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NATURAL PRODUCTS OBJECTIVES 

� Use the scientific method to design a controlled experiment 
� Understanding of how biotechnology can be used in traditional botany 
� Use bioluminescent bacteria as biosensors 
� Analyze the results and draw conclusions 

MARYLAND SCIENCE CORE LEARNING GOALS 

Goal 1.0 Skills and Processes 

Primary focus:  1.3.1, Addresses:  1.2.2, 1.2.3, 1.2.4, 1.2.5, 1.2.6, 1.2.7, 1.3.2, 1.3.3, 1.3.4, 1.4.2, 1.5.1, 
1.5.4, 1.5.5, 1.7.1, 1.7.5 
Goal 3.0 Concepts of Biology 

Primary focus:  3.2.2, Addresses:  3.3.4 
 

Visiting the MdBioLab 

Natural Products is a laboratory 
activity developed for use on the 
mobile bioscience laboratory, 
MdBioLab.  Students work as 
botanists and use the scientific 
method to analyze the 
phytochemical properties of 
various plant extracts using 
bioluminescent bacteria as an 
indicator.   

The MdBioLab is a state-of-the-art 
mobile laboratory for high school 
teachers and students, designed to 
bring new opportunities in science 
education and training to schools 
interested in expanding their 
current science curricula.  This 

educational tractor-trailer and 
instructors are capable of hosting 
32 students in a variety of 
innovative hands-on laboratory 
investigations.   Visit 
www.mdbiolab.org for more info. 

Teachers and students must first 
complete a pre-laboratory 
classroom activity introducing the 
conceptual aspects of the 
curriculum before visiting the 
MdBioLab.  There is a pre-
laboratory classroom activity 
included in this document, 
although teachers may use 
whatever additional materials they 
feel is appropriate for their own 

classroom to introduce the 
laboratory activity and concepts.  
Suggestions for extension 
activities are also included for the 
opportunity to expand and solidify 
the students’ understanding of the 
concepts and/or to apply to real 
world situations or problems. 

MdBioLab will supply all reagents, 
equipment, appropriate personal 
protective equipment and 
instruction for the laboratory 
activity.  Teachers and students 
will be required to supply their own 
pencils and copies of the student 
laboratory handout. 

 

 

Section I - Pre-Laboratory Classroom Activity 

� Students will explore the origin and uses of different plants 
� Students will model an experiment using the scientific method 

Section II - Laboratory Activity (on the MdBioLab) 

� Students will perform a controlled experiment to determine which plant extract has antibacterial properties.  
Section III - Post-Laboratory Extension Activities 

� Extension 
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For several years there was an increasing trend 
toward the use of antibiotics to treat bacterial infection 
in humans.  Ampicillin and other antibiotics were often 
prescribed.   However, the widespread and frequent 
use of antibiotics has resulted in “super bacteria.” 
These resilient, multi-resistant bacteria have evolved 
to be resistant to numerous antibiotics, even at high 
doses.  Scientists and doctors propose that the best 
way to prevent super bacteria may be to use 
phyotchemicals – extracts from plants that have 
protective properties.  

The following plants have been suggested to have 
some protective properties, but further research is 
needed. 

Green Tea- originated from China.   Green tea is one 
of the several varieties of Asian tea. Its green color 
comes from the leaves when picked young and fresh. 
Green tea has an acquired taste.  However, despite 
its taste green tea has healthy benefits for regular 
green tea drinkers, including lower chances of heart 
disease and developing certain types of cancer. 
(http://en.wikipedia.org/wiki/Green_tea) 

Rosemary - mostly known to the Mediterranean 
region, Rosemary has a very strong and distinctive 
smell.  It’s a woody plant with fragrant needle-like 
leaves that sprout flowers of blue, purple, pink, and 
white. It is high in iron, calcium, and Vitamin B6. 
Usually used for cooking, Rosemary is also helpful to 
landscapers because of its tolerance of some degree 
of drought. (http://en.wikipedia.org/wiki/Rosemary) 

