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ABSTRACT

This research discusses bioreactors and their use in insulin production. To this end, both subjects are first investigated separately and then they are brought together to see how bioreactors are used in the insulin production. There are several different methods and variations that are used and thus they are presented in order to see their commonalities and differences which set them apart according to the production purposes.

Keywords: bioreactors, insulin, insulin production
ACKNOWLEDGEMENT


I would like to thank my project advisor and lecturer of many courses, Assoc. Prof. Dr. Terin ADALI, for introducing me to bioreactors along with many other subjects and I am also grateful for her understanding nature.

CONTENTS

Abstract

............................................................................................... 
I

Acknowledgement
...............................................................................................
II

Contents

...............................................................................................
III

List of Figures

...............................................................................................
IV

Chapter 1: Introduction
...................................................................................
1

Chapter 2: Bioreactors
...................................................................................
2

2.1 Definition

...............................................................................................
2

2.2 Applications
...............................................................................................
3

2.3 Bioreactor Types
...............................................................................................
5

2.4 Design Process
...............................................................................................
12

Chapter 3: Insulin
...............................................................................................
14

3.1 Definition

...............................................................................................
14

3.2 Structure

...............................................................................................
15

3.3 Synthesis

...............................................................................................
17

3.4 Secretion

...............................................................................................
18

3.5 Function

...............................................................................................
20

3.6 Degradation
...............................................................................................
22

3.7 Deficiency

...............................................................................................
22

Chapter 4: Bioreactors & Insulin Production
................................................
26

4.1 Medical & Financial Incentives
.......................................................................
26

4.2 Synthetic Insulin
...............................................................................................
27

4.3 Production
...........................................................................................................
31

4.4 Optimal Conditions
...................................................................................
33

4.5 Example Experiment
...................................................................................
35

Chapter 5: Conclusion
...................................................................................
37

5.1 Discussion


...................................................................................
37

5.2 Conclusion

...................................................................................
38

5.3 Future Prospects

...................................................................................
38

Illustrative Materials

...................................................................................
40

References


...................................................................................
43
LIST OF FIGURES

Figure 2.1 Fed-batch bioreactor
.......................................................................
6

Figure 2.2 Continuous bioreactor
.......................................................................
7
Figure 2.3 Fluidized bed bioreactor
.......................................................................
9

Figure 2.4 Bubble column bioreactor
...........................................................
10
Figure 2.5 Packed bed bioreactor
.......................................................................
11
Figure 3.1 Structure of insulin
.......................................................................
16
Figure 3.2 Insulin secretion

.......................................................................
20
Figure 4.1 DNA and plasmids in a bacterium
................................................
29
CHAPTER 1: INTRODUCTION

This report is about bioreactors and, a related topic, insulin production. The aim is to give readers a working understanding of the basics for definitions, types and design concerns for building a bioreactor and also relating this information to insulin production. There will also be relatively brief explanations and examples about the considerably deep subject of human insulin structure, purpose and production.

Currently, cost of treatment for diabetes patients is quite high for people with regular income to afford, and this is due to the cost of production being proportionally high. So, the main goal is to learn critical steps and conditions when designing an insulin production bioreactor to get an end result that also has a high yield versus production cost ratio. Such knowledge is necessary for further improvements to be made in the efficiency of insulin production of this kind which is in turn desired for cheaper and better healthcare for millions of patients around the world.


However, since both bioreactors and insulin production are very general and sizeable fields and research subjects on their own, this report will be limited to several important bioreactor types and information relating bioreactors to insulin production.

CHAPTER 2: BIOREACTORS

2.1 Definition

A bioreactor may refer to any manufactured or engineered device or system that supports a biologically active environment. In one case, a bioreactor is a vessel in which a chemical process is carried out which involves organisms or biochemically active substances derived from such organisms. This process can either be aerobic or anaerobic. These bioreactors are commonly cylindrical, ranging in size from litres to cubic metres, and are often made of stainless steel.

A bioreactor may also refer to a device or system meant to grow cells or tissues in the context of cell culture. These devices are being developed for use in tissue engineering or biochemical engineering.

Another use for them is that they can be  used to maintain optimal conditions for organisms to have peak metabolic activity to support high reproduction and cell activity rates for the purpose of harnessing their natural biochemical processes. 

Conversion of organic waste such as compost or solid waste is a common application for bioreactors. When built properly, the reactor can greatly speed the breakdown process, which contributes to overall efficiency. Bioreactors are also used to promote growth, as for example in the production of tissue cultures, or the cultivation of specific fungi utilized in pharmaceuticals. In some cases, it may be necessary to devise a custom device to meet the specific needs of a particular application, in which case the skills of a biochemist are typically required.

There are a number of types of bioreactors, and they are used for a variety of purposes. A bioreactor may be used for 3 different main purposes:
1. Preperation of nutrient compound for cultivated microorganism or cells.

2. Population growth of microorganism or cells by reproduction.

3. Obtaining the by-product of a micro organism’s or cells’ natural cycle.
2.2 Applications

Bioreactors are used in many different fields of industry apart from biomedical applications. Their uses vary from processing solid waste to manufacturing pharmaceuticals. A simple and well known example of a bioreactor is a fermentation tank for beer, in which certain microorganisms are encouraged to thrive, causing the contents of the tank to ferment, thus creating a usable end product. 
A bioreactor landfill operates to rapidly transform and degrade organic waste. The increase in waste degradation and stabilization is accomplished through the addition of liquid and air to enhance microbial processes. Decomposition and biological stabilization of the waste in a bioreactor landfill can occur in a much shorter time frame than occurs in a traditional landfill, providing a potential decrease in long-term environmental risks and landfill operating and post-closure costs. Leachate is injected into the bioreactor to stimulate the natural biodegradation process so the moisture content, combined with the biological action of naturally occurring microbes decomposes the waste. This system also increases the feasibility for cost effective landfill gas recovery, which in turn would reduce fugitive emissions. This presents an opportunity for beneficial reuse of bioreactor landfill gas in energy recovery projects.

