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CHANGES IN CONTENT OF CALMODULIN IN IAA- AND
6-BA-INDUCED SWELLING OF PROTOPLASTS FROM
HYPOCOTYL IN ETIOLATED MUNG BEAN SEEDLINGS

Li Dehong Wang Xiacjing Pan Ruichi

(Department of Biology, South China Normal University, Guangzhou 510631)

Abstract Calmodulin (CaM) content in protoplasts cultured with CaCly- or TAA (or 6-BA)-
bearing medium raised after being incubated for 30 minutes. When treated with IAA (or
6-BA) +CaCl,, the CaM content decreased sharply, which just coincided with the increase of
#Ca?* accumulation and protoplast swelling as indicated in our previous studies. Either
verapamil, LaCl,, EGTA or W, could increase the low CaM content to an approximate or
even higher value than that of control. A23187 and cations such as K* and Zn**,

however, could reduce CaM level just as the influences of TAA or 6-BA with Ca?*. It was
also consistent with the changes of *“Ca’* accumulation and protoplast volume. These

results showed that CaM did act with Ca’* during the modulation of protoplast swelling

BRBRABFREETEIHIE (No. 39470361)

*RAMAE: AEE T A S RO G R TR, M 510631,

#25  Abbreviations: A23187; 453 F#{k 4-bromo<alcium ionophore; CPZ: 7% Chloropromazine; EGTA: £
BN Z R NN UZ B Ethyleneglycol-bis (Baminoethyl ether)-N, N’ tetraacetic acid; ELISA: F§ B¢ 4 5% B M I & &
Enzymedinked immuno-sorbent assay; TFP: =$#i% Trifluoroperazine; Wy N-{(6- ®E 2 )5- § -1-2% - Bk N{6-aminohexyD
5<chloro-1-naphthalenesulfonamide.
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induced by TAA or 6-BA.
Key words Calmodulin; IAA; 6-BA; Protoplast swelling; Mung bean

AR IR R IR, TAA M 6-BA W FREERBEFE AMYCa* AN Z, 5
SEE (verapamil) , LaCl,8{ EGTA BH 1k Ca®* #E A JF A R4k, AT/ JEAE Bk “Ca FUR, 1l
FRBE AR, A CaM #HiH TFP, CPZ 5 W, 438 TAA 3 6-BA HI ¥k ¥y JR4E JF f, “Ca’*
 BRAMERERMNOAFBERZRIMG (HXER) . HRE, RRENSEESERATRA

FE—MRER, WEmBREANREE. XL ALK SRtk CaM AR BB MW
FERZELY, Fik, CaM BHWMHAMEBRAREEN CaM SE5EEBERANERIER, BRE
B —F A R CaM RETRES Ca®* A E—BEFS S5 E5H4H. RIE CaM SHEE A MK
BEEYEE, E— 1 EEIBP R CaM BB RAEFH, BUREXNEEZ CaM W
M. Hetn: AAMEE L5 R G M. MTHARRETRBAM RS CaM SEH M, HHEAD
A HERZ CaM WH MR, HTH—FH IR CaM EMYBEFSHEEFHER, RINA
B TX 4088 IR B U 52 ¥ (ELISA) W2 R4 RA A #) CaM &8, DA% CaM EFAFRKE X P
ERMARE. BREMWEY CaM RAE Ca?* KB A, WENREE CaM SEY, MA
H—ZRWE, EHTEE CaM —LHEEFH.

1 MH 5k

MEE HERICER(] TR RS R R E (Phaseolus radiatus L.) BEEA04he, BOLT RAN#EST
AE. dift. BRINEAREERESBRATEOERB T, RKMABE X E 8RR
(ERAEE) . KRBT E R (-10 C) L& R R R ik, REEA.

FEEE(CaM) FBRMINE S MOCHR[8] MBI 4 8 T i U 2 ¥ (ELISA) B& ek sk, W
ERRA R E R 20+ 1 CHREIR 30 min,. SMUEZREE., HYBWEREN. Rt
- CaM L% IE % fa MLV B T JL IR K 22 A ) B A0 IR AR L BT R B4 4 s B ALY B HRIC M £ R
IgG At YR BB R4 MEDBRHPLERNKEHBELE=EREMRLRETTE
I,

EARESEMNE RAZEDINMRE G250 %P,

2 4R

2.1 TAA 1 6-BA MFRETHHFLERERN CaM SR MM

EEEATEEFR PR FE RN CaM & B — K7 250 pg g'protein 24, HMHA
1 umol/L iy TAA B 6-BA 4b3, FEABIEFHFWPMIEA AN CaM S EBA T, HENRER
FTHE(P>0.05) (F1). EEEEFBRFIMALARAREE, BREFREKN CaM & E 25
&, EERART3HBAAKF (P<0.01) . LM RKP, RNEEAETHEEFRRPMA L
WREET FFAERKE B Ca® WERRE, EBEUEEEK, WHEXMMRAELLEE 30 min B
. Ca’* ENIBEPEESEEEMBERTHNOMER, MBREWARERKBT Ca’t, R
Ca’t 5 CaM S EANEMYBEFSREEFAEARE AN T BPEAFEMAEEKR,
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2.2 Ca* ZHEBFX CaM £E M0

