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Carbonic anhydrase is a ubiquitous zinc-metalloenzyme that catalyzes the 

interconversion of carbon dioxide and carbonate and has been found to play a wide range 

of roles in animals, plants and bacteria. Cotton genomic and cDNA libraries were 

screened for the plastidial isoform of carbonic anhydrase. The nucleotide sequences of 

two 1.2 Kb partial cDNA clones were determined. These clones exhibit high homology to 

carbonic anhydrases from other dicot plants and possess all the expected peptide motifs. 

For example, serine and threonine rich chloroplastic targeting peptide and conserved zinc 

binding residues are both present. These clones were utilized to isolate two carbonic 

anhydrase genes that were shown to encode different isoforms by PCR and RFLP 

analysis. 
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CHAPTER I 

INTRODUCTION 

Carbonic anhydrase (CA; carbonate dehydratase, E.C. 4.2.1.1) is a zinc 

metalloenzyme that catalyzes the interconversion of CO2 and HCO3' (CO2 + H2O HCO3" 

+ H+). CA is a ubiquitous enzyme found in many different cell types of almost all 

organisms and has been implicated in processes as diverse as respiration, acid-base 

balance, inorganic carbon diffusion, photosynthesis, bone reabsorption and the synthesis of 

urea, glucose and lipids (Tashian, 1989; Bracey et ah, 1994; Eriksson et ah, 1996; 

Hewett-Emmett and Tashian, 1996). It was first discovered in red blood cells in 1933. 

Now isoforms have been found in animals, plants, archaebacteria, and eubacteria. All 

isoforms of the enzyme characterized so far can be grouped into 3 distinct families. All 

charactarized animal kingdom CA belong to the a-CA family, as are some CA found in 

green algae and some eubacteria. Plant and other eubacterial CA comprise the 0-CA 

family and archaebacterial and certain eubacterial the y-CA family. It is interesting to note 

that in addition to a functional (3-CA characterized for Arabidopsis thaliana, two ESTs 

representing putative a and y-CA homologs have been identified in this plant. Further 

support for the presence of a-C A in plants comes from a rice EST which shows homology 

to a-CA. This means that a-CA are present in both monocots and dicots (Hewett-Emmett 

and Tashian, 1996). Of these families, the a-CA of the higher vertebrates are the most 

intensively studied. There are at least 7 isoforms of CA found in terrestrial vertebrates 



which are now fully or partially characterized (Tashian, 1989). The presence of CA in 

plants and other organisms was disputed for several years after its discovery, but after the 

introduction of sulfhydryl protecting agents activity was found in several plants 

(Sultemeyer et al., 1993). Now the presence of CA in almost all organisms is widely 

accepted. 

The one common feature between these enzymes is the presence of a zinc atom at 

or near the active site. In the hydration reaction, CO2 reacts with a Zn-OH moiety on the 

enzyme. For the reverse reaction HCCVreacts with Zn-H20 (Lindskog and Coleman, 

1973; Tashian, 1989; Badger and Price, 1994). 

Plant Carbonic Anhydrases 

C A is widely distributed in the plant kingdom. It can be found in nearly all green 

plants, including a range of algae, ferns and at least 41 families of higher plants. For 

example, pea (Majeau and Coleman, 1991), tobacco (Majeau and Coleman, 1992), 

spinach (Burnell et al., 1990), Arabidopsis (Raines et al., 1992) and barley (Bracey and 

Bartlett, 1995) have all been shown to express CA. 

Plant P-CA can be further sub-divided, into two groups, based on primary 

structure one for monocots and one for dicots (Hewett-Emmett and Tashian, 1996). 

These two groups also may differ in quaternary structure. CA from C3 dicotyledons occurs 

in high molecular weight forms ranging from 140K to 250K, with differing numbers of 

subunits (Graham et al., 1984). CA in monocots, on the other hand, are most likely dimers 



with a molecular mass of 40-45kDa (Atkins etal, 1972; Poker and Miksch, 1978; 

Graham et al1984). Plant and animal CA appear to have similar affinities for their 

substrates, indicated by similar Km values for CO2 and HCO3" (Linskog and Coleman, 

1973; Poker and Miksch, 1978). Also, like their mammalian counterparts, plant CA 

appears to be unaffected by pH over the range 6-9 (Sultemeyer et al., 1993). In the 

presence of inorganic phosphate for the plant enzyme, however, there is an increase in the 

Km for both C02 and HC03". This suggests that for plant CA, inorganic phosphate plays a 

regulatory role. For example during the light / dark cycle where inorganic phosphate and 

pH levels fluctuate widely (Graham et al, 1984). 

Most plant CA studied exhibit notable differences in their responses to inhibitors as 

compared with animal CA. For example, plant CA are much less sensitive to inhibition by 

sulphonamides (Graham et al., 1984; Sultemeyer etal., 1993). It is thought that the mode 

of action of these inhibitors is through association with the zinc ion (Moroney et al, 

1985). This suggests a difference in enzyme active site structure between plant P-CA and 

animal a-CA. This is supported by the fact that some algal a-CA are as sensitive to 

sulfonamides as animal CA species (Graham et al., 1984). 

It has been found that C A may occur in multiple forms which are separable by 

PAG electrophoresis (Atkins etal, 1972; Graham etal., 1984; Sultemeyer etal, 1993). It 

has been suggested that these isoforms have separate cytoplasmic and chloroplastic 

locations within the plant cell (Reed, 1979). There is now additional evidence for 
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extracellular, periplasmic and mitachondrial CA in some algae such as Clamydomonas 

reinhardtii (Palmqvist el al, 1990; Eriksson et al., 1996). 

Protein sequences from a range of |3-CA were analyzed using amino acid alignment 

programs to look for any conserved residues that could play a role in Zinc ligand binding. 

Six conserved residues were discovered whose side chains could be involved in zinc 

binding. These were Cysteine 150, Aspartate 152, Glutamate 194, Histidine 210, Cysteine 

213 and Glutamate 266 (numbering corresponds to the spinach sequence deposited in 

Genbank) (Provart et al., 1993; Bracey etal., 1994). Site-directed metagenesis was used 

to construct mutants each with one of the 6 amino acids changed. These mutants were 

analyzed for their ability to bind Zinc. It was found that mutants of cysteine 150, aspartate 

152, histidine 210 and cysteine 213 resulted in CA that bound Zn poorly. (Provart et al., 

1993; Bracey et al., 1994). In animal CA the Zn atom is coordinated to 3 histidine 

residues (Tashian, 1989; Hewett-Emmett and Tashian, 1996). It is proposed that plant 0-

CA utilize a cys - his - cys ligand scheme is utilized to bind Zinc (Provart et al, 1993; 

Bracey et al., 1994). 

Functional Roles of CA in Plants 

As stated, the function of CA in higher plants has not yet been as comprehensively 

studied as it's function has been in the animal kingdom. Using animals as a model CA can 

be expected to serve several functions in plants. The dehydration of HCO3" as a source of 
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substrate for enzymes using CO2 (e.g. Rubisco). Secondly, hydration of CO2 to HCO3" for 

use as a substrate for enzymes utilizing HCO3'. Thirdly, facilitation C02 diffusion through 

cells and across plasma membrane and chloroplast envelope by extracellular and 

intracellular CA. Finally C02 active transport across plasma membrane by the conversion 

of C02to HCO3" (Sultemeyer et al., 1993). 

Photosynthetic Carbon Assimilation 

CA has been known for many years to be present in photosynthetic organisms. It is 

an abundant protein in the leaves of higher plants representing 1-2% of the total soluble 

leaf protein (Badger and Price, 1994). There is evidence that both cytoplasmic and 

chloroplastic isozymes are present in the leaves of plants. It has always been assumed to 

play a role in photosynthesis as it provides a means to explain the discrepancies between 

available C02 and the C02 fixation by Rubisco (Badger and Price, 1994). Therefore most 

of the research conducted into CA has been directed at its involvement in photosynthetic 

processes. The majority of CA activity in C3 plants is found within the stroma of the 

chloroplast showing a similar distribution to Rubisco (Sultemeyer etal, 1993). Several C3 

plant chloroplastic carbonic anhydrases have been isolated and characterized, for example 

pea (Majeau and Coleman, 1991), tobacco (Majeau and Coleman, 1992), spinach (Bumell 

et al., 1990) and Arabidopsis (Uaines et al., 1992). In all cases these enzymes are nuclear 

encoded and are targeted to the chloroplast by transit peptides. The presence of CA in the 

stroma of the chloroplast and it's localization with Rubisco suggests a role in 
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photosynthetic C02 fixation. In the stroma the pH is alkaline so the predominant Ci 

species is HC03". CA may accelerate the conversion of HCO3" to CO2 to maintain a 

constant supply of substrate to Rubisco. This action could also facilitate the diffusion of 

CO2 through the stroma to the active site of Rubisco (Reed, 1979; Badger and Price, 

1994; Raven and Newman, 1994). A cytosolic version of CA could facilitate the diffusion 

of C to the chloroplastic envelope and catalyze the conversion of HCO3" to CO2 for 

transport into the chloroplast. In the case of C4 plants the initial reaction of photosynthesis 

is catalyzed by PEP carboxylase. This reaction uses HCO3" as a substrate which means that 

CO2 entering the mesophyll cells must be rapidly converted to HCO3". CA in C4 plants is 

localized in the mesophyll cells along with PEP carboxylase and is believed to perform this 

function (Burnell and Hatch, 1988; Raven and Newman, 1994). The absence of CA in the 

Bundle sheath cells reduces the leakage of inorganic carbon via conversion of CO2 to 

HCO3" (Burnell and Hatch, 1988). CAM plants perform elements of both C4 and C3 

photosynthesis within the same cell, these two phases being separated by time. C4 acid 

synthesis catalyzed by PEP carboxylase occurs in the dark whilst decarboxylation and CO2 

fixation by Rubisco occurs in the light, there are also periods when CO2 can be fixed 

directly by Rubisco. Although little is known about CA in CAM plants, several possible 

roles for CA can be proposed. A cytosolic isoform of CA could convert CO2 to HCO3" for 

utilization by PEP carboxylase, as in C4 plants. A chloroplastic version may be used to 

maintain CO2 levels during direct fixation by Rubisco (Sultemeyer et al., 1993; Badger and 
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Price, 1994; Raven and Newman, 1994). 

Evidence to support the function of CA has come from the use of inhibitors, such 

as acetazolamide, which alter the activity of chloroplastic CA. The resultant effect of this 

inhibition on photosynthesis is then observed in intact leaves or isolated chloroplasts 

(Jacobsen et al, 1975; Graham et al., 1984). These studies have shown that CA inhibition 

has an effect on C02 fixation but the results must be interpreted with caution as inhibitors 

of CA are also inhibitors of photosystem II activity (Stemler, 1986; Sultemeyer et al., 

1993). In an attempt to specifically alter CA activity Majeau et al. (1994) transformed 

tobacco plants with antisense and over-expression constructs of CA. The transgenic plants 

were then used to determine the effects of CA on C02 assimilation. The initial results of 

this study showed that significant changes in CA activity had little effect on the 

photosynthetic capacity of the plants under normal growth conditions. In transgenic plants 

containing the antisense construct there was some evidence for increased stomatal 

conductance which could compensate for the reduction in CA activity. This was supported 

by the fact that these plants showed increased susceptibility to water stress. The plants 

carrying the over expression constructs showed an increase in enzyme activity and more 

notably they also showed an increase in Rubisco activity. These increases although marked 

had little or no effect on net C02 assimilation (Majeau et al, 1994). 

In algae, as with higher plants, CA appears to be closely involved with 

photosynthetic CO2 assimilation. Although many studies have been carried out a simple 
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mechanism for this interaction is not available, this is because of the multiple isoforms 

found in micro algae. In Clamydomonas reinhardtii, the most extensively studied 

organism, there has been discovered several isoforms with different subcellular locations. 

A chloroplastic isoform has been reported which is thought to function much as those in 

higher plants (Sultemeyer et al, 1990). There has also been reported a mitochondrial form 

(Eriksson et al, 1996; Eriksson et al., 1998), a cytosolic form (Karlsson et al, 1995) at 

least 2 periplasmic forms (Manuel and Moroney, 1988; Husic and Marcus, 1994; Fujiwara 

et al, 1996) and an extracellular form (Palmqvist et al., 1990). These isoforms collectively 

appear to comprise a C02 concentrating mechanism which is induced at low CO2 

concentration (Badger and Price, 1992). It has been shown that under low CO2 conditions 

the synthesis of several polypeptides is induced (Spalding and Jeffrey, 1988; Bailly and 

Coleman, 1989; Eriksson et al., 1996; Eriksson et al, 1998). These include an 

extracellular a-CA (Fukuzawa et al, 1990), a periplasmic CA (Karlsson et al, 1995) and 

a P-CA located in the mitachondria. All of these serve to maintain an adequately high 

concentration at the Rubisco active site even at low CO2 concentration. It has also been 

found that one of the periplasmic isoforms is regulated by light, showing a circadian type 

rhythm (Fujiwara et al., 1996). 



Other Roles For CA in Plants 

The vast majority of research performed on plant CA has been concerned with its 

roles in photosyntheitc C02 assimilation. Despite the diversity of established or putative 

functions for CA in vertebrates other roles, more directly analogous to vertebrate 

functions, for CA in plants are rarely studied (Raven and Newman, 1994). A number of 

reactions consuming high levels of HC03" are present in non-green plant tissues, for 

example C4 carboxylic acid production in N2- fixing root nodules (Atkins, 1974) and in the 

chloroplasts of lipogenic tissues acetyl CoA incorporation into lipids (Raven and Newman, 

1994). The inorganic carbon supplied to the cytosol or stroma either by transmembrane 

fluxes or decarboxylation reactions involves only CO2, the HCO3" consumed in the above 

rapid processes must be formed by hydration of C02. The presence of CA in root nodules 

has been studied and is now widely accepted (Atkins, 1975; King etal, 1986), but other 

possible roles have yet to be determined. 

Synthesis of Triacylglycerol in Cotton Seeds 

Embryogenesis in cotton is consists of three overlapping phases of development, 

these being morphogenesis, maturation, and desiccation (West and Harada, 1993). The 

cotton embryo maturation phase lasts from about 20 - 45 days post-an thesis (D.A.). This 

phase is characterized by an accumulation in storage lipids and protein in the embryo 

cotyledons. These lipids are comprised mainly of triacylglycerols and will be the main 
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carbon source when the seed germinates and grows (Turley and Chapman, 1998). The de 

novo synthesis of fatty acids and their incorporation into triacylglycerols is widely 

researched due to the vast range of fatty acid products that are currently used as food 

stuffs or for industrial purposes (Ohlrogge and Jaworski, 1997). The cell compartments 

involved in fatty acid and oil biosynthesis are shown in figure 1. The first committed step 

in fatty acid synthesis is the activation of acetylCoA to malonylCoA using HC(V and 

catalyzed by acetylCoA carboxylase (ACCase; Ohlrogge etal., 1993). It has been shown 

that in dicots that there is 2 different isoforms of ACCase, one a single polypeptide 

cytosolic version and the other a plastidial version. The plastid version is a large complex 

of at least four subunits encoded in both the nucleus and plastid (Ohlrogge and Browse, 

1995). As ACCase is considered to be the first committed step in de novo fatty acid 

synthesis it has long been considered a likely candidate for regulation of this pathway 

(Ohlrogge and Jaworski, 1997). There is evidence that supports this proposed rate 

determining role of ACCase. In spinach leaves light dark regulation of ACCase has been 

shown to be responsible for the fluctuations in fatty acid synthesis (Post-Beittenmiller et 

ai, 1992). It has also been shown that levels of ACCase activity coincides with increases 

and decreases of oil synthesis in developing seeds (Ohlrogge and Jaworski, 1997). Fatty 

acids are elongated in 2 carbon increments with malonylCoA by acylation, condensation 

and reduction reactions. The fatty acid chain is elongated whilst it is attached to an acyl 

carrier protein. All the enzymes that catalyze this round of elongaion are coupled to a type 
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Fig. 1. Compartmentation of oil biosynthesis in seeds. Fatty acids are synthesized de 

novo in the plastids. AcetylCoA and bicarbonate are utilized by ACCase. 
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are incorporated into TAGs are released from the carrier protein by a soluble thioesterae 

and exported to the endoplasmic reticulum this route is termed the eukaryotic pathway 

(Ohlrogge and Browse, 1995). In the ER the free fatty acids are esterified to the sn-1 and 

-2 positions of glycerol-3-phosphate to form phosphatidic acid (Frentzen, 1993). 

