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Abstract

This study was investigated and analyzed the physiological reaction mechanisms
and the factors of the chlorophyll bleaching phenomenon on leaf burning-disease of
the Ginseng (Panax ginseng C.A. Meyer). Chlorophyll bleaching phenomenon was
mainly caused by the photooxidation of singlet oxygen and the autooxidation of hydro-
gen peroxide (H,0,) accumulation resulted from inactivation of catalase and peroxi-
dase. Chlorophyll bleaching phenomenon was remarkably accelerated by addition of
saponin.

M =

AN (Panax ginseng C.A. Meyer)-2 ZE4: Wid 4|2 82 21 aluf 7] {po] 3~680v) ¥

=} ’\H}"’ﬂ% kot gyilell+= alol bleaching®| it Aj7ke] A3 s flgExlch, -~
.7;1 T A% HHS oA E <l “é]"’”]cﬂl )7 g el A A etglend, gl Aan

=1 Hﬁif&{i Eﬂﬁ}ﬁlfk Trefell op 1= el feslrel elsbed tige] #bxl W wbiel] whsle] fdt
FeElgl oo, 2 abad Aol o] gl gl e th()r()pl‘lyll s3] & Ak (photooxidation) ol i &k ffl7et
gk el alubH e xpadgbgd mlell A chlorophylie] g E‘ftﬂ""’ﬂ’\l Wk o]
g} 3493 3 H k-8 (photodynamic reaction)8]l photooxidationell elatej alelnt 4= glujt @,

QA4 photooxidations  #Helxl B8 singlet oxygen('0,) ¥ free radlcalolt},

R 19864 e Wals sbEedgtanalnfel] gl shel ol A sl glF



102 ddz - il

&l

Mo
N
R
)
o
>
ol
ol
o
A

Free radicaloll &= 4At3# o] 733t superoxide(O3)®} hydrogen peroxide (H,0,) z&]it
hydroxyl radical((OH) S°] gl.2m, o]&-2 Aaluwte] AAF-E peroxidationr|Zlat %
AR EAq DNA, RNA2 733t 2 enzyme protein?} chlorophyll& s3] AjZlc}7-9 =1
2} EA]E A ofsl & Abel Ao dojuix] ¢ty 9leu}, prokaryoteol A= -2 el
2l3 photooxidatione] 7= ar glvpio-12  Elstner ef al'® Euglenaol vifllEsE =A%
A# chlorophylle] bleaching®l& A4S #qlslg] 2], Harbour et al'¥2 in vivosl A
photooxidationell 2]&F chlorophyll®] bleaching ®Ate]l hydroxyl radical®] °fkelels &}
drh, ke AgelA Kandler ef al'2 Chlovellas) -2 3ukg 2218 F vlehdi=
chlorophyll =} & 42 photooxidation®. 2 A= sle) o, 3 Krinsky'®+= chlorophyll
¢] photooxidatione] oxygen=t-&of 7iglxictm B asigdct, o4t dFAse] XAl sl
= prokaryoteoll 41 bleaching &4-2 3% %o o photooxidationelt}, Zzziv} 544
ZF B3] SR Al E A2 wgwed 213t photooxidationelvt el uk-gel gt Byl A
gF Abefolvt, Fijf! Vel 4] "aE-S chlorophyll®] bleachingg #AHsH SwollA] 3k,
g AFE specific photoinjury &4felel B, aebd # K5 Jiflel ofe] AZflle
Hitpell whel gl 2 AS ks kel 21dh fhsksiel-& whelwA], chlorophyll®l
photooxidation &Akell thgt Aeluk-g-7jat-e =ab, FAjsta),
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2, ZHARstofl 2 cbA|Y cholorophyll2l STAHMER £X

