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Abstract

In maize, CA catalyzes the first reaction in the C4 photosynthetic pathway, hydrating
carbon dioxide that has diffused into the mesophyll cell cytoplasm to bicarbonate, providing
an inorganic carbon source for the C4 pathway. The beta-CA isozymes from maize, as well
as other agronomically important C, crops such as sorghum and sugarcane, differ
significantly from other reported forms of the enzyme and have remained relatively

uncharacterized.

The mRNA transcripts encoding the CA isozymes contain repeating sequences of
approximately 600 bp that encode multiple protein domains (Repeat A, Repeat B and Repeat
C). In maize, three cDNA sequences had been determined and designated CAl, CA2 and
CA3. There are at least three genes in the maize genome, and one of these encodes two
identical protein domains, with distinct groups of exons corresponding to the repeating
regions of the transcript. The first exon of the CA2 gene encodes a putative chloroplast
transit peptide, indicating an additional non-photosynthetic role for CA in maize, such as in
lipid biosynthesis pathways and/or replenishing the Krebs cycle intermediates together with
PEP carboxylase. This is supported by the identification of CA transcripts in root tissue and
analysis of the gene sequence, which identified promoter elements that direct constitutive

expression.

The expression of a single repeat region of the transcript produced active enzyme,
able to catalyze the reversible hydration of carbon dioxide to bicarbonate producing hydrogen
ions. The carbon dioxide hydration activity of Repeat B was relatively high compared to the
activity of either Repeat A or C. Repeat B was also found to be a dimer and is composed
primarily of alpha-helices, in agreement with that observed for other plant CAs. The active
site of the individual protein domains, Repeat A, Repeat B and Repeat C was identified and
found to contain the conserved amino acids proposed to coordinate the catalytic zinc ion and

act as a proton acceptor during regeneration of the active enzyme complex.
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Fig 1.1. Reaction mechanism of CA showing (a) nucleophilic attack of the metal-
activated hydroxide ion on carbon dioxide, (b) ligand exchange of the product
bicarbonate for a water molecule, and (c) regeneration of the zinc hydroxide form of
the enzyme (Cronk et al., 2001).

Fig. 1.2. Diagrammatic representation of the role of CA in the thylakoid lumen,
supplying carbon dioxide to Rubisco as part of the carbon concentrating mechanism in
C. reinhardtii (Park et al., 1999).

Fig. 1.3. Phylogenetic analysis of the beta-CA gene family (Hewett-Emmett and
Tashian, 1996).

Fig 1.4. Amino acid alignment of beta-CA sequences (Roeske and Ogren, 1990;
Majeau and Coleman, 1992; Suzuki and Burnell, 1995; Burnell et al., 1990a; Burnell
and Ludwig, 1997).

Fig. 1.5. The overall reaction of photosynthesis, showing the conversion of carbon
dioxide to carbohydrates, using water and light energy from the sun, while producing
oxygen.

Fig. 1.6. Depiction of the C, photosynthetic pathway, showing anatomical
compartmentalization of carbon assimilation and fixation that occurs in some C, plant
species (Lea and Leegood, 1999).

Fig. 1.7. Schematic representation of the three beta-CA cDNAs from maize (Burnell
and Ludwig, 1997; Burnell, unpublished). The repeat sequences are approximately 600
bp and are labelled A, B and C. The black shaded box represents the 276 bp insert
unique to CA2. The dark grey shaded boxes represent the 5'-leader sequences and 3'-
untranslated regions.

Chapter 3

Fig. 3.1. Schematic representation of the three beta-CA cDNAs from maize (Burnell
and Ludwig, 1997; Burnell, unpublished). The repeat sequences are labelled A, B and
C and are approximately 600 bp. The black shaded box represents the 276 bp insert
unique to CA2. The dark grey shaded boxes represent the 5'-leader sequences and 3'-
untranslated regions.

