Kapitola 8. EXPERIMENTALNE METÓDY

GRAM - NEGATÍVNE A POZITÍVNE MIKROORGANIZMY
To determine if a bacteria is gram-positive or gram-negative a microbiologist will perform a special type of staining technique, called a Gram Stain. The name comes from its discoverer and inventor, Han Christian Gram (Gram, 1884). This stain will either stain the cells purple (for positive) or pink (for negative).
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Obr. 1 Gramov test.

Gram-Postive
Gram-positive bacteria have a very thick cell wall made of a protein called peptidoglycan. These bacteria retain the crystal violet dye (one of the 2 main chemicals used for gram staining). Whereas, gram-negative bacteria have a very thin peptidoglycan layer that is sandwiched between an inner cell membrane and a bacterial outer membrane.														
Gram-Negative
Gram-negative bacteria do not retain the crystal violet stain because of its physical makeup and will stain pink. Thus, why they are called gram-negative. You also need a microscope to see this stain coloring. The microbes are still very tiny and are usually placed on a slide prior to staining.
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Obr.2 Stena G+ a G- baktérií. Peptidoglykan (PG, murein) je základný polymér steny baktérií. Tvorí 30 % steny G+ a 10 % G− baktérií (nemajú ho Archea a mykoplasmy). Inak sa nikde v prírode nevyskytuje. 

Are they good or bad?

Usually, Gram-positive bacteria are the helpful, probiotic bacteria we hear about in the news, like LAB. They are the happy ones that live in our gut and help us digests food (Behnes, et al; 2013). 

Usually  Gram-negative bacteria, by coincidence, are usually thought of as the nasty bugs that can make us sick and can be harmful. For example, several species of Escherichia coli (E. coli), are common causes of food-borne disease. Another example is Vibrio cholera, the bacteria responsible for cholera, is a waterborne pathogen (National Institute of Allergy and Infectious Diseases, 2012).

However, this is just a generality and cannot be assumed that all gram-negative bacteria are harmful!!!

Gram-positive bacteria can also be pathogenic. Clostridium botulinum, the bacterium responsible for producing neurotoxins that can kill in hours is a gram-positive bacterium.
TECHNIQUE OF PERFORMING A GIVEN EXPERIMENT
In vitro
(Latin: (with) in the glass) refers to the technique of performing a given experiment in a test tube, or, generally, in a controlled environment outside a living organism. In vitro fertilization is a well-known example of this. Many experiments in cellular biology are conducted outside of organisms or cells; because the test conditions may not correspond to the conditions inside of the organism, this may result in inaccurate results. Consequently, such experimental results are often annotated with in vitro, in contradistinction with in vivo.

In vivo
In vivo (Latin for "within the living") refers to experimentation using a whole, living organism as opposed to a partial or dead organism, or an in vitro controlled environment. Animal testing and clinical trials are two forms of in vivo research. In vivo testing is often employed over in vitro because it is better suited for observing the overall effects of an experiment on a living subject.
In molecular biology in vivo is often used to refer to experimentation done in live isolated cells rather than in a whole organism, for example, cultured cells derived from biopsies. In this situation, the more specific term is ex vivo. Once cells are disrupted and individual parts are tested or analyzed, this is known as in vitro.

In situ
(lat.) je na mieste, na tvári miesta. Väčšinou sa vo vede myslí pod pojmom in situ, že sa skúmaný predmet vyskytuje na svojom pôvodnom mieste, napr. rastlina na mieste kde prirodzene rastie, alebo v prípade hornín, že ležia na mieste svojho vzniku v odkryve, nie suti.

BACTERIA LYOPHILIZATION
(https://opsdiagnostics.com/notes/ranpri/bacteria_lyophilization_overview.htm)
Freeze drying bacteria (lyophilization) is a very well established method for the archiving and long-term storage. Initial reports of freeze drying bacteria can be found in the middle of last century. 

The approaches used vary widely, but they all following the standard process associated with lyophilization, namely:
- the freezing of the sample, 
- application of a high vacuum, 
- warming of the sample while under vacuum which causes water sublimation, 
- driving off excess water through a drying phase, 
- finally sealing of the sample to prevent water uptake. 

This general process is used to preserve bacteria, fungi, yeasts, proteins, nucleic acids, and any other molecules which may be degraded due to the presence of water.

Selecting a Freeze Drying Medium
Preserving bacteria by lyophilization requires that the bacteria are suspended in a medium that helps to maintain their viability through freezing, water removal, and subsequent storage.  The ideal solution will have a component that helps to form a solid "cake" which gives body to the bacterial suspension once freeze dried.  Common ingredients for this include mannitol, skim milk and bovine serum albumin (BSA).  A second component of a good medium is a lyoprotectant which will help to preserve the structure of biomolecules throughout the lyophilization process.  The classic lyoprotectant used with bacteria is sucrose, which is a glucose linked to fructose via its C1 (anomeric) carbon.  A similar molecule, trehalose (glucose linked C1 to C1 with another glucose) is very popular for freeze drying proteins, but can be less effective for preserving bacteria.   Salts are one component which should not be used in freeze drying media as the salts will concentrate during water sublimation which can destroy cells via severe localized dehydration.

Several basic freeze drying solutions are commonly used to produce good results.  Skim milk at a concentration of 20% is a very traditional medium, but viability after processing may decrease up to 90% or more (depending upon the strain).  However, if the sample originally contained upwards of 109 cells then plenty of viable cells remain.  Alternatively, a solution of 5-10% sucrose is a traditional freeze drying medium.  Cake formation with sucrose is not as good as solutions containing BSA or mannitol, but the lyoprotecting property of the sugar yields good viability.  Several solutions are suggested by the American Type Culture Collection (ATCC).  They have published several recipes for freeze drying solutions, such as Reagent 18, which combines sucrose and BSA that together generate samples that freeze dry well and are effectively preserved.  The Microbial Freeze Drying Buffer formulated by OPS Diagnostics is built off the Reagent 18 formulation, but substitutes plant protein for BSA.

Preparation of the Bacteria
Freeze drying is best performed on healthy, actively growing cells which are collected and suspended in freeze drying medium.  Cells are usually cultured in liquid medium, and then collected by centrifugation.  Alternatively, cells can be washed off a recently streaked agar plate.  In either case, it is best to suspend and freeze dry at high cell densities, around 109/ml, as many strains may experience significant drop in viability immediately as a result of the freeze drying.  Using higher cell concentrations ensures that the culture will retain at least some viable cells after prolonged storage.  It is also possible to simply inoculate cultures into a freeze drying medium and lyophilize at very low cell densities, however the long-term survival of such preparations should be carefully scrutinized.

Freeze drying of bacteria should be done in glass vials or ampoules.  Plastic should never be used as water can actually diffuse across many plastics over time.  The type of glass vessel used may be dependent upon the configuration of the freeze dryer as well.  A basic freeze drying apparatus may simply be a high efficiency vacuum pump connected to a cold moisture trap which in turn is attached directly to the sample.  In such cases, long neck, heat sealable ampoules should be used.  Dried bacteria are sealed under vacuum in the ampoules with a propane or acetylene flame.  Flame sealing is labor intensive, but the most secure method of preserving the samples.  If the freeze dryer has a drying chamber, such as with shelf dryers, then samples can be lyophilized in serum vials and sealed with rubber stoppers (called bungs).  These stoppers often have a notched, or split, base that is inserted in the vial opening which allows water to escape during drying.  Shelf freeze dryers are often equipped with a stoppering mechanism that pushes stoppers into the vials effectively sealing the vial while under vacuum.  
Curators of culture collections may use glass tubes instead of vials or ampoules.  Many elaborate (but useful) configurations are used to preserve culture collections, including sealed tubes placed in large tubes containing labels and desiccant, which in turn are flame sealed closed.  These techniques are not discussed here, instead the reader should consult such manuals as the ATCC Freeze Drying guide.

Whether ampoules or vials are used, these should be filled to no more than 1/3 volume.  Smaller volumes are permissible and speed the freeze drying process, thus dispensing 250 μl of cell suspension into a 3 ml vial creates a high surface area as compared to the volume, which will allow for faster freeze drying processing.  Once ampoules are filled, sterile cotton or glass wool is inserted into the neck of the ampoule to prevent contamination of the sample.  With vials, bungs are inserted and the samples are ready for processing.

Freeze Drying Process
A basic freeze drying process can be divided into three stages: freezing, primary drying, and secondary drying.  There can be many complicated variations on this basic process, but most bacteria will freeze dry well using a simple process.  

 Freezing 
The act of freezing bacteria prior to applying a vacuum to sublime water can be as easy as dipping a prepared ampoule into a dry ice/ethanol bath.  Rapid freezing works well for preserving cell viability, however it makes the removal of water more difficult.  When the frozen culture is placed under a vacuum, water jumps from the ice and into the headspace over the sample.  Obviously the surface of the culture loses water first followed by water in the center of the sample.  For water to sublime from the interior of the sample, small pores or channels must form so it can escape.  Rapid freezing (with dry ice baths or even liquid nitrogen) tends to create a solid block where channel formation is minimized.  Consequently rapidly frozen samples require greater drying times.

Samples can be frozen more slowly by placing a rack of vials/ampoules in a ultralow freezer and allowing the culture to cool more slowly.  Shelf dryers often have programmable temperature control that can be used to freeze cultures slowly as well.  A slower rate of cooling results in larger ice crystal formation in the sample, which essentially creates the channels for water escape.

Though different strains of bacteria may behave differently, dropping the temperature of prepared cells from ambient to -40°C over 30-60 minutes will typically be effective.  However, before committing to freeze drying large numbers of samples, test the freezing step first.

Primary Drying
Once the bacterial samples are frozen, the vacuum can be applied.  Only high efficiency vacuums, i.e., pumps that can reduce the pressure to under 200 mtorr, will freeze dry samples effectively.  The key to primary drying is to raise the temperature of the sample so it is higher than the temperature of the cold trap.  In basic systems, the cold trap is often a flask which is immersed in a dry ice ethanol bath.  Ampoules connected to basic systems are initially cold (-70°C which is the temperature of the dry ice batch) but warm as they absorb ambient heat.  

The heat creates sufficient molecular motion to allow water molecules to sublime, i.e., go from solid ice to gas, as long as a vacuum is present.  With high efficiency vacuums, the trick is to remove water faster than the sample absorbs heat.  The sublimation of the water thus keeps the bacterial solution frozen.  If the sample increases in temperature too rapidly, the solution will melt which negates the value of freeze drying.

Shelf freeze dryers have a refrigerated condenser which serves as a cold trap.  The condenser is also used to control the temperature of the shelf.  For primary drying, the shelf temperature is raised so that the water in the sample sublimes, but melting doesn't occur.  In this arrangement, a condenser may hold a temperature at -50°C while the shelf temperature is raised to -10°C.  It is important that water moves from the warmer location (sample) to the colder location (condenser) without the sample melting.

The use of matrix forming agents, such as BSA or mannitol, is very useful for helping to form a frozen sample that maintains its shape as water is removed.  Without the additives, the sample would collapse.  Additionally, the use of small volumes also benefits this primary drying stage in that water is more rapidly removed from small samples with large surfaces areas, such as with 0.5 ml in a 3 ml vial.

Primary drying can take anywhere from 3-4 hours for a small sample to overnight for a fully loaded shelf freeze dryer.  The length of time required should be determined empirically.

Secondary Drying
Drying of bacterial cultures is performed in two stages.  Primary drying, described above, removes readily available frozen water.  Secondary drying forces out residual water by increasing the temperature of the sample.  In shelf dryers, the samples can be increased to 20°C for several hours prior to stoppering.  It is important not to over dry the bacteria as this can be detrimental.  The use of higher temperatures is also not recommended for the same reason. Freeze drying with a basic system does not allow a separation between primary and secondary drying.  As the frozen water is driven off from the sample, its temperature will rise to match that of ambient.  This period of ambient drying will serve as a secondary drying phase. Following secondary drying, both vials and ampoules must be sealed.  For shelf dryers with a stoppering mechanism, press the stoppers into the vials while under full vacuum.  With ampoules, an acetylene or propane torch is used to heat the long neck of the ampoule to seal it.  The vacuum will help to pull the glass closed. Label all vials and ampoules with ink that won't rub or wash off.  Be advised that labels can fall off leaving samples questionable. 

Post-Lyophilization Storage
Freeze dried proteins can be stored at relatively warm temperatures as long as no moisture gets to the sample.  This is not true for bacteria.  Holding bacteria at temperatures above 4°C for prolonged periods of time will dramatically decrease the viability of the cells.  Bacteria which would otherwise be stable for years if kept in a refrigerator can die within a week at room temperature.  Consequently, accelerated shelf life studies where the sample is held at 37°C to mimic long term storage conditions will not work with lyophilized bacteria.

For long term storage, keep vials and ampoules at 4°C.  Periodically remove a vial/ampoule and assess the number of viable cells remaining.  Rates of decay should be measured which will help to determine when the sample needs to be resuscitated and subsequently freeze dried. 

For the most part, freeze dried bacteria should be viable for several years.

https://en.wikipedia.org/wiki/Supercooling

Supercooling, also known as undercooling, is the process of lowering the temperature of a liquid or a gas below its freezing point without it becoming a solid.

A liquid crossing its standard freezing point will crystalize in the presence of a seed crystal or nucleus around which a crystal structure can form creating a solid. Lacking any such nuclei, the liquid phase can be maintained all the way down to the temperature at which crystal homogeneous nucleation occurs. Homogeneous nucleation can occur above the glass transition temperature, but if homogeneous nucleation has not occurred above that temperature, an amorphous (non-crystalline) solid will form. 

Water normally freezes at 273.15 K (0 °C or 32 °F), but it can be "supercooled" at standard pressure down to its crystal homogeneous nucleation at almost 224.8 K (−48.3 °C/−55 °F).

The process of supercooling requires that water be pure and free of nucleation sites, which can be achieved by processes like reverse osmosis or chemical demineralization, but the cooling itself does not require any specialised technique. If water is cooled at a rate on the order of 106 K/s, the crystal nucleation can be avoided and water becomes a glass—that is, an amorphous (non-crystalline) solid.

Its glass transition temperature is much colder and harder to determine, but studies estimate it at about 136 K (−137 °C/−215 °F).[4] Glassy water can be heated up to approximately 150 K (−123 °C/−189.4 °F) without nucleation occurring.[3] In the range of temperatures between 231 K (−42 °C/−43.6 °F) and 150 K (−123 °C/−189.4 °F), experiments find only crystal ice. 

In animals
In order to survive extreme low temperatures in certain environments, some animals use the phenomenon of supercooling that allow them to remain unfrozen and avoid cell damage and death. There are many techniques that aid in maintaining a liquid state, such as the production of antifreeze proteins, or AFPs, which bind to ice crystals to prevent water molecules from binding and spreading the growth of ice. The winter flounder is one such fish that utilizes these proteins to survive in its frigid environment. Noncolligative proteins are secreted by the liver into the bloodstream. Other animals use colligative antifreezes, which increases the concentration of solutes in their bodily fluids, thus lowering their freezing point. Fish that rely on supercooling for survival must also live well below the water surface, because if they came into contact with ice nuclei they would freeze immediately. Animals that undergo supercooling to survive must also remove ice-nucleating agents from their bodies because they act as a starting point for freezing. Supercooling is also common in insects, reptiles, and other ectotherms, with insects being able to survive in the coldest environments out of any supercooling animals.




https://en.wikipedia.org/wiki/Antifreeze_protein
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Obr. 3 Insect antifreeze protein.

Antifreeze proteins (AFPs) or ice structuring proteins (ISPs) refer to a class of polypeptides produced by certain animals, plants, fungi and bacteria that permit their survival in subzero environments. AFPs bind to small ice crystals to inhibit growth and recrystallization of ice that would otherwise be fatal. There is also increasing evidence that AFPs interact with mammalian cell membranes to protect them from cold damage. This work suggests the involvement of AFPs in cold acclimatization.

In plants
As demonstrated by animals, plants can also survive extreme cold conditions brought forth during the winter months. Many plant species located in northern climates can acclimate under these cold conditions by supercooling, thus these plants survive temperatures up to −40 °C. Although this supercooling phenomenon is poorly understood, it has been recognized through infrared thermography. Ice nucleation occurs in certain plant organs and tissues, debatably beginning in the xylem tissue and spreading throughout the rest of the plant. Infrared thermography allows for droplets of water to be visualized as they crystalize in extracellular spaces. 

Supercooling inhibits the formation of ice within the tissue by ice nucleation and allows the cells to maintain water in a liquid state and further allows the water within the cell to stay separate from extracellular ice. Cellular barriers such as lignin, suberin and the cuticle inhibit ice nucleators and force water into the supercooled tissue. The xylem and primary tissue of plants are very susceptible to cold temperatures because of the large proportion of water in the cell. Many boreal hardwood species in northern climates have the ability to prevent ice spreading into the shoots allowing the plant to tolerate the cold. Supercooling has been identified in the evergreen shrubs Rhododendron ferrugineum and Vaccinium vitis-idaea as well as Abies, Picea and Larix species. Freezing outside of the cell and within the cell wall does not affect the survival of the plant. However, the extracellular ice may lead to plant dehydration. 





