BIOL 240: General Microbiology
Spring 2020 Rm. 23-203 MW, Mar. 9-11

http://accounts.smccd.edu/staplesn/biol240/

Pre-Lab Writeup #9 due!: ALL of Expt. 10. Prepare before each Monday’s labs (for
BOTH Mon. & Wed.)!! (What? Why? How? are we doing in the lab? Question? HYPOTHESIS?)
0.5-1 hour of OPEN LAB *expected* each week. Goal: 8-16h by May! ©
. LAB: Bacteriophages!!
. QUIZ #4 DUE Wed. night!!!
Study Guides & Objectives (see slides) due THIS WEEK!! (Chs. 5b, 6, 7)!

. Read Chs. 6 & 7!! See Chs. 6 & 7 lecture ONLINE!!
Objs. due THIS week! (MT2 Review Sheet is UPDATED!!)

7. Midterm #1 REVIEW SESSIONS THIS WEEK: Mon/Wed 2-3pm.... in
LAB. Wed. 8:15am-9:35ish. © Come PREPARED with questions!

8. Extra Credit Opportunity: Wed. evenings, 5-6 pm, (2/4-3/25/2020) in
Bldg. 6, Room 102 — STEM SPEAKER Series. 1 page summary &
reflection due (on CANVAS) the following week. (see also: YOUTUBE)

» https://www.canadacollege.edu/stemcenter/speaker-series.php
» NOTE: YOU may upload MULTIPLE Speaker Summaries, but only | can see all of
them. You can only see the last upload! It’'s OK!! ©

-—
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REVIEW:

1. Diagram the investment and release of Energy and Carbon atoms from Glycolysis (through the Citric Acid Cycle).
2. Diagram or outline the process by which high energy electron carriers are produced by glycolysis, pyruvate
oxidation, and the Krebs/TCA cycle.

OBJECTIVES: Students should be able to: .....

1. Diagram how high energy electrons are used to produce ATP in the mitochondrial
inner membrane (or bact. plasma mem).

2. Compare and contrast the energy inputs and outputs of Fermentation & Aerobic
Respiration/Oxidative phosphorylation.

3. Explain how lipids and proteins are catabolized and energy harvested thru
pathways shared with glucose metabolism.

4. Distinguish the carbon and energy sources for all of the trophisms: chemo,
photo, hetero, auto, & comb’ns of each.

5. Diagram how catabolic and anabolic pathways can share intermediates to efficiently
regulate energy storage, energy usage, and biosynthesis.

6.Ch. 8: Describe the Central Dogma of molecular genetics and the three processes
that drive the flow of genetic information in an organism.

7. Describe several properties of DNA and the process of DNA replication that
contribute to DNA’s central role as the hereditary material.

8. Draw a replication fork and label 5 enzymes involved in DNA replication.
Describe the function of each enzyme.

» These questions are your HOMEWORK between classes!!!
» DUE (and/or Study Guide questions) WED. at the start of Lab!!
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Figure 5.13.2

D. The Electron Transport Chain

* A series of carrier
molecules that are,
in turn, oxidized and
reduced as electrons
are passed down the
chain.

» Energy released can
be used to produce

ChemiOsmosis.

ATP by BTG

RESPIRATION FERMENTATION

A

Fermentation

Formation of
fermentation

Figure 5.14

Energy

3/8/2020



E. Chemi-osmosis

«Each NADH - ~3 ATP

*Each FADH, > ~2 ATP

High H*concentration

e Hi-/—_—\'.li-

=A

transport

chain :

(includes proton 4 (1 [} (|
pumps) A XX

'% 4
Membrane
i

Electrons from
NADH or
chlorophyll

Figure 5.15

Low H*concentration

» Create gradient of [H+] and electric charge — the Proton-Motive Force.

