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Effects of Spermidine on the Senescence in Leaf
Discs of Chinese Cabbage

Shin, Jeong Lim apd Young-Nam Hong

(Department of Botany, Sezoul National University, Seoul)

ABSTRACT

The rapid scnescence of detached Chinese cabbage leaf discs in darkness is first manifested
by a sharp rise in malondialdehyde content (indicated by distruption of membranc structuse),
then by a rise in peroxidase activity and a decrease in catalase activity, and ultimately by
chlorophyll degradation. These changes in parameters besides the catalase activity during
senescence were delayed by application of spermidine. Espedally, 107*M spermidine almost
completely arrested chlorophyll degradation after incubdrion over 5 days. Spermidine reduced
the amount of ethylene produced by senescing leaf discs. Additionally, it also reduced
IAA-induced ethylene production. Calcium ion (1 mM, 10 mM) supplied together with the
spermidine diminished the spermidine action, indicating probable involvement of an imitial
ionic attachment mechanism, These results suggest that spermidine can be used as an
anti-senescence agent for plants and that this agent may stabillize membrane structure through

interaction with the negatively charged loci on the membrane and exert the influence during

Senescence.
A =2
A ga o] ekebA F e fAL A% A Foll 4 HA G K] 7o el 02 218 H] 2] vl &
ol o2 aqlSel ofs) QAR F549 <= 3o} (Thomas and Stoddart, 1980). 53] ‘4
Fabell el A g o) cfAHEA L EaE ATl s 4 2AL dlolo] w4y
A AR E RS, o) W dojui: 84T Aadde) =4 n fapgre] Bas
v} glel (Hurkman, 1979).

a3t ol] W dubalql Walel iz A xuk T2 b 2 913 I 52 &4 (Benveniste,
1978; Pooviah and Leopold, 1976; Van Steveninck, 1975), #4tY E-=1-Ea 9] ztal (Thi-
mann, 1980), A& PRl EL£58 F4 57 (Borchert, 1978; Frith and Dalling, 1980;
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Martin and Thimann, 1972; Pitt and Galpin, 1971), ¢} 9« A& e 4] uk Bo) 3k Veh)s
TEA 7154 HE2A d5A9] 213 Y Wk oYl WE (Yang and Pratt, 1978)%0] Tk
Heb oloh 2 i A EL o AAFHEA e 2HY 4 el wwSe) ¢l
(Thimann, 1980).

%, 4FY A EF LE Al 2ol 4 8HE polyamine (PA)L 4] 22 A 2hal Wrake] glo]
A d 2ASHE BT omd 42442 ERE QYT g} (Galston, 1983). S
FHo] < AEY 75 PAR ) T O (Teitel ef al., 1985), x4]5j e} 7= Al Lujol] = 2
FaFo] Zr4slvhs 3 (Galston and Kaur-Sawhney, 1982) 9} $2}7} whelshr o} 27l 4 4
o] & v PAREF] §4 3 57} (Kaur-Sawhney et al., 1982; Villanenva ef al. , 1978)% & ol
gl o oFsl T Lol A A& 23 @) PATSE (Bradley er al., 1984)% 9] FF4 F A0l
arginine decarboxylase ¥4 7} 5 7HE o} (Galston and Kaur-Sawhney, 1980)= B 158 A4 %
+959, 4349 2353 2 o8 W)Y AulA ks A Z e pATEY Srlgs 4
A 7y QS ReFEoh

