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ABSTRACT 

To produce plant material for this thesis, Trifolium repens (white c lover) (genotype 

1 0F) and Trifolium occidentale (genotype 1 8Z) were propagated to produce individual 

stolons trained over a plastic matrix to inhibit nodal root formation. These stolons 

comprised l eaf tissue representative of all developmental stages, from leaf initiation, 

maturation through to senescence. The developmental pattern for both species in terms 

of leaf ontogeny was generally reproducible between vegetatively propagated clones. 

Three distinct l -aminocyclopropane- l -carboxylate (ACC) oxidase genes expressed 

during leaf ontogeny in white clover (Trifolium repens L.)  have been identified (Hunter 

et al., 1 999) . Of the three ACC oxidase genes identified, one designated TR-A C02 is 

expressed in newly initiated and mature green leaves while TR-A C03 is expressed 

predominantly in the senescent leaf tissue. In order to further characterize the protein 

products of these genes, a series of FPLC co lumns was used to partially purify isoforms 

of ACC oxidase from leaf tissue of white clover at different developmental stages, 

followed by 2D gel electrophoresis to obtain further purification. Two distinct 

isoforms of ACC oxidase were identified and partially purified from newly initiated 

green (designated the NIGI isoform) and senescent (designated the SEI isoform) leaf 

tissue. Both puri fied NIGI and SEI proteins were recognized by western analysis using 

an anti-(Irifolium repens) TR-AC02 antibody after SDS-PAGE or 2D gel 

electrophoresis. To determine whether NIG I  is coded for by TR-A C02 and SE! is coded 

for by gene TR-A C03, protein spots (after 2D gel electrophoresis) were digested with 

trypsin and the masses of the peptide determined by matrix-assisted laser desorption 

ionization-time of fl ight (MALDI-TOF) mass spectrometric analysis. For NIGI, the 

coverage of the putative protein sequence (TR-AC02) by tryptic digestion ranged from 

24.5% to 37.6%, while the observed pI  (5 .1) and molecular mass (37 kDa) were close 

to the theoretical pI (5.3) and computed mass (35 .7 kDa). For SEI, the percentage 

coverage of the putative protein sequence (TR-AC03) from the peptides identified 

ranged from 1 3 .4% to 1 8 .0%, while the observed pI (5 .2) and molecular masses 

(35 .0-35 .5  kDa) were also close to the theoretical pI (5.5) and computed mass 

(35 .2 kDa). These data suggest that the NIGI  isoform is encoded by TR-A C02, while 

the SEI isoform is encoded by TR-A C03. 
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ACC oxidase activity in vitro and ACC oxidase protein accumulation over 24 h in 

mature green leaf tissue extracts during both short and long days has been shown to be 

under circadian control .  There are two ACC oxidase activity peaks observed, in which 

the pattern of fluctuation in ACC oxidase activity resulted in a high level of enzyme 

activity at 1 2 :00 am (0. 1 8-0.27 nmol ethylene/h/mg), and maximum activity at 

1 2 :00 pm (0.24-0.3 1  nmol ethylene/h/mg) . Lowest activity was observed in both long 

and short days at 9 :00 pm (0.09-0. 1 0  nmol ethylene/h/mg) . In addition, northern 

analysis indicated that the TR-A C02 mRNA level also displayed a circadian pattern of 

expreSSIon. 

Investigation of the effect of protein phosphorylation and dephosphorylation on ACC 

oxidase activity indicated that ACC oxidase activity in vitro during the periods of 

maximum activity increased 36% (at 12 :00 am) and 56% (at 1 2:00 pm) after 

dephosphorylation, respectively. However, there was only 21% increase in enzyme 

activity at the time point with lowest activity (9:00 pm) in the dephosphorylated 

extracts. SDS-PAGE using a mini-protein gel system or a gradient gel system showed 

that the molecular mass of ACC oxidase decreased after dephosphorylation when 

compared with phosphorylation of the enzyme. These results suggest that the 

phosphorylation and dephosphorylation of the ACC oxidase proteins occurs in vitro 

and the state does affect enzyme activity. 

In the second part of this thesis, the coding regions of putative ACC oxidase gene 

transcripts were generated from leaf tissue of genotype 1 8Z of T. occidentale using 

RT -PCR. Sequence alignmcnts indicated that the sequences could be grouped into two 

distinct classes, and these coding regions were designated TO-A C02 (lrifolium 

Qccidentale ACe Qxidase 2) and TO-Ae03 (lrifolium Qccidentale ACC Qxidase 3) .  

TO-A C02 and TO-A C03 share 82% similarity in nucleotide sequence and 84% 

similarity in amino acid sequence. The TO-A C02 and TO-A C03 sequences were 

validated as encoding ACe oxidases by comparison with other ACC oxidases in the 

GenBank database and both TO-AC02 and TO-AC03 deduced amino acid sequences 

contain all the residues hitherto shown to be important for maximal activity of the 

enzyme. Further, TO-A C02 had 97% identity with TR-A C02 at the nucleotide level, 

and 98% identity at the amino acid level .  TO-A C03 had 97% identity with TR-A C03 at 

the nucleotide level, and 96% identity at the amino acid level. Genomic Southern 
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anal ys is, using 3'-UTRs of TR-AC02 and TR-A C03 as probes, could not confirm that 

TO-A C02 and TO-A C03 are encoded for by distinct genes. 

Expression studies of TO-A C02 and TO-A C03 genes during leaf maturation and 

senescence of T. occidentale were examined using northern analysis. TO-A C02 is 

expressed predominantly in newly initiated and at the onset of  the mature-green leaf 

stage, while TO-A C03 shows maximal expression in senescent leaf tissue. The changes 

of ACC oxidase activity during leaf ontogeny of T. occidentale coincided with the 

pattern observed for ACC oxidase protein accumulation using western anal ysis and 

image analysis. 
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polyvinyl polypyrrolidone 

3'-rapid amplification of cDNA ends 

ribonuclease 

reverse osmOSIS 

reverse transcriptase-dependent polymerase chain reaction 

second 

S-adenosyl-L -methionine 

sodium dodecyl sulphate 

standard error of mean 

N,N,N',N'-tetramethylethylenediamine 

tris (hydroxymethy) amino methane 

octylphenoxy polyethoxyethanol 

polyoxyethylenesorbitan monolaurate 

untranslated region 

ultra violet light 

maximum rate of reaction 

vo lume per vo lume 

weight per volume 

weight per weight 

xx  



XXI 

ABBREVIATIONS FOR AMINO ACIDS 

Amino acid Three-letter abbreviation One-letter symbol 

Alanine Ala A 

Arginine Arg R 

Asparagine Asn N 

Aspartic acid Asp D 

Cysteine Cys C 

Glutamine GIn Q 

Glutamic acid Glu E 

Glycine Gly G 

Histidine His H 

Isoleucine ! le I 

Leucine Leu L 

Lysine Lys K 

Methionine Met M 

Phenylalanine Phe F 

Proline Pro P 

Serine Ser S 

Threonine Thr T 

Tryptophan Trp W 

Tyrosine Tyr Y 

Valine Val V 


