“ BIO 1140 Unit 1-1: DNA & RNA Structure

« Reading
e Chapter 12.1-12.2, pp 257-264
» Other sections referred to in the Figures
* Material from the scientific literature

» Objective: To understand structure-
function relationships

e Structure of DNA and RNA.
“the static and the dynamic”
basic chemistry
basic structural forms
DNA and RNA modifications
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Key Questions that we will try to answer:

= What is the structure of DNA and how do we know?
m Is DNA always the genetic material?

m |s the DNA structure always the same?

m |s the DNA structure in the cell relevant?

u |s the genome what we think it is?

= Without chromatin, would it be necessary to invent
it? (next section)
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Useful information (F37-F39)

o The bases are heterocyclic, aromatic rings
0 The numbering system

e
2 k\N SN 2 L\N [

1

Purine Pyrimidine

If this was RNA what would change?
Q Uracil replaces thymine (no -Me group)
- Q Ribose replaces deoxyribose (2’ OH)

Fig. 12-4, p. 267
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- DNA itself has different base compositions.
- From experimental results, AC-rich base compositions are ………………
- ………………
(physical properties)
- DNA is dynamic ………………
- ………………………………
- ………………………………
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The Basic Building Blocks for DNA & RNA (F37-F39)

= There are 4 nitrogenous bases (4 types, A, C,G,
T) (adenine, cytosine, guanine, thymine)

m A base is a purine or pyrimidine
« (adenine, cytosine, guanine, thymine)

m A base + a pentose sugar = nucleoside.
o if the su5ar is a deoxyribose, it is a deoxyribonucleoside
(deoxyadenosine, deoxycytidine, deoxyguanosine,
deoxythymidine)

= A nucleoside + phosphate = deoxynucleotide
« ( deoxyadenosine 5'-monophosphate, deoxycytidine 5'-
diphosphate, etc.)

m There are 5'-monophosphates, 5'-diphosphates,

5'-triphosphates (deoxyadenosine 5-monophosphate
(dAMP), deoxadenosine 5'-diphosphate dADP), deoxadenosine
5'-triphosphate dATP).
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DNA is the genetic material (at least most times)

(a brief summary of the evidence)

o Transformation experiments

a Chargaff’s rules

o Phage infection experiment

a X-ray analysis

0 Role of Model Building

aThe modern “synthesis”- DNA structures

/~ BIO 1140 Unit 1-1: DNA & RNA Structure

The Basic or Archetypal Structural Forms for DNA and RNA.

Type of Organism Genetic Material Organization

“Bacterium” dsDNA(s) Protein/DNA
circular Nucleoid

“Eukaryote” dsDNA Protein/DNA
linear Chromosome

Mitochondrion dsDNA Protein/DNA
circular

Chloroplast dsDNA Protein/DNA
circular

Virus ss or ds DNA Protein/DNA
circular or linear
ss or ds RNA Protein/DNA

circular or linear
Viroid ssRNA, circular None ?

NOTE: except for viroids, WHY NUCLEIC ACID AND PROTEIN?

(.
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DNA is the genetic material (a brief summary of the evidence)

Griffith’s
Experiment

[
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DNA is the genetic material (a brief summary of the evidencep

Experiment of Avery-MacLeod-McCarty

Treatment* Activity Transformation
None None Yes
“Trypsin” protease Yes
“Chymotrypsin” protease Yes
“Ribonuclease” RNAse Yes
“Deoxyribonuclease” DNAse None

* 1 have given them their modern names

http://en.wikipedia. ki) 0d%E.
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arty_experiment; Text, p274; Notes
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DNA is the genetic material (a brief summary of the evidencep

Experiments of Chargaff Q

Chargaff used harsh chemicals to degrade DNA into the four bases then quantified
the amount of each. The experiment gave two discoveries, now summarized
as Chargaff’s Rule.

