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A bstract

Competence is a state that develops in Bacillus subtilis as a result of high cell
density and limited nutrients. When cells achieve competence, they produce a complex
DNA binding and uptake system that allows them to take up exogenous D NA, which can
then be recombined into their chromosomes. A host of proteins regulate competence, and
the regulation of competence is dominated by the competence transcription factor ComK.
Although ComK has been identified for approximately 10 years, researchers have had
difficulty in purifying the protein due to a variety of factors. Methods including His-Tags
and maltose binding proteins have been used with limited success and the lack of a good
method of purification has hindered the study of ComK. In addition, due to poor
solubility, no structural analysis of ComK has been done. The objective of this research
was to clone and produce truncated versions of the ComK DNA binding domain and to
determine a procedure for the purification of wild-type protein and the truncated version.
ComK was overexpressed in a strain containing plasmid pET21a comK in which the
-

,

comK gene is under the control of the T7 promoter. Cells were induced with IPTG and

harvested. Protein purification of the wild-type protein was achieved using a High Q ion
exchange column, a step-wise ammonium sulfate precipitation to a concentration of 50%
ammonium sulfate and a gel filtration column.
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Introduction

Bacillus subtilis is a Gram-positive soil bacterium that can natural ly differentiate

in to a state of competence. Genetic competence is characterized by the cel l's ability to
synthesize a complex DNA binding and uptake system and by activating recombination
genes (Dubnau, 1993). Competence development can be initiated by a starvation
induced initiation process which is optimized at high cell densities with gl ucose as the
main carbon source. When nutrients are limited, B. subtilis cel l s synthesize a motility
and chemotaxis system a l lowing them to search for a more hospitable environment.
Under the conditions mentioned above , the cel l s can develop genetic competence as they
enter the post-exponential growth phase. Competence in B. subtilis is regulated by
several factors incl uding the synthesis of specific proteins and the need for specific
environmental stimuli.

Competence Development

B. subtilis must attain several conditions in order to devel op competence. The

optimal time for competence development is two hours after exponential growth ceases,
and a minimal media with gl ucose as the main carbon source (Dubnau, 1993). There must
al so be an environment with high cel l density. When these prerequisites are achieved,
competence can develop, but even in optimal conditions there is stil l on ly about a 10%
rate of competence devel opment. It is possible to distinguish between competent cel l s
and non-competent cel l s with a density gradient and centrifugation, however this i s not
required for competence devel opment. Competent cell s have been found to be more
buoyant than non-competent cel l s. In addition to these prerequisites, and in order to
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reach competence, cel l s must accomplish two crucial thin gs. In order to acquire new
genetic material they must first synthesize a complex DNA binding and uptake apparatus.

Regulation of Competence

The key protein in competence development is the protein ComK. The regulation
of ComK and competence overa l l is high ly regul ated as a two-fold mechanism in B.
subtilis, the first part activated by quorum sensing and nutritional limitation , producing

the protein CornS (Dubnau and Lovett, 2002). CornS goes on to activate the second part
of the mechanism. The overal l mechanism is begun by the release of the C-terminal 10
residues of the protein ComX, into the sUlTounding medium, where it acts as a
pheromone signal (Lazazzera, et aI., 1999). It is almost certain that ComX then binds
directl y to the histidine kinase, ComP, a membrane protein (Tortosa, et a!. , 2001). This
pathway then converges with a second quorum-sensing pathway, at the point of ComA
phosphorylation (Sol omon , et aI. , 1995). ComA�P binds to the multi-gene operon srfA at
two upstream palindromic ComA boxes, activating the camS gene and producing the
protein CornS (Figure 1) (Weinrauch , et a!. , 1990).
ComK binds upstream from the camK promoter and initiates camK transcription
and a relativel y smal l amount of ComK can initiate a positive feedback l oop (Hamoen , et
a!. , 1998; Van Sinderen , et aI., 1994). Under normal conditions , in order to prevent
inappropriate induction of competence, a stable ternary structure in which the N-terminal
domain of MecA binds ComK and the C-terminal domain of MecA binds ClpC (Persuh,
et a!. , 1999). In addition , CornS binds the N-terminal domain of MecA which initiates
the release of ComK from the ternary complex. ComK is then available to bind to its
promoter and initiate the expression of the transformation genes (Figure 2).
2
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FIGURE 1: The quorum-sensing pathways of competence regulation. The box
represents a cell. Adapted from D ubnau and Lovett (2002).
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FIGURE 2: Regulation of ComK via MecA. Adapted from Dllbnall and Lovett (2002).
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DNA Uptake System

The overal l mechanics of DNA uptake in Gram-positive bacteria begins with the
bi ndi ng of DNA to the cel l surface protei ns. B. subtilis has approximatel y 50 of these
proteins (Dubnau and Ci rigliano, 1972; Singh, 1972). There is subsequent double-strand
cleavage of the DNA, usually beginning at the bi nding point of the DNA to the cell
s urface (Arwert and Venema, 1973; Dubnau, 1976; Dubnau and Ci ri gliano, 1972). One
strand i s taken up whi l e the other i s degraded, and the degradation products are released
i nto the extracel l u lar medi um. After the single strand is i nternalized, it is presumed that
it i nteracts with RecA, stimulating recombination. In B. subtilis it has been reported that
uptake occurs in both the 5' 3 direction and the 3' -5' direction, unlike other simi l ar
-

'

model systems (Vagner, et aI., 1990).
Research has shown that four loci code the DNA binding and uptake apparatus:
come, comE, comF and comG, which are all labeled as late-competence genes (Dubnau

and Lovett, 2002). Sequence comparison of ComC and the ORFs of the heptaci stroni c
comG operon exhibited similarities with type-IV pilins from Pseudomonas species and

other pi lin-like complexes. Type-IV pilins are proteins needed for synthesi s and
assembly of the DNA uptake system. Combined with experimental data, these
observations l ed to a model in which DNA binding i s accompl i shed by a pilin-like
structure, composed of several comG-encoded proteins that anchors in the cytoplasmic
membrane and possibly i nto the cell wall (Dubnau, 1999). ComEC is an i ntegral
membrane protei n with at l east six membrane-spanning segments, a hydrophi lic C
terminal domain and a hydrophobic N-terminal domain. Thi s protei n appears to form a
water-fi lled passageway that the DNA moves through to enter the cell. ComFA i s
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another integral membrane protein, however i t i s only partly i n the bilayer and i s on the
i nner face of the membrane. Thi s protei n may provide the energy for the transport of the
si ngle-stranded DNA across the membrane (Dubnau and Lovett, 2002). Two additional
proteins coded by competence operons are NucA and Nin. NucA is a nuclease thought to
be responsible for i ntroducing double-stranded breaks i n DNA at the cell surface and Nin
forms a complex wi th NucA that limits the acti vity of NucA (Smi th, et aI ., 1985;
Vosman, et aI ., 1988). There are more proteins coded for by competence operons, but
their function is not fully understood as of yet.

Expression of Genes Encoding the DNA Uptake System

When multiple copies of the comC promoter were introduced i nto B. subtilis,
Mohan and Dubnau (1990) observed reduced competence and reduced expression of the
late competence genes comC, comG and comE, which suggests the ti tration of a specific
transcription factor. Based on these results Mohan and Dubnau proposed the exi stence of
a competence transcription factor (CTF) that i s required for the expression of late
competence genes, as di scussed above. Van Sinderen, et al. (1994) identified the gene
responsi ble, comK, and i t was found to be responsible for the expression of late
competence genes, for the expression of recombi nation genes such as recA or addAB and
for i ts own expression (Haijema, et aI ., 1995; Haijema, et aI ., 1996; Van Si nderen, et aI.,
1995; Van Si nderen and Venema, 1994). ComK-footprinting analysi s with the promoters
of comC, comG. comE, comF, comK, addAB and recA found a conserved AT-rich
palindromic sequence that is the recognition site for ComK (Hamoen, et a" 1998). It was
also found that transcription stimulating acti vity of ComK can be demonstrated in vitro.
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Based on this research it is apparent that the protein ComK is responsible for the
expression of all late genes necessary for competence.

