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ABSTRACT

Protein Purification and ¢cDNA Cloning of suGF1,
a Sea Urchin Nuclear DNA-Binding Factor

The upstream regulatory regions of ;1umerous genes contain contiguous deoxyguanosine residues
(G+C-rich sequences) which have been implicated in the regulation of gene expression, since they
may involve alterations in their DNA structure, the binding of G-string factors and in some cases even
the displacement of a nucleosome positioned over this area. A poly(dG).poly(dC)-binding protein
(suGF1) has previously been identified and purified on a small scale from embryonic nuclear extracts
of the sea urchin Parechinus angulosus (1, 2). suGF1 binds in vitro to the H1-H4 intergenic region of
the early histone gene battery, and the recognition site contains 11 contiguous Gs which are
incorporated into a positioned nucleosome core in vitro. suGF1 may be a member of a family of G-
string factors which could be involved in the developmental regulation of unrelated genes in various

organisms.

Prior to the commencement of this project no protein or DNA sequence information was available on
the protein. The main objective of this thesis was to obtain the cDNA and the primary amino acid
sequence for suGF1. Using this information, additional aims were to determine the developmental
distribution of the protein and obtain insight into the molecular basis of the regulatory function of

suGF1 by analysis of the primary protein structure and expression of the cDNA.

A large scale purification system was established to purify suGF1, essentially using affinity
purification. The purification procedure involved isolating nuclei from 14 hour sea urchin embryos
and extracting their nuclear proteins. These were fractionated by a combination of a phosphocellulose
ion exchange step and poly(dG).poly(dC) affinity chromatography, and finally SDS-PAGE. In total,
the purification yielded about 600 ng of suGF1 protein. The 57 kDa protein (about 300 ng) was
excised from a Coomassie stained gel and treated by enzymatic cleavage to generate peptides, three

of which were identified by mass spectral analysis.



The protein isolation and ¢cDNA cloning strategies were developed concurrently. Since the protein
sequence was only available towards the end of the project, extensive work was performed to obtain

the cDNA prior to the identification of the protein sequence.

The suitability of suGF1 as a candidate for the DNA-ligand screening approach was established by
characterising its DNA-binding specificity and affinity. A sea urchin recombinant DNA library
constructed in lambda ZAP was expressed in bacteria and protein replica filters were screened with
radiolabelled recognition site DNA containing multiple copies of the binding site. Several putative
cDNA clones which recognise the DNA-binding site sequence-specifically were detected after two
rounds of screening. These clones were further characterised by DNA sequencing and database
comparisons. Some of the clones have reading frames' which do not correspond to any previously
identified proteins in the database. However, despite extensive attempts to express these putative
positive c]énes in various expression systems, including bacterial systems, eukaryotic COS cells and
in vitro expression with rabbit reticulocyte lysate, no protein expression was obtained to enable

further characterisation of the clones, which were subsequently shown to be false positives.

During the course of the project, and prior to obtaining the amino acid sequence for suGF1, another
G-C-binding factor, SpGCF1, was isolated from the sea urchin Strongylocentrotus purpuratus (3).
Since the DNA-binding characteristics of SpGCF1 were very similar to suGF1, we predicted that they
may be homologous proteins. Degenerate PCR primers were designed to the cDNA sequence of
SpGCF1 to obtain a partial DNA sequence of a homologous protein in P.angulosus using genomic
DNA as template. The 2.1 kb full length P.angulosus c¢DNA homologue to SpGCF1 was obtained by
5’ and 3° RACE performed on cDNA prépared from total RNA isolated from P.angulosus embryos.
Finally, the mass spectral analysis of native suGF1 confirmed that the isolated cDNA codes for
suGF1 protein isolated from P.angulosus emBryos, and that suGF1 and SpGCF1 are indeed

orthologues.

Analysis of the primary structure of suGF1 shows that the full len'gth protein has a precise molecular
weight of 57.2 kDa, whereas SpGCF1 has a predicted molecular weight of 54.6 kDa. The difference
in molecular weights of the two proteins is mostly accounted for by the 27 amino acids difference in
their primary structure. Overall the pfoteins are 94 % similar on the amino acid level, and the highest
degree of conservation is retained within the respective putative DNA-binding domains. There is no
overall homology to any other proteins reported in the databases. The homology on the cDNA level is
84 % similar over a region of 1989 nucleotides, which includes the entire coding region of 513 amino

acids as well as some 5’ and 3’ untranslated sequence. The sequences of the two cDNAs are most
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diverse in the untranslated regions. The 5’ untranslated sequence of suGF1 does not contain any
characteristic consensus initiation signals, however at least two in frame stop codons precede the first
methionine in the predicted open reading frame. The 3’ untranslated region is very short and has no

distinguishing features.

suGF1 consists of several characteristic domains. The putative DNA-binding domain is situated
centrally in the protein and is strongly basic. It is closely associated with potential heptad repeats of
hydrophobic residues, which are also found in other regions of the protein. These repeats are
corhmonly associated with the leucine zipper class of DNA-binding proteins, as well as proteins
which adopt “coiled-coil” structures. The N-terminus of the protein is characterised by nine tandem
copies of a pentapeptide repeat (N/SVSMP), which is unique to suGF1 and SpGCF1 and to which no
function can be assigned yet. Another characteristic of the N-terminus is its high proline content,
which is associated with the activation domains of various other transcription factors. A third
prominent feature of the N-terminus is the presence of multiple methionine residues, which may act
as alternative initiation codons during translation. This is a common feature of genes which have

TATA-less promoters, and therefore lack strong initiation consensus sequences.

The expression of suGF1 from the isolated cDNA using rabbit reticulocyte lysate was shown by SDS-
PAGE to contain several translated products of approximately 57 kDa, 53 kDa, 49 kDa, 42 kDa and
39 kDa. The multiple protein products are present in a ratio of about 4 : 3 : 1:2: 2, and are consistent
with multiple translation start sites within the cDNA. Gel shift retardation assays of the in vitro
translated full length ¢cDNA showed the same characteristic protein doublet obtained with native
purified protein and nuclear extracts, and was also consistent with multiple protein products being
formed from several start sites within the cDNA. Gel shifts of the expressed suGF1 proteins from
truncat_ed cDNAs showed that the DNA binding domain is contained in the region of nt 760 - 1662,
and that the ability of suGFl to recognise its cognate DNA-binding site does not require
homodimerisation. RT-PCR showed that the mRNA transcript for suGF1 is present in eggs, 4 to 45

hour embryos, as well as adult testes and muscle tissue, however it is absent in ovaries.
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CHAPTER 1

Introduction

Investigations regarding the fundamental processes of development have been approached by the analysis
of gene control mechanisms, showing that the differential control of gene transcription depends on a
complex array of interactions within the cis-regulatory regions of the genes. These elements are
recognised and bound by sequence-specific DNA-binding proteins, which are of central importance to
transcriptional regulation and the deciphering of structural and regulatory information encoded in
genomes (4, 5, 6). Transcription factors initiate and control procedures such as transcription, replication
and site-specific recombination of DNA. The control functions are executed by the occupaﬁcy of target
sites, the interaction of transcription factors with one another and the basal transcription apparatus (7).
They determine the activity and specificity of enzymatic assemblies on DNA, by either activating or, in
some cases, repressing the initiation of the general transcription apparatus (8). These DNA-binding
proteins differ in their DNA-sequence specificities and in the way they themselves are regulated (9). For
instance, some transcription factors are activated in response to physiological stimulation (eg hormones),
whilst others are restricted to particular cell types or are expressed at certain stages of development only |
(10). Different combinations of these sequence-specific factors at specific target sites function to achieve

highly complex and unique patterns of gene expression.

1.1 Gene Regulation Via Transcription Factors Binding to G-C-Rich DNA

DNA sequénces containing characteristic homo(pur).(pyr) stretches, for instance G-*C-rich regions found
upstream of several unrelated eukaryotic genes, have been implicated in gene regulation (11, 12). Several
investigations have reported that G-binding factors (found in a variety of tissues and organisms) are able
to associate with these sequences (1, 3, 12, 13, 14, 15, 16). The relation amongst G-binding proteins, their
" biological significance with respect to gene regulation and the similarities amongst their DNA

recognition sites need to be established via structural and functional investigations. It has been proposed



that G-C-rich DNA sequences, and homo(pur).(pyr) stretches in general, may either function to stabilise
or hinder factor binding, and they could therefore act as conformational switches which are modulated by
DNA-binding factors (11, 12, 17, 18). G-C-rich sequences are able to form unusual DNA structures (such
as triple helices) in vitro. In general homo(pur).(pyr) regions are associated with the formation of unusual
DNA structures in vitro, depending on the length of the homopurine stretch, the chemical environment
and the degree of superhelical stress (19, 20). Another characteristic of these sequences is that they are
often nuclease sensitive in vivo, a feature which is closely associated with promoter and enhancer
functions, as a result of altered chromatin structure in the vicinity of actively transcribed genes (21).
These hypersensitive domains are thought to result from the disruption or displacement of nucleosomes

by transcription factors which bind sequence-specifically (22).

The molecular mechanisms whereby the transcriptional machinery can gain access to DNA is central to
gene regulation. The DNA of genes is wrapped around histone proteins to form nucleosomes and the
chromatin fibre. Chromatin structure is dynamic and can be altered during regulatory events (23), as
elucidated by the inhibitory effects of higher order chromatin structures on transcription, whilst nuclease
hypersensitive promoter regions (depleted of nucleosomes) are associated with transcriptional activity
- (24). This is exemplified by numerous systems, such as the yeast PHOS gene promoter (25) and the -
globin genes (26). Recruitment of the transcriptional machinery may directly result in nucleosome
remodelling (8). However there is also evidence that numerous genes code for proteins which are
required for regulation and normal transcription by functioning as activators or repressors. Some of these
factors can interact directly with nucleosomes to stabilise or destabilise them, thereby effecting their
function of repression or activation (27). Examples of candidate complexes which appear to mediate
factor loading on the DNA template include the SWI/SNF genes from Saccharomyces cerevisiae (28, 29)

and Drosophila melanogaster nucleosome remodelling factor (NURF).

Multiple transcription factors bring regulatory information to the gene and execute their respective
biochemical control functions by binding to DNA target sites, ancillary proteins and to the basal
transcription apparatus (30). The regulation of gene expression is executed via distinct cis-regulatory
regions (containing several transcription factor target binding sites) which have a modular organisation
(31). Individual modules (each with a specific and individual function) interact with each other, as well as
the basal promoter, in a variety of combinations to determine diverse spatial, temporal and quantitative

patterns of gene expression (5). Adaptor proteins or direct interactions of transcription factors may



mediate the intercommunication of distant regulatory elements (sometimes separated by several hundred
base pairs) by causing the intervening DNA to form loops. Direct evidence for DNA looping was first
obtained by electron microscopy in a bacterial system (32), and since then several observations have
confirmed these findings. DNA bending is another method which facilitates the communication between
distant regulatory elements situated at distant sites which can be correlated with stimulation of promoter

activity (33) and transcriptional initiation (34).

1.2 Examples of G*C-Rich Promoter Sequences

G-C-rich sequences have been identified in the regulatory domains of many different genes, in particuiar
several housekeeping genes appear to have homo(pur).(pyr) stretches which are S1 nuclease sensitive and
which are able to bind factors. Commonly, genes which possess multiple G*C-boxes in their 5° flanking

regions may have multiple transcription initiation sites and lack a TATA-box (35).

The c-myc promoter, whose transcriptional activity correlates with a change in chromatin conformation
(36) and is DNase I hypersensitive during transcription (37), has G-C-rich elements associated with
promoter activity. These elements are bound by several zinc finger proteins (such as Sp1 and Zif87) and,
together with their cognate proteins, function to regulate c-myc expression (38, 39). The type I collagen
genes are coordinately regulated, and they, too, have been associated with a change in chromatin structure
during transcriptional activity (40). The promoters of th_ese genes are highly conserved amongst
mammals (41), and it has been reported that G-C-rich elements may play an important role in enhancing
the activities of the mouse, rat and human coilagen gene proximal promoters (42, 43, 44). These binding
sites are targeted by different classes of DNA-binding proteins, some of which are likely to be ubiquitous
or cell specific transcription factors. Two G-binding factors (IF-1 (see section 1.3) and C-Krox (45)) have
been identified as binding to the collagen promoter. The ornithine decarboxylase gene (whose activity
regulates polyamine biosynthesis) is also highly conserved amongst human, rat and mouse (46). It
contains G-C-rich sequences in the region -345 to -93, which is critical to the gene’s expression. This
region contains five Spl sites, and binds multiple nuclear proteins whose cooperative interactions may
. regulate expression. For instance Sp3 is able to inhibit Spl-mediated trans-activation of the ornithine
decarboxylase gene (47), and it is thought that the ratio of the two proteins in the cell is critical in the

regulation of expression. The gastrin EGF response element (gERE) is a G*C-rich element with the target



site 5’-GGGGCGGGGTGGGGGG-3’. Spl is one of several factors which binds to this region, and it is
thought to function in the developing and neoplastic stomach (48). Further, the human multidrug
resistance (MDR1) promoter has two G*C-rich boxes in the 5’flanking region (-110 to -103 and -61 to -
43), which both modulate promoter activity but have functionally distinct roles. The -110 G-C-box
functions as a transcriptional “repressor” binding site, whereas the -50. G-C-box activates the basal
promoter activity via the binding of Sp1 (49). Other examples of genes which have G*C-rich elements in
their promoters include the luteinising hormone receptor (50), and the collagen II gene (51). This
promoter interacts with various nuclear proteins and contains regulatory elements which include two
G-C-boxes required for enhancer mediated transcription. A protein-mediated loop structure between the

promoter and enhancer is implicated in the regulation of transcription of the gene.

The globin genes (especially the -globin genes), have served as one of many model systems used to
study developmental gene regulation (26). The mammalian and chick globin gene families form clusters
of a— and fB-like genes on two distinct chromosomal loci. Their sequential expfession at distinct stages of
development is exclusive to erythroid cells. The strict expression pattern is controlied mainlyr at the
transcriptional level (26), although there is a complex regulatory interplay between far upstream regions,
promoters, 3’ flanking regions, as well as regulatory regidns within the genes themselves, which may be

mediated by transcription factors (52).

High level expression is probably controlled by regions far upstream (53), whereas tissue and stage
specificity is conferred by proximal gene control regions (54). The locus control region (LCR) is a
dominant control region located far upstream of the globin structural genes (~ 6 - 18 kb) (55)
characterised by four DNase I hypersensitive sites (HS 1, 2, 3 and 4) (53). It is thought that the
hypersensitive regions of the LCR interact sequentially with the individual globin genes as a unit or
‘holocomplex’ within the locus (56). Other HS activities include strong enhancer properties and a
chromatin opening function (53). The LCR represents domains of altered chromatin structure, possibly
due to the disruption or displacement of one or more nucleosomes by transcription factors (22, 57, 58),
which is reminiscent of actively transcribed genes. The precise arrangement and spacing of the binding
motifs present in the LCR (53, 59) affect DNA looping, which is mediated by transcription factors
binding to both DNA elements within each HS site and other proteins at more proximal elements (53).
DNA looping and protein-induced bending, and therefore proteins which function in the transcriptional

regulation of globin gene expression during erythrdid differentiation, may provide a mechanism whereby



multiple cis-elements (which are physically well separated along a stretch of DNA) can cooperate in thé
regulation of a downstream gene (60), possibly by direct interactions with the transcriptional machinery
(61). Similar to other genes, the globin gene promoters have numerous sequence motifs recognised by
various transcription factors, examples include the TATA motif, CCAAT, CACCC and GATA-binding
sites (62). The speculation that these proteins may interact to form higher order protein-DNA structures is
supported not only by the multiple occurrence of some regulatory sites in close association with each
other (eg CACCC and GATA-1 sites, or GATA-1 and YY-1 elements (63)) but also by the finding that
several protein-protein interactions occur amongst the associated transcription factors. For example
GATA-1 (a zinc finger protein erythroid restricted protein (64, 65)) can self-associate (63, 66) and
interact synergistically with other transcriptional activators (viz the Kriippel-like zinc finger protein
EKLF and Spl) to activate transcription (62). Other interactions include TAL1 / SCL and RBTN2 (67).
The process of gene switching may rely on the stable interaction between the p‘romotersi of individual
globin genes and specific subdomains of the LCR. These interactions are probably facilitated by protein-
protein associations amongst lineage specific, ubiquitous and / or stage specific factors, possibly resulting

in and stabilising DNA looping (62).

Numerous other factors whose precise role in erythroid differentiation is unknown have been identified.
Examples include Nuclear Factor-Erythroid 2 (NF-E2), a basic-leucine zipper which binds AP—i like sites
(52, 68), Nuclear Factor-Erythroid 4 (NF-E4) which functions by binding downstream of the {-globin
genes (69), and TAL1/SCL and RBTN2, which are required for normal erythroid development (70, 71,
72). More widely expressed factors which contribute to erythroid differentiation and development include
GATA-2 (73) and Yin-Yang-1 (YY-1) (74). Erythroid cells also have several members of Kriippel-like
factors, eg Spl, YY-1, EKLF and BKLF / TEF-2 (26). The Erythroid Kriippel-like factor (EKLF) is one
of several proteins which binds the CACCC motif (in general 5>~CCNCNCCCN-3), and is thought to be

involved in gene switching (75).

The chick adult B-globin gene promoter has been analysed extensively in an attempt to understand how
chromatin structure relates to gene transcription. The proximal promoter is characteriséd by a nuclease
hypersensitive domain (nt -260 to -60) (76) containing many small DNA elements which bind proteins. In
particular this domain contains a G-C-rich region of 16 - 18 consecutive G residues (77), which, in
supercoiled plasmids, is able to form unusual DNA structures (78). No functional role has been assigned

to this G-string yet, however, it is postulated to have a role in gene regulation and it could function in



vivo as a conformational switch to aid B-globin gene expression, since it is able to bind factors (eg BGP1,
see section 1.3). The G*C-rich region can undergo DNA conformational changes, and the displacement /
exclusion of a nucleosome is associated with this region, all of which are features associated with actively

transcribed genes (11).

‘1.3 Examples of G*C-Binding Proteins

A variety of transcription factors have been reported which bind to G'C-boxes, these include both
positive regulators and negative trans-acting factors. It is likely that various factors which have the same
or similar sequence specificity can interact with G-C-rich target sites to elicit different functions,
allowing flexibility in the regulation of transcription. Some examples of G*C-rich binding factors are

listed below.

The beta globin protein 1 (BGP1) is a‘well studied example of a G-binding factor which is thought to be
involved in globin gene regulation (see section 1.3 and (11)). It is a protein with a characteristic
molecular weight of 66 kDa, isolated from chicken erythrocytes. The minimum recognition sequence for
BGP1 is a G;-string (11), and its DNA-binding ability has an absolute requirement for zinc. Specifically,
the BGP1 binding site lies within the borders of the positioned nucleosome. The tissue-specific
expression of the chick adult B-globin gene correlates with the alteration in chromatin structure of the G-
string. While the gene is silent, a nucleosome is positioned over the G-string, however in the actively
ekpressed gene the nucleosome is absent and BGP1 binds to the G-string instead (11). More recent
evidence shows that BGP1 does not function to create a nucleosome-free promoter (69). BGP1 is a tissue
and developmental stage specific factor which has been implicated in gene switching, however there is no

evidence for its biological role.

Analysis of the various cis-acting elements in the mouse al(I) collegen gene promoter indicates that
several factors may be involved in the coordinate regulation of these genes (79). In particular, it was
shown that two transcriptional repressors, inhibitory factors 1 and 2 (IF-1 and IF-2), specifically bind to
segments which have strong promoter activity. The factor IF-1 binds to a Gy-string (similar to an Spl
target site) in the a1(I) and o2(I) collagen gene promoters, and is implied in mediating the developmental

~ regulation of the respective genes (14).



The human late histone H4 gene-specific transcription factor, H4TF-1, is a DNA-binding protein thought
to be involved in the promoter regulation of the histone gene H4 (80). Two H4 specific transcription
factors, viz H4TF-1 and H4TF-2, were co-purified using ion exchange and affinity chromatography.
HA4TF-1 potentiates the expression of the target gene by interacting with G-C-rich sequences which are

required for the maximal expression of the H4 gene (80).

The BTE-binding proteins (BTEB and BTEB-2) have three repeated zinc finger motifs which are similar
to Sp1 (81). BTEB is a ubiquitous protein, whereas BTEB-2 is found predominantly in the placenta and
testis. (The latter was cloned from human placenta using the BTEB ¢cDNA as a probe.) BTEB stimulates
promoters with repeated G*C-box sequences, and BTEB-2, too, is a G*C-rich DNA-binding protein (81).
The binding specificity of both proteins is identical to the Spl proteih (see section 1.3.1). Indeed, the
three amino acids within the classical zinc finger structure considered important for DNA sequence
recognition are invariant in BTEB-2, BTEB and Spl. However, immunological supershift experiments
can distinguish between the binding of the BTE-binding proteins and Spl, since (apart from their DNA-
binding zinc finger domains, which exhibit a 72 % between Spl and BTEB and a 59 % similarity
between Spl and BTEB-2) these proteins have little or no similarity.

BTEB-2 has been relatively well characterised. It is a 219 amino acid protein, containing three domains
specific to transcriptional regulators. The DNA binding domain consists of three zinc finger domains at
the protein's C-terminus (these are 59 % similar to the Sp1 zinc finger domain (81)). BTEB-2 also has a
basic region which partially identifies with the basic domain of proteins characterised by the helix-loop-
helix and leucine zipper motifs. This protein has a proline—rich region (16 out of 67 residues) between
amino acids 44 - 110, which is very likely to constitute a transcriptional activation domain, as in other
proline-rich DNA-binding proteins (82). Transient expression studies indicated that BTEB-2 is able to
activate the expression of CAT (chloramphenicol acetyl-transferase) on G*C-box containing reporter

plasmids, ie BTEB-2 is implied as a transcriptional activator (81).

G-C-binding Factor (GCF) is a 91 kDa protein isolated from A431 cells (83). It has a characteristic basic
region at its N-terminus which functions as the DNA-binding domain. The protein recognises G*C-rich
sequences. (The binding site is 5’-GCGGGGC-3', which can also Be recognised by Spl and ETF.)
Cotransfection experiments imply that GCF acts as a sequence-specific repressor. It may function either

by competing with various activators for DNA-binding sites, or alternatively, it may interact with other



proteins to achieve repression. This protein has an acidic C-terminus which is required for its full activity
(83). It is also characterised by two leucine zipper motifs which are proposed to facilitate dimerisation

and are common to DNA-binding proteins such as C/EBP, Myc, Fos, GCN4 and Jun (84).

The trans-acting epidermal transcription factor (ETF) of 120 kDa binds to G+C-rich regions and has been
found to specifically stimulate the transcription of the epidermal growth factor receptor (EGFR) gene
(35). The promoter for this gene characteristically lacks a TATA-box and CCAAT box, yet it is highly
G+C-rich. ETF (together with Sp1) stimulates its transcription. The ETF protein is implied as a specific
transcription factor for several promoters which do not contain TATA elements, since it appears that the
presence of a TATA element interferes with the functions of ETF (35). It recognises various G-C-rich
sequences (including stretches of poly(dG).poly(dC)) with similar affinities. The core binding sequence
of 5'-CCCC-3' was deduced from various binding sites. Otherwise it has a very loose sequence

requirement, ie no rigorous consensus sequence has been derived for its binding.

13.1A Subfamily of Zinc Finger Proteins with G*C-Rich Binding Sites

The Cys,/His; class of zinc finger DNA-binding proteins is characterised by the particular sequence of
amino acids which forms structural domain(s) that bind a zinc (II) ion. This domain has a ~hairpin
followed by an helix (85) and constitutes an important eukaryotic DNA-binding domain, usually
characterised by tandem repeats of a conserved motif of 20 - 30 amino acids. The variation of the amino
acid sequence within each zinc finger domain contributes individually to the DNA-binding affinity and
specificity of the protein as a whole (ie the fingers appear to be modular in nature), which is one of the
factors determining DNA-binding preferences and degeneracy of binding within target sites (86). The
best understood members of this class of proteins belong to a subset of DNA-binding proteins which bind
to relatively G-C-rich target DNA sequences, examples include Spl (87), members of the Wilm tumour
family (eg Zif268 or NGFI-A, Krox-20,24 and Efr21,2) and yeast ADR1 (88). ADR1 and Zif268 are two
of the best studied members of this protein subfamily, and they have revealed much that is known about
the zinc finger-DNA interaction. The ADR1 protein has a DNA-binding domain which is characterised
by two zinc fingers, and generally the protein binds DNA target sites as a dimer (89). The target sites
have approximate dyad symmetry and the consensus binding site appears to be 5’-TTGGAG-3’. The
three zinc finger domains of Zif268 (also called NGFI-A or egrl) preferably bind to a consensus



sequence 5°-GCGGGGGCG-3’. The Zif268 protein was bound to cognate oligonucleotides and, using a
combination of altered amino acid sequences, as well as variations within the DNA target sequences, has
provided much structural information regarding zinc finger protein-DNA intéractions (90). For instance,
it was determined that three particular amino acid positions within each zinc finger are the main
contributors in determining the DNA site preference of the protein. This accounts for the DNA-binding
site degeneracy of a single protein and the many aspects of variations in the known binding sites of the

mgmbers of this class of DNA-binding proteins in general.

The zinc finger DNA-binding protein Spl (stimulatory protein 1) is one of the first mammalian
transcription factors that was characterised (87). It is a ubiquitous protein of about 100 kDa, which is
abundant in most cell lines, but it varies substantially in different tissues during development (91). The
protein binds G-C-rich target sites and related motifs (92) present in many cellular and viral promoters.
The DNA-binding domain of this protein is characterised by three zinc fingers (87), and it binds in the
major groove of the DNA target site (93). The G-C-rich target sites for Spl are variations of the
sequences 5°-GGGCGG-3’ and 5’-GGGGCGGG-3’. Spl binding sites often appear in promoter regions
in clusters, allowing the Sp1 protein to act synergistically through adjacent binding sites (94), ie enhanced
promoter frans-activation results from the mediation of at least two binding sités (95). Spl not only
interacts with itself to form multimeric complexes (95), it has also been implicated in the interaction with
other transcription factorsv, such as NF-xB (96), GATA-1 (the major erythroid transcription factor (62)),
as well as select components of the basal transcription apparatus (98). It is therefore able to interact and
cooperate with other proteins to direct expression. The promoters and enhancers of numerous genes
contain multiple binding sites for the same or for several different sequence-specific proteins (located
within several hundred base pairs of each other), allowing additive and even synergistic activation of
transcription, as exhibited by distal and proximal Sp1 sites (99). The ability of Sp1 to self-associate (100)
suggests a mechanism whereby distant DNA segments are joined by looping of the intervening DNA as a
result of stabilising protein-protein interactions. These interactions amongst proteins from multiple

binding sites confer transcriptional responsiveness.

The Spl protein is involved in both constitutive transcription and the regulation of several inducible
genes (49, 1.01). It is an activator protein, whose transactivation function lies in the glutamine-rich N-
terminus, containing the A and B domains (102, 103). The two other domains (C, which is weakly basic,

and D) are adjacent to the zinc finger region. They also influence the protein’s transcriptional activation



function (103). In particular, it has been found that domain D plays a key role in the synergistic action of

Sp1 mediation (95).

‘As indicated above, many promoters contain elements which are capable of binding Spl in addition to
other transcription factors. Spl levels afe abundant in the cell, and the protein coordinate‘ly regulates
many different genes, therefore the access of Spl to the promoter must be regulated in order to ensure
some specificity of control. Several mechanisms may be involved in these regulatory mechanisms,
including phosphorylation or glycosylation (104, 105), regulation of the affinity of Spl for DNA (106),
alteration of its trans-activation potential (107), regulation of its nuclear levels (108) and regulation of its
concentration relative to other transcription factors (93).

More recenfly it was discovered that the DNA-targef sites bound by Sp1 are bound with equal affinity by
~ two human proteins, Sp3 and Sp4 (109). Sp4 is expressed in certain cells within the brain, and may have
a role in the expression of certain genes within these cells, however the natural target genes of Sp4 in vivo
have not been identified yet. Together, Spl, Sp3 and Sp4 represent a family of G*C-box binding proteins
which have very similar structural features (110). They have very conserved zinc finger DNA-binding
domains, which are close to the C-terminus. Their N-termini are characterised by stretches of glutamine- |
and serine- / threonine-rich amino acids. The striking structural homology between Spl, Sp3 and Sp4
does not reflect functional equivalence, though (110). Sp3 is a transcriptional inhibitor (110, 111) or an
activator (112, 113), therefore the role of SP3 may be context- or cell-dependent. Studies on the
transcriptional properties of Sp4 have revealed that it is an activator protein like Spl, but it does not act
synergystically through adjacent binding sites (108) since it lacks the functionally active domain for this
property. Sp4 exhibits various other unique properties with respect to Spl, for instance it may be a target

for Sp1 activation (110).

The nerve growth factor-induced early response gene encodes a Cys,/His; zinc finger protein of 50 kDa
called NGFI-C (114), whose induction is very rapid but transient, as shown by induction of PC12 cells
using NGF (Nerve Growth Factor). NGFI-C is a G-binding protein containing three zinc fingers, and
characteristically binds to the site 5’-GCGGGGGCG-3’ from which it is able to strongly activate
transcription as shown by CAT reporter constructs (114). Three other proteins bind to the same target site
(viz NGFI-A, Krox-20 and the Wilm’s tumour gene product), and have considerable homology to NGFI-
C in the DNA-binding domain only. Similarly Sp1 also has a high homology over this region. Another
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characteristic feature of NGFI-C is its unusually high proline composition (25 %) over 77 amino acids,
which is reminiscent of a transcriptional activation domain as found in several other transcription factors,

such as AP-2, Oct-2 and c-Jun (114), and hence this region may have an analogous function.

1.4 Sea Urchins: Model Systems Used to Study Developmental Regulation

1.4.1 Regulatory Genes and Trans-Regulatory Factors in Sea Urchin Embryogenesis

Sea urchin embryos share some basic characteristics with a wide variety of invertebrates (115, 116). They
belong to the echinoderms, which, of all the invertebrates, are considered to be most élosely related to
chordates and hence to vertebrates (117). The ready availability, structural simplicity and rapid
development. of sea urchin embryos have made them a model system for investigations regarding the
molecular mechanisms underlying differentiation, region specification, transcriptional regulation and
morphogenesis by focusing on transcriptional regulators (118). Several sea urchin embryo frans-
regulatory factors (which may have a broader role within developmental control) have been identified as

a result of characterising spatially and temporally controlled structural genes involved in development.

1.4.2 Spatial Regulatory Systems in Sea Urchin Embryos

Examples of putative regulatory elements controlling the timing and localisation of gene expression in
sea urchins (reviewed by Maxson and Tan (1994) (118)) may restrict the expression of certain genes to
the aboral ectoderm, the skeletogenic mesenchyme, as well as the vegetal pléte (and its derivatives).
Various regulatory factors which bind these elements have been identified. Some have been isolated and

their cDNAs obtained.

The Cyllla actin gene is an example of an aboral ectoderm specific gene whose expresstion is sﬁatially,'
temporally and quantitatively controlled in the embryo (119). It is activated during late cleavage stage
and serves as a marker for aboral ectoderm specification. The cis-regulatory domain (divided into the
proximal, middle and distal modules, which function separately but are quantitati?ely interdependent on

each other) spans more than 2.3 kb and binds a minimum of nine transcription factors at more than
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twenty randomly distributed sites (31). The proximal module activates early gene expression, while the
. middle module controls late spatial expression. The distal cluster contains a high occurrence of SpGCF1
sites (these have G*C-rich sequences), which are thought to mediate a positive function (3). The Cyllla
target sites have been used to isolate several nuclear DNA-binding proteins, and the functional
significance of most of the interactions (except that of the SpGCF1 protein, see section 1.4.4.2) are
known. Examples of proteins which interact in this region include SpGCFl (see section 1.4.4.2), SpP3A2
(which has a basic helix-loop-helix DNA-binding domain (120)), and SpP3A1 (120), which is a zinc
finger protein that binds to specific P3A sites. These sites probably have a negative spatial regulatory
function throughout the regulatory domain (119), confining exf)ression of CyIIIa to the aboral ectoderm
(121). They are also contained in the promoters of other genes which have different expression pattems'to
Cyllla actin, eg skeletogenic SM50 and L1 H2B histone genes (122). The P1 protein which binds to the
Cyllla actin gene promoter is uncharacterised as yet, however the P1 target site is required for normal
functi(\ming. SpRuntl is another factor which provides a major positive input, whereas negatively acting
factors SpP7II (which binds to the negative spatial regulator P7II (123)), and SpZ12-1 confine expression

to the aboral ectoderm from gastrulation onwards (31).

Another example of a gene whose expression is limited to the aboral ectoderm includes Spec2a (124).'
The promoter elements which specify the temporal and spatial regulation of this gene include an
upstream region and three orthodenticle (Otx) sites (the consensus binding site is TAATCC) which bind a
group of homeoproteins (SpOtx) from sea urchin and which have couﬁterpaﬂs in Drosophila and mouse.

SpOtx may function in the activation of the Spec2a gene in the aboral ectoderm (124).

The Endo 16 gene codes for a cell surface glycoprotein whose function is unknown, and its expression is
restricted to the vegetal plate of the blastula stage embryo, continues throughout the archenteron (to
which the vegetal plate gives rise) in gastrulation (125), and transcription is eventually shut down in all
other regions except the midgut where it is increased. A 2.2 kb fragment upstream of the start site
determined correct reporter gene expression (125) and the specific sites of protein-DNA interaction
within the cis-regulatory domain have been mapped in order to elucidate which ones are necessary or
sufficient for normal expression. The output of each module is not well defined yet, but it appears that the
positive regulatory functions of the proximal and distal modules are curbed by negative interactions
preventing incorrect expression in the adjacent skeletogenic and ectodermal territories (126). Studies

show that a minimum of 13 factors (whose identities and functions have mostly not been determined yet)
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bind to 30 discontinuously distributed target sites, including many SpGCF1 sites (31). Most of the
modules also include SpGCF1 sites which could function in intermodule communication (see section

1.4.4.2). .

The muscle cell lineage in sea urchin development may be regulated by SUM-1, a mefnbef of the Myo-D
family of basic helix-loop-helix transcription factors (127). The temporal expression pattern of this factor
coincides with the ability of a subset of secondary mesenchyme cells of the vegetal plate to differentiate
into muscle cells during gastrulation (128). It is considered as one of several influences which lead to the
commitment of secondary mesenchyme cells into muscle cells, since it is able to bind and trans-activate

muscle specific enhancer elements in sea urchin embryos, as shown by microinjection experiments.

1.4.3 Temporally Regulated Sea Urchin Histone Genes

The early sea urchin histone genes are tandemly repeated in the genome, ie there are multiple copies of a
gene battery, each of which codes for one H1, H2A, H2B, H3 and H4 gene. During early embryogenesis
thé carly histone genes are coordinately expressed in a distinct temporal pattern. However, after
blastulation, sea urchins express the late histonés and the éarly genes are switched off, never to be
expressed again. The expressed genes have nuclease hyﬁersensitive intergenic spacers, whereas the
shutdown of the geres correlates with the presence of a well defined nucleosome pattern. The control
mechanisms governing this gene switch have not been elucidated yet. Several cis-elements have been
defined for both the early (o) and late () histone genes (129). The early histone genes are expressed at
very high levels from oogenesis through to blastula stage embryos, partially as a_result of bositive
regulatory elements, many of which have been identified in the promoters of (o) H1, H2A, H2B, H3 and
H4 genes (130, 131, 132, 133, 134). Negative elements in the promoters of the H3 and H4 genes cause
inactivation of expression of the early genes in late-stage embryos (135, 136) after the initiation of late

histone gene expression which is characteristic of blastula to adult stages.

Nuclear proteins which bind to these DNA regulatory sequences have been implicated in the
developmental regulation of the sea urchin histone genes. For instance, SpOct (é POU 1I class gene (137))
is the major octamer binding protein in early sea urchin embryos, and is able to bind the octamer site of

the aH2B gene which is essential for the correct timing of expression. Additional evidence implying that
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this transcription factor may be a key regulator in the temporal control is suggested by the correlating
temporal expression patterns for both SpOct and the aH2B gene. Several elements responsible for
activating gene expression and candidate regulatory proteins have also been identified for the sea urchin
late (B) histone genes (138, 139, 140, 141, 142). SSAP (stage specific activator protein) belongs to the
class of RNA-binding proteins (118) and is a very strong candidate for the specific stimulation of
transcription of the BH1 gene inv blastula stage embryos, since it is able to bind the BH1 temporal
enhancer, which is a stage specific enhancer (139). The L1 H2B gene is trans-activated by a .
homeodomain protein of the Abdominal B class which binds a 3’ enhancer element (142), and may be
encoded by a cDNA (Hbox4) which is similar to Hox-C9 (143). It may therefore also function in pattern
formation, as do other homeobox gene producté. The developmental profile for the Hbox4 mRNA closely
resembles that of L1 H2B, reinforcing the association between them. The H2A-2 and H2B-2 histone
genes have degenerate sets of elements in their promoters to which a putative temporal regulatory protein
TSAP (tissue specific activator protein) binds (141). This protein has not been characterised further,
however another protein, designated BSAP (B-cell specific activator protein) with identical DNA-binding
specificity has been identified, which may function in B-cell specific gene expression and B-cell
differentiation (144). The protein suGF1 (see section 1.4.4.1) binds a G-C-rich region in the H1-H4
spacer in vitro, which can also be occupied by a nucleosome (145) and therefore may play a role in

modulating the stability of the nucleosome, as well as in the regulation of the early histone genes.

1.4.4 Examples of G-Binding Proteins in Sea Urchins

1.4.4.1 suGF1: a Nuclear Sea Urchin DNA-Binding Factor

Sea urchin G-binding factor 1 (suGF1) is a 59.5 kDa sea urchin DNA-binding protein which has been
identified in 14 hour sea urchin (Parechinus angulosus) embryos (145). This factor is present in the early
embryonic developmental stages. It has high binding affinity and specificity for G:C-rich DNA sequences
and it binds to both poly(dG).poly(dC) and oligo(dG).oligo(dC) containing sequences by reproducibly
forming two characteristic bands in electrophoretic mobility gel shift assays (1). The consensus
recognition sequence was established as 5'-GGGNGGG-3' or 5'-GGGGGGC-3' (1), however it is possible
that there is further degeneracy within the binding site. Both bands formed by electrophoretic mobility
gel shift assays contain the suGF1 protein, however it has not been established whether the two bands
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arise as a result of posttranscriptional modification or truncation of the protein. The formation of these
bands is strongly dependent on ionic strength (optimal DNA-binding occurs af 175 mM KCI) and the
binding is also dependent on divalent cations, since dialysis of suGF1 with EDTA partially abolishes
DNA-binding (1). This originally suggested that suGF1 may belong to the zinc ﬁnéer class of DNA-
binding proteins. The divalent cations appear to be very'tighﬂy complexed with the factor, as the‘
purification buffers do not need to be supplemented with divalent ions such as Zn*. suGF1 is able to
. form sequence-specific multimers via suGF1-suGF1 interactions (145), and it is possible that the protein

could be involved in looping DNA, thereby bringing distant regulatory regions into close proximity.

1.4.4.1.1 suGF1 Interacts with the H1-H4 Intergenic Region

The H1-H4 intergenic region of the early histone gene battery contains a run of 11 Gs, and provides a
binding site for suGF1 in vitro. The interaction of suGF1 with this region has been‘- extensively studied
and characterised (1, 2, 145). The sea urchin early histone gene battery is developmentally regulated and
the genes are coordinately expressed in a distinct temporal pattern. Expression of the histone genes is
associated with intergenic regions which are nuclease hypersensitive, whereas the shutdown of gene
expressién correlates with well-defined spaced nucleosomes (146). Thus alterations in chromatin
structure of the early histone gene battery correlate with the temporal expression pattern of the early
histone genes. Specifically, it has been established that thefe is a nucleosome positioned over the H1-H4
fragment in vitro, and the G;-string lies close to the dyad of the positioned nucleosome core. The -
nucleosome positioning signal lies over the sequence (GA);4(G);; which, in vitro, has the ability to form
an unusual DNA structure (triple helix), under conditions of negative superhelical stress and low pH (20,

147).

Using a combination of 'footprinting and methylation interference studies a model for the binding
interaction of suGF1 with the G;,-string in the H1-H4 intergenic fragment has been developed (1). It was
shown that suGF1 approaches the double helix mainly from oﬁe side, and is closely associated with the
DNA over about 1.5 helical turns. A bulky strucfure of the protein protrudes into the major groove and
contacts the central Gs located in this region, as well as the phosphate backbone bordering on the run of
Gs (1). Both the free and the bound DNA are curved, which can be deduced from the periodic narrqwing

of the minor groove on one side of the DNA helix, and the periodic widening of the major groove on the
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opposite side, as elucidated by hydroxyradical footprinting. The binding of suGF1 to the DNA is
consistent with the direction of curvature of the free DNA when wrapped around a nucleosome core, and
suGF1 binding stabilises the curvature of the DNA fragment, implying that the protein ‘could play a role
jn the alteration of chromatin structure of the H1-H4 intergenic fragment (145). 1t appears that suGF1 has
a single preferential frame of binding to the intergenic fragrﬁent (2). The latter is able to form several
distinct nucleosome core species which have different translational settings but very similar rotational
placing, in that the octamer surface is positioned away from the suGF1 binding site. Despite thel fact that
the rotational sefting of the nucleosome core maximally exposes the suGF1 bindihg site, the binding of
suGF1 and a nucleosome core are mutually exclusive in most nucleosome species, due to steric
hindrances (2). The more internal the recognition site is within the core DNA, the more the histone
proteins of the positioned nucleosome sterically clash with the binding of suGF1 to its fecognition site. It
is therefore possible that the DNA binding site has to be exposed to the suGF1 protein in a regulated

fashion, unless the transcription factor gains access to the DNA shortly after replication (2).

1.4.4.1.2 suGF1 Is Implicated In Gene Regulation

There has been no direct evidence for a biological role for suGF1 yet. However there is strong indirect
evidence for its role as a transcriptional regulatory protein. It is possible that the protein may be involved
in gene regulation of the sea urchin histone gene battery via alterations in chromatin structure within the
pur.pyr region (145). suGF1 binds sequence-specifically and with high affinity to oligo(dG).oligo(dC)
regions. The Gg-string in the LpS13 gene promoter also provides a recognition site for suGF1. This G*C-
rich sequence is known to be a cis positive regulatory element, mutations within the G-string abolish
transcriptional activity in functional assays (16). suGF1 interacts with the Gg-string by forming the same
characteristic bands as it does with the G;; sequence in the H1-H4 intergenic fragment. These complexes
are very similar to the ones formed by the ectoderm G-string factor (16) when interacting with the same
probe. Not only do these proteins have indistinguishable target site specificities, they aiso bind the probe
under the same optimum ionic strength. The similarities observed between these proteins strongly suggest

a structural or functional relationship between them.

The chicken B globin gene promoter and the H1-H4 intergenic fragment also have several properties in

common. For instance, the globin gene promoter contains a G-string (16 - 18 Gs) which lies on the border
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of a positioned nucleosome and the factor BGP1 (see section 1.3) binds in this region. Even though it is
possible that there are several frames in which BGP1 binds to its recognition site in the (3-globin gene
promoter, methylation interference studies established that the main interaction occurs with the central 7
" Gs. The binding of factors to the G-string appears to correlate with a conformational change in the DNA
and the disappearance of the nucleosome (11), all of which are closely associated with the expression of
the B-globin genes. Similarly, the H1-H4 fraément contains a Gy,-string, which lies within the positioned
nucleosome and close to the dyad of symmetry, and the main interaction of suGF1 is with the centrally
located Gs within the recognition site. The state of éxpression of the early histone genes is also correlated
~ with a change in chromatin structure. suGF1 is able to bind the G,;-string in the H1-H4 intergenic region
| and the B-globin G-string with equal affinity. Indeed, suGFland BGP1 produce identical footprints on the

B-globin gene promoter. Hence it appears that the biochemical and DNA binding properties of the two
- factors are very similar, and it is possible that suGF1 and BGP1 are structurally or functionally related,
despite the fact that there are several differences between them (such as distribution, size and reqhirement

of zinc for DNA-binding).

The implication of suGF1 as a transcription factor raises several issues. For instance it could be proposed
that suGF1 may be a member of a family of G-string factors involved in developmental regulation of
several unrelated genes in various organisms, possibly by functioning in the alteration of chromatin
structure. It is possible that suGF1 may have a similar role in gene regulation as BGP1 (11), or it could be
the Parechinus angulosus homologue of one of several other sea urchin G-binding proteins, such as the
ectoderm specific G-string factor (16), or SpGCF1 (3), since there is evidence that several unrelated sea

urchin genes share upstream G+C-rich regions which may be involved in their regulation (16).

