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Dear Students,

Welcome to biology 203.  Biology 203 is a challenging course.  If you do not have a strong science background, it is strongly recommended that you take biology 101 and 102 first.  The biology faculty and staff are committed to providing you with the tools that you will need to succeed in your upper division courses as well as your post-graduate pursuits.  The labs meet once a week for 3 hours.  To help you succeed, try the following suggestions:

1. Attend labs. “I was not here for lab” is not an excuse for not knowing what was covered in lab.  If you have to miss a lab, you should make an arrangement with your lab instructor to attend another lab that week.  Due to the nature of our labs, you may or may NOT be able to make up the lab.  
2. Come to labs prepared.  Expect to have a lab quiz every time you have lab.
3. Prepare for the lab by reading the lab manual and lecture material before the lab starts.
4. Ask questions.  Do not wait until the last minute to approach your instructor if you are having difficulties.  
5. Participate mentally and physically in lab.  Do no+t leave all the work to your lab partners.  
6. Bring your lab manual and your two required lab texts to class.
7. Keep a detailed lab notebook.
8. Know when assignments and reports are due without having to be reminded.
9. Follow directions provided to you for lab reports and assignments.
10. Follow lab safety procedures including wearing covered shoes, lab coats and safety glasses with no eating and drinking of beverages in the lab.
Remember, the knowledge you will take away from your courses is directly proportional to what you put into your courses so keep a positive attitude and work hard!  We wish you a fun and exciting semester ahead!

Sincerely,

Biology faculty 
Course Syllabus and Outlines
“The beginning is the most important part of the work.”  - Plato

Text
1. Wachtmeister, H.F. & Scott, L.J. (2006) 7th ed.  Encounters with Life:  General Biology Laboratory Manual.  Englewood:  Morton Publishing.

2. Van De Graaff, K.M. & Crawley, J.L. (2005) 5th ed.  A Photographic Atlas for Biology Laboratory.  Englewood:  Morton Publishing.

Course description
Biology 203L is a 1 semester credit introductory biological science laboratory for those students enrolled in biology 203 – Cellular and Organismic Biology.  This laboratory course is for students desiring advanced studies in the sciences, e.g. biology, forensic science, medicine, dentistry, environmental health, and other areas.  

Goals of the course
The course is designed to full fill the following goals:

1. To present principle methods and techniques coupled with appropriate instruments utilized in the study of cells and organisms;

2. To allow investigation and problem solving by manipulative and experimental methodology including preparation of written laboratory reports;
3. To learn applications of principles and concepts in lecture.
4. To work collaboratively in order to accomplish a common goal, i.e., lab experiment; and
5. To learn the structure and function of organs and systems by observation, microscopic viewing, and dissection.
Objectives for students
1. To identify and use specific biological equipment.
2. To understand and apply scientific methods.
3. To identify parts of a scientific laboratory report.
4. To develop an appreciation of working collaboratively in groups.
5. To identify and classify organisms from the major domains, kingdoms and phyla.
Laboratory preparation, outline, and attendance

1. Preparation of laboratory assignments listed on the lab outline and presented in lab handouts are essential in successful completion of the laboratory and safety of your fellow students.

2. Handouts in the laboratory outline refer to assignments not in the lab manual.  Lab handouts may be given to students prior to the laboratory exercise and include procedures and instructions for the laboratory.

3. Attendance for the laboratory is mandatory.  Laboratory absences must be documented by valid excuses, such as a physician’s excuse.  Grade penalties will be imposed for unexcused absences by the instructor.

Course Outline

	Week
	Date
	Topic
	Additional Readings*
	Due

	1
	8/28-8/31
	Lab 1: Introduction and Microscopy
	Ex 1 and Ex 2
	

	2
	9/4-9/7
	Lab 2: Scientific Method (homework)
	Ex 1
	

	3
	9/11-9/14
	Lab 3: Qualitative Chemical Tests
	Ex 3
	Microbial growth
Exercise 

	4
	9/18-9/21
	Lab 4: Paiko Fringing Reef Field Trip
	
	

	5
	9/25-9/28
	Lab 5: Quantitative Chemical Tests
	Ex 3
 
	

	6
	10/2-/10/5
	Lab 6: Diffusion and Osmosis (lab report)
	Ex 5 and Ex 21

	

	7
	10/9-10/12
	First lab exam 
	
	Lab notebook

	8
	10/16-10/19
	Lab 7: Histology: Plant and Animal Tissues
	Ex 4, Ex 20, and Ex 27 
	Osmosis lab report

	9
	10/23-10/26
	Lab 8: Enzyme Kinetics (lab report)
	Ex 6
	

	10
	10/30-11/2
	Lab 9: Photosynthesis
	Ex 8
	

	11
	11/6-11/9
	Lab 10: Mitosis and Meiosis
	Ex 9 
	Enzyme lab report

	12
	11/13-11/16
	Lab 11: Mendelian Genetics
	Ex 10 
	

	13
	11/20-11/21
	Lab 12: Open Lab (Thanksgiving Week)
	
	

	14
	11/27-11/30
	Lab 13: DNA Extraction and Electrophoresis
	Ex 11
	

	15
	12/4-12/7
	Second lab exam
	
	Lab notebook


* From Encounters with Life biology lab manual
Grading

You will get receive two separate grades for the lecture and lab portion of this class.  Your lab grade is based on your performance on the homework assignment, quizzes, two lab exams, and your lab notebook.  The weight distribution of each requirement and number of quizzes given will depend on your instructor.  A handout/syllabus may be given out by your instructor at the beginning of the class. 
Assignments
There will be in-class assignments and homework assignments that must be completed.

Quizzes
Announced and unannounced quizzes may be given in the lab.  Quizzes may be on the previous week’s material as well as the material that will be covered for that day.  If you miss a lab (excused or unexcused) you will not be able to make up the quiz and you will receive a zero for that quiz.  

Lab exams

1. There will be two lab exams this semester, which usually run for about one to two hours.  Due to the station nature of the exams, early and late exams are not given.

2. The exams usually contain a station part as well as a non-station part.  Students are allowed 1-2 minutes at each station.  Students may return to the station after everyone has rotated though.
3. Exams may contain microscope slides, preserved and fresh specimens, dissections, lab instruments and their use, field trip observations, and questions on lab handouts.
Laboratory notebook
1. All students will be required to maintain a bound laboratory notebook into which ALL laboratory information and data is to be entered.  Lab notebooks will be graded twice a semester.  Spiral notebooks and three-hole folder loose paper are not acceptable.  Handouts you want to include in the lab notebook must be taped or stapled in the notebook 
2. Please follow the format of lab notebooks, which are provided for you as follows.  

3. Notebooks are due at the time of the lab exams.  Notebooks that are one day late will be penalized by one grade level.  No credit will be given for lateness beyond one day.  This is the Biology Discipline policy on late notebooks and papers.
4. Grading of notebooks is based on 1) organization-inclusion of all assigned works, table of contents (page number, lab title, date), proper labeling and identification of structures and specimens in drawings (i.e. figure number, title, magnification, etc), and completeness of data collected and 2) interpretation observations in exercises, completeness/correct answers to questions asked, conclusions drawn, summary, and error analysis.

Format for lab notebook
1. A table of contents is required on the first page of your notebook and includes date, topic, and page numbers in the lab book.
2. Number the pages in your lab book if it is unnumbered.  
3. All observations, data, calculations, lab notes, and lab related materials must be entered directly into the notebook.  It should be neat, legible and organized.
4. Make all your drawings with a pencil for two reasons: you can erase pencil and it is easier to shade in areas with pencils.  Drawings in pen are discouraged.  Drawings are mandatory with identification of structures, organisms, and total magnification.  Specific characteristics differentiating the specimen from others should be noted for later use, i.e., studying for identification questions on exams.
5. Since recopying of notes is discouraged, notebooks should be presentable with information completed to the current lab period.  

Lab notebook recording hints

1. Record everything and anything in the beginning.  With time and experience you will learn what, how, and why to record information with your own shorthand that will allow greater freedom in recording and interpreting.

2. Immediately after obtaining data and completing observations, review and organize them.  Remember that time is the ally of forgetfulness.

3. Use writing materials that are waterproof and streak proof.

4. Do not depend on the “other person” to take your notes, especially when working in group experiments and exercises or field trips.

5. Lab handouts, review articles, supplemental information and completed lab reports can be affixed to your notebook.  References used should definitely include names of authors, title, year volume, and page numbers.

6. Take copious notes when the instructor presents information related to the experiment at the beginning of the lab period.  Lab exam questions and significant information for successful lab exercises are often contained in the beginning briefing.
7. Write conclusions of experiments in your lab notebook.   
Example: “It seems that our experiment worked.  We got 4 different results in the end.  Light blue, green, dark blue, and turq.”
Better: “The TLC experiment appeared to be a success as indicated by the four pigments that appeared on the TLC plate.”

Conclusion:  “I learned a lot from the lab.”
Better:  “Part 2 of the lab showed the relationship between light and the first phase of photosynthesis.  Without light and chloroplasts, the light phase of photosynthesis can not proceed.  The DCIP dye was used as a substitute for NADP+.  It carries out the same function of accepting hydrogen atoms and electrons and becomes clear as it becomes reduced…”
Lab report 
When you write a lab report, keep in mind that a person should be able to understand the entire experiment including the purpose, methods, data and conclusion even if one did not perform the experiment.  A formal lab report will include the following components:

1. Title:  A title explains to the reader what the report contains.  A title should not be so general that it does not specify what the experiment is, i.e., “oxygen consumption.”  Neither should the title be so long that it tells everything, i.e., “Osmosis using dialysis bags containing 0.5 M sucrose solution placed in isotonic, hypertonic, and hypotonic solutions with iodine…”  It should sound professional (versus “A day in the life of an enzyme”).  Be creative and imaginative to attract the interest of the reader.  Do not use the title on the laboratory handout or from the laboratory text.
2. Abstract:  An abstract is a brief, one-paragraph summary of the purpose and results of the experiment, usually no longer than 250 words.  It precedes the introduction with single spacing and is indented more than indentation for a paragraph.  
3. Introduction: This portion includes a full discussion of the objectives of the experiment.  A literature review becomes important here.  It also includes the biological concepts or principles on which the experiment is based and what is expected in the experiment (i.e. hypothesis).  Include a brief review of evidence from previous experiments or known information from previous testing whenever possible.
4. Hypothesis: Use a sentence stating the expected outcome such as “higher incubation temperature increases enzymatic activity”.
5. Methods and materials: Methods, techniques, equipment/supplies used are included in this portion.  If calculations are involved, formulas for calculation should also be included.  Items such as lab coats, goggles, and gloves should not be included. One must include a description of the control and why such a control was utilized and explanations of deviations from original procedures.  The student can include a statement for lab reports stating, “Methods and materials were as described in lab exercise # or title.”  One must still include requirements for the control and deviations from original procedures.   
6. Results:  Present your experimental data in this section in the form of numbers in tables or graphs. When using tables, make sure you include table title, variable titles, and units.  In the following example, “Table 1. Temperature and glucose production” is the table title. “Temperature” and “Glucose” are variable titles.  “(C” and “%” are units.  
Table 1 Temperature and glucose production
	Temperature, (C
	Glucose, %

	10
	0

	20
	0.5

	30
	1

	40
	2

	50
	0.5

	60
	0


When using a graph to present your data, include figure title, labels and units for both x and y axes, and legends presenting each test if there is more than one testing.  In the following graph, “Figure 1  Temperature and glucose production” is the graph title.  “Temperature, (C” and “Glucose, %” are the labels and units for the x and y axes, respectively.  There is no legend in this graph because there is only one testing.  You should learn to use excel or other graphic software to plot your graphs.
Figure 1 Temperature and glucose production
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7. Discussion: This is the most important part of a lab report.  This portion discusses and explains the results of the research.  It includes:
a. A thorough discussion of the results of the experiment.  You will make reference to your figures and/or graphs.

b. A comparison of the results to the theoretical principles and what was expected.

c. Error analysis or plausible reasons for deviations.

d. Concentrate on errors of experimental design and instrumentation.  Do not rely solely on technique errors, i.e., “the investigator titrated the wrong volume or did not obtain the correct weight.”  Answers to questions asked by experiment should be incorporated into this section, 

e. Discuss whether your experiment results agree with or reject the hypothesis.
8. Conclusion:  An optional portion in which the investigator assesses the experiment by listing in short sentences the results.  Individual instructors may not require this portion.
9. References:  A part of the report that cites the works of others including websites and journal articles used in the report.  You must cite works of others even if direct quotes were not used or you are guilty of plagiarism.  If direct quotes are used, follow Standard English procedures.  Use American Psychology Association format.

Procedures

1. All lab reports are to be word processed, double-spaced, with proper page margins.  Handwritten reports are not acceptable.
2. Turn in your reports on time as listed on the syllabus unless otherwise provided by your instructor.  Late reports will be penalized according to biology discipline policy.  Late reports within 24 hours of the due date are penalized by a lowering of one grade level.  Late reports beyond 24 hours of the due date are not accepted.  It is your responsibility to ensure that the paper is received by your instructor.
3. Two references, other than the laboratory handout, text, and lab manual are required and are normally used in the introduction and discussion section.  Please do not use tertiary references, encyclopedias and dictionaries including wikepedia.
4. There is no fixed length for a lab report.  However, a typical report contains 5 to 10 pages, including title page & reference page, and is double-spaced (except for the abstract).  It should not exceed 15 pages.  The font should be 12 points for the body of the report.
5. Grading of papers is based on use of proper format and procedures, organization, and interpretation.
6. Sometimes it is required that data from the entire laboratory section be pooled or used, it is your responsibility to obtain the results from other students or groups. 
7. Please refer to “Checklist for Grading Essays and Research Papers” on the following page.  This checklist may be used by your instructor when grading your essays and research papers.
Class standing, office hours, and extra help
1. Students may obtain their grades at any time during the semester by consulting with the instructor.  Please make an appointment with your instructor.  Students receiving a D or F grades may receive deficiency notices.  It is mandatory that students receiving deficiency notices make an appointment to see the instructor.
2. Office hours are listed on the instructor’s office doors. The instructors are also available by appointment.
3. Tutoring services are available through the Chaminade University Learning Center.  The Biology Discipline may provide upper division students majoring in biology as tutors.  Please contact the instructor regarding availability of tutoring services.
4. The following is a general checklist used by instructors in grading.  There may be additional items listed per individual instructor.
CHECKLIST FOR GRADING ESSAYS AND RESEARCH PAPER

	Student:
	
	Points/grade:
	


	Good points
	
	Needs improvement
	

	Theme/focus is clearly stated  
	
	Needs clearer theme/focus   
	

	Theme is well-developed   
	
	Needs deeper analysis   
	

	Specific examples are given  
	
	Give more evidence based research  
	

	Acceptable interpretations  
	
	Missing interpretation  
	

	Well-structured/organized   
	
	Rethink organization   
	

	Has a conclusion   
	
	Lacks a conclusion   
	

	Clearly written   
	
	Needs more synthesis  
	

	Well-documented
	
	Needs more sources  
	

	Good command of topic   
	
	Factual/concept errors   
	

	Good synthesis skills   
	
	Poor grammar    
	

	Good use of references  
	
	Multiple spelling errors   
	

	Good presentation of data
	
	Poor subject/verb agreement  
	

	APA format used   
	
	Report format not followed    
	

	Control included
	
	Poor presentation of data (no control)  
	

	
	
	Poor documentation  
	

	
	
	No data analysis   
	

	
	
	
	

	The following components are missing or needs revision:  
	

	Title
	
	Abstract
	

	Hypothesis
	
	Introduction
	

	Methods and materials
	
	Results
	

	Discussion
	
	Conclusion
	

	References
	
	
	


	Instructor
	
	Date
	


Biology Laboratory 

Rules and Regulations

Closed-toe shoes must be worn at ALL times when you are in the lab.  You will NOT be allowed in the laboratory without shoes.  Sandals and open-toed shoes are prohibited in the lab.

Lab coats, goggles and safety glasses must be worn when performing work in the laboratory.  This includes manipulation of both hazardous and non-hazardous chemicals.  

Eating, drinking, and smoking are not permitted in any laboratory or any area where chemicals are being used or stored.  

Do not smell or taste chemicals.
Clean up the work area and wash the lab bench top on completion of an experiment.
No waste shall be disposed down the drain unless otherwise instructed to do so.

