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Introduction:

At the beginning of the 20th century, some of the biggest breakthroughs in modern medicine came in the form of antibacterial agents.  Some of these like penicillin are names that most people recognize.  However others including cephalosporin, streptomycin and the bacitracins in the 1930s and 40s were key players in the fight against bacterial agents that cause sickness (Hutchinson, 1998).  After these antibacterial agents, came many other medincines, including the introduction of vaccines.  Vaccines also began to prove very helpful against some of the most raging diseases that faced the world, including polio, and small pox.  However, over the years many of the original strains of bacteria that penicillin, cephalosporin, along with the many others that originally worked against, have started to become resistant to the very antibiotic that originally killed it.  Through the over prescribed use of antibiotics, along with the inevitability that eventually one strain of bacteria would become resistant to its antibiotic, the need now is for drugs that can over come this resistance and kill of harmful bacteria.


With the world’s ever increasing population, along with the introduction of antibiotic resistant bacteria, the need for another source of antibiotics, vaccines and medicines has become quite prevalent.  This need may be met through the use of bacteria in creating medicinal products.  There are two main ways of using bacteria to create medicines, both of which relate quite closely. The first way is by means of genetically modifying a bacteria.  


Genetic modification of an organism can be defined as the alteration of an organism through the introduction of one or more foreign genes by a particular method of gene introduction (Genetic Modification, 2004).  The other is to actually bioengineer the bacteria.  Bioengineering is the use of an organisms natural processes to produce beneficiary products, some of which include medicines.  Through the years biotechnology has become used increasingly to help fight the newly emerging plague of antibiotic resistant bacteria.  It is for this reason that these two uses of bacteria are both very important for the medicinal needs of the world.

Medicinal GM Bacteria: 


Genetically altered  bacteria are one of several kinds of organisms that are used to produce many different types of medicinal products, including vaccines, growth hormones, blood-clotting factors and insulin (Genetic Modification, 2004).  However, one of the first main questions that arises when looking for an organisms to harvest medicinal products out of is, “Why bacteria?”  Since bacteria are found in numerous quantities in about every environment conceivable, including in the body, they make prime candidates for genetic modification (Grace, 1997).  Also bacteria don’t really have many ethical issues that arise when wanting to alter their genetic code.  


Another very important reason on why bacteria is used is because of their replication rate.  In just one day, with a single transgenic bacteria, one could thousands or millions of copies of that bacteria.  Once you have one altered bacteria with the medicinal gene in it, soon one would have millions of harvestable antibiotic producing bacteria.  Lastly, bacteria are one of the easier organisms in which to introduce a medicinal gene into the bacteria’s genetic code.  


Bacteria have two different ways in which they are genetically modified.  Bacteria can either be modified to produce a greater amount of a useful product, such as an antibiotic, or they can be made to produce an entirely different or new drug (Biotechnology, 2004).  However, scientists must first get the gene that produces the antibiotic into the bacteria and there are a few different ways that scientists go about producing genetically modified bacteria.  One of which is a gene gun, or the microinjectile approach.  A gene gun is used to literally “shoot” tiny gold or tungsten balls that are coated with the gene of interest, into a bacteria, introducing the wanted gene into the bacteria.  Once the gene is in the bacteria, the bacteria is then able to take up the newly introduced gene through DNA recombination into its own genetic code and begins to synthesize it.  


Another option to make GM bacteria is through recombinant DNA splicing.  This technique uses restriction enzymes to cut a wanted gene out of the host’s DNA.  The same restriction enzymes are then applied to a host bacteria’s plasmid, allowing the restriction enzymes to cut the plasmid into the same sequence as the foreign gene.  The cut gene is then introduced to the bacteria’s plasmid.  Since, both the gene and the plasmid were cut with the same restriction enzyme, they both have the same end sequences.  These “sticky ends” can then recombine to form a bacteria plasmid with the wanted gene (Glick, 1994).  The bacteria are then tested for the antibiotic and the ones that identify positive for having the inserted gene.  Positive identification is acheived either by color identification, by protein assays that specifically look for protein products of the cloned gene, or lastly, by DNA hybridization that uses a probe which specifically binds to the target gene (Glick, 1994).  After the plasmid is identified to have the wanted gene, the plasmid is reintroduced to a bacteria, which takes it up and begins producing the wanted medicinal product (Grace, 1997).  