1.4.4.2 Other G-Binding Proteins in Sea Urchin Embryos

The Lps1p gene is a sea urchin cell lineage specific gene (16). The gene promoter contains a Gg-string,
which is a positive cis-regulatory element. Functional assays have shown that mutations within the G-C-
rich sequence abolish cis activity (16) and therefore this region is postulated to be important in sea urchin
development. The Lps1f cis-regulatory domain is bound by different nuclear proteins, one of which is a
G-string binding factor. This G-binding protein is an ectoderm specific factor present in the nuclear

extracts of gastrula and blastula stage embryos (16), ie it is differentially localised in the embryo. EMSAs
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performed with this protein and the G+C-rich promoter exhibit a characteristic slow mobility doublet. It
has been suggested that the ectoderm specific factor may be similar to the mammalian IF-1 (see section
1.3) factor which binds the ol and a2 collagen gene promoters (14), or it could be a homologue of suGF1

(see section 1.4.4.1).

Another example of G-C-rich target sites in sea urchin genes which bind nuclear proteins is a C, core
element (referred to as either a “P8”, “P2” or “SpGCFl” site) which has been identified to occur
severalfold throughout the entire gene regulatory regions of both the Endol6 gene and the Cyllla
cytoskeletal actin gene. Thesey target sites occur on genes which are expressed in different embryonic
territories (3). Most of what is known about the SpGCF1 protein derives from the Cyllla actin gene,
which contains clusters of SpGCF1 sites in the distal regulatory domain in a variety of patterﬁs, and often
in close proximity to other DNA-binding sites (3). The biological function of the SpGCF1 sites has not
been determined yet, however experiments using transgene chloramphenicol acetyl transferase (CAT)
constructs and in vivo competition with excess target sites indicate that SpGCF1 sites have a positive
transcriptional activating function (119, 148). The SpGCF1 sites are bound specifically by five proteins
present in blastula-stage nuclear extracts isolated frqm Strongylocentrotus purpuratus as shown by
- EMSAs (3, 121). The protein which gives rise to the slowest migrating complex in the assay has been
identified as a 55 kDa factor (SpGCFl), and from quantitative simulation studies it is predicted that the
protein binds DNA as a dimer (149).

Distinct transcription factors bind to several regulatory sites in both the Cyllla and Endol6. gene
promoters, and some are able to bind at multiple sites, for instance SpGCF1, whose binding sites occur in
clusters and often lie close to binding sites for other transcription factors (3). The regulatory domain of
the Cyllla gene is divided into three distinct regions with separate functions, all of which are required for
normal embryonic expression of the CylIla genes (123, 119). The proximal region regulates the spatial
expression of the gene, whereas the distal region controls the level of expression,. and the middle region
controls spatial and temporal expression, but only in conjunction witﬁ portions of the proximal module
(31). This implies that gene expression may be influenced by intercommunication between the regulatory
sites, for instance via the interaction of positive and negative regulatory transcription factors which bind
to target sites contained on the proximal and middle modules (31). EMSAs and electron microscopy
indicate that SpGCF1 molecules (which have target binding sites throughout the regulatory domain) may

associate with each other to form multimers (149). If this reflects the in vivo situation, the DNA-bound
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protein molecules could associate with each other, promoting the formation of loops in the intervening
DNA (3). Thus SpGCF1 could function .in bringing distant regulatory domains into close proximity,
allowing stable functional complexes constituted of distal transcription factors and regulatory elements to
form and intercommunicate, thereby increasing productive interactions and stimulating gene expression
(31). SpGCF1 may be involved in developmental regulation of several unrelated genes, which could

account for its prevalence in sea urchin embryos and for the positive function of the SpGCF1 target sites.

1.5 Purification and Identification of Transcription Factors

Characterisation and identification of a newly isolated protein is often reinforced by analysis of its
primary structure, which aids in the cloning of the corresponding gene or cDNA (see section 1.6). It is
estimated that DNA-binding proteins and transcription factors constitute about 0.001 % of total cellular
protein (92). Calzone et al (1988) (150) estimate that the minimum prevalence of factors binding to fhe 5
CylIIIA cytoskeletal gene in the late cleavage-stage sea urchin embryo are as few as several hundred to
thousand molecules per nucleus. Therefore the rarity of these transcription factors makes their
purification to homogeneity a time-consuming and relatively difficult task, requiring enormous amounts
of starting material and highly selective purification strategies of high yield. Several sensitive techniques
have been developed whereby sequence-specific DNA-binding proteins can be detected, characterised or
monitored during their biochemical fractionation (eg nitrocellulose filter binding, DNase 1 footprinting,
and EMSAs (151)). The mobility gel shift assay is the most common technique used to detect the
interaction of sequence-specific proteins with small amounts of a particular DNA fragment in solution
(152). Tightly bound protein-nucleic acid complexes are stable during electrophoresis under non-
denaturing conditions, and even weak complexes can often be resolved because they are'stabilised by the
“cage effect” created by the gel matrix, ie the diffusion of the protein away from the DNA is hindered by
the matrix, which in turn favours reassociation ( 153). The binding takes place in solution in the presence
of nonspecific competitor DNA, and once subjected to electrophoresis through polyacrylamide, the
mobility of the protein-DNA complex is retarded with respect to the unbound DNA. As the two
populations of DNA (free and protein-bound) enter the gel matrix, they are separated physically, and the
bound protein can no longer affect the mobility of the free DNA (154). This results in the formation of
discrete bands by individual protein-DNA complexes which have lower mobility than the free DNA
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fragment. The difference in mobility of the discrete populations of bands is usually analysed by
autoradiography of radiolabelled DNA (151). ‘

The development of séquence-speciﬁc DNA -affinity chromatbgraphy (92) has greatly facilitated the
purification of low abundance transcription factors in general. This method was originally developed
using nonspecific DNA attached to cellulose or agarose supports (155). However several variations
(different combinations of specific or nonspecific DNA sequences linked to several types of resins) have
been described and used successfully to isolate a variety of transcription factors, including Sp1, AP-1,
AP-2, NF-kB, Pit-1 and CBP-1 (155). Several types of solid support resins can be used, eg cellulose
(156) or agarose (92), and DNA can be linked to them using a variety of interactions, such as CNBr,
biotin-avidin and streptavidin (155, 157). Commonly DNA affinity chromatography involves preparation
of an agarose resin activated by cyanogen bromide, and subsequently the DNA (containing the relevant
protein binding site) is covalently linked to the solid support (155). The linked DNA is generally one of
two types. Either it is a plasmid containing multiple protein biﬁding sites (156) or it constitutes a
catenated, synthetic, double stranded oligonucleotide representing the high affinity protein binding site.
Oligonucleotides are generally prepafed for coupling to the resin by annealing complementary strands, 5’

phosphorylation, and ligation of the oligdnucleotides to fdrm oligomers (158, 155, 159).

A crude protein sample which is to be purified using DNA affinity chromatography needs to be nuclease-
free, therefore the purification of transcription factors is generally approached by partial purification of a
crude protein extract using conventional chromatography. This enables the removal of nucleases and
other contaminants in the sample (92). Usually the protein sample is pretreated with a nonspecific’
competitor DNA to which the protein of interest has very low affinity, and finally the mixture is applied
to the affinity column at low ionic strength. The retained proteins (which are specifically bound) are
eluted by increasing salt concentration (155), whereas proteins having little or no affinity for the DNA-
resin flow through the column. The expected enrichment for an affinity purified factor lies between 500-
to 1000- fold (155). Subsequent separation of the sample by SDS-PAGE will usually suffice to purify a
protein for most applications, including protein sequencing. Several DNA-binding proteins have been
isolated to homogeneity using above procedure, examples include SpP3A2 (120), SpOct (137) and
SpGCF1 (3). -
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Cloning a gene or ¢cDNA coding for a transcription factor is usually achieved by producing sufficient
protein sequence information to synthesise oligonucleotide probes in order to screen genomic or cDNA
libraries (see section 1.6.1.1). Classical sequencing techniques (ie Edman degradation) involve the
removal of one amino acid at a time from the N-terminus of the intact protein (or from internal peptides
generated by proteolytic cleavage) by means of chemical reagents, with subsequent analysis of the
released amino acid derivative (160). The traditional microsequencing technique sets the lower limit in
sensitivity. Most protein purification strategies involve a combination of various fractionation techniques
(chromatography, selective precipitation, dialysis, etc) yielding a highly purified protein sample which is
often only available in minute and limited quantities (eg nanogram levels) and not always in a form that
can be directly submitted for sequence 'analysié. Adsorptive losses make it difficult to handle low
quantities of protein, which emphasises the need for highly sensitive analytical techniques in order to
identify protein sequences (161). Mass spectrometry provides an alternative strategy to classical
sequencing (162). In addition to detailed primary sequence information, the mass spectral results can
yield purity evaluation, as well as molecular mass determinations of proteins (161). Two of the main
advantages posed by mass spectrometry over classical sequencing are (i) mass spectrometry operates on
picomole to femtomole sensitivities for both molecular mass determinations and partial to complete
amino acid sequence information (163), and (ii) a mixture of peptides can be introduced into the mass
spectrometer (164). Site specific proteolysis of the protein of interest generates small quantities of
peptides which can easily be handled by combining microcolumn liquid chromatography (LC) with
tandem mass spectrometry (MS/MS) (165). Electrospray ionization is used to introduce the peptide ions
to the mass spectrometer, and ions of a single mass to charge ratio are targeted selectively for collision
induced dissociation (CID) using an inert gas, which leads to the fragmentation of the peptides,
generating a reproducible and generally predictable signal pattern characteristic of the specific amino
acid sequence (161). The mass spectrometer approach has been successfully applied to both proteins and
peptides (166) and the spectrum which is generated is used to search a protein database in order to
identify the protein of interest, which involves correlating the predicted fragment ions from a database
with the experimental data (166). This approach has only been possible by the development of computer
programs which aid the interpretation of tandem mass spectra (166). The outcome of the search is a
ranked list of the highest scoring amino acid identities from the database (161). The specificity of the
database search is improved by taking several features of the protein into account, which, amongst others,
includes the species of origin, mass of protein, inspection of non-assigned peaks in the peptide map, etc

(166).
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1.6 Strategies for Obtaining the cDNA of Transcription Factors

'1.6.1 ¢cDNA Cloning by Screening Recombinant DNA Libraries

DNA replication and the transcriptional regulation of gene expression is usually mediated by the
interaction of DNA regulatory regions and DNA-binding proteins (ie by a combination of cis- and trans-
acting elements). The majority of cis-acting elements are localised to the 5° flanking and intronic regions
of genes and they often constitute highly conserved sequence motifé which may be common to many
genes (some examples include the Z-box, the X-box, the Y-box, the octamer and the “TATA”box, which
are all highly conserved sequence motifs among class II genes (167)). Investigating the functional role of
the interaction of trans-acting factors with their cognate cis-elements relies largely on the ability of trans-
acting elements within crude nuclear extracts to bind DNA regulatory sequences. Although these proteins
can be retrieved in a pure form (see section 1.5) it is often difficult and tedious to isolate them in
sufficient quantities which allow further biochemical studies. Therefore isolation of the gene or cDNA
encoding the DNA-binding activity can facilitate the analysis of the structural and functional
relationships between cis- and trans-acting elements, merely by overproducing regulatory proteins using
recombinant DNA clones of their encoding DNA (168). The molecular aspects of gene regulation and
functional significance of these motifs can be explored further using transfection and transgenic studies.
However these investigations rely on the use of recombinant DNA clones encoding the regulatory
proteins. Thus in order to understand the molecular mechanisms underlying transcriptional regulation, it

is important to isolate and analyse cDNA clones encoding DNA-binding proteins.

The general approach for obtaining the sequence of a gene or mRNA is by screening a DNA library. The
latter should be a faithful representation of the complexity, size and sequence of the genomic DNA or
mRNA population it was derived from. This can however be a problem, especially if the DNA of interest
represents a small fraction of the total target DNA, for instance when the gene is present as a single copy
in the entire genome, or a rare cDNA needs to be isolated from a complex mRNA population (169). Since
there is no technology available for the manipulation and propagation of RNA sequences the best
‘alternative is to synthesise cDNA and prepare recombinant libraries. A variety of factors must be given
careful consideration when screening a library. Firstly, the strategy for constructing a cDNA library is

important. Factors which affect the quality, size and type of library include the integrity of the mRNA (it
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must be undegraded and DNA-free), the abundance of the clone of interest. (high cloning efficiency is
required if the sequence of interest represents a small fraction of the total target DNA), and the screening
method (this determines which type of vector the library is cloned into). Optimally a cDNA library is
made from a tissue or set of cells which express the highest mRNA lévels to ensure that there is at least
one cDNA clone for each mRNA present in the cell. Usually one aims to achieve a cDNA library which

contains at least five times more recombinants than the lowest abundance of each mRNA. This ensures

that even the rarest mRNA is represented, and it takes into account the screening. efficiency (eg

expression screening reduces the number of identifiable clones by 1/6fh) (151).

Screening methods vary from simply sequencing several individual clones until the clone of iﬂterest is
identified, through ordinary hybridisation methods, to more complex methods of expression screening.
The method devised to isolate a clone of interest depends on each individual case, and is determined,
amongst other factors, by the type of recombinant library and the frequency of the desired clone within
that library (151). The usefulness of a recombinant library depends on the ability to screen a large number
of clones at one time and to identify the correct one within the population. This can be achieved by
spreading a library (or large numbers of colohies) on agar plates and preparing replica copies of the' plates
by transferring them onto filters. The latter can then be screened by a variety of methods, such as in situ

hybridisation screening or by binding to antibodies, as well as using DNA ligands.

1.6.1.2 Hybridisation Screening and Immunoscreening

A pure protein (see section 1.5) can be used to generate a specific antiserum, or it can be analysed for its
partial amino acid sequence, from which oligonucleotide primers can be designed. Both the antiserum

and the primers in turn can be used to screen a cDNA library by expression or hybridisation respectively.

This should generate the desired recombinant clone, either because it expresses a segment of protein

* which can be recognised by an antibody, or because it hybridises to a specific nucleic acid probe. Another
way of identifying cDNAs coding for sequence-specific DNA-binding proteins is to use the filter binding
protocol (see section 1.6.1.2) developed by Singh et al (1988) (170).

Current protein microsequencing technology has made it convenient to isolate cDNA clones using

degenerate oligonucleotide probes without raising antibodies against the purified protein. Téking codon
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utilisation frequencies into consideration, the protein sequence is reverse-translafed and a best-match
DNA sequence is generated. An oligonucleotide is synthesiséd from the above information, which caﬁ be
used to screen a cDNA library. The screening is normally performed on bactérial colonies containing
plasmids or cosmids (151), or on bacteriophage plaques, using the in situ plaque hybridisation tedhnique
described by Benton and Davis (1977) (171). The phage are multiplied in host bacteria at high density
within a thin layer of agarose which is spread onto agar plates. The phage particles and unpackaged DNA
adsorb onto the filter which is applied to the agarose. Duplicate filter membranes are generated this way,
they are treated with sodium hydroxide to destroy the phage particles and the denatured DNA remains
fixed to the filter. The filter is prehybridised in a solution which saturates the filter’s nonspecific DNA
binding capacity, after which the desired clones can be detécted by their ability to hybridise to a labelled
DNA probe (the denatured DNAs reanneal with comialementary strands approximately 25°C below the
melting temperz;ture Tm). It is critical that the DNA probe is unique (ie it may not contain any reiterated
or vector sequences) to ensure that it correctly matches the sequence of interest. The nucleic acid probe
may take several forms, eg a plasmid containing a previously cloned ﬂagment, synthetic
oligodeoxynucleotides, RNA or single stranded cDNA made from reverse transcribing mRNA (172).
Excess probe, incorrectly matched sequences and non-sequence specific interactions are washed off the
filter to reduce the signal to noise ratio in the ensuing autoradiography, which should identify authentic
signals on duplicate filters (151). Autoradiography of the replica filters eliminates most artifacts, and
often allows the identification of a single clone within a population of millions of other clones. The
positive signals are matched with the corresponding regions on thev agar plates and a plug of agar is
picked from the correct area of the plate. The isolated positives are usually rescreéned at a lower density,
as the confluence of the agar surface in the first screening round does not allow the identification and

isolation of an individual plaques or colonies (173).

Using antibodies in the screening procedure is another method whereby clones encoding specific pr(;teins
can be identified in a recombinant library. This is analogous to hybridisation screening with radioactive
DNA probes, except that the plaques are screened with antibodies specific to the desired proteins. The
cDNA library is cloned in an expression vector (eg AGT11 or AZAP), and the insert DNA is detected
indirectly by the protein, which is generally induced to express from ‘the cloned segment as part of a
fusion protein. Expression of the particular recombinant is only initiated after the host’s growth is firmly
established, such that toxic proteins do not affect the growth (172). The immunological screening of

fusion proteins produced either by plasmids or phage involves firstly the synthesis and immobilisation of

24



the antigenic material to the filter, and secondly the detection procedure using antibodies. Antibodies can
either be visualised by labelling with 125 directly, or by applying secondary antibody conjugates (172).
The quality of the antibody probe is important, and high titre antibodies produce better Signals than low

titre antibodies. Both monovalent and polyvalent antibody populations have been used to successfully |
isolate clones of interest (172). Polyvalent antibodies usually recognise more than a single epitope, which
is advantageous. However, they also contain components which bind to antigens normally produced by E.
coli. These components can be removed from the antibody preparation by incubation with bound
bacterial lysate and subsequent elution of the antibody. It is important to note that demonstrating that a
cDNA encodes an antigenic determinant does not prove that it codes for the protein of interest, since the
cDNA may code for a s.equence which is related only at the protein product structure. Therefore the
desired sequence should be tested with at least one additional distinguishing property iﬁ order to identify

the clone unequivocally (151).

1.6.1.2 DNA Ligand Screening

Both screening strategies described above (see section 1.6.1.1) depend on the availability of substantial
amounts of starting material for purifying the protein (see section 1.5). A novel but similar screening
strategy was developed by Singh et al (1988) (170) which is analogous to immunological screening,
however it obviates purification of a sequence specific protein for the purpose of ‘isolating its cDNA or
gene since it relies on a selectable function in order to ideritify the desired clones. The DNA ligand
screening technique is designed to directly detect clones which encode sequence specific DNA-binding
proteins, by simply using a cDNA expression library and a labelled DNA recognition site probe. The
feasibility of the screening strategy was tested using a model system where a AGT11 phage recombinant
(AEB), encoding a fusion protein of the DNA-binding domain of the Epstein-Barr virus nuclear antigen
(EBNA-1), was detected with a DNA recognition site probe (170). The ease of isolation of this clone
implied that this strategy could facilitate the isolation of genes for transcription factors and would be
generally useful in the cloning and analysis of sequence-specific DNA-binding proteins (174). Since the
initial application of the DNA ligand screening technique manyfnammalian cDNA clones encoding a
variety of sequence-sﬁeciﬁc DNA binding proteins (with varying DNA-binding rnoﬁfs) have been
isolated, eg H2TF1/NF-xB, Oct-2, E12, Xbp, IRF-1, MLTF, and CREB, confirming that this method is
indeed useful and not restricted to a particular subclass of DNA-binding domains. (Singh et al (1989)

25



(174) list many of the clones encoding transcriptional regulatory proteins which have been isolated from
AGT11 cDNA libraries using recognition site DNA probes.) Other exainples include the cDNAs for YB3
protein from Xenopus (175) and SpP3A1 from Strongylocentrotus purpuratus (122), and the cDNAs for |
YB-1 and dbpA were isolated independently by several groups (176, 177). It has been reported that even
clones encoding proteins which bind DNA as homodimers can be detected via DNA ligand expression
screening (174). Expfession vectors such as AGT11 or AZAP allow insertion of foreign DNA into the B—
gal structural gene, lacZ, and promote the expression of hybrid proteins. The hybrid proteins are then
- blotted onto dupiicate nitrocellulose filters, and the screening procedure essentially involves the direct
probing of the replica filters from the cDNA expression library with radiolabelled, sequence-specific
binding site DNA. Several variables influence the successful identification of bacterially expressed DNA-
binding clones using radioactive DNA as ligand. The requirements or conditions that need to be fulfilled
include the functional expression of the DNA-binding domain in E.coli as a B-galactosidase fusion
protein, a strong interaction between the DNA-binding domain and recognition site DNA (170), and the
protein of interest must be able to bind the DNA independent of associations with other proteins or
complexes. Several procedures greatly enhance the detection of cDNAs which encode sequence-specific
DNA-binding proteins. For instance, it was demonstrated that the sensitivity of -detection was greatly
improved by the use of a multisite DNA probe, as well as the use of nonspecific competitor DNA such as
sonicated, denatured calf thymus DNA (178, 179). The inclusion of excess nonspecific competitor DNA
reduces the background, as well as the detection of nonspecific DNA-binding proteins. Using a test
system where the DNA-binding domain of an enhancer binding protein (C/EBP) was fused in frame to
the B-galactosidase gene of bacteriophage AGT11, Vinson et al (1988) (168) determined that processing
the nitrocellulose filters through a denaturation / renaturation regimen using 6 M guanidine hydrochloride
increased the level of binding between the ligand and the recombinant fusion protein and enhanced the
selectivity of the interaction. Bacterial expression of recombinant proteins often leads to deposition of
insoluble protein precipitates which need to be exposed to chaotropic agents to be solubilised (168).
Guanidine hydrochloride dissociates these protein aggregates, and it may also overcome the problem of
incorrect protein folding in E.coli. Therefore the denaturation / renaturation protocol leads to improved
detection signals by allowing more of the correctly folded protein molecules to access the DNA ligand. In
this report the authors also tested the importance of using a catenated DNA probe as ligand, showing that
the catenated probe (consisting of a higher density of protein binding sites) yielded an appreciably
enhanced detection signal over the monomeric ligand. It is likely that a catenated probe is able to tether

several immobilised, bacterially expressed DNA-binding proteins on a single DNA molecule, which may
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alleviate rapid probe dissociation and increase the stability of the protein-DNA complexes (174). A
comparison of the signals obtained when using a 32p_labelled DNA-binding site probe and a secondary
antibody conjugate containing horseradish peroxidase shows that the DNA binding site probe has higher
sensitivity, but the signal is probabl'y comparative to that obtained when using an 125 1abelled antibody

(174).

1.6.2 ¢cDNA Cloning by PCR

The polymerase chain reaction (PCR) has promoted thé development of a variety of analytical procedures
which can be used for detection, measurement and characterisation as a result of its power to amplify
extremely small amounts of DNA. Its versatility ranges from basic PCR amplification reactions, to
mutagenesis and screening of libraries (180). Prior to the development of PCR library screening
techniques mainly involved plating lambda based libraries on a lawn of E.coli, with subsequent transfer
of the phage particles or their expressed recombinant proteins to nitrocellulose filters, which were then
screened with DNA hybridisation probes, antibodies or DNA ligands (see section 1.6.1). This technique
is relatively time-consuming, it often results in numerous false positives and sometimes it may not be
sensitive enough to detect low abundance mRNAs. PCR, in combination with degenerate or specific
primers can be used to isolate families of related clones from recombinant DNA libraries, within a short
time and without the use of radioactive labels. Generally a cDNA or genomic library can be plated (at
relatively low density) and the phage from each plate represent the starting material for PCR screening.
Positive aliquots are .identiﬁed and are replated at lower and lower densities with subsequent PCR
screening until a single phage plaque can be identified as a positive, PCR-based cDNA screening

techniques are applicable to both bacterial and phage libraries (180).

cDNA amplification using 5’ and 3° RACE (Rapid Ampliﬁcétion of cDNA Ends) is a techniquie which
allows cloning of full-length cDNAs without thé need to construct or screen a cDNA library. It relies on
the simultaneous PCR amialiﬁcation of both 5’ and 3’ ¢cDNA ends performed on the same template (181),
and is capable of amplifying large templates whibh have high fidelity with respect to the original RNA.
The only requirement for successful application of 5’ / 3° RACE is that a single short DNA sequence (at
least 21 - 24 nt) must be known for the cDNA of interest, such that gene specific primers for both the 5’

and 3’ RACE reactions can be synthesised. In addition, the amplifications reqﬁire a source of RNA in
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which the transcript of interest is definitely present. Briefly, the technique involves synthesis of double -
stranded ¢cDNA from either total or poly-A+ RNA using a combination of reverse transcriptase, E.coli
polymerase I and RNase H. T4 DNA polymerase is used to create blunt-ended ds cDNA, which is ligated
to adaptors with specific adaptor primer (AP) sites. The uncloned library of adaptor ligated ds cDNA can
be used in combination with primers specific to the adaptor sequence and gene specific primers (a pair of
antisense and sense primers) to amplify the respective 5’ and 3° RACE fragments frdm the cDNA
template of interest. Exponential amplification is achieved by using a DNA polymerase which is suitable
for long distance PCR, and the two separate fragments generated in this way can be combined to form a
full length cDNA. Full length cDNAs can be achieved using various techniques, such as simple ligation
and cloning of the two products, PCR amplification of the full length product or by a fusion reaction (in
this case the 5’ and 3’ fragments are annealed and simultaneously act as template and primers in a
thermal cycling reaction). The full length pro‘duct can then be cloned and analysed to verify its nucleotide

sequence.

1.7 Aim of This Investigation

In order to elucidate the biochemical mechanisms which govern gene transcription, factors regulating
gene promoters must be purified and characterised, since they are central to the understanding of
regulation and control of gene expression, replication and recombination. Many examples of G-C-rich
promoter elements have been cited. These elements, together with the factors that bind them, are
implicated in gene regulation. A detailed understanding of the structural and functional relationships
~amongst factors which bind G+C-rich sequences may elucidate analogies in their biological roles and

DNA recognition functions.

suGF1 is implicated as a member of a family of G-string factors with related functions. The main
objective of this investigation is to purify and clone suGF1. This could possibly elucidate a functional
significance for suGF1 by identifying the factor via its primary protein structure and cDNA sequence.
Analysis of the molecular structure of the protein may lead to the identification of characteristic motifs
similar to those of previously identified transcription factors. This may enable the classification of suGF1
as a possible member of a family of proteins which are related by their primary structure and DNA-

binding specificity. The strategies for purification and cloning of suGF1 are developed concurrently in

28



this project, using the DNA recognition site as affinity probe in both approaches. Detection of the cDNA
for suGF1 is attempted by the direct cloning method developed specifically for DNA-binding proteins by
Singh et al (1988) (170), with the aim to eliminate the need for isolating large amounts of native protein.
A PCR strategy is employed as second cloning approach, in order to isolate a P.angulosus clone based on
a S.purpuratus homologue, which potentially represents a suGF1 clone. Identification of positive clones
can be achieved by analysis of the DNA-binding specificities and affinities by expression of the putative
positive clones. No information is available on the requirements of post-translational modifications or
heterodimer formations regarding the suGF1-DNA interaction, therefore, despite the apparent ease of the
direct cloning method by the DNA-ligand screening approach, it is not guaranteed to be successful with
respect to every transcription factor. Therefore the cloning strategy and the protein purification of suGF1
are addressed concurrently. The latter involves a combination of ion exchange and affinity
chromatography, and SDS-PAGE as a final purification step before primary strucfure determin—ation of
the protein. Using both these approaches it should be possible to identify the protein sequence and cDNA

sequence for suGF1.

By analysing the primary structure of suGF1 several characteristic domains related to the functional
properties of the factor may be elucidated. For instance the putative DNA-binding domain (eg zinc finger
or homeodomain, amongst others), a possible dimerisation domain (which is often associated with
leucine zipper proteins and helix-loop-helix functional motifs), and perhaps a transcriptional activation
domain (this is usually characterised by regions which are serine / threonine-, glutamine / threonine- or

proline-rich) are speculated to be present in the factor. The identification and isolation of the cDNA |
coding for suGF1 should lead to recognition of domains within the protein via similarities in their
primary structures, allowing comparisons to be drawn with other G-binding factors. In addition, a
knowledge of the cDNA coding for the suGF1 protein should allow verification of the developmental
distribution of the factor, and expression of the cDNA using truncated DNA templates may enable further
identification of the position of certain functional domains (eg the DNA-binding domain and a

dimerisation domain) with respect to the primary protein structure.
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CHAPTER 2

Materials and Methods

2.1 Materials

All chemical reagents and solvents used were analytical grade, unless otherwise stated. The source of
the materials was not important unless specified. All solutions, glassware and plastics were sterilised

~ by autoclaving or sterile filtering. All water was double distilled.

2.2 Plasmid Propagation and Isolation

2.2.1 Competent Cells

Competent bacterial cells were either purchased from Pharmacia or they were prepared using a
method described by Chung et al (1989) (182). The cells were grown to early log phase (ODgqo = 0.3 -
0.6) in Luria Bertani (LLB) broth. They were pelleted by centrifugation (1000 X g for 10 minutes at
4°C). The cell pellet was resuspended in 1/10 volume of transformation and storage buffer (TSB) (LB
broth (pH 6.1) containing 10 % (w/v) PEG (MW = 4 000), 5 % (v/v) DMSO and 20 mM Mg** (10
mM MgCl, and 10 mM MgSQ,)) at 4°C. They were then incubated on ice for approximately 10

minutes, and either stored at -70°C in aliquots, or used immediately for the transformation procedure.

2.2.2 Transformation of Competent Cells

Competent cells (purchased commercially) were transformed according to the supplier’s
recommendations. JM109 High Efficiency Cells (Promega) were used to transform ligation reactions.
Competent cells were mixed evenly and a 50 pl aliquot of cells was combined with 2 pl of ligation
reaction and incubated on ice for 20 minutes. The cells were heat shocked for 45 - 50 seconds in a
waterbath at 42°C, and placed on ice for 2 minutes. The transformed cells were supplemented with

950 ml SOC medium (room temperature), and incubated for 1.5 hours at 37°C with shaking. An
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aliqubt of each transformation culture (100 pl) was plated onto LB plates containing ampicillin (50
pg/ul), IPTG (0.5 mM) and X-Gal (80 pg/ml). The plates were incubated at 37°C overnight.

Competent cells (100 pl) preparéd by fhe method of Chung et al (1989) (182) (see section 2.2.1) were
mixed with plasmid DNA and incubated on ice for 60 minutes. The cells were supplemented with 900
ul TSB containing 20 mM glucose, and incubated at 37°C for 60 minutes to express the antibiotic
resistance gene. Transformants were selected by plating the cells on LB piates containing the relevant

antibiotic.

2.2.3 Plasmid DNA Mini-Preparation by Boiling Method

Single bacterial colonies containing plasmid DNA were picked from fresh agar plates and inoculated
into 10 ml LB containing the appropriate antibiotic. Cells were grown overnight at 37°C, and 1.5 ml
of the culture was pelleted (12 000 rpm, 1 minute). The cell pellet was resuspexided in 290 ul STET (8 _
% (w/v) sucrose. 0.5 % Triton X-100, 50 mM EDTA (pH 8), 10 mM Tris.HCI (pH 8)) and 10 pl
lysozyme (20 mg/ml) was added to the cell suspension, which was incubated on ice for 5 minutes.
~ The cells were lysed by boiling for 1 minute, and the cell debris was precipitated by centrifugation for
20 minutes at room temperature (12 000 rpm). The sticky peilet was removed with a toothpick and the
DNA was precipitated by addition of an equal volume of isopropanol. The DNA was recovered by
“centrifugation (12 000 rpm, 20 minutes, 4°C), and the pellét was washed with 70 % ethanol. The dry
DNA pellet was resuspended in 20 pl TE and stored at -20°C. '

2.2.4 Large Scale Plasmid Isolation

Plasmids were propagated in the appropriate E.coli strains which were grown in Luria-Bertani growth
medium (LB) containing the relevant antibiotic. Plasmids were ieither isolated by the triton lysis
method (151), or using Wizard Midipreps DNA Purification System (Promega) according to the

suppliér’s recommendations.

2.2.4.1 Triton Lysis Method

Briefly, 2 litres of bacterial culture were centrifuged for 30 minutes at 5 000 rpm (JA 14 rotor,
Beckman). The pellet was resuspended in 15 ml 50 mM Tris.HCI (pH 7.5), and the suspension was
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incubated for 30 minutes with 1 ml lysozyme (10 mg/ml), 10 minutes with 1 ml EDTA (0.5 M), 20
minutes with 100 ul RNase A (20 mg/ml), 200 pl Triton (10 % (v/v)) and centrifuged for 45 minutes
at 20 000 rpm (JA20 rotor). The supernatant was extracted three times with an equal volume of
neutralised phenol, and twice with an equal volume of chloroform. The sample was adjusted to 300
mM sodium acetate and the DNA was precipitated with 2.5 volumes absolute ethanol for 30 minutes

at -70°C. DNA was recovered by centrifugation at 20 000 rpm (JA20 rotor) for 20 minutes.

The pellet was washed with 70 % (v/v) ethanol, dried and the plasmid was banded in a caesium
chloride / ethidium bromide gradient (VTi 65 rotor (Beckman), 55 000 rpm, 16 hours, caesium
chloride from Sigma). This step was performed twice if supercoiled plasmid only was required.
Ethidium bromide was removed from the recovered plasmid by repeated' extractions with isoamyl
alcohol (151). The supercoiled plasmid was dialysed against TE (pH 7.5) and precipitated as above.
Plasmid was stored in aliquots in TE (pH 7.5) at -20°C.

2.2.4.2 DNA Isolation Using Wizard Midipreps Columns (Promega)

Bacterial cultures (100 ml) were pelleted for 15 minutes at 4°C (14 000 rpm, JA14 rotor (Beckman)).
The cells were resuspended in 3 1 cell resuspension solution ( fO mM Tris.HC] (pH §), 10 mM
EDTA (pH 8) and 100 pg/ml RNase /nxd) and lysis was achieved by addition of 'gsml,{l f cell lysis

awdoghing oY Smn gf g1
solution (0.2 N NaOH, 1 % (w/v) SDS). Plasmld was released from the lysed cells by gentle sw1rlmg,

ad S 44 guipiding hydodonde , 0.5 M kpAc pi 4.2

and the mixture was supplemented with’ neutrallsatlon solution (1.32 M KOAc (pH 4.8)). 'Cell debris
and chromosomal material were pre01p1tated for 156mm3tles at 4°C (15 000 rpm, JA20.1 rotor
(Beckman)). The supernatant was retained and supplemented with 10 ml Wizard Midipreps DNA
Purification Resin (7 M Guanidine HCl), and passed directly over a Wizard Midipreps column.
Elution of solvents was achieved by application of a vacuum to the column, which was subsequently
washed twice with 15 ml column wash solution (8.3 mM Tris.HCI] (pH 7.5), 83 mM NaCl, 2 mM
EDTA and 58 % (v/v) ethanol) and dried before the DNA was eluted with 300 pul TE (pH 8.0) at 65°C

by spinning the column for 2 minutes.

2.2.5 Recovery of Single Stranded DNA from pBluescript

Single stranded DNA was isolated according to the Stratagene instruction manual for pBluescript Exo
/ Mung DNA Sequencing system. pBluescript vector containing the DNA fragment of interest was

transformed into XL1-Blue cells, which were grown on LB / ampicillin / tetracycline plates. Single
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colonies were picked and 10 ml starter cultures were grown overnight at 37°C in LB / ampicillin /
tetracycline. LB (2 ml) containing 2 pl purified M13 phage was inoculated with 20 pul of the starter
culture, and the mixture was incubated at 37°C for one hour. The culture was supplemented with
kanamycin (230 pg/ml final concentration) and the culture was grown at 37°C overﬁight. The cells
were pelleted at 12 000 rpm for 5 minutes (4°C), and the phage-containing supernatant was mixed\
with 0.2 volume 15 % (w/v) PEG (8000) / 2.5 M NaCl. The mixture was vortexed gently and
incubated at room temperature for 15 minutes. The phage were pelleted at 12 000 rpm for 5 minutes
(4°C) and the supernatant was removed carefully. The pellet was resuspended in 100 ul TE (pH 8) by
vortexing vigorously. The phage were extracted once with 50 ul phenol, followed by a chloroform
extraction (50 pl). The DNA was precipitated with 0.1 volume 3 M sodium acetate (pH 5.2) and 2.5
volumes absolute ethanol. The mixture was incubated at room temperature for 15 minutes and the
DNA was pelleted at 12 000 rpm for 10 minutes (4°C). The DNA was washed with 70 % ethanol,
evaporated to dryness and resuspended in 20 pl TE (pH 8). |

2.3 Sanger Di-Deoxy DNA Sequencing

Enzyrhatic sequence analysis was performed using the TaqTrac sequencing system (Promega),

alternatively the DNA samples were sequenced using an Automated DNA Sequencer.

2.3.1 Denaturation of Double Stranded DNA

DNA (approximately 5 pg) was pipetted into a microfuge tube, the volume was adjusted to 18 pl with
sterile water and 2 pl of a 2 M NaOH solution was added. The mixture was incubated at 37°C for 6
minutes. The reaction was neutralised with 4 pl of 3 M sodium acetate (pH 5.2), and 150 pl of
absolute ethanol was added. The DNA was pelleted by centrifugation at 12 000 rpm for 30 minutes
(4°C), and the pellet was washed with 70 % ethanol. The DNA was dried by evaporation and

resuspended in 17 pl water.

2.3.2 Sequencing Using the Two Step Extension / Labelling Procedure

Primer (2 pmol) and single stranded or denatured doublestranded DNA (5 pg) were combined in 1 X
Taq DNA’polymerase buffer (50 mM Tris.HCI (pH 9) and 10 mM MgCl,) containing 2 pl extension /
label mix (7.5 uM of each dGTP, dTTP and dCTP), and annealed by incubation at 37°C for 11
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minutes. The extension / labelling reaction was carried out at 37°C for 11 minutes by adding 1 pl [a-
35S]dATP (approximately 10 pCi/pl, Amersham) and 1 pl Taq DNA polymerase (2.5 U/pl) to the
DNA / primer mixture. For each set of sequencing reactions 1 pl of each ddNTP was aliquoted into a
microcentrifuge tube and 6 ul of the extension / label reaction was added. The mixture was incubated
at 70°C for 16 minutes and 4 ul of stop solution (10 mM NaOH, 95 % (v/v) formamide, 0.05 % (w/v)
bromophenol blue and 0.05 % (WIv) xylene cyanol) was added to each tube, Thefeaétions were

heated to 90°C for 5 minutes before resolving them on a 6 % sequencing gel (see section 2.3.3).

2.3.3 Sequencing gels

6 % sequencing gels (5.7 g acrylamide (Merck), 0.3 g bisacrylamide (BDH Biorad), 48 g urea
(Merck), 10 ml of 10 X TBE, 40 ml water, 45 pl of 50 % AMPS and 45 pl TEMED) were pre-
electrophoresed for 30 minutes at 90 W. Samples were electrophoresed for 1 - 6 hours at 90. W

depending on where the DNA sequence of interest was situated on the template DNA.

2.4 Synthesis and Annealing of Oligodeoxyribonucleotides

Oligodeoxyribonucleotides (oligonucleotides) were synthesised on a Beckman Systems 1+ DNA
Synthesizer and purified by established procedures' (151). Concentrations were determined
spectrophotometrically. The molar extinction coefficient for each oligonucleotide was estimated from
the extinction coefficients of the individual bases (151). Complementary strands of the specific and
nonspecific oligonucleotides (see fig 2.1 for their respective nucleotide sequences) were annealed at a
molar ratio of 1:1, by incubating at 88°C for 2 min, 65°C for 10 min, 37°C for 10 min, 25°C for 5

min, and finally placing the sample on ice.

2.5 Enzymatic Manipulations and Radioactive Labelling of DNA

2.5.1 Restriction Enzyme Digests

Typically restriction enzyme digests were performed with plasmid DNA containing 1 X reaction
buffer, 1 - 2 units / pg of DNA of each restriction enzyme, and the final volume was adjusted with
water. The mixture was incubated at 37°C for one hour or longer, followed by addition of 6 X loading

buffer (0.25 % bromophenol blue, 0.25 % xylene cyanol, 30 % glycerol in water). The digests were
y y
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SPECIFIC OLIGO (Sp)

5' gatcAGAGAGGGGGGGGGGGAGGGAGAATT 3!

3 TCTCTCCCCCCCCCCCTCCCTCTTAACtag 5'
NONSPECIFIC OLIGO (NS)

5' TCAGGTCATGGCCACTGTGACGTCTTctag 3'
3' gatcAGTCCAGTACCGGTGAGAGTGCAGAA 5'

Fig 2.1 Sequences of the Synthetic Oligodeoxyribonucleotides

The sequences of the specific (Sp) and nonspecific (NS) synthetic double stranded 30 bp oligonucleotides are
shown in capital letters. The oligos have 4 base single-stranded overhangs (small letters) to enable
multimerisation. The specific oligo contains 26 bp of the H1-H4 intergenic region of the early histone gene
battery of P.miliaris (h22) (see fig 2.2), whereas the nonspecific oligo contains a random sequence.

gaattctc

cttaagag
EcoRI

aattcgagct
ttaagctcga

-410
GACATGAAAC
CTGTACTTTG

~|-360

AGAGAGAGAG
TCTCTCTCTC

=310
CACTGTAAAT
GTGACATTTA

-260
ATAAGGATGA
TATTCCTACT

caagctgggce
gttcgacceg

atgtttgaca
tacaaactgt

cggtacccCA
cggatgggGT

-400
ACACTCAATT
TGTGAGTTAA

-350
AGAGAGAGAG
TCTCTCTCTC

=300

GTAGCGTTAA
CATCGCAATT

-250
TTATAAGCTg
BAATATTCGAC

tcgacttagt
agctgaatca

gcttatcatc
cgaatagtag

-440
CGTAGAGGAA
GCATCTCCTT

-390
CAACATATTT
GTTGTATAAA

-340
AGGGGGGGGG
TCCCCcccee

-290
TGAACTTTTC
ACTTGAAAAG

gggatcctgt
ccctaggaga

cagggtcacc
gtcccagtgg

gccctgactg
cgggactgac

-430
AAGAGAGTTA
TTCTCTCAAT

-380
AGAGGAAGGG
TCTCCTTCCC

-330
GGAGGGAGAA
CCTCCCTCTT

-280
ATCTCATCGA
TAGAGTAGCT

agagtcgacc
tctcagectgg

gataagctt
ctattcgaa
Hind 111

agtcgagccc
tcagctcggg

-420
TACCACTCCT
ATGGTGAGGA

-370
AGAGAGAGAG
TCTCTCTCTC

-320
TTGCCCAAAA
AACGGGTTTT

-270
CTGCGCGTGT
GACGCGCACA

tgcaggcatg
acgtccgtac

Watson
Crick

Fig 2.2 DNA Sequence of the E/H Fragment

Part of the sequence of plasmid pHP2 (shown in small letters) contains a 201 bp insert (capital letters) from the
H1-H4 intergenic region of the P.miliaris early histone gene battery (h22) (20). Numbering is with respect to the
major cap site of the mRNA of H4 denoted +1 (183). A 335 bp EcoRI / Hindlll fragment (E/H fragment) was
prepared from pHP2 and radiolabelled on one strand as described in the text.
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analysed on agarose gels of appropriate concentration. When plasmids from minipreps were digested, .

1 pl RNase A (20 fng/ml) was also added to the restriction digest reaction.

2.5.2 Isolation and Radioactive Labelling of DNA Fragments

A 335 bp Eco R1 / Hind III (E/H) fragment containing the binding site of suGF1 was prepared from
pHP2 (20). (This fragment includes 11 contiguous G residues on one strand, see fig 2.2.) Fragments
obtained by restriction enzyme digestion were resolved on 1% agarose gels in TAE (0.04 M Tris-
acetate, 0.002 M EDTA) containing ethidium bromide. The relevant bands were visualised with a
handheld UV lamp (A = 315 nm) and excised from the gel. The DNA was purified from the agarose
using the Wizard PCR Preps DNA Purification System (Promega). Agarose slices were transferred to
microcentrifuge tubes and 1 ml Wizard PCR Preps DNA Purification Resin was added. The agarose
was melted at 65°C and applied to a Wizard Minicolumn, which was washed with 2 ml of 80 % (v/v)
isopropanol. The DNA was eluted from the dry column by applying 50 ul TE (pHv 8) and
centrifugation at 12 000 rpm for 20 seconds. The sample was adjusted to 0.3 M sodium a;:etate and
the DNA was precipitated by adding 2.5 volumes absolute ethanol for 30 minutes at -70°C. The DNA
was recovered by centrifugation at 15 000 rpm (Beckman JA20.1) for 20 minutes, washed with 70 %
(v/v) ethanol and stored in TE (pH 8) at -20°C. The DNA concentration was determined

spectrophotometrically or by ethidium bromide spotting.

Restriction fragments were 3' end-labelled by a Klenow fill-in reaction. The Watson strand of the E/H
ﬁagment could be labelled selectively by filling in the HindIlI site using [a-32P]dCTP (10 uCi/pl,
Amersham) as radioactive nucleotide. Specific activity of fragments waé typically 12 000 té 50 000
dpm/ng. ' '

2.5.3 Nick Translation of cDNA

cDNA was labelled by nick translation with [a-32P]dC’I'P according to the protocoi described by
Maniatis et al (1982) (169). Typically an incubation was perférmed in 1 X Nick Translation Buffer
(50 mM Tris.HCI (pH 7.5), 10 vaMgSO,,, 1 mM DTT, 0.05 mg/ml BSA) containing 1 ul cDNA
(0.5 mg/ml), 3 pl nucleotide mix (2 mM each dATP, dGTP, dTTP), 3 l [a-**P|dCTP (10 pCi/ul), 1
1l DNasel (0.4 pU/ml) and 1 pl DNA polymerase I (500 U/ml). The reaction was allowed to proceed
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at 16°C for one hour, it was terminated by the addition of 2 pl of 0.5 M EDTA (pH 8). The specific
act1v1ty of the labelled probes was 0.1 - 1.9 x 10° dpm/pg DNA.