Thyme - a very historic herb and used in the past for 
more than cooking. The Ancient Greeks and Romans 
used Thyme for purifying rooms and warding off 
nightmares. Thyme was also used to put on coffins as 
a sign of passage to the next life. It is grown as a 
culinary herb in sunny locations for it to hold its strong 
flavor as it dries out. The oil from thyme is one of the 
main ingredients for Listerine mouthwash.  
(http://en.wikipedia.org/wiki/Thyme) 

Dandelion- generally known as weeds, dandelions 
grow throughout the world. The leaves grow outward 
and push down the surrounding vegetation, such as 
grass. By doing this, dandelions cut off the plant’s 
access to sunlight.  Dandelions only bloom during the 
day and close at night.   The hollow stem of the plant 
produces a milky substance when broken. Dandelions 
have demonstrated antioxidant properties, and have 
been used as tea.  
(http://en.wikipedia.org/wiki/Dandelion) 

Marjoram - from the Mediterranean region is a very 
versatile herb that is cold sensitive; meaning during 
the cold days of the year it can die. It has citrus and 
sweet pine flavors. Greeks used this herb years ago 
for medicines and perfumes. Now, marjoram is used 

mostly for culinary purpose after it is processed and 
slowly dried in the shade. 
(http://en.wikipedia.org/wiki/Majoram); 
(http://www.essentialoils.co.za/essential-
oils/marjoram.htm) 

Your students can find out if plants have antibacterial 
phytochemicals by doing an experiment.  To begin, 
the following prelaboratory goes through experimental 
design: identify the problem, write a hypothesis, use 
controls, a procedure and record all data. 

The laboratory activity allows your students to conduct 
an experiment to determine if their selected plant has 
phytochemicals that may kill bacteria.   

 

EXPERIMENTAL DESIGN 

Stating the Question  

Every experiment begins with a question that the 
experiment will be designed to answer. Formulating 
this question can be a challenging part of setting up a 
research project. However, it is important to pinpoint 
the question to be explored during your experiment. 

Hypothesis  

A hypothesis is simply a statement of the expected 
outcome of an experiment. This may be based on 
previous research or experiments. The clearest way to 
write a hypothesis is to use “if…then” statements. A 
hypothesis is an educated guess made by the 
researcher.  

Controls  

When designing an experiment, it is important to plan 
ahead so that the method you are testing is compared 
against a standard. If we will investigate how 
biosensors can be used to test the effectiveness of 
natural products then there need to be standards of 
comparison in the experiment. A positive control is a 
control known to give a positive result every time. A 
negative control is a control known to give a negative 
result every time. The use of controls allows 
researchers to make sure there are no other factors 
affecting their experiment. 

Variables 

Variables are the elements of the experiment that are 
changed. The independent variable is the factor of the 
experiment that is directly changed by the researcher. 
The dependent variable is the characteristic that 
changes as a result of or with respect to the 
independent variable. 

Protocol or Procedure 

When planning for an experiment, it is important to 
have a procedure written out to follow. This ensures 
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that no important steps are skipped and that each 
step taken is taken for a reason. During the 
experiment, you should always write down exactly 
what you and anything you notice. Did colors change? 
Did bubbles form? Did you feel heat or cold being 
given off? All of these may indicate something is 
happening and you should write them down for future 
reference.  

Data 

Any observations made and any values collected 
should be recorded in an organized way. This may be 
in a data table or in a laboratory notebook. It is 
important to keep track of these things for several 
reasons. First, if a major discovery is made, you will 
need to provide all of these details. Second, if the 
experiment does not give you good results, these 
details may help to determine what went wrong. 

The History of Medicinal Plants 

Human populations have always relied on natural 
resources to meet their needs of food, shelter, 
clothing etc. Medicines have also been derived from 
nature for thousands of years. Living organisms 
produce an incredible variety of natural products. 
Nearly all of the Kingdoms have members that 
produce useful bioactive products. Examples of 
organisms that make useful natural products include 
bacteria, marine snails, orchids, algae, frogs and 
many others.  