Ca’* &7 IAA fl 6-BA 5| JR 4 i
K CaM S EBEFT LTI AT
BL K™, Zn?*, Ba®!, Mg*t & # M Ca?t. A
B 1A, B TE A IR P R A R
f CaM EBEWAK (LE2), 5F1
RALFE 3 M4 AR, ESBEAEULME
BT RE IR TAA B 6-BA(1 umol/L)
HPEEmCaM 58, BENHRFEZEH
Fefk. Hoop KT Zn™ BB ECR R
1, W TAA F1 6-BA 4Zb¥E &Y JE A R 4k
CaM & B&RE 5 Ca®* Frre it LAY 1%
AK¥, Ba?t #l Mgt BRI, RE
# TAA f1 6-BA Z B F W A — L.
Ca* £HBE T CaM WEMEFE5HE
W o R AR B A AR B Y 3 me 1 B R
*ﬁi"fﬁ“’m,

2.3  Verapamil 1 LaCl, SH[EAERE R
CaM Hy& N

e Ca’ BER B R LABEFE AR K

1 CaM S RATRIMH AT, FATE U

verapamil, LaCl, BH 1l Ca®* #F A JF 4 &

, FAEFRENPCa? HERB L, K#

R, Lat 343 Ca®t

%1 JIAAFI 6BA MBEHH THEMBAELERER CaM SEHRN

Table 1 Effects of IAA and 6-BA on CaM content in protoplasts
from hypocotyls of mung bean seedlings
IAA 6-BA CaCl, CaM %
(smol/L) (ug g'protein)
1 0 0 0 248.05+ 36.46 100
2 0 0 250 254.83 % 29.27 102.73
3 1 0 0 207.15+ 72.72 83.51
4 0 1 0 219.81 % 39.59 88.62
5 1 0 250 28.24 = 9.59** 11.38
6 0 1 250 10.60+ 7.68** 4.27
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£ 2 Verapamil 1 LaCl, 3} IAA R EMBRETHEMELE

BEH CaM B HR M
Table 2 Effects of verapamil and LaCl; on CaM

content in protoplasts from hypocotyls of

mung bean seedlings treated with TAA

IAA CaCl, verapamil LaCl, CaM

%

(umol/L) (ug_g"protein)

1 0 250 0 0 24423+ 1535 100

2 1 0 0 0 21031+ 44.13 86.11
31 250 0 0 5563+ 21.11 22.78
4 1 250 0.1 0  9498% 57.57 38.89
5 1 250 1.0 0 154.68% 9.38 63.33
6 1 250 0 50  39.80% 4.08 16.30
7 1 250 0 100 7237+ 14.43 29.63

4

5

4b3  Treatment
M1 Ca¥t S B FxREE T ERFEA RN CaM &8 M m

1 Effects of Ca*" and some other cations on CaM content

7

in protoplasts from hypocotyls of mung bean seedlings

1. -CaCly; 2. (IAA or 6-BA)-CaCl,, 3. (IAA or 6-BA) +CaCly
4, (IAA or 6BA) +KCl; 5. (IAA or 6BA) +ZnCl; 6. (IAA
or 6-BA)+BaCly; 7. (IAA or 6-BA)+MgCl,.
Fits FHES A1 JAA( 2R 6-BA) RIS 512%5 | mmol/L 11 mmol/L.

All cations and IAA (or 6-BA) were at the concentrations of

1 mmol/L and 1 pmol/L, respectively.

[ JIAA; I 6BA

% 3 Verapamil #1 LaCl; 3} 6-BA %bEH45S T BEM H 4 R &

A CaM EEMXMIE

Table 3 Effects of verapamil and LaCl; on CaM content
in protoplasts from hypocotyls of mung bean

seedlings treated with 6-BA |

6-BA CaCl, verapamil LaCl,

CaM

%

(pmol/L) (g g'protein)

1 0 25 0 0 23428+ 28.67 100

21 0 0 0 20036% 3450 85.52
31 250 0 0  61.06% 4605 26.06
4 1 25 1 0 14677+ 24.63 62.65
5 1 25 10 0 12567+ 5805 5634
6 1 250 0 10 4726+ 21.11  20.17
71 250 0 50 121.06% 5793  S1.67
8 1 250 0 100  89.55+ 4924 3822
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WiE, X TAA+CaClL(4b3 3) MIRAEFRIK N CaM & &R WE /., T A verapamil FH ¥
Ca’ @i, 433 WIFEAFK CaM S EARRBEHEF. #40 1.0 pmol/L ) verapamil( &b
B 5) W CaM & & HALHE 3 8 178.1% T Haxf AR (£ 2).