Bioreactors are also designed to treat sewage and wastewater. In the most efficient of these systems, there is a supply of a free-flowing, chemically inert medium which acts as a receptacle for the bacteria that break down the raw sewage. Examples of these bioreactors often have separate, sequential tanks and a mechanical separator or cyclone to speed the separation of water and biosolids. Aerators supply oxygen to the sewage and medium, further accelerating breakdown. Submersible mixers provide agitation in anoxic bioreactors to keep the solids in suspension and thereby ensure that the bacteria and the organic materials meet. In the process, the liquid's Biochemical Oxygen Demand is reduced sufficiently to render the contaminated water fit for reuse. The biosolids can be collected for further processing, or dried and used as fertilizer.
When looking at their biomedical uses, researchers are constantly devising new uses for bioreactor technology. For example, these devices could potentially be used to produce energy, or to grow tissue and bone grafts. Chemical production can rely heavily on bioreactors. Many experiments have also been conducted with bioreactors in challenging environments such as space to learn more about biochemical processes and to generate useful scientific information.
Bioreactors are used in the pharmaceutical industry for the growth of specialized pure cultures of bacteria, fungi and yeast, and the production of enzymes and drugs.Bioreactors can also be used to enrich for specific types of bacterial mutants in culture such as those that are resistant to antibiotics or bacteriophages for further scientific study.

Bioreactors also are a promising tool in cancer treatment procedures. They can be used to cultivate biopsies obtained from each patient and then assess the cancer type to devise a treatment plan according to patient’s individual case rather than suggesting a general method.

Packed-bed bioreactors have also proved themselves as compact bioartificial organs, but their metabolic activity declines frequently within 1 to 2 weeks of operation. A main challenge in this field is to develop cell lines that grow consistently to high cell density in vitro and maintain a stable phenotype for a minimum of 1 to 2 months. 

Use of a special bioreactor for the cultivation of a new flexible polyurethane scaffold for aortic valve tissue engineering is also among the uses of bioreactors in artificial organ field. Polyurethane scaffolds were primarily seeded with fibroblasts and subsequently with endothelial cells in a conditioning bioreactor. While conventional cultivation method can be used for the development of tissue engineered heart valves, better results can be obtained by performing a conditioning step that may improve the tolerance of cells to shear stress. The novel pulsatile bioreactor offers an adequate tool for in vitro improvement of mechanical properties of tissue engineered cardiovascular prostheses.
Tissue constructs can be used not only in organ replacement therapy, but also in pharmaco-toxicology and food safety assessment. 3D models of various cancers may be used in studying cancer development and biology or in high-throughput screening of anticancer drug candidates.
2.3 Bioreactor Types
Selection of a reactor, is often determined by economics, reliability, or availability of a proven system. The selection of an appropriate reactor type or configuration for an immobilized cell system must be based on critical issues such as supply and removal of gases and solutes in the liquid phase and removal of excess biomass formed. The cell aggregates can only be fully active if the external supply or removal rates match the internal transport, utilization and production rates. The high cell densities in the reactors put higher demands on nutrient supply and transport rates and this is especially problematic for the sparingly soluble oxygen, requiring high circulation rates which may be in conflict with other design criteria.

Correct selection of the reactor type can alleviate many of the possible problems, but main reactor types can be modified to adapt to the specific demands imposed by the selected microorganisms or specific operational conditions.
Batch bioreactors 
The batch reactor is the most widely used reactor type both in the laboratory and industry. A batch reactor is one in which a feed material is treated as a whole for a fixed period of time. Batch reactors may be preferred for small-scale production of high priced products, particularly if many sequential operations are employed to obtain high product yields. Batch reactors also may be justified when multiple, low volume products are produced in the same equipment or when continuous flow is difficult, as it is with highly viscous or sticky solids-laden liquids.
Fed batch bioreactors

The fed batch reactor is similar to the batch reactor but has the additional feature of continuous addition or removal of one or more components or streams. In addition to better yields and selectivity, gradual addition or removal assists in controlling temperature particularly when the net reaction is highly exothermic. Thus, use of a fed batch reactor intrinsically permits more stable and safer operation than in a batch operation.
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Figure 2.1 A fed-batch reactor

Continuous flow bioreactors
Continuous flow bioreactors carry material as a flowing stream. Reactants are continuously fed into the reactor and emerge as continuous stream of product. Continuous reactors are used for a wide variety of chemical and biological processes within the food, chemical and pharmaceutical industries. In practice, mechanical or hydraulic agitation is required to achieve uniform composition and temperature, a choice strongly influenced by process considerations.
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Figure 2.2 A continuous bioreactor
Plug flow bioreactors
A tubular reactor is a cylindirical vessel through which flow is continuous, usually at steady state, and configured so that conversion of the chemicals and other dependent variables are functions of position within the reactor rather than of time. In the ideal tubular reactor, the fluids flow as if they were solid plugs or pistons, and reaction time is the same for all flowing material at any given tube cross section. Tubular reactors resemble batch reactors in providing initially high driving forces, which diminish as the reactions progress down the tubes.
Chemostats

A chemostat is a bioreactor to which fresh medium is continuously added, while culture liquid is continuously removed to keep the culture volume constant. By changing the rate with which medium is added to the bioreactor the growth rate of the microorganism can be easily controlled.

One of the most important features of chemostats is that micro-organisms can be grown in a physiological steady state. In steady state, growth occurs at a constant rate and all culture parameters remain constant. In addition, environmental conditions can be controlled by the experimenter. Micro-organisms grown in chemostats naturally strive to steady state: if a low amount of cells are present in the bioreactor, the cells can grow at higher growth rates.
Single-use bioreactors

A single-use bioreactor or disposable bioreactor is a bioreactor with a disposable bag instead of a culture vessel. Typically, this refers to a bioreactor in which the lining in contact with the cell culture will be plastic, and this lining is incased within a more permanent structure (typically, either a rocker or a cuboid or cylindrical steel support).

Single-use bioreactors are widely used in the field of mammalian cell culture and are now rapidly replacing conventional bioreactors. Instead of a culture vessel made from stainless steel or glass, a single-use bioreactor is equipped with a disposable bag. The disposable bag is usually made of a three-layer plastic foil.

Photobioreactors

A photobioreactor is a bioreactor which incorporates some type of light source. Virtually any translucent container could be called a photobioreactor, however the term is more commonly used to define a closed system, as opposed to an open tank or pond. Photobioreactors are used to grow small phototrophic organisms such as cyanobacteria, algae, or moss plants. These organisms use light through photosynthesis as their energy source and do not require sugars or lipids as energy source. Consequently, risk of contamination with other organisms like bacteria or fungi is lower in photobioreactors when compared to bioreactors for heterotroph organisms.
Fluidized bed bioreactor

A fluidized bed bioreactor is a device that can be used to carry out a variety of multiphase chemical reactions. In these reactors liquid and solid phase  are completely mixed. A liquid is passed through a granular solid material (a catalyst possibly shaped as tiny spheres) at high enough velocities to suspend the solid and cause it to behave as though it were a fluid. This process, known as fluidization, imparts many important advantages. As a result, the fluidized bed reactor is now used in many industrial applications.
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Figure 2.3 A fluidized bed bioreactor
Air lift and bubble column bioreactors

