


Energy and Metabolism

Sun 1

Photosynthesis

Glucose

GLYCOLYSIS

Pyruvate
(3-carbon molecule)

Aerobic (O, present) Anaerobic (O, absent)
CELLULAR RESPIRATION or FERMENTATION
e Complete oxidation * Incomplete oxidation
¢ Waste products: H,O, CO, ¢ Waste products:

lactic acid or ethanol and CO,
¢ Net energy trapped

per glucose: 32 * Net energy trapped

per glucose: 2



Oxidation-Reduction Reactions

Oxidation 1s a loss of electrons.

Reduction 1s the gain of electrons.

* Electrons may be transferred as:

 free electrons e What is this

* hydrogen atoms (H=H*+¢") d el.ectron-shell
diagram of?



Loses e-

Oxidation-Reduction Reactions

oxidation is usually exergonic, reduction is usually endergonic.

o

compound A A 5 B compound B
Reducing Agent Oxidizing
(reductant) Agent (oxidant)
A is oxidized, B is reduced,
having lost electrons. having gained electrons.
Oxidized & B Reduced
compound A @ compound B

Oxidation is a loss of electrons.

Reduction is the gain of electrons.

Gains e-




Glycolysis

(Gk. glykys = sweet, lysis = unfastening)



Energy and Metabolism

Cellular Respiration Fermentation
Glycolysis is th? GLYCOLYSIS GLYCOLYSIS
breakdown — oxidation
— of glucose to pyruvic & Sws

acid. Pyruvate




Glycolysis: Energy Investing Steps

One molecule of glucose

S oo . | O
ADP " Two of the first thiee

l Sz | o oauc One molecule of glucose
~ from ATP hyarolysis. ¥ -

S oo A

=% Step 1

CH.O ®

oL CHO®
H HO
H OH

OH H




Glycolysis: Formation of Two 3-Carbon Sugar

0
Fructose = 6C sugar
H HO
H OH

OH H
Fructose 1,6-bisphosphate

ETY

p \/'
A
' A

& ¥ Steps
4 i |

(‘:HQOH CH,0 @ clziizo P
H ‘ OH H—C—OH H— C— OH

CH,OH

Glycerol Two molecules of glyceraldehyde 3-phosphate




Glycolysis: Energy Harvesting Steps

Two molecules of pyruvate



CHZO Glyceraldehyde CH,O® Phospho- CH,0
3-phosphate glycerate

H—C—OH {dehydrogenase H—C—OH _ kinase H—C—OH

=~
p— § c|;=o /\, c‘zzo
© NAD* ADP
H P, O O
| NADH

Glyceraldehyde 1,3-Bisphospho- *i :‘i3-Phospho-

3-phosphate glycerate glycerate

LIFE: THE SCIENCE OF BIOLOGY 1Te, In-Text Art, Ch. 9, p. 177 (1)

© 2017 Sinauer Associates, Inc.



The Balance Sheet of Glycolysis

How many molecules of ATP do we use during glycolysis?
How many molecules of ATP do we gain during glycolysis?

What 1s the net gain of ATP from glycolysis?

How many pyruvate molecules produced?



Energy and Metabolism

O, absent

FERMENTATION

Lactate or alcohol




Fermentation
(Anaerobic)



What is the Function of Fermentation?

e Some cells use
fermentation to
regenerate the NAD*
to keep glycolysis
going.

 Fermentation uses
pyruvate to oxidize

NADH and regenerate

NAD*. Pyruvate 1s
reduced to lactate or
ethanol.

(A)

GLYCOLYSIS

./ Glucose \
\(CeH1206) /

2 ADP +2%P, 2NAD'F\
2,1An=> <»2 NADH

COO”
|
S —

&
2 Pyruvate

e}

Lactate 2 NADH
dehydrogenase (
2 NAD*

FERMENTATION

|

H— C—OH
|
CH,

2 Lactate

Summary of reactants and products:
CgH205 + 2 ADP + 2 P, —> 2 lactate + 2 1 ATP

GLYCOLYSIS
Glucose
(CeHmOe)

2 ADP +20 P, 2 NAD*
|
g !
(el0,0)

Pyruvate \\> > 6D
2

decarboxylase

FERMENTATION
(IIHO

CH

2 Acetaldehyde 4_/
Alcohol 2 NADH
dehydrogenase <; J
2 NAD*

?H,OH
CH,

2 Ethanol

Summary of reactants and products:
CgH20g + 2 ADP + 2 P; —> 2 ethanol + 2 CO, + 24 ATP



Energy and Metabolism

'.“

CO; <::I PYRUVATE OXIDATION




Pyruvate Oxidation

CH.,

(‘: = Coenzyme A ﬁ

Cl) — 0 C|3 — CoA
(l)_ NAD* L ohe OH

Pyruvate Acetyl CoA



The Krebs Cycle

(Citric Acid Cycle; Tricarboxylic Acid)



Energy and Metabolism

CITRIC
CO, « ACID

CYCLE




Summary

. .| Acetyl A ‘ )
T o ) ~./ The two-carbon acetyl
acceptor molecule | group gets oxidized. )

--.is reggr1erated. | CoA | ° I N P UTS : D
/ ’L“ — Acetate (Acetyl CoA)

Oxaloacétate 4C 0 6C Citrate
e
@‘ P \ NADH is — Water
formed in
W Steps 3, 4, — GDP
Step 8 Step 2 and 8.
4C G \

— Oxidized e- carriers (NAD+ ; FAD)

Step 7 CITRIC ACID CYCLE Step 3
ﬁ - OUTPUTS:

— Reduced e- carriers (NADH; FADH2)
— Small amount of GTP

/ * Energy in terminal phosphate
 Two molecules of transferred to ADP to form ATP!

