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ABSTRACT

TEACHING BIOCHEMISTRY
IN THE
HIGH SCHOOL CLASSROOM

By

Van Albrecht McWilllams

Recent dramatic developments in blochemistry and blotechnology
have resulted in more secondary schools becoming aware of the
necessity to address these two rapidly evolving areas. Citizens of
tomorrow will need to stay abreast of these developments - making
Informed socletal, political, and environmental decisions affecting
the future of our planet. The need for critical thinking and data
analysis skills by sclentifically inclined students is crucial for
furthering their science education. The decislons to be méde by
future scientist and potentlial world leaders are becoming lncreasingly
complex. This thesis is an attempt to bring biochemistry and
biotechnology to the high school classroom. Included are the
background, implementation, methods of instruction, evaluation data,
and conclusions of this study. The unit covers structure and functlon
of carbohydrates, lipids, proteins and enzymes, and nucleic aclds.

Laboratory exercises, devoted to analysis, are emphasized.
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INTRODUCTION

General Description of Unit

This thesis Is based upon two years of research In teaching an
eleven week biochemistry unit to second year chemistry students. Two
years ago - In the summer previous to the 1988-89 school year - the
author developed a second year chemistry course for Stockbridge,
Michlgan schools. Thls course was designed to offer college bound
students a much stronger and more diverse chemistry background. The
biochemistry unit in the original outline for the course included:
carbohydrates, lipids, proteins and enzymes, nucleic aclds, and
buffers. Evaluatlon of the original outlline suggested that buffers be
moved into the titration and pH unit. (see outline for Chemistry II -
Appendix A) This allowed students to have a good working knowledge of
buffers before beginning the biochemistry unit. Therefore, buffers
will be discussed minimally.

The main approach of the bfochemlstry unit is to provide an
introduction to the principles of blochemistry - giving students a
command of the concepts, the language, and an appreciation for the
process of discovery In blochemistry. The unit emphasizes a
laboratory approach, with 40 percent of class time in the laboratory
setting. Many modern research techniques are utilized. Pre- and
post Interviews were conducted for the entlre unit to determine
student background, the strengths and weaknesses of the unit, and

student comprehension. Pre- and post tests, designed to address the



stated objectives were also used for individual sections of the unit.

A Complete item analyslis Is Included in the evaluation section.

Literature Survey

Background

The idea for this research project evolved from the Initial
Molecular Biology Workshop for Honors High School Teachers offered by
Michigan State University (sponsored by the National Science»
Foundatlon) during the summer of 1987 and subsequent research based
upon workshop outcomes during the summer of 1988. The workshop
emphasized: 1) blochemistry - in which Bjochemistry by Stryer (1981),
was used as the textbook, and 2) laboratory technique - Incorporating
current technologies. Subsequent research in the summer of 1988 also
involved a twofold emphasis. First, to execute, revise, edit, and
publish laboratory exercises developed by the previous summer’s
participants, which resulted in THE WORLD OF BIOCHEMISTRY, a computer
software disk containing ten lab exerclises for the high school
classroom. Second, to develop a specific unit using these labs and
other techniques for our individual classrooms.

After the author developed the outline, objectives, and
laboratory exercises, his next consideration was to find a text
feasible for the secondary level. The author presently uses Modern
Chemistry by Metcalf, Willlams, and Castka (1986). While the text
does not have a unit on blochemlistry, the Teacher’s Resource Book does

include a complete unit with six separate worksheets covering all the



areas required. The material is fairly comprehensive and easily

supplemented. Supplemental texts obtained for this unit include:

Biochemistry 2nd ed. by Lubert Stryer, 1981.

3
Schaum’s Outline Series Biochemigtry by Kuchel and Ralston, 1988.

Harper’s Biochemistry by Murray, Granner, Mayes, and Rodwell,
1986.

Biochemistry of Lipids and Membranes by Vance and Vance, 198S.
The Chemjstry of Carbon Compounds by David E. Newton, 1986.
Blotechnology In Perspective by David B. Sattelle, 1990.
Modern Bjology by Otto and Towle, 1985.
Exercises In Biological Scliences by Merle K. Heidemann, 1985.

Biochemistry 200 (lecture illustrations) published by the
Department of Biochemistry, Michigan State University.

While the supplemental materlial was not entirely limited to these
publications, there is certainly more than enough quality information
to be gleaned for any secondary biochemistry course.

Having compliled these sources, I surveyed current literature
hoping to find pertinent Information on teaching biochemistry at the
secondary level. In virtually everything I read there were two
recurring themes. One, that biochemistry is advancing in today’s
technology; and two, critical thinking and data interpretation is
essential for our scientifically inclined students.

The ‘explosion’ of biochemistry has resulted iIn more secondary
schools becoming aware of the need to address thls area. Maler (1986)
stated that, "Blochemistry Is a fascinating subject formally reserved

for graduate students only. ...this subject ls now Incorporated Into



the secondary school curriculum in many places" (p. 23%9). Maler
discussed practical Illustrations of the topical approach to teaching
biochemistry. She Includes three separate experiments that use
differing reagents to find the one that properly fits to solve ‘the
puzzle’. Parson (1986) wrltes: "In the past decade, the power and
scope of recombinant DNA technology have become apparent. Media
coverage of potential medical applications and flnancial success
stories have captlivated students’ Imaginations.® Parson describes the
development of a topics course that stresses laboratory techniques and
methods with implications in the political, social, ethical, and
economic realms. Caruthers (1985) discusses the state of DNA
technology in the mid 1970’s, and states:

Even 10 years ago the chemical synthesis of DNA was a

time-consuming, cumbersome task ...(ylelding) short DNA

segments containing 10 deoxynucleotides or less. Now simple

methods are available for the rapld synthesis of relatively

large DNA fragments (100-200 monomers each)... (p. 577).
Present techniques have sequenced more than 26 million bases of DNA
(Smith 1989). Illustrating the need for biochemical education at the
secondary level Grunwald (1986) wrote:

... the life sciences, especlially biology and blochemistry,

should be considered in connection with the development of

chemical curricula, because the actual problems with which

humanity is confronted are becoming Increasingly complex.

To teach chemistry, one must teach fundamentals... in

technical chemistry, blochemistry, and biotechnology.

(p. 779
This article is a synopsis of the discussion held on chemlcal

curricula - one of the four maln toplcs at the 1985 Internatlional

Conference on Chemical Education. Included iIn this article is an



appllication and an experiment showing how biotechnology can be
Integrated into a regular chemistry course.

Shaplro and James (1980) In a survey about blochemical lecture
and laboratory requirements of 120 colleges and universitles within
the Middle Atlantic Reglon, found: less than one third of the
institutions offered a biochemistry major, library holdings of
blochemistry Journals were (at best) sparse, and only a limited number
of biochemistry laboratory texts had been published. The same survey
glven today would probably yield equally interesting results.

Dramatlc changes have taken place in this rapidly expanding field, as
summarized in the statement by Vance and Vance (1985): "Biochemistry
has matured to the point that advanced textbooks In the various
subcategories are required.®

Critical thinking and data analysis were key aspects of this unit
and were prompted by several observatlons. ®"Sclentific lliteracy Is
basic for llving, working, and decision making in the 1980s and
beyond"® (NSF, 1982, p. 4). The obligation of today’s science
educators will be to develop sclentiflic and technological 1lteracy for
all students. "In the teaching of basic blochemistry, ...It ls
Important to draw concise, easy-to-understand diagrams and schemes,
...in order to stress fundamental aspects within a unified framework"
(Macarulla and Marino, 1985, p.79). Somewhat surprisingly, the author
found many students have yet to reach a well developed reasoning
stage. Mensch (1989) arrived at a similar observation and also noted:

In a world where genetic engineering and molecular blology
are becoming ever more important, the development of a

thorough understanding of protein synthesis ls vital.
Teaching this highly abstract concept to students, many whom
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have not yet reached formal reasoning... |s made more
difflcult by the lack of good ‘hands-on’ Instructional
alds. (p. 2)

After recognlzing the need for easily understood dlagrams and schemes
as well as manipulative models to ald in critlcal thinking, this

author had to construct methods to help students achieve these levels.

Streitberger (1988) asserts:

Recognizing the importance of this type of reflective and
critical thinking, (sclence based soclietal Issues) a number
of state and national groups have encouraged the following
goals for the high school curriculum. These goals, ...
Include: (1) "to prepare students to use science and
technology In understanding and improving (students’) dally
lives®, (2) "to apply sclentific knowledge to everyday life;
‘and to introduce social and environmemtal Implicatlions of
scientific and technological development®, (3) "to use
current societal issues and problems to meet the needs of
our soclety and of students", (4) "to emphasize at all
levels the soclial and human relevance of chemistry", and (5)
"to use attltudes and knowledge about sclence to llve as an
Informed citizen in a scientifically developed nation".

(p. 60)

Laboratory and Discussion
Literature was also surveyed to find discussion units and
laboratory exercises. Many discussion units and extra readings were

taken from the previous |list of supplemental texts. For example:

Stryer‘s: Blochemistry
- enzyme substrate catalysis, pgs. 107-110.
- cholesterol as a precursor, pgs. 469-71, 473-79.
- membrane lipid bilayer, pgs. 210-13.
Vance and Vance: Blochemistry of Liplds and Membranes
- cholesterol and coronary disease, pgs. 209-10.
- membrane lipid bilayer, pgs. 25-28.
Otto and Towle: Modern Blology
- all of chapter seven on nucleic aclds and protein
syntheslis, pgs. 99-114.



Other discussion units include: *Long Arm of the Lab," an article on
DNA fingerprinting from the Detroit Free Press, Science and Medicline
section, (Jan. 10, 1989) and "Construction of a Restictlon Map of the
Bacterlophage Lamda," an article on electrophoresis by Suelter (1989).
Discussion of articles was followed by an electrophoresis
demonstration. An oral report on sterold abuse by athletes was
required of students, giving them the opportunity to do their own
l1terature search.

Laboratory units were taken in most part from The World of
Blochemistry and from Exercigses In Blological Sclence. Other labs
Include "Qualltative Analysis Of Proteins and Alpha Amino Acids®" from
the Kemtec Educational Corporation, distributed by Carolina Bliological
Supply, and "Properties of DNA" from Modern Biology, Inc. Subsequent
labs, including this one, have been ordered for next year from Modern
Biology, Inc. (For a complete listing of all laboratory exercises see
the laboratory exercise outline on page 31.)

Preparing for laboratory exercises that were above the typical
chemistry setting, this author searched for some gulidelines. The

following guidelines appeared in an article by Falk (1989):

Ideally, laboratory courses in the (undergraduate) freshman
chemistry curriculum should fulfill several purposes.

1. The laboratory experience should reinforce chemical
principles discussed In the course with "real" examples.

2. The laboratory experlience should teach the student how to
observe and descrlibe a physical phenomenon and the loglcal
approach to solving a sclientific problem.

3. If given a certaln amount of freedom to experiment, a
student should be able to explore a chemical phenomenon to a
greater depth by trylng related experiments on his or her
own.



There is an extensive list of adaptable high quality laboratory
exercises In today’s literature. The key questions In choosing these
are: What will serve the objectives best? Will the exercises fit the
time frame of the lab? Can the exercises be accomplished with the
available materials?

Hands on laboratory experiences are highly valued by our high
school Science Department. Our high school sclence committee has set
a minimum standard of 20 percent of class time In the laboratory. Our
sclence teachers adopted thls standard In the spring of 1988 based on
the following recommendation by the National Science Foundation (NSF).
*Time on laboratory and fleld work ...Senjor high school level: a
minimum of one instructional period per week, 20 percent of sclience
instruction time in the laboratory or field* (NSF, 1982, p. 4). The
second year chemistry course, as stated previously, doubles this
requirement. The reason for this was to better address the two
re-occurring themes: the biotechnological explosion and the need for

critical thinking and data interpretation.

Central Questions

Goals of the Unit

The author’s main classroom goal is to produce science literate
citlzens. However, In Chemistry II my primary goal Is to motlvate
students to choose a science-related area as a career. Many excellent
students are turned off by "boring" high school sclience experiences.
The hope Is to rectify these previous "boring" experliences and then

re-kindle an Interest for those students who have been allenated by



sclence. In Improving teaching skills, this author can use the new
and Innovative ideas that have been recently obtalned to stimulate
student curlosity and eliminate apathy In lecture, discussion, and
laboratory settings. Ideally, this new background in teaching
techniques and subject matter will lead to better student
comprehension and make learning science fun and exciting. The author
also has the conviction that high school students need to see what
college classes are like. For this particular unit the author tried
to teach in a manner similar to a college course, with nearly as many
hours in laboratory as in lecture. Hopefully, students will be
‘turned on’ by the promising results of biotechnology as presented in

this course and summarized in the following.

Sattelle (1990) states:

Biotechnology’s potential is enormous; its promise
unrivaled. As a fleld of scientific research and commercial
enterprise, blotechnology has grown dramatically in the past
several years. Not surprisingly, the general publlic’s
understanding of what "biotechnology" means has failed to
keep pace with this progress. This has resulted in a lack
of full appreciation of the implications of biotechnological
research and development... Improved healthcare, a more
abundant food supply, safer chemicals and a cleaner
environment can all be realized through the sclience of
biotechnology. (p. Iv)

The major emphases for this unit - the central themes to be addressed
- are for students to acquire: a working knowledge of biochemical
concepts, a command of the technical or scientiflic language, exposure

to a wide variety of blotechnological techniques, and an appreclatian

for the processes of discovery In biochemistry. These themes hold
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promise of achieving student feedback toward the maln goal of

motivating students to choose science-related careers.

New or Important Terms and Concepts for This Unjt:

KEY UNIT LISTS

Upon completion of this unit students will be able to define and

demonstrate an understanding of the following terms and concepts.

Alcohols

Alpha amino acids
Ant ibody

Ant icodons
Biochemistry
Biosynthesis
Carbohydrates
Carbony| group
Catalyst
Cellulose

Chitin
Cholesterol
Codons

Coenzyme
Cofactor
ConJjugated enzyme

Conjugated proteins
Dehydratlion synthesis

Denaturation
Digestion
Disaccharide
DNA

Enzyme

Real World Objects, Systems. and Techniques:

Essentlal amino aclds

Ester

Fats

Fatty acids
Glycerol
Glycogen
Hormone
Hydrogen bonding
Hydrolysis
Hydrophilic
Hydrophobic
Bydroxyl group
Lipids

Metabol ism
Monosaccharlde
mRNA

Neutral lipids
Nuclelc acids
Nucleosides
Nucleotldes
0il

0l Igosaccharide

Organic molecules

Pectin

Peptides
Phosphol ipids
Polypeptides
Polysacchar lde
Prosthetic group
Protein
Regulator
Replication

RNA

rRNA

Simple enzyme
Simple proteins
Starch

Sterolds
Substrate
Transcription
Translation
tRNA

Waxes

The student will be able to explain how the following have

contributed to our understanding of blochemistry or how blochemlstry

has contributed to our understanding of the followlng:
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Assays Enzymatic Catalysis
Biotechnology Gel Permeation Chromatography
Centrifugation Genetic Duplication
Diet Heart Dlsease
Dietary Fiber Health
Dietary Role of: Metabol lc Pathways
Carbohydrates Nutrition
Liplds Protein Synthesis
Proteins Role of Vitamins
Digestive Processes Spectrophotometry
DNA Fingerprinting Steroid Abuse
DNA Sequencing Thin Layer Chromatography
Electronmicroscopy X-Ray Crystallography
Electrophoresis

Energy Transformations

UNIT OBJECTIVES

Teaching Obljectives:

1. To develop a new teaching module in bilochemistry covering
four major areas: carbohydrates, liplds, proteins and enzymes,
and nucleic acids. These topics, covering a nine to twelve week
perlod, are to be included as part of a new second year chemistry

course with a major emphasis on laboratory work.

