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Period 

 

Time  

(Hr) 

Content 

Assignment 

Evaluation Full 

Score 

Other 

note 

1-2 2 Chapter 1: The nature of Life 

What is the living thing? 
C

[1]
, A

[2]
 

10  

3 1  Importance of biology & 

bioethics 
C

[1]
, A

[2]
 

10  

4-6 3  How to study biology? C
[1]

, A
[2]

 10  

7-10 4  Microscope and Biological tools C
[1]

, A
[2]

 10 LAB 1 

11 1 Chapter 2: The chemistry of life 

 Inorganic substance 

 water and Minerals  

C
[1]

, A
[2]

 

10  

12-13 2  Organic  substance 

C compound, ATP, Carbohydrate 
C

[1]
, A

[2]
 

10  

14-15 2  Proteins C
[1]

, A
[2]

 10  

16 1  Lipid C
[1]

, A
[2]

 10  

17 1  Vitamin & Food test C
[1]

, A
[2]

 10  

18 1  Nucleic acid C
[1]

, A
[2]

 10  

19-20 2  Chemical reactions and enzymes C
[1]

, A
[2]

 10 LAB 2 

21 1 Chapter 3:The basic unit of life 

 Cell Theory and definition  

 Eukaryotic and prokaryotic cell 
C

[1]
, A

[2]
 

10  

22-24 3  Cell components & functions 

cell membrane, cell wall, ER, Golgi 

body, mitochondria, lysosome, 

vacuole, ribosome, centriole, 

cytoskeleton and filament, nucleus 

and flagellum 

C
[1]

, A
[2]

 

10  

25 1  Comparison the type of cell  C
[1]

, A
[2]

 10  

26-29 4 Transport  via  plasma membrane 

 simple diffusion, facilitated 

diffusion, osmosis , active transport  
C

[1]
, A

[2]
 

10 LAB 3 

 

30 1  transport of  large molecule 

Endocytosis & Exocytosis 
C

[1]
, A

[2]
 

10  

31-32 2  Cell Division 

 Mitosis 
C

[1]
, A

[2]
 

10  

33-34 2  Meiosis C
[1]

, A
[2]

 10  

35 1  Cytokinesis C
[1]

, A
[2]

 10  

Midterm examination/ send proposal M
[3]

, B
[5]

 200  
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*** All score in the table above will be divided by 10 to be your real score. 

 

Score and evaluation 

1. come and join in the classroom 10  scores    see rubric rating score  

2. Activity in the classroom  30  scores  

3. Midterm examination   20  scores 

4. Final examination   20  scores 

5. Biology CAS project exhibition 20  scores   see rubric rating score  

Total      100 scores  
 

Period 

 

Time  

(Hr) 

Content 

Assignment 

Evaluation Full 

Score 

Other 

note 

36 1 Chapter 4: The digestive system 

 Nutrition & Digestion 

Types of digestion 

C
[1]

, A
[2]

 10  

37-40 4  Human digestive system 

 The digestive process 
C

[1]
, A

[2]
 10  

41-42 2 Absorption,Assimilation,Egestion C
[1]

, A
[2]

 10  

43 1  Neural and Hormonal Control of 

digestive system 

C
[1]

, A
[2]

 10  

44-46 3  Cellular respiration 

 Aerobic respiration 

(glycolysis, Kreb‘s cycle, ETS) 

C
[1]

, A
[2]

 10  

47-48 2  Anaerobic respiration 

(alcoholic & lactic â fermentation) 
C

[1]
, A

[2]
 10 LAB 4 

(extra) 

49 1 Chapter 5: Animal reproduction 

And development 
 animal reproduction definition 

 Asexual reproduction 

 sexual reproduction 

C
[1]

, A
[2]

 10  

50-52 3  Human reproductive system 

 Male reproductive system 

 Female reproductive system 

C
[1]

, A
[2]

 10  

53-54 2  Growth & Development 

 growth measurement 
C

[1]
, A

[2]
 10 LAB 5 

(extra) 

55-57 3  How to produce an embryo on 

dry land 
C

[1]
, A

[2]
 10  

58-60 3  How mammals develop C
[1]

, A
[2]

 10  

1-  60 60 Sum of Chapter  1- 5  unit score C
[1]

, A
[2]

, 

M
[3]

 

300  

Final  Examination F
[4]

,  200 B
[5]

 =200 
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Rubric rating score  
evaluation 2 4 6 8 10 

To come 

and join in 

the 

classroom  

Come to 

study at 

least 48 

hours but 

Student 

doest join 

Any 

activities. 

Come to 

study at 

least 48 

hours and 

join in some 

activities  

that they 

receive.   

Come to 

study at 

least 48 

hours and 

join in all 

activities 

that they 

receive.   

Come to 

study at 

least 51 

hours and 

join in all 

activities 

that they 

receive.   

Come to 

study at 

least 54 

hours and 

join in all 

activities 

that they 

receive.   

evaluation 12 14 16 18 20 

Biology 

CAS project 

exhibition 

Sending 

project 

proposal. 

There are 

innovative 

or creative 

thinking in 

the project.  

Doing 

experiments 

And collect 

the data and 

conclusion 

for solving 

hypothesis. 

Write the 

report 

incorrectly 

and don‘t 

send on 

time 

But not 

exhibit their 

project. 

Sending 

project 

proposal. 

There are 

innovative 

or creative 

thinking in 

the project.  

Doing 

experiments 

And collect 

the data 

correctly 

and 

conclusion 

for solving 

hypothesis. 

Write the 

report 

incorrectly 

and don‘t 

send on 

time 

And 

exhibition 

completely 

Sending 

project 

proposal. 

There are 

innovative 

or creative 

thinking in 

the project.  

Doing 

experiments 

And collect 

the data 

correctly 

and 

conclusion 

for solving 

hypothesis. 

Take  

photos 

when use 

their project  

to service 

community 

Write the 

report 

incorrectly 

and don‘t 

send on 

time And 

exhibition 

completely 

Sending 

project 

proposal. 

There are 

innovative 

or creative 

thinking in 

the project.  

Doing 

experiments 

And collect 

the data 

correctly 

and 

conclusion 

for solving 

hypothesis. 

Take  

photos 

when use 

their project  

to service 

community 

Write the 

report 

correctly  

and  don‘t  

send on 

time 

And 

exhibition 

completely 

Sending 

project 

proposal. 

There are 

innovative 

or creative 

thinking in 

the project.  

Doing 

experiments 

And collect 

the data 

correctly 

and 

conclusion 

for solving 

hypothesis. 

Take  

photos 

when use 

their project  

to service 

community. 

Write the 

report 

correctly 

and send on 

time 

And 

exhibition 

completely 
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Preface 

  
 Biology is a branch of science that study about life.  In this book, I collect the 

lesson documents from the internet and rearrange, I try to search  many document 

that involved  in your curriculum. Now, it‘s complete for using in the classroom 

activities.  I  attached  many worksheets, activities and exercise in this book too. 

 Biology 1 worksheets and Instruction for EIS students by Sipsang Sukphol is 

the special book that  you  will use to study  including  5 chapters  continuously. 

Start at Introduction to biology for give you the basic and scope about this subject. 

You  will know processes to study  biology that we called that ―The scientific 

method‖. Next, you will study  the chemistry of life. Inorganic or organic substance 

in living organisms  such as  water, mineral, carbohydrate, protein, lipid, nucleic acid 

and vitamin. These chemical substance will be constructed to be the unit of life that 

we called cell, Then  you  will study about cell and their organelles functions.     

Many cells are form to be tissue ,organs and organ system  respectively. You will 

study  2 systems, digestive system and reproductive system.  

 To study biology it‘s not only in the classroom. Because of time, so you have 

to use your extra time to practice yourself. 

 I hope that this book  will help you on preparing your  studying  before 

classroom and  you can review you lesson whenever and wherever  you want. 

 

 

 

      ―Just be on today, not tomorrow or yesterday‖ 

           

Sipsang  Sukphol 

         March 19 th , 2011 
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Content 
Chapter 1: The nature of Life 

What is the living thing? 

Page 

7 

 Importance of biology & bioethics 19 

 How to study biology? 27 

 Microscope and Biological tools 39 

Chapter 2: The chemistry of life 

 Inorganic substance 

 water and Minerals  

50 

 Organic  substance 

C compound, ATP, Carbohydrate 
58 

 Proteins 70 

 Lipid 77 

 Vitamin & Food test 84 

 Nucleic acid 90 

 Chemical reactions and enzymes 104 

Chapter 3:The basic unit of life 

 Cell Theory and definition  

 Eukaryotic and prokaryotic cell 

110 

 Cell components & functions 

cell membrane, cell wall, ER, Golgi body, mitochondria, lysosome, 

vacuole, ribosome, centriole, cytoskeleton and filament, nucleus and 

flagellum 

117 

 Comparison the type of cell  131 

Transport  via  plasma membrane 

 simple diffusion, facilitated diffusion, osmosis , active transport  
136 

 transport of  large molecule 

Endocytosis & Exocytosis 
147 

 Cell Division 

 Mitosis 
153 

 Meiosis 160 

 Cytokinesis 172 

Chapter 4: The digestive system 

 Nutrition & Digestion 

Types of digestion 

182 

 Human digestive system   The digestive process 189 

Absorption, Assimilation, Egestion 199 

 Neural and Hormonal Control of digestive system 204 

 Cellular respiration  Aerobic respiration  

(glycolysis, Kreb‘s cycle, ETS) 
209 

 Anaerobic respiration 

(alcoholic & lactic â fermentation) 
219 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

6 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

Content 

Chapter 5: Animal reproduction 

And development 
 animal reproduction definition 

 Asexual reproduction 

 sexual reproduction 

Page 

234 

 Human reproductive system 

 Male reproductive system 

 Female reproductive system 

239 

 Growth & Development 

 growth measurement 
257 

 How to produce an embryo on dry land 279 

 How mammals develop 285 
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Biology 1 subjective explanation 
 

  Mattayomsuksa 4  Rattanakosinsompote Borworniwet Salaya school, Thailand 

Full course Time:  60 hours (3Hrs/week) Teacher, facilitator: Sipsang Sukphol 

1
st
 semester, Academic year 2011 

 

To study  and analyze the nature of the living things , biology education , the 

basically chemistry of the living things , the cell of the living things  by use the 

scientific approach , investigating knowledge , the patrol checks , data investigation 

and the speech , for  the knowledge , thinking , understanding , and can communicate 

the things that learned, there is the ability in the making a decision , lead the 

knowledge for  using in the every day life , have a positive on science attitude, 

morality , the virtue and the popularity that are appropriate ,  

  To study and analyze  the digestive system ,Reproductive system and animal 

growth and development, by using the scientific approach , investigating knowledge , 

the patrol checks , data investigation and the speech , for the knowledge , thinking , 

understanding , and can communicate the things that learned , use  the ability in the 

making a decision , lead the knowledge goes to use in the every day life , have a 

positive on science attitude, morality , the virtue and the popularity that are 

appropriate, and announce the knowledge to Thai social and world social in the role 

of a world citizen. 
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Learning Objectives 

Chapter Unit 

 

Learning Objectives 

 

1 

1 1) Investigate the data, debate, summarize, the property of the 

living things . 

2) Conclude the characters of living things. 

2 3) Explain how to Integrate biology in everyday life. 

4) Explain, Debate  about Bioethics. 

3 5) Explain how to study biology by using scientific method 

6) Search  knowledge about the branch of Biology 

7) Do Biological research project. 

4 8) Explain and Use Biological tools to solve the problem 

9) Explain and Measure about microscopy. 

2 

5 10) explain the qualification of water on the role of  chemical in 

living organism. 

11) explain the qualification of vitamins  on the role of  chemical 

in living organism. 

6 12) Explain the carbon compounds, ATP and Carbohydrate. 

13) Explain condensation and Hydrolysis 

7 14) Explain the  unit of protein; amino acid  and functional protein 

15) Write polypeptide from amino acid given and show the 

position of peptide bonds 

8 16) Explain  the molecule of lipid, and Types of  lipid 

17) Compare Unsaturated fatty acid with saturated fatty acid 

18) Explain the role of lipid in the living organism 

9 19) Explain water soluble vitamin and fat soluble vitamin 

20) Test the Macronutrient (Starch,Sugar, Lipid) in foods. 

10 21) Explain the monomer of  nucleic acid 

22) Compare the difference between DNA and RNA 

11 23) Explain molecule of enzyme  and their functions. 

24) Test the effect of optimum pH, Temperature on enzyme work. 

3 

12 25) Explain The cell and  the cell theory.  

26) Compare the difference between prokaryote and eukaryote cell. 

13 27) Explain the structure and function of  organells 

28) Create to compare organells to the another things. 

14 29) Compare the type of cell of the 5 kingdoms of living organism. 

15 30) explain  simple diffusion, facilitated diffusion, osmosis , active 

transport 

31) Do laboratory  for  show  about  diffusion and osmosis. 

16 32) Explain transport of  large molecule between Endocytosis & 

Exocytosis 
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Chapter 

 

Unit 

 

Learning Objectives 

 

 

 

 

3 

 

 

17 

 

33) Explain the reason why cell  have to divide, Mitosis  or 

Meiosis 

34) Explain and draw each the step of mitosis by the number of 

diploid chromosome given 

18 35) Explain and draw each the step of meiosis by the number of 

diploid chromosome given 

19 36) Compare the difference of cytokinesis  between  animal cell 

and plant cell. 

4 

20 37) Explain  the method of digestion consists of  ingestion  

digestion  absorption  assimilation  and  excretion or elimination  

38) Explain Intracellular digestion , extracellular digestion and  

give some sample. 

21 39) Explain the digestive system in human consists of an 

alimentary canal and associated digestive glands 

40) Explain  process of digestion, Mechanical  digestion and 

chemical digestion 

22 41) Explain Absorption, Assimilation  and Egestion  by villus 

23 42) Explain  Neural and Hormonal Control of digestive system 

24 43) Explain cellular respiration 

44) Write and explain diagram of aerobic respiration consists of 

glycolysis, pyruvate oxidation, Kreb‘s cycle and electron transport 

ststem 

25 45) Write and explain diagram of anaerobic respiration , Alcoholic 

fermentation and lactic acid fermentation 

5 

26 46) Explain animal reproduction definition both Asexual 

reproduction and sexual reproduction 

27 47) Explain Human reproductive system both Male reproductive 

system and Female reproductive system 

48) Explain spermatogenesis and oogenesis  

49) Explain  human  fertilization 

28 50) Explain Growth  and measure growth of living  thing 

51) Compare Types of cleavage.  

52) Explain development of  some animal such as  sea urchin, frog 

and chick. 

29 53) Explain How to produce an embryo on dry land. 

54) Explain Chicken organogenesis 

30 55) Explain how does  mammals develop. 
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Chapter 1: The Nature of Life 

Unit 1: Characteristics of Living Things 

 
Sipsang Sukphol (B.Sc. Biology, M.Ed) 

 

  Defining a living thing is a difficult proposition, as is defining ―life‖—that 

property possessed by living things. However, a living thing possesses certain 

properties that help define what life is. 

 Complex organization 

Living things have a level of complexity and organization not found in 

lifeless objects. At its most fundamental level, a living thing is composed of one 

or more cells. These units, generally too small to be seen with the unaided eye, 

are organized into tissues. A tissue is a series of cells that accomplish a shared 

function. Tissues, in turn, form organs, such as the stomach and kidney. A 

number of organs working together compose an organ system. An organism is a 

complex series of various organ systems.  

 

[http://asweknowit.net/images_edu/DWA%205%20organization%20pictorial.jpg] 
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Metabolism 

Living things exhibit a rapid turnover of chemical materials, which is 

referred to as metabolism. Metabolism involves exchanges of chemical matter 

with the external environment and extensive transformations of organic matter 

within the cells of a living organism. Metabolism generally involves the release 

or use of chemical energy. Nonliving things do not display metabolism.  

 

[http://www.accessexcellence.org/RC/VL/GG/ecb/ecb_images/03_03_catabolic_a

nabolic.jpg] 

Responsiveness 

All living things are able to respond to stimuli in the external environment. 

For example, living things respond to changes in light, heat, sound, and chemical 

and mechanical contact. To detect stimuli, organisms have means for receiving 

information, such as eyes, ears, and taste buds. 

To respond effectively to changes in the environment, an organism must 

coordinate its responses. A system of nerves and a number of chemical regulators 

called hormones coordinate activities within an organism. The organism 

responds to the stimuli by means of a number of effectors, such as muscles and 

glands. Energy is generally used in the process.  
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Organisms change their behavior in response to changes in the surrounding 

environment. For example, an organism may move in response to its 

environment. Responses such as this occur in definite patterns and make up the 

behavior of an organism. The behavior is active, not passive; an animal 

responding to a stimulus is different from a stone rolling down a hill. Living 

things display responsiveness; nonliving things do not. 

Growth 

Growth requires an organism to take in material from the environment and 

organize the material into its own structures. To accomplish growth, an organism 

expends some of the energy it acquires during metabolism. An organism has a 

pattern for accomplishing the building of growth structures. 

During growth, a living organism transforms material that is unlike itself 

into materials that are like it. A person, for example, digests a meal of meat and 

vegetables and transforms the chemical material into more of himself or herself. 

A nonliving organism does not display this characteristic. 

 

[http://www.viralblog.com/wp-content/uploads/2007/10/growth.gif] 

Reproduction 

A living thing has the ability to produce copies of itself by the process 

known as reproduction. These copies are made while the organism is still living. 

Among plants and simple animals, reproduction is often an extension of the 

growth process. For example, bacteria grow and quickly reach maturity, after 
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which they split into two organisms by the process of asexual reproduction. 

Asexual reproduction involves only one parent, and the resulting cells are 

generally identical to the parent cell. For example: Budding(yeast, Hydra), Binary 

fission(Protists, Bacteria), Parthenogenesis (Some Insect, Honeybee), 

Regeneration (Hydra,Planaria,Sea star,earth worm, sea anemone, leech), 

Sporulation (Plasmodium,Bacteria,mold),Fragmentation(Flat worm, Seaweed) 

More complex organisms engage in a type of reproduction called sexual 

reproduction, in which two parents contribute to the formation of a new 

individual. During this process, a new combination of traits can be produced. The 

process is generally more complex than asexual reproduction, requiring that 

parents find one another, then (usually) care for their offspring before it can live 

independently. Nonliving things have no such ability or requirements.  

Adaptation & Evolution 

Populations of living organisms have the ability to adapt to their 

environment through the process of evolution. During evolution, changes occur in 

populations, and the organisms in the population become better able to 

metabolize, respond, and reproduce. They develop abilities to cope with their 

environment that their ancestors did not have. 

Evolution also results in a greater variety of organisms than existed in previous 

eras. This proliferation of populations of organisms is unique to living things.  

[http://daily.swarthmore.edu/static/uploads/by_date/2009/02/19/evolution.jpg] 

Ecology 

  The environment influences the living things that it surrounds. Ecology is 

the study of relationships between organisms and their relationships with their 

environment. Living things can alter their environment, but nonliving things 
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cannot. Living things, for example, may migrate or hibernate if the environment 

becomes difficult to live in.  

 

[http://susty.com/image/ecosystem-diagram-wedged-tailed-eagle-kookaburra-

bird-rabbit-mouse-grass-snake-grasshopper-food-web-illustration-arrows-

image.gif] 

Other Characteristics 

  Some of the other living thing characteristics include homeostasis, which is the 

process to maintain stable internal conditions for survival. These conditions have to 

be maintained for body temperature, heart beat, water content, etc. When the 

homeostasis is regulated the metabolism of the body is regulated and the living things 

stay healthy and fit. More on maintaining homeostasis. 

 

[http://www.bio.miami.edu/~cmallery/150/physiol/c45x10glu-homeostasis.jpg] 

http://www.buzzle.com/articles/maintaining-homeostasis.html
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  Movement is also one such characteristic which is common to all living things. 

These movements depend on each species of plants and animals. Adaptation and 

defense are considered as common traits too. Every living thing has to adapt to 

certain conditions for survival and if it can't then it won't survive. Defense is also a 

gift that is given to every living thing and it is their right to protect themselves from 

predators. 

 

Those were some characteristics of living things 

 

Reference 

1. http://www.cliffsnotes.com/study_guide/Characteristics-of-Living-

Things.topicArticleId-8741,articleId-8578.html 

2. http://www.buzzle.com/articles/characteristics-of-living-things.html 

3. http://assets.cambridge.org/97805216/80547/excerpt/9780521680547_excerpt.

pdf 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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NOTE 

DATE Lecture note Picture/ reminder 
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My Concept  map 
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EXERCISE: STUDENT WORK 

ANSWER   THESE  QUESTIONS  IN YOUR  NOTEBOOK. 

1. What are characteristics of living organisms? 

            

            

            

             

2. Complete the passage below by choosing the words from this list: 

 

 

                 excretion    growth       irritability        movement   

                 nutrition    organisms   reproduction   respiration 

  

 

2.1 Living things are often called ______________. 

2.2  All living things release energy from their food in a process called 

______________, which happens inside their cells. 

2.3 Some of the energy is used for ________________, which usually 

happens more quickly in animals than in plants. 

2.4 The food from which the energy is released is taken into the body in a 

process called ________________. 

2.5  All living things get bigger as they get older. This process is called 

__________________. 

2.6 The production of young is called ____________________. 

2.7 Waste substances are removed from organisms by the process of 

___________________. 

2.8 The seventh characteristic shown by all living organisms is 

___________, which  means that they are sensitive to things around them. 

 

3. What makes living things different from non-living things? 

             

             

             

              

http://wzus1.ask.com/r?t=p&d=us&s=a&c=qasp&l=dir&o=0&sv=0a5c4245&ip=cbacde6b&id=CFA3BD55EE47FBF7CC6D74698B382D2F&q=10-characteristics-of-living-organisms&p=1&qs=121&ac=112&g=2542GoQLpZSJhJ&en=af&io=5&ep=&eo=&b=sa&bc=&br=&tp=d&ec=9&pt=What%20are%20characteristics%20of%20living%20organisms%3F&ex=&url=&u=http%3A%2F%2Fanswers.yahoo.com%2Fquestion%2Findex%3Fqid%3D20081018145552AAcAcmE
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4. Look at Figure 1.  Look at the living and non-living things which you 

can see in the picture 

 

Figure 1 

4.1  List three different living things which you can see in Figure 1. 

             

             

              

4.2  List five different non-living things which you can see in Figure 1. 

             

             

              

5. Plan your Biology Science CAS project then write your proposal by 5 

students per group and send after finish this chapter 2 weeks.  
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Chapter 1: The Nature of Life 

Unit 2: Importance of biology & bioethics 
 

Sipsang Sukphol (B.Sc. Biology, M.Ed) 
Biology is the science that deals with the study of varieties of living organisms 

including ourselves.  

  The importance of biology in our daily lives lies in the fact that biology 

attempts to find out the unifying principle that exists among diverse organisms 

having morphological and functional inequalities.    The importance of biology in our 

daily lives can be considered from the two natural divisions of the science itself, 

plant life and animal life. 

Importance of Biology in our Daily Lives with Respect to Agriculture and 

Industry 

Agriculture plays great role narrating the importance of biology in our daily 

lives. Agriculture is largely the result of man‘s taking the advantage of the inter 

relations of soil, climate and natural habitat to select those particular combinations 

that meet his basic requirements. Thus to provide necessary food, man depends 

entirely on green plants that can alone capture the solar energy.High yielding 

varieties of crop plants like rice, wheat, jute, sugar cane, pulses etc are now bred 

experimentally. Disease resistant grains and verbalized seeds are made. 

Biological control strategies are undertaken as pest control emphasizing the 

importance of biology in our daily lives. 

Modern man does not depend on fishing and hunting like our ancestors and 

instead rears fishes as well as cattle and various other domestic animals to get food 

and other necessities of life. This has resulted in the development of fishery and 

animal husbandry.The importance of biology in our daily lives lies in the production 

of clothings and timber for making furnitures, in supplied raw materials for paper, 

dyes, etc.Fossils are important in locating underground oil and natural gas reserves. 

Even coal and mineral oil formed from decomposed plant bodies are key to industrial 

prosperity. 

Importance of Biology in our Daily Lives with Respect to Health and General 

well Being 
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Medical advancement also shows the importance of biology in our daily lives. 

The study of dreaded diseases, their causative agents, cure as well as the actions of 

drugs are a way of biological enlightenment that strives minimizing human suffering. 

Importance of biology in our daily lives also lies in finding and curing 

hereditary abnormalities like haemophilia, Down‘s syndrome,etc. 

Biology aims in making effort to better human race through eugenics. 

Biology study has a vital role in controlling environmental pollution and 

attracted sense of art and beauty. 
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[http://www.ise5-

14.org.uk/members/Mapping/George_Milne_maps/Biology_Biotechnology.jpg] 
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Bioethics 

Bioethics examines the process of science and the ethical implications of 

biological research.  Bioethics plays an increasingly important role in our 

understanding of the importance and effects of biology in society. 

 

Terminology 

The term Bioethics (Greek bios, life; ethos, behavior) was coined in 1927 by Fritz 

Jahr, who "anticipated many of the arguments and discussions now current in 

biological research involving animals" in an article about the "bioethical imperative," 

as he called it, regarding the scientific use of animals and plants. In 1970, the 

American biochemist Van Rensselaer Potter also used the term with a broader 

meaning including solidarity towards the biosphere, thus generating a "global ethics," 

a discipline representing a link between biology, ecology, medicine and human 

values in order to attain the survival of both human beings and other animal species.  

Purpose and scope 

  The field of bioethics has addressed a broad swath of human inquiry, ranging 

from debates over the boundaries of life (e.g. abortion, euthanasia) to the allocation 

of scarce health care resources (e.g. organ donation, health care rationing) to the right 

to turn down medical care for religious or cultural reasons. Bioethicists often 

disagree among themselves over the precise limits of their discipline, debating 

whether the field should concern itself with the ethical evaluation of all questions 

involving biology and medicine, or only a subset of these questions. Some 

bioethicists would narrow ethical evaluation only to the morality of medical 

treatments or technological innovations, and the timing of medical treatment of 

http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Biology#Research
http://en.wikipedia.org/wiki/Van_Rensselaer_Potter
http://en.wikipedia.org/wiki/Abortion
http://en.wikipedia.org/wiki/Euthanasia
http://en.wikipedia.org/wiki/Organ_donation
http://en.wikipedia.org/wiki/Technology
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humans. Others would broaden the scope of ethical evaluation to include the morality 

of all actions that might help or harm organisms capable of feeling fear and pain, and 

include within bioethics all such actions of a bear in relation to medicine and biology. 

However, most bioethicists share a commitment to discussing these complex issues 

in an honest, civil and intelligent way, using tools from the many different disciplines 

that "feed" the field to produce meaningful frameworks for analysis. 

 

 

[http://www.genome.gov/Images/feature_images/illustration_of_cloning.jpg] 

Reference 

1. http://www.tutorvista.com/biology/importance-of-biology-in-our-daily-

lives 

2. http://en.wikipedia.org/wiki/Bioethics 

3. http://www.goodismanlab.biology.gatech.edu/teaching.htm 

 
 

 

 

http://www.tutorvista.com/biology/importance-of-biology-in-our-daily-lives
http://www.tutorvista.com/biology/importance-of-biology-in-our-daily-lives
http://en.wikipedia.org/wiki/Bioethics
http://www.goodismanlab.biology.gatech.edu/teaching.htm
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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My Concept  map 
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Chapter 1: The Nature of Life 

Unit 3: How to study biology? 
                                                   Sipsang Sukphol (B.Sc. Biology, M.Ed) 

 
The Scientific Method 

WHAT IS SCIENCE? It is a method used by humans to try to make sense of the 

world (and universe) in which they live. 

APPLIED SCIENCE (a.k.a. "technology") - The seeking of information that is of 

immediate use and benefit. 

PURE SCIENCE - The seeking of information for its own sake. The pursuit of 

knowledge for the sake of knowledge. 

 

Biology is the study of living organisms (from the Greek bios, meaning "life" and 

logos, meaning "discourse in or study of"). Within biology, there are several 

subdisciplines that are more narrow in focus. Here are just a few of the 

subdisciplines of biology... 

Microbiology - the microbiologist studies micoorganisms, such as bacteria 

Genetics - the geneticist studies genes and inheritance 

Physiology - the physiologist studies metabolism and function of organisms 

Ornithology - the ornithologist studies the biology of birds 

Herpetology - the herpetologist studies the biology of amphibians and reptiles 

Mammalogy - the mammalogist studies the biology of mammals 

Botany - the botanist studies the biology of plants 

Mycology - the mycologist studies the biology of fungi 

Ecology - the ecologist studies the functioning of ecosystems 

...and even within these subdisciplines there are still more specific areas of study! 

************************* 

  Scientists all start their work by making OBSERVATIONS and noticing 

interesting things. That's what you all did when you went out and took pictures. But 

this is only the first step in a very proscribed procedure we call... THE 

SCIENTIFIC METHOD 
"The process known as the Scientific Method outlines a series of steps for answering 

questions, but few scientists adhere rigidly to this prescription. Science is a less 

structured process than most people realize. Like other intellectual activities, the best 

science is a process of minds that are creative, intuitive, imaginative, and social. 

Perhaps science is distinguished by its conviction that natural phenomena, 

including the processes of life, have natural causes--and by its obsession with 

evidence. Scientists are generally skeptics." (from Biology by Neil A. Campbell) So 

don't confuse The Scientific Method with Science, in general. Also note that if 

something is outside the realm of scientific testability, the wise scientists will not 

presume that it is not true, nor that it does not exist. Some things simply are outside 

the realm of Science, and cannot be addressed via the Scientific Method. 
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DEDUCTIVE REASONING: From the general case to the specific 

(All birds have feathered wings. We know that sparrows have feathered wings. 

Therefore, we can deduce that "Sparrows are birds.") 

INDUCTIVE REASONING: From a specific case to the general principle. 

(Sparrows are birds. They have wings, and can fly. Robins, flamingos, owls, and 

eagles are birds, have wings and can fly. From this you might induce that "ALL 

BIRDS CAN FLY.") 

The problem with the latter is the "inductive leap": When you make the jump 

from many observations to saying that your observation is true in all cases, you are 

making a generalization that might not be correct every time. 

Although generalizations can be useful, the wise scientist is always aware that 

there  may be EXCEPTIONS to the general rule, and to the possibility that the 

"general rule" might eventually be found to be wrong. Let's take the example above. 

You suddenly come upon an ostrich. It has wings, and  all the other characteristics 

you'd ascribe to a bird--BUT IT CANNOT FLY! Does this mean that your general 

rule is always wrong? No. But it does mean that there are exceptions, and you must 

be ready to find them! The human mind is creative in its inductive reasoning, but it is 

not omniscient (all-knowing) or infallible! This is why scientists use deductive 

reasoning in their scientific endeavors. Such reasoning is less  susceptible to this type 

of error. 

   A common theme in scientific endeavors is the use of HYPOTHETICO-

DEDUCTIVE REASONING: The formulation of an hypothesis (a tentative answer 

to a question) and the execution of experiments from which one may deduce a 

general answer to the hypothesis. The steps in this process include: 

1. Observation 

2. Asking a critical question 

3. Developing a Hypothesis 

4. Making a prediction that can be tested 

5. Performing experiments to test the prediction 

6. Collecting and analyzing data 

7. Making a logical conclusion based on experimental results 

EXAMPLE: 

1. OBSERVATION: Flamingos eat a variety of invertebrates that they strain from 

the silt. Interestingly, flamingo feather color is similar to that of the shrimps they eat. 

2. CRITICAL QUESTION: Is the color of the flamingo related to the color of the 

shrimp in their diet? 

3. DEVELOP HYPOTHESIS: Flamingo color is derived from shrimp pigments. 

a. Null Hypothesis: There will be no significant difference in feather color between 

groups of flamingos fed different diets. 

b. Alternate Hypothesis There will be a significant difference in feather color 

between groups of flamingos fed different diets. 

4. MAKE PREDICTION: If flamingo diet is changed, its feather color will change. 

5. PERFORM EXPERIMENTS: 
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a. One group of flamingos gets a diet consisting of all items, including shrimp. 

(Control – sometimes abbreviated as "con") 

b. Other group of flamingos gets the same amount and type of food, but without 

shrimp. (Treatment – sometimes abbreviated as "trt") 

  All other variables (habitat, light period, amount of food, etc.) are held 

CONSTANT in both groups. 

6. COLLECT AND ANALYZE DATA: 

a. Possible result #1: No difference in color between trt and con groups. 

b. Possible result #2: Significant difference in color between trt and con groups. 

7. CONCLUSION: 

a. If you get result #1, then the null hypothesis cannot be rejected. 

b. If you get result #2, the null hypothesis is rejected, and the alternative hypothesis 

is accepted. The results of your study may suggest further experiments. (What 

component of the shrimp is responsible for the color of the flamingo's feathers? How 

does the flamingo metabolize nutrients in the shrimp into pink pigments?) 

Important aspects of hypotheses... 

* A HYPOTHESIS is a TENTATIVE EXPLANATION of a phenomenon. 

* A prediction is based on past experience about the phenomenon. It's an "educated 

guess" about what you expect to happen. 