AGAR

Agar or agar-agar is a jelly-like substance, obtained from algae. It was discovered in the late 1650s or early 1660s by Mino Tarōzaemon in Japan, where it is called kanten.	
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Obr. 4 Culinary usage: Mizu yōkan - a popular Japanese red bean jelly made from agar.

Agar is derived from the polysaccharide agarose, which forms the supporting structure in the cell walls of certain species of algae, and which is released on boiling. These algae are known as agarophytes and belong to the Rhodophyta (red algae) phylum. 

Agar is actually the resulting mixture of two components: 
1. linear polysaccharide agarose
			[image: https://upload.wikimedia.org/wikipedia/commons/thumb/f/f9/Cellulose-Ibeta-from-xtal-2002-3D-balls.png/1920px-Cellulose-Ibeta-from-xtal-2002-3D-balls.png]
Obr. 5 Polysacharid, 3D structure of cellulose, a beta-glucan polysaccharide.

Polysaccharides are polymeric carbohydrate molecules composed of long chains of monosaccharide units bound together by glycosidic linkages and on hydrolysis give the constituent monosaccharides or oligosaccharides.

An agarose is a polysaccharide polymer material, generally extracted from seaweed.

Seaweed (morské riast) refers to several species of macroscopic, multicellular, marine algae. The term includes some types of:
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       a)                                             b)
[image: Stigeoclonium, a chlorophyte green alga genus][image: https://upload.wikimedia.org/wikipedia/commons/7/78/Intertidal_greenalgae.jpg]
c)
Obr. 6 Morské riasy. a) red algae, b) brown algae, c) green algae

2. heterogeneous mixture of smaller molecules called agaropectin
Agaropektín je jednou z dvoch hlavných zložiek agaru a pozostáva hlavne z kyseliny D-glukurónovej a kyseliny pyruvovej.

Throughout history into modern times, agar has been chiefly used as an ingredient in desserts throughout Asia and also as a solid substrate to contain culture media for microbiological work. Agar can be used as a laxative, an appetite suppressant, a vegetarian substitute for gelatin, a thickener for soups, in fruit preserves, ice cream, and other desserts, as a clarifying agent in brewing, and for sizing paper and fabrics.

The gelling agent in agar is an unbranched polysaccharide obtained from the cell walls of some species of red algae, primarily from the genera Gelidium and Gracilaria. For commercial purposes, it is derived primarily from Gelidium amansii. In chemical terms, agar is a polymer made up of subunits of the sugar galactose.

Agar exhibits hysteresis, melting at 85 °C (358 K, 185 °F) and solidifying from 32–40 °C (305–313 K, 90–104 °F).[15] This property lends a suitable balance between easy melting and good gel stability at relatively high temperatures. Since many scientific applications require incubation at temperatures close to human body temperature (37 °C), agar is more appropriate than other solidifying agents that melt at this temperature, such as gelatin.
Culinary
Agar-agar is a natural vegetable gelatin counterpart. White and semi-translucent, it is sold in packages as washed and dried strips or in powdered form. It can be used to make jellies, puddings, and custards.

Microbiology
An agar plate or Petri dish is used to provide a growth medium using a mix of agar and other nutrients in which microorganisms, including bacteria and fungi, can be cultured and observed under the microscope.

Agar plate
An agar plate is a Petri dish that contains a growth medium (typically agar plus nutrients) used to culture microorganisms or small plants like the moss Physcomitrella patens.
Selective growth compounds may also be added to the media, such as antibiotics.
Individual microorganisms placed on the plate will grow into individual colonies, each a clone genetically identical to the individual ancestor organism (except for the low, unavoidable rate of mutation).
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Obr. 7 An agar culture of E. coli colonies

Some commonly used agar plate types are:
Blood agar plates (BAPs) contain mammalian blood (usually sheep or horse), typically at a concentration of 5–10%.

Chocolate agar (CHOC) or chocolate blood agar (CBA) – is a non-selective, enriched growth medium used for isolation of pathogenic bacteria. Chocolate agar is used for growing fastidious respiratory bacteria, such as Haemophilus influenzae and Neisseria meningitidis. The agar is named for the color and contains no actual chocolate.

[image: https://upload.wikimedia.org/wikipedia/commons/3/38/Chocolate_agar_1.jpg]
Obr. 8 Chocolate agar showing Francisella tularensis colonies. Tularémia je infekčné ochorenie, prenášačom je predovšetkým kliešť, ktorý môže byť zároveň aj rezervoárom francisel. Príležitostným vektorom prenosu však môžu byť aj vši, komáre, blchy, ovady a muchy.  Tularémia patrí medzi ochorenia s rozmanitými prejavmi. Príznaky ochorenia u človeka závisia od miesta vstupu infekcie do organizmu. U všetkých foriem ochorenia sú rovnaké celkové príznaky. Náhly začiatok, prudký vzostup horúčky, bolesti v krížoch a vo svaloch končatín.

General bacterial media sú napr.:
Granada medium is used to isolate and differentiate Group B streptococcus (GBS), Streptococcus agalactiae from clinical samples. GBS grows in granada medium as red colonies and most of accompanying bacteria are inhibited.

Hektoen enteric agar (HEA) is designed to isolate and recover fecal bacteria belonging to the Enterobacteriaceae family. It is particularly useful in isolating Salmonella and Shigella.

Fungal (huby) media sú napr.:
Sabouraud agar is used to culture fungi and has a low pH that inhibits the growth of most bacteria; it also contains the antibiotic gentamicin to specifically inhibit the growth of Gram-negative bacteria.

Potato dextrose agar (PDA) is used to culture certain types of fungi.
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Obr. 9 Bottom view of a Sabouraud agar plate with a colony of Trichophyton rubrum var. rodhaini
Moss media
Knop agar is used to culture axenically protonema and whole moss plants, e.g., those of Physcomitrella patens, a model organism.

GROWTH MEDIUM
A growth medium or culture medium is a solid or liquid designed to support the growth of microorganisms or cells, or small plants.

There are two major types of growth media: 
- for cell culture, which use specific cell types derived from plants or animals 
- for microbiological culture, which are used for growing microorganisms, such as bacteria or fungi. 

The most common growth media for microorganisms are nutrient broths and agar plates.
- Specialized media are sometimes required for microorganism and cell culture growth.
- Some organisms, termed fastidious organisms, require specialized environments due to complex nutritional requirements. 

Viruses, for example, are obligate intracellular parasites and require a growth medium containing living cells.
	
[image: https://upload.wikimedia.org/wikipedia/commons/9/93/Agar_plate_with_colonies.jpg]
Obr. 10 An agar plate – an example of a bacterial growth medium. Specifically, it is a streak plate; the orange lines and dots are formed by bacterial colonies.

nutrient broths (liquid nutrient medium) or LB medium (lysogeny broth).
The most common growth media for microorganisms are nutrient broths (liquid nutrient medium) or LB medium (lysogeny broth).

Liquid media are often mixed with agar and poured via sterile media dispenser into Petri dishes to solidify.

These agar plates provide a solid medium on which microbes may be cultured. They remain solid, as very few bacteria are able to decompose agar. Bacteria grown in liquid cultures often form colloidal suspensions.
The difference between growth media used for cell culture and those used for microbiological culture is that cells derived from whole organisms and grown in culture often cannot grow without the addition of, for instance, hormones or growth factors which usually occur in vivo.[6] In the case of animal cells, this difficulty is often addressed by the addition of blood serum or a synthetic serum replacement to the medium. In the case of microorganisms, there are no such limitations, as they are often unicellular organisms. Bacteria such as Escherichia coli may be grown on solid media or in liquid media.	

An important distinction between growth media types is that of defined versus undefined media.

A defined medium will have known quantities of all ingredients. For microorganisms, they consist of providing trace elements and vitamins required by the microbe and especially a defined carbon source and nitrogen source. Glucose or glycerol are often used as carbon sources, and ammonium salts or nitrates as inorganic nitrogen sources.

A defined medium (also known as chemically defined medium or synthetic medium) is a medium in which
- all the chemicals used are known
- no yeast, animal or plant tissue is present

An undefined medium has some complex ingredients, such as yeast extract or casein hydrolysate, which consist of a mixture of many, many chemical species in unknown proportions. Undefined media are sometimes chosen based on price and sometimes by necessity – some microorganisms have never been cultured on defined media.

An undefined medium (also known as a basal or complex medium) is a medium that contains:
- a carbon source such as glucose for bacterial growth
- water
- various salts needed for bacterial growth
- a source of amino acids and nitrogen (e.g., beef, yeast extract) 

This is an undefined medium because the amino acid source contains a variety of compounds with the exact composition being unknown.

Nutrient media contain all the elements that most bacteria need for growth and are non-selective, so they are used for the general cultivation and maintenance of bacteria kept in laboratory culture collections.
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Obr. 11 Physcomitrella patens plants growing axenically on agar plates (Petri dish, 9 cm diameter).  Axenically - In biology, axenic describes the state of a culture in which only a single species, variety, or strain of organism is present and entirely free of all other contaminating organisms. Physcomitrella patens, the spreading earthmoss, is a moss (bryophyte) used as a model organism for studies on plant evolution, development and physiology.
Some examples of nutrient media include:
Plate count agar
Plate Count Agar (PCA), also called Standard Methods Agar (SMA), is a microbiological growth medium commonly used to assess or to monitor "total" or viable bacterial growth of a sample. PCA is not a selective medium.

The composition of plate count agar may vary, but typically it contains (w/v): 

0.5% peptone Peptóny obsahujú bielkoviny proteázy, ktoré nie sú kompletne trávené produkovať zbierka deriváty aminokyselín a peptidov. Peptón je organická zlúčenina.
0.25% yeast extract
0.1% glucose
1.5% agar
pH adjusted to neutral at 25 C.

Nutrient agar
Nutrient agar is a general purpose medium supporting growth of a wide range of non-fastidious organisms. It typically contains (mass/volume):

0.5% Peptone - this provides organic nitrogen
0.3% beef extract/yeast extract - the water-soluble content of these contribute vitamins, carbohydrates, nitrogen, and salts
1.5% agar - this gives the mixture solidity
0.5% Sodium Chloride - this gives the mixture proportions similar to those found in the cytoplasm of most organisms
distilled water - water serves as a transport medium for the agar's various substances
pH adjusted to neutral (6.8) at 25 °C.

These ingredients are combined and boiled for approximately one minute to ensure they are mixed and to sterilize them. Then they are cooled to around 50 °C (122 °F) and poured into Petri dishes which are covered immediately. Once the dishes hold solidified agar, they are stored upside down and are often refrigerated until used. Inoculation takes place on warm dishes rather than cool ones: if refrigerated for storage, the dishes must be rewarmed to room temperature prior to inoculation.

Trypticase soy agar
Trypticase™ soy agar or tryptone soya agar (TSA) and Trypticase™ soy broth or tryptone soya broth (TSB) with agar are growth media for the culturing of bacteria. They are general-purpose, nonselective media providing enough nutrients to allow for a wide variety of microorganisms to grow. They are used for a wide range of applications, including culture storage, enumeration (counting), isolation of pure cultures, or simply general culture.

TSA contains enzymatic digests of casein and soybean meal, which provide amino acids and other nitrogenous substances, making it a nutritious medium for a variety of organisms. Glucose is the energy source. Sodium chloride maintains the osmotic equilibrium, while dipotassium phosphate acts as buffer to maintain pH. Agar extracted from any number of organisms is used as a gelling agent.

The medium may be supplemented with blood to facilitate the growth of more fastidious bacteria or antimicrobial agents to permit the selection of various microbial groups from pure microbiota. As with any media, minor changes may be made to suit specific circumstances. TSA is frequently the base medium of other agar plate types. For example, blood agar plates (BAP) are made by enriching TSA plates with defibrinated sheep blood, and chocolate agar is made through additional cooking of BAP. Nutrient agar is also similar to TSA. One liter of the agar contains: 

15 g tryptone
5 g soytone – enzymatic digest of soybean meal
5 g sodium chloride
15 g agar

Trypticase™ is a trademark owned by Becton, Dickinson and Company

Minimal media
Minimal media are those that contain the minimum nutrients possible for colony growth, generally without the presence of amino acids, and are often used by microbiologists and geneticists to grow "wild type" microorganisms. Minimal media can also be used to select for or against recombinants or exconjugants.

Minimal medium typically contains:
- a carbon source for bacterial growth, which may be a sugar such as glucose, or a less energy-rich source like succinate
- various salts, which may vary among bacteria species and growing conditions; these generally provide essential elements such as magnesium, nitrogen, phosphorus, and sulfur to allow the bacteria to synthesize protein and nucleic acid
- water



Selective media
Selective media are used for the growth of only selected microorganisms. For example, if a microorganism is resistant to a certain antibiotic, such as ampicillin or tetracycline, then that antibiotic can be added to the medium in order to prevent other cells, which do not possess the resistance, from growing.

Examples of selective media include:
Eosin methylene blue
Eosin methylene blue (EMB, also known as "Levine's formulation") is a selective stain for Gram-negative bacteria. EMB contains dyes that are toxic for Gram positive bacteria and bile salt which is toxic for Gram negative bacteria other than coliforms

YM (selective medium)
YM Agar and Broth, is a selective growth medium with low pH useful for cultivating yeasts, molds, or other acid-tolerant or acidophilic organisms, while deterring growth of most bacteria and other acid intolerant organisms.

MacConkey agar
MacConkey agar is a selective and differential culture medium for bacteria designed to selectively isolate Gram-negative and enteric (normally found in the intestinal tract) bacilli and differentiate them based on lactose fermentation.

It contains bile salts (to inhibit most Gram-positive bacteria), crystal violet dye (which also inhibits certain Gram-positive bacteria), neutral red dye (which turns pink if the microbes are fermenting lactose).

Composition: 
- Peptone – 17 g
- Proteose peptone – 3 g
- Lactose – 10 g
- Bile salts – 1.5 g
- Sodium chloride – 5 g
- Neutral red – 0.03 g
- Crystal violet – 0.001 g
- Agar – 13.5 g
- Water – add to make 1 litre; adjust pH to 7.1 +/− 0.2
[image: https://upload.wikimedia.org/wikipedia/commons/2/2c/Proteus_McConkey.jpg]
Obr. 12 A MacConkey agar plate with an active bacterial culture.

Differential media
Differential media or indicator media distinguish one microorganism type from another growing on the same media. This type of media uses the biochemical characteristics of a microorganism growing in the presence of specific nutrients or indicators (such as neutral red, phenol red, eosin y, or methylene blue) added to the medium to visibly indicate the defining characteristics of a microorganism. This type of media is used for the detection of microorganisms and by molecular biologists to detect recombinant strains of bacteria.

Examples of differential media include:
- Blood agar (used in strep tests), which contains bovine heart blood that becomes transparent in the presence of hemolytic Streptococcus
- Eosin methylene blue (EMB), which is differential for lactose fermentation 
- Granada medium (EMB), which is selective and differential for Streptococcus agalactiae (Group B streptococcus, GBS). GBS grows as distinctive red colonies in this medium
	
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/5/56/Agarplate_redbloodcells_edit.jpg/1920px-Agarplate_redbloodcells_edit.jpg]
Obr. 13 Blood agar plates are often used to diagnose infection. On the right is a positive Streptococcus culture; on the left a positive Staphylococcus culture.

Transport media	
Transport media should fulfill the following criteria:
- temporary storage of specimens being transported to the laboratory for cultivation
- maintain the viability of all organisms in the specimen without altering their concentration
- contain only buffers and salt
- lack of carbon, nitrogen, and organic growth factors so as to prevent microbial multiplicatio
- transport media used in the isolation of anaerobes must be free of molecular oxygen	

Enriched media
Enriched media contain the nutrients required to support the growth of a wide variety of organisms, including some of the more fastidious ones. They are commonly used to harvest as many different types of microbes as are present in the specimen.

MEDIUM AND CONDITIONS FOR ALGAL CULTIVATION
(dialógy z fóra)
OTÁZKA: According to your experience, is BBM a good culture medium to cover the growth of different algal species? And what about a temperature of 25°C and a light intensity of 120 μE m−2 s−1 with 18:4 as photoperiod? Is there any difference in bubbling or shaking the cultures? And, last question, do you expect any differences in using glass Erlenmeyer flasks or plastic cell culture flasks?

I am now cultivating algae in BG11 using plastic flasks, a temperature of around 28°C with continuous light at 70 μE m−2 s−1 and shaking at 150-160 rpm. But I observed microscopically that most of the strains look stressed, damaged, and actually they grow slowly. I want to understand which parameter/s is/are not good.

I just want to find good conditions to grow my algae and use them as inoculum for other experiments.

ODPOVEĎ 1: Hello! I think that the culture conditions depend on the type and strain. The articles meet the nutritional environment: BG-11, TAP, TP, M-8 (link to article).  In "M
onitoring of Algal Growth Using their Intrinsic Properties "  says that the growing medium TAP better than nutrient medium BG-11.

In the Soviet Union for almost all strains of the culture medium used Tamiya.

I grow microalgae in a glass cylinder (1 or 2 liters), temperature 28-30 C (optimal), bubbling. The light level depends on what shade-requiring strain or Photophilous. I optimized the composition of the culture medium for my strain

ODPOVEĎ 2: BG 11 and Allen and Nelson are the best medium for cyanophycean culture. We are culturing cyanobacteria in 25-28 oC and 14:10 photoperiod.