2. To accumulate background information on students - review
prior information and disseminate new, Incorporating the
knowledge students have from thelir previous blology and chemistry

classes.

3. To determine student accomplishment through pre-testing and

post-testing.
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4. To make chemistry a real world subject - emphasizing
blochemistry, thus providing a unique approach to chemistry

education.

S. To increase student awareness in the diversity of chemistry
and its related flelds by using and/or demonstrating selected new

technology avallable to today’s researchers.

6. To provide students the opportunity to work with varied
materials and multiple approaches In speclfic areas of
biochemistry - thus planting the idea that these students are
capable of ‘modern’ research and becoming a scientist of

tomorrow.

7. To determine the overall effectiveness of the new modules -
by revising and reviewing the modules to determining what worked

well and what didn’t - using a student survey and test analysis.

Student Objectives:

Introductjon to Biochemistry

Upon completion of this section, the student will be able to:

N

1. Defline and demonstrate an understanding of the foilowlng

terms: blochemistry, biosynthesis, and organic molecules.
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2. State: the essential elements of 1ife; the Importance of
water and carbon dioxide to life; how minerals are absorbed; the

four main classes of compounds of living matter.

3. Distinguish between organic and inorganic compounds.

Carbohvdrates

Upon completion of this section, the student will be able to:

1. Define and demonstrate an understanding of: carbohydrates,
hydroxyl! group, carbonyl group, hydrolysis, dehydration
synthesls, monosaccharlide, disaccharide, ollgosaccharide,

polysaccharide, starch, glycogen, cellulose, pectin, and chitin.

2. List: the five common monosaccharides; the three Important

disaccharides; the five Important polysaccharides.

3. State: the composition of carbohydrates; the three main
classes of carbohydrates and their structural differences; the
five Important polysaccharides and their functions; the other
name for glucose; the function of monosaccharldes,

ol igosaccharlides, and polysaccharides.

4. Differentlate: classes of carbohydrates; types of

monosaccharides; types of disaccharlides.

5. Identify: an hydroxyaldehyde and/or an hydroxyketone.

6. Explaln: hydrolysls and dehydratlon synthesls.
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7. Compare: the calorie content per gram with lipids and

proteins.

Lipids

Upon completion of this section, the student will be able to:

1. Define and show an understanding of: liplds, fatty aclds,
alcohols, neutral liplds, phospholiplids, hydrophobic,
hydrophillc, waxes, steroids, fat, oll, glycerol, ester, and

cholesterol.

2. List: the four classes of lipids; the five common steroids.

3. State: the composition of lipids; the four major functions of
|lplds; the speciflc functions of neutral liplds, phosphollipids,

waxes, and sterolds.

4. Identify: the structure of glycerol; the general structure of
neutral liplids, phospholiplids, waxes, and steroids; the specific

structure of cholesterol, testosterone, and vitamin D.

5. Explaln: saturated and unsaturated fatty acids; the

difference between fats and olls; hydrogenation.

6. Draw: the cell membrane and include all key components.

7. Compare: the calorie content per gram with carbohydrates and

proteins.
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Protelns and Enzvmes

Upon completion of this section, the student will be able to:

1. Define and demonstrate an understanding of: protein, enzyme,
alpha amino acids, catalyst, regulator, hormone, antibody,
essential amino acids, peptides, polypeptide, simple proteins,
conjugated proteins, prosthetic group, denaturation, simple
enzyme, conjugated enzyme, cofactor, coenzyme, digestion,

metabol ism, and substrate.

2. List: the functions of proteins; the factors affecting enzyme
catalyzed reactions; the characteristics of protein molecules;

the causes of denaturation.

3. Give an example of: each of the functions of proteins; a

cofactor and a coenzyme.

4. State: the composition of proteins; the basic building blocks
of proteins; the most abundant organic molecules within living
cells; the two main classes of protelns; the two main classes of
enzymes; what the symbol [ ] represents; the importance of the
essential amino acids; how the essential amino aclds that we

don’t have are obtalined.

5. Explalin: how peptides and polypeptides are formed; protein

metabol Ism; proteln digestion; amino aclid biosynthesls.

6. Describe: how proteins control cell structure and function;

how the enzyme substrate complex works In blochemical reactions;
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where each of the followlng enzymes work and which ‘substrate they

act upon: amylase, llipase, pepsin, trypsin, and peptlidase.

7. Identify: the twenty common amino aclds from their

abbreviations.

8. Draw: the general formula for alpha amino acids and label all
key components; an enzyme substrate complex showing how the
enzyme causes the sustrate to break apart and how an enzyme can

combine two substrate molecules.

9. Compare: the calorie content per gram with carbohydrates and

lipids.

Nucleic acids

Upon completion of this section, the student will be able to:

1. Define and show an understanding of: nuclelc acids,
nucleot ides, DNA, RNA, mRNA, rRNA, tRNA, nucleosides,
replication, hydrogen bonding, codons, antlcodons, transcription,

and translation.

2. List: the three types of RNA.

3. State: the two main functions of nucleic acids; the
contributions of Franklin, Watson and Crick; the chemical nature
of nuclelc acids; what each of the types of RNA represent: mRNA,
tRNA and rRNA.

4. Identify: the structure of AMP, ADP and ATP.
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5. Complete: the proper sequence for a glven strand of DNA and a

strand of RNA.

6. Describe: the composition of nucleic acids; where specific
pyrimidines and purlnes are found; the base pairings for DNA and

RNA; the formation of DNA and RNA.

7. Explain: the role of ADP and ATP; the function of DNA and

RNA; the five step process of protein synthesis.
8. Compare: the structure and function of DNA to RNA.
9. Draw: a section of DNA - include at least six bonds with

proper base pairling; the basic tRNA structure and label.

Students are expected to demonstrate an understanding of all

terms on both tests and laboratory exerclses.



TRANSFORMATION

Clinical Interviews
Student Background Information

The first step in conducting the student interviews was to gather
background information. This information included: age, sex, grade,
G.P.A., and educatlional background. Educational background was
divided Into schools attended and previous secondary sclence classes.
Because all of my students wished to participate and the classes were
small - 11 students In ‘89 and 12 students in ‘90 - all students were
Interviewed. The average age of the ‘89 class was 17.3 years with
ages ranging from 16 to 18. The average age in ‘90 was 17.4 with the
range being 17 to 19. The ratio of females to males was 3:8 In “89
and 6:5 In ‘90. There was one Junior and ten senliors In the ‘89
class, while there were three Juniors and nine senlors in the ‘90
class. The average G.P.A. in ‘89 was 3.47 ranging from 2.75 to 4.0
and 3.492 In ‘90 with a range of 3.0 to 4.0. All students, except
one, had attended Stockbridge High School throughout their high school
years. All students attended middle school in the district, with the
same exceptlion; one third had attended elementary school in other
districts. Blology and Chemistry I were taken by the total (23
students) of both classes. Most students (14> had taken - or were
taking - Physics. Approximately half had taken Earth Science.
One-fifth had taken Physical Science and only two students had Anatomy
and Physlology. Other nominal science classes were Human Sclience
(Health) and General Biology.

18
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Next, this author was curious about the students’ educational and
personal goals. The questlons encompassed plans for furtherling their
education, area(s) of interest - major/minor, and career goals. Every
student planned on continuing his/her education. Two were planning to
attend Junlor college while the remainder planned on attending a four
year institution. The colleges most frequently named were: Mlchligan
State University (7), Michigan Tech (4), and the Unlversity of
Michigan and Central Michigan University (3) each. Only one student
was golng out of state; to the University of Depaul. Upon completion
of this unit, fifteen of the twenty three students chose a science as
thelr main area of interest. They listed these majors and minors as
their choices:

Chemistry - 4

Physics - 2

Environmental Englneering - 2

Biochemistry

Bio-Physics

Medicine

Sports Medicine

Dietary Nutrition

Areospace Engineering

Electical Engineering

Computer Engineering

Environmental Conservation
Other majors and/or minors were: Business Law (3), Math, Accounting,
and Journalism. Three students had yet to decide but were leaning
toward science. Many students hadn’t reached a decislion on career
goals. Comments were, for the most part, that they wanted to
complete a year or two of college before making such an important

decision. However, there were a few students who felt they had firmly

decided. One felt she would pursue a medical career, placing her
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emphasis on developing new medicines. One student was certain that he
was golng to pursue blochemlstry as a career. Another student was
sure she wanted to be an Environmental Engineer. Bio-Physics was the

career choice of a fourth student.

Analysis of Pre and Post Test Interviews

After gathering the background and educational goals, the author
used a pre-test, post test format to determine how much prior
biochemistry knowledge students had and then compared with the post
test Interview to see |If the unit had indeed made a difference. The
Interview form ls Included in appendix C. For this section, the
author wrote down student responses as close to verbatim as possible
and then waited to evaluate them when all pre-interviews were
completed. The same format was followed for the post interview. To
protect the Integrity of the Interview, the author simply asked the
questions and made no comments whatsoever until each response was
completed. The responses were evaluated as If the students were being
graded for a regular test, with the exception of no partial credit.

The interview consisted of a set of 20 questions. Average
pre-test scores for ‘89 and ‘90 were 3.18 and 2.72 respectively.
Average post test scores were 14.22 and 13.44 for ‘89 and ‘90. The
results are given in Table 1. Recall there are 11 students in the ‘89

class and 12 students in ‘90.
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Table 1 Pre and Post Interview Results

Scores are listed In the format of ‘89//90 for correct responses.

For example: a score of 2/5 under the heading ‘89//90 would
represent two students In 1989 gave correct responses and five
students In 1990 answered the guestlon correctly.

| Pre-test Post test |
| Questions (condensed) ‘89//90 ‘89/°90 |
| |
| What is Blochemistry? 3/3 6/7 |
| What is Biosynthesis? 1/1 5/6 |
| Four classes of organic coumpounds. 0/0 8/7 |
| Major use of carbohydrates? 7/8 911 |
| Carbohydrates contain? 9/5 1179 |
| Three main classes of carbohydrates. 0/0 8/6 |
| How does glycogen dlffer from starch? 0/0 4/3 |
| Largest use of 1lplds by humans? 4/6 8/7 |
| Tryglycerlides are commonly called? 4/2 9/6 |
| Maln functlon of waxes? 3/3 9/11 |
| Two examples of common sterolds. 0/0 11/10 [
| Element found In proteins but not ... 3/3 11/11 |
| Basic bullding block of proteins. 172 10/9 |
| Define conjugated protein. 0/0 5/3 |
| Enzymes are catalyst for digestion and ... 0/1 S/3 |
| What is meant by denatured protein? 0/0 10/12 [
| DNA and RNA are responsible for ... 0/0 6/10 |
| Define replication, transcription ... 0/0 /9 |
| What are buffers? 5/6 9/10 |
| Three key areas of physiological...buffers. 2/4 6/8 |
| Why Is Blochemistry Important to you? 6/4 8/11 |
| Why Is Blochemistry Important to mankind? 7/6 9/10 |
| How has this unit aided you for college? - 8/10 |
| Average total scores 3.272.7 14.2/13.4 |
| (not including last three gquestions) ]
1 |

The results of this survey show that the students’ major prior
information concerned the function of carbohydrates and carbohydrate
composition. Average scores on the post Interview show that
substantlal learning had Indeed taken place. The questions for the
most part were consistent with the stated objectives; however, there

were some exceptlions. One exceptlion was: "How does glycogen differ
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from starch?" which Is an ambiguous question. Students were unclear
whether they were being asked for structure or function. “Define
conjugated enzyme." had many responses that were close, but |f
students did not specliflically use the term ‘prosthetic group’ they
were not gliven credit. "Enzymes are catalysts for digestion and..."
also had some ambiguity, with many ‘respiration’ responses Instead of
the correct response: ‘metabolism’. The question "Largest usé of
liplds by humans?" would have been answered correctly by all students
had the author accepted ‘cell membranes’ in addition to the expected
answver: ‘energy storage’. The questions covering buffers Indicated
the necesslity for a brief review. Over 88 percent of the students had
developed an appreciation for Biochemistry and considered It important
to them personally and to mankind. Nearly 80 percent of the students
felt this unit would be beneficial to their college careers.

One major omission of the interview was the total absence of
questions concerning laboratory investigations. With 40 percent of
class time belng allocated to this cruclal area, the author would
certainly suggest laboratory questions be included. This omission was

definitely a major mistake.

Analysis of Unjt Ljterature

Do the Teaching Materials and Text Meet ObJjectives?

The "Teacher’s Resource Book" that accompanied the course text

had worksheets that covered most of the obJectives. However, each
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sectlon did require a certaln amount of supplemental material. The
two sections that required the most additional material were lipids
and nucleic acids. Supplemental materials for all sectlions are
discussed in the following paragraphs.

Other areas the worksheets covered did not Include the Importance
of : hydrogen bonding, buffers in living systems, the electron
transport system, photosynthesis, bloenergetics, and the role of ATP,
ADP, and AMP. (see Appendix H)

The lion’s share of the supplemental material was presented as
overheads and used primarily for discussion. The author’s purpose was
to Introduce the complexity of blochemistry, make Important
connections resulting in better student comprehension, and present the
complexity of biochemistry without demanding students assimilate extra
Iinformation. Stressing career opportunitlies throughout the discussion
of supplementary materials was a key point. Additional discussion
elements for carbohydrates contained the digestion, absorption, and
metabol ism of carbohydrates, including the functional role of
glycogen. The llpid supplementary material covered fatty acids,
digestion and absorption of lipids, llpld transport In blood, role of
cholesterol, energy from liplds, biosynthesis of lipids, and hormones.
Structure of the cell membrane’s lipid bilayer was covered at length
as it was not included In the worksheets. Protelns and enzymes
required two handouts. Proteln structure was definitely deficlent and
needed help. A handout from Newton (1986) covered this well. Protein
digestion and metabollsm were also discussed as well as amino acld

blosynthesis. A handout elaborating on the enzyme-substate complex
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was included from Stryer (1981). A number of overheads were necessary
to complement the nucleic acld section. Cellular characteristics, the
flow of genetlc information, nucleotides, key elements of DNA
structure, the functional classes of RNA, transcription and
translation, and mutations were improved upon or introduced. Students
were glven a Modern Biology text and required to read the chapter on

nuclelc acids and do the end of chapter asslignment.

Does the Literature Reflect Full Sclentlfic Understanding?

Analyzing the teaching literature for content is vital for the
success of the unit. The key of the author’s analysis was to see |f
the whole of the objectives were covered. Any omissions Iin the text
and re-enforcing materials must be covered. This author feels the
biochemistry worksheets satisfactorily meet the objectives stated in
the introductory section. Supplementary materials, for the most part,
were necessary to bring about a more complete understanding of
blochemical processes. If students were expected to meet objectives
covering the areas of metabolism and digestion for example, this would
add at least three to four weeks to the unit and place demands upon
them that are unrealistic. The lone exception was the omission of the
lipld bi-layer of cellular membranes. This concept is well within the
grasp of secondary students and the author believes it Is vital to a

basic understanding of biochemical processes.

Does the Literature Raise or Address Common Misconceptlions?
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Misconceptions are the major roadblock to student learning.
Nowhere Is this more apparent than In the teaching of sclence.
Complete texts have addressed this issue. Driver, Guesne, and
Tiberghien (1985) found students’ conceptions have several general
features. These features are: perceptually dominated thinking,
limited focus, llnear causal reasoning, undifferentiated concepts,
context dependency, and predominant conceptions. To expect any
educator to address all of these features is, of course, ludicrous.
Nonetheless, any quality educator must keep these thoughts in mind
when helping students tackle difficult and/or abstract concepts.

The worksheet text contained two considerable misconceptions.
First, it was stated cholesterol was a steroid. This notion was
misleading for students. Cholesterol is the metabolic precursor for
the five major classes of sterolds (Stryer, 1981). This misconception
was fully addressed and hopefully corrected. The second misconception
presented In the text stated that waxes were also steroids. Waxes are
a class of neutral lipids composed of long chain alcohols and fatty
acids. This Issue was also addressed in discussion. When discussing
and correcting misconceptions with students I emphasized that authors
have varyling opinions and texts are frequently edited, leaving out
valuable information.