ComK and DNA B i nding

ComK is a 192-residue protein that binds to an AAAANs TTTT sequence (ComK
box) upstream of its target genes (Hamoen, et a\. , ] 998). The ComK box is always found
in duplicate, on the same face of the DNA helix, separated by 2 to 4 helical turns. The
variation in distance between the two ComK boxes distinguishes three classes of ComK
regulated promoters. The first class of promoters includes recA, addAB, din A and nucA
and has a distance between ComK boxes of 21 nucleotides, two helical turns. The second
class of promoters is the late competence genes (comC, comG, comE, and comF) and
have the AT-boxes separated by 31 nucleotides, which is three h elical turns. The third
class is the comK promoter, which has the AT-boxes repeating every 4 helical turns, or
44 nucleotides. Despite the variations in length and number of turns, in all classes the
AT-boxes appear on the same face of the DNA. The presence of the ComK dimers on
the same face of the DNA allows the dimers to form tetramers (Hamoen, et aI., 1998), a
process shown to be essential for maximum efficiency in ComK binding. In class 2 and
class 3 promoters, the formation of tetramers is accomplished only when two ComK
dimers stretch across a large distance, which suggests some sort of DNA contortion.
ComK has been shown to induce DNA bending by an estimated 75 degrees in the
promoter's comG and comF (Hamoen, et aI., 1 998). Hydroxyl radical analysis shows
that protected bases in the upper and lower strands of DNA closest to the center of the
AT-box dyad symmetries are offset in the 3' direction relative to the centers of the AT-
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boxes. This i ndicates that ComK monomers contact each other across the major groove
of DNA, which in turn i mplies that ComK recognizes the AT-box consensus sequence i n
t h e minor groove of DNA (Hamoen, e t aI ., 2001). DNA bending i s observed with
transcriptional activators and is thought to faci l itate the wrapping of DNA around RNA
polymerase.

RNA Polymerase

In order to understand the effect of ComK binding and DNA bending on the
bindi ng of RNA polymerase, it is necessary to be fami l i ar with RNA polymerase 's
structure and function. Most of the research done with RNA polymerase has been done
in E. coli. The structure of RNA polymerase i n E. coli i s conserved i n B. subtilis except
for the presence of the cr subunit. RNA polymerase i s a multisubunit enzyme consi sting
of five subunits,

ex2�Wcr (Murakami, et aI., 1997). The entire structure i s cal led a

holoenzyme and the core enzyme consi sts of al l of the subunits except cr. The

cr subunit

recognizes the promoter region on DNA and is weakly associated with RNA polymerase.
The remaining subunits bind to the promoter region after recognition, then transcription
is i nitiated.
Initiation begins when subunits bind up to three promoter elements: the -10 and35 bp, recognized by the cr subunit and may i nvolve the UP element, recognized by the

ex

subunit (DeHaseth, et aI., 1998). The UP element i s located upstream of the -35 region
between -40 and -60 bp. After RNA polymerase bi nds to the DNA, the RNA
polymerase-DNA structure changes conformation and forms an open compl ex. The open
complex al lows the double-stranded DNA to begi n to partially separate and RNA
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polymerase gains access to the bases. After approximately 10 bp's are transcribed, the

a

subunit dissociates from the promoter, allowing the RNA polymerase to bind more
tightly and elongation can continue.
The UP element has been shown to stimulate promoter activity -30-fold in certain
genes (Ross, et a1., 2001). The consensus sequence of the UP element has been identified
as containing alternating A and T tracts in proximal and distal subunits from which the a
s ubunits of RNA polymerase bind to the DNA. Each a subunit is 329 amino acid
residues and is involved in RNA polymerase assembly in addition to DNA binding
(Murakami, et aI., 1997). The a subunits contain two independently folded domains with
specific functions. The amino-terminal domain (a-NTD, residues 8-233) is responsible
for the dimerization and interactions between � and �', and the carboxy-terminal domain
(a-CTD, residues 245-329) contains DNA binding determinants (Hayward, et aI., 199 1;
Blatter, et aI ., 1994). A protease-sensitive flexible linker connects the two a subunits,
which presumably allows transcription activators to bind to a variety of places on DNA
and still have access to the a subunits (Blatter, et aI ., 1994; Negishi, et aI., 1995).
The a-CTD also plays an important role in communication with class I
transcription factors (i.e. those that require the a-CTD subunit for activation) such as
cAMP receptor protein (CRP), MarA, OxyR, OmpR, Rob, SoxS, TyrR and GalR
(Murakami, et aI., 1997). The targeting of the a subunits transcription factor action led to
the discovery of a-DNA interactions in the early 1990s (Russo and Silhavy, 1992). The
importance of the a subunits in transcription initiation became evident after the
successful production and purification of RNA polymerases with mutant a in which the
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CTD section of the a subunit was mi ssing (Estrem, et aI., 1999). These mutants were
defecti ve i n rRNA promoter function which led to the conclusion that the a-DNA
interactions play an i mportant rol e i n transcription (Gourse, et aI., 2000).
There has been a l ot of work done trying to elucidate the interaction between the
a subunits and the UP element through extensive footprinti n g and crossl i nking studies.
One model system used in studyi ng these interactions contains the gene rmB. Footprints
of RNA polymerase on rmBP1 and other promoters extend about 60 bp upstream of the
transcription starti ng poi nt and protecti on upstream of --40 is due to i nteractions with a
(Kolb, et aI., 1993, Ross, et aI., 1993). The DNA backbone regions centered at --42 and
--52 of the rmB PI UP e l ement are protected against hydroxyl radical cleavage by a or
RNA polymerase. The speci fics of a binding have been complicated by specific features
of interacti ons with di fferent promoter upstream regions. The

a

subuni ts can bind to

DNA i n either a sequence-speci fic or a sequence-nonspecific manner, and some
footprintin g analysi s has shown multi ple regions of protection within one upstream
region (Ross, et aI., 2001). In addition, comprehensive cross-linki ng studies suggest that
the two a-CTDs may oscil l ate among different binding sites or alternati vely may bind to
di fferent sites i n different molecules in the population (Naryshki n, et aI., 2000).
The variability of binding sites i s due to the long, flexible connector between the
a-NTD and a-CTD in addition to intrinsic DNA di stortions and protein-induced DNA
bendi ng i n initiation complexes (Gourse, et aI., 2000; Naryshkin, et aI., 2000). The l inker
allows the CTD to move at l east 30 bp along the promoter region of the DNA. Thi s i s
supported by reports that a single CRP site can be shifted from-61.5 to --90 which
retai ning transcri ptional acti vity and the critical determinants of the CRP. NMR studies
9