ODPOVEĎ 3: In my experience, the conditions you are using were bound to stress the cells out. They are not bad, and It also depends on what you need to do with the cultures. 
Since you want to grow them all under the same conditions, I assume they were collected from the same environment. If you got them from a culture collection, I would suggest you 'd check on their website for specific culture conditions.
Keeping in mind the growth rate of each algal species... Generally, I' d suggest some trial and errors, with the help of advise from websites as this: 
http://www.growing-algae.com/algae-growing-conditions.html
http://www.fao.org/docrep/003/w3732e/w3732e06.htm
http://link.springer.com/article/10.1023%2FA%3A1003725626504
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=4800&context=etd&sei-redir=1&referer=http%3A%2F%2Fcse.google.com%2Fcse%3Fcx%3Dpartner-pub-2698861478625135%3A7463904445%26ie%3DUTF-8%26q%3DBBM#search=%22BBM%22

I haven't observed any special differences in using glass or plastic flasks, as long as mixing and aeration are provided where needed.
Good luck!


OTÁZKA: All my strains are green algae isolated from freshwater samples. They are not from collections, that's why for some of them I do not know the best growing conditions. 

ODPOVEĎ 1: eah, it may feel complicated to get the right conditions at first, but give it some time and do some trial and errors in a few flasks. Start with small volumes, check the advise in the websites above an you'll do just fine!

Ok, in my opinion, if you just want to sustain the cultures, then I think the temperature you are using is high and the light/dark cycle needs to tip over to the dark side a bit more. You could try lowering the intensity a bit also. But if you want high growth rates, then you need long light cycle, and to make sure the algae are fed well, they are re-cultured often and are not infected. But still, it might be best to lower the temperature (to 16-20 C even, since they are environmental samples). Generally gently mixing is needed in each case.

A good starting point would be to use the conditions the algae favor the most in their natural environment. If you have identified the genera, then check in other, similar publications for their approach.

ODPOVEĎ 2:  Yes, the natural conditions - it is a good starting point for research.
Important geographical location selection algae and a month when you allocate these algae from samples.

You can use a variety of mathematical models in the study helps me a lot the use of mathematical models. (eg, Jorgensen (1985), "Lake managment" chapter 3)

ODPOVEĎ 3: The native conditions are essential to achieve an acceptable growth in the laboratory. In my experience, I think the photoperiod you're applying may be affecting the growth of these microalgae, and according to its native conditions, it could require higher nitrogen and/or phosphorus concentration to handle that kind of light intensity and photoperiod. Also, personally I prefer pneumatically agitation (bubble) instead of mechanical shakeing, since CO2 diffusion is favored in your culture. In my profile you can download two items that can help you with your experiment. 

ODPOVEĎ 3: All strains have their own optimal conditions. You can determine what they are by monitoring growth rates in semi-continuous cultures (nutrient-replete, diluted frequently so that nutrient and light availability don't change - see MacIntyre & Cullen, 2005) in a matrix of irradiance x temperature.

I'd recommend dropping the temperature considerably unless your cultures were isolated from high-temperature waters. Values for temperature optima vary by latitude in marine species (Thomas et al., 2012) and probably do in freshwater species as well. If your isolates are from Sweden, 15-20 °C would probably be a good starting point.

A survey of growth responses of (mostly marine) species, showed that the saturation intensity for most species at 18-20 °C (12:12 L:D) was 50 - 200 µmol photons m^-2 s^-1 (MacIntyre et al., 2002), so 120 should be fine. (The growth rate is 63% of the light-saturated rate at KE, the saturating intensity.)

Plastic cell culture flasks should be fine if they are aged to leach out volatile plasticizers before use. Soak them in a detergent such as Micro90 and/or dilute HCl for several days before rinsing and sterilizing them. However, the medium may need to be amended with Se (Price et al., 1987). It used to be a constituent of Pyrex glass and enough leached out during autoclaving to satisfy the cells'  need when most media recipes were being developed. Se is required for spindle formation during division, so Se-starved cells will often arrest pre-division.

Some taxa are sensitive to high shear stress, so you can probably provide CO2 more effectively by bubbling. If biomass is low, so demand is low, the enhanced diffusion with gently shaking may be enough. If you bubble with air, it's probably a good idea to run it through an activated charcoal filter to remove organics before introducing it to the culture.
ODPOVEĎ 4: my first doubt: why that light cycle which does not dd up to 24 hours? would this be 18:6? In any case, some dark hours might be a good idea to build up some CO2.  The suggstion on temperature and light (Hugh's answer) sounds good. However, I would use air bubbling rather than shaking, It mighthelp with CO2, at least inpart, but it would certainly help in getting rid of all that pesky  oxygen which builds up in algal cultures, poisoning Rubisco and thus upsetting the CO2 uptake mechanism. You don't say, but after a fewhours you probably have high pH values and high O2, ideal situation for your caboxylase to act as oxydase (in other words, ideal situation for photorespiration, which would justify the apperance of your culltures).

Try air bubblig, and if you want to boost growth, try adding some CO2.

By the way, Plastic, as long as pretreated (again, Hugh's answer) is fine. is it clear plastic or ooured. if so, which colour? did you check light transmission?) I have ha fairly good reults with several colours, but one never knows: We shall be here for any additional doubt or question.
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Obr. 14 Príklady roztokov pre kultiváciu rias.

TAP roztok
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Obr. 15 Príprava TAP roztoku.













ZLOŽKY MÉDIÍ PRE PRIEMYSELNÚ KULTIVÁCIU
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ZDROJ UHLÍKA
Uhľovodíky
Monosacharidy
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Disacharidy
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Polysacharidy
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VIDEO O VYROBE ETANOLU Z CELULOZY
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AUTOLÝZA
https://beliana.sav.sk/heslo/autolyza

autolýza [gr.], autolysis — prirodzený proces odumierania buniek (ich rozklad) vyvolaný aktivitou vlastných enzýmov (najmä tráviacich štiav), ktoré porušujú štruktúru bunkovej steny; posmrtné samonatrávenie buniek, pletív a tkanív.

Oslabenie bunkovej steny v osmoticky nestabilizovanom prostredí má za následok vstup vody dovnútra bunky a jej následný rozklad. Autolýza prebieha po vyčerpaní živín, bunky sa prestanú rozmnožovať a v kultivačnom médiu sa hromadia toxické metabolity. Autolýzu buniek možno indukovať mechanicky (osmotický šok, opätovné rozmrazovanie a zmrazovanie, ultrazvuk, vysoký tlak), chemicky (detergenty, antibiotiká) alebo enzymaticky.

V biotechnologickej praxi sa autolýza využíva najmä pri izolácii vnútrobunkových proteínov. 

V potravinárstve sú procesy autolýzy (prebiehajúce v svalovine zabitého zvieraťa) rozhodujúce pre akosť mäsa (→ zrenie mäsa). Autolýza formálne nadväzuje na posmrtné stuhnutie (rigor mortis), čo sa prejavuje navonok stuhnutím a následným zmäknutím mäsa, ako aj chemickými zmenami, z ktorých sú najnápadnejšie zmeny kyslosti (tvorba kyseliny mliečnej) a trvalá denaturácia proteínov.
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ANORGANICKÉ ZLOŽKY
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Slovo prekurzor (též prekursor) označuje v chemii sloučeninu, která se účastní chemické reakce, kdy vzniká jiná sloučenina. V biochemii se tento termín používá specifičtěji k označení chemické sloučeniny, která předchází jinou sloučeninu na metabolické dráze. 

Enzýmová indukcia je regulovateľná syntéza enzýmov enzymatickej dráhy, ktorá je zahájená v prítomnosti chemickej zlúčeniny - induktora.
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napr. antibiotikum:
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CELL COUNTING - HEMOCYTOMETER PRINCIPLE
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Obr. 16 Hemocytometer.


Preparing Sample 
To obtain an accurate estimate of the cell density of your sample the cells need to be evenly suspended in your culture vessel before you remove an aliquot for counting. The method will vary depending on your culture method. For algae, you might be sampling from a flask or test tube. For cell cultures you probably are sampling from a Petri dish. To resuspend cells in a flask or test tube you can simply swirl the flask or invert the test tube and then quickly remove your aliquot of cells. For a cell culture growing in a Petri dish, you need to resuspend the cells growing on the bottom of the dish by gently using a pipette to remove cells and media from a dish and then gently expelling them back into the dish. This aspiration of the contents of the Petri dish should be completed several times, each time expelling the cells and media while moving the pipette across the bottom of the dish to gently discharge cells growing on the entire surface. After resuspension the aliquot is quickly removed from the vessel before the cells settle to the bottom again. 

For cell culture applications cells are often stained with Trypan Blue so that dead cells can be distinguished from live cells. For example, a 0.5 ml suspension of cells would be removed from the Petri dish and mixed with 0.5 ml Trypan Blue solution in an Eppendorf or small test tube. Trypan Blue is a stain that selectively stains dead cells. For algal cells, Lugol’s solution (KI3) is commonly used to stain an aliquot of cells in a small test tube. The Lugol’s solution will immobilize and kill the algal cells. The amount of stain used to dilute the cell suspension must be measured and recorded so that you can apply it as your dilution factor in the final calculations.

Loading Samples 
The goal when loading your sample of cells is to obtain an even distribution of cells on the hemacytometer slide. In order to achieve this result the slide has to be very clean and you must load your sample quickly and smoothly. It is important to handle the hemacytometer and the cover slip carefully. Never place your fingers on the reflective surface of the slide. 
	
- Always clean the slide before you load the sample by rinsing the slide and cover slip with 
70-95% ethanol. Air dry or gently wipe the slide and cover slip with lens paper or 
Kimwipes. Never use paper towels or soaps. 

- Place the clean and dry slide on your work surface and place the coverslip on top to cover 
the reflective surfaces.

- If you have diluted your cells in a test tube, invert the tube several times to resuspend the 
cells.

- Using a micropipette, quickly and smoothly without interruption, add 10 μl of your cell suspension (or 1 drop from a transfer pipette) to the v-shaped groove on each side of the hemacytometer., If the slide is clean, the suspension should move quickly under the cover slip covering the entire reflective surface of the hemacytometer. The suspension should not flow into the channels or gutters along the slides of the reflective surface. If your sample moves into the gutters you may not have loaded the sample in the correct location or you may have used too large of an aliquot. Practice first and make any adjustments that are necessary. If the sample does not flow quickly across the surface the hemacytometer may not be clean or you may not have expelled the solution quickly enough. 
[image: ]
Obr. 17 Loading the cells on the hemacytometer using a micropipette.
http://www.vivo.colostate.edu/hbooks/pathphys/reprod/semeneval/hemacytometer.html

Estimating Cell Density using a Hemacytometer 
You should be able to visualize the grid of the hemacytometer when viewing through a compound microscope. You will need to utilize your good microscope skills taking care to focus well and adjust the iris so that you have good contrast to view the grid. The hemacytometer is much thicker than a normal slide so you need to be careful and note the reduced working distance. It is a good idea to examine a hemacytometer without a sample using the microscope before you begin your counts.

Consistency is important in science. In using a hemacytometer it is important use a consistent counting methods. Different laboratories might use different patterns of counting but you will utilize the method figured below today. You will count all of cells within each of the four large quadrants in the four corners of each counting chamber on the hemacytometer (see Figure 2). Count all of the cells within each quadrant except those on the far right edge and lower bottom edge (see Figure 5 below). If the number of cells is high, you should use a tally counter to keep track of your counts. View the hemacytometer at the highest magnification that allows you to see an entire quadrant and then focus to visualize the cells.
[image: ]
Obr. 18 Cells in one quadrant of the hemacytometer as viewed through a microscope.
http://www.hpacultures.org.uk/technical/ccp/cellcounting.aspx

Estimating Cell Density Activity 
The figure below represents the view of the hemacytometer through a microscope. The circles represent cells that had previously been cultured in a Petri dish. 
A 0.5 ml suspension of cells were removed from the Petri dish and mixed with 0.5 ml Trypan Blue solution. Recall that Trypan Blue is a stain that selectively stains dead cells. The green dots in the figure represent live cells and the blue dots are dead cells that have taken up the Trypan Blue.
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Obr. 19 Cell counting principle.
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https://www.youtube.com/watch?v=pP0xERLUhyc
Counting Cells with a Hemocytometer.avi
	
Hemocytometer - Counting of cells - Amrita University.avi
https://www.youtube.com/watch?v=wPeNK0pRIpA

https://www.youtube.com/watch?v=wF-VVyisbGw
https://www.youtube.com/watch?v=hjf92ZCjRkA
	

Trypan blue is a vital stain used to selectively colour dead tissues or cells blue. It is a diazo dye. Trypan blue is commonly used in microscopy (for cell counting) and in laboratory mice for assessment of tissue viability. The method cannot distinguish between necrotic and apoptotic cells.


[image: C:\Users\FEDO\Documents\001. PEDAGOGIKA\04. BIOREAKTORY\PREDNASKY varianta 2\DSMZ.jpg]
Obr. 20 Rehydratácia sušených mikroorganizmov.



GRAMOVO BARVENÍ
Jedno ze základních barvení v mikrobiologii. Gramovo barvení dalo základ rozdělení bakterií na Gram pozitivní (G+) a Gram negativní (G−). Toto dělení je založeno na různé stavbě bakteriální stěny.

[image: http://www.wikiskripta.eu/images/thumb/c/ce/Gb.png/1280px-Gb.png]
Obr. 21 Gramove farbenie.

Zkoumaný vzorek nebo kulturu bakterií naneseme na podložní sklo a postupně nanášíme barvící roztoky. Každý roztok necháme působit cca 1 minutu. Postup si snadno zapamatujeme podle zkratky VLAS (VLAK):

- krystalová Violeť
- Lugolův roztok
- Alkohol
- opláchnutí vodou
- Safranin nebo Karbolfuchsin

Pozitivita G+
[image: Gram pozitivní.JPG]
Obr. 22 Grampozitivní bakterie mají stěnu tvořenou peptidoglykanem a polysacharidy.

Grampozitivní bakterie mají stěnu tvořenou peptidoglykanem a polysacharidy, kterými prochází kyselina teichoová. Při barvení se krystalová violeť dostává do buněk a tvoří s Luglovým roztokem modrou komplexní barvu. Alkohol není schopný prostoupit buněčnou stěnou a rozpustit komplex. Dobarvení safraninem dodá bakteriím tmavě fialovou barvu. 
G+ koky: Staphylococcus, Streptococcus, Enterococcus;
G+ bacily: Corynebacterium, Clostridium, Listeria, Bacillus.

Negativita G–
[image: Gram negativní.JPG]
Obr. 23 Gramnegativní bakterie mají stěnu tvořenou tenkou vrstvou peptidoglykanu a vrstvou lipopolysacharidu.

Gramnegativní bakterie mají stěnu tvořenou tenkou vrstvou peptidoglykanu a vrstvou lipopolysacharidu. Při stejném postupu dochází ve třetím kroku k vyplavení komplexu alkoholem a k odbarvení. Safranin dobarví bakterie červeně. 

G– koky: Neisseria;
G– kokobacily: Haemophilus influenzae, Bordetella pertussis, Legionella, Brucella, atd.
G– bacily: Klebsiella, E. coli, Enterobacter, Citrobacter, Serratia, Vibrio, Pseudomonas, Proteus, Helicobacter pylori, Yersinia, Campylobacter, Salmonella, Bacillus fragilis, atd.

G labilní a nebarvící se
Některé bakterie, zvláště po dlouhé kultivaci a několikanásobném pasážování, nebo pokud přežijí útok antibiotik proti buněčné stěně (L-formy), se mohou změnit z G+ na G–. 
Bakterie, které obsahují ve své stěně hodně mastných kyselin a vosků (Mycobacterium tuberculosis), se nemusí barvit podle Grama vůbec. 









ROZPUSTNOSŤ PLYNOV VO VODE PRI ATMOSFERICKOM TLAKU
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Obr. 24 Rozpustnosť plynov vo vode.
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Obr. 25 Rozpustnosť CO2 a O2 vo vode pri rôznej teplote.

dCO2 (sensor InPro 5000)

Why measure dissolved carbon dioxide in biotech or pharmaceutical processes?		

The oxidation of carbohydrates to CO2 and water is the basis for aerobic forms of life. Besides pH and dissolved oxygen measurements, reliable monitoring and control of the CO2 partial pressure is important for successful fermentation. 

Mettler-Toledo Ingold’s new CO2 system delivers precise, real-time data thatincreases understanding of critical fermentation and cell culture processes. This information will help our customers gain insight into cellular metabolism and other changes within the bioreactor.
One of the major trends in biotechnology today is the increasing use of mammalian cell lines including human, monkey, mouse and bovine cells. Various types of bioreactors are now being used to cultivate these animal cells. One of the most important requirements for optimal cell growth in a bioreactor is continuous monitoring and control of critical parameters which include O2, pH, CO2 and temperature. 

Reliable measurement of CO2 is essential for successful large-scale operation as the accumulation of CO2 becomes more problematic at high viable cell concentrations.

High CO2 concentrations can inhibit cell growth and product formation in mammalian cells and to alter the glycosylation pattern of recombinant proteins. By maintaining low and constant levels of CO2, the production rate of pharmaceuticals, proteins and antibodies can be significantly increased.

