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Abstract

Magnesium (M§") is an essential mineral nutrient for plants and is the most ahtinele

divalent cation in plant cells. However, our knowledge of the role ofighisn the plant
cell is limited, and the mechanisms of homeostasis and transptite abn are almost
completely unknown.

A. Tutone (this laboratory) identified arArabidopsis thaliana gene by the
complementation of a Mguptake yeast mutant (CM66). This gene, referred to as
AtMRS2-11, was expressed as cDNA from a strong yeast promoter and @ltbe/growth

of the CM66 yeast strain on standard media. The conceptually teh#atMRS2-11
protein sequence was used in this study to identify nine additionaln@rdigisequence
homology searches using the BLAST algorithm. The corresponding gemesbkan
cloned from cDNA A. thaliana ecotype Landsbergrecta) and sequenced. Protein
sequence similarity suggests that the family forms a sulmseuf the CorA super-family

of Mg?* transport proteins.

The mutant yeast used to identify the family initially wasbalsed to show that two family
members in addition to AtMRS2-11 were able to complement tHé-tpendent growth
phenotype. When fused to eGFP, these proteins showed a localisatiorecomgtst some
of the protein reaching the yeast cell membrane. The other meofbrs family were
also fused to eGFP and showed a range of localisation patterns thighyeast cell. None
of the three AtMRS2 proteins previously able to complement the yaasint phenotype
did so when fused to eGFP.

RNA transcripts from theAtMRS2 family were detected by RT-PCR in organ-scale
preparations of total RNA frorA. thaliana. Most family members were detected in all of
the organs tested. Northern analysisAt¥IRS2-11 RNA transcript level showed that the
gene was more highly expressed in leaf tissue, but was notedffeg decreased levels of
Mg** in the growth media. The levels of steady sttdRS2-11 mRNA transcript were
elevated two-fold in the light during the diurnal cycle, but no changedstected during
light-induced greening of etiolated seedlings. A stable transganithaliana line
expressing thgusA gene from the promoter region A8fIMRS2-11 was used to localise the
promoter’s activity to cells containing chloroplasts. The expresasppeared highest in
younger cells.



The AtMRS2-11 protein was predicted to contain a chloroplast targetiptide. Western
analysis demonstrated that AtMRS2-11 was enriched in the totalinsraté isolated
chloroplasts as compared to extracts from whole plants. The AtIMRSZFP fusion
protein was also detected in chloroplasts by fluorescence microscopy.

Flame atomic absorption spectroscopy was used in conjunction withedalalbroplasts

to try to determine the effects of the overaccumulation of theRGRA11 protein in a
transgenicA. thaliana plant line (constructed by A. Tutone). A rapid uptake or binding of
Mg** was seen in chloroplasts isolated from both wild type and transtjeess but no
differences were observed in either the rate ofMgptake/binding or the final Mg
content.

Vi
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S.I. (Systeme Internationale) abbreviations for units and standardonstédr chemical
elements, nucleotides and amino acids are used in this thesis. Namgfers and their
abbreviations are given in Chapter 2, Table 2.1. Abbreviations of speda&geae names
are defined in the text. Other abbreviations used in the text are defined as below.

35S

p-gal

AY

ApH

AA
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ADP
AES
AMP

AP

ATP
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C-terminus
CaMV
CIP
cDNA
Co(llHex
cryo-TEM
d

dCTP
DMDC
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DNA
DNase
dNTP
DTT
EDTA
eGFP
EGTA

cauliflower mosaic virus 35S promoter region
degree celsius
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electric membrane potential
change in pH
amino acid

atomic flame spectroscopy
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alignment position

adenosine triphosphate

bacterial artificial chromosome

base pair
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cauliflower mosaic virus
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cryo-transmission electron microscopy
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min

MOPS
MRNA

MS

MTS
N-terminus
NMR

oD

PAGE
PCR

PEG

pers. comm.
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RB

RNA
RNase
RNAI
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SDS
T-DNA

endoplasmic reticulum
expressed sequence tag

force of gravity at Earth’s surface
green fluorescent protein
glutathione-S-transferase
B-glucuronidase

hour

N-[2-Hydroxylethyl]piperazine-N'-[2-ethanesulfonic acid]

inductively coupled plasma
in preparation
isopropylthioB-D-galactoside
kilo base pair
kiloDalton
constant of inhibition
Michaelis constant
kanamycin resistant
kanamycin sensitive
knockout
left T-DNA border
multiple cloning site
minute
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messenger ribonucleic acid
mass spectrometry
methanethiosulphonate
amino-terminus
nuclear magnetic resonance
optical density
polyacrylamide gel electrophoresis
polymerase chain reaction
polyethylene glycol
personal communication
rapid amplification of genomic ends
right T-DNA border
ribonucleic acid
ribonuclease
RNA interference

reverse transcriptase polymerase chain reaction

sodium dodecyl sulphate
Transfer DNA
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Tm
Tris

u.v.
Vmax
viv
WT
wiv
X-gal
X-gluc
yr

transmembrane domain

melting temperature

Tris (hydroxymethyl)-aminomethane

Unit of enzyme activity

ultra violet

maximum rate of uptake

volume/volume

wild-type

weight/volume
5-bromo-4-chloro-3-indoyp-thiogalactoside
5-bromo-4-chloro-3-indoyp-D-glucuronic acid
year
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