5

Chemiosmosis

Cell Periplasmic Plasma Quter
wall space

(~Intermembrane space
t—Mitochondrial
‘matrix

;rokaryouc ¥ J % cytb 1l [eyte) s ent .’Qq
membrane [ (| {1{| {111 p,‘.ﬁh, TR 16811111

or eukaryotic mmm 1 ! |
inner mito- | eyte,

chondrial 2H* z

membrane 1o
¥ O

2H"

NAD*
. Cytoplasm of
Figure S. 16 NADH dehydrogenase Cytochrome b-c, Cytochrome ATP B
complex complex oxidase complex synthase medrix of

» Stronger Electron-Acceptors/Oxidizers > ->

| http://vcell.ndsu.nodak.edu/animations/etc/movie.htm |
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5.6) Respiration ¢

» Aerobic respiration: The

final electron acceptor in the e

electron transport chain is A

molecular oxygen (O,). ru:-:w/ S —
zm-le r

o« *ETC + Chemiosmosis =

now OF ELECTRONS

Figure

Oxidative Phosphorylation!!*** | 3"" e &
* Anaerobic respiration: The | g«

final electron acceptor in the b oo [ o

electron transport chain is D

3
not O,. h
. 1!ur_||nnu 10 H! Pt
— Yields less energy than ™~
aerobic resplratlon =
+ only part of the Krebs cycle operates
w/out O,,. L
34 ATP
http://vcell.ndsu.nodak.edu/animations/etc/movie.htm ]u-m- Q‘ o N
http://www.science.smith.edu/departments/Biology/Bio231/krebs.html hemioamosia QQS! 38 aTP
http://www.science.smith.edu/departments/Biology/Bio231/etc.html 4o Sy
7

517

A. Aerobic Respiration

Pathway
Glycolysis

Intermediate step
(Pyruvate Ox’n)

Eukaryote Prokaryote

Cytoplasm Cytoplasm

Mito. Inner Memb Cytoplasm

Mitochondrial

Krebs cycle matrix Cytoplasm
ETC Mitochondrial Plasma
inner membrane membrane
8
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* Energy produced (types) — from complete
oxidation of 1 glucose using aerobic respiration

ATP NADH FADH
Pathway produced produced producczed
Glycolysis 2 2 0
Pyruvate
Oxidation 0 2 °
Krebs cycle 2 6 2
Total 4 10 2

s ATP produced (chemical processes) from
complete oxidation of 1 glucose using aerobic respiration.

By Oxidative
By Substrate-  ppogphorylation
Pathway Level From From
Phosphorylation NADH FADH,
Glycolysis 2 6 0
Pyruvate
Oxidation 0 6 0
Krebs cycle 2 18 4
Total 4 30 4

» 38 ATPs are produced in prokaryotes, 36 in Euk.

10
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Aerobic Metabolic Yield,
Summary (Eukaryotes):

T:

N

m

2 ATP (4 made, 2 invested)
2 NADHH — 4 ATP (use 2 ATP on transport into mito IM!!)
= 2 NADHH —» 6 ATP
6 NADHH —» 18 ATP
2 GTP — 2 ATP

2FADH2 — 4 ATP

36 ATP total NET from Glycolysis
& Oxidative Respiration

3
o
]

N
- |0
g-,
I;
3
nn

http://vcell.ndsu.nodak.edu/animations/atpgradient/movie.htm ‘

http://www.wiley.com/legacy/college/boyer/0470003790/animations/electron_transport/electron_transport.swf

11

B. Anaerobic Respiration

= truly RESPIRATION, and NOT glycolysis/fermentation!

Electron acceptor Products

NO;- NO,~; N, + H,0
SO,%- H,S + H,0
CO;*- CH, + H,0

12
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5.7) Fermentation

1. Releases energy from oxidation of organic molecules
2. Does not require oxygen

3. Does not use the Krebs cycle or ETC

4. Uses an organic molecule as the final electron acceptor

Figure 5.18b
Pyruvic acid

Strepte Sacch: y Propionibacterium Clostridium Escherichia, Enterobacter
Organism Lactobacillus, (yeast) Salmonella
Bacillus
Lactic acid Ethanol Propionic acid, Butyric acid, Ethanol, Ethanol, lactic
Fermentation and CO, acetic acid, butanol, acetone,  lactic acid, acid, formic acid,
end-product(s) CO,,and Hp isopropyl alcohol, succinic acid, butanediol, acetoin,
and CO, acetic acid, CO,, and H,
CO,, and Ha
(b)
Copyright © 2010 Pearson Education,
13

Types of Fermentation

A. Alcohol fermentation - Produces
ethyl alcohol + CO,

B. Lactic acid fermentation -
Produces lactic acid.

—Homolactic fermentation - Produces lactic
acid only.

