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ABSTRACT

To simplify the screening of cloned DNA and to enhance the 

expression of protein products, a plasmid, pSP 10, was designed and 

constructed containing several features. These features included:

1) an origin of replication for Escherichia coli and Bacillus subtilis.

2) a selection gene, 3) an indicator gene, 4) a cloning region, and 5) a 

region of expression control.

The plasmid shuttle vector, pSP 10, contains a synthetic 

promoter sequence, which was used to direct the expression of the 

Lac Z gene. The Lac Z gene codes for the protein B-Galactosidase. 

Two secretion leader sequences were also constructed and cloned into 

the plasmid pUC 19 for characterization. They were labelled "PEN I" 

and "PEN II". When properly inserted upstream of (read before) a 

protein-coding sequence, the secretion leader would direct secretion 

of the translated protein across a cell membrane in either E. coli or 

EL gubfilig.

The project involved growing the cells and purifying the pSP 10 

plasmid DNA, analyzing the DNA for the synthetic promoter sequence, 

and selecting restriction sites in pSP 10 which would cut the plasmid 

to accept the secretion leader sequence. Analysis of the plasmids, 

pUC/PEN I and pUC/PEN II, by restriction endonuclease mapping 

resulted in the identification of restriction sites compatible with 

cloning PEN II into pSP 10.
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INTRODUCTION

Selection of a microorganism for scientific or industrial 

application has, until recently, been based on the screening of 

naturally occurring species for desired properties. The advent of 

recombinant DNA techniques and development of artificially created 

plasmids has allowed an alternative method of selection based 

primarily on the engineering of desired properties into a chosen 

microorganism through the design of host-vector systems.

Escherichia coli is unquestionably the best understood and most 

utilized host organism for recombinant DNA studies; however, the 

genus Bacillus possesses a number of valuable properties that include 

the ability to secrete certain enzymes into the growth medium, the 

ability to produce antibiotics, the lack of pathogenicity of most 

species for humans and animals, and acceptable cultivation conditions 

(Debabov, 1982). To simplify screening of cloned DNA and to enhance 

the expression of protein products in both of these hosts, the plasmid 

shuttle vector pSP 10 was designed and constructed. This plasmid 

incorporates several desirable features: 1) replication origins for 

both E. coli and Bacillus subtilis. allowing pSP 10 to be replicatively 

active in both hosts; 2) a selection gene, chloramphenicol acetyl 

transferase (CAT) encoding chloramphenicol resistance, allowing 

selection against host cells not harboring the CAT gene; 3) an 

indicator gene (Lac Z) encoding B-galactosidase, which allows for
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visual identification of colonies containing DNA inserts, where the 

colonies are blue (with proper DNA inserts) or white (with improper 

DNA inserts); 4) a cloning region immediately upstream of the 

indicator gene; and 5) a synthetic DNA control region, including -35 

and -10 promoters, ribosomal binding site, and transcriptional and 

translational start sites.

Functional shuttle vectors between E. coli and B. subtilis were 

first demonstrated in 1979 (Rapoport et a!., 1979). The utility of the 

CAT gene for selection (Maniatis et a!., 1982), the Lac Z gene as an 

indicator, and cloning regions of unique restriction endonuclease 

recognition sites are well established (Messing, 1983).

Less well understood are the differences for transcriptional 

and translational initiation between E. coli and B, subtilis and the 

interactions of RNA polymerase with conserved sequences of DNA 

control regions, especially for Bacillus. In vitro transcriptional 

studies with B. subtilis RNA polymerase have shown that the enzyme 

is extremely sensitive to ionic strength when transcribing DNA from 

gram-negative organisms (Davison et at., 1979; Shorenstein and 

Losick, 1973; Murray and Rabinowitz, 1981; Lee et a!., 1980). 