In these reactors mixing circulation and aeration is performed by gas injection and if needed by additional external liquid circulation to obtain the required mixing pattern. This usually results in less shear for a given quality of mixing than in stirred tanks. Air lifts give more vigorous recirculation for the same air flow, but often lower oxygen transfer rates than bubble columns. To limit shear, small bubbles can be used in aeration, but depending on conditions this may cause excessive foaming and requires more energy for their generation at porous distributors.
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Figure 2.4 A bubble column bioreactor
Packed bed bioreactor
A packed bed is a hollow tube, pipe, or other vessel that is filled with a packing material. The packing can be randomly filled or it can be a specifically designed structured packing. In packed bed bioreactors, cells are immobilized on large particles. These particles do not move with the liquid and. Packed bed reactors are simple to construct and operate but can suffer from blockages and from poor oxygen transfer. The advantages include simplicity of operation and reasonable high mass transfer rates. 
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Figure 2.5 A packed bed bioreactor

2.4 Design process

Bioreactor design is a relatively complex engineering task, which is studied in the discipline of biochemical engineering. A number of criteria must be satisfied when a bioreactor is built. In order for the device to be effective, the conditions need to be tightly controlled, which means that there must be ways to moderate temperature, light levels, moisture, oxygen, and other components of the environment. It is also important to isolate the contents from contaminants so that the bioreactor will work properly, and so that adverse reactions do not occur.
Under optimum conditions, the microorganisms or cells are able to perform their desired function with a 100 percent rate of success. The bioreactor's environmental conditions like gas (i.e., air, oxygen, nitrogen, carbon dioxide) flow rates, temperature, pH and dissolved oxygen levels, and agitation speed/circulation rate need to be closely monitored and controlled. The bioreactor must be easily cleaned and as smooth as possible (hence the round shape).
Design and selection of cell culture bioreactors are affected by cell-specific demands, engineering aspects, as well as economic and regulatory considerations. Mainly special demands such as gentle agitation and aeration without cell damage, a well-controlled environment with respect to pH, temperature, DO, dissolved-CO2 concentration, low levels of toxic metabolites like ammonia and lactate, high cell and product concentrations, optimized medium utilization, surface for adherent cells and scalability have to be considered.

A heat exchanger is needed to maintain the bioprocess at a constant temperature. Biological fermentation is a major source of heat, therefore in most cases bioreactors need refrigeration. They can be refrigerated with an external jacket or, for very large vessels, with internal coils.
In an aerobic process, optimal oxygen transfer is perhaps the most difficult task to accomplish. Oxygen is poorly soluble in water and is relatively scarce in air (20.95%). Oxygen transfer is usually helped by agitation, which is also needed to mix nutrients and to keep the fermentation homogeneous. There are, however, limits to the speed of agitation, due both to high power consumption and to the damage to organisms caused by excessive tip speed. In practice, bioreactors are often pressurized; this increases the solubility of oxygen in water.
However the most important factor to consider is the limiting nutrient. The limiting nutrient is a nutrient essential for growth, present in the media at a limiting concentration (all other nutrients are usually supplied in surplus). However, if the cell concentration becomes too high, the amount of cells that are removed from the reactor cannot be replenished by growth as the addition of the limiting nutrient is insufficient. This results in a steady state.
These are some common problems that need to be considered while designing a bioreactor for a specific process:
· Foaming results in overflow with the volume of liquid not exactly constant.

· Some very fragile cells are ruptured during agitation and aeration.

· Cells may grow on the walls or adhere to other surfaces, which is easily overcome by treating the glass walls of the vessel with a silane to render them hydrophobic.

· Mixing may not truly be uniform, upsetting the "static" property of the chemostat.

· Dripping the media into the chamber actually results in small pulses of nutrients and thus oscillations in concentrations, again upsetting the "static" property of the chemostat.

· Bacteria travel upstream quite easily. They will reach the reservoir of sterile medium quickly unless the liquid path is interrupted by an air break in which the medium falls in drops through air.

Although abovementioned problems restrict the efficient use of bioreactors, these constraints can still be somewhat resolved using these methods:
· Antifoaming agents are used to suppress foaming.

· Agitation and aeration can be done gently.

· Many approaches have been taken to reduce wall growth
· Various applications use paddles, bubbling, or other mechanisms for mixing
· Dripping can be made less drastic with smaller droplets and larger vessel volumes

· Many improvements target the threat of contamination

CHAPTER 3: INSULIN
3.1 Definition
Insulin is a hormone that is central to regulating carbohydrate and fat metabolism in the body. It is made by the beta cells of the pancreas and released into the blood when the glucose level goes up, such as after eating, and it lowers the level of glucose in the blood. Insulin does this by helping glucose enter the body's cells, where it can be used for energy or stored for future use instead of using existing body fat for energy.

Within vertebrates, the amino acid sequence of insulin is strongly conserved. Bovine insulin differs from human in only three amino acid residues, and porcine insulin in one. Even insulin from some species of fish is similar enough to human to be clinically effective in humans. Insulin in some invertebrates is quite similar in sequence to human insulin, and has similar physiological effects. The strong homology seen in the insulin sequence of diverse species suggests that it has been conserved across much of animal evolutionary history.

3.2 Structure

Insulin is a rather small protein, with a molecular weight of about 6000 Daltons. It is composed of two peptide chains referred to as the A chain and B chain. A and B chains are linked together by two disulfide bonds, and an additional disulfide is formed within the A chain. In most species, the A chain consists of 21 amino acids and the B chain of 30 amino acids.
Insulin molecules have a tendency to form dimers in solution due to hydrogen-bonding between the C-termini of B chains. Additionally, in the presence of zinc ions, insulin dimers associate into hexamers. Monomers and dimers readily diffuse into blood, whereas hexamers diffuse poorly. Hence, absorption of insulin preparations containing a high proportion of hexamers is delayed and somewhat slow.

Although the amino acid sequence of insulin varies among species, certain segments of the molecule are highly conserved, including the positions of the three disulfide bonds, both ends of the A chain and the C-terminal residues of the B chain. These similarities in the amino acid sequence of insulin lead to a three dimensional conformation of insulin that is very similar among species, and insulin from one animal is very likely biologically active in other species.

Figure 3.1 Structure of insulin

3.3 Synthesis

Insulin is synthesized in significant quantities only in beta cells in the pancreas. Its synthesis involves sequential cleavage of its two precursor molecules preproinsulin and proinsulin. The insulin mRNA is translated as a single chain precursor called preproinsulin, and removal of its signal peptide during insertion into the endoplasmic reticulum generates proinsulin. Proinsulin consists of three domains: an amino-terminal B chain, a carboxy-terminal A chain and a connecting peptide in the middle known as the C peptide. Within the endoplasmic reticulum, proinsulin is exposed to several specific endopeptidases which excise the C peptide, thereby generating the mature form of insulin. Insulin and free C peptide are packaged in the Golgi into secretory granules which accumulate in the cytoplasm. 