— Heterolactic fermentation - Produces lactic
acid and other compounds (eg: acetoin).

14
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Fermentation

Glucose Figure 5.23

2NAD* 1 2 ADP
2 NADH D °|°°"C2 ATP

g
CH,

2 Pyruvic acid

g
E;

2 Acetaldehyde
2 Lactic acid 2( NADH & +2H*
(a) Lactic acid fermentation l C’ 2NAD*
?HZOH

Bhe Glucose song!ll ...
./ https://youtu.be/jJVAL-iLnQ
om0 P Earmton e (b) Aleohol fermentation Figure 5 19

15

u
5.8) Other Catabolism:
[ ] ) n
A. Lipid C li
. Lipid Catabolism
Lipids (fats)
Lipase
Glycerol Fatty acids
Dihydroxyacetone Beta-oxidation
phosphate
Glyceraldehyde Acetyl CoA
WGTPMW
Qlye:lyﬂc
Pyruvic acid
Acetyl CoA
http://lwww.wiley.com/college/pratt
10471393878/student/animations/c Krebs
itric_acid _cycle/index.html cycle
Figure 520 _ ... .

16



Protein

B. Protein Catabolism

Extracellular
proteases

> Amino acids

Deamination (2 acid), decarboxylation

(= amine), dehydrogenation

Organic acid— Krebs cycle

H H

Amino—H | O —Carboxyl Decarboxylation Amino— H —
group \N—C—c, group U] ~
H/ "!‘ \OH group H/N—C'H + COZ
R
Figure 5.22
http://www.wiley.com/legacy/college/boyer/0470003790/animations/tcal/tca.htm
17
** Biochemical tests **
ijiochemical 1ests
» Used to identify bacteria.
. Can they
Dichotomous ferment lactose?
@ No Yes
Can they use Can they use
citric acid as their citric acid as their
sole carbon source? sole carbon source?
No Yes No Yes
Shigella: Salmonella: Escherichia Do they
produces lysine generally produce
decarboxylase produces HoS acetoin?
No Yes
xFlgure 10.8 Citrobacter Enterobacter
18
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5.9) Photosynthesis

* Photo: Conversion of light energy into chemical
energy (ATP).
— Light-dependent (light) reactions

» Synthesis: Fixing carbon into organic molecules.

— Light-independent (dark) reaction, Calvin-Benson cycle

» Oxygenic:
6 CO, + 12 H,0O + Light energy - C¢H,,04 + 6 O, + 6 H,0O

» Anoxygenic:
CO, + 2 H,S + Light energy —» [CH,0] +2 S + H,O

19

A. Cyclic Photophosphorylation

Electron ATP
transport
chain

| ATP ONLY!!!! (No NADPH) |

Excited
electrons

Energy for

e
i 2e) production
|
ZH Z @ of ATP
e Y's 8 > o, Light —Electron carrier
\/\cfu\ N=c : e,
H=C; Mg C—H £ A )
He, \_C—n“l’ \r‘v—cf b wil
T nmg==g, (a) Cyclic photophosphorylation
CH:  cocm, ©
o
- b s Electron ATP
CH,—CH=C—CH, —(CH,—CH,—CH—CH),H| transpol
Excited Energy for
electrons production
- (2e) of ATP
NADP*
B. Noncyclic
- Light _ NADPH
Photophosphorylation
PSI
2 e7)
m (
| ATP AND NADPH made!!!! | A2
; “Z-Scheme” of electron
2702 Transport: Light-
Figure 5.25 (b} Noncyclic photophosphorylation energized TWICE!!
Copyr 2010 Pwron Esvcaton,

