DNAand RNA



X Nucleotideshavea varietyof rolesin cellularmetabolism

X they are the constituentsof nucleicacids deoxyribonucleicacid
(DNA) and ribonucleic acid (RNA),the molecular repositories of
geneticinformation.

X The amino acid sequenceof every protein in a cell, and the
nucleotide sequenceof every RNA,is specifiedby a nucleotide
sequencanthe O S DN &

x A segmentof a DNA molecule that contains the information
required for the synthesisof a functional biological product,
whether protein or RNA Isreferredto asagene
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A DNAhas a double helix structure
I Made of four bases; A T,C,G
I DeoxyribosePhosphate backbone

A RNAQRavea broader range of functions, and several
classes are found in cells.

A is notthe hereditarymaterial

A RNA has nodlwaysa doublehelixstructure
- Madeof four basedike DNA but, has Unsteadof T
- Ribosephopshatebackbone




X Ribosomal RNAs (rRNA$ are components of ribosomes, the
complexedhat carryout the synthesiof proteins

x MessengerRNAs(mRNAs)are intermediaries,carrying genetic
iInformation from one or a few genesto a ribosome, where the
correspondingoroteinscanbe synthesized

x Transfer RNAs (tRNA9 are adapter moleculesthat faithfully
translate the information in mMRNAInto a specific sequence of
aminoacids



Erwin Chargaff

1950

A Found that strands were always same distanc
apart

A Also, that the amount of A always the same as
amount of T

A Amount of G always same as amount of C

Therefore:Purines must always bind
Pyrimidines

A bindsto T;: G binds to C



Rosalind Franklin

1953
A Crystallized DNA andray diffraction
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A From picture it was clear that DNA was in a
helix
A With symmetrically organized bases in center



Watson and Crick

April 25", 1953

A{ SSY CNIYy1ftAyQa LIAOGC
I Assumed Sugd?hosphate backbone

AYYSg [/ KFNBFFTFQa NIz S\
I A&T, G&C must bind each other

A Determined turning radius of betdelix

A Realized it must be two complementary
strands because of base pairing

A Determined it was a double Helix




Watson and Crick

James Watson
American

Francis Crick
English



Summary of DNA

A String of Nucleotides
A deoxyribose SugdPhosphate backbone
A 4 Bases:
I A, G are Pyrimidines
I T, C are Purines
I A=T
I G=C
A Two complementary strands (double helix)



What is DNA?

A Deoxyribonucleic Acid:

| String of nucleotides
ANucleotides made up of three parts:

HO-CH, OH

I N
HO

deoxyribose phosphate cyclic amine
(a sugar) (base)



A two parent bases: pyrimidine and purine.

x Both DNAand RNAcontaintwo major purine bases,adenine
(A)andguanine(G),andtwo major pyrimidines

X In both DNA and RNA contain both cytosine (C), but the
secondmajor pyrimidine is not the samein both: it is thymine
(T)in DNAanduracil (U) in RNA

A Nucleotides have three characteristic components (1) a
nitrogenous(nitrogencontaining)base,(2) a pentose,and (3)
a phosphate The molecule without the phosphategroup is
calledanucleoside
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. Nucleic acid bases
O O Pyrimidine bases ~ NH
H I | t
//C\ /C\ /C\ /CH3 //C\
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2 6 _C. _CH
HCQ&l,CH O//C\N,CH O//C\N/CH NG H
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Pyrimidine Uracil (Ura) Thymine (Thy) Cytosine (Cyt)
H NH2 0 Purine bases
NFESC-N | ¢
1 5 7\ C\ P
o ag_ayCh NN NG
HCQB,CJJN/ | I CH | I CH
N HC. _C<,/ C~ _C<./
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H 2 H
Purine Adenine (Ade) Guanine (Gua)
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NUCLEOTIDES |

PHOSPHATE
(1 or more) |

OH OH

SUGAR
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DNA o

Sugar-Phosphate
Backbone
(negatively charged)




OH H
Nucleotide: Deoxyadenylate
(deoxyadenosine
5’-monophosphate)
Symbols: A, dA, dAMP
Nucleoside: Deoxyadenosine

NH,
N)I N\
A

OH OH

Nucleotide: Adenylate (adenosine
5'-monophosphate)

Symbols: A, AMP

Nucleoside: Adenosine

OH H

Deoxyguanylate
(deoxyguanosine
5’-monophosphate)

G, dG, dGMP

Deoxyguanosine

(a) Deoxyribonucleotides

OH OH

Guanylate (guanosine

5’-monophosphate)
G, GMP

Guanosine

(b) Ribonucleotides

OH H

Deoxythymidylate
(deoxythymidine
5’-monophosphate)

T, dT, dTMP

Deoxythymidine

OH OH

Uridylate (uridine
5’-monophosphate)

U, UMP

Uridine

OH H

Deoxycytidylate
(deoxycytidine
5’-monophosphate)

C, dC, dCMP

Deoxycytidine

OH OH

Cytidylate (cytidine
5’-monophosphate)

C, CMP

Cytidine



X Thesuccessivaucleotidesof both DNAand RNAare covalentlylinked
through phosphategroup & 6 NJ&A RiaMBiéhIhe 5Qphosphategroup of
one nucleotide unit is joined to the 3@hydroxyl group of the next
nucleotide,creatinga phosphodiestetinkage

DNA RNA

5" End 5" End
@), O

Phospho-
diester
linkage

W@
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x Thehydroxylgroupsof the sugarresiduesform hydrogenbondswith
water.

x The phosphate groups are completely ionized and negatively
chargedat pH 7, andthe negativechargesare generallyneutralizedby
lonic interactions with positive chargeson proteins, metal ions, and
polyamines

x The covalent backbone of DNA and RNA is subject to slow,
nonenzymatidydrolysisof the phosphodiestebonds

X In the test tube, RNAIs hydrolyzedrapidly under alkalineconditions,

but DNAIs not; the 2Ghydroxyl groupsin RNA(absentin DNA)are
directlyinvolvedin the process
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x Byconvention,the structure of a singlestrandof nucleicacidis
alwayswritten in the 5@, 3CHirection.

x Ashortnucleicacidisreferredto asanoligonucleotideNucleic
acid polymerscontaining50 or fewer nucleotidesare generally
called oligonucleotides A longer nucleic acid is called a
polynucleotide

X Freepyrimidinesand purinesare weaklybasiccompoundsand
arethuscalledbases

x Hydrogen bonds between bases permit a complementary
associationof two (and occasionallythree or four) strands of
nucleicacid

X In doublechainDNAG and C,A and T, in doublechainRNAG
andCandAandU pairwith eachother.
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Base Pairing

1. A Purine must always be base paired to a
Pyrimidine

2. A = Tg with two Hydrogen Bonds

3. G = @ with three Hydrogen Bonds
herefore:
Strands must be complementary




DNA review

A-T base pairs have two hydrogen bonds
G-C base pairs have three hydrogen bonds

purine pyrimidine



1\11 / Thymine

Adenine

/30 A ? Cytosine

Guanine
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