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Role of Calcium on Auxin-Induced Ethylene Production in
Etiolated Mungbean (Vigna radiata W.) Hypocotyls

Moon, Hye Jeong and June Seung Lee

(Department of Biclogy, Ewha Womans University, Seoul)

ABSTRACT

The effect of Ca®” on auxin-induced ethylene production in etiolated mungbean (Vigna
radiata W.) hypocotyls was studied.

Auxin-induced ethylenc production by mungbean seedlings which had been germinated in
the presence of 5-10mM Ca’” (High Ca?'; HC) is greater than that by seedlings which had
been germinated in distilled water (Low Ca®"; LC). The effect of Ca?® on auxin-induced
ethylenc production was greately increased after 12hr of incubation period. The stimulation of

auxin-induced cthylene production by Ca?*

was specific, since divalent cations, such as Mg?*
and Mn** did not cnhance auxin-induced ethylene production. Calcium also promoted ethylene
evolution induced by methionine and 1-Aminocyclopropane-i-carboxylic acid(ACC).

The effect of Ca** on auxin-induced ethylene production was not caused by increase in free
IAA or ACC contents of hypocotyl tissue. Dimethyl sulfoxide and Triton X-100, that disrupts
the membrancs, inhibited ethylene production to a greater extent in LC segments than in HC
segments. Addition of Ca®" to the incubation medium for LC segments resulted in enhance-
ment of ethylene production probably because the membranc integrity is supported under
thesse conditions. Comparison of activity of Ethylene Forming Enzyme(EFE) in LC and HC
hypocotyl scgments indicated thar the enzyme activity of HC was about 2 times higher than
that of LC. It is suggested that Ca®' increases the activity of plasma membrane-bound EFE

through its stabilizing effect on the membrane, which in turn brings about promotion of

ethylene prodution.
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, 1972 ; Licberman. 1979). 3154 Sl 4 o &
(Met)—’S-Adenosylmcthlonmc (SAM)—Aminocyclopropane—1-carboxylic acid (ACC)—+C.H: 2]
HA5 FHA G4 ek

o] 3AFel SAM—ACCE wAl= ACC Synthascoll 2314 Zwi5= 334 9ld] Ami-
noethoxyvinyl glycine(AVG) (Yu et al., 1979), L-Canaline (Murr and Yang, 1975)% pyrridox-
Al EAA A = o] HA L A A7k dbale] IAAE ©] 40 FAE £al47] 224 o
gl 442 2241700k (Yu and Yang, 1979 ; Abeles, 1966 ; Yoshii et al., 1980 ; Sakai and
Imaseki, 1971).