Moreover, in vitro translation systems derived from B. subtilis and 

other gram-positive organisms were unable to translate most mRNAs 

from gram-negative organisms, such as E. coli (Lodish, 1970; 

Stallcup and Rabinowitz, 1973a,b; Stallcup et al., 1974; Leffler and 

Szer, 1974; Legault-Demare and Chambliss, 1975; McLaughlin et ah,
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1981). Such work has lead to the hypothesis that in B. subtilis. and 

other gram-positive organisms, RNA polymerase may have more 

stringent requirements for contact with conserved nucleotide 

sequences throughout the promoter region (Murray and Rabinowitz, 

1982a).

Development of a system for secretion of protein molecules to 

the exterior of the cell involved the design of a secretion leader 

sequence, modified from the secretion leader of penP, a penicillinase 

enzyme (Chang et al., 1982). This secretion leader would cause a 

protein, from a gene downstream of the secretion leader, to be 

translocated across a cell membrane of the host cell. There are two 

variations of this secretion sequence. One (PEN I), a sequence 

containing no peptidase recognition site, would cause translocation, 

but the protein would remain attached to the outer membrane of 

B. subtilis. The second variation (PEN II), having a peptidase 

recognition site, causes cleavage between the protein and the 

secretion leader, which would allow the protein to move freely away 

from the plasma membrane in B. subtilis. This works well in 

B. subtilis because B. subtilis has only one membrane. E. coli has two 

membranes. The protein only moves from the cytoplasm to the 

periplasmic space between the membranes and is, therefore, still in 

the cell.

The purpose of this research was to attempt to combine the 

secretion leader and plasmid shuttle vector. Successful
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transformation of these two constructs into E. coli and B. subtilis. 

followed by the analysis of the resulting protein products, will help 

in understanding the function and utilization of plasmids and the 

characteristics of protein secretion in E. coli and B. subtilis.
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LITERATURE REVIEW

Plasmid Construction

In designing an E. coli/B, subtilis shuttle-vector that would 

simplify screening procedures associated with DNA cloning and 

protein expression, several features were identified as desirable 

components of such a plasmid. These features, shown schematically 

in Figure 1, included: 1) an origin of replication for each host, 2) a 

selection gene, 3) an indicator gene, 4) a cloning region, and 5) a 

region of expression control.

The construction of a plasmid incorporating these features 

(with the exception of expression control) is diagrammed in Figure 2. 

The plasmid pRRR containing chloramphenicol resistance (CATr),

Figure 1.Design Features of the Multifunctional Shuttle Plasmid
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pRRR

Figure 2. Genealogy of Plasmid Vectors
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ampicillin resistance (AMPr) and an origin of replication for E, coli 

(ORI E) was constructed in our laboratory from Acc I/Hin dill 

endonuclease restriction fragments of both pBR 322 and pC 194. A 

promoterless Lac Z gene, obtained from Casadaban's plasmid pSKS 107 

(Casadaban et al., 1983) by Sma I/Aha III endonuclease restriction, 

was chosen as an indicator gene. The Sma I/Aha III fragment was 

cloned into a Sea I site within the AMP gene of pRRR, placing the Lac Z 

gene under control of the AMP promoter sequence. This generated the 

plasmid pONU 13, in which the CATr gene was designated as the 

selection gene, the Lac Z gene as the indicator gene, and the ORI E as 

the Host 1 replication origin. pONU 13, when transformed into E. coli 

TB1 or HB101, was replicatively active and allowed colony growth 

in the presence of 25 pg/ml chloramphenicol. This resulted in blue 

colonies when grown on 5-bromo-4-chloroindoyl-B-D-galactoside 

(X-gal) indicator plates. The color is due to production of 

B-galactosidase. If the genetic sequence for B-galactosidase is 

interrupted or caused to be read "out of step" by the insertion of an 

incorrect sequence, the protein will not be properly synthesized and 

the colonies will appear white.

