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PREFACE 

This first edition of Biology Laboratory Manual Semester I is published to meet the needs of 
students taking Biology course in Centre for Pre-University Studies (PPU), Universiti Malaysia 
Sarawak (UNIMAS). The purpose of this manual is to provide the students with an organized, 
user-friendly manual to enable them to understand laboratory aspects of biology as well as 
making learning and understanding the lectures better. This manual has been published based 

on reviews from PPPU Biology lecturers and advice from experts consisting of experienced 
lecturers teaching degree courses in UNIMAS. 

Each section of the manual has been designed according to the standard of scientific report 
formatting. In Introduction, a brief introduction of the laboratory is explained to help the 

students gather a better idea the background of the laboratory before they can start with 
the practical. Then, this is followed by the Objectives, which state the aim of the laboratory 

session and what should be achieved at the end of the session. In Materials, a list of materials 
including the instruments and apparatus used for each laboratory session is prepared for the 

student's reference. In Methodology, a step-by-step procedure is explained in detail to guide 
the students in carrying out the practical correctly. The Results section is where the students 
record important results and findings that they have obtained. Discussions section is for the 

students to explain the results that they have obtained to relate with their learning units, before 

concluding it in the Conclusions section. 

This manual also provides a number of additional features. One of them is the tear-off section 
to ease submission of reports at the end of laboratory session. Besides that, the topics of the 
manual have been arranged according to weekly learning units in academic session. Notes and 
theories/operating principles are also included for the student's guidance. Relevant diagrams 

are inserted to enhance the understanding of the description in the manual. Post-Laboratory 
Questions are also prepared not only to validate the student's understanding but also to enhance 
their understanding of the laboratory procedure and recognize its applications. 

Therefore, it is hoped that the publication of this Biology Laboratory Manual Semester I will 
serve as a useful guide for the students in performing their laboratory sessions. 
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ABBREVIATIONS 

% Percentage 

°C Celsius 

gL Microlitre 

ADP Adenosine diphosphate 

AP Anterior - posterior 
ATP Adenosine triphosphate 
C6H1206 Glucose/sugar 

cm3 Cubic Centimeter 

CO2 Carbon dioxide 

Cr - Cd Cranial - caudal 
D-V Dorsal - ventral 
DNA Deoxyribonucleic acid 

e. g. `exempli gratia'/for example 
Etc Et cetera / and others 
G Gram 

GTT Glucose tolerance test 
H2O Water 

i. e. `id est'/that is 

K2CO, 
1 

Potassium carbonate 
KOH Potassium hydroxide 

Min Minute 

mL Mililitre 

Mm Milimetre 

mmol/L Milimol per litre 

RNA Ribonucleic acid 
Rpm Rotation per minute 
UV Ultraviolet 

X111 



LABORATORY REGULATIONS 

STUDENTS ARE STRICTLY PROHIBITED TO ENTER LABORATORY WITHOUT 
PERMISSION OF THE AUTHORITY (LECTURERS, TUTORS AND LABORATORY 
DEMONSTRATORS) 

1. Attendance to the laboratory is compulsory. A medical certificate must be presented to the 
facilitators when students fail to attend laboratory session due to health reasons. 

2. Students must be punctual to their practical. Any latecomers will not be permitted to enter 
the laboratory. 

3. Students must wear laboratory coat and shoes at all times. Sandals or open-toed shoes are 
strictly prohibited in the laboratory. 

4. Read and follow all directions or methods of the experiment exactly as they are written. 
Students should be prepared and understand all the procedures before starting the practical. 
Ask laboratory demonstrator if there is any doubt about any part of the experiment. 

5. Students are not allowed to eat and drink in the laboratory. 

6. Students must wear safety goggles when working with chemicals, burners, or any substance 
that might get exposed to the eyes. 

7. Students must wear gloves when handling dangerous and corrosive chemicals. 

S. Keep laboratory area clean and tidy. All the instruments must be kept neat and clean at all 
times. Never handle any equipment unless it is stated in the laboratory procedure. 

9. Be serious and alert when working in the laboratory. Never mix chemicals just for fun because 
it might produce dangerous and explosive substances. 

10. Do not waste any chemicals and take extreme care not to spill any material in the laboratory. 
Ask laboratory demonstrator about proper chemical disposal. Do not simply pour chemicals 
into the sink or trash container. 