|

20
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*Noncyclic Pathway*

] “Z-Scheme” of electron Transport: Light-enerqgized TWICE!! ‘

. stroma ADP
sunlight +P

ATP
synthase

M:Mmmm_- bRt Ak A bbb e b b bbb b Aok A
N

£ 3
ikgrotol;:s‘i?/

Bujweaq uoswoy | — 310 J/sH001F S00Z &

S 3
S5

W2 thylakoid

' : '@,«;u:,».r.!.\-““ membrane
s J -~ |NADPH
photosystem Il photosystem | NADP*

’http:llvcelI.ndsu.nodak.edulanimationslphotosvnthesislmovie.htm ‘

’ http://lwww.science.smith.edu/departments/Bioloqy/Bio231/ltrxn.html ‘

http://www.fw.vt.edu/dendro/forestbiology/photosynthesis.swf
http:/lwww.stolaf.edu/people/giannini/flashanimat/metabolism/photosynthesis.swf

21

c u ca IVi “ - ...p:.coz Figure 5.26
B 5C RuBP Unstable 6C intermediate =, ..
enson .. R%

31Q0-00000-0

Ribulose diphosphate 3-phosphoglyceric acid

cyc I e - (15 Carbons) 6 ATP
3 g CPEADP
carbon- ’ ‘TPD sow%x 3¢

1,3-diphosphoglyceric acid
Calvin-Benson

Fixation! N et

+ SYNTHESIS!!! = “Dark Reactions” >0,
» Using ATP & NADPH made in the Q990 [T '+ ¥ p)
light reactions!! i Froo el g
(15 Carbons)
Output
Step-By-Step Narration: 200
http:/lwww.cells.de/cellseng/1medienarchiv/Zellfu waa.d'ehyd, 3.,,25,0,,3‘9
nktionen/Memb Vorg/Photosynthese/Dunkel u S 10090
taerke/CaIvin-Benson-Zklus/index.'s Glyceraldehyde 3-phosphate 6c * PrOdUCts
**http://www.science.smith.edu/departments/ e T R

Biology/Bio111/calvin.html ot 2010 Passon Eccaton o

22

3/8/2020

11



3/8/2020

*k 2 *ok
R Study figure 5. 28!!
o o i Sron e i - nutritional flow chart of
Substance That H atoms of H;0 H atoms of H,0 Sulfur, sulfur Sulfur, sulfur . "
Reduces CO, compaunds, compounds, organisms
H, gas H, gas
Oxygen Production Oxygenic Oxygenic (and I Anoxygenic Anoxygenic I
anoxygenic]
Type of Chiorophyll Chlorophyll a Chiorophyl a 0
r b
Site of Photosynthesis Chloroplasts with Thylakoids Chlorosomes omal
thylakoids
Environment Acrobic Aerobic (and Anaerobic
anaerobic)

oaprraps © 2010 Puaricn Eaveaton, ne.

* Halobacterium uses

bacteriorhodopsin,
— not chlorophyll,
— to generate electrons for a

chemiosmotic proton pump.
« Different pools drying, with
different salinities.

— Different pigmented species of
Halobacteria grow in diff't [salt]s.

23

5.10) Chemotrophs

» Use energy from chemicals.
— Chemoheterotroph.

Glucose NAD*

\ ETC
Pyruvic acid NADH J / \
ApP«(P)  ATP

* Energy is used in anabolism.

24

12



Chemotrophs

» Use energy from chemicals.

— Chemoautotroph, Thiobacillus ferroxidans

2Fe?*

2Fe’* I NADH : ‘ ‘

ADP +(P) ATP
2 H+

» Energy used in the Calvin-Benson cycle to fix CO,.

25
5.11) Phototrophs
Uselghteneray o
Photosynthetic pigments Glucose, elemental
in conjunction with sulfur, ammonia, or
C hIorophyII light hydrogen gas
\ ETC
J7 N
Chlorophyli
oxidized ADP +(®) ATP © wnor
NADP* E5
* Photoautotrophs use ?_. aTP
energy in the Calvin-Benson o =T
cycle to fix CO,. o, NOg, 502~ Organic
(aerobi (ar compound
° Photoheterotrophs use ,W,,h,:,ff?j,r?t\inn) respiration) (fermentation)
energy. Figure 5.27
26

3/8/2020
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Metabolic Diversity Among *
Organisms

Energy Carbon

Nutritional type source source Example
Photoautotroph Light CO, Oxygenic:
Cyanobacteria plants.
Anoxygenic: Green,
purple bacteria.
Photoheterotroph  Light Organic Green, purple
compounds nonsulfur bacteria.
Chemoautotroph Chemical CO, Iron-oxidizing bacteria.
Chemoheterotroph Chemical Organic Fermentative bacteria.

compounds  Animals, protozoa,
fungi, bacteria.