To include an origin of replication compatible with B. subtilis. 

the Staphylococcus aureus plasmid pUB 110 was restriction-digested 

with Eco RI and Bgl II, generating two fragments. The two fragments 

were cloned independently into pONU 13 cut with Eco RI and Bam HI; 

pONU 13 and the smaller pUB 110 fragment gave rise to the plasmid
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pA 4, while the larger pUB 110 fragment and pONU 13 became the 

plasmid pCLS 14. Previous reports (Gryczan et al., 1978; Tanaka and 

Sueoka, 1983), suggesting the B. subtilis ORI to be located on the 

larger pUB 110 Eco RI/Bgl II fragment, have been supported by 

observations in the lab of replicative activity of pCLS 14, but not 

pA 4, in B. subtilis 151 (data not shown) and by the recent publication 

of the complete nucleotide sequence of pUB110 (McKenzie et al., 

1986).

By cloning the pUB 110 Eco RI/Bgl II larger fragment into 

pONU 13 restricted with Eco RI/Bam HI, the inclusion of a B. subtilis 

ORI simultaneously removed the AMP control region, which had been 

mediating expression of the Lac Z gene. The plasmid pCLS 14 now 

contained each of the design features except an expression control 

region.

Dgsign..and.,.,S.ynJ.h,e,Si§ of an Expression-Control RpgjQn

An expression-control sequence, which included -10 and -35 

promoter regions, a ribosome-binding site, and transcriptional and 

translational start sites, was designed and synthesized in this 

laboratory. A synthetic approach was chosen for several reasons: 

1) the expression-control region would be required to function in 

both E. coli and B. subtilis. 2) spacing between specific control 

elements could be predetermined, 3) conserved nucleotides
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identified throughout published promoter and DNA control regions 

could be maintained, and 4) within the constraints of the B. subtilis 

transcription and translation system, restriction endonuclease 

recognition sequences unique to the plasmid could be incorporated. 

These restriction sites could: 1) provide a cloning linker that would 

facilitate insertion of gene-coding sequences under the control of the 

desired promoter, and 2) allow isolation or "cassetting" of each DNA 

control element. This "cassettable" function allowed for easy 

insertion or removal of certain DNA pieces. This, in turn, gave the 

plasmid a high degree of versatility.

The B, subtilis transcription machinery contains a family of 

sigma factors, which determine specificity of the promoters, and 

holoenzymes, such as the RNA polymerase, that in turn recognize 

different spectra of promoter sequences (Doi, 1982; Johnson et al., 

1983; Gitt et al., 1985). In this sense the transcriptional apparatus 

is much more complex than that seen in E. coli. where only one 

holoenzyme appears to recognize all of the promoters of the genome 

(Doi et al., 1980). The inability of B. subtilis to express genes from 

E. coli and other gram-negative bacteria (Ehrlich, 1978; Kreft et al., 

1978) can be understood if B. subtilis is more stringent than 

E, coli in its requirements for recognition of transcriptional and 

translational initiation signals. Based on this information and the 

suggestion that B. subtilis promoters might contain specific 

nucleotide sequences other than the -10 and -35 regions, an
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expression control sequence was designed from a consensus of 

published B. subtilis promoter sequences, including a B. subtilis 

ribosome binding site.

Promoter sequences for B. subtilis vegetative promoters 

(Ogasawara et al., 1983; Moran et al., 1982), sigma promoters 

(Johnson et al., 1983; Losick and Pero, 1981; Murphy et al., 1984; 

Cowing et al., 1985), and sporulative promoters (Johnson et al., 

1983; Moran et al., 1982; Cowing et al., 1985) were compiled and 

analyzed. Published E. coli promoter sequences were also examined 

(Galas et al., 1985; Aoyama et al., 1983).

Figure 3 illustrates the sequence of the synthetic expression 

control region. This sequence was generated by first aligning 

published B. subtilis promoter sequences at the -35 and -10 promoter 

regions and then selecting the nucleotide most utilized among the 

listed promoters at each position from +1 to -45. Exceptions were 

allowed for incorporating unique restriction sites, setting the desired 

spacing between control elements, positioning the sequence "A-A-A" 

in the -40 region, and accommodating some decisions intended to

PROMOTERI OPERATORII I
r°RBs :
I F~i I r-35 -10

SECRETIONCONTROL
CLONINGLINKERABCDE
Mr

INDICATORGENE
Figure 3.Synthetic Expression Control
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increase the compatibility of the synthetic expression control

sequence for E. coli hosts.

