D.  CELL BIOLOGY (DNA)
PART ONE

1. Nucleic Acids


a. [image: image1.png]Phosphate

Ribose Sugar

Covalent
Bonds

5 Prime to 3 Prime linking of nucleotides (on carbon of sugar)

Anti-parallel Strands 5't0 3'on one then reverse 3105’
BasesAand T pairwith 2 hydrogen bonds inbetween | Hydrogen Bonds

Bases C and G pair with 3 hydrogen bonds in between



Are very, VERY long polymers made up of repeating nucleotides.

There are MILLIONS of nucleotides in 1 DNA or RNA molecule!


b. A nucleotide looks like:

As you can see, it is made up of 3 molecules…

i.
a phosphate   
(not again?!)

ii.
a pentose sugar      (5 carbons)

Either ribose (which you’ve drawn before) or deoxyribose (looks similar).

iii.
a nitrogen containing base.
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Quick but important side note:
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A nucleotide with 3 phosphates is called ATP (adenosine triphosphate).  It is the battery in your cells.
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                                                              or  
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It is made in mitochondria and shipped to all other parts of the cell or tissue – wherever energy is needed.
[image: image10.png]Mitochandsion (eut oper)

(1996 Randall Ostesich



[image: image11.png]


  

… same …
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When ATP is used … a phosphate breaks off and a “zap” of electricity is produced.  The ATP is now ADP (adenosine diphosphate).

This molecule goes back to mitochondria and gets remade into ATP.
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A nucleic acid looks like this: 








…or…
2. There are 2 types of nucleic acid:

a. RNA  (ribonucleic acid)


i.  the sugar is RIBOSE


ii. it is ONE strand  (as drawn above)


iii. RNA is used:    (in making proteins in ribosomes.

(protein synthesis)

b. DNA  (deoxyribonucleic acid)


i. Your GENES are DNA.


ii. contains DEOXYRIBOSE sugar


iii. is 2 stranded.


iv. Coils into a HELIX














See text page 40
3. In nucleic acids, the phosphate and sugar NEVER change.  


a. for DNA the sugar is ALWAYS deoxyribose.

b. For RNA the sugar is ALWAYS ribose.


c. Any changes occur in the nitrogenous bases.

i.e.   To make a different gene, the type of nitrogenous base changes…nothing else does.

4. There are only 5 nitrogen bases:


Adenine

abbreviated as

A

Thymine

abbreviated as

T
Guanine

abbreviated as

G

Cytosine

abbreviated as

C
Uracil

abbreviated as

U
5.
DNA has only the bases:     A, T, G, & C.



NEVER, NEVER, NEVER……U!



DNA never, never, never has ribose either!!



DNA is a double strand, too, remember!

6.
RNA has only the bases:   A, U, G, & C
NEVER,  EVER,  EVER……T!



RNA      n e v e r       has deoxyribose either!!



RNA is a single strand, remember!

7. In DNA, the order of bases tells your body things like:

Eye colour

How to make blood, sweat, tears, snot, etc

How tall you get to be

Your gender

How many hairs to grow and where

How to make bones

How to digest

…etc.



8. In DNA, the bases holding the molecule together bond in specific ways.

A only with T    …    T only with A

G only with C   …     C only with G
** This is called complementary base pairing.
Refer back to DNA picture [above].   … and:
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7. A gene is a group of nucleotides [section of DNA] which work together to produce one of your traits or body parts.
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a. It is the ORDER of the bases (in the nucleotide section) which determines the trait or part.


b. Genes are usually THOUSANDS of bases long!

Like a 10,000 word sentence or a 1356 letter long word ! ! !
Project:  Construct RNA and DNA molecules

CC venn DNA vs RNA

PART TWO:  REPLICATION in DNA
1. ALL the DNA in a cell must be copied before the cell divides into 2 (so that each cell gets the genes it needs).


2. To make a copy of itself, a DNA molecule will:

· Split apart down the middle (where the bases bond together.
                ( called “unzipping”

· AS it unzips, and the bases are exposed, loose nucleotides will bond with the exposed part.

· (The PROPER bases join up (A with T and/or G with C)


· (This is called complementary base pairing.

· Each new nucleotide is now bonded at the bases to ½ of the ‘parent’ strand.





(HYDROGEN BONDS !

· The phosphates & sugars of side-by-side nucleotides are bonded together as they come close together.


**  See p.505 in text.
3. DNA replication is semiconservative
( ½ of the original ‘parent’ molecule is used in the new copy.
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4. Sometimes errors are made !

a. If the wrong base accidentally joins with a base on the parent strand, then a mutation has occurred.

b. There is a ‘corrector’ in your cells that checks for errors.

5. The timing of replication (i.e. when it occurs) is controlled by enzymes that, at the correct time:

( break the H-bonds between bases of the parent strand = DNA polymerase.
(join the new nucleotides to the bases.
(join the phosphates to the sugars.
Cut and paste project
URL:  GO watch this: 
 http://www.youtube.com/watch?v=zdDkiRw1PdU

SIDE NOTE:  RADIOACTIVE LABELS

You can’t see atoms or molecules.

