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Abstract

The purpose of this investigation was to determine if an intron
isolated from a dicotelydenous plant could enhance gene expression in
carrot, a dicot, and maize, a monocot. The intron studied was the first
intron from the soybean ribulose 1,5 bisphosphate carboxylase small
subunit (rbcS) gene. The expression cassettes contain the 35S Cauliflower
Mosaic Virus or the Brassica hsp 80 promoter, various intron fragments,
the chloramphenicol acetyltransferase gene and the nopaline synthase
polyadenylation region. Data show that no expression enhancement
occurs when this intron is included in the 5' untranslated leader sequence
of the reporter gene when tested in carrot protoplasts. However, the intron
containing constructs enhance gene expression up to 10 fold when tested
in maize protoplasts. Reversal of the intron orientation relative to the
reporter gene, reduces gene activity below control levels obtained with no
intron present. This result suggests that splicing is necessary for the

enhancement to occur.
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Introduction

Introns are usually non-coding regions, interspersed within the
coding regions of the DNA and pre-mRNA of eukaryotic genes. The
processing of pre-mRNA involves the cleavage of introns and the
ligation of the processed pre-mRNA to yield mature mRNA
transcripts. In plants and animals, specific sequences at both
intron/exon borders and an internal branch point are recognized by
small nuclear ribonucleoproteins (snRNPs). The snRNPs facilitate the
formation of a lariat-like intron structure which is subsequently
spliced out of the transcript. Most plant genes contain introns and
require correct splicing for normal gene expression. Thus, the splicing
of an intron represents a potential point at which gene expression
could be regulated.

The objective of this study was to examine the effect of an
intron isolated from a dicotelydenous (dicot) plant on transient gene
expression in carrot, (dicot) and maize, (monocot) cells. Constructs
contained the Cauliflower Mosaic Virus 358 (CaMV 35S) promoter or
a Brassica heat shock promoter, the chloramphenicol
acetyltransferase (CAT) gene and the nopaline synthase (Nos)
polyadenylation region. The first intron from soybean ribulose-1,5-
bisphosphate carboxylase/oxygenase small subunit (rbcS) gene was
inserted into the 5' untranslated portion of the plasmid, between the
promoter and the CAT gene. These plasmids were then introduced
into carrot and maize protoplasts by electroporation. The efficiency
with which the carrot and maize cells transcribed and processed the
pre-mRNA derived from the DNA clones was measured by the
amount of detectable CAT gene expression. From data generated by
the transient gene expression assays, some general conclusions were
made regarding the effect of an intron in a monocot and dicot
system.



Literature Review

‘Within the last decade or so, our understanding of eukaryotic
gene organization has grown tremendously. We have found that the
coding sequences of many genes are interrupted by non-coding
regions, known as introns (Abelson, 1979; Padgett et al., 1986). The
term "intron" was proposed by Gilbert (1978), meaning the region
between or interrupting exons.

Originally, coding regions of genes were envisioned as cistrons,
in which one gene or functional unit corresponded to one polypeptide
chain. Upon the discovery of introns (Berget et al., 1977; Chow et al.,
1977; Klessig, 1977), our previous notion of gene cistronic
organization was modified to the idea of a transcriptional unit,
interrupted by non-coding sequences which were subsequently
removed from the heterogeneous nuclear RNA (hnRNA), thus
yielding a shorter mature RNA. This intron-containing model of gene
organization accounts for some of the huge excess of DNA, above
what is required to code for known proteins, in eukaryotic organisms
(Britten and Davidson 1969). Introns also help account for the length
differences between hnRNA and cytoplasmic mRNA observed by
Darnell (1976).

Introns are usually non-coding regions interspersed within the
coding region of genes. The length of introns varies tremendously,
from 30 (Ghosh et al., 1978) to 60,000 (Scott et al., 1983; Schnuewly
et al., 1986) nucleotides. In each instance, the removal of the intron
from the immature transcript, known as splicing, may be required
for transcript stability and subsequent gene expression. Abnormal
intron splicing may lead to aberrant protein production or a total loss
of protein expression (Hamer and Leder, 1979b; Gruss et al., 1979).

Intron Origin and Position Conservation

The discovery of introns and the need for intron processing led
to two conflicting theories of intron origin. One hypothesis (Doolittle,



1978) proposes that introns and the required splicing mechanisms
were present in primitive cells, retained by eukaryotes and
subsequently were lost in prokaryotes due to evolutionary pressure
for rapid replication. Another hypothesis (Orgel and Crick, 1980)
depicted introns as arising by insertion of transposable elements into
ancestral prokaryote-like genes. Along with the insertion of those
new elements was the obligatory development or acquisition of the
splicing mechanisms within the developing "eukaryotic cell.”

Evidence in a review by Gilbert et al. (1986) strongly supports
the first hypothesis. If it were true that introns were present in
"primitive” genes required by primordial cells (i.e. metabolic genes),
then developing eukaryotes would have retained the introns while
the quickly replicating prokaryotes would have lost the introns from
those same genes. In Gilbert's review, he presented evidence of that
phenomena. He demonstrated that the intron position (not sequence)
within comparable genes was conserved in many organisms. By
comparing intron position and evolutionary divergence of
prokaryotes to eukaryotes, fungi to primitive animals and plants, and
even the divergence from a primitive "plant” to monocot and dicot
species, Marchionni and Gilbert (1986) showed that the
triosephosphate isomerase (TIM) gene and the intron positions
within that gene were highly conserved in most cases. They proposed
that the lack of some of the TIM introns in prokaryotes was a better
explanation of the conserved position nature of introns than the
addition of those introns into the appropriate genome site of
eukaryotic genes. Similarly, Quigley et al. (1988) showed intron
position conservation within the glyceraldehye-3-phosphate
dehydrogenase (GADPH) gene between maize chloroplast GADPH and
thermophilic eubacterial GADPH's. There is one clear case of intron
loss (Perler and Estratiadis, 1980) but there is yet no proof of intron
addition.

Marchionni's study of the TIM gene was the first demonstrated
case of intron conservation between plants and animals. Shah et al,
(1983) compared the actin gene over the same range of organisms,



and also found intron conservation. The study rcvealed that one
intron position out of three in plants and one out of seven in rat, was
identical. This difference was also attributed to loss of introns during
evolution. He demonstrated that within plants, the position of three
actin gene introns were highly conserved. The first intron position in
maize and soybean also corresponded to an intron position in a
nematode actin gene. These comparisons of intron positions
demonstrated not only the great evolutionary distance between
prokaryotes, animals and plants, but also the great similarities within
plant groups.

A similar comparison of intron position in conserved genes
between monocots and dicots, supported the notion of a relatively
close relationship between these two groups of plants. The
conservation of intron position was demonstrated between monocot
and dicot plant species by Chang and Meyerowitz (1986). They
showed that the position of six out of nine alcohol dehydrogenase
(Adhl) introns were conserved between Arabidopsis and maize. The
lack of three Adhl introns in Arabidopsis could also be attributed to
intron loss, corresponding to the small genome size of that species.
Ribulose-1,5-bisphosphate carboxylase/oxygenase small subunit
(rbcS), another gene which was highly conserved in photosynthetic
plants, showed extensive position conservation of the first intron
between the monocot and dicot species studied. According to Nagy et
al. (1986), the rbcS intron 1 was in the same position in the following
species; Nicotiana plumbagini, N, tabacum, soybean, pea, Solanum
tuberosum (Wolter et al., 1988) and wheat (Broglie et al., 1983).
LeBrun er al. (1987) also reported the same intron position in maize.
The rbeS intron 2, also present in all dicot species, was not present in
any monocot species thus far examined. RbcS genes from Solanaceas
contain a third intron which was not reported in any other plant
family (Wolter et al., 1988). The conserved nature of the rbcS intron
1 made it a good choice for comparison of intron effects in monocots
and dicots. The relative position of the rbcS intron 1 and other
introns, between monocots and dicots, suggested similar intron



processing machinery. However, that apparent similarity does not
hold true under close scrutiny.

Intron Types and Examples

There are four major classes of introns, each with a particular
splicing mechanism. The classes are; 1) nuclear pre-tRNA introns, 2)
group 1 introns, 3) group 2 introns, and 4) nuclear pre-mRNA.
Following is a brief review of the first three intron types and a more
detailed discussion of the last class, nuclear pre-mRNA.

Nuclear pre-tRNA intron splicing is well understood in
Saccharomyces cerevisiae (van der Veen et al., 1986:; 1987a; 1987b;
Jarrell et al., 1988; Siliciano and Guthrie, 1988). Several yeast nuclear
pre-tRNA's contain a single short intron located 1 nucleotide 3' of the
anticodon (Sprinzl et al., 1987). No sequence or length conservation
or recognizable splice signals have been observed. The splicing of this
type of intron involves two steps (Peebles et al., 1983). First, the 5'
and 3' intron borders are cut by a nuclear membrane derived
endonuclease, releasing a linear intron fragment. The second step is
the ATP dependent religation of the flanking exons by RNA ligase,
another nuclear membrane derived protein. Higher eukaryotic pre-
tRNA undergoes a slightly different processing pathway (Lasky et al.,
1983).

The splicing of transcripts containing group 1 introns was first
studied in Tetrahymena 26S pre-rRNA. Requirements for in vitro
splicing of these introns are minimal, only magnesium and guanosine
(Cech et al., 1981; Kruger et al., 1982). Several short sequences are
common to all group 1 introns (Burke et al., 1987). The secondary
structure created by these sequences are very important in the
splicing mechanism. The actual splicing event involves the cleavage
of the 5' exon by transesterification, leaving the intron and 3' exon
still attached. A second transesterification reaction occurs which joins
the two exons and concomitantly releases the intron fragment. In
some cases, the intron fragment can circularize (Cech and Bass,



1986). Although the autocatalytic properties of group 1 introns are
presumably encoded in the conserved sequences, not all group 1
introns can be spliced in vitro (Garriga et al., 1984).

