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Abstract-lndok-3-acetic (IAA) reduced the activity of CTP:cholincphosphate cytidylyhransferasc in pea (Piswn 
sc~iuum) stems by an average of 45 % compared to controls 1 hr after treatment. An enzyme-linked immunosorbent 
assay (ELI%) was developed to measure the change in enzyme protein kwls after IM treatment. ‘Ibc kvels of 
cytidylyltransferase protein were found to be rcducod signihcantly but only by 5%. 

--. 

INTRODUCTIOS 

Phosphatidykholine is tbc major extrachbroplastic lipid 
of plant tissue [I] and it is synthesized via the CDP-base 
pathway 123. Studies on the effect of indok-3-acetic acid 
(IAA) on the incorporation of ‘*C-labelled precursors 
into phospholipids of pea (Pisum sufivum L.) stem expl- 
ants showed that there was an inhibition of incorporation 
of [Me-‘*CJ&olinc into phosphatidykholine within 1 hr 
of treatment with 10pM IM [3]. Measurcmcnts of in 
t&o pool sizes of phosphatidykholine precursors and of in 
vitro activities of enzymes in the phosphatidykholioe 
synthetic pathway showed that the inhibition of incotpor- 
ation occurred because of a decrease in the activity of the 
CTP :cholincphosphate cytidylyltransferasc (EC 2.7.7.15) 
enzyme 143. This suggested that the cytidylyltransfcrasc 
was rate-hmiting for phosphatidykholinc biosynthesis in 
this tissue. Seventy-five per cent of the pea stem cytidylyl- 
transferasc activity has ban found to be present in the 
cytosol [a and one possibk means by which IAA reduced 
the enzynu’s activity was by causing a decrease in the 
amount of soluble cytidylyltransfcrase enzyme protein, 
either by inhibiting synthesis of nm enzyme protein or by 
increasing bra&down. We ban, therefore, measured the 
amount of cytidylyltransfcrase protein to test this 
hypothesis. 

RESULTS AND DIscU!5SIOS 

Immunologkal assays have bean shown to give high 
levels of spcc&ity and sensitivity, and systems which 
depend upon the capacity of antigens to bind to an inert 
carrter phase for subsequent attachment of the antibody, 
such as the ELBA. have been found to be some of the 
most successful [6]. An ELISA method was developed 
(set Experimental) for the assay of cytidylyltransfcrase. 
The results using this method to mtasurc the pea stem 
cytidylyltransferasc protein were found to have exalknt 
reproducibility. and non-specific binding due to other 
proteins present in the cytosol did not present a problem, 
possibly because the total amount of solubk protein 

obtained from the S% w/v homogenates used was not 
high (co 0.5 mg/ml). 

The standard curve shown in Fig 1 indicatal that over 
a range of & 15 ng cytidylyltransfcrase protein a straight 
line relationship was obtained between the amount of 
cytidylyltransfcrasc protein present in the 
antigen-antibody mixture (see Experimental) and the 
decrease in horseradish pcroxidase activity, after corrcct- 
ing tbc values for the occurrence of non-spccifk binding in 
the assay. 

This cnabkd us to matsure the amount of solubk 
cytidylyhransferasc protein (in the range 2&100 ng/ml) 
for IM-treated and control pea stem explants and the 
results arc shown in Table 1. Measurements of explant 
kngth showed that IM had had a physiological effect in 
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Fig I. Qaodard cwvc for cuimrtioo of cyxidylyhransf~ 
pro1611 in pa r(em cytosol by a comptitin inhibition ELBA 
method. Values a mans f sd. with duplicws for ach value 
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Tabk I. Lewk of cy~~dylyltransferasc protein in the cytosol from IM-treated and control pea stem explants 
-_-.-.. ~_. - 

cytidylyltransfcraK CytdylyltrMsfefasc protun 
Stem length activity (ttmolu/min/m~ (re/ms total 

