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Effects of Putrescine on Senescence in Detached Leaves of
Chinese Cabbage in the Light
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ABSTRACT

Effects of putrescine on senescence in detached leaves of Chinese cabbage (Brassica campestris
L.) in the light were investigated. The putrescine as a potent antisenescence substance markedly
inhibited chlorophyll and protein loss at the 10 mM concentration in the detached leaves
during the dark incubation. In the light, however, putrescine showed the opposite effects to
dark incubation, The chlorophyll loss by putrescine in the light was stopped with dark-
transfer, and inhibited competitively by a divalent cation Ca?*. In the light, putrescine reduced
the protease activity. Putrescine, in the light, increased H:02 content and reduced the activitics
of enzymes -superoxide dismutase (EC 1.15.1.1), peroxidase (EC 1.11.1.7), catalase (EC
1.11.1.6)- invelved in inhibiting the accumulation of free radicals. These results suggest that
the effects of puterscine on chlorophyll and protein loss in detached leaves of Chinese cabbage

n the light are relared to the cationic nature of putrescine and the accumulation of frec radicals.

e E]
Polyamine® A&, 5%, |42 & 719‘ 22 AAEAd A HAS = AL ol 2 2ER
A B2} f7) ok 2ol v}k (Galston, 1983). 4 Ealoll 2ol A polyamined 9] =&l gk 7

gL odA Ea), AL} FAHA AN %i: Q,T =2, =t AFPA T4 (ATPase, peroxidase
)2 B4 23, A2 4 fA, 87 25 2o digh kg 5 o9 chekal el A
AL AV dE AR oA vt (Slocum et al., 1984). 55 2l 9% Ay
S fEslE ma e olo] gHellA 718 polyamine RNAY il & 7hs=Fa) 49
B4 &5 ) (Kaur-Sawhney and Galston, 1979; Shih et al., 1982; Altman, 1982a), 4] ZH
Exlo] 2Zultz] (Altman, 1982b; Srivastava and Smith, 1982), ol &l 4 ¢] <A (Fuhrer et
al., 1982), <=4 Yetde)= = kA8 (Cohen et al., 1979; Popovic et al., 1979), 43&
o) il ghekg] §x (Kanr-Sawhney and Galston, 1979; Shin and Hong, 1988; Kar and
Choudhuri, 1986) %-4] -\TL—T"]-“— Baleh Zev 2R84, polyamined b& 7 s b

2 o TE 198619881 = I gk sl&kelT A4lul R o] Folxl A4l
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23l3 54 Y Al R
Choudhuri, 1986).

Polyamine® 4321 & pHlA x5 kA=A 7 (protonation)7t Lelub thzloke] &
(polycation) 4re} & ZA )7 = £H (Kimberly and Goldstein, 1981) ¢Fo]l-24 A2 g A
polyaminee] AW o] H9le} HA7|Aql AEALE FeEH 29t 342 polyamine
o] st o] FefRrta s ARt (Slocum er al., 1984). E3F polyamine®] Az oko]-2gl
Catell &3] 7AA40 2 dA4Ects 15 (Shlh et al., 1982; Shin and Hong, 1988)°] 2+
o o] <= polyamine®] #-gof 2L ofe|-24 A& 7Ilatete A FAZ ek 28 =
&} e H polyamine?| Z-Eollshu]Foll Hs) A= obA] HEsHA] WA ke, 53
polyamine®] Es}>t F2A 3 ¢hzzdd A gha| 2 vfehds o) froll slal A= A ¢z nprt
goh AF7A FZZ A polyamine®] o] Fabol]l NI AP 22, o B4 5] 5] 9] Mg
o sk polyaminc—‘l] chelating  (Kaur-Sawhney and Galston, 1979; Shih et al.,, 1982),
superoxide 449 %= (Satler and Thimann, 1983)%-¢] AAIH 2=, Blancke} Egnéus
(1983)2 713 long-chained aliphatic amine®] ol #E3 0.8 F55 H-E5IL obg&
H:0:% A& 23t dE54LE shA T Zolzles AldE sheh 13‘]"]’ olE AWF
polyaminee] EDTA ¢ chelator® ¥ 549 Mg & A A% $ 4 E84LE 4847 ol
T2 FxAAA 2L st 99 HAEo sl dHs) Fa Xl

