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Cell Type
Nuclear Envelope

Transcription and
‘Translation

Histone Proteins

Cytoskeleton
Mitochondria
Chloroplasts

Cell Wall

Means of Genetic
Recombination,
If Present

Mode of Nutrition

Motility

Multicellularity

Nervous System

Associated with DNA

Archaea
and Bacteria

Prokaryotic
Absent

Occur in same
compartment

Absent

Absent
Absent

None (photosynthetic
membranes in some
types)

Noncellulose

(polysaccharide plus
amino acids)

Conjugation,
transduction,
transforiation

Autotrophic
(chemosynthetic,
photosynthetic) or
heterotrophic

Bacterial flagella,
gliding or nonmotile

Absent

None

Protista
Fukaryotic
Present

Occur in different
compartments

Present

Present
Present (or absent)

Present (some forms)

Present in some forms
various types

)

Fertilization and
meiosis

Photosynthetic or
heterotrophic, or
combination of both

9 + 2 cilia and flagella;
amoeboid, contractile
fibrils

Absent in most forms
Primitive mechanisms

for conducting stimuli
in some forms

&

Plantae
Eukaryotic
Present

Occur in different
compartments

Present

Present
Present

Present

Cellulose and other
polysaccharides

Fertilization and
melosis

Photosynthetic,
chlorophylls 2 and 4

None in most forms;
9 + 2 cilia and flagella
in gametes of some
forms

Present in all forms

A few have primitive
mechanisms for
conducting stimuli

-

pu—ry

Fungi
Eukaryotic
Present

Occur in different
compartments

Present

Present
Present

Absent

Chitin and other
noncellulose
polysaccharides

Fertilization and
meiosis
Absorption

Both motile and
nonmotile

Present in most forins

None

Animalia
Eukaryotic
Present

Occur in different
compartments

Present

Present
Present

Absent

Absent

Fertilization and
melosis

Ingestion

9 + 2 cilia and flagella,
contractile fibrils

Present in all forms

Present (except
sponges), often
complex



Phylum

Arthropoda
(arthropods)

Mollusca
(mollusks)

Chordata
(chordates)

Platyhelminthes

(latworms)

Nematoda
(roundworms)

Annelida
(segmented worms)

Cnidaria
(cnidarians)

Echinodermata
(kchinoderms)

Porifera
(sponges)

Typical Examples -

Beetes, other insects,

crabs, spiders,

scorpions, centipedes,
millipedes q

Snails, oysters,
octopuses, sca slugs

Mamimals, fish,
reptiles, birds,
amphibians

Planarians,
tapeworms, liver flukes

W

Asearis, pinworms,
hookworms, Filaria

)

Earthworms,
polychactes, tube
worns, lecches

Jellyfish, Hydra, corals, —

Sea anemaones

Sea stars, sca urchins,
sand dollars, sea
cucumbers

Barrel sponges, boring
sponges, basket
Sponges, vase sponges

Key Characteristics

Most successful of all animal phyla; chitinous
exoskeleton covering segmented bodies with
paired, jointed appendages; many insect groups
have wings.

Soft-bodied animals whose bodies are divided
into three parts: head-foot, visceral mass, and

mantle; many have shells; almost all possess a

unique rasping tongue, called a radula; 35,000
species are terrestrial.

Segmented coelomates with a notochord; possess
a dorsal nerve cord, pharyngeal slits, and a
postanal tail at some stage of life; in vertebrates,
the notochord is replaced during development by
the spinal column; 20,000 species are terrestrial.

Compact, unsegmented, bilaterally symmetrical
worms; no body cavity; digestive cavity has only
one opening. Many species are parasites and can
lose the digestive cavity.

Pseudocoelomate or acoelomate, unsegmented,
bilaterally symmetrical worins; complete tubular
digestive tract with mouth and anus; live in great
numbers in soil and aquatic sediments; some are
important animal parasites.

Coelomate, serially segmented, bilaterally
symmetrical worms; complete digestive tract;
most have bristles called setae on each segment
that anchor them during crawling.

Soft, gelatinous, radially symmetrical bodies
whose digestive cavity has a single opening;
possess tentacles armed with stinging cells called
cnidocytes that shoot sharp harpoons called
nematocysts; most species are marine.

Deuterostomes with pentaradial symmetry
in the adults; five-part body plan and unique
water-vascular system with tube feet; able

to regenerate lost body parts; marine.
Endoskeleton of calcium plates.

Asymmetrical bodies without distinct tissues

or organs; saclike body consists of two layers
breached by many pores; internal cavity lined
with food-filtering cells called choanocytes; most
are marine (150 species live in fresh water).

Approximate
Number of
Named Species

1,000,000

110,000

56,000

20,000

25,000

16,000

10,000

7,000
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Preface

e designed this laboratory manual for an introductory

biology course with a broad survey of basic laboratory
techniques. The experiments and procedures are simple,
safe, easy to perform, and especially appropriate for large
classes. Few experiments require more than one class meet-
ing to complete the procedure. Each exercise includes many
photographs, traditional topics, and experiments that help
students learn about life. Procedures within each ‘exercise
are numerous and discrete so that an exercise can be tailored
to the needs of the students, the style of the instructor, and
the facilities available.

TO THE STUDENT

We hope this manual is an interesting guide to many areas
of biology. As you read about these areas, you'll probably
spend equal amounts of time observing and experimenting.
Don’t hesitate to go beyond the observations that we've
outlined—your future success as a scientist and an informed
citizen depends on your ability to seek and notice things
that others may overlook. Now is the time to develop this
ability with a mixture of hard work and relaxed observation.
Have fun, and learning will come easily. Also, remember
that this manual is designed with your instructors in mind as
well. Go to them often with questions—their experience is
a valuable tool that you should use as you work.

TO THE INSTRUCTOR

This manual’s straightforward approach emphasizes experi-
ments and activities that optimize students’ investment of
time and your investment of supplies, equipment, and prepa-
ration. Simple, safe, and straightforward experiments are
most effective if you interpret the work in depth. Most
experiments can be done easily by a student in 2 to 3 hours.
Terminology, structures, photographs, and concepts are lim-
ited to those the student can readily observe and understand.
In each exercise we have included a few activities requiring
a greater investment of effort if resources are available, but
omitting them will not detract from the objectives.

This manual functions best with an instructor’s guid-
ance and is not an autotutorial system. We’ve tried to guide
students from observations to conclusions, to help students
make their own discoveries, and to make the transition from
observation to biological principles. But discussions and inter-
actions between student and instructor are major components
of a successful laboratory experience. Be sure to examine the
“Questions for Further Thought and Study” in each exercise.

P-1

We hope they will help you expand students’ perceptions that
each exercise has broad applications to their world.

THE NINTH EDITION

All exercises in this edition were critiqued by a review panel
of current users, and their suggested revisions were carefully
considered and incorporated.

KEY UPDATES

e NEW INVESTIGATIVE APPROACH—Every lab
exercise now includes an “Investigation” in which
students can use the ideas and skills they learned in
the lab to address questions they pose. These exer-
cises are meant not only to help students use what
they've learned, but also for them to use their cre-
ativity to do biology. These exercises are described in
more detail on page xii.

e The number of tables and figures has been extended
with more than 70 new additions, revisions, and re-
placements.

e Additional Boxed Inserts to highlight applications of
procedures.

e Increased references to the applications and rele-
vance of specific procedures and content, especially
applications to health science.

e QOver 50 new or revised figures and photographs.

*  An increased emphasis on safety, including more fre-
quent and clearly defined icons, references, and
warnings of potential safety problems.

Specific changes include:

Exercise 1: Scientific Method: The Process of Science
e New Scientific Theories

*  New Investigation added: How temperature affects
the production of CO, by yeast

e Added three new questions at the end of the exercise

Exercise 2: Measurements in Biology: The Metric Sys-
tem and Data Analysis

e New section: Significant Figures
e Added new box: Rounding Numbers

e New Investigation added: Investigation on Variation
in the areas and shapes of leaves

VIL




Exercise 3: The Microscope: Basic Skills of Light
Microscopy

¢ New section: Caring for Your Microscope

*  New Investigation added: The shapes, surface areas
and volumes of red blood cells

Exercise 4: The Cell: Structure and Function

*  New Investigation added: The response of single-
celled organisms to environmental stimuli

Exercise 5: Solutions, Acids and Bases: The pH Scale

¢ New investigation added: The properties of Phillips
Milk of Magnesia, a popular antacid.

®  Added a new question at the end of the Exercise

Exercise 6: Biologically Important Molecules: Carbohy-
drates, Proteins, Lipids, and Nucleic Acids

*  New Investigation added: Variation in starch storage
by roots versus leaves

®  Added a new question at the end of the Exercise

Exercise 7: Separating Organic Compounds: Column
Chromatography, Paper Chromatography, and Gel Elec-
trophoresis

*  Added new material to section on Interpreting a
DNA-Sequencing Gel

*  New Investigation added: The importance of the
length of the column in column chromatography

*  Added two new questions at the end of the
Exercise

Exercise 8: Spectrophotometry: Identifying Solutes and
Determining Their Concentration
*  New Investigation added: The impact of contami-
nants on spectrophotometry
Exercise 9: Diffusion and Osmosis: Passive Movement of
Molecules in Biological Systems
¢ New Investigation added: Determining the concen-
trations of solutes in plant tissue
Exercise 10: Cellular membranes: Effects of Physical
and Chemical Stress
e New Investigation added: Effects of environmental
stimuli on cellular membranes
Exercise 11: Enzymes: Factors Affecting the Rate of
Activity
e New Investigation added: Factors affecting the rate
of enzymatic activity
®  Added three new questions at the end of the Exercise
Exercise 12: Respiration Aerobic and Anaerobic Oxida-
tion of Organic Molecules

e New Investigation added: The effect of environmen-
tal stimuli on cellular respiration

®  Added two new questions at the end of the Exercise

VIIL PREFACE

Exercise 13: Photosynthesis: Pigment Separation, Starch
Production, and CO2 Uptake

¢ New investigation added: Relative uptake and pro-
duction of CO2 during photosynthesis

Exercise 14: Mitosis: Replication of Eukaryotic Cells

e New Investigation added: The time elapsed during
the various stages of mitosis

Exercise 15: Meiosis: Reduction Division and Gameto-
genesis

e New Investigation added: Variation in the morphol-
ogy of vertebrate sperm cells

Exercise 16: Molecular Biology and Biotechnology:
DNA Isolation and Genetic Transformation

e New Investigation added: Antibiotic resistance by
transformed bacteria

¢ Added two new questions at the end of the Exercise

Exercise 17: Genetics: The Principles of Mendel
e Updated whole Exercise

¢ New Investigation added: The frequency of homozy-
gous recessive traits in humans

Exercise 18: Evolution: Natural Selection and Morpho-
logical Change in Green Algae

e New Investigation added: The effect of selection
against heterozygotes

Exercise 19: Human Evolution: Skull Examination

e New Investigation added: Migration of common an-
cestors during the evolution of humans

Exercise 20: Ecology: Diversity and Interaction in Plant
Communities

e New Investigation added: Production of allelopathic
chemicals by different plant organs

Exercise 21: Community Succession

e New Investigation added: Community succession
and the “spoilage” of beverages

Exercise 22: Population Growth: Limitations of the
Environment

¢ New Investigation added: The response of popula-
tion growth to environmental conditions

Exercise 23: Pollution: The Effects of Chemical, Ther-
mal, and Acid Pollution

e New Investigation added: Using the Allium to detect
variation in water quality

Exercise 24: Survey of Prokaryotes: Kingdoms Archae-
bacteria and Bacteria
®  New Investigation added: Bacterial sensitivity to
inhibitors




Exercise 25: Survey of Protists: The Algae
*  Added new table on Eukaryotic super groups

¢ New Investigation added: The response to algae to
changing environmental stimuli

e Updated whole Exercise

Exercise 26: Survey of Protists: Protozoa and Slime

Molds

¢ New investigation added: The sensitivity of protozoa
to nutrients

Exercise 27: Survey of the Kingdom Fungi: Molds, Sac
Fungi, Mushrooms, and Lichens

¢  New Investigation added: The antimicrobial proper-
ties of common fungi

e Added two new questions at the end of the Exercise

Exercise 28: Survey of the Plant Kingdom: Liverworts,
Mosses, and Hornworts of Phyla Hepaticophyta,
Bryophyta, and Anthocerophyta

®  New Investigation added: The roles of bryophytes in
the environment

®  Added a new question at the end of the Exercise

Exercise 29: Survey of the Plant Kingdom: Seedless Vas-
cular Plants of Phyla Pterophyta and Lycophyta

¢ New investigation added: The “resutrection” of a
“resurrection plant”.

Exercise 30: Survey of the Plant Kingdom: Gym-
nosperms of Phyla Cycadophyta, Ginkgophyta, Conif-
erophyta, and Gnetophyta

e New Investigation added: Release of pollen from
pine cones

®  Added two new questions at the end of the Exercise

Exercise 31: Survey of the Plant Kingdom: Angiosperms
¢ New Investigation added: Grocery store botany
®  Added three new questions at the end of the Exercise

Exercise 32: Plant Anatomy: Vegetative Structure of
Vascular Plants
®  New Investigation added: How plants sense and re-
spond to light and gravity
®  Added two new questions at the end of the Exercise

Exercise 33: Plant Physiology: Transpiration

e  New investigation added: Transpiration rates in dif-
ferent species of plants

Exercise 34: Plant Physiology: Tropisms, Nutrition, and
Growth Regulators

®  New investigation added: Influence of environmen-
tal stimuli on seed germination

Exercise 35: Bioassay: Measuring Physiologically Active
Substances
e New investigation added: Influence of plant growth
regulators on plant tissues and organs

Exercise 36: Survey of the Animal Kingdom: Phyla
Porifera and Cnidaria

¢ New Investigation added: Prey detection by hydra

e  Added a new question at the end of the Exercise
Exercise 37: Survey of the Animal Kingdom: Phyla
Platyhelminthes and Nematoda

e  New investigation added: Detection of macromole-
cules by planaria

¢  Added a new question at the end of the Exercise

Exercise 38: Survey of the Animal Kingdom: Phyla Mol-
lusca and Annelida
e New Investigation added: The use of leeches in med-
icine
Exercise 39: Survey of the Animal Kingdom: Phylum
Arthropoda
e  New Investigation added: Variation in crustacean ap-
pendages
o Added two new questions at the end of the Exercise
Exercise 40: Survey of the Animal Kingdom: Phyla
Echinodermata, Hemichordata, and Chordata

e New investigation added: Adaptations of vertebrate
skeletons

e Added two new questions at the end of the Exercise

Exercise 41: Vertebrate Animal Tissues: Epithelial, Con-
nective, Muscular, and Nervous Tissues

eNew investigation added: Use of strains to enhance visi-
bility of cellular structures

Exercise 42: Human Biology: The Human
Skeletal System

e  New investigation added: Assess skeletal morphology
for functions of protection and strength

¢ Added two new boxes on Spinal Curvatures and Os-
teoporosis

e Added new Procedure 42.3 on Vocabulary of skeletal

movement
Exercise 43: Human Biology: Muscles
and Muscle Contractions
e  New Investigation added: Determining minimum re-
covery time from muscle fatigue
Exercise 44: Human Biology: Breathing

e New investigation added: The relative contributions
of diaphragm and intercoastal muscles to breathing
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Exercise 45: Human Biology: Circulation and Blood
Pressure

e  New Investigation added: Variation in pulse and sen-
sitivity to minor movement

Exercise 46: Human Biology: Sensory Perception

¢ New investigation added: The nervous system'’s ac-
commodation to stimuli

¢ Added a new Procedure on Binocular vision

Exercise 47: Vertebrate Anatomy: External Features and
Skeletal System of the Rat

e  New investigation added: Skeletal modification for
bipedal locomotion

¢ Added a question at the end of the Exercise

Exercise 48: Vertebrate Anatomy: Muscles and Internal
Organs of the Rat

¢ New investigation added: Muscular system modifica-
tion for bipedal locomotion

¢  Added new Procedure on Location and function of
internal organs

Exercise 49: Vertebrate Anatomy: Urogenital and Circu-
latory Systems of the Rat

e New Investigation added: Vertebrate heart mass ver-
sus total body mass

Exercise 50: Embryology: Comparative Morphologies
and Strategies of Development

e New investigation added: Permeability of egg shells

Exercise 51: Animal Behavior: Taxis, Kinesis, and Ago-
nistic Behavior
¢  New Investigation added: Variation in flight initia-
tion distance

ONLINE LEARNING

B connect

BIOLOGY

Students can enhance their understanding of the concepts
with the rich study materials available with McGraw-Hill
Connect™ Biology. Connect Biology is an interactive learn-
ing platform that provides auto-graded study materials, anima-
tions, pre-lab assessments and more. Instructors can access
quality instructional resources including images for presenta-
tion, lecture capture, and powerful reporting—all in an easy-
to-use interface. Learn more at www.mcgrawhillconnect.com.

Also new to this edition is the open access website
with self-study quizzes and printable pre-lab worksheets
available at www.mhhe.com/vodopich9e

This website includes:

e Practice questions that allow students to familiarize
themselves with the core concepts, offer them an

X PREFACE

" Biology Lahoratory Manual, 98

|
Darrell S. Vodopich
| Randy Moore

ISBN: 7071303065
Copyright ymar: 2011

sign tn

| usmmame:

| Pessmae

alternative study path, and answer the frequent ques-
tion “What will the tests be like?”

e Worksheets for each exercise that assist students’
focus on the important concepts, can be completed
and submitted by each student before leaving lab or
as homework.

e  Excellent animations that enrich the students under-
standing of key biological concepts.

e A repository for a growing collection of videos that
demonstrate the “how to” parts of standard as well as
new procedures.
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INVESTIGATIONS IN BIOLOGY

The best way to learn biology is to do biology. There are many
ways to do this. For example, throughout this manual you'll
find directed labs that use traditional skills and activities (e.g.,
how to use a microscope) to immerse you in the process of bi-
ology. Similarly, thematic labs will involve you in discovering
the themes of biology (e.g., evolution, ecology). These activi-
ties will help you experience the biology you have learned
from lectures, your textbook, and this manual.

We also want you to design your own experiments so that
you can leam biology your way. These activities, which are part
of every lab, are investigative labs. Some of these investigations
are independent activities, whereas others are extensions of top-
ics studied in directed labs and thematic labs. In investigative
labs, you'll apply the skills you’ve learned to answer your own
questions about biology. In doing so, you'll be challenged to cre-
ate and develop your way of answering scientific questions.

Investigations in biology often go far beyond simply follow-
ing the steps of the scientific method. Indeed, investigation is
a broad pursuit that includes observations, experiments, analy-
sis of the work of others, reliable procedures, and repetition.
[t’s more of an approach to answering questions than it is a set
of rigid procedures. Although investigation doesn't have to be

complicated, it does require creativity, planning, patience, and
attention to detail.

Investigations proceed along a variety of paths, depending
on the investigator and the question being asked. But the steps
we’ve described below can improve any investigation, includ-
ing those suggested in this lab manual.

Establish a clear question. Investigations begin with observa-
tions and questions. Simple, straightforward questions are usu-
ally the best. When you've decided on your question, write it
down. You will be surprised how much easier it is to recall and
refine a written question than it is to develop a vague idea rat-
tling around in your head. Make sure your question is stated
clearly. And here's a tip for asking productive questions: Learn
as much as you can about what you’re proposing to do. The
more background information you have, the better your ques-
tions will be, and the more likely your results will make sense.

Not all questions require controlled experiments. For ex-
ample, some investigations are descriptive rather than experi-
mental. Decide whether your question is best answered with
experiments in controlled systems or with observations in
natural systems. You may investigate the impact of pollutants

XI11 INVESTIGATIONS IN B1OLOGY
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by administering them to controlled organisms, or you may
choose to describe observations about a pollutant’s effects in a
natural community. Both approaches can lead to interesting
and important results.

