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Fusaric acid (FA) is a mycotoxin produced by Fusarium species. Its toxicity is relatively low but often
associated with other mycotoxins, thus enhancing total toxicity. To date, biosynthetic genes or enzymes for FA
have not been identified in F oxysporum. In order to explore the genetic element(s) for FA biosynthesis,
restriction enzyme mediated integration (REMI) procedure as an insertional mutagenesis was employed
using FA producing-F. oxysporum strains. Genetic transformation of two F oxysporum strains by REMI
yielded more than 7,100 transformants with efficiency of average 3.2 transformants/ug DNA. To develop a
screening system using phytotoxicity of FA, eleven various grains and vegetable seeds were tested for
germination in cultures containing FA: Kimchi cabbage seed was selected as the most sensitive host.
Screening for FA non-producer of F oxysporum was done by growing each fungal REMI transformant in
Czapek-Dox broth for 3 weeks at 25°C then observing if the Kimchi cabbage seeds germinated in the culture
filtrate. Of more than 5,000 REMI transformants screened, fifty-three made the seeds germinated, indicating
that they produced little or fewer FA. Among them, twenty-six were analyzed for FA production by HPLC
and two turned out to produce less than 1% of FA produced by a wild type strain. Sequencing of genomic
DNA regions (252 bp) flanking the vector insertion site revealed an uncharacterized genomic region
homologous (93%) to the F fujikuroi genome. Further study is necessary to determine if the vector insertion
sites in FA-deficient mutants are associated with FA production.
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M = AEH A oAH IS st=A] FA F A= o}F
BrE v gt FAE AASE FusariumEL 2

SR K fusaric acid, FAYS- 19373 Fusarium heterosporum
oA A& Aol EelE sHeE o] tH(Yabuta &, 1937).
FA= 5-butylpicolinic acid2A] 348} 27} 73} (Fig.
1) F= W opz} AEdl FE4E e A& A

S5 Fostes Aoz I 2 (Gaumann, 1957)
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E verticillioides, F. crookwellense, F. subglutinans, F.

sambucinum, F. napiforme, F. oxysporum, F. solani, F
proliferatum 5-°] YEF thBacon 5, 1996).
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Fig. 1. Chemical structure of fusaric acid (FA).
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FAE Y2 Fusarium 40 1|3 SAJo] gtou} &
Fusarium =49 TE QG SAASHEHAE Hols &
A7 FET ) th(Desjardins, 2006). Smith 5(1993)
FHtcholl A =2 AR ] e HS ZAM AR FEe &
o] FAZ} HAEE ol wet =X AMRS] Fusarium 5429]
A A FAE Egsllof st =33k v ok &5
o] A TALEE Fusarium £ T2 Fusarium <)
712 Add & o FRUYA (fumonisin) 5471 =}

T = Zh=ol7] wiitel FAS] 93l FRUA 54
571 4 dtk(Bacon 5, 1996).
ol21gk FAS] 54 wiiZo] FAS A8 714 2 At
A FAAE AHE] g AR I8 Folm FH
Fusarium verticillioides w51~ FA A&l 449l
polyketide synthase(PKS) -2}2} =¥ f-xd=2}pto] Bl
HJHBrown 5, 2012). Wb 2 A7 FA g
A FAAre] #8e A8 FA A Fusarium oxysporum
475 o2 AR 4 FHAHAE 5
AstaAl fA A9 Eddel ] S 3Rl Restriction
Enzyme-Mediated Integration(REMI) ®'H S o83l &
o] YAHAES AASHAL, ©]E REMI &2 $HA) 9
FA 3475 sk WHS S on, Ads 3
AAgA 9] FA A eS EA AT

< N

Ny

-

WeE L gy

FA A4} Fusarium 75-2] 19} JAHgE 745 A
W FA A E ooxysporumed-F= AHA| B4 15, A7)
9719 B 35, AEHEta Beg 155 Bt
AFEEF THTable 1). ZF @55 Notz 5(2002)2] =l
w2} Czapek-Dox broth(CDB, MBCell, Korea)ol| 4] 357+
28 vjek 3 ujokel W FA AA %S HPLC(Agilent 1100,
USA)ZE #A4sith o] & 7P =2 FA A 5E B
Foxy20 ¢} V35 255 Addste] gkl ALE

