
Lab 1
Safety Roles in Microbiology Laboratory 

Introduction
These rules are for the safety of the students, instructors and support staff. The aim of these roles is to learn about the technical safety requirements for work in microbiological laboratories. Also, avoiding the harmful effects of microorganisms, chemical and radiation exposure in microbiological labs.

Safety Roles:
Please read and follow them:
1. Use your lab coat, when working in the laboratory to protect clothing from contamination or accidental discoloration by staining solutions.
2. Clean your work area (laboratory bench) with a recommended disinfectant such as 5% Lysol or 5% phenol before and after each laboratory period to avoid contamination. 
3. Eating, drinking, and smoking are forbidden at all times in the laboratory.
4. Always keep the laboratory work area free from articles not actually in us and replace all reagents, cultures, and glassware in their appropriate places.
5. Keep your hands away from your mouth and eyes while in the laboratory. Do not place anything such as pencils, food, and fingers in your mouth. 
6. Wash your hands thoroughly before and after each experiment, using disinfecting soap if possible.
7. Wear your musk and gloves to avoid inhalation of harmful solvents and buffer solutions as well as affecting your hands. 
8. Avoid contamination of benches, floor, and wastebaskets.
9. Place all discarded cultures, infectious materials, used glass slides and contaminated glassware into the provided receptacles. Do not let unneeded materials accumulate. 
10. Place all used or contaminated pipettes in appropriate glass jar filled with any disinfectant such as 5% phenol.
11. When infectious material is accidentally spilled, cover it immediately with a disinfectant such as 5% Lysol or 5% phenol and notify your instructor at once.
12. Do not move with a loop or pipette containing infectious material through the laboratory. Flame wire loops and needles before and immediately after transfer of cultures. 
13. Label all experimental material properly.
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Lab 2
Microbiology lab equipment’s and apparatuses
Introduction 
Microbiology equipment is a large category covering all kinds of items used in microbiology laboratories. Many industries use microbiology for quality control purposes, to prove there are no living contaminants or to figure out what type of contaminants there are so they know how to fix the problem. Microbiology equipment include microscopes; slides; test tubes; petri dishes; growth mediums, both solid and liquid; inoculation loops; pipettes and tips; incubators; autoclaves, and laminar flow hoods ….etc. Some equipment, like the microscopes and hoods, are permanent items, whereas others, such as pipette tips, are disposable. 

	Equipment
	Use

	Loop (wire/plastic)
	Routine inoculation of agar slopes/deeps and small volumes of liquid media (up to ca 10 cm3); making streak plates

	Spreader (glass/plastic)
	Making spread/lawn plates

	Forceps (metal/plastic)
	Transfer of sterile paper/antibiotic discs; also plant material, e.g. short lengths of root with nodules

	Pipette (calibrated/dropping; glass/plastic)
	Transfer of measured volumes/drops of culture/sterile solutions (dry, non-absorbent cotton wool plug in neck prevents contamination

	Conical flask
	Large volumes of liquid media for inoculation and liquid/media for short-term storage (non-absorbent cotton wool plug prevents contamination but does not reduce evaporation during long storage)

	Petri dish (plastic/glass)
	Plastic: pre-sterilized for streak/spread/lawn/pour plates; Glass: only for materials for sterilization by hot air oven, e.g. paper discs






	apparatuses
	use

	Bunsen burner
	Sterilization of wire loops and (with alcohol) metal forceps and glass spreaders

	Autoclave
	Sterilization of media, solutions and equipment before use and contaminated items afterwards; melting solidified agar media for use

	Microwave oven
	Melting solidified agar media for use (but not in vessels with metal caps and not for sterilization)

	Incubator
	Incubation of cultures for growth of microorganisms. 

	Water bath
	Suitable temperature for keeping melted agar media molten for use (ca 50 °C); accurate temperature control

	Refrigerator
	Storage of samples, media and materials

	Microscope
	used to observe very small organisms

	Slides, cover slips, stains, staining rack, immersion oil
	Microscopical observations
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Lab 3
Type of microscopes and Microscopic examination

Introduction

Microscope: A device for magnifying objects that are too small to be seen with the naked eye. Used to observe very small organisms.

