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Youngstown City Schools 
 

SCIENCE:  BIOLOGY 

UNIT #8: CELLULAR PROCESSES (4 WEEKS)  

SYNOPSIS: Students are introduced to the cellular processes which are characteristic of living things. Students investigate 

how light energy is not directly utilized by living organisms but is captured and converted into chemical bonds of food 
molecules by photosynthesis. Students compare and contrast photosynthesis and cellular respiration in terms of how energy 
is maintained for all living things. Using real-life applications, students will differentiate the outcomes of mitosis and meiosis 
and apply these concepts to understand the significance of cell differentiation and stem cells.  

 
Enablers: this topic focuses on the cell as a system itself (single-celled organism) and as part of larger systems 
(multicellular organism), sometimes as part of a multicellular organism, always as part of an ecosystem. The cell is a 
system that conducts a variety of functions associated with life. Details of cellular processes such as photosynthesis, 
chemosynthesis, cellular respiration, cell division and differentiation are studied at this grade level. 
 

STANDARDS   

IV. CELLS 
B.  Cellular processes 

     1.  Characteristics of life are regulated by cellular processes 
a. the cell is a system that conducts a variety of functions associated with life 

                  2.   Cellular processes include: 

             a. photosynthesis  

             b. chemosynthesis   

             c. cellular respiration  

             d. cell division  

             e. differentiation 

LITERACY STANDARDS    

RST.3    Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or 
 performing technical tasks, attending to special cases or exceptions defined in the text.  
RST.7    Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart)  

 and translate information expressed visually or mathematically (e.g., in an equation) into words.   

RST.9    Compare and contrast findings presented in a text to those from other sources (including their own experiments),  noting 

 when the findings support or contradict previous explanations or accounts. 

WHST.5  Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach,  focusing 

 on addressing what is most significant for a specific purpose and audience 

 

VOCABULARY  

chemosynthesis    chromatography    fermentation    centromere       chromatids     anaphase        crossing over  

photosynthesis      ATP     ADP            lactic acid         spindle       interphase       telophase homologous 

autotroph                aerobic              alcohol              chromatin       prophase          cytokinesis    haploid 

heterotroph        anaerobic           centrioles         chromosome     metaphase       cytokinesis diploid 

             gametes  tetraploid 
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  MOTIVATION TEACHER NOTES 

1. Teacher shows photos of living-non-living things; students consider the attributes of each thing to 
decide how to sort them into the two categories; students create T-chart for living and non-living 
things. 

 
2. Students watch video segment: ocean explorer Robert Ballard takes us on a mind-bending trip to 

hidden worlds underwater, where he and other researchers are finding unexpected life. (4:09 – 
10:06). Teacher asks class why the discovery of the giant red clams was so surprising to the 
scientists; students consider the environment of the deep ocean vents in terms of the absence of 
sunlight and the ability of some organisms to survive there.   (IV B 2b) View Video from website 
below:  view 4:17-10:00 
http://www.ted.com/talks/lang/en/robert_ballard_on_exploring_the_oceans.html 

 
3. Teacher previews for students what the end of the unit authentic assessment will be and 
    what students will be expected to do.   
 
4. Students write personal and academic goals 
 

 

 

 

TEACHING-LEARNING TEACHER NOTES 

1. Teacher discusses the characteristic of living things (8 things- p.16): Living things are: made up 
of units called cells, reproduce, are based on a universal genetic code (DNA), grow and develop, 
obtain and use materials and energy, respond to their environment, maintain a stable internal 
environment, change over time.  Students observe PPT about characteristics of life; students 
take notes. (IV B 1; IV B1a)  

2. Teacher asks students to compare unicellular and multicellular oganisms using criteria of living 
things; students work in small groups to make these comparisons and create a T-chart to 
represent their work. (IV B 1; IV B 1a) 

3. Teacher uses PPT to reintroduce basic information about the process of photosynthesis; 
students take notes on the reactants – carbon dioxide and water, the role of sunlight and 
chlorophyll, and the products – glucose and oxygen. Teacher mentions reference to giant red 
clams in motivation video and talks about how chemosynthesis is different from photosynthesis.  
(IV B 2a,b) 

4. Teacher introduces the historical study of photosynthesis; students watch video of van 
Helmont’s experiment and analyze the experiment in terms of his evidence and conclusions. 
Students then view video on the work of Priestley and Ingenhousz which shows how the thinking 
evolved over time; students answer question: what did each of the three experiments reveal 
about how plants grow? Students read article on “Where Do Plants Get Their Food?” (IV B 
2a; RST.9) 
van Helmont video- http://www.teachersdomain.org/asset/tdc02_vid_photosynth (2:24)   
Priestley and Ingenhousz video -http://www.bing.com/videos/search?q=video+about+the+ 
discovery+of+photosynthesis (2:29) 

5. Teacher asks questions about investigating the process photosynthesis (see list of questions 
attached). Teacher selects which lab(s) students will investigate and discusses procedures; 
students follow procedures to make observations, collect data and draw conclusions. Class 
discusses lab work in terms of how the results relate to the question(s)  
investigated.  (IV B 2a; RST-3) 

 

6. Teacher introduces the energy-capturing molecule formed when ADP + P → ATP; and the 

1. PPT: Characteristics 
of Life 
 
 
 
 
 
 
 
 
3. PPT: Photosynthesis 
 
 
Attached: Reading Article:  
Life Is Found Near Deep 
Ocean Vents  (page 6) 
 
4. Attached- Where Do 
Plants Get Their Food? 
(details for analysis of van 
Helmont’s work included) 
–(pages 7-11) 
 
 
 
5. PDF file of optional 
Labs) (118 pages of 
labs) 
 
5. Attached: Questions 
About Photosynthesis 
for Labs (page 12) 
 
 
6. Attached: ATP 

http://www.ted.com/talks/lang/en/robert_ballard_on_exploring_the_oceans.html
http://www.teachersdomain.org/asset/tdc02_vid_photosynth
http://www.bing.com/videos/search?q=video+about+the+%20discovery+of+photosynthesis
http://www.bing.com/videos/search?q=video+about+the+%20discovery+of+photosynthesis
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TEACHING-LEARNING TEACHER NOTES 

energy-releasing molecule when ATP → ADP + P; students record notes and watch video 
explaining the role of ATP as the cell’s “energy currency” in terms of how energy is captured or 
energy is used(released). Teacher shares another ATP analogy; class discusses.  (IV B 2a,c) 
video: http://www.khanacademy.org/science/biology/photosynthesis (show only to 4:10) 

7. Teacher shows video (6:35) of a brief description of the reactions of photosynthesis which     
include the light-dependent and light- independent reactions; students complete photosynthesis 
table during video lecture. Teacher lectures (see notes) what is meant by the two different 
reactions; students take notes. ( IV B 2a; RST.7) 
video - Photosynthesis – Biology in a Minute www.youtube.com/watch?v=BeUmj8d6Mag 

 
8. Teacher introduces cell respiration with a video or PPT; students look-for and write down     

points of comparison cell respiration has with photosynthesis; class discusses comparisons. (IV 
B 2a,c) 

    video - www.copernicusproject.ucr.edu/ssi/HSBiologyResources.htm , Aerobic Respiration 

    PPT-  Cellular Respiration  
 
9. Teacher explains process of cell respiration; students take notes (see T-L #7 

attachment).Teacher discusses anaerobic respiration pgs.224-225 and explains how it 
represents part of the cell respiration process without oxygen (fermentation); students discuss 
the end products of fermentation reactions (lactic acid, alcohol) and common examples for each. 
(IV B 2c) 

 
10. Teacher gives instructions for Yeast Lab; students work in small groups to       set-up, observe 

and complete lab report. (IV B 2c) 
 
11. Teacher introduces the Cell Cycle with questions: what is a cell’s “life span?” do all cells 

“exist” the same amount of time? what happens during a cells “life span”? what happens to “old” 
cells? is there a cell that is immortal? Student refer to text pg. 249, Life Spans of Human Cells, 
to propose a hypothesis that accounts for the data provided; students work in pairs to make the 
determination.  

