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Lesson Guide: Cooked, Salted or Lysed: the Survivor 
Selecting for Polyvalency or Polyresistance 

 

Curriculum Alignment to Standards 
NGSS: 

LS4.B: Natural Selection 

LS4.C: Adaptation 

HS-LS4-4 

HS-LS2-6. 

Grade Level Standards: 

9 – 12  

ELPS: from TEA, 

(c) (1) (H) 
(c) (1) (E) 
Advanced – Advanced High 

CCRS: From www.act.org,   

IOD 503.  
SIN 703.  
EMI 601.  

 

Essential Questions 
 Explain why bacteriophages require bacteria in order to exist. 

 Describe how certain bacteriophages’ polyvalency allows them to have a survival advantage. 

 Justify how unfavorable conditions might be overcome for a species’ survival. 

 How would manipulating the variables in an experiment help researchers to understand genetic 
variability? 

 Extrapolate the compounded results of multiple negative effects on a species and predict outcomes 
from real-life situations. 

 

Essential Understandings 
 Bacteriophages are viruses that exploit bacteria by lysing the bacteria in order to reproduce. 

 Bacteriophages are host-specific; those which are able to lyse various bacteria (polyvalency) have a 
survival advantage. 

 Antibiotic resistant bacteria pose a serious threat to human health and alternatives to traditional 
medicines may be very helpful, especially using naturally-occurring bacterial controls like phages. 

 Selecting for genetic advantages may best be accomplished by sequential tests rather than 
simultaneously; likewise, the effect of compounded challenges may be greater than each challenge.  

 Organisms thrive within abiotic tolerances; beyond these parameters they become stressed and may 
die unless certain individuals have (genetic) advantages not found in the general population. 

 

Aligned Terminology 
 Polyvalency –    

 Bacteriophages- 

 Antibiotic resistant bacteria  

 Germination  

 Salinity 

 Fusarium 

 Polyresistance 

 lysis 
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Background Information 
Biological polyvalency is the ability of an organism to infect or destroy multiple toxins or organisms.  Bacteria have an 

ancient enemy: bacteriophages (sometimes referred to as phages).  Bacteriophages are viruses that are usually specific 

to the bacterial strain they lyse and destroy. [Review lysis, if necessary.] New research into phages that are polyvalent 

shows promise to destroy bacteria, especially for antibiotic resistant bacteria (ARB).   

Bacteria exposed to bacteriophages may have some level of survivability.  Survivors may evolve immunities during this 

timeless dance between predator and prey, antagonist and protagonist.  Resistance to multiple negative agents—

pathogens or environmental conditions—allows greater survival of the species when confronted with a range of 

challenges, especially when these challenges occur simultaneously and overwhelm a population.    

In the following investigations students have the opportunity to explore polyvalency by comparing the effectiveness of a 

bacteriophage to kill multiple targets; specifically, students will select bacteriophages that are effective against different 

bacteria. Alternatively, they may explore the polyresistance of organisms to various destructive elements, selecting the 

survivors from a population exposed to several antagonists. The subject may be exposed to these antagonists 

simultaneously or sequentially.   

A guiding principle of evolutionary theory is that genetic variability may allow for resistance or susceptibility to 

antagonists.  Thus, the survivors of exposure to a normally lethal antagonist are those naturally selected for the 

continuation of their species; all other factors being equal, the variability found in germplasm may allow for some 

survivors.  For bacteriophages, it allows them to lyse (and reproduce) by exploiting multiple strains of bacteria. 

Another guiding principle in this investigation is the unknown.  Outcomes are not predetermined, and the students can 

set certain parameters with teacher guidance. This student inquiry is based on basic protocols; it is not intended to be a 

recipe for predetermined outcomes. 

 

Instructional Considerations 
With the degree of differences in high school laboratory resources, several of this investigation’s options are flexible 

enough to offer proof of concept for polyvalency and polyresistance for the instructor. Students will investigate 

bacteriophages or organisms for polyvalency or polyresistance.  The test organisms could be bean or radish seed, 

protists, small crustaceans such as brine shrimp, worms (nematodes, earthworms), or even bacteriophages.  The 

antagonists may include different concentrations of saline, bleach, triclosan, strains of bacteria or different 

temperatures.  Four options are presented in this document. 