also i ndicate the presence of a l inker that i s at least 13 residues long (Murakami , et aI.,
1997).
Research has also shown that the two a-CTD subunits from � and W bind
separately to the UP element. It was first determined that a-CTD is a minor groove
bi ndin g protei n through hydroxyl radical footpri nting experiments (Murakami , et a.,
1997) . Protected regions were separated by 3 bp, which suggests bi ndin g across the
minor groove (Newlands, et aI., 1991; Ross, et aI., 1993; Estrem, et aI., 1998). In studies
with distamyci n, an antibiotic that binds tightly in the minor groove, the a subunit was
unable to bind to the UP element. Di stamyci n also i nhibi ts UP-dependent transcription
w hen UP-independent transcription was unaffected, indi cati ng that the mi nor groove
plays a key role with the UP element (Gourse, et aI., 2000). The possible rol e of major
groove contacts i n a-UP element i nteractions was tested by interference footpri nting
using RNA polymerase and promoter fragments prepared by limited incorporation of
dUTP or 7-deaza-7-nitro-dATP i nto the DNA. These experiments showed that the major
groove contacts contribute little i f any to a-UP element i nteractions (Ross, et aI., 2001).
After determining that the minor groove was the main site of binding for the a
CTD on the UP element, research was done to determine where the i ndi vidual units bind.
Although a-CTD puri fies as a dimer in solution, there is no evidence that the molecules
i nteract when bound to DNA (Gourse, et aI., 2000). UP element subsites of rmB were
tested for the i nteracti on with one copy of a-CTD using a RNA polymerases lacking one
a-CTD using DNA affi ni ty cleavage by a reagent attached to a specific site on the
protei ns (Murakami , et aI., 1997). The two a-CTDs were differentiated based on the fact
that one a binds to � and the other to W. There are three possible configurations of
10

bindi ng i nteractions, the first being when the promoter has a full UP element with two
consensus subsites. In thi s case both a-CTDs must bind, one at the di stal subsite and one
at th e proximal. B oth consensus proximal sites and consensus di stal si tes require only
one a-CTD (Murakami , et aI., 1 997). The a-CTDs from the

� and W subuni t can

function i nterchangeably (Estrem et aI., 1 999). Murakami, et al. ( 1 997) has proposed a
model for the mechani sm of i ndependent positioning of two a-CTD subunits by two CRP
dimers. They found that i n the case of promoters carryin g tandem DNA sites for CRP,
each of the a-CTD subuni ts i nteracts w i th each of two CRP dimers. The a-CTD from
the � subun i t has a constant site of binding, while the a-CTD subuni t from

�' shifts

bi ndi ng locati ons depending on the location of the upstream CRP dimer.
B efore the a-UP element interactions were di scovered, i t was found that some
naturally occuri n g promoters have phased A-tracts upstream of the -35 hexamer and that
these A-tracts increase promoter acti vity when fused to core promoters in synthetic
promoter h ybrids (McAlli ster and Achberger, 1 988). Due to the fact that A-tracts phased
w i th a helical repeat results in DNA bending of approximately 1 8 degrees per A-tract, i t
was proposed that DNA curvature per s e facili tated transcription (Gourse, et a I . , 2000).
The presence of A-tracts i n UP elements offers an alternati ve explanation : A-tracts
directly affect transcription because of DNA-a i nteractions. Evidence for thi s model
i ncludes the failure of phased A-tracts to stimulate expression when the promoters were
transcribed by mutant RNA polymerases and footprinting analysi s showi ng that
protecti on of the A-tracts was a-CTD dependent (Aiyar, et aI., 1 998). These results
demonstrated that in most cases A-tracts i ncrease transcription through DNA-protein
i nteractions, such as the bi ndi ng of a-CTD to DNA, by causi n g bendi ng of the DNA.
11

Therefore phased A-tracts should be considered a subset of UP element sequences
(Gourse et al. 2000). In addition, the presence of DNAse I hypersensitive sites i n
footprints o f the U P element suggest that after RNA polymerase bi nding there i s DNA
di stortion withi n the a bi nding site (Gourse, 1988; Estrem, et aI., 1999). Therefore, it
seems that some p011ion of the wrapping of DNA around RNA polymerase i n the
transcription i nitiation complex i s due to a-DNA i nteractions.

ComK and RNA Polymerase In teractions

In B. subtilis, the SOS system is an i nduci ble DNA repair system that is i nhibited
by the protein LexA. Under normal conditions, LexA bi nds to the recA promoter and
acts as a repressor (Raymond-Denise, et aI., 1991). When there i s DNA damage, LexA i s
activated b y RecA and undergoes autocl eavage which stops LexA's repression of recA
and i ni ti ates the SOS system (Mi l l er, et aI., 1996). Hamoen, et aI., (2001) have found
that ComK can ovenide the transcription i nhibition by LexA without displacing LexA.
Mobi l i ty shi ft assays showed that despite overlapping recognition sites both ComK and
LexA i n the presence of each other are abl e to bind to the recA promoter with equal
bi nding affini ty to when the proteins are alone. In addition, ill vitro transcription assays
showed that the presence of ComK was sufficient for competence i nduced recA
ex pressi on.
By looking specifical ly at the interaction at the recA promoter, Hamoen, et aI.,
al so found that the SOS box i n this promoter i s not found i n the typical l ocations of-10
and -35, rather it i s located at -52, which conesponds to the di stal site of the UP element.
Just as i n E. coli, the UP elements of B. subtilis are needed for high level expression of
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certain genes and have been shown to i nteract with the B. subtilis a-CTD (Hamoen, et al.,
1998). In addition, the sequence of the recA promoter between -46 and -59 i s AT rich,
resembling the E. coli UP element consensus sequence. Thi s study also proposes the i dea
that the bending of DNA by ComK i s an essential feature to stopping LexA i nhibi ti on,
ei ther by allowing the RNA polymerase to come i n and displace the LexA or by
providing an alternati ve binding i nteraction allowing RNA polymerase to carry out
transcription (Figure 3) (Hamoen et al., 2001). Specifically i n the recA promoter, ComK
must bind to all four AT boxes i n order provide the bending necessary for the wrapping
of DNA around RNA polymerase. Further support comes from evidence that deleting the
most upstream AT box causes a 70% reduction in competence-related recA expression
(Cheo et al., 1993).

FIGURE 3: Model of possible ComK-LexA-RNAP i nteractions on the recA promoter.
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In addition to DNA wrapping, the binding of RNA polymerase to the recA
promoter could result from direct interactions between ComK and cx-CTD (Hamoen, et al
200 I). Based on evidence that E. coli cx-CTDs interact with the proximal UP element
subsite at position -42 and the distal UP element subsite at position -52, it appears
significant that the downstream AT boxes of the comC, comE, comF and comG
promoters are centered around position -48. The l ocation of these binding sites rel ative
to the cx-CTD binding sites suggests a mechanism in which ComK affects the binding of
cx-CTD. This could be a direct interaction in which ComK provides an additional binding
site for the cx-CTD when LexA inhibits the UP element. Altematively it could be an
indirect interaction in which ComK induces a DNA conformation change that allows cx
CTD binding.

Proposed Research
1.

C loning B. subtilis comK and rpoA

a genes

The overal l goal of this project is to characterize the bindin g of ComK and RNA
pol ymerase in B. subtilis, to determine any interactions, and to then determine their
structure using a combination of NMR spectroscopy and mol ecular modeling. However,
ComK in its compl ete form is insol uble for NMR spectroscopy because it is too big and
has a tendency to aggregate in solution. Therefore we propose to attempt to clone and
purify the DNA binding domain of ComK in order to determine protein-protein
interactions and protein-DNA interactions. The DNA binding domain of ComK has been
identified as the l ast 97 amino acid residues of the protein. In conjunction with Tracey
Jackson, we propose to clone the ComK DNA binding domain and the RNA polymerase
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a-CTD subunit i nto a pET21a+ vector downstream of a T7 promoter. The recombinant
vectors wi l l then be transformed i nto BL21-Gold competent cel l s. These cell s encode for
T7 RNA polymerase under the control of a lac promoter. After transformation and
growth i n l i quid media this E. coli expression system can be i nduced using IPTG.