GPPP + APP O GPPX +
APPP + ADP O GDP + ATP

4C Step 5

FADH, is |
formed.

GTP cantransferits |
high-energy phosphate [~
. to form ATP. ’




The Electron
Transport Chain

(Oxidative Phosphorylation forming ATP)



Energy and Metabolism

ELECTRON TRANSPORT/
ATP SYNTHESIS

M and H,O



Electron Transport Chain

e- transferred from

Electrons from NADH are accepted
NADH & FADHZ (We by NADH-Q reductase at the start
acqu ired from citric of the electron transport chain.
acid cycle)

Electrons also come from succinate
\_ by way of FADH,; these electrons are
. accepted by succinate dehydrogenase.

Coupling of Redox-
Reactions

_~Cytochrome c reductase

reductase complex
- L | Py
Each successive station, 30 |- 56
Ubiquinone (Q) _~Cytochrome ¢

oxidizes the previous
station, and then becomes
reduced.

"‘@’

Cytochrome ¢
oxidase complex

20 |-

Free energy relative to O, (kcal/mol)

Final e- acceptor - final
oxidizing agent.



Electron Transport Chaln

‘:‘.‘;‘.J‘.‘J.J. UL A A A
PO

Electrons enter the
transport chain at

H. s @ H
/l\ @ " 4\ G NADH) and complex
\ idaea 11 (from FADH,), and
=252 o N ) % ., ~ converge onto

(ens b ~ ubiquinone.

il

< 1

J‘J.J‘)'/

carrying the e- that
02 accepts?



Electron Transport Chain

- ]
ytoplasm Creation of

L0,0)8,0/8/8/08,¢/00066,60800 e % charge across a

L AKRARAAA i A A j et e
membrane gosTTT=== = . through
synthase
T "'f'f;f"L‘. ~ ATP Synthase:
,'.'.wu ,. Hsm
s -,o,o,-,g | PPt 17 Oxidative
W E Phosphorylation

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 9.8 (Part 3)
© 2017 Sinauer Associates, Inc.



CHAPTER 10: PHOTOSYNTHESIS:
ENERGY FROM SUNLIGHT




PHOTOSYNTHESIS PATHWAYS

Pathways of photosynthesis:
Light reactions (Solar energy into chemical energy)-
Driven by light energy captured by chlorophyll
It consumes H,O, and produces O,, ATP, and NADPH + H*

Calvin—Benson Cycle (Carbon-fixation reactions; Synthesis)-
Does not use light directly
It uses ATP, NADPH + H*, and CO, to produce sugars

| Reduced |
nght Energy + 6C02 + 6H2(P — C6H1206 + 6(?2

Oxidized




THE PLANT CELL

Nucleus

Free
A PLANT CELL 'y ribosomes Nucleolus

Cell wall

Peroxisome
Rough
endoplasmic
reticulum
Smooth
endoplasmic Plasma
reticulum f
membrane : N . :
Plasmodesmata Mitochondrion

Golgi
apparatus

Chlor\oplast




CHLOROPLAST

{photon) Q
(L

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 10.2
© 2017 Sinauer Associates, Inc.

w v TN Y
Light Light-
reactions independent
reactions



THE LIGHT REACTION

A look within chloroplasts




NONCYCLIC (LINEAR) ELECTRON
TRANSPORT

Photosystem |

Photosystem Il

NADP*
reductase

Electron transport

Energy of molecules

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 10.7

© 2017 Sinauer Associates, Inc.

Consumed: H>O Transformed: ADP + NADP+ Products: /2 O, + ATP +
NADPH



CHEMIOSMOSTIC ATP PRODUCTION —
PHOTOPHOSPHORYLATION

' ATP synthase couples the ‘
formation of ATP to the movement
‘ 01 protons back into the stroma. §

thylakoid lumen by proteins in the photo-

synthetic electron transport system, using the
energy of electrons from photosystemilor | 5% g
from photosystem | in cyclic electron transpon)

(low concentration of H*) { Protons are actively transported into the \ Y

Photon

\\\\\\\\\\
™

0-0- cooaoaoooo-o’c ( .

m,ss “- S

ﬂ‘.“.'l..ll‘.’.\

N AL

- He H* 2 H*
\ W v L J\ 7 2
Thylakoid interior (lumen) Electron transport ATP synthesis
(high concentration of H*)

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 10.9
© 2017 Sinauer Associates, Inc,




KNOWLEDGE CHECK

Which sequence gives a correct order of steps taking place during the light reactions?

a. Light energy — excited electron — pH gradient — ATP synthesis — electron transport

b. Excited electron — light energy — ATP synthesis — electron transport — pH gradient
c. pH gradient — light energy — excited electron — electron transport — ATP synthesis
d. Light energy — excited electron — electron transport — pH gradient — ATP synthesis

e. ATP synthesis — light energy — excited electron — electron transport — pH gradient



KNOWLEDGE CHECK

Electron transport and photophosphorylation provide the Calvin cycle with

a. protons and electrons.
b. ATP and NADPH.
c. water and photons.
d. light and chlorophyll.

¢. CO, and sugars.



CALVIN-BENSON CYCLE:

THE LIGHT-INDEPENDENT REACTION

6CO, + 12H,0 — CsH 1,06 + 60, + 6H-0




THE CALVIN BENSON EXPERIMENTS

» Exposure of Chlorella cells to 14CO, for various Ehivaiie

durations resulted in compounds labeled with #C.

* The first stable compound: 3-phosphoglycerate
(3PQG), a 3-carbon sugar, appeared after a few
seconds’ exposure.