0 The number of Adenine bases is equal to the number of Thymine bases, and
number of Cytosine bases is equal to Guanine bases. A=T and C=G.
a The proportion of A:T and C:G holds true for both strands.
For example in humans A= 30.9% and T= 29.4%; G=19.9% and C=19.8%.

How can we explain this result? Conversely how can we
explain DNAs where the Rule does not apply?

Caveats?
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- ………………………………
- According to the first experiment, transport principle was simply ……………………………
- ………………………………, therefore the transforming principle must be DNA or ………………………………

Tuba Yousuf
- ………………………………
- Showed that the typical DNA is normally A-T and G-C.
- ………………………………
- Can be single-stranded, or be RNA instead of DNA, but wouldn’t be recognizable due to the A-T, G-C ………………………………
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DNA is the genetic
material (a brief
summary of the
evidence)
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DNA is the genetic material (a brief summary of the evidence) Q
Fibre Diffraction Experiment

Suggests heli

Franidin's DNA diffraction patiern

4 >\
7 —

Beam of Korays Photographic plate /

b, Xesay diffraction analysis of DNA

Xeray source DNAsample

This only works if you have models and crystal structures
for small ds DNAs e.g. tetramers.
After many years we have a Standard Model- “B-DNA”

Caveats?
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LA
g ‘ Major Groove

Minor Groove @ Natural DNA forms a right-hand helix.

iy
L gy (if you look along the length of the helix from the
- top [red arrow], the strands spiral
down and to the right).

)

Note: you do see reproductions where the DNA is
left-handed, even in leading journals or
advertisements or posters!!

The two strands are “anti-parallel” (read 5’ to
3’but in opposite directions).

Fig. 226 p- 24
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- ………………………………
- ………………………………
- Therefore, all you need is B-32 for ………………………………
- S-35 labelling, there’s no S-35 in ………………………………
- ………………………………
- An alternative could be both protein & DNA ………………………………
- Question: what if you did ………………
- Result came out S-35 & DNA
- ………………………………
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- X-Ray fibre diffraction done by Franklin
- ………………………………
- ………………………………
- Distance b/w ………………
- 3.4 A is the distance b/w base pairs
- ………………………………
- But this does not give you enough information about ……………………………

Tuba Yousuf
- Big DNA has a major groove and a minor groove so that it is not completely homogenous ………………………………
- ………………………………
- ………………………………
- The base positions within that region can be used as ………………………………
- ………………………………
- ………………………………
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he DNA structure is NOT always the same. Why NOT?

DNA changes during replication, transcription and other processes;

These in vitro results
suggest that
microheterogenei
can occur in the DN
structure!

Example 1: Models of Different DNA structures
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The DNA structure is NOT always the same

# What can we
| conclude DNA has

about DNA many
structures? structures

! and is
e S5 dynamic.

gt

G_tetraplex —

DNA aptamers**
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The Basic Structural Forms for DNA and RNA.

®

DNA released from
bacteriophage
(bacterial virus).
You can see
individual ds DNA!
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- Microheterogeneity
- ………………………………
- ………………………………
- Different ……………… can ………………………………
- ………………………………
- ………………………………

Tuba Yousuf
- ………………………………
- ………………………………
- They didn’t tell you what the structure did, they said that there was replication and transcription and when you open it up there is ………………………………
- ………………………………
- But they didn’t know that ………………………………
- ………………………………
- ……………… don’t share the same ………………………………, one is nucleic acid and the other is …………………………
- ………………………………
-………………………………
-………………………………
- We are looking a virus in the picture, or a phage, and it looks like a phage head, the rest of it is the DNA that looks like it is forming loops (we can sometimes see it come out from one head and go back into the same head), ………………………………, in microphages we normally cannot see DNA b/c it is too thin, so what we do is we ……………… code it with a protein and ………………………………
- What this shows us is that all this DNA must be impackaged in that head. So what we get is that there is a lot of ……………………………… in a linear ………………………………
- To do that it requires protein otherwise you cannot make a protein, and in here ………………………………
- If you treat them harshly, then ………………………………
- If you treat them gently ………………………………………………………………, you preserve some of the structure that ………
- ………………………………
- ………………………………
- They achieve that with the use of whatever proteins are here.
- Analogy in human beings: (hint: when we fold up DNA in a genome, we can’t fold it up as dense as possible b/c it will be metabolically impossible, in viruses we can fold the DNA head b/c it is not metabolically impossible ………………………………)
- ………………………………
- ………………………………
- DNA has a negative net charge, so these proteins must have a positive net charge.
- ………………………………
- Doesn’t have to be all of them, just enough to ………………………………
- ………………………………
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The Basic Structural Forms for DNA and RNA.