Group 2 introns are found in some pre-mRNA's of fungal
(Davies et al., 1982; Michel et al., 1982) and plant mitochondria and
some chloroplast pre-tRNA's (van der Veen et al., 1987a). This group
of introns is characterized by a 5' and 3' consensus sequence (Keller
and Michel, 1985; Cech, 1983) and 6 putative hairpin structures
(Michel and Dujon, 1983). Group 2 introns can also be excised
autocatalytically, but with a substantially different mechanism from
group 1 introns (van der Veen et al., 1986). In vitro excision can
occur with the addition of magnesium and spermidine, no guanosine
is required. A lariat structure is generated by transesterification of
the 5' splice site and the branch point near the 3' splice site. The
exons are then ligated, releasing a lariat shaped intron. The
specificity and catalytic nature of this splice mechanism are at least
* partially dependent on the primary and secondary structure of these
introns (Schmeizer and Schweyen, 1986). This lariat formation is also
an observed splice intermediate in the processing of nuclear pre-
mRNA's.

Nuclear Pre-mRNA

Splicing of eukaryotic nuclear pre-mRNA involves the
recognition of specific splice sites at the 5' and 3' borders of the
intron and at an internal branch point within the intron (Rogers and
Wall, 1980; Lerner et al., 1980), by a group of small nuclear
'ribonucleoprotein particles (snRNPs). In general, the pre-mRNA and
snRNPs form a complex, called a spliceosome, with these required
components; ATP (Bindereif and Green, 1986), functional splice sites
and branch point, snRNPs (Grabowski et al., 1985; Frendeway and
Keller, 1985), heterogeneous nuclear ribonucleoproteins (Choi et al.,
1986), and other protein factors. After transcription past the 3' splice
site, the spliceosome begins to assemble. The first step in splicing is



the interaction of the Ul snRNP with the 5' splice site (Zhuang and
Weiner, 1986) followed by cleavage at the site. The 5' phosphate of
the cleaved intron becomes esterified with the 2' hydroxyl group of a
conserved adenosine residue in the branch point sequence, which is
associated the U2 snRNP, thus forming a lariat structure. The splice
intermediates (exon 1 and lariat + exon 2) are held in close proximity
by the spliceosome complex (Grabowski et al., 1985; Grabowski and
Sharp, 1986; Frendeway and Keller, 1985). U4 and U6 snRNPs are
also associated with the spliceosome but their exact function is not
known (Chabot and Steitz, 1987). Next, the 3' splice site, in
association with U5 snRNP (Chabot, 1985), is cleaved and
concomitantly, the two exon fragments are ligated. This releases the
intron in a lariat form (Padget et al., 1984; Ruskin et al., 1984), see
Figure 1 and Appendix 1.

Splicing of pre-mRNA was described in 1977 by Chow et al.,
Berget et al. and Klessig in their work on adenovirus 2 (Ad 2). Since
that time, much work with in vitro transcription systems has further
elucidated Ad 2 processing (Manley et al., 1979; Manley et al., 1980;
Padget et al., 1983). Viral splicing has also been identified in SV40
and polyoma viruses (Fromm and Berg, 1983b; Berk and Sharp,
1978; Friedmann et al., 1979; Buchman et al., 1984; F. Chu, 1987).

Splicing of hnRNA has been described in all of the eukaryotic
organisms studied to date. Some examples are yeast (Siliciano and
Guthrie, 1988), Drosophila (Beyer and Osheim, 1988), chicken
ovalbumin (Breathnach er al., 1978), mammals (Reed and Maniatis,
1988), murine hemoglobin (Tilghman et al., 1978) and
immunoglobulin light chain switching (Hozumi and Tonegawa, 1976;
Rabbitts et al., 1978; Tonegawa, 1983). Splicing is also observed in
plant pre-mRNA.

Although much is known about pre-mRNAs in mammals and
yeast (reviewed in Green, 1986 and Padget et al., 1986), relatively
little is known about pre-mRNA processing in plants. It is known that
the 5' and 3' splice sites of higher plants (Slighton et al., 1983 ;
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Figure 1. Mechanism of nuclear pre-mRNA splicing. This reaction
requires multiple factors, including proteins and snRNPs.

(figure from Transcription and Splicing. 1988. D.B. Hames and D.M.
Glover, IRL Press, Oxford.)



Rogers, 1985) do conform to the animal splice consensus sequences
(Mount, 1982; Brown, 1986a). Plants do not possess the pronounced
polypyrimidine tract, upstream of the 3' splice site, as is observed in
vertebrates. However, plants do contain snRNPs similar to vertebrate
snRNPs (Krol and Ebel, 1983; Skuzeski and Jendrisak, 1985; Kiss et
al., 1985). Brown (1986a) reported that the putative plant branch
point sequences were very similar to vertebrate sequences.

This similarity between vertebrate and plant intron consensus
sequences was not simply coincidence. In HeLa cells extracts, Brown
et al. (1986b) found that introns from the wheat amylase gene were
accurately processed while introns from the pea legumin gene were
not. This was the first report which compared the processing of
different monocot and dicot introns in an animal system. Barta et al.
(1986) showed that human growth hormone pre-mRNA was not
processed in transgenic tobacco or sunflower callus tissue. V. van
Santen and Sprinzl (1987) showed the accurate splicing of two
monocot transcripts, maize bronze and oat phytochrome type 3, in
HeLa extracts. That same study also found a result similar to Brown's,
namely, a dicot transcript (bean phaseolin gene) was not processed
by HelLa extracts but was processed at low efficiency in intact
monkey cells. Further, van Santen and Sprinzl (1987) showed that
the intron 1 from human B-globin pre-mRNA was not spliced in
tobacco cells. Again, this demonstated that there are striking
similarities between vertebrate and plant splicing sequences, but
these two systems are by no means interchangable. It also supported
Brown's findings that monocot and dicot pre-mRNA's were processed
with varying efficiencies in HeLa extracts.
| Further studies (Wiebauer et al., 1988) suggested that plants
and animals had different modes of 3' splice site selection, probably
related to the reduced polypyrimidine tract near plant 3' splice sites.
This study also noted that in dicots and monocots, the % (Adenine +
Thymidine) differs at the intron/exon border, from 74.3/55.0 % and
58.7/42.7 % (A + T), respectively. This same % (A + T) at the
intron/exon transition regions was not seen in the vertebrate genes
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inspected. The author suggested that this change in nucleotide
composition may be important in plant pre-mRNA splicing.

As discussed above, there is no observable deviation from the
consensus splice and branch sites between monocot and dicot pre-
mRNA's. However, there seems to be a difference in percent
nucleotide composition. Keith and Chua (1986) reported that monocot
and dicot pre-mRNA's were processed with different efficiencies in
the one system tested, transgenic tobacco plants. In this case, the
wheat rbcS gene and the maize Adhl gene were not processed
correctly in tobacco. However, a dicot pea rbcS transcript was
processed efficiently in tobacco. These same constructs were not
tested in a monocot system. It is important to note that the studies
were done in different expression systems. Despite these system
differences, the same conclusions were indicated in each case. The
information from these studies demonstrated that monocot and dicot
introns were processed with different efficiencies in both plant and
HeLa extracts, dicot tissues did not process mammalian pre-mRNAs
and, in these particular cases, monocot introns (genes) behaved more
like mammalian transcripts than did dicot transcripts.

Gene Regulation at the Intron Level

Given that introns are present in the DNA of a great variety of
eukaryotic organisms the question of intron function must be
addressed. Are introns so ubiquitously present to simply act as
substrates for vestigial splicing and ligation of adjacent exons, or can
introns have a more important function? Can introns be involved in
'gene regulation and expression?

In the review, "On the Antiquity of Introns," Gilbert et al.
(1986) concludes by saying, "Only the genes of the slowly replicating
cells of complex organisms still retain the full stigmata of their birth".
This reference to the possible vestigial nature of introns in modern
genes may be correct in certain instances. In a study of Drosophila
introns, Bingham et al. (1988), reported that introns ranging from 54
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to 75 bases in length appear to have no additional functions, other
than to act as splicing substrates. However, this small sized class of
introns was not representative of all introns or their possible
functions. The inclusion of introns within a transcription unit may
have been an evolutionary advantage. Thus, selective pressure for
versatility and "resistance” to deleterious mutations may have
preserved introns in modern eukaryotic genes. In general, the ability
of an organism's splicing machinery to change efficiency of intron
splicing, splice site selection or avoid splicing altogether, thereby
changing the order of exons or by deleting large stretches of exon,
can have a large effect on gene expression (Greer and Abelson,
1984). In this manner, entirely new proteins can be expressed under
certain circumstances, or various changes in protein/gene expression
can be achieved.

Expression of genes containing introns can be regulated in an
"on/off" fashion. Bingham et al. (1988) demonstrated that "cell-type"
specific expression of the Drosophila P element was determined by
allowing intron splicing to occur in germ line cells but not in somatic
cells, leading to gene expression only in germ cells. Bingham also
showed developmentally regulated intron excision and subsequent
feedback regulation in the "suppressor of white apricot” locus
[su(w2)] of Drosophila. In this instance, the su(wa) protein negatively
autoregulates its production during postembryonic development by
repressing the removal of the first intron in the gene, thereby
creating "blocked", inactive transcripts. Another example of gene
regulation at the intron level is the transformed (tra) locus of
Drosophila. In this case, by selecting a different 3' splice site for the
tra intron 1, (a proximal site 76 bases from the 5' site or a more
distal site 247 bases from the 5' splice site), the sex of the embryo is
determined. In two of the examples above, su(w@) and tra , the
proteins produced by these transcripts have arginine and serine rich
carboxy-terminal domains (Chou et al., 1987; Boggs et al., 1987).
These regions are similar to proteins which tightly bind to
nucleotides, called protamines (Warrant and Kim, 1978), thus



providing a possible mechanism for gene regulation. Interestingly,
this same type of domain is present in the protein of the Ul snRNP.

