IE497B – Biomedical Product Development 

1)  What are the defining characteristics of living organisms?

        How is a tree, or a spider, or a jelly fish, different than a rock?

· Living organisms are made of cells
· Living organisms grow and develop
· Living organisms reproduce.
· Living organisms must be able to obtain energy and utilize it 
· Living organisms respond to environmental stimuli 

· Living organisms adapt to their environment

        How is life maintained?  Normal processes, 


   Supportive measures during illnesses
        First do no harm…
        Killing pathogens while not harming the host, prosthesis that isn’t toxic, artificial heart that doesn’t clot the blood

  What is death?  Cessation of vital functions.  Brain, heart, kidneys, lungs, - all or some?

2)  What are the major groups of living organisms?   What are the essential characteristics of each major group?


Archaebacteria – ancient bacteria, live in extreme environments such as ocean vents.



They are biochemically and genetically very different from the eubacteria



Less common than eubacteria, very diverse from each other


Eubacteria  - true bacteria, extremely abundant , may be neutral, beneficial or harmful 



Includes the cyanobacteria (blue-green algae)



Examples of beneficial bacteria – lactobacillus, nitrogen fixing bacteria



Examples of pathogenic bacteria – salmonella, Mycobacterium tuberculosis

These two groups are collectively called procaryotes  - do not have a nucleus


Biomedical perspectives – Eubacteria



Medical perspective two broad groups of bacteria Gram positive and Gram negative.    This is a very commonly used special stain that stains G+ blue, and G- red



G+ - peptidoglycan thick cell wall  - Streptococcus sps



G – thinner lipopolysaccharide cell wall  Escherichia coli 

In a general sense antibiotic sensitivities fall into these two groups as well.   Antibiotics target bacteria by interfering with cell wall formation or inhibiting their reproduction.

        i.e.   some antibiotics are particularly effective against G+ bacteria  ex) Penicillin –Streptococcus sps.

             Other antibiotics more effective against G- bacteria.   Ex) Gentamicin – E. coli. 

Some antibiotics are broad spectrum and can be effective against both G+ and G- bacteria such as the Cephalosporins.

            Bacteria can develop resistance to antibiotics – test the sensitivity – culture and sensitivity.

            Drug resistant or multidrug resistant bacteria.

Eucaryotes – cells have a nucleus

· Protists or protozoans – single celled organisms, very diverse 

· Fungi – utilize exoenzymes to absorb nutrients from the environment, Yeasts, molds and macrofungi (mushrooms, puffballs, bracket fungi, and cup fungi), form spores

· Plants – contain chloroplasts and are photosynthetic, have a cell wall, may be single celled (algae) to multicellular

· Animals – multicellular, lack cell walls, ingest foods and use enzymes to digest before absorbing the food

· Invertebrates – lack  a vertebral column, very common (90% of animal specie)

· Vertebrates – have a vertebral column, amphibians, fish, reptiles, birds and mammals

------------------------------

· Viruses – in a class by themselves, are not truly living things.


Many types  - very simple structures, few genes, can not reproduce on their own, take over host cells to replicate

Viruses have DNA or RNA but not both

DNA viruses – herpes viruses, small pox

RNA viruses – influenza viruses, hepatitis C virus (HCV)

Some viruses have RNA and “work backwards” to make DNA – Retroviruses

Classic example – HIV   reverse transcriptase.

Why are different groups medically important?  The types of illnesses must be treated differently.   

Antibiotics do not work against viruses or fungal infections or protozoans, Why?

Why do you get antibiotics sometimes when you have a cold?

3)   Why are there so many different types of living organisms?   How do organisms change over time?

Evolution, natural selection and adaptation to the environment, basically describes the process of speciation

Darwin was an unpromising youth, Father well-to-do doctor in England.  

- Charles spent his days riding horses, collecting beetles and playing back jack.

- sent to medical school age 16 -  first surgery child no anesthesia – dropped out

- went to seminary dropped out

-  age 23 signed on as “ship’s naturalist” on HMS Beagle a surveying ship –explore new lands and products for England.   Set sail Dec. 1831

Voyage of the HMS Beagle 5 years – 


Observed and collected plants and animals – took careful notes and categorized them


Read many books on science  - especially geology about the old earth and gradual changes 


Read Malthus a philosopher who believed human populations outgrew resources, competed for resources, and the weak died


Darwin was familiar with artificial selection or selective breeding that is used in farming


Galapagos Islands – off coast of Ecuador – each island has unique species, finches, tortoises,  plants – each had a unique habitat.