T, Y-zl st A Apd el £ gt ghels BaEe] 9ol (Altman, 1982; Altman et
al., 1982; Kaur-Sawhney and Galston, 1979; Shevyakova ef al., 1985; Smith, 1985). 53], o &
kb 4 Foll Slel A A Al A5 dadg Al PAM Tl F 48417 Fqk HA gl E}
A8 5L £48 ALY AAABHE B2 (Kaur~Sawhney and Galston, 1979; Cohen
et al., 1979; Kar et al, 1986)2F 21 UFAA 2 YELHE #x (Altman et al., 1977;
Galston., 1978)41 & & obvizl, =415l 710 A 2B 22 F=2) PAc] vl oklg By
DNAgA 3t Al ZHdo] Fr s gt L2 (Kaur-Sawhney ef al., 1985)5-& PA7} 4l &3] 2
=& HAHE At AFzHFALE A Akgke)

ol gizte] &l mlAl o] AAIAl B4 PAS A&l g} A o) AFHANE L5131 2 2hg 0
TRl & FHE AR obH =)F3tek. o 7)ell Cohen ¥ (1979) 3 Popovic 5 (1979)0)]
std, o549 vl Tz F24 pAd ) delFolx TR} fAEGge, w3 )
Feolmure] Fed el = 24 0] w4 aF o] AP w2} HHPDL Ay ehE AT o
ghd el E 2ol EA3hE B4 kel £4o] PAd Y8 dAEE Tl T2 E $R)4)7)
e Zgel & vebd BAahd 2 REche A4S A 4819

ol B3 Eof] AT, £ AT 5D 9FAEE O Fo v wilnHS
=3 F triamine ¢] spermidine-s 2|3l &) 3l o) Az - HlEhd gl & Al waly
Soll nlale & GAA B2 spermidine®] B ZAEGE o)
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HEME ¥ XH28Ye) sEET. A AFEH A Ee AL FFU AN FR 25y
71& 5 #1594 A7 4.5cm= & cork borerZ ¥ U H A= & vk5o] 1 mM Na, K-phosphate
k588 (pH 5.8)7+ 107*M spermidine®] E &= o] 2l& 5 mi®] Aol Q2] gmo] § & gks}
55 8 3 Fd 229 djcokriel A dstdeh 419 93" oz 2 Aol A
#35+gi ek Spermidine® B39 FE = 54 g F4R4 vepbe xa@abg 43
st o e A FEe 10°ME HAFERE 42514t (Table 1). Benzyladenine

= 5
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(BA)Y ¥ EE Park (1983)9] Azloll o5t 107°ME M FRE AHEstfien, dETEA
= 1 mM Na, K-phosphatest%4°8 (pH 5.8)ak-8 # 2] stgict.

Table 1. Effects of spermidine concentrations on chlorophyll content in the leaf discs™ of Chinese cabbage

Spermidine Chlorophyll** Chlorophyll Loss*™*
Concentrations Content (%)
(M) {pg - disc™")
0 1.42 62
1075 1.22 67
107 3.43 8
1072 3.32 10
1072 3.25 12

Each value was 2 mcan of three replicates,
*Leaf discs were excised from the first leaves of 2 week old scedlings (time 0) and floated on spermudine

solution.
“*Chlorophyll content was measured after dark incubation over 5 days.

***The values were relative rate of time 0 (3.7 pg = disc™).

g=A FHHEL malondialdehydeREtzt SE. oS4 ¥ l £ 7.9 Holden (1965)%] uhddel] =}
oo gl §2S Bradford (1976)%] W4l =2t 23 st vk Malondialdehyde (MDA)
B AEA A AR staEl ARE A E B ﬂ% TBA test® £% 514t} (Dhind-
sa, 1981).

A0 HT U HHE B3, FLLNY AL 20708 YU AL 0.3 gl Hodatel 2

9] 70 mM K-phosphate$t%8-% (pH 8.0) 22 u}&q% % 20, oooxgoﬂ A 2087 AAFe st
gel. AAelg Fagalon ALgslgon], BE 2L 0—4TA A Fshch Catalases}
peroxidase?] #4E 542 Chance?l Machly (1953 yel abgg ‘4?”1'111-