ACC—CH.®?| wAl & oA EHel== 9%-& Ethylene Forming Enzyme(EFE)el] 23 4]
Sojs= A LE, Co*', Ni* 59 27h9F0]-£(Yu and Yang, 1979), DNPZE uncoupler
(Apelbaum et al., 1981), n-propylgallate, sodium benzoates frec radical scavenger (Apelbaum
et al., 1981)& o] 3AS Al A7Zle}. #alell 2z}t phospholipase D, Tween 20, SDS, Triton
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Ca** <= Al ZZ ol A second messenger24 o &]7hx] dald 7]5L sl Aoz ABHE
IAA—r] °]-3(Dela Fuente, 1984), JAA®| Z8&(Cleland and Rayle, 1977 ; Cooil and Bonner,
1957), CytOklnII’lC—’] #-&(Saunders et al., 1982), GA2] Z-8(Jones and Carbonell 1984)5 4 &
TE2e HE3E DG BA ek Car 2 AE 2 ESO] A Lel ohule} o 2@
A= DA AA S o, a]—’w] Bl ¢5bml Ca*o] o &lell Aol u] 2] = od 3]
el 4] A= Abuls = AalSe] g ]— Ferguson 5 (1983)e)] 2shbw Car*& 2o)=ladol 4] o
4 2l E AAATZ, odale] 42 JAAAN w8 F A dA7ct gl kel 7
2} tuber disk, =-Fskul &, E“]'E pericarp disk 5ol A= Ca**o] ol W@l 42 £ 47
(Burns and Evcnsen, 1986; Evenscn, 1984; Arteca, 1984), Lau and Yang(1974)¢) 25b= Ca2+
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olgd e &Y ol"a A 32 15ml vialdl &P%‘—%mﬂ (Mcs/Tris buffer, 5mM,
pH6.7)7 H 9 gk A okg T g vl X (1ml)el] 2AAH 208 E Yo 442 S5 A2
upof 2 who} g4 (23+17T )oll 4 incubation] 7Ltk U A gk 4] 7] o ﬂ L2710 2l 1mlE F4F
712 ##3ted gas chromatograph (Shimazu GC-9A, Flame Ionization Detector, Porapark Q
colurnn 100~200 mesh, 90 Air: 0.5kg/cm?, Carrier: 50ml/min, Ha: 0.5 kg/cm?) 2 o gl 2] 44
Zg &5k ek
A& o] Fd we} WMo oF, 2SS 5E Aok
Z=AIH2) ACC B2  Lizada and Yang(1983)%] wh 5 48k ACC7t ol dl o2 A Els
= AE o183k 444 ol gas chromatograph® A 2ksl4ic),
Car'shil & 22 " s (LC) 207 5 1AA7L B2 W =)ol 4] A <] 7H(184] 7
X, 10mM CaCLsl 9l #i=lell 4 7]8 High Ca** sl & ZAHC) A=A 207H% IAAS}
10mM CaClL#] siA]el] 4 incubation4| Z1 2., ZZ A& 7+zk 7 5le] g9l o7 ab o 3
3% sulfosalicylic acid 5mlE ¥ = Z]-A]-HLE -2 ¥l 10, 000rpmol] 4 3022k Al L= 3}
et dalfel st £ AEeR 4 Fsle], 2N HCIZ 2484470 0] €28 column(Dowex-50W,
H* form, bed volume 2ml)el| ote]=Abg FabAZl el Fabsg] ofr] = 4k2 2N NH.OH (4ml)
= Fe e FEZAR(-50C) & F FHT2m)E 59t o] 0.8mlE # 5k 15ml vialel]
23 0.1ml® 10mM HgCLE #7138 ¥ 422 o) & 2fo} Lol 1087k AYES 0. 1ml
NaOCI(5% NaOCl Z8l® NaOH, 2:1, V/V)E F4tr| = F435td via] 2o A T4
th 103E0] Ak F 74l ImlE FA71 2 AR d 449 oldal & 24¢F ACCY E5 =
AL o] £3Fe] ACCoFE A 4kskgi ol

Ethylene Forming Enzyme2| &4 &3, In vivo 94 EFE®| 412 Hoffman®t Yang(1982)
-‘ll S A5l ACCr dldal oz Aghsl= A& o] &sle] EX3}tgirh. High Ca?* &=
43 30718 107°M IAASH 10mM CaCl: 8 =)ol 4 18/<] 7} incubation#|Z] ¥, R A2
74 3te] akFgei o2 Aot AL =AEAE 107°M AVGO 24 2t incubationste] =
ACC Synthase®] #4]&- Zﬂ A] 7] =2 9f ’—8— 22 He| 5mM ACCE & 7}%F ui =)
STAHE ACCE AW A FAZe vp] 2 A2 $ A9 EN 02 47 15ml vial
o Imlak So] gl wix|ol 4 vl & &% 14] 2E59F incubationa] 71 F o & #l A4
s ek