One benefit of teaching this unit for students was their response
regarding that being a sclientist or laboratory technichian is not as
boring as previously perceived. The emphasis on biotechnology and the
subsequent discusslons certainly alded In clearing up this common

misconception.



INSTRUCTION

Dally Calendar and Detajled Outline of Lessons

Chemistry II Journal - Biochemistry

The Journal encompasses the dally calendar of the unit and a
detailed outline of the lessons and methods of presentation. The
lecture outline for the entire course is in appendix A. Appendix A
Includes buffers which were covered earller In the course and reviewed
at the beginning of this unit. Samples of laboratory exercises,
overheads, speclial assignments, and visuals are listed In the daily
Journal (Appendix B) and placed in separate appendices. (Appendices G,
H, and I) The pre and post interview, pre-test and post test, regular
quizzes and regular test are also Included in the appendix.

(Appendices C - F) Below is a sample of the dally Jjournal.

Day - 1 Monday: 2-12-90

LESSON PLAN

Introduction to Biochemistry

Pre-Test: Carbohydrates (appendix D)

Assignment: Read worksheet #1 - ‘The Chemistry of Living
Things’

Review: Buffers and their physiological importance

- (appendix A) ,

Lecture notes and discussion: see outline (appendix A)
Teaching assists - overhead projector, blackboard, &
visuals (appendix H)

Homework: Questions 1-9 worksheet 1

Day - 2 Tuesday: 2-13-90

LESSON PLAN
Correct homework and discuss
Finish lecture
Homework: Handout ®"Long Arm Of The Lab" - DNA

Fingerprinting Article from The Detrolt Free Press
Students are to read, summarize and Include their

26
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opinion of this ‘state of the art technique’ as
permitted by the courts to use as evidence.

Day - 3 VWednesday: 2-14-90
LESSON PLAN
Collect DNA Fingerprinting summary
Discussion: article Itself, grading procedure - content,
grammar, spelling, punctuation, and clarity.
Demonstration: How gel electrophoresis works
Handout: "Construction of a Restriction Map of the
Bacteriophage Lambda" - article on electrophoresis by
Dr. Clarence Suelter, M.S.U.
Homework: Worksheet #2 ‘Carbohydrates’ read for tomorrow.
#x% Samples of visuals, overheads, special assignments, and
laboratory exercises are Included In the appendix. Each Is llisted in

the daily Jjournal for easier access. (Appendix B)

Innovative Methods

Having a small class lends itself to easier applications of
Innovative methods. Demonstrations can be viewed ‘up close’ by all
students. One of the more innovative areas the author tries to
malntain Is the introduction of new or up-to-date laboratory
techniques. In order to save money, a laboratory exercise can be
performed as a demonstration rather than by the entire class.
Although a demonstration is not the prefered method, for small classes
It can be accomplished successfully. Three demonstrations that the
author does for students, executed as demonstrations rather than
‘hands on’ laboratory exercises are: electrophoretic technliques,
partition chromatography, and gel permeation chromatography. The
author belleves the requirement that students spend 40 percent of

thelir class time in laboratory is also quite Innovative. This allows
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students the opportunity to pursue in depth many of the lecture
topics. Students get added experlence in laboratory practices
benefitting them as college freshmen.

Small classes are also more manageable for small group work.
Many homework and review assignments are handled in small groups when
the students are ‘creating’ the assignment material. This small group
work Is implemented before all major test and for difficult homework
assignments; this encompasses 15-20% of class time. Dicussion amongst
peers s beneficlial for Increased learning because questioning
students recelve feedback from fellow students which for many ls
easier to assimilate. Learning is also aided in small groups by
students having to search for answers rather than getting a quick ‘in
one ear and out the other’ response from their teacher. Students get
better acquainted with each other and are more likely to risk making
an lncorrect statement. Discussion Is also easier to elicit from
students. Discussion is a major priority with this author. When
students carry out discussions however, misconceptions may occur, but
they can be easlly corrected. Good discussion also glves the
Instructor an excellent indication of what the students understand

about the topic(s).
Notes and Anecdotes

DNA Fingerprinting was a true success with students. Using the
two articles *Long Arm of the Lab" and "Construction of a Restrictlon
Map of the Bacteriophage Lambda® in conjunctlion with the

electrophoresis demonstration peaked in a high level of interest, a
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lively discussion, and even a minor debate. The debate centered on
the theme that even the best tralned laboratory technichians can make
mistakes and that lawyers can somehow always come up with thelr own
‘experts’ to refute findings. Clearly students retained a good deal
of knowledge on electrophoresis and DNA sequencing.

When students were asked for someone to explain or define the
term ‘assay’ - even though these students have some famillarity with
this term - the normal response is no show of hands, or at best a
roundabout guess. Therefore, I developed a way of helping them to
remember. First, I simply tell them the common definition: *The
qualitative or quantitative analysis of a substance." Next, I ask if
everyone is comfortable with this definition; normally most students
nod or respond affirmatively. Then I write the word ‘*ASSESS’ on the
board In blg capital letters. I then say: "to assess something is to
analyze, correct? (lots of nods) Now an ‘assay’ Is nothing more than
a way to assess (point to the word on the board) a substance. For
when you do an assay, do it very carefully so you do not end up
looking like ----(pause)" and I quickly erase the last ‘S’ In ASSESS.
Now, I certainly have everyone’s attention. However, the remaining
word on the board is not one to be left in plain view. So, I quickly
erase the word and someone Invarlably says: "I don‘t get it," which
puts the rest of the class in stitches. By the time a fellow student
explains to this person, order is pretty well restored. Epilogue:
The term ‘assay’ is now well - If not permanently - etched in thelr

minds.
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The protein digestion lab led to a real eye opener for one young
man. When I asked him, "Has there been much of any sign that
digestion has taken place?" the student repllied, "No, not much. The
gelatin Is still seven millimeters across." I then replied, "Determine
the surface area of the piece of gelatin now as compared to the full
ten millimeter square you started with." He did, and his response was
non-verbal. He Just looked wide-eyed and wore a very sheeplsh grin,
to which I replied, "Do you stil] say there has not been much of a
change?' The young man responded, "No, I’d say there’s been quite a
change." I simply smiled in approval and moved on to the next station
to ask the same question.

While reviewing proteins, in particular conjugated proteins, my
students had a good laugh at my expense. I used the term ‘prostrate’
group instead of prosthetlic group and the classroom burst into
laughter, including me. Laughter can certainly be said ‘to be the
best medicine’. The ensuing discussion was lively and - to say the
least - full of smiles.

A major benefit these students receive Is the familiarity they
obtained with modern laboratory techniques and equipment. These
Included - but were not limited to - Qualjtative Assays, Ouchterlony
Diffusion, Spectrophotometric Techniques, Electrophoretic Technlques,
Chromatographic Techniques, Hydrogen Ion Equilibria, Acid and
Enzymatic Hydrolysis of Starch, and Determining the Physical
Properties of DNA. Ouchterlony Diffusion and Hydrogen Ion Equilibria
were not Included In the blochemistry unit. Nonetheless, students did

perform these labs earller In the year. Student comments and
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reactions were very favorable. They commented that they enjoyed the
variety and the ‘newness’ of these techniques. Students conveyed they
are more comfortable with attempting complex scientific toplcs and

current laboratory techniques.

Laboratory Exercige Qutline

Nine exerclises make up the laboratory section of this unit. Two
of the laboratory exercises were completed as demonstrations due to a
lack of materials. Most of the exercises took multiple class periods
to complete. Only the ‘Fat Digestion’ lab could be completed in one
laboratory period. The ‘Study of Saccharides’ lab took five days to
complete. In total, 19 days were committed to laboratory work.
Dividing this number by the actual number of classroom sessions - 48,
a total of 40 percent of class time was spent in the laboratory
setting. The following is a list of the laboratory exercises and

their location in the appendix.

1. Pre-Lab: Study of Saccharlides

2. Saccharides

3. General Effect of Salivary Amylase on Starch

4. Introduction to Spectrophotometry

S. Digestion of Fat

6. Introduction to Qualltative Analysis of
Proteins and Amino Aclds

7. Partition Chromatography of Amino Aclds

8. Protein Digestion by Papain and Bromelain

9. Gel Permeation Chromatography

10. Properties of DNA

Labs #3, #4, #8 and #9 were taken from The World of Biochemistry
software disk. Lab #2 and lab #7 were obtalned from Exercises in

Biological Science. The pre lab #1 was developed by Sonja Michaud (my
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student teacher in “89) and revised by the author. Lab #5 was
developed by the author. Lab #6 was obtained through Carollina
Biologlcal Supply and lab #10 was acqulired from Modern Blology, Inc.

I now have over 100 laboratory exercises cpvering biochemistry
and biotechnology. Which I will gladly share with anyone who requests
them. Lipids is the one area where laboratory exercises are scarce.

A list may be obtained by contacting the author. Address: Stockbridge

High School, 416 North Clinton, Stockbridge, Michigan 49285.

Laboratory Techniques

Laboratory techniques emphasized in the saccharide lab are:
lodine Test, Benedict’s Test, Acid Hydrolysis, and Enzymatic
Hydrolysis. For the salivary amylase lab spectrophotometry or
colorimetry ls the technique used. The ‘Introductlion to
Spectrophotometry’ lab stresses spectrophotometry and graphing. The
fat and protein digestion labs also emphasize Enzymatic Hydrolysis.
The quallitative analysis lab Incorporates the use of Assays to
identify specific proteins and amino acids. Paper chromatography and
determination of R¢ values are the key techniques used in ‘Partition
Chromatography’. The ‘Gel Permeation Chromatography’ lab is a unique
separatory technique for the secondary level. Determination of the
physical properties of DNA offers students techniques of spooling,

denaturation, and enzymatic hydrolysis.
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Laboratory Objectlives.

Upon completion of this section the student will be able to:

1. Determine: whether certain saccharides are reduclng sugars;
If sugars are helically coiled or branched polysaccharides; the
effect of enzyme hydrolysis and acld hydrolysis upon
polysaccharides; the end products of fat digestion; the effect of
pH on enzymatlic actlon; the R¢ value of an amino aclid In a given

solvent; the effects of DNAase on the structure of DNA.

2. Discover: the physical changes that occur during starch

digestion; the physical properties of DNA.

3. Practice: the use of the spectrophotometer and eventually
master its use upon completion of lab exercises; spooling

techniques as a means of separation.

4. Graph: the visible absorption spectrum of a colored solution.

S. Plot: a graph and Interpolate results; and develop a standard

curve.

6. Explain: how lipase and bile work together in the breakdown

of fats; the enzymatic breakdown of a protein.

7. Assay: for ldentification of proteins and amino acids; for
determining an unknown protein or amino acid; for determining

denaturation of a single strand of DNA.

8. Separate: amino aclids using paper chromatography.



EVALUATION

The pre and post test Instruments do not reflect each objective;
they are shortened verslions of the regular classroom test which does
cover the full spectrum of objectives. Students’ grades were not
affected by pre and post test scores. Grades were only based upon
regular classroom work. However, post test could be used as part of
the overall grade. The pre and post test Instruments were designed to
Include a broad sampling of objectives. The reasoning behind this was
that pre and post test covering all objectives would take nearly a
full period to complete and students would bemoan such an exercise.
Full cooperation of the students to put forth thelr best efforts was
essential for the results to be meaningful. Therefore the instruments
were intentionally kept short to attain a higher level of quality
student effort. Pre and post test Instruments were used in previous
units to acquaint students with the concept of testing for analysis.
Early results indicated that some students simply wrote in an answer
Just to finlsh the test as fast as possible. Fortunately, most of the
students cooperated well. While the uncooperative ones dropped the
course at semester break - before the biochemistry unit. The pre and

post tests are included in Appendix D.

Analysis of Tests Data
An ltem analysls was conducted for each of the pre and post
tests. The answers were keyed on scantron sheets and an item analysis
processed In the Computer Laboratory at Michigan State Unlversity was
34



35

completed. Item analysis Is useful In guiding and Improving
Instruction. According to Olson (1990), a minimum number of 50 test
will yelld the best analysis. Thls study was by necessity, conducted
on class sizes of 11 and 12 respectively. However, the Item analysis
statistics were beneficlal to the author and did indicate several key
results which are discussed later.

Item analysis breaks the students’ scores into groups. The
groups are divided into the upper, middle , and lower groups. This Is
done to determine an "lindex of discrimination®. The Index of
discrimination Is the difference between the proportion of the upper
group with correct responses and the proportion of the lower group
with correct responses. Olson (ibid) states: "It has long been
accepted that optimal ltem discrimination is obtained when the upper
and lower groups each contain twenty-seven percent of the total
group.” (p. 1). The higher the discrimination index, the more
discriminating the question. The difficulty Index Is the proportion
of the total group who answered the questlon Item Incorrectly. A high
difficulty Index indicates that the question Iis difficult while a low
index Indicates an easy question. Olson also noted: "...most test
constructors desire items with indices of difficulty no lower than 20
nor higher than 80, with an average ...from 30 or 40 to a maximum of
60." (p. 2). Using these two indices, the author was able to look for
ambiguity, level of difficulty, and poor option alternatives in the
Individual test questions.

The item analysis of the post test helped to determine student

performance In meeting the objJectives. Findings Included: al]l tests
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would have been more meaningful had they consisted of twenty questions
(see Appendix D); and that it Is very difficult to Include four
sultable alternative distractors (options) for certain questions. 1In
addition, questions with low iIndices of difficulty (20 or less)
presented a dilemma: were the questions too easy or does this Indicate
that objectives were met by a high percentage of students. None of
the tests had items that reflected an amblguous question. Thls Is
evident by the fact that none the lower group scores were higher than
the upper group for any questlion. The results are very subjective due
to the small size of the groups. The pre-test results give much
better ranges within the indices than the post test. However, one
finds it very difficult to analyze Instructional methods based upon
scores achieved before material was eveﬂ presented. Completing the
item analysis, the author arrived at the following results for each
section of the unit.

The carbohydrate test consisted of 15 questions containing three
items from the laboratory objectives. Five of the questions for the
‘89 group had low difficulty Indices. In analyzing these questions,
the author felt number 4 would be considered an easy question and the
others simply indicate students had met the objectives. The ‘90 group
had two questions with low difflculty indices, questions 4 and 10.
This suggests.that #4 |Is Indeed an easy question. Questions 3, 4, and
12 had indices of discrimination of zero for both years. However,
question #3 has a falrly high index of difficulty in ‘90 which means
that the middie group students missed the questlion Instead of the

lower group. Question #12 is definitely a problem, with Indices of
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difficulty of 100 and 91 respectively and discriminations of zero.
This question needs correcting. While the correct response was there
(#5), the students had chosen response #2 - which was only partlally
correct. Rather than being an ambiguous question, which ls normally
Indicated by such results, the responses were ambiguous and the item
can easlly be corrected by revising response #2. This should glive a
much better range In the Item analysis. The remaining questions,
based on the analysis, flt the desired Indices fairly well.

For the remaining sections on llplds, proteins and enzymes, and
nuclelc acids, the analysis will be based on both years combined to
give a somewhat better Indication of test item quality. For the
results on the tests see Table 2.

The lipid test contained ten questions with one item from the
laboratory objectives. Questions 2, 6, and 9 had Indices of
difficulty and discrimination of zero for both years. Did these
results indicate easy questions or were objectives met by all
students? The author feels they are all viable questions. Pre-test
scores give no Indication of ‘easy question’ items and anyone takling
the test without a background in ‘lipids’ would be fortunate to guess
one of three. Question #5 fits the ‘ideal’ test ltem very well.
Students chose three of the four other optional responses and both
indices were fairly high and within the recommended range. There was
no indication of a very difficult question or one that was amblguous.

