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1. a. Sterile Techniques
Good sterile technique is the first and most important step in insuring consistent results when employing recombinant DNA and protein expression techniques. Sterile technique refers to procedures by which cultures may be manipulated without infecting the worker or contaminating the cultures or the laboratory environment.

Because contaminating bacteria are ubiquitous and are found on fingertips, bench tops, etc., it is important to minimize contact with these contaminating surfaces. When students are working with the inoculation loops and agar plates, you should stress that the round circle at the end of the loop, the tip of the pipetter, and the surface of the agar plate should not be touched or placed onto contaminating surfaces.

The flaming of lips of tubes and flasks must ALWAYS be done whenever culture liquid is to be poured from a container (e.g., pouring plates). Flaming should be routinely done when caps are removed from tubes during transfer of cultures. The purpose of flaming is not to sterilize, but to warm the tube and create warm air convection currents up and away from the opening. This "umbrella" of warm, rising air will help to prevent the entrance of dust particles upon which contaminating bacteria reside.

Petri dish lids prevent dust from falling directly onto plates but allow diffusion of air around the edges. There are no direct air currents into the plate, and to enter, dust particles would have to rise vertically more than a centimeter. This does not often occur because of the density of the particles. Whenever the lid is removed, it should be held over the plate as a shield. Do not place the lid on the bench top. Do not leave plates uncovered. Do not walk around the room with an open plate.

When working with cultures in testtubes, work as rapidly as is consistent with careful technique. Keep the tubes open a minimum amount of time. While the tubes are open, hold them at a 45 degree angle so that dust cannot fall into the open tube. Hold the tubes away from your face while transferring.

Test tubes are handled in the following manner:

· The test tube is held in the left hand (for a right-handed person). 

· The instrument (loop, pipet, or needle) is held in the right hand. 

· The testtube cap is grasped by the little finger of the right hand, and removed. 

· While continuing to hold the cap with the little finger, the tube is lightly flamed and the instrument is manipulated appropriately, and withdrawn. 

· The cap is replaced on the testtube and the testtube is put back into the rack. 

Label all cultures with the name or number of the organism, and your name. 

Always clean all work areas (your bench, balance area, sink area, gel area, etc.) thoroughly before leaving the laboratory! The last step before leaving the lab is to wash your hands thoroughly.

These are guidelines. You may find a set of techniques that best suite your working style. This is fine as long as you adhere to the basic concepts of good sterile technique.
2. Microscopy

Introduction:


The magnification of microscope enables us to see microbes and their structures which are invisible through the naked eye. The magnification attainable by microscope range 100X to 400,000X. Microscopes are of 2 categories. Optical and electron depending upon which the magnification is based.


Light microscope in which magnification is obtained by a system of optical lenses using light waves include.

1. Phase contrast microscope

2. Fluorescence Microscope


The phase contrast microscopy

The phase contrast microscopy is based on the fact that light passing through one material and into another material of slightly different refractive index or thickness will undergo a change in phase. These differences in phase or wavefront irregularities are translated into variations 6in brightness of the structures and hence are detectable by the eye.

Construction and Working:


The condenser of a phase contrast microscope has an annular diaphragm, an opaque disc with a transparent ring which produces a hollow cone of light. As this cone passes through a cell, Some light rays are bent due to variation in density and refractive index within the specimen and are retarded by ¼ wavelength. The deviated light is focused to form an image of the object. Underviated light  rays strike a phase ring in the phase plate, a special optical disc located in the objective which the deviated ray miss the ring and pass through the rest of the plate . The phase ring is constructed in such a way that the undeviated light passing through it is advanced by ¼ wavelength, the deviated and undeviated waves will be about ½ wavelength out of phase to form an image. The background formed by undeviated light is bright, While the unstained object appears dark and well defined.

Fluorescent Microscopy:

Principle:


Many chemical substances absorb light. After absorbing light of a particular wavelength and energy, Some substances will then emit light of a longer wavelength and a lesser energy content. Such substances are called fluorescent and the phenomena is termed fluorescence. Application of this phenomena is the basis of fluorescence microscopy. Micro organisms are stained with a fluorescent dye and then illuminated with  blue light, the blue light is absorbed and green light is emitted by the dye.

