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SECTION B. COURSE CONTENT

17. Course Description:

This course allows students to investigate and apply chemistry and biotechnology concepts and
methods to understand and address issues related to six topics: Water, Food, Health, Waste
Management, Climate Change, and Energy --as Chemistry and Biotechnology complement each
other in addressing the issues and needs of modern society. Human diseases, for example, are
treated by either small molecule drugs produced by chemistry or protein-based drugs produced
by biotechnology, and environmental contaminants can be cleaned up either using chemistry or
microbes. Whether a chemistry or biotechnology solution works best depends on the specific
nature of the problem, and often both approaches to the problem are necessary for optimal
resolution. Each unit integrates biotechnology standards and labs that are comparable to the labs
Biology 75 at Laney College.

In this course, students will study the methods necessary to test, clean, and protect our water
resources, understand the molecular components in their food, research genetically modified
foods and their role in relation to health issues, environmental issues and farmer and consumer
rights, investigate a human disease, evaluate common food and environmental substances that
cause disease, analyze local flora for a potential drug develop to cure diseases, develop solutions
to waste management problems, create a climate change mitigation action plan, and produce a
usable fuel from a waste product produced by human activity. Throughout the course students will
be required to research and develop solutions to threats in these areas of essential needs.

18. Course Goals and/or Major Student Outcomes:
Students enrolled in this course will master the following skills:
In this course, students will study the methods necessary to test, clean, and protect our water

resources, understand the molecular components in their food, research genetically modified
foods and their role in relation to health issues, environmental issues and farmer and consumer
rights, investigate a human disease, evaluate common food and environmental substances that
cause disease, analyze local flora for a potential drug develop to cure diseases, develop solutions
to waste management problems, create a climate change mitigation action plan, and produce a
usable fuel from a waste product produced by human activity. Throughout the course students will
be required to research and develop solutions to threats in these areas of essential needs.

Course Objectives (standards):
CTE - Health Science and Medical Technology

The standards for the applications of the Biotechnology pathway relate to occupations and
functions relevant for understanding and solving biomedical problems and creating products to
improve the quality of human life. The standards represent knowledge and skills necessary to
succeed in diverse careers in this pathway.



20. Course Qutline:

Unit 1 - Water Quality Testing
e Driving question: Howcanbiotechnologyandchemistryensureareliablesupplyofclean
water?”

o Bio 75 Labs:
o Lab 2: Measurements

o Lab 3: Making Solutions
o Lab 4: pH, Buffers, and DNA

Students will study the methods necessary to test, clean, and protect our water resources.
Project teams will build a molecular model of water to investigate inter- and intramolecular
interactions in water. They will test “clean” water from the school site for various chemical
compounds commonly found in water to understand the solution chemistry of water as a model
system, to investigate pH and chemical equilibrium in a buffered chemical system and detect the
presence of microorganisms. They will then collect “dirty” water samples from the school site and
test them for contaminants to determine if organic, inorganic or microbial contaminants exist and
devise a strategy for removing those contaminants. The results of the water tests will be reported
in a formal lab report using good laboratory practices (GLP). Finally, students will use
bioremediation to clean a water sample fouled with oil or heavy metals, report the resultsin a
formal lab report and create a water quality report for their sample to submit to a water quality
expert to evaluate.

Unit 1 - Assignments

1: Understanding water and water chemistry

Students will begin their study of water by building a molecular model to understand the
intramolecular bonds and properties of this molecule. The understanding of this simple
compound will help address the characteristics of clean water. Students will investigate the
intermolecular interactions in pure water such as surface tension and capillary action and
compare them to these properties in impure water. Students will collect “clean” water samples
from their school site, research normal ranges for common chemicals found in clean water, and
conduct chemical analyses to test pH and concentrations of dissolved oxygen, ammonia, nitrate,
nitrite, phosphate, and salinity and use microbial assays to detect the presence of
microorganisms in the laboratory. The results of the analyses will be reported in a formal lab
report following good laboratory practice (GLP) for the chemical and biotech industries.