Phosphatidic acid is then dephosphorylated to give a diacylglycerol which is then acylated 

at the sn-3 position to produce triacylglycerol. This final reaction is catalyzed by 

diacylglycerol acyltransferase the only unique enzyme of the TAG synthesis pathway 

(Frentzen, 1993). The triacylglycerols produced then are incorporated into oil bodies 

where they are stored. The fatty acid moieties used to produce triacylglycerols in cotton 

seeds are mostly palmitic (16:0) and linoleic (18:0) acids with smaller amounts of oleic 

acid (18:1) acid (Jones and King, 1996). 

Proposed New Role For Carbonic Anhydrase in Oil Biosynthesis 

A partial clone from a cDNA library made from 48 hour dark grown cotton 

cotyledons was determined, by sequence homology, to be carbonic anhydrase. The CA 

must have some role in the cotyledons of cotton seedlings to be expressed here. All 

previous work on roles of CA in plants has centered around green tissues and 

photosynthesis. As photosynthesis is not occurring in the seeds CA must be involved in a 

different processes in this tissue. As stated above developing seeds produce large 

quantities of fatty acids for incorporation into TAGs for storage. The first step in de novo 
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fatty acid synthesis is the carboxylation of acetylCoA to malonylCoA by ACCase. The 

source of carbon for this reaction is from HCO3". In the elongation step only the original 2 

carbons from acetylCoA are added to the fatty acid and CO2 is released. CA could be 

involved in the hydration of C02 to HCO3* as a recycling mechanism to ensure an 

adequate supply of substrate to ACCase. There is some evidence available to support such 

a hypothesis. Lipids are produced for storage extremely intensively at times during seed 

development. The bicarbonate levels in plastids of seeds may not be sufficient to support 

this level of synthesis, CA provides a simple mechanism where by HCO3" levels would 

never be limiting. In vertebrates Ca isoforms I and II have been implicated in fatty acid 

synthesis (Tashian, 1989). There is also in vivo data from animal tissue which shows that 

inhibition of CA can inhibit lipid synthesis (Raven and Newman, 1994). It has also been 

demonstrated that the limiting factor in TAG synthesis in embryos is the supply of fatty 

acids (Bao et ai, 1996). If the processes which regulate the production of lipids in seeds 

could be deduced this would provide a means to increase the capacity for oil production 

by seeds. This would be of great importance to the seed oil industries. 

Project Outline 

As a first step toward examining the role of p-CA in the plastids of non-

photosynthetic tissues of cotton the gene must be isolated and the nucleotide sequence 

determined. The full sequence allows identification by homology to other CA. Once the 
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presence and basic identification of the CA is discovered then the function can be 

characterized. With the nucleotide sequence sense and anti-sense constructs could be 

produced to analyze the effects of elevated and lowered levels on fatty acid synthesis. The 

function of the CA gene can not be properly deduced without the first step of isolating and 

sequencing the gene. Therefore the purpose of this study was to screen a cotton cDNA 

library for a CA clone and provide basic nucleotide sequence analysis of the clone. 



CHAPTER II 

MATERIALS AND METHODS 

Bacterial Strains and Plasmids 

Escherichia coli DH5a (supE44, hsdrl7, recAl, endAl, gyrA96, thi-1 and relAl) 

(Sambrook et al., 1989) was the bacterial host strain for the pGEMl lZf(-) plasmid with 

CA insert. The host strains for the cDNA library were XLl-Blue MRF' [mcrA 183, 

(mcrCB-hsdSMR-mm)173, endAl, supE44, thi-1, recAl, gyrA96, retAl, lac(F' proAB, 

lacPZ?TnlO(tetr)] and SOLR™ strain el4"(mcrA), (mcrCB-hsdSMR-mm) 171, sbcC, 

recB, recJ, umuC::Tn5(Kanr), uvrC, lac, gyrA(A, relAl, thi-1, endAl, eR [F' proAB, 

lacPZ?M15] Su" (nonsuppressing). The genomic host strains provided were XLl-Blue 

MRA strain: 9(mcrA)1839(mcrCB-hsdSMR-mm)173, endAl, supE44, thi-1, gyrA96, 

relAl, lac. The other strain was XLl-Blue MRA (P2) srtain whcih was The same as above 

including a P2 lysogen. 

Biological Media and Growth Conditions 

Media used for this study included YTand LB broth. These were supplemented 

with antibiotics when appropriate. Solid media were produced by adding 1.5% w/v agar to 

any of these liquid media and top agar was made by adding 0.7% (w/v) agarose to any of 

these media.O YT consists of 0.8% (w/v) Bacto tryptone, 0.5% (w/v)yeast extract, and 

0.5% (w/v) NaCl. LB (Luria-Bertani) medium contains 1.0% (w/v) Bacto-tryptone, 0.5% 

16 
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(w/v) yeast extract and 1.0% (w/v) NaCl. For the library XL 1-Blue strains of bacteria LB 

media supplemented with 10 mM MgSC>4 and 0.2% (w/v) maltose was used. 

Long Term Storage of Cultures 

The bacterial strains were stored by ultra-cold storage at -70°C. In order to prevent 

bursting of the cells during freezing, glycerol was added to 40% (v/v) to the culture medium. 

The bacteria were removed from selective plates and grown in 5 ml LB broth (containing 

appropriate antibiotic if necessary) overnight. Five hundred microliters of sterile 80% glycerol 

was added to a 1.5 ml microfuge tube. Then, 500 (j.1 of the overnight culture was added to the 

glycerol. The contents of the vials were mixed and the vials were transferred to a -70°C freezer 

for long term storage. 

Preparation of Competent E. coli DH5a cells for Transformation 

A five millimeter portion of YT broth was inoculated with a single colony of DH5a 

from a bacterial streak plate. This inoculant was placed at 37_C in a New Brunswick 

incubator shaking at 250rpm overnight. After this incubation 500 |xl was aseptically 

removed and added to an Erlenmeyer flask containing 50 ml of YT broth. All steps 

through out the procedure were performed in the same aseptic manner. This new culture 

was placed in the shaker incubator under the same conditions as above. The absorbance of 

the culture at 550 nm was monitored using a beckman DU-40 spectrophotometer. The 
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culture was incubated until an absorbance of 0.45 at 550 nm was reached. The contents of 

the flask was then transferred into a sterile 50 ml conical tube and placed in a ice water 

bath for 20 minutes. The tube was centrifuged at 2200 rpm (1000 x g) at 4_C using a 

RT6000B centrifuge. The supernatant was decanted off and the remaining pellet was 

resuspended by vortexing in 4 ml of TSS solution (85% LB broth, 10% wt/vol PEG 8000, 

5% vol/vol DMSO and 50 mM MgCl2, pH 6.5). The tube was placed on ice and used 

within 6 hours. Longer storage was acheived by keeping 300|xl aliquots at -70_C for up to 

one month. 

Transformation of E. coli DH5a with the plasmid pGEM-llZf(-) containing the 3' 

partial of cotton Carbonic Anhydrase. 

A stock of pGEM-1 lZf(-) plasmid containing part of the 3' end of cotton Carbonic 

Anhydrase jag/jal was used for the transformation. A lOpl aliquot of this recombinant 

plasmid solution was transferred to a sterile 1.5 ml microfuge tube. Then 200pl of 

competent cells was added. The tube was mixed gently and placed on ice for 10 minutes. 

The tube was then heat shocked at 42_C, in a water bath, for 2 minutes. After heat 

shocking 1ml of YT media was added to the tube and it was placed in a gyratory shaker at 

37_C and 250rpm for 1 hour. This growth period allows for one cell cycle of growth and 

optimizes the time for gene expression. The mixture was plated in aliquots of 10-90 pi on 
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to YT plates containg 50 (ig /pi ampicillin, 10 pi of 100 mM IPTG (isopropyl-D-

thiogalactopyranoside) and 50 pi of 2% X-gal (5-bromo-4-chloro-3-indoyl-a-D-

galactoside). The mixture was allowed to soak into the plates at room temperature and 

then the plates were incubated at 37_C overnight. The growth period allowed for the 

expression of the ampicillin resistance gene found on the plasmid. This meant that only 

cells containing the plasmid would grow on the antibiotic plates. Recombinant plasmids 

containing an insert showed as white colonies and nonrecombinant plasmids as blue 

colonies. The lack of colour for the recombinant plasmid was due to the fact that the 

multiple cloning site lies in the middle of the a-galactosidase gene. An insert in the cloning 

site causes a dysfunctional gene which cannot cleave it's substrate X-gal. An active gene, 

no insert, cleaves X-gal resulting in a blue precipitate. 

Screening for Recombinant Plasmids 

The plasmids were screened on the basis of antibiotic resistance and color selection 

as described above. A master plate was made of the different recombinant clones. A YT / 

ampicillin (50 pg / ml) / X-gal / IPTG / agar plate was fixed to a grid as shown in figure 2. 

Using a sterile toothpick, each white colony was touched and then streaked onto a 

numbered square. The master plate was incubated at 37_C overnight. This plate was 

stored at 4 C for future use. 
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Fig. 3. Screening grid for master plating of recombinant strains. 
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Rapid Isolation of Plasmids by Alkaline Lysis 

White colonies from the master plate were innoculated into 5 ml of YT / ampicillin 

media. The tubes were incubated at 37_C and 250rpm overnight. After the incubation 1.5 

ml of each culture was transferred into a sterile 1.5 ml microfuge tube and the tubes were 

centrifuged at 10,000 rpm for 1 minute. The supernatant was poured off and a second 1.5 

ml aliquot was added to the tubes. The tubes were centrifuged as before and the 

supernatant removed by aspiration to ensure a dry bacterial pellet remained. The pellets 

were resuspeneded in 100 jxl of ice cold solution A (50 mM glucose, 10 mM EDTA, 25 

mM EDTA, 25 mM Tris-HCL, pH 8.0, 6.0 mg / ml lysozyme) by vortexing. The 

suspension was stored at room temperature for 5 minutes. After this 200 |ji of fresh 

solution B (0.2 N NaOH, 1% SDS) was added to the tubes which were mixed gently and 

stored in an ice water bath for 5 minutes. This was followed by the addition of 150 pi of 

ice cold 5 M potassium acetate, pH 4.8, and the tubes were again mixed and stored on ice 

for 5 minutes. Following this incubation the tubes were centrifuged at 10,000 rpm at 4_C. 

The resulting supernatant was transferred to a to a fresh tube. An equal volume of phenol-

chloroform (450 pi) was added to the supernatant and mixed by vortexing. After 

centrifugation at 10,000 rpm for 2 minutes the aqueous layer was again transferred to a 

new tube. Two volumes of 100% ethanol, at -20 C, was added to the supernatant and the 

tube vortexed. This was centrifuged at 10,000 rpm for 10 minutes at 4_C. The supernatant 
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was removed with a drawn out pasteur pipet. The resulting pellet of plasmid DNA was 

washed by adding 1 ml of 70% ethanol and inverting the tube gently several times the re-

centrifuging at 10,000 rpm at 4_C for 5 minutes. Again the ethanol was removed with a 

drawn out pasteur pipet. The pellet was dried breifly in a vacuum desicator (speed vac). 

The pellet was resuspended in 30 jxl of TE (pH 8) with heat-treated RNase A by 

vortexing. The tubes were heated to 65_C for 10 minutes and then stored at -20_C till 

needed. 

Agarose Gel Electrophoresis 

At times during various experimental methods, for example DNA isolations, PCR, 

restriction digestions, it was necessary to analyze the DNA. This analysis was to determine 

presence or absence of DNA, concentration and size of fragments. Horizontal agarose gel 

electrophoresis was used for this purpose. The agarose solution was prepared from IX 

agarose gel electrophoresis running buffer and varying amounts of agarose. The most 

common concentration used was a 1% solution, 1 g of Agarose in 100 ml of IX buffer. 

The percentage of the gel was varied depending on the size of the fragments being 

analyzed. A higher percentage gel allows smaller fragments to be resolved more 

efficiently. The required amounts of agarose and buffer were placed in an erlenmeyer flask. 

The flask was weighed and then heated in a microwave until all agarose crystals remained 

in the flask. The flask was reweighed and distilled deionized water was added till the 
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original weight was reached. The mixture was cooled slightly and then poured into a gel 

forming tray with a well forming comb. Once the gel solidifies upon cooling the well 

forming comb can be removed and the gel placed into an electrophoresis tank filled with 

IX running butler. A 5X agarose gel loading buffer (25% glycerol, 0.5% SDS, 0.1% 

bromophenol blue, 0.1% xylene cyanol, and 50 mM EDTA) was added to the DNA 

samples so that the final concentration was IX. The samples were loaded into the gel wells 

using a micropipettor. Once loaded electrophoresis was performed at the desired voltage 

and time. After electrophoresis the gel was placed into a 0.5 \xg / ml solution of ethidium 

bromide (EtBr) for staining. Etbr intercollates between the bases of DNA and when 

exposed to UV light fluoresces orange. After staining the gel is placed in water for de-

staining to remove excess EtBr. The gel was then observed under ultraviolet light. The 

DNA samples were run along side markers / ladders of known size and concentration and 

by comparison with these estimation of fragment size and concentration could be made. 

Di gestion of DNA with Restriction Endonucleases. 

After the ligation it was necessary to digest the plasmid to check for the presence 

of inserted DNA Rapid prep DNA was double digested using EcoRl and HinDlII using 

the following amounts. 

4(al Rapid prep DNA 

2(0.1 £coRl unique enzyme buffer 
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1 |il £coRl restriction enzyme 

1 (j.1 HinDlU restriction enzyme 

13[xl ddH20 

The digestions were incubated at 37_C for 4 hours. These reactions were ran on an 

agarose gel to visulize the fragments produced by the digest. 

Restriction enzymes were used in several other proceedures. Generally 2 units of 

enzyme per fig of DNA was used. The volume of restriction enzyme used never exceeded 

1/10 of the total reaction volume. This was to prevent any alterations in activity or 

specificity caused by the glycerol found in the enzyme storage buffer. Each enzyme is 

provided with a 10X reaction buffer for optimum activity. Reactions mixtures were 

incubated at 37_C for at least 4 hours unless otherwise specified by the manufacturers. 

Screening for Recombinant Clones 

A 250 ml flask containing 50 ml of YT media with 50 |xg / ml ampicillin was 

inoculated with a single colony of DH5a containing recombinant plasmid. The colony was 

taken from the master plate and the presence of the recombinant plasmid determined by 

the previously described methods. The flask was incubated overnight at 37_C and 250 

rpm. This overnight culture was used to inoculate fernbach flasks each containing 1 L of 
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YT media and 50 jjg / pi ampicillin. The flasks were incubated overnight at 37_C and 250 

rpm. The cells were collected by centrifugation using a GS3 rotor at 6,000 rpm for 6 

minutes, the rotor and centrifuge were precooled to 4_C. After spinning the supernatant 

was dicarded and the pellets resuspeneded in ice cold 0.15 M NaCl (20 ml / liter of 

culture) then transferred to 45 ml oakridge style centrifuge tubes. The tubes were 

centrifuged in a Sorvall SA600 rotor at 6000 rpm for 5 minutes at 4_C. Again the 

supernatant was discarded and the pellet was resuspeneded in 10 ml of ice cold 25% 

sucrose, 50 mM Tris-HCl, pH 8.0. The tubes were vortexed well to ensure a uniform 

mixture was obtained. The next few steps were performed in the cold room. To acheive 

cell lysis 2 ml of lysozyme (5 mg / ml) was added to each tube which were mixed 

thoroughly by inversion. After incubation on ice for 5 minutes 4 ml of 0.25 MNaiEDTA 

(pH 8.0) was added and the tubes mixed again by inversion. After a further 5 minutes on 

ice 5 ml of % M NaCl was mixed in to the tubes then 2 ml of 10% SDS was added. The 

tubes were now mixed carefully to avoid foaming and DNA shearing. The resulting 

mixture was left on ice in the cold room for 1 1/2 hours. The tubes were balanced during 

this time. The cellular debris in the solution was pelleted by centrifugation in a SA600 

rotor at 16,350 rpm for 45 minutes. The resulting supernatant was decanted off in to a 50 

ml graduated cylinder and an equal volume of isopropanol added. This mixture was 

transferred into a 250 ml GSA centrifuge tube and placed in dry ice ethanol bath for 20 
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minutes until the contents froze solid. The tubes were transferred to a room temperature 

wtaer bath until the contents melted then immediately centrifuged in a GSA rotor for 20 

minutes at 8,000 rpm. The pellet was resuspended in 16 ml of cold 10 mM Tris, 1 mM 

EDTA, pH 8.0 (TE buffer). To destroy any FLNA present DNase free RNase was added to 

a final concentration of 20 ]ag / ml. The tubes were put at 4_C and stirred on a magnetic 

stir plate for 1 hour The mixture was transferred to 45 ml oak ridge style tube and 

centrifuged for 10 minutes at 10,000 rpm in a SA600 rotor. The supernatant was 

transferred to a 25 ml graduated cylinder and 1.06 g of Cesium Chloride (CsCl) per ml of 

solution was added. The solution was divided into 2 Ti270 ultra-centrifuge tubes and then 

400 nl of 10 mg / ml was added. The tubes were balanced within 0.03 g of each other 

using a balancing solution of 1.06 g of CsCl per ml of TE and / or mineral oil. The tubes 

were sealed with Ultracrimp caps™ and a crimping device. The tubes were centrifuged in 

a Dupont OTD65 ultracentrifuge for 40 hours at 36,000 rpm. 