Of e Aol A, 25 ml2?) §-7lel]l 1 mM Na, K-phosphateh5-§-4 ( 5.8) =} 5><1o—°M
IAA =3 107*M spermidines-°| Farso] ol 5 mlY wxe]] 20708 Yl Ag S =l ew
2) 2 ol B & F 25°C 9] ohdell A dekalgich 19 = 290] A3 F G714 71:41€
ml A# sl 7ld ZEejeaes R 2Ae 24 dF A A A o] YA AR A
obg 2438 gd et (Yu and Yang, 1979).
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Fig. 1. Effects of spermidine (spd) and benzyladenine Fig. 2. Effect of spermidine on chlorophyll 2 and b
(BA) on chlorophyll content in the first leaf content in the first leaf discs of Chinese cab-
discs of Chinese cabbage during senescence. bage during sencscence.
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0 Fig. 3. Effect of spermidine on protein content in the
0 1 2 3 4( lcaf discs of Chincse cabbage during sencse-~
Oays ence.

rﬂz%oﬂxih 59 7HA f Fa T £AA S A B FRo] AR xR AAL B
sivt. BA®} spermidine® 2] Tl A= Bk HE T =3 o FL Tk £4do] A $ A=)

51 let 7 &3k spermidinec] YAl HA 597 =4 ATk A F4 o] £40] ALY
gdealth o] A3 Cohen 5 (1979)0] REjl-& AF = o T8 Azlbel 3 spermidine®]

a3
- AEek e dAA G g BT = Rolvh o)d) § Fk ash 454 be) B3 S5 4
2 Fig. 29 vl =49 WS B4 ok 424 bRo} FAlEE wEER 253 0] 27y
Hoj) Wel 4534 a/bie) 3T F5NA 28 5L FEE g ol e 434 0t 454 L)
st sl 7] 41 L& defael & gl o o] #1A87] A AL A4, Maunders
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Fig. 4, Effect of spermidine on MDA content in the 40
leaf discs of Chinese cabbage during senescene.

2} Brown (1983)2 4]g] delH dE4% a/bdo] 17bR] ZARclz ¥ wg wp gleh
Spermidine® 2| Tl A= |84 a9} be Esl7t 5 AR =Gk

ralo] EobE AelA & 44 A @uFs] 3okl Tall spermidine?] E3-E
s w4l RS TP nEREFE E44Q FFolvd (Thomas and
Stoddart, 1980). & @78 Azl 4= Fig. 30|42l Zre] 3 zke] ma{=lAe] o] Fab
30% 3 20 =i A ghuko) A4E-S 2P 0 spermidined M2 FAA = A H = 7
28 AE AAAA 22%] £4nlg Bech o)1= spermidined] &3t Al T o] 4fzl Al &
Aol FA FAEHALST RAAFE Aotk

J 24 ool w3t a7l EL ob2] W AR g Ao 454 E
Zukof]l $)A5+2 2 spermidinedl] o qk 4 F4 FEpe] xod AA AL 43
d7E 4 ook B adTelAE Al x| =ald] wf
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e $2ARE]] MDATES] Wt AT vz £

Fig. 4ol A gk Zo] sl Z2Tol| A& =434 9 2758 MDA FA43 F7}
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Fig. 5. Effect of spermidine on peroxidasc activity in  Fig. 6. Effect of spermidine on catalase activity in the
the 20 leaf dises of Chinese cabbage during 20 leaf discs of Chinese cabbage during sencsc-

SCNEsSCence. ence

EAHMEN UjXE spermidine®] S, 4] A & Az YA o] FA4== H.0.2 3%1‘2’1'—"]
o, o] & o] &3l peroxidase@A R Frheb viEe] LT catalaseB A 52| 2h4od
98} 493} (Brennan and Frenkel, 1977; Dhindsa, 1981). =heb4 A 318k Aol A 4] :L}
Mz W peroxidasedt catalase?! FA Kol v]Z = spermidine?] E3-E FA}stgch

