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How to order cultures 

There are several ways to place orders with or request information from the BGSC: 

 E-mail:  zeigler.1@osu.edu 

 Internet:  http://bacillus.biosci.ohio-state.edu/ 

 Phone:   614-292-5550   FAX: 614-292-3206 or 614-292-6773 

 Mail:   Daniel R. Zeigler, Ph.D. 
   Department of Biochemistry 
   The Ohio State University 
   484 West Twelfth Avenue 
   Columbus, OH 43210 (USA) 

Academic, government, and other non-profit users need only specify the strains, plasmids, or phages they are require 
and supply a full shipping address.  For-profit corporate users should also supply a purchase order number or 
procurement card number and expiration date (Visa, MasterCard, and American Express accepted).  We make every 
effort to respond to all inquiries within one working day of receipt, together with an estimated delivery date if an 
order has been placed. 
 
Pricing information—Please note the changes! 

 Academic, Government, and Non-Profit Users— 

The NSF has now mandated user charges for all users.  We have expressed our philosophical disagreement with this 
requirement, but have no choice but to comply.  We will therefore be initiating a voluntary $100 yearly 
subscription policy.  With each shipment will come an invoice.  If you are supported by grants or other research 
funds, we ask that you pay $100 per year.  Alternatively, we will waive the subscription for any user who donates a 
novel Bacillus strain, vector, or phage to the collection.  (Please check for the suitability of the item before 
sending it to the BGSC!)  If your research is unsupported or critically under-funded, we ask that you return the 
invoice to us after checking the box marked “I can’t pay now; please ask again next order.”  We will void the 
invoice and you won’t owe us anything.  We do hope that a majority of users will be able to pay, but we don’t 
want to deny service to any user based on ability to pay.  Thanks for understanding! 

 For-profit Corporate Users 

Users may purchase cultures as needed for a $60 per culture charge.  This charge includes shipment by US Mail for 
North American shipments or airmail for other shipments.  Express delivery is available on request.  A $10 handling 
charge on North American orders under $100 and a $70 charge on overseas orders under $250 will apply for express 
delivery service.  Alternatively, users may pay a $1000 fee, entitling them to up to 100 cultures within the next 
twelve calendar months at no additional cost.  Express delivery service is provided at no extra charge (to a 
maximum of five express deliveries per year on overseas shipments).  Payment must be in US $ via check, bank 
transfer, or procurement card (Visa, MasterCard, and American Express accepted). 
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Important Notice 
 
Please read this notice before ordering materials from this catalog! 
 
THE MATERIALS OFFERED IN THIS CATALOG MAY BE OWNED BY PERSONS OR FIRMS OTHER THAN THE OHIO STATE 
UNIVERSITY OR THE BACILLUS GENETIC STOCK CENTER.  USE OF THE MATERIALS FOR ANY PUPOSE OTHER THAN 
RESEARCH MAY CONSTITUTE A VIOLATION OF THE RIGHTS OF THESE PARTIES AND MAY SUBJCT THE RECIPIENT TO LEGAL 
LIABILITY.  IT IS THE RESPONSIBILITY OF THE USER (NOT EMPLOYEES OF THE BACILLUS GENETIC STOCK CENTER) TO 
DETERMINE THE PROPRIETARY STATUS OF ANY OF THESE MATERIALS. 
 
Upon acceptance and use of any Material the Recipient agrees to the following conditions:  
 
(1) All warranties, express or implied, in respect of Materials, including warranties of merchantability and of fitness 

for any particular purpose, are disclaimed by The Ohio State University (OSU). 

(2) The Materials are provided for research use only and are not to be used for commercial purposes which include, 
but are not limited to, the sale, lease, license, or other transfer of the Materials or modifications to a for-profit 
organization without the express permission of any owners of the Materials. 