The World Health Organization (WHO) reports that 
over 80% of the world’s population still uses herbs as 
their main form of medical treatment. In the United 
States, over 50% of the most often prescribed drugs 
have a connection to an agent derived from a natural 
product. Interest in medicinal plants has a long 
history. The Sumerians, who built the first city in 
southwest Asia 6,000 years ago, developed the oldest 
known medicinal handbook, a clay tablet which lists 
symptoms and prescriptions for medicinal plants and 
animal parts.  

Why Are Natural Products Important?  

"Upon contemplation, every plant will reveal its 
proprieties 
and there is a plant for every illness". 

If you have ever gotten sick and taken any sort of 
medicine to help you recover, you should probably 
thank a bacterium or a plant. Natural products have 
been used in the treatment of a wide variety of 
diseases, ranging from fungal and viral infections, to 
bacteria, and even to parasitic infections. Bacteria and 
plants are good sources of medicine because, since 
they cannot avoid predation by running away, they 
have evolved elaborate chemical defenses against 
their enemies. In plants, many of these defenses are 
trace phytochemicals that have biological activity 

useful in the treatment of human disease. There are 
over 300,000 known plant species, and more are still 
being identified. Only 5,000 of these plant species 
have been studied for medicinal usefulness. One of 
the reasons we hear frequent lament about the 
decimation of the tropical rain forests is that over 50% 
of all plant and animal species exist in tropical rain 
forests, including thousands of unidentified tropical 
plant species being lost forever. We will never know 
how many of these species could have produced 
useful natural products. 

There is a similar problem closer to home. The U.S. 
spends millions of dollars on weed control without 
regard to potential medicinal use of products from 
those weeds. The rapid destruction of plants in the 
world increases the pressure to screen a large variety 
of plant species for bioactive properties before they 
become extinct. The Natural Products Division of the 
National Cancer Institute, at Fort Detrick in Frederick, 
MD, screens plant and animal species each year in an 
effort to identify potential pharmaceuticals. The 
screening process is intensive and may yield bioactive 
products from only 3 or 4 organisms from an initial 
group of a few thousand.  

What are phytochemicals? 

Phytochemicals are protective and disease preventing 
chemicals found in plants. They are produced by 
plants, but have also been found to be useful in 
keeping humans healthy. They may serve as anti-
bacterial agents or antioxidants, stimulate enzymes, 
or control hormone production. Phytochemicals have 
been used in treating heart disease and diabetes, 
building the immune system and fighting cancer 
among a variety of other uses. It is important to get 
the appropriate number of servings of fruits and 
vegetables each day to maintain our ability to fight 
disease. 

Examples of Natural Products 

One ancient animal living in Chesapeake Bay is the 
common horseshoe crab, Limulus polyphemus. This 
animal has blood that contains an important enzyme, 
limulus amoebocyte lysate (LAL).  LAL contains 
proteins that react to form a gel clot when exposed to 
bacterial endotoxins that are part of the cell wall of 
gram-negative bacteria. These toxins are called 
pyrogens because they cause a pyrogenic response 
(a fever) in humans. Endotoxins that enter the blood 
stream or spinal fluid in sufficient quantities can cause 
fever, shock, and even death. Because of LAL’s 
unique properties, a company called Associates of 
Cape Cod supplies this product to manufacturers of IV 
solutions, pharmaceuticals and other medical devices, 
so that they can test their products for harmful 
bacterial contamination. This test is rapid, sensitive, 
specific and inexpensive.  
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Another extraction from Limulus polyphemus blood 
currently being researched by the Associates of Cape 
Cod is Endotoxin Neutralizing Protein (ENP). This 
protein binds with the endotoxins and neutralizes their 
biological activity – so this product could be used to 
stop bacterial contamination as well as test for it.  

