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ABSTRACT 

uos:tra1te basis the industrial acetone-butanol-ethanol (ABE) fennentations, 

agricultural products in starch or sucrose, employed mxonornllCclll 

distinct amy lolytic and saccharolytic solventogenic clostridial respectively. 

There is evidence to of is subject to carbon 

catabolite In catabolite is 

controlled by a global regulatory central to is an imperfect 

palindromic the ere element, is recognized by a of the GaIR-

family, the protein. A homologue, has previously identified 

In acetobutylieum NCP262 and successfully complemented a B. subtilis mutant 

strain. The sucrose operon from C. beijerinekii NCIMB 8052, serARBK, 

at physiological level with found to 

operon. There was also 

sucrose operon was subject to carbon "' ......... u'V'u and a ere va ...... " ... was 

eepA 

homologue in C. beijerinekii and to establish whether a relationship exists nel:Wf:en the 

identified within the operon. The primary of this study was to first identify 

homologue and the sucrose 1'\1'\<>,"1'\" m 

mechanism. 

to elucidate the carbon cal:aO'01l1Ce r"1'\r,p.<;!<;!ll'\n 

C. acetobutylieum regA was used as a probe in hybridization to 

isolate a from a chromosomal gene library C. beijerinekii NCIMB 8052. This 

was regB was bp in length encoded a of 

acids with a calculated of 840 Phylogenetic, sequence and structural 

confirmed that the DrOltem belonged to CcpA subfamily within 

GaiR-LacI of RegB key 

structural and functional amino residues of CcpA subfamily, which indicates 

conformational and functional identity with ,-,,,,,,n:o.. suggested that could act 

as a of in C. A a protein 

significant to isoleucyl-tRNA synthetase proteins was found upstream regB. 

The immediately downstream of regB encoded a protein of 147 amino acids and 

identity the MarR family of transcriptional Downstream the 

putative MarR family transcriptional regulator was a truncated which encoded a 

v 

/ 
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protein with 30% with an unknown, uncharacterized conserved 

membrane protein (BAB05882) found in halodurans. 

Attempts were made to inactivate the regB gene C. beijerinekii using two 

inactivation systems. The first was based on pMTL30 inactivation which 

on conjugation. A inactivation for 

on thermosensitive system was developed~ This required. 

electroporation plasmid DNA into beijerinekU, followed by growth of the 

transformants at a non-permissive temperature to prevent plasmid replication and to 

integration to take place. Southern hybridization analysis revealed that the 

C. was usmg pMTL30 and that the 

pMTL30RegB construct was integrated in C. beijerinekii Subjection 

of the C. beijerinekii mutant to sporulation led to subsequent loss of the mutant 

upon germination. The development of new inactivation vectors the pG+host 

system was also not successful producing a beijerinekii regB mutant by either 

disruption or deletion of Though integration events Southern 

hybridization wild-type and 

that was vector beijerinekii. 

Glucose repression of the C. beijerinekii serARBK operon was retained in a 

,..n'''~Jrl1 serR mutant glucose sucrose, indicating that the serARBK 

operon is subject to addition to nega~ive regulation by 

Nucleotide and primer extension analysis of the serARBK operon identified a single 

transcriptional start at an adenine 44 bp upstream of translational start 

the operon, confirming the promoter region, translational start and ere (ereI) element 

which previously identified. second imperfect palindromic sequence (erell), 

[AI2TIITIOA9TgA7G6TsT4T3T2CIIG'IA'2A'3A'4A'sT'6A'7T'sA'9A' I! T' ! 2] was 

identified further upstream, 139 bp the transcriptional start. Comparison 

serARBK ereI to published ere from 

found that it had the highest content, predominantly its 1.1<U!J:\.11 sequences. 

vi 
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was successfully expressed in coli and a histidine 

affinity column. demonstrated that overexpression of plasmid 1 

in C. beijerinckii resulted an increase in efficiency sucrose hydrolase activity, 

In exponential beijerinckii growth phase. This provided a physiological 

with the of 

and CCR regulation of the sucrose operon and was consistent 

as a CcpA homologue. 

light of the new ,,> ... \..< .. \_\..< we have provided we propose the regA and regB 

genes are indeed homologues of the ccpA 

and the of regA and 

found in many Gram-positive bacteria 

should be changed to ccpA. 

vii 
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1 

1.1 GENERAL INTRODUCTION 

beijerinckii NCIMB 8052 is a obligately 

VUU'I,,<;;;;::' solvents such as acetone, butanol and anaerobic, cnr\rp .. Tn,r-rn, 

ethanol from carbohydrate sources Vanderleyden, 1993). 

closely to the clostridial 

acetone-butanol ~ethanol fermentations. In 

that were 

to understand 

industrial 

beijerinckii 

NCIMB and its atHmsntp with the solventogenic clostridial strains, an overview 

will given the history of ABE and carbohydrate 

the relationship between the 

clostridial reviewed. This will be followed by a of 

bacterial catabolite ret.re~;Slcm 

NCIMB 8052 sucrose 

emphasis on catabolite control of the beijerinckii 

brevity, C beijerinckii NCIMB 8052 be 

hereafter rpt."rr~'rl to as C beijerinckii. 

1.1.1 The History the ABE Fermentation Process 

of World War as a the use of 

solventogenic clostridia to produce acetone and butanol bam sources (Jones 

Woods, 1986). 1910, company of Strange Ltd. (United Kingdom) 

the Chaim Weizmann order to investigate production of butanol 

and isoamylalcohol by microbial fermentation (Morris, 1993). Between and 1914 

a starch~fermenting clostridial culture, initially aes01grlate:a 

could produce acetone maize culture was later Clostridium 

acetobutylicum and served as bacteflum on which Weizmann patented the 

femlentation process to solvents. Initially these 

as a substrate but later was used 

With advent of the World War 1914, the 

2 

biotransformations 

increased solvent production. 

fermentation became 
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for the production of acetone, which was required in the manufacture of 

the war an 

acquired the for the 

Commercial 

fermentation process. 

Corporation, 

carbohydrates In 1922, Robinson 

the production of 

out a study on 

(Robinson, 1922). indicated that 

fructose, u ........ ".., ..... sucrose, lactose, and fl"'''TTl'" were completely 1""'''''''''''''''''''' while 

trehalose, 

inulin and mannitol were partially 

and glycerol were not 

showed that xylose, 

in dairy and wood wastes could rermeme:a by solvent 

producing _.~, .... ~" ... (Nakhmanovich Shcheblykina, 1959; 

1979). 

the 1930s, ABE were fermentations that 

used as a substrate due to an abundant supply of molasses, its low and 

difficulties with starch as a It was thought that this rich substrate would 

permit carbohydrates at higher COIlcentnltl 

advantages over sources 1978). clostridial strains 

could not used the molasses-based fermentation process ;with the result that new 

saccharolytic, solvent-producing strains with different phenotypic characteristics were 

isolated. By 1935 were isolated which could ferment 6.5% sugars to produce 

2% this distillation costs and allowed the use of 

substrate. These new strains were developed and pa1[enre by 

producing solvents, with the result that each strain was a novel 

"'n<'I"H'''' name. The nomenclature adopted was not systematic and there was no clear 

the between the solvent-producing With the 

expiry of the in 1935, the fermentation became available worldwide 

3 
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and was the major supplier of industrial solvents till the 1950s and 1960s (Jones and 

Woods, 1986). 

factors, however, led to the slow demise in 1950s of fermentations using 

price of carbohydrate solvent producing clostridial strains; firstly, the 

"'"1"',.""1",,,, and secondly, competition from the petrochemical industry. The People's 

Republic of China is currently only country in which fermentations are 

has interest solvent-producing clostridial strains to 

various 

environmental 

depletion of natural oil coupled with concern over 

cre:ate:d by the petrochemical industry, solventogenic 

clostridia attractive due to the fact that they can produce 

resources (Woods, 1995; 1998). economic +..,"1"" .... " are 

renewable 

attractive 

due to high oil prices and the current surplus of agricultural wastes and bypro ducts that 

could be as inexpensive fermentation feedstocks. 

The ability of solventogenic saccharolytic clostridia to ferment many 

allowed schemes to be proposed which would allow 

production of solvents from alternative and .Ln,,,,.,,,,u,,,.,,. 

1991). The cost of traditional fermentation 

production cost in producing solvents by 

carbohydrate substrates that have looked at 

artichokes (Reynolds and Werkman, 1934), cne:ese 

,h"t,.."j,,,, accounts for 60% of the 

(Ross, 1961). Other 

fermentation were Jerusalem 

(Welsh and Veliky, 1984), 

apple pomace (Voget et 1985) and UAV .. ,,<t.:>.:> (Nakas et 1983). 

The carbohydrate present in Jerusalem artichokes occurs as short oligomeric fructans 

which must be hydrolyzed to fermentation. The hydrolysates also had to 

supplemented with or with the addition of as a nutritional 

supplement (Marchal et 1985). whey contains which could be used 

in fermentations and in 1983 it was that 10 billion pounds of cheese whey is 

4 
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wasted every year dumping (Moreira, 1983). Although cheese whey can be used in 

fermentation, it is a poor substrate due to its low lactose content (4-5%) and 

is incomplete utilization of lactose when compared to starch and molasses. 

Apple pomace is rich in which up 23% and sucrose, 

10%. Voget et aI., (1985), found that the yield butanol from apple pomace 

fermentations was in the range 1.9% to 2.2% with approximately 80% of the sugars 

et aL (1983), found that 16g liter of solvents could obtained by 

pasteurianum fermentation algal biomass supplemented with 4% of glycerol. 

However, the solvent mixture did not contain acetone but was rich in butanol and 1,3 

propanedioL Although no salt inhibition was observed, any large-scale algal cultivation 

may depend on finding salt-tolerant, solvent-producing clostridia. 

Cellulolytic substrates have also been investigated for use in the fermentation process. 

AF."'""""""",A'""",,,, (Mes-Hartree and Saddler, 1982), sulfite waste 

liquors (Wiley et 1941) and (Langlykke et ai., 1948). Lignocellulose 

consists of hemicellulose and cellulose. Xylose is the major constituent of hemicellulose 

and it was shown that acetobutylicum could use the sugars nr':'<:!Plnt in hemicellulose to 

... 1" ....... "'" solvents at 8 to 17glliter (Yu et al., 1984a). 

Sulfite waste liquors from the pulp and paper industry contain glucose, xylose and 

which could be used for fermentation. sulfur dioxide, and 

calcium have to be removed from the effluent in order to obtain a good solvent yield. 

Fermentation of a sugar mixture made to simulate sulfite liquor effluent produced 0.36g 

of solvents per of with almost utilization the (Wayman 

and Yu, 1985). 

Acid hydrolysis of cellulolytic material could serve as substrate for fermentation. It has 

been shown that hemicellulose extracted by water, could be hydrolyzed by acid or 

were utilized by C. acetobutylicum and did not 

5 
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contain inhibitory"' .... ,,,,."' ... "',"'., in the hydrolysates (Saddler et aI., 1983; Yu et aI., 1984b). 

Recently domestic organic waste has been investigated as a substrate for the production 

of acetone, butanol and ethanol by solventogenic clostridia (Claasen et at, 2000; DUU\,,,,C.-

et aI., 2000). 

Recent advances in the field of molecular genetics and biotechnology raise the possibility 

of creating recombinant solventogenic strains with increased solvent production 

potential, amplified substrate degradation capabilities and an spectrum of 

substrates. This could in theory be achieved because the solvent-producing clostridial 

group contains a variety of species each with different characteristics and capabilities. 

an understanding of the taxonomic 

relationships between clostridial :;Dt~Clt~:; is required. 

However in to utilize these 

1.1.2 Taxonomy of Solventogenic Clostridia 

Taxonomic studies in the 1920's and 1930's on solvent producing strains which 

preferentially used starch as a substrate, led investigators to conclude that all 

microorganisms were closely related and belonged to a single species, namely 

Clostridium acetobu/yUcum (Weyer and Rettger, 1927; McCoy and McClung, 1935). 

clostridial ATCC 824, which was isolated in 1924, was selected as the type 
• 

strain of the species. 

Taxonomic studies performed on saccharolytic solvent producing strains based on cell 

wall composition and DNA homologies resulted in strains being assigned to two distinct 
, -

groups, butyricum and C beijerinckii with labeled acetobutylicum showing 

a low level of identity with either group (Cummins and Johnson, 1971). further 

extensive taxonomic "' ...... un,'" it has found that the most commonly solvent-

producing strains differ substantially in their physiological and genetic characteristics 

(Johnson et aI., 1997; Johnson and 1995; et 1995). 

6 
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solvent-producing clostridial that were studied most 

acetobutylicum A TCC 824 (ATCC C. acetobutylicum strain); acetobutylicum 

DSM 792 (DSM C. acetobutylicum type strain); C. beijerinckii NCIMB 8052; 

saccharoperbutylacetonicum Nl-4 and C. acetobutylicum NCP 262 appear not to 

constitute a homologous group and may several ' (Wilkinson 

et aI., 1995a). 

When C. beijerinckii was compared to other solvent-producing clostridial strains, the 

1-'1-"" .. ",,..,,,,,,,,, included the ability to sustain in continuous culture (Kashket 

and 1995), the at which solventogenisis is initiated (Holt et aI., 1984), 

restriction endonuclease (Mermelstein and Papoutsakis, 1993a; Lee et aI., 

I genolTIlc relatedn(~ss (Johnson and 1 and restriction endonuclease 

profiles and genome (Wilkinson and Young, 1993; 

taxonomic and phylogenetic study by Keis et (1995), on 

clostridial strains biotyping, DNA fingerprint and 

so lvent -producing 

ribosomal RNA 

sequence analysis identified taxonomic groups. They concluded and confirmed 

previous results solvent-producing clostridia isolated and patented from mid-

1930s did not constitute a homologous group and proposed that' each 

distinct species. 

represents a 

The relationships 1"\<>""''''''''''' the taxonomic can be seen in 

1.1 below. Taxonomic group 1 consists amylolytic strains is by C. 

acetobutylicum 824. Taxonomic groups 2, 3 and 4 consist mainly of saccharolytic 

strains are represented c. acetobutylicum NCP262, 

saccharoperbutylacetonicum N 1 and beijerinckii NCIMB respectively. 

7 
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IV 

~==~=::::: N1.... :m::.. ;; N1-S04 

C. b<ntI.finum typll e 
__ ...I' C. b<ntI.finum type I' 

C. b<ntI.finum type 8 
C.1luIyrie!.m OSM 2478 

'--__ "'I c.1luIyrie!.m NOMS 8082 
C. IluIyrie!.m A Tc::: 43755 

C. bar.Id ATee 276:'l8 
r----! c. bar.Id ATee -43756 

r------- C. idlJVllen 
'------ C. llun<;darui 

C. tyfOll\4yt1CUlYl 

'-------- c. <::!.dave"", r------- C. put""""""'" 
1..-__ C. ~caICIQg"n"" 

'---- C.lallall 

........ ----- C. ""lluiovolWl:!l 
C. g""'-llWitic:tJm 

C. c:sm .. 
........ ----- C. aurarmbutyricum 

14 12 Hl o 

,j Figure 1.1: Unrooted phylogenetic dendogram the taxonomic positi{ns of the solvent-

strains e. acetobutylicum A TCC DSM NCP 193, NCIMB 8052 (e. beijerinckii), 

NCIMB 8653 and A TCC 39058, e. NRRL B593 and He. saccharoperbutylacetonicum" Nt-

4 and Nl-504, based on the partial16S rRNA gene sequences examined (positions 830 to 1383; E. coli 

The scale bar indicates distances. from Keis et al. (1995). 

The tree the 

"'~'"~''''' which were isolated over time based on their different producing clostridial 

substrate requirements for fermentation. 

8 
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clarification of solventogenic clostridial taxonomy the "'-"",,""U",v relationships 

members group to understood also a more intelligent and 

structured approach in analyses. 

v .......... ,,,. et al. (2000) utilized rp'I"IrpC!pn1"<>1"n,p from each the sub-groups within 

the four C--beijerinckii,. for a of 

performance on different media under standardized conditions. 

provided useful comparative data the selection and development of use on 

various commercial fermentation substrates. Knowledge of the taxonomic relationships 

between clostridia allow better development commercial substrates 

production of and will u .• "' ........ " the """"w"":'vu of solventogenic clostridia 

for industrial use. 

1.2 GENETICS OF SOLVENTOGENIC CLOSTRIDIA 

Genetic of saccharolytic clostridia have rlP',,\PT1Ir1 on 

clostridial vectors and the vector methods. 

1.2.1 Direct and Indirect Mutagenesis 
, 

earliest most basic 'I"Inr'£'\",r'h used to understand clostridial !!enletl()S was use 

of the identification mutants. A thorough examination 

mutations has described respectively 

and Jones 993). The • ..:>VU ... ,vH and induction of clostridial mutants 

initially (",pr,tp,eprl on the selection and the improvement of industrially important strains. 

Most ".u, .. ,,,,,,, physical chemical mUltag;enllC agents the action 

the nature mutations produced well characterized (Jones, 1993). 

Bowring Morris (1985), of Cm'OIT10SIOm,al mutants 

In acetobutylicum by the use of and """'l".""''':> cause 

9 
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mutations by mispairing mechanisms involving or nucleotide precursors 

whereas indirect mutagens act by inducing a postreplication system that is error prone. 

found that mutagens such as ethyl methane-sulfonate (EMS) and N-methyl-

N' -nitro-N-nitrosoguanidine (MNNO) , produced a ..,."' .. u,."' ....... 11l' .... I'-''''-'' ... in the relative 

induced mutation frequency of auxotrophic and antibiotic resistant markers. indirect 

mutagens such as_ UY radiation and mitomy.ciu_C .were mette~tJ'{~ 

have shown that for some clostridial UV radiation was m ", ... 1"", ... ". 

the mutation rate whereas IvINNO was there appears no correlation 

""AT""""" the and mutagenic agent (Sebald, 1993). Through the use 

of a variety clostridial mutants have been isolated such as auxotrophic 

antibiotic-resistant mutants, granulose mutants, capsule mutants, 

production mutants, phage mutants and sporulation mutants (Jones 

Woods, 1986). These mutants in tum have used as markers for analyzing 

function or practical applications (Jones, 1993). 

With the use of direct or indirect mutagens, it was difficult to ascertain whether a 

resultant mutant phenotype was caused by a mutation in a genetic region or was 

due to multiple mutations different regions. This technique therefore does not allow 

for refined genetic analyses clostridial In order to study detailed gene function 

clostridia, an understanding of clostridial vectors and 

is required. 

1.2.2 Clostridial Vector Components 

transfer 

Plasmid or bacteriophage vectors which replicate in Clostridium are crucial elements for 

analysis of clostridia. It is necessary therefore to give an 

some the vector components. 

10 
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1.2.2.1 Clostridial plasmids and replicons 

Plasmids of have acetobutylicum, 

butyricum, perfringens saccharoperbutylacetonicum 

Young et aI., 1989). tralr1st(~r was found only to occur net'wef~n 

Woods, 1986; 

C. perfringens 

the saccharolytic clostridia seemed to lack indigenous 

C.perjringens antibiotic 

bacteriocins, casemase and other functions whereas plasmids from saccharolytic 

LV" •• U .... " .. afme,ir to (Jones Woods, 1986). 

transfer of broad-host range plasmids 

to C. acetobutylicum (Yu and 

summarized in Table L 1 (adapted Young et aI., 1989). 

and 

1986), and is 

Table 1.1: transfer of enterococcal and streptococcal plasmids to C. acelobutylicum. 

PLASMID PROPERTIES DONOR(st 

pAM~1 26.5 

p1P50] 

39.0 Kbp, 

pVA797 

4, 

Bacillus sub/ilis; 5, C. acetobutylicum. 

Adapted from Young et al. (1989) 

Plasmid pAMB 1 and pIP501 are broad-host range plasmids isolated from enterococci; 

which mediate resistance to the macrolides, lincosarnides and streptograrnin B antibiotic 

group (MLSR
). Of the two plasmids, the R factor, pAMB 1, has proven to 

be the most in developing clostridial vectors to nature 

gram-positive bacteria et 1985; Swinfield et 1990). ofpAMB1 

to acetobutylicum provided a functional ""'''''''!''tlnr''''' gene and replication origin which 

were subsequently in the construction acetobutylicum vectors the 

11 
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introduction information into C. acetobutylicum (Young, 1993a; Minton et at, 

1993a). The pAM~ 1 and pIM13 replicons, although derived from E. faecalis, are also 

termed because they function that host. 

Plasmid pAM~ 1 can mobilize nonconjugative plasmids to gram-

organisms, including (Oultram J 9_87). 

acetobutylicum this transfer occurs the formation of plasmid co-integrates. Oultram 

et (1987) inserted the ermAM gene from pAM~ 1 into a small nonconjugative, 

integrational plasmid lacking gram-positive replication functions. When transformed 

a B. subtilis strain harbouring pAM~ 1, it became established as a co-integrate molecule 

which could be transferred to and maintained in C. acetobutylicum. cumbersome 

experimental procedure does not allow this procedure to be widely employed 

transfer experiments. 

vectors have to identify replication functions of other 

of plasm ids were approach were 

101, pCB 1 103 from butyricum pCP A 1 from paraputrijlcum 

(Minton et at, 1993b). The streptococcal pWVOl was also 

shown to replicate in (Williams et 1990a). 

and Ehrlich (1989) have shown that many of the small indigenous to 

gram-positive bacteria form a highly interrelated family known as plasmids". 

all replicate via a single strand intermediate, the rolling circle 

replication. plasmid-encoded Rep protein initiates DNA replication at a 

DNA position termed origin. On the of homology between the 

and the "plus" of the fall at 

least three The family is by pC221 P T 181 

(staphylococcal plasmids), second 94 and (staphylococcal and 

12 
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streptococcal plasmids) and the last family is represented by pC194 and pUBllO (S. 

aureus plasmids). 

of the replication regions of some of the clostridial plasmids indicate that they 

do fall into one or more of "ss DNA plasmid" subfamilies but also several 

(Minton et 

In contrast, analysis of the replicon of pAM~ 1 has shown that it undergoes 

unidirectional theta as opposed to the common strategy of rolling circle 

,,,, ... ,.vu (Bruand et aI., 1991). The different plasmid replicons and 

replication mechanisms play an important part in clostridial vector development 

stability. 

Clostridial Selective markers 

None of the indigenous plasmids that been isolated from solventogenic clostridia 

found to specify antibiotic resistance and this led to the use of 

markers from heterologous sources. Most of these selective markers to the MLSR 

antibiotic group (Papoutsakis and Bennett, 1993). The antimicrobial activity of the 

MLSR is due to inhibition ribosome-dependent proteir; synthesis. 

macrolide, erythromycin, is the most commonly selective the 

of clostridial transformants. For construction of clostridial vectors, 

gene of plasmid pAM~ 1 is usually employed due to its extensive physical 

functional (Brehm et 1987; Swinfield et 1990). Erythromycin 

decomposes at pH around or below pH a which does not have 

antimicrobial activity (Mermelstein and Papoutsakis, 1993b). In C acetobutylicum 

fermentations, solvent production is most substantial at values below 5.3 (Jones and 

1986). If clostridial plasmids carrying the erythromycin marker are used these 
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fermentations, plasmids will not be selectively maintained over time as erythromycin 

decomposition follows decreasing pH levels. Physiological studies with clostridial 

vectors require maintenance of selective pressure because plasmid free cells would 

ultimately overtake the recombinant culture if the antibiotic selection becomes unstable. 

It has also been observed in certain cases that C. acetobutylicum ATCC824 plasmid 

vectors containing cloned homologous genes are considerably· rrioie-unstabletiiahthe 

vector alone (Lee et aL, 1993). 

Mermelstein and Papoutsakis (1 993b) sought to overcome these fermentation problems 

in recombinant C. acetobutylicum ATCC 824 by using alternate readily available and 

affordable MLS antibiotics that would maintain selective pressure in low pH at 

appropriate concentrations that would not inhibit solvent formation. They tested a 

number of macrolides of which clarithromycin, midecamycin and tylosin were found to 

provide selective pressure for MLSR plasmid maintenance at low pH values and there 

was no antibiotic degradation by cell free fluids from late stationary phase. Of the three 

antibiotics, clarithromycin did not inhibit solvent formation in low pH fermentations 

and was found to be useful for plasmid maintenance in several low pH batch 

fermentations (Mermelstein et aI, 1993). 

Although the chloramphenicol and tetracycline resistance genes have been successfully 

employed in C. perfi'ingens, the use of these selective markers in C. beijerinckii has 

proved to be problematic. It has been observed that anaerobic clostridia frequently 

become resistant to chloramphenicol due to enzymatic inactivation of the antibiotic by 

either reduction of the aryl group or O-acetylation (Staudenbauer and Dubbert, 1993). 

The use of thiamphenicol as an alternative to chloramphenicol to circumvent this 

problem has only had limited success (Minton et aI., 1993b). The high number of C. 

beijerinckii cells, which are naturally resistant to tetracycline in a given population, 

makes this selective marker unsuitable for vector construction (Minton et ai., 1993a). 
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1.2.2.3 Vector Stability 

A crucial feature any plasmid vector is ability that vector to 

integrity and after recombinant manipulation. stability is 

namely, structural stability, segregancmal stability ... ""J"'" ..... ""'" on three 

stability determinants. 

Clostridial vectors on replicons DNA plasmid" family which use 

rolling mode of replication have the to be during vector 

construction or the use of the plasmids hosts 

to structural or instability (Gruss and Ehrlich, 1989). Insertion 

DNA into rolling circle (rc) plasmids also tends to lead to accumulation of 

high molecular weight (HMW), to 

plasmid which the conformation copy of the plasmid 

Ehrlich, 1988). This makes clostridial vector design using DNA" replicons 

difficult vector stability can by minor such as 

or of plasmid this instability 

rc ...... " .. ~,y Ul'U""," them useful for inactivation as a result of 

or double crossover recombination between the cru'orrlos<omal a "'1\.)'U"" .... mutated 

derivative 

Plasmids that replicate using the unidirectional theta mechanism such as pAM~ 1 have 

been shown to in 1000·fold structural stability B. subtilis over a 

DNA plasmid" et 1990). addition, the pAM~ 1 in clostridial 

vectors allowed efficient cloning and maintenance oflarge DNA fragments. Bi-functional 

coli/Clostridium vectors on pAM~ 1 replicons were also structurally 

and segregationally stable in most hosts (Oultram et aI., 1988a). 

Plasmid copy cloned can 

Mermelstein and Papoutsakis (1993a) that plasmids 
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pFNK5 different copy numbers C. acetobutylicum A TeC 824 and also 

segregational stabilities. It was found that both plasmid copy number and segreg;ational 

stability affected vector stability adversely. Plasmids and pFNK5, which carry 

fermentative genes lower copy numbers were se~~e~(atllomI11 less than 

pFNK 1 which they were derived. 

In C. acetobutylicum, segreg:atioinal instability not instability has been a 

problem with vectors on pIMl pSC86, 101, and pAM~l 

nuu ... .)' .. et aI., 1993b). In order to VUl.UH1 segregational stability, stability determinants 

have made use of in the construction cloning vectors. Plasmid pAM~l carries a 

res two designated H and I, which identity a 

a DNA topoisomerase I respectively (Swinfield et aI., 1991). The insertion 

two into clostridial vector pMTL500E resulted in significantly improved 

segregational stability acetobutylicum and subtilis. This stability element could 

utilized construction of stable clostridial vectors. 

Blaschek and White (1995) characten:zed an M13-like for clostridia 

based on an colilC. acetobutylicum pCAK 1 phagemid expression vector. 

previously a filamentous virus-like particle, CAKl, which was continuously 

extruded C. acetobutylicum NeIB 6444 as single-stranded'DNA during growth 

et 1990). phagemid ULdr!o.1,,"1 showed functionality E. coli 

by DNA" without impairing cell viability and was also 

successfully introduced into beijerinckii and C. perfringens (Kim and Blaschek, 

1993). non-lytic characteristic of this ",,",u"''',", system could 

versatile "'1VUUj,,,, vectors in a more 

of clostridia. 
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1.2.3 Vector Transfer Methods 

The development of wide-host range, non-specific gram-positive vectors is closely 

linked to vector transfer methods. There are different methods for the transier of 

plasmid vectors into bey"erinckii, with different methodological and procedural 

advantages and qisadvantages" 

1.2.3.1 Transformation of Protophlsts 

The first successful transformation of aceloblllylicliln protoplasts, was obtained by 

Reid et (1983) using phage CAl DNA. . There are numerous obstacles to 

transformation of pro top lasts such as autolysin activity, nucleases and 

endonucleases (Young et aL 1989). These. obstacles coupled together with 

cumbersome transfonnation procedure prevented protoplast transfonnation from 

being widely used for the transfer of clostridial' vectors. 

1.2.3.2 Conjugative Transfer 

Conjugation is on that contain a 

that allows transfer 17"Ylnn from 

one to plasmids 

belonging to incompatibility group P' have a wide host their conjugation 

machinery shows a lack of This enables IncP plasmids (RP4, RK2 and 

I) to transfer and mobilize nonconjugative plasmids from gram-negative bacteria to a 

wide of organisms including bacteria, and plants (Young, 

1993a). IncP plasmid conjugative mobilization involves a ....... "'-,.'" 

protein complex with a 

nick is made in the oriT 

site on the plasmid denoted oriT (origin of A 

ela:){OS;OITle complex which a single 

DNA strand is transferred to the recipient starting at the tenninus nick site and 

accompanied by rolling circle replication the plasmid in the donor (Willets and 

Wilkins, 1984). Thus IncP plasmids can mobilize other which· have compatible 
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mob, nic and oriT sites but lack a Ira This mobilization of nonconjugative 

plasmids can occur three ways and two mechanisms involve the formation of co-

integrate DNA molecules. Mobilization via co-integrate molecules can arise tirstlyas 

intermediates in transposition certain mobile 1T"""TlI,.. elements from one replicon 

to another and secondly, ."'''', .. "", may be generated as a result of 

. dependent recombination between identical sequences present on both replicons. 

Mobilization may also occur the productive interaction of the origin-nicking 

complex. synthesized by a conjugative plasmid, with the oriT site on the unrelated co­

replicon. 

Trieu-Cuot et (1987) mobilized nonconjugative shuttle plasmid from E 

coli to a number of gram-positive bacteria. Plasmid pA T187 has a pBR322 backbone, 

with pAMPI replicon functions, the aphA-3 of a Campyiobacler coli plasmid 

which kanamycin the oriT IncP plasmid 

plasmids 

et 

(2000) also conjugation to coli to 

cellulo/ylicum. 

Williams et aL (1990b) constructed a number of colilC. beijerinckii shuttle vectors 

on the backbone (Chambers et 1988; see Chapter 3 for further 
~ 

details). inserting the oriT into vectors in order 

to investigate how gram-positive replica~ion ()rigins function in 

Plasmid pCTC3 was constructed on the backbone of plasmid pGK13, which contained 

plasmid p WVO 1 of S. cremofis and the 

1 1 contained the of 101 from 

butyricum NCIS and the from plasmid pAMPL Plasmid pCTC40/41 

was constructed inserting the pAMP 1 replication origin into pMTL30/31. 

including pAT187 1 were transferred to C. beijerinckii by 

conjugative mobilization with an appropriate E coli donor under anaerobic conditions. 