The centritiigation caused the formation of a density gradient. Molecules within 

the gradient migrate to the place in the grdient which has the same density that they do. 

Supercoiled plasmid DNA has a different density to linear, nicked or chromosomal DNA 

and therefore forms a discrete band. This band of plasmid DNA free from other types of 

DNA can because of the EtBr added to the tube if a long wave UV light is shined on it. 

Until the EtBr is removed from the sample all work must be completed in subdued light to 

avoid damage to the plasmid. The plasmid was removed by inserting a 20 guage needle 
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just below the band and sucking it into a 3 cc syringe. The ethidium bromide was 

extracted by repeated washings with equal volumes of water-saturated isobutanol. Two 

volumes of distilled water and 9 volumes of 100% ethanol were added to the resulting 

solution and mixed well. This was then transferred to siliconized 30 ml Corex™ tubes and 

placed in a dry ice ethanol bath for 10 minutes. The tubes were centrifuged ina SA600 

rotor for 15 minutes at 8,000 rpm. The DNA pellet was redissolved in 300 |j.l of 0.3 M 

NaAcetate and transferred to a 1.5 ml microfiige tube where 1 ml of cold 100% ethanol 

was added. The mixture was vortexed and centrifuged in a microcentrifuge at 10,000 rpm 

for 10 minutes at 4_C. The pellet was washed with 1 ml of cold 70% ethanol and 

centrifuged again at 10,000 rpm for 5 minutes. The DNA pellet was dried in a Savant 

Speed Vac1NI vacuum concentrator. The pellet was then resuspended in 1 ml of TE buffer. 

Both quantitative and qualitative evaluations can be performed on the sample. The DNA 

can be visualized by Agarose gel electrophoresis this can be used to estimate 

concentration and check for contamination by chromosomal DNA and RNA. A more 

accurate method can be employed to calculate the concentration of the DNA. DNA 

absorbs UV light optimally in the 256-260nm range. An OD reading of 1 at 260nm 

corresponds to 50 ig / ml of duplex DNA. Using a spectrophotometer a diluted sample of 

DNA is subjected to a wavelength scan OD 220-320nm. The OD reading observed is used 

to calculate the amount of DNA present. 
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Large Scale Digestion of Recombinant Plasmid 

A sample which contained only the insert and not the vector / plasmid was required 

for another procedure In order to obtain this the insert had to be cut from the vector 

using restriction endonucleases. The insert was between the EcoBl and HinDlll restriction 

sites of the MCS of the pGEM-1 lZf(-) plasmid. The plasmid was first digested with 

HinDWl, the following solutions were added to a 1.5 ml microfuge tube. 

200jal recombinant plasmid (~1 mg) 

25(il NE Buffer II 

25jj.l HinDlll 

The mixture was incubated overnight in a 37 _C water bath. Before proceeding a 5 pi 

aliquot of the reaction was analyzed to check that complete digestion had occured. Once 

digestion was verified the DNA had to be cleaned. Approximately 1 / 1 0 volume of 3 M 

NaAcetate was added to the tube followed by 2 volumes of cold 100% ethanol. The tube 

was vortexed then centrifiiged at 10,000 rpm for 10 minutes at 4_C. The resulting DNA 

pellet was washed by addition of 500 jxl of cold 70% ethanol and centrifUgation at 10,000 

rpm for 5 minutes at 4_C. The pellet was resuspended in 200^1 of ddEfeO. A second digest 

using £coRl was then performed in a 1.5 ml microfuge tube using the following volumes. 

200 [4.1 resuspeneded DNA 

25 pi NEE5 unique buffer for £coRI 
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25 (J.1 £CY;RI 

The reaction mixture was incubated overnight in a 37_C water bath. Again after testing 

for complete digestion the DNA was cleaned of salts and buffers. The final DNA pellet 

was resuspended in 80 (.d of ddH20 and 20 (j.1 of 5X agarose loading buffer. 

Separation of DNA Fragments Using Vertical Agarose Gel Electrophoresis 

The insert: digested from the vector now had to be isolated. The sample was ran 

on a vertical agarose gel. Two glass plates, one 20 cm x 22 cm the other 20 cm x 20 cm, 

were cleaned on both sides with glass cleaner then 95% ethanol. One side of each plate 

was then coated in a solution of!% dimethyldichlorosilane in heptane, and allowed to dry 

for a few minutes A thin layer of vacuum grease was applied to both sides of two, 20 cm 

x 1.0 cm x 1.5 mm, DelrinR spacers. The spacers were placed on the sides of the 20 x 22 

plate so they were flush with the bottom of the plate. An 18.5 x 1.0 cm x 5 mm piece of 

cellulose sponge soaked in 1 X TBE buffer was placed along the bottom of the plate. The 

other plate was then placed over the sponge/spacer/plate assembly, so that the siliconized 

sides were together. The sides were clamped using binding clips. The position of the 

spacers was adjusted so space was left between them and the sponge. Any buffer left 

between the plates was poured out. The assembled gel cassette was placed in the lower 

buffer chamber of the vertical gel apparatus. Two neoprene sponge spacers (1.0 cm x 2.0 

cm x 6 mm) were greased and placed on top of the DelrinR spacers of the gel cassette. 
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Using one large binding clip at each side the gel cassette was clamped to the upper buffer 

chamber of the gel apparatus. The vertical agarose gel comb was inserted about 1.5 cm 

between the glass plates thus leaving a gap between the top of the back, 20 cm x 20 cm, 

plate and the top of the slots of the gel former teeth. The lower chamber was filled with 

IX TBE buffer up to the top of the sponge. Using a 20 ml pipette 10 ml of 1% agarose 

was poured into the gel cassette. The buffer level in the bottom chamber was raised to the 

top of the agarose gel. The agarose was allowed to set completely forming a plug in the 

bottom of the cassette. The remainder of the cassette was then filled with 1% agarose 

solution as well The agaorose was again cooled until set and the well forming comb 

removed. The upper and lower chambers were both filled up with IX TBE running buffer. 

The digested DN A from the previous procedure, in a total volume of 100 |xl, was loaded 

on to the vertical agarose gel. The gel was electrophoresed at 80v until the sample entered 

the gel. At this point a pump was set up such that buffer from the lower chamber was 

slowly pumped in to the upper chamber. A pipe at the back of the upper chamber allowed 

excess buffer to drain back down to the lower chamber completing the fluid circuit. The 

gel was electrophoresed in this way for a further 4 hours. 

Visualization of IDNA by UV shadowing 

The gel cassette, from the vertical agarose procedure, was dismantled upon 

completion of electrophoresis. The binding clips and spacers were removed and the plates 
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pulled apart The gel remained adhered to one plate. The plate used fluoresces when 

exposed to short wave UV light. DNA has the ability to absorb light in the UV range. The 

plate and gel were exposed to short wave UV light using a hand held UV light. The plate 

fluoresced in response to the UV light, but where the DNA was appeared as a shadow due 

to the DNA absorbing the UV so the plate did not fluoresce at that place. Two bands of 

DNA appeared on the gel, one for the vector on for the insert. The insert band was cut out 

of the gel using a razor blade. This agarose slice was wrapped in cling film to prevent it 

from drying out 

Recovery of DNA form Agarose Gels by Electroelution 

A dialysis bag clip was placed at the end of a 6 inch length of dialysis tubing. 

Approximately 500 pi of 0.25X TBE was added to the tube. Then using a spatula the 

agarose slice (see previous experiment) containing the DNA to be eluted was placed into 

the dialysis tubing. After expelling any air bubbles the other end of the tubing was secured 

with a clip. The dialysis bag was placed into a horizontal agarose gel electrophoresis unit 

filled with 0.25X TBE buffer. The sample was electroeluted at lOOv for 1 hour. Upon 

completion of electroelution the current was reversed for 15 seconds. Using a siliconized 

Pasteur pipette the TBE buffer was removed from the dialysis tubing and transferred to a 

microfuge tube. The gel slice was then rinsed with 100 pi of 0.25X TBE and this too was 

transferred to the microfuge tube with the pipette. An equal volume of phenol was added 
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to the tube which was then vortexed and centrifuged at 10,000 rpm for 1 minute. The 

bottom phenol layer was removed and the phenol extraction repeated. Next an equal 

volume of ether was added to the microfuge tube. The tube was vortexed and then 

centrifuged at 10,00 rpm for about 15 seconds. The upper ether layer was removed under 

a fume hood using a drawn out Pasteur pipette. The microfuge was re-centrifuged at 

10,000 rpm for 10 minutes. The supernatant was transferred to a new tube leaving behind 

any residual agarose debris. The volume of the supernatant was reduced to about 250 pi 

using a Savant Speed Vac1 Vl vacuum concentrator. 

The DNA was ethanol precipitated as described in previous methods. The resulting DNA 

pellet was resuspended in 25 jil of TE buffer by repeated vortexing and heating to 65_C. 

The purity and yeild of the DNA was analyzed by agarose gel electrophoresis. 

Library screening 

A cDN A and genomic library was screened in search of a full carbonic anhydrase 

sequence. The cDNA library used was a Straitagene Uni-zap library made from poly (A) 

RNA from 48 hour dark grown cotton cotyledons. The host strain is XL1 blue MRF'. The 

genomic library used was a Lambda-Fix II cotton genomic library constructed from 

Gossypium hirst/turn L.cr.Acala ST-2 by Stratagene in 1993. It was kindly provided by 

Dr. Thea A. Wilkins. The host strain for the genomic library is XL1 blue MRA (P2). Both 

libraries were screened using the same basic procedure. The cDNA library was probed 
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using the 600bp insert Provided by Dr. R. Turley and the genomic was probed with the 

clones isolated from the cDNA library. All library culturing and plating procedures were 

carried out aseptically to avoid bacterial contamination. 

A sterile flask containing 50 ml of LB media, supplemented with 0.2% (v/v) 

maltose and 10 mM MgS04 , was inoculated with the appropriate bacterial host. The 

culture was incubated overnight at 30_C and 250 rpm. The culture was transferred to a 

sterile 50 ml conical tube centrifuged at 2000 rpm in a Sorval TB 6000 centrifuge. The 

supernatant was discarded and the pellet resuspended to an OD of 0.5 at 600nm. The cells 

were stored at 4 C for up to 3 days. To calculate the pfu (plaque forming units) of the 

library phage a titer was performed. A serial dilution of the library was made in SM buffer 

(5.8 g NaCl, 2.0 g MgS0 4 . 7H20, 50 ml 1 M Tris-HCl pH 7.5, 5.0 ml 2% (w/v) gelatin, 

up to 1 liter ). Then 10 |il of each dilution was added to a sterile culture tube with 200 |xl 

of host cells at OD6<h) of 0.5 and incubated at 37_C and 250 rpm for 30 minutes. This 

incubation allows the phage to attach to the cells. After incubation 4 ml of NZY top agar, 

at 48_C, was added to the cells and phage which were then poured on to pre-warmed 

NZY plates. The plates were left at room temperature for 30 minutes to allow the top agar 

to set then placed in a 37_C incubator overnight. The number of plaques on a particular 

plate was counted and multiplied by 1 / the dilution factor this gave the number of pfu / ml 
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of the library For the primary screening of the library 35,000 pfii was plated onto each 

plate. For the cDN A library 6 primary plates were made for the genomic 33 were plated. 

All platings through out the screening of the library followed the same procedure as the 

titre. After overnight incubation the plates were chilled at 4_C for at least 2 hours. The 

plates were labeled and marked around the outside in order to make them distinguishable. 

Nylon membranes were labeled like the plates, two for each. A nylon membrane was laid 

onto its plate and left for 2 minutes at room temperature. During this time using a 25 

guage needle and indian ink the membrane had holes put in it in order to be able to 

orientate on the plate. The membrane was carefully removed and placed onto a 750 j_tl of 

0.5 N NaOH for 2 minutes, then it was blotted on filter paper and placed onto a fresh 

aliquot of NaOH for a further 2 minutes. After blotting again the membrane was washed 

twice for 2 minutes each time in 1 M Tris-HCl like with the NAOH. The membrane was 

left to dry on blotting paper The same plate was over lain with it's second nylon 

membrane for 4 minutes. The membrane was marked and washed as before. This 

procedure was repeated for each of the plates. The replica lifts make the primary screen 

more accurate 

After drying the phage DNA was fixed onto the membranes by exposure to short wave 

UV (220nm) for 30 seconds Five membranes and 30 ml of hybridization solution 

(10% PEG, 7% SDS, IX SSPE) per tube were added to Techne hybridization tubes. The 

tubes were per-hybed at 60_C for 30 minutes. While this was occuring 3 million counts of 
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probe was heat denatured at 100 C. Once the tubes had warmed to hybridization 

temperature the probe was added. The tubes were allowed to hybridize at 60_C for 18 

hours. After this time the hybridizing solution was disposed of into the radiation waste 

container The membranes were then washed twice at room temperature for 15 minutes in 

2X SSC and 0 1% SDS then once at hybridization temperature for 20 minutes with 2X 

SSC and 0.1% SDS The membranes were removed from the tubes and quickly wrapped 

in plastic wrap before they dried out. The membranes were placed with X-ray film in a film 

cassette with intensifying screen and put at - 80C. After an appropriate length of time, 

determined by counts of the membranes being exposed, the X-ray film was developed. 

The films were lined up with the plates in order to determine which plaques were positive, 

bound the probe. These areas were removed with an inverted Pasteur pipette put into a 

microfuge tube with 1 ml of SM buffer and 2.0 (J of chlorform. The tubes were vortexed 

well and stored at 4 C. The samples from the primary screen were titered again to 

determine the concentration. For the secondary screen 500 pfu were put on each plate. 

The library was screened as before but this time using only one membrane per plate. This 

time when positive plaques were isolated care was taken to avoid any surrounding 

plaques. For the tertiary screen these samples were plated at a concentration of about 100 

pfu per plate. The tertiary plates should be plaque pure, that is all plaques should have 

bound the probe Samples were taken from the plaque pure plates and stored in 1 ml of 
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SM buffer and 20 (.il of chloroform. 

In vivo Excision of the pBluescript Phagemid From the Uni-Zap vector Using the 

Exassist / SOLR System (Sambrook et ah, 1989) 

The Uni-Zap vector is designed to allow in vivo excision and recircularization of 

any cloned insert within the lambda vector to form a pBluescript phagemid containing the 

cloned insert (see figure ). The host strain for the pBluescript phagemid is the E. coli 

strain SOLR which allows only pBluescript containing an insert to replicate within it. 

