EEARNEBIOIEO G com

The AP Biology Study Platform That Guarantees Success

AP Bio Semester 1
Review (deck 1)

Glenn Wolkenfeld (Mr. W)
Creator, Learn-Biology.com



AGENDA

1.Methods and resources for
Semester 1 review

2.Your Questions

3.Practice FRQs



EEARNEBIOIEO G com

The AP Biology Study Platform That Guarantees Success

1.STUDY METHODS
and RESOURCES

Glenn Wolkenfeld (Mr. W)
Creator, Learn-Biology.com



Goals of (AP Bio) Exam Review

1. Identifying gaps in knowledge and filling
them

2. Doing as much authentic practice as
possible

3. Becoming confident, skilled, and fluent



Biggest Review Mistake (mostly by students)

1. Passive activities that lead to

overconfidence

a. Reading through an outline (and highlighting)

b. Rereading your textbook

c. Rereading your notes (and highlighting)

d. Passively watching a lot of YouTube videos
2. The problem: Familiarity/ease of experience

leads to overconfidence




Discuss with a partner

What's the best
way to review?



Retrieval practice + Spacing + Interleaving

1. Retrieval Practice/testing effect
a. WHAT: Actively recalling information from memory
b. WHY: Strengthens memory and recall
c. HOW: Flashcards, interactive outlines, practice (or real) tests
2. Spacing effect
a. WHAT: Spread out study sessions over time
b. WHY: Improves long term retention by making the brain work harder
c. HOW: scheduling
3. Interleaving
a. WHAT: Mix different topics and types of problems into a study session (as opposed to topic
by topic studying)
b. WHY: Builds connections between topics and leads to more flexible thinking and better
problem-solving
c. HOW: next slide



Discuss with a partner

Interleaving on
L earn-Biology.com


https://learn-biology.com/ap-biology/ap-bio-review-menu/ap-bio-multiple-choice-review-2019/
https://learn-biology.com/ap-biology/ap-bio-review-menu/ap-bio-multiple-choice-review-2019/

Your plan for AP Bio Semester 1 Final Success

1. Self assess to find your gaps
a. Use the checklist
b. Use the outline
c. Take atest on Learn-Biology.com

2. Fill the gaps with

a. Flashcards

b. Tutorials

c. Consulting your textbook.
d. Chat GPT

3. Practice writing FRQs
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study for your
semester final
and the AP BIo
exam...

Download this checklist at
apbiosuccess.com/

checklist

The AP Biology Study Platform That Guarantees Success

Topics 2.4 — 2.9: Membrane Structure and Function; Osmosis

[] Describe the fluid mosaic model of the cell membrane. Include
[J The overall function of the membrane
[] The role of phospholipids
[] The role of embedded proteins (how they fit into the bilayer, and their var
[J The functions of cholesterol, glycolipids, and glycoproteins.

[ Define selective permeability.

[] Explain how selective permeability arises from the fluid mosaic structure of the memt
[J How small, nonpolar molecules like N2, COz, and Oz can pass across the
(] How ions and large polar molecules move across the membrane
(] How small polar molecules (like water) pass through the membrane

[] Compare and contrast passive transport, active transport, and facilitated diffusion. Ci
process to membrane structure.

[ Compare and contrast endocytosis and exocytosis.
[ Explain membrane potential
[] Connect membrane potential to processes such as ATP synthesis)

[] Define the term osmosis, and be able to predict and explain the flow of water into or
hypotonic, hypertonic, and isotonic environments.

1 [ Y T Y T T S L S T T S T R I T, L R Y S T TR



N

0N OULEW

What are your ?s

. Properties of 8. Cell size (surface
water/hydrogen bonds area/volume)
Monomers/Polymers/ 9. Cellular
Functional groups compartmentalization/
Carbohydrates and lipids endosymbiosis
Proteins 10.Cell parts/organelle function
Nucleic Acids 11.Cell Membrane Structure
Lactose intolerance 12.Membrane transport
Sickle cell anemia 13.0smosis
Prokaryotes v. 14.\Water Potential

eukaryotes
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Properties of Water
and Hydrogen
Bonding



based on

Life 1s



Living things are
mostly made of

water

e Animals: 60 - 70%

e Plants: 80-90% ==

e Microorganisms (bacteria): |
70 - 80%




Water Is a polar molecule

Slight negative
charge



Hydrogen bonds are
iIntermolecular bonds

e Between the & (hydrogen)
side of one water molecule
and the & (oxygen) side of
another water molecule.

e MUCH weaker than
covalent or ionic bonds.




C.ohesinn

v e Hydrogen bonds between

water molecules.
e Responsible for

o Water's high heat of
vaporization,
High specific heat, and

o Ice being lighter than liquid
water.

o High surface tension.




e [orce exerted by the water molecules on the surface of a body of water.
e Creates a kind of web or net upon the surface (water striders, resisting
evaporation, etc.)




Adhesion e H-bonds between

water molecules
and other polar
substances (e.g.:
cellulose walls
making up the
xylem of plants).
e Responsible for
capillary action.

H,O



e Evaporation + cohesion +
adhesion pull water up plants

Exit from
leaves

Absorption
into roots

Passage
through stems

10 Story Coast
Building Redwood




Why water is a great solvent

Water Molecule

Hydrogen
bond

Oxygen (O)
Hydrogen (H)
Chlorine (Cl)
Sodium (Na)

» %
%)

é» &38
069

NaCl (salt)
in water

\

Model of water interacting with salt



Hydrogen bonds are key to biological structure

Between complementary base pairs in DNA (and
NA)

‘Jj‘f / \ mmmmnemrn e — \\ \
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Hydrogen bonds are key to biological structure

In protein tertiary structure
Quaternary structure

In cell membrane formation



HYDROGEN BONDS ARE ESSENTIAL in DNA replication
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HYDROGFN RONDS ARF FSSFEFNTIAI diirina transerintinn

Non-template strand of DNA
3"end of RNA

Newly made RNA Free RNA nucleotides

Template strand
of DNA

© sciencemusicvideos.
Made with BioRender.com



HYDROGEN BONDS ARE ESSENTIAL during protein synthesis
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Acidity and Alkalinity

& o e Acidic solutions:

B e (& & o7 A .
) ﬁi‘i‘i‘“&;ﬁf ¥ bzﬁ,_atoq%& ﬁ:we:.,e 0#:36; > o More hydrogen ions
T e % o e e :ﬁa (protons or H*) than

w # hydroxide ions
(represented by OH")

01 2 3 4 5 6 7 8 91011121314 _
o pH is below 7.