11. All accidents in the laboratory have to be reported to laboratory demonstrator. 
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12. Take extreme care when handling scalpels or razor blades. Never point anything sharp 
towards other students. Students must immediately notify laboratory demonstrator in case 
of any accident caused by sharp materials in the laboratory. 

13. Treat all living things with care and respect. Do not simply touch any organism and specimen 
in the laboratory unless students have been given permission to do so. There are plants and 
animals that might be hazardous to the students. 

14. Animals should be handled only if necessary. Laboratory demonstrator will give instructions 
on how to handle each species that may be brought into the laboratory. 

15. When acid is accidently spilled onto the skin, quickly rinse the area affected with running 
water. Immediately inform laboratory demonstrator when spill occurs. 

16. Please he aware of the location and proper use of safety equipment such as first aid-kit, fire 
extinguisher and safety shower. 

17. Students must clean up their work area and return all equipment to their proper location 
when the experiment is completed. Wash hands after each experiment. 

STUDENTS WHO FAIL TO ABIDE BY THE ABOVE STATED RULES AND 
REGULATIONS ARE SUBJECTED TO STRICT DISCIPLINARY ACTION 

BIOLOGY COORDINATOR, 
Centre for Pre-University Studies, 
Universiti Malaysia Sarawak. 
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LABORATORY INSTRUCTIONS 

1. Students are advised to read the laboratory manual before attending each practical class 
in order to prepare what to do in advance. This will save the time and to ensure that the 
students will comprehend the practical in time. 

2. Students are advised to bring the following items before attending each class: 

i. Laboratory Manual 
ii. Any essential stationery 
iii. Blank and Ruled A4 papers 

3. Read and understand the practical guide in the laboratory manual before undertaking any 
practical exercise or experiment. Consult the lecturers, demonstrators or laboratory assistant 
for any inquiry. 

4. Submit a laboratory report to the lecturers/demonstrators at the end of each practical class 
in order to be marked. 

5. The laboratory report depends on the nature of the practical: either experiment* or drawings 
for plant or animal diversity topics. 

6. Answer all questions and draw the observed specimens/slides/diagrams in the spaces 
provided. 

7. Drawings or diagrams should be large (as a minimum of half a page), accurate, clear, titled 
and labeled accordingly. Scientific names of organisms should be written correctly. 

S. In case of drawings of specimens/slides observed under a microscope, the magnification used 
must be stated (X10, X40, etc. ). Draw only what you visualize. Do not copy any drawings 
directly from other sources such as books or photocopied materials but students may use 
them as a guide. 
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SCIENTIFIC REPORT 

If the practical class involves experiments, students have to write a complete scientific report as 
follows: 

Title 

The title must be short and precise. 

Introduction 

The introduction can be between one to three paragraphs in explaining why the experiment was 
done and what the objectives of the experiment were. 

Materials and Methods 

Summarise the procedures and the materials that were used. 

Results 

The data must be presented in tables, graphs or histograms if any with a brief description. 

Discussion 

In the discussion, the results should he interpreted with the significance explained. The results 
also must he validated in view of the purpose of the experiment. In case of flawed results obtained, 
discuss the results that were expected as well as those obtained. Students may also contrast the 

methods or discuss the difficulties if any. 

Conclusion 

The conclusion must he short and precise and derived from the result and discussion. 

* Report should he in full sentences. past tense and comprehensible with precision, clarity and 
economy of words. 
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Practical 1: 
Instrumentation 

Dr Siti Akmar Khadijah Ab. Rahim, Dr Ramlah Zainuddin and 

Mohd Ridwan Abd Rahman 

Introduction 

This laboratory manual introduces the primary instruments and anatomical orientation 
that the students encounter or use throughout the duration of their studies. In addition, this 
laboratory provides them with a strong foundation on the functions of different equipment. 
These include basic laboratory equipments to more sophisticated and complicated measurement 
devices. Theories and operating principles of each instrument and anatomical orientation are 

as explained in this laboratory manual. Hands-on demonstrations are included in activity 

sessions. Emphasis is given to instruments that are commonly used in biological sciences such 

as stereo and compound microscope, Vernier calipers (physical measurement) and micropipettes 
(solution measurement). Anatomical orientation is explained using wet and dry specimen from 

UNIMAS Museum Collection and selected animal and human models available at Pre-University 
Laboratory. 