(3) The furnishing of Materials to Recipient shall not constitute any grant or license to recipient under any legal rights 
now or later held by OSU or others.  Recipient acknowledges that Materials are experimental products of research 
that may not have been fully characterized, and will accept materials as is and entirely at its own risk and 
without exculpatory reliance on any information or representation/s that may be, or have been, furnished or 
made by or on behalf of OSU, including without limitation information or representation/s as to  

(i) the composition, characterization, purity, stability, safety or utility of Materials,  

(ii) the applicability, efficacy or safety of any method/s of preparing, handling, storing, using or disposing 
of Materials, or  

(iii) the freedom from claims by others of intellectual or other property rights in Materials or in any such 
methods.  The provision of the Material to Recipient shall not alter any pre-existing right to the 
Materials. 
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A (very!) brief history of Bacillus subtilis genetics 

Genetics is a powerful tool to unravel complex biological processes.  The Gram-positive endospore-formers feature an 
array of fascinating processes to study, among them a primitive, but surprisingly elaborate, form of cell differentiation 
known as sporulation.  Spizizen’s announcement in 1958 that “DNA isolated from a wild-type strain can transform these 
bacteria to nutritional independence” (60) opened up Bacillus subtilis 168 as a model system for genetic analysis.  We 
can conveniently divide the history of B. subtilis genetics since that time into three eras: 

Classical Genetics Era (1958-1977)—During their first two decades of study, the B. subtilis genetics community 
primarily focused on developing tools for genetic exchange and combining them with biochemical approaches to 
analyze genetic mutants.  We may perhaps pick three landmark events in the mid-1970’s—the description of a gap-free 
circular genetic map for the B. subtilis chromosome (37), the publication of a landmark review of sporulation genes 
(49), or the convening of the first international conference dedicated solely to Bacillus genetics (55)—as representing 
the zenith of this “Classical Era.” 

Molecular Genetics Era (1977-1996)—The year 1977 was pivotal for the B. subtilis community.  That year brought the 
first reports of B. subtilis genes cloned in E. coli (41, 57) and of the transformation of B. subtilis with antibiotic-
resistant plasmids (14).  The following year saw reports of cloning in B. subtilis as a host (11, 13, 19, 28).  The standard 
genetic tricks of the Bacillus trade were augmented with tools produced by recombinant DNA techniques.  “Reverse 
genetics”—purification and partial sequencing of a protein, allowing for isolation, sequencing, and genetic mapping of 
the gene encoding it—became common practice.  The amount of DNA sequence information known for B. subtilis 168 
began to grow exponentially.  These approaches yielded key insights, among them the phosphorelay model of 
sporulation initiation (4), the sigma-factor cascade model of the temporal regulation of sporulation genes (40), and the 
two-component signaling system model of genetic response to environmental changes (23, 32). 

Genomics Era (1997-?)—In the early 1990’s an international group of researchers embarked on what was considered at 
the time an ambitious plan to sequence the entire B. subtilis 168 genome (34, 45).  Eventually comprising twenty-five 
European, seven Japanese, two U.S., and one Korean laboratory, the international sequencing consortium achieved its 
goal in 1997 (33).  The genomic sequence settled several old questions but raised many more new ones.  Emphasis 
shifted towards analyzing the 70% of open reading frames that encode proteins of unknown function and towards 
elucidating the global regulatory networks that link together this organism’s 4100 genes.  Already, researchers are 
employing powerful techniques unimaginable even during the heyday of the Molecular Genetics Era—microarray 
technology, for example (3, 5, 22, 25, 30, 36, 46, 47, 69, 70)—to answer these questions.  The two previous “eras” of 
B. subtilis genetics lasted roughly two decades each.  Is it possible that within the next 15 years, researchers in the 
Genomics Era will succeed in identifying the function of every gene in Bacillus subtilis and modeling the genomic 
regulation as the organism responds to changes in its intra- and extracellular environments?  

The integration vector: an “integral” place in this history  

One key tool developed early in the Molecular Genetics Era of B. subtilis genetics, which continues play just as 
important a role in the Genomics Era, is the integration vector.  Integration vectors are plasmids that feature 
conditional replication coupled with a selectable marker.  If the plasmid is transformed into an appropriate host under 
conditions that select for the plasmid’s presence but restrict its replication, all transformants will have integrated the 
plasmid into their chromosome (or some other resident DNA capable of replicating under the selective conditions).  In 
practice, the selectable marker usually specifies antibiotic resistance.  Conditional replication usually means that the 
plasmid has replication functions that work in E. coli but not in gram-positive bacteria, such as B. subtilis.  Sometimes 
a temperature-sensitive replication phenotype is employed instead.  Integration is targeted to a particular locus on the 
chromosome by including identical sequences on the plasmid.  If there is a single homologous sequence, a single 
crossover will integrate the entire chromosome into the target locus by a Campbell-type mechanism.  If there are two 
homologous sequences, and they are relatively close together on the chromosome, then a double crossover will result 
in a cassette integrating between the chromosomal targets. 