THE CALVIN-BENSON CYCLE

P-©-©00'0-
fproee p
Carbon ‘

fixation

12 4ATR
12 6B Products: 2 G3P + 18 ADP + 12 NADP+

6 ADP

CALVIN CYCLE
Recycled: ADP and NADP+
Regeneration Reduction and
of RuBP sugar production

P-GO-O-P
12'NADPH

12NADP* + 12 H}
120P,

2 G3P|

Sugars

Other carbon compounds (e.g., starch)



KNOWLEDGE CHECK

Which of the following occurs during the light-independent reactions of
photosynthesis?

a. Water 1s converted into hydrogen and oxygen.
b. CO, 1s converted into sugars.

c. Chlorophyll acts as an enzyme.

d. Nothing occurs; the plant rests in the dark.

e. CO, 1s split into carbon and oxygen.



CHAPTER 11: THE CELL CYCLE AND
CELL DIVISION




THREE MAIN REASONS FOR CELL DIVISION

(A) Reproduction (B) Growth (C) Regeneration

»
|

g
B
E | S
= £ =
e g -
z E =
= = S
= 2 =
=) & &5
© © ©
; N A
These eukaryotic yeast W Cell division contributes Cell division contributes
cells divide by budding. ) to the growth of this to the regeneration of a
root tissue. lizard’s tail.
.

LIFE: THE SCIENCE OF BIOLOGY 1Te, Figure 11.1
© 2017 Sinauer Associates, Inc,



THE GENERAL STEPS FOR CELL DIVISION

Reproductive Signal: to initiate cell division

Replication: of DNA

Segregation: distribution of the DNA into the two new
cells

Cytokinesis: separation of the two new cells



PROKARYOTIC CELL DIVISION




PROKARYOTIC CELL DIVISION

(B) Cytokinesis in a bacterium

(A) Binary fission in a bacterium e .
DNA replication begins at
the origin of replication (ori)
/L at the center of the cell.

Cell membranes have
completely formed,
separating the cytoplasm of
one cell from that of the
other. Only a small gap of cell
i wall remains to be filled in.

N

7' \\ Cell membrane

© John J. Cardamone Jr./Biological Photo Service

separate, led by the
region including ori.
The cell begins to
divide as FtsZ proteins
accumulate at the
center of the cell.

Cytokinesis is complete;
two new cells are formed.

LIFE: THE SCIENCE OF BIOLOGY 17e, Figure 11.2
© 2017 Sinauer Associates, Inc.




KNOWLEDGE CHECK

A bacterial cell gives rise to two genetically identical daughter cells by
a process known as

a. nondisjunction.
b. mitosis.

C. Me10sis.

d. binary fission.

e. fertilization.



KNOWLEDGE CHECK

Bacteria typically have , whereas eukaryotes have

a. one chromosome that 1s circular; many chromosomes that are linear.

b. several chromosomes that are circular; many chromosomes that are

linear.
c. one chromosome that 1s linear; many chromosomes that are circular.
d. two chromosomes that are circular; eight chromosomes that are linear.

e. None of the above.



EUKARYOTIC CELL DIVISION




THE EUKARYOTIC CELL CYCLE

Nuclear division
occurs during mitosis.

Cell division—
cytokinesis—occurs at

;.;Aitosis (M) the end of M phase.
| /

DNA synthesis

/

Cells that do not divide
usually arrest during G1
and enter GO.

DNA is replicated
during S phase.

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.3
© 2017 Sinauer Assodiates, Inc.



KNOWLEDGE CHECK

How does a nucleus in the G2 differ from a nucleus in G1?

a. the G2 nucleus has double the amount of DNA as a G1 nucleus.
b. DNA synthesis occurs only in the G1 phase.

c. mnactive cells are arrested only 1n the G2 phase.

d. during G2, the cell prepares for S phase.

e. all of the above



PHASES OF MITOSIS




PHASES OF MITOSIS

Interphase

rosomes

Cent
Nucleus

Nuclear
envelope

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.9 (Part 1)

© 2017 Sinauer Associates, Inc.

A Nucleolus /8%

r N\ Developing Nuclear
4% AR N\ spindle envelope

- -
P -~
:
- L3
!
f

Chromatids of
chromosome

Kinetochore

microtubules

All photos:

© Nasser Rusan



PHASES OF MITOSIS

Metaphase

Telophase

Equatorial
(metaphase)
plate

Daughter
chromosomes

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.9 (Part 2)

© 2017 Sinauer Associates, Inc.

All photos: © Nasser Rusan




KNOWLEDGE CHECK

Which statement about mitosis is true?

a. Two genetically 1dentical daughter cells are formed.

b. The chromosome number 1n the resulting cells 1s halved.
c. DNA replication 1s completed in prophase.

d. Crossing over occurs during prophase.

e. It consists of two nuclear divisions.



MITOTIC SPINDLE

(B) Kinetochore
(A) microtubules  Kinetochore

RN/ R
Centrosome at / /
\ Polar

spindle pole\ ’
ig microtubule

1,
Centriole

Kinetochore
microtubule

Kinetochore

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11,10 (Part 1)
© 2017 Sinauer Associates, Inc,
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LIFE: THE SCIENCE OF BIOLOGY 117e, Figure 11,10 (Part 2)
© 2017 Sinauer Associates, Inc.



CHROMATID ATTACHMENT AND
SEPARATION

N
é At the end of metaphase,
a cyclin-Cdk complex

==
activates the anaphase-
During prophase, after In prometaphase, most \ promoting complex (APC),
DNA replication, the of the cohesin is a which activates separase,

sister chromatids are removed, except for Separase resulting in the removal of
held together by cohesin. some at the centromere. l L the remaining cohesin. r
/| GEDE -
Y, DG oo
Sister Centromere Op
chromatids Cohesm Cohesin 00 (¢) O 09

o°o°
LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.11

© 2017 Sinauer Associates, Inc.