Construction and Working:


A high intensity mercury lamp is used as the light source and emits white light. The excited filter transmits only blue light to the specimen and blocks out all other colors. The blue light is reflected downward to the specimen by dichroic mirror (Which reflects light of certain colors but transmits light of other colors).The specimen is stained with fluorescent dye. Certain portions  of specimen retain dye,others do not. The stained portions absorb blue light and emit green light, Which passes upward, Penetrate the dichoric mirror and reaches the barrier filter which allows green light to pass the eye but blocks out any residual blue light from the specimen which may not have been completely deflected by the dichroic mirror. Thus the eye perceives the stained portions of the specimen as glowing green against a jet black background, Whereas the unstained portions of specimen are invisible.

3. Identification of given plant, animal and bacterial cell by Microscopy

Introduction:


The number of cells in a population can be measured under a microscope by counting cells placed in special counting chambers. The total number of organism living and dead in preparation is known as total count.

There are two types of chambers for counting cell number in liquid sample.

1. Haemocytometer

2. Petroff – Hauser counting chambers

Aim: To count of cells present in given liquid sample.

Materials required:

Neubauer chamber, Cover slip,microscope under low power objective.

Procedure:

1. The chamber has special square grid marked on surface of glass slide as shown in fig(a). A ridge on each side of grid, holds a coverslip off the grid by known distance so that volume of square is precisely known.

2. A sample of cell suspension to be counted was allowed to flow under the cover slip and to fill the counting chamber.

3. The number of cells per unit grid can be counted under the microscope.

4. Very dense suspensions can be counted if they were diluted appropriately.


The desirable features of direct counting methods are 

a. Minimal Equipment is required

b. Results are obtained rapidly

Morphological characteristics of organisms can be observed.


The advantages are

a. Many dead cells cannot usually be distinguished from live cells.

b. The method is not suitable for cell suspension of low density 

c. Small cells are difficult to see under a microscope.

d. The actual counting procedure is tiresome and may cause considerable eye strain.

e. It is not suitable for highly flocculating cells as mycelicene.

Result:


The total number of algal cells per cubic millemeter of liquid sample = 18739.2 cell/mm3

Observation:

1.197

2. 160

3. 200

4. 175

Total no of algal cells(x) =723

calculations:

1 chamber an area  of 1mm3 and depth of 0.1mm3

4 chamber 1/10x1x1x4 = 2/5 = 0.4mm3

Total no of algal cells cubic mm of givenly  liquid sample= Total no of algal cells(x)*0.4mm3*16*4


= 732*0.4*16*4


= 18739.2 cell/mm3

b. Observation of bacterial cell motility 

 Introduction:


The ability of the cell to move is called as cell motility which is due to the presence of thread like locomotor appendages extending outward from the plasma membrane and cell wall. They are slender,rigid structures about 20nm across and up to 15 or 20µm long.

1. Thermophilic campylobacter:


They are  comma,spiral (gull wing), 's' shaped. They can be recongnised by their peculiar dashing motility which has a cork screw like movement.


Dark ground microscopy of fresh stool may be used to detect their typical motility.

ii. Clostridium tetani,clostridium septicum, protects spp, pseudomones show swarming motility.

iii.  Clostridium difficle:


Electron microscopy shows sparse paritrichous flagella. It exhibits a characteristic oscillating motility.


A wet film of cooked meat broth culture may be used to detect their typical motility.

iv. Leptospira:


They show cork screw like movement, occasionally bending and straightening again into the characteristic rigid form.


Organisms in blood film or in semi medium may be used to detect their motility.

v. Listeria monocytogens:


They show tumbling motility.

vi. Troponema pallidium:

Usually 3, ocassionally 4 endoflagella are seen inside.

Endoflagella: Similar to flagella, with a basal body with disc as collar like structure, Spirochetes show cork screw membrane and cell wall.