2: Analyzing and restoring water quality

Students will begin by researching a water quality problem that is due to organic, inorganic
or microbial contaminants and use the chemical and biological properties of the
contaminant to explore potential corrective actions. Theywillinvestigate the chemical
properties of the water contaminantand predict the effectit has on water quality due to



altered chemical reactions or changes in chemicalequilibrium.Usingthe results oftheir
research,studentteams,including aleadscientistand a materials scientist, will engageinthe
design ofand conduct anexperimenttosolvethisreal-worldproblem.The experimental design
must include the use of antimicrobials, filtering or chemistry that will remove the
contaminantsfromasample of “dirty” water collected from the schoolsite. The experimental
design will include methods used in assignment #1 (testing for concentrationsofchemical
compounds, microbesand pH)andtheresultsofthe analysis of the “dirty water” will be
comparedtotheresults of the ‘clean’ water testinassignment#1

Because pH balanceisacriticalcomponentof potable water, students will designa
procedure to treatasample of non-neutral waterto restore the pH balanceto neutral using
achemical orbiological bufferingsystem.

Experimental design and results for assignments 2a and 2b will be reported in a formal lab report.

3: In this assignment students will investigate natural ways of cleaning up the environment by
using organisms such as microbes and plants, or bioremediation. Students will develop a process
in which they use organisms to neutralize pollutants from a contaminated site in order to learn
about the biochemistry of plants and microbes and skills needed to propagate plants and
microbes. Students will research if the contaminants may be naturally occurring or caused by
humans and will record and research the health risks and/or aesthetic problems associated with
unclean water. Students will study plant or microbial biochemical processes that can be
harnessed to bioremediate water contaminants. Students will use the results of their research to
design and carry out an experiment to remove a specific water contaminant using bioremediation.
They will describe the results of the experiment and the implications for applications of
bioremediation in a formal lab report.

4: Students will create a water quality report that summarizes the chemical and microbial
composition of their water sample before and after anti-microbials, filtering or chemistry
treatment (assignment 2a) and bioremediation (assignment 3). The report will include the levels of
chemical compounds, pH and microbes tested for in assignments 1 & 2. The report will follow the
format of a water quality reports used by a water quality agency and will be evaluated by water
quality experts.

Unit 2 — Food
e Driving Question: How do the disciplines of Chemistry and Biotechnology work together to
address humans’ essential need for a safe and sustainable food supply?
o Bio 75 Labs:
o Lab 5: DNA Fingerprinting
o Lab 9: Bacterial Transformation |
o Lab 10: Bacterial Transformation Il

Inthis unitstudents willinvestigate whatisintheirfood. They will research genetically modified



foodsandtheirroleinrelationtohealthissues,environmentalissuesandfarmer and consumer
rights. Students will prepare a recommendation report to a legislator arguing for oragainst
the use of genetic modifications in the manufacturing of food as well as recommendations for
current food labeling legislation. After completing their research students will test foods to
determine if they are genetically modified using a commonbiotechtechniquecalled
polymerase chainreaction, whichusesanenzymeto amplify specificregions of DNA. Students
will also learn how scientist are able to genetically modify organisms by transforming the
gene for a green fluorescent produced by jellyfish into bacteria, which they will then purify
and calculate the efficiency of the transformation. Afterevaluatingdatacollected through
multiplelaboratoryinvestigations students will create a scientific argument taking a stance on
the labeling of geneticallymodified organisms (GMOs) in food.

Unit 2 - Assignments

1: Genetic Modifications Imposed on Foods

a. Studentswilltake ontherole oflobbyists who have opposing views on howfood made from
geneticallymodified organisms (GMOs)should belabelled.Students will conduct researchto
defineGMOsand explainhowgenetically modified plantsand animals differ from organic
specimens. Students will research how GMOs are used in the manufacturing of the foods
we eatand create a product of their choice forassessment (forexamplegraphs,animation,
posters,videos), usingevidencefromresearchtoargue fororagainstthe use of GMOs. In
preparationforthevoteonlegislationaboutmandatory labeling laws for foods that contain
GMOs, students will present, using formal debate protocol, the pros or cons of adding
modifications to food in today’s agricultural, environment and human health. Using
sufficient evidence and scientific reasoning to defendand critique claims, students will
createanadvisoryreporttogivetolegislators. Thereportshouldinclude all biologicaland
chemicalinformation collected duringthe researchphaserelatedtohealthissues,
environmentalissuesandfarmerandconsumer rightsandarecommendationonhowthe
legislatorshouldvoteonthe GMOIabellingbill andwhy.

