
Phyrachmurry. Vol. 26. No I. pi 37 40. 1987 CfJ31-942287f300+000 

mnted Ill Gral amaln $1 1987 Pergnmon Jourruh Ltd 

CALMODULIN FROM CITRUS SINENSIS: PURIFICATION AND 
CHARACTERIZATION 

IAN A. DUBERY and JOHANNKS C. SCHABORT 

Alomr Energy Corporauon, Research Group for Radiation Biochemistry. Department of Biochcm~s~ry. Rand Afrikaans Unlverslty. 
Johannesburg. South Africa 

(Rcceiwd 25 Ftbrwy 1986) 

Key Word Ider--C~rtw swnsi.x Ru~aae; calmodulin 

Abstract-A protein identifiable as calmodulin has been isolated from the fruit tissue of Cirrus sinensis (cv. Vakncia). 
Thus protein is relatively heat-stable, binds IO hydrophobic gels in a calcium-dependent fashion and to antibody against 
rat testis calmodulin, and stimulates calmcdulindeficient CAMP phosphodiatcrasc. The protein has an isoelectric 
pointof3.7andM,sof145tMandl7000mtheprescnceandabscnceofCaz’. rcspaztively. Based on its migration on 

SDS-PAGE gels, its UV absorption spcstrum and itsamino acid composition.calmodulin from citrus fruit is essentially 
identical to calmodulin isolated from other plant tissues. c.g, leaves and seeds. 

-- -..-- 

IYTRDDUCTIOS 

Gdmodulin is a highly conserved and widely distributed 
multifunctional Caz + -binding protcm commonly found 
in cukaryota that fultils a fundamental rok in Caz -- 
dependent processes in the cell [ 1.21. 

It has been isolated and characterized from several 
higher plant soura~ including peanut seeds. barky shoots 
and roots. zucchini hypocotyls and spinach kavcs. These 
proteins appear functionally similar to calmodulins from 
animal tissues. but differences have emerged upon com- 
parison of primary structures and physico-chcmical prop- 
crtlcs [2]. 

Several plant enzymes are known to be under the 
controlofCa’-calmodulin (fora review,saref. [3]),and 
Ca’ * calmodulin dependent metabolic regulation in 
higher plants appears to be of extreme importance [4]. 

RUL’LTS AlYD DlSCC!G!!lON 

Calmodulin from the fruit tissue of Cirrus sinensis L. 
(cv. Vakncia) was puritial using its stability against heat 
denaturation [ 51 and its cakium-sensitive hydrophobic 
binding to phcnyl-substituted agarose 163. The purifi- 
cation procedure is summarized in Tabk 1. T?K yield of 
calmodulin was found to be 12.6 rg/g of fruit tissue. This 
value compares well with the lOpg;g of wheat germ, 
Trlricw uesrtrum, the best known source of plant cal- 
modulin. The purified calmodulin appeared as a smgk 
band on polyacrykmidc gels and SDS-polyacrylamidc 
gels when the ekctrophorais was performed in the 
absence of Caz - (Fig. 1). When SDS-PAGE was pcr- 
formed in the presence of Ca’ * .c~trus calmodulin showed 
another band with an apparent higher M,. similar to the 
calmodulins from zucchini [2] and bovine brain [7]. The 
citrus calmodulin also exhibits the characteristic cakium- 
dependent shift In ekctrophoretk mobility and has an 
apparent M, of 14500 and 17000 in the presence and 
absenceofCa’ ’ , respectively. These values are identical to 
the 14 500 and 17000 of zucchml [Z], but are lower than 

the 16000 and IYOOO reported for bovine brain cal- 
modulin [g]. 

The amino acid composition of citrus calmodulin is 
shown in Tabk 2, and is very similar to the compositions 
of the calmodulins isolated from peanut. spinach, barley, 
corn and zucchini [2]. The similarities include the prc- 
scna of two proline residues. one residue each of 
trimethyllysinc and cysteine. a high content of aspartic 
and glutamic acid residues and a lack of tryptophan. The 
high phcnylalanine:tyrosine ratio is reflected in the low 
extinction cocflicient (E $ of 0.9) and in the UV absorp 
tion spectrum (not shown), with multipk peaks at 251. 
257. 263.267, 276 and 280 nm due to the phenylahnine 
fine structure [9]. The highly acidic nature of citrus 
calmodulin is consistent with the determined isoclcctrrc 
point of pH 3.7 (Fig. I). Identical pls were also dctcrmmcd 
for bovine brain and zucchini calmodulins [Z]. 

