




[bookmark: _Hlk41569512]		

CHAPTER 9

Conjugation:   definition

  This chapter gets in to some ways that bacteria can transfer DNA from one
to another. Bacteria certainly do not mate, but they sometimes transfer DNA
from one to another. In these processes, bacteria may acquire some new DNA
from another bacterium and that DNA may be very beneficial. For example,
that new DNA could be instructions to make an enzyme called penicillinase
and be resistant to the antibiotic penicillin.
  There are two main processes in this area:  conjugation and transformation.
Conjugation is the transfer of a plasmid from one bacterium to another.
Connect:  conjugation/plasmid   A plasmid is round piece of DNA that is a gene. 

You should refer to Exam 2 Diagram 12:

  Figure A of the diagram shows two rod-shapted bacteria that are close together
in nature. They are both rod-shaped but not the same species. The bacterium on
top is called the + strain. In this case that means the bacterium can make an enzyme called penicillinase. Penicillinase destroys penicillin and makes bacteria
resistant to penicillin. The bacterium on bottom is called the - strain. That means
it cannot make the enzyme penicillinase and it is killed by penicillin (susceptible).
The research is clear that if bacteria are close together in nature, conjugation happens very frequently.
  Figure B shows conjugation beginning. The area between the two lines on the DNA of the + strain is the gene to make penicillinase. The + strain bacterium makes
an extra copy of that gene and it forms up in a circle (plasmid). Now a structure
gets involved called the pilus. The pilus is a hollow tube that is part of the +strain
bacterium. The pilus attaches to the – strain bacterium to temporarily anchor the
two bacteria together. The pilus is also hollow. The plasmid now moves through
the pilus and down to the – strain bacterium.
  Figure C shows the plasmid has opened up and joined the DNA of the – strain
bacterium. The bottom bacterium has now become + strain and can now make
the enzyme penicillinase to be resistant to penicillin. Conjugation is one of the
reasons so many bacteria can resist our antibiotics. In nature, bacteria sometimes
pass on the ability to resist penicillin and other antibiotics to nearby bacteria.


Transformation:   Griffith, Avery

  When bacteria are close together in nature, a process called transformation
also happens very frequently. Transformation is when a bacterium has new
characteristics because it acquired DNA from another bacterium that had
recently died. 

You should refer to Exam 2 Diagram 13

  Figure A shows two rod-shaped bacteria close together somewhere in nature.
They are both rod-shaped but they are not the same species. Figure B shows
the bacterium on the right has died for some reason. When bacteria die, they
tend to break up. Figure B shows fragments of cell wall, plasma membrane, and
DNA (wavy) from the dead bacterium. Figure C shows a nearby live bacterium
using gaps in its cell wall to take in a DNA fragment from the nearby dead 
bacterium. Figure D shows the new DNA joining the bacterium’s DNA. If the
new DNA gives the bacterium new characteristics, that would be transformation.
  A long time ago, the process called transformation was involved in some very
important research. In 1928, a research scientist named Frederick Griffith was
trying to develop a vaccine for a major pathogen called Streptococcus pneumoniae. This pathogen can cause pneumonia, meningitis, and middle ear
infections.  Griffith grew out numerous cultures of Streptococcus pneumoniae
in his research. Over time, he noticed two different strains had formed. They
were both Streptococcus pneumoniae, but they produced different looking 
colonies on an agar plate. Griffith named the two strains R and S. The R stands
for Rough. This strain produces rough colonies on an agar plate. The S stands
for Smooth. This strain produces smooth colonies on an agar plate. Griffith 
didn’t know why the two strains produced different looking colonies, but we
know now.

You should refer to Exam 2 Diagram 14.

  On the left is the R strain of Streptococcus pneumoniae. It is a pair of round cells
stuck together. On the right is the S strain. It is also a pair of round cells, but it has
a thick capsule. This sugary capsule is why the S strain produces smooth colonies
on an agar plate. In his effort to find a vaccine for Streptococcus pneumoniae, 
Griffith did several trials involving lab rats. He injected one or more cultures of
Streptococcus pneumoniae into a lab rat to see what happened to the lab rat.

Griffith’s trials:

     Trial 1:             RL					lab rat lived

RL was a live culture of the R strain, but the lab rat did not get sick. Griffith
concluded the R strain must be non-pathogenic.

       Trial 2:         SL					lab rat died

SL is a live culture of the S strain. This lab rat got a major infection and died.
Griffith concluded the S strain must be very pathogenic.

        Trial 3:        SD					lab rat lived

SD is a dead culture of the S strain. Since all the bacteria were dead, the lab
rat did not get sick. Theoretically, the SD culture could have been a vaccine
because some vaccines have been a bunch of dead bacteria to stimulate
an immune response in the patient.  Griffith never did develop a vaccine
for Streptococcus pneumoniae. However, his next trial was a very important
(and accidental) breakthrough.