The protein and enzyme test consisted of 20 questions with only
one item concerning a laboratory objective. Only question 14 had low

Indices for both difflculty and discrimination. This questlion upon
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examinatlon Is easy for students based upon the very poor quality of
the other options (distractors). These distractors certalinly need to
be changed, or at the very least, Improved upon. When developing test
Its imperative to carefully choose all distractors. Question #4 was a
difficult question. The index of difficulty in ‘89 was 100 and 58 in
‘90. Analysis of the question showed that the question was designed
to be difficult and required ‘critical thinking’ on the part of
students. The ‘90 group showed improvement on this question and the
Index of discrimination was 100, indicating only the ‘thinkers’ got
the guestion correct. Item #4 was also a well balanced test [tem
having students choose all four other options. The remaining items
fit the desired indices fairly well.

The nucleic acid test was the last of the pre and post test. The
test contained 15 items, none of which Included a laboratory
objective. Questions 4, 5, and 15 have low indices of difficulty and
discrimination. The pre-test indices are all high for these three
questions and upon evaluation of the items, none were considered easy.
The students had met these three objectives very well. Question
number 6 in the ‘89 group showed good option balance but In ‘90 all of

the students but one had correct responses.

Evidence that the Unit has Made a Difference

The following tables and figure are illustrations of the results
students attained after completing this unit. Pre-test and post test
results for both years are Included in Tables 2 and 3. Table 4 shows

the results for both years of the students’ regular classroom tests.
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Figure 1 represents the pre-test and post test comparlisons for both
years. Tables 2-4 and Figure {1 reflect comblined class averages. Pre

test and post test are Included In Appendix D.

Table 2 - Pre Test Results

Results reflect 23 combined scores for ‘89 and “90.

Test Topics Carbohydrates Lipids Proteins Nuclelc acids

| [
| |
| & Enzymes |
| |
| Pre-Test /89 & ‘90 |
| Total questions 15 10 20 15 |
| Mean score 9.08 4.59 8.09 4.51 |
| Percentage 61 46 40 30 |
| St. Deviation 2.34 1.47 2.88 1.39 |
| Range 4-13 1-7 2-14 2-7 |
| ]
1

|

The carbohydrate test scores on the pre-test in ‘89 were inflated
due to students not taking the test until flve days Into the unit.
This was the fault of the instructor as It was nearly forgotten. The
pre-test scores in ‘90 were also somewhat inflated as the reading
assignment had been completed prior to the test. Thus the average
scores do not reflect a ‘true’ pre test score. Fortunately, these

errors did not occur in the other units.
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Table 3 - Post Test Results

Results reflect 23 combined scores for ‘89 and ’‘90.

Test Toplcs Carbohydrates Lipids Proteins Nuclelc aclids

| |
| |
I & Enzymes |
| |
| Post Test ‘89 & “90 {
| Total questlions 15 10 20 15 |
| Mean score 9.73 8.39 14.03 11.71 |
| Percentage 65 84 70 78 |
| St. Devliation 2.58 1.33 3.73 2.82 |
| Range 6-14 5-10 8-20 3-15 [
| |
] ]

The average score on the carbohydrate post test Is not reflective
of student achievement. The results of the carbohydrate post test
(class average of 57%) were disappointing for the class of “90. This,
the author feels, is a direct result of student apathy toward post
test and this ‘lack of effort’ was subsequently addressed. The post
test results in ‘89 showed an average of 73 percent which Is within
the ‘normal’ percentage for the secondary classroom. Combining the
two averages, a percentage of 65 was obtained. Four students did
achieve a score of 14 correct indicating positive results.

The lipid test scores were better than expected on the post tests
and indicate that a great deal of learning had occurred. With class
percentages going from 49 to 85 in ‘89 and from 43 to 83 in ‘90 the
author was very pleased with the results. However, the author’s
enthusiasm was somewhat tempered by the brevity of the test. A test
half again as long, or better yet, even twice as long would be a much
more accurate indicator of student achlevement. Flive of the total 23

students did receive perfect scores of 10.
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The protein and enzyme post test also indicated marked
Iimprovements over the pre-test. Combined average percentages for the
two pre-tests were 40 percent and for the post test the combined
averages were 70 percent. One score of 19 was recorded for ‘89 and
one score of 20 was achieved in “90. The protein and enzyme test Is
the better indicator of student learning as the average scores are
based upon 20 questions rather than 10 or 15 as in the other tests.

The results on the nuclelc aclds test are also encouraging. The
test scores Improved from 28 to 73 percent in ‘89 and from 32 to 83

percent In ‘90. The mean score Improvement on the post test of 1.59

In ‘90 1s significant. The author feels thls resulted from additlional

supplementary materlals and an Improved laboratory exercise. There

were four perfect scores of 15, two In each year.

Table 4 - Regular Classroom Test Results

Results reflect 23 combined scores for ‘89 and “90.

|

| Test Name Carbohydrates Lipids Proteins Nuclelic Aclds
| 8 Enzymes

|

| Regular Test ‘89 & “90

| Total points 62 68 75 65
| Mean score 46.81 54.45 65.10 51.35
| Percentage 76 80 74 79
| St. Devlation 6.79 9.59 11.58 9.98
| Range 30-56 33-67 39-72 22-65
|

1

Table 4, summarizes the results of the regular classroom test.
The author belleves that regular classroom tests are accurate

Indicators of student performance, since these test scores greatly
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affect students’ grades. The regular test encompasses nearly all
objectives, both lecture and laboratory. The mean for the regular
test scores is 68. Multiple choice, short answer, matching, listing,
explalning, deflning, analyzling, and interpreting questions were used.
Laboratory objectives were extensively Included. The complete set of
tests is included with answer keys in Appendix F.

The main purpose in including the regular test results is to add
validity to the post test. By comparing the percentages on the
regular tests with the post tests, one is able to see that the post
test results are indeed valid. The four test result percentages of
the post test and regular test match up favorably. The one exception
in the results is the carbohydrate test comparison. There is a
difference of 13 percent in post test and regular test percentages.
The author noted this discrepancy to the class - asked them to give a
complete effort on the pre and post test - and based upon the
remaining test comparisons, this effort seems to have occurred.

Evidence of student interest came in ‘unmeasurable’ forms.
Students would come Into class before and after school to re-do or
Improve laboratory exercises. Students, Interested in specific areas,
would request additional readings and there were even a few requests
for additional labs. The highlight of the year occurred when two
seniors, who had the last week off, came back into the class for three
out of the flve days to do additional laboratory work; staying for two
hours or more performing titrations and other analysis techniques.

A discussion during the lipid unit led to the discovery of a

common misconception among high scool students. The statement was
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made by one of the students that fats In any form are ‘bad’ for you.
Many students agreed. An animated discussion ensued Involving all
students; after emphasizing all of the functlons of lipids and the
necessity of lipids for body processes, the misconception was
corrected.

The final evidence came during the post interviews. Nineteen of
the twenty three students gave very good to excellent answers to the
questions - "Why Is blochemistry important to you?" and "Why is
biochemistry Important to mankind?". The flnal question on the post
Interview was - "How do you think this unit will benefit you in your
college science courses? Eighteen of the twenty three students felt
this unit and the preceding units would be of great benefit for
college. Some of thelr comments included: "I‘m planning on golng into
medicline and I no longer have nearly the level of fear for the
difficulty of the classwork and labs." "I was planning on majoring in
Genetics but now I‘ve switched to Bio-physics." "I was thinking about
majoring in Chemistry, now I‘m planning on it!* This was a good
indicatlon that students were indeed motivated to choose science as a
career. The few who felt that this unit really wouldn’t help in
college were going into a business related curriculum. However,
several of these students did comment that the study requirements were
good preparation for the rigors of college classes.

Fortunately, there was not a large quantity of negative evidence.
Each year there were two students who I could not seem to motivate and
get them truly Interested In blochemlistry. Whether they dld not care

for the material or ‘senjoritis’ had set in, the author remalins
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disappointed in their performance. Looking over the laboratory grades
the author noted two students had achleved scores of only 50 percent
on the "Physical Properties of DNA". This was a very low score
compared with the others. As mentloned previously, the post test on
carbohydrates was not very positive primarily due to student apathy,

but obJectlves were met as evidenced by the regular test scores.



CONCLUSIONS AND REFLECTIONS

Pertinent Events

Undoubtedly, the major highlight of the unit for the students and
the author Is the opportunity to work with the current laboratory
procedures. The DNA Fingerprinting article, the Restriction Mapping
article and the subsequent Electrophoresis demonstration was an
effective way to start the unit; this combination truly plqued student
interest. The discussion of DNA Fingerprinting as permissible
courtroom evidence gave students an opportunity to consider a science
based societal Issue. The saccharide lab gave students five
consecutive days in the laboratory, giving them a sense of how three
to four continuous hours in a college lab would ‘feel’. The classwork
assignment ‘Looking at the Saccharides in Our Foods’ gave the students
the opportunity to make informed decisions about nutritional content.
The oral report on steroid abuse allowed students a chance to do a
brief lliterature survey and obtain valuable Information on a major
societal issue. Data analysis was the primary objective of many labs
encouraging students to use ‘critical thinking’ procedures. The
demonstrations on Gel Permeation Chromatography and Partition
Chromatography were well recieved and discussed at length. The entire
class period spent looking through the special visuals of Cell
Ultrastructure was ‘fun’ for all and the time passed quickly. The
extra materials in the form of overheads and visuals during review
sessions led to many interesting student observatlions and questions,
lending valuable connections for students.

46
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Accomplishments of the Unijt

The strengths inherent in this unit are many. Students were
required to draw and label the basic structures of compounds In all
sectlions, not just ‘memorize to recognize’. This technigue led to
better understanding and comprehension. The more written blochemical
exercises required of students, the higher the attainment of
obJectives. Group work - having students create their own review
assignments, questions and problems - proved to be very beneficlal.
Students adapted well to new laboratory techniques. Even though a
mastery level was not achieved by all, the opportunity was available.
The laboratory requirement of 40 percent is bellieved unique in the
secondary setting and is clearly one of the strengths of this unit.
The assigning of work in small groups showed evidence of this
technique being very helpful, especially for the ‘slower’ learner.
Peer feedback and assistance helps increase comprehension for
students. Emphasis on discussion was to involve all students; the
author believes this emphasis provides a strong teaching methodology
in this unit.

The unit has some weaknesses. One weakness of the unit is the
complete lack of audio-visual materials. Films, videos, and
filmstrips exist, but are not readily available. These audio-visual
materials are unavallable In either the high school library, the
sclence department ]ibrary, or the Intermediate school district
llbrary. Audiovisuals for blochemlstry are avallable, but are costly.
Another negative aspect of the unit Is the lack of ‘hands-on’ models

for students. While the high school sclence department does have
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molecular construction models, there is a need to purchase nucleic
acld and other biochemical models. Avallable time constraint Is a
third weakness of the unit. There Is not enough time to cover the
objectives in as much detail as the author would prefer. There Is
certalnly enough blochemical Informatlion avallable to fll1l an entire
semester. However, in establishing the Chemistry Il course the author
was responsible for creating a comprehensive course. For example: the
biochemistry unit was shortened by two weeks in ‘90 to include a four
week unit on Environmental Chemistry. Other units were condensed as
well. Another more subtle fault Is the one-hour laboratory time
frame. This breaks up the continuity of lab exercises and creates
difficulty in finding an appropriate place to ‘stop’ until tomorrow.
While not a true fault of the unit - but nevertheless a problem - Is
the fact that students were not enthusiastic with the pre test and
post test; but most complied well and results on the whole are
accurate.

The evidence presented by the post test scores and the additional
regular test scores Is indicative of better student understanding In
blochemistry. Average post test scores - based on mean scores - over
the four sectlons in ‘89 of 75 percent, post test averages (3) of 79
percent In ‘90 (not including carbohydrates due to validity concerns)
certainly lend credence that learning has been achieved. Supported by
average regular test scores - again inclusive of all four sections (77
percent in both ‘89 and ‘90) - evidence Is clear that the objectlves

were attained, and at nearly the accepted ‘ideal’ value of 80 percent.
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Suggegted Revisions

One revision is to create 20 Item pre tests and post tests to be
used iIn all four sections. This would improve the valldity of the
test and make subsequent analysis much easler. Secondly more
laboratory objectives should be included. The pre tests and post
tests should be checked to see if they are a true cross sampling.
Distractors for all tests questions need to be reviewed and
improvements made.

The carbohydrate unit needs improvement in two areas: first, to
include more written exercises and second, to Incorporate more small
group work. Having students keep a daily or weekly journal including
brief comments concerning content and methods - to be read by the
instructor - would aid in evaluating and improving the unit. The use
of appropriate hands-on models would ald all students, especlally the
visual learners. Field trips to biotechnology industries and/or
university laboratory facilities would give students an oppurtunity to
see the application of these ‘real world’ techniques. Finally, the
author would bring in as many quality audiovisual materlals as

possible in fitting the time frame of the course.

Suggested Future Units

Additional units that could be Included are: Photosynthesis,
Physical Chemistry, Cellular Biochemistry, and a Research Project.
The photosynthesis unit would emphasize: photosystems, the Dark
reaction(s), and plant metabolism. Physical Chemistry’s emphasis

might Include: reactlion energies and kinetics, chemical equilibrium,
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and a more In-depth study of oxlidation-reductlon reactions. A
Cellular Biochemistry unit should consider: anatomy and physiology,
molecular components, transport systems, biosynthesis, and catabolism
and metabolism. The research project might become the priority unit
of the four. One week of library research, six to eight weeks of
written and oral preparatipon, and one week for oral reports would work
nicely. The six to eight weeks of preparation would be done outside
the classroom. How and where high school educators can sqeeze in the

additional weeks necessary for Just one unit is the challenge.



GLOSSARY

Alcohol A compound containing a hydrocarbon group and one or more
hydroxy! (-OH) groups.

Alpha amino aclds The basic bullding blocks of proteins; containing
at least one acidic carboxyl group (-COCH) and one basic amino
(-NH=2) group on the (alpha) carbon next to the carboxyl group.

Antibody Proteins In the blood that combine with foreign particles
to neutralize them, thus producing immunity.

Anticodons An exposed triplet base found on tRNA that determines
what amino acid to pick up and where to bind on mRNA.

Biochemistry The study of the structure and composition of compounds
that make up the molecular basis of life.

Biosynthesis The building of organic coumpounds by living organisms.

Carbohydrates An organic compound made of C, H, and 0, Including
sugars (energy), starch (storage), and cellulose (structure).
The H to 0 ratio is 2:1.

Carbonyl group The structural group contalning an oxygen atom double
bonded to a carbon atom in a carbon chain. Example - RCOR”
(keytones).

Catalyst A substance that speeds up the rate of a reaction without
becoming chemically altered or consumed by the reaction.

Cellulose A polysaccharide forming the strong fibrous stucture in
plant cell walls; commonly refered to as roughage or fiber.

Chitin A polysaccharide that is the major component of the
exoskeleton of crustaceans and insects. It also makes up the
cell wall of fungl.

Cholesterol A lipid which Is the metabolic precursor for the five
major classes of sterold hormones contalining the ‘backbone’
structure - three cyclohexane rings and one cyclopentane ring.

Codons A group of three nucleotides found on mRNA that code for a
specific amino acid

Coenzyme Specific cofactors that are complex nonprotein organic
molecules that act with enzymes In catalyzing reactions.
Example - vitamins

Cofactor The prosthetic group of a conjugated enzyme that is
necessary for the enzyme to functlion properly.
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Conjugated enzyme An enzyme that has a prosthetic group attached.

Conjugated protelns Proteins that, when hydrolyzed, yleld amlno
acids and other organic or lnorganic components.

Dehydration synthesis The formation of complex organic molecules
involving the removal of a molecule(s) of water.

Denaturation The loss of the characteristic biological activity of
proteins due to any of a variety of extremes.

Digestion The process by which foods are broken down Into small,
water-soluble molecules.