Design a reliable experiment. Outline what you are going to
do, and write down the steps of your procedure in numerical
order. The most reliable experiments are usually the simplest
ones. Complicated procedures are often hard to repeat and are
prone to error. Remember that a hallmark of good science is
that it’s repeatable. To keep things simple and repeatable it’s
best—whenever you can—to isolate a single variable and hold
all other conditions constant. That way you can easily repeat
your experiment and refine your ability to reliably measure the
most important variable.

Simple, reliable procedures also make it easier to establish
appropriate controls. If all conditions surrounding your exper-
iment except one variable are held constant, then it is rela-
tively easy to design a good control. A good control is a
replicate procedure with the variable of interest either held
constant or absent. For example, if you want to detect the ef-
fects of a pollutant on plant growth, then you need a control
with the same growth conditions as the pollutant treatments,
but without the pollutant you are studying.

Another good tip for designing successful investigations is
to use readily available organisms and materials for procedures.
Good science does not have to be complicated with expensive
equipment or exotic organisms. There is no need to use a rat if
a fruit fly will do.

If the experiment you're proposing requires materials other
than the ones provided, ask your instructor if those materials
are available. Also, get input from other people about your
proposed work—investing time before you do the work can
save much time later.

Work objectively. Decide beforehand what result will validate
your hypothesis and answer your question, and what result will
invalidate your hypothesis. If possible, use tables and graphs to
show your results. Write down not just your data, but also what
your data mean. Try not to think about what your results
should be. Instead, accept what they are. Some of the most in-
teresting results are those that we didn’t predict, for unex-
pected results often lead to more questions. And that’s a good
thing!

Strengthen your conclusions. The best way to strengthen
your conclusions is to repeat your work. Along with repetition,
conclusions are stronger when they are supported by different
kinds of evidence. For example, if you are investigating the ef-
fects of a nutrient on plant growth, then your conclusion is
stronger if you investigated more than one species of plant.
Similarly, conclusions based on highly controlled laboratory
experiments are strengthened by corroborative data on plant
growth in natural communities with various levels of that
nutrient.

Be prepared to revise your questions and experimental de-
sign. You'd be surprised how many initial experiments in an
investigation “don’t work.” The results make no sense, or you
can’t measure the variable you thought you were going to mea-
sure with the precision you expected. Or, the first experiment
gives one result and the second experiment gives another. If
this happens, do not be overly concerned—this is precisely
how “real science” goes. Think about what might be the prob-
lem; perhaps it’s arising from some source of variation in one
replicate that’s not in the other replicates. The cure for that
problem is revision and repetition. It's worth saying again ...
good science is reliable and repeatable.

Figure out what your data mean. Discuss your data in light
of your original question or hypothesis. Do your results sup-
port or falsify your hypothesis? Use your data to explain your
reasoning. What is the significance of your work? That is,
what can you conclude from your investigation? Are there
other interpretations from results? How do your results com-
pare with those of others? Based on what you've learned, can
you now ask different or more probing questions to learn
even more! Remember that correlation does not necessarily
indicate cause and effect. If you had problems with your in-
vestigation, discuss how these problems might have been
avoided. If you could repeat or revise your work, what would
you do differently?

Be prepared to report your work. Scientists often remark that
“you haven’t done science until you have published your
work.” Lab write-ups are the beginning of a publication. The
topics discussed in “How to Write a Scientific Paper or Labo-
ratory Report” (pp. xxi—xxiii) will help prepare you to present
your ideas to others.

Inwvestigations in Biology X111
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Welcome to the Biology Laboratory

Welcome to the biology laboratory! Although reading
your textbook and attending lectures are important
ways of learning about biology, nothing can replace the im-
portance of the laboratory. In lab you'll get hands-on expe-
rience with what you've heard and read about biology—for
example, you'll observe organisms, do experiments, test
ideas, collect data, and make conclusions about what you've
learned. You'll do biology.

You'll enjoy the exercises in this manual—they’re in-
teresting, informative, and can be completed within the
time limits of your laboratory period. We've provided ques-
tions to test your understanding of what you've done; in
some of the exercises, we've also asked you to devise your
own experiments to answer questions that you've posed. To
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make these exercises most useful and enjoyable, follow these
guidelines:

THE IMPORTANCE OF COMING TO CLASS

Biology labs are designed to help you experience biology first-
hand. To do that, you must attend class. If you want to do
well in your biology course, you'll need to attend class and
pay attention. To appreciate the importance of class atten-
dance for making a good grade in your biology course, exam-
ine figure 1, a graph showing how students’ grades in an
introductory biology course relate to their rates of class atten-
dance. Data are from a general biology class at the University
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Figure 1

How students’ grades in an introductory biology course relate to their rates of class attendance.

X1v




A

of Minnesota. On page xix, write an analysis of the data
shown in figure 1. What do these data mean?

BEFORE COMING TO LAB

Read the exercise before coming to lab. This will give you a
general idea about what you're going to do, as well as why
you're going to do it. Knowing this will not only save time,
it will also help you finish the experiments and make you
aware of any safety-related issues associated with the lab.
Before doing any procedures, you’ll encounter a section of
each exercise titled “SAFETY FIRST” that is marked with
this icon:

This section of the lab will help ensure that you're aware of
safety concerns (e.g., solvents, acids, bases, hotplates) asso-
ciated with the work. If you have questions about these
safety issues, contact your lab instructor before starting the
lab work.

Notify your instructor if you are pregnant, color-blind,
taking immunosuppressive drugs, have allergies, or have any
other conditions that may require precautionary measures.
Also, before coming to lab, cover any cuts or scrapes with a
sterile, waterproof bandage.

WHEN IN LAB

1. Know what you are going to do. Read and under-
stand the lab before coming to lab.

2. Don’tstart the exercise until you've discussed the ex-
ercise with your laboratory instructor. She/he will
give you specific instructions about the lab and tell
you how the exercise may have been modified.

3. Work carefully and thoughtfully, and stay focused as
you work. You'll be able to finish each exercise
within the allotted time if you are well prepared and
stay busy. You'll not be able to finish the exercise if
you spend your time talking about this weekend’s
party or last week’s big game.

4.  Discuss your observations, results, and conclusions
with your instructor and lab partners. Perhaps their

comments and ideas will help you better understand
what you've observed.

5.  Always follow instructions and follow safety guide-
lines presented by your instructor.

6. If you have questions, ask your instructor.

SAFETY IN THE LABORATORY

Laboratory accidents can affect individuals, classes, or the
entire campus. To avoid such accidents, the exercises in this
manual were designed with safety as a top priority. You'll be
warned about any potentially hazardous situations or chem-
icals with this image:

When you see this image, pay special attention to the
instructions.

The laboratory safety rules listed in table 1 will help
make lab a safe place for everyone to learn biology. Remem-
ber, it is much easier to prevent an accident than to deal
with its consequences.

Read the laboratory safety rules listed in table 1. If you
do not understand them, or if you have questions, ask your
instructor for an explanation. Then complete table 1 and
sign the statement that is at the bottom of page xiii.

BEFORE YOU LEAVE LAB

Put away all equipment and glassware, and wipe clean your
work area.

AFTER EACH LABORATORY

Soon after each lab, review what you did. What questions
did you answer? What data did you gather? What conclu-
sions did you make?

Also note any questions that remain. Try to answer
these questions by using your textbook or visiting the li-
brary. If you can’t answer the questions, discuss them with
your instructor.

Welcome to the biology laboratory!
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LABORATORY SAFETY RULES

Rule

Why is this rule important?
What could happen if this rule is not followed?

Behave responsibly. No horseplay or fooling around while
in lab.

Do not bring any food or beverages into lab, and do not
eat, drink, smoke, chew gum, chew tobacco, or apply
cosmetics when in lab. Never taste anything in lab. Do
not put anything in lab into your mouth. Avoid touching
your face, chewing on pens, and other similar behaviors
while in lab. Always wear shoes in lab.

Unless you are told otherwise by your instructor, assume
that all chemicals and solutions in lab are poisonous, and
act accordingly. Never pipette by mouth. Always use a
mechanical pipetting device (e.g., a suction bulb) to
pipette solutions. Clean up all spills immediately, and
report all spills to your instructor.

Wear safety goggles when working with chemicals.
Carefully read the labels on bottles and know the
chemical you are dealing with. Do not use chemicals
from an unlabeled container, and do not return excess
chemicals back to their container. Report all spills to
your instructor immediately.

Unless your instructor tells you to do otherwise, do not
pour any solutions down the drain. Dispose of all
materials as per instructions from your instructor.

If you have long hair, tie it back. Don’t wear dangling
jewelry. If you are using open flames, roll up loose
sleeves. Wear contact lenses at your own risk; contacts
hold substances against the eye and make it difficult to
wash your eyes thoroughly.

Treat living organisms with care and respect.

Your instructor will tell you the locations of lab safety
equipment, including fire extinguishers, fire blanket,
eyewash stations, and emergency showers. Familiarize
yourself with the location and operation of this
equipment.

[f anything is splashed into your eyes, wash your eyes
thoroughly and immediately. Tell your lab instructor
what happened.

Notify your instructor of any allergies to latex,
chemicals, stings, or other substances.

If you break any glassware, do not pick up the pieces of
broken glass with your hands. Instead, use a broom and
dustpan to gather the broken glass. Ask your instructor
how to dispose of the glass.
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: TABLE 1

LABORATORY SAFETY RULES (CONTINUED)

Why is this rule important?
Rule What could happen if this rule is not followed?

Unless told by your instructor to do otherwise, work only
during regular, assigned hours when the instructor is
present. Do not conduct any unauthorized experiments;
for example, do not mix any chemicals without your
instructor’s approval.

Do not leave any experiments unattended unless you are
authorized by your instructor to do so. If you leave your
work area, slide your chair under the lab table. Keep
walkways and desktops clean and clear by putting books,
backpacks, and so on along the edge of the room, in the
hall, in a locker, or in an adjacent room. Keep your work
area as clean and uncluttered as possible.

Don’t touch or put anything on the surface of hotplates
unless told to do so. Many types of hotplates have no
\ visible sign that they are hot. Assume they are hot.

Know how to use the equipment in lab. Most of the
equipment is expensive; you may be required to pay all or
part of its replacement cost. Keep water and solutions
, away from equipment and electrical outlets. Report
malfunctioning equipment to your instructor. Leave
equipment in the same place and condition that you
found it. If you have any questions about or problems
with equipment, contact your instructor.

Know what to do and whom to contact if there is an
emergency. Know the fastest way to get out of the lab.
Immediately report all injuries—no matter how minor—
to your instructor. Seek medical attention immediately if
needed. If any injury appears to be life-threatening, call
911 immediately.

At the end of each lab, clean your work area, wash your
hands thoroughly with soap, slide your chair under the
lab table, and return all equipment and supplies to their
original locations. Do not remove any chemicals or
equipment from the lab.
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Name

Lab Section

Your lab instructor may require that you submit this page at the end of today’s lab.

1. In the space below, write an analysis of the data shown in figure 1.

After completing table 1, read and sign this statement:

2. lhave read and I understand and agree to abide by the laboratory safety rules described in this exercise and discussed
by my instructor. I know the locations of the safety equipment and materials. If I violate any of the laboratory safety
rules, my instructor will lower my grade and/or remove me from the lab.

Signature

Name (printed)

Date
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How to Write a Scientific Paper
or Laboratory Report

our instructor may occasionally ask you to submit

written reports describing the work you did in the lab.
Although these reports will probably not be published in
scientific magazines or journals, they are important because
they will help you learn to write a scientific paper. A scien-
tific paper is a written description of how the scientific
method was used to study a problem.

Understanding how to write a scientific paper (such as
a lab report) is important for several reasons. Scientists be-
come known (or remain unknown) by their publications in
books, magazines, and scientific journals. Regardless of the
presumed importance of a scientist’s discoveries, poor writ-
ing delays or prohibits publication because it makes it diffi-
cult to understand what the scientist did or the importance
of the work. Poor writing usually indicates an inability or
unwillingness of a scientist to think clearly.

Scientific papers are the vehicle for the rransmission
of scientific knowledge; they are available for others to read,
test, refute, and build on. Few skills are more important to a
scientist than learning how to write a scientific paper.

Before you finish reading this section, go to the library
and browse through a few biological journals such as Ameri-
can Journal of Botany, Ecology, Journal of Mammalogy, or
Journal of Cell Biology. Make photocopies of one or two of
the articles that interest you. As you'll see, scientific papers
follow a standard format that reflects the scientific method.

PARTS OF A SCIENTIFIC PAPER

Almost all scientific papers have these parts:
e Title
e  List of authors
e Abstract
Introduction
Materials and methods

Results

®  Discussion
® References

Understanding this format eases the burden of writing
a scientific paper, because writing is an exercise in organiza-
tion. Refer to the journal articles you photocopied in the li-
brary as you read this text.

Title

The title of a paper is a short label (usually fewer than
10 words) that helps readers quickly determine their interest
in the paper. The title should reflect the paper’s content and
contain the fewest number of words that adequately express
the paper’s content. The title should never contain abbrevi-
ations or jargon (jargon is overly specialized or technical
language).

List of Authors

Only those people who actively contributed to the design,
execution, or analysis of the experiment should be listed as
authors.

Abstract

The abstract is a short paragraph (usually fewer than
250 words) that summarizes (1) the objectives and scope of
the problem, (2) methodology, (3) data, and (4) conclu-
sions. The abstract contains no references.

Introduction

The introduction concisely states why you did the work.
Avoid exhaustive reviews of what has already been pub-
lished; rather, limit the introduction to just enough perti-
nent information to orient the reader to your study.




The introduction of a scientific paper has two primary
parts. The first part is a description of the nature and back-
ground of the problem. For example, what do we already
know (or not know) about the problem? This description is
developed by citing other scientists” work, to give a history
of the study of the problem, and by pointing out gaps in our
knowledge. The second part of the introduction states the
objectives of the study.

Materials and Methods

The materials and methods section describes how, when,
where, and what you did. It should contain enough detail to
allow another scientist to repeat your experiment, but it
should not be overwhelming.

Materials include items such as growth conditions, or-
ganisms, and the chemicals used in the experiment. Avoid
trade names of chemicals and describe organisms with their
scientific names (e.g., Zea mays rather than “corn”). Also
describe growth conditions, diet, lighting, temperature, and
$0 on.

Methods are usually presented chronologically, and
this discussion is often subdivided with headings. Examples
of methods include sampling techniques, types of mi-
croscopy, and statistical analyses. If possible, use references
to describe methods.

Experiments described in a scientific paper must be re-
producible. Thus, the quality of materials and methods is
judged by the reader’s ability to repeat the experiment. If a
colleague can’t repeat your experiment, the materials and
methods section is probably poorly written.

For most lab reports, do not copy the experimental
procedures word for word from the lab manual. Rather, sum-
marize what you did in several sentences.

Results

The results section is the heart of a scientific paper. It
should clearly summarize your findings and leave no doubt
about the outcome of your study. For example, state that
“All animals died 29 hours after eating cyanide” or “Table 1
shows the influence of 2,4-D on leaf growth.” Keep it simple
and to the point.

Tables and graphs are excellent ways to present results
but shouldn’t completely replace a written summary of re-
sults. Tables are ideal for presenting large amounts of nu-
merical data, and graphs are an excellent way to summarize
data and show relationships between independent and de-
pendent variables. The variable that the scientist estab-
lished and controlled during the experiment is the
independent variable. It is presented on the x-axis of the
graph. Protein content of a diet might be an independent
variable in an experiment measuring weight gain by an ani-
mal (fig. 2). Similarly, time and temperature are often inde-
pendent variables.
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Sample graph from a scientific paper.

The dependent variable changes in response to
changes in the independent variable and is presented on the
y-axis of the graph. Weight and growth rate are examples of
dependent variables that may change in response to light,
temperature, diet, and so on. Graphs must also have a title
(e.g., “Influence of Temperature on Root Elongation”), la-
beled axes (e.g., “Temperature,” “Root Elongation”), and
scaled units along each axis appropriate to each variable
(e.g., °C, mm h™!). Place tables and graphs on separate
pages from the text.

Discussion

It’s not enough to simply report your findings; you must also
discuss what they mean and why they’re important. This is
the purpose of the discussion section of a scientific paper.
This section should interpret your results relative to the ob-
jectives you described in the introduction and answer the
question “So what?” or “What does it mean?” A good dis-
cussion section should do the following:

e Discuss your findings; that is, present relationships,
principles, and generalizations. Point out exceptions
and lack of correlations.

e Don’t conceal anomalous results; rather, describe
unsettled points. State how your results relate to
existing knowledge.

e State the significance and implications of your data.
What do your results mean? If your data are strong,
don’t hesitate to use statements beginning with “I
conclude that. ...

References

Scientists rely heavily on information presented in papers
written by their colleagues. Indeed, the introduction, mate-
rials and methods, and discussion sections of a paper often
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contain citations of other publications. The format for these
citations varies in different biological journals. The follow-
ing citation for an article is in the format recommended by
the Council of Biology Editors:*

White, H.B., 11I. Coenzymes as fossils of an earlier
molecular state. J. Mol. Evol. 7:101-104; 1976.

A FEW SIMPLE RULES FOR WRITING
EFFECTIVELY

Informative sentences and well-organized paragraphs are the
foundation of a good scientific paper. Listed here are a few
rules to help you write effectively. Following these rules
won't necessarily make you a Hemingway, but it will proba-
bly improve your writing.

o Write clearly and simply. For example, “the biota
exhibited a 100% mortality response” is a wordy and
pretentious way of saying “all of the organisms died.”
Remember, keep it simple and straightforward.

e Keep related words together. Consider the following
sentence taken from a scientific publication: “Lying on
top of the intestine, you perhaps make out a small
transparent thread.” Do we really have to lie on top of
the intestine to see the thread? The author meant that
“a small transparent thread lies atop the intestine.”

®  Use active voice. Write “Good writers avoid passive
voice,” not “The passive voice is avoided by good
writers.” Here are some other examples of passive voice:
Poor: My first lab report will always be
remembered by me. (passive)
Better: I'll always remember my first lab report.
(active)
Poor: Examination of patients was accomplished
by me. (passive)
Better: | examined patients. (active)

*  White positively. For example, write “The rats were
always sick” instead of “The rats were never healthy.”

*  Council of Biology Editors style manual: A guide for authors, editors, and

publishers in the biological sciences. 5th ed. Council of Biology Editors; 1983.
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Use definite and specific sentences. For example, write
“It rained every day for a week” instead of “A period of
unfavorable growth conditions set in.”

e Be sure of the meaning of every word that you use, and
write exactly what you mean. Refer to a dictionary and

thesaurus to ensure clarity and proper word usage. For

example, you allude to a book, and elude a pursuer.

e Delete unnecessary words. For example:

Replace With
The question as to whether ~ Whether
Advance notice Notice
At this peint in time Now

Be that as it may But

In the event that If
General consensus Consensus
Young juvenile Juvenile
Student body Students
Due to the fact that Because
Chemotherapeutic agent Drug

Use metric measurements (see Exercise 2).

Be sure that each paragraph conveys a single major idea and
has a topic sentence. The topic sentence should state the
main idea of the paragraph.

Have a friend or colleague read a draft of your writing and
suggest improvements.

Don't plagiarize. Learn to summarize and be sure to cite
all references from which you extracted information.

A neat and typed presentation is a must. If you use a

word processor, remember to use the spell checker. Carefully
proofread to catch mistakes. Put your work aside for at least
24 hours before you proofread. If you're interested in learn-
ing more about improving your writing, read The Elements of
Style (4th ed.), by W. Strunk and E. B. White (New Jersey:
Prentice Hall, 2000).
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Measurements in Biology
The Metric System and Data Analysis

Objectives

By the end of this exercise you should be able to:
1. ldentify the metric units used to measure length,
volume, mass, and temperature.

2. Measure length, volume, mass, and temperature in
metric units.

3. Convert one metric unit to another (e.g., grams to
kilograms).

4. Use measures of volume and mass to calculate
density.

5. Practice the use of simple statistical calculations
such as mean, median, range, and standard
deviation.

6.  Analyze sample data using statistical tools.

very day we’re bombarded with numbers and measure-

ments. They come at us from all directions, including
while we're at the supermarket, gas station, golf course,
and pharmacy, as well as while we're in our classrooms and
kitchens. Virtually every package that we touch is described
by a measurement.