No guests or animals will be allowed in the lab.

Long hair must be secured back and off the shoulders, as appropriate.

Ties, scarves, and other loose clothing must be secured.

Wash promptly whenever a chemical has contacted your skin.
There is a safety eyewash, emergency shower, and first aid kit in each lab room.
I have read and agree to the above biology lab rules and regulations.  I realize that failure to comply with the above rules may result in a reduction of points from my lab grade.

____________________________________

_________________

Student signature





Date

Chaminade University Biology Department
Indemnification Form

I, the undersigned, acknowledge and fully understand the dangers and hazards inherent in Biology laboratories, field trips, and internships on Oahu and on outside islands of this State.  In consideration for the education and instruction provided by the faculty and staff of the Biology Department of Chaminade University of Honolulu, I hereby assume all the risks and responsibilities arising from my participation in such field trips and, for myself, discharge the University and all of its officers, agents, and employees, acting officially or otherwise, authorized or unauthorized, from any and all claims, demands, and rights or causes of action which may arise from my participation in any Biology Department field trip on Oahu or any outside island of the State of Hawaii.
IN WITNESS WHEREOF, I have caused this release to be executed this _____________ day of 
_______________________, 2007.

___________________________

Signature

___________________________

Co-signature of parent if student is under 18 years of age

Biology Department

Chaminade University of Honolulu

3140 Waialae Avenue 

Honolulu, Hawaii 96816
Lab 1: Introduction to the Lab – Microscopy and Unit Conversion
Introduction
The first stage in the scientific method is observation, or fact gathering.  Sometimes these facts can be collected using the unaided senses, but the use of various tools allows us to extend the capabilities of our senses enormously.  Microscopes and telescopes allow us to see objects as small as bacteria, or as far away as light years.  Electron microscopes now allow us to see even the structural details of DNA.  One of the most commonly used tools is the microscope.  
Objectives 

1. To identify the different parts of the compound and dissecting microscope.
2. To be proficient in the use of the compound and dissecting microscope.
3. To prepare a wet mount slide.

4. To observe cytoplasmic streaming.
5. To draw and label a figure properly.  

6. To know the basic conversions of length, weight, and volume.
Materials
Microscope 

Methylene blue 
IKI with dropper 
Potato
Slides + coverslips
Elodea
 or Anarchis
Pond water 

Lens paper

Oil 


Onion


Small ruler 

Amoeba slide


Letter “e” slide
Silk threads slide 
Bacteria slide

Tilia xs. slide

Human sperm slide
Blood Wright’s stain slide




Procedures
The Compound Microscope
Compound microscopes are used to examine small, singled-celled organisms down to the size of bacteria (about 3 mm), and for examining single cells within thinly sliced tissues (4-10 m in thickness).  In either case, they allow you to see most of the cell organelles such as chromosomes, nuclei, vacuoles, mitochondria, and chloroplasts.

Proper handling of microscope

When transporting the microscope, always carry it by the arm with one hand and place the other hand beneath the base for further support.  Keep the instrument in an upright position and do not allow it to tip forward as the lenses may slip out of position and fall to the floor.  Also, keep it close to your body.  Then, set it down on laboratory table gently.

Place the microscope on the table with the arm away from you, the objective lenses toward you.

Should the lenses need cleaning, use a special lens paper.  Only lens paper should be used due to the slight abrasive action of other paper.  Please clean the rest of the microscope with Kim wipes.  Blow off dust or remove with a camel’s hair brush.

If you wear glasses, it is not necessary to use them while looking through the microscope.  The focusing of the instrument’s lens system automatically corrects for imperfections in your vision.  However, it does not correct for astigmatism and you should wear your glasses in the case.  Be careful that you do not scratch the lenses of you glasses on the metal rim of the eyepiece.

When putting the microscope away, the scanning or low power objective lens (the shortest one) should be in position close to the stage.  This to prevent the objective lens from contacting the condenser lens in the stage.  Also, use the plastic cover over the microscope when storing..
Parts of the compound microscope
Obtain a microscope from the rack.  Locate the various parts of the microscope described below, and refer to the labeled drawing.  You should know the name and function of each part.
Figure 1.1 Compound light microscope


[image: image1.wmf]       
Base and arm: these components, the horizontal base and the vertical arm, form the supporting mechanism for the optical portion of the instrument.
Body tube or microscope limb: the structure is attached to the arm and supports the lenses

Revolving nosepiece or Quadruple nosepiece: at the bottom of the body tube is the revolving nosepiece.  When rotated, lenses of various magnifying capabilities will be brought into position.  Rotate the nosepiece and note the decided “click” as each lens comes into place.

Objective lenses: the lenses attached to the nosepiece are known as the objective lenses for they are closest to the object being viewed.  There are four objective lenses on the microscope you will be using.

Ocular lenses or eyepieces: these lenses are located at the top of the body tube and are parts of the microscope into which you look.  Most ocular lens are 10X or 10 power
Pointer: inside the eyepiece, you often see a needle-like structure in the view field.  As the name indicates, a pointer is to point out a specific structure (for another person to see) when needed.
Stage: this is the flat surface upon which the material to be viewed is placed.  The hole in the center of the stage allows light to pass through these materials.  The microscope has a mechanical stage which holds the slides and loves it by means of two knobs projecting downward from the stage.
Stage control knobs (not indicated in diagram): these two control knobs allow you to move the object to be viewed on the stage.  One knob controls and up and down direction while the other knob controls and left and right direction.  Use them to bring the object into the center of view field.

Condenser: this mechanism, located immediately below the stage, focuses the light in a concentrated beam onto the object being viewed.  The condenser is of a variable focus type, having a milled condenser adjustment knob for raising and lowering the mechanism.

Iris diaphragm: below the condenser us another mechanism for light adjustment, the iris diaphragm, which opens and closes by means of a small lever.  This adjustment varies the amount of light that enters the condenser.  It is the most important adjustment on your microscope for controlling the amount of light entering the instrument.

Light source: the light source for your microscope is a built-in lamp.  It should require no adjustment by the student.

Adjustment knobs: on the arm of the microscope you will find two coaxial adjustment knobs.  The larger (outer) knob is the coarse focus adjustment and is used to bring the image into coarse focus.  The smaller (inner) knob is the fine focus adjustment and is used for bringing the image into fine focus.
Magnification
Most compound microscope have at least two or more objective lenses.  Four lenses are very common and usually consist of a scanning lens (4x), a low power objective lens (10x), high power objective lens (40x), and an oil immersion lens (100x).  The oil immersion lens is used when it is necessary to obtain very high power magnification. Oil immersion lenses have a black ring around the barrel of the lens.  Your instructor will demonstrate the use of this lens or have you view small objects, e.g. bacteria, blood cells, or human sperm.  When using oil immersion, please clean oil with lens paper from the slide and oil immersion objective lens when finished.
You will note that there is a number engraved on the side of each objective lens.  This number is usually followed by an “x”, indicates the magnifying power of the lens.  A similar number can be found on the eyepiece, usually 10x.  The total magnification of any combination of objective and eyepiece can be calculated by multiplying the two numbers.  Fill in the blanks in the following table to calculate the magnifying power of the microscope you are using.
In order to sense the power of the lens system and the field of view (the area you can see via the microscope), place a plastic ruler on the stage so it sits in the center of field of view.  Examine the scale with the scanning lens and determine how many mm can be seen.  Switch the objective lens to the low power lens and how many mm can be seen.  Switch again to the high power and see how many mm can be viewed.  Magnification is calculated by multiplying the ocular power by the objective lens power, e.g. 10X ocular  X  43X objective lens = 430X magnification. 
Table 1.1 Total magnification

	Objective lens
	Objective power
	Eyepiece power
	Total magnification

	Scanning
	
	
	

	Low power
	
	
	

	High power
	
	
	

	Oil immersion
	
	
	


What is the relation between the power of lens and the size of field of view?

Low power focusing (with the letter “e” slide)
Place the microscope on the table, turn on the power and adjust the light source.  The scanning objective (4x) should be in viewing position.  If not, turn this lens into position, it will click into position.  Make certain that the lenses do not come into contact with the stage.
Place the slide with the letter “e” on the stage with the letter on the center of the opening.  Make certain the label and the letter is facing the correct direction.  Look in the microscope and use the stage control knobs to move the object to the center of the view field.  Adjust the distance between the two eyepieces so you only see only one field of view with both eyes in use.

What direction does the “e” go when you move the stage up?  What direction does the “e” go when you move the stage to the right? 

Bring to focus with first the coarse focus knob and then the fine focus knob.  While looking at the microscope stage from one side, turn the nosepiece until the low power (10x) objective is in place.  Focus with the coarse focus knob.  Cover your left eye (don’t squint) and adjust the focus for your right eye by turning the fine focus knob.  Then cover your right eye and adjust for your left eye with the diopter knob on the left eyepiece. 
Use the condenser adjustment knob and make sure the condenser lens is about 1 – 2 mm from the bottom of the slide.  In most cases this will bring optimal illumination of the object being viewed.  Adjust the iris diaphragm of the condenser to reduce the amount of unnecessary light entering the microscope, thereby improving the clarity or quality of the image which you observe.  With practice you will learn to adjust the iris diaphragm quickly.  The microscope is now adjusted for what is known as subcritical illumination and furnishes the best lighting conditions possible with this instrument.
What does the letter “e” look like under microscope?  

High power focusing

Most modern microscopes are parfocal.  That is, once an object is in sharp focus at low power it should remain in focus, or very nearly so, when the high power (40x) objective lens is in place.  Looking from the side, carefully turn the nosepiece until the 40x lens clicks into position.  In some older microscopes the high power lens may touch the slide.  If the microscope is not parfocal, it will be necessary to refocus as you did for low power.  You also need to readjust the iris diaphragm for high power viewing.
Does it appear bright or darker in the field of view when you rotate from a low power lens to a high power lens?  Why?

Controlling contrast and light intensity

Light intensity and control of the angle of light through the object to be studied are both important factors in good microscopic work.  To demonstrate this, move the condenser down, away from the slide.  View the image and note the changes.  Return the condenser to its former position and close the iris diaphragm.  Again, note any differences.  Try this, using both low and high power objectives.  Lowering the condenser does not produce much noticeable change but proper manipulation of the iris diaphragm will greatly alter the quality of the image.
Both of these procedures will increase the contrast and reduce light intensity.  However, resolving power (the ability to see detail) is also reduced.  This is not too important under low power but with high power, especially with oil immersion lens, it becomes critical.
Depth of field

The purpose of the silk threads slide is to demonstrate depth of field.  Silk threads are aligned one on top of the other.  After placing the silk threads slide on the stage, use the focusing knobs to clearly view which silk thread is on the surface, middle, or bottom.  This demonstrates that one may observe different levels or depth in cells, tissues, or specimens.  
Slide labels and abbreviations used on slide labels

Prepared microscope slides often have slide labels with the manufacturer’s name, e.g. Turtox or Carolina Biological Supply.  Additionally, the name of the specimen, cell, or tissue is usually listed.  Often, there are abbreviations how the specimen was prepared on the label.  The following abbreviations may be used: w.m. = whole mount or the whole specimen is mounted on the slide, x.s. or c.s. = cross section or a horizontal cut, l.s. = longitudinal section or vertical cut, 
t.s. = transverse section or cut, and r.s. =radial section.  Occasionally, a specimen is sectioned or cut in the middle or median, e.g. m.l.s. = median longitudinal section or m.x.s. = median cross section.
Preparation of a temporary microscope slide (wet mount)

Obtain a glass slide and coverslip.  If they are dirty, clean them with soap and water and wipe dry.  Handle the slide by the edge to avoid smudges with finger prints.  Be careful with coverslips for they are fragile.

Cut a piece of Elodea leaf.  Place the leaf so it sits flat on the center of the clean slide.  With a dropper or pipette, put one drop of water on the paper.  While holding the coverslip by the edges or with a pair of forceps, carefully lower it to the slide with a 45( angle so that the edge of the coverslip comes into contact with the water first.  Then slowly lower the coverslip so that it lies flat on the slide over the leaf.  This method should prevent air bubbles from being trapped beneath the coverslip.  If air bubbles are trapped underneath, use the tip of a pen to gently tap the cover slip to “squeeze” the bubbles out.

Draw a picture of the Elodea leaf and label the organelles such as cytoplasm, nucleus, vacuole, chloroplasts, and cell wall.  Notice that the cytosol and chloroplasts are slowly moving around a central vacuole.  This is called cytoplasmic streaming.  What do you think the function of cytoplasmic streaming is?  What direction do the chloroplasts move toward?

Figure 1.3 Cytoplasmic streaming (Biology 7th ed., Campbell and Reece)
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Adding and removing water under the coverslip

Later in the period, if your temporary slide preparation begins to dry out, place the pipette at the edge of the coverslip and apply a small amount of water. Capillary action will draw water beneath the coverslip immediately.  Water can also be removed by blotting the edge of the coverslip or removing water with a pipette.  This technique can also used with other solutions.

Viewing pond water

Make another wet mount by placing pond water on a slide and using a coverslip to protect the objective lens and even out the pond water.  Examine the pond water for living organisms, such as algae or single celled Protozoans.  If microscopic organisms move too fast, solutions that slow the organisms are used, e.g. Protoslo.

Stain a slide

Some cells are too white or transparent for be seen under microscope.  Staining those cells with a dye can greatly enhance the visibility.  After placing the object to be view under the coverslip, place one drop of stain, methylene blue or iodine, on one edge of the coverslip and the flat edge of a piece of paper towel on the other edge of the cover slip.  The paper towel will draw the water out from under the coverslip and draw the stain under the coverslip.  As soon as the stain has covered the area containing the specimen, wipe off the excess stain with a paper towel.  Now the slide is ready to be viewed.

Cut a very thin slice of potato (less than 1 mm if possible) and place on a clean slide.  Add a drop of IKI on the potato slice.  Place a coverslip over the potato and look under the microscope.  
What color is the potato?  What are the oval bodies, staining purple to black, and what do they contain?   

Your instructor may have other staining methods and materials for you to observe under the microscope.

The Dissecting Microscope

Dissecting microscopes are used for objects too large or too thick to be viewed with the compound microscope, but require some magnification to see details.  They will reveal detail and structures on the order of 10 to 100 mm.  As its name implies, the dissecting microscope is often used when dissecting small organisms.  It can also be used for surface viewing.
Parts of the dissecting microscope: 

Use your knowledge of the compound microscope to fill in the parts for the dissecting microscope in Figure 1.4.  There are base, stage, adjustment knob, oculars or eyepieces, and zoom adjustment knob.

Figure 1.4 Dissecting microscope
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Adjusting the dissecting microscope

Place the object to be viewed on the stage and then select the best background for the object by inverting the stage disc to the black r white surface.  Adjust the lamp for optimal illumination.  
Adjust the position of eyepieces for your eyes.  Adjust the focus of each eyepiece for your eyes, first cover the left eye and focus the microscope for your right eye.  Then cover your right eye and focus the left eyepiece independently by turning the knurled part of the eyepiece tube.
Adjust the magnification by turning the zoom adjustment knob.  Total magnification can be calculated by multiplying the power of the eyepieces (10x) by the power indicated on the zoom adjustment knob.