They found that all three gram-positive replicons functioned in All the 
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pCTC plasmids transferred at frequencies higher than 187. The mobilization 

frequencies of plasm ids pCTC40/4l were same as plasmid pCTCl. Plasmid 

pAT 187 appeared to replicate in beijerinckii at lower copy number than the 

plasmids. Plasmid 11 was to beijerinckii at a slightly 

lower than those obtained the various pCTC plasmids but at a high copy 

number. pCTC3 was at the same as the other pCTC 

plasmids but it appeared that this plasmid at lower copy m 

beijerinckii. pCTC40, which differed from in the 

orientation the tended to act as a lSI lSI transposition 

into the same within pAM~ 1 region. If 

containing pCTC40 was not kept at it was found to harbour enlarged derivatives 

when subcultured from the although this did not impair ability to 

Plasmid T .. "''''U .... to acelObwylicum considerably with donor 

(Oultram et 1987). In the case plasmid pAM_1 has been ascribed to 

the 

for 

of the plasmid to suffer 

to another ,.,"',,,"',...,., on the 

1.2.3.3 Electroporation 

deletions in "''''''AT''''' .. <.n1l ... ..,'" required 

were found to one 

state of the bacteria. 

Oultram et aL (1988a) constructed a plasmid shuttle pMTL500E use c. 

on pMTL20 et 1988; see 3, 

3.1) by incorporating the erm pAM ~ 1 for selection and the pAM ~ 1 

which replication at copy number in beijerinckii 

(Swinfield et aI., 1990). Oultram et (1988a) SUClces~m transformed 

with plasmid Minton et (1990) the same 

electroporation methodology with certain modifications to 
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chimeric plasmids carrymg gram-positive replicons to replicate in 

beijerinckii. They found that transformation were reproducibly higher 

when plasmid DNA was prepared B. subtilis, rather than coli. Lee et al. (1992) 

electroporated beijerinckii a different while 

Blaschek (1993) a procedure based on a 10% PEG electroporation buffer solution 

with electroporation settings. All three protocols however gave similar 

transformation frequencies. 

reproducibility efficient electro-transformation was, and 

(Minton et aI., 1993b), although the contributing to this 

In the restriction endonuclease 

IS a major barrier to electrotransformation (Mermelstein et aI., 1992). 

Mermelstein and Papoutsakis (1993a) protected plasmids which were to 

electroporated with in vivo methylation in E. coli by the subtilis 

shuttle vectors pIMPl, pSYL2 and pSYL7 which were 

methylated in this manner, were successfully electroporated C. acetobutylicum 

A TCC and were not able to be introduced when unrnethylated. Recently, Tyurin et 

(2000) C. acetobutylicum 824 by 

high-voltage radio frequency llV''-'U'' ...... y square 

clostridial vectors vector transfer methods provide a foundation 

for following which will focus on mechanisms of inactivation in 

gram-positive bacteria .. 

Selected Mechanisms of inactivation in Gram-Positive bacteria 

Nonreplicative vectors are important tools for the study gene function in most 

bacteria. suicide vectors allow for inactivation 

specifically depending on the nature of the suicide vector. In order for 
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vectors to successful, high transformation are required to allow 

low frequency events such as transposition or recombination into the chromosome. In 

addition some of vectors have conditionally which are 

their host 

pMTL30 vectors have successfully been used to inactivate 111 beij"erinckii 

homologous recombination. Wilkinson and Young (1994) cloned ditIerent sized 

regions of beij"erinckii target into pMTL30 and transferred them to -c. 
beij"erinckii via conjugation with coli. Since vector pMTL30 lacks a gram-positive 

replicon, only a Campbell-like recombination event the target DNA and the 

homologous target the will allow the plasmid to maintained. Both single 

and amplified copies became established the C beij"erinckii was no 

correlation the size of the DNA and frequency of plasmid 

establishment. Campbell-like integration events a duplication of target 

sequences, a reversal of the integration event was possible. Thus it was found that in 

absence of erythromycin selection, erythromycin-sensitive recombinants 

after several generations, albeit at a low frequency. Reid et aL (1999) disrupted 

transcriptional repressor, scrR, and sucrose-6-phosphate hydrolase, of the sucrose 

operon C beij"erinckii the pMTL30 vectors. 

In acetobutylicum ATCC 824 the phosphotransacetylase, butyrate 

aldehyde/alcohol dehydrogenase 

plasmids which were transferred 

Bennett, 1996). 

were 

electroporation 

with the use of ",,",!nt''''''' 

et 1996; 

and 

and 

Genetic manipulation of lactic acid bacteria has similar problems associated with it as 

when compared to clostridia in that is no efficient system for 

inactivation. In order to this problem, Maguin et aI., (1992) uncoupled 

was by making use of a 
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thermosensitive replicon. Therefore, even if the transformation frequency was low, 

a replicon could first established and propagated in a bacterial population at 

permissive temperature. shift to the non-permissive temperature would prevent 

plasmid replication and allow the selection low frequency events like transposition 

and recombination. 

Maguin et al. (I constructed pVE6002, a replication-thermosensitive mutant of the 

broad-host range replicon, pWVOI O,riginally isolated from Lactococc:us lactis subsp. 

cremoris. Plasmid p WVO I replicates via the rolling-circle mechanism in a large number 

of gram-positive bacteria, including C. beijerinckii and in section 1 ). 

l .... U..,lVll of the pVE6002 plasmid was fully thermosensitive above III both 

and gram-negative bacteria and mutation conferring the 

thermosensitivity function was found to on a DNA fragment encoding RepA. 

Three derivatives of plasmid pVE6002 were made containing the multi-cloning 

the pBluescriptSK+ plasmid different combinations the Cmr resistance 

markers. 

The above study was used by et aL (1993) to create a high efficiency 

single and double-crossover homologous integration in gram-positive bacteria: They used 
,. 

L. laetts as the model system plasmid pVE6004 (which was 

for this gene inactivation and replacement 

3 for further details). 

Lawet at (l also used a combination of derived vectors to develop a to 

O'pnlPrl'lTP chromosomal mutations in lactis and fast analysis of the targeted genes. In 

their system they combined use of two pWVOl namely 

P VE6007 which provided a p WVO 1 trans and a Ort ""''''Tr,\!,' pORI19 

cannot Transformation of laetis with a pORI19 

bank of lactoccal chromosomal at allows 
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replication several copies of a recombinant plasmid· from the bank within a cell 

because of provision in trans of RepA-Ts from pVE6007. non-permIssive 

temperature shin results in the loss of pVE6007 the integration the pORII9 

at frequencies into the L. laens chromosome. This system allowed for 

stable integrant formation at high etliciencies, identification mutants at optimal 

growth temperature and easy recovery of the integrated plasmid from the chromosome. 

Previous studies (Williams et aI., I 990b ) have shown that replicon of p WVO I 

replicates in beijerinekii, which that the theremosensitive system, which is 

based on replicon could possibly function in beijerinckii. vectors can be 

established at low temperatures in a large bacterial population· selection of 

integrants can be used bacteria that are poorly transformable. low shutoff 

temperature of pG+host plasm ids the integration system to be used in 

which have a limited temperature growth range. However plasmid replication, 

thermosensitivity, background integration and the level of drug resistance must be 

determined for each new host. 

1.3 CARBOHYDRATE METABOLISM IN BACTERIA 

111 and 

(Sttilke Smlke and Hillen, 1999; Saier, 1 

1996; .Saier et aI., Hueck and Hillen, 1995). following we et 

will on key mechanisms and components involved in carbohydrate metabolism 

1.3.1 Carbon Catabolite Repression· 

some 1'I<'1,..tpn regulation of carbohydrate utilization metabolism is linked to 

two mechanisms. The mechanism, carbon catabolite (CCR) is a 

regulatory mechanism whereby the cell coordinates the metabolism of carbon and energy 
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sources in order to maximIze substrate etliciency and regulate 

U1U\.I;;,:)oC>'I;;'" (Chambliss, 1993). 

metabolic 

IS phenomenon by which the ore~sellce of a preferred carbohydrate, usually 

glucose, the synthesis enzymes required tor the metabolism of other 

rapidly utilized carbohydrates. selective repression enzyme synthesis allows 

priorities to by the with respect to the utilization various carbon 

and energy sources. synthesis of metabolites is subject to directly 

or indirectly. Readily metabolized carbohydrates also developmental pathways 

such as sporulation, of certain extracellular enzymes and toxin production. 

The second regulatory mechanism of carbon source utilization is called induction and in 

most cases is coupled to CCR. In this mechanism, the bacterium will enzymes 

. that are required for utilization of specific carbohydrates when the nutrient is present or . 

when more preferable are absent. Wastage of metabolic energy by the 

bacterium can therefore be avoided by the use of induction by a particular 

mixed carbohydrate environments. 

Catabolite metabolism has studied in both gram-negative and gram-positive 

and although key differences between two exist, an 

component common to both groups is the carbohydrate-transporting 

phosphotransferase (PTS). mechanistic and structural differences the 

of both groups, one of the dominant features of the PTS system is 

regulatory involvement CCR. 

PTS is a functionally complex and diverse system that transports sugars 

across the cell membrane, phosphorylates the transported and ultimately 

determines the metabolic status of the bacterium. The regulatory consequences of 

components of the PTS system are cellular control of various physiological processes 

such as transport, of sources, coordination of 
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carbon metabolism with nitrogen metabolism and oxidative versus fermentative 

carbohydrate utilisation (Postma et aI., 1993). 

consists of two energy-coupling soluble proteins, Enzyme I and a heat-stable 

protein, HPr, and various sugar-specific II complexes, each of which comprises 

a membrane-bound permease. Enzyme II complex turn contains at three 

protein domains termed IrA, IIB and lIC. In some nprmp-;'l<:!p complexes the domains are .,. 

linked whereas in other complexes they compromise separate polypeptide chains. 

of these protein domains (llA and lIB), act as a phosphory I transfer chain that 

carbohydrate uptake. other domain spans the membrane. In the reaction scheme 

phosphoenolpyruvate (PEP) acts as a phosphate donor to the phosphoryl-

transfer proteins, I, HPr, IIA and IIB. 

IIC is the membrane-embedded sugar permease that catalyses the transport 

the sugar across the membrane as well as transferring the phosphate from the 

phosphorylated Enzyme IIB to the incoming sugar. 

The between PTS <:!vl;:'rprYI CCR-in bacteria 

due to the """'''P1'''P or abs;en<:e of structural and regulatory components. in 

beijerinckii has been studied mostly at the physiological level little 

on regulatory elements that form part of the eCR melcnarus! 

in this organism. In 

for comparative it will be 

mechanism in coli, Bacillus and 

bacteria. 

of CCR in clostridial 

therefore to review basic CCR 

low-guanine/cytosine (GC) Gram-positive 
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1.3.2 Cnhlbolite Repression in E. coli 

Previously E. coli was used as the mode! system for the study of CCR in bacteria. 

CCR on the coli lactose (lac) operon and focused on the 

interaction on CCR components. 

CCR in coli is based on with a positive 

(Chambliss, 1993). 

According to available data. a of 
~, - in E. coli can 

(EllA Gte) of PTS encoae:a by crr is a 

CCR sensitive genes (Stillke and Hillen, 1999). In the 

SUIl:ge~nea that 

glucose 

for glucose 

of glucose, 

phosphorylated EllA Glc activity. activity of 

converts into cAMP with the liberation 

synthesized cAMP a complex with the ""ataUIJl 

this complex binds to a site in the promoter 

pyrophosphate. 

protein (CRP) 

or 

This binding activates transcription of tile promoters which 

have been induced. The consensus CRP~binding site, is generally located upstream of the 

regions of promoters subject to CCR. The intracellular level of cAMP determines 

the binding at CRP-binding sites. Thus when glucose or another sugar IS 

present it will be taken up rapidly by the cell and will act as a sink the transfer 

phosphate through PTS, and 

predominantly of the non-phosphorylated 

, adenylate cyclase will 

the pool of 

In the absence 

to a low basal level, thus 

will 

phosphory lated 

in cAMP concentration to a level insufficient for complex fonnation with CRP. This 

will n1',..",..n binding to CCR-regulated promoters even these operons are 

induced. Biochemical studies have not managed to demonstrate regulation of adenylate 

cyclase by EllA Glc 

contribute to 

factor is the 

a study suggested that other factors besides phosphorylated 

cAMP (Notiey-McRobb et ai., 1997). One 

the phosphorylation state of ratio which ('",,.,t,.,,, 

and thus activity of adenylate iOI.l;errla et 1998). 
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Non-phosphorylated EllA Ole is also involved In 

the uptake of a number 

concentrations of these carbohydrates 

synthesis of involved 

This 

adequate 

EllA Ole binds to 

glucose 

intracellular 

the induction 

In 

the presence the cognate and to glycerol kinase and inhibits the activities of 

the permeases (StUlke et 1998). 

With to the coli lactose operon, it was that dependent 

activation transcription was the most important mechanism of CCR. Inada et aI. 

(I have shown that cAMP levels are not correlated to the presence or of 

glucose and cAMP-dependent regulation of operon from inducer. 

exclusion mediated by the 

inducer exclusion plays a 

mechanism of CCR and 

This evidence therefore "' .... Fo!" .... " that the mechanism of 

role than repression lac operon. 

exclusion in coli is shown in Figure 1 
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Glucose 

PEP 

Pyruvate 

ATP ~ 

CAMpd o eM 

Activation of catabolic operons 

1.2: CCR in E. coli is mediated the EllA of the PTS. The core of 

the PTS involves the flow of phosphate from PEP to the exogenous N"r"'n","r"~"'a simu Itaneous ly with its 

transport. This flow is mediated by EI, HPr and Ell, which includes different 

subunits (A, Band 

(LacY) and the 

In the presence of binds and inactivates the lactose permease 

kinase (GlpK). In the absence of sugars, phosphorylated activates 

adenylate cyclase (AC) to result in transcriptional activation of catabolic operons. CM, cell 

membrane. Adapted from Stulke and Hillen (1999). i 
:,,",,-

A cAMP-independent catabolite repression mechanism was also found to occur in 
.i 

coli (Saier, 1996). 
'1~ 

repressor/activator (Cra) protein this mechanism the 

[formerly designated fructose repressor FruR] pleiotropically functions to control 

the direction the metabolic carbon flux. controls the synthesis of 

numerous .. n",nrn, .. " in a SY:iIClma:nc catalyzing 

fermentation of glycolysis, the Entner-Doudoroff pathway and enzymes 

sugar catabolism) and Cra activated enzymes allowing oxidation 

enzymes glucogenesis, the cycle, the glyoxalate shunt and flow). 

Cra is a homologue coli (Lac!) and is a member the 

family scrmtllonal regulatory 1"11",'''''''" with N-terminal DNA 

motifs and C-terminal ligand binding domains are 
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homologous to peri plasmic binding receptors such as those specific arabinose, 

and tetramcric form of Cra binds asymmetrically to an. imperfect 

palindromic consensus (the ideal operator). Operators are activated 

are usually found upstream the promoter opetators which are rp,~"pcc~·ri 

by Cra are found downstream or overlapping the promoters. Cytoplasmic glycolytic 

bind to resulting in dissociating from the ON A, which causes 

either catabolite or 1.3). mediates both 

catabolite reDres~aon . and 

of cAMP. 
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Cra 

Cra-activated transcription 

Catabolite (in) 

Catabolite repression 

(Deactivation) 

© 

"'-lJllllj'UIIC':U transcription 

Catabolite activation 

(Derepression) 

Figure 1.3: Model illustrating the sensory transduction pathway for Cra-mediated catabolit~ repression 

(left) and catabolite activation in E. coli. In the era (formely 

binds to the operator (0) regions of the target operons. When the era operator is upstream of the RNA 

activation of is observed. When the overlaps or is 

downstream of the RNA polymerase inhibition of transcription is observed. The presence of 

an exogenous sugar glucose) results in uptake via the phosphotransferase system, producing sugar 

phosphates and cytoplasmic glycolytic catabolites (e). These catabolites fructose-] fructose-] ,6-

bisP) bind to the tetrameric era protein, it to dissociate from the DNA. Dissociation reverses the 

effect of era as in the case of the gene phosphoenolpyruvate 

(catabolite left), and reverses the inhibiting effect of as in the case of the gene 

encoding pyruvate kinase (catabolite activation; right). Adapted from Saier (\996). 
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1.3.3 C~lt~lbolitc Repression in B. slIbtilis 

subtilis has been the model for the study of catabolite repression in gram-positive 

bacteria. Regulation of carbon catabolism in Bacillus species has been extensively 

reviewed (Stiilke and Hillen, 2000; Fisher, 1991). Exposure of B. subtilis to conditions of 

nutrient depletion results in major in the programme of expression in the 

cell, which include competence tor transformation, initiation of sporulation and 

synthesis of new products (Henkin et aL, 1991). Sporulation is by carbon-, 

nitrogen-, and phosphorus- containing metabolites during rapid growth (Chan1bliss, 

1993). The mechanism by which expression is controlled in response to nutrient 

availability in B. sublilis differs fundamentally from that of mechanism in E. 

coli. In none the gram-positive organisms cAMP play a central role and CCR 

seems to be mediated by a negative regulatory mechanism. 

components involved CCR in B. subtilis 

primarily from studies on a-amylase synthesis. components are the CcpA, a 

GaiR-LacI family the ere element, a to which the CcpA binds and HPr, 

a PTS protein. Each component will dealt with separately and a proposed model of 

molecular these will 

1.3.3.1 Catabolite Responsive Elements (ere) 

Two independently isolated B. sub/ills mutants which synthesize a-amylase in the 

glucose have isolated (Henkin et al., 1991). 

mutations responsible for of repression were designated and gra-lO. 

Both mutations were cis-acting and consisted an identical single base-pair alteration 

close to the transcriptional start-point of the a-amylase structural gene, amyE. 

mutations resulted in derepression of amyE transcription in the of glucose. 

The sequence in the region near the of the and gra-lO mutations exhibited dyad 

symmetry that structural similarity to the operator regions of coli gal and 
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lac operons. The and laeO diverged only at positions 4 and 5 

Table 1 presence an operator-like at the transcription start site 

that this operator-like region be the site at which a protein 

would bind in the of 

Tnblc Comparison of the consensus ere, and laeO sequences. 

7 6 5 4 ... 2 " 
ere T G T/A N A N 

galO T G A A N e* 

lacOid T G T A G 

Comparison of the left-hand sides of the consensus ere sequence with galO and ideal laeOid. The 

asterisks indicate the centers of the palindromic symmetry. Positions are numbered. Adapted from Hueck 

& Hillen (1995). 

Mutational analyses 

consensus for this 

proposed, Table 1.3 (Hueck 1995). 

1.3: Active ere sequences from selected bacteria. 

B. subtilis acuA 

B. subtilis amyE 

B. subtiUs gnlR 

B. subtilis hutP 

B. subtilis lieS 

B. subtilis xyiA 

B. xylA 

S. xylA 

B. sublilis ackA 

TGAAAACGCTTTAI. 

TGTAAGCGTTl'.ACA 

AGAAAACGCTTTCA 

TGTAAGCGTTATCA 

-33 

-3 

+141 

+203 

NDe 

+134 

+123 

-42 

-64 

was out and a 

element was 

-61 Grundy et aL (1994) 

-124 Weickert and Chambliss ( 

+107 Miwa et al. (I 

+170 et aL (1994) 

-33 KrUger et al. (1993) 

+35 Kraus et al. (1994) 

+35 et aJ. ( 1997) 

-93 Sizemore et at ( 

-91 et al ( 

Weickert and Chambliss (1990) 

consensus sequence are 

Distances are given with respect to the 5' -nucleotide of the cre element. 
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a TeS, transcriptional start site. 

b TLS, translational start site. 

c not determined 

d Y represents C or T, R represents A or G. W represents A or T and N represents A, C, G or T. 

A fusion of 

of 

fragments to 

'~H''''''J' genes driven by promoters 

I-Ellen, 1995). the observation that ere were found a number -

of carbon catabolism ere the 

mechanism CCR, may globally distributed gram-positive bacteria. It has 

subsequently demonstrated that similar to ere consensus mediate 

CCR in a number other genes from B. sublilis, B. megaterium, xylosus, L. L. 

pentosus, Lactobacillus plan/arum and S. mutans (Sttilke Hillen, 1999). 

The cre elements have found in promoter regions, either downstream of the 

promoter within the coding region or upstream of the promoter and Hillen, 

. KrUger Hecker, 1 may result either prevention 

transcription initiation, a transcriptional roadblock, or interference with interaction 

between RNA polymerase and an activator. cre of the amyE and acu lie 

within or adjacent to the promoter (Table 1.3) where binding a regulatory 

protein could interfere with transcriptionat initiation and Hillen, I There is 

U./<;;I;:;".::ll<:l that inhibition of transcription is achieved 

protein 

cre 

with 

(encodes 

RNA 

located the B. 

polymerase stalling at these sites and require 

to displace the stalled RNA polymerase 

CCR amyE in 

A) is relieved 

hut result 

transcriptional repair-coupling 

"-'''UJ, ...... ''' ... ''' et al., 1998a). The Mfd 

a 

RNA 

promotes strand-specific repair by displacing polymerase stalled at the 

nucleotide lesion directing (A)BC damage 

Mutations in ·mfd partially relieve at cre sites downstream 
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the hut and gnl do not affect at ere ,sites transcriptional start site 

located at the promoters. although aesA ere element is 

downstream of the transcriptional start site, aesA expression was not by Mfd 

(Zalieckas et al., 1998b). 

mutational of nucleotides to 'the ere showed 

that higher levels of CCR were obtained by ere flanked by sequences 

than by 

the 

nucleotides indicating that the sequence context of the ere elements affects 

et 1998b). 

Miwa et al. (2000) characterized 126 putative known ere from the 

subtilis np",rtn'l using a query (WTGNAANCGNWNNCW, N and W 

and A or respectively) using lacZ 

into There was a the partial 

palindromic nature of the ere and the of ere ,""'-,:u,",, 

for ere located within coding regions of target genes, cOllserv(~a bases 

were the third of codons base degeneracy is allowed. 

However In,,,'nJf'n that low mismatching of the ere sequence in the same 

direction as that of the transcription was more for their 
, 

function than that in the ... "" ... ,,'" direction. 

One elements with ere element in is the trans-acting 

protein which at in section. analyses 

the genome were found to 

glucose but not to glucose suggesting 

that transcri pti on may regulate the latter genes (Moreno et aI., 2001). 
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1.3.3.2 Catabolite Control protein (CcpA) 

The ere near the promoter SUI~ge;ste;d the eXlstelnce of 

a repressor molecule that would bind to operator. Transposon mutagenesis was 

employed to identity genes coding for a repressor (Henkin et aI., I 1). 

A promoterless cat gene was placed under the control of the promoter 

trans-acting mutants capable of transcribing amylase in Jhe 

,,,,,...,u,,..., of glucose thus conferring CCR "" .. H.n .... u'"" .... The mutations fell into four 

categories on their locations on the B. subtilis genetic map. All mutants were 

similar in phenotype derepression presence there were 

. mutants that remained sensitive to repression by 1.'. ... .:'U1J:1.'. that these 

two carbohydrate sources is through a pathway. 

The approach facilitated isolation of a ecpA, involved in the of 

(l,- A sublilis mutant WLN-29 (gra-26::Tn91 was isolated which 

was able to synthesize (l,- amylase in the presence of The (l,- amylase enzyme 

activity of B. 168 (wild-type), presence metabolizable 

carbon sources was 15 to 30 % of level excess 

contrast, in of the mutant strain 17Iae), (l,-

activity was 47 to 75% the unrepressed level even in the "'rIO." ... '.,,.. ... of most . 
sugars excePt glyceroL The eepA was cloned from wild-type subtilis and 

into an ....... ' ........ ''"''1111>'- phage vector for the 

(gra-26::Tn917Iac) mutant. Transductants had lost Gra- phenotype and (l,-

was presence mdlcatmg that was 

restored. Gra- phenotype was restored to WLN-29 upon 

prophage the strain, confinning was CCR. 

The location alsA, a involved in regulation acetolactate ULU ... ..," activity 

was close to the map location the ccpA Therefore, acetoin production was 

examined in WLN-29 and an alsA mutant lA (alsAl). the ccpA alsA 
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mutations resulted failure to acetoin in presence glucose, while ... ",.\Vl,,' 

production presence glycerol was unaffected. Introduction of SP~ prophage 

the intact ccpA gene resulted restoration of production in both 

a/sA mutant strains, that and alsA were The 

alsAl was due to a the ribosome-binding preceding ccpA. 

- et al. (1993b) found that the stimulation of ackA expression by glucose was 

blocked in a CcpA-mutant that CcpA aekA in contrast to 

a-amylase which is repressed in the of 

researchers CCR in sub/ilis is In Subsequently it was shown by 

CcpA mutants (Hueck Hillen, i Most of the carbohydrate utilization 

pathways were subject to substrate-specitic induction while global was 

superimposed mechanism. The were completely relieved CCR in 

ccpA'mutants, while a few showed residual which indicated that 

additional mechanisms might be for those p'n-."".,n .. " 

B. CcpA was homologous to sequences of the GaiR-LacI family of 

transcriptional 

identity with 

CcpA family 

binding domain 

In 

The 

(Nguyen and Saier, 1 CcpA 31 % and 

region of greatest similarity 

amino-terminal half of the protein, containing the 

of CcpA was to 

a a-helix-turn-helix structure of Lac! related 

Only two residues the recognition a-helices of CcpA, were. not· 

and Hillen, 1995). of of CcpA-like 

with family 

subfamily on (Kraus et 1998). 

The relief of CCR In mutants the structural nature of the CcpA protein 

lU ....... " ........ that product was a pleiotropic regulator central metabolism. 
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also been shown to be involved in sporulation. Miwa et (1994) 

"t",,!,t .. 11 that the alsA 1 mutation (discussed previously) 

by CcpA protein further reinforced the 

sporulation. CCR 

""..,,,"U".'Jl played an 

iIilportant role in coordinating global expression in to rapidly 

carbohydrates in the medium. 

homo!ogues have been isolated from numerous 

et 2000; Leboeuf et aI., 2000; Main et 

et 1999; Simpson and Russell, 1998; Lokman et 

and BrUckner, 1996; Hueck et aL 1 from 

Clostridium NCP262 involved the and that 

were 

below. 

dyad 

to metronidazole in coli. Davison et isolated a 

protein (RegA). Complementation of subtilis 

in glucose repression indicating that had a role to 

acetobutylicum. Furthermore, KUster et al. (1996) found immunological cross-

from B. mega/erium to numerous 

that CCR in these bacteria may be pv.·rt",·r! by 

in B. sub/ilis and B. megaterium . 

• shown to bind to the cre elements with other 

Kim et ai., 1995) and without CO-faClO 

1995). nature of the interactions will 

and Chambliss (1997) demonstrated that two monomers 

half groove of the amyE cre 

and on the Sanle face of the DNA which is typical 

made contact with three phosphate 

one or two phosphate groups near the dyad 

which 

to 

111 

of 

of 

difference 

contacts of CcpA and the GalR-LacI repressor family was the 

contact near the dyad axis. 
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Several """',",1'-,,,, have .... h" ... l11j.l'"',.. the 

(ORFs) are located downstream from 

(Grundy et a!., 1994; and 

upstream and downstreanl of in certain 

B. megaterium, two reading 

are probably co-transcribed with 

1995). The deduced products of ORF 1 

are homologous to MotA and MotS membrane-associated proteins required for 

tlagellar rotation subtilis and E. coli. null mutations in ORFI and ORF2 

resulted in no detectable phenotype with to growth rates on 

carbon sources, motility, competence and sporulation (Grundy et 1993b). The role 

of 1 and from ccpA therefore remains unexplained. The 

sequential and structural conservation of these in B. subtiUs megaterium 

implies a for an important Hueck Hillen 

(1995) speculated that or potential could playa role 

in CCR via the ORFI ORF2. Mahr et (2000) compared the 

structures of regions bacteria, and 

and (\n<1,f>f'V~~t1 a [pepQJ-[ ccpAJ-[variable J 

order while the an [aroAJ-[ ccpA]-[ variable ]-[ acuC] This 

result might IJV':'''''''''',;) U,",'-'Hl'" genetic structures 

regIons 

In addition to loss of B. subtilis mutants exhibit a second phenotype, which 

is poor growth on minimal media with growth less pronounced complex 

medium (Miwa et aI., 1994). Factors than carbohydrate transport the 

growth since sugar-specific Derme:ast~s do not depend on a functional CcpA 

growth with carbon sources was affected irrespective the transport system 

involved. These ccpA mutants were auxotrophic for and required addition 

of citrate or other acid (TCA) cycle 

(Wray et 1994). et (1994) that glycolytic 

activity is 

central pathway 

CCR in B. subtiUs 

metabolism like 

38 
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presence of citrate and glutamate~ growth inhibition of eepA mutant 

arabinose was observed (Faires et 1999). Growth inhibition was to some 

unidentified intermediates arabinose utilization since it was not observed in the 

of ribose and Was probably not due to catabolism via the pentose phosphate 

shunt A spoOA results abrB overexpression, which allows the growth 

detect ccpA mutants to be circumvented. is a transition- state regulator capable 

of specifically and Hillen, 1995). An null 

mutation CCR subtilis 1995). 

AbrB Ull!zestea to compete with other llo;;; ... ua~IU].:, proteins) for 

binding to ere 

The CcpA protein may provide the between and nitrogen metabolism 

via Faires et (l999) data, 

which indicates transport was not the eepA mutant 

strain. mutants (sgd) affected the growth behaviour but not 

allowed one to distinguish 

the cepA mutant 

affected central 

phenotype was associated with 

the two phenotypes cepA mutant They 

deficiency to be similar to gil (glutamate) mutants 

glutamate synthase. 

gitAB operon expression in cepA 
.. 

mutant strain. mutation, which restored growth of eepA mutant strain, 

concomitantly restored expressIOn gltAB operon. Therefore 

was not causing eepA mutant phenotype and the growth deficiency did 

not U'fW,J'fW!,IU on pathway for carbon source catabolization. Analysis the 

growth requirements the eepA mutant revealed that mutant was auxotrophic 

glutamate had the same phenotype as mutants. They demonstrated that gitAB 

expression is induced by 1<',1U,,",V",, and this induction on a functional 

though no ere be in the upstream regions. sgd-l 

renders the pre:sellce of glucose medium 

the protein. a eepA sgd-l mutant they found that inducible 
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nn,"'''£'1,n did not restore 

factor(s) positively 

mutant growth 

by CcpA, which are 

Powell et al. (1995) showed how the PTS tor ammoniwn 

connected and nitrogen metabolism in and other gram-negative 

The genes specified by the sgd mutations are possible 

link in addition to CcpA. 

" .... " ...... ".'"' in the provision of 

Previous 

fermen tati ve 

showed that acetate 

anaerobically 

CcpA may also be 

the requirement 

ackA, gene (Grundy et 

the . activation of 

I 993b). Nakano et aI. (1997) 

butanediol are fermentation products B. subtilis when grown 

of glucose and findings indicate that 

in anaerobic fermentative and thus CcpA is a central 

regulator of carbon, ... n ... rov and nitrogen metabolism in subtilis and possibly other 

gram-positive bacteria (Tobisch et aL 1999). 

A protein, identity to CcpA implicated in CCR of the 

B.subtlis ;r;yl and gnt parallel with CcpA when on solid media or in 

media with little agitation (Chauvaux et aI., 1998). CcpB appeared to exert CCR by a . 

mechanism dependent on 

conditions affected mediation by 

sequence did not ,",Vlualll1 ,"-,"UJ.-'" 

sub-family. 

Whole-genome analysis 

(discussed in 1 

Kraus et ai. (1 

residues and was not 1'tl",,.,,,1',"',,'" a 

found that 10% of an are 

glucose with repressed outnumbering activated genes and 80% 

depended on CcpA for (Moreno et aI., 2001). 

evidence for CcpA activation or 

might alter the intensity of either 

to CcpA-mediated two distinct patterns 
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r\ .... "' ... nn were regulated in or where the gene encoding the 

receptor was 

were identified that 

class). Several transcription .. "r •• '.,".,., 

transcriptional level and to 

CcpA-independent CCR were and found to be 

sporulation. 

