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Evaluation

J Semester Project (50 %)
d Homework Assignments (20 %)
O Exams (25 %)
[ Class Participation (5 %)

Course Homepage

www.cis.fiu.edu/~giri/teach/Bioinf SO8.html

O Lecture notes, required reading material, homework,
announcements, etc.
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Molecular Biology Background
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The Polymeric Players

DNA
String with alphabet {A, C, G, T}
Nucleotides/Bases

String with alphabet {A, C, G, U} Bases |

String with 20-letter alphabet
Amino acids/Residues
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
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gggagaacac
tccaggtccc
agtgcttctt
tcttctagtg
gctgggccgce
cgtcctcagce
ccccagcaag
ccagccagga
cgtgcgcagc
ggcccggcge
agaactccag
ccgaattaat
cagactattg
caccccagct
agtggcccat
tttgcaccaa
tgatggaaaa

ccggagaagg
tcggacagag
agacggactg
ttgctgcettce
aagaagttcg
gaatttgagt
gacgtcgtgg
gcgcccgccce
ttccatcacg
ttcttcttca
atcttccggg
atttatgaaa
gacaccaggt
gtgatgcggt
ttagaggaga
gatgaacaca
ggacatccgc

aggaggaggc
ctttttccat
cggtctccta
cccaggtcct
ccgcggcatc
tgaggctgct
tgcccccecta
cagaccaccg
aagaagccgt
atttaagttc
aacagataca
ttataaagcc
tagtgaatca
ggaccacaca
acccaggtgt
gctggtcaca
tccacaaacg

gaagaaaagc
gtggagactc
aaggtcgacc
cctgggcggc
cagccgaccc
cagcatgttt
tatgctagat
gctggagagg
ggaggaactt
tgtccccagt
ggaagctttg
tgcagcagcc
gaacacaagt
gggacacacc
ctccaagaga
gataaggcca
agaaaagcgt

CAP5510/CGS5166

Typical DNA Sequence

aacagaagcc
tctcaatgga
atggtggccg
gcggccggcece
ttgtcccgge
ggcctgaagc
ctgtaccgca
gcagccagcc
ccagagatga
gacgagtttc
ggaaacagta
aacttgaaat
cagtgggaga
aaccatgggt
catgtgagga
ttgctagtga
caagccaaac

cagttgctgce
cgtgccccct
ggacccgctg
tcattccaga
cttcggaaga
agagacccac
ggcactcagg
gcgccaacac
gtgggaaaac
tcacatctgce
gtttccagca
ttcctgtgac
gcttcgacgt
ttgtggtgga
ttagcaggtc
cttttggaca
acaaacagcg



1/24/08

(A) BASE
NH,
\N
PHOSPHATE

C .
1
H
(B) 'THz T‘
¢ €
e S Hc” NH
| € | oytosine | U | urac
HC C HC C
SN T N
H o H
H;C (U
\C/ -
Jal
thymine\H/ \\\O
PYRIMIDINE

BASE

PHOSPHATE
1
'O—T—O—CHZ
o-
I
/NHC/C\\N
w? | A |
adenine \\N,C\ /CH
H N
|
No g
/““c NH
16 |
‘ S C A
guanine N e
H N \NHZ
PURINE
CAP5510/CGS5166

(9]

phosphodiester
linkage

The building blocks of DNA & RNA

Fig 1.1, Zvelebil/Baum
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(A) 3

DNA double helix structure

Fig 1.3, Zvelebil/Baum
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sugar-phosphate backbone
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RNA molecule

Fig 1.5, Zvelebil/Baum
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Typical protein sequence

/translation="MVAGTRCLLVLLLPQVLLGGAAGLIPELGRKKFAAASSRPLSRP
SEDVLSEFELRLLSMFGLKORPTPSKDVVVPPYMLDLYRRHSGOPGAPAPDHRLERAA
SRANTVRSFHHEEAVEELPEMSGKTARRFFFNLSSVPSDEFLTSAELQIFREQIQEAL

GNSSFOHRINIYEIIKPAAANLKFPVTRLLDTRLVNONTSQWESFDVTPAVMRWTTOG
HTNHGFVVEVAHLEENPGVSKRHVRISRSLHODEHSWSOIRPLLVTFGHDGKGHPLHK
REKROAKHKORKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLADH
LNSTNHAIVQTLVNSVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQODMVVEGCG
CR"
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Protein 3D Structure
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Central Dogma

O DNA acts as a template to replicate itself.
 DNA is transcribed into RNA.
[ RNA is translated into Protein.

[Replica‘rion Tr'anscr'ip’riorD

RNA Protein

Translati onj
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Central Dogma

DNA replication

DNA
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RNA synthesis
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' RNA
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(translation)
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amino acids
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Fig 1.6, Zvelebil/Baum

13



DNA Replication

Fig 1.4, Zvelebil/Baum
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Cell

th

ORGANISM

ORGAN SYSTEMS ‘

mitochondria
ORGAN
CELL
TISSUE nucleus
cytoplasm L
http://www_learner.org/channel/courses/essential/life/session1/clo: ribusomes
chromosome

http://www_biotechnologyonline.gov.au/popups/img_cellwithlabels.cfm

Sperm cell

Rodcell  Hair Nervecell
ineye cell

http://www_biology.eku.edu/RITCHISO/301notes1.htm

1/24/08 CAP5510/CGS5166 15



1/24/08

Chromosomes

Human chromosomes!
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Chromosomes