Dissolved Carbon Dioxide Sensors
The InPro 5000 dissolved CO2 sensor utilizes the Severinghaus principle of CO2 measurement which was developed in 1958 for use in blood-gas analysis. The sensing electrode in this principle is an enhanced pH electrode separated from the measurement media by an electrolyte-filled gas permeable membrane. CO2 diffuses through the membrane and into the inner electrolyte where it equilibrates with bicarbonate ions, altering the pH value. The relative change in pH value of the electrolyte is then measured by the enhanced pH electrode and correlated to CO2.	
	
The InPro 5000 series sensor has been optimized for in-situ analysis of dissolved CO2 in fermentation and cell culture processes. This sensor has a high surface finish for ultimate cleanability and can be steam sterilized or autoclaved. The modular membrane allows for maintenance in seconds and its patented construction does not allow interference of volatile acids which are often found in bioprocesses.
The Severinghaus electrode is an electrode that measures carbon dioxide (CO2). It was developed by Dr. John W. Severinghaus and his technician A. Freeman Bradley in 1958.
It utilizes a CO2-sensitive glass electrode in a surrounding film of bicarbonate solution covered by a thin plastic carbon dioxide permeable membrane, but impermeable to water and electrolytic solutes. The carbon dioxide pressure of a sample gas or liquid equilibrates through the membrane and the glass electrode measures the resulting pH of the bicarbonate solution.
pH = - log10[H+]
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Obr. 26. Princíp sondy pre meranie CO2.

Hydrogenuhličitany (HCO3−, někdy taky bikarbonáty) jsou anionty řady solí kyseliny uhličité (H2CO3), vzniklý odštěpením jednoho kyselého vodíku. Odštěpením obou protonů vznikají uhličitany.

Anion má rovinnou strukturu, v jejímž středu je atom uhlíku, atomy kyslíku jsou umístěny v rozích rovnostranného trojúhelníku. Záporný náboj je delokalizován po celé molekule. Je důležitý pro udržení acidobazické rovnováhy a přenos oxidu uhličitého v krvi. 
Kyselina uhličitá (H2CO3) je veľmi slabá anorganická kyselina. Vzniká rozpúšťaním oxidu uhličitého vo vode. Niekedy sa pod kyselinou uhličitou nesprávne označuje aj celý takýto roztok. Čistá kyselina uhličitá v bežných podmienkach nie je známa.

V roztoku oxidu uhličitého vo vode je iba veľmi malé množstvo kyseliny uhličitej (aj to ionizovanej do prvého alebo druhého stupňa), väčšinu molekúl tvorí nezreagovaný oxid uhličitý, ktorý je s kyselinou uhličitou v chemickej rovnováhe:

CO2 + H2O ⇌ H2CO3

Dissolved Carbon Dioxide Transmitter
The new CO2 5100e transmitter works in conjunction with the InPro 5000 series CO2 sensors. The design of this transmitter is based upon Mettler-Toledo Ingold’s very popular x 100e line
of transmitters for pH, dissolved oxygen, and conductivity measurement. The transmitter has an advanced electrical design which isolates the measurement from external noise. A menu
driven user interface makes the software very easy to learn and sensor diagnostics help the user determine when maintenance is required.
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Obr.27 CO2 5100e transmitter.
	
Dissolved Carbon Dioxide Accessories
Maintenance of the CO2 sensor is simple with easily replaced membrane modules and electrolyte. Service of the InPro 5000 sensor can be performed on-site with the replaceable inner sensing body. There is no need to purchase an entire electrode or send the sensor back for service. Simply detach the old electrode and replace with a new one.
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Obr.28 CO2 sensor.













dO2, (InPro 6800)
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Obr. 29 dO2 sensor.
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Obr. 30 dO2 sensor – konštrukcia.

Principle
Here is a short summary of the principle of polarographic measurement on which this sensor is based (Clark 1961).

a) The Clark polarographic sensor basically consist of a working electrode (cathode), a counter/reference electrode (anode), and an oxygen permeable membrane which separates the electrodes from the sample medium.
[image: ] [image: diagram of the Clark oxygen electrode]
Obr. 31 Princíp snímača dO2.

b) The transmitter supplies a constant polarization voltage to the cathode, needed to reduce oxygen.

c) The oxygen molecules which migrate through the permeable membrane are reduced at the cathode. At the same time, oxidation takes place at the anode and oxidized anode metal (silver) is liberated as silver ions into the electrolyte. The electrolyte closes the electric circuit between anode and cathode (ion conductivity).

[image: ]
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d) The current produced by the reactions described above is measured by the transmitter and is proportional to the partial pressure of oxygen (pO2 ) in the sample medium.
[image: ]
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Purpose of calibration
Each oxygen sensor has its own individual slope and own individual zero point. Both values are subject to change, for example, through electrolyte consumption or after exchange of electrolyte or membrane body. To ensure high measurement accuracy of the sensor, a
calibration must be carried out after each change of electrolyte or membrane. Prior to calibration, the sensor has to be polarized for at least 6 hours.

A zero point calibration is only advisable if very high accuracy is required at low oxygen concentrations.

To check if your sensor needs a recalibration, you may dry it and take it in the air to check that the reading is close to 100%. If not, then the sensor needs a new calibration.

What you have to know for calibration

If dissolved oxygen is being measured at low concentrations (<500 ppb) in the presence of
volatile acidic components (e.g. carbon dioxide (CO2) measurements in breweries), the calibration procedure described below should be followed in order to achieve the best measurement performance.

No special calibration procedure is required if dissolved oxygen is being measured in standard applications (e.g. measurement in biotechnology).

[image: ]
Obr. 32
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10 Theory of the polarographic sensor
10.1 Introduction	
Two types of electrodes are employed in analytical work: potentiometric and amperometric electrodes.

– Potentiometric electrodes develop a voltage generated by the activity of a particular ion. Examples of such electrodes are glass electrodes (like pHelectrodes) and most ion elective electrodes. Their individual potentials cannot be determined. The measurable quantity is the difference of potential between the measuring electrode and an inert
reference electrode. The potential of the reference electrode must be constant. All potentiometric electrodes are subject to Nernst’s law and for this reason electrodes and measuring instruments are in most cases interchangeable. An important requirement of potentiometric measurements is the virtually currentless determination of the electrode voltage. During measurement no chemical reaction occurs and the solution remains in equilibrium.

– In the case of amperometric electrodes, such as the oxygen electrode, activity measurement is based on a current measurement.

The oxygen electrode consists of a cathode and an anode conductively connected by an electrolyte.

A suitable polarization voltage between the  anode and the cathode selectively reduces the
oxygen at the cathode.
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These chemical reactions result in an electric current which is proportional to the oxygen partial pressure (pO2). The oxygen electrode consumes oxygen which is continuously extracted from the solution. The viscosity and flow rate of the solution are therefore imortant parameters. 

The electrode current of an oxygen electrode is determined not only by the oxygen partial pressure but by many other electrode parameters. The electrode currents of different electrode types may differ by several powers of ten. For this reason oxygen electrodes and amplifiers cannot be freely interchanged.

10.2 Principle of the design of an oxygen electrode
There are two main types of oxygen electrodes:
– Electrodes without membrane
– Electrodes with gas-permeable membrane
(Clark Principle)

The membrane electrode according to Clark is today most widely used. As compared to the electrode without membrane it possesses the following advantages:
– Oxygen measurement in gases and solutions
– No mutual contamination of electrode and solution
– No or little dependency on flow

In the case of the Clark electrode, geometrical configuration is very important. In particular, the thickness of the electrolyte film between the cathode and the membrane
must be within narrow tolerances so as to ensure good linearity and a low zero current (current in a nitrogen atmosphere). The figure above exemplifies the principle of the design of a Clark-type oxygen electrode.

10.3 Parameters determining current
The quantity of oxygen diffused in and the magnitude of the electrode current are influenced by the following parameters:
– Oxygen partial pressure of the solution
– Membrane material and thickness
– Size of cathode
– Polarization voltage
– Temperature
– Flow conditions in the solution

Fick’s law gives the mathematical relationship between these parameters:
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10.4 Polarization voltage
The voltage between the anode and the cathode is so selected that the oxygen is fully (> A, see polarogram) reduced while other gases are unaffected (< D). The ideal voltage for the Pt/Ag/AgCl system is between –500 and –750 mV.
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Obr. 33

The polarization voltage should remain as constant as possible. Besides a constant source of voltage the following prerequisites must be met:

The electrical resistance of electrolyte film must not exceed a particular value so as to avoid a voltage drop.

The anode must have a large surface so as to prevent polarization of the anode by the electrode current.

10.5 Temperature
The temperature dependence of the current passing through an oxygen electrode when referred to a constant O2 partial pressure is determined mainly by the properties of the gas-permeable membrane.
10.6 Dependence on flow
With most oxygen electrodes the electrode current is smaller in stagnant solutions than in agitated ones.
The consumption of oxygen by the electrode results in extraction of oxygen from the solution in the close vicinity of the cathode outside the membrane. The oxygen is replaced by diffusion. If the electrode current is strong, the solution cannot fully restore the oxygen by diffusion. This results in an electrode current weaker than would correspond to conditions in the solution. In agitated solutions the oxygen is conveyed to the
surface of the membrane not only by diffusion but additionally by the flow (convection). In that case no oxygen impoverishment occurs at the membrane surface.
A high degree of flow dependence occurs mainly with large cathodes, thin and highly  permeable membranes, i.e. where electrode currents are large. The problem of flow dependence is often solved by prescribing a minimum flow rate.

In METTLER TOLEDO InPro 6800 electrodes, the thin PTFE membrane determining the electrode current (i.e. the actual measuring signal) is separated from the sample solution by a relatively thick silicone membrane. This latter is highly permeable to oxygen molecules and thus acts as an oxygen reservoir. The diffusion of oxygen out of the sample solution into the silicone membrane is spread over a wide area. Since this results in less oxygen being extracted from the sample solution per unit area, the double PFTE/ Silicone
membrane forms an effective buffer against disturbances due to hydrodynamic flow.

10.7 Oxygen partial pressure – oxygen concentration
The electrode current depends on the oxygen partial pressure and the O2 permeability of the membrane – but not on the O2 solubility in the solutions. The oxygen concentration in mg O2/l (CL) cannot therefore be determined directly with an electrode. According to Henry’s law the oxygen concentration is proportional to its partial pressure (PO2).
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If ”a” is constant, the oxygen concentration can be determined by means of the electrode. This applies at constant temperature and with dilute aqueous
solutions such as drinking-water.
The solubility factor is strongly influenced not only by the temperature but also by the composition of the solution:
[image: ]
Although the solubilities vary widely, the oxygen electrode gives the same reading in all three solutions.
Thus, determination of the oxygen concentration is only possible with constant and known solubility factors ”a”. Solubility may be determined by a Winkler titration or the method developed by Kappeli and Fiechter.

KYSLOSŤ pH
(pH/redox electrodes for biotechnology and pharmaceutical applications)
Kyslosť alebo acidita alebo pH (kde p znamená záporný dekadický logaritmus a H je zjednodušený zápis [H], čo označuje koncentráciu H+ v roztoku; alternatívne, ale nesprávne vysvetlenie: "z lat. potentia hydrogenii alebo pondus hydrogenii") alebo vodíkový exponent je číslo, ktorým sa vyjadruje v chémii, či vodný roztok reaguje kyslo, alebo zásadito. 

Koncept merania pH uviedol v roku 1909 Søren Peder Lauritz Sørensen. pH vodných roztokov získava hodnoty od 0 do 14.

Chemicky čistá voda pri 25 °C má pH 7, kyseliny od 0 do <7, hydroxidy od >7 do 14 (rozsah pH stupnice je závislý od rozpúšťadla, v rozmedzí 0 až 14 je pH hodnota vo vode pri 25 °C).	
Hodnota pH je definovaná ako záporný dekadický logaritmus aktivity oxóniových katiónov. V zriedených vodných roztokoch sa dá hodnota aktivity aproximovať hodnotou látkovej koncentrácie a potom platí:
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Obr. 34

Vo vodnom roztoku je vždy okrem molekúl  H2O tiež určité množstvo oxóniových katiónov H3O+ a hydroxylových aniónov OH−. 

Oxóniové katióny (H3O+) sú katióny, ktoré vznikajú rozpustením kyselinotvorného plynu s vodíkom (napr. chlorovodíkového HCl) vo vode (H2O). Môžeme to zapísať chemickou reakciou:
H2O + HCl = H3O+ + Cl-

Súčin koncentrácií oboch týchto iónov je vo vodných roztokoch vždy konštantný. Je označovaný ako iónový súčin vody a získava hodnoty 10−14. 

V čistej vode (pri 25 °C) je látková koncentrácia oboch iónov rovnaká: 10−7. To zodpovedá pH 7. 

Kyslosť vzniká prebytkom katiónov H3O+. Zvýšením ich koncentrácie na stonásobok, čiže 10−5, zodpovedá pH 5. 

Zásaditosť je prebytok hydroxylových iónov na úkor oxóniových. Ak je v roztoku napríklad 1000× viac OH− ako vo vode, klesne koncentrácia iónov H3O+ na 10−10, čo zodpovedá pH 10.

Kyslosť nevodných roztokov (napríklad roztoky kyselín alebo hydroxidov v alkoholoch, ketónoch alebo aj v nepolárnych rozpúšťadlách) popisuje hodnota Hammetovej funkcie. Veľkosť Hammetovej funkcie pre určité prostredie sa prakticky zisťuje na základe pomerov kyslej a zásaditej formy určitého acidobazického indikátoru v mernom roztoku.


Niektoré organické látky menia usporiadanie dvojitých väzieb v molekule v závislosti od pH prostredia, čo sa prejavuje zmenou zafarbenia roztoku. 

Napríklad čaj zmení farbu pridaním kyslej citrónovej šťavy. Takým látkam hovoríme acidobazické indikátory. Kyslosť môžeme merať pridaním indikátora do roztoku a porovnaním farby s kalibrovanou farebnou škálou. 

Používajú sa hlavne tieto látky:

lakmus prechádza z kyslej červenej formy na zásaditú modrú.
fenolftaleín prechádza z kyslej bezfarebnej formy na zásaditú fialovú oblasť pH 8,0 - 9,8.
metylová oranž (metyloranž) prechádza z kyslej oranžovej formy na zásaditú žltú v oblasti pH 3,1 - 4,5.
metylová červeň prechádza z kyslej červenej formy na zásaditú žltú v oblasti pH 4,4 - 6,3.
bromtymolová modrá prechádza z kyslej žltej formy na zásaditú modrú v oblasti 
pH 6,0 - 7,6.
tymolová modrá prechádza z kyslej červenej formy na zásaditú žltú v oblasti pH 1,2 - 2,8.
metylová žltá prechádza z kyslej červenej formy na zásaditú žltú v oblasti pH 2,9 - 4,0.
tymolftalein prechádza z kyslej bezfarebnej formy na zásaditú modrú v oblasti pH 9,3 - 10,5.
kongočerveň prechádza z kyslej modrej formy, cez neutrálnu červenú na zásaditú oranžovú.

Farebné prechody indikátorov sú v praxi najčastejšie využívané pri acidobazickej titrácii, ktorá slúži na určenie obsahu kyseliny alebo hydroxidu v analyzovanej vzorke. 

Definovaný objem meranej vzorky s pridaním vhodného indikátora je pritom neutralizovaný roztokom kyseliny alebo hydroxidu. Dosiahnutie bodu, keď je koncentrácia kyseliny a hydroxidu v rovnováhe (neutrálny roztok) je určené zmenou farby príslušného indikátora. Z množstva a koncentrácie roztoku potrebného pre získanie neutrálneho roztoku sa jednoducho vypočíta obsah kyseliny alebo hydroxidu v analyzovanom roztoku.

Pre hrubú orientáciu o kyslosti meraného roztoku sa na meranie pH používa lakmusový papierik, čo je prúžok papierika napusteného lakmusom. Presnejší údaj o kyslosti meraného roztoku poskytuje univerzálny indikátorový papierik ktorého zafarbenie sa mení s pH meraného roztoku od červenej až po tmavo modrú (farebnú škálu vystihuje vedľajšia tabuľka hodnôt pH bežne sa vyskytujúcich roztokov).

Pre presné merania pH hodnôt vodných roztokov sa používa prakticky výlučne potenciometria s využitím sklenenej elektródy ako merného člena. 

Podstatou uvedenej metódy je presné meranie elektrického potenciálu medzi mernou (sklenenou) a referenčnou elektródou. 

Ako referenčná elektróda sa dá využiť prakticky každá elektróda II. typu, teda elektródy, ktorých potenciál zostáva konštantný pri zmene prostredia, v ktorom je ponorená. Najčastejšie sa uplatňuje kalomelová alebo argenchloridová porovnávacia elektróda.

Kyslosť merného roztoku určuje elektrický potenciál mernej sklenenej elektródy. Základnú časť sklenenej eletródy tvorí tenká stena miniatúrnej banky zo špeciálneho skla. Vnútorný objem banky je naplnený pufrom, teda roztokom s konštantnou pH.
Elektrický potenciál medzi mernou a referenčnou elektródou sa meria citlivým potenciometrom, ktorý musí vykazovať vysoký vstupný odpor (minimálna požiadavka je 1014 Ω, kvalitné prístroje majú parametre o rád lepšie). Komerčne dodávané prístroje súčasne tvoria merania napätia medzi elektródami priamo na hodnotu pH, ktorú zobrazuje digitálne na displeji.