* Multiple hypotheses make good science. (If you have only one possible answer, 

you may bias your experiment 

and your analysis.) 

* Hypotheses should be testable 

via experimental procedures or 

field studies based on the 

hypothetico-deductive approach. 

* A hypotheses can be refuted 

(proven wrong, or 

FALSIFIED), but it CANNOT 

BE PROVEN CORRECT. (It is 

impossible to perform enough 

experiments to be certain 

that the answer will always be 

the same, and that the same 

explanation will hold 

true.) However, if a hypothesis is 

tested again and again and is 

never falsified, it 

may become elevated to the level 

of a THEORY. 

 

                                              [http://kentsimmons.uwinnipeg.ca/cm1504/Image37.gif] 
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A word about the THEORY... 

A THEORY is an hypothesis that has stood the test of time. It is a well-substantiated 

explanation of some aspect of the natural world. It is an organized system of accepted 

knowledge that applies in a variety of circumstances to explain a specific set of 

phenomena. A theory is constantly subject to testing, modification, and refutation as 

new evidence and ideas emerge. 

Theories also have predictive capabilities that guide further investigation. 

Example: The Theory of evolution by means of natural selection. 

And the LAW... 

A LAW is described by a sequence of events in nature that has been observed to 

occur without variation under the same conditions. Natural law is the basis of the 

experimental method in science, and is dependent upon cause and effect. 

Example: The Laws of Thermodynamics 

 

A scientific fact is a controlled, repeatable and/or rigorously verified observation. 

 

A scientific law is a statement of an observed regularity among facts, often 

expressible as a simple mathematical relationship. 

 

A scientific theory is an integrated conceptual framework for reasoning about a class 

of phenomena, which is able to coordinate existing facts and laws and sometimes 

provide predictions of new ones. 

Theories often explain "why" laws and facts are "true" or "how they work". In the 

above discussion, notice that theories often have multiple names associated with 

them. This is not surprising, because theories are much more complex. Notice that 

not only theories and laws, but also facts may be falsified by new observations. The 

pre-Galileo "fact" that heavy objects fall faster than light ones was falsified. The 

Newtonian "fact" that mass, time and distance do not vary with velocity was falsified. 

The chemical "fact" that there are only three elemental forms of carbon - diamond, 

coal and graphite - was falsified. 

Reference 

1. http://ola4.aacc.edu/jsfreeman/TheoryandLaw.htm 

 

 

 

 

http://ola4.aacc.edu/jsfreeman/TheoryandLaw.htm
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    
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My Concept  map 
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GROUP STUDY 

Write your research project in these topics and present 10 minutes for each 

group. (10 points) 

1. Introduction/Problem 

             

             

             

              

2. Objective 

             

             

             

              

3. Hypothesis 

             

              

4. Design experiment 

             

             

              

             

              

5. Collect the data 

             

              

6. How to conclude? 

             

             

              

7. Cost 
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Work  Problems 1 

The following paragraph illustrates the use of the scientific method. Read the 

paragraph and answer the example problems that follow. 

A student at the beach noticed that as she walked further and further into the water, 

the temperature of the water seemed to get colder. She wondered if any correlation 

existed between water temperature and water depth. The student performed the 

following experiment: She measured 

 

1. What is the problem statement for this investigation? 

Answer: ____________________________________________________________ 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

 

2. State an appropriate hypothesis for this investigation. 

A. As the depth of the water increases, temperature increases. 

B. As the depth of the water increases, temperature decreases. 

C. As the depth of the water increases, temperature remains the same. 

 

3. Identify the independent variable. 

Answer: ____________________________________________________________ 

____________________________________________________________________ 

 

4. What is the control in this investigation? 

Answer: ____________________________________________________________ 

____________________________________________________________________

____________________________________________________________________ 

5. Write a conclusion for this experiment based on the results given in the preceding 

table. 

A. As water depth increases, water temperature decreases. 

B. As water temperature decreases, water depth increases. 

C. As water temperature increases, water depth decreases. 
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Work Problems 2 

  Work problems 1–5 are based on the following passage and the accompanying 

table. Some people believe that taking high doses of vitamin C reduces the number of 

days that a person suffers from the common cold. To test this belief, two groups of 

100 people per group were selected. Group A (cold sufferers) was given 1,000 mg of 

vitamin C each day for one week  beginning with the first day of cold symptoms. 

Group B (cold sufferers) was given a placebo (a substance of no remedial value, such 

as sugar) each day for one week beginning with the first day of cold symptoms. The 

following table indicates the results of the experiment: 

 

 
1. What is the problem statement for this experiment? 

Answer: ____________________________________________________________ 

____________________________________________________________________

____________________________________________________________________ 

2. State the hypothesis. 

Answer: ____________________________________________________________ 

____________________________________________________________________

____________________________________________________________________ 

3. Identify the dependent variable. 

Answer: ____________________________________________________________ 

____________________________________________________________________

____________________________________________________________________ 

4. Which is the control group? 

Answer: ____________________________________________________________ 

____________________________________________________________________

____________________________________________________________________ 

5. State the conclusion for this experiment. 

Answer: ____________________________________________________________ 

____________________________________________________________________

____________________________________________________________________ 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

40 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

 
 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

41 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

42 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

Chapter 1: The Nature of Life 

Unit 4: Microscope and Biological tools 

 
                                                Sipsang Sukphol (B.Sc. Biology, M.Ed) 

Tools of the Biologist 

  To study living things and carry out experiments, biologists use a variety of 

tools. One of the most important tools of the biologist is the microscope. Several 

different kinds of microscopes exist, and each one is specialized for a specific 

purpose. Two other tools used by the biologist are the microtome and the centrifuge. 

Microscopes 

  Microscopes are fundamental to the study of biology. The following sections 

introduce these basic tools. 

Simple Microscope 

  The simple microscope consists of a single convex lens that is capable of 

magnifying an object. When magnified, an object looks bigger, but its true size 

remains the same. A magnifying glass and a hand lens are examples of simple 

microscopes. A good simple microscope can magnify up to 300X. 

Compound Microscope 
  The compound microscope uses two convex lenses at the same time. A good 

compound microscope can have a magnification up to 2,000X. The following 

diagram shows a typical compound microscope. 

 

  The following table is based on the diagram of the compound microscope. The 

column on the left lists the structure, and the column on the right gives its function. 
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Example Problems 

The following problems review the compound microscope. 

1. Which parts of the compound microscope magnify the specimen? 

Answer: The eyepiece, low-power and high-power objective lenses magnify the 

specimen. 

2. Identify the parts of the microscope that are used for support and carrying. 

Answer: The arm and base of the microscope are used for support and carrying. 

3. Where on the microscope is the specimen placed? 

Answer: The specimen is on a slide that is placed on the stage of the microscope 

under one of the objective lenses. 

 

Work Problems 

Use these problems on the compound microscope for additional practice. 

1. Which part of the microscope produces sharp focus? 

____________________________________________________________________

____________________________________________________________________ 

2. How many lenses does a compound microscope use at one time? 

____________________________________________________________________

____________________________________________________________________ 

3. Why must the specimen that is placed on a slide be thin? 

____________________________________________________________________

____________________________________________________________________ 
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Microscope Measurement 

 If the eyepiece of a microscope magnifies 10X and the low-power objective 

magnifies 10X, the total magnification using these two lenses together is 100X 

(10 × 10).  

 If the eyepiece magnifies10X and the high-power objective magnifies 40X, 

the total magnification of the microscope is 400X (10 × 40).  

When using the high-power lens, your field of view is smaller, but your 

specimen looks larger. As magnification increases, the field of view of a 

microscope decreases proportionately. For example, if the magnification of a 

microscope is doubled, the field of view is cut in half. Also, the specimen 

appears to be upside down when viewed through a microscope, and the slide 

  might need to be moved around to locate the specimen. 

 

A microscope can also be used to measure the size of a specimen such as a 

cell. The micrometer (μm) is the unit used for cellular measurement. One millimeter 

(mm) is the equivalent of 1,000 μm. If the field of view of a microscope measures 

1.5mm, it is equal to 1,500 μm (1.5 × 1,000). A cell that takes up half of this field of 

view measures 750 μm (1,500 ’ 2). 

 

Stereomicroscope or Dissecting Microscope 

  This microscope uses dual eyepieces and an objective lens producing a three-

dimensional image of a specimen. This microscope is used to study small organisms, 

either plant (moss, duckweed) or animal (insects, earthworms). Typically, these 

microscopes magnify from 10X to 40X. Also, as the name suggests, they can be used 

to dissect small organisms. 

 

Electron Microscope 

The electron microscope differs from the other microscopes in that it does not 

use light to illuminate the specimen. Instead, a beam of electrons is used to produce 

an image resulting in upward of 300,000X magnification. Electron microscopes can 

be used to study viruses and bacteria. The major advantage of the electron 

microscope is its high magnification. Its main disadvantage is that the specimen 

cannot be alive because it is placed in a vacuum inside the microscope. 

 

Example Problems 

  The following problems are based on microscope measurement. 

1. What is the size of a cell when the diameter of the field of view of a microscope is 

1,000 m and 10 equal-sized cells fit across the field of view? 

Answer: 100 m 

Field of view size ÷ number of cells = cell size. 

1,000 m ÷ 10 = 100 m 
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2. The size of a cell when measured under low power (100X) is 240 μm. Find the size 

of the same cell when measured under high power (400X). 

Answer: 240 m 

The size of a cell does not change as the magnification of the microscope increases. 

The cell only looks bigger. 

3. How many micrometers long is a cell that measures 1.25 mm? 

Answer: 1,250 m 

1 mm = 1,000 m 

1.25 × 1,000 = 1,250 m 

  An alternate solution is to move the decimal three places to the right. This is 

the same as multiplying by 1,000. 

 

Work Problems 

Use these problems on microscope measurement for additional practice. 

1. What is the maximum magnification of a microscope having a 10X eyepiece, a 

43X objective and a 90X objective? 

             

             

              

2. How many millimeters long is a cell that measures 375 m in length? 

             

             

              

3. How does the letter P look when viewed through a microscope? 

             

             

             

  

Other Tools 

In addition to microscopes, biologists use the following tools: 

❑ Microtome: This instrument is used to slice a specimen very thin so that it can be 

observed with a light or electron microscope. 

❑ Centrifuge: The centrifuge is used to spin specimens at very high speeds. The 

heaviest and densest parts settle to the bottom, and lighter parts remain at the top. If 

human blood is subjected to centrifugation, plasma (the liquid part of the blood) stays 

at the top, and the blood cells settle to the bottom. 

❑ Microdissection Tools: These tools are extremely small and are used with the aid 

of a microscope to remove or add parts to cells. Cloning, which will be discussed in a 

later chapter, is one use for these tools. 
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How To Use A Microscope Properly! 

Tricks Of The Trade That Were 

Designed To Make Your Life Easier! 

http://shs.westport.k12.ct.us/mjvl/biology/microscope/microscope.htm 

        First of all, since the microscope costs between $600 and $800, lets try to figure 

out a few ways to AVOID my having to bill YOU for the cost of replacing one!  Part 

of the cost is due to the incredible advances made in light microscope structure over 

time, which doesn't even take electron microscopes into account! 

 
 

The Parts of a Typical Microscope 

 

http://shs.westport.k12.ct.us/mjvl/biology/microscope/microscope_evolution.gif
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How to figure out the Magnification: 

 
Eyepiece 

Objective 

Lens 
Magnification 

Low 

Power  
10 x 10 x 100 x 

Green = 

GO! 

Green = 

GO! 

Green = 

GO! 
Green = GO! 

High 

Power  
10 x 43 x 430 x 

Yellow = 

Caution 

Yellow = 

Caution 

Yellow = 

Caution 

Yellow = 

Caution 

Oil Lens  10 x 97 x 970 x 

Red = 

STOP! 

Never Use 

This Lens! or 100 x or 1000 x 

NOTE: Some of the colors may be different on your Microscope. 

Be sure to note the correct Colors and Magnifications next to the table above. 

GENERAL PROCEDURES: 

1. Make sure all backpacks are out of the aisles before you get a microscope! 

Always carry the microscope with one hand on the Arm and one hand on the Base. 

Carry it close to your body.  

2. Remove the cover, plug the microscope in, and place the excess cord on the table! 

If you let the excess cord dangle over the edge, your knee could get caught on it, and 

the next sound you hear will be a very expensive crash. I will bill you later! 

 

3. Always start and end with Low Power! The Green means GO! -- ―Go ahead and 

put the slide on the stage.‖ ―Go ahead and use the Coarse focus knob.‖ ―Go ahead 

and remove the slide from the stage.‖ ―Go ahead and put the microscope away.‖ 
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NOTE: Some of the colors may be different on your Microscope. Write the correct 

color next to the sentence above. 

 

4. Place the slide on the microscope stage, with the specimen directly over the center 

of the glass circle on the stage (directly over the light). Then you have a 9 out of 10 

chance of finding the specimen as soon as you look through the eyepiece! 

NOTE: If you wear glasses, take them off; if you see only your eyelashes, move 

closer.   Be sure to close, or cover your other eye!! 

NOTE: If you see a dark line that goes part way accross the field of view, try turning 

the eyepiece.  That dark line is a pointer that will be very valuable when you want to 

point out something to your lab partner, or your teacher! 

       

5. If, and ONLY if, you are on LOW POWER, lower the objective lens to the lowest 

point, then focus using first the coarse knob, then the fine focus knob. The specimen 

will be in focus when the LOW POWER objective is close to the lowest point, so 

start there and focus by slowly raising the lens. If you can‘t get it at all into focus 

using the coarse knob, then switch to the fine focus knob. 

6. Adjust the Diaphragm as you look through the Eyepiece, and you will see that 

MORE detail is visible when you allow in LESS light!  Too much light will give the 

specimen a washed-out appearance. TRY IT OUT!! 

7. Once you have found the specimen on Low Power (100x), unless specifically 

asked to draw it on low power, center the specimen in your field of view, then, 

without changing the focus knobs, switch it to High Power. If you don‘t center the 

specimen you will lose it when you switch to High Power (Yellow). [See Above] 

NOTE: Some of the colors may be different on your Microscope. Write the correct 

color next to the sentence above. 

8. Once you have it on High Power remember that you only use the fine focus 

knob! The Yellow means CAUTION! -- “Caution, use only the fine focus knob.” 

“Caution, do not remove the slide when it is on High Power.” -- The High Power 

Objective (430x) is very close to the slide. Use of the coarse focus knob will scratch 

the lens, and crack the slide. More expensive sounds . . . 

http://shs.westport.k12.ct.us/mjvl/biology/microscope/microscope.htm#parts
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9. NEVER USE THE RED LENS. The Red Means STOP!! -- “Stop! Don’t use 

that lens!” -- It is an oil immersion lens. Without the oil to lubricate the lens, you 

will destroy it! More expensive sounds . . . Also, the oil is needed to help gather 

enough light to actually see through the lens! 

NOTE: Some of the colors may be different on your Microscope. Write the correct 

color next to the sentence above. 

Tips On Making Good Drawings: 

1. Don‘t even think of starting your drawing unless you have a PENCIL! Drawings 

in PEN are UNACCEPTABLE! This is for two reasons: 

        (a) You can erase pencil! 

        (b) You can shade in areas more easily in pencil. 

2. Each Drawing must be 1/2 page in size, and must include clear, proper labels! In 

the upper left hand corner of each circle include the specimen name as written on 

the slide label. In the upper right hand corner, include the magnification (100x or 

430x). 

3. Labels should start on the outside of the circle. The circle indicates the field of 

view as seen through the eyepiece. All arrows should end with the point touching 

the object to be labeled!  

4. Animal cells should always include at least the following five labels: Cell 

membrane, Nuclear membrane, Nucleus, Chromatin, Cytoplasm. 

5. Plant Cells should always include at least the following seven labels: Cell 

membrane, Cell wall, Nuclear membrane, Nucleus, Chromatin, Cytoplasm, 

Chloroplast (this last does not exist in certain plant cells). 

6. Remember: This class is about Connections! I don‘t want you to Look at the 

cells; I want you to SEE them!  In order to do that, you MUST: 

How To Make A Wet Mount: 

1. Gather a thin slice/piece of whatever your specimen is. If your specimen is too 

thick, then the coverslip will wobble on top of the sample like a see-saw: 

 

2. Place ONE drop of water directly over the specimen. If you put too much water 

over the specimen, then the coverslip will float on top of the water, making it harder 

to draw the specimens as they float past the field of view! 

3. Place the coverslip at a 45 degree angle (approximately), with one edge touching 

the water drop, and let go. 

 

Reference 

1.http://www.thaigoodview.com/library/contest2551/science04/107/2/content_hi/ima

ges/home/light_microscope.gif 

http://www.thaigoodview.com/library/contest2551/science04/107/2/content_hi/images/home/light_microscope.gif
http://www.thaigoodview.com/library/contest2551/science04/107/2/content_hi/images/home/light_microscope.gif
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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My Concept  map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Teacher‘s signature: 

 

 

Comment: 
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Chapter 2: The chemistry of life 

Unit 5: water and Minerals 
      Sipsang Sukphol (B.Sc. Biology, M.Ed) 

 

Food is a good source of one or more of the following: protein, carbohydrate 

or lipid.  Living organisms need food for energy, growth, repair, defence and 

reproduction.  

Metabolism  
• Anabolism: the formation of large, complex molecules by linking smaller, 

simpler molecules (condensation reactions – form water).  

• Catabolism: the breakdown of large, complex molecules into smaller molecules 

(hydrolysis reactions – add water).  

o Anabolic reactions require energy input (= endothermic – need ATP)  

o Catabolic reactions release energy (= exothermic).  

• Metabolism is the full set of chemical processes carried out by a living 

organism  

(i.e. anabolism + catabolism).  

Water:  

  Compare the body of the jellyfish with our own bodies. The jellyfish will die if 

it is removed from its water environment, yet we can live in the driest parts of Earth. 

Jellyfish and humans seem utterly unlike each other, yet the bodies of both are made 

of cells filled with water. The chemical reactions of all living things take place in an 

aqueous environment. Water has several properties that make it one of the most 

important compounds found in living things 

 

 POLARITY  

1. Many of water's biological functions stem from its chemical structure.  

2. In the water molecule, H
2
O, the hydrogen and oxygen atoms share electrons to 

form a covalent bond, but these atoms do not share the electrons equally.  

3. The oxygen atom, because of its 8 protons cf hydrogen's single proton, pulls the 

shared electrons towards its nucleus and away from the hydrogen atom. As a result, 

the electrical charge is unevenly distributed in the water 

molecule.  

4. Although the total electrical charge on a water molecule is 

zero, the region of the molecule where the oxygen atom is 

located has a slight negative charge while the regions of the 

molecule where each of the two hydrogen atoms are located 

each have a slight positive charge (δ+) 

5. Because of this uneven pattern of charge, water is a polar 

molecule. All molecules with an uneven charge like this are 

polar molecules.  
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6. It is this that makes water such a good solvent of other polar molecules - such as 

salts, sugars and proteins.  

7. An ionic compound dissolved in water tends to dissociate into ions. This breaking 

up of an ionic compound means the ions can participate in many biological reactions. 

 

 HYDROGEN BONDING  

1. The polar nature of water also causes water molecules 

to be attracted to one another or stick together.  

2. This attraction between water molecules is caused by 

hydrogen bonding.  

3. A positive region of one water molecule is attracted to 

the negative region of another water molecule.  

4. Hydrogen bonds are weak bonds that can be easily 

broken – particularly if bent (e.g. DNA replication).  

5. Hydrogen bonds can also be formed between 

hydrogen and nitrogen atoms (only). 

6. The hydrogen bonds in water exert a significant attractive force, causing water to 

cling to itself (Cohesion) and to other surfaces (Adhesion).  

7. Together, adhesion and cohesion enable water molecules to move upwards through 

narrow tubes against the force of gravity - a property of water known as capillarity.  

8. Water moves up a plant stem through cohesion-tension in the xylem – only 

possible because of the hydrogen bonds.  

9. Water must gain or lose a large amount of energy for its temperature to change – 

which makes it a stable environment to live in (homeostasis).  

10. Water's ability to absorb large amounts of energy (= high specific heat capacity) 

helps to keep cells at an even temperature despite changes to the external 

temperature. 

 

Importance of Water for Organisms  

• Fluid component: 90% of cytoplasm, 92% of blood plasma, 97% of tissue fluid 

and lymph.  

• Multipurpose solvent: medium for metabolism and transport.  

• Takes part in metabolic reactions  

o Photosynthesis: water is a raw material in the light stage.  

o Respiration: aerobic respiration produces water.  

o Anabolism: produced when macromolecules are made (condensation).  

o Catabolism: water is used to break the bonds in macromolecules 

(hydrolysis).  
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• Movement of materials through cell membranes: diffusion, osmosis and active 

transport.  

• Turgor plays an important role in the support of plants.  

• Good absorber of heat  

o Water is a temperature-stable medium - which is important for homeostasis.  

o Vaporisation of water is an excellent cooling mechanism.  

 

Minerals 

  Minerals are micronutrients required in varying amouts for proper functoning, 

normal growth and keeping good health of our body. They are inorganic elements, 

occuring in the form of their salts e.g. calcium, potassium, sodium, phosphorus, 

iron etc. They do not supply energy to our body but are essential for protection 

against diseases and also have role in body functions. 

 
Functions 

Minerals perform the following functions : 

Essential for development of bone and teeth e.g. calcium, phosphorus. 

 Regulate the fluid balance and acid alkalinity of body fluids e.g. sodium, 

potassium, chloride. 

Iron is major component of haemoglobin, which helps in transport and release 

of oxygen. 

Iodine is required for the synthesis of thyroid hormone thyroxine, which 

regulates the rate of oxidation within cells. 

Zinc, coper and magnesium regulate a host of vital reactions in our body. 
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Table 5.1 Lists the minerals, their sources, function, deficiency diseases and 

symptoms 

Table 5.1 Minerals required by in our body, their sources and functions 
 

 

 
Fig. 27.2 Patient with goiter 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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My Concept  map 
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Chapter 2: The chemistry of life 

Unit 6: Carbon compounds, ATP, Carbohydrate 

 
                                               Sipsang Sukphol (B.Sc. Biology, M.Ed) 

CARBON COMPOUNDS  

All of the many compounds discovered can be classified into two broad categories: 

organic (= contain carbon atoms covalently bonded to other carbon atoms) and 

inorganic compounds. Other elements found in most organic molecules are 

hydrogen, oxygen, and nitrogen.  

CARBON BONDING  

1. A carbon atom has 4 electrons in its 

outermost shell, and to be stable a carbon atom 

needs 8 electrons in its outer shell, so carbon 

atoms therefore readily form 4 covalent bonds 

with other elements.  

2. Carbon also readily bonds with other carbon 

atoms, forming chains or rings.  

3. This tendency of carbon to bond with itself 

results in the enormous variety of organic 

compounds.  

4. Carbon can also share two pairs of electrons 

with another carbon atom:  

A. Single Bond - A bond formed when two atoms share one pair of electrons.  

B. Double Bond - atoms share two pairs of electrons.  

FUNCTIONAL GROUPS  

1. In most organic compounds, 

clusters of atoms, called 

functional groups, influence the 

properties of the molecule they 

compose.  

2. The functional group is the 

structural building block that 

determines the characteristics of 

that compound.  

3. One functional group important to living things is the hydroxyl group 

(represented by OH
-

).  

4. An alcohol is an organic compound with a hydroxyl group attached to one of its 

carbon atoms.  

5. The hydroxyl group makes alcohols (e.g. sugars) polar molecules that have some 

properties similar to water, including the ability to form hydrogen bonds.  
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LARGE CARBON MOLECULES  

1. Large carbon compounds are built up from smaller simpler molecules called 

monomers.  

2. Monomers can bind to one another to form complex molecules known as 

polymers.  

3. A polymer consists of repeated, linked units, forming (very) large polymers called 

macromolecules.  

4. Monomers link to form polymers through a chemical reaction called a 

condensation reaction. During the formation of polymers, water is released – it is a 

by-product of the reaction.  

5. Example - during the formation of the sugar maltose, two molecules of glucose 

combine.  

6. In this condensation reaction, one glucose molecule releases a hydroxide ion, OH-, 

and the other molecule releases a hydrogen ion, H
+

. The OH
- 

and H
+ 

ions that are 

released then combine to form water. This bond (between the 1- carbon of the first 

glucose and the 4- carbon of the second), is known as a 1:4 Glycosidic bond and it is 

also found in starch, glycogen and cellulose.  

7. The breakdown (= digestion) of these complex molecules, occurs through the 

reverse process known as hydrolysis.  

8. Hydrolysis requires the addition of one water molecule, to break each bond within 

the polymer and so break the bonds that hold them together. 

 
[http://polymer.w99of.com/wp-content/uploads/2009/06/polymer.png] 
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ENERGY CURRENCY - ATP  

1. Life processes require a constant supply of energy. This energy is available to cells 

in the form of compounds that contain a in their overall structure.  

2. The most common energy compound used  

all cells is Adenosine TriPhosphate or ATP.  

3. An ATP molecule comprises a sugar (ribose, a pentose (= 5-C) sugar), an 

Adenosine molecule (a base) and a chain of 3 Phosphate groups. When the bonds 

between the outermost two phosphate groups are broken, ATP be (Adenosine 

DiPhosphate, ADP).  

4. The reaction that forms ADP from ATP releases a sizeable amout of energy (and 

yes, It is a hydrolysis reaction) 

5. The transfer of this energy fuels most biochemical reactions. This conversion of 

energy is used by the cell to drive the chemical reactions that  enable an organism to 

function (i.e life).  

         

 

 

 

 

ATP + water → ADP + Pi +        

ENERGY 

 

 

 

 

 

MOLECULES OF LIFE  

  The four main classes of organic compounds that are essential to the life 

processes of all living things are: carbohydrates, triglycerides (lipids), proteins, 

and nucleic acids. These compounds are built frlarge amount of energy by comes 

ADP nt of energy (and yes, it is hydrolysis reaction!) TP + water → ADP + Pi + 

ENERGY ergy is used the cell to drive the chemical reactions that enable an 

organism to function (i.e life). ocesses of all living om carbon, hydrogen, and 

oxygen: the atoms occur in different ratios in each class of compound. 

 

Carbohydrates [General formula C(H
2
O)

n
]  

1. The cells of the human body obtain most of their energy from carbohydrates.  

2. Carbohydrates are compounds containing Carbon, Hydrogen and Oxygen, with 

the number of H and O atoms in the ratio of 2:1.The number of carbon atoms varies, 

from 3-100,000+.  



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

64 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

3. Sugars, starch, glycogen and cellulose are all carbohydrates.  

4. There are three types of carbohydrates, grouped according to complexity: 

monosaccharides (e.g. glucose, fructose, galactose), disaccharides, (e.g. maltose, 

sucrose, lactose) and polysaccharides (e.g. starch, glycogen, cellulose)  

5. Monosaccharides are single sugars and are named after the number of carbon 

atoms they contain:  

Triose (an intermediate in respiration and photosynthesis) C
3
H

6
O

3 
 

Pentose (found in DNA, RNA and ATP). C
5
H

10
O

5
.  

Hexose (by far the most common – found everywhere else!) C
6
H

12
O

6
.  

Glucose, Fructose, and Galactose are all hexoses, with the same molecular formula, 

but their differing structures determine the different properties. Compounds like these 

sugars, with a single chemical formula but different forms, are called isomers. AQA 

requires you to know the structural formula (i.e. you can draw it!) of the 2 isomers 

of glucose, known as α-glucose and β-glucose.  

 

Note:  

a) The numbering of the carbon atoms (1-6, 

with 1 and 4 being at opposite ends and 6 

being out of the ring).  

b) The two forms are identical apart from the 

position of the OH group on the 1-C atom. 

 

 

7. Disaccharides, or double sugars, are formed when two single sugars (or 

monosaccharides) condense together to form a disaccharide and a molecule of water. 

The bond between the two parts of the disaccharide is known as a glycosidic bond. 

Common disaccharides include maltose (α-glucose + α-glucose) sucrose (α-glucose 

+ fructose), and lactose (α-glucose + galactose). AQA require you to be able to draw 

maltose (only) – see below – and they also require you to be able to draw its 

synthesis and breakdown:  

A good animation of this reaction is available at: 

http://www.biotopics.co.uk/as/disaccharideformation.html 
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8. Polysaccharides are carbohydrates made of long chains of sugars. Starch, which 

is found in plants only, is a polysaccharide. Starch actually consists of two different 

molecules: amylose (a long chain of ‗poly maltoses‘, thus only having α-1:4 

glycosidic bonds) and amylopectin (which has a branched structure, containing both 

α-1:4 glycosidic bonds and α-1:6 glycosidic bonds). [Therefore the ‗enzyme‘ 

amylase must be at least two different enzymes to break both sorts of bond.]  

9. Animals store α-glucose in the form of the polysaccharide glycogen in their liver 

and muscles, (where it is regulated by the hormones insulin and glucagon). 

Glycogen keeps the blood glucose concentration roughly constant throughout the 

day. It consists of tens of thousands of glucose molecules in a highly branched 

structure similar to amylopectin (i.e it has both α-1:4 glycosidic bonds and α-1:6 

glycosidic bonds and can thus be digested by amylase).  

10. Plants make cellulose - also a polysaccharide – to form the main component of 

their rigid cell walls. Cellulose makes up about 50 percent of wood and consists of 

very long, unbranched chains of β-glucose.  

 

 

Top = amylose; α-1:4 glycosidic 

bonds.  

Note: all 6-carbons on the top  

 

Lower = cellulose; β-1:4 

glycosidic bonds  

Note: alternate 6-carbons on top 

and bottom 
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Conclusion of Carbohydrate 

CARBOHYDRATE 

• Elements: CHO (only).  

• Monosaccharides: single sugar unit (glucose, fructose, 

galactose)  

o Pentoses: C
5
H

10
O

5 
Deoxyribose (DNA) and Ribose 

(RNA & ATP)  

o Hexoses: C
6
H

12
O

6 
Glucose, Fructose, Galactose  

o N.B. Be sure you can draw both α- and β- glucose!  

• Disaccharides: double sugars i.e. two sugar units linked together  

(condensation - forming water – e.g. maltose, sucrose, lactose)  

o Maltose: glucose + glucose — intermediate between glucose and starch (N.B. 

draw!)  
o Sucrose: glucose + fructose — transported in the phloem of plants  

o Lactose: glucose + galactose — the sugar present in milk  

Polysaccharides: multisugar- The three  examples are “polyglucose” 

o Starch: plant glucose reserve  

 made of ⅓ amylose (1:4 α glycosidic bonds only)  

 and ⅔ amylopectin (1:4 & 1:6 α glycosidic bonds  
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o Glycogen: glucose reserve of animals (liver and muscle) and fungi. 

Similar to amylopectin  

o Cellulose: plant cells walls (= fibre in our diet)  

 Made of 1:4 β glycosidic bonds only  

 

Structural Role of Carbohydrates  
• Cellulose walls of plant cells. Monomer is glucose. 

• Chitin in the cell walls of fungi. Monomer is N- acetylglucosamine. 

 

Metabolic Role of Carbohydrate  

• Energy source: energy released by the respiration of glucose is used to make 

ATP.  

• Energy storage: starch in plants, glycogen in animals and fungi.  
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[http://dalwoo.tripod.com/preparation.htm] 
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Chapter 2: The chemistry of life 

Unit 7: Proteins 
Sipsang Sukphol (B.Sc. Biology, M.Ed) 

PROTEINS  

1. Proteins are organic compounds containing the elements 

Carbon, Hydrogen, Oxygen, Nitrogen and Sulphur (= 

„CHONS‟).  

2. Proteins are the materials used to build much of our 

bodies – such as skin, muscles and blood, but their most 

important use is to form enzymes.  

3. Proteins are made up of smaller units called amino-acids 

– the monomer from which the polymer proteins are made.  

4. Our cells each contain thousands of different proteins. 

All these proteins are made from about 20 different amino 

acids. Note that each amino-acid has the same basic 

structure- they different only in the R-group they carry. 

You do not need to know the names or structures of any 

individual amino-acids, but you do need to be able to draw 

their general structure:  

5. Amino-acids differ only in the type of R-group they 

have. The simplest is glycine, with an R-group of a single H- atom; the next simplest 

is alanine, with CH3. 
others are much more complex, and just two (i.e. 10%) contain 

an atom of sulphur.  

6. These different shapes allow proteins to fold into many different shapes and so 

perform many different roles in the chemistry of living things.  

form a dipeptide and water, during a condensation reaction. The covalent bond 

between them is called a peptide bond. AQA require you to be able to draw this! 8. 

Two amino-acids bond to  

Note that when the two amino-acids bond, it is the C and N atoms join up in a 

peptide bond!!  
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7. Amino-acids can bond to each other one at a time, forming a long chain called a 

polypeptide. These are made on the ribosomes in the cell (80s in eukaryotes, 70s in 

prokaryotes and mitochondria and chloroplasts).  

8. Proteins normally comprise one (rarely 2 or 4) polypeptides. Most proteins are 

large molecules, and contain a hundred or so amino-acids.  

9. One group of proteins - enzymes - help control chemical reactions by acting as 

catalysts; they are essential for the functioning of cells. Catalysts can speed up some 

reactions by more than a billion fold.  