Expt No. (mm) protein) protein) 
--~ -- 

l. Control 7.3s + 0.02 l.l6+0.03 0.284 f 0.007 
TrcPtCd 7.49 f 0.04 0.92 + 0.32 0.27 I + 0.005 

2. Control 7.20 f 0.03 0.65 20.17 0.462 f 0.016 
Treated 7.55 f 0.03 0.17 20.06 0.442 f 0.00 I 

3. Control 7.24 + 0.02 I.01 t 0.27 0.364 f 0.015 
Treated 7.56 f 0.04 0.48 2 0.10 0.340 f 0.008 

Means 
Control 7.26+0.04 (loO%,* 0.94+0.I5 (IOO~~ 0.370 f 0.052 (loo %)t 
Treated 7.53 f 0.02 (103.7%P 0.52 + 0.22 (55.3 %)t 0.35 I + O.OSO (94.6 %)t 

.- ~.- - 

‘The cytidylyltransfcra~ tivily was assayed and tbc protein kvcls were dctcrmiocd as described in the Expctimcntal. Stx 

detcrtnina~~ons were made for each value and the results are cxpreucd as tncao f rem. 
~SigniI%antly difTcrcnt at 5% kvcl (usiog Studatl’s r-101 for pairai rampka). 
l Significantly different aI 10% level (usq Student’s t-test for paired sampks) 

each expertmcnt. Mean cytidylyltransferax activity de- 
creased in IAA-treated material by 45% and this was 
accompanied by a decrease in solubk cytidylyltransferasc 
protein. However, this decrease in enzyme protein, al- 
though statistically significant, was only 5 % kss than that 
of tbe controls. 

The results, thcrcfon, showed that although there was a 
decrease in solubk cytidylyltransferase enzyme protein in 
IAA-treated matcrral. II was not sufficient to account for 
all of the decrease in cytidylyltransferase activity. II 
seemed likely. therefore. that a further mechanism(s) was 
involved in the reduction ofcytidylyltransferascactivity tn 
MA-treated material such as allosteric regulation or 
changes in the subcellular distribution (cf. ref. [73) of the 
enzyme. 

EXPERlYEhTAL 

MamiuL. Pea (P. ~UIICWII cv. Feltham First) sea& were 
supplied by Astner s&ds, Letcesta. U.K. Phospho[Me- 
“CJcholinc, ammonium salt (2.18 Gbmmol) and PCVM 
sciotillant were obtamed from Amersham International. 
MiraclothTM was purchased from C.P. l&orarories, Bishops 
Stortford, Herts, U.K.; 3 MM chromatography paper from 
Whtman Ltd.. SpnngfkLd Mdl, Mauistone, Kent. U.K.; DEAE 
Affi-Gcl Blue from Bm-Rad Labor-atones. Watford. Herts. U.K. 
and absolute alcohol (AR) from James Burrough. Fine Alcohols 
Divis~ott, London. U.K. All other chemicals were purchased from 
Sigma or BDH. Pook. Dorut, U.K. and were of the besr 
availabk g&e. 

7ii prepvafm. Pea seals were grown tn moist vermiculite 
for IO days 81 20” in an incubator with co ZlO~E:‘m*:scc 
illumination. Explants (7 mm) were excised from rhc third 
tntemodc of the pea stems and treated with IAA for I hr as 
previously described [3]. Explants were homogcnued in 0.32 M 
sucrose. 2 mM Trrs-HCl. pH 7.4, at 4’ ustng a mortar and pcstk. 
togivea5:; wiv homogenate, and filtered through two layers of 
Mtraclolhm. before preparation of a 105000 g supcmatanr. 

Assay/or CTP. cholineptwspharr cyfidylyltr~sjrrau octn*try. 
Cytidylyltransfcrase acuvity was assayed and the products were 
scp+aratcd chromatographally as previously described [8]. 
Assays were camcd out for I hr at 25’ and optima) conditions 
were found to be 2 mM MgCIJ. 0.25 mM ATP, I mM CTP. 