Acid) . e Bases:
cldic aslc o Have more hydroxide
HCI—H: + CI- NaOH — Na- + OH- lons than hydrogen
lons

o pH is above 7.
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Structural Formulas,
Monomers and Polymers,
Functional Groups



Structural Formulas

Glucose
CgH,0

6

Molecular
formula

(. H,OH

/[] \ r"”
\()H II/

b

Full structural
formula,
showing all
atoms and all
bonds

CH,OH

OH

An abbreviated
structural
formula.

Carbon numbering
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Glucose-6-Phosphate



What are monomers? Polymers?
Monomers

CH,OH
0. OH
OH

OH
OH

sletaaty
OO0

Monomers: small
building blocks.
Enzymes combine
monomers to form
polymers.

Polymers: AKA
macromolecules, with
specific shapes and
properties

Enzymes can also break
polymers down to
monomers



A macromolecule
(and a polymer):
SARS-CoV-2
Spike Protein

Model by Glasgow
Life Sciences via
UK Research and
Innovation,

CChby 4.0




Dehydration synthesis | <
o + Gan) s e,
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0.
+ H "H

e Enzymes pull a hydroxyl group (an —OH) off of one monomer
(or a group of already connected monomers),

e A hydrogen atom is pulled off the other.

e The —H and —OH combine to form water (hence, dehydration
cvhthecic)



Hydrolysis e A

e e

.\/.‘* 2 o) o)

0 CH,OH CH,OH

CH,0H OH Lactase OH 0. OH O
OH 0.0 OH 5 OH + OH
OH OH e OH OH

Lactose OH OH
OH Galactose Glucose

e Enzymes insert a water molecule between the monomers making

up the polymer.
e This breaks the bond that held the two monomers together.

e IMPORTANT VERB: to hydrolyze



Functional groups
e YOU DON’T NEED TO KNOW THESE BY NAME.
e YOU SHOULD KNOW HOW THEY AFFECT MOLECULES.

2 3 4




Functional groups determine how molecules interact with

Sucrose
table sugar
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Functional Groups in context

lobin (a

protein)
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Phospholipid bilayer

Phospholipid
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Biomolecules



The four biomolecule families

CH.0H

CHZ0H o prrr TR LLIERYYYYLY
RIS ETRTEATIL TN
QJQ;@H M e Carbohydrates

11 n
n,p‘—l—a—a—n-rn—ul:,-u
W @O H

12 3 e Lipids
Phospholipid .
PP e Proteins
e Nucleic Acids

Hemoglobin



Carbohydrates

Ll'l 1.OH CH QDH
C—0O : CH,0H

||~“f].I \.rll —0) 0

}\{Im Hfh N OIH A\ /N HOj;

HO L._t:. OH O N O \N—f .CH,OH
B OH OH OH
Glucose a---— ” F i

Monosaccharides Disaccharides
) ) . o
(simple sugars) (two linked monosaccharides)

Polysaccharides | ODOOO

(starch, cellulose) O

Monosaccharides: energy

sources and building

blocks

Disaccharides: energy

transfer (sucrose, lactose)

Polysaccharides

o Energy storage
(starch/glycogen)

o Structures (cellulose:
cell walle)



lllustrative example: lactose tolerance/intolerance.

CH,OH
o CH,OH
CH,0H OH Lactase OH o, OH
OH Q.0 OH o OH
OH OH 2
Lactose OH
OH Galactose

LACTASE HOTSPOTS

Only one-third of people produce the lactase anzyme
duning adulthood, which enabies them {0 drink milkc

Percentage of adult population
that can dnnk milk
B ]
10% 0%

CH,0OH
O
+ OH
OH OH

OH
Glucose

— r =4
P 2% = Sl

s e

@ ensoY DAIRY AGAIN!

Lactose: sugar in milk.

Lactase: hydrolyzes lactose into
monosaccharides

Most mammals only produce
lactase during infancy (while
suckling).

Most adult mammals don't
produce lactase (adaptation: why
produce an enzyme for something
you don’t eat)

Some human groups
(pastoralists/herders) evolved
lactase persistence

Most humans (the majority) are
lactose intolerant as adults



Lipids: An overview

e Wholly or partly nonpolar.

o B UHlOJ¥CERAC), 0 e Not composed of
H___;:v"x;‘.f“w,fﬁ'x;f'lﬁf-'* /\/\/\/W\/\)g repeating monomers.

™ i, H H

e Functions
o Energy storage and
insulation (fats/oils)

a s c i { ;
'\\':___f o '\-\xl'___f g "-‘_I:_f' d
He=C= M H [+ H

]

SRR it " o Waterproofing
(waxes)
pitbe Lot e . o Membrane formation
A Steroid (phospholipids)

o Signaling (steroids)



Phospholipids, water, and membranes

e When mixed with water, the heads form hydrogen bonds with water,
while the tails form a water free zone
e This creates a phospholipid bilayer, the basis of membranes



Protein overview: key functions

Muscle fiper Enzymes
L T 2

Lt
L
;
Lt

e Motion: muscle tissue, also
cilia and flagella

e Enzymes

e Structure: collagen or
keratin (hair, feathers, and
nails)

e Transport (hemoglobin,
which carries oxygen)

e Energy storage (albumin)

e Transmitting signals
(hormones like insulin or
protein neurotransmitters)



Aminn Acide ara the mnnnmers

2

Central carbon (1)

Amine group (2)

Carboxyl group (3)

Hydrogen atom

A variable R group (4)

o Also called a “side
chain”

o Can be polar, non-
polar, acidic, or
basic
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N\/EDP\/IFE\A/- Drntain ctriirhiira amarnac fhrgugh 4 |eve|s Of interaction

e 1° structure (A): linear
seguence of amino acids
(genetically determined)

e 2° Structure (B and C):
Interactions involving
polypeptide backbone

e 3° Structure (D): interaction
between R groups

e 4° (Quaternary) structure
(E): interactions between
multiple folded tertiary
polypeptides.




Primary protein structure

e Genetically
determined sequence
of amino acids in a
polypeptide chain.

e Each amino acid is
connected to the next
by a peptide bond

e Peptide bonds are
formed by ribosomes

RNA during translation or

protein synthesis

Polypeptide (unfolded
protein)
=

Ribosome



Secondary protein structure
2 3 2 e |nvolves

| RHHOH Interactions
between
carbonyl (3) and
amine residues
(2) in the
polypeptide
backbone.

e Two forms




TAartinrns nrnatain ctriintiirn

-

1 Dplypeptide backbone o nteractions between
N amino acid side
chains (also called
R-groups)

e Hydrogen bonds (2)
Covalent bonds (3)
Hydrophobic
clustering (4)

e |onic bonds (5)

0O

——

- ~ l
CH, — CH, — CH, — CH, -'l NH,"* -o-\‘c — CH,

The result is a complex,
three-dimensional shape.