Objectives 

1. To recognise the usage of basic laboratory equipments. 
2. To define the various functions and uses of microscopy in biological sciences. 
3. To demonstrate the correct way of handling the instruments. 
4. To explain the anatomical orientation of organisms. 

Materials 

1. Compound microscope 
2. Stereo microscope 
3. Vernier caliper 
4. Micropipette and tips 
5. Wet and dry specimens 
6. Human anatomy model 
7. Animal skeleton model 
8. Slide and cover slip 
9. Permanent slides 

Practical 1: Instrumentation 1 



Methods 

In this laboratory, students will be exposed to the activities as in the workbook. 

THEORIES AND OPERATING PRINCIPLES 
SECTION 1 

How to use a Stereo microscope 
Stereo microscopes (Figure 1.1) use lower power than compound microscopes (Figure 1.2) and 
have typical magnification levels ranging from about X10 to X40. These microscopes are very 
versatile and are designed for viewing whole objects such as rocks, insects and flowers, but can 
also be used for viewing prepared slides. 

Diagram of Parts 
Figure 1.1 shows parts of typical stereo microscope. 

Diopter 

%ý 
ý`_ý--Eyepiece 

!ý 
t 

__- Focus knob 

Stereo head 

Rotating I opiooaom 

objectives VA 
7, lighting 

Stage clips 

Figure 1.1: Stereo microscope 

Steps in using a Stereo microscope 

1. Set your microscope on a tabletop or other flat sturdy surface where you have plenty of 
room to work. Plug the power cord of the microscope into an outlet, making sure that the 
excess cord is out of the way so no one can trip over it or pull it off of the table. 

Stage plate 

2. Switch on the light source(s). If you are looking at a microscope slide or other transparent 
object, bottom lighting works best. If the specimen you are viewing is opaque or solid 
(light cannot pass through it from below), use top lighting so that the light can reflect off' 
the specimen's surface. 

3. Centre your specimen on the stage plate. If your specimen is thin and flat, or if its edges 
curl up easily, try using the stage clips to hold it in place. To do this, pull up the pointed 
end of one stage clip and slide it over one end of the specimen, then do the same with the 

if: 

') PRB 1016, Biology I (oborotory Manual Semester I 



stage clip on the other side. If your specimen is larger than the stage plate, you might 
need to turn the stage clips out so that they are hanging off the stage giving you more 
room to work. 

4. Adjust the eyepiece(s) so that you can look through the microscope comfortably without 
straining your eyes. For light-coloured translucent specimens such as salt crystals, use 
either the black side of the stage plate (if it is reversible) or a piece of dark-coloured 

construction paper to provide contrast. 

5. If your stereo microscope has a rotating objective turret, turn it so that the marking on 
the objective you want to use is facing the front of the microscope. To determine the 

magnification of your microscope, multiply the magnification level of the eyepiece lens by 
that of the objective lens. For example, on the microscope in the diagram above, the total 

magnification at the X2 objectives is X20 (2 x 10 = X20). 

6. While looking through the eyepiece(s), slowly turn the focus knob until the specimen 
comes into view. Once you can see the outline of the specimen, turn even more slowly to 
focus as sharply as possible. If you are not able to see anything, try moving the specimen 
around slightly on the stage plate to make sure it is directly below the objective lens and 
then try focusing again. Once you have focused on the specimen, you can move it around 
to see its other parts. You may have to refocus slightly on each new area. Note: with a 
stereo microscope you are often viewing three-dimensional specimens that have many 
different levels. You are not able to focus every feature clearly at the same time. 

7. When you have finished using your microscope, turn off the switch, remove the specimen, 
unplug the power cord, and cover the microscope with its dust cover. Store your microscope 
in a place where it will not be damaged from extreme hot or cold temperatures, and out 
of the reach of small children. 

Ideas for using a Stereo microscope 
Clear plastic or glass petri dishes are great for viewing live or messy objects with a stereo microscope 
because they fit well on the stage and keep everything adequately contained. The suggestions 
below are just a few things you can use petri dishes to view with your stereo microscope. Place 
the item or items to be viewed in the bottom of a petri dish and position it on the stage plate of 
Your microscope. Use top or bottom lighting. 