2. Bacterial DNA seieased from cel

Bacterial DNA Plasmids
Fig. 20-4, p. 468
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Fig. 9-5, p. 185
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The Basic Structural Forms for DNA and RNA.

)

. DNAreleased from
- chromosome. After

you can see
individual ds DNA!**

We can conclude that there are many structures for DNA
& DNA-Protein in the cell. This is not surprising because...

© ,
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RNA structures are highly organized Q

«Primary (5’ GGGCGUG...etc)
«Secondary (could you have predicted it?)
Tertiary (could you have predicted it?)
-Red dots are modified bases

. AUINA moleculin e dimarsions

st slanontmoty b. ARNA molocule in
three dimensions
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- Bacterial DNA could be referred as chromosomes or ……………………………… (for bacteria) ………………………………
- ………………………………
- We have plasmids
- ………………………………
- ………………………………
- ………………………………
- ……………… a condensed ………………………………
- ……………… for the rest of the fluid and they call it the cytoplasm even though the cytoplasm ………………………………

Tuba Yousuf
- ………………………………
- ………………………………
- ………………………………
- What you see here is ………………
- ………………………………
- ………………………………
- ………………………………
- ………………………………
- Those phages have to allow the DNA protein to fold up ………………………………
- ………………………………
- ………………………………
- You have to have the ability to replicate and fold up so it cannot be as dense as possible but you need to have ………………………………
- ………………………………
- Not much information on how this happens in bacterial cells, we have more information on eukaryotic cells ………………………………
- ………………………………
- ………………………………

Tuba Yousuf
- This is what “your” DNA would look like if we lysed ………………………………
- ………………………………
- ………………………………
- What we can see here is pieces of DNA ………………………………
- ………………………………
- This structure and it goes out then ………………………………
- ………………………………
- ………………………………
- As for ………………………………………… and any other metabolic ……………………………… (4 we usually talked about)
- The big black thing is probably the ………………………………
- ………………………………
- This particular picture is missing key proteins that are called ………………………………
- This consists of non-histo proteins and when people saw this they thought that it must have ………………………………………, so they called this the matrix.
- It’s not histomatrix that helps organizes the DNA, but DNA is ………………………
- The basic structure with histones we know is ………………………………
- ………………………………
- We conclude that for every strand of DNA, proteins ………………………………