II. Purification of Wild-Type ComK
The purification of wi ld-type ComK has been attempted i n the past usi ng methods
such as Hi s-Tag purification and maltose binding proteins. These methods have proved
to be unsuccessful with l ow yields of purified protein. Purification has also proved
di ffi cult due to the solubi l ity of ComK i n various solvents. As a result, a major
component of thi s thesis i s the pUlification of ComK using more traditional methods of
protein purification, i ncludi ng affinity columns, gel fi ltration columns and ammonium
sulfate precipitation. Amish Shah (2000) successfully cloned cOl71K i nto a pet21 a+
vector, ready for induction using IPTG. Fol lowing successful i nduction of the protein
and extraction of a crude extract, the various purification techniques wi l l be tested on the
crude extract in order to determine the best means of purification at the hi ghest possible
yield.

III. Targeted Footprinting using FeB ABE
Once the DNA binding sites of the two proteins have been cloned and purified,
the next step of the proj ect is to begin to analyze the protein-protei n i nteractions of
ComK and the a-CTD of RNA polymerase and the protein-DNA i nteractions between
the two proteins and the DNA. A cUITent method is known as targeted footprinting and
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i n our case we will use the cutting reagent i ron (S)-l-Cp-bromoacetamidobenzyl)
ethylenediami netetraacetate (FeB ABE) (Traviglia et aI., 1999). Thi s method i nvolves
attaching the cutting reagents randomly to lysine residues on a proteins surface and then
utilizing this lysi ne-labeled protei n to cleave the polypeptide backbone of the other
protei n at exposed residues adjacent to i s binding site (Travi glia et aI, 1999) .
This method i s a strai ghtforward means of labeling proteins because lysine
residues are common on the surface of proteins and the cleavage of nucleic acids by
lysine-labeled proteins has been documented (Ranai and Wang, 1994). An i mportant
feature of this procedure i s that a macromolecule bound to any site on the lysine-labeled
protein will be cleaved. As a result, when preparing the lysi ne-labeled proteins, it i s
necessary to place cutters i n sites over the entire surface so that the entire protei n i s
reached by the cutting reagents. Crystal structures of protei ns have shown that lysines
are di stributed across the protein surface, with the average lysine

E -amino

group about

1 2 A away from the corresponding group on the nearest lysine. This technology allows
for effici ent screeni ng of protei n-protei n interactions and makes it easy to assess where
multi ple factors bind to a common target (Traviglia et aI. , 1999).
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Experimental Procedures
Materials

O l i gonucleotide primers in the forward direction were special ordered from Sigma
Genosys. These primers i ncl uded ComKl, 5'CACAAGCCGCCGCATATGGTGG
ACCC-3'; and ComK2, 5-CCAATGGGAAACCATATGGAGCTGCCG-3'. The
oli gonucleotide primer i n the reverse direction was oli go 104, 5'-GGAATTCCGACGG
CAAAGCTTTATG-3' from Shah (2000). PCR reaction materi als came from Stratagene
and materials for the si te-directed mutagenesis was from Stratagene. The pET 2 1a(+)
vector and the DH5a cel l and the BL2I-Gold cel l s were from Novagen. The Wizard
P l us SV Mi niPreps DNA Puri fication Systems was from Promega. FPLC columns
( 1mL) were from B io-Rad Laboratories, dsDNA cel l ulose was from USB Laboratories
and Sephadose was from Si gma.

peR Reactions

Codi n g portions for the last III amino acids (ComKI) and the last 62 amino acids
(ComK2) of comK were amplifi ed from chromosomal B. subtilis DNA using polymerase
chai n reaction (PCR) as described by Shah (2000). The oli gos i n the forward direction
were mutated to i ncl ude an Nde! site preceding the start codon for ease in cloning and the
reverse oli go i ncl uded a HindII! site. The mutations are outside of the open reading
frame and have no affect on the makeup of the desired protei n. A control reaction was
prepared contai ning 5 ilL of lOx reaction buffer, 2 ilL ( 10 ng) of pWhitescript 4.5-kb
control plasmi d (5 n g/IlL), 1.25 ilL ( 125 ng) of oli go control primer #1 (34-mer, 100
Ilg/IlL), 1.25 ilL ( 125 ng) of oli go control primer #2 (34-mer, 100 Ilg/IlL), 1 ilL of dNTP
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mix and distilled water (ddH20) to a final volume of 50 ilL. Five sample reactions
of varying chromosomal DNA concentration were set up for oligonucleotide primer
ComKl and five for ComK2. Each reaction mixture incl uded 5 ilL of lOx reaction
buffer, x ilL (5-50 ng) of chromosomal DNA, x ilL (125 ng) of oligonucleotide primer #1
(forward direction, ComK1 or ComK2), x ilL (125 ng) of oligonucleotide primer 104, 1
III of dNTP mix and ddH20 to a final vol ume of 50 ilL. The vol umes of chromosomal
DNA varied from 2-20 ilL and the final volume of ddH20 was adjusted accordingl y.
After setting up both the control and sample reactions, 1 ilL of Pfu DNA polymerase (2.5
U/IlL) was added to each reaction mixture, fol l owed by an overl ay of 30 ilL of mineral
°
°
°
oil. The reactions were cycled 30 times through 96 C (1 min), 55 C (1 min) and 72 C (2
min) from Shah (2000). Following temperature cycling, the reactions were cooled to less
that 37 ° C and stored at-20° C. The reaction products were run on a 1% agarose gel with
1 :5000 ethidium bromide (10 mg/mL). Samples were made of 10 ilL aliquots mixed with
2 ilL of bromophenol blue loading buffer and were electrophoresed at 100V with TBE.
Results were seen under UV l ight.

Preparation of the Vector and peR Products

Restriction enzyme digests were run on both the PCR products and the pET
21a(+) vectors. Preparation of the vector was done by setting up a reaction mixture of 5.6
ilL pET 21 a(+) vector, 3 ilL multicore buffer. 1 ilL NdeI enzyme, 1 ilL HindUI enzyme
and 19.4 ilL ddH20 for a total volume of 30 ilL. The reaction mixture for digesting the
PCR product was 10 ilL PCR product, 3 ilL multicore buffer, 1 ilL NdeI enzyme, 1 ilL
HindUI enzyme and 15 ilL ddH20 for a total volume of 30 ilL. The reaction mixtures
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were i ncubated at 37 0e for 4 hours and then gel purification and gel extracti on were
done on the products.