Al Z ol A superoxide BHe] Zo] vk HiOos T 2pAlo] 2 A AbSl == Bl A & 285170,
A3 stz 24 2wl hydroxyl el ZS FAske A 2 wel O 'Ea— ol &dl= AEeL
superoxide dismutase 12| 3L catalase B+ peroxidaseE 3L gle] 2 superox1de—¢—]— H:O:
£ A A7} (Fridovich, 1976). L3 B o]& H 42 &4 A3l =& superoxide ¥ H.0.2|
FAe AT E219] sixE RestA] & Aeleh R AT 4+ diamine)] putrescines] FE
7oA o Fa4 W vk ok s Ha0: ¥k Y 2 2b 2 54 A Zko)] v)a e A}
4 A 24 Afetel R F4 e8] Sdd A putrescine®] FE-5 % A7) 544
1=

i
L

A 4] 7L ek (Kaur-Sawhney and Galston, 1979; Kar and

¥ = Bk

NEMRe M8EY L M2l B DT 4EASE 45T AL S EFR A4S

W & (Brassica campestris L. cv. Seoul) 24 271, e 4 HAo] vj£3 FAE AWt 1%
sodium hypochlorite &80l 1587 g21o] TRATFFIT Aol F AHe] £ Ty Tl
28 27 (11.5X11.5X10cm)dll 4904 =}Esked 25£1Te 252713} daylight & %45

(General Electric, U.S.A.)S AH8-3F 20 W - m™28] od <43 F718}e] uf of7]wol] 4] 0]-—\3]—1‘«}
40 ml®] Hoagland-8-o1-& FT&41 FoA 4547t #F 104F T 2719 Mg+ 2
2} clean benchell 4 1% sodium hypochloriteg°% ¢ 2 1,582t &3 & 5% 3 petri dlsh &
A 5.5 cmn) &% #HET (10 mM K-phosphate 9384, pH 5.8)% putrescine = 2|

(10 mM, pH 5.89¢] K-phosphateb3gHel] %9 )el] 4¢] simo] A&L 835 593 25
+1TAN A 1~49 7 k7] £ 20W - m 22| A3z 5 g ed, AT e R4

e Aeliol ZE Aol A1gatgieh.
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Hel89Ye) S5 HE.  Putrescine Sl FEE FEAA4 JEL ek 4 E FHuE
AA A7) 10mME AH&-3H3 (Table 1).

Table 1. Effect of putrescine concentrations on chlorophyll content in darkness

Putrescine Chlorophyll Content*
Concentrations (M) (relative % of initial value)**

0 46.0

1073 50.4

1074 54.2

1072 ' 68.7

1072 100.0

1071 888

* Chlorophyll content was measured after dark incubation over 3 days.

“* The initial value for chlorphyll content is 29.3 p g/leaf.

HEs U 2N CE gae =8, 3 B4 §ekS Hiscoxh Israelstam (1979)8] Wil
wzl o 8] of 42 dimethyl sulphoxide® ‘1"-‘%'%& —‘;’; mon (1949)2] akwdl] wz} A Akt
o}, =gl &L Lowry 5 (1951)9] whdel] wel FAsigivh

H:0:9| B2t2] £X.  Peroxide reagent (o-dianisidined} peroxidase®% )& ©]-4-3t Bernt}
Bergmeycr (1974)2] 4ol =l H.0. EF84E X2 st A5G

A2 H|ZE, Peroxidase$} catalase®] T£0-2 7704 %r].’% 0.3g2 4% 42} 3mle]
70 mM K-phosphate$t3-§°8 (pH 8.0)3 gl WAl A whal 3k F 18,000 X gl A 2087+
Argste] Qdgos, superoxide dismutased] EAGHE 7L g 3 ml® 50mM K-
phosphate %8 (pH 7.0; 0.1 mM EDTA Efz})_i ob gk & 2o} Fd kAl A4l s
o] Qgivh. 22T protease®) FAFHNE 288 2E 2ml¥ 25 mM Na-phosphatesl3-&-4
(pH 7.0: 5mM DTTEF)e® sRstn $ef FdsA A4l & 4A8L
Sephadex G252 desalting® ¥ 4= FAcll | ol-&3kgA ek