2: The Building Blocks of Food

b. Students will use polymerase chain reaction (PCR) to detect the presence of the most
common genetic modifications in food substances. Students will make calculations and
prepare chemical solutions in order to isolate DNA from food substances and use the DNA as
a template for a PCR experiment. The procedure will amplify regions of the DNA that have
been modified in GMO's. Through the PCR procedure, students will gain an understanding of
the structure and function of DNA and enzymes. Students will also investigate factors that
affect their chemical reactions, kinetics, equilibria and structure like pH, salt concentration
and temperature by optimizing the PCR reaction. Students will relate their understanding of
the properties of the DNA molecule to how it behaves in the presence of an electric field by
analyzing the results of the PCR using gel electrophoresis. The optimized procedure and the
results will be reported in a lab notebook.



Unit 3 - Everyday Chemicals, Medicine and Human Health
o Bio 75 Labs:
o Lab 11: Protein Purification |
o Lab 12: Protein Purification I
o Lab 6: Assay Development |

In this unit students will focus on the role of Chemistry and Biotechnology in our knowledge of
disease, treatment, and prevention. Students will understand how the disciplines of Chemistry
and Biotechnology intersect to keep humans healthy by investigatinga human disease,
studyingtherelationship between proteinconformation and disease, evaluating common food
and environmental substances that cause disease, outliningstepsfordisease prevention,and
analyzinglocalfloraforpotentialdrug development to cure diseases. Students will begin with a
case study on diabetes and insulin, including causesandtreatment, toillustrate howthe
knowledge of the chemical structure ofinsulinand use of biotechnology to manufactureinsulin
contributedto both the understanding and development of medical treatments for this
disease. After studyingthe bondingthatholds proteinsintheirsecondaryandtertiarystructure
and related catalytic activity of an enzyme, students will apply their understanding of the
molecular structuresand reactivity of everyday substancesandtheirinteractions with biological
systemsinordertoexplainhow chemicals mayharmorbenefithumanhealth, with a focus on
their effects on intermolecular and intramolecular bonding, protein conformation,and
enzymaticactivity. Bycomparingtheirexperimentalmicrobialassay resultstoknown published
resultsofthese common chemicalsubstances,students will discusstheroleof modelorganismsin
biotechnologyresearchand manufacturing. Students will employ chemistry and biotechnology
lab skills to isolate chemical compounds using thin layer chromatography and perform
microbial assays in order describethe majorstepsinvolvedinpharmaceutical productresearch
anddevelopment. Attheend of Unit 3, students willbeabletoarticulate the interdependence of
Chemistry and Biotechnology in and participate in advancing our understanding of disease,
treatment, and preventionforimprovinghuman health.

Unit 3 - Assignments

1: Diabetes Case Study and History of Insulin

Students will examine a case study of a young girl with a family history of type 1 diabetes, and
create a Family Health Portrait to document the disease through her family, assess her risk of
developing the disease, and outline available treatments. Students will research the history of
mapping and decoding the chemical structure of insulin, and subsequent use of biotechnology to
manufacture insulin. Using the background and history of disease and treatment of diabetes,
students will write a brief electronic news article describing the interdisciplinary roles of
chemistry and biotechnology in contributing to major advances in medicine and human health.



2: Protein Conformation, Enzyme Activity

Centered on sickle cell disease, students will study the intra- and inter-molecular bonding
that causes proteinstotake theirsecondaryandtertiary shapes, and describe the consequences
of DNA mutation on proteinshape and function. While continuingto practice proper lab
techniques, demonstrate accurate record keeping, and perform experimental design,
students willrelatetheirknowledge ofbondingtothespecificrole of enzymesinbiological
systems by devisingtheirowninquirylabtostudythe effectsof pH and temperature on catalytic
activity. Students will be able to describe the chemical effects of pH, temperature, and
substrate concentration on enzyme-substrate interaction, proteinshape, andfunctionalityina
formallabreport.