Place an object under the dissecting microscope.  Is the image right side up or inverted?  Move the object and observe the direction of movement of the image.  How do these observations compare with those you made with the compound microscope?
Unit conversion

Table 1.2 Metric prefixes

	Prefix
	Abbrev
	Meaning
	Factor
	Decimal

	Giga
	G
	One billion
	109
	1,000,000,000

	Mega
	M
	One million
	106
	1,000,000

	Kilo
	K
	One thousand
	103
	1,000

	Hector
	H
	One hundred
	102
	100

	Deka
	Da
	Ten
	101
	10

	Uni
	-
	One
	100
	1

	Deci
	D
	One-tenth
	10-1
	0.1

	Centi
	C
	One-hundredth
	10-2
	0.01

	Milli
	M
	One-thousandth
	10-3
	0.001

	Micro
	
	One-millionth
	10-6
	0.000001

	Nano
	N
	One-billionth
	10-9
	0.000000001


Length (basic unit = meter)

1 km (kilometer) = 1,000 m (meter) = 100,000 cm (centimeter) = 1,000,000 mm (millimeter)

1 inch = 2.540 cm

1 ft = 12 in = 30.5 cm = 0.305 m

1 mi = 5280 ft = 1.609 km

Mass (basic unit = gram)

1 kg (kilogram) = 1,000 gram = 1,000, 000 mg (milligram)

1 g = 1000 mg = 1000, 000 g (microgram)
1 oz = 28.35 g

1 lb = 16 oz = 453.6 kg

1 tn = 2000 lb

Volume (basic unit = liter)

1 L (liter) = 1000 mL (milliliter)

1 ml = 1000 L (microliter) 
 


1 fl oz = 29.6 mL

1 gal = 8 pts = 3.785 L = 16 cups

1 cup = 240 mL = 8 fl oz

Temperature 
Fahrenheit scale – is used in the US average household.  Water boils at 212 (F and freezes at 32 (F.
Celsius or centigrade scale – is used in everywhere else in the world and in sciences.  Water boils at 100 (C and freezes at 0 (C.
Kelvin or absolute scale – is used in sciences.  Water boils at 373 (K and freezes at 273 (K
(C = 0.56 ((F – 32) 

(F = (1.8 ( (C) + 32

(K = (C + 273

Lab 2:  Scientific Method
Introduction
The two main processes of scientific inquiry include discovery science and hypothesis-based science.  Discovery science describes natural structures and processes as accurately as possible through careful observation and analysis of data.  Inductive reasoning is used to draw generalizations based on large numbers of data.  Hypothesis-based science uses deductive reasoning (if … then …) to test a well-framed question, a hypothesis.  IF a hypothesis is correct THEN we expect a certain outcome.  The research process using scientific method is a rigorous process by which scientists use to explain observations of specific phenomena.  It consists of many components:
1. Identification of a problem
a. A description of the research idea, what is puzzling about an observation, central theme

b. Purpose – what the researcher intends to accomplish, provides a “destination”
c. Literature review – resources that have informed the researcher about their topic of focus, provides what supportive evidence for the research, what is relevant, what is not relevant, what is missing in the literature

d. Revising the question may be necessary

2. Forming a hypothesis (a tentative answer to a well-framed question)
a. Make a specific statement about the relationship of the study variables that suggests an answer to the problem.  It may be stated in the form of a question.  Variables can be divided into independent variable and dependent variable.
i. Independent variable (X) – can be manipulated.  Is constant in the research:  age, height, sex, ethnicity, weight, etc.

ii. Dependent variable (Y) – is influenced by the independent variable.  And is observed for change and the change is measured
b. Type of hypothesis
i. Directional hypothesis – the type of hypothesis that shows causality.  “Students who attended all lectures have higher grades than who did not.”

ii. Non-directional hypothesis – shows association but not causality.  “Those who attended all the lectures and those who didn’t have different grades.”

iii. Null hypothesis  – a hypothesis predicts no difference in the outcome.  “There will be no difference in grades for those who attended all the lectures and those who didn’t.”

iv. Question format – will those who attended all the lectures get better grades than those who didn’t?”
c. The hypothesis must be testable (can be tested by experiments) and falsifiable (can be proven wrong).  

3. Experimental procedures and methods
a. Study designs – the plan the research will follow for the study.
i. Quantitative research – data are observations of categorized numbers (e.g. age, weight, height, number of cigarettes).  A process for testing relationships, differences and effect between variables. 
ii. Qualitative research – data are observations of words/actions (e.g. attend college, have blue eyes).  Categories are representative of concept.  A process that describes human experiences.  
b. Study sample – it is a subset of the population. The study should describe the small group of informants from the population studied. Selection criteria and number of participants should be included.  
i. Population – A group that one wants to describe or generalize about.  A sample is studied that is representative of the group in order to generalize.

ii. Sample – a group of subjects selected from a larger group in the hope that studying the smaller group will reveal important things about the larger group (the population).  Sample selection can be random (every other person that walks by) or non-random (all left-handers in this class).
c. Control group – measures used to hold uniform or constant the conditions under which an investigation occurs.
i. Positive controls – a control that would definitely react to the treatment or is a known organism or quantity
ii. Negative controls – a control that would NOT react to the treatment or does not contain the item tested
d. Legal/ethical issues – the principles of good and bad are used to guide the research, including thorough obtaining consent, data collection, and reporting.

e. Instrument – method of measurement (e.g. questionnaire, blood and urine samples)

f. Data collection and analysis – should include detailed step by step procedure how the data should be collected and analyzed including the statistical software used.
i. Physical – provides physical evidence, good supportive data

ii. Observational – provides data on events and behaviors

iii. Questionnaires – useful with a finite number of clear and specific questions

4. Results 
a. Reports on the raw data (contains the crucial outcomes)
b. Findings/discussion – discusses or interprets the data in a non-technical manner, explains the meaning of the results in regard to the central purpose of the research, why the researcher believes as he does may be included
5. Conclusion
a. Whether the results support or reject the hypothesis

b. Implications/limitations/recommendations - tells how the data might be useful and what additional research may contribute

6. References
A list that provides the location of the support material for the information given in the article

Objectives 

1. To define a hypothesis.

2. To identify controls, both negative and positive, of an experiment.

3. To summarize factors affecting the experiment.

4. To present the data in tables.

5. To discuss the results.

6. To identify and describe the components of the scientific method.

Materials
4 agar plates
Cotton swabs

Sterile water

Parafilm
Incubator at 37 (C

Procedures
Students will be divided into groups for the following exercises.  Exercises 1, 2, and 3 will be discussed during the lab period.  You are required to turn in homework for exercise 4. 
Exercise 1:  Variables 
Identify the independent (IV) and dependent variables (DV) in the following statements:
1. Children exposed to illicit drug use while in uterus will have fewer impaired cognitive and neurological functions than those exposed to methadone.

IV:






DV:

2. Infants who are breastfed have fewer ear infections than those who are not breastfeed.

IV:






DV:

3. Newborns are in a formula study and we want to look at their health response.

IV:






DV:
4. Heart health in the elderly is evaluated in response to three different exercise plans.

IV:






DV:
Exercise 2:  Evaluating Research
Read the abstract and answer the following questions.
ABSTRACT:  A study of exercise therapy in neurological patients with Parkinson’s disease was conducted in a large city on the East Coast.  Subjects that were asked to participate regularly attended a local clinic, as subjects agreed to participate they pulled a number from a hat that was used to assign them to the length of the therapy group.  Of the 240 subjects in each group, 60 were assigned to one of four groups.  Three groups had varying amounts of therapy; one group was a control with no therapy.  Standardized therapy for Parkinson’s patients was done for 30, 60, or 90 minutes.  At the end of bi-weekly therapy for 2 months, subjects were assessed for one week for number of self-reported falls while walking and observed 50 feet walking stability.  Data were analyzed with a statistical software.  Both 60 and 90 minute therapy was significantly different than no and 30 minute therapy, but not from each other.  The test results indicate that 60 minutes improved walking ability.  Increasing therapy 30 minutes more to 90 minutes seemed to have no advantage.
1. What is the problem of the study?
2. What is the purpose of the study?
3. What is the study hypothesis?  
4. What are the independent and dependent variables?
5. What type of research design is used, quantitative or qualitative?
6. Name and identify threats to the validity of the study.
7. Is the sample large enough?  Is the sample representative of the population?  In what ways is the setting in which data were collected an appropriate one for this study?
8. How were the data collected?  Was it appropriated for the study?
9. Are there any ethical concerns that you have regarding how this study was conducted?
10. What are the major strengths of the scientific merit of this study?
11. What are the major limitations of the scientific merit of this study?

Exercise 3: study design

Design a research project for the following topics. Your instructor may provide other examples for study design.

1. Comparing the effectiveness of two sun block lotions (SPF 25 and 50).
2. Comparing the fuel efficiency of two sedans (miles per gallon of gas).

3. Comparing the sound quality of two MP3 players.

Exercise 4: microbial growth
1. For exercise 4, each group will be given 4 agar plates to grow microbiological samples from different places near the lab area.  You can test water, skin, hair, your backpack, lab bench surface, toilet seats, ATM, snack bar, but no body fluids, e.g. saliva,  please.  

2. Form your own hypothesis and determine what type of hypothesis it is.

3. Use a sterile swab, wetted with sterile water and then the surface you want to test, to streak the plates.  Devise your own negative control and record on this form.  

4. Label your plates with student names/date/time/sample type or location.  Seal the plates with parafilm to prevent excess oxygen.  Incubate your plates upside down to avoid moisture in the incubator set at 37( C. 

5. Each group must check their plates at 24, 48, and 72 hr.  Record your observation at those hours by drawings, photos, or word description.  

6. Present your data in tabular form (see blow) and discuss your data including factors in the experiment.  Report your conclusion.

7. Turn in your paper on the date specified by your instructor (exercise 4 only).

In the homework, address the following questions:
1. What is your group hypothesis?
2. What is the negative control in your experiment?  
3. What could be a positive control in your experiment?
4. Record your data in tabular form.  See example in Table 2.1.
5. Identify the factors in your experiment and discuss your results.  
6. What are your conclusions?
7. What are errors in your experiment?

8. Identify the components of the scientific method.

 Table 2.1 Observations of nutrient agar plates over a 72 hour period (example)
	Time, hr
	Plate 1 (control)
	Plate 2
	Plate 3
	Plate 4

	Source
	Sterile water
	Lab door handle
	Bench top
	$10 bill

	24
	No growth 

Agar clear
	2 colonies formed. One is 1 cm in diameter, yellow and fuzzy. The other is 1.5 cm in diameter, white and smooth
	
	

	
	
	
	
	

	48
	
	
	
	

	72
	
	
	
	


Lab 3:  Qualitative Chemical Tests
Introduction
Chemical molecules have a structural and functional role in living organisms.  A living organism uses and contains two major classes of chemicals.  Inorganic chemicals are the largest in quantity for they include water, the major component of living organisms, and some minerals, such as sodium chloride (NaCl).  Organic chemicals, made of carbon, oxygen and hydrogen primarily, are important and include 1) carbohydrates, 2) lipids or fats, 3) proteins, and 4) nucleic acids. The organic compounds are the subject of this laboratory, particularly the carbohydrates, lipids, and proteins.  
Carbohydrates are compounds containing carbon, hydrogen, and oxygen in the general proportion of 1C: 2H: 1O.  Carbohydrates, meaning hydrates of carbon, range from relatively simple molecules called sugars to complex molecules, such as starch and cellulose.  Carbohydrates are the principle energy source for most living organisms.  The following is a brief classification of the carbohydrates.

1. Monosaccharides – simple sugars such as glucose (C6H12O6), fructose, and galactose are the building blocks of all other carbohydrates
2. Disaccharides (oligosaccharides) – monosaccharides linked or bonded together such as sucrose (table sugar; C12H22O11), maltose, and lactose (sugar in milk).
3. Polysaccharides – many monosaccharides linked or bonded together such as starch, cellulose, and glycogen (animal storage form of carbohydrates in the muscle and liver)

Lipids are a diverse group of compounds containing carbon, hydrogen, and oxygen.  There are three major classes of lipids:

1. Triglycerides – consist of a glycerol backbone and 3 fatty acids.  There are 3 types of fatty acids:

a. Saturated fatty acids – tends to be solid at room temperature, found in primarily animal products and tropical oils such as palm oil
b. Monounsaturated fatty acids – tends to be semi-solid at room temperature, found in primarily plant products such as olive oil

c. Polyunsaturated fatty acids – liquid at room temperature, found in fish and plant oils  

2. Steroids – includes cholesterols
3. Phospholipids – main material in the cell membrane containing a glycerol backbone, a phosphate, and 2 fatty acids.
Proteins are organic compounds containing carbon, hydrogen, and oxygen.  They also contain nitrogen and sometimes sulfur and phosphorous.  The building blocks of proteins are called amino acids.  Humans require 20 amino acids to make all of their proteins.  Some examples of the amino acids are glycine, arginine, histidine, and tyrosine. Large numbers of amino acids are connected by peptide bonds to form a single protein.  While proteins can be used for energy, they are primarily structural components and functional units, such as enzymes, hormones, and antibodies.  
Carbohydrates, fats, and proteins may be identified by color reactions with specific reagents or chemicals.  They may also be identified by solubility in the case of fats which dissolve in organic solvents such as ether, acetone, and carbon tetrachloride.  

Objectives

1. To learn to detect the presence of fats, carbohydrates, and proteins by qualitative chemical tests.  
2. To demonstrate the presence of these chemicals in living tissues.

Materials

1% glucose

0.1% egg albumin

Biuret reagent


Alcohol
1% fructose

0.1% arginine


Orcinol reagent

Sudan black
1% starch

2% bile salt


Boiling water bath

Soap solution
1% cellulose

1% ribose


Different oils


Test tubes
Test tube holder
Acetone


IKI

Procedures
Tests for carbohydrates
1. Monosaccharides – Benedict’s reagent.  The blue-colored reagent contains copper sulfate in an alkaline solution which reacts with monosaccharide sugars containing a free aldehyde or free ketone group.  The sugar containing these groups, called a reducing sugar, forms a colored precipitate of cuprous oxide when heated with the Benedict’s reagent.  Depending on the concentration of the sugar, the color will vary from green at low concentrations to yellow to orange to brick red at high concentrations.
a. In 4 separate test tubes place 5 ml of Benedict’s reagent and 2 ml of each of the following solutions as listed in the table to separate tubes.    
b. Heat all four test tubes in the boiling water bath for 5 min or till color changes.  Do not point test tubes when heating at anyone.

c. Discard all solutions into labeled waste container in the hood.

	Tube
	Materials
	Reagents
	Manipulation
	Color
	Results

	A
	2 ml of 1% glucose
	5 ml of Benedict’s
	Heat the tubes in boiling water bath for 5 min
	
	

	B
	2 ml of 1% fructose
	
	
	
	

	C
	2 ml of 1% cellulose
	
	
	
	

	D
	2 ml of 1% starch
	
	
	
	


2. Pentose sugar – Bial’s orcinol test.  Orcinol gives a green color with the furfural from dehydrated pentose.  A positive test for pentose sugars with orcinol is a green color, while other colors are considered negative.  Although pentose sugars are monosaccharides, the Bial’s orcinol test is specific for pentose sugar.  Pentose sugars are important in the nucleic acids (DNA and RNA) and energy compounds (ATP and GTP).  Be careful with orcinol reagent as it contains concentrated hydrochloric acid.  

a. In 4 separate test tubes place 4 ml of Orcinol reagent and a drop of each of the following solutions to separate tubes.  Remember to label your test tubes.  

b. Heat all four test tubes in the boiling water bath for 3-5 min or till color changes.  When heating, do not point test tubes at anyone.
	Tube
	Materials
	Reagents
	Manipulation
	Color
	Results

	E
	1 drop of 1% glucose
	4 ml of Bial’s orcinol
	Heat in boiling water bath for 3-5 min
	
	

	F
	1 drop of 1% ribose
	
	
	
	

	G
	1 drop of 1% cellulose
	
	
	
	

	H
	1 drop of 1% starch
	
	
	
	


3. Polysaccharides – Iodine reagent (IKI).  This yellow-red colored reagent combines with polysaccharides (starch, cellulose, and glycogen) to form colored reactions.  Starch reacts by forming a dark blue to black color, cellulose reacts by forming a red-brown color, and glycogen reacts by forming a red-brown color.   Since the iodine reagent is yellow-red, a control of iodine and water should be used for easy comparison of color changes.

a. In 5 test tubes add several drops of iodine reagent and 5 ml of the following solutions
b. Mix the tubes and observe color change
	Tube
	Materials
	Reagents
	Manipulation
	Color
	Results

	I
	5 ml of 1% glucose
	A few drops of iodine
	mix
	
	

	J
	5 ml of 1% fructose
	
	
	
	

	K
	5 ml of 1% starch
	
	
	
	

	L
	5 ml of 1% cellulose
	
	
	
	

	M
	5 ml of water
	
	
	
	


Tests for lipids
1. Solubility test: Testing solubility with organic solvents:  Fats dissolve in organic solvents such as acetone, ether, carbon tetrachloride, or chloroform but do not dissolve in water.  Two layers would form if water and fats are added together.  It may be difficult to distinguish between the two layers sometimes.  Shake the tubes for 1 min; do the layers change in size?
	Tube
	Materials
	Results (2 layers?)