EHLHS Free H-IAA & £8  Low Ca™ 3HiF X4 Ilem Ao] A 200 & H-TAA(242,
606cpm) 7t Sl #l zlell, High Ca** &2 207 & 722 k2| *H-1AA% 10mM CaCl7l &
£ i =)ell A 184] 7k F-oF incubation] F o}, 18A17LF o] 5 ZAAH L 3719 k8ol (47)
22 gojd vhg, 80% ol ' 0.2mlE ¥o} %o 4 filter paper (Whatman No. 1)ol] F-ZH -2
gHalell A o] butanol: acetic acid: water(4:1:5, v/v/v)ell 4 AN £ Z ok, AR filter papers 2
# 0.5cm A2 =& F, scintilladon fluid(PPO 10g, POPOP 0.25g, Naphthalene 100g,
Dioxane 1,000 mlell #Zz @3, QAAzte] Ak Foll Liguid Scintillation Counnter
(Beckman, LS 6800)2 wlAbgokS &4 stgch
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Cat*o]l 22410 8 Fubs] = o &l 4ol m| 2] FEFE Folr o] $1ste TR
73 e LCEh S 2L JAAY) xR 52 ) A]el] e 64] 2 incubationA] 7]
T2 5mM CaClell #8472 5mM CaCl7} T35 W =)o) 4 7] & HCsP & =
of 8 742 FE2] [AASL}F 5mM CaClrb Z3hs] v x| ol 4 ZF-2 4] 7HF-<F incubation#] A
e k& v maldrhFig 1) 22419 B= 107Mo] sl A= 7t e840 fut
=g AAE Ex47]A ot v mAd wpEal 107 ~107Mel| A = 50~100% % 714
ek, A& A4, carr2 EE scedling=HAl gl AHE Caoll A= A2 2 &3 o}
& AAERF st QA5 vEbtA] incnbation =HAl Gl Rk Cat e HElStd Aaksl A
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Fig. 1. Effect of Ca®" on the auxin induced ethylene  Fig. 2. Time course for ethylene production from

production. Twenty segments excised from LC and HC hypocotyl segmenrs treated with
seedling grown either in CaClz(5mM) conran- 107% —107*M of IAA. ©— 0O, LC in 107*M
ing medium (HC) or distilled water (LC), IAA; #—@ HC in 107'M TAA+ 10mM
were incubated with various concentrations of CaCly; A~ LC in 107°M [AA; &— 4 HC
auxin for 6hrs, and the amount of ethylene in 107*M IAA +10mM CaCl: -

produced was mecasured at the end of rthis
period.
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Ale] 2 wi2]ol YL incubationdled 2 A]2k-g-ok A AR oW al 2] ok v wdk Aol 2
Goll Ao} o] Cavvoll &3 254102 fus] = Al el 4A4L 1241 27k2 & 2 Fol 7} gl
v+ 164] ﬂél +e dA g Aol & vhebdle] 107°M 1AAE ¥ &9 244] 7ol & HC7F LCR e}
ok 60% B dldAlE YAsurh

Car*oll 2|8 ol g el Y4 EA - AYe] ch 27heol 2ol AT g A5 el &7 &
ohnzl AMA L el d8E Mg, Mo 2 R gkont, ol ol L& 23 o

23
g 448 o X AAA ke S @7 9lgich(Dara not shown).

wo| 024 ik ol eyl AL Ea47) = oWl 442 T=4 A T4 9 methionine
oit, g 449 WA ERR ACCE HB LA E C e B E3hE vheki Et

=elstz] A Fig. 3, Fig. 4¢ll 49k 22 A8 219tk Fig. 3= LC# HCEAA 1~
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Fig. 3. Effect of Ca®’ on the methionine induced  Fig. 4. Effect of Ca®* on the ACC induced cthylene

ethylene production. Twenty segments exciscd producrion. Twenty segments excised from
from seedlings grown either in CaCla(5mM) seedlings grown either in CaCl(5mM) con-
containing medium(HC) or distilled taining medium(HC) or distilled warer(LC),
water(LC), were incubated with various con- were incubated with various concentrations of
centrations of methionine for 18hrs, and the ACC for 18hrs, and the amount of ethylene
amount of ethylene produced was measured at produced was measuured at the cnd of this

the end of this period. period.
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Table 1. Effect of CaClz on free IAA contents in mungbean hypocotyl segrnents.