3: Everyday Chemicals and Human Health

By analyzing the chemical properties of a substance and their interaction with proteins and
enzymes, students will examine how a chosen everyday food or product contributes to human
disease. Students will research two comparable substances that were designed to serve the
same purpose, and that people are or have been exposed to on a daily basis. One substance will
have a historical use and be subsequently deemed unhealthy or unsafe, and the second
substance will be the one that replaced it and why. Students will determine and compare the
molecular structure of the target ingredient in each product and discuss substrate
concentration, solubility, oxidation state as mechanisms of poisoningwhere relevant,and
discussthe chemical’sinteractionand interference with protein or enzymatic activity, and
type of enzyme inhibition as appropriate.StudentswillprepareaMaterialsSafety DataSheet
(MSDS)topresenttheir findings depictingand comparingthe molecularstructure ofeach
substance, explaining the mechanism by which these chemicals interact with biological
systems to cause damage to human health, and why the replacement productis safer for
human use or consumption.Studentswillincludeareflectionabout preventionand relevance
totheir personal lives. Students will choose from a given list of either environmental or food
substanceswhichmayinclude:

pressure treated wood (arsenic)

red pigmentcadmiumintoysandjewelry

mercuryandalcoholthermometers

margarine andbutter

artificial sweetenersandcanesugar

hydrogenatedandwholefruit, nutorseedoils

lead and steel pipes

flameretardants(bromineandchlorine)

dioxines

DEET and Citronella/Eucalyptus insect repellents

(phthalates)plasticwaterbottles

highfructose cornsyrupvs. cane/beet/”natural” sugar

teflonandcastiron



4: Microbes as Model Organisms for Human Health and Safety

Inorderto evaluate the efficacy of using microbes as model organisms to study human health
anddisease, students willtesttheirsubstancesfrom Assignment3in microbial assays. Students
designand performalaboratory experimentto compare the effects of their two substances on
microbial growth and health. By comparing their own experimentalresultstopublished
studiesofknown negative healthimpacts,studentswill analyzethe benefitsand disadvantages
ofusing microbesas modelorganismstostudy human health and safety. In a mini-poster
session format, students will present their experimental findings and address the moral,
ethical, practical, legal, cultural, and efficacycomponentsofusingmicrobesasmodel
organisms.

5: Testing Plant Substances as Potential Medicines

To understand the process of researching and developing a biotechnology product,
students will employ methods used to develop natural products into medicines while
practicingsafe specimen collectionand handling,aswellas propersamplelabelingand
preparation for testing. Students, while adopting the persona of a lab technician or
research and development scientist, will gather plants from their local community to
determinethe degree to which these plant materials contain active ingredients that will inhibit
thegrowth ofvariousmicrobialstrains (yeast, bacteria, orviruses).Students will prepare agar
dishes, prepare plant extracts in various hydrophilic and hydrophobic solventsfrom
collectedsamples, designand carry outtheantimicrobial plantextract assay. Basedontheirlab
results, students will performthinlayer chromatography with various hydrophilic and
hydrophobic solvents on the extracts that display microbial inhibitiontoisolationthe
chemicalcompoundsresponsible. Students willthen perform theassaywiththeisolated
chemicalcompounds.Studentswillevaluatethe performance ofeach extractasasource of
potentialantimicrobial medicine, and provide evidencefor their evaluations. Students will
discuss possible sources of false data, and submit a written recommendation of plant
extracts for further study as possible candidates as antimicrobialagentstoapanelofindustry
experts.