12. Teacher lectures on mitosis (text pgs. 246-248) using an interactive animation and actual 
slides of mitosis; students take notes and make sketches of slides, label parts involved in the 
process and name each phase represented. Teacher emphasizes that the number of 
chromosomes in the two new cells is the same as the number in the original cell and all new 
cells are guaranteed to be exact replicas of the original cell; students discuss why that is 
important.  (IV B 2d) 
interactive animation – http://cellsalive.com/mitosis.htm 

13. Teacher explains Mitosis activity; students follow procedure to complete activity. (IV B 2.d) 

14. Teacher introduces Meiosis (text pgs. 275-278) using an interactive animation and  
explains how the resulting cells (gametes) have half the number of chromosomes as the original 
cell (one of each of the homologous pair = one complete set); students take notes and make 
sketches, label parts involved in the process and name each phase represented. Teacher 
emphasizes that meiosis is important in assuring genetic diversity in sexual reproduction and 
explains how that is accomplished by crossing over; students are given the chromosome 
number in human cells (46) and they figure out the number in an egg cell, sperm cell, zygote 
cell, normal body cell.  Students complete Mitosis-Meiosis Worksheet.  (IV B 2.d)                  
interactive animation – http://cellsalive.com/meiosis.htm 

 

15. Students read background essay: Cell Differentiation and discuss questions and terminology 
related to the process; teacher shows video -Cell Differentiation (1:20). Students discuss how 

Analogy (page 12) 
 
 
 
7. Attached:  
Photosynthesis Table 
for video lecture – make 
student copy (page 12) 
 
7. Attached – Teacher 
Notes: Photosynthesis 
(Page 13-14) 
 
 
8. PPT:  Cellular 
Respiration  
 
 
 
9. Attached – Teacher 
Notes: Cell Respiration 
(page 15) 
 
 
 
 
10. Attached – Yeast Lab 
(page 16-21) 
 
 
11. Attached: Scenario 
for Cell Life Spans 
(page 22-26) 
 
 
 
 
 
 
 
 
13.Attached -: Sock-It-
To-Me Mitosis Or  
Mitosis-Meiosis Clay 
Activity (do part 1)(page 
27-29) 
 
14. Attached Mitosis-
Meiosis Clay Activity 
#13 (pages 27-29)(do 
part 2) 
14. Mitosis Meiosis 
Worksheet (pages 30-31) 

 
 
15. Attached-  
Background Essay:  

http://www.khanacademy.org/science/biology/photosynthesis
http://www.youtube.com/watch?v=BeUmj8d6Mag
http://www.copernicusproject.ucr.edu/ssi/HSBiologyResources.htm
http://cellsalive.com/mitosis.htm
http://cellsalive.com/meiosis.htm
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TEACHING-LEARNING TEACHER NOTES 

stem cells are formed and are transformed into differentiated cells.  (IV B 2.e)  
video – http://www.teachersdomain.org/resource/tdc02.sci.life.stru.different/   
 

16. Teacher explains webquest activity; students navigate the Stem Cells in the 
 Spotlight module to learn about the different types of stem cells, that stem cells differentiate and 

about stem cell therapies and their associated risks and challenges. (IV B 2.e; RST.3)   
web quest site: http://teach.genetics.utah.edu/content/tech/stemcells/scwebquest.html  or 
(optional lab #16 Three Ways to Make a Pluripotent Stem Cell Line)   
    

17. Teacher explains that this lesson provides background for the authentic assessment and 
students are encouraged to ask questions. Students read in text pg. 253 about stem cells and 
discuss how this technology will impact medicine. Teacher shows video (13:39) about Stem Cell 
Breakthroughs; students discuss ideas presented. (IV B 2.e)  
Video – http://www.pbs.org/wgbh/nova/education/activities/0305_03_nsn.html 

Cell  Differentiation 
(page 32) 
 
 
16. Attached – optional 
lab: Three Ways to 
Make a Pluripotent 
Stem Cell Line (pages 
33-38) 
 
 

 

TEACHER CLASSROOM ASSESSMENT TEACHER NOTES 

1.  Quizzes  
2.  Science Notebooks – includes students work on labs, activities, literacy standards   
3.  Unit Test   
4.     Lab Practical 
5.  Out of class work – research 

 

 

TRADITIONAL ASSESSMENT TEACHER NOTES 

1.  Unit Test    
 

AUTHENTIC ASSESSMENT TEACHER NOTES 

PROMPT: You realize stem cell research has the potential to revolutionize the field of medicine. You 
believe that communication is vital to fostering public understanding of emerging medical 
technologies and therefore, you have volunteered to speak to biology classes about medical 
research that can alleviate the suffering of individuals with debilitating conditions, along with their 
families and friends. Your presentation will be composed of two parts.  

 

PART 1: INTRODUCTION - We are aware that different types of cells make up our body (i.e., blood 
cells, skin cells, muscle cells) but usually forget to appreciate that all of these different cell types 
arose from a single cell, the fertilized egg. So where do the different cells and tissues in the body 
come from?       

 

Devise a flowchart that shows the formation of the fertilized egg and the process a fertilized egg 
cell goes through as it differentiates from a single cell into a multicellular organism.                     
 
At each step in the development of the organism, identify the cellular events occurring (mitosis or 

meiosis), the condition of the resulting cells (haploid or diploid) and the extent of cell differentiation: 

 origin of the fertilized egg (including gamete production by the parents) 

 division of early cells (up to 1000 cells)  

 production of embryonic stem cells and differentiation 

 developing embryo becoming the fetus  

 compare embryonic  and adult stem cells in the multicellular organism 
 

Additional Resources for Authentic Assessment: 
http://www.actionbioscience.org/biotech/pecorino2.html 

Authentic Assessment 
Attached:  pages 39-40 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.teachersdomain.org/resource/tdc02.sci.life.stru.different/
http://teach.genetics.utah.edu/content/tech/stemcells/scwebquest.html
http://www.pbs.org/wgbh/nova/education/activities/0305_03_nsn.html
http://www.actionbioscience.org/biotech/pecorino2.html
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AUTHENTIC ASSESSMENT TEACHER NOTES 

       Attachment #18: Types of Stem Cells 
 

PART 2: STEM CELLS MAY ONE DAY HELP SCIENTISTS TO REGENERATE CELLS LOST IN 
DISEASES like: 

Repair heart muscle after a heart attack                 Leukemia 
Pancreas cells lost in diabetes                                Sickle-cell Anemia 
Neurons lost in Alzheimer’s                                     Cerebral palsy 
Retinal cells causing blindness                                Cell growth of cancers 
Spinal cord injuries                                                   Parkinson’s disease     
Multiple sclerosis                                                      Help organ transplantation 
                                                                                 other (teacher-approved) diseases  

Write a short report on the recent progress in stem cell research and the likely future of 
therapeutic applications to cure a selected human disease (listed above 

 

You must include: 

 the type of stem cells used, based on where in the body or what stage of  
         development they come from 

 the source of the stem cells used in the therapy and reasons for the using that 
         particular source 

 the strategy of the stem cell therapy being used  

 the implications for curing the disease      
(IV B 2d,e; WHST.5) 
  

2. Students evaluate their goals. 

 
 
 
 
 

 
RUBRIC FOR AUTHENTIC ASSESSMENT 

Differentiation and Stem Cells Report 
 

Criteria Points 

Part 1:Cellular events described with details: 1 2 3 4  

Origin of fertilized egg      

Division of early cells      

Production of stem cells      

Developing embryo becomes a fetus      

Compare embryonic and adult stem cells      

Part 2:Therapy described with details: 1 2 3 4  

Type and source of stem cells used      

Source of stem cells and why they are used      

Strategy of therapy      

Implications for a cure      

Information Gathering 1 2 3 4  

Topics explained with details      

Information relevant to topic      

Conclusions logical with scientific basis      

Report well organized with logical sequencing      

                                                                            Total Points  
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 T-L #3  Reading Article: Life Is Found Near Deep Ocean Vents   

 In 1977 scientists discovered that at the deepest parts of the ocean, which people had long imagined to be 
dark, cold, and lifeless, was a strange environment teeming with life.  