In addition to gene regulation by certain intron splicing events,
regulation may be due to the sequences within the intron itself. Some
introns contain enhancer elements. True enhancers may be tissue or
cell type restricted, and are independent of position, orientation and
proximity with respect to the gene and its promoter. Enhancer
sequences were first noted in the early cap site of Simian Virus 40
(SV40) (Moreau et al., 1981; Banerji et al., 1981; Fromm and Berg,
1983a) and the histone H2A gene (Grosschedl and Birnstiel, 1980).
Enhancers affect gene expression by increasing the transcriptional
activation of a gene, not co- or post-transcriptional processing of the
transcript. Examples of enhancers within introns are found in the
murine immunoglobulin heavy (Gillies et al., 1983; Mercola et al.,
1983) and light chains (Spandidos and Anderson, 1984; Picard and
Schaffer, 1984), between the variable and constant regions of the
corresponding genes. Due to recombination events during B-cell
differentiation, certain promoters and genes are brought into close
proximity with an enhancer and are thereby activated to give
functional transcripts.

Intron Dependent and Intron Independent Gene Expression

Genes containing introns may be regulated in an intron
dependent or independent manner. In some cases, the introns may
be required for pre-mRNA stability. Buchman and Berg (1988)
demonstrated the intron dependent nature of the rabbit B-globin
gene in CVIP cells infected with recombinant SV40. The cDNA
derived B-globin clone was expressed at very low levels in infected
cells. When the B-globin intron 1 or 2 was "reintroduced" into the
clones, they observed a 400 fold increase in gene expression.
Through deletion analysis of the intron, it was deduced that the
actual sequences required for mRNA stabilization and subsequent
increase in gene expression, were located at the splice junctions. Even
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when the intron was reduced from 573 bases to 66 bases, splicing
and increased gene expression were observed. Only when the 5' and
3" splice junctions were changed did the activity drop to "no intron"
levels. Introns derived from SV40 would also increase B-globin
levels. However, intron additions failed to restore gene activity if
placed outside of the transcription unit, evidence that the introns did
not contain “enhancer" elements.

This work agrees with the findings reported by Hamer et al.
(1979a), in studies of other recombinant SV40 viruses. Brinster et al.
(1988) recently reported that introns increase the transcription rate
of genes that were introduced in transgenic mice. However, no
increase in gene expression was observed in cultures of mammalian
cells transformed with the same viruses. Buchman and Berg (1988)
also described the intron independent nature of the herpes simplex
virus thymidine kinase (tk) gene, a gene which lacks introns. The
addition of the rabbit B-globin second intron to constructs, containing
the B-globin gene and the zk promoter and polyadenylation
sequence, led to a 20 fold increase in B-globin expression. When the
intron was added to a construct containing both the B-globin and the
tk transcribed region, only a two fold increase in B-globin activity
was noted. This demonstrated that the sequence responsible for the
intron independent transcription was present in the tk gene coding
region.

Therefore, it appears that introns can play a major role in the
regulation of genes they are within and genes from proximal regions
of the genome. Introns inserted into foreign gene systems may also
have a regulatory influence under certain circumstances. However, as
indicated by these studies, a particular intron may not be equally
effective in all cell types. Factors influencing intron related
expression of a gene may include inefficient processing, incorrect
processing or failure to recognize splice sites in a particular cell
system.
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Gene Transfer Systems

Any reproducible gene transfer system can be very important
in the study of transient or stable gene expression in animal and
plant systems. Gene transfer systems can be grouped into 3 main
categories; biological, chemical and physical. Biological gene transfer
methods include Agrobacterium mediated Ti recombination (limited
to dicot species) (Bevan et al., 1983; Herrera-Estrella et al., 1983;
Fraley et al., 1984; Chee et al., 1986) and retroviral integration
(Hamer et al., 1979a; Mulligan et al., 1979). Chemical transfer
methods include the use of CaPOg4(Graham and van der Ed , 1973),
DEAE-Dextran (McCutchan and Pagano, 1968), polyethylene glycol
(Jonak er al., 1984) and liposome fusion (Fraley et al., 1980; Wong et
al., 1980; Machy et al., 1988). Physical gene transfer can be achieved
using laser micropuncture (Tsukakoshi et al., 1984; Tao et al., 1987),
microinjection (Graessmann and Graessmann, 1976), projectile
transformation (particle gun) (Klein et al., 1987), and electroporation.
All of these gene transfer methods can produce DNA damage or
mutations, low transformation efficiency or cell death. In plant
protoplast expression systems, electroporation achieves the highest
transformation efficiency and cell viability.

Many studies have used electroporation to transfer genes into
plants and animal cells. Zimmerman and Scheurich(1981) achieved
plant cell fusions by "manual” discharge electroporation. Neumann et
al. (1982) worked with fibroblast (mouse L cell) transformation and
Potter et al. (1984) utilized electroporation mouse pre-B
lymphocytes. Using such a capacitor system to ensure an even
discharge of electricity, investigators achieved transient expression
of genes in carrot and maize protoplasts. This same type of system
was also successful in mesophyll protoplasts of Avena, Zea, Vigna,
petunia, and amaranthis (Bates et al., 1983) and mammalian cells
(Howard, 1983; Gorman, 1982; G. Chu, 1987).

The quick, reproducible results achieved through
electroporation make it an ideal system for studying the effects of
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intron processing in native and chimeric genes. In plant cells, the
first electroporation experiments with chimeric gene constructs
utilized genes which lacked introns (Bevan et al., 1983; Herrera-
Estrella et al., 1983). In one study which did examine the effect of
introns, they found that the phaseolin gene (which contains introns)
was expressed in an intron independent manner (Chee et al., 1986).
Consequently, it was assumed that introns were not important for
plant gene expression.

However, recent studies have proven the importance of introns
in plant gene expression. Callis et al. (1987) showed normal
expression of the maize alcohol dehydrogenase (Adhl) gene in stable
maize transformants, but very low expression of a ¢cDNA derived
Adhl clone in maize protoplasts. By placing the Adhl intron 1 (one
of nine in the native gene) in the region between the promoter and
the coding region of the gene, gene activity was restored to levels
seen with the intact gene. In a chimeric gene, composed of the Adhl
5" promoter, the chloramphenicol acetyltransferase gene (CAT) and
the Adhl 3' polyadenylation region, gene activity was increased 100
fold upon addition of the Adhl intron 1. The same effect was seen in
intron-CAT chimeras containing the CaMV 35S promoter. Similar
results were seen with the intron from the maize Bronze 1 locus.

The discovery of introns has opened a whole new field of
investigation, the study of RNA processing. Introns are present in
almost all eukaryotic organisms and are important in gene
regulation. While some introns can increase gene expression due to
enhancers within their sequences, other interesting introns can
enhance gene expression merely by being correctly spliced. In plants,
certain studied introns can increase gene expression of foreign,
non-intron containing genes. Therefore, we may be able to use
introns to help selectively overexpress desired agronomic genes and
traits in important crop plants. A much more detailed study of intron
splicing is necessary.



This investigation will attempt to further illustrate the effects
of a dicot derived intron (soybean rbcS intron 1) on chimeric gene

expression in both a monocot (maize) and dicot (carrot) transient
expression system.
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Materials and Methods

Enzymes and Reagents, Restriction enzymes were obtained
from New England Biolabs (Beverly, MA.) or Bethesda Research
Laboratories (Gaithersburg, MD.) and used under conditions
described by the manufacturer. Enzymes used for creating
protoplasts were from Calbiochem (San Diego, CA.). Ligase buffer
containing ATP was obtained from International Biotechnologies, Inc.
(New Haven, CT.). Low melting Seaplaque agarose was obtained from
FMC Bioproducts (Rockland, ME.). Other agarose was obtained from
Biorad (Richmond, CA.), ultrapure reagents. Other chemicals were
from Sigma (St. Louis, MA.) and Difco Laboratories (Detroit, MI.). Lab
supplies, glassware and Type 57 Polaroid film were obtained from
VWR Scientific (San Francisco, CA.)

Starting Plasmids, The plasmids containing the desired
~ sequences were pSRS2.1 (rbcS construct; Berry-Lowe et al., 1982),

pZO19 (CaMV 35S promoter; Dietrich et al., 1987), pHS 3 (Brassica
heat shock promoter; Cannon et al., 1987) and pZO30 (no promoter-
multicloning site-CAT-Nos; Alfinito et al., 1987). Elements from all of
these were used to construct plasmids with either the CaMV 35S or
the Brassica heat shock promoter, a multicloning site, the
chloramphenicol acetyltransferase gene and the nopaline synthase
termination sequence. All of these plasmids were originally derived
from the ampicillin resistant plasmid, pUC19 (Yanish-Perren et al.,
1985); therefore all subsequent constructs are ampicillin resistant.
Accordingly, isolation and growth of recombinant bacterial colonies
were done in media supplemented with 50pg/ml ampicillin (Ampsg).

Preparation of Competent E.coli JM83, The protocol used for

JMB83 was an adaptation of the one described by Kushner (1978), see
Appendix 2 for protocol. Transformation of JM83 with recombinant
plasmids was also done as described by Kushner. Variations of this
protocol are also in Appendix 3.
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Small Scale Isolation of Plasmid DNA., Small amounts of plasmid
DNA (5 to 20 pug) were obtained using the alkaline lysis method of
Birnboim and Doly (1979). Ampicillin resistant colonies were
inoculated into 2 mls of liquid LB (Bertani, 1951) media,
supplemented with ampicillin (50 pg/ml), and incubated overnight
at 37°C with vigorous shaking. Changes from the above procedure
include a 15 min protein/chromosomal DNA precipitation instead of
60 minutes, followed by ethanol precipitation of nucleic acid from all
of the cleared supernatant. The plasmid pellet was resuspended in
50 ul TE (10 mM Tris-HCI, 1 mM EDTA), plus 0.5 pg/ul DNase-free
RNase A. The resulting plasmid DNA is suitable for restriction
enzyme digestion, electrophoretic analysis and further cloning
procedures.