Primary structure
amino acid sequence

Secondary structure
regular sub-structures

Tertiary structure
three-dimensional structure

Quaternary structure
complex of protein molecules

Model by Glasgow
Life Sciences via
UK Research and
Innovation,

CCby 4.0

a | }

(1) SARS Spike Protein: 3 polypeptide chains

e Involves multiple polypeptides
e Can involve hydrogen bonds, ionic bonds,
and hydrophobic interactions



Protein shape = structure and function = Adaptation

Inner
Membrane of
Mitochondria/
Gram negative
Bacteria

......

Immune system antibodies (proteins)
interacting with viral proteins

.....

ATP Synthase



Sickle cell disease

NORMAL RED BLOOD CELLS ABNORMAL, SICKLED RED BLOOD CELLS
(SICKLE CELLS)

e

Normal red blood cells flow
freely within blood vessel

- Abnormal
hemoglobin
form strands
that cause
sickle shape

Sickle cells blocking
blood flow

Inherited disease affecting hemoglobin in red blood cells.
e Affects about 100,000 U.S. citizens, mostly African Americans, and about 8,000,000
people worldwide



Stroke ‘E.

Symptoms/ | / \

complications W

e Mostly related to Acute, widespread,
chronic pain

CIOttln g and Jaundice
Inflammation

e Improved medical care has increased lifespan from early
childhood mortality to 50 years (or longer).



Inheritance is autosomal
and recessive

e You have to inherit the gene
from both parents

e SS: homozygous normal (no
presence of allele)

e Ss: heterozygous (one allele,
but no symptoms)

e ss: affected

S S

s| SS Ss

Unaffected Unaffected
Carrier: Carrier:
Father Mother

Unaffected: Unaffected Carrier: Affected
25% 50% 25%



Caused bv a point mutation in the gene for hemoglobin

TOUEREUOD OOURQEOCOD o Hemoglobin: quaternary
Jaratsl 11 Istalsqgstatal 1°1 Islsls protein .
. ¥ @ : o Two Alpha chains: 141

L H ow H } OOOTHETER T amino acids

o Two Beta chains: 146
amino acids

o o e A point mutation in the beta
qu—r%—;'l,—nn W chains substitutes “A” for “T”

(Ha ¢ e The resulting beta chains

GHy HyC— C—H :

) N L have valine (nonpolar)

| 3 . . .

OH Instead of glutamic acid.

GLUTAMIC VALINE
ACIHD



How the substitution causes sickling e Because of exterior-
facing valines, the

mutated hemoglobin
molecules form
hydrophobic bonds
with one another.
This creates fibers,
causing cells to
sickle.

It's like a 5th level
structure (a polymer
of polymers)

Mutant (sickled)
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If sickle cell disease is so bad, why Is the sickle
cell allele so common?

e Allele: gene variant

©)
©)

HbA: normal hemoglobin
HbS: sickle-cell hemoglobin

e In Nigeria (country with the highest
level of sickle cell disease)

O

©)

2% of babies are born with the
disease

Between 20% and 30% of the
population are heterozygotes
(Ss).

The frequency of the HbS allele
Is between 10% and 15%

HbS Allele Frequency

HbS allele frequency (%)
£30-0.51

£20.52-2.02

E203-404

B 4.05-6.06

m507-808

- 5.09-960

QO R1_11 11




ANSWER: The sickle cell allele disrupts the life cycle of the

parasite that causes malaria.

1. Blood Meal

Malaria: caused by a
eukaryotic protist that
Infects red blood cells
The parasite is
spread by mosquitoes @
RBC rupture causes \

13 ,"t/..c’
Release of ({7
sporozoites \§, /7.1

Malaria

7. Transformation
and sporogenesis

L . @8-1Sdays
debllltatlng fever HUU;A{HUUU Midgut wall
Affected 249 million '

:?
people and caused LR 6 rertilization

over 600,000 deaths

in 2022 N

| 30min Hepatocyte

f J
—
SE \

5. Blood Meal

M-(rogame(e @ § Mmogame(ocyte
-\‘
Macrogame!e
Macrogametocyte

2. Infection of liver cells
1/ = ~40.000 @

® s-6days

'.. .‘
wie =" Release of

..:- :- merozoites
3. Infection of (©)
red blood cells

1= @x4-30

® 48 hours
Emrocyte
'-a.‘ - ::Q'
©= Trophozo ite
Schnzont /

Gametocyte

4. Production of
gametocytes



The sickle cell allele Is common because of

natural selection

HbS Allele Frequency

HbLS allele frequency (%)
£20-0.51

£90.52-2.02

02.03-4.04

Malaria Incidence

Year 2014
Incidence of severe malaria
Inpatient admissions

All ages

Median estimate

- > 4 cases per 1000
- 0 cases

.......




Proteins: Key Takeaways

e Amino acid structure
e Four levels of protein
structure

H,N{-C

LN

eme group ——g~
carries O,)

_—




QUESTIONS (and comments)

xS
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study for your
semester final
and the AP BIo
exam...

Download this checklist at
apbiosuccess.com/

checklist

The AP Biology Study Platform That Guarantees Success

Topics 2.4 — 2.9: Membrane Structure and Function; Osmosis

[] Describe the fluid mosaic model of the cell membrane. Include
[J The overall function of the membrane
[] The role of phospholipids
[] The role of embedded proteins (how they fit into the bilayer, and their var
[J The functions of cholesterol, glycolipids, and glycoproteins.

[ Define selective permeability.

[] Explain how selective permeability arises from the fluid mosaic structure of the memt
[J How small, nonpolar molecules like N2, COz, and Oz can pass across the
(] How ions and large polar molecules move across the membrane
(] How small polar molecules (like water) pass through the membrane

[] Compare and contrast passive transport, active transport, and facilitated diffusion. Ci
process to membrane structure.

[ Compare and contrast endocytosis and exocytosis.
[ Explain membrane potential
[] Connect membrane potential to processes such as ATP synthesis)

[] Define the term osmosis, and be able to predict and explain the flow of water into or
hypotonic, hypertonic, and isotonic environments.
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NUCLEIC
ACIDS



DNA: molecule of heredity.
RNA
o Hereditary molecule in
some viruses
DNA o Key role is information
transfer, as in messenger
RNA
o Canalso act as an
RNA enzyme, catalyzing
reactions: this is seen in
ribosomes and
spliceosomes
Nk o Canregulate gene
fw expression: microRNAs.
o ATP (an RNA monomer): Life's
key energy transfer molecule,
powering most cellular work.

The biological importance of nucleic acids




Name the monomer of nucleic acids, and describe its structure.