Kinds of microscopes: 
1. Optical Microscope: 
The optical microscope has one or two lenses that work to enlarge and enhance images placed between the lower-most lens and the light source. It was the first device ever created.
a. Simple Optical Microscope: 
It was used by Anton Van Leeuwenhoek during the late-sixteen and early-seventeenth centuries, around the time that the microscope was invented. It has one lens, the convex lens, in the magnifying process. 
b. Compound Optical Microscope: 
It has two lenses, work to minimize both chromatic and spherical aberrations so that the view is unobstructed and uncorrupted. The compound light microscope consists of three sets of lenses:-
· Condenser contains lenses that collect and focuses the light to upward directing through any object on the stage. The amount of light is controlled by shutter, or iris diaphragm, which adjust the amount of light admitted.
· The objectives include three or four lenses that provide a magnified and inverted image of the specimen
· The eyepiece adds further magnification
2. Stereoscopic (Dissecting) microscope: 
It is two microscopes in one, and uses two separate optical shafts, which focus on the same point from different angles to produces a three-dimensional visualization of the examined sample. It provides slightly different viewing angles to the left and right eyes because using two separate optical paths with two objectives and two eyepieces. 
Stereo microscope is relatively low power compared with compound microscopes (below 100 X). It is often used to study the surfaces of solid specimens or to carry out close work such as sorting, dissection, microsurgery, small circuit board manufacture or inspection, and the like.
3. Inverted Microscope: 
This kind of microscope views objects from an inverted position than that of regular microscopes. It used to the study cell cultures in liquid media.
4. Fluorescence microscopy:
Fluorescence microscope is widely used device in the life sciences and biology. It is a light microscope used to study properties of organic or inorganic substances using the phenomena of fluorescence and phosphorescence. Both of an excitation and emission filters used in the fluorescent microscope. 
5. Digital microscope:
Traditional optical, stereoscopic and inverted microscopes have been recently modified into digital microscopes. These modified microscopes constructed from computer units attached to camera devices. Computer software converts the images to be displayed on a high resolution LCD monitor instead of direct viewing. 
6. Electron Microscopes: 
Electron microscopy employs electron waves running parallel to a magnetic field providing higher resolution. Electron microscopy allows one to visualize objects that are as small as 1 nm. Electron microscopy is a high-cost technology use very expensive materials such as osomium gold-palladium or carbon or platinum. 
a. Scanning electron microscope (SEM): 
 Scanning electron microscope used to visualize the surface of tissues, macromolecular aggregates.
b. Transmission electron microscope (TEM): 
Transmission electron microscope used to study the inner structure of objects (tissues, cells, viruses).
Examination by optical Microscope
Learning Objectives
Each student should be able to
1. Identify all the parts of a compound microscope
2. Know how to correctly use the microscope especially the oil immersion lens
3. Understand how microorganisms can be measured under the light microscope
4. Perform some measurements on different microorganisms

Materials
Optical Microscope, ready slides for bacteria, sedar oil  
Procedure 
1. Always carry the microscope with two hands and place it on the desk with the open part away from you.
2. Clean all of the microscope’s lenses only with lens paper and lens cleaner if necessary. Do not use paper towels.
3. Place the glass slide on the stage of the microscope and secure it firmly using stage clips.
4. Move the slide until open in the stage.
5. Look into the microscope and slowly raise the tube by turning the coarse adjustment knob counterclockwise until the object comes into view. Once the object is in view, use the fine adjustment knob to focus the desired image.
6. Open and close the diaphragm, and lower and raise the condenser, noting what effect these actions have on the appearance of the object being viewed.
7. Use the oil immersion lens to examine the stained bacteria
8. After you are finished with the microscope, place the low-power objective in line with the ocular, lower the tube to its lowest position, clean the oil from the oil immersion lens with lens paper and lens cleaner, cover, and return the microscope to its proper storage place.