To explain it further, the preproinsulin molecule undergoes rapid enzymatic cleavage to proinsulin, which contains the insulin A and B chains linked by connecting or C-peptide. Proinsulin is packaged into small granules within the Golgi complex, which then migrate towards the cell surface. As the granules mature, proteases split proinsulin into equal amounts of insulin and C-peptide, allowing the insulin molecule, consisting of A and B chains linked by two disulfide bridges, to assume its active configuration. Insulin forms microcrystals around zinc ions within the secretory granules, producing hexamers which separate rapidly following release. Rising intracellular glucose triggers insulin secretion by activation of glucokinase followed by an increase in intracellular ATP, resulting in closure of the ATP-sensitive potassium channel. This causes depolarisation of the beta-cell membrane and the influx of calcium ions, leading to fusion of the insulin granules with the cell membrane and the release of insulin, C-peptide and other molecules into the circulation by exocytosis.
3.4 Secretion
Insulin is released in the body by the Beta cells in the islets of Langerhans. This is done in two phases, which includes a response in a change in blood glucose level and another type of release which is slower and is independent of sugar.

Insulin released by a change in blood glucose level starts when glucose enters glycolysis and the respiratory cycle. During this cycle, ATP is produced by oxidation, and thus the level of ATP produced is representative of the blood glucose level. When the amount of ATP produced gets to a certain point, potassium channels that are activated by ATP close, depolarizing the cell membrane, leading to a change in other voltage activated channels, such as the calcium channels. Due to the depolarization, voltage gated calcium channels open, allowing an influx of calcium ions into the cell. The increased level of calcium in the cell activates phospholipase C. Phospholipase C cleaves the membrane phospholipid phosphatidyl inositol 4,5-bisphosphate, which in turn becomes inositol 1,4,5-triphosphate and diacylglycerol. 

The newly formed inositol 1,4,5-triphosphate (also known as IP3) binds to receptors on IP3 gated channels embedded on the membrane of the endoplasmic reticulum. The IP3 gated channels allow an influx of calcium ions in the cell, repolarizing the cell. Insulin, which was synthesized prior to this reaction, is stored in secretory vesicles, and is waiting to be released. The increased levels of calcium due to the binding of IP3 causes the release of the insulin from these vesicles. The beta cells of the islets of Langerhan regulates the glucose level by this reaction. When the blood glucose level is physiologically normal, the beta cells cease to secrete any more insulin. This is done by the sympathetic nervous system, by the release of the hormon norepinephrine.

Altough our scientific understanding of insulin secretion is not complete, there are some main steps that have been proven to be existent and their functioning is as described below in shorter and clearer manner:

· Glucose is transported into the beta cell by facilitated diffusion through a glucose transporter; elevated concentrations of glucose in extracellular fluid lead to elevated concentrations of glucose within the beta cell.

· Elevated concentrations of glucose within the beta cell ultimately leads to membrane depolarization and an influx of extracellular calcium. The resulting increase in intracellular calcium is thought to be one of the primary triggers for exocytosis of insulin-containing secretory granules. The mechanisms by which elevated glucose levels within the beta cell cause depolarization is not clearly established, but seems to result from metabolism of glucose and other fuel molecules within the cell, perhaps sensed as an alteration of ATP:ADP ratio and transduced into alterations in membrane conductance.

· Increased levels of glucose within beta cells also appears to activate calcium-independent pathways that participate in insulin secretion.
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Figure 3.2 Insulin secretion
3.5 Function
After the body takes in food, these beta cells release insulin, which enables cells in the liver, muscles and fat tissues to take up glucose and either store it as glycogen or allow blood to transfer it to organs in the body for use as an energy source. This process stops the use of fat as a source of energy. When glucose levels are elevated in the blood, insulin is produced at higher rates by the pancreas in order to maintain normal sugar concentrations in the blood. Without insulin, the body cannot process glucose effectively and glucose begins to build up in the blood stream instead of being transported to different cells . In contrast with elevated levels of glucose in the blood, when there is a deficit of glucose available to the body, alpha cells in the pancreas release glucagon, a hormone that causes the liver to convert stored glycogen into usable glucose which is then released into the bloodstream.

Some of the effects of the insulin on the metabolism include: 1. Controlling cell intake of substances like glucose in many organs like muscles and adipose tissues. 2. Controlling amino acid uptake, thus increasing DNA replication and protein synthesis 3. Altering the activity of enzymatic cells

Other Cellular effects of insulin include: 1. Increasing synthesis of glycogen. Glycogen is a type of storage for glucose and is stored in the liver. Levels of blood glucose determine whether glucose is stored as glycogen or is excreted. Low levels of glucose cause the liver to excrete glucose, while higher levels of glucose allows glucose to be stored as glycogen. 2. Increasing the synthesis and esterification of fatty acids. This is caused by the insulin causing fat cells to convert blood lipids to triglycerides. Esterification is caused when the insulin causes the adipose tissue to convert fats from fatty acid esters. 3. Increasing the esterification of fatty 4. Decreasing protein breakdown (proteolysis) 5. Reducing lipolysis 6. Increasing uptake of substances like amino acid and potassium 7. Relaxing wall of arteries of muscles, which vasodilation 8. Increasing secretion of HCl into the stomach

There are other ways insulin can be utilized beneficially for body which involves medical treatment processes. For example:
1) One of the active ingredients in IV solutions used for feeding the body in hospital patients is insulin. The presence of insulin in the boyd helps improve the adsorption of nutrients and when combined with growth hormones, can help reverse negative protien balance.

2) Glucose, insulin and potassium solutions have been used to reduce the mortality rate of acute mycoradial infractions, or otherwise known as heart attacks, along with postoperative cardiac failure. By addition of GIK infusions, it is a quick way to infuse potassium into all the cells of the heart even when circulation has ceased completely to readily restore action potential in cardial muscle to induce contraction.

3) Dialysis shock recovery: A bit insulin can be added to an electrolyte solution that can help patients absorb electrolytes quickly to recover from a dialysis shock.
3.6 Degradation
Insulin has a short half-life in the circulation following release, estimated at 4-6 minutes, allowing minute-to-minute regulation of metabolism. Circulating insulin is cleared by the liver as it passes through the portal circulation, which means that portal levels of insulin are higher than those in the systemic circulation. The kidney is largely responsible for insulin clearance in the systemic circulation, and delayed insulin clearance may cause problems with control in those with kidney disease. Some degradation occurs within the insulin granule, and insulin is degraded in other tissues after binding to the insulin receptor. In this receptor-mediated degradation, the insulin-insulin receptor complexes come together on the plasma membrane of the target cell, forming groups that are sequestered in so-called coated-pits. These invaginate to fuse with intracellular lysosomes, in which the insulin is enzymatically degraded.