Several promising marine natural products come from 
animals whose habitats are threatened and whose 
populations are in serious decline. For example, a 
new anti-microbial peptide, “Crocodillin” was recently 
isolated from the blood of crocodiles. This substance 
has been showed to kill bacteria that have developed 
resistance to many other commonly used forms of 
antibiotics.  It shows promising results in treating a 
wide variety of human illnesses. The search for 
natural products has rapidly expanded to include 
plants, invertebrates and microbes from the marine 
world. Others have been identified from organisms 
that live at the deep-sea vents, and the promise for 
more natural products from marine organisms is 
optimistic. Today the ocean environment is threatened 
by many factors, including pollution, over-fishing and 
the rapid residential development of coastal 
ecosystems, so it is essential that we increase our 
awareness of these issues and accelerate the process 
of searching for natural products.  

Today, government oversight and regulation ensures 
quality and safety in the manufacturing of natural 
products or pharmaceuticals. Any natural product that 
is synthesized or purified in any way must pass 
government regulations.  

Bioluminescent Bacteria 

Modern scientists often turn to specific organisms, 
such as bioluminescent bacteria, to act as an 
observable sensor in measuring bioactivity. 
Biosensors are used to detect chemical or 
environmental changes.  For this activity we will be 
using a luminescent bacteria.  These bacteria 
luminesce (glow) not because of radiation or 
fluorescence (which requires UV light to trigger), but 
because of a chemical reaction catalyzed by an 
enzyme.  This enzyme is luciferase.  Luminous 
bacteria are classified in three genera: Xenorhabdus, 

Alteromonas and Vibrio.  One of the key differences 
between the 3 genera is the temperature at which the 
bacterium can grow. When at the appropriate 
temperature, these bacteria replicate and glow. When 
environmental conditions are not favorable due to 
toxicity, the bacteria die.  For our investigation the 
luminescent bacteria named   Photobacterium 
phosphoreum (also known as Vibrio phosphoreum) 
will be used.   Vibrio phosphoreum is a gram-negative 
luminescent bacterium that lives in symbiosis with 
several families of marine fish.   Alternatively, to test 
the effectiveness of natural products as anti-bacterial 
agents, scientists may use bacteria that have been 
genetically modified. A gene for the bioluminescent 
characteristic, lux, is inserted into the DNA of the 
bacteria to be studied, thus transforming the genetic 
make-up of the bacteria, and leading the bacteria to 
glow.  When these bacteria reproduce forming 
colonies, all of the replicated bacteria will also glow. In 
this way, scientists are able to study any species of 
bacteria, even if it is not naturally bioluminescent. 

 
The production of light is a measurable characteristic 
of living bioluminescent bacteria, making it especially 
useful as an indicator of bioactivity. If the metabolism 
of the bacteria decreases, or if the bacteria die, the 
quantity of light given off by the bacteria decreases or 
ceases. In this lab, the bioluminescent bacteria will 
serve as an indicator of the effectiveness of our 
natural extracts as antibiotics. If the phytochemical 
works as an antibiotic, the glow will no longer be 
observable.
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SECTION 1 - Pre-Laboratory Classroom Activity 

Prior to doing the laboratory activity, it is suggested to use a pre-laboratory activity to introduce the topic and 
stimulate students’ thinking.  As an instructor, you may choose if the pre-laboratory activity is appropriate for 
your classroom or supplement with an activity you choose that is appropriate for introducing scientific method 
and experimental design. 

The purpose of the pre-laboratory activity is to explore how experiments are designed to include controls.  The 
second pre-laboratory activity explores serial dilutions and biosensors.  It provides students the opportunity to 
investigate the application of biosensors to indicate the activity of chemicals.  The objectives of the pre-
laboratory are: 
 
� Work cooperatively to solve a problem 
� Record and execute procedures developed by each group 
� Verbally communicate procedures and results 
� Develop a method to dilute the concentration of a chemical (2nd activity) 
 

Pre-Laboratory Engagement: 

Have students read the experiment and answer the questions that follow. 
 
