
Need a little extra help?

Extra office hours!

MWRF from 11:00 till 1:00 or by appointment:  Marion Brodhagen@wwu eduMWRF from 11:00 till 1:00 or by appointment:  Marion.Brodhagen@wwu.edu.

Tutoring center in Old Main 387:

BIOL 205 drop-in tutoring at the following times:
Monday 10-12 & 6-8
Tuesday 10-12 & 6-8

Wednesday 1-4Wednesday 1 4
Thursday 9-12 & 2-4

Friday 10-12



DNA, chromatin and chromosomes

Readings:  Review Chapter 2: pp 56-65Readings:  Review Chapter 2: pp 56 65
Chapter 5: read all.



What is a gene?

Central Dogma Nucleic Acid Sequenceg Nucleic Acid Sequence



The “transforming principle” 
Fred Griffiths, 1928Fred Griffiths, 1928

Streptococcus pneumoniae causes pneumonia.
R “rough”; less virulent
S “smooth”; due to polysaccharide 
coating that helps cells evade the 
mammalian immune system



Streptococcus 
pneumoniae
surrounded by 
clear zone 
(capsule)



The transforming principle is DNA
Avery  MacLeod  and McCarty  1944Avery, MacLeod, and McCarty, 1944



“One-gene-one-enzyme” hypothesis
B dl  d T t  1941Beadle and Tatum, 1941





“One-gene-one-enzyme polypeptide”One gene one enzyme polypeptide



Standing on shoulders of giantsStanding on shoulders of giants

Watson Crick

Perutz Wilkins Franklin



“The Secret of 
Life” 1953



DNA structure



DNA (and RNA) are nucleic acidsDNA (and RNA) are nucleic acids
A, G, C, T/U

• polymers consisting of 
monomers termed 
nucleotidesnucleotides.

• nucleotides:  a 
molecule composed of:p
– a pentose sugar
– a phosphate group
– and an organic molecule – and an organic molecule 

called a nitrogenous 
base. 



Polynucleotide
Phosphodiester Backbones
Mb long

“Bases”Bases

Adenine
Thymine
GuanineGuanine
Cytosine

3’

5’

Phosphodiester Bonds
Note 5’- 3’Orientation

OH



DNA structure
H-bond lengths vary from 0.28 to 0.3 nm



Bases: DNABases  DNA

3 4 5

12 6

1
2 3 4

56 7
8

9



Bases: RNABases  RNA



DNA nucleotides



RNA nucleotides





Compare DNA and RNA

Wh  2’ OH i  • Why 2’ OH in 
RNA?
Wh  i  RNA • Why is RNA 
single stranded?
Is RNA always • Is RNA always 
single stranded?

• Why Uracil • Why Uracil 
instead of 
Thymine in Thymine in 
RNA?



Chargaff’s Rules g
• Base composition varies among 

speciesspecies
• BUT: there are regularities.
• The amount of guanine always 

l  th  t f t iequals the amount of cytosine.
• The amount of thymine always 

equals the amount of adenine.q
• The amount of adenine + 

guanine = 50% of the total. (So 
50% of the bases are purines)50% of the bases are purines).

• The amount of cytosine + 
thymine = 50% of the total. 
(So 50% of the bases are (So 50% of the bases are 
pyrimidines).



DNA function: the genetic blueprintDNA function: the genetic blueprint



Prokaryotic vs. eukaryotic gene 
i tiorganization

Eukaryotic genes 
are interrupted

Polycistronic 
units are rare 
in eukaryotesy



Eukaryotic genes* have introns and 
exons

*A few Bacteria and Archaea have introns, too!



DNA function: the genetic blueprintDNA function: the genetic blueprint



Genes, genomes, chromosomes, DNA
H  d  h  ll ????How do they all connect????



Genes, genomes, chromosomes, DNAGenes, genomes, chromosomes, DNA

• The genome is the total information he genome s the total nformat on 
content represented by a single set (n) 
of chromosomes.of chromosomes.

• Genome organization = the way in which 
this information is broken up and this information is broken up and 
distributed over the chromosomes.

• Information includes genes which are • Information includes genes which are 
sequences of DNA located at specific 
positions along the chromosomespositions along the chromosomes.



Genome organizationGenome organization



Genomes



Comparison of gene numberComparison of gene number



Comparison of genome sizesComparison of genome sizes

= haploid DNA content



Prokaryotic genomes are very 
ll  d!economically organized!

Bacterial and Archaeal 
chromosomes are usually chromosomes are usually 
circular, but sometimes are 
linear (e.g. Streptomyces, 
Agrobacterium).