Large Scale Isolation and Purification of Plasmid DNA. If large
amounts of a particular plasmid construct were needed, the colony
- corresponding to the DNA (prepared as above) which showed the
correct restriction digest pattern was inoculated into 500 ml of
"Terrific Broth" (Tartoff and Hobbs, 1987) supplemented with 50
ng/ml ampicillin in a 2 L flask and incubated overnight at 37°C, with
vigorous shaking. Plasmid DNA was extracted by the alkaline lysis
method, scaled up from method of Birnboim and Doly (1979), except
solution 1 contains 20 mg/ml lysozyme instead of 2 mg/ml. The
plasmid pellet was resuspended in 3 ml of TE then purified in a
cesium chloride/ethidium bromide density gradient, underlayering
method, as described by Garger et al. (1983). A Beckman L8-80M
ultracentrifuge and Ti80 rotor were used (Beckman Instruments,
Palo Alto, CA.). The resulting band of plasmid DNA was pulled from
the quick-seal ultracentifuge tube by side puncture with an 18 gauge
needle and syringe. Three volumes of TE were added, the mixture
was quickly extracted to clarity with TE saturated isoamyl alcohol
and precipitated with 2 volumes of 100% ethanol at -20°C. No extra
salts were added. The purified plasmid was resuspended in 1 mi of




TE. This method can produce up to 12 mg of pure DNA measured by
absorbance at 260 nm, on a Beckman DU Spectrophotometer.

Agarose Gel Electrophoresis, To resolve DNA fragments larger

than 500 basepairs in length, samples were electrophoresed in 0.8%
agarose gels in 1xTAE buffer (0.04 M Tris-acetate, 0.001 M EDTA) at
5 V/cm. The EPS-250 mini power supply (American Bionuclear,
Emeryville, CA.) was used under constant voltage. Fragments smaller
than this were electrophoresed in 2% agarose, 1xTBE buffer (0.1 M
Tris base, 0.001 M EDTA, 0.08 M boric acid), at 8 V/cm. The
corresponding percent low melting Seaplaque agarose was used for
isolation of these fragment sizes for cloning purposes. DNA samples
were loaded into wells in 10-15 pl TE and type 2 loading buffer, as
described by Maniatis et al. (1982, pg.160). Samples prepared for
restriction analysis were electrophoresed with 1 pg/ml of ethidium
bromide (Sharp, 1973) in the running buffer and photographed
under ultraviolet (UV) light. Samples to be isolated for cloning were
briefly stained in running buffer and 1 pug/ml ethidium bromide
after electrophoresis, photographed in UV light (using a short wave
UV protective screen under the gel) and appropriate bands were cut
out of the gel with a scalpel.

Ligation and Transformation, Cloning techniques were as

described by Maniatis et al. (1982) and the International
Biotechnologies, Inc. catalog (1986-87). All ligations containing the
desired fragments, isolated in low melting Seaplaque, melted at 55°C,
were brought to a final volume of 50 pl and incubated overnight at
25°C. The ligation reaction was transformed into competent E, coli
JM83 the following day.

Construction of Promoter Constructs, See Figure 2 for outline of

cloning scheme. All of the promoter plasmids were based on pZO030.
pZ0O30 was cut with Sst I (an isoschizomer of Sac I) and treated with
bacterial alkaline phosphatase (BAP) to prevent ligation of the 5'
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Promoter Cloning Strategy

pZ019 (CaMV 35s promoter) PHS 3 (Brassica Heat Shock promoter)
digest with Hindlll + Pstl digest with Bglli

isolate 444 bp fragment isolate 1545 bp fragment

on 2.0 % Seaplaque on 0.8 % Seaplaque

\/

blunt overhangs with T4 polymerase

ERR | add Sacl linkers, cut with Sacl
CaMVv 35s l

ligate each promoter into Sacl, BAP'd pZ030

nZ0219
pZ0219 reverse
pZ0210
pZ0210 double

Figure 2. The promoter cassettes were constructed following this strategy.
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overhangs left by the Sst I cut. The CaMV 35S promoter was isolated
by gel electrophoresis from pZO19 on a Hind III/Pst 1 restriction
fragment (444 base pairs). The Brassica heat shock promoter was
isolated from pHS 3 on a Bgl II restriction fragment (1545 bp). The
two promoter fragments were then polished with T4 DNA
polymerase as described by Maniatis (1982, page 394). 5xTA buffer
(O'Farrell and Weissman, 1981) was used in blunting reactions.
Phosphorylated Sac I linkers were then ligated to the blunt ended
promoters (1:50 linker to fragment picomole end ratio) with T4 DNA
ligase. Although Maniatis recommends allowing blunt end ligations to
react for 2 hours, the method used required only 30 minutes at 37°C
with the ligase buffer from International Biotechnologies Inc. The
above fragments were cut with Sac 1 and ligated into the pZO30 cut
with Sst 1. Large amounts (1-12 mg) of these promoter constructs
were purified.

tion of Intron Inserts in Promoter n Desired
intron fragments were cut from pSRS2.1 and isolated in 2.0%
Seaplaque. Bam HI linkers were added to the ends of the intron
fragments, which were then subcloned into the Bluescript KS+ vector
(Stratagene, San Diego, CA.). Transformed colonies were digested with
appropriate restriction enzymes and analyzed by gel electrophoresis
to determine if the correctly sized intron fragment had been
inserted. The desired fragments were then ligated into each of the
promoter plasmids (digested with Bam HI and treated with bacterial
alkaline phosphatase). JM83 cells were transformed with the
resulting intron constructs. Transformed colonies containing plasmids
with the correctly sized Bam HI intron fragments were grown in TB
Ampsp and plasmid DNA was isolated, see Figure 3.

Bacterial Freezer Stocks, Small portions of each 500 ml
bacterial culture, from which the cloned plasmids were isolated, were
diluted in an equal volume of sterile freezing media (Schleif and
Wensink, 1981) and transfered to freezing vials. The samples were




Intron Cloning Strategy

| | \\\\\\\\\\\\\\\\\ NN l |
AMMMRRnsas

he Rsa Sph

Nhe-Bal 82 Nhe-Xmn

Rsa-BalC1 Rsa-Xmn C2

Sph-Bal D1 _ Sph-xmn D2

Figure 3. The above fragments were subcloned into the Bluescript KS+
vector with the addition of BamHI linkers. Fragments were then cloned
into pZ0210, pZO210double, pZ0219 and pZO219reverse in the BamHI site
of the 5' untranslated leader of the CAT gene.
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rapidly frozen in liquid nitrogen and stored at -80°C.

Carrot and Maize Cell Line Maintenance, The carrot cell line,
Redwood City wild carrot (RCWC) was supplied by Joe Ecker, Stanford
University and was passaged by diluting 1:10 into sterile carrot
suspension media (500 mls; 1 x MS salts (Murashige and Skoog,
1962), 0.5 mg nicotinic acid, 0.5 mg pyridoxine HCI, 0.5 mg thiamine,
50 mg inositol, 50 Hg 2,4-D , 15 g sucrose, pH=5.8) every 7 days. The
maize cell line (BMS, Black Mexican Sweet ), was diluted 1:1 in sterile
suspension media (500 mls; 1 x MS salts, 10 g sucrose, 65 mg
asparagine, vitamins as above, 100 mg inositol, 1 mg 2,4-D, pH=5.8)
twice a week. Carrot cultures were grown at room temperature on a
shaker table. Maize cultures were maintained at 28°C, shaking.

Protoplast Production. Protoplasts were produced from carrot
cultures four days after transfer to fresh media. Corn cells were used
. three days after transfer. Desired volumes of carrot or corn
suspension cultures were gently centrifuged (1000 pm, 162 g for 3
minutes). Supernatant was aspirated and appropriate enzyme
solutions were added. Carrot enzyme solution (1% cellulysin, 0.5%
hemicellulase, 0.4 M mannitol, 50 mM CaCl, 10 mM NaAc, pH=5.8,
filter sterilized, 2 KUm) was added to equal the initial volume of
suspension culture. Corn enzyme solution (1% cellulysin, 0.5%
hemicellulase, 0.02% pectinase, 0.5% BSA w:v, 0.5% beta
mercaptoethanol v:v) was used at 5 ml/g corn tissue. The
enzyme/cell combination was gently rotated at room temperature for
2 hours. The cells were then gently centrifuged and washed 3 times
with carrot cuiture media (500 mls; same as carrot suspension media
supplemented with 36.44 g mannitol) or maize protoplast buffer
(500 mils; 1 x Difco saits, 2 mg 2,4-D , 0.25 g glucose, 10 g sucrose,
31.9 g mannitol, PH=5.5). Cells were counted on a hemocytometer at
a 1:10 dilution (3 pl in 27 ul culture media). One 50 mi carrot
suspension yields up to 1.7x108 protoplasts. Corn cultures produce
from 1-1.5x107 protoplasts from one 50 ml culture.
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Electroporation. Electroporation was done in sterile 24 well
microtiter plates. The PG 200 Progenitor II (Hoeffer, San Francisco,
CA.) was used in conjunction with a 0.5 cm circular electrode. Carrot
protoplasts were electroporated at a concentration of 1-2 x 106 cells
per reaction. Corn cells were used at 0.5-1.0 x 106 cells/reaction.
Protoplasts were resuspended in culture media to give the above
desired cell concentration in 1 ml. Cells were split into 1 ml portions,
spun gently and supernatants were aspirated. The plasmid constructs
to be tested were prepared as follows. In a 1.5 ml microfuge tube, 30
ng of plasmid was added to 75 pl 2 M KCl. Approximately 860 pl
sterile culture media (pH=8.0) was vigorously added to DNA/KCl. The
resulting solution was gently mixed with the protoplasts, by
pipetting down the side of reaction tube. The entire mixture (should
be 1 ml, 30 pg/ml DNA, adjust with volume of culture media used)
was gently drawn into the pipette tip and transfered into a 24 well
microtiter plate. The electrode was dipped in ethanol, flamed and
then placed in the well containing the protoplasts and DNA, and the
electric charge was delivered, see Figure 4. Carrot cells were treated
with 250 V (500 V/cm) at 1200 uf for 100 msec for optimum cell
survival and activity. Corn cells were treated with 200 V (400
V/cm), 1200 uf for 100 msec. Duplicates of each sample were treated
as well as a "no DNA" control. After electroporation, the cells were
gently transfered to 100 mm x 15 mm sterile petri plates and 5 ml
culture media (pH=5.8) was added. The confluent cells were stored at
room temperature overnight.