A flask containing 50 ml of LB with maltose and MgSC>4 was inoculated with a 

colony of XL 1 blue MRF' and a flask containing 50 ml of LB was inoculated with a 

S O L R colony The 2 flasks were incubated overnight at 30_C and 250 rpm. The next day 

0.5 ml of the each culture was aseptically transferred to a new flasks containing the 

required media and incubated at 37_C. The XL1 blue MRF' cells were grown to mid- log 

phase (OD6,KI = 0 2 - 0.5). The S O L R culture was incubated until the OD6oo = 0.5 - 1.0 

the flask was then removed from the incubator and left at room temperature until needed. 

The XL1 blue MRF1 cells were transferred to a sterile 50 ml conical tube and centrifuged 

at 2000 rpm for 10 minutes. The pelleted cells were resuspended to an OD6oo of 1.0. In a 

sterile 15 ml conical tube 200 1̂ of cells were combined with 250 pj of phage stock 

(containing > 1 x 103 phage particles) and 1 1̂ of Exassist helper phage (>1 x 106 pfu/ml) 

and incubated for 15 minutes at 37 C. After this incubation 3 ml of LB broth was added 
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to each tube which was incubated for 4 hours at 37_C and 250 rpm. After incubation the 

culture was centrifuged for 15 minutes at 2000 rpm then the supernatant decanted into a 

fresh tube. The tube was heated to 70_C for 15 minutes and then centrifuged at 3500 rpm 

for 15 minutes. Again the supernatant was transferred to a new sterile tube. This stock 

contained the excised phagemid pBluescript packaged as filamentous phage particles 

which were stored at 4_C In a 1.5 ml microfuge tube 10 (xl of phage stock was mixed 

with 200 jj.1 of SOLR cells (OD6oo ~ 1.0) and incubated at 37_C for 15 minutes. Then 2 

aliquots of 10 jil and 100 ul of this mix were plated onto LB ampicillin (50 jig / ml) plates 

and incubated at 37_C overnight. Any colonies visible the next day contain the pBluescript 

double stranded phagemid with cloned DNA insert. The helper phage is unable to replicate 

in the Su" (nonsupressing) SOLR strains and do not contain ampicillin resistance genes. 

SOLR cells are also resistant to lambda phage infection, thus preventing lambda phage 

contamination after excision. 

Sequencing Double-Stranded Templates by the Sanger Dideoxyribonucleotide 

Method (Sanger et al., 1977) 

The procedure followed the USB step-by-step protocol (1989) and the reagents 

were part of the Sequenase1M version 2.0 DNA sequencing kit. 

Approximately 4 jig of clean plasmid DNA (isolated by the alkaline lysis method 
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discussed earlier) was added to a 500 pi microfiige tube and sterile water added to a final 

volume of 30 JJ.1. Ln order to denature the double stranded DNA 4 pi of 2N NaOH was 

added to the tube which was incubated for 5 minutes at room temperature. Next 120 pi of 

- 2 0 C 100% ethanol was added followed by 5 pi 3 M sodium acetate. The mixture was 

vortexed and eentrifuged at 4_C for 10 minutes at 10,000 rpm. The supernatant was 

removed and the DNA pellet washed with 500 pi of-20_C 70% ethanol. The supernatant 

was again removed and the DNA pellets dried in a vacuum desiccator for 5 minutes. The 

pellets were stored at -20_C for up to 2 weeks. The pellets were resuspended with 1 pmol 

of sequencing primer and water up to 8 pi then 2 pi of sequenase reaction buffer was 

added. The tube was placed at 37_C for 45 minutes to allow the primer to anneal to the 

template. Whilst this was occurring sets of "termination" tubes were prepared for each of 

the templates. Each set contained 4 colour coded 0.5 ml microfiige tubes, where each 

colour would contain a particular dideoxyribonucleotide for termination synthesis. Two 

and a half microliters of ddGTP mix was added to the orange G termination tubes, 2.5 pi 

of ddATP was added to the green A termination tubes, 2.5 (il of ddTTP was added to the 

blue T termination tubes and 2.5 (il of ddCTP was added to the yellow C termination 

tubes. Next the labeling solution was prepared, the following amounts are for 12 reactions, 

from 13.0 pi of 0.1 M DTT (dithiothreitol), 22.8 pi of distilled water, 5.2 pi of labeling 

mix and 6.5 pi of °S-dATP (81.25 p.Ci, provided by NEN). Also a sequenase™ enzyme 

mix was prepared from 21.5 (il of sequenase™ dilution buffer, 1.7 pi of pyrophosphatase 

and 3.3 pi of sequenaseIM enzyme. Both mixes were kept on ice until used. The template 
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tubes were removed from the water bath and allowed to cool to below 35_C then 3.5 pi of 

labeling solution was added to each tube. The termination tubes were placed at 37_C, then 

2 jxl of diluted enzyme was added to each tube containing template and primer. These 

tubes were allowed to incubate at room temperature for 4 minutes. Then 3.5 pi of the 

incubated mixture was transferred to each of the 4 G / A / T / C termination tubes. The 

termination tubes were incubated at 37_C for 20 minutes. Upon completion of the 

incubation 4 jal of a formamide stop solution was added to each tube (an over view of the 

timed sequencing reactions can be seen in figure 3). The samples were stored at -20_C 

until ready for loading onto a sequencing gel. The samples were heated to 90_C for 2 

minutes prior to loading to help reduce the secondary structure formation of the DNA. 

Denaturing Polyacrylamide Sequencing Gels (Sanger and Coulson, 1978) 

Two glass plates (52 x 41 \ 0.6 cm) were laid down flat on four rubber stoppers each. The 

plates were first cleaned thoroughly with glass cleaner, then with ethanol to remove any 

greasy residue The plates were then allowed to dry completely. One side of each plate 

(which would be in contact with the gel after assembly) was coated with a 2% solution of 

dichlorodimethylsiilane dissolved in heptane. The plates were then baked at 300°C for 15 

minutes and then allowed to cool completely. The plates were placed ontop of each other, 

siliconized sides in, offset about 13 mm lengthwise. Two Delrin (51 cm x 13 cm x 0.25 

mm) spacers were placed between the plates along the edges (lengthwise). Another spacer 

(45 cm x 7 mm x 0.25 mm) was inserted to the bottom of the cassette and 
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Time 
Minutes 

Count Stop 
Down Watch 

Action Temp 

40 0 

39 1 

38 2 

37 3 

36 4 

35 5 

34 6 

33 7 

32 8 

31 9 

30 10 

29 11 

28 12 

27 13 

26 14 

25 15 

24 16 

23 17 

22 18 

21 19 

20 20 

19 21 

18 22 

17 23 

16 24 

15 25 

14 26 

13 27 

12 28 

11 29 

10 30 

5 35 
0 40 

Warm termination tubes for templates 1-4 at 37°C 

Add 2̂ .1 "Enzyme" to template 1. Mix. 

Add 2nl "Enzyme" to template 2. Mix. 

Add 2ill "Enzyme" to template 3. Mix. 

Add 2̂ .1 "Enzyme" to template 4. Mix. 

Add 3.5 M.1 template 1 to termination tubes (GATC) 

Add 3.5 Hi template 2 to termination tubes(GATC) 

Add 3.5 ill template 3 to termination tubes(GATC) 

Add 3.5 jil template 4 to termination tubes (GATC) 

REST or use this time to catch up!!! 

Wetrm termination tubes for templates 5-8 at 37°C 

Add 2jll "Enzyme" to template 5. Mix. 

Add 2|Xl "Enzyme" to template 6. Mix. 

Add 2jil "Enzyme" to template 7. Mix. 

Add 2|i.l "Enzyme" to template 8. Mix. 

Add 3.5 Jil template 5 to termination tubes(GATC) 

Add 3.5 jil template 6 to termination tubes(GATC) 

Add 3.5 jil template 7 to termination tubes (GATC) 

Add 3.5 jil template 8 to termination tubes(GATC) 

REST or use this time to catch up!!! 

Warm termination tubes for templates 9-12 at 37°C 

Add 2h1 "Enzyme" to template 9. Mix. 

Add 2h1 "Enzyme" to template 10. Mix. 

Add 2h1 "Enzyme" to template 11. Mix. 

Add 2)ll "Enzyme" to template 12. Mix. 

Add 3.5 Hi template 9 to termination tubes(GATC) 

Add 3.5 Hi template 10 to termination tubes(GATC) 

Add 3.5 Hi template 11 to termination tubes(GATC) 

Add 3.5 Hi template 12 to termination tubes(GATC) 

REST or use this time to catch up!!! 

Adid 4 Hi Stop Solution to termination tubes 1-4 Room 

Adid 4 Hi Stop Solution to termination tubes 5-8 Room 

Adid 4 Hi Stop Solution to termination tubes 9-12 Room 

Room 

Room 

Room 

Room 

37°C 

37°C 

37°C 

37°C 

Room 

Room 

Room 

Room 

37°C 

37°C 

37°C 

37°C 

Room 

Room 

Room 

Room 

37°C 

37°C 

37°C 

37°C 
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Fig. 4. Overall timing for the sequencing reactions. 
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aligned with the ends of the 2 long spacers. Each side of the cassette was clamped by 6 to 

7 medium binding clips and the bottom held in place by 4 large binding clips. A small piece 

of spacer (3 cm \ 13 mm x 0 .25 mm) was inserted into the top of the cassettes and 

clamped by a large clip to keep the space between the two plates even. While assembling 

the cassette, the 6% acrylamide solution was being prepared. In order to make 100 ml of 

gel solution, 20 ml of 30% acrylamide: 1% bis-acrylamide stock solution, 10 ml of 10X 

TBE sequencing buffer (1 M Tris base, 120 mM boric acid and 10 mM EDTA) and 42.4 g 

of urea were added to a 250 ml beaker. The urea was dissolved by stirring. After the urea 

was totally dissolved, the volume was brought up to 100 ml by adding distilled deionized 

water. The solution was filtered through a Buchner funnel containing a piece of MFS or 

Whatmann No. 1 qualitative filter paper. The filtrate was collected in a 250 ml Erlenmeyer 

vacuum filtration flask. Then 0.15 g solid ammonium persulfate was added to the filtrate 

and the mouth of the flask covered with a rubber stopper. The solution was degased in 

vacuo until all dissolved gases were removed. The solution was carefully poured into a 

250 ml beaker and 25 |il of TEMED added. The beaker was briefly and gently swirled to 

mix the gel solution and the TEMED. Care was taken not to introduce bubbles into the 

solution since this would inhibit polymerization. The cassette was set on an approximately 

45° angle and slightly tilted toward one side to let the gel solution run down the cassette 

rapidly and evenly A "funnel reservoir" was constructed across about one-third of the top 

of the cassette with warmed Plastocene clay. After all these were set, the gel solution 
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was carefully poured into the cassette. When the cassette was about 80% full, it was laid 

down flat on four stoppers It polymerized in 15 to 30 minutes and the exposed end was 

wrapped with Cling film to prevent it from drying out 

The next morning, the Cling film, binding clips at the bottom, the long spacer on 

the bottom and the short spacer from the top were removed. The cassette was placed 

into a DN A sequencing electrophoresis stand so that the bottom of the cassette during 

pouring now was the top at the stand. The gel was pre-electrophoresed for 1 hour at 

approximately 1200-1500 V. The temperature of the plates should be monitored. If the 

plates became too hot (e.g. exceeding 55°C), the voltage was reduced. The plate 

temperature during the entire running process was kept as close as possible to 50°C. 

When the pre-electrophoresis was completed, the power was turned off and the top 

surface of the gel flushed with buffer using a Pasteur pipette. This removed bubbles and 

urea which had diffused into the buffer above the gel, which would effect loading if not 

removed. Then the shark's tooth well-forming comb was inserted in between the plates 

until the teeth just touched the top of the gel. The samples were placed into an 85°C 

water bath for 2 minutes to eliminate any intra-strand base paring that might influence the 

migration rate of DNA molecules. Four sets of samples (4 tubes each) were removed 

from the 85°C waterbath and placed directly into an ice-water bath. A 10 |ll1 Hamilton 

microliter syringe with a 32 G needle was used to load the samples onto the gel. About 
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2.5 pi from each tube was loaded into each lane and in the order G, A, T, C, from left to 

right. The power was turned on for several minutes before loading another set of 

samples so that the first loaded samples could enter the gel before they diffused. Then 

other sets of samples were loaded in the same manner. The gel was then run at 1700 to 

2000 V When the xylene cyanol dye migrated to 35 cm from the top, the electrophoresis 

was stopped Because the xylene cyanol migrates at about the same rate as a 70 

nucleotide fragment on a 6% acryamide gel, the sequence from the multiple cloning site 

could be readily determined if the running was stopped at 35 cm. Usually this required 

about 3 5 hours The cassette was removed from the stand and placed on the bench. All 

clips and spacers were removed. A spatula was inserted in between the plates at one 

corner to lift up the top glass slowly. If the gel appeared to adhere to the upper glass, the 

cassette should be turned over. Great care should be taken in order not to ruin the gel. 

After the top glass was removed, the gel was covered by a filter paper (43 cm x 36 cm) 

and the extra gel not covered by the paper was trimmed by a razor blade. The paper with 

the gel sticking to it was turned over and placed on the bench. A plastic wrap was used 

to cover the gel and then the gel was put into a gel drier with the paper on the bottom 

and the plastic on top After one hour drying at 75°C, the plastic was removed. The gel 

on the paper wa s put into an autoradiography cassette, and a piece of X-ray film (Kodak 

XAR-5) was put on the top of the gel. The cassette was then put on the bench and some 

heavy leads or bricks were placed on the cassette to make sure good contact be 

maintained between the gel and the film. Usually 36 to 48 hours were enough for 
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exposure. The film was then developed and the sequences were interpreted and input 

into the computer. Some samples were selected for loading onto a "stretch gel", i.e. the 

electrophoresis was continued until the xylene cyanol dye migrated 75 cm to 100 cm. 

Under these conditions, up to 500 bp of sequence could be deduced from a single clone. 

RACE-PCR (Rapid Amplification of cDNA Ends-PCR) 

The procedure was carried out using the protocol detailed in Current Protocols 

in Molecular Biology, using reagents and solutions from the RACE-PCR kit. A 5 pi 

annealing mix containing the following was prepared in a 500 p.1 microfiige tube. 

1 jj.1 (I fowl) sequence specific primer RP1 

1 [i\ 1 M NaCl 

1 jil 200 mM Tris-HCl, pH 7.5 

1 p.1 25 mM EDTA 

1 ul (lOOng) total RNA 

The annealing mix was annealed at 65°C for 3 minutes then micrcentrifuged briefly at 

room temperature and placed on ice for 2 minutes. The incubation melts the secondry 

structure of the RNA, removing hairpins and loops that interfere with the synthesis of 

cDNA. The "snap cooling" on ice afterwards prevents the secondary structure from 

reforming The mix was then incubated at 40°C for 4 hours. After the incubation period 

15 pi of ice-cold 100% ethanol was added and the tube placed in a dry ice ethanol bath for 

10 minutes after which it was microcentrifiiged for lOminutes at 10, 000 rpm at 4°C. 
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The 100% ethanol was removed and 50 pi of ice-cold 70% ethanol was added to the tube 

which was inverted gently several times. The tube was then microfuged at room 

temperature for 2 minutes and again the supernatant removed. The resultant pellet was 

dried briefly under vacuum then resuspened in 10 pi of water. The following reverse 

transcriptase mix was prepared on ice (25 (jJ total). 

5 jil 5X MoMLV reverse transcriptase buffer 

2.5 jj.1 (12.5 |j,g) BSA 

2.5 jal 10 mM 4dNTP mix 

2.5 |il (1.25 ^g) actinomycin D 

10 |al Annealed primer/template mix 

1.5 (il Sterile H 2 0 

1 jul (200U) Mo MLV reverse transcriptase 

The reverse transcriptase mix was incubated for 1 hour at 37°C and then phenol extracted. 