* Study figure 5.28!! **

27

5.12) Anabolism: Metabolic
Pathways of Energy Use
A. Polysaccharide B. Lipid Biosynthesis

- -
Biosynthesis
Glucose
Glyceraldehyde Dihydroxyacet
ATP 3-phosp phosphate
Glycolysis
Glucose
\ ADPG Glycogen Pyruvic acid Glycerol
Glucose (in bacteria)
6-phosphate Simple
/‘ UDPG Glycogen lipids
(in animals)
s Acetyl CoA Fatty acids
Fruct
s-p:iuosgl‘:gta UDPNAc Peptidoglycan
¥ (in bacteria)
Pyruvic acid Krel;s
cycle
Figure 5.29 gﬂ
Cco;

Figure 5.30

28

3/8/2020
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Anabolism/Biosynthesis

C. Amino Acid and Protein Biosynthesis

Pentose
phosphate
pathway

Acetyl CoA

Krebs
cycle

Entner-Doudoroff
pathway

(a) Amino acid biosynthesis

| comrrigm ©:2010 Pearson Education, ine

?OOH ?OOH tl)OOH COOH
|
CH, Cl Cl CH,
s | " Transamination I M. i
CH, + |€=0 CH, + H-C—NH,
I'lftl:fhm2 COOH (|:=O COOH
COOH COOH
Glutamic Oxaloacetic a-Ketoglutaric Aspartic
acid acid acid acid

(b) Process of transamination
o308 e G v

Amination or transamination

Amino
acids

Figure 31

29

Anabolism

D. Purine and Pyrimidine Biosynthesis

Glycolysis
Glucose
Glucose Pentose phosphate pathway or
6-phosphate Entner-Doudoroff pathway \
Phosphoglyceric Pentose
acid Glycine (five-carbon sugar)
Pyruvic acid
Purine Pyrimidine
Acetyl CoA nucleotides nucleotides
Krebs Glutamine
cycle
Aspartic acid
e anaann oo e Figure 5.32

30

3/8/2020
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5.13) ey
Amphibolic
pathways

* Are metabolic
pathways that have
both catabolic and ==«
anabolic functions.

Glucose., Glucosel!
https:/lyoutu.be/jJVAL-iiLnQ

Figure 5.33 Copyright © 2010 Pearson Educaiion. Inc.

31

Chapter 8
Microbial Genetics

32

16



Terminology

Genetics: Study of what genes are, how they carry
information, how information is expressed, and how
genes are replicated; “the science of heredity”

Gene: Segment of DNA that encodes a functional
product, usually a protein

Genome = All of the genetic material in a cell
Genomics = Molecular study of genomes

Genotype = Specific forms of genes in an organism
— Types of alleles present.

Phenotype = physical characteristics resulting from
expression of the genes

33

E. coli

TR {15 R
(a) The tangled mass and looping strands of DNA |
emerging from this disrupted E. coli cell are part of Tpum
its single chromosome.

The Model Organism for molecular biology.
Figure 8.1a

34

3/8/2020
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Flow of Genetic Information:

The Central Dogma

Transcription

Replication

Translation

DNA 2> (m)RNA - Protein

Expression

Genetic information is used within
a cell to produce the proteins
needed for the cell to function.

®

Transcription

Translation +

Parent cell

Cell metabolizes and grows

A cell uses the genetic information con-
ained in DNA to make its proteins, includ-
ing enzymes. This information is transferred
o the next generation during cell division.
DNA can be transferred to cells in the same
generation, resulting in new combinations
of genes.

|Figure 8.2

Daughter cells

Recoﬂibinatinn

Genetig information can be
transfeyred between cells
of the §ame generation.