10. Enzymes work by a physical fit (the „Induced Fit Theory‟) between the enzyme 

molecule and its substrate, i.e. the reactant being catalyzed.  

11. The fitting together of the enzyme‘s „active site‟ and the substrate bends (and so 

weakens) some chemical bonds, which therefore reduces the Activation Energy for 

the chemical reaction to occur.  

12. After the reaction, the enzyme‘s active site ‗springs back‘ to its normal shape, the 

product(s) is released, and the unchanged enzyme can then be reused many times 

each second (known as its „turnover number‟ higher number = faster enzyme). 
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 Types of amino acids 
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Conclusion of Proteins 

Protein  
• Elements: C, H, O, N and S in all proteins. N.B. Only 2 (of 20) amino-acids 

contain S.  

• Monomer: Amino acids are the subunits that are linked by peptide bonds 

(primary structure)  

• 20 different amino acids - each different sequence of amino acids produces a 

different protein (controlled by DNA and mRNA).  

• Each protein has a specific functional shape  

(N.B. active site/enzyme-substrate complexes).  

o Primary structure - the amino-acid sequence (peptide bonds)  

o Secondary structure - (α-helix and β-pleated sheet).  

 Caused by H-bonds (pH!)  

o Tertiary structure - the folds making the active site.  

 Caused by H-bonds and disulphide bridges.  

 Affected by heat (>60
o

C) and pH – denaturing.  

        o Quarternary Structure- the protein structure made of Tertiary 

structure proteins with R site chain of amino acids.  

 
• Protein synthesis takes place on the ribosomes (70s and 80s) - on the rough e.r.  

Structural Role of Protein  
• Keratin: in hair and outer layer of the skin.  

• Myosin: major protein in skeletal and cardiac muscle.  

 

Metabolic Role of Protein  
• Many proteins function as enzymes (specific biological catalysts).  

o ‗active site‘ – tertiary structure (affected by pH, high temps)  

o ‗Enzyme-substrate complex‘  

• Carrier proteins in membranes (70%) (‗facilitated diffusion‘ and ‗active 

transport‘)  

• Some proteins function as hormones (insulin).  
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Chapter 2: The chemistry of life 

Unit 8: Lipid  
Sipsang Sukphol (B.Sc. Biology, M.Ed) 

TRIGLYCERIDES or LIPIDS  

 1. Lipids are moderately sized, non-polar organic molecules 

that do not dissolve in water.  

2. Lipids have fewer oxygen atoms (typically < 6) than 

carbohydrates do.  

3. Lipids store energy efficiently, since they have large 

numbers of C – H bonds, which store more energy than C – O 

bonds; they can also be stored without water, and without 

affecting the water potential (Ψ) of the cell.  

4. Lipids which are liquid at room temperature = oils; if they melt below 100 
o
C they 

are fats; if they melt above 100
o

C they are waxes.  

5. The longer the fatty-acid chain (see below), the higher the melting-point.  

6. They also have a function in many living things as a waterproofing chemical (e.g 

skin, waxy cuticle on leaves).  

FATTY ACIDS  

1. Fatty acids are the hydrocarbon chains that 

make up most of a lipid molecule.  

2. The two ends (the head and the tail) of a fatty 

acid molecule have different properties – they are 

therefore polar molecules:  

 a). The carboxyl end (= head) of the molecule is 

charged, and thus attracted to water molecules. It 

is said to be hydrophyllic, which means ―water-

loving‖.  

b). The hydrocarbon end (= tail) of the molecule 

is non-polar, and tends not to interact with water. 

It is said to be hydrophobic or ―water fearing‖.  

4. Fatty acids are classified as either saturated (= contains only C-C (single) bonds) 

or as unsaturated (= contains at least one C=C (double) bond).  

5. If the lipid contains only one C=C bond, it is said to be a mono-unsaturated lipid 

(e.g. olive oil). These are thought to be good for us.  

6. If the lipid contains two or more C=C double bonds, it is said to be a 

polyunsaturated lipid. The value of these to our health is less clear; cholesterol is a 

polyunsaturated fat!  

7. Unsaturated lipids tend to have lower melting points (they are generally oils); and 

are found in plants and fish. The exception is Palm Oil – which is a saturated lipid.  
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Triglycerides contain three molecules of fatty acid joined to one molecule of 

glycerol.  

Phospholipids have one of the three fatty acids substituted by a phosphate group. 

All cellular membranes are composed of two layers of phospholipids (called a 

phospholipid bilayer), together with embedded protein molecules. Cell membranes 

form a barrier between the inside and outside of the cell.  

Steroids are related to lipids. They are molecules with four fused carbon rings with 

various functional groups attached to them. Their main role is as hormones (both 

male and female sex hormones are steroids); anabolic (= building) steroids, such as 

testosterone are abused by some athletes. 8. Another steroid is cholesterol, which is 

needed by the body for nerve cells (and others) to function normally. 

Phospholipid molecule 

 
 

Cholesterol 
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Steroid Hormone 
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Triglyceride 

• Elements: CHO – with more H but less O than carbohydrates.  

• Composed of glycerol with 3 x fatty acids ester-bonded to the glycerol.  

o Oil – lipid that is liquid at room temperature.  

o Fat – solid lipid at room temperature.  

o Wax – solid at 100
o

C  

• Phospholipid: two fatty acids and a phosphate group linked to the glycerol. 

Forms phospholipid bilayer in membranes  

Structural Role of Lipid  
• Phospholipids are very important in cell membrane structure.  

• The protective wax cuticle on the outside of leaves.  

 

Metabolic Role of Lipids  
• Energy storage: more than twice the energy of carbohydrate or protein.  

• Energy source: released during respiration.  

• Some lipids function as hormones (sex hormones – oestrogen, progesterone, 

testosterone)  

 

 
 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

84 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

 

  

             

             

             

             

             

             

              

 

             

             

             

             

             

             

             

             

              

 

             

             

             

             

             

             

             

             

              

 

See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 

 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

85 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

NOTE 

DATE Lecture note Picture/ reminder 

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

86 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

My Concept  map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Teacher‘s signature: 

 

 

Comment: 

 

 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

87 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

Chapter 2: The chemistry of life 

Unit 9: Vitamin & Food test 
Sipsang Sukphol (B.Sc. Biology, M.Ed) 

Vitamins 

Vitamins are complex chemical substances required by the body in very small 

amounts. They do not yield energy but act as biocatalysts in the body. They are 

essential for good health and protect the body from various diseases. They are 

essential for the utilisation of other nutrients that we take in our diet. 

Vitamins are grouped into two classes : 

(a) Water soluble vitamins are vitamins B complex and C 

(b) Fat soluble vitamins are vitamins A, D, E and K 

Since vitamins cannot be made in our body except for vitamin D, they need to be 

supplied through food that contain them. Table 27.4 lists the vitamins and their 

sources as well as the daily requirements, deficiency diseases and symptoms for 

13-15 year old boys and girls. 

 
Table 9.1 Vitamins : their functions, sources and deficiency diseases. 
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Table 9.1 Vitamins : their functions, sources and deficiency diseases. (cont.) 
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Food Tests  
Starch  

• Yellow-brown iodine solution is placed on the food sample.  

• A blue-black colour indicates that starch is present.  

• A yellow-brown colour indicates that starch is not present.  

Sugars  
Reducing sugars e.g. all but sucrose.  

• Add an equal volume of blue Benedict‘s Reagent to the food solution.  

• Heat (Boil).  

• The Blue Benedicts reagent becomes Brick-red, if reducing sugar present.  
  

Non-Reducing Sugar N.B. Only for sucrose.  

• Add an equal volume of blue Benedict‘s Reagent to the food solution.  

• Add a few drops of dil. HCl  

• Neutralise with dil. NaOH solution  

• Heat (Boil).  

• The Blue Benedicts solution becomes Brick-red, if non-reducing sugar 

present  

Lipid  
• Shake the food with ethanol and/or warm gently  

• Pour into cold water  

• A CLOUDY-WHITE EMULSION forms if lipid is present.  

 

Protein  

• Biuret Test: Add Biuret solution to the food solution (N.B. must be a solution 

of food).  

• Shake gently.  

• A lilac colour (from pale blue) indicates protein is present.  

• N.B. NO HEAT  
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Chapter 2: The chemistry of life 

Unit 10: Nucleic acid – DNA & RNA  
                                                Sipsang Sukphol (B.Sc. Biology, M.Ed) 

1. Nucleic acids are very large and organic molecules that store genetic information 

in cells.  

2. Nucleic acids (DNA, RNA) use the sequence of four organic bases to store genetic 

information. The sequence in which the bases are arranged forms a (universal) code 

of genetic instructions of the cell.  

3. There are five different organic bases – Adenine (A), Guanine (G), and Cytosine 

(C), are found in both DNA and RNA. Thymine (T) is found only in DNA, whilst 

Uracil (U) is exclusive to RNA (all sorts).  

4. DNA (Deoxyribose Nucleic Acid) contains the genetic information used to make 

and operate all cells; every cell also contains the genetic information to make the 

whole organism. Since DNA is passed on from one cell to the next at cell division, 

and from one generation to the next in reproduction, DNA is immortal!  
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5. DNA is extremely long and consists of two strands, running in opposite directions 

(= ‗antiparallel‘) held together by the billions of hydrogen bonds which join the bases 

together. The number of such bonds is different between the two possible base pairs:  

A = T (i.e. 2 H-bonds); but G = C (i.e. 3 H-bonds). 

6. RNA (Ribose Nucleic Acid), exists in three forms – messenger RNA, transfer 

RNA and ribosomal RNA. These are known as mRNA, tRNA and rRNA, 

respectively. They are all essential for the complex process of the manufacture of 

proteins.  

7. RNA is much shorter and is single-stranded, though it may coil back on itself, 

using hydrogen bonds to do so. (especially tRNA) .  

8. Both DNA and RNA are polymers, composed of thousands of linked monomers 

called nucleotides.  

9. Each nucleotide is made of three main components:  

a) A phosphate group  

b) A 5-carbon (pentose) sugar  

c) An organic base (normally A, T, G, C, or U).  

10. Note that ATP is also a nucleotide, and contains the 5-carbon sugar ribose. 
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Biochemistry Quiz Homework  
 Name:__________________________  

 Correctly complete the following statements. 

1. The monomer of a polysaccharide is called a(n) _______________.  

2. Fatty acids containing at least one double or triple covalent bonds between its 

carbons is called a(n) _______________ fatty acid  

3. The _______________ structure of a protein describes the overall shape formed by 

several polypeptide chains which compose the protein.  

4. The amino acid sequence of a polypeptide chain best describes the 

_______________ structure of the polypeptide chain.  

5. The monomer of a polypeptide is called a(n) _______________.  

6. The overall three dimensional shape of a protein best describes its ____________.  

7. The polysaccharide _______________ is a component of cell walls in plants.  

8. The substance _______________ is also known as animal starch.  

9. The ratio between the elements hydrogen and oxygen in a carbohydrate is 

_______________.  

10. The hydrolytic breakdown products of protein hydrolysis are _______________.  

11. A(n) ________ is any long chain molecule formed from repeating monomer 

units.  

12. A(n) _________________ is a polymer used to store energy in animals and fungi  

True or False Section 
1. The tendency of fatty acids and phospholipids to lie at the interface between non-

polar and aqueous polar environments makes them important components of cell 

membranes. T / F  

2. Fatty acids and amino acids are acids because each has a carboxyl group that can 

lose hydroxide ions in water. T / F  

3. A carbon atom can form 4 covalent bonds and can bond with other carbon atoms 

to form long carbon chains. T / F  

4. The phosphate end of a phospholipid is its hydrophilic end and the two carbon tails 

compose the hydrophobic end T / F  

5. A pentose is a sugar with 5 carbons. T / F  

6. Cholesterol is naturally synthesized in the human body and is the derivative of 

many other compounds synthesized by humans. T / F  

7. Synthesis reactions involve the addition of water to join two simpler molecules to 

form a more complex molecule T / F  

8. The secondary structure of a protein is a β-pleated sheet type of structure T / F  
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Multiple Choice Section :  

1. A compound unrelated to the substrate that binds to and alters the active site is 

usually a(n)  

  (a) promoter    (b) terminator   (c) activator   (d) producer   (e) inhibitor  

2. The disorder of a system is measured by its  

(a) activation energy   (b) heat of reaction  (c) entropy   (d) energy  (e) enteron  

3. Which is the optimum pH of most human enzymes?  

(a) 1.8  (b) 2.4  (c) 6.3  (d) 7.1  (e) 8.5  

4. Which compounds would be lipids or derivatives of lipids?  

(a) glycogen and cellulose  (b) cholesterol and oestrogen  

(c) keratin and protease   (d) chlorophyll and haemoglobin  

(e) DNA and RNA  

 

  Base your answers to questions 5 and 6 below on the following passage and 

your knowledge (or lack thereof) in biology.  

  A student ground 1 g of fresh liver in a mortar and pestle, placed the ground 

liver in a test tube, and added 1 cm
3 

of hydrogen peroxide The gas that was generated 

was collected A glowing splint burst into flames when placed in the gas. The student 

then repeated the procedure, using 1g of boiled liver and 1g of liver treated with a 

strong acid When hydrogen peroxide was added to each sample of liver, no gas was 

generated  

5. The gas that was generated was probably  

  (a) oxygen  (b) nitrogen  (c) carbon dioxide  (d) hydrogen (e) ammonia  

6. If the substance in the liver that acted on the hydrogen peroxide was an enzyme, it 

could  

  (a) be recovered from the living tissue that had not been boiled or treated with 

acid after the reaction ceased  

  (b) not be recovered because it was consumed while engaging in its catalytic 

reaction activities  

(c) not be recovered because there is no enzyme in liver that catalyzes the 

breakdown of peroxide (d) not be recovered because grinding would break up the 

molecule  

  (e) be recovered only before the peroxide was added  

7. Which of the following molecules is smallest?  

(a) sucrose (b) glucose (c) glycogen (d) starch (e) mucus  

8. Which element is not required in order for the compound to be considered 

organic?  

(a) carbon (b) oxygen (c) hydrogen (d) all must be present (e) none must be 

present  

 

9. Which element is usually found in proteins but not in triglycerides?  

  (a) calcium (b) phosphorus (c) nitrogen (d) oxygen (e) kryptonite  
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10. Structurally lipids are a very diverse group but they are all placed in one group 

because of what property?  

  (a) They are composed of glycerol and fatty acids.  

(b) They are all relatively insoluble in water.  

  (c) They all contain four interlocking rings.  

(d) They all are important as energy storage molecules.  

(e) None of the answers is correct.  

11. In the digestive process, the macromolecules are broken down into small 

molecules that can cross cell membranes. This process is called  

(a) hydrolysis    (b) dehydration synthesis   \ 

(c) cellular respiration  (d) protein synthesis  

(e) the Green Cross Code  

12. The functional group(s) associated with amino acids is/are (a) hydroxyl (b) 

carbonyl (c) amino (d) carboxyl (e) both amino and carboxyl  

13. The following equation (G = glucose): G + G + G → G-G-G + 2H
2
O, is an 

example of  

(a) ionic bond formation   (b) peptide bond formation   

(c) a condensation reaction  (d) a hydrolysis reaction  

(e) an equal and opposite reaction 14. All the following reactions involve 

condensation reactions except (a) the formation of a disaccharide  

(b) the production of a polypeptide  

(c) the formation of a fat  

(d) digestion of a polysaccharide (e) the production of a complex sugar.  

15. Which term describes the largest group of biochemicals?  

(a) glucose  (b) amylose   (c) sucrose  (d) carbohydrate  (e) fructose  

16. All of the following are storage carbohydrates except  

  (a) starch (b) glycogen (c) amylopectin (d). amylose (e) cellulose  

17. All the following statements are true concerning lipids except  

(a) their components consist of glycerol and three fatty acids  

(b) they are used for protection of vital organs  

(c) plants may contain fats in their seeds  

(d) saturated fats have many double bonds between their carbons  

(e) one gram of fat gives off 9 kJ of energy.  

18. Which statement is true?  

  (a) Proteins are made of amino acids held together by ester bonds.  

(b) A polysaccharide is a complex lipid needed for storage and structure  

(c) The primary protein structure is based on the order of its amino acids.  

(d) Steroids are complex proteins needed to control the body‘s chemistry.  

(e) Macdonald‘s is the best restaurant in Guildford  

19. All the following molecules contain more than one ring except  

(a) Cholesterol  (b) glucose  (c) progesterone  (d) sucrose  (e) DNA  
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20. A consequence of the cell membrane being composed of phospholipids is:  

(a) it is hydrophobic at the ends and hydrophilic in the middle  

(b) it is hydrophilic at the ends and hydrophobic in the middle 

(c) that Americans spell the word as ‗fosfolipid‘  

(d) it is a non-polar molecule  

      (e) it is high in energy  

21. All the following are proteins except:  

      (a) haemoglobin  (b) keratin  (c) enzymes   (d) antibodies (e) glycogen  

22. The main difference between the secondary and quaternary structure of a protein 

is  

(a) bond angles between amino acids   (b) sequence of amino acids  

(c) number of polypeptides in the molecule  (d) the folding pattern of the molecule  

(e) The disulphide bridges  

23. The 'primary structure' of a protein refers to  

  (a) interactions among the side chains or R-groups of the amino acids  

 (b) coiling due to hydrogen bonding between amino acids  

 (c) the number and sequence of amino acids  

 (d) the alpha-helix, or pleated sheets  

 (e) the weak interaction of two or more polypeptides  

24. A fatty acid containing at least two double bonds is called  

   (a) cholesterol    (b) saturated   (c) polyunsaturated   

  (d) dehydrogenase   (e) monounsaturated  

25. Which is not a function of carbohydrates (in general)?  

(a) Structural support  (b) Immediate energy  

(c) Energy storage   (d) Enzymatic catalysis  

(e) All are carbohydrate functions.  

26. Most biopolymers are formed by what type of reaction?  

(a) Hydrophobic  (b) Hydrazinolysis  (c) Dehydration or condensation  

(d) Hydrolysis  (e) None of the above  

 

27. Which is a true statement comparing phospholipids and triglycerides (fats and 

oils)?  

(a) Both molecules contain a phosphate group.  

(b) Triglycerides may be saturated or unsaturated, but all phospholipids are saturated 

(c) Phospholipids are the primary storage form for fats in our bodies.  

(d) Phospholipids occur in fused rings, whilst triglycerides maintain a straight-chain 

form.  

(e) Phospholipid molecules have a distinctly polar 'head' and a distinctly non-polar 

'tail,' whilst  triglycerides are predominantly non-polar.  

28. At a conference, the speaker's grand finale was sautéing mealworms (insect 

larvae) in butter and serving them to the audience. They were crunchy (like popcorn) 

because their exoskeletons contain the polysaccharide  

(a) linolenic acid  (b) cellulose  (c) collagen   (d) glycogen    (e) chitin. 
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 29. __________ are the subunits of proteins, and __________ are the subunits of fats 

and oils.  

(a) Amino acids ... fatty acids and glycerol  

(b) Amino acids ... monosaccharides  

(c) Nucleic acids ... monosaccharides  

(d) Glutamic acids ... carboxylic acids  

(e) Nucleic acids ... fatty acids  

30. A hydrophobic amino acid R group would be found where in a protein?  

  (a) forming a peptide bond with the next amino acid in the chain  

(b) on the outside of the folded chain, in the water  

(c) on the inside of the folded chain, away from water  

(d) forming hydrogen bonds with other R groups  

(e) only at one end of a protein chain  

31. The building blocks of nucleic acid molecules are called _____. 

  (a) polysaccharides  

(b) amino acids  

(c) fatty acids  

(d) nucleotides  

(e) DNA and RNA  

 

  Use the molecule below and your knowledge of biochemistry (whassat?) to 

answer questions 32 and 33 which follow.  

 
32. The molecule above contains numerous bonds between carbon and hydrogen. 

These bonds are:  

(a) covalent bonds   (b) government savings bonds  

(c) James    (d) hydrogen bonds   (e) ionic bonds  

33. This compound would be a(n)  

(a) glycerol    (b) fatty acid  

(c) amino acid   (d) triglyceride    (e) phospholipid  
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Use the molecule below and your knowledge of biochemistry (what?) to answer the 

following questions. 

 
34. This compound is an example of a(n)  

(a) protein  (b) steroid  (c) polysaccharide     (d) lipid  (e) polypeptide  

35. Which statement about this compound is false?  

(a) This compound is a precursor of sex hormones. 

(b) This compound is involved in giving stability to the structure of membranes.  

(c) This compound is synthesized naturally in the body.  

(d) This compound is relatively insoluble in water.  

(e) This compound is one of many classes of strength giving proteins.  

Use the pictured reaction below and your knowledge of biochemistry to answer the 

following questions. 

 

36. Identify functional group P on compound (a). _______________  

37. Identify functional group Q on compound (a). _______________  

38. Identify the monomer represented by compound (a). _______________  

39. Identify compound (b). _______________  

40. Identify the type of reaction that would produce (b). _______________  

41. Name the bond formed at the arrow R above _______________ 

Use the diagram (below) and your knowledge of biochemistry to answer questions 42 

and 43.  
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42. Identify this specific class of carbohydrate _____________________________  

43. What are the monomers of this compound? _________________________  

Use the diagram below and your knowledge of biochemistry to answer questions 44 

and 45.  

 
44. Identify this monosaccharide (last page) __________________  

45. State the empirical formula and the molecular formula of this monosaccharide  

Empirical __________________ molecular _______________________ 

  Use the    diagram below and your knowledge of biochemistry (if any) to 

answer questions 46 and 47.  

 
46. Identify this compound (or the class this compound belongs to) _____________ 

47. What are the subunits which form this compound?  _______ and ____ 

48. Enzymes are a special type of  

(a) carbohydrates (b) lipids (c) proteins (d) inorganic compounds (e) problem for me 

49. A catalyst is a substance which 

(a) increases the rate of a chemical reaction but is itself unchanged by the    reaction  

(b) is toxic to most cells  

(c) is composed mostly of lipids  

(d) does not usually participate in any chemical reactions  

(e) makes an mammal of the genus Felix unable to stand up straight  

50. The molecule to which an enzyme joins is called its  

(a) coenzyme  (b) catalyst  (c) target molecule (d) substrate  (e) partner  

51. Enzymes act as biological  

  (a) substrates  (b) solvents  (c) catalysts   (d) inhibitors (e) deterrents 

52. Enzymes speed up biochemical reactions by:  

(a) lowering the activation energy of the reaction  

(b) increasing the activation energy of the reaction  

(c) lowering the temperature of the reaction  

(d) increasing the temperature of the reaction  

(e) they just do, ok? 
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Chapter 2: The chemistry of life 

Unit 11: Chemical reactions and enzymes  
Sipsang Sukphol (B.Sc. Biology, M.Ed) 

Chemical Reactions and Enzymes 
Chemical Reaction – creation of  new substances by breaking or forming chemical 

bonds. All chemical reactions involve energy (absorbed or released) 

 Reactions happen in living & nonliving things all the time 

 can be sped up by increasing temp or  by involving a catalyst 
 Catalyst -  in organisms are called enzymes  

  -  break bonds others help form bonds 

 

Type of protein 
 *Act as a catalyst, speeding up chemical reactions 
 1.  Substrate- substance being changed by enzyme 
 2.  Active site- region on enzyme where substrate attaches (this is the enzyme 

substrate complex) 

 
 

 3. Substrate is altered (bond weakened) so that bond is broken 

 4. Products released and enzyme is unchanged (only the substrate changes) 

 5. Enzyme is free to bond with another substrate 

 

 
*Enzymes work by either breaking or forming compounds 

*Enzymes work only within specific ranges of temperature and pH. 

*Enzymes catalyze specific reactions- only specific substrates will fit into the active 

site 
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*Enzyme affected by high temperature 

 
*Enzymes are also affected by the concentration  of the substrate and the enzyme 

Application:  bee sting home remedy- meat tenderizer (enzyme) on bee sting    

(protein in venom) 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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Chapter 3: The basic unit of life 

Unit 12: Cell Theory and definition 

Eukaryotic and prokaryotic cell 
Sipsang Sukphol (B.Sc. Biology, M.Ed) 

INTRODUCTION 

  All organisms are composed of structural and functional units of life called 

‗cells‘.The body of some organisms like bacteria, protozoans and some algae is made 

up of a single cell while the body of fungi, plants and animals are composed of many 

cells. Human body is built of about one trillion cells. 

  Cells vary in size and structure as they are specialized to perform different 

functions. But the basic components of the cell are common to all cells. This lesson 

deals with the structure common to all types of the cell. You will also learn about the 

kinds of cell division and the processes involved therein. in this lesson. 
 

12.1 THE CELL AND CELL THEORY 

12.1.1 Landmarks in cell study 

  Soon after Anton van Leewenhock invented the microscope, Robert Hooke in 

1665 observed a piece of cork under the microscope and found it to be made of small 

compartments which he called ―cells‖ (Latin cell = small room). In 1672, 

Leewenhock observed bacteria, sperm and red blood corpuscles, all of which were 

cells. In 1831, Robert Brown, an Englishman observed that all cells had a centrally 

positioned body which he termed the nucleus. 

12.1.2 The cell theory 

  In 1838 M.J. Schleiden and Theodore Schwann formulated the ―cell theory.‖ 

The cell theory maintains that 

 all organisms are composed of cells. 

 cell is the structural and functional unit of life, and 

 cells arise from pre-existing cells. 

The cells vary considerably, in shape and size (Fig.4.1). Nerve cells of animals have 

long extensions. They can be several feet in length. Muscle cells are elongated in 

shape. Egg of the ostrich is the largest cell (75 mm). Some plant cells have thick 

walls. There is also wide variation in the number of cells in different organisms. 

12.1.3 The Cell 

  A cell may be defined as a unit of protoplasm bounded by a plasma or cell 

membrane and possessing a nucleus. Protoplasm is the life giving substance and 

includes the cytoplasm and the nucleus. The cytoplasm has in it organelles such 

as ribosomes, mitochondria, golgi bodies plastids, lysosomes and endoplasmic 

reticulum. Plant cells have in their cytoplasm large vacuoles containing non-living 

inclusions like crystals, pigments etc. The bacteria have neither organelles nor a 

well formed nucleus. But every cell has three major components 

 plasma membrane 

 cytoplasm 
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DNA (naked in bacteria and covered by a membrane in all other organisms 

Two basic types of cells 

Cytologists recognize two basic types of cells (Fig. 4.1). Their differences have been 

tabulated below in table 4.1. Organisms which do not possess a well formed nucleus 

are prokaryotes such as the bacteria. All others possess a well defined nucleus, 

covered by a nuclear membrane. They are eukaryotes. 
Table 12.1 Differences between Eukaryotic and Prokaryotic cells 

 
              Fig. 12.1a Eukaryotic Cell                                  Fig. 12.1b Prokaryotic Cell 

(As seen in an electron micrograph.) 

Svedberg unit 

         When the cell is fractionated or broken down into its components by 

rotating in an ultracentrifuge at different speeds the ribosomes of eukaryotic 

and prokaryotic sediment (settle down) at different speeds. The coefficient 

of sedimentation is represented in Svedberg unit and depicted as S. 

 
The plant cell and the animal cell also differ in several respects as given in Table 

12.2 and shown in Fig. 12.2 
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Table: 12.2 Difference between plant cell and animal cell 

 
 

 

 
 

Fig. 12.2a Animal Cell 
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Fig. 12.2b Plant Cell 

 

 
Fig 12.3 bacterial cell (Prokaryotic cell) 
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Chapter 3: The basic unit of life 

Unit 13: Cell components & functions 

                                                    Sipsang Sukphol (B.Sc. Biology, M.Ed) 
13.1 COMPONENTS OF THE CELL 

  The major components of the cell are (1) cell membrane, (2) cytoplasm, and 

(3) nucleus. 

13.1.1 Cell membrane (Plasma membrane) 

  Each cell has a limiting boundary, the cell membrane, plasma membrane or 

plasmalemma. It is a living membrane, outermost in animal cells but next to cell 

wall in plant cells. 

  It is flexible and can fold in (as in food vacuoles of Amoeba) or fold out (as in 

the formation of pseudopodia of Amoeba) 

  The plasma membrane is made of proteins and lipids and several models were 

proposed regarding the arrangement of proteins and lipids. The fluid mosaic model 

proposed by Singer and Nicholson (1972) is widely accepted. It is represented in 

Fig 13.1 

 
Fig 13.1 The fluid mosaic model of cell membrane 

Functions 

(i) The plasma membrane encloses the cell contents. 

(ii) It provides cell shape (in animal cells) e.g. the characteristic shape of red blood 

cells, nerve cells, bone cells, etc 

(iii) It allows transport of certain substances into and out of the cell but not all 

substance, so it is termed selectively permeable. 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

121 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

13.2 Cell wall 

  In bacteria and plant cells the outermost cell cover, present outside the plasma 

membrane is the cell wall about which we shall study now. 

  Bacterial cell wall is made of peptidoglycan. Given below is the structure and 

function of the plant cell wall. 
(a) Structure 

– Outermost non-living, layer present in all plant cells. 

– Secreted by the cell itself. 

– In plant, made of cellulose but may also contain other chemical substance such 

as pectin and lignin. 

– The substance constituting the cell is not simply homogenous but it consists 

of fine threads or fibres called microfibrils. 

– It may be thin (1 micron) and transparent as in the cells of onion peel. In some 

cases it is very thick as in the cells of wood. 

(b) Functions 

– The cell wall protects the delicate inner parts of the cell. 

– Being rigid, it gives shape to the cell. 

– Being rigid, it does not allow distension of the cell, thus leading to turgidity 

of the cell that is useful in many ways 

– It freely allows the passage of water and other chemicals into and out of the cells 

– There are breaks in the primary wall of the adjacent cells through which 

cytoplasm of one cell remains connected with the other. These cytoplasmic 

strands which connect one cell to the other one are known as plasmodesmata. 

– Walls of two adjacent cells are firmly joined by a cementing material called 

middle lamella made of calcium pectate. It is represented in Fig 13.2 

 

 
Fig 13.2 Plant cell wall structure  
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13.3 THE CYTOPLASM AND THE CELL ORGANELLES 
  The cytoplasm contains many cell organelles of which we shall learn about : 

1. those that trap and release energy e.g. mitochondria and chloroplasts; 

2. those that are secretory or involved in synthesis and transport e.g. Golgi, 

ribosomes and endoplasmic reticulum 

3. the organelles for motilily - cilia and flagella 

4. the suicidal bags i.e. lysosomes 

5. the nucleus which controls all activities of the cell, and carries the hereditary 

material 

13.3.1 Mitochondria and chloroplast - the energy transformers 

  Mitochondria (found in plant and animal cells) are the energy releasers and the 

chloroplasts (found only in green plant cells) are the energy trappers. 

Mitochondria (Singular = mitochondrion) 

  Appear as tiny thread like structure under light microscope. Approximately 0.5 

- 1.00 µm (micrometer) 

  Number usually a few hundred to a few thousand per cell (smallest number is 

justone as in an alga (Micromonas)). 

  Structure: The general plan of the internal structure of a mitochondria 

observed by means of electron microscope is shown in Fig. 13.3 Note the following 

parts. 

 
Fig. 13.3 Structure of mitochondria 
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A highly simplified flow-chart of the fate of glucose to in the release energy is shown 

below : 

 

 

 

 

Plastids 

Plastids are found only in a plant cell. They may be colourless or with colour. Based 

on this fact, there are three types of plastids. 

(i)   Leucoplast-white or colourless 

(ii)  Chromoplast – blue, red, yellow etc. 

(iii) Chloroplast – green 

 

 

Fig. 13.4 Structure of a single chloroplast 

Note the following parts : 

 Wall made of double membrane i.e. outer membrane and inner membrane 

numerous stack-like (piles) groups or grana (singular = granum) are 

interconnected by lamellae. 

 Sac like structures called thylakoids Placed one above the other constitut 

granum. 

 Inside of the chloroplast is filled with a fluid medium calleds stoma. 

In cytoplasm. 

glucose enters 

cells (containing 

6 atoms of  carbon) 

Broken into two 

Pyruvic acid 

molecules 

(containing 3 

atoms of carbon) 

In mitochondria 

Oxidised into 

CO2, H2O and 

ATP 

13.3.2 Chloroplast 

 Found in all green plant cells in the cytoplasm. 

Number 1 to 1008 

 Shape: Usually disc-shaped or spherical as in most 

plants around you. In some ribbon - shaped as in an 

alga spirogyra or cup - shaped as in another alga 

Chlamydomonas. 

Structure: the general plan of the structure of a 

single chloroplast is shown in Fig. 13.4 
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 Function: chloroplasts are the seat of photosynthesis (production of sugar, from 

carbondioxide and water in the presence of sunlight). 

Chloroplast versus mitochondria 

  Can you now visualize how these two organelles are opposite to each other, 

one traps the solar energy locking it in a complex molecule (by photosynthesis), the 

other releases the energy by breaking the complex molecule (by respiration). 

Similarities between mitochondria and chloroplasts : both contain their own 

  DNA (the genetic material) as well as their own RNA (for protein synthesis). 

Thus, they can self duplicate to produce more of their own kind without the help of 

nucleus. 