The resulting supernatant was transferred to a new microfuge tube and 2.5 jjl of 3 M 

sodium acetate and 75 jJ of ice-cold 100% ethanol was added. After incubating in a dry 

ice ethanol bath for 5 minutes the tube was microcentrifiiged for 20 minutes at 10,000 rpm 

and 4°C. The resulting pellet was washed with 70% ethanol as described previously in the 

protocol. The pellet was resuspended in 5 1̂ of water by boiling for 2 minutes then placed 

on ice. The terminal transferase mix was prepared on ice in a 500 JJ.1 microfuge tube in the 

following order. 
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2 |al 5X TdT buffer 

1 jul 15 inM CoCl2 (1.5 mM final) 

1 jul 1 mM dATP (100 (imol final) 

5 ul cDNA mix 

1 ul (25 Li) terminal transferase 

The mix was incubated for 30 minutes at 37°C and then heated to 65°C for 2 minutes to 

inactivate the enzyme. The contents of the tube were ethanol precipitated in the presence 

of 0.3 M sodium acetate as previously described. The resulting pellet was resuspened in 10 

ja.1 of water this cDNA template was then used in PCR amplification reactions. The PCR 

reactions used 1 |Ltl of template and 100 pmol of primers all were performed with an 

annealing temperature of 5 5 ° C . The first reaction used the cDNA prepared by the protocol 

described above as a template and the primers oligo dT2o and RP1 for 40 cycles. A second 

PCR reaction was carried out for 30 cycles using 1 pi of the first PCR reaction as 

template, primers oligo dT2o and RP2. 

Preparation of Phage DNA 

A tlask containing 50 ml of LB media, supplemented with 10 mM MgS04 and 

0.2% maltose, was innoculated with a colony of XL1 Blue MRA cells. The flask was 

incubated overnight at 37°C. After incubation contents of the flask was aseptically 

transferred to a sterile 50 ml conical flask and centrifuged at 2200 rpm for 15 minutes. The 

supernatant was discarded and the bacterial cell pellet resuspened in 10 mM MgSC>4 to a 
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concentration of 0.5 OD at Am}. The bacterial cell solution was stored at 4°C for up to 3 

days. Phage suspensions were prepared by combing the following in a microfuge tube. 

200 pi SM buffer 

100 pi Bacterial cell solution 

150 pi Phage stock (. ~5 x 108 pfii/ml) 

The phage stock was prepared by coring a positive plaque from one of the library plates 

and placing it in a microfuge tube with 1 ml of SM buffer and 20 pi of chloroform. The 

tubes of phage and ost cells were incubated for 15 minutes at 37°C in a shaker/ incubator. 

During this incubation 125 ml Erlenmyer flasks containing 25 ml of LB media were 

warmed at 37°C. After the incubation each phage suspension was added to a separate 

flask and incubated at 37°C for 5-12 hours, until lysis occurred. The cell suspension 

should clear upon lysis and cellular debris be visible. After lysis occured a few drops of 

chloroform was added to the flasks which were then incubated for a further 15 minutes. 

The lysate was transferred to 50 ml conical tubes and centrifuged at 3000 rpm for 10 

minutes. The lysate super natant was decanted into a fresh tube abd the cellular pellet 

discarded. Two portions of each of the supematants (of 4 ml each) were transferred to 

12 ml conical tubes. The remaining lysate was stored at 4°C for up to a month. Dnase I 

and Rnase A were added to each 4 ml aliquot to a final concentration of 1 pg/ml. The 

tubes were incubated at 37°C in a water bath for 30 minutes. After incubation an equal 

volume of 20% PEG (polyethylene glycol), 2 M NaCl was added and incubated fro 1 hour 

in an ice/water mix at 0°C. The tubes were then centrifuged at 12,000 rpm in a SA-600 
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rotor for 20 minutes at 4°C. The supernatant was dicarded and the and the tubes were 

inverted to drain off excess liquid. The pellets for each sample were resuspended in 

200 pi of TSE buffer (250 mM NaCl, 20mM Tris pH 7.5, 1 mM EDTA). The phage / 

TSE solutions of each sample were combined in a 1.5 ml microfuge tube to give a total 

volume of 400 [il. The samples were then phenol extracted and ethanol precipitated as 

detailed in previous methods. The resulting DNA pellets were dried briefly under vacuum 

and resuspended in 45 j.j.1 of TE buffer. The samples were stored at -20°C. 

Southern Blotting 

Samples of interest were electrophoresed on a 1% agarose profiling gel at 30V for 27 

hours. The agarose gel was then stained with EtBr and the DNA present visualized using 

UV light. A photograph was atken to record the positions of the DNA bands on the gel. 

The gel was then analyzed by Southern blotting. The profiling gel was slid into a tray of 

0.4 M NaOH and subjected to gentle shaking for 30 minutes. The nylone membrane was 

soaked in 0.5 M NaOH and 0.5 M NaCl for 15 minutes. A sponge and 3 pieces of filter 

paper were soaked in the same solution. In a plastic tray the gel was placed well side down 

on top of the wet sponge and 3 pieces of filter paper. Care was taken throughout to not 

trap any air bubbles. The pre-soaked membrane was then placed on top of the gel and 

followed by a dry piece of filter paper and a stack of paper towels. A piece of acrylic was 

placed on top of the towels as a light weight Transfer was allowed to proceed for 3 hours 

(changing the paper towels every hour) at room temperature with sufficient 0.5 MNaOH, 
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0.5 M NaCl in contact with the sponge but not to the level of the gel. After 3 hours the 

membrane was removed and washed once with 0.2 M Tris-HCl, 2X SSC for 15 minutes 

with gentle shaking The membrane was blotted on filter paper. Hybridization was carried 

in much the same way as the membranes from the library screening. 



CHAPTER III 

RESULTS 

cDNA Library Screening 

The screening of the 48 hour dark grown cotton cotyledon cDNA library with the 

partial (3' end) cotton carbonic anhydrase probe yielded 5 separate positive recombinant 

phage plaques (hereafter referred to as pCA 1-5). The lambda Uni-Zap clones were 

induced to excise the pBluescript cores which replicated as duplex circular DNAs. These 

molecules were then isolated using the rapid alkaline lysis technique (Birnboim and Doly, 

1979). The plasmid preparations were then double digested with £coRI and Xhol to 

release the cloned cotton cDNA segments. These samples were analyzed by agarose gel 

electrophoresis and the sizes of the cDNA inserts of the were determined by comparison 

to known standards. The clones pCA 4 and 5 had inserts of 1.2 kb, pCA 3 had an insert of 

about 1 kb, pCA 2 had an insert of below 500 bp and pCA 1 had an insert of about 4.2 Kb 

which yeilded 2 fragments one of 2.5 Kb and the other of 1.7 Kb. 

Following the restriction analysis of pCA 1-5, library screening was continued 

using additional primary plaques which had been temporarily stored as secondary plates 

and purifying additional cDNA clones which had not previously been characterized. This 

created another set 10 positive clones which were designated pCA I - X and subjected to 

analysis as described above 
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Nucleotide Sequence Determination and Analysis 

Double-stranded templates of pCA 1-5 were subjected to DNA sequence 

determination by the Sanger dideoxyribonucleotide method (Sanger etal., 1977). This 

was accomplished using pBluescript templates with the M13 forward and reverse primers. 

The initial DNA sequences obtained were compared to that of the partial cotton CA 

provided by Dr. Rick Turley (USDA-ARS, Stoneville, MS), and used for library screening 

(figure 4 is the sequence of the partial cDNA used as a probe). Perfect homology was 

shown by pCA 3, 4, and 5 to the 3' end of the partial fragment whereas pCA 1 and 2 did 

not have homology to any of the known CA sequences. The nucleotide sequences of pCA 

3, 4, and 5 were determined fully for both strands, the positions and sequences of primers 

used are displayed in figure 5. Computer analysis of the derived nucleotide sequences 

revealed pCA 3 to be nearly identical to pCA 4, with 180 bp deleted from the 5' end. pCA 

4 and 5 differed by 2 bases within the translated region and these did not result in changes 

of the encoded polypeptides amino acid sequence. The nucleotide sequences of these 2 

clones did, however, differ in the 3' untranslated region due to insertions and deletions 

causing frame shifts, resulting in pCA 5 being 12 bp longer than pCA 4. The full 

nucleotide sequences of pCA 4 and 5 are shown in figure 6. Although pCA 4 and 5 were 

the longest obtained at neither of the clones appeared to have an authentic ATG 

translational start codon at the 5' end. The predicted amino acid sequences of the 

polypeptides encoded by clones 4 and 5 were compared to those of 
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10 20 30 40 50 60 
GAAATTGTGG TGATTGGACA CAGTGCCTGT GGAGGAATCA AGGGGCTTAT GTCTTTCCCA 

70 80 90 100 110 120 
TTAGATGGAA ACAACTCAAC TGATTTCATA GAGGATTGGG TTAAGATTGG AATCCCTGCT 

130 140 150 160 170 180 
AAGGCCAAGG TGCTAGCTGA ACATGGTGGT GAGCCTTTGG GAGTCCAATG TACACACTGC 

190 200 210 220 230 240 
GAGAAGGAAG CAGTGAATGT ATCCCTTGGA AACCTGCTGA GTTATCCATT TGTGAGAGAT 

250 260 270 280 290 300 
GGATTGGTGA AGAAAACCCT GGGAATCAAG GGCGGTTACT ATGACTTCGT TAAAGGAAGT 

310 320 330 340 350 360 
TTCGAGCTAT GGAGTCTTCA GTTCCAACTT TCAAGTTCTC TCTCTGTATG AAAACACACC 

370 380 390 400 410 420 
AAACCATCAC CATTGACACC ATCTTTGTTC CTTAACTACC AATCCTTTTT CTTAACAATG 

430 440 450 460 470 480 
TACTATGTTC ATGTCTTTAT CGTCTATTAC AATAAATATA GATGATAGAG ATCACCTGCC 

490 500 510 520 530 540 
TCCCACCGTC TGCAGTGGCT CTCTCCATCT ATAAATTCTC CTTTAAAAAAAAAAAAAAAA. 
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Fig. 5. Sequence of600 bp partial provided by Dr. Rick Turley, used to screen libraries 

and probe Southern blots. 



70 80 90 100 110 120 
GCTCGTCGAC GACCTACATT GCGGCCTTCG GTCGTCGCTA GCCTTAACTC TTCTCCTTCT 

130 140 150 160 170 180 
CCTCCGACTC TTATCCAAGA CCGCCCGGTT TTTCGTGCCC CTATTCCTTT CGTCACCCCG 
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190 200 210 220 230 240 
AGAGAAGAGA TGGGAAACAA GTCCTACGAC GAAGCCATTG AAGCTCTCAA GAAACTTCTC 

5-GP 
NQ9 250 260 270 ^lo 155 300 
AGTGAGAAAG GAGAACTGAA AGCTGAAGCA GCTGCAAGGG TAGATCAAAT AACAGCAGAG 

310 320 330 340 350 CAR 360 
TTAAACACAA CATCAGCTGA CGGGAAACCA TCTGACTCTT CTGTTGAGAG ACTGAAAGAA 

* RACE-2 

370 380 390 400 410 420 
GGCTTCGTTT ACTTCAAGAA AGAAAAATAT GAAAAGAATC CTGCTCTGTA TGGTGAGCTT 

430 440 450 460 470 480 
GCCAAGGGTC AAAGCCCTAA GTATATGATT GTTGCCTGCT CGGACTCTAG GGTCTGCCCA 

490 500 510 520 530 540 
TCTCATGTGC TGGACATGCA ACCTGGTGAA GCTTTTGTGG TCCGTAATGT TGCTAACATG 

• CftUB 
• + 

550 560 570 580 590 600 
GTGCCACCAT ATGACCAGAT TAAATATGCT GGCATTCGAT CTGCTATTGA ATATGCAGTT 

* CA3T 

610 620 630 640 650 660 
TTGCATCTCA AGGTACAAGA AATTGTGGTG ATTGGACACA GTGCCTGTGG AGGAATCAAG 

670 680 690 700 710 720 
GGGCTTATGT CTTTCCCATT AGATGGAAAC AACTCAACTG ATTTCATAGA GGATTGGGTT 

730 740 750 760 770 780 
AAGATTGGAA TCCCTGCTAA GGCCAAGGTG CTAGCTGAAC ATGGTGGTGA GCCTTTGGGA 

7 9 0 800 810 820 830 Last-s 840 
GTCCAATGTA CACACTGCGA GAAGGAAGCA GTGAATGTAT CCCTTGGAAA CCTGCTGAGT 

4 — C A p 
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850 860 870 880 890 900 
TATCCATTTG TGAGAGATGG ATTGGTGAAG AAAACCCTGG GAATCAAGGG CGGTTACTAT 

910 920 930 940 950 960 
GACTTCGTTA AAGGAAGTTT CGAGCTATGG AGTCTTCAGT TCCAACTTTC AAGCTCTCTC 

970 980 990 1000 1010 1020 
TCTGTATGAA AACACACCAA ACCATCACCA TTGACACCAT CTTTGTTCCT TAACTACCAA 

1030 1040 1050 1060 1070 1080 
TCCTTTTTCT TACAATGTAC TATGTTCATG TCTTTATCGT CTATTACAAT AAATATAGAT 

1090 1100 1110 1120 1130 1140 

1150 1160 1170 1180 1190 1200 
AATTCTCCTT TGAAGAGGTG TTC 
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Fig. 6. This figure shows the positions and names of all of the primers used for 
sequencing during the study. 
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5 ' T C C ATC AAC GGT TGG TGC CTT ACC TCC TCT TCT TCC TCC ACC ACC ACC 48 

S I N G W C L T S S S S S T T T 

TCC TCT TTT TCC GCT CGT CGA CGA CCT ACA TTG CGG CCT TCG GTC GTC 96 
S s F S A R R R P T L R P S V V 

GCT AGC CTT AAC TCT TCT CCT TCT CCT CCG ACT CTT ATC CAA GAC CGC 14 4 
A S L N S S P S P P T L I Q D R 

CCG GTT TTT CGT GCC CCT ATT CCT TTC GTC ACC CCG AGA GAA GAG ATG 1 9 2 
P V F R A P I P F V T P R E E M 

GGA AAC AAG TCC TAC GAC GAA GCC ATT GAA GCT CTC AAG AAA CTT CTC 2 4 0 
G N K S Y D E A I E A L K K L L 

AGT GAG AAA GGA GAA CTG AAA GCT GAA GCA GCT GCA AGG GTA GAT CAA 2 8 8 
S E K G E L K A E A A A R V D Q 

ATA ACA GCA GAG TTA AAC ACA ACA TCA GCT GAC GGG AAA CCA TCT GAC 3 3 6 
I T A E L N T T S A D G K P S D 

TCT TCT GTT GAG AGA CTG AAA GAA GGC TTC GTT TAC TTC AAG AAA GAA 37 4 
S S V E R L K E G F V Y F K K E ' 

AAA TAT GAA AAG AAT CCT GCT CTG TAT GGT GAG CTT GCC AAG GGT CAA 4 32 
K Y E K N P A L Y G E L A K G Q 

AGC CCT AAG TAT ATG ATT GTT GCC TGC TCG GAC TCT AGG GTC TGC CCA 4 8 0 
S P K Y M I V A C S D S R V C P 

* * 

TCT CAT GTG CTG GAC ATG CAA CCT GGT GAA GCT TTT GTG GTC CGT AAT 5 2 8 
S H V L D M Q P G E A F V V R N 

GTT GCT AAC ATG GTG CCA CCA TAT GAC CAG ATT AAA TAT GCT GGC ATT 5 7 6 
V A N M V P P Y D Q I K Y A G I 

GGA TCT GCT ATT GAA TAT GCA GTT TTG CAT CTC AAG GTA CAA GAA ATT 624 

I V H K E 

GTG GTG ATT GGA CAC AGT GCC TGT GGA GGA ATC AAG GGG CTT ATG TCT 6 7 2 

V H • C • K M 

TTC CCA TTA GAT GGA AAC AAC TCA ACT GAT TTC ATA GAG GAT TGG GTT 7 2 0 
N N D W V 

AAG ATT GGA ATC CCT GCT AAG GCC AAG GTG CTA GCT GAA CAT GGT GGT 7 68 
K I G I P A K A K V L A E H G G 

GAG CCT TTG GGA GTC CAA TGT ACA CAC TGC GAG AAG GAA GCA GTG AAT 8 1 6 
E P L G V Q C T H C E K E A V N 
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GTA TCC CTT GGA AAC CTG CTG AGT TAT CCA TTT GTG AGA GAT GGA TTG 864 
V S L G N L L S Y P F V R D G L 

GTG AAG AAA ACC CTG GGA ATC AAG GGC GGT TAC TAT GAC TTC GTT AAA 912 
V K K T L G I K G G Y Y D F V K 

T 
GGA AGT TTC GAG CTA TGG AGT CTT CAG TTC CAA CTT TCA AGC TCT CTC 960 
G S F E L W S L Q F Q L S S S L 

TCT GTA TGA AAACACACCAAACCATCACCATTGACACCATCTTTGTTCCTTAACTACCAA 1020 
S V STOP 

A 
TCCTTTTTCTTA-CAATGTACTATGTTCATGTCTTTATCGTCTATTACAATAAATATAGATGA 1082 

T A A C 
TAGAGATCACCTGCCGCCCGCCGTCTGC-GTGGTGGCGCGGTGGCTCTTTCCATCTATAAATT 114 4 

CTCCTTTGAAGAGGTGTTC 3' 1163 
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Fig. % Full nucleotide sequence and predicted amino acid sequence for cDNA clone 4 
* 

The conserved residues thought to play a role in Zn binding are starred. The Serine and 

Threonine rich area of the chloroplastic targeting peptide is underlined. £ayjkfferences 

between clones 5 and 4 are marked. 
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several other plant CA including spinach, pea, Arabidopsis, tobacco, maize and barley. 

