Molecular and Cellular Biology

3. The Cell — From Genes to Proteins

key processes

Prof. Dr. Klaus Heese
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Essential Bio-Engineering-related Bio-Molecules

MONOMERS POLYMERS H

Overview of four (4) basic molecular genetic processes

SRRy,

QIVIRIRRARY

V7 -
U

(0
APV N
Nucleolus \Replication

n Transcription \

RO

°

RNA
e
e mRNA /
e

1 Protein

%%
Amino acids
@ Translation

ﬂ mRNA translation

from genes to peptides / proteins: 3 major steps: 1) transcription, 2)

processing (splicing), 3) translation
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The temperature at which DNA denatures increases with the
proportion of GC-pairs. The higher GC%, the higher Tm.
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(a) Secondary structure
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tertiary structures
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Transcription:
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Promoter Transcription Coding sequence
\ I !
2 %
3 30 20 -10 +0 420 430 s
Upstream 1 Downstream
Nontemplate strand 5' CTGCCATTGTCAGAC! 'GTCT GCGAAAACGA! 3’
Template strand 3’ GACGGTAACA C. TGCAGAA TCGCTTTTGCTAGACGCGACG 5’
5 3’ Primary RNA
transcript

Three stages in
Transcription

RNA polymerase Start site Stop site
on template on template
strand strand

INITIATION

Il Polymerase binds to
promoter sequence
in duplex DNA.
"Closed complex"

1 Polymerase melts
duplex DNA near
transcription start site,
forming a transcription
bubble. "Open
complex"

[H Polymerase catalyzes

phosphodiester linkage
of two initial rNTPs.
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(Translation)
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leaving

odon Cod
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Codon Codon Codon
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on C

A 4

TABLE 4-1 The Genetic Code (Codons to Amino Acids)*

SECOND POSITION

u C A G
Phe Ser Tyr Cys u
v Phe Ser Tyr Cys C
Leu Ser Stop Stop A
Leu Ser Stop Trp G
= El
-1 E
i Leu Pro His Arg v 3
in : -
zc Leu Pro His Arg C g
E Leu Pro Gin Arg A g
a
S Leu(Met)  Pro Gln Arg G
5 m
3 z
T lle Thr Asn Ser u g
A lle Thr Asn Ser C
lle Thr Lys Arg A
Met (Start) Thr Lys Arg G
Val Ala Asp Gly v
Val Ala Asp Gly C
G
Val Ala Glu Gly A
Val (Met)* Ala Glu Gly G
*AUG is the most common initiator codon; GUG usually codes for valine and CUG for
leucine, but, rarely, th d Iso code for methionine to initiate a protein chain.
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Cells are governed by a cellular chain of commands
— DNA —> RNA —> protein

The Genetic Code
* Genetic information is
encoded as a sequence
of non-overlapping base
triplets, or codons
Codons: Triplets of Bases
* How many bases
correspond to an amino
acid?

* During transcription the
gene determines the
sequence of bases along

the length of an mRNA
molecule

~\ Gene 2
DNA
molecule ~
</ Gene 1 \
Cf 3 ~
77 Gene 3
V Ol
oV
DNAstrand 3" 5
(template) ARCECRARARANCHC BGHARGHRT
mRNA 5 3

’ Codon

||

!

Protein Trp Phe Gly Ser:

Amino acid

64 options

A codon in messenger RNA is either translated into an amino
acid or serves as a translational stop signal

Codons must be

Second mRNA base
read in the correct y I
. U ucu UAU uGu u
reading frame for U uuc} Eelce UAc]Tyr UGc:|Cys c
the specified UUA}L ucA | Ser [ UAA Stop 'UGA Stop |1
polypeptide to be . I8 uue] -® uce | UAG Stop UGG Trp (e
duced 2 B cuu ceuT CAU] hs  COU v
produce S | cuc cce cAC cec| . [ e
w Wl cua | teu coa | Pro CAA] an oA | O 8
e gnatccoe 1 MEE s e S
. . z
is nearly universal % W Auc | e Acc | o AAC] Asn AGCJ ser Y E
shared by % | AUA | ACA AAA] we A7, INE
organisms from the = [ A%Cam" ACGl  AAG il ¢ B
. . GUUT GCU| GA GG u
simplest bacteriato  #§ auc v O |, 0AC/A® cec| o B
the most complex GUA GCA GAA:| o GCA A
animals GUG | GCG | eAG| Y e G

from genes (DNA)
to proteins —
the genetic code

Amino Acids

Genetic Code

The Cell’s Heritable Information

Cells contain chromosomes made partly of DNA, the
substance of genes

— which program the cells’ production of proteins
and transmit information from parents to

offspring
Sperm cell
Nuclei ‘
containing ;
DNA SR
/- —_——— ',ao°,/_>_>—»