Unit 4 - Waste
e Driving Question: How can we use biotechnology and chemistry to manage our waste?

e Bio 75 Labs:
o Assay Development lI-llI

This unit allows students to apply Biotechnology and Chemistry concepts and laboratory skills to
develop solutions to waste management problems. At this point in the course, students will have
explored the role of chemistry and biotechnology in ensuring a supply of clean water, healthy



food and good health and will now turn their attention to waste, a product of all those processes
that can also negatively impact these processes. In this unit student groups will act as waste
management consultants who have received a request to provide services to a waste
management company that needs to develop solutions for a waste management problem.

To understand the waste management problem, students will — through materials gathered
and/or personalinterviews -- research the nature of the waste management issue, solutions
thathavebeentried,andoutcomesofthosesolutions.Tounderstandthe chemicaland biological
composition ofthe waste associated with the problem, students will conduct research on the
waste material to determine the properties of elements, molecules,bondsand
intermolecularforcesinthesubstance. Theywillapplytheirknowledge of chemical reactionsand
equilibriumtodevelopchemical processesto breakdownthewaste. Theywill usetheir
knowledgeofenzymes,enzymekineticsandpropertiesofenzymestheygained in the previous
units as they develop biotechnological processes to break down the waste. Bytestingtheir
proposed processesinthelabthroughexperimentation, students will learn about the factors
that affect microbial growth and biochemical or chemical reactions including pH, nature of
reactants and products, and chemical equilibria; the results of their research and
experiments will allow them to understand whyand how existingsolutions needto be
improved. Informationgathered will be used to create a Current Status Report to summarize
the problem and lay out recommended chemistry or biotechnology solutions.

Unit 4 - Assignments

1:Students will conduct a case study of acontemporary waste management problem that
intereststhem. Firstthe students willchoose awaste managementissue. Students will visitthe
site of the problem (a wastewatertreatment plant,adump, hazardous waste facilityoraformer
industrialormilitarysite, forexample)and meet with professionalswho aretryingtosolvethe
problem.Studentswilldeterminethe currentway(s)the problemis beingdealtwith, the
biologicaland chemical pitfalls of the currentsolution(s) (e.g.acidic runoffor toxicity of process
dueto negative effects onthe activity of human enzymes), and areasforimprovementinthe
solutiondesign. They willthendrafta CurrentStatus Report, summarizingthe currentstatus of
the wastemanagementproblem,the historyof the problem, and the chemical or biotech
challenges that have impeded optimal solutions.

2:Studentswillusetheinformationinthe draft of the CurrentStatus Reportinassignment
#1tobrainstormand propose recommendations for nextsteps oralternative solutions.
Students will focus on recommendations or solutions that utilize biotechnology
(bioremediation, forexample) or chemistry to mitigate the impact of the problem onthe
environment and that can be tested in a school laboratory or at an external site in
collaborationwith a professionalinthefield. Students willthen show proofofconceptby
designing and carrying out experiments to test the recommended solution using chemical
reactions, microbesorplants. Throughtheirexperimentaltestingtheywillstudy chemical or
enzymaticreactions to understand their properties and factors that affect the reactions, their
thermochemistry and their equilibrium. The experimental design/redesign processand



results of the tests willbe documentedinalabnotebook and usedto propose a processtosolve
the waste management problemfortheclient.

3: After testing the recommended solution(s) using the scientific method and GLP in assignment
#2 students will report their results in a finalized version of the Current Status Report (draft
created in assignment #1) and use the results to make final recommendations. Although an
optimal solution may not have been determined by the student group, the report could serve as
an advisory report for the client. The report will be submitted to the professional(s) in the field
that they met with at the beginning of the assignment. The final report will include evidence of all
stages of the design/test process and explanations of all chemical and biotechnology principles
used during the study.

Unit 5: Weather and Climate Change

In the process, they gain an understanding of temperature scales and thermometers, kinetic
molecular theory, and the relationships among pressure, temperature, and volume that lead
to the gas laws.

Unit 6 - Heat and Energy (Thermochemistry, Nuclear Reactions, Biofuels)
Driving question: How does energy relate to water, food, health and waste?