Put all of these concepts together to explain evolution through natural selection

Natural selection – environmental stresses act to naturally select individuals best suited to a particular area.  These organisms survive and reporduce and pass their traits on to their offspring. 

· Must have variation in the population

·  Must compete for limited resources

· Successful individuals will out reproduce the other and pass on their advantageous traits to their offspring

· Gradual population changes occur as more and more individuals in the population have the advantageous traits.    i.e.

· Especially harsh environments or competitions leads to more rapid changes.

· Isolation of populations will lead to the formation of new species

Darwin published “On the Origin of the Species by means of Natural Selection” in 1859 after 20 years of data collection 

· Alfred Russell Wallace independently developed and published the same theory at about the same time.   Darwin received more credit do to his extensive body of data.

· Fundamentally changed the way we look at science.
Example of natural selection:  Antibiotic Resistance
Bacteria, like all living organisms, change over time in response to environmental challenges. Because of the widespread use and misuse of antibiotics in modern society, bacteria are constantly exposed to these agents. Although many bacteria die when exposed to antibiotics, some develop resistance to the drugs' effects. For example, 50 years ago the bacterium Staphylococcus aureus (a common cause of skin infections) was very sensitive to penicillin. Over time, strains of Staphylococcus aureus developed an enzyme able to break down penicillin, making the drug ineffective. Researchers responded by developing a form of penicillin that the enzyme could not split, but after a few years the bacteria adapted and became resistant to even this modified penicillin. Other bacteria have developed resistance to antibiotics using different mechanisms.
Methicillin-resistant Staphylococcus Aureus (MRSA) is a type of bacteria that is resistant to methicillin and other more common antibiotics such as oxacillin, penicillin and amoxicillin. Staph infections, including MRSA, occur most frequently among persons in hospitals and healthcare facilities who have weakened immune systems.

4)  What are the key structural units of living organisms?  What do they look like and how do they work?


Eucaryotic Cells – structure and function



Cell membrane - phospholipid bilayer with cholesterol and proteins transporters, receptors, Adorned with Carbohydrates – recognition, binding



Cell wall – plant cells – cellulose, very tough, fungal cell walls chitin


Cytoplasm -  gel-like material within cell, has a cytoskeleton, to provide structure

        
Many organelles – the vital organs of the cell



Nucleus – spherical, double membrane – contains the DNA most of the time visualized as chromatin 


Ribosomes – important in protein synthesis


Endoplasmic reticulum – production and transport of cellular materials



Rough – studded with ribosomes – protein production



Smooth – no ribosomes – small molecules, fats, steroids


Golgi complex – stack of membranes – receives molecules from the  ER packaging and distribution of materials


Mitochondria – large organelle- powerhouse of cell 



Produces ATP by cellular respiration –jellybean shape with double membrane


Vacuoles – storage containers


Lysosomes – filled with digestive enzymes – to digest nutrients or foreign objects


Peroxisomes – vesicles breakdown nitrogenous bases and produce H2O2 


Multicellular organisms – from simple groups of cells that cooperate – sponges 



To very complex organisms that are highly differentiated


Specialization of cells – cells specialized by function 



Form different tissues.   Muscle, lung, kidney, nervous tissue




Which cells would have lots of mitochondria?

5)   How do living things reproduce?

 DNA – the library of life, a double helix, two stranded molecule made up of building blocks called nucleotides.   Each nucleotide composed of a sugar (deoxyribose) a phosphate group and one of four nitrogenous bases (adenine, cytosine, guanine or thymidine)
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The nucleotides are adenosine, cytosine, guanine, and thymidine, abbreviated A C G T, that bind in a complementary fashion:  A-T and C-G.    The molecule forms a double helix, with the sugars and phosphates forming the backbone of the molecule and the bases forming the rungs.


AAACGTTTGGACT


TTTGCAAACCTGA


DNA           RNA              Protein 

RNA is a single stranded molecule with similar nucleotides except that Uricil is substituted for Thymidine

In a complicated process called transcription DNA unzips and a strand of RNA forms. 

This strand of RNA is called messenger RNA mRNA as it contains the message needed to build a protein.

The mRNA is translated, i.e. A ribosome attaches to the mRNA and “reads the code and amino acids are linked together in a specific order to create a protein.