MEIOSIS




DIFFERENCE IN MEIOSIS AND MITOSIS

(A) MITOSIS (B) MEIOSIS |

M; , - maternal
P, - paternal

P2
homologous chromosomes homologous chromosomes
line up at the metaphase plate are paired at the

independently metaphase plate



PHASES OF MEIOSIS

30ARS 010y [eaibojoIg/jdweRuaseH Y ) @
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LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.15 (Part 3)

© 2017 Sinauer Associates, Inc.

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.15 (Part 2)
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LIFE: THE SCIENCE OF BIOLOGY 11, Figure 11.15 (Part 1)
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PHASES OF MEIOSIS

Equatorial
plate

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.15 (Part 4)
© 2017 Sinauer Associates, Inc.
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LIFE: THE SCIENCE OF BIOLOGY TTe, Figure 11.15 (Part 5)
© 2017 Sinauer Associates, Inc.

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.15 (Part 6)
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PHASES OF MEIOSIS

Metaphase Il

==
-

Anaphase Il

o ——

-

r

®© C. A. Hasenkampi/Biological Photo Service
© C. A. Hasenkampi/Biological Photo Service

©C.A Haéeni;ampf/Biologiml Photo Ser;rice

ate

LIFE: THE SCIENCE OF BIOLOGY 1 Te, Flgure 1115 (Pan 7) LIFE: THE SCIENCE OF BIOLOGY 1 Te, Flgure 11.15 (Part 8) LIFE: THE SCIENCE OF BIOLOGY 1 Te, ﬁgute 11.15 (Pan 9)
© 2017 Sinauer Assaciates, Inc. © 2017 Sinauer Associates, Inc. © 2017 Sinauer Associates, Inc,



PHASES OF M

F1OSIS

i

© C. A. Hasenkampl/Biological Photo Service

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.15 (Part 10)

© 2017 Sinauer Associates, Inc.
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LIFE: THE SCIENCE OF BIOLOGY 117e, Figure 11.15 (Part 11)
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DIFFERENCES BETWEEN MEIOSIS 1l AND
MITOSIS

- DNA does not replicate before meiosis ||

- In meiosis |l, the sister chromatids will not be identical because
of crossing over

Telophase Il
MEIOSIS Il - T——
. =]

Prophase Il Metaphase Il Anaphase Il

i~
——

Equatorial plate




FERTILIZATION AND MEIOSIS ALTERNATE IN

SEXUAL REPRODUCTION

8
=
3
2
s
£
R

R Q.
S
>
N 3
I
<C

L ©

Fungus (Rhizopus oligosporus)
(haploid organism)

Mature organism

7N\

Spores (n) Gametes

Male (n) Female (n)
Male (n) Female (n) o
o
{Melosls] 'Fertlllzatlonl
Meiosis | Fertilization Zygote (2n) Zygote
Sporophyte / Mature /

\Zygote {2n) /

In the haplontic life cycle, the

mature organism is haploid and the

zygote is the only diploid stage.

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.14

€ 2017 Sinauer Assodiates, Inc.

2
.UE)
=
&
e B
£ s
= g
2 5
_ 3 3
Fern (Humata tyermanii) Yellow-billed stork (Mycteria ibis)
diploid h diploid i
‘Haploi 4 0) (diploid sporophyte) (diploid organism)
o Gametophyte Gametes
) Diploid (2n) l (rgp Male (n) Female (n)
spo,e ) Gametes Meiosns Fertilization |

organism (2n)
In alternation of generations, the In the diplontic life cycle, the
organism passes through haploid and organism is diploid and the gametes
\diploid stages that are both multicellular. are the only haploid stage.




KNOWLEDGE CHECK

The major drawback of asexual reproduction, as compared to sexual
reproduction, is that it

a. takes a great deal of time.

b. generates variation.

c. requires cytokinesis.

d. produces less variation among offspring.

¢. None of the above; there are no major drawbacks associated with asexual

reproduction.



MEIOTIC ERRORS




NONDISJUNCTION

~

Only one pair of
homologous chromosomes

is emphasized. In humans,
there are a total of 22

Nondisjunction can occur
if, during anaphase of
meiosis |, both homologs

go to the same pole.
other pairs. =

Extra
chromosome

QX
\ /A

Chromosome from
normal gamete

Monosomy

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.19
© 2017 Sinauer Associates, Inc.




KNOWLEDGE CHECK

Many chromosome abnormalities (trisomies and monosomies) are not
observed in the human population because:

a. they are lethal and cause spontaneous abortion of the embryo early in

development.

b. all trisomies and monosomies are lethal early in childhood.
c. mei1osis distributes chromosomes to daughter cells with great precision.
d. they are so difficult to count.

¢. the human meiotic spindle 1s self-correcting.



CHAPTER 12: INHERITANCE
(MENDELIAN GENETICS)



TERMINOLOGY BY APPLICATION

Diploid parent

Heterozygous Alleles: same gene
at same locus carries different
alleles, Rr or rR

Ay

\ Vo /
Homologous \/

chromosomes Rr
* Meiotic interphase

— Homozygous Alleles: same gene
- at same locus carries the same
alleles, RR or rr




TERMINOLOGY BY APPLICATION

Cleft Chin @ No Cleft

Widow's Peak No Widow's Peak

|
Dimples @ No Dimples
Brown/Black Hair / Blonde Hair
Freckle w No Freckles

s | e Dominant VS. Recessive

Free Earlobe ’2 Attached Earlobe

\\/@@&@< @|




TERMINOLOGY BY APPLICATION

genotype phenotype

Genotype VS.
Phenotype

codes for

—




TERMINOLOGY BY APPLICATION

gmm—

Punnett Square Homozysous AA X aa. Homozygous
for a true- Domizgant — \ ] Recessive
breeding, cross —
in Parental . ! )
1 Generation L True breeding, Parental (P) Generation

First Filial (FI)

A A
e Aa Aa Generation {Aa — InEEEe
l Self-pollination
. Aa Aa

(Aa xAa)




TERMINOLOGY BY APPLICATION

l

| Genotypic Ratio:(|)AA : (2)Aa:(l)aa
/ Phenotypic Ratio:(3)Dominant : (|)Recessive

Second Filial (F2) Generation
A AA Aa
aA aa

gm—




MENDEL'S MONOHYBRID CROSS



INVESTIGATINGLIFE S

HYPOTHESIS When two strains of peas with contrasting
traits are bred, their characteristics are irreversibly blended
in succeeding generations.