Disaccharide The sugar formed by the chemical combination of two
simple sugars (monosaccharides). Example - sucrose.

DNA (deoxyribonucleic acid)> A molecule consisting of alternating
five carbon sugar units (deoxyribose) and phosphate molecules
connected by speciflc nitrogenous bases. This is a double-helical
structure which contains the genetic code.

Enzyme A proteln catalyst produced by the cell for the purpose of
speeding up speciflic organic reactions at body temperatures.

Essential amino aclds The amino acids that must be Ingested because
higher animals cannot synthesize them.

Ester The compound formed by the reaction between an alcohol and an
acid.

Fats Esters of glycerol and three different (mostly saturated) fatty
acids; are solids at room temperature.

Fatty acids Carboxylic acids with long, even-numbered carbon chains.

Glycerol An alcohol with three hydroxyl groups on three carbon
atoms; also called glycerin. Has the chemical formula CsHs(OH)a.

Glycogen The readily available storage form of glucose that Is
stored in the liver and skeletal muscle.

Hormone Biological regulators that are secreted by glands or organs
that control chemical reactions iIn other parts of the body.

Hydrogen bonding A weak chemical bond between hydrogen on one polar
molecule and a highly electronegative atom on another molecule.
Most commonly found In water molecules. '

Bydrolysis The chemical breakdown of a substance by the addlition of
a water molecule.
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Bydrophilic The polar head group of a phospholiplid or glycolipid
that has an afflnity for water In the membrane 1ipid bllayer.

Hydrophoblc The hydrocarbon tail of a phospholipid or glycollpid
that avolids water molecules thus forming the nonpolar interior of
the lipid bylayer

HYdroxyl group Has the symbol -OH which covalently bonds to alkanes
to form alcohols. Not to be confused with the hydroxide (OH-)
fon.

Liplds Several classes of organic compounds composed of C, H, and O
which are insoluble in water. Formed from fatty acids and
alcohols these have a H to O ratio greater than 2:1. Examples -
fats, waxes, and sterolds.

Metabollsm The highly integrated network of chemical reactlons that
enables cells (organisms) to obtaln energy and syntheslze
molecules.

Monosaccharide The simple sugars; these carbohydrates cannot be
broken down into simpler carbohydrates. Example - glucose.

mRNA (messenger RNA) A single stranded polynucleotide that carries
the genetic code from the nucleus (after transcription) to the
ribosomes.

Neutral lipids Commonly known as fats and oils, these compounds are
esters of glycerol and three fatty aclds.

Nuclelc acids Polynucleotides that are responsible for making
proteins (RNA) and and passing on genetic information (DNA).

Nucleosides Basic building block of nucleic acids composed of a
sugar and a nitrogenous base.

Nucleotides A nucleoside that has a phosphate group attached after
reacting with phosphoric acid. Thus it iIs composed of a
nitrogenous base, a five carbon sugar, and phosphoric acid.

0ll A neutral lipid that is a llquid ester of glycerol and virtually
unsaturated fatty acids.

Ol igosaccharides Complex sugars contalning two to ten
monosaccharides most of which are disaccharides.

Organic molecules Compounds containing carbon that are essential to
- or produced by - living organiasms, excluding CO, CO2, and
carbonates.

Pectin Polymers of saccharides found in many fruits and plant cell
walls.
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Peptldes Joined amino acids resulting from the process of
dehydration synthesis. Two amino acids - dipeptlide.

Phospholipids A class of liplds composed of glycerol, two fatty
aclds, and a phosphate group.

Polypeptides One step below a protein, made up of up to fifty amino
acid subunits linked by peptide bonds.

Polysaccharide Carbohydrates that are very long, straight or
branched chalns composed of up to thousands of monosaccharide
units.

Prosthetic group The nonanino acid part of a conjugated protein.

Protein Organic molecules that contain C, H, 0, and N; that are
complex chains of amino acids essential for nearly all aspects of
cellular structure and function.

Regulator Compounds in the body that serve to control or direct a
multitude of physiological functions. Example - hormones.

Replication A process that occurs only In the nucleus where a DNA
molecule duplicates an exact copy of itself.

RNA (ribonucleic acid) A single stranded nucleic acid, containing
the sugar ribose, found primarily in the cytoplasm that carries
out protein synthesis.

rRNA (ribosomal RNA) Serves an important role in translation as the
bonding site to mRNA and moves along the mRNA as tRNA puts the
amino acids In proper sequence.

Simple enzymes Yield only amino acids when hydrolyzed; does not
contain any cofactors.

Simple proteins Yield only amino acids when hydrolyzed; contaln no
prosthetic groups whatsoever.

Starch Polysaccharides that are composed of polymerized glucose
units that are the most important source of dietary carbohydrates
(stored energy).

Steroids Composed of three fused cyclohexane rings and one
cyclopentane ring; these are Important biological regulators
which can cause dramatic physlological effects.

Substrate The reactant substances that the enzymes attach to and act
upon in enzyme catalyzed reactions.

Transcription The process by which DNA makes mRNA to transfer
information for protein synthesis.
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Translation The process carrled out by all three forms of RNA and
ribosomes to bond amino aclds In a speclific sequnce to form
proteins.

tRNA (transfer RNA) Shaped llke a cloverleaf, this molecule has an
antlicodon that determines which amino acld to plck up and which
codon to bind te on the mRNA; ‘the workhorse of translation’.

Waxes Large esters of long chain fatty acids and monohydroxyl
alcohols that form protective, waterproof coatings on the
surfaces of leaves and frults for plants and on skin, fur, and
feathers for animals.
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APPENDIX A

OUTLINE FOR CHEMISTRY II

Inorganic review (time: 2-3 wks)

A.

Nomenclature
1. Naming elements, lons, and compounds
2. Empirlical and molecular formulas

. Writing and balancing formulas and equations

Stolchlometry

1. Percent composition
2. Mass to mass

3. Gas laws

4. Molality and molarity
Solutions

1. Solubility
Ionization

1. Electrolytes

2. Nonelectrolytes
Acids, bases, and salts
1. Definitions

2. Propertles

3. Indicators

Titration, pH and Buffers (3-4 wks)

A.
B.

Equivalents
1. Normality
pH
1. Ion concentration in water
2. Calculations
3. Neutralization reactions
Titrations
1. Molar solutlions
2. Normal solutions
3. Indicators
4. pH measurement
Buffers
1. Definition
a. Functlon
2. Preparation
a. Properties and components
b. Henderson-Hasselbach equation
c. Titration principles
3. Physiological Importance
a. Homeostasis
(1). cellular level
(2). systems
(a) blood
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(3). organisms
(4). ecosystems
(a). acid rain

III. Organic chemistry
A. Carbon coumpounds
1. Oxlides
2. Bonding
3. Structures
B. Hydrocarbons
1. Structural formulas
2. Nomenclature
3. Petroleum products
a. Separatlon technlques
C. Hydrocarbon Substitution products
1. Alkyl Halldes
a. Freon type compounds
b. Structures
2. Alcohols
a. Preparation
b. Reactions
3. Ethers
4. Aldehydes
5. Keytones
6. Carboxylic Aclds and Esters
a. Preparations
b. Reactlions
c. Saponification

VI. Biochemistry (9-12 wks)
A. Introduction
1. Definition
a. Biosynthesls
2. Organic molecules
a. Essential chemical elements of life
b. Compounds of living matter
(1). carbon chains
c. Four main classes
(1). carbohydrates
(2). llplds
(3). proteins and enzymes
(4). nuclelc aclds
B. Carbohydrates
1. Composition and function
a. C, H, and 0 H:0 s 2:1
(1), empirical formula C.(H20),
b. Energy source
(1). 4 calories per gram
c. Energy store
d. Carbon source
e. Cellular structural material



58

2. Definition
a. Two or more hydroxyl groups and a carbonyl group
b. Three main classes
3. Monosaccharlides
a. Simpie sugars
(1). the five most common
b. Structure
(1). open chain and ring forms
(2). hydrolysis
c. Nomenclature
4. Disaccharldes
a. Double sugars
b. Natural occuring
(1). commerclal food sources
c. Structure and compositlon
(1). Ci2H220,y, + H20
d. Important disaccharldes
(1). sucrose
(2). maltose
(3). lactose
5. Oligosaccharides
a. Two to ten monosaccharides
b. Disaccharides or double sugars
(1). composition
(2). dehydration synthesis
6. Polysaccharides
a. Five hundred to many thousand monosaccharldes
b. Storage and structural
c. Important polysaccharides
(1). starch :
(a). dietary carbohydrate source
(b). stored form in plants
(c). composition
(2). glycogen
(a). stored form In animals
(b). immediate energy source
(3). cellulose
(a). most abundant organic coumpound
(b). plant structures
(c). non-food for humans (FIBER)
(4). pectin
(a). fruits and plant cell walls
(5). chitin
(a). exoskeletons, insects and crustaceans
(b). cell walls of fungi
C. Lipids
1. Composition and function
a. C, H, and 0 H:0 Is > 2:1
(1). water-insoluble molecules
(2). bullding blocks are:
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(a). fatty acids
(b). alcohols
(c). other substances
b. Major energy store
(1). 9 calories per gram
¢. Structural material in membranes
d. Biological regulators
e. Protective components In
(1). bacterial and plant cell walls
(2). insect exoskeletons
(3). coverings of vertebrates
f. Four main classes
Neutral lipids (triglycerides)
a. Commonly called fats and oils
(1). the "food" lipids
(2). fats are solld at room temp and olls are lliquid
(3). chemical difference
(a). fats - mostly saturated
(b). olls - mostly unsaturated
(c). hydrogenation will solldify olls
b. Function
(1). storage of energy in both plants and animals
(2). other functions in animals
(a). Insulation to prevent heat loss
(b). protection against bruises and shock
(c). support for organs in the body
c. Structure
(1). fatty acid esters of the alcohol glycerol
(a). glycerol and three different fatty atids

. Phospholipids

a. Function
(1). structural elements of cell membranes
b. Structure
(1). glycerol, two fatty aclids, and a phosphate group
c. Leclithin
Waxes
a. Functlon
(1). protection and waterproofing
(a). leaves, fruit, skin, fur and feathers
(b). beeswax and whale oil
b. Structure
(1). esters of long chain fatty acids & monohydroxyl
alcohols

. Steroids

a. Functlion
(1). important biological regulators
(2). have dramatic physlological effects
b. Structure
(1). three fused cyclohexane rings and a cyclopentane
ring
c. Examples

(1). cholesterol, hormones, blle, poigsons, and vitamin D
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D. Protelns
1. Composition and function
a. C, H, 0, and N (most also contaln sul fur)
(1). some may also contain P, Fe, 2n, and Cu
b. Basic building blocks are alpha-amino aclds
¢. Energy source
(1). 3.8 calories per gram
d. Most abundant organic compounds within living cells
e. Control cell structure and function
(1). the means by which genetic information Is expressed
f. Diverse functions
(1). catalyst and regulators
(a). enzymes and hormones
(2). structural support
(a). bones and cartilage
(3). movement
(a). muscles and tendons
(4). protection
(a). skin and halr
(b). antibodies
(5). transport materials
(a). oxygen by hemoglobln
(6). source of essentlal amino aclds
(7). blood clotting
(a). fibrinogen and thrombin
(8). storage
(a). seed proteins and casein
(9). can be harmful
(a). viruses are malnly protein
(b). snake venom
(c). botullsm (bacterial protelin)
g. High molecular weight
(1). 6,000 to many million
2. Amino acids
a. Contain a carboxyl group and an amino group
(1). general formula
(2). alpha-amino acid
b. Alpha-amino acid
c. Average molecular weight of 120
d. Twenty common amino acids
(1). nomenclature
(2). essential amino acids
3. Peptides
a. Peptide bonds
b. Dehydration syntheslis
c. Tripeptides
4, Polypeptlides
a. 4 to 50 amlno aclds
(1). over 50, polymers are called protelins
5. Protein molecule characteristics
a. Each has a speclific chemical composition
(1). what amino acids compose It
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b. How much of each amino acld
c. Order of amino acid arrangement
d. A definite molecular welght
6. Two main classes
a. simple proteins
(1). yleld only amino acids when hydrolyzed
b. conjugated proteins
(1). yleld amino aclids and organic or lnorganic
components
(a). when hydrolyzed
(2). prosthetic group
(a). nonamino acid part
7. Common test for protetin
a. Biuret reaction
b. Xanthoproteic reaction
8. Other proteln properties
a. Hydrolysis
(1). strong acid or base at their boiling point
(2). digestive enzymes at lower temperatures
(a). both yleld peptides then amino acids
b. Denaturation
(1). loss of blological activity
(2). caused by
(a). extreme pH or temp
(b). certain chemicals: Pb, Hg, alcohol, or acetone
9. Protein metabolism
a. 20g/day minimum
b. Free amino acid pool
(1). protein turnover
10. Protein digestion
a. Hydrolysis of peptide bonds
b. Enzyme catalyzed
(1). proteases or proteolytic
11. Amino acid bliosynthesis
a. Plants
(1). can make all 20 essential amino acids
b. Bacteria .
b. Anlmals
E. Enzymes
1. Are proteins
2. Catalyst
a. Review definition
b. Usually end In -ase
4. Two main classes
a. Simple enzymes
b. Conjugated enzymes
(1). prosthetic group
(2). cofactors and coenzymes
5. Biochemical reactlons
a. Enzyme substrate complex
(1). speclfic sites
(2). lock and key
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b. Digestion
(1). amylase - starch
(a). mouth
(2). lipase - fats or oils
(a). small intestine
(3). pepsin - proteins
(a). stomach
(4). trypsin - proteins
(a). small intestines
(5). peptidase - polypeptides
(a). small Intestine
- C. Metabolism
d. Synthesls of proteins
(1). amino acids ---> polypeptides ---> proteins
(2). two step process
6. Factors affecting reactions
a. Concentration of enzyme
(1). [ ) denotes concentration
b. Concentration of substrate
c. pH
d. Temperature
F. Nuclelc aclids
1. Cellular structure review
2. Two main functions
a. Making proteins
b. Passing on genetic information
3. Scientific contributions
a. Watson and Crick
b. Franklin
4. Chemical nature
a. Basic bullding blocks
(1). nucleotides
b. Molecular weights
(1). DNA - ten billion range
(2). RNA - twenty five thousand range
c. Composition
(1). nucleotides
(a). pyrimidines and purines
(b). base palring of DNA and RNA
(2). five carbon sugar
(3). phosphoric acid
(4). nucleosides
d. Reactions
(1>. formation of DNA
(2). formation of RNA
(3). role of ADP and ATP
S. DNA
a. Genetic information
(1). replication
(2). hydrogen bonding
(3). amino acid paliring
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6. RNA
a. Three types
(1). mRNA. rRNA, and tRNA
b. Protein synthesis
(1). flve step process
(2). transcription - first step
(a). nucleus
(3). translation - four step process
(a). cytoplasm
(b). function of mRNA, rRNA, and tRNA
(c). peptide bonds
(d). codons and antlcodons
7. Amino aclds
a. abbreviations
8. Comparison of DNA and RNA

V. Photosynthesis (2-3 wks)
A. Photosystems
B. Dark reactions
C. Metabollism

VI. Projects (2 wks)
A. One week library research
1. Six to elght weeks to put project together
B. One week for presentations

VII. Physical chemistry
A. Reactlon energy and kinetlcs
1. Unlts and symbols
2. Heat of formation
3. Exothermic and endothermic reactions
4. Factors influencing reactions
B. Chemical equilibrium
1. Reversibility
2. Constants
3. Solubility
C. Oxidation-reduction
1. Electrochemistry
2. Electroplating

VIII. Environmental Chemistry
A. Geology and geography of the Great Lakes
1. Formation
2. Water flow
a. Great Lakes basin
b. watershed
c. wetlands
d. fresh water
B. The water cycle
1. Man’s Influence
C. Abiotic and blotic factors
1. Physical propertles
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a. pH
b. dissolved oxygen (D.O.)
¢. hardness
d. concentration of carbon dioxide (CO02]
e. temperature
2. Flora and fauna
D. Energy relationships and interactions
1. Ecosystem
a. niche
b. habitat
c. pyramid of energy
(1). food chailn
2. Photosynthesis and respiration
3. Cycles
a. carbon
b. nitrogen
¢. phosphorus
4. Energy flow
1. lake ecosystem
2. stream ecosystem
E. Man’s Impact on the Great Lakes
1. Positive and negative Impacts
a. use and abuse
b. effects on groundwater
2. Industrial and agricultural use
3. Regulation
4. Economic importance
a. flve major areas
5. Who should control the Great Lakes
a. ‘who pays to play’

IX. Additional units if time permits
A. Cellular biochemistry
B. Research projects
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APPENDIX B

Daily Journal

Day - 1 Monday: 2-12-90

LESSON PLAN

Introduction to Biochemistry

Pre-Test: Carbohydrates (appendix D)

Assignment: Read worksheet #1 - ‘The Chemistry of Living
Things’

Review: Buffers and their physiological importance

- (appendix A)

Lecture notes and discussion: see outline (appendix A)
Teaching assists - overhead projector, blackboard, &
visuals (appendix H)

Homework: Questions 1-9 worksheet 1

Day - 2 Tuesday: 2-13-90

LESSON PLAN

Correct homework and discuss

Finish lecture

Homework: Handout *Long Arm Of The Lab*" - DNA
Fingerprinting Article from The Detroit Free Press
Students are to read, summarize and include their
opinion of this ‘state of the art technique’ as
permitted by the courts to use as evidence.