  Since chloroplasts and mitochondria contain their own DNA the hereditary 

molecule and also their own ribosomes, they are termed semi-autonomous only 

because they are incapable of 

independent existence though they 

have ribosomes 

and DNA. 

13.3.3 Endoplasmic reticulum 

(ER), golgi body and ribosomes 

Endoplasmic reticulum (ER) and 

Golgi body are single membrane 

bound structures. 

The membrane has the same 

structure (lipid-protein) as the 

plasma membrane but 

ribosomes do not have membranes 

Ribosomes are involved in 

synthesis of 

substances in the cell, Golgi bodies 

in secreting and the ER in 

transporting and 

storing the products. These three 

organelles operate together. 

Fig. 13.5 shows the diagram of  ER 

under an electronmicroscope. Note 

the ribosomes present in ER. 

Fig. 13.6 shows the diagram of  

Golgi body 
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13.5 Structure of  Endoplasmic reticulum 

 
13.6 Structure of Golgi body 
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13.3.4 The microbodies (tiny but important) 

These are small sac-like structures bounded by their membranes. These are of 

different kinds of which we will take up three like lysosomes, peroxisomes and 

glyoxysomes. 

1. Lysosomes (lysis = breaking down; soma = body) 

Lysosomes are present in almost all animal cells and some non - green plant cells 

(Fig 13.7). They perform intracellular digestion. 

  fig 13.7 lysosome 
Some main features of lysosomes are as follows : 

(i) Membranous sacs budded off from golgi body. 

(ii) May be in hundreds in single cell. 

(iii) Contain several enzymes (about 40 in number) 

(iv) Materials to be acted upon by enzymes enter the lysosomes. 

(v) Lysosomes are called ―suicidal bags‖ as enzymes contained in them can digest 

the cell‘s own material when damaged or dead. 

Importance of intracellular digestion by the lysosomes 

(i) help in nutrition of the cell by digesting food, as they are rich in various 

enzymes which enable them to digest almost all major chemical constituents 

of the living cell. 

(ii) Help in defence by digesting germs, as in white blood cells. 

(iii) Help in cleaning up the cell by digesting damaged material of the cell. 

(iv) Provide energy during cell starvation by digestion of the cells own parts 

(autophagic, auto : self; phagos: eat up). 

(v) Help sperm cells in entering the egg by breaking through (digesting) the egg 

membrane. 

(vi) In plant cells, mature xylem cells lose all cellular contents by lysosome activity. 

(vii) When cells are old, diseased or injured, lysosomes attack their cell organelles 

and digest them. In other words lysosomes are autophagic, i.e. self devouring. 
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2. Peroxisomes 

Found both in plant and animal cells. Found in the 

green leaves of higher plants. 

They participate in oxidation of substrates 

resulting in the formation of hydrogen 

peroxide. See fig.  

_ Thet often contain a central core of crystalline 

material called nucleoid 

composed of urate oxidase crystals. 

_ These bodies are mostly spherical or ovoid and 

about the size of mitochondria 

and lysosomes. 

_ They are usually closely associated with E.R.                        fig 13.8 peroxisomes                   

_ They are involved in with photorespiration in plant cells. 

 _ They bring about fat metabolism in cells. 

3. Glyoxysomes 

_ The microbodies present in plant cells and morphologically similar to 

peroxisomes. 

_ Found in the cell of yeast and certain fungi and oil rich seeds in plants. 

_ Functionally they contain enzyme of fatty acid metabolism involved in the 

conversion of lipids to carbohydrates during germination. 
 
13.3.5 Cilia and flagella (the organelles for mobility) 

(i) Some unicellular organisms like Paramecium and Euglena swim in water with 

the help of cilia and flagella respectively. 

(ii) In multicellular organism some living tissues (epithelial tissues) have cilia. 

They beat and create a current in the fluid in order to move in a given direction 

e.g. in the wind pipe (trachea) to push out the mucus and dust particles. 

(iii) Cilia beat like tiny oars or pedals (as in a boat) and flagella bring about whip 

– like lashing movement.  See fig. 13.9 

(iv) Both are made up of contractile protein tubulin in the form of microtubules. 

(v) The arrangement of the microtubules in termed 9 + 2, that is, two central 

microtubules and nine set surrounding them. 
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fig. 13.9 Flagela and cilia 

 
fig. 13.10 Structure of Cilia and flagella (cross sectioned) 
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Centriole 

It is present in all animal cells (but not in Amoeba), located just outside the nucleus. 

It is cylindrical, 0.5 m in length and without a membrane. It has 9 sets of peripheral 

tubules but none in the centre. Each set has three tubules arranged at definite angles 

(Fig.13.11). It has its own DNA and RNA and therefore it is self duplicating. 

Function : Centrioles are involved in cell division. They give orientation to the 

‗mitotic spindle‘ which forms during cell division 

 
fig. 13.11 Structure of Centriole 

Basal bodies 

These are structures similar to centrioles. They have the same nine sets of triplet 

organization, as in the centrioles. The cilia and flagella appear to arise from the 

basal bodies. See fig. 13.10 (d). 
 

13.4 NUCLEUS (THE HEREDITARY ORGANELLE) 
General structure of nucleus : 

(i) It is the largest organelle seen clearly when the cell is not dividing. 

(ii) It stains deeply, is mostly spherical, WBC have lobed nuclei. 

(iii) It is mostly one in each cell (uninucleate, some cells have many nuclei; 

(multinucleate). 

(v) Double layered nuclear membrane enclosing nucleoplasm which contains 

chromatin network and a nucleolus. 

Functions 

Maintains the cell in a working order. 

Co-ordinates the activities of organelles. 

 Takes care of repair work. 

 Participates directly in cell division to produce genetically identical daughter 

cells, this division is called mitosis. 

 Participates in production of gametes through another type of cell division 

called meiosis. The part of a nucleus are given here : 
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13.4.1 Nuclear membrane 

 Double layered membrane is interrupted 

by large number of pores. 

 Membrane is made up of lipids and 

proteins (like plasma membrane) and has 

ribosomes attached on the outer membrane 

which make the outer membrane  rough. 

 The pores allow the transport of large 

molecules in and out of nucleus, and the 

membranes keep the hereditary material in 

contact with the rest of the cell. 

See fig.13.12. 

 

13.4.2 Chromatin 

Within the nuclear membrane there is 

jelly like substance (karyolymph or 

nucleoplasm) rich in proteins. 

 In the karyolymph, fibrillar structures 

form a network called chromatin fibrils, 

which gets condensed to form distinct 

bodies called chromosomes during cell 

division.  

        fig.13.12 nuclear membrane. 

 

On staining the chromosomes, two regions can be identified in the 

chromatin material heterochromatin dark and autromatin (light). 

Heterochromatin has less DNA and genetically less active than euchromatin 

which has more DNA and genetically more active. 

Number of chromosomes is fixed in an organism. During cell division 

chromosomes divide in a manner that the daughter cells receive identical amounts of 

hereditary matter. 

13.4.3 nucleolus 

 Membraneless, spheroidal bodies present in all eukaryotic cells except in sperms 

and in some algae. 

 Their number varies from one to few, they stain uniformly and deeply. 

 It has DNA, RNA and proteins. 

 Store house for RNA and proteins; it disappears during cell division and reappears 

in daughter cells. 

Regulates the synthetic activity of the nucleus. 

 Thus nucleus and cytoplasm are interdependent, and this process is equal to 

nucleo–cytopalsmic interaction. 
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Chapter 3: The basic unit of life 

Unit 14: Comparison the type of cell 
 

                                                    Sipsang Sukphol (B.Sc. Biology, M.Ed) 

 
Comparison the type of cell 

 

Cell structure prokaryote Eukaryote 

Monera Protista Fungi Plantae Animalia 

Cell wall      

Plasma membrane      

Nucleus      

DNA      

RNA      

Chromosome 

(DNA+histone) 

     

Nucleolus      

Ribosome      

Endoplasmic reticulum      

Golgi complex      

Lysosome      

Microbody      

Mitochondria      

Chloroplast      

Chromoplast      

Amyloplast      

Vacuole  some    

Microtubule      

Microfilament      

Centriole      
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Chapter 3: The basic unit of life 

Unit 15: Transport via plasma membrane 

 

                                                    Sipsang Sukphol (B.Sc. Biology, M.Ed) 
 

Movement of Materials across Cell Membranes 

The plasma membrane exhibits selective permeability 

Nonpolar hydrophobic molecules are soluble in lipids and an easily pass through 

membranes 

Polar hydrophylic molecules are not soluble in lipids 

Whether polar molecules pass through the membrane depends on protein molecules 

in the phospholipid bilayer 

 

I. Passive Mechanisms for Transport Across Cell Membranes 

A. Diffusion 

The tendency of particles of any kind to spread out spontaneously from where they 

are more concentrated to where they are less concentrated 

Diffusion requires no work; it results from the random motion of molecules 

(Brownian movement) and it is driven by entropy (universal tendency to go from 

order to disorder) Because a cell does not perform work when molecules diffuse 

across its membrane, the diffusion of a substance across a biological membrane is 

called passive transport  see fig.15.1. 

 
fig.15.1 simple diffusion 

 

B. The Diffusion of Water 

  The diffusion of water molecules across a selectively permeable membrane 

down its concentration gradient is a special case of passive transport called osmosis 

 

A solution with the higher concentration of solutes is said to be hypertonic 

A solution with the lower solute concentration is hypotonic 

A solution with solute concentrations on both sides that are equal is said to be 

isotonic 
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  During osmosis water moves down a concentration gradient - from where 

solute concentrations are low, to where solute concentrations are high 

 

Water Balance and Organisms - Osmosis and Living Cells 

If, animals are in a hypotonic solution, which has a lower solute concentration than 

its cell, the cells gain water, swell, and may burst (= lysis) 

If an animal cell is placed in a hypertonic solution, its cells will lose water and may 

shrivel up and die from the water loss.  See fig. 15.2. 
 

 
      Fig 15.2 osmosis 

C. Facilitated Diffusion of Solutes 

Facilitated Diffusion 

Many molecules move across a membrane with the help of transport proteins in the 

membrane because they too large to pass or are charged ions or molecules that do not 

interact well with lipids (Na+, Cl-) 

When a protein molecule in the membrane makes it possible for a substance to move 

across a membrane down a concentration gradient, the process is called facilitated 

diffusion. See fig 15.3 

The most common type of facilitated diffusion is via channel proteins or carrier 

protein  
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     Fig 15.3  facilitated  diffusion 

Active Transport 

  It‘s the movement of substances across the membrane that requires the 

expenditure of  energy by the cell 

 

In active transport, membrane proteins actively pump specific solutes across 

the membrane against the solute's concentration gradient.  see  fig 15.4 

 
Fig 15.4 Active transport 
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           Organelle                              Function                        Where found (animal,  
                                                                                            plant, and/or, prokaryote)      
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Chapter 3: The basic unit of life 

Unit 16: Transport of Large molecule 

 

                                                    Sipsang Sukphol (B.Sc. Biology, M.Ed) 
 

Exocytosis and Endocytosis 

 

  A cell uses the process of exocytosis, to export bulky materials from its 

cytoplasm to the outside. 

  Exocytosis is the movement of materials out of the cytoplasm of the cell via 

membranous vesicles. See fig 16.1 

 

 

 
Fig 16.1 Exocytosis  

 

   

 

To import large molecules, the cell uses a transport process called endocytosis 

Endocytisis is the movement of materials into the cytoplasm of the cell via 

membranous vesicles 
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There are 3 kinds of endocytosis 

1. Phagocytosis, or ―cell eating solid‖ see fig 16.2 
2. Pinocytosis, or ―cell drinking aqueous ‖ see fig 16.2 
3. Receptor mediated endocytosis, or ―Cell eating specific food  by selective 

receptor‖ see fig 16.2 

 
Fig 16.2 Endocytosis 
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Communication among Cells 

Plants 

  To function in a coordinated way plant cells have what are called cell 

junctions, structures that connect them to one another 

There are numerous channels between adjacent cells called plasmodesmata 

They allow the cytoplasm of one cell to be connected to the cytoplasm of an adjacent 

cell 

Animals  see  Fig. 16.3 

  1. Tight Junctions 

These bind cells together, forming a leak proof sheet 

  2. Gap Junctions 

These are channels that are similar in function to plasmodesmata 

They allow water and other small molecules to flow between neighboring cells 
 

 
Fig 16.3 Tight junction and Gap junction 
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Chapter 3: The basic unit of life 

Unit 17: Cell Division (Mitosis) 

 

                                                    Sipsang Sukphol (B.Sc. Biology, M.Ed) 

17.1 CELL DIVISION 

  A single cell divides many times and forms a multicelled organism. Unicellular 

bacteria and protozoa divide and increase in number. Injured tissues are replaced by 

new cells through cell division. Thus cell division is one of the most important 

activities in all organisms. In this lesson you will study about the two kinds of cell 

division and the processes involved in them. 

  Majority of cells in a multicellular organism grow and then can divide. But 

cells like the nerve and muscle cells of animals and guard cells of plants do not 

divide. 

  The process of cell division is almost same in all organisms. A cell passes 

through phases of growth after which are able to duplicate their chromosomes before 

they divide. These phases in the life of a cell constitute the cell cycle. 

17.1.1 The cell cycle 

  You can use the term mother or parent cell for the cell that undergoes division 

and the daughter cells for the ones that are the result of this division. Before each 

daughter cell undergoes division, it must grow to the same size as its mother cell. We 

can distinguish two main phases in the life of a cell. 

(i) Interphase - Non-dividing period (Growth phase) 

(ii) Dividing phase - Also called M-phase (M for mitosis) 

  (i) Interphase - (Inter = in between) 

The interval between two successive cell divisions is termed interphase (phase at 

which the cell is not dividing). It is the longest period in the cell cycle (Fig.17.1). 

The interphase is subdivided into three main periods - G1, S and G2. 

G1 (Gap-1 ) Phase i.e. First phase of growth – This is the longest phase. Lot 

of protein and RNA are synthesised during this phase. 

S or synthetic Phase - It comes next. Lot of DNA is (synthesised). A 

chromosome contains a single double helical strand of DNA molecule. After 

S-phase each chromosomes has two molecules of DNA. Thus each chromatid 

containing one molecule of DNA. The two chromatids are joined by the centromere 

to form a single chromosome. 
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Fig.17.1 The cell cycle consists of various stages (G1, S, G2 and M) 

 

G2 (GAP 2) phase - More protein is synthesised in this phase. Cytoplasmic 

organelles such as mitochondria, golgi bodies get duplicated. Centriole also 

divides into two centrioles contained in a single centrosome. 

  (ii) M-phase or dividing phase - Represented by the symbol M (Mitosis or 

meiosis) (Fig. 4.l1). Mitosis occurs so that during this period the chromatids 

separate and form daughter chromosomes. The daughter chromosomes go to 

daughter nuclei and cytoplasm divides forming two identical daughter cells. 
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17.1.2 Kinds of cell division 

There are two kinds of cell division- mitosis and meiosis. 

1. Mitosis : Cell division for growth and replacement wherein the two daugher 

cells are identical and similar to mother cell in all respects. 

2. Meiosis : It occurs in the gonads for sexual reproduction to produce gametes. 

The resultant cells, egg (in female) and sperms (in male), possess half the 

chromosome number of the parent cell. 

1. Mitosis (mitos = thread) Mitosis is divided into 4 phases or stages termed as 

(i) Prophase (ii) Metaphase  (iii) Anaphase (iv) Telophase 

These phase refer to the changes taking place in the nucleus (Fig. 17.2). 

 
 

17.2 Stages of Mitosis in an animal cell (presuming there is just one pair of chromosome in groups) 
 

 

         The nucleus divides first and then the whole cell divides. 

Division of one nucleus to give two daughter nuclei (karyokinesis). 

Division of cytoplasm to give two daughter cells (cytokinesis). 

 
 

Prophase : It shows three subphases : 

(i) Easly prophase 

(a) Centrioles start moving towards opposite poles of the Nucleolus cell. 

(b) Chromosomes appear as long threads. 
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(c) nucleus become less distinct  

(ii) Middle prophase 

(a) Chromosomes conden-sation is complete 

(b) Each chromosome is made up of two chromatids held togeilier at their 

centromeres. 

(c) Each chromatid contains newly replicated daughter DNA. molecule. 

(iii) Late Prophase 

(a) Centrioles reach the pole. 

(b) Some spindle fibres extend from pole to the equator of die cell. 

(c) Nuclear membrane disappear 

(d) Nucleolus is not visible. 

Metaphase 

(a) chromosomes move, towards the equator of the cell. 

(b) Each chromosome becomes attached to the spindle fiber by centromere. 

(c) The sister chromatids are not yet separated.  

Anaphase 

(a) Centromeres divide 

(b) Two daughter chromatids separate 

(c) Each chromatid now contains a centromere and is now termed a chromosome. 

(d) Half the number of now chromosomes (daugher chromatids) move toward one 

pole and the other half to the other pole. 

(e) Cytokinesis begins as the cleavage furrow starts in animal cells. 

Telophase 

(a) Chromosomes begin to form a chromatin network as in a nucleus. 

(b) New nuclear membrane is formed around each daughter nucleus 

(c) Nucleolus becomes visible again. And then cytokinesis  

Siginificance of Mitosis 

It is an equational division, and the two daughter cells are identical in all respects. 

They receive the same number and kind of chromosomes as were in the mother cells. 

 It is the only mode of reproduction in unicellular organisms. 

 It is the process by which growth takes place in animals and plants by constantly 

adding more and more cells. 

 It also plays a role in repair by growth, example in wound healing, regeneration of 

damaged parts (as in the tail of lizard), and replacement of cells lost during normal 

wear and tear (as the surface cells of the skin or the red blood cells). 

Mitosis (Limited or unlimited) 

Growth by mitosis occurs in a limited or controlled manner to the extent it is required 

in the body. But at times due to some special causes it may continue to unlimited 

situation which may cause Cancer. 

In plant tissue culture, a cell from a plant can be grown in a nutrient medium, where 

it divides repeatedly by mitosis to give an undifferentiated cell mass called callus 

which differentiates into a plant. In animals, stem cell culture is also based on the 

ability of a cell to divide. 
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Chapter 3: The basic unit of life 

Unit 18: Cell Division (Meiosis) 

 

                                                    Sipsang Sukphol (B.Sc. Biology, M.Ed) 

Meiosis (GK meioun = make smaller, sis = action) 

  This division is also known as ‗reduction division‘. But why this name? This 

is because, in this kind of cell division the normal chromosome number of 

the mother cell is reduced to half in daughter cells.  
  The normal chromosome number in human being is 46 (23 pairs), but as a 

result of meiosis this number is halved to 23 in daughter cells. 

Where does it occur? 

   It occurs in reproductive cells, e.g. in the testes of male and in the ovaries of 

female animals; in the pollen mother cell of the anthers (male organs) and in the 

megaspore mother cells of the ovary (female organ) of the flowers. 

Why does it occur?  

  In meiosis the chromosome number is reduced to half so that when doubled at 

fertilisation (zygote formation) during reproduction it once again becomes full or 

normal. 

 The number of chromosomes remains constant in a species generation 

after generation. 

 Cells divide mitotically in the organisms that reproduce vegetatively/ asexually. 

Thus, there is no change in the number of chromosomes, but sexually reproducing 

organisms form gametes such as sperms in males and ova in females. The male and 

female gametes fuse to form zygote which develops into a new individual. . 

 If these gametes were, produced by mitosis, the offspring developing from zygote 

then would have double the number of chromosomes in the next generation. 

 Every living organism has a definite number of chromosomes in its body cells. 

e.g. onion cell-16; potato-48; horse-64; man-46. Therefore to keep the 

chromosome number constant the reproductive cells of the parents (ovaries 

and testis in animals, and pollen mother cells and cells of ovary in plants) divide 

through meiosis. 

How does meiosis occur? 

Meiosis is characterized by two successive divisions of the nucleus (meiosis I and II) 

and cytoplasm, while the chromosomes divide only once. The phases of meiotic 

division are given in the flow chart drawn here. 

– The interphase which precedes the onset of meiosis is similar to the interphase 

which precedes mitosis. At S-phase, the DNA molecule of each chromosome 

duplicates to give two DNA molecule and hence two chromatids are found in one 

chromosome. 
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– Meiosis-I and meiosis-II are continuous and have sub-stages. 

Meiosis-I 

Like mitosis, meiosis also consists of four stages; prophase, metaphase, anaphase and 

telophase. 

Prophase-I 

The prophase of meiosis-I is much longer as compared to the prophase of mitosis. 

 It is further sub-dividied into the following five sub-stages : 

(i) Leptotene (GK ‗leptos‘ - thin; ‗tene - thread)  

The chromosomes become distinct and appear as long and thin threads due to 

condensation and thickening of chromosomes. 

 Each chromosome consist of two chromatids held together by a centromere but 

these are not easily visible. 

(ii) Zygotene (GK. ‗Zygos‘-pairing)  

 Similar or homologus chromosomes start pairing from one end. This pairing is 

known as synapsis 

Each pair of homologous chromosomes is called a bivalent. 

(iii) Pachytene (GK. ‗pachus‘ - thick)  

 The chromosome become shorter and thicker  due to contraction. 

 Each paired unit called a bivalent consists of four chromatids (hence bivalents are 

also known as tetrads. 

 Crossing-over occurs at the end of pachytene i.e. break and exchange of parts 

(genes) occurs between non-sister chromatid (chromatids of a homologous pair) 

The point of interchange and rejoining appears X-shaped and is known as chiasma 

or points of crossing over. 

(iv) Diplotene (‗Diplous‘-double)  

 The homologous chromosomes begin to separate. 

 The two non-sister chromatids of a homologous pair remain, attached at one or 

two points, the chiasmata. 
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 It is at the chiasmata that exchange of segments of chromatids (genes) between 

homologous chromosomes has taken place. The proces of gene exchange is known as 

genetic recombination. 

(v) Diakinesis (GK dia = through, in different directions, kinesis = motion) _ The 

homologous chromosomes of a bivalent move apart from each other. 

 Nuclear membrane and nucleolus disappear. 

Spindle formation is completed. (fig.18.1) 

 
fig.18.1 Prophase I 

(vi) Metaphase-I  

The bivalents arrange themselves at the equator. 

The spindle fibres are attached at the centromere of the chromosomes. 

(vii) Anaphase-I  

The spindle fibres shorten. 

 The centromeres of homologous chromosomes are pulled along by the spindle 

fibres towards the opposite poles (no division of centromere) 

 Thus, half of the chromosome (each with two chromatids) of the parent cell go to 

one pole and the remaining half to the opposite pole. 

 Each set of chromosomes that moves to one pole consists of a mixture of paternal 

and maternal chromosome parts (new gene combination). 

(viii) Telophase-I  

 The separated chromosomes form nuclei. 

 The daughter nuclei have half the number of the parent nucleus. The full set 

of chromosomes of a cell has paired chromosomes or a diploid set (2n). 

 The daughter cells are now called haploid (n) or having 1 set of chromosomes 

 The nucleous reappears and nuclear membrane forms 

 The daughter nuclei begin the second meiotic division., 
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Second Meiotic Division has the same four stages; 

(i) Prophase II  (ii) Metaphase II (iii) Anaphase II  (iv) Telophase II 

(i) Prophase II  

 The chromosomes shorten and reappear. The two chromatids are attached to the 

single centromere. 

Formation of spindle starts. 

 Nucleolus and nuclear membrane begin to 

disappear. 

(ii) Metaphase II  

 The chromosomes arrange themselves along 

the equator. 

 Formation of spindle apparatus is completed. 

The centromere of each chromosome is attached to the spindle fibre. 

(iii) Anaphase II  

 The centromere in each chromosome divides. 

The chromatids get their centromore and become daughter chromosomes and 

begin to move towards the opposite poles. 

(iv) Telophase II  

 On reaching the poles the chromo-somes organize themselves into haploid 

daughter nuclei. 

The nucleolus and the nuclear membrane reappear. (Fig18.2) 

 

 
 

Fig18.2 a  meioses I 

 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

167 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

 
 

Fig18.2 b  meioses II 

 

Cytokinesis 

 This may occur in two successive stages, once after meiosis I and then after 

meiosis II, or in some instances it occurs only after meiosis II. 

 Meiosis results in four haploid cells. 

 

Significance of Meiosis 

(i) It helps to maintain constant number of chromosomes in a species undergoing 

sexual reproduction. 

(ii) Meiosis occurs during gamete formation (gemetogenesis) and reduces the number 

of chromosomes from diploid (2n) to haploid (n) in the gametes. These haploid 

gametes fuse to form diploid zygote during fertilization. The diploid zygote develops 

into a normal diploid individual. 

(iii) Meiosis establishes new combination of characters due to 

  (i) mixing of paternal and maternal chromosomes and  

  (ii) crossing over during prophase I.  As a result the progeny inherits the traits 

of both mother and the father in new gene combinations. 
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See YouTube video clip and note  the main idea or extra details. 
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Chapter 3: The basic unit of life 

Unit 19: Cell Division (Cytokinesis) 
 

Sipsang Sukphol (B.Sc. Biology, M.Ed) 

 

 
Cytokinesis 

It is the process of the division of cytoplasm into two. It is initiated in the 

beginning of telophase and is completed by the end of telophase. The cytokinesis is 

different in plant cell and animal cell. In an animal cell, invagination of plasma 

membrane proceeds from the periphery of the cell towards the interior. In plant cell 

phragmoplast (cell plate) begins to form in the centre of cell and then 

expands towards the periphery (Fig. 19.1) 

 
 

Fig. 19.1 Cytokinesis 

 
 This may occur in two successive stages, once after meiosis I and then after 

meiosis II, or in some instances it occurs only after meiosis II. 

 Meiosis results in four haploid cells. 
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Comparison of Mitosis and Meiosis 
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See YouTube video clip and note  the main idea or extra details. 
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  (2n = 6) 
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Chapter 4: The digestive system 

Unit 20 Nutrition & Digestion 

Sipsang Sukphol (B.Sc. Biology, M.Ed) 

  Plants manufacture their own food by photosynthesis, but all animals including 

humans have to take in ready made food. Most part of such food consists of complex 

organic molecules (carbohydrates, proteins and fats) which have to be broken down 

into simpler forms before they can be absorbed into the body. Such breaking down 

of the food and subsequent absorption of food constituents occur inside the 

digestive tract (alimentary canal). The digestive tract together with the associated 

glands constitute the digestive system. 
 

20.1 NUTRITION AND DIGESTION 

  Our food contains a number of food constituents to meet the requirements of 

our  body. These food constituents must be digested to be utilized by our body. The 

process by which organisms obtain and utilize food for their growth, development 

and maintenance is called nutrition and the chemicals present in the food are called 

nutrients. On the other hand, digestion is the breaking down of complex 

constituents of food by enzymes into simpler soluble forms that can be absorbed 

and utilised by the cells of the body. (see fig. 20.1) 

 
fig. 20.1 step of digestion 
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In this lesson you will study the various types (modes) of nutrition, the types of 

digestion, the process of digestion of food, its absorption and assimilation in 

humans. The nutritional role of food constituents will be discussed in lesson 27. 

 

Types of nutrition 

There are mainly two types of nutrition autotrophic nutrition and heterotrophic 

nutrition. 

 
There are Five Major Steps in Animal Nutrition (Holozoic nutrition) 

  The food we take contains highly complex substances like protein, 

carbohydrates and fats. These substances cannot be utilized as such by our body. 

These have to be broken down into simipler and smaller molecules before they can 

enter into the cells. Proteins must be broken down into amino acids, carbohydrates 

into glucose, fats into fatty acids and glycerol. Amino acids, glucose, fatty acids and 

glycerol are simpler substances, and can be utilised by our body. This breakdown of 

complex food constituents and their absorption is accomplished by the digestive 

system. The processes involved in nutrition are : 

(i)  Ingestion : Taking in of the food, its chewing or sucking and swallowing. 

(ii) Digestion : Conversion of complex food into simpler absorbable form. 

(iii) Absorption : Absorbing digested food from the gut to reach the body tissues. 

(iv) Assimilation : Utilization of digested food nutrients by the body tissues. 

(v) Egestion : Removal of undigested and unabsorbed food from the body. 
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20.2 TWO TYPES OF DIGESTION (Intracellular and extracellular) 

generally two types of digestion are seen in heterotrophs : 

(a) Intracellular    (b) Extracellular 

 

20.2.1 Intracellular Digestion (Intra = inside) 

All the five steps of nutrition occur inside the cell itself, as in Amoeba, Paramecium 

,sponge and other unicellular organisms. 

 Food particles such as minute bacteria are enclosed (caught) by pseudopodia 

 (pseudo = false, podia = feet) to form a food vacuole (Ingestion). 

 Enzymes from cytoplasm are secreted into the food vacuole to break down 

complex food. (Digestion) 

 Digested food is absorbed into the cytoplasm. (Absorption) 

 The absorbed food is used up wherever required in the cell. (Assimilation) 

 The undigested unabsorbed food is expelled out, when the food vacuole comes 

up on the cell surface and bursts open. (Egestion) 

  Food vacuoles are temporary structures and every time the Amoeba feeds, a 

new food vacuole is produced. All free-living unicellular microorganisms carry out 

intracellular digestion. See fig 20.2 

  
fig 20.2 Intracellular digestion 

 

20.2.2 Extracellular digestion (extra = outside) 

Digestion occurs outside the cell. All animals (excluding sponges) carry out 

extracellular digestion. They have either a cavity, a tube, or a food canal which 

receives the ingested food. Digestive enzymes are poured over the food, and the 

products of digestion are absorbed back into the cells. The undigested, unabsorbed 

food is thrown out of the digestive cavity. For example, Fig.20.2 shows digestive 

organs of grasshopper earthworm &bird where extracellular digestion occurs. 
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fig 20.2 Extracellular digestion 

 

20.2.3 Joint Intracellular and Extracellular digestion 

  In Hydra and other Cnidarians, the food (tiny prey) is caught by the tentacles 

and ingested through the mouth into the single large digestive cavity, the gastro-

vascular cavity (Fig. 20.3) Enzymes are secreted from the cells bordering this cavity 

and poured on the food for extracellular digestion. Small particles of the partially 

digested food are engulfed into the vacuoles of the digestive cells for intracellular 

digestion. Any undigested and unabsorbed food is finally thrown out of the mouth. 

 
Fig. 20.3 Intracellular and Extracellular digestion 
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Chapter 4: The digestive system 

Unit 21 the human digestive system 

Sipsang  Sukphol (B.Sc. Biology, M.Ed) 

 

  The digestive system in human consists of an alimentary canal and associated 

digestive glands. The human alimentary canal (aliment: nourish) is a continuous 

muscular digestive tube that runs through the body. It digests the food, breaks it 

down into smaller substances, and absorbs the digested food. The alimentary canal 

has the following parts (Fig. 21.1). 

1. Mouth and associated organs (teeth, tongue) 

2. Pharynx (or throat) : A cavity at the back of the mouth. It is a common passage 

for the inhaled air and the swallowed food. 

3. Esophagus : A narrow tube arising from pharynx, continuing through the 

thorax and ending in the stomach. 

4. Stomach : An elastic bag with highly muscular walls, located below the 

diaphragm. 

5. Small intestine : A tube about 7 meters long and about 2.5 cm wide. Much 

coiled and folded, it is contained in the abdomen. Its three subdivisions are: 

(i) Duodenum–Short upper part, next to stomach 

(ii) Jejunum–Slightly longer part, about 2 meters long. 

(iii) Ileum–Longest, about 4 meters long, coiled and twisted. 

 
Fig. 21.1  Human Alimentary canal and the associated glands. 
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6. Large Intestine : About 15 meters long and has three parts. 

(i) Caecum–Small blind pouch at the junction of small and large intestine. 

A narrow worm-shaped tube (vermiform appendix) projects from the caecum. 

(ii) Colon : A little over 1 meter long, it has three parts termed ascending, 

transverse and descending limbs. 

(iii) Rectum : Last part, about 15 cm. long. It has two parts, the rectum proper 

and anal canal. Anus is the external opening surrounded by circular muscles 

(sphincters).   

  The vermiform appendix is a vestigial (functionless) organ in humans, but is 

large and functional in herbivorous mammals. 

 

(a) Digestive Glands (Sources of digestive enzymes) 

There are two sources of digestive enzymes : 

1. The glandular cells of the gut epithelium of stomach and intestine, which 

directly pour their secretion into the lumen of the gut. 

2. Special glands such as the salivary glands, the liver and the pancreas which 

pour their secretions into the gut through their ducts. 

Our mouth is always moist, even on a hot summer day. How does this happen? 

This happens because there is a watery fluid called saliva which is secreted by 

salivary glands into the mouth cavity. It is this saliva, that keeps the mouth moist 

all the time. 
 

(b) Salivary Glands 

There are three pairs of Salivary glands in our mouth cavity (Fig. 21.1). 

1. Parotid glands located in front of and below each ear, produces watery saliva 

rich in amylase. 

2. Submaxillary glands close to inner side of lower jaw, produce water and 

mucus. 

3. Sublingual glands below the tongue, produce water and mucus. 

These glands continuously pour saliva into the mouth cavity. Do you know that 

the amount of saliva secreted is about 1000 to 1200 ml per day. 

