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Studies on The Bio-Fungicide Against Pathogenic Fungi
Causing Ginseng Root-Rot Disease

Kim, Kyung-seok - Hong, Su-hyung - Lee, Eun-ju, Ha, Ji-hong

Dept. of Genetic Engineering, Coll. of Natural Science, Kyungpook National University
Taegu 702-701, Korea.

Abstract

We selected KGM-100, a powerful antagonizing bacterium against soilborne Fusarium solani causing
root rot of many important crops, among 500 strains of bacteria isolated from rhizosphere in ginseng root
rot-suppressive soil. KGM-100 was presumed to be Pseudomonas aeruginosa or its near species. Antag-
onistic substances produced by KGM-100 against Fusarium solani were identified as heat-stable, low-mol-
ecular weight antibiotics. The antagonist KGM-100 produced siderophore, an iron chelating agent, that is
assumed to be pseudobactin, but the siderophore did not inhibit Fusarium solani in vitro. Morphological
changes of Fusarium solani inhibited by the antibiotics showed an abnormal branch stimulation and a
hyphal disintegration. Pot test showed approximately 30%-50% biological control effects when KGM-100
was treated with Fusarium solani-infected soil.
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agent-grade acetone®.2 A washingd+ ¥ 0.03M acetone
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method2 17t & ZAMHIATH 1 225 Table 4.9 At
Hetfion kom-1002 99 ZhERe) a48 AR
Table 1. Antifungal spectrum of isolated microorganisms
Test Fungi
\ Maduralla Fusarium Fusarium Pyricularia Pythium Valsa
m.o grisea oxysporum solani oryzae ultimum ceratosperma
15 B* B C
46 D
75 B B C B C
100 A B B A B
152 C C € B C B
223 € €
261 C
369 B C
464 C

* Agar plug test (inhibition zone: A>15, 15>B>10, 10>C>5, 5>D)

Table 2. Morphological characteristics of KGM-100 and P.

aeruginosa

Characteristics KCM-100 P. aeruginosa
Cell form rod rod
Motility + +
Flagellar number 1 1
Flagellar
arrangement polar plar
Cell size, um 12-22 1.5-3.0
Cell diameter, um 0.7-08 0.5-07

Fig. 1. Micrograph of KGM-100 (by TEM, X 12,000).
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Table 3. Physiological and biochemical characteristics of KGM-100 and 7. aeruginosa

Characteristics KCM-100 P. aeruginosa

Gram stain = -
Gelatin liquefaction + +
Starch hydrolysis =

Denitrification + +
Catalase production + +
Citrate utilization + +
Arginine dihydrolase + -
Oxidase + +
H2S formation + =
Esculin Hydrolysis : +
Growth at 4T = -
Crowth at 41 + +
Fluorescent pigment + +
Pyocyanin + d
Lecithinase — -
Lipase(Tween 80) + -

Utilization of carbon sources*

(Ribose, Clucose, Arginine, Succinate, Glutamate,
Mannitol Gluconic acid, n-Propanol, Ethanol, Citrate,
Tyrosine, Fructose, Glycerol)

Xylose, Arabinose, Mannose Galactose, Sucrose,
Sorbitol, myo-Inositol, Maltose, iso-Propanol, Phenol

+ : positive or good — : negative or hot utilized d : doubtful
* Each carbon sources were added with concentrations of 0.5% to The minimal medium of Palleroni and Doudoroff, and growth was checked
after 10 days cultivation at 30C.

Table 4. Assay results on extracellular enzyme production of KGM-100

Antifungal activity

Disk diffusion method Agar plug method
Inhibition zone(mm) Colony sizemm) Relative activity("/o)S
Culture filtrate' 20 24 100
Dialyzed sol.2 0 40 6
Heat-treated sol’ 20 2 90
Ethyl acetate ext 18 ne* ne

1 s
Culture filtrate was concentrated to one tenth by volume.

2Dialyzed culture filtrate, against water at 4T for 48hrs through cellulose dialysis sack(MW 12,000).