The amino acid alignment form this analysis is shown in figure 7. pCA 4 and 5 both 

encoded all of the conserved amino acid residues believed to play a role in Zn ligand 

binding (Provart et al., 1993; Bracey et al., 1994), as well as the chloroplast targeting 

polypeptide which is unusually rich in Serine and Threonine residues. These features are 

marked in figure 6. The amino acid sequence alignment plot confirmed that the 2 clones 

isolated were not complete at the 5' end. For this reason the second set of clones from the 

library were digested, sized, and their nucleotide sequences determined as for the first 5 

cDNAs. Of the 10 clones analyzed, 5 matched with clones already sequenced (V-, VI, VIII, 

IX, and X) but none of them were complete. The clones labeled pCA I, II, II, IV, and VII 

did not show homology to any known CA. 

Computer Analysis of Putative CA Sequences 

The amino acid sequences of polypeptides encoded by putative CA clones 4 and 5 

were analyzed further using computer programs. First DNAsis was used in to determine 

the probable secondary structure of the proteins encoded by the 2 clones, see figures 8 and 

9. For comparison the predicted secondary structures of spinach, pea, barley, and 

Arabadopsis were also determined (figures 10-13 respectively). The amino acid sequences 

predicted for pCA 4 and 5, along with the 4 dicot and 3 monocot amino acid sequences 

used in the amino acid alignments were used to construct 2 cladograms 
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PVFVFAHKRQLLHG—RCSTIDNANCSTCSMKINS-

S 

? 
T 
S 

C 

MYTLPBRATTSSIVASLATPAPSSSSGSGRPRLRLIRNAPVFAAPATVCKRDG 
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38 
38 
39 
38 
44 
50 
48 

53 

CA__#4 
CA__#5 
Spinacia_o 
Nicotiana_ 
Pisum_sati 
Arabadopsi 
Hordeum__vu 
Oryza_sati 
Zea mays 

* 80 
7TRAPIPFVTP—REEMGNKSYDBAI: 
/FR&PIPFVTP—REEMGNKSXDEAI; 
FFAAPAPIXTPTLJCEDMA 3TEEAI. 
IFAAPTP11NPI LREEMAKESSFEQAI. 
JFAS S SPIITPVLREEMG- KG YDEAIEEBQ] 
FFAAPAPI IAPYWSEEMGTEAYDEAIEABKK 

TLTALPgAALgGPRTTSHYSTAAANWCYATVAPRARSSTf 
MSTAAAAAAAQSWCFATVTPRSR-ATjjVASl 

GQLRJQTREIERERKGGHPPAGGHKRGGERGQRRGGEEEEDE 

-SVP^L 
-TFP 

100 
!SEKG 
ISEKG 
(SEKG 
[SEKG 
IREKT 
IEKE 
IGTPAPSSSA 
SPSPSSSS 

PLPS|KKGG 

LKTV 

89 
89 
88 
90 
95 

103 
101 
39 

106 

CA_#4 
CA_#5 
Spinacia__o 
Nicotiana_ 
Pisum__sati 
Arabadopsi 
Hordeum_vu 
Oryza_sati 
Zea_mays 

BAA-

SAA-

120 * 140 
DQBTAELNTTSADG-KP-
DQOTAELNT T S ADG - KP -

jVAQMTSELADGGTPS-
DQHTAELQSSDGSK-
EQBTAQLGTTSS S DGIP-
EQYTAALQTGTSSDKK AFDPB 

s FRPKBIRTT-PVQAAPVAP AL- — 
SSSNSSNLPAPFRPRFFLLRNT-PVFAAPVAP AA MQ 
|SEGE—AVH§YPHBVTPSEPEALQPPPPPSKASSKGMDPT| 

sess 
SDSS 
ASYP 
PFDP 

125 
125 
122 
124 
132 
139 
137 
85 

156 

180 
CA_# 4 
CA__#5 
Spinacia__o 
Nicotiana_ 
Pisum_sati 
Arabadopsi 
Hordeum_vu 
Oryza__sati 
Zea_mays 

2 0 0 

DgK 
DgK 
Dflx.qgEj 

DSRVCPS 
DSRVCPS 
DSRVCPS 
DSRVCPS 
DSRVCPS 
DSRVCPS 
DSRVCPS 
DSRVCPS 
DSRVCPS 

HV N-

177 
177 
174 
176 
184 
192 
189 
137 
208 
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CA_#4 
CA_#5 
Spinacia_o 
Nicotiana_ 
Pisum_sati 
Arabadopsi 
Hordeum_vu 
Oryza_sati 
Zea mays 

240 260 
AIEYAV 
AIEYAV 
AIEYAV 
AIEYAV 
AIEYAV 
AIEYAV 
AIEYAV: 
AIEYAV 
AIEYAV 

[ VVIGHSi 
LVVIGHSI 
[VVIGHsl 
LVVIGHS 
[VVIGHS 
[VVIGHS 
[VVIGHS® 
i VVIGHS 
: VVIGHS: 

FFLOTN 230 
FPLfflN 230 
FPDAiP 227 
LPAgffls 229 
FPFOTT 237 
f p l M n 245 
L - K M A 241 
IL-kSA 189 
|L-K||BA 260 

CA_#4 
CA_#5 
Spinacia_o 
Nicotiana_ 
Pisum_sati 
Arabadopsi 
Hordeum__vu 
Oryza_sati 
Zea_mays 

nsb-D 
NSH-D 
tt§-D 
ESg~A 
YSH-P 
NSH-D 
ddIfh 
pd|fhi 
pdnftI 

FIEgWVK|G 
FIE|WVKife 
FIEBWVKJ 
FIEBWVKI 
FIEBWVI® 
FIE|WVK§ 
FVEBWVRBG 
FVEIWVRMG 
FVEIWVRE 

300 
LAHgGGEPLG 
LAISGGEPLG 

NAT 
iQGilVDKC 

DAP 
ISJLGDSA 
QTBCASMF 
QTKIASL' 
iKKBflASVi 

KEAVNgoLjgN 
KEAVNBSLBN 
KEAVNBSLBN 
KEAVNISLBN 
KEAVNBSLBN 
REAVNESLBN 
KEAVNISLBN 
KEAVNBSLBN 
KEAVNISLBN 

282 
282 
279 
281 
289 
297 
294 
242 
313 

CA__# 4 
CA__#5 
Spinacia__o 
Nicotiana_ 
Pisum_sati 
Arabadopsi 
Hordeum__vu 
Oryza__sati 
Zea__mays 

S H 

VHAHSH Q|VT 

360 
jSLQFQ—LSSHLSSKHTKPSP 
slqfq~i<ss|lsBkhtkpsp 
|GLEYG--wp§qs|tn 
|GI*E F G — L S PhLsB 
|GLEFG~lssBfsbtstiyqphldy 
JEFG~tSE | s s B 

;EQI fptg|rhiqtyiyq~-

EPPQDAIERLgSGFQQFKVNVYDK-

329 
329 
321 
321 
340 
337 
339 
272 
365 

CA_# 4 
CA_#5 
Spinacia__o 
Nicotiana__ 
Pisum__sat i 
Arabadopsi 
Hordeum__vu 
Oryza_sati 
Zea_mays 

380 * 400 * 420 
LTPSLFLNYQSFFLQC—TMFMSLSSITINIDDRDHLPPAVCVVARWLFP 
LTPSLFLNYQSFFLT MYYVHVFIVYYNKYRRSPASHRLQ-WLSP 
TTILHAN NASPLYLVFSFLLQSFYISLYHVVYVII-HLCQ 

VKDVATILHWKLSRGRSCVCNEEAYQLSSYDILYIIYELVLCTIYHVS-HLKE 

---DIVRSMMQCHGSAYPLLSSTG CRMARC EFAISN 

-KPELFGPLKSGQAPKYMVFACSDSRVCPSVTLGLQPGEAFTVRNIAAMVPGY 

377 
372 
360 

392 

372 

417 
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Fig. 8. Eailkucleotide sequence and predicted amino acid sequence for cDNA clone 5. 

The conserved residues thought to play a role in Zn binding are starred. The Serine and 

Threonine rich area of the chloroplastic targeting peptide is underlined. Any differences 

between clones 5 and 4 are marked. 
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10 20 30 40 50 60 70 
SINGWCLTSSSSSTTTSSFSARRRPTLRPSWASLNSSPSPPTLIQDRPVFRAPIPFVTPREEMGNKSYD 

HELIX 
SHEET s sss sSSSS sSS SSSSSSSs 
TURN TTTTTTTTTTTTTTTTTTTT TTTTTTTT TTTTTTTTT TTTTTTTTTTTT 
COIL CCC CCCCC 

80 90 100 110 120 130 140 
EAIEALKKLLSEKGELKAEAAARVDQITAELNTTSADGKPSDSSVERLKEGFVYFKKEKYEKNPALYGEL 

HELIX hHHHHHHHHHhhhhHHHHHHHHHHHHHHHHH hHHHHHHhhhHHHHHHhh hhHHHH 
SHEET sssss sssssssssss SSSs sssss 
TURN T TTTT TTTTTTTTTTTTTT TTTTTT 
COIL 

150 160 170 180 190 200 210 
AKGQSPKYMIVACSDSRVCPSHVLDMQPGEAFWRNVANMVPPYDQIKYAGIGSAIEYAVLHLKVQEIW 

HELIX HHhh hhhhhH hHHHHhhhhHhhhhhhhhhh Hhhhhhhhhhhhhhhh 
SHEET sSSSSs ssssssss SSSSSSSSSs sSSSS SSSSSSSSSSSSSSS 
TURN TTTTTT TTTTTTTTTT TTTT TTTTTT 
COIL CCCC 

220 230 240 250 260 270 280 
IGHSACGGIKGLMSFPLDGNNSTDFIEDWVKIGIPAKAKVLAEHGGEPLGVQCTHCEKEAVNVSLGNLLS 

HELIX HHh hhhhhhhhhHHHHHHHHHh hhhhhhhhHHHHHhhhhH 
SHEET s sSSSSSSSs sSSSSSSSSs ssSSSSSs SSSSsSSSSS 
TURN TTTTTTT TTTTTTTTT TTTTTTTT 
COIL 

290 300 310 320 330 340 350 
YPFVRDGLVKKTLGIKGGYYDFVKGSFELWSLQFQLSSSLSV*KHTKPSPLTPSLFLNYQSFFLTMYYVH 

HELIX / hhhhhH hhHHHHHHHHHh hHH H hhhhhhhhhhhhhhhh 
SHEET SSSs sSSSSsSs sSSssssssssssssss s sssSSSSSSSSSSSSSSS 
TURN TTTTT TTTTTT TTTT TTTTT TTTTTTTTT 
COIL CC 

360 370 380 
VFIVYYNKYR* *RSPASHRLQWLSPSINSP 

HELIX hhhH hhHHhhhH 
SHEET SSSsss s SSSs 
TURN TTTTTT TTTT TTTTTT 
COIL C C 
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Fig. 10 Proposed secondary protein structure of putative polypeptide encoded by 

cDNA clone #4. 
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10 20 30 40 50 60 ^ 
SINGWCLTSSSSSTTTSSFSARRRPTLRPSWASLNSSPSPPTLIQDRPVFRAPIPFVTPREEMGNKSYD 

HELIX 
SHEET s sss sSSSS sSS SSSSSSSs 
TTJRJN' TTTTTTTTTTTTTTTTTTTT TT7TTTTTT TTTTTTT̂ TTT̂ TT 
COIL ccc ccccc 

80 90 100 110 120 130 140 
EAIEALKKLLSEKGELKAEAAARVDQITAELNTTSADGKPSDSSVERLKEGFVYFKKEKYEKNPALYGEL 

HELIX hHHHHHHHHHhhhhHHHHHHHHHHHHHHHHH hHHHHHHhhhHHHHHHhh hhHHHH 
SHEET sssss sssssssssss SSSs sssss 
TURN T TTTT TTTTTTTTTTTTTT TTTTTT 
COIL 

150 160 170 180 190 200 210 
AKGQSPKYMIVACSDSRVCPSHVLDMQPGEAFWRNVANMVPPYDQIKYAGIGSAIEYAVLHLKVQEIW 

HELIX HHhh hhhhhH hHHHHhhhhHhhhhhhhhhh Hhhhhhhhhhhhhfrhh 
SHEET sSSSss ssssssss SSSSSSSSSs sSSSS SSSSSSSSSSSSSSS 
TURN TTTTTT TTTTTTTTTT TTTT TTTTTT 
COIL CCCC 

220 230 240 250 260 270 280 
IGHSACGGIKGLMSFPLDGNNSTDFIEDWVKIGIPAKAKVLAEHGGEPLGVQCTHCEKEAVNVSLGNLLS 

HELIX HHh hhhhhhhhhHHHHHHHHHh hhhhhhhhHHHHHhhhhH 
SHEET s sSSSSSSSs sSSSSSSSSs SSSSSSSS SSSSsSSSSS 
TURN TTTTTTT TTTTTTTTT TTTTTTTT 
COIL 

290 300 310 320 330 340 350 
YPFVRDGLVKKTLGIKGGYYDFVXGSFELWSLQFQLSSSLSV*KHTKPSPLTPSLFLNYQSFFLQCTMFM 

HELIX hhhhhH hhHHHHHHHHHh hHH H 
SHEET SSSs sSSSSsSs sSSssssssssssssss s sssSSSSSSSSSSSSSSS 
TURN TTTTT TTTTTT TTTT TTTTT TTTTTTTTT 
COIL CC 

360 370 380 
SLSSITINIDDRDHLPPAVCWARWLFPS INS PLKRC 

HELIX hhhH HHhhhhhhhhH 
SHEET SSSsSSSss SSSSSSSSsSss 
TURN TTTTTTT TTTTTTT 
COIL CC CC 
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Fig. 11. Predicted secondary structure of clone 5 putative polypeptide. 
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10 20 30 40 50 60 70 
MSTINGCLTSISPSRTQLKNTSTLRPTFIANSRVNPSSSVPPSLIRNQPVFAAPAPIITPTLKEDMAYEE 

HELIX hhhhHHHHH HHHHHHHHH 
SHEET SSs sSSS sss ssSSSSSS sSSSSSSs SSSSSs 

TXJFILKf TTTTTT TTTTTTTTTTT'T 
COIL C C 

80 90 100 110 120 130 140 
AIAALKKLLSEKGELENEAASKVAQITSELADGGTPSASYPVQRIKEGFIKFKKEKYEKNPALYGELSKG 

HELIX HHHHHHHHHhhhhHHHHHHHHHHHHHHHHh hhhHHHHhhhHHHHHHhh hhHHHh 
SHEET sssss ssssssss sSSSSs SSSs sssss 
TURN TTTT TTTTTTTTTTT TTTTTT TTTT 
COIL 

150 160 170 180 190 200 210 
QAPKFMVFACSDSRVCPSHVLDFQPGEAFMVRNIANMVPVFDKDKYAGVGAAIEYAVLHLKVENIWIGH 

HELIX HHhhhhH hhhhhhhhhHhhhhhhhhhhhhHhhhhHHHHhhhhhhhhhhhhhhhhhhHHh 
SHEET SSSSss SSSSSSSS SSSSSSSSSSSSs SSSSSSSSSSSSSSSSSSs 
TURN T TTTTTTTTTT TTTT TTTT T 
COIL C 