3
10 N

(A7

DNA bases can be

Adenine (2 rings)
Thymine (1 ring)
Cytosine (1 ring)
Guanine (2 rings)

N

DNA nucleotide

Monomers:nucleotides
5-carbon sugar (at 2)

A phosphate group (at 1)
One of four nitrogenous
bases (at 3).

Phosphate group:
connects to the 5’ carbon
In the sugar

Nitrogenous base is
connected to the 1’
carbon.



Different monomers in DNA and RNA

Deoxyribonug

Deoxy-
ribose

N

=2
=X

Ribonucleotide

Q Ribose

OH OH

REES

e DNA: the sugar is deoxyribose. The bases are A, T, C, and G (adenine, thymine, cytosine,

and guanine).

e RNA: the sugar isribose. The bases are A, U, C, and G (adenine, uracil, cytosine, and

nnnnnnnn \



Nucleotides: From Monomers to Polymers

New strand ——— 5’

DNA(::;EIi;’a’tion C\O_D
I <e-
-

New nucleotide ———

e Polymerase enzymes add new nucleotides at the 3
end of the growing strands

e Polymerases always build 5’ to 3’

e Creates a sugar-phosphate backbone

4] OH

'} tosine




Two nucleotide strands.
Within each strand, the nucleotides
connect to one another by sugar-
phosphate bonds.
The strands connect by hydrogen
bonds between nitrogenous bases
with complementary shapes:

o AT

o C:G
The two strands are antiparallel:
Note the opposing 5" to 3
orientation in each strand.



Hydrogen Bonds — Stabillity
— Information Storage

0 0 96 o0 88 e ez en g8 e 8

G0 0D 00 9B 00 68 oo e ge e OB

Each chromosome is a molecule of DNA
(with up to 250 million bases)




RNA Base Pairing — internal hydrogen bonding
— specific shapes and functions

[[S==3Y |




Nucleic Acids: Key takeaways

1. Include DNA and RNA
2. Monomers are
nucleotides
3. DNA structure
a. Sugar phosphate
backbone
b. Hydrogen bonds
4. RNA structure




Hemoglobin

Complete the tutorials about Proteins and
Nucleic Acids on Learn-Biology.com



QUESTIONS (and comments)
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Cells: An
Introduction



Describe the basic structure and fundamental parts of cells.

e Basic unitof life, of S & F
e Structure
o Membrane

(DNA)

Cytoplasm l o Systems for
NNN\ Messenger maintenance and
RNA replication

Proteins ~ m mMRNA +

: N ribosomes make
RlbosomeS:'/ Cytoplasm proteins

m Enzymes (and
Membrane other structures)

In cytoplasm



Compare/contrast prokaryotic and eu karyotic cells
D

capsule
|

e Prokaryotic cells
o Small, relatively simple
o No nucleus
o Chromosome is circularized
(3)
o Contain plasmids
o Found in Archaea and
Prakarvatie rall X BaCt_e“a
Bﬂ“a' Chromosome P'“’“”S Eukaryotic cell ® Eukaryotlc cells
(plant cell) o Larger, more complex
o Nucleus
o Multiple, linear
chromosomes
o DNA is associated with
proteins
o Mitochondria
o Many membrane-bound
organelles

flagellum —"

cukayotic cell

Prokaryotic
DNA




Expert tip: Prokaryote IS bad evolutionary category.
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TOPIC 2.3

Cell Size



The small size of cells (0.1um to 100 yum) comes down to diffusion.

= Yele| ° Cells need to have
enough membrane
surface area to allow
for diffusion of
substances in and out.

Waste‘sd




Use the relationship between surface area and
volume to explain why cells are small.

L 7 um ..\-

1um

1 um

An example for two cuboidal cells.

10 um

surface area:

Length  |Surface area (units?) |[Volume [unit53}

volume
T 6 1 6:1
10 600 1000 0.6:1

As an object gets
larger, its amount of
surface area
relative to its
volume decreases.
Example:The larger
cell's surface area
to volume ratio is
1/10% that of the
smaller cell.



CONSEQUENCE: A large cell can't efficiently use diffusion to get the
nutrients it n““'“ 'n, and to get wastes out.
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Percentage of cube’s volume
reached by diffusi




That's why huge cells are impossible

e Their
Insides 7
would Supersized
starve Amoeba

e Theyd
choke on

their
wastes



How life became large

1. Multicellularity
2. Adaptations that increased internal surface area to allow for
diffusion of materials into and out of cells.

Volvox (an alga), 0.5 mm diameter C. elegans nematode worm, 1mm X 5 um



Adaptations for increasing surface area in organisms or parts of organisms

e Increases surface for
diffusion of molecules or heat
e Increases working surface for
membrane embedded
enzymes
e HOW
o Thin sheets of tissue
(gills, elephant ears)

~ LLhinbhhs fAlAAA cr1irfFAar~rAac




EXAMPLE: Explain, in terms of surface area, why there are no small (mouse-

sized) marine mammals (and why some are really huge!)?

Surface Area: Volume
B N 8 B 2 2 3

=

Ratio of Surface Area To Volume

e

3
(arbltrary units) J

5

10

Mammals are
warm-blooded
Ocean water Is
cold—hypothermia
Increased size
decreases surface
area:volume ratio
Less heat lost to
environment
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checklist
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Topics 2.4 — 2.9: Membrane Structure and Function; Osmosis

[] Describe the fluid mosaic model of the cell membrane. Include
[J The overall function of the membrane
[] The role of phospholipids
[] The role of embedded proteins (how they fit into the bilayer, and their var
[J The functions of cholesterol, glycolipids, and glycoproteins.

[ Define selective permeability.

[] Explain how selective permeability arises from the fluid mosaic structure of the memt
[J How small, nonpolar molecules like N2, COz, and Oz can pass across the
(] How ions and large polar molecules move across the membrane
(] How small polar molecules (like water) pass through the membrane

[] Compare and contrast passive transport, active transport, and facilitated diffusion. Ci
process to membrane structure.