Scientists use a standard method to collect data as
well as use mathematics to analyze measurements. We must
measure things before we can objectively describe what we
are observing, before we can experiment with biological
processes, and before we can predict how organisms respond,
adjust to, and modify their world. Once we have made our
measurements, we can analyze our data and look for varia-
tion and the sources of that variation. Then we can infer the
causes and effects of the biological processes that interest us.

THE METRIC SYSTEM

Scientists throughout the world use the metric system to
make measurements. The metric system is also used in
everyday life virtually everywhere except the United States.
With few exceptions (e.g., liter bottles of soda, 35-mm film),
most measurements in the United States use the antiquated
English system of pounds, inches, feet, and so on. Check
with your instructor about bringing to class common grocery
store items with volumes and weights in metric units, or ex-
amining those items on display.

Metric measurement is used worldwide in science to
improve communication in the scientific community. Sci-
entists make all of their measurements in the metric system;
they do not routinely convert from one system to another.
However, the following conversions will help give you a
sense of how some common English units are related to
their metric equivalents:

1 inch = 2.5 centimeters

1 foot = 30 centimeters

1 yard = 0.9 meter

I mile = 1.6 kilometers

1 ounce = 28 grams

1 pound = 0.45 kilogram

1 fluid ounce = 30 milliliters

1 pint = 0.47 liter

1 gquart = 0.95 liter

1 gallon = 3.8 liters

1 cup = 0.24 liters
If you want to know those conversions, see Appendix 11.

This exercise will introduce you to making metric
measurements of length, mass, volume, and temperature.
During this lab, you should spend your time making mea-
surements, not reading background information. Therefore,
before lab, read this exercise carefully to familiarize yourself with
the basic units of the metric system.

Metric units commonly used in biology include:

meter {m)—the basic unit of length

liter (L)—the basic unit of volume

kilogram (kg)—the basic unit of mass

degrees Celsius (°C)—the basic unit of temperature
Unlike the English system with which you are already famil-
iar, the metric system is based on units of ten. This simplifies
conversions from one metric unit to another (e.g., from
kilometers to meters). This base-ten system is similar to our
monetary system, in which 10 cents equals a dime,
10 dimes equals a dollar, and so forth. Units of ten in the

metric system are indicated by Latin and Greek prefixes
placed before the base units:
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Prefix

(Latin) Division of Metric Unit

deci (d) 0.1 1071
centi (c) 0.01 1072
milli (m) 0.001 1073
micro (W) 0.000001 1076
nano (n) 0.000000001 107°
pico (p) 0.000000000001 10712
Prefix

(Greek) Multiple of Metric Unit

deka (da) 10 101
hecto (h) 100 102
kilo (k) 1000 10
mega (M) 1000000 106
giga (G) 1000000000 10°

Thus, multiply by:
0.01 to convert centimeters to meters
0.001 to convert millimeters to meters
1000 to convert kilometers to meters
0.1  to convert millimeters to centimeters
For example, there are 10 millimeters per centimeter.

Therefore,

10 mm

62 cm X =620 mm

In these conversion equations, the units being converted
from (in this case, centimeters) cancel out, leaving you with
the desired units (in this case, millimeters). Also note that
when units are converted to smaller units, the number asso-
ciated with the new units will increase, and vice versa. For
example, 620 meters = 0.620 kilometers = 620,000 mil-
limeters = 62,000 centimeters.

Question 1

Make the following metric conversions:

1 meter = centimeters = millimeters
92.4 millimeters = meters = centimeters
10 kilometers = meters = decimeters

82 centimeters = meters = millimeters
3.1 kilograms = grams = milligrams

Length and Area
The meter (m) is the basic unit of length. Units of area are
squared units (i.e., two-dimensional) of length.

Im =100cm = 1000 mm = 0.001 km =
1 X 1073 km

lkm=1000m = 10°m

1lem=001m=10"2m = 10 mm

470 m = 0.470 km

1 cm? = 100 mm? (i.e., 10 mm X 10 mm = 100 mm?)

12 EXERCISE 2

To help you appreciate the magnitudes of these units, here
are the lengths and areas of some familiar objects:

Length

Housefly 0.5cm

Mt. Everest 8848 m

Diameter of penny 1.9 cm

Toyota Camry 4.7 m

Area

Total skin area of adult human male 1.8 m?
Football field (goal line to goal line) 4459 m?
Surface area of human lungs 80 m?
Central Park (New York City) 3.4 km?
Ping-pong table 4,18 m?
Credit card 46 cm?

Procedure 2.1
Make metric measurements of length and area
Most biologists measure lengths with metric rulers or
metersticks.
1. Examine intervals marked on the metric rulers and
metersticks available in the lab.
2. Make the following measurements. Be sure to
include units for each measurement.
Length of this page
Width of this page
Area of this page
(Area = Length X Width)
Your height
Thickness of this manual
Height of a 200-mL beaker

Height of ceiling

Question 2
What are some potential sources of error in your
measurements’?

Volume

Volume is the space occupied by an object. Units of volume
are cubed (i.e., three-dimensional) units of length. The liter
(L) is the basic unit of volume.

1L = 1000 cm® = 1000 mL
1L=0.1mX>X0.1mXO0.1m
1 cm?® = 0.000001 m?

To help you appreciate the magnitudes of these units, here
are the volumes of some familiar objects:

Chicken egg 60 mL
One breath of air 500 cm?
Coke can 355 mL

Scientists often measure volumes with pipets and graduated
cylinders. Pipets are used to measure small volumes, typi-
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Figure 2.1

A pipet is used to extract and dispense volumes of liquid. A suction
bulb (shown in green on the left) draws fluid into the pipet, and
graduated markings on the pipet allow precise measurement of a
fluid’s volume. Never use your mouth to suck fluid into a pipet.

cally 25 mL or less. Liquid is drawn into a pipet using a bulb
or pipet pump (fig. 2.1). Never pipet by mouth.

Graduated cylinders are used to measure larger vol-
umes. To appreciate how to make a measurement accu-
rately, pour 40-50 mL of water into a 100-mL graduated
cylinder, and observe the interface between the water and
air. This interface, called the meniscus, is curved because
of surface tension and the adhesion of water to the sides of
the cylinder. When measuring the liquid in a cylinder such
as a graduated cylinder, always position your eyes level

with the meniscus and read the volume at the lowest level
(fig. 2.2).

Procedure 2.2

Make metric measurements of volume

1. Biologists often use graduated cylinders to measure
volumes. Locate the graduated cylinders available in
the lab to make the following measurements.
Determine what measurements the markings on the
graduated cylinder represent. Be sure to include units
for each measurement.

2. Measure the milliliters needed to fill a cup (provided
in the lab).

3. Measure the liters in a gallon.

Figure 2.2

When measuring the volume of liquid in a graduated cylinder,
always measure at the bottom of the meniscus. The bottom of the
meniscus in this photograph is indicated by the arrow. The correct
volume is 25 mL.

Procedure 2.3

Measure the volume of a solid object by water
displacement

1. Obtain a 100-mL graduated cylinder, a thumb-sized
rock, and a glass marble.

2.  Fill the graduated cylinder with 70 mL of water.

3. Gently submerge the rock in the graduated cylinder
and notice that the volume of the contents rises.

4.  Carefully observe the meniscus of the fluid and
record its volume.

5.  Calculate and record the volume of the rock by
subtracting the original volume (70 mL) from the
new volume.

Rock volume

6. Repeat steps 2-5 to measure and record the volume

of the marble.

Marble volume
Biologists use pipets to measure and transfer small volumes

of liquid from one container to another. The following pro-
cedure will help you appreciate the usefulness of pipets.

Measurements in Biology 13




(A)

Figure 2.3

Biologists use balances to measure mass. (A) The parts of a triple-beam balance include (a) the zero-adjustment knob, (b) measuring pan,
() movable masses on horizontal beams, and (d) balance marks. (B) A top-loading balance has a measuring pan, a power switch, and a zero

calibration button.

Procedure 2.4
Learn to use a pipet

1.  Add approximately 100 mL of water to a 100-mL
beaker.

2. Use a5-mL pipet with a bulb or another filling
device provided by your instructor to remove some
water from the beaker.

3. Fill the pipet to the zero mark.

4.  To read the liquid level correctly, your eye must be
directly in line with the bottom of the meniscus.

5. Release the liquid into another container.

Question 3
What volume of liquid did you measure?

Mass

The kilogram (kg) is the basic unit of mass.! A kilogram
equals the mass of 1000 cubic centimeters (cm?) of water at
4°C. Similarly,

1kg=1000g=10g
1 mg =0.001g=10"3g¢g

Here are the masses of some familiar objects:

9V battery 40 ¢
Ping-pong ball 245¢
Basketball 0.62 kg
Quarter 6.25¢g

Remember that mass is not necessarily synonymous with weight. Mass
measures an object’s potential to interact with gravity, whereas weight is the
force exerted by gravity on an object. Thus, a weightless object in outer space
has the same mass as it has on earth.

14 EXERCISE 2

Biologists often measure mass with a triple-beam balance
(fig. 2.3), which gets its name from its three horizontal
beams. Suspended from each of the three beams are mov-
able masses. Each of the three beams of the balance is
marked with graduations: the closest beam has 0.1-g gradu-
ations, the middle beam has 100-g graduations, and the
farthest beam has 10-g graduations.

Before making any measurements, clean the weighing
pan and move all of the suspended weights to the far left.
The balance marks should line up to indicate zero grams; if
they do not, turn the adjustment knob until they do. Mea-
sure the mass of an object by placing it in the center of the
weighing pan and moving the suspended masses until the
beams balance. The mass of the object is the sum of the
masses indicated by the weights on the three beams.

Procedure 2.5
Make metric measurements of mass
1.  Biologists often use a triple-beam balance or a top

loading scale to measure mass. Locate the triple-
beam balances or scales in the lab.

2. Measure the masses of the following items. Be sure to
include units for each measurement.

Penny

Paper clip

Pencil -

Rock (used in procedure 2.3)
100-mL beaker (empty)

100-mL beaker containing 50 mL
of water
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Question 4

a.  Density is mass per unit volume. Use data that
you've gathered to determine the density of water at
room temperature.

Density of water = (mass/volume) =

b.  What is the density of the wooden pencil? Does it
float? Why?

c.  What is the density of the rock? Does it sink? Why?

Temperature

Temperature is the measure of the kinetic energy of
molecules—that is, the amount of heat in a system. Biolo-
gists measure temperature with a thermometer calibrated in
degrees Celsius (°C). The Celsius scale is based on water
freezing at 0°C and boiling at 100°C. You can interconvert
°C and degrees Fahrenheit (°F) using the formula 5(°F) =
9(°C) + 160. Here are some typical temperatures:

40°C a very hot summer day
30.6°C butter melts

75°C hot coffee

—20°C temperature in a freezer
37°C human body temperature

Procedure 2.6

Make metric measurements of temperature

1.  Obtain a thermometer in the lab. Handle a
thermometer with care. If it breaks, notify your
instructor immediately.

2. Determine the range of the temperatures that can be
measured with your thermometer by examining the
scale imprinted along the barrel of the thermometer.

3. Measure the following temperatures:
Room temperature _ °C
Cold tap water —__°C
Hot tap water °C
Inside refrigerator ____ °C

UNDERSTANDING NUMERICAL DATA

Statistics offer a way to organize, summarize, and describe
data—the data are usually samples of information from a much
larger population of values. Statistics and statistical tests allow
us to analyze the sample and draw inferences about the entire
population. Consequently, the use of statistics enables us to
make decisions even though we have incomplete data about a
population. Although this may seem unscientific, we do it all
the time; for example, we diagnose diseases with a drop of
blood. Decisions are based on statistics when it is impossible or
unrealistic to analyze an entire population.

Let’s say that you want to know the mass of a typical
apple in your orchard. To obtain this information, you could
analyze one apple, but how would you know that you'd
picked a “typical” sample? After all, the batch from which
you chose the apple may contain many others, each a little
different. You'd get a better estimate of “typical” if you
increased your sample size to a few hundred apples, or even
to 10,000. Or, better yet, to 1,000,000.

The only way to be certain of your conclusions would
be to measure all the apples in your orchard. This is impos-
sible, so you must choose apples that represent all of the
other apples—that is, you must be working with a represen-
tative sample. A statistical analysis of those sample apples re-
duces the sample values to a few characteristic measurements
(e.g., mean mass). As you increase the size of the sample,
these characteristic measurements provide an ever-improving
estimation of what is “typical.”

There are a variety of software programs that perform
statistical analyses of data; all you have to do is enter your
data into a spreadsheet, select the data that you want to an-
alyze, and perform the analysis. Although these software
packages save time and can increase accuracy, you still need
to understand a few of the basic variables that you’ll use to
understand your numerical data. We'll start with the mean
and median:

The mean is the arithmetic average of a group of
measurements. Chance errors in measurements tend
to cancel themselves when means are calculated for
relatively large samples; a value that is too high
because of random error is often balanced by a value
that is too low for the same reason.

Hints for Using the Metric System

1. Use decimals, not fractions (e.g., 2.5 m, not 2!/, m).
Express measurements in units requiring only a few
decimal places. For example, 0.3 m is more easily ma-
nipulated and understood than 300000000 nm.

3.  When measuring pure water, the metric system offers
an easy and common conversion from volume mea-
sured in liters to volume measured in cubic meters to
mass measured in grams: I mL = 1cm’® = 1 g.

4. The metric system uses symbols rather than abbrevia-
tions. Therefore, do not place a period after metric
symbols (e.g., 1 g, not 1 g.). Use a period after a
symbol only at the end of a sentence.

5. Do not mix units or symbols (e.g., 9.2 m, not 9 m
200 mm).

6. Metric symbols are always singular (e.g., 10 km, not
10 kms).

7. Except for degrees Celsius, always leave a space
between a number and a metric symbol (e.g., 20 mm,
not 20mm; 10°C, not 10° C).

8. Use a zero before a decimal point when the number is
less than one (e.g., 0.42 m, not .42 m).

Measurements in Biology 15



The median is the middle value of a group of
measurements.

The median is less sensitive to extreme values than is the

mean. To appreciate this, consider a sample consisting of

14 leaves having the following lengths (all in mm):

80 69 62 74 69 51 45 40 9 64 65 64 61 67

The mean length is 58.6 mm. However, none of the leaves
are that length, and most of the leaves are longer than
60 mm. In biology, the mean is usually preferred to the
median when reporting descriptive statistics.

Question 5
a. Does the mean always describe the “typical”
measurement! Why or why not?

b.  What information about a sample does a mean not
provide?

Determine the median by arranging the measurements in
numerical order:

9 40 45 51 61 63 64 64 65 67 69 69 73 80

The median is between the seventh and eighth measure-
ment: 64 mm. In this sample, the mean differs from the
median.

Significant Figures

Let’s suppose that you're measuring the length of a bone, as
shown in figure 2.4. How would you record this length—as
8 cm? 8.3 cm? 8.33 cm! 8.33333 cm? To answer this ques-
tion, you need to know something about significant figures.

Significant figures are the number of figures required to
record a measurement so that only the last digit in the num-
ber is in doubt. For example, if the ruler you're using is cali-
brated only in centimeters and you find that the object
you're measuring is between 8 and 9 cm long (fig. 2.4), then
you should estimate your measurement only to a tenth of a
centimeter. That is, a measurement of 8.3 cm is acceptable,
but 8.33 is not because it implies a precision that did not ex-
ist in the equipment you used to make the measurement. If,
however, your ruler was calibrated in millimeters, then 8.33
cm would be acceptable. Remember this: When recording
measurements, include all of the digits you are sure of plus
an estimate to the nearest one-tenth of the next smaller
digit.

Here are some other guidelines for using the correct
number of significant figures in your measurements:

When adding or subtracting measurements, the answer
should have no more precision than the measurement

Question 6
a.  What is responsible for this difference between the
mean and median?

b. How would the median change if the 9-mm-long leaf
was not in the sample?

¢.  How would the mean change if the 9-mm-long leaf
was not in the sample?

d.  Consider these samples:

Sample 1: 25 35 32 28
Sample 2: 157510 20
What is the mean for Sample 17

What is the mean for Sample 27

In most of the exercises in this manual, you’ll have time to
make only one or two measurements of a biological structure
or phenomenon. In these instances, a mean may be the only
descriptor of the sample. However, if your class combines its
data so that there are many measurements, you’ll need to
know how to do a couple of other calculations so that you
understand the variation within your sample.

having the least number of significant figures. For ex-
ample, suppose the air temperature in an incubator
drops from 8.663°C to 8.2°C. This is a difference of
8.663°C — 8.2°C = 0.5°C, not 0.463°C. If the second
temperature reading had been 8.200°C, then the cor-
rect answer would have been 0.463°C.

When converting measurements from one set of units
to another, do not introduce precision that is not pres-
ent in the first number. For example, 8.3 cm = 83 mm,
not 83.0 mm.

When manipulating two measurements simultane-
ously, the precision of the final measurement should
not exceed that of the least number of significant fig-
ures. For example, the calculation for the mass of 17.2
mL of water is 17.2 mL X 0.997821 gmL-' = 17.2 g,
not 17.162521 g.

Figure 2.4

How long is this bone? 8 cm? 8.3 em?
8.33 cm!?
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Variability

As you can see, the samples in Question 6d are different, but
their means are the same. Thus, the mean does not reveal
all there is to know about these samples. To understand how
these samples are different, you need other statistics: the
range and standard deviation.

The range is the difference between the extreme mea-
surements (i.e., smallest and largest) of the sample. In Sample 1,
the range is 35 — 25 = 10; in Sample 2 the range is 75 — 10 =
65. The range provides a sense of the variation of the sample,
but the range can be artificially inflated by one or two extreme
values. Notice the extreme values in the sample of leaf measure-
ments previously discussed. Moreover, ranges do not tell us any-
thing about the measurements between the extremes.

Question 7
a.  Could two samples have the same mean but different
ranges? Explain.

b.  Could two samples have the same range but different
means? Explain.

The standard deviation indicates how measurements
vary about the mean. The standard deviation is easy to cal-
culate. Begin by calculating the mean, measuring the devia-
tion of each sample from the mean, squaring each deviation,
and then summing the deviations. This summation results
in the sum of squared deviations. For example, consider a
group of shrimp that are 22, 19, 18, and 21 c¢m long. The
mean length of these shrimp is 20 cm.

Sample
Value Mean Deviation (Deviation)?
22 20 2 4
19 20 -1 1
21 20 1 1
18 20 -2 4
Sum of Squared Deviations = 10
2-7

Rounding Numbers

Do not change the value of the last significant digit if that
digit is followed by a number that is less than 5. For exam-
ple, if two significant figures are required, 6.449 rounds to
6.4, 66.449 rounds to 66, 66.641 rounds to 67, and 6.591
rounds to 6.6. Here is how an original measurement of
49.5149 rounds to various numbers of significant figures:

Five significant figures: 49.515
Four significant figures: 49.51
Three significant figures: 49.5
Two significant figures: 50
One significant figure: 50

Statisticians disagree on what to do when the number follow-
ing the last significant figure is exactly 5, as in 89.5 (and, in
this case, the precision is limited to two significant figures).
Some round the measurement to the higher number, while
others claim that doing so introduces bias into the data. You
can decide which approach to take, but be consistent.

The summary equation for the sum of squared deviations is:
N

Sum of squared deviations = >, (x; — X)?
=1
where
N = total number of samples
X = the sample mean
x; = measurement of an individual sample

N
This formula is simple. The summation sign (X))

i=1
means to add up all the squared deviations from the first one
(i = 1) to the last one (i = N). The sum of squared devia-
tions (10) divided by the number of samples minus one
(4 — 1 = 3) produces a value of 10/3 = 3.3 cm? (note that
the units are centimeters squared). This is the variance:
sum of squared deviations
N-—1

Variance =

The square root of the variance, 1.8 cm, equals the standard
deviation (SD):

SD = \/Vz\riance = \/3_3 = 1.8

The standard deviation is usually reported with the mean in
statements such as, “The mean length of the leaf was 20 =
1.8 cm.”