3.7 Deficiency
The body's response to blood sugar requires the coordination of an array of mechanisms. Failure of any one component involved in insulin regulation, secretion, uptake or breakdown can lead to the build-up of glucose in the blood. Likewise, any damage to the beta cells, which produce insulin, will lead to increased levels of blood glucose. Diabetes mellitus, commonly known as diabetes, is characterized by abnormally high levels of glucose in the blood. Whereas non-diabetics produce insulin to reduce elevated blood glucose levels (i.e. after a meal), the blood glucose levels of diabetics remain high. Diabetes complications are severe and the disease can be fatal if left untreated.

Diabetes mellitus

Diabetes is a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or both. The chronic hyperglycemia of diabetes is associated with long-term damage, dysfunction, and failure of differentorgans, especially the eyes, kidneys, nerves, heart, and blood vessels.
Several pathogenic processes are involved in the development of diabetes. These range from autoimmune destruction of the β-cells of the pancreas with consequent insulin deficiency to abnormalities that result in resistance to insulin action. The basis of the abnormalities in carbohydrate, fat, and protein metabolism in diabetes is deficient action of insulin on target tissues. Deficient insulin action results from inadequate insulin secretion and/or diminished tissue responses to insulin at one or more points in the complex pathways of hormone action. Impairment of insulin secretion and defects in insulin action frequently coexist in the same patient, and it is often unclear which abnormality, if either alone, is the primary cause of the hyperglycemia. 

Type 2 diabetes makes up about 90% of cases of diabetes with the other 10% due primarily to diabetes mellitus type 1 and gestational diabetes.
Type I diabetes

Type 1 diabetes is a form of diabetes that results from the autoimmune destruction of the insulin producing beta cells in the pancreas. The subsequent lack of insulin leads to increased blood and urine glucose. The classical symptoms are polyuria (frequent urination), polydipsia (increased thirst), polyphagia (increased hunger), and weight loss. Untreated, type 1 diabetes is ultimately fatal; however, the disease can be controlled with supplemental insulin. Incidence varies from 8 to 17 per 100,000 in Northern Europe and the U.S. with a high of about 35 per 100,000 in Scandinavia to a low of 1 per 100,000 in Japan and China.

Although the precise cause of type 1 diabetes is unknown, it is believed to be caused by one or more of the following: genetic susceptibility, a diabetogenic trigger and/or exposure to a driving antigen. Type 1 diabetes is a polygenic disease, meaning numerous genes contribute to its onset. 

Type 1 diabetes is partly inherited, and then triggered by certain infections, with some evidence pointing at Coxsackie B4 virus. A genetic element in individual susceptibility to some of these triggers has been traced to particular HLA genotypes (i.e., the genetic "self" identifiers relied upon by the immune system). However, even in those who have inherited the susceptibility, type 1 diabetes seems to require an environmental trigger. The onset of type 1 diabetes is unrelated to lifestyle.

Type II diabetes

Type 2 diabetes is a metabolic disorder that is characterized by high blood glucose in the context of insulin resistance and relative insulin deficiency. Obesity is thought to be the primary cause of type 2 diabetes in people who are genetically predisposed to the disease. It can initially be managed by increasing exercise and dietary modification. If blood glucose levels are not adequately lowered by these measures, medications such as insulin may be needed.

Type 2 diabetes is due primarily to lifestyle factors and genetics. A number of lifestyle factors are known to be important to the development of type 2 diabetes, including obesity (defined by a body mass index of greater than thirty), lack of physical activity, poor diet, stress, and urbanization. Dietary factors also influence the risk of developing type 2 diabetes. Consumption of sugar-sweetened drinks in excess is associated with an increased risk. The type of fats in the diet is also important, with saturated fats and trans fatty acids increasing the risk and polyunsaturated and monounsaturated fat decreasing the risk. Other causes include genetic defects in beta-cell function and  proinsulin conversion, insulin gene mutation, growth hormone excess, cushing syndrome, hyperthyroidism, infections and drugs.

Gestational diabetes

Gestational diabetes mellitus (GDM) resembles type 2 diabetes in several respects, involving a combination of relatively inadequate insulin secretion and responsiveness. It occurs in about 2–5% of all pregnancies and may improve or disappear after delivery. Gestational diabetes is fully treatable, but requires careful medical supervision throughout the pregnancy. About 20–50% of affected women develop type 2 diabetes later in life.

Though it may be transient, untreated gestational diabetes can damage the health of the fetus or mother. Risks to the baby include macrosomia (high birth weight), congenital cardiac and central nervous system anomalies, and skeletal muscle malformations. Increased fetal insulin may inhibit fetal surfactant production and cause respiratory distress syndrome. Hyperbilirubinemia may result from red blood cell destruction. In severe cases, perinatal death may occur, most commonly as a result of poor placental perfusion due to vascular impairment.
Symptoms of marked hyperglycemia include polyuria, polydipsia, weight loss, sometimes with polyphagia, and blurred vision. Impairment of growth and susceptibility to certain infections may also accompany chronic hyperglycemia. Acute, life-threatening consequences of uncontrolled diabetes are hyperglycemia with ketoacidosis or the nonketotic hyperosmolar syndrome. 

Long-term complications of diabetes include retinopathy with potential loss of vision; nephropathy leading to renal failure; peripheral neuropathy with risk of foot ulcers, amputations, and Charcot joints; and autonomic neuropathy causing gastrointestinal, genitourinary, and cardiovascular symptoms and sexual dysfunction. Patients with diabetes have an increased incidence of atherosclerotic cardiovascular, peripheral arterial, and cerebrovascular disease. Hypertension and abnormalities of lipoprotein metabolism are often found in people with diabetes. 
CHAPTER 4: BIOREACTORS & INSULIN PRODUCTION

4.1 Medical & Financial Incentives

When human body has problems controlling insulin production or usage, diabetes results. Consequently, diabetes patients have elevated glucose levels in the blood. High amounts of glucose is toxic to the body and thus, this kind of metabolic imbalance has to be treated before serious medical conditions are developed, some of which may very well result in death.

Globally, as of 2010, an estimated 285 million people had diabetes, with type 2 making up about 90% of the cases. Its incidence is increasing rapidly, and by 2030, this number is estimated to almost double. Diabetes mellitus occurs throughout the world, but is more common (especially type 2) in the more developed countries. The greatest increase in prevalence is, however, expected to occur in Asia and Africa, where most patients will probably be found by 2030. The increase in incidence in developing countries follows the trend of urbanization and lifestyle changes, perhaps most importantly a "Western-style" diet.