=
a

-

Table 1. Effect of culture filtrates of Fusarium oxysporum strains
on germination of Kimchi cabbage seeds

No. of germinated seeds FA level in

Strain Host (per 20 seeds) culture
24 hr 48 hr (ug/ml)
CDB only 17 17 <15
V3 Rice 0 0 47
F.oxy20  Cactus 0 0 2,209
1 Lettuce 0 0 166
Y Lettuce 0 0 97
A Unknown 0 0 117

skairh.

REMIE ©]$-3 233k JFH3e AT HE=
plI99(Namiki &, 2001)E A8 Agta = Hindlll
= ARSI YA AlRRS 913l driselase(Sigma, USA)
AHESIRAL HindlIZ AT pll99 DNAS} HindlllIE
FAA ] E3tete] FHAAZS Ao A A
Han 5(2004)°] WS st ALkd 34
YA geneticin®] 100 pg/ml T2 FH7HE vl
3] o] At miFS AA FAA Mg F
Ak & —80°Coll 7] A3t ct.

REMI F2A3HA19) FA s 23e9: wWlF5AE
o]-&3F oA &3, FA A FFE(Table 1)2] Hl
FoAdg o]gat 115, B, S, 53, o], vl
T, 43, B, BEvlE, G, 718N A= A=
TAke] ol Al oAH-E AR APl AHEE F
A5 T 2tk HAEEA B4, <dr]), B (oM
ol g, By 7| AHEIAL Bf, ‘Col-0), 5
FAEIA B4, FF 18, Sol(FgulelL,
7l), EN(EL TR, HEN), FIFHLTES
2k CAEIAEATEEF), FHIHEMIOFER, ‘ACTO0D),
ERtE(ET-atold], ‘trlr] ErtE?), wiFAIAE, AR
AZo]), FF(Eutel L, AHA b AFETE, ATE
ASHAT; FhHatold], ‘SAXSH). v
@55 CDBelA 357F X8 wjF(25°C, 180 rpm)Tt
6] AZE B3l MdH S oAgste] Fhlett. 7k &
2 2 A E T4 (90 mm)ol|l AR E 278 25 v g
A 8 mlE BHFI T FAE 2048 AAJ8IATE o] F A
2, F% 9 ofg] wiFsh 2447k 48417 7T} A
T ot g HEEAT AE A vl Fo Ao A
AsHA WofstA] B2 wiF(RE o] FF) TAE
st = QI TH(Table 1, Fig. 2). Wi5EAIE o] &3
ARL AEF U460 mm) Wil 2789 A2 7
HjFedd 35 mle EFgk § wiFEAF 2098 21738t
Aop Ao o wYst F ujFFAke] ol
I W FFA7F v o}
Aksted 2 A4S F3l &
Al ARg-sh T
TE° A FA R
3 W REMI 2 A8 = 7F vl Fod o
< 649 AZZE ogste] FAE AAST T 45 1 ml
< A EFd D E (045 um)E o3 A ol
N 0.5 mlz F22] acetonitrile 0.5 mlE &35t HPLC
o] 9151 tt. HPLC(Agilent 1100, USAYE DAD 254 nm
9} Zobax C18 column(4.6 x 150 mm, 40°C)S A3}
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Fig. 2. Screening of fusaric acid (FA) production based on
germination of Kimchi cabbage seeds.