Marine geologist Robert Ballard (b. 1942) and a team of oceanographers and marine geochemists and 
geologists, took the deep sea submersible Alvin to the Galápagos Rift near the Galápagos Islands in the 
Pacific Ocean. Their expedition was to look for hydrothermal activity like that found at Yellowstone National 
Park. Geysers or hot springs of some kind were predicted at the Rift based on the relatively new plate 
tectonic theory. Remote sensors showed temperature changes and the presence of large clam shells that 
looked promising. A crew took Alvin down to 2,500 meters below the surface where they were gratified to 
find what they had been looking for -- and more. The water near the bottom shimmered with the difference 
in hot and cold, as very hot water spewed out of vents into the 3-degree Centigrade ocean water. A dusting 
of white lay around the vents, and in some places, had accumulated so high as to look like chimneys on the 
sea floor, smoking with hot, mineral-rich water. As the water cooled, material that was dissolved in it 
solidified and settled out.  

The crew was happy to have found what they were looking for, but stunned by what else was there: life! 
Immediately surrounding the hot vents and chimneys were thriving communities of strange species such as 
giant clams, eyeless shrimp, and colorful tube worms. But no sunlight. How this food chain began was a 
mystery. It was apparent that the life there was completely dependent upon the vents since only the 
remains of dead organisms surrounded inactive vents. Scientists collected water from the vents and later 
found sulfide-eating bacteria, similar to those found in land-based hot springs. These were the initial food 
source for the larger creatures. The sulfide was in the minerally water coming from the vents, and it was 
suspected that the heat of the earth itself served as the primary energy source. 

Other scientists returned to these life-filled vents and also found similar ones in the Atlantic. Ironically, the 
original team had included no biologists, since they were looking into theoretical and practical geologic 
questions. For example, mining interests wanted to know where there might be mineral deposits in the 
oceans. Deep-ocean study has since been carried out mostly by biologists, whose detailed findings have 
suggested that life on the young, volatile planet earth may well have started at the bottom of the ocean. 
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T-L #4 Where Do Plants Get Their Food?  
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5/22/2015                                                                          YCS Science: BIOLOGY UNIT #8 CELLULAR PROCESSES    11 
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T-L #5  Questions About Photosynthesis for LABS 
 
Autotrophy:  Collecting Energy from the Non-Living Environment  
 
Investigations 4A – Photosynthesis   pgs. 714-716 
A. Does a green plant use carbon dioxide in the light? 
B. Is light necessary in order for this reaction to take place? 
C. Are the materials in the equation involved in any plant process other than photosynthesis? 
D. Do plants release the oxygen produced in photosynthesis? 
 
Investigations 4B      Rate of Photosynthesis  pgs. 716-718 
A. How is the photosynthetic rate of a plant determined in an investigation? 
B. What is a basic rate of photosynthesis and how is it determined? 
C.  What are the effects of light intensity on the rate of photosynthesis? 
D. What are the effects of light color on the rate of photosynthesis? 
 
 

________________________________________________________________________________ 
T-L #6     ATP Analogy 

ATP has been called the “energy currency” of living cells. To see why ATP has been compared to money in this way, 

imagine foreign tourists arriving in New York without any American money but with only the different kinds of money 

used in their own countries. It would be difficult for them to pay for dinner, a newspaper, or theater tickets in New 

York with their different kinds of money.  

 
Now suppose that the tourists change their foreign money into the local currency of dollars and cents. All these 
purchases now become simple and easy.  
 
In a similar manner a cell changes the chemical energy of different organic compounds to the chemical energy 
carried by the molecules of ATP. Not all, but most of the energy “bills” inside a cell are then “paid” by ATP. 
 
___________________________________________________________________________________________ 
 

T-L#7  Photosynthesis Table for Video lecture –student copy  
 
Equation_______________________________________________________________ 
 
Process Location Reactants Products 

Light-Dependent  
Photosystems 

   

Light Independent 
Calvin Cycle 
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T-L#7  Teacher Notes: Photosynthesis  
 
Photosynthesis is the process by which organisms that contain the pigment chlorophyll convert light energy into 

chemical energy which can be stored in the molecular bonds of organic molecules (e.g., sugars). Photosynthesis 

powers almost all trophic chains and food webs on the Earth.  

The net process of photosynthesis is described by the following equation:  

6CO2 + 6H2O + Light Energy = C6H12O6 + 6O2 

This equation simply means that carbon dioxide from the air and water combine in the presence of sunlight to form 
sugars; oxygen is released as a by-product of this reaction.  

Light Reactions and the Calvin Cycle  

The process of photosynthesis is broken up into two main groups of reactions: the "light reactions" which require light 
energy to operate, and the "Calvin cycle" which specifically takes carbon dioxide and turns it into organic molecules. 
The electromagnetic energy of sunlight is converted to chemical energy in the chlorophyll-containing cells of 
photosynthetic organisms. In eukaryotic cells these reactions occur in the organelle known as the chloroplast. In the 
chloroplast, chlorophyll is the pigment that absorbs the sunlight. Chlorophyll is typically packed into stacks of 
membranes (called grana); it is in the grana where some of the sunlight is absorbed. Sunlight is converted to 
chemical energy in the form of ATP (adenosine triphosphate), which is the main energy-storing molecule in living 
organisms. ATP is then transported throughout the chloroplast and used to provide the chemical energy necessary to 
power other metabolic reactions. For example, some of the ATP is used to power the metabolic reactions in the 
conversion of CO2 into sugars and other compounds.  

Photosynthesis in a Chloroplast 

Some terms and definitions: 

 H2O is water.  
 O2 is oxygen.  
 CO2 is carbon dioxide.  
 ATP is adenosine triphosophate.  
 PGA is a phosphoglyceric acid, a three carbon (C-C-C) organic acid.  
 Grana are the stacked membranes that contain chlorophyll.  
 RuBP is the five carbon (C-C-C-C-C) sugar-phosphate.  
 Rubisco is the enzyme (ribulose bisphosphate carboxylase/oxygenase). It is the enzyme that catalyzes the 

conversion of CO2 to the organic acid, PGA. It is the most abundant enzyme on Earth.  

During the process of photosynthesis, light penetrates the cell and passes into the chloroplast. The light energy is 
intercepted by chlorophyll molecules on the granal stacks. Some of the light energy is converted to chemical energy. 
During this process, a phosphate is added to a molecule to cause the formation of ATP. The third phosphate 
chemical bond contains the new chemical energy. The ATP then provides energy to some of the other photosynthetic 
reactions that are causing the conversion of CO2 into sugars.  

While the above reactions are proceeding CO2 is diffusing into the chloroplast. In the presence of the enzyme 
Rubisco, one molecule of CO2 is combined with one molecule of RuBP, and the first product of this reaction is two 
molecules of PGA.  