1. Observe the habits of live insects. 

2. Study the pond water, daphnia, or brine shrimp. 

3. Examine a soil sample to see the different materials (sand vs. clay) that comprise it. 

4. Make a simple prepared slide of sand, hair, thread, salt, or something else by sticking it 

to a piece of clear tape and viewing it specimen side up. 

5. Dissect a flower to learn about the beauty and intricacies of all its parts. 

6. Compare the types of minerals and crystals in different rock specimens. 

Practical 1: Instrumentation 3 



NOTES 

Adjusting interpupillary distance 

Interpupillary distance, the distance between the pupils of your eyes, varies from person to 
person. Each observer should make this adjustment before using a binocular or stereo head 
microscope for the greatest viewing comfort and best image quality. Focus your eyes on the 
specimen, and only use your peripheral vision as you proceed. Now pull your eyes back from 
the eyepieces about 1 inch. You will see two field views overlapping each other. Open or close 
the distance between the eyepieces by pulling them apart or pushing them together until the 
two circles merge together and appear as one circle. The interpupillary distance is set correctly 
when you see just one field view circle. 

Adjusting diopter 

A diopter is used to make up for focusing differences between your eyes. This adjustment also 
varies from person to person. Start by holding your hand over the eye that is in front of the 
eyepiece with the diopter (the eyepiece with the knurled band around it). Bring a specimen into 
sharp focus. Now cover the other eye (the eye in front of the eyepiece without the diopter) and 
bring the specimen into sharp focus by rotating the diopter adjustment. Do not use the focus 
knob for this last step, only the diopter should be used for adjustment. 

Cleaning and maintenance 
1. To clean the exterior side of lenses, use a non-solvent cleaning solution designed for 

cleaning optics or eyeglasses. First, remove the dust with a soft brush or can of compressed 
air. Then moisten a piece of dry lint-free tissue or lens paper and clean the lens surfaces 
with a circular motion. Repeat with a second piece of paper moistened with lens solution 
if necessary. Repeat one more time with dry lens paper until the lens is clean and dry. 
Use this same procedure for the eyepiece and objective lenses. 

2. To clean the interior side of lenses, use a bulb-type duster or a compressed gas canister 
designed for cameras and other optical equipment. Do not use the procedure mentioned 
in Step 1. 

3. To clean the body of the microscope, use a soft dry or damp cloth. Using a dust cover helps 
keep your microscope clean and dust-free. 

PRB 1016, Biology/ laboratory Manual Semester I 
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SECTION 2 

Looking at the using of compound microscope 

Diagram of Parts 
Figure 1.2 shows parts of a typical compound microscope. 

Evepieces- 

IJccnAmm nncanicrP 

Objectives !, c 
- -,. 

_L,. 
&- 

- Specimen holclerý-fij 

On off intensity regulator 

Binocular vrewing tube 

ýrý 

i 

XIY movement control knob 

ý,... ý... - ''ý--ý.. ý 

Observation tube 
clamping screw 

Mechanical stage 

Figure 1.2: Compound microscope 

1. Follow these instructions every time you use a microscope and you will not have any 
problem in using it. It takes a little bit of practice, however, so do not give up; call for help 
if you have difficulty. 

2. Make sure that the low power objective lens is clicked into place on the rotating nose 
piece. 

3. Put the slide and object on the stage of the microscope and hold the slide in place using 
the spring clips. 

4. Lower the microscope using the coarse focusing knob as low as it can go without touching 
the slide. You must view from the side of the microscope when you do this. 

5. Now look down the eye-piece lens. Adjust the light using the diaphragm. The diaphragm 

opens and closes a hole which lets more or less light into the microscope. On low power 
you need less light. Close the diaphragm until you see things more clearly. 
Caution: If you leave it right open you will soon get a headache! 

6. Focus the microscope by turning the coarse/fine focusing knob, slowly, as you are looking 
down the eyepiece. When you look down the eyepiece you will see the object in a circle of 
light. This is called the field of view and the specimen that you are looking at should be 

right in the middle of it. The specimen that you are looking at will become clear but it may 
not be right in the centre; you have to move the slide. 

Practical l: Instrumentation rj 



7. When you move the slide to the left the specimen appears to move to the right in the eye- 
piece. When you move the slide to the right the specimen appears to move to the left. Now 
try moving the slide towards you and away from you. You will get used to this but it is 
confusing at first. 

