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Set: 1 

 

1) With reference to the preparation of media, answer the following 

a) filtration units 

 One type of sterilization methods employs in animal cell culture 

 Mainly used to sterilize the heat sensitive materials 

 Incase of antibiotics, vitamins and amino acids sterilization these techniques 

are used. 

 Mainly the filter size will range between 0.5–5µm in diameter. 

 Filters are available in many sizes 

 

b) filtration methods 

 Cross flow filtration: 

 It is different from dead-end filtration in which the feed is passed through a 

membrane or bed, the solids being trapped in the filter and the filtrate being 

released at the other end.  

 The principle advantage of this is that the filter cake is substantially washed 

away during the filtration process, increasing the length of time that a filter 

unit can be operational.  

 Ultrafiltration (UF)  

 It is a variety of membrane filtration in which hydrostatic pressure forces a 

liquid against a semi permeable membrane.  

 Suspended solids and solutes of high molecular weight are retained, while 

water and low molecular weight solutes pass through the membrane.  

 This separation process is used in industry and research for purifying and 

concentrating macromolecular (103 - 106 Da) solutions, especially protein 

solutions. 



 Micro filtration  

 It is a filtration process which removes contaminants from a fluid by passage 

through a micro porous membrane. A typical micro filtration membrane pore 

size range is 0.1 to 10 micrometres (Õm). 

 

c) autoclavable media 

 This is normal media which are used in day to day lab procedures. 

 They contain mainly autoclavable components such as sugars, nitrogen 

sources and basic salts to maintain osmosis 

 These media mainly contain components which can with stand heat upto 

121ęC and 15 lbs 

 These media composition won’t contain vitamins, antibiotics, enzymes 

and vitamins 

d) Media preparation from powder 

 Dissolve the entire contents of the pack in the correct volume of UPW, 

using a magnetic stirrer and adding the powder gradually with constant 

mixing.  

 When all the constituents have dissolved completely, the medium should 

be filtered immediately and not allowed to stand, in case any of the 

constituents precipitate or microbial contamination appears.  

 The pH should be adjusted after the final constituents (e.g., glutamine, 

NaHCO3, or serum) have been added to the medium. 

 We should not subject powder media for autoclave because it may contain 

vitamins, amino acids and enzymes which may denature during the 

process. 

 

2) Measures taken to prevent contamination? How do you 

recognize contaminated culture?  
Contamination by microorganisms remains a major problem in tissue culture. 

Bacteria, mycoplasma, yeast, and fungal spores may be introduced via the 



operator, the atmosphere; work surfaces, solutions, and many other sources. 

Aseptic technique aims to exclude contamination by establishing a strict code 

of practice. 

 

Monitring for contamination 

 Check for contamination by eye and with a microscope at each 

handling of a culture. Check for mycoplasma every month. 

 If it is suspected, that a culture is contaminated, but the fact cannot be 

confirmed in situ, clear the hood or bench of everything except your 

suspected culture and one can of Pasteur pipettes.  

 Because of the potential risk to other cultures, this is best done after all 

your other culture work is finished.  

 Remove a sample from the culture and place it on a microscope slide.  

 Check the slide with a microscope, preferably by phase contrast.  

 If it is confirmed that the culture is contaminated, discard the pipettes, 

swab the hood or bench with 70% alcohol containing a phenolic 

disinfectant, and do not use the hood or bench until the next day. 

 Record the nature of the contamination. 

 

Characteristic features of microbial contamination are 

as follows: 

 A sudden change in pH, usually a decrease with most bacterial 

infections, and very little change with yeast until the contamination is 

heavy, and sometimes an increase in pH with fungal contamination.  

 Cloudiness in the medium, sometimes with a slight film or scum on 

the surface or spots on the growth surface that dissipate when the flask 

is moved. 

 Under a low-power microscope, spaces between cells will appear 

granular and may shimmer with bacterial contamination.  

 Yeasts appear as separate round or ovoid particles that may bud off 

smaller particles. 



 Fungi produce thin filamentous mycelia and, sometimes, denser 

clumps of spores. With toxic infection, some deterioration of the cells 

will be apparent. 

 Under high-power microscopy, it may be possible to resolve individual 

bacteria and distinguish between rods and cocci. At this magnification, 

the shimmering that is visible in some infections will be seen to be 

caused by mobility of bacteria.  

 Microbial infection may be confused with precipitates of media 

constituents or with cell debris, but can be distinguished by their 

regular morphology. 

  Precipitates may be crystalline or globular and irregular and are not 

usually as uniform in size. 

 A mycoplasmal infection is not obvious by routine microscopy, other 

than through signs of deterioration in the culture, and requires 

fluorescent staining, PCR, ELISA assay, immunostaining, 

autoradiography, or microbiological assay. 

 The polymerase chain reaction (PCR) provides a very sensitive and 

specific assay for the direct detection of mycoplasmas in cell cultures 

with low expenditure of labor, time, and cost, simplicity, objectivity of 

interpretation, reproducibility, and documentation of results. 

 

3) Cell culture based vaccine production 
 

Cell culture is the complex process by which cells are grown under 

controlled conditions.  

In practice the term "cell culture" has come to refer to the culturing of 

cells derived from multi cellular eukaryotes, especially animal cells. 

 

 The procedure of virus vaccine production using cell cultures is 

essentially and in simple terms as follows.  



 The cells to be used as host are inoculated in culture vessels and, 

after suitable growth has occurred.  

 The cultures are infected with the virus concerned and incubated. 

After an appropriate period of virus multiplication and release, the 

culture medium containing virus particles is collected and suitably 

processed.  

 In case of killed virus vaccines, the vaccine is usually subjected to 

a concentration step after virus inactivation.  

 Suitable stabilizers are added to prevent loss of potency and the 

vaccines are generally stored at low temperature till used.  

 A rigorous quality control is maintained throughout the entire 

operation.  

 A number of vaccines are produced in cultured animal cells;  

 Rigorous quality control is essential particularly to exclude the 

possibility of presence of infectious agents in the materials and 

cells used.  

 In addition the vaccine may contain a rare virulent and active virus 

particle which may cause disease in the vaccinated individuals.  

 Therefore, alternative approaches of vaccine production and 

delivery have been are being developed, viz. 

 Production of antigenic proteins or only their antigenic 

determinants in GEM. 

 use of DNA as vaccines and  

 Production of antigenic proteins in vegetables/fruits to minimise 

storage costs and problems. 

 

4) What are clones? Write about isolation of clones 
Clones means makes the exact copy of the cells, genetically and 

phenotypically same in nature. Those cells are termed as clones. 



 When cloning is used for the selection of specific cell strains, the 

colonies that form need to be isolated for further propagation.  

 If monolayer cells are cloned directly into multi well plates, then 

colonies may be isolated by trypsinizing individual wells.  

 It is, however, necessary to confirm the clonal origin of the colony 

during its formation by regular microscopic observation.  

 If cloning is performed in Petri dishes, there is no physical 

separation between colonies.  

 This separation must be created by removing the medium and 

placing a stainless steel or ceramic ring around the colony to be 

isolated. 

 Distribute small cover slips or broken fragments of cover slips on 

the bottom of a Petri dish. When plated out at the correct density, 

some colonies are found to be singly distributed on a piece of glass 

and may be transferred to a fresh dish or multi well plate. 

 A dilute cell suspension is drawn into a sterile glass capillary tube 

allowing colonies to form inside the tube.  

 The tube is then carefully broken on either side of a colony and 

transferred to a fresh plate.  

 Cells may be cloned in the OptiCell chamber, which is made up of 

two opposing growth surfaces of thin flexible  

 Replica plating: Various attempts have been made to adapt this 

technique to cell culture,  

 For clones that have been developed in microtitration plates, there 

are a number of transfer devices available which can be used with 

suspension cultures directly after agitating the culture or with 

monolayer cultures after trypsinization and resuspension. 

 

 

 



5) MTT assay 
Principle:  

3(4,5 di methyl thiazol) 2,5 di phenyl tetrazodium, a yellow 

tetrazodium salt is reduced in metabolically  active cells in to insoluble 

purple formazon crystals, which is solubilized by adding of detergent 

or 0.04M HCL in a absolute alcohol. This can be measured at 600 nm. 

Procedure: 

1. Wash cultured cells with warm RPMI-1640 without phenol red. 

2. Prepare MTT working solution. 

3. Add MTT working solution into wells being assayed, for example 

1.0ml for each well of 12-well plate. Incubate at 37°C for 30min to 3 

hrs (this time depends on cell density and cell type). 

4. At the end of the incubation period, the medium can be moved if 

working with attached cells. 

5. The converted dye is solubilized with 1ml acidic isopropanol (0.04 

M HCl in absolute isopropanol). Pipette up and down several times to 

make sure the converted dye dissolves completely. 

6. Transfer the dye solution with the cells into a 1.5 ml eppendorf tube 

and centrifuge at 13,000 rpm for 2 min. 

7. Transfer the supernatant into a new eppendorf tube. Absorbance of 

the converted dye is measured at a wavelength of 570nm with 

background subtraction at 650nm.  

 

6) Various factors influence cell growth and explain 

them briefly 
 

Temperature 

 Temperature required for most animals and warm blooded 

animal cell line is 37°C. 

 Culture cells will survive at 4°C for several days can be frozen 

and cooled to -196°C. 