Photooxidationell o2 chlorophyll®] F4~mEede 2712 wh o g zs)stalc, 3,
A#el o2 el 859 acetoned ©1&3&te] chlorophyll3 #-2lat 3 100 KLux#el x=34#A
photooxidation*|Het, A2 50 A 2 6702] sample-d Fsbe] FFmdumsl-g 54
stdch, EA, A28 =l 100 KLuxell xe}sled photooxidation?] % A7 0,
60, 90, 120, 140, 160, 1802 = ulsled Shimadzu UV-Vis R(,Lordmg Spec-
trophotometer (UV-240) & o] &al 4 Fadesg]S Hssdch,
3. B¥R EME

Crude enzyme extract+= i lid¥l 1g& FH+2 A-E & 10m/ ammonium
phosphate buffer (pH 7, 0)ol] 527} vl#igt 5 167 2] gauze® o] #}A]7 2000x goll A 15%-2¢
AMF= 3t o A5 NS ol 8stadnt, A%lel A catalase(EC.1.11.1.6) 2] activity®™ Yang
et al.'®(1985)2] decoupling method® °]-43}312, peroxidase(EC.1.11.1.7)¢] activity
222 Chance & Maehly'? vy} ulgliv),

4. H.0:2} saponinO| chlorophyll®! bleaching®i4toj| O|%x|= st
Aedel Yy (A7 1.5cm)S 4atsksagol 0.1, 0.5, 1. 0Mel| 342k Zab qbaja) (A

&)& § chlorophyll &3 2 chlorophyll #3455 oF4-8 =% 3lglcl, Saponine] ©)x]&
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3 8FS &A= Al¥ell = saponin % (3g fresh weight equivalent)E #2]8le] Y)jiel)
419 chlorophyll 3% % &4 dmdg 4%l ow, saponingt #HAkslpie] AT AAS
atolr 512 H,0,% saponing ¥-§xlelsle] chlorophyll kel vlx) 3= od 88 zAlsldc),

5. Chlorophyll ¥ carotenoid E2=H
Wit %43k Roebbelen’s?® Wy 0.2 abgic),

Zibstol] wE oA chlorophylle] EFAWER X

Chlorophyll®] photooxidationell €& A4l W)y el bleaching &4 Y& xulg % 90
- FE vehdr] Alzbatsd s, 15090e] =k Fofli= A ubolAto] bleaching® 9l 2w, 180% °l
Felli= B A5l 4] 2bxgE bleaching #Abel #3531}k (Fig. 1), 48 Aalgh 3 308 %
Zl2 2 chlorophyll®} carotenoid 342 &3 43} chlorophyll dheke] 9037+ s4-xjg] A °1I
= 2,86mg/ gefr.wt, 2w 1804 M) Feliz 02608 &1 gPasledct. Chlorophyll
a/ b-ratio®} carotenoid %= chlorophyll ¥reFst wiesied x]e] Alzbe] Hajgts2 F
%3] zkasle A& viepbdoh (Table 1),

Fig. 1. Bleaching phenomenon of chlorophylls in treatment time of solar radiation.

Table 1. Changes in chlorophyll a, b and carotenoid contents and a/b ratio in treatment of solar radiation

time Pigment content (mg/g.fr.wt.)
(min) chl.t chl.a chl.b alb carotenoid
0 4.26 2.68 +0.19 1.58 + 0.28 1.70 1.76 £ 0.07
60 4.18 262 £0.04 1.56 + 0.07 1.68 1.76 + 0.04
90 2.86 1.76 £ 0.03 1.10 £ 0.02 1.60 1.22 + 0.03
120 1.54 0.88 +£ 0.01 0.66 + 0.05 1.33 0.84 + 0.03
150 1.06 0.54 £ 0.05 0.52 £ 0.03 1.04 0.62 £ 0.04

180 0.26 0.10 £ 0.04 0.16 + 0.05 0.61 0.22 £ 0.07
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In vitroSV in vivo “Felle| ] 334} F chlorophyll®l bleaching 7
wiats] M Azl #@zgh zfej o] vielwhEul (Fig, 2, 3), in vivo “dlel A= saponin peak
(320nm)e] a7} vitro Aol Maz FAad kel vrelub Al skl
Chlorophyll peak (410, 435, 460, 670nm) 2l 73-F in vibrooll iz FEARR] w2 AlZRHe 4
Mol peak FrAi-geo]l ws=gl AES- Roll= ubH, ju pibrooll AT BERAL A 7bo]
Bl 410 nm peak®l Fhargo] #A3s] HA elulc),