Integration of a cloning vector via homologous recombination was first observed in 1978 the laboratory of Frank E. 
Young at Rochester University.  (As an historical note, Young went on to serve as the Commissioner of the Food and 
Drug Administration from 1984-1989.)  Duncan, Wilson, and Young (11) described cloning thymidylate synthetase (thy) 
genes from B. subtilis bacteriophages into E. coli plasmids.  The plasmid carrying the β22 thy gene could complement 
E. coli thyA mutants but could not transform B. subtilis thymine auxotrophs to thymine independence.  The plasmid 
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carrying the φ3T thy gene, however, could both complement E. coli mutants and transform B. subtilis Thy- mutants to 
Thy+.  Analysis of these transformants showed that the entire plasmid had integrated into the chromosome by a 
Campbell-type mechanism, presumably by a recombination event between homologous sequences shared by the B. 
subtilis chromosome and the phage thy gene or its flanking sequences. 

Homology-driven plasmid integration was an interesting observation, but how could it be used practically?  The B. 
subtilis community was quick to come up with an answer.  The Richard Losick lab at Harvard had cloned a DNA 
fragment from the B. subtilis chromosome that hybridized to a 0.4-kb mRNA species that could be isolated from early-
sporulating cells (57).  The problem of how to analyze the function of a gene with no known mutant alleles was a new 
one, requiring different approaches from the tried-and-true methods developed during the Classical Era.  Bill 
Haldenwang, a post-doc in the Losick lab, puzzled over the problem.  He recalls:  

“We had a fragment of Bacillus DNA cloned into pMB9 (a high tech vector for its day) and no earthly 
idea what the fragment actually encoded or where on the Bacillus chromosome it came from.  I came 
across Duncan et al. in which the authors discovered that pMB9 carrying a thymidylate synthetase gene 
could enter the Bacillus chromosome. They described it as ‘an additional mechanism for transformation 
whereby plasmids can be integrated if sufficient chromosome homology is maintained.’  It seemed 
reasonable enough that if I could place a selectable marker in our pMB9 chimera, the cloned Bacillus 
fragment might target it to its chromosomal location and allow it to be mapped. So I cut a cat 
[chloramphenicol resistance] gene from one of Dave Dubnau's plasmids, placed it into an innocuous 
place in our plasmid and to our delight and surprise, it actually worked when it was transformed into B. 
subtilis.” (20) 

Haldenwang et al. successfully used their integration vector to map the location of the “0.4 kb gene” (now spoVG) to a 
location near 5° on the B. subtilis genetic map (21).  Other researchers were quick to appreciate the power of this 
technique for assigning cloned genes to a location on the chromosome.  (Indeed, as of this writing, Haldenwang et al. 
has been cited 114 times, many of those citations referring to the integration vector concept.)  Publications describing 
similar experiments followed rapidly, using integration vectors to map chromosomal fragments transcribed during 
stationary phase (43) or spore outgrowth (18); genes encoding alkaline protease (61, 68) and an intracellular serine 
protease (31); genes encoding three RNA polymerase holoenzyme subunits, alpha (63), the major vegetative sigma 
factor (52), and the general stress-induced sigma factor (12); structural genes for the enzymes glucose dehydrogenase 
(8), endo-β-1,3-1,4 glucanase (48), and phosphoribosylpyrophosphate synthetase (42); an autonomously replicating 
fragment from a defective prophage (2); and several ribosomal RNA operons (35).  The Molecular Genetics Era was in 
full swing, and integrative vectors were making a key contribution. 

New Uses for Integration Vectors  

If integration vectors were only useful for tagging genes with a selectable marker for genetic mapping experiments, 
they would have fallen out of fashion with the advent of the Genomics Era—for obvious reasons.  But within months 
after the report of Haldenwang et al., researchers within the Bacillus genetics community seized on the integration 
vector concept and adapted it to their own purposes in a flurry of creativity.  Many of these newer applications are 
pivotal in current efforts to analyze the thousands of genes with unknown function uncovered by genomic sequencing.  
We will briefly discuss five current uses for integration vectors in gram-positive genomics. 

