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Repellent against Earthworms from UV-B Damaged Plant

Shiori Dor and Seiji KosEmURrA

Summary——Earthworms, which are very helpful in the formation of vegetable mould,
though weak in sunlight, are one of the most important living creatures in relation to
agricultural crops, wild plants and ecosystem functions. Increased exposure to UV-B on
the surface of the earth due to the depletion of stratospheric ozone is known to cause
a variety of physiological and morphological responses in plants. 3-Indolylacetonitrile
as a repellent against earthworms, has been isolated from UV-B damaged cabbage
(Brassica oleacea L.) shoots.

Key Words: UV-B damage, earthworm, cabbage (Brassica oleacea L.),
3-indolylacetonitrile (IAN)
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BEPNEORE VL TRABHOEREVIBRPGEZLL C =7 4 v O—FEXR
IeftgHE T2 S XDIEMIC X 2 BB IOV M N 2 D EMEDBIZE, (1881) TIEAW7E2 9 b2,
C-¥—=74vE, ZOFEEHFOTT, THEIRLES 2652, RLAED D 5 NE DI
D=7, ANEDPMAET 29 > LD 5, KRIIZFEIF I S Rk > THRIEL SffanT
Wi l, 50083 Tw5, COMELRESWIELE, HAORRICEER&E 2
RIELTEREHYD, b Z w8 )»IFENTH S, &L I IXDMS LHERI ZHEZ
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Keio University, 4-1-1 Hiyoshi, Kohoku-ku, Yokohama 223-8521, Japan. [Received Aug. 29, 2019]
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Which do earthworms prefer,

[ UV-B damaged plant or Dark-grown piant ? ]

Fig.1 UV-B Damaged Plant or Dark-Grown Prant

CCI,F ﬂ)CI' + +-CClO-

o} o o o
o, + Ct —> 0, + clO: )‘j/\f‘\ v,y 1
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Fig. 2 Ozone Depletion by Chlorofluorocarbon and DNA Damage

Tw3 23, MR Lz BGIREB ISR O 7201078 T4 S Wil ¢ TERZRE
Mo Thd, 2IRADFEO—2IT ey BEREFoNEH, I 3 RIFEIRTR L T
Fihze#->Tws, ZA% TR THAL I IR PEEIELSHEITHZIELTVD, 2
nix “¥” chHs9H» (Fig. 1),

AR, 20 HdICRH SN R ENLEWED D Thsrru7rtuh—Ry (7
0Y) ISk B4 VEOME R ERBEBREIO ST & 2 HiFE T 0 SIS R O BN A3RE &
%oTED, EMmAOEFERBLINTwS (Fig.2),

2070, HEOMBAOPECEEL 2R bBAICEE SN L) Ickok?, LaL,
Z2DWED L MO LT, WS RIETH 2 Y, 22T, FES, SN RO
BN X 2 OB R 5 A =2 Tl <, IR (Rfic, UV-B) ofiilick b4
R = %Z T R (AT 2 A4 X =P LT &) 50X 2 L s 3
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Fig.3 Repellent Action of Earthworms with UV-B Damaged Plants I

Fig.4 Uniform dark-grown, ten-days-old seedlings were divided into two groups
One group (right) was left in darkness at 25 °C, and the other group (left) was irradiated with
UV-B fluorescent tube [Zmax 302 nm, Funakoshi Co., detected with UV-monitor (Zmax 313 nm,
0.22 Wm™ 2, 0.40 kJm ™~ 2, Eko Instruments Trading Co.)] at 25 °C. After 30 minutes, earthworms
were released into each tray in the dark.