 Which wavelengths of the solar spectrum drive photosynthesis?  

http://esg-www.mit.edu:8001/esgbio/ps/calvin.gif
http://www.ultranet.com/~jkimball/BiologyPages/C/Chloroplasts.html
http://gened.emc.maricopa.edu/bio/bio181/BIOBK/BioBookATP.html#Table of Contents


5/22/2015                                                                          YCS Science: BIOLOGY UNIT #8 CELLULAR PROCESSES    14 

 

The wavelengths of sunlight between 400nm and 700nm are the wavelengths that are absorbed by 
chlorophyll and that drive photosynthesis.  

 Energy Incident on a Leaf 

Photosynthesis is not a very efficient process. Of the sunlight reaching the surface of a leaf, 
approximately:  

 75% is evaporated  
 15% is reflected  
 5% is transmitted through the leaf  
 4% is converted to heat energy  
 1% is used in photosynthesis  
  

 How do we know the O2 is derived from H2O during photosynthesis? 

The oxygen product of photosynthesis could originate from either the CO2 or the H2O starting compounds. 
To determine which of these original compounds contributed to the O2 end product, an isotopic tracer 
experiment was performed using 18O:  

 18O is a heavy isotope of oxygen  
 H2

18O + CO2 yields 18O2  
 H2O+C1802 yields O2  

Therefore, the O2 end product must originate from water and not from the carbon dioxide.  

 How do we know what the first products of photosynthesis are? 

Another isotopic tracer experiment:  
14C is a radioactive isotope of carbon. 14CO2 is exposed for a brief period to a green plant that is conducting 
a photosynthesis in the presence of sunlight. Immediately after exposure to 14CO2, the plant's photosynthetic 
tissue is killed by immersing it in boiling alcohol, and all of the biochemical reactions cease. The chemical 
compounds in the dead tissue are all extracted and studied to determine which of them possesses the 14C. 
Following the briefest exposure to 14CO2, the only chemical compound that possessed 14C was PGA 
(phosphoglyceric acid, a three carbon molecule). Following longer periods of exposure, much of the 14C was 
found in a variety of compounds including glucose. By varying the length of the exposure period it was 
possible to identify the sequence of the reactions leading from PGA to glucose.  

This research was conducted by Prof. Melvin Calvin and his colleagues at the Univ. of California, Berkeley. 
Calvin received the Nobel Prize for this work.  

 
 

  

http://esg-www.mit.edu:8001/esgbio/ps/abs.gif
http://esg-www.mit.edu:8001/esgbio/ps/abs.gif
http://www.lbl.gov/Science-Articles/Archive/Melvin-Calvin-obit.html
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T-L #9 Teacher Notes: Cell Respiration 

We have seen how plants convert sunlight into sugars. Now we need to understand how cells can use the products 
of photosynthesis to obtain energy. There are several possible metabolic pathways by which cells can obtain the 
energy stored in chemical bonds:  

 Glycolysis  
 Fermentation  
 Cellular respiration  

Glycolysis: 

Glycolysis can occur in either the absence or the presence of oxygen. During glycolysis, glucose is broken down to 
pyruvic acid, yielding 2 ATP of energy. Glycolysis occurs in the cytoplasm of cells, not in organelles, and occurs in all 
kinds of living organisms. Prokaryote cells use glycolysis and the first living cells most likely used glycolysis.  

Fermentation: 

During fermentation, the pyruvic acid produced during glycolysis is converted to either ethanol or lactic acid. This 
continued use of pyruvic acid during fermentation permits glycolysis to continue with its associated production of 
ATP.  

Cellular Respiration: 

Respiration is the general process by which organisms oxidize organic molecules (e.g., sugars) and derive energy 
(ATP) from the molecular bonds that are broken.  

Glucose (a sugar): 

C 6H12O6  

Respiration is the opposite of photosynthesis, and is described by the equation:  

C6H12O6+6O2 ----------> 6CO2+6H2O+36ATP 

Simply stated, this equation means that oxygen combines with sugars to break molecular bonds, releasing the 
energy (in the form of ATP) contained in those bonds. In addition to the energy released, the products of the reaction 
are carbon dioxide and water.  

In eukaryotic cells, cellular respiration begins with the products of glycolysis being transported into the mitochondria. 
A series of metabolic pathways (the Krebs cycle and others) in the mitochondria result in the further breaking of 
chemical bonds and the liberation of ATP. CO2 and H2O are end products of these reactions. The theoretical 
maximum yield of cellular respiration is 36 ATP per molecule of glucose metabolized.  
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T-L #10  Yeast Fermentation Lab 

Anaerobic Cell Respiration by Yeast 

 
BACKGROUND: 

Yeast are tiny single-celled (unicellular) fungi. The organisms in the Kingdom Fungi 

are not capable of making their own food. Fungi, like any other organism, need food 

for energy. They rely on sugar found in their environment to provide them with this 

energy so that they can grow and reproduce.  
 

Yeast, like bacteria grow in or on their food source. They produce and release 

digestive proteins (enzymes) into their environment where the sugar molecules are 

found. Complex sugar molecules then break down into monosaccharides that can be 

absorbed by the yeast and used for food (energy).  

 

There are many species of yeast, and each has a particular food source. Certain 

yeast feed on a variety of natural sources of sugar such as fruits, nectar from 

plants, and molasses from the plant crop called sorghum. Others break down wood 

and corn stalks. In doing this, a compound called ethanol is produced. This 

compound can be used in our cars like gasoline. Another species break down sugar 

from grain into alcohol. Others break down fruits into wine, which is another type 

of alcohol. Bread recipes rely on yeast to break down sugar in flour.  

  

Yeast is a facultative anaerobe, meaning that it can participate in aerobic 

respiration when possible, but when this is impossible, it respires anaerobically. 

When using yeast in making dough, the yeast will use the initial oxygen up very 

quickly and then start to respire anaerobically.  ATP will then be made via 

glycolysis, which requires no oxygen.  Without oxygen present, the yeast cells will 

quickly run out of NAD+ molecules which are vital to the process of glycolysis. To 

regenerate the NAD+, the yeast will undergo alcoholic fermentation, which 

converts pyruvic acid into CO2.as well as ethyl alcohol, with the NADH being 

oxidized in the process.  Overall, the final equation for glycolysis plus fermentation 

would be: 

 C6H12O6    2CO2 +  2C2H5OH, with 2 ATP also produced. 
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For the yeast cell, this chemical reaction is necessary to produce the energy for 

life. The alcohol and the carbon dioxide are waste products produced by the yeast. 

It is these waste products that we take advantage of. The chemical reaction, 

known as fermentation can be watched and measured by the amount of carbon 

dioxide gas that is produced from the break down of glucose.  
 

Do you think that the rate of carbon dioxide production during fermentation would 
be affected by the availability of simple sugars?  Explain. 
 

OBJECTIVE: 

In this lab, we will observe the effect of food source on the process of cellular respiration 

by yeast. You will attempt to determine whether a yeast “bread dough” contains only flour 

or flour and sugar, based on the rate of CO2 production.  You will assess CO2 production by 

measuring how much the dough rises in a set period of time. 
 

MATERIALS: 

• Two plastic cups per group 

• Two plastic spoons per group 

• Marker 

• Several packages yeast 

• Warm Water 

• Table sugar 

• Flour 

• Plastic wrap 
 

PROCEDURE: 

1. Get two plastic cups and label them A and B. 

2. Place flour only in cup A and a mixture of flour and sugar in cup B. 

3. Add 45 ml of warm water-yeast solution into each cup. 

4. Mix each cup with a separate spoon until all the flour is moistened.  Be sure  to 

 check the bottom of the cup to make sure NO DRY flour remains. 

5. Continue to mix the dough for 2 to 3 minutes. 

6. Stop mixing when you see the mixture forming gluten “threads” as you pull it apart.  

 These gluten threads make the dough stretchy enough to capture  bubbles of 

 CO2, resulting in puffy dough. 