	N
	1 ml of oil
	1 ml of acetone (slowly)
	1 ml of water
	

	O
	1 ml of oil
	1 ml of water
	1 ml of acetone (slowly)
	


2. Sudan black test:  Sudan dye is a fat soluble dye and thus, will dissolve in fat and color the fat.  Only the dye is fat soluble and not the solution containing the dye (alcohol or water).
	Tube
	Materials
	Results

	P
	1 ml of oil
	1 ml of water
	1 ml of Sudan dye
	


3. Stain test:  Most fats leave a grease mark when placed on paper.  This is the easiest way to identify fats.

a. Place several drops of oils or fats on a paper towel.  Mark the spots by circling the spots with a pencil.  Allow paper to dry.

b. Place several drops of alcohol on a second paper towel.  With a pencil, draw a circle around the spot.  Allow paper to dry.

c. After evaporation, which substance leaves a grease mark?
	Materials
	Results (mark?)

	Oil
	

	Water
	

	Alcohol
	


4. Emulsification tests:  Fats do not dissolve in water, but they do disperse to tiny particles, or colloidal particles.  Colloidal systems composed of liquid in liquid (e.g. fat in milk) are called emulsions.  A fat-water emulsion is usually unstable and forms two layers.  However, an agent can be added to the emulsion to keep the colloidal particles separated or dispersed.  This agent is known as an emulsifying agent.  Examples are bile salt and detergent.
a. Bile salt and soap emulsification:  Bile salts from the liver and gallbladder and soap can break apart large fat particles to smaller colloidal particles for easy digestion.  In 2 test tubes add the following:
i. Test tube Q: 3 ml of water + 5 drops of oil + 2 ml of 2% bile solution
ii. Test tube R: 3 ml of water + 5 drops of oil + 2 ml of soap solution

b. Shake vigorously and observe the size of the oil layer.  Repeated shaking should result in a decrease in the size of the oil layer which confirms emulsification.
	Tube
	Materials
	Observe
	Reagent
	Results

	Q
	5 drops of oil
	3 ml of water
	
	2 ml of 2% bile salt
	

	R
	5 drops of oil
	3 ml of water
	
	2 ml of 2% soap water
	


Tests for amino acids and proteins 

1. Protein test – Biuret reagent.  The blue-colored Biuret is a compound prepared from urea.  It contains two amino groups.  A protein which contains two amino groups united by a carbon atom or nitrogen is said to contain a Biuret compound.  Hence, this test detects the presence of protein with biuret compounds.  The biuret reagent contains sodium hydroxide and copper sulfate which react with the biuret compound in proteins.  A purple coloration indicates protein, a pink or red color indicates amino acids (few).  A blue coloration is negative for protein and amino acid.  

a. In 3 test tubes add 3 ml of Biuret reagent and the following

b. Mix thoroughly and observe color change.
	Tube
	Materials
	Reagents
	Manipulation
	Color
	Results

	S
	5 ml of 0.1% egg albumin
	3 ml of Biuret
	mix
	
	

	T
	5 ml of 0.1% arginine
	
	
	
	

	U
	5 ml of water
	
	
	
	


2. Amino Acid test-Ninhydrin  Ninhydrin reagent is often used to test for amino acids.  Ninhydrin is a strong oxidizing agent which reacts with the amine group (nitrogen) of amino acids to form a purple-blue compound or reduced ninhydrin.  Ninhydrin reacts with amino acids found in perspiration and hence, is also used to detect fingerprints in forensic science.
While we will most likely not perform ninhydrin tests, the following is a procedure to test for amino acids.

a. In 2 test tubes, add the following.

(1) 3 ml of 0.1% egg albumin and 3 ml of distilled water

(2) 3 ml of 0.1% arginine and 3 ml of distilled water

b. Add a small amount of sodium acetate to each tube followed by ninhydrin solution mixing thoroughly.

c. Heat for 3 minutes and allow to stand.

d. Which of the above solutions contains an amino acid?

Tests for an unknown 
Your group will be given a test tube containing an “unknown” solution.  Use your knowledge from the tests you just completed for identifying carbohydrates, lipids, and proteins to find what substances are contained in an unknown solution.  The unknown solution may contain one, several substances or none and therefore, you should run all tests for these substances.
	Tube
	Materials
	Reagents
	Manipulation
	To detect?
	Color
	Results

	
	unknown


	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Lab 4:  Quantitative Tests for Proteins and Cholesterol
Introduction
Proteins are large molecules that range in molecular weight from about 5000 (insulin) to 40 million (tobacco mosaic virus protein).  They are constructed of long chains of nitrogen-containing molecules known as amino acids, which are linked by peptide bonds and often conjugate with carbohydrates, lipids, nucleic acids, and heme groups.  Protein molecules exhibit an unlimited variety in size, configurations, and kinds of physical properties because of

1. The large number of amino acids that enter into making a single protein molecule (thousands in many cases).
2. The almost infinite number of combinations of different amino acids that can be formed.

3. The reactivity of side chain groups of the individual amino acids.
Proteins make up a significant portion of the structure of cells and form a large part of most cell membranes and organelles such as mitochondria, ribosome, spindle fibers, and chromosomes.  In addition to their structural role, proteins act as biological catalysts called enzymes, to regulate cellular and tissue functions (hormones), and fight disease (antibodies).  In this lab, you will learn to use a spectrophotometer to measure protein concentrations, and set up a standard curve, against which the concentration of an unknown solution of the same protein can be determined.
Cholesterol is synthesized in human and animal cells and ingested by animals.  Although high cholesterol often has the bad reputation for causing cardiovascular diseases in humans, it is an important precursor of steroid hormones such as male and female sex hormones, bile salts, and vitamin D.  In addition, cholesterol is involved in structural and dynamic properties of cell membranes.
The total serum cholesterol of an adult in the U.S. falls in the range of 135 to 300 mg/100 ml of serum.  Age, sex and other factors can affect the serum cholesterol level.  Atherosclerosis is a condition associated with the accumulation of cholesterol in the inner walls of the arteries.  This accumulation can reduce the flexibility of the arteries and increase arterial blood pressure.  The build-up of a fatty deposit can also cause heart attack and stroke.  Therefore, the determination of serum cholesterol is one of the important clinical tests.  In the second part of the lab, we will learn the procedure of cholesterol determination on serum.
Objectives
1. To learn the importance of proteins and cholesterol.

2. To learn about and use a spectrophotometer.
3. To learn about the standard curve method and apply the method to determine an unknown protein concentration.
4. To learn about the one-standard method apply the method to determine an unknown cholesterol concentration.
Materials

Spectrophotometer



Cuvettes 

Test tubes

Biuret reagent




KCl


Ethanol

Bovine serum albumin (BSA)


Beaker


Iron stock reagent
0.02 mg/ml cholesterol standard 

Sera of different animals
Procedures 
Spectrophotometry 

Many molecules interact with or absorb specific type of radiant energy.  For example, when white light illuminates an object, the color of the object is determined by the absorption of one or more colors from the white light by the object.  The remaining colors are reflected or transmitted as a specific color. Thus, an object appears red when green and blue lights are absorbed.
The perception of color, as just described is qualitative.  It indicates what is happening but says nothing about the extent to which the event is taking place.  The eye is not a quantitative instrument.  Therefore, we reply on instruments called spectrophotometers (Figure 4.1) that electronically quantify the amount and types of light that are absorbed in molecules in solution.  In its simplest form, a spectrophotometer has a source of white visible light (wavelength 380 – 750 nm) that is focused on a diffraction grating to separate the white light into its individual components, bands of radiant energy of different wavelengths.  Each wavelength (color of light) can then be focused through a slit.  The width of the slit is related to the precision of the measurement.  The narrower the slit, the more closely absorption is related to a specific wavelength of light.  Conversely, the wider the slit, a wider range of lights can go through and the less precise the instrument is.  This monochromatic (single wavelength) beam of light then passes through the sample being measured.  The sample, dissolved in a suitable solvent, is contained in an optically selected cuvette, which is standardized to have a light path of 1 cm across.  However, different sizes are available for special purposes.
Figure 4.1 Spectrophotometry (B & L Spec 20)
[image: image5.jpg]



After passing through the sample, the selected wavelength of light (transmitted beam) hits a photoelectric tube.  If the molecules in the solution have absorbed any of the incident beam the transmitted light will have reduced in energy content.  If the molecules in the sample do not absorb any light, the energy in the transmitted light will be the same as in the incident beam.  When the transmitted beam hits the photoelectric tube, it generates an electric current proportional to the intensity of the light energy striking it.  By connecting the photoelectric tube to a device that measure electric current, the intensity of the transmitted light can be directly measured.  Spec 20 has two scales: one indicates the % transmittance (%T) and the other, logarithmic scale with unequal divisions graduated from 0.0 to 2.0, indicates the absorbance (A).  The term optical density (OD) can be used instead of absorbance.  However, absorbance is more commonly accepted.
Figure 4.2 A typical spectrophotometer


Because biological samples are often dissolved in a solvent before measurement, a source of error can be due to the possibility that the solvent itself absorbs light.  To ensure that the spectrophotometric measurement will reflect only the light absorption of the molecules being studied, a mechanism for “subtracting” the absorbance of solvent is necessary.  A “blank” with just the solvent but no sample molecules is first inserted into the instrument and the scale set to read 100% transmittance for the solvent (or 0 absorbance), meaning all the light is completed transmitted through the solvent.  The “sample” containing both the molecules and solvent is then inserted to be measured.  Any reading that is less than 100% transmittance is considered to be due to the absorbance of the molecules.

Spectrophotometers are not limited to detecting absorbance of only visible light.  Some instruments also have a source of ultraviolet light, which has a range of wavelengths from 180 to 400 nm, which are useful in studying biological molecules such as amino acids, proteins and nucleic acids.  These molecules have specific absorbance at different ultraviolet wavelengths.

1. Spectrophotometer components and how to use it
a. Instrument should be turned on 30 min prior to use.  Make certain that the cell holder is empty.  Plug in the instrument and turn the power on.  The spectrophotometer will perform its power-on sequence which takes about 2 min, including checking the software and initiating the filter wheel and the monochromator.  

b. On the Spectrophotometer one can measure absorption (A; how much light is being absorbed) and %transmittance (%T; how much light is not being absorbed).  Basic steps are
i. Select the mode in the following order (A/T/C key)

ii. Select the wavelength (up and down key)

iii. Put the blank into the  cell holder and zero the blank (0 ABS 100% T key)

iv. Put the sample/unknown into the cell hold and measure (A/T/C key) 
Figure 4.3 The control panel of a spectrophotometer (B & L Spec 20)
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2. Constructing a standard curve

To establish the quantitative relationship between absorbance and concentration of the colored sample solution, it is necessary to prepare a series of standards of the same substance in known concentrations called color standards.  Because absorbance is directly proportional to concentration, a plot of absorbance versus concentration of the standard yields a straight line.  Such a plot is called a calibration curve or standard curve.  After several points have been plotted, the intervening points can be extrapolated by connecting the known points with a straight line.  It is not necessary to use dotted line to connect the known points on the graph to indicate extrapolation.  A dotted line is used to indicate part of the line that is not determined, but presumed.
Once the standard curve for a given substance is established, it is relatively easy to determine the quantity of that substance in a solution of unknown concentration.  First read the unknown sample in the spectrophotometer and obtain the absorbance of that sample.  Go to the standard curve and locate the reading on the Y axis (absorbance), draw a horizontal line from that point until it intersects with the standard curve.  From that intersection, draw a vertical line until it intersects with the X axis.  That value on the X axis is the concentration of the unknown.  If an absorbance reading is beyond the range of the standard curve (very high or very low absorbance), the sample should be diluted so its readings falls within the range.  The final concentration can be determined by using the same method mentioned above multiplied by the diluting factor.

Figure 4.4 A typical standard curve



Use the above protein standard curve to determine the concentration of an unknown that reads Absorbance = 0.5

If a sample is diluted to 1/10 of its original concentration (a 1:10 dilution) and it read absorbance = 0.4, what is its original concentration?

Quantitative chemical determination of protein

In proteins molecules, amino acids are bonded together by peptide bonds forming long, unbranched chains of peptides.  Depending on the number of amino acids bonded together, the structure can be called dipeptides (2 amino acids), tripeptides (3 amino acids), and polypeptides (many amino acids).  Biuret is a simple molecule prepared from urea.  It contains two peptide bonds and thus is structurally similar to simple peptides.  Biuret reagent is blue in color.  When reacting with molecules containing two or more peptide bonds, the solution give an intense purple color.  Proteins give a strong biuret reaction because proteins contain a large number of peptide bonds.  This biuret reaction may be used to quantitate the concentration of proteins because peptide bonds occur with about the same frequency per gram for most proteins.
1. In 7 test tubes add bovine serum albumin (BSA), KCl, and 3 ml of biuret reagent as listed in the table.  Tube 1 serves as a blank to zero the spectrophotometer.  Reading from test tubes 1 – 6 will be used to construct the standard curve while test tube 7 is the unknown, whose protein concentration is to be determined.  KCl functions to stabilize the color.
2. Mix the content in the tubes by gently rotating the tubes between the palms of your hands.  The color is fully developed in 20 min and is stable for at least 1 hr. 

3. While waiting, use test tube 1, which contains all reagents except for proteins, to zero the spectrophotometer.  Set the spec for 540 nm wavelength, 0 absorbance, and 100% transmittance.  

4. After 20 min, read test tubes 2 – 7 and record your reading in both %T and A in the table.

5. Plot the standard curve using test tubes 1 – 6 in the following graph.

6. Determine the protein concentration of the unknown.
Table 4.1 Protocol for quantitative determination of protein

	Test tube
	BSA (2.5 mg/ml), ml
	Total protein content, mg
	0.5 M KCl, ml
	Biuret reagent, ml
	%T
	A at 540 nm

	1
	0
	0
	5
	3
	100
	0.0

	2
	1
	2.5
	4
	3
	
	

	3
	2
	5.0
	3
	3
	
	

	4
	3
	7.5
	2
	3
	
	

	5
	4
	10.0
	1
	3
	
	

	6
	5
	12.5
	0
	3
	
	

	
	
	
	
	
	
	

	7
	5 ml unknown
	
	0
	3
	
	


Figure 4.5 BSA standard curve
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Cholesterol determination of Serum

This method requires that the serum cholesterol be extracted with ethanol.  The extract is then reacted with a solution of FeCl3, dissolved in phosphoric acid and the resulting color is read in a spectrophotometer at 550 nm against a standard of known concentration.  Duplicate tests will be done in this experiment.  Average the 2 cholesterol levels to obtain final results.  Students will be divided into groups and given serum from different animals including carnivores (animals that eat primarily meat), herbivores (animals that eat primarily plants), and omnivores (animals that eat both meat and plants).  Compare the cholesterol levels of these animals.
1. In two screw cap test tubes, add 0.1 ml of serum + 10 ml absolute EtOH.  Vortex (mixer) for 10 sec.