220 230 240 250 260 270 280 
SACGGIKGLMSFPDAGPTTTDFIEDWVKICLPAKHKVLAEHGNATFAEQCTHCEKEAVNVSLGNLLTYPF 

HE^IX hhhhhhhhhHHHHHHHHHHhhhhHHHHHHHHHHHHHhhhhH 
SHEET sSSSSSs ssSSSSSSSSSSSs sssssssss SSSSsSSSSSSSS 
TURN TTTTTT TTTTTTTT TTTT 
COIL 

290 300 310 320 330 340 350 
VRDGLVKKTLALQGGYYDFVNGSFELWGLEYGLSPSQSV*TNTTI*LHANNASPLYLVFSFLLQSFYISL 

HELIX hhhhhhhh hHHHHHH Hhhh h hhhhhhhhhhhH h 
SHEET s sSSSSSSs sSSs SSSSSSSSSS ss SSSSS s ssSSSSSSSSSsSSSS 
TURN TTTTT TTTTTT TTTTT TTTTTT TTTTTTTTT 
COIL 

360 370 
YHWYVIIHLCQN* IISL* * 

HELIX hhhhhhhhhhhH 
SHEET SSSSSSSSSSSsS SSSS 
TURN 
COIL 
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Fig. 12. Predicted secondary structure of spinach 
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10 20 30 40 50 60 71) 

MSTSSINGFSLSSLSPAKTSTKRTTLRPFVFASLNTSSSSSSSSTFPSLIQDKPVFASSSPIITPVLREE 
HELIX hhhhhhhhhhhhhH hHHHH 
SHEET S S S S S S S S S S S S S S S S S S S S S SSSSSS 

TURN TTTTTTTTT TTTT TTTT TTTTTTTTTTTTTTT TTTTT 
COIL C CCCC C CCCCC 

80 90 100 110 120 130 140 
MGKGYDEAIEELQKLLREKTELKATAAEKVEQITAQLGTTSSSDGIPKSEASERIKTGFLHFKKEKYDKN 

HELIX H hHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHhhhhhhhHHHHH 
SHEET ssssssss sssssssss SSSSSSSs 
TURN TTTTTT TTTTTTTTTTTTT TTT 
COIL C 

150 160 170 180 190 200 210 
PALYGELAKGQSPPFMVFACSDSRVCPSHVLDFQPGKAFWRNVANLVPPYDQAKYAGTGAAIEYAVLHL 

HELIX hhHHHHHHhh hhhhhh hHhhhhhhhhhh hhhhhhhhhh 
SHEET sssss sSSSs sssSSSSs SSSSSSSSSs ssSSSSSSSSS 
TURN TTT TTTTTTT TTTTTTTTTT TTTT TTTTTT TTTTTT 
COIL CC 

220 230 240 250 260 270 280 
KVSNIWIGHSACGGIKGLLSFPFDGTYSTDFIEEWVKIGLPAKAKVKAQHGDAPFAELCTHCEKEAVNA 

HELIX hhhhhhhHHh hHHHHHHHHHHHHHHHHhh hhHHHHHHHHHHHHHHhh 
SHEET SSSSSSSs sSSSSSs ssssssssssss ssssssss 
TURN TTTTTTT TTTTTTTTTTT TTTTTT TT 
COIL 

290 300 310 320 330 340 350 
SLGNLLTYPFVREGLVNKTLALKGGYYDFVKGSFELWGLEFGLSSTFSV*TSTIYQ*PHLDY*VKDVATI 

HELIX hh hhhhhhhhhhhhh hhHHHHHHHHHhh hhH hhhh 
SHEET ssSSSSSSSSSSSSSSssssSs sSSsssssssssssssss sss SSSSSS SSS S SSSS 
TURN TT TTTT TTTTTT TTTT TTTTTT 
COIL CC CC 

360 370 380 390 400 
LHWKL*SRG*RSCVCNEEAYQLSSYDILYI*IYELVLCTIYHVSHLK*EFLIPIE 

HELIX hhhhH hHHHHHhhh hhhhhhhhhhhHHHHH HhhhhHH 
SHEET SSSSs SSs SSs sSSS SSSSSSSSSSSs SSSSs 
TURN TTTTTT 
COIL CCC CC 
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Fig. 13. Predicted secondary structure of pea. 
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10 20 30 40 50 60 70 
MSLQIGRTERARSPVFVFAHKRQLLHGRCSTIDNANCSTCSMKINSTCTLTALPIAALPGPRTTSHYSTA 

HELIX HhhhHHHHHhhhh 
SHEET SSSSSSSS SSSs SSSs sSS sSSSs sSSSSSS sss 
TURN TTTTT TTTTTTTT TTTTT TTTTTTTTTTTT 
COIL CCCCC C CC C 

80 90 100 110 120 130 140 
AANWCYATVAPRARSSTIAASLGTPAPSSSASFRPKLIRTTPVQAAPVAPALMDAAVERLKTGFEKFKTE 

HELIX HHHHHHHHHHhhhhHHHHHHH 
SHEET SSSSSSS sSSSSSSS SSSSs ssss 
TURN TTTTT TTTTTT TTTT 
COIL CC CCC CCCCCCCC CC CCCCC 

150 160 170 180 190 200 210 
VYDKKPDFFEPLKAGQAPKYMVFACADSRVCPSVTLGLEPGEAFTIRNIANMVPAYCKNKYAGVGSAIEY 

HELIX HH HHHHHHhhhhhhhhhh hhhhHhhhhHH Hhhh 
SHEET ss sSSss sSSSSs sssssSSSs sSSSSSSSSSsss SSS 
TURN TTTTTT TTTT TTTTTTTTTT TTTT TTTTTTTTTTTTT 
COIL 

220 230 240 250 260 270 280 
AVCALKVEVIWIGHSRCGGIKALLSLKDGADDSFHFVEDWVRIGFPAKKKVQTECASMPFDDQCTVLEK 

HELIX hhhhhhhhhhhhHHh hHHHHHhhh hHHHHHHH HHHHHHHHHH hhHHH 
SHEET SSSSSSSSSSSSs sssssss ssssssssSSSS sssss sSs 
TURN TTTTTTT TTTTTTTTT TTTTTTTT 
COIL C C 

290 300 310 320 330 340 350 
EAVNVSLQNLLTYPFVKEGVTNGTLKLVGGHYDFVSGKFETWEQ*IFPTG*LRHIQTYIYQDIVRSM*MQ 

HELIX HHhhhhhhhhH HHHHHh hhHHHHHH Hh HHH HH 
SHEET SSSSSSSSsSSSssssss sSSSSssssSSssssssssss sssss SSSSSSSSSSSSSsss ss 
TURN TTTTT TTTT TTTT TTTT 
COIL 

360 370 380 390 400 410 420 
CHGSAYPLLSSTGCRMARCEFAISNRTFFSSPFSDEELYCYVMHNLIVL*SKDIIYKFNIIFS*TVYLFI 

HELIX h HHHHHHH HhhhhHHHhhhhhhhhhhhH hh 
SHEET s SSSs sSssssssss sSS SSSSSSSSSSSs sSSSSSSSSS SSSSSS 
TURN TTTTT TTTTTT TTTTT TTTT TTTT 
COIL 

TLSKKKK 
HELIX 
SHEET SS 
TURN TTTT 
COIL C 
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Fig. 14. Predicted secondary structure of barley. 
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10 20 30 40 50 60 70 
MSTAPLSGFFLTSLSPSQSSLQKLSLRTSSTVACLPPASSSSSSSSSSSSRSVPTLIRNEPVFAAPAPII 

HELIX HhhhhhhhhH hHHHHH HHHHHHHHHHH 
SHEET ssssSSSSs sssssss sSSSS sSSSS sS 
TURN TTTT TTTTTTT TTTTT TTTTTTTTTTTTTTTTTT 
COIL CCCC C 

80 90 100 110 120 130 140 
APYWSEEMGTEAYDEAIEALKKLLIEKEELKTVAAAKVEQITAALQTGTSSDKKAFDPVETIKQGFIKFK 

HELIX hhhhHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHh hhhhhhhhhhhHH 
SHEET ssss ssssss ssssssssssssssssss ssSSSSSSSSs 
TURN TTTT TTTTTTTTT TTTT 
COIL CC 

150 160 170 180 190 200 210 
KEKYETNPALYGELAKGQSPKYMVFACSDSRVCPSHVLDFFQPDGAFWRNIANMVPPFDKVKYGGVGAA 

HELIX HHH hhHHHHHHhh hhhhhH hhhhhhh Hhhh 
SHEET sssss sSSSss sssSSSSSs SSSSSSSSSSsss SSS 
TURN TTTTTT TTTTTT TTTTTTTTTT TTTTT TTTT TTTT 
COIL C CC 

220 230 240 250 260 270 280 
IEYAVLHLKVENIWIGHSACGGIKGLMSFPLDGNNSTDFIEDWVKICLPAKSKVISELGDSAFEDQCGR 

HELIX hhhhhhhhhhhhhhhHHh hhhhhhhhhH HH h hHHhh 
SHEET SSSSSSSSSSSSSSSs sSSSSSSSs sSSSSSSSSs s ssss 
TURN TTTTTTT TTTTTTTTT TTTTT TTTTT 
COIL CCC CCCC 

290 300 310 320 330 
CEREAVNVSLANLLTYPFVREGLVKGTLALKGGYYDFVKGAFELWGLEFGLSETSSV 

HELIX hHHHhhhhhhhhH HHHHHHH HHHHHHHHHHHHHHHHhh 
SHEET SSSSSSSSsSSSsssssssSSSSSs sSsssssssssssssss 
TURN TT TTTTTT TTTT 
COIL c 
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Fig. 15. Predicted secondary structure of Arabadopsis. 
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(figures 14 and 15) which were used to investigate the relationship of the putative cotton 

CA with CA enzymes from other plants and to determine if it is in agreement with the 

established groupings / similarities for plant CA. Also DNAsis was used to produce a 

restriction enzyme map of the putative CA sequence. This map is shown in figure 16. 

The clones that were isolated from the library which showed no homology to CA 

were BLAST searched, against sequences deposited in Genbank, EMBL, DDBT, and 

PDS, in order to attempt to identify them. Clone 1 was matched to a piece of Arabadopsis 

thaliana DNA from chromosome 5 of unknown function. Clone 2 was shown to have 

significant alignment to metallothionein from multiple organisms including Arabadopsis 

thaliana, Oryza saliva, Nicotiana glutinosa, Coffea arabica, and Homo sapiens. Clone I 

showed homology to, among other things, areas of Arabadopsis thaliana chromosome 4, 

again of no determined function. Clone II was strongly matched to Rubisco in many 

species and families of plants including Gossypium hirsutum. Clone IV was shown to have 

homology with a wide range of sequences from Zinc finger proteins in human and mouse 

genomes to oestrogen recepters in Rainbow trout and S. salar. Also it was homologous 

with areas of the Arabadopsis thaliana genome. Clones III and VII were homologous 

with B AC clone sequences of Arabadopsis thaliana as well. 
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Fig. 16. Rooted cladogram (rooted by Hordeum vulgare) produced using the amino 

acid alignments from fig. 9. 



81 

Oryza sativa 

Hordeum vulgar* 

Arabadopsis thaliana 

Nlcotiana tabacum 

CA#8 

Splnacia oleracea 

Pisum sativum 

Zea mays 

0.1 



82 

Fig: 17 Unrooted cladogram produced using amino acid sequence alignment data. 
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Fig: 17 Resriction map of of the cDNA clones isolated 



85 

PCR Analysis of cDNA Library 

The second screening of the cDNA library did not suceed in isolating the full length 

sequence. In fact replica clones of those already isolated were found repeatedly. The 

purpose of this experiment was to determine whether or not any clones were present in the 

library longer than the ones already isolated. A portion of the cotton cDNA library was 

ethanol precipitated in the presence of 3 M sodium acetate and resuspended in distilled de-

ionized water. This was used as a template for the polymerase chain reaction. Specific 

primers were used for this purpose, one that bound to the vector pBluescript (T3 

sequencing primer) and the other to a site near the 5' end of clones 4 and 5 (primer named 

RP1, sequence and postion on CA clones shown in figure 17). The PCR reaction would 

amplify the region that existed between these two primer binding sites. The samples were 

then analyzed by agarose gel electrophoresis to determine the size of DNA products 

amplified Only one product band was observed which was approximately 150 bp (+/-10) 

in size. This is the predicted size of the DNA segment between the 2 primers on the pCA 4 

and 5. If only a few codons are missing from the sequence then the PCR product would 

not have been resolved from that of pCA 4and 5 by our methods, but it was thought that 

there would also be 5' leader sequence so the product was expected to be substantially 

larger than that of the partial clones. Therefore, we concluded that further screening was 

not likely to yield the 5' end because no longer clones were available. 
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10 20 30 40 50 60 
TCCATCAACG GTTGGTGCCT TACCTCCTCT TCTTCCTCCA CCACCACCTC CTCTTTTTCC 
AGGTAGTTGC CAACCACGGA ATGGAGGAGA AGAAGGAGGT GGTGGTGGAG GAGAAAAAGG 

4 RP1 
70 80 90 RP2 100* 110 120 

GCTCGTCGAC GACCTACATT GCGGCCTTCG GTCGTCGCTA GCCTTAACTC TTCTCCTTCT 
CGAGCAGCTG CTGGATGTAA CGCCGGAAGC CAGCAGCGAT CGGAATTGAG AAGAGGAAGA 

130 140 150 160 170 180 
CCTCCGACTC TTATCCAAGA CCGCCCGGTT TTTCGTGCCC CTATTCCTTT CGTCACCCCG 
GGAGGCTGAG AATAGGTTCT GGCGGGCCAA AAAGCACGGG GATAAGGAAA GCAGTGGGGC 

190 200 210 220 230 240 
AGAGAAGAGA TGGGAAACAA GTCCTACGAC GAAGCCATTG AAGCTCTCAA GAAACTTCTC 
TCTCTTCTCT ACCCTTTGTT CAGGATGCTG CTTCGGTAAC TTCGAGAGTT CTTTGAAGAG 

250 260 270 280 290 300 
AGTGAGAAAG GAGAACTGAA AGCTGAAGCA GCTGCAAGGG TAGATCAAAT AACAGCAGAG 
TCACTCTTTC CTCTTGACTT TCGACTTCGT CGACGTTCCC ATCTAGTTTA TTGTCGTCTC 

CAR 
310 320 330 340 350 360 

TTAAACACAA CATCAGCTGA CGGGAAACCA TCTGACTCTT CTGTTGAGAG ACTGAAAGAA 
AATTTGTGTT GTAGTCGACT GCCCTTTGGT AGACTGAGAA GACAACTCTC TGACTTTCTT 

370 380 390 400 410 420 
GGCTTCGTTT ACTTCAAGAA AGAAAAATAT GAAAAGAATC CTGCTCTGTA TGGTGAGCTT 
CCGAAGCAAA TGAAGTTCTT TCTTTTTATA CTTTTCTTAG GACGAGACAT ACCACTCGAA 

430 440 450 460 470 480 
GCCAAGGGTC AAAGCCCTAA GTATATGATT GTTGCCTGCT CGGACTCTAG GGTCTGCCCA 
CGGTTCCCAG TTTCGGGATT CATATACTAA CAACGGACGA GCCTGAGATC CCAGACGGGT 

4 9 0 500 510 520 530 540 
TCTCATGTGC TGGACATGCA ACCTGGTGAA GCTTTTGTGG TCCGTAATGT TGCTAACATG 
AGAGTACACG ACCTGTACGT TGGACCACTT CGAAAACACC AGGCATTACA ACGATTGTAC 

5 5 0 560 570 580 590 600 
GTGCCACCAT ATGACCAGAT TAAATATGCT GGCATTGGAT CTGCTATTGA ATATGCAGTT 
CACGGTGGTA TACTGGTCTA ATTTATACGA CCGTAACCTA GACGATAACT TATACGTCAA 