_ Transient Chloramphenicol Acetyltransferase Assays, Assays
were done on cells one day after electroporation. The cells were
gently collected from the petri plate and pelleted in a 15 ml conical
bottom tube. The supernatant was carefully aspirated and repiaced
by 250 pl of sterile 250 mM Tris-HCl, 10 mM EDTA. The mixture was
then sonicated and heated at 65°C to disrupt the cell membranes,
releasing the transiently expressed chloramphenicol
acetyltransferase enzyme into the supernatant. Tubes were spun at
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Electroporation

30 pg plasmid DNA

-
+ -

12 x 16 0.5-1 x 10°
carrot protoplasts corn protoplasts

250V 200V

1200 pf 1200 pf

100 msec 100 msec
>. >.

Figure 4. Schematic representation of the electroporation process.

Electroporation is done in a 24 well microtiter dish under sterile
conditions.
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high speed (2800 rpm, 1272 g) for 5 min to pellet the disrupted cells.
The clear supernatants were removed and used for the assay. Similar
to the methods of Young ez al. (1985), to 200 pul supernatant the
following solution was added: 0.075 mg acetyl coenzyme A, 5 ug
purified chloramphenicol in 10 ul TE. This mixture was incubated at
37°C for 2 hours, then extracted with 400 Ml ethyl acetate. The ethyl
acetate fraction was completely dried in a Savant Speed-Vac (20-30
min) and resuspended thoroughly in 50 pl 25% acetonitrile in water.
The entire volume was loaded into a sample vial and analysed on the
HPLC.

HPLC Analysis of Transient CAT Activity. The instrument used
was a Hewlett-Packard 1090 liquid chromatograph. It was used in
tandem with the HP Thinkjet and HP 3396 integrator. The HPLC was
prepared as in Appendix 4. Run time was 9 minutes per sample and
could be left to run overnight. Sample of data print out is shown in
- Figure 5. Peaks are identified and quantified by the integrator. Total
percent acetylation was determined for each sample by adding the
percent acetylation in the 1-acetylated peak to the 3-acetylated
peak. This value was normalized to the control plasmid activity (no
intron, just the promoter cassette) by dividing the percent
acetylation by the control percent acetylation. This value denotes the
enzyme's relative activity in the intron constructs compared to the
control constructs. An acetonitrile solvent system was used to resolve
the peaks representing the various forms of acetylated
chloramphenicol. A reverse phase, C18, 3 cm column from Perkin-
Elmer was used (Pecosphere 3x3 CR).




Sample HPLC Data

* RUN # 2 SEP 1, 1988 16156187
START
3&.
iE
fS;;;=-' 3,269
3.913
STOP
RUN® 2 SEP 1, 1988 16156107
CAT ACETYLATION ASSAY
NORM-ARER
RT TYPE AREA WIDTH HEIGHT CAL#® %AREAR NAME
1.776 88 923884 .188 82083 1R 59,853 CANM
3.269 VP 98167 217 6914 2 5.842 1-AC CANM
3.913 PV 421784 .228 38846 3R 27.326 3-AC CAH
5.686 vv 107699 .232 7723 4 6.977 1,3-aC Cam

TOTAL ARER=1343%534
MUL FRACTOR=].0000E+008

Figure 5. Sample HPLC printout of an acetylated chloramphenicol
standard. The area and identity of each peak are given. In a test
situation, the percent of 1-Acetylated (Ac), 3-Ac and 1,3-Ac

chloramphenicol are added together then compared to the proper

control value to determine the relative CAT activity for that test

plasmid.
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Results

Plasmid Constructions

A series of plasmids were constructed to ascertain what effect a
dicot's intron would have on transient gene expression when inserted
into the 5' untranslated leader region of a reporter gene. In those
plasmids, the introns were placed in the 5' untransiated region so
that they would not change gene expression by interfering with the
coding sequence, but rather by putative stabilization and splicing
events in the pre-mRNA. For expression of a gene, plasmids must
contain at least a promoter, a gene and a polyadenylation signal.
Therefore, plasmids were constructed which contained the desired
promoters and intron fragments, the chloramphenicol
acetyltransferase (CAT) reporter gene and the nopaline synthase
(Nos) polyadenylation region. The Nos region has been used in other
studies (Dietrich e¢ al., 1987) and was shown to act as an efficient
termination signal. The CAT gene has also been used in similar
studies (Fromm et al., 1985; Ecker and Davis, 1986; Hauptmann et al.,
1987). The CAT enzyme is stable enough to remain active even with
fairly vigorous isolation techniques and shows little loss of activity
after one week of storage at -20°C (extensive review by Shaw, 1983).
Yet, the enzyme is sensitive enough such that smal] changes in
activity can be easily detected.

Promoters chosen for this study were the Cauliflower mosaic
virus 35S (CaMV 35S) promoter and a Brassica heat shock 80
promoter. Variations of the CaMV 35S promoter has been used in
numerous studies to express Plant genes at detectable levels (Odell et
al., 1985; Odell et al., 1987; Pierce et al., 1987; Dietrich and Walbot,
1988; Silva et al., 1988; Fang et al., 1989). This promoter gives high
activity in carrot and maize. The Brassica heat shock promoter was
used in this study to compare its activity to the CaMV 35S promoter
and as an example of a plant promoter used to express genes in a
plant system. As a control point, both promoters were positioned the
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same distance from the CAT gene, see Figure 6. Constructs with the
CaMV 35S promoter were designated "pZ0219" (promoter positioned
in the expressed orientation with respect to the CAT gene) and
"pZ0215reverse” (promoter in the reverse orientation). The term
"expressed” indicates that the TATA box within the promoter is
positioned 25 to 30 nucleotides from the reporter gene. "Reverse"
indicates that the promoter is flipped, so the TATA box is at the
distal side of the promoter, at some rather large distance from the
reporter gene and on the opposite strand of DNA. If the promoter is
in the reverse orientation, transcription will not occur and no gene
expression can be detected. The plasmid, pZO219reverse and its
intron containing derivatives gave no gene activity as expected and
therefore, act as background controls for transient CAT expression
assays. The plasmids containing the heat shock promoter were
designated "pZ0210" (promoter in expressed orientation) and
"pZ0210double” (two promoters, both in the expressed orientation).
No clone was isolated which contained the Brassica promoter in the
reverse orientation. The double Brassica promoter behaves the same
as the single pZ0210.

Once the promoter cassettes were constructed, various
fragments of the soybean rbcS intron 1 and the surrounding exon
sequences were inserted in the same site in each of the respective
promoter cassetttes, as previously described in Figure 3. The desired
intron fragments were isolated from pSRS2.1 (Berry-Lowe et al.,
1982), BamHI linkers were added and the resulting intron pieces
were cloned into the promoter cassette BamHI site. Figure 7
illustrates the varying 5' and 3' exon lengths which were left on the
intron fragments. These exon sequences were included to assure
that the natural splice site remained and to observe any differences
in transient gene expression due to the more distal exon regions. The
introns were designated B1 (32 bp 5' exon , 7 bp 3'exon), B2 (32 bp
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Promoter Cassettes

pZo219
4187 bp

A\ Heat shock promoter
gASxpressed orlantation

pZo210
5288 bp

Sacl

H

Smaj

5

Sall

£

Figure 6.

Promoter cassettes were constructed which

PZO219 rev.
4187 bp

NOS
=

‘. heat shock promoter
G oxpressed oreniation

p20210double

; soeond heat shock promoter
expressed orientation

contained the

CaMV 35S promoter or a Brassica heat shock promoter, the CAT gene

and the Nos termination region. Note,

into the Sac I site.

all promoters were inserted



Intron Fragments

soybean rbc S INTRON 1 PSRS2.1

32 13 3 7 26
O e 22NN s B

cxon exon

Nhe | Rsa ! Sph | 192 BP Bal | Xmn|

fragment length Including linkers

BY 243 el 0777777777222
B2 262 w7777 72—

c1 224 — 7777
c2 243 — 777777777 e

D1 214 ST
D2 233 YV 777772772777727277777 e

Figure 7. Intron fragments for cloning into promoter cassettes.
Note the changes in the 5' and 3' flanking exon sequences.
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5', 26 bp 3", C1 (13 bp 5, 7 bp 3"), C2 (13 bp 5', 26 bp 3'), D1 (3 bp
5, 7 bp 3') and D2 (3 bp 5', 26 bp 3'). The addition of BamHI linkers
to both ends of the fragment made it possible to isolate intron inserts
in both orientations. All of the intron containing plasmids which were
isolated, purified and tested for transient activity are shown in
Figure 8. Plasmids containing introns in the reverse orientation act as
negative controls with the assumption that splicing does not occur.
The reverse order splice junctions are not recognized by snRNPs and
are therefore not processed. The result of BamHI digests of the intron
containing plasmids is shown in Figure 9. These photographs of an
agarose gel demonstrate the various fragment lengths that were
inserted. To determine the orientation of the intron insert, each
plasmid was digested with Rsal, to reveal the unique banding
patterns for expressed and reverse orientations, as shown in Figure
10. Once intron containing plasmids were purified and characterized,
they were electroporated into carrot and maize protoplasts for

" analysis of transient CAT activity. Appendix 5 shows corn protoplasts
after electroporation.