Day - 3 Wednesday: 2-14-90
LESSON PLAN

Collect DNA Fingerprinting summary

Discussion: article itself, grading procedure - content,
grammar, spelling, punctuation, and clarity.

Demonstration: How gel electrophoresis works

Handout: *Construction of a Restric¢tion Map of the
Bacteriophage Lambda" - article on electrophoresis by
Dr. Clarence Suelter, M.S.U.

Homework : Worksheet #2 ‘Carbohydrates’ read for tomorrow.

Day - 4 Tuesday: 2-20-90 (2-15 snow day; 2-16 thru 2-19 mid-winter
recess)

LESSON PLAN

Return summary of ‘DNA’ article
Discussion: restriction mapping article and
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Day

Day

Day

Day

Day
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electrophoresis demonstration
Lecture and notes on carbohydrates: see outllne
- (appendix A)
Teaching assist - overhead projector, blackboard and
visuals (appendix H)
Homework: Draw and determine the differences of
monosacchar ides.

S Vednesday: 2-21-90

LESSON PLAN
Correct and discuss homework
Continue with notes on carbohydrates
Homework: Draw the structure and know the composition of
sucrose, maltose, and lactose

6 Thursday: 2-22-90

LESSON PLAN
Correct and discuss dlsaccharlide homework
Finish notes
Demonstration: cellulose is fiber - wheat, grass,
cattalls, rope, cereal, lettuce etc.
Homework: Questions 1-10, Worksheet 2

7 Friday: 2-23-90

LESSON PLAN
Correct homework
Classwork: complete pre-lab worksheet (appendix G)
Correct and discuss in class
Handout Saccharide Lab - four sections
Homework: Read information on Benedict’s test in lab
handout

8 Monday: 2-26-90

LESSON PLAN
Lab: Benedict’s Test - part 1
Homework: Read Iodine test procedure

9 Tuesday: 2-27-90

LESSON PLAN
Lab: Iodine test - part 2
Homework : Read procedure for Acid Hydrolysls of
Saccharides

10 Wednesday: 2-28-90

LESSON PLAN
No class: National Honor Society meeting
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Day

Day

Day

Day

Day
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11 Thursday: 3-1-90

LESSON PLAN
Lab: Acld Hydrolysis - part 3
Homework: Read Enzymatic Hydrolysis of Saccharides:
Amylase Action on Starch

12 Friday: 3-2-90

LESSON PLAN
Lab: Enzymatlic Hydrolysis - part 4

13 Monday: 3-5-90

LESSON PLAN
Finish Enzymatic Hydrolysis lab analysis and questions for
the previous labs. Hand In completed Saccharide lab.
Homework: Bring in at least three food labels that have
the nutritional (carbohydrate) content listed.
Cereal packages are recommended.

14 Tuesday: 3-6-90

LESSON PLAN
Hand back and discuss Saccaharide lab
Classwork: ‘Looking At The Saccharides In Our Foods’
- (appendix G)
Homework: Study for carbohydrate quiz tomorrow. Test on
Friday.

16 Wednesday: 3-7-90

LESSON PLAN
Hand back and discuss Saccharides in our Foods.
Take last minute questions before quiz.
Administer quiz. (appendix E)

16 Thursday: 3-8-90

LESSON PLAN
Correct Quiz and dliscuss.
Review: Carbohydrates - emphasis on lab work
Teaching assists - overhead and blackboard (appendix H)

17 Prlday: 3-9-90

LESSON PLAN
Release day for Science Olympiad Team.
Other class members (6) ald In setting up events.
No assignment
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Day

Day

Day

Day
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18 Monday: 3-12-90

LESSON PLAN
Use overheads from ‘Biochemistry 200’ |llustrations to
review stuctures emphasized in previous labs.
- (appendix H)
Hand out salivary amylase lab and give background
information in pre lab disscussion.
Homework: Read lab, pay close attention to procedure.

19 Tuesday: 3-13-90

LESSON PLAN
Lab: ‘General Effect of Salivary Amylase On Starch”’

20 Wednesday: 3-14-90

LESSON PLAN
Lab: finish ‘Salivary Amylase lab’
Homework: Complete lab write-up and data analysis
Carbohydrate test on Friday 3-16

- 21 Thursday: 3-15-90

LESSON PLAN (Guest Teacher - ‘Substitute’)
Collect labs
Students are to work in groups and study for tomorrow’s
test. Develop questions and answers then exchange
between groups. Have guest teacher collect.
Reminder: Test tomorrow

22 Friday: 3-16-90
LESSON PLAN ‘

Administer Carbohydrate Test (appendix F)

Handout: Pick-up lipid worksheet

Homework: Read pages 10-11 of Liplid Worksheet #3 for
Monday.

23 Monday: 3-19-90

LESSON PLAN
Post Test: Carbohydrates (appendix D)
Correct regular test and discuss.
Hand back labs and discuss.
Homework: Finish reading Lipld Worksheet #3 for Wednesday.

24 Tuesday: 3-20-90

LESSON PLAN
No class: Drama Club Play
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Day - 25 Wednesday: 3-21-90

LESSON PLAN

Pre-Test: Lipids (appendix D)

Lecture notes and Discussion: see outllne (appendix A)
Teaching assist - overheads, blackboard and visuals
- (appendix H)

Homework: Questions 1-10 end of lipid worksheet, due

tomorrow.

Oral report on steroid abuse due Monday 3-26.
Students are to do a lliterary survey flnding
information on an athlete who has used/abused
sterolds and report results. (appendix G)
Read Spec 20 lab for tomorrow.

Day - 26 Thursday: 3-22-90

LESSON PLAN
Lab: ‘Introduction To Spectrophotometry”

Day - 27 Friday: 3-23-90
LESSON PLAN
Lab: finish Spec 20 lab
Homework: Complete lab write-up and data analysis.
Reminder: Oral report on steroids due Monday.
Day - 28 Monday: 3-26-90
LESSON PLAN
Hand back homework from 1ipid worksheet and discuss.
Oral reports on steroids
Collect Spec 20 labs
Homework: Read fat digestion lab for tomorrow.
Day - 29 Tuesday: 3-27-90
LESSON PLAN
Lab: Fat Digestion (appendix I)
Homework: Lab write-up and data analysis
Day - 30 Wednesday: 3-28-90

LESSON PLAN
Collect labs and discuss
Lecture: finish notes on lipids
Teaching assists - overheads from ‘Biochemistry 200
and Blochemlstry of Lipids and Membranes
- (appendix H)
Homework: Test Friday on Liplds



70

Day - 31 Thursday: 3-29-90

LESSON PLAN
Review for test on lipids tomorrow. Whole class, then
small groups.

Day - 32 Friday: 3-30-90

LESSON PLAN
Administer Test on Liplds (appendix F)
Post test: Lipids (appendix D)

Day - 33 Monday: 4-9-90

LESSON PLAN
Hand back fat digestion lab
Return regular lipid test and discuss
Pre-test: Proteins & Enzymes (appendix D)
Hand out Protein worksheet
Home work: Read all of Protein Worksheet #4 and answer
questions 1-10 for tomorrow.

Day - 34 Tuesday: 4-10-90

LESSON PLAN
Correct homework and collect
Lecture and discussion notes on proteins: see outline
- (appendix A)
Teaching assists - overheads, blackboard, and visuals
- (appendix H)
Handout Enzyme worksheet
Homework: Read all of Enzyme Worksheet #6.

Day - 35 Wednesday: 4-11-90

LESSON PLAN

Oral qulz on reading assignment

Finish notes on proteins and complete enzyme lecture as
well.
Teaching assists - overheads, blackboard, and visuals

- (appendix H)

Homework: Do gquestions 1-10 on enzyme worksheet for

tomorrow.

Day - 36 Thursday: 4-12-90

LESSON PLAN
Wrap up enzyme notes.
Correct enzyme homework and discuss.
Students help set up lab for tomorrow.
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Homework: Read ‘Qualitative Analysis of Proteins and Amino
Acids’ for Friday; we’ll do part one of three

tomorrow.
Day - 37 Friday: 4-13-90
LESSON PLAN ,
Demonstration: Partition Chromatography and determination
of R¢ values
Lab: ‘Qualitative Analysis of Proteins and Amino Aclds’ -
part I Ninhydrin test
Handout: Read Stryer‘’s discussion of enzyme-substrate
comp lexes.
Day - 38 Monday: 4-16-90
LESSON PLAN
Discusslion of Partitlion Chromatography
Lab: Finish parts Il and 111, Bluret’s and Xanthroproteic
test for Qual. Anal. of Proteins
Homework: Study for qulz tomorrow over proteins and
enzymes.
Day - 39 Tuesday: 4-17-90
LESSON PLAN
Classwork: Students are to share all lab data on overhead
for analysis and discuss. Then determine unknown on
their own and turn in lab.
Discuss Stryer’s enzyme handout.
Quiz: Proteins and Enzymes (appendix E)
Day - 40 Wednesday: 4-18-90

LESSON PLAN

Correct qulz and discuss.

Review: protein structures (primary thru quaternary),
enzymes, dehydration, hydrolysis, denaturation etc.
Use overheads from ‘Bliochemistry 200/, Harper’s
Biochemistry, and The Chemistry of Carbon Compounds
as well as visuals.
- (appendix H)

Homework: Read ‘Protein Digestion By Papain & Bromelain’
for lab tomorrow.

Day - 41 Thursday: 4-19-90

LESSON PLAN
Lab: ‘Protein Digestion By Papain & Bromelain’ Do set-ups
1-3 to prepare for tomorrow.
Demonstation: Gel Permeation Chromatography
- (appendix I)
Homework: Re-read procedure for taking readings and change
time to 5 minutes.
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Test on Morday over Proteins and Enzymes.
Day - 42 Friday: 4-20-90

LESSON PLAN
Lab: Check and adjust pH of enzyme solutions. Run lab and
take readings every S minutes.

Homework: Lab write-up and data analysis are due Monday.
Reminder: Test Monday

Day - 43 Monday: 4-23-90

LESSON PLAN
Collect labs
Adninister Test on Proteins and Enzymes (appendix F)
Post Test: Proteins and Enzymes (appendix D)
Handout: Nucleic Acid Worksheet

Homework: Read first two pages of Nucleic Acids Worksheet
#5.

Day - 44 Tuesday: 4-24-90

LESSON PLAN
Hand back regular test and discuss.
Pre-test: Nucleic Acids (appendix D)
Lecture notes and discussion on Nucleic Aclids: see outline
- (appendix A)

Teaching assists - overheads, blackboard, and visuals
- (appendix H)

Homework: Read remainder of worksheet on nucleic acids.
Day - 45 Wednesday: 4-25-90

LESSON PLAN

Hand back protein digestion lab and discuss.

Classwork: Read Chpt 7 In Modern Bloloay - ‘Nuclelic Aclds
and Protein Synthesis’ pgs 100 thru 111.
Continue notes on nucleic acids.
Teaching assists - overheads from
*Schaum’s Outline Series’ and ‘Biochemistry 200’
- (appendix H)

Homework: Review all steps in protein synthesis.

Day - 46 Thursday: 4-26-90

LESSON PLAN
Finish lecture notes
Review: sequencing, replication, transcription, protein
structures, and translation. Use overheads from
Nuclelc Aclid Worksheet and ‘Biochemistry 200/ also

visuals from Cel]l Biology (appendix H)
Discussion of above
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Homework: Do questions for review and applying concepts on

page 112 in Modern Biology for tomorrow.
Day - 47 Friday: 4-27-90

LESSON PLAN
Col lect homework
Sclence Olymplad preparation for State competition
tomorrow.

Day - 48 Monday: 4-30-90

LESSON PLAN
Band back homework and discuss
Speclal visuals: Cel] Ultrastructure - booklet of electron
and light microscopy of cellular structures and
features. Used to tie all units of Biochemistry
together and bring in examples of biotechnology.
Homework: Questions 1-11 end of worksheet #5.

Day - 49 Tuesday: 5-1-90

LESSON PLAN

Correct homework and discuss

Classwork: Students are to develop sample questions and
problems for all nucleic acid terms from list
provided, Include an answer key. (appendix G).

Homework: Students are to exchange developed questions and
problems; answer classmate’s worksheet for tomorrow.
Test on Nucleic Acids on Thursday.

Day - 50 Wednesday: 5-2-90

LESSON PLAN
Collect homework
Lab: ‘Physlical Propertlies of DNA’
Collect labs and dlscuss
Reminder: Test tomorrow

Day - 51 Thursday: 5-3-90

LESSON PLAN
Hand back homework and discuss
Administer Test on Nuclelc Aclds (appendix F)

Day - 52 Friday: 5-4-90

LESSON PLAN
Post Test: Nuclelc Aclds (appendix D)
Correct regular test and discuss

Set up for ‘Sclence Fair‘ in Medla Center
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APPENDIX C

BIOCHEMISTRY PRE AND POST INTERVIEW FOR CHEM 1I

Student’s Initlals Age_ Sex

Grade Overall G.P.A.

Educational Background (Schools Attended)

Sciences classes (H.S.)

Earth Science Physical Science Biology
Chemistry Physics Anatomy & Physliology
Other

Personal goals:

Col lege Other

Major/Minor Career

Additional comments concerning your science education.

Pre-Test and Post Test Interview

What is biochemistry?

What Is biosynthesis?
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There are four main classes of organic molecules. Name them.

1 2 3

4

The major use of carbohydrates by llving things Is for

Carbohydrates contaln which elements?

List the three main classes of carbohydrates. 1

2 and 3

How does glycogen dlffer from starch?

The largest use of lipids by humans is for

Triglycerides or neutral lipids are comnonly called

and .
A main function of waxes in the living world is for .
Two common examples of sterolds are and

Which element is found In proteins but not carbohydrates or

lipids?

The basic building blocks of proteins are .

Define a conjugated protein.

What is meant by a denatured protein?

Enzymes are the catalyst for digestlion and In

animals.



76

DNA and RNA are nucleic acids responsible for

and

respectlively.

Deflne: replication, transcription, and translation.

What are ‘Buffers’?

List three key areas of physliological importance of buffers.

Why is the study of Biochemistry important to you?

Why Is the study of Biochemistry Important to manklnd?