»

Replfcation Recombinant

Genglic information can cell

be trignsferred between

genegations of cells.
3 )
5 ¥

** Central Dogma of Molecular Genetics **

35

8.1) DNA

1. Polymer of nucleotides:
adenine, thymine,
cytosine, guanine (ATGC)

2. Double helix associated
with proteins

3. "Backbone" is
deoxyribose-phosphate

4. Strands held together by
hydrogen bonds between

A=T and G=C
5. Strands are Antiparallel
« 5’ (POi,) - 3’ (OH) polarity

Figure 8.3
5" end
0
W\ _OH
__ R 3" end
07\
§ OH
HC o A
e -,
o 0~ CH,
\ _0o o=
P 2 o
-0~ "\ \ O
0 r
s 07\
HC 0O o
S 7_ G (-
0~ CH,
A o ¥
P o |
-0~ " \ O
o] A%
\ 07\
HC 0 o
e
o 0~ CH,
A _o A
P o .
07\ \P,O
o 07
H,C 0O o
T
0 CHy
OH 9 o
3" end P
HO™ Y
o
5" endff
(b) The two strands of DNA are antiparallel.
The sugar-ph h backb of one strand is

upside down relative to the backbone of the
other strand. Turn the book upside down to
demonstrate this.

36

3/8/2020
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A. DNA Sgructure

-Semi-Conservative 7 ™ mm” T
D .

Replication: =R S 4
— Each “parental strand” S Sy g . s 4
serves as template... ; o[ S
. @) The double helix of the ‘ Replication ‘
—for synthesis of a new parental A separtes " g - -
“daughter strand” it e (9 g —
) T N e 4
— Following complementary ‘""" =g >~
base-pairing rules complemariary =4 )
strand of the parental O __‘ m“ T:I
e A=T bescpar " g o ITE T — )
0 ’E"Ivm_cs c-,tnlne\he sirnad "’a::mm p::iz::" Fl P e
- ormation o strand gu E‘,g&g
« G=C e e

nucleotides on each
resulting daughter strand.

— Rules allow one to predict 219 _tarme ricatontorc
strand sequence from 1st!ll http://www.fed.cuhk.edu.hk/~johnson/teaching/

enetics/animations/dna_replication.htm
http://www.uic.edu/classes/cmeng/cmeng521/DNA replication.html

37

B. DNA Replication

New Template = DNA-directed
Strand Strand DNA synthesis.
H

Phosphate

http://www.fed.cuhk
.edu.hk/~johnson/te
aching/genetics/ani
mations/dna_replic
ation.htm

http:/lIwww.uic.edu/
classes/cmeng/cme

Hydrolysis of the
phosphate bonds

provides the energy ng521/DNA replicat
When a nucleoside for the reaction. ion.html

triphosphate bonds
to the sugar, it lose
o phosphates.

« 5’ 2 3’ synthesis.
» Template read 3’ 2 5°.

http://www.courses.fas.harvard.edu/~biotext/animations/replication1.swf Figure 8.5

38

3/8/2020
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DNA Replication Proteins

1. Open helix at Origin (Ori), lay-down primers:
a) DNA Helicase “melts” strands apart, breaking H-bonds
b) Single-Strand Binding Proteins (SSB) keep template strands apart.
¢) RNA Primase lays down first several nucleotides (RNA!!) - gives “starting block”
(free 3'-OH) to begin actual DNA synthesis. [RNA Primers are removed later!]

2. DNA = copied by DNA polymerase lll (Dpol3)

3. In the 5’ — 3’ direction — new nucleotides added to the 3’
hydroxyl (-OH) group on deoxyribose in the growing strand
— Initiated by an RNA primer (RNA Primase enz.)

4. Leading strand synthesized continuously R LN
- follows fork (1/fork; 2/ “bubble”) hitps:liyoutu.be/3gSmnelWsiic

5. Lagging strand synthesized discontinuously
+ Opposite to fork movement = Okazaki fragments (unsealed lagging pieces)

6. RNA primers are removed and Okazaki fragments joined by
DNA polymerase | & DNA ligase - “fill and seal” to finish job!!