2. Centrifuge at the highest speed for 5 min.  Remove 2 ml of supernatant to each of two 50-ml Erlenmeyer flasks.

3. The standard is prepared by adding 2 ml of 0.02 mg/ml cholesterol solution into a third flask.

4. The blank is prepared by adding 2 ml of EtOH to a fourth flask.

5. In all flasks, add 2 ml of color reagent.

6. Seal all flasks with parafilm and incubate at room temperature for 30 min.  The color is stable for up to an hour.

7. Set the spectrophotometer to 0% T.  Then, prepare a cuvette with blank solution and use the blank in the spectrophotometer to adjust to 100% T or 0 absorbance.  Transfer solutions from both test flasks and the standard flask to cuvettes.  Read the absorbance of both tests and the standard at 550 nm.  Average the two readings for the unknowns.  The procedure is summarized in Table 5.2.
8. Serum cholesterol is calculated as 

[Aunknown/Astandard] ( 200 = mg cholesterol/mL serum or mg% cholesterol
Table 4.2 Flask contents for cholesterol determination in serum

	Flask
	Content
	Add
	Manipulation

	1 (test)
	2 ml serum supernatant
	2 ml color reagent
	Incubate at room temp for 30 min but less than 1 hr.  Read at Spec at 550 nm

	2 (test)
	2 ml serum supernatant
	
	

	3 (standard)
	2 ml of 0.02 mg/ml standard
	
	

	4 (blank)
	2 ml EtOH
	
	


9. Obtain cholesterol levels of other animals from your classmates.  What conclusion can you draw regarding the food these animals eat and their serum cholesterol levels?
Table 4.3 Cholesterol levels of representative samples of herbivores, carnivores, and omnivores
	Animal
	Nutrition
	Cholesterol level, mg%

	
	
	

	
	
	

	
	
	

	
	
	


Lab 5:  Diffusion and Osmosis                          
Introduction

Diffusion is the continual random movement of molecules among one another in a liquid or a gas.  Net diffusion is the measurable movement of molecules from an area of greater concentration to an area of lesser concentration until the concentration of the diffusing substance is uniform, a phase called equilibrium.  The rate of net diffusion is directly proportional to the difference in concentration of that substance, cross-sectional area, and temperature.  The rate of diffusion is inversely proportional to the distance between the two points of diffusion, and the molecular weight of the substance.  To summarize, the diffusion rate can be expressed as 

Rate of diffusion 
  (             [concentration difference] [x-area] [temp]
   

between two points 


          [distance] [mw]

Osmosis is the diffusion of a solvent through a semi-permeable membrane from an area of higher solvent concentration to a lower solvent concentration.  In biology, this solvent is water and biologists consider osmosis is the net diffusion of water through a semi-permeable membrane.  A semi-permeable membrane is a membrane that will selectively allow certain molecules, usually smaller ones, to pass through from one side to the other.  Molecules that are too large to pass through the semi-permeable membrane will be restricted to one side of the membrane.  In humans, osmosis is important in maintaining plasma (the liquid portion of blood) volume, interstitial and intracellular fluid volume.  

Osmosis can be demonstrated using cellophane tubing or what is termed dialysis tubing.  The tubing serves as a model of a semi-permeable membrane of a living cell and the contents filled into the bag simulates intracellular fluids.  The dialysis tubing is perforated with specific sized, minute pores that only allow certain substances to pass.  This tubing is similar to the dialysis tubing in kidney support machines that filter wastes from a patient's blood.  Both the dialysis tubing and the intracellular contents function as a model of a living cell. 

Osmotically active particles are solutes that either do not diffuse or diffuse with difficulty through membranes.  Fluids with the same concentration of osmotically active particles as found in a cell is said to be isotonic or isoosmotic (iso = same).  There will be no net movement of water between the solution and the cell.  For human cells, the isotonic solution is 0.9% sodium chloride (NaCl) in water.  Fluid containing less concentration of osmotically active particles than the cell is said to be hypotonic or hypoosmotic (hypo = less).  Animal cells will burst in a hypotonic environment for water enters the cells to balance out the concentration difference.  Plants cells become very firm or turgid but will not burst due to cell walls.  In fact, turgid cells are considered a normal state for plants.  Fluids containing a higher concentration of osmotically active particles than the cell is said to be hypertonic or hyperosmotic (hyper = more).  Water in the cell will come out of the cell in an effort to even out the concentration difference.  Animal cells will shrivel whereas plant cells will plasmolyze in a hypertonic solution.  

Also read Exercise 5 in Encounters With Life  lab manual to learn about osmosis and diffusion. 
Figure 5.1 Animal (top; red blood cell) and plant (bottom) cells in hypotonic, isotonic, and hypertonic conditions (Biology 7th ed., Campbell and Reece)
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Objectives
1. To understand the process of osmosis and factors influencing osmotic rates.

2. To demonstrate the process of osmosis with dialysis bags.

3. To identify isoosmotic, hyperosmotic, and hypoosmotic conditions in plant cells.

4. To submit a laboratory report on osmosis.

Materials

Dialysis tubing


150 ml beakers


0.6% NaCl

Nylon string


IKI with a dropper

5% NaCl
1.5M sucrose solution

3.0M sucrose solution

1% starch solution
Potato and/or cucumber slices
Water
Procedures
Osmosis with dialysis tubing

1. Obtain 3 pieces of dialysis tubing that have been pre-soaked in water. 

2. Double tie securely one end of each tubing.  Open the other end by gently rubbing the flat tubing back and forth between thumb and forefinger.
3. Fill each bag with 5 ml of 1.5M sucrose solution + 1 ml of 1% starch solution.  Make sure fluid is not leaking from the tied end.  If it leaks, you will need to retie your dialysis tubing.

4. Double tie each bag securely so there is no leakage.  Try to eliminate all air bubbles inside the bags.  Rinse the bag with tap water to remove adhering sucrose and gently wipe to remove excess water. Check for leaks from tied areas.
5. Weigh each bag.  This is the initial weight for time 0.
6. Place one bag into each of the following beakers and record the time of immersion.
a. Beaker 1 = 100 ml of distilled water + 5 drops of IKI
b. Beaker 2 = 100 ml of 1.5M sucrose solution + 5 drops of IKI
c. Beaker 3 = 100 ml of 3.0M sucrose solution + 5 drops of IKI
7. Dry and weigh each bag every 15 minutes for 1.5 hours and record your data in Table 5.1.

8. Calculate the weight change (bag weight at 15 min – bag weight at 0 min) of each from 0 min in Table 8.2.  

9. Plot a graph on time (x axis) in 15-min increment versus weight change (y axis).  Plot all three dialysis bags on the same graph.  You may use a graph paper to plot this graph.  However, generating the graph on a computer is highly encouraged.  See example below (Figure 5.2).

10. You are to turn in a formal lab report for this experiment.  Explain your results using terms such as, isoosmotic, hyperosmotic, and hypoosmotic in your report.  Also answer the following questions in your report:

a. Can 1.5 M and 3.0 M sucrose pass through the semi-permeable membranes?  Is it possible to determine that in this experiment?

b. Why was starch and iodine used in the experiment?
c. Can starch molecules pass through semi-permeable membranes into the solutions in the beaker?  How does one determine if this occurs?
d. Do you think water molecules diffused through the dialysis tubing? Why or why not?
e. What is your control in the experiment and why?
f. Differentiate between diffusion, osmosis, dialysis, and facilitated diffusion.
Plant cells and isoosmotic, hyperosmotic, and hypoosmotic conditions

1. Potato and/or cucumber slices are placed in 0.6% NaCl (isoosmotic), 5% NaCl (hyperosmotic), and deionized water (hypoosmotic conditions).  Feel the slices for the effect of those solutions on plant cells.

Table 5.1 weight of dialysis tubing in three beakers
	Time, min
	Beaker 1
	Beaker 2
	Beaker 3

	
	distilled water
	1.5M sucrose
	3.0M sucrose

	0
	
	
	

	15
	
	
	

	30
	
	
	

	45
	
	
	

	60
	
	
	

	75
	
	
	

	90
	
	
	


Table 5.2 weight change of dialysis tubing from time 0
	Time, min
	Beaker 1
	Beaker 2
	Beaker 3

	
	distilled water
	1.5M sucrose
	3.0M sucrose

	0
	0
	0
	0

	15
	
	
	

	30
	
	
	

	45
	
	
	

	60
	
	
	

	75
	
	
	

	90
	
	
	


Figure 5.2 Example of dialysis bag weight change in three different solutions
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Lab 6:  Histology – Plant and Animal Tissues

Introduction
The basic structure of all living organisms is the cell.  Because plants and animals are primarily multicellular organisms, cells in plants and animals are highly specialized to do a specific job.  Therefore, each type of cell may look and function very differently.  Similar cells aggregate to form tissues.  

In plants, there are four major types of tissue systems: meristemic, dermal (surface), vascular, and ground (fundamental).  The meristemic tissues are tissues capable of cell division located in the root ad stem tips.  The dermal tissue system is the protective covering.  It is the first line of defense against physical damage and pathogenic organisms.  The vascular tissue system carries out long distance transport of materials between roots and shoots.  The two vascular tissues are xylem and phloem.  Xylem transports water and dissolved minerals from roots to shoots.  Phloem transports organic nutrients from photosynthesis such as sugars from where they are made, usually mature leaves, to where they are needed, such as growing shoot tips and fruits.  Plants tissues that are not meristemic, dermal, or vascular are considered ground tissues.  In addition to functioning as fillers, ground tissue system also specializes in storage, photosynthesis, and support (Figure 6.1).  Each of the plant tissue systems also contain many different specialized cells with specific functions.  They are listed in Table 6.1.

Figure 6.1 Tissue systems in plants (Biology 7th ed., Campbell and Reece)


[image: image11]
In animals, there are also 4 major types of tissues: epithelial, connective, muscular, and nervous tissues.  Epithelial cells cover surfaces and line cavities, form tubes and glands.  Connective tissues have the largest variety including loose connective tissue, adipose tissue, dense fibrous tissue, cartilage, bone, and blood.  They often contain matrix of intercellular materials.  Muscular tissue cells are specialized cells for locomotion through contraction and relaxation.  Nervous cells are specialized cells for sensation, conducting impulses, thinking and memory.  The main functions and locations of animal tissues are summarized in Table 6.2.

Table 6.1 Function and location of specialized plant cells

	Tissue type
	Cell type
	Description
	Location
	Function

	Meristemic
	Apical and lateral 
	Undifferentiated cells capable of active cell division. Small with small vacuole and thin-walled
	Areas of active growth. Root and stem tips
	Cell division and growth

	Dermal
	Epidermis
	One-cell thick, flat cells with large vacuole and thin cytoplasm, waxy cuticles in some
	Outer covering of herbaceous plants on leaves, stems and roots
	Protection

	
	Periderm
	Dead cells of outer bark.  Cell walls with wax = suberin and cork
	Outside surface of older stems in woody plants
	Protection

	Ground
	Parenchyma
	Thin primary walls with no secondary walls.  Often with many chloroplasts
	Leaves, stems, and roots
	Photosynthesis and storage 

	
	Collenchyma
	Walls irregularly thickened, especially at ends or edges
	In young woody plants and herbaceous plants
	Support

	
	Sclerenchyma
	Elongated cells with tapered ends are fibers. Sclereids are gritty, irregular cells
	In seeds, fruits, leaves and stems
	Support from lignified cells

	
	Endodermis
	Lignified and suberized bands of Casparian strips in cells.
	Around vascular cores, single layer
	Regulation of material entering vascular cylinder

	Vascular
	Xylem
	Tracheids are spindle-shaped cells with pores and pits in walls, and closed at ends.  Vessels are stouter cells, perforated at ends.  Both are dead cells 
	Stems, roots, and leaves
	Transport of water and minerals. Support

	
	Phloem
	Sieve tubes have no nuclei when mature.  Perforated end walls. Companion cells are adjacent to sieve cells with nuclei and cytoplasm.  Control metabolism of sieve cells
	Stems, roots, and leaves
	Transport of organic materials


Table 6.2 Function and location of specialized animal cells

	Tissue type
	Cell type
	Description
	Location
	Function

	Epithelial
	Squamous
	Thin, flat and irregular outline
	Epidermis of skin, cornea, esophagus, vagina, blood vessel linings, sweat glands
	Line organs and cavities, cover body, enable glandular secretion

	
	Cuboidal
	Cube-shaped or truncated pyramids
	Thyroid, kidney tubules, ducts of glands, smaller bronchi, lines duct
	Form glands and ducts 

	
	Columnar
	Long and cylindrical
	Lines nasal sinuses, uterus and intestines.  Forms parotid glands
	Line organs and enables secretion

	
	Transitional
	Pear-shaped
	Lines urinary bladder and ureter
	Line organs and allows stretching

	Connective
	Loose
	No particular shape
	Under skin and in glands
	Support and connect

	
	Adipose
	Thin-walled, lace-like, filled with fat
	Under skin
	Reserve food, protect and support

	
	Dense fibrous (collagenous, elastic, reticular)
	Collagen and elastin are fibers and cells, matrix semi-fluid protein and fibers
	Tendon (muscle to bone), ligament (bone to bone), blood vessel wall
	Connect, bind, and support

	
	Cartilage
	Few cells, oval shaped, rubbery matrix
	Disc of vertebrate, end of bones, septum of nose, larynx, ear, trachea, epiglottis
	Form joints. Support, connect, and maintain flexibility

	
	Bone
	Hard matrix of collagen, calcium phosphate.  Bone-forming cells are osteocytes
	bones
	Support, protect, and connect

	
	Blood (red and white blood cells, platelets)
	Red BC are biconcave discs with no nucleus when mature.  White BC have nuclei, larger with ameboid movement.  Platelets are small cell fragments
	Bone marrow, artery, and vein
	Transport O2 and CO2, defense, and blood clotting, respectively

	Muscular 
	Smooth
	Spindle-shaped with single nucleus in the center.  Contract slowly
	Most internal organs except for heart
	Involuntary movement

	
	Skeletal
	Large groups in bundle with light and dark bands (striations) and multiple nuclei.  Contract fast
	Skeletal system
	Voluntary movement

	
	Cardiac
	With intercalated discs.  Branched and joined with less pronounced striation.  Single large nucleus in center.  Contract fastest
	Heart
	Involuntary movement

	Nervous
	Neuron
	Single nucleus cells with cytoplasmic projects called axons and dendrites
	Brain, spinal cord, nerve
	Carry impulse, coordinate body activity



Objectives

1. To learn function and structure of major plant and animal cells and tissues.
2. To examine different types of cells and structures of cells (e.g. cell membrane).

3. To examine different types of tissues and structures of tissues, such as striated muscle and position of nuclei.

Materials

The following slides and models

Procedures
2. Examine the following slides of plant and animal tissues.  Refer to Exercise 20 and Exercise 27 of Encounters with Life for plant and animal tissues, respectively.  Also bring and use your Photographic Atlas of Biology.

Animals:

a. squamous epithelium, isolated

b. columnar epithelium, isolated or intestinal
c. cuboidal epithelium (e.g. thyroid)
d. transitional epithelium, section

e. human skin (stratified squamous epithelium)

f. adipose tissue (fat)

g. tendon, teased

h. hyaline cartilage

i. bone, dry ground, human

j. blood, Wright’s smear, human

k. giant multipolar neurons

l. medullated or myelinated neuron

m. spinal cord, x.s.

n. smooth muscle, isolated

o. skeletal muscle, isolated
p. cardiac muscle with intercalated discs
Plants:

p.  Allium root tip, l.s. (meristematic tissue)

q.  Ranunculus root and stem x.s. (vascular, epidermal, and fundamental tissue)

r.  Cucurbita stem, l.s. (sieve tubes, companion cells)

s.  Zea stem, x.s.  (sclerenchyma tissue)

t.  Tilia and/or Pinus stems, x.s. & l.s. (tracheids, vessels, vascular tissue)

u.  Syringa x.s. or a leaf x.s. (parenchymal tissue, guard cells)

3. Examine demonstration slides of the following:

a. bird blood

b. frog blood

c. sickle cell anemia (human)

d. myelo-monocytic leukemia (human)

e. epidermis of the dicot and/or monocot leaf for guard cells

4. Examine models of the following and be able to distinguish between types and structures

a. blood cells:  human erythrocytes, leukocytes (5 types), and platelets

b. muscles:  smooth, skeletal, and cardiac

c. leaf model

5. Answer the following questions in your lab notebook

a. What are the differences that you observed for the frog blood versus the bird blood?
b. What is sickle cell anemia?
Lab 7:  Field Trip to Paiko 
Introduction

Oahu has many beautiful coral reefs where a large variety of plant, algae, and marine animals reside.  A fringing coral reef is a common reef ecosystem in Hawaii, such as Paiko, Ala Moana, and Hanauma Bay reefs.  Paiko peninsula reef, located on east Oahu, along Kalanianaole Highway, is within easy access from school and has a good variety of plants and animals.
Objectives

1. To observe a fringing coral reef ecosystem including component biotic organisms and abiotic topographical features.

2. To collect marine organisms, both plants and animals for identification

3. To observe marine seaweeds and identify representative species, including alien species.

4. To observe marine birds in the Paiko Wildlife Refuge.

5. To measure physico-chemical factors of temperature, pH, and salinity of the ocean.  

Materials

Refractometer

Plastic bags 

pH meter 

Look box

Thermometer

Nets and buckets 

Procedures

1. Take H-1 East to Kalanianaole Hwy for about 5 miles.  Turn right on Paiko St. and go to the end of the street.  Parking is extremely limited so taking school vans and car pooling is encouraged. 
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   Figure 7.1 Paiko map