Once the gene has been inserted into the bacteria’s plasmid, one of two paths can be taken.  The bacteria can either be taken, or injected by a patient or it can be left to replicate and produce its medicinal product in a huge vat.  The medicinal product can then be harvested from the bacteria and purified for further use.  Several uses of recombinant DNA technology  include antibiotic processing and vaccine engineering.  In antibiotic engineering, the antibiotic would be inserted into the bacteria and as replication and synthesis of the proteins in the bacterial plasmid are produced, so is the antibiotic.  Engineering vaccines is also pretty much like antibiotic engineering, except that rather for putting in a gene that is going to produce an antibiotic or medicine against a gene, one inserts the viral coat protein gene into the bacteria.  Then during protein synthesis the protein makes the viral coat protein that can then be purified and injected into a sick patient.   


An important reason for doing all this modification of bacteria is the cost and safety issues that arise with it.  When a medicine that is produced by a gene is produced in a laboratory setting, there is a lot of time and money that goes into making that drug.  However, if that same drug can be placed into a bacteria so that the bacteria produces it, the cost and effort to make that drug drastically drops (IBAC, 2004).  Many safety issues are also put to rest.  Since only the drug that is produced from the GM bacteria and not the actually bacteria is injected into a person, the person has a lot less chance to contract a disease from the host.  This considered safe because the drug has not been modified in any way only the bacteria.  One alternative to the GM bacteria is to harvest the medicine from the original cell, but since most of these cells are blood born, there is a chance that unwanted viral agents may be transmitted to the patient, which increases the risk for the patient.  

Medicinal Biotechnology:


As previously stated, biotechnology is the use of an organism to develop or create new drugs through the alteration of that organisms molecular, and cellular properties (Brower, 2004).   This is somewhat different from genetic modification because biotechnology does not necessarily add in new genes to produce a medicine.  Sometimes biotechnology simply alters the drug to improve its performance.  However, if a virus or bacteria becomes tolerant to an antibiotic produced by a GM organism, one must call upon biotechnology to help alter the inserted gene, so that the GM bacteria may produce an effective drug to combat the resistant disease causing bacteria.  In today’s world, scientists are using a combination of transgenic bacteria and biotechnology to design new drugs to “outsmart” the AIDS virus, testing gene therapy techniques and developing anti-microbials based on frogs (Brower, 2004).  However, in-order to get these modified drugs one must first alter the original drug producing gene.


There are several kinds of techniques that scientists use to make these altered genes.  A few of these are through recombinant DNA, combinatorial biosynthesis, and combinatorial chemistry.  Recombinant DNA practices, were already previously described, so there is not a lot of need for it be addressed in much depth again.  Briefly, however, recombinant DNA technology is the use of restriction enzymes to cut a plasmid and a gene in the same sequence in-order for the bacterial plasmid to take up the gene.  Combinatorial biosynthesis is very useful because it allows for an already known antibiotic-producing organism to be modified or combined with secondary metabolism genes to create unnatural gene combinations (Hutchinson, 1998).  This particular method has been shown to be particularly successful with polyketide synthase genes.  These genes are derivatives of medically important macrolide antibiotics (Hutchinson, 1998).  


The importance of this procedure came about when genetically hybrid bacteria containing one of more genes from another organism was shown to be able to produce novel antibiotics (Hutchinson, 1998).  This led to the introduction of ‘hybrid antibiotics’ not necessarily for medicinal purposes, but through the use of genetically modified bacterial systems the potential for medicinal uses of this procedure is fast approaching (Hutchinson, 1998).  Interestingly, combinatorial biosynthesis has the potential to be able to introduce polyketides to serve as handles for combinatorial chemistry (Hutchinson, 1998).  Combinatorial chemistry is a new technique that allows for the creation of many molecules and then testing them rapidly for desirable properties (Brower, 2004).  Because of the speed in which combinatorial chemistry occurs it is hopeful that the delivery of more drug-like compounds is likely (Wijkmans, 2002).  By using well designed combinatorial strategies, it is thought that the speed in which new antibiotic leads, along with potentiators of antimicrobial action that will be discovered, will be increased.


One final approach for making GM bacteria is by making third generation vaccines through nucleic acid immunization.  Nucleic acid immunization if one of the newest approaches to rallying the immune system into fighting pathogenic invaders and to date it has proved to one of the most powerful techniques available (Hasan, 1999).  This form of immunization uses live attenuated microbes, killed whole pathogens, purified whole pathogen proteins, component vaccines of immunogenic polysaccharides or sub-units, and genetically engineered live recombinant vector vaccines to help fight off pathogens (Hasan, 1999).  The type of vaccine that is used in this form of treatment is usually a form of DNA or RNA that encodes the immunogen or immunogens of interest and that are expressed as a protein by once synthesized by the host cell (Hasan, 1999). 