Transient Assay Results from Carrot Protoplasts

In carrot protoplasts, the insertion of the rbcS intron 1, with
various flanking regions, had an overall negative effect on transient
CAT activity, see Figure 11. In fact, due to the nondetectable levels of
gene activity in carrot when introns were present in pZO219reverse,
pZ0O210 and pZO210double, the results of those constructs are only
presented in Figure 11. The following results pertain to the intron
containing plasmids based on pZ0219 (CaMV 35S promoter). Introns
in the reverse orientation reduced the activity more than the
corresponding intron in the expressed orientation. The plasmid
containing the largest intron fragmeni (B1) caused an 86% drop in
activity, compared to control levels (no intron present). Changing the
5' flanking region of the intron from 32bp to 13bp (comparing Bl to
C1) reduced relative activity by another 45%. Further truncation of
this region from 13 bp to 3 bp (comparing C1 to D1) caused another



promoter cassettes

RbcS Intron 1 Constructs

intron fragments inserted

p20219 exp exp exp exp

reverse rev rev

020210 exp exp exp oxp
rev rev

020210 exp SKp SXp

double

Figure 8. Plasmids isolated and used for electroporation into carrot
and maize protoplasts. Orientation of intron insert is indicated by

"rev" or "exp".
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Figure 9. Bam HI digests of 1.5 pg intron containing plasmids. Digest
shows linear vector of 4187 bp pZ0219 and pZO219reverse, 5288 bp
pZ0O210 or 6833 bp pZO210double and a linear intron fragment. Refer
to figure 7 for expected size of intron fragments. Gel system was 2%
agarose in 1 x TAE, stained in 1 pg/ml Et/Br.

lane 1 BRL 1 kb ladder lane 15 BRL 1 kb ladder
2 pZ0219 Blexp 16 pZO0219rev B2rev
3 " Blrev 17 " Clexp
4 " B2exp 18 " Dlexp
5 " B2rev 19 pZ0210 Blexp
6 " Clexp 20 " Blrev
7 " C2exp 21 " B2exp
8 " Dlexp 22 " B2rev
9 " D2exp 23 " Clexp
10 " D2rev 24 " Dlexp
11 pZO219rev Blexp 25 pZ0210dbl Blexp
12 " Blrev 26 " B2exp
13 " B2exp 27 " Clexp
14 BRL 1 kb ladder 28 BRL 1 kb ladder

BRL 1 kb ladder

fragment: 1 2 3 4 S 6 1 8 9 10
size (kb) : 12.2 11.2 10.2 9.16 8.14 7.13 6.11 5.09 4.07 3.05

11 12 13 14 15 16 17 18 19 20
2.04 1.64 1.02 0.52 0.51 0.39 0.34 0.29 0.22 0.20

21 22 23
0.15 0.13 0.08
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Figure 10. Rsal digests of 1.5 pg intron containing plasmids. Digest
shows characteristic banding pattern which distinguishes expressed
from reverse orientation of the intron fragment. Gel system was 2%
agarose in 1 x TAE, stained in 1 pg/ml Et/Br.

expected bands from pZ0219 expected bands from pZ0210
and pZ0219 reverse, bp/band and pZ0O210double, bp/band
expressed reverse expressed reverse
2134 2134 2379 2379
698 698 1776 1776
663 663 663 663
538 538 538 538
373 233 373 233
26 166 26 166
23 23
lane 1 BRL 1 kb ladder lane 15 BRL 1 kb ladder
2 pZ20219 Blexp 16 pZO219rev Blrev
3 " Blrev 17 " Clexp
4 " B2exp 18 " Dlexp
5 " B2rev 19 pZ0210 Blexp
6 " Clexp 20 " Blrev
7 " C2exp 21 " B2exp
8 " Dlexp 22 " B2rev
9 " D2exp 23 " Clexp
10 " D2rev 24 " Dlexp
11 pZO219rev Blexp 25 pZ0210dbl Blexp
12 " Blrev 26 " B2exp
13 ! B2exp 27 " Clexp
14 BRL 1 kb ladder 28 BRL 1 kb ladder

BRL 1 kb ladder (see figure 9 for band sizes)
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Carrot Transient Assay Results

Construct . %_Acetylation Rel, CAT Activity # reps
pZ0219 21.3+21.3 1 7
Blexp 2.2+2.2 0.144 +0.09 6
Blrev 0.22+0.22 0.01 = 0.003 3
B2exp 0.80+0.71 0.049 £0.03 3
B2rev 0.12+0.21 0.004 = 0.35 3
Clexp 1.8 £1.8 0.08 <+ 0.038 3
C2exp 0.70£0.68 0.031 £0.015 3
Dlexp 0.77£0.77 0.028 £0.14 3
D2exp 0.29+0.19 0.052 £0.02 3
D2rev 0.19£0.19 0.007 £0.007 3
pZ0219rev. 0.37+0.36 0.003 £ 0.003 3
Blexp 0 0 2
Blrev 0 0 2
B2exp 0 0 2
B2rev 0 0 2
Clexp 0 0 2
Dlexp 0 0 2
pZ0210 < 21.31 <1.0 2
Blexp 0 0 2
Blrev 0 0 2
B2exp 0 0 2
B2rev 0 0 2
Clexp 0 0 2
Dlexp 0 0 2
pZ0210Dbl. < 21.31 <1.0 2
Blexp 0 0 2
B2exp 0 0 2
Clexp 0 0 2

Figure 11. Relative CAT activity of constructs electroporated into carrot
protoplasts. All activities are relative to the non-intron control, pZ0219.

# reps (repetitions) indicates number of protoplasts batches tested. Within
each batch of protoplasts the constructs were tested in duplicate.



65% drop in activity. Overall, reducing the 5' flanking region caused a
97% drop in CAT activity. Changes in the 3' flanking region had
different results.

In carrot, increasing the 3' flanking exon region from 7 bp to
26 bp, (comparing B1 to B2, C1 to C2, and D1 to D2 in Figure 11)
caused a decrease in relative activity except in the case of the D2
construct. Although its CAT activity is only 5% of the control activity,
it is higher than the comparable D1 constructs activity.

Generally, inserting the variations of the rbcS intron 1 into the
5' untranslated leader of the CAT gene caused a drastic decrease in
CAT activity (Figure 12).

Transient Assay Results from Maize Protoplasts

The effect of the rbcS intron variations in maize was quite
different from the results in carrot. Instead of causing a decrease in
- activity, some of the constructs increased the CAT activity, see Figure
13. Introns in the reverse orientation were just as deleterious to CAT
activity as they were in carrot.

Insertion of the largest intron fragment (Blexp) into pZ0219
caused a nine fold enhancement of CAT activity above control levels,
see Figure 14. The constructs with the shorter 5' exon sequences led
to decreases in activity down to control levels, seen in pZ0219 Clexp,
and then below control levels pZ0219 Dlexp.

Increasing the 3' flanking region in maize protoplasts followed
the same pattern as carrot CAT activity. In comparable constructs
(B1 and B2, C1 and C2), increasing the 3' flanking region from 7 bp to
26 bp caused a decrease in activity. However, in the D2 construct, the
CAT activity was enhanced three fold over control levels. This is
much greater % increase in activity than was seen in carrot with this
same construct.

Therefore, insertion of the rbcS intron enhanced CAT activity
significantly above control levels. Further reductions in the 5' and 3'
flanking regions did cause a decrease below the enhanced level,
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Relative CAT Activity in Carrot Protoplasts

1.2+
1.0

Rl
0.8
0.6-
0.4

. 0.114
02 0.08 0.052

0.049 0.031 0.028
1 0.01 0.004 0.007
V/

0.0

pZO219 Blexp Birev B2exp B2rev Clexp C2exp Diexp D2exp D2rev

Construct #

Figure 12. Relative activity of pZ0219 and its intron containing
derivatives, in carrot. All activities are reported as relative to

pZ0219,



Construct #

pZ0219
Blexp
Blrev
B2exp
B2rev
Clexp
C2exp
Dlexp
D2exp
D2rev

pZ0219 rev.
Blexp
Blrev
B2 exp
‘B2rev
Clexp
Dlexp

pZ0210
Blexp
Blrev
B2exp
B2rev
Clexp
Dlexp

pZ0210Dbl.
Blexp
B2exp
Clexp

Maize Transient Assay Results

%_Acetylation Rel, CAT Activity

1.85%1.65
21.25+19.95
2.16£2.14

0.48+0.05

0.025+0.05

0.295+0.015

0.195£0.015
0.025+0.05
1.0£0.27
0.07x£0.05

COO0OOCOO O

< 1.85

o

OO CO

< 1.85

0.23+0.08
0
0

1.0
929 + 0.3

0.65 +£0.545
1.8 + 043
0.07 + 0.04
0.836+0.15

0.69 *+ 04

0.07 = 0.03

29 £ 0.7

0.127+ 0.05

COOOC OO O

=
=

COO OO CA

<1.0

0.12 + 0.07
0
0

3
(a2 SO I OO N o I ST S B N NN NN NWWLWW E

NN
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Figure 13. Relative CAT activity of constructs electroporated into maize
protoplasts. All activities are relative to the non-intron control, pZ0219.
# r1eps (replicates) indicates the number of protoplast batches tested.
Within each batch, duplicate reactions of each construct were done.
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Relative CAT Activity in Corn Protoplasts

10 1 9.29

Relative Activity

PZO21S Blexp Birev B2exp B2rey Clep C2ep Diep D2exp D2rev

Construct #

Figure 14. Relative activity of pZ0219 and its intron containing
derivatives, in maize. All actvities are reported as relative to pZ0219.
Note enhanced activity with B1 exp, B2 exp and D2 exp intron

inserts.
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except in the D2 construct. A similar increase in CAT activity in maize
was noted upon addition of a maize Adh 1 intron to DNA cassettes
(Callis et al., 1987).