[ Compare and contrast endocytosis and exocytosis.
[ Explain membrane potential
[] Connect membrane potential to processes such as ATP synthesis)

[] Define the term osmosis, and be able to predict and explain the flow of water into or
hypotonic, hypertonic, and isotonic environments.
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TOPICS 2.10-2.11

Cellular Compartmentalization
and the Endomembrane System

How eukaryotic cells are organized



What is cell compartmentalization? What are its

Arlhhinntannen

W e COMPARTMENTALIZATION

\ (oontains - Internal division into
G hydrolytic .
: s sections
- o ADVANTAGES
4 proteins) o Allows cell to have

I regions with internal
chemistry distinct from
cytoplasm (e.g.,
lysosomes)

o Increases surface area
for

m membrane-bound
enzymes (e.g.,
smooth ER, Golgi)

m Ribosomes in the
roninh ER



M ArmAaim~avA A~ A~ A timmn AntAaligAtiAnn 1 If\lf‘f\llf\lf.\lf\'l';f\ |
capsile | Cyanobacterium and eukaryg

Thylakoid

e Prokaryotic cells: few compartments (though
there are internal regions with specialized

G structures and functions (thylakoids).

n o Eukaryotic cells: highly compartmentalized,

o Many internal membranes that divide the
cell into regions with distinct structures,
chemistry, and functions.

o Examples: lysosomes, the E.R., the Golgi

Eukaryotic cell complex, and vacuoles.
(plant cell)




Many eukaryotic compartments are part of the endomembrane system

Golgi
Complex

Vesicles e A dynamic,
connected system
of internal
membranes and
compartments
Includes: nuclear
membrane, the
Rough ER,
Smooth ER,
Golgi, Lysosomes,
and vesicles
e Membrane (and
material) flow from
one compartment
to the next

(dueiqwiaw [|199)

Ry ' ® Shooth ER. f)
\ &)

Nuclear Rough E.R. Lysosome
membrane



Fxnlain the oriain of mitnchondria and cellillar comnartmentalization

EU ka ry0t|C Orlg | ns Adapted from Gould, Garg, and Martin,
A o® Trends Microbiol. 2016 Jul;24(7):525-534

I:‘ 2 / N Start of nuclear Nuclear

Archhaeal ooll '**"’u"‘“BaccteeI:ial embrane membrane e Archaeal cell and
| oit)» oo C bacterial cell
Vo e merged (B)

e Bacterial cell —
mitochondrion
e Secretion of

I vesicles —

Vesicles itochondrion (endosymbiont)
nuclear
membrane (C)
e Dates back ~1.8 bya and E.R. (D)

e Arose as mutualistic endosymbiosis



Explain the origin of chloro

yano bacterium (end
Peptidoglycan waII
~,Double membrane

Eukaryotic cell (host)
Cell membrane

Nucleus
NS
Phagosomal membrane
Chloroplast
Double membrane
[ Q@™ \))

(= 1\‘

Iasts

M‘itochondrion

A second
endosymbiotic event
— chloroplasts
(which were free-
living cyanobacteria)



Various
o(\2_- % o
. “ %

look at the
three
domains

Various
Archaeal
clades




What's the evidence that chloroplasts and mitochondria were once free-living

bacterial c;{ells that arose through endosymbiosis?
2

Like bacteria, both organelles

Have their own circular DNA
e Replicate themselves through binary
fission

Mitochondria ® Use their own ribosomes to produce X ;‘auenum

some of their own proteins. * .
. . + 1
o Ribosomes resemble bacterial %
ribosomes in terms of their IRNA membrane

sequence and structure. 2

e Have (atleast) two membranes (outer
one is a vestige of an vesicle from sumondod by
. vesicle
endocytosis)

4

3

Chloroplast
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Eukaryotic Cell Parts
and Functions



Describe the structure and function of the nucleus.

Chromatin

Nucleolus

Replicated
Chromosome

Nuclear
membrane/
envelope

FUNCTION: stores and
protect genetic
information/DNA

DNA is wrapped around
proteins to form
chromosomes
Chromatin (spread out DNA)
Nucleolus: assembles
ribosomes

Nuclear membrane:
separates chromosomes
from cytoplasm.

Nuclear pore: allows
molecules to enter/leave
nucleus



Describe the structure and function of ribosomes. e Particles composed of

ribosomal RNA and protein.

DNA e Consist of large and small
Polypeptide subunits
(protein) e Ribosome function:
MRNA :
o Reads a genetic
Ribosome

message encoded in a
seguence of MRNA

|\ o Translates that message
o=V into a sequence of amino
acids that make up the
primary structure of a
protein.

DETAILS OF
TRANSLATION/PROTEIN
SYNTHESIS IN UNIT 6



What are two |(\r\::1{innc within a alllzanintie ~call \wwhara rihnenmocec ~ran ha

found?

Ribosomes
can be “free”
or “bound”

e Free ribosomes (3) float freely in the cytoplasm (5).
e Bound ribosomes (4) are connected to the membrane of the rough ER

(endoplasmic reticulum).
e All ribosomes start out as free...through protein targeting they migrate

to the ER to become bound (tutorial on Learn-Biology.com).



Describe the structure and function of mitochondria
FUNCTION: converting food energy into ATP

Key Structures:

e Matrix (cytoplasm).
o Enzymes for Krebs cycle
ATP o Chromosome/DNA (3);
o also ribosomes (not shown)
e Inner membrane (2)
o highly folded (1 surface area).
o Has membrane-embedded
enzymes and proteins (5) that
make ATP
e Intermembrane space (6)
e Outer membrane (1)




Describe the endoplasmic reticulum (E.R.), and list its two forms

e An interconnected series of channels
between the nuclear membrane and
Golgi body

e Rough (2) and smooth (3)

{contains

ER ER

Created with Biorender.com



Describe the structure and function of the rough E.R.
Rough ER Smooth

e Studded with ribosomes.
e Synthesizes proteins for
Inclusion in lysosomes,
other organelles, in the
8 membrane, or for export
from the cell

B cell secreting antibodies



Describe the structure and function of the smooth E.R.
Rough ER Smooth

Created with Biorender.com

On the outer side of the ER
network.

Lacks ribosomes but has

many embedded enzymes.
Functions (vary by tissue)

o Synthesis of lipids,

o Converting toxins into
soluble forms that can
be excreted from the
body

o Carbohydrate
breakdown and
synthesis.



Descrihe the st cture and function of the Golgi complex.

0'9;%_ e GL’E,% e A series of membrane-bound
s .-:\/ k) flatter.led sacsf.

e Receives vesicles from the rough

and smooth E.R., and chemically

modifies the contents (usually
proteins).
Packages modified proteins into
vesicles that are sent to
organelles, to the cell membrane,
or exported from the cell.

Vesicles Golgi
Complex

(suesquidwi |129)
o

® Smooth E.R.

X AKA: Golgi body or Golgi apparatus.
rhrlml:ecr::meba:'; . Rough E.R. Lysosome



Descrilge the st ugtq:re and function of lysosomes.
C o .

M | sosome putcoudbe  YOU WILL NEVER HAVE TO
| (syn‘thes;ze other large vesicles, too) IDENTIFY ALYSOSOME ON A
e DIAGRAM ON THE AP EXAM!