The standard deviation helps us understand the
spread or variation of a sample. For many distributions of
measurements, the mean * 1 SD includes 68% of the mea-
surements, whereas the mean = 2 SD includes 95% of the
measurements.
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Procedure 2.7
Gather and analyze data statistically

1. Use a meterstick or tape measure to measure your
height in centimeters. Record your height here:
cm

2. Record your height and gender (male or female) on

the board in the lab.

3. Afterall of your classmates have reported their
heights, calculate the following:

Size of sample
All classmates
Male classmates
Female classmates
Mean height
All classmates
Male classmates

Female classmates
Median height

All classmates

Male classmates

Female classmates

INVESTIGATION

Variation in the Areas and Shapes of Leaves

Observation: Leaves, which are the primary photosynthetic
organ of most plants, are adapted for absorbing light. This in-
volves exposing large surface areas to the environment.

Question: How does the surface area and shape of leaves vary
on different parts of plants?

a. Establish a working lab group and obtain Investigation
Worksheet 2 from your instructor.

b. Discuss with your group well-defined questions relevant to
the preceding observation and question. If leaves are not
available from outdoor plants (e.g., during winter), use
the plants provided by your instructor that were grown in-
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Range
All classmates to
Male classmates to
Female classmates to

Standard deviation

All classmates +
Male classmates +
Female classmates =

If there is sufficient time, obtain a newspaper that advertises
cars, groceries, or other common commodities. Choose one
example (e.g., new cars) and determine its average price
(e.g., determine the average price of a new car).

Question 8
a. What does your calculation tell you?

b. What are the limitations of your sample?

Your instructor may ask you to do other statistical tests, such
as Student’s t, chi-square, and analysis of variance
(ANOVA). The type of test you'll do will depend on the
amount and type of data you analyze, as well as the hypothe-
ses you are trying to test.

doors. Choose and record your group’s best question for
investigation.

c. Translate your question into a testable hypothesis and
record it.

d. Outline on Worksheert 2 your experimental design and sup-
plies needed to test your hypothesis. Ask your instructor to
review your proposed investigation.

e. Conduct your procedures, record your data, answer your
question, and make relevant comments.

f. Discuss with your instructor any revisions to your questions,
hypothesis, or procedures. Repeat your work as needed.

2-8
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Questions for Further Thought and Study

1. What are the advantages and disadvantages of using the metric system of measurements?

2.  Why is it important for all scientists to use a standard system of measures rather than the system that may be most
popular in their home country or region?

3. Do you lose or gain information when you use statistics to reduce a population to a few characteristic numbers?
Explain your answer.

4. Suppose that you made repeated measurements of your height. If you used good technique, would you expect the range
to be large or small? Explain your answer.

5. Suppose that a biologist states that the average height of undergraduate students at your university is 205 cm plus or
minus a standard deviation of 17 cm. What does this mean?

6. What does a small standard deviation signify? What does a large standard deviation signify?

2-9 Measurements in Biology 19
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exercise three

The Microscope

e T
e g | ) e

Basic Skills of Light Microscopy

Objectives

By the end of this exercise you should be able to:

1. Identify and explain the functions of the primary
parts of a compound microscope and dissecting
(stereoscopic) microscope.

2. Practice carrying and focusing a microscope
properly.

3. Use a compound microscope and dissecting mi-
croscope to examine biological specimens.

4. Prepare a wet mount, determine the magnifica-
tion and size of the field of view, and determine

the depth of field.

any organisms and biological structures are too small to

be seen with the unaided eye (fig. 3.1). Biologists often
use a light microscope to observe such specimens. A light mi-
croscope is a coordinated system of lenses arranged to produce
an enlarged, focusable image of a specimen. A light micro-
scope magnifies a specimen, meaning that it increases its ap-
parent size. Magnification with a light microscope is usually
accompanied by improved resolution, the ability to distin-
guish two points as separate points. Thus, the better the reso-
lution, the sharper or crisper the image appears. The resolving
power of the unaided eye is approximately 0.1 mm (1 in =
25.4 mm), meaning that our eyes can distinguish two points
0.1 mm apart. A light microscope, used properly, can improve
resolution as much as 1000-fold (i.e., to 0.1 pm).

The ability to discern detail also depends on contrast,
the amount of difference between the lightest and darkest
parts of an image. Therefore, many specimens examined
with a light microscope are stained with artificial dyes that
increase contrast and make the specimen more visible.

The invention of the light microscope was profoundly
important to biology, because it was used to formulate the
cell theory and study biological structure at the cellular
level. Light microscopy has revealed a vast new world to the
human eye and mind (fig. 3.2). Today, the light microscope
is the most fundamental tool of many biologists.

THE COMPOUND LIGHT MICROSCOPE

Study and learn the parts of the typical compound light mi-
croscope shown in figure 3.3. A light microscope has two,
sometimes three, systems: an illuminating system, an imag-
ing system, and possibly a viewing and recording system.

3-1

llluminating System

The illuminating system, which concentrates light on the
specimen, usually consists of a light source, condenser lens,
and iris diaphragm. The light source is a lightbulb located at
the base of the microscope. The light source illuminates the
specimen by passing light through a thin, almost transparent
part of the specimen. The condenser lens, located imme-
diately below the specimen, focuses light from the light
source onto the specimen. Just below the condenser is the
condenser iris diaphragm, a knurled ring or lever that can
be opened and closed to regulate the amount of light reach-
ing the specimen. When the condenser iris diaphragm is
open, the image will be bright; when closed, the image will

be dim.

Caring for Your Microscope

Microscopes are powerful tools for understanding biology.
However, they’re also expensive and fragile and require
special care. When you use your microscope, always do
the following to ensure optimal performance and care:

e Always carry your microscope upright with both
hands—one hand under the base and the other around
the microscope’s arm (fig. 3.3).

e Always begin by cleaning the ocular and objective
lenses with lens paper.

e Always start your examinations with the low-power
objective in place.

¢ If you shift to the high-power objective, rotate the
objective into place carefully. Never force the objective
lens into place. If the objective lens contacts the slide,
stop and restart your examination with the low-power
objective lens.

e After shifting to the high-power objective, always use
only the fine adjustment to focus the image.

e When you've completed your work with the
microscope, clean the lenses with lens paper, wrap the
electrical cord securely around the microscope’s arm,
and return your microscope to its storage area.
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Figure 3.1

The size of cells and their contents. This diagram shows the size of human skin cells, organelles, and molecules. In general, the diameter of a
human skin cell is about 20 micrometers (pm), of a mitochondrion is 2 wm, of a ribosome is 20 nanometers (nm), of a protein molecule is 2 nm,

and of an atom is 0.2 nm.

Imaging System

The imaging system improves resolution and magnifies the im-
age. It consists of the objective and ocular (eyepiece) lenses and
a body tube. The objectives are three or four lenses mounted on
a revolving nosepiece. Each objective is a series of several lenses
that magnify the image, improve resolution, and correct aberra-
tions in the image. The most common configuration for student
microscopes includes four objectives: low magnification (4X),
medium magnification (10X), high magnification (40X ), and
oil immersion (100X ). Using the oil immersion objective re-
quires special instructions, as explained in Exercise 24 to study
bacteria. To avoid damaging your microscope do not use the oil
immersion objective during this exercise.

The magnifying power of each objective is etched on
the side of the lens (e.g., 4X). The ocular is the lens that
you look through. Microscopes with one ocular are mon-
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ocular microscopes, and those with two are binocular mi-
croscopes. Oculars usually magnify the image ten times. The
body tube is a metal casing through which light passes to
the oculars. In microscopes with bent body tubes and in-
clined oculars, the body tube contains mirrors and a prism
that redirects light to the oculars. The stage secures the glass
slide on which the specimen is mounted.

Viewing and Recording System

The viewing and recording system, if present, converts radi-
ation to a viewable and/or permanent image. The viewing
and recording system usually consists of a camera or video
screen. Most student microscopes do not have viewing and
recording systems.




dare unknown.

Art Gallery of Onrario, Toronto. Gift of the Trier-Fodor Foundation, 1980.

Heath, William. Monster Soup commonly called Thames Water. .

Figure 3.2

“Egad, I thought it was tea, but I see I've been drinking a blooming micro-zoo!” says this horrified, proper nineteenth-century London woman
when she used a microscope to examine her tea. People were shocked to learn thar there is an active, living world too small for us to see.

QOculars
Body tube
Arm
Nosepiece
Objectives
Slide holder
to adjust Stage
position Stage clip
Condenser

Condenser iris diaphragm

Coarse focus

adjustment Condenser adjustment
{ Fine focus .
adjustment Light source
Base
| Figure 3.3
[ Major parts of a compound light microscope.
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A Summary of How to Use a Compound

Light Microscope

1. Place the specimen on the microscope’s stage.

2. Rotate the low-power objective into place. Center the
specimen below the objective.

3. Look through the oculars while using the coarse
adjustment to focus on the specimen. Center the area
of the specimen that you want to examine.

4. Slowly rotate the high-power objective into place.
Look through the oculars while you use the fine-
adjustment to focus on the specimen.

5. If you “lose” your specimen when you switch from low
power to high power, retrace the previous steps, paying
special attention to placing the specimen in the center
of the field of view.

USING A COMPOUND MICROSCOPE

Although the maximum magnification of light microscopes
has not increased significantly during the last century, the con-
struction and design of light microscopes have improved the
resolution of newer models. For example, built-in light sources
have replaced adjustable mirrors in the illuminating system,
and lenses are made of better glass than they were in the past.

Your lab instructor will review with you the parts of
the microscopes (and their functions) you will use in the
lab. After familiarizing yourself with the parts of a micro-
scope, you're now ready for some hands-on experience with
the instrument.

Procedure 3.1

Use a compound microscope

1.  Remove the microscope from its cabinet and carry it
upright with one hand grasping the arm and your
other hand supporting the microscope below its base.
Place your microscope on the table in front of you.

Do not use paper towels or Kimwipes to clean
the lenses of your microscope; they can scratch
the lenses. Clean the lenses only with lens paper.

2. Plug in the microscope and turn on the light source.

3. Ifitisn’t already in position, rotate the nosepiece until
the low-power (4X) objective is in line with the light
source. (The 4X objective is sometimes called the
“scanning objective” because it enables users to scan
large areas of a specimen.) You'll feel the objective
click into place when it is positioned properly. Always
begin examining slides with the low-power objective.

4.  Locate the coarse adjustment knob on the side of the
microscope. Depending on the type of microscope
that you're using, the coarse adjustment knob moves
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either the nosepiece (with its objectives) or the stage
to focus the lenses on the specimen. Only a partial
turn of the coarse adjustment knob moves the stage
or nosepiece a relatively large distance. The coarse
adjustment should only be used when you're viewing a
specimen with the 4X or 10X objective lens.

5. If your microscope is binocular, adjust the distance

between the oculars to match the distance between

your pupils. If your microscope is monocular, keep

both eyes open when using the microscope. After a

little practice you will ignore the image received by

the eye not looking through the ocular.
6. Focus a specimen by using the following steps:

a. Place a microscope slide of newsprint of the letter e
on the horizontal stage so that the e is directly
below the low-power objective lens and is right side
up. It should be centered over the hole in the stage.

b. Rotate the coarse adjustment knob to move the
objective within 1 cm of the stage (1 cm =
0.4 in).

¢. Look through the oculars with both eyes open.

d. Rotate the coarse adjustment knob (i.e., raising
the objective lens or lowering the stage) until the
e comes into focus. If you don’t see an image, the
e is probably off center. Be sure that the e is
directly below the objective lens and that you can
see a spot of light surrounding the e.

e. Focus up and down to achieve the crispest image.

f.  Adjust the condenser iris diaphragm so that the
brightness of the transmitted light provides the
best view.

g. Observe the letter, then rotate the nosepiece to
align the 10X objective to finish your observation.
Do not use the oil immersion objective.

Question 1
a.  Asyou view the letter e, how is it oriented? Upside
down or right side up?

b.  How does the image move when the slide is moved
to the right or left? Toward you or away from you!

c.  What happens to the brightness of the view when
you go from 4X to 10X?7

Magnification
Procedure 3.2
Determine magnification

1. Estimate the magnification of the e by looking at the
magnified image on lowest magnification (4X), and
then at the e without using the microscope.
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2. Examine each objective and record the
magnifications of the objectives and oculars of your
microscope in table 3.1.

3. Caleculate and record in table 3.1 the total
magnification for each objective following this

formula:

Magy,, = Maggy,; X Magg,,
where
Magr,, = total magnification of the image
Magg,,; = magnification of the objective lens

Magg,,, = magnification of the ocular lens

For example, if you're viewing the specimen with a
4% objective lens and a 10X ocular, the total
magnification of the image is 4 X 10 = 40X. That s,
the specimen appears 40 times larger than it is.

4.  Slowly rotate the high-power (i.e., 40X) objective
into place. Be sure that the objective does not touch the
slide! If the objective does not rotate into place
without touching the slide, do not force it; ask your
lab instructor to help you. After the 40X objective is
in place, you should notice that the image remains
near focus. Most light microscopes are parfocal,
meaning that the image will remain nearly focused
after the 40X objective lens is moved into place.
Most light microscopes are also parcentered,
meaning that the image will remain centered in the
field of view after the 40X objective lens is in place.
You may need to readjust the iris diaphragm because
the high-magnification objective allows less light to
pass through to the ocular.

6.  To fine-focus the image, locate the fine adjustment
knob on the side of the microscope. Turning this knob
changes the specimen-to-objective distance slightly
and therefore makes it easy to fine-focus the image.

Never use the coarse adjustment knob to fine-

focus an image on high power.

7. Compare the size of the image under high
magnification with the image under low
magnification.

Figure 3.4

The circular, illuminated field of view of a compound light
microscope. Shown here is the letter e from newsprint that is
magnified 40 times.

Question 2
a. How many times is the image of the e magnified
when viewed through the high-power objective?

b. If youdidn't already know what you were looking at,
could you determine at this magnification that you
were looking at a letter e? How?

Determine the Size of the Field of View

The field of view is the area that you can see through the
ocular and objective (fig. 3.4). Knowing the size of the field
of view is important because you can use it to determine the
approximate size of an object you are examining. The field
of view can be measured with ruled micrometers (fig. 3.5).
An ocular micrometer is a small glass disk with thin lines
numbered and etched in a row. It was put into an ocular on
your microscope so that the lines superimpose on the image

TOTAL MAGNIFICATIONS AND AREAS OF FIELD OF VIEW (FOV) FOR THREE OBJECTIVES

Objective Ocular Total FOV FOV Measurement (mm)

Objective Power Magnification X Magnification =i Magnification Diameter (mm) Area (mm?) for 1 Ocular Space
: 4 e X L b (1 e
i 10X X —= T =
40X ———— X e =

n
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View of
ocular
micrometer

| 1 |
L R

0 20 40 60 80 100

i - length of seven spaces on the stage micrometer, then
eter parallel those of the stage micrometer (fig. 3.5). g p g ’

2. Align lines at the left edges (0 lines) of the two y=10

micrometers by moving the stage micrometer x=17

(fig. 3.5). 10 ocular spaces (mm) = 7 stage spaces X 0.01 mm :
3.  Count how many spaces on the stage micrometer fit 1 ocular space (mm) = (7 X 0.01 mm)/10 |

precisely in a given number of spaces on the ocular

1 ocular space (mm) = 0.007 mm
micrometer. Record the values here.

1 ocular space = 7 pm
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Stage and ocular micrometers. Micrometers are used to calibrate microscopes and measure the size of specimens. .
and allow you to measure the specimen. Before you can use y ocular spaces = x stage spaces .
the micrometer you must determine for each magnification .
the apparent distance between the lines on the ocular y=
micrometer. This means that you must calibrate the ocular x = .
micrometer by comparing its lines to those lines on a stan- _
dard ruler called a stage micrometer. A stage micrometer is The smallest space on a stage micrometer = | .
a glass slide having precisely spaced lines etched at known 0.0 mm, so
intervals. vy ocular spaces (mm) = x stage spaces X 0.01 .
Procedure 3.3 1 ocular space (mm) = (x/y) X 0.01 .
Use a stage micrometer to calibrate the ocular 4. Calculate the distance in millimeters between lines .
micrometet, and determine the size of the field of view of the ocular micrometer. For example, if the length
. . . of 10 spaces on the ocular micrometer equals the
1.  Rotate the ocular until the lines of the ocular microm- p 4 ‘ .
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Therefore, if a specimen spans eight spaces on your
ocular micrometer with that objective in place, that
specimen is 56 wm long.

5.  Calibrate the ocular micrometer for each objective
on your microscope. Record in table 3.1 the diameter
of the field of view (FOV) for each objective. Also
record for each objective lens in table 3.1 the
measurement (mm) for 1 ocular space. You can use
this information in future labs as you measure the
sizes of organisms and their parts.

6. Calculate the radius, which is half the diameter.

7.  Use this information to determine the area of the
circular field of view with the following formula:

Area of circle = m X radius?
(mm = 3.14)

8.  Record your calculated FOV areas in table 3.1.

Alternate Procedure 3.3

Use a transparent ruler to determine the size of the field
of view

1. Obtain a clear plastic ruler with a metric scale.

2. Place the ruler on the stage and under the stage clips
of your microscope. If your microscope has a
mechanical stage, ask your instructor how to place
the ruler to avoid damage. Carefully rotate the
nosepiece to the objective of lowest magnification.

3. Slowly focus with the coarse adjustment and then
the fine adjustment until the metric markings on the
ruler are clear.

4.  Align the ruler to measure the diameter of the
circular field of view. The space between each line
on the ruler should represent a 1-mm interval.

5.  Record in table 3.1 the diameter of this low-
magnification field of view. Also calculate the radius,
which is half the diameter.

6.  The ruler cannot be used to measure the diameters of
the field of view at medium and high magnifications
because the markings are too far apart. Therefore,
these diameters must be calculated using the
following formula:

FOVy,,, X Magy,, = FOV,;,, X Magy,,
where
FOV,,, = diameter of the field of view of the low-
power objective

Mag,,,, = magnification of the low-power objective
(Be consistent and use the magnification of

the objective, not total magnification.)

FOV,gn = diameter of the field of view of the high-

power objective

Magy,.., = magnification of the high-power objective

For example, if 3.0 mm is the diameter of the field of
view for a 4X low-power objective, then what is the
diameter of the field of view of the 40X high-power
objective!
3.0 mm X 4 = FOVy,,, X 40
0-30 mm = FOV,,,

7.  Calculate and record in table 3.1 the diameters of the
field of view for the 10X and 40X magnifications.

8. Calculate and record in table 3.1 the circular area of
the field of view for the three magnifications by using
the following formula.

Area of circle = 71 X radius?
(7 = 3.14)

Question 3
a.  Which provides the largest field of view, the 10X or
40X objective!?

b.  How much more area can you see with the 4 X
objective than with the 40X objective?

c.  Why is it more difficult to locate an object starting
with the high-power objective than with the low-
power objective?

d.  Which objective should you use to initially locate
the specimen? Why?!

Determine the Depth of Field
Depth of field is the thickness of the object in sharp focus

(fig. 3.6). Depth of field varies with different objectives and
magnifications.

Procedure 3.4
Determine the depth of the field of view

1.  Using the low-power objective, examine a prepared
slide of three colored threads mounted on top of each
other.

2. Focus up and down and try to determine the order of
the threads from top to bottom. The order of the
threads will not be the same on all slides.

3.  Re-examine the threads using the high-power
objective lens.
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Figure 3.6

A thin depth of field is apparent in this 100X image of cells of
Closterium, a green alga. The upper and lower layers of cells are out of
focus, while the midlayer of cells is within the thin depth of field and
is clearly focused.

Question 4
a.  Are all three colored threads in focus at low power?

b.  Can all three threads be in focus at the same time
using the high-power objective?

c.  Which objective, high- or low-power, provides the
greatest depth of field?