Method Plant a true-breeding  Plant a true-breeding
round seed wrinkled seed

Parental (P) seeds O




F, seeds

F, plant

Results F, seeds from F, plant

P

CONCLUSION The hypothesis is rejected. There is no
irreversible blending of characteristics, and a recessive trait
can reappear in succeeding generations.



Parental
generation

F1 generation

F- generation

SS SS
©©) Gametes 5

Y

What Mendelian Law can be applied here?
Law of Independent Assortment

female male
gametes gametes
(Ss) (Ss)




LAW OF SEGREGATION

AA xaa—_,

AA \ i
. |
Law of Segregation i .
True breeding, Parental (P) Generation
A A

First Filial (FT)

e Aa Aa Generation {Aa — InEEEe
. Aa Aa




MENDEL’S DIHYBRID CROSS

Two Traits



MENDELIAN LAWS OF INHERITANCE

w u u yn

Homozygous
Dominant for 2 traits SS XSS
o Homozygous
SSVV—spherical yellow seeds | ] Recossive for 2 traits
ssyy—wrinkled green seeds True breeding, Parental (P) Generation
S S S S
SsYy SsYy SsYy SsYy First Filial
Heterozygous
SsYy SsYy SsYy SsYy (FI) _%;SS Y8
SsYy SsYy SsYy SsYy Generation -
e = v v Self-pollination
> > > > (SsVy x SsYy)



CONTINUATION

Phenotypic Ratio

Second Filial (F2) Generation 1

S_V —spherical yellow seeds
S_yy— spherical green seeds
ss — wrinkled yellow seeds
ssyy—wrinkled green seeds
S S s

S SSYY SSYy SsYY

S SSYy SSyy SsYy

’ SsYY SsYy ssYY

SsYy Ssyy ssYy

SsYy

Ssyy
ssYy

ssyy

Law of Independent
Assortment



A FEW QUESTIONS:

Different Alleles/Variation in Alleles arise because of

Random mutations can cause more than two (2) alleles to be present
in a population, however, any one individual can carry alleles.

Multiple alleles increase the number (#) of possible ' . /

A c-type allele is present the most in a population.

alleles are present the least in a population.




GENES DO INTERACT WITH EACH
OTHER



Type of

Dominance  AA’ A2A2  ATAZ hybrids

A'is dominant to A?
Compiete X - " A? is recessive to A’

A? is dominant to A’
Complete X - A'is recessive to A?

TAKE ALL

A’and A are

Incomplete X - — incompletely dominant

relative to each other

1 2
Codominant X — A and_A are .
codominant relative

to each other




POLYMORPHISM

Dark Gray is Dominant over White

All these
genotypes Possible genotypes

e B [Bren B B | [eehdhonafcehdy | B, ohc @

Cchd seems to be
dominant to “c”’

)

Cch
Completely
seems to recessive

be » )
dominant "’, -
to “c” Q‘
still - ‘,«'
4 -
‘"w

Dark gray Chinchilla Point restricted Albino

iStock.com/purelook; David Mclntyre; © ZTS/Shutterstock

(left to right) © iStock.com/Marina Golskaya; ©

Phenotypes

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 12.8
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Purple fruit ~ White fruit

When true-breeding
é\ plants that produce
Parenta.: (P) X purple or white
genptauon eggplants are crossed,
PP pp the F, are all violet.

/\ /\
Gametes (P) (P) I ®

Fertlhzatuon

Violet fruit Vlolet fruit

eneration “P”’ isincompletely
INCOMPLETE i /3 @
DOMINANCE

Gametes @ @ | @ @

Fertilization

Sperm
F, generation ®

<
® 6 \ When F, plants are
\" crossed, they produce

®

Eggs P Fp purple, violet, and
% white offspring in a
1:2:1 ratio.

®| | /

Pp

8




CHAPTER 13: DNA AND ITS ROLE IN
HEREDITY




FREDRICK GRIFFITH’S EXPERIMENTS:
GENETIC TRANSFORMATION




TRANSFORMING PRINCIPLE

HYPOTHESISP Material in dead bacterial cells can genetically transform living bacterial cells.

Kill the virulent S strain Mix dead S strain cells with living,
bacteria by heating. nonvirulent R strain bacteria.

Living |
R strain v a2
(nonvirulent) % 5‘.'

| 109 - ;
Injection \ﬂ Injection i Injection ﬁllniection
= [ W - =&

/
L

RESULTS [} Mouse dies Mouse healthy Mouse healthy Mouse dies
Living S strain cells No bacterial cells No bacterial cells Living S strain cells
found in blood found in blood found in blood found in blood

CONCLUSIONP A chemical substance from one cell is capable of genetically transforming another cell.

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 13.1
© 2017 Sinauer Associates, Inc.