Peroxidase®| B4 T 3, Chance®} Machly (1955)9) ahsiell =2l 3 ml-8-%2] cuvetteol
2.8ml¢l 70 mM K-phosphate $+%-8<4 (pH 6.0 ; 0.6 mg guaiacol/ml £ )zt A48 0.1
mlE EAEE b2 0.03% HO-EM 0.1mlE 7t 430nmell A FFE S7HE 545
e},

Catalase®] B Z&,  Chance? Machly (1955)9) whgiell =2} 3mi®) cuverted]] 2.8 ml®]
50 mM K-phosphate %88 (pH 7.0)5k Z4EY 0.1 mlE EEF ob-5 50 p18] 71488
(0.03% HoO2)& A7t vbS AR ok B4 FAEE H0:0 3 2¢ 240 nmell 48] F3=
a2 EAFGLH, K0 BFFAS 0.4X1I0M ™7 cm™g o] S8 ALEEAT

Superoxide dismutase®] AT £A.  Giannopolitis® Ries (1977)#] @4 ¥ Dhindsa §
(1981)9] whgl-e A skl AAsksiet 28 EFY Wl & 50 mM K-phosphate $5-8-1 (pH

8), 13 mM methionine, 75 «M NBT, 0.1 mM EDTA (disodium salt), 2 2 M riboflavinz} 0

o
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~50 u1¥] BAGNE Eﬂ"‘]?ﬁ‘-”]‘ WS- E 3ol o]
A gl °1‘°ﬂk] 10 cm EelA $=)e] F3 H
AN qk-g-S FAAR ':—P& 560 nmol| A 4] {5 ¢
4 2] f*oﬂ BE Vv (VS8 BAAYERE, v BALRY EA4Y FHFE)E
NBT9| #3d& 50% AAA7 = B4 EN9 ofe %6}‘# 1 unit® vebd gt

Protease®] EHMT =X, Wittenbach (1978)2] v &- A5t 41835l gc}, vl Eqtel e
acid protease®] 7-% 0.4ml®] 0.2 M citrate %384 (NaOH-citrate, pH 5.0), 0.2 mi] 712
24 (1% azocazein), LB 0.4 mle] HAEH O F o] Fo]Z o, peutral proteases L5
4=k 0.2 M Na-phosphate 2384 (pH 7.0)2.2 wtF-glel. HbE-& 40T A g2l 4 24]
7t ek AW AZFE 30% TCAER 0.5 mlE 7Foke] FZ A Z ek o) F 4Tl A 154 2F 9] 7Y
1,000% goll A 2087k QA Al-2e]3F AL M| 45 340 nmefl 4 EA vl B4 4=
wels 219 heEAAA 0.1 FHE Aol E 1 unie® AsGich

23R

%’f%% AA k35 A Aok
=B
=

25

ok

_Iz

£

=R 3

Putrescine®| SEH 7.  ZANA g5 £48 GA5E ol E 10 mM2) putres-
cineo] 7}Z E3bA o] gl e} (Table 1). 22k FEA A= o9t T4 i oA A5 &

49 £4 (34F 80%e4)E 2P on, 100mMell A ol A5 54 &4 (98% +4)
o} Adrt (Table 2). =3 FZ A A putrescinedl] &) X5 54 4‘:’%{’.— Qo] w3y
A Faksk g et olell o 3}"“\ 0.01~1.0mM®| putrescine® T2} H|£q ¢F¢ 54
ok (2 10% £4)F FAegen, xa7t AP = Fol|x g9 A A2 2T o] =
2l = gl

Table 2. Effect of putrescine concentrations on chlorophyll content in the light

Putrescine Chlorophyll Content*
Concentrarions (M) (relative % of initial value)

4] 83.3

1073 88.3

1074 92.1

1073 88.0

1072 20.4

107 1.6

* Chlorophyll content was mieasured after light incubation over 3 days.

o= gharel wa  REAA Aehd MFYL 2T A Hex 19488 54
A ZFhe 49 o) ok 7] 9] 35%4FL A v, 10mM putrescine