Membrane-bound organelles
that contain hydrolytic

enzymes.
e Only found only in animal cells

Complex
e Carry out intracellular
membrane digestion.
) 2 e Also recycle worn-out,
damaged, or excess
Vesicle with food organelles and molecules.

Smooth ER. to @2 ;Segrtntg a e Playa key role in apoptosis
) (programmed cell death)

»
*

*

=1

Veswles Golgi

(aueiquidw |199)

V=

Nuclear Rough E.R. / "
membrane Lysosome



Degcrihe the striictiire and fiinction of the cytoskeleton

— N Actin
- e

Intermediate filament

Microtubule
Fibherrs' Making up the Cytoskeleton x *

* 1 =
e A dynamic network of protein fibers mmhme@

e Enables cells to move materials and Vesicle 2
organelles with food

e Enables cell to move their membranes
(endocvtosis. amoeboid movement)




i 2
What are centrosomes/centrioles” Centrosome: the

organelle (with two
centrioles)

{contains

G hydrolytic

e FUNCTION:
creating spindle
fibers for
separating
chromosomes
during mitosis and
meiosis

Centrioles Spindle



Describe the function of the central vacuole.

Central ___t e ONLY IN PLANT CELLS
e [Functions
o Water storage.
H o Storing and releasing needed
macromolecules,

o Sequestering waste products

o  Maintaininn tiiraonr nregalira

Before being Vacuole i
) i When placed in
placed in sucrose solution, sucrose solution

Cell
Memebrane

Nucleus



Describe the gvolutionary origin and function of chloroplasts

%

Chloroplast K 3 % ’ L
N/
5

- .v".l‘_‘ H © ¥ *
l. | l . A
J .

=

6

e Endosymbiotic descendants of free-living photosynthetic bacteria (w/ their
own DNA, ribosomes, etc).

e FUNCTION: creating carbohydrates through photosynthesis.

e DETAILS IN UNIT 3



Describe the chemical composition and the function of the plant cell wall.
HOH CHzOH H-0OH CH,0OH CH,OH H20OH

O 0, O 0O, 0
1 OH 1 L OH 1 1 OH 1 4 OH 1 : OH OH _\r

Cellulose

t e Composed primarily of
. cellulose, a polysaccharide.
e Major function: pressure
vessel that prevents over-

expansion in response to

i o inward water flow (osmotic
C inosﬁcro;g solutio s When placed in ¢
2 - f ¢ pressure)

sucrose solution
m e Primary component of wood

/J , Xylem and water-conducting tubes
Membrane

In plant stems

Nucleus
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Topics 2.4 — 2.9: Membrane Structure and Function; Osmosis

[] Describe the fluid mosaic model of the cell membrane. Include
[J The overall function of the membrane
[] The role of phospholipids
[] The role of embedded proteins (how they fit into the bilayer, and their var
[J The functions of cholesterol, glycolipids, and glycoproteins.

[ Define selective permeability.

[] Explain how selective permeability arises from the fluid mosaic structure of the memt
[J How small, nonpolar molecules like N2, COz, and Oz can pass across the
(] How ions and large polar molecules move across the membrane
(] How small polar molecules (like water) pass through the membrane

[] Compare and contrast passive transport, active transport, and facilitated diffusion. Ci
process to membrane structure.

[ Compare and contrast endocytosis and exocytosis.
[ Explain membrane potential
[] Connect membrane potential to processes such as ATP synthesis)

[] Define the term osmosis, and be able to predict and explain the flow of water into or
hypotonic, hypertonic, and isotonic environments.
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Complete the tutorials about Cell Parts
and Functions on Learn-Biology.com.
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Topic 2.4

Cell Membrane
Structure




What is the function of the cell membrane?

e Separates the highly
organized contents of
the cell from the cell’s
environment

e Selectively
permeable boundary:
Allows passage of
some substances and
particles, but not
others.




Selective permeabillity

oy 2& v  cell exterior
e _00 st (o
©] ® © & i < ©
° % o bY@ ©
o e

o'e CylOplasm 7 “@m f“c P



Phospholipids: key structural components of membranes

Phospholipid, Structural Formula
Phospholipid,

lil lCI) HHHHHMHMHMHMHM HMHMHHMHMHMHH
U e | s o o e | (B o i ] |
H—C—0— c—cl—c—lc—c—T—c-—c—c—c—c——c—cl—c—c—~c—|c——c H Cartoon
| | Lo B [ A |
H HH HH HHHMHMHMHMHMHMHMHM HM®H
Q. N'H: " HH BN
Sl | RO TR IR Nl Yol VEES) sl [l //v i
—C—0——C—C—C—C—C—C—C—C—Cx
(RET P 1 Tt g o A
CH,H H [o) H HHH HMHH /\C\ / &
+ 11 | [ o R ST
H,c—N—c—c—o—IP—-o—c—H LA i > i
Tl - | & /I
LN ‘///c\/c/\ # Hea Tal
C
1 2 3 th |

e Hydrophobic/nonpolar tail (3)
e Hydrophilic/polar head (1)
e Glycerol (2)



In water, phospholipids form bilayers

Phospholipid bilayer

O==0

O==0
0==0

e |n solution, the heads bond with water molecules, while the tails form a
water-free zone

e Creates a bilayer: the framework of the membrane.
e P-L bilayer is stabilized by weak bonds between the tails



Extracellular space

Proteins, ), \ a
cholesterol, and 2 Globular zewcoprotean Recepto,

, . protein 3 Protein
carbohydrates play S Q |
key roles in R S, Prossholoid

< B 4 ..." b, @
membrane 7 e boos ¢
_ Surface  |niegral } "/J
structure and ‘} Protein P Tohere Protein protein gy colipid W
function Sas Cytoplasm s
(integral)

e Proteins: Cytoskeleton attachment, channels, receptors, membrane

embedded enzymes
e Cholesterol: membrane stabilization
e Glycoproteins (protein + short polysaccharide): cell recognition (e.qg.