We have to label them.

e.g.  “Normal” thymine =       T     ( invisible



Radioactive thymine =     T    visible on an X-ray










‘Glows’ like a small light






Parent = NOT radioactive




ONE replication allowed




Radioactive    T      available for replication


Only one side of each daughter has radioactive thymine.  BUT, both daughters ‘glow’ on a photographic plate. 
PART Three:  RECOMBINATION in DNA

1. DNA is genetic material.  Its code is the information needed to make and run your body.


* To clarify, a chromosome is just a coiled up DNA molecule.  It coils before a cell divides into 2 so it doesn’t get broken or damaged.


2. The information in chromosomes (chromatin) is grouped into genes.

A gene is the code (instructions) for a trait.
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You have 23 chromosomes that carry all the directions to make YOU.  

· However, this is actually 46 of chromosomes because you have a duplicate of each. 


[this is called DIPLOID]

p.s.  You need to know the words mitosis and meiosis



mitosis = one cell divides into 2 JUST for making more cells.





e.g. if you are growing or have a cut to heal up

Chromosomes and all organelles must be copied first…then the cell divides into 2 new cells.
meiosis = in ovaries or testes.  Special type of cell division that turns the 46 chromosomes into 23.  That way an egg has 23 and a sperm has 23 and when they join, it is back to the normal 46.
3. Chromosome mutation:  changes in chromosome structure or number. 
All of these changes usually, but not always, cause NEGATIVE effects (diseases and disorders).


a) Deletion:  when a single break causes a chromosome to lose and end … or 

…two breaks at once cause a chunk in the middle to fall out – then the chromosome rejoins together.
See page 490, fig 24.5


b) Duplication:  when a section of a chromosome gets repeated …

…in either the same chromosome OR in a non-homologous (non-matching) chromosome.

( This means that this person would have THREE copies of all genes on those chromosomes – causing certain negative genetic problems.

(See page 490, fig. 24.6)


c) Translocation:  the exchange of chromosome pieces between two NON-homologous chromosomes.
              ( non-homologous = non twins



d) Inversion: inversion means turned upside down (flipped 180 degrees).

(See page 491, fig. 24.8)


e) Reciprocal recombination:  occurs when 2 chromosomes exchange pieces.

I repeat: animal (& thus human) cells are DIPLOID  (they have 2 copies of each chromosome.)   [this is sometimes labelled as: 2n]
…thus 2 copies of EACH gene.

(‘crossover’ happens in meiosis…creation of eggs/sperm)
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4. GENE mutation: when the nucleotide order in a gene is changed. 
(text page 516)

a) Frameshift mutation:  When one DNA base is lost or a new one inserted, then the “frame” is shifted and the codon makes no sense and wrong trait will occur.

Just like:  “THE RAT ATE THE HAT” … 
…if the R were deleted …
…would become “THE  ATA TET HEH AT” 
… a nonsense sentence.


Or, if a base were added…

It might become …

“THE ERA TAT ETH EHA T”
b) Point mutation:  a change in a single nucleotide (e.g. a T becomes a G ) … which causes a change in a single codon and thus a different amino acid might be put into the protein.

· Happens by chance accident once in every 1,000,000 to 100,000,000 replications.

· DNA polymerase “proofreads” the new strand and fixes problems during replication.

· Sometimes mutagens (sunlight, X-rays, cigarette smoke) cause these mutations.  These can cause cancer or (if the mutation is in an egg or sperm cell) mutated children.


5. Recombination:  when genes from 2 or more organisms are joined to make new traits.

a. Usefulness of recombinant DNA?

Scientists and doctors are now able to move genes around to help “improve” creatures and medicines.
GENETIC ENGINEERING !!

· Gene cloning

· Medicine making

· Protein engineering (modifying, making)

· DNA probes

· Changing genetic inheritance

b. Doctors and researchers often use PLASMIDS to do the recombining.

i. Bacteria have circular DNA. 

ii. A small piece of the DNA can often break off.  This is called a plasmid.


iii. Bacteria can often copy this plasmid and give it to other bacteria … thus a transfer of genes occurs.  

The plasmid may then join the new bacterium’s own DNA and be expressed.
( This is one way that resistant bacteria can occur.  (Resistance to antibiotics = BAD)


( It is also a way for scientists to “make” GOOD new genes.  They make them as plasmids and put them into bacteria … which then make copies and give away to other bacteria.  Then other cells are “infected” with the bacteria in the hopes that the good genes get transferred. 



































































STUDENTS:  your diagram says RIBOSE … change it to DEOXYRIBOSE.





Eukaryotes have TWIN copies of every chromosome.  These twins may have different versions of the same gene (e.g. one has gene (code) for ability to roll tongue, other does not).





“Crossing over” is the exchange of pieces between twin chromosomes … and is very common and not harmful.





Translocation is the exchange of chromosome pieces between NON-twin chromosomes.  (see page 491 – Fig. 24.7)








DEOXYRIBOSE SUGAR!








C6H12O6 + 6O2 ----> 6CO2 + 6H20 + 38ATP




































































Even though there are only 4 bases,


 they can make US!  





This is analogous to the 26 letter alphabet being able to make all the words.
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