Heat-treated culture filtrate at 80°C for 1hr.
4 ;
Concentrated soln. after equal volume extraction by 5ml ethyl acetate.

w

Relative inhibition of culture filtrate against a control without incorporated culture filtrate.

n.e*: not examined
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L}. Siderophore A4

Low iron medium®] Al KGM-1009] 2l& HMAE = sidero-
phore:= yellow green pigment$} fluorescenceol] 23 &Hl%]
o™, culture filtrated]] FeCl3E 7} 3 350nm~500nmol|
A Z4g FREE fig 20 YERARIT) o] ZRE £ o
low iron mediumol| A Bj 3t filtrated] S 7HAS HS
405nmol| 4] peak absorbance”} WEFO. U iron-added me-
diumol| A v S filtrated] HE 7} Afoll= peak
absorbance”} YEREZ] ottt wabA], KCM-100 Fe7} -
3 BN & aH o2 0] 8357914 siderophore
2 FHEe & F AA 405nmoll A KGM-1002] absorp-
o EI¥E  mixed
bhdrefdmateudttbaboh SHe®+= 313! 400nm peakd} A5}
ot mebA KeM-1000]  9fd AAEE  siderophore
pseudobactin?l 0.2 FA = ¢k

tion peak Teintze et al O

4. Siderophore2|p2| & XX

7|. Siderophore2| 22| ! HH|

Fraction collectoroll A} B2 7} fractionS 403nme] &1}
Bl A ZARE ARE Fig 39 YERRLH, 2] peak7}
ZAFASY iron chelatings® S FARF 2 fraction
number(9, 10, 11, 1294 Uehhe peak?} siderophoreq] 2
o2 SIS Siderophore peakE O] %+ fractiond &
of ThA] scanning UV spectrometer2 ©]59] F4ut4S
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Fig. 2. Absorption spectra of the culture filtrates of KGM-100.
® Iron added(0.1g FeCls/L) : Curve A
® Iron not added : Curve B
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Fig. 3. Gel filtration chromatography of siderophore using a
column of Sephdex G-25. Sephdex G-25 column(15 x
25cm) was equilibrated and eluted with deionized
water. Fractions of 2ml were collected at a flow rate
1ml/min.

L}. Siderophore2| ME3IX EM

In vitrool| A iron2} iron chelator7} KGM-1002] & 243 A 4
AR 4 E40 A= YeS Table 5ol YERHAT 104
g/ml F59] ironS KMB mediumoll 7118 ¢ #3A M A
S #H)8HR) @kow, Fusarium solaniell th 3 KGM-1009] %)
A 842 7107 irone] oll BAIglo] Ao Ykt
3t EDTAS W& %ol & siderophore?] A 4o] 21l o
iron® EDTAS 7Fa} 7] 932 KMB medium®ll 4] KGM-1000]
Hole g @Ad uls) $4o] EAYUT. wabA, Kom-
1000] 4] & siderophores= in vitrool| 4] 8t &4l ¥hed 3}
A B AeZ Holn ols A A s dojA
siderophore®] E4ZAL] Z99te FU3 Az Yehd
S ¢ F At 2y ALY F9] impuritydt 2] F
=9 oA o7} UG F Qorz ol tig FEAR
7k g g &telet 2o
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Fig. 4. UV absorption spectra of siderophore

Table 5. Effect of iron and iron chelator on the production of fluorescence and antifungal activity of KGM-100 in vitro

Chelator added
None EDTA’
4
fluorescence colony fluorescence colony
observed size(mm) observesd size(mm)
None Iron +! 30 + 2
Iron’ Tug/ml + 30
added 3pug/ml + 28
10pg/ml 29 = 24

Toif i
(+) siginifies presence of fluorescence.

*EDTA was added to the KMB medium at 2mg/ml.
5. YMEHo| ity M|

WA mE o] A%, dat BA % pHY WalE
fig. 5ol LtEhHATh o] ASE ujek 6217t ol oln)
exponential phasedl] 50]7t..2 36A] 7tol| stationary phaseo]
Holedlth g 84e 7o 483 §Ad F7hehe &
de Ao 4801 F Huol Daldct. whR 9] pHE %
7Yt Aol dRA Frkshe dE HAT HHz
A& ke 150 o] WA S Fig 63} 72 FA S A

A HEHo2 N2 O polaritys 71T RS 4%

Aron as FeCls was added to the treatments.
4Colony size of controlwithout KGM-100) was 62mm.