Felatdd ot in
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Fig. 2. Absorption spectra of chlorophyll according to degree of bleaching i vitro.
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Fig. 3. Absorption spectra of chlorophyll according to degree of bleaching in vivo.
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2. Chiorophyll2| bleaching T} = B#3% (catalase, peroxidase) ;EMEE

AA WA 2Rl W AE = superoxide(O;)<= superoxide dismutase(EC.1.15.1.1) %]
Fauo] 2|5l H,0.2 H#bxic), shatshrart AiEde] HA5m oje] E-AoiAE chaost
g ubE 5 oglvh, A8kl A A Ee] Qe AZEdel A catalase activity9} peroxidase
activityy= Aws] e}, Fightel xFAFIH catalase activity”l w53 skl
Fig. 4aoll 4] ¥.3o] th27 (200 Lux)ell #1+= catalase activityell o}¥-a1 #l&~} glederd, 100
KLux% 2213 Aol 4t 30332 F F-eliz activity?l #A# i rasied 180%- 4
ok 9895 7hazdledrl, el oigl peroxidase activity Za& X% catalases) 32 oF4& o}
bt o] AZ}E viFo] Bl Ao A 2] bleaching &2 #ell 2§ enzyme

inactivation¥ 1 A2 vehts H,0,9 &322 7iglslvhi Abaxc),

(%) ::—_-::":2:.\_-_—,.._‘_____’____:?:.
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Fig. 4. Changes of catalase and peroxidase activities in treatment of solar radiation ((a). Panax ginseng C.A.
Meyer., (b). Solanum nigrum L., Control, lab. condition, 200 Lux., P. ginseng; 10% catalase ac-
tivity = 4.78, 10% peroxidase activity =4.26, S. nigrum; 10% catalase activity =1.62 10% perox-

Relative enzyme activity
/-
»

(b}

idase activity =4.32).
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QA el A Ap-g-Re) AAEE O;(superoxide) ¥ Abst# o] Z}E radicalE#, lipidel
peroxidation %t ofujel B3] A gte] damaged Fo) AEE FAAAA F ol LAY
Sogirri-zo 1wy} ohel sl Aol A A%l superoxidess superoxide dismutase®] 3
v 2k 0 2 9l sled H,0, 2 whe] A3ted, H,0,%= £ catalasett peroxidaseell 2]l H,Os<}
1/2 O, 2 HaElcl, A Yol 4= superoxide dismutase®] activity® F43#] olusial e
U, catalase®} peroxidase activityZb Xale]l F F3] ghashs o g v Fo] Hol 2y
H,0,7} chlorophyll's autooxidation?l71™, = A== 74gh M @srt 738 A
A CO, AL o]Fojx|A] o= ubd Eo| -3 (photolysis) = &s] dolvt AAW O,
F-qbo] Ab=a}A| 3, o] Ak photosensitizer® FEl energyE wol 10,2 ARE=w
olwA AAHE 10,2 chloroplast membrane system, nucleic acid, enzyme 22|32 <J¥
pigment systemel] 2H8-3}ed photooxidation® 341 A2z Alg"ch, A#eA] rpehd
1= ole]l @Abo] kXAl Bo|n SFHIEI=R]E e E A 7holE el 100 KLux Y - - |
sb, e 180%-0] ARE Follm oF 259% HEe] activitywbtel ZFAslgdl (Fig.4b), oj¢}
e ZHage Adid] mis ol He ragoldrnh, uhebd AiEREel A o] bleaching &4
< H,0.9] % chlorophylle] autooxidation®} singlet oxygenell ¢|& photooxidation2