7. Use the spoons to gently push the dough down to a relatively flat surface in  each 

 cup. 

8. Mark the level of the dough on the side of the cups.  Use a ruler to 

 measure the approximate height in cm of the dough from the bottom of the 

 cup.  Record the starting height in the group data section. 
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9. Write your names on the cup and cover it with plastic wrap. Wash the spoon  and 

 then place the cup in the warm water bath. Wait at least 35 minutes for  the 

 dough to rise.  

 

After Rising 

10. Mark the level of your dough now on the side of the cup and measure the  change 

 in the height.   

11. Convert this number to a percentage of the starting height. To do this,  divide 

 the change in height by the original height. An increase in height  would be a 

 positive number, while a decrease would be negative.  Record your  data in the 

 group data section, and put your % change data in the class data  table. 

RESULTS: 

Group data: 

 Starting 

height 

Change in 

height 

% change in 

height 

 

Cup A 

 

 

 

 

 

 

 

Cup B 

 

 

 

 

 

 

 

Class Data: Percent Change in Height 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cup A  Cup B 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



5/22/2015                                                                          YCS Science: BIOLOGY UNIT #8 CELLULAR PROCESSES    19 

 

Calculate the average % change for the class data for each cup. 
 

Cup A average % change: 
 

Cup B average % change: 

 

Analysis Questions: 
 

1. Sugar was added to either the cups marked A or the cups marked B. Given what you 

know about anaerobic respiration, which cup had the added sugar? Explain you answer 

in terms of the energy source(s) available to the yeast. 

 

 

2. At what point will the dough stop growing?  Why? 

 

 

3. Was anything else produced during the fermentation process? If so, where is it? 

 

 

4. Why was it necessary to knead the dough? 

 

5. What was the purpose of the warm water bath? 

 

 

6. Most recipes for bread have you add a small amount of sugar or molasses to the 

mixture. Looking at the results, what purpose do you think this may serve? 

 

 

7. If yeast utilized lactic acid fermentation, what would happen to the dough in contrast 

to what we observed in class? 

 

 

8. Outline another method that you might have used to accomplish the same information 

about yeast respiration. 
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YEAST RESPIRATION LAB 

OBSERVATION: 

Will yeast placed in an enclosed environment with nutrient carry on cellular respiration? 

___________________________________________________ 

 

What evidences may be observed to indicate that cellular respiration occurs? 

 _____________________________________________________________ 

 

Hypothesis:  ______________________________________________________ 

 

________________________________________________________________ 

 

________________________________________________________________ 

 

Materials:   

125 mL Erlenmeyer Flask 

4g yeast 

50 mL apple juice 

Latex balloon 

Scale 

 

Procedure: 

1. Pour 50mL of apple juice into Erlenmeyer Flask 

2. Weigh 4g of yeast and then drop it into the flask 

3. Cover the flask tightly with a balloon 

4. Observe and make predictions 

5. 24, 48, and 72 hours after setting up the experiment 

 

Results: 

 Observations inside the 

flask 

Circumference of 

Balloon (cm) 

Original   

After 1 day   

After 2 days   

After 3 days   
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Conclusions: 

1. Did the balloons change in circumference during the period of this experiment?  If so how 

did they change?  What specifically accounted for the changes if they occurred in this 

experiment? 

 

 

 

2. Yeast is a facultative anaerobe. What does this mean? 

 

 

 

3. What was the specific source of energy in the apple juice the yeast used for respiration? 

 

 

4. The yeast began its respiration aerobically, but then after time, completed it 

anaerobically. How do these two processes differ in terms of the products and energy 

yielded in this process?  List several ways in which the two respiration processes are 

similar? 

 

 

 

5. How did the physical evidence collected in this investigation support the hypothesis that 

yeast carry on respiration? 

 

 

 

6. How would changes in room temperature influence this investigation?  Explain why in terms 

of your knowledge of reaction rates and respiratory enzyme function. 

 

 

 

7. List and explain any major sources of error in this investigation. 
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T-L #11     Scenario for Cell Life Spans  

 

Students consider the following clinical scenario to relate conditions of the cells involved to determining recovery of 
the patient:  Three patients in an intensive care unit are examined by the resident doctor.  One patient has brain 
damage from a stroke, another had a heart attack that severely damaged his heart muscle and the third has a 
severely damaged liver from a crushing injury in a car accident.  All three patients have stabilized and will survive, but 
only one will have full functional recovery through regeneration of the involved cells. Which one and why do you think 
so? 
 

 

T-L #13 SOCK-IT-TO-ME-MITOSIS—making 2 new nuclei!   

 
Partner A ______________ B ______________ C ______________   D _______________ 

MATERIALS:   

 4 pairs of socks  =  (Chromosomes) 

 Two jump ropes =  (Cell Membrane) 

 1 piece of orange yarn =  (nuclear membrane) 

 8 pieces of yellow yarn= (spindle fibers) 
 2 pieces of white yarn (2 new nuclear membranes) 
 2 pens = (centrioles) 

Interphase – This is the longest phase of the Cell Cycle. This phase comes 

before Mitosis.   

Reader:  Partner A—check off each step when it is completed.   

1. ___Place the two jump ropes around the edge of the table to represent the cell 

membrane.   

2. ___In the center of your “cell” use one piece of the orange yarn to create the nuclear 

membrane.   

3. ___Place 1 sock of each matching pair inside its mate, so that only one sock is visible.  

This represents an unduplicated chromosome. 

4. ___Repeat procedure 3 with the rest of the socks, if not already done for you.  

5. ___Use two pens to represent the two centrioles. Place them anywhere in the cell.   

6. ___Place all of the unduplicated chromosomes in the nucleus in a wad, because in 

reality you can’t see the unduplicated chromosomes yet.  
 

a___Draw your cell below (what you see on your desk at this point) and color-code it.   

b___Be sure to label: cell membrane, nuclear membrane, unduplicated 

 chromosomes, centrioles and nucleus.  Take note of the number of 

 chromosomes you have.  
c  The cell has ___ number of unduplicated chromosomes. 

http://images.google.com/imgres?imgurl=http://www.cksinfo.com/clipart/fashion/footwear/sock-pair.png&imgrefurl=http://www.cksinfo.com/fashion/footwear/page5.html&usg=__qBD7-lFmIEON2iETAlcfjpObob8=&h=360&w=278&sz=38&hl=en&start=6&um=1&tbnid=6DhcVXnPynwG3M:&tbnh=121&tbnw=93&prev=/images?q=sock+clip+art&hl=en&sa=N&um=1
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INTERPHASE:  Before Mitosis begins… 

 

 
 
 
 
 
 
 
 
 
 
 

 

Most of the cells life takes place in this stage, growing and developing. 

7. Before Mitosis begins the chromosomes must duplicate.   

8. ___During Interphase the cell must make a copy of its chromosomes.  Remove the 

inside sock.  Do this with each set of socks.  Now, tie the socks together so that there is 

a knot in the center to represent the centromere. Remember, you can’t really see the 

chromosomes until Prophase.  So wad the pairs of socks up into a ball and put it in the 

center of the nucleus.  

9. Your cell has duplicated chromosomes and is now ready to divide.  Take note to how 

many chromosomes are in the cell now (each individual sock you see represents a 

chromosome) 

*The cell has ___ number of chromosomes total (the total # of socks you can now see) 
10.   Why does everything need to duplicate  during interphase? (hint: think about what’s 

getting ready to happen) 

______________________________________________________________________

_______  

Prophase  

Reader:  Partner B—check off each step when it is completed.   

11. ___To start this phase the nuclear membrane needs to break down. Use scissors to cut 

the orange yarn into eight individual pieces and arrange them into a big spaced out 

circle around the chromosomes. 