2 W oF7| 7k Eak g ﬂﬂAm% 25t dEBL £48

A3 A5 e (Fig,
1), BEzA A 2 T= ¢27 2o} shabgt 54 £45 Jepigl =

Bl 42 712 5 70%
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2] dE4& oS FAEdeh FE2A2 putrescne® B Tl A= 194 7hAl = A 2T 22
T Booad 29 Al dlE&TR 7t g 5L KRS A FAG o F4
Azt ol o] Wl S Sukshyl o m 4 Aol = A 5% FFS e dot (Fig.
T & AS puttescined 2l T2 tE A LR $71 024 A9 A
stgos, I o] F o of T4 ek wizle) AT wioki e obA 3t putrescineX B 79
233 kst ot (Fig. 2). Kaur-Sawhney9t Galston (1978)¢] 13 Xel, ¢|& ZAap= 3
273l 4 putrescinest] 213t F 24 337 Aoz Yo o EsE 3 vehilE Aol
=
Putrescine®| &0 0|A= Ca*te] 51}, 27} ofol 23l Ca*-& putrescinest #A == |7t
AL S HEFgS o ca2te FxzAdd A2 putrescine®] E3HE chokslAl oA sk o
{Table 3). 1mM®] Ca?*2 putrescine (10 mM)ol] =Hall A9 oA A3E Bojxl ¢oten)
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Fig. 1. Changes of chlorophyll content during senese-
ence in derached leaves of Chinese cabbage. ©
, Control; ®, putrescine (10 mM); —, in the
light; «+e-- . in darkness. The cholrophyll con-
tent is relative % of initial value.
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100
¥ BO
)
c
)
2
§ 60
— Fig. 2. Changes of chlorophyll content of detached
é‘ leaves of Chinese cabbage in the transfer from
8— 40 light to dackness. ©, Control, continuous
§ light; ®, putrescine, continuous light; &,
e putrescine, transfer in day 1; B, putrescine,
v 20 transfer in day 2; W, putrescine, transfer in
day 3. putrescine concentration is 10 mM.
Arrows indicate the transfer from light to
0 darkness.
o]

Days

Table 3. Ca*"-antagonism against putrescine action

Chloro‘,?hyll Conrent*

Treatments (relative % Of initial value)
Control 70.47
Putrescine, 10 mM 24.30
CaClz, 1 mM 73.41
CaClz, 10 mM 82.90
Purrescine, 10 mM+CaClz, 1 mM 26.04
Putrescine, 10 mM+CaClz, 10 mM 53.90
Putrescine, 10 mM for 24 h

followed by CaCl, 10 mM 41.90
for 48 h

CaClz, 10mM for 24hr

followed by putrescine, 10mM 60.60
for48 h

* Chlorophyll content was measured after light-incubation over 3 days.

10 mM2| Ca**2 putrescine?] &4 =3 ZAE HAF] o ]ﬁ}- o}, Ca**8] putrescinest-§

of] W3l o] 7l oA _g_st}_-] X+ Ca*e] putrescine20h 1A Y Aol Bof 2 = = Azt
Al 7139 A= vl s ek F Ca¥ g At putresdne—%— EAzEr A AR E o

A J3E RYT, 2 ‘“’]"0’ F4 Hele A, 123 putrescine® & A 2] FFa Cartg $A
]5]- _,_ 7]-71- u.o o-l;q] _*g_;;}_._ ieip]_
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100
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Soluble protein content(%)
Protease activity{units/teaf)
W
T

1Hlﬁ<.

e
1 1 L 1 1 1 L

% 1 2 3 4 % 1 2 3 4

Days Days
Fig. 3. Changes of soluble protein content during Fig. 4. Changes of acid or neutral protease activities
scnescence of detached leaves of Chinese cab- in detached leaves of Chinese cabbage during
bage. O, Control; ®, putrescine (10 mM); senescence in the light. O, Control, acid
—, in the light; ------ , in darkness. The protease; [, Control, neutral protease; ®,
soluble protein content is relative % of initial putrescine, acid protease; Hl, putrescine, neut-
value. The initial value of soluble protein ral protease. Putrescine concentration is
content is (.324 mg/leaf. 10 mM.