Ligation and Transformation

The li gation reaction mi xture was made up of 5 ilL lOx Ligase Buffer, 2 ilL pET
vector, 1 ilL T4 DNA li gase diluted to 0.2-0.4 Weiss units/ilL, 2 ilL target gene i nsert
(purifi ed peR product) and 10 ilL ddH20 to a final reaction volume of 20 ilL. The ligase
was added last and the mi xture was mixed gently with a pipet tip . The reaction was
incubated at 160e ovel11i ght. In addition a control reacti on was set up with the gene
i nsert omitted and replaced with a larger volume of ddH20.
To begi n the transformati on process, the DH5a competent cells were gently
thawed on i ce. For each reaction, aliquots of 50 ilL of the cells were put i nto prechilled
15 mL Falcon polypropylene tubes. A sample of 1 ilL of the ligation product or control
DNA was added to separate aliquots of the competent cells. The reactions were mi xed
gently and i ncubated on ice for 30 minutes followed by a heat pulse for 45 seconds at
42° C. The reaction mi xtures were put on ice for an additional 2 minutes. Preheated
NZY+ broth at 42°e was added to each reaction in a volume of 0.5 mL and the reactions
were i ncubated at 370e for 1 hour with shaking at 225-250 rpm. The transformation
reactions were i mmediately plated using 10 ilL of the reaction mi xture on LB agar plates
with 50 Ilg/IlL of carbenicillen. The transformati on plates were i ncubated at 37 0e
ovel11i ght.
After the successful growth of colonies on the LB-agar plates, S mL ovel11i ght
cultures of LB broth and 50Ilg/IlL of carbenicillen were set up and each was i nnoculated
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wi th one colony. 10 flL aliquots from each overni gh t culture were plated on new LB
agar plates wi th 50 flg/fll of carbenicillen and i ncubated overni gh t at 37 °C. Wi zard Plus
SV Mini Preps were done on i ndividual colonies to i solate the plasmids wi th the desired
gene. The products from the Mi niPreps were run on an agarose gel to confirm that the
plasmid has been separated and puri fi ed. A subsequent transformati on was done with the
purified DNA plasmids i n to BL21-Gold cells, using the protocol outlined above. The
BL2 I-Gold competent cells contain the T7 RNA polymerase, which upon induction
result in the overproduction of the desired protein. The transformati on products were
plated on LB agar plates w i th 50 flg/flL of carbenicillen and i ncubated overnight at 37 ° C.

Large Scale Induction and Fractionation

The colonies from the plated BL21-Gold competent cells were then available for
large-scale growth and i n duction of the plasmid for overproducti on of the desired
proteins. In addi tion to the vectors codi ng for the shortened segments of ComK, the
vectors with the enti re sequence for ComK cloned by Ami sh Shah (2000) were induced
via the following procedure. Individual colonies were inoculated i nto 5 mL starter
culture of LB broth and 50 flg/flL of carbenicillin and incubated i n 37° C wi th shaking at
225-250 rpm to an OD 6oo::::; 0.5. LB broth wi th 50 flg/flL of carbenici ll i n were prepared
i n 1 L amounts and i noculated wi th the full amount of the 5 mL starter cultures. These
volumes were i ncubated wi th at 37° C wi th shaking at 225-250 rpm to an OD6oo of 0.51.0. To i nduce the expression of the desired gene IPTG was added to the mi xture to a
fi nal concentration of 1 mM and i ncubati on was continued for two hours. In order to
qui ckly test for i nduction, 1 mL aliquots of culture were taken before inducti on and at the
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end of the incubation. The samples were spun in a microcentrifuge, the pellets were
resuspended in SDS loading buffer and were run on an SDS-PAGE gel.
The induced cells were h arvested using centrifugation at 6,500 x g for 15 minutes
at 4° C. The supernatant was discarded and the cells were thoroughly resuspended in ice
cold resuspension buffer using 2 mL of buffer per gram of cells (wet weight). The
suspension was cooled on ice to 40C to prevent heating during cell breakage. Lysis of the
cell s was done using lysozyme plus sonication. Lysis was started by adding lysozyme to
a final concentration of 100 IJ,g/mL from a freshly prepared stock of 10 mg/mL in water.
The mixtures were incubated at 300C for 15 minutes. They were mixed by swirling and
sonicated on ice until cells were lysed and the solution was no longer viscous. It is
important to keep the cells cool during sonication to prevent heat denaturation of the
proteins. The h omongenate was centrifuged at 12,000 x g at 40 C for 30 minutes. The
soluble cell extract was removed and stored for purification at 4° C. The pellet was also
saved in case all of the cells were not lysed or the protein was in soluble in the
Resuspension buffer. Samples of the crude extract were run on SDS-PAGE gels to test
for the presence of the induced proteins.

A mmonium Sulfate Precipitation

Ammonium sulfate precipitation was done in a step-wise manner, beginning with
1 mL of crude extract protein solution using a protocol from Doonan ( 1996). The
precipitation was done in the cold room at OOC. The initial precipitation was done with
samples at 30% , 50% and 75% saturation at OO C. Subsequent precipitations included a
20% and 40% saturation at O°C. Appropriate amounts of ammonium sulfate were
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wei ghed out (Table 1) and then ground into a fine powder before bein g added slowly
to the crude extract. For the initial 30% precipitation, 0.164 g of ammoni um sulfate was
added. The crude extract was put in a beaker with a stir bar at a low speed. The
ammoni um sulfate was added slowly in small batches over a period of several minutes.
After the ammoni um sulfate was added, the solution was equilibrated for 10 mi nutes and
then spun down in a microcentrifuge in the cold room for 10 mi nutes. The supernatant
was separated from the pellet and an aliquot of the supernatant was collected for running
on a 1 5% SDS-PAGE gel. The remainder of the supernatant was used i n subsequent
precipi tati ons. Tn subsequent precipi tations, additional ammoni um sulfate should be
added to the solution up to the desired amount (i.e. when going from 30% to 50% only
add 0. 1 27 g, rather than an addition 0.291 g). After the precipi tations were completed, a
15% SDS-PAGE gel was run to show the results. It i s i mportant that this precipi tation be
done i n a stepwi se manner and that i t be done i n the cold room.

Table 1
Amounts of Solid Ammonium Sulfate Required to Change the Concentration
o
of a Solution from a Given Starting Value to a Desired Target Value at O C

Initial %
saturation at
DoC

0%

O
Target percentage saturation at O C (g of solid ammonium sulfate/mL)

20%

30%

40%

50%

60%

70%

75%

0.106 g

0.164 g

0.226 g

0.291 g

0.361 g

0.436 g

0.476 g

C hromatography

Fast Pressure Liquid Chromatography (FPLC) was done usi ng a variety of
B i oRad 1 mL prepacked columns. The first column used was a t-butyl HIC column .
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Buffers (hi gh salt buffer A: 1 00 mM sodi um phosphate, 2.4 M ammoni um sulfate,
pH 6.8; low salt buffer B: 1 00 mM sodi um phosphate, pH 6.8) were made i n 1 L
volumes and filtered through a 0.45 /lm filter and stored at 4° C. The t-butyl HIC
columns are unique amount the columns used in this research i n that they begin with a
h i gh salt buffer and elute wi th a low salt buffer. The FPLC was equilibrated using the
automated wash program and the column was prepared by washing the cartridge with the
low salt buffer B for 2 minutes at 2 mUmin, then washing the cartridge with h i gh salt
buffer A for 1 0 mi nutes at 6 mUmin. The cattridge was i nverted to allow any excess air
to be expelled from the cartridge and the cattridge was washed again w i th low salt buffer
B for 1 0 minutes at 6 mUmin. The cartridge was then equilibrated wi th high salt buffer
A for 2 minutes at 6 mUmin. The cartridge was returned to the proper starting poin t,
prepared for use.
Fi ltered 50% ammon i um sulfate sample was loaded into a 200 IlL sample loop
and run on program 1 (35 minutes at 0.7 mUmin on a linear gradient from 1 00% buffer
A to 1 00% buffer B ). Samples were collected i n 0.3 mL amounts and every other sample
was run on a 1 5% SDS-PAGE gel.
In addi ti on to the t-butyl HIC column, three ion exchange columns were run,
eluting w i th a low salt to high salt gradient. The first was a Hi gh Q column, an ani on
exchange column. Buffers (low salt buffer A: 20 mM Tris-HCl pH 8.0, 0. 1 mM EDTA,
50 mM NaCl; high salt buffer: 20 mM Tris-HCl pH 8.0, 0. 1 mM EDTA, 1 . 0 M NaCI)
were mi x ed i n 1 L volumes and filtered through a 0.45 /lm filter and then stored at 4°C.
The FPLC was equili brated using the automated wash program and then the cartridge
was prepared fi rst by washing the cartridge with low salt buffer A for 2 minutes at 2
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mUmi n , followed by washing with the high salt buffer B for 10 minutes at 6
mUmin. The cartridge was then i nverted to allow excess air to escape and then i t was
run with low salt buffer A for 10 minutes at 6 mUmin. The caJtridge was then returned
to i ts COlTect posi tion. A filtered sample of crude extract was loaded into a 100 /-lL
sample loop and run on program 1 (35 minutes at 0.7 mUmin on a linear gradient from
100% buffer A to 100% buffer B ). Samples were collected i n 0. 3 mL volumes and
ali quots of samples were run on an SDS-PAGE gel, based on the locations of peaks on
the graph.
The flow-through fractions from the High Q column were combined and a 100 /-lL
sample was subsequently run on a High S cation exchange column. The Hi gh S column
was run w i th the same buffers from the High Q column and the cartridge was prepared
via the same method. Program 1 was run and samples were collected i n 0.3 mL volumes
and run on a SDS-PAGE gel. Another cation exchange column, a CM cartridge, was run
w i th a 100 /-lL sample of filtered crude extract. The cartridge was prepared with the same
method as the High Q and High S columns and program 1 was used. Aliquots of 0 . 3 mL
samples were run on a SDS-PAGE gel.