The ability of the citrus calmodulin to stimulate beef 
heart cyclic nuclaotide phosphodicsterasc was assayed as 
described in the Experimental The stimulation of the 
enzyme was found to be qualitivcly similar to the 
stimulation by porcine brain calmodulin, although it was 
slightly ltss active in this regard (data not shown). This 
may be due to structural difTerences resulting in a lower 
affinity of citrus calmodulin for bovine heart phospho- 
dkstcrase or due to the presence of inactive calmodulin 
spacics [Z]. Identical reactivity in competition radio- 
immunoassay was observed for the calmodulins from 
citrus and bovine brain (data not shown). This, however, 
appears not lo be a criterion for structural identity since 
differences in amino acid composition and peptidc maps 
were shown to occur between the calrnodulins from 
spinach and bovine brain which exhibits quantitatlvc 
immunological cross-reactivity [IO]. 

The vaults presented in this study suggest that cal- 
modulin from immature, developing citrus fruit has 
similar structural and functional properties to those of 
calmoduliru from other plant (and animal) tissues. in- 
dicating the high conservation of this protein during 
evolution 12. IO]. 
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Tab& 1. Purkaltin of calmodulin from immature C. dncnsk fruits* 

TOId Toul 
Volume votein+ calmodulinS 

SW (ml) (m6) (mg) YieU# 

1. Crude cxfra* 200 690 
2. pH 7.0 55 :G (NH,)$O, supcrnatant 226 169 
3. pH 4.3 55 ?, (NH~~SO, prcdpitatc 7.5 101 
4. Heat-supcmatant 6.6 26.4 
5. Phcnyl-&p&arose chromatography 47 0.752 0 762 12.6 

*Data even are from a representative purifiatlon starting with 20 g of acetone powder (60 g fr. wt) 
+Dctermincd by the dye binding method of Bradford [ 131. 
$Dctumined by radioimmun-y as dmibcd in the Expcrimcnral. 
§Expcssal as mg GM.&g fr. wt. 

The recognition of its highly conserved structure across 
the plant and animal kingdoms [2,3. g-IO] suggests that 
it is likely to act in the mediation of the important 
regulatory role of Ca * * in fruit development, ripeningand 
s4xeXXtxx (for a review, see ref. [I I]). 

EXPutIMCYTAL 

P&nf molmd. Young, unmaturc developing citrus fnnts (cv. 
Vaknc@ with an average mass of 2 g were used for the tsohlion 
of calmodulin. 

l’wijica~ion 01 cahadulin Me,CO powders were prepared 
from the fruit tissue and snored at - W. The procedure ranoved 
most of I& chlorophyll and phenobc compounds which rend IO 
Interfere with the purikation stepa. All isolation procedura were 
pcrforma! at 0.5’. 20 g of the MelCO powder was suqnded in 
Hw) ml (I : 10 m/v) 0.05 M Tris HCI buffer. pH 7.5. containing 
1 mM EGTA. 1 mM /?-mcrcaptocthanol, 0.5mM phcnyl- 
mcthanaulphonyl fluoride and 2 g Polycbr AT. The suspension 
was homogenized for 2 min. filtered through cba&efbth, and 
centrifu@ for 10 min al 15 Ooo 0. The pH of thr supcrnatant yu 
adJusted IO 7.0 with 6 M HOAc. Powdered (NH.)JSO. was 

Fig 1. Anodic nondcnaturating PAGE (Irk SDS-PAGE m the abscrzc aad prcscncz of G* l (B) and Ihia-bycr 
isoclcctnc focusing (C), of calmodulin from developing C. Jirvndr fruit. Experimental conditions are as dtsribad in 

ItK rexr. 
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Tabk 2. Amino f&d compositions OT calmodulm isolated from 

C. sinen& fruit and o&r plan1 I~SIIXS 

Amino c. s&nsis Peanut spinxh Zucchim 

Acid frull seais [91 Icaves [IO] hy-poaxyls [2] 

Asp 26 27 26 26 

Thr 8 9 7 9 

Scr 5 5 7 5 

GIU 26 28 21 26 

RO 2 2 2 2 

Gly II II IO IO 

Ah IO II IO II 

CYS I I n.d. I 

Val 8 6 8 7 

MCI 7 1 8 7 

Ik 1 6 1 7 

LCU II II II 12 

Tyr I I I I 

Phe 8 8 9 9 

His I I -2 I I 

TM-Lys I I I I 

LYS 8 8 9 IO 

Trp 0 0 0 0 

Ar8 5 4 5 5 
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n.d.. not determined. 

ad&d slowly with constant stIrring IO a sa1ura1100 of 559, 

(33 g IO0 mlb Ttx soln was stirred for 30 min and then ccnlri- 

fuged for I5 min at 15 Ooo g IO remon the prccipltatcd prolein. 