V súčasnej dobe sa potenciometrické meranie pH považuje za veľmi kvalitnú a komerčne zvládnutú inštrumentálnu techniku. Na trhu je celý rad prístrojov špičkovej kvality, umožňujúcich meranie pH s rozlíšením na 0,01 až 0,001 jednotky pH. Súčasne sú k dispozícii cenovo dostupné prístroje pre meranie v teréne (úpravy a čističky odpadových vôd, sledovanie kyslosti zásobných roztokov v priemysle), ktoré síce nedosahujú špičkovú presnosť merania, ale umožňujú rýchle a ľahké získanie terénnych dát.

Meranie pH sklenenou elektródou sa v súčasnej dobe neobmedzuje len na meranie kyslosti roztokov, ale je možné zakúpiť špeciálne elektródy na sledovanie kyslosti povrchov (napríklad navlhčený papier, zemina a podobe, vpichové elektródy pre meranie pH mäsa a iných potravín atď. V medicíne slúžia miniatúrne pH elektródy na sledovanie pH krvi pacientov.

Short description
The DPAS Series of low-maintenance, long-life pH/ORP combination electrodes from METTLER TOLEDO
come complete with a factory-filled, pressurized gel-electrolyte reference system. Electrode and plug head are fully autoclavable or in-situ sterilizable, and designed for use in vessels, open tanks or closed reactors and fermenters, i.e. for a wide spectrum of process applications in the biotechnology and pharmaceuticals industries. An appropriate range of integral technical features ensures trouble-free, continuous and highly accurate pH measurement with a very short response time:
– Prepressurization of the gel electrolyte provides permanent internal pressure within the electrode, thereby
preventing the ingress of process medium into the reference system and, at the same time, ensuring continuous cleaning of the diaphragm through the constant slow outflow of smallest amounts of electrolyte.
– The patented silver-ion barrier integrated in the reference system avoids contamination and clogging of the diaphragm with black silver sulfide during measurements in process media containing sulfur-bearing compounds or proteins (e.g. amino acids).
– Electrode and connector are fully autoclavable or in-situ sterilizable.
– Designed for use in vessels, open tanks or closed reactors as well as in fermenters at process pressures of up to 2.5 bar overpressure.
– Include VarioPin (VP) connector (IP68) and, similar to the InPro 3200, additional advantages such as temperature compensation, Eex certification, and certification following the Pressure Equipment Directive
(PED).
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Obr. 34 Príklad sondy pH.

Provoz
pH elektrody METTLER TOLEDO lze použít s většinou měřicích přístrojů pH /mV. Dodržujte pokyny výrobce. Doporučujeme provést dvoubodovou kalibraci pomocí čerstvých pufračních roztoků o známých hodnotách pH, které obklopují pH vzorku; jeden pufrační roztok by měl mít hodnotu pH blízkou 7, aby bylo možné stanovit nulový bod. Při rychlé analýze je možné provést standardizaci pomocí jednoho pufračního roztoku s hodnotou blízkou pH vzorku.

Sterilizace
Elektrody typu 405-DPAS-SC lze sterilizovat párou insitu a v autoklávu. Dodržujte návod k obsluze autoklávu. Doporučujeme (ale není to nezbytné) nasadit před sterilizací v autoklávu na konektor uzávěr (obj. č. 00 201 1096). Při opakované sterilizaci může dojít k mírné změně barvy elektrolytu z důvodu zvýšené teploty. Tento stav nemá žádný vliv na funkci elektrody.

Údržba
Při řádné péči poskytnou elektrody METTLER TOLEDO přesné výsledky při tisících použití.
Skladování: Elektrody po použití důkladně opláchněte a uskladněte v 3M KCl roztoku nebo v pufračním roztoku pH 4 s přidaným KCl. Elektrodu NESKLADUJTE suchou nebo ponořenou do destilované vody nebo vody z vodovodu. Došlo by k vysušení pH membrány a elektrodu je potom potřeba před použitím ponořit na několik hodin do 3M KCl roztoku.
Kontaminace proteiny: Očistěte elektrodu pomocí čisticího prostředku na proteiny pro pH elektrody podle pokynů na lahvičce.
Reaktivace pH membrány: Použijte Reaktivační roztok a PŘESNĚ dodržujte návod.
Oprava zaneseného nebo vyschlého referenčního spoje: Ponořte elektrodu do kádinky s 3M KCl roztokem. Zahřejte roztok přibližně na 70 °C (160 °F) a nechte elektrodu
namáčet v roztoku, než se zchladí na pokojovou teplotu.

REDOX
(405-DPAS-SC-K8S PRESSURIZED GEL-FILLED PH/REDOX ELECTRODES FOR
BIOTECHNOLOGY AND PHARMACEUTICAL APPLICATIONS )
[image: Výsledok vyh&lcaron;adávania obrázkov pre dopyt redox]
Obr. 35 Oxidácia a redukcia

Reduction-oxidation (redox) reactions are coupled (occur together, simulateously) chemical reactions that occur when a transfer of electrons, hydrogens or oxygen takes place. 

Oxidation is the loss of electrons, hydrogen, or both, or the gain of oxygen. 

Reduction is the gain of electrons, hydrogen, or both, or the loss of oxygen.
		
Enzymes called oxidoreductases facilitate these reactions, which occur in both catabolic and anabolic pathways.  

Anabolický proces je proces syntézny – t.j. syntetizujú sa pri ňom nové organické látky alebo sa tvoria nové štruktúry. Pri takomto procese sa využíva energia získaná z fotosyntézy, chemosyntézy alebo z katabolických procesov. Takto sa syntetizujú napr. bielkoviny, fosfolipidy (zložky bunkovej membrány), alebo DNA.

Katabolický dej je proces rozkladný – je to fáza metabolizmu, kedy sa zložité molekuly – napr. bielkoviny štiepia na jednoduchšie, menšie molekuly (v prípade bielkovín na aminokyseliny). Pri takomto deji sa uvoľňuje energia vo forme ATP (adenozíntrifosfát), ktorá sa využíva pri vyššie spomenutých anabolických dejoch. Ak produkt katabolického deja je pre organizmus škodlivý alebo neužitočný, je z organizmu vylúčený (napr. dýchacou alebo tráviacou sústavou.

In some key energy-release and storage reactions, hydrogen atoms are removed from organic molecules through a process called dehydrogenation.

Since electrons can do great damage to the molecular structure of the cell, they must be retained and held by special receptor substances called electron-transport molecules.  These molecules are easily reduced and oxidized.  Some are derived from vitamins and are key components that complete the structure of enzymes called coenzymes, such as nicotinamide adenine dinucleotide (NAD+), nicotinamide adenine dinucleotide phosphate (NADP+) and flavine adenine dinucleotide (FAD+).  Others, such as flavoproteins and cytochromes are embedded in the cell membrane of bacteria or inner membrane of eukaryotic organelles such as mitochondria and chloroplasts. 

The accumulation and transfer of electrons is essential to the synthesis of new energy-storage molecules such as ATP.  Electron accumulation  builds reducing power, while electron transfer releases energy in small, manageable amounts. 

DEFINITIONS OF OXIDATION AND REDUCTION (REDOX)
http://www.chemguide.co.uk/inorganic/redox/definitions.html

This page looks at the various definitions of oxidation and reduction (redox) in terms of the transfer of oxygen, hydrogen and electrons. It also explains the terms oxidising agent and reducing agent.

Oxidation and reduction in terms of oxygen transfer

Definitions:
- Oxidation is gain of oxygen.
- Reduction is loss of oxygen.

For example, in the extraction of iron from its ore:
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Because both reduction and oxidation are going on side-by-side, this is known as a redox reaction.

Oxidising and reducing agents
An oxidising agent is substance which oxidises something else. In the above example, the iron(III) oxide is the oxidising agent.

A reducing agent reduces something else. In the equation, the carbon monoxide is the reducing agent:
- Oxidising agents give oxygen to another substance
- Reducing agents remove oxygen from another substance

Oxidation and reduction in terms of hydrogen transfer
These are old definitions which aren't used very much nowadays. The most likely place you will come across them is in organic chemistry.

Definitions:
- Oxidation is loss of hydrogen.
- Reduction is gain of hydrogen.
Notice that these are exactly the opposite of the oxygen definitions.
For example, ethanol can be oxidised to ethanal:

[image: http://www.chemguide.co.uk/inorganic/redox/redoxeqtn2.gif]

You would need to use an oxidising agent to remove the hydrogen from the ethanol. A commonly used oxidising agent is potassium dichromate(VI) solution acidified with dilute sulphuric acid.

The equation for this is rather complicated for this introductory page. If you are interested, you will find a similar example (ethanol to ethanoic acid) on the page dealing with writing equations for redox reactions.

Ethanal can also be reduced back to ethanol again by adding hydrogen to it. A possible reducing agent is sodium tetrahydridoborate, NaBH4. Again the equation is too complicated to be worth bothering about at this point.

[image: http://www.chemguide.co.uk/inorganic/redox/redoxeqtn3.gif]


An update on oxidising and reducing agents
Oxidising agents give oxygen to another substance or remove hydrogen from it
Reducing agents remove oxygen from another substance or give hydrogen to it

Oxidation and reduction in terms of electron transfer
This is easily the most important use of the terms oxidation and reduction at A' level.

Definitions:
- Oxidation is loss of electrons
- Reduction is gain of electrons
It is essential that you remember these definitions. There is a very easy way to do this. As long as you remember that you are talking about electron transfer:

[image: http://www.chemguide.co.uk/inorganic/redox/oilrig.gif]


A  simple example
The equation shows a simple redox reaction which can obviously be described in terms of oxygen transfer.

[image: http://www.chemguide.co.uk/inorganic/redox/padding.GIF][image: http://www.chemguide.co.uk/inorganic/redox/cuomgfull.gif]
Copper(II) oxide and magnesium oxide are both ionic. The metals obviously aren't. If you rewrite this as an ionic equation, it turns out that the oxide ions are spectator ions and you are left with:
[image: http://www.chemguide.co.uk/inorganic/redox/cuomgionic.gif]


A last comment on oxidising and reducing agents

If you look at the equation above, the magnesium is reducing the copper(II) ions by giving them electrons to neutralise the charge. Magnesium is a reducing agent.
Looking at it the other way round, the copper(II) ions are removing electrons from the magnesium to create the magnesium ions. The copper(II) ions are acting as an oxidising agent.

Warning!
This is potentially very confusing if you try to learn both what oxidation and reduction mean in terms of electron transfer, and also learn definitions of oxidising and reducing agents in the same terms.
Personally, I would recommend that you work it out if you need it. The argument (going on inside your head) would go like this if you wanted to know, for example, what an oxidising agent did in terms of electrons:
· An oxidising agent oxidises something else.
· Oxidation is loss of electrons (OIL RIG).
· That means that an oxidising agent takes electrons from that other substance.
· So an oxidising agent must gain electrons.
Or you could think it out like this:		
· An oxidising agent oxidises something else.
· That means that the oxidising agent must be being reduced.
· Reduction is gain of electrons (OIL RIG).
· So an oxidising agent must gain electrons.
Understanding is a lot safer than thoughtless learning!
	
	
[image: ][image: ]
Obr. 36 Príklad Redox sondy a parametre kalibračného roztoku.

Příprava:
a) Odstraňte plnicí víčko.
b) Vypláchněte destilovanou vodou.
c) Odstraňte gumové víčko
d) Zkontrolujte funkčnost redoxní elektrody za použití 250 ml pufru redox 220 mV (pH 7, č. 51 340 065) METTLER TOLEDO při teplotě 25 °C.
– Připojte elektrodu k pH metru (nastavte na rozsah mV).
– Elektrodu ponořte do pufru METTLER TOLEDO.
– Odečtená hodnota na mV metru se musí shodovat s údajem
uvedeným na nádobě (přípustná odchylka je ± 5 mV).
– Odchylka vyšší než 5 mV musí být zohledněna ve výsledcích
měření.
– Překračuje-li odchylka hodnotu 10 mV, zkontrolujte referenční
elektrodu (viz kapitola 3 níže).

Převod na redox napětí závisí na standardní vodíkové elektrodě (SHE).
EH = E + Eref
E = Odečtená hodnota
EH = Standardní napětí referenční elektrody (korekce)
Eref = Redox napětí rel. k SHE

Poznámky
– Při měření absolutní hodnoty mV si poznamenejte teplotu.
– Teplotní kompenzace absolutních hodnot napětí není nutná.
– Postupujte podle pokynů pro pH/mV metr nebo převodník.

Skladování
V referenčním elektrolytu KCl nebo Friscolyt 3 mol/l. Neuchovávejte elektrody v destilované nebo deionizované vodě!
TURBIDITY
Turbidity is the cloudiness or haziness of a fluid caused by large numbers of individual particles that are generally invisible to the naked eye, similar to smoke in air. The measurement of turbidity is a key test of water quality.
[image: https://upload.wikimedia.org/wikipedia/commons/c/c6/TurbidityStandards.jpg]
Obr. 37 Turbidity standards of 5, 50, and 500 NTU {Nephelometric Turbidity Units (NTU)}.
			
Fluids can contain suspended solid matter consisting of particles of many different sizes. While some suspended material will be large enough and heavy enough to settle rapidly to the bottom of the container if a liquid sample is left to stand (the settable solids), very small particles will settle only very slowly or not at all if the sample is regularly agitated or the particles are colloidal. These small solid particles cause the liquid to appear turbid.

Turbidity (or haze) is also applied to transparent solids such as glass or plastic. In plastic production haze is defined as the percentage of light that is deflected more than 2.5° from the incoming light direction.

Measurement
The most widely used measurement unit for turbidity is the Formazin Turbidity Unit (FTU). ISO refers to its units as FNU (Formazin Nephelometric Units).

ISO 7027 provides the method in water quality for the determination of turbidity. It is used to determine the concentration of suspended particles in a sample of water by measuring the incident light scattered at right angles from the sample. The scattered light is captured by a photodiode, which produces an electronic signal that is converted to a turbidity. Open source hardware has been developed following the ISO 7027 method to measure turbidity reliably using an Arduino microcontroller and inexpensive LEDs.

There are several practical ways of checking water quality, the most direct being some measure of attenuation (that is, reduction in strength) of light as it passes through a sample column of water. The alternatively used Jackson Candle method (units: Jackson Turbidity Unit or JTU) is essentially the inverse measure of the length of a column of water needed to completely obscure a candle flame viewed through it. The more water needed (the longer the water column), the clearer the water. Of course water alone produces some attenuation, and any substances dissolved in the water that produce color can attenuate some wavelengths. Modern instruments do not use candles, but this approach of attenuation of a light beam through a column of water should be calibrated and reported in JTUs.

The propensity of particles to scatter a light beam focused on them is now considered a more meaningful measure of turbidity in water. Turbidity measured this way uses an instrument called a nephelometer with the detector set up to the side of the light beam. More light reaches the detector if there are lots of small particles scattering the source beam than if there are few. 

A nephelometer is an instrument for measuring concentration of suspended particulates in a liquid or gas colloid. A nephelometer measures suspended particulates by employing a light beam (source beam) and a light detector set to one side (often 90°) of the source beam. Particle density is then a function of the light reflected into the detector from the particles. To some extent, how much light reflects for a given density of particles is dependent upon properties of the particles such as their shape, color, and reflectivity. Nephelometers are calibrated to a known particulate, then use environmental factors (k-factors) to compensate lighter or darker colored dusts accordingly. K-factor is determined by the user by running the nephelometer next to an air sampling pump and comparing results. There are a wide variety of research-grade nephelometers on the market as well as open source varieties. 

[image: Súvisiaci obrázok]
Obr. 38 Nefelometria.

The units of turbidity from a calibrated nephelometer are called Nephelometric Turbidity Units (NTU). To some extent, how much light reflects for a given amount of particulates is dependent upon properties of the particles like their shape, color, and reflectivity. For this reason (and the reason that heavier particles settle quickly and do not contribute to a turbidity reading), a correlation between turbidity and total suspended solids (TSS) is somewhat unique for each location or situation.

Turbidity in lakes, reservoirs, channels, and the ocean can be measured using a Secchi disk. This black and white disk is lowered into the water until it can no longer be seen; the depth (Secchi depth) is then recorded as a measure of the transparency of the water (inversely related to turbidity). The Secchi disk has the advantages of integrating turbidity over depth (where variable turbidity layers are present), being quick and easy to use, and inexpensive. It can provide a rough indication of the depth of the euphotic zone with a 3-fold division of the Secchi depth, however this cannot be used in shallow waters where the disk can still be seen on the bottom.
An additional device, which may help measuring turbidity in shallow waters is the turbidity tube. The turbidity tube condenses water in a graded tube which allows determination of turbidity based on a contrast disk in its bottom, being analogous to the Secchi disk.
Turbidity in air, which causes solar attenuation, is used as a measure of pollution. To model the attenuation of beam irradiance, several turbidity parameters have been introduced, including the Linke turbidity factor (TL). 
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/b/b8/Turbidimeters.JPG/1280px-Turbidimeters.JPG]
Obr.39 Turbidimeters used at a water purification plant to measure turbidity (in NTU) of raw water and clear water after filtration.