2. Wear shorts/swim suits, tennis shoes, tabis, or booties.  Slippers are not suitable for the reef can be slippery and sharp-edged.  Bring hats and sunblock lotion if necessary.  Please dress at Chaminade prior to leaving.  There is no public bathroom at Paiko.
3. Using the refractometer measure salinity in parts per thousand or percent.
4. Measure the pH with the portable meter.
5. Measure temperature of the sand, ocean water near the shore and water away from the shore.
6. Wade on the shallow reef flat or shoreline to observe the coral reef.  
a. Components of the fringing reef are reef flat, coral head and channels (buttress zone), coralline ridge, surge zone, and reef slope.
b. Note that there is no marine bench at this location.  Instead, an extensive reef flat extends from the beach 100- 300 yards to the reef.
7. Collect marine organisms as instructed.  Do not collect attached corals.
a. Organisms such as sea urchins and other potentially harmful species should not be collected.  Ask the instructor if you are not sure.
b. Collected specimens will be released at the end of the lab class.
8. Observe and collect seawees.

a.  Identify several species of green, brown, and red seaweeds.
             b.  What are some alien algae species collected  and why are they threats to the reef?  
9. Answer the following questions in your lab notebook.
a. Describe the 3 types of coral reefs.
b. Describe a fringing reef with reef flat, algal ridge or coralline ridge, buttress zone, and reef slope. 
c. Define and give an example of a benthic organism, infaunal organism, epifloral, and epifaunal organism viewed on the trip.
d. Compare organisms of the reef flat to those visible on the sand beach.  Some questions pertinent to the organisms collected are: What adaptations do they posses to waves, temperature, and salinity?
e. What toxic specimens were viewed and what are some remedies?
Organisms you may see during the trip

1. Algae collected on reef flat, epiflora, and benthic:

a. Padina = brown, rosette form of seaweed, epiflora

b. Dictyosphaeria = green bubble algae, smothers coral, bubble-like structure

c. Halimeda = green, calcareous, makes sand when dead
d. Avrainvillea = green, alien species, collects sediments
e. Acanthophora = red, looks brown, spiny, abundant on reef flat, alien species
f. Coralline algae = red, makes algal ridge and beach sand, looks pink or purple

g. Sargassum = brown with floats or pneumatocyst with gas, floating mats found in Sargasso Sea in the Atlantic
h. Gracilaria or ogo = red, used in poki dishes
i. Gracilaria salicornia = red, “gorilla ogo”, alien species, smothers reef

2. Animals, Epifauna, and Nekton on Reef Flat:

a. Holothuria atra = black sea cucumber, Echinoderm

b. Ghost crab = on sand beach, Arthropod Crustacean

c. Mantis shrimp = can break glass with claw, on reef flat, also called stomatopod, Arthropod Crustacean

d. Xanthid or rock crabs = Arthropod Crustacean and swimming crabs with last leg with paddle-shapped portion

e. Placobranchus or sea hare = nudibranch Mollusc with algae in body, algae passes sugar to the sea hare and sea hare passes nitrogen waste to algae = example of mutualism where both organisms benefit, a type of symbiosis
Handout on specimens collected
An additional handout may be given to you by your instructor describing the organisms collected during the field trip by your class.
Lab 8:  Enzyme Lab – Lactase
Introduction

Enzymes are biological catalysts.  They are proteins that have the ability to speed up chemical reactions in a living organism.  The molecules that an enzyme acts upon are called the substrates, and the molecules produced from the chemical reaction are called products.

In the reaction, enzymes first collide with the substrates to form an enzyme-substrate complex.   This is followed by the release of products by the enzyme.  The three-dimensional shape of the enzyme molecule is the key to its ability to combine with the substrate to form the complex.  Enzymes contain “pockets” where substrates can fit perfectly and bind. Those pockets are called active sites of the enzyme.  Enzymes are not chemically altered by the overall reaction they catalyze, so they can be used over and over again.
Many factors can affect the rate of the chemical reaction:

1. Temperature – in general, the higher the temperature, the faster the reaction is until it reaches a temperature high enough that the enzymes start to denature or break down as enzymes are made of proteins.  This is why extremely high fever can be detrimental to animals because many enzymes would stop functioning properly.
2. pH – the pH of the environment where the reaction occurs can greatly affect the speed of the reaction.  An enzyme in the stomach called pepsin only works when the pH is low.  The stomach also secretes hydrochloric acid (HCl) to provide this acidic environment.  The enzyme in the small intestine prefers a neutral environment (pH = 7).
3. Substrate concentration – when the substrate concentration is high compared to the enzyme, there is not enough enzymes to go around and collide with the substrates.  The easiest way to increase the rate is to add more enzymes.

4. Enzyme concentration – In general, the more concentrated the enzyme, the faster the reaction.  However, the enzyme concentration can reach a point where there are too many enzymes and they collide with each other more often than they collide with the substrates.

In this lab, we will test how above factors affect hydrolysis of lactose (substrate) by lactase (enzyme).  Lactose is a disaccharide (sugar) found in the milk.  Thus, lactose is also called milk sugar.  Lactase is an enzyme that can break down lactose into monosaccharides glucose and galactose (products).  Some people do not produce or produced a reduced amount of this enzyme in the body and develop a condition called lactose intolerance when they ingest milk products.  Common symptoms are upset stomach and diarrhea.  Over-the-counter tablets containing lactase are available to alleviate these symptoms.  We will be using enzymes in these tablets (Lactaid) in our lab today.  These tablets contain purified lactase from the fungus Aspergillus oryzae.  This particular fungus is very useful.  They are used to produce enzymes to digest protein and pectin, as well as in the fermentation process to produce soy sauce.
In this lab, we will use Diastix to test for the presence of glucose (the product of the hydrolysis reaction).  Diastix are commercially available paper strips to test urine samples for glucose.  If glucose is present in the urine, it is a possible indication of diabetes and/or renal damage.  The color tip of the strip changes color from light blue-green to dark green (0.25%) or brown (2% or more), depending on the amount of glucose present.  The color should be read after 30 sec but no later than 2 min.
Objectives

1. To learn the structure and function of an enzyme

2. To learn the relationship between substrates, enzymes, and products.

3. To understand how different factors can affect the rate of an enzymatic reaction

4. To learn about lactose, lactase, and how to test for the presence of glucose with a Diastix.
5. To turn in a formal lab report on this lab.
Materials

250 ml flask



Test tubes


Deionized water 


Mortar and pestle



Parafilm



6% lactose


Bucket with ice


12% lactose 


Diastix 



Lactaid

Pipette 



Graduated cylinder

Buffers of pH = 2, 4, 7, and 9 
Water baths of 0, 10, 37, and 80 (C

Procedures
1. Set-up 
a. Finely grind one Lactaid tablet into powder with a mortar and pestle.

b. In a 125 ml flask, add the powder and 50 ml water, and seal the flask with parafilm.

c. Mix the lactase solution for 5 minutes or until the powder is completely dissolved. 

d. Store the solution on ice.  Mix the solution well before each use.
2. Basic requirements for an enzymatic reaction.  
a. In three test tubes add the following items listed in Table 8.1.
b. Mix well and incubate all three tubes in the 37 (C water bath for 10 minutes.

c. Immediately after removing from the water bath, test for glucose using Diastix.  Dip the strip for a color reaction into the test tube.  Remove as soon as the strip is wet.  Wait for 30 seconds and compare the color patch to the color chart on the strip bottle.  Record your results.

d. Answer the following questions:
i. According to Table 8.1, which test tube contains only substrate?

ii. According to Table 8.1, which test tube contains both substrate and enzyme?

iii. What conclusion can you draw about the effect of Lactaid on the break down of lactose?

iv. Does Lactaid itself test positive or negative for glucose?  If so, please explain.

Table 8.1 Basic enzyme assay
	Test tube
	pH 4 buffer, ml
	Lactase solution, ml
	Deionized water, ml
	6% lactose, ml
	% glucose after 10 min

	1
	1
	1
	0
	1
	

	2
	1
	1
	1
	0
	

	3
	1
	0
	1
	1
	


3. Effect of temperature on enzyme activity

a. Label each of 4 test tubes 0, 10, 37, and 80 (C.
b. In each tube add 1 ml of pH 4 buffer + 1 ml of lactase solution.

c. Incubate all 4 test tubes in each temperature water bath for 2 minutes.
d. Add 1 ml of 6% lactose solution into each test tube while they are in the water bath.  Mix well and continue to incubate for another 10 minutes.
e. Immediately after removing the test tubes from the water baths, test for % glucose in each tube.  Record your data.

4. Effect of pH on enzyme activity
a. Label each of 4 test tubes pH 2, 4, 7, and 9.
b. In each tube add 1 ml of buffer of appropriate pH.

c. In each tube add 1 ml of lactase solution + 1 ml of 6% lactose solution

d. Incubate all 4 test tubes at 37 (C for 10 minutes.
e. Immediately after removing the test tubes from the water baths, test for % glucose in each tube.  Record your data.

Table 8.2 Temperature and enzyme activity

Table 8.3 pH and enzyme activity
	Test tube
	Temp (C
	% glucose
	
	Test tube
	pH
	% glucose

	1
	0
	
	
	1
	2
	

	2
	10
	
	
	2
	4
	

	3
	37
	
	
	3
	7
	

	4
	80
	
	
	4
	9
	


5. Effect of substrate concentration
a. Label each of 4 test tubes 12%, 6%, 3%, 1.5%.
b. In the first tube add 2 ml of 12% lactose. 
c. In the second tube add 2 ml of 6% lactose. 

d. In the third tube add 2 ml of 6% lactose + 2 ml of water.  It is now 3%.

e. In the fourth tube add 2 ml of 3% lactose + 2 ml of water.  It is now 1.5%.  Mix well and discard 2 ml of solution from this test tube.  This process of diluting in a series is referred to as serial dilution.
f. In all tubes add 2 ml pf pH 4 buffer + 2 ml of lactase.  Mix well.
g. No incubation is needed in this test.  Start measuring glucose with Diastix after 30 seconds and follow the time schedule listed in the table or until the product reaches maximal concentration.  Record your data in Table 8.4.
Table 8.4 Substrate concentration and enzyme activity

	Time, min
	12%
	6%
	3%
	1.5%

	0.5 
	
	
	
	

	1
	
	
	
	

	1.5
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	10
	
	
	
	

	12
	
	
	
	

	15
	
	
	
	

	20
	
	
	
	

	25
	
	
	
	

	30
	
	
	
	


6. Effect of enzyme concentration on enzyme activity
a. Label each of 4 test tubes 1, 1/2, 1/4, and 1/8.
b. In the first tube add 2 ml of lactase (enzyme).

c. In the second tube add 2 ml of lactase + 2 ml of water.  It is now 1/2 of its original concentration.
d. In the third tube add 2 ml of lactase solution from the second test tube + 2 ml of water.  It is now 1/4 of its original concentration.

e. In the fourth tube add 2 ml of lactase solution from the third tube + 2 ml of water.  It is now 1/8 of its original concentration.  Discard 2 ml of solution from this tube.  This process in another example of serial dilution.
f. In all tubes add 2 ml pf pH 4 buffer + 2 ml of 6% lactose.  Mix well.

g. No incubation is needed in this test.  Start measuring glucose with Diastix after 30 seconds and follow the time schedule listed in the table or until the product has reached maximal concentration.  Record your data in Table 8.5.

Table 8.5 Enzyme concentration and enzyme activity

	Time, min
	1
	1/2
	1/4
	1/8

	0.5 
	
	
	
	

	1
	
	
	
	

	1.5
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	10
	
	
	
	

	12
	
	
	
	

	15
	
	
	
	

	20
	
	
	
	

	25
	
	
	
	

	30
	
	
	
	


7. You are to turn in a formal lab report for this experiment.  Make certain you discuss all the factors tested in this lab and how they affect reaction rate.  Be sure to present data tables and graphical figures for each portion.  Answer the following questions.
Questions for your lab report

1.  What is the effect of temperature, pH, enzyme concentration, and substrate concentration on   

      the rate of the lactase/lactose enzyme reaction?

2. What temperature, pH, enzyme concentration, and substrate concentration are optimal   
and why?  Is this consistent with conditions where the enzyme is found in humans?

3. What is saturation and was saturation reached for substrate concentrations?

 Did denaturation occur in either the temperature or pH portion?  What evidence do you have that this occurred or did not occur?

4. Lab 9:  Photosynthesis and Thin Layer Chromatography
Introduction

Photosynthesis is the process by which plant cells use light energy for the synthesis of cellular components.  Photosynthetic organisms form the basis of the food chain and they are also called autotrophs (self-feeders).  Organisms that have to eat other organisms to survive are celled heterotrophs (other-feeders).  Autotrophs include higher green plants, algae, dinoflagellates, euglenoids, diatoms, and certain bacteria.  Photosynthesis consists of two biochemical phases: light reaction and dark reaction.  In light reaction, light energy is captured and ATP is generated from ADP and inorganic phosphate (Pi).  The light reaction also generates protons (H+) and O2 from water.  The dark reaction fixes atmospheric CO2 into organic compounds such as glucose.  It can occur during the day.  The two reactions can be written as the following

Light reaction: 
H2O + NADP+ + Pi + ADP + light ( NADPH + O2 + H+ + ATP

Dark reaction:

CO2 + NADPH + H+ + ATP ( glucose + NADP+ + ADP + Pi

Light reactions in eukaryotic cells occur in chloroplasts.  Chloroplasts contain their own DNA and are self-replicating.  They contain two layers of membranes.  The outer membrane is smooth whereas the inner membrane is folded.  Stacked disc-like structures inside the inner membrane called thylakoids are where the light reactions occur.  Thylakoids contain photosynthetic pigments that help absorb light energy.  Dark reactions require many enzymatic events to synthesize glucose.  The majority of these events occur outside the chloroplasts in the cytoplasm.  Therefore, light reactions can occur simultaneously with dark reactions in a plant cell.  In many plants, glucose produced from photosynthesis is polymerized into starch and cellulose.  In the first part of the lab, we will test for the factors affecting photosynthesis.  

Figure 9.1 Structure of a chloroplast (Biology 7th ed., Campbell and Reece)


The main photosynthetic pigments are chlorophyll  and .  Other accessory pigments such as ( carotene and xanthophylls play minor roles in absorbing light energy.  However, they are important in photo-protection as they absorb the range of lights chlorophylls do not absorb.  

One of the simplest and most elegant techniques available to isolate and purify a mixture of proteins and amino acids is called chromatography.  This technique allows the resolution of mixtures of substances by separating components between two phases. In paper chromatography, the paper acts as the stationary phase and the solvent as the mobile phase.  Thin layer chromatography (TLC) is a recent adaptation of chromatographic methods that is designed to increase the resolution of component separations.  The name of the process is derived from the thin, uniform layer of an absorbent, such as silica gel or alumina, spread on a flat glass plate and treated in a similar manner to a paper strip.  The absorbent consists of many microscopic edges, corners, or fibers.  These surfaces provide a large area for chromatographic separation.  The thinness of the absorbent layer requires less material and results in a very rapid migration of the components in a mixture.  
TLC is generally very sensitive to small differences in chemical structure.  The structure affects the strength and type of interactions between sample and absorbent.  The distance the substances migrate from the starting point is related to the molecular weight, size and interaction of the substances with the absorbent.  In general, the higher the molecular weight, the larger the molecule, and the stronger the interaction, the slower the migration rate is.  In the second part of the lab, you will use the TLC to separate out different pigments containing in a spinach extract.
Objectives

1. To learn the required elements for photosynthesis

2. To understand the two reactions of photosynthesis

3. To learn to separate a mixture of molecules using thin layer chromatography

4. To learn the different photosynthetic pigments contained in spinach

Materials

Chloroplast suspension

Deionized water

Spectrophtometer

Chloroplast dilution buffer 

Test tubes


Sarkosyl solution

Cuvettes



Foil



DCIP

Pipettes



Pencils



Micropipette

Spinach extract


Parafilm


Beaker

Plastic ruler



TLC plate
Procedures
Photosynthesis

A suspension of chloroplasts has been prepared.  Instead of using the natural form of NADP+, we will be using a dye called DCIP to substitute for NADP+ to monitor the light reactions in the chloroplasts.  DCIP is blue in oxidized form.  When it receives an electron and a proton, as occurs in the light reaction, DCIP is reduced and turns colorless.  Instead of observing NADP+ turning into NADPH, the blue solution turns colorless when the light reactions occur.