Fig. 3.2. (A) Schematic representation of the method for amplifying the probes used
for hybridization with maize genomic DNA. (B) The primer combinations used to
amplify the probes used. (C) The PCR products were visualized by agarose gel
electrophoresis and ethidium bromide staining (see Appendix 3.1 for probe sequences).
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Fig. 3.3. (A) Agarose gel electrophoresis of the EcoRl/Xhol treated CA2 plasmid
construct. The 900 bp band was excised from the gel, purified and used to probe the
maize genomic DNA library. (B) Schematic representation of the components of the
CA2 probe sequence. The EcoRI recognition site was before the 5'-end of the cDNA
sequence, in the multiple cloning site of the vector (see Appendix 3.2 for probe
sequence).

Fig. 3.4. Schematic representation of the primer binding sites used to amplify CA
genomic DNA and spanning both exons and introns.

Fig. 3.5. Schematic representation of the genomic 7.45 kb sequence that corresponded
to the CA2 gene and contained the first nine exons of the CA2 cDNA sequence
(GenBank accession U08401, version: gi:606810; Burnell and Ludwig, 1997).

Fig. 3.6. (A) Agarose gel electrophoresis of the genomic library clone after restriction
endonuclease treatment with the restriction enzymes indicated. The molecular weight
markers are in lanes 1 and 12. (B) Probing the restriction fragments with the 900 bp
probe used to screen the genomic DNA library enabled identification of bands that
contained sequence of interest, which could then be sub-cloned for further analysis.

Fig. 3.7. (A) Matrix alignment plot showing similarity between the CA2 gene
sequence and the genomic library clone assembly. Similarity is based on a minimum
alignment of 90% in a 30 bp window (hash value 6). (B) Schematic representation of
the alignment of the assembled genomic library sequence, red, with the CA2 gene
sequence.

Fig. 3.8. (A) Agaroge (0.8%) gel electrophoresis of 10 pg of maize genomic DNA;
Southern blot analysis of maize genomic DNA (10 pg) (B) probed with the Repeat
probe, and (C) probed with the Insert probe. (1) untreated, (2) treated with EcoRI and
(3) treated with Kpnl. The molecular weight markers used are Hyperladder VI
(Bioline) and AHindIlIl (Promega).

Fig. 3.9. Standard curve relating DNA fragment size (molecular weight markers) and
distance migrated (mm).

Fig. 3.10. (A) Agarose gel electrophoresis of the products of the reaction used to
amplify CA genomic DNA including both exon and intron gene components. (B) The
sequences of the DNA amplified, specifically the first exon and first intron amplified.

Fig. 3.11. Matrix alignment plot showing (A) similarity between the AZM4 68974
assembly and the previously sequenced 5'-end of the maize CA2 gene, and (B)
similarity between the AZM4 68974 assembly and the genomic library clone.
Similarity is based on a minimum alignment of 80% in a 20 bp window (hash value 6).

Fig. 3.12. Schematic representation of the AZM4 68974 assembly, with exons
indicated that corresponded to the CA2 cDNA sequence.
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Fig. 3.13. Matrix alignment plot showing (A) similarity between the AZM4 68973
assembly and the CA2 gene sequence, and (B) similarity between the AZM4 68973
assembly and the genomic DNA library clone. Similarity is based on a minimum
alignment of 80% in a 20 bp window (hash value 6).

Fig. 3.14. Schematic representation of the AZM4 68973 genomic sequence, with
exons indicated that corresponded to the CA2 cDNA sequence.

Fig. 3.15. Matrix alignment plot showing similarity between the AZM4 23203
assembly and the AY 109272 mRNA sequence, indicating the exon/intron structure.
Similarity is based on a minimum alignment of 80% in a 20 bp window (hash value 6).

Fig. 3.16. Schematic representation of the AZM2 23203 genomic sequence.

Fig. 3.17. ClustalW amino acid alignment of the AY 109272 and DQ246083 translated

sequences with the maize CA amino acid sequence of Repeat A.
Chapter 4
Fig. 4.1. Structural ~ differences between monocot and dicot plants

(http://biology.clc.uc.edu/graphics/bio106/bean.jpg).