3 mM phosphorykholinc (contaming 3.7 kBq of phospho[ Me- 
“CJcholtnc) and 80 mM HEPESTris, pH 7.5 [S]. 

Repararion ojanr16ody. The cytidylyltransfcfasc enxytnc was 
puti from pm stems as previously described [S]. A mak New 
Zealand White nbbit was immunized usiog an initial iopclioo of 
150 pg enzyme protein, followed by a second ~ojectioo of 100 1(g 
protan. Ifi was aeparatcd from the rabbit serum usiog a DUE 
Affi-Gcl Blue column. clutcd with 28 mM NaCI. 20mM 
Tris-.HCl. pH 8.0. Frrctiotts containing l8G were dialyscd to 
remove NaCI. 

Enz)rm-/i&d cmmwrosortunr assay. cyIidylyllransferase 
etuymc protan levels were measured m the IOSOOO~ super 
natam from pea sterns, uung a competirlvc mh,bmon ctuymc 
linked immunosorbcnt aray (ELISA) method (91. The wclk of 
the array plarc were coated overnight at 4’ with wx) ~1 puriticd 
cytidylylrransfetasc at a conctt of 5 mg/ml in 50 mM Na#ZO, 
buffer, pH 9.6. After coating. tbc weUs were washed for 3 x 3 min 
with 0.5% Twan 20 in I.5 mM KHIPO.. 8.1 mM NI,HPO,. 
2.7 mM KCI, 0.14 M NatI, pH 7.4 (phosphate buffered saline; 
PBS), IO remove unadsorbal cnxymc. Non-spazt6c bindmg riles 
on the wells were Mocked by incubation with 200 4 I Ye bovine 
serum albumin in PBS for I hr at room temp., and wells were 
washed as before. A I@ diluuon of IgG containtog rhc anti- 
cytidylyltransfcrasc rotibody was mixed wtth differem chlulions 
of the 105000 g supcrnataot from pea stems or known amouots 
of purified cytidylyltransf~ (in order (0 obtam a standard 
cutvc), and 200 fil of the mtxturc was incubted in the wells for 
2 hr at room temp. (The anocytidylyltransfcr antibody 
bound to the cytidylyltransfcrasc coaung the wells. but the 
presence of unbound cytidylylrransfcrasc tn Ihe Incubation wtth 
the antibody red& binding lo tbc coatiog anllgcn. because 
binding wdl also oozur to the unbound ant&n in the 
antigen-antibody mtx. The amount of btnding of antibody lo the 
coating aoligcn was, rhercforc. inversely proportional to the 
amouot of free attclgcn IO the IO5000 0 supcnrptanr.) Wells were 
washed as before and 200~1 goat anIl-rabLnt IgG-horseradish 
peroxidase conjugate dduted l;5C0 IO 0.05% Twccn 20 IO PBS 
was incubstal in the wclk for 2 hr at room temp.. before washing 
agate. FnuUy. IO0 4 0.S M Pi+itrale buffer contatnmg 3.5 mM 
HIOz and 2.2 mM O-pbmylcnai~ammc was addal IO each well 

and mcubatcd a( room temp. for 2Omm. Ike ruc(K)n was 

stopped by rhe addition of 1004 2.5 M HaSO. and the 
absorbaoa was read at 492 nm in a TltatekTM Multiskan plate 
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reader (Flow ~borp~ones Ltd.. Irvine. Ayrshirc). Controls were and Conn. E. E., cds) Vol. 4. pp. 2%282. Acadcnuc Prar, 
run omitting either coaling antigen. anllbody or enzyme con- New York. 
)upl+ and abo usmg non-immune rabbit serum. 3. Moore. T. S.. Pocr-Jona. M. 1. and Harwood. J. L. (1983) 

Prorrin derermina 110~. Protein was atimsted by the method Phpakmisrry 12. 242 I. 
of Bradford [IO]. usmg bovine serum albumin as tindud. 4. Pria-Jona. M. J.and Ha~ood. J. L. (1983) &o&m. J. 216. 

627. 
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