2.5.4 Labelling of DNA Using the Amersham MegaPrime Kit

DNA fragments were isolated from low melting point agarose gels as described above (se¢ section
2.5.2). The DNA template (25 ng) was combined with 5 pl random primers (Amersham) and the
mixture was denatured at 95°C - 100°C for 5 minutes. The reactidﬁ_cocktéil, including nucleotides (4
ul of each dGTP, dTTP and dATP (10 mM)), 10 X reaction buffer (5pl), [a-nP]dCTP (5 pl) and 2pl
Klenow enzyme (2 U/ul) was added to the denatured DNA at room temperéture. The volume was
adjusted to 50 pl with water. The reaction was incubated at 37°C for 30 minutes and was terminated
by addition of 0.5 M EDTA (2 pl). The volurne was adjusted to 100 pl with TE and the labelled DNA
was separated from the unincorporated nucleotides by chromatography on a Sephadex G-50 spin

column. Specific éctivity of the labelled DNA was typically ~ 1 X 10° dpm/pg.

2.5.5 Sephadex G-50 Chromatography

The labelled DNA was passed over a 1 ml spin column containir'lg.Sephadex G-50 in TE solution (pH
8) in order to remove the unincorporated nucleotides. The spin column was preparéd by plugging a
disposable 1 ml syringe with sterile glass wool and filling it with Sephadex G-50. ‘The column was.
washed with three column volumes of TE (pH 8) and centrifuged on a benchtop centrifuge for 4
minutes after each wash. The DNA sample was a;‘—)plied to the column in a volume of 100 pl and
eluted by centrifugation for 4 minutes. The labelled DNA was present in the void volume and the

amount of radioactivity was measured by Cerenkov counting.

2.6 RNA Isolation and Manipulations

2.6.1 RNase-free Plasticware, Glassware and Solutions

All glassware was baked at 260°C for four hours. Plasticware was soaked in a solution of 3 % (v/v)
H,0, for ten minutes and washed thoroughly with RNase-free water, unless sterile disposable
plasticware was available. RNase-free water was double distilled Milli-Q water (passed through

carbon, ion exchange and organic scavenger cartridges), filtered directly into a baked glass bottle and
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autoclaved for 30 minutes. All RNase-free solutions were prepared using baked glassware, chemicals
set aside for RNA work only and RNase-free water. Gloves were worn at all times when working with

RNA and the accompanying solutions.

2.6.2 RNA Isolation Procedure

Total RNA was isolated using the Guanidinium thiocyanate / CsCl gradient technique proposed by
Chirgwin et al (1979) (184). Guanidinium thiocyénate stock solution (4 M guanidinium thiocyanate,
0.5 % (w/v) sodium lauroylsarcosine, 25 mM sodium citrate (pH 7), 100 mM B-Mercaptoethanol) was
filtered through a 0.22 pum filter. Sea urchin eggs or embryos (grown for 4 hours, 9 hours, 14 hours,
21 hours, 30 hours or 45 hours) were allowed to settle at 4°C. Adult tissue (testes, ovaries or muscle)
was frozen in liquid nitrogen and ground to a powder using a mortar and pestle. Guanidinium
thiocyanate stock solution (3.3 ml) was added to 1 ml of settled eggs, embryos or adult tissue. The
cells were resuspended in the guanidinium thiocyanate solution using a Pasteur pipette. The lysed cell
mix was transferred to a 5 ml handheld Dounce homogenizer and the suspension was homogenized
for 25 - 30 strokes. Each homogenate was added to 1.32 g CsCl and shaken to dissolve the CsCl. The
mixture was layered over a 1.2 ml cushion of 5.7 M CsCl solution (5.7 M CsCl, 0.1 M EDTA (pH
7.5)) in a polyallomer tube. The RNA was pelleted by centrifugation at 36 000 rpm (105 000g) in a
Beckman SW65Ti rotor for 16 hours at 20°C in a Beckman L-65 Ultracentrifuge.- The supernatant
was aspirated until approximately 500 pl remained. The centrifuge tube was cut above the level of the
remaining solution and the latter was removed by inverting the centrifuge tube, so as not to disturb
the RNA pellet. This method ensures the complete separation of RNA (found in the pellet) from
contaminating DNA and protein. The pellet was resuspended in 300 pl RNase-free water, transferred
to an Eppendorf vial and vortexed to mix. The solution was incubated at 65°C briefly and spun down
in a microfuge. The RNA was subsequently precipitated by the addition of 0.1 volume 3 M sodium
acetate (pH 5.2) and 2.5 volumes absolute ethanol and stored at -20°C. The RNA was recovered from
the ethanol suspension by centrifugation for 20 minutes at 15 000 rpm and 4°C. The pellets were
washed with 75 % ethanol, air dried and dissolved in 100 pl RNase-free water. A,go in water was used
to determine the RNA concentration, and a ratio of Aygp/Azg0 = 2 was ensured. The RNA was stored

as an aqueous solution at -20°C.
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2.6.3 Selection of Poly-A* RNA

Oligo(dT)-cellulose (0.5 g) was swollen in 0.1 M NaOH. A 1 ml column was poured in a silanized
pasteur pipette. The column was washed with 10 ml RNase-free water and 1 X column loading buffer
(20 mM Tris.HCI (pH 7.6), 0.5 M NaCl, ImM EDTA, 0.1 % (w/v) SDS), until the pH of the column
effluent was less than 8. Sea urchin embryo (14 hour) total RNA (2 mg) was resuspended in RNase-
free water and heated to 65°C for 5 minutes. An equal volume of 2 X loading buffer was added, the
sample was cooled to room temperature and applied to the column. The flow-through was collected,
heated again to 65°C, cooled and reapplied to the column. The eluate was reapplied twice in the same
fashion. The column was washed with 10 column volumes of loading buffer. The poly-A™ RNA was
“eluted with 4 column volumes of elution buffer (10 mM Tris.HC1 (pH 7.5), 1 mM EDTA, 0.05 %
(w/v) SDS). Fractions (1 ml) were collected and the A,q, of each fraction was determined. The poly-
A" RNA was selected again by oligo(dT)-ceilulose chromatdgraphy, by adjusting the NaCl
concentration of the eluted niRNA to 0.5 M and repeating the chromatography procedure. The poly-
A" RNA was precipitated at -20°C by adding 0.1 volume 3 M Na-acetate (pH 5.2) and 2.5 volumes

absolute ethanol. The pellet was rinsed in 70 % ethanol, and resuspended in RNase-free water.

2.6.4 RNA Gel Electrophoresis

For RNA gels thé electrophoresis apparatus was soaked in 3 % (v/v) H,O, for 1 hour, rinsed with

methanol and washed with RNase-free water.

2.6.4.1 Denaturation of RNA by Glyoxal Method

RNA was fractionated under denaturing conditions according to standard procedures (169). RNA
samples were incubated in1M glyoxal, 50 % (v/v) DMSO, 10 mM NaH,PO, (pH 7) for 60 minutes
at 50°C. The RNA samples were cooled to 4°C and 0.2 volumes sample application buffer (50 %
(v/v) glycerol, 10 mM NaH,PO, (pH 7), 0.25 % (w/v) bromophenol blue) was added to them. The
samples were fractionated through a vertical_l % agarose gel in 10 mM NaH,PO, (pH 7), at3 -4
V/cm with buffer recirculation. The gel was stained for 10 minutes with 33 pg/ml acridine orange in

10 mM NaH,PO, (pH 7), and destained overnight in buffer only.
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2.6.4.2 Denaturation of RNA by Formamide Method

The integrity of RNA samples was checked on 1 % agarose / formaldehyde gels based on a
modification of the method described in Ausubel et al (1987) (151). Gels were prepared as follows:
0.5 g agarose, S ml 10 X MOPS (0.4 M morpholinopropanolsulfonic acid (pH7), 100 mM sodium
acetate, 10 mM EDTA) and 36 ml DEPC water. The agarose was heated, cooled to 55°C and 8.4 ml
37 % (v/v) formaldehyde was added. The gel was poured in the fumehood and covered with 1 X
MOPS buffer once it had set. The RNA samples were precipitated by ethanol and resuspended in 25
pl loading buffer containing 72 pl formamide, 16 pl 10 X MOPS, 26 ul 37 % (v/v) formaldehyde, 18
pl water, 10 pl 80 % (v/v) glycerol and 8 pl saturated Bromophenol Blue. The RNA samples were
electrophoresed at 3.5 V/cm for 3 hours in 1 X MOPS running buffer. V

2.6.5 Northern Analysis

2.6.5.1 Northern Transfer Procedure

A piece of Nylon membrane (Hybond N) was cut to fit the dimensions of the gel (see section 2.6.4)
and floated on deionised water, it was then submerged and wet thoroughly. The membrane was
soaked in transfer buffer (10 x SSC) until used. The gel was kept in low ionic strength buffer prior to
the transfer. The RNA was transferred from the gel to the membrane by capillary action. A piece of
Whatman 3MM paper was cut 10 - 20 cm longer than the gel, saturated with transfer buffer and
placed on a glass plate. The ends of the paper wick were draped into a buffer reservoir. The gel was
laid onto the wick of chromatography paper, and the prewet nylon membrane was placed on it,
followed by 2 - 3 pieces of gel blot paper cut tb fit the gel. Any air bubbles trapped between the layers
were removed by rolling a pipette back and forth over every layer. The sides of the gel were
surrounded by clingwrap film to prevent the paper on top of the gel from coming into contact with the -
lower layer of gel blot paper. A stack of paper towels was placed on the gel blot paper, and the blot
was secured with a light weight. The transfer was carried out overnight, and the transfer efficiency
was checked by staining the gel with acridine orange (33 pg/ml). The membrane was washed with § x
SSC for S minutes after the transfer was complete, and the RNA was crosslinked to the membrane

under UV light (A = 254 nm).
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2.6.5.2 Northern Hybridisation Procedure

The membrane was placed in a heat sealable bag with 0.25 ml/cm’ prehybridisation buffer (50 %

(v/v) formamide, 5 x Denhardt's reagent, 10 mM NaH,PO, (pH 7), 5 x SSC, 0.1% SDS, 5 mg/ml

denatured low molecular weight DNA) for 16 hours at 42°C with gentle agitation. The

prehybridisation solution was removed from the blot and replaced with 0.1 ml/em’ hybridisation

solution (50 % (v/v) formamide, S x Denhardt's reagent, 10 mM NaH,PO, (pH 7.0), 5 x SSC, 0.1 %
(w/v) SDS, 5 mg/ml denatured low molecular weight E.coli DNA) together with the relevant heat

denatured, nick translated or MegaPrime labelled probe (5 - 20 ng/ml). Hybridisation was carried out

at 42°C for 12 - 24 hours with gentle agitation.

2.6.5.3 Washes and Autoradiography

The blot was removed from the plastic bag and washed as follows: twice in 2 x SSC, 0.1 % SDS for 5
minutes at room temperature, twice in 2 x SSC, 0.1 % SDS for one hour at 65°C, and the final washes
were in 2 X SSC for 2 minutes at room temperature. The membrane was blotted slightly, sealed in a

plastic bag and autoradiographed.

2.7 Synthesis of cDNA by Reverse Transcription of RNA

- RNA-dependent DNA polymerase (reverse transcriptase) was used to transcribe mRNA into cDNA.
Either total RNA or poly-A* RNA (both 5 ug) was treated with 5 U DNase 1 (10 U/pl Boehringer
Mannheim) in 1 X MMLYV Reverse Transcriptase Buffer (15 mM MgCl,, 375 mM KCl, 250 mM
Tris.HCl (pH 8) (Promega)), containing 0.5 pul RNasin (40 U/pl, Boehringer Mannheim) for 30
minutes at 37°C. The RNA was extracted once with phenol (pH 4) and once with chloroform. It was
adjusted to 0.3 M Na-acetate and precipitated with 2.5 volumes absolute ethanol. The RNA was
pelleted for 20 minutes at 14 000 rpm, washed with 70 % ethanol aﬁd air dried before resuspending it
in 15 pl RNase-free water. RNA (1 pg) was denatured at 70°C for 10 minutes, and placed on ice.
Reverse transcription mix (1 pl dNTPs (10 mM), 4 pl 5 X reaction buffer (15 mM MgCl,, 375 mM
KCl, 250 mM Tris.HCI (pH 8)), 0.5 pl RNase inhibitor (40 U/pul), 1 pul random primer (200 pg/ml), 1
ul MMLV Reverse Transcriptase (200 U/pl) was added to each RNA sample in a final volume of 20
pl. The samples were stirred gently, incubated at room temperature for 10 minutes and placed at 37°C
for 50 minutes. Finally they were heated to 70°C for 15 min. The synthesised cDNA was kept on ice
until it was amplified by PCR or stored at -20°C.
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2.8 cDNA Library Expression Screening Using a DNA Ligand

2.8.1 Catenated DNA Probes

" Double stranded oligonucleotide probes used to expression screen the cDNA library were generated
by annealing complementary synthetic DNA strands (see section 2.4). Each ds oligonucleotide was
phosphorylated according to standard reaction conditions specified by the supplier. Typically a
phosphorylation reaction contained 120 pg oligonucleotides, 1 X T4 polynucleotide kinase buffer (50
mM Tris.HCI (pH 8.2), 10 mM MgCl,, 0.1 mM EDTA, 5 mM DTT), 100 mM ATP, 50 uCi [y-
32P]ATP, and 30 ul T4 polynucleotide kinase (1 U/ul, Boehringer -Mannheim). The reaction was
allowed to proceed at 37°C for 3 hours. The enzyme was inactivated by heating it to 70°C for 10
. minutes, and the DNA was purified by organic eitraction. The DNA was precipitated by the addition
of 0.1 volume 3 M sodium acetate and 2.5 volumes absolute ethanol. The DNA was pelleted (12 000
rpm, 20 minutes, 4°C), washed with 70 % ethanol and resuspended in a final volume of 100 pl,
containing 66 mM Tris.HCI (pH 7.5), 5 mM MgCl;, 1 mM DTT, 1 mM ATP and 50 U T, DNA ligase
(5 U/ul). The ligation reaction was incubated for 16 hours at 15°C, and the catenated DNA attained a

mean length of 180 bp.

Radiolabelled probe was prepared using the Prime-a-Gene Labelling System (Promega). The»DNA
template (25 ng) was denatured at 95°C - 100°C for 2 minutes and combined with 1 X labelling buffer
(50 mM Tris.HCI (pH 8), 5 mM MgCl,, 2 mM DTT, 200 mM Hepes (pH 6.6) and 5 Ajgg units/ml
random hexadeoxyribonucleotides), 20 uM of each nonlabelled dNTP, 400 pg/ml nuclease-free BSA,
5 ul [a-*?P]JdCTP (50 uCi, 3000 Ci/mmol) and 1 pl Klenow enzyme (5 U/ul). The volume was
adjusted to 50 pl with sterile Water, and the reaction was incubated at room temperaturé for 60
minutes. The reaction was stopped by heating it to 95°C - 100°C for 2 minutes and addition of 2 pl
0.5 M EDTA. The labelled DNA was separated from the unincorporated nucleotides by size exclusion
on a Sephadex G-50 spin column (see section 2.5.5). Speciﬁc activity of the DNA template was
typically 0.4 - 1 X 10® cpm/pg.

2.8.2 Preparation of Nitrocellulose Filter Replicas

The DNA ligand screening method was carried out according to a protocol described by Singh et al
(1989) (174). The E.coli host strain BB4 (Stratagene) was grown to saturation in LB medium
containing 0.2 % (w/v) maltose and 10 mM MgSO,.7H,0 at 37°C. Aliquots of the culture (500 ul)
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were infected with 3 - 5 X 10* pfu of a AZAP cDNA expression library (a gift from Prof. E. Davidson
(Caltech)), which was derived from 24 hour Strongylocentrotus purpuratus embryos. The bacterial
cells were incubated for 15 minutes at 37°C to allow phage adsorption. Top agarose (9 ml),
equilibrated to 47°C, was added to each aliquot of infected cells. The mixture was inverted twice and
spread on prewarmed 1B / tetracycline plates (150 mm). The LB plates were incubated at 42°C for
about 3 hours until tiny plaques were visible. Each LB plate was overlayed with a ﬁitrocellulose filter
(Amersham) which had been soaked in 10 mM IPTG for 30 minutes and air dried. The LB plates
were incubated at 37°C for 6 hours. The posbition of the filter was marked on each plate. The filters
were lifted off the plates, air dried for 15 minutes at room temperature and immersed in bihding
buffer (25 mM Tris.HCI (pH 7.9), 25 mM NaCl, 5 mM MgCl,, 0.5 mM DTT) supplemented with 6 M
guanidine hydrochloride (GuHCI). The filters were incubated with gentle shaking at 4°C for 10
minutes. All filters were processed in the same petri dish. This step was repeated with fresh binding
buffer containing 6 M GuHCI. The second wash was supplemented with an equal volume of binding
buffer without GuHCI, and the filters were incubated for 5 minutes. The 100 % dilution step was
repeated four times, and the final step was followed by 2 washes with unsupplemented binding buffer
for 5 minutes at 4°C. The filters were blocked for 30 minutes at 4°C with a solution containing 3 %
(w/v) BSA, 50 mM Tris.HCI (pH 7.5), 50 mM NaCl, 1 mM EDTA, 1 mM DTT and 0.05 % (v/v)
Tween-20. This solution was replaced with binding buffer containing 0.15 % (w/v) BSA and 0.05 %
(v/v) Tween-20, the filters were immersed for 1 minute at 4°C and then screened with radiolabelled

probe.

2.8.3 Screening of Nitrocellulose Filter Replicas

Filters were screened in batches by incubating them in 25 ml binding buffer containing 107 cpm of
radiolabelled specific DNA probe, and 150 pg poly[d(I-C)] (Boehringer Mannheim). The binding
reaction was incubated for 1 hour at 4°C with gentle shaking. The filters were washed with 4 changes
of binding buffer (7.5 minutes each wash, 4°C). The filters were air dried on blotting paper and

autoradiography was performed overnight (-70°C) with an intensifying screen.

2.8.4 Identification and Purification of Sequence Specific Clones

The presumptive positive plaques were identified by aligning autoradiographs of duplicate filters and
identifying overlapping signals. Agarose plugs corresponding to positive signals were stabbed out of

the plates with a pasteur pipette and secondary phage stocks were prepared according to Maniatis et al

43



(1982) (169). The agarose cores containing the positive plaques were placed in 1 ml suspension
" medium (100 mM NaCl, 0.2.% MgS0,4.7H,0, 50 mM Tris.HCl (pH 7.5) and 2 % (w/v) gelatin)
containing one drop of chloroform, and incubated at room temperature for 2 hours. The secondary
phage stock were stored at 4°C indefinitely. The secondary phage stock (ca. 5 X 10° pfu) were mixed
with an aliquot (200 pl) of E.coli BB4 cells (overnight culture grown in LB, supplemented with 10
mM MgSO,.7H,0 and 0.2 % (w/v) maltose) and incubated for 15 minutes at 37°C. Top agarose (3
ml) equilibrated to 47°C was added to the mixture and inverted twice before spreading:onto
prewarmed LB / tetracycline plates (100 mm). The nitrocellulose filter replicates were prepared as
above (see section 2.7‘.2). The secondary filters were screened with the wildtype recognition site DNA
probe (concatenated specific oligo), as well as a control DNA probe (nonspecific oligonucleotide)
which lacks the DNA-binding site (see fig 2.1 for sequences). Phage which were detected specifically
with the wild-type recognition probe but not the control DNA were plaque purified.

2.9 Lambda Zap Automatic Excision Process

The pBluescript vector (containing. the cDNA inserts of interest) was excised from the secondary
phage stock according to the Stratagene ExAssist / SOLR System manual. The two E.coli host strains,
SOLR™ and XL1-Blue, were revived by streaking them onto LB plates containing kanamycin (20
pg/ml) and tetracycline (12.5 pg/ml) respectively, and incubating them overnight at 37°C. Single
colonies were inoculated into 5 ml LB supplemented with 0.2 % (w/v) maltose and 10 mM MgSO,,
and grown overnight at 30°C to prevent overgrowing. The cells were pelleted at 1000 - 2000 X g for
10 minutes, and gently resuspended in 0.5 volumes 10 mM MgSO,. The following components were
combined in a test tube: 200 ul XL1-Blue cells (ODgyo = 1), 100 pl isolated phage stock, and 1 pl
ExAssist (Stratagene) helper phage (> 1 X 10 pfuw/ml). The mixture was incubated at 37°C for 15
minutes, 3 ml of 2 X YT medium (10 g NaCl, 10 g yeast extract, 16 g bactotryptone per liter) was
added and the mixture was incubated at 37°C for 3 - 5 hours without shaking. The tubes were then
heated at 70°C for 20 minutes and spun for 15 minutes at 4000 X g (Beékman JA20.1 rotor). The
supernatant, containing the plasmid packaged as a filamentous phage particle, was decanted into a
sterile tube and stored at 4°C for up to 2 months. The rescued phagemid was plated by aliquotting 200
pl of SOLR™ (Stratagene) cells (ODgy = 1) into separate tubes and adding either 1 pl or 50 pl of
phage stock to each tube. The tubes were incubated at 37°C for 15 minutes, and the cells (100 pl)
were plated on LB / ampicillin plates and incubated at 37°C 6vemight. To maintain the pBluescript
plasmid, colonies were restreaked onto new LB / ampicillin plates. Glycerol stocks for longterm

storage were kept at -70°C.
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2.10 Preparation of Genomic DNA from Sea Urchin Sperm

Genomic DNA was isolated according to the method described by Ausubel et al (1987) (151). Adult
sea urchins (P.angulosus) were induced to spawn by injecting them with 0.5 M KCl (5 ml). Sperm
was collected (2 ml) and washed twice with PBS. The sperm was pelleted by centrifugation at 500 X
g, and the supernatant was discarded. The sperm was resuspended in at least 2 volumes digestion
buffer (100 mM NaCl, 10 mM Tris.HCI (pH 8), 25 mM EDTA (pH 8), 0.5 % (w/v) SDS, and 0.1
mg/ml proteinase K). Cell lysis was achieved by shaking the solution at 50°C for 12 - 18 hours.
Genomic DNA was extracted by mixing the lysed sample with an equal volume of PCI
(phenol:chloroform:isoamyl alcohol = 25:24:1, pH 8). The phases were separated by centrifugation at
12 000 rpm for 2 minutes in a microfuge. The organic extraction step was repeated four times. The
DNA was precipitated by addition of 0.5 volume of 7.5 M ammonium acetate and 2 volumes 100 %
ethanol (room temperature). DNA was recovered by centrifugation at 1 700 X g for 2 minutes, and
washed with 70 % ethanol. The pellet was air dried and resuspended in TE. The DNA was stored at -
20°C. '

2.11 The Polymerase Chain Reaction (PCR)

The polymerase chain reaction was used to amplify specific segments of DNA in vitro. Either
genomic DNA, ¢cDNA or plasmid DNA was used as a template for the amplification. Generally, a
basic protocol (as described by Ausubel et al (1987) (151)) was applied. First the samples were
denatured at 94°C, then the primers were annealed to the single-stranded DNA (annealing
temperatures depend on primer sequence and length) and finally the extension reactions using Taq
DNA polymerase were performed at 72°C or 68°C. The 3 steps were repeated 25 to 40 times in 2
Stratagene Robocycler Gradient 40.

2.11.1 Amplification of Specific DNA-Fragments

The polymerase chain reaction was carried out according to Ausubel et al (1987) (151) and was
modified depending on the iemplate DNA. PCR using genomic DNA or cDNA was performed in a
final reaction volume of 50 pl in 0.5 ml PCR tubes. The reaction mix was prepared by combining
template DNA (100 - 1000 ng), 5 pul 10 X PCR reaction buffer (200 mM Tris.HCI (pH 8.4), 500 mM
KCl, GibcoBRL), 1 pl dNTPs (10 mM), 0.4 pl Taq (5 U/ul Tag DNA polymerase from Thermus
aquaticus YT1, GibcoBRL), 1 pl of each primer (20 pmol/pl) and adjusting the final MgCl,
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concentration to 0.5 - 4 mM. Sometimes DMSO, formamide and / or glycerol were included in the
reactions. The samples were adjusted to 50 pl with nuclease-free water and covered with 50 pl
mineral oil. Thermal cycling took place in a Stratagene Rdbocycler Gradient 40. Generally the
programme was set for 35 cycles; each cycle constituted an incubation at 94°C for 1 min, followed by
a 55°C incubation for 1 min, and the final step was a 1 min incubation at 72°C or 68°C. The final step

included a 10 min incubation at 72°C or 68°C.

2.11.2 Colony Screening for Recombinant Plasmid by PCR

For screening of bacterial colonies by PCR a single colony of a freshly plated transformed bacterial
culture was placed into 20 pl of sterile water. Bacterial mix G ub was transferred into a 0.5 ml PCR
tube and each screening reaction was prepared by adding 0.5 pl 10 mM dNTP, 2 ul 10 X PCR buffer
(200 mM Tris.HCI (pH 8.4), 500 mM KCl), 0.6 pl 50 mM MgCl,, 0.4 pl Taq polymerase (5 U/ul Taq
DNA polymerase, GibcoBRL) and 1 pl of each primer (20 pmol). The final reaction volume was
adjusted to 20 pl with water and samples were covered with 50 pl of mineral oil. Thermal cycling was
performed as described above (the annealing temperature was 50°C instead of 55°C) in a Stratagene
Robocycler Gradient 40. Glycerol stocks of each colony were made by adding of 1 ml LB containing
50 mg/ml ampicillin to the remaining 15 pl of water (starter solution). The cell suspension was
incubated overnight at 37°C with shaking and glycerol was added to a final concentration of 20 %

(v/v). The bacterial glycerol stocks were stored at -20°C or at -70°C.

2.11.3 Rapid Amplification of cDNA Ends (RACE)

The cDNA amplification protocol outlined in the ClonTech Marathon RACE manual was followed
for all reactions. Reactions were performed on ice unless otherwise indicated.

2.11.3.1 First Strand ¢cDNA Synthesis -

Total RNA (1 pg) isolated froin 14 hour sea urchin embryos (P.angulosus) was combined with 1 pl
cDNA synthesis primer (10 uM). The volume was adjusted to-5 pl with nuclease-free water, and the
contents of the tube was mixed and spun briefly. The mixture was incubated at 70°C for 2 minutes,
and cooled on ice. First strand synthesis was performed by combining the RNA / primer mix with first

strand buffer (1 X), 1 mM dNTP mix, and 10 U MMLYV reverse transcriptase (all ClonTech) in a total
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volume of 10 pl. The contents of the tube was mixed briefly and collected at the bottom of the tube.
The reaction was incubated at 42°C for 1 hour. First strand synthesis was terminated by placing the

tube on ice.

2.11.3.2 Second Strand Synthesis

First strand ¢cDNA (10 pl) was combined with 48.4 pl sterile water, 1 X second-strand buffer
(ClonTech), 1.6 ul dNTP mix (10 mM) and 5 X second-strand enzyme cocktail containing RNase H
(0.25 U/ul), E.coli po]ymerase‘I (6 U/ul) and E.coli DNA ligase (1.2 U/pl). The mixture was
incubated at 16°C for 90 minutes. T4 DNA polymerase (10 units) was added to the reaction and the
incubation was continued at 16°C for 45 minutes. Second strand synthesis was terminated by addition
of 4 ul EDTA / glycogen mix (ClonTech) to the reaction. The DNA was extracted with 100 pl of
phenol:chloroform:isoamyl alcohol (25:24:1), followed by a chloroform:isoamyl alcohol 24:1)
extraction. The aqueous layer was removed and supplemented with 0.5 volume 4 M ammonium
acetate and 2.5 volumes 96 % (v/v) ethanol. The DNA was precipitated in a microfuge at 14 000 rpm
(room temperature) for 20 minutes. The DNA pellet was washed witﬁ 300 pl 80 % (v/v) ethanol, and
the supernatant was removed. The pellet was air dried to evaporate the residual ethanol. The
precipitate was dissolved in 10 ul water and the cDNA (2 pl) was analysed on an 1.2 % agarose /

EtBr gel with suitable DNA size markers.

2.11.3.3 Adaptor Ligation

" The double stranded ¢cDNA (5 pl) was combined with 2 ul Marathon ¢cDNA Adaptor (10 uM,
ClonTech), 2 pl 5 X DNA ligation buffer (25 mM Tris.HCI (pH 7.8), 5 mM MgCl,, 0.5 mM DTT, 0.5
mM ATP and 5 % (w/v) PEG (MW 8000)), .and 1 ul T4 DNA ligase (1 U/ul). The reaction was
incubated at 16°C overnight, and the DNA ligase was inactivated by heating to 70°C for 5 minutes.
The adaptor ligated cDNA was diluted 1:10 with Tricine / EDTA buffer, and heated to 94°C for 2
minutes to denature the double stranded cDNA. The tube was cooled on ice and stored at -20°C.

2.11.3.4 PCR Amplification of 5' and 3' cDNA Ends

Each PCR reaction was performed in a final volume of 50 pl, and contained 5 pl diluted (1:100)
adaptor ligated ds cDNA, 1 X KlenTaq PCR buffer (40 mM Tricine-KOH (pH 9.2), 15 mM KOAc,
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3.5 mM Mg(OAc); and 75 pg/ml BSA, ClonTech), 1 pl dNTP mix (10 mM), 1 X Advantage KlenTaq
Polymerase Mix (1 % glycerol, 0.8 mM Tris.HCI (pH 7.5), 1 mM KCl, 0.5 mM (NH,),;SO,, 2 uM
EDTA, 0.1 mM B-mercaptoethanol, 0.005 % Thesit, ClonTech) and 1 pl of the appropriate primers
(10 pM). The 5' and 3° RACE reactions were performed using a combination of adaptor primer 1
(AP1, Clontech) and individual gene specific primers (SP2 and SP1 respectively, see Appendix VII).
Three negative control PCR reactions were performed using 5 pl diluted adaptor ligated ds cDNA and
one of the API, SP1 and SP2 primers individually. The PCR reaction mixtures were overlayed with
two drops of mineral oil and the thermal cycling was performed in an automatic thermocycler
(Stratagene Robocycler Gradient 40). The programme was set for 30 cycles, each cycle involved a 30
second denaturation at 94°C, a 60°C annealing step for 30 seconds, and the extension was a 4 minute
incubation at 68°C. Finally the sample was incubated at 68°C for 10 minutes. Aliquots (5 pl) of each
sample were analysed on an 1.2 % agarose / EtBr gel. RACE products were subsequently

characterised by Southern blot analysis (see section 2.12) and automated DNA sequencing.

2.11.3.5 Fusion of 5' and 3' RACE Products to Form Full Length cDNA

Full length cDNA was generated by fusion of the 5' and 3' RACE PCR fragments (see section
2.11.3.4), as described in the ClonTech protocol. The 5' and 3' RACE PCR products were purified on
an 1 % (w/v) low melting point agarose gel (Seaplaque) in TAE buffer with ethidium bromide (0.3
pg/ml). The DNA was separated from the agarose using a Wizard PCR Preps Column (Promega) and_
resuspended in a final volume of 50 pl. The 5'/ 3' fusion reaction was performed in 0.5 ml PCR tubes,
containing 50 ng of both 5' and 3' PCR products (see section 2.11.3.4), 1 X KlenTaq PCR buffer (40
mM Tricine-KOH (pH 9.2), 15 mM KOAc, 3.5 mM Mg(OAc), and 75 pg/ml BSA, 0.5 ul dNTP mix
(10 mM) and 1 X Advantage KlenTaq Polymerase Mix (1 % (v/v) glycerol, 0.8 mM Tris.HC] (pH
7.5), | mM KCl, 0.5 mM (NH,),SO4, 2 pM EDTA, 0.1 mM B-mercaptoethanol, 0.005 % Thesit). All
reagents were from ClonTech. The volume was adjusted to 20 pl with water. The contents of the tube
was overlaid with 2 drops of mineral oil and thermal cycling was performed in a Robocycler Gradient
40 (Stratagene) at 94°C for 30 seconds and 68°C for 30 minutes. The program was set for 10 cycles.
The fusion product was analysed on an 1 % (w/v) agarose gel in TBE. The fused full-length cDNA
was diluted (1:100) with Tricine / EDTA (10 mM Tricine-KOH (pH 8.5),.0.1 mM EDTA) and 5 pl of
the dilution was used in a PCR amplification, containing 1 X KlenTaq PCR buffer, 1 pl dNTP (10
mM), 1 ul AP1 (10 uM), 1 pl ¢cDNA synthesis primer (10 pM) and 1 X KlenTaq Polymerase Mix (all
reagents from ClonTech). The final volume of the reaction was adjusted to 50 pul with water. The

mixture was overlaid with 2 drops of mineral oil, incubated at 94°C for 1 minute, and thermal cycling
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was performed for 15 cycles. Each cycle was 30 seconds at 94°C, 30 seconds at 55°C followed by
68°C for 5 minutes. The PCR ampliﬁcation reaction was analysed on an 1 % (w/v) agarose gel in
TBE. The full length product was purified on a preparative low melting point agarose gel (Seaplaque)
in TAE, and the full length ¢cDNA sample was recovered using a Wizard PCR Prep column
(Promega). |

2.12 Southern Blot Analysis

The Southern blotting procedure was performed as described in the Amersham Hybond booklet. DNA |
samples were electrophoresed in an 1 % (w/v) agarose / TBE gel. After electrophoresis the agarose
gel was placed in denaturing solution (1.5 M NaCl, 0.5 M NaOH) for 30 minutes at room temperature
with gentle agitation. The gel was rinsed with water and placed in neutralisation buffer (1.5 M NaCl,
1 mM EDTA, 0.5 M Tris.HCI (pH 7.2) for 15 minutes at room temperature with gentle agitation. The
water wash and the neutralisation step were repeated once. For the capillary blot a glass dish was
filled with blotting buffer (20 X SSC). The platform was covered with a wick made from three sheets
of Whatman 3MM filter paper saturated with 5 X SSC. The gel was placed on the wick and

surrounded with cling wrap to prevent the blot from drying out. A sheet of Hybond N+ membrane

(Amersham) was cut to the exact size of the gel and placed on the gel after wetting it in 5 X SSC. The

membrane was covered with three sheets of Whatman 3MM paper cut to size and wetted with blotting
buffer. A stack of absorbent paper towels was placed on top of the 3MM paper (approximately 5 cm
high). A glass plate with a 1 kg weight was placed on top of the paper towels and the transfer was
allowed to proceed for 16 hours. The blotting apparatus was dismantled and the membrane was
marked with a pencil to allow later identification of the tracks. The membrane was washed briefly in
2 X SSC to remove any adhering agarose. It was then placed (with the DNA side up) on three layers
of Whatman 3MM paper soaked in 0.5 M NaOH for 20 minutes in order to fix the DNA. The
membrane was ii'nmersed in 5 X SSC for less than a minute. The membrane was placed in a
hybridisation box with 80 ml of prehybridisation solution (6 X SSC, 0.4 % (w/v) SDS, 5 X
Denhardt's, 20 mM NaH,PO, (pH 7.5), 0.5 mg/ml denatured herring sperm DNA) at 60°C and was
gently agitated for one hour. The prehybridisation solution was replaced with hybridisation buffer 6
X SSC, 20 mM NaH,PO, (pH 7.5), 0.5 mg/ml denatured herring sperm DNA) containing the heat
denatured labelled probe (50 ng at 0.5 X 108 dpm/ng). The membrane was incubated in hybrisation -
buffer for 3 hours at 60°C. It was washed three times in 6 X SSC / 0.1 % SDS for 10 minutes at 42°C,
three times in 1' X SSC / 0.1 % SDS .for 10 minutes at 60°C, and three times in 0.1 X SSC /0.1 %
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SDS for 10 minutes at 65°C. The membrane was wrapped in plastic and autoradiographed overnight

at -70°C.

2.13 Cloning of ¢cDNA into Plasmid Vectors

2.13.1 Ligation of PCR Products into T-Vectors

PCR products were ligated into the pMOS Blue T-vector (Amersham) or pGEM-T vector (Promega)
according to the supplier’s recommendations. The pMOS Blue T-vector ligation reaction was
prepared by combining 1 pl ligase buffer (10 X), 0.5 ul DTT (100 mM), 0.5 ul ATP (10 mM), 1.0 pul
vector (50 ng/ul) and 0.5 pl T4 DNA ligase (2 - 3 Weiss units) with the PCR products in a final
volume of 10 pl. All reagents were available in the Amersham pMOS Blue T-vector kit. Insert DNA
was either purified by Wizard™ PCR preps (see section 2.5.2) or used directly in low melting agarose
slices. The reactions were stirred gently with pipette tips and incubated at 16°C overnight. The

' ligation reactions were stored at 4°C until they were transformed into bacteria (see section 2.2.2)

The pGEM-T vector system was used as outlined in the pPGEM-T Vector Systems manual (Promega).
.PCR products were gel purified (see section 2.5.2) prior to the ligation reaction. Each ligation
reaction contained 1 X T4 DNA Ligase Buffer (30 mM Tris.HCI (pH 7.8), 10 mM MgCl,, 10 mM
DTT and 1 mM ATP), 50 ng pGEM-T Vector, 3 Weiss units T4 DNA ligase, and 150 ng PCR
product. The final volume was adjusted to 10 pl using nuclease-free wéterf. The reactions were mixed
by pipetting, and they were incubated at 16°C for 2 - 18 hours, 2 ul of the ligation mixture was

transformed into bacteria (see section 2.2.2).

2.13.2 Subcloning ¢cDNA Inserts

cDNA fragments obtained by DNA expression screening were subcloned into the prokaryotic
expression vectors pET-29b(+) (Novagen), pGEX-3X (Pharmacia) and the eukaryotic expression
vector pCIS (185). The cDNA fragments were released from pBluescript using restriction enzymes
EcoR1, BamH]1 / Sall or Sacl / Xhol, which did not cut the inserts. The prokaryotic expression
vectors were linearised with the same combinations of enzymes. The cDNA insert cloned into the
pCIS vector was released from the pET-29b(+) vector using the Xbal / Notl sites. cDNA inserts were

separated from the original vector DNA by electrophoresis on 1 % (w/v) low melting point agarose /
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TAE gels. The DNA fragments were excised from the gel with a sterile blade after visualisation of the
bands using UV light (A = 342 nm). DNA was purified from the agarose using the Gene-Clean
protocbl (USB). Essentially the DNA / agarose was dissolved in 3 volumes 6 M Nal at 55°C for 5
minutes, and 5 pl glass powder éuspension was added. The DNA was allowed to adhere to the glass
powder by incubating the mixture on ice for 5 minutes. The suspension was centrifuged for 5 - 10
seconds (12 000 rpm) and the glass powder pellet was rinsed with 50 % ethanol rinse buffer. (A 50-
fold excess of buffer to glass powder was used.) The suspension was centrifuged for 5 - 10 seconds,
and the wash step was repeated twice. After the final centrifugation, the glass powder was
resuspended in 1 - 2 volumes TE and the DNA was eluted by incubation at 55°C for 2 - 5 minutes.
. The DNA concentrations were estimated by comparison to DNA standards dotted onto agarose /
ethidium bromide plates. Ligation reactions were performed according to the pMOSBIue T-vector kit
(Amersham, and see section 2.13.1), ensuring a vector : insert ratio of 1 : 10. Vector (pET-29b(+),
pGEX-3X or pCIS (see Appendix VIII)) was combined with the appropriate insert in a final ligation
reaction volume of 10 pl and incubatéd at 16°C for 16 hours. The ligation mixture (5 ul) was used to
transform competent JM109 or DH5a cells (see section 2.2.2), which were then plated on LB plates

containing the appropriate antibiotic.

2.14 Bacterial Target Gene Expression

2.14.1 Recombinant Protein Expression from pBluescript

“Pilot experiments were performed as described in the Stratagene manual in order to optimise
expression of the 3-gal fusion protein from pBluescript. Several E.coli strains (eg XL1-Blue, IM109,
DH5c and SOLR™ cells) containing the pBluescript plasmid with the insert of interest were grown
to mid-log phase (ODggy = 0.2) at 37°C. IPTG (100 mM) was added to a final concentration of 1 mM.
The cells were grown to stationary phase (ODggo = 1) and pelleted at 1600 X g (Beckman, JA 20.1 |
rotor) for 15 minutes. The cell pellet was resuspended 1 : 4 (w : v) in lysis buffer (50 mM Tris.HCI
(pH 8), 1 mM EDTA, 1 mM PMSF, 10 % (w/v) sucrose). Lysozyme was added to a final
concentration of 1 mg/ml and the cells were incubated on ice for 10 minutes. The cells were
supplemented with Triton X-100 (0.1 % final concentration) and the lysed cells were pelleted at 20
000 rpm (Beckman, JA 20.1 rotor) for one hour. The supernatant contained the soluble protein and
was stored at -70°C. Both the supernatant and the cell pellets were analysed on SDS gels, which were

either Coomassie stained or silver stained (see section 2.24).
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2.14.2 Recombinant Protein Expression from pET-29b(+) |

Thé recombinant pET-29b(+) plasmids were established in a variety of E.coli strains (viz HB101,
JM109 and DH5a) by transforming the respective cells and allowing them to grow on LB ./
kanamycin plates at 37°C. The plasmids were isolated from these hosts and transformed into two

different expression hosts, viz BL21DE3 or BL21DE3(pLysS) (both Novagen).

Pilot experiments establishing tﬁe optimum conditions of recombinant protein expression were
performéd according to the pET System Manual (Novégen). Expression conditions were optimized by
varying several conditions, eg E.coli hosts in which the plaSrh_id was establiéhed, expression host,
culture volume, length of induction and temperature of induction (16°C - ;-37°C). Single bacterial
colonies were piéked from fresh LB / kanamycin plates, and grown to saturation in 10 ml LB /
kanamycin overnight. Fresh LB / kanamycin '(1.8 ml) was then inoculated with 200 pl of starter
culture and grown for 2 hours until ODggo = 0.4 - 0.6. The cells were induced to éxpress recombinant
protein with a final concentration of 1 mM IPTG. The induction was allowed to proceed between 1
and 6 hours. Protein induction was assayed by removing 200 ﬁl of cell culture vand electrophoresing

the cell pellet by SDS-PAGE.

2.14.3 Purification of Recombinant Proteins Expressed i"rom' pET-29b(+)

2.14.3.1 Isolation of Soluble Protein Fraction

Isolation of the soluble protein fraction from E.coli cells was performed according to a method for
recombinant protein isolation from bacteria (Stratagene manual). A 10 ml culture of BL21DE3 cells
(ODggp = 0.6) containing the recombinant pET-29b(+) vector was induced to éxpress recombinant
protein (seé section 2.14.2). Cells were pelleted (6 000 X g, 15 minutes, JA20.1 rotor (Beckman)),
and the supernatant was removed. All subsequent stepé wete'performed on ice. The cell pellet was
resuspended in 2 ml lysis buffer (50 mM Tris.HCl (pH 8), 1 mM EDTA, 1 mM PMSF and 10 % (w/v)
sucrose). The cells were lysed by the addition of lysozyme (1 mg/ml final concentration). The mixture
-was incubated on ice for 10 minutes, and supplemented with Triton X-100 (final concentration 0.1 %
(v/v)). The mixture was incubated on ice. for 10 minutes and the cell debris was pelleted by
centrifugation (18 000 rpm,'S_O minutes, JA20.1 rotor'(Bec'kman)). Part of the supernatant was

retained and stored in aliquots at -70°C, the remaining supernatant was dialysed against dialysis
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buffer (20 mM Tris.HCI (pH 8), 100 mM KCI, 0.2 mM EDTA, 20 % (v/v) glycerol, 4 mM MgCl, and
2 mM ZnCl,), divided into aliquots and stored at -70°C.

2.14.3.2 Affinity Purification of Soluble Recombinant Protein Using a Ni’* Column

Recombinant protgin was induced to express as described above (see section 2.14.2), and proteins
were extracted in binding buffer (40 mM imidazole, 4 M NaCl, 160 mM Tris.HCl (pH 7.9))
supplemented with 4 mM PMSF and 20 pg/ml leupeptin. The cells were placed in an icebath and
sonicated in small bursts until the suspension was no longer viscous. The preparation was centrifuged
for 20 minutes (39 000 X g) to remove the cell debris. The protein extraction procedure was
sometimes varied by the addition of lysozyme (1 mg/ml final concentration) and Triton X-100 (0.1 %
final concentration), and the length of sonication was also varied. All steps were performed at 4°C.
The soluble protein extract was then subjected to affinity chromatography over a 2.5 ml Ni*'NTA
. agarose column which had been washed with 3 column volumes of sterile'water, 5 column volufnes of
1 X charge buffer (50 mM NiSO,), and 3 column volﬁmes of 1 X binding buffer (5 mM imidazole,
0.5 M NaCl, 20 mM Tris.HCI (pH 7.9)). The bacterial cell extract was loaded onto the column and the
flow rate was adjusted to 420 pl/min. The column was washed with 25 ml of 1 X binding buffer, 15
ml of 1 X wash buffer and the protein was eluted with 15 ml of 1 X elution buffer (1 M imidazole, 0.5
M NaCl, 20 mM Tris.HCI (pH 7.9)). The eluate was collected in 1 ml fractions, which were stored at
-70°C.\ Aliquots of each fraction were TCA precipitated and analysed by 12 % SDS-PAGE (see
section 2.24).