S RNCE Z 2 SR & 2 Ul ) BRI OWTHE 2T > T & 7 (Fig. 3),
FHARERERIZBWT, I AVZOLEEREZHS TE I 2 EIdlKE Liod 2 Ek L
TED, ZOMEIZEIMEHREORINC X D AERERICE 2 2 BEOW LWl 2 H 5 2012
TE2HbDEEZTVD,
HH o E, MR (R, UV-B) ot iamiifkossy x —2 #521F, LR
ICHEIR R 5.2 2VREED & 2 WA EDEH S N TV 308 ) 02 R T 208035 2 L5
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Earthworms prefer

[ UV-B damaged maize < Dark-grown maize ]

in the absence of light

[Disrupted maize seedling < Non-disrupted maize seedling]

dark-grown, ten-days-old seedlings
Fig. 5 UV-B Damaged Maize and Dark-Grown Maize
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Fig. 6 Repellents and Their Precursors from UV-B Damaged Maize and Radish
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Fig. 7 Repellent Activity against Earthworms [
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Fig. 8 Formation of DIMBOA (MBOA) from the Glucoside in Maize Tissue

/SMS\G'C myrosinase S~
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N

~ -
0S0,
MTB glucosinolate MTB-ITC

Fig. 9 Formation of MTB-ITC from the Thioglucoside in Radish Tissue

Al ZDTDITIE UV-B ¥ X =P 22T 7KW 513 6 L 2ALAEL & SN TRES L 7o 4
Voo 2 {LEME L O ETAIT X W EE LT,

Bz, UVBA X =P %527 7 E0as otz R84 av s, BENTRELZ b
ERASDHEZRY A avEk, ZREFAEICE S EZE 2 2 X7 BEEAETIcEwT,
ELE6DF7ERATRY A AN L TRETEIZ L 200284 LT3, 2 IXI3HS
PICUVBA X =Y %52 7En a9y 4 avicw L Calfr#zmn L7 (Fig 4,
Fig. 5, Fig. 4 ThL A NOBOBERAIDMRIZ T 2 X930 3),

ZLT, UV-B L) Rz 5 2 7 20 s Ofad o 5L 72 3 2 Xkt 2 2ld &
LThyEnavysie Faxyam® "% %2, Stavpsi34vF4e7F—+ 20
EEZNETNHEET 2 2 LICRIL, 0o O EWE O 2 2 RIS 2 Sl TG b 1T-
T&7 (Fig. 6, Fig. 7)., 612, UV-BHIIC X 0l S N 2L EWEDERA D =X L b
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HohicLcEx" Y (Fig. 8, Fig.9),

72, I IRXASDTETEIZ & ABICERYE (alarm pheromone 2> &9 2213 F 725EH
TETHLARV) 2L TS 2L bERL 72,

L], FHHSWEH T UV-B YA =2 %52 7% v XY (Brassica oleracea L.) D3FEZ
DO IIRDOREYHEEZREL, ZoMEEZAS VY F—L-3-T =P UL
(3-indolylacetonitrile, DANIAN) TH 2% EREL, UV-B ¥ X = I X 2D X = A L
LS I L7z, S 512 TAN O Z VT S 3 21k 2 Sllh itk omst b 17- 72,

2. BRBIUVEE

T I RFERICN L TECIETT 2o Tw s, ERE LTSN TV AR Y v =
TARFEFTHEIEDIPoOT0E, TNETHBE? V€= 20%2 UVBYA—% 521
k7w S S HEE L 2 ALEIC N T 2 B ER ORI L TRl 2 R L T E 1,

LA (600 x900x 100 mm) % FHv>C, 25°C, WS, BilEfE BT 10 HREx v Ry (&
BENIMET T 2 08D D %) OHFEZZHEE L7z, b LA ORRMEDIHFAZ 2D R E,
— I3 2E LD, b9 —% UV-E=%— (Amax313nm, 0.22 Wm 2, 0.40 kJm ?)
THHEZMEZEL %235 UV-B (Amax302nm) % 30 2r[EIEE L 72, UV-B Z[H4 L 72 %
Y RYDIAEZ EWGEM 2R 72X v RYOFAZ R IFHENICEE, PLAOFROBEHIZS
T R10~20[kE KD, £bolcBEIT 2% L7 (Fig. 40 b7 Euar0EEE2SIH),