 They can not tolerate 2°C above normal temperature. 

 Consistency of temperature ±0.5°C to ensure reproducible 

results. 

 Cold blooded animals can tolerate wide temp range between 

15°C and 26°C. 

 

Viscosity 

 Viscosity in culture medium is mainly influenced by serum 

conc. 

 Cell damage can be avoided by increasing viscosity of the 

medium with carboxymethylcellulose CMC or 

polyvinylpyrrolidone 

 

Surface tension and Foaming 

 If foam reaches the neck of the flask leads to contamination. 

 Foaming will limit gas diffusion, if flim from a foam or 

spillage gets into capillary space b/w cap and the bottle. 

 Addition of silicone anti foam or pluronic 0.01 – 0.1% helps 

prevent foaming by reducing surface tension. 

 

Amino acids 

 Essential amino acids are required by animal cells together 

with cystine and tyrosine. 

 Concentration of amino acids has direct effects on maximum 

cell concentration attainable. 

 Amino acid balance may influence cell survival and growth 

rate 

 

Proteins 

 Proteins increase the viscosity of the medium. 

 Albumin – carrier of lipids, minerals and globins. 



 Fibronectin – promotes cell attachment. 

 Ŭ2- macroglobin inhibits trypsin. 

 Transferin – binds iron, making it less toxic. 

 

Oxygen 

 Major significant constituent of the gas phase is oxygen 

 Culture cell often relay on glycolysis for oxygen. 

 Dissolved oxygen, which can be toxic due to presence of free 

radicals. 

 Incorporation of free radicals scavengers such as glutathione 

and 2-mercaptoethanol. 

 Culture vary in oxygen requirement, the major distinction b/w 

organ and cell culture. 

 Most dispersed cell culture prefer low oxygen tension. 

 In clonegenic assay and human embryonic lung fibroblasts will 

do well in low oxygen tension. 

 Selenium-glutathione cofactor, present in serum plays main 

role on reducing oxygen tolerance. 

 So, maintain oxygen tolerance in serum free media is highly 

critical. 

 

7) Cell sheet engineering 

 Traditional approaches in tissue engineering using 

biodegradable scaffolds have so far only shown limited 

success.   

 To reconstruct various tissues such as heart or liver tissue, it is 

necessary to create cell-dense structures that resemble the 

native architecture.  

 Cell-to-cell interaction and cell-to-extracellular matrix (ECM) 

interaction are necessary for maintaining the tissue.  



 Conventional techniques such as proteolytic treatment cause 

degradation of cell surface proteins, which are vital for cell-to-

cell and cell-to-ECM interactions. 

 Cell sheet technology has been developed to overcome these 

problems to give better solutions for tissue repair and 

regeneration field among others.  

 This is a technique that makes it possible to fabricate a sheet 

full of cells along with their natural extracellular environment. 

 Moreover, if the cell sheet is patterned or composed of more 

than one cell type, when harvested, the patterning of cells is 

also kept intact. Because of its properties and the fact that its 

fabrication can be subject to automation, we believe that cell 

sheet technology is an ideal approach to biofabrication.  

 With cell sheet technology, cells are cultured on temperature-

responsive culture dishes. 

 By created these dishes by the grafting of the temperature-

responsive polymer poly(N isopropylacrylamide) (PIPAAm) 

onto ordinary tissue culture dishes (TCPS). 

 PIPAAm-coated dishes are temperature-responsive culture 

dishes where the surface becomes either hydrophilic or 

hydrophobic in a reversible manner, depending on the 

temperature.  

 This characteristic has been exploited to detach an intact cell 

sheet from the culture dishes.  

 The surface of the dishes is relatively hydrophobic, and 

therefore suitable for cell culture, when the temperature is 37 

ǓC or higher.  

 When the temperature is reduced to 32 ǓC or lower the surface 

of the dish becomes very hydrophilic, and hence confluent 

sheets of cultured cells can be spontaneously released from the 

dish surface. 



8) Essential features of the following 
 

a) CO2 incubators 

 CO2 incubators are more expensive, but their ease of use 

and superior control of CO2 tension and temperature justify the 

expenditure.  

 A controlled atmosphere is achieved by using a 

humidifying tray and controlling the CO2 tension with a CO2-

monitoring device, which draws air from the incubator into a 

sample chamber, determines the concentration of CO2, and injects 

pure CO2 into the incubator to make up any deficiency.  

 Air is circulated around the incubator by natural convection 

or by using a fan to keep both the CO2 level and the temperature 

uniform.  

 It is claimed that fan-circulated incubators recover faster 

after opening, although natural convection incubators can still have 

a quick recovery and greatly reduce the risks of contamination. 

 Dry, heated wall incubators also encourage less fungal 

contamination on the walls, as the walls tend to remain dry, even at 

high relative humidity. Some CO2 controllers need to be calibrated 

every few months, but the use of gold wire or infrared detectors 

minimizes drift and many models reset the zero of the CO2 

detector automatically. 

b) No gassed incubators 

 Microbiological incubators are essentially temperature-

controlled ovens that work within the biological range of 5ºC 

to 70ºC and are mostly used for growing and storing bacterial 

cultures. Most incubator units are water-jacketed, air-jacketed 

or use direct heat to maintain the temperature around the 

culture chamber. 



 Incubator shelving is usually perforated to facilitate the 

circulation of air. However, the perforations can lead to 

irregularities in cell distribution in monolayer cultures, with 

variations in cell density following the pattern of spacing on 

the shelves.  

 The variations may be due to convection currents generated 

over points of contact relative to holes in the shelf, or they may 

be related to areas that cool down more quickly when the door 

is opened.  

 Although no problem may arise in routine maintenance, flasks 

and dishes should be placed on an insulated tile or metal tray in 

experiments in which uniform density is important. 

Set: 2 

1) Procedure and method of calculation of hemocytometer 
The hemocytometer is commonly used to determine the concentration of cells in a cell 

suspension. 

For microbiology, cell culture, and many applications that require use of suspensions of 

cells it is necessary to determine cell concentration. However that forms of determination 

does not allow an assessment of cell viability, nor can one distinguish cell types. 

 

A device used for determining the number of cells per unit volume of a suspension is 

called a counting chamber. The most widely used type of chamber is called a 

hemocytometer, since it was originally designed for performing blood cell counts. 

 

Materials required 

1. Cell suspension 

2. Hemocytometer with cover-slip (improved Neubauer) 

3. Tally counter 

4. Pasteur pipettes 

5. Microscope 

 



Procedure: 

1. Place the cover slip over the hemocytometer counting chamber and using a Pasteur 

pipette, place a drop of the cell suspension at the edge of the “V” shape of the chamber. 

Allow the suspension to be drawn into the chamber by capillary action. Care should be 

taken not to overfill or under fill the chamber. Fill the opposite chamber in the same 

manner. 

2. Place the chamber on the microscope stage. 

3. The hemocytometer consists of nine 1 mm squares divided into smaller squares. One 

of the 1 mm squares represents a volume of 0.1 mm^3 or 10^-4 ml. Using the 10X 

objective, count the number of cells in a 1 mm square area (see figure 1). If there are 

fewer than 100 cells in a square mm, 2 or more 1-mm square areas should be counted and 

the results averaged. 

4. Use the same procedure to count the cells on the other side of the hemocytometer. 

5. To calculate the concentration of the cells, first calculate the average of all 1mm^2 

areas counted and apply this  

     Formula: c=n/v  

Where: c = cell concentration in cells/ml  

n = avg. number of cells/mm^2 area  

v = volume counted = 10^-4  

Thus: c = n x 10^-4 

 

2) What are stem cells of retina? Explain the potential source of ocular 

stem cells. 

 The corneal epithelium contacts the external environment directly and is the first 

tissue compromised in ocular injury. Animal models are most frequently used to 

model the human ocular surface.  

 The corneal epithelium in vivo is oxygenated by diffusion from the tear film; in 

addition, it undergoes frequent mitosis. 

 These two characteristics, coupled with the availability of donor corneal tissue, 

combine to make the corneal epithelium a good starting material for the 

generation of primary cultures. 



 Among the sources for the acquisition of corneal tissue is a sophisticated eye 

banking system that provides donor corneas for transplantation.  

 Although the endothelium is labile, the epithelium retains its generative capacity 

for extended periods of time in storage at 4ǓC, making expired tissue suitable as a 

source of viable epithelium.  

 Both primary cultures and HCE lines retain phenotypic characteristics of corneal 

epithelium in situ. They continue to synthesize collagenase and express EGF 

receptors and cornea-specific cytokeratins.  

 The corneal epithelium is cultured upon collagen membranes at air–liquid 

interfaces, its morphology and barrier function are fairly well preserved. Stratified 

membranes develop that are able to inhibit the diffusion of Na fluorescein.  

 Air–liquid interface cultures survive for 2 weeks in vitro and have been used to 

investigate injury and repair mechanisms. 

 A more complete three-dimensional tissue model may be constructed by 

supplying corneal fibroblasts in a collagen gel.  

 Human corneal epithelial cells propagated in vitro may provide a suitable model 

for exploring basic cell biological mechanisms as well as toxicological 

phenomena.  