For example, if you have a strand of mRNA that starts out   UUU.UUG.UCU.UAU

The amino acids used to build the protein will be phenylalanine – leucine – serine – tyrosine

Segments of DNA that code for a protein are called genes – the sequence of the bases determines the sequence of amino acids that will become a specific protein.  Thus the DNA has the code for all of the different types of proteins that you have in your body.

Mutations – mistakes happen in this process, not often, but can cause problems.

Mutations may be silent (neutral), harmful, or beneficial.  Diseases caused by mutations are called genetic diseases.   Many different types – sickle cell anemia, cystic fibrosis, Huntington’s disease

There are specific genes for every type of protein are the functional workhorses of the cell

          Muscle cells – contractile proteins


Liver cell – proteins to digest nutrients


Blood cells  - proteins that carry oxygen

      Bacterial cell division – binary fission – single circular chromosome - DNA replicates and the cell divides

       Eucaryotic cell cycle – 

                     Interphase – 90% of a cells life span – 




G1 phase –increase in size, active metabolism 




S phase – DNA synthesis




G2 phase final growth spurt before cell division (mitosis)


Cell division is called mitosis  - in prophase the chromosomes condense, they line up in metaphase, pull apart in anaphase, and in telophase begin to unravel and cytokinesis occurs.

Long strands of DNA are called chromatin when “unraveled” and chromosomes when it is “condensed” or tightly packaged.



DNA forms linear chromosomes – the number varies with the species




Onions
16




Cats 
 
38




Humans 
46




Dogs

78

Chromosomes come in pairs i.e. humans have 23 pair of chromosomes.  Get ½ from mother, ½ from father.  This becomes important as it means you have two genes for every trait. 

Maternal and paternal chromosomes.  Sex chromosomes  -  X  and Y chromosomes determine gender 

XX = female and XY = male 

Chromosomal abnormalities:  Down syndrome or trisomy 21 all or part of an extra 21st chromosome, about 1/1000 births.  Many other types of chromosome deletions or duplications but are fairly uncommon.
An allele is a segment of DNA at a specific spot or locus on a chromosome.  There may be several different possible alleles for a given locus.  Each person has two alleles for every trait.

Homozygous both alleles are the same BB bb
Heterozygous  the alleles are different    Bb
Sometimes alleles are expressed if they are present – dominant

If alleles are not expressed unless both are similar they are recessive

In many cases there is no clear dominance.  Or there may be cases of co-dominance where both alleles are expressed. 

Let’s assume we have alleles for coat color in mice where B is black and b is white (recessive)

		B
	b


	B
	BB
	Bb

	b

	Bb

	bb



	


Phenotype vs genotype -   phenotype is what is actually expressed, genotype is the alleles that you have 
BB or Bb  = black            and bb = white

Wild type – what is most frequent in the population “normal”  mutant – changes have occurred.

Genetically engineered animals.

Transgenic mice – inserting a gene to study gene over expresssion 

Knockout mice  - deleting a gene of interest to study the mutation  
       Development – single fertilized egg – growth and differentiation – fully formed organism

       Stem Cells  - three primary types of stem cells 

· Potential therapeutic uses such as: 

· cures for diabetes, brain diseases like Parkinson. Treatments for cancer
or Multiple sclerosis (MS) 

· Ethical concerns - Issues of when is a human, human, misuse.

· Scientific curiosity- simply knowing how cells can change from one function to another. 
       Dedifferentiation – cancer – problems with control of the cell cycle -  cells grow more rapidly and may become less differentiated.  
      Many types of cancer – can start from many different cell types.   These cells have genetic damage i.e. mutations in genes that control cell growth, cell division or cell differentiation. 
Example P53 is a gene that is important in cell cycle regulation.  It is called a tumor suppressor gene because when it is mutated many types of cancer can result such as brain tumors, sarcomas, leukemia, and breast cancer.   P53 is the most commonly identified gene mutation in cancers. 

Primary vs.  Secondary tumors and metastasis
Benign vs malignant tumors
6)  How do living things interact with each other and the environment?


Communities and populations -  acorns – mice – ticks – deer = Lyme disease

Biofilms – bacterial growth – coats surfaces – difficult to treat or manage

Hosts and pathogens – delicate balance, but pathogens have the advantage!



Components of the immune system –  lymphatic system.



 lymph nodes, thymus, spleen, lymphatic vessels, and lymph



Innate vs acquired immunity



Basics of the immune system – types of cells





Leukocytes





Lymphocytes T and B cells





Macrophages





Neutrophil





Eosinophils 





Basophils 



Inflammation



Ag –Ab responses



Ex. Bordetella bronchiseptica infection
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