Fertilized egg Embyro’s cells

with DNA from with copies of

both parents inherited DNA X . X

Egg cell Offspring with traits

inherited from
both parents

9/10/19



Universal Information is an abstract
illustrated message (in the form of a

result / aim

n: odd numbers not possible

with 20 amino acids, minimum info per
word: iv = logz 20 = 4,32 bit

code,) abstracted from coded symbols
that contains expected action and
intended goals.

action / activity

1) Universal information is indispensable
for all life and (

‘ semantic ‘

2) for humans there are other non-

‘ meaning / sense / significance

material components of life: e.g. ‘will /

‘ syntax ‘

volition’ and ‘consciousness’. (

code / grammar

statistics

character-set / signal type

the 5 levels of universal information

Biological Information Store: The
human DNA is about two meters
long in an elongated form and
contains 6 x 10° nucleotides
(chemical letters: adenine [A],
cytosine [C], guanine [G] and
thymine [T]). How much
statistical information (i.e. how
much information according to
Shannon) is that?

Since the N = 4 chemical letters
A, C,G and T occur about
equally distributed,

is their mean information content
according to the equation
H=1d4=log,4=1log4/log2=
2 bit calculable.

For the entire DNA this results in
a storage capacity of

Lo = 6 x 10 nucleotides x 2 bits
/ nucleotide = 12 x 10° bits. This
corresponds to the amount of
information of 750,000
typewritten pages.

L = length of word =
#of | L=2 L=3 L=4 L=5 L=6
Iefters / word doublet triplet | quartet quintet sextet
n=+#of
different letters word length L --->
Binsrcod m=n'=4[2=8 2°=16 2°=32 2°=64
Bindrcode i,=Lldn
X . C B A 2 1
fy=Idn=1bit 2 bit/Wort | 3bittword | 4 bittword | 5 bitiword | 6 bitword
Ternircode P?=9 3$=27 34=81 35=243 [35=729
n=3 <
ip=1585bits | 6,340 7,925 9,510
=y

Quaternarcode % 49=256 | 4°=1024 |4°=4096
n=4 8
. ) e
ip=2bit % 8,0 10,0 12,0
Quinircode J 59=625 |5°=3125 |56=15625
n=5
fy=2,322 bit 4,644 6,966 9,288 11,610 13,932
Senircode %2=36 6°=216 |6*=1296 |6°=7776 |6°=46656
n=6 6
= 2,585 bit \5:170 7,755 10340 12,925  |20,680
ip=Idn information content of one letter (bit/letter)
i,=Lldn information content of one word (bit/word)
m=nt number of possible combinations to form a word of length L

from n different characters.

The highest information density known to us is in the DNA
molecules realized in the living cells. The figure shows the
DNA dimensions.

This chemical storage medium with 2 nm =2 x 10° m =2 x
10° mm diameter and 3.4 nm pitch of the helix (Greek
helix = spiral) indicated. From this, the cylinder volume is
calculated per turn (V=hx d?>x /4):
V=34x10mmx (2x10°mm)2x /4 =1.068x 107
mm? per turn.

The human DNA (germ cell) has 3 x 10° character pairs.
There, one turn comprises 10 pairs of letters, this results in
a Volume of (1.068 x 10”7 mm3 / turn) x 3 x 10° letters /
(10 letters /turn) = 3.2 x 10 mm?.

Per turn of the double spiral are 10 chemical letters
(nucleotides), so that a statistical information density from
0 =10 letters / (10,68 x 10" mm?) = 0,94 x 108 letters /
mm? = 0.94 x 102! letters / cm®.

If one considers the determined information requirement of
4.32 bit for one amino acid on a letter (nucleotide) of the
genetic codes, that's how you get on with this method of
calculation: 4.32: 3 = 1.44 bit / letter. We now want the
statistical information density of the DNA with the

values we have just established, and here we are for the
information content per letter with the value 2 bit / letter :
0=0.94 x 10" letters / mm® A ~ 2 bit / letter = 1.88 x 10'8
bit/ mm?or 1.88 x 10%! bit / cm?.