 

3) What are methods of gene therapy on embryonic stem cells? 
Gene therapy is the delivery of genetic material into cells for the purpose of altering 

cellular function. This seemingly straightforward definition encompasses a variety of 

situations that can at times seem unrelated. 

 

 The availability of pluripotent stem cells may be beneficial. Pluripotent 

embryonic stem cells are known to form teratomas in vivo, which are 

composed of a variety of differentiated cells.  

 However, these cells are immuno competent, and would require immuno 

suppression if used clinically.  



 The possibility of deriving stem cells from postnatal mesenchymal tissue from 

the same host, and inducing their differentiation in vitro and in vivo, was 

studied.  

 Stem cells were isolated from human foreskin derived fibroblasts. Stem cell 

derived chondrocytes were obtained through a chondrogenic lineage process. 

 The cells were grown, expanded, seeded onto biodegradable scaffolds, and 

implanted in vivo, where they formed mature cartilage structures.  

 This was the first demonstration that stem cells can be derived from postnatal 

connective tissue and can be used for engineering tissues in vivo ex situ. 

 A second approach which has been pursued for stem lineage isolation 

involves the isolation of stem cells from individual organs.  

 A continuous and unlimited hormonal supply produced from ovarian 

granulosa cells would be an attractive alternative. The feasibility of isolating 

functional human ovarian granulosa stem cells, which, unlike primary cells, 

may have the ability to proliferate and function indefinitely. 

 Granulosa stem cells were selectively isolated from postmenopausal human 

ovaries and their phenotype was confirmed with the stem cell marker 

antibodies, CD 34, CD 105, and CD 90.  

 The granulosa stem cells in culture showed steady state progesterone and 

estradiol production either with or without hCG stimulation Nuclear 

transplantation (“therapeutic cloning”) could theoretically provide a limitless 

source of cells for regenerative therapy.  

 Somatic cell nuclear transfer (SCNT) has the potential to eliminate immune 

responses associated with the transplantation of these various tissues, and thus 

the requirement for immunosuppressive drugs or immuno modulatory 

protocols that carry the risk of a wide variety of serious and potentially life-

threatening complications. 

 Although the goal of “therapeutic” cloning is to generate replacement cells 

and tissues that are genetically identical with the donor, numerous studies 

have shown that animals produced by the SCNT technique. 

 



4) Scale up of Monolayers 

 Scale-up of suspension cultures involves, primarily, an increase in the 

volume of the culture medium.  

 Agitation of the medium is necessary when the depth exceeds 5 mm, and 

above 5–10 cm (depending on the ratio of surface area to volume), 

sparging with CO2 and air is required to maintain adequate gas exchange. 

 Stirring of such cultures is best done slowly with a magnet encased in a 

glass pendulum or with a large-surfacearea paddle.  

 The stirring speed should be between 30 and 100 rpm, sufficient to 

prevent cell sedimentation, but not so fast as to create shear forces that 

would damage the cells.  

 Antifoam or Pluronic F68, 0.01–0.1%, should be included when the serum 

concentration is above 2%, particularly if the medium is sparged.  

 In the absence of serum, it may be necessary to increase the viscosity of 

the medium with carboxymethyl cellulose (1–2%). 

 

Plastic bags:  

 Plastic bags used to culture suspension cells. They are gas permeable and 

can be agitated by rocking on trays on a flat rocking platform. 

Air lift fermentors:  

 Large-scale fermentors frequently use the air lift principle 5% CO2 in air is 

pumped into a porous steel ring at the base of the central cylinder, and 

bubbles stream up the center, carrying a flow of liquid with them, and are 

released at the top, while the medium is recycled to the bottom of the 

cylinder. This fairly simple type of fermentor is used extensively in the 

biotechnology industry, up to capacities of 20,000 L. 

 

BelloCell aerator culture:  

 This unusual device has a bellows medium compartment that alternately 

forces medium over cells anchored in porous matrices and withdraws it 



again, in a ‘‘breathing’’ motion of the bellows. Optimum mixing and 

aeration is claimed with minimum shear 

 

Perfused Suspension Culture.  

 Hollow fiber and membrane perfusion systems also operate on the 

principle of compartmentalization.  

 The cells are retained in a low-volume compartment at a very high 

concentration, and medium is perfused through hollow fibers within the 

cell compartment, or through an adjacent membrane compartment.  

 Regulation of gas exchange in the medium is external to the culture 

chamber. 

 

Fluidized Bed Reactors for suspension cultures:  

 Porous micro carriers can accommodate suspension cells within the 

interstices of the bead matrix. Because of the higher density of the micro 

carriers they can be perfused slowly from below, at such a rate that their 

sedimentation rate matches the flow rate. 

 The beads therefore remain in stationary suspension, perfused by the 

medium, constantly replenishing nutrients and collecting the product into a 

downstream reservoir.  

 Gas exchange is external to the reactor, and no mechanical mixing is 

required. 

 

5) Four essential equipments in cell culture lab 
Laminar air flow:  

 The simplest way to provide aseptic conditions is to use a laminar-flow 

hood. 

 A horizontal flow hood is cheaper and provides the best sterile protection 

for your cultures, but it is really suitable only for preparing medium and 

other sterile reagents and for culturing non primate cells.  



 It is also particularly suitable for dissecting non primate material for 

primary culture.  

 For potentially hazardous materials (any primate, including human, cell 

lines, virus-producing cultures, radioisotopes, or carcinogenic or toxic 

drugs), a Class II or Class III biohazard cabinet should be used.  

 Most laboratories now use a Class II microbiological safety cabinet as 

standard. 

 Choose a hood that is large enough [a minimum working surface of 1200 

mm  

 Quiet, as noisy hoods are more fatiguing. 

 Easily cleaned both inside the working area and below the work surface in 

the event of spillage. 

 Comfortable to sit. 

 Some cabinets have awkward ducting below the work surface, which 

leaves no room for your knees, lights or other accessories above that strike 

your head, or screens that obscure your vision.  

 The front screen should be able to be raised, lowered, or removed 

completely, to facilitate cleaning and handling bulky culture apparatus.  

 

 

Inverted Microscope 

 Plays important role in the quantitative analysis of cultured cells and 

molecular probes, it is still vital to look at cultures regularly.  

 A morphological change is often the first sign of deterioration in a culture 

and the characteristic pattern of microbiological infection is easily 

recognized. 

 A simple inverted microscope is essential. 

 Make certain that the stage is large enough to accommodate large roller 

bottles between it and the condenser in case you should require such 

bottles. 



 Many simple and inexpensive inverted microscopes are available on the 

market, and it is worth getting one with a phototube for digital recording 

or viewing.  

 If you foresee the need for photographing living cultures, then you should 

invest in a microscope with good-quality optics and a long working- 

distance phase-contrast condenser and objectives 

 

Humid CO2 Incubator 

 CO2 incubators are more expensive, but their ease of use and superior 

control of CO2 tension and temperature justify the expenditure.  

 A controlled atmosphere is achieved by using a humidifying tray and 

controlling the CO2 tension with a CO2-monitoring device, which draws 

air from the incubator into a sample chamber, determines the 

concentration of CO2, and injects pure CO2 into the incubator to make up 

any deficiency.  

 Air is circulated around the incubator by natural convection or by using a 

fan to keep both the CO2 level and the temperature uniform. It is claimed 

that fan-circulated incubators recover faster after opening, although 

natural convection incubators can still have a quick recovery and greatly 

reduce the risks of contamination. 

 Dry, heated wall incubators also encourage less fungal contamination on 

the walls, as the walls tend to remain dry, even at high relative humidity. 

Some CO2 controllers need to be calibrated every few months, but the use 

of gold wire or infrared detectors minimizes drift and many models reset 

the zero of the CO2 detector automatically. 

Roller Racks 

 Roller racks are used to scale up monolayer culture. 

 The choice of apparatus is determined by the scale (i.e., the size and 

number of bottles to be rolled).  

 The scale may be calculated from the number of cells required, the 

maximum attainable cell density, and the surface area of the bottles.  



 A large number of small bottles gives the highest surface area but tends to 

be more labor intensive in handling, so a usual compromise is bottles 

around 125 mm (5 in.) in diameter and various lengths from 150 to 500 

mm (6–20 in.).  

 

 

 The length of the bottle will determine the maximum yield but is limited 

by the size of the rack; the height of the rack will determine the number of 

tiers (i.e., rows) of bottles. Although it is cheaper to buy a larger rack than 

several small ones, the latter alternative  

 

6) Elaborate on the nature and importance of the following in 

the cell culture media. 
Biotin:  

 Biotin is a B vitamin that's needed for the formation of fatty acids and 

glucose, which are essential for the production of energy. It also helps 

with the metabolism of carbohydrates, fats and proteins. 

 Some vitamins (e.g., Biotin and nicotinamide) have increased 

concentrations in serum-free media.  

 Vitamin limitation: for example, by precipitation of folate from 

concentrated stock solutions is usually expressed in terms of reduced 

cell survival and growth rates rather than maximum cell density.  

 Like amino acids, vitamin requirements have been derived empirically 

and often relate to the cell line originally used in their development. 

 For e.g., Fischer’s medium has a high folate concentration. 

Choline chloride:  

 Choline Chloride is a complex vitamin that is added as an important 

nutrient in medium.  

 Choline generally refers to the various quaternary ammonium salts. 