DNA Cel lulose Column

In addi ti on to FPLC, a DNA cellulose column was made using dsDNA cellulose.
The column was made using 0.3 grams of the dsDNA cellulose and buffers (low salt
buffer: 20 mM Tris-HCI pH 8.0, 0.1 mM EDTA, 0.5 mM NaCI; h i gh salt buffer: 20 mM
Tris-HCI pH 8.0, 0.1 mM EDTA, 1 M NaCl). The DNA cellulose was added to the
empty cartridge followed by 2 mL of low salt buffer that was allowed to settle. After
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settlin g, the column was washed using three column volumes of the low salt buffer.
A 100 /.lL sample of crude extract was added to the column and 100 /.lL fractions were
collected as an addi tional three column volumes of low salt buffer was added. After the
low salt buffer, three column volumes of high salt buffer were added and run to elute
proteins and 1 00 /.lL fracti ons were also collected.

Electroelution

Electroelution i s an alternative protein purification method to columns. In this
case a crude extract sample was run on a 15% SDS-PAGE gel. The band contai ning
ComK at -22 kD was cut out of the gel usi n g a spatula and placed i n an Elutrap made by
Schleich er & Sch uel!. The Elutrap was prepared by i nserting two BT1 filters and one
BT2 filter as laid out i n manual and then the Elutrap was placed in an electrophoresi s
chamber wi th l x TG buffer. The end o f the Elutrap with the gel sample i n i t was placed
in the directi on of the anode (posi tive charge) and the system was run at 100 V for 4-6
h ours. The solvent i n the small collection chamber between one BT l filter and the BT2
fi lter was extracted using a Pasteur pipette and then guanidine hydrochloride was added
to a concentration of 6 M i n order to replace all of the SDS that i s bound to the protein,
denaturing i t. The soluti on was then dialyzed overn i gh t in resuspension B uffer. The
resuspension Buffer was changed twice to ensure total dialysi s of the guan i di um
hydrochloride out of the solution and out of the protein. The dialyzed soluti on was then
run on a 15% SDS-PAGE gel to see if the protein had been separated successfully.
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Gel Filtration Chromatography

A gel filtrati on column was also run usin g Sephadose beads from Si gma and the
resuspension buffer as the column buffer. An empty column was set up in a refrigerator
and the bottom tube was clamped shut. 3 mL of resuspension buffer was added to the
column followed by slow additi on of the Sephadose beads in 1 mL amount until the
beads were approximately 2 cm from the top of the clear column . The slurry was
allowed to settle and then a minimum of three column volumes of the resuspension buffer
was run over the column to thoroughly wash the beads. 100 ) l.L of the Hi gh Q f1ow
through fracti on was added to the top of the column head along wi th 2 ) l.L each of
vi tamin BI2 and blue dextran as molecular wei ght markers. Th e column was then run
with resuspension buffer and fractions were collected in one drop amounts
(approximately 50 )l.L ) .
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Results and Discussion
P C R Reactions and Cloning

PCR reactions were run with oJigos 186 or 187 in the forward direction and oligo
104 in the reverse direction in order to amplify the genes for two truncated versions of the
protein ComK. Oligos 186 and 187 contained the Nde I restriction site, and oligo 104
contained the HindUI restriction site (Table 2). Truncated versions of the sequence were
produced because it is known that the DNA binding site of ComK is the last 97 amino
acids of the protein. Oligo 186 and oligo 104 were used to create a truncated gene of the
last 111 amino acids by having oligo 186 cut at base pair 244, while oligo 187 and oligo
104 were used for the gene coding for the last 62 amino acids of the sequence by cutting
at base pair 390.

Table 2
Nucleotide sequence of primers used for PCR amplification

Primer Name

Se uence

186 (ComKl)
1 87 (ComK2)
104

5' -CACAAGCCGCCGCATATGGTGGACCC-3'
5'-CCAATGGGAAACCATATGGAGCTGCCG-3'
5'-GGAATTCCGACGGCA;-\i-\CCTTTATG-3'

The highlighted nucleotide sequences of primers ComKl and ComK2 are Ndel restriction sites
and the highlighted sequence of primer 104 is the I-III/dll! restriction site.

The products of these PCR reactions were run on a 1 % agarose gel to see if the PCR
reaction s worked and they were found to be successful. Both of these gene inserts and
the pET21a+ vector were digested with the restriction enzymes NdeI and HindIU. In
addition, the inserts had A DNA added to the reaction mixture before digestion as a
con trol in order to make s ure that the enzymes were working properly (Figure 4).
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FIGURE 4: 1% agarose gel. Lanes 1-2: ComK 1 digest products. Lanes 3-4: ComK 1
di gest products w i th A-DNA as a control. Lanes 5-6: ComK2 digest products. Lane M:
Kb ladder w i th DNA fragments.

After the i nsert and vector were digested, they were gel-purifi ed using a 1%
agarose gel. It i s possible to see the size difference between the two i nserts in this gel
(Figure 5). The i nsert and the vector were then cut out of the gel and eluted from the gel
overni gh t. Standard ethanol precipitation was done on the products and the li gation
mi xture was set up as described in Experimental Procedures. The truncated genes of the
DNA bi nding domai n of ComK were i nselted i nto the pET2 1a+ vector behi nd the T7
promoter. The li gati on was deemed successful based on a small sample run on a 1%
agarose gel.
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FIG URE 5: 1 % agarose gel. Lanes 1-2: ComK2 i nserts. Lanes 3-4: ComKl i nserts. It
i s possible to see that ComK2 i s the smaller i nsert. Lanes 5-6: pET2la+ digest #l.
Lanes 7-8: pET21a+ digest #2.