How do you think this unit will benefit you In your college science

courses?
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APPENDIX D

CARBOHYDRATES: PRE-TEST AND POST TEST

MULTIPLE CHOICE

1.

2.

10.

11.

Glucose and galactose make up a molecule of (a) sucrose (b)
lactose (c) maltose (d) all of these

A simple sugar consists of (a) an hydroxyaldehyde (b) an acld and
an alcohol (c¢) an acid and a keytone (d) an hydroxyketone (e)
elther a or d

The energy supplied by carbohydrates in calorlies per gram is (a) 9
(b) 3.8 (¢) 4 (d) 6.2

Carbohydrates supply (a) energy (b) carbon (c) cellular structural
material (d) none of these (e) all of these

A sugar that can be found In fruits and honey is (a) fructose (b)
lactose (c) glucose (d) sucrose (e) both a and ¢

All of the following are true of mono- and disaccharides except(a)
they taste sweet (b) they are white crystallline substances (c)
they are soluble In water (d) they form a red precipitate In
Fehling’s or Benedict’s solutions (e) they are known collectively
as sugars

The process by which a dilute acid breaks down a complex
carbohydrate into simpler ones is known as (a) hydrolysis (b)
blosynthesis (c) dehydration (d) carbonyl grouplng

Starch turns dark blue in the presence of iodine because the
jodine reacts with what compound found In the starch molecules (a).
amylase (b) amylose (c) amylopectin (d) ‘lypase (e) none of these

Dehydration synthesis of glucose and fructose produces (a) maltose
(b) lactose (c) pentose (d) sucrose (e) all of these

The structural polysaccharide found in plant cells is (a)
cellulose (b) maltose (¢) sucrose (d) lactose (e) deoxyrlbose

The ‘souring’ of milk, yogurt, and cottage cheese is produced by

bacteria acting on (a) a polysaccharide (b) cellulose (c) lactose
(d) sucrose (e) maltose
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12.

13.
14.

15.

1.
2.
3.

S.
6.
7.

9.

10.
11.
12.
13.
14.
15.

78

Polysaccharlides are chains of how many monosaccharides (a) two or
more (b) ten or more (c) fifty to on hundred (d) one hundred to
flve hundred (e) flve hundred to many thousand

Which of the following Is not a polysaccharide (a) glycogen (b)
cellulose (c) pectin (d) chitin (e) all are polysaccharides

Anlmals store saccharides In the form of (a) cellulose (b)
glycogen (c) pectin (d) chitin (e) starch

A carbohydrate that cannot be hydrolyzed is (a) sucrose (b) starch
(c) glycogen (d) fructose (e) all of these

Carbohydrate -~ Key
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LIPIDS: PRE-TEST AND POST TEST

MULTIPLE CHOICE

1.

10'

- OO~ WN -

QO e
L]

For lipids the ratio of H to 0 Is (a) 2:1 (b) > 2:1 (c) € 2:1 (d)
3:1

Liplds are (a) a major energy store (b) structural materials In
membranes (c) biological regulators (d) protective components (e)
all of these

Triglycerides are commonly called (a) waxes (b) steroids (c) fats
and oils (d) proteins (e) all of these

‘The structure of neutral llpids is (a) glycerol and two fatty

aclds (b) ethanol and two fatty aclds (c) ethanol and three fatty
aclds (d) glycerol, ethanol and a fatty acid (e) three fatty acids
and glycerol

The function of phospholipids is for (a) Insulation (b) structural
elements of cell membranes (c) transfer of electrical Impulses (d)
blood clotting (e) none of these

How many classes of liplds are there (a) 5 (b) 4 (¢) 3 (d) 2 (e)
1

Lipids form waterproof coatings on all of the following except (a)
eyes (b) leaves (c) feathers (d) fruits (e) skin

An example of a sterold Is (a) hormones (b) bile (¢) cholesterol
(d) vitamin D (e) all of these

The structure of steroids Is made up of (a) three cyclohexane
rings (b)) long chain fatty aclids (c¢) glycerol (d) a cyclopentane
ring (e) a and d

What is the pH of a solution of digested fats (a) > 7 (b) < 7 (¢)
7 (d) could be >or< 7 (e) does not change

LIPID KEY

U0 OO O0D
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PROTEINS/ENZYMES: PRE-TEST AND POST TEST

MULTIPLE CHOICE

1.

10.

11.

12.

The element common to proteins that Is not found in carbohydrates
or liplds Is (a) H (b) Na (c) K (d) N (e) Ca

The basic building blocks for proteins are (a) lipids (b)
carbohydrates (c) hydrocarbons (d) triglycerlides (e) amlno aclds

The amount of calorles available per gram of protein is (a) 3.8
(b) 9 (¢) 4.2 (d) 6 (e) 5.2

Proteins are most important for (a) structural support
(b) expressing genetic information (c) antibody formatlon
(d) storage (e) protection

Long chain polymers of 50 amlno acids or more are commonly
referred to as (a) peptlides (b) polypeptides (c) proteins
(d) prosthetic group (e) protease

The name given to the amino acids that higher animals need to
Ingest, since animals cannot synthesize them, is (a) necessary
(b)> photosynthetic (¢) essential (d) peptides (e) Ingested

Every amino acid contains at least one (a) carboxyl group (b)
alcohol group (c) ethyl group (d) amino group (e) both a and d

Amino acids are Jolned together by (a) dehydration synthesis (b)
hydrogenation (c)> hydrogen bonding (d) hydrolysis (e) both a and d

The name given to the nonamino acid part of a conjugated proteln
is a(n) (a) peptide group (b) amino group (c) carboxyl group
(d) prosthetic group (e) conjugate group

Proteins have many diverse functions except (a) being found In
snake venom (b) being the main component in viruses (c) belng
found in the bacteria that causes botulism (d) being responsible
for blood clotting (e) being the most abundant organic compound
found in nature

Proteins have molecular weights ranging from (a) 6,000 to many
million ¢(b)> 100 t0 6,000 (c) 600 to 10,000 (d> 1 to 6
(e) 6 million to 100 million

The name given to the C-N bond between two amino aclds ls
(a) alpha bond (b)> amide bond (c) peptide bond (d> hydrogen bond
(e) acldic bond

80



13.

14.

15.

16.

17.

18.

19.

20.

81

The test given for proteins that results In a violet color when an
alkalline suspension of a proteln is treated with a solution of
copper 1I sulfate is called (a) BCA assay (b) Hydrolysis

(¢) Dehydration (d) Biuret (e) Xanthroproteic

Proteins exposed to extremes of pH, temperature, and/or chemicals
lose their blological activity. This condition is called

(a) death (b) prosthesis (¢) functional Inhlbition

(d) denaturation (e) constipatlion

Which of the following chemicals would cause a protein to lose its
characteristic biological activity. (a) alcohol (b) mercury salts
(c) lead salts (d) acetone (e) all of these

The substance that an enzyme causes to react is called the
(a) coenzyme (b) cofactor (c) substrate (d) catalyst (e) complex

The primary function of enzymes is to (a) increase the rate of
reactions (b) ald digestion (¢) allow metabollism to take place
(d) create a ‘buffered’ environment (e) break down vitamins

The name given to the prosthetic group of a conjugated enzyme,
necessary for the enzyme to functlon properly, 1Is (a) coenzyme
(b)) metabolite (c¢) cofactor (d) active site (e) substrate

All of the following are responsible for the hydrolysis of

proteins except (a) trypsin (b) pepsin (c) peptidase (d) amylase
(e) none of these

The complex reactions that take place in our bodies occur at
relatively low temperatures. The loss of enzyme activity due to a
temperature increase begins at celsius temperatures of

degrees (a) 37 (b) 45 (¢) 30 (d) 55 (e) S50
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PROTEIN/ENZYME - ANSWER KEY

1. d
2. e
3. a
4. b
5. ¢
6. ¢
7. e
8. a
9. d
10. e
11. a
12. ¢
13. d
14, d
15. e
16. ¢
17. a
18. ¢
19. d
20. b



NUCLEIC ACIDS: PRE-TEST AND POST TEST

MULTIPLE CHOICE

1.

10.

11.

Which of the following is not a basic component of a nucleotide?
(a) nltrogenous bases (b) a flve carbon sugar (c) acetic acid
(d) phosphoric acid (e) both ¢ and d

Which of the following statements is incorrect? (a) DNA is a
double strand helix, RNA is a single strand (b) the sugar in DNA
I8 deoxyribose whereas RNA has rlbose (c¢) DNA adenine bonds to
thymine, RNA adenine bonds to uracll (d) DNA is a much bigger
molecule than RNA (e) all of the above are correct

The major portion of which of the following is found outside the
nucleus of the cell? (a) DNA (b) chromosomes (c) RNA (d) nucleolus
(e) none of these

DNA Is produced by which part of the cell? (a) cytoplasm (b)
nuclear membrane (c) plasma membrane (d) ribosomes (e) nucleus

mRNA is produced from DNA by the process known as:
(a) transcription (b) replication (c¢) ribofraction (d) synthesis
(e) none of these

What is the difference between a nucleic acid and a
polynucleotide? (a) There Is no difference (b) a nuclelc acld has
a minimum of three polynucleotides (c) polynucleotides do not have
acids attached (d) nucleic acids have the base removed (e) both ¢
and d

ADP and ATP are very important for cellular function. Both are
classified as (a) polynucleotides (b) nucleic acids (c) vitamins
(d) mononucleotides (e) proteins

In DNA which bases bond to each other? (a) adenine bonds to
thymine (b) glycine bonds to tryptophan (c) cytosine bonds to
guanin (d) cytidine bonds to Isoleucine (e) both a and ¢

Pyrimidines and purines are commonly referred to as (a) nucleic
acids (b) nitogenous bases (c) sugars (d) amino acids
(e) nucleoside

Which type of RNA does not exist? (a) messenger RNA (b) transfer
RNA (c) ribosomal RNA (d) chromosomal RNA

DNA is responsible for (a) cellular control (b) passing genetic
Iinformation (c) energy storage and release (d) synthesizing amino
acids (e) all of these
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Nucleic Acids - cont.

When DNA ‘unzips’ itself this process is known as (a) replication
(b) transcriptlion (c) hydrolysis (d) translation (e) self-
revelation

. RNA iIs responsible for (a) making ribosomes (b) passing genetic

information (c) protein synthesis (d) monitoring the cytoplasm
(e) all of these

Codons and anticodons are found respectively on (a) cRNA and tRNA
(b> mRNA and rRNA (c) rRNA and tRNA (d> cRNA and rRNA (e) mRNA and
tRNA

Anticodon GCA would match with codon (a) CAU (b) AAU (c) CGU

(d) AGC (e) CUG

NUCLEIC ACID - ANSWER KEY
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SACCHARIDE QUIZ

CHEMISTRY 11 NAME

1. List the four functions of saccharides. (4 points)

2. Explaln what occurs during the Benedict’s test, when testing a
reducing sugar. Describe what happens chemically and to the color
of the solution. (2 points)

3. Explain what occurs during the iodine test, when testing a
branched polysaccharide. Describe what happens chemically and
visually. (2 points)

4, Write the general chemical formula for saccharides. (1 point)

5. Compare and contrast monosaccharides, ollgosaccharides, and
polysaccharides. Keep In mind structure and function. (6 pts.)
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SACCHARIDE QUIZ

6. You are to test an unknown sugar; sugar ‘Z‘. First you test with
Benedict’s and iodine. According to the following data what type

of sugar is sugar 2?7 Explaln how you reached your conclusion.
(5 pts.)

nedijct’ | t Il ine ] I
-) +

7. Taking your: -original unknown add HCl. After waiting for an hour
you again run the Benedict’s and iodine test. Using the new data

shown below, determine what has happened to sugar 2. Has
hydrolysis occured? Explain. (5 points)

‘ | |
Sugar 2 | red | _pos. ¢4) 1| vellow | _neqg., ¢-) |
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Carbohydrate Quiz - Key

Energy source, Carbon source, Energy storage, and Cellular
material.

The linear sugar reduces the free Cu II to Cu I. The solution
changes from blue to red Indicating a poslitive test.

Iodine only complexes with helically coiled polysaccharides.
Therefore, it does not complex with brached polysaccharides and
the test yields negative results. The yellow color does not
change.

Cx(H=20),

Mono- 1 sugar quick energy

Ol igo- 2-10 sugars energy storage

Poly- > 10 sugars structure and storage

Sugar Z is a helical polysaccharide. This is indicated by the
positive jodine test. The Benedict’s test is negative which
tells us sugar 2 is not a monosaccharide.

The positive Benedict’s test indicates that the sugar has indeed
been hydrolyzed. Sugar 2 is no longer a polysaccharide due to
the negative iodine test so we know it has been broken down.



PROTEIN AND ENZYME QUIZ

CHEMISTRY 11 NAME

List three functions of proteins.

In an amino acid where is the alpha carbon located ?

A peptide bond forms between what two atoms (elements) on adjacent
amino acids ?

The chemical process by which amino aclds are joined together is
called ?

The adition of which element distinguishes proteins from
carbohydrates and lipids ?

How many polymers of peptides are necessary to distinguish a
protein from a polypeptide ?

The order in which peptlides are put together, (the sequence of
amino aclds), has no bearing upon the function of the proteins
they make up. True or False

Protein chains such as hemoglobin are long because if there is an
amino acid substituted or out of place this will have no effect,
due to the lengthy chaln. True or False

Simple proteins yield when hydrolized.

10. Denaturation is caused by ? Give two examples.
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11. Define enzyme.

12. List the four factors that affect enzyme reactions.

13. Describe fully how an enzyme would break down a substrate.
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11.
12.

13.

90

PROTEIN QUIZ - KEY

Any three of the following: catalyst & regulators, structural
support, movement, protection, transport oxygen, source of amino
aclds, blood clotting, antibodies, compose - viruse, poisons, and
food toxins.

The carbon atom next to the carboxyl group.

Between the nitrogen and carbon atoms.

Dehydration synthesis.

The addition of nitrogen.

Greater than fifty (50).

False

False

amino acids only

Any two of the following: extreme pH, temperature extremes, lead
or mercury salts, acetone, and alcohol.

An enzyme is a protein that acts as a catalyst.
[enzymel, (substratel, pH, and temperature

The enzyme substrate complex forms like a lock and key. This
takes place at the active site on the enxzyme. The enzyme acts
on the substrate, releases it and the substrate is broken down
into two or more pieces. Ezymes can also act on substrates in a
similar manner to put two substrates together forming one
compound.
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CARBOHYDRATE TEST

CHEMISTRY I1I NAME

CHOOSE THE BEST ANSWER (1 POINT EACH)

1. The sugar ribose Is found in a) starch b) chitin ¢) RNA
d) DNA e) pectin

2. A carbohydrate that cannot be hydrolyzed is a) maltose
b) starch c¢) lactose d) galactose e) sucrose

3. The sugar that can be found in the exoskeleton of
crustaceans is a) cellulose b) chitin c¢) pectin d) glucose
e) lactose

4. A molecule of maltose is made up of a) glucose and fructose
b) chitin c¢) two glucose molecules d) two fructose molecules
e) glucose and galactose

5. Only one of the following Is true of polysaccharides:
a) they form a red precipitate with Benedict’s solution
b) they are less than ten monosaccharides

c) they taste sweet

d) they are only used for quick energy

e) they are insoluble in water

6. Pectin is a sugar found as:
a) frult cell walls

b> plant storage material

c) animal storage material

d) the exoskeleton of insects
e) a water source in fruits

7. The structure shown on the overhead is a simple sugar that
consists of: a) an acid and a ketone b) a base and an aldehyde
¢) an hydroxyketone d) an acid and alcohol e) hydroxyaldehyde

8. The ring form that has four carbons and one oxygen making up
the ring Is: a) maltose b) furanose c¢) glucose d) pyranose

e) pentanose

9. The enzyme that breaks down starch is called: a) amylose

b) amylopectin c¢) starchase d) amylase e) galactose
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FOR THE FOLLWING SECTION, BE AS COMPLETE AND SPECIFIC AS POSSIBLE
10. In the salivary experiment, explain what happened to the starch -

iodine mixture when saliva was added to the tube. Was there a
color change? If so, what color and why or why not? ( 2 pts.)