Ol 5 0.5%9] trifluoroacetic acid’} E¢HE acetonitrile
Z 0.5%9] trifluoroacetic acid’} 23+ waterg ©]-83}
gradientE F0] 443132 olw] {42 1.0 ml/min, 5
P2 25 ol Atk EFEZH R fusaric acid(Sigma, USA)
£ acetonitrile®]] 843t} AFESIATE RE A& 34t
& BAste] HH4sEs ekt

REMI FAAZA ) 9e 444 O 5912 DNA ¢
7149 4. REMI 2 HEA 5 FA A o] dA3
Zast AHAEA 275 st Al U WEr A

AgA| ] Al DNAS HE1E AsiA] %= Haelll, Hincll,
Mspl, Xcel, Rsal Algta 42 st & o] E(GreenGene
Biotech Inc., Korea)S & 2ol HEA1712L WE 9 £
A&t Hindlll A9 350 SolA1 Zeto| = (pll99
LBI: 5-GGTCGTCAAGAGACCTACGAGACTGAG-3', plI99
RB1: 5-ACCTATAAAAATAGGCGTATCACGAGGCCC-3")
o} oJHE Eo]&92l xZz}o|H(GreenGene Biotech Inc.)<]
PCRS 33l WE A FH Asg S350t &%
¥ DNAE #&], AAg & oJfiE Zeto|urr} ke
zZeto|mE ARgste] A7IMES ARSI fFAREE NCBI
BLASTE 53| 743}53 tH(GreenGene Biotech Inc.).
R
REMIE AME-St Fusarium oxysporum®] 32748k ¥
©= 1ug DNA & ¢F 3279 JAAAE 4S5 o
2to]

Qom, 2AG F mEE Aolo] FAAH
3}

AAZA ] oF 70%<1 5,000 F7F 35] o] o] Alrul
& Foll= A APS FAISIATE. REMI= Fusarium
spp. SN E oxysporum f. sp. melonis(Namiki 5, 2001),
Gibberella fujikuroi(Linnemannstons 5, 1999)} Gibberella

3ol - R

Table 2. Transformation efficiency of Fusarium oxysporum by
restriction enzyme-mediated integration (REMI)

No. of REMI No. of

Strain performed  transformants Efficiency®
F.oxy20 32 5,371 33
V3 11 1,762 3.2
Total 43 7,133

*No. of transformant/1 pug DNA used in REMI.

zeae(Han 5, 2004) % oflzt L 9 TS Fusarium
& FFoldA FHA AY =AWl W (insertional
mutagenesis) > = Z-§E 7] wEol 2 AFolA AR
F oxysporum F2% L EAWo|A| o] A= e
Ao detdn. a2y 2 AgtellA REMI @248
T EAHOA|(FA VA4 B FA v 2 8HA)
o] Ak T&[5,0005 F 25(0.04%)°F 195(0.38%) 1= F
oxysporum f. sp. melonisqNamiki 5, 2001)2] 7-$-[1,120%
T FT 13F(1.15%)19, G fujikuroi(Linnemannstons 5,
1999)2] 74-[1,600F & 25(0.13%)] Ko} thi Wit

REMI & Zx18Hx] 9] FA AR5 23ed3s7] 9
Wi FFALe] oS & A o] FAASAE wE
Al W 7hs] AA skl w88kt FAS] A4
3 #ujx) 2= PDB(Difco, USA)?} CDBE| W@ ¥ CDB
el omm R A, 470l AR 208 9] HY
A= Ot AR A ol o r R ol e u
rolo] yto] golsiaitt. vt o] AARHE Bl A
F FA A4 54 REMI BAHSHA| F 265°] FA
T BAAE u 557 B2 Foxy20 Bt} 23]
A% A Vet webA S 23§
| g FA Ao 5-¢] HFvhdo] J a3t
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T4 5 AL wiFSATE FAS
e 212 FAS| 2E5A o] A& wat
< AL v FEER A A E54S UE
AV8E E oxysporum - 5 H A
47 ugmlolAoH o] Frof
& wolslA] eESkTH(Table 1). FAC ¥l
E 2+ EvlE(Gaumann, 1957), %
2 Aol Aot FA AA Fusarium
£l F proliferatum®} F oxysporum| 735, 715 50|43
o] A Zhz o] W% w9 W] wiEel] tgd A&
oA FAZF A =0l 548 vehd Zlog 4T 5 9
}(Desjardins, 2006).
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Table 3. Fusaric acid production by selected restriction enzyme-mediated integration transformants