« http: /Iwww stolaf edu/people/qlannlm/flashan|mat/molqenet|cs/dna-rna2 swi

39

C. DNA Leplication Fork
—p— Figure 8.6
P

o ©

o Enzymes unwind the
parental double
helix.

o Proteins stabilize the e The leading strand is
unwound parental DNA. synthesized continuously
by DNA polymerase.

DNA polymerase

Leading

http://nobelprize.org/educati

onal_games/medicine/dnala/
replication/lagging ani.html

Replication
fork H
°*  Primase
¢ RNA primer’
RNA —
polymerase g
DNA polymerase) | E
/okazaki ‘fragment .DNA ligase Qﬁ'

Parental Lagg- g

DNA

strand polymerase /£
L '
A y
©) The lagging strand is © oNA polymerase o © onaligase joins
synthesized discontinuously. digests RNA primer the discontinuous
RNA polymerase synthesizes a and replaces it with DNA. fragments of the
short RNA primer, which is then lagging strand.

extended by DNA polymerase.

http://lwww.stolaf.edu/people/giannini/flashanimat/molgenetics/dna-rna2.swf

http://highered.mcgraw-hill.com/sites/0072943696/student_viewO/chapter3/animation dna replication quiz 1 .html

40

http://www.johnkyrk.com/DNAreplication.html http://www.dnalc.org/resources/3d/DNAReplicationBasic w_FX.html

3/8/2020
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DNA replication is
Semlconservatlve & Bidirectional

EPLICATION

P& — « = DNA-directed DNA
I., “:».(,»-" 3 synthesis!!!
R —— + 2 forks: opposite directions!

7 oplicaion fork .

el e /} N emnesnnnnnnnnn,, o Replication results in two
l\\' R L 1%,\,\@\« daughter DNA duplexes,
g~ R § »each with one
(a) An . coil ehramosome in the procass of repiicating 1&\ F iy comp Iete IV new
e — QSR o strand, &
$ E " »one ol;i is‘t;andd
il s A, N ren ran
o peEe e, paremtal suan
z N;;L | 3 ' CONSERVATIVE”

ONLYsynthesize 5’ 93’”’

opp03|te d|rect|ons =
“Replication Bubble”

Figure 8.6

tion of a circular bacterial DNA molecule

‘ http://www.dnalc.org/resources/3d/DNAReplicationBasic w_FX.html ‘
http://www.hhmi.org/biointeractive/dna/animations.html

8.2) Transcription: RNA Synthesis

1. DNA is transcribed to make RNA (AUGC)
a) mRNA = messenger RNA - translated to protein
b) tRNA = transfer RNA - brings amino acid to ribos.
c) rRNA = ribosomal RNA - makes up ribo; catalytic

2. Transcription begins when RNA polymerase
binds to the PROMOTER sequence
— Tells Rpol which strand, and where to start transcribing!!
3. Transcription proceeds in the §” = 3’ direction

(same in ALL nucleic acid synthesis!)

* new nucleotides added to the 3’ hydroxyl group on
ribose in the growing strand

4. Transcription stops when it reaches the
Terminator Sequence (often many U’s or *hairpin loop”)
* New RNA and Rpol fall off of DNA template.

42

3/8/2020
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http://www.stolaf.edu/people/giannini/flash
animat/molgenetics/transcription.swf

http://vcell.ndsu.nodak.edu/animations/
transcription/movie.htm
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Figure 8.7
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8.3) Translation

1. = RNA-directed Protein
synthesis!!!

2. mMRNA is translated in
Codons.

3 _I_— 3 mIJCIeOtidef“W(I)?rcll\lS,;

. Translation of m
begins at the start Transcriplt'on*
codon: AUG.
— Tells ribosome where to start
translating,

— and sets the reading Frame!!!

4. Translation ends at a

Translation ¥

STOP (“nonsense”) Cell metabolizes and grows|
codon: UAA, UAG, UGA. Figure 8.2
— Do NOT encode an

amino acid!!!
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