        Trial 4:     RL + SD					lab rat died

Griffith injected into the same lab rat a live culture of R (RL) and a dead 
culture of S (SD). He predicted with great confidence the lab rat would live.
The R culture was alive, but it is also pathogenic. The S culture is very
pathogenic, but it is dead. To his great surprise, the lab rat got a major
infection and died. Griffith concluded the live bacteria (RL) must be 
picking up something from the dead bacteria (SD) and transforming.
Griffith used the RL + SD combination to discover a process called 
transformation.  Griffith tried to figure out what the live bacteria were
picking up from the dead bacteria to transform, but he could not. We 
know now the live bacteria (R) were picking up DNA fragments from
the dead bacteria (S) and transforming—as in using DNA instructions
to build their own capsule, resist phagocytosis, and become pathogenic.
Back then, someone besides Griffith would come along to figure this out.

You should refer to Exam 2 Diagram 15

  In 1944, a man named Oswald Avery set out to determine what the live
bacteria (R) in Griffith’s experiment were picking up from the dead bacteria
(S) to transform.  Avery decided to do several trials involving lab rats and he
decided to use the process of elimination.

  		Trial 1:		RL + SD-prot			lab rat died

Avery injected into the same lab rat a live culture of R (RL) and a dead culture
of S with all of the proteins in the dead bacteria destroyed (SD-prot). Avery used 
digestive enzymes to destroy all the proteins in the dead bacteria. Avery wanted
to know if proteins are what makes transformation happen. If he destroyed
all the proteins in the dead bacteria, will transformation still happen? 
Transformation still happened because the live bacteria still picked up DNA
fragments from the dead bacteria, made their own capsule, and the lab rat
died.

Trial 2:		RL + SD-carb			lab rat died

Avery injected into the same lab rat a live culture of R (RL) and a dead culture
of S with all of the carbohydrates in the dead bacteria destroyed (SD-carb). Avery used digestive enzymes to destroy all the carbohydratess in the dead bacteria. 
Transformation still happened because the live bacteria still picked up DNA
fragments from the dead bacteria, made their own capsule, and the lab rat
died.

Trial 3:		RL + SD-lip			lab rat died

Avery injected into the same lab rat a live culture of R (RL) and a dead culture
of S with all of the lipids in the dead bacteria destroyed (SD-lip). Avery used 
digestive enzymes to destroy all the lipids in the dead bacteria. 
Transformation still happened because the live bacteria still picked up DNA
fragments from the dead bacteria, made their own capsule, and the lab rat
died.

Trial 4:		RL + SD-DNA			lab rat lived

Avery injected into the same lab rat a live culture of R (RL) and a dead culture
of S with all of the DNA in the dead bacteria destroyed (SD-DNA). Avery used 
digestive enzymes to destroy all the DNA in the dead bacteria. 
Transformation did not happen because the live bacteria DNA of the dead 
bacteria had been destroyed and could not be picked up and used by the
live bacteria. Avery made these conclusions:   1) DNA makes transformation
happen in bacteria,   2) DNA gives cells characteristics,   3) DNA must give us
characteristics,   4) DNA must be the genetic material that passes on traits.
Avery used the RL + SD-DNA combination to prove that DNA is the genetic
material that passes on traits. This ended centuries of agruing about what
passes on traits from parents and offspring. This led to the discovery of the
structure of DNA applications and a long list of useful applications for 
understanding the structure and function of DNA.


Discussion question:        phylogenetic tree,    3 Domains

Background:  
  The current system being used to classify living organisms is based on the
characteristics of the organisms. The new system being worked on is based 
on DNA sequencing. Researchers are figuring out the exact base sequence
in the DNA of all living organisms. The DNA of different organisms is compared
and if two organisms have similar DNA, they must be closely related with a
common ancestor. If two organisms have very different DNA, they are not
closely related and they do not have a common ancestor. A phylogenetic
tree is a diagram that shows the results of this process. There are pictures
of phylogenetic trees on our Moodle page. The diagram has branches. If two
organisms are on the same branch, they have similar DNA and a common
ancestor. When this new system is finished, it will have all new Kingdom
names and it will be a much more accurate system. In this new system, there
is a category of classification above Kingdom and it is called Domain. In the
Domain Bacteria we have regular bacteria, mitochondria, and chloroplasts.
Regular bacteria would include microbes like E. coli and Salmonella.  
Apparently, the first mitochondria to exist were bacteria that eventually were
engulfed by a larger cell. Chloroplasts are green organelles where a process
called photosynthesis takes place. Apparently, the first chloroplasts were
bacteria that were engulfed by a larger cell.  In the Domain Archaea, we have
microbes called thermophiles that prefer warm temperatures. Also, we have
microbes called halophiles that prefer to be in high salt concentrations. We 
also have microbes called methanogens that produce methane gas (CH4) in
places like our intestine.  In the Domain Eukarya, we have all organisms composed
of eukaryotic cells. This includes protozoans, single-celled algae, fungi, plants,
and animals.

If students have discussion questions on their exam, below is what 
they would have to write out for their answer.

Phylogenetic tree:   a diagram that uses DNA sequencing to determine how close
			       the relationship is between different organisms:

3 Domains:

    Bacteria					Archaea				Eukarya
       -regular bacteria                         -thermophiles			  -protozoans
       -mitochondria			  -halophiles			  -single-celled algae
       -chloroplasts                               -methanogens			  -fungi
											  -plants
											  -animals


















		
			