Consider the treatment of diabetes patients by injecting insulin from another source. The structure of the insulin protein is highly conserved across species, and especially among vertebrates. However, the small diﬀerences tend to make insulin produced from other species diﬃcult to suﬃce. The body tends to have an immune response to the injected insulin as the body detects the insulin as foreign. As a result, there is a large market for insulin that the human body can use as a regulatory hormone. 
4.2 Synthetic Insulin
As stated previously, although insulin from other mammals can be used to manage the symptoms of diabetes, this method produces results that are not at all ideal. This is caused by slight differences in insulin structure and immune response of body to these foreign substances. Human insulin would be the most suitable for treatment of diabetes but the scale of demand by patients can not possibly be matched by donors and this restriction leaves only one possible avenue of solution, which is mass production of synthetic human insulin.

Scientists modified a strain of bacteria called E. Coli to have a plasmid with the genetic sequence for producing human insulin inside it. This change causes bacteria to synthesize human insulin as part of its biological cycle. To produce large quantities of insulin, biotechnology methods of DNA recombination are used in the well-suited Escherichia coli to stimulate the overproduction of the insulin protein in a bioreactor.

Current recombinant insulin bioprocess methods involve obtaining various forms of insulin precursors from intracellular inclusion bodies formed within the cytoplasm of bacterial cells such as Escherichia coli. Recombinant human insulin obtained in this manner has immense advantages over insulin obtained from the pancreas of cows or pigs, especially from an immunogenic standpoint.
Escheria coli
Escherichia coli is a  facultative anaerobic, rod-shaped bacterium that is commonly found in the lower intestine of warm-blooded organisms (endotherms). Most E. coli strains are harmless, but some serotypes can cause serious food poisoning in humans, and are occasionally responsible for product recalls due to food contamination. The harmless strains are part of the normal flora of the gut, and can benefit their hosts by producing vitamin K2, and by preventing the establishment of pathogenic bacteria within the intestine.

E. coli and related bacteria constitute about 0.1% of gut flora, and fecal–oral transmission is the major route through which pathogenic strains of the bacterium cause disease. Cells are able to survive outside the body for a limited amount of time, which makes them ideal indicator organisms to test environmental samples for fecal contamination. There is, however, a growing body of research that has examined environmentally persistent E. coli which can survive for extended periods outside of the host.

The bacterium can be grown easily and inexpensively in a laboratory setting, and has been intensively investigated for over 60 years. E. coli is the most widely studied prokaryotic model organism, and an important species in the fields of biotechnology and microbiology, where it has served as the host organism for the majority of work with recombinant DNA.
Plasmid

A plasmid is a small DNA molecule that is physically separate from, and can replicate independently of, chromosomal DNA within a cell. Most commonly found as small circular, double-stranded DNA molecules in bacteria, plasmids are sometimes present in archaea and eukaryotic organisms. In nature, plasmids carry genes that may benefit survival of the organism (e.g. antibiotic resistance), and can frequently be transmitted from one bacterium to another (even of another species) via horizontal gene transfer. Artificial plasmids are widely used as vectors in molecular cloning, serving to drive the replication of recombinant DNA sequences within host organisms. Plasmid sizes vary from 1 to over 1,000 base pairs. 

Plasmids are considered replicons, capable of replicating autonomously within a suitable host. Plasmids can be found in all three major domains: Archaea, Bacteria, and Eukarya. Similar to viruses, plasmids are not considered by some to be a form of life. Unlike viruses, plasmids are naked DNA and do not encode genes necessary to encase the genetic material for transfer to a new host, though some classes of plasmids encode the sex pilus necessary for their own transfer. Plasmid host-to-host transfer requires direct mechanical transfer by conjugation, or changes in incipient host gene expression allowing the intentional uptake of the genetic element by transformation. Microbial transformation with plasmid DNA is neither parasitic nor symbiotic in nature, because each implies the presence of an independent species living in a detrimental or commensal state with the host organism. Rather, plasmids provide a mechanism for horizontal gene transfer within a population of microbes and typically provide a selective advantage under a given environmental state. Plasmids may carry genes that provide resistance to naturally occurring antibiotics in a competitive environmental niche, or the proteins produced may act as toxins under similar circumstances. Plasmids can also provide bacteria with the ability to fix nitrogen or to degrade recalcitrant organic compounds that provide an advantage when nutrients are scarce.

A major use of plasmids is to make large amounts of proteins. Researchers grow bacteria containing a plasmid harboring the gene of interest. Just as the bacterium produces proteins to confer its antibiotic resistance, it can also be induced to produce large amounts of proteins from the inserted gene. This is a cheap and easy way of mass-producing a gene or the protein it then codes for, for example, insulin or even antibiotics.
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Figure 4.1 DNA and plasmids in a bacterium
DNA recombination

Recombinant DNA molecules are DNA molecules formed by laboratory methods of genetic recombination (such as molecular cloning) to bring together genetic material from multiple sources, creating sequences that would not otherwise be found in biological organisms. Recombinant DNA is possible because DNA molecules from all organisms share the same chemical structure. They differ only in the nucleotides sequence within that identical overall structure.

The DNA sequences used in the construction of recombinant DNA molecules can originate from any species. For example, plant DNA may be joined to bacterial DNA, or human DNA may be joined with fungal DNA. In addition, DNA sequences that do not occur anywhere in nature may be created by the chemical synthesis of DNA, and incorporated into recombinant molecules. Using recombinant DNA technology and synthetic DNA, literally any DNA sequence may be created and introduced into any of a very wide range of living organisms.Proteins that can result from the expression of recombinant DNA within living cells are termed recombinant proteins.Recombinant DNA differs from genetic recombination in that the former results from artificial methods in the test tube, while the latter is a normal biological process that results in the remixing of existing DNA sequences in essentially all organisms.

Recombinant DNA is widely used in biotechnology, medicine and research. Today, recombinant proteins and other products that result from the use of rDNA technology are found in essentially every western pharmacy, doctor's or veterinarian's office, medical testing laboratory, and biological research laboratory. In addition, organisms that have been manipulated using recombinant DNA technology, as well as products derived from those organisms, have found their way into many farms, supermarkets, home medicine cabinets, and even pet shops, such as those that sell GloFish and other genetically modified animals.