 

(c) Functions of Saliva 

1. It cleans the mouth cavity and tends to destroy germs that cause teeth decay. 

It contains lysozymes which help in destroying the bacteria. 

2. It moistens and lubricates food which again helps in swallowing. 

3. It acts as solvent, dissolving some food particles to stimulate taste buds of the 

tongue. 

4. Saliva helps in the digestion of food as it contains an enzyme salivary amylase 

which digests the starch. 

 

(d) Liver 

Liver is the largest gland, located in the upper right side of the abdomen below 
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the diaphragm. It secretes bile, which gets collected in gall bladder and is finally 

poured into the duodenum through the common bile duct (Fig. 21.1). Besides 

secreting bile, which helps in digestion, the liver has numerous other functions. 

 

(e) Pancreas 

Pancreas is a reddish brown gland located in the bend of the duodenum. Its digestive 

secretion (pancreatic juice) is poured into the duodenum by the pancreatic duct. 

(Pancreas also produces certain hormones) 

 
THE DIGESTIVE PROCESS 
Digestion involves two kinds of processes : 

 

(a) Mechanical process that includes cutting, grinding and swallowing the food 

thus broken into small particles and then pushing the food along the food canal. 

Smaller particles expose greater surface area for action by enzymes. 

 

(b) Chemical process which includes the enzymatic breakdown of complex food into 

simpler absorbable form. 

  Digestion involves hydrolysis, i.e. spliting by addition of water (H
+
 and 

OH
-
 ions) to a molecule resulting in its break down into two or more simpler 

molecules. The enzymes only act as catalysts to accelerate the reaction. 

         sucrase 

For example  C12H22O11 + H2O  C6H12O6 + C6H12O6 

(sucrose)                      (glucose)  (fructose) 
 

 

 

 

 

 

 

 

 

 

(a) Mechanical Process in Digestion 

 The lips hold the food within mouth and help in sucking  

and sipping of liquids. 

 The teeth cut, tear and grind the food. 
 

Fig. 21.2 During swallowing, the epiglottis closes the opening of the trachea,  

Momentary stoppage of breathing, and the food is pushed down the  

oesophagus, Peristalsis is a wave of contraction of muscles of 

 alimentary canal which pushes food down through the alimentary canal. 
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 The stomach churns the food mixing it with gastric juice and thus produces 

a creamy chyme (partially digested food). 

 The peristaltic movements keep pushing the food from stomach to the intestine 

and finally upto the rectum. 

 

(b) Chemical Processes in Digestion 

1. In Mouth 

Saliva contains only a single enzyme Amylase (old name Ptyalin) which acts on 

starch in two ways : 

 Amylase 

(i) Raw uncooked starch  Dextrins 

(soluble, partially hydrolysed starch) 

 

Amylase 

(ii) Cooked starch   Maltose 

 (a sweet-tasting disaccharide) 

2. In Oesophagus 

  Food as bolus moves into the stomach through peristalsis. Salivary amylase 

continues digesting starch. 

 

3. In Stomach 

  Initial digestion of starch by salivary amylase continues till the contents of 

stomach becomes acidic. The gastric juice produced from the epithelial lining of the 

stomach is a colourless highly acidic liquid (pH 1-2). It contains Water (98%), some 

salts, hydrochloric acid (0.5%), the lubricant mucin and two enzymes pepsin and 

lipase. 

  Hydrochloric acid is secreted by Oxyntic (parietal) cells in the stomach wall. 

It performs following function : 

(i) kills bacteria entering along with food, 

(ii) loosens fibrous material in food, 

(iii) activates the inactive pepsinogen to its active form pepsin, 

(iv) maintains acidic medium for action by pepsin, 

(v) curdles milk so that it does not flow out and stays for action by pepsin. 

  Pepsin is secreted in its inactive form or the proenzyme called pepsinogen 

secreted from the chief cells of the stomach wall. In the presence of HCl it turns into 

the active pepsin which acts on proteins and breaks them down into proteoses and 

peptones. See fig. 21.3 

Pepsin 

Protein  Proteoses and peptones 
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fig. 21.3 stomach  

4. Small Intestine (see fig. 21.4) 

In the small intestine the food which is partially digested in the stomach and called 

chyme is acted upon by three main digestive juices. 

(i) Bile juice from the liver 

(ii) Pancreatic juice from the pancreas 

(iii) Intestinal juice secreted from special cells in the intestinal epithelium at the base 

of intestinal villi.  

The bile juice and pancreatic juice are poured into the duodenum by their respective 

ducts which join together to form a common hepato pancreatic duct. The intestinal 

juice directly mixes with the food. 
 

(i) Bile Juice 

Bile is a yellowish, green, alkaline liquid (pH about 8). It consists of 

(i) water (98%), (ii) sodium carbonate in large quantity which neutralizes the acid 

of the chyme (semi digested food) received from stomach; makes it alkaline, and 

(iii) bile salts (sodium glycocholate and sodium taurocholate) which emulsify fats. 
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Fig 21.4 Small Intestine 

 
 

       Emulsification is the breaking up of large lipid (fat) droplets into small 

        droplets, which provides greater surface for enzyme action. 
 

 

The yellowish green colour of the bile is due to the pigments biliverdin and 

bilirubin produced by the breakdown of the dead and worn out RBCs (Red Blood 

corpuscles). These pigments are excreted in faeces. (solid or semi-solid waste and 

undigested food). 
 

 

Bile has no digestive enzymes. It simply emulsifies fats. 
 

 

(ii) Pancreatic Juice 

The pancreatic juice contains six major categories of enzymes, which act in an 

alkaline medium. 

(a) Amylase – completes conversion of starch into maltose. 

(b) Lipase – also called steapsin. Acts on emulsified fats to produce fatty 

acids and glycerol. 

(c) Nucleases – digest nucleic acids, i.e. DNA and RNA content of the food. 

(d) Trypsinogen – the inactive precursor (proenzyme) of trypsin. It is 

activated into trypsin by the enzyme enterokinase secreted by the lining 

of duodenum. Trypsin acts on remaining proteins (not digested by pepsin) 

and the proteoses and peptones to produce peptides and amino acids. 

(e) Chymotrypsin – acts on milk protein casein to produce paracasein 

(curd), and also converts other proteins into peptides. 

(f) Carboxypeptidases – act on peptides to produce small peptides and 

amino acids. 
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(iii) Intestinal Juice or Succus Entericus 

It contains the following categories of enzymes : 

(i) Glycosidases (including maltase, sucrase and lactase). These hydrolyse 

the disaccharide maltose (malt sugar), sucrose (cane sugar) and lactose (milk sugar) 

into the simpler absorbable monosaccharides (glucose, fructose and galactose). 
 

 

(ii) Lipase completes the digestion of any lipid (fat) not digested by pancreatic juice. 

(ii) Peptidases (aminopeptidase and dipeptidase) act on peptides and dipeptides to 

produce smaller peptides and amino acids. 

 

(iii) Nucleases breakdown nucleotides into phosphate, sugar and different 

nitrogenous bases. 

Summary of digestion in various parts of human alimentary canal is shown in table 

21.1 

Table 21.1 : Various digestive enzymes secreted and their role in the 

digestion of food in humans 

 
 

 

 

 

Disaccharides 1.Maltose  

2.Sucrose  

3. Lactose  







gluscose + glucose 

gluscose + Fructose 

gluscose + galactose 

2 Monosaccharides 

(C12H22O11) 2(C6H12O6) 
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Chapter 4: The digestive system 

Unit 22 Absorption, Assimilation, Egestion 

Sipsang  Sukphol (B.Sc. Biology, M.Ed) 

 

22.1 ABSORPTION OF NUTRIENTS 

Some absorption occurs in the mouth itself, some in the stomach but most absorption 

occurs in the intestine. The summary of absorption of nutrients is given below. 

1. In Mouth 

  Minute quantities of water, water-soluble vitamins and simple sugars like 

glucose (as in honey) are absorbed in the mouth. 

2. In Stomach 

  Water, glucose, ethanol (alcohol), certain minerals, vitamins and certain drugs 

may be absorbed into the cells lining the stomach. This absorption occurs by 

osmosis, diffusion (down the concentration gradient) and active transport (against 

concentration gradient). 

3. Small Intestine 

  Most absorption of digested food occurs in small intestine. For this, the small 

intestine is adapted in many ways : 

(i) It is very long and therefore provides more surface area for absorption. 

(ii) Many folds in its wall called villi (sing villus) further increase the surface area 

of absorption. (Fig. 22.1). 

(iii) Single cell eptithelial lining reducing the distance between the food and 

underlying blood vessels. 

(iv) The epithelial cells have microvilli which are projections of plasma membrane 

to further increase the absorptive surface. 

(v) It is narrow for slow movement of nutrients allowing absorption. 

 
Fig. 22.1 Magnified details of Microscopic structure of a part of the wall of 

small   intestine. 
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  Products absorbed into the blood capillaries of the villi are amino acids and 

monosaccharides (glucose, fructose, galactose). 

 

  Products absorbed into the lacteals (lymph vessels) of the villi are fatty acids 

and glycerol. 

  Nutrients absorbed into the blood is carried by veins into the liver, and the 

Nutrients absorbed by the lacteals (small lymph vessels) enters the lymphatic system. 

4. Large Inestine 

  Most of the water present in the food is absorbed in the colon by diffusion. 

Some mineral ions are absorbed by the colon through active transport. 

22.2  ASSIMILATION 

  The final conversion of the absorbed nutrients into the living substance, i.e. 

their utilization by the cells is called assimilation. 

  After absorption from the food canal the digested food is assimilated by the 

body in the following ways. 

(i) Fatty acids and glycerol are again converted into fats, that may be used or stored 

(in adipose tissue). 

(ii) Simple sugars (monosaccharides) which are in excess are converted into 

complex polysaccharides (glycogen) in liver. 

(iii) Amino acids are utilized in the synthesis of proteins for building up the body 

tissues and enzymes. 

(iv) Excess amino acids are deaminated (removal of nitrogenous part) to produce 

simple sugar. (Amino acids cannot be stored). 

22.3  EGESTION (DEFAECATION) 

  The undigested part (plant fibers etc.) and the unabsorbed digested substances 

pass into the rectum. Such food remnants are temporarily stored in rectum. More 

water is absorbed and the remnants become semisolid to form faeces. 

A special reflex called defaecation reflex causes emptying of the rectum and the 

faeces are passed out via the anal canal by the relaxation of sphincter muscle (A 

ring shaped muscle around tubular organ which contract, can narrow or close the 

passage of the organ). 
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Chapter 4: The digestive system 

Unit 23 Neural and Hormonal Control of digestive system 
Sipsang  Sukphol (B.Sc. Biology, M.Ed) 

 

Do digestive juices flow into the alimentary canal all the time? If it were so, it would 

mean terrible wastage of enzymes when there is no food in the alimentary canal. 

So, everything must be so timed that there is neither wastage not shortage. How 

is it possible? Let us see how it happens. 

 

Think of the following situations: 

 

1. When we see or smell good food or even think or talk about it, our mouth begins 

to ―water‖ (salivation). This happens through stimulation by nerves coming 

from the brain. The secretion of thicker saliva is stimulated by chewing action 

(even if you chew wax instead of food, you will salivate). 

 

2. On reaching the stomach, the presence of food stimulates the stomach lining 

to secrete gastric juice. Secondly, the mechanical stimulation of stomach wall 

 

produces a hormone, gastrin which again stimulates the secretion of gastric 

juice. 

 

3. As the food enters duodenum, the duodenal epithelium secretes four hormones- 

Secretin, Pancreozymin, Cholecystokinin, Enterogastrone. 

(i) Secretin stimulates the flow of pancreatic juice, which is rich in 

bicarbonates (to neutralize acid). 

(ii) Pancreozymin helps in the flow of pancreatic enzymes. 

(iii) Cholecystokinin stimulates flow of bile from gall bladder. 

(iv) Enterogastrone stops secretion of gastric juice, because stomach becomes 

empty as food now posses from stomach to duodenum. 

Several nerves (from sympathetic and parasympathetic nervous system, supply the 

gut to accelerate or slow down the movements of the gut or peristalsis. 
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Chapter 4: The digestive system 

Unit 24 Aerobic respiration 

Sipsang  Sukphol (B.Sc. Biology, M.Ed) 

 

 All of our energy comes from? 

 This energy is the form of? 

 Plants convert this energy to? 

 The energy is potential (stored) energy stored in? 

 The energy is released by? 

 Most living organisms require energy in the form of? 

 

 
 

fig 24.1 Glucose is the Hub of Energy Processing in Cells 
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How Do Cells Make ATP? 
 Oxidation of sugars, primarily glucose. 

 Key chemical reactions = REDOX reactions, transfer of electrons and H
+
 from 

one substance to another. 

 Energy is harvested from electrons and used to produce ATP. 

 ATP is stored in small quantities in cells but is primarily produced on demand 

by cellular respiration. 

 

ATP Has High Potential Energy 

 
fig 24.2  Adenosine triphosphate (ATP) 

 

 ATP production: ADP + P → ATP; 2 types 

◦ Substrate level phosphorylation  

◦ Oxidative phosphorylation  
 

 2 types of Cellular Respiration 

◦ Aerobic - oxygen is used as the final electron acceptor. 

◦ Anaerobic – final electron acceptor is an inorganic molecule; some 

bacteria and archaea. 

 Fermentation – is also an anaerobic process. 
 

 Summary of aerobic respiration using glucose:   

 C6H12O6 (glucose) + 6O2 →   6CO2 + 6H2O + energy (ATP) 

 4 Steps, fig 24.3:

 
fig 24.3  An Overview of Glucose Oxidation 
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Glycolysis 
 In the cytosol, 10 reactions, 3 stages, fig 24.4 

◦ Glucose (6 C) is primed, using 2 ATP‘s, and converted to fructose 1,6 – 

bisphosphate. 
◦ Fructose is split into two 3-C molecules, glyceraldehyde 3-phosphate 

(G3P) 
◦ Energy extraction:  electrons and H

+
 transferred to 2NAD

+
 and 4 ATPs 

produced.  Final product – 2 pyruvate molecules (3 C). 

 

      
Fig 24.4 glycolysis  pathway 
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    Glycolysis  

 Summary:  Glucose + 2 NAD
+
 + 4ADP → 2 pyruvate + 2 NADH + 4ATP. 

 Note:  each G3P is oxidized to produce 1 NADH and 2 ATP by substrate level 

phosphoylation. 
 2 ATP are used to pay back 2 used at the beginning. 
 Net Production:  Glucose + 2 NAD

+
 + 4ADP → 2 pyruvate + 2 NADH + 

**2ATP. 

 

Pyruvate Oxidation 
 Takes place in the outer membrane of the mitochondria. Fig 24.5 

 Each pyruvate (3 C) is oxidized to an acetyl group (2 C).   
 Each acetyl group is combined with Coenzyme A (CoA) and feeds into the 

Kreb‘s Cycle. 
 Summary:  2 Pyruvate + 2 CoA + 2 NAD

+
 →  2CO2 + 2acetyl CoA + 2NADH 

 

 
Fig 24.5 Pyruvate Oxidation 

 

Krebs Cycle 
 Takes place in the matrix of the  mitochondria, 9 reactions, 2 stages, fig 24.6. 

◦ Priming:   
–  Each acetyl CoA (2 C) combines with oxaloacetate (4 C) in 

Kreb‘s cycle to form citrate (6 C). 
–  CoA removed and recycled. 
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The Kreb‟s Cycle Completes the Oxidation of Glucose 

 
Fig 24.6 Kreb‘s Cycle 

 

Kreb‟s Cycle 
 Summary:   

 2 acetyl CoA + 2 oxaloacetate + 6NAD
+
 + 2FADH + 2ADP →          

4CO2 + 6NADH + 2FADH2 + **2 ATP +   2 oxaloacetate (remains in Kreb‘s 

Cycle).  

Summary So Far 

 
Fig 24.7 summary of glucose oxidation 
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Electron Transport and Oxidative Phosphorylation 
 So far we have 4ATP and a bunch of electrons (energy) and H

+
 carried by 

NADH and FADH2. 

 NADH and FADH2 transfer electrons to the  transport chain (ETC) on the 

cristae of the mitochondria, fig 24.8. 
 The ETC ―harvests‖ the energy from the electrons as they pass down the chain. 

 The energy harvested from the electrons is used to ―pump‖ H
+
 from the matrix 

to the intermembrane space of the mitochondria (energy is stored in the H
+
). 

 This produces a concentration gradient for H
+
. 

 
Fig 24.8 Electron Transport System 

 

 

Electron Transport Chain 
 H

+
 reenter the matrix 

through the enzyme, ATP 

synthase. 

 ATP synthase recovers 

the energy and produces ATP 

via oxidative phosphorylation. 

 Using the H
+
 gradient to 

produce ATP is called 

chemiosmosis. 

 

 

 Fig 24.9 Structure of ATP 

Synthase 
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Electron Transport and Oxidative Phosphorylation 
 H

+
 transferred to O2 to produce H2O. 

 Summary:  10 NADH + 2 FADH2 + 3O2 → **26 ATP + 6H2O.   

 Add the 2 from glycolysis and 2 from the Kreb‘s cycle brings the total to 30 

ATPs produced from every glucose molecule.  
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Chapter 4: The digestive system 

Unit 25 Anaerobic respiration (Fermentation) 

Sipsang  Sukphol (B.Sc. Biology, M.Ed) 

 

25.1 Fermentation 

 Fate of pyruvate in the absence of oxygen. 

 Allows for ATP production on a small scale by recycling NAD
+ 

for glycolysis. 

 2 types   

 Ethanol fermentation . see  fig 25.1 

 Lactic acid fermentation. see  fig 25.2 

 
 

Fig 25.1 Ethanol fermentation 

 
Fig 25.2 Lactic acid fermentation 
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Cellular Respiration and Other Metabolic Pathways 

 In the absence of available glucose, fats and proteins can feed into glycolysis 

and the Kreb‘s Cycle, fig 25.3. 

 Products of glycolysis and the Kreb‘s cycle can be used to produce 

RNA/DNA, proteins and fats, fig 25.4. 

 

 
fig 25.3  Fat, Carbohydrate and Protein in aerobic reapiration pathway 

 

 

 
fig 25.4 Pathway for synthesis of  RNA, DNA, Fats etc. 
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Multiple Choice 

 

Identify the choice that best completes the statement or answers the question. 

1. What is the term for metabolic pathways that release stored energy by breaking  

down complex molecules? 

a. anabolic pathways   b. catabolic pathways 

c. fermentation pathways  d. thermodynamic pathways 

e. bioenergetic pathways 

 

2. When a glucose molecule loses a hydrogen atom as the result of an oxidation- 

reduction reaction, the molecule becomes 

a. dehydrogenated.   b. hydrogenated. 

c. oxidized.    d. reduced. 

e. an oxidizing agent. 

 

3. When a molecule of NAD (nicotinamide adenine dinucleotide) gains a  

hydrogen atom (not a hydrogen ion) the molecule becomes 

a. hydrogenated.   b. oxidized. 

c. reduced.    d. redoxed. 

e. a reducing agent. 

 

4. The oxygen consumed during cellular respiration is involved directly in which  

process or event? 

a. glycolysis   

b. accepting electrons at the end of the electron transport chain 

c. the citric acid cycle 

d. the oxidation of pyruvate to acetyl CoA 

e. the phosphorylation of ADP to form ATP 

 

5. An electron loses potential energy when it 

a. shifts to a less electronegative atom. 

b. shifts to a more electronegative atom. 

c. increases its kinetic energy. 

d. increases its activity as an oxidizing agent. 

e. attaches itself to NAD. 

 

6. Substrate-level phosphorylation accounts for approximately what percentage of  

the ATP formed during glycolysis? 

a. 0%  b. 2%  c. 10%  d. 38%  e.100% 
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7. During glycolysis, when glucose is catabolized to pyruvate, most of the energy   

of glucose is 

a. transferred to ADP, forming ATP. 

b. transferred directly to ATP. 

c. retained in the pyruvate. 

d. stored in the NADH produced. 

e. used to phosphorylate fructose to form fructose-6-phosphate. 

 

8. In addition to ATP, what are the end products of glycolysis? 

a. CO2 and H2O    b. CO2 and pyruvate 

c. NADH and pyruvate  d. CO2 and NADH 

e. H2O, FADH2, and citrate 

 

9. Which kind of metabolic poison would most directly interfere with glycolysis? 

a. an agent that reacts with oxygen and depletes its concentration in the cell 

b. an agent that binds to pyruvate and inactivates it 

c. an agent that closely mimics the structure of glucose but is not metabolized 

d. an agent that reacts with NADH and oxidizes it to NAD 

e. an agent that blocks the passage of electrons along the electron transport chain 

 

10. Why is glycolysis described as having an investment phase and a payoff  

phase? 

a. It both splits molecules and assembles molecules. 

b. It attaches and detaches phosphate groups. 

c. It uses glucose and generates pyruvate. 

d. It shifts molecules from cytosol to mitochondrion. 

e. It uses stored ATP and then forms a net increase in ATP. 

 

Use the following information to answer the next questions. 

In the presence of oxygen, the three-carbon compound pyruvate can be 

catabolized in the citric acid cycle. First, however, the pyruvate  

1) loses a carbon, which is given off as a molecule of ,  

2) is oxidized to form a two-carbon compound called acetate, and  

3) is bonded to coenzyme A. 

 

11. Which of the following intermediary metabolites enters the citric acid cycle 

and is formed, in part, by the removal of a carbon (CO2) from one molecule of 

pyruvate? 

a. lactate    b.glyceraldehydes-3-phosphate 

c. oxaloacetate   d. acetyl CoA 

e. citrate 
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12. During cellular respiration, acetyl CoA accumulates in which location? 

a. cytosol 

b. mitochondrial outer membrane 

c. mitochondrial inner membrane 

d. mitochondrial intermembrane space 

e. mitochondrial matrix 

 

13. How many carbon atoms are fed into the citric acid cycle as a result of the  

oxidation of one molecule of pyruvate? 

a. 2  b. 4  c. 6  d. 8   e.10 

 

Refer to Figure 25.5, showing the citric acid cycle, as a guide to answer the 

following questions. 

 
Figure 25.5 

14. Starting with one molecule of isocitrate and ending with fumarate, what is the  

maximum number of ATP molecules that could be made through substrate-level 

phosphorylation? 

a. 1  b. 2  c. 11  d. 12   e. 24 

 

15. Carbon skeletons for amino acid biosynthesis are supplied by intermediates of  

the citric acid cycle. Which intermediate would supply the carbon skeleton for 

synthesis of a five-carbon amino acid? 

a. succinate  b. malate c. citrate  d. α-ketoglutarate  e. isocitrate 

 

16. How many reduced dinucleotides would be produced with four turns of the 

citric acid cycle? 

a. 1 FADH2 and 4 NADH  b. 2 FADH2 and 8 NADH 

c. 4 FADH2 and 12 NADH  d. 1 FAD and 4 NAD
+
 

e. 4 FAD
+
 and 12 NAD

+
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17. Starting with citrate, which of the following combinations of products would 

result from three turns of the citric acid cycle? 

a. 1 ATP, 2 CO2 , 3 NADH, and 1 FADH2   

b. 2 ATP, 2 CO2, 1 NADH, and 3 FADH2 

c. 3 ATP, 3 CO2 , 3 NADH, and 3 FADH2   

d. 3 ATP, 6 CO2, 9 NADH, and 3 FADH2 

e. 38 ATP, 6 CO2, 3 NADH, and 12 FADH2 

 

18. Carbon dioxide (CO2) is released during which of the following stages of  

cellular respiration? 

a. glycolysis and the oxidation of pyruvate to acetyl CoA 

b. oxidation of pyruvate to acetyl CoA and the citric acid cycle 

c. the citric acid cycle and oxidative phosphorylation 

d. oxidative phosphorylation and fermentation 

e. fermentation and glycolysis 

 

19. A young animal has never had much energy. He is brought to a veterinarian 

for help and is sent to the animal hospital for some tests. There they discover his 

mitochondria can use only fatty acids and amino acids for respiration, and his 

cells produce more lactate than normal. Of the following, which is the best 

explanation of his condition? 

a. His mitochondria lack the transport protein that moves pyruvate across the 

outer mitochondrial membrane. 

b. His cells cannot move NADH from glycolysis into the mitochondria. 

c. His cells contain something that inhibits oxygen use in his mitochondria. 

d. His cells lack the enzyme in glycolysis that forms pyruvate. 

e. His cells have a defective electron transport chain, so glucose goes to lactate  

instead of to acetyl CoA. 

 

20. Where are the proteins of the electron transport chain located? 

a. cytosol 

b. mitochondrial outer membrane 

c. mitochondrial inner membrane 

d. mitochondrial intermembrane space 

e. mitochondrial matrix 

 

21. The primary role of oxygen in cellular respiration is to 

a. yield energy in the form of ATP as it is passed down the respiratory chain. 

b. act as an acceptor for electrons and hydrogen, forming water. 

c. combine with carbon, forming CO2. 

d. combine with lactate, forming pyruvate. 

e. catalyze the reactions of glycolysis. 
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22. Inside an active mitochondrion, most electrons follow which pathway? 

a. glycolysis→ NADH →oxidative phosphorylation →ATP →oxygen 

b. citric acid cycle →FADH2 → electron transport chain→ ATP 

c. electron transport chain →citric acid cycle →ATP →oxygen 

d. pyruvate→ citric acid cycle→ ATP→ NADH →oxygen 

e. citric acid cycle →NADH →electron transport chain →oxygen 

 

23. During oxidative phosphorylation, H2O is formed. Where does the oxygen for the 

synthesis of the water come from? 

a. carbon dioxide (CO2)   b. glucose (C6H12O6) 

c. molecular oxygen (O2)   d. pyruvate (C3H3O3
-
) 

e. lactate (C3H5O3
-
) 

 

24. The direct energy source that drives ATP synthesis during respiratory oxidative 

phosphorylation is 

a. oxidation of glucose to CO2 and water. 

b. the thermodynamically favorable flow of electrons from NADH to the 

mitochondrial electron transport carriers. 

c. the final transfer of electrons to oxygen. 

d. the difference in H
+
 concentrations on opposite sides of the inner mitochondrial 

membrane. 

e. the thermodynamically favorable transfer of phosphate from glycolysis and the 

citric acid cycle intermediate molecules of ADP. 

 

25. When hydrogen ions are pumped from the mitochondrial matrix across the inner 

membrane and into the intermembrane space, the result is the 

a. formation of ATP. 

b. reduction of NAD
+
. 

c. restoration of the Na
+
/K

+
 balance across the membrane. 

d. creation of a proton gradient. 

e. lowering of pH in the mitochondrial matrix. 

 

26. Each time a molecule of glucose (C6H12O6) is completely oxidized via aerobic 

respiration, how many oxygen molecules (O2) are required? 

a.1  b.2  c.6  d.12  e.38 

 

27. Which of the following produces the most ATP when glucose (C6H12O6) is 

completely oxidized to carbon dioxide (CO2) and water? 

a. glycolysis      

b.fermentation 

c.oxidation of pyruvate to acetyl CoA 

d.citric acid cycle 

e.oxidative phosphorylation (chemiosmosis) 
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28. What is proton-motive force? 

a. the force required to remove an electron from hydrogen 

b. the transmembrane proton concentration gradient 

c. movement of hydrogen into the intermembrane space 

d. movement of hydrogen into the mitochondrion 

e. the addition of hydrogen to NAD
+
 

 

29. In liver cells, the inner mitochondrial membranes are about 5 X the area of the 

outer mitochondrial membranes, and about 17 X that of the cell's plasma membrane. 

What purpose must this serve? 

a. It allows for increased rate of glycolysis. 

b. It allows for increased rate of the citric acid cycle. 

c. It increases the surface for oxidative phosphoryation. 

d. It increases the surface for substrate-level phosphorylation. 

e. It allows the liver cell to have fewer mitochondria. 

 

Use the following to answer the following questions. 

Exposing inner mitochondrial membranes to ultrasonic vibrations will disrupt the 

membranes. However, the fragments will reseal "inside out." These little vesicles that 

result can still transfer electrons from NADH to oxygen and synthesize ATP. If the 

membranes are agitated still further however, the ability to synthesize ATP is lost. 

 

30. After the first disruption, when electron transfer and ATP synthesize still occur, 

what must be present? 

a. all of the electron transport proteins as well as ATP synthase 

b. all of the electron transport system and the ability to add CoA to acetyl groups 

c. the ATP synthase system is sufficient 

d. the electron transport system is sufficient 

e. plasma membranes like those bacteria use for respiration 

 

31. After the second agitation of the membrane vesicles, what must be lost from the 

membrane? 

a. the ability of NADH to transfer electrons to the first acceptor in the electron 

transport chain 

b. the prosthetic groups like heme from the transport system 

c. cytochromes 

d. ATP synthase, in whole or in part 

e. the contact required between inner and outer membrane surfaces 

 

32. It should be possible to reconstitute the abilities of the vesicles if which of the 

following is added? 

a.cytochromes b.extra NADH  c. a second membrane surface 

d.more electrons e.intact ATP synthase 
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Figure 25.6 

33. The accompanying figure shows the electron transport chain. Which of the 

following is the combination of substances that is initially added to the chain? 

a. oxygen, carbon dioxide, and water  b. NAD
+
, FAD, and electrons 

c. NADH, FADH2, and protons   d. NADH, FADH , and electrons 

e. Oxygen and electrons 

 

34. Which of the following most accurately describes what is happening along this 

chain? 

a. Chemiosmosis is coupled with electron transfer. 

b. Each electron carrier alternates between being reduced and being oxidized. 

c. ATP is generated at each step. 

d. Energy of the electrons increases at each step. 

e. Molecules in the chain give up some of their potential energy. 
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35. What happens at the end of the chain? 

a. The 2 original electrons combine with NAD
+
. 

b. The 2 original electrons combine with oxygen. 

c. 4 electrons combine with oxygen and protons. 

d. 4 electrons combine with hydrogen and oxygen atoms. 

e. 1 electron combines with oxygen and hydrogen. 

 

36. Which of the following couples chemiosmosis to energy storage? 

a. NADH    b. FADH2  

c. cytochromes   d. electron transport  

e. ATP synthase 

 

37. Which of the following occurs in the cytosol of a eukaryotic cell? 

a. glycolysis and fermentation   b. fermentation and chemiosmosis 

c. oxidation of pyruvate to acetyl CoA  d. citric acid cycle 

e. oxidative phosphorylation 

 

38. In alcohol fermentation, NAD
+
 is regenerated from NADH during which of the 

following? 

a. reduction of acetaldehyde to ethanol (ethyl alcohol) 

b. oxidation of pyruvate to acetyl CoA 

c. reduction of pyruvate to form lactate 

d. oxidation of NAD
+
 in the citric acid cycle 

e. phosphorylation of ADP to form ATP 

 

39. One function of both alcohol fermentation and lactic acid fermentation is to 

a. reduce NAD
+
 to NADH. 

b. reduce FAD
+ 

 to FADH2 . 

c. oxidize NADH to NAD
+
. 

d. reduce FADH2 to FAD
+
. 

e. none of the above. 

 

40. Why is glycolysis considered to be one of the first metabolic pathways to have 

evolved? 

a. It produces much less ATP than does oxidative phosphorylation. 

b. It is found in the cytosol, does not involve oxygen, and is present in most 

organisms. 

c. It is found in prokaryotic cells but not in eukaryotic cells. 

d. It relies on chemiosmosis which is a metabolic mechanism present only in the first 

cells-prokaryotic cells. 

e. It requires the presence of membrane-enclosed cell organelles found only in 

eukaryotic cells. 
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41. When muscle cells undergo anaerobic respiration, they become fatigued and 

painful. This is now known to be caused by 

a. build up of pyruvate.   b. build up of lactate. 

c. increase in sodium ions.  d. increase in potassium ions. 

e. increase in ethanol. 

 

42. Phosphofructokinase is an allosteric enzyme that catalyzes the conversion of 

fructose-6-phosphate to fructose-1,6-bisphosphate, an early step of glycolysis. In the 

presence of oxygen, an increase in the amount ATP in a cell would be expected to 

a. inhibit the enzyme and thus slow the rates of glycolysis and the citric acid cycle. 

b. activate the enzyme and thus slow the rates of glycolysis and the citric acid cycle. 

c. inhibit the enzyme and thus increase the rates of glycolysis and the citric acid 

cycle. 

d. activate the enzyme and increase the rates of glycolysis and the citric acid cycle. 

e. inhibit the enzyme and thus increase the rate of glycolysis and the concentration of 

citrate. 

 

43. Even though plants carry on photosynthesis, plant cells still use their 

mitochondria for oxidation of pyruvate. When and where will this occur? 

a. in photosynthetic cells in the light, while photosynthesis occurs concurrently 

b. in non-photosynthesizing cells only 

c. in cells that are storing glucose only 

d. in photosynthesizing cells in dark periods and in other tissues all the time 

e. in photosynthesizing cells in the light and in other tissues in the dark 

 

44. What is the reducing agent in the following reaction? 

Pyruvate + NADH + H
+
 → Lactate + NAD 

a. oxygen  b. NADH  c. NAD
+
 d. lactate e. pyruvate 

 

45. The immediate energy source that drives ATP synthesis by ATP synthase during 

oxidative phosphorylation is 

a. the oxidation of glucose and other organic compounds. 

b. the flow of electrons down the electron transport chain. 

c. the affinity of oxygen for electrons. 

d. the H
+
 concentration gradient across the inner mitochondrial membrane. 

e. the transfer of phosphate to ADP. 