8. You can now turn the rotating nose-piece to the medium power objective lens. Make sure 
that the lens clicks into place. 

9. You will need to refocus a bit using the coarse focusing knob and you will have to increase 
the light by opening the diaphragm. You will also find that the object is bigger but not in 
the centre of the field of view. Move the slide to centre the object. 

10. For really small specimens you need to turn to the high power objective lens. This needs 
some practice. Everything is magnified 400 times or more, so when you move the slide a 
fraction of a millimetre it is magnified 400 times! 

11. Before you turn to the high power lens make sure that the specimen is right in the centre 
of your field of view. Turn the rotating nose-piece again so that the high power lens clicks 
into place. Be careful; the lens will be very close to the slide this time. Refocus again using 
the fine focusing knob. You will need more light, so open the diaphragm further. 

NOTES 

Reflected light 
Most of the microscopic objects that you will look at are transparent because they are so thin. 
To see transparent objects under the microscope we shine light through them. This is called 
transmitted light. 

Sometimes you may want to observe a specimen which is opaque. Light does not pass through 
it. The method to use is to shine the light down on top of the stage from a bench lamp. The light 
is reflected off the specimen. You are observing the specimen using reflected light. 

Taking care of your microscope 
It is very easy to get finger marks on the eyepiece lens and water on the high power objective 
lens. The lenses of the microscope need to be kept clean so that you can see clearly. Do not use 
a paper towel or a handkerchief. Use the special lens cleaning tissue that is soft and does not 
damage the lenses. Sometimes water spills onto the stage where the slide is held. You should 
wipe this dry. You can use paper towel for this. 

Making a slide with a cover slip 
1. Usually a few drops of water are added to the specimen so that it does not dry up whilst 

we are looking at it. The water also helps the light to pass through the specimen more 
evenly. 

2. To observe a specimen under a compound microscope you need to support it on a glass 
microscope slide so that light can pass through the specimen that you are looking at. The 
light comes up from the lamp or the mirror underneath the microscope. 

fi PRB 1016, Biology I Laboratory Manual Semester I 



3. To protect the specimen in the water drops on the slide, you must cover it with a very thin 
piece of glass called a coverslip. This keeps everything flat and it stops the specimen from 
drying up. 

4. When you put the coverslip on the slide, you must make sure that you do not trap any 
air bubble underneath it. Air bubbles get in the way of our view and cause confusion. To 
ensure that there is no air bubble trapped under the coverslip, use a mounted needle or a 
pair of forceps to lower the coverslip slowly onto the drops of water with the object. 

5. When you have lowered the coverslip onto the slide you may find that there is too much 
water around it. Take a piece of paper towel or filter paper and soak up the excess water. 
If you find that there is not enough water under the coverslip add a drop of water by the 
side of it. You will see that the water is drawn underneath the coverslip. 

Oil immersion objective lens (X100) 
It is fixing when required. The designated immersion oil should be in contact with the top lens of 
the X100 immersion objective. If not, the specimen appears distorted and dull. 

SECTION 3 

Anatomy orientation of organisms 
Standard anatomical terms of location are employed in science, which deal with the anatomy of 
animals to avoid ambiguities which might otherwise arise. They are not language-specific, and 
thus require no translation. However, differences in terminology remain a problem that, to some 
extent, still separates the fields of zoological anatomy (sometimes called zootomy) and human 
(medical) anatomy (sometimes called androtomy). 

The Craniata (vertebrates) share a substantial heritage of common structure, allowing much of 
the same terminology to be used for all of them (Figures 1.3,1.4 and 1.5). It is necessary for 
this terminology to be based on the anatomy of the animal in a standard way to avoid ambiguities 
such as might occur if a word such as "top" were used, which might designate the head of a 
human but the left or right side of a flounder (fish). It is also necessary to employ some specific 
anatomical knowledge in order to apply the terminology unambiguously: e. g. while the ears 
would be superior to (above) the shoulders in a human, this fails when describing the armadillo, 
where the shoulders are above the ears. Thus in veterinary terminology, the ears would be 
cranial to (i. e. "towards the head from") the shoulders in the armadillo, the dog, the kangaroo, 
or any other vertebrate, including the human. Similarly, while the belly is considered anterior 
to (in front of) the back in humans, this terminology fails for the flounder, the armadillo and the 
dog (although it could work for the kangaroo). In veterinary terms, the belly would be ventral 
("towards the abdomen") in all vertebrates. In human anatomy, all naming is based on positions 
relative to the body in a standing (standard anatomical) position with arms at the side and 
palms facing forwards (thumbs out) (Figure 1.11). 