1. Label 6 test tubes 1 – 6 and wrap test tube 5 in foil.

2. Add the following solutions as listed in Table 9.1.  Mix well.  Make sure you use a designated pipette for each solution.  All test tubes should have the same total volume (4.0 ml).

3. Set the wavelength of the spectrophotometer to 605 nm and zero the instrument with the following steps:

a. Without a tube in the holder, close the cover, adjust the instrument to read 0% transmittance.
b. Open the chamber and put in tube 1.  Close the chamber and adjust the instrument to read 100% transmittance.
Table 9.1 Photosynthesis test tube components, in ml

	Test tube
	Chloroplast dilution buffer
	Deionized water
	Chloroplasts
	DCIP
	Sarkosyl solution

	1
	2.5
	1.5
	0
	0
	0

	2
	2.5
	1.3
	0.2
	0
	0

	3
	2.5
	0.5
	0
	1
	0

	4
	2.5
	0.3
	0.2
	1
	0

	5 (foil)
	2.5
	0.3
	0.2
	1
	0

	6
	2.5
	0
	0.2
	1
	0.3


4. Read transmittance for tubes 2 – 6.  Remove the foil for tube 5 just before reading.  Rewrap the tube with foil as soon as you finish reading.  Record your data in Table 9.2 as time 0.

5. Stand tubes 3 – 6 in a beaker of water under a lamp or flood light that is about 8 inches away.  Start timing as you will complete readings at 5 minutes and 15 minutes.
6. Zero the instrument again following step 3 but you do not need to read tube 2 again.
7. After exposure to lights for 5 minutes, obtain the reading of tubes 3 – 6.  Once again, reduce as much as possible the amount of time of light exposure to tube 5. 

8. After exposure to light for 15 minutes (10 minutes from previous reading), repeat the zeroing and read tubes 3 – 6.

Table 9.2 Photosynthesis experiment, % transmittance

	Tube
	Time, min
	% T
	Time, min
	%T
	Time, min
	%T

	2
	0
	
	5
	–
	15
	–

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


Thin Layer Chromatography

A sample of a mixture of chloroplast pigments in isopropanol has been prepared from spinach leaves.  The mixture contains chlorophylls, xanthophylls, and small amount of -carotene.  These pigments can be separated from one another on a cellulose or silica gel TLC plate that will be developed in an alcohol-water based solvent system.  A standard pigment solution containing chlorophylls  and , xanthophylls, derivatives of xanthophylls, and -carotene is provided to help identify the components of your pigment sample.

1. Measure 1 cm up from the bottom of the TLC plate and lightly use a pencil, draw a thin line across the white, absorbent side of the plate.  This is the sample origin line.  Make sure you do not draw too hard for you may scratch the absorbent.

2. Use a micropipette to withdraw the fluid from the spinach sample.

3. Touch the end of the micropipette gently to the sample origin line on the plate until the fluid goes down a graduation mark.

4. Use another micropipette to withdraw the fluid from the standard solution.

5. Touch the end of the micropipette gently to the sample origin line on the plate, next to the sample, until the fluid goes down a graduation mark.

6. Let dry for 3 minutes.  Repeat steps 2 – 5 to add another drop of sample and standard on top of the original spots.  Let dry another 3 minutes (Figure 9.2).

7. Place the short edge of the plate into a small beaker or Coplin staining jar containing the solvent.  Make sure the level of solvent is lower than the origin line.  Cover the top of the Coplin jar or beaker with  parafilm (Figure 9.3).

8. Keep the plate in the solvent for 30 – 40 min, as time allows.  You will see the pigments start migrating up and separating.  Make sure you remove the plate before the solvent front/pigments run “off” the plate.
9. Remove the plate and lay it flat on a paper towel to dry, with the absorbent side up.

10. Measure the distance between the center of the original spot and the center of each pigment as well as the solvent front, for both sample and standard.

11. Calculate the Rf values (see below) for each pigment for both sample and standard.

12. The standards are, in order starting from the origin line, -carotene, chlorophyll , chlorophyll , xanthophylls, and epoxide derivatives of xanthophylls.  The two chlorophylls are probably very close to each.

Figure 9.2 Sample and standard on TLC plate
Figure 9.3 Stand the plate in the solvent


The Rf  value is the distance traveled by a particular pigment from the origin line divided by the distance traveled by the solvent from the origin line.  In the figure below, the Rf of pigment A can be calculated as 1/5 = 0.2.  Two substances with the same Rf values are likely to be the same substance.

Figure 9.4 TLC plate after separation

[image: image13]
Using Figure 9.4, what is the Rf value of pigment D in the standard?
Answer the following questions in your lab notebook:

1. What is the purpose of the experiments?

2. Record results from both the photosynthesis lab and TLC lab, including the Rf values.

3. What conclusion can you draw from results of tubes 3 – 6 in the photosynthesis experiment?

4. What pigments are contained in the spinach extract?

5. What is a function of Rf values?

Lab 10:  Mitosis & Meiosis
Introduction
Mitosis is the cell division where each daughter cell receives a completely identical set of chromosomes (2n; diploid cells).  In unicellular asexual organisms such as amoeba, mitosis reproduces an entire organism.  In sexual multicellular organisms, mitosis allows them to develop from one single fertilized cell (a zygote) to a multicellular adult.  Even in a mature organism, mitosis continues to function in renewal and repair, replacing dead cells from normal wear and tear or accidents.  On the other hand, the purpose of meiosis is to produce gametes, i.e. sperms and eggs, which contain 1 set of chromosomes (n; haploid cells).  When gametes meet and fertilize, both the sperm and egg provide 1 set of chromosomes.  The fertilized egg or the zygote becomes a diploid cell again.
 Mitosis includes five phases: interphase, prophase, metaphase, anaphase, and telophase.

Each phase has characteristic structures that differentiate the phases.  For example, in metaphase a spindle is present.  Please refer to figure 10.1 for the stages of mitosis and characteristic structures.  Meiosis consists of two meiotic phases that include phases, such as prophase and other stages.  There are unique characteristics of meiosis, such as chiasmata or crossing over, and exchange of genes and tetrad formation when daughter chromatids (sister chromosomes) exist as 4 chromatids.
Objectives
1. To identify the stages of mitosis in plant and animal cells.

2. To review the stages of meiosis and gametogenesis.
3. To observe representative samples of chromosome bearing structures, e.g., human sperm and human follicles with ovum in the ovary.

Procedures
1. Complete Exercise 9 in the Encounters with Life lab manual.  
2. Examine all stages of mitosis for the following.  Do not be discouraged if it is difficult to differentiate between the different stages, it will take time!
a. Allium root tip (onion root tip) l.s.
b. Whitefish blastula (whitefish development stage)
c. Drosophila (fruit fly) chromosomes
d. Slide with Feulgen stain, DNA-chromosomes are magenta

3. Examine the following demonstration slides.

a. human male chromosome – XY – used with oil immersion

b. human female chromosome- XX – used with oil immersion
c. rat testis spermatogenesis (rat sperm development)
d. Anasa spermatogenesis (grasshopper sperm development)
4. Exam and identify stages of meiosis for the following.

a. Ascaris maturation (parasitic roundworm)

5. Examine the following slides on human spermatogenesis and oogenesis.

a. human sperm
b. mammalian ovary with mature follicle and egg
Figure 12.6 Mitosis (Biology, 7th ed., Campbell and Reece)


Figure 10.2 Meiosis (Biology 7th ed., Campbell and Reece)

Lab 11:  Mendelian Genetics
Introduction
Gregor Mendel is often called the father of modern genetics.  His research with the common garden pea opened the door for uncovering the basic principles of genetics.  He demonstrated that parents pass on to their offspring discrete genes that retain their identity generation after generation.  Mendel developed a model to explain the inheritance pattern he consistently observed in his pea experiments.  There were four central ideas of Mendel’s model:
1. Different forms of genes or alleles create variations in inherited characters.
2. An organism inherits two alleles, one from each parent, for each character.

3. If the two alleles differ, the dominant allele determines the appearance whereas the recessive allele has no noticeable effect on appearance.

4. The two alleles for a character segregate (separate) randomly when producing gametes and end up in different gametes.  This fourth part of Mendel’s model is also called the Law of Segregation.
There are many important terms you should know before you start this lab:
1. Genes – units of heredity.  
2. Genome – all the genes that make up an organism.

3. Chromosomes – DNA and associated proteins (histones) are packed into chromosomes.
4. Traits and characters – inheritable features such as flower color and eye color.
a. Autosomal – the gene of interest is located on one of the autosomal or non-sex linked chromosomes.
b. Sex-linked – the gene of interest is located on one of the sex chromosomes such as red-green color blindness (a recessive trait on the X chromosome).
5. Alleles – the alternative versions of a gene.

6. Gametes – reproductive cells such as eggs and sperm.
7. Zygote – a fertilized egg.
8. Phenotype – an organism’s appearance.
9. Genotype-an organism’s genetic make up.

10. Homozygous – the offspring inherits two copies of the same alleles (AA and aa).

11. Heterozygous – the offspring inherits two different alleles (Aa).
12. True breeding –plants that are true breeding can self-pollinate and produce the same traits in the offspring.
13. Hybridization – the mating or crossing of two true breeding varieties.
a. P generation – the true breeding parental generation.
b. F1 generation – the first filial (son) generation from the two true-breeding parents.
c. F2 generation – the second filial generation from self-pollination of two F1.

14. Monohybrid – homozygous or heterozygous for one character (AA, Aa, or aa).
15. Dihybrid – homozygous or herterozygous for two characters (AABB, aabb, or AaBb).

16. Punnett’s square – a diagrammatic device for predicting the allele composition of offspring from a cross between two parents with known genetic make up.

17. Test cross – breeding between a recessive homozygote and an organism with known dominant phenotype but unknown genotype.
Every organism has a characteristic number of chromosomes.  In humans, the normal number is 46 chromosomes including 44 autosomes plus 2 sex chromosomes.  Normal males have one X chromosome and one Y chromosome whereas normal females have two X chromosomes.  During normal spermatogenesis, all sperm receive 22 autosomes, one from each pair, plus either an X or Y chromosome.  During oogenesis, all eggs receive 22 autosomes, one from each pair, plus an X chromosome.  If chromatids fail to separate properly during meiosis, some gametes receive extra chromosomes while some gametes receive less chromosomes. Therefore, causing genetic diseases, such as Down’s syndrome (47 chromosomes).
Karyotyping

A karyotype (Figure 11.1) is a display of condensed chromosomes arranged in pairs.  Karyotyping can be used to detect abnormal numbers of chromosomes and defective chromosomes associated with certain congenital disorders.  Karyotypes are prepared from isolated somatic cells that are treated with drugs to promote mitosis and then grown in culture for several days.  A slide of cells arrested in metaphase is stained and the image is captured with a camera.  Photos of chromosomes are entered into a computer and chromosomes are electronically rearranged into pairs based on their size and shape starting from the largest and ending with sex chromosomes.
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Figure 11.1 Karyotyping of a healthy male (left) and a female with Down’s syndrome (right) (Biology 7th ed., Campbell and Reece)

Cri du chat (Cat Cry) syndrome – A child born with this syndrome has a normal number of chromosomes.  However, the terminal portion of the short arm on chromosome 5 is deleted.  The name of the syndrome comes from the cat-like cry characteristic of babies with this disorder.  Other features include severe mental retardation and cardiovascular disease.
Down’s syndrome (trisomy 21; Figure 11.1) – This disorder is a result of an extra chromosome 21.  This is the most common cause of development disabled humans, occurring 1 in 500 to 1000 births.  Women over 35 years old have a higher rate of giving births to babies with this disorder.  A person with Down’s syndrome usually has a low IQ, and poor sexual development.

Klinefelter’s syndrome – A person with this syndrome has 47 chromosomes, including 44 autosomes and an XXY sex chromosomes and is considered a male.  People with this disorder have poor gonadal development and may have mild mental retardation, but live a normal life span.

Male iso-21 syndrome – The male has the normal number of chromosomes but chromosome 21 has two identical long arms, but no short arm.  It occurs when a centromere divides in the wrong direction and therefore loses part of the chromosome.  Individuals with iso-21 have similar characteristic as people with Down’s syndrome.
XYY syndrome – Males with this disorder have 47 chromosomes including one X and two Y chromosomes. They tend to be taller and may have lower than normal intelligence.

Turner syndrome (XXX)-Females are sterile and this syndrome is detected by karyotyping.  Most have normal intelligence and develop secondary sexual characteristics with estrogen therapy.

 A frequently used test used in genetics: the Chi square test
Suppose you flip a coin 100 times. One knows that if the coin is unbiased that half the time you expect to get a head each time you toss the coin and a tail the other half of the time. How do you know though that the coin really is not biased in some way? If you are a gambler and want to know if a dice is biased or not biased in some way, how would you be able to test this hypothesis? If you are a geneticist and want to know if the results from the F2 generation of a monohybrid cross are consistent with Mendel's law of segregation, how would you test this?

All three of these questions can be answered using a statistical test called the Chi-square goodness of fit test. The basic idea of this test is to calculate a particular statistic called the observed chi square statistic. Once one has the observed statistic, we mathematically ask, what is the probability that this statistic or a larger one will occur if the data are a random sample of experiments governed by the hypothesis being tested? Consider these results tabulated from a series of 100 coin tosses.

Table 11.1 Coin toss results
	Outcome
	Observed No, Oi
	Expected No, Ei
	(Oi - Ei)2/Ei

	Heads
	60
	50
	(60 -50)2/50 = 2.0

	Tails
	40
	50
	(40-50)2/50 = 2.0

	Total
	100
	100
	4.0


The observed number column represents the actual number of heads and tails gotten by flipping the coin 100 times. The expected number is what one expects to find on average. The column on the right shows how to calculate an observed chi-square statistic, which is a sum of deviations from the expected:

 observed =  (O i - Ei)2/Ei. 

 

If the data are really a random sample from all possible experiments where the hypothesis being tested is correct, then the observed chi square statistic will vary randomly. The distribution of this statistic can be shown to follow a mathematical function called the Chi square function with N-1 degrees of freedom or 2 N-1.

This is actually a complex function, but fortunately one does not need to work directly with the function or if ones does, many software packages including spreadsheets can be used to calculate it . In statistics one usually works with a special form of the chi-square called a cumulative density function. This function gives us the probability that an observed chi square or larger will happen by chance if the data are really from a chi square with N-1 degrees of freedom and our data really do fit our hypothesis. This is why the Chi square tests commonly used in statistics are often called goodness of fit tests.  In Chi square tests, if the observed chi square value is very large compared to the expected chi square for the appropriate degrees of freedom, then this suggests that the data do not fit what is expected in the hypothesis. Often this comparison is done using chi square tables such as this one, which is created using the Chi-square function in a common spread sheet program. 

The column on the left side of the table is used to find the row for the proper degrees of freedom for a particular Chi square test. Degree of freedom (df) is best understood as the number of possible outcomes or choices minus one. So for the coin example, the possible outcome is two or heads or tail.  Hence the appropriate degree of freedom is 2-1= 1 degree of freedom (df).  The other columns give probabilities that a chi square or a larger one in the intersecting row for a particular df will happen by chance if the data really do fit the hypothesis being tested. Generally one selects a certain probability in advance of doing the experiment. In statistics and science, often the probability is set at P ≤ 0.05. This probability and the appropriate degree of freedom allow us to specify what is often called a critical statistic. The observed chi-square statistic is compared to the critical statistic and the hypothesis being tested is rejected if and only if the observed chi-square statistic is as large or larger than the critical statistic.

For our coin data, the observed chi square is 4.0 and the critical chi square statistic, the chi square at P ≤ 0.05 and 1 df is about 3.84. Since 4.0 is greater than 3.84 then we reject the hypothesis that the coin toss is 50 heads/50 tails.  A couple of points need to be made about this sort of hypothesis testing. First, the hypothesis could in fact be correct, but a chi square statistic as large or larger than the critical statistic for P ≤ 0.05 will happen only 5% of the time if the hypothesis is correct. Choosing a small P means that when you observe a chi square larger than the critical chi square, your probability of rejecting a hypothesis when it is true is less than 5%. Thus a chi-square that is larger than the critical chi square gives you confidence that you are not rejecting a true hypothesis. 