Tuba Yousuf
- ………………………………
- The DNA structure ……………… is relatively homogenous except for ………………………………
- ………………………………
- In RNA, (or single-stranded DNA), we talk about primary structures of which the order of the bases ……………………………… it’s the order of the nucleoside triphosphates which ………………………………
- If I went all the way around this would give me a sequence of the RNA
- If I fold the RNA up, ………………………………, tRNA ………………………………, loops which aren’t H-bonded, and extensions that aren’t H-bonded, ………………………………, a lot of ……………… structures that are computer programmed ………………………………
- ………………………………
- ………………………………
- If I had DNA, ………………………………
- There are reasons why it may be difficult to predict these ………………………………
- I can predict ………………………………, but I can’t predict ……………………………
- If the ……………………………… sugar ………………………………
- Here it’s hard to predict b/c each of the red dots represent a modification (change of base, change of where the base binds to the sugar), lots of modifications, so unless I know those modifications, it is hard to go from ………………………………
- Here is the anticodon, ………………………………
- This position of the anticodon (which is the first position), is not even recognized, so it is Inosine (……………………………… instead of ……………… it has 2 ketones………………………………)………………………………
- ………………………………
- ……………………………… it is known as a secondary structure ………………………………
- ………………………………
- ………………………………
- X-Ray crystallography ………………………………
- ………………………………
- ………………………………
- To achieve this ……………………………… in space, ………………………………, we have H-bonds that actually ……………………………… this structure
- In addition, we can ……………………………… that this structure has some H-bonding that does not ……………………………… but it ……………………………… the base ………………………………
- ………………………………
- ………………………………
- ………………………………
- In rRNA, this is ………………………………
- ………………………………
- It is difficult to know what to predict in this model unless you know all of the modifications ………………………………
- ………………………………
- If the base is modified, there is a ………………………………
- ………………………………
- If I had another modification where the base changed the ………………………………, I would have ………………………………
- ………………………………
- ………………………………
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RNA structures are highly organized
Pylaiella littoralis LSU/2

Model of a group Il intron showing
Extensive pairing with itself (p295).

@ This is a structure.
\ Y,
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The Basic Structural Forms for DNA and RNA - Q
Is That All There Is?**

DNA can be extensively modified in the cell . These modifications
are normally post replication.

While there are many modifications we will only discuss (later)
the methlyation of cytosine. 5-methylcytosine (5MeC) is
implicated in the regulation of eucaryotic genes.

RNA can be extensively modified in the cell . These modifications
are normally post transcriptional.

While there are many modifications we will only discuss (later)
the methlyation of guanosine and polyadenlylation of mRNA;
RNA editing that changes cytosine to uridine; and some
modifications in tRNA that affect structure.

More information about these can be found in Supplemental
Information on the BIO1140 WEB site. | suspect more are
waiting to be discovered.
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What lessons can we draw from these examples?

-chemistry is importi re and function D
-tertiary structure is correct binding of proteins
-structures are dyna affected by ......ccuueunes

-can we predict the | . ure?

We can conclude that there are many structures for
DNA, DNA-Protein, RNA, & RNA-Protein in the cell.
This is not surprising because...

E _
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- Here is an example of an intron (the bit of ……………… in the coding sequence, ………………………………, they disrupt the coding sequence, ………………………………, before they ……………………………… they must be removed………………………………)
- The term of removing an intron is called “splicing” b/c ………………………………
- ………………………………
- The consists of loops and steps which ………………………………
- ………………………………
- It would be very difficult from this, primary structure to determine the tertiary structure.
- ………………………………
- ………………………………
- RNA and DNA have complex structures ……………………………… and this will be ……………………………… proteins.

Tuba Yousuf
- So what can we say about ………………………………?
- So what goes into the DNA during synthesis is GATC, but what comes out is ………………………………
- ………………………………
- ……………………………… especially for organisms that seem to lose all of the modifications after …………………………
- ………………………………
- ………………………………
- There are many of these types of modifications
- ………………………………
- He chose these ones b/c he knows that these are linked to some metabolic processes ………………………………
- ……………………………
- ………………………………
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- ………………………………
- ………………………………
- ………………………………
- Tertiary structures are important b/c those are the ones that will be binding proteins and ………………………………
- Structures are dynamic, they are affected by physical parameters, but also ……………………………… parameters outside of the cell ………………………………
- ………………………………
- ………………………………
- ………………………………
- Very difficult to predict the tertiary structure ………………………………
- ………………………………
- ………………………………
- ………………………………
- ………………………………
- There are many structures with these things b/c ……………………………… is dynamic and ………………………………
- ………………………………
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e Summary
o Structures of DNA & RNA

» What are the main remaining issues?

* What more do we need to know?
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