2.14.3.3 Inclusion Body Isolations

Several methods were applied in order to isolate expressed recombinant protein from inclusion

bodies.

Cells (100 ml of culture) were induced to express recombinant protein as outlined in the pET Manual.
The cells were pelleted (5000 X g, 5 minutes) and the supernatant was drained complé;tely. The cells
were resuspended in 4 ml 1 X binding buffer (5 mM imidazole, 0.5 M NaCl, 20 mM Tris.HCI (pH
| 7.9)). The resuspended cell pellet was sonicated in brief bursts to shear the DNA. The nonviscous
lysate was centrifuged at 20 000 X g for 15 minutes to remove the debris. The supernatant was
removed and the pellet was resuspended in 20 ml of 1 X binding buffer (sonication was necessary to

resuspend the pellet). The inclusion bodies were pelleted as above and the centrifugation /
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resuspension / sonication step was repeated several times in order to release more trapped protein.
The supernatant from the final centrifugation was removed and the pellet was resuspended in 5 ml 1
X binding buffer containing 6 M guanidine HCI. The mixture was incubated on ice for one hour to
completely dissolve the protein. The remaining insoluble material was removed by centrifugation at
39000 X g for 20 minutes. The supernatant was either stored at -70°C for further analysis and column
purification, or it was dialysed into dialysis buffer and then stored at -70°C. A similar isolation
procedure was followed where the guanidine hydrochloride in the binding buffer was replaced with 6

M urea.

Alternatively cells were induced to express recombinant protein as above, and the cell fractions were
analysed according to H66g et al (1991) (122). The cells were pelleted at 5000 X g for 5 minutes.
The supernatant was discarded and the pellet was resuspended in 1/50 volume of Buffer Z (20 mM
Hepes (pH 7.4), 40 mM KCl, 0.1 mM EDTA, 1 mM DTT, 20 % (v/v) glycerol). Lysozyme was added
(final concentration 2 mg/ml). The cells were incubated for 2 hours on ice and 1 mM PMSF was
added to the rﬁixture. The cell lysis was completed by 4 - 5 bursts of sonication. The suspension was
supplemented with 1 mM DTT, 0.5 % (v/v) NP-40 and § % (w/v) sucrose. The insoluble material was
removed by centrifugation at 10 000 X g for 15 minutes and the soluble supernatant was
supplemented with 0.1 volume 4 M ammonium sulphate and glycerol (20 % (v/v) final
concentration). The mixture was centrifuged at 100 000 X g to remove ribosomes and other particles,

"and the soluble supernatant was either stored at -70°C or dialysed into dialysis buffer (20 mM
Tris.HCI (pH 8), 100 mM KCl, 0.2 mM EDTA, 20% glycerol (v/v), 4 mM MgCl, and 2 mM ZnCl,)
and then stored at -70°C.

A third method of inclusion body isolation was performed according the method outlined by Lin and
Cheng (1991) (186). A 20 ml cell culture (ODgo = 0.4 - 0.6) was induced to express recombinant
protein by supplementing it with 1 mM IPTG. The induction was allowed to proceed for 3 hours at
37°C. The cells were harvested by centrifugation at 5 000 rpm for 15 minutes. The cell pellet was
frozen at -70°C and subsequently thawed on 4ice, it was then resuspended in 1 ml Buffer A (20 mM
Tris.HCI (pH 7.5), 20 % (w/v) sucrose and 1 mM EDTA). The suspension was incubated on ice for 10
minutes. The cells were pelleted at 4 000 X g for 20 minutes and resuspended in ice cold water to
release spheroplasts, which were then pelleted at 8 000 X g and resuspended in 250 ul Buffer P (1 X
PBS, 5 mM EDTA, 1 pg/ml leupeptin, 20 pug/ml aprotinin and 0.5 mM PMSF). The cell membranes
were lysed by sonication (3 high intensity bursts for 10 seconds) and RNase A (100 pg/ml) and
DNase 1 (400' ug/ 10 ml) were added to the lysate. The mixture was incubated at room temperature



for 10 minutes and 800 ul of Buffer P was added. The inclusion bodies were pelleted at 13 000 X g
for 30 minutes (4°C) and resuspended in 800 pl Buffer W (1 X PBS, 25 % (w/v) sucrose, 5 mM
EDTA and 1 % (v/v) Triton X-100). The suspension was incubated on ice for 10 minutes and the
inclusion bodies were pelleted for 10 minutes at 25 000 X g. The inclusion body wash procedure was
repeated twice and finally the inclusion bodies were resuspended in 250 ul Buffer D (50 mM
Tris.HCI (pH 8), 5 M guanidine HCIl, and 5 mM EDTA). The protein aggregates were sonicated for 5
second pulses in order to solubilise them. The proteins were incubated on ice for one hour and
centrifuged for 30 minutes at 12 000 X g. The supernatant was added to 2.5 ml Buffer R (50 mM
Tris.HCI (pH 8.0), 1 mM DTT, 20 % (v/v) glycerol, 1 pg/ml leupeptin, 20 pg/ml aprotinin and 0.5
mM PMSF). The mixture was gently stirred overnight to renature the recombinant proteins and the
supernatant was clarified by centrifugation at 13 500 X g for 30 minutes. The supernatant (containing

. soluble protein) was analysed by SDS-PAGE and aliquoted to store at -70°C.

2.14.4 Recombinant Protein Expression from pGEX-3X

The procedure outlined in the GST Gene Fusion System Manual (Pharmacia) was used in order to
screen recombinants for the expression of fusion proteins. pGEX-3X recombinant plasmids were
transformed into different E.coli hosts (MC1061 and DH5a), and several colonies from each host
were picked into separate tubes containing 10 ml LB / ampicillin. Liquid cultures were grown at 37°C
overnight. The starter culture (200 pl) was used to inoculate 1.8 ml LB/ ambicillin. Cells were grown
at 37°C for 1 hour until ODgyy = 0.4 - 0.6. Recombinant protein expression was induced by addition
of 20 pul IPTG (100 mM). Cells were incubated for 3 hours at 37°C, they were then pelleted for 1
minute in a microfuge and the pellet was resuspended in 200 ul SDS sample application buffer (1 X).

The samples (20 ul) were analysed by 12 % SDS-PAGE.

2.15 Eukaryotic Recombinant Gene Expression in COS-1 Cells

~ (All reagents were at 37°C before use.) HBS buffer (pH 7.1) was 137 mM NéCl, 5 mM KC(Cl, 0.7 mM
NaH,PO,, 21 mM Hepes. Hepes-DMEM was 10 mM Hepes in DMEM (Dulbecco's Modified Eagle's
Medium). The DEAE Dextran stock solution was 3 mg/ml in HBS buffer, filter sterilised and stored
at 4°C. The chloroquine stock solution (10 mM) was made freshly and ﬁltef sterilised. The
chloroquine DMEM solution was 200 uM chloroquine and 2 % fetal calf serum in DMEM.
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COS-1 cells were plated at a cell density of 7 X 109 cells per flask. They were supplemenfed with 25
ml DMEM and 10 % fetal calf serum (FCS), and allowed to grow at 37°C for 24 hours. The HBS /
DEAE dextran (3 mg/ml) was diluted 10-fold in DMEM / P-5 and 80 pg DNA sample (pCIS vector
only or vector containing insert) was added to 10 ml HBS / DEAE dextran / DMEM / P-5. The
medium was aspirated from the cells and 15 ml Hepes / DMEM / P-5 was added to each flask, which
was also aspirated from the cells. The DNA solution (as prepared above) was added to the cells and
they were incubated at 37°C for 4 hours in a 10 % CO, incubator. The medium was aspirated from the
cells and 20 ml of chloroquine / DMEM solution was added to each flask. The cells were incubated at
37°C for 50 minutes. The medium was aspirated from the cells, and the cells were washed gently
using 15 ml serum-free DMEM / P-5. The medium was aspirated from the cells and replaced with 20
ml DMEM / 10 % FCS / P-5. The flasks were incubated at 37°C for 18 - 24 hours and processed into
cell extracts and nuclear extracts using a method described by Jiang et al (1995) (187). Cells were
placed in Buffer H (140 mM NaCl, 4 mM KCl, 20 mM Hepes, 1 mg/ml BSA, 8.3 mM glucose, 1 mM
DTT and 0.5 mM PMSF) containing 1 mM EDTA for 10 minutes at 37°C. The cells were scraped
from the dishes using a rubber policeman and pelleted. The cell pellet was washed in 10 ml PBS, and
resuspended in 2 X Buffer H containing 20 % (v/v) glycerol. The cells were exposed to 4 cycles of
rapid freezing (dry ice) and thawing. The cellular debris and nuclei were separated from the cellular
extract by centrifugation at 12 000 rpm for 15 minutes (4°C). The whole cell extract was aliquoted
and stored at -70°C. Nuclear pellet was resuspended in 50 pl of 2 X Buffer H / 40 % (v/v) glycerol,
and an equal volume 2 M KCI was added to the suspension dropwise, whilst mixing. The mixture was
rolled at 4°C for 60 minutes and the extracts were centrifuged for 20 minutes at 12 000 rpm. The

supernatant was removed and stored in aliquots at -70°C.

2.16 In Vitro Coupled Transcription / Translation

Eukaryotic in vitro translations were performed using either the TNT T3 Coupled Reticulocyte Lysate
System or the TNT T7 Quick Coupled Reticulocyte Lysate System (both Promega). The kits were
used according to the supplier’s recommendations. All components were stored at -70°C. The lysate
was stored in aliquots and never frozen and thawed more than twice. All reactions were performed
using RNase-free glassware, plasticware and chemicals. The DNA templates were pBluescript or

" 35S.methionine (15

pGEM-T vectors containing the cDNA inserts of interest. "Translational grade
mCi/ml, Amersham) or Trans 35S-1abel™ (~ 10 mCi/ml, ICN) was used when radiolabelling the
protein products. Sometimes an amino acid mixture containing no radiolabel was used. The reaction

components (25 pl TNT Rabbit Reticulocyte Lysate, 2 pl TNT Reaction Buffer, 1 ul TNT RNA
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Polymerase, 1 pl amino acid mixture Minus Methionine (1 mM), 4 pl 35S-methionine (15 mCi/ml), 1
pl RNasin Ribonuclease Inhibitor (40 U/pl, Promega), and 1 pg of DNA template) were assembled in
a 1.5 ml microcentrifuge tube. The volume was adjusted to 50 pl with RNase-free water. The reaction
was incubated for 2 hours at 37°C and the samples were stored at -20°C. Samples were analysed by

SDS-PAGE (see section 2.24) and EMSA (see section 2.21).

2.17 Growth of Sea Urchin Embryos

Sea urchins (P. angulosus) were collected in rock pools on the West Coast of the Cape Peninsula, at
Melkbos Beach. The sea urchins were induced to spawn by injecting them with S ml 0.5 M KCl. The
eggs were collected and filtered through two layers of cheesecloth, after which they were washed
three times with filtered sea water. (Sea water was filtered through Whatman 3MM paper.) 50 ml
sperm (1:500 dilution) was added per litre of 4 % (v/v) egg suspension which contained 100 mg/l
penicillin and 50 mg/] streptomycin in sea water. The cultures were shaken at 180 rpm (21°C) .for 14
hours. All subsequent steps were performed at 4°C. The cultures were allowed to settle, centrifuged
(4 000 rpm, 1 sec, JA14 rotor) and washed three times with 0.5 M KCI. The embryos were either
frozen at -70°C in 2 to 3 volumes nuclear storage buffer (Buffer A containing 25 % (v/v) glycerol) or
processed immediately after washing once with 2 - 3 volumes 0.25 M sucrose, 10 mM Tris.HCI (pH
8), 0.1 mM EDTA. (Buffer A is 15 mM Tris.HCi (pH 8), 65 mM KCl, 15 mM NaCl, 0.15 mM
spermine, 0.5 mM spermidine, 0.2 mM EDTA, 0.2 mM EGTA, 10 mM B-mercaptoethanol and 0.1
mM PMSF.)

2.18 Preparation of Nuclei

Nuclei were prepared using several different methods.

2.18.1 Method by Morris and Marzluff (1983) (188) -

" All steps were performed at 4°C. The embryos were washed three times with 4 volufnes’ 0.5 M KCl
and once with 0.25 M sucrose in 10 mM Tris.HCI (pH 8), 0.1 mM EDTA, after which they were
resuspended in Buffer A containing 0.32 M sucrose. The suspension was homogenised with a tight
douﬁce for twenty strokes and cell breakage was monitored by light micrdscopy. The homogenate

was adjusted to 1.8 M sucrose by adding the required volume of 2.3 M sucrose in Buffer A. The



homogenous suspension was centrifuged at 90 000 g (Beckman ultfacentrifuge) for 50 minutes. The

nuclei were either processed directly or frozen in nuclei storage buffer at -70°C.

2.18.2 Hexylene Glycol Method

A method based on several procédures was followed (1). All steps were carried out at 4°C. Embryos
were washed once with Hexylene glycol in Buffer A (HexA), resuspended in the same buffer and
rolled for two hours. The suspension was homogenised for twenty strokes with a tight dounce and the
cell breakage was monitored by microscopy. The intact nuclei were pelleted at 5 000 rpm for one
minute, after which they were washed with HexA buffer and resuspended- in the minimum volume of
the same buffer. The suspension was adjusted to 1.8 M sucrose by adding the required volume of 2.3
M sucrose in Buffer A. The nuclei were pelleted by centrifugation at 90 000 g (Beckman

Ultracentrifuge) for 50 minutes. The nuclei were processed directly.

2.18.3 Method by Calzone et al (1991)

Preparation of nuclei was carried out essentially as described (120). The fresh embryos were washed
with 1 M glucose, after which they were resuspended in buffer D / 0.36 M sucrose. Buffer D was 10
mM Tris.HCI (pH 8), 1 mM EDTA, 1 mM EGTA, 1 mM sperxﬁidine, 1 mM PMSF. At this stage the
embryos were frozen at -70°C. The f‘rozen embryos were crushed and uniformly thawed for further
processing. The nuclei were collected by centrifugation at 2 500 g for 40 minutes and washed in
Buffer D three times. The nuclei were sﬁbsequently washed three times in Buffer D containing 0.1 %
(v/v) NP-40. The nuclei were resuspended in 3 - 3.7 pellet volumes lysis buffer (10 mM HEPES (pH
7.9), 1 mM EDTA, 1 mM EGTA, 1 mM spermidine-Tris-HCl, 1 mM DTT and 10 % (v/v) glycerol).

The nuclei were processed directly.

2.19 Preparation of Nuclear Extracts

All steps were performed at 4°C. Nuclei from 1 litre of fourteen-hour culture were resuspended in 32
ml lysis buffer (15 mM Tris.HCI (pH 8), 100 mM KCl, 3 mM MgCl,, 0.1 mM EDTA, 1 mM DTT,
and 0.1 mM PMSF). Ammonium sulfate (4 M) was added dropwise and with immediate mixing to a
- concentration of 0.4 M over a period of 10 minutes. The solution was rolled for 30 minutes at 4°C and

centrifuged at 90 000 g for 45 minutes. The pellet was discarded and 0.25 g/ml solid (NH,),SO, was
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added to the supernatant. The suspension was rolled for 45 minutes and centrifuged at 90 000 g for 15
minutes. The pellet was resuspended in 2 ml dialysis buffer (20 mM Tris.HCI (pH 8), 2 mM MgCl,,
0.2 mM EDTA, 20 % (v/v) glycerol, 1 mM DTT and 0.5 mM PMSF) for every litre of original 4 %
(v/v) culture. The extract was 'dialysed for 5 hours against 200 volumes of the same buffer,
centrifuged for 20 minutes at 15 000 rpm and the supernatant ("nuclear extract") stored in aliquots at -

70°C. The protein concentration typically ranged between 5 and 15 mg/ml.

2.20 Protein Determination with the Folin Ciocalteu Reagent

Working standards were prepared from bovine serum albumin (Boehringer) by making a series of
solutions containing 0 - 10 pg of BSA. Assays were performed in triplicate for the standard protein

solutions and in duplicate for the unknown protein.

The protein solutions were adjusted to 1 ml with water and 10 pl sodiuﬁ deoxycholate (1.76 % v(w/v))
was added to each solution. Dilutions were mixed well and incubated for 15 minutes at room
temperature. Proteins were precipitated by the addition of 333 ul TCA (24 % (w/v)) and
centrifugation at 18 000 rpm (Beckman, JA 20.1 rotor) for 50 minutes at 4°C. The supernatant was
removed carefully and each protein pellet was resuspendéd in 1 ml Lowry reagent C (100 volumes
Na,CO; (2 % (w/v)) in 0.1 N NaOH, 1 volume Cu,SO, (1 % (w/v)), and 1 volume disodium tartrate
(2 % (w/v))). This was followed by the addition of 100 pl Folin-Ciocalteu phenol reagent (Merck) to
each solution with rapid mixing. The reactions were allowed to proceed for 75 minutes in the dark,

after which the optical density readings were determined at A = 660 nm.

2.21 Electrophoretic Mobility Gel Shift Assays

Electrophoretic mobility shift assays (EMSAs) were carried out essentially as described by Fried and
. Crothers (1984) (153) and Garner et al (1981) (189)). In the standard EMSA, 1 ng of end-labelled
DNA restriction fragment was incubated with variable amounts of protein for 30 minutes at 4°C in
EMSA incubation buffer (16 mM Tris.HCI (pH 8), 175 mM KCl, 1.6 mM MgCl,, 1 mM EDTA, 16 %
(v/v) glycerol, 0.8 mM DTT, 0.4 mM PMSF, 0.5 pg p[d(-C)] (Boehringer) and 1 pg BSA (Molecular
Biology Grade, Boehringer) in a total volume of 25 pl. '

Nondenaturing 4 % polyacrylamide gels (acrylamide Merck, bisacrylamide Biorad) (22 cm X 18.5
cm X 0.15 cm) were pre-electrophoresed at 30 mA for 2 hours. The electrophoresis buffer was



changed and the EMSA incubation mixtures were loaded directly onto the gels. Electrophoresis was
overnight at 30 mA per gel. A buffer system consisting of TGE (50 mM Tris.HCI (pH 8), 380 mM
glycine (Merck), 2 mM EDTA) was employed. Gels were dried and exposed to a preflashed X-ray

film with an intensifying screen at -70°C.

The binding specificity of protein for the E/H fragment was determined by using double stranded
DNA deoxyoligonucleotides (oligos) containing a G-C-rich region and mutations thereof as
unlabelled competitors in the mobility gel shift assay. The E/H fragment was used as radiolabelled
probe. The mobility gel shift incubations were carried out as above, however the DNA competitors
(present in various ratios to unlabelled DNA) were included in the reaction cocktail (see individual
experiments, Chapter 3). Gels were dried and analysed by autoradiography or by Instant Imager 2024.
The data provided a measure of the relative affinity and specificity of DNA-protein-binding which

could be evaluated by Scatchard analysis.

2.22 Synthesis of Poly(dG).Poly(dC)-Affinity Matrix

A trace of poly(dG).poly(dC) (Boehringer) was labelled with [7-32P]dATP and T, Polynucleotide
Kinase (Boehringer) after removal of 5' phosphates with Calf Intestinal Phosphatase (151), and mixed
with the unlabeled poly(dG).poly(dC). Approximately 1.3 mg of this homopo]yhaer preparation was
coupled to approximately 20 ml Sepharose CL-4B (Pharmacia) by the cyanogen bromide method,
essentially as described by Kadonaga (1990) (158) and Kadonaga and Tjian (1986) (92). |

Sepharose CL-4B (15 ml settled bed volume) was washed with 900 ml H,O in a 60 ml scintered glass
funnel, transferred to a 25 ml cylinder and adjusted to 20 ml with H,O. The slurry was transferred to a
150 ml beaker in a 15°C waterbath over a magnetic stirrer in a fume cupboard. CNBr (1.1 g, Riedel-
de Haen) dissolved in 2 ml N,N-dimethylformamide was added dropwise over 1 minute to the stirring
slurry. Sodium hydroxide (30 pl, 5 M) was immediately added, followed by another addition of 30 pl
every 10 seconds for 10 minutes, to a final volume of 1.8 ml. Ice-cold H,O (100 ml) was immediately
added and the mixture was poured into a 60 ml scintered glass funnel under suction. Care was taken
hot to suck the resin to a dry cake. The resin was washed three times with 100 ml ice-cold H,O and
once with 100 ml ice-cold 10 mM potassium phosphate (pH 8), and the thick slurry was immediately
transferred to a silanized SS34 tube (Sorvall). The DNA (1.5 ml) was added immediately, and the

slurry was rolled at room temperature for 16 hours.
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The resin was transferred to a scintered glass funnel and washed with 2 x 100 ml H,0, 1 X 100 ml 1
M ethanolamine (pH 8), and rolled in 4 ml ethanolamine solution for 6 hours at room temperature to
inactivate the unreacted CNBr-activated Sepharose. The resin was finally washed with 100 ml each of
10 mM potassium phosphaté (pH 8), 1 M potassium phosphate (pH 8), 1 M KCl, H,O and column .
storage buffer (10 mM Tris.HCI (pH 7.5), 1 mM EDTA, 0.3 M NaCl, 0.04 % (w/v) sodium azide. The

resin was stored at 4°C in column storage buffer.

The coupling efficiency was estimated to be approximately 90 % by comparing the level of
radioactivity in the first few millilitres of the wash (after the overnight coupling step) with that of the

washed resin.

2.23 Purification of Native suGF1

Column buffers containing different concentrations of potassium chloride are referred to as "0.X

buffer C", where 0.X buffer C is 20 mM Tris.HCI (pH 8.0), 2 mM MgCly, 0.2 mM EDTA, 20% (v/v)

glycerol, 0.5 mM PMSF, 1 mM DTT and containing 0.X M KCI. All chromatographic steps> were

performed at 4°C and all fractions were stored at -70°C between manipulations.

2.23.1 P11 Phosphocellulose Chromatography

P11 phosphocellulose chromatography was based on a method described by Dailey et al (1988) (190).

P11 phosphocellulose (Whatman) was swollen in a large volume of distilled water. The resin was
stirred in 5 volumes 0.5 M NaOH for 30 minutes and rinsed with water until the eluate reached pH 8.
The resin was stirred in 5 volumes 0.5 M HCIl for 30 minutes, followed by a wash with water until the
eluate reached pH 4. The resin was resuspended in 2 volumes 0.05 M Tris.HCI1 (pH 7.9) and stirred
for 15 minutes. The suspension was adjusted to pH 7.9 with 6 M KOH. The resin was packed in a
column of radius 2.2 cm and a bed volume of approximately 180 ml was ensured (1 column volume).
The column was equilibrated overnight with 0.1 Buffer C containing no MgCl,. The flow rate was
always 60 ml/hour. Nuclear extract (protein concentration between 5 and 15 mg/ml) was loaded onto
the column and washed with 2.4 column volumes of 0.1 Buffer C (containing no MgCl,). The bound
protein was eluted stepwise with 3 column volumes 0.3 Buffer C lacking MgCl,, 3 column volumes

0.5 Buffer C and 1 column volume 0.8 Buffer C. The eluate was collected in 15 ml fractions and the
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elution was monitored spectrophotometn'cavlly at A = 280 nm. The fractions (1 pl aliquots) were
monitored for suGF1 activity by EMSA in 250 mM KCI. The column was regenerated by washing it
with 10 column volumes of 2.5 M KCI until the resin was white. When not in use, the column was

stored in 50 mM Tris.HCI (pH 8), 100 mM KCl1 and 0.04 % (w/v) sodium azide.

2.23.2 Poly(dG)-Poly(dC) Affinity Chromatography

The poly(dG)-poly(dC) affinity matrix was packed in a column of radius 4.75 mm and bed volume
approximately 9 ml. The flow rate was 0.5 ml/min and 9 ml fractions were collected at 4°C. Column
buffers containing different concentrations of potassium chloride are referred to as "0.X buffer C",
where 0.X buffer C is 20 mM Tris.HCI (pH 8), 2 mM MgCl,, 0.2 mM EDTA, 20 % (v/v) glycerol, 0.5
mM PMSF, 1 mM DTT and containing 0.X M KCI. All buffers were supplemented with 0.01 % (v/v)
NP-40. The column was equilibrated in 0.35 buffer C. P11 column fractions exhibiting suGF 1 activity
in EMSAs were pooled and adjusted to 0.35 buffer C by addition of 0.0 buffer C (and 0.01 % NP-40),
incubated with 400 pl p[d(I-C)] (1 mg/ml) for 10 minutes and loaded onto the column. The flow-
through was collected in a single fraction, and the column was washed with 5 column volumes of 0.35
buffer C. Bound proteins were eluted in a stepwise fashion with 8 column volumes of 0.55 buffer C, 5
column volumes of 0.7 buffer C, and 3 column volumes of 1.0 buffer C. Aliquots (5 pul) of each
fraction were monitored for suGF1 activity in EMSAs. The fractions were stored at -70°C between
manipulations. The column was regenerated at room temperature by washing with 300 ml column
regenefation buffer (CRB) (10 mM Tris.HCl (pH 8), 1 mM EDTA, 2.5 M NaCl, 1 % (v/v) NP-40)
followed by 300 ml column storage buffer (CSB) (10 mM Tris.HCI (pH 8), 1 mM EDTA, 0.3 M
NaCl, 0.04 % (w/v) sodium azide). The matrix was stored at 4°C.

2.23.3 TCA Precipitation of Proteins

Protein solutions were adjusted to a volume of 500 pl with water, and TCA (final concentration 20 %
(v/v)) was added. The samples were placed on ice for 60 min and centrifuged for 30 min at 15 000
rpm, 4°C. The supernatant was discarded and the pellet was resuspended in cold 1 ml écidiﬁed
acetone (0.05 % (v/v) HCI). The samples were centrifuged as above. The protein pellet was washed
with 1 ml acetone by spinning at 15 000 rpm and 4°C for 20 min, resuspended in 1 X SDS sample
application buffer (see section 2.24) and neutralised with NaOH, if necessary. The samples were

boiled in the presence of a reducing agent and analysed by SDS-PAGE.
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2.24 SDS Polyacrylamide Gel Electrophoresis and Silver Staining

Samples were boiled in SDS sample application buffer (0.0625 M Tris.HCI (pH 6.8), 2 % (w/v) SDS
(Sigma), 10 % (v/v) glycerol, 5 % (v/v) B-mercaptoethanol, 0.001 % (w/v) bromophenol blue) and
loaded onto a 10 % or 12 % SDS gels (acrylamide (Merck) : bisacrylamide (Sigma) = 30 : 0.8). The
gels were electrophoresed at constant voltage (180 V) until the ion front reached the end of the gel.
The gels were fixed in 50 % (v/v) methanol containing 10 % (v/v) acetic acid for a minimum of 45
~minutes. They were either stained in Coomassie Brilliant Blue or silverstained. Silver staining was
performed in clean glass dishes, and all solutions were made up freshly. The gels were washed with
deionized water and soaked in 100 ml DTT (5 pg/ml) for 30 minutes followed by a further 30 minutes
in 0.1 % (w/v) silver nitrate. The gel was briefly rinsed in a small amount of deionized water before
washing it twice with carbonate developing solution (3 % (w/v) Na,COj; containing 0.5 ml 37 % (v/v)
formaldehyde per litre of developing solution). The gel was covered with 100 ml developing solution
and agitated slowly until it reached the desired level of staining. The reaction was stopped by adding

5 ml 2.3 M citric acid to the gel in developer solution.

2.25 Mass Spectral Protein Sequencing

2.25.1 In Gel Digestion

The Coomassie-stained protein band representing suGF1 was precisely excised from the acrylamide
gel (see 2.24), cut into small cubes and rinsed twice with 100 pl water for 5 - 10 minutes to remove
the SDS and acid. The pH was ensured to be 6 - 7. The same volume of acetonitrile / water (1:1) was
added to remove the Coomassie dye and incubated for 10 - 20 minutes. This step was repeated three
times. The residual water was extracted from the gel with pure acetonitrile by incubating for 10
minutes. The acetonitrile was removed and replaced with 30 - 50 pl digestion buffer (NH4COs,
NMM) containing 0.5 pg trypsin. The digestion was performed at 37°C for 6 - 12 hours. The
supernatant was recovered and the gel pieces were extracted twice with 0.1 % TFA (20 - 30 minutes).

The volume of the combined extracts was reduced to 5 pl in a speed-vac. -
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2.25.2 LC-MS Analysis

LC-MS (microcolumn liquid chromatography) and MS/MS (tandem mass spectrometry) spectra were
recorded on a Finnigan LCQ ion trap mass spectrometer equipped with an electrospray (ESI) ion
source. LC separation of the peptides was performed on a 300 um X 12 cm C18 column at a flow rate
of 4 pl/min. The peptides were eluted by a gradient of acetonitrile (10 - 40 %) in 0.05 % TFA (40
min) and on line introduced into the ESI source. Full scan MS spectra (m/z.350 to m/z 1700) were
collected continuousiy and production of MS/MS spectra (collision induced dissociation (CID) of
individual peptides) was triggered by a peptide signal intensity above a preset threshold (3.0E4 ions).
The signal switched the instrument to isolate the parent ion, to perform CID fragmentation and to
scan the product ions. This sequence of scan events (full scan - MS/MS scan) was repeated every 4 -

seconds.

2.25.3 Computer Analysis of MS/MS Spectra

Cross correlation analysis of the data was performed by using the "Sequest" program (166) package

and the OWL database (147 000 entries).

2.26 Autoradiography

Sequencing gels, SDS gels and nondenaturing PAGE gels (gel mobility shift assays) were vacuum
dried onto Whatman 3MM blotting paper before they were exposed to X-ray films. Either Cronex 4
X-ray film or MP™.Film were used in X-ray cassettes. For gels containing the isotope 32p, the films
were preﬂéshed twice on either side and exposed to the gel in the presence of an intensifying screen at
-70°C. The intensifying screens were not necessary if 35S was used and exposure was performed at

room temperature. Exposure times ranged from overnight to one week.
Gels were either analysed by autoradiography or Instant Imager 2024. The Instant Imager 2024 is an

electronic alternative to autoradiography on film or phosphor screens. It is a fully automated system

which quantifies radioactivity distributed on flat samples using the microchannel array detector.
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CHAPTER 3

Cloning the cDNA for suGF1

3.1 Introduction

Since at the start of the project there was no sequence information available on either the suGF1
protein or the cDNA coding for it, the DNA ligand screening procedure was an obvious choice in the
cloning strategy of this protein. This choice was supported by the fact that suGF1 not only binds to
the G*C-rich H1-H4 intergenic spacer with high affinity and specificity, but also by the ease with
which native suGF1 can be denatured and subsequently renatured to regain its specific DNA-binding
ability when subjected to Southwestern analysis (1, 191), indicating that suGF1 may be an ideal
candidate for cloning by the DNA ligand screening approach. suGF1 is proposed to be one of several
sea urchin G-binding proteins (such as SpGCF1 or the ectoderm specific factor) involved in the
regulation of unrelated sea urchin genes, implying that it could be a member of a farhily of G*C-rich
DNA-binding proteins (see section 1.4.4). Given the similarities between suGF1 and SpGCF1 with
" respect to their size and DNA-binding specificity (see sections 1.4.4.1 and 1.4.4.2, respectively), it
was of interest to investigate whether these two proteins are possibly homologous. Therefore a second
cloning approach, viz a PCR screening strategy (see section 1.6.2), was used at a later stage in order

to clone a cDNA representing the P.angulosus homologue of SpGCF1 (see section 1.4.4.2).

3.2 DNA Binding Properties of suGF1

In order to establish the conditions for isolating the cDNA of suGF1 using the DNA ligand screening
approach, the affinity and specificity of the interaction between suGF1 and the G-C-rich E/H
fragment (see fig 2.2) derived from the H1-H4 intergenic region was investigated using mobility gel
shift assays, which result in the formation of two characteristic suGF1-DNA complexes, B1 and B2 '
(fig 3.1). EMSAs were performed using suGF1 in crude nuclear extract (isolated from 14 hour
P.angulosus embryos) and the labelled E/H fragment prepared from the histone gene battery (20) in
the presence of various amounts of unlabelled oligonucleotide and DNA competitors (fig 3.1). The

oligonucleotides contained either the wild-type histone H1-H4 intergenic G,;-string (specific oligo)
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free labelled protein-DNA total counts of labelled unlabelled E/H fragment
E/H fragment) | complexes (B1 and B2) E/H fragment
(cpm . (cpm) (cpm) fold Molar M] error [M]
excess
360.419 , 5.420 366 0 0.00E+00 0.00E+00
372.706 5.995 379 0 "0.00E+00 0.00E+00
44.536 117.211 162 0 0.00E+00 | 0.00E+00
40.932 97.977 139 0 0.00E+00 0.00E+00
116.268 71.791 188 1 1.7E-10 4.86E-11 '
142.372 48.478 191 2 3.4E-10 9.72E-11
168.918 24.226 193 3 5.12E-10 1.46E-10
184.950 28.449 213 4 6.8E-10. 1.94E-10
194.173 17.298 211 6 1.02E-9 2.92E-10
216.307 10.869 227 8 1.36E-9 3.89E-10
230372 12.091 242 10 1.71E-9 4.86E-10
243.155 6.194 249 15 2.56E-9 | 7.29E-10
260.504 5.625 266 20 3.41E-9 9.72E-10
259.504 5.579 265 25 4.26E-9 1.22E-9
201.143 9.464 211 35 5.97E-9 1.70E-9
234 1.7E-10°
67 0.5E-10°

a) In a 25 pl reaction volume, 1 ng of the 335 bp E/H fragment represents 234 cpm and the reaction is 1.7 X 10" M in the

labelled DNA fragment.
b) The error for the total counts is 67 cpm, and therefore the error for the molarity of the E/H fragment in the reaction is 0.5

X10"M.

Table 3.2 antitation of the Amount of Labelled in t nd and Protein-Bound Fractions in
h sence of Increasing Amounts of Unlabell i

The amount of labelled DNA present in the unbound and the suGF1-complexed fractions (in the presence of
increasing amounts of unlabelled E/H fragment as shown in fig 3.3) was quantified by Instant Imager 2024, in
order to determine the dissociation constant for suGF1 via Scatchard analysis (see Appendix I).
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Formation of the suGF1-DNA complex was investigated in the presence of variou5 amounts and types
of nonspecific competitor DNA, viz calf thymus DNA, E.coli DNA and poly[d(I-C)] (fig 3.4). Even at
low concentrations (0.5 - 2 pug) both E.coli DNA (lanes 1 - 3) and calf thymus DNA (lanes 4 - 6)
compete substantially for the formation of suGF1-DNA complexes B1 and B2. In contrast, higher
amounts of poly[d(I-C)] can be included in the incubation without competing for the specific DNA
complexes (fig 3.4, lanes 7 and 9). Generally, calf thymus DNA has been used to isolate several
clones encoding DNA-binding proteins successfully, and it is the preferred nonspecific competitor
DNA used in the DNA ligand screening procedure (174). However, given the fact that it competes so
easily for the formation of complexes Bl and B2 in the suGF1-DNA interaction, the preferred
nonspecific competitor DNA used in combination with the suGF1 protein is poly[d(I-C)], since it has
a low capacity for competing for the formation of specific complexes Bl aﬁd B2, and it prevents the

formation of nonspecific protein-DNA complexes (see fig 3.4, lanes 7 - 9).

3.3 DNA Ligand Screéning a Sea Urchin Embryonic ¢DNA Library

A cDNA expression library is a crucial starting material for the DNA ligand screening procedure.
Attempts to have a Parechinus angulosus cDNA expression library produced commercially from 14
hour poly-A” or total RNA (see section 3.5) were unsuccessful (Clontech), since the recombinant
inserts repeatedly contained small inserts (< 2 kb) and only about 300 000 independent clones, which
is a low yield and does not comprise a representative library. Therefore an aitemative source (viz a
c¢DNA library derived from a different species of sea urchin) was used. Professor E. Davidson
(Caltech) kindly provided a custom synthesised AZAP cDNA library from 24 hour (late blastula /
early gastrula) Strongylocentrotus purpuratus embryos for which 1.3 X 10° independent clones. were
obtained (see Appendix II). This library was constructed using both oligo(dT)- and random-primed
synthesis. The inserts were cloned into the EcoRl site of the AZAPII vector and their sizes ranged
from 1.0to 4 - 5 kb.

An outline of the steps involved to identify suGF1 ¢cDNA clones from the recombinant expression
library using the DNA ligand screening strategy is depicted in fig 3.5. The first stage involved the
identification of recombinant clones which detect the binding site DNA probe. These initial positive
_clones were subjected to a second round of screening in which the hybrid proteins were blotted onto
duplicate filters and individual filters were probed with either the specific binding-site DNA probe, or
with a DNA probe that lacks the binding site. The second screening procedure selectively identified

clones which specifically bind to the given recognition site.
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Fig 3.5 An Outline of the Steps Involved in the DNA Ligand Screening Strategy

The DNA ligand screening strategy allows cloning of sequence-specific DNA-binding proteins from a
bacteriophage cDNA expression library. The specific oligo represents the recognition site probe, whereas the
non-specific oligo is a control probe which lacks the recognition site, or contains a mutant version thereof.

In order to improve the efficiency of detection of prospective cDNA clones, both the specific and
-nonspecific oligonucleotide probes (see fig 2.1) were catenated extensively using DNA ligase (151).
The mean length of the catenated oligonucleotides was ~ 200 bp. Both the catenated DNA probes
were labelled to a specific activity of ~ 108 dpm/pg with [a—nP]dCTP. Using a DNA probe with
above specific activity, and assuming a 1:1 stoichiometry for the protein-DNA complex, it should be
. poss;ible to detect 10”2 fmol of protein in a plaque, considering that the level of expression of the lacZ
fusion gene in a single phage plaque exceeds these amounts (174). A standard E.coli host strain (BB4)
. was used throughout the screening procedure to produce a fusion protein between the products of the
[}—galactosidase gene and the cloned cDNAs. The amplified library was plated at a density of 1 X 10°
pfu/plate and the plates were overlaid with nitrocellulose filters saturated with IPTG to induce the
expression of the fusion proteins. A total of 6 X 10° plaques was screened. The filters were subjected

to a denaturation / renaturation protocol using 6 M guanidine hydrochloride, which facilitates the
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correct folding of a larger fraction of the bacterially expressed fusion proteins (168, 174). The filters
were subsequently incubated with radiolabelled recognition site probe in the presence of poly[d(I-C])

to prevent nonspecific binding.

The screening procedure was performed as outlined by Singh et al (1989) (174) (see section 2.8 and
fig 3.5). Typical signals generated by the DNA-binding site probe in the first round of screeﬁing are
illustrated in fig 3.6 (a). The recombinant hybrid proteins were blotted onto duplicate nitrocellulose
filters, and the resulting autoradiographs were superimposed in order to identify presumptive positive
DNA-binding signals. The first round of screening resulted in the identification of 19 putative -
positive plaquc;s, from screening a total of 6 X 10° plaques. The autoradiographs were aligned with
the original LB plates to identify the presumptive positive plaques, which were then plaque purified '
according to standard proéedures (169). The secondary phage stocks generated in this way were used
to identify sequence specific clones by blotting the expressed fusion proteins onto replica filters. One
filter was screened with the recognition site probe (specific oligo) whereas the other filter was
screened with the DNA probe lacking the binding site (nonspecific oligo) (see fig 3.5). A fypical
result of a sequence specific clone identified by the second round of screening is shown in fig 3.6 (b).
Binding is specific with respect to the recognition site probe, whereas there is no interaction with the
DNA probe lacking the G+C-rich binding site, thereby satisfying the criteria depicted in fig 3.5. In this
manner the number of putative positive clones was finally reduced to four (referred to as Clones 2, 6,

11 and 16).

AZAP recombinants, unlike those derived from AGT11, do not easily form lysogens, theréfore the
cloned proteins are not usually isolated in the form of extracts derived from induced lysogens of
E.coli cells. Instead it is recommended that the pBluescript phagemids (containing the cDNAs of
interest) are excised from AZAP and that the cDNA inserts are cloned into an expression vector for
further analysis of the protein products. The four positive plaques generated by the DNA ligand
screening procedure were plaque purified, the Bluescript plasmid (containing the cDNA insert) was
excised from AZAP and analysed by restriction enzyme digestion with EcoRI. The individual DNA
fragments were separated by electrophoresis on an agarose gel in order to determine the size.of each
insert by comparing it to a lambda EcoR1 / HindIII digest (fig 3.7). The insert sizes ére estimated to
be 2.4 kb (Clone 2, lane 5), 0.85 kb (Clone 6, lane 7), 0.9 kb (Clone 11, lane 9) and 2.2 kb (Clone 16,
lane 11). |
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using the ‘MAP’ algorithm in the GCG program, which revealed three putative ORFs for the 5’
terminal sequence (see Appendix III (c)), one of these (reading frame "b") has a putative start codon
at nt 59, the other two reading frames (beginning at nt 85 and nt 146) do not start with methione
residues. The ORFs code for 59, 50 and 27 amino acids respectively, and the'y continue to the end of
the known sequence for the 5' terminus, however their full lengths were not established since the
c¢DNA was only sequenced partially. The 3’ terminus of Clone 2 (see Appendix III (d)) has a single
ORF of significant length (nt 4 - 174), however it is interrupted (this could be due to erroneous
sequencing results, or it could indicate the end of the ORF for this clone). The 5’ and 3° DNA
sequences were both subjected to FastA searches in the GCG program, as well as BLASTN searches.
The 236 nt sequence obtained for the 5’ terminus shows a striking and significant homology to the 3’
untranslated region of the Strongylocentrotus purpuratus Cyllb actin gene (194). The homology
extends over 205 nt and has 96 % identity. Several other scores are listed in both the nucleotide and
protein homology searches. For instance, the former shows a 73 % homology between the 5° terminus
of Clone 2 and a zinc finger protein (CEZF) in C.elegans (198). The homology ranges over 49 nt (in
the translated region of Clone 2) of which 36 nt are identical. The homology searches performed with
the 223 nt 3’ terminal sequence of Clone 2 revealed no significant homologies using either nuéleotide
or protein database searches. One interesting score was a 56 bp overlap of 64 % identity with a
posttranslationally regulated Drosophila chorion transcription factor, CF2 (199). The homology exists
between the 3’ untranslated region of the transcription factor and the 3’ terminus of Clone 2, however

the sequences lie in opposite orientation with respect to the each other.

The insert size of Clone 6 is 850 bp (seé fig 3.7, lane 7). Almost the entire clone was sequenced (764
bases in total, see Appendix IV (a) and (b)). The MAP algorithm (GCG) was used to analyse -the
clone for ORFs, as shown in Appendix IV (c) and (d). The 5’ terminus (655 nt) of Clone 6 does not
appear to have a single continuous ORF, however three individual ORFs overlap partially. One of
these (nt 54 - 237) codes for 61 amino acids, a second one (nt 286 - 478) codes for 64 amino acids,
and a third ORF codes for 42 amino acids (nt 392 - 518) which partially overlaps with the second
OREF (see Appendix IV (c)). None of the ORFs begin with putative ATG start codons, nor do any of
them continue to the end of the known DNA sequence for the 5' terminus. Protein database homology
searches revealed no substantial scores for the amino acid sequences corresponding to the 5' region of
this clone, whereas the most interesting score for the ﬁucleotide searches showed a 96 nt overlap
(within the first ORF described above) of 63 % identity with a Kriippel-like Zinc finger protein in
C.elegans (195) using FASTA (GCG). The 3’ terminal DNA sequence of Clone 6 shows an ORF of

49 amino acids spanning nt 34 - 181, and potentially represents the end of the coding sequence for
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this clone. Neither the protein nor nucleotide database homology searches showed scores which were

either significant, or relevant with respect to DNA-binding proteins.

Clone 11 contains an insert of 900 bp (see fig 3.7, lane 9). About 820 nt of the entire clone were
sequenced (see Appendix V (a) and (b)). The 5’ terminal DNA sequence (519 nt) has a putative ATG
start codon positioned at nt 72, which continues into a single long ORF to the end of the known DNA
sequence of the 5' terminus (Appendix V (c)). The 3’ terminal nuclebtide sequence (301 nt) was also
analysed for ORFs, of which three were identiﬁed. These code for 51, 47 and 21 amino acids, they all
“overlap with each other and continue to the end of the known DNA sequence for the 3' terminus (see
Appendix V (d)). It appears that Clone 11 rep;resents a full length cDNA clone, which has a 5'
untranslated region (72 nt), a coding region of about 680 nt and a 3' untranslated region (~ 150 nt).
Nucleotide and protein database homology searches revealed that the 5’ terminal nucleotide seduence
scored low homologies to several DNA-binding proteins, for instance 36 amino acids had a 44 %
identity with heat shock protein 70 from Chlamydia trachomatis (200), whereas 166 nt within the 5'
ORF of this clone had a 56 % identity with the mRNA of a G*C-box binding factor (GBF) in
Dictyostelium discoideum (196). Another score includes the engrailed-like homeodomain protein
(smox-2) mRNA from Schistosoma mansoni (201), which has an identity of 75 % with 53 nt of the 5’
OREF of Clone 11. .