Day 9 Day 12 Day 15 % of
Transformant — . Y ;
Fusaric acid* S.D. Fusaric acid S.D. Fusaric acid S.D. wild type level
F.oxy20 (wild type) 19.3 9.1 106.9 57.5 761.4 66.5 100
6-265 265.1 65.8 470.6 59.5 596.6 277.6 78.4
11-115 1.1 0.2 1.1 0.3 2.1 0.4 0.3
15-1 76.7 6.0 105.2 5.6 136.8 12.3 18
15-33 268.8 36.1 238.6 29.2 292.0 119.1 384
15-38 92.3 4.4 73.7 7.5 40.2 12.6 5.3
15-59 9223 30.5 1138.7 29.5 1142.1 190.7 150
12-17 2.3 1.4 85.2 109.1 81.5 11.9 10.7
25-39 862.8 64.2 900.8 205.4 950.0 394.7 124.8
25-40 883.4 57.8 1215.1 61.3 1089.4 228.3 143.1
25-60 54.2 59.6 52.3 21.2 30.0 8.0 3.9
28-11 44.7 14.0 57.1 11.2 71.1 304 9.3
28-21 151.6 55.7 138.3 38.1 309.8 60.2 40.7
28-24 103.1 37.2 185.1 11.4 240.9 68.4 31.6
28-32 7.2 2.3 8.1 1.7 42 1.8 0.6
28-36 26.3 5.9 82.5 36.2 26.7 13.6 35
28-46 239 14.3 61.7 17.3 24.7 9.2 32
28-61 29.7 11.2 18.7 16.5 323 18.7 42
28-62 354 11.6 20.8 6.1 72.8 13.1 9.6
28-63 90.6 114 82.8 448 193.4 80.9 254
28-64 55.2 14.3 89.7 359 70.1 26.9 9.2
28-68 66.7 35.8 113.2 7.1 249.3 56.2 32.7
28-70 70.7 17.3 84.0 5.7 183.5 83.2 24.1
29-141 119.9 394 148.2 38.1 386.1 31.6 50.7
29-149 69.9 13.8 158.7 70.6 309.8 423 40.7
29-260 700.0 74.3 951.0 111.1 1025.9 2139 134.7
29-263 1206.8 180.7 1237.3 196.5 1107.9 173.3 145.5
Level of fusaric acid produced in pg/ml.
"Standard deviation.
19%E B BaF(7614 pgmhit He FEe) FAS B Q) B9 §44 542 99 AArs S%e)
A0 (2.1-596.6 ug/ml) ©] F 1052 FAS] A4kF 3L flanking DNA 9714 8& #2413 A3}, 28-32 2%

rlo

B3 Arrake] 10% ©]3F th(Tabel 3). Wk ol&
FA XVMP P AA A o= REMIO| & FA A2
fFAAEe] FE e HoR F
A —’F »13} 2 04%“31]*1“ o] T 7P 2 Fx9] FA
2 AASA (11-1159} 28-32)F Ak&}o]
=] EE‘:‘E /\}9— 3l= Southern hybridization ¥4
%].;q] 1H B“H-/] )\Lclo‘gy\]— H}H 0 /\]E?}EQ

sharh. Wby FLAEA

hybrldlzatlon signal& A 3

o WE] 419 29 S A% A B4 Sl0) Wa
Sith AHY P O 5 PRovt ol5e] fA W o

A2 HE g AYdFE F21(252 bp)e] DNA €714
dS FHd 4 JATH NCBI BLAST A4 23, WE
A EFE-9 A7IMEE E fujikuroi FAA W vEA
F219F 93% Aol ASS SIS TH(E-value 7e-96,
Accession HF679033.1). 28|14} o] §-$19] FA A4 #H
AHE A7) Asixe £ o EE AY T FUE
73} targeted gene deletion 52 ©]-&3F A3go] FQ 3|t}
3 F verticillioideso| A ZAA] FA B3 F-AR22
7\MEH BTt F
A Az o ¥Ae] 7hs@ lelth. 3 FA
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