Spacing was set to be 17 nucleotides between the -35

and -10 promoter regions and to be 7 nucleotides between the

Pribnow box and the transcriptional start site. These spacings appear 

to provide nearly optimal promoter efficiency in both E. coli (Cowing 

et al., 1985; Aoyama et al., 1983; Galas et al., 1985) and B. subtilis 

(Ogasawara et al., 1983; Moran et al., 1982; Cowing et al., 1985).

The ribosome binding site (RBS) utilized was designed to be 

complementary to the Bacillus 16S rRNA (Moran et al., 1982; Gitt 

et al., 1985). It precedes the translational start site by eight 

nucleotides and is followed immediately by a region of restriction 

endonuclease sites (the cloning region) unique to the plasmid.

The synthetic expression control region terminates at the 

"cloning region" end with a sequence that is compatible for cloning 

into a Pst I restriction site, and which will regenerate the Pst I 

endonuclease recognition site. The other end is likewise compatible 

for cloning into a Pst I restriction site but will not regenerate the 

Pst I recognition sequence. Prior to including the synthetic 

expression control regions into the final product, the plasmid pCLS 14 

was partially restricted with Pst I and one of the two existing Pst I 

sites destroyed by a "fill-in" reaction (Maniatis et al., 1982) to leave 

a single Pst I site at the beginning of the Lac Z gene. This plasmid, 

with a unique Pst I site, was designated pDHP. The synthetic
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expression control region was then cloned into the Pst I site of pDHP, 

and the resulting plasmid designated pSP 10. The correct sequence of 

the expression control region in pSP 10 was confirmed by nucleotide 

sequencing (data not shown). This plasmid was shown to be 

replicatively active in both E. coli and B. subtilis and transformation 

of pSP in either host resulted in blue colonies when grown on X-gal 

indicator plates.

In the absence of a gene inserted into pSP 10 within the 

"cloning region" of the plasmid, the synthetic expression control 

region would be expected to direct the expression of B-galactosidase 

from the Lac Z gene (West et al., 1986).

A protein translocated across the single membrane of 

B. subtilis would be freely accessable to the culture medium. 

E, coli has two membranes, so any protein translocated across the 

cytoplasmic membrane would be stuck in the periplasmic space. 

Therefore, translocation would be more easily analyzed and 

quantitated using B. subtilis than using E. coli (Chang et al., 1982).

Analysis of Expression Control

To assess the effectiveness of the synthetic expression control 

region in directing protein expression from pSP 10, members of the 

lab assayed relative levels of B-galactosidase in two transformed 

E, coli hosts and one transformed B. subtilis host. These levels were

13



compared with levels from virtually identical (with the exception of 

the expression control region) plasmids which contained 1) no 

synthetic expression control sequence, 2) the synthetic expression 

control region cloned in the opposite orientation as in pSP 10, and 3) 

the well-characterized "TAC" promoter substituted in the place of the 

synthetic expression control region.

These results (data not shown) showed that only pSP 10, with 

the proper orientation of the synthetic expression control region, was 

capable of expressing B-galactosidase in all three hosts.