AZW HOE o235l 71 2% Ak Zlvkn 4l A peroxidase® A == Karsl Mishra
(1976)¢] Biel] 9)sled =ad $F FrIRL BolBE Azled A58 A89 4 gdvia 5}
el & ATl A5 Fig. 5ol 4leh o] & wlolll 2= Bel AA3A] Frleo] Uajshe
AeFg B e, spermidine 2 & 497k A k4 AP L Falo o] BAL BYEIL
A fRH o] 2 Te w2 mto] E Lyl Spermidineel] 23] o] 42 BHE Frt A
Alg-2 obA BaEx gL PAY BT 324 =434 3 dA s LA S8 A
gl glod 8% Yul7) glelx sl ol &, spermidined)] o % 4 A EabE o] L9 F
AR ZASE T Fshe wdE shsAE A4skd Eoh

T, Fig. 49 Fig. 59 F A=l 4 -"17“:0] MDAT#2] 57| #¢]o] peroxidase@4 =7}
FtEL A et £40 % qldle o] H9) &Ao] 23H 0B FItE S o ulgtel. &
A ks Al Zabe] 74 %"‘%‘.-‘3—. -u:fﬂ-_g——-:"c’ﬂ sl w2 b st el gl wiel Al T o] &4t
il :Lw‘““* E B8 F4) sbpiall 4T s "e) 8 5 Qo] ik FubEe] Lako
shey Fhptal BAEe] “1‘%01 % &bl v} (Thimann, 1980). ®2l4 spermidinecl] 2]dt

e A B FES GAA 7O ek o] BaS] B 1 E L G0 2 o] T4
FAEE 9A fA AR oz A xeke] P44 Re] shpRel g S abol A Eut FEAF B
2HAE AR 4=t

AN FA4 ;g AEY x4 E FXA A= HROE —\‘?_— St catalase AT W3} w)
2E pcrmldmcf"] # = Fig. 631 ek xaFHA o] AP w2} catalase®A S spermi-
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dine 2] 2] T4} o] 27 EFoll 4 i d ok FAloll T 2po]E Bolx] ekgtel

Park (1983)¢ll 2 3bw BA& A 2)4] ] 33 5o o= FA2E W catalaseB A4 59 2ol o

A== AR Hol BAol k& as dAslE wshEe A5 e calase 5 A LS

s she 349 ZAEE $A AR 24 THYE By, £ dToA spermidine
ol
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2 o] HA L] AL FA A7 EIE e A ‘i}\'i = =84S A2 A7) spermi-
dine®] g3 o] ﬁl‘— 8] FAxoe o] gt Aoz 4 7—1‘“5‘17”]—. tlel spermidine®
peroxidase@A 0| A2 vElvt S4xd 58 R4 FE 3 2k

Spermidine S 2H0 O[ % |T'Z— Ca™0]22] Y&, Spermidinee]] ] 3 o Aejdy AzlerA o a3l A

8 zAde) o] A kel AR sty LHMA IS A6 sk T ool el
Ca**ol 28 554 (1 mM, 10 mM).E spermidines} ko] Z‘I 2lald-S o &l A o] TR A
2o 954 Y B3 Y AT A 2aeh

Table 2. Effects of spermidine and Ca**ion on chlorophyll content in the leaf discs* of Chinese cabbage

Control CaCL CaCl+spd spd
1 mM 10 mM 1 mM 10 mM
Chiorophyll
Contenent™* 1.64 1.72 1.75 3.07 2.16 3.66

E:g < disc™h)

The value of time 0 was 3.7 g - disc™'.
" Leaf discs were excised from the first leaves of 2 week old seedlings (time 0) and floated on spermidine
and CaCl: (1 mM, 10 mM) solutions.