The supcrnatant wm adjusted IO pH 4.0 and stirred for 30 min IO 

allow the iroekctnc precipitation of almcdulin The ppl. was 

colkctcd by ccntnfigation for I5 mm at IS Ooo g and dissolved m 

0.05 M Tru-HCl buffer. pH 1.5. contaioing 1 mM /_7- 

mcrcap~oe~hanol and 0.1 mM CaClz (buffer I). Tbc soln wa5 

adjusted IO pH 7.5 with Tns base PDd centrifuged. The supcr- 

natam was Iransferral IO a Ihm-walkd glass contamer in a water 

bath and heated IO 80” for 5 min. After rapid cooling in an ice 

bath Ibc beal-treated prepsratIon was anlrifugad at I5 IXlO g for 

IS min. The resulting supernatani, contaming lhc calmodulin, 

was retained 

Ca’ ’ -induced hydrophobic intcrxtton chromatography. as 

described in ref. [6], was used as the final purtfkat~on sicp; the 

supcmatanl from the heal step was adjuslcd IO 5 mM Ca” and 

adsorbed onto a phenyl-Scpharosccolumn f 1.6 x I6 cm), cqullib- 

rarcd wnh buffer I. The column was clued with IO bed voh. of 

buffer I before the calmodulio was dcsorbcd with a modified 

butTer I (contaming I mM EGTA m plzux of 0.2 mM CaClz). 

A5suy 01 calmoduhn. (a) Sltmulation of phosphudicsIaau. 

Calmodulind&cimI cyclr nuckotde phosphodiesrerasc from 

beef heart was obtained from Boehringcr-Mannhcim and IU 

calmodulin sIimulaIcd xtlvity was assayed according IO rhe 

manufacturer’s instructtons. based on rhc method of Sharma and 

Wang [ 121. 

(b) Radioimmunoassay. Calmodubn radloimmunoassay kits 

were obtained from New England Nuckar. These assays were of 

1hccompeIi1in-bindingtypcernployiog ‘l’l-labclkdcnlmodulin 

and tinily puritkd sheep antibody agaimr rai taiis calmodulin 

The kits were uxd aoxrding IO the c&oscd ins~ruct.ions with 

bovmc brain calmodubo as a standard. 100 t. cross ract~vity has 

been obscrval with soybean cal~ulm. 

Protein concns were routuxly dctammcd by ~hc dye binding 

method of Bradford [ 131. usmg bovine y-glob&n as a standard. 

Ammo acid 0nalysi.s. Ammo acd analyses were pcrformcd as 

previously dcscribal [ 143. usmg a Waters HPLC Ammo Acid 

Analyxr Sys~cm with post-zolumn daivitization wtth 

a-phthrlakkhyde as fluorogcnr agent. 

E&crrophorais. PAGE was performed In reds under non- 

denaturatiog conditions aaxrding IO a standard proadure 

dcscribal by Gabriel [IS] (10% gel, pH 8.3,X9 

Trieborate/Tris chbridc. 5 mA/gcl). SDS-PAGE ofcalmodulm 

sampks was performed aozordiog IO the method of lxmmli 

[l6]onl5%ocrylam&gclscootaininglmMEGTAorImM 

GCII. The followtog standard protons were used for the 

determination of the M, of calmodulm: lxtate dchydrv 

subunit (M, 36500), carbook rid anhydrasc subumt 

(hf. 3looO). Iripsin mhbitor (M, 20 100). porcine bram cal- 
modulin (M. 167OOA lysozym (M. 14400) and cyrochromc c 
(M, I2 5001 Gels were fixed aad stamcd with Coomassic Blue 
G2SO for visualurrtion of the protcm [ 111. 

Iwdecfr~ jocusing (160 Thin-layer IEF of the purifkd 

dmodulin was performed with a pH 3 IOgradmI (Pharmalyte. 

Phumocia; MOOV. 15OmA. SOW. I.5 hr. IOcm between ckc- 

Irodcs) and the isockctnc point was determined from a calib- 

ratmn curve wmg the Pharmana IEF calibration klr for 

uockstric poinl delcmkmons of proems In the range pH 3 IO. 
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