Enhancement of Screening and Selection

The results clearly indicated the utility of two of the design 

components of the multifunctional shuttle plasmid pSP 10, the 

origins of replication for E. coli and B. subtilis hosts, and the 

synthetic expression control region. To test the desired usefulness of 

two other design features of pSP 10, namely the selection gene 

function and indicator gene function, a small synthetic gene (encoding 

an IgG binding protein), constructed in the laboratory, was inserted 

into the "cloning region" of pSP 10 and this plasmid construct was 

then transformed into both E. coli and B. subtilis hosts. The 

transformation mixtures were plated on Luria Broth agarose plates 

containing 25 pg/ml chloramphenicol and the chromogenic indicator 

X-gal. The proper function of the selection gene, chloramphenicol
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acetyl transferase (CAT), would select against any plasmids that 

were not CAT resistant. Moreover, proper function of the indicator 

gene (Lac Z) would show (on the same transformation plate) the 

correct insertion of the synthetic gene DNA by interrupting 

expression of B-galactosidase and resulting in white (rather that 

blue) colonies. From one B. subtilis transformation plate, five white 

colonies were grown in liquid culture. The plasmid DNA was isolated 

and analyzed by restriction mapping. In all five cases, the plasmid 

DNA contained the sequence for the small synthetic gene. This same 

level of selection and screening simplicity has been demonstrated in 

E. coli hosts harboring pSP 10 carrying the synthetic gene.

In these experiments, the plasmid pSP 10 greatly enhanced our 

ability to screen for 1) the proper insertion of DNA cloned into 

pSP 10, 2) transformed colonies which contained the shuttle-vector 

(pSP 10), and 3) those colonies that expressed the protein encoded by 

the synthetic gene.

Design and Synthesis of the Secretion Control Sequence

A synthetic secretion control sequence was designed and 

constructed by our lab to enhance isolation and "harvesting" or 

collection of specific cellular proteins. This sequence was modified 

from the secretion control sequence of the cloned 

Bacillus licheniformis penicillinase (penP) gene, which codes for the

15



secreted protein penicillinase. This protein is needed to protect 

actively growing cells from the bactericidal action of penicillin 

produced by other microbes occupying the same ecological niches 

(Chang et al., 1982).

Minor alterations were made in the synthetic sequences from 

penP for purposes of simplicity in working with the DNA pieces. Two 

variations were synthesized. One (PEN I) had a length of 90 base pairs 

and ends that were recognized by the enzymes, Bam HI and Xba I. This 

facilitated cloning into the plasmid vector because pSP 10 has only 

one site each for Bam HI and Xba I, shown in part in figure 4. The 

expression of a gene cloned immediately downstream of the PEN I 

secretion control region would result in the synthesis of the protein 

attached to a secretion leader. As this complex is secreted across 

the plasma membrane, the secretion leader covalently binds to the 

membrane, due to a group of four positively-charged lysine residues 

(Lampen and Nielsen, 1982). The protein is then held in place just

-35 -io

Figure 4. Endonuclease Restriction Sites (S.D.=Shine Delgarno 
sequence. Pen L.S.=PEN Leader Sequence).

S.D.
-Lac Z

16



outside the plasma membrane. All extracellular materials can be 

washed away, then the protein could be removed chemically and 

collected.

The second variation of the secretion control sequence (PEN II) 

is identical to PEN I except that this sequence includes a peptidase 

recognition site, causing the strand to be 132 base pairs in length. 

The two ends are still recognized by the enzymes, Bam HI and Xba I. 

The peptidase recognition site causes a cleavage between the protein 

and the secretion leader during translocation across the plasma 

membrane. Then, the protein, unaltered, is free to move about in the 

E, coli periplasm or to the outer cell wall environment of B. subtilis 

(West, 1986). Figure 5 shows the DNA sequence of both PEN I and 

PEN II.
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(Bam HI) ____________ S.D.___________
1.3. GATCCAAAGGAGGGAGATAAAATGAAATTATGGT 

b. GTTTCCTCC CTCTATTTTACTTTAATACCAA
2. a. TCAGTACTTTAAAACTGAAAAAGGCCGCGGCA

b. GTCATGAAATTTTGACTTTTTCCGGCGCCGTCAC
3. a. GTGTTGCTTTTCAGCTGCGTCGCG (Xba I end)

b- AACGAAAAGTCGACGCAGCGCGATC
C. AACGAAAAGTCGACGCAGCGCGATCGGCCGA

4. a. CTAGCCGGCTGCGCAAACAAT
b. CGCGTTTGTTAGTTTGC

5. a. CAAACGAACGCGTCGCAACCT
b. ttgcgcagcgttggagatc (Xba I end)