A total of 778 nt were sequenced for Clone 16, which has a 2.4 kb insert (fig 3.7, lane 11). The 5’
terminal (622 nt) and 3’ terminal (156 nt) sequences for this clone are shown in Appendix VI (a) and '
(b). The ‘MAP’ algorithm (GCG) was used to establish the ORFs for both the 5’ and 3’ termini. There
is a long 5’ untranslated region followed by an ATG codon at nt 285 (see Appendix VI (c)), which
may be indicative of a putative start codon. The nucleotide sequence codes for three separate
discontinuous ORFs which are interleading. This could imply that there may be one continuous ORF,
taking into account that DNA sequencing is subject to several artifacts. Alternatively it is possible
that protein translation only starts at nt 501, which represents the beginning of the last ORF, however.
this does not continue to the end of the known DNA sequence of the 5' terminus. The 3’ terminus also
has an ORF, which lies between nt 13 - 156 (see Appendix VI (d)), and may therefore be indicative of
the end of the coding region for this clone. The nucleotide and protein database homology searches
revealed no relevant scores for the 5’ terminal sequence, however the 3’ terminus has an 18 amino
‘acid overlap of 44 % identity with the human NF-xB TF subunit (202). In addition there is a 64 %
identity (over 14 amino acids) with the cDNA of a basic-helix-loop-helix leucine zipper transcription

factor in C.elegans (197).
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The DNA ligand screening technique yielded four independent isolates of different cDNAs based on
the ability of their recombinant proteins to preferentially interact with the specific recognition site
probe instead of the mutant nonspecific probe (see section 3.3). Partial DNA sequence analysis
confirmed that at least three of the clones (2, 11 and 16) potentially encoded recombinant proteins of
substantial length, as these clones had ORFs at their 5’ ends. Database homology studies indicated
that three of the clones (6, 11 and 16) were unique cDNAs which scored homologies to other DNA-
binding proteins. The DNA-binding specificities of the recombinant proteins encoded by these clones

required further investigation to verify whether any of them correlated with suGF1 (see Chapter 4).

35APCR Cioning Strategy Was Used to Amplify a cDNA Sequence Potentially Encoding
suGF1 ‘

A PCR strategy was used to amplify the cDNA sequence encoding the P.angulosus homologue for
SpGCF1 (a transcription factor present in S.purpuratus embryos, see section 1.4.4.2), which
represents a candidate homologous protein to suGF1. Genomic DNA prepared from sea urchin sperm
(section 2.10), as well as cDNA generated from 14-hour sea urchin embryo RNA (section 2.6.1), were
used as templates for the PCR amplifications. The integrity of the RNA was verified on an agarose /
formaldehyde gel (section 2.6.4.2) as shown in fig 3.8 (a). Both the 14-hour poly-A+ RNA (lane 1)
and the 14-hour total RNA (lane 2) are undegraded. The poly-A" RNA, as expected, has a slight
smear associated with it, and the 28S and 18S ribosomal bands in the sample are faint. There is no
smear apparent for the total RNA (fig 3.8 (a), lane 2) and the intensities of the 28S and 18S ribosomal
RNA bands are present in a ratio of about 1.5 : 1. cDNA was produced by using 2 pg of either poly-
A" RNA or total RNA. The integrity of the genomic DNA isolated from P.angulosus sea urchin
sperm (section 2.10) was verified on an agarose gel (fig 3.8 (b), lane 2) and was judged to be intact

since it forms a sharp band in the region of 21 kb.

PCR amplification (see section 2.11.1) was performed on both genomic DNA and cDNA from 14
hour P.angulosus sea urchin embryos using three different combinations of two degenerate primer-
pairs. The design of degenerate PCR primers (see Appendix VII) was based on the SpGCF1 cDNA
sequence (3). Degenerate primers 1S and 1A were designed by Zeller et al (1995) (3), whereas
degenerate primers 2S and 2A were designed by J. Hapgood (personal communication). Specific
primers SP1, SP2, SP3 and SP4 were based on the DNA sequences of PCR produéts amplified from
P.angulosus genomic DNA and cDNA. Amplification with primer-pair 1S/1A is predicted to result in
a fragment of 106 bp, a combination of the primers 2S/2A should give a 372 bp ﬁagment, and the size
of the product generated by the primers 1S/2A is predicted to be 642 bp (see Appendix VII). PCR
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sequenced in both directions, using the T7 and Sp6 primers of the pPGEM-T vector (see Appendix X).
In addition, internal sequencing was achieved by primer walking, ie internal gene specific primers .
were designed (primers SP3 and SP4, see Appendix IX and fig 3.15) in order to obtain continuous
sequence information. Several nucleotide positions in the sequences showed degeneracy within the
three clones. These regions were resequenced on two additional independent clones in order to
eliminate any errors in the consensus sequence for the entire full length clone (fig 3.15). A homology
comparison between the P.angulosus clone identified by the PCR strategy and the ¢cDNA sequence
- coding for SpGCF1 (3) using the GCG computer programme, revealed that the full length
P.angulosus clone includes the entire coding region, as well as some 5’ (~ 300 nt) and 3’ (~ 500 nt)
untranslated sequence information. An alignment of the two sequences (see Appendix XIV) shows an
84 % identity over a region of 1989 nt. The P.angulosus cDNA has a single open reading frame of
1542 nt, which can be translated into a protein of 514 amino acids (see fig 3.15), with a molecular

weight of 57 kDa.

In conclusion, several clones potentially encoding suGF1 were generated using a combination of a
PCR strategy (see section 3.5) and DNA ligand screening a cDNA expression library (sée section
3.4). Further determination of the DNA-binding specificity of all the recombinant proteins encoded
by the putative positive clones was necessary in order to establish whether any of the cDNA clones

isolated by both these methods correctly represent the cDNA coding for suGF1 (see Chapter 4).

Fig 3.15 Sequence Apalysis of the Full Length P.angulosus cDN one Isolated by the PCR Strate

A full length clone potentially encoding suGF1 was isolated from P.angulosus using a PCR strategy (see section
3.5). The consensus sequence for the clone was derived by sequencing a minimum of three independent
colonies. The specific primer pair (SP1 / SP2) was used to PCR amplify the 3' and 5' ends of the cDNA
respectively, whereas primers SP3 and SP4 were used to obtain internal DNA sequence information. (All
primers are shown in bold print.) The 5' untranslated region has three stop codons (bold print) in frame with a
single open reading frame, which codes for a 514 amino acid protein. The N-terminus is rich in proline residues
(marked by asterisks), and contains several methionine residues (bold print) which may present alternate
translation start sites. The protein is characterised by nine pentapeptide repeats (N/SVSMP), which are
underlined. It also has a basic domain representing a putative DNA-binding domain, which is double underlined
and it has heptad repeats which are marked by the broken lines.
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3.7 Developmental Distribution of the mRNA Transcript Corresponding to the PCR-Generated
c¢DNA in P.angulosus

To determine the developmental distribution of the RNA transcript corresponding to the PCR-
generated clone (see section 3.5), total RNA waé isolated from P.angulosus eggs, several
developmental embryonic stages (4, 9, 14, 21, 30 and 45 hour embryos), as well as adult tissue -
(muscle, ovary and testis). The RNA was analysed by Northern blotting and reverse-transcriptase
(RT) PCR. Fractionation of RNA under denaturing conditions (see section 2.6.4.1) followed by
acridine orange staining showed that the RNA was intact, as determined by the presence of distinct
~undegraded 28S and 18S ribosomal bands. Northern blotting of the fractionated RNA was performed
“with a radiolabelled probe containing part of the putative suGF1 ¢cDNA (viz the overlap region
between specific primers SP1 and SP2 (see Appendix IX, and fig 3.15)). Hybridisatioﬁ signals
| resulting from Northern blots were uninterpretable as the probe appeared to bind over a wide range of
molecular weights for each RNA sample (data not shown). An alternative approach using RT-PCR
was followed. Briefly, this technique involved treating the RNA samples with DNase 1 and
subsequently with MMLYV reverse transcriptase (see section 2.7). cDNA generated from each RNA
sample was amplified in a PCR reaction using specific primers SP1 and SP1, generating the
characteristic 421 bp fragment described above. PCR amplifications were analysed on an agaroée gel,
revealing that the putative suGF1 RNA is present in P.angulosus eggs, embryonic stages (4 - 45 hour
- embryos), as well as adult muscle and testis tissue (see individual lanes in fig 3.16). In contrast, ovary

tissue appears to be deficient in the RNA transcript of interest (see fig 3.16, lane 11).
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CHAPTER 4

RECOMBINANT PROTEIN EXPRESSION

4.1 Introduction

Biologically important eukarybtic proteins are often cloned and overexpressed to produce large
amounts of material. Commonly, the expression of large quantities of proteins encoded by cloned
genes can be achieved in E.coli, since this system is easy to manipulate, inexpensive to maintain,
grows quickly and represents one of the best understood drganisms in nature (151, 204). Several other
systems such as yeast, mammalian cells, baculovirus, plants, transgenic animals and eukaryotic in
vitro transcription / translation systems are also available for recombinant protein expression (205).
These systems generally rely on a similar basic approach. A foreign gene is inserted into an
“expression vector (eg bacteriophage, plasmid of virus), which has several characteristic features
including (i) a selectable marker to actively maintain the foreign gene, (ii) a transcription promoter
(eg lac, trp, tac, T7, etc) whose induction is tightly controlled and maximises the efficiency of ‘
transcription, (iii) translational control signals, eg a ribosome binding site and signals for the
initiation of translation, and (iv) a pb]ylinker which simplifies the insertion of a foreign gene into the
vector (151). The choice of the expression vector is often determined by its promoter (promotérs may
be controlled by various mechanisms, eg temperature shift, chemical induction or metabolic response,
etc) (151). Expression constructs are transformed into appropriate expression systems, which, ideally,
should facilitate both the expression and purification of foreign target peptides. However,
recombinant protein expression is often associated with problems such as instability, insolubility and
inactivity of the target protein. These problems may be overcome by conditions determined for each
target protein individually, such as the s’ynthesis_ of hybrid proteins, the use of host strains with -
decreased proteolytic capacity, or exploitation of the formation of inclusion bodies, which may

sometimes be solubilised and renatured to gain functional activity by use of denaturing agents.

Unfortunately there are no set methods or rules which guarantee the successful expression of cloned
proteins in a useful form, and each new gene presents its own unique expression problems. This
means that the expression of each gene has to be tested and optimised individually, possibly using

several host expression systems and varying the expression conditions for each. Therefore, since the
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expression of recombinant proteins is an inexact science, a trial. and error approach was used to

investigate the expression of the isolated cDNA clones (see Chapter 3) potentially encoding suGF1.

4.2 Expression of Clones Obtained by the DNA Ligand Screening Approach

4.2.1 Recombinant Protein Expression Using the Prokaryotic Expression Systems pBluescript,

pET and pGEX

Recombinant protein expression of Clones 2, 6, 11 and 16 in Bluescript (see Appendix VIII (2)) was
induced by addition of IPTG to mid log phase cells, which were grown to stationary phase and
subsequently assayed for recombinant protein expression by comparison to uninduced cells using
SDS-PAGE (see section 2.24). Various techniques (see section 2.14.1) were used in attempts to detect
récombinant protein expression from the bacterial cells. The most direct assay involved lysis‘of the
induced stationafy phase cells (which were pelleted by centrifugation) in SDS loading' dye with
subsequent analysis by SDS-PAGE. A second method involved lysis of induced stationary phase cells
using a combination of lysozyme and Triton X-100, and the bacterial lysate (sepafated from the cell
debris by centrifugation) was analysed by SDS-PAGE for the presence of recombinant proteins. A
third method promoted the release of proteins from the periplasmic space by high speed
centrifugationv of induced stationary phase cells. Again the supernatant was analysed by SDS-PAGE
after TCA precipitation of the proteihs. Each method involved protein induction using several
different E.coli host strains, eg SOLR, IM109, XL-1 Blue and DH5a., and analysis was performed on
multiple colonies derived from each host strain. Various other parameters were optimised, such as
varying the temperature and length of induction, anci using different volumes of culture, ranging ﬁom ,
2 ml to 50 ml. In addition, protein extracts were separated by various percentages SDS-PAGE (the
gels were stained using both Coomassie Brilliant Blue and silver). Analysis of protein extracts was
also attempted by EMSA and DNase 1 footprinting, which are highly sensitive techniques used to
detect DNA-binding proteins. However, none of the strategies outlined above resulted in the detection
of induced recombinant proteins (data not shown), despite the fact that target proteins from Bluescript
inserts should be reasbnably stable, since they are expressed as fusion proteins to the amino terminus

(~ 20 - 50 amino acids) of the a.-complementing portion of the 3-galactosidase gene (206).

The four clones (2, 6, 11 and 16) were subsequently subcloned from pBluescript SK into pET-29b(+)
(see Appendix XIV (a) for details on the pET system and Appendix XIV (b) for details on the

100



subcloning strategy). Several parameters were varied in order to obtain and optimise expression of
these constructs. For instance, the inserts were subcloned using several unique restriction sites, the
resulting pET constructs were established in various different E.coli host strains (JM109, HB101 and
DHS5a) and subsequently induced to express in two different host strains BL21DE3 and pLysS (see
Appendix XIV for details). Multiple colonies from each expression strain were analysed for
expression, the conditions were also altered with respect to temperature and length of induction, as
well as volume of culture. A plasmid referred to as the “induction control”, which codes for the -
galactosidase protein and has matching elements (ie promoter, selective marker, etc), was provided
with the pET-29b(+) vector (see Appendix VIII). This plasmid allowed convenient testing of
induction. Optimisation of expression (see Appendix XIV (b) for experimental details) resulted in the
expression of a single clone only. Clone 11 was expressed successfully as a ~ 25 kDa proteixi in the
BL21DE3 expression host, as depicted by the arrow in fig 4.1. Expression was independent of both
the restriction site used in the subélom’ng procedure (data not shown) and the host strain the construct
was originally established in (fig 4.1, lanes 4 - 6 (DH5a), lanes 7 - 9 (HB101) and lanes le - 12
(IM109)). Both uninduced (lanes 4, 7 and 10) and induced cells (lanes 5, 6, 8, 9, 11 and 12) were
harvested after 3 hours, resuspended in SDS sample application buffer and analysed by SDS-PAGE
(silver stained). Protein molecular weight standards are indicated (lane 1), and uninduced and induced
total cell protein from the induction control plasmid were analysed, too (lanes 2 and 3, respectively).
The asterisk indicates the position of the induced B-gal protein, which, although éxpressed very
strongly, was not always easily distinguishable from the background, as it often discoloured into a
light yellow band upon silver staining. Expression of Clone 11 was analysed by a time course of
induction at various temperatures (16°C, 20°C, 30°C and 37°C, see Appendix XVI (b) for details),
which established that the recombinant protein is maximally induced at 37°C after 3 - 4 hours of
induction and at 30°C after 5 - 6 hours of induction. Recombinant protein expression could not be
detected for any of the other clones (2, 6 and 16), irrespective of the conditions used to optimise
induction (eg changes in temperature, time, volume of culture), the cloning site used and initial or
expression host. However expression of the (-gal protein from the control plasmid was always

detected successfully in these assays (data not shown).

In order to confirm the DNA-binding ability of Clone 11 several strategies were attempted to generate
recombinant protein in a soluble form (see section 2.14.3 and Appendix XIV (c)). For the first
method, induced cells were lysed using a combination of lysozyme and Triton X-100, the cellular
debris was separated from the soluble proteins in the supernatant and analysed by SDS-PAGE (see
- Appendix XIV (c) for details), showing that Clone 11 can be induced as a soluble protein, however

this result was not reproducible. Extracts containing soluble recombinant protein were titrated in-
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EMSAs using the E/H fragment as labelled DNA probe (see section 2.21), indicating that the induced
recombinant protein was inactive with respect to DNA-binding activity (d'ata not shown), despite
attempts to improve recombinant protein folding by dialysis of the bacterial extracts into dialysis
buffer (see section 2.19) containing 4 mM MgCl, and 2 mM ZnCl,. (Prokaryotic gene expression may
lead to incorrect folding of eukaryotic proteins or loss of their biological activity (151).) Further
attempts to improve the method of soluble recombinant protein isolation were unsuccessful (see

Appendix XIV (c) for details).

Purification of soluble recombinant protein was approached using a second method, which exploits '
the fusion of cloned inserts to the His-Tag on the pET plasmid (see Appendix VIII) by subsequent
Nickel column chromatography of protein extracts. Cells were induced, pelleted and resuspended in
column binding buffer (see section 2.14.3.2) containing protease inhibitors. The protein sample was
processed by a combination of sonication, washing the pellet and differential centrifugation (for
experimental details see Appendix XIV (c)). Protein extracts containing recombinant protein from
Clone 11 were subjected to Nickel chromatography, however the recombinant protein could not be
discerned in the elution profile resulting from the column, implying that insufficient protein may have
been released into the supernatant for subsequent detection. Similarly when above procedure. was
repeated with induced [(3-gal protein from the induction control plasmid, the B-gal protein could also
not be detected in the elution profile (see Appendix XIV (c) for details). These results imply that
either insufficient protein was released by the sonication steps, and therefore was not detectable in the
elution profile, or that the Nickel column was prone to ion leaching during the wash steps, leading to
the loss of the protein-metal complexes. Alternatively these complexes may have leached out
gradually over several of the eluting fractions. Thus Nickel chromatography did not appear to enrich
the recombinant proteins, and therefore it was decided to approach the protein purification by first
denaturing the insoluble recombinant protein using denaturing agents, in order to release greater

amounts of protein.

It appeared that insoiuble inclusion bodies (ie dense aggregates of highly_concentrated expressed
target protein) contained the major fraction of the expressed protein. These were used as a source for
- further purification of the recombinant protein. Several methods involving inclusion body isolations
and renaturation of recombinant protein were examined (see Appendix XIV (d) for experimental
details). Briefly, one method (pET System Manual and section 2.14.3.3) involved resuspension of the
induced cells in binding buffer, followed by brief bursts of sonication, several washes and subsequent
resuspension in binding buffer (see section 2.14.3.2) supplemented with 6 M guanidine HC] or 6 M

urea. Resuspension of protein was aided by repeated sonication and subsequently it was dialysed into

103



dialysis buffer (see section 2.19) in order to remove the guanidine HCl. A second inclusion body
1solation method (described by Calzone et al (1991) (120), and see section 2.14.3.3), involved l'ysis of
induced cells using lysozyme (aided by sonication), and the suspension was supplemented with NP-
40 and sucrose. Soluble proteins were selectively precipitated and the resuspended proteins were
dialysed into dialysis buffer (see section 2.19). Inclusion body isolation using a third method
(outlined by Lin and Cheng (1991) (186) and see section 2.14.3.3) required formation of spheroplasts
from induced cells. Lysis was achieved by sonication, and nucleic acids were removed enzymatically.
Crude inclusion bodies were pelleted and washed several times, resuspended by sonication and
denatured in 5 M guanidine HCI. Proteins were renatured overnight by dilution of the denaturant, and
subsequently dialysed into the buffer of choice (dialysis buffer). Despite several attempts to solubilise
expressed recombinant protein by meaﬁé of extensive sonication combined with denaturation agents
such as urea and guanidine HCI, none of the methods outlined above (see Appendix XIV (d) for
experimental details) successfully dissociated the inclusion bodies containing fhe recombinant protein
expressed from Clone 11. The recombinant protein was continuously present in the pelleted fractions
rather than the solubilised fractions (data not shown). Therefore, it appears that inclusion body
isolations in combination with denaturation / renaturation techniques are not compatible with the
" isolation of the.recombinant protein expressed by Clone 11. Overall, the above experiments indicate
that the expression of the isolated sea urchin clones (see section 3.4) is not successful in combination
with the pET-29 system, since firstly only one clone was successfully expressed (at very low levels)‘

and secondly the respective recombinant protein could not be solubilised or renatured.

The expression of the four clones (2, 6, 11 and 16) wés therefore attempted in the pGEX expression
system. The clones were subcloned from pBluescript into the pGEX-3X vector (see Appendix VIII)
using the EcoR] site in order to retain the same original reading frame. The correct orientation of the
inserts was conﬁﬁned by restriction enzyme analysis. Recombinant protein expression was induced
chemically by means of IPTG and induction was performed in several hosts, eg JM109, DH5a and
MC1061. Several colonies of each clone (originating from different expression hosts) were analysed
for recombinant protein production by SDS-PAGE, however only the characteristic 26 kDa
glutathione S-transferase (GST) protein was expressed and no fusion proteins were generateli, .
implying that none of the constructs were expressed successfully in the pGEX-3X vector (data not
shown). Despite its eukaryotic origin GST is generally expressed at very high levels in E.coli as a '
soluble homodimeric protein with a MW of 26 kDa (207). Expression is induced chemically and is

controlled by the tac promoter.
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4.2.2 Eukaryotic Protein Expression in Mammalian Cells

Transient transfection studies were performed with Clone 11 subcloned into the pCIS plasmid (see
Appendices XV). The expression construct was transfected into COS-1 cells (derived from African
green monkey kidney cells) using the DEAE-dextran method (see section 2.15). Cells were allowed to
express for 24 - 48 hours after which they were harvested and processed into whole cell extracts and
nuclear extracts (see section 2.15), which were analyséd by SDS-PAGE (see Appendix XV for
details). No difference was observed between untransfected and transfected cells for either the nuclear
or whole cell extracts, implying that recombinant protein expression may have been unsuccessful.
Analysis of the extracts via EMSA using the labelled E/H probe revealed no DNA-binding activity in
any of the extracts either (data not shown). The results imply that either the mammalian expression
system is inefficient in this case (possibly due to low transfection success), such that the expression of
the recombinant protein could not be ascertained or, alternatively, the protein could notibe expressed
in this host environment. Generally eukaryotic genes or cDNAs should express efficiently in
eukaryotic systems, resulting in the proper translation and processing of the expressed product (208).
Instead of performing a detailed trouble shooting analysis (see Appendix XV for a discussion of the
possible underlying problems associated with the system), the problem of eukarybtic expression was
readdressed using a different eukaryotic system, viz in vitro éoupled transcription / translation (see

section 2.16 and 4.2.3).

4.2.3 In Vitro Eukaryotic Transcription / Translation

Recombinant proteins from Clones 2, 6. 11 and 16 in the Bluescript plasmid (see Appendix VIII)
were expressed in conjunction with a rabbit reticulocyte lysate transcription / translation system (see
section 2.16). Transcription was effected from the T3 promoter in all the clones, including the
luciferase control plasmid which was provided with the system. Eukaryotic translation of the proteins
was generally performed in the presence of translational grade 33S-methionine. The resultant protein
products were analysed by SDS-PAGE with subsequent autoradiography (fig 4.2). Protein molecular
weight markers are indicated in the margin, a control reaction was performed in the absence of a
plasmid (lane 1), and the control plasmid resulted in translation of the 61 kDa luciferase protein (lane
2). Protein products from Clones 2, 6, 11 and 16 are shown in lanes 3, 4, 5v and 6 respectively. Clone 2
(2.2 kb) resulted in a protein of molecular weight about 48 kDa (lane 3), the protein arising from
Clone 11 (0.9 kb) is about 25 kDa (lane 5), and Clone 16 (2.4 kb) has a protein of about 45 kDa (lane

6). The protein sizes are in approximate agreement with the sizes of the cDNA fragments encoding
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them. No unique band corresponding to a protein encoded by Clone 6 (0.85 kb) could be identiﬁed>
(lane 4). This correlates with previous indications that this clone may not have an open reading frame
(see section 3.4 and Appendix IV). Alternatively the recombinant protein may have a ve.ry loW
methionine content, such that insufficient *°S label was incorporated, thereby preventing visualisation
of the product (see also section 6.2.2). The amounts of protein produced from the four clones by the
in vitro transcription / translation application appear to be relatively low when compared to the
luciferase control protein (fig 4.2, lane 2). Expressed target proteins were titrated in EMSAs in order
to assay for protein-DNA interactions, however it appears that either insufficient protein was
expressed to discern a detectable shift in the mobility of the labelled DNA, or the expressed target
proteins do not have DNA-binding activity (data not shown). 7

4.3 Expression of the PCR-Generated cDNA Clone and its S.purpuratus Homologue

A pRSET expression construct coding for the SpGCF1 protein (which represents a candidate
homologue to suGF1) was obtained from Professor E. Davidson (Caltech) prior to the isolation of the
full length P.angulosus homologue (see section 3.5). The integrity of this expression construct was
confirmed by a resfriction enzyme digest using BamHI and BglII, which resulted in the release of a ~
1.7 kb insert from the pRSET vector (see Appendix VIII) (data not shown). Expression of the
SpGCF1 construct was attempted in bacterial expression hosts BL21DE3 and pLysS, in order to
correlate the identity of native suGF1 and recombinant SpGCF1. Induction of recombinant SpGCF1
expression was performed according to conditions outlined by Zeller et al (1995) (3). Expression of
the recombinant protein could not be observed by comparing total protein from uninduced and
induced cells as analysed by SDS-PAGE (fig 4.3, compére lanes 6 with lanes 7 and 8). Howéver,
when recombinant proteins were isolated from inclusion bodies (see section 2.14.3.3), induced cells
appeared to have a stronger expression pattern in the region of 42 kDa marked by the arrow (fig 4.3,
compare lanes 2 with lanes 3 and 4), which corresponds to one of the expected sizes of the SpGCF1
protein (3). This suggested that expression of SpGCF1 may have been successful. The DNA-binding
activity of induced proteins was analysed by EMSA using the E/H fragment, however the pattern of
protein-DNA complexes was not unique for the induced extract with respect to the uninduced protein
fraction (data not shown), implying that either recombinant SpGCF1 was not being expressed or it
was expressed in both uninduced and induced cells as a result of a leaky promoter. Therefore the
specificity of the protein-DNA complexes was investigated using EMSAs performed with specific
and nonspecific ds oligonucleotides and E/H fragment (see fig 2.1 and fig 2.2, respectively) as cold

DNA competitors. Competition EMSAs revealed that neither the induced nor the uninduced protein
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CHAPTER 5

PURIFICATION AND SEQUENCING OF suGF1

5.1 Introduction

The characterisation of sequence specific DNA-binding proteins and ultimately the identification of
genes which code for them, is hampered by the rarity of these factors in biological samples, which
bears several implications on the purification strategy, since enormous amounts of starting material
are required if the pure protein is used for techniques such as sequencing. Therefore the protein
purification strategy needs to be highly selective, and should have as hfgh a yield as possible. The
purification of suGF1 followed a general approach for transcription factors, whereby the crude
nuclear protein extract waé partially purified using conventional chiomatography, enabling the
removal of nucleases and other contaminants in the sample. This procedure was combined with a high
enrichment affinity chromatography step, which required pretreatment of the protein sample with a
nonspecific competitor DNA to which suGF1 has very low affinity. Specifically bound suGF1 was
eluted by increased salt concentration, followed by separation of the protein using SDS-PAGE. This
sufficed to purify suGF1 for protein sequencing. Several other DNA-binding proteins have been
isolated to homogeneity using similar procedures, examples include SpP3A2 (120), SpOct (137) and
SpGCF1 (3).

Identification of suGF1 was achieved by analysis of its primary structure using the mass spectrometer
approach, which provides detailed primary sequence information and identified the protein of interest
by correlating the éxperimentally generated spectrum with predicted fragment ions from a protein
database search (166), thereby generatiﬁg a search outcome in the form of a ranked list of the highest

scoring amino acid identities from the database.
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5.2 Isolation of Native suGF1

5.2.1 Electrophoretic Mobility Gel Shift Assays

suGF1 binds sequence-specifically to oligo(dG).oligo(dC) sequences as analysed by EMSA (see
section 3.2). This assay was used after each step of the purification procedure to monitor the presence
of suGF1. The ease with which the assay can be performed allows many samples to be analysed
simultaneously in a rapid and highly sensitive fashion (femtomole quantities of DNA-binding
proteins can be detected routinely (151)), which makes the technique particularly suitabie for
monitoring the purification of this DNA-Binding protein. Assaying suGF1 activity by gel shift
analysis during the purification was not quantitative, it merely served as a qualitative confirmation
that the protein was present. Generally, accurate quantitation of the relative activity of a DNA-
binding protein present at each purification step is complicated by several factors. For instance it is
known that the optimal binding conditions of a protein can vary considerably during the purification
procedure (159), crude and pure protein preparations often differ with respect to their increased
sensitivity to oxidative or chemical damage (209) and the pure protein has increased tendencies to

adhere to surfaces (159) even in the presence of carrier proteins or detergents.

5.2.2 Lowry Protein Concentration Measurements

Protein concentrations of nuclear extracts were measured by the micro modified Lowry method (210).
Using this method, the protein concentration is proportional to the absorbance at A = 660 nm in the
range of 1 - 50 pg, even in the presence of interfering chemicals such as sucrose, Tris, Tricine,
glycerol and EDTA, since the method utilises a quantitative precipitation step by combining Na-
vdeoxycholate with TCA and subsequent quantitation by the standard Lowry procedure. The micro
modified Lowry method is highly sensitive, but nonspecific (210). Generally, the nuclear extracts
measured in this way had a protein concentration ranging from 5 - 15 mg/ml, which agrees well with
previous observations for the purification of suGF1 (1) and other DNA binding proteins, such as

SpP3A2 (120).

5.2.3 Fractionation of suGF1

Although the suGF1-DNA interaction has been characterised in detail (145, 2), the structure of the

protein has remained unknown. Isolating the. pure protein is the most direct approach to the
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biochemical characterisation of the factor. The development of DNA affinity chromatography makes
the purification of transcription factors relatively straightforward, despite the low prevalence of these
factors in the cell (92, 156). suGF1 had previously been isolated on a small scale (191), however
several changes were introduced to this purification method, including changes to the method of
nuclei isolation, reduétion in the number of affinity chromatography passes, and isolation of the
protein from an SDS gel. An application like protein sequencing sets several constraints (such as
volume and buffer composition) on the protein sample (211), and these were taken into account

during the purification procedure.

5.2.3.1 Optimisation of Nuclear Protein Extraction

Sea urchin embryo cultures present an ideal system in which large amounts of material can be vgrown
_easily in a synchronised fashion. The resultant embryos can (for most purposes) be regarded as cells
in suspension. For the purposes of isolating suGF1, sea urchin embryos (P.angulosus) were grown for
14 h'ours, the embryos were harvested and procéssed for nuclei, from which nuclear proteins_ were

extracted. This served as a starting material in the purification of suGF1.

The isolation of nuclei is a critical step in the preparation of nuclear extracts which contain active
DNA-binding proteins. Nuclei should be intact and relatively clean. Several methods have been
| described whereby nuclei are obtained from intact cells (212, 188, 141). Most commonly these
methods involve the isolation of nuclei using either a nonionic detergent, or resuspension of cells in a
hypotonic medium combined with homogenisation. Several methods described for the isolation of
nuclei from sea urchin embryos involve a variation of the latter method (1, 120, 188). Resuspension
of the cells / embryos in a hypotonic medium serves to swell the cells and increases their fragility,
which facilitates cell breakage by homogenisation (151). Homogenisation is the most critical step in
the preparation of nuclei: too extensive homogenisation will result in the premature rupturing of the
nuclei, which may result in leaching of nuclear proteins, whereas insufficient homogenisation may
lead to very dirty preparations which have cytoplasmic or other contamination. Hence the conditions
of nuclei / nuclear extract preparation were determined for optimum ease of handling large amounts

of embryos without compromising the quality of the extracts.
Several methods for isolating nuclei were compared (see section 2.18 for experimental details).

Generally, the buffer conditions for all three methods were very similar, and contained a combination

of multivalent cations such as Mg2+, Ca”, spermine and / or spermidine. All buffers contained
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chelating agents (either EDTA or EGTA), as well as one or several protease inhibitors. Briefly, the
first method (188) involved washihg the embryos with 0.5 M KCl, followed by a wash with a
hypotonic sucrose solution. The embryos were lysed by homogenisation in an isotonic sucrose
solution containing multivalent cations which prevent the swelling_df chromatin and hence the
premature rupturing of the nuclei. The purified nuélei were collected by centrifugation over a sucrose
bed, and resuspended in a low ionic strength buffer. The second method (1) involved a similar
procedure, however the embryos were washed with a buffer containing hexylene glycol, the cells
were swollen for an extended time in the same buffer, followed by disruption of the cells by
homogenisation. The nuclei were purified by centrifugation through a high density sucrose solution.
The third method (120) involved washing the embryos with a cold glucose solution, a subsequent
~ wash with an isotonic sucrose solution and then the embryos were frozen. The frozen embryos were
crushed before thawing, and the nuclei were collected by centrifugation, followed by 2 - 3 washes

with a buffer cohtaining NP-40.

Nuclear extracts were prepared from nuclei by two ammonium sulphate fractionation steps, which
firstly involved the preparation of an ammonium sulphate fraction from lysed nuclei and extraction of
soluble protein from chromatin by centrifugation. Secondly, the soluble proteins were differentially
precipitated by increased salt concentration. Resuspension of the protein pellet was followed by
dialysis to remove excéss salt and the remaining insoluble proteins were precipitated by
centrifugation. The soluble fraction (nuclear extract) contained suGF1. The protein concentration of
" each nuclear extract preparation was determined by the Lowry protein determination method (see
sections 2.20 and 5.2.2), and was within a range of 3 - 15 mg/ml for all three methods used to
generate nuclei, indicating that each method yielded comparable total amounts of protein. The quality -
of the nuclear extracts was assesséd by titrating the protein concentration in EMSAs (fig 5.1).
Although the latter assessment was not intended as a quantitative measure of the DNA-binding
activity present (it seems that other contaminating proteins in the extracts relati\}e to suGF1 affect the
amount of sequence specific binding (191)), nevertheless these assays provided an indication of
which extraction method yielded the clearest results with respect to suGF1 activity. Nuclei prepared
- by high speed centrifugation of embryo homogenates through concentrated sucrose solutions
generally have higher purity nuclear extracts with distinctive suGF1 binding activity (fig 5.1, lanes 1 -
8) compared to nuclear extracts generated from nuclei released by crudely crushing thé embryos
(lanes 9 - 12). At higher protein concentrations (4 - 10 pg total protein), suGF1 binding activity is
masked by a high molecular weight smear (lanes 1, 2, 5, 6, 9 and 10), whereas at lower concentrations
(0.5 - 1.5 pg of total protein) the binding activity shows two characteristic protein-DNA complexes,

B1 and B2 (lanes 3, 4, 7 and 8). The nuclear extract generated from the crude nuclei preparation
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appears to have much less suGF1 activity compared to the other preparations (compare lanes 3, 4, 8
and 9 to lanes 11 and 12), which implies that the suGF1 protein was inefficiently extracted from the
nuclei, or that the nuclear extract contains an excessive amount of nonspecific inhibitory proteins

which were extracted alongside the nuclear proteins.

In 1.3 - 1.8 M sucrose nuclei are sufficiently dense and large enough to sediment under the centrifugal
forces which are applied, whereas unbroken cells and subcellular organelles float to the top of the
~ centrifuge tube and form a pellicle - most of the cytosolic material can be removed from the nuclei in
this way, leaving very pure nuclei from which a high quality nuclear extract can be derived (see fig
5.1, lanes 1 - 8). It was therefore decided that the extraction of nuclear proteins was best.achieved
using homogenised nuclei isolated by high speed centrifugation, and as there was no qualitative
difference between nuclei isolated in buffers containing sucrose (188) and those containing hexylene
glycol (fig 5.1 compare lanes 1, 2, 3 and 4 with lanes 5, 6, 7 and 8), it was decided to use the sucrose

isolation procedure, as this was more cost-effective.

5.2.3.2 P11 Phosphoceliulose Chromatography

The P11 cation exchange column was chosen as a first step in the chromatography of suGF1 because
of its superior yield and enrichment compared to other columns, and because it is able to separate

suGF1 from several contaminating activities which bind to the E/H fragment (191).

Sea urchin embryo nuclear extracts from a total of about 120 liters of 14 hour cultures were prepared
using the method by Morris and Marzluff (1983) (188) (see section 5.2.3.1 and section 2.18.1). The

nuclear extracts were prepared in batches, and each batch vsv(as, applied individually to a 180 ml P11 |
phosphocellulose column (see section 2.19). Briefly, the column was washed with 450 ml of 0.1
buffer C, and the proteins were eluted by increasing the ionic strength in a stepwise fashion to 0.3, 0.5
and 0.8 M KCl respectively.v Fractions of 15 ml were collected. Protein elution was monitored by
absorbance readings at 280 nm against a reagent blank (151) in order to obtain an elution profile (fig
5.2). The profile shows that a large proportion of the protein was not retained by the column at 100
mM KCl, and with each stepwise increase in the KCl concentration more pfotein was eluted, usually
within about 12 fractions (just over one column volume), implying that fractionation took piace
efficiently. The proﬁlé of suGF1 elution (as monitored by EMSA) is shown in fig 5.3. EMSA
incubations with 5 pl aliquots of the P11 column fractions were performed at 250 mM KCl in order to

decrease the competition from nonspecific / low specific DNA-binding proteins. Generally every fifth
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Fig 5.2 P11 Phosphocellulose Protein Elution Profile

Nuclear extracts from 14 hour P.angulosus embryos were loaded onto a P11 phosphocellulose ion exchange
column (bed volume 180 ml). The column was washed with 2.5 column volumes 0.1 buffer C, and bound
proteins were eluted stepwise with increasing KCI concentration, viz 3 column volumes 0.3 buffer C (starting
after fraction number 40), 3 column volumes 0.5 buffer C (starting after fraction number 70) and 1 column
volume 0.8 buffer C (starting after fraction number 107). The proteins were collected in 15 ml fractions, and the
absorbance at 280 nm of each fraction was measured against a reagent blank. An elution profile of absorbance
reading at 280 nm (ordinate) vs fraction number (abscissa) was plotted. The fractions containing suGF1 binding
activity (fractions 85 - 107) are labelled by the bracket. These fractions were pooled for further purification.
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fraction eluted from the P11 column was monitored for suGF1 activity by EMSA. Within the 0.5
buffer C elution range (fractions 72 - 108), where suGF1 was expected to elute (191) every second
fraction was tested by EMSA (fig 5.3, lanes 17, 20 - 33). This established which fractions could be

pooled for further purification.

A standard nuclear extract incubation (fig 5.3, lane 1) was always analysed by EMSA in parallel to
the column fractions in order to gage the specific suGF1-DNA complexes, B1 and B2, in the elution
profile. In addition to these specific complexes, generally thrée 6ther factor-DNA complexes could be
distinguished (they are referred to as complexes C1, C2 and C3 (fig 5.3, lane 1)). These complexes
have been observed in numerous nuclear extract preparations (J. Hapgood, D. Patterton - private
communication, and (191)). It appears that these complexes are fractionated out by P11
phosphocellulose chromatography. Initially it was speculated that these factors either bind the E/H
_ fragment nonspecifically or bind to other sequences in the E/H fragment. Later evidence suggested
- that some of the higher mobility complexes could represent N-terminally truncated isoforms of suGF1
(see section 6.2.3). Further analysis of the nature of these complexes was, however, not within the

scope of this project.

Several features were observed in the EMSA elution profile of the P11 column (fig 5.3). For instance,
no suGF1 activity could be detected in the flow-through. A protein exhibiting some DNA-binding
activity elutes during the application of 0.3 buffer C to the column (fig 5.3, lane 12). However this
protéin does not correspond to suGF1, rather it appears to correlate with complex C3. suGF1 elutes in
the 0.5 buffer C range, which corresponds to fractions (~72 - 108), and in this region every second
fraction Was monitored by EMSA. suGF1 activity can first be detected in fraction 85, it increases
from fraction 89 onwards, and it continues through to fraction 107 (fig 5.3, lanes 22 - 33), but is no
'longer present during the elution of 0.8 buffer C (fig 5.3, lanes 34 - 36). Other protein-DNA
complexes are formed in the 0.5 buffer C elution range, too. For instance complex C1 can be
observed in fractions 91 - 99 (fig 5.3, lanes 25 - 29), whereas complex C2 elutes in fractions 85 - 89
(fig 5.3, lanes 22 - 24). There also appeafs to be a high molecular weight smear of shifted probe in
fractions 83 and 85 (fig 5.3, lanes 21 - 22), as well as an additional complex C4 in fraction 83 (fig5.3,
lane 21). It was decided to pool fractions 89 - 107 (which contain the bulk suGF1 activi:cy), in order to
eliminate most of the contaminéting factors which can bind the E/H fragment, and yet maximise the

amount of suGF1 retained.

Fig 5.2 and fig 5.3 are representative elution profiles obtained for P11 chromatography of suGF1.

Fractions from other P11 chromatographic runs were analysed and pooled in a similar fashion, with
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minor differences in the positions of elution of the various complexes described above (see fig 5.3).
Occasionally some fractions would exhibit smearing when analysed by EMSA, these fractions were
analysed using a lower concentration of the eluted protein, in order to resolve and identify the DNA-

binding complexes.

5.2.3.3 Poly(dG).Poly(dC)-Affinity Chromatography

Active fractions from P11 cation exchange chromatography (as determined by EMSA and described
in 5.2.3.2) were pooled and diluted to a final concentration of 0.35 M KCl in buffer C. The solution
was supplemented with p[d(I-C)], which is an excellent nonspecific competitor for suGF1-binding
(see section 3.2.1), and incubated briefly Before being applied to a 9 ml poly(dG).poly(dC)-affinity
column which was pre-equilibrated in 0.35 buffer C. Two factors, viz the use of p[d(I-C)] and loading

~ of the sample at high ionic strength, dramatically increase the capacity of the affinity column, and

A greatly impede nonspecific binding (155). The flow-through (FT) was collected separately, the

column was washed with 5 column volumes of 0.35 buffer C and bound proteins were eluted from the
column with sequential washes of 0.55, 0.7 and 1.0 buffer C (see section 2.23.2). The eluate was
collected in 9 ml fractions and 1 pl aliquots were analysed by mobility gel shift assays in order to

trace suGF1 activity (fig 5.4).

The flow-through contained no suGF1 acﬁﬁty (fig 5.5, lane 2), although complexes C1, C2 and C3
can be observed both in the flow-through and fraction 1 (fig 5.4, lanes 2 - 3). These contaminants did
not bind to the affinity column. suGF1 was eluted in 0.7 buffer C as shown in fractions 14, 15 and 16
(fig 5.4, lanes 16 - 18). The fractions containing suGF1 activity were pooled for further analysis.

5.2.34 TCA Precipitatidn and SDS Gel Electrophoresis

Active fractions eluted from each single affinity chromatography run were pooled, small aliquots of
the pooled fractions were TCA precipitated (see section 2.23.3) and analysed by SDS-PAGE with
subsequent silver staining in order to estimate both the amount of protein eluted from each column
run and the level of contamination of each pooled sample. A typical example of an aliquot of suGF1
precipitated from a single affinity column is shown in fig 5.5 (lane 5). The amount of suGF1 (~ 50
ng) was compared to several BSA standards (50 - 200 ng) run concurrently on the gel (fig 5.5 (a),
lanes 2 - 4). Active fractions eluted from the poly(dG).poly(dC) affinity column still contain minor

traces of contaminating proteins which can be illustrated by SDS electrophoresis and subsequent
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suGF1 was excised precisely from a SDS-gel, the gel slice containing the protein was washed and treated with
trypsin to generate peptides. These were isolated by reverse HPLC and a mass analyzer scan of the HPLC
gradient revealed four peaks which were subsequently assigned to trypsin peptides (marked “Try” in the scan),
as well as three peptide peaks which resulted from trypsin digestion of suGF1 (marked with asterisks).
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Fig 5.8 Mass Spectral Analysis of Peptide 1

(a) The tandem mass spectrum for the peptide was generated by recording the mass to charge ratio of the fragment ions. The
peaks at low masses are characteristic of the amino acids present in the peptide, whereas the high group masses result from
R-group loss from the intact protein. The peaks between the low and the high mass ions result from sequence specific
fragmentation of the peptide. The mass difference between the signal of each low mass sequence ion is proportional to the
mass of the following amino acid residue in the sequence. (b) The primary structure of the peptide is interpreted and
compiled from the fragment ions of the mass spectrum in (a). (¢) The outcome of the comparison between the tandem mass
spectrum generated by the peptide of interest and the OWL protein database is presented as a ranked list of candidates and
the highest priority score is the closest identity to the unknown protein. As can be seen from the highest ranking score, the
original linear sequence of the peptide identifies with the SpGCF1 protein from the sea urchin S. purpuratus (3).
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Fig 5.9 Mass Spectral Analysis of Peptide 2

(a) The tandem mass spectrum for the peptide was generated by recording the mass to charge rgtio of the fragment ions. The
peaks at low masses are characteristic of the amino acids present in the peptid;.a, whereas' the high group masses result frf;_m
R-group loss from the intact protein. The peaks between the low and the high mass ions resu]F frqm sequence slpec1 }:c
fragmentation of the peptide. The mass difference between the signal of each low mass sequence ion is proportiona to t g
mass of the following amino acid residue in the sequence. (b) The primary structure of t‘he peptide is interpreted an
compiled from the fragment ions of the mass spectrum in (a). (c) The outcome of the comparison betw;en the tanflem mass
spectrum generated by the peptide of interest and the OWL protein database is presented as a rankfad list of c&.mdldates ax;1
the highest priority score is the closest identity to the unknown protein: As can be seen frqm the highest ranking score, the
original linear sequence of the peptide identifies with the SpGCF1 protein from the sea urchin S. purpuratus (3).