 These naturally-occurring ammonium salts are found in the lipids that 

make up cell membranes 

 Mainly present in serum itself. 

 In case of sereum free media it is added as external source. 

 Choline and its metabolites are needed for three main physiological 

purposes: structural integrity and signaling roles for cell membranes,  

 Cholinergic neurotransmission (acetylcholine synthesis),  

 Act as an major source for methyl groups 

Inositol 

 Inositol, unofficially referred to as "vitamin B 8," is present in all 

animal tissues, with the highest levels in the heart and brain.  

 It is part of the membranes (outer coverings) of all cells, and plays 

a role in helping the liver process fats as well as contributing to the 

function of muscles and nerves.  

 Inositol plays a major role in preventing the collection of fats in the 

liver 

 They are involved in a number of biological processes, including: 

 Insulin signal transduction 

 Cytoskeleton assembly 

 Nerve guidance (Epsin) 

 Intracellular calcium (Ca2+) concentration control 

 Serotonin activity modulation 

 Gene expression 

Thiamine: 

 It is an vitamin B1 is an sulfur-containing vitamin, a water-soluble 

vitamin of the B complex.  

 The majority of thiamine in serum is bound to proteins, mainly 

 albumin.  

 Nearly 90% of total thiamine in blood is in erythrocytes.  



 A specific binding protein called thiamine-binding protein (TBP) 

has been identified in rat serum and is believed to be a hormonally 

regulated carrier protein that is important for tissue distribution of 

thiamine.  

 Uptake of thiamine by cells of the blood and other tissues occurs 

via active transport and passive diffusion. 

 About 80% of intracellular thiamine is phosphorylated and most is 

bound to proteins.  

 In some tissues, thiamine uptake and secretion appears to be 

mediated by a soluble thiamine transporter that is dependent on 

Na+ and a transcellular proton gradient. 

 

7) Principle operation of flow cyto meter and its application 

 Principle: 

  A cell separation device based on electromagnetic sorting of a  single 

 cell suspension by means of the scattering of light or the fluorescent 

 properties of individual cells revealed by a laser scanning a single cell 

 stream. 

 Procedure: 

 A cell suspension containing cells labeled with a fluorescent dye is 

directed into a thin stream so that all the cells pass in single file.  

 The dye is coupled to a monoclonal antibody and binds to those cells 

coated with the antigen for which the antibody is specific. 

 This stream emerges from a nozzle vibrating at some 40,000 cycles per 

second which breaks the stream into 40,000 discrete droplets each 

second. 

 A laser beam is directed at the stream just before it breaks up into 

droplets. 

 As each labeled cell passes through the beam, its resulting fluorescence 

is detected by a photocell. 



 If the signals from the two detectors meet either of the criteria set for 

fluorescence and size, an electrical charge (+ or -) is given to the stream. 

 The droplets retain this charge as they pass between a pair of charged 

metal plates.  

 Positively-charged drops are attracted to the negatively-charged plate 

and vice versa.  

 Uncharged droplets (those that contain no cell or a cell that fails to meet 

the desired criteria of fluorescence and size) pass straight into a third 

container and are later discarded.  

 This apparatus can sort as many as 300,000 cells per minute. 

 The cells are not damaged by the process. In fact, because the machine 

can be set to ignore droplets containing dead cells, the percent viability 

of the sorted cells can be higher than that in the original suspension.  

Applications  

 This method may be used to separate cells according to any differences 

that may be detected by light scatter or fluorescence and has been 

applied to a wide range of cell types.  

 It has probably been utilized most extensively for hematopoietic cells for 

which disaggregation into the obligatory single-cell suspension is 

relatively simple,  

 It also has also been used for solid tissues, and gut.  

 It is an extremely powerful tool but is limited by the cell yield.  

 Although the more sophisticated machines with cell separation 

capability have a high capital. 

 

8) Write about 
a) Filter well insertion: 

 The permeability of the surface to which the cell is anchored may induce 

polarity in the cell by simulating the basement membrane.  



 Such polarity may be vital to full functional expression in secretory 

epithelia and many other types of cells.  

 Several manufacturers now provide permeable supports in the form of 

disposable filter well inserts of many different sizes, materials, and 

membrane porosities.  

 Also available are supports pre coated with collagen, laminin, or other 

matrix materials.  

 All of these supports have been used extensively in studies of cell–cell 

interaction; cell–matrix interaction, differentiation and polarity, and 

trans epithelial permeability. 

b) Alginate encapsulation:  

 Enmeshing cells within a open matrix through which medium flow 

unhindered 

 Entrapment of cells in semisolid matrices or spheres. 

 Basic function to stabilize the cells and thus protect it from sub optimal 

conditions. 

 Cells can be immobilized by adsorption, covalent bonding, cross linking 

or entrapment method. 

 Gelatin, polylysine, alginate and agarose can be used. 

 The matrix allowed free diffusion of nutrients and generated product b/w 

enclosed micro environment and external medium. 

 Opticell: the special ceremaic cartridges for suspension cells. 

 The S core entrap the cells within porous ceramic wall unit 

 Size ranges from 0.42 m2 to 210 m2, support 5*1010 cells with 

feed/hravest rate of 500 liters/day 

 Fiber: enmesh the cells in cellulose fibers. 

 Fibers are autoclaved at 30mg/ml in PBS and wash twice with sterile 

PBS at a final concentration of 3mg/ml. 

 Microcarriers and glass spheres are restricted to attach cells. 



 Porous spheres are open and have interconnecting pores increase the 

attachment enormously. 

 The spheres is ideal in that cells and nutrients have penetrate 30% of 

diameter to cover 70% space 

 

 

Set: 3 

Subject: Animal Cell Science and Technology 

 

Set: 3 

 

1) Explain the following: 
Prepare sterile media and reagents: 

 The ultimate objective in preparing reagents and media is to produce them in a 

pure form (1) to avoid the accidental inclusion of inhibitors and toxic substances,  

 (2) to enable the reagent to be totally defined and the functions of its constituents 

to be fully understood. 

 (3) to reduce the risk of microbial contamination. 

 Most reagents and media can be sterilized either by autoclaving, if they are heat 

stable—e.g., water, salt solutions, 

 amino acid hydrolysates—or by membrane filtration, if they are heat labile.  

 For autoclaving, solutions should be dispensed into borosilicate glass or 

polycarbonate and kept sealed to avoid evaporation and chemical pollution from 

the autoclave. 

 If soda glass bottles are used, they are better left with the caps slack to minimize 

breakage. 

 The evolution of vapor will help to prevent steam entering from the autoclave, but 

the level of the liquid will need to be restored with sterile UPW later.  

 As with sterilizing apparatus, sterile indicators such as Thermalog and the probe 

from a recording thermometer should be placed in a mock sample in the center of 

the load. 



 Media and reagents supplied on-line to large-scale culture vessels and industrial 

or semi industrial bioreactors can be sterilized on-line by short-duration ultrahigh-

temperature treatment. Adapting this process to media production might allow 

increased automation and ultimately reduce costs. 

Here some examples of reagents and chemicals used in animal cell culture media 

preparation and their mode of sterilization.  

Solution  Sterilization storage 

Agar Autoclave1 or boil Room temperature 

Amino acids Filter 4ǓC 

Antibiotics Filter ī20ǓC 

Bacto-peptone Autoclave Room temperature 

Bovine serum albumin Filter (stacked filters) 4ǓC 

Carboxylmethyl cellulose Steam for 30 min 4ǓC 

Collagenase Filter ī20ǓC 

Trypsin Filter ī20ǓC 

Vitamins Filter ī20ǓC 

Water Autoclave Room temperature 

 

b) Test the sterility of the media: 

Bubble point: 

When positive-pressure filtration is complete and all the liquid has passed through the 

filter, raise the pump pressure until bubbles form in the effluent from the filter. This is the 

bubble point and should occur at more than twice the pressure used for filtration  

If the filter bubbles at the sterilizing pressure (100 kPa, 15 p.s.i.) or lower, then it is 

perforated and should be discarded.  

In that case, any filtrate that has been collected should be regarded as non sterile and 

refiltered.  

Incubation: 

 (1) Incubate samples of medium at 37ǓC for 1 week. If any of the samples become 

cloudy, discard them and re-sterilize the batch. If there are signs of contamination in the 

other stored bottles, the whole batch should be discarded. 



(2) For a more thorough test, and when the solution being filtered does not have its own 

nutrients. Take samples, and dilute one-third of each into nutrient broths (e.g., L-broth, 

beef heart hydrolysate, and thioglycollate).  

Divide each sample in two, and incubate one at 37ǓC and one at 20ǓC for 10 days, with 

un-inoculated controls. 

 If there is any doubt after this incubation, mix and plate out aliquots on nutrient agar and 

incubate at 37ǓC and 20ǓC. 

Culture test: 

There are three main types of culture test:  

(1) Plating efficiency;  

(2) Growth curve at regular passage densities and up to saturation density. 

 (3) The expression of a special function (e.g., differentiation in the presence of an 

inducer, viral propagation, the formation of a specific product, or the expression of a 

specific antigen).  

All of these tests should be performed on the new batch of medium with your regular 

medium as a control. 

 

2) Differentiate between cold and warm trypsinization: 

Warm Trypsin 

It is important to minimize the exposure of cells to active trypsin in order to preserve 

maximum viability. Hence, when whole tissue is being trypsinized at 37ǓC, dissociated 

cells should be collected every half hour, and the trypsin should be removed by 

centrifugation and neutralized with serum in medium.  