1.3.3.3 HPr 

A primary co-factor of modulation is the protein HPr which is a key 

component. HPr gram-positive bacteria can be phosphorylated at Ser46 

by an Hillen, 2000, et aI., 1998). It is 

activated bisphosphate and to a by other 

by inorganic 
. . 
morgaruc glycolytic 

phosphate~activated Enterococcus to 

catalyze dephosphorylation from various 

1995). The HPr-Ser- P is present in cells with high glycolytic 

HPr-Ser-P is dephosphorylated under starvation HPr-Serine46 

hpr,ptnl"P represents a switch responding to availability phosphorylation 

and to the of the cell. The HPr-Ser-46-Ala mutant where the Ser-46 is 

replaced by 

carrying this 

cannot be phosphorylated at this position and B, subtilis strains 

are relieved of CCR of certain '-AU';>"" 

activity et aI., 1994). This ......... _/';"':""."'" 

exclusion nor ... ""£1,,,,<>£1 uptake of sugars mediating 

to the effects on 

activities and of mannitol-

.... au" ....... neither by inducer 

links CCR in B. subtilis 

are by direct 

interactions ,","'T',,,,,,,·,... HPr-Ser-P and the "'PC,",PI't"ft> p,n'7'\,rnn<'c 

In order to whether protein-protein mt(~ra(:tlo 

and et a1. (1995) 

megaterium with a fusion which was 

41 
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specifically retarded HPr-Ser46-P in the absence of 

unphosphorylated HPr, 

fructose 1,6 bisphosphate 

to the 

and 

",<-",.vu of 

gnt ere sequence in an 

manner vitro. Ramseier et a1. (1995) demonstrated that the 

the xyl ere 

containing 

was stimulated 

and negatively 

that CcpA 

tically by the 

by HPr-Ser-P. 

HPr-Ser46-P 

out a mixture of 

Addition 

et al. (1995) 

dependent 

of CcpA with 

phosphate-

Jones et 

formed a 

ternary with ere DNA 

HPr, allowing 

binding site of CcpA encompassing both 

to recognize the phosphorylation state of 

HPr. et 31. (1997) demonstrated that CcpA could bind to ere in the 

presence glucose-6-phosphate. Studies by Kim et a1. (1998) implicated NADP as a 

co-repressor where the was primarily on the 

inhibition transcription rather than on binding by 

the RNA of when 

and "",n"",.." DNA-binding The 

B. subtilis erh ",vr,r",.;:.;:",rl a novel HPr-like also involved in which 

the Ser46 residue but not the His 15 residue is for phosphorylation and 

Lorenzo, 1998; et aI., 1997). Crh is phosphorylated by HPr n ........ ..,'" the 

presence of elevated concentrations of 

Crh-Ser-P .:,.u ...... ,,"" .... ... 

binding 11 ..... "' ... '_" that 

1999). It has been s~ges;tea 

might play a role 

separate from the 

CCR 

CcpA to the 

it was another 
,. 

that because Crh 

through an 

(Cases and 

only 

conservation and trans-dominance studies on 

indicated that other .. 0"' ......... bind and exert 

All these that modulation 

different co-factors. 
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A different mechanism of catabolite regulation occurs in the absence of repressing 

sugars. Under these conditions HPr phosphorylates positively acting transcriptional 

regulators containing a PTS regulation domain (PRD) thereby stimulating their activity 

(Stillke et a!., 1998). Specific regulators like LevR, LicT and LacT mediate the CCR of B. 

subtilis levanase, ~-glucoside and L. casei ~-galactosidase genes in eepA mutant strains 

(Stillke and Hillen, 1999). These regulators whose activities are controlled by HPr- or 

EIIB- dependent phosphorylation contain the conserved PRD domain and act as 

transcriptional activators or antiterminators resulting in either induction or catabolite 

repression. 

In the following section the interaction between the various CCR components will be 

discussed and a model proposed for gram-positive CCR. 

1.3.3.4 Interaction of ere, CcpA and HPr 

The components, which are central to- CCR in B. subtilis, are the ere elements, CcpA, 

HPr (PTS) and Crh. CCR is affected by mutations in the ere, CcpA and HPr-Ser-P. 

These components are thus essential members of a pathway which signals the presence 

of a readily metabolizable carbon source to CCR of catabolic genes. 

HPr from low-GC gram-positive bacteria can be phosphoryJated/dephosphoryJated at 

the His 15 residue or the Ser46 residue, the former by PEP and enzyme I, and the latter 

by an A TP-dependent, metabolite-activated HPr kinase/phosphatase system (Martin­

Verstraete et aI., 1999, Jankovic et aI., 2000). In order to regulate transcription of the 

controlled genes, CcpA needs to interact with a cofactor, which may be either glucose-6-

phosphate, NADP, HPr-Ser46-P or Crh-Ser46-P. The generation of the co factors and 

their subsequent interaction with CcpA link the metabolic status of the cell to the 

activity of the regulator. The two phosphorylation sites available on HPr allow many 

proteins, including CcpA, to recognize the phosphorylation status of HPr and thereby 
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the utilization of carbon sources at level their transport as well at 

of transcription of genes involved in their metabolism and Lorenzo, 1998). This 

also allows to act as the mediator of expulsion ... ri1"""~.r exclusion in 

IT .. ~'rn __ nn'''1T'''''' bacteria. function of in catabolite repression 10 subtilis is 

h~ .. ,,,,tr.1"'" equivalent to that of 

enteric bacteria. A model of 

receptor protein Crp in coli and other 

1 

PEP 

Py,;-,vate 

in low-GC 

, fI 
HPr-P 

HPr 
Crh 

HPr-S46-P 
Crh-S46·P 

Glucose-
6-phosphate 

+CcpA 

Repression of catabolic operons 

bacteria is in Figure 

Glucose 

CM 

Figure1.4: CCR in bacilli and other low-GC gram-positive h"'('jlPt'i", The core of the PTS involves the 

flow of phc>sptlate from PEP to the exogenous ".,rnr.I",,! simultaneously with· its This flow 

is mediated by EI, HPr and carbohydrate-specific which includes different subunits (A,B and The 

phophoryJation state of HPr controls the expression of catabolic operons in response to repressing carbon 

sources. In the presence of glucose, HPr is phophorylated at Ser46 by HPr kinase (PtsK) and, with 

Crh, acts as a co-repressor CcpA. In the absence of HPr phosphorylated 

... n:/'VIT'p I can stimulate the activities of glycerol kinase (GlpK) and VLI'OlV',.-".J ..... 

LicT. CM, cell membrane. Adapted from Srulke and Hillen, \999). 

by at least two mechanisms_ 

such as 

level is able to sense glycolytic 

fructose 1,6-bisphosphate stimulates 

subsequent binding to CcpA, and the 

phosphorylation HPr at Ser46 

mechanism is when glucose-6-phosphate or 

NADP directly stimulates In both mechanisms, the stimulated CcpA binds to 
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the ere elements. The absence of a readily metabolizable carbon source would lead to 

inorganic phosphate-stimulated HPr-Ser46-P-phosphatase activity resulting In 

dephosphorylation and dissociation of the complex with CcpA and ultimately relief 

from 

et (l found that Hpr-Ser46-P glucose-6-phosphate 

different binding mechanisms of CcpA to ere elements in. the xyl operon. interaction 

glucose-6-phosphate was cooperative and involved three ere in 

the xyl operon, probably brought in close proximity by DNA HPr-Ser46-P 

interaction was non-cooperative and confined to a ere. The two 

were not simultaneously active and the pH of the buffer: determined which 

activated CcpA. For pH values below activation ere 

was preferred pH above 5.4 favoured ., ... r",," •. "'" activation of ere binding. 

It appears that cooperative binding of CcpA to ere is confined to acidic . 

Cooperativity DNA binding oligomerization of CcpA dimers, which are 

at neutral pI-I. CcpA dimers form molecular mass at lower pH. 

The only member of the 

to form tetramers is 

1'\'-'.dL' family bacterial regulators shown experimentally 

repressor, this is a property of the C-terminal 

from subtiUs or B. megaterium not contain such a tetramerization domain. 

Therefore it was the first member of this protein family for which to higher 

oligomers was demonstrated. CcpA has capability for this binding but it is 

not 

intracellular 

pH 

of between 

affect binding in vivo. 

and 8.0. subtilis 

an 

on glucose shows a 

temporary but drastic t1",,,'r,,,,, 10 down to values around pH 5.0 caused by 

the production and excretion of Decreases 

values were also reported for several n"''''''''' .. nn",r,up 

internal and external pH 

growing under anaerobic 

conditions. et aL (1997) speculated therefore that the low internal p 

values might occur transiently bacillus species. A proposed model CcpA function 

10 CCR of B. subtiUs operons ere is given below in Figure 1 
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HPr Kinase 

PTS SYSTEM 
INDUCER 

EXPULSION 

'---_H_P_r_S--'Ser46-p 

H Pr Phosphatase 

NON-PTS 
SYSTEM 
INDUCER 

EXCLUSION 

eRE ELEMENTS __ .... CCR 

GLUCOSE 

1 
GLYCOLYSIS 

1 

Figure 1.5: A proposed model of CcpA function in the catabolite repression mechanism in gram­

positive bacteria based on the xyl operon of B. megaterium (Gosseringer et aI., 1997). Glycolysis results 

in the accumulation of high concentrations of glycolytic intermediates such as glucose-6-phosphate and 

these intermediates stimulate/activate HPr kinase resulting in the phosphorylation of the Ser46 residue of 
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catabolism of sucrose intracellularly is the system, whereby the sucrose 1S 

~"'. " '. 
transported and phophorylated by an EIISer results in accumulation of 

intracellular sucrose-6-phosphate which is then hydrolysed further by sucrose-6-

phosphate hydrolase to glucose-6-phosphate and fructose (Saier and 

et al. (1998) demonstrated in C sucrose is also transported 

cell a and the was subject to 

by The products sucrose-6-phosphate hydrolysis were glucose-6-

phosphate and U""".V.:>'.." which was subsequently phosphorylated by a 

and Mitchell (2000) detected a similar pathway to that in beijerinckii for 

sucrose metabolism acetobutylicum 

components of the C beijerinckii system were identified and 

characterized at" genetic level (Reid et aI., 1999). The beij'erinckii sucrose operon 

comprised 

protein of 

genes in the respective order: encoding a sucrose-specific Enser 

PTS; scrR encoding a transcriptional of the GaiR-LacI family; 

serB encoding a sucrose hydolase and scrK encoding anATP-dependent fructokinase. 

The scr were as a 5 kb mRNA transcript and constituted the 

beijerinckii scrARBK operon. The scrARBK genes were transcribed C beijerinckii 

was in sucrose and in the presence certain carbohydrates. gene 

order in 
, " 

acetobutylicum ATCC824 was scrTAKB with constituting an operon 

as all three were eX1Jresse:d as a transcript (Tangney and Mitchell. 2000). 

The beijerinckii protein had the identity to the EIIBC domains the 

from Streptococcus sobrinus and conserved the proposed EIIB phosphorylation 

the motif, which has been proposed to 

substrate binding (Lengeler et 1994). 

interact an EllA domain, which could either 

domain the EIICBA Gle protein. The 

to phosphorylate et aI., 1990). The 
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required for dependent sucrose uptake when the sucrose systems Klebsiella 

pnewlloniae, Salmonella /yphimurium and Vibrio alginolytieus were cloned In E. 

respectively (B1atch et aI., 1990; et 1982; 1988). 

Tangneyet (1998) demonstrated that there is no specific in the 

of beijerinckii 

function sucrose 

ATCC824 an 

the EIIA domain 

(Tangney and Mitchell, 2000). 

beijerinckii ScrR 

xylosus ScrR protein with the 

DNA-binding motif and 

and Bruckner, 1996). 

closely related to other 

it very that ..,,.,.,., .. ,,,,, fulfills 

contrast sucrose of C. acetobulylicum 

protein in which three functional domains are fused 

allow sucrose transport the this 

had the sequence identity to Staphylococcus 

conservation being N-terminal helix-turn-helix 

identitied with involved inducer (Gering 

confirmed the proteins were more 

to other members of family. c. 

beijerinckii scrR mutant resulted in constitutive expression of the operon 

under non-inducing conditions confirming that played a role 

et It was proposed ScrR was a transcriptional 

which most likely acts at the operator therefore scrR gene was 

itself autoregulated. In 
l 

absence of an scrR gene, the sucrose of 

acetobutylicum A TCC824 had an scrT and two RAT sequence terminators, which . 

was for an antiterminator-mediated regulatory mechanism, 

family (Tangney Mitchell, The 

has well previously (Rutberg, 1997). 

beijerinckii protein showed to of 

hydrolase family with identity to sucrose-6-phosphate 

hydro lases, which confirms biochemical evidence that sucrose-6-phosphate is 

hydrolysed (Tangney et aI., 1 C. bey'erinckii ScrK protein showed homology 
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to the ribokinase/pjkB fructokinases with conservation of regions possibly 

in and et aI., 1999). Furthermore was the 

reported a complete ribokinase/pjkB family fructokinase sequence associated 

wi th a sucrose lOa organism. 

A ere element was identitied downstream of the 0 region of C. beijerinekii 

serARBK operon, overlapping the transcriptional initiation (Reid et al., 1999). This 

ere differed only 1 bp the Weickert and Chambliss (1990) consensus 

ere A ere element with one mismatch to the consensus ere sequence, was also 

identified overlapping the -10 region acefobutyliellm scrTAKB 

operon (Tangney and Mitchell, 2000). This ere sequence had a TG palindromic center 

contrast to more common CG center found beijerinekii other ere 

identified most other et 1998b). The ere sites are 

to act as sites for CcpA-Hpr (discussed 

sections) and the identificntion of these sites the sucrose operons both 

clostridial that these are to CCR by mechanisms 

similar to those in Bacillus. Furthermore ATP-dependent phosphorylation of 

beijerinekii been 

RegA, in acetobutylieum 

components for 
.. 

in clostridial species 

al., 1995). " 

1 AIMOF STUDY 

repreSSIon the sucrose operon has 

a CcpA 

indicating that all the 

and Mitchell, 2000; Davison et 

observed in mixed sucrose, 

batch cultures which sucrose hydrolase and fructokinase activities were partially 

but the mechanism facilitating 

Furthermore, the author identified a putative cre 

elucidated (Leat, 1997). 

in the operator region of 

scrARBK operon indicating a possible mechanism involving a C. beijerinekii CcpA 
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aim of this study was to isolate characterize a 

heijerinckii NClMB 8052 by sequence and 

homologue. 

homologue 

inactivation and to a """""""'".1",-"",,,, link between the CcpA homologue and 

CCR of the sucrose operon. 

51 
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CHAPTER TWO 

2.1 SUMMARY 

The was isolated a chromosomal gene NClMB 

by hybridization using the acelobutylicum regA gene (Davison et as a 

probe. was truncated and had to reconstructed using a construct containing 

the C-terminal portion of the gene which had been identitt"ed by colony hybridisation. 

The was 996 bp in length and a protein of 3 amino acids with a 

MW 39840 Da. and analyses confirmed 

that the protein the family 

transcriptional regulators. conserved structural and 

ammo residues the CcpA subfamily, which indicates conformational and 

functional identity with CcpA. that could act as a global regulator 

of m beijerinckii. 

encoding a protein with significant identity to isoleucyl-tRNA synthetase 

proteins was found upstream of regB. upstream encoded a protein with 

identity and 51.45% similarity to the isoleucyl-tRNA of the Lyme 

disease Borrelia burgdorferi. 

The gene immediately downstream regB 441 bp in and encoded a protein 

of I amino acids a calculated Mw of 17 640 protein showed 

identity with of laclis, subtilis, B. halodurans, 

Staphylococcus Vibrio cholerae and E. of transcriptional 

regulators belonged to the MarR family of transcriptional regulators. The functions 

by family include regulation 

(Alekshun and 1997; Sulavik et aI., 1997), negative regulation of sporulation and 

protease production (Koide et aI., 1 and anaerobic aromatic compound degradation 

(Egland Harwood, 1999). 

Downstream of putative MarR family transcriptional was a truncated 

encoding a putative protein with 30% amino acid identity to an unknown COIlserve;::o 
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protein (BABOS882) in halodurans. These proteins belonged to an uncharacterized 

protein UPF0013 function is currently unknown. 

2.2 INTRODUCTION 

As a 

This 

of a study on 

in the 

gene 

molecular characterization acetobutylicum 

transfer and metronidazole Davison et 

the catabolite repressor RegA. 

(972 bp) encoded a of 324 acids (3 The 

start codon was preceded 8. bp upstream a Shine-Dalgamo sequence that resembled 

the S. aureus p-lactamase C. acetobutyUcum endoglucanase 

putative showed homology to promoters 

the acetobutylicum Two stem-loop were identified downstream 

the regA with eight thymine residues after the first stem-loop structure. 

structure is similar to factor-independent terminators. The symmetry stem-

loop structures allows the of a stable hairpin structure in the RNA 

transcript thereby down the polymerase, regIon 

allows for the formation of a hybrid that facilitates release the transcript 

indicated the protein encoded by 

deduced protein 40% and 

subtilis and B. CcpA proteins 

amino terminal region of 

to DNA-binding domains repressor 

the acetobutylicum product showed highest amino identity 

to B. subtilis ccpA gene product, the ability the regA to complement a B. 

subtilis ccpA mutant was examined. The C. acetobutylicum 

6.05 fragment was inserted Spp phage 

subtills for 

54 

contained on a 

into the 

Using a 
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qualitative assay, repression was observed in the B. subtilis mutant 

complemented with regA. The B. subtilis ccpA controls the production of 

acetoin in the presence of glucose by regulating the expression of a/sA 

responsible synthase (Grundy et aI., 1993b). The B. 

ccpA mutant's ability to a glucose medium was 

upon complementation with regA. 

on the above study, may serve same global role in 

acelobulylicum NCP262 as CcpA and homologues other gram-positive bacteria 

(StU Ike and Hillen, 1999). genetic manipulation of acetobulylicum 

. NCP262 is technically difficult of its CCR regulated analyzed at 

or physiological level. 

beijerinckii however is amenable to genetic manipulation and operons that are 

hypothesized to be subject to such as the sucrose operon, have been cloned, 

sequenced and analysed (Reid et aI, 1999; et 1998). This species 

an ideal model for the study CCR in saccharolytic clostridia. We therefore 

sought to find 

possible 

.. ' ..... "'" in order to investigate its 

steps to isolate a 

homologue from beijerinckii and presents subsequent analysis. 

MATERIALS AND METHODS 

2.3.1 Bacterial strains, plasm ids and culture conditions 

All bacterial strains and plasmids are listed Table 2.1 

Cultures of were routinely on or Luria-Bertani 

medium (Sambrook et ai., 1989) at YT LB media were solidified with 

agar (1.5% w/v). Ampicillin (lOOug/ml) was included in the media where appropriate. 

The laboratory stock of beijerinckii NCIMB and acetobutylicum NCP262 

was maintained distilled water at 4°C. clostridial were routinely cultured 

using Clostridial Basal Medium (CBM) (O'Brien and Morris, 1 1). CBM liquid 

was cooled to approximately 50·C after autoclaving and transferred to an 
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with a gas phase 5% H2, 10% CO2 and 85% (Forma Scientit1ca 

(1.5% w/v), were 

anaerobic conditions 

USA). CBM solidified with 

prepared under conditions and then pre-incubated 

for 12 h ,",0'-".""" use. were typically 

3 min) and cultured at 

with 111000 volume 

of heat- shocked spores (70·C 

Table 2.1: Bacterial strains and plnsmids used in this study. 

Name 
Bacterial strains 

C. aceloblltylicllm NCP262 

C. beijerinckii NelMS 8052 

E. coli K 12 

E. coli H B 101 

E. coli JM 105 

E. coli JMI09 

Plasmids 

pSK069 

Relevant Characteristics 

Wild-type 

Wild-type 

Wild·type 

Ihi-f. hsdSl0(rll-.inlr). sllpE.f.I. recA 13 

/!1(/ac-proA B) lac'l _( lacZ) tv! 15 

JlacZ)M f 5. recA I 

Apr, T3 and T7 .... rd" ...... ,' ...... 'On n,·"'mot .. "" 

1.25 kb ClallXbal DNA 

Jones et al. (1982) 

NCIMB 

Maniatis et al. (1982) 

Yanisch·Perron et al. (1985) 

Yanisch-Perron et al. (1985) 

",,,,,;,(<0,,1:;. La Jolla, California 

Davison S. (personal 

con ta i n i ng regA c I on ed in t 0 communication) 

-8.5 kb C.beijerinckii DNA fragment in C.beijerinckii gene bank (Reid 

personal communication) 

-2.76 kb Clal DNA This study 

a 5' truncated reg B gene In 

-4.2 kb EcoRI derivative of construct This study 

-4.0 kb EcoRV derivative of 1JL.'~'-'lJ 

subcloned into pBluescriptSK+ 

-5.5 kb DNA fragment containing 

in 

kb EcoRV/BamHl DNA 

from pECOB 1 cloned into 

56 
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General DNA manipulation and extraction 

Competent E. coli were by rubidium chloride treatment as described 

Armitage et (1988). 

extraction and purification plasmid DNA from was carried out 

USing Nucleobond (Macherey-Nagel, Germany) according to the 

manufacturers instructions. Small-scale extraction plasmid DNA from coli was 

out by alkali-hydrolysis method of either and Burke (1981) or 

Zhou et (1990). DNA was extracted E. coli according to the 

method Wilson (1 

DNA restriction endonucleases and DNA I were obtained Roche 

Diagnostics or 

protruding 5' 

and DNA 

fragment and T 4 

Electrophoresis of DNA was conducted in agarose (0.8%, w/v), using a 

EDT A buffer as by Sambrook et al. (1989). 

C. heijerinckii and acetohutylicllm genomic DNA extraction 

cultures C. beijerinckii and acetobutylicum NCP262 were CBM 

to an 00600 of 0.4 were r'lT"'~TPro by centrifugation (7 min at 1 0 000 xg). 

were resuspended 

12.5mM MgCh; 12.SmM 

a 20ml volume of containing: 10% (w/v) sucrose; 

Smg/ml lysozyme (Roche Diagnostics). 

at for 1 SDS EDT A were added to final 

concentrations of 2%(w/v) and 100mM respectively, bringing the total volume the 

mixture to 27m!. A 20m 1 volume hot phenol (SO°C), equilibrated with 0.1 M 

(pH 8), was added and mixed gently. The aqueous was recovered by 

(10 at 12000 rpm) firstly one of 

chloroform: iso-amyl alcohol 1 v/v) and with one volume water-saturated 
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ether. RNA was removed Ribonuclease (Sigma 

Chromosomal DNA was precipitated 

Company, St. Louis, 

isopropanol (Sam brook et aI., 

DNA pellet was resuspended in distilled water and stored at 

2.3.4 Southern and Colony blots 

radioactive DIG-labelled were prepared using the Diagnostics 

1175033). 1.25 kb fragment 

which a 380 bp EcoRV/XmnI internal regB gene 

appropriately as probes to the 

The 1 kb ClaIlXb(lI probe was obtained digestion of 

and the 380 bp EcoRVlXmnI regB probe was obtained digestion 

plasmid 

b analysis, fragments were by 

blotted onto positively charged N+ nylon 

method and Mann (1985). and 

electrophoresis and 

membranes according to 

detection of DIG-labelled was conducted according to standard protocols 

by Roche Diagnostics. 

colony colonies harbouring plasm ids with C. insert 

DNA were duplicated onto N+ nylon membranes solid 

medium. After "incubation the> membranes were processed, hybridized and 

colonies to standard supplied by Roche 

Chromosomal walking and construction size-selected bank 

For chromosomal selected were to digest 

. beijerinckii chromosomal which was probed with an internal EcoRV/XmnI 380 

bp probe electrophoresis through an gel. Restriction endonucleases 

that DNA fragments of size, were selected creation 

selected banks. 
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selected oP'''!P!'',''' of C. beijerinckii were OP,1,pr<:l by of beijerinckii 

chromosomal DNA (40ug) to completion with ClaI, the resulting were 

fractionated electrophoresis in 0.8% 

were .. ",ro,,,,,,,,, .. ,,,.n by the 

ligated into pBluescriptSK+ vectors, which were also 

buffer. DNA 

(Q-biogene) procedure, 

with ClaI, and then 

transformed into JM105. 

Exonuclease III digestion, nucleotide and sequence amllysis 

nested deletions were generated in DNA to be by 

III digestion (Henikoff, 1984). Double-stranded templates were sequenced by the 

dideoxy chain method et al. (1977). Initially, was 

conducted using the Sequenase kit version (U.S. 

Ohio) and e Subsequently, sequenc was 

Sequitherm™ kit (Epicenter Technologies, Madison, USA) using labeled M13 

primers and 

(P harmacia). 

analysis was performed 

using the ALFexpress automated DNA 

programs the ON AMAN 

Biosoft, Canada) and Computer Group (Devereux et aI., 1984) 

analysis packages. Amino acid and between 

were DNAMAN V4.0 Biosoft, Multiple 

were conducted the pmEUP component of GCG, ClustalW 

(Lynnon 

(Thompson et aI., 1994) and Genedoc V2.6 (www.psc.edulbiomed/genedoc). 

hydrophobicity was according to the algorithm ofKyte and Doolittle 

(1982), as implemented DNAMAN sequence package (Lynnon Biosoft, 

Canada). "'''' •• '''.,''' analysis was conducted using the ClustalW program 

usmg software (Page, 

pnpT"lHI of RNA stem loop structures was determined using 

component GCG Stiegler, 1 1). 
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Analyis the unfinished of C. acelobulylicum A TCC824 was achieved 

resources at and 

Prepnration of tobd RNA from beijerillckii 

C. cultures were harvested by centrifugation (SOOO S min, 4'C) 

30ml culture volumes when the 00600 was between, 0.3 to O.S. Cell pellets were then 

resuspended in SOOJll aliquots of a 0.3M sucrose/O.OIM sodium acetate (pH 

each case, a SOOIlI aliquot a 2% SDS/O.O 1 M sodium acetate solution (pH 4.S) 

was added and the mixture was maintained at 6S"C 

(1 sample) was the samples were 

1.5 min. Water-saturated phenol 

at 6S'C a 

3 min. The samples were then cooled at Aqueous 

recovery was by centrifugation (10000 rpm for S min an 

microfuge). Two further hot phenot extractions were conducted. The RNA and 

DNA were preCipitated by the addition of 1/10 vol of SM sodium acetate, 3 vol of 

and teft at -70·C for at S or After centrifugation (10000 

10 min at 

(20mM sodium ......... l< ......... , 

was in a 200Jll vol DNase 

10mM MgCh/lOmM NaCI, pH 

addition of I Diagnostics) (30U 

The DNA was 

200111 sample), and 

RNA was ethanol 

at 

2.3.8 Primer Extension 

RNA was extracted from beijerinckii in CBM with either (1 %) or 

(l as carbon sources. The RNA (100Jlg) was precipitated and 

100111 of buffer (40mM 6.4; ImM 8.0; 

400mM NaCl; 80% deionized formamide). The solution was transferred to a tube 

rlPTUJI",'n 2 to 5 pmol CY -S-labelled CTC 

TTG C) was added. was heated at for 10 min after which prImer 

was annealed overnight at 43"C. RNA with the annealed primer was precipitated by 

the addition 300Jli water 800111 of ethanol, incubation at -20'C 

for 30 min and centrifugation at 10000 rpm 12 min (4"C). subsequent pellet was 
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with 70% ethanol centrifuged at 10000 rpm 8 min (4"C). pellet was 

then dried and dissolved in 20~1 RTB (4ul AMV 

[IOmM] dNTP, IJlI [40U] RNazin, Roche 

buffer, Promega; 

2~1 [I mg/ml] Actinomycin 

12JlI water) and was kept at 42"C for 4 min. AMY Reverse 

Transcriptase (20U) (Promega, Madison, USA) was added, and the reaction incubated at 

(42"C) 2 h. The the addition of I~l 0.5M EDTA (pH 8.0). 

RNA was removed by addition 1 Jll 10mg/ml Ribonuclease A (Sigma 

Chemical Company, Louis, Missouri) and at 3TC 30 min. The 

extension product was precipitated by the addition of 150Jll TES (1 OmM Tris; 1 mM 

100mM NaCI), 500111 ethanol, incubation at for 1 h for 

12 min at 10000rpm (4·C). pellet was in 70% ethanol, dried and 

resuspended in to which 8JlI of stop butfer (Pharmacia) was added. The 

mixture was then at for 5 min resolved on an 

DNA sequencer (Pharmacia) along with the products of the appropriate sequencing 

reactions. 

2.4 RESULTS AND DISCUSSION 

2.4.1 Southern hybridization analysis and isolation of the truncated regB gene 

DNA hybridization of beijerinckii chromosomal DNA the 

from C acetobutylicum NCP262 as a probe this 

homologue (Figure 2.1). In addition, it appeared that the region of the chromosome on , 
the regA homologue of occurred had a different 

to the corresponding region C acetobutyUcum difference 

in sizes. For C beijerinckii the PstI and ClaIlXbaI identified by 

iOl:zatlon were 2.8 kb while acetobutylicum NCP262 

.......... "' .. ,'" detected occurred at 6 kb and -1.25 kb same restriction A,..,"",,,,,,,,,,, 

digestions. This 

hy bridization 

was no hybridization to 

specific bands that hybridized 

are most likely due to 

the taxonomic difference between the two 

to positive control (lane 4) at -1 

12 chromosomal non­

with the 1 kb band in the positive control lane 

of plasmid DNA, DNA and 

contamination with plasmid DNA. 
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In order to obtain the regA homologue in C beij'erinckii, a C beij'erinckii gene bank in 

plasmid pECOR251 (Reid, personal communication) was probed with the regA gene 

probe. One of the poois of the gene bank was found to harbor the regA homologue. This 

pool was transformed into E. coli JM 1 09 and a colony blot was performed. Upon 

hybridization a positive clone was detected. Small-scale DNA extracti8n and a Southern 

blot analysis on this putative clone confirmed that the construct contained a regl1 

homologue and the construct was named pECOB I (results not shown). 

1 2 3 4 5 7 10 

~ - )().n kh 

~'IS.nkh 

~ - 125 kh 

Figu re 2.1: Southern hybridization analysis of E coli K 12, C. beijerinckii and C. aceloblily/ic llIlI 

NCP262 . Chromosomal DNA (50_g) from E coli K 12, C. acelobuly/iclIlI1 NCP262 and C. beijerinckil 

were digested with ClallXba! and PSI! respectively. The regA probe was used throughout. 

Lanes 2 and 3: Ecoli K 12, PSII and ClallXbal digestions respectively. 

Lanes 5 and 6: C. acelobutylicum NCP262, PsI! and ClallXbal digestions respectively. 

Lanes 8 and 9: C. beijerinckii, PsI! and ClallXba! digestions respectively. 

Lanes 4: Plasmid pSK069, 5~ digested with ClaJlXbal, (the positive control). 

Lanes 1,7 and 10: Lambda marker (A. DNA digested with PSII). 
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2.4.2 Reconstruction of the truncntcd regB gene 

Restriction endonuclease and southern hybridization analysis revealed that construct 

pECOB 1 contained an 8.5 kb insert and that the regB gene lay near the 3' end of the 

insert. Further subcloning into pSKbluescriptSK+ was done to localize the regB gene for 

preliminary sequence analysis. Sequence analysis revealed that regB showed homology 

to the previously cloned regA but that regB \vas truncated by 266 bp at its 3' end. 