ZORER, PUERaACRY A AV ERBRICE S AF UVBZBEE L3 vy XY DHEEZLE
B TRESAFTHIE L 22X v Ry DI Z OFICBET 2EAH O L 2HER L 7,

EiERB T UV-B ¥ X =Y %2R X v Ry OFEEZ 5 1E, 3 X0 Sl T8I BI%
T 2RI DG SN T2 2 L 2R TE DT, AEMFFT, KEDOF v XY ZEL
THi 27 WRERR & Ao TR E R X OMEMIT 2177, 2L T2 oMtz
IAN EHEEL, SHEAXT FLVOFEMARITE K OER EDHIEICE D v XY D I 2 X
W32 RMYE % IAN Th 5 LikE L7 " " (Fig. 10-Fig. 17), UV-B #" X —2 i X % AN
DIEHED A Sy = A LB LTI, TTIF v XY ONJEM BT 2 AR REEYE %
TSI L EARBERIC L 25D TH B EEATWS P ™ (Fig. 18),

%7, IAN O 28#8EMEICBI L T, #E5 (Aldorich, 12, 945-3) #JHW Tt 217w, I3
ADWEET v € =7 LA 2 B TE)2YZ DR 50-100 ppm TdH % DK LT, IAN IZHF
T3 3 I ADETENIIEEDY 100-150 ppm H7- D S8 F 3 2 L HERTE 2 (Fig. 19),

INFETOMEICED, %R (UV-B) Ik 2D 5 2 — (HBETZ A A —2)
LZORRE LT 2L E OMEEE, X 5122 OWIEE OERIC & 3 2 2 X0 Sl TE)
DHE IR, L, o DERRIEEBENTOALNGERE TObDTH S,
NS DFEEREL X)LV THENL L 72 TTETDOEYIZ DOV TH $ S RO @Y EHOWE 21T &
BT, HIE, 74—V FELE 74—V PIOEOBRE T TEMUC I D I A —D 2% 7%
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Fig. 12 'H-NMR Spectrum of IAN (isolated)

 w P
i i 484a
(el i
| '\H HJ
| | | |
|
|
|
|
| |
5 = @ | & 5
g = b Ly o
3 = - 3
V l— 2 =] il = i~
i3 |
| || | i w ]
| |
| f |
|
[ | |
| |
| | |I {
— —_— i L,

Fig. 13 'H-NMR Spectrum of IAN (standard)
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Fig. 15 'C-NMR Spectrum of IAN (standard)
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O

Activation of a Myrosinase

nitrilase

A

Fig. 18 Postulated Mechanism of Formation of IAN from IMG in Cabbage Tissue

s
ﬁ\/\/\mc:s MTB-ITC 1-10 ppm\
MeO 16}
\I:::I: Y=o wsoa 50-100 ppm
N
H

(NH,),80, 50-100 ppm

CN
\ | IAN 100-150 ppm
H

Fig. 19 Repellent Activity against Earthworms 11

R S WS N AWE L 2 I ADBETEIC O L TIIEZED 2L R S R EEZTWL
%,

HAARERICE VT, UV-B ¥ X —2IC X 0 fdWillio it S iz sl B ic L ¢,
CTERE I S ADBETEZIND Kithd 6 208 %26 T L w) T i, EiRAa Ko
ZEWLTw5 (Fig. 20, Fig.21), HIBROREFDIFMITITIE, W0 - B - B¥ED X9 Ak
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BER 2 BRI L T b 228 A5 L, 20 QISR SN b o L b T SN Ly
Ho—oThsbrzuuzliah—FRy (7av) X34V VEOWE, Znicfk) KEs
BOHMEHR L TH > T34 o FHONICH B R U R 5 R\ E B2 T b,

Fig. 20 Repellent Action of Earthworms with UV-B Damaged Plants II

T

Fig. 21 Repellent Action of Earthworms with UV-B Damaged Plants IIl
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3. EBMRELUOTE

3-1 BERF YAV OIS

Fr RV (BR201 5HE, vAH508 %) 20ml ZWESAT, 24 KA HICR L 7
#%, FL A (600x900x 100 mm) (ZHEK L T, 25°C, Wigefh T, WilE#H LT 10 HE ¥ © ~
Y GREHIEIIHETAE) OFEZ 2B L, P LA ORRMEOHFAEZ ZY RE, —75
W&t 22D, b9 % UV-E=%— (Amax3l3nm, 0.22Wm % 0.40 kJm 2
Eko Instruments Trading Co.) TH&EZHEGR L 72255 UV-B (A max 302 nm, Funakoshi
Co.) % 30 ZriIEE L 72, UV-B Z2IHG L 72 % v RY OFFAEZ LW EZ SR F RV D
FEZDAST P LA ZIEENICEE, BEHDX v XY OHFEZ 2157,