Following ligation, the products of the reaction were transformed i nto DRS-a
cells. Transformati on was done four times and was successful i n one of the attempts.
DNA extracti on was done using a Wizard MiniPrep and the DNA was di gested with NdeI
and HindU!. However, no inserts were found i n the products and the research moved on
to the purificati on of the wild-type ComK protein.
Ami sh Shah '00 successfully cloned the entire comK gen e i nto a pET21a+ vector
behind the T7 promoter for his honors thesi s i n 2000, however, he experienced difficulty
in purifyin g the protein. He created two strains, 447 and 448, each containing the
pET21 a+-comK plasmid in BL21-Gold cells. B oth strain s were grown as described in
Experi mental Procedures and induced with IPTG. The IPTG serves to derepress the T7
RNA polymerase gene on the chromosome and the comK gene, both of which are under
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the control of the lac repressor. Aliquots taken before and after induction were run on a
15% SDS-PAGE gel and successful induction of ComK was found in both of these
strains (Figure 6).
1
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4

FIGURE 6: Induction of wild-type ComK strains 447 and 448. 5 mL cultures were
grown to an O.D. of 0.5 and induced with 100 mM IPTG for 2 hours. Lanes 1 and 2:
Uninduced and induced (respectively) of strain 447. Lanes 3 and 4: Uninduced and
induced (respectively) of strain 448. ComK is approximately 22 kD in size.

Protein Purification Techniques

Following the successful induction of full-length ComK, research shifted to the
purification of ComK. Since its identification as a transcription factor approximately
seven years ago, many labs have attempted to purify ComK using relatively new
techniques such as His-Tags and maltose binding proteins. However, neither of these
methods has produced good results, so this project was focused on more traditional
methods of protein purification. The first method for purification that was used was an
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ammonium sulfate precipitation. Ammonium sulfate is added in a stepwise manner and
proteins are precipitated out of solution based on their solubility in various concentrations
of the salt. Ammonium sulfate was initia l l y added to 30% (w/v), 50%, and 75% and the
precipitated protein was separated from soluble proteins by centrifugation. Samples from
each step were run on a 15% SDS-PAGE gel. The precipitate from the 50% cut ,
contained most of the ComK. To achieve a better purification, another ammonium
sulfate precipitation was done to find ammonium sulfate concentrations of 20%, 40% and
50%. These results showed that the ComK was sti l l partially in sol ution at 40%
ammonium sulfate. The 50% pel l et containing ComK was resuspended in resuspension
buffer as described in Experimental Procedures and a sampl e of the resuspended pel let,
the supernatants at 20% and 40%, and a crude extract sample were run on a 15% SDS
PAGE gel (Figure 7). There was definite enhancement of the protein found in the
resuspended 50% pel let and this was used for further purification. At this point the
protein is in a concentration of ammonium sulfate that wil l precl ude any binding that
invol ves e lectrostatic interactions. Therefore the salt must be removed before the
application of purification techniques that are based on such binding.
One method in more traditional protein purification is the use of columns that
separate protein based on factors such as charge, affinity, specific binding and size. In
this project, samples were run on three ion exchange col umns and a DNA cel lulose
col umn to see if ComK would bind to the columns or come out in the flow-through. The
ammonium sulfate product was run on a t-butyl hydrophobic col umn because any
potential hydrophobic interactions between the protein and the column are enhanced by
the presence of ammonium sulfate. In addition, a gel filtration column was also run in
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order to try to separate the protein out based on size. For each column except for the
hydrophobic col umn, a sample of crude extract was l oaded on the column and run as
described in Experimental Procedures. Each of the columns has a specific function and it
is possible to try to predict the behavior of a protein on a col umn based on cel1ain
information. In the case of ComK, it is l ikely that the protein binds to DNA in a cationic
exchange interaction between the negative charges on DNA and the positive charges that
are found in the ComK DNA binding domain. Using this information we began testing a
variety of col umns.
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FIG URE 7: Ammonium sulfate precipitation of crude extract of wild-type ComK. Lane
C: Crude extract with ComK present at -22 kD. Lane 2: Resuspended pell et from 50%
concentration. Lane 3: Supernatant from 20% saturation. Lane 4: Supernatant from
40% saturation .
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Three ion exchange columns were run , a High Q column , a High S col umn and a
CM col umn . The High Q column contains a strongly basic anionic exchanger. It was not
known if ComK would bind to this column, but it is known that High Q col umns have a
tendency to bind a l arge n umber of cellular proteins. As a result, it was predicted that
even if the column did n ot bind ComK, h opefully it would bind many of the other
proteins in solution. A 100 !lL sample of fi Itered crude extract was run on a low salt to
high salt gradient and selected fractions were run on a 15% SDS-PAGE gel (Figure 8).
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FIGURE 8: High Q fractions. Lane 1 : Crude extract. Lanes 2-5: Flow-through from
the High Q column with ComK at 22 kD. Lanes 6-10: Fractions from the salt gradient.
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ComK eluted in the flow-through fracti ons and i ts purification was significantly
enhanced. Thi s result shows that there were not strong i nteracti ons between the
posi tively charged resi n and any exposed negative charges on ComK and that many of
the other protei ns i n soluti on were bound to the column, as predicted.
The flow-through fractions were combined and subsequently run on a High S
column, which i s a cati onic exchanger, i n hopes that the protein would bind to the
column in a si milar fashion to the way it binds to DNA and then be eluted with the NaCI
gradi ent. There were no significant amounts of protein in any of the fractions from the
High S column. This may have been due to the dilution of the protein in the sample
volume or that there are not enough cationic exchange i nteractions on ComK to bind to
the column. In addition, the protei n may have been bound so ti ghtly to the column that a
1 M concentrati on of NaCI might not have been enough to elute ComK off the column.

However, when a 3M concentrati on of NaCl was added to the column no protei n eluted.
When crude extract was run on the CM column was run ComK came out in the flow
through without any enhancement of protein purification.
Another column that was tried was a t-butyl hydrophobic FPLC column. Thi s
column produces hydrophobic interactions with proteins that bind t o the column a t high
salt concentrations and then be eluted out as the salt gradient decreases. The column was
prepared and run as described i n Experimental Procedures and fractions were collected
and based on absorbance at 280 n m, fractions containing protein peaks were run on a
15% SDS-PAGE gel. None of the fracti ons had any significant amounts of ComK i n
them.
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B ecause ComK is a DNA binding protein, a DNA cellulose col umn was tried.

A

sample of crude extract was run on the DNA cellulose column h owever it appeared that
the majority of the proteins came out in the flow-through and there was no significant
amount of purification of ComK.
Another protein purification technique is electroel ution. This technique involves
cutting a band of the desired protein out of a 15% SDS-PAGE gel and eluting it out of the
gel using an electrophoresis chamber and a special device cal led an Elutrap. The
drawback to this method is that even if you successfully elute the protein out of the gel , it
is in a denatured form because of all of the SDS that is bound to the protein. To remove
the SDS, guanidinium chloride was added to solution to a concentration of 6M (Doonan ,
1 996). It is thought that is this situation all of the guanidinium chloride will replace the
SDS in the protein. This aids the purification process because guanidinium chl oride is
much easier to dialyze out of the protein than SDS. The hope is then that as the
guanidinium chloride is slowly dialyzed out of the protein and the solution, the protein
wil l renature and return to an active form. In this case, only a small amount of protein
was eluted out of the gel and despite slow dialysis in resuspension buffer, it did not
appear that a significant amount of ComK was recovered.
After a l l of these methods were tested and the resu l ts showed that only the
ammonium precipitation and the High Q column had shown any significant purification
of the protein, an additional round of purification was done on a crude extract. A sample
of filtered crude extract in a 1 mL vol ume was run on the High Q column and the f1ow
through fractions containing a high concentration of partially purified ComK were
obtained in 300 )..lL amounts. From the most concentrated fraction, 100 )..lL was removed
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and an ammoni um sulfate precipi tation was done. The results from thi s precipi tation
were that only a very few additional protei ns were separated out from the solution with
ComK (Fi gure 9). Following this precipitation, a 100 ).lL sample from the High Q flowthrough was run on a size exclusion column made of Sephadose beads. It was expected
that ComK would move through the column and come out toward the end
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FIG URE 9: Lane 1: Uninduced crude extract. Lane 2: Induced crude extract. Lane 3:
High Q flow-through. Lane 4: Ammonium sulfate precipi tation of High Q flow-through .

of the run due to i ts rather small size. However, fractions run on a 15% SDS-PAGE gel
showed that ComK came out very early in the column run (Figure t o). Because ComK
eluted before proteins with higher molecular weights, ComK must exi st primarily as a
multimer.
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FIGURE 1 0: Gel filtration column fractions. Lane C: Flow-through from t h e H i g h Q
column. Lanes 1-4: Fracti ons containing ComK i n a wel l -purified form. Lanes 5-10:
Later fracti ons wi th no ComK found in them.