Since it is already know that plasmid DNA once injected, produces a wide range of both humoral and cellular responses (Hasan, 1999), nucleic acid immunization is a very important means of patient treatment.  For this treatment to work with the efficiency that it was originally hoped to provide, bacteria altered to carry DNA expressing plasmids is the best vaccination vector (Hasan, 1999).  The other possibility was to inject just the DNA plasmid, but using the entire bacteria was shown to work better (Hasan, 1999).  In order to get the vaccine into the body, the general means of delivery is by means of a needle (Hasan, 1999).  The DNA is injected by the needle into the muscle and different layers of skin (Hasan, 1999).  The other alternative is to use a gene gun to bombard the epithelial layer of the skin with the vaccine (Hasan, 1999).  However, this is not the more common application technique since historically the needle has been the primary means of injecting a vaccine, along with it being fairly inexpensive.  


With the production of any medicinal products through biotechnology, both consumer and patient safety must be ensured.  One of the common questions that is often asked about medicinal GM products is do the current regulations give enough protection to the consumers (Grace, 1997)?  It is the ability of the laboratories that are producing medicinal GM products to ensure effective, pure, and safe products to the consumer (Doblhoff-Dier, 1999).  By producing high quality products with a high level of quality control, the laboratories that make medicinal GM drugs, can look at the way in which they assure high qualities as a business asset (Doblhoff-Dier, 1999).  It is this asset that will in turn allow them to increase their profit margin, along with easing the public’s worries over their own safety.


Within the United States, the main governmental that produces guidelines and regulations for biotech agencies is the Food and Drug Agency (FDA), While in Europe the governing body is the European Agency for the Evaluation of Medicinal Products with its Committee for Proprietary Medicinal Products (EMEA-CPMP) (Doblhoff-Dier, 1999).  These two bodies produce guidelines and regulations that the companies producing medicinal products GM must adhere too.  However, there is no international agency set up to regulate production. 


The main fear of the public is that since at this point there is no uniform internationally agreed upon guidelines for quality control, the biotech agencies that are producing medicinal GM products have to be individually regulated by the market that they are producing for (Doblhoff-Dier, 1999).  What companies need is one common set of guidelines that will make it so companies can design their plants and procedures in accordance with the quality of the internationally policies and then have free range to market their drugs.  By doing this you make both the producers and consumers happy.

Ethics:


In this day and age the consumer of medicinal GM biotech products receives the majority of his news from the media (Grace 1997).  However, because of the sometimes biasness found in the media, the concerns of the public were not eased.  Many concerns over quality and safety always come up when referring to GM organisms, but it’s a little different when dealing with GM bacteria.  With the use of transgenic bacteria, its not always the altered organism that is used in the medicine.  With most cases it is a purified drug that is unaltered from its original state.  The only real difference is that it was not created in its original organism.  


One important concern that has arisen is the patenting of the techniques to make GM bacteria along with the specific drug that is made by the transgenic bacteria is over what can and can not be patented.  Through this fight, the companies that produce the products, along with the people that require their products all end up getting hurt.  Since through legal litigation drugs and techniques can caught up for sometimes years, the technology remains unused.

Conclusion:


Although the world’s sick are fighting a battle against an enemy that is overcoming the weapons that are used to defeat it, the fight against pathogens and disease causing agents has some new help.  Through the introduction of genetically modified bacteria and the development of biotechnologies that are able to alter, amplify and insert antibiotic genes into bacteria, the war on antibiotic resistant bacteria and new diseases is no longer looking so impossible to win.  


By creating genetically modified bacteria that are able to express human antibiotics, scientists are now able to create more of the antibiotics that they need at a lower cost and greater efficiency.  Also techniques such as recombinant DNA insertion, gene gun insertion, combinatorial biosynthesis, combinatorial chemistry and nucleic acid immunization are beginning to give hope to the people in need of new and better antibiotics.  Although bacteria will always be able to become resistant to antibiotics specific to them, these new techniques provide a means to if not create new antibiotics, at least alter and combine the ones we already have to create antibiotics able to combat resistant strains.  


The biggest fight that the world’s populations will have to overcome is to trust in GM manufactured medicinal products.  With the population increasing at an alarming rate, along with the number of pathogens that are just waiting to infect someone, the source for safe and effective medicinal products will almost certainly have to come from transgenic and biotechnologically produced organisms.
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