Phases of the Cell Cycle

The cell cycle consists of
— the Mitotic phase (M)
— Interphase (G1, S, G2)

* Interphase can be
divided into sub-
phases

— Gy phase
— S phase
— G, phase
* The mitotic phase

— is made up of
mitosis and
cytokinesis

S
(DNA synthesis)
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the required closed cycle

DNA Replication:
enzyme-regulated
DNA synthesis
Translation: Transcrir tion:
RNA-dependent g e

DNA-dependent

protein synthesis RNA s¢nthesis

Three possible open reading frames (start codons not shown) ‘

Frame 1

5'—— GCU, UGU, UUA CGA, & AUU A- mRNA
— Ala [H Cys [HLeu|-Arg[— Ile —— Polypeptide 1

Frame 2

5' —G CUU , GUU,  UAC, GAA UUA — mRNA

—|LeuH Val H Tyr [ Glu |- Leu|—— Polypeptide 2

TABLE 4-2 Known Deviations from the Universal Genetic Code

CODON UNIVERSAL CODE UNUSUAL CODE* OCCURRENCE

UGA Stop Trp Mycoplasma, Spiroplasma, mito-
chondria of many species

G Leu Thr Mitochondria in yeasts

UAA,UAG Stop Gin Acetabularia, Tetrahymena,
Paramecium, etc.

UGA Stop Cys Euplotes

*Found in nuclear genes of the listed organit and in mitochondrial genes as indi d.

SOURCE: S. Osawa et al., 1992, Microbiol. Rev. 56:229.

mRNA, tRNA & rRNA

aa;-tRNA,
arriving H
Growing |
polypeptide H2N~c-.R7
chain é_o
Three é
roles of RNA
in Protein Synthesis
(Translation)
tRNA4

leaving

by i
Codon Codon Codon
aa, aa, aa;

Mo of r

A 4
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Residue 1 Residue2 Residue3 Residue 4
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synthesis direction of the protein in
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n

C
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Residue
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Carboxy-
terminus
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Specific Aminoacyl-tRNA Synthethases activate Amino Acids by
covalently linking them to tRNAs

Amino acid (Phe) High-energy
ester bond
n,n—c—c—on e g
(N, HN—¢—C=0 n wan—t—d—o
H (<N
| Phe st Net result:
Lmkage of Phe-tRNA "¢ binds Phe is selected
Phe to tRNAPhe to the UUU codon by its codon
—_—
T AMP
+PP;
Aminoacyl- . AAA ) AAA
tRNA synthetase tRNA spe:lflc for Aminoacyl-tRNA 5 m_RNA 3

specific for Phe  Phe (tRNAPhe)

Structure of tRNAs

@ =dihydrouridine
@ =inosine

® =ribothymidine
@ = pseudouridine
m = methyl group

Acceptor
stem

‘ The general structure of ribosomes in prokaryotes and eukaryotes

Assembled
rRNA Proteins Subunits ribosomes
E
e + Total: 31
= 235 H
i (2900rNTs) (120 rNTs)
- R
a
§ 2 + Total: 21
165
(1500 rNTs)

235% ;.BS + Total: 50 e

285:5.85 55
(4800 rNTs, 160 rNTs) (120 rNTs) 60S

Total: 33

&
N
e

185 80S

(1900 rNTs) 40S
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TECHNIQUE

Lab methods

for

|?Isue i Ao Homo’genate
Ribosome isolation | ;. e

Differential centrifugation

a\‘gematam ured

Pellet rich in
Reu e
cellular debris

next tul

20,000 g
20 min

Wi 150,000 g
3hr

Tolahonci

(and chloro-

plasts if cells

are from a plant) |
i,
(pieces of plasma
membranes and ;- -
cells’ internal f
membranes)

Pellet rich in
ribosomes:

Ph/CHCI3 — H20O-buffer
Separation of Proteins
Vs

28S rRNA

18S rRNA

5S rRNA

DNA synthesis (Replication) ‘ 5’
3[
g SN -
b°Q Point of joining
N— Lagging strand

Okazaki fragment

Parental DNA duplex Short RNA primer
5/ ITTTTTETr eIl
‘—
Direction (t»f fork Leading strand
movemen
5I

Helicases

Bidirectional mechanism
of DNA replication

nl Unwinding

Bl- i and primer

\/ =
Ea|La09i a

= ;\

‘\_’ —

“~strand ligation

What is a gene? revisiting the question

* Agene is a region of
DNA whose final
product is either a

polypeptide or an
RNA molecule —

* Ageneis the
molecular unit of
heredity (= DNA// or
RNA) of a living
organism that codes
for a protein or a
(functional) RNA.

A summary of
transcription and
translation in a
eukaryotic cell

9/10/19

10