If one is conservative and demand a high degree of confidence before rejecting a hypothesis then one might select P ≤ = 0.01 or P ≤ = 0.001. 
The following is a general hypothesis testing procedure

1. Specify the hypothesis to test. This typically has to be a hypothesis that makes a specific prediction. For instance, the hypothesis that a coin is biased or unbiased does not make a specific prediction about the number of heads and tails one might observe if the coin is tossed 100 times. This is because there are an infinite number of ways the coin can be biased. But if one specifies that the coin is unbiased there is only one such hypothesis namely that P(Head) = 0.5 and P(Tail) = 0.5. Sometimes the hypothesis that allows one to make a specific prediction is called the null hypothesis because it usually assumes that the outcomes are due strictly to chance and are unbiased.
2. Specify the critical statistic against which you will compare the observed statistic. This means for the chi square, specifying the probability level and the appropriate df.
3. Collect the data and calculate the observed chi square.
4. Reject the null hypothesis if the observed chi-square is larger than the critical chi-square.

Application to genetics 

The chi square test can be used to test deviations from specific genetic hypotheses.  For example, the expected phenotypic numbers given a theoretical 3:1 ratio for the F2's of a monohybrid cross can be tested against the observed numbers.  A common use of the chi square is to detect linkage between two genes using the results of a dihybrid test cross.  Consider the following example examined by Thomas Hunt Morgan.  He investigated linkage between the gene for purple eye color (pr) and the gene for vestigial wing (vg). He first mated flies known to be pure breeding for purple eye and vestigial wing with wild type flies pure breeding for both traits.  Let pr be the allele for purple eye and vg be the allele for vestigial.  Both these alleles are recessive.  For clarity, let pr+ and vg+ be the corresponding wild type alleles.  The F1s all are of genotype pr+ pr vg+ vg.  When Morgan mated female offspring from the dihybrid test cross with male pr pr vg vg flies, he obtained the following results:

Table 11.2 Fly eye color and vestigial wing results

	Genotype
	Observed No, Oi
	Expected No, Ei
	(Oi - Ei)2/Ei

	pr+ pr vg+ vg
	1139
	659.75
	348.13

	pr+ pr vg vg 
	151
	659.75
	392.31

	pr pr vg+ vg
	154
	659.75
	387.70

	pr pr vg vg
	1195
	659.75
	659.75

	total
	2639
	2639
	1787.89


The expected number here in Table 11.2 is assuming independent assortment of the two genes, purple eye color and vestigial wings.  The observed Chi-square, 1787.89, is clearly much higher than the critical chi square (2 3 df = 7.815; see below Table 11.3) at the P ≤ 0.05 level of significance.  Thus, the hypothesis that the genes are unlinked is rejected.  In this case the results are very likely to be related to linkage.  However, one must be very careful to check that the hypothesis being tested is appropriate for a simple Chi-square.  Deviations from the expected 1 : 1 : 1 : 1 ratio may also arise if zygotes from a particular female mating with the wild type male differ in viability.  Further even if linkage exists, viability effects between the cross over gametes will inflate the 2 test leading to a greater chance of rejecting the hypothesis of linkage.

Table 11.3 Chi square probabilities

	
	Insignificant deviation

No reason to reject null hypothesis
	Significant deviation

Reason to reject null hypothesis

	df
	0.99
	0.95
	0.90
	0.10
	0.05
	0.025
	0.01
	0.005

	1
	-
	0.004
	0.016
	2.706
	3.841
	5.024
	6.635
	7.879

	2
	0.020
	0.103
	0.211
	4.605
	5.991
	7.378
	9.210
	10.597

	3
	0.115
	0.352
	0.584
	6.251
	7.815
	9.348
	11.345
	12.838

	4
	0.297
	0.711
	1.064
	7.779
	9.488
	11.143
	13.277
	14.860

	5
	0.554
	1.145
	1.610
	9.236
	11.070
	12.833
	15.086
	16.750

	6
	0.872
	1.635
	2.204
	10.645
	12.592
	14.449
	16.812
	18.548

	7
	1.239
	2.167
	2.833
	12.017
	14.067
	16.013
	18.475
	20.278

	8
	1.646
	2.733
	3.490
	13.362
	15.507
	17.535
	20.090
	21.955

	9
	2.088
	3.325
	4.168
	14.684
	16.919
	19.023
	21.666
	23.589

	10
	2.558
	3.940
	4.865
	15.987
	18.307
	20.483
	23.209
	25.188

	11
	3.053
	4.575
	5.578
	17.275
	19.675
	21.920
	24.725
	26.757

	12
	3.571
	5.226
	6.304
	18.549
	21.026
	23.337
	26.217
	28.300

	13
	4.107
	5.892
	7.042
	19.812
	22.362
	24.736
	27.688
	29.819

	14
	4.660
	6.571
	7.790
	21.064
	23.685
	26.119
	29.141
	31.319

	15
	5.229
	7.261
	8.547
	22.307
	24.996
	27.488
	30.578
	32.801

	16
	5.812
	7.962
	9.312
	23.542
	26.296
	28.845
	32.000
	34.267

	17
	6.408
	8.672
	10.085
	24.769
	27.587
	30.191
	33.409
	35.718

	18
	7.015
	9.390
	10.865
	25.989
	28.869
	31.526
	34.805
	37.156

	19
	7.633
	10.117
	11.651
	27.204
	30.144
	32.852
	36.191
	38.582

	20
	8.260
	10.851
	12.443
	28.412
	31.410
	34.170
	37.566
	39.997


The Hardy-Weinberg Equilibrium Model

The biological sciences often define evolution as being the sum total of the genetically inherited changes in the individuals who are the members of a population's gene pool.  It is clear that the effects of evolution are felt by individuals, but it is the population as a whole that actually evolves.  Evolution is simply a change in frequencies of alleles in the gene pool of a population.  For instance, let’s assume that there is a trait that is determined by the inheritance of a gene with two alleles – B and b.  If the parent generation has 92% B and 8% b and their offspring collectively have 90% B and 10% b, evolution has occurred between the generations.  The entire population's gene pool has evolved in the direction of a higher frequency of the b allele. It was not those individuals who inherited the b allele who evolved.
This genetics model was developed largely as a result of independent work in the early 20th century by Godfrey Hardy, an English mathematician, and Wilhelm Weinberg, a German physician.  Through mathematical modeling based on probability, they concluded in 1908 that gene pool frequencies are inherently stable but that evolution should be expected in all populations virtually all of the time.  They resolved this apparent paradox by analyzing the net effects of potential evolutionary mechanisms.  Hardy, Weinberg, and the population geneticists who followed them came to understand that evolution will not occur in a population if seven conditions are met:
1. mutation is not occurring
2. natural selection is not occurring
3. the population is infinitely large
4. all members of the population breed
5. all mating is totally random
6. everyone produces the same number of offspring
7. there is no migration in or out of the population

These conditions are the absence of processes that can cause evolution.  In other words, if no mechanisms of evolution are acting on a population, evolution will not occur and the gene pool frequencies will remain unchanged.  However, since it is highly unlikely that any of these seven conditions, let alone all of them, will happen in nature, evolution is the inevitable result.
Hardy and Weinberg developed a simple equation that can be used to discover the probable genotype frequencies in a population and to follow their changes through generations .  This is known as the Hardy Weinberg Equilibrium Equation.  In this equation (p² + 2pq + q² = 1), p is defined as the frequency of the dominant allele and q as the frequency of the recessive allele for a trait controlled by a pair of alleles (A and a).  In this equation, p² is the predicted frequency of homozygous dominant (AA) people in a population, 2pq is the predicted frequency of heterozygous (Aa) people, and q² is the predicted frequency of homozygous recessive (aa) people.  From observations of phenotypes, it is usually only possible to know the frequency of homozygous recessive people, or q² in the equation, since they will not have the dominant trait.  Those who express the trait in their phenotype could be either homozygous dominant (p²) or heterozygous (2pq).  The Hardy-Weinberg equation allows us to predict which ones they are.  Since p = 1 - q and q is known, it is possible to calculate p as well.  Knowing p and q, it is a simple matter to insert these values into the Hardy-Weinberg equation (p² + 2pq + q² = 1).   This provides the predicted frequencies of all three genotypes for the selected trait within the population.
By comparing genotype frequencies from the next generation with those of the current generation in a population, one can also learn whether or not evolution has occurred, as well as the direction and rate for the selected trait.  However, the Hardy-Weinberg equation can not determine which of the various possible causes of evolution were responsible for the changes in gene pool frequencies.  It is important not to lose sight of the fact that gene pool frequencies are inherently stable. They do not change by themselves.  Despite the fact that evolution is a common occurrence in natural populations, allele frequencies will remain unaltered indefinitely unless evolutionary mechanisms such as mutation and natural selection cause them to change.  Before Hardy and Weinberg, it was thought that dominant alleles must, over time, inevitably eliminate recessive alleles.  This incorrect theory was called "genophagy" (literally "gene eating").  According to this wrong idea, dominant alleles always increase in frequency from generation to generation.  Hardy and Weinberg were able to demonstrate with their equation that dominant alleles can just as easily decrease in frequency.  
Objectives
1. To learn the definition of genetic vocabularies.

2. To learn abut dominant and recessive traits in humans and corn.

3. To examine the human karyotype and deviations from the normal human karyotype.

4. To learn about dihybrid, F-1 and F-2 generations, and phenotypic and genotypic ratios.

5. To learn to calculate and interpret the Chi-square statistical test to determine acceptance or rejection of a null hypothesis.
6. To learn about Hardy-Weinberg equation.
Materials 

Corn



Thiourea taste paper


Control taste paper


Phenythiocarbamide (PTC) taste paper

Sodium benzoate taste paper

Procedures
1. Complete Exercise 10 Mendelian genetics in Encounters with Life, including human traits and Indian corn.
2. Complete chi-square analysis on Indian corn per instructor’s direction.

3. Complete the karyotype exercise in the appendix.

Lab 12: DNA Extractions and Gel Electrophoresis
Introduction
In the previous labs, students were able to see the chromosomes in plant and animal cells.  Chromosomes are composed of DNA (deoxyribonucleic acid; Figure 12.1) and associated proteins.  DNA is the genetic blueprint of all living organisms.  The monomer of DNA is a nucleotide (Figure 12.2).  Each nucleotide contains a pentose (5-carbon) sugar, deoxyribose in DNA, a phosphate, and a nitrogenous base which can be adenine (A), cytosine (C), thymine (T), or guanine (G).  DNA exists as a double stranded helix of two nucleotide strands.  The sugar-phosphate backbones are positioned on the outer part of the double helix while the nitrogen bases are oriented inward.  The two strands of DNA are joined together by hydrogen bonds between two complimentary nitrogenous bases where A binds with T while C binds with G (Figure 12.3).

In today's lab, students will isolate DNA from plants (onions, garlic, or shallots).  Then students will visually examine this DNA through the technique of gel electrophoresis.  Gel electrophoresis is a technique used to separate nucleic acids and proteins based on their molecular weight, electric charge and other properties.  Dyed DNA samples are first loaded in small wells on one side of an agarose gel soaked in a gel running buffer.  Electrical current is then applied and DNA (negatively charged) is “pulled” by the electrical charge to the positive pole.  Several factors can affect the migration speed of a DNA fragment.  In general, the lower concentrated an agarose gel is, the faster DNA fragments can move. However, a gel with higher agarose concentration provides better resolution (greater clarity).  The smaller the DNA fragment, the faster it migrates due to smaller molecular weight.  The stronger the electrical current, the faster DNA fragments move as well.
Figure 12.1 Structure of DNA (Biology 7th ed., Campbell and Reece).
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Figure 12.2 Nucleotides and base pairing (Biology 7th ed., Campbell and Reece).
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Objectives

1. To learn the process of DNA extraction from plants

2. To learn the function and process of gel electrophoresis

3. To see how electrophoresis can separate substances based on the molecular weight

Materials

Agarose gel with 12 wells

Beakers (250 ml, 100 ml)

Micropipettors
Food coloring solution

Glass rod



Funnels



Parafilm      



Cheese cloth



Blender
Tongue depressor


Ice cold ethanol


0.5x TBE
Conical centrifuge tubes

Onion, garlic, and shallot

Pipette and tips
Ice water bath



60 (C water bath


Deionized water
Running chamber and power supply 
Cutting board and knife


Loading dye (bromophenol blue and glycerol buffer)
Detergent solution (100 ml of Dawn© detergent + 30 grams non-iodized salt + water to 1 L)
Procedures
Part I: Preparation of lysates

1. Remove the outer skin of onions, garlic, or shallots and cut off the ends.  Cut them into small pieces (1/4 to 1/2 inch pieces).  Weigh out about 30 grams of each sample.
2. Place the pieces into the blender and add 50 ml of water to homogenize.  Blend for 3 minutes or until you have very fine bits of tissue.  
3. Pour the homogenate into a 250 ml beaker.  Use a tongue depressor to scrape out all of the homogenate.
4. Bring the volume up to 100 ml with water.  Add 100 ml (equal volume) of  Dawn © detergent solution.  
5. Place the detergent-tissue mix in a 60 (C water bath.  Stir and heat for 15 minutes.  
6. Cool the mix in an ice water bath.  Stir the mix occasionally for 5 minutes or until cool. 
7. Put a funnel into a second 250 ml beaker.  Line the funnel with 2 layers of cheesecloth.   Place the beaker-funnel set into an ice water bath.

8. Pour the detergent-tissue mix into the funnel/cheesecloth.
9. Draw the corners of the cheesecloth together and twist them together.  Press out liquid manually with the liquid falling into the funnel and the beaker.  You will need at least 20 ml. of the solution.
10. Discard the cheesecloth and contents in the regular trash.

Part II: Precipitation of DNA from the lysate

DNA strands can be precipitated from solution by using cold ethanol to reduce the water. 
1. Pour 15 ml of the liquid (lysate) into a 50 ml conical centrifuge tube.

2. Pour 45 ml of ice cold ethanol into a second 50 ml conical centrifuge tube.

3. Carefully and slowly pour the ethanol down the side of the tube with the lysate and set the tube on ice.
4. Periodically, look at the boundary between the ethanol and lysate layers.  Clear material with bubbles or a white fluffy material should appear.  This is the DNA.  It may take up to 10 minutes for the DNA to appear.  
5. Use a glass rod or skewer to twirl around the DNA so that DNA is effectively spooling  around the glass rod or skewer.

6. Transfer the glass rod tip or skewer to a 1.5 ml Eppendorf tube with about 1 ml of buffer.  Dissolve the DNA in the buffer.  

Part III: Gel electrophoresis

1% agarose gels will be pre-made for the student.

1. Pipette 10 L of your DNA sample onto a small square of parafilm.

2. Add 1 L of 10x loading dye to the 10 L of DNA on the parafilm.  Mix by pipetting several times.

3. Load the pipette tip.
4. With a position directly above the gel so wells are clearly visible, place the tip of your pipette into one of the wells.  Be very careful not to poke the tip into the gel.  If this happens, move to the next well.

5. Slowly expel the sample into the well.  If this is done too quickly, the sample will leak from the top of the well and will be lost in the buffer.  Hold the pushed down button until you remove the entire tip out of the running buffer so you will  not extract any of the DNA sample or the buffer fluid.
6. Load 10 L of the DNA marker containing the loading dye into a well.

7. Once all samples are loaded, place the cover on the electrophoresis chamber and plug in the leads-red (positive) to red, black (negative) to black.

8. Connect the chamber to a power supply and run the gel at 125 mV for 45 minutes or until the first blue dye has run 3/4 length of the gel.

9. Turn off the power supply and remove the cover.

10. View the gel under UV light.

Part IV: Color dye electrophoresis (alternative to DNA) 

1. Load 10 L of the dye mixture into the well.
2. Once all samples are loaded, place to the cover on the electrophoresis chamber and plug in the leads-red (positive) to red, black (negative) to black.

3. Connect the chamber to a power supply  and run the gel at 125 mV for 45 minutes or until the first blue dye has run 3/4 length of the gel.

Answer the following questions in your lab notebook:
1. What is the purpose of the Dawn ©  detergent solution used in Part I?

2. What is the purpose of homogenizing the onion in part I?
3. In your lab, which vegetable contains the most DNA?

4. In what direction does the electrical current run in the gel and why?

5. What colors does the dye mixture contain?  What is the order of the colors starting from the well where you loaded the dye mixture?
6. Summarize what you learned in lab today.
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