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The Effect ot Environmental Factors on the Production of
Phytoalexin in Pepper plant (Capsicum annuum L.)
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Abstract

Phytoalexins are produced in plants affected by various environmental factors such as fungal infection, treatment
with many chemicals and irradiation by ultraviolet light.

When pepper and tobacco cell suspension cultures were grown on a basal MS medium supplemented with 2,4-D
(1 mg/ £), benzyl adenine (0.001 mg/ ¢) and 100 M jasmonic acid, the production of capsidiol was observed.

The total of compound found in pepper plant were around seventy and thirty of them were located in
tissue-specific manner.

1-ptopanethiol, @ -D-xylofuranoside, phenol, hexadecanonic acid, ethyl tridecanocate, phytol, linoleic acid and
capsidiol are those which have change the production level by treatments, such as the inoculation of Phytophthora
capsici Leonian, the metalaxyl treatment and the UV-B irradiation, respectively.

The content of capsidiol on inoculation of P. capsici with metalaxy! suspension in soil were higher than those of P.
capsici without metalaxyl. When the soil dernch of metalaxyl treatment (1 pg/mf) was delayed after inoculation, the
content of capsidiol were higher than that of before.

Irradiated UV-B, the production of capsidiol was identified only at leaf, and contents were the highest for 24 hrs
incubation after 20 minutes irradjation.
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TLCH9] Rf 032784 % o948t GC/MS= 4
3 23, GC mess spectrum 4ol 4 m/zE 236 (M+), 221,
203, 175, 163, 157, 147, 135, 121, 107, 93224 capsidiol
2 S SACHFg 2). A L jasmonic acide] A

Fig. 1. TLC spot of capsidiol from suspended culture
cells of tobacco(A) and pepper(B) plants treated
with jasmonic acid.

NT; Non-treated with jasmonic acid
T, treated with jasmonic acid
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Fig. 2. Gas chromatogram of the extracts from Rr 0.32 of
TLC.
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Fig. 3. Mass spectrum of capsidiol identified from extracts
of suspended cell culture of pepper plant.
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butanoic acid, «-D-xylofuranoside, benzoic acid, hexad-
ecanonic acid, phenol, 4-ethoxy-2,5-dimethoxybenzaldehyde,
octadecadienoic acid, phytol, 10-methoxybenzo(j)furan, lin-
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Fig. 4. Gas chromatogram of the compounds derived from extracts of pepper plants treated with various environmental

factors.
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*The numbers refer to the compounds shown in Table 1.

Table 1. Gas chromatograph analysis of compounds of extracted from intact pepper plants
(Compound peak area/L5.T.D peak area)

Peak No. Compounds Leaf Stem Root
1 2-Pentyl-furan 0.392 0.056 t
2 Heptanoic acid t t t
3 1-Propanethiol 0.086 t t
4 Butanoic acid t t 0.137
5 Trans-2,4-decadienal 0.015 0.259 0.514
6 @ -D-xylofuranoside t t 0.044
7 Pentanoic acid t t t
8 Benzoic acid t t 0.343
9 4-Hydroxy-3-methoxy-benzoic acid t t t

10 Heptanoic acid 0.142 t 0.080
11 Phenol 0.151 0.237 t
13 Metalaxyl t t t
14 Capsidiol t t t
16 4-Ethoxy-2,5-dimethoxybenzaldehyde 1179 0.084 t
18 Hexadecanoic acid 0711 0.037 0.036
19 Ethyl tridecanoate 4.892 3120 6.611
20 10,13-Octadecadienoic acid 0.248 t t
2 10-Methoxybenzo(j)furan 0.106 0.051 t
22 Phytol t 0.360 0.040
23 9,12-Octadecadienoic acid t t t
24 Linoleic acid t t 0.857
25 Ethyl linoleolate 1.513 5.407 0.187
26 9-Octadecenoic acid 5.342 3.062 0.389
27 Octadecanoic acid 0.118 0.498 0.412
23 Naphtalene 0.341 0.256 1.014
29 6-Nitro-cylohexadecane-1,3-dione 0.010 0.195 1.628
30 1,2-Epoxy-1-vinyleyclododecane t 0.852 t
t: Trace
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hexadecanonic acid, ethyl tridecanocate, phytol, linoleic
acid 3 capsidiol o] xo]E WERATH
& FAYTANE AR Sker), GWF (P. capsici)
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decanoic acid, ethyl tridecanoate, linoleic acid £o] Z+4
819931, 27]¢l 4 phenol, ethyl tridecanoate, phytol Lo
S7ketflx, BEelA a-D-xylofuranoside, phenol, ethyl
tridecanoate, linoleic acid Fo] 7435 tHTable 3). 9
W A5o) wE HePE capsidiol FHL 1.5 cn~3 cnd
Huk F7)o| M= oM, 05 ecm~15 cnell A= E7)o)A
7+ %9&4 H W capsidiol #3F2 £7] WHEe] @el
7} T A
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Table 2. Changes in the progress of disease of pepper
plants after P. capsici inoculation and metalaxyl
application