6 1 0 620 630 640 650 660 
TTGCATCTCA AGGTACAAGA AATTGTGGTG ATTGGACACA GTGCCTGTGG AGGAATCAAG 
AACGTAGAGT TCCATGTTCT TTAACACCAC TAACCTGTGT CACGGACACC TCCTTAGTTC 

670 680 690 700 710 720 
GGGCTTATGT CTTTCCCATT AGATGGAAAC AACTCAACTG ATTTCATAGA GGATTGGGTT 
CCCGAATACA GAAAGGGTAA TCTACCTTTG TTGAGTTGAC TAAAGTATCT CCTAACCCAA 

730 740 750 760 770 780 
^ ^ T T G G A A TCCCTGCTAA GGCCAAGGTG CTAGCTGAAC ATGGTGGTGA GCCTTTGGGA 
TTCTAACCTT AGGGACGATT CCGGTTCCAC GATCGACTTG TACCACCACT CGGAAACCCT 

7 9 0 800 810 820 830 840 
CACACTGCGA GAAGGAAGCA GTGAATGTAT CCCTTGGAAA CCTGCTGAGT 

CAGGTTACAT GTGTGACGCT CTTCCTTCGT CACTTACATA GGGAACCTTT GGACGACTCA 

* - — C A F 
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850 860 870 880 890 900 
TATCCATTTG TGAGAGATGG ATTGGTGAAG AAAACCCTGG GAATCAAGGG CGGTTACTAT 
ATAGGTAAAC ACTCTCTACC TAACCACTTC TTTTGGGACC CTTAGTTCCC GCCAATGATA 

910 920 930 940 950 960 
GACTTCGTTA AAGGAAGTTT CGAGCTATGG AGTCTTCAGT TCCAACTTTC AAGCTCTCTC 
CTGAAGCAAT TTCCTTCAAA GCTCGATACC TCAGAAGTCA AGGTTGAAAG TTCGAGAGAG 

970 980 990 1000 1010 1020 
TCTGTATGAA AACACACCAA ACCATCACCA TTGACACCAT CTTTGTTCCT TAACTACCAA 
AGACATACTT TTGTGTGGTT TGGTAGTGGT AACTGTGGTA GAAACAAGGA ATTGATGGTT 

1030 1040 1050 1060 1070 1080 
TCCTTTTTCT TACAATGTAC TATGTTCATG TCTTTATCGT CTATTACAAT AAATATAGAT 
AGGAAAAAGA ATGTTACATG ATACAAGTAC AGAAATAGCA GATAATGTTA TTTATATCTA 

1090 1100 1110 1120 1130 1140 
GATAGAGATC ACCTGCCGCC CGCCGTCTGC GTGGTGGCGC GGTGGCTCTT TCCATCTATA 
CTATCTCTAG TGGACGGCGG GCGGCAGACG CACCACCGCG CCACCGAGAA AGGTAGATAT 

1150 1160 1170 1180 1190 1200 
AATTCTCCTT TGAAGAGGTG TTC 
TTAAGAGGAA ACTTCTCCAC AAG 
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Fig. 18. Sequence and position of PCR primers used during the study. 
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RACE-PCR of 5' End of Carbonic Anhydrase 

Since the full length clone could not be isolated from the cDNA library a different 

strategy was necessary. RACE (rapid amplification of cDNA ends) PCR uses total RNA 

as the template for the generation of a specific strand of cDNA which is then PCR 

amplified to yeild a product upstream or downstream from a known sequence. For this 

study, it was used to amplify the area upstream of our 5' most known cotton CA sequence. 

The total cellular RNA preparation used must include the full sized CA mRNA. A specific 

primer (in this case RP1, see figure 17) and an RNA template were used to create a 

cDNA strand that spanned the 5' end of cotton CA mRNA. This cDNA was modified by 

the addition of a poly(A) tail and then used as a template for PCR, where a second specific 

primer (RP2, see figure 17) and oligo dT2o amplified the region of interest. Based upon the 

predicted Tms of the primers the PCR reactions were performed at an annealing 

temperature of 55°c for 35 cycles. The RACE-PCR reaction yielded a product of 

approximately 600 bp in size, this was about the size expected for the missing 5' end and 

untranslated region. For the PCR reactions pfii™ polymerase was utilized due to it's 

improved property of leaving faithful blunt ends. The PCR product band was excised from 

the agarose gel and the DNA purified using sephaglas™ (Pharmacia Biotech). This PCR 

fragment was then blunt end ligated into the suicide vector pZErO™-2 using Epicentre 

Technologies Fast-Link™ DNA Ligation kit. The recombinant vectors were transformed 

into Top 10 cells. The positive clones were subjected to plasmid isolation by alkaline lysis 

(Birnboim and Doly, 1979) and the resultant plasmids digested to verify the presence of an 

insert DNA fragment. None of the 6 samples isolated had an insert. A direct attempt to 
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sequence the PCR product was also made. Despite using several different concentrations 

of template and primers and varying the annealing temperatures, only one set of DNA 

sequencing reactions worked. The PCR reactions were repeated using Taq polymerase, 

which is known to add adenine nucleotides to the ends of the PCR product strands. This 

feature of Taq is exploited by the TA cloning vector (Invitrogen) which has oligo T 

overhangs. Fragments produced by the RACE-PCR reaction were cloned into the TA 

cloning vector, pCRRII, and transformed into ToplOF' cells. The clones were selected by 

antibiotic resistance. Recombinant plasmids were isolated and digested with £coRI to 

determine the insert size of the cloned segments. PCR fragments ranging from 100-500 bp 

were found to have been cloned into the vector. Five different clones were subjected to 

DNA sequencine analysis using Ml3 forward and reverse primers. The nucleotide 

sequences obtained were compared with that of the 2 cotton CA and those of other plant 

CA. The PCR fragments showed no homology with any CA sequences. The nucleotide 

sequences of the PCR fragments and those of clones 4 and 5 should have overlapped by 

about 100 bp, since one of the primers was designed to bind 120 bp into the clone. 

However no sequence related even the primer itself was found. The nucleotide sequences 

read from the 5 RACE-PCR unknown clones were subjected to BLAST searches. The 

sequences obtained from the TA ligation experiment did score homology hits. Two clones 

showed multiple hits against ribosomal and Zn binding proteins. One clone matched with 

regions of unknown function on several different organisms and the other 2 contained 

repetitive sequences that were matched 

with hundreds of microsatellite structures and polymorphic marker sequences. 
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Table 1: An overview of the results of the BLAST searches performed on the clones 

isolated in search of the full CA sequence. 

SAMPLE BLAST SEARCH RESULT 

pCAl Arabidopsis, unknown fimction 

pCA2 Metallothionein 

pCAI Arabidopsis, unknown function 

pCAII Rubisco 

pCA III Arabidopsis, unknown function 

pCAIV Zn finger proteins and estrogen receptors 

pCAVII Arabidopsis, unknown function 

Direct PCR sequencing product No match found in data base 

RACE-PCR 1 Ribosomal and Zn binding proteins 

RACE-PCR 2 Ribosomal and Zn binding proteins 

RACE-PCR 3 Microsatellites and polymorphic markers 

RACE-PCR 4 Unknown function 
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SAMPLE BLAST SEARCH RESULT 

RACE-PCR 5 Microsatellites and polymorphic markers 

Cotton Genomic Library Screening 

A lambda Fix-II™ cotton genomic library made by Stratagene (provided by Dr. 

Thea Wilkins) was screened using the 1.2 kb partial CA clone obtained from the cDNA 

library as a probe. From the tertiary screening of the library, 3 putative clones were 

isolated designated 16, 14-1, and 14-2. The phagemid forms of these clones were isolated 

using the phage preparation protocol as detailed in the Materials and Methods. Using the 

Sanger dideoxyribonucleotide sequncing technique (Sanger etal, 1977), it was attempted 

to directly sequence the lambda clones using a primer specific for a site near the 5' end of 

the known cotton CA sequence (RACE-2 primer, see figure 17 for position and 

sequence). Although several attempts were made at this procedure varying the 

concentration of template, primers, and enzyme the same result was always seen. This was 

4 radioactive smears (1 per termination reaction) stretching the length of the film with no 

evidence of banding pattern. It was not known if this was the result of a template problem 

or a primer problem. 

In order to confirm the presence of the C A gene the in genomic clones I carried 

out PCR amplification of the clones using 2 internal CA primers which had been used in 

the nucleotide sequencing analysis of the cDNA clones (for positions and sequences refer 

to figure 17). The PCR products were analyzed by agarose gel elctrophoresis (figure 18). 
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Fig: 18 Photograph of mini gel electrophoresis analysis of PCR products from the isolated 

genomic clones. Lambda cut with HinDlIl was used as a known size marker on the 

agarose gel. 
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Each clone yielded a single product of about 500 bp, which is the expected distance 

between the 2 primer sites on the cDNA clone. In order to further confirm the identity of 

these clones as CA, 2 |jg aliquots of each were digested with 4 different enzymes (£coRI, 

Kpnl, Xbal, and Pstl). The digestions were carried out at 37°c overnight and then the 

products analyzed by 1% agarose gel for 27 hours at 30 volts. Figure 19 shows a 

photograph of the gel after staining with EtBr. The banding patterns produced by the 4 

enzymes were exactly identical for clones 14-1 and 14-2. The gel was Southern blotted 

(Southern et al., 197 ) to a nylon membrane and the membrane hybridized using the 

original 600 bp partial cDNA, provided by Dr. Rick Turley, as a probe. 

After washing, the membrane was placed on film for 2 days at -80°C in a film cassette 

with an intensifying screen. The resulting film is shown in figure 20. The probe bound 

strongly to a single 4 kb Xbal fragment from clone 16. The Xbal digestions of clones 

14-1 and 2 produced identical fragments of about 12 kb that hybridized strongly to the 

probe. Thus, in each of these cases the probe bound to only one DNA fragment, 

suggesting that the intact 5' region, as well as the complete gene, is likely to be included in 

these fragments, particularly the 12 kb segment. Therefore sequencing of these clones is 

expected to yield the 5' end nucleotide sequence. 
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Fig: 19 Photograph of a long range profiling gel containing he fragments produced by 

restriction digestion of the genomic clones 



98 

14-2 

2 

0) 
c3 £ CO 
A 3 u 4 3 2 1 J 

14-1 

4 3 2 1 
3 o 

16 

4 3 2 1 

1 = JSeoRI 
2 = Kpttl 

3= AZwI 
4= 



99 

Fig: 20 Film of Southern blot of the profiling gel from figure 19. Probed with 600bp 

fragment of carbonic anhydrase. 



CHAPTER IV 

DISCUSSION 

The study of C A in plants has nearly always focused upon its possible roles in 

photosynthetic tissues. More precisely as a CO2 concentrating mechanism to ensure 

adequate supply of substrate to Rubisco. It is surprising that despite the wide variety of 

functions characterized for CA in animals and the large number of other enzymes and 

processes in plants that require CO2 or HCO3" that very little research has been conducted 

to determine other roles for CA. This study was the beginning of a project to investigate 

the possible roles that CA plays in developing cotton seeds, particularly in the de novo. 

synthesis of fatty acids. 

In the first stage of this project two putative CA cDNA clones (pCA 4 and 5) were 

isolated from a library constructed from polyA+ RNA of 48 hour dark grown cotton 

cotyledons. The fact that these clones were isolated is significant in that it shows that CA 

is being actively expressed in non-photosynthetic tissue. This strongly suggests that CA 

has other roles with in plants. As mentioned in the introduction there are 3 distinct families 

of CA, plants usually contain (3-CA but homologs to a- and y-C A have been found in some 

plants including rice and Arabidopsis (Hewett-Emmett and Tashian, 1996). Also there 

appears to be mutiple isoforms that have different subcellular locations. This study was 

concerned with the plastidial isoforms of CA. The 2 clones isolated differed in sequence in 

the 3' untranslated region which may indicate two different gene product are expressed in 

100 
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cotyledons of dark grown seedlings. Both clones showed substantial homology at the 

nucleotide and deduced amino acid level to the other chloroplastic P-CA sequences.. 

Examination of the amino acid sequence alignment (figure 8) shows that both cDNA 

clones appear to be nearly full length likely missing only four residues. The amino acid 

sequence alignment of CA #4 and 5 with 7 other plant CA demonstrated that the cDNA 

clones contain the 6 six conserved amino acid residues that are thought could play a role 

in Zn ligand binding. The Zn atom is involved in the catalytic mechanism of CA. Another 

feature evident from the deduced amino acid sequences is that the different CAs show high 

homology in the region encoding the mature protein but the putative targeting domains are 

divergent. There are are identifiable motifs that are still present though, for example, CA 

targeting polypeptides have been found to be unusually rich in serine and threonine 

(Majeau and Cole man, 1991) and are unusually long these are easily identifiable in the 

cotton CA N-terminal amino acid sequences. Also chloroplastic targeting polypeptides 

commonly have amphipathic a-helix regions. Secondary structure prediction of the 

putative stromal targeting domain of the clones 4 and 5, indicated a-helical structure after 

amino acid residue 80. This same area was predicted to have a helical arrangement in all of 

the other plant CA. Tn addition, Arabadopsis, pea, and barley were predicted to have 

quite substantial amounts of a-helical structure at the 5' end but spinach did not show the 

same extent as close to the 5' end. 

The amino acid alignments were used with the Clustal sequence analysis program to 

produce two cladograms which are a way to analyze how closely related a group of 
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sequences are. The first thing that is observed in the cladograms is that the sequences 

from the dicots and monocots group away from each other. It has long been recognized 

that p-CA (from plants) can be sub-divided, by differences in primary structure, into 

monocts and dicots (Graham et ah, 1984). Cotton cDNA sequences group with the other 

dicots. The cladogram suggests that the cotton C A are more closely related to that in pea 

than any of the other dicots. 

All of the sequence data and computational analysis confidently identified the 

cDNA clones isolated from the cotton library as plastidial p-CA. Its presence in the cDNA 

library indicates that it is expressed in these non-phoyosynthetic tissues. This is an 

important discovery because it implies another role for CA separate from that of 

photosynthesis. It should be noted, however, that the identification of these putativecotton 

CAs are based on sequence similarity. As of yet there is no functional data to confirm this. 

The screening of the cotton genomic library with cDNA clone # 4 as a probe 

yielded 3 plaque pure clones (16, 14-1, and 14-2). Although these were not sequenced it 

was possible to attempt some basic identification. PCR was used with primers specific to 

the cDNA clone to try to amplify a region of the genomic clones. The distance between 

the primer binding sites on the cDNA clones was 500 bp. The PCR reactions using the 3 

genomic clones as templates all yielded products of 500 bp. This suggests the genomic 

clones contain at least that portion of the cotton CA gene and there are no introns present 

in that region. The restriction enzyme digestions of the clones revealed more. The banding 
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patterns produced by the enzymes were exactly the same for 14-1 and 14-2, whereas the 

patterns for clone 16 were different. The hybridization of the Southern blot membrane 

revealed that the probe binds strongly to a single 4 kb Xbal fragment from clone 16 and a 

single 12 kb Xbal fragment from clones 14-1 and 14-2. This suggests that the whole gene 

is likely to be encoded within one of these fragments. These results indicate that the clones 

are indeed CA genes. It could be speculated that the two different clones are separate 

isoforms of CA. The difference in cleavage sites for the clones suggests that the CA genes 

are surrounded by different sequences, that is different portions of the genome. This could 

mean that there are separate CA genes in different parts of the plant genome. The genomic 

clones could be probed with the 3' untranslated regions of the cDNA clones to determine 

if the different forms of C A already isolated are responsible for the differences in the 

genomic clones. 

Although the fulllength cDNA of cotton C A was not isolated the results are 

nonetheless important and imediately useful To begin the functional charaterization of 

cotton CA the 1.2 kb partial cDNA could be used to create anti-sense constructs. These 

could be used to test the effects of reduced CA expression on cotton seed fatty acid 

synthesis in transgenic plants. Also these clones can be used for expression studies in 

E.coli, althought they are not complete they are lacking leader sequence and actually 

contain all of the region which codes the mature functional protein. This would determine 

whether or not the clones code for functional C A proteins. Information from the putative 
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genomic clones will indicate the complete ORF as well as help to identify possible cis-

regulatary elements. 
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