11. What two forms of starch are there and how do they differ from
one another ? ( 2 pts.)

12. Compare how glucose and sucrose react in the Benedict’s solution.
Explaln what type of reaction occurs, the color change involved
and the type of sugar each one |s. ( 2 pts.)

13. What did we use as a control for all the saccharide experiments.
What Is the control’s Benedict’s reaction ? The control’s iodine
reaction ? Why did you get those results ? ( 3 pts.)

14. For the followlng sugars, identify whether the sugar is a
monosaccharide, ollgosaccharide, or a polysaccharide; also where
you might find the sugar and its function. (5 pts.)

Sugar Type of sugar Where found Function
Lactose
Galactose
Sucrose
Starch

Fructose
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15. What Is the general formula for all polysaccharides ? ( 1 pt.)

16. What is the chemical formula for maltose and for fructose ?
( 2 pts.)
Maltose Fructose

17. What is the source of fiber for humans ? What type of sugar is
fiber ? ( 2 pts.)

FILL IN THE CHART BELOW FOR THE RESULTS OF EACH TEST AND THE TYPE OF
SUGAR. THEN USE THE CHART TO ANSWER THE FOLLOWING QUESTIONS.C( 6 pts.)

Sugar Benedict’s Results Iodine Results Type
A red yellow
B blue yellow
c blue dk blue
D red dk blue
E blue dk blue
F red yellow

18. Which sugar(s) are reducing sugars ? Using the above results,
explain your answer. ( 3 pts.)

19. Which sugar(s) are helical polysaccharides ? Explain you answer
according to the results. ( 2 pts.)

20. Which sugar(s) are oligosaccharides without free aldehyde or
keytone groups ? (1pto



21.
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Compare the type of sugars present in sugars B and D ? ( 2 pts.)

FILL IN THE CHART BELOW FOR THE RESULTS OF EACH TEST AND THE TYPE OF
SUGAR. THEN USE THE CHART TO ANSWER THE FOLLOWING QUESTIONS. ( 9 pts)

22.

23,

24.

25.

Sugar Benedict’s Results Iodine Results Type
X blue dk blue
X + saliva red yellow
Y blue yellow
Y + HCI red yellow
Z blue dk blue
Z + HCI blue dk blue
W red yellow
v red yellow
W+V blue dk blue

wWhat happened when sugars W and V were mixed ? What Is the
mechanism of this reaction ? What type of sugars are W and V ?
( 3 pts.)

What happened to sugar X when saliva was added ? Refer to the
type of sugar before and after the reaction. ( 2 pts.)

What happened to sugar Y when HCl was added ? Explain in terms
of the types of sugar before and after. ( 2 pts.)

What happened to sugar 2 when HCl was added ? Agaln, refer to
the structure of the sugar before and after. ( 2 pts.)



10.

11.

12.

13.

14.

15.
16.
17.
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Carbohydrate Test - Key

aQ » @Wm O w o O

B
D

Yes, there was a blue color at first that became lighter as the
helical structure of the starch reacted with the iodine over
time.

Amylose - which is hellcal in structure.
Amylopectin - which has a branched structure.

Glucose has a positive test and turns red because it is a
monosaccharide.

Sucrose yields a negative test and remains blue because it is a
disaccharide (olligosaccharide) which does not react with the
Benedict’s solutlion.

The control was distilled water.

The reaction with Benedict’s is negative - remains blue.

The iodine reactlion Is also negative - remalins yellow.

The control is8 a check to make sure the reagents have not changed
the solutions. This Is called a negative control iIf a positve
result is obtained something is wrong with the solutions.

Lactose di-/oli- milk energy/storage
Galactose mono- pectins energy

Sucrose di-/oli- sugar energy/ storage
Starch poly- potatoes storage
Fructose mono- fruits/honey energy

Cx(H20)y

Ci2H220,:,; CsH:1 204

Cellulose; Polysaccharide
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Carbohydrate Key - cont.

CHART
Sugar Results Results Type
A + - mono-
B - - oli-
C - + poly-
D + + oli-/poly-
E - + poly-
F + - mono-
18. A & D & F; These three sugars have a positive Benedict’s test
and a negative lodine test.

19. C & E; These two sugars are positive for the iodine test and
negative for the Benedict’s test.

20. Sugar B

21. Sugar B Is only an oligosaccharide without a free aldehyde or
keytone group.
Sugar D is an oligosaccharide or polysaccharide with a free
aldehyde or keytone group.

CHART
Sugar Results Results Type
X - + poly-
X + sallva + - mono-
Y - - oli-/poly-
Y + HCI + - mono-
2 - + poly-
2 + HCI - + poly-
w + - mono
v + - mono-
W+V - + poly-

22. They have formed a polysaccharide.
Dehydration synthesis.
Both sugars are monosaccharides (reducing sugars).

23. Sugar X has undergone hydrolysis.
X was a polysaccharide before the saliva was added; now X has
been converted to monosaccharides.

24. Sugar Y has been hydrolyzed.
Y has changed from an oll-/polysaccharide to monosaccharides.

25. Hydrolysis may or may not have occurred, probably not.
The sugar Is still a polysaccharide; therefore |f hydrolysis did
occur, It was not complete.



LIPIDS TEST

CHEMISTRY 11 NAME

SHORT ANSWER and COMPLETION

For questions #1 thru #4, identify which lipid group (class) Is drawn.

1 pt. each

1.

2.

3.

4,

5. Which elements are liplds composed of? Why are lipids called

organic molecules? 4 pts.

Compare and contrast liplds and carbohydrates. Refer to how many
calories per gram, the differing ratio of elements, and list at
least three functions of each. 4 pts.

For the two structural formulas drawn below, ldentify each

diagram with the speciflc lipid name. In which lipld class are
these two lipids found? 4 pts.
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11.

12.

13.

14.

15.
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Explain what happens chemically during the hydrogenation of an
oil. 1 pt.

Compare and contrast fats and oils. State lipld class, physical
state at room temperature, and type of bonds between carbon
atoms. 3 pts.

List the five general functions of lipids. 5 pts.

At your age, what percentage of your daily caloric intake should
be in the form of lipids? As you get older should your 1ipid
intake increase or decrease? Why? 3 pts.

Compare and contrast neutral lipids and phospholipids. Discuss
the chemical make-up of each, two functions of each, and give an
example of each. 4 pts.

What type of lipid makes up the plasma membrane and causes the
plasma membrane to remain flexible? 2 pts.

Draw the plasma membrane and explain how and why the membrane is
arranged in this way. 3 pts.

State the major function of the plasma membrane. 1 pt.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
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Name the other lipid found in the membrane that gives the
membrane some rigidness. 1 pt.

Compare and contrast waxes and steroids. Include structure,
functions, and give three specific examples of each. 5 pts.

What causes arteriosclerosis? Explain thls disease. 2 pts.
What are sterolds, vitamin D, estrogen, and bile salts derived
from? What Is the primary metabollc precursor? 1 pt.

What is the purpose of vitamin D in your body? What kind of
lipid is vitamin D? 2 pts.

Compare and contrast testosterone and estrogen. Identify the
type of lipid, describe the general structure, and state each
one’s function in the body. 3 pts.

What do bile salts do in the small intestine? 1 pt.

State the name of the enzyme used in the lab to‘break down fats.
1 pt.

What did the enzyme break the fats into? Name the pieces.
2 pts.

Discuss how we tested the laboratory solution to determine if the

fats had been broken down. 1 pt.
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26. Compare the results In the following situation. Test tube X has
bile salts and fat; tube Y has bile salts, fat, and the enzyme to

break down fats. What would you expect the results to be? Why?
4 pts.

YOU RUN A FAT DIGESTION EXPERIMENT AND HERE ARE YOUR RESULTS:

Tube Bile acid Lipid enzyme Fat pH before pH after

A yes no yes ? 7
B yes yes yes 7 5
C yes yes yes 7 7
D no yes yes 7 6
E no yes yes 7 7

Answer the following according to the above results.

27. VWhich tube had the most fat digestion? 1 pt.

28. Which tube should have had fat digestion but did not? 1 pt.

29. Why does tube D show a change in the pH? Expaln what has
happened. 1 pt.
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Lipld Test - Answer Key

1. Phosphol ipid

2. Wax

3. Neutral lipid

4. Steroid

5. C, H, and 0. Llipids are called organic molecules because they

contaln carbon and compose living tissue or are produced by
living organisms.

6. Lipids Carbohydrates
9 cal/gram 4 cal/gram
H:0 is > 2:1 H:0 is = 2:1
Energy store Energy source
Protection Energy store
Insulation Structural materlal
Cell membranes Carbon source
Biological regulators Plant cell walls

7. Testosterone; Cholesterol. Both are sterolds.

8. The addition of hydrogen breaks the double bonds between the
carbon atoms making the oll saturated. This process turns the
oil into a fat.

9. Fats Oils
neutral lipid neutral lipid
solld liquid
saturated unsaturated

10. Energy storage, insulation, protection, structural, regulators

11. 30% ; decrease; Lipids have a high calorie and cholesterol
content which leads to circulatory problems in later years.

12. Neutral lipids Phosphol iplds
glycerol + 3 fatty aclds same + a phosphate group
energy store, Insulation, support cell membranes, non-stick sprays
body fat, vegetable or seed oil lecithin ( PAM )

13. Phospholipid
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Lipid Key - cont.

14. The plasma membrane is a lipid bilayer which contains protein
molecules. The hydrophobic tail ends are non-polar so they ‘repel’
water and allign toward the center of the membrane. The hydrophilic
head ends are polar so they align on the outside where the fluids
(water) are. This arrangement allows for the regulation of water into
and out of the cell.

15. Forms a protective layer of cellular regulation.

16. Lipopolysaccharide

17. Waxes Steroids
long chain fatty acids 3 cyclohexane rings & one
& alcohol cyclopentane ring
protection, waterproofing biological regulators
beeswax, whale oil testosterone, vit D, blile acids

18. Arteriolsclerosis is caused by an abundance of cholesterol in the
arteries. This clogs the arteries and forces the heart to work
harder.

19. Cholesterol or 3 cyclohexane rings and 1 cyclopentane ring

20. Vit. D Is essentlal for strong bone development. A steroid.

21. Testosterone ’ Estrogen

steroid steroid

3 cyclohex. rings and 1 cyclopent. ring (same)
develop male sex. charact. female sex. characteristics

22. Break down fats into smaller droplets called globules.
23. Lipase was the enzyme contained in pancreatin.
24. Fats were broken into fatty acids and glycerol.
25. Determine the pH; if it’s acidic then the fat was broken down.
26. Tube X - no digestion, just smaller globules.
Tube Y - would expect complete digestion as the enzyme would be

able to affect all globules.

27. Tube B
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LIPID KEY -cont.
28. Tube C
29. Enzyme was able to slightly digest the fat. The digestion is not

as complete as in tube B due to the absence of bile causing less
surface area.



PROTEINS AND ENZYMES TEST

CHEMISTRY 11 Name

CHOOSE THE BEST ANSWER FOR THE FOLLOWING MULTIPLE CHOICE QUESTIONS.
MARK YOUR ANSWERS ON THE SCANTRON SHEET.

1. VWhat are the basic bullding blocks for all proteins?
a. polypeptides
b. alpha amino acids
c beta amino acids
d simple sugars

2. What is the approximate molecular weight for protein
molecules?
a. 100 - 100

1000 - 10,000

6,000 - many milllon

many milllon - bllllons

b.

c.

d.

3. What kind of bonds link amino aclids together?
a. carboxyl

b. glycosidic

c. amino

d. peptide

e. hydrogen

____ 4. V¥hich solution, that we used in lab, combines with ,the free
amino group of amino acids and turns a purple color?
a. Ninhydrin
b. Xanthroprotelc
c. Pancreatin
d. Bradford’'s
5

. Which of the following Is made up of two amino acids and has
one peptide bond?
a tripeptide
b. protein
c. dipeptide
d. polypeptide
6

____ 6. Which of the following is composed of fifty or more amino
aclds?
a. tripeptide
b. protein
c. dipeptide
d. polypeptide
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12.

a.

d.

13.

b.
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The class of proteins that ylelds only amino acids when
hydrolyzed Is:

comp l ex

conjugated

simple

polypeptide

Which of the following protein substances listed below is a
very harmful protein to our bodies?

viruses

fibrinogen

ant ibodies

arginine

phenylalinine

Which proteins listed below are very important structures
within our immune system?

viruses

fibrinogen

antibodies

arginine

phenylalinine

What is the type of reaction that occurs between amino acids
leading to peptides and eventually proteins?

hydrolysis

denaturation

renaturation

dehydration

The prosthetic group on the amino acid is commonly the:
amino part

carboxyl part

R group

first carbon

This test Is used for determining aromatic amino acids. The
test uses nitric acid and ylelds a characteristic yellow
color.

Biuret’s

Xanthroproteic

Ninhydrin

Bradford’s

What Is the minimum amount of protein that should be Ingested
(eaten) every day?

3¢

12 g

S50 g

20 g
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This protein structure Is formed when several globular
proteins are jolned together.

primary

secondary

tertiary

quaternary

This structure of a protein is just the amino aclid sequence
chain.

primary

gsecondary

tertiary

quaternary

. This particular proteln structure is the globular form of a

single protein.
primary
secondary
tertiary
quaternary

. This is the term given to a protein that has lost its

blological activity.
renaturation
denaturation
hydrolysis
dehydration

. We can best obtain all twenty essential amino acids from

eating a variety of:
bacteria

fish

meat

plants

each other (cannibalism)

Which of the following would not be an example of a
prosthetic group?

nuclelic acid

mercury II chloride

iron 111 hydroxide

sugars

phospholiplids

When we cannot produce an amino acid within our own bodies,
this type of amino acld Is called:

useless

nonessentjal

essentlal

-antlgen
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This type of protein yields amino acids and organic or
Inorganic components when hydrolyzed.

simple

conjugated

cofactor

coenzyme

This is the chemical process used to break down proteins into
amino aclds:

catalyst

dehydration

hydrolysis

denaturation

Amino acld blosynthesis can occur in:
animals

bacteria

plants

all of these

only a and ¢

This test can be used to detect the presence of proteins. An
alkaline solution of copper Il sulfate reacts with protelns
and ylelds a purple color.

Xanthoprotic

Biuret’s

Ninhydrin

Bradford’s

all of the above

This type of substance speeds up reactions without being used
up in - or consumed by - the reaction.

catalyst

carbohydrate

amino group

prosthetic group

If enzymes were not present in our bodies, then:
reactions would occur at faster rates

reactions in the body would never occur

carbohydrates would be the only substances broken down
reactions would occur but at very slow rates

This protein yields amino acids and a prosthetic group when
broken down.

conjugated

simple

comp 1 ex

quaternary
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29.
a.

c.
d.

30.
a.

c.
d.

31.

a.
b.
c.
d.

108

It an enzyme has a prosthetlc group that is a complex organic
molecule, this group Is called:

a cofactor

the actlive site

an amino group

a coenzyme

What part of an enzyme does a substrate bind to?
the cofactor

the active site

the coenzyme

the amino group

Most enzymes are capable of binding to how many substrates?
one

two

three

many

This enzyme acts in the small intestine to digest
polypeptides Into amino acids.

trypsin

pepsin

peptldase

1 ipase

This enzyme digests fats and oils into fatty acids and
glycerol.

trypsin

pepsin

pept idase

lipase

The enzyme that digests proteins in the stomach into
polypeptides.

trypsin

pepsin

peptidase

. llpase

This Is the enzyme found In pancreatin that we used in the
proteln digestion lab. The enzyme acts on proteins In the
small intestine that have made it through the stomach.
trypsin

pepsin

pept idase

| ipase
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