12. ___Space out the duplicated chromosomes (socks) on the table in no particular order or 

arrangement. (spread the socks out to make a “X” now since you can see the 

chromosomes in this phase) 

13. ___The centrioles move to opposite sides of the cell (pens).  Do this on your table.   

14. ___Spindle fibers begin to form from each of the centrioles.  Tie 4 pieces of yellow yarn 

to each centriole to represent spindle fibers.  

a.  ___Draw your cell below (what you see on your desk at this point) and color 

 code it.   

b.  ___Label the following structures in your drawing: chromosomes, 

 centrioles, centromere, spindle fibers, cell membrane, and nuclear 

 membrane.  

c. ___Write the FOUR important steps that just occurred during prophase next 
 to your drawing (look above for help!)   
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PROPHASE 

Metaphase 

Reader:  Partner C—check off each step when it is completed.  Remove the 

remaining nuclear membrane pieces of yarn. 

15. ___Each partner should now pick up their chromosome by the knot and line them up in 

a straight line in the center of the table. (refer to Figure 5, picture C on pg. 357 of 

your textbook) 

16. ___Lay the spindle fibers on top of the centromeres of the chromosomes to show 

 attachment.  
 

 a.  ___Draw your cell below (what you see on your desk at this point) and  

  answer the question 

 b.  ___Label the following structures: chromosome, centrioles, centromere, cell 

  membrane and spindle fibers.                                                      

 
  

Anaphase 

Reader:  Partner D—check off each step when it is completed.   

17.  ____The centromeres (knots) split apart and the spindle fibers begin to shorten. 

When the spindle fibers shorten it causes the chromosomes to be pulled to opposite ends of 

the cell.  Untie your socks and fold your spindle fibers in half to demonstrate shortening.  

Demonstrate pulling the chromosomes a part on your table.  

Four important steps in Prophase:  

a. 

 

b. 

 

c. 

 

d. 

 

What are the chromosomes doing 

in Metaphase? 

______________________________

______________________________

______________________________

______________________________

______________________________

___________ . 
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18. a.  ___Draw your cell below (what you see on your desk at this point) and 

color code. 

b. ____ Be sure to label: spindle fibers, chromosomes, centriole, and cell 

membrane. 

c.  ___Write the TWO important steps that occurred with the chromosomes 

during Anaphase 

Telophase 

19___Curve the cell membrane ropes inward in the center to simulate pinching in.  
(looks similar to the number 8)   

20___During telophase the spindle fibers disappear and the chromosomes start to group 

together.  Remove the spindle fibers (yellow yarn) from your cell to demonstrate. 

The new nuclear membrane forms around each new set of chromosomes.  Use the 

white pieces of yarn to form two new nuclear membranes around the two areas of 
chromosomes.   

21___Eventually, Cytokinesis (division/splitting of the nucleus) occurs and the cell 
pinches in half, creating two separate cells. Demonstrate this on your desk.   

22  Now look at the number of chromosomes in each new cell. How many chromosomes 

 are in each new cell?  _____ . How does this compare to the # of chromosomes in 

 the original cell? _________________ 

 a.  ___Draw your two new cells below (what you see on your desk at this  

  point)- you can use black colored pencil to represent the white yarn 

 b.  ___Be sure to label: nuclei (2 of them now), nuclear membranes,   

  chromosomes, & cell membrane.  

c. Write the THREE important steps that occurred in Telophase 

Two important steps in Anaphase: 

a. 

 

b.       

ANAPHASE 
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23. Was this an animal cell or a plant cell you just performed mitosis on?  How is telophase 

different for plant cells (refer to page 356 of your textbook?  

_______________________________________________________________________ 

Three important steps in 

Telophase/ Cytokinesis: 

a. 

 

 

b. 

 

 

c. 

   

TELOPHASE/CYTOKINESIS 
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T-L #13  Mitosis-Meiosis Clay Activity (do part 1) 
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T-L #14 Mitosis Meiosis Worksheet 

Name:_____________________ 

Mitosis vs. Meiosis Worksheet 

Mitosis 

1.  What are the main purposes of mitosis? ___________________________________________________ 

______________________________________________________________________________________ 

 

2 Mitosis is pa r t  of what cycle? _____________________________________________________  

3. What type of cell undergoes mitosis? Circle one: reproductive sex cells or somatic cells  

4. How does a daughter cell compare to the parent cell after undergoing mitosis?  

 Circle one: identical to the parent or different than the parent  

5. Does mitosis make haploid or diploid cells? Circle one: haploid or diploid  

6. What n value are the cells which are made by mitosis?  Circle one: n or 2n or 4n 

Meiosis 

7. What type of cell undergoes meiosis? Circle one: reproductive sex cells or somatic cells  

8. What are the two main types of gametes? ______________________________  

9. What are gametes used for? _________________________________________________________  

10. Does meiosis make haploid or diploid cells? Circle one: haploid or diploid  

11. 'What n value are the cells which are made by meiosis? Circle one: n or 2n or 4n 

12. How does a daughter cell compare to the parent cell after undergoing meiosis?  

 Circle one: identical to the parent or different than the parent 

13. What process in prophase 1 of meiosis makes every gamete different?  Compare and contrast 

mitosis and meiosis by filling in the Venn diagram below. 

Mitosis                                                                        Meiosis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.  What are the two types of gametes? 
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       1. 
       2. 
 
2.  What is a zygote? 
________________________________________________________________________________ 
 
3. What process is the fusion of gametes that creates a  zygote? ___________________________ 

4. A frog has 26 chromosomes. Use the frog  as an example and explain why it is :,important 

that gametes have half the number of chromosomes after meiosis. 

5. Explain what sister chromatids are. 

6. Draw a chromosome with its sister chromatid and label the centromere. 

 

7. Compare chromosomal numbers in mitosis and meiosis. 

Organism Number of 

chromosomes 

Body cell 

Mitosis 

 

Gametes 

Meiosis 

 
Mosquito 6 

  

Human 46 
  

Frog 

26   
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T-L #15        Background Essay: Cell Differentiation 
Every tissue and organ is made up of living cells. Some cells provide protection; some give structural support or 

assist in locomotion; other offer a means of transporting nutrients. All cells develop and function as part of the 

organized system – the organism – they make up. 

Yet each of us originated as a single, simple-looking cell—a fertilized egg, or zygote, so tiny that it can barely be 

seen without a microscope. (A human egg cell is about 1/100th of a centimeter in diameter, or a bit smaller than the 

width of a human hair.) Shortly after fertilization, the zygote begins dividing, replicating itself again and again.  Before 

long, a growing mass, or blastula, of dozens, then hundreds, then thousands of cells called stem cells forms; each 

stem cell is only one-fourth to one-tenth the diameter of the  original zygote, but otherwise nearly identical to it.  

The majority of organisms, however, consist of many more than one type of cell.  Indeed, about 200 different types of 

cells – many highly specialized – make up the tissues and organs of the human body. The cells that line the retina of 

your eye, for example, have a structure and function that is markedly different from those of the muscle cells in your 

bicep.  

Stem cells begin their transformation into the different types of cells that make up the human body during a phase in 

the development process called cell differentiation. In vertebrates, differentiation begins during a stage called 

gastrulation, when distinct tissue layers first form. Like most other developmental processes, differentiation is 

controlled by genes, the genetic instructions encoded in the DNA of every cell. Genes instruct each cell how and 

when to build the proteins that allow it to create the structures, and ultimately perform the functions, specific to its 

type of cell. 