Adv: 

This technique is useful for the disaggregating of large amounts of tissue in a relatively 

short time, particularly for whole mouse embryos or chick embryos.  

Dis adv: 

It does not work as well with adult tissue, in which there is a lot of fibrous connective 

tissue and mechanical agitation can be damaging to some of the more sensitive cell types, 

such as epithelium. If reaggregation is found after centrifugation and resuspension, 

incubate in DNase, 10–20 µg/mL, for 10–20 min, and recentrifuge. 



 

Cold Trpsin 

One of the disadvantages of using trypsin to disaggregate tissue is the damage that may 

result from prolonged exposure to the tissue to trypsin at 37ǓC; hence the need to harvest 

cells after 30-min incubations in the warm trypsin method rather than have them exposed 

for the full time (i.e., 3–4 h) required to disaggregate the whole tissue.  

A simple method of minimizing damage to the cells during exposure is to soak the tissue 

in trypsin at 4ǓC for 6–18 h to allow penetration of the enzyme with little tryptic activity. 

Following this procedure, the tissue will only require 20–30 min at 37ǓC for 

disaggregation  

 

The cold trypsin method usually gives a higher yield of viable cells, with improved 

survival after 24 h culture, and preserves more different cell types than the warm method  

Cultures from mouse embryos contain more epithelial cells when prepared by the cold 

method, and erythroid cultures from 13-day fetal mouse liver respond to erythropoietin 

after this treatment, but not after the warm trypsin method or mechanical disaggregation 

The cold trypsin method is also convenient, as no stirring or centrifugation is required 

and the incubation at 4ǓC may be done overnight 

 

ENZYMATIC DISAGGREGATION 

      Ź 

COLD TRYPSIN     WARM TRYPSIN  

     Ź   Ź 

  Overnight, cold, short incubation     Long incubation, repeat sampling 

 

 

 

3) Explain the following 
a) Trypan Blue method: Viability assays measure the percentage of a cell 

suspension that is viable. This is generally accomplished by a dye exclusion stain, 

where cells with an intact membrane are able to exclude the dye while cells 



without an intact membrane take up the coloring agent. A dye uptake stain can be 

used to measure viability as well.  

Adv:  

 Simple and easy to perform. 

 Very or no sophisticated instruments are required 

Dis adv: 

 won’t get reproducible result. 

 Some times due membrane leaking also we will get the wrong result 

b) Heamocytometer: The concentration of a cell suspension may be determined by 

placing the cells in an optically flat chamber under a microscope. The cell number 

within a defined area of known depth is counted, and the cell concentration is 

derived from the count. 

Adv:  

 Hemocytometer counting is cheap and gives you the opportunity to see what you 

are counting. 

 Easy to perform 

Dis adv:  

 Procedure is rather slow and prone to error both in the method of sampling and in 

the total number of cells counted; it also requires a minimum of 1 × 106 cells/mL. 

 Most of the errors in this procedure occur by incorrect sampling and transfer of 

cells to the chamber. 

 Only single cell suspension can be used. 

c) MTT assay: MTT (3-(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide, a yellow tetrazole), is reduced to purple formazan  in living cells.  

usually either dimethyl sulfoxide, an acidified ethanol solution, or a detergent 

SDS in diluted hydrochloric acid is added to dissolve the insoluble purple 

formazan product into a colored solution. The absorbance of this colored solution 

can be quantified by measuring between 500 and 600 nm. 

 Adv:  

 MTT can be used to determine the number of cells after a variety of treatments 

other than cytotoxic drug exposure, such as growth factor stimulation. 



 Growth curve analyses, using cell counting, are feasible only with relatively small 

numbers of samples. 

 Cells with three to five days after exposure can use. 

 Dis adv:  

 Duration of exposure is related to the number of cell cycles that the cells have 

gone through during exposure and recovery. 

 Maximum exposure to the solvents or detergents will damage the cells. 

 The density of the cells 

 During exposure to an agent can alter the response of the cells and the agent; for 

example, HeLa cells are less sensitive. For alkylating agent cell line used  at high 

cell densities 

d) Thymidine incopration: [3H]-Thymidine is added to the culture, it will be 

incorporated into the cells’ DNA. The amount of [3H]- Thymidine incorporated into 

the DNA is measured with a scintillation counter. The level of the radioactive signal 

depends on the proliferation rate – the higher the proliferation rate, the more cells can 

be harvested thus the more radioactive DNA and the higher signal. 

Adv: 

 to measure an effect of an agent on cell proliferation 

 to check an effect of cytotoxic drugs on tumor cells 

 to determine the cycle and its phases 

 to measure the rate of DNA synthesis 

 to detect antigen-specific T-cell proliferation in culture 

dis adv: 

 High doses of H2O2 significantly decreased 3H-thymidine incorporation, 

because it has direct effect on cell proliferation. 

 Highly costly technique when compare to previous techniques. 

  

4) Explain the following 
• A closed loop perfusion system continuously or demand takes medium form 

culture, it passes through oxygenation chamber and return its to culture. 



• It has many advantages, if medium is separated form the cells through perfusion 

loop. 

• The medium in the chamber can be vigorously spurge to ensure oxygen saturation 

and addition other substance such as NaOH for pH control. 

• Effectively used in microcarrier system. 

a) Membrane perfusion:  

 Many systems depend on filter membrane technology in which the culture 

bed is a flat, permeable sheet.  

 Eg: Membroferm is compartmentalized in such a way that the cells, 

medium supply, and product occupy different membrane compartments. 

 

b) Hollow fiber perfusion.  

 There are a number of hollow fiber perfusion systems in which adherent cells 

grow on the outer surface of the perfused microcapillary bundles. Highmolecular-

weight products concentrate in the outer space with the cells, while nutrients are 

supplied and metabolites removed via the inner space. 

 The potential of these systems for adherent cells lies in the re-creation of high, 

tissue like cell densities, matrix interactions, and the establishment of cell 

polarity, all of which may be important for posttranslational processing of 

proteins and for exocytosis.  

 Although originally designed for attached cells, hollow fiber systems are also 

used extensively for suspension cells, such as hybridomas  

 

Fixed-bed reactors.  

 Systems have also been developed with glass or matrix beads, with the medium 

being perfused upward through the bed or percolating downward by gravity.  

 The product is collected with the spent medium in a reservoir.  

 

5) Describe the key feature and potential application of the following: -  
Ans: A biosafety level is the level of the bio-containment precautions required to isolate dangerous 

biological agents in an enclosed facility. 



The levels of containment range from the lowest biosafety level 1 to highest at level 4.  

In the United States, the Centers for Disease Control and Prevention (CDC) have 

specified these levels. 

 

Biosafety level I 

 This level is suitable for work involving well-characterized agents not known to 

consistently cause disease in healthy adult humans, and of minimal potential 

hazard to laboratory personnel and the environment. 

 It includes several kinds of bacteria and viruses including canine hepatitis, non-

pathogenic Escherichia coli, as well as some cell cultures and non-infectious 

bacteria.  

 At this level precautions against the bio-hazardous materials in question are 

minimal, most likely involving gloves and some sort of facial protection.  

 Work is generally conducted on open bench tops using standard microbiological 

practices.  

 Decontamination procedures for this level are similar in most respects to modern 

precautions against everyday microorganisms (i.e., washing one's hands with anti-

bacterial soap, washing all exposed surfaces of the lab with disinfectants, etc.).  

 In a lab environment all materials used for cell and/or bacteria cultures are 

decontaminated via autoclave.  

 

Biosafety level: 2 

 This level is similar to Biosafety Level 1 and is suitable for work involving agents 

of moderate potential hazard to personnel and the environment  

 It includes various bacteria and viruses that cause only mild disease to humans, or 

are difficult to contract via aerosol in a lab setting, such as C. difficile, hepatitis A, 

B, and C, influenza A, Lyme disease, dengue fever, Salmonella, mumps, measles, 

HIV,  scrapie, MRSA, and VRSA.  

 Genetically modified organisms have also been classified as level 2 organisms, 

even if they pose no direct threat to humans.  



 This designation is used to limit the release of modified organisms into the 

environment. Approval by the FDA is required to release these organisms. An 

example is genetically modified food crops. BSL-2 differs from BSL-1 in that: 

 Laboratory personnel have specific training in handling pathogenic agents and are 

directed by scientists with advanced training. 

 Access to the laboratory is limited when work is being conducted. 

 Extreme precautions are taken with contaminated sharp items. 

 

Biosafety level: 3 

 This level is applicable to clinical, diagnostic, teaching, research, or production 

facilities in which work is done with indigenous or exotic agents which may cause 

serious or potentially lethal disease after inhalation. 

 It includes various bacteria and viruses that can cause severe to fatal disease in 

humans, but for which vaccines or other treatment exist, such as Mycobacterium 

tuberculosis, Bacillus anthracis, West Nile virus, Venezuelan equine encephalitis 

virus, Eastern equine encephalitis virus, Hendra virus, SARS coronavirus. 

 Laboratory personnel have specific training in handling pathogenic and 

potentially lethal agents, and are supervised by competent scientists who are 

experienced in working with these agents. This is considered a neutral or warm 

zone. 

