzpd ¥ dHZ 9% WYRD

(deshielding effect) W&ot} 5552 el 44 (CH) oA
d, k 2 e& 747} 553, 428 L 3.15 ppmo]A] 'H WHo g
dojftk 2 vyl F o' $490 hel ne 7}
2 188 ppmollA FHo g vERY WIS a9
2 a= 7zt 775, 765 .2 651 ppmolA 'H W0,
wt} Fig. 304 Be wie} o] 83E A9 RE ¥4 ¥
HAae F sfAslold HNMRY &4 Zitel FYeA
limonin®. & FHEAUCE = 4Z5H0] vdel s 9, 14, 15 2
26%= 17.87~21.78 ppmol| A 478} HAZ PoiFcth EI 3E
7o Flzrd g@h F 59 182 3EH Ao T
177.53 ppmol| A, 102 170.06 ppmol| A z}zt LolATh 45F
o) WhakE ElbA 1, 2, 3 @ 25%5 Zhz} 144.11, 14249, 121.73
=2 11098 ppmoll 4] o]t} Sigma-Aldrich NMR DBE -}
A& limonin 2249 'H- ¥ "CNMR AHEZHL Fig. 4
g 2t} ole 3FPE Ad WP 'H- (Fig. 2) 2 "C-NMR
(Fig. 3) ~¥EAY F IAstYch #, Fg SAA He
nigl o] 31¢E B9 'HNMR AHEHO2RE RE 5
4 FEAY Aol diH Zo| rbssle B A}
Nanngm%le TRk WA Narigin #2449} 13579 #€

ZA(CHs) k= 128 ppmollA] *H W9 AEHog dojy
E‘r 2%7o] WEd +4(CH) ast q= Ztzt 3.89, 3.60 ppm
i Muteltt}. 97 WY FA(CH) FX4 b je 47
395, 381 ppmollA JEbRTE 12]th, d, g= $3HH 87
o] FYste 370 ppmolA ThFHLZ YERT ¢, i, eE
747} 348, 341, 326 ppmollA] 'H ©H] gEHo g vehgt
thot, |, f& Atyoes AxA zhzk 549, 535, 5.18 ppm
oA 'H Bz oz Jehdth 3%5Fe] w3k $4 n, 1% m,
s 283 o, pi= ZH7} 741, 690, 6.17 ppmellA] °H W9 ¢}
FHeg vehgt. Fig 6914 B nis} 2o 3FE BY
BE g 3EAS Z oA 'HNMRY 34 Ae}
TY3A Naringino 2 FRHUL. &, 157 7l2Rdg
A7} 19795 ppmoliA] dojFth zelx 1, 20, SH A7}
z+7} 62.37, 43.35, 18.36 ppmo A} LA ch
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Fig. 2. 500 MHz 'H-NMR spectrum of
acetone-d6.
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Fig. 3. 125 MHz "C-NMR spectrum of
acetone-do.
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Compound A9] AF B4 ANE FHHAA FHeln 2o
Fg. 7¢] YehiSict. ZA-utl-Hetnlm/z) 471.202594 Limonin
o] ZA29 G050l dFslHs M+H(CotnOs, 123k
4712019, ABQ Al +12ppm) FA7} BAEYY. AL
e 9A), AT Ao YAk b Compound
A+ Limonin® 2 <1 Hyct

Compound B9 A £ ZA#E FH9A HEF 2ol
Fg. 89 YehiAckA#-uj-Aslul(mfz) 5811852914 Naringin
9 FAA CyHnOuol 3F3e M+H(CxH»nO0u, ©l 23k
581.1870, A3l 3.lppm) =7} #AFUC FAJ{ES
AgRyoz BAF o, ofn] o] YHstE JHAok
AEo] 7bsditt o FHIE VAT WAoE ojmjol
g HAxE & 7 "ol HAMHT, FaUA 3 A7
ojulExle] B #M+H)o] ok 994 HHS 9
S AT, AT AFde] RS AU wEbA
A& BE Naringin® 2 <1 Hoh

ol Aol X HE Hlel o], NMR @ FABe| EAZH3}, &
29 31320] limonin# naringin®.Z FTEFHOE Q) E
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Fig. 8. Fast atomic bombardment spectrum of Compound B
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Absh BEE G480 W 9FE AWRT] A5t A7t
A tAFRZolN Fa% @@ skt 9l hexokinase,
glicose  6-phosphate  dehydrogenase, malate dehydrogenases}
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dehydrogenase 2  hexokinase Ao ke B4
4 dAREe BRE 5 A T, AT wAE o
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