The most common application of recombinant DNA is in basic research, in which the technology is important to most current work in the biological and biomedical sciences. Recombinant DNA is used to identify, map and sequence genes, and to determine their function. rDNA probes are employed in analyzing gene expression within individual cells, and throughout the tissues of whole organisms. Recombinant proteins are widely used as reagents in laboratory experiments and to generate antibody probes for examining protein synthesis within cells and organisms.

Recombinant human insulin almost completely replaced insulin obtained from animal sources (e.g. pigs and cattle) for the treatment of insulin-dependent diabetes. A variety of different recombinant insulin preparations are in widespread use. Recombinant insulin is synthesized by inserting the human insulin gene into E. coli, which then produces insulin for human use.
4.3 Production
In order to produce insulin from E. coli, the genetic sequence coding the insulin product has to be fused with a bacterial protein genetic sequence which the E. coli cell will normally translate, and the resulting combination protein products are called fusion proteins. The genetically engineered insulin coding sequence is generally inserted into the E. coli bacterial cells as a component in a bacterial plasmid. When the bacterial cells undergo division this plasmid, or vector, is copied into subsequent bacterial cells. Under favorable conditions, the E. coli cell will begin to translate the vector sequences, producing the insulin fusion proteins. These fusion proteins are subsequently extracted from the bacterial cells and processed in the production of pure human insulin.

Two main methods exist for the production of recombinant human insulin from genetically modified bacterial cultures. These methods are the two chain method, and the proinsulin method (intracellular or secreted). The proinsulin method is currently the most efficient method. The proinsulin method is currently favored due to the single fermentation and isolation steps involved, vs. the two fermentation and isolation steps involved in the two-chain method consisting of the separate production of the A and B-chains of insulin.

In the two chain method both the A chain and B chain of insulin are produced by separate E. coli plasmids. Each E. coli plasmid produces a fusion protein containing the A chain or B chain of the insulin protein. Once the A chains and B chains have been isolated, the two polypeptide chains undergo a new series of reactions to form native insulin. This method of insulin production is fairly inefficient based on the amount of steps involved. 

The proinsulin method is a method for the creation of insulin using the precursor proinsulin. In this method of insulin production, the A chain and B chain are translated in a single step, linked together by a C-peptide forming what is know as proinsulin. The proinsulin sequence is generally expressed as a recombinant fusion protein within microbial cells. The formation of native insulin from proinsulin follows two main steps: folding & formation of correct disulfide bridges within the proinsulin molecule, and proteolytic cleavage with subsequent release of the connecting C-peptide.

Several alternative methods also exist for the production of recombinant proinsulin protein via genetically engineered microbial cultures. Recombinant protein processes resulting in extracellularly secreted proinsulin would appear convenient due to the fact that cell disruption is not required and downstream purification requirements are minimized. However, secreted proinsulin, and similarly proinsulin protein products soluble in the cytoplasm of the microbial cells in which they are expressed, has been shown to be sensitive to degradation by proteolysis, thereby reducing final insulin product yields.

Intracellular overexpression of proinsulin as a fusion protein product (up to 25-30% of total cell protein in E. coli cells) induces the formation of inclusion bodies, insoluble aggregates of the recombinant protein product. The insoluble form of the protein product protects proinsulin from degradation by proteolysis within the microbial cells. The aggregated form of the proteins of interest also facilitates separation of these aggregates from other cell debris via centrifugation after cell disruption, due to the dense nature of the inclusion bodies. However, other process design complexities accompany this type of intracellular expression of proinsulin. For example, solubilization of the inclusion bodies and renaturation processes are required during downstream processing in order to isolate the discrete proinsulin fusion proteins from the inclusion bodies for processing and purification. 
So, in order to design a process for the efficient production of proinsulin from a microbial culture, proinsulin would need to be attached to a protein with “high expression levels within E. coli,” meaning that the E. coli culture would produce a large amount of the protein naturally.
4.4 Optimal Conditions

Like every organism, E.coli has its own specific optimal conditions in which they will have maximum growth and reproduction rates. These conditions must be met and kept relatively static inside the bioreactor as much as possible during insulin production process. This level of control is achieved by an array of sensors and a controller unit working together to provide E.coli bacteria with such desired conditions. Effectiveness of the system is dependent on the quality and application of this condition management and as such, it is very important for cost reduction.

pH values

The medium's pH is determined by medium compositions, buffers, cellular metabolites, and aeration conditions.The optimal growth pH for E.coli is near neutral. E.coli cells can grow reasonably well over a range of three pH units (from pH 5.5 to 8.5). Extreme pH beyond this range will significantly decrease the cell growth rate and may sometimes even cause cell death. E.coli cells appear to tolerate a low pH better than a high pH. In fact, extended exposure of E.coli cells to a high pH causes cell lysis.

Oxygen

E.coli cells produce large quantities of acetic acid if the growth medium contains little or no oxygen causing the growth medium to reach pH 4 or lower. At this pH, E.coli cell growth slows down or even stops. Ampicillin will be Chemically degraded at low pH and the E.coli cells will partially or completely lose selection. The plasmid or protein production will be low because most cells do not contain the selected plasmid. Acetic acid is the major metabolic inhibitor under anaerobic growth condition. However, with proper aeration, E.coli cells will be able to use many organic acids as carbon sources and the pH of the growth medium will be maintained at near neutral or basic ranges. Aeration is another important factor in determining E.coli cell growth.

Agitation

Agitation and aeration are closely related for most shake flasks under regular laboratory settings. Agitation is control by the shaking speed in revolutions per minute (rpm) of a shaker incubator. The higher the shaking speed (rpm), the better the agitation and aeration, provided that the container permits sufficient air exchange. Agitation alone without increasing aeration will still lead higher growth rate for E.coli cells, presumably because agitation increases metabolic exchange of the cells with the medium.

Temperature

The natural environment of E.coli cells is the lower intestine of a warm-blooded animal. Its optimal growth temperature is 37 0C. The doubling time or generation time for most E.coli strains in a rich medium at 37 0C is between 20 to 40 minutes. E.coli cells cannot grow well at temperatures higher than 42 0C. They can tolerate lower temperatures with lower growth rate. Protein synthesis slows at temperatures lower than 37 0C. It is also observed that inclusion body accumulation is decreased and more soluble recombinant proteins are produced at lower temperatures. Temperatures from 15 to 30 degrees are often used to produce soluble proteins.

