Cell Biochemistry & Genomic Engineering
Duration 12 weeks



The curriculum will address the following standards:
Cell Biology 
1.  The fundamental life processes of plants and animals depend on a variety of
chemical reactions that occur in specialized areas of the organism's cells. As a
basis for understanding this concept:
a.  Students know cells are enclosed within semi permeable membranes that
regulate their interaction with their surroundings.
b. Students know enzymes are proteins that catalyze biochemical reactions
without altering the reaction equilibrium and the activities of enzymes
depend on the temperature, ionic conditions, and the pH of the
surroundings.
c. Students know how prokaryotic cells, eukaryotic cells (including those from
plants and animals), and viruses differ in complexity and general structure.
d.  Students know the central dogma of molecular biology outlines the flow of
information from transcription of ribonucleic acid (RNA) in the nucleus to
translation of proteins on ribosomes in the cytoplasm.
h.  Students know most macromolecules (polysaccharides, nucleic acids,
proteins, lipids) in cells and organisms are synthesized from a small
collection of simple precursors.
Genetics 
2.  Mutation and sexual reproduction lead to genetic variation in a population. As a
basis for understanding this concept:
a.  Students know meiosis is an early step in sexual reproduction in which the
pairs of chromosomes separate and segregate randomly during cell division
to produce gametes containing one chromosome of each type.
b.  Students know only certain cells in a multi cellular organism undergo
meiosis.
c.  Students know how random chromosome segregation explains the
probability that a particular allele will be in a gamete.
d.  Students know new combinations of alleles may be generated in a zygote
through the fusion of male and female gametes (fertilization).
e.  Students know why approximately half of an individual's DNA sequence
comes from each parent.
f.  Students know the role of chromosomes in determining an individual's sex.
g.   Students know how to predict possible combinations of alleles in a zygote
from the genetic makeup of the parents.
3.  A multi cellular organism develops from a single zygote, and its phenotype
depends on its genotype, which is established at fertilization. As a basis for
understanding this concept:
a.  Students know how to predict the probable outcome of phenotypes in a
genetic cross from the genotypes of the parents and mode of inheritance
(autosomal or X-linked, dominant or recessive).
b.  Students know the genetic basis for Mendel's laws of segregation and
independent assortment.
c. * Students know how to predict the probable mode of inheritance from a
pedigree diagram showing phenotypes.
d. * Students know how to use data on frequency of recombination at meiosis
to estimate genetic distances between loci and to interpret genetic maps of
chromosomes. 
4.  Genes are a set of instructions encoded in the DNA sequence of each organism
that specify the sequence of amino acids in proteins characteristic of that
organism. As a basis for understanding this concept:
a.  Students know the general pathway by which ribosomes synthesize
proteins, using tRNAs to translate genetic information in mRNA.
b.  Students know how to apply the genetic coding rules to predict the
sequence of amino acids from a sequence of codons in RNA.
c.  Students know how mutations in the DNA sequence of a gene may or may
not affect the expression of the gene or the sequence of amino acids in an
encoded protein.
d.  Students know specialization of cells in multi cellular organisms is usually
due to different patterns of gene expression rather than to differences of
the genes themselves.
e.  Students know proteins can differ from one another in the number and
sequence of amino acids.
f.  * Students know why proteins having different amino acid sequences
typically have different shapes and chemical properties.
5.  The genetic composition of cells can be altered by incorporation of exogenous
DNA into the cells. As a basis for understanding this concept:
a.  Students know the general structures and functions of DNA, RNA, and
protein.
b.  Students know how to apply base-pairing rules to explain precise copying
of DNA during semi conservative replication and transcription of information
from DNA into mRNA.
c.  Students know how genetic engineering (biotechnology) is used to produce
novel biomedical and agricultural products.
d.  * Students know how basic DNA technology (restriction digestion by
endonucleases, gel electrophoresis, ligation, and transformation) is used to
construct recombinant DNA molecules.
e.  * Students know how exogenous DNA can be inserted into bacterial cells to
alter their genetic makeup and support expression of new protein products.

Sub-Unit 1-Prokaryote Cell Structure and Function ( 3 weeks)
Abstract: Students begin a study of cellular biology by collecting compost samples for culture on solid media plates with LB plates serving as the control and filter paper st21cx plates as the experimental plates. Students will will complete restreaking exercises with their control plates and transfer of colonies to liquid media and finally complete gram staining protocols to examine cell morphology and variation of cell wall structure and function. Students engage concepts of cell structure and function, transport of materials across cell membranes, metabolism, cell reproduction, reproduction rates and mathematical concepts of empirical calculations.   The assessments will include journaling and notecards as well as a presentation of their gram stain data.