Results 
· Every student is described and illustrated parts of compound optical microscope.
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Fig. 1 Compound Optical Microscope

· Each student draws observations under microscope.
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Lab 4
Preparation of Culture Media
Introduction 
Medium: a nutrient blend used to support microbial growth. A medium is sterilized (living organisms removed) before usage in the lab. The aim of this experiment is to study the different kinds of media and learn how to prepare some media for isolation and purification of microorganisms.
Types of culture media
I. Based on their consistency (solid medium, liquid medium and semi solid medium)
II. Based on the constituents/ ingredients (simple medium, complex medium, synthetic or defined medium and special media)
Special media (enriched media, selective media and differential media)
III. Based on Oxygen requirement (aerobic media and anaerobic media)

Materials 
Nutrient Agar (NA), Nutrient Broth (NB), Potato Dextrose Agar (PDA), Distilled water Bunsen burners, Test tubes, flasks, Disposable Petri dish, water bath, refrigerator and Autoclave.
Procedure
Preparation of Nutrient Agar (NA)
1. Suspend 28 g of nutrient agar powder in 1 liter of distilled water.
2. Heat this mixture while stirring to fully dissolve all components.
3. Autoclave the dissolved mixture at 121 degrees Celsius for 15 minutes.
4. Once the nutrient agar has been autoclaved, allow it to cool but not solidify.
5. Pour nutrient agar into each plate and leave plates on the sterile surface until the agar has solidified.
6. Replace the lid of each Petri dish and store the plates in a refrigerator.
⃰For preparation of Nutrient Broth (NB), Potato Dextrose Agar (PDA) etc… read the directions on the label of medium.
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Lab 5
Isolation of microorganisms from different sources

Introduction 
Isolation is separating one species from another.
Materials
1. Aseptic tools.
2. Petri plates with media (Nutrient agar medium and Potato dextrose agar medium)
3. Different Sources (Flora like mouth swabs, soil, rotten fruits, yoghurt, , etc).
4. Incubators 28⁰C and 37⁰ C.
5. Inoculating loops and needles.

Methods
Isolation of bacteria
For isolation of bacteria, prepare (Nutrient agar medium) according lab 4
From Mouth: 
1. Take some saliva with the help of a cotton swab. 
2. Inoculate it on the media and incubate at 37 °C for 18 -24 hours.
From Hand: 
1. Touch the surface of the solid media plate. 
2. Incubate at 37 °C for 18 -24 hours.
From Yoghurt: 
1. Put a drop of diluted yoghurt on the solid media plate of bacteria.
2. Incubate at 37 °C for 18 -24 hours. 
· These plates of bacteria will be incubated at 37°C for 24 hours and then stored at refrigerator until next week when you will observe for results.
Isolation of fungi
For isolation of fungi, prepare (Potato dextrose agar medium) according lab 4
From Air:
1. Expose the prepared plate of solid media in air for 5 min
2. Close the lid and incubate at 28 °C.
3. After 2-5 days fungus observe for grow
From Fruit:
1. Clean the rotten part of fruit with alcohol
2. Cut a piece and inoculate it on the media plate
3. Then incubate, after 2-5 days fungus will grow
From Soil:
1. Sprinkle a pinch of soil on the solid media plate
2. Close the lid and incubate at 28 °C
3. After 2-3 days fungus observe for growth.
· These plates of fungus will be incubated straight at 28°C for 24 hours and then stored at refrigerator until next week when you will observe for results.
Results
Observe isolated bacteria and fungi after incubation. 
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Lab 6
Inoculation techniques and incubation conditions of Microorganisms
Introduction 
There are several essential precautions that must be taken during inoculation procedures to control the opportunities for the contamination of cultures, people or the environment.

Materials
6. Petri plates and media (Nutrient agar medium and Potato dextrose agar medium)
7. Incubators 28⁰C and 37⁰ C.
8. Inoculating loops and needles.
9. Bunsen flame

Techniques of inoculation
1. Using a wire loop
Wire loops are sterilised using red heat in a Bunsen flame before and after use. They must be heated to red hot to make sure that any contaminating bacterial spores are destroyed.
2. Using a pipette
Sterile graduated or dropping (Pasteur) pipettes are used to transfer cultures, sterile media and sterile solutions.

Streak plate (Single colony) 
1. To obtained pure culture isolate, one separate colony must choose from the latest streaked plate of such bacterial isolate. 
2. Separate chosen colony is transferred to a new nutrient agar plate and streaked by sterilized loop. 
3. One loopful is used for each plate and streaking must be in one way direction.
4. Streaked plates are incubated at 37°C for 12-24h or until colony appear. If this colony was developed from one cell, only one type of colony will develop few days after streaking onto the nutrient agar surface. 
5. If only one type of colony was developed onto the nutrient agar plate, pure culture was obtained and must transfer to a fresh nutrient slant. 