With limited time and resources, only small sampling sizes can be tested for genetic variability that may lead to survival 

from antagonists.  Some few bean seeds or a small sampling of bacteriophages do not fully represent the potential 

biodiversity in a species, much less in any population of that species. This should be emphasized and included in their 

reports, along with background research and a discussion.   

Option 1:  Bacteriophage-Bacteria.  For labs equipped for, and students and instructors familiar with, Biosafety Level 2. 

Facilities should have laminar flow benches, micropipettes, microwave ovens for agar, or comparable equipment. 

Option 2:  Mung bean germination with heat and salinity. For laboratories, instructors and students with less access to, 

or experience with, the facilities or practices needed with the bacteriophage option. Still, it should prove to be a useful 

investigation for how genetic variability can be manifested through tolerances to unfavorable conditions. 
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Option 3: Fusarium.  To test mung beans for resistance to a fungal disease called wilt, caused by the fungus Fusarium, 

and followed by Option 4, that combines heat, salinity and the wilt disease.    

Control subjects should be included within a portion of the research for Options 2, 3 and 4. 

**NOTE** Selected images for the lab investigations’ options are at the end of this document. 

 

Option 1: Bacteriophage-Bacteria 
 
Teacher Background   
 
This investigation is based on research conducted at Rice University’s Nanosystems Engineering Research 
Center on Nanotechnology-Enabled Water Treatment (NEWT). The NEWT investigations isolated 
bacteriophages capable of lysing selected pernicious antibiotic resistant bacteria (ARB). Typical bacteriophage 
protocols introduce the phages into a complex mixture of the multiple targeted species. This approach has had 
limited success. An alternative approach was found to be more successful at targeting multiple bacterial hosts. 
The alternative approach introduces phages sequentially to the targeted strains of ARB, selecting for efficacy 
through each progressive strain of ARB. The final selection was found to be effectively polyvalent.  
Again, instead of introducing the bacteriophages into a community of the three targeted ABR bacteria, greater 
success was found by introducing the phages to one strain, selecting successful phages from that trial, 
introducing these to a second target strain, and then to the third strain. The final selection was polyvalent 
against all three target bacteria.    
The teacher decides which organisms to use based on the campus’ hardware and equipment, ethical code and 
level of academic rigor. For example, phages and bacteria can be ordered from scientific supply houses if the 
campus has biohazard waste disposal protocols; brine shrimp could be used if the campus’ ethics code allows 
dosing at lethal concentrations; quickly-germinating seeds could be used as an alternative to animals.  The 
following instructions are for bacteriophages. 
 
Materials 

 Personal Protection Equipment (PPE)  

 autoclave 

 culture chambers 

 laminar flow benches (or a comparable sterile 
workbench) 

 storage under refrigeration 

 micropipettes  

 Parafilm M® 

 petri dishes  

 Live bacterial hosts are available from 
Carolina.com, such as Escherichia coli and 
Pseudomonas putida (It is recommended to 
have two to four bacterial hosts.) 

 Carolina.com has phage culture kits 

 

 Hard agar should be prepared and kept sterile.   
o For 1 L: prepare 10g Bactotryptone #211705; 11g Agar, pure; 5 g CaCl. Autoclaved. While still hot, 

add 2 mL of 1M CaCl2; keep sterile. The hard agar is applied at a rate of 16 – 20 mL per petri dish. 
This should be done inside the flow bench while the agar is still hot and kept sterile.  
 

 Soft agar has the bacteria and bacteriophage added to it while warm (46.5 °C); set the bottle of soft agar in 
a large beaker of warm water on a hot plate 

o For 0.5 L, prepare 5g Bactotryptone; 3 g Agar; 2.5 g KCl.  It is applied in a thin layer atop the hard 
agar layer.  
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Procedure 
The purpose of the investigation is to test for polyvalency. This is achieved by two protocols:  

 Traditional: blending all the target bacteria together and adding the bacteriophage, or  

 Sequential: applying it to one target bacterium and then the others in sequence.  
 
The following instructions allow the students to continue with either of these two protocols. 
1. In a 15 mL centrifuge tube (or similar sterile container), add 5 mL of soft agar add 100 microliters of the 

bacterial culture(s)* and 1,000 microliters (μL) of TSB plus 10 microliters of the bacteriophage. Quickly 
blend these with the tip of the micropipette and then pour over the hard agar layer.   