Chromosome walking was then employed to find the full-length clone. No appropriate 

restriction endonuclease digestions of the C. beijerinckii chromosome. which gave a 

suitable DNA fragment containing the entire ORF of regB could be identitied. A size­

selected gene library was therefore constructed using CIa I digested C. beijerinckii 

chromosomal DNA and pBluescriptSK+ vector. Although this gene library would have 

the 5'-end of the regB gene deleted (-77 bp) it should still contain sufficient 

downstream region. A colony blot was performed on the size-selected gene library 

transformed into E. coli JM 1 09, using the regB gene as a probe. A recombinant 

plasmid, pSKB2 was found which contained the downstream region of regB on a -2.76 

kb DNA fragment (results not shown). 

The two truncated parts of regB were then reconstructed to obtain a full-length regB 

gene. Reconstruction of the full-length sequence of regB is shown in Figure 2.2. 
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pECOBI BgII/ISuu3A 

CW 
RJ EcoRV 

~'''' I BumHl 

~ Il'" 
pECOB3 BgllJISuu3A Clal 

~
II 
BamHI 

Removed 

Clal BgllJlSau3A 

Accl ~" BOInHI 

1 1 

pSKm 

pECORegB 

- __ =Ikb 

Figure 2.2: Reconstruction of regB and its flanking regions. Plasmid pECOB I was digested with 

EcoRl, which removed a ~5.l kb fragment and religated to form plasmid pECOB3. This construct 

contained the upstream truncated regB gene on a ---4.2 kb fragment. Plasmid pECOB3 was digested with 

ClaI and Bamill, which removed an internal part of the regB gene. Construct pSK.B2 was digested with 

Clal and Bg/II and the resulting ~I.205 kb ClaIIBg/II fragment was subcloned into the previously 

digested ClaIlBamill pECOB3 plasmid. The resulting construct, plasmid pECORegB contained the entire 

regB ORF in pEC0R25l on a ~5.5 kb fragment with adjacent upstream and downstream regions. Plasmid 

pSKB4 (not shown) contained the ~4.0 kb insert between the two EcoRV restriction sites on the pECOB 1 

insert subcloned into the EcoRV site of pBluescriptSK+ 
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Figure 2.3: Mapping of the transcription initiation site of the C. beijerinckii regB gene by primer­

extension analysis. [A], The DNA sequencing fluorogram corresponding to the regB gene region analysed 

in [B]. The same Cy labelled primer was used as a primer for both sequencing and primer extension 

reactions. [B], The fluorogram of the primer extension product obtained using RNA isolated from C. 

beijerinckii. A and T sequencing reactions (green and red curves, respectively) were used as tracking 

lanes. Both reactions [A] and [B] were run in parallel and the sequence infonnation is given below. The 

residue identified on the coding strand as the transcriptional start site is given underneath fluorogram [B] 

and is shaded. The -10 and -35 regions are indicated by a solid and dashed line respectively. Colour 

code- Green (Adenosine), Black (Guanosine), Blue (Cytosine) and Red (Thymidine). 

2.4.4 Nucleotide and protein sequence analysis of regB and flanking regions 

The genetic organization and restriction endonuclease profile of the regB gene and its 

flanking regions are shown in Figure 2.4. The nucleotide sequence of the full-length 

regB transcript and adjoining upstream and downstream sequences are shown in Figure 

2.5. 
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3623 

Gellci Reg!) GClle2 Gelid 

Restriction cndonuclcase profile 

2.4: The organ ization and restriction endonuclease and tlanking 

1 AACTTTGAAA TCT,l\CCTGTT ATAGGTAAGT TATATGGAAA 

51 ATTAATTCCT CAAATCAGAA AGGCAATTTC TGAAAAGAAC CAAATGGAAT 

101 TAGCTCAAAA GATTCAAAAT GGTGGAAGTG AAACTATAAT TGTTAATGAT 

151 ACAGAAATAG TTCTTACAAA TGAGAATCTT TTAGTTACAA TGCAAGGTTT 

20 AGAAGGTTAT GCATTCGCAG ACTTGGAGTT GTTTTAGATA 

251 CAACTGTAAC ACCAGAACTT CAF.GAGGAAG GGCATGTAAG AGAAGTTATT 

301 TCAAAGATTC AAAATATGAG AAAAGATAAA GGATTTGAAG TTGCTGATAG 

351 AATAAATCTT TATGTATCAA AT!J.ACGATAT GTTAATTGAT GTTATTAAGA 

401 AATTCGAACA AACAA T P..PAG P..PJ:I.GAGACTT TAACTTGTGA AGTTCTTTAT 

451 AATCAAGAAT CTAATTATTC AGP·.PACAGTT ATAAATAGTG AAACATTP..PA 

501 GAAGTTGTAA 

551 ATTTTATTAA TTTGTATACA TATTTAATAT 

601 GGTTTTCATA TATATCTCTT P..TP..TAAGJl.TT GTAAATTAGT TAATATGTTT 

651 ATAAATTTAA GATTAAM.AC TJl.TGJl.TTTTT GACAA.AACTT ACAATAAAAT 
-35 -10 

701 AATAATTTAT TTTAAGTTAT AAGGCJl.ATAT 

SD 
751 TAGAAAAATT ATAATAATGG CTACTTCTAT 

801 TAAGGATGTT GCAAAJl.GAA.G CJI.GGAGTATC AATTGCAACC GTTTCTAGAG 

851 TTTTAAATGA TATCGATGTA GTAA.ACGJl.AG ATACTAAGAA GAAAGTTTTA 

901 GATGCAATAA AAAAGCTTGG ATACAGACCA AATATAGTTG CAAGAAGTTT 

951 AAAAACTCAA AGAACAAAGA (p.ATAGGAAT TTTACTTCCT GATATATCAA 
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1001 ACCAGTTTTA CCCAGAAATT GTAAGAGGTG CTGAAGATGT TTCAAATATA 

1051 TACGATTACA ATATAATACT TTGTAATTCA GACCTTGATA TAGAAAAGGA 

1101 AAAAGAATAC TTAAGGGTAC TTAGAGAAAA AATGGTTGAT GGTGTAATTT 

1151 ATATGAGTAG TTCTCTTAAT GAAGAAATAT TAGAACTAAT CAATGAATTA 

1201 GATATAAAAA CTGTTTTAGT TGAAACTAAG GATAAAGAAG GAGTTCTACC 

1251 AAGTGTAACA ATTGATAATG TTAAAGCTAG CTATGATAGT ACAAAGTTAT 

1 GGGAATAAAA GA.ll.A TT GC CT TTATAGGAGC TGAAAAAGAG 

1351 AGCAAAAATG CTTGGGGTGA TAGATACGTT GGTTATGAAA ATGCAATGAA 

1401 GGAATCAGGA ATAGAAATAG ATCCTGAACT AGTTCATCTA AGCTCAATGA 

1451 AAGTAAAGAG TGGATACGAG GGCATACAAA AGTTCATAAA GCAAAATAAG 

1501 AAATTTAGAG GTGTTGTATG TGCTTCTGAT GATATTGCAA TGGGAGCAAT 

1551 TAATGCACTA CGAGATAATA ACTTAGATAT TCCAAAAGAT GTAAGTGTAA 

1601 TTGGATTTAA TGATAATTTT GCAGCTTCAA TTTTCTATCC AAAGATCACA 

1651 ACAATTTCTC AACCAACTTA TGATATGGGA TCTGTTGCTA TGAGAATGCT 

1701 TATAAAACTT TTAAATAAGA AAGAGCTAGA TGAGCCACAT TATGTTTTAG 

* 
1751 AGCATCAGCT AGTTGAAAGA G~~~GTACAG TTTAATAGAA AAATAATCCA 

1801 ATTTTTAcT TAGTTAGTAT AAATCTTAAA 

1851 

1901 CGT~~CTAAT TTATGCTAAT ATAGTTTGTA 
-35 -10 

1951 ATATGATTAT TGTTAATACT ATATTAATll.T • --
SD 

2001 GATTAAGATA AATATGGGTT GCTATCAGCA TATAGGTAAG 

Gene2~ 

2051 TATATTGGTG AAATACATAG ATCTAGCTAT ATGTATTTTG GCAAGAGATT 

2101 TAGTAAATTT GGGATAGGGG CTGGTCAGTA CTTATTTCTT TTAAATCTTT 

2151 ATGAAAATGA TGGTATAACA CAAGAAGAAT TGACGAAAAA GGTTAGATTA 

2201 GATAAGGCGA CAACAGCTAG GGCAATAAAG AAATTAGAGG ATGAAGGTTA 

2251 TGTAAGGAGA ATAAAAAAAG AAAGTGATAA GCGTGCATAT AGATTGGAAC 

2301 TAACTGAGAA AGCAGAACAA ATT]l~GATG ATGTATATTC TATAATGAAT 

2351 GAATGGGAAT AATGTGTTTT ACTGATGAGG AATCTCAAGA 

2401 ATTAATGAAT TTGTTGAATA AGTTATCTAA GAGTTCTTTA 
SD * 
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2451 TGAATAAGCA GAATAGATTA GGAGAAATGG GTGTAGGAAA 
Gelle3 .............. )-" ........... )-

.. 
2501 ATTGTTGCTT GAGTTTTCAA TCCCTGCAAT TATAGGAATG TTAGTTAATA 

2551 CATTATATAA CATAATAGAT AGAATATTTA TTGGGCATAT AGAAGGCATA 

2601 CCATGGCTGG TGTTGGAATT ACAATGCCAA TAATGTTTAT 

2651 AATTTTAGCA TTTGGTATGT TAATCGGAAT AGGTACAGCT ACAAAAGTGT 

2]01 CAATAAAGCT TGGAGAGCAT GATAAGGAAG GGGCAGAAAG GCTTCTAGGA 

2751 AATGCGTTTA CATTAATAAT AATAATTGGT GTATTGTTAA CGTTGTTTGG 

2801 TCATATATTT GCTAATCCGC TTTTGAAAGC ATTTGGAGCG AGTGAAAATA 

2851 TTATAGGTTA TGGTGAAGAT TTTATAAGGG TAATTATTAG CGGTTGCATA 

2901 TTTAATTTGA TGAGTTTCGG TTTGAATCAT TCAATTAGAA GCGATGGAAG' 

2951 CCCAAAAATA GCAATGGCGT CTATGCTAAT GAGTGCTATT ATAAACATCA 

3001 TCTTAGATCC AATATTT}UA TTCGGTTTAG GCCTTGGAGT TAAAGGAGGA 

3051 GCCCTTGGAA CTGTTGTTGC GCAGACAATA AGCAGTATAT GGATTTTATA 

3101 TTATTTCACA AAGGGATCTA GTGTACTTAA GATAAGAAGG AAAAATTTAA 

3151 AATTGGAGAA GGACGCAGTT TTAAGTATTT TTGCTATAGG GGTCAGTCCA 

3201 TTTAGCATGC AGCTTGCACA AAGTGTAGTT TCAAGTGATA CTAATAATTC 

3251 ATTGCAGTCA TATGGTGGTG ATTTAGCCGT AGAGCAAATG ACTATAGTGA 

3301 ACAGCTTAGC TATGATATTT CT FA TGCCTA TATTTGGATT AAATCAGGGA 

335 CTTCAGCCTA TAATCGGTTA Tl'JI.TTTTGGC GCTAGAAAAT ATGATl'.Gl'.GT 
l 

3401 TAAGCAAGCG GTJl..AJlJl.TACG GGGTTATTAT AGCTACAATA ATAGTGGTAA 

3451 TAGGATTTAT AATAATTGAG GGAATTCCAG AAACATTAGT TAAGATTTTT 

3501 AATAATGAAT CATCGCTTl'.T AGAAGTAACT GCTCATGGJlA TGAGAATATT 

3551 TTTAATTATG CTGCCATTTA TAGGAGCACA AATTATAATT ACGAATTTCT 

3601 TTCAATCAAT AGGAAGAGTA AAJlA 

Figure Nucleotide sequence of the C. beijerinckii DNA and its 

regions. Two stem loop structures (double underlined) were one between 530-546 

and 561-577 and the second between 1836-186 I and 1873-1898. Possible structure 

occurs at 1907-1915 and \953-\962 (single underlined), 

+= start; SO Shine '" = end of gene 

~= gene transcript; truncated gene transcript 
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regB gene was 996 bp enc:::OCled a 

ribosome-binding site was locate:d 

acids with a 

upstream of calculated MW of 840 

the translational start those 

for the S. aureus 

This Shine-Dalgarno 

(Mclaughlin et acetobutylicum 

aI., 1995). The endoglucanase (Zappe et aI., 1988) and regA genes 

transcriptional start 

10 bp away 

showed homology to 

(Janssen et aL, 1990; 

dyad symmetry was 

bp) was located 31 bp from the translational start and the 

was a thymine. The -35 region and 

start of transcription. ,."'" ..... "" .... 

of the 

et 1995). 

between positions I 

o regions were 34 bp, 

promoter region 

and regA genes 

gene a region of 

1898. 

regions of dyad symmetry been demonstrated to Idepertdelnt tenninators 

UI ... '''t .. '' .... '''' of the regB gene (Brendal and Trifnov, 1984). The dyad symmetry 

allow for the 

structures have 

1980). 

positions 1907-1 

Protein mUltiple 

of a stable hairpin in the structure. Stable 

in slowing down the polymerase (Martin and 

downstream of this region of dyad symmetry between 

is another hairpin structure. 

showed that the to 

Lac! family of transcriptional regulators. The 

highest identity with of C acetobutylicum 

perfringens and acetobutylicum A TCC824 with 

homologues 

of 87%, 69% and 

respectively. 

gene 

R. et ai, 2000, 

C acetobutylicum 

acetobulyl icum 

query sequence 

The RegB 

was compared 

of C acetobutylicum has 

was found to 

ACoceS;SlOin number, 

was identified 

sequence 

previously discussed while the 

sporulation (Knapp, 

CcpA homologue of 

of the unfinished 

sequence as 

ranging between, 38% to 35%, with most of 

different Figure 2.6). 

with the homologues (Figure 2.7). 
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phylogenetic relationship resembles taxonomic relationship between the various 

gram~positive Furthermore, phylogenetic comparison of the RegB other 

protein the GalR~LacI fhmily demonstrated that RegB fell within 

CcpA subfamily. RegB specifically falls into a group with the of 

acetobutylicum NCP262, C. pel1Hngens and acetobutylicum A TCC824 indicating 

that homologues most likely had a common protein ancestor. 
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Clostridium ATCC824 CcpA homolog. see Bacillus ha/odurans 

(BAB06960); Lactococcus lactis (AAC96330); Lactococclls lactis subsp.laclis (AAK05746); 

Lactococcus lac tis cremoris (CAB 10075); Thermoactil1omyces sp. E79 (AAC82367); Bacillus 

sub/ilis 144); Bacillus megateriulII (P46828); Listeria mOllocytogenes (AAC82783); Streptococcus 

mlltans Staphylococcus xyfosus (Q56!94); Lactobacillus pentoslls {AAD53 I 19); Enterococcus 

faecalis (CAA0949!); Lactobacillus casei (AAC46030). 

[D! Staph.xyl SerH. [AI E.coli Lad 

IFI B.sub 

121 C.uceto262 

IBI E.coli GalR 

131 C.perfg CepA 

~.lC)l). __ ----11I1 CcpA 

0.\ 

191 L.crcm CepA 

181 L.lac CepA 
1151 L.eas 

1131 Thcrmoact. CepA 

171 
IIO[ L.mono 

1141 S.mul CenA [16 I L.pcn 

Figure Phylogenetic tree for CcpA protein homologues and selected proteins of the GaiR-Lacl 

family. Branch lengths are approximately proportional to the amount iffe,ren:ce. The scale of 

0.1 indicates 10% amino acid sequence Bootstrap values were taken over 1000 trials. The 

are: III c. nel.,erlnC~:ll (RegB), 121 Clostridium acetobutylicum NCP262 (Q4583); (31 CcpA 

Clostridium perfringens {AAG2571 141 c;!ostridium acetobutylicum ATCC824 (putative 

homolog, see 2.3.6), 151 Bacillus hafodurans (BAB06960), 16] Bacillus subtilis 144), (7) Bacillus 

megaterium (P46828), 18J L. factis Lal~tol;oC,CUS lactis, AAC96330), 191 Lactococcus lactis subsp. 

cremoris (CAB 10075),1101 Listeria [111 Staphylococcus 

94), 1121 Enterococcus faecalis (CAA09491), [131 Thermoactinomyces sp. E79 (AAC82367), 1141 

'Streptococcus mutans (007329), Lactobacillus casei (AAC46030), 1161 Lactobacillus n",.,f""" 

(AAD53119). The selected of the GalR-Lacl are: (AI E. coli Lad (P03023), IBI E. coli 

GalR (P03024), ICI c. hpjjprinf'kii ), [DJ xylosus ScrR (CAA47969), 

Streptococcus mutans ScrR 628), IFI B. subtilis (P37517). 
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is an Before a discussion on 

first be given on the n"'11,,,,r,,, 

will be that from B. sub/lis 

of the 

of the 

otherwise 

CcpA protein 1"""t,,,,1"1""/'l to 

CcpA proteins in are similar to other members of the GaIR-Lac! family that 

are comprised a helix-tum-helix DNA-binding domain, a C-terminal 

domain arid a 

regulators from 

among the protein 

domain. A comparison 12 CcpA-like sequences with 

defined a 

(Kraus et aI., I 

acelObutylicum in. analyses and though it 

CcpA consensus, it still contains large conserved 

based on 

included 

the most deviation 

Most of the identical 

were clustered in two in the N-terminal 100 residues and one in 

terminal 80 

CcpA binding to 

contact the 

ere involves two monomers the 

at two sites on same of the DNA 

Chambliss, 1997). simi lari ties, 

mutational data Hillen, 1997) 
, 

common three-dimensional peptide fold. By 

putative structure CcpA subfamily was 

side-chains. of the 

binding domain 

subdomains of core. However, most 

continuous patch with side-chains exposed to 

feature and all mutants in this region were Oel:ec1tl~ 

(Jones et 

CcpA, Lac! and 

protein backbone 

after the introduction 

were located in 

rlP""l""n the N-

This was a ,-,-"u,-,.·_." 

and could not 

which 

a 

the 

DNA 

HPr-Ser-P. These residues with their exposed to the are 

therefore thought to interaction surface for (Kraus et aI., 1998). 

It is known 

bisphosphate and 

(1997) proposed 

_"pr_"" glucose-6-phosphate, 

are also effectors of Hillen, 1 et 

the CcpA C-terminal ",v ... al binding site on 

encompassed both phosphorylation sites, Ser46 15 of HPr. This would allow 
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CcpA to phosphorylation state of HPr and thereby link process PTS 

transport with CCR in gram-positive Unlike NADP had little 

to bind DNA but increased the ability of to inhibit on triggering 

transcription which that binding and transcription inhibition are two 

distinct properties of CcpA. Furthermore mutations in CcpA separated effects 

from catabolite repression suggesting that CcpA discriminates between different 

sites 

could 

et 

either by 

1999a), 

co-tactor binding or CcpA binding to 

n 
1 MATSIKDVAK EAGVSIATVS RVLNDIDVVN EDTKKKVLDA IKKLGY~PNI 

51 

101 

151 

201 

251 

301 A~MLIKLLN KKELDEPHYV LEHQLVERES TV 

DNA 

Figure 2.8: The protein sequence of with structural features indicated, Amino acids in italics 

and those underlined indicate a helix-turn-helix and the domain 

respectively, Both regions belong to the Lac! family, = located on N-terminal sub-domain, ~ located 

in co-repressor cleft. n = Amino acid involved in DNA binding conformation of 

Amino acids that are double-underlined are Located on putative HPr-Ser46-P 

interaction surface, == Amino acids involved in ,",""""""';" interaction between and 

ammo of 

turn-helix .. PfT.nn of the 

5 to 71 had identity with 

coli lactose operon "P~'''P'''''''''' while amino 

positions 63 to had 30% identity with periplasmic binding nrr,l'.-,," and 

binding the LacI 

helix-

Comparison RegB with the CcpA subfamily indicated that shared similar key 

ammo rest family 2,8.). The 10, isa 

within a region residues conserved among members of the 

GaiR-LacI family. It is located on the of the N-terminal subdomain of the core 
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on the site of postulated HPr~Ser46-P area. side chain 

of this 1 lOis directed binding domain 

DNA binding domain is 

other monomer. In 

residue opposite 

basic chain. residue contacts the binding domain but can 

11 which is a 

substituted by 

several other amino acids. In argmme 110) is the equivalent and is 

also a basic chain. 

The (I 191) in was of the 

binding 

in the 

subdomains. In threonine (Thr-192), 

an is the equivalent and contact with 

co-repressor hypoxanthine. RegS, which is also an uncharged polar 

side chain, is found at position 191. Kraus et al. (1998) that specific 

sequence conservation supports the hypothesis that a ligand than HPr-Ser46-P 

bind and exert . effect on ....., .... ,Jr>.. 

In CcpA, when Arg-47 is substituted by serine. the protein is completely m 

Arg-47 is located in turn between a helix and the hinge-helix of the 

domain, its side-chain points towards the N-terminal subdomain 

other monomer. Mutants in the corresponding amino acid position in also yield 

inactive and amino contacts the core. mutation 

with the DNA binding conformation of and confirms that HPr-Ser46-P 

with DNA binding confirmation of In arginine is in 

position. 

In .....,"',,,, ., alanine (Ala-299), 

are in the 

COhIJU.;)COY. All mutants 

Ala-299 and Arg-303 

that ability 

(Arg-303) and tyrosine residues 

CcpA specific and 

CO.;)lYU\_.;) were in CCR 

with HPr-Ser46-P. 

to CCR is correlated to 

Tyr-295, 

mutations 

interaction and the solvent exposed residues conserved in the subfamily form this 

interaction mutants also showed weak or no detectable retardation ere 

DNA and there was no stimulation of ere binding by which confirmed 
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n' ... ''\ ........... ,'·". of this CcpA surface. [n RegB, all identical 

side were found Ala-299, Ser-299, an uncharged 

was In position. 

charge distribution on the surface of CcpA is conserved and the postulated site 

interaction between and HPr-Ser-46-P is surrounded by a number lysine 

arginine '"'''''..11..1,",;). which have basic chains. residues are the only positively 

on the of the majority the IS 

The positively at binding are important because 

phosphorylated but not alone. postulated is close 

to the DNA binding domain the other monomer. Co-repressor binding so to the 

DNA-binding domain could therefore directly force CcpA into DNA-binding 

conformation. In lysine residues Lys-59 Lys-90) and arginine 

residues 

In 

Arg-303 and of the other monomer) surround 

Arg-59, 

interaction 

Arg-

303 

'Though 

charged 

Arg-47, which this region predominantly positively 

is an acidic side chain, its charge contribution in such a positively 

RegB protein conformational structure could 

variance at the or the could contribute to the 

conformation binding 

The sequence, structural arid phylogenetie information all that is a CcpA 

homologue, to of GalR-LacI of traJtlscn 

. regulators. 

deduced amino the 10RF the 

identity with isoleucyl-tRNA synthetase proteins. amino acid identity (30.06% 

identity and 51.45% similarity) was to the synthetase (isoleucine-tRNA 

ligase) protein of Lyme Borrelia burgdorferi. protein 

identity was primarily confined to B. burgdorferi isoleucyl tRNA 

due to data. preliminary and partial 

sequencing of construct pECOB4, which contained further upstream sequence of gene 1 , 

77 
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also showed similarity to isoleucyl-tRNA synthetases 

seq uencing of gene 1 together with .. .".ct ... r't, map analysis 

iso\eucy\ tRNA I is 

isoleucyl-tRNA 

(Fraser et a!., I 

that 1 most likely encodes an isoleucyl-tRNA 

not shown). partial 

with other 

3 kb B. 

aa which corresponds to a 

taken together indicate 

that immediately 

upstream ofregB. region dyad symmetry was identified npT'L\l.".,>n positions 530-546 

561 downstream from isoleucyl tRNA region of dyad 

symmetry IS of factor-independent terminators could allow the 

formation of a stable hairpin structure in the 

et (1995) found an isoleucyl In 

C. acelobulylicum NCP262. An isoleucyl tRNA synthetase with amino identity to 

one found in DeinococcliS radiodurans R I) was also identified immediately 

upstream the C. A TCC824 putative homologue by sequence 

data were unavailable no 

sequence analysis was of its nanking regi~::ms in to determine whether the 

was similar to that of RegB. B. sublilis, a encoding DAPH 

synthase chorismate mutase (AAC00298.1) was found upstream of the 

isoleucyl-tRNA synthetase of burgdorferi to class-l 

tRNA synthetase and is located the cytoplasm. Isoleucyl-tRNA synthetase is 

involved in protein biosynthesis catalyzes the de-phosphorylation of a L-isoleucine-

tRNA(Ile) into with liberation of and pyrophosphate 

(V oet and V oet, 1 

was 441 

MW of 17640 

In and enc:oOt!Q a protein of 147 amino 

No tennination be r1pt,p"'T'~r1 

occurred immediately within 

I\.oV'''' ...... a with identity to transcriptional 

subtilis, halodurans, Vibrio 

Nearly all of transcriptional belonged to 

78 

with a calculated 

the stop 

'U,",u,", .. ORF 

B. 

MarR 
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transcriptional regulators. The identities of the encoded gene2 product was 31 %, 

28%,26%,23%,21% and 20% to the L. lactis, B. subtiUs, B. halodurans, coli, Staph. 

sciuri, V. cholerae regulators respectively. 

Gene2 
L.lacUs 
ILsulltilis : --·----.------·-----I!N~L!~:!G:HlAllAtl)S· 

B.hEllodura : ========::==;~~:;~ii~~~::~'E E.coli 
S.sciuri 
V.cbolerae : HPSPQVSCQTPT!II) 

Gene2 
L.lactis 
B.Bulltilis : 
l;' balodura : 
E.coli 
S.sc:iuri 
V.cbolerae : 

Figure 2.9: Multiple sequence of Gene2 with L. lac tis lactis [AAK04840, conceptual 

translation], B. subtilis [P37503, hypothetical transcriptional regulator in the cotF-tetB intergenic region], 

B. halodurans [BAB06796, transcriptional regulator MarR family], E. coli (P55740, SlyA, transcriptional 

regulator MarR family), S. sciuri [CAA73494, ORF145) and V. cholerae (group 01 strain N16961) 

[B82389, MarR family]. 

Presently no function has been linked with the above regulators except for the coli 

product. E. coli, slyA IS a activator that 

activates a cryptic haemolysin and thereby induces haemolytic activity (Oscarsson et aI., 

1996). 

The nucleotide ORF145 was identified mecA region of methicillin­

susceptible S. sciuri subsp. carnaticum KI1 (Wu et aI, 1998). The mecA region showed 

85% nucleotide identity to a DNA the S. aureus mecA 

hypervariable .. ""n1I'\n 

of mec DNA. 

hypervariable 

........ ' ..... .,,;;;, was significant because the high degree of DNA 

importance of hypervariable region in the transposition 

3' flanking mecA and the DNA sequence in the 

are believed to be DNA for aureus (Archer and 

Niemeyer, 1994). ORF145 was located in hypervariable region between mecA 

an IS-like IS431. polypeptide was homologous to N terminus of 

the glycerophosphoryl diester phosphodiesterase (UgpQ) of coli. presence a 

79 
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ugpQ-like gene together with the homolog of mecA S. sciuri subsp. carnaticum strain 

11 supported hypothesis that these may evolutionary relatives 

or of genetic determinant of methicillin resistance in aureus. 

function of glycerophosphoryl phosphodiesterases is the hydrolysis of 

phospholipids to sn-glycerol-3-phosphate the (Tommassen 

et ai, 1 1). are two of this enzyme, namely GlpQ and Both 

sequences are related; the former is In periplasm and latter is cytosolic. 

The marR of encodes a the B nn.Pt'r.n a 

locus control an adaptational response to antibiotics and other 

environmental hazards (Alekshun and Levy, 1999). MurA, a transcriptional activator 

eni:;oClea within the marRAB regulates the expression of multiple on 

coli these 2-hydroxybenzoate 

MarR and inhibits ability to bind to the marAB 

binds to 

allowing 

transcription the marAB An.",t''''''' 

Many structurally dissimilar chemicals affect activity in and 

MarR family is identified as a group regulatory factors whose activity is modulated 

In to environmental in the form phenolic compounds. It is also 

postulated that naturally occurring toxic compounds may the effector molecules tor 

this family of regulators (Miller Sulavik, 1996). a 

sequence 

members. 

besides 

amino acid .... "'1 ..... ""." consistent with a similar structure all 

range functions regulated by MarR family members are varied and 

of S. typhimurium and 

Sulavik et aI., 1997) are involved in of sporulation 

protease production in subtilis (Koide et 1999) and anaerobic aromatic 

compound degradation in the facultative anaerobe Rhodopseudomonas palustris 

(Egland and Harwood, 1999). Members of MarR family act in a negative 
1 

fashion are inactivated by small-molecule effectors. However MarR regulators have 

found which act solely as positive regulators or have both positive and 

regulatory on on (Koide et aI., 1999). of R. 

palustris (Egland and Harwood, 1 NhhD of Rhodococcus rhodocrous (Komeda et 
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aI., 1996) and Sly A of coli (Oscarssoll et aL, 1996) all rather 

expression. BadR regulates anaerobic benzoate degradation in response to 

as a carbon NhhD is involved in of nitrile hydratase 

and the function SlyA was previously described. acts as both a positive 

negative regulator of expression of the multidrug resistance operon mexA-mexB-oprM in 

Pseudomonas (Poole et 1996). No work has been reported on the 

responsible transcriptional activation by any these proteins. 

The and start ofgene3 occurred within the gene2 

stop signal). consensus promoter region 

detected for this was truncated at the 3' end. It is possible that 

and gene3 are both transcribed from the promoter region of and fomi part 

of an Alternatively a promoter for within 

This is indicative a gene whose encoded protein is required small amounts 

111 bacterium. Since no could be detected gene2, it tentatively 

. "'''',,, .... ,,'' the both part of an " ..... '''' .. ''M IS 

truncated it could not be determined whether termination 

However 

occur at the 

had protein identity with an unknown conserved protein 882) 

111 halodurans. Protein ignments of Gene3 indicated identity an 

protein family, UPFOO 13. function protein is 

currently unknown. 

It was found that the genetic organization downstream of regB when compared to the 

the putative gene homologue from C. acetobutylicum 

A TCC824 was significantly region immediately downstream 

of C. acetobutylicum A TCC824 homologue revealed the with 

the protein 29% identity to a protein from 

Aradopsis thaliana (AC082643), 36% identity to a decaprenyl (YteR-

A69991) from B.subtlis, 39% identity to a transcriptional regulator (F72282) from 

Thermotoga maritima and 56% identity to a deoxy-gluconate oxidoreductase (P50842) 

from subtilis. 
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genetic structures of regIOns, Mahr et a1. (2000) tound 

certain taxonomic groups 

the 

order. 

whereas bacilli 

acid bacteria 

Staphylococcus 

xylosus UU~i::st;~):S1:1 aroA-ccpA-variable-acuC gene order. It was of interest therefore 

to determine whether the clostridia IJV;:'''''''''.:l a unique ccpA gene order. Based on a 

comparison of the C. beijerinckii, C,ace(obutylicum and C. acefObulylicum 

ccpA we tentatively propose a isoleucyl tRNA 

variable order for certain clostridia. of 

of gram-positive bacterial species the taxonomic relationships 

group members apd is most likely a product of the group's overall evolution. 