Vii. Spirochetes:


They show rotary cork screw like motility ans also movement of flexion,angulation with the organ bending almost to 90ºº near its cent re.

Viii. E.coli:


They show fans of growth outer end from the point on stab inocula in the tube of semi solid agar at 37ºc.

ix. Pseudomonas aeruginosa:

x. They have single, polar flagella

xi. Vibrio, ф Holovibrio:- Monotrichous cell

xii.  Helicobacter:- Multiple flagella in the above pole.

xiii. Oceanospirillum: Bipolar tuft.

c. Hanging Drop Technique:

Aim: To determine whether the given bacterial culture is motile or non motile.

Materials required:


Bacterial culture suspension, cavity slides, cover slip, petroleum, Jelly, inoculating loop.

Procedure:

The motility of bacteria was best examined by hanging drop preparation. For this purpose, a glass slide having a circular concavity in the centre was employed.

-By means of a glass rod petroleum jelly was applied on to the hypothenar emmina (Lower end of the palm) 

· A clean cover slip was taken, holding it by the edges. The jelly from the palm was carefully scrapped, So that an uniform layer of jelly the palm was applied along the edges of the cover slip.

· The cover slip was placed on the bench with the grease surface facing upwards.

· With a loop, suspension containing the organisms was placed on the cover slip. care was taken  that the suspension was not too dense.

· The slide was inverted over the cover slip, the concavity covering the drop allowing the glass to adhere to the jelly and then quickly turn round the slide so that the drop in the cover slip is the centre of the concavity.

· The slide was placed on the microscope stage the condenser was slightly racked down and the diaphragm was partially closed(excessive illumination render the organisms invisible).

· The low power lens was turned into position and the edge of the drop was focused. The best illumination was obtained by lowering or raising the condenser and sharp definition was secured by reducing the aperture of the diaphragm.

· The organisms at the edge of the drop was examined under low power(10x) and high power(45x) objective.

Observation:


Rod shaped organisms moving the edge of the drop were observed.

Result:


The given sample bacillus culture and the type of movement observed was darting movement.

5. Leishman staining
Aim: To count the total leukocyte in the given blood.

Materials required:


Spirit lamp, rectified spirit, cotton, needle, Leishmann stain,oil immersion and glass slide.

Preparation of the blood film:


A grease free slide was taken the finger was cleaned with the rectified spirit and pricked with the needle for the collection of capillary blood. Drops of blood are touched on the slide at one ends with the help of the other slide whose corner is cut off. This is otherwise named as the spreader slide. The blood drops are touched for even spreading and the spreader  is pushed towards the other end of the under slide by keeping the spreader slide at an angle of 45ºc. The blood spread is allowed to dry. The dry film is covered with the Leishman stain which would be evenly distributed over the entire slide. At the end of 1min double the quantity of buffer solution or distilled water was carefully added and mixed with the stain by means of a clean pipette. The film was allowed to stain for 7 – 8 mins and the excess stain is removed by washing  with the  distilled water for 2 mins.The water was then washed off with fresh distilled water. The film was then dried in air before examination under a microscope.

Precautions:


The blood filne should not be too thick/too thin. If the corner of the spreader slide is cut off the smear will occupy only a portion of the other slide and its edges can therefore be examined easily. This is of  value as the leukocyte are more numerous at the edges.

General Observation:


The slide may be throughly be examined to verify whether clotting has occurred in a smear. Since such a smear may not give good results. Also the blood cells should be sufficiently stained so that the cytoplasm and the granules of the leukocytes gets stained well for easy differentiation. After general examination the RBC's may be verified to note that no roucleax formation can be seen.

Counting Procedure:


The microscope is set in oil immersion objective ans a drop of  cedar wood oil, or any other immersion oil is introduced in between the slide and the objective. About 100 leukocytes are counted and an average percentage of the cells counted is taken. The best place to count in the ideal thickness ie the third part of the blood film from  the head of the smear.