Drinking water standards
Governments have set standards on the allowable turbidity in drinking water. In the United States, systems that use conventional or direct filtration methods turbidity cannot be higher than 1.0 nephelometric turbidity units (NTU) at the plant outlet and all samples for turbidity must be less than or equal to 0.3 NTU for at least 95 percent of the samples in any month. Systems that use filtration other than the conventional or direct filtration must follow state limits, which must include turbidity at no time exceeding 5 NTU. Many drinking water utilities strive to achieve levels as low as 0.1 NTU. The European standards do not appear to address turbidity, however, the World Health Organization, establishes that the turbidity of drinking water should not be more than 5 NTU, and should ideally be below 1 NTU.

Analytical methods
Published analytical test methods for turbidity include:
ISO 7027 "Water Quality: Determination of Turbidity" 
US EPA Method No. 180.1, "Turbidity"
"Standard Methods," No. 2130B.
	





BASIC MICROBIOLOGICAL TECHNIQUES

Microscopic observation
The microscopic observation of microorganisms is done on fresh preparations or preparations fixed and coloured.		

Examine the microscope starting with the targets at low magnification (10X, 25X) and then passed under dry objectives of greater power (40X and 60X).

Sterility issues
All fermentations must be conducted with pure and selected cultures. The presence of micro-contaminants alter the conditions of fermentation and the production of metabolites and therefore must be continuously monitored.

The presence of contaminants in cultures is revieled with tests of sterility performed in different culture media for all the duration of fermentation, especially important test performed immediately after inoculation and in the early stages of the process.

Contamination proved by inoculating 0.1 ml (1-2 droplets) of culture broth in agar plates and in tubes of liquid media and incubating the cultures at 37 °C or 25 °C for 24 and 48 hours. At the end of incubation it is necessary to make a microscopic examination to identify the type of
contamination occurred and to exclude the development of the producer strain.	
	
Analysis of the growth
The growth of microorganisms in submerged culture can be measured with different methods chosen from time to time depending on the characteristics of microorganisms and culture medium. The most commonly used are: the optical density of the culture (OD), dry weight
(dw), the volume of wet mycelium (PMV). For special determining as a sostitution of the methods already mentioned, it is possible to correlate the development of an organism to measure nucleic acids.	

Analysis of sugars
The total and reducing sugars are determined by an enzyme or the method of Somogy.








STANOVENIE ALKOHOLU POMOCOU °NM
Zmerali sme si hustotu vína pomocou hustomeru, 1000 g/cm3, čomu odpovedá obsah cukru cca 21 g/lit.= 2,1°NM, na začiatku fermentácie bola cukornatosť 21,6°NM, čiže kvasinky prekvasili 21,6°NM – 2,1°NM = 19,5 °NM. Pri predpoklade, že s 1°NM vznikne cca 0,58 obj.% alkoholu,  nám vychádza , že vo víne sa nachádza cca  19,5°NM x 0,58 = 11,31 obj.% alkoholu.

1 °NM indicates 1 kg of sugar in 100 litres of must

https://www.refraktometer-eshop.sk/odhad-vytazku-alkoholu-z-ovocia
https://www.refraktometer-eshop.sk/cukornatost-mustu

[image: ]
Definícia pojmu: Muštomer je meradlo na meranie cukornatosti (hustoty) muštu pri určitej teplote. Slovenský normalizovaný muštomer (°NM) udáva kg cukru na 100 litrov muštu pri 15 °C. Rakúsky Klosterneuburský muštomer (°KMW) udáva hmotnostné percento cukru, Oechsleho muštomer (°Oe) udáva hodnoty mernej hmotnosti muštu.	
[image: ][image: Výsledok vyh&lcaron;adávania obrázkov pre dopyt MUšTOMER]
Obr. 40 Normalizovaný muštomer.

REFRAKTOMETER NA MERANIE
CUKORNATOSTI MUŠTU 
(MUŠTOMER, CUKROMER)

[image: http://www.refraktometer-eshop.sk/img/_eshop/src/35.jpg]
Obr. 41 Refraktometer pre meranie cukornatosti.






























PARAMETER Kl.a
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[bookmark: _GoBack]OTÁZKY NA SKÚŠKU:
1. Vysvetlite pojmy:  In vitro, In vivo, In situ.
2. Čo je agar, agarova miska, rastové médium, aké sú chemické zložky médií pre priemyselnú kultiváciu?
3. Čo je hemocytometer, ako sa s ním pracuje? Čo je Gramovo farbenie?
4. Ako sa meria rozpustnosť plynov a od čoho závisí, ako sa meria dO2, dCO2, pH, Redox, turbidita?
5. Úhrnný objemový súčiniteľ prestupu kyslíka Kl.a
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Proteus vulgaris





image17.jpeg




image18.emf

image19.emf

image20.emf

image21.emf

image22.emf

image23.emf

image24.emf

image25.emf

image26.emf

image27.emf

image28.emf

image29.emf

image30.emf

image31.emf

image32.emf

image33.emf

image34.emf

image35.emf

image36.emf

image37.emf

image38.emf

image39.emf

image40.emf

image41.emf

image42.emf

image43.emf

image44.emf

image45.emf

image46.emf

image47.emf

image48.emf

image49.emf

image50.emf

image51.emf

image52.emf

image53.emf

image54.emf

image55.emf

image56.emf

image57.emf

image58.emf

image59.emf

image60.emf

image61.emf

image62.emf

image63.emf

image64.emf

image65.emf

image66.emf

image67.emf

image68.emf

image69.emf

image70.emf

image71.emf

image72.emf

image73.emf

image74.emf

image75.emf

image76.emf

image77.emf

image78.emf

image79.emf

image80.emf

image81.emf

image82.emf

image83.emf

image84.emf

image85.emf

image86.emf

image87.emf

image88.emf

image89.emf

image90.emf

image91.emf

image92.emf

image93.emf

image94.emf

image95.emf

image96.emf

image97.emf

image98.emf

image99.emf

image100.emf

image101.emf

image102.emf

image103.emf

image104.emf

image105.emf

image106.emf

image107.emf

image108.emf

image109.emf

image110.emf

image111.emf

image112.emf

image113.jpeg
%

by

Double vial preparation, sealed under vacuum:

\————  Outervial

F————  Glasswoolforinsulation

Inner vial
Cotton plug
DriedPellet
Gotton wool
Silca gel

(with blue or red humidity indicator)

Wear protective glasses when opening ampoules!
Heat the tip of the ampoule in a flame.

Place two orthree drops of water onto the hot
tipto crack the glass.

Carefully strike offthe glass tip with an
appropriate tool e.g. forceps ).

1.

Opening b_fAmpouies and Rehydration of Dried Cultures -Does notapply to active cultures -

Remove the insulation material
‘with forceps and take outthe inner vial.

Lift the cotton plug using a forceps, remove it, keep it
under sterile conditions and flame the top of the inner
vial

Add 0,5 ml of medium specified for the strain in the
DSMZ Catalogue of strains/on the DSMZ homepage
and replace the plug.

Allow the pellet to rehydrate for about 30 minutes.

For anaerobes apply anaerobic conditions during
all steps after opening the ampoule and refer to
www.dsmz.de>Microorganisms>Technical
Information>Cultivation of Anaerobes(PDF).

/‘f

Mix the content gently with an inoculation loop or
with a Pasteur pipette and transfer the whole amount
of the mixture to a test tube with about 5 ml of the
recommended liquid medium.

Streak 100 ul of the suspension onto an agar plate
and/or a slant, or prepare a stab culture.

Incubate liquid and agar cultures under conditions
specified for the strain in the DSMZ Catalogue of
Strains on the DSMZ homepage.

Before discarding sterilize all the remains of the
original ampoule.
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ich koncentracie na stonasobok, &ize 1075, zodpoveda pH 5.
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This page looks at the various definitions of oxidation and
reduction (redox) in terms of the transfer of oxygen, hydrogen
and electrons. It also explains the terms oxidising agent and
reducing agent.

Oxidation and reduction in terms of oxygen transfer
Definitions

« Oxidation is gain of oxygen.

« Reduction is loss of oxygen.

For example, in the extraction of iron from its ore

reduction

Fe203 + 3CO —» 2Fe + 3CO2

[

oxidation

Because both reduction and oxidation are going on
side-by-side, this is known as a redox reaction.

Oxidising and reducing agents

An oxidising agent is substance which oxidises something else.
In the above example, the iron(Ill) oxide is the oxidising agent.

A reducing agent reduces something else. In the equation, the
carbon monoxide is the reducing agent.

« Oxidising agents give oxygen to another substance

 Reducing agents remove oxygen from another substance.

Oxidation and reduction in terms of hydrogen
transfer

These are old definitions which aren't used very much
nowadays. The most likely place you will come across them is in
organic chemistry.

Definitions

* 8
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SLEDOVANIE ZASIELKY

KONTAKT

Tato pomécka je uréena vietkym, ktori potrebuji prevadzat cukornatost roztoku medzi réznymi stupnicami cukornatosti

(sladkosti). KedZe je kazda stupnica zalozend na inom principe stanovenia obsahu cukru, vysledné hodnoty nie st a ani nemézu
byt absoliitne presné. St véak dostatoéné pre praktické vyuzitie.

Zadanie

| Normalizovany mustomer (Ceskd republika, Slovensko)

Hodnota

Percento necukrov.

Relativna hustota roztoku

Vysledky
Stupnica Brix 9.4 °Bx

o E Normalizovany mustomer 10 °NM
Oechsleho mustomer 40 °0e

0 %
Klosterneubursky mustomer 8 °KMW

| vatsia ako voda Stupnica Baumé (hustota ako voda) | 5.3 °Bé&
Stupnica Balling 9.4 °Bg
Stupnica Platé 9.4 °P
Hustota meraného roztoku 1.038 g/cm?3

Pre meranie cukornatosti bobdl’ je uréeny refraktometer RWN10-ATC, ktory obsahuje stupnice Ceskoslovenského
normalizovaného mustomeru (°GNM, °NM), Klosterneuburského mustomeru (° KMW, © KI, Babo), Oechsleho mustomeru (°Oe) a
univerzalnu stupnicu Brix (°Bx). Okrem nich obsahuje aj stupnicu pre odhad prirodzeného obsahu alkoholu %VOL podfa
nameranej cukornatosti Ceskoslovenskym normalizovanym mustomerom (vid prilohu geského zakona €. 321/2004 Sb.).

Tabulka cukornatosti hrozna pre vina s privlastkom (zakon &. 313/2009 Z. z. o
vinohradnictve a vinarstve)
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3. Ubertragungsvorgiinge in den Bioreaktoren

5. Prenosové javy v bioreaktoroch

(5.46)

0,67 "
. , szf_.(6-m+2) L4l
Nu=C- " edy - py . 8 m
k (6-m+2)m A
8 m
Die Gleichung (5.40) gilt in dem Bereich Rovnica (5.40) plati pre rozsah
100 <Rey <5000, & 100 <Pr < 800

Nach STREK [1] die Konstante C = 3,47 ist fiir die
Kihlung und C = 7,43 fiir die Erwirmung. Weitere
dimensioslose Zusammenhinge sind bei ATKINSON
zu finden.

Aus dem bisher angefiihrten ist zu ersehen, da
die Problematik sehr komplex ist, und aus diesem
Grund ist die umfangreiche Forschung in diesem
Bereich erforderlich.

5.4 Sauerstoffiibergang
bei aeroben Fermentationen

Die meisten Fermentationen besitzen einen aeroben
Charakter, d.h. die Mikroorganismen benétigen fiir
ihr Wachstum aufer der lebenden Losung zusitzlich
Sauerstoff. Die Sauerstoffzufuhr wird durch die auf-
steigenden Luftblasen gewihrleistet, die in die fliis-
sige Phase, welche die Mikroorganismen beinhaltet,
diffundieren. Der Sauerstoff muf} dabei eine Reihe
von Widerstinden iiberwinden. Die GroBe dieser
Widersténde ist abhéngig von der hydrodynamik der
Luftblasen, der Temperatur, der Mikrobiellen Akti-
vitdt und deren Dichte, von den Erscheinungen zwi-
schen den Phasen und von weiteren Faktoren. Im
Grunde geht es um die Kombination aller dieser Wi-
derstande (Fig. 5.6):

A

0

Podl'a STREKA [1] je konStanta C = 3,41 pre
chladenie a C = 1,43 pre ohrev. Dalsie kri-
teridlne zévislosti moZno najst’ napr. u AT-
KINSONA.

Z uvedeného vidiet, aka je tato proble-
matika zloZita, a preto je potrebny rozsiahly
vyskum v tejto oblasti.

Prenos kyslika
pri aerébnych fermentaciach

Vicsina fermentacii ma aerébny charakter,
t.j. mikroorganizmy potrebuju pre svoj rast
okrem zivného roztoku i kyslik. Zasobo-
vanie kyslikom sa uskutoCtiuje zo stupa-
Jucich bubliniek vzduchu, ktoré difunduji
do kvapalnej fazy obsahujucej mikroorga-
nizmy. Kyslik musi pritom prekonat’ sériu
odporov, ktorych velkost’ zavisi od hydro-
dynamiky bubliniek, teploty, mikrobialne;j
aktivity a hustoty, zloZenia roztoku, me-
dzifazovych javov a d’alsich &initelov. V
podstate ide o kombinaciu tychto odporov
(Fig. 5.6):

S 1)
5yl | |
kgky,

Fig. 5.6

52,]

kLZ

Veranschaulichung der Sauerstoffwiderstinde im Fermentor

Znazornenie odporov proti prestupu kyslika vo fermentore

CHRIASTEL — SOLTES

Bioreaktor
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Die Diffusion aus dem Hauptvolumen des Gases
auf die Grenze Gas — Fliissigkeit,

Der Durchgang durch die Grenze Gas - Flussigkeit,
Die Diffusion durch die Grenzschicht in das
Hauptvolumen der Flissigkeit ,

Der Transport aus dem Hauptvolumen der Fliis-
sigkeit in die Grenzschicht an die Oberfldche
der Mikroorganismen,

Die Diffusion durch diese Grenzschicht an die
Oberfliache der Mikroorganismenflocken.

Die Diffusion in die Mikrobialen Flocken (Fil-
me) an die Oberfliche der einzelnen Zellen der
Mikroorganismen,

Der Sauerstoffverbrauch in der Zelle des
Mikroorganismus druch die biochemische
Reaktion.

Dieser ganze Vorgang ist in der Fig. 5.7 schema-
tisch dargestellt.

Fig. 5.7

b)
c)

d)

g)

5. Prenosové javy v bioreaktoroch

difizia z hlavného objemu plynu na
rozhranie plyn — kvapalina,

pohyb cez rozhranie plyn — kvapalina,
difuzia cez medzna vrstvu do hlavného
objemu kvapaliny,

transport z hlavného objemu kyapaliny
do medznej vrstvy na povrchu Castic
mikroorganizmov,

difuzia cez tuto medznu vrstvu na povrch
vloc¢iek mikroorganizmov,

difuzia v mikrobialnej vliocke (filme) na
povrch jednotlivych buniek mikroorga-
nizmov,

spotreba kyslika v bunke mikroorganiz-
mu biochemickou reakciou.

Cely tento dej je schematicky znazorneny na
Fig. 5.7.

Schematische Darstellung des Sauerstoffiiberganges an die Oberfliche der

Mikroorganismen — O, separate Blase, m Anhaufung von Mikroorganismen
Schematické znazornenie prestupu kyslika na povrch mikroorganizmov —
0; separatna bublinka, m zhluk mikroorganizmov

Es kann aber auch ein Fall entstehen, daf3 die Mikro-
ben die Tendenz besitzen, sich in den Grenzregio-
nen, Grenze zwischen der Gasphase und der Fliis-
sigkeit, anzusiedeln. In einem solchen Fall, geht der
Sauerstoff nur durch eine undurchmischte, fliissige
Schicht und nicht durch das Hauptvolumen der
Flussigkeit hindurch (Fig. 5.8.).

Mobze viak nastat’ aj pripad, ze mikroby maji
tendenciu adsorbovat’ sa na rozhraniach,
napr. na rozhrani plynna bublinka — kvapa-
lina. V tomto pripade kyslik prechédza len
cez jedno nepremieSavané kvapalné rozhra-
nie a neprechadza cez hlavny objem kvapa-
liny (Fig. 5.8.).

O O,/
_Q/

Fig. 5.8 Schematische Darstellung des Sauerstoffiiberganges an die Oberfléiche
der Mikroorganismen. Konzentrierte Mikroben an der Blase
Schematické znazornenie prestupu Kyslika na povrch
mikroorganizmov. Mikroéby st koncentrované pri bublinke

Im weiteren werden wir uns auf den ersten Fall kon-
zentrieren und behandeln die einzelne Vorgénge.

CHRIASTEL — SOLTES

V d’alSom sa ststredime na prvy pripad a ro-
zoberieme si jednotlivé deje.

Bioreaktor
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5. Ubertragungsvorgiinge in den Bioreaktoren

- 5.4.1 Sauerstoffiibergang in die Fliissigkeit

Die Loslichkeit des Sauerstoffs im Wasser bei ei-
nem Luftdruck von /07,30 kPa und einer Tempe-
ratur von 0 °C bis 35 °C ist sehr niedrig. Sie ist in

5. Prenosové javy v bioreaktoroch

Prestup kyslika do kvapaliny

Rozpustnost’ kyslika vo vode pri tlaku vz-
duchu /01,3 kPa a teplotach v rozmedzi od 0
°C do 35 °C je velmi nizka aje uvedena

der Tab. 5.1 dargestellt. v Tab. 5.1.