CONCLUSION 

We successfully cloned and reconstructed regB of 

groups 

the 

analysis revealed that the regB identity with the previously 

of C. acetobutylicum and the protein encoded by regB belongs to the 

GaiR-Lacl family of 

The structural and phylogenetic analyses of clearly demonstrated that 

RegS is a CcpA homologue. RegS protein had the phylogenetic relationship 

with the homologues from acefobutylicum NCP262, pe}ji-ingens 

·acelObutylicum 

The 

other previously identified 

which was a reflection of 

the. regB on the 

CcpA 

taxonomic relationship. 

was different to that of . 

difference genetic 

organization was attributed to the taxonomic differences between the bacterial 

nUl""'''''' there is that of clostridia may a 

ccpA as reported bacilli and lactic acid bacteria (Mahr et 

aI., 2000). isoleucyl-tRNA synthetase, which had identity the same gene from 

burgdorferi was found of regB and belonged to the 1 aminoacyl-

tRNA synthetases. [n acetobutylicum NCP262 acetobUlylicum A TCC824 an 

isoleucyl-tRNA synthetase was also found upstream the ccpA gene homologues. No 

information was available for the of acetobutylicum 
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NCP262 and the flanking regions of the C. perfringens for purposes of 

genetic Southern hybridization indicated that ace/obutylieum 

has a different endonuclease to that heijerinckii. We 

found through analysis of C. aeetobutylieum A TCC824 genome that the 

organization downstream of the putative cepA was different to that or 

downstream Based on results we propose that certain clostridia possess a 

characteristic ecpA structure, 

variable order. Future work could use order to verify and 

compare the operon. structure ccpA regions from variolls clostridial species. 

Immediately of the gene was a putative transcriptional regulator, 

which belonged to the MarR family transcriptional (Sulavik et 1995). 

Adjacent to this putative transcriptional was a which had identity with 

an uncharacterized membrane protein UPF0013, whose function is unknown. 

No promoter could be for this uncharacterized membrane and 

translational start was within the putative transcriptional regulator. order to 

determine whether the putative protein are transcribed from the 

same promoter, which is of an further downstream and 

northern blot analysis is required. 

The conservation in the protein of and functional 

residues within the CcpA subfamily indicates conformational similarity with CcpA. 

This conformational identity with CcpA homologues strongly functional 

identity as well. The C. acelobutylicum NCP262 regA was of restoring 

glucose repression of a-amylase activity as well as acetolactate activity in a B. 

sublilis ccpA mutant (Davison et 1995). and therefore probably serve 

the same global roles in CCR In Clostridium as the CcpA 

homologues do other 

In order to demonstrate the functional identity at physiological level and to 

better understand CCR in C. betjerinckii, inactivation of the regB was 
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CHAPTER THREE 

3.1 SUMMARY 

Attempts were made to inactivate the regB of beijerinckii using two suicide 

inactivation systems. first was on the pMTL30 inactivation system which 

relied on conjugation (Wilkinson and Young, 1994). An alternative inactivation ""f<'T""t~' 

on the thermo sensitive pO+host et 1993) was developed for 

beijerinckii. This required electroporation of plasmid into 

!lowed by growth of the transformants at a non-permissive temperature to prevent. 

plasmid replication and to force integration to place. 

both were of the individual DNA 

transfer techniques and C. beijerinckii strain degeneration and Cao, 1995). 

Attempts to reduce the effects strain degeneration by growth at lower ''''Uj'IJ''''' 

and in the case of conjugation, to initiate the procedure near the end the exponential 

did not remove strain degeneration to reduce the frequency of 

the condition. We attempted to order to 

concomitantly increase the recombination frequency using heat treatment based on a 

study Schafer et at (1990). Subjection beijerinckii cultures to a brief heat 

treatment resulted only a 50-fold between the conjugation of 

heat-treated cells and the untreated was not a considered a 

difference when compared to previously published obtained from the 

procedure were variable and inconsistent as has been reported 

previously (Minton et aI., 1 

Southern the regB gene of beijerinckii was 

disrupted using the . suicide system and that the pMTL30RegB construct had 

the C. beijerinckii chromosome. Subjection of the C. beijerinckU regB 

mutant to sporulation led to the ;:'YU';:''''Y the mutant upon 

development of new inactivation vectors was also not 

successful in producing a beijerinckii regB mutant by either disruption or deletion of 

the regB Though cross-over and cross-over integration events 
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occurred, Southern hybridization analysis revealed that the ex-conjugants 

the wild-type regB and the pGAhost2 had re-arranged in beijerinckif. 

INTRODUCTION 

Deregulation CCR in mutants has observed many 

(KUster et and Hillen, 1997; Heuck and Hillen, 1995). These 

ccpA mutants have helped to identify the components and to understand the 

CCR in most gram-positive bacteria (Kuster et aI., 1999b). Furthermore 

CcpA mutants allowed molecular and physiological analysis of specitic 

carbohydrate (Schmiedel et aI., 1997; et 1997; Pujic et 1998). 

In order to understand the of CCR on the beijerinckii sucrose 

system, the facilitating CCR C. beijerinckii needed to understood. 

and analysis had that 

subfamily of GalR-LacI family transcriptional regulators. The creation a 

mutant would therefore the analysis mechanisms C. beijerinckii and 

would specifically permit determination the potential of in the regulation of 

scrARKB by 

3.2.1 Gene inactivation systems for C. beijerillckii 

In order to In the pMTL30 inactivation 

(Wilkinson and Young, 1994), was available, which on conjugation with a 

vector transfer to C. beijerinckii (See Chapter 1). The vector 

is unable to in and integration is achieved by 

homologous recombination. plasm ids pMTL20 to the 

pUC plasmids but lack a functional site and therefore cannot be mobilized even in 

",,,,,,,u,",,,, of trans 1988, see 

3.1). gram-positive antibiotic resistance were inserted into a 

unique on these vectors, namely Emr of plasmid pAMj31, the Cmr gene of 

plasmid pC194 and the Tc r plasmid pJIR71 with the resultant plasmids being 

pMTL20/21E, pMTL20/21C and pMTL20/21 T respectively (Minton et 1988). 
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INSERTION 

·CLOSTRtpW.' REPLICONS OR on.T 

t 
Nhel 

....... E-------- POLn.!NKER 

• pJIR71 

C."IlR· pe19" 

pMTL20C/E/T 

[ J-5. J.6.5<l kD 1 

cloning vectors. Restriction fragments 

resistance genes were a 1.12 kb HhaI Tr"e ...... pnT 

Tc~. Additional 

a 1.07 kb Hpall 

sites (to those in 

Ec.oRl 
Sstl 
/(prd 
Smal 
Bam HI 
Xbal 
Sall 
.lied 
Hindi 
Aat 
Mll.:l 
Neal 

~~ 
SruJ 
itl 

Sphi 
Hind III 

the antibiotic 

(pC194 Cmf), 

8) are boxed. The and a 2.9 kb SstIlPstI fragment 

indicated NheI site represents the 

pMTL500E, and the oriT fragment of 

aL (l 

was inserted in the derivation of 

used to opnpr,,'rp pMTL30/pMTL31. from Minton et 

The fragment of RK2 was either into to 

pMTL30!31 in for the plasmid to mobilized coli cells to 

(Williams et 1 990b). lack a 

cannot therefore established in beijerinckii, but can transferred to 

from conjugation. pMTL500E shuttle vector (Oultram et at, 

1988a) contained the pAM~ 1 replication the insertion of the oriT 

in a high-copy ...... J.JUJ''''J vector 

U,"UA.';>VU and Young (1 successfully the pMTL30 vectors to inactivate 

spoDA genes 

DNA T'P{'Am 

beijerinckii by homologous recombination. In this 

the 

recombination U'"""U,,"U";>JU. Reid et 

I 

(1 

87 

chromosomal 

the same 

via a 

to 
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disrupt the sucrose transcriptional repressor, scrR and sucrose-6-phosphate hydrolase, 

serB, of the sucrose operari of beijerinckii. bacterial donor for the of 

these suicide vectors was coli CA474, which is an E. coli 101 derivative (Table 

3.1). A sensitive A. prophage is f"Ir,,"c,,""" in this coli strain and the lysogen 

is induced at temperatures 3TC and use of this coli donor I1elped in 

for transconjugants since the donor background was reduced at the nO\1-

permissive rpn"",'IP""'" 

Wilkinson and Young (1994) compared the recombination frequency 

DNA m from 0.34 to 3.8 kb in length. Both 

beijerinckii 

and amplified 

copies became established in the C. beijerinckii genome and there was no clear 

correlation between the of DNA the frequency of plasmid 

establishment. obtained only a four to seven-fold higher frequency with 3.8 

segment as compared with the smaller segments. It appeared therefore that other factors 

such as chromosomal location, DNA composition and sequence affect 

recombination frequency. were stably the 

frequency of plasmid establishment 2.6x 1 0-7 to 

1.7x 10-6 transconjugants recipient. Campbell-like a 

duplication of target sequences and a of integration event is I.JV,,''''V in the 

presence or absence of erythromycin selection. 

an alternative inactivation system beijerinckii, a new vector based on that of 

Biswas et al. (1993) was developed. These authors! had created high 

single integration 

positive bacteria. The inactivation and replacement system was based on plasmid 

pVE6004 pG+host4). In to measure single crossover 

frequencies along the lactis chromosome, random chromosomal ranging 

from 0.9 to 1 kb were cloned into pG+host4 derivative and then established in lactts 

at 2S"C, which integrants were at 3TC. The 

frequency per (ipc) was found to be between 10-2 to 1 the ipc 

pG+host5 without 10-6 and 10-7
• The chromosomal inserts could be 

v .... '..,.., ..... " .... into two groups. group I, the lengths of homology of the chromosomal 
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inserts were the same and theretore variations in the ipc were due to the nature of the 

homologous or DNA conformation the fragment rather than to 

its was found to to the 

background level integrations were found to 

vectors replicate via rolling circle mechanism and could accumulate 

high-molecular-weight (BMW) molecules, which would the plasmid conformation 

and in turn have an affect on the recombination frequency. found that two 

plasmids BMW but as both belonged to Group I, it that this 

plasmid does not affect the intermolecular frequency. 

Analysis the integrants revealed thqt ' homologous recombination occurred in 

of the ten plasmids of Group L They suggest that the random integration the 

Group II plasmids that homologous recombination was a lethal event 

plasmid constructs. 

An examination was made 

homology between 356 and 2 

the frequency of 

the relationship between the and the lengths of 

bp. relationship was observed between 

with 330 bp the threshold level tor· 

homologous Recombination frequencies reached a plateau for homologous 

segments larger than kb. Factors other than such as HMW production, 

structural instability and number appear to be important the ipc frequencies 

same 3.9 segment two on vector by 1 The 

pG+host thermosensitive system was ghown to work B. subtilis lactis, 

indicating that this system could work in other gram-positive bacteria as 

Noirot et a!. (l987) reported that an active rolling circle replicon inserted into the 

chromosome stimulates homologous recombination 

..... vu'"''''.., 20 to 450 Biswas et a1. (l993) made use this 

roIling replication to a protocol for 'dco' gene replacement. Strains 

containing plasmids integrated by sco at the non-permissive temperature using 

of plasmid by directly When are 

shifted to the permissive temperature, the ensuing replication of plasmid will 

strongly stimulate a second recombination event resulting in high-frequency excision of 
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replicon, giving to either a parental or 'dco' chromosomal structure. In this 

study, they used two derivatives of pG+host4, which carried a contiguous, or two 

non-contiguous chromosomal segments. The non-contiguous were separated 

by a tetracycline L these were 

at the non-permissive (3TC) or permissive temperatures (2S·C). In the case of the 

plasmid carrying the tetracycline marker, recombination resulted in replacement of the 

gene the on the allowed them to 

obtain 98% replacement when tetracycline selection was used for the 

replaced The same protocol was fbllowed with plasmid with the contiguous 

chromosomal but without tetracycline In this 'case I to 40% 

replacement was obtained when no selection was applied, which demonstrated the 

feasibility of replacement without antibiotic selection. was no 'dco' 

in the of replication both plasmids. 

above pG+host thermosensitive system had never been utilized in C. beijerinckii. 

pG+host thermosensitive is based on the replicon p WVO 1 which 

was shown to plasmid replication C. (Williams et aI., 1990a; 

Minton et 1990). This that pG+host theremosensitive system could 

possibly function in 

and the background 

beijerinckii. However, the thermosensitivity C. beijerinckii 

vectors were unknown factors. We 

therefore undertook a study to develop a thermosensitive inactivation system for C. 

beijerinckii based on the pG+host vectors, in order to construct a regB 

mutant 

Factors ""TT,,,, ... n DNA in beijerinckii 

3.2.2.1 Strain Degeneration 

C. beijerinckii strain degeneration is the spontaneous loss of ability to produce 

and form spores, and has been analysed by Kashket and Cao (1993; 1995). This 

typicaUy occurs when beijerinckii is subcultured batch culture. as to 

germination from Strain degeneration in can 

caused by a number of factors such as acidification of the culture, a 
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consequence of culture longevity, mutations in 

selective growth advantages of degenerate strains. 

involved in solvent production or 

most common mechanism of strain is thought to occur during 

exponential C. beijerinckii glucose to acid at an uncontrolled 

rate, so that, during rapid growth, rate of production the rate of 

induction of solventogenic pathway. enzymes. The resultant drop in the pH of the 

medium to bactericidal prevents the from initiating solventogenesis or 

sporulation and in cell death. Thus the physiological state of beijerinckii 

to to produce excess or to initiate 

on small differences the rate. There is that this behavior 

IS to a global regulatory region on the beijerinckii chromosome. 

continuous culture, degenerate cells continue to divide while cells stop 

dividing and differentiate. Kashket and Cao (l therefore reduced the growth rate, 

rate of allowed a 

and 

degeneration is thus the result progressive 

variants, which are to varying degrees in solvent and 

However is merely one cause of strain 

by phenotypic 

formation. 

also occurs under pH-controlled conditions (Meinecke et aI., 1984). 

Furthermore, Kashket and Cao (1995)) found that within a 

relatively generations in liquid and solid media. They also found that each 

beijerinckii colony was a mixture of cells with rp<:npl~r 

with the rate of rapid for each colony to an individual 

composition degenerate and non-degenerate cells. higher the proportion of 

the more rapid the rate culture ue~!t:nen:l 

progressive changes colonial morphology during of degeneration and 

the four different of for C. acetobutylicum A TCC 824 and A TCC 

that arise have described previously (Woolley 1990; and Crow, 

1987). An important finding from this study was that that were intermediate 
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between (low solvent producers) and non"degeneracy (high solvent 

producers), contained that were as heat-resistant as those high solvent 

The of this observation was that an inoculum must be selected 

from the appropriate morphological colony type in order to obtain cells 

and the process of degeneration was and irreversible. Kashket and Cao (1995) 

linked similar specific morphological of beijerinckii colonies to their 

degenerate or status. They identit1ed three morphological type colonies 

for beijerinckii, the first type had a center and a thin· outgrowth 

the second was lar to type one but 

did not show a degenerate outgrowth and the third type entirely of 

cells. Both groups reported that cells are at a selective growth advantage to 

when growing colonies on plates. 

The physiological status beijerinckii the process of DNA may 

therefore have a direct or indirect impact on the ability to Qbtain transconjugants due to 

the degeneracy within the colony. 

3.2.2.2 Conjugation and Elcctroporation 

Conjugation has previously to successfully transfer plasmids from bacterial 

donors to (Williams et 1990b; Oultram et a!., 1987, 1988b). 

beijerinckii 

(Oultram et 

been 

1988a; Lee et aI., 1 

constructs electroporation 

B1aschek and White, 1 

beijerinckii is to an active is therefore 

thought to more amenable to DNA uptake than C. acetobutylicum NCP262 or 

ATCC824 (Richards et aI., 1988). may or 

inbey'erinckii that reduce the effectiveness of DNA transfer in 

Schafer et a1. (1990) reported that they obtained a high conjugal frequency for vector 

to 

incubated the Corynebacterium 

conjugation procedure and found that 

from coli to glutamicum 

coryneform "'<11"1' .... , using 

normal conjugation 

1 0-6_1 0-7 to 10-2_10-3 

treatment. They 

t'lpr ..... rp the 

donor cell 

heat treatment. 
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also found that enhancing of cultures declined 

within 5 hrs heat treatment and that to lower 

frequencies due to viability. This 

restriction system of recipient cells directly inactivating 

restriction endonucleases or indirectly througll as a consequence DNA 

This was also IPnt'IP';: to a 

mutant of glutamicum. The how an impairment the restriction 

system leads to increased mating etIiciency unclear since it is generally 

believed that stranded transfer is insensitive to restriction in recipient. 

There is no report on physiological or molecular effect 

cultures. clostridial strains, are 

stresses undergo heat shock/stress "'.;:11-" ..... ,", ..... (Bahl, 1 

a upshift (30·C to 42·C) to enhanced 

heat on 

low 

proteins decreased synthesis other cellular proteins. We 

C. beijerinckii treatment 

donors order to the conjugation 

pMTL30 vector 

or other 

DSM 

sought to 

coli 

the 

reproducibility of the electroporation procedure for C. beijerinckii 

has previously factors contributing to this inconsistency 

(Minton et three electroporation protocols were 

to transform beijerinckii were those Oultram et al. (1988a) modifications by 

Minton et at ( 1993 b), Lee et (1992), and Blaschek (1993) and and 

White (1995). The procedures of Minton et (1 993b) et (1992) had a 

electroporation buffer composition, differed with respect to 

electroporation settings and amount of DNA transformed cell volume. The 

procedure of Kim (1993, 1 differed not only with regard to 

electroporation amount of transformed per volume but 

utilised a 10% PEG e1ectroporation buffer solution. All three protocols similar 

uerlcle:s. which between 102-1 transformants/ug DNA. 
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therefore our experimentation on C. beijerinckii e!ectroporation protocol 

of Minton et al. (1993 b). 

All above were into consideration when to an 

efficient plasmid delivery system which would yield a high frequency of transformants. 

This would the chances of homologous recombination and of a 

mutant. 

MATERIALS AND METHODS 

1 Bacterial strains, plasmids and culture conditions 

All bacterial strains and plasmids are listed in Table 3.1 

Cultures of were routinely on (YT) 

(Sambrook et aI., 1989) at or 30·C to requirements. The YT media was 

solidified with (1.5% w/v). Ampicillin (100!J.g/ml) and kanamycin (50!J.g/ml) were 

included media appropriate. 

The laboratory stock of beijerinckii 8052 was maintained in water 

at 4"C. C. beijerinckii was routinely cultured using Clostridial Basal Medium (CBM) 

(0' and Morris, 1 1), pH 6.3. CBM liquid medium was cooled to approximately 

after autoclaving and transferred an anaerobic cabinet with a phase 5% 

H2, 10% C02 and 85% N2 (Forma Scientifica Inc., Marietta, Ohio, USA). CBM agar 

plates, with agar (1.5% w/v), w~reprepared under aerobic conditions and 

under conditions at least 12 before use. CBM 

were typically inoculated with 111000 volume of (70·C for 3 min) 

and cultured at stocks of beijerinckii, were made by sub-

culturing an culture on CBM or GCBM agar both of which 

contained 2% Starch and 2% Sucrose in order to obtain single colonies and then leaving 

colonies for one week at 30·C till the spores were fonned. 

Growth defects associated with ccpA mutants were relieved the addition glutamate 

or glutamine (Faires et aI., 1999). the conjugation specifically, the CBM 

6.3) was modified by the addition of (0.02M) medium was 
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cooled to approximately 50·C. The modified medium is hereafter referred to as GCBM. 

e. was maintained at 30·C in the anaerobic cabinet. Where appropriate, 

(lOf.!g/ml) was to GCBM broths after the media had 

cooled to 50·C. 

Tnble 3.1: Bacterial strains and plasmids used in this 

Name 
Bacterial strains 

C. NCIMB 8052 

E. coli CA474 

£. coli JM105 

E. coli J M 109 

E. col iJ MIlO 

Plasmids 

pBluescriptSK+ 

19 

pCTCI 

pMTLJO 

R702 

pMTL500C 

pECORegB 

pSK2C 

pQEORegB 

pSKRegB 

Relevant 

Wild-type 

F 

rpsL20(Smr) recA 13 

ll(lac-proAB) lac'l jlacZ)M 15 

_(lacZ) M 15, recA I 

ll(lac-proAB)lac" jlucZ)MI5, dam, dcm 

, T3 and T7 polymerase promoters 

Apr lacZ 

Apr Em'; Tra- Mob + 

Ap' , Tra- Mob + 

Kmr; Mob+ 

Apr Cm' 

Apr .. 
Ts derivative ofpGKl2, 

- 5.5 kb DNA fragment containing 

in pEC0R251. Total size is - 8.7 to 8.8kb 

Reference 

NCIMB 

Wilkinson and Young (1994) 

Yanisch-Perron et al. (1985) 

Yanisch-Perron et al. (I 

Yanisch-Perron et al. (1 

La Jolla, California 

Roche Diagnostics 

Williams et al. (1990a) 

Williams et al. (1990a) 

Wilkinson and Young (1994) 

Minton et al. (1990) 

Bolivar et al. (1977) 

Maguin et al. (I 

See 2 

-2.76 kb Clal DNA fragment containing See Chapter 2 

a 5' truncated reg B gene in 

860 bp sequenced by Exonuclease III Chapter 2 

regB PCR product subcloned into the See Chapter 4.3.8 

BamH11 Pstl site 

2125 bp Ace! See Chapter 4 

subdoned into pBluescriptSK+ 
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pUC19RegB 

pMTL30RegBCm 

pMTL30RegB 

pGAhost 

pGAhostl 

pGAhost2 

BamHIIPsfl subcloned This study 

into pUCI9 

963 Cmf gene subcloned into 

contained on pUCI9RegB 

site This study 

1953 Bam HI/Ps/l pUCRegBCm This study 

tr'''',rnpnt subcloned into pMTL30 

583 bp Xbal/Spel regB pUC 19RegB This study 

subcloned into pMTL30 

2.297 kb band containing the od This study 

and Ampf gene subcloned into pG 

EcoRV/EcoRI sites 

860 bp Kpnl/BglJ1 pSK2C insert This 

subcloned into pSKB2 with the 1205 bp 

KpnliBamHI removed 

380 E c v RV/Xmnl This study 

subcloned into Smal of 

1822 bp KpnllSlli1 pSKnul1 insert This 

3.3.2 General DNA manipulation and extraction 

Chapter 

3.3.3 Small-scale heijerinckii genomi~ DNA extraction 

beijerinckii 10ml CBM cultures were grown overnight and cells were by 

centrifugation (5 at 3000 [Hettich bench-top in Sterilin ™ 

tubes the unit. Cells were a 200",,1 of CBM 10% 

(w/v) sucrose; I2.5mM 12.5mM and 5mg/ml lysozyme (Roche 

Diagnostics). incubation at for 1 hour, were microscopically 

protoplast formation. If greater than 50% protoplast formation was seen, 20",,1 

and SOul were added to a final concentration 2%(w/v) and 100mM 

respectively. An equal volume of hot phenol (50°C), equilibrated with 0.1 M Tris-HCI 

(pH 8.0), was added and gently. The was by 

..... "",.uv'u (10 minutes at 12000 rpm) and extracted, firstly with one volume 
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chloroform: alcohol I v/v) and then with one 

ether. was removed by adding Ribonuclease A (10mg/ml) (Sigma Chemical 

Company, Chromosomal DNA was using isopropanol 

Ispencled in distilled water and (Sambrook et ai., 1989). 

at 4°C. 

3.3.4 Southern blots 

DNA was 

Non- radioactive DIG-labelled probes were prepared using the Roche DIG 

random primer labelling kit (catalog 11 A 380 bp EcoRV/XmnI, or I 

bp XmnI internal regB fragment, the pGAhost vector, erm gene 

as probes. 

plasmid 

pGAhost and the erm from pAM~ 1 were 

380 bp EcoRV/Xmnl and 188 bpXmnI after 

plasmid pSKA6 with respective The erythromycin gene was 

pMU 11328 (Achen et aI., 1986). This was digested with 

AvaI a kb fragment which contained the erythromycin 

Plasmid pGAhost was !!ested with in order to obtain a - 1.180 fragment 

containing erm 

Southern blot DNA were by gel 

electrophoresis and capillary blotted onto positively charged Hybond N+ nylon 

membranes according to the method ot Reed and Mann (1985). Hybridization 

detection of DIG-labelled probes was conducted according. to standard protocols 

supplied Roche Diagnostics. 

3.3.5 

E. coli CA474 colonies containing plasmid and transformed with respective 

constructs were .. "J'''' ....... into broth ..... u'''''5 kanamycin (50f-tg/ml) 

ampicillin (1 OOf-tg/ml). After growth at 30·C, 0.5 the respect! 

cultures were inoculated into 50m1 YT broth with the aforementioned antibiotics at the 

Tr"'Tl""'r'I and left ..... ,,. ........ at 30'C. Heat shocked be ijerinckii 
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(70·C for 3 min) were inoculated 150ml GCBM broths and grown overnight at 

in the anaerobic unit. 

was out in duplicate once the OD600 

coli was in the of 2 to 4 10-9 the OD600 reading of C. 

beijerinckii was above 1 units. Conjugation was out at For the 

treatment recipients, 1 ml of beijerinckii was subjected to a temperature of 50·C tor 

2 min in a heating block anaerobically, and then left at 30·C 10 min be 

to donor was 1: 1 0 1997) with 1ml of 

beijerinckii culture with 10mi of coli CA474 harbouring the 

respective plasmid construct. and donor were mixed in a Sterilin ™ tube 

and """.W ... T. III bench-top at 3000 for 6 min. 

supernatant was poured off and the pellet resuspended gently 1 OOf..tl GCBM with a 

plastic inoculation loop. Bacteria were then cultured on agar plates containing 

no antibiotics and left at overnight. 

The following day, 0.8ml of sterile water was placed on each of the conjugation 

the growth off with a spreader. 

(-100f..t1), were cultured on GCBM plates erythromycim 

(lOllg/ml) at 42"C in the unit. Overnight anaerobic incubation at 

facilitated counter-selection of the. donor strain, while the presence of erythromycin 

facilitated the selection of C. beijerinckii transconjugants. Typically, transconjugants 
l 

took days to appear. The conjugation procedure used plasmid 1 and plasmid 

pMTL30 as the positive and negative controls respectively. For the conjugation 

dilutions (10-2 to 10-8
) were of the conj mixes. 

The dilutions were cultured on GCBM plates with no antibiotics at 42·C in the 

anaerobic cabinet and aerobically at 30·C on YT plates containing Kan and Ap. 

was ",.".",,, •• /'1 as Irainsc:on donor. 

3.3.6 Electroporation 

electroporation protocol was similar to one reported by Oultram 

et.a!' (1988a) with 

Minton et a1. (1993b). 

incorporation of some of modifications recommended by 

was with melibiose as the osmotic stabilizer 
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and O.3ml to O.4m! of cells were in O.2-cm cuvettes. The electroporation 

settings for the Bio-Rad Pulser (Richmond, CA) were: I kV field 

capacitance and 100 to 1000 ohms resistance. Plasmid 1 was used as the 

control it is known to stably in C. beijerinckii. Induction of the 

Emr was achieved by adding 5~g/ml erythromycin to mix after 1 

h and then for a further 2 h after which it was sub-cultured on GCBM 

plates containing Typically, transformants took days to 

3.3.7 Construction of suicide vectors based on pMTL vector series 

Suicide plasmids were constructed based on vector pMTL30 for disruption of the 

regB Plasmid pQEORegB contains on a BamHII PstI fragment subcloned into 

vector (Figure 3 see 4 tor further 

regB was from pQEORegB plasmid by with Bamffi and 

PSI!, and subsequently subcloned into plasmid pUC19, which was also previously 

IT"'''TPn with BamHI Ps/L resulting construct was called pUCI 

A 963 bp fragment encoding a chloramphenicol gene was from plasmid 

pMTL500C (Minton et aI., 1990) and then the plasmid was digested with BamHI, 

were tilled-in, and then digested with SluI (blunt). Plasmid pUC 19Reg8 

was Iinearised with Spel, which cuts once in the regB (position 1 bp) the 

restriction filled-in. The chloramphenicol was then into the blunt SpeI 

site the pUC 1 9RegB construct. The reSultant plasmid was called pUCRegBCm. This 

construct was then with Bamffi and which 953 bp 

containing the interrupted by the chloramphenicol The insert was 

subcloned into pMTL30 previously digested with Bamffi and PsI! and the 

construct was pMTL30RegBCm. 

Xbal restriction are compatible, the internal 583 bp XbaI/SpeI 

fragment pUC 1 was subc10ned into pMTL30 with to form 

pMTL30RegB. 
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pQEORegB pUC 19RegB 

BamBI 

Pst! ............ .., ........... . 

Hindlll HindI!I 

L-J 100bp 

Xbal 

EcoRV 
elal 

· ...... · ................... )-pMTL30 

Spel pMTLJORegB 

pMTLJORegBCm""- pMTLJO 
pMTL500C 

Figure 3.2: Construction of suicide vectors pMTL30RegB and pMTL30RegBCm. The BamHIfPstI 

lraE:me:nt C()lltainiIlg the gene from plasmid pQEORegB was snbcloned in pUC19 and the resultant 

plasmid pUC19RegB was used as the basis for the construction of suicide vectors in pMTL30. The 
, 

internal XbaIJSpeJ was subcloned into the XbaI site of pMTL30 to fonn pMTL30RegB. 

For vector pMTL30RegBCm, the chloramphenicol gene from pMTL500C was subcloned into the 

site of the gene on pUC19RegB and then the regB gene was snbcloned 

into Refer to the text for further details. 

For the construction of vector pCTCRegB to Chapter 4. 

3.3.8 Construction of suicide vectors based on vector pG+bost and development of 

a system for sco/dco integration into tbe beijerinckii genome. 

Vector pG+host4 (Biswas et at, 1993) was used to construct a shuttle plasmid for C. 

coli to facilitate future work. This vector lacked a gnLffi-·nelgatlve ori 

and an antibiotic marker for replication, selection and maintenance in E. coli. Vector 
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pG+host4 was digested with EcoRV (blunt) and EcoRI (in mcs). Plasmid 

was with PvuII (blunt) and EcoRI to a ~2.297 band containing the 

ori and ampicillin This insert was subcloned into the previously 

(EcoRV/EcoRI) pG+host4 vector and selection was based on ampicillin resistant E. coli 

colonies. This new vector was subsequently pGAhost. 

the regB plasmid, the following constructs were made 3.3). 

Plasmid pSKB2 Chapter 2.4.2) was KpnI and BglII to release a -

1 the 5' regB The remaining 18 bp plasmid 

downstream from BglII to ClaI to 

Plasmid pSK2C is a construct containing 860 bp of upstream region 

of the as a result of ExonucleaseIII shortening of pSKB2. Only bp of the 

with 5' on this plasmid. plasmid was 

KpnI BamHI, and the was subsequently subcloned into the previously 

digested vector pSKnulL This construct contains part of upstream 

and downstream regions the and excluding most the regB 

itself for 75 bp near the 5' end, on a - kb insert. Vector pGAhost was 

digested with Sail, the filled-in and then digested with KpnL Vector 

pSKnull was digested KpnI and SluI (blunt) and into 

the pGAhost to form 
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pSKB2 Removed 

Subcloned 

pSKlC 

Acel stu! 

pSKnuli 

Subcloned 

200bp 
pGAhost2 

Figure 3.3: Construction of vector pGAhost2. Plasmid pSCB2 was digested with KpnI and Bgill to 

release a which contained the truncated gene and leaving only the 

downstream region of the gene. This fragment was replaced with the upstream region of the 

gene by digestion of plasmid pSK2C with KpnI and Bamffl to form pSKnull. Plasmid pSKnull was 

digested with KpnI and StuI and the resulting fia:gment subcloned into pGAhost. 

details. 

text for further 

In to obtain sco and dco C. beijerinckii recombinants for pGAhost2, we followed 

a similar protocol to that described by Biswas et aI. (1993): 
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beijerinckii containing pGAhost2 were grown overnight at 30"C in the 

presence of erythromycin and then diluted lOa-fold in GCBM and grown at 30·C for -

2.5 h. Cultures were then shifted to 42"C for 3 hrs in order stop plasmid replication. 

were diluted cultured on CBM plates at to for 

integrants. 