These results are consistent with the observations of other
investigators that dicot introns are not processed as efficiently in
dicots as they are in monocots. Alternatively, the negative effect on
transient gene expression could be due to residual exon sequences
still present in the 5' untranslated region after the splicing of the
introns, rather than due to a lack of efficient processing. Preliminary
evidence from studies in progress, suggest that maize protoplasts are
capable of splicing introns in plasmids similar to the ones used in this
study (R. Sinibaldi, personal communication). There is yet no
evidence of splicing occurring in carrot protoplasts.



Discussion

There are many different factors which could effect the CAT
gene expression when an intron is present, as seen in the transient
assays in both carrot and maize. All splicing processes occur in the
nucleus. Yet, the changes in CAT expression in intron-containing
plasmids observed in this study may be due to altered transcription
or translation.

One of these factors is the 5' untranslated leader present in the
constucts used for this study. 5' untranslated leader sequences have
been shown to stabilize some transcripts by ribosomal interaction
(Belasco, 1985) and destabilize others (Piechaczyk et al., 1985;
Rabbitts et al., 1985). As presented in this project, if an intron is not
spliced out of the transcripts in carrot or maize, the 5' untranslated
leader effectively increased from approximately 30 nucleotides
(including the multicloning site) to 280 nucleotides. This would
increase the distance from the TATA box to the coding sequence of
the CAT gene and could result in errors in transcription or errors in
translation (interference with ribosome binding), both of which
would lead to an overall decrease in detectable CAT activity. The
increased leader length could have a positive effect, as well.
Constructs containing longer leader sequences have shown greater
transient gene activity in maize protoplasts than constructs which
had shorter leaders (Pierce et al., 1987; Dietrich et al., 1987). The
exact function of these leaders has not been determined. However, 5'
untranslated leaders probably do not protect downstream regions of
a transcript from RNase activity because RNases usually degrade in
the 3'-5' direction, not 5'-3'. There is no recognized consensus
sequence which represents a "good" leader. However, the length of
the leader sequence has been shown to have some effect on transient
CAT expression (Pierce et al., 1987; Dietrich et al., 1988). The effect
of leader length may not be as important as the actual
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sequence within the leader, as supported by studies on the TMV Q
leader (Gallie et al., 1988). Because specific sequences may be
important, extra sequences introduced during cloning may result in a
"bad" leader, thus decreasing gene activity.

Another factor which could change CAT activity is the possible
formation of a fusion protein, translated from an in-frame ATG
within an unspliced intron or remaining exon sequence and upstream
of the true ATG in the CAT gene. The creation of fusions has been
used to stabilize some otherwise unstable proteins (Jefferson et al.,
1987) and can destabilize others. The addition of amino acids coded
by the intron sequence may further stabilize the already relatively
stable CAT enzyme. In intron-containing constructs in the expressed
orientation with 26 nucleotides of 3' exon (B2, C2 and D2), there exist
two in-frame start codons within the intron and one in-frame start
codon in the 5’ exon sequence. The construct containing the D2 intron
fragment had only three nucleotides of 5' flanking exon and
therefore did not contain the exon start codon. However, in this same
reading frame, there were four stop codons in the intron and two in
the 5' exon sequence. Thus, constructs containing B2, C2 and D2
intron fragments could not generate fusion proteins whether splicing
occured or not. Intron constructs with seven nucleotides of 3' exon
(B1, C1 and D1) contained three in-frame start codons in the intron
and one within the 5' exon sequence. The D1 containing constructs
did not have the 5' exon start codon. Once again, these constructs also
contained three stop codons within the intron, although none were
present in the 5' exon. All reverse orientation intron constructs did
not contain in-frame start codons and therefore had no chance of
'forming a fusion protein. Only in the case of Bl and C1 expressed
orientation constructs was the formation of a fusion protein a
possible cause of the changes seen in CAT gene expression.

Therefore, if splicing occurs with B1 or Cl constructs, the in-
frame start codon in the 5' exon sequence would have no in-frame
stop codon prior to the CAT start codon. If splicing occurs and
translation starts at that 5' exon ATG, 23 amino acids would have



been be added to the 254 amino acid CAT protein. If this happens,
we might expect a change in CAT expression from Bl or Cl
containing constructs. In fact, in both carrot and maize, plasmids
containing the Bl and Cl intron fragments gave higher activity than
the plasmids which contained the corresponding B2 and C2
fragments, in which fusion protein formation is not possible. This
activity could be explained if; 1) splicing did not occur, thus leaving
intact in-frame stop codons so a deleterious fusion protein was not
created, suggesting the increase in activity was due to the 5' leader,
or 2) splicing did occur and a more stable fusion protein was made.
The second option could explain what is occurring in maize, where
we knew certain introns are removed by splicing and where we
observed increased gene activity.

Could secondary structure change CAT gene expression? To
examine this possibility, the sequences of the intron fragments were
analyzed by a computer program to determine if the intron and
flanking exon portion of the pre-mRNA could fold back on itself and
base pair within the CAT coding sequence. The secondary structure
formed might then interfere with CAT gene expression.

If splicing were possible in a particular protoplast type, it
would have occurred by the time the CAT coding sequence was fully
transcribed (Beyer and Osheim, 1988). For this reason the flanking 5'
and 3' exon sequences which would remain after splicing were
analyzed. Using the IntelliGenetics version 5.1 Sequence program
(aligned by Needleman-Wunsch algorithm; IntelliGenetics, Inc., Mt.
View, CA)), it was determined that no region longer than seven
consecutive nucleotides within the remaining exon sequences of the
cloned mRNA could have base paired with sequences in the CAT
gene. Therefore, after splicing, the mRNA probably could not fold
onto itself to form stable secondary structures which would interfere
with translation of the CAT gene.

If splicing did not occur, secondary structure could also form
between the intron itself (not just the residual exon sequences) and
the CAT message. Again, using IntelliGenetics, it was determined that
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no more than six consecutive nucleotides (all adenine and thymidine)
would be able to base pair between the tbcS intron 1 and the CAT
coding sequence. Therefore, there is a very low probability of
secondary structure formation and subsequent mRNA stability
and/or translational problems. If there were more potential base
pairs of secondary structure, this could have represented one
mechanism by which the mRNA was stable but translation did not
occur.

Thus far, this discussion has covered topics which could effect
CAT protein formation and stability at control points other than the
actual splicing event. It is known that inefficient splicing for
whatever reason can decrease gene expression (Keith and Chua,
1986). Within the CAT coding sequence there is an additional cryptic
3' splice site. Although the intron containing clones all had intact 3'
splice sites, the carrot or maize snRNPs may have been interacting
with the cryptic splice sequence. This aberrant splicing event would
Témove approximately 430 nucleotides of the CAT coding region,
including the normal translation start codon. Obviously, this would
have led to a drastic decrease in the level of detectable CAT enzyme,

Another study showed that clones containing only flanking
exon sequences in the 5' leader (as if the intron had been spliced out)
gave much lower activity than related clones which contained the
same flanking sequences and the intron (Callis et al., 1987). In
constructs similar to the ones used in this study, it has also been
shown that mutating the 3' splice site caused a large decrease in gene
expression (Silva et al., 1988). Together these studies suggest that
the splice event itself is important for gene expression, not only
leader sequences or internal intron sequences. Callis er al. (1987) also
demonstrated that an observed increase in CAT expression was the
result of an increased amount of mature mRNA in the cytoplasm of
protoplasts, not the result of increased translation. It is still not
known if the increase in Cytoplasmic mRNA was due to increased
rate of transcription, increased transport of mRNA to the cytoplasm
or improved stability of mRNA in the protoplast nucleus.
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Hamer et al. (1979a) demonstrated that in mammalian cells,
similar "intron dependent" increases in gene expression were not due
to increased transcription rate and that unspliced RNA did not
accumulate in the nucleus. This suggests that increased gene
expression was due to increased stability of the mRNA in the nucleus
and subsequent transport into the cytoplasm.

With these different factors in mind, possible explanations for
the results of this study are complex. Results in carrot and maize
will be discussed separately, keeping in mind the possibility of
splicing occurring or not occurring in each protoplast system.

The level of CAT gene expression due to intron containing
plasmids in carrot was at least ten-fold lower than non-intron
containing control levels. Constructs containing the maize Adh-1
intron have shown similar decreases in gene expression in carrot
protoplasts (Silva er al., 1988) and in other dicots, including tobacco
(Keith and Chua, 1986) and tomato (J. West, personal
communication). Concurrent studies have shown similar results with
constructs containing a Brassica heat shock intron, (data not
presented).

