Control of Cell Function

Q
N\
-~ y.
o
e ——
B
Nt .
. o
P X
2
. 309
2 - a\

Fluorescent image of
a cell; nucleus in blue




Randy Moore, Dennie Clark, and Carrell Vodopich, Betany Visual Resource Library © 1888 The McGraw-Hill Companies, Inc. All rights reserved.

Foliage _
leaves

Coleorhiza
(a) Garden bean ({ Radicle Coleoptile

(c) Corn
Follage Ieaves

\’
Epicoty 6
Hypocotyl

% 2
/@
N /

Hypocotyl

Seed
Germination

Cotyledon




Steps of Germination:

Imbibition

Seed swells

Seed coat ruptures
Endosperm exposed to oxygen

Oxygen allows for food stored in
endosperm to be converted into
energy for growth

Root grows first
Stem grows next
True leaves form
Cotyledons fall off

Seedling formed Radish seed
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® | ong strands of DNA + packing proteins
= Analogy- thread on a spool
m Can wind up and unwind
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Review: Eukaryotic chromosomes are linear DNA
molecules wrapped around proteins.

* Chromosomes — 23 pairs

The chromosome Is
made up of genes

The genes consist of DNA
which is made up of four
chemical letters




NOTE: A genome is the total and unique collection of
genetic instructions encoded in the DNA of the
chromosomes of each species.

In humans, almost every cell has the complete genome.
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B. DNA strands have CODING and NON-CODING
regions

Genome

Intergenic region




SRD51A
Steroid S-alpha
reductase 1

CSA
Cockayne syndrome
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Spinal Muscular
Atrophy
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2. Non-coding Regions

B Some are repetitive sequences- may play a
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2. Non-coding Regions

l = Make up >90% of DNA

B Some are repetitive sequences- may play a
role in cell longevity and/or chromosome
organization

® The rest is known as ‘junk’ or ‘nonsense’
DNA- may be old viruses, old unused




DNA Molecules
A. Structure
1. Nucleotides
0
| *Phosphate group
CHS—C/C\NH *Deoxyribose sugar

I | :
- HC _C=0 *Nitrogen base

N
- | base

I—P—0=—CHyc.0 (thymine)

O

sugar (deoxyribose)




sugar (deoxyribose)

RNA nucleotide =

4@ DNA nucleotide

iosphate
group
o

HC\N _C=0
base

ks ‘ (uracil)

sugar (ribose)




adenine
A

(“; | base with a

C CH double-ring
o N=" SN structure

HO—P —O0=—CH, .0

I 0
0

sugar OH
(deoxyribose) guanine

G

base with a
double-ring
structure

H

Double-ring bases Single-ring bases
A G T, C

thymine
I

base with a
single-ring
structure

cytosine
C

base with a
single-ring
structure







2. Watson-Crick Model

I ® Double helix

® Sugar-phosphate
B backbone

® C-G with 3 H bonds
® T-Awith 2 H bonds
= Antiparallel
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1st 1 gene =» 1 enzyme

Next 1 gene =? 1 protein

Recent 1 gene => 1 polypeptide
Now 1 gene = 1-10 polypeptides

B. Central Dogma

Humans have 25,000 genes or less and make about
100,000 different proteins. How?




m Assembly of RNA on unwound regions of DNA molecule

Pre-mRNA \ mANA
—

. transcript B
; . jprocessing ¢ *— > <-<-L<—
I protein —— l

subunits
mature mRNA rnbosomal mature

i transcripts subunits IRNA i

l

OVERVIEW

A pools of
~\ amino acids,
nbosomal

SuUbuUNIts,

Ed °
, "41. an intact
riposome,
synthesis of

da PO y}-'!t)'A..‘\"th’
chain at the
binding sites

for mRNA B l

and tRNAs ,
final protein

4 T Yy 1~ § - - 8
FOr use In ceili or for export




-RNA

A. Solves 2 problems for DNA
1. Getting information from nucleus to RER or
cytoplasm.
2. Translating from the language of nucleotides
(4 bases) to the language of proteins
(20 amino acids).




-RNA

A. Solves 2 problems for DNA
1. Getting information from nucleus to RER or
cytoplasm.
2. Translating from the language of nucleotides
(4 bases) to the language of proteins
(20 amino acids).