 All procedures involving the manipulation of infectious materials are conducted 

within biological safety cabinets or other physical containment devices, or by 

personnel wearing appropriate personal protective clothing and equipment.  

 The laboratory has special engineering and design features. 

 Access to the laboratory is restricted when work is in progress, and 

 The recommended Standard Microbiological Practices, Special Practices, and 

Safety Equipment for Biosafety Level 3 are rigorously followed. 

Biosafety level: 4 

 This level is required for work with dangerous and exotic agents that pose a high 

individual risk of aerosol-transmitted laboratory infections. 



 Agents which cause severe to fatal disease in humans for which vaccines or other 

treatments are not available, such as Bolivian and Argentine hemorrhagic fevers, 

Marburg virus, Ebola virus, Lassa fever, Crimean-Congo hemorrhagic fever, 

Smallpox, and other various hemorrhagic diseases.  

 When dealing with biological hazards at this level the use of a Hazmat suit and a 

self-contained oxygen supply is mandatory.  

 The entrance and exit of a Level 4 bio lab will contain multiple showers, a 

vacuum room, an ultraviolet light room, and other safety precautions designed to 

destroy all traces of the biohazard.  

 Multiple airlocks are employed and are electronically secured to prevent both 

doors opening at the same time.  

 All air and water service going to and coming from a biosafety level 4 lab will 

undergo similar decontamination procedures to eliminate the possibility of an 

accidental release. 

 The Biosafety Level 4 laboratory has special engineering and design features to 

prevent microorganisms from being disseminated into the environment.  

 The laboratory is kept at negative air pressure, so that air flows into the room if 

the barrier is penetrated or breached. 

 

6) Explain transfectant mosaic spheroids and its applications. 
Spheroids can be grown from populations of cells that have been transfected with 

different genes.  

The cells are first grown in monolayer and then are transfected with the transgene and 

subjected to selection for transgene-expressing cells.  

Mosaic spheroids are formed by the addition of both transfected and nontransfected 

monolayer cells in any desired proportions  

The different cell populations are distributed throughout the resultant spheroids in 

approximately uniform mosaic patches, maintaining the same proportions of 

transfected to nontransfected cells as were added at the formation stage. 

Applications:   

Spheroids have wide applications in the modeling of avascular tumor growth. 



Play important role in 3-D spatial configurations in gene expression in cell populations 

and the assessment of cytotoxic treatment. 

Treatment end points include growth delay, determination of the proportion of spheroids 

cured by treatment, colony formation in monolayer after disaggregating of treated 

spheroids. 

An important area is the use of spheroids to study the penetration of cytotoxic drugs, 

antibodies, or other molecules used in targeted therapy  

 This category represents a special application that is not possible in single-cell 

suspensions or monolayer cultures. Spheroids have also proved useful in the study of cell 

killing by biologically targeted radionuclides. 

Spheroid cultures have also been used in confrontation experiments to assess the 

invasiveness of spheroids derived from malignant cell populations that are grown in close 

proximity to normal cell cultures such techniques have also been used in nononcological 

studies of disease processes, such as studies of rheumatoid arthritis. 

Mosaic spheroids are a new variant form that has special applications in the assessment 

of bystander effects. 

 

7. Explain cell sheet and scaffold components 
 

 Traditional approaches in tissue engineering using biodegradable scaffolds have 

so far only shown limited success.  

 To reconstruct various tissues such as heart or liver tissue, it is necessary to create 

cell-dense structures that resemble the native architecture.  

 Cell-to-cell interaction and cell-to-extra cellular matrix (ECM) interaction are 

necessary for maintaining the tissue.  

 Conventional techniques such as proteolytic treatment cause degradation of cell 

surface proteins, which are vital for cell-to-cell and cell-to-ECM interactions. 

 Cell sheet technology is developed order to overcome these problems and in order 

to give better solutions for tissue repair and regeneration field.  

 This is a technique that makes it possible to fabricate a sheet full of cells along 

with their natural extra cellular environment. 



 Moreover, if the cell sheet is patterned or composed of more than one cell type, 

when harvested, the patterning of cells is also kept intact. 

 It is believed that cell sheet technology is an ideal approach to bio-fabrication. 

 Indeed, in bio-fabrication, when the objective is medical therapy, living cells and 

bioactive materials are used as building blocks to fabricate advanced biological 

models on a large scale, and a cell sheet here plays the role of one building block 

of organ-like structures.  

 With cell sheet technology, cells are cultured on temperature-responsive culture 

dishes. 

 Dishes are created by the grafting of the temperature-responsive polymer poly (N 

isopropylacrylamide) (PIPAAm) onto ordinary tissue culture dishes (TCPS).  

 PIPAAm-coated dishes are temperature-responsive culture dishes where the 

surface becomes either hydrophilic or hydrophobic in a reversible manner, 

depending on the temperature.  

 This characteristic has been exploited to detach an intact cell sheet from the 

culture dishes.  

 The surface of the dishes is relatively hydrophobic, and therefore suitable for cell 

culture, when the temperature is 37 ǓC or higher.  

 When the temperature is reduced to 32 ǓC or lower, however, the surface of the 

dish becomes very hydrophilic, and hence confluent sheets of cultured cells can 

be spontaneously released from the dish surface. 

 



 
 

8) Elaborate stem cell model of tissue renewal 

As long as the embryonic stem cells in culture are grown under certain conditions, 

they can remain undifferentiated (unspecia lized). But if cells are allowed to clump 

together to form embryoid bodies , they begin to differentiate spontaneously. They 

can form muscle cells, nerve cells, and many other cell types. Although spontaneous 

differentiation is a good indication that a cult ure of embryonic stem cells is healthy, it 

is not an efficient way to produce cultures of specific cell types.  



So, to generate cultures of specific types of differentiated cells —heart muscle cells, 

blood cells, or nerve cells, for example : scientists try to  control the differentiation of 

embryonic stem cells. They change the chemical composition of the culture medium, 

alter the surface of the culture dish, or modify the cells by inserting specific genes. 

Through years of experimentation scientists have estab lished some basic protocols 

for the directed differentiation  of embryonic stem cells into some specific cell type.  

Normal differentiation pathways of adult stem cells.  In a living animal, adult stem 

cells can divide for a long period and can give rise to mature cell types that have 

characteristic shapes and specialized structures and functions of a particular tissue.  

The following are examples of differentiati on pathways of adult stem cells.  

 Hematopoietic stem cells give rise to all the types of blood ce lls: red blood 

cells, B lymphocytes, T lymphocytes, natural killer cells, neutrophils, 

basophils, eosinophils, monocytes, macrophages, and platelets.  

 Bone marrow stromal cells ( mesenchymal stem cells ) give rise to a variety of 

cell types: bone cells (oste ocytes), cartilage cells (chondrocytes), fat cells 

(adipocytes), and other kinds of connective tissue cells such as those in 

tendons.  

 neural stem cells  in the brain give rise to its three major cell types: nerve 

cells (neurons) and two categories of non -neuronal cells —astrocytes and 

oligodendrocytes.  

 Epithelial stem cells in the lining of the digestive tract occur in deep crypts 

and give rise to several cell types: absorptive cells, goblet cells, Paneth cells, 

and enteroendocrine cells.  

 Skin stem cells o ccur in the basal layer of the epidermis and at the base of 

hair follicles. The epidermal stem cells give rise to keratinocytes, which 

migrate to the surface of the skin and form a protective layer. The follicular 

stem cells can give rise to both the hair follicle and to the epidermis.  

Adult stem cell plasticity and transdifferentiation.  A number of experiments have 

suggested that certain adult stem cell types are pluripotent. This ability to 

differentiate into multiple cell types is called plasticity or t ransdifferentiation. The 

following list offers examples of adult stem cell plasticity that have been reported 

during the past few years.  



 Hematopoietic stem cells may differentiate into: three major types of brain 

cells (neurons, oligodendrocytes, and astro cytes); skeletal muscle cells; 

cardiac muscle cells; and liver cells.  

 Bone marrow stromal cells may differentiate into: cardiac muscle cells and 

skeletal muscle cells.  

 Brain stem cells may differentiate into: blood c ells and skeletal muscle cells.  

 

Set 4 

1) What is tumorogenecity? Explain its role in transformation process 
Ans: Transformation: Permanent alteration of the cell phenotype, presumed to occur via 

an irreversible genetic change. May be spontaneous, as in the development of rapidly 

growing continuous cell lines from slow-growing early-passage rodent cell lines, or may 

be induced by chemical or viral action. Usually produces cell lines that have an increased 

growth rate, an infinite life span, a lower serum requirement, and a higher plating 

efficiency and that are often tumorigenic. 

There are therefore several steps in transformation, the equence of which may be 

determined by environmental elective pressure. 

 

Malignancy: 

Malignancy implies that the cells have developed the capacity to generate invasive 

tumors if implanted in vivo into an iso-logous host or if transplanted as a xeno graft into 

an immune-deprived animal. 

Two approaches have been used to explore malignancy associated properties:  

(1) Cells have been cultured from malignant tumors and characterized;  

(2) Transformation in vitro with a virus or a chemical carcinogen, or transfection with 

oncogenes, has produced cells that were tumorigenic and that could be compared with the 

untransformed cells. 