Students will gain and show an understanding of taking a Human produced waste product
and produceausablefuel. The process will highlightthe humanneedofenergy, howtheenergyis
used, andthe by-products of energy production. This understanding will be shown in the
presentation of taking some kind of human waste (example: corn stalks) and turning it into a
useable form of energy. The concepts of understanding should extend from Unit4andbe
expandedas partofUnit5. Actingas energy experts, they will researchand chooseawell-
defined process thatcan be performedin thelab, and demonstrate the process. Students will
then be given the opportunity to show a mastery of knowledge regardinga blending of one of
the previous units with Unit5.This knowledge will come in the form of showing how a specific
unit of energy moves and changes. Thereport willinclude the theme of the energy flowfrom
thesuntothecellular levelandbacktotheuniverse,emphasizinghumans’useofenergy.
Studentswillshowan understanding ofthe flow ofaunitofenergy, and useitasevidenceduring
the defense of their poster presentation. Students will assess each other’s presentations,
justifyingtheirassessmentswithevidenceandcarefulreasoning.

Unit 5 - Assignments

1: How can we mitigate waste and produce cleaner forms of energy?
Studentswillchooseaproductinthehumanwastestream (example: wastevegetableoil) to
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produce afuel that can be usedforenergy production. The waste product should be accessible
withoutgreatdifficulty. Thefuel producedshould be useful, minimally toxic and easy to store.
Students will demonstrate the process of producing the fuel and determine the benefits and
drawbacks of the process with regards to the cost of collecting and processing the waste and
manufactured fuel. The demonstration (example cellulose digest to biofuel) by the student
shall take into account the biochemical/chemical reactions taking place and show how the
equilibrium of the reaction(s)arechangedbytemperature, pressure,and/oranadditionof
reactants.

Students will share the knowledge they have gained though the assignment with the class as well
as demonstrate the process in the form of video that will be shared with industry experts, school
administration, and parents for evaluation and feedback. The final assessment will include the
demonstration video, student notebook write-up of assignment, fellow student reflections of the
demonstration and industry expert assessment emphasizing impact in the “real world”.

2:Whatistherole of humansinenergyflow withregardstothefood, water, health or waste?
Students will design and implement a project that follows a unit energy from its source (most
likely the Sun) to its final state (most likely background heat in the universe) with an emphasis on
how humans affect the flow in regards to food, water, medicine/health, or waste. Student shall
choose one of the previous units (Food, Water, Health or Waste) with a biotech emphasis to
integrate with energy for this assignment. Students will explore and document (in the form of a
poster) the concept of energy flow (example: chemical energy from plant to animal) and changes
in energy states (example: from potential to kinetic). Students will submit a project proposal for
teacher review to ensure understanding of the project and not overlap with other students.
Students will submit project updates for teacher review to ensure movement to completion of
project. As part of the update process a “story board” or a flow chart of the presentation will be
required. The unit of energy trip should show changes (from electromagnetic to chemical as an
example) and losses in energy with mathematical explanations of each change and loss. The
presentation from the students will be done in a public setting with a poster session (like one at
a scientific meeting) for.all science students, school administration, subject experts, parents, and
community members. The final assessment will include the poster “defense”, student notebook
write-up of the assignment showing all calculations, industry expert assessment, and fellow
student reflections of the poster.

Unit 6: Special Project

21. Instructional Materials:
Board approved required text:

AHS Chemistry textbook
11



Biotechnology: Science for the New Millennium Second Edition, 2017

Supplementary materials:

Biotechnology Science for the New Millennium Lab Manual Second Edition, 2017

e Water testing kits and pH meters or strips
e General Chem lab chemicals

e glassware GMO PCR kit

¢ Indicator solutions for macromolecules

General microbiology reagents

22. Instructional Methods and/or Strategies

23. Assessment and Evaluation
Students will be required to keep a formal laboratory notebook documenting their research,

experimental design and process of testing, evaluating and re-testing their solutions as well as all
mathematical calculations, and chemical and biotechnology concepts applied. Notebooks and
products of each assignments including lab reports and industry recommendations, poster
sessions, news articles, and infographics students submit in each unit will be used by the teacher
as assessments. The teacher will look for understanding of key concepts, application of this
knowledge, and the ability to solve real world problems in each of the 6 units.

24. Grading Policy
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