#F 3 E/R verapamil, LaCl, 1 6-BA + CaCl,( 43 3) B R4 FRIKH ) CaM & 8. 54k
B 3L, 50 pmol/L Y LaCly( 4b3% 7) {ff CaM S &1 % 98.3%, 1.0 umol/L #J verapamil( 4t
0 4) M54 Btk CaM & B4R 140.4%. AT JL3E MY E ) verapamil A1 LaCly #57R [7] 7 B #
ff CaM S RBAR, (EXFAMLNES BT A M HI 5 8708 T 0 B A R BE.

2.4 EGTA #1 A23187 R4 RER CaM S BAIR W

EGTA £ —%4& Ca®* WHRAREA “Ca’ BREWL, WHEBEMEZY, HEHHF
BHMA EGTA, ##E (IAA 5 6-BA) +CaCl, ABEMFA FkR CaM FEHEEF, 1.0 mmol/L
#) EGTA E£ZEW{# 6- BA LM M FA RN CaM S EMidxtIR (CaCl 48)42.22%( & 2). EGTA
HRERKS CaM SR TABNEHEMN KR,

M Ca® ik A23187 AT B4R FE MR, R EFRKN YCa HBH M, KB
KU, X H A23187 W f K ALER A JF AR R dk 9 CaM R BKKFE (B 3). 1 umol/L &
A23187 3t TAA+CaClL, AR JFAERA N CaM SR EWEF W, 10 umol/L & A23187 M f
ZHPF . T A23187 ffi 6-BA+CaCl, ¥R # JR A4 JR{A Py CaM & B M 61.06 ug g'protein

TR 24.05—-31.09 pug g'protein.

400 250 -
~ 350 ~
R=] =] -
§ 300 £ 200
[=]
% 250 £ 150 -
2 200 o 1
3 150 3 100+
Z 100 = =
o] < 50 |
Y s o i
0= 2 3 4 5 6 07 2 3 4 5 6

403 Treatment 4b¥  Treatment

B2 EGTA 3t TAA, 6-BA LT M8 E T JEHF A4 R ik B3 A23187 xf IAA, 6-BA £ 5T AR B ik W
CaM R E CaM B ME W
Fig. 2 Effect of EGTA on CaM content in protoplasts Fig. 3 Effect of A23187 on CaM content in protoplasts
from hypocotyls of mung bean seedlings treated from hypocotyls of mung bean seedlings treated
with TAA or 6-BA with IAA or 6-BA
1. CaCly; 2. TAA or 6-BA; 3. (IAA or 6-BA)+CaCl,; 1. CaCly; 2. IAA or 6-BA; 3. IAA or 6-BA)+CaCly;
4. (IAA or 6-BA)+CaCl,+0.25 umol/L EGTA; 4. (IAA or 6-BA)+CaCl,+1 pmol/L A23187;
5. JAA or 6-BA)+CaCl,+0.50 gmol/LL EGTA; 5. (IAA or 6-BA)+CaCl,+5 umol/L A23187;
6. IAA or 6-BA)+CaCl,+1.0 umol/L EGTA. 6. (IAA or 6-BA)+CaCl;+10 umol/L A23187.
1 IAA (1 pmol/L); I CaCl, (250 umol/L); same for Figs. 3—4.

25 CaM #HMAIXEARMER CaM £ BRI
4 M TFP, CPZ 43 TAA B 6BA # ¥ 59 JR A= FRAA T, SkiEA 3 CaM., R EEHHEEH
CaM 1ERI Il 2 A AR 40, BT R L —L54 08, 0 ELISA W5, BB R X 5w A%

*.
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3501
A W, #5451 CaM & 1& A of f#f TAA 5§ 300k I
6-BA+CaCl, LB M JFAEST RN CaM R o,
[t % F 6-BA 4B A FA R, W, 01— &
10 pmol/L BT ff CaM % & 5 % M (CaCL &b & | i
#) 1 35.0%—69.0%; XTF IAA LBBRER >
S 100
fk, 0.1 pmol/L # W, i CaM FEIBBIMEY § |
55.9%, 1.0 #1 10 gmol/L i W, kb3E N B 48 . [
T xR CaM KT (& 4) . P2 o458
Bl 4 W,xf IAA. 6BA {HE ST T R FAFEA
3 g CaM & & MW
Fig. 4 "Effect of W; on CaM content in protoplasts from
CaM é}’éﬁ%ﬁ?ﬁ?@ﬂggﬁi}gﬁﬂm hypocotyls of mung bean seedlings treated with
. S " . TAA or 6BA
ﬁ'p ° ﬂﬂi{tiﬁgj‘ﬁﬂﬂﬂﬁ*k, ABA B%E'F%}L 1. CaCly; 2. IAA or 6-BA; 3. (IAA or 6-BA)+CaCl,,