Osmolarity

The concentrations of nutrients and chemicals in the medium determine the medium osmolarity. A careful balance of nutrient and chemical contents will maintain the medium osmolarity optimal for E.coli growth. E.coli cells can grow on wide range of nutrient concentrations. However, different E.coli cell strains do exhibit different optimal nutrient requirements. Commonly used medium components such as peptone, yeast extract, and sodium chloride, when reaching certain high concentrations, may inhibit E.coli cell growth. This is true for all other supplement nutrients, including sugars and buffers. In addition, high nutrient concentration may also cause precipitation.
4.5 Example Experiment
This experiment was done by Paige Brown, Micah Fincher, Gordon Wadge and Angelique Watson. It is a good example to see how an actual synthetic insulin production process would go and thus has a high informative value to study.
The first step of the process is to grow enough of the proinsulin producing E. coli bacteria so as to acquire a sufficient amount of insulin per process.  In order to do this an original amount of E. coli cells containing the plasmid for proinsulin production will be grown in test tubes containing tryptic soy broth and kanamycin monosulfate.  Within this mixture the tryptic soy broth provides nutrients for the E. coli while the kanamycin monosulfate acts to kill any bacteria within the mixture which was not given kanamycin resistance; the plasmid containing the proinsulin coding also cotains coding for kanamycin resistance.
 Once the growth mixture contains only the growth media and E. coli carrying the plasmid for proinsulin production, it is desired that the E. coli cell count be increased and  to initiate production of the proinsulin inclusion bodies.  All of this is accomplished by placing the original growth mixture into a bioreactor in which the parameters can be controlled for maximum cell growth and insulin production.  Within a bioreactor the temperature, pH, foam, and feed can be controlled automatically to yield maximum results.  For E. coli the best growth conditions are that of a pH of 7 and a temperature of 37°C.
In our design process we use six 200ml test tubes to grow our initial culture of proinsulin producing E. coli.  Within the mixture there is 1L of tryptic soy broth, .05g of kanamycin monosulfate, and 5g of the genetically altered E. coli.  Once the E. coli have been left to grow for a 24hr period at 37°C, they are then placed within a bioreactor to promote futher growth and proinsulin production.

            The E.coli have now depleted their nutrient sources from the tryptic soy broth and need further nutrients to grow and produce proinsulin.  The E. coli must be placed in a mixture containing the “essential building blocks for growth, including carbon, nitrogen, and phosphorus” (Mandel, 2005). The bioreactor in which they are placed is the BioNet Bioreactor with a 23L total volume and a 16 L working volume.  The 1L of E. coli and depleted growth medium is mixed with 9L of groth medium in the bioreactor.  The cells now receive their carbon requirements from the glycerol and yeast extract, their nitrogen requirements are acquired from ammonium sulfate and thiamine.  Inorganic phosphorous is provided to the cells from potassium dihydrogen phosphate and dipotassium phosphate which also act as buffers to maintain the pH at 7.  Other nutrients included in the broth are sodium citrate, magnesium sulfate, a trace element solution, and a vitamin solution.

            Within the bioreactor certain conditions must be monitored to promote the maximum E. coli growth possible.  This is done through a multitude of sensors a BioNet Utility Tower, and a BioNet Controller.

            Within the bioreactor pH, temperature, glycerol feed, and oxygen tension must be monitored and controlled.  E. coli grow the best at a pH of 7 and a temperature of 37°C.  These parameters are measured by a pH sensor and thermowell respectively which send information back to the BioNet Utility Tower which is controlled by the BioNet Controller.  When the temperature gets too low the BioNet Controller sends information to the BioNet Utility Tower telling it to raise the temperature of the medium by using the heating blanket.  If the pH is to high or low, the controller tells the utility tower to add in ammonia if the solution is too acidic or phosphoric acid if too basic.  The oxygen tension is also monitored to be kept at a tension level of 30%.  This can be controlled by managing glycerol-feeding.

            Once the E. coli have reached a maximum for proinsulin production within the cells after 28hr, they are subsequently removed from the surrounding medium through centrifugation. 
This, however, was just a simplistic example done with a batch bioreactor. Many improvements could be made to above process by using different variations of different bioreactors according to the desired production criteria like production time or yield per litre. For example, a perfusion bioreactor could instead be used and this would mean an uninterrupted process of lower risk and higher yield production which the produced insulin could continuously be harvested.
CHAPTER 5: CONCLUSION

5.1 Discussion

There are many possible uses of bioreactors and with every different process, there are multiple bioreactor types to consider using according to the used organism, optimal conditions, desired products and required production cycle. This variation makes it necessary to understand every aspect of each process separately, independent from others, to use bioreactors to desired effects with most efficiency.

Such complexity requires contributions from multiple scientists from different fields to design an efficient bioreactor process for a specific task. Among these scientists, there usually are microbiologists, chemical engineers, genetic engineers and of course, biomedical engineers.

5.2 Conclusion

Though biomedical fields benefit heavily from bioreactors, it is not at all used near its potential yet.  This fact makes it of paramount importance to understand bioreactors and make innovations in their use. One of the many benefits of bioreactors is in insulin production processes.

Insulin production is a field that is in heavy demand by medical industry and efficiency of it is the key factor for success. This success is not only limited to results that will improve patient care quality, but it is also very beneficial for the company investing in their research as improved efficiency means improved production rates, which also translates to reduced production costs and reduced product prices. This makes investing company more preferable over other competing companies, and even from a purely business perspective, it is profitable for all parties involved to invest in improvements and innovations of bioreactors. However, since these are complicated and detailed processes, it is a difficult field to make progress but there are several possible avenues of research and they have the potential to solve the global health problem that is diabetes.
5.3 Future Prospects
In future with stem cell research, it may be possible to have bioreactors implanted and use the body as its nutrition source. Instead of treatment, this bio-artificial organ would act as an effective cure. It may also be possible to use other more complex life forms in such processes. In fact, there already are some efforts to this end. A study shows that using transgenic plants as bioreactors to produce edible vaccines is entirely possible.
Expression of antigens as vaccines, and of immune modulating antibodies using transgenic plants as bioreactors is a convenient and inexpensive source for production of high-interest immunotherapeutic molecules. Toward development of edible vaccines, transgenes of various antigens and antibodies have been expressed successfully in plants, and have been shown to retain their native functionalities. Antigens from several human and veterinary pathogens have been expressed in transgenic plants, including Norwalk virus, rabies, HIV, measles, hepatitis B, anthrax, infectious bursal disease virus, avian reovirus and avian influenza virus.
In another study, zebrafish eggs were used as bioreactors to produce mature tilapia insulin-like growth factors proteins using the chimeric expression plasmids. Multiple advantages-including the short generation time, large numbers of fertilized eggs, low cost of cultivation and easy maintenance favor the use of fish as bioreactors for the production of pharmaceutical proteins. These results demonstrate that the use of zebrafish eggs as bioreactors is a promising approach for the production of biological recombinant proteins.
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Sterilizable chemostat




Autoclavable lab-grade bioreactor
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Synthetic insulin ready to be medicated
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