Treatments "
3 6 10

Lesion length (cm)

P. capsici 25 3.0 50

P. capsici + 1 pg/mi Metalaxyl 0.8 18 4.3
P. capsici + 10 pg/mf Metalaxyl 0.0 1.8 33

*Days after inoculation in soil

22 A WA 9%

Yol HE 49 W3E TAY AT, AP FAD
Atol2 vehlle AEL phytolo]9ly, ARds7 B
F2 HAEA A oA ZASIAHTable 4). Al wt
s 437 95 29 vishel
metalaxyl 2] A9l ethyl tridecanoate7} @A3] 71514
1, 9 45 FAE Age B8 g% phenol, hex-
adecanoic acid 9] 42& £7|9 Eald vldld =9
metalaxyl HJA|7]e} TR BE AEA ] AR FFL
AWd M2 A metalaxyl H7F F T metalaxylH g
of Hlgle] o)A 1-propanethiols} phenole], &7]e]A =
@ -D-xylofuranoside, metalaxyl, phytol &°] F7l8t%th
Aezet 27 d5d wE ASA dFE e &
2 A7 gi9len, Ry ethyl tridecanoate
T ABE A metalaxyl 10 pg/mé e 2 399]
2 19 %o wee] of 38 =3kt
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E ZAlg 44, apsidloltﬂ'%kﬁ deg TE HITA LT
metalaxyld G¥ T £& A7 o, F¥EEE
Z7)4 4 74 =9kt(Table 5). metalaxyl A2 A 7)o wf
£ capsidiols] @2 ARAANA ST HF
AHEY g B § metalaxy] A7 2543, A7
2 FeZtels U7 HF F metalaxyl 1 pg/mé A F
6o 71 B9ttt ol JHTFE AE57]) Hol metalaxyl
£ MRS ot 3 A4 capsidiol o] A Ve
W= Dinial®} Purkayastha[5]¢] wmel g3)5t%.eul,
metalaxyl A8 =7} St dgt 1FZ7)0A ca-
peidiol §eo] Z/HRCHE & E[8]e] Baoh Apolshnh 4
o Zd= FAFF, metalaxyl AEA7], s 2
olel d& 718 Aoz AZE).

AF AEZFH 9 UV-B %A 9 incubation A]71e] wWE
#3293 W3e 2P 2%, FAed v UVB 24
A}l 1-propanethiol, «-D-xylofuranoside %o} A=k
(Table 6). UV-B 208 ZA} & 34|17} incubationf& W&
th2 Aol "lste] Yol hexadecanoic acid, ethyl trid-
ecanoate?] #Ero] Egkt} 1-propanethiole] $H< UV-B
AL & 24A)17F incubation Al FA e Hlsle F7}s)
# o}, 48417F incubationo) & ZHAstET UV-BY 60
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A metalaxyl

# ZA T 343 incubationA]d] £7)9] HEESL X
ethyl tridecanoate 9+ 716}, 2 AEEL 2 a7}
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Table 3. Changes of compound composition on the production of phytoalexin according to the progress of disease in

pepper plants

{Compound peak area/15.T.D. peak area)

Lesion length (cm)