XM, FRAIEEMRFE ABA MHlFFIHLF 4. (IAA or 6BA)+CaCL+0.1 ymol/L Wiy;

B, CaM AT %4 BRI, CaM 5. (IAA or 6BA)+CaCl,+1.0 ymol/L W;;

seb TSR T £, GRS, 4 6. IAA or 6BA)+CaCl,+10 ymol/L W,
HASMEA CaM S RBTHKEMN, RAALMSBE CaM 57 fi U EAREKB BN &
B R A CaM A H L6 B KB T CaM #9 B AR P 4R DY, AT AR ALE T &
SFRERMEAREN CaM BN SAAHITTNE, FiRKAAZEY 90 min B, XL
CaCl, HELEEMES CaCl, A LEWIFAEFTE, #HRELLERE 30 min K i I CaM
g, FZEHTHERMBIN CaM BLOEERA (SRKFIE) . BORKIHELE S HREFR P
M RA RARREE RN, SR, RRBEDFY CaM §ESMER (R— M E
9¢) .

BRCIMAENCAOWEELEESED, ACHRIATHRMERAY BHEXEH
Ca?* WAL 3 CaM K- R4 04k WA, Negrini £ AY MHFH RS BEEIT TH
$HME, A S mol m® Na-EGTA fififfish Ca® §kZ, 24 h WF MEIKK CaM & &
WS A%, BT 74% % Na-EGTA £Z 1 mol m? i, CaM FEFEIF 24 h FW D
30%. Cocucci fl Negrini i\, XA fERE M7 5EAMAN CaM HH A 44 B AR 5
CaM WA RN, TEEMSHEEFRFEERKCa” HRERD>, MAMEKRE, RiE
Bk “Cat BN L0, X RBMIELFEAFRIKAH Ca® =2, CaM KFIRE: HH
Ca* ., ZIE (AP EH) CaM KFHEMK. XMIHL S Negrini FMENT PRFHEALRE
th Ca?*. CaM & R AT LI H— B, |

&M verapamil, LaCl, s EGTA F 1k Ca* # AR R A, “Ca BLERAK, HEREK
MM ZMHY , ARBEMEY, & (A LRRFE) “Ca¥t MEBS RN, CaM FEATAR
MR, RMNEED, XLMHH CaM FEZ/AWE WERENEFEYUL. W
A23187 R “Ca?* TR, FARAR CaM SR 5 WRLLMPIEAFAHL. CaM HHH W,
SREUIME R AR IR, i YCat BB, H CaM KT RIEEA R, 7 REE SR 8]
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MK, XEEERM—BIEE CaM 25 THEBFIFAE R AP K2,

— BNy CaM BT 40 A A A 2 ARG B AR AL . BIE LA T B Ca-CaM H A W42 = 41
FEL P B 9 P 4 e B8 SR 50 W AH 52 Y AR 2R R R, 3 T U YT 40 B P Y R B R Rz T R AL ) HE Ca ik
BEARERFL T @A CaM (B ) @ Ca>* MBI RBEMHATEYLBRAE,
RERMMN Ca®t 5 SR MM —FHLESY, BB RERRS T, BIIEER N RIEF
P17, EFESEBFEHERENEER MW ED. AN EIRFERE, FH4FEARN Ca®t wELE
T RER BB R, WEALTE 5 min(TAA) 5 10 min(6-BA) JEA Fikp “Cat AR M, M
JEHBE A (IAA Ab38)5 5 min, 6-BA 45 15 min BATLBHE) Y, XFAASLFREBIBYLE
WIMER. ARBRNEYH CaM SR BMEERR, UFE5RERKN Ca® WEELE X
BK, WEAEE 30 min, “Ca® BERZEZ, WAKKBHTE, i CaM & & 451k th 5
Bl BATICH CaM A 7] il 1 HWk B AL B/ ML 2 B 4 5| R MR A RIA 5 Ca®t fig
BZBEEEMS, AMEEARAEEEEaRE, XRRSEEREMERY, Mg ILHEE
Y, _

Fit CaCl, B % (TAA. 6-BA) B 4bTB s % + CaCl, 478, HAVLAEALIE S 30 min B
RWE CaM 5, LHEY, GA LEBIL(LRERIIN) . NEHEE, X=EFE A FAE R
&, HEFRBRAMEERE 30 min H&EBEE (BXEAR) . XHPELHEFERKRET 30 min
FERBL IR EF, FF B CaM MR R AR, WEZHAMAERER, EHIBPRET
CERER AN AR B A AL L (AR A RS AL) . (B RABRA.
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