3.4 RESULTS AND DISCUSSION 

3.4.1 Construction of Vectors 

A pG+host-based shuttle vector, which could be maintained in coli, was constructed 

for inactivation in beijerinckii (Figure 3.4). This plasmid with its temperature-

sensitive replicon was pGAhost, and was subsequently to construct two 

plasmids, pGAhostI and pGAhost2 3.5). Plasmid pGAhostl contains an internal 

380 bp EcoRV/XmnI fragment from the regB and pGAhost2 contains a chimeric 

fragment of of the 

joined together. internal regB fragment on plasmid pGAhostl allows for a sco 

recombination event while the regions regB on pGAhost2 

allow a dco recombination event with the beijerinckii chromosome. 
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Clar 
AceI 
Sall 
XhoI 
Apa! 

KpnI 

Smar 

Pst! -==========~ EcoRI 

on / Ampicillin 

Sail 
XhoI 

__ -~SacI 

Figure 3.4: Plasmid map of Vector pGAhost was constructed a PvuWEcoRI 

DNA from plasmid pBR322 the ori and ampicillin gene into the 

EcoRVIEcoRI site of pG+host4. See section 3.3.8 for further details. 

Two suicide vectors based on plasmid pMTL30 were constructed namely 

pMTL30RegB and pMTL30RegBCm. Plasmid pMTL30RegB contains a 583 bp 

XbaJJSpeI fragment internal to the regB gene, and pMTL30RegBCm contains a 

fragment consisting of the regB gene interrupted by the gene from pMTL500C 

(Figure 3.5). 
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Schematic overview of the Cbeijerinckii regB region 

Gend Ret!B Gene2 Gene3 

L---1 = 300bp 

AI: pMTLJORegB 

L-1 = IOObp 

pMTLJORegBCm 

L-J = IOObp 

Bl: pGAhostl 

L-J 200bp 

B2: pGAhost2 

EcoRV/PvuU 
L-J =200bp 

Figure 3.5: Scbematic of the C. beijerinckii region including suicide vectors 

pMTL30RegB, pMTL30RegBCm, pGAhostl and pGAbost2. Al- Plasmid pM11..30RegB contained an 

internal XbaIJSpeI fralpne:nI of the regB gene cloned into the XbaI site. 
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The Xba IISpe I sites are compatible but cannot be recut with either enzyme, A2- Plasmid 

pMTLJORcgBCm contained a blunt-ended Cm f marker from plasmid pMTL500C cloned into the Spel 

site (filled-in) of the regB gene. Restriction sites (StullSpel and BamHIISpel) are indicated on both sides 

of the blunt-ended Cm f insert since it could have ligated in either .orientation in the restriction site. B 1-

Plasmid pGAhostl contained a blunt-ended EcoRV/XmnI internal fragment of the gene (cross-hatch 

pattem).c!oned into the Smal site ofpGAhost. B2- PiasmidpGAhost2 contained a KpnllStll1 insert from 

pS Knull cloned into the Kpnl and SaIl (tilled-in) restriction sites of vector pGAhost. This insert contains 

the upstream and downstream regions nanking the regB gene but excludes most of the gene. 

Key factors affecting Conjugation and Electroporation procedures 

3.4.2.1 Conjugation and Electroporation frequencies 

Exhaustive conjugation coli CA474 containing R702 as 

the donor and pCTC I as the mobilizable plasmid, resulted conjugation of 

between 10:6 to 10-7 transconjugants per donor (Table 3.2). This with frequencies 

previously by Williams et (1 990b ), but was extremely variable even 

constant experimental conditions. Plasmid pMTL30 is unable to replicate in 

beijerinckii, which is retlected in Table 3 Jennert et al. (2000) also observed with C. 

cellulolyticum that the optimized which was adapted from 

Williams et al. (1990a), was not always reproducible even when all the conditions were 

repeated identically. 

Attempts were made to increase the conjugation Trp,nll,>nl',' by heat treatment in 

order to concomitantly 

coli CA474 was normally 

was viable at 

the reco;nbination frequency. Counter-selection of 

out at for days, so it was known 

A preliminary test indicated that 

temperatures above were lethal for beijerinckii, but cell viability was not 

dramatically affected when beijerinckii was kept at for 2 min (results not 

shown). were at for 2 to conjugation 

with the coli donor. Only a 50-fold increase in the conjugation frequencies of heat-

treated was (Table 3.2). 
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Tnblc 3.2: Tile etTect of heat treatment on the frequency of plasmid transfer to C. beijerinckii 

Plnsmid Mobilization Freque!l<:y per donol' Frequency pel' donor 

(30'C)* (Hellt treatment)· 

pCTCI R702 1.535 xlO'o (4] 8.352 xiO' (4] 

R702 < 3.1 xiO' [4]" <3.1 x 10' [4]'< 

,. The number of determinations is shown in square brackets. Each 

while the values represent the average of all the Numerous conjugation were 

carried out but only four conjugation are since most gave similar values to the average. 

± Values obtained represents the limit of detection, no were obtained. 

increase obtained 111 the conjugation frequency uS1l1g heat treatment was not 

as a Wilkinson and Young (1994) obtained a 

of 1 lO-.f with pCTCl. individual 

experiments where the heat treatment on beijerinckii failed or was a rip",,.,,,,, in 

the conjugation frequency, it was difficult to this was due to the variability 

within samples, strain or whether heat had a periodic negative effect on the 

beijerinckii physiology and gr?wth phase. treatment was however occasionally 

employed in addition to normal procedure in some of the conjugation experiments. 

Heat treatment of C. beijerinckii may improve the conjugation frequency but 

optimization the heat treatment is required. This assessment the 

of heat on the growth phases and the degeneracy state of the culture of beijerinckii, 

which was beyond the scope this study. OveralJ, conjugation produced more 

results than the electroporatiop procedure in terms of the reproducibility of 

DNA 

procedure Minton et (1993b) was employed with minor 

The plasmid DNA was however prepared from coli JMl 09 or JMllO, 

unlike Minton et a1. (1990) who that plasmid DNA prepared B. subtilis 

transformation frequencies. Despite the of Minton et a1. (l993b), it 

was still found that the results of electroporation for 

inconsistent. 

beijerinckii remained 

Repetition of the electroporation procedure using the same components and parameters 

failed to results. We obtained no at the time 
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constants of 4.7 ms to 6.9 I11S (Oultram et a!. 1988a) but obtained transformants at a low 

at values below (Table 3.3; [B], (C]). In our 

we "'.:>,."' .... ,""''' setting 

constant. 

no consistent cOl'feiation ..,p,-n,,,,," 

example, a time constant of 3 8.1ms (Table 3.3 were 

obtained Independently upon electropor.ation of pGAhost into C. beijerinckii using the 

same conditions and resistance 

other 

procedure. 

could 

(looon). Thus neither time 

as an indication of a 

nor any 

electroporation 

T~lble 3.3: The electroporation of C. beijerinckii with plasmid constructs under ditTerent field strengths. 

Field Strength (kV)" Time Constantsb (ms) Transformants per 

electroporation 

[A] 1.25 (3) 2.7- 4.8 None 

[8] 1.5 (3) 3.1-3.5 1-2 

[C] 2.0 (4) 2.5-3.8 1-2 

[0] 2.5 (5) 3.3-8.1 None 

"The number If t:1t;l;lIIJPIJIi.lUIJII 'P'" Illll!nts for each voltage is given in brackets. 

bIn each electroporation experiment, 5 ~g of plasmid DNA was mixed with 0.4 ml of C. 

culture (00600 - 0,45-0.6) and electroporated using 0.2 cm electroporation cuvettes with resistance in the 

range of 200n - looon. Only the lowest and the highest time constant values are indicated in order to 

the range of values obtained. 

those electroporation experiments that.did produce transform ants, the transformation 

frequency was extremely low. The reported electro-transformation frequencies 

an E. coli host were in of 102 to 

tranformantshtg DNA (Oultram et aI., 1988a). We obtained an of 

1 04 transformants/~g of with plasmid 1, which is a derivative of plasmid 

pMTL500E. We found that the addition erythromycin (5uglml) to the expression 

mix, first incubating for one hour with. no selection, increased number of 

transformants. This enrichment step helped by conferring a selective to 

transformants over' non·transformed methylation/restriction endonuclease 

coli strain, JM 110, was for the propagation, maintenance and DNA 

source of the plasmid constructs. Unlike acetobutylicum A TCC 824, which oos:sesses 
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a powerful restriction endonuclease (Mermelstein and Papoutsakis, 1993a), 

is to lack a restriction (Richards et aI., 1988). 

Thus these factors are unlikely to the major contributing reasons the low 

transformation frequency. However. Minton et aL (1990) did that electroporation 

efficiency increased with DNA prepared from B. subtilis. The variability and 

the it difficult to assess contribution, any, of 

the construction the suicide vectors which could affect the 

transformation frequency. Although the growth and state of degeneration of 

beijerinckii cultures could explain inconsistency the electroporation procedure, it 

cannot explain the poor electro-transformation frequency and are most likely other 

unknown factors, which compromise vector integrity in or 

3.4.2.2 Strain degeneration and growth requirements 

During the preparation of recipient cultures for both the conjugation and the 

electroporation C. would periodically a physiological 

during the exponential growth phase which growth appeared 

stationary, many hours to reach the next growth or alternatively cell 

viability would decrease as indicated a decrease in the optical density of culture. 

When beiferinckii this growth pattern were left in condition, 

growth only 24 hrs. This physiological condition occurred during 

exponential growth phase at 00600 lower than 1.2 units and conjugation or 

procedures using cultures were unsuccessful. 

Strain lysis seems the most likely reason growth exhibited by 

was a in cell viability during growth 

pHase and in some cases the condition was We attempted to 

physiological condition in the conjugation procedure by growing beijerinckii at a 

(30·C) and initiating the conjugation when 00600 of culture 

was above 1.2 units which is near the of the exponential 

1 The electroporation procedure also beijerinckii but 

cultures above 00600 0.6 units could not be electroporated successfully. 
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alterations to the procedures did not remove strain degeneration entirely but helped 

reduce the frequency the condition. 

An important of inactivation IS for 

the mutant. The ,.oO,.,.,"',,, is in turn ael)enlaelnl on the 

the mutation has on the overall status the bacterium. CcpA has been shown to affect 

growth rate and sporulation in gram-positive bacteria due to its global regulatory role in 

carbon, energy (Faires et a!., 1999, Grundy et 1994, Mhva 

et 1994). of the ccpA sub/ilis, B. megaterium, lactis and 

Lactobacillus plantarum lead to a rate on 

with various carbon sources (Kuster aI., 1999a; Muscariello et poor 

growth was a result of inability of ccpA mutants to assimilate ammonia as the 

nitrogen source, and CcpA was found to control the of the gltAB operon, 

which glutamate The growth defect was relieved by the addition 

glutamate or glutamine with as little as 0.5 mM glutamate to restore growth. 

we could not rule out possibility that the creation of a 

assimilation and severely impair 

mutant could also 

growth rate of C. 

n,.",I""',." an organic source 111 

acids to inorganic in the form of ammonium (Quixley, 1999). Although 

. contains acids as a nitrogen source, we included glutamine (20mM) in the 

medium to help reduce possible growth" We 

source since we found that glutamate was inhibitory to 

included in the medium (results not shown). 

glutamine as. 

beijerinckii growth when 

3.4.3 Inactivation of regB using the pMTL30suicide system 

Conjugation experiments using E. coli CA474 (pR702) as the donor (no treatment 

construct was produced a 

pMTL30RegB and none for construct Plasmids pCTCr and 

pCTCRegB were conjugated into C. ";n',,,,,,>,n as controls at the previously reported 

Table 3.2) in the same ","vr,oO,.,·,.,... 
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As for the positive control (refer to Figure 3.6), hybridization occurred against 

plasmid pECORegB (A: lane 3) at - 8.76 kb (refer to Table 1) while there was no 

hybridization signal' for plasmid pMTL30 (A: lane 2) when both were digested with 

XbaI and probed with the 188 bp XmnI regB probe. DNA hybridization analysis of the 

chromosomal DNA from the putative beijerinckii regB mutant using the regB XmnI 

probe revealed an increase in fragment size compared to the wild-type which is 

indicative of a event between the suicide vector pMTL30RegB and the 

chromosomal regB gene (Figure 3.6 A). However DNA from a contaminant organism 

whose genome happens to contain a homologue cannot ·be ruled out although 

morphological analysis indicated that the bacterial culture belonged to the clostridia. 

For beiJerim.:kii wt or bey'erinckii (pCTCRegB), where the is maintained 

in the chromosomal digestion with XbaiiSpe I resulted in expected 

hybridization signals at - 0.584 kb corresponding to the intact wild-type regB gene 

(refer to Figure Digestion of the putative bey'erinckii regB mutant with the same 

enzymes resulted in a - 16.0kb hybridization signal with no signal at - 0.584 kb. 

Restriction analysis indicated that there were only two ..¥bal (positions and 

844) and a SpeI (position 1428) on the 3623 bp of beijerinckii 

chromosomal DNA nanking the regB gene to 2.4). Integration of the -

5.084 kb pMTL30RegB construct into the corresponding region on the 

would result in an in fragment detected by the regB probe. A single 

copy the plasmid integrated into the regB would be predicted to yield a 

fragment of 5.084 kb. However, althoughla band of 0.584 kb corresponding to the wiId­

type regB was missing in the putative mutant, the only band detected by 

hybridization was - 16 kb. It is possible that pMTL30RegB construct was established in 

the beijerinckii chromosome in multiple copies by mUltiple integration of the 

construct or by integration, of a HMW plasmid construct 
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A 

123 4 5 6 7 

«----,,16.0 kb 

+--8.76kb 

+--0.584 kb 

B 

123 4 5 6 7 

+--16.0 kb 
+--8.70 kb 

+-- 4.50 kb 

Figure 3.6: Southern hybridization analysis of wild-type C. beijerinckii, C. beijerinckii (pCTCRegB) 

and a putative C. beijerinckii regB mutant. Chromosomal DNA (50f.lg) from C. beijerinckii wt, C. 

beijerinckii (pCTCRegB) and putative C. beijerinckii regB mutant were digested with XbaVSpeJ. All 

DNA samples were hybridized respectively with the 188 bp XmnI regB probe (A) and the pAM~l erm 

gene (B). 

Lane 2: Plasmid pMTL30 digested with XbaI (positive control for B) 

Lane 3: Plasmid pECORegB digested with XbaI (postive control for A). 

Lane 4: C. beijerinckii wt (positive control for A, negative control for B). 

Lane 5: C. beijerinckii (pCTCRegB). 

Lane 6: Putative C. beijerinckii regB mutant. 

Lanes I and 7: Lambda marker (A. DNA digested with Pstl). 

A single ~ 16 kb band was obtained in the putative mutant suggesting that 3 copies of 

the plasmid had been integrated into the C. beijerinckii chromosome. Although the 

0.584 kb XbaUSpeI regS insert was ligated into the XbaI site of pMTL30 resulting in 

construct pMTL30RegB, it could be recJeaved by XbaI at the XbaI restriction site but by 

neither XbaI nor SpeI at the hybrid XbaUSpeI site (see Appendix A). If we assume that 

multiple integration of pMTL30RegB (~5.084 kb) had occurred and multiple copies 

became established, then digestion with XbaI and SpeI should yield a ~5 . 084 kb band 

(plasmids released from the chromosome) and a 0.584 kb band (right junction 

fragment), (see Figure 3.7). However, the internal XbaI site does not appear to be 

recognized by the restriction enzyme, resulting in a 16 kb fragment. 
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A 

R 

Point of Cross-over 

Xhal J XhalI$pe I 

junction fragment 

Multiple of the 
Integrated plasmid junction fragment 

Figure Schematic of integrated into the C. genome. 

Thick lines rpnrp"pnt the C. U?rlnCII.'1I chromosome and thin lines rpn,rp~p.nt pMTUO DNA. The 'target' 

DNA carried pMTL30 and its equivalent on the C. fWlJ'prn'll'JH genome are squares 

with a [A], The gene is shown with the DNA region to be disrupted and key 

restriction enzyme sites. Construct The point of cross-over for the Campbell-like 

recombination event is indicated an arrow. 

be ijerinckii. 

and 

amplification of 

(1994) rp"".t"fPr1 

The result of multiple insertions into the genome of C. 

of plasm ids 

which would lead to different results upon 

113 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Southern hybridization Leat (1997) found upon disruption of the C. 

beijerinckii scrR the presence multiple copies of 

pMTL30 integrated into the respective 

In to verify that plasmid pMTL30RegB had integrated the beijerinckii 

and thus confirm that we had created a beijerinckii mutant, we re-

probed the Southern blot with the pAM~ 1 erm gene. erm gene probe hybridized to 

a - 16.0 fragment from the putative beijerinckii mutant corresponding 

to the fragment detected by the probe 3.6). This indicated that the plasmid 

integrated chromosome the same as the regB 

Wild-type beijerinckii no C. beijerinckii (pCTCRegB) gave 

expected hybridization at - 8.7 kb, corresponding to plasmid construct (B: 

lane 4 & 5). Similarly, an hybridization was obtained at - 4.5 kb for 

pMTL30 when probed the pAM~ I erm gene (B: 2). 

hybridization signal in lane 3 (B) when probed with the erm is most 

likely due to entanglement or probe contamination with DNA. 

It cannot be readily why a hy brid izati on event 

vector into the was obtained. It is possible that upon of the 

chromosome, Xbal site was damaged or Alternatively the suicide vector 

assumed a multimeric had modified before 

the integration event. this had ... ,.,.'w..., ..... - 16 kb 

hybridization since only gene and the 

at right fragment to Figure 3.7) would be a 

multiple cornes of plasmid. It was verified 

that XbaI site of the original 

recleavable A) any 

must have occurred during or conjugation 

The above Southern hybridization analysis 

into regB gene, 

construct was possibly established 

creating a 

mUltiple 

1 

plasmid maintained in 

to pMTL30RegB or 

integration events. 

coli was 
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beijerinckii regB mutant was then subjected to sporulation in order to make 

for further characterization. However, upon germination of it was that 

beijerinckii mutant had to wild-type. PCR analysis was done on 

chromosomal DNA extracted from the germinated spore stock primers tReg831 

and (see which t1anked regB gene. same regB fragment size (-

the mutant as beijerinckii was obtained, 

the DNA fragment expected a disrupted regB 

not shown). Numerous attempts at repetition of the conjugation procedure using 

the same pMTL30 construct and exhaustive analysis the spore stock failed 

to .. ""_ ...... ,..,rI the C beijerinckii mutant 

It been reported previously that inactivation the eepA In faeealis, 

sub/ilis B. mega/erium led to a distinct reduction in rate (Leboeuf et aI., 

2000; et aI., 1 Miwa et 1994; 1995). This was 

pronounced complex medium and it has shown that ccpA mutants 

the of intermediates the tricarboxylic cycle and ;i nitrogen source for 

on minimal medium (Wray et aI., 1994). Furthermore, there is that 

control and ere-binding CcpA are independent properties 

et aI., 1 999a). has to the that CcpA IS a regulator 

of energy nitrogen metabolism in gram-positive bacteria with multiple 

functions in cellular physiology (StUlke and Hillen, 2000). In beijerinckU, the growth 

rate is to acidification, switch acidogenesis to and 

sporulation. global role of 

homologue, disruption of . degeneration or compromise 

viability by directly or indirectly rate, growth energy 

or sporulation. selective to revert to wild-type would 

therefore be considerable. 

Lastly, integration events a duplication sequences and 

the absence of a reversal the integration event is possible. It was that 

erythromycin selection, erythromycin-sensitive recombinants segregated at a frequency 

of between 3.7xI0-4 to 1.3xlO·3 generation (Wilkinson and Young, 1994). 
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It was possible that 

failure to obtain 

within the conjugation were 

beijerinckii regB mutants. However using the pMTL30 

construct pCBMU 1, the inactivation of the sucrose hydrolase scrB, was 

the 

repeated. The scrB was previously inactivated by (1997) obtained an 

establishment frequency recipient 10-10
. Repetition of the conjugation 

procedure as described previously (without heat with vector pCBMU 1 

resulted 7 transconjugants obtained an establishment frequency 

recipient 3.846x I 0.8
• Thus factors within the conj procedure were not 

responsible for our failure to obtain a beij'erinckii regB mutant Both 

our non-replicative were lower than 

(1997) and 

reported 

(10-6 to 10-7
) found by Wilkinson Young (1 994}. (1997) 

that this could due to the fact that conjugation was conducted on 

opposed to being conducted on cellulose filters on CBM agar 

agar as 

Though the 

technique we may more convenient it may lead to an overall decrease 

further that the lure to C 

beijerinckii regB mutants could been 

contributed to cell viability or was a lethal event beij'erinckii. The 

selective pressure to revert to wild-type by a reversal of the integration event would 

therefore be extremely high. 

is supporting for both decreased viability and instability of single 

cross-over recombination events. Muscariello et at (2001) found that mutants 

1. plantarum, one-step of vectors 

carrymg sequence duplications, were unstable and they had to use a two-step 

homologous recombination process in order to obtain a stable chromosomal 

of they found in the mutant with a 

doubling time of the mutant higher than that of the wild type. Based on the 

CcpA mutants of have growth impairments, it is 

possible that introduction of a mutation in the C. beijerinckii could also 

result in a effect on the growth and metabolism a viable mutant. 
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3.4.4 Attempts at inactivation of reg8 using pGAhost system 

The to obtain a mutant was on 

pGAhost constructs. of beijerinckii with 1 and 

pGAhost2 pGAhost colony, no pGAhostl colonies and four pGAhost2 

colonies after enrichment step, and the were termed "int" strains. 

inactivation of regB using pGAhost2 require a 'dco' event between flanking 

on the vector the equivalent regions on the C. beijerinckii 

chromosome resulting in regB (Figure, . 

beijerinckii colonies, which are resistant to erythromycin whereas 

should erythromycin they undergone a second 

event which would the DNA and erm gene. 

Erythromycin integrants were obtained after growth at non-permissive 

temperature, which should force integration and were 'intI'. 

after without at 30·C, which should a second 

recombination event and plasmid, there was failure to obtain strains 

Attempts at time period at 

which culture was left without selection repeated sub-culturing without 

selection failed to produce beijerinckii 'dco' integrants that were to 

erythromycin, and only designated 'intII'. Preliminary Southern 

hybridization 'intI' five 'intII' Emr beijerinckii bp 

EcoRV IXmnI regB probe that putative' intI' recombinants two bands, 

while all putative 'intII' recombinants a band (results not shown). 

a C. beijerinckii 'intI' and 'intIl' colony 

was for a generations at and respectively which 

further Southern hybridization analysis was performed using EcoRVIXmnI regB 

1.180 kb erm probes (Figure 3.8). 

When chromosomal DNA from respective samples was with and 

the EcoRVIXmnI probe was used an expected hybridization signal was 
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obtained at ~ 2.7 kb for wild-type C. beijerinckii [lane A2], C. beijerinckii (pGAhost) 

[lane AJ] and C. beijerinckii (pGAhost2) [lane A4]. A second hybridization signal at ~ 

2.0-2.1 kb was also obtained for C. beijerinckii (pGAhost2). The second hybridization 

signal for C. beijerinckii (pGAhost2) was not expected since the pGAhost2 construct 

lacks the 380 bp EcoRV/XmnI insert. The possibility of probe contamination however 

could not be ruled out since the ~ 1.82 kb insert that was subcloned into pGAhost 

contained 75 bp of the regB gene including 1 bp of the EcoRV site (position 861 bp, see 

Figure 2.5; Figure 3 .9) and this may have caused the insert to hybridize to the regB 

probe. However even if probe contamination were responsible for the signal then it 

could still not account for the size of the fragment (~2.0-2 . 1 kb) All this suggested that 

pGAhost2 had undergone a rearrangement in C. beijerinckii prior to the temperature 

shift. 

A B 

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 

'~-L.7kb 

o kb 

Figure 3.8: Southern hybridization analysis of C. beijerinckii wi, C. beijerinckii (pGAhost), C. 

beijerinckii (pGAhost2) and putative C. beijerinckii ' inti' and ' inti!' integrants. Chromosomal DNA 

(50flg) from the respective C. beijerinckii culture was digested with ClaI and run on duplicate gels. All 

DNA samples were hybridized respectively wilh, the 380 bp EcoRV/Xmnl regB probe (A) and the 1.180 

kb Sad erm probe from pGAhost (B). The DNA samples in the agarose gel (A) ran unevenly, 

adjustments with respect to the calculation of the molecular weight of DNA fragments were taken into 

consideration when determining size using DNAfrag (v.3 .03, Canada). 

Lane 2: C. beijerinckii wt (positive control). 
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Lane 3: C. beijerinckii (pGAhost). 

Lane 4: C. beijerinckii (pGAhost2). 

Lane 5: Putative 'intI' C. beijerinckii mutant grown at 30'C 

Lane 6: Putative 'intll' C. beijerinckii mutant grown at 30'C 

Lane 7: Putative' inti' C. beijerinckii mutant grown at 42'C. 

Lane 8: Putative' intI!' C. beijerinckii mutant grown at 42"C 

Lanes 1 and 9: Lambda marker (A DNA with Pstl), The in Lane 9 (A) was as a result of 

overflow from Lane 8 (A) during loading, 

pGAhost2 
962 bp -860 bp ""III----.--i .... 

EcoR J 'lPvu/l 

Pst! 

I - 844 ....--- -------, .... -3250 bp+- .. 
I I 
i I 

" ----.,.. -1822 bp ...... 1-------,. ... "" 75 of 
the regB gene 

L-.: 200 bp 

Figure 3.9: A schematic representation of construct pGAhost2 with relevant restriction enzyme sites 

and sizes, Note that arrows restriction enzyme sites used for hybridization 
~ 

analyses and a thick line on the upstream indicates the 75 bp gene. 

putative C beijerinckii 'intI' 5 7) showed same 

hybridization banding pattern as beijerinckii (pGAhost2) (lane 4). The two bands of 

- 2.0 kb and - kb, identified in preliminary Southern blots were evident both cells 

at 30·C and at temperature of kb 

fragment corresponding to the wt regB and downstream UH'r""UH'p has not 

been disrupted in the 'intI' strains. strains could therefore represent 

occurred in the flanking region (see 

3.9), or could be plasmids which retained the as are 

identical to pGAhost2 (lane 4). The that the intensity the - kb band 
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the 'intI' strains is equivalent to the of the - 2.0 kb plasmid band would 

support the latter case. DNA preparations from strains were therefore transformed 

into E. coli JMl 09 an attempt at plasmid rescue. No were obtained 

that 

had 

plasmid had rearranged 

into the C. beiJerinckii chromosome or 

had lost the pBR322 replication functions or 

selective ampicillin 

The 

kb 

'intII ' TPO"."'.,. had a hybridization signal at - and - 2.7 

regB and downstream was not 

evident. This could represent either a 'dco' event, 

occurred the downstream region, disrupting the -

the downstream region. 

a "' .... ',UUIU recombination 

kb fragment, or a 'sco' event in 

gain 

from pGAhost. 

clarification a blot was probed with 

probe gave an expected hybridization 

- 1.180 kb erm 

at - 6 kb 

beijerinckii (pGAhost) 83] and no signal for wild-type beijerinckii. 

beijerinckii (pGAhost2) and putative beijerinckii'intI' 'intlI' integrants gave 

a hybridization at - 4.5 kb. All the samples should have given the same signal 

6.091 kb) digestion with ClaI - 1. kb (see 

3.9). This that re-arrangement had occurred in c. 
(pGAhost2) construct in order to account for reduction in fragment The 

presence of the erm gene in the putative beijerinckii 'intII' mutant would also explain 

the erythromycin 'intII' integrant, would that it is not a 

'dco' the plasmid would have case. 

It that the ss DNA family are easily by 

or deletion DNA vector construction, which to structural and 

segregational instability (Minton et aL, 1990). The pG+host system has an active rolling­

circle replicon it reported that insertion these the 

stimulates homologous recombination 

....... u.'"''''''"' 20 to 450 (Leehouts et 1991; Biswas et 1993). As 

previously, 'sco' integrants when subjected to the permissive temperature should 
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strongly a recombination event resulting in high~frequency of 

replicon giving rise to either parental or 'dco' chromosomal structure et 

aI., I 

To confirm the .""""",,nT of the vector chromosomal DNA from wild-

C. beijerinckii, C. (pGAhost) the putative beijerinckii 'intI' and 

'intI!' integrants was digested with EcoRV and 3 10). A hybridization 

signal at - kb wild-type beijerinckii, beijerinckii (pGAhost) the 

'intI' [Figure 3.10: Lanes 3, 4 and corresponding to wt 

region was obtained. Previous restriction analysis results the pGAhost2 vector 

indicated that digestion with EcoRV/.lYbaI would release a - 3.2 .4 kb and 0.84 kb 

3.9, A). not hybridize to the 380 bp 

probe, should occur due to probe contamination it . 

give a 0.84 kb or 3 .4 kb signal. a hybridization at - - 9.0 kb for 

the putative 'intI' and 'intII' integrants was also obtained. This indicated that probe 

contamination was not responsible the hybridization signals obtained for the 

beijerinckii 'in!' strains that wild-type kb fragment had been enlarged by the 

insertion of 

.. 
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~8.6 - 9.0 kb 
~5.7 kb 

Figure 3.10: Southern hybridization analysis of wild-type C beijerinckii, C beijerinckii (pGAhost) 

and the putative C beijerinckii 'intI' and 'intlI' integrants. Chromosomal DNA (50flg) from the 

respective C beijerinckii samples were digested with EcoRV/XbaI where appropriate. All DNA samples 

were hybridized, with the 380 bp EcoRVlXmnI regB probe. 

Lane 2: Wild-type C beijerinckii, uncut DNA. 

Lane 3: Wild-type C beijerinckii digested with EcoRV/XbaI . 

Lane 4: C beijerinckii (pGAhost) digested with EcoRV/XbaI. 

Lane 5: C beijerinckii (pGAbost), uncut DNA. 

Lane 6: Putative C beijerinckii 'intI' digested with EcoRV/XbaL 

Lane 7: Putative C beijerinckii 'inti' , uncut DNA. 

Lane 8: Putative C beijerinckii ' inti!' , uncut DNA. 

Lane 9: Putative C beijerinckii 'intII' digested with EcoRV/XbaL 

Lanes 1 and 10: Lambda marker (A. DNA digested with PstI). 

In order to confirm whether the regB gene from the C beijerinckii 'intI' and 'intII' 

integrants had been disrupted by the recombination event, the chromosomal DNA from 

C beijerinckii wild-type and both integrants was digested with XmnI and probed with 

the 188 bp XmnI probe internal to the regB gene. Digestion of chromosomal DNA from 

wild-type C beijerinckii with XmnI should release a 188 bp internal XmnI regB gene 

fragment and if the regB gene was deleted or rearranged in the 'intI' and 'intII' 

integrants, the hybridization signal should be absent or have increased in size 

respectively. Previous restriction analysis indicated that the pGAhost2 construct 
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contained the correct 1.82 insert, and the 188 bp between the XmnI sites 

. in regB (Figure was not Southern hybridization analysis revealed 

not shown) that no hybridization signal with the XmnI probe was obtained 

pGAhost2 DNA confirming that the regB was not on the plasmid. 