Peak No.  Compounds Positions
0~05 05~15 15~3 3<
Leaf 0.401 0173 0.064 0.179
3 1-Propanethiol Stem 0.003 t t 0.076
Root t t 0.008 t
Leaf t t 0.304 t
6 @ -D-xylofuranoside Stem 0.043 0.036 0.140 0.559
Root 0.173 t t t
Leaf t t t t
11 Phenol Stem t t 0.368 1.030
Root 1.952 0.371 0.077 t
Leaf t 0.014 0.023 t
14 Capsidiol Stem 0.120 0476 0.299 0171
Root 0.739 0.270 0.054¢ t
Leaf 1.562 0470 0.425 t
18 Hexadecanoic acid Stem 0.003 t t 0.145
Root t 0.029 t t
Leaf 9129 4.939 4152 0.807
19 Ethyl tridecanoate Stem 0.299 0.204 1.624 5.160
Root 9.250 0.208 0.051 t
Leaf t t t t
22 Phytol Stem 0.014 t t 1.036
Root t t 0.010 t
Leaf 2515 t t t
24 Linoleic acid Stem 2213 2.765 1.747 0.053
Root 0.978 0101 0.056 t
t: Trace
At pene phytoalexin$] capsidiol?] #4Jo] e s F WA &
& NEA ] UV-B FALAIZH @2 incubation 3 3 &) S-epi-aristolochene syntaseZ T3 el A B &
8 capsidiole] A WEE ARG @A, capsidiol& Atk AFEA[1s} AR FF
UV-BE EA8 Be HEAS @ ¥4 4454 o
ko), UV-B ZAME oA A4 = Sth(Table 7). UV-B e o

ZA} I incubation A]7to] W capsidiol #E-2 UV-B]
10, 20, 40, 608 ZA} & 24A)7t incubationF S W =7
veldth ols UV-BE ZAgE 1% Ao A capsidiolo]

£ ¥ ™, abiotic elicitor¢! UV-BE ZALE o 24 sesquiter

608 / Y™ 7}&3 7]

9T FF UV-B AL 59 @74 e o8] n5xe
AALAEA 2 FEHE FTES A,
Capsidiol& 24D (1 mg/ £), benzyl adenine (0.001 mg/
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Table 4. Changes of compound composition on the production of inducible phytoalexin according to time and concen-

tration of the metalaxyl application and P. capsici inoculation

{(Compound peak area/LS.T.D. peak area)

Metalaxyl application

Metalaxyl application ~ Metalaxyl application Metalaxyl

Inoculation of days before days before days after application days
Peak Compounds Positiors P. capsici inoculation inoculation rinoculation after rinoculation
No. (1 /) (10 pg/mi) (1 g/ (10 pg/ml)
3 6 10 3 6 10 3 6 10 3 6 10 3 6 10
Leaf 0401 0263 0462 0126 0.041 035 0119 006l 0462 0140 007 0281 0052
3 1-Propanethiol Stem  0.021 0113 t 0005 0043 0056 0010 0108 028 0005 0001 0158 0005 t 0171
Root t t 0172 0066 0101 0012 0080 t 0129 0066 0062 0297 0011 ¢t t
Leaf t t 0958 0123 t 1383 t i 0514 0123 0146 0036 t 004 0544
6 a-Dxylofurancside Stem 0329 0832 ¢t 0015 0839 00% 0197 157 0066 0015 0304 0038 0132 045 ¢
Root t 0218 t 0083 0031 i t 1.165 t 0083 00% t 0149 t 0018
Leaf t t t 009 t 0062 t t t 00% 0092 0016 0074 t t
11 Phenol Stem t 1535 0080 027 0709 0023 0326 0273 t 0277 0449 ¢ 0145 0784 0.066
Root 2459 0143 0344 0823 0561 0014 257 0169 0050 0823 0061 0157 11% 0015 0072
Leaf t t t 077t t t t t 0217t t t t t
13 Metalaxyl Stem t t t 0.033 0178 t 0029 t t 0033t t t t t
Root t t t 1 0244 t t 01 008 t t 0070 045 1 0120
Leaf t t t 1920 0426 0080 08B 0401 0269 1920 0215 013 075 0133 018
18  Hexadecanoic acid Stem  0.039 0808 2863 008 0172 t 0015 ! t 003t t 0008 0035 t
Root 0071 0208 0.108 t t t t 0028 009 t 0019 t t 0012 0009
Leaf 1562 0714 0179 1001 522 1164 589 3852 2314 11011 2631 0843 4691 1678 1611
19  Ethyl iridecancate  Stem  0.021 0217 ¢ 1528 4264 1219 0857 3071 1439 1528 084 0750 0750 0712 218
Root t t 0127 29% 026 0019 1281 015 0010 2976 0069 0105 4100 0048 0213
Leaf 9129 7508 1.042 t t t t { t t t t t t t
22 Phytol Stem 2056 7.688 0422 0082 078% 002 0150 0252 i 0082 t t 0033 0071 &
Root 1655 0728 0.095 001 0078 t 0105 0046 0.0 0031 005 t 0038t t
Leal t t t t £ t t t t t t t t t 1
24 Linoleic acid Stem 0099 1.544 t 2613 t 31% 1688 t t 2615 3391 3368 093 1360 ¢t
Root L 0.019 013% 0277 0029 1114 0567 0046 0136 0107 0542 0155 0100
*: Days after treatment, t**: Trace