Preparing a Wet Mount
of a Biological Specimen

Procedure 3.5

Prepare a wet mount of a biological specimen

1.  Place a drop of water containing algal cells from a
culture labeled “algae” on a clean microscope slide.

2. Place the edge of a clean coverslip at an edge of the
drop at a 45° angle; then slowly lower the coverslip
onto the drop so that no air bubbles are trapped
(fig. 3.7). (Your instructor will demonstrate this
technique.) This fresh preparation is called a wet
mount and can be viewed with your microscope.

3.  Experiment with various intensities of illumination.
To do this, rotate the 4X objective into place and
adjust the condenser iris diaphragm to produce the
least illumination. Observe the image; note its clarity,
contrast, and color. Repeat these observations with at
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least four different levels of illumination. The fourth
level should have the diaphragm completely open.

4.  Repeat step 3 for the 10X and 40X objectives.
Question 5

a. Is the image always best with highest illumination?

b. Is the same level of illumination best for all
magnifications?

c.  Which magnifications require the most illumination
for best clarity and contrast?

5.  Examine your preparation of algae, and sketch in the

following field of view the organisms that you see.
Don’t mistake air bubbles for organisms! Air bubbles
appear as uniformly round structures with dark, thick
borders.

6.  Prepare a wet mount of some newly hatched brine

shrimp (Artemia, which are popularly referred to as
“sea monkeys”) and their eggs. Sketch in the following
field of view what you see. Use your calculations for
the diameter of the field of view to estimate the
length of the shrimp.

Approximate length of the shrimp:
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Add a drop of algal culture
to a clean microscope slide.

Add a clean coverslip.

Gently lower the coverslip into
place with a dissecting needle.

Observe with low-power
objective lens.

(a) =

Figure 3.7

(a) Preparing a wet mount of a biological specimen. (b) A wet mount might include the common algae Spirogyra, 800X. See also figures 3.6, 24.9,
and 25.1-25.4.

Question 6
a.  Why is it important to put a coverslip over the drop
of water when you prepare a wet mount?

b.  Approximately how long and wide is a brine shrimp?

Practice

For practice using your microscope, prepare some wet
mounts of pond water or a hay infusion to view the diversity
of protozoa and algae (fig. 3.8). If the protozoa are moving
too fast for you to examine carefully, add a drop of methyl-
cellulose (often sold commercially as Proto-Slo) to your
sample. (The methylcellulose will slow the movement of
the protozoa.) Also examine the prepared slides available in
the lab. You'll examine these slides in more detail in the
coming weeks, so don’t worry about their contents. Rather,
use this exercise to familiarize yourself with the microscope.
Also prepare wet mounts of the cultures available in the
lab and sketch the organisms that you see. When you’ve

finished, turn off the light source, cover your microscope, Figure 3.8
and store the microscope in its cabinet. The diversity of organisms in pond water (200X).
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THE DISSECTING (STEREOSCOPIC)
MICROSCOPE

A dissecting (stereoscopic) microscope offers some advan-
tages over a compound microscope. Although a compound
microscope can produce high magnifications and excellent
resolution, it has a small working distance, the distance be-
tween the objective lens and specimen. Therefore, it is dif-
ficult to manipulate a specimen while observing it with a
compound microscope. Specimens that can be observed
with a compound microscope are limited to those thin
enough for light to pass through them. In contrast, a dis-
secting microscope is used to view objects that are opaque or
too large to see with a compound microscope.

A dissecting microscope provides a much larger work-
ing distance than does a compound microscope. This dis-
tance is usually several centimeters (compared to a
centimeter or less for a compound microscope), making it
possible to dissect and manipulate most specimens. Also,
most specimens for dissection are too thick to observe with
transmitted light from a light source below the specimen.
Therefore, many dissecting microscopes use a light source
above the specimen; the image is formed from reflected light.

Dissecting microscopes are always binocular (fig. 3.9).
Each ocular views the specimen at different angles through
one or more objective lenses. This arrangement provides a
three-dimensional image with a large depth of field. This is
in contrast to the image in a compound microscope, which
is basically two-dimensional. However, the advantages of a
stereoscopic microscope are often offset by lower resolution
and magnification than a compound microscope. Most dis-
secting microscopes have magnifications of 4X to 50X.

Procedure 3.6
Use a dissecting microscope

1.  Carry the dissecting microscope to your desk.

2. Use figure 3.9 to familiarize yourself with the parts
of your microscope.

3. Use your dissecting microscope to examine the
organisms available in the lab. Sketch some of these
organisms.
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4.  Use a ruler to measure the diameter of the field of
view with your dissecting microscope at several levels
of magnification.

Question 7

a.  What is the area of the field of view when you use
the lowest magnification of your dissecting
microscope!

b.  What is the area when you use the highest
magnification?

¢.  Place a microscope slide of the letter e on the stage.
As you view the letter e how is it oriented?

d.  How does the image through a dissecting microscope
move when the specimen is moved to the right or
left? Toward you or away from you!?

e.  How does the direction of illumination differ in
dissecting as opposed to compound microscopes?

A COMPARISON OF COMPOUND
AND DISSECTING MICROSCOPES

Complete table 3.2 comparing magnification, resolution,
size of the field of view, and depth of field of a dissecting mi-
croscope and a compound microscope. Use the terms high,
low, or same to describe your comparisons.

Question 8
What other differences are there between compound and
dissecting microscopes!?




Figure 3.9

Dissecting (stereoscopic) microscope.

Ocular

lenses Zoom
magnification
adjustment
Reflected
light
source
Arm

Objective

lenses
Focus
adjustment

Stage
Base

Transmitted
light source

TABLE 3.2
A COMPARISON OF DISSECTING AND COMPOUND MICROSCOPES

Characteristic Dissecting Microscope Compound Microscope

Magnification

Resolution

Size of field of view

Depth of field

INVESTIGATION
The Shapes, Surface Areas, and Volumes of Red Blood Cells

Observation: Red blood cells, which are the most common d. Outline on Worksheet 3 your experimental design and sup-
type of blood cell, are used by vertebrates to deliver oxygen to plies needed to test your hypothesis. Ask your instructor to
sody tissues. Red blood cells are filled with hemoglobin, which review your proposed investigation.

gives them their characteristic color. e. Conduct your procedures, record your data, answer your

. - i ake relevant comments.
Question: What are the shapes, surface areas, and volumes of U aﬁd Faaliz g le ¥ictis SEmTUl ,

s Di i i visi tion
red blood cells? f. Discuss with your instructor any revisions to your questions,

hypothesis, or procedures. Repeat your work as needed.
a. Establish a working lab group and obtain Investigation

Worksheet 3 from your instructor.

b. Discuss with your group well-defined questions relevant to
the preceding observation and question. Choose and
record your group’s best question for investigation.

c. Translate your question into a testable hypothesis and
record it.
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Questions for Further Thought and Study

1. What are the advantages of knowing the diameter of the field of view at a given magnification?

2.  Why must specimens viewed with a compound microscope be thin? Why are they sometimes stained with dyes?

3. Why is depth of field important in studying biological structures? How can it affect your ability to find and examine a
specimen?!

4. What is the importance of adjusting the light intensity when viewing specimens with a compound microscope?

5. What is the function of each of the following parts of a compound and dissecting microscope?
Oculars
Objectives
Condenser
[ris diaphragm
Stage
Coarse adjustment
Fine adjustment

6. Examine the micrograph of the letter e shown in figure 3.4. This letter is magnified 40X. What is the actual height of
the letter?

WRITING TO LEARN BIOLOGY

The smallest structures of cells are best seen with
a transmission electron microscope. Refer to your
textbook or other book and describe how an electron micro-
scope can resolve such small structures. Write a short essay
about the advantages and limitations of a transmission
electron microscope.
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oxercise four e

The Cell

Structure and Function

Objectives

By the end of this exercise you should be able to:

. Understand the differences between prokaryotes
and eukaryotes and identify structures characteris-
tic of each.

2. Prepare a wet mount to view cells with a com-

pound microscope.

3. Understand the function of organelles visible with
a light microscope.

4. Examine a cell’s structure and determine whether
it is from a plant, animal, or protist.

Cells are considered the basic unit of living organisms be-
cause they perform all of the processes we collectively
call “life.” All organisms are made of cells. Although most
individual cells are visible only with the aid of a microscope,
some may be a meter long (e.g., nerve cells) or as large as a
small orange (e.g., the yolk of an ostrich egg). Despite these
differences, all cells are designed similarly and share funda-
mental features.

Nucleoid
region

Figure 4.1

Plasma
membrane

Cytology is the study of cellular structure and func-
tion. The major tools of cytologists are light microscopy,
electron microscopy, and cell chemistry. By studying the
anatomy of a cell, we can find clues to how the cell works.

To understand the life processes of organisms, in to-
day’s lab you will study some of the features and variations
among living cells. Prior to this exercise, review in your
textbook the general features of cellular structure and
function.

PROKARYOTIC CELLS

Bacteria and cyanobacteria are prokaryotes (fig. 4.1), and
their diversity is considerable (>5000 species). Prokaryotes
do not contain a membrane-bound nucleus or any other
membrane-bound organelles. Organelles are organized
structures of macromolecules having a specialized function
and are suspended in the cytoplasm. The cytoplasm of
prokaryotes is enclosed in a plasma membrane (cellular
membrane) and is surrounded by a supporting cell wall
covered by a gelatinous capsule. Flagella and hairlike

Ribosomes

Flagellum

Cell wall

Cytoplasm

The structure of a bacterial cell. Bacteria lack a nuclear membrane. All prokaryotic (bacterial) cells have a nucleoid region, ribosomes, plasma

membrane, cytoplasm, and cell wall, but not all have flagella (1500%).
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outgrowths called pili are common in prokaryotes; flagella
are used for movement, and pili are used to attach some
types of bacteria to surfaces or to exchange genetic material
with other bacteria. Within the cytoplasm of prokaryotes
are ribosomes (small particles involved in protein synthesis)
and nucleoid regions (concentrations of DNA). Prokary-
otes do not reproduce sexually, but they have mechanisms
for genetic recombination (see Exercise 16).

Cyanobacteria

The largest prokaryotes are cyanobacteria, also called blue-
green algae. They contain chlorophyll a and accessory pig-
ments for photosynthesis, but these pigments are not
contained in membrane-bound chloroplasts. Instead, the
pigments are held in photosynthetic membranes called
thylakoids (fig. 4.2). Cyanobacteria are often surrounded by
a mucilaginous sheath. Their ability to photosynthesize
made them the primary contributors to the early oxygena-
tion of the ancient earth’s atmosphere.

SAFETY FIRST Before coming to lab, you were
asked to read this exercise so you would know
what to do and be aware of safety issues. In the
space below, briefly list the safety issues associated
with today's procedures. If you have questions

about these issues, contact your laboratory assis-
tant before starting work.

Photosynthetic membranes
Figure 4.2
Electron micrograph of a photosynthetic bacterial cell, Prochloron,

showing extensively folded photosynthetic membranes. The DNA is
in the clear area in the central region of the cell; it is not membrane-

bound (5200 ).
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Procedure 4.1

Examine cyanobacteria

1.  Examine a prepared slide of Oscillatoria, a filament of
cells, and one of Gloeocapsa, a loosely arranged
colony (fig 4.3). Review Exercise 3 for the correct
steps to use the microscope.

2. Focus with the low-power objective.

3. Rotate the high-power objective into place to see
filaments and masses of cells.

4.  Prepare a wet mount of Oscillatoria and one of
Gloeocapsa. Review procedure 3.5 in Exercise 3 for
preparing a wet mount.

5.  Observe the cellular structures and draw the cellular
shapes and relative sizes of Oscillatoria and Gloeocapsa
in the following space. Use an ocular micrometer to

measure their dimensions.

Oscillatoria

Gloeocapsa

Filament of cells

Mucilagenous
sheath

Vegetative cells

Figure 4.3

Common cyanobacteria. (a) Oscillatoria (40X).
(b) Gloeocapsa (400X).
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Question 1
a.  Where are the pigments located in these
cyanobacteria?

b.  Are nuclei visible in cyanobacterial cells?

c.  Which of these two genera has the most prominent
mucilaginous sheath?

d.  How many cells are held within one sheath of

Gloeocapsa?

Bacteria

Most bacteria are much smaller than cyanobacteria and do
not contain chlorophyll. Yogurt is a nutrient-rich culture of
bacteria. The bacterial cells composing most of the yogurt
are Lactobacillus, a bacterium adapted to live on milk sugar
(lactose). Lactobacillus converts milk to yogurt. Yogurt is
acidic and keeps longer than milk. Historically, Lactobacillus
has been used in many parts of the world by peoples defi-
cient in lactase, an enzyme that breaks down lactose. Many
Middle Eastern and African cultures use the more digestible
yogurt in their diets instead of milk.

Procedure 4.2

Examine bacteria

1. Place a tiny dab of yogurt on a microscope slide.

2. Mix this small amount of yogurt in a drop of water,
add a coverslip, and examine the yogurt with a
compound microscope. Review Exercise 3.

3. Focus with the low-power objective.

4.  Rotate the high-power objective (40X) into place to
see masses of rod-shaped cells.

5. Observe the simple, external structure of the bacteria
and draw their cellular shapes in the following space:

Question 2
How does the size of Lactobacillus compare with that of
Oscillatoria and Gloeocapsa?

EUKARYOTIC CELLS

Eukaryotic cells contain membrane-bound nuclei and other
organelles (figs. 4.4, 4.5). Nuclei contain genetic material of
a cell and control metabolism. Cytoplasm forms the matrix

of the cell and is contained by the plasma membrane. Within
the cytoplasm are a variety of organelles. Chloroplasts are el-
liptical green organelles in plant cells. Chloroplasts are the
site of photosynthesis in plant cells and are green because
they contain chlorophyll, a photosynthetic pigment capable
of capturing light energy. Mitochondria are organelles found
in plant and animal cells. These organelles are where aerobic
respiration occurs. When viewed with a conventional light
microscope, mitochondria are small, dark, and often difficult
to see. All of the material and organelles contained by the
plasma membrane are collectively called the protoplast.

Eukaryotic cells are structurally more complex than
prokaryotic cells. Although some features of prokaryotic
cells are in eukaryotic cells (e.g., ribosomes, cell membrane),
eukaryotic cells also contain several organelles not found in
prokaryotic cells (table 4.1). In the following exercise you
will investigate some of these organelles.

PLANT CELLS

Procedure 4.3
Examine living Elodea cells and chloroplasts

1.  Remove a young leaf from the tip of a sprig of Elodea.
Elodea is a common pond weed used frequently in
studies of photosynthesis, cellular structure, and
cytoplasmic streaming.

2. Place this leaf, with the top surface facing up, in a
drop of water on a microscope slide. The cells on the
upper surface are larger and more easily examined.

Add a coverslip, but do not let the leaf dry. Add
another drop of water if necessary.

3.  Examine the leaf with your microscope. Review
Exercise 3. First use low, then high, magnification to
bring the upper layer of cells into focus (fig. 4.6). Each
of the small, regularly shaped units you see are cells
surrounded by cell walls made primarily of cellulose
(fig. 4.7). Cellulose is a complex carbohydrate made of
glucose molecules attached end-to-end. The plasma
membrane lies just inside the cell wall. Sketch what
you see.

Question 3
a.  What three-dimensional shape are Elodea cells?

b.  Examine various layers of cells by focusing up and
down through the layers. About how many cells
thick is the leaf that you are observing?

c.  What are the functions of the cell wall?
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Figure 4.4

Structure of animal cells. Most organelles of animal cells are not visible with common light microscopes—therefore, our understanding of cellular
structures is based mainly on research using electron micrographs, as shown with the upper photo and diagram. Cells are surrounded by a bilayered
plasma membrane containing phospholipids and proteins. The nucleus houses chromosomal DNA and is surrounded by a double-membraned
nuclear envelope. Centrioles organize spindle fibers during cell division. Endoplasmic reticulum (ER) is a system of membranes inside the cell.
Rough ER has many ribosomes, and smooth ER has fewer ribosomes. Mitochrondria are sites of oxidative respiration and ATP synthesis. Microvilli
are cytoplasmic projections that increase the surface area of some specialized animal cells. Golgi complexes are flat sacs and vesicles that collect
and package substances made in the cell. Ribosomes are aggregations of proteins that conduct protein synthesis. Lysosomes contain enzymes
important in recycling cellular debris (17,500%).
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Figure 4.5

Structure of plant cells. This illustration shows relative proportions of the different parts of a plant cell. Most mature plant cells contain large
central vacuoles, which occupy most of the volume of the cell. Cytoplasm is often a thin layer between the vacuole and the plasma membrane.
Cytoplasm contains the cell’s organelles (17,500%).
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SOME OF THE MAJOR DIFFERENCES BETWEEN PROKARYOTIC AND EUKARYOTIC CELLS AND BETWEEN
PLANT AND ANIMAL CELLS

Eukaryote

Prokaryote Animal Plant
EXTERIOR STRUCTURES
Cell wall Present (protein-polysaccharide) Absent Present (cellulose)
Cell membrane Present Present Present
Flagella May be present (single strand) May be present Absent except in sperm of a few species
INTERIOR STRUCTURES
ER Absent Usually present Usually present
Ribosomes Present Present Present
Microtubules Absent Present Present
Centrioles Absent Present Absent
Golgi complex Absent Present Present
OTHER ORGANELLES
Nucleus Absent Present Present
Mitochondria Absent Present Present
Chloroplasts Absent Absent Present
Chromosomes A single circle of naked DNA Multiple; DNA-protein complex ~ Multiple; DNA-protein complex
Vacuoles Absent Absent or small Usually a large single vacuole

Figure 4.6

(a) Elodea cells showing abundant
chloroplasts (400). (b) The cellular
structure of Elodea (150X).

Central
Nucleus vacuole Cell

Middle
lamella

Chloroplasts
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Cellulose is the most abundant organic compound on earth and is a polymer of glucose molecules. Free hydroxyl (OH™) groups of the glucose
molecules form hydrogen bonds between adjacent cellulose molecules to form cohesive microfibrils. Microfibrils align to form strong cellulose
fibers that resist metabolic breakdown. Because humans cannot hydrolyze the bonds between glucose molecules of cellulose, cellulose is
indigestible and its energy is unavailable. Cellulose passes through the human digestive tract as bulk fiber (20x).

d.  Use an ocular micrometer or refer to the dimensions as a faint gray sphere the size of a chloroplast or
of the field of view calculated in Exercise 3 to larger. Staining the cells with a drop of iodine may
\ measure the dimensions of an Elodea cell. What are enhance the nucleus. If your preparation is
the cell’s approximate dimensions? particularly good, a nucleolus may be visible as a

dense spot in the nucleus.

7.  Search for some cells that may appear pink due to
water-soluble pigments called anthocyanins. These
pigments give many flowers and fruits their bright
reddish color.

4. Chloroplasts appear as moderately sized green
spheres within the cells (figs. 4.6, 4.8). Locate and
sketch cells having many chloroplasts; estimate the
number of chloroplasts in a healthy cell. Remember
that a cell is three-dimensional, and some

8.  Warm the slide with intense light for about 10 min

| chloroplasts may obscure others. and search for movement of the chloroplasts. You
; may need to search many cells or make a new
Question 4 preparation. This movement is called cytoplasmic
a.  What shape are the chloroplasts? What is their streaming, ot cyclo§1s. Chloroplasts are not motile;
function? instead, they are being moved by the activity of the
‘ cytoplasm. Add water if the cells appear to be
drying out.

b.  Where are the chloroplasts located within the Elodea 9. In the following space sketch a few C,ell? of Elodga;
cell—toward the perimeter or centrally located? compare the cells with those shown in figure 4.6.

5.  Determine the spatial distribution of chloroplasts
within a cell. They may be pushed against the
margins of the cell by the large central vacuole
containing mostly water and bounded by a vacuolar
membrane. The vacuole occupies about 90% of the
volume of a mature cell. Its many functions include
storage of organic and inorganic molecules, ions,
water, enzymes, and waste products.

6.  Search for a nucleus; it may or may not be readily
visible. Nuclei usually are appressed to the cell wall

4-7 The Cell 39




Inner membrane

Outer membrane

Thylakoid ~ Granum
disk

Thylakoid membrane

Figure 4.8

Chloroplast structure. The inner membrane of a chloroplast is fused to form stacks of closed vesicles called thylakoids. Photosynthesis occurs
within these thylakoids. Thylakoids are typically stacked one on top of the other in columns called grana.