Fig 4.2. ClustalW nucleotide alignment of Repeat A, Repeat B and Repeat C of the
maize CA cDNA sequences.

Fig. 4.3. Schematic representation of the primer binding sites on the CA cDNA
sequence in the three reactions used to identify the transcription initiation site using a
maize cDNA library as template. Figure not to scale.

Fig. 4.4. Schematic representation of the regions of the CA transcript amplified. Ldr:
amplification of the 5'-leader sequence, 276 bp Ins: amplification of a region of the
unique 276 bp insert of CA2, Repeat: amplification within the repeating region of the
CA transcript. Due to the repetitive sequence of the repeating regions, the primers used
to amplify the repeat product would not distinguish between Repeat A, Repeat B or
Repeat C. The CA2 cDNA schematic was taken from Burnell and Ludwig, (1997).

Fig. 4.5. Phylogeny of the beta-CAs showing separation of monocot and dicot species.
Repeat A, Repeat B and Repeat C refer to the maize CA amino acid sequences.

Fig. 4.6. Schematic representation of (A) the maize CA2 gene and (B) the rice CA
gene. Introns and exons are drawn to scale and indicated as lines or boxes respectively.

Fig. 4.7. Analysis of gene structure for (A) the maize CA2 gene, and (B) the rice CA
gene. The length of the introns and exons is compared, represented by the histograms,

while the line graph shows the percentage of G/C residues composing these regions.

Fig. 4.8. Location of CpG islands in the 5'-upstream region of the maize and rice CA
gene sequences.
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Fig. 4.9. Agarose (1.5%) gel electrophoresis of the products obtained from PCR on a
maize cDNA library. Lane 1: CAIR and T3 primers; 2: InsR and T3 primers; 3: CA7
and T3 primers; and 4: negative control (minus template).

Fig. 4.10. Comparison of the maize and rice genomic DNA sequences representing
1,000 bp upstream of the translation initiation codon, ATG, of the CA gene for both
species. Similarity is based on a minimum similarity of 50% in a 20 bp window (hash
value 6).

Fig 4.11. ClustalW alignment of the deduced amino acid sequence of Repeat A of the
maize CA2 cDNA sequence and the rice chloroplastic CA (not including the
chloroplast transit peptide).

Fig. 4.12. The relative transcript abundance as determined by semi-quantitative RT-
PCR (Fig. 4.13-4.18) using maize roots, and leaf base, middle and tip as sources of
template RNA.

Chapter 5

Fig. 5.1. Schematic representation of the three beta-CA cDNAs from maize. The
repeat sequences are approximately 600 bp and are labelled A, B and C. The black
shaded box represents the 276 bp insert unique to CA2. The dark grey shaded boxes
represent the 5'-leader sequences and 3'-untranslated regions.

Fig. 5.2. Alignment of the amino acid sequences of Repeat A (RA), Repeat B (RB)
and Repeat C (RC).

Fig. 5.3. Reaction catalyzed by CA.

Fig. 5.4. The two stage ping pong reaction mechanism described for alpha-CAs
(Kimber and Pai, 2000). E represents the enzyme and B represents the buffer molecule.

Fig. 5.5. Schematic representation of the components of the CA transcripts that were
expressed and used to analyse CA activity. The histidine tag is represented as a black
box and the 5'-leader sequence is represented as a putative transit peptide.

Fig 5.6. Schematic representation of Repeat A showing the Ncol recognition site
within the Repeat A sequence.

Fig. 5.7. Western blots and Coomassie blue-stained SDS-PAGE of CAl, indicated
with an arrow. 5 pl of 2.5 mg.ml™' protein sample was loaded per lane (12.5 pg total
protein). For each sample, 5 pl of the 200 mM imidazole eluted fraction is represented,
which was then used for CA activity analysis. a-pCA refers to a-CA antibodies that
have been pre-incubated with a crude extract of bacterial proteins for 3 h at 4°C
(Section 5.2.4.3).

xiii

95

100

100

101

120

121

122

123

125

127

134



Fig. 5.8. Coomassie blue-stained SDS-PAGE and Western blots of Repeat A, indicated
with an arrow. 5 pl of 1.5 mg.ml" protein sample was loaded per lane (7.5 pg total
protein). For each sample, 5 pul of the 200 mM imidazole eluted fraction is represented,
and which was then used for CA activity analysis.