Tab. 5.1 Losung von Sauerstoff in Wasser bei unterschiedlichen Temperaturen
Rozpustnost’ kyslika vo vode pri réznych teplotich
Temperatur /Teplota Sauerstoffkonzentration im Wasser /Koncentracia kyslika vo vode
[°C] [mg/d ]

0 14,65
10 11,27
15 10,03
20 9,02
25 8,18
30 7,44
35 6,99

Es sind also nur einige hundertstel Promille. Die He-
fe jedoch benétigt z.B. fiir ihr Wachstum 0,3 g Sa-
uerstoff pro Stunde auf ein Gramm der Zelltrocken-
masse (SHB). Die Zellpopulation wird in der Anzahl
der Zellen I ¢cm’ des Volumens des Bioreaktors an-
gegeben. Der Wert bewegt sich bis zu 70° . Die
Zelle besitzt ein Volumen von OB = 10 ~'° cm® und
darin sind 20% Trockenmasse enthalten. Der Sauer-
stoffverbrauch MO, wird dann:

_ 03/g]0,
[ ¢]SHB-[h]

Wo CHB die Gesamtmasse der Zellen und V das
Volumen der Fiillung ist un B Anzahl der Zellen.

B
cm

9

5 J0™ e

2

Wiirde der Sauerstoff nicht zugefiihrt, so wire zur
Deckung seines stiindlichen Verbrauchs pro / g der
Zelltrockenmasse bis zu 600 [ Fiillmenge notwen-
dig. Deswegen muf die Luft kontinuierlich der Fiil-
lung zugefiihrt werden, ansonsten wiirde die Zell-
population absterben. Dies ist sehr wichtig, da die
niedrige Loslichkeit fir den Stoffiibergang nur klei-
ne treibende Krifte gewihrleistet. Den Sauerstoff-
strom kann man in der folgenden Form beschreiben

nOZ :kg'(pg _pgr):kl ’

Die Bedeutung der einzelnen Symbole ist aus der
Fig 5.9 ersichtlich.

Bei der Beriicksichtigung des Henry'schen Ge-
setzes, sowie auch die Tatsache, daB3 der Widerstand
beim Sauerstoffiibergang meistens auf der fliissigen
Seite ist, erhalten wir durch die in der von MADLO
[6] angefiihrten Vorgehensweise die Beziehung

CHRIASTEL — SOLTES

m3'02_gSHB.gCHB _

Je to teda iba niekol’ko stotin promile. AvSak
napr. kvasinky potrebuju pre svoj rast pri-
blizne 0,3 g kyslika za hodinu na 1 g suchej
hmotnosti buniek (SHB). Hustota populacie
buniek sa uddva v mnoZstve buniek na / c¢m’
objemu naplne bioreaktora abyva az 10°.
Bunka ma objem OB =10 ~'° cm’ a z toho je
20 % suSiny. Spotreba kyslika MO, potom
bude

;s 80,
cm’ - h

6.10°

gCHB cm’V

Kde CHB je celkova hmotnost’ buniek a
V je objem naplne a B je pocet buniek.

Keby sa kyslik neprivadzal, bolo by treba na
pokrytie jeho hodinovej spotreby pre / g su-
chej hmotnosti buniek aZ 600 1 naplne. Preto
sa musi vzduch kontinualne privadzat do
naplne, inak by bunkova populécia zahynula.
Je to velmi doblezité, pretoZe nizka roz-
pustnost’ zaru¢uje iba malé hnacie sily pre
prestup kyslika. Tok kyslika moZno vyjadrit’
v tvare

(Co, = Co,) (5.47)

Vyznam jednotlivych symbolov je zrejmy z
Fig. 5.9.

Zohl'adnenim Henryho zakona, ako aj
skuto¢nosti, Ze odpor proti prestupu kyslika
je zvécsa na strane kvapaliny, dostaneme po-
stupom zndmym ako ho uvadza MADLO [6]
vztah

Bioreaktor
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5. Ubertragungsvorginge in den Bioreaktoren

o, = K, '(C;z - Coz)

wo k; = K, der gesamte Koeffizient des Stoffiiber-
ganges ist.

Per

¢p}}

5. Prenosové javy v bioreaktoro

(5.48 

kde k; = K, je uhrny suginitel’ prestupu lat-"

Fig. 5.9 Darstellung der treibenden Krifte fiir den Sauerstofiibergang
Znazornenie hnacich sil pre prestup kyslika

Da die Zwischenphasenfliche fiir den Sauerstoft-
iibergang sehr schwierig zu bestimmen ist, wird an-
statt des Sauerstoffstroms auf die Einheit der Zwi-
schenphasenfliche der Sauerstoffstrom auf die Vo-
lumeneinheit der Bioreaktorfiillung go, bezogen.
Diesen erhalten wir auf die Weise, dal wir die Be-
ziehung fiir np, mit der spezifischen Oberfliche des
Stoffiiberganges a = A/V multiplizieren, wo A die
Zwischenphasenfliche und ¥ — das Volumen des
Bioreaktors 1st.

Somit 1st

9o, =n02-a=K,

Dabei muss man sich dessen bewusst sein, daB go:
lokal definiert ist. Er ist also der lokale Volumen-
strom des Sauerstoffs. Der durchschnittliche Volu-
menstrom des Sauerstoffs ist definiert als

do, :'17'

Wenn in dem ganzen Volumen des Behélters gleich-
miBige hydrodynamische Verhltnisse herrschen, als

auch C*og und Cp,, dann wird Z]_O2 =, -

5.4.2 Sauerstoffverbrauch
durch Mikroorganismen

Bei dem Entwurf eines Aerationssystems ist es un-
abdingbar, die Bediirfnisse der Zellen bei der Res-
piration zu erfiillen (Ausnutzung des Sauerstoffs
durch die Mikroorganismen). In der Fig. 5.10 ist die

CUDIASTEN — QOI TERQ

14

[g0,-dV .

0

Pretoze urdit medzifazovy povrch pre pres-
tup kyslika je velmi obtiazne, pouziva sa
namiesto toku kyslika na jednotku medzifa-
zovej plochy tok kyslika na jednotku objemu
naplne bioreaktora go,. Dostaneme ho tak, ze
vztah pre ng, vynasobime Specifickym po- -
vrchom pre prestup latky a =A4/V, kde 4 je
medzifazova plocha, a ¥— objem néaplne bio-
reaktora.

Teda

a-(c), -C,,)
Pritom si treba uvedomit, Ze go. je defino-
vané lokalne, predstavuje lokalny objemovy
tok kyslika. Priemerny objemovy tok kyslika
je definovany vztahom

(5.49)

(5.50)

Ak st v celom objeme nadoby rovnaké hy-
drodynamické podmienky, ako 1 koncentrécie

C*p;a Coz, potombude g, =do, -

Spotreba kyslika
mikroorganizmami

Pri navrhu aeraéného systému je nevyhnutn
uvazovat s poziadavkou buniek na res
pirdciu (zuzitkovanie kyslika mikroorga
nizmami). Na Fig. 5.10 je krivka ZNnazor

Bioreak
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Kurve, welche die Beziehung zwischen der Respi-
rationsgeschwindigkeit der Zellen und der Sauer-
stoffkonzentration in der lebenden Losung veran-
schaulicht, dargestellt.

5. Prenosové javy v bioreaktoroch

fiujuca vztah medzi respiraénou rychlostou
buniek a koncentraciou kyslika v Zivnom
roztoku.

A
. [
[
}Zé : | Vog et
DO
fo) |
1 1 Cozr krit
i
| | . S
0 1 2 3 4

Fig. 5.10 Abhingigkeit der Respirationsgeschwindigkeit der Zellen Mikroorga-
nismen von der Sauerstoffkonzentration in der lebendigen Losung
Zavislost’ respira¢nej rychlosti buniek mikroorganizmov od koncen-

tracie kyslika v Zivnom roztoku

Diese hat einen #hnlichen Verlauf wie die Glei-
chung von Michaelis-Mente (2.45), und deswegen
kénnen wir sie durch eine analoge Beziehung be-
schreiben

7

Die Respirationsgeschwindigkeit steigt mit der an-
steigenden Konzentration des geldsten Sauerstoffs
bis zu einem kritischen Wert C, ., an. Die Werte
fir Co; i fiir einige Kulturen sind in der Tab. 5.2
angefiihrt.

0, =10, max °

Ma podobny priebeh ako Michaelis—Men-
tenova rovnica (2.54), a preto ju moZno vy-
Jjadrit’ analogickym vzt'ahom

(5.51)

Respiraéna rychlost’ stupa srasticou kon-
centraciou rozpusteného kyslika az po kritic-
ki hodnotu Co; 4 . Hodnoty Co; 4 pre niek-
toré kultiry su v Tab. 5.2.

Tab. 5.2  Temperaturabhingigkeit der kritischen Sauerstoffkonzentration fiir einige Organismen
Zavislost’ kritickej koncentracie kyslika od teploty pre niektoré organizmy

Mikroorganismus t [°C] Coriric [mg.17]
Escherichia coli 37,8 0,262

15,0 0,099
Hefe / Kvasinky 34,8 0,147

20,0 0,118
Penicillium chrysogenum 24,0 0,070

30,0 0,288
Aspergillus oryzae 30,0 0,640
Pseudomonas denitrificans 30,0 0,288

Unterhalb Cp, i ist das Wachstum der Mikroorga-
nismen direkt abhiéngig von der Sauerstoffkonzen-
tration in der Fiillung des Bioreaktors. Die Erho-
hung der Sauerstffkonzentration iiber den kritischen
Wert beeinflusst das Wachstum der Zellen nicht.

CHRIASTEL — SORTES

Pod hodnotou Cop; ki je rast mikroorganiz-
mov priamo zavisly od koncentracie kyslika
rozpusteného v naplni bioreaktora. Zvysenie
koncentracie kyslika nad kriticki hodnotu
nevplyva na rast buniek.

Bioreaktor
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Die Respirationsgeschwindigkeit kénnen wir uns Respiraént rychlost’ si preto moZeme vy-
deswegen auch mit Hilfe der Zellwachstumsge- jadrit i pomocou rychlosti rastu buniek a
schwindigkeit des und eines weiteren Gewinnungs-  d’alieho vytazkového faktora definovaného

faktors definieren. Dieser besitzt die Form v tvare
—d
) S (5.52)
’ qu
Dann potom
r, = L y7
5, == M-
Y,
0, Sg’v’ (5.53)

Die Beziehung (5.46) gibt an, wieviel Biomasse aus ~ Vztah (P%6) udava, kol'ko biomasy vzniklo
einer Einheitsmenge Sauerstoff entstanden ist. z jednotkového mnozstva kyslika.
5.4.3 Gesamtgleichung des Celkova rovnica

Sauerstoffiibergangs fiir die fliissige Phase prestupu kyslika pre kvapalni fazu

In einem aeroben Fermentationsprozess wird der  V aer6bnom fermenta¢nom procese sa vzduch
Sauerstoff der fliissigen Fiillung kontinuierlich zu-  privadza kontinualne do kvapalnej naplne,
gefiihrt. Dabei kommt es zu einem Sauerstoffstrom  pri¢om dochadza ktoku kyslika z bublin
aus den Luftblasen in die fliissige Phase. Gleichzei-  vzduchu do kvapalnej fazy. Zaroven vSak do-
tig kommt es jedoch zu einem Sauerstoffverbrauch  chadza i k spotrebe kyslika v bunkach mikro-
in den Zellen der Mikroorganismen. Diesen ganzen  organizmov. Cely tento dej si pre kvapalni
Vorgang kann man fiir die fliissige Phase mit der  fazu moZno opisat rovnicou

folgenden Gleichung beschreiben

4Co, =K, -a (C* C, ) L H-Xx (5.54)
=K,-a-\C,, —-Cp, )-—u- ;
dt Yy,
Fiir Yy, gilt die experimentell (BALES und SEFCIK  Pre Yy, plati experimentalne (BALES a SEF-
[7]) bestimmte Beziehung CiK [7]) uréeny vztah
1
—=a+b-u (5.55)
Y,
wo a, b Konstanten sind. kde a, b st konStanty.
Nach dem Einsetzen von (5.49) in (5.48) erhalten  Po dosadeni (5.49) do (5.48) dostaneme dife-
wir die Differentialgleichung rencialnu rovnicu
dcC .
d:z =K,-a-(C02—Coz)—(a+b-,u)-,u-x (5.56)

Fir die exponentielle Wachstumsphase 4 ist Pre exponencidlnu fizu rastu p= fq, = const,
U= [hnax = const und deswegen x =x;. ¢’ Durch das  apreto x =x;. ¢’ Dosadenim za x do rov-
Einsetzen von x in die Gleichung (5.50) und der In- nice (5.50) a integraciou metddou variacie
tegration durch die Methode der Variation der Kon-  konStanty pri okrajovej podmienke pre /=0 je
stanten, bei der Randbedingung fiir 7=0 ist Co; =Copsi,  Cp; =Cop, ziskame pre ¢asovu zavislost’ kon-
erhalten wir fiir die zeitliche Abhéngigkeit der Kon-  centréacie rozpusteného kyslika vzt'ah
zentration des gelosten Sauerstoffs die Beziehung

. Lot K,-at
H-X; €

Y, -(K,-a+p)

Co, =Co, +(Co_, “C;j)-e”"'“" P

557
Y & ar ) o2

Im Falle eines Chemostaten fillt das instationire Glied ~ V pripade chemostatu vypadne nestacionarny
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3. Ubertragungsvorgiinge in den Bioreaktoren

weg und die Gleichung (5.48) vereinfacht sich zu

K,-alc; -,

k)

Daraus wird die Konzentration des Sauerstoffs in
der Fermentationslésung

Co, = Cc;; -

5.4.4 Der Gesamte Volumen—Koeffizient
des Sauerstoffiibergangs K;a

Die Arbeitsqualitit eines Bioreaktors kann danach

beurteit werden, wie groB der gesamte Volumen—

Koeffizient des Sauerstoffiibergangs K/-a ist. Zu sei-

ner Bestimmung werden mehrere Methoden ein-

gesetzt. Im Grunde kénnen wir diese Methoden in
zwel Gruppen unterteilen:

* Bestimmung von Kra in simulierten Bedingun-
gen. Der Faktor K;a wird in einer zweiphasigen
Losung Wasser (Kontinuum) gegebenfals wis-
srige Losungen der Sacharose — Luftblasen und in
einer dreiphasigen Losung, wobei die dritte Pha-
se bilden die Glaskugelchen mit einem Durch-
messer von 0,/ bis 0,6 mm, bestimmt. In diesem
Falle wird die dynamische Methode eingesetzt.

* Bestimmung von Kra in physiologischen Bedin-
gungen — wiihrend der Fermentation. Hier wer-
den sowohl dynamische als auch stationire Me-
thoden angewandt.

5.4.5 Bestimmung von K;-a
in simulierten Bedingungen

Es wird die Schwefel- und Hydrazin-, eine indirekte
biologische Methode der Verdringen des Sauer-
stoffs durch den Stickstoff — Ausgasungs, die am
meisten verbreitete, Methode eingesetzt. Dabei ist
erforderlich eine Sauerstoffelektrode, ein Oximeter
und ein Dreiwegeventil am Gaseinfuhr. Nach der
Verdringung des Sauerstoffes wird das Ventil vom
Stickstoffzufuhr (aus einem Druckbehilter) zum
Sauerstoffzufuhr und der Schreiber erfaBt den Sig-
nal des Sprunges beim Begasen. Die signalaufneh-
mende Sauerstoffsonde, die die Konzentration des
gelosten Sauerstoffs in der Fiillung erfaBt, sollte
eine rasche Signalféhigkeit vorweisen. Den Vorgang
kann man mathematisch mit der Gl. (5.48) beschrei-
ben. In der Beziehung wird jedoch die Verbrauchs-
geschwindigkeit des Sauerstoffs durch die Zellen
der Biomasse nicht beriicksichtigt.
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¢len a rovnica (5.48) sa zjednodusi do tvaru
H-x
=— 5.58
)=£ (5.58)

o,

z ¢oho koncentracia kyslika vo fermentad-
nom meédiu je rovna

KX (5.59)

Uhrny objemovy
sucinitel’ prestupu Kkyslika K;-a

Kvalitu prace bioreaktora moZno do zna¢ne;j

miery posudit’ na zédklade velkosti uhrnného

objemového st¢initel'a prestupu kyslika Kj-a.

Pre jeho stanovenie sa pouziva viacero me-

tod. V podstate ich mozno rozdelit na dve

skupiny:

* Sstanovenie Kra v simulovanych pod-
mienkach. Sti¢initel' Kra sa stanovuje v
dvojfazovom toku voda (kontinuum), pri-
padne vodné roztoky sachardzy — bublin-
ky vzduchu a v trojfazovom toku, pri¢om
tretiu fazu tvoria obvykle sklené gul'dcky
o priemere 0,/ aZ 0,6 mm. V tomto pripa-
de sa pouziva dynamicka metdda.