Surprisingly, every nucleus of every cell has the same set of genes. A heart cell nucleus contains skin cell genes, as 

well as the genes that instruct stomach cells how to absorb nutrients. This suggests that in order for cells to 

differentiate—to become different from one another—certain genes must somehow be activated, while others remain 

inactive. Although scientists have come a long way toward understanding how cells coordinate the well-timed 

activation and inactivation of their genes, researchers have had little success inducing these changes artificially. 

Gaining such control over the developmental process, experts believe, may eventually result in cures for a wide 

variety of diseases, including diabetes and cancer.  

Discussion Questions: 

1. Why do you think the heart forms early in an embryo’s development? 

2. How would you explain the similarities among bird, mammal and reptile embryos at the early stages of 

development? 

3. What directs the sequence of events during embryonic development?  

4. People could observe the development of an embryo before they had the tools to see cells and parts of cells such 

as DNA. How do you think they explained the development from embryo to organism?    

5. How would the discovery of DNA and how DNA “works” have changed how scientists could research development.   
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T-L #16  OPTIONAL LAB       Three Ways to Make a Pluripotent Stem Cell Line    

Summary: Students model and describe how the processes of in vitro fertilization and therapeutic cloning (nuclear 

transplantation) can be used to create a pluripotent stem cell line. 

Objectives:  Students will… 

 Model and explain how in vitro fertilization could be used to produce a blastocyst and a pluripotent stem cell 
line. 

 Model and explain how therapeutic cloning (nuclear transplantation) could be used to produce a blastocyst 
and a pluripotent stem cell line. 

 Model and explain how genetic reprogramming can be used to create a pluripotent stem cell line. 

  
Preparing for class: 

1. Each student will need 1 copy of Three Ways to Make a Pluripotent Stem Cell Line 

2. Each team of students will need an activity kit containing: 

 Two condiment cups that each contain a yellow bead.  Label the cups “Egg Cell.”  The beads should be 
small enough to fit into a large bore straw. 

 One blue bead with a small piece of wire/twist tie attached to represent the sperm flagellum.   

 Two condiment cups that each containing a green bead.  Label the cups “Skin Cell.”  The beads should 
be small enough to fit into a large bore straw.  Optional:  Punch a hole in the lid that is large enough to 
fit a jumbo straw. 

 A microtube containing 4 very small beads.  Label ““Virus with 4 Master Genes.”  

 One wide bore straw to simulate a pipet used to transfer nuclei (beads).   

 A 100 mm. diameter plastic Petri plate (top or bottom) labeled “Culture Dish.” 

 A “Development Diagram Sheet” with a series of diagrams illustrating how the zygote develops into a 
blastocyst and how inner cell mass is transferred into a culture dish to create an embryonic cell line.  
Consider cutting and laminating the diagram cards so they can be recycled. 

 A pair of scissors (if the teacher has not already cut out the diagram cards)  
In the classroom: 

1. Explain that embryonic stem cells are isolated from a blastocyst produced through in vitro fertilization or 
therapeutic cloning.  They will model how both of these processes can be used to create an embryonic stem 
cell line. 

2. Distribute one copy of Three Ways to Make a Pluripotent Stem Cell Line to each student. 

3. Distribute an activity kit to each team of students.  

4. When students call you over to check their work, ask them to explain their models and their graphic 
sequences.



5/22/2015                                                                          YCS Science: BIOLOGY UNIT #8 CELLULAR PROCESSES    34 

 

Development Diagram Sheet (Cut along dotted lines) 
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 Three Ways to Make a Pluripotent Stem Cell Line 

 

 

1. Model the process by which in vitro fertilization forms a zygote.  Use the culture dish, the sperm cell model, one 
of the egg cell models.  

 

2. Cut along the dotted lines on the Development Diagram Sheet to make a set of diagram cards.   
 

3. Arrange the diagram cards in the correct sequence to illustrate how the zygote develops into a blastocyst that is 
a source of embryonic stem cells used to create an embryonic stem cell line. 

 

4. Call your teacher over to check your work. 
 

5. In your own words, explain how in vitro fertilization is used to produce a blastocyst and an embryonic stem cell 
line.   

Egg cells and sperm cells are placed in a culture dish.  They combine to form a zygote.  The zygote 

divides to form a blastocyst.  Inner mass cells of the blastocyst are transferred to another culture dish.  

1.  In Vitro Fertilization (IVF) 

In vitro is a Latin term, meaning “in the glass”.   In vitro refers to growing cells in laboratory 
containers (i.e. test tubes or culture dishes) instead of in a living organism.   

In vitro fertilization (IVF) offers infertile couples a chance to have a child who is biologically 
related to them.  With IVF, a method of assisted reproduction, a man's sperm and the 
woman's egg are combined in a laboratory dish (“in vitro”), where fertilization occurs. Two 
to four of the resulting embryos are then transferred to the woman's uterus (womb) to 
implant and develop naturally.  Extra (“left-over”) embryos may be stored for future use or 
may be donated and cultured for use in embryonic stem cell research.   

After many mitotic divisions in a laboratory dish, this single cell forms a blastocyst (an early 
stage embryo with about 100 cells) with DNA from both of the parents.  Embryonic stem 
cells can be isolated by transferring cells from the inner cell mass of the blastocyst to 
another laboratory culture dish.   

http://www.emedicinehealth.com/script/main/art.asp?articlekey=19354
http://www.emedicinehealth.com/script/main/art.asp?articlekey=5524
http://www.emedicinehealth.com/script/main/art.asp?articlekey=6463
http://www.emedicinehealth.com/script/main/art.asp?articlekey=3225
http://www.emedicinehealth.com/script/main/art.asp?articlekey=5918
http://en.wikipedia.org/wiki/Blastocyst
http://en.wikipedia.org/wiki/Embryo
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6. Model the process of therapeutic cloning (nuclear transplantation) to form a cell that begins the development 
process.  Use the culture dish, egg cell model, straw (to transfer the nucleus) and skin cell model. 

   

7. Arrange the diagram cards in the correct sequence to illustrate how the new cell develops into a blastocyst that 
is a source of embryonic stem cells used to create an embryonic stem cell line. 

 

8. Call your teacher over to check your work. 
 

9. In your own words, explain how in therapeutic cloning is used to produce a blastocyst and an embryonic stem 
cell line.   

The nucleus is removed from an egg cell.  Another nucleus is transferred from a skin cell into the 

egg cell.  The resulting cell divides to form a blastocyst.  Inner mass cells of the blastocyst are 

transferred to another culture dish.   

 

10. State one similarity between a blastocyst created by in vitro fertilization and a blastocyst created by therapeutic 
cloning. 

They both have inner mass cells that can be used to make an embryonic stem cell line. 

11. State one difference between a blastocyst created by in vitro fertilization and a blastocyst created by therapeutic 
cloning (nuclear transplantation). 

The nucleus of the bastocyst produced by in vitro fertilization is not identical to either the egg cell or 

the sperm cell nuclei.  The nucleus of the blastocyst cells produced by therapeutic cloning (nuclear 

transplantation) is identical to the nucleus of the skin cell.   

 

2.  Therapeutic Cloning  

(also called Somatic Cell Nuclear Transplantation) 

In therapeutic cloning an egg is placed in a laboratory dish and the egg’s nucleus is removed.  
At the same time, the nucleus of a somatic cell (a body cell other than a sperm or egg cell), 
which contains the organism's DNA is removed and the rest of the cell discarded. The 
nucleus of the somatic cell is then inserted into the enucleated egg cell.  The egg containing 
the new nucleus is stimulated with a shock so that it begins to divide.   