General cell Distribution:

Polymorph or Neutrophils: It shows a  fainty pinkish tinged cytoplasm filled with nearly uniform fine granules which take a pink color. The nucleus is usually divided irregularly into 2 to 5 lobes which are connected by fine bands. It is a round cell with a distinctive nuclear membrane. There are no nucleoli. 

Size:  10 -12µ;  Life: 3-5 days;  Normal:3000 – 7000/cumm;   Average:60 – 70%.

Eosinophil: It is distinguished by compact coarse granules with dosin color. Circular in shape, bilobe nucleus both look like spectacles. Size: Size:10 -12µ;  Life: 8-12days;  Normal:50 – 40/cumm;   Average:1 – 6%; found in large number in allergic infections.

Basophil:(Mast cell):- It contains purphils or bluish black granules which are usually intermediate in size between those of the preceding types of cells, and are less refractive than the eosinophil granules. They tend to vary in size and depth of staining are often sparse. The nucleus stain more faintly and lobulation in often indistinct. Size:  Life: 8-12 days;  Normal:0 – 100/cumm;

Monocytes: It is larger than a large lymphocyte. The nucleus which appears like a kidney and twisted. The cytoplasm has a frorty appearance and has fine granules. Size:  18µ;   Noraml:10 – 600/cumm.      

Large lymphocyte: With rounded nucleus  and clear basophilic cytoplasm Noraml:5 -10 %.

Small lymphocyte: Round, deeply staining nucleus which almost fills the cell leaving a rim of strongly basophilic cytoplasm Size:18µ; Noraml:1000 – 3000/cumm;  

Other types:


Sparse and immature granulocytes, myeloblast,myelocytes, Metancyelocytes, lymphoblast, Monoblast and megakaryocytes.

Results:


Neutrophil, Esoinophil, Basophil,small lymphocyte, large lymphocyte and monocytes were observed.

The cell size was determined to be

1. Neutrophil – 10.4µ

2. Large lymphocyte  -10µ

3. Small lymphocyte 10.8 µ  

Calculation:

In the stage micrometer 1mm is divided into 100 divisions 

ie 100 stage division is equal to 1000µm = 1mm

1 Stage division = 10µ = 0.01mm

1 ocular division = no /of stage division/ (No / of ocular division *10µ)
	Objective
	Stage division
	Ocular division

	10x
	5
	5

	
	10
	10

	
	15
	15

	20x
	5
	10

	
	10
	20

	
	20
	40

	40x
	10
	40

	
	20
	80

	
	40
	160

	100x (oil Immersion)
	1
	10

	
	2
	20

	
	3
	30

	
	4
	40


Total no cells counted:- 100Large lymphocyte -22Small lymphocyte -30Monocyte -1

Eosinophil – 10Neutrophil – 36Basophil – 1

	Hymphocytes
	Diameter (mm)
	Conversion factor (µ) 100x = 1µ
	Average

	Neutrophils
	10
	10
	10.4µ

	
	9
	9
	

	
	10
	10
	

	
	9
	9
	

	
	14
	14
	

	Large Hymphocyte
	10
	10
	10µ

	
	9
	9
	

	
	8
	8
	

	
	11
	11
	

	
	12
	12
	

	Small hymphocyte
	10
	10
	10.8µ

	
	9
	9
	

	
	12
	12
	

	
	12
	12
	

	
	11
	11
	


7. Giemsa staining (1:5 dilution)


A thin smear of lymphocytes was prepared and air dried Flooded with giemsa stain and was left undisturbed for 20 mins. Washed under running tap water,air dried and was viewed under microscope.

Observation: Cells with large nuclei were seen.

Result: 


The cells observed were small lymphocyte are large lymphocyte.

8.. Separation of  peripheral blood mononuclear cells from blood
Aim: To separate lymphocytes from the blood sample.

Principle: 


The principle of this techniques is density gradient centrifugation when the blood sample is layered on the surface of a density gradient (Ficoll paque) and centrifuged. The blood constituents separate based on its density on the underlying gradient. A cloudy layer formed above a white band of platelets indicates the separated lymphocytes.