Jimmy is just got two new fish and wants to know if warmer water will help his fish stay healthier. He sets up two 
identical tanks, one with water at room temperature as he has always raised his fish, and one with water that is 
10°C warmer.  Jimmy measured the length of each of the fish on the day he bought them and put each fish in a 
separate container. He measured the length of the fish every Friday for four weeks. Here are Jimmy’s results: 

 
 
 
 
 
 
 

What value is Jimmy using to measure the health of the fish? 
 
 
 

What is the control group in Jimmy’s experiment? 
 
 
 
What is the dependent variable in Jimmy’s experiment? 
 
 
 
What conclusion can Jimmy make from his data? 
 
 
 
Use the next Pre-Laboratory activity to explore serial dilutions and the application of biosensors.  This activity 
challenges students to create a method for measuring chemical activity and allows students to investigate the 
utility of biosensors.     It provides students with the opportunity to develop ideas about experimental design, 
and methods to detect the use of chemical reagents.   

Fish Start Week 1 Week 2 Week 3 Week 4 
Warm water 4 cm 4.2cm 4.3cm 4.5cm 4.6cm 

Room 
Temperature 

4.5 cm 4.6cm 4.6cm 4.6cm 4.7cm 
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Pre-Laboratory Materials 

• Listerine® Mouthwash (may substitute another intensely-flavored antiseptic) 
• Mouthwash cups 
• Water 

 

Pre-Laboratory Engagement (10 – 15 minutes) 

Organize students in groups of four.  At each group’s station, place a container with a pre-determined volume of 
Listerine®.  Ask students if they know what type of  product it is (mouthwash).  What is a mouthwash supposed 
to do?  (kill bacteria, prevent gingivitis, freshen breath, reduce plaque build-up etc).  Challenge each group to 
write what they know about mouthwash.  Then have students write 5 qualitative observations about Listerine®.  
Students may include observations from their prior knowledge/use of the product.  Qualitative observations may 
include the odor, taste, color and feel.  Each group is responsible for recording their observations. 

 

Pre-Laboratory Exploration (15 – 20 minutes) 

Discuss observations with the class. Record on the board the number of students that mentioned color, scent, 
taste, feel, or phase (it’s a liquid).  Construct a bar graph illustrating the type of observation (x-axis) and the # 
students (y axis) that made the observation.  Discuss the graph and focus on those who have tasted Listerine® 
before.  Record descriptors the students use “it burns, it tastes awful, it smells like strong medicine etc.”  Use 
the following activity to demonstrate how a serial dilution can be used to lower the concentration of a known 
sample. Require each group to consider the following: how could they use Listerine® without the intense burn 
and still kill bacteria? The most obvious method is to dilute the Listerine® to a point that it retains its antiseptic 
properties but no longer burns.  Reinforce all suggestions.  Ask the students what variables (e.g., the volume of 
Listerine®, the number of bacteria in ones mouth) there are in the investigation. List the variables suggested on 
the board.  Next  list what must remain constant in the experiment (e.g., volume of water used to dilute).  Give 
each group a predetermined volume of water, Listerine® and six empty cups.  Have each group develop a 
procedure that addresses the problem (dilute the Listerine® to a point that it no longer burns yet retains its 
antiseptic property), additional materials they might need and conclusions that were made.  

 

Pre-Laboratory Explanation (30-40 minutes) 

Require each group to tell the class what they did, specifically how they made the dilutions, and the conclusion 
they made.  Some groups may decide to approach the problem by mixing half water, half mouthwash.  Inform 
the students that by mixing a set amount of the mouthwash into a set amount of water they have created their 
1st dilution.  By transferring a set volume of the 1st dilution into water creates the 2nd dilution.  Inform students 
that repeating this process create a serial dilution. To ensure that students make the connection ask which 
reagent is being serially diluted.  Next, discuss with students what method they developed to test the intensity 
and antiseptic property of their dilutions.    Groups may simply suggest comparing the color of the dilutions to 
water and undiluted Listerine®.   Although useful, this method does not give an indication of chemical 
concentration or antiseptic property.  Some groups may suggest having a test person(s) use the diluted and 
undiluted Listerine®.  They could determine how strong the product was based on facial expression of the 
person.  How would they know if their dilutions were still able to kill the bacteria?  Reinforce all logical attempts, 
then suggest the use of biosensors such as luminescent bacteria.   Biosensors are the same method that will be 
used in the lab to determine the phytochemical properties of different plants.  
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Section II –Laboratory Activity 

 

This interactive procedure provides a context for the scientific method while extracting DNA.  Students work as 
scientists to test their hypothesis, using an experimental sample and controls.   