[image: ]
Fig 1.Diagram explain how can pure bacterial culture obtain
Incubation conditions 
Materials:
1. Fresh fungal culture.
2. Fresh bacterial culture.
3. Agar medium.
4. Sterilized Petri plates.
5. Incubators.
Procedure: 
1. Prepare appropriate plated agar media for bacteria and another for fungi. 
2. Inoculate each plate set with appropriate organism using aseptic technique. Use 3 replicate plates for each organism to be incubated in the same temperature.
3. Label each plate with the name of tested organism, your name, and date.
4. Incubate the inoculated plates for (24 to 48 hours for bacteria and up to one week for fungi) at 4°, 23° to 25°, 60°, 85°, or 100°C. 
5. Investigate the incubated plates periodically for the presence of growth. 

Results
Record your observations; use a + for the presence of growth and a – for the absence of growth.  
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Lab 7
Morphological Characteristics of microbial colonies
Introduction 
Bacteria
Bacteria grow as colonies on solid media. A colony is a visible mas of microorganism that originated from a single mother cell. Hence, a colony of bacteria is a clone of genetically alike bacteria.
Colony Morphology
These are the characteristics used to accurately and consistently describe the morphology of a bacterial colony:
1. Size
2. Shape
3. Color (also known as pigmentation)
4. Texture
5. Height (elevation)
6. [image: https://i0.wp.com/microbeonline.com/wp-content/uploads/2013/09/Characteristics-of-Bacterial-colony.jpg]Edge (margin)








The image shows the colony morphology of bacteria.

Materials
1. Loop
2. Incubator at 37⁰ C.
3. Nutrient agar medium
4. Bacterial species (E.coli, S. aureus, ………) 
Procedure 
Single colony:
6. To obtained pure colony, one separate colony must choose from the latest streaked plate of such bacterial isolate. 
7. Separate chosen colony is transferred to a new nutrient agar plate and streaked by sterilized loop. 
8. One loopful is used for each plate and streaking must be in one way direction.
9. Streaked plates are incubated at 37°C for 18-24h 
Results
Record your observations for every colony:
	Colony
	Size
	Shape
	Color
	Texture
	Elevation
	Margin

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
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Lab 8

Type of Stains and Staining techniques


Introduction

Microscope examinations of microorganisms require some preparation to get a clear and informative vision. Prepare of stained slide is one of the most common tool in this particular.

Bacterial staining:
1. Simple Stains
Bacterial shapes and activities could be observed under a cover glass without staining, but forming a complete idea about their morphology is so difficult.  Bacterial cells are minute and tend to be transparent, even when magnified. So the simplest method for examining them is to make stain preparations for microscopic study. 

Materials

Alcohol solution.
Glass slides and cover slips.
Bacterial loop.
Sterilized distilled water.
Staining rack 
Methylene blue.
Safranin.
Compound microscope

Procedures:
1. Wash appropriate numbers of glass slides by dipping in alcohol and polishing with tissue or soft cloth.
2. Take three clean slides, label them and make a circle (about 1 cm in diameter) in the center of each one using a fine marker. 
3. Turn the slides over so that the unmarked side is up and with your inoculating loop, place a loopful of water in the ringed area of the slide. 
[image: ]
Simple staining

4. Take loopful of bacterial growth and mixing it (using proper aseptic transfer techniques) in the water and spread it out. Repeat this step until make a smear of bacteria.
5. Allow the smears to air dry until you see a thin white film on each slide. If not, add another loopful of water and more bacteria as in step.
6. Heat-fix the smears by passing the slides rapidly through the Bunsen flame three times so that the smears will not wash off. (Fixing could be done by flooding the slides with absolute alcohol on a staining rack for one minute, then alcohol is drained off and the slides air dries completely). 
7. Place the slides on a staining rack and flood them with methylene blue. Leave the stain on for three minutes.
8. Wash each slide gently with distilled water, drain off excess water, place the slides on bibulous paper, and let them dry completely in air.
9. Prepare another set of slides as described above (steps 2-8) but stain them with safranin for three minutes instead of methylene blue.
10. Wash, drain, and dry the slides as in step 8.
11.  Examine all slides, microscopically and record the results in lab report.