Fig. 5.9. The amino acid sequence of Repeat B, with the additional 16 amino acids
present at the end of the sequence shown in bold. The stop codon is represented by an
asterisk.

Fig. 5.10. Coomassie blue-stained SDS-PAGE and Western blots of Repeat B,
indicated with an arrow. 5 pl of 5.4 mg.ml™ protein sample was loaded per lane (27 pg
total protein). For each sample, 5 pl of the 200 mM imidazole eluted fraction is
represented, and which was then used for CA activity analysis. a-pCA refers to a-CA
antibodies that have been blot-affinity purified (Section 5.2.4.2).

Fig. 5.11. Coomassie blue-stained SDS-PAGE and Western blots of Repeat C,
indicated with an arrow. 5 ul of protein was loaded per lane, equivalent to 10.5 pg of
total protein loaded (2.1 mg.mL™"). For each sample, 5 pl of the 200 mM imidazole
eluted fraction is represented, and which was then used for CA activity analysis. o-
pCA refers to a-CA antibodies that have been blot-affinity purified (Section 5.2.4.2).

Fig. 5.12. Coomassie blue-stained SDS-PAGE and Western blots of CA4, with the
predicted molecular weight, 52.8 kDa, and the observed immuno-reactive band at 28
kDa indicated with arrows. 5 pl of the 200 mM imidazole eluted protein fraction was
loaded in each lane, equivalent to 10.5 pg of total protein loaded (2.1 mg.mL™). a-pCA
refers to a-CA antibodies that have been blot-affinity purified (Section 5.2.4.2).

Fig. 5.13. Coomassie blue-stained SDS-PAGE and Western blots of CAS, indicated
with an arrow just below 28 kDa. 5 pl of the 200 mM imidazole eluted protein fraction
was analyzed, the equivalent of 9.75 pg protein (concentration was 1.95 mg.ml™).
a-pCA refers to a-CA antibodies that have been blot-affinity purified (Section 5.2.4.2).

Fig. 5.14. Coomassie blue-stained SDS-PAGE and Western blots of CA6, indicated
with an arrow. 5 pl of the 200 mM imidazole eluted protein fraction was analyzed, the
equivalent of 10.5 pg protein (concentration was 2.1 mg.ml™). a-pCA refers to a-CA
antibodies that have been blot-affinity purified (Section 5.2.4.2).

Fig. 5.15. Coomassie blue-stained SDS-PAGE and Western blots of CA7. The protein
subunit is indicated with an arrow. 5 pl of the 200 mM imidazole eluted protein
fraction was analyzed, the equivalent of 12.5 pg protein (concentration was
2.5 mg.ml™). a-pCA refers to 0-CA antibodies that have been blot-affinity purified
(Section 5.2.4.2).

Fig. 5.16. Western blots of the bacterial extraction of proteins without recombinant CA
(-), and (+) containing CA7. Non-specific hybridization is indicated with an arrow at
55 kDa and the protein subunit is indicated with an arrow at 28 kDa. a-pCA refers to
a-CA antibodies that have been pre-incubated with a crude extract of bacterial proteins
for 3 h at 4°C (Section 5.2.4.3).
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Fig. 5.17. Coomassie blue-stained SDS-PAGE and Western blots of CA8. The protein
subunit is indicated with an arrow. 5 pl of the 200 mM imidazole eluted protein
fraction was analyzed, the equivalent of 15.95 pg protein (concentration was 3.2
mg.ml"). a-pCA refers to a-CA antibodies that have been blot-affinity purified
(Section 5.2.4.2).

Fig. 5.18. The activity of the bacterially expressed CA enzymes expressed as
units.mg”'. One unit of activity is calculated as pmol of carbon dioxide consumed per
second. RA is Repeat A and RB is Repeat B.