The 188 bp hybridization was detected for wild-type C. beijerinckii and 

for 

in any of 

'inti' and 'intI[' integrants indicating that the 

strains. 

was not disrupted 

et al. (1993) that the thermosensitive vectors replicate the rolling circle 

mechanism and could HMW which would alter plasmid 

conformation turn an affect on the recombination frequency. Gruss and 

Ehrlich (1988) observed recombinant plasmids from ss DNA do not 

retain features of parental plasmid and that the insertion of 

may decrease copy number, cause instability or a shift 

plasmid distribution from monomeric to multimeric form. Since no beijerinckii regB 

mutant was obtained using pG+host the difficulties 

with regard to of vector 

constructs, it was ,,'-',",1"'",\.1 to attempts to mutants. 

CONCLUSIONS 

Attempts at inactivation of the regB gene based on the pMTL30 system (Wilkinson and 

Young, 1994) in the production ofa C. regB mutant which 

during and sporulation. inactivation using pG+host 

(Biswas et 1 resulted in DNA rearrangements which were difficult to analyse. 

Techniques that rely on recombination, such as gene disruption, can only successful 

plasmid delivery systems are improved. It was found from the np,,,<pf!t' 

techniques eiectroporation and 

in our hands confirming previous reports. treatment of beiferinckii cultures 

during conjugation procedure resulted in only a 50-fold in the conjugation 

frequency. was not a significant Further studies on 

of on the growth phases of beijerinckii are required to 
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conjugation 

a problem 

by reducing 

involving heat treatment. 

reproducibili ty 

beijerinckii strain was 

and rate 

end of the pvr.nn,"nn 

temperature and 

phase helped to 

conjugation orc,ceaur 

frequency of t~le condition. 

near 

The pMTL30 system produced a possible C. beijerinckii mutant that 

was sporulation and germination. Southern hybridization analysis 

of suggested that 

construct was most probably multiple 

copies. on previous growth 

putative mutant reverted in the growth rate to the negative 

mutation on sporulation. pMTL30 suicide produced more 

consistent for the creation of beijerinckii regB mutants. vector did not 

appear to subject to DNA in the host. The major stumbling block in 

mutant using this to the nature 

of the the event and maintenance of the 

mutant upon selection. 

nature of the pGAhost2 construct may have been the cause of failure to obtain a 

The C. beijerinckii recombination event of the 

did demonstrate plasmid integration into 

.vu ...... vu. If C. beijerinckii 

contained only an internal regB gene, a 

may have 

occurred in the host. Thus 

more even if I.n<:<.:>"" 

mutants via 'sco' recombination. 

are a number of 

to explain. 

pGAhost vector 

obtained with the 

of the DNA 
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lost. Secondly, plasmid pGAhost2 was detected by a probe designed to detect regions of 

the regB gene which should have been absent from that plasmid. 

The failure to obtain a mutant in C. beijerinckii resulted in the adoption of alternative 

strategies to demonstrate (or provide evidence for) a relationship between R~gB (CcpA 

homologue) and the sucrose operon. This was attempted by studying the effects of over­

expression of the regB gene in C beijei'inckii on sucrase activity. 
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CHAPTER FOUR 

4.1 SUMMARY 

Specitic glucose repression the. serARBK operon can be demonstrated at the 

transcriptional level in C. beijerinekii by measuring serA expression in a C. beijerinekii 

scrR mutant The protein was found not to the only element responsible 

for the regulation the operon. A ditference in glucose repression was 

obtained when it wild-type beijerinekii and a C. beijerinekii serR mutant were grown 

in glucose or glucose and sucrose, indicating that scrARBK operon is subject to 

in addition to negative 

Nucleotide and primer extension of the serARBK ?peron identified a single 

transcriptional start at an adenine nucleotide, 44 bp upstream of the translational start of 

the operon. The promoter translational start and a ere (ere I) had 

previously identified 1997), and a second, imperfect palindromic sequence 

(erell), [Alz Til T IOA9 TsA7G6 T5T4 TJ T zClIG' IA'zA' JA' 4A' 5 T' 6A'7 T' sA' 9A ' lOA' liT' 12] 

was identiiied upstream, 1 bp before the transcriptional start. Analysis of the 

position of the serARBK element to transcriptional start showed 

that it was similar to the B. subtilis amyE ere which was found to overlap 

promoter region and was not subject to Mfd modulation (Zalieckas et aI., 1998b). 

Comparison of the serARBK ereI element with other ere elements showed that it the 

content, its flanking the B. 

aesA cre This that there was a mechanism for optimal sucrose 

of serARBK operon in which total by 

either or is prevented because the content serARBK ereI 

flanking regions and the suboptimal spacing between the proposed 

ribosome-binding and initiation codon scrR which would translational 

yield ScrR (Reid et al., 1999). 

The protein was successfully E. coli and purified ion 

chelation chromatography. Using a transdominace it was 

demonstrated that of RegB using plasmid pCTCl in C. beijerinekii 
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resulted a in the CCR 

in the early and mid exponential 

physiological link between RegB 

with respect to sucrose hydrolase activity, 

beijerinckii growth phase. This indicated a 

and regulation ofthe sucrose operon 

is consistent with RegB as a CcpA homologue. 

4.2 INTRODUCTION 

The scrARBK operon of C beijerinckii has sequenced (Reid et aI., 

1999). analysis indicated that it consisted of four genes, which are proposed 

to encode an PTS protein (SerA), a like transcriptionairegulatory 

protein (ScrR), a sucrose-6-phosphate hydrolase of glucosyl hydrolase family 32 < 

(ScrB) and an ATP-dependent (ScrK) of the ribokinaselpjkB family. 

distinct homology the ScrA product with sm!!!este:Q a role in 

PTS-dependent sucrose uptake. Sucrose utilization in beijerinckii therefore involves 

PTS-dependent sucrose transport, resulting the accumulation of intracellular sucrose-

which would be hydrolysed by hydrolase, releasing 

glucose-6-phosphate and fructose. The fructose in turn would be phosphorylated by the 

fructokinase and would be incorporated into glycolytic pathway. It was shown that 

the sucrose utilization system was induced by sucrose and not by any other 

nl''',rr1 .. ~It'''''' at both the RNA enzyme Disruption of the scrR in 

beijerinckii'resulted in constitutive expression the scrARBK operon under non-

inducing conditions indicating that ScrR mediates scrARBK regulation and is negatively 

autoregulated. 

with sucrose as substrates, sucrose was In C beijerinckii 

more slowly and initial hydrolase and fructokinase were than half the 

grown on sucrose alone (Reid et aI., 1999). The C. 

beijerinckii protein was thought to interact with a shared domain, 

probably that of the glucose (Reid et aI., 1999, Tangney et 

mechanism would be similar to the phosphorylation of by 

(Sutrina et aI., 1990) and the components a including I, HPr 

and II proteins identified by complementation in beijerinckii 
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(Mitchell et aI., 1991). These observations indicated that a mechanism might in C. 

facilitates glucose-mediated repression of the serARBK operon. 

beijerinckii and Staphylococcus xylosus ScrR proteins 

domains, corresponding to the inducer binding of Lad protein (Weickert 

and Adhya, 1992). This suggested that ScrR proteins respond to the same inducer, 

probably sucrose-6-phosphate (Gering and BrUckner, 1996). An palindromic 

operator sequence was identified between the scrA promoter and initiation codon. The 

. ScrR protein belongs to the GaIR-LacI family transcriptional regulators, which 

typically act at i palindromic at a 

(A4A)N2C,/GINzT)T4) consensus (Weickert and Adhya, 1992). [t was that 

ScrR from beijerinckii negatively scrARBK operon transcription by binding 

to its promoter region, possibly at the palindromic operator sequence, in the absence of 

sucrose (Reid et aI., 1999). However, CcpA which are a of the 

GaiR-LacI family, also target palindromic operator sites and could therefore possibly 

act within the scrARBK cluster. 

CcpA is known to mediate CCR by interacting with cre elements in a carbon catabolic 

operon (StUlke Hillen, 1999). The ere element is a 14 bp core sequence with dyad 

symmetry, which can be located in the promoter region but 

(Hueck and Hillen, 1995). Mutations in 

repair coupling factor (mid) partially relieve CCR at downstream ere 

reported 

transcri ption­

(hut and 

gntdown), but not at ere located in promoter regions of the bglP H, gntup and amyE 

(Zalieckas et aI., 1998a). The downstream cre is thought to act as a 

transcriptional roadblock, stalling the RNA polymerase. Mfd enhances at 

downstream ere by displacing the stalled RNA polymerase at 

However, acsA expression, which required a downstream ere site (+44.5 bp), 

was not modulated by Mfd activity (Grundy et 1994). Generally, most ere are 

flanked by the exception being the aesA ere of B. subtilis, which 

contains G or C nuc1eotides at three or four directly to the 14 bp core 
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cre sequence et al., 1998b). Zalieckas et al. (1998b) moved aesA ere 

further downstream (to +161.5 bp), and found that Mfd modulated of 

that the location of the aesA ere element relative to the 

transcriptional start site was the factor that determined Mfd participation. It was 

that RNA polymerase stalled at position rpay have a conformation 

that prevents Mfd-dependent displacement. Alternatively, may inhibit the 

initiation of transcription by looping between the downstream ere and an 

ere in the which that the promoter 

contain CcpA binding sites that participate in cooperative binding. 

latter is more unlikely since with downstream xyl ere is involved in 

non-cooperative CcpA binding while cooperative binding CcpA 

(Gosseringer et aI., 1997). The was shown to be dependent on HPr-Ser-P 

and not indicating that binds to the ere and 

acts as a transcriptional roadblock (Galinier et 1997). 

Zalieckas et ai. (1998b) demonstrated that higher levels of were at ere 

flanked by A + T rich than by those flanked by G+C nucleotides. 

l"Ip,·ptt"U·P the activity of ere elements on flanking 

which that they participate in formation of CcpA catabolite repression 

complex. Kim and Chambliss (1997) demonstrated in vitro that CcpA contacts three 

phosphate at the of the It was hypothesized that 

of the rich sequences with C subtle 

changes that diminished and reduced the affinity for is 

by analysis of the operator, which both 

in vivo repression and in vitro binding the repressor were affected by flanking 

nucleotides (Lehming et aI., 1987). 

The proposed mechanism CCR in most gram-positive is due to the interaction 

of three components, namely, a CcpA homologue, HPr-Ser46-P and a ere element 

(Sttilke and 1999). In of a C. beijerinekii mutant, this study 

required repression of the serARBK of 

presence of upstream the scrARBK operon. repression of 
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serARBK operon would require physiological analysis at 

and the evidence for cis-acting elements would involve 

transcriptional level 

employing 

primer extension and sequencing. Analyses of both of would contribute to 

a proposed regulation involving the serARBK operon and (CcpA 

homologue). 

The failure to obtain a mutant made it difficult to demonstrate direct involvement 

of in catabolite repression of the serARBK operon. In order to demonstrate 

involvement of RegS a strategy used Heuck et at (1995) and Kraus et al. (1998) was 

employed. authors used transdominance in to investigate effect 

of of CcpA or CcpA on B. megaterium. In the 

tirst strategy, Heuck et al. (1995) constructed two plasmids (pWH2014 and pWH2015), 

both of which contained a XylR repressor and a transcriptional fusion eepA to the 

xylA promoter region in addition, construct p WH20 15 had an extra ere 

CcpA was expressed upon induction with the amount CcpA 

"''1.'1'''.1''",.;:.;:",/1 by plasmid p WH20 14 was not affected by the addition ·of glucose or 

while there was a to 5-fold reduction in from construct pWH2015. 

constructs were then into B. megaterium WH331, which contained a single 

chromosomal copy a xylA-laeZ fusion. Plasmid pWHl which only contained the 

XylR, was also transformed into the strain to serve as the control and catabolite. 

"V<'rT~"'1 by on was found 

that overproduction of CcpA by strain3 containing either p WH20 14 or p WH20 1 

catabolite "''''''',1'''''<0''', of xylA expression by approximately twofold. 

Therefore, overproduction of CcpA was counterproductive for CCR and was 

phenotypically similar to a eepA mutant. They proposed that overexpression of CcpA 

could out such as phophorylated HPr in a way that only a part of 

the CcpA became activated by cofactor binding. This would not then be sufficient to 

mediate would effectively in CCR. These results were in 

contrast to those Miwa et a1. (1994) who found that overexpression of CcpA in B. 

subtilis did not affect CCR of the gnt operon. They however found that overexpression 

of was to B. subtilis cells of the induction 

there was also a negative effect onthe growth rate. 
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Kraus et a1. (\998) employed a strategy in which they transformed a B. megaterium 

eepA deletion mutant WH331) with mutated CcpA proteins 

and then tested mutant proteins for their negative transdominance over wild 

type. Plasmids such as containing the pE 1 94(ts) or; would expected to 

replicate to about 10 copies per cell (Krause et al., 1998). The gene dosage led to 

an excess of mutant ccpA subunits over the wild type, and a in the CCR the 

chromosomal fusion was tor all mutants. indicated 

was with the inactive CcpA mutant proteins or 

the cofactor. 

The transcriptional start a possible ere element (ere!) have been identified in 

serARBK interaction and the 

protein 

coli for future However confirmation that serARBK operon is 

subject to catabolite repression in the absence of a functional scrR IS Also 

this study sought to whether overexpression of regB in beijerinckii would 

result a the scrARBK operon. Plasmids are available 

which are maintained in beijerinckii at numbers suitable for expression 

Plasmid 1 is a high-copy number plasmid based on plasmid pMTL500E, 

which has a copy number of 150-300 per chromosome equivalent (Swinfield et 

1990). would, in a regB mutant, provide a link between RegB CCR 

regulation of the sucrose and be 's role as a CcpA 

homologue. 

4.3 MATERIALS AND METHODS 

4.3.1 strains, plasmids and culture conditions 

plasmids are 1 .. 

Cultures coli were routinely maintained on Yeast Tryptone (YT) or Luria-Bertani 

(LB) (Sambrook et aI., 1989) at 3TC. LB media were solidified with 

(1.5% w/v). Ampicillin (lOOug/ml) kanamycin (50ug/ml) were included in the 

media where appropriate. 
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laboratory stock beijerinckii NClMB 

germinated as previously described Chapter 

4.3.2 Genenll DNA manipulation nnd I'YI'r'JI.'rln 

See Chapter 2.3.2 

1 ). 

4.3.3 Genomic DNA extraction from C. beijerillckii 

See Chapter 2.3.3 

4.3.4 Preparation of RNA from beijerillckii 

was maintained, cultured and 

beijerinckii RNA was prepared from which were grown respectively in CBM 

containing 1 % 1% sucrose 1 % glucose with 1 % sucrose. 

Chapter 2.3.7 for further detai Is. 

Table 4.1: Bacterial strains and plasinids used in this study .. 

Bacterial strains 

C. heijeril1ckii 

NCIMB 8052 

CBSCRR 

E. coli 

JMI05 

lMI09 

CA474 

MI5 

Plasm ids 

pCTCI 

Wild-type NCIMB 

Scr: :erm Reid et al. (1999) 

lac'! _~lacZ)MI5 Yanisch-Perron et al. (1985) 

jlac-proAB) lac" JlacZ)M15 recA I Yanisch-Perron et al. (1985) 

F thi-I, hsdS20(r'lJ, m'n), supE44 Wilkinson and Young (1994) 

rpsL20(Smr) recA I J 

RecA\ , mfr, lac', Nat, Sfr' Qiagen GmbH, Germany 

,T3 and T7 Ivm· .. r"'~ .. promoters aLal"-""'''. La California 

~5,5 kb DNA t,."c ...... pnt l'r,nt""n See 2 

in 

Amp' , Tra' Mob+ Williams et aL (1990) 

fragment subcloned into This study 
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pCTCRegB 

pUCRegBCm 

pGDRll 

I RegB 

pCBS3 

XltollSaci insert of subcloned This study 

into pCTC I Xhol/Saci sites. 

See 

PstllBglII insert from pUCRegBCm This study 

subcloned into 

3 

Modified pQE31 expression Ehrmann M. 

vector Konstanz, Germany, 

communication) 

Bam HI/Pstl insert subcloned into This study 

II 

Ampf , 3.2 kb Hindill/Ndel tr",olnpn Reid et 1999 

recovered from CBSCRB 

of 

EeoRI/ Hi ndll\ derivative of 

subcloned into pBluescriptSK+ 

Leat N.G. (personal 

4.3.5. RNA Slot blotting 

communication) 

Ampf Emf; 1.2 kb isolated from Reid et aI., 1999 

C.beijerinckii by PCR 

Clal/Xbal derivative of subcJoned· This study 

Plasmid pCB was a pMTL30 plasmid rescued from the chromosome 

beijerinckii (CBSCRB) mutant by with restriction endonuclease, HindUI 

(Leat, 1997). The plasmid contained a truncated scrA EIIBCScr 

c. 

protein), the and complete scrR gene. Subsequently an EcoRIIHindIII 

restriction digest of pCBS3 allowed the insert to subcloned pSKBluescript and 

renamed (Leat, personal We constructed a scrA probe by 

digesting pCBS3a with endonucleases HindIII and The digestion 

which was labelled. Non- radioactive 

were using the n.v,wu,-< DIG random 

labelling (catalog number: 1175033). 

beijerinckii RNA (20llg) 

duplicate into the wells 

each (50111 volume) was loaded 

blotting (Hoefer Instruments, 

San CA, USA). RNA was transferred vaccum blotting onto Hybond+ 
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nylon membranes and UV crossHnked. Hybridization and detection the serA 

labelled probe was conducted according to the of hybridization 

system supplied by Roche Diagnostics. 

4.3.6 Primer Extension of the scrARBK operon 

RNA was extracted from C. beijerinekii cultures 

the carbon source. Primer 

et (1989), with the of actinomycin D 

of serARBK were internal to 

in CBM with sucrose (l %) as 

to Ausubel 

used for 

=-:.=-"-"'" (serA 

5' ') and ~==-= (scrK : 5'-

TTATCTACACAAAGCATATC-3 '). 

4.3.7 Nucleotide sequencing and analysis 

Plasmid pCBS4 (Reid et 1999) was digested with restriction endonucleases and 

XbaI to a 1 kb fragment which contained upstream region including a 

140bp region which was previously sequenced. This 1.4 ClaIlXbaI fragment was 

subcloned into which was also with ClaIlJ\:'baI to yield 

construct was sequenced using the Sequitherrn ™ kit Technologies, 

Madison, USA) CY_STM M13 and OmniGene thermocycler 

(Hybaid). Nucleotide automated 

(Pharmacia). analysis was performed using programs in 

DNAMANV4.0 

aI., 1984) sequence analysis packages. 

4.3.8 peR amplification of the regB gene 

regB gene contained on plasmid 

pnmers. 

Computer 

was amplified using two 

et 

forward ') contained a 

BamHI restriction site at the N-terrninus (underlined). 
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The reverse primer, ~=:::., ') contained a 

Pst! restriction at the N-terminus (underlined). 

following optimized PCR regime was used for 30 cycles: Step 1, template 

denaturation at 9S·C for 15 sec; Step primer annealing at for 30 sec and 3, 

strand synthesis at 72"C for 60 sec. PCR reactions were conducted using an OmniGene 

thermocycler (Hybaid) and the Expand™ High Fidelity PCR System (Roche 

After amplification of the the product was digested 

with BamHI and Pst! and subc10ned into the pQE30/31/32 vector and pGDRll 

(see 4.3.9). 

Itt vitro protein expression and purification of RegB 

The protein was the expression system, which is designed to 

express foreign proteins in coli (Qiagen Germany). system employs 3 

protein expression vectors (pQE30/31132), in which genes are fused to six histidine 

purification. The histidine tag was at the of 

expressed protein. 

It was subsequently found after subcloning pQE30/31132 (resultant vectors 

pQEO/1l2RegB) the pQE vectors were unstable and vector pGORll was used 

(Ehrmann M., pGDRIl is a pQE31 vector 

an additionallael element, which allowed for plasmid stability. Vector pGORll, which 

the regB gene was named pQEG 1 and was used for protein expression 

of the gene in E. 

protein was and purified to the of et al. 

(1996) with minor modifications. The vectors were 

transformed respectively into E. coli MIS (pREP4). The E. coli cultures (50ml) were 

grown at 30·C was induced by IPTG when the 

culture reached an OD600 of Growth was to 1"I1"n,{,"'I"{l for another 4 h. 

optical densities the cultures were measured and standardized in order to obtain 

protein for all the and the cultures were harvested 

(5000 rpm for 5 min at 4"C). The supernatant was the cell pellet was kept 
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at overnight. pellets were thawed on ice and resuspended in f of 

SBT buffer (SOmM Tris-HCI, pH 7.S; 200mM NaCI; 5mM 2-mercaptoethanol and 

0.1 mM PMSF). Cell disruption was achieved by sonication (Virtis Sonic); where 30 s 

interspersed with 30 s intervals were applied 5 was 

at 8000 xg for 30 min at 4·C the was or kept at -20·C 

overnight 

The crude extract (4ml) was with 2 ml Ni-NT A (Qiagen, Chatsworth, CA), 

which was pre-equilibrated with A (20mM Tris-HCI, pH . 100mM SmM 

2-mercaptoethanol, 10% glycerol and 20mM imidazole). slurry was then loaded 

onto a column (5ml plastic with 5 mm layer of glasswool), which had a 

determined now rate of O.5mllmin using The column was washed with 10 vol 

of Buffer followed by 2 vol Bufter B (20mM Tris-HC1, 8.5; 1M KCI, 5mM 2-

mercaptoethanol and 10% glycerol) and another 2 vol wash with Buffer The bound 

proteins were eluted with Buffer C (20mM Tris-HCI, pH 100mM KC1,SmM 2-

mercaptoethanol, 10% glycerol and 100mM imidazole), collected in 0.5ml fractions and 

later pooled. 

Protein samples were separated by 

Laemmli (1970). Acrylamide t'{)r't'plnt"~lh 

using the discontinuousbufter of 

for SDS-PAGE were 12% (w/v) in 

the stacking resolving gels, respectively. Low molecular weight markers 

(Amersham Pharmacia Biotech) were used as molecular weight standards. A 25!!1 

sample of an elution pool was added to 25!!1 protein tracking dye (Amersham) and 20!!1 

loaded onto the electrophoresis gel. Samples were heated at for 10 min 

loading the and run a SE600 slab electrophoresis unit (Hoefer 

Scientific Instruments, San Francisco, CA, 

Coomassie blue. 

Gels were fixed and stained with 

4.3.10 Overexpression of RegB protein in beijerinckii 

Construct was digested with A which a 483 bp 

regB including the transcriptional and translational start. 

restriction of insert were filled-in and subcloned into vector 

I 
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previously digested with EcoRV. resultant construct was called pSKRegB. 

construct was digested with XhoI and Sad to release the 1483 bp insert, which was then 

subcloned into vector pCTC I previously digested with XhoI and Sad. resultant 

construct was called pCTCRegB where the regB drove nrp,,,,,,,,n of regB 

Construct pUCRegBCm (refer to 3.3.7) was with PstI, 

tilled-in and then with Bg/II which released a 953 bp containing 

the regB interrupted by the chloramphenicol resistance gene. The insert was 

subcloned into pCTCl previously digested with BamHI and SIuI (blunt) and the 

resultant construct was called pCTCRegBCm. Both constructs were transferred to 

beijerinckii via conjugation as previously in Chapter3. 

4.3.11 Enzyme and protein assays 

Sucrose hydrolase was using an adaption of the dinitrosalicylic acid 

method, as by Blatch and Woods (1993). beijerinckii containing the 

relevant plasmid constructs were grown in CBM containing respectively (I %), 

sucrose (1%) and glucose (1%) with sucrose 0%). Duplicate cultures (50ml) were 

at 3000 for 10 min at 4"C. The was In 

phosphate buffer (0.0179M citric 0.0642M Na2HP04, pH 6.0) and then 

centrifuged at 6000rpm for 5 min. The pellets from early to mid log phase cells 

(OD600nm < 0.7) and the log (OD600nm> 1.0) were washed in I ml and 2 

ml citrate-phosphate buffer respectively. The cells were then frozen overnight at 

or immediately sonication (Virtis Sonic) consisted of three 30 sec bursts 

with 30 sec intervals in between and cells were kept on at all times. The 

extracts (CFEs) were spun at 10000rpm for min at 4°C. The were standardized 

to the same protein concentration and the triplicate. 15111 of sucrose 

(0.88M) was added to incubated at 30T for 15 min. reaction was 

terminated with addition of 150111 DNS and boiling for 5 min. After the reaction 

was cooled on 

taken at ODs iOnm• 

800111 of distilled water was added and absorbance readings 

hydrolase activities were nrf-"""~'ll as reducing sugar 
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produced per min per mg protein. Protein concentrations were using the 

method of Bradford (l976), with bovine s'erum albumin as 

4.4 AND DISCUSSION 

1 C~ltabolite repression of the beijerillckii scrARBK operon 

was physiological evidence glucose repression serARBK operon when 

C. beijerinekii was grown in glucose and sucrose (Leat, 1997). This did not 

that was any link the sucrose operon and of 

metabolism. The repressive of on sucrose utilization 

beijerinckii may have been due to secondary metabolic effects higher up in the 

glycolytic pathway.· 

This therefore sought to demonstrate reL're~;SlLm of 

,",n"",rAn at transcriptional level. (1997) inactivated the scrR of this operon 

by insertional inactivation, a mutant strain which was unable to produce a 

functional repressor protein, and resulting in constitutive expression the serA 

upstream of ~·crR. This would allow the study of any glucose on the scrARBK 

operon, without interference by protein. RNA from beijerinekii wild-type 

and CBSCRR beijerinckii scrR mutant), which were grown in glucose and glucose 

with sucrose respectively, was with a serA probe after slot blotting and the 

signals were measured. 

From the (Table 4.2), it can be seen that in wild-type 

beijerinckii is induced sucrose while virtually no transcription is 

observed when glucose is the sole carbon source. The presence of both carbon sources 

in the wild-type leads to a 83% reduction in transcription of serA. In glucose-grown 

cells of the be iJerinekii serR transcription occurs at half the 

of that observed in sucrose-induced cells of the wild-type results and their and 

limitations are considered more fully the report. Furthermore, glucose repression 

still occurred in the ser R mutant, there was a lA-fold reduction serA 

transcription when grown glucose plus sucrose as '"'v, .. ..,' ..... 

difference transcription levels serA in 

139 
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physiological that the scrARBK operon is to glucose repression in 

addition to negative regulation by ScrR. 

Table Densitometer measurements of serA transcription in C. beijerinekii wild-type and CBSCRR 

Carbon Source T Densitometer measurements 

C. beijerinekii wild-type C. beijerinekii CBSCRR 

Sample I Sample2 A' Sample I l Sample 2 
I 

A 

Sucrose'" 0.50 0.56 I 0.53 
I I - - -

Glucose a 0 0 ; 0.22 0.21 0.215 

Glucose + Sucrose 0.08 0.10 0.09 0.15 0.16 0.155 

t CBM containing I % glucose and I % sucrose respectively or both carbon sources 

'0"'"''0''' CBSCRR cannot grow with sucrose as the sole carbon source (Leat, 1997) 

Vibrio CllOlerae RNA served as the negative control. 

4.4.2 Primer extension analysis of the upstream region of the C. beijerinckii 

scrARBK operon 

of the scrARBK operon a 

single transcriptional start at an adenine nucleotide, 44 bp upstream of 

start of the' operon (Figure 1). This confirms the putative -10 and 

translational 

promoter 

which were previously ,I1p'nt,'t at 51 80 bp the translational 

start (Reid et aI., 1999). A putative ere (G6A5~A3A2C IIG' I 3 r.; r sC' 6), 

creI, was identified by (1997), between the 0 region and the A TG start 

codon (Figure 4,2). A seco,nd Imp palindromic 

lIT'n) 139 bp 

before the transcriptional start, creH 

Primer extension analysis using oligonucleotide did not yield any primer 

extensilon reaction product (results not shown). Previous northern blot analysis of wild-

type C. beijerinckii indicated that all four scrARBK were co-transcribed as a 5.0 

kb operon, however an additional 1.1 kb transcript was detected with a scrK-specific 

probe (Reid et aI., 1999). It was thought that the resem[ea an additional 

scrK transcript expressed from a putative promoter identified within the coding region 

of serB. However extension analysis failed to confirm this as a functional 
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promoter and the 1.1 kb transcript was thought to 

with homology to scrK. 
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G A T C PE SE~UENCE 

G 
G 
T 
A 
T -10 
c 
A 
T 
A 
T 
T 
A 
A 
C 

~ ~ 
T 
G 
A 
A 
A 
A 
C 

ereI G 
G 
T 
T 

Figure 4.1: Identification of the promoter and transcription initiation site of the C. beijerinekii 

serARBK operon. A DNA sequence ladder of the promoter region is shown on the left. PE = primer 

ex1ension reaction product. An oligonucleotide primer a was used as the primer for both the DNA 

sequence and primer extension reactions. The transcription initiation site at an A (underlined) residue is 

indicated, and the position of the palindromic sequence is indicated by arrows. 

1 CCCTTAAATG AAGPACTTGG AAAAAATAGT CAAGATAATT TATGTTCAAA 

51 AAAATTACAT TTTP~TA CAGTATAGTT AATAAGTGTA TTCCTTAAAC 

101 TACAAAAGGA GTACACTTTT TTTATGTTCT AAGAACTAAT TGTTTTATAT 

151 ATAAATTTAP_ TTCTTAAAAT TAGCAATAAT AGTGGGAACA GTACCACATA 

201 AGATGAATTA TAGTTTTC+GA AAATATAAAT CATATGAATA GGGAGGCGTA 

251 ATGGATAATA TATTAGAAAC TATGCATTGT ACATGGGGGA GAAAGGAAAT 

-35 

301 TTATATAATT TATTATTTAG GTAAAAAACG TATTGACACA TTATATATGG 

-10 

351 AACTGGTATC ATATTAACAT GAAAAC+GGTT TCCGAGGTTA ATTGAATTAG 

401 GAGGGGACAT TAATGAAGGA ACAAATAGTA GCAAAAGAAA 

SD SerA 

Figure 4.2: Nucleotide sequence ofthe upstream region of the serARBK operon of C beijeril1ekii. Two 

palindromic sequences with a CG (+) center are shown (double underlined), the first, ereI, starting at 
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base 371 was identified The erell, was identified at 

207. 

start; SO '" Shine 

If ere it seen 

even more 

cret!OWIl 

uence alilrnment and )OSilions of ere elements 
DNA sequence Position G"-C 

conlent 

WWWWTGWAARCGYTWNCWWWWW 

AAATTGTAAGCGTTAACAAAAT +4.5 

ATTTTGGAAGCGT~AACAAAGT +140.5 

B. subtlis AACTTGAAAGCGTTACCAGCAA -'-44.5 

B. subt/is huff GAATTGPAACCGCTTCCAAAAA "-209.5 

c. AACATG~AAACGGTTTCCGAGG "-7.5 

erel 

scrARBK TTATAGTTTTCGAAPATATAAA -150.5 0 

ere!! 

s. serB" ATTA':'GGAACCGGTACCATTTA 

B. subtlis aeu TTGTTGAAAACGCTTTATAATT 

B. subtlis lev ACAATG~~AACGCTTAACACAA 

a References for all the ere sequences except obtained from Zal ieckas et al (I 

for nucleotides in the consensus ere sequence are as follows: W represents or T; 

R represents A or Y represents C or and N represents A, C, G or T. 