2. Gram Stains
Bacteria morphology could be determined using the simple staining, but further staining method is required to distinguish between bacteria of similar morphology. Gram stain (differential staining) could be used in this particular. It stains gram positive bacteria by violet color wile gram negative by red color.
Materials:
Alcohol solutions (70-95%), glass slides and cover slips, bacterial loop, sterilized distilled water, staining rack, crystal violet, Gram’s iodine, safranin, paper, compound microscope.
Procedures:
1. Take for clean slides, mark them and make a circle (about 1 cm in diameter) in the center of each one using a fine marker. 
2. Turn the slides over so that the unmarked side is up and with your inoculating loop, place a loopful of water in the ringed area of the slide. 
3. Take loopful of bacterial growth and mixing it (using proper aseptic transfer techniques) in the water and spread it out. Repeat this step until make a smear of bacteria.
4. Allow the smears to air dry until you see a thin white film on each slide. If not, add another loopful of water and more bacteria as in step.
5. Heat-fix the smears by passing the slides rapidly through the Bunsen flame three times so that the smears will not wash off. (Fixing could be done by flooding the slides with absolute alcohol on a staining rack for one minute, then alcohol is drained off and the slides air dries completely). 
6. Flood the slides with crystal violet (Leave for one minute) then wash off with tap water.
7. Flood with Gram’s iodine (Leave for one minute) then wash off with tap water
8.  Wash with alcohol (95% for 10–20 seconds) until no more color washes off (avoid over washing) then wash off with tap water. 
9.  Apply safranin (for one minute) then wash off with tap water.
10.  Drain off excess water, place the slides on bibulous paper, let them dry completely in air (just before you examine the preparation microscopically). Label the slides when become dry.
11.  Examine all slides under oil with the oil-immersion objective.
Results
Record your observations under microscope
	Cells
	Size
	Shape
	(+ or –) Gram stain
	Other observations

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
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Lab 9
Isolation of fungi from different sources

Introduction
Fungi are any member of the group of eukaryotic organisms that includes microorganisms such as yeasts and molds, as well as the more familiar mushrooms. These organisms are classified as a kingdom, fungi, which is separate from the other eukaryotic life kingdoms of plants and animals. Fungi have a worldwide distribution, and grow in a wide range of habitats, including extreme environments such as deserts or areas with high salt concentrations or ionizing radiation, as well as in deep sea sediments. Most grow in terrestrial environments.
Isolation of fungi from plant
Materials:
Diseased plant sample, Soil sample, Sterilized filter papers, Sodium hypochlorite solution 5%, Sabouraud dextrose agar, Sterilized Petri plates, Golf shaped like glass road, Sterilized distilled water. 
Procedures:
The general procedures for isolation of any fungi from diseased plant materials are as follows: - 
1. Use running tap water to wash plant materials for at least 30 min. 
2. Select the most freshly infected plant parts (from diseased plants), sterilize the selected parts using 5% sodium hypochlorite solution or 70% ethanol for 30 sec to 3 min. 
 3. Cut each surface sterilized plant part into tissue segments of less than 5 mm. 
4. Transfer prepared tissue segments to plated isolation media using sterilized forceps (3-4 segments/9cm. plate). 
5. Incubate cultured plates at the appropriate temperature (25-30°C) for 1 to 7 days. 
6. Investigate the incubated plates regularly because fungal hyphae may be elongated from the plated tissue segments within a few days.
7. Transfer any appeared hyphal tip to a new agar plate as soon as possible to avoid any contamination. 
Isolation of fungi from soil
Procedures: 
Simple plating technique (Direct isolation):
The direct inoculation method may be best for isolating various and general soil fungi simply, readily, and economically. 
1- Transfer a small amount (0.005–0.015 gm) of soil to a sterilized Petri dish. 
2- Added 8–10 ml. of semi-cooled (45°C) nutrient medium and shake the plate to let the soil particles dispersed throughout the thin layer of agar medium before it solidify. 
3- If the soil is very dry, or contains a high proportion of clay, it is preferable to mix the particles with a drop of sterile water in the plate, before adding the medium. 
4- Incubate treated plates at 20-30°C
Dilution (Plate) Method: 
- Take a proper amount of airy dried soil sample after saving it to remove any undesirable materials (plant duperies and beg granuls).
- Prepare cereal dilution (i.e. 1:10, 1:100, 1:1000…….etc) from the soil sample. 
-Transfer one drop from each of the last two dilution samples to plated isolation media using a sterile pipette.
- Use golf shaped like glass road to spread the droplets onto the agar surface.
- Incubate treated plates at 20-30°C.
Result
Investigate the colonies appearance after 48 and record the of observations.
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Lab 10
Staining and identification of Fungi