Fig. 5.19. The activity of CAl (expressed as units) in the presence of 1 mM
acetazolamide, 1 mM 6-cthoxyzolamide, 10 mM 1,10-phenanthroline or 1%
diethylpyrocarbonate. The measurements taken are compared to the control reactions,
which were performed in the presence of 10% methanol (acetazolamide, 6-
ethoxyzolamide and 1,10-phenanthroline) or 10% ethanol (diethylpyrocarbonate). *p=
<0.05, ** p=<0.01, *** p=<0.001 Mann-Whitney U Test.

Fig. 5.20. The activity of Repeat A (expressed as units) in the presence of 1 mM
acetazolamide, 1 mM 6-ethoxyzolamide, 10 mM 1,10-phenanthroline or 1%
diethylpyrocarbonate. The measurements taken are compared to the control reactions,
which were performed in the presence of 10% methanol (acetazolamide, 6-
ethoxyzolamide and 1,10-phenanthroline) or 10% ethanol (diethylpyrocarbonate). *p=
<0.05, ** p=<0.01, *** p=<0.001 Mann-Whitney U Test.

Fig. 5.21. The activity of Repeat B (expressed as units) in the presence of 1 mM
acetazolamide, 1 mM 6-ethoxyzolamide, 10 mM 1,10-phenanthroline or 1%
diethylpyrocarbonate. The measurements taken are compared to the control reactions,
which were performed in the presence of 10% methanol (acetazolamide, 6-
ethoxyzolamide and 1,10-phenanthroline) or 10% ethanol (diethylpyrocarbonate). *p=
<0.05, ** p=<0.01, *** p=<0.001 Mann-Whitney U Test.

Fig. 5.22. The activity of CA4 (expressed as units) in the presence of 1 mM
acetazolamide, 1 mM 6-ethoxyzolamide, 10 mM 1,10-phenanthroline or 1%
diethylpyrocarbonate. The measurements taken are compared to the control reactions,
which were performed in the presence of 10% methanol (acetazolamide, 6-
ethoxyzolamide and 1,10-phenanthroline) or 10% ethanol (diethylpyrocarbonate). *p=
<0.05, ** p=<0.01, *** p=<0.001 Mann-Whitney U Test.

Fig. 5.23. The activity of CAS5 (expressed as units) in the presence of 1 mM
acetazolamide, 1 mM 6-cthoxyzolamide, 10 mM 1,10-phenanthroline or 1%
diethylpyrocarbonate. The measurements taken are compared to the control reactions,
which were performed in the presence of 10% methanol (acetazolamide, 6-
ethoxyzolamide and 1,10-phenanthroline) or 10% ethanol (diethylpyrocarbonate). *p=
<0.05, ** p=<0.01, *** p=<0.001 Mann-Whitney U Test.
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Fig 5.24. ClustalW alignment of the deduced amino acid sequences of Repeat A of the
maize CA2 cDNA sequence and the rice chloroplastic CA (not including the
chloroplast transit peptide).

Fig. 5.25. Alignment of the active, expressed CA amino acid sequences (RB — Repeat
B, CAS5 — Repeat C/A chimera, and RA — Repeat A) with the inactive amino acid
sequences (RC — Repeat C and CA7 — Repeat A/C chimera). Differences in amino acid
residues for both groups of sequences are indicated with bolding. Asterisks indicate
potential zinc ligands, and filled circles indicate potential zinc ligands that when
mutated, resulted in CA that bound zinc poorly (Bracey et al., 1994; Cronk et al.,
2001). The open circle indicates the glutamine residue suggested to act as a hydrogen
bond donor in the Arabidopsis beta-CA (Rowlett et al., 1994). The triangle indicates a
cysteine residue that is conserved between monocot and dicot plant sequences, which in
pea is essential for structure and enzyme activity (Bjorkbacka et al., 1997). The
predicted secondary structure was different for the active and inactive sequences in the
region indicated by the grey line.