31998, 7] methanol2 W23 AL 3o A3
S KGM-100A, prep TLCOl| o} A& 2S KGM-10082}
Bt KGM-100AE =dae] 2ot AHo|gjom o
ArjFoz Siet AFS Fig 7ol YERHATH Prep
TLCl 9f 3] A 3+ KGM-1008+= dark brown gelo] 215 TLC
X ThFe solvent system .2 A7 A3 B spot
& Byt Aol Eu|3 AR olaf JFS we
Fusarium solani®] AFA& Fig. 89 YER)QITE A ito) o
& FEFS T2 Fusarium solani= controloll ¥]3] abnormal
branch®} hyphal disintegration® 45 Bt} 0|23 mor-

2
3
3
=
=



46 KL | 5 248, 1994

2
o) 2] & polyoxin®| L}, polyeneZl 5o} FAEHL opd Ho
2 Alg 9ok £33 RNATA S el ate griseofulving] A3

29l hyphal curling@ 4= YoiubA] gtk 122z o

target siteS 718 7hsAdol & RO Alg €

Whole culture broth(15 liter)

centrifugation

(10,000 rpm)
extracts of supernatant
cell pellet
Diaion column chromatogra.
[ | I 1
fr.1 fr.2 fr.3 fr. 4
Ethyl actate extraction
Silica gel column chromatogra.
(70-230 mesh)
eluted with Acetone : Benzene
I [ I I [ T I 1
fr.1 fr.2 fr.3 fr. 4 fr.5 fr.6 fr.7 fr. 8 i

silica gel column
chromatogra. (230-400 mesh)

eluted with EtoAc : Benzene

1T 1 T 1
fr1 fr.2 fr.3 fr.4 fr.5 fr.6 fr.7

Recrystallization in MeOH

KGM-100A

(yellow crystal)

silical gel column
chromatogra. (230-400 mesh)

eluted with Acetone : Benzene

| 1T 1T T 1
frr1 fr.2 fr.3 fr.d4 fr.5 fr6
(o

Prep TLC (50% EtoAc:Benzene)

KGM-1008
(dark brown gel)

Fig. 5. Purification procedures of the antibiotics KGM-100A and KGM-1008B.
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1. Pot test

Pot test®] A4S Fig. 90 YEPhTE SU& 2L 4

90.0
50.0
Fig. 6. Micrograph of KGM-100A (x400).
|
M 7R
| %
{ ji 0.0

Control  F. solani+KGM-100  F. solani

*

iy E Fig. 9. Mean survival rate of red kidney beans when
: z KGM-100 and F. solani were added to pots.

; : g Each column is the means of four replicates.

| b Survival rate : Control(not-treated) : 84.3%

2 so-e/ ]

F. solani + KGM-100 : 64.6%
F. solani : 28.6%

[} 12 38 80 86
TIME (HRS)

Fig. 7. Growth profile and time course of antibiotic
production

A

Fig. 8. Morphological changes of . solani inhibited by A B c
KGM-100 Fig. 10. The photograph of red kidney bean plants after
A : F. solani on slide glass(x 200) 10 days.
i , A ; Control ( Not-treated )
B : £ solani inhibited by KGM-100 on slide glass (X 200)

B ; KGM-100 (1~2 X 10% + F. solani (5 X 10%
C; F solani (5 X 10%
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3] utEsle d2
tiple Range Test2 57| A2]gt Z3o|® control, Fusarium
solani + KGM-100, 12| 1L Fusarium solanis 2|3t S 7
$- Zbz} 843%, 64.6%, 286%9] YEES Bk o] A
2 2 o fusarium solanit 2] 3RS 7432 0} KCM-1002+
A H2elE S A <F 30~50%9] A IRE BASS
) 010111 o= Agidx% A 2 41 KGM-1000] A]._g.;l
T AS Yl Fig. 102 control#} Fusarium solani +
KGM-100, 18] 31 Fusarium solanit 2] 39S ® 9] red kid-
ney bean?] 109 ¥9] A&& HAF+= ARzlolot.

dataZ Chi-squareZ2 ¥ Duncan’s Mul-

Vg £

Ays QA2 EEH ZAF
£ Fusarium solani 2 71E} 212 ¥
83| oAshe A7 KGM-1008 23, Adagon
monas aeruginosa®l Atk 1 ZHFOE FAHA HEd
Kam-1009] ofa Aate 2R 84 23 d
gk AEAe] FAEAQ Ao ATk 3 KCM-100
2 iron chelating agent3! siderophoreS AJAF3IA I o] =
pseudobacting! 2 FHHY in vitrool X 84 HolA]
Fdth FHEAY B, AAZAY T/ £FEE S £
ATt Fusarium solani7b 3HAE A o8] FES BS o
H] g 43l branch stimulatonZ} hyphal disintegration® 445
93 o0, o] S B target site”} cell wall 1 H2.
FAE} Pot testZF KGM-100S Fusarium solani®} 3
’ﬂ] A28 S AS Ffusarium solan®t A2 SRS H$- BT}
°F 30%~50%2] WA ZHE & F AU
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