2. Cover the petri dish immediately and seal the edge with a strip of Parafilm M®. Incubate at 40 °C 
overnight. It is recommended the students write their sample data on the bottom of the dish in marker.  

 
Measuring Results 

Always wear PPE and follow Level 2 bio-lab protocols from start-up through disposal of wastes. 
 

1. The next day remove the petri dishes but keep them sealed with the Parafilm M®. Looking into the petri 
dish count the spots that appear.  The spots are plaques—colonies of the bacteriophage that have lysed 
the bacteria and successfully controlled it.  
 

2. A. If the traditional test was performed with multiple target bacteria, then only count the plaques and the 
test is finished. Dispose of all materials as biohazard waste. 
 
B. If this was the alternative test and the first of a sequence of tests, remain inside the flow bench and 
open the petri dish. With a sterile (flamed) scalpel or wire loop, carefully remove the area where plaques 
formed—only remove the top-most layer of the soft agar.  
Place these excised plaques into a 15 mL centrifuge tube and seal, performing all this work inside the flow 
bench.  Set the centrifuge tubes ready to add warm soft agar again. 
Have ready new hard agar petri dishes and repeat steps with the second or third strain of bacteria to be 
tested.  
 
Repeat steps 1 – 3.  It may be that no bacteriophages were capable of lysing a bacterium or bacteria. 
Dispose of all contaminated materials as biohazard waste. 
 

3. After all sequencing is done (2 to 4 target bacteria) compare the plaque counts for each test procedure—
the complex with all target bacteria together and the sequenced bacteria.  
 
Polyvalency is achieved by lysing more than three of the target bacterial cultures.  A complete write-up 
with background research and the significance of the relationship between bacteria and phages is 
customary, along with potential novel applications for phages to manage ARB. 
 

Option 2: Mung bean germination with heat and salinity 
 
**NOTE** While polyvalency is the ability to destroy various hosts, a similar concept is the ability to resist or 
tolerate multiple antagonists. This investigation tests for survivability after exposure to multiple antagonists in 
a non-biohazard laboratory setting.   
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**NOTE** Mung beans typically germinate from 3 – 5 days with sufficient moisture and at room temperature; 
they will remain pale and extended if germinated in the dark. 
 
Teacher Background 
 
Two investigations are presented, one with heat and the other with salinity as the antagonist.  
 
Investigation 1: Heat Screening   
Beans or radish seeds can be germinated while exposed to various concentrations of toxic substances or 
conditions. For example, it is not uncommon to heat-treat seed to kill pathogens such as bacterial canker and 
leaf rots present on the surface of within the seed. Usually, a temperature of about 50 or 51.5 °C is used for 20 
to 25 minutes. (An Internet search will reveal various established protocols, such as these: 
http://vegetablemdonline.ppath.cornell.edu/NewsArticles/All_BactSeed.htm, and, especially, 
http://www.iasj.net/iasj?func=fulltext&aId=50468.  
 
However, how would agriculturists select for seed that are infected with bacteria that have developed 
tolerance to 51.5 °C?  
 
Precise controls are needed to effectively kill the bacteria without killing the seed’s germ. The tolerances are 
tight, and this may be an application for finding seed that is tolerant of higher temperatures to account for 
evolved heat-resistance in bacterial pathogens. Once the students are aware of the typical limits for seed heat 
treatment, they may opt for testing with higher temperatures, shorter exposure times, etc. This should be 
their choice.  (Contributing information may be found here about Salmonella enterica and Escherichia coli on 
mung bean sprouts: http://www.sproutnet.com/Reseach-Note-Mung-Bean-Seed-Safety)  
 
Investigation 2: Salinity Screening  
Plants with halophilic qualities have evolved to tolerate salty soils, yet many crops are intolerant of soil 
salinity. A problem in drier climates where crops are irrigated, soil salinization can significantly reduce crop 
yields, even taking some fields out of production. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336437/) 
Beans are one crop that is not very tolerant of salt soils according to Knott’s Handbook for Vegetable Growers, 
as adapted from E. V. Maas, ‘‘Crop Tolerance,’’ California Agriculture (October 1984). Beans may be a good 
choice to use as a test subject for tolerance of both heat and salinity.       
**NOTE** The threshold salinity for beans is 1.0 dS/m, at which damage is observed and yields are reduced.   
 