B. DNAvs. RNA
DNA RNA

Deoxyribose- more Ribose- less stable
stable

Double-stranded Mostly single-stranded

Nucleus or nucleoid Nucleus and cytoplasm
region

Thymine Uracil- single ring




C. Types and Shapes and Functions
1. mMRNA = messenger RNA
contains the code for amino acid
sequences in polypeptides

CBUBGEBABRBGEBGEBARBGEARBANG




codon in mMRNA transcript ——/ /

anticodon in tRNA AR y

. tRNA= transfer RNA
brings an amino acid to
a ribosome for incorporation
iInto a polypeptide

© 2006 Thomson Higher Education



3. rRNA = ribosomal RNA-
joins with other proteins to make 2 ribosomal
subunits- one small and one large, these come

together to make a ribosome which assembles
amino acids into polypeptides

tunnel

small ribosomal 7 large ribosomal intact
subunit subunit ribosome

© 2006 Broois/'Cole - Thomson




V. Transcription (RNA Synthesis)

DNA template
at selected

— A transcription
W / PN site

newly forming
RNA transcript

DNA template

DNA template
unwinding

winding up

© 2006 Brooks'Cole - Thomson




V. Transcription (RNA Synthesis)

newly forming

RNA transcript %
o

DNA template
winding up

*Uses the enzyme RNA polymerase
*RNA made in a 5" => 3’ direction

Many copies can be made at once
*RNA will be processed before used

DNA template
at selected
transcription
site

DNA template
unwinding




4ssembly of RNA on unwound regions of DNA molecule
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V. Translation (Protein synthesis)
A. Genetic Code:




V. Translation (Protein synthesis)

A. Genetic Code:

3 bases (codon) = 1
amino acid
eStart and stop signals




V. Translation (Protein synthesis)
A. Genetic Code:

3 bases (codon) = 1
R amino acid
25| ¢ «Start and stop signals

=

. Components
MRNA
Ribosomes
tRNAS

Pool of amino acids




binding site for mMRNA

P (first L+ A(second
binding | . ! binding
site for ,/ site for

® 2006 Thomson Higher Education
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Questions for thought-

Why do we look and act different
from each other?

(99.9% of our DNA is the same)

Why do we look and act different

from other organisms?
(90% of our DNA is the same as
in mice.)

What CAUSES these
differences?




VI. Mutations-

A. Types of Gene or Point Mutations-

1. Insertion-

extra bases are inserted into the genetic code
ex. Tay-Sachs Disorder
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Hex-A enzyme
Hexosaminidase A

t 4 base insertion in the Hex A

gene normally codes for
“an enzyme in lysosomes that
breaks down the food that
~ brain cells eat- GM2- a lipid
" sLeads to slow brain death by
- 2years of age

.. and in time chokes off the cells.
\ .

|\ 644‘ J

REID EROWN | THE PLAIN DEALER




2. Deletion- extra bases are deleted from the genetic
code

ex. Cystic fibrosis

e 3 base deletion in gene for a Cl- transport
protein

The protein normally has 1480 amino acids
1/20 Caucasians are carriers

Mucus blocks
pancreatic ducts

P
Stomach
Mucus blocks
air sacs (alveolh)
in the lungs




. Substitution-a base or many bases are swapped in
the DNA code
ex. Sickle-cell disease

*6th codon CTC = CAC in beta-globin gene
*1/12 African Americans are carriers




3. Causes

. Radiation- nuclear, UV,
X-ray

. Viruses and other
microorganisms

. Environmental
poisons-
formaldehyde,
nicotine, asbestos

. Alcohol and diet?

. Random

mistakes (‘_dl
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C. Effects o

1. Harmful
2. Neutral
3

Beneficial




VII. Viruses

NON-CELLULAR

adenovirus influenza virus




A. Characteristics
1. Protein capsule and nucleic
acid (DNA or RNA) core
2. Obligate parasite-
IS a parasite that cannot
complete its life cycle without
exploiting a suitable host.

Glycoprotein spike

B. Actions in Host Cells
1. Lytic Cycle- get ready to draw ©

2. Lysogenic Cycle-



http://en.wikipedia.org/wiki/Host_(biology)
http://en.wikipedia.org/wiki/Host_(biology)

Lytic Pathway:




Lytic and Lysogenic Pathway

€ Phage attaches
to host cell and
injects DNA

Phage DNA
(double stranded)

Bactedal
chromosome

\/

e Occasionally, the prophage may
excise from the bacterial chromosome
by another recombination event,
initiating a lytic cycle

COO)

Many cell

divisions w

Lytic
cyclo

"\

( cO)

Lysogenic
cycle

CO O)

Cell lyses, releasing

phage vlrlons lytic cycle or Iysogenic cycle

G/\f/) N

New phage DNA and
proteins are synthesized
and assembled into virions

Copyright © 2004 Pearson Education, inc, pubishing as Beryamin Cummings.

OR

Phage DNA circularizes and enters

Lysogenic bacterium
reproduces normally

‘o)

Phago DNA integrates within the
bacterial chromosome by recombination,

becoming a prophage




C. Special Case- HIV- retrovirus

Features: Reverse
transcriptase

Reverse —
transcriptase







. Epidemiology-
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Mimivirus..........