Chapter 6

Fig. 6.1. Ribbon diagram of the crystal structure of the pea CA monomer, from N-
terminus (blue) to C-terminus (red), with the zinc atom in the active site indicated by a
blue sphere (Kimber and Pai, 2000).

Fig. 6.2. Ribbon diagram of the crystal structure of the E. coli CA monomer (Cronk et
al., 2001). Helices are shown in red, and beta-strands in yellow. The magenta sphere
indicates the location of the zinc atom.

Fig. 6.3. Ribbon diagram of the crystal structure of the P. purpureum CA (Mitsuhashi
et al., 2000). The N-terminal is marked and coloured blue, the C-terminal is also
marked and coloured green. The zinc atoms are shown as red spheres.

Fig. 6.4. Schematic representation of primer annealing sites relative to the 276 bp
insert of the CA2 cDNA sequence (gi:606810). The 5'-leader corresponds to the first
exon, while the third exon encodes the start of Repeat A. Figure not to scale.

Fig. 6.5. Probability of the translated sequence of Exon 1 (N-terminal sequence) acting
as a chloroplast transit peptide.

Fig. 6.6. Alignment of the rice and maize CA chloroplast transit peptide amino acid
sequences. The putative cleavage site of the chloroplastic transit peptide is indicated

with an arrow.

Fig. 6.7. ClustalW alignment of Repeat A of the maize CA sequence and the rice
chloroplastic CA (not including the chloroplast transit peptide).

Fig. 6.8. Hydrophobicity plot based on the amino acid sequence of Repeat B (Appendix
6.2).
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Fig. 6.9. Graphical output from the DAS trans-membrane prediction server. The full
line represents a strict cutoff, while the dotted line represents a loose cutoff.

Fig. 6.10. Secondary structure predictions based on the amino acid sequence of
Repeat B. Alpha-helices are indicated (H), and beta-sheets (b). The prediction based
on use of the PHD server is indicated by ‘PHD’ and the Softberry secondary structure
prediction by ‘Sber’. These are shown in red where both algorithms have predicted the
same secondary structure.

Fig. 6.11. Coomassie blue-stained gel and corresponding Western blot of the Repeat B
sample used for circular dichroism analysis. 5 ul of protein was loaded per lane,
equivalent to 7.5 pg of total protein (1.5 mg.ml™” protein concentration).

Fig. 6.12. CD spectra for Repeat B

Fig. 6.13. Coomassie blue-stained discontinuous native PAGE of Repeat B (7.5 ug
total protein).

Fig. 6.14. PCR products generated from the primer combinations indicated in Table
6.1. The DNA fragments shown are representative of a number of repetitions of these
reactions.

Fig. 6.15. Alignment of the genomic sequence (AZM4 68974) with the CA2 sequence
(as reported, accession gi:606810) at the start of the second exon. The reported (CA2
cDNA) and the observed reading frames are presented, with the stop codon indicated
with an asterisk.

Fig. 6.16. Alignment of the reported CA2 sequence (gi:606810) with the sequence
obtained from analysis of maize leaf mRNA. Numbering is from the start of the second
exon representing the 276 bp insert unique to CA2.

Fig. 6.17. Western blot of 10 ul of the preparation of maize leaf proteins (1.3 mg.ml™)
using a-CA antibodies.

Fig. 6.18. Typical elution profile of the proteins used for column calibration. The
absorbance at 280 nm was used to determine in which fractions ferritin and cytochrome
¢ (Cyto ¢) had eluted, while the rate of NADH oxidation measured at 340 nm was used
to determine in which fractions LDH and MDH had eluted.

Fig. 6.19. Typical standard curve relating native molecular weight (M,) to the
distribution coefficient (Kg) for four known protein samples, with the equation to the
line indicated.

Fig. 6.20. Detection of CA in fractions eluted from the gel filtration column by ELISA.

Fig. 6.21. Western blot showing a 52 kDa immuno-reactive band in Fraction 7 after
concentration by TCA precipitation.
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Fig. 6.22. Analysis of CA by Western blotting after precipitation with ammonium
sulphate (65% pellet), and analysis of eluted fractions (0 M, 0.2 M, 0.5 M and 1 M
NaCl) obtained after subsequent separation by ion exchange chromatography in the
presence of Triton X-100.