	Day 1


1. students receive sample collection protocol and form hypotheses
2. students learn how to use google.maps and google.earth
	Day 2

1. students plate samples and enter the protocol into their journal
2. students view the ppt on the tree of life and take notes and answer questions


	Day 3

1. Students complete the bacteria worksheet
2. Students view bacteria powerpoint
3. Students take observations of their plates and enter data into their journals

	Day 4

1. Students complete literacy cards for key terms from chapter 21.2 and chapter 4.1
2. Students take observations of their plates and enter data into their journals**


	Day 5

1. Students observe the egg and dye experiment
2. Students observe their sample plates restreak colonies and enter data into their journals
3. Students complete the 21.2 section review (SR)**

	Day 6

1. Students view bacteria cell wall ppt
2. Students complete the egg/celery/dye experiment
 experiment**





	Day 7


3. Students write an analysis of the egg/celery/dye
2. Students read 4.2 and complete literacy cards**



	Day 8

1. Students prepare gram stain slides
2. Students view gram stain slides







	Day 9


3. Students review gram staining in 21.2
4. Students conduct research re: gram stain  for presentation
	Day 10

1. Students complete the gram stain analysis from 21.2**
2. students present their data and illustration for peer assessment**

	Day 11

1. students read article about 23 and me and mitochondrial DNA
2. Students read from 5.3 on cellular respiration



	Day 12

1. Students review metabolism and the role of enzymes in breaking down carbon sources for energy





Sub-Unit 2-Cell Genetic Material (4 weeks)
Students will explore the concepts of DNA structure and function, history of DNA discovery, basic chemistry and DNA synthesis through an experimental protocol to identify their specific bacteria isolates from their control plates.  Students will be assessed through a formal lab report at the conclusion of the study.  During this time students with an honors track will be conducting research on cellulose and the specific enzymes involved in digesting the experimental plates which contain cellulose as the only carbon source for metabolism.

	Day 1


1. students form hypothesis
2 students perform a simple extraction of DNA from an onion
	Day 2

 1. students review Avery's transformation and Hershey and Chase
2. students review the three structural parts of DNA

	Day 3

1. Students review the DNAinteractive website





	Day 4

1. Students build models of DNA and answer questions





	Day 5

1. Students prepare for the mini prep and learn about ribosomes and the  16s ribosomal sequence

	Day 6

1. Students view PCR model
2. Students prepare liquid culture of their isolates

	Day 7

1. Students review vocabulary
2. Students draft introduction of paper




	Day 8

1. Students observe liquid culture


2. Students draw a mitochondria and the pathway to break down sugars to produce ATP 

	Day 9

1. Students are assessed for DNA structure and lab protocol comprehension
2. Students peer review introductions and methods sections of each others papers

	Day 10

1. Students perform a mini prep with liquid culture to isolate the genomic DNA of isolates
2. Students perform PCR and gel electrophoresis


	Day 11

1.  Students analyze Gel results and review protocol steps for lab writeup
2. Students review PCR "cleanup" for sequencing through Quintara


	Day 12

1. Students complete PCR cleanup protocol








	Day 13

1. Students review sequencing results.



	Day 14

1. Students complete research on sequencing results.


	Day 15

1. Students edit and revise data/analysis and conclusions sections of their lab writeups

	Day 16

1. Students complete lab writeup







Sub-Unit 3 Genetic Engineering and Analysis (5+ weeks)
Students will perform a simple transformation with E. coli and a GFP gene.  The students will self assess their success in transformation and complete a lab writeup as a formal assessment for this aspect of the sub-unit.  The rest of the unit is open to work sequestered through JBEI at the discretion of Clem Fortman and Blake Simmons (TBD)


	Day 1


1. Students review plasmids and prokaryotic DNA structure of E. coli
2. Students read CH 10 from Exploring Biology regarding protein synthesis
	Day 2

 1. Students review transcription and translation through modeling exercises




	Day 3

1. Students review the codon chart and the structure of proteins
2. students draft and introduction and methods section for the lab writeup

	Day 4

1. Students are assessed for their ability to discuss protein synthesis
2. Students review the possibilities and practices for genetic transformation.


	Day 5

1. Students review the protocol for genetic transformations
2. Students peer edit the introduction and methods section

	Day 6

1. Students complete the genetic transformations protocol




	Day 7

1. Students analyze the GFP transformation
2. Students draft analysis and conclusions section


	Day 8

1. Students complete a draft of the transformations lab writeup




	Day 9

1. TBD

	Day 10

1.TBD 
	Day 11

1.TBD 
	Day 12

1.TBD 

	Day 13 

1.TBD 
	Day 14 

1.TBD 
	Day 15 

1.TBD 
	Day 16

1. TBD 

	Day 17

1.TBD 
	Day 18 

1.TBD 
	Day 19 

1.TBD 
	Day 20 

1.TBD 




Materials

· LB plates (300+) 

· sterile filter papers (100+)

· innoculating loops (6-12) 

· parafilm (2+ rolls) 

· scissors* 

· sterile transportation container 

· bunsen burners (12)* 

· PCR machine 

· "falcon tubes" or liquid culture tubes (300+)

· mini prep kits (4)

· DNA cleanup kits (4)

· centrifuge (1)

· eppendorf tubes (1000+) 

· filter eppendorf tubes (200+) 

· E. coli transformation kits for 100 students 

Assessment Tools

· Reading comprehension worksheets for chapter 4,5,9 & 10 

· Section Review discussions for chapters 4,5,9 & 10 

· Literacy Cards 

· Gram Stain Data Presentation 

· Isolation Sequencing Lab Writeup 

· Transfformation Lab Writeup 

· Chapter Reviews 

· Discussions 

· Journal