Polyamine-& <8 2] & pHell 4] $kA1 3] oF4d 2} A 7471 5] (Kimberly and Goldstein, 1981) oF
ol 25 AAE =HA H“’]‘ ofol 22 24 8] polyamine #4k, o 2= A, FEYAY F
o] & 4ot AAA A A45a8g oz A8 LaFg ehiAl Fotb (Slocum ef al.,

1984). & oAF aierﬂ A Ca? putrescine 2ol olgr A A o= _"%LEPt- 27 o] 4

putrescineel] & ¥F ¢ E4& 32 7} putrescine®] oFo] A Al rIqigtels sFA Al

F7A7+ ®eh
FEYCYE B3 protease?] M Tl WSl dE Aol A putrescineS SR 24 of 4)

QA ot Fx Ao A G E 40| 7329} nhx 1}7}7\15’: e B A 248 23]

of wlof 3, 49l 27]9] 4~5% Exko] 2HE31 o} (Fig. 3). FH&E%

S kis '%‘ T4 £E5 B4 £4nr “%aw 29Aoll 42471 75%F S50 4

3t A2 60% A Eolgl o, 3ol = §F40t 20% SRS bl AL 59 ko] W

of lgleh,

e Jof =27t APs s ok whale] s Sl oh&-# protease (FL
protcinase, peptidase)$] 241 57]- Z7Fetel (Anderson and Rowan, 1965). «J&] 41Ed|4 @
o] 2% Ak pHOE B4 pHl A ZAL el protease® —Z 7 acid protease®} neutral
protease—¢| %A= =0 (Graeme and Dalling, 1980), & o To| A% wlwlz el s4=2a 0}

r-.‘lo

¥

-2}
F'_

r—r"
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A& sl o]l = proteasc-g’] AT E 269 ok

B2 dhge oAbl MFQY proteasers, WETE 7% acid protease$t neutral
protease 25 x| 7} A3 ol wel L FAH )} Bkl A B9, acid protease?]
FA T Z7}7} peutral protease® ok o F 3w} (Fig. 4). dbmdll putrescine®] 2jol] &]&} A& acid
protease: neutral protease =5 & 7148 BAE7}F 3457 A &sle] 4R ¢l acid protease
£ 2719 20%, neutral proteasct 15% ] &4 =rb-& vebl $ieh, Kar#t Choudhuri (1986)+
Hydrillas} A1 53] 4ol 1 mM®] spermine-s ¥ 3 T A8l 3tolg = g P 4L
protease] BAE Frlo] Rt Bausg e, F7 4+ /b I A3 Kaur-Sawhney o}
Galston (1979)-& protease®] B4 F zt4 5 Bualgich 2evt £ 79 Zoll =2 W F
Q9] 79, BF2A6 A putrescineel] 3 FEH = v A £4L protcase?| T et T
sked 299l i E aqlefl ofsl dojdrha #F & gt

H:0: 822 Hal.  HO.= A3 4ke} Bt AR L5 A W 3559 sl 4 superox-
ide 2hel 23} ukgsle] o] % slo 4 F-L hydroxylzlel 28 4§43k} (Elstner, 1982). =1eh4]
¥ A4k gl HO. dl4kel] |8 Al 2 H0:2 54& A2 faigk Lo o|X]A sk
Blanck®} Egnéus (1983)% A1 23 d8| o Faldl long-chained aliphatic amines 2| 8}5 &
w], ol &) 28 0x9] 408} Al H0:%] H Aol =0 olal o] A=} FedA 5} S H 5
A olgha wustdch & o Fold] FEAG 2aF 3 o] HO, T3 W3S 24}
g uboll W2, putresine X 2] T & Wk 7t Ft A E TR} HO: 35 A FA5H%
orm B3 395 2 575 el gk (Fig. 5). 2l 497 oha] 248 29 =], o)A
< 929 ool =2 FF2] Ao A= YAk putrescine # | Tl 4 o] g HO.