Conclusions

ComK was successfully induced with IPTG and partial protei n purification was
done using a Hi gh Q i on exchange column, gel filtration column and ammoni um sulfate
precipitation. PUlification of ComK is almost complete and the next step in thi s project
to begi n testin g the bindi ng capabilities of purified ComK usin g FeBABE and targeted
footprinting i n order to study the i nteractions between ComK, the

a

subunit of RNA

polymerase and LexA when all three are interacting with DNA at the recA promoter si te.
Further work must also be done with the cloning of the truncated forms of ComK using
oli gos 186 or 187 and oli go 104. The truncated forms of ComK are needed in order to
perform structural anal ys i s on ComK as a whole and specifically on the DNA binding
domain.
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APPENDICES
Standard Procedures

Agarose Gels

1. Measure 0.4 g Agarose i nto 50 mL of TBE buffer.
2. Mel t Agarose i n microwave. Add 5 /.-lL of 10 mg/mL Ethidi um Bromide, then allow
to cool to touch.
3. Set up casti ng platform, securely seali ng the ends with tape. Insert appropri ate comb
i nto the castin g platform, then pour the gel 0.5-1.0 cm thick.
4. After gel has set, remove comb and tape. Place gel i n gel box with buffer. B uffer
should cover top of gel.
5. Add l oadin g dye to samples and appl y samples to the gel.
6. Attach l eads to the gel box. DNA is negatively charged and wi l l mi grate toward the
anode (positive l ead). Set voltage to between 1-10 V per cm of gel l en gth (about 80
for 8-wel l min i gel s, 100 for 14-wel l mid-size gels, 120-150 for 22-wel l large gel s).
R unning times is 45 minutes to 1 hour, or unti l the dye travels 2/3 the l ength of the
gel. DNA is visualized under UV l i ght.

WIZARD MINI-PREP
1.

Preparation of E. coli

l . Choose at l east 15 colonies from transformati on plates to inoculate 1- 10 mL of LB +

carbenici l l i n (50 /.-lLlmL) for pET21a+.
2. Use a steri l e toothpick or i noculating loop to transfer each colony onto the master
plate and then to the test tube.
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3. Incubate with shaking at 37 °C for approximately 24 hours.
II.

Production of Clear Lysate

1 . Pellet 1 -5 mL of bacterial culture by centrifugation for 10 minutes. Pour off
supernatant.
2. Add 250 /.lL of Wizard Cell Resuspension Solution. Completely resuspend pellet by
vOltexing.
3. Add 350 /.lL of Wizard Cell Lysis Solution and mix by inverting 4 times. Caution not
to vortex. Incubate 1-5 minutes until suspension clears (do not exceed 5 minutes).
4. Add 10 /.lL of Alkaline Protease solution and mix by inverting 4 times. Again,
remember not to vortex. Incubate for maximum 5 minutes.
5. Add 350 /.lL of Wizard Neutralization solution and mix by inverting 4 times.
Remember not to vortex.
6. Centrifuge bacterial lysate for 10 minutes at room temperature.
III.

Spin Dmvn and Pur(fy by Centr(filgation

1 . Transfer cleared lysate to prepared and labeled Spin Column. Avoid transfeITing
white precipitate.
2. Centrifuge supernatant in Spin Column for 1 minutes at room temperature. Remove
collection tube and discard flow-through. Place column back in tube.
3. Add 750 /.lL of Wizard Column Wash Solution. Centrifuge for 2 minutes at room
temperature. Remove collection tube and discard flow-through. Place column back in
tube.
4. Centrifuge columns for 1 minute. Remove collection tubes and place columns in
sterile 1.5 mL microcentrifuge tubes.

44

5. Elute DNA by addin g 100 ilL of nuclease-free water to column. Centrifuge for 1
mi nute at room temperature. Store DNA at -20° C.

SDS-PA GE (15%):

Clean small glass plates with ethanol. Use Vaseline at each corner of the plates and
thi nly coat spacers. Place spacers on plates and form mold. Clamp wi th binding clips;
stand upright and fill with water to test seal. If the seal leaks, repeat the process.
Running Gel:

dH20
1.5 M Tri s Cl pH 8.8
10% SDS
30% (37 : 1) acrylamide stock
TEMED
10% ammonium persulfate

Ix
l.3 mL
2.8 mL
83 ilL
4.2 mL
2.5 ilL
50 ilL

4x
5.2 mL
1l.2 mL
332 ilL
16.8 mL
10.0 ilL
200 ilL

Pour into mold, stoppin g 1-2 cm from the top of the mold. Lay a small amount of tbutanol on top. Allow to polymerize and then rinse butanol wi th ddH20 .

Stacking Gel:

dH20
2 M Tri s CI pH 6.8
10% SDS
30% (37 : 1) acrylamide stock
TEMED
10% ammoni um persulfate

Ix
2.6 mL
1 15 ilL
38 ilL
0.940 mL
2.5 ilL
50 ilL

4x
10.4 mL
460 ilL
152 ilL
3.76 mL
10.0 ilL
200 ilL
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Pour on top of R unning gel, insert comb and allow to polymeJize.
Remove bottom spacer and comb from gel plates and mount gel in small gel box. Add
SDS Runnin g Buffer to both reservoirs. Samples are prepared in microfuge tubes by
mixing with 1 16 volume SDS Loading Buffer and then boiling for 2 minutes, followed by
a bJief vOltex. Samples are loaded and gel run at 100-200 V until dye reaches the bottom
of the gel. After electrophoresis, stain gel with Coomasie BJilliant Blue for 20-40
minutes with gentle shaking. Cover with Destai n and shake gently overnight to destain .
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RECIPES

Coomasie Stain :
Mix:

2.5 g Coomasie BIilliant Blue

SDS Running B uffer:

450 mL Methanol

Mix:

12. 1 g Tris

100 mL Acetic Acid

57. 6 g Glycine

450 mL ddH20

4 g SDS
Bring to 4 L with ddH20

Destain :
Mix:

300 mL Methanol

5x TBE

400 mL Acetic Acid

Mix:

54 g TIi s (base)
27.5 g Botic Acid

Bring to 4 L with ddH20

20 mL 0.5 M EDTA, pH 8.0
LB Broth and Plates:

BIi n g to 1 L with ddH20

Per 1 liter mix:
10 9 Tryptone Peptone

5x TG

5 g Yeast Extract

Mix:

30.28 g TIi s

10 g NaCI

142.7 g Glycine

15 g Agar (for plates only)

3.92 g EDTA

BIi n g to l L with ddH20, autoclave.

B Ii n g to 1 L with ddH20

Cool to 60°C, add antibiotic and pour.
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Resuspension Buffer
Mix:

20 m L Tri s C I , pH 8.0
0 .2 mL EDTA, pH 8 .0
2.922 g NaCI

Bri n g to 1 L wi th ddH20
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