The objectives of the laboratory are as follows: 

 • Formulate a hypothesis 
 • Perform a controlled experiment  
 • Interpret the results of an experiment  

  

Materials 

Micropipette and tips Bioluminescent bacteria 
Different plants Chemical reagents 
Mortar and pestle Centrifuge 
Student handouts 

 

Step 1 – Identify the problem and make a hypothesis.   Students will individually determine whether or not  
their plant extract has antibacterial properties. 

Step 2 – Prepare controls and experimental sample.  The student pairs will prepare both a positive and 
negative control, in addition to their experimental plant sample.  The positive control used is ampicillin, an 
antibiotic.  Distilled water is used as a negative control.   

Step 3 – Students perform a an experiment using biosensors.  Students perform their experiment by using 
biosensors to indicate antibacterial activity.    The biosensor used is the bioluminescent bacteria Vibrio 
phosphoreum.  This bacteria glows naturally.  However, in the presence of toxic chemicals the bacteria may lose 
the ability to glow or may die.  If the plant extract works as an antibiotic, the glow will no longer be observable. 

Step 4 – Students analyze their results.  Students are able to analyze the results of their experiment by 
comparing their experimental sample to both their positive and negative control.  Students can then address if 
their hypothesis was supported, conclusions that can be made from their results, and additional uses of 
phytochemicals or biosensors. 

 .   
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Section II –Extension Activity Suggestions 

As explained in the background information provided, natural products have been used for medicines for 
thousands of years. During the colonial era in America, many people practice medicinal care at home. Using 
your own research, or the link to Every Man his Own Doctor provided, tell your students they are people in 
colonial times. Tell them to design a garden that contains only five plants. They must explain what 5 plants they 
would choose and why, knowing what they know about the colonial era and the families’ limited access to 
doctors, or even other people. 
 
Several websites have excellent information or animations on natural products.  Have students visit any of the 
following: 

Basic 
Hot Science: Plant Magic 
http://www.pbs.org/wgbh/nova/shamanactivity/index.html 

Medicines From Plants http://www.rainforesteducation.com/medicines/PlantMedicines/rfmedicines.htm 

Intermediate to Advanced 
Scientists Seek New Medicine from the Ocean 
http://news.nationalgeographic.com/news/2001/08/0807_wireseamed1.html   
Read parts 1 and 2 

Natural Product Reports 
http://www.rsc.org/Publishing/Journals/np/ 

The Journal of Natural Products 
http://pubs.acs.org/journals/jnprdf/index.html 

Wealth of the Rainforest 
http://www.rain-tree.com/ 

AP students: Journal on the use of plant extracts 
http://journals.tubitak.gov.tr/biology/issues/biy-04-28-2-4/biy-28-2-4-7-0409-2.pdf 

 

Public Release HSA questions from the Maryland State Department of Education (MSDE) 

A student designed an experiment to see if plants 
grow better when watered with a sugar solution. He 
divided the plants into six groups, measured the 
initial height of each plant, and calculated the 
average height for each group. Once a week for two 
months, he watered the plants in each group using a 
different sugar solution for each plant group. At the 
end of two months, he measured the final height of 
each plant and calculated the average height for 
each group. The student’s data are shown in the 
table below. 

Which group is the control? 

What is the independent variable? 

How would you improve on the design of this experiment?  

Retrieved from School Improvement in Maryland 
http://mdk12.org/instruction/clg/public_release/biology/G3_E2_I1.html 