Procedure:


5ml of blood was collected and the anticoagulant (heparin) was added and processed within 24 hours. It was spun at 2000 rpm with swing out head for 10 mins. Approximately 2ml of plasma  was removed using a Pasteur pipette.


5ml of Ficoll -paque was placed in a graduated tube. The blood was carefully transferred on to the surface of Ficoll -paque. Spun at 2000 rpm for 10 mins.


The lymphocyte layer (approximately 1 to 1.5ml) was removed . It was placed in eppendrof tube, freezed at 2ºc and studied next day or transferred to -70ºc

Staining with leishman stain:


A thin smear of the lymphocyte was made and air dried. Flooded with leishmann stain and left undisturbed for 10 mins Washed with double the amount of buffer and left for 10 mins by continuous mixing of the stain and buffer. Washed under running tap water, air dried and was observed under the microscope.
Observation:

Cells with large nuclei, small nuclei and small round cells were observed.
Result:


The cells observed were small lymphocytes, large lymphocytes and platelets.
9. Osmosis and Tonicity

Osmosis is the passage of water from a region of high water concentration through a semi-permeable membrane to a region of low water concentration.

The definition contains three important statements:

1. Osmosis is the passage of water from a region of high water concentration through a semi-permeable membrane to a region of low water concentration.

2. Osmosis is the passage of water from a region of high water concentration through a semi-permeable membrane to a region of low water concentration.

3. Osmosis is the passage of water from a region of high water concentration through a semi-permeable membrane to a region of low water concentration. 

When you put an animal or plant cell into a liquid containing water one of three things will happen.

1. If the medium surrounding the cell has a higher water concentration than the cell (a very dilute solution) the cell will gain water by osmosis.

Water molecules are free to pass across the cell membrane in both directions, but more water will come into the cell than will leave. The net (overall) result is that water enters the cell. The cell is likely to swell up.

2. If the medium is exactly the same water concentration as the cell there will be no net movement of water across the cell membrane.

Water crosses the cell membrane in both directions, but the amount going in is the same as the amount going out, so there is no overall movement of water. The cell will stay the same size.

3. If the medium has a lower concentration of water than the cell (a very concentrated solution) the cell will lose water by osmosis.

Again, water crosses the cell membrane in both directions, but this time more water leaves the cell than enters it. Therefore the cell will shrink. 
TONICITY:
Tonicity is a measure of effective osmolarity or effective osmolality in cell biology. Osmolality and osmolarity are properties of a particular solution, independent of any membrane. Tonicity is a property of a solution in reference to a particular membrane, and is equal to the sum of the concentrations of the solutes which have the capacity to exert an osmotic force across that membrane. Tonicity, also, depends on solute permeability (permeant solutes do not affect tonicity; impermeant solutes do affect tonicity). Tonicity is generally classified in three ranges; hypertonicity, hypotonicity and isotonicity. Hypertonic, isotonic and hypotonic solutions are defined in reference to a cell membrane by comparing the tonicity of the solution with the tonicity within the cell.

Hypertonicity
An animal cell in a hypertonic environment is surrounded by a higher concentration of impermeable solute than exists in the inside of the cell. Osmotic pressure directs a net movement of water out of the cell, causing it to shrink.

In animal cells, being in a hypertonic environment results in crenation, where the shape of the cell becomes distorted and wrinkled as water leaves the cell. Some organisms have evolved methods of circumventing hypertonicity; for example, saltwater is hypertonic to the fish that live in it. Since they cannot isolate themselves from osmotic water loss, because they need a large surface area in their gills for gas exchange, they respond by drinking large amounts of water, and excreting the salt. This process is called osmoregulation.

In plant cells, the effect is more dramatic. The cell membrane pulls away from the cell wall, but the cell remains joined to the adjacent cells at points called plasmodesmata. Thus, the cell takes on the appearance of a pincushion, with the plasmodesmata almost ceasing to function because they have become so constricted. This condition is known as plasmolysis. The terms isotonic, hypotonic and hypertonic cannot be accurately used in plant cells however as the pressure potential exerted by the cell wall affects the equilibrium point significantly.