The location of each IS as a center relative to the start 

d The G+C content refers the.4 on either side of the main 14 consensus 

and the total G+C content 

sequence in the promoter of the serB gene and 

*cre elements that have been confirmed to have bound to 

two 

ere to IS to ere 
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element (see Table 4.3). The amyE ere element overlaps the promoter region and is not 

subject to Mfd modulation of CCR. Secondly, the serARBK ere element sequence 

context is similar to the aesA ere site with its tlanking regions rich in G and C 

nucleotides. Based on these observations. it suggests that the serARBK ere site is not 

subject to modulation by a transcription-repair tactor and in this regard is similar to the 

amyE ere site. However, the CCR of the serARBK operon may be int1uenced in a 

manner similar to the CCR of aesA by the G and C nucleotides surrounding their 

respective ere sites resulting in possible suboptimal binding of regulatory proteins at the 

serARBK operon. Reid et al., (1999) also noted that only 5 bp separated the proposed 

ribosome-binding site and initiation codon in serR compared to the conventional 7-9 bp 

spacing. Vellanoweth and Rabinowitz (1992) demonstrated in B. subtifis that the 

translational yield was substantially reduced if the ribosome-binding sites and initiation 

codons were separated by less than 6 bp. This suboptimal spacing may limit translation 

of serR. in order to allow for optimal expression of the serARBK operon and prevent 

large amounts of ScrR from being produced and conceivably repressing serARBK 

transcription even if the inducer is present. Reid et al. (1999) demonstrated that the 

serA RBK operon is subject to tight regulation, being only induced by sucrose. These 

observations together with ours suggest that the serARBK operon could allow optimal 

sucrose induction and glucose repression by preventing total repression by either ScrR 

or RegB via the G+C content in the serA RBK ereI tlanking regions as well as by 

lowering the translational yield of ScrR. Both mechanisms, in theory, would allow for 

low-level expression of the serARBK 'operon and the build-up of necessary gene 

products while the inducer is absent. 

It is interesting to note that in the C. aeetobutyfieum A TCC824 sucrose operon, an 

element similar to the ere consensus was identified in the promoter region of scrT 

before an attenuator sequence (Tangney and Mitchell, 2000). This ere site differed from 

the consensus ere in having a TG palindromic center rather than the more common CG 

palindromic center. However, their sucrose operon has a very different mechanism of 

regulation because it contains elements of an anti terminator-mediated mechanism (ScrT 

and RAT sequences), typical of the BglG family of regulators. 
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The xylosus for sucrose utilization are very homologous to the beijerinekii 

scrARBK genes, however the S xylosus sucrose are not clustered in the genome 

(Wagner et aI., 1993). In the and promoter regions of this bacterium, a 

palindromic sequence (OA and OB) identified respectively (Gering and 

Bruckner. 1996, see 4.3). The 013 sequence was identical to ere consensus 

sequence for a deviation in one nucleotide Table 4.3). The ScrR protein had 

about 30% identity to acelobUlylieum NCP262 to CcpA proteins of 

subtilis and megalerium. authors demonstrated in vitro that ScrR binds to serA 

OA and serB 0(3, inactivation of to constitutive expression serB and that 

upon deletion of 4 bp right-arm of 01.3. sucrose specitic regulation was lost Thus 

ScrR is the ptional repressor that controls the sucrose-specific regulon and OA 

and 013 serve as the cis-active mediating this regulation. S. 

ScrR, being a member of the protein family was thought to bind OB 

as a there was no further possible binding region for However they 

have not yet similar usmg and could 

also function as ere elements. 

identified imperfect palindromic 

transcriptional start resembles a typical 

(A4A3N2C I/G' IN'2 T' 3 T' 4) consensus (Weickert 

erell, 139 bp from the serARBK 

operator sequence centered around u 

Adhya, 1992). dyad symmetry 

would allow members of the GalR-LacI protein family to bind as dimers to its 

DNA. this case, one monomer of the regulator would with one of 

palindromic The DNA binding domain a protein 

was shown to bind into the minor groove it by 

intercalation a leucine into the central CG of the operator (Schumacher et 

1994). is also observed this family them to bind more 

than one simultaneously (Weickert and Adhya, 1992). The serARBK ereI 

differed by only 2 bp from the concensus ere while ere II differed by 

7 bp Table 4.3, et 1998b). Both scrARBK ere are likely 

sites for RegS or and binding to would block the 

transcriptional start site of the serA repression of operon. 
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imperfect palindrome 

and possible tetramization either 

facilitate looping involving ScrR or 

binding of RegB and proteins occurred at specific serARBK ere 

independent of then the mechanism regulation of the operon 

be the B. subtilis operon (Dahl and Hillen, 1995; 

Hillen 1996). Xylose .... Ul£,U'.lVH in B. subtilis is encoded by xylA 

kinase) and negatively at the level 

1994; Dahl Hillen, 1995; Dahl et al., 1 In 

the 

wi th a tandem xyl and 

CcpA~HPr-Ser-P interaction with a ere ill 

sucrose, beijerinekii could bind to a 

transcription of the operon. In 

modulated by phosphorylated 

by binding to other ere 

......... ,"' ........ ,... transcription interaction 

Catabolite occurs via 

Similarly, the <>'./0,'",,11\_'-' 

U"'~HJi" serARBK ere site, turning down 

both carbon sources, 

H2O".H."" .... this 

binding of RegBIHPr to that ere and allowing LIUll.:l\<1 ser ARBK I"\T· .. "',....,.n 

4.3: Genetic organization of the operon from B. subti/is composed of xylA and xylB and the 

divergently orientated gene xy/R (encoding Xyl repressor). Under un induced conditions, the Xyl repressor 

(R) exhibits a conformation (cirCle) able to bind thexyl operators and OR. interacts with 

to induce the of the xyl operon. Xylose bound XylR (square) is not able to interact with xylO. 

A ere element is located within the coding sequence of xyiA. Serine 46 (S46) HPr 

interacts with CcpA to catabolite by at the ere element. The phosphorylation 
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ofHPr at 846 is a protein kinase (K) in the presence dephosphorylation is catalyzed 

by a phosphatase HPr is also phosphorylated at histidine 15 (HIS) the P-EI. This phosphate is 

transferred to enzymellA Gle. Adapted from Dahl and HiUen (1995). 

4.4.3 Overexpression of RegB C DPI.'IPr'lnt'Kll 

The regB was subcloned into plasmid pCTC 1 to create construct pCTCRegB to 

study the of over-production of the RegB protein on sucrose hydrolase m 

beijerinckii. order to ascertain whether the vector copy number could influence 

sucrose hydrolase activity, a regB gene by the chloramphenicol resistance 

gene was subdoned into the pCTC 1 vector to serve as the control. vectors were 

transferred to beijerinckii via the conjugation procedure as previously described (see 

Chapter 3). The sucrose hydrolase activities were measured from beijerinckii cell­

containing the plasmid constructs at different 

phases (Figure 4.5). 

Sucrase Hydrolase Activity in C beijerinckii 

0»600<0.5 OD600>0.5<0.75 OD600> 1.0 

Plasmid coostruct.'I and growth stage 

Figure 4.5: Bar graph indicating sucrase hydrolase activities in C. beijerinckii containing either 

plasmid or and grown respectively in 1% 1 % sucrose and I % ",.~,~y_ 

witll 1% sucrose. Results are the average of at least three experiments, and standard deviations are given 

as bars. 

147 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Early exponentially growing of beijerinckii (OD600 < 0.5), which 

RegB protein showed a greater glucose ratio (2.442) than 

the control (1.996) (Table 4.4). The repression ratio increased parallel with 

beijerinckii (pCTCRegB) growth phases, with the degree of catabolite repression 

being the in the late growth phase. The sucrose induction ratio for C. 

beijerinckii the early- and mid- growth was lower (8.331 and 

3.780 respectively) when to the control (13.469 and 6.192 respectively). The 

sucrose induction ratio for C. beijerinckii (pCTCRegB) in the late growth phase 

(OD600> 1.0) was higher (2.25) when compared to the control (0.834). HowP'·vp.r the error 

bars for the mid- and growth phase data overlap are thus not 

statistically reliable and interpretable. 

Since there was a in the measurements only the early growth 

phase data can be interpreted. According to the data, there was o .. "."'t .... by 

glucose in the C. beijerinckii strain over-expressing with a concomitant 

the sucrose induction ratio when compared to the control. would indicate that 

something, presumably RegB, is interfering with full induction of the sucrose operon . 

Table 4.4: Sucrose hydrolase activities ofG. npiiP1"inrli'ii c()ntalinillg .I. -U<''''-''A- plasmid constructs 

Growth witb 
Pbasef the relevant 

plasmid construct 

Glucose Sucrose 

Early em 6.21 83.63 
16.47 137.22 

Mid 4.06 25.17 
8.73 33.01 

Late 8.56 
11.24 25.27 

Repression of Sucrase induction of 
glucose Glucose repression ratio' Sucrase 

ratiod induction 

1.996 1.233 
2.442 
1.794 1.513 
2.715 
0.841 1.919 
1.614 
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h Sucrase activity in the presence of sucrose divided activity in the presence of sucrose and glucose 

(values obtained using the same method of Dahl and Hillen. 1995). 

C Sucrase activity in the presence of sucrose [induced] divided by activity in the presence of glucose 

[repressed] (values obtained the same method of Kraus and Hillen, 1997). 

d Values obtained for of glucose for divided by the same values obtained for 

e Values obtained for of sucrase induction tor pCTCRegBCm minus the same values obtained 

tor 

early (00600 < 0.5), mid (00600 >0.5<0.75) and late (00600 > 1.0). 

it was that overexpression of RegB on a plasmid construct in the early 

exponential growth phase thereby causing a modest increase in 

efficiency 

These repression were not to the of plasmid vector 

since beijerinckii control contained the same a 

assume that the In number of RegB molecules led to enhancement 

and increase the regulatory control of at the transcriptional level. Although this 

assumption would still fit in with the proposed model of CcpA function in (Figure 

1.5), results are in contrast to those of Hueck et aI., 1995 where it was found that 

overproduction of CcpA to CCR probably to of 

co ... fac tors. An overexpressed CcpA could 

only one subunit in the CcpA dimer would be 

to the extent that 

the cofactor 

would insufficient for mediation of C~R. interference ofRegB in beijerinckii 

was more the phase in 

mid or late-exponential phase. The early exponential phase of beijerinckii is 

characterized by high glycolytic activity with glucose being the major energy source 

allowing for full glucose repression. late exponential phase is by low 

glycolytic activity due to depletion energy sources. effects overproduction 

RegB would more likely occur in a state of glycolytic activity with 

de(:reflSlrlQ activity as growth time in 

Overproduction of was on two 1-",,'1"n.·., firstly, the the 

plasmid vector and secondly, expression from the scrARBK Negative 
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transdominance studies in fl. sub/lis (Kraus and Hillen, 1997) used plasmid vectors 

containing mUltiple copies of ccpA encoded mutants and an inducible xylA-lazZ fusion 

which was subject to strong glucose repression. In this study, the amount of RegB 

protein should be directly correlated to the copy number of plasmid pCTC 1 since each 

plasmid encoded a single regfl gene. Previous results indicated that the scrARBK operon 

is subject to tight transcriptional control by glucose (Table 4.2). It is therefore possible 

that a further increase in CCR efficiency could be elicited by stronger expression of 

RegB on a plasmid construct. Alternatively. greater expression could result in decreased 

CCR efficiency as obtained by Heuck et al., 1995. 

4.4.4 Overexpression of RegB protein in E. coli 

Initial attempts to express the regB gene in pQE30, 31 and 32 expression vectors did not 

succeed as no protein overexpression was observed on PAGE gels although the correct 

DNA sequence was confirmed. The regfl gene was therefore subcloned into plasmid 

pGORll, a His-tag expression vector, and DNA sequencing confirmed the correct 

reading frame. The RegB protein was successfully expressed in E. coli and was purified 

using a histidine affinity column (see Figure 4.4). The purified protein bands ran just 

below the 43 kD MW marker. 

94 kD 

67 kD 

43 kD 

30 kD 

20 kD 

14.4 kD 

Figure 4.4: SDS-PAGE of cell-free extracts from E. coli containing plasmid pQEG I RegS. Lane 2 is 

the crude protein extract before loading the Ni column. Lanes 3 and 4 are wash buffer A and B 

respectively which indicate that all the histidine tagged proteins were bound to the column. Lanes 5 to 6 

represent protein pools 7, 8, 9, 10 and I I respectively which were eluted with bufferC. Lanes I and 10 are 

the protein molecular weight markers. 
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4.5 CONCLUSION 

was physiological evidence of repression of the operon when 

C. beijerinekii was grown in sucrose (Leat, 1997). This study 

sought to demonstrate specific glucose repression the serARBK operon at the 

transcriptional level in of a functional scrR gene. It was observed that there 

was a at the in the the upstream 

in wild-type as serR mutant, 

when grown in glucose and . with sucrose. This 

operon was subject to glucose repression in addition to 

"'''''10'''''''''''''' that the serARBK 

regulation by 

Primer extension and uu,-'.",v analysis of the scrARBK operon a 

start at an nucleotide, 44 bp of the translational· 

start the operon. putative ere element sC' 6), 

ereI, downstream of the a region was previously identified in the scrARBK 

(Leat, 1997). A second imperfect palindromic sequence 22 bp, situated 139 bp 

the transcriptional start was palindromic erell, 

resembled a typical operator sequence centered around a 

(A4AJN2CI/G',N'2T'JT'4) consensus (Weickert Adhya, 1992). This dyad symmetry 

would allow members the GaiR-LacI protein family to bind as dimers to target 

DNA. 

The serARBK element had the highest G+C content, in the flanking 

sequences, when compared to other ere elements and the sequence position of 

ere was similar to that of B. amyE ere It was previously 

demonstrated in B. subtilis that ere situated in the promoter region are not subject 

. to CCR enhancement by Mfd that higher levels of CCR were by ere 
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flanked by A+T rich sequences rather than by G+C nucleotides. (Zalieckas et aI., 1998a, 

1998b). Reid et al. (1999) also demonstrated that the serARBK operon is only induced 

sucrose and noted that was sUboptimal spacing between the proposed 

ribosome-binding site and initiation codon in scrR, which would limit translation yield 

serR, to prevent amounts from being produced and 

conceivably serARBK transcription even if the inducer is It is 

possible based on above observations that the scrARBK ereI is not subject to 

modulation by a transcription-repair CCR of the scrARBK may be 

influenced by the flanking G and C resulting in possible inef1icient binding 

of regulatory proteins at the RBK operon. This would in theory allow optimal 

sucrose induction and of by total repression by 

either ScrR or RegB via both the translational yield of ScrR 

content in the scrARBK ereI flanking 

both serARBK ere members of the GaiR-LacI operator 

1.4"'1""'''''' could act as for either ScrR or RegB. It is that 

the of regulation the serARBK operon the of sucrose could 

occur in a number of ways. Firstly, ScrR could bind to one of serARBK ere elements 

reducing transcription the serA RBK operon. In presence of sucrose. In the 

presence both glucose and sucrose, RegB modulated by phosphorylated HPr (or other 

could bind to the other ere thereby maintain this repression 

until the glycolytic status falls to levels which binding of RegB/HPr and 

allow of the scrARBK operon. Secondly, a serARBK ere could 

act as a both ScrR RegB independently on glycolytic status 

of the environment. When no sucrose is present, could act as main 

transcription whereas when both glucose and sucrose are present, RegB 

could act at same ere to till the glycolytic status 

transcription. both ScrR and RegB could bind together to one or both the 

serARBK ere sites in a mechanism involving DNA looping resulting in regulation of the 

operon. 
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Over-expression in C. beijerinckii using the 1 vectors demonstrated a 

physiological link between RegS activity and CCR regulation of the sucrose operon. 

This was indicated by an in the efficiency glucose of the sucrose 

hydrolase activity this was most pronounced in early exponential growth phase, 

possibly because growth phase is characterized by high glycolytic when 

glucose is main energy source. The glucose of the 

operon is with the of RegS as a homologue. 

153 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CHAPTER FIVE 

GENERAL CONCLUSIONS 

sucrose operon of beijerinckii, scrARBK was previously isolated and 

characterized (Reid et 1999). operon was transcriptionally induced by 

sucrose and negatively auto-regulated by a the family of 

transcriptional regulators. Physiological indicated that serARBK was 

to repression by glucose but the mechanism was not established (Leat, 

1997). It was that negatively the transcription 

binding to the at an imperfect palindromic This 

sequence the ere identified in operons 

and it is possible that other GalR .. LacI family, 

specifically could also scrARBK expression since this regulator 

acts at ere elements. CcpA had been previously identified as global transcriptional 

regulator of CCR catabolite in B. subtilis and Gram-positive species 

(Stillke Hillen, 2000). In order to determine whether ScrR was the only 

regulation the scrARBK we at 

the transcriptional level wild-type beijerinckii a beijerinckii scrR mutant 

after growth in and plus sucrose. A difference in the serA 

level was observed in the scrR mutant, indicating that the scrARBK operon was subject 

to addition to by 

a of carbon catabolite of the sucrose 

operon in beijerinckii, a regB, was The protein 

encoded by regB was shown phylogenetically to belong to the CcpA sub-family 

of transcriptional 

homologu'e from acetobutylicum 

complement a subtilis ccpA mutant 

that both RegA and 

residues when 

Chapter 2), verifying that are 

A protein 

regA, had previously shown to 

et aI., 1995). Amino acid 

"PT"""n key functional 

CcpA sub-family (Kraus et aI., 1 

of CcpA suggesting that 
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CcpA homologues are global C. acetobutylicum NCP262 

and beijerinckii respectively. 

was identified upstream the regB An isoleucyl 

C. beijerinckii. gene was also identified upstream of the 

ccpA homologues for acetobutylicum NCP262 C.acetobutylicum ATCC824 

Mahr et .' (2000) 

found that lactic acid bacteria and bacilli a characteristic ccpA order with 

the former group having the [pepQ]-[ ccpA J-[ variable] order the group 

[aroAJ-[ccpAJ-[variable]-[acuC] This study proposed that 

beijerinckii, acetobutylicum NCP262 acetobutylicum A TCC824 a 

characteristic genetic namely the [isoleucyl tRNA-synthetaseJ-[ccpA]-

[variable] gene order. It is very likely that .u.n.'"uv or 

clostridial may also a characteristic order for their respective 

Characteristic ccpA genetic contexts would allow for search and 

of <:cpA homologues in clostridial further 

sequence analysis is required of the relevant regions other to 

contirm the prevalence of unique ccpA genetic arrangements. 

A gene encoded a putative transcriptional regulator belonging to the MarR family 

was identified immediately of the regB gene. The 

MarR family of are involved' a number functions such as antibiotic 

sporulation, protease production and anaerobic aromatic compound 

u.u.auuu (Sulavik et Koide et ai, 1999; and Harwood, 1999). 

Downstream the encoding the putative transcriptional regulator was a truncated 

gene, which encoded a putative 

protein (UPF0013) 

could be identified for this 

with identity to an uncharacterized membrane 

function is unknown. No promoter region 

its translational start appears to fall within the 

encoding the putative transcriptional regulator. This suggests that the genes that 

regulator and the membrane protein form part of an but 

confirmation of this will further downstream sequencing northern blot 

analysis. A ere element could not identified in sequence these downstream 
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genes, which suggests that these genes or operon are not subject to regulation by RegB. 

However, cre have found to occur various within 

(Zalieckas et a!., 1998b) and complete sequence characterization downstream 

is necessary in order to determine if RegB is involved in regulation of this genetic 

Attempts were to inactivate the in order to demonstrate functional 

at the if there was a physiological 

link with scrARBK operon. Inactivation of the suicide 

(Wilkinson and Young, 1994) in possible disruption the regB as 

suggested by Southern hybridization analysis. plasmid was established on the C. 

beijerinckii chromosome multiple integration of construct. 

beijerinckii regB mutant was upon sporulation and 

loss was most likely caused by negative growth effects of the mutant 

as observed in B. subtilis (Muscariello et a!., 2001) which favoured a of the 

integration event. In regard, this was similar to findings plant arum where ccpA 

mutants generated by 'sco' recombination events were found to be unstable and 

mutants a growth rate (Muscariello et aI., 

2001 ). vector for 'dco' recombination events, pMTL30RegBCm (refer to 

3), was constructed on chloramphenicol selection but no transconjugant 

for this construct was obtained. Chloramphenicol has proven problematic for use in 

C. beijerinckii where antibiotic is a frequent 

problem to enzymatic inactivation the antibiotic by either reduction the 

group or O-acety lation (Minton et Staudenbauer and Dubbert, 1993). It 

should be to C. beijerinckii mutants 

recombination the pMTL30 either by employing alternative selective 

or by re-construction of the suicide constructs, if are taken to 

grovnh upon 

Despite evidence for recombination and events when the pO+host system was 

beijerinckii, was no the This could have 

due to the nature of the beijerinckii DNA on the pO+host vector, factors 
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... ""'V ... ,H." .. ' ..... with plasmid stability or sub-optimal thermosensitivity control the suicide 

system in beijerinekii. pG+host system therefore requires that the problems 

with electroporation variability, thermosensitivity, vector construction and 

plasmid stability be addressed before it can used as a useful alternative suicide 

system for beijerinckii. Dunny et al. (1991) developed an electroporation protocol for 

faeealis through a examination of various parameters including growth 

composition of electroporation solution, of 

plasmid DNA and conditions for selection the transformants. Szostkova et at. (1999) 

also observed that for Salmonella typhimurimn the survival of the a high-

voltage electrical pulse was influenced by the growth phase. similar study be 

required in order to optimize conditions' and remove the variability associated with the 

An experiment based on neg~tive transdominance (Kraus et ai, 1998; Heuck 

et 1995) was employed in order to demonstrate a physiological link 

expression and the serARBK operon. It was demonstrated using this system 

that overproduction of CcpA leads to a decrease in CCR efficiency probably as a result 

of titration (Heuck et aI., 1995). Overexpression of C beUerinckii 

vector pCTC 1 in an increase in the sucrose hydrotase 

activity in the early exponential beijerinckii growth phases, thereby a link 

between activities to CCR regulation of the sucrose operon. result would 

the role RegB as a CcpA homologue. work could concentrate 

on confirming and defining amino residues by site-directed mutagenesis 

and specific within the regB gene and monitoring the physiological 

consequences upon overexpression beijerinckii. 

analysis the scrARBK ... V,H ... ' ..... a 

single transcriptional start site and a 

before the transcriptional start. 

with dyad 

bp imperfect palindromic sequence, creII, 1 

imperfect palindrome resembled a typical GaIR­

binding by members of the GalR-LacI 

protein family. The ere identified by Leat (1997), re-named ereI, which was situated 

in the scr ARBK promoter region only 2 bp from the consensus ere element 
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(Weickert and Chambliss, 1990) which is specifically recognized by CcpA (Ramseier et 

1995). This creI element the highest G+C content compared to other ere 

scrARBK creII by 7 bp from the consensus cre element 

had very low content. 

It is possible that the binding a regulator to the scrARBK ere site be sub-optimal 

to the G+C as seen with Bacillus subtilis cre 

(Zalieckas et aI., 1998b). Reid et al (1999) also noted there was sub-optimal 

between the proposed scrARBK ribosome binding and initiation codon in serR, 

. which would limit the translational yield of and prevent undue repression the 

operon. 
~, , ' 

There are "p,,·pn. hypothetical mechanisms whereby the operon in C. 

beijerinckii may occur (Figure 5.1). The of sucrose as the sole carbon source 

. could cause the glycolytic status beijerinckii not to favour interaction 

with HPr, and binding to scrARBK cre (I or II) would therefore not take place. 

the scrARBK was the for the flanking 

nucleotides the scrARBK ereI site could help prevent from binding to this ere 

site tightly and inhibiting or with transcription of the when sucrose is 

n ... ",,;,,",-.r Also, putative could 

interact with 

I). The sub-optimal 

could conceivably repress .flHLH .... transcription even 
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P 
P 

1-----' - i E!IAGki 

Hist5P P 

e-cb-PEP 

r----------l .... Transcription 

Figure 5.1: Schematic representation of a hypothetical mechanism for relief of CCR of the scrARBK 

operon of C. .",r.n;-.rll when sucrose is sole carbon source. The of the C. 

sucrose of the PTS is similar to that found in B. subtilis where the EIrS and EIIC 

domains are fused to form an protein (Leat, (997). The C. beijerillckii domain is thought 

to be phosphorylated by EllA Glc (Reid et aI., 1999; et a1., 1 998). When sucrose is present the 

putative inducer. sucrose-6-phosphate (Leat. I interacts with ScrR repressor ScrR from 

binding to the putative scrR operator sequence. The induction of the sucrose PTS favours the 

phosphorylation of HPr at Hisl5, which does not interact with 

functional complex capable of binding to 'the serARBK ere 

and cannot therefore form a 

The flanking G+C nucleotides 

around the ere element may prevent RegS from binding independently to the scrARBK ere site. The end . ' 

result is optimal transcription of the sucrose operon. 

When there is an absence sucrose with glucose as the sole carbon source, negative 

of occur ScrR binding to one of ere 

A). Glycolysis would HPr in the presence of A TP result 

in the formation of (or other co-factors), which would modulate RegB to 

bind to the serARBK ere in complete the 

(Figure A). regulatory mechanism is similar to CCR of subtlis xy lose 

operon where in the absence of xylose and in the presence of glucose the Xy 

repressor binds to upstream operator sequences and the CcpAlHPr-Ser46-P complex 

to a ere situated located within the coding region of xylA (Dahl and Hillen, 
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Alternatively, ScrR could bind to a specific ere in the presence of both 

carbon sources and the level of the inducer would determine the affinity of binding 

(Figure 5.2- B). The of the could ScrR binding to ere once 

a is reached but the ore:sellce 

to maintain repression by binding to ere 

Irrespective 

the 

which serARBK ere are the binding for ScrR or 

complex could still maintain 

implicated to 

phosphatases (Saier et 1996). Another CCR would 

exclusion as a result of competition for EllA Glc, which would preferentially facilitate 

glucose 

level, the 

over sucrose uptake. 

sugars will 

phosphorylation of the HPr histidyl 

status 

dephosphorylation of and 

This would dissociate the RegB binding 

complex from the ere site(s) and result in transcription of the serARBK operon. 
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P 

•...... -.............. .,.,_., 

:r: ~ 
~4---~+-

Inducer 
Exclusion 

• 
Phosphatase 1 i HPr 

GLUCOSE 

8 '. 

Figu re 5.2: Schematic nr.,<:.,l1lf$lftt"ln of a hypothetical mechanism for CCR of the scrARBK 

operon of C. beijerinekii when glucose and sucrose are present as carbon sources. (A) In glucose medium, 

the absence of an inducer allows regulation of the serARBK operon by ScrR to one of 

the two serARBK ere sites (lor II). pnrp<!<!""In is maintained when 

activates HPr kinase (in the presence of ATP) to phosphorylate HPr at 

and this complex binds to either serARBK ere site. (8) When both 

is 

which interacts with 

and sucrose are ScrR 

to the ere site will depend on the level of inducer, and if sufficient inducer molecules relieve ScrR 

ere the level of glucose will still allow -;)e:r4()-I'" to maintain by to 

either scrARBK ere site. The glycolytic status could be maintained when sucrose is present as HPr-Ser46P 

could activate sugar phosphatases as a. prelude to inducer (sucrose-6-P) expUlsion and EllA Glc·P would 

preferentially phosphorylate glucose transport over sucrose transport (inducer exclusion). 

161 



Univ
ers

ity
 of

 C
ap

e T
ow

n

It is also possible that both ScrR and could bind at a single serARBK ere site or at 

both ere sites at same time in a manner that may involve binding domains 

and DNA looping. Lastly it is possible that both serARBK ere function 

independently from each other in in order to recognize different glycolytic 

intermediates as found for the two ere elements the B. subtilis gnt operon (Miwa et 

al., 1997). In gnt operon, a ere element was identified in the gntR gene, (eredown) and 

promoter region (ereup). The experimental evidence implied that CCR by 

creup was· probably independent of eredowl1 and involved CcpA. study found that 

by creup was independent HPr-Ser-P and was not by the 

CcpAJHPr-Ser-P in contrast to credQwn, which was specifically recognized by 

the complex was partially of Interestingly, CcpA in 

with glucose-6-P specifically both B. subtilis gnt ere In a 

similar manner, could, by forming complexes with various glycolytic 

intermediates during metabolism, convey the glycolytic status of the cell environment to 

the serARBK operon via the ere 

In order to determine the mechanism of for serARBK operon, 

experiments involving ScrR, RegS and the serARBK ere-like 

done to distinguish identify the respective for these 

mobility 

must first be 

this 

has been confirmed, the phosphorylated derivatives of sucrose, glucose and fructose 

must be tested ability to prevent ScrR interacting with the respective 

palindromic order to identify lnducer molecule. The use of mutants in 

complementation would also confirm for Deletion or mutation 

of the serARBK ereI and eren would also help the specific role this 

element of the serARBK operon. Finally, rl"'r'/""JI"''' 

attempts must be made to obtain a mutant in order to identify other catabolite 

subject to regulation. 

Finally, conserved amino acid residues were previously identified by Kraus et al. 

(1998) in RegA, and a B. subtilis mutant was complemented by 

protein encoded by the aeetobutylieum regA (Davison et aL, 1995). We present 

new this namely: 
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(i) The presence of the aa residues or the CcpA sub-family in RegB. 

Oi) The possible growth effects of a regB mutation. 

(iii) Possible catabolite repression of scrARBK operon the of the 

(iv) Identitication of ere elements in 

(v) of the regB 

1'11"1,"''''',1''1 in vivo. 

operon. 

aftects the of the scrARBK 

This study therefore proposes that the and are indeed homo logues 

the ccpA found in many Gram-positive bacteria and that the nomenclature of regA 

and regB is changed to ccpA. 
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APPENDIX A 

RESTRICTION ANALYSIS 

A 

12345678 

R 

12345678 

.-- 11.50 kb 

.-- 4.50 kb 

.-- 2.84 kb 

.-- 0.81 kb 

Figure A.1: DNA Restriction analysis of plasm ids pMTL30RegB [A] and pGAhost2 [B]. 

[A]- pMTL30RegB 

Lane 2: Uncut pMTL30RegB DNA 

Lane 3: Digested with Xbal 

Lane 4: Digested with XbaVEcoRf 

Lane 5: Digested with EcoRI 

Lane 6: Digested with EcoRIIPs/[ (A faint - 0.5 kb band, was observed in this lane) 

Lane 7: Digested with XballPs/I 

[B]- pGAhost2 

Lane 2: Uncut pGAhost2 DNA 

Lane 3: Digested with ClaI 

Lane 4: Digested with XbaI 

Lane 5: Digested with EcoRVIXbaI 

Lane 6: Digested with EcoRV 

Lane 7: Digested with Xmn[ 

Lanes 1 and 8 in both [A] and [B] is Lambda marker (/... DNA digested with PS/I) 
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Restriction 

Figure Restriction 

B 

CLONING VECTORS 

Kpnl (657) 

BScript-SK 

2964 bp 

S.cI(406) 

KpnJ (412) 

Xbal (731) 

Noll (138) 

S",,1I (750) 

IlstXl (75 I) 

Sacl (759) 

Jolla, California) 

:::::::::::::::_------. Smal(414) 

ofpUC19 (Roche Diagnostics). 

1 

XbaI (423) 

Sall (429) 

ACCI(430) 

Hindll(431) 

Pstl (439) 

Sphl (445) 
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