For invertebrates, locational terminology becomes more complicated, as many species are not 
bilaterally symmetrical. In these species, terminology depends on the type of symmetry present 
(if any). For asymmetrical and spherical organisms or in organisms with a changeable shape, 
such as amoeboid organisms, directional terms are meaningless, since the shape of the organism 
is changeable, and no fixed axes are present (Figures 1.6,1.7,1.8,1.9 and 1.10). Similarly, in 
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organisms that are spherical in shape, there is nothing to distinguish one line through the centre 
of the organism from another. 

Thus, standardized anatomical (and zootomical) terms of location have been developed, usually 
based on Latin words, to enable all biological and medical scientists to precisely delineate and 
communicate information about animal (including human) bodies and their component organs. 

Right 
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Figure 1.3: Anatomical directions and defined axes in a vertebrate 

Figure 1.4: Directional axes in the tetrapod vertebrate Equus caballus (a horse). The axis 
between cranial and caudal is the Cr-Cd axis, and between the dorsal and ventral is the D-V 

axis. (Left-right axis not shown: image shows the right side of the organism. ) 
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Figure 1.5: Different directional AP axes in three body segments of a horse. Axis (A) (in red) 
shows the AP axis of the tail, (B) shows the AP axis of the neck, and ((') shows the AP axis of 

the head. 
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Figure 1.6: Four individuals of Phaeodactylum tricornutum, a diatom with a fixed elongated 
shape. 

Figure 1.7: Organisms where the ends of the long axis are distinct. (Paramecium caudatum, 

above, and Stentor roeseli, below. ) 
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Figure 1.8: A cluster of Euplectella aspergillum sponges (Venus flower baskets), showing the 
apical-basal axes. 

Figure 1.9: C. 'hrvvsouru spp. (a jellyfish). showing the oral-aboral, and proximodistal axes. (Note 
that the appendages are not in standard anatomical position, so that the axis is curved. ) 

Figure 1.10: Aw-clia crirritu, another species oi' jellyfish, showing multiple radial and medio- 
peripheral axes. 
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Figure 1.11: Anatomical planes in a human 

SECTION 4 

Physical Measurement 

How to use and read a vernier calliper 

An ordinary vernier caliper has jaws that you can place around an object, and on the other side 
are jaws made to fit the inside of an object. These secondary jaws are for measuring the inside 
diameter of an object. Also, a stiff bar extends from the caliper as you open it that can be used to 
measure depth. The basic steps are as follows: 

1. Preparation to take the measurement, loosen the locking screw and move the slider to 

check if the vernier scale works properly. Before measuring, do make sure that the caliper 
reads zero when fully closed. If the reading is not 0, adjust the caliper's jaws until you get 
a0 reading. If you cannot adjust the caliper, you have to remember to add or to subtract 
the correct offset from your final reading. Clean the measuring surfaces of both vernier 
caliper and the object, then you can take the measurement. 

2. Close the jaws lightly on the item which you want to measure. If you are measuring 

something round, be sure the axis of the part is perpendicular to the calliper, to make 

sure you are measuring the full diameter. An ordinary caliper has jaws that you can place 

around an object, and on the other side jaws made to fit inside an object. These secondary 
jaws are for measuring the inside diameter of an object. Also, a stiff bar extends from the 

caliper as you open it that can be used to measure depth. 
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3. How to read the measured value 

a. Read the centimetre mark on the fixed scale to the left of the 0- mark on the 
vernier scale (Figure 1.12). (10mm on the fixed caliper) 

b. Find the millimeti nuirk ()n th(ý iix d scale timt is just to the left of the 0- mark 
on the vernier scale. (6mm on the fixed caliper) 

c. Look along the ten marks on the vernier scale and the millimetre marks on the 
adjacent fixed scale, until you find the two that most nearly line up. (0.25mm on 
the vernier scale) 
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