Isotonicity
A cell in an isotonic environment is in a state of equilibrium with its surroundings. When the amount of impermeable solute is the same on the inside and outside of the cell, osmotic pressure becomes equal; the force of water trying to exit and enter the cell balances out. This pressure is what drives hypertonic or hypotonic cells to become isotonic. For example, in medicine, a 0.9% w/v solution of water and NaCl is considered isotonic in relation to red blood cells and their semi-permeable membranes.
Hypotonicity
The opposite of a hypertonic environment is a hypotonic one, where the net movement of water is into the cell. If the cell contains more impermeable solute than its surroundings, water will enter it. In the case of animal cells, they will swell until they burst; plant cells do not burst, due to the reinforcement their cell wall provides.




10. Trypan blue assay
Viability Assay 

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. The dye used for exclusion stain is usually trypan blue but erythrosin and naphthalene black have also been used. A dye uptake stain can be used to measure viability as well. In this case, the dye is normally taken up by viable cells but not by the non-viable cells. Diacetyl fluorescein is an example of a dye used for dye uptake assays. 

The trypan blue dye exclusion is commonly used and a protocol 

for this procedure is included here: 

1. Prepare a cell suspension of the cells to be assayed (about 10^6 cells/ml). 

2. Prepare a 1:1 dilution of the suspension using a 0.4% trypan blue solution. 

3. Load the counting chambers of a hemocytometer with the dilution (see Hemocytometer 

Counting). 

4. Let sit for 1-2 minutes (do no leave longer as viable cells may die and begin to take up 

the dye). 

5. Count the number of stained cells and total number of cells following the above 

procedure for Hemocytometer Counting. 

6. The calculated percentage of unstained cells will represent the percentage of viable cells.
11. Staining for different stages of mitosis in AllumCepa (Onion)
Mitosis: A study of different stages of mitosis in fixed onion root tip cells.

Aim:


To study the stages of mitosis in fixed onion root tip cells .

Principle:


Root tip tissue is clean because it will contain actively dividing cells showing various stages of mitosis. The root tips have to the fixed prior to staining. Fixation brings about the death of the cell in such a way that structure of living cell is preserved in the same form as it was before death. That is cells do not undergo any postmortem alternation. Fixation also maintains the chemical composition of the cell as intact as possible. The fixative  used have acetic acid: alcohol in 1:1 ratio. Acetic acid is powerful precipitant of nucleoprotein and it prevents cell shrinkage. Alcohol is a dehydrant ( removes water from tissue) which hardness the tissue in Hcl and breaks down calcium pectate and magnesium pectate(Which cements or attaches cell to each other) in the root tip tissue to pectic acid which cannot cement cells together. As a result, after gentle tapping the cells separate out and form a mono layer in which cells are easily observable. The stain used is carmine which is a basic dye extracted from coccus cacti and is taken up well by nucleic acids. Ferric chloride that is added to the stain acts as a mordant in that Fe2+ ions form a strong link or bond between the stain and tissue to be stained(thereby intensifies staining) Slight heating during staining also serves to improve staining efficient.

Materials and  reagents:


Onion root tips fixed in acetic acid, alcohol fixation 1N Hcl.

Acetocarmine Stain:


45% glacial acetic acid solution was prepared. It ws boiled and 1g of carmine was added. It was stirred to dissolve. A pinch of ferric chloride was added to solution,stirred and filtered to remove any particles. Spirit lamp, Microscope , glass slide, Cover slip.

Procedure:


The fixed root tips were hydrolysed in 1N Hcl by gently heating for 1 min to 2 mins. The root tips were washed. Root tips were put on a glass slide and unwanted portion (non dividing cells) was removed. Only the root cap  region (which appears milky white) was  retained.
A drop of acetocarmine was put on the root tissue and left for a while. The material was tapped and heated a bit. A cover slip was put by removing the debris. The material was tapped gently using back of needle by keeping the slide between the folds of the filter paper. The slide was observed under the microscope and various stages of mitosis were visualized.

Result: 
The various stages of mitosis observed were inter phase, prophase,  metaphase,  anephase  and telophase.