132



2.BE+0)

a 100 A 872.0
L1
A 14
16745
RO -
ol
”,
a87.¢
€0 4
.4t
" T
L 1346.6
724.1 N 1
. .
.
. a0 4 Bog B
?
- " €).4 uzu_l y-’l
s 12 .
“f” 1445.2
(23
20 - %13
16167
0 ™ T v T T T v T T T< Y T
$00 7%0 1000 1250 1500 ° 1750
Seq Name :  None Seq Length : 18(0}
Composition: C100 Hidd N24 032 §1
Exact Ma 2225.00977 Avg Mass : 2226.43190
BullkBress -2630 Charge: 1 HPLC Index : 64.7
Specl Name : DERIVED SPECTRUM Spec2 Name : cac$22).?
Mass Modify: 0.0 Derivatize : MNone
N-terminal : Fres Amino C-terminal : Pree Acid
Ho. Seq A B . Bo ' A Ad Yo ¥o.
1 Gln 101.1 129.1 112.0 111.1 2226.0 220%.0 2208.0 18
2 Leu 314.2 242.2 225.1 229.1 09e.0 2080.9 2079.9 17
3 Phe 3€1.2 38%.2 372.2 111.2 198¢.9 1967.8 1966.9% 16
4 Tyr 524.3 552.) 535.3 534.3 1817.8 1020.8 181%.8 15
S Asn 618.3 666.3 649.)° 648.3¢ 1674.7¢ 1657.7 1656.7 14
6 Asp 753.4 701.4 764.3° 763.)° 1560.7 1541.7 1542.7 13
7 Vval 852.4 800.4 0863.4 862.4 1445.7¢ 1428.8 1427.7 12
8 Ala 92).3 951.S 934.4 931.4 1346.6° 1329.6 1328.6 11
9 Mmoo 1070.% 1096.% 1081.% 1080.8 1275.6 1358.% 1357.6 10
18 Gln 1198.6 1236.6 1209.% 1208.5 1128.% 1111.5 1110.5 9
11 Leu 1311.6 1319.6 1322.6° 1321.6¢ 1000.% 983 .4 982.% ]
12 Tyr 1474.7 1502.7 1485.7 1484.7 207.4° 870.4* 869.4 ?
13 Asn 1588.7 1616.7* 1599.7 1898.7 724.3* 707.) 706.3 (]
14 Ser 16758+ 1703.8 1686.7 1685.8 610.3 4$9).3 $92.3 5
1% Asp 1790.8 1818.8 1801.8 1800.8 $23.3 506.2 $505.2 4
16 Phe 1937.9 1965.9 1948.8 1%47.9 408.2 391.2 390.2 )
17 Asn 2051.9 2079.9 2062.9 2061.9 261.2 24¢.1 243.1 2
18 Lys 2180.0 2208.0 2191.0 21%0.0 147.1 130.1 12%.1 1
Feab 23 1900 14:08 lo_brandt_1.0231.0235.2.0ut
c lc_brandt_1.0231.0235.2.0cut qu - 585
SEQUEST v.B22. Copyright 1993-96
Molecular B Univ. of J.Eng/J. Yates
Licensed to Finnigan uu
03/28/96€. 01:59 PH. 8 min. 34 sec. on jcis.ambh.uni- h-xd-nnrv e .
B388+1604.7(+2). fragwent tol.s0.00. mass tol.s).0D.
# amino acids = 46020990, 4 proteins = 147165, nzcr..a pepcides « 19140
immonium {HFYWN) = (00000}, Ctotal inten. = 9599.7. lowest Sp = 108.9
ion eries nA nb nY ABCOVWEYZ: 0 1 1 0.5 1,0 0.0 0.0 0.0 0.0 0,0 1.0 0.0
¢ho=0.200. beta=0.075, top 10, /usr/users/finnigan/databasesowl.seq
(M8 +16.0) Enzyme:Trypsin
% Rank/Sp IMsM)»  Cn  deltCn C*10°4 Zons Retersoce Peprida
1. 1 1604.8 1.0000 0.0000 31.0791 (R} ICPSEVNTONILMTIR
2. 2/180 1603.7 0.78%4 0.2146 1.6330 {X} IPGYHKSSGEEDRK
3 3 1603.9 0.7678 0.2323 1.5963 L
4. 47147 1603.9 0.7509 0.2491 1.361) {R)LGGXIIFLOVXDER
S. 5776 1603.7 0.6924 0.3076 1.3396 (R} YREVDSROHI
§. 6/ @D 1606.9 0.6056 0.)144 1.4235 {R) ISAYDVIMANG] PR
7. 77 52 1604.9 0.6631 0.336% 13786 (K) LAELGVF 1LPDGPGR
€. 8/110 160).8 0.6492 0.3508 1.1497 {K) QEDIPISGWAVECR
$. 9 /361 1503.0 0,822 0.1878 1.3145 . OROSIST (RFQLLERGY PAATLON
10. 10 /246 1604.9 0.6237 0.3763 1.2967 131.1  8/3% 5215)3 o1  (R)OLKPENVPISKSAR
16. 16/ 1 1605.0 0.5965 0.403% 1.2402 469.7 14739 wWOBS_TMIP {R) KELVGALVLIMIK SRR
1. SPUIE784 SPUIBTNG KID: 9755247 - purple urchin
2. WZELIPASE WIZLIPASE WID: 9312622 - Zes maym (strain TXSBSS) J-day-uld germinating se
od ecucellum cORA
1. JC4093 signal recognition particle receptor alpha chain homolog - Bacillus subeilis
4. CPNANMY CPNANH NID: 9833805 - Clostridium perfringens.
5. CEIC5043 c:zcsoc NIO: g897717 - tis elegans,
6. M'ICMIA 3 (EC 6.3.3.6) {(SA
smrurﬂ\sn - CANDIDA ALBICANS {YEAST).
7. cn.ﬂsau CELT2SB6 HID: 91109898 - Caenorhabditis elegans .unn-gn.ml N2,
B. PCCA_RAT PROPIONYL-COA CARBOXYLASE ALPHA CHAIN PRECURSOR (EC 6. 3} (PCCASE} {PROP
ANOYL-COA:CARBON DIOXIDE LIGASE) (FRAGMENT). - RATTUS uouvmxcus ln'n
9, OROSIST DROSIST NI1D: g4017)4 - Drosophils melanogascer (strain Oregon R) ONA.
13 S21531 pro<ein \inase P¥N2 [EC i.7...-) - Myxacoccis xanthus

Fig 5.10 Mass Spectral Analysis of Peptide 3

(a) The tandem mass spectrum for the peptide was generated by recording the mass to charge rgtio of the fragment ions. The
peaks at low masses are characteristic of the amino acids present in the peptide, whereas‘ the high group masses result fr_om
R-group loss from the intact protein. The peaks between the low and the high mass ions resu]? frqm sequence specific
fragmentation of the peptide. The mass difference between the signal of each low mass sequence ion is Qroporﬁpna] to the
mass of the following amino acid residue in the sequence. (b) The primary structure of the peptide is interpreted and
compiled from the fragment ions of the mass spectrum in (a). (c) The outcome of the comparison betw?en the tanfiem mass
spectrum generated by the peptide of interest and the OWL protein database is presented as a rankgd list of cgndldates and
the highest priority score is the closest identity to the unknown protein. As can be seen from the highest ranking score, the
original linear sequence of the peptide identifies with the SpGCF1 protein from the sea urchin S. purpuratus (3).
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peptides was subjected to a database comparison by computer analysis. The data were cross-
correlated using the “Sequest” program package (166) in conjunction with the OWL database (147
- 000 entries). This is a development whereby the uninterpreted tandem mass spectra of peptides can be
correlated with amino acid sequences in a database. The protein database is searched for linear amino
acid sequences whose predicted mass-to-charge ratios correlate within a éertain mass tolerance to the
fragment ions observed experimental data of the tandem mass spectrum (166). This approach
conveniently interprets the tandem mass spectrum with respect to known sequences in a protein
database. The result of the comparison between the tandem mass spectra (generated by the protein
peptides of interest) and the OWL protein database is shown in figures 5.8, 5.9 and 5.10 (panel (©)).
The outcome of the database comparison is presented as a ranked list of candidates, and the highest
priority score is the closest identity' to the unknown protein. The database comparison confirms that
the three peptides which originate from suGF1 uriambiguously identify with the single protein
SpGCF1, which is a transcription factor isolated from the sea urchin Strongylocentrotus purpuratus (3
and see section 1.4.4.2)). The suGFl peptides, whose identities were established by mass
spectrometry, were aligned with the protein sequence of SpGCF]1, as illustrated in fig 5.11, showing
that the peptides from suGF1 correlate with the amino acid sequence of SpGCF1 (3). In addition, a
comparison of the amino acid sequences of these peptides shows full agreement with the amino acid
sequence deduced for the cDNA clones isolated by means of PCR-RACE from P.angulosus mRNA
(see section 3.5). These results not only confirm that the protein suGF1, isblated from Parechinus
angulosus, is an orthologue of SpGCF1 (as speculated in Chapter 3), it also confirms that the cDNA
generated by the PCR strategy (see section 3.5) codes for the transcription factor suGF1.
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1
SpGCF1 MSTLPQPLSH CLLNQVHPAL NLPQTGVITD IKPMISNKPP TQEVKPNILA
51 100
SpGCF1 TGLPYPPLNV PRLPVMPNVS LPSVSMPSVS MPNVSMPNAS MPSVSMPNVS
101 150
Peptide 1 ...ttt ot it c e i e e ....QuLFYND
SpGCF1 MPSIPHHNLQ GNLGQLLNNS NSQKMSQMKK CPNEFLHQNP QSERQLFYND
151 200
Peptide 1 VAMQLYNSDFE NE.......i tuuumunonn tnenronnoe oanenunnnn
SpGCF1 VAMQLYNSDF NKFASKKGFH GYLLEQQKWR WDTHSYIGNL ETRVHNLLIN
Peptide 2 i e e e ...VHNLLIN
201 250
SpPGCF1 PNSGVAQNVA RYRSVPIKCK SEDVKRCKAT SKELENMATR IASVRQQLLH
Peptide 2 PNSGVAQNVA R. ... ...t ittt vrtunnnnns tuinunnenan
: 251 300
SpPGCF1 KKGTLLTSSD NSVIVWONEL AYIEQLFDRT DQMYNEVLST LASVNQTFSH
301 350
SpGCF1 LQTSFTAEAA ELADRRRLWR RRKENNRKRR KRMEKQLEKI EQRSCELLFH
351 400
SpPGCF1 ITSRGAYDRV RSHPEMPRIG PSEVNTDMLN GIKSKSEVRP LMHLLSKGYM
Peptide 3 ........cvt ... IG PSEVNTDMLN GIK....... ..uvoueunnan
401 _ : 450
SpGCF1 TPGAMEMVSQ KIQKLECGIK TEAHQQATQV GINSLSINKI TAPASELNSI
451 486
SpGCF1 LPPVTGIASS NMVSSVNSAV TQQSVPTVNL NTQLAK

Fig 5.11 Alignment of the Three suGF1 Peptides Identified by Mass Spectral Analysis with SpGCF1

The amino acid sequences of three peptides originating from suGF1 were identified by MS/MS spectral analysis
(see figures 5.8, 5.9 and 5.10). Alignment of the peptide primary structures with the corresponding amino acid
sequence of SpGCF1 from Strongylocentrotus purpuratus (3), using the programme “Bestfit” (GCG), shows that
the two proteins have identical sequences in these regions.
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CHAPTER 6

DISCUSSION

6.1 Cloning the cDNA for suGF1

6.1.1 DNA Binding Properties of Native suGF1

The ability of a transcription factor to distinguish between its cognate DNA-binding site and an
unrelated sequence is an important requirement for the identification of clones using the DNA ligand
screening approach (see fig 3.5, and (170)). suGF1 discriminates specifically between its cognate
G-C-rich DNA binding site and random mutations thereof. The results of the Scatchard analysis (see
section 3.2) show that suGF1 in nuclear extract exhibits a very low dissociation constant (K4 ~ 3.6 X
101 M) with respect to the Gy;-string in the H1-H4 intergenic fragment. The DNA-binding
properties of suGF1 (as established by analysis with EMSA) satisfy the criteria for this transcription
factor to be identified using the DNA ligand screening approach, since the expressed protein binds the
recognition site with high specificity and should be able to withstand the wash protocol without a loss
in signal as a result of its low dissociation constant. In addition, the identification of sequence-
specific suGF1-DNA complexes is selectively enhanced by using the nonspeciﬁg: DNA competitor
poly[d(I-C)], the use of which in the probe solution should reduce both nonspecific protein-DNA

interactions and the overall background.

Mobility gel shift assays performed with several competitor DNAs show that suGF1 has similar
affinity for the native DNA binding site present in the E/H fragment and the specific oligo containing
the Gy;-string (see section 3.2), since both these DNA probes are able to compete for the formation of
the suGF1-DNA complex when present in very low concentrations. In contrast, suGF1 has no affinity
for random DNA sequences, as can be seen by the competition EMSA performed with the nonspecific
oligo. The high affinity site o]igoﬁucleotide (speciﬁc oligo) is therefore an appropriate recognition

site probe for the DNA ligand screening method.
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It is unclear whether the equilibrium and kinetic constants of a protein-DNA interaction are the same
in solution as they are for the binding of a DNA probe to a matrix of protein immobilised on a filter,
however it may be possible to isolate recombinants encoding proteins with binding constants of 10'9
M or lower (174). Even though the functional screening of expression libraries using a DNA ligand is
not restricted to a particular subclass of DNA-binding domains, the successful screening of
recombinants may be restricted to proteins with relatively strong binding constants, since only these
have the ability to form complexes with half-lives long enough to withstand the 30 minute wash

protocol (174).

Poly[d(I-C)] is an excellent nonspecific competitor which can be used in combination with suGF1-
DNA interactions to reduce the formation of nonspecific protein-DNA complexes, since even
relatively high amounts of this competitor do not compete for the formation of the specific suGF1-
DNA complexes (see fig 3.4). This is in contrast to other nonspecific competitors, such as sonicated
calf thymus DNA and E.coli DNA, which compete with high affinity for the formation of suGF1-
DNA complexes at substantially lower concentrations. Therefore it was advisable to use pbly[d(I-C)]

as nonspecific competitor in the DNA ligand screening procedure.

6.1.2 Analysis of the cDNA Clones Generated by DNA Ligand Screening

The DNA ligand screening technique yielded four unique putative positive bacteriophage plaques,
whose inserts were excised in the pBluescript phagemid. This facilitated subcloning, restriction
analysis and DNA sequencing of the four clones. The inserts were also analysed for their ability to
express recombinant protein products (see section 6.2). A total of 6 X 10° phage in the cDNA library
were screened, which yielded 19 positive phage in the first round of screening, and 4 remained
positive after the second round of screening for specific DNA-binding signals. The DNA sequencés
and their respective translated amino acid sequences were subjected to database homology searches
“using either FASTA (GCG) or the BLAST search engines. The characteristic features of the clones
and the most interesting homology scores are listed in table 3.3. The homology scores implied that
most of the clones (viz Clones 6, 11 and 16) are novel sequences which may potentially encode DNA-
binding proteins. Some of the clones had partial open reading frames. Sequencing errors may have
masked the presence of continuous open reading frames, as these clones were mainly sequenced
manually. Since the identification of the clones relied on the sole requirement that the expressed
- proteins identify the target DNA-binding site with high specificity, it could be postulated that the

isolated clones share a certain structural / functional motif with each other and possibly with suGF1.
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It was therefore pertinent to gain further insight into these clones by analysing their expressed protein

_products (see Chapter 4 and section 6.2).

The cDNAs isolated by the DNA ligand screening procedure were not suGF1 clones. The reasons for
“ the lack of success with the screening method are discussed below. A transcription factor like suGF1
represents a very small fraction of the total target RNA, therefore it is fundamentally important for
the recombinant library to completely represent the original mRNA population in terms of sequence,
size and complexity (ie it must contain at least one cDNA clone representing each mRNA in the cell).
The abundance of the mRNA of interest, and the chosen screening method determine the size of the
library, which is larger than the number of clones that will be screened (the number of identifiable
clones is reduced by at least 1/6™ in the case of suGF1 since reading frames must be considered in the
DNA ligand screening procedure). A representative mammalian cDNA library would contain about
10® - 107 independent recombinants from 100 ng of cDNA (151). Sea urchins are lower eukaryotic
organisms with a less complex mRNA population, therefore the number of independent clones may
be less. Thus, a cloning efficiency of 1.3 X 10° for the 24 hour S.purpuratus cDNA library is
indicative of a representative library, and the number of putative positive clones (four) obtained from
this library compares favourably with several results outlined in the literature. For instance, Singh et
al (1988) (170) screened 2.5 X 10° plaques in total, of which two were identified as true positives,
Hasegawa et al (1991) (177) screened a total of 6 X 10° clones, five of these proved to be independent
isolates of identical clones. Didier et al (1988) (167) screened a total of 1 X 10’ plaques, where the
initial screening yielded 34 positive plaques and three remained positive after two rounds of
screening. Singh et al (1988) (170) estimate that the frequency of a positive phage clone is about 1 :
10°, which correlates well with the results obtained in this investigation. The failure to pick up the
clone of interest by the ligand screening method may have been due to the absence of the relevant
transcript in the cDNA library. However from the size of the library and the considerations above this
is unlikely, unless the RNA transcript of interest was lost during amplification of the 24 hour
S.purpuratus cDNA library. Representation of the SpGCF1 transcript in this library was not ,certain;
as the cDNA encoding SpGCF1 was originally obtained by hybridisation screening a different
S.purpuratus library derived from 4 hour embryos (3). However the presence or absence of the
SpGCF1 cDNA could have been verified by PCR amplification using the degeneratg primers (see
Appendix VII and section 3.5). '

The DNA ligand screening method provides a powerful means for isolating cDNA clones (174).

However it has several limitations associated with it. For instance, this technique relies on the

expression of functional fusion proteins in bacteria, which implies that the recombinant protein may
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not rely on any form of post-translational modification or association with other distinct subunits (the
problem of heterodimer formation can only be overcome if the subunit of interest binds the DNA
probe with detectable affinity by itself (174)). Furthermore, the protein must be folded in the correct
configuration when expressed in the host. The /acZ promoter in the AZAP vector drives the
expression of inserts as fusion proteins to the amino terminal part of the B—galactosidasé gene.
Although the carrier protein in this case is usually only 20 - 50 amino acids, it is possible that it could
inhibit the correct folding of the protein encoded by the insert, thereby preventing access of the DNA-
binding domain to the cognate DNA-binding site. Hence, incorrect folding of recombinant suGF1 or
conformational constraints with respect to its DNA-binding domain as a result of fusion to the B-gal
protein could potentially explain the unsuccessful cloning of the suGF1 cDNA. It is well known that
some clones cannot be expressed in ari active configuration in E.coli (174), as they may preferentially
form insoluble protein aggregates preventing access of the DNA probe. Exposing expressed
recombinant proteins to a guanidinium hydrochloride denaturation / renaturation protocol may
renature the binding specificity of a fraction of the expressed proteins (168), provided the proteins are
amenable to renaturation. It is possible that expressed proteins (such as C/EBP (168)), which were
used to develop the conditions for the DNA ligand screening procedure, are unusually amenable to
renaturation. Previously, Southwestern analysis of suGF1 indicated that the DNA-binding ability of
this protein is easily renatured from the unfolded protein (1), suggesting that suGF1 would be a
suitable candidate for the DNA ligand expression screening technique. However, it is possible that
recombinant suGF1 in the form of a fusion protein may not be as amenable to renaturation as the
native protein. For instance, two recombinant sea urchin proteins (SpGCF1 énd SpP3A2), which are‘
known to be expressed in the form of inclusion bodies, could only be restored to about 0.1 % of their
DNA-binding activity (3, 120), showing that renaturation of the recombinant protein may be a
limiting factor in the detection of its respective cDNA. Our own unsuccessful attempts to express
recombinant SpGCF1 in bacterial hosts (see section 4.3) indicate that the clone of interest may not

have been expressed in the cDNA library at all.

The bacteriophage expression vector AZAP has a high cloning efficiency, with a cloning capacity of
inserts up to 10 kb in length and it directs very high levels of fusion protein expression in
recombinant phage (about 1 % of total protein mass) (174). Together with a high specific activity 32p.
labelled recognition site probe this implies a high detection limit, which should result in the positive
identification of clones encoding DNA-binding proteins by application of the DNA ligand screening
procedure. However, another limitation associated with the DNA-ligand screening method pertains to
the kinetics of interaction between a DNA ligand and a protein immobilised on a filter, which have

not been defined rigorously. Therefore one cannot be sure that all expressed DNA-binding proteins
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will be able to withstand the wash protocol in the screening method (174). One would assume that
proteins which exhibit strong binding may be suited to this cloning procedure. suGF1 is able to
recognise its DNA binding site sequence-specifically and with high affinity, which allows the factor
firstly to distinguish between the binding site and a random mutation, and secondly to form a stable
interaction with the binding site. Therefore suGF1 should have been suitable for cloning via the DNA
ligand screening procedure. The stability of the protein-DNA interaction and the sensitivity of the
screening methodology should have been enhanced further by the use of multisite, catenated

recognition DNA site probes which can simultaneously interact with several immobilised proteins.

A possible reason for the detection of false positives obtained for suGF1 screening was the presence
of p[d(I-C)]. Nonspecific competitor DNA was included in the probe screening solution in order to
reduce the background signal from the filters and to block the interaction (and hence minimise the
detection) of nonspecific protein with the labelled DNA probe. Binding to either double or single
stranded DNA is an undesirable feature of the DNA ligand screening procedure, which may be
enhanced by the presence of p[d(I-C)] (174). However it is also possible that the probe itself can
undergo structural alterations (eg formation of ss DNA) during processing of the filters (174) which

may also result in the detection of false positives.

6.1.3 Analysis of the PCR-Generated Clone

Successful amplification of DNA fragments (106 bp and 421 bp) from Parechinus angulosus genomic
DNA showed conclusively that a gene homologue for SpGCF1 is present in the P.angulosus genome.
In addition, PCR amplification of DNA fragments (106 bp, 327 bp and 421 bp) from cDNA showed
that RNA for the SpGCF1 homologue is transcribed in 14 hour P.angulosus embryos, implying that
the protein homologue is expressed in early embryonic stages. A PCR strategy, using a combination
of 5’ and 3’ RACE, was used to amplify two individual fragments representing the full length cDNA
coding for the homologue. The correct identity of these fragments was confirmed by Southern
analysis and by the high DNA sequence homology to SpGCF1 ¢cDNA (73 % and 92 % for the 5° and
3’ RACE fragments respectively). The full length clone (~ 2.1 kb), generated by fusion of the two
individual fragments was sequenced automatically, allowing a consensus ¢cDNA sequehce to be
derived for the clone. The full length homologous cDNAs from P.angulosus and S.purpuratus showed .
84 % homology. The high conservation of this factor amongst the two sea urchin species, together
with the fact that the respective proteins are expressed in the developing sea urchin embryos, implies

that this transcription factor could have an important function in the regulation of genes during the

140



development of sea urchin embryos. Further, the primary structure of the P.angulosus clone was
derived from the single open reading frame (1542 nt) of the cDNA, showing that it codes for a 514
amino acid protein, of molecular weight 57 kDa. This protein is unique, apart from its 94 %

homology to SpGCF1.

The successful application of the RACE technique relies on very limited DNA sequence information
with respect to the template of interest (such that gene specific primers for both the 5’ and 3’ RACE
reactions can be synthesised) and a source of RNA in which the transcript of interest is definitely
present. These requirements were all met by the P.angulosus homologue of SpGCF1 as confirmed by
the PCR strategy described ébove. Application of RACE resulted in the formation of multiple
products for both reactions, which is not unusual. Possible reasons for multiple products generated by
5’ RACE include the presence of alternative transcription start sites, whereas some of the multiple
products generated by 3’ RACE may stem from different polyadenylation sites. Both the 5° and 3’
RACE reactions may generate multiple products arising from alternative splice sites, or the
amplification of related genes, which would give rise to several homologous cDNAs. The latter is not
a very likely situation for the P.angulosus PCR-generated clone, as it was previously found that
SpGCF1 is a single copy gene (3). The products generated by the RACE reactions were characterised
further in order to distinguish whether they were real or artifactual results. The latter are classified as
either incomplete or nonspecific, which can be ascribed to a variety of factors. Artifactual results may
. arise as a result of premature termination of first strand synthesis, ie pausing of the reverse
transcriptase, which causes multiple 5° RACE fragments, or because degraded RNA is used as a
starting material (usually this results it multiple 5 products). Other reasons include nonspecific
priming during RACE-PCR,Ias well as high G-C content of the template. The amplification products
of interest were identified by Southern hybridisation which revealed that both the 5* and 3° RACE
products contained bands of the expected sizes. A larger 3° RACE product (~ 3 kb) was also observed
and can probably be attributed to a product with a longer poly-A+ tail, ie the oligo(dT) priming may
have taken place at different mRNA sites during the synthesis of the cDNA. The isolated 5’ and 3’
RACE products were further characterised by sequence analysis, which proved that the fragments
were highly homologous to the SpGCF1 cDNA (~ 73 % for the 5’ RACE product and ~ 92 % for the
3* RACE product). This confirmed that the fragments of interest with the correct sizes had been
identified. The two separate fragments were then combined to form the full length ~ 2.1 kb cDNA
representing the P.angulosus homologue of SpGCF1.

| The full length, double stranded products were finally amplified and cloned, and three independent

clones were sequenced completely (using automated techniques), enabling a consensus sequence to
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be derived for the PCR amplified clone. Nucleotide positions which showed sequence degeneracies
within the P.angulosus cDNA were resequenced from several independent clones to confirm the
consensus sequence and eliminate any sequencing errors. The degeneracies may have arisen due to
inaccurate nucleotide incorporations as a result of the PCR amplification reactions, since it is well
known that Taq polymerase is prone to misincorporations. Alternatively, the differences in the clones
could result from differences in the original mRNA templates, which may have arisen as a result of
transcription products from different alleles. It appears that SpGCF1 is coded for by a single gene (3),
therefore the sequence degeneracy is unlikely due to transcription products resulting from different

gene members.

6.2 Recombinant Protein Expression

6.2.1 In Vivo Recombinant Protein Expression of cDNA Clones Isolated by the DNA Ligand
Screening Technique '

The four clones which were isolated by the DNA ligand screening technique (see section 3.3) were
not compatible with most of the expression systems employed, as judged by the lack of detectable
recombinant protein products in the bacterial pBluescript and pGEX systems, as well as the
eukaryotic COS cell expression system. This may be attributed to a variety of reasons. Since none of
the recombinant protein products were detectable in either the pBluescript or the pGEX systems, nor
the pET system’s pLysS strain (which is not protease deficient) it is possible that the target proteins
are very protease-sensitive and their stability is easily compromised in a foreign host environment.
Both the pBluescript system and the pGEX system should offer enhanced stability to recombinant
proteins, since they express target proteins as fusion products of the truncated [3-galactosidase protein
and the glutathione S-transferase protein respectively. Conditions such as altering the expression host
in order to reduce host proteolytic activity did not improve the lack of detection of the recombinant
proteins in these systems, implying that other problems could also have affected the expression. For
instance, it is possible that the codon usage in these clones is not ideally suited to bacterial
eipression, or the translational signals were not optimal, or possibly the mRNA was very unstable.
Alternatively, mRNA secondary structure formation could have blocked transcription, or detection
may have been impeded by very low expression levels or instability of the target protein. Most of
these factors can be addressed by the choice of the expression system, as well as the choice of the
expression vector. Another impeding factor in the analysis of the four clones was that the cDNA

sequence encoding suGF1 (which was ultimately what I was looking for) was unknown, therefore the
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identification and characterisation of the clones relied solely on the basis of the DNA-binding activity
they displayed. Hence, from the tentative analysis of the DNA‘sequences of the four clones, the
c¢DNAs could not be characterised fully and it was not obvious whether the ¢cDNAs included long
regions of 5” and 3’ untranslated sequences, which could pose potential broblems with the expression

of fusion proteins.

Despite trying to optimise expression of the four clones by investigating them in a variety of
expression environments, only a single clone (Clone 11) responded positively to the expression
conditions. Clone 11 was expressed as a 25 kDa protein from the pET-29b(+) expression construct in
BL21DES3 cells. Optimal expression conditions ranged from 3 - 6 hours at 30°C - 37°C. Isolation of
the recombinant protein product was attempted using several procedures (eg soluble protein
extraction, Nickel column chromatography and inclusion body isolations), however the protein was
generally expressed as an insoluble protein precipitate in the form of incluéion bodies, whose
solubilisation proved unsuccessful despite a variety of denaturation conditions using potent

denaturing agents.

A variety of systems are available for recombinant protein expression, such as bacteria, yeast,
mammalian cells, baculovirus, plants, transgenic animals and eukaryotic in vitro transcription /
translation systems (151, 205). However the cloning of eukaryotic proteins does not always result in
high level expression, and some systems may not result in any expression of desired clonés at all
(151), therefore one often needs to experiment with recombinant protein expression using a trial and
error approach by individually testing a variety of expression systems and optimising their conditions.
Several bacterial expression systems differing in their promoter systems were employed to investigate
expression of the four clones isolated by the DNA ligand screening approach. These included the
pBluescript /acZ promoter, the tac promoter in the pGEX system, and the T7/ac promoter system
present in pET. The different expression plasmid systems all potentially provided enhanced stability
to the target protein, as expression is in the form of fusions to proteins such as the E.coli B-
galactosidase protein (pBluescript), glutathione S-transferase (pGEX) or a histidine tag (pET-29).
Over and above providing enhanced stability of expressed proteins, these fusions should improve the
solubility, extraction and purification of expressed target proteins. For optimisation of expression of
the four clones (2, 6, 11 and 16) attention was also given to other factors, such as the choice of
expression hosts (stringency of host requirement is usually determined by the type of expression
vector employed), and expression was investigated under different conditions of temperature,

induction time and volume of culture. Further, an eukaryotic expression system (a pCIS expression
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construct in COS cells) was also used to analyse recombinant protein expression, however it, too, was

unsuccessful.

6.2.2 In Vitro Recombinant Expression of cDNA Clones Generated by the DNA Ligand
Screening Technique

A rabbit reticulocyte lysate system was used to successfully express >°S-labelled recombinaﬁt proteins
from Clones 2, 11 and 16. Analysis of the protein products by SDS-PAGE and autoradiography
showed that Clone 2 (2.2 kb) codes for a protein of molecular weight about 48 kDa, the protein
arising frbm Cloﬁe 11 (0.9 kb) is 25 kDa (which was verified by expression in the pET system) and
Clone 16 (2.4 kb) encodes a protein of about 45 kDa. The protein sizes are in approximate agreement
with the sizes of the cDNA fragments encoding them. These results strongly suggest that the cDNA
clones did contain open reading frames. However they were masked by only partial sequence analysis
of the clones, and also by erroneous sequencing (mainly for Clone 16), possibly due to manual ‘
sequencing techniques. No unique protein band corresponding to é protein encoded by Clone 6 (0.85
kb) could be identified, implying that either this clone does not have an open reading frame coding
for a protein (as implied by the analysis of the cDNA sequence), or it has a very low methionine
content, such that insufficient **S label was incorporated into the protein product, thereby preventing
its detection. Analysis of the in vitro generated recombinant proteins by EMSA did not exhibit any
gel shift activity, suggesting that the proteins were either inactive in this respect, or that the protein
translation efficiency was so low that the DNA-binding activity could not be visualised. Low
translation efficiency may arise due to low quality of mRNA, RNase contamination, the presence of

inhibitors in the reaction, or suboptimal Mg** concentrations.

6.2.3 In Vitro Expression of the PCR-Generated cDNA Clone

The PCR-generated clone was expressed using an eukaryotic in vitro transcription / translation
system, generating a_full length protein of 57 kDa, which correlates in size with the protein predicted
to arise from the single long open reading'frame of the cDNA, and also with the size of 59.5 kDa for
native purified suGF1 previously estimated by SDS-PAGE (1). In addition; analysis of the expressed
recombinant protein by EMSA proved to have the same characteristic protein-DNA doublet
(complexes B1 and B2) as observed for suGF1, indicating that the PCR generated clone encodes the
suGF1 protein. SDS-PAGE analysis of the in vitro expressed protein mixture revealed several other

unique protein bands of approximate molecular weights 53 kDa, 45 kDa, 42 kDa and 39 kDa, which
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may represent several N-terminally truncated protein isoforms arising from alternative internal
translation start sites present in the cDNA (see section 3.5). Analysis of the in vitro expressed
recombinant proteins by EMSA revealed five protein-DNA cdmplexes (present in a similar ratio to
the multiple protein products revealed by SDS-PAGE analysis), confirming the presence of several
protein isoforms encoded by the cDNA. It is likely that these isoforms result from the degradation of
RNA or protein in the transcription / translation reaction, or they could arise as a result of premature
termination. However, it is also possible that the in vitro production of multiple protein isoforms
reflects the in vivo situation. Evidence for this is gleaned from the pattern of protein-DNA complexes
formed by sea urchin nuclear extracts, which reveal at least two protein DNA-complexes of higher
mobility than the suGF1 complexes, B1 and B2. The higher mobility complexes formed by native
proteins compare favourably in both mobility and intensity with the higher mobility complexes
formed by the in vitro translated protein products. In vitro translation systems do not provide any
form of post-transiational modifications, which suggest that native suGF1 is unlikely to be subject to
post-translational modifications either, since the in vitro expressed suGF1 protein forms virtually
identical complexes to native suGF1, as exhibited by formation of the characteristic protein-DNA

doublet, and the similarity in both the mobilities and intensities.of the respective complexes.

Expression of the homologous SpGCF1 construct was analysed in a similar manner. A fuu length
protein of ~ 55 kDa was generated, which corresponds to the predicted size for this factor (3). Several
unique protein bands of lower molecular weight (viz 50 kDa, 43 kDa, 40 kDa and 37 kDa) can be
observed for SpGCF1, representing truncated protein products resulting from alternative internal
translational start codons present in the cDNA (3). Analysis by EMSA resulted in the formation of
several prominent protein-DNA complexes, also present in a similar ratio to the multiple protein
bands observed by SDS-PAGE. The single protein-DNA complex formed by the full length SpGCF1
protein corresponds in mobility to the doublet formed by native suGF1. Three higher mobility
protein-DNA complexes were observed for the SpGCF1 translated protein, corresponding to
truncated isoforms of the SpGCF1 protein. Two of these complexes correspond in mobility to protein-
DNA complexes formed by the homologous P.angulosus recombinant protein, showing that the
homologous proteins are translated in a similar fashion, although analysis by SDS-PAQE and EMSA
reflects that the isoforms of the respective homologues are not expressed in the séme ratios. In
addition, the highest mobility protein-DNA complexes of the homologoué clones differ substantially

in mobility.

Expression of recombinant suGF1 was achieved by application of eukaryotic in vitro coupled

' transcription / translation in preference to bacterial expression, as the latter was unsuccessful with
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both recombinant SpGCF1 and the clones generated by the DNA-ligand expression screening method.
This suggested that bacterial expression may not be suited to clones encoding G*C-rich binding -
factors. In comparison, the in vitro translation system resulted in successful expression of most of the
clones isolated by the DNA-ligaﬁd screening technique, as well as recombinant SpGCF1. Therefore,
in vitro translation using a cell free protein synthesising system posed -an attractive alternative to in
vivo recombinant expression for the suGF1 clone. Not only did it avoid complicating artifacts related
to prokaryotic expression of eukaryotic genes, it also produced sufficient recombinant suGF1 for

verification of the clone’s open reading frame, and successful identification of recombinant suGF1-

4
d

DNA interaction as analysed by EMSA.

6.3 Protein Purification of Native suGF1

6.3.1 Purification Strategy

The suGF1 protein was purified to homogeneity on a large scale from P.angulosus embryos. The
generation of high quality nuclear extracts was the first step in the purification procedure, and it was
found that nuclear extracts obtained from nuclei which were isolated by centrifugation through dense
sucrose gradients consistently showed least contaminating proteins relative to suGF1, as judged by
EMSA. Therefore this was the method of choice when generating the starting material for subsequent
fractionation of suGF1. Previous observations showed that contaminating proteins may affect the
amount of sequence-specific binding which can be observed in nuciear extracts (191). The isolation
procedure for suGF1 followed a general approach outlined for transcription factor purification (96).
Nuclear extracts were fractionated by P11 chromatography (cation exchange), which promoted the
removal of nucleases and other contaminants in the sample. Conventional ion ekchange
chromatography was combined with DNA affinity chrométography, which exhibits a very high
enrichment for suGF1 (191) and generally for many other sequence-specific DNA-binding proteins
(3, 120, 96, 155). The cation exchange purification step exhibited only a 10-fold enrichment (191),
however it represented a crucial step in the fractionation of suGF1. Nuclear extracts which were only
fractionated by affinity chromatography and SDS-PAGE reflected numerous protein, contaminants
with respect to suGF1 (data not shown), making it impossible to identify the protein band of interest.
Thus, despite proteins only requiring low purity in order to establish their sequence from SDS gels
(120), in practice extensive enrichment may be needed, depending on the sample of iﬁterest. SDS gel
electrophoresis was the final chromatographic step in the purification of suGFl, since it has
successfully provided several other DNA-binding proteins in a pure enough form for applications A

such as sequencing. Examples of DNA-binding proteins which have been isolated by similar
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procedures include SpP3A2 (120), SpOct (137) and SpGCF1 (3). In total, about 600 ng of suGF1 was
purified by the method outlined above, of which about 300 ng was separated by SDS-PAGE and
subjected to further analysis by mass spectrometry.

6.3.2 Identification of suGF1 by Mass Spectral Analysis

Purified suGF1 (~ 300 ng) was excised from a Coomassie-stained SDS gel and subjected to trypsin
digestion, which generated peptides by the cleavage of suGF1. The resulting peptides were subjected
to tandem mass spectrometry. Three of the ten peptides on the mass spectral peptide map (see fig 5.7)
were identified unambiguously as derivatives of the SpGCF1 protein, as can be seen from the ranked
list of database homologies in figures 5.8, 5.9 and 5.10. (Four of the ten peptides were. identified as
derivatives of trypsin, whereas the other three could not be identified.) The three suGF1 peptides had
lengths of 18, 18 and 15 amino acids respectively and their pnmary sequences identified 100 % with
the sequence of SpGCF1 over the corresponding primary structure. This confirms that the 1solated
protein suGF1 is the P.angulosus homologue of SpGCF1 from S.purpuratus, and that the cDNA

sequence of the clone generated by application of RACE (see section 3.5) encodes suGF1.

The development of mass spectrometry with regard to the sequence analysis of proteins and peptides
poses several advantages over classical Edman degradation, since it is more sensitive and it enables
the sequencing of peptides in mixtures, which reduces the number of manipulations required. This is
particﬁlarly advantageous for the identification of a transcription factor such as suGF1, as this protein
is present in minute quantities in vivo and requires vast amounts of biological starting material for
purification to homogeneity. Mass spectral analysis substantially reduced the émount of material
required for protein sequencing of suGF1, as it only requires picomole to femtomole quantities. The
purification strategy for suGF1 involved a combination of selective precipitation, dialysis and several
chromatographic manipulations, yielding a purified protein sample available in very low quantities.
Adsorptive losses make it difficult to handle low quantities of proteins, therefore it was advantageous
using a highly sensitive technique in order to identify the suGF1 protein sequence. Another advantage
of mass spectral analysis (in conjunction with computer manipulation) is that the signal patterns
resulting from the peptides of interest are correlated directly with the predicted fragment ions from a
database. Thus the sequencing data is interpreted and analysed in context with other known protein

sequences in a specific manner which may be more precise than conventional database comparisons.
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6.4 Analysis of suGF1 Primary Structure

6.4.1 Characteristic Features of the suGF1 ¢cDNA and Protein Sequence

The length of the cDNA coding for suGFl (as isolated by 5’ and 3’ RACE) is about 2.1 kb, of which
300 bp represent 5° untranslated region, the coding region has 1542 bp and the 3’ untranslated region
has about 250 bp. The short 3’ untranslated region presumably originates from a cDNA with a longer
poly-A+ tail (as judged from the SpGCF1 homologue), and probébly arises due to alternate priming of
the mRNA by the oligo(dT) primer during synthesis of the cDNA. Thus, no distinguishing features
can be attributed to the 3’ untranslated sequence of the suGFl ¢cDNA. The 5’ upstream region
contains thrée stop codons which are in frame with the predicted open reading frame of the suGF1
cDNA. The lack of strong initiation signals is often a feature associated with cDNA sequences
containing several alternative start sites within the protein coding region (42). Indeed, the cDNA for
suGF1 exhibits several internal ATG codons positioned at nt 409, 655, 733 and 808 (see fig 3.15). It
has been proposed that ribosomes which fail to initiate at the first ATG start codon can begin
translation downstream at alternate start sites (this is referred to as the “ribosome scanning
mechanism” as described by Descombes and Schibler (1991) (215)), and may result in the formation
of truncated protein products arising from a single mRNA species. As predicted from the cDNA
sequence, the N-terminal suGF1 protein sequence is characterised by the presence of multiple
methionine residues. In vitro translation of suGF1 indicates that some of these methionine residues
are associated with the formation of several translation products which retain their DNA-binding
ability (see section 6.3). This implies that in vivo, suGF] may be translationally regulated at the
initiation level, more specifically, it is possible that the mRNA may be scanned by the ribosomal
complex to select one of several translation initiation codons (9). It is possible that the characteristic
doublet formed by native suGF1 when analyéed by EMSA results from N-terminally truncated
protein isoforms, which have a very similar molecular weight and therefore cannot be differentiated
by SDS-PAGE under the conditions described in this project. Several other examples of proteins
which differ in their N-terminal lengths and are transcribed from a single mRNA include C/EBP
(216) and antagonists LIP and LAP (215). Similarly, it has been suggested that se{;eral truncated

SpGCF1 proteins appear to be formed in this way (3).

suGF1 has an open reading frame of 1542 bp (nt 301 - 1843, see fig 3.15) which codes for 514 amino

acids, comprising a full length protein of molecular weight 57.2 kDa. The predicted molecular weight
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of suGF1 correlates well with the previously predicted molecular weight of 59.5 kDa (1). suGF1 is
characterised by a very high proliné content (41 proline residues in total, which constitute 8 % of the -
overall amino acid composition). More than half of the proline residues (25) occur in the N-terminal
region. Proline-rich domains are reminiscent of transcription factor activation domains, and are
postulated to have an important function in the activation potential of DNA-binding proteins. There
are several examples of proline-rich domains which are implicated in certain classes of transcriptional
activation domains, such as NGFI-C (114), CTF/NF-I and BTEB (82‘), and NF-E2 (217). Other
examples include c-Jun (114) and C/EBP (218) and the mammalian transcription factors AP-2, OCT-
2 and the serum response factor. Therefore, by analogy, this implies that part of the proline-rich N-

terminus of suGF1 could represent an activation domain.

The N-terminus of suGF1 is further characterised by a tandem repeat of nine pentapeptides (see fig
3.16), which contain many of the methionine and proline residues as discussed above. Database
searches show that these repeats (N/SVSMP) are unique to the suGF1 and SpGCF1 protein (3), and

no function can be ascribed to them at this point.

6.4.2 DNA-Binding of In Vitro Translated suGF1

The structural features important for the DNA recognition of suGF1 are contained in the central
region of the protein, as shown by expression of a truncated suGF1 polypeptide of 31 kDa coded for
by nt 699 - 1662 (see fig 3.15), which retained its DNA-binding activity when analysed by EMSA.
Previously it was speculated that suGF1 is a zinc finger protein, as evidence from EMSAs indicates
that this protein has a requirement for divalent cations (191). However, the primary sequence of
suGF1 shows no evidence for a zinc finger structure in the DNA-binding domain. Instead, the region
containing the DNA-binding domain comprises a region with 17 amino acids which are highly basic
residues (underlined in fig 3.15). Basic Amino acids are often associated with DNA-binding domains .
(219, 220), and proBaBly form part of the DNA-binding domain for suGF1. Several other G-C-
binding proteins are associated with basic DNA-binding domains. Examples include, amongst others
GCF (83), CTF/NF-1 (82) and NSEP-1 (221). suGF1 is also reminiscent of the transcription factor
BTEB-2 whose basic region partially identifies with the basic domain of proteins characterised by the

helix-loop-helix and leucine zipper motifs (82).