Carrot protoplasts express introduced genes more efficiently if
the 5' untranslated leader is relatively short (Dietrich et al., 1987).
Without an intron, pZ0219 has a 5' untranslated leader of
approximately 30 nucleotides and expresses enough CAT to
acetylate approximately 30% of exogenous chloramphenicol. This
value represents high expression of the CAT gene. However, upon
addition of an rbcS intron fragment, the CAT expression in carrot
drops to very low levels (as low as 0.02 % acetylation). If splicing of
the intron did not occur, the 5' untranslated leader would be
increased from the near optimal 30 nucleotides to 250 or more. This
increase in leader length may affect the stability of the mRNA
transcript or the translational efficiency. If splicing of the constructs
occurred in electroporated carrot protoplasts, the leader length
would include the 30 nucleotides of polylinker, plus the 5 flanking
exon regions, ranging from 10 to 58 nucleotides. Controls used in this
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project and others (Pierce et al., 1987; Dietrich et al., 1987)
demonstrate that even such a small increase in leader length can
reduce activity in carrot. Therefore, in carrot protoplasts, the positive
effects contributed by a 5' untranslated leader to mRNA stability,
processing and subsequent gene expression, are negated whether
splicing occurs or not. This may be the reason that all dicot species
tested with the rbcS intron fragments gave a similar decrease in gene
expression. Compared to the effects of the increased leader length if
splicing did not occur, the possible effects of fusion protein and
secondary structure formation are not as significant. The information
gained from this thesis and another study (Keith and Chua, 1988)
suggests that the results seen in carrot are due to inefficient
processing of the pre-mRNA from monocot and dicot sources. The
inefficient splicing in carrot may lead to increases in the 5'
untranslated leader and subsequently, drastic decreases in
detectable CAT gene expression.

The insertion of the first rbcS intron into CAT constructs in
maize protoplasts led to as much as a ten-fold increase in CAT
expression above non-intron control levels. Introns from the above
mentioned sources also cause a similar increase in gene activity
(Adh-1 and Brassica HS-1). This suggests that the origin of the intron
may not be the only important factor, but that correct splicing may
be equally important. Correct splicing of the Adh-1 intron in maize
protoplasts has been reported (Callis er al., 1987; R. Sinibaldi,
personal communication).

Assuming that splicing of the rbcS intron occurred, we can
essentially disregard the possiblity of secondary structure forming
between the exon sequences and the CAT coding sequence. The
possible changes in the 5' untranslated leader sequence does not play
as important a role in maize protoplasts as it did in carrot. This is due
to the increased transient gene expression in maize protoplasts with
constructs which contain longer leader sequences. The leader length
would be increased whether splicing occurred or not. If splicing
occurred, the 5' untranslated leader would be increased above the 30



nucleotides in control plasmids (pZ0219), to approximately 40 to 90
nucleotides in intron-containing plasmids. Unspliced transcripts
would contain leader sequences up to 290 nucleotides. This increase
might partially account for the enhanced gene expression in maize
protoplasts, as supported by Dietrich er al. (1987). While the
formation of a stable fusion protein may account for some of
enhancement seen in pZ0219 Blexp and Clexp, it does not account
for the unexpected 2.9 fold increase in pZ0219 D2exp, which is
unable to produce fusions.

Therefore, if we assume splicing occurred in electroporated
maize protoplasts, some of the observed increases in gene expression
may be due to slight increases in leader length and possible
formation of fusion proteins. However, these factors cannot account
for all of the enhanced activity. Evidence suggests that the splicing
event itself may be responsible for the increase in activity (Callis et
al., 1987; Keith and Chua, 1986).

In the case of maize and carrot, examples of a typical dicot and
monocot, the inclusion of introns within the 5' untranslated leader
causes very different results. In all dicots tested, the first intron
from the soybean rbcS reduced gene expression to almost
nondetectable levels. Although dicot species have just as many
introns within coding genes as other species, evidence from other
studies and the results of this project suggest that carrot protoplasts
may not process introduced introns efficiently. Inefficient processing
may negate the unknown positive effects of the splicing process and
the leader length, thus reducing gene expression.

In maize, the introduction of constructs that contained certain
intron fragments, enhanced the CAT gene expression up to ten-fold.
Evidence suggests that maize is capable of splicing several introns.
Because various introns also enhance gene expression in maize, we
know the internal intron sequence is not the only important factor,
but the splice event itself is just as important.
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Since the dicovery of introns just over ten years ago, we have
learned a tremendous amount about pre-mRNA splicing and other
processing events. Evidence presented in may studies, supported by
results in this project, suggest that the splice event itself may
enhance expression of certain genes. To determine what component
of the series of splicing events contributes to the enhanced
expression, many more studies will be necessary.
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Appendix 1.

Plant 5' splice consensus

Cs3
Ass G72 / Gigo Uwpo A70 Ass Ggs Usg
Assz .

Plant putative branch point consensus

5 4 3 2 -1 0 +1
U U C*

U R A Y
R R U

Plant 3' splice site consensus

Y70 Y69 Y71Y56 Yé6 Y60 Y61Y53Y56Y57Y78 R70 Y94 A 100 Gioo/ Geo

Appendix 1. Conserved sequence elements from plant pre-mRNA
introns. The subscripts denote the frequency of occurrence of the
consensus bases at each position, expressed as a percentage. (Brown,
1986). Y denotes a pyrimidine (C or T). R denotes a purine (A or G).
A * denotes much higher frequency.
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Appendix 2.

PREPARATION OF COMPEYENT CELLS

SOB medium

Bactotryptone . . . .. . . .. . 200
Bacto yeastoxtract. , ., . .. . 5¢
NaCl. . ... ccveevees.089
KC‘.-..............O.SG
dH20 to 1 liter sutociave separately

Add Just prior to use: 10md
1M MgCi2 « 1M MgSO4 (10mM final aach)
Sterilize by filtration through & pre-rinsed storile 0.22mm membrans fitter.

Trangfomubn buffer 1

Rwil'l..ll..l.."O‘zg

Mmh‘w.---.--..-ee’
potassium acstate , . . . . . . .30miof 1M stock, pH7.5

c:cna-szo..........zso
Gyearel. avvuennes.. 1509

dHzO to 1 ter
Adjust to pHS.8 with 0.284 scetic acid. Fliter steriiize.,

Transformation buffer 2

MOPS. ..o vuoeen...20mof0.5M stock (pH8.8 using NaOH)

' Rw-...-.....t.-..‘-gg
CaCiz2H20, . . v 00 o o4, 1100
.00".!‘...'.1m

- Glycerol
dHzO'to 1 ter
Filter steriize

1. Pick a colony from a glucose/minimal macium piste, and inoculzle 20mi of SOB In a sterifa S0mt
polypropylens centrifuge tube,

2 Incubate overnight at 37°C, with moderzte agitation.

3. Add 8mi of the overnight culiur to @ 2L flagk containing 200mi SOB. Incubata 2t 37°C with
modgrats agitation i 2n QD350 ~ 0.2,

4. coueamowmmhwmmwmummmmwmmm
salt-waier baiie. Leave on oo for 18 mimaes,

s, Peflet the calis by contrfugation at 3000 it @ for S minutes, &t 4°C. Drain peliet thoroughly.

6.  Resuspend the peliats gently by mid voriaxing of each in 16mi transiomnation butfer 1 (16md pae
S0mi of Inkisd culura). Incubats on ice for 1S mimsos. |

7. Penoeeensum&(aooozgmsmm’c).

8. Resespand the paiiet in a totsl of 16ms of transformation buffes 2 (4 per S0md inltial culture).
Store 22 4°C for no morg than a few hours betere usa.

9. mew.Mmcnwmmmmmmm Flash freeza by dropping into
liquid nitrogen untll frozen, and place in <7T0°C freezer. This will give 18mi of competen calls -

enough for ~ 50 plates.
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Transformation of E. coll

Use 1-100ng of DNA per 2001 competent cells (~equal amount of the ligated fragment solution).
Incubate the DNA plus competent cells on ice for 40 minutes.

Heat shock the solution at 42°C for 2 minutes (3 minutes when low melt agarose is used).

Add 10 fold amount of L-broth (1ml) and incubate at 37°C for 1 hour shaking.

Plate out 0.1m! of the resuspended culture at 1X, 0.5X and 0.01X onto selective medium plates.



Appendix 4.

Directiong for
Dr. Irv Mettler March, 24 1988

Set up HPLC/Integrator
1) check solvent reservoirs; millique water and acetonitrile

2) turn on helium gas, adjust flow as necessary

3) switch power on HPLC - press : [system on]
self test will execute
4) set injector size and time - press : [control] [enter]
maxinjvolume - 250 [enter]
time- hh mm ss [enter]

5) load method #1 - press: [load] [method] 1 [enter]
6) switch pump on - press: [pump on]
7) switch lamp on - press: [lamp on]

8) switch integrator and disc drive power on
‘ self test will execute, check paper supply

9) load integrator method: {load] [method] A:CAT [enter]
set time and date, type: Date mm dd yy [enter]
Time hh mm ss [enter]

Test HPLC/Integrator
10) test for baseline stability, sample separation, printout
a) place CAM standard vial in swing arm holder (#100)
b) press : [start] >>> (first and last via)=100 (# of inject.)=2

Begin Sequence Run of Samples

[enter]

11) flush injector - press : [inj wash] 1 [enter] wash injector for 5

minutes
return injector - press : [inj wash] 0 [enter]

12) load vials, check for orientation, center of rack.
13) reset run # on integrator, type: set runnum 1 [enter]

14) prepare injection sequence (HPLC) - press: [sequence]

Enter: meth #: 1 first vial : x last vial: y # of inject: 1 [enter]

start run : [start] [enter]

55



56




Appendix 5.

A. Corn protoplasts after introduction of plasmids by electroporation.

In protoplasts which are under stress, the cell organelles appear
clumped near one side of the cell. The organelles of unstressed
protoplasts remain centered within the cell. Stressed protopasts are
still functional and will express introduced genes.

B. Corn protoplasts after electroporaticn and treatment with
fluorescein diacetate (FDA). FDA fluoresces when it is cleaved by
esterases present in intact cell membranes. Therefore, cells which
fluoresce after treatment with FDA have intact cell membranes and
are probably viable cells. This is not a quantitative assay for cell
activity, but can indicate if a batch of protoplasts has been too
damaged for use in CAT assays.

These two photographs do not represent the same concentration of
protoplasts. Carrot protoplasts look very similar to corn protoplasts
but are slightly larger.
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