Figure 5. DNA Sequence of the Secretion Control Sequences. 
PEN I consists of the three segments, 1, 2, and 3, connected 
end to end. In PEN II, 3b is replaced by 3c. Then, segments 
4 and 5 are added to complete PEN II. (S.D.=Shine Delgarno).
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MATERIALS AND METHODS

Enzymes and Chemicals

Restriction enzymes and DNA-modifying enzymes were obtained 

from the following suppliers: New England Biolabs, Bethesda

Research Laboratories, and International Biotechnologies, Inc. All 

other reagents were of the highest quality commercially available.

Strains and Plasmids

• E. coli HB101 (F-, hsdR, hsdM, pro, leu, thi, rpsL, rec A)

• E. coli TB1 (ara, A[Lac-Pro] str A, thi, 80d lac Z AM 15. r-, 

m+) was kindly provided by T. Baldwin, University of Texas,

College Station, TX.

• £L coli MS229 was obtained from H. R. Kaback, Roche 

Institution of Molecular Biology, Nutley, NJ.

• B. subtilis BR151 (TrpC2, Lys-3, Met Bio) was obtained from 

the Bacillus Genetic Stock Center.
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• Plasmid pSKS 107 was obtained from M. Casadaban,

University of Chicago, Chicago, IL.

• Plasmid pUB 110 was obtained through the catalog of 

bacteria, phages, and rDNA vectors of the American Type 

Culture Collection.

DNA Preparation and Transformation

Large-scale preparations of both E. coli and B. subtilis DNA 

were made from cleared lysates followed by a CsCI-Ethidium Bromide 

density gradient centrifugation (Maniatis et al., 1982). E, coli 

transformation was performed as described by Lederberg and Cohen 

(1974), involving heat-shocking and agitation of cells. B. subtilis 

were transformed as previously described by Bott and Wilson (1986), 

which also utilized heat and shaking. Smaller-scale preparations 

were made with a modification of a mini-DNA preparation using a 

centrifugation gradient of a glucose and Ethylene-diamine 

tetra-acetic acid (EDTA) solution, used widely in our lab (Trumble, 

1986).

DNA Isolation and Ligation

DNA pieces, after endonuclease restriction cuts, were isolated
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from one another by being run on a BRL Agarose mini-gel. Then they 

were elutipped according to Schleider and Schull (product guide), 

which isolated the DNA from the agarose and RNA. The mini-gels 

were photographed, for analysis, with a Polaroid inverted camera 

using 4x5 Polaroid backs. Ultraviolet lights were used to illuminate 

the DNA for the photographs. The ligation procedure of combining the 

PEN and pSP 10 pieces was described by Maniatis et al. (1982). This 

procedure involved combining the pieces, in a ligase/ligation buffer 

solution, which set in a heated water bath for periods of 15 to 20 

hours.

B-Galactosidase Assay

B-galactosidase assays were performed as described by Miller 

(1972), utilizing both enzymatic analysis for quantitation of relative 

activity and/or 5-bromo-4-chloroindoyl-B-D-galactoside (X-gal) 

indicator plates for qualitation of active B-galactosidase expression. 

If the sequence for B-galactosidase was unaltered, or the PEN 

fragment was inserted correctly, B-galactosidase would be 

synthesized. This would result in blue colonies. If the PEN fragment 

was inserted incorrectly, or some other unwanted DNA fragment was 

inserted, B-galactosidase production would be stopped, which would 

result in the colonies, on X-gal plates, remaining a shiny white color.
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RESULTS

The plasmid pSP 10 has been shown to perform as a 

multifunctional E, coli/B, subtilis shuttle vector with design features 

which simplify selection and screening efforts. Moreover, it directs 

protein expression in both hosts utilizing a synthetic expression 

control region. The intent of this plasmid construct was not to 

provide a high level expression system for E. coli and/or B. subtilis. 

but to establish a vector that would allow protein expression from 

cloned gene coding sequences at a detectable level in either host. The 

"cassettability" feature of the synthetic expression control region 

was incorporated to allow post-cloning modification of expression 

control should higher protein expression levels be required.