Some unicellular eukaryotic genomes 
are economically organized too.

Section of chromosome 16 from S. cerevisiae



Eukaryotes tend to have very 
i  spacious genomes.

transposable
elements

gene within gene

5' -> 3'

3' <- 5'
intronexon

tRNA cluster

hi h  d itlow gene density
single tRNA gene

600,000 bp of Drosophila chromosome 2

high gene densitylow gene density



Eukaryotes tend to have very 
i  spacious genomes.

(mRNA not shown)



Eukaryotic genomes consist of a 
LOT f  di  DNA!LOT of  non-coding DNA!





Nuclei have a BIG packaging problem

• How do you fit approximately 2 meters (human diploid nucleus) into a 
space that averages maybe 5 millionths (5 um) of a meter wide?

• How do you replicate, repair and transcribe tightly packaged DNA?



Solution: Chromatin!u n m n
• Chromatin is DNA 

packaged with packaged with 
specialized proteins (and 
even some RNA!) that 

 t  t l th  serve to control the 
degree to which DNA 
sequences are sequences are 
accessible for synthesis 
and transcription

• These proteins include 
specialized structural specialized structural 
proteins and enzymes



Bacteria have no nucleus, but also share problem: how to 
fit 1 mm long chromosome into a 1 uM wide cell? 

Histone-like 
proteins!



Chromatin packaging hierarchy
Level 1: 

nucleosome formation

Level 2: Level 2  
30 nm fiber

Level 3: 
Nuclear scaffolding

Level 4: 
Mitotic (metaphase) 

chromosome



Level One: Building blocks of 
h  lchromatin: nucleosomes

• “string on a bead” for obvious reasons
• Linker can vary (8 114 bp or more)• Linker can vary (8-114 bp or more)
• Compaction ratio is approx. 7 fold



Nucleosomes are composed of histones

N CH1

H1::GFP in N  crassa
• 2/3 of chromatin mass is protein
• 95% of chromatin protein are 

H1::GFP in N. crassa

histones
• H1, H2A, H2B, H3, H4



Nucleosome core particleNucleosome core particle





Histone modifications

From: Khorasanizadeh, 2004.



Level Two: the 30nm fiberLevel Two: the 30nm fiber

• Requires Histone H1
• Compaction ratio approx 100 fold

Lehninger



Chromatin REMODELERS 
(   ATP ) (many are ATPases….) 



Level three: nuclear scaffoldingLevel three: nuclear scaffolding

• Not well understood
• Organization is not random; involves sequence elements 

(red dots)  more non histone chromatin proteins and (red dots), more non-histone chromatin proteins and 
tethering to the nuclear envelope and matrix



Level three: nuclear scaffoldingLevel three: nuclear scaffolding

• Not well understood
• Organization is not random; involved sequence elements 

(red dots)  more non histone chromatin proteins and (red dots), more non-histone chromatin proteins and 
tethering to the nuclear envelope and matrix



Benefit:
1. Organization
2 C ul t d n s t th  in 3D sp c  lth u h n t 2. Co-regulated genes together in 3D space, although not 

necessarily close in 1D DNA strand (or even on same 
chromosome)!



Metaphase chromatin: 
l l f  k i : f ll  d s dlevel four packaging: fully condensed



Interphase chromatin: levels 1-3 
relatively decondensed chromosomesrelatively decondensed chromosomes

• Heterochromatin: 
dark-staining, 
condensed (mostly 
i l  simple-sequence, 

repetitiverepetitive DNA)
E h ti  li ht• Euchromatin: light-
staining, less 
condensed (complex condensed (complex 
sequence DNA: e.g. 
genes)g )

Expression reflects sequence, but also LOCATION, LOCATION, LOCATION



Constitutive heterochromatinConstitutive heterochromatin

Genes in here

Interphase chromatin Metaphase chromatin



Constitutive heterochromatinConstitutive heterochromatin

Heterochromatin 
is concentrated 
t t m s at centromeres 

(and telomeres)The Y 
chromosome is 
almost entirely almost entirely 
heterochromatic

horse



Facultative heterochromatinFacultative heterochromatin



Facultative heterochromatin
XX females vs  XY males: XX females vs. XY males: 

Dosage compensation
• Barr body is the 

condensed, inactive X 
chromosomechromosome

• X chromosome 
chromatin looks 
heterochromaticheterochromatic

• Choice as to which X is 
inactivated is largely 
random (and stable)random (and stable)

• Choice is made early in 
development (humans: 
day 16 post y p
fertilization)



Consequences of selective X 
i ti tiinactivation