THE HERSHEY-CHASE EXPERIMENTS




THE HERSHEY-CHASE EXPERIMENTS

* They used bacteriophage T2 virus to determine whether

DNA, or protein, is the genetic material

* Bacteriophage proteins were labeled with 3°S; the DNA

was labeled with 32P

RESULTS

Pellet

é /; Supernatant fluid

CONCLUSIONP DNA, not protein, enters bacterial cells and
directs the assembly of new viruses.

LWFE: TNE SCIENCE OF SI0L0GY 1 e, Figuee 13 4 (Part 2)
© 2017 Samanrr Aiaaciate, e

HYPOTHESISP Either component of a bacteriophage—DNA or
protein—might be the hereditary material that enters a bacterial
cell to direct the assembly of new viruses.

METHOD

DNA with 32p

Bacteria  Protein coat with 35S  Bacteria

(& 0 -
Jue e

4§

LIFE: THE SCIENCE OF BIOLOGY 17e, Figure 13.4 (Part 1)
© 2017 Sinauer Associates, Inc.



THE STRUCTURE OF DNA




ERWIN CHARAGAFF: THE BASES OF DNA

o B

A+ QG...

iy )
...Is always

< equal to

\T+C.

Purines = Pyrimidines

LIFE: THE SCIENCE OF BIOLOGY 1Te, In-Text Art, Ch. 13, p. 271 (1)
© 2017 Sinauer Associates, Inc.



KNOWLEDGE CHECK

If a sequence in one strand of DNA is 5'-AGCTGCTGA-3', what is the
sequence in the complementary strand?

a. 5'-AGCTGCTGA-3’
b. 3'-AGCTGCTGA-5’
c. S'-TCGACGACT-3'
d. 3'-TCGACGACT-5’
e. 3'-TCGATGACT-5’



KNOWLEDGE CHECK

Thirty percent of the bases in a sample of DNA extracted from
eukaryotic cells are adenine. What percentage of cytosine is present in
this DNA?

a. 10 percent
b. 20 percent
c. 30 percent
d. 40 percent

¢. S0 percent



STRUCTURE OF DNA: ROSALIND FRANKLIN

* The structure of DNA was determined by many different sources of evidence,
however crucial piece came from X-ray crystallography.

* Crystallography suggested: double helix with sugar-phosphate backbone of
each strand on outside.

© Science Source

Beam of
Xrays
[

Xray source  Lead screen DNA sample : These spots are caused
Frcieraphic Lby diffracted X rays.

~

"

plate

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 13.5

© 2017 Sinauer Associates, Inc.



JAMES WATSON AND FRANCIS CRICK

(8)

* They used model building and combined
all prior knowledge of DNA to determine
its structure.

* Four key features of DNA structure:
* It is a double-stranded
* It is right-handed... for the most part
* It is antiparallel

* Outer edges of nitrogenous bases are
exposed in the major and minor grooves




KNOWLEDGE CHECK

Which of the following molecular models describes the structure of the
DNA molecule?

a. Single-stranded and antiparallel
b. Single-stranded and parallel

c. Double-stranded and antiparallel
d. Double-stranded and parallel

e. Triple-stranded and parallel



FUNCTION OF GENETIC MATERIAL

Four important functions of genetic material...
|) Stores genetic information
2) Susceptible to mutation
3) Is precisely replicated in cell division

4) Expressed as the phenotype



DNA REPLICATION




Primase binds to the template
strand and synthesizes Primase RNA primer
an RNA primer.

Template strand | ,'.-‘:! l-‘- 3

When the primer is
complete, primase is
released. DNA
polymerase binds and
synthesizes new DNA.)

LIFE: THE SCIENCE OF BIOLOGY TTe, Figure 13.11
© 2017 Sinauer Associates, Inc.



elongates both strands proteins keep the template

strands separated.
Parent DNA

Leading strand
template
s 8a o w

Leading
strand

Lagging
strand

\

[DNA polymerase Single-strand binding

Okazaki  RNA
fragment primer

: ‘ ) i M\
/ DNA helicase unwindsJ

Lagging _ | the double helix.
<« Primase synthesizes

3'
5'

strand
template DNA pO|Ymerase a primer.

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 13.13

© 2017 Sinauer Associates, Inc.



Synthesis of the leading
strand is continuous.

The lagging strand
is synthesized as

Okazaki fragments. The replication
fork grows.
3!
5 M / 5
4|
Okazaki fragments 3 VN 3
o

5l

N T

LIFE: THE SCIENCE OF BIOLOGY 17e, Figure 13.14

© 2017 Sinauer Associates, Inc.



RNA

Primase _
primer

’\\"‘ ; '/
\ A

Lagging strand RNA primer
3 5’
5

Lagging strand
template

Okazaki fragment
. 5

LIFE: THE SCIENCE OF BIOLOGY 17e, Figure 13.15 (Part 1)
© 2017 Sinauer Associates, Inc.



Gap

3' r!!ml - “” ‘ 5’
DNA ligase
(open)
DNA ligase
(closed) —£&
3' )
5' 3'

<3 AN
4 .
I

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 13.15 (Part 2)
© 2017 Sinauer Associates, Inc.




DNA REPLICATION

* DNA polymerases Ill make mistakes in replication, and DNA can be
damaged in living cells.

* Cells have several repair mechanisms:

|.) Proofreading

2.)Mismatch repair

3.)Excision repair



DNA PROOFREADING

(A) DNA proofreading

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 13.18 (Part 1)

© 2017 Sinauer Associates, Inc.



MISMATCH REPAIR

DNA
polymerase |

(B) Mismatch repair ~ mn

AT TR
[N — Ml —

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 13.18 (Part 2)

© 2017 Sinauer Associates, Inc.