A. B. O blood tvpes)



The fluid mosaic model
Carbohydrate  Carbohydrate Phospholipids + proteins +

(glycolipid) (glycoprotein)

y o . cholesterol, in motion.

s foe ¢ 7@ e FLUID because components are
moving laterally within the plane of
the phospholipid bilayer

Protein (:}::;ﬂ:l) orotein  chorsters | ®  MOSAIC because it's composed of a

variety of pieces:

o WITHIN BILAYER:
Phospholipids, proteins, and
cholesterol

o INSIDE AND OUTSIDE
BILAYER: Additional molecules
might be attached to proteins or

Phospholipid
Bilayer

Jresow v




How proteins
fit into the cell

o
”
p— o
— S

h\\i W) ﬂf i?m n |

rﬁ'

membrane. \ (UOUY, g UV ( Ht\\(U UUUUM)‘

e Transmembrane proteins (1):

o Hydrophobic core fits into the nonpolar inner portion of membrane

o Hydrophilic regions extend into the cytoplasm or membrane exterior.
e Integral proteins (5):

o Nonpolar region embeds into the hydrophobic membrane middle;

o A single hydrophilic region juts into the cytoplasm or cell exterior.
e Peripheral proteins (3): attach to phospholipid heads that on the

cytoplasmic side of the membrane or the cell exterior.
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The AP Biology Study Platform That Guarantees Success

Topics 2.4 — 2.9: Membrane Structure and Function; Osmosis

[] Describe the fluid mosaic model of the cell membrane. Include
[J The overall function of the membrane
[] The role of phospholipids
[] The role of embedded proteins (how they fit into the bilayer, and their var
[J The functions of cholesterol, glycolipids, and glycoproteins.

[ Define selective permeability.

[] Explain how selective permeability arises from the fluid mosaic structure of the memt
[J How small, nonpolar molecules like N2, COz, and Oz can pass across the
(] How ions and large polar molecules move across the membrane
(] How small polar molecules (like water) pass through the membrane

[] Compare and contrast passive transport, active transport, and facilitated diffusion. Ci
process to membrane structure.

[ Compare and contrast endocytosis and exocytosis.
[ Explain membrane potential
[] Connect membrane potential to processes such as ATP synthesis)

[] Define the term osmosis, and be able to predict and explain the flow of water into or
hypotonic, hypertonic, and isotonic environments.
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TOPIC 2.5
Membrane

Transport



Diffusion is how many
substances enter and leave
cells.

Definition: the tendency of
molecules to spread out from

where they're more
concentrated to where they're
less concentrated.

Diffusion



Molecules spontaneously flow down their concentration

gradients. \
| C— Sy R )

5> ¥ = J»

Diffusion

Concentration Gradient

Concentration Concentration



Diffusion ="Passive Transport”

e No cellular energy Is
required

e Two forms
o Simple diffusion

josccccc PV 1)

&)
&

T 2 - Facilitated
° diffusion (2)



Simnle diffiicinn cithetancrec diffiice arrnece the nhnanhnlinid hilaver

Small, nonpolar molecules: Lipids: steroids and fats
oxygen, carbon dioxide ,d&B . N T

ME-0=C Of O4 Dy O, O,

@ @ v 9
T ! WG O OOy O O Oy
M M ME O S-OM-O-T-OU- 0% 0
Q HL O OO~ OO~ O8Oy
M m E 0 SO A A~ SO0,
9 9
M W=D~ BU -0 OO O M:n—;o‘mmo\m

Space » HCDe g_m,wwo‘,_m v-u: o g—o«-m—ov—ovcn.

Lipid Bilayer

Lipid Bilayer | |

Cytoplasm

oo 0O . iap T

MO0 C Of O O O 04

£
-0 € O O O O O%



Facilitated diffusion is for polar and ionic substances

Polar molecules lons
A (_Aﬁ
(Glucose Amino acids " Calcium

I

\ Cell membrane

Cytoplasm

Extracellular

space

Cell membrane

!

|

J

Requires
protein
channels:
transmembrane
proteins that
only let specific
molecules or
lons pass



0 ® Active transport (3)
involves pumping a

molecule up its

concentration gradient.

b-4\d - TR Requires energy on the part of the
1 2 G 3| G)en q gy P

v cell.

e Usually ATP to ADP to power
the pumping process

e Also electron flow ( in the
proton pumps used by
chloroplasts and mitochondria
to power ATP synthesis).

Passive Active
Transport Transport

Concentration Gradient




Bulk tlislmrt
‘%\

o BULK TRANSPORT

CYTOSOL

“ 7. Endocytosis

Exocytosis




Phagocytosis Pinocytosis Receptor-mediated
endocytosis

A
b
| o)
A
A Gy
(7 s

u Large particle o ¢ ¢ s

‘ = Lngand ) °
Plasma
membrane t j O

Vacuole ' :Vesucle E!E

Coated vesicle

Receptor

Endocytosis

Membrane pinches in to surround a molecule, a particle,
or some extracellular fluid, creating a cavity that

haraomeac a vvacicla



Phagocytosis

Phagosome
Phagolysosome



Receptor-mediated endocytosis can be exploited by viruses

SARS-CoV-2 Entry through Host ACE2 HIV Entry through CD4
“moams:a.su; suzl @ Binding
binding ACE2
HIV# N @ Fusion
HiH :%L
e Reverse l

transcription g
@ Integration \

Prefusion spike
glycoprotein (51)

Nucleus

RBD and
ACE2 binding
sites




CxvAr\1rtAciIo
Extracellular o o

B-cell secreting antibodies
through exocytosis

vesicle Cropem

e Vesicles (1) fuse with membrane, releasing their
contents



Membrane Potential
Mitochondrial Inner Membrane  ® An eélectrical charge across a

membrane.
Intermembrane e CREATED by pumping ions across
space

membranes (active transport)
KEY EXAMPLE (preview of Unit 3)
o Mitochondria pump protons

Mitochondrial
Outer Membrane

’;\. from the mitochondrial matrix
”o??o to the intermembrane space.
%9 QQ o Gives intermembrane space a
e positive charge relative to the
matrix.

.. ® | i o Creates an electrochemical
Matrix ' ® gradient that pulls protons

Proton Gradient— Membrane Potential through ATP synthase back to
the matrix, generating ATP.



I\/lramh.mm nntential generated by the sodium/potassium pump

®e
+ T o Sodium/
' potassium
pump is
powered by 4
) j powere eeoJ‘ _eeeeeo

v

[CI-' (K“l [Na.,. Extm:dlulu

120mM 150mM
fk b ok bk

ayoplasm (1 [KT] w1 [A] PP s PPDPDPPP
Sl el Butinotjjustfafguand;
L R E R T 16 sanek dignes In maAEs

Makes nerve impulse
transmission possible

Creates a -70 mV charge
across nerve cell membranes


http://www.youtube.com/watch?v=Qimq1eSBaN4
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Topics 2.4 — 2.9: Membrane Structure and Function; Osmosis

[] Describe the fluid mosaic model of the cell membrane. Include
[J The overall function of the membrane
[] The role of phospholipids
[] The role of embedded proteins (how they fit into the bilayer, and their var
[J The functions of cholesterol, glycolipids, and glycoproteins.

[ Define selective permeability.

[] Explain how selective permeability arises from the fluid mosaic structure of the memt
[J How small, nonpolar molecules like N2, COz, and Oz can pass across the
(] How ions and large polar molecules move across the membrane
(] How small polar molecules (like water) pass through the membrane

[] Compare and contrast passive transport, active transport, and facilitated diffusion. Ci
process to membrane structure.