M mumanl genome View BLAST search the human genome

Build 36.2 statistics Switch to previous build
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Human Chr 22
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Ideogran}|X] Contig3X] Hs Unic2X] Eenﬁﬁ-seq—l Symbol Position Description
22p13 ] ABCD1P4 22q11 ATP-binding cassette, sub-family D (ALD)
. SNAP29 22911.21 synaptosomal-associated protein
22p12 - . .
: °
2p1l.2 10H+
- L[]
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d i wT_ezases,
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1 [hT-rieie. He 517357
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DNA Molecule
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Proteins — Amino acids

| amnoacd |3 letter code |1 letter code

ETI|..|I'H'I'.' o AN &

| arganine ATE 1

[ aspartic nosd Asp [

| Bsparginme Asn M
cyslzing Cys L |
:l_.';I.II.'_II'I.' ncid Cilu E |
I|',I||I.l||'||'| Laln L]

| plycine Cily G

| histine His H
lisoleucine [le |
leucine Leuw

Iy arme Ly E:
methionine Ml % |
phiehylilanine he i
prohine Pro P

ST by T | a
threonine ‘ Ihr |

iy proghnn [ W
fyrosine Iyr Y

valine | Yal W

Table 1.1 Arig aedd abbreviatios
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Basic Genetic Processes

DNA replication
DMNA repair
genetic recombination

DNA

A LR LS
3 AnllaBaAARadxnlannlls

DNA transcription
(RNA synthesis)

RMNA
LR L b T el
| | Il I Ji Il |

codons

pratein synthesis

PROTEIN

--“- i E=<>COCH

amino acids

Figure 6-1 The basic genetic
processes. The processes shown here
are thought to occur in all present-
day cells. Very early in the evolution
of life, however, much simpler cells
probably existed that lacked both
DNA and proteins (see Figure 1-11).
Note that a sequence of three
nucleotides (a codon) in an RNA
molecule codes for a specific amino
acid in a protein.
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tRNA

== &=

The Genetic Code

e

Y
U C A anticodon AUG
A G U codon UAacC

5 mRNA 3
——————— s w @
2nd base in codon
Phe | Ser Tyr Cys U
U Phe | Ser | Tyr | Cys C @
5 Leu | Ser | STOP | STOP | A o
T Leu | Ser | STOP| Trp G 9
o Leu | Pro His Ary U @
k= C Leu | Pro His Arg c =1
o Leu | Pro Gln Arg A 0
o Leu | Pro Gln Arg G o
! le | Thr | Asn | Ser | U | 8
o A e Thr A=n Ser C
lle Thr | Lys Arg A
Met | Thr | Lys Ary G
Val Ala | Asp Gly )
G Val Ala | Asp Gly c
Val Ala Glu Gly A
Val Ala | Glu Gly G
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Replication
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The Central Dogna of Molecular Biology
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Transcription

Fig 1.7, Zvelebil/Baum
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RNA transcript DNA/RNA helix
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¢ TRANSCRIPTION
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Transcription Regulation
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Binding Sites S
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+—> promoter region <
< >
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DNA Transcription
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Transcription
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RMNA polymerase

stop signal for
RNA polymerase

DNA double helix

DNA HELIX starl site for transcription

OPENING

5'
3

INITIATION OF RNA CHAIN
BY JOINING OF FIRST TWO

RIBONUCLEOSIDE
TRIPHOSPHATES J
' 5.
5 \ 3
3! -5
RNA CHAIN ELONGATION
IN 5'-to-3' DIRECTION
BY ADDITION OF
RIBONUCLEQSIDE
TRIPHOSPHATES
5 \ 3
o

continuous _
RNA strand 5
displacement
and DNA helix
re-formation

NN N NN

TERMINATION AND

RELEASE OF POLYMERASE AND

COMPLETED RNA CHAIN
3

5

224  Chapter 6 : Basic Genetic Mechanisms

CAP5510/CGS5166

short region of
DNA/RNA helix

Figure 6-2 The synthesis of an RNA
molecule by RNA polymerase. The
enzyme binds to the promoter
sequence on the DNA and begins iis
synthesis at a start site within the
promoter. It completes its synthesisa
a stop (termination) signal,
whereupon both the polymerase and
its completed RNA chain are released
During RNA chain elongation,
polymerization rates average about
nucleotides per second at 37°C.
Therefore, an RNA chain of 5000
nucleotides takes about 3 minutes
complete.
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Transcription Steps

RNA polymerase needs many transcription factors (TFIIA,TFIIB, etc.)
(A) The promoter sequence (TATA box) is located 25 nucleotides away from transcription initiation site.

(B) The TATA box is recognized and bound by franscription factor TFIID, which then enables the adjacent
binding of TFIIB. DNA is somewhat distorted in the process.

(D) The rest of the general franscription factors as well as the RNA polymerase itself assemble at the
promoter. What order?

(E) TFIIH then uses ATP to phosphorylate RNA polymerase IT, changing its conformation so that the
polymerase is released from the complex and is able to start transcribing. As shown, the site of
phosphorylation is a long polypeptide tail that extends from the polymerase molecule.
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Transcription Factors

[ The general transcription factors have been highly conserved in evolution; some of those
from human cells can be replaced in biochemical experiments by the corresponding factors
from simple yeasts.
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Protein Synthesis

1. Transcription
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Protein Synthesis:

Incorporation of amino
acld into protein
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