10. When you are finished examining Elodea, dispose of Cell Walls |

the Elodea as specified by your instructor Cell walls include an outer primary cell wall deposited dur- I
Question 5 ing growth of the cell and a middle lamella, the substance |
a. Can you see nuclei in Elodea cells? holding walls of two adjacent cells together. The protoplasm |

of adjacent cells is connected by cytoplasmic strands called

b, Wh Fe funci ¢ nuclei? plasmodesmata that penetrate the cell walls (fig. 4.9).
. at are the functions of nuclei?

Procedure 4.4

c.  Which are larger, chloroplasts or nuclei? Examine cell walls and plasmodesmata
1.  Prepare a wet mount of Elodea and examine the cell .
d.  What is the approximate size of a nucleus? walls. Always begin your examination at the lowest

magnification and cautiously move to higher
magnifications. The middle lamella may be visible as
a faint line between cells.

e.  Why is the granular-appearing cytoplasm more

apparent at the sides of a cell rather than in the
rr[si[zidld 2. Obrain a prepared slide of tissue showing

plasmodesmata. This tissue may be persimmon
(Diospyros) endosperm, which has highly thickened
Question 6 primary walls. Sketch what you see.
a.  Are all cellular components moving in the same
direction and rate during cytoplasmic streaming?

b.  What do you conclude about the uniformity of
cytoplasmic streaming?
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Plasmodesmata -+

Middle
lamella

Figure 4.9

The thickened primary cell walls of persimmon endosperm show
plasmodesmata connecting adjacent cells. Middle lamella appear as
faint lines parallel to the cell surface (950X).

3. Locate the middle lamella as a faint line between cell
walls.

4.  Locate the plasmodesmata appearing as darkened
lines perpendicular to the middle lamella and
connecting the protoplasts of adjacent cells (fig. 4.9).

Question 7
a.  What are the functions of plasmodesmata?

b.  Why do you suspect that there are so many
plasmodesmata connecting the cells in this fruit?

Onion Cells

Staining often reveals the structure of cells and cell or-
ganelles more clearly. A specimen is stained by adding a dye
that preferentially colors some parts of the specimen but not
others. Neutral red is a common stain that accumulates
in the cytoplasm of the cell, leaving the cell walls clear.
Nuclei appear as dense bodies in the translucent cytoplasm
of the cells.

Procedure 4.5

Examine stained onion cells

1. Cutared onion into eighths and remove a fleshy leaf.

2. Snap the leaf backward and remove the thin piece of
the inner epidermis formed at the break point
(fig. 4.10), as demonstrated by your lab instructor.

3. Place this epidermal tissue in a drop of water on a
microscope slide, add a coverslip, and examine the
tissue. This preparation should be one cell thick.
Always begin your examination with the lowest
magnification.

4.  Stain the onion cells by placing a small drop of 0.1%
neutral red at the edge of the coverslip. Draw the
neutral red across the specimen by wicking. To wick
the solution, hold the edge of a small piece of paper
towel at the opposite edge of the coverslip and it will
withdraw some fluid. This will cause the neutral red
to flow over the onion and will not disturb the tissue
under the coverslip.

5.  Stain the tissue for 5-10 min.

6.  Carefully focus to distinguish the vacuole surrounded
by the stained cytoplasm.

7.  Search for the nucleus of a cell (fig. 4.11). The
nucleus may appear circular in the central part of the
cell. In other cells it may appear flattened.

Question 8
How do you explain the differences in the apparent shapes
and positions of the nuclei in different cells?

8.  Repeat steps 1-7 and stain a new preparation of
onion cells with other available stains, such as
methylene blue.

9.  In the following space sketch a few of the stained
onion cells.

Question 9
a.  What cellular structures of onion are more easily seen
in stained as compared to unstained preparations’

b.  Which of the available stains enhanced your
observations the most?

¢. Do onion cells have chloroplasts? Explain.

d.  Use an ocular micrometer or the dimensions of the
field of view (FOV) calculated in Exercise 3 to
measure the dimensions of an onion epidermal cell.
Atre these cells larger or smaller than the Elodea cells
you examined in procedure 4.3?
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Figure 4.10

Preparing a wet mount of an onion epidermis.

Nucleolus
Interior of nucleus
Inner membrane

—— Nuclear pore

Il

;— Outer membrane

Nuclear
envelope

Figure 4.11

The nucleus. The nucleus consists of a double membrane, called a nuclear envelope, enclosing a fluid-filled interior containing the DNA. In the
cross section, the individual nuclear pores extend through the two membrane layers of the envelope; the material within the pore is protein, which
controls access through the pore (1765X).

Mitochondria 2. Prepare a thin piece of onion epidermis (as
instructed in procedure 4.5) and mount it in the
staining solution. The preparation should be one cell
thick. For mitochondria to stain well, the onion cells
must be healthy and metabolically active. Add a
coverslip.

Mitochondria are surrounded by two membranes (fig 4.12).
The inner membrane folds inward to form cristae, which
hold respiratory enzymes and other large respiratory mole-
cules in place. Some DNA also occurs in mitochondria.

Chloroplasts also are double-membraned and contain DNA.
3. Search the periphery of cells to locate stained

Procedure 4.6 mitochondria. They are small blue spheres about
1 wm in diameter. The color will fade in 5-10 min,
so examine your sample quickly and make a new
1.  Onaclean glass slide mix two or three drops of the preparation if needed.

stain Janus Green B with one drop of 7% sucrose.

Examine mitochondria in onion cells
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Outer membrane

Inner membrane

Crista

Figure 4.12

Mitochondrion in cross section. Mitochondria evolved from bacteria that long ago took up residence within the ancestors of present-day

eukaryotes (80,000X).

Plastids b.  What can you conclude about the location of starch

i 7
Plastids are organelles where food is made and stored. You in storage cells of potato!

have already examined chloroplasts, a type of plastid in

which photosynthesis occurs. Other plastids have different c.  What are the functions of amyloplasts in potatoes?

tunctions. We will examine amyloplasts, plastids that store
h i i ith iodine.

starch and therefore will stain darkly with iodine d. Why are potatoes a good source of carbohydrates?

Procedure 4.7
Examine amyloplasts

1. Use arazor blade to make a thin section of a potato
tuber. Make the section as thin as you can.

ANIMAL CELLS

2. Place the section in a drop of water on a microscope
slide and add a coverslip. Add another drop of water

Animals, like plants, are eukaryotes. They share many simi-
to the edge if needed.

larities, and also have several differences (table 4.1).
3. Locate the small, clam-shaped amyloplasts within

the cells. High magnification may reveal the Human Epithelial Cells

eccentric lines distinguishing layers of deposited

; Human epithelial cells are sloughed from the inner surface
starch on the grains.

of your mouth. They are flat cells with a readily visible

4.  Stain the section by adding a drop of iodine to the nucleus.

edge of the coverslip. lodine is a stain specific for

starch (see Exercise 6, “Biologically Important Procedure 4.8

Molecules”). If necessary, pull the stain under the

coverslip by touching a paper towel to the water at

the opposite edge of the coverslip. 1.  Gently scrape the inside of your cheek with the
broad end of a clean toothpick.

Examine human epithelial cells

Question 10
a.  Are any cellular structures other than amyloplasts
stained intensely by iodine?

2. Stir the scrapings into a drop of water on a
microscope slide, add a coverslip, and examine with
your compound microscope. Dispose of used
toothpicks in a container designated by your
instructor.
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3. Stain the cells by placing a small drop of methylene
blue at one edge of the coverslip and drawing it
under the coverslip with a piece of absorbent paper
towel placed at the opposite side of the coverslip.

4.  Prepare another slide and stain the cells with Janus
Green B. Observe the mitochondria.

5.  Use an ocular micrometer or the dimensions of the
FOV calculated in Exercise 3 to measure the
dimensions of a human epithelial cell.

Question 11
a.  What structures visible in the stained preparation
were invisible in the unstained preparation?

b.  Were mitochondria as abundant in human epithelial
cells as in onion epidermal cells (procedure 4.6)?
Explain.

c.  What similarities and differences are there between
plant and animal cells?

d.  How do the size and shape of a human epithelial cell
differ from those of the Elodea and onion cells that
you examined earlier?

e.  Why do Elodea and onion cells have more consistent
shapes than human epithelial cells?

6.  After viewing the preparation, put the slides and
coverslips in a container of 10% bleach.

PROTISTS

Amoeba and Paramecium are unicellular members of a large
group of eukaryotic organisms called protists. You will learn
more about protists in Exercises 24 and 25. In today’s exer-
cise, you'll examine Amoeba and Paramecium.

Amoeba

Amoeba is an irregularly shaped protist with many internal
organelles (fig. 4.13). Amoeba move via amoeboid move-
ment. Amoeboid movement occurs by means of pseudo-
podia, temporary protrusions of the cell. Pseudopodia also
surround food particles and create food vacuoles, where food
is digested. Another important structure in Amoeba is the
contractile vacuole that accumulates and expels water and
waste products.
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Procedure 4.9

Examine Amoeba

1.  Use an eyedropper to obtain a few drops from the
bottom of an Amoeba culture. Examining the culture
with a dissecting microscope may help you locate
some organisms.

2. Place the organisms on a microscope slide.

3.  Add acoverslip and use a compound microscope to
locate a living Amoeba. Your instructor may allow
you to view the Amoeba without using a coverslip,
but view them only on 4X or 10X magnification.

4.  Decrease the light intensity and observe an Amoeba
for a few minutes.

5.  Locate the structures shown in figure 4.13.

6. Examine a prepared slide of stained Amoeba; then
observe a demonstration of Amoeba on a dark-field
microscope if one is available.

7.  Sketch an Amoeba in the following space.

Question 12
a.  List the organelles found in plant cells, in Amoeba,
and common to both.

b.  Does Amoeba have a cell wall? How can you tell?

c.  How do the appearances of Amoeba differ in live cells
and preserved cells?

Paramecium

Like Amoeba, Paramecium is also a single-celled organism

(fig. 4.14).

Procedure 4.10

Examine Paramecium

1.  Place a small ring of methylcellulose on a microscope
slide to slow the Paramecium.

2. Place a drop from a culture containing Paramecium
inside the methylcellulose ring.

3. Use a toothpick to mix the methylcellulose with the
drop of water from the culture of Paramecium.

4. Adda coverslip and examine Paramecium with your
compound microscope. On the surface of Paramecium
are cilia, short hairlike structures used for
locomotion.




Pseudopodium
Nucleus

Phagocytic Contractile
vacuole vacuole (b)

(a)

Figure 4.13
(a) Diagram of Amoeba. (b) Light micrograph of a living Amoeba (160X).

Anterior contractile vacuole

. Food vacuole
Micronucleus

Gullet

Macronucleus

Pellicle

Posterior
contractile

vacuole Cytoproct

(@)

Figure 4.14
(a) Diagram of Paramecium (150 ). (b) Light micrograph of a living Paramecium. Note the abundant cilia (150).
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5.  Examine a prepared slide of stained Paramecium.

6. In the following space, sketch a Paramecium.

Question 13

a.  How does movement of Paramecium compare to that
of Amoeba!

b.  How do shape and body consistency differ between
Amoeba and Paramecium?

INVESTIGATION

c.  What structures in Amoeba and Paramecium also
occur in plant cells? What structures in Amoeba and
Paramecium do not occur in plant cells?

Procedure 4.1 1

You will be given a slide of an unknown organism. Use what
you’ve learned in today’s lab to identify the cells as prokary-
otic or eukaryotic; if eukaryotic, identify the cells as plant,
animal, or protist. Complete table 4.2 before leaving the
lab. If instructed to do so, turn in table 4.2 before leaving

the lab.

The Responses of Single-Celled Organisms to Environmental Stimuli

Observation: Single-celled protists such as Paramecium and
Amoeba live in water and are sensitive to environmental
stimuli.

Question: How are the movements of single-celled protists af-
fected by temperature?

a. Establish a working lab group and obtain Investigation
Worksheet 4 from your instructor.

b. Discuss with your group well-defined questions relevant to
the preceding observation and question. Choose and
record your group’s best question for investigation.
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c. Translate your question into a testable hypothesis and
record it.

d. Outline on Worksheet 4 your experimental design and sup-
plies needed to test your hypothesis. Ask your instructor to
review your proposed investigation.

e. Conduct your procedures, record your data, answer your
question, and make relevant comments.

f. Discuss with your instructor any revisions to your questions,
hypothesis, or procedures. Repeat your work as needed.
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USING DISTINGUISHING FEATURES TO IDENTIFY AN UNKNOWN ORGANISM

OVERALL DESCRIPTION OF SPECIMEN: NAME

UNKNOWN NO:

LAB SECTION:

BASED ON THE ABOVE, MY UNKNOWN ORGANISM IS A:

Prokaryote Eukaryote
(Circle One)
IF THE SPECIMEN IS A EUKARYOTE, IT IS A(N): Hsrc Al Bruntes
(Circle One)
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Questions for Further Thought and Study

1. Whatis acell?

2. Describe the structure and function of each cellular part that you observed with a light microscope.

3. Would you expect a cell of a multicellular organism to be more complex than the cell of a unicellular organism? Less

complex? Why?
4. What is the purpose of using a biological stain when microscopically examining cellular components?
5. How are eukaryotic cells different from prokaryotic cells? How are they similar?
Iy

DOING BIOLOGY YOURSELF WRITING TO LEARN BIOLOGY
Determine the total surface areas and volumes of What criteria might you use to distinguish
the chloroplasts in a typical Elodea cell. Assume colonial organisms, such as many cyanobacteria,

that each chloroplast is a sphere of 5 um diameter. (The from truly multicellular organisms?

surface area of a sphere = md? the volume of a sphere

= (§)nr*.) What is the significance of these surface areas and
volumes? Would it be advantageous for a cell to be
filled with chloroplasts? Why or why not?
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Solutions, Acids, and Bases

The pH Scale

Objectives

By the end of this exercise you should be able to:

1. Apply the concepts of mole and molarity to
prepare solutions.

2. Measure the pH of various liquids.

3. Demonstrate that buffers stabilize the pH of
a liquid.

4. Measure the ability of commercial antacids to
buffer the pH of a liquid.

hemicals in living systems are in solution. Biologists
experiment with solutions because dissolved chemicals
are more readily available to react than are solid, crystalline
chemicals. A solution consists of a solute(s) dissolved in a
solvent. For example, salt water is a solution in which salt
(i.e., the solute) is dissolved in water (i.e., the solvent).
The concentration of a solute is often expressed as a
percentage of the total solution (e.g., weight/volume or
grams solute/100 mL solution). For example, a 3% (weight/
volume) solution of sucrose is prepared by dissolving 30 g of
sucrose in water for a total solution of 1 L {or 3 g of sucrose
in water for a total volume of 100 mL).

Question 1

a. How many grams of sucrose would you dissolve in
water for a total volume of 500 mL to make a 5%
(weight/volume) solution?

b.  How many grams of calcium chloride would you add
to water for a total volume of 500 mL to make a 5%
(weight/volume) solution?

c.  How many grams of calcium chloride would you add
to water for a total volume of 100 mL to make a 5%
(weight/volume) solution?

Molarity is the most common measure of concentra-
tion. To understand how to prepare a molar solution you
must first understand what is meant by a mole of a chemical.
A mole is a standard measure of the amount of a chemical—
one mole of any substance has 6.02 X 102 molecules (Avo-
gadro’s number). One mole of NaCl and one mole of sucrose
contain the same number of molecules. However, a mole of

NaCl and a mole of sucrose weigh different amounts. This is
because each chemical has a different molecular weight,
and the weight of 1 mole of a chemical equals that chemi-
cal’s molecular weight in grams. For example, the molecular
weight of water (H,0)is 18g ZH =2 X 1 =2;0 = 16; 16
+ 2 = 18). A mole of water weighs 18 g. A mole of NaCl
weighs 58.5 g (fig. 5.1). A chemical’s molecular weight is
the sum of the atomic weights of its component elements.

To further understand why biologists usually prepare so-
lutions in molar concentrations rather than as percentages you
must remember that chemicals react on a molecule by mole-
cule basis—the number of molecules is more critical than the
weight. It follows that expressing a solution’s concentration in
moles is a better measure of how much chemical is available to
react. A solution that contains one mole of a chemical in 1
liter of solution has 6.02 X 10% molecules available and isa 1-
molar (1 M) solution. For example, a liter of solution contain-
ing 58.5 g of NaCl is a 1 M solution of NaCl (fig. 5.2).

To ensure that you have some practice with making
basic chemical calculations, answer Questions 2 and 3 be-
fore coming to lab. Your instructor may want to check your
answers during the lab period.

Question 2
a. How many grams of NaCl (molecular weight =

58.5 g mole™!) would you dissolve in water to make a
0.5 M NaCl solution with 500 mL final volume?

g

b. How many grams of NaCl (molecular weight =
58.5 g mole™!) would you dissolve in water to make a
50 mM NaCl solution with 500 mL final volume?

g

How many grams of sucrose (molecular weight =
342 g mole™!) would you dissolve in water to make a
0.22 M sucrose solution with 1 L final volume?

g

d. How many grams of sucrose (molecular weight =
342 g mole™!) would you dissolve in water to make a
0.22 mM sucrose solution with 100 mL final volume?

g
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H,0 Molecular weight =

2(1.0) + 16 = 18 g mole~!

1A VIIIA

1 2
Hydrogen Helium

11 H VA VIA | VIIA | He
1.0079 4.0026

3 7 8 10

Lithium Beryltium Nitrogen xygen Fluorine Neon

2| Li | Be Ne
6.941 | 9.0122 14.0067 |[15.9994](18.9984 | 20.179

1 15 16 17 18
Sodium Magnesium Phosphorus Sulfur Chlorine Argon

3| Na | Mg | B Cl_| Ar
[22.989] | 24.305 30.9738 | 32.064 |[35.453 || 39.948
19 20 21 33 34 35 36
Potassium dum Scandium Arsenic Selenium Bromine Krypton

4| K Xék Sc As Se Br Kr
39.098 | 40.08 M\igz 78.96/ | 79.904 | 83.80

NaCl molecular weight = 23 + 35.5
= 58.5 g mole~1

Figure 5.1

The atomic weights of elements are listed in the periodic rable. Shown here are the portions of the periodic table that would be used to calculate
the molecular weights of water (H,O) and table salt (sodium chloride, NaCl). Note that g mole™! = grams per mole.

58.5 g NaCl

342 g sucrose
(C12H22044)

Figure 5.2

Preparing 1.0 M solutions of sodium chloride (NaCl; molecular weight = 58.5 g mole™!), potassium permanganate (KMnO,; molecular weight =

158 g mole ™), and sucrose (C,;H,,0;; molecular weight = 342 g mole™!). Each of these solutions conrains the same number of units of solutes

(i.e., 6.02 X 10% molecules).
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e.  How many grams of calcium chloride (CaCl,;
molecular weight = 111 g mole™") would you
dissolve in water to make a total 0.111 M CaCl,
solution with 1 L final volume?

g

f.  How many grams of calcium chloride (CaCl,;
molecular weight = 111 g mole™!) would you
dissolve in water to make a 0.2 M CaCl, solution
with 200 mL final volume?

g

g.  1f you were presented with 2 L of a 2 M sucrose stock
solution, how many grams of sugar would be in a
100 mL aliquot?

- 8

h.  To prepare the 5% sucrose solution called for in
Question la how many moles of sugar did you add?
What was the molarity of that solution?

i.  To prepare the 5% calcium chloride solution called
for in Question 1b how many moles of calcium
chloride did you add? What was the molarity of that
solution?

j-  How many milliliters of a 2 M sucrose solution would
contain 1 mole of sucrose?

Dilutions

To save time and space, biologists often prepare commonly
used solutions in concentrated forms called stock solutions.
These stock solutions are then diluted with water to make
new solutions having a desired molarity. This process is
called dilution.