Materials 
  

 20 mung beans seeds / group 

 NaCl 

 distilled water 

 petri dishes 

 cotton gauze/sterile paper towels 

 500 mL – 1 L beakers 

 stirring rods 

 hot plates 

 strainer with handle 

 fine-mesh bag 

 twine 

 sink with cold water 

 small stone or other weight 

 thermometers 

 forceps or tweezers 

 timers 
  
 

http://vegetablemdonline.ppath.cornell.edu/NewsArticles/All_BactSeed.htm
http://www.iasj.net/iasj?func=fulltext&aId=50468
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Mung bean is easily germinated in moist sand media, on damp cotton gauze or paper towels placed flat inside 
petri dishes. The seed is considered very sensitive to salt.  
 
Procedure 
 
Heat Screening   
 
1. Select seeds (may be 5 seed in 4 sets, 20 seeds) and subject them to the hot water immersion while 

constantly stirring the water. Students are given the known protocols and they decide which other 
temperatures or times to test. It is suggested that 3 – 5 sets are tested at no more than 2 °C intervals with 
a time of less than 20 minutes, i.e., high temperatures and much shorter times. 

2. Set up the hot plate near the sink. 
3. Procedure  (Allowances may be made to let the students design the process) 

a. With the water stirred and stabilized for several minutes at the target temperature, place the seeds 
inside the mesh bag with the weight and tie with the twine. 

b. Leave the twine hanging outside the beaker, about 30 cm. 
c. Place the bag with the seeds into the beaker of water and immediately begin the timer. 
d. Constantly stir the water for even temperature distribution 
e. When time is up, remove the bag by grasping the twine and pulling it out and placing it into the 

strainer. 
f. Immediately place the strainer holding the hot bag under the cold water and liberally rinse it to 

stop the heating process and remove excess heat from the seeds 
g. Rinse under distilled water and let the seeds drain excess water for a consistent time (30 seconds? 

Let the students learn the value of consistent protocols) before proceeding 
h. Have the gauze or paper towels cut to fit inside the petri dishes; dampen this media with distilled 

water 
i. Place the heat-treated seeds onto the sterile gauze or paper towels with forceps or tweezers, 

avoiding damaging the softened seed 
j. Cover the petri dish and place at room temperature out of direct sunlight 
k. Wait for observed damage upon germination, 3-5 days, or note failure to germinate 
l. Record results 

 
Salinity Screening 
1. Select seeds (possibly 20 seed: 5 seed at 4 variable sets).  
2. Prepare saline solutions of distilled water and NaCl at various concentrations; all solutions should be at 

room temperature.  
Table 1 Equivalents for Salt Concentrations 

Salt concentration of the soil water (saturation extract) 
Salinity 

in g/l in millimhos/cm# 

0 - 1 0 - 1.5 non saline 

2 - 6 3.0 - 9 slightly saline 

6 - 12 9 - 18 medium saline 

more than 12 more than 18 highly saline 

#1 millimhos per centimeter (mmho/cm) = 1 decisiemen per meter (dS/m) 

From Food and Agriculture Organization of the United Nations 

 www.fao.org/docrep/r4082e/r4082e08.htm 

http://www.fao.org/docrep/r4082e/r4082e08.htm
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3. Immerse the seeds inside the tied mesh bag into a beaker with the desired concentration of salinity 
4. Allow the seeds to soak (students choose the time; ~2 minutes), stirring once or twice to wet them. Then 

remove the seeds; do not rinse under tap water, but allow excess water to drain from the seeds 
5. Moisten the gauze or paper towels with the same saline concentration and place the seeds onto the media 

inside a petri dish; the media should be damp but not saturated 
6. Cover the petri dish and place at room temperature out of direct sunlight 
7. Wait for observed damage upon germination, or note failure to germinate 
 
 
Heat and Salinity Screening 
Assign the students to develop a method for testing the seed by combining the two treatments.  
 
Teacher Suggestion 
 
Subjecting the seed to heated saline at different concentrations of NaCl and at different temperatures creates 
a situation that is difficult to test due to the growing number of variable sets. This should become apparent to 
the students as they plan their protocols, leading them to develop a scheme whereby they effectively test the 
subjects without overburdening their investigation. It is also a reason for why scientific study investigates one 
variable at a time.  
 