The N-terminal region of the suGF1 basic domain is a combination of hydrophobic residues, which

may constitute two potential heptad repeats of 22 and 63 amino acids each (aa 251 - 273 and 275 -
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328). suGF1 also has a third potential heptad of repeats located in the N-terminus (aa 13 - 37) (see fig
3.15). Although no function has been assigned to these repeats either, it appears that they are
' commonly found in proteins which can adopt the coiled-coil structure, such as myosin (222) and the
leucine zipper class of DNA-binding proteins (84). The latter is characterised by both a very basic
DNA-binding domain and a strict heptad of leucine residues, which constitute the leucine zipper and
mediate dimerisation, a feature which is central to DNA-binding within this family of transcriptional
regulators. This leads to the speculation that the potential heptad repeats in the suGF1 protein may
form a dimerisation domain which participates either in the formation of homodimefs of suGF1
molecules, or may assist in the interaction of suGF1 with accessory proteins. Previous results showed
that suGF1 forms discrete multimers in EMSAs in the presence of excess protein (145) and several
other transcription factors are also known to form multimeric complexes (eg Sp1). Indeed, Zeller et al
(1995b) (149) suggest that SpGCF1 is a transcription factor which binds DNA as a homodimer, and
using electron microscopy studies this group predicts that SpGCF1 molecules associatevwivth each
other. Therefore direct and implicative evidence suggests that multimerisation may be inherent to the
function of suGF1. This was investigated by EMSAs using a combination of two different sized
truncated suGF1 proteins. The results indicate that suGF1 does not bind DNA as a homodimer. The
two polypeptides of MW 31 kDa (described above) and 41 kDa (nt 762 - 1842) differ in the length of
their C-termini, and both contain the putative dimerisation domain, as well as an active DNA-binding
domain. Individually these proteins exhibit distinct electrophoretic mobilities when bound td DNA,
“however when they are co-analysed in EMSAs, no intermediary electrophoretic mobility can be
observed. This shows that the differently sized suGF1 polypeptides do not associate with each other
in the assay, indicating that the region comprising aa 153 - 455 is devoid of a dimerisation domain,
and that DNA-sequence recognition functions independently of the putative dimerisation domain.
These results suggest that native suGF1 protein binds DNA as a monomer, and that DNA-sequence
recognition of suGF1 is not determined by homodimerisation. However, this does not exclude the
possibility that suGF1 may either associate with itself or other accessory proteins. Previous results
(145) show that purified suGF1 does form multiple protein-DNA complexes, most likely via protein-
protein interactions. It is possible that part of the function of suGF1 occurs via its interaction with
accessory proteins (and therefore the formation of heterodimers). However, if so, these accessory
proteins are not required for DNA-binding, since the same gel-shift pattern is observed for the native
suGF1 in crude nuclear extract and expressed full length recombinant suGF1. The formation of
~ heterodimers between the in vitro generated recombinant suGF1 and sea urchin accessory proteins
would not take place in the rabbit reticulocyte lysate in vitro cell free extract. In addition, native
suGF1 purified by DNA-affinity chromatography shows only one protein band of 59.5 kDa when
analysed by SDS-PAGE (1). However it is possible that heterodimer formation which is not necessary
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for DNA-binding, but necessary for some other function, does occur in vivo but the in vitro DNA-
binding conditions are not suitable for their detection. Although further experiments are required to
show whether suGF1 does indeed dimerise, our results indicate that suGF1 recognises DNA as a
monomer. Our results do not support the dimer model developed by Zeller et al (1995b) (149),
whereby quantitative simulation of gel shift results with recombinant protein were used to predict that
SpGCF1 binds DNA in the form of homodimers only. This model excludes the formation of
monomeric SpGCF1 comp1¢xes. However these authors did not show conclusive experimental

evidence for heterodimer formation. .

6.4.3 Comparison Between suGF1 and Other Sea Urchin Transcription Factors

suGF1 does not show any significant homology of its DNA or protein sequence to other sea urchin
transcription factors, apart from SpGCF1 (3). A comparison between the full length cDNAs coding
for suGF1 and SpGCF1 (protein homologues from sea urchin species P.angulosus and S.purpﬁratus)
shows that they exhibit 84 % identity over a region of 1989 nucleotides, which partially includes the
5’ and 3’ untranslated regions, as well as the entire coding regions. suGF1 exhibits a longer 5’
untranslated region (~ 100 bp), however its poly-A+ tail is truncated with respect to SpGCF1. The
greatest homology (about 89 %) is present in the coding regions of the homologues, both the 5 and 3’

untranslated regions exhibit less conservation of nucleotide sequence than the coding regions.

A comparison between the derived amino acid sequences for suGF1 and SpGCF1 (3) reveals an
extremely conserved primary structure of 94 % identity between the proteins. All the essential
features of suGF1 (see section 6.4.1) are reflected in the SpGCF1 homologue (3). This implies that
the homologous proteins are functionally probably identical. The 94 % identity between the two
proteins shows that the DNA homology of 89 % between the analogous cDNAs can mainly be
attributed to nucleotide base substitutions in degenerate positions. suGF1 codes for a protein of
molecular weight 57 kDa and contains 514 amino acids, whereas SpGCF1 comprises 486 amino acids
with a molecular weight of 55 kDa. The difference in the molecular weights between the homologues
can mainly be attributed to the 28 amino acid difference in their primary structure. The two proteins
exhibit highest identity in the central region, which contains the DNA-binding domain. In this region
there is a single .amino acid residue difference between the proteins. The remaining C-terminal and N-
terminal domains are less conserved, for instance the C-terminus exhibits differences between 9 of the
amino acid residues, and the suGF1 protein contains 11 additional amino acids in this region. The N-

termini show even more variation amongst the homologues, for instance, suGF1 contains two
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additional pentapeptide repeats with respect to SpGCF1, and overall the N-termini have 25 non-
identical amino acids, of which 1 substitution has preserved its charge, and 9 others have retained
their neutrality (see Appendix XIII). Interestingly, three of the amino acids which have undergone
changes are prolines within the putative activation domain of SpGCF1. In the suGF1 homologue these
positions are represented by two alanine residues and a tyrosine residue respectively. However
overall, suGF1 is characterised by five more proline residues than SpGCF1. There is evidence from
deletion experiments performed with C/EBP (223) that activation resulting from prolines is not
necessarily restricted to a specific domain or local region, in which case the activation potential of
some proteins may rather depend on overall proline content. In total, suGF1 contains five additional
proline residues (two in the N-terminus and three in the C-terminus) with respect to its SpGCF1

homologue (3), implying that suGF1 may have a higher activation potential than SpGCF1.

6.4.4 suGF1 and Other G-C-Binding Factors

suGF1 may exist in several N-terminally truncated protein isoforms, possibly resulting from
translational control at the initiation level. All the isoforms are able to bind G+C-rich DNA (see
section 6.2.3). If native suGF1 protein translation is initiated from the internal ATG start codons
situated within the cDNA, it may result in the formation of several suGF1 polypeptides which differ
in the length of their activation domains and therefore in their ability to activate. It could be proposed
that the shorter proteins may compete for binding with the longer proteins, and therefore effectively
act as competitive repressors, as has been shown for C/EBP and c-Myc. For instance, all species of ¢-
Myc examined exist in two protein isoforms (224) which differentially regulate transcription (225).
The difference in their frans-activation abilities is ascribed to the differing amino termini. Only the
longer protein contains the frans-activation domain which is proposed to undergo a conformational
change, possibly allowing differential interaction with other proteins (such as the transcriptional
machinery), which could explain the functional difference between the two protein isoforms.
Similarly, the C/EBP family consists of several transcription factors important in the regulation of
growth and differentiation of a number of cell types (226). A single mRNA species serves as template
for the translation of two protein isoforms of C/EBP, viz a full-length and N-termirially truncated
isoform (216, 215) which differentially modulate transcriptional activity. The full length protein is a
potent activator, whereas the truncated isoform is a repressor or an activator with low activity,
depending on the promoter context. The ratios of the two isoforms may be regulated by the activity of
the translation initiation factor eIF-2 (9). SpGCF1 also appears to give rise to several truncated

proteins present in different ratios, most of which are able to bind DNA (3).
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suGF1 has a characteristically high proline content. More than half of the proline residues (25) occur
in the N-terminal region. Proline-rich domains are a charaéteristic feature of certain classes of
transcriptional activation domains and are implicated in the functional activation potential of several
DNA-binding proteins. Examples of transcription factors which have proline-rich activation domains
include NGFI-C, which has an unusually high proline composition of 25 % over 77 amino acids
(114), CTF/NF-I and BTEB-2 both have proline-rich regions (the latter has 16 prolines over a region
of 67 residues) (82), and NF-E2 has a N-terminal proline-rich transactivation domain which is
required to activate globin gene expression (217). Further examples include c-Jun (114), the
mammalian transcription factors AP-2, OCT-2 and the serum response factor, as well as C/EBP
(218). Therefore, by analogy, suGF1 is implied to have an activation domain at its N-terminus which
is proline-rich, although the overall proline content of suGF1 may also act as an important contributor
to functional activation potential, since evidence from deletion experiments performed with C/EBP
(223) implies that activation resulting from prolines is not necessarily restricted to a local region, but

may depend on overall proline content of the transcription factor.

Structural features important for the sequence-specific binding of suGF1 are contained in the central
region of the protein which contains a characteristic domain of highly basic amino acid residues (aa
332 - 349, underlined in fig 3.15). Basic amino acids are often associated with DNA-binding domains
(219, 220). Several G-C-binding proteins contain basic DNA-binding domains, too. For example
BTEB-2 has a basic region which partially identifies with the basic domains of proteins characterised
by the helix-loop-helix and leucine zipper motifs (82), and GCF is characterised by the basic region at
its N-terminus which functions as the DNA-binding domain (83). This protein also has two leucine
zipper motifs, which are proposed to facilitate dimerisation and are common to DNA-binding proteins
such as the fos/jun system (227), C/EBP (228), CREB (229), Myc and GCN4 (84). Other examples of
proteins which have basic DNA-binding domains (but are not associated with the leucine zipper

motifs) include CTF/NF-1 (82) and NSEP-1 (221).

6.5 Developmental Distribution of the suGF1 mRNA Transcript

The finding that suGF1 binds in vitro to the G-C-rich region in the spacer between H1 and H4 histone
genes of the early histone gene battery, which is developmentally regulated in sea urchins, raises the
question whether suGF1 functions as part of a set of mechanisms ensuring tight regulation of these

genes. Binding of suGF1 to this element in vitro does not necessarily correlate with the protein(s) that

153



functionally interact with the element in vivo. The early histone gene battery is coordinately expressed
in a distinct temporal pattern during early embryogenesis. It is expressed up to late blastula stage
embryos. In P.angulosus embryos the switch from the early to the late set of histones occurs between
9 and 12 hours after fertilisation (230). Co-expression of suGF1 with transcription of these genes
would support an important regulatory role for suGF1 in the controlled expression of the histone
genes. Therefore the similarity between the temporal pattern of suGF1 mRNA and the expression

pattern of the histone genes was investigated by Northern analysis and RT-PCR.

The RT-PCR experiment showed that mRINA transcripts for suGF1 are present in P.angulosus eggs,
4 - 45 hour embryos, muscle and testis tissue. However they are absent in ovaries. RT-PCR gives
qualitative insight about the location of the RNA transcripts of interest, however this experiment
cannot give a quantitative indication about the relative differences in the amounts of transcripts
amongst the different tissues / embryonic stages. The experiment was not performed in a
semiquantitative manner either, since no suitable intemal:standard could be found. Candidate genes
which generally serve as internal controls, eg actin genes, histone genes etc, are developmentally
regulated in the sea urchin embryo. Further, the RT-PCR experiment cannot be used to extrapolate in
which tissue / embryonic stages the functional protein (translated from the RNA transcript of interest)

is expressed. It simply serves to indicate the presence of the RNA transcripts.

Analysis of P.angulosus sea urchin RNA by Northern blotting resulted in uninterpretable signals, as
the radioactive probe appeared to hybfidise over a wide range of molecular weights for each RNA
sample. This implies that the probe may have had homology with some other abundant transcripts,
which may have masked authentic signals from the suGF1 transcripts. Zeller et al (1995) (3) used
quantitative RNase protection assays to measure the transcript prevalence of SpGCF1. Absence of
Northern analysis for S.purpuratus RNA may indicate that this group encountered similar problems
with Northern blotting of SpGCFl transcripts. (suGF1 transcripts were not analysed by RNase
protection assays due to consistently inadequate incorporation of the radiolabel into the antisense
probe.) RNase protection assays detected the presence of the SpGCF1 transcript in S.purpuratus
ovaries and about 5000 copies of the transcript in unfertilised eggs. Transcript prevalence reached
maximum levels in 9 hr embfyos and steadily decreased to about 1500 copies per embryo at 72 hours
(3). Adult S.purpuratus tissue (other than ovaries) was not analysed for the preseﬁce of SpGCF1
transcripts. Analysis of the presence of suGF1 transcripts in P.angulosus embryos by RT-PCR
correlates with the distribution of SpGCF1 transcripts in Spurpuratus as analysed by RNase
protection assays. (Note that the P.angulosus and S.purpuratus embryos are grown under different

conditions and their rates of development differ, viz P.angulosus embryos develop at almost twice the
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rate with respect to S.purpuratus embryos.) Unfortunately analysis of suGF1 transcripts was not
quantitative, therefore no comparisons can be drawn about the relative abundance of suGF1 and
SpGCF1 transcripts. Distribution of suGF1 and SpGCF1 transcripts does, however, not correlate with
respect to ovaries (suGF1 transcﬁpts are absent in this tissue). It is possible that SpGCF1 transcripts
were located in the ovaries of S.purpuratus embryos as a result of incomplete depletion of eggs from

this tissue.

The presence of suGF1 transcripts in both early and late embryonic stages, as well as adult tissue
suggests that the functional suGF1 protein is unlikely to have a role in the temporal regulation of the
early histone gene battery as was speculated previously (see section 1.4.3). The early histone genes
are switched off in blastula stage embryos (9 hours after fertilisation, 230). However, the wide
distribution of the suGF1 mRNA transcript throughout several embryonic stages and adult tissues
implies that it could indeed play a role in transcriptional regulation of several unrelated genes with

G-C-rich promoters. Thus suGF1 may have a role as a general transcriptional regulatory protein.

6.6 Conclusions and Perspectives

Although there is no direct evidence for the biological role of suGF1 it appears that it may function as
a general transcriptional regulator of several unrelated genes in sea urchin development. The presence
of suGF1 mRNA transcripts in the early sea uréhin embryonic stages, as well as adult muscle and
testis tissue cannot be taken as direct evidence that the functional protein is expressed in these stages /
tissues. However, previous evidence shows that suGF1 is a prevalent nuclear transcription factor in
embryonic tissue (1). It has been implicated as a transcription factor with respect to its functional
abilities (it binds sequence specifically to G-C-rich DNA sequences which have been shown by others
to function as cis-regulatory elements) and as a result of its similar DNA-binding speciﬁcity.to other
G-C-rich DNA-binding factors, such as BGP1 (11), the ectoderm specific factor (16) and its
S.purpuratus homologue SpGCF1 (3), which have all been implicated as transcriptiénal regulators.
Several genes in different organisms have upstream G-C-rich regions, hence suGF1 may be a member

of a family of G-binding factors which is involved in the regulation of unrelated genes.

The ¢cDNA encoding suGF1 was successfully cloned using a PCR-sfrategy, based on the homology of
suGF1 to a G-C-binding protein present in S.purpuratus embryos. The integrity of the clone was
confirmed by eukaryotic in vitro expression of the recombinant protein, which showed identical
DNA-binding properties to native suGF1 in crude nuclear extracts suggesting that native suGF1 does

not undergo post-translational modifications. In addition, the true identity of the cDNA sequence was
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confirmed by partial identification of the primary structure of native suGF1. Functional cDNA
cloning of suGF1 using the DNA-ligand screening technique proved unsuccessful, either as a result of
enhanced detection of false positives by use of p[d(I-C)] in the protocol, or more likely because

recombinant suGF1 protein is not compatible with expression in a bacterial system.

Analysis of the primary structure of the suGF1 protein has given further support towards the proposed
biological role for suGF1 as a regulator in gene expression. The region of sequence;speciﬁc DNA-
binding has been identified in the suGF1 primary structure (nt 762 - 1662). A truncated suGF1 protein
corresponding to this DNA region retains its DNA-binding ability. Many G-C-rich binding proteins
are classified as zinc-finger proteins, however suGF1 does not have a Zinc finger DNA-binding
domain, despite its requirement for divalent cations in order to bind DNA (191). The suGF1 DNA-
binding domain contains highly basic amino acid residues which is a feature common to several
tr'anscription factors. A putative proline-rich transcriptional activation domain has been identified in
the N-terminus of suGF1, implying a functional activity for this protein over and above its DNA-
interaction. Activation domains may function in contacting other proteins, which could present
another feature in the function of suGF1, since this protein has been shown to form discrete suGF1-
suGF1 multimers (1), similar to transcription factors like Spl. The results show that recognition of
the cognate DNA-binding site of this protein does not rely on obligate homodimerisation or
heterodimerisation. However the suggestion that suGF1 does potentially form associations with
accessory factors can be gleaned from its primary structure, which comprises several potential heptad
repeats reminiscent of a class of proteins which form “coiled-coil” conformations, and also leucine
zipper proteins. The heptad repeat motif is closely associated with protein-protein interactions (ie
homodimer or heterodimer formations), and thus it ties in with a putative dimerisation domain for
suGF1, potentially allowing suGF1 to interact with different general transcription factors or with
subunits of the transcriptional machinery. The inability to detect such putative interactions may have

been due to the in vitro assay conditions.

Analysis of the primary structure of suGF1 implies that different isoforms of this protein may exist, ie
the suGF1 protein may be translationally regulated by the ribosome scanning mechanism (215). This
form of transcription factor regulation (ie translational control) and how it regulates the activity of
transcription factors is not well understood at this stage, and still recjuires future attention. However, it
could be proposed that suGF1 may be a promoter selective regulator which modulates the activity of
promoters via interactions of the different protein isoforms, which could either act as activators with

differing activational strength, or the truncated forms could act as competitive inhibitors.
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Identification of suGF1 and determination of its primary structure has provided several insights about
its mechanism of action. However, several questions remain to be answered. For instance, does
suGF1 function by forming contacts between distant DNA elements, and does multimerisation with
itself or other factors result in looping of DNA in vivo? Does the formation of stable complexes
increase productive interactions which may stimulate expression? Can suGF1 interact with
nucleosomes or with the basal transcription apparatus to effect transcriptional regulation? By making
use of the cloned cDNA of suGF1 and application of in vitro functional assays, many of the above
suggestions and questions could be explored and addressed further, to elucidate the biological role

associated with suGF1, and possibly other G-binding factors.
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Appendix I
Scatchard Analysis

The model used to investigate the receptor-ligand (or protein-DNA) competition studies is analogous to the Michaelis-Menten

Competitive Inhibition Rate Law which describes enzyme inhibition (231).

R + L &—— RL,
+
1.

[

RI + L
where 1 is the competing ligand whose dissociation constant with the receptor is expressed as:

(RI(1)

KI= —

R
by derivation:

{R];[L]
R1l]= — M
0
K (1+ — +[L)])
K;

The relative affinities of a ligand and an inhibitor may therefore be determined by dividing equation (1) in the presence of
inhibitor with that in the absence of inhibitor:

[RL]  KL=[L]
—— @
R-LL, ]
Ko (1+— +[L))
K; :

When this ratio is 0.5 (50 %) inhibition, the competitor concentration is referred to as [I].-
Solving equation (2) for K; at 50 % inhibition:

{Iso)
K =
[L] where [=L, and 1= unlabelled E/H fragment
1+ — ‘ L = free labelled E/H fragment
Ky

solving equation (2) for K| results in

=> K=K, ©)]
() in2): - -
Kp=[Iso] - [L] where [I5,] = concentration of unlabelled E/H fragment at 50 % competition

[Lso] = (4 £ 2) X 10" M (see graph)
[L] = the corresponding concentration of free labelled E/H fragment

=> at 50 % competition [L] = (4 £ 2) X 10" M (53 cpm)
since (234 % 67) cpm corresponds to (1.75 £ 0.5) X 107" M (see Table 3.2)
= Kp=(4+2)X10""M-(0.40.2) X 10°M

Kp=(3.6£2)X10"°M
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Fig (i) Binding of suGF] to the E/H Fragment

The amount of radioactivity in the unbound DNA and suGF1-DNA complexes (see fig 3.3) was determined by Instant Imager
2024 (see table 3.2). The amount of radioactivity in the suGF-DNA-complexes was plotted against the amount of radioactivity in
the unbound fraction in order to determine the dissociation constant of suGF1 (in nuclear extract) with respect to the G-string in

the E/H fragment, using Scatchard analysis.
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Appendix II

Strongylocentrotus purpuratus cDNA library

DATE: April 7, 1993

TO: DR. ROBERT ZELLER, Caltech
FROM: Dr. Kenneth Fong, Director of Custom Library Synthesis Dept.

Performed by: Cynthia Chang Ph.D., Research Scientist III
SUBJECT: Custom synthesis of cDNA library in Lambda Zap II

oligo dT-primed (x ), random-primed ( ).

—

TITER & VOLUME: o, lomlml (4xlmD

STORAGE: 4°C or -70°C when aliquoted for long-term storage
after adding 7% DMSO or 50% sterile glycerol.
SOURCE OF mRNA:
CLONING VECTOR: Lambda Zap Il (See map on reverse side)
CLONING SITE: Eco Rl |
* SELECTION CRITERIA: Clear from blue (parental) plaques®

% OF CLEAR PLAQUES: 85%

NUMBER OF INDEPENDENT ‘
CLEAR PLAQUES (Clones): 1.3 x 108

INSERT SIZE RANGE: 1.0 to 4-5 Kb  (as revealed on an autoradiogram before
- : ¢DNA was cloned into Zap |l arms)
Average: L9 Kb ' ‘
{see PCR data ~n insert sizes)

USAGE: ~ For immunoscreening or probe screcning, plate an », ~ropriate dilution of the
library on E. coli strain BB4 as described in theLlibrary Protocol Handbook enclosed.

* Clear plaques are recombinant phage clones and blue plaques are parental lambda
Zap |l phage. Occasionally, particular recombinant phage plaques produce a small but
detectable biue color. The detection of blue plaques can be achieved by adding 35 p! of
40 mg/mi X-Gal (Cat. # 8060) to 2.5 mi of LB soft agar before plating.

(X-Gal is NOT soluble in water. It can be dissolved in Dimethyiformamide (DMF). DMF
dissolves plastic surfaces. X-Gal dissolved in DMF should be added directly into soft agar).
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Appendix HI

DNA Sequence Analysis of Clone 2

Clone 2 (a 2.2 kb insert) was sequenced with primers T3 and T7 from the Bluescript plasmid giving partial sequence information
for (a) the plus strand and (b) the minus strand, respectively. Analysis of putative open reading frames for the plus strand (c) and

the minus strand (d) was performed using the ‘MAP’ algorithm in the GCG program.

(a) plus strand (primer T3)
length sequenced: 236 nt

1 ttatatttgt ttgtatatga aatatataca ataccttgtg agagcttcaa
51 acatataaat gttaaggatt cgttcaagtt atgaagaaaa aataatcttt
101 caaggttttt tgaaggattt cctagcattc aggttaacaa ttttgaaaaa
151 tatgatttgt ggcaattttg gcatccaatt tgtttacgaa acgtgttcag
201 aaacaatatg ccaggcacat ttatcacact ctacta

(b) minus strand (primer T7)
length sequenced: 223 nt

1 tcgaattccg gaccattttt tttctatcge tgectgatta getgtaggtt
51 taatgatagt tttgatgagt agtttagttc tcgtatcgac caacaaatgt
101 cctaaaaaca gtggtctttt ttctgaaaaa tcgecctggtg ttgccgctaa
201 agcgtttgaa attaaatcgg cca
{c) analysis of translational reading frame for the plus strand
ttatatttgtttgtatatgaaatatatacaataccttgtgagagcttcaaacatataaat
aatataaacaaacatatactttatatatgttatggaacactctcgaagtttgtatattta

b M

gttaaggattcgttcaagttatgaagaaaaaataatctttcaaggttttttgaaggattt

[ Fommmmmmmm Fmmmmmm - L LR drmm - +
caattcctaagcaagttcaatacttcttttttattagaaagttccaaaaaacttcctaaa
a R K N NL S R F F E G F
b L R I R S S8 Y E E K I I F Q G F L K DF

cctagcattcaggttaacaattttgaaaaatatgatttgtggcaattttggcatccaatt
121 ---emm--- 4ommmmmm— tommm e trmmm e Frmmmmm——— L ] +
ggatcgtaagtccaattgttaaaactttttatactaaacaccgttaaaaccgtaggttaa

a P S I Q V N N F E K Y D L W Q F W H P I

b L A F RL T I L K NMTIUCGNUZFGTI Q F

c F vV A I L A S N L
tgtttacgaaacgtgttcagaaacaatatgccaggcacatttatcacactctacta

181 --------- Fommeem e L R e B +------ 236

acaaatgctttgcacaagtctttgttatacggtccgtgtaaatagtgtgagatgat

a C L R NV F RNNMMPGTF FITTUL Y

b ) vV Y E T C S E T I €C Q A HL 8§ H S T

c F T K R V Q K @ Y A R H I Y HTUL L

(d) analysis of translational reading frame for the minus strand
tcgaattccggaccattttttttetatcgetgectgattagetgtaggtttaatgatagt

agcttaaggcctggtaaaaaaaagatagcgacggactaatcgacatccaaattactatca
R I G S W K K E I A A Q NA T P K I I T

tttgatgagtagtttagttctcgtatcgaccaacaaatgtcctaaaaacagtggtetttt

6l --------- R B B R e it +
aaactactcatcaaatcaagagcatagctggttgtttacaggatttttgtcaccagaaaa

K I L L K T R T D V L L H G L F L P R K

ttctgaaaaatcgecctggtgttgecgctaatgecgaaaaaaaattacttttetgteatgt

121 --------- - mmm e L il drmmm - R R et +
aagactttttagcggaccacaacggcgattacggettttttttaatgaaaagacagtaca

E S F bGP TA AILW AS SV FFNSKOQ™* T

caactgtttcgtttaccacaagcgtttgaaattaaatcggecca
181 --------- Frme e R i R +--- 223
gttgacaaagcaaatggtgttcgcaaactttaatttagccggt
L Q KT * WL R KFNTFR G
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Appendix IV

DNA Sequence Analysis of Clone 6

Clone 6 (an 850 bp insert) was sequenced with primers T3 and T7 from the Bluescript plasmid giving partial sequence
information for (a) the plus strand and (b) the minus strand, respectively. Analysis of putative open reading frames for the plus

strand (c) and the minus strand (d) was performed using the ‘MAP’ algorithm in the GCG program.

(a)

plus strand (primer T3)

length sequenced: 655 nt

1 cattttcctc tctaaagaaa attgctcata aggacagctt catacacact

51 taagttttta tttggaatat tacaatcttt aaaaatatca aaatagggct
101 actcaatcca ttgtattcaa agaaattggc atcctttcga tctaggagaa
151 agggatccgc tcagttttta gaagtcataa aatttgaatt tttcctaaac
201 tttaagaaac aacccatgaa tattcatatc aataggtaaa atttggtata
251 atcgcaagta aactacatcc agattycaat gaatgagtga tcacagtttt
301 ctggccatat gttgagatac acctcgaaac caattttaag tcggtacatt
351 gcatagatgg aatcgacata acacatcaac atgctagtgt gaggttctct
401 cttgagaaaa agaacagtac ttgtatcgtg tgtgggggat ttggtctgtt
451 acctcaaagt ctggcggcat tcattggtta agttttcact ctcccacata
501 cttcaaaggt ttctgatata atgtcaaggg aggcaaagag ataatcgttt
551 gcatttattg gttaaaagat ggtttcataa ctctatgacc tttgaccttt
601 gaggtgaaag gttaaacgca ctcaactatg ctgttctatg ccacacctaa
651 gaccc

(b) minus strand (primer T7)

length sequenced: 181 nt

ttctcattcc aatgttctct taaaagagac cactgatatt

1l aaaaaaaaaa

51 agatatgctt ctttcgactc ttgtcgacct ttgacctagc tgccatattt
101 tgaaagaaat tctatgtgtg ataaaagcag tttgttggat agtgtttatt
151 tcaatcgttt tataccgagc gggtcttagg t

(c) analysis of translational reading frame for the plus strand
cattttcctctctaaagaaaattgctcataaggacagcttcatacacacttaagttttta

gtaaaaggagagatttcttttaacgagtattcctgtcgaagtatgtgtgaattcaaaaat
c v F I

tttggaatattacaatctttaaaaatatcaaaatagggctactcaatccattgtattcaa

aaaccttataatgttagaaatttttatagttttatcccgatgagttaggtaacataagtt
[o] W N I T I F K N I K I G L L N P L Y S8 K

agaaattggcatcctttegatctaggagaaagggatccgctcagtttttagaagtcataa

121 --------~ Fmmmmmm--- +mmmmmm - Fommmmm—m $rmmmmenan Ry +
tctttaaccgtaggaaagctagatcctctttcectaggcgagtcaaaaatcttcagtatt
c K L A § F R S RRIEKSGSOAOQUPF L E V I K

aatttgaatttttcctaaactttaagaaacaacccatgaatattcatatcaataggtaaa

181 --------~ Fomemmm o +ommmmmm o R e Fomm— - $-mmm——--- +
ttaaacttaaaaaggatttgaaattctttgttgggtacttataagtatagttatccattt
c F E F F L N F K K Q PMUNTIHTINR R

atttggtataatcgcaagtaaactacatccagattgcaatgaatgagtgatcacagtttt

241 ---w----~ Fremem e e L L $ommme +
taaaccatattagcgttcatttgatgtaggtctaacgttacttactcactagtgtcaaaa
b v I T V F

ctggccatatgttgagatacacctcgaaaccaattttaagtcggtacattgcatagatgg

301
gaccggtatacaactctatgtggagctttggttaaaattcagccatgtaacgtatctacc

b W P Y V E I H L E TN F K S V HC I D G
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361
b
c

421
b
c

481
c

541

601

aatcgacataacacatcaacatgctagtgtgaggttctctcttgagaaaaagaacagtac
ttagctgtattgtgtagttgtacgatcacactccaagagagaactctttttettgtcatg
I DI T HOQH A S VRV F S ULEJIZKI KNST
G S L L R KR T V L
ttgtatcgtgtgtgggggatttggtctgttacctcaaagtctggeggecattcattggtta
aacatagcacacaccccctaaaccagacaatggagtttéagaccgccgtaagtaaccaat
c I v¢ G66G F GL L P Q S L A A F I G
vV s ¢ v 6 DL V C YL KV WURUH S L V K
agttttcactctcccacatacttcaaaggtttctgatataatgtcaagggaggcaaagag

tcaaaagtgagagggtgtatgaagtttccaaagactatattacagttcccteegtttete
F 8 L s H I L @ R F L 1

ataatcgtttgcatttattggttaaaagatggtttcataactctatgacctttgaccttt
tattagcaaacgtaaataaccaattttctaccaaagtattgagatactggaaactggaaa
gaggtgaaaggttaaacgcactcaactatgctgttctatgccacacctaagacce

ctccactttccaatttgegtgagttgatacgacaagatacggtgtggattetggg

(d) analysis of translational reading frame for the minus strand

61

121

aaaaaaaaaattctcattccaatgttctcttaaaagagaccactgatattagatatgett

ttttttttttaagagtaaggttacaagagaattttectectggtgactataatctatacgaa
F L G 8 I N § I s

ctttcgactcttgtcgacctttgacctagetgecatattttgaaagaaactectatgtgtyg

gaaagctgagaacagctggaaactggatcgacggtataaaactttetttaagatacacac
R E V R T 8 R @ G L Q@ W I K F S I R HT

ataaaagcagtttgttggatagtgtttatttcaatcgttttataccgagegggtcttagg

tattttcgtcaaacaacctatcacaaataaagttagcaaaatatggectcgeccagaatee
I F AT Q@ @ I T N I E I T K Y R A P R L
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Appendix V

Sequence Analysis of Clone 11

Clone 11 (a 900 bp insert) was sequenced with primers T3 and T7 from the Bluescript plasmid giving partial sequence
information for (a) the plus strand and (b) the minus strand, respectively. Analysis of putative open reading frames for the plus

strand (c) and the minus strand (d) was performed using the ‘MAP’ algorithm in the GCG program.

(a)

plus strand (primer T3)

length sequenced: 514 nt
1 cccggctgat atcaagaata gaaacaaagt ttaacaaaga atgtgcgaac
51 tgtgttctta tcttgaatgt tcatgacgac gacgacgagg acgaaaatga
101 tgatgatgtt aatgatagtg ggtggtggtg gtgattgtga caatgttgag
151 gatgttgatg gtgatgatat tgttgatggt gcattcatta tgactgtaat
201 gacggcaacg gtcaatgatg atgttggtga taatgacgat ggtgataatg
251 atgatcattg cggcgacaat tatattggtg atgaggaaaa ggagactaat
301 gacgggtccc atccacaact tgtacaaaca attggcctcg tcgaactagg
351 tggtatactc gggaaatcat caaaagatct aactgtttta aaggttcgtt
401 cagatatgac actgtataaa ccgccgcgaa aagaaagcca cctctgttte
451 acttacgagt taaaaggaac ttttagattt acacgacgag aacgttggac
501 cgccacgtgt gaca
(b) minus strand (primer T7)
length sequenced: 183 nt
1 tttaatacat aaaaacagat ttgtttacgc cttacagatg ttacagtctt
51 gtaaatgatt attatgtgtg taatatacca tgatggctaa tcgtacagaa
101 attgtgcaat tatagagttg aatttcgatg taaaacaatt'accttttatg
151 ccttttcgtce tcg

agatagtgac gcggcaagtc

(c) analysis of translational reading frame for the plus strand
ggaattccggctgatatcaagaatagaaacaaagtttaacaaagaatgtgcgaactgtgt
ccttaaggccgactatagttettatctttgtttcaaattgtttecttacacgettgacaca

tcttatcttgaatgttcatgacgacgacgacgaggacgaaaatgatgatgatgttaatga

61
agaatagaacttacaagtactgctgctgctgctcectgettttactactactacaattact

M F M TTTTTWRTI KMMMMULMI

tagtgggtggtggtggtgattgtgacaatgttgaggatgttgatggtgatgatattgttg

121
atcacccaccaccaccactaacactgttacaactcctacaactaccactactataacaac

vV 66 6 6 GG D CDNV EDVDGDUDI V D

atggtgcattcattatgactgtaatgacggcaacggtcaatgatgatgttggtgataatg

181
taccacgtaagtaatactgacattactgccgttgccagttactactacaaccactattac

G A F I M T VMTT ATV NDUDV G D ND

acgatggtgataatgatgatcattgcggcgacaattatattggtgatgaggaaaaggaga

241
tgctaccactattactactagtaacgccgctgttaatataaccactactccttttectet

D G D NDUDUHCGTDNY I G DEEIKET

ctaatgacgggtcccatccacaacttgtacaaacaattggectegtcgaactaggtggta

gattactgcccagggtaggtgttgaacatgtttgttaaccggagcagcttgatecaccat
N D G S HP Q L V Q TTI G L V EUL G G I

tactcgggaaatcatcaaaagatctaactgttttaaaggttcgttcagatatgacactgt

361
atgagccctttagtagttttctagattgacaaaatttccaagcaagtctatactgtgaca

L 6 K 5 5 KDL T VUL KV R S DMTUL Y
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ataaaccgccgcgaaaagaaagccacctctgtttcacttacgagttaaaaggaactttta

421 -w------- B s R e L R L +
tatttggcggcgettttctttecggtggagacaaagtgaatgectcaattttecttgaaaat

K P PR KESHULTCTFTVYZETLZIKTG GTTFR

gatttacacgacgagaacgttggaccgccacgtgtgaca
481 ~-------- R iy L e 519
ctaaatgtgctgctcttgcaacctggcggtgcacactgt
F T R R E R W TA T C D

(d) analysis of translational reading frame for the minus strand

cgattggtgaccgggccccectecgaggtcgacggtatcgataagecttgatatcgaattece
l ceemmee-- t----m---- t----mm - At L Frmmm - B +
gctaaccactggcccggggggagctccagetgecatagetattcgaactatagettaagyg

ggttaatgctttaatacataaaaacagatttgtttacgccttacagatgttacagtcttyg
61 --------- P it P L R B +
ccaattacgaaattatgtatttttgtctaaacaaatgcggaatgtctacaatgtcagaac

taaatgttattatgtgtgtaatataccatgatggctaatcgtacagaaattgtgcaatta
121 --------- to-mmee s e L Fommmmm— - R +
atttacaataatacacacattatatggtactaccgattagcatgtctttaacacgttaat

a .
b W L I V Q K L C N Y
c . S Y R N C A I I
tagagttgaatttcgatgtaaaacaattaccttttatgecttttecgtcagatagtgacge
181 --------- e R e R P P +
atctcaacttaaagctacattttgttaatggaaaatacggaaaagcagtctatcactgeg
a : R
b R V E F R C K T I T F Y A F 8 8 D § D A
c E L N F DV K QL P FM P FIR QI V T R
ggcaagtctcgcggegtttttctgegtgtecgatcgacgttacgecgtgcacgatgttectg
24) ~-------- L R B B it it +
ccgttcagagcgeccgcaaaaagacgcacagctagectgcaatgegcacgtgctacaaggac
a G K S R GV F L RV DU RUZ RYACTMMT F L
b A S L A A F F CV S I DV TIRW ARTZCSC
[« Q vV S R R F S A C R S T L R V H D V P
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Appendix VI

DNA Sequence Analysis of Clone 16

- Clone 16 (a 2.4 kb insert) was sequenced with primers T3 and T7 from the Bluescript plasmid giving partial sequence information
for (a) the plus strand and (b) the minus strand, respectively. Analysis of putative open reading frames for the plus strand (c) and

the minus strand (d) was performed using the ‘MAP’ algorithm in the GCG program.

(a) plus strand (primer T3)
length sequenced: 622 nt

1 gggatctcta ggagaaatga aagatggtta agcaagcttt aaacttatca

51 gggattttgc attctcacat ggtacaaaat tgtgtattgc tttctctgtt
101 gctgctaaag gagcgataca ttgtacctat atttcactcc tatattcatce
151 acggcaaatt tatactccaa acttgagaca cgatttcgta gccgtagacc
201 gcagccaaaa ttttgtctat tattgatcac ttgtgttcat cttgcactte
251 tgctgttttg taattcttgt gctattaatt tcaaatgtgt tttetgtttg
301 tggtgctgct caaaattgta atcgatctac atattcttaa agtgaaggtt
351 acgattttta taatctatct gtacaaacaa aatgaagggt gaaagtatct
401 tgttgtatag gcatattatg tatgatcgta taaatgtaaa aaagcacaca
451 cagaaaaaaa atctcaaaat gttatttatt tgtgtgtatg gccatctaag
501 atgtactatg tacatgtttt ctgtaccaat ctggaaagga ccatggggaa
551 agaattacta cttcccaccc tcccaccaag tttaacggece caacataata

601 tttgaaaaaa aaactattaa cc

(b) minus strand (primer T7)
length sequenced: 156 nt

1 ttttcecttta caacgcacag gatatttcac ttcccgtate ttcatcceca
51 tccaaggatc ctgttatatg aaatggatga cttgggtgtg gtacatgtac
101 gtcatttttt aaacagaaat caacagatac agtacctcca cagaatgtaa
151 aacatg

(c) analysis of translational reading frame for the plus strand
gggatctctaggagaaatgaaagatggttaagcaagctttaaacttatcagggattttge
ccctagagatectctttactttctaccaattegttcgaaatttgaatagtcectaaaacg

attctcacatggtacaaaattgtgtattgectttctetgttgetgctaaaggagegataca
6l ~--m----- +--------- +--------- e et o ——— - +
taagagtgtaccatgttttaacacataacgaaagagacaacgacgatttcctcgectatgt

ttgtacctatatttcactcctatattcatcacggcaaatttatactccaaacttgagaca
121 -~---o-- L e L .- L +
aacatggatataaagtgaggatataagtagtgccgtttaaatatgaggtttgaactetgt

cgatttcgtagccgtagaccgcagccaaaattttgtetattattgatcacttgtgttcat
181l --=-w---- e +--m——--—- - L ) - +
gctaaagcatcggcatectggegtcggttttaaaacagataataactagtgaacacaagta

cttgcacttctgctgttttgtaattcttgtgctattaatttcaaatgtgttttetgtttg
241 --------- +o-mm - L i - e R +
gaacgtgaagacgacaaaacattaagaacacgataattaaagtttacacaaaagacaaac

a
b
c M ¢ F L F V
tggtgctgctcaaaattgtaatcgatctacatattcttaaagtgaaggttacgattttta
301 -----~--- L e B ks D drmmm - Hommmmmmme +
accacgacgagttttaacattagctagatgtataagaatttcacttccaatgctaaaaat
a
b
c v L L K I v I D L H I L K V K V T I F I
taatctatctgtacaaacaaaatgaagggtgaaagtatcttgttgtataggcatattatg
361 -~------- e i - ——————- o o L R R +
attagatagacatgtttgttttacttcccactttcatagaacaacatatcecgtataatac
a M K G E 8§ I L L Y R H I M
b
c I Y L Y K Q N E G
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tatgatcgtataaatgtaaaaaagcacacacagaaaaaaaatctcaaaatgttatttatt
421 --------- Fmmmmmm - trmemememm e tmmmmme—e P k) +
atactagcatatttacattttttcgtgtgtgtcttttttttagagttttacaataaataa

a Y DR I NV K KHTQ K KNULI KMTLVF I
b
c
tgtgtgtatggccatctaagatgtactatgtacatgttttctgtaccaatctggaaagga
481 --------- tommmmmm-- L el Femmm - L tommm e +
acacacataccggtagattctacatgatacatgtacaaaagacatggttagacctttect
a ¢c VY GH L R CTMUYMVF S V P I W K G
b
c : M Y Y VHV F CTNULE R T
ccatggggaaagaattactacttcccaccctcccaccaagtttaacggecccaacataata
541 --------- - LR L LR R i +
ggtacccctttcttaatgatgaagggtgggagggtggttcaaattgecgggttgtattat
a P WG K N Y Y F P P S'H Q V
b
[« M 6 K EL L L P TUL PP S L T AIOQUHNI

tttgaaaaaaaaactattaacc
601 --------- B et +-- 622
aaactttttttttgataattgg
(d) analysis of translational reading frame for the minus strand

ttttcctttacaacgcacaggatatttcactteccgtatettcatecccatccaaggate

aaaaggaaatgttgcgtgtcctataaagtgaagggcatagaagtaggggtaggttectag
*L, A C $ 1 E §$ G T D EUDGUD L S

ctgttatatgaaatggatgacttgggtgtggtacatgtacgtcattttttaaacagaaat

gacaatatactttacctactgaacccacaccatgtacatgcagtaaaaaatttgtcttta
G T I H F P H S PH P V HV DNI KTLUCTF

caacagatacagtacctccacagaatgtaaaacatg

gttgtctatgtcatggaggtgtcttacattttgtac
, D VvV §$ v T G G CF T F C
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The double stranded cDNA sequence coding for recombinant SpGCF1 protein in S.purpuratus embryos (3) is aligned with the
predicted amino acid sequence. The N-terminal region is a proline rich domain and the prolines are marked with asterisks (*). The
sequence corresponding to the minimum DNA binding domain (3) spans from amino acids 223 - 353 (printed bold) and is
contained in square brackets. Several degenerate primer pairs, viz 1S/1A (3) and 2S/2A (). Hapgood, personal communication)
have been designed corresponding to this cDNA (shown in bold above the sequence). The specific primer pair SP1/SP2 and
primers SP3 and SP4, designed according to the DNA sequence for the P.angulosus homologue, are also aligned to the SpGCF1

c¢DNA.
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340

400
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Appendix VII

Primers Designed for PCR Amplification of the SpGCF1 Homologue in P.angulosus

AGTGAGGTATGTCCACTCTGCCCCAGCCCCTTTCCCACTGCCTGCTGAACCAGGTACACC
TCACTCCATACAGGTGAGACGGGGTCGGGGAAAGGGTGACGGACGACTTGGTCCATGTGG
M § T L P*Q P*L S H C L L N Q V H Pp*
CCGCTCTCAACCTGCCCCAGACAGGGGTCATCACAGACATCAAGCCCATGATCAGTAATA
GGCGAGAGTTGGACGGGGTCTGTCCCCAGTAGTGTCTGTAGTTCGGGTACTAGTCATTAT
A L N L P*Q T G V I T D I K P*M I S N K
AACCTCCTACACAGGAGGTCAAACCAAACATCCTAGCAACTGGCTTGCCCTATCCTCCAC
TTGGAGGATGTGTCCTCCAGTTTGGTTTGTAGGATCGTTGACCGAACGGGATAGGAGGTG
P* P*T Q E V K P*N I L A T G L P*Y P* p*r L
TCAACGTGCCTAGGCTACCCGTCATGCCCAATGTGTCTCTGCCTAGTGTCTCTATGCCGA
AGTTGCACGGATCCGATGGGCAGTACGGGTTACACAGAGACGGATCACAGAGATACGGCT
N V PR L P*V M P*N V S L P*S V S M P* S
GTGTGTCTATGCCCAATGTCTCCATGCCCAACGCATCCATGCCCAGTGTTTCGATGCCCA
CACACAGATACGGGTTACAGAGGTACGGGTTGCGTAGGTACGGGTCACAAAGCTACGGGT
vV § M P*N V S M P*N A S M P*S V § M P*N
specific primer SP3 actga
ATGTGTCCATGCCAAGTATTCCTCATCACAACTTACAGGGTAACTTAGGCCAATTACTCA
TACACAGGTACGGTTCATAAGGAGTAGTGTTGAATGTCCCATTGAATCCGGTTAATGAGT

vV S M P*S I P*H H N L Q G N L G Q L L N

gagcaacagtaattctc specific primer SP1 catc
sense oligo 1S CGGGATCCCATGCCNAAYGARTTYCTNCAYC
ACAACAGTAATTCCCAAAAAATGTCCCAAATGAAAAAGTGCCCCAACGAGTTTTTACATC

TGTTGTCATTAAGGGTTTTTTACAGGGTTTACTTTTTCACGGGGTTGCTCARARATGTAG
N 8 N s Q KM s QMK K CUPNZEVF UL HOQ

agaatccacaaagtgagceg

A
AGAATCCACAAAGTGAGCGACAGCTTTTCTACAACGACGTAGCCATGCAACTGTATAACA
B L R R it R et LR b

TCTTAGGTGTTTCACTCGCTGTCGAAAAGATGTTGCTGCATCGGTACGTTGACATATTGT
N P Q 8 ERQ@Q L F YNDVAMOQUL Y N S
TACGTYGANATRTTRT

GTGACTTCAACAAGTTTGCTTCCAAGAAGGGATTTCATGGCTACCTGTTAGAGCAACAGA

CACTGAAGTTGTTCAAACGAAGGTTCTTCCCTAAAGTACCGATGGACAATCTCGTTGTCT
D F N K F A S K K GVF HGYULULEOQQ K
TRCTRAACCCATGGGG anti-sense primer 1A .