2 el

E

3. H.0.2} saponin®| chiorophyll2| bleaching $4toll o|x{= A&t

ahabeell 41 A9 Yol H,0,° Fx25 @e] A= 43 H,0,° %7t S7ietel et
chlorophyll®] F5~gedde] F24s] Fistle ¥4k ollzl, saponin(320nm) peak 4]
#7338 st} (Fig. 5). olsh e Azt #alslel] 28k chlorophyll®] §Fp=d e
e oFdelsdrt,

| \‘
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f /o
= i\ / !
A Iy / }
S J \ \\ —-~ control
° " \\ /' \ H
% i N~ // (‘—. = \\ """" 0.1IM 20
2 / - ' - 0.5M H,0,
2
«

300 200 0
Wavelength (nm)

Fig. 5. Changes of absorption spectra of chlorophyll in concentration of H,0,.
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sHAteEl o 4 saponine] chlorophyll®] bleaching & Abell Heds)i=2jol] &t < 3-F loln 7
# saponin, H,Q, %52 % H,0,% saponin® £&x2 sl¢9 v}, control® A%
saponin %% x#]el 4= chlorophyll®] bleaching &4kl 218 od#Fg n[x]x] ¢skor} H,O0,
k-2 2) 72k H, 0,0 saponin Sl el e Frrdegio] @xs) Fizgen], E3
H@A A b L 3Fas&E B (Fig. 6).
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Fig. 6. Changes of absorption spectra of chlorophyll in treatments of saponin and H,0,.
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Fig. 7. Changes of chlorophyll a, b and carotenoid content in treatments of H,0, and saponin (treatment
time; 60mins, 10%chl. a; 0.28, 10% chl. b; 0.16, carotenoid 10%, 0.24, unit; mg/g. fr. wt., Sx; stan-

dard error).
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> Chlorophyll Bleaching (————-J
[ Leaf Burning Disease J

Fig. 8. Hypothetical bleaching pathway of chlorophyll in Panax ginseng C. A. Meyer.
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xla] % chlorophyllel ek stz HLO.9F saponin Batdlelgtel 4 by 202 HAas-S
Balrlk, 2 H,0, wr-e] 4] total chlorophyll &g of 16% hasteleh (Fig, 7)),

Hakoll 4 Al A1E A4 GkBkell 2] bleaching #1742 HL,O.ef 2%k chlorophyll®]
autooxidationell 71l vkiz S b slz] sletel in citro el A HLO, Aofel 28
bleaching &4ke] %, # chlorophyvllel vl Frpades]s (1A eA] epd
bleaching &4t dAstelvk, o] #HI: in wivo delelldx H.O.7F chlorophyllé
bleachingAlZ1vhi= 7% Al g gleh, wgh saponin® A4kl <ol 4] AghAd sl o
Al¥-o] rmagl wal Al dbelu), wleha] o] A1 ¥F-o] saponine] wagleel 2]&k chlorophyllel
bleaching & Abell oful gl od 8F-5 u| x| 3=7}&- abel¥ 3% saponin {ifge] w& H,0,°| =}8-&
2absbedel vl saponinel Fig, 6, 73 %re]l H,O.0ll 218k autooxidation® F3AIAFE 2
o stelvigdul, ol el AE Fatste] Fig 83 424 #hd& Adsiadck

2 o

N4 (Panax ginseng C.A. Meyer) 5##iol 4 chlorophyll®]l bleaching & el il e
# ubg-v]2hS &4}, ¥4 73 chlorophyll®]l bleaching & 42 singlet oxvgen (*O,)ell
2]%+ photooxidation} catalase®t peroxidase®l inactivationel 2% H,0,2] autooxida-
tione] v},

Chlorophyll¢] bleaching & 4tell 1ol Ful¥l H,O.% Fime A%l v)jvel Hels)
91w}, chlorophyllel &3t chlorophyll®l F-ra~8dese 1igon Helr] fasl

B

bleaching #1431 elzx&le]ew, saponin A 7be qlsle] bleaching A & 43] &xl=lal
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