The second approach provides transformed clones of the same lineage, which can be 

shown to be malignant, and these clones can be compared with untransformed clones, 

which are not malignant. 

Tumor Transplantation 



 The only generally accepted sign of malignancy is the demonstration of the 

formation of invasive or metastasizing tumors in vivo.  

 Transplantable tumor cells (1 × 106) is injected into isogeneic hosts will produce 

invasive tumors in a high proportion of cases, whereas 1 × 106 normal cells of 

similar origin will not. 

Invasiveness 

 Tumorigenesis assays should always be accompanied by histology of the tumor to 

confirm its histo pathological similarity to the original tumor and to demonstrate 

that it is invasive. 

 Chick chorioallantoic membrane:  The chorioallantoic membrane (CAM) assay 

can be performed on chick embryos in ovo or on explanted CAM in vitro.  

 Easty and Easty in 1972 showed that invasion of the CAM could be demonstrated 

in organ culture, 

 Organoid confrontation:  Mareel et al. developed an in vitro model for invasion in 

1979, using chick embryo heart fragments co-cultured with re-aggregated clusters 

of tumor cells. 

 Invasion appears to be correlated with the malignant origin of the cells, is 

progressive, and causes destruction of the host tissue. 

 Filter wells: A number of filter well techniques have been developed, based on the 

penetration of filters coated with Matrigel or some other extra cellular matrix 

constituent 

Angiogenesis 

 Tumor cells release factors, including VEGF , FGF-2,  and angiogenin, that are 

capable of inducing neovascularization 

Plasminogen Activator 

 Other products that tend to be increased in transformed cells are proteolytic 

enzymes long since associated with theories of invasive growth.  

 The proteolytic activity may be associated with the cell surface of many normal 

cells and is absent on some tumor cells, an equivalent normal cell must be used as 

a control when using this criterion.  



 Plasminogen activator (PA) is higher in some cultures from human glioma than in 

cultures from normal brain and other cultures have previously shown that PA is 

associated with many different tumors 

 

2) Define and distinguish primary cultures with cell lines 
Def: The maintenance or growth of cells after removal from the body, commonly on a 

glass surface immersed in nutrient fluid 

Primary cultures is used advantageously because of 

1. The expense and inconvenience of maintaining an established cell stock is 

obviated. 

2. They are particularly suited for vaccine production since the probability of in vitro 

transformation of cells to malignancy is minimized. 

3. Massive quantities of tissue are obtained for short term studies. 

4. They are hardy and can be sustained well in the media of relatively simple 

composition. 

5. Their degree and range of sensitivity to viral infection may exceed that of the 

common established cell lines. 

The disadvantages using them are 

1. They mat be contaminated with latent  

2. Long term experiments cannot be carried out. 

 

Cell lines 

Def: A cell line is a permanently established cell culture that will proliferate 

indefinitely given appropriate fresh medium and space. 

Characteristic features: Established cell lines behave in a remarkably similar manner 

irrespective of their origin: 

1. They have short doubling timings, of the order of 12 to 20hours. 

2. They are invariably aneuploid. 

3. They have similar nutritional requirements, whatever the origin. 

4. They grow too much higher densities than primary cell lines. 

5. They do not show usually much evidence of spatial orientation. 



6. It is rare for them to show obvious specialized functions 

7. They will often grow from dilute inoculations 

2-b) enzymes and their mechanism of action 

Warm Trypsin 

It is important to minimize the exposure of cells to active trypsin in order to preserve 

maximum viability. Hence, when whole tissue is being trypsinized at 37ǓC, 

dissociated cells should be collected every half hour, and the trypsin should be 

removed by centrifugation and neutralized with serum in medium. 

Cold trypsin method: 

A simple method of minimizing damage to the cells during exposure is to soak the 

tissue in trypsin at 4ǓC for 6–18 h to allow penetration of the enzyme with little 

tryptic activity. Following this procedure, the tissue will only require 20–30 min at 

37ǓC for disaggregation. 

Collagen: 

This technique is very simple and effective for many tissues: embryonic, adult, 

normal, and malignant. It is of greatest benefit when the tissue is either too fibrous or 

too sensitive to allow the successful use of trypsin. Crude collagenase is often used 

and may depend, for some of its action, on contamination with other nonspecific 

proteases. 

Disaggregation in collagenase has proved particularly suitable for the culture of 

human tumors, mouse kidney, human adult and fetal brain, liver, lung, and many 

other tissues, particularly epithelium. The process is gentle and requires no 

mechanical agitation or special equipment.  

 

3. What is histotypic culture? Explain different techniques involved 

in it? 
Def: histotypic culture, in which propagated cell lines are grown alone to high density 

in a three-dimensional matrix. 

This can be achieved by seeding cells on a small coverslip in the center of a large 

non-tissue-culture grade dish or by use of filter well inserts, which give the 



opportunity for the formation of both high-density polarized cultures and heterotypic 

combinations of cell types to create organotypic cultures. 

Different techniques: 

Gel and Sponge Techniques 

Leighton first demonstrated that both normal and malignant cells penetrate cellulose 

sponge facilitated by collagen coating. Gelfoam can be used in place of cellulose and 

has been used in studies of the effect of mechanical strain on lung development. 

These systems require histological analysis and are limited in dimensions, like organ 

cultures, by gaseous and nutrient diffusion. The use of three-dimensional sponges and 

gels has increased significantly with the development of tissue engineering. 

 a)Collagen gel. Collagen gel (native collagen, as distinct from denatured collagen 

coating) provides a matrix for the morphogenesis of primitive epithelial structures. 

 b)Matrigel. Matrigel, derived from the extracellular matrix, which has been used 

for coating plastic but can also be used in gel form. It is composed of laminin, 

collagen, fibronectin, and proteoglycans with a number of bound growth factors, 

although it can be obtained in a growth factor depleted form. It has been used as a 

substrate for epithelial morphogenesis, formation of capillaries from endothelial and 

in the study of malignant invasion 

Hollow Fibers 

The fibers are gas- and nutrient permeable and support cell growth on their outer 

surfaces. Medium, saturated with 5% CO2 in air, is pumped through the centers of the 

capillaries, and cells are added to the outer chamber surrounding the bundle of fibers. 

The cells attach and grow on the outside of the capillary fibers, fed by diffusion from 

the perfusate, and can reach tissue like cell densities.  

However, there are considerable technical difficulties in setting up the chambers, and 

they are costly. Furthermore, sampling cells from these chambers and determining the 

cell concentration are difficult. Overall, however, hollow fibers appear to present an 

ideal system for studying the synthesis and release of biopharmaceuticals and are now 

being exploited on a semi-industrial scale. 

Spheroids 



Cells in these heterotypic aggregates appear to be capable of sorting themselves into 

groups and forming tissue like structures. Homotypic re aggregation also occurs fairly 

readily, and spheroids generated in gyratory shakers or by growth on agar have been 

used as models for chemotherapy in vitro and for the characterization of malignant 

invasion. As with organ cultures, the growth of spheroids is limited by diffusion, and 

a steady state may be reached in which cell proliferation in the outer layers is 

balanced by central necrosis. 

 

4) Role of the following components in medium. 
L-glutamate 

Essential amino acids are required by animal cells together with cystine and tyrosine. 

Concentration of amino acids has direct effects on maximum cell concentration 

attainable. 

Amino acid balance may influence cell survival and growth rate 

 

Antibiotics 

Antibiotics were originally introduced into culture media to reduce the frequency of 

contamination. However, the use of laminar-flow hoods, coupled with strict aseptic 

technique, makes antibiotics unnecessary. Indeed, antibiotics have a number of 

significant disadvantages: 

 They encourage the development of antibiotic resistant organisms. 

 They hide the presence of low-level, cryptic contaminants that can become 

fully operative if the antibiotics are removed, the culture conditions change, or 

resistant strains develop. 

 They may hide mycoplasma infections. 

 They have antimetabolic effects that can cross-react with mammalian cells. 

 They encourage poor aseptic technique. 

Hence it is strongly recommended that routine culture be performed in the absence of 

antibiotics and that their use be restricted to primary culture or large-scale labor-

intensive experiments with a high cost of consumables. If conditions demand the use 



of antibiotics, then they should be removed as soon as possible, or, if they are used 

over the long term, parallel cultures should be maintained free of antibiotics. 

 

SERUM 

Serum contains growth factors, which promote cell proliferation, and adhesion factors 

and antitrypsin activity, which promote cell attachment.  

Serum is also a source of minerals, lipids, and hormones, many of which may be 

bound to protein. 

 The sera used most in tissue culture are bovine calf, fetal bovine, adult horse, and 

human serum. Calf (CS) and fetal bovine (FBS) serum are the most widely used the 

latter particularly for more demanding cell lines and for cloning.  

Human serum is sometimes used in conjunction with some human cell lines, but it 

needs to be screened for viruses, such as HIV and hepatitis B. 

Horse serum may also be less likely to metabolize polyamines, due to lower levels of 

polyamine oxidase; polyamines are mitogenic for some cells. 

HEPES: 

HEPES forms the basis of many complete media, and commercial suppliers will 

provide Eagle’s MEM with Hanks’s salts. 

Hanks’s salts would imply the use of sealed flasks with a gas phase of air, whereas 

Earle’s salts would imply a higher bicarbonate concentration compatible with growth 

in 5% CO2. 