Fig. 6.23. Alignment of the rice, maize and F.bidentis CA putative transit peptide

sequences. The cleavage site of the chloroplast transit peptide is indicated with an
arrow.
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Abbreviations

g

°C
Aseo

aa
ABA
ABRE
ARE
ATP
BLAST
bp
BSA
CA
CA-RP
CCM
CD
cDNA
cm
dCTP
DEAE
dicot
DRE
DNA
dNTP
Dof
dpm
DTT
EDTA
ELISA
EREBP
EXAFS
Fig.

g

GST

h

HRP
IgG
IPTG
IMAC
kb

kcat

Ky
Kist
kDa
Kn

L

LB

times gravity

degrees Celsius

absorbance at 260 nm

amino acid

abscisic acid

ABA-responsive element

anaerobic responsive element
adenosine-5'-triphosphate

basic local alignment search tool
base pair

bovine serum albumin

carbonic anhydrase

carbonic anhydrase-related protein
carbon concentrating mechanism
circular dichroism

complementary deoxyribonucleic acid
centimetre

deoxycytidine triphosphate
diethylaminoethyl

dicotyledon

dehydration-responsive element
deoxyribonucleic acid
deoxyribonucleotide triphosphate
DNA-binding with one finger
disintegrations per minute
dithiothreitol
ethylenediaminetetraacetic acid
enzyme linked immuno-sorbent assay
ethylene-responsive element binding protein
extended X-ray absorption fine structure
figure

gram

glutathione S-transferase

hour

horse radish peroxidase
Immunoglobulin G
isopropyl-p-D-thiogalactopyranoside
immobilized metal affinity chromatography
kilo base pair

catalytic rate of an enzyme
dissociation constant

distribution coefficient

kilodaltons

Michaelis-Menten constant

litre

Luria Broth
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LDH lactate dehydrogenase

M molar

MDH malate dehydrogenase

mg milligram

min minute

ml millilitre

mm millimetre

mM millimolar

monocot monocotyledon

mRNA messenger ribonucleic acid

Mw molecular weight

n number

NAD nicotinamide adenine dinucleotide
NCBI National Center for Biotechnology Information
NIP nearly identical paralog

ng nanogram

nm nanometre

ocs octopine synthase

oD optical density

ORF open reading frame

p probability

PAGE polyacrylamide gel electrophoresis
PCR polymerase chain reaction

PEP phosphoenolpyruvate

PEP-CK PEP carboxykinase

pfu plaque forming unit

pH -logo[H']

pl isoelectric point

pmol picomole

PPDK pyruvate orthophosphate dikinase
PR gene pathogenesis-related gene

PSTI Photosystem II

PVDF polyvinylidene fluoride

RA Repeat A

RACE rapid amplification of cDNA ends
RB Repeat B

RC Repeat C

RFLP restriction fragment length polymorphism
RNA ribonucleic acid

rpm revolutions per minute

rRNA ribosomal RNA

RT-PCR reverse-transcriptase PCR
Rubisco ribulose-1,5-bisphosphate carboxylase/oxygenase
RuBP ribulose-1,5-bisphosphate

s second

SA salicylic acid

SABP3 salicylic acid-binding protein 3
SAP shrimp alkaline phosphatase

SDS sodium dodecyl sulphate
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snRNPs
TCA
TE

Tris

ng

ul

pum

M
umol
UTR
uv

A%

Ve

Vo

Vmax

vol (or) v
WOC
w
X-Gal

small nuclear ribonucleoproteins
trichloroacetic acid

10 mM Tris-HCl pH 7.5, 1 mM EDTA
tris (hydroxymethyl) aminomethane
microgram

microliter

micrometer

micromolar

micromole

untranslated region

ultra violet light

volts

volume of the elution peak height

void volume

maximum reaction rate

volume

water-oxidizing complex

weight
5-bromo-4-chloro-3-indolyl--D-galactopyranoside
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