0.14f o R
= 20r
|7}
. &
[ o -
[1+] g .
2 odzr o o 15F
~ 52
3 Eg
- G c
& o = 10
c o10f . o
o >
© /D\/\ﬁ 2
o 2 R
¥ :°
w
008
OT L ! 1 1 0 1 1 N s
0] 1 2 3 4 0 1 2 3 4
Days ,Days
Fig. 5. Changes of H=O2 content in detached leaves of Fig. 6. Changes of superoxide dismutase activity in
Chinese cabbage during senescence in “the detached leaves of Chinese cabbage during
light. ©, Control; ®, putrescine (10 mM). senescence in the light. O, Control; @,

putrescine (10 mM).
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9} Sk, A4l H0: ALY st el w8 F4 =y o) F Fohx| EFo i Ay

34
*

Superoxide dismutase® MT WEL AL F oFdle BT A Ec AT A fT
superoxide 201 ZS AA4stA = n, ole] gt abelF A A superoxide dismutase® A vieh
(Fridovich, 1976). Fig.6-= %7114 )3 4 2] superoxide dismutasc?] 4% HA5-5 1}l
A Aelek, &2 T A Wkt Tk Al 459 F715 29 ek ghded putrescine
AT 19702 279k vldt £ FAHE 0, 2dAl el e e EA =S AL
3t7] A 2bske 3, 4dA AlF zrstyeh ol ® Avbe FEZ Ao A putrescinex] Blol] 28 A2
=¢] supcroxide Bl Zel] W3} wbejHH & ALs g vekdch

Catalase % peroxidase2| EM T %], Catalase$} peroxidaset 4| Tl el fral &k H.0.8] 4
+ whR ledl wk=s] " edt G4 Folvh (Fridovich, 1976). - o729 Aal] wed, #2
A A catalase®] AT AZToAA wioFzs] olF vl FrbEl ASEE BHylo
putrescine®] 2] 7ol 4= 194 48] a1 g G429 2r47F ebyta 284 Y el 2719 10%
ol3t2 A X7} zhLE At (Fig, 7). FF 7004 peroxidase®] LAE 4] 2T = =
4] 7} 218 gholl whe} Frleke FArS el 9w, putrescine®] B Foll 4 & 195 B4 T
A& zriaste] 49Adle A9 AR vehdR @skek (Fig. 8). #ebd ZE el 4
putrescine® 2lef] 2]3} catalase®} peroxidased] BAE 74 = Al o] HO.2 F45 F%3)
P& Aoz A7 (Fig. 5).

Superoxide 12 2 HO: Al 7d] wals B4 452 Falafy
o] 23k o 24 W vl A £4o] 2 ehel o] 44 =8 A3k daslo] g

sieh.
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e LS

> ® e

o ©

5 g€

© © g Q4 \

5 23

(3] a4

K] &3 \

© 02

(&

1 1 1 | ]
00 1 2 3 4
Days Days

Fig. 7. Changes of catalase activity in detached leaves Fig. 8. Changes of peroxidase activity in detached
of Chinesc cabbage during senmcscence in the leaves of Chinesc cabbage during senescence
light. O, Control; ®, putrescine (10 mM). in the light. O, Control; ®, putresci-

ne (10 mM).
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i 2

Zz27 el A, polyamine®) UE3] putrescine®] FHzhil W3 A9 k& A vj2]& G} E FAstg
. otZZ o A putrescine (10 mM)-& Z#H 3t k4] JAEFA 2 2851, 9 o B4o} vl A gduk A
a3 dalshgd o, FEANAE 25w ol ubeio] AntE B ek FTA el 4 putrescinest] 2k
Z4 sho) dAL bz e R AFEl Y-S o) A or £ 27} oFe] 24l Cattoll g3 AdA R
A= givh, 22| A putrescinesl] 2%k wb A FkzbA )l EAUES I TS putrescinedl] ] 3} protease
] BAE 20 AT Esle & ddsh BFEAAA putrescine H:0:9 TE FrMAFAT
superoxide dismutasc (EC 1. 15. 1. 1.), peroxidase (EC 1. 11. 1. 7), catalase (EC 1. 11. 1, 6)F =}§ =}
Z S A gl Wel g BAF FHEE obde Aol ol FalE Eoa B2 WE QY
2 A F putrescines] 9% | &4 9w A E3 AL putrescine £AH2] oko] &4 A4A g 24 =)
slge) 2x3 gy Foew FEHO

2 o g T
Wy

o

1

2 £ X K
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