 

46. Which metabolic pathway is common to both fermentation and cellular 

respiration of a glucose molecule? 

a. the citric acid cycle  b. the electron transport chain 

c. glycolysis    d. synthesis of acetyl CoA from pyruvate 

e. reduction of pyruvate to lactate 
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47. The final electron acceptor of the electron transport chain that functions in 

aerobic oxidative phosphorylation is 

a. oxygen. b. water. c. NAD. d. pyruvate.  e. ADP. 

 

48. When electrons flow along the electron transport chains of mitochondria, which 

of the following changes occurs? 

a. The pH of the matrix increases. 

b. ATP synthase pumps protons by active transport. 

c. The electrons gain free energy. 

d. The cytochromes phosphorylate ADP to form ATP. 

e. NAD
+
 is oxidized. 

 

49. Most from catabolism is released during 

a. glycolysis.   b. the citric acid cycle. 

c. lactate fermentation.  d. electron transport. 

e. oxidative phosphorylation. 

 

Essay:  

1. Explain what occurs during the Krebs (citric acid) cycle and electron transport by 

describing the following:  

a. The location of the Krebs cycle and electron transport chain in the  mitochondria.  

b. The cyclic nature of the reactions in the Krebs cycle.  

c. The production of ATP and reduced coenzymes during the cycle.  

d. The chemiosmotic production of ATP during electron transport.  

2. Explain how the molecular reactions of cellular respiration transform the chemical 

bond energy of Krebs cycle substrates into the more readily available bond energy of 

ATP.  

  Include in your discussion the structure of the mitochondrion and show how it 

is  important to the reactions of the Krebs cycle and the electron transport chain. 
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Chapter 5: Animal reproduction and development 

Unit 26 animal reproduction 
 

Sipsang  Sukphol (B.Sc. Biology, M.Ed) 
 

  The ability to reproduce is one of the essential characteristics of living beings. 

It involves the transmission of genetic material from the parental generation to the 

next generation, thereby ensuring that characteristics not only of the species but 

also of the parental organisms, are perpetuated. In this process, one generation of 

living organisms gives rise to another generation. A process by which a living 

organism produces its own kind is known as reproduction. 

  Organisms reproduce in two ways : gametes not produced and hence no fusion 

(asexual reproduction), and by formation and the fusion of gametes (sexual 

reproduction). 
 

Reproduction: Reproduction is the ability of living organism by which they 

produce off spring of their own kind. Organisms reproduce by this way: 

Asexual reproduction involves the production of an offspring from a single 

organism without the formation of gametes. It is a common process of reproduction 

in bacteria, protoctista, lower plants and lower animals. See fig. 26.1 &26.2 

 
 

Parthenogenesis: an unfertilized egg 

develops  

Honey bees: drones are males and are 

produced  parthenogeneticly and female 

workers and queens form from fertilized eggs. 

 

Fig 26.2 Parthenogenesis of Honey bees. 
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Sexual reproduction is the production of offspring by the formation and subsequent 

fusion of gametes. At fertilization, the male and the female gametes unite to form 

a zygote which develops into a mature organism. Most animals and higher plants 

multiply by sexual reproduction.IO 

 

Hermaphroditism: individual has both male and female reproductive systems 

For example, earthworm. See fig. 26.3 

 
Fig. 26.3 Earthworm‘s repoduction 

 

Fertilization can occur externally or internally 

 Aquatic animals tend to be external 
 Terrestrial animals tend to be internal 
Development can be external in the water, external on land, or internal. 

External Fertilization 
   Oviparous: lay eggs, Amniotic eggs are terrestrial eggs) see fig 26.4 

Internal Fertilization 
  Ovoviparous: live birth from eggs (some sharks and snakes) 
  Viviparous: live placental birth 

 

 
fig 26.4 Oviparous (Frogs) 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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Chapter 5: Animal reproduction and development 

Unit 27 Reproduction in humans 
 

Sipsang  Sukphol (B.Sc. Biology, M.Ed) 
 
 

27.1 REPRODUCTION IN HUMANS 

The humans reproduce sexually. Reproduction in humans can be studied in two 

parts : 

(a) Reproductive system, and 

(b) Fertilization, pregnancy and development of the embryo. 

(a) Reproductive System 

The puberty is the name given to the changes that occur in boys and girls as they 

grow up. Mostly these changes occur between the age of 10 to 14 year, and these 

are brought about by certain hormones. During puberty the body grows rapidly, and 

both primary and secondary reproductive organs grow and become mature. Along 

with these changes, secondary sex characters also start appearing. It is also to be 

noted that in males, sexual maturity is attained at the age of 13–14 years and in 

females, at the age of 11–13 years. this leads ultimately to a stage when the child 

becomes an adolescent.  
 

 

 

 

 

 

 

 

 

 
 

During adolescance, the secondary sexual charaters that develop are as follows: 

In males, they include deepening of voice, widening of shoulders, muscular body, 

appearance of beard and moustache, growth of axillary and pubic hair, enlargement 

of external genital organs. 
In females, the changes include growth of axillary and pubic hair, widening of 

pelvis and hip, enlargement of breasts and initiation of the menstrual cycle. 

Sexual maturation is a very significant stage in one‘s life, hence it is necessary to 

maintain the health and hygiene of the reproductive organs during this stage. 

The reproductive organs are described and illustrated below. 

 
Some Basic Facts 

What is adolescence? 

The term adolescence comes from the Latin verb 

adolescere, meaning ‗to grow into maturity‘. In this 

sense, ‗adolescence is a process rather than a time 

period, a process of achieving the attitudes and beliefs 

needed for effective participation in society‘. The World 

Health Organization (WHO) defines 

adolescence as the period from 10 to 19 years of age 

characterized by developments and changes in physical, 

psychological, and social areas. 
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27.1.1 Male reproductive system 

The reproductive system in male consists of the following organs – a pair of testes, 

a pair of epididymis, a pair of vasa deferentia (singular : vas deferens), urethra, 

penis and accessory glands (Fig. 27.1) (Table 27.1). 

 
Fig. 27.1 Male Reproductive system 

(i) Testes 

Testes (singular: testis) (Fig. 27.2) are the male gonads. In an adult male, each testis 

is approximately 4-5 cm long and about 12 g in weight. These are extra-abdominal, 

that is, present outside the abdomen in a pouch made up of skin and connective 

tissue called scrotal sac or scrotum that hangs in the region between the legs. 
 

 
Fig. 27.2 Microscopic Structure of Testis 
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The scrotum acts as a thermoregulator. It helps in maintaining the temperature of 

testes at about 2-3°C lower than the body temperature. This temperature is suitable 

for the development of sperms. 

Anatomically, each testis is encased in a capsule of white fibrous connective tissue 

called tunica albuginea. Each testis has several highly coiled tubules called 

seminiferous tubules (Fig. 20.2) where the sperms are produced. Between the 

seminiferous tubules is the connective tissue, which contains clumps of interstitial 

cells, also called Leydig cells. These cells secrete testosterone the male sex 

hormone. Testosterone maintains the primary and secondary sexual characteristics 

in males. 

(ii) Epididymis 

It is a long highly coiled tube which remains attached to the testis and lies within 

the scrotal sac. Epididymis stores spermatozoa (sperms) and serves as a passage 

for their transport from the testis. 

(iii) Vas deferens (sperm duct) 

Each epididymis continues as vas deferens. It enters the abdominal cavity passes 

over the urinary bladder and joins the duct of seminal vesicle to form the 

ejaculatory duct. The ejaculatory duct opens into the urethra. 

(iv) Urethra 

The urethra in males is about 15-20 cm long and is differentiated into three parts— 

an anterior prostatic part which passes through the prostate gland; a middle 

membranous part; and a posterior penile part which passes through the copulatory 

organ, the penis. Urethra function as a passage for both semen and urine. 

(v) Penis 

Penis is a cylindrical, spongy, muscular and a highly vascular (supplied with blood 

vessels) copulatory organ in males. The urethra runs through it centrally and serves 

as a common passage for urine and semen. During sexual excitement, the spongy 

tissue gets filled-up with blood, making it erect and stiff. Externally, the penis is 

covered by skin. The tip of the penis is soft and highly sensitive. It is called glans 

penis. It is covered by a loose fold of skin called prepuce which can be retracted. 

The functions of various male parts are given in table 27.1. 

Table. 27.1 Important functions of male reproductive organs in humans. 
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Accessory glands 

The accessory glands include seminal vesicles, prostate glands and Cowper‘s 

glands. 

Seminal vesicles. A pair of seminal vesicles are present at the base of the urinary 

bladder. The seminal vesicles store sperms that descend from the testis and secrete 

seminal fluid. The seminal fluid is a viscous fluid which provides nourishment to 

the sperms. This secretion forms about 40-80 per cent of the ejaculate (semen 

thrown out of the penis). 

Prostate gland. Prostrate gland surrounds the first part of the urethra. It secretes 

an alkaline fluid which is discharged into the urethra. This fluid keeps the sperms 

alive and helps them to swim vigorously. Secretion of prostrate gland forms about 

5-30 per cent of the ejaculate. 

Cowper‟s glands or Bulbo-urethral glands. These are paired glands that lie below 

the prostate gland and join the urethra at a short distance from that of the prostate 

gland. Cowper‘s glands secrete a white, viscous, alkaline secretion resembling 

mucous which acts as a lubricant. 

Spermatozoa and semen 

The spermatozoa are male gametes produced by the testes. Structurally, human 

sperm has three main parts—head, neck and tail. The tip of a sperm is covered 

by a cap-like structure, acrosome, which helps the sperm to penetrate inside the 

egg during fertilization. The structure of a human sperm is shown in Fig. 27.3. 

 
Fig. 27.3 Structure of human sperm. 

 

Spermatozoa are immotile when stored in the epididymis but get activated and 

motile by the secretions from the accessory reproductive glands in males. The 

secretions of various accessory glands along with sperms form the semen. The 

sperms are released in millions. In one ejaculation about 200,000,000 (2 × 108) 

sperms are discharged. Sperms when introduced into the vagina of the female move 

with the speed of 2 mm/minute in the female. 

Fig. 27.4 shows the course of sperms from their production in the testes to reach 

the urethra in penis 
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27.4 Female reproductive system 

 

  The female reproductive system consists of the following organs : 

A pair of ovaries, a pair of fallopian tubes, uterus, vagina and external genitalia 

(Fig. 27.5). The functions of the main reproductive organs in the human female 

are listed in Table 27.2. 

 
Fig. 27.5 Female reproductive system 

(i) Ovaries 

There is a pair of ovaries, which lie in the lower part of the abdominal cavity, one 

on each side of the body. Ovaries produce ova and also secrete female sex 

hormones, oestrogen and progesterone. The process of formation of egg in the ovary 

is known as oogenesis. 

If a section of the ovary is cut, eggs at various stages of maturing can be seen. Each 

egg begins as a primary follicle. Follicular cells then cover the egg and a cavity 

called antrum is formed. This is the mature egg called Graffian follicle. The egg 
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then gets released (ovulation) from the ovary leaving the empty follicle called 

corpus luteum (Fig. 27.6). 
 

 

Fig. 27.6 Ovary showing microscopic structure 
 

(ii) Fallopian tubes (oviducts) 

There are two oviducts (or Fallopian tubes) in female reproductive system. Each 

oviduct is about 10-15 cm long. The proximal funnel-shaped end of each oviduct lies 

near the ovary and is called infundibulum. Its margin bears finger-like projections 

called fimbrae. Each infundibulum continues as a thin and coiled tube called oviduct 

or Fallopian tube. Both Fallopian tubes open into the uterus. 

 

(iii)Uterus 

The uterus is a pear-shaped, muscular, thick-walled organ. It is about 7 cm long, 5 

cm broad, and 2.5 cm thick. The wall of the uterus comprises of three coats—the 

innermost endometrium, middle myometrium, and outermost perimetrium. The 

endometrium layer is richly supplied with blood vessels. There is a sphincter muscle 

that closes the lower end of the uterus where it joins the vagina. 

 

(iv) Vagina 

Vagina is the organ where the penis is inserted during coitus (sexual act) for the 

discharge of semen. It is a muscular tube about 7-10 cm in length. It serves as the 

birth canal during child birth and also acts as a duct for the passage of uterine 

secretions and menstrual flow. The vagina opens to the outside by an opening. The 

opening of vagina is normally obstructed in a virgin female by a perforated 

membrane, the hymen. In a human female, the urethra and the genital duct have 
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separate openings. Functions of various female reproductive parts are summarised in 

table 27.2. 

Table 27.2. Important functions of female reproductive organs in humans. 

 
27.1.3 Menstrual Cycle in Human Females 

In a human female, the fertility period extends from the age of puberty, i.e. about 12- 

13 years up to menopause, i.e. 45-50 years. The stage of puberty is marked by the 

appearance of secondary sexual characteristics. 

The onset of menstruation in a female is called menarche. It starts at an age of about 

11-13 years. The permanent stoppage of menstruation in a female is called 

menopause. 

It occurs at an age of about 45-50 years. At the time of menopause, ovulation and 

menstruation stop and the reproductive organs decrease in size. 

Between puberty and menopause, the female reproductive system passes through a 

regular monthly sequence of events called the menstrual cycle. 

During menstrual cycle (Fig. 20.7), an ovum is matured and released once every 28 

days.However,manya times, due to some reasons this period may increase or 

decrease. The menstrual cycle starts with the menstrual flow, during which the 

cellular lining of the uterus, with blood flow, is shed off. This process continues for 

3-4 days. Fromthe 5
th
 up to the 13th day of the onset of menstrual cycle, growth and 

maturation of the Graafian follicle takes place. Graafian follicle is the final stage in 

the maturation of an ovum inside the ovary. It consists of an ovum and amass of cells 

surrounding it. The Graafian follicle also produces a hormone, oestrogen, which 

stimulates the uterus to prepare itself to receive the ovum. The cells lining the uterus 

grow rapidly and develop a dense network of blood vessels. 

Ovulation takes place 13-14 days after the onset of menstruation. The Graafian 

follicle ruptures to release the ovum. The cells of the ruptured follicle form the 

corpus luteum which secretes the hormone, progesterone. The ovum reaches the 

uterus via the fallopian tube on the 13th or 14th day and remains there up to the 16th 

day (for 48-72 hours). If the ovum does not receive any sperm during this period it 
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starts degenerating. At the end of the 28th day this ovum is rejected along with the 

uterine lining. This  marks the start of a slow disintegration of the thickened lining of 

the uterus and the next menstrual cycle. 

What happens to the menstrual cycle if the ovum receives sperm and fertilization 

occurs? If the ovum receives sperm and gets fertilized, menstruation (and ovulation) 

cease for as long as the woman is pregnant. This is because progesterone is produced 

continuously first by the corpus luteum (which persists in the ovary) and later by the 

placenta. 

 
Fig. 27.7 Graphical representation of menstrual cycle 
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27.2 FERTILIZATION, PREGNANCY AND DEVELOPMENT OF THE 
EMBRYO 
27.2.1 Fertilization and implantation 

  Spermatoza remain viable in the female genital tract from 24 to 72 hours. For 

fertilisation, sperms are introduced into the female body.One sperm fuses with the 

ovum in the fallopian tube.  See fig. 27.8 

fig. 27.8 sperm fertilize with egg 
 

  If the ovum happens to meet a sperm, the two unite to form a zygote. 13-14 

days after onset of menstruation are most favorable for conception (pregnancy). The 

zygote immediately begins to divide and passes down the fallopian tube to the uterus 

and fixes itself to the wall of the uterus. This fixing of the embryo in the wall of the 

uterus is called implantation and the female is said to be pregnant. Implantation 

takes place about a week after fertilization. See fig. 27.9 

 
Fig. 27.9 implantation of embryo 
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Placenta 

  Placenta is an association between maternal and fetal tissue meant for some 

extremely important physiological exchange. The developing embryo is attached to 

the uterus by a tissue called placenta (Fig. 27.10).Umbilical cord is a tough 

structure that serves as the blood vascular connection between the fetus (developing 

embryo) and uterine wall. From the first few weeks of development, the embryo is 

enclosed in a sac called amnion which is filled with amniotic fluid. Amniotic fluid 

acts as a shock-absorber and helps to protect the embryo from damage. 

 
 

Fig. 27.10 Fetus and placenta 
 

 

  Placenta serves as a tissue through which oxygen and food are supplied from 

the maternal blood to the fetus. It also transports carbon dioxide and excretory waste 

from the fetal blood to the maternal blood. 
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Fig. 27.11 Summarizes the steps in fertilization of human egg, its implantation and 

development in the uterus up to birth. 

 
Fig. 27.11 Development of human embryo 

 

  Placenta is permeable to respiratory gases, nutrients and antibodies. The 

membrane prevents harmful material from reaching the embryo. It does not allow the 

passage of germs from the mother to the fetus. However, if the mother is already 

infected with HIV, then HIV can pass through the blood to the embryo. Placenta 

produces the hormone progesterone. Egg-formation (ovulation) and menstruation 

also stop as pregnancy continues. However, these are resumed after child birth. 
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27.2.2 What happens during childbirth? 

The uterus undergoes occasional contractions (labour). 

The amnion bursts and the amniotic fluid is discharged. 

The uterus contracts vigorously, expelling the baby. 

The baby‘s lungs start functioning and the baby takes its first breathe. 

The umbilical cord is tied and cut. 

After birth the placenta gets discharged. 

The breasts start producing milk. 

 

27.2.3 How twins are Produced  

Usually, onlyone ovumis released by an ovary in every reproductive cycle. If this 

ovum receives spermand gets fertilized, one baby is born to them other. But 

sometimes two eggs may be released and fertilized by this different sperum. Such 

siblings are called fraternal twins who may be brother and sister, or brother-brother, 

or sister-sister. But in certain cases, only one egg is released and gets fertilized. After 

this, it divides into two, and the two cells then separate and start developing 

independently into two separate individuals. They are identical in all respects and 

called identical twins. They are always of the same sex. See fig. 27.12. 

 

Siamese twins 

The twins produced from one egg which fail to separate are called Siamese twins. 

The first case of Siamese twins was of twin boys born to a Chinese mother in Siam, 

(now Thailand) in 1811. These were joined at the thoracic region. These twins lived 

up to an age of 65 years. The Siamese twins can sometimes be surgically separated. 

However, it depends upon the extent of their joining. 

 

 
 

Fig. 27.12 fraternal twins (left) and Identical twin (right) 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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Chapter 5: Animal reproduction and development 

Unit 28 Growth & Development 

Sipsang  Sukphol (B.Sc. Biology, M.Ed) 

Growth 

  In biology, increase in size and mass during the development of an organism 

over a period of time. Growth is often measured as an increase in biomass (mass of 

organic material, excluding water) and is associated with cell division by mitosis, 

subsequent increases in cell size, and with the differentiation of cells to perform 

specific functions, for example red blood cells in mammals and root cells in plants. 

All organisms grow, although the rate of growth varies over a lifetime. Typically, 

growth in an organism follows an S-shaped curve, in which growth is at first slow, 

then fast, then, towards the end of life, non-existent. Growth may even be negative 

during the period before death, with decay occurring faster than cellular replacement. 

In humans, there is a short period of rapid growth at puberty. Growth is affected by 

genetic factors, which dictate the eventual size and appearance of an organism. It is 

dependent upon an adequate supply of water and mineral salts (diet), and, particularly 

in plants, appropriate conditions of light and temperature, which determine the rate of 

photosynthesis. 

  In plants, growth directed by a specific stimulus is called tropism; for example, 

phototropism involves growing towards the light, while gravitropism is directed by 

gravitation.  Increase of size by expansion, as when a cell enlarges through taking in 

water, is not usually considered as biological growth because this process does not 

involve any increase in dry weight. 
What is Growth ? 

• a permanent increase in size, weight  &  complexity of an organism  

• involves Cell Division (Mitosis) & Cell Enlargement  

 

Animal Development 

  Development requires both cell growth and cell differentiation (different cells 

express different genes) see fig. 28.1 

  
Fig. 28.1 animal development  

http://www.talktalk.co.uk/reference/encyclopaedia/hutchinson/m0007954.html
http://www.talktalk.co.uk/reference/encyclopaedia/hutchinson/m0015135.html
http://www.talktalk.co.uk/reference/encyclopaedia/hutchinson/m0024917.html
http://www.talktalk.co.uk/reference/encyclopaedia/hutchinson/m0031207.html
http://www.talktalk.co.uk/reference/encyclopaedia/hutchinson/m0030839.html
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Types  of  cleavage  ( Holoblastic vs. meroblastic cleavage ) 

  Embryos of most animal species undergo holoblastic cleavage, in which the 

cleavage furrow completely separates the two daughter cells. Holoblastic cleavage is 

typical of mammals, frogs, and urchins.  

  Embryos of certain species undergo meroblastic cleavage, in which the 

cleavage furrow stops short (or fails to form) and the 'daughter cells' retain 

cytoplasmic continuity. [Technically speaking, meroblastic cleavage does not 

produce daughter cells, but rather generates a multinucleated cell called a 

syncytium.]  

  1. Fish and birds utilize a form of meroblastic cleavage called discoidal 

cleavage. The cleavage furrows are restricted to a disc of cytoplasm on one side of a 

large yolk mass, and leave the blastomeres connected to that yolk mass by 

cytoplasmic bridges [see  Fig. 28.2]. Later in development, these bridges will 

disappear.  

  2. Insect embryos experience a form of meroblastic cleavage called superficial 

cleavage. In this case the first several rounds of nuclear division occur without any 

sign of cleavage furrows, and thousands of nuclei accumulate in a layer beneath the 

egg cell membrane. This membrane then furrows inward to simultaneously surround 

and pinch off each one of these several thousand nuclei, creating a layer of 

mononucleated cells surrounding a central yolk mass [see Fig. 28.2]. 

 
Type of  egg             Type  of  Cleavage        Type of cleavage  cell  symmetry  

                                                                                      

 
Fig. 28.2 Types of cleavage 
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The first steps to forming a new organism 

Descriptive embryology 

Cleavage, Gastrulation, Neurulation and Organogenesis 

 

Early animal development can be divided into the following key events 

Fertilization – cleavage – gastrulation – neurulation – organogenesis 

         

UNIT 27     UNIT 28 
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Fig. 28.3 
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Fig. 28.4 
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Fig. 28.5 
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Convergent extension 

-like lanes of traffic meeting and converging - leading to elongation (extension) 

 
Campbell and Reece Fig 28.6 

 

The important features of gastrulation: 

Elaborate cell movement. 

Differentiation of cells into 3 broad types: ectodermal, mesodermal and endodermal, 

placed in the right position with respect to each other. 

Allows communication between neighbouring cells that are now set apart as different 

to each other. 

 

Mechanisms involved in bringing about gastrulation- what is needed? 

• changes in cell motility 

• changes in cell adhesion (therefore molecules on the outside of the cells). 

 

Gastrulation may vary in detail from organism to organism but the result is 

similar: the production of a three layered gastrula with organised groups of 

cells that interact and co-operate to form the embryo. 

 

The positioning of the cell layers in the gastrula allows cells to interact in new 

ways. 

  Gastrulation brought all the cells into the correct position within the embryo to 

facilitate local development of the organs- organogenesis. 

  While gastrulation involves massive cell movements, organogenesis involves 

more local interactions between cells and morphogenetic changes in tissue and cell 

shape- and in cell arrangement. 
 

  Note that cell differentiation is happening continuously throughout these 

processes and cells are getting closer to their final characteristics and functions. 

Many of the changes in organogenesis are brought about by Induction:- the influence 

of one group of cells on another changing the way in which the responding cells 

develop 

 

The process of Neurulation is a very special type of organogenesis 

• It sets aside the cells for and forms the rudiments of the entire nervous system. 

• It is the first event in organogenesis. 

The first event in neurulation starts as gastrulation is still underway and the future 
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mesoderm cells are moving inside the embryo. A particular group of these migrating 

mesoderm cells assemble into a rod-like structure along the dorsal midline of the 

future embryo. 

  These special mesoderm cells form the notochord and have very special 

characteristic sthey have very potent ability to induce neighbouring cells. 

Signals sent from the notochord to the ectoderm lying above induce the ectoderm to 

thicken and form the neural plate (green on the figure below) the rudiment of the 

nervous system 

See figure 28.7 and images below- note the notochord and the neural plate 

                                      
Fig. 28.7 nuerulation 

 

Dorsal view of frog embryo 

undergoing neurulation 

  The outer edges of 

the neural plate then begin 

to fold upward- forming the 

neural folds. Eventually 

the two sides of the neural 

folds fuse to enclose the 

neural tube (see figure 

28.8). 

  As the neural tube 

fuses the adjacent surface 

ectoderm (blue) also fuses 

to enclose the neural tube, 

which forms the rudiment 

of the brain and the spinal 

chord. The neural tube runs 

the length of the embryo 

from anterior where it 

forms the vesicles of the 

brain. 

Cross section 

Fig. 28.8 nuerulation 
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By the end of gastrulation and neurulation, the embryo has elongated with a 

head end and a tail end and has an internalised neural tube running along the dorsal 

midline. In the head region this will form the brain chambers and elsewhere the 

spinal chord. See fig. 28.9 

 

 
28.9 spinal cord forming 

 

 

As neurulation proceeds, other organs 

and structures are also starting to form. 

A special set of cells form at the dorsal edge of 

the neural tube- the neural crest cells  (see 

fig.28.10). 

  These migrate away from the neural tube 

to many destinations and form peripheral 

nerves, teeth, skull bones and other cell types. 

 

 

 

            Fig 28.10 

 

Note the coelom in the top figure – this is a fluid-filled cavity which forms by 

splitting the mesoderm- it is by definition surrounded by mesoderm on all sides 
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  Many of the organs as they form will push into this space- although 

contained within the peritoneum. 

 

The somites are another set of structures forming at this time. 

 

The somites are mesoderm cells that form into blocks on either side of the neural 

tube (see figure 28.11 below). These are transitory structures that later dissociate to 

form different cell types. 

1. The muscle blocks of the body and muscles attached to the skeleton 

2. The vertebrae of the back-bone. The cells from within the somite that will form 

the vertebrae (blue on lower diagram) leave the somite and migrate around the 

notochord and neural tube. The notochord later degenerates; the only remnants 

forming the ―disks‖ between the vertebrae. 

 

 
figure 28.11 somites 

 

The somites show that vertebrates are partially segmented. 

In organogenesis cells of one germ layer often induce neighbouring cells of 

another germ layer to change character and begin to form a tissue or part of an organ- 

-this is precisely why bringing the germ layers into the right position during 

gastrulation is so vital for development of the embryo. 
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Gastrulation in the chick 
 

  The process looks very different because the early embryo is a flat disk of cells 

with masses of yolk underneath The entire embryo will form from one cell layer- the 

epiblast. Gastrulation involves cells from the epiblast moving underneath through a 

line at the midline of the disk called the primitive streak. Some of these involuting 

cells form endoderm and some form mesoderm. The primitive streak marks the 

future anterior-posterior axis of the embryo. 

  The primitive streak in the chick is equivalent to the blastopore in the frog (site 

through which the cells involute). 

 
Figure 28.12 Grastrulation in the chick 

 

  For a list of the organs and structures in the adult derived from the different 

germ layers of the embryo. In the chick, organogenesis proceeds much as it does in 

the frog but appears different because the chick embryo is flat and the frog round. 

Figure 27.13 shows  Derivatives of  the three embryonic germ layers in vertebrates 

 

 
Fig. 28.13  
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Organogenesis in the chick: To achieve the same ―tube within a tube‖ (gut within the 

body wall) structure of other embryos, the edges of the blastodisk (flat chick embryo) 

fold ventrally to enclose the gut - but the gut is still joined in the middle of the body 

to the yolk in the yolk sac. See Figure 28.14(a) reproduced below 

Note the neural tube, notochord, somites and endoderm of the future gut. 
 

 
Fig 28.14 a future gut 

By 2-3 days of development the rudiments of all the major organs is seen in the 

chick embryo. See Figure 28.14(b) below.  

  

The figure on the right shows 

illustrations  Organogenesis 

of embryos during each of the 

developmental processes that we 

have discussed     Fig. 28.15 
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Note it is a continuous series of processes 

A diagram of the continuous processes listed above in zebrafish was viewed again 

The story so far- has led us from quite different egg designs to very similar 

embryos among vertebrates- as shown in the figure below for frog (Xenopus), chick, 

mouse and zebrafish.  See fig 28.16 

 
Fig. 28.16 

 

  This was first noted by Karl Ernst von Baer in the early 19th century- he called 

the stage when all vertebrate embryos look alike (2nd row above) the phylotypic 

stage- typical of  the phylum. At this stage the general characteristics of the phylum 

are established notochord, neural tube, somites and the very beginnings of the limbs. 

Von Baer devised some laws to express this observation: he stated in these laws that 

general characteristics of a group appear first while those that distinguish a species 

appear later 

 

Metamorphosis 

Metamorphosis is a biological process by which an animal physically develops after birth or 

hatching, involving a conspicuous and relatively abrupt change in the animal's body structure 

through cell growth and differentiation. Some insects, amphibians, molluscs, crustaceans, 

Cnidarians, echinoderms and tunicates undergo metamorphosis, which is usually accompanied by a 

change of habitat or behavior. 

Scientific usage of the term is exclusive, and is not applied to general aspects of cell growth, 

including rapid growth spurts. References to "metamorphosis" in mammals are imprecise and only 

colloquial, but historically idealist ideas of transformation and monadology, as in Goethe's 

Metamorphosis of Plants, influenced the development of ideas of evolution. 

 

 

http://en.wikipedia.org/wiki/Biological_process
http://en.wikipedia.org/wiki/Animal
http://en.wikipedia.org/wiki/Developmental_biology
http://en.wikipedia.org/wiki/Birth
http://en.wikipedia.org/wiki/Body
http://en.wikipedia.org/wiki/Cell_growth#Cell_reproduction
http://en.wikipedia.org/wiki/Cellular_differentiation
http://en.wikipedia.org/wiki/Insect
http://en.wikipedia.org/wiki/Amphibian
http://en.wikipedia.org/wiki/Mollusca
http://en.wikipedia.org/wiki/Crustacean
http://en.wikipedia.org/wiki/Cnidaria
http://en.wikipedia.org/wiki/Echinoderm
http://en.wikipedia.org/wiki/Tunicate
http://en.wikipedia.org/wiki/Habitat
http://en.wikipedia.org/wiki/Behavior
http://en.wikipedia.org/wiki/Cell_growth
http://en.wikipedia.org/wiki/Puberty
http://en.wikipedia.org/wiki/Mammal
http://en.wikipedia.org/wiki/Monadology
http://en.wikipedia.org/wiki/Johann_Wolfgang_von_Goethe
http://en.wikipedia.org/wiki/Metamorphosis_of_Plants
http://en.wikipedia.org/wiki/Evolution
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Insect metamorphosis (4 Types) 

1. Ametabola or Without Metamorphosis 

 Without physical change, expand only size since young to adult. 

 High evolutional animal and some kinds of animals such as ________________. 

 
2. Peurometabola or Gradual Metamorphosis 

 Gradual Physical Changing when growing. 

 Young insect has incomplete organs that live on the terrestrial habitat is called 

Nymph. Such as  grasshopper, cockroach, aphid , termite, etc.  
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3. Hemimetabola or Incomplete Metamorphosis 

 3 Steps of physical changing. Young insect grows in the water is called Naiad 

 such as Mayfly and Dragon fly. 

 

4. Homometabola or Complete Metamorphosis 

 Complete 4 steps of physical change; egg- Larva-Pupa-Adult 

 Found in The most of insects such as butterfly, mosquitoes, fly, Bee, ant 
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Hormonal control 

  Insect growth and metamorphosis are controlled by hormones synthesized by 

endocrine glands near the front of the body. Neurosecretory cells in an insect's brain 

secrete a hormone, the prothoracicotropic hormone (PTTH) that activates prothoracic 

glands, which secrete a second hormone, usually Ecdysone (a ecdysteroid), that 

induces ecdysis. 
  PTTH also stimulates the corpora allata, a retrocerebral organ, to produce 

juvenile hormone (JH), which prevents the development of adult characteristics 

during ecdysis. In holometabolous insects, molts between larval instars have a high 

level of JH, the moult to the pupal stage has a low level of JH, and the final, or 

imaginal, molt has no JH present at all. 
 

Frog metamorphosis 

 Frogs undergo a different type of COMPLETE METAMORPHOSIS. 

 From the egg emerges a tadpole, which lives in the water, breathes with gills, 

and has a tail.  
 As the tadpole grows, lungs and legs form, and the gills and tail are absorbed 

into the body.  
 Finally, the animal leaves the water and lives mainly on land, as a frog.  

 

 

Key concepts in lectures  

1. Cleavage refers to the very rapid cell division of the fertilised egg. It is marked by 

little or no protein synthesis and no growth of the embryo. 