Construction of Knockout Mutants—In analyzing a gene of unknown function, an obvious first step is to create a 
knockout mutation in the gene and observe the mutant phenotype.  Researchers soon realized that if they could insert 
a vector into the chromosomal locus, rather than beside it, they would disrupt its function. This approach to studying a 
newly cloned gene became very commonplace in the early years of the Molecular Genetics Era (12, 31, 42, 50, 53, 61, 
62, 64, 66).  Today, in analyzing the thousands of reading frames in a bacterial genome, a researcher can still make 
powerful use of the knockout mutation strategy.  Figure 1 shows a basic integration vector composed of (1) ori, an 
origin of replication that functions in E. coli but not in gram positives; (2) bla, the ampicillin-resistance gene encoding 
β-lactamase, for maintaining the plasmid in E. coli; (3) abr, an antibiotic resistance gene selectable in gram-positives; 
and (4) orfA’, an internal fragment from an open reading frame cloned from the gram-positive genome of interest.  
Upon transforming the gram-positive host, the plasmid integrates into the chromosomal locus of the reading frame by a 
single, homology-driven recombination event.  Integration splits the chromosomal reading frame, orfA, into two 
incomplete parts, interrupted by the inserted plasmid sequences.  The length of the chromosomal fragment required 
for efficient integration varies from species to species; for B. subtilis, a mere 75 bp of homology is sufficient to allow 
detectable levels of recombination between a plasmid and the chromosome (29), although in practice an insert of 
closer to 150 bp may be necessary to obtain useful integration frequencies (65).   
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One important consideration in constructing knockouts is the effect on downstream genes if the disrupted ORF lies in 
an operon.  The integration event not only disrupts the ORF but also (as Figure 1 illustrates) separates the operon’s 
promoter from downstream genes.  The integration, then, can have polar effects.  To eliminate this possibility, several 
recent integration vectors include an inducible promoter upstream from the multiple cloning site.  Integration places 
downstream genes under the control of this promoter, allowing the user to analyze phenotypes of the mutant with and 
without induction. 

Finally, one interesting, although rarely used, application of gene knockouts created by integration vectors is to test 
which chromosome in the sporulating cell—the mother cell or forespore chromosome—is required for expression of a 
sporulation gene in B. subtilis (15, 59). 

Any of the vectors listed in the Quick Reference table as integrating the entire plasmid (rather than a cassette) can be 
used to generate knockouts.  Those that also include a promoter for expression of downstream sequences are indicated 
in the table as well. 

Amplification of Chromosomal Sequences—As Figure 1 illustrates, a Campbell-type insertion into the chromosome 
creates direct repeats of the target fragment, flanking the inserted plasmid sequences.  This arrangement makes the 
locus an active substrate for intra-molecular homologous recombination.  If a recombination event takes place between 
the repeat sequences, the intervening plasmid sequences will be excised cleanly.  Free plasmids will be transient; they 
will either re-integrate, or be lost during cell proliferation.  During replication, a cell may contain two copies of any 
given locus.  As Young has pointed out (72), if a plasmid excises from one locus and re-integrates into the other, then 
one of the chromosomes will contain two copies of the integrated unit.  As long as selection is maintained, the 
daughter cell containing this duplication will grow, while the daughter inheriting the chromosome without an 
integrated plasmid will not.  Indeed, by growing cultures with integrated plasmids in increasing concentrations of the 
selective antibiotic, Young was able to isolate strains with long amplifications  (71).  Many others have use a similar 
strategy to obtain up to a 50-fold amplification of integrated plasmids (1, 7, 9, 24, 51, 54). 

At least two applications have been described for integration vector amplification.  First, by including a gene of 
interest in the amplification unit, an increased gene dosage leading to overexpression of the desired product can be 
obtained (1).  Because chromosomal amplifications are often more stable than high copy number vectors in Bacillus 
(24), integration vectors offer a potentially useful alternative for constructing genetically engineered strains.  
Secondly, by varying the concentration of selective antibiotic in the growth medium, it is possible to obtain a set of 
strains with a variety of copy numbers for a given gene.  Piggot and Curtiss used this approach to study the regulation 
of the spoIIA sporulation operon in B. subtilis (51).  Although the integration vector amplification had not been a 
commonly used tool in recent years, it may yet find useful application in the Genomics Era. 
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Figure 1. Use of a basic integration vector to construct a knockout mutation in a 
hypothetical open reading frame, orfA.   
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