After many mitotic divisions in a laboratory dish, this single cell forms a blastocyst (an early 
stage embryo with about 100 cells) with almost identical DNA to the original organism.  
Embryonic stem cells can be isolated by transferring cells from the inner cell mass of the 
blastocyst to another laboratory culture dish.   

http://en.wikipedia.org/wiki/Cell_nucleus
http://en.wikipedia.org/wiki/Sperm
http://en.wikipedia.org/wiki/Ovum
http://en.wikipedia.org/wiki/Blastocyst
http://en.wikipedia.org/wiki/Embryo
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3.  Gene Transfer Reprograms  

Differentiated Cells into Embryonic Stem Cells  

Scientists report that they have turned human skin cells into what appear to be embryonic stem cells 

without having to make or destroy an embryo.  Until now, the only way to get human embryonic stem 

cells was to pluck them from a human embryo, destroying the embryo in the process.   

In this new technique for making embryonic stem cells, the scientists used viruses to transfer master 

regulator genes into skin cells.  These master regulator genes turn other genes on or off, reprogramming 

the skin cells into undifferentiated cells.  The reprogrammed skin cells, called induced pluripotent stem 

cells (IPSCs) appear to behave very much like human embryonic stem cells.  They can be cultured and 

should be able to differentiate into any of the 220 cell types of the human body.   

The new method could be used to create genetically matched cells which would not be rejected by the 

immune system if used as replacement tissues for patients.  Even more important, scientists say, is that 

genetically matched cells from patients would enable them to study complex diseases, like Alzheimer’s, 

in the laboratory.  For example, researchers could make stem cells from a person with a disease like 

Alzheimer’s and turn the stem cells into nerve cells in a Petri dish. Then they might learn what goes 

wrong in the brain and how to prevent or treat the disease. 

Creating IPSCs includes potentially risky steps, like using viruses to insert the genes into the cells’ 

chromosomes. These viruses slip genes into chromosomes at random, sometimes causing mutations 

that can make normal cells turn into cancers.  And one of the genes used to make IPSCs is a cancer gene.  

In addition, IPSCs may yet prove to have subtle differences from embryonic stem cells that come directly 

from human embryos.   

Researchers are now trying to create IPSCs by adding chemicals or using harmless viruses to get the 

genes into cells.  

Modified from: 

http://www.nytimes.com/2007/11/21/science/21stem.html?_r=2&bl=&ei=5087&en=7857a1f63763a21

e&ex=1195707600&oref=slogin&pagewanted=&oref=slogin 

 

 

1. What is an “induced pluripotent stem cell” (IPSC)? 

 Skin cells that have been reprogrammed into undifferentiated cells.  Induced pluripotent stem cells 

(IPSCs) appear to behave very much like human embryonic stem cells.  They can be cultured and 

should be able to differentiate into any of the 220 cell types of the human body.   

 

2. Describe the process the scientists used to create “induced pluripotent stem cells.” 

http://topics.nytimes.com/top/news/health/diseasesconditionsandhealthtopics/stemcells/index.html?inline=nyt-classifier
http://www.nytimes.com/2007/11/21/science/21stem.html?_r=2&bl=&ei=5087&en=7857a1f63763a21e&ex=1195707600&oref=slogin&pagewanted=&oref=slogin
http://www.nytimes.com/2007/11/21/science/21stem.html?_r=2&bl=&ei=5087&en=7857a1f63763a21e&ex=1195707600&oref=slogin&pagewanted=&oref=slogin


5/22/2015                                                                          YCS Science: BIOLOGY UNIT #8 CELLULAR PROCESSES    38 

 

 Scientists used viruses to transfer master regulator genes into skin cells.  These master regulator 

genes turn other genes on or off, reprogramming the skin cells into undifferentiated cells. 

 

3. Use the models of a skin cell and a virus in kit to illustrate how a skin cell could be reprogrammed to make an 
embryonic stem cell.   

 

4. Call your teacher over to check your work.   
 

 

5. Explain two benefits associated with this stem cell research.  

 It reduces ethical concerns because no embryos are destroyed. 

It produces pluripotent stem cells that are not rejected when they are transplanted. 

 

6. Explain two limitations associated with this stem cell research.  

Viruses insert genes into chromosomes at random, sometimes causing mutations that can make 

normal cells turn into cancers.  One of the genes used to make IPSCs is a cancer gene.  IPSCs may 

have subtle differences from embryonic stem cells that come directly from human embryos.   
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Authentic Assessment Resource: Types of Stem Cells  

Many different terms are used to describe various types of stem cells, often based on where in the body or what stage in 

development they come from. You may have heard the following terms: 

 

1. Adult Stem Cells or Tissue-specific Stem Cells  

Many adult tissues contain stem cells that can replace cells that die or restore tissue after injury. Skin, muscle, intestine and 

bone marrow, for example, each contain their own stem cells. In the bone marrow, billions of new blood cells are made every day 

from blood-forming stem cells. 

Adult stem cells are tissue-specific, meaning they are found in a given tissue in our bodies and generate the mature cell types 

within that particular tissue or organ. It is not clear whether all organs, such as the heart, contain stem cells. The term ‘adult stem 

cells’ is often used very broadly and may include fetal and cord blood stem cells. 

There are a few stem cell therapies that are widely accepted by the medical community and these use tissue-specific stem cells. 

These are bone marrow or cord blood stem cell transplantation to treat diseases and conditions of the blood or to restore the 

blood system after treatment for specific cancers, skin stem cell therapies for burns and limbal stem cells for corneal 

replacement. In each case, the stem cells repair the same tissue from which they came. 

Another type of adult stem cell is the mesenchymal stem cell. These are found in a number of tissues, including bone marrow, 

and may be able to produce bone, cartilage and fat. It is also possible that these or similar cells may aid in the regeneration of 

tissues. Extensive animal studies are currently ongoing to determine if these cells may be used for treatment of diseases such as 

arthritis and non-healing bone fractures. It is also possible that these or similar cells modulate the immune system in response to 

injury. 

2. Fetal Stem Cells   

As their name suggests, fetal stem cells are taken from the fetus. The developing baby is referred to as a fetus from 

approximately 10 weeks of gestation. Most tissues in a fetus contain stem cells that drive the rapid growth and development of 

the organs. Like adult stem cells, fetal stem cells are generally tissue-specific, and generate the mature cell types within the 

particular tissue or organ in which they are found. 

3. Cord Blood Stem Cells   

At birth the blood in the umbilical cord is rich in blood-forming stem cells. The applications of cord blood are similar to those of 

adult bone marrow and are currently used to treat diseases and conditions of the blood or to restore the blood system after 

treatment for specific cancers. Like the stem cells in adult bone marrow, cord blood stem cells are tissue-specific. 

4. Embryonic Stem Cells     

Embryonic stem cells are derived from very early embryos and can in theory give rise to all cell types in the body. However, 

coaxing these cells to become a particular cell type in the laboratory is not trivial. Furthermore, embryonic stem cells carry the 

risk of transforming into cancerous tissue after transplantation. To be used in cell transplant treatments the cells will most likely 

need to be directed into a more mature cell type, both to be therapeutically effective and to minimize risk that cancers develop. 

While these cells are already helping us better understand diseases and hold enormous promise for future therapies, there are 

currently no treatments using embryonic stem cells accepted by the medical community. 

5. Induced Pluripotent Stem Cells (iPS cells)  

In 2006, scientists discovered how to “reprogram” cells with a specialized function (for example, skin cells) in the laboratory, so 
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that they behave like an embryonic stem cell. These cells, called induced pluripotent cells or iPS cells, are created by inducing 

the specialized cells to express genes that are normally made in embryonic stem cells and that control how the cell functions. 

Embryonic stem cells and iPS cells share many characteristics, including the ability become the cells of all organs and tissues, 

but they are not identical and can sometimes behave slightly differently. IPS cells are a powerful method for creating patient- and 

disease-specific cell lines for research. However, the techniques used to make them need to be carefully refined before they can 

be used to generate iPS cells suitable for safe and effective therapies. 

 

 

 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