182



640

700

760

820

880

940

1000

1060

1120

1180

1240

1300

AGTGGAGGTGGGATACCCACAGCTACATAGGTAACCTGGAGACTAGAGTACATAACTTGC
TCACCTCCACCCTATGGGTGTCGATGTATCCATTGGACCTCTGATCTCATGTATTGAACG
W R WD TH S Y I GNL E TRV HNTULL
sense primer 2S A
TCATTAATCCAAACAGTGGGGTTGCACAGAATGTTGCTCGCTACCGCAGTGTCCCCATCA
AGTAATTAGGTTTGTCACCCCAACGTGTCTTACAACGAGCGATGGCGTCACAGGGGTAGT
I N P N § GV A QNV AR YR S V P I K
ARTGYAARAGNGARGAYGTNAARAGNTGYAARGC
AATGTAAAAGTGAGGATGTGAAGCGATGTAAAGCCACGTCCAAAGAGCTTGAGAACATGG
TTACATTTTCACTCCTACACTTCGCTACATTTCGGTGCAGGTTTCTCGAACTCTTGTACC
C K s E[D v K R CEK AT S KETULENMMA
CAACCCGTATTGCCAGTGTACGGCAGCAGCTGCTACACAAAAAGGGCACCTTGCTGACAT
GTTGGGCATAACGGTCACATGCCGTCGTCGACGATGTGTTTTTCCCGTGGAACGACTGTA
T R I A 8 V R Q Q L L H K K 6 T L L T s
CCAGCGATAACAGCGTTATAGTGTGGCAGAATGAGCTAGCCTACATAGAACAGCTGTTTG
GGTCGCTATTGTCGCAATATCACACCGTCTTACTCGATCGGATGTATCTTGTCGACAAAC

S D N 8 V I V W ¢ N E L A Y I E Q L F D
specific primer SP2 c¢tcgatcggatgtatcttgtegac

ACAGGACTGATCAGATGTACAATGAGGTGTTATCTACCCTGGCAAGTGTCAACCAGACCT
B D $o-meeem- $ommmeo - tomm e m—— e
TGTCCTGACTAGTCTACATGTTACTCCACAATAGATGGGACCGTTCACAGTTGGTCTGGA

R T D Q M Y N E V L 8 T L A 8 V N Q T F

TCTCCCACCTTCAGACAAGCTTCACAGCAGAAGCTGCAGAGTTGGCAGATCGTAGGCGCT
AGAGGGTGGAAGTCTGTTCGAAGTGTCGTCTTCGACGTCTCAACCGTCTAGCATCCGCGA

S H L Q T s8 F T AEA AW AUEULATDT RIU BRI RL

TGTGGAGGAGGAGAAAGGAGAACAACCGCAAGAGACGCAAGCGCATGGAGAAACAACTTG

ACACCTCCTCCTCTTTCCTCTTGTTGGCGTTCTCTGCGTTCGCGTACCTCTTTGTTGAAC
W R R R K E N NRI KU RIRIKUZ RMEI K QUL E
TACCTYTTYGTYGANC
AAAAGATTGAGCAGCGATCTTGTGAGCTTCTCTTTCATATCACATCCCGGGGAGCATATG
TTTTCTAACTCGTCGCTAGAACACTCGAAGAGAAAGTATAGTGTAGGGCCCCTCGTATAC
K I E Q R 8 ¢ EL L F H I T SR G A Y D
TYTTYTAACTYG anti-sense primer 2A
ACCGGGTGCGTTCCCACCCAGAGATGCCTCGTATTGGACCCAGCGAGGTGAACACAGACA
TGGCCCACGCAAGGGTGGGTCTCTACGGAGCATAACCTGGGTCGCTCCACTTGTGTCTGT
R V R S H P EM PRI G P S E V N TIDM
TGTTAAATGGGATTAAATCTAAATCCGAAGTGAGGCCTCTTATGCACCTACTCAGTAAGG
ACAATTTACCCTAATTTAGATTTAGGCTTCACTCCGGAGAATACGTGGATGAGTCATTCC
L N 6 I K 8 K S E VR P L MHIULTUL S K G

GTTACATGACCCCTGGTGCAATGGAGATGGTCTCTCAAAAGATCCARARACTAGAGTGTG

CAATGTACTGGGGACCACGTTACCTCTACCAGAGAGTTTTCTAGGTTTTTGATCTCACAC
Yy M T P G A MEMV S Q K I Q KL ECG
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1360

1420

1480

1540

GTATTAAGACTGAAGCGCACCAACAGGCAACCCAGGTTGGTATCAACTCCCTGTCGATCA
CATAATTCTGACTTCGCGTGGTTGTCCGTTGGGTCCAACCATAGTTGAGGGACAGCTAGT
I XK T E A H Q Q A T Q V G I N § L 85 I N
specific primer SP4 catagttgagagaccgttag
ACAAAATTACAGCACCTGCTTCAGAGCTAARACTCCATACTGCCTCCTGTCACTGGAATTG
TGTTTTAATGTCGTGGACGAAGTCTCGATTTGAGGTATGACGGAGGACAGTGACCTTAAC
K I T A P A § E L N S I L P P V T G I A
CCTCATCAAATATGGTGTCATCTGTAAACTCAGCTGTGACACAACAATCAGTGCCCACAG
GGAGTAGTTTATACCACAGTAGACATTTGAGTCGACACTGTGTTGTTAGTCACGGGTGTC
§ 8 NMV S 8 VN § AV T Q Q S V P T V
TAARATCTTAACACTCAATTAGCGAAGTAARAGACATTTTAACCAAGTCACAGCGACTTTGC

ATTTAGAATTGTGAGTTAATCGCTTCATTTCTGTARAATTGGTTCAGTGTCGCTGAAACG
N L NT Q L A K’
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Appendix VIII

Plasmid Maps

Sapi2050 V281 0143 Sspizeso Sepl 19

Xmnl 2645 Xmnl 2645

BssHU 619

Kpet 657
Sacl 759
BasHIi 792

Paverss Prowns T3 Prorns K Priron
FAACAOCIATOACCATY FATTASGCCTCACTAAAG S wi g TiCTAGiACTAGrOGaTOs
wey LR 1o ‘— Sast WX} wal Bul el Sumit Sl Pl €l
' OOAAACAOGCTATOACCATGATTACOCCAAGCOCOCAA l‘lcccIclc'l‘ﬂmlc“llm'wm‘cc‘ccmm'mmc CTAGAACTAQTDOATCCCCCONOC AGQ
4 cc'"ﬂlcm'lc’m'lc'll'mw"cuwﬂ"ll"mu'm"‘CCC‘ TG 11 1COACC YCOAGOT GOCOCCACTOCCOGE GATCT10ATCACCTAQUOOOCCCOACATCCYTAA

Beta Qalacicridase e

Hns 8
A Ora
oAV _HAB  Chl 3di el Apal  Kan). Besi 8
TCOA TIA TACCOTCOACE] COADOONOBNCEECAT ACOCAAT TOOCCOTATAGTOAOTCOTATTACOCOCOCTCACTONCCATCOTTITACAL ¥
T OCI1:18?:?0&}ll&??‘lOoglﬁclfﬂzm’mumllm‘IAAM‘XI?#R“WAYAAIMG‘“WM ATQIT &
G '“
£ OCTATOGCAGCTOGAGE § FOATATCACICAQCATAA T
XS Primer ¥ 7 P
Hind (e
. Bapht €301
Soh 166
Seek7 (@)
Pt a1y
Saion
Aac e
Minc Wes
Xoa iom
Soe imn
Now ve)
Barrt
Ava 100
Sma lroR
- ity
A
il EcoR 120y
Ors SY300
Ord fut
Bac R
Nas L)
pMOSBlue
A ¥ an
HOIE Mrwss)
AN KREn
Beakrt N19HY
Eam1105 1168
#1108 inEw
G 13y
G (1380
T7 promoter pri Sall
promore? pomer 51¢8387 1 Hincll
lacZ start T7 promoter Hind Il Sphl Pstl  Acel Xbal Spe 1
ATC%ACCATGATI’ACGCCAAGCI'CTAATACGACI'CACTATAGGGAAAGC TTGCATGCCTGCAGGTCCGACTCTAGAGGATCTACTAGT
Sma [ ’
Awa | Ban1l

Ndel EcoRV BamH 1 Kpnl Sacl EcoR1

CATATGGATATCGGATCCCCCGCTACCGAGCTCGAATTCACTGGCCCTCCTTTITACAACCTCGTGACTGGGAAAACCCT

T-vector cloning U-19mer primer

tatggatT Tm:ggat_

pMOSBlue Multiple Cloning Region
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BasHIl 618
Kpnl 657

Sacl 759
Bsshil 792

Poacurd
Suand

.

2 1GACCO0CAQCAAAATA R
WD 20 P



Xmn | 1994

Nae
Scal 1875 \2695
) T7
t1 ori ! 1 start
Apal 14
Aatil 20
gph { 26
Amp’ stZ | 31
P pGEM®-T lacZ Ncol | 37
Vector : T ¥ Sacl 46
Spel 85
Not i 62
BstZ | 62
Pst ! 73
Saft 75
Nde l 82
) Sac 94
ori BstX1 103
Nsil 112
126
T sps
XNo 18
Cag yiea
NOt X188)
Mund ¥1M
apis
Bout 102 i
EcoR v(oe)
Ngo wtn
Bas uan
Kon 4324
- ) Zaa
m N éfﬁ‘;""‘
“ o SOrA W}
T7 transcription/
i expression region 4088 kem
P army
v et
LT Y B8 w1308
pET-29a(+) sz
(5371 bp) Aspm tra)
Ecos?arry Hoa w1@n
Adwed i3eans
s v < 7 avioa e
el t ey
T\
. Tnn!un:h‘u’“
T7 promaoter primer #69348-1 .
T7 promater lac operator Xbal
AGATCGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCTCTAGAAATAATTTTGTTT
rbs Nde S-Tag™ Nso V _Balt -Kpnl

AACTTTAAGAAGGAGATATACATATGAAAGAAACCGCTGCTGCTAAATTCGAACGCCAGCACATGGACAGCCCAGATCTGGGTACCCTG
NetlysGiuThrAlcAlcAlclysPheGluArgGinHisMetAspSerProAspLeuGiyThrieu
pET-29a(*) T . Eagl
Neol EcoR VBamM) EcoR) Sac)  Sall  Hindl__Noti  _Xhol His-Tag®

GTGCCACGCGGTTCCATGGCTGATATCGGATCCGAATTCGAGCthGTCGACMGCTTGCGGCCGCACTCGAGCACCACCACCACCACCA
YolF P""A"g(i IySerNetAlaAsplleGiySerGluPheGluLeuArgArgGinAlaCysGlyArgThrArgAiaProProP roPraPro

ATATCGCA’ CCEA Ar-,r

‘eserAsphroAsnSer erSer 31A

thrombin

Bpu\ 1021 1'7 letmlnator

CTGAGATCCGGC TGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCT
LuuArgS.rclyCysEnd

T terrnmator pnfner #69337-1 ’

CTAAACGGGTCTT
GAGGGGTTTTTTG

.pET-29a-c(+) Cloning/Expression Region
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Pstl 4862

\

Ori -

187

BstXl 761 )
' BamHI 786

Pstl 897

BstX12062 -

Multipie cloning sites in three different reading
frames for inserton of the gene of interest in frame -

“with the Xpress™ N-terminal p eptide. *

Simplified analysis with a monoclonal antibody

. specific for the Xpress™ peptide (page 62).

F1 origin for rescue of ssONA which binds the T7
primer {sense strand). For convenient generation
of RNA transcripts, see the InvitroScript™ kit on
page 9. ’




Appendix IX

Adaptor Primer (AP1)

Marathon ¢DNA synthesis primer |52-mer)
R Notl
5'-TICTAGAATICAGCGGCCGC(T)5oN. N-3"

Ny =G, A or GiN =G, A CorT
Degenerats mucleotide s onchor

ot bose of poly-A tail
Marathon ¢DNA Adaptor prime ofbosm ol ey
17 Promoter Ml — —Mﬂ—
5-CT AATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGT—3
—— 3'-HN-CCCGTCCA-PO-5'
[ - ] )
Adaptor jzrimer 1 (AP1; 27-mer) "Nested adaplor primer 2 {AP2; 23-mer)

5'-CCATCCTAATACGACTCACTATAGGGC-Y'  5'-ACTCACTATAGGGCICGAGCGGC-3

Positive control primers
5'-RACE TFR primer {24-mer)

5'-GTCAATGTCCCAAACGTCACCAGA-3'

J'-RACE TFR primer {29-mer)
5-ATITCGGGAATGCTGAGAAAACAGACAGA-3’

Sequences of the Marathon cDNA Synthesis primer, the Marathon cDNA Adaptor, and the AP1 and AP2 primers, and the positive
control TFR primers (all ClonTech).
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Appendix X

Sequence Analysis of PCR-generated DNA Fragments

DNA sequences from P.angulosus (P.ang) corresponding to (a) the 106 bp fragment amplified using the degeneraté primer pair
1S/1A, (b) the 372 bp fragment amplified using the degenerate primer pair 2S/2A and (c) the 421 bp fragment amplified using the
specific primer pair SP1/SP2, were compared to the DNA sequence for SpGCF1 from S.purpuratus (S.purp) using a computer
program (GCG). The numbers for the nucleotide sequence of the P.angulosus clone were allocated with respect to the numbering
of the full length clone (see fig 3.15), whereas the numbers for the nucleotide sequence of the S.purpuratus clone correspond to
the numbers allocated to the full length cDNA for SpGCF1 shown in Appendix VII and Zeller et al (1995) (3). The degenerate
primers 1S/1A and 2S/2A used to amplify the respective fragments in (a) and (b) were not included in the sequence comparison.
 The P.angulosus sequences are printed in small letters, whereas the S.purpuratus sequences are printed in capital letters. The
percentage similarity between the individual PCR fragments and the S.purpuratus clone are shown above each alignment

respectively.

(a) Percentage Similarity: 93.877

S.purpuratus 520 AGAATCCACAAAGTGAGCGACAGCTTTTCTACAACGACGTAGCCATGCAA 569

EREVELERREETERTEE BT e FREEEER e e e

P.angulosus 763 agaatccacaaagtgagcgtcagctattctacaacgatgtagecatgcaa 812

(b) Percentage Similarity: 91.912

S.purpuratus 796 CGTCCAAAGAGCTTGAGAACATGGCAACCCGTATTGCCAGTGTACGGCAG 845

PR EEEEE TEERE TR TREE e 1

P.angulosus 1040 cgtcaaaggagctggagaatatggcaaccggtattgcecagtgtacgacag 1089

846 CAGCTGCTACACAAAAAGGGCACCTTGCTGACATCCAGCGATAACAGCGT 895

COEPEREE PEETEEEEE R PR THEE FECREEEE T

1090 cagctgctgcacaaaaagggcaccttgctaacat.cagcgataatagtg. 1137

896 TATAGTGTGGCAGAATGAGCTAGCCTACATAGAACAGCTGTT 937

1138 tatagt...gcagaatgagctag.ctacatagaacagctatt 1175

(c) Percentage similarity: 91.640

S.purp 546 TTCTACAACGACGTAGCCATGCAACTGTATAACAGTGACTTCAACAAGTT 595

P.ang 790 ttctacaatgatgtagccatgcagctgtataacagtgacttcaacaagtt 839

596 TGCTTCCAAG.AAGGGATTTCATGGCTACCTGTTAGAGCAACAGAAGTGG 644

840 tgcttccaagaaaggaatttcatggctacctgttagagcagcagaagtgg 889

645 AGGTGGGATACCCACAGCTACATAGGTAACCTGGAGACTAGAGTACATAA 694

FEEEES TR EEP R LR EE L= L EE TR

890 agatgggatacccacagctacataggtaacctggagaccanagtccataa 939

695 CTTGCTCATTAATCCAAACAGTGGGGTTGCACAGAATGTTGCTCGCTACC 744

FREELEETE FORRERET TR et e e A

940 cttgctcatcaatccaaacagtggggttgcccaaaacgttgetcgatate 989

745 GCAGTGTCCCCATCAAATGTAAAAGTGAGGATGTGAAGCGATGTAAAGCC 794

FEVEEEEEE FERRERTERRELE TE == bR T e 3

990 gcagcgtcccaatcaaatgtaaaagcgaanntgtgaagegatgtgaagee 1039

795 ACGTCCAAAGAGCTTGAGAACATGGCAACCCGTATTGCCAGTGTACGGCA 844

FREED T PR B8 PRREREET VTR T = 1

1040 acgtcaaaggagctgganaatatggcaacgcgtattgccagtgtacnaca 1089

845 GCAGCTGCTACA 856

1090 gcagctgctgeca 1101
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Appendix XI

Partial Sequence Analysis of the 5’ and 3 RACE Products

The DNA sequences obtained for the ~ 900 bp 5’ RACE product (a) and the ~ 1.5 kb 3> RACE product (b) amplified from
P.angulosus (P.ang) cDNA have 74 % and 92 % identity to the SpGCF1 (3) sequence from S.purpuratus (S.purp) respectively.
The homology comparisons were performed using the computer program GCG. The numbering of the nucleotide sequences for
both SpGCF1 and the P.angulosus sequences correspond to the numbering allocated to the respective full length clones (see
Appendix VII and see fig 3.15). |

(a) 5’ RACE fragment: Percentage Identity 73.626

S.purp 5 TTTGGGGGCATAATTTTGCTATTGATCAAGGATAGCGGGCCCGAATTTAC 54

FEEHE L0 P00 TEREy e e e i [T

P.ang 190 ttttggagcttaatattgcttttcatcaatcataactactgaaaaattta 239

55 TCATTTT........ TTAGTGACTTGACGAGGATCCAACA .GAGGTGAGT 95

HTH AL e HE i I

240 ccattttgtgtgtcccttgttagtggaggagactcctccatgaaagaagg 289

96 GAGGAGTGAGGTATGTCCACTCTGCCCCAGCCCCTTTCCCACTGCCTGCT 145

290 aaggagtgaggtttgtccgcectcectgccccagecectgteccattgectget 339

146 GAACCAGGTACAC...CCCGCTCTCAACCTGCCC...... CAGACAGGGG 186

e e 1 O HEEREED T A ERN

340 gaacgtggtgaacactgcagccatcaacctaccccatcaacaaccaggac 389

187 TCATCACAGACATCAAGCCCATGATCAGTAATAAACCTCCTACACAGGAG 236

PELLEERETCEERREE b beeee LERre Trert 1 [l

390 tcatcacagacatcaaaccaatgattagtaacaaaccccctecctactgag 439

237 G..... TCAAACCAARCATCCTAGC. .« cvvvvnen AACTGGCTTGCCCT 270

440 ggaggttccaacccaacttcttagectgeggetgettgetggettgacece 489

271 ATCCTCC 277

EERY

490 accctcc 496
(b) 3’ RACE fragment: Percentage Identity: 92.063

S.purp 561 GCCATGCAACTGTATAACAGTGACTTCAACAAGTTTGCTTCCAAGAAGGG 610

P.ang 805 gccatgcagctctataacagtgacttcaacaagtttgcttccaagaagga 854

611 ATTTCATGGCTACCTGTTAGAGCAACAGAAGTGGAGGTGGGATACCCACA 660

FECECERRRERTEE TR CEER et e

855 atttcatggctacctgttagagcagcagaagtggagatgggatacccaca 904

661 GCTACATAGGTAACCTGGAGACTAGAGTACATAACTTGCTCATTAATCCA 710

EEEVEETEER TR TR e TOPEE P EETTEE THEr T

905 gctacataggtaacctggagaccagagtccataacttgctcatcaatcca 954

711 AACAGTGGGGTTGCACAGAATGTTGCTCGCTACCGCAGTGTCCCCATCAA 760

PECERETRELEEE F0 e e e (e teeey rite

955 aacagtggggttgcccaaaacgttgctcgatatcgcagegtcccaatcaa 1004

761 ATGTAAAAGTGAGGATGTGAAGCGATGTAAAGCCACGTCCAAAGAGCTTG 810

FECCLEERE TE BEECRECTE T PR ey e et

1005 atgtaaaagcgaagatgtgaagcgatgtgaagccacgtcaaaggagctgg 1054

811 AGAACATGGCAACCCGTATTGCCAGTGTACGGCAGCAGCTGCTACACAAA 860

FEEE R LR e e e tre e e e

1055 agaatatggcaacgcgtattgccagtgtacgacagcagectgctgcacaaa 1104

861 AAGGGCACCTTGCTGACATCCAGCGATAACAGCGTTATAGTGTGGCAGAA 910

FECETEROETTEED PO EERT R LEE B b TEEEREE TR

1105 aagggcaccttgctaacatccagcgataatagtgtcatagtgtggcagaa 1154

911 TGAGCTAGCCTACATAGAACAGCTGTTT 938

RERRRARRNRR AR RRRR AR Ny

1155 tgagctagcctacatagaacagctattt 1182
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Appendix XII

DNA Homology Comparison Between the PCR-generated
P.angulosus Clone and the cDNA Encoding SpGCF1

The consensus DNA sequence representing the full length SpGCF1 homologue present in P.angulosus was aligned and compared
to the SpGCF1 DNA sequence (3) using the computer programme GCG. The P.angulosus sequence (P.ang) is printed in small
letters and the Spurpuratus (S.purp) sequence is shown in capital letters. The numbers for the nucleotide sequence of the
S.purpuratus clone correspond to the numbers allocated to the full length cDNA as shown in Appendix IX and Zeller et al (1995)
(3), and the numbers allocated to the consensus DNA sequence for the P.angulosus homologue correspond to the nucleotide

position as determined by sequence analysis.

Percentage Similarity: 83.763

P.ang 190 atttggagcttaatattgcttttcatcaatcataacgactgaaaaattta 239

CUEETE R TR e 111 KL

S.purp 5 TTTGGGGGCATAATTTTGCTATTGATCAAGGATAGCGGGCCCGAATTTAC 54

240 ccattttgtgtgtaccttgtgagttgaggagactcctccatagaagaaga 289

I POLLE AR o e 1

55 TCATTTT........ TTAGTGACTTGACGAGGATCCAACAGAGGTGAGTG 96
290 gtatgtccactctgececcagecectgteccattgectgetg 339
lHlIIIIIIIIIIIIIIIIIIIIHIIIIIIII FIVEE TEEETLT

97 AGGTATGTCCACTCTGCCCCAGCCCCTTTCCCACTGCCTGCTG 146

340 aaccaggtgaacactgcagccatcaacctaccacatcaacaacctggact 389

LEEEELE T L T T AR

147 AACCAGGTACAC...CCCGCTCTCAACCTGCC. ... .. CCAGACAGGGGT 187

390 cacagacatcaaaccaatgattagtaacaaaccccctecctactcagg 439

IIilIIHIlIIIH POLEERE TEETETE R

188 CATCACAGACATCAAGCCCATGATCAGTAATAAA. ., .CCTCCTACACAGG 234

440 aggtcaaaccaaacatcttagctgcggctgetgetggettgacctacect 489

DHELLETEEL T FEAREEEEE D

235 AGGTCAAACCAAACATCCTA........ +GCAACTGGCTTGCCCTATCCT 275

490 ccactcaacgtgcctagcctacctgcaatgeccaacgtgtcgatgectaa 539

CEEELEERTEEEEEL T TR o PR reee 1|

276 CCACTCARACGTGCCTAGGCTACCCGTCATGCCCAATGTGTCTCTGCCTAG 325

540 tgtgtcattgcccaacgtgtcaatgecctaatgtgtctatgeccaatgtgt 589

l LT E R LT

326 T.ovniviennnnans GTCTCTATGCCGAGTGTGTCTATGCCCAATGTCT 360

590 ctatgccaaccagcgtttcaatgccgagtgtgtccatgeccagegtttet 639

IR L LETELPRLETE T

361 CCATGCCCAAC. . . v v ivinnavnnrann GCATCCATGCCCAGTGTTTCG 392

640 atgccgagtgcgtccatgccaagtgttactcttcacaaccaacagggaaa 689

PEELE L TRV P e L Ve e e i

393 ATGCCCAATGTGTCCATGCCAAGTATTCCTCATCACAACTTACAGGGTAA 442

690 caatagcca...actgagcaacagtaattctcaacggctgteccaaatga 736

| AR e N

443 CTTAGGCCAATTACTCAACAACAGTAATTCCCAAAAAATGTCCCAAATGA 492
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The predicted amino acid sequences corresponding to the full length suGF!1 clone from P.angulosus (P.ang) and the SpGCF1
clone from §.purpuratus (S purp) (3) were aligned using GCG. They show a homology of 94 %. Identical amino acid residues in
both sequences are connected with a solid line, those which differ between the two proteins are marked in bold type, and are
connected by a colon (conservation of charge), or by a single dot (charge is not retained). Nonidentical amino acids are shown in
bold type. The numbering of the SpGCF1 amino acids corresponds to the numbering allocated in Appendix‘ VII and Zeller et al
(1995) (3). -

Appendix XIII

Comparison Between suGF1 and SpGCF1 Primary Sequence

Percentage Similarity: 94.227

P.ang 1
S.purp 1
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Appendix XIV

Recombinant Protein Expression in pET
(a) Description of the pET Expression System

The pET system provides translation vectors which can generally be used for expression of eukaryotic target genes (232). These
vectors are available in three different reading frames with respect to the BamH] site in the polylinker. In addition to a versatile
multiple cloning site, pET vectors have several other features such as peptide “tags” to which the target protein can be fused.
These are useful for detection and purification. The pET-29b(+) plasmid contains sequences coding for .the His-Tag (an
oligohistidine domain) which, when fused to the C-terminus of the target protein, can be used for convenient purification of the
recombinant protein. The His-Tag can be released from the target protein by cleavage at the thrombin site. Another “tag” available
on the pET-29b(+) vector is the S-Tag peptide (this forms an N-terminal fusion with the target protein) and an antibody generated
against this region is available, allowing quantitation, detection and affinity purification of the expressed protein. Stop signals, as
well-as a downstream T7 transcription terminator, are available in all three reading frames on the plasmid. The plasmid codes for
the kanamycin resistance gene, which is read in the opposite direction to the target gene, preventing read-through transcription
from the T7 promoter. This turn prevents the accumulation of the kanamycin gene product (pET System Manual). Finally the

presence of an f1 origin of replication on the plasmid allows for the production of ss plasmid DNA.

Expression constructs are first established in a host which does not contain T7 RNA polymerase. This ensures plasmid stability by
preventing potentially toxic genes from being expressed. Several cloning hosts are suita_ble, three of which (viz HB101, JM109
and DH5a) were used to establish the expression constructs for Clones 2, 6, 11 and 16 (see section 4.2.1). The absence of a T7
RNA polymerase source in the cloning host reduces the background target protein synthesis because the host enzymes do not
recognise (or initiate from) the T7 promoter (232). Target genes remain transcriptionally inactive in the uninduced state until they
are transferred to an expression host containing T7 RNA polymerase. Generally these are lysogens of the DE3 bacteriophage,
which is a A derivative, and as a result these host cells have a DNA fragment containing the /acl gene, the /lacUV5 promoter and
the gene for T7 RNA polymerase (232). The T7 RNA polymerase gene is under control of the inducible lacUVS5 promoter which
can be induced by addition of IPTG to the growth medium. Induction results in the expression of T7 RNA polymerase, which in
turn transcribes the target DNA in the plasmid. However, even in the absence of IPTG the /acUV5 promoter may allow some
expression of T7 RNA polymerase, and, when dealing with toxic genes, this may be sufficient to prevent the establishment of
plasmids in the expression host. Therefore some pET plasmids (eg the pET-29 series) have been developed with the T7/ac
promoter (233), in which case the plasmid contains a Jac operator sequence downstream of the T7 promoter. The natural promoter
and coding sequence for the Jac repressor (/acl) is oriented such that the T7/ac promoter and the /acl promoters diverge, hence the
lac repressor acts both at the lacUV5 promoter in the host chromosome to repress transcription of the T7 RNA polymerase gene,
and at the T7/ac promoter in the vector to block transcription of the target gene by any T7 RNA polymerase that is made (233).
Some of the most common expression hosts used to express target proteins from pET plasmids are the two bacterial strains
BL21(DE3) and BL21(DE3)pLysS. Both these strains were used in the expression studies (see section 4.2.1). The BL21(DE3)
strain lacks the Jon protease and the ompT outer membrane protease which helps reduce the degradation of proteins during
purification (234), and thereby improves the stability of proteins. The pLysS strain of BL21(DE3) contains a plasmid which
produces a small amount of T7 lysozyme. This enzyme has the bifunctional properties of cutting a specific bond in the
peptidoglycan layer of the E.coli cell wall, as well as acting as a natural inhibitor of T7 RNA polymerase, thereby providing extra
stability to target genes (235). The low amount of lysozyme produced has very little effect on target gene expression once the T7
RNA polymerase is induced, since more polymerase is produced than can be inhibited by the lysozyme. Lysozyme is unable to
pass through the inner cell membrane; relatively high levels of the enzyme can be tolerated by the cells and therefore rapid of lysis
of cells can be induced by combining the lysozyme with other treatments that would normally not cause cell lysis, eg freeze-thaw,

chloroform, and mild detergent (eg 0.1 % Triton X-100) (pET System Manual).
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(b) Optimisation of Recombinant Protein Expression Using the pET-29b(+) Vector

The four clones (2, 6, 11 and 16) generated by the DNA ligand screeniﬁg technique were subcloned from pBluescript SK into
pET-29b(+) (Novagen) using restriction site combinations Sac/ / BamHI (Clone 2) and Sall / Xbal (Clones 6, 11 and 16). These
combinations allowed for directional cloning of the inserts. The inserts were also released from Bluescript with EcoR/ and
subcloned into pET-29b(+) using the same site. Correct orientation of the inserts was ensured by restriction mapping. The “b”
reading frame was chosen in the pET-29 vector series in order to retain the same reading frame as originally provided by the
Bluescript plasmid. The expression constructs were established in several different £.coli host strains, viz JM109, HB101 and
DH5a, and ekpression of the constructs was induced in the host strains BL21DE3 and pLysS using several colonies originating
from each original host, and subsequently placed in both expression hosts. A plasmid referred to as the “induction control” which
has matching elements to the pET-29 vector, and codes for the B-galactosidase protein (pET System Manual) was provided in the
DE3 lysogen host and was always used as a positive control to test induction by IPTG. Apart from optimising both the initial and
expression hosts for Clones 2, 6, 11 and 16, other conditions used to optimise expression included varying the culture volumes
(0.2 ml to 50 ml), the temperature of induction (16°C, 20°C, 30°C and 37°C), and length of induction (0.5 to 6 hours). The
percentage SDS gel used to analyse the total cell protein was varied in order to optimise the separation of proteins and the gels
were stained with both Coomassie and silver (see sections 2.26). Optimisation of expression resulted in the expression of a single
clone in the pET plasmid. Clone 11 was expressed successfully as a ~ 25 kDa protein in the éxpression host BL21DE3 (for details
see fig 4.1). Expression of Clone 11 was further optimised by performing a time course of induction at various temperatures. Log
phase cells were induced at 16°C, 20°C, 30°C (fig (ii) (a)) and 37°C (fig (ii) (b)) and aliquots of induced cells were removed at
hourly intervals for 6 hours. Uninduced and induced cells were analysed by SDS-PAGE. Recombinant protein expression from
Clone 11 is maximally induced at 37°C for 3 - 4 hours (fig (ii) (b), lanes 7 - 8) and at 30°C for a period of 5 - 6 hours (fig (ii) (a),
lanes 24 - 25). Induction at 16°C (fig (ii) (a) lanes 3 - 9) can only be detected very faintly after six hours, and at 20°C (lanes 10 -
16) it is detected at low levels from about 5 hours onwards. At both 30°C and 37°C the induction occurs strongly after three hours
and continues with increasing time. Protein molecular weight standards are shown in lane 1 of fig (ii). (a) and (b), and the

uninduced and induced proteins resulting from the induction control plasmid are shown in lanes 2 and 3 respectively (fig (ii) (b)).
(¢) Soluble Forms of Recombinant Protein Expression

Several methods were applied in attempts to isolate recombinant protein from Clone 11 in a soluble form in order to confirm its
DNA-binding ability. The first method (Stratagene Protocols) involved harvesting the cells (induction with IPTG at mid log
phase, growth at 37°C for 3 - 4 hours), resuspension in lysis buffer (section 2.14.3.1) which was supplemented with lysozyme and
Triton X-100 to lyse the cells, and subsequent separation of the cellular debris from the soluble proteins in the supernatant by
centrifugation. Soluble protein extracts were analysed by SDS-PAGE and silver stained, as shown in fig (iii). Lane 1 represents
protein molecular weight markers, lanes 2 and 3 are uninduced and induced cell extracts from the control plasmid (f-gal is shown
by the asterisk), lanes 4 and 6 are uninduced extracts from Clone 11, whereas lanes 5 and 7 represent soluble protein extracts
derived from induced cells of Clone 11 (recombinant protein is marked by the arrow). It appears that both the B-gal protein (lane
3) and the protein from Clone 11 (lanes 5 and 7) are at least partially soluble. These extracts were titrated in gel shift experiments
with the E/H fragment (see section 2.21) however the induced protein showed no DNA-binding ability (data not shown). This
could possibly be attributed to either too much detergent present in the extract, lack of Mg®" and Zn*" ions during isolation, or-
incorrect folding of the recombinant protein. These potential problems were addressed by dialysing the bacterial extracts into
dialysis buffer (see section 2.19) containing 4 mM MgCl, and 2 mM ZnCl,, however this did not alter the DNA binding ability of
the extracts. Several attempts to improve the isolation of soluble recombinant protein (by varying the temperature, length of
induction, changing the expression host) were not successful, and the induction and isolation methods of soluble protein appeared

to be unreliable, since the induced proteins could not reproducibly be detected in the supernatant.

The purification of soluble recombinant protein was attempted by an alternative method, which exploits the fusion of recombinant

proteins to the His-Tag on the pET plasmid, followed by Nickel column chromatography of the protein extracts (pET System
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Recombinant expression from Clone 11 in pET-29b(+) in BL21DE3 cells was optimised by an induction time
course over a range of temperatures (16°C, 20°C and 30°C, (a) and 37°C, (b)). Cells were grown to ODg,, = 0.4
and induced at 0 hours (lane 2 in (a) and (b)). Aliquots of induced protein from Clone 11 for each temperature ((a)
lanes 3 - 9 (16°C), lanes 10 - 16 (20°C), lanes 17 - 25 (30°) and (b) lanes 4 - 10 (37°C)) were removed at regular
time intervals (0.5 - 6 hours) and analysed by 10 % SDS-PAGE with subsequent silver staining. Host cells
containing the control plasmid coding for the B-gal protein (see asterisk) were induced for 3 hours at 37°C (panel
(b), lane 3). Standard molecular weight markers are indicated in lane 1 in (a) and (b)).
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Soluble protein extracts from BL21DE3 cells containing the Clone 11 expression construct (lanes 4 - 7) or the
induction control plasmid (lanes 2 - 3) were analysed by 10 % SDS-PAGE (silver stained). Duplicate extracts
from induced cells containing Clone 11 (lanes 5 and 7) express a recombinant protein at ~ 25 kDa compared
to uninduced cell extracts (lanes 4 and 6). Similarly, the (3-gal protein (marked by the asterisk, see lane 3)
induced from the induction control plasmid, can be distinguished above the background of uninduced cell
extract (lane 2). Standard molecular weight markers are indicated (lane 1).
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Manual and see section 2.14.3.2). The mid-log phase cells were subjected to standard induction conditions with ImM IPTG at
30°C or 37°C. The cells were pelleted and resuspended in column binding buffer containing protease inhibitors (see section
2.14.3.2). The suspension was subjected to sonication in bursts (the length and number of sonication steps was varied in order to
optimise the releasc of-the recombinant proteins), and several washes of the pellet in order to firstly reduce the viscosity, and
secondly to help solubilise any recombinant protein precipitates. Remaining cell debris was removed by centrifugation. Soluble
protein extracts containing recombinant protein from Clone 11 were subjected to Nickel chromatography, however the amount of
recombinant protein that was solubilised by sonication was probably insufficient to be visualised in the Nickel column elution
profile as analysed by SDS-PAGE. These results were confirmed by repeating the same procedure with the induced B-gal protein.
The successful induction of the B-gal protein in total cell extracts is shown in the Coomassie stained SDS gel (fig (iii), lane 3).
Repeated sonication and wash steps released more (3-gal-protein into the supernatant, these fractions were pooled and fractiénated
by Nickel column chromatography using gravity flow (see section 2.14.3.2) followed by SDS-PAGE analysis. The column was
washed once with binding buffer and once with washing buffer. Subsequently, proteins were eluted in 15 fractions of 1 ml each
using elution buffer, after which the column was stripped with a high salt solution. All the fractions collected from the column
were TCA precipitated before analysis by 10 % SDS-PAGE which was silver stained as Coomassie was not sensitive enough to
visualise the protein bands (data not shown). Proteins eluted from the column during both the wash steps, and the remaining
proteins eluted in fractions 1 - 15, however from the profile it was not possible to gage where the B-gal protein eluted. Similar
results Wcre obtained for both the B-gal control protein as well as the recombinant protein from Clone 11, indicating that either’
insufficient solubilised protein was released for subsequent detection in the elution profile, or thé Nickel column was prone to ion
leachin‘g. It is possible that Nickel is lost from the resin as a result of the wash steps, leading to the loss of the protein-metal
complexes, or these complexes could have leached out gradually over several of the eluting fractions. These factors, together with
the fact that the expressed recombinant proteins were not easily solubilised and released into the supernatant could all contribute
to the fact that neither the B-galactosidase protein nor the recombinant Clone 11 protein could be discerned in the elution profile.
Therefore the recombinant protein purification was approached using a different technique, viz by first denaturing the insoluble

recombinant proteins using denaturing agents, in order to release greater amounts of recombinant proteins.
(d) Inclusion Body Isolation Methods

Insoluble inclusion bodies (dense aggregates of overexpressed protein which can accumulate in the cytoplasm) may be used as a
source for further purification of the target protein (Lin and Cheng, 1991) (186). Their dense nature allows them to be precipitated
away from other E.coli proteins, and sometimes, depending on the nature of the protein, they can be dissociated by strong
denaturing reagents, such as urea or guanidine HCI. The solubilised protein can then be refolded by slowly removing or diluting

the denaturant, and the renatured protein can be further purified.

Several methods pertaining to inclusion body isolations and renaturation of recombinant protein were applied. One method (pET
System Manual, and section 2.14.3.3) involved resuspension of the induced cells in binding buffer (see section 2.14.3.2), followed
by sonication of the suspension in brief bursts to aid resuspension of cells and shearing of the DNA. The resuspended cells were
washed twice in binding buffer with subsequent resuspension in binding buffer supplemented with 6 M guanidine HCI or 6 M
urea. Resuspension was aided by sonication, which was repeated several times in order to release more trapped proteins from the
pelleted inclusion bodies. The suspension was incubated on ice to dissolve the proteins, and the supernatant was subsequently

dialysed into dialysis buffer (see section 2.19) in order to remove the guanidine HCL.

A second protocol used to isolate inclusion bodies followed the method described by Calzone et al (1991) (120) (see section
2.14.3.3). This involved standard induction and expression of the recombinant protein, after which the cells were lysed by
addition of lysozyme and by short bursts of sonication. The suspension was supplemented with NP-40 and sucrose, after which
the insoluble material was removed by centrifugation. Soluble proteins were selectively precipitated with ammonium sulphate,

and the resuspended proteins were dialysed against dialysis buffer (see section 2.19).
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A third method of inclusion body isolation, developed to isolate active eukaryotic proteins, was outlined by Lin and Cheng (1991)
(see section 2.14.3.3). The induced cells were pelleted and resuspended, the outer membranes were removed to form spheroplasts
which were lysed by repeated sonication in short bursts. RNA and DNA were digested enzymatically. The crude inclusion bodies
were pelieted and washed several times, after which they were resuspended by sonication and denatured in 5 M guanidine HCI.
The suspension was supplemented with a large volume of buffer and the proteins were renatured overnight, and subsequently

dialysed into the buffer of choice (dialysis buffer).

Despite several attempts to solubilise the expressed recombinant protein by means of extensive sonication, combined with
denaturation agents such as urea and guanidine HCI, none of the methods outlined above successfully dissociated the inclusion
bodies containing the protein expressed from Clone 11, as assessed by means of SDS-PAGE analysis. The dialysed protein
extracts, obtained after extensive sonication of the inclusion bodies (and denaturation of the released proteins) showed no
enrichment of the expressed recombinant protein when compared to the insoluble fraction (data not shown). The expressed
recombinant protein remained in the insoluble fractions of the inclusion body, ie recombinant proteins could not be solubilised,
showing that despite the denaturation / renaturation protocols these methods do not result in the successful isolation of the

recombinant protein expressed by Clone 11.
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Appendix XV

Recombinant Protein Expression in Eukaryotic COS Cells

Prokaryotic gene expression lacks post-translational modifications, which may lead to incorrect folding of the protein or loss of
biological activity of eukaryotic recombinant proteins (151), whereas eukaryotic systems effect higher stability of the target
protein because of proper folding, activation, processing and assembly (208). An eukaryotic expression plasmid requires a SV40
origin of replication for high copy number amplification in the hosf cell. It also needs an efficient promoter element for
transcription initiation, mRNA processing signals, a polylinker for easy cloning of inserts, a selectable marker to select for stably
integrated cells, and often expression vectors have plasmid backbone sequences which enable their propagation in bacterial cells
(151, 208). All these requirements are met by the expression plasmid pCIS (see Appendix VIII) into which the insert from Clone
11 was cloned using the Xbal / Notl restriction sites in the multiple cloning site. Transient eukaryotic expression is limiting,
though, since usually only 5 - 50 % of the cell population is able to acquire and express the DNA (151). Expression of the protein
will last over a period of days to several weeks, until the DNA is lost from the population. COS cells express high levels of the
SV40 large tumour (T) antigen which initiates replication of the expression plasmid from the SV40 origin (151). Transfected
DNA can be amplified to exceed 100 000 copies of the plasmid per cell, which implies that very high recombinant expression
levels can be achieved. Cells transfected with Clone 11 were allowed to express for 24 - 48 hours after which they were harvested
and processed into whole cell extracts and nuclear extracts (see section 2.15). The extracts were analysed by SDS-PAGE, as
shown in fig (iv). Whole cell extract and nuclear extract of untransfected cells are shown in lanes 2 and 3 respectively, whereas the
whole cell extract and nuclear extract of transfected cells is shown in lanes 4 and 5 respectively. Several differences (marke_d by
the arrows) are apparent between the total cell extracts and nuclear extiacts for both the transfected and untransfected cell
populations, however there are no distinguishable differences between untransfected and transfected cells for either type of extract
generated (compare lane 2 with lane 4, and lane 3 with lane 5). This was verified by analysis of the extracts in EMSAs using the
labelled E/H probe (data not shown), which revealed no DNA-binding activity in any of the extracts shown in fig (iv). These
results imply that either the mammalian expression system is very inefficient, possibly due to low transfection success, such that
the expression of the recombinant protein could not be ascenainéd or, alternatively, the protein cannot be expressed in this host
environment. Since the expression of the protein was not detected in the COS cells, the vector system should have been examined
in more detail to confirm the underlying problems (151). For instance, the expected structure of the expression construct should
have been reconfirmed by DNA sequencing. In addition, a positive control using the same vector with another insert (which is
known to express reliably in the system) would be needed to determine the transfection efficiency. The expected size of the RNA,
as well as its level of expression could be analysed by Northern hybridisation. The expression could also be approached with a

different vector.
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Fig (iv) Eukaryotic Protein Expression of Clone 11 in COS Cells

Clone 11 was subcloned from pBluescript into pCIS an the expression construct was transfected into COS cells.
Untransfected (lanes 2 and 3) and untransfected cells (lanes 4 and 5) were harvested after 24 - 48 hours and
processed into total cell extracts (CE, lanes 2 and 4) and nuclear extracts (NE, lanes 3 and 5). The differences
observed between cell extracts and nuclear extracts are marked by arrows, however there appear to be no
differences between the extracts from untransfected and transfected cell populations (compare lane 2 with 4 and
lane 3 with 5). The standard molecular weight markers are indicated in lane 1.
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