Ca®" Status Free JAA(cpm)

Low Ca2+ 1522
High Ca . 1700

a: Total radmact1v1ty of 20 segments.

Table 2. ACC content from LC and HC mungbean hypocortyl segments incubated for 12hrs in buffer con-
taining 107°M IAA

Ca®" status ACC content(M)
Low Ca?* 1.45X 1073
High Ca?* 1.49X1075

Table 3. Effect of DMSO on ethylene production from LC and HC mungbean hypocotyl segments incu-
bated for 18 brs in buffer containing 10™*M of IAA.

C2Hy production nl/10 segts

Treatment (% control)
Low Ca** High Ca®*
Control —
ontre 643(100) 921(143)
DMSO(5%) 451(70) 693(108)
DMSO(5%) + CaCl (10mM) 830(129) 938(146)
CaCL(10mM) 918(143) 1449(225)

o] 2k7Fe] Ca?"E IAA, methionine, ACCSol &l &l 4] k=] & ofl &zl A8 4
o, o] AL CarrbollEel A4 AR = E%jﬂ Z 2k wkAlo] 245k
o = 218 ¢ u|gkel, Lau and Yang(1973)o] ]38} kinetin-e ©.§-4].2
F E3A17H, Ca¥ v o] #FAH ol AeiaE Vel te 172 kinetin®] Z2U] free
IAA leveld %ol 7] wlFeleb 515 vhLau and Yang, 1973). £ A&l A5 ofoll 4 Fabzl Car+

ol g A4 &3] Aol AW free IAA levels =o|7] dl-T2l= & 2Helstr) ¢35}
of ohgat 2 484 skt LCE A3 HCE A "H-IAAZ 35| 8) 2o incubationd}e
free IAAS] oF& F4gE Al LCE Aol HCE A A2 free IAAL] ok Aboly} gt
(Table 1). =ebA Ca**2 E2H IAA2] conjugations A A A free [AAL] F& F7l4171 2
A% Al Zlvka B glvh

Table zL Ca2+ l A3zt SAMeN 4 ACCE A 5ks] & A o] 275 dolr 7] $le 4
HCZA 3} LCE 3 ACCH] of-& ZAbotg 2k, ACCH dell A X Ao 7k 8= F2 2 Heo) Cat
= o] #AFAZ AFHoE Adskx| g AR G5

abe] obA Aoll Abeks] Fogt AEE she Ao &l A 9l 2= (Mayne,

{ 2ol 4 ACC—+CaH.8| 33 - el 9lvba 4§ 25 = EFEe 234 =4
el PguglE Cat -"-l #%D] o] =4 °ﬂ 3 %kS v 3]s 7HE #Helshs] #le A Table 3, 4
A i ol g9l A Aol 4 DMSOS]

% DMSORHE 2 2] 5o 184]
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Table 4. Effect of Triton X-100 on ethylene production from LC and HC mungbean hypocotyl segments
incubated for 18hrs in buffer containing 107*M of TAA.

C:H: Production nl/10segts

Treatment (% control)
Low Ca?* High Ca**
Control 852(100) 1221(143)
Triton X-100(0.03%) 49(6) 263(31)
Triton X-100(0.03%)+ CaClz(10mM) 285(30) 365(43)
CaClx(10mM) B 1217(143) 1552(182)

Table 5. Comparative activity of in vivo EFE from HC and LC mungbean hypocotyls incubated for 18hrs
in buffer containing 107*M of [AA.