Table 5. Effects of metalaxyl application time and concentration on the production of capsidiol in pepper plants

{(Compound peak area/LS.T.D. peak area)

Inoculation of Metalaxyl application

Metalaxyl application
days before inoculation days before inoculation

Metalaxyl application
days after inoculation

Metalaxyl application
days after inoculation

Positions P. capsici (1 pg/ml) (10 /) (1 gg/ml) (10 yg/ml)
3 6 10 3 6 10 3 6 10 3 6 10 3 6 10
Leaf ¢ t t t 0046 0.032 t t t t 0091 0087 t 0019 0.056
Stem 0.010 0254 0169 0022 2114 1.022 t 0101 0215 0.024 2116 1.033 t 1103 1152
Root t 0735 t t 1352 1.031 t 088 0029 1170 1570 1.036 0780 0997 1101

*: Days after treatment, t**: Trace

2yo] A7kd MSHjA|o] jasmonic acid 100 1 M& =28
2Hlg 13 FRHGAEY FEE2 FEH R 032(TLO)
! A5 .

AV 70709] BFEC] TAHUL, 1 F
o7k Sl Av-L 307l Hrk

£

(ST
4 ofn i)
o

>

1+

=

Az
e/

53} 2e @
a -D-xylofur-

ST HE, metalaxyl Agl, UV-B &4} &
A7) 8ked A EH F9] 1-propanethiol,
anoside, phenol, hexadecanonic acid, linoleic acid, phytol,

ethyl tridecancate @ capsidiol 52] 44 A2 & 7o

27} AT
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Table 6. Effects of UV-B exposure on the production of inducible compounds in pepper plants
(Compound peak area/LS.T.D. peak area)

Times after UV-B irradiation (min.)

Reek Compounds Positions Untreated 10 20 40 60
No. control _ —
24 48 3 24 48 3 24 48 3 24 48
Leaf 0.086 t 0.208 i t 0350  0.097 t 0220 0126 t 0226 0103
3 1-Propanethiol Stem t 0116 0289 0082 t 0.359 t t 0151 0.025 t t 0372
Root t 2415 1374 0798 t t 0.285 t 0538 0300 1279 t 028
Leaf t 013 0148 t 0182 0.084 t 0120 0260 0071 0059 02196 0.208
6 a-Dxylofuranoside Stem t t 0.053 t t t t t 0054 t t t t
Root 0.044 t t t t t t t t t t t t
Leaf 0.151 0135 0179 t 0163 0113 0182 0150 0287 0113 t 0166 0137
11 Phenol Stemn 0.257 t 0106 0110 0141 0350 0 0101 0110 0517 0122 0122 0104
Root t 2301 6830 2954 0973 t 1.345 0799 3285 2758 1319 2114 0581
Leaf 0711 1107 0404 t 1621 0552 0215 0645 0532 0129 0623 0370 0062
18  Hexadecanoic acid Stem 0.037 t 0.093 t t t t t 005 0038 t t t
Root 0.036 3 t t t t t t t t t t t

Leaf 4.892 4100 3.092 t 7034 3017 1863 3652 3116 0“653 4383 3476 0351
19 Ethyl tridecanocate Stern 3.120 6786 6961 2274 11979 6957 2247 9673 5537 2068 15337 12381 4308
Root 6.611 35226 37097 17306 28082 ¢ 17197 6772 15950 27855 17129 30430 12967

Leaf t 7.837 t r t 1191 1.010 3710 2139 0561 t 1720 0484
22 Phytol Stem 0.360 t t t t t t 0.145 t t t t t
Root 0.040 0224 t 0127 ! r t t t t t 01 022
Leaf t t t t L t t t t t t t t
24 Linoleic acid Stem t t t 4500 t t t t t 3.143 t i t
Root 0.867 t t t t r t t 1 t t t t

*: Incubation times after UV-B irradiation (hr), t**: Trace

Table 7. Effects of UV-B exposure on capsidiol production in pepper plants (Compound peak area/IST.D. peak area)

Times after UV-B irradiation (min.)

Untreated

Positions control ) 10 20 40 60
3 24 48 3 24 48 3 24 48 3 24 48
Leaf t t 0.075 t t 0.142 t 0.085 0130 0128 t 0098 0.093
Stem t t t t t t t t t t t t t
Root t t t t t t t t t t t t t

*: Incubation times after UV-B irradiation (hr), t**; Trace
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