2. The first divisions form a loose group of cells called a morula. 

3. After further divisions a cavity forms (blastocoel) – the embryo is then called a 

blastula 

4. Cleavage is holoblastic if it divides the entire egg into blastomeres (cells) but 

http://en.wikipedia.org/wiki/Insect
http://en.wikipedia.org/wiki/Hormone
http://en.wikipedia.org/wiki/Endocrine_gland
http://en.wikipedia.org/wiki/Brain
http://en.wikipedia.org/wiki/Ecdysone
http://en.wikipedia.org/wiki/Ecdysteroid
http://en.wikipedia.org/wiki/Corpora_allata
http://en.wikipedia.org/wiki/Juvenile_hormone
http://en.wikipedia.org/wiki/Ecdysis
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meroblastic if only the cytoplasm is divided and the yolk proteins are excluded (e.g. 

chick). 

5. The appearance of cleavage and the resulting embryo depends on the amount and 

distribution of yolk. Cleavage produces a ball or disk of cells. Gastrulation then turns 

that ball or disk into an organised embryo. 

6. Gastrulation is a fundamental event in all complex animals (eumetazoa) with 

organs. It leads to the formation of a 3 germ layered embryo (for triploblastic 

animals)- the three germ layers will give rise to all the future organs and structures. 

7. The three germ layers, the ectoderm, mesoderm and endoderm contain 3 broadly 

different cell types. 

8. Gastrulation is characterised by elaborate cell movement so that the three germ 

layers end up in the correct position with respect to each other. 

9. This sets groups of cells apart as different to each other and allows communication 

between neighbouring cells that will be so important in future events- organogenesis. 

10. Changes in cell motility and changes in cell adhesion (therefore molecules on the 

outside of the cells) are important in bringing about the cell movements of 

gastrulation. 

11. Gastrulation brought all the cells into the correct position within the embryo to 

facilitate local development of the organs- organogenesis. 

12. While gastrulation involved massive cell movements, organogenesis involves 

more local interactions between cells and morphogenetic changes in tissue and cell 

shape, and in cell arrangement. 

13. Many of the changes in organogenesis are brought about by Induction- cells of 

one germ layer often induce neighbouring cells of another germ layer to change 

character and begin to form a tissue or part of an organ- underlines the importance of 

bringing the germ layers into the right position during gastrulation. 

14. The process of Neurulation- a special event in organogenesis that sets aside the 

cells for and forms the rudiments of the entire nervous system. 

(Make sure you can describe the events involved in neurulation) 

15. By the end of gastrulation and neurulation, the embryo has elongated with a head 

end and a tail end and has an internalised neural tube running along the dorsal 

midline. In the head region this will form the brain chambers and elsewhere the 

spinal chord. 

16. The somites are mesoderm cells that form into blocks on either side of the neural 

tube- transitory structures that later dissociate to form different cell types including 

the muscle blocks and the vertebrae 

17. In the chick, organogenesis proceeds much as it does in the frog but appears 

different because the chick embryo is flat and the frog round. 

18. The processes that form the embryo (cleavage, gastrulation and organogenesis) 

occur as a continuous series of interlinked events- they are not discrete. 

19. The early observation by von Baer that all vertebrate embryos look similar at the 

end of gastrulation and early organogenesis reflects the fact that molecular and 

cellular events that underlie early development are very similar across all animals. 
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How to Measure Growth ? 

• by height / length  

– defect : do not take into account the growth in other dimensions  

• by fresh weight  

– defect : the amount of water always varies  

• by dry weight  

– defect : too destructive (the organisms die)  

– defect : too time consuming  

–  

Measurement of Growth in length of the Main Root using marking ink  

 
Do all parts of the radicle grow during the experiment ? 

Ans: No. Growth occurs only in the region behind the tip. 

Where is the region of maximum growth in the root ? 

Ans: The region of elongation which is located immediately behind the tip. 

 

Growth Patterns in Plants 
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Animal Growth 

• different parts have different growth rate.  

• eg. the brain grows first in baby.  

• eg. the reproductive system grows only at puberty.   See fig. 28.17 

 

 
Fig. 28.17 Human growth curve 
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See YouTube video clip and note the main idea or extra details. 
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Chapter 5: Animal reproduction and development 

Unit 29 How to produce an embryo on dry land 

Sipsang  Sukphol (B.Sc. Biology, M.Ed) 

 

  We started by recapping once again the series of processes involved in the 

formation of an organism; fertilisation, cleavage, gastrulation, neurulation and 

organogenesis, emphasizing that they are not separate isolated events in the embryo 

but a continuous series of overlapping processes. For example gastrulation is not 

fully complete before neurulation and other organogenesis events may start. 

  So you saw that cleavage, gastrulation and organogenesis in vertebrate 

embryos produces a body design that is very similar. See fig. 29.1 

 
Fig. 29.1 

 

But among these organisms two are quite different from the others in the way 

they develop- which ones and why? The chick and mouse are amniotes. 

Reptiles, including birds, and mammals have left an aquatic life and must produce 

their young on dry land. 

  Their eggs and embryos have special characteristics that reflect this- they are 

AMNIOTES 

 

Amniotes 

  The first ancestors of reptiles, birds and mammals shifted from an aquatic 

(fish) or semi aquatic (amphibian) life style to a fully terrestrial one. 

An important task for this to be successful is laying an egg and, nourishing and 

protecting an embryo on dry land. 

   

 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

280 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

 This was achieved through two different innovations in different groups of animals 

  1. Evolution of a protective egg shell on externally layed eggs (reptiles, birds 

and a few mammals (monotremes) or 

  2. Evolution of a uterus and placenta to facilitate internal development inside 

the mother‘s body in mammals. 

Reptiles, including birds, → protective egg shell 

and monotreme mammals 

 

Marsupial and eutherian  →  uterus, placenta and internal 

(placental) mammals   development 

 

 

  By studying these extraembryonic membranes we see similarities in their 

design across all of these animals 

  The group is therefore called after one of the extraembryonic membranes- 

the amnion- ⇒ amniotes. This supports the belief that mammals as well as 

birds and other present-day reptiles evolved from early reptile-like vertebrates 

that left the water ⇒ there was a common ancestor for reptiles and mammals. 

This is an example of how studying the embryo shows us evolutionary connections 

between the species. 
 

Back to organogenesis in the chick 
Notice in Figure 29.2  below that the germ layers extend outside the future body of 

the embryo. These will form the extraembryonic membranes 

 
Fig.29.2 
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There are 4 membranes as shown in Fig 29.3 below (labels boxed in red) 

Amnion- surrounds the embryo, forms fluid filled sac that bathes the embryo. Made 

from ectoderm and mesoderm (notice the colour coding- blue=ectoderm, 

red=mesoderm, yellow=endoderm) 

Chorion: outer membrane- exchanges gasses between embryo and surrounding air. 

O2 and CO2  diffuse freely across the egg shell. 

Yolk sac: encloses the yolk- blood vessels develop in the yolk sac to bring nutrients 

to the embryo. 

Allantois: waste disposal sac- metabolic wastes. Also performs gas exchange. 

 
Fig. 29.3 Chick embryo 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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Chapter 5: Animal reproduction and development 

Unit 30 How mammals develop 

Sipsang  Sukphol (B.Sc. Biology, M.Ed) 

 

Mammalian evolution 

Amphibians → reptiles ~300 million years ago (mya) 

Very few predators on dry land at that time so once architecture of external egg 

evolvedit proved to be a very successful strategy 

→ early reptiles multiplied and diversified leading to a huge number of lineages, 

although some were not successful (e.g. dinosaurs). 

  Then 100 mya, the situation was very different. With multiplication and 

diversification of early reptile species there were then many predators on land which 

meant an external egg became very vulnerable. 

Another evolutionary innovation that was a big advantage at that time was 

endothermy (warm bloodedness)- now enzymes could work much better. Ideally it 

would be best to incubate the embryo as well- 

→ with incubation the incubator parent was also more vulnerable to predation. 

→ and this also reduced the time available to the incubating parent for foraging. 

So scene ripe for a new innovation – viviparity or live birth. 

 

 
The advantages of viviparity 

•Protection 

•Incubation 

•Mother can still hunt, forage and remain active 
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The evolution of viviparity was facilitated by the earlier evolution of the extra-

embryonic membranes- these membranes were ―hijacked‖ for use in the mammal. 

A new structure was needed for success of viviparity- the placenta. 

 
The placenta: 

exchange organ between mother and fetus. 

 

 
 

  The placenta is made up partly from extraembryonic membranes and partly 

from the wall of mother‘s uterus. 

  A huge variety of placental designs have evolved in different mammalian 

species so it is difficult to generalise. Different extraembryonic membranes are used 

to varying degrees in the different designs- some use the chorion (humans)- others 

the yolk sac, allantois, etc. 

 

The big issue with internal development is – 

  how to prevent immune rejection of the embryo? 

Consider that the embryo is like transplanted foreign tissue within the body of 

the mother. The placenta also acts as a barrier for the immune response 

Marsupials avoided the problem of immune rejection by birth of the embryo at a very 

early stage in development and incubation in a pouch – they did not evolve a 

placenta. (The bandicoot has a very simple placenta-like structure- the yolk sac 

attaches onto the uterine wall- but not a true placenta) 

 

Mammalian Development 

Here we followed the sequence of events through fertilization, cleavage, 

implantation, and gastrulation to highlight the special features of mammalian 

development- particularly implantation. 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 

 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

289 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

NOTE 

DATE Lecture note Picture/ reminder 

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

290 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

My Concept  map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Teacher‘s signature: 

 

 

Comment: 

 

 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

291 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

Exercise Biological molecules 
1. The factor being tested in an experiment is the  

A. data.   B. variable.   C. conclusion.  D. observation. 

 

2. A possible explanation for an event that occurs in nature is called a(n)  

A. prediction.  B. hypothesis.  C. observation.  D. analysis of data. 

 

3. Using the information below, what is the correct order for the steps of scientific 

inquiry?  

1. Theory  2. Conclusion  3. Hypothesis  4.Experimentation 

A. 1, 3, 2, 4   B. 3, 4, 1, 2   C. 3, 4, 2, 1   D. 4, 1, 2, 3 

 

4. 1. State a theory. 2. Collect data. 3. Formulate a hypothesis. 4. Experiment.  

Which of the following is the correct order for the scientific method?  

A. 1, 3, 4, 2   B. 1, 4, 2, 3   C. 3, 1, 2, 4   D. 3, 4, 2, 1 

 

5. The part of an experiment that is subjected to all of the procedures except the one 

being tested is called the  

A. data.   B. control.   C. test sample. D. dependent variable. 

 

6. An explanation for observed phenomena that is supported by many experiments is 

called  

A. a theory.   B. a control.   C. homeostasis.  D. an hypothesis. 

 

7. A group of people was used to test the effectiveness of a new toothpaste compared 

to their regular toothpaste.   

Which of the following procedures represents a controlled test?  

A. Have everyone in the group brush with the new toothpaste.  

B. Have everyone brush with both their regular toothpaste and the new toothpaste.  

C. Have half the group brush with the new toothpaste and the other half not brush 

their teeth.  

D. Have half the group brush with the new toothpaste and the other half with their 

regular tooth-paste. 

 

8. The growth rate in most plants increases when water supply is plentiful. A possible 

explanation would be that water is a reactant in photosynthesis. This explanation is 

an example of  

A. a theory.   B. a hypothesis.  C. a conclusion.  D. an observation. 

 

9. The maintenance of the body‘s constant internal environment is termed  

A. synthesis.  B. hydrolysis.  C. replication.  D. homeostasis. 
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10. A role of water in cells of the human body is to  

A. emulsify fats.  B. act as a solvent. C. act as an enzyme. D. denature proteins. 

 

11. A water molecule joins with an adjacent water molecule by forming a(n)  

A. ionic bond.  B. peptide bond.  C. covalent bond.   D. hydrogen bond. 

 

12. Which of the following is necessary for hydrogen bonding?  

A. Peptide bonds.    B. Hydrogen ions.  

C. Polar molecules.   D. Equal sharing of  electrons. 

 

13. The polarity of a water molecule results from  

A. more of the protons being in the hydrogen nucleus.  

B. more of the electrons being near the hydrogen nucleus.  

C. the equal numbers of protons in hydrogen and oxygen.  

D. the unequal sharing of electrons between hydrogen and oxygen. 

 

14. Water molecules are connected to each other by  

A. buffers.   B. hydrolysis.  C. peptide bonds.  D. hydrogen bonds. 

 

15. Water allows chemical reactions in cells to occur because it  

A. acts as a solvent.   B. evaporates readily.  

C. is less dense as a solid.  D. promotes dehydration synthesis. 

 

16. If the pH of a solution changes from 2 to 5, then the solution has  

A. become a base.    B. lost hydrogen ions.   

C. become more acidic.   D. gained hydrogen ions. 

 

17. A substance that prevents large changes in the pH of a solution is  

A. DNA.   B. water.   C. a buffer.   D. an enzyme. 

 

18. Substances that increase the concentration of hydrogen ions in a solution are  

A. acids.   B. bases.   C. enzymes.  D. polar molecules. 

 

19. Blood has a pH that is slightly basic.  A sample of blood containing a buffer is 

treated with a weak acid. Which pH value would result? 

 A. 1.57   B.6.78   C. 7.38   D. 13.21 

 

20. The pH of blood is slightly basic. Which of the following would be the pH of 

blood?  

A. 2.0   B. 6.8   C. 7.4   D. 10.3 
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21. Acids are defined as compounds that dissociate in water to release  

A. chloride ions Cl-  B. calcium ions Ca++  

C. hydrogen ions H+  D. hydroxide  ions OHB 

 

22. Which of the following differences between acids and bases is correct?  

A. Acids are harmful, bases are not.   

B. Acids lower the pH, bases raise the pH.  

C. Acids release amino groups, bases release glycerol.  

D. Acids release hydroxide ions, bases release hydrogen ions. 

 

23. Organisms maintain pH at a constant level through the use of  

A. salts.   B. water.   C. buffers.   D. carbohydrates. 

 

24. The process that joins amino acids together to make enzymes is  

A. oxidation.  B. hydrolysis.  C. denaturation.  D. dehydration synthesis. 

 

25. Which of the following is a unit molecule of hydrolysis?  

A. ADP when it is being converted into ATP.  

B. Cellulose when it is being converted into glucose.  

C. Fatty acids when they are being converted into lipid.  

D. Amino acids when they are being converted into protein. 

 

26. Which of the following is an amino (amine) group? 

 A. NH2   B. OH
–1

   C. PO
4

–3   D. COOH 

 

27. The level of protein structure represented by the alpha-helix shape is  

A. primary.   B. secondary.  C. tertiary.   D. quaternary. 

 

28. The linear sequence of amino acids found in an enzyme is called its  

A. tertiary  structure.   B. primary  structure.  

C. secondary structure.   D.quaternary structure. 

 

29. Proteins may denature when  

A. pH is changed.   B. oxygen is present.  

C. they form enzymes.  D. substrate concentration is increased. 

 

30. When a protein loses its normal three-dimensional configuration, it is said to be 

A. saturated.   B. denatured.  C. neutralized.  D. synthesized. 

 

31. Which of the following is a function of some proteins?  

A. Emulsify fats.    B. Make up genes.   

C. Make up cell walls.   D. Speed up chemical reactions. 
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32. A glucose molecule contains  

A. six carbon atoms.    B. two high-energy phosphates.  

C. three fatty acids and glycerol.  D. a long chain of carbohydrate rings. 

 

33. The building blocks or monomers that make up carbohydrates are  

A. nucleotides.    B. amino acids.  

C. monosaccharides.   D. fatty acids and  glycerol. 

 

34. Which of the following molecules is a carbohydrate?  

A. C3 H7O2N   B. C6H12O6   C. C13H26O2   D. C20H40O2 

 

35. Carbohydrates are composed of  

A. amino acids.    B. nucleic acids.  

C. monosaccharides.   D. glycerol and fatty acids. 

 

36. The unit molecule of a protein is  

A. glucose.   B. glycerol.   C. a fatty acid.  D. an amino acid. 

 

37. Glucose in cells is used primarily  

A. as an energy source.   B. to produce membranes.  

C. to store genetic material.  D. to produce enzymes that catalyze reactions. 

 

38. The breakdown of a disaccharide may produce  

A. glucose.   B. glycerol.   C. fatty acids.  D. amino acids. 

 

39. The bending and folding of a protein molecule would produce a  

A. tertiary structure.   B. primary structure. 

C. secondary structure.   D. linear sequence of amino acids. 

 

40. Which of the following is made up of a long chain of glucose molecules?  

A. DNA.   B. Starch.   C. Pepsin.   D. Phospholipid. 

 

41. The bonding of a glucose molecule and a maltose molecule would result in a  

A. triglyceride.  B. disaccharide.  C. phospholipid.  D. polysaccharide. 

 

42. The hydrolysis of which of the following substances will produce the greatest 

number of glucose molecules? 

 A. Maltose.  B. Sucrose.   C. disaccharide.   D. polysaccharide. 

 

43. The major component of a plant cell wall is a product formed from the 

dehydration synthesis of  

A. fatty acids.  B. nucleotides.  C. amino acids. D. monosaccharides. 
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44. The main difference between cellulose and starch molecules is  

A. the type of linkage between glucose subunits.  

B. that only cellulose contains ribose building blocks.  

C. that only starch is made from glucose building blocks.  

D. the type of monosaccharide used to form these polymers. 

 

45. How many double bonds are there between carbon atoms in a saturated fatty 

acid?  

A. 0    B. 1    C. 2    D. more than 2 

 

46. A characteristic of unsaturated fats is that they  

A. denature as they cool.    

B. are made up of glucose and fructose.  

C. are made up of amino acids and glycerol.  

D. have double bonds in their carbon chains. 

 

47. Which of the following are components of a phospholipid?  

A. cholesterol, glycerol, fatty acids   

B. fatty acids, phosphate group, glycerol  

C. glycerol, amino acids, phosphate group  

D. phosphate group, cholesterol, monosaccharides 

 

48. Compared to saturated fats, unsaturated fats contain less  

A. oxygen.   B. glycerol.   C. hydrogen.  D. fatty acids. 

 

49. A lipid molecule is produced when  

A. fatty acids bond to glycerol.  

B. amino acids bond to glycerol.  

C. monosaccharides bond to glycogen.  

D. dehydration occurs between fatty acids and glycogen. 

 

50. Lipids are composed of  

A. nucleotides.  B. amino acids.   C. monosaccharides.  D. glycerol and fatty acids. 

 

51. The carbon chain of a saturated fatty acid  

A. has no double bonds.     

B. is the basis of the ATP molecule.  

C. forms hydrogen bonds with itself.   

D. has a repeating backbone of sugars and phosphates. 

 

52. An unsaturated fat could be changed into a saturated fat if  

A. peptide bonds were broken.   B. hydrogen atoms were added.  

C. glycerol molecules were added.  D. fatty acid chains were shortened. 
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53. Fatty acids containing double bonds are found in  

A. proteins.    B. saturated lipids.  

C. polysaccharides.  D. unsaturated lipids. 

 

54. Which of the following types of bonding occurs during complementary base 

pairing?  

A. ionic   B. peptide   C. covalent   D. hydrogen 

 

55. Nucleic acids are composed of  

A. glucose   B. enzymes   C. fatty acids  D. nucleotides. 

 

56. Energy released from the breakdown of monosaccharide  in the cytoplasm is 

stored in  

A. ATP.   B. RNA.   C. DNA.   D. ADH. 

 

57. Which of the following is not a part of a nucleotide?  

A. Sugar.   B. Glycerol.  C. Phosphate.  D. Nitrogen base. 

 

58. Which of the following is composed of nucleotides?  

A. Fat.   B. RNA.   C. Starch.   D. Protein. 

 

59. In the human body, steroid molecules can act as  

A. buffers.   B. vacuoles.  C. hormones.  D. coenzymes. 

 

60. Which of the following represents the structure of a nucleotide?  

A. Salt – lipid – base.     

B. Glucose – glucose – glucose.  

C. Phosphate – sugar –nitrogenous base.  

D. Amino acid – amino acid – amino acid. 

 

61. Which of the following disrupts homeostasis?  

A. Positive feedback.   B. Pressure filtration.  

C. Thermoregulation.   D. Cellular respiration. 

 

62. Which of the following is an example of negative feedback?  

A. Flipping a switch turns on a light.  

B. Turning on the lights increases the rate of plant growth.  

C. Turning up a dial on the oven increases the temperature.  

D. The thermostat shuts off the furnace as the room temperature reaches 20 ° C. 

 

63. A substance which helps maintain a constant pH in a solution is a(n)  

A. salt.   B. acid.   C. base.   D. buffer. 
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64. The maintenance of a constant pH of the blood is achieved by  

A. acids.   B. bases.   C. water.   D. buffers. 

 

65. A substance that combines with excess hydrogen or hydroxide ions in a solution 

is called  

A. a salt.   B. a base.   C. an acid.   D. a buffer. 

 

66. The chemical reactions in the small intestine take place in a basic (alkaline) 

environment. Which number indicates this basic pH?  

A. 2.5   B. 4.6   C. 6.9   D. 8.5 

 

67. Some biologically-important molecules dissolve easily in water because the water 

molecule is  

A. polar.  B. organic.   C. saturated.  D. a polymer. 

 

68. Which of the following describes hydrolysis?  

A. Taking up excess hydroxide ions.  

B. Making a polymer by removing water.  

C. Making water by combining an acid and a base.  

D. Adding water to break a polymer into unit molecules. 

 

69. Which substance is produced in every dehydration synthesis reaction?  

A. Fat.   B. Water.   C. Protein.   D. Carbohydrate. 

 

70. Synthesis of protein involves the bonding of amino acids to  

A. glucose.   B. glycerol.   C. peptides.   D. fatty acids. 

 

71. Which of the following is an example of denaturation?  

A. Water freezing.    

B. Sugar dissolving in water.  

C. Egg white forming a solid when  heated.  

D. Butter changing from a solid to a liquid. 

 

72. A radioactive element is sometimes used to trace the pathway of chemical 

reactions in the cell. If newly synthesized proteins are radioactive, the radioactive 

element used could be  

A. sodium.   B. chlorine.   C. nitrogen.   D. potassium. 

 

73. 1. Catalysts.   2. Building blocks of DNA.  

      3. Structural components of cell membrane.  

      4. Main source of energy in cellular respiration.    Proteins act as  

A. 1 and 2.   B. 1 and 3.   C. 2 and 3.   D. 3 and 4. 
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74. What is the ratio of hydrogen to oxygen molecules in a carbohydrate?  

A. 1:1   B. 1:2   C. 2:1  D. 3:1 

 

75. The bonding of unit molecules to produce a polysaccharide is called  

A. hydrolysis.    B. translation.   

C. cellular respiration.   D. dehydration  synthesis. 

 

76. Which of the following is made up of glucose molecules?  

A. Fats.   B. DNA.   C. Proteins.   D. Cellulose. 

 

77. An increase in thyroxin will have which of the following effects?  

A. increased CO 2 production   

B. increased glycogen production  

C. decreased rate of ATP production  

D. decreased rate of glucose metabolism 

 

78. Which of the following is a polymer?  

A. ATP.   B. Glucose.  C. Glycerol.  D. Cellulose. 

 

79. Increased levels of thyroxin in the blood result in decreased levels of TSH.  

This is an example of  

A. diffusion.   

B. active transport. 

C. positive  feedback.  

D. negative feedback. 
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Exercise: The basic unit of life 
1. Two functions of rough endoplasmic reticulum are to  

A. detoxify and transport drugs.  

B. modify and activate hormones.  

C. synthesize and 

transport enzymes.  

D. join with and hydrolyze food vacuoles. 

 

2. In which of the following is the greatest amount of deoxyribonucleic acid (DNA) 

found?  

A. nucleus   B. ribosome  C. nucleolus  D. nuclear envelope 

 

3. Most of the cell membrane is made from  

A. steroids.   B. proteins.   C. phospholipids.  D. polysaccharides. 

 

4. Which organelle contains enzymes that digest old cells?  

A. nucleus   B. ribosome  C. lysosome  D. Golgi body 

 

5. Specialized vacuoles containing molecules that catalyze the hydrolysis of 

macromolecules are  

A. nucleoli.   B. ribosomes.  C. lysosomes.  D. chromosomes. 

 

6. An organelle composed of membranous tubules that synthesize testosterone is the 

A. vacuole.      B. Golgi apparatus.  

C. rough endoplasmic reticulum.  D. smooth endoplasmic reticulum. 

 

7. The most abundant molecules in the cell membrane are  

A. steroids.   B. proteins.   C. phospholipids.   D. carbohydrates. 

 

8. A function of smooth endoplasmic reticulum is to  

A. form ribosomes.   B. synthesize lipids.  

C. store nucleic acid.   D. breakdown carbohydrates. 

 

9. Which of the following contains large amounts of hydrolytic enzymes?  

A. Centriole.  B. Ribosome.  C. Nucleolus.  D. Lysosome. 

 

10. Cells which require large amounts of energy would likely contain relatively high 

numbers of  

A. centrioles.  B. chloroplasts.  C. Golgi bodies.  D.mitochondria. 

 

11. A function of  lysosomes is  

A. synthesis.  B. hydrolysis.  C. replication.  D. respiration. 
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12. One of the components of a cell‘s cytoskeleton is composed of  

A. plastids.   B. cytoplasm.  C. microtubules.  D. chromosomes. 

 

13. Which organelle functions as a storage and packaging site?  

A. Ribosome.  B. Lysosome.  C. Mitochondrion.  D. Golgi apparatus. 

 

14. An organelle composed of a stack of flattened saccules may function to  

A. propel the cell.   B. replicate DNA.   

C. produce glucose.  D. package proteins. 

 

15. A function of  centriole  is involved  

A. propel the cell.   B. replicate DNA.  

C. produce glucose.  D. package  proteins. 

 

16. In which one of the following organelles is light energy used to produce simple 

sugars?  

A. Lysosomes.  B. Chloroplasts.  C. Mitochondria. D.Endoplasmic reticulum. 

 

17. A biologist determined the surface area and volume of four cells: two flat cells 

with the same thickness and two spherical cells.  

Which of the four cells would have the greatest surface area to volume ratio?  

A. The small, flat cell with a volume of 5 microlitres.  

B. The small, spherical cell with a volume of 5 microlitres. 

C. The large, flat cell with a volume of 10 microlitres.  

D. The large, spherical cell with a volume of 10 microlitres. 

 

18. During the metamorphosis from tadpole to frog, which of the following 

organelles would cause the cells of the tail of a tadpole to be broken down 

and digested?  

A. ribosomes  B. lysosomes  C. Golgi bodies  D. endoplasmic reticulum 

 

19. Which of the following organelles is correctly matched with its product?  

A. nucleolus — DNA   B. mitochondria — ATP  

C. Golgi apparatus —lipid  D. smooth endoplasmic reticulum — protein 

 

20. Which of the following organelles breaks down dead cells?  

A. nucleus     B. lysosome   

C. Golgi apparatus   D. rough endoplasmic reticulum 

 

21. For digestion to occur in a vacuole, the vacuole must first fuse with a  

A. nucleus.   B. ribosome.  C. lysosome.  D. Golgi body. 

 

 



 

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

 

301 Biology 1 Worksheets and Instruction for EIS Students by Sipsang Sukphol  

22. Lysosomes can be expected to be present in large numbers in cells which  

A. have cilia.    B. produce centrioles.   

C. are actively dividing.   D. carry out phagocytosis. 

 

23. Which of the following is found in both prokaryotic and eukaryotic cells?  

A. Nucleus.   B. Ribosome.  C. Lysosome.  D. Mitochondrion. 

 

24. Which of the following is a component of both prokaryotic and eukaryotic cells? 

A. Cell wall.  B. Chloroplasts.  C. Golgi bodies.  D.Mitochondria. 

25. Bacteria are prokaryotic cells. Which of the following structures is found in both 

bacteria and plant cells?  

A. Cell wall.  B. Chloroplast.  C.Mitochondrion.  D. Nuclear membrane. 

 

26. During daylight hours, green plants carry on  

A. respiration only.    B. photosynthesis only.  

C. respiration and fermentation.  D. photosynthesis and  respiration. 

 

27. A stack of saccules that prepares secretory vesicles is known as a  

A. plastid.   B. lysosome.  C. nucleolus.  D. Golgi body. 

 

28. Prokaryotic cells are different from eukaryotic cells in that prokaryotic cells lack 

A. cell walls.  B. ribosomes.  C. mitochondria.  D. cell membranes. 

 

29. The cells that make up an organ that is active in producing steroid hormones have 

abundant numbers of which of the following organelles?  

A. Ribosomes and lysosomes.   

B. Chloroplasts and mitochondria.  

C. Nucleoli and rough endoplasmic reticulum.  

D. Smooth endoplasmic reticulum and Golgi bodies. 

 

30. What is the sequence of organelles that a secreted protein would have passed 

through on its journey out of a cell?  

A. Mitochondria, Golgi apparatus, cell membrane.  

B. Cell membrane, mitochondria, Golgi apparatus.  

C. Golgi apparatus, rough endoplasmic reticulum, cell membrane. 

D. Rough endoplasmic reticulum, Golgi apparatus, cell membrane. 
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Exercise   Cell membrane & Transport 
1. Carrier molecules that bring materials into cells are  

A. lipids.    B. proteins.   C. glycogen.  D. phospholipids. 

 

2. The fluid-mosaic membrane model describes the membrane as having a  

A. sheet of protein.   B. phospholipid bilayer.  

C. sugar-phosphate backbone.  D. complementary base template. 

 

3. Molecules in the cell membrane that function as receptors are  

A. proteins.   B. glycerol.   C. cholesterol.  D. phospholipids. 

 

4. Cell membranes are composed mainly of  

A. sugars and phosphates.   B. phospholipids and proteins.  

C. carbohydrates and cellulose.   D. nucleotides and carbohydrates. 

 

5. Which of these substances cannot pass through cell membranes?  

A. Starch.   B. Glycerol.  C. Amino acids.  D. Monosaccharides. 

 

6. Which of the following conditions is required for diffusion to occur?  

A. ATP energy.     B. A living cell.   

C. A concentration difference.   D. A selectively-permeable membrane. 

 

7. The rate of diffusion across the cell membrane is affected by the  

A. temperature and pinocytosis.   

B. temperature and size of the molecule.  

C. membrane structure and phagocytosis.  

D. shape of glycolipids and glycoproteins. 

 

8. Frog eggs placed in an isotonic solution will  

A. burst.   B. shrink.  C. remain the same.  D. increase in volume. 

 

9. When put in a hypotonic environment, an animal cell will  

A. swell.   B. shrink.  C. secrete enzymes.  D. remain unchanged. 

 

10. Which of the following conditions would cause red blood cells to burst?  

A. pH of 7.5.     B. Temperature of 3 °C.  

C. Being placed in distilled water.  D. Being placed in an 11% salt solution. 

 

 

11. The cytoplasmic concentration of solute in a cell is 0.05%. This cell is placed in a 

solution that causes the cell to swell and burst. The solute 

concentration of this solution is  

A. 0.005%   B. 0.05%   C. 0.5%   D. 5.0% 
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12. In an experiment, frog‘s eggs were placed in a salt solution. After several hours 

their mass increased significantly. We can therefore conclude that, 

compared to the frog‘s eggs, the solution was  

A. isotonic.   B. saturated.  C. hypotonic.  D. hypertonic. 

 

13. A cell would tend to gain water if it were moved from  

A. an isotonic solution to a hypotonic solution.  

B. an isotonic solution to a hypertonic solution.  

C. a hypotonic solution to an isotonic solution.  

D. a hypotonic solution to a hypertonic solution. 

 

14. If the solute concentration of solution  

A is greater than solution B, then solution A is said to be  

A. isotonic to solution B.  B. osmotic to solution B.  

C. hypotonic to solution B.  D. hypertonic to solution B. 

 

15. Which of the following moves material against a concentration gradient?  

A. osmosis   B. diffusion    C. active transport  D. facilitated transport 

 

16. Which of the following processes moves molecules using cellular energy?  

A. Osmosis.  B. Diffusion. C. Pinocytosis.   D. Facilitated transport. 

 

17. Which of the following processes would be directly affected by a lack of cellular 

ATP?  

A. Osmosis.  B. Diffusion. C. Active transport.  D.Facilitated transport. 

 

18. Pinocytosis is accomplished by the cell using the  

A. nucleus.   B. cell wall.   C. cytoplasm.  D. cell membrane. 

 

19. The process taking when a cell engulfs larger protein molecules and internalizes 

them in vescicles is  

A. osmosis.   B. exocytosis.  C. phagocytosis. D. facilitated transport 

 

20. How many of the following factors would affect the permeability of the cell 

membrane? • Size of molecules • Lipid solubility of molecules • 

Presence of transport channels • Presence of ATP inside the cell.  

A. One.   B. Two.   C. Three.   D. Four. 

 

21. Which of the following aids the movement of glucose across a cell membrane?  

A. Protein.   B. Phosphate.  C. Glycolipid.  D. Cholesterol. 

 

22. A shortage of available ATP would hinder a cell‘s ability to import  

A. water.   B. protein.   C. oxygen.   D. carbon dioxide. 
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23. Which of the following will be affected directly if the mitochondria in a cell are 

not functioning properly?  