3-2 JEMERD (IAN) BEEERF v Y OIS

Fr RV (BR201 5HE, YAHY08 %) 20ml 2GS, 24 KA HICE L 7
#%, FL A (600x900x 100 mm) IZHERL T, 25°C, WESMET, 0.6%JEXRREHL T 2 HiE#K
Bk, S5 THMDOEEMAT (25°C) THEF 2 #t ¥, &% I UV-B (Amax 302 nm,
Funakoshi Co.) % 24 RFEIRG L 72, &R 10 HE:, 2EZINEL Tx v XV OHEZ 244,
COEEESEREDIEL, ¥Fr_XYDIFAEZ %R 3.2kg B,

3-3 FORVEFEINSDEMERS (AN) OHEEEBR
BBRICE->THONF v XY DHAE I 3.2keld I ¥ 0 —2 W TRTEL 724, B+
U (2,000ml x2) IKREL 7, Z20#, T NKRL—%—%HWw CHERET S ViR Z 5
500ml £ CHEEMIL T, 51T — M TKEERBFLVEICoi L, R FLVEE
IEAE L CHERE = F VB 4.5 g 287, BB F VW 45g 2> VA VAT L7 a=
F2I 7 4L, ~NXT VBRI FL (5:1) — (3:1) ZIRHALE LCHVT, Gk
5y (IAN) 2587 77y avziGi, 61, 20777y avz2aiHowEsa< b
7574 (Y AHFIL :Kiesel gel PF254) 1AL, ~FH vt f{igzFL (3:1) ZEHA
B U CHOTOEERS (IAN) 287205, 361, ~¥FH v 7k by (2:1) ZERAE
BELTHO Ttz A L 25, MK (AN, Rffi=0.5) % 26.2mgf4s 2 L23T
7 (Wi F Ui 4.5 g 5> & DI 0.00058% ) .

3-4 I XITKT B IAN O RBEFEMEER
3 3 RUTHT B G B L T, BRI TEDS o o e, Bl Bz L
TG T A PR L,
il - KR OBREIC B 5 Sl R
Fig. 22 (/&) Ok x M, 0.6%FRXKEH (BA-30, MM T3 KK.) TH#H#L ~ -
13
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KMW

EXREHAH

~~x !
==
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Repellent Activity Test 1 Repellent Activity Test II
Fig. 22 Repellent Activity Test for Isolation

LA (255x360x90 mm) DIz v —L (EF9IOmMm, X 20mm) ZiEE, Zorh
123 S AZANT, WEMET, BREFLEEEAIRA 70— 777 4 —I2TI I ADTH%
B LQEE7 772 a v ot 2T > 7o, lBHIFERES ISR T 2 k2 RA L 72 7- DR
JEFRBELCBI L CIIBE AT Z L idT&E ok (Fig. 22),

SHEYVE DIWEEIBIETEE D 72 O Dl ik

Fig. 22 (47) OFfEz M7, SR IZ 0.6 % FE R LA 2 & TR (ZRRIK
+IER+lRh) Ziko 7,

FERITHY 72 5 I TAN 21820 LiAA, KA R LA (255 x 360 x 90 mm) D AENIZ TAN o
R R D A5/ L4 (170x210x 30 mm) % 2 FE &, Z D drefific
r—L (HEE70mm, I 15mm) ZEE, Z2oHhics S 2% AT, BEAET, HEE
TAIEEA X ST —F 757 4 —I2T 3 2 ADfTE 2B L GRIERE OG22 1T- 72,

At

FEHE O, VH2 D SV 15 R F oR AR E M (FEEE « P ot
B4 2 AR A RITYE) OBIREZZ T Tt Z2iT> TE XD, A% TUV-B ¥ X —IiC
X DKt D & izl S N B ERRREHAEY O SMYE OWE) 1, o THYONIEEICEIT 2
HF R ERIGIYE ) OMERE Y FERDBFEICESTVS,
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