In natural selection settings, seedlings germinate in environments with many pathogens and unfavorable 
conditions present.  It may become apparent to the students that this is one reason why most plants produce 
so many seeds, and why open pollination succeeds in producing genetic diversity. Seed companies use 
artificial selection to develop cultivars for many reasons, such as, greater yields, color, flavor, packing ability, 
etc. They also select for resistance or tolerance to disease, salinity, temperature extremes, etc., subjecting 
seeds and plants to a host of antagonists, with many of them not succeeding.  Artificial selection has given us 
improved crops in many ways over the past several millennia. 
 

 

Options 3 & 4: Fungal Wilt Resistance & Multiple Antagonists Screening 
 
Fusarium oxysporum is available from Carolina.com. It is the fungus species that causes a serious crop disease 
commonly called wilt.  Fusarium resistance is an on-going area of study for many crops, and mung beans may 
be utilized to test for resistance.  Following a protocol similar to the one for bacteriophage polyvalency, mung 
bean seed can be germinated inside a petri dish with agar that is inoculated with fusarium. Since the 
concentration of CFU of the fusarium may not be available, an assumption can be made that there is enough 
viable antagonist for infect-ability of all seed in the inoculated agar media. Note: Fusarium is a plant disease 
pathogen. Be careful to use proper sanitation protocols and dispose of any contaminated materials as 
biohazard waste. 
 
Fusarium Screening 
 
Assume 15 mL of agar per petri dish, 30 dishes, and 5 seeds per dish. 
Prepare 500 mL of agar at 46.5 °C, adding the Fusarium and stirring to mix it thoroughly, then distributing it 
quickly to the 30 dishes, 15 mL each.  Add 5 beans that have been soaking in sterile distilled water (for ~5 
minutes) to the dishes, cover, and set out of direct sunlight at room temperature until germination. Observe 
changes and select seeds that appear to be resistant to the fungal disease.   
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Multiple Antagonists Screening 
 
Seed that has been heated at various temperatures, as described in the Heat Screening section, or that has 
been soaked in salinized solution, as described in the Salinity Screening section, may be used in the Fusarium 
test.  
 
Example:  seed subjected to 52 °C, 54 °C, 56 °C and 58 °C is placed into the Fusarium inoculated petri dishes 
and observed for tolerance to both high temperature and fungal infect-ability. 
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Image 1 Bacteriophages. The “lawn” of the petri dish was inoculated with the target bacterium with the 
subject bacteriophage blended into it.  The plaques (spots) are places where the bacteriophage is 
concentrated; these are also the locations where the bacteriophage was most effective at lysing and killing the 
bacteria.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Image 2 Selecting the bacteriophages by 
scalpel, behind the flow chamber in a 
clean environment. These selected 
plaques will then be used to test the next 
bacterium as the sequential testing 
continues.  
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Image 3 A lot of meticulous 
counting of plaques assists the 
researcher to know the 
effectiveness of the bacteriophage 
against a given bacterium. 
 
 
 
 
 
 
 
 
 
 
 

 
 
Image 4 The materials set out for Options 2 and 4, the salinity and heat screening tests. 
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Image 5 Salinity screening with mung 
bean. This team made three different 
treatments consecutively, fist control, 
then less concentrated and then more 
concentrated by adding more salt; 
more time, but less equipment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Image 6 A happy student is 
preparing for mung bean seed heat 
treatment. 
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Image 7 Students dissolving salt to treat the 
mung bean. This team made three different 
treatments simultaneously; it was less time, 
but more equipment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Image 8 The treated mung bean seeds are 
placed onto damp media in petri dishes. 
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Image 9 It is best to trim the media so it does not 
stick out; this will probably dry out.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Image 10 The trials are 
set into a dark closet to 
await germination, 
which is typically 3 -5 
days.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Nanotechnology-Enabled Water Treatment (NEWT)   

Carlton C. Colmenares, 2017                                                                                          Selecting for Polyvalency or Polyresistance    14 | 
P a g e  

 

 
Post treatment results after five days.  The 
beans needed to be treated a few times to 
maintain moisture content. 
 
Image 11 Moisture consistency counts 
 
 
 
 
 
 

 
 
 
 
 

Image 12 Heat at Control (bottom left), 51 deg. C @ 1 
min (right) and 51 deg. C. @ 2 minutes (top) 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
Image 13 Temperature trials prior to biometrics    
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