** Chlorophyll content was measured after dark incubation over 5 days.

Table 20l 4] B-%o] Car*ol-& zhal = =43l o2 B4 T3] 2ras Aol ¥ 58
B =] 2] 589 2) spermidinest Zo] A2 dE & W& F FE (1 mM, 10 mM)ll A 25 o
4 T £4-F AA A7) = spermidine®] F3E AAFH M, { mMES 10 mM Ca2+
12 Fxel A B & =ZA FaAF ek o] Aabe T okol24l Car*ol-29] spermidined] 4l A
F] ol 2ol Holof] A 24 spermidineDA4 9] Ll whals)s] W el Ao 69
A=t

Altman (1982)-% PAY E=l7} amine?} 9 foff =l sk viehdrie A& So) 219 ofo]-2
A AR Qe 4EH o] vehde] A Futhe] QXA F Rolk Ko A om
A 1AH 02 A 2ehE A AS I O wiel eaabg o] dAl ks AL A4 g v g
oh 2 Aol A Car*e] R 2 4] spermidine®] EFF 2F4&AIZl A3 (Table 2)2} spermidines]
gk Azt T2 FX23) (Fig. HT ¥ S A é@%}% SAR A2 —*F et

ol =la Aol ulxlb spermidine®| 3. AL 7lA LY AE T2 EO A AEH oA x
AL E2A0 L o) AAZHELY 8 BT shbolo E PG4 e] Fo4EL
A Ho ke 249 EAolel, weld £ Aol e sl w2 o DA A A5 te) of
€8 1AA0] Y FEH = ol DAY Aol AT spermidine?] EatE ZAbspelet.
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Table 3. Effect of spermidine on ethylene production in 20 leaf dises™ of Chinese cabbage incubated in the
presence of spd and 4X107°M IAA during scnescence

Detached Senescence-Indneed TAA-Induced
Days Ethylene Production Ethylene Production
(nf) (nl)
—spd +spd —spd +spd
1 172.8 96.9 1574.4 172.8
2 614.4 192.0 2649.9 195.8

* Leaf discs were excised from the first Jeaves of 2 week old seedlings (time 0).
The value of time O was 19.2 nl,

_>.~_,

S-adenosylmethionine (SAM)Z} l-amino-cyclopropane-l-carboxylic acid (ACC)7} &alslgla
ETF Fven-Chen 5 (1982)-& wj A7 24 PAsHA ] ol & el 2] 4753l gl SAMA A =h4) &) =
el Aol Belgo s wAANE 2R A BEobe A4 AR
Table 33 Zre] =] 2 25 JAAd] A3 =35 = A dd 44577} spermidines] &l oA
5= 2 A A3E spermidinee] ol €@ 2] AL oA A o2 ol dylof] LA futs
= 3Ae AL Aolzhe 7He4E AMAHE,

#Z Adams2} Yang (1979)01 £138] methionineo] | 2 2.8 A 3= = 24 ¢ FATR
]_

B
_’{:
O_L

X (=)

Wy dHAdg-g ghafe sl el viebde e - AEgha] sl Aol gl spermidines] BlA & &
5 Ralstgd el 59 bS] oA ETl A o By whila ek £4d] 93 g4 g} x4
B} B 9 9l o, 107*M#) spermidine M Tl Av 284 Tuko] £40] A9 glgon] wiug
Teke] 2bA R MR HE Hok ol dddARY FajH B A HA4 H2-2S BTl EI
spermidine& =4 A4 2] =AW AE9 FakE2 Q% MDATHE 3718 dA o], =4 nA
A g 2 29 peroxidase@d =2 FoME A9 skA sk dA sk Lt caralase A Sl Qlej A= 2

)

Tob TR ol F B £ ¢dvh ¢ AHEL spermidinec] BTEE RA A Zlvbe AL H 4] EH=
Rolel, Xt peroxidased] AT 2AFE L Faled x4aAL oAAsle o A4ERC). ={,
spermidined 7] okol&al Car*(1 mM, 10 mM)3} 7L~gl Aejshg el 424 o w2 Fepy fAE

ot AAE G o, B3 10 mM Cat" FEANA o2 s Aoz wol spermidine®] 4] QA Labol] 1
Y] ckel-2a Gao] AHHE Beo)= AL R AARch g, spermidined $ 9 xAol] w2 o @ A4
A g, o)+ spermidineo] ol el M Aol Moo za Ll AE 2T YL AAlstE

o,
=
Aol k.

DH'

faEel
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