EXCISION REPAIR

(C) Excision repair

m e
ABLLCLECRARRGGRRELRL

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 13.18 (Part 3)

© 2017 Sinauer Associates, Inc.
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DY

From Gene to Protein



THE CENTRAL DOGMA OF GENE EXPRESSION

DNA RNA | Protein

TRANSCRIPTION TRANSLATION

e —

Gene Expression Yields a Protein



SOME EXCEPTIONS

Viruses (can use RNA to encode information)

w Polypeptlde

TRANSLATION
TRANSCRIPTION

Viruses (can also convert RNA to DNA)

TRANSCRIPTION

w Polypeptide
TRANSLATION

REVERSE Prions are an exception!
TRANSCRIPTION SOO0O0O0 COOoL!




Nuclear

E—— <VEl0pe y
Nuclear i
pore \ /

Transcription |
(RNA synthesis) |

Translation
protein synthesis)

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 14.2

. e s .~ -



DY




Uracil

Thymine

RNA (ribonucleic acid) differs from DNA:
* One polynucleotide strand
Sugar = Ribose (DNA = Deoxyribose)
Uracil instead of thymine.
Base Pairing: A-U and C-G
3-types of RNAs used in Protein Synthesis
* mRNA
* tRNA
* rRNA



MESSENGER RNA (M-RNA)

= Carries transcript of DNA sequence to the site of protein synthesis at the ribosome

= Similar to the coding strand of the DNA
= Complementary to the template strand of the DNA

=  Undergoes post-transcriptional modification before translation

RNA polymerase

Direction of transcription (5’ - 3’)



TRANSFER RNA (T-RNA)

=  Translator: nucleic acid sequence on mRNA = polypeptide

= 20 tRNAs (| for each amino acid)

= tRNA has an anticodon that is complementary to the codon sequence on the mRNA.

= |nteract with the mRNA and rRNA during protein synthesis.

A
Acceptor —[ g
Stem e

Acceptor

Stem ‘

2° Structure 3° Structure Spacefill Model



RIBOSOMAL RNA (R-RNA)

= Transcribed constantly in nucleoli

= Form the bulk of ribosomes in cytoplasm.

= Provide structural support and act as enzyme (ribozyme) - used to catalyze the peptide bond formation during

B

7 '\_4\',

rRNA

i3

Copyright @2006 by The McGraw-Hill Companies, I
All rights reserved.



DY

Transcription
DNA -2 mRNA



Transcription Materials:

I. DNA Template (for base pairing)
2. Nucleotides (ATP, GTP,CTP, UTP)
3. RNA Polymerase Enzyme

Pyrimidines
NH,

C - ' o o
. . H
Translation
v H H

(protein synthesis)

s 3 Cytosine (C) Thymine (T) Uracil (U)
oi tRNA (DNA and RNA) (DNA only) (RNA only)
\_Ribosome Purines
NH, (o]
H
N -~
-
| NT l NH,
& H
Adenine (A) Guanine (G)
LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 14.2 (DNA and RNA) (DNA and RNA)

© 2017 Sinauer Associates, Inc.



Opening DNA &
inging in RNA

)' Br

Elongation

Adding Nucleotides to
lengthen mRNA

! Termination

Releasing completed
mRNA

Translation

Polypeptide

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 14.4 (Part 1)

© 2017 Sinauer Associates, Inc.



THE PROMOTER REGION

What is the promoter? Sequence of DNA nucleotides that tells the RNA
polymerase

I. Where the gene begins
2. Which strand is to be the template for transcription
3. Which direction the RNA polymerase should move

3’ - complementary/template strand 5

—

direction of transcription



INITIATION

Double-stranded 1/
Single-stranded

RNA
Polymerase
binds to the

promotor 5’
region of a

gene 3’ - complementary/template strand S’

—

direction of transcription

gene




INITIATION

DNA /

420 ,(u\ll\___ CEGLOVOVODLDOODT

Rewmdlng
of DNA

(A) m Complementary
strand

Unwinding Termination site

RNA ‘. of DNA
Template polymer ase,,..’ Initiation
strand

— site
Promote;A
LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 14.4 (Part 2)

© 2017 Sinauer Associates, Inc.



ELONGATION

This is the site of the
Promoter

UODIDIUERDLHVOVDHT

xr‘ >

‘ &, Ribonucleoside triphosphates
(ATP, UTP, CTPR, GTP)

Exiting DNA
-

Exiting RNA <«——
transcript 5’

Template strand

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 14.4 (Part 3) We are reading the template strand in the _3""to _5"’
© 2017 Sinauer Associates, Inc. direction.The RNA transcript is being synthesized in the

5" to __3’ ’ direction.Therefore the RNA transcript is
Anti-parallel _ (directionality) to the template strand.




TERMINATION

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 14.4 (Part 4) Sometimes RNA Polymerase
© 2017 Sinauer Associates, Inc. just falls off & sometimes

another protein comes and
pushes it off.



DY

Post-Transcriptional
Processmg & Modlf' cation

sed before leaving nucleu



STRUCTURE OF THE EUKARYOTIC GENE

Splice sites EXONS (Expressed
Promoter ~ Start codon Stop codon  Terminator Regions) = Protein

Coding
regions/sequences

Exon 1 Intron 1 Exon 2 Intron 2 Exon 3
- l - INTRONS (Intervening

Regions) = non-coding

regions/sequences

Pre-mRNA 5| N — T 3
Introns & Exons will
appear on the primary

mMRNA transcript mRNA 5 1 " 3
Exon1 Exon2 Exon3 MNote: Not every exon

codes for a different
protein; exons may code
for different domains of
one protein.