Dilution involves spreading a given amount of solute
throughout a larger solution. The number of moles of solute
doesn’t change when a solution is diluted but the volume of
solution containing those moles increases. This means that
the product of the initial volume (V) and initial molarity
(M;) must equal the product of the final volume (V) and fi-
nal molarity (M,):

VM, = V;M;
where
V,; = initial volume
M; = initial molarity
V; = final volume

M; = final molarity

Let’s now use this simple equation to solve a dilution prob-
lem. Suppose we want to know how much water to add to
25 mL of a 0.50 M KOH solution to produce a solution hav-
ing a KOH concentration of 0.35 M. In this case,

M, =0.5M
V, = 25 mL
M; = 0.35 M
V=1

We can now solve the problem:

VM, = VM,
(25 mL)(0.5 M) = (V))(0.35 M)
V;=35.7mL

The initial volume (V,) was 25 mL, so we must subtract
25 mL from 35.7 mL to get our answer: 35.7 mL — 25 mL =
10.7 mL of water to produce a KOH solution having a con-
centration of 0.35 M.

Question 3
a. How many mL of concentrated (18 M) sulfuric acid
(H,SO,) are required to prepare 750 mL of 3 M

sulfuric acid?

b.  How would you prepare 100 mL of 0.4 M MgSO,
from a stock solution of 2 M MgSO,?

c.  How many milliliters of water would you add to
100 mL of 1.0 M HCl to prepare a final solution of
0.25 M HCI?

ACIDS AND BASES

One of the most important applications of molarity involves
the concentration of hydrogen ions (H*) in a solution. Pure
water is the standard by which all other solutions are com-
pared, because water is an ionically neutral solution. This
neutrality is not due to the absence of ions, but rather to the
equal concentrations of positive and negative ions. When
the oxygen of water pulls hard enough on an electron from
one of its hydrogens, two ions form:

H,O «— H* + OH-

This dissociation of water is rare and reversible, but it hap-
pens often enough for the concentration of H* in pure
water to be 1077 M. The solution is neutral because the con-
centration of OH ™ is also 1077 M. The sum of H* and OH~
ions will always equal 10714,

Acids are molecules that release hydrogen ions (H*)
when dissolved in water. Acids increase the concentration
of H* in a solution. Bases are molecules that remove H*
from solution. Bases decrease the concentration of H* in a
solution. When the concentration of H" increases, the
concentration of OH™ becomes proportionately less. For
example, hydrocholoric acid (HCI) quickly ionizes in water
and increases the concentration of H*; therefore, HCl is an
acid. In contrast, sodium hydroxide {(NaOH) is a base be-
cause it ionizes and increases the concentration of OH™,
thereby lowering the relative proportion of H*. Thus, if
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enough acid is added to water to raise the H™ concentra-
tion to 107° M, the OH™ concentration would decrease to
1078 M.

By general agreement, the scale we use to measure
acidity is the pH scale (pH stands for the potential of Hy-
drogen ions). The pH is the negative logarithm of the con-
centration of H*; that is,

pH = —log [H*]

As pH goes up, the concentration of H™ goes down.The
brackets indicate concentration of hydrogen ions. The pH
scale ranges from O (—log 10%; most acidic) to 14 (—log
10~ most basic). On this scale, pure water has a pH of 7
(—log 1077); pH values less than 7 are acidic, whereas those
above 7 are basic (fig. 5.3).

Figure 5.3 shows some pHs of some common (and a
few not-so-common) substances. The pH scale is a logarith-
mic scale; each unit represents a change of tenfold. Thus, a
lime with a pH of 2 is ten times more acidic than an apple
with a pH of 3 and 100 times more acidic than a tomato

H*lon
Concentration

Very Acidic fori——

1072

1078

DS
Weakly Acidic

{g=a

108
Neutral {t=—r=—
=

108 —
Weakly Basic

)=

=i —

1014

10=®

oElia—

~

Very Basic

Figure 5.3

having a pH of 4. Each decrease of 1.0 pH unit represents a
tenfold increase in acidity. Each increase of 1.0 pH unit rep-
resents a tenfold decrease in acidity.

Question 4

a. Vinegar has a pH of 3 and household ammonia has a
pH of 11. Is the concentration of H greatest in the
vinegar or ammonia’

b.  How many times different is the concentration?

Measuring pH

A convenient way of measuring the pH of a solution is with
pH paper. pH paper is treated with a chemical indicator
that changes colors depending on the concentration of H*
in the solution that it has contacted (fig. 5.4). The color
chart on the container of pH paper relates the color of the
pH paper to the pH of the solution. Here are some examples
of pH indicators:

Examples of

V\-- ¥ Re.
&. Solutions

pH Value
1 — Hydrochloric acid
Stomach acid
2 Lemon juice
= Vinegar, cola, beer,
oranges
=54 Tomatoes
b Black coffee
Normal rainwater
=510 Urine
Saliva
=7 Pure water
Blood
=8 Seawater, egg white
==I8) Baking soda,
phosphate detergents

~ — 10 — Great Salt Lake

Household ammonia

— 12 Hair remover
Household bleach
113
Oven cleaner
— 14 Sodium hydroxide

The pH scale. The pH value of a solution indicates its concentration of hydrogen ions. Solutions with a pH less than 7 are acidic, whereas those
with a pH greater than 7 are basic. The pH scale is logarithmic: a pH change of 1 means a tenfold change in the concentration of hydrogen ions.
Thus, lemon juice is 100 times more acidic than tomato juice, and seawater is 10 times more basic than pure water, which has a pH of 7.
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Figure 5.4

Indicator pH paper is embedded with chemicals that change color
according to the pH of a solution. According to the color chart provided
on the container of pH paper, the lemon juice sampled with the paper
strip on the left has a pH of 2. The pH test strip on the right indicates
that the sodium hydroxide solution has a pH of 12.

Indicator Range  Color Change
Methyl violet 0.2-3.0  yellow to blue-violet
Bromophenol blue 3.0-4.6  yellow to blue
Methyl red 4.4-6.2  red to yellow

Litmus 4.5-83  red to blue
Bromcresol purple  5.2-6.8  yellow to purple
Phenol red 6.8-8.0  yellow to red
Thymol blue 8.0-9.6  yellow to blue
Phenolphthalein ~ 8.3-10.0 colorless to red

Procedure 5.1
Measure the pH of liquids

Use pH papers to measure the pH of the following liquids.
Be as accurate as possible and use a fresh piece of pH paper
or pH dipstick for each test.

SAFETY FIRST Before coming to lab you were
asked to read this exercise so you would know
what to do and be aware of safety issues. In the
space below, briefly list the safety issues associated
with today's procedures. If you have questions

about these issues, contact your laboratory assis-
tant before starting work.

Handle all of the solutions carefully. Although
some are harmless (e.g., water, milk), others are
caustic and can stain your clothes and burn your
skin.

Vinegar
Skim milk
Apple juice
Grapefruit juice
Buttermilk
Black coffee
Sprite
Household bleach
Mixture of Sprite and baking soda
10 mM hydrochloric acid
1.0 mM hydrochloric acid
0.01 mM hydrochloric acid
Distilled water
Tap water
Dissolved aspirin
Soap solution
Shampoo
Mouthwash
Deodorant
Check your measurements of the hydrochloric acid solu-

tions by comparing them with calculations using the follow-
ing formula. For example,

pH = —log[H™*]

10 mM HCI1 = 1072 M HCI1
pH = —log[1072]
pH =2

Question 5
Are your measured pH values similar to the calculated pH
values? What are possible sources of error?

Buffers

In most organisms, the pH is kept relatively constant by
buffers, which are mixtures of a weak acid and a weak base
that can combine with a strong acid or base to limit changes
in pH. That is, buffers absorb excess H* as the pH decreases
or release H™ as the pH increases. Buffers minimize changes
in pH (fig. 5.5). The addition of a small amount of acid to a
buffered solution produces a small change in pH, whereas
adding the same amount of acid to an unbuffered solution
changes the pH drastically. Most biological fluids (e.g., milk,
blood) contain buffers, the most important of which is
bicarbonate:

CO,; + H;0

H,CO; = H* + HCO;~
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TESTING THE BUFFERING CAPACITY OF VARIOUS SOLUTIONS

Initial pH after
Procedure 5.2 Solution pH Adding Acid Procedure 5.3 Solution Drops of Acid
Water Alka-Seltzer
0.1 M NaCl Rolaids
Skim milk Tams
0.1 M phosphate buffer
9 7 Question 6
8 1 a. Compare the initial pH and the pH after acid
7 addition for each sample. Which is the most effective
6 buffer? Least effective?
5 Buffering range
Iy \
o
i
2 " N . Ve
Tl b.  What accounts for the different buffering capacities
of these fluids?
0 | - I | I
0 1x 2x 3x 4x 5x

Amount of base added

Figure 5.5

Buffers minimize changes in pH. Adding a base to a solution will raise
the pH (neutralize some of the acid present). Thus, as more and more
base is added, the pH continues to rise. However, a buffer makes the
curve rise or fall very slowly over a portion of the pH scale, called the
“buffering range” of that buffer.

For example, human blood contains buffers that maintain a
pH of 7.3-7.5; Blood pH above 7.5 produces alkalosis, and
blood pH below 7.3 produces acidosis. Both of these condi-
tions can cause illness and even death.

Procedure 5.2
Test the ability of buffers to stabilize pH

1.  Obtain and label four test tubes to receive the four
solutions listed in table 5.1.

2. Place 5 mL of each solution into its appropriately
labeled tube.

3. Measure the pH of each of the solutions in the tubes
and record these initial values in table 5.1.

4. Add 5 drops of acid (0.1 M HCI) to the first tube.
Cover the tube with parafilm and swirl the tube
gently to mix the contents.

5. Measure the pH of the acidified solution and record
it in table 5.1.

6. Repeat steps 4 and 5 for each of the remaining tubes.
Record your results in table 5.1.
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c.  What is the biological importance of what you
observed?

Procedure 5.3
Test the effectiveness of commercial antacids and other
products

Commercial antacids such as Alka-Seltzer, Rolaids, and Tums

claim to “neutralize stomach acid” by absorbing excess H*

(produced as hydrochloric acid by the stomach; fig 5.6). To

test the abilities of these products to absorb acids, do the fol-

lowing:

1.  Use a mortar and pestle to pulverize the amount of
antacid that is listed as one dose. Dissolve the
crushed antacid in 100 mL of distilled water. Some of
the products may require extensive stirring to get
most or all of the powder to dissolve.

2. Usinga pipet or 10-mL graduated cylinder add 5 mL
of the antacid solution into a test tube. Add 4 drops
of the indicator bromcresol purple to the tube. Cover
the tube with Parafilm and invert the tube to mix
the contents.

3.  Add 0.1 M hydrochloric acid (HCI) dropwise to the
tube; mix after each drop. Continue this process
until the solution turns yellow, indicating an acidic
solution.

4. Record in table 5.1 the number of drops of acid
needed to generate the change of color. This number
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Figure 5.6

A variety of over-the-counter remedies for heartburn and acid
indigestion contain buffers that neutralize stomach acid.

of drops is an index to the amount of acid (H*) that
the solution neutralizes before the pH drops below
the yellow endpoint of bromcresol purple (pH 5.2).

Question 7
a. Which antacid neutralizes the most acid? Which
neutralizes the least acid?

b.  What is the effect of dose (for example, the size of
tablets or the amount of antacid per tablet) on your
results and conclusions?

c.  Examine the package of the products you tested.
What are the active ingredients of each product?
What does this tell you about how these products
work?

Heartburn associated with
Acid Indigestion & Sour Stomach

200 Tablets 20 boses)

Figure 5.7

These commercially available products soothe or prevent chronic
stomach acid production. How do they do this?

Many people also use products such as Zantac, Pepcid
AC, Gaviscon, Prilosec, Tagamet, Pepcid AC Complete,
Maalox, and Zantac 75 to soothe upset stomachs (fig. 5.7).
Examine these products in lab, noting their claims and ac-
tive ingredients. Based on your observations, write a hy-
pothesis predicting each product’s ability to absorb acid.

Now use procedure 5.3 to test each product’s ability to ab-
sorb acid. List your results here.

Question 8
a. How accurate were your hypotheses?

b. How does each product work?
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INVESTIGATION

The Properties of Phillips Milk of Magnesia, a Popular Antacid
Observation: Phillips Milk of Magnesia is a milky-white liquid
that is a popular over-the-counter laxative and antacid. Phillips
Milk of Magnesia is often taken by people suffering from “acid
indigestion.”

Question: How effective is Phillips Milk of Magnesia at neutral-
izing acid?

a.

Establish a working lab group and obtain Investigation
Worksheet 5 from your instructor.

Discuss with your group well-defined questions relevant to
the preceding observation and question. Choose and
record your group’s best question for investigation.

C.

d.

Translate your question into a testable hypothesis and
record it.

Outline on Worksheet 5 your experimental design and sup-
plies needed to test your hypothesis. Ask your instructor to
review your proposed investigation.

Conduct your procedures, record your data, answer your
question, and make relevant comments.

Discuss with your instructor any revisions to your question,
hypothesis, or procedures. Repeat your work as needed.

Questions for Further Thought and Study
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What do buffers do and why are they important in biological systems?

Our stomachs secrete hydrochloric acid. Knowing the function of antacids, what do you think causes most “upset

stomachs”?

The soft drink Mr. Pibb contains (among other things) 39 g of sucrose in 355 mL of solution. What is the molarity
of this sucrose solution? What is the percentage (weight/volume) of sucrose in the solution?

Our stomachs secrete hydrochloric acid. What functions does this hydrochloric acid serve?

Suppose that the concentration of H* in Solution #1 is 10,000 times greater than Solution #2. What can you
conclude about the difference in pH of these two solutions?

What is the active ingredient in Phillips Milk of Magnesia! How is this different from that of products such as Tums?
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Biologically Important Molecules
Carbohydrates, Proteins, Lipids,

and Nucleic Acids

Objectives

By the end of this exercise you should be able to:

1. Perform tests to detect the presence of carbohy-
drates, proteins, lipids, and nucleic acids.

2. Explain the importance of a positive and a nega-
tive control in biochemical tests.

3. Use biochemical tests to identify an unknown
compound.

ost organic compounds in living organisms are carbo-

hydrates, proteins, lipids, or nucleic acids. Each of
these macromolecules is made of smaller subunits. These
subunits are linked by dehydration synthesis, an energy-
requiring process in which a molecule of water is removed
and the two subunits are bonded covalently (fig. 6.1). Simi-
larly, breaking the bond between the subunits requires the
addition of a water molecule. This energy-releasing process
is called hydrolysis.

The subunits of macromolecules are held together
by covalent bonds and have different structures and proper-
ties. For example, lipids (made of fatty acids) have many
C—H bonds and relatively little oxygen, while proteins
(made of amino acids) have amino groups (—NH,) and
carboxyl (—COOH) groups. These characteristic sub-
units and groups impart different chemical properties to
macromolecules—for example, monosaccharides such as
glucose are polar and soluble in water, whereas lipids are
nonpolar and insoluble in water.

CONTROLLED EXPERIMENTS
TO IDENTIFY ORGANIC COMPOUNDS

Scientists have devised several biochemical tests to identify
the major types of organic compounds in living organisms.
Each of these tests involves two or more treatments: (1) an
unknown solution to be identified, and (2) controls to
provide standards for comparison. As its name implies, an
unknown solution may or may not contain the substance
that the investigator is trying to detect. Only a carefully
conducted experiment will reveal its contents. In contrast,

controls are known solutions. We use controls to validate
that our procedure is detecting what we expect it to detect
and nothing more. During the experiment we compare the
unknown solution’s response to the experimental procedure
with the control’s response to that same procedure.

A positive control contains the variable for which
you are testing; it reacts positively and demonstrates the
test’s ability to detect what you expect. For example, if you
are testing for protein in unknown solutions, then an appro-
priate positive control is a solution known to contain pro-
tein. A positive reaction shows that your test reacts
correctly; it also shows you what a positive test looks like.

A negative control does not contain the variable for
which you are searching. It contains only the solvent (often
distilled water with no solute) and does not react in the
test. A negative control shows you what a negative result

looks like.

CARBOHYDRATES

Benedict’s Test for Reducing Sugars

Carbohydrates are molecules made of C, H, and O in a ratio
of 1:2:1 (e.g., the chemical formula for glucose is C¢H;,O04).
Carbohydrates are made of monosaccharides, or simple sug-
ars (fig. 6.2). Paired monosaccharides form disaccharides—

2 Hzo: '
HO 4 -1 HO - }HH

HO A HHH HO-{H

(b) Hydrolysis

Ch £ £
Ho @-@- @+

(a) Dehydration synthesis

Figure 6.1

Making and breaking macromolecules. (a) Dehydration synthesis.
Biological macromolecules are polymers formed by linking subunits
together. The covalent bond between the subunits is formed by
dehydration synthesis, an energy-requiring process that creates a
water molecule for every bond formed. (b) Hydrolysis. Breaking the
bond between subunits requires the returning of a water molecule
with a subsequent release of energy, a process called hydrolysis.
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for example, sucrose (table sugar) is a disaccharide of glucose
linked to fructose. Similarly, linking three or more mono-
saccharides forms a polysaccharide such as starch, glycogen,
or cellulose (fig. 6.3).

Question 1

Examine figure 6.2. Which groups of a glucose molecule are
involved in forming a polysaccharide? Shade the groups
with a pencil.

As already mentioned, the linkage of subunits in car-
bohydrates, as well as other macromolecules, involves the

CH,O0H

OH

HO HO
OH

Glucose, a monosaccharide

CH,OH
CH,0H CH,OH
o) o
OH L, < HO >]
HO
oH o CH,OH

Sucrose, a disaccharide

Figure 6.2

Carbohydrates consist of subunits of mono- or disaccharides. These subunits can be combined by dehydration synthesis (see fig. 6.4) to form
polysaccharides.

Plant cell

H,OH
6}
H H
“0—/0H H H 0
H 0-N\OH H H 0-\OH
H o H H o
CH,OH H OH CH,OH
Cellulose
Figure 6.3

removal of a water molecule (dehydration). Figure 6.4 de-
picts how dehydration synthesis is used to make maltose and
sucrose, two common disaccharides.

Many monosaccharides such as glucose and fructose
are reducing sugars, meaning that they possess free alde-
hyde (—CHO) or ketone (—C=0) groups that reduce
weak oxidizing agents such as the copper in Benedict’s
reagent. Benedict’s reagent contains cupric (copper) ion
complexed with citrate in alkaline solution. Benedict’s test
identifies reducing sugars based on their ability to reduce the
cupric (Cu?") ions to cuprous oxide at basic (high) pH.
Cuprous oxide is green to reddish orange.

CH,OH CH,OH

OH OH
—0 O o O o—
OH OH OH OH
(o] O le) O
OH OH

CH,OH

Polysaccharides are polymers of monosaccharides

Fibril

Microfibril

Plant cell walls are made of cellulose arranged in fibrils and microfibrils. The scanning electron micrograph shows the fibrils in a cell wall of the

green alga Chaetomorpha (30,000 ).
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Monosaccharides

CH,OH CH,OH
(0]
OH *
HO OH HO
OH OH
Glucose Fructose
CH,OH CH,OH
(@) (@)
OH * OH
HO OH HO
OH OH
Glucose Glucose

Figure 6.4

Disaccharides

CH,OH CH,0H

0 o 0
HO ~N OH HO
CHOH N HO H CH,OH
" OH OH

Sucrose

CH,OH CH,OH

N\ OH OH
OH HO © OH

H,O

OH OH
Maltose

Dehydration synthesis is used to link monosaccharides (such as glucose and fructose) into disaccharides. The disaccharides shown here are maltose

(malt sugar) and sucrose (table sugar).

Oxidized Benedict’s reagent (Cu?*) + Reducing sugar (R-COH)

Heat
High pH
Reduced Benedict’s reagent (Cu*) + Oxidized sugar (R-COOH)

(green to reddish orange)

A green solution indicates a small amount of reducing sug-
ars, and reddish orange indicates an abundance of reducing
sugars. Nonreducing sugars such as sucrose produce no
change in color (i.e., the solution remains blue).