A. Absorption of alcohol by the cell. 

B. The movement of water into and out of the cell.  

C. The movement of oxygen across the cell membrane.  

D. The movement of sugar from a low to a high concentration. 

 

24. A slice of potato placed in distilled water becomes firm after several hours 

because  

A. salt has passed into the potato cells.  

B. cellulose synthesis in the cell wall has been stimulated.  

C. water has passed into the potato cells causing the cells to swell.  

D. water has passed out of the potato cells causing the cells to shrink. 

 

25. Glycogen is not normally found in the blood because  

A. free glucose molecules are stored as starch.  

B. free glucose molecules are converted to amino acids.  

C. glycogen can be structurally incorporated directly into the cell wall.  

D. glycogen molecules are unable to diffuse through the cell membrane. 

 

26. The cell process which uses ATP to bring substances into the cell is  

A. osmosis.   B. diffusion.  C. active transport. D. facilitated transport. 
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Exercise  Enzyme 

 

1. Enzymes function to increase the rate of a metabolic reaction by  

A. denaturing the substrate.   

B. adding energy to the reaction.  

C. decreasing the energy of activation.  

D. increasing the concentration of the reactants. 

 

2. An enzyme speeds up a chemical reaction by  

A. regulating pH.     B. acting as a buffer.  

C. preventing denaturation.   D. lowering the energy of activation. 

 

3. The role of an enzyme in a chemical reaction is to  

A. emulsify fats.     B. prevent denaturation.  

C. speed up the reaction.    D. buffer any acids or bases. 

 

4. Enzymes often  

A. absorb fatty acids.      

B. help in hydrolysis reactions.  

C. serve as a long term source of energy.   

D. serve as the structural framework of cell walls. 

 

5. In the cell, enzymes act as  

A. buffers.     B. catalysts.  C. neurotransmitters.  D. emulsifying agents. 

 

6. Enzymes consist of chains of  

A. fatty acids. B. nucleotides.  C. amino acids.   D. carbohydrates. 

 

7. Compounds that are needed for enzymes to function properly are  

A. buffers.   B. steroids.   C. vitamins.    D. heavy metals. 

 

8. A non-protein molecule that aids the action of an enzyme to which it is loosely 

bound is called a(n)  

A. initiator.     B. coenzyme.   

C. competitive inhibitor.   D. enzyme-substrate complex. 

 

9. The area of an enzyme into which a substrate fits is called the  

A. catalyst.   B. product.   C. active site.  D. activated complex. 

 

10. The molecule that fits into the enzyme‘s active site is the  

A. codon.   B. vitamin.   C. substrate.  D. coenzyme. 
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11. The active site of an enzyme is  

A. formed by the substrate.     

B. altered by heavy metals.  

C. altered by the substrate concentration.   

D. destroyed during its reaction with a substrate. 
 

12. High concentrations of thyroxin in the blood will cause metabolic reactions in a 

cell to  

A. speed up.  B. slow down.  C. stop occurring.  D. remain unchanged. 
 

13. Why would drugs like penicillin destroy bacteria but have no effect on human 

cells?  

A. Human enzymes would be denatured by penicillin.  

B. Bacterial cells would use penicillin as a coenzyme.  

C. Penicillin would fit the active site of bacterial enzymes.  

D. Enzymes in human cells would use penicillin to produce excess energy. 
 

14. Thyroxin treatment can be used to stimulate weight loss in some people with an 

endocrine deficiency. This treatment will  

A. cause a loss of appetite.   

B. increase the metabolic rate.  

C. prevent the conversion of fatty acids to fat.  

D. accelerate the conversion of glucose to glycogen. 
 

15. The pituitary gland secretes a hormone into the bloodstream which stimulates the 

production of thyroxin. In turn, production of thyroxin is 

inhibited by  

A. the effect of thyroxin on the adrenal gland.  

B. the effect of thyroxin on the pituitary gland.  

C. decreasing the amount of calcium in the diet.  

D. increasing the amount of iodine in the blood. 
 

16. The tertiary structure of an enzyme is  

A. its helical orientation in space. 

B. its three-dimensional, globular shape.  

C. the particular sequence of amino acids.  

D. the arrangement of several proteins to create a functional unit. 

 

17. A reaction catalyzed by a human enzyme was carried out at 20ºC. If there is an 

excess of substrate, which of the following would cause the 

greatest increase in the rate of the reaction?  

A. Lowering the temperature to 10ºC.  

B. Adding more enzyme and raising the temperature to 30ºC. 

C. Adding more substrate and raising the temperature to 30ºC.  

D. Adding more enzyme and lowering the temperature to 10ºC. 
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Exercise   Digestion & Human Organization 
 

1. Tissue lining the esophagus is  

A. nervous.   B. muscular.  C. epithelial.  D. connective. 

 

2. Which of the following is a connective tissue?  

A. Skin.   B. Brain.   C. Blood.   D. Muscle. 

 

3. Similar cells which are joined together form  

A. a tissue.   B. an organ.   C. cytoplasm.  D. an organ system. 

 

4. Tissues that hold structures together and provide support and protection are  

A. nerve tissues.    B. epithelial tissues.   

C. epidermis tissues.  D. connective tissues. 

 

5. 1. Organ   2. Cell  3. Organ system  4. Tissue 

From left to right, the sequence that represents increasing complexity is  

A. 1, 3, 2, 4   B. 2, 1, 3, 4   C. 2, 4, 1, 3   D. 2, 4, 3, 1 

 

6. Blood is a type of  

A. nervous tissue.   B. epithelial tissue.  

C. muscular tissue.  D. connective tissue. 
 

7. Digestion is defined as the process whereby  

A. glucose is converted to glycogen.  

B. carbon dioxide is reduced to carbohydrate.  

C. proteins are absorbed into the bloodstream.  

D. food is chemically and physically broken down. 
 

8. Which of the following describes peristalsis?  

A. the physical breakdown of fats    B. production of vitamins by E. coli  

C. release of enzymes by the pancreas  D. muscle contractions of the digestive tract 
 

9. A patient complains of a burning sensation in the chest. This was found to be 

caused by gastric juice in the esophagus. The structure most likely 

not functioning properly is the 

 A. pharynx.  B. epiglottis.  C. pyloric sphincter.  D. cardiac sphincter. 
 

10. Chewing food aids digestion by  

A. stimulating the release of bile.   

B. increasing the surface area of the food.  

C. breaking up large protein molecules into peptides.  

D. completing the chemical breakdown of carbohydrates. 
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11. The purpose of physical digestion is to  

A. hydrolyze large molecules.   B. increase the amount of feces.  

C. increase the surface area of food.  D. slow the action of digestive enzymes. 

 

12. The purpose of physical digestion is to  

A. hydrolyze large molecules.   B. increase the amount of feces.  

C. increase the surface area of food.  D.slow the action of digestive enzymes. 

 

13. Which of the following structures prevents food from entering the trachea?  

A. Larynx.   B. Pharynx.   C. Epiglottis.  D. Cardiac sphincter. 

 

14. The part of the digestive tract where starch first undergoes chemical digestion is 

the  

A. mouth.   B. stomach.   C. large intestine.  D. small intestine. 

 

15. Saliva contains an enzyme that partially digests  

A. fat.   B. starch.   C. protein.   D. nucleic acids. 

 

16. Eating which of the following would slow the rate of chemical digestion in the 

mouth?  

A. Cheese.   B. Ice cream.  C. Potato chips.  D. Bread with butter. 

 

17. Which of the following is required to convert pepsinogen into pepsin?  

A. Mucus secretions.   B. Hydrochloric acid.  

C. Sodium bicarbonate.   D.Lipid in the stomach. 

 

18. A role of hydrochloric acid in the stomach is to  

A. kill bacteria.  B. hydrolyze fat.  C. digest protein.  D. activate trypsin. 

 

19. Sodium bicarbonate ( NaHCO3 ) in pancreatic juice  

A. emulsifies fats.     B. activates pepsin.  

C. neutralizes acid chyme.   D. stimulates the release of  insulin. 
 

20. Which of the following would inhibit trypsin‘s ability to form an enzyme-

substrate complex?  

A. pH of 3.       B. Temperature of 3
O
C. 

C. Increased bile production.   D. Decreased numbers of villi. 
 

21. Which of the following is not a function of pancreatic juice?  

A. Raising pH.    B. Emulsifying.  

C. Starch digestion.   D. Protein digestion. 
 

22. Which of the following is a function of pancreatic juice?  

A. lowering pH.  B. Emulsifying.  C. fat digestion.  D. Protein absorption. 
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23. If sodium bicarbonate (NaHCO3 ) is not released as part of the pancreatic juice, 

the pH of the  

A. stomach will remain basic.  

B. pancreas will become acidic.  

C. large intestine will become basic.  

D. small intestine will remain acidic. 

 

24. Pancreatic juices are  

A. basic.     B. acidic.  

C. the source of secretin.   D. unnecessary for the digestion of fat. 

 

25. The chemical digestion of fats is a result of the release of secretions from the 

A. pancreas.    B. gall bladder.  

C. small intestine.    D. salivary glands. 

 

26. Trypsin functions best in which of the following conditions?  

A. basic   B. acidic   C. neutral   D. low pH 

 

27. Which organ has a large surface area and has special adaptations for the 

absorption of fats?  

A. mouth   B. stomach   C. esophagus  D. small intestine 

 

28. Peristalsis in the esophagus  

A. moves food to the stomach.   B. opens the pyloric sphincter.  

C. activates the salivary glands.  D. causes the secretion of pepsinogen. 

 

29. The function of the pyloric sphincter is to prevent the backflow of material from 

the  

A. esophagus to the mouth.   B. duodenum to the stomach.  

C. stomach to the esophagus.   D. colon to the small intestine. 

 

30. A function of the small intestine is to  

A. secrete bile.    B. filter wastes.  

C. make vitamins.    D. absorb nutrients. 

 

31. Which of the following enzymes is correctly matched with its site of production?  

A. Pepsin – liver.    B. Lipase – stomach.  

C. Amylase – pancreas.  D. Trypsin – salivary glands. 

 

32. The enzyme amylase is produced by which organs?  

A. Liver and duodenum.   B. Duodenum and pancreas.  

C. Salivary glands and liver.  D.Pancreas and salivary glands. 
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33. Which pair of enzymes have similar substrates?  

A. Pepsin and trypsin.   B. Pepsin and maltase.  

C. Amylase and lipase.   D. Maltase and peptidase. 

 

34. Which of the following carries out chemical digestion?  

A. Insulin.   B. Gastrin.   C. Trypsin.   D. Secretin. 

 

35. An example of absorption is the  

A. movement of food by peristalsis.  

B. active transport of glucose into a villus.  

C. hydrolysis of a peptide into amino acids.  

D. release of secretin in the presence of HCl. 

 

36. Which of the following is an example of physical digestion?  

A. Hydrolysis.    B. Release of gastrin.   

C. Churning in the stomach.  D. Action of  lipase in the small intestine. 

 

37. The presence of large numbers of mitochondria in the cells lining the small 

intestine allows it to  

A. release HCl.  B. produce bile. C. absorb glucose.  D. synthesize vitamins. 

 

38. Which of the following enzymes is correctly matched with its source?  

A. Amylase – stomach.   B. Peptidase – pancreas.  

C. Trypsin – small intestine.  D. Maltase – small intestine. 

 

39. Structures of the small intestine that aid in the absorption of nutrients include  

A. villi.   B. cilia.   C. E. Coli  D. sphincters. 

 

40. High levels of toxins in the blood may indicate a problem with the function of the 

A. liver.   B. stomach.   C. pancreas.  D. small intestine. 

 

41. The liver plays vital roles in all of the following systems except the  

A. nervous system.   B. digestive system.  

C. excretory system.   D. circulatory  system. 

 

42. Vitamins and amino acids are produced in the large intestine by  

A. feces.  B. bacteria.    C. the cells of the villi.  D. the reabsorption of water. 

 

43. A function of the liver is to  

A. produce glucagon.      

B. break down blood cells.  

C. regulate sodium and potassium levels.   

D. secrete enzymes into the small intestine. 
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44. Products of the liver include  

A. pepsin, gastrin and bile.   B. bile, proteases and urea.  

C. bile, urea and blood proteins.   D. proteases, amylases and lipase. 

 

45. If a person‘s liver fails, which process listed below would stop?  

A. Digestion of proteins.    

B. Destruction of red blood cells.  

C. Storage of starch between meals.  

D. Reabsorption of water from the digestive tract. 

 

46. The emulsification of fats is a result of the release of secretions from the  

A. pancreas.   B. gall bladder.  

C. small intestine.   D. salivary glands. 

 

47. The emulsification of fat is carried out by  

A. bile.    B. lipase.   C. pepsin.  D. bicarbonate ions. 

 

48. Bile causes the emulsification of  

A. lipids.    B. proteins.   C. nucleic acids.  D. carbohydrates. 

 

49. People who have their gall bladder removed have the most difficulty digesting  

A. butter.    B. apples.   C. vitamins.   D. egg whites. 

 

50. The gall bladder functions to  

A. store bile.   B. digest fats.   

C. store urine.   D. release sodium bicarbonate. 

 

51. Emulsification of fat is the function of  

A. bile.    B. lipase.  

C. pepsin.    D. sodium bicarbonate (NaHCO3). 

 

52. Removal of the gall bladder would affect a person‘s ability to digest  

A. lipids.    B. sugars.   C. proteins.  D. carbohydrates. 

 

53. The release of cholecystokinin (CCK) would most likely be triggered after a meal 

of  

A. fruit.    B. meat.   C. bread.   D. lettuce. 

 

54. One function of the lymphatic system is to  

A. deliver oxygen to body tissues.    

B. store fluids during dehydration.  

C. absorb fats from the digestive  system.   

D. carry platelets to sites of vessel injury. 
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55. Lacteals primarily absorb  

A. lipids.   B. proteins.   C. minerals.   D. carbohydrates. 

 

56. Bile is released as a result of  

A. gastrin entering the blood.   

B. sympathetic nerves being stimulated.  

C. the duodenum secreting CCK (cholecystokinin).  

D. the presence of carbohydrates in the digestive tract. 

 

57. Which of the following supports the idea that the secretion of enzymes from the 

pancreas is controlled by hormones?  

A. The sight and smell of food causes the pancreas to secrete enzymes.  

B. If the nerves leading to the pancreas are cut, no enzymes are secreted.  

C. If there is no food in the stomach, the pancreas will not secrete enzymes.  

D. If the nerves leading to the pancreas are cut and weak acid is placed in the 

intestine, the pancreas secretes enzymes. 

 

58. The secretion of cholecystokinin (CCK) will be stimulated by the presence of  

A. polypeptides and glucose.  

B. partially digested protein and fats. 

C. partially digested starch and water.  

D. completely digested carbohydrates and water. 

 

59. What would occur if sodium bicarbonate ions were removed from pancreatic 

juice?  

A. Decreased amounts of bile would be released.  

B. Increased H2O absorption would occur in the colon.  

C. The cells lining the small intestine would be damaged.  

D. Digestion of nutrients in the small intestine would increase. 

 

60. The absorption of water from the digestive tract occurs mainly in the  

A. colon.   B. kidneys.   C. stomach.   D. duodenum. 

 

61. Populations of E. coli are found in the  

A. liver.   B. colon.   C. pancreas.  D. gall bladder. 

 

62. The main source of energy for the body‘s metabolic processes comes from the 

breakdown of  

A. lipids.   B. proteins.   C. nucleic acids.  D.carbohydrates. 

 

63. Which of the following are absorbed into the lymphatic system from the small 

intestine?  

A. Lipids.   B. Nucleotides.  C. Amino acids.  D. Monosaccharides. 
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64. Absorption of most nutrients from the digestive tract occurs in the  

A. liver.   B. stomach.   C. pancreas.  D. small intestine. 

 

65. An example of absorption is the  

A. movement of food by peristalsis.   

B. active transport of glucose into a villus.  

C. hydrolysis of a peptide into  amino acids.  

D. release of secretin in the presence of  HCl. 

 

66. E. coli are beneficial to humans because they  

A. convert pepsinogen to pepsin.  

B. produce vitamins and amino acids.  

C. absorb water from the large intestine.  

D. synthesize urea from the breakdown of amino acids. 

 

67. In humans, the bacteria E. coli are normally found within the  

A. colon.   B. mouth.   C. pancreas.  D. small intestine. 

 

68. • colon • pancreas • gall bladder • small intestine • salivary glands 

How many of the structures above produce enzymes that digest carbohydrates?  

A. two   B. three   C. four   D. five 

 

69. Which organelles are found in greater amounts in a cell that produces enzymes 

for the digestion of starches?  

A. Golgi bodies and nuclei  

B. lysosomes and smooth endoplasmic reticulum  

C. Golgi bodies and rough endoplasmic reticulum  

D. smooth endoplasmic reticulum and mitochondria 

 

70. Which two enzymes break down the same substrate?  

A. trypsin and pepsin    B. pepsin and peptidase  

C. lipase and salivary amylase   D. pancreatic amylase and maltase 

 

71. Increasing the secretion of insulin would have which of the following effects?  

A. decreased blood sugar   B. decreased metabolic rate  

C. increased protein synthesis   D. increased digestion of carbohydrate 

 

72. When salivary amylase enters the stomach, it becomes  

A. basic.   B. buffered.   C. activated.  D. denatured. 

 

73. Which of the following correctly matches a digestive enzyme with its source? A. 

Pepsin / pancreas.     B. Bile / gall bladder.  

C. Trypsin / stomach.   D. Amylase / pancreas. 
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74. Secretions from the salivary glands catalyze which of the following reactions?  

A. protein _ H2O _peptides    

B. peptides _H2O _amino acids  

C.carbohydrates _H2O _maltose  

D. fats _H2O _fatty acids and glycerol 

 

75. Which of the following would prevent maltase from forming an enzyme-substrate 

complex?  

A. pH of 8.5     B. a competitive inhibitor   

C. increased  production of bile   D. an increase in substrate concentration 

 

76. Two glands that are responsible for secreting protein-digesting enzymes are  

A. salivary and gastric.    B. gastric and pancreas.  

C. thyroid and pancreas.    D. intestinal and thyroid. 

 

77. Blood glucose levels are lowered by insulin because it stimulates  

A. gluconeogenesis.     

B. the uptake of glucose by cells.  

C. the conversion of glucose to fatty acids.  

D. the conversion of glucose to amino acids. 

 

78. Amylase is synthesized at the  

A. nucleus.   B. ribosome.  C. lysosome.  D. mitochondrion. 

 

79. The following events take place after eating a protein-rich meal.  

1. The pancreas releases sodium bicarbonate(NaHCO3).  

2. Pepsinogen is converted into pepsin. 

3. Gastrin is released into the bloodstream.  

4. Acid chyme stimulates the release of secretin.  

Place these events in the correct order for digestion. 

A. 3, 2, 4, 1.  B. 3, 4, 2, 1.   C. 4, 2, 3, 1.  D. 2, 4, 1, 3. 

 

80. Difficulty in absorbing glucose could indicate malfunctioning of the  

A. colon.   B. stomach.   C. gall bladder.  D. small intestine. 

 

81. The main source of energy in food is  

A. proteins.   B. vitamins.   C. nucleic acids.  D. carbohydrates. 

 

82. Bread that has been partially digested by saliva tends to have a sweet taste. 

Which enzyme and substrate are involved?  

A. Pepsin and starch.   B.Pepsin and protein.  

C. Amylase and starch.   D. Amylase and protein. 
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83. The digestion of starch is catalyzed by a polymer made up of  

A. fatty acids.  B. nucleotides.  C. amino acids.  D. monosaccharides. 

 

84. In a demonstration, 10 grams of raw meat were suspended in an enzyme solution. 

After several hours the meat was weighed and was found to have 

a mass of 3 grams. The solution most likely contained  

A. bile.   B. pepsin.   C. maltase.   D. amylase. 

 

85. The role of bile during digestion is to  

A. stimulate the release of glycogen.  B. hydrolyze neutral fats into fatty acids.  

C. catalyze the breakdown of  peptides into amino acids.  

D. break fat into droplets thereby increasing surface area. 

 

86. Abnormal liver function in humans affects the digestion of  

A. fats.   B. sugars.   C. proteins.   D. starches. 

 

87. Glucose levels in the blood are lowered by the hormone  

A. insulin.   B. glucagon.  C. oxytocin.  D. cholecystokinin (CCK). 

 

88. Which of the following enzymes is correctly matched with its substrate?  

A. Amylase–fat.  B Lipase–starch.  C. Pepsin–protein. D. Trypsin–glycogen. 

 

89. A piece of stomach wall is grafted into the skin of a mammal. The presence of 

food in the stomach causes this patch of stomach wall on the skin to 

produce gastric juices. This is evidence that the secretion of gastric juice is most 

likely brought about by  

A. peristalsis.   

B. nervous stimulation.  

C.the secretion of a hormone. 

D. mechanical stimulation of the stomach wall 

 

90. Which of the following is a function of insulin?  

A. Initiating the ‗fight or flight‘ response.  

B. Decreasing glucose concentration in the blood.  

C.Increasing the calcium ions concentration in the blood.  

D. Decreasing the sodium ions concentration in the blood 
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Exercise   Reproductive System 
 

1. The duct that is used by both the reproductive and excretory systems in males is 

the  

A. ureter.   B. urethra.   C. renal pelvis.  D. vas deferens. 

 

2. Storage and maturation of sperm occurs in the  

A. epididymis.  B. corpus luteum.  C. seminal vesicle. D. Cowper‘s gland. 

 

3. A function of the interstitial cells of the testes is the  

A. storage of semen.    B. maturation of sperm cells.  

C. production of testosterone.   D.production of seminal fluid. 

 

4. Which of the following store sperm cells and eliminate those that have major 

genetic defects?  

A. Epididymis.     B. Interstitial cells.  

C. Seminal vesicles.    D. Seminiferous tubules. 

 

5. The part of the sperm that contains hydrolytic enzymes is the  

A. tail.   B. nucleus.   C. acrosome.  D. mid-piece. 

 

6. Which of the following is not a function of seminal fluid?  

A. provides a suitable Ph    

B. supplies an energy source  

C. causes the uterus to contract 

D. constricts the urethra during ejaculation 

 

7. The part of a sperm cell containing the greatest number of mitochondria is the  

A. head.   B. flagellum.  C. acrosome.  D. mid-piece. 

 

8. The sperm penetrates the egg by means of enzymes that are found in the  

A. tail.   B. head.   C. acrosome.  D. mid-piece. 

 

9. Which of the following would be affected by removal of the prostate gland?  

A. Urine formation.   B. Motility of sperm.  

C. Sperm maturation.   D. Follicle development. 

 

10. Which part of a mature sperm contains mitochondria?  

A. Tail.   B. Head.   C. Midpiece.  D. Acrosome. 
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11. When sperm is ejaculated, it comes into contact with or passes near each of the 

following structures. Which sequence correctly describes the 

passage of sperm out of the body?  

A. seminiferous tubules à prostate à vas deferens à urethra  

B. seminiferous tubules à vas deferens à urethra àprostate  

C. seminiferous tubules à vas deferens àprostate à urethra  

D. prostate à seminiferous tubules à vas deferens à urethra 

 

12. Spermatogenesis occurs in the  

A. epididymis. B. interstitial cells. C. seminiferous tubules. D. ductus (vas) deferens. 

 

13. Sperms are collected  in the  

A. epididymis. B. prostate gland.    C. interstitial cells.   D. seminiferous tubules. 

 

14. Testosterone is produced in the  

A. epididymis. B. interstitial cells. C. seminal vesicles.   D. seminiferous tubules. 

 

15. When testosterone levels in a man‘s bloodstream decrease,  

A. the hypothalamus shuts down.   

B. more progesterone is secreted.  

C. luteinizing hormone (LH) secretion is increased.  

D. follicle-stimulating hormone (FSH) secretion is blocked. 

 

16. The production of testosterone is regulated by  

A. oxytocin.    B. progesterone.  

C. luteinizing hormone (LH).  D. follicle-stimulating hormone (FSH). 

 

17. Testosterone levels in males are regulated by  

A. aldosterone.    B. progesterone.  

C. luteinizing hormone.   D. follicle stimulating hormone. 

 

18. The function of the endometrium is to  

A. carry the egg to the uterus.   

B. release an egg once a month.  

C. produce hormones for the uterine cycle. 

D. provide nourishment for the developing embryo. 

 

19. Menstruation is the discharge of  

A. a follicle. B. the uterine lining. C. the corpus luteum. D. the cells lining the vagina. 

 

20. A rise in blood levels of FSH at the beginning of the ovarian cycle causes  

A.menopause.     B. the release of the egg.   

C. the maturation of the follicle.  D. the breakdown of the endometrium. 
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21. Low levels of estrogen and progesterone in the blood will result in  

A. fertilization.    B. no ovulation.   

C. menstruation.    D. destruction of the  corpus luteum. 

 

22. Which of the following statements is correct regarding the sequence of events 

during the ovarian and uterine cycles?  

A. Ovulation occurs when progesterone levels decrease.  

B. The endometrium is shed as estrogen levels increase.  

C. As the corpus luteum degenerates, progesterone levels decrease.  

D. When implantation occurs, HCG (human chorionic gonadotropic) hormone levels 

decrease. 

 

23. Which hormone triggers the release of the egg from the developing follicle?  

A. Estrogen.    B. Progesterone.  

C. Luteinizing hormone (LH).  D.Follicle stimulating hormone (FSH). 

 

24. A woman who exhibits male secondary sexual characteristics may have a tumor 

in her  

A. ovary.   B. pancreas.   C. thyroid gland.  D. adrenal  gland. 

 

25. Fertilization of the egg almost always occurs in the  

A. uterus.   B. cervix.   C. ovaries.   D. oviducts. 

 

26. Use the following information to answer the question.  

1. Urethra 2. Epididymis 3. Vagina 4. Oviduct 5. Ductus vas deferens  

Which of the following would be the correct path of a sperm on its way to fertilize an 

egg?  

A. 1, 2, 3, 5, 4  B. 1, 3, 4, 5, 2  C. 2, 1, 3, 4, 5  D. 2, 5, 1, 3, 4 

 

27. Which of the following, if present in urine samples, would indicate pregnancy? 

A. estrogen      B. progesterone   

C. luteinizing hormone (LH)   D.human chorionic gonadotropin (HCG) 

 

28. The hormone produced as a result of implantation is called  

A. testosterone.      B. luteinizing hormone (LH).  

C. follicle stimulating hormone (FSH). D. human chorionic gonadotropic 

hormone (HCG). 

 

29. The carbon dioxide produced by a developing fetus is removed by the  

A. cervix.   B. placenta.   C. oviducts.   D. corpus luteum. 
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30. Positive feedback controls the secretion of which of the following hormones?  

A. Oxytocin.      B. Calcitonin.   

C. Antidiuretic hormone.   D. Growth hormone (GH). 

 

31. The presence of human chorionic gonadotropin (HCG) in a woman‘s urine 

indicates that she  

A. is pregnant.    B. has just ovulated.   

C. is about to  menstruate.  D. has decreased estrogen levels. 

 

32. Most birth-control pills work by preventing egg maturation. These pills contain 

which of the following hormones?  

A. estrogen     B. testosterone 

C. luteinizing hormone (LH)  D. follicle-stimulating hormone (FSH) 

 

33. Increased secretion of FSH (follicle-stimulating hormone) will result in increased 

production of  

A. sperm.    

B. progesterone.   

C. seminal fluid.  

D.human chorionic gonadotropin (HCG). 

 

34. The site of testosterone production in the cytoplasm of an interstitial cell is the  

A. lysosome.     B. mitochondrion.  

C. rough endoplasmic reticulum.  D. smooth endoplasmic reticulum. 

 

35. Testosterone is produced in the  

A. epididymis.    B. interstitial cells.  

C. seminal vesicles.   D. seminiferous tubules. 

 

36. Which of the following hormones is controlled by positive feedback?  

A. Oxytocin.    B. Testosterone.  

C. Progesterone.    D. Follicle-stimulating  hormone (FSH). 

 

37. Which of the following hormones does not promote homeostasis?  

A. Insulin.     B. Oxytocin.   

C. Calcitonin.    D. Antidiuretic hormone (ADH). 
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GLYCOLYSIS AND FERMENTATION 

VOCABULARY REVIEW Define the following terms. 

 1. cellular respiration  _______________________________________   

 _______________________________________________________  

 2. glycolysis  ______________________________________________  

 _______________________________________________________  

 3. lactic acid fermentation  ____________________________________  

 _______________________________________________________  

 4. alcoholic fermentation  ____________________________________  

 _______________________________________________________  

MULTIPLE CHOICE Write the correct letter in the blank. 

 ____  1. Glycolysis takes place 

 a. in the cytosol. c. only if oxygen is present. 

b. in the mitochondria. d. only if oxygen is absent. 

 ____  2. During glycolysis, glucose is 

 a. produced from two moleculesc. partially broken down and some of 

pyruvic acid.  of its stored energy is released. 

b. converted into two d. partially broken down and its molecules 

of ATP.  stored  energy is increased. 

 ____  3. Both lactic acid fermentation and alcoholic fermentation produce 

 a. a two-carbon molecule from ac. ATP from ADP and phosphate. 

  six-carbon molecule.  

b. CO2 from a three-carbon  d. NAD
+
 from NADH and H

+
. 

  molecule.  

 ____  4. The efficiency of glycolysis is approximately 

 a. 0.2%. b. 2%. c. 20%. d. 200%. 

 ____  5. The anaerobic pathways provide enough energy to meet all of the energy 

needs of 

 a. all organisms. c. many unicellular and some multi  

    cellular organisms. 

b. all unicellular and most d. no organisms. 

  multi-cellular organisms.  
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SHORT ANSWER Answer the questions in the space provided. 

1.Why are the fermentation pathways referred to as ―anaerobic‖ pathways?   

 _______________________________________________________  

 2. What are the energy-containing products of glycolysis?  __________  

 _______________________________________________________  

 3. Of what importance are lactic acid fermentation and alcoholic fermentation to the 

cells that use these pathways?  _______________________________  

 _______________________________________________________  

 4. Critical Thinking The vitamin niacin is an essential component of NAD
+
. Niacin 

can be consumed in food or manufactured in the body from tryptophan, an amino 

acid. How would a person‘s ability to break down glucose through glycolysis be 

affected if the person‘s diet were deficient in both 

  niacin and tryptophan? Explain your answer.  ___________________  

 _______________________________________________________  

 _______________________________________________________  

STRUCTURES AND FUNCTIONS The diagram below depicts the stages of 

fermentation. Complete the diagram by writing the names of the pathways in 

the ovals and the names of the molecules in the boxes. 
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AEROBIC RESPIRATION 

VOCABULARY REVIEW Define the following terms. 

 1. aerobic respiration  ________________________________________  

 _______________________________________________________  

 2. mitochondrial matrix  ______________________________________  

 _______________________________________________________  

 3. Krebs cycle  _____________________________________________  

 _______________________________________________________  

 4. FAD  __________________________________________________  

 _______________________________________________________  

MULTIPLE CHOICE Write the correct letter in the blank. 

 ____  1. The breakdown product of glucose that diffuses into the mitochondrial 

matrix for further breakdown is 

 a. acetyl CoA. b. pyruvic acid. c. oxaloacetic acid. d. citric acid. 

 ____  2. The starting substance of the Krebs cycle, which is regenerated at the end 

of the cycle, is 

 a. acetyl CoA. b. pyruvic acid. c. oxaloacetic acid. d. citric acid. 

 ____  3. The Krebs cycle 

 a. produces two molecules c. produces NAD
+
 from NADH of CO2. 

 and H
+
. 

b. produces a six-carbon d. generates most of the ATP molecule 

from   produced in aerobic respiration. 

  six molecules of CO2.   

 ____  4. The electron transport chain of aerobic respiration 

 a. generates O2 from H2O. 

b. produces NADH by chemiosmosis. 

 c. pumps electrons into the mitochondrial matrix. 

d. pumps protons into the space between the inner and outer mitochondrial 

membranes. 

 ____  5. The maximum efficiency of aerobic respiration is approximately 

 a. 0.39%. b. 3.9%. c. 39%. d. 390%. 
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SHORT ANSWER Answer the questions in the space provided. 

 1. In the Krebs cycle, what molecule acquires most of the energy that is released by 

the oxidation of acetyl CoA, and how many of these molecules are produced 

during each turn of the cycle? 

 _______________________________________________________  

 2. Which reactions of aerobic respiration occur in the inner mitochondrial 

membrane? 

 _______________________________________________________  

 3. Write the equation for the complete oxidation of glucose in aerobic respiration. 

 _______________________________________________________  

 4. Critical Thinking How is the structure of a mitochondrion well adapted for the 

activities it carries out?  ____________________________________  

 _______________________________________________________  

 _______________________________________________________  

 _______________________________________________________  

 _______________________________________________________  

STRUCTURES AND FUNCTIONS Use the diagram to answer the following 

questions. 

The diagram below summarizes the electron transport chain and chemiosmosis in 

aerobic respiration. Label the substances that are transported along the arrows 

labeled a–d in the spaces provided. Label the reactants or products that are 

represented by e–g in the spaces provided. 
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Extra Assignment/ Memo. 1 
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Extra Assignment/ Memo. 2 
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Extra Assignment/ Memo. 3 
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Extra Assignment/ Memo. 4 
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