A \ 'S



POST-TRANSCRIPTIONAL MODIFICATIONSTO RNA

This sequence is recognized
Coding region of

and cut by an enzyme.

primary transcript
Pre-mRNA . A N w v
4 N 3
Mature mRNA l
5/ 3
5cap I N YXVVYYAAAAA LA
Whyisa 5’ GTP cap Why is the poly-A tail
added to mature added to mature
MRNA? A Allows for mRNA binding to mRNA!?
ribosome A. Stabilizes mRNA

B. Protects from being digested by
ribonucleases



DY

Translation

RNA - Protein



e

Nuclear
enveiop\/ —
|
Nuclear/ Inside hucilefu,s,t\
pore
Transcription
(RNA synthesis)

Mature RNA travels from the nucleus to the

A cap-binding protein complex binds to the
> end of the _11 " A in the nucleus.

These cap-binding proteins lead the mRNA
through the ___ of the nucleus.The
unprocessed pre-mRNA remain in the

Two Key Events must happen during Translation
to ensure protein synthesis:

LIFE: THE SCIENCE OF BIOLOGY 1Te, Figure 14.2

© 2017 Sinauer Associates, Inc.



RIBOSOME STRUCUTRE

Large subunit When not in

translation,
subunits exist
separately

2 subunits w/
rRNA and
many

proteins

- L N
. There are 3 sites for tRNA binding.
Subunits Held together by Codon-anticodon interactions
ionic and hydrophobic between tRNA and mRNA occur
forces \only at the P and A sites. i

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 14.12

© 2017 Sinauer Associates, Inc.



RIBOSOME STRUCUTRE

tRNAs add amino
acids to growing
polypeptide at the
P (peptide) site

A (amino site)
presents the next
codon; binds to
anticodon of the
charged tRNA.

Exit Site



PreimENA l Transcription

/\f U

Processmg

N\MRNA 1

Polypeptide .{ ERIELGEIETI I

~N

Elongation

Termination

J

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 14.13 (Part 1)

© 2017 Sinauer Associates, Inc.



INITIATION

Everything in this mechanism is put
together using a group of proteins called
initiation factors

m Start codon
MRNA N

Binds to 5’

cap = until ‘
finds start

codon



INITIATION




PEPTIDE ELONGATION

Elongation Factors

The large subunit catalyzes two
reactions:

A. Breaks bond between tRNA in the
P site and its amino acid.

B. It catalyzes the formation of
peptide bond between that amino
acid and the amino acid on tRNA in
the A site

Direction
of ribosome
movement

Will become |
charged again

THE SCIENCE OF BIOLOGY 11e, Figure 14.14 (Part 1)

7 Sinauer Associates, Inc.



TERMINATION

Termination

Release

N terminus — "7'9'(3 > factor

A release factor binds to M) S
the complex when a stop )
site '

codon enters the A site.

AR R 5

The release factor
disconnects the polypeptide
from the tRNA in the P site. )




TERMINATION
\

—

é The remaining components
L (mRNA and ribosomal

subunits) separate.

LIFE: THE SCIENCE OF BIOLOGY TTe, Figure 14.15

© 2017 Sinauer Associates, Inc.



Post-Translational Modifications

* Proteolysis: Cutting of a long polypeptide chain into final products,
by proteases — one gene may produce multiple peptides.

* Glycosylation: Addition of sugars to form glycoproteins.

* Phosphorylation: Addition of phosphate groups catalyzed by
protein Kinases — charged phosphate groups change the protein
conformation.

Translation Posttranslational processing

=(ON
2 s
g§,p

p’






(A) Wild type (normal)

DNA TRARCRARCECRGRARGRGRGRGRCRTRARARTET
template 3 o

strand ‘ Transcription

MRNA

I Trp Leu Pro ASp

Polypeptide

LIFE: THE SCIENCE OF BIOLOGY 1Te, Figure 15.2 (Part 1)

© 2017 Sinauer Associates, Inc.



(B) Silent mutation
Mutation at position 12 in DNA: A instead of C

DNA TACACCGAGGGCTAATT
template 3 5

strand i Transcription

mRNA  5'Efs

Result: \\ \i_ﬁanslaﬂon

No change in amino
acid sequence

Stop

Polypeptide

LIFE: THE SCIENCE OF BIOLOGY TTe, Figure 15.2 (Part 2)

© 2017 Sinauer Associates, Inc.



(C) Missense mutation
Mutation at position 14 in DNA: A instead of T

DNA TACACCGAGGGGCAATT
template 3 5!

strand tTransoription

MRNA

Result: \\ \ Translatnon /

Amino acid change
at position 5;
Val instead of Asp Polypep’ude

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 15.2 (Part 3)

© 2017 Sinauer Associates, Inc.



(D) Nonsense mutation
Mutation at position 5 in DNA: T instead of C

DNA TACACGAGGGCCTAATT
template 3’ 5

strand l Transcription
MBNA &
- \ &Translatlon
| - .
Only one amino
acid translated; @
no protein made Polypeptide

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 15.2 (Part 4)

© 2017 Sinauer Associates, Inc.



(E) Frame-shift mutation

Mutation by insertion of T between bases 6 and 7 in DNA

DNA THalcialicicigicialclcEcicichTRANANTET
template 3’ 5'

strand ‘ Transcription

All amino acids
changed beyond
the point of insertion Polypephde

—
-
-
—
—

‘Translatlon

¥y ¥
>

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 15.2 (Part 5)
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(A) Normal allele: Codes for a
functional protein

I DNA

l Transcription
mRBNA
‘ Translation

Functional protein

(C) Loss-of-function mutation: Codes

for a nonfunctional protein
Mutation

l Transcription

‘ Translation

Nonfunctional protein
LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 15.1

© 2017 Sinauer Associates, Inc.

(B) Silent mutation: Does not affect
protein function

Mutation
l Transcription

bl d b d s bl

‘Translation

Functional protein

(D) Gain-of-function mutation: Codes

for a protein with a new function
Mutation

l Transcription

‘Translation

Protein with new function