Problems arose early in working with the synthetic secretion 

control pieces. First cloning the secretion leaders into the plasmid 

pSP 10 was prohibited, due to an altered Xba I site. For the most part, 

this was overcome by changing the enzyme restriction sites to Bam HI 

and Hin dill. This new series of cuts allowed for successful fusion of 

pSP 10 and the PEN sequence.

Another problem was in trying to grow cultures of E. coli or

B. subtilis containing the inserted pSP/PEN II DNA construct. Tiny 

colonies would begin to grow, then stop and/or die. The cultures 

would not grow to sufficient cell density. Possible explanations are 

that partial secretion of B-galactosidase may kill the cells or the
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plasmid pSP 10 is unstable when containing the PEN II sequence. A 

second approach was started and carried on simultaneously with the 

current line of research. The plasmid pSKS 107 is a vector that 

contains a promoterless Lac Z gene. To clone the synthetic promoter 

into pSKS 107, the enzymes Sal I and Hin dill were used to keep the 

codon sequence "in frame" for proper translation. Because pSKS 107 

has two Sai I sites, the plasmid had to be subjected to a partial 

digestion (cutting only one site), followed by isolation of the DNA 

fragment which was correctly cut (Maniatis et al., 1982). Subsequent 

restriction with Hin dill would result in the generation of compatible 

ends to facilitate the correct ligation of the synthetic promoter 

(PEN II) and pSKS 107. Although this showed some promise, the 

results were not completely analyzed.
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DISCUSSION

The main theme of this research was to 1) analyze the proper 

construction (by restriction mapping) of the synthetic shuttle vector 

and secretion leader sequences designed and synthesized in this lab, 

2) attempt to clone those two pieces together, 3) transform the 

resultant recombinant DNA molecule into a suitable host, either 

E. coli or B. subtilis. and 4) verify the results of the translation 

product.

The plasmid pSP 10, though perhaps not the perfect vector for 

this particular project, still has been shown to perform as a 

multifunctional E. coli/B. subtilis shuttle vector with design features 

which simplify selection and screening efforts.

In addition to this, our lab expects pSP 10 to serve as a 

valuable tool for the further elucidation of the requirements and 

characteristics affecting expression control in both EL coli and 

B. subtilis. Since the synthetic expression control region, containing 

cassetted DNA control elements, functions in both hosts, it will be 

possible to selectively modify expression control parameters. Such 

parameters would be spacing, newly identified conserved sequences 

throughout expression control regions, alternative promoters, 

ribosome binding requirements, and so forth. These parameters could 

be modified by synthesis of new sequences which can be readily 

interchanged with existing control elements of pSP 10. The effects

24



of such changes on protein expression in both gram-positive and 

gram-negative hosts could then be evaluated.

The results with PEN II and pSKS 107 were not conclusive. 

Further research will be needed to evaluate the findings and solve the 

problems faced. One difficulty may have been the use of 

B-galactosidase, which is not a normally secreted protein. It is 

possible that B-galactosidase may not have been completely 

translocated across the membrane and may have become stuck in the 

membrane while being secreted. This could effectively "choke" the 

cells. This could explain the observations that colonies containing a 

PEN II/B-galactosidase fusion grew for a short time and then 

appeared to die.

A future direction may be to use the gene for a different 

protein, such as alkaline phosphotase. Alkaline phosphotase is 

normally secreted across the plasma membrane in Bacillus (Lampen 

and Nielsen, 1982). This might solve the problem of 

membrane-choking, although this is only one of several possible 

approaches.
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