Introduction 
Lactophenol cotton blue (LPCB) is a stain used for making semi-permanent microscopic preparation of fungi. The LPCB stain has following three components:
Phenol : Kills any live organism.
Lactic acid : Preserves fungal structures.
Cotton blue : Stains the chitin and cellulose of the fungal cell wall intensely blue.
The objective of this experience to learn the simplest preparation technique of stained fungal slides and its value in fungal identification. 
Materials 
Fungal cultures on Sabouraud dextrose agar (Aspergillus, Penicillium, Rhizopus & Saccharomyces), Clear tape, Glass slides, Lactophenol cotton blue (for staining molds), Light microscope, Miscellaneous supplies, Lens paper.
Procedure: 
1. Examine the plated cultures of the four fungi, recording all colony characters that may help recognizing fungal genes.
2. After examining the colonies, make a pressure tape preparation of the 4 fungal cultures as following: 
a. Place a drop of lactophenol cotton blue on the center of the slide using a fine dropper. 
[image: ]
b. Hold a piece of clear sticky tape in a U-shape, sticky side down as illustrated in the fig.
c. Touch the surface of a fungal colony carefully by the sticky tape.
d. Place the tape sticky side down in a lactophenol cotton blue drop.
e. Fold extra length of tape around edges of slide. 
f. Examine this preparation using the light microscope. record your observations. 
Result
 Record your observations under the light microscope.
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Lab 11
Cultivation and examination of Algae


Definition of microalgae:
Prokaryotic or eukaryotic photosynthetic microorganisms that grow rapidly and live in different conditions due to their unicellular or simple multicellular structure.
Prokaryotic microorganisms for example, cyanophyta
Eukaryotic microorganisms for example, chlorophyta and diatoms.
The principles of algae classification depend on:
1. Types of pigments, there are two kinds of pigments; the main pigments such as chlorophyll a, b, c, d and accessory pigments such as carotenoids (yellow, orange color), xanthophyll (yellow green, brown) and phycobilins (red color).
2. Type of photosynthetic food reserve, cyanophycin in cyanobacteria, starch in chlorophyta (green algae) and oil droplets in diatom
3. Presence of flagella (motile or immotile).
4. Composition of cell wall, polysaccharide and muramic acid in cyanobacteria, cellulose and calcium carbonate in chlorophyta and silica and other compounds in diatoms.
5. Mode of reproduction, sexually (Anthridia and Oogonium) or/ and asexually (fragmentation, binary division, formation of akinetes and hormogonia).
Materials:
Culture medium, such as BG11, Ch10 and bold s’ basal medium, flasks, autoclave, Petri dishes, soil samples and microscope.
Procedure of cultivation and examination of microalgae 
1. [bookmark: _GoBack]Preparation of culture medium, such as BG11 for cyanophyta, Ch10 and bold s’ basal medium for green algae and diatoms. (liquid medium or solid medium)
2. Sterilization of flasks containing 45 ml culture medium in autoclave or flask containing solid medium that is poured in petri dishes after sterilization.
3. Collection of samples from different regions such as soil samples or water samples
4. Addition of 5 ml or 5 gm of sample in flasks containing 45 ml of liquid medium or add 100 ul or 0.1 gm of sample on agar plates (petri dishes containing solid medium.
5. Put flasks in growth chamber under 12 hours’ light /dark conditions and suitable temperature.
6. Examine samples by microscope after appearance of green growth.
Results
See different forms of microalgae by microscope and record observations.
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