EFE Activity

Collection Time (0l CoHL/10segs)

Low Ca®* High Ca**
30 min 19.70 43.53
60 min 40.96 89.49

7} incubation 4] % 2w LCel| 4 = 451nl, HCH 4l & 693nl2 HC7F LCE T X 40% %2 o™
S A4, o7ldl 10mMe] Ca**g FA7ste] & Al 445 v ng S LC 830nl,
HC 938ul24] L #te]lx ok 20% 2 Fo] 5o Ca¥ & DMSOd 2138t o gzl A4 oA &3}

Table 4= 7‘% uly o] A& w2 uhef gk Aol d kg R A& Triton X-10001] & gk Ca?
2 &2 E Fo|cvh 0.03%4] Triton X-1007+2 M@ Sel= LCAlA 45n], HCNl A+
263012 HC7F LCErT} & Suful 52 o el g 445k 2 o> oﬂ 10mM#| Ca™& A=l
32wl = LC 285nl, HC 365nl2 L zto]& &4 3] FolEo] Ca®*7} Triton X-10001] &3+ o
AEAE 23A] A4 2 AL B o). o] F4AZed 4= DMSOW Triton X-100-2 =9
ok Aol o gFE- Fo] LColl At HCEA A 5 ol " all o] A4E 2h44]7] vk HCE2H 2
o} LCE Ao 4 v ZAl A 7™ o 7joll A Car= 4o a4 S T 2 A LatE 7z

AA 7= 7oz JzbE o),
Ca?™o] =ho] kAL Folvkd =l 123l ACCHA dldaleze] e Eafsie
EFE®] Aol 9d3kS % Zo| v}, Table 50l 4 Exd HCEZ A& LCZ A B o} EFES] &4 %7} 2
1

e

Mol 4 e e ¢ Yol T AIEL Carolol P 44 AEAA ool AYA
Q) 42 Frvbr Beb w8 Gy el d5ke T3 weld EFEY] 42 Folnus o Yol
A4e FAAAE Aol obdsh 4 AR

=F
=

k!

Carvol ol Rl A4el mlA = Aokl HAAE 4B FFh 24l He} AT B 2
TEo] wrh(Ferguson et al., 19883; Licberman and Wang, 1982; Evensen, 1984).
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rio

A4 FallEE AN A Ca 7t Bl AL Ex 47 ASE dgedl T F
= 12/‘]7\1' o] 4t incubat jonAl 7l FE Al A=k velskeh(Fig. 2) 2
Zoll A 8% free [AAY] level S FolX] X I (Table 1), ACC2
o (Table 2), 2841 F9 ol &l 44 &=l o}r] 2} methionine, ACCHHE
&2) A7l eh(Fig. 1,3,4).

Car 7t gl 4 AL ERA70 vk a5 grh(BEvensen, 1984; Lau and Yang, 1975; Green,
1983). Evensen(1984)cll 2|3t 7=l ol A Ca?* = ol W&l 442 S 47 =v o] 22 Car
7t ACCH k& F7HA17)7] siolebn A eta levl o] AL & 4% e Azbole vhErh

A
i
7

2
4

olmtE 2= 50mM% Ca* & AEabgl 7] vl Foll LFEel A8 dFE stessdll ol 47 A

37} ol 7b Al Zhxl o
Lau and Yang(1973, 1975)-& &3k el 4 Ca*'& kinetinell 2]
Aol A2z Zgeler] o] AL kinetino] 222 IAAEF
tiond LA A1 7| 2 A F ] free [AA level S Fo)7] wiEd 2
o, o] Aol A Carre] dF-E Ca?* 7} kinetin®] F45 EF% 47|, kinctint) AHE &%
Al7]7) ol Eol2bn A2 shar Eli"]- sl de] EHA ¥
Liebermang-oll &J38tel Alabdsd & Aul Fom Al gko] 7 zighell wle} ol &l 44 So] A
71-,/}_31— ,4] olul] CatE = 11— Z 9 vH(Lieberman and Wang,
AT Cartrb ololotal A4S
2] 7‘* 7]—2104-9 e RIS ﬂbP(Andcrson et al., 1979) ]E‘l 3 RugL 25 Carrl =
9] olA Ao gt ¥ Ak oloh
dbd o] Ca2*rh 3 X A7) L whebA] ol 4 ks = ol Rl 8] A4S AR A 2ot
= 3