SAFETY FIRST Before coming to lab, you were
asked to read this exercise so you would know
what to do and be aware of safety issues. In the
space below, briefly list the safety issues associated
with today's procedures. If you have questions

about these issues, contact your laboratory assis-
tant before starting work.

Procedure 6.1

Perform the Benedict’s test for reducing sugars

1.  Obtain seven test tubes and number them 1-7.

2.  Add to each tube the materials to be tested
(table 6.1). Your instructor may ask you to test
some additional materials. If so, include additional
numbered test tubes. Add 2 mL of Benedict’s
solution to each tube.

3. Place all of the tubes in a gently boiling water-bath

for 3 min and observe color changes during this time.

4.  After 3 min, remove the tubes from the water-bath

and give the tubes ample time to cool to room
temperature. Record the color of their contents in
table 6.1.

5.  When you are finished, dispose of the contents of
each tube as instructed by your instructor.

Question 2
a.  Which of the solutions is a positive control?
Negative control?

b.  Which is a reducing sugar, sucrose or glucose? How
do you know?

c.  Which contains more reducing sugars, potato juice
or onion juice? How do you know?

d.  What does this tell you about how sugars are stored
in onions and potatoes?

lodine Test for Starch

Staining by iodine (iodine-potassium iodide, [,K1) distin-
guishes starch from monosaccharides, disaccharides, and
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SOLUTIONS AND COLOR REACTIONS FOR (1) BENEDICT’S TEST FOR REDUCING SUGARS

AND (2) IODINE TEST FOR STARCH

Tube Solution

Benedict’s Color Reaction

lodine Color Reaction

1 10 drops onion juice

2 10 drops potato juice

3 10 drops sucrose solution

4 10 drops glucose solution

- 10 drops distilled water

6 10 drops reducing-sugar solution

-~

10 drops starch solution

other polysaccharides. The basis for this test is that starch is
a coiled polymer of glucose; iodine interacts with these
coiled molecules and becomes bluish black. lodine does not
react with carbohydrates that are not coiled and remains
yellowish brown. Therefore, a bluish-black color is a posi-
tive test for starch, and a yellowish-brown color (i.e., no
color change) is a negative test for starch. Glycogen, a com-
mon polysaccharide in animals, has a slightly different struc-
ture than does starch and produces only an intermediate
color reaction.

Procedure 6.2
Perform the iodine test for starch

1.  Obtain seven test tubes and number them 1-7.

2. Add to each tube the materials to be tested
(table 6.1). Your instructor may ask you to test
some additional materials. If so, include
additional numbered test tubes.

3. Add seven to ten drops of iodine to each tube.

4.  Record the color of the tubes’ contents in table 6.1.

Question 3
a.  Which of the solutions is a positive control? Which
is a negative control?

b.  Which colors more intensely, onion juice or potato
juice? Why?

¢ Inwhat parts of a plant is the most starch typically
stored?
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PROTEINS

Proteins are remarkably versatile structural molecules found
in all life forms (fig. 6.5). Proteins are made of amino acids
(fig. 6.6), each of which has an amino group (—NH,), a
carboxyl (acid) group (—COOH), and a variable side chain
(R). A peptide bond (fig. 6.7) forms between the amino
group of one amino acid and the carboxyl group of an adja-
cent amino acid and is identified by a Biuret test. Specifi-
cally, peptide bonds (C—N bonds) in proteins complex
with Cu?* in Biuret reagent and produce a violet color. A
Cu?* must complex with four to six peptide bonds to pro-
duce a color; therefore, individual amino acids do not react
positively. Long-chain polypeptides (proteins) have many
peptide bonds and produce a positive reaction.

Biuret reagent is a 1% solution of CuSO, (copper sul-
fate). A violet color is a positive test for the presence of pro-
tein; the intensity of color relates to the number of peptide
bonds that react.

Question 4

Examine figure 6.6. Shade with a pencil the reactive amino
and carboxyl groups on the three common amino acids
shown.

Procedure 6.3
Perform the Biuret test for protein

1.  Obtain five test tubes and number them 1-5. Your
instructor may ask you to test some additional
materials. If so, include additional numbered test
tubes.

2.  Add the materials listed in table 6.2.

3. Add 2 mL of 2.5% sodium hydroxide (NaOH) to
each tube.
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(@) Fibrin

(c) Keratin (d) Spider silk (e) Hair

Figure 6.5

Common structural proteins. (a) Fibrin. This electron micrograph shows a red blood cell caught in threads of fibrin. Fibrin is important in
the formation of blood clots. (b) Collagen. The so-called “cat-gut” strings of a tennis racket are made of collagen. (c) Keratin. This type
of protein makes up bird feathers, such as this peacock feather. (d) Spider silk. The web spun by this agile spider is made of protein.

(e) Hair. Hair is also a protein.

| AP e +_T_ /°
H2N+—?—C\ H2N+—C|:—C\ HAN"—C—C,
CH, OH CH OH ?Hg OH
CHs CH, CH
CH/R E‘,Hq
Alanine Valine Leucine

Figure 6.6

Structures of three amino acids common in proteins. Each amino acid has one carbon bonded to both an amine group (—N11;) and a carboxyl
group (—COQOH). The side chains that make each amino acid unique are shown in red.
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TABLE 6.2

SOLUTIONS AND COLOR REACTIONS FOR THE BIURET TEST FOR PROTEIN

Tube Solution Color
1 2 mL egg albumen

L 2 mL honey

3 2 mL amino acid solution

4 2 mL distilled warer

5 2 mL protein solution

6

7

B Vi
H—N—C—C O N—C—C—OH
[ ||

H O H' |Q
Amino acid Amino acid

H,O

Polypeptide chain

Figure 6.7

A peptide bond joins two amino acids, and pepride bonds link many
amino acids to form polypeptides, or proteins. The formation of a
peptide bond (i.e., between the carbon of one amino acid’s carboxyl
group and the nitrogen of another amino acid’s amino group) liberates
a water molecule. The R in these amino acids represents a variable
side chain that characterizes each type of amino acid.

Do not spill the NaOH—it is extremely caustic.
Rinse your skin if it comes in contact with NaOH.

4. Add three drops of Biuret reagent to each tube
and mix.

5.  Record the color of the tubes’ contents in table 6.2.

Question 5
a.  Which of the solutions is a positive control? Which
is a negative control?
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b.  Which contains more protein (C—N bonds), egg
albumen or honey? How can you tell?

c. Do free amino acids have peptide bonds?

LIPIDS

Lipids include a variety of molecules that dissolve in non-
polar solvents such as ether, acetone, methanol, or ethanol,
but not as well in polar solvents such as water. Triglycerides
(fats) are abundant lipids made of glycerol and three fatty
acids (fig. 6.8). Tests for lipids are based on a lipid’s ability
to selectively absorb pigments in fat-soluble dyes such as

Sudan IV.

Question 6
Examine figure 6.8. What are the reactive groups of the fatty
acids?

Handle acetone carefully; it is toxic.

Procedure 6.4
Solubility of lipids in polar and nonpolar solvents

1.  Obrtain two test tubes. To one of the tubes, add 5 mL
of water. To the other tube, add 5 mL of acetone.

2. Add afew drops of vegetable oil to each tube.
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Figure 6.8

The structure of a fat includes glycerol and fatty acids. (a) An ester linkage forms when the carboxyl group of a fatty acid links to the hydroxyl
group of glycerol, with the removal of a water molecule. {b) Fats are triacylglycerides whose fatty acids vary in length and vary in the presence and
location of carbon—carbon double bonds.

Question 7 Procedure 6.5
What do you conclude about the solubility of lipids in Perform the Sudan IV test for lipid
polar solvents such as water? In nonpolar solvents such as

acetone? Obtain five test tubes and number them 1-5. Your

instructor may ask you to test some additional
materials. If so, include additional numbered test
tubes.

2.  Add the materials listed in table 6.3.

3.  Add five drops of water to tube 1 and five drops of
Sudan IV to each of the remaining tubes. Mix the
contents of each tube. Record the color of the tubes’
contents in table 6.3.

Question 8
a. Issalad oil soluble in water?

b.  Compare tubes 1 and 2. What is the distribution of
the dye with respect to the separated water and oil?
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SOLUTIONS AND COLOR REACTIONS FOR THE SUDAN IV TEST FOR LIPIDS

Tube Solution Description of Reaction
1 1 mL salad oil + water

2 1 mL salad oil + Sudan IV

3 1 mL honey + Sudan IV

4 1 mL distilled water + Sudan IV

3 1 mL known lipid solution + Sudan IV

6

7

TABLE 6.4

MATERIALS AND GREASE-SPOT REACTION AS A TEST FOR L1PID CONTENT

Food Product

Description of Grease-Spot Reaction

c.  What observation indicates a positive test for lipid?

d.  Does honey contain much lipid?

e.  Lipids supply more than twice as many calories per
gram as do carbohydrates. Based on your results,
which contains more calories, oil or honey?

Grease-Spot Test for Lipids

A simpler test for lipids is based on their ability to produce
translucent grease marks on unglazed paper.
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Procedure 6.6
Perform the grease-spot test for lipids

1.

2.

bl

Obtain a piece of brown wrapping paper or brown
paper bag from your lab instructor.

Use an eyedropper to add a drop of salad oil near a
corner of the piece of paper.

Add a drop of water near the opposite corner of the
paper.

Let the fluids evaporate.

Look at the paper as you hold it up to a light.

Test other food products and solutions available in
the lab in a similar way and record your results in

table 6.4.




TABLE 6.5

SOLUTIONS AND COLOR REACTIONS FOR DISCHE DIPHENYLAMINE TEST FOR DINA

Tube Solution Color
1 2 mL DNA solution
P 1 mL DNA solution, 1 mL water
3 2 mL RNA solution
4 2 mL distilled water
5
6
Question 9 Add the materials listed in table 6.5.

Which of the food products that you tested contain large
amounts of lipid?

NUCLEIC ACIDS

DNA and RNA are nucleic acids made of nucleotide sub-
units (fig. 6.9). One major difference between DNA and
RNA is their sugar: DNA contains deoxyribose, whereas
RNA contains ribose. DNA can be identified chemically
with the Dische diphenylamine test. Acidic conditions
convert deoxyribose to a molecule that binds with diphenyl-
amine to form a blue complex. The intensity of the blue
color is proportional to the concentration of DNA.

Question 10

Examine figure 6.9a. Which groups on ribose and deoxyri-
bose react when combining with the phosphate? Shade
these groups. Also shade the reactive groups that combine
with a nitrogenous base.

Procedure 6.7
Perform the Dische diphenylamine test for DNA

1.  Obtain four test tubes and number them 1-4. Your
instructor may ask you to test some additional
materials. If so, include additional numbered test
tubes.

Question 11

How does the color compare between tubes 1 and
27 Why?

Add 2 mL of the Dische diphenylamine reagent to
each tube and mix thoroughly.

Handle the Dische diphenylamine reagent
carefully; it is toxic. Wash your hands after the
procedure.

Place the tubes in a gently boiling water-bath to
speed the reaction.

After 10 min, transfer the tubes to an ice bath.
Gently mix and observe the color of their contents as
the tubes cool. Record your observations in table 6.5.

Do DNA and RNA react alike? Why or why not?
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Figure 6.9

The structure of DNA and RNA. (a) Each nucleotide consists of three smaller building blocks: a nitrogenous base, a pentose sugar, and a
phosphate group. (b) Nucleotides are bonded to each other by covalent bonds between the phosphate of one nucleotide and the sugar of the next

nucleotide. (¢) DNA is usually a double strand held together by hydrogen bonds between nitrogenous bases; A bonds only with T, and C bonds
only with G. The double strand is twisted into a double helix.
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Figure 6.9 continued
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INVESTIGATION |
Identify Unknowns

Each of the previously described tests is relatively specific; that

is, iodine produces a bluish-black color with starch but not
with other carbohydrates, protein, lipid, or nucleic acids. This
specificity can be used to identify the contents of an unknown
solution.

a. Obtain an unknown solution from your laboratory instruc-
tor. Record its number in table 6.6.

b. Obtain 10 clean test tubes.

¢. Number five tubes for the sample as S1-S5. Number the
other five tubes as controls C1-C5.

INVESTIGATION i

Variation in Starch Storage by Roots versus Leaves

Observation: Starch is the major storage product of photosyn-
thesis in higher plants, and some plant organs more than oth-
ers are specialized for storing starch. lodine reacts with starch
to produce a dark blue-black color.

Question: What are the relative amounts of starch stored in
leaves versus roots of a flowering plant?

a. Establish a working lab group and obtain Investigation
Worksheet 6 from your instructor.

b. Discuss with your group well-defined questions relevant to
the preceding observation and question. Choose and
record your group’s best question for investigation.
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Place 2 mL of your unknown solution into each of tubes
S1-S5.

Place 2 mL of distilled water into each of tubes C1-C5.
Use procedures 6.1-6.5 to detect reducing sugars, starch,
protein, DNA, and lipids in your unknown. Your unknown
may contain one, none, or several of these macromolecules.
Record your results in table 6.6. Show table 6.6 and the fol-
lowing report (page 69) to your instructor before you leave

the lab.

Translate your question into a testable hypothesis and
record it.

Outline on Worksheet 6 your experimental design and sup-
plies needed to test your hypothesis. Ask your instructor to
review your proposed investigation.

Conduct your procedures, record your data, answer your
question, and make relevant comments.

Discuss with your instructor any revisions to your questions,
hypothesis, or procedures. Repeat your work as needed.
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Name

TABLE 6.6
CHEMICAL TESTING TO IDENTIFY AN UNKNOWN

Biochemical Test

Color

Lab Section

Unknown No.

Unknown Result

Sample

Control

(el

Benedict’s test (reducing sugars)

lodine (starch)

Biuret test (protein)

Dische diphenylamine test (DNA)

Sudan 1V (lipid)

Report: Identity of Unknown
Indicate which of the following are in your unknown:

Reducing sugars
Starch

Protein

DNA

Lipid

Comments:

6-13
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Questions for Further Thought and Study

1. What is the importance of a positive control? What is the importance of a negative control?

2. What controls were used in each procedure that you performed in today’s lab?

3. Why did you include controls in all of your tests?

4. Are controls always necessary? Why or why not?

5. What is a phospholipid? What functions do phospholipids have in cells?

&
WRITING TO LEARN BIOLOGY DOING BIOLOGY YOURSELF
What are the limitations of these common Design a procedure to indicate the amount
techniques in detecting the presence of a class of of starch present in various plant tissue samples.
macromolecules? Do biologists who study plant cells com- How would you weigh your samples? How would you treat
monly use the iodine test for starch? Why or why not? your samples? How would you quantify the iodine test?
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Separating Organic Compounds

Column Chromatography, Paper
Chromatography, and Gel Electrophoresis

Obijectives

By the end of this exercise you should be able to:

I. Describe the basis for column chromatography,
paper chromatography, and gel electrophoresis.

2. Use column chromatography, paper chromatog-
raphy, and gel electrophoresis to separate organic
compounds from mixtures.

CClls are a mixture of the types of organic compounds that
you studied in Exercise 6: carbohydrates, proteins, lipids,
and nucleic acids. Biologists characterize and study these
compounds to understand how organisms function. This re-
quires that biologists separate the compounds, such as
amino acids and nucleotides, from mixtures. Three separa-
tion techniques that biologists use are column chromatogra-
phy, paper chromatography, and gel electrophoresis.

In today’s exercise you will use these common tech-
niques to separate compounds from mixtures. The proce-
dures are simple and model how these techniques are used
by biologists in their research.

COLUMN CHROMATOGRAPHY

Column chromatography separates molecules according to
their size and shape. The procedure is simple and involves
placing a sample onto a column of beads having tiny pores.
There are two ways that molecules can move through the
column of beads: a fast route between the beads or a slower
route through the tiny pores of the beads. Molecules too big
to fit into the beads’ pores move through the column
quickly, whereas smaller molecules enter the beads’ pores
and move through the column more slowly (fig. 7.1). Move-
ment of the molecules is analogous to going through or
walking around a maze: It takes more time to walk through
a maze than to walk around it.

The apparatus used for column chromatography is
shown in figure 7.2 and consists of a chromatography col-
umn, a matrix, and a buffer.

®  The chromatography column is a tube having a frit and
a spout at its bottom. The frit is a membrane or porous
disk that supports and keeps the matrix in the column
but allows water and solutes to pass.

¢ The matrix is the material in the column that
fractionates, or separates, the chemicals mixed in the
sample. The matrix consists of beads having tiny pores
and internal channels. The size of the beads’ pores
determines the matrix’s fractionation range, the range
of molecular weights the matrix can separate. These
molecular weights are measured in units called daltons;
1 dalton = 1 g mole™". Different kinds of matrices have
different fractionation ranges. In today’s exercise you’ll
use a matrix having a fractionation range of 1000 to
5000 daltons. As they move through the matrix, small
molecules spend much time in the maze of channels
and pores in the matrix. Large molecules do not.

e  The buffer helps control the pH of the sample (see
Exercise 5). A buffer is a solution with a known pH that
resists changes in pH if other chemicals are added. The
pH of a buffer remains relatively constant. This is
important because the shapes of molecules such as
proteins often vary according to their pH. The buffer
carries the sample through the matrix, which separates
the chemicals mixed in the sample.

Column chromatography can also separate com-
pounds having the same molecular weight but different
shapes. Compact, spherical molecules penetrate the pores
and channels of the matrix more readily than do rod-shaped
molecules. Thus, spherical molecules move through a col-
umn more slowly than do rod-shaped molecules.

During column chromatography, the buffer contain-
ing the sample mixture of chemicals moves through the col-
umn and is collected sequentially in test tubes from the
bottom of the column. Biologists then assay the content of
the tubes to determine which tubes contain the compounds
in which they are interested.

Question 1

In today’s exercise you'll isolate colored compounds from
mixtures. However, most biological samples are colorless.
How would you determine the contents of the test tubes if
all of the samples were transparent?
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Figure 7.1

Separation of organic molecules by column chromatography. As the solution flows through the column, the smaller molecules are slowed down
as they pass through the pores of the beads. Medium-sized molecules will pass through a bead with pores less frequently, and the largest molecules
will quickly flow around all the beads. The exiting fluid is collected in fractions. The first fractions collected will contain the largest molecules.

SAFETY FIRST Before coming to lab, you were Procedwure 7.1
asked to read this exercise so you would know

Separate compounds by column chromatography
what to do and be aware of safety issues. In the

space below, briefly list the safety issues associated 1. Label nine microtubes 1-9.
with today's procedures. If you have questions 2

Obtain an apparatus for column chromatography and
carefully remove all of the buffer from above the beads
with a transfer pipet. Do not remove any of the matrix.

about these issues, contact your laboratory assis-
tant before starting work.

3. Obtain a sample to be separated. The sample is a
mixture of Orange G (molecular weight = 452 ¢
mole™") and a rodlike polymer of glucose stained blue
and having a molecular weight of about 2,000,000 g
mole™",

4. Use a transfer pipet to slowly load 0.2 mL of the
sample onto the top of the beads. Drip the sample
down the inside walls of the column.
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Figure 7.2

Apparatus for column chromatography. A fraction is being collected
in the beaker.

5. Place a beaker under the column.

6. Slowly open the valve. This will cause the sample to
enter the beads. Close the valve after the sample has
completely entered the beads (i.e., when the top of
the beads is exposed to air).

7. Use a transfer pipet to slowly cover the beads with
buffer. Add buffer until the reservoir is almost full.

8. Hold microtube 1 under the tube and open the valve
until you've collected about 1.0 mL of liquid.

9. Repeat step 8 for tubes 2-9. The sample will separate
in the column.

10. Identify the tubes containing (1) the most orange

dye, and (2) the most blue dye that eluted from the
column.

11. Refill the reservoir with buffer and cover the
reservoir with Parafilm.

7-3

Question 2

a.  Was the color separation distinctive? Would you
expect a longer column to more clearly separate the
compounds? Why or why not?

b.  Suppose your sample had consisted of a mixture of
compounds having molecular weights of 50,000,
100,000, and 1,000,000 g mole™!. What type of
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