HEPES is also used as a diluent for concentrates of amino acids and vitamins to make 

complete media, as an isotonic wash or dissection medium, and for short incubations 

up to about 4 h. 

 

5) Trypan blue method: 
a) Principle of trypan blue method: 

The dye exclusion test is used to determine the number of viable cells present in a cell 

suspension. it is based on the principle that live cells possess intact cell membranes 

that exclude certain dyes, such as trypan blue, eosin, or propidium, whereas dead cells 

do not. in this test, a cell suspension is simply mixed with dye and then visually 



examined to determine whether cells take up or exclude dye. in the protocol presented 

here, a viable cell will have a clear cytoplasm whereas a nonviable cell will have a 

blue cytoplasm.   

Dye exclusion is a simple and rapid technique measuring cell viability but it is subject 

to the problem that viability is being determined indirectly from cell membrane 

integrity. Thus, it is possible that a cell's viability may have been compromised (as 

measured by capacity to grow or function) even though its membrane integrity is (at 

least transiently) maintained.  

Dis adv:  

Cell membrane integrity may be abnormal yet the cell may be able to repair itself and 

become fully viable.  

Another potential problem is that because dye uptake is assessed subjectively, small 

amounts of dye uptake indicative of cell injury may go unnoticed.  

In this regard, dye exclusion performed with a fluorescent dye using a fluorescence 

microscope routinely results in the scoring of more nonviable cells with dye uptake 

than tests performed with trypan blue using a transmission microscope. 

b) Procedure and method of calculation: 

Materials 

0.4% trypan blue. 

Protocol 

1. centrifuge an aliquot of cell suspension being tested for viability 5 min at 100 × g 

and discard supernatant. the size of the aliquot depends on the approximate number of 

cells present. the aliquot should contain a convenient number of cells to count in a 

hemocytometer when suspended in 1 ml pbs and then diluted again by mixing with 

0.4% trypan blue (e.g., 5 × 105 cells/ml). 

2. Resuspend the cell pellet in 1 ml pbs or serum-free complete medium. serum 

proteins stain with trypan blue and can produce misleading results. Determinations 

must be made in serum-free solution. 

3. Mix 1 part of 0.4% trypan blue and 1 part cell suspension (dilution of cells). Allow 

mixture to incubate 3 min at room temperature. Cells should be counted within 3 to 5 

min of mixing with trypan blue, as longer incubation periods will lead to cell death 



and reduced viability counts. Mixing can be performed in a well of a microtiter plate 

or a small plastic tube using 10 to 20 µl each of cell suspension and trypan blue. 

4. Apply a drop of the trypan blue/cell mixture to a hemocytometer. Place the 

hemocytometer on the stage of a binocular microscope and focus on the cells. 

5. Count the unstained (viable) and stained (nonviable) cells separately in the 

hemocytometer. To obtain the total number of viable cells per ml of aliquot, multiply 

the total number of viable cells by 2 (the dilution factor for trypan blue). To obtain 

the total number of cells per ml of aliquot, add up the total number of viable and 

nonviable cells and multiply by 2. 

6. Calculate the percentage of viable cells as follows: 

Viable cells (%) = total number of viable cells per ml of aliquot/ total number of cells 

per ml of aliquot * 100. 

 

6) What are the derivatives of the first three cell types to differentiate 

into embryo? Explain 
Normal differentiation pathways of adult stem cells. In a living animal, adult stem 

cells can divide for a long period and can give rise to mature cell types that have 

characteristic shapes and specialized structures and functions of a particular tissue. 

The following are examples of differentiation pathways of adult stem cells. 

• Hematopoietic stem cells give rise to all the types of blood cells: red blood cells, 

B lymphocytes, T lymphocytes, natural killer cells, neutrophils, basophils, 

eosinophils, monocytes, macrophages, and platelets.  

• Bone marrow stromal cells (mesenchymal stem cells) give rise to a variety of cell 

types: bone cells (osteocytes), cartilage cells (chondrocytes), fat cells (adipocytes), 

and other kinds of connective tissue cells such as those in tendons.  

• Neural stem cells in the brain give rise to its three major cell types: nerve cells 

(neurons) and two categories of non-neuronal cells—astrocytes and oligodendrocytes.  

• Epithelial stem cells in the lining of the digestive tract occur in deep crypts and 

give rise to several cell types: absorptive cells, goblet cells, Paneth cells, and 

enteroendocrine cells.  



• Skin stem cells occur in the basal layer of the epidermis and at the base of hair 

follicles. The epidermal stem cells give rise to keratinocytes, which migrate to the 

surface of the skin and form a protective layer. The follicular stem cells can give rise 

to both the hair follicle and to the epidermis.  

Adult stem cell plasticity and transdifferentiation: 

 A number of experiments have suggested that certain adult stem cell types are 

pluripotent. This ability to differentiate into multiple cell types is called plasticity or 

transdifferentiation. The following list offers examples of adult stem cell plasticity 

that have been reported during the past few years. 

• Hematopoietic stem cells may differentiate into: three major types of brain cells 

(neurons, oligodendrocytes, and astrocytes); skeletal muscle cells; cardiac muscle 

cells; and liver cells.  

• Bone marrow stromal cells may differentiate into: cardiac muscle cells and 

skeletal muscle cells.  

• Brain stem cells may differentiate into: blood cells and skeletal muscle cells.  

 

8) Expalin 

a) Scaffold components 

 Cells are often implanted or 'seeded' into an artificial structure capable of 

supporting three-dimensional tissue formation. These structures, typically called 

scaffolds, are often critical, both ex vivo as well as in vivo, to recapitulating the in 

vivo milieu and allowing cells to influence their own microenvironments. 

Scaffolds usually serve at least one of the following purposes: 

 Allow cell attachment and migration 

 Deliver and retain cells and biochemical factors 

 Enable diffusion of vital cell nutrients and expressed products 

 Exert certain mechanical and biological influences to modify the behavior of the 

cell phase 

 To achieve the goal of tissue reconstruction, scaffolds must meet some specific 

requirements. A high porosity and an adequate pore size are necessary to facilitate 



cell seeding and diffusion throughout the whole structure of both cells and 

nutrients. 

 Biodegradability is often an essential factor since scaffolds should preferably be 

absorbed by the surrounding tissues without the necessity of a surgical removal.  

 The rate at which degradation occurs has to coincide as much as possible with the 

rate of tissue formation: this means that while cells are fabricating their own 

natural matrix structure around themselves, the scaffold is able to provide 

structural integrity within the body and eventually it will break down leaving the 

neotissue, newly formed tissue which will take over the mechanical load.  

 Injectability is also important for clinical uses.  

 A number of different methods has been described in literature for preparing 

porous structures to be employed as tissue engineering scaffolds. 

Nanofiber Self-Assembly: Molecular self-assembly is one of the few methods to 

create biomaterials with properties similar in scale and chemistry to that of the natural 

in vivo extracellular matrix (ECM). Moreover, these hydrogel scaffolds have shown 

superior in vivo toxicology and biocompatibility compared with traditional 

macroscaffolds and animal-derived materials. 

b) Mesenchymal cells:  

 Mesenchymal stem cells, or MSCs, are multipotent stem cells that can 

differentiate into a variety of cell types. Cell types that MSCs have been 

shown to differentiate in ex vivo cultures and in vitro or in vivo include 

osteoblasts (bone cells), chondrocytes (cartilage cells) and adipocytes (fat 

cells). 

 Mesenchymal stem cells are characterized morphologically by a small cell 

body with a few cell processes that are long and thin. The cell body contains a 

large, round nucleus with a prominent nucleolus, which is surrounded by 

finely dispersed chromatin particles, giving the nucleus a clear appearance. 

 MSCs have a large capacity for self-renewal while maintaining their 

multipotency. 



 The standard test to confirm multipotency is differentiation of the cells into 

osteoblasts, adipocytes, and chondrocytes as well as myocytes and possibly 

neuron-like cells.  

 The degree to which the culture will differentiate varies among individuals 

and how differentiation is induced, e.g., chemical vs. mechanical, it is not 

clear whether this variation is due to a different amount of "true" progenitor 

cells in the culture or variable differentiation capacities of individuals' 

progenitors.  

 The capacity of cells to proliferate and differentiate is known to decrease with 

the age of the donor, as well as the time in culture.  

  

7. Essential components of the following media 
Bacterial culture: Microbiological cultures utilize petri dishes of differing sizes that 

have a thin layer of agar based growth medium in them. Once the growth medium in 

the petri dish is inoculated with the desired bacteria, the plates are incubated in an 

oven usually set at 37 degrees Celsius. Another method of bacterial culture is liquid 

culture, in which case desired bacteria are suspended in liquid broth, a nutrient 

medium. 

An undefined medium (also known as a basal or complex medium) is a medium that 

Beef extract - Source of vitamins and other growth factors 

Yeast extract - Source of vitamins and other growth factors 

Peptone - Source of amino acids, N, S, and P 

Glucose - C and energy sourceK2HPO4 pH buffer; P and K source 

KH2PO4 - pH buffer; P and K source 

(NH4)2HPO4 - pH buffer; N and P source 

MgSO4 7H2O - S and Mg++ source 

FeSO4 7H2O - Fe++ source 

MnSO4 H2O - Mn++ Source 

 

 

 