® stanovenie Kra vo fyziologickych pod-
mienkach — pocas fermentaéného pro-
cesu. Tu sa pouziva tak dynamicka, ako i
stacionarna metdda.

Stanovenie K;a
v simulovanych podmienkach

Pouziva sa siriitanova a hydrazinovd me-
téda, nepriama biologickd metéda a metéda
vytestiovania kyslika dusikom - ,gassing
out®, ktora je najrozsirenejsia. Pri nej sa vy-
Zaduje kyslikova elektroda, oximeter a troj-
cestny ventil na privode plynu. Po vytesneni
kyslika sa ventil prepne z privodu dusika (z
tlakovej nadoby) na privod kyslika a zapi-
sova¢ zaznamena odozvu na skokovii zmenu
v preplyniovani. Kyslikova elektroda zazna-
menavajuca koncentraciu rozpusteného kys-
lika v naplni ma mat’ rychlu odozvu. Proces
moZno matematicky opisat’ rovnicou (5.48),
v ktorej sa neuvazuje rychlost’ spotreby kys-
lika bunkami biomasy:
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dC,, ‘
) :Kl'a'(coq—co,) (5.60)
dt ’ ’
WO kde
ng — die Sattigungskonzentration des Sauerstoffes C;Z — je koncentracia kyslika v naplni pri
im Behiltervolumen /kg.m™] stave nasytenia [kg.m ]
C,, — die akuelle Sauerstoffkonzentration in der C,, —Je aktudlna koncentracia kyslika
Fliissigkeit /kg.m™] ‘ rozpusteného v kvapaline /kg.m™]
Nach der Integration und der Umstellung er- Po integracii a Uprave dostaneme rovnicu
halten wird Gleichung der Gerade in semilogarit- priamky v semilogaritmickej suradnicovej
mischen Koordinatenanordnung. sustave:
InC,, =lnC;2 -K,.at (5.61)
i der K-a ist die Richtungsgerade, siehe Fig. 5.11. v ktorej Ka je smernicou, pozrite Fig. 5.11.
A
5.0
4.5
> 4.0
S .
S 3.5
=
3 ]
3.0
2.5
2.0 T T T T T T T T T T |
0 20 40 60 80 100 t[s]

Fig. 5.11 Bestimmung des Koeffizienten K.a aus der Richtungsgerade. K.a = 0,024 s
Uréenie sucinitela K.a zo smernice priamky. K.a = 0,024 st

Wenn die Elektrode eine hohe Zeitverzogerung auf- Ak ma elektroda velké casové oneskorenie,
weist, ist es notwendig ihre Zeitkonstante 7, aus der  je potrebné ur€it’ si jej Casovu konStantu ¢, z
Fig. 5.12 zu berstimmen und diesen Wert in die  Fig. 5.12 a tito hodnotu dosadit’ do rovnice:
gleichung einzusetrzen:

ic, C,, -C,
. (5.62)
dt t,
Die reele Losung der Gleichungen (5.54) und (5.56)  Spoloénym rieSenim rovnic (5.54) a (5.56)
ergibt: dostaneme, Ze:
-K,.a.t —’Te
e —1-—¢ 11<1‘a ° (5.63)
C‘O2 1~K1.a.te Rl Kla
t
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Das dritte Glied an der rechten Seite der Gleichung
ist im Vergleich mit den ersten sehr zu klein,
deswegen koénnen wir es vernachlissigen. Die
Gleichung (5.57) kann man durch Iteration oder
durch Aufstellung eines Rechnerprogarmms in einer
geeigneten Programiersprache 16sen.

5. Prenosové javy v bioreaktoroch

Treti €len v zatvorke na pravej strane rovnice
je vel'mi maly v porovnani s prvymi dvomi, a
preto ho mozno zanedbat. Rovnicu (5.57)
mozno riesit’ iteraciami alebo vypracovanim
programu v niektorom programovacom jazy-
ku a rieSenim na pocitaéi.

—1.=3.2s _ﬂ
100 )

0 v T T T
0 2 4

6 8 tls]l 10

Fig. 5.12  Zeitverzogerung der elektréde und ihre Konstantenbestimmung zur Erweiterung der Gl. 5.63
Casové oneskorenie elektrody a urcenie jej konstanty pre rozirenie rovnice 5.63

Beziehungen zur Bestimmung von K;.a

Fir mechanisch geheriihrten Bioreaktor von dem
Typ STR gibt VANT'T RIET & TRAMPER [22] und
FRYER et al. [23] Beziehung:

Kl.a = B(

worin bedeuten
B — Konstante
P, — Inputleistung fiir die Begasung der Fiillung
V' —das Volumen der Fiillung
Jz —Dichte der Gasstrémung (fiktive Geschwindigkeit)

VANT'T RIET & TRAMPER [22] gibt an, daB fiir den
Sauerstoffiibergang in den wissrigen Inhalt B = 0,026,
a=04, b =05 FRYER et al. [23], gibt an fiir den
gleichen Fall fiir B = 0,01, a = 0,475, b = 0,4.

Beim Eintritt von Sauerstoff, in die wissrige Fiil-
lung in den durchperlten Kolone gibt an VANT'T
RIET & TRAMPER [22] eine Beziehung

K,-a=B-j,,

wobei B =0,32 ist fiir durchperlende Flussigkeit
und fiir Ailift nach VANT'T RIET & TRAMPER [22]
B> 0,32. Exponent ¢ = 0,7.

CHRIASTEL — SOLTES
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Vztahy pre urcenie K.a

Pre mechanicky mieSany bioreaktor typu
STR uvadza VANT'T RIET a TRAMPER [22] a
FRYER a spol. [23] zavislost™

(5.64)

kde je

B —konstanta

P, — je prikon pre prevzdusiiovana napli

V' —je objem naplne

Jg —Je hustota toku plynu (fiktivna rychlost)

VANT'T RIET a TRAMPER [22] uvadza, Ze pre
prestup kyslika do vodnej naplne B = 0,026,
a =04, b =05 FRYER a spol. [23], Ze pre
rovnaky pripad B = 0,01,a= 0,475, b = 0,4.

Pre prestup kyslika do vodnej néplne
v prebublavanej koléne uvadza VANT'T RIET
a TRAMPER [22] vzt'ah:

(5.65)
pricom B = 0,32 pre prebublavanu kolénu a
pre airlift je podl'a VANT'T RIET a TRAMPER
[22]1 B > 0,32. Exponent ¢ = 0,7.
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Beziehungen (5.64) a (5.65) scheinen dimen- Vztahy (5.64) a (5.65) nie su vsak roz-
sionsmisig nicht homogen und somit aus der phy-  merovo homogénne a teda z fyzikaln¢ho hla-
sikalischen Sicht bediirfen einer Erkldrung. Aus dem  diska vyZzaduju vysvetlenie. Preto sme pre
Griinde haben wir fiir den Sauerstoffilbergang eine  prestup kyslika v STR reaktore navrhli kri-

dimensionslose Beziehung: terialnu zavislost:

Sh-a-d, =B-Re;-N’ (5.66)
wo einzelne Glieder der Beziehung folgendermaBen  kde jednotlivé cleny vztahu (5.66)si nas-
definiert sind: ' ledovne definované:

Sh — Sherwood Zahl Sh — Sherwoodovo kritérium
K, -d
Sh=—t"=n []
D,
a — spezifische Oberfliche fiir den Sauerstoffiiber- a — $pecificky povrch pre prestup kyslika
gang
A
a=-— [m" ]
v
N — Durchliiftungskriterium N — prevzdusiiovacie kritérium
Q-d,
N'= 2 [_]
v,-D
O — Luftzufuhr in den bezogen auf die Bedingungen O — pritok vzduchu vztiahnuty na podmienky
beim Eintritt /m’-s™'] na vstupe [m’s”']
Fiir den Sauerstoffiibergang in wissrige Fiillung Pre prestup kyslika do vodnej naplne sme
erhalten wir nach CHRIASTEL [25] die Beziehung dostali vztah podl'a CHRIASTELA [25]
Sh-a-d, =093-Re)*-N"* (5.67)
Diese Beziehung nach der Gleichung (5.67) ist in Tato zavislost podla vztahu (5.67) je zna-
der Fig. 5.13 dargestellt. zornena na obrazku 5.13.
1,4-10°
1,2:10° =
1,0-10°
<~ 8,010°
S 4
S 6,010°
4,0-10°
2,0-10°
' T - 1 - T
2,0-10° 6,0-10° 4,0-10° 8,0-10° (Ren)™* N

Fig. 5.13 Beziehung Sh, - a - d,=f(Re,,, N) nach Gleichung 5.67
Zavislost Sh; - a - d,=f(Re,, N) podla rovnice 5.67
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Ahnlich fiir den Sauerstoffiibergang in pneu-
matisch geriihrten Reaktoren haben wir die folgende
Beziehung vorgeschlagen:

Sh-a-d, =B-j}

Bemerkung: Die MefSergebnisse von CHRIASTEL [25]
entsprechen mit ausreichender Genauigkeit der Be-
ziehung (5.64) mit vorgeschlagenen Konstanten und
den Exponenten nach VANT T RIET & TRAMPER [22]
und FRYER et al. [23], fiir die Drehfrequenz n>20 s
sind sie jedoch hoher.

In der Literatu findet man auch andere Ansitze
zur Bestimmung der Koeffizienten Kya. JUDAT [27]
hat die Ergebnisse mehrerer Autoren zusammen-
gefat und folgende Beziehung fiir Kya vorge-
schlagen.

(K,-a)" =9,9.107° -

wobei die Darstellung der einzelnen Parameter in
der Form erfolgt:

5. Prenosové javy v bioreaktoroch

Podobne pre prestup kyslika v pneuma-
ticky mieSanych reaktoroch sme navrhli na-
sledovny vztah:

(5.68)

Pozndmka: Vysledky merani u CHRIASTELA
[25] vyhovujui s dostatoénou presnostou vzta-
hu (5.64) s uvaZovanim konstint a expo-
nentov podla VANT'TRIET & TRAMPER [22] a
FRYER a spol. [23], pre frekvenciu oticania
n>20s" si vsak vyssie.

V literatire sa nachadzaju aj d’alie vzta-
hy na urCenie koeficientov Kra. JUDAT [27]
zosumarizoval vysledky viacerych autorov a
navrhol tento vzt'ah pre uréenie K;a:

i)

(5.69)

-0,65

G +0,81-10 ¢

pri¢om jednotlivé parametre s vyjadrené v
tvare

(5.70) (5:71) (5.72)
/ * 2
(K,-a)’=K,-a =L N [ij =‘% = Q/Dl/s
! ! 2 v, p.(V,.g4)l/3 (v,-g)

Der erste Parameter beriicksichtigt den Sauerstoffiiber-
gang, der zweite die Antriebsleistung zur Mischung
und der dritte die Intensitdt der Durchliiftung. Die Kor-
relation vom JUDAT ist im Bezug auf Dimensionen
homogen und kann gut unsere Messungen annihern.
Vom Nachteil ist die Komplexitit dieser Form.

In pneumatisch geriihrten Bioreaktoren existie-
ren auch mehrere Ansétze. Deren Nachteil ist, daB
sie gewisse Inhomogenititen beinhalten und bei
dem ,,scale up* Prozef versagen, so zum Beispiel der
Ansatz von KAWASE & M0O YOUNG [17], dessen
mathematische Beschreibung hat die Form:

K, -a-D?
DI

Hier bei der VergroBerung des Durchmessers sinkt
der Wert von Kra. In dieser Hinsicht sei als Beispiel
der Ansatz von AKITA & YOSHIDA [21] angefiihrt,
der sehr gut den Ergebnissen unserer Messungen
entspricht. Seine Form ist:

)

Vi

0,6.[_

DI

K,-a-D

D, o
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=6,8-(

d-D’-p,

Prvy parameter zohl'adiiuje prestup kyslika,
druhy prikon na mieSanie a treti intenzitu
prevzdusSiiovania. Judatova korelécia je roz-
merovo homogénna a dobre aproximuje nami
namerané hodnoty. Jej nevyhodou je zlo-
Zitost’ tohto vzt'ahu.

V pneumaticky mie$anych bioreaktoroch
existuje tiez viacero vztahov. Ich nedostat-
kom je, Ze su povéésine rozmerovo nehomo-
génne a zlyhavaju pri ,scale up* procese.
Napr. vzt'ah autorov KAWASE A MOO YOUN-
GA [17], ktory ma tvar

0,9
0,52
j =S¢,

Tu so zvdcSovanim priemeru klesad hodnota
Kra. Vtomto smere je prikladom vztah
AKITU a YOSHIDU [21], ktory dobre vysti-
huje aj vysledky nasich merani. Korelacia ma

tvar:
0,31
) . a

K

D-j,

V)

(5.73)

gD’
v}

1,1
&r

(5.74)
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5.4.6 Bestimmung des Koeffizienten K.a
in fysiologischen Bedingungen

Bei der Fermentation (in physiologischen Bedingun-
gen) wird die dynamische und stationdre Art ange-
wandt, wie beim RYCHETRA & PACA [24] angefiihrt.

Dynamische Art: Bei der dynamischen Methode
wird zuerst iiber die Oberfliche der Fiillung der
Stickstoff, der verhindert die Areation aus dem
Raum iiber die Flissigkeitsoberfliche. Dann wird
die Zufhur der Luft unterbrochen, infolgedessen
kommt zur Absenkung der Sauerstoffkonzentration
in der fliissigen Phase. Diese Absenkung ist gerad-
linig und kann man ihn mit einer Differential-
gleichung beschreiben

dCy,
dt

also aus der Gleichung (5.48) fillt das Glied, das
Kra beinhaltet weg und wir werden nur Sauer-
stoffverbrauch durch die Biomasse betrachten. Nach
der Integration (5.75) erhalten wir die Respira-
tionsgeschwindigkeit:

= —roJ

_ Co,;

7 =
o
Co..

2

Dann stellen wir das Ventil auf Begasung durch die
Luft. In diesem Fall gilt die ganze Gleichung (5.48),
und daraus wird die Sauerstoffkonzentration wird

|

Beziehung (5.77) ist die Gleichung der Richtungsge-
rade, die gleich dem umgekehrten Wert von K a ist.

dCy,

] 2
dt

’ K, -a

CO

Statitiondre Art: Bei der stationdren Methode wird
die statische Art der Kultivation der Mikroorganis-
men vorausgesetzt, wobei die Zufur des Sauerstoffes
gleich seinem Verbrauch ist. In so einem Fall wird

dc,,
dt

und aus der Gleichung (5.54) erhalten wir

K, -a-(C;_’ = )=7'02

Aus dieser Gleichung erhalten wir den gesuchten
Koefiziente Ka
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Stanovenie koeficientu K.a
vo fyziologickych podmienkach

Pri fermentacii (vo fyziologickych podmien-
kach) sa pouZiva dynamicky a stacionarny
spdsob ako uvadza RYCHETRA a PACA [24].

Dynamicky spésob: Pri dynamickom spo-
sobe sa najprv privedie nad hladinu naplne
dusik, ktory zabrani aerécii z priestoru nad
hladinou. Potom sa prerusi privod vzduchu,
v dosledku ¢oho dojde k poklesu koncen-
tracie kyslika v kvapalnej naplni. Tento po-
kles je priamkovy a mozno ho opisat’ dife-
rencialnou rovnicou:

(5.75)

5S4
teda zrovnice ($48) vypadne &len ob-
sahujuci Kpra, ¢ize budeme uvazovat iba
spotrebu  kyslika biomasou. Po integracii
(5.75) dostavame, ze rychlost respiracie:

(5.76)

Potom prepneme ventil opét’ na preplyniovanie
vzduchom. V tomto pripade plati cela rovnica
(5.48), z ¢oho koncentracia kyslika bude

+r0_’J+C;Z (5.77)

Vztah (5.77) je rovnicou priamky, smernica
ktora sa rovna prevratenej hodnote Kya.

Staciondrny sposob: Pri tomto spdsobe sa
predpokladéa ustaleny stav kultivacie mikro-
organizmov, pricom dodavka kyslika sa rov-
na jeho spotrebe. V tomto pripade bude

0

a z rovnice (5.54) zostane

(5.78)

k)

Z tejto rovnice ur¢ime potom hl'adany koe-
ficient Ka

(5.79)
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Characteristic

Gram Reaction

Peptidoglycan Layer
Teichoic Acids

Periplasmic Space

Outer Membrane
Lipopolysaccharide (LPS) Content
Lipid and Lipoprotein Content

Flagellar Structure
Toxins Produced
Resistance to Physical Disruption

Cell Wall Disruption by Lysozyme

Sulfonamide.

Susceptibility to Streptomycin,
Chloramphenicol, and Tetracycline

Inhibition by Basic Dyes
Susceptibility to Anionic Detergents
Resistance to Sodium Azide

Resistance to Drying

Retain crystal violet dye and stain blue or
purple

Thick (multilayered)
Present in many
Absent

Absent

Virtually none

Low (acid-fast bacteria have lipids linked to
peptidoglycan)

21ings in basal body
Exotoxins

High

High

High

Low

High
High
High
High

Can be decolorized to accept counterstain
(safranin) and stain pink or red

Thin (single-layered)
Absent

Present

Present

High

High (because of presence of outer
membrane)

4 rings in basal body
Endotoxins and exotoxins
Low

Low (requires pretreatment to destabilize
outer membrane)
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