W,

2 A

A s g 4
A7), TAA®] conjuga-

E-
ol w445 £A4 2ok

Zf

M “'lD

B v % glvl(Ferguson er al., 1983). 13‘1‘4— o] Al A Car ¥ J - vh T Salofl 4 47
Holop g A ot duald o AExA, 53 Y, o4 37k A=A o=l ZA 4
£ 240 ACCY ofo] 53] 23, =g ACC Syntha56°] A2 g}, e =5hr) 4] s
B4 2 S48 F4o] FHE Frbe] ACCH ofe]l S5 o)A o Hal ] 4= F
S o)n] A4 o ZalL thA] ACC Synthased] T4 & =3 14| 7| 22 of L=l 2] A4
2 FAs Foketelh. 28y 4wk sl A s w Acc ol Wl o] ki FAlol zrAstetst

= 5
ACC?| - vh4| Frpshaint ol Fal o) A vke) Fobe gleh o] AL wmalell H#i4 =he] b
4ol shalHo] el oleba 4 7=+ EFES] E4o] %ot A ACC—CH.ZS Aldke] o9
A5 7] Aol eba A Zrxlvh

Ferguson’s(1983)¢l] &]alH o] d ol 4 Car'e AE4L BT dAA7Z EZF o &l
8 ARE JAlA T st o] A% Carrb ol gzl A4S dAA AHH R
ol - 3}7} 4| AE R e w4 ACC Synthase@ 4 o] F& Abejell 4 Cart7l =3} 2|x41

4l

2 27|28 =35 42k |4 RakE= ACC Synthase—gl G4 Z7LE Adr]7IER A
Z ddale] AAde] A5 AL R HduEo]o} g},

Ho4dd 9 Fig. 26 A ‘/]-E}-‘—{l- incubation} Zkell 4 el A s, Table 3,49 DMSO,
Triton X-1008] E.3}ol] e 3t Ca**9] 5] 8- G555 &, =&, Table 58 HC, LCl 4 EFE
o BAEFE vmal o), ot ol DAl A4 A2F ol FHI WAl AA 3
webt whe) QAAel RAS YA Agabe Aol obdsb 4k
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Ca?"o] 55 (Vigna radiata W.)8l0 5 Z 2ol 4 2540 8 fubs]-= ol &gl A 4ol )2 o3ke 24}
i ek

Seedling=hAl 2H8] 5-~-10mM Ca*o] T ol 4 7|8 55 &l F(High Ca?*; HC)2 AL £5%

ol 4 71 & F4 sl F(Low Ca*"; LOZ A ARt 254 f-2 ool A4o] 200 A= el Cazr
o] 23t A 83 124] 7F o] Tell, 107°M [AAS] $Eel 4 ZA vehds], ohE 27}0ko| Lol W& S0l

AL Z=rh Ca¥ [AA 0] 9o & mecthionine, 1-Aminocyclopropane-1-carboxylic acidel] 2] &k of & &l <
AE Ze A8 Ea4lel o] Carte] 054 Flbellelul 44 £x Tale 22N free IAA

@3¢ 21 Dimthyl

ekelvl, ACCE F7H071E el 2@l vebde 2-& ohich 2t abA el o
sulfoxideWt Triton X-100-% HCEr} LCE Al A v ZA odal 442 dAAzel. 22} Caz 9
el os Lcz=lo] o= H4e] Frkgkel, LCs HCo 4 2] Ethylene Forming Enzyme(EFE)E4 &
ol w3 4w, HCel4 EFEZ4 el LCEE]- 2HAE A vhebgdeh o) A2 Catol % kAL TA

<ol AIAGT kT 4 A4S E BFEY R4E Folsl A ol¥a 44¢ Sk 4z
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