[ Compare and contrast endocytosis and exocytosis.
[ Explain membrane potential
[] Connect membrane potential to processes such as ATP synthesis)

[] Define the term osmosis, and be able to predict and explain the flow of water into or
hypotonic, hypertonic, and isotonic environments.
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TOPIC 2.8, part 1

Osmosis and Its
consequences



Osmosis is the diffusion of water.

Movement of water from higher

to lower concentration.
Before After

Time > |

2 1

Membrane
lets water
diffuse,
not the
solute

. 1
Selectively Permeable Membrane Selectively Pem?eable Membrane
@ Solute molecules = Water @ Solute molecules == Water



Water flows down its concentration gradient from hypotonic to

hypertonic.
Osmotic Gradient

O, e Hypotonic:
N o Relatively more water
o Relatively less solute

e Hypertonic
o Relatively less water
o Relatively more solute

Hypertonic  \JEMORIZE: Water
diffuses from hypotonic
to hypertonic

Hypoto




Water flows from hypotonic to hypertonic: U-tube example

Membrane (permeable
to water, not solute)
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A student places a gummy bear in a bowl of water overnight. The next day, the
gummy bear has expanded. Explain.

e GumMmy bear Is
mostly sugar.

e Water in bowl Is
100% water.

e Water flows from
the hypotonic
solution in the bowl
to the hypertonic
gummy bear.
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e LEFT: Cell is hypotonic to environment. Water leaves the cell, the
membrane peels away from wall: AKA: plasmolysis. Vacuole shrinks. Plant

wilts.
e CENTER: Cell is isotonic to environment. Water enters and leaves the cell

at the same rate.
e RIGHT: Clell is hypertonic to environment. Water flows into the cells.

Turgor pressure — vacuole to expand.




Explain

Elodea in its normal freshwater Elodea placed in saltwater

e The salt makes the cells hypotonic to their environment. Water leaves
the cell, the membrane peels away from wall: AKA: plasmolysis.
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images below. .
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e LEFT: Cell is hypotonic to environment. Water |leaves the cell, cell shrinks.

e MIDDLE: Cell is isotonic to environment. Water enters and leaves the cell
at the same rate.

e RIGHT: Cell is hypertonic to environment. Water flows into the cells. Cell
bursts



Explain the function of the contractile vacuole in freshwater protists such as

Parameria

Food vacuole _
il Conkractile vacuole

Micronuc | eus

Macronucleus

i_vkostome

Paramecium

Cytoplasm |

e Protists in freshwater
are hypertonic to
their freshwater
environment.

e AsS a result, water
moves into these
cells by osmosis.



Explain the function of the contractile vacuole in freshwater protists such as
Paramecia.

Contractile vacuole

Food vacuole
Y - Contractile vacuole

Micronucleus

Cytostome

Paramecium

Cytoplasm



Explain the function of the contractile vacuole in freshwater protists such as
Paramecia.

To osmoregulate, the
contractile vacuole
fills with water and
then contracts to
expel water from the
cell.


http://drive.google.com/file/d/1i5h1kGUUsGhhx8TbOcHwJZjyoxV8Ljd9/view

Explain the function of the contractile vacuole in freshwater protists such as

Paramecia.
A
@ OSMOREGULATION
= iQ Paramecia
0
%
o
=
o
&'
f Molarity of solution
(100%
water)

If the environment
becomes more
hypertonic, the cell
can adapt by
decreasing its rate of
contractile vacuole
contraction

It can do the reverse
In more hypotonic
environments.



Stomata are used for osmoregulation in plants. Describe

thpir ctriintiiroa

-"oo TEET

e B e Pores on the

T underside of
leaves

e Each stoma
(singular) is
formed by two
guard cells.

Stomata



Describe the structure of leaf stomata.

Stomata

With sufficient water,
guard cells buckle
outward

This creates a pore
(stoma) that allows CO,
to enter the leaf for
photosynthesis
PROBLEM: this also
allows water vapor to
escape.

Stomata close in
response to
environmental cues,
Including water stress



Fxnlain how aiiard cells are regula’rpd in order to onen and close stomata.

Opening el
A B O
H'«
Stomata S > H*
. . et
e \When water is available, ===y

adjacent cells
pump potassium
ions into the guard cells. :
e Water follows by osmosis, causing the guard cells to buckle and
open.
e \When water Is scarce, this pumping stops. Potassium ions flow out

Nnf the adiiard cealle and watar fallowe ecaricina the ctomAata tn clnce



Understanding stomata is key to understanding the transpiration

lab
TRANSPIRATION

Water vapor lost
from leaf pores
" In franspiration

The small openings on the
underside of leaves are

called stomata ’
y Water fravels up

T through plant

Water absorbed
by roofs
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TOPIC 2.8, part 2

Water Potential



What is water potential (W)? ¢ w:Ameasurement of

water’'s tendency to

'\S"gf“ move from where it is to
= & it’
I | £ = c = — whe.re it's not
K e Adding solute
, o Y decreases water
- potential

e Pressure increases
water potential.

sz H,

Membrane (permeable
to water, not solute)

CC/ml
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water potential.



Explain the formula for water potential.

e Y : water potential
e Y. solute potential.
o Adding solute to water

LIJ — LIJ -4 LIJ decreases its water

S P potential.
e Yp: pressure potential.

o Adding pressure (like
pressing on the plunger

of a syringe) increases
water potential

Water Solute Pressure
potential potential potential



Using water potential, explain the diagram below.




USlng the Concer\l' nf \wwinatar nAatantial avnlain wihat’'e hannaninAa in tha

diagram below

Cell | ¢ D
e Cell
Wp=0 Mp:\ = Yp=+1.0Mpa
WYs=-1.0 MPa —— Pure Ws=-1.0MPa | \s —— Pure
¥ =-1.0 MPa — water Y = 0.0 MPa i Wwater
/ ¥ =0.0 MPa k\\ // Y=0.0MPa
e There’s no pressure (Wp = 0 Mpa) e Water flows from the beaker (W =0
e There’s lots of solute in cytoplasm, MPa) to the cell (W = -1 Mpa)
creating a negative solute potential e This increases the pressure in the
(Ws = -1 Mpa) cell until it reaches equilibrium with

e Y=W . +W,=01+0=-1. the beaker ((Wp = 1 Mpa)
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All of these labs use dialysis tubing.

Selectively permeable

e Permeable to water, ions,
and monosaccharides

e Impermeable to sucrose
(a disaccharide) and
larger molecules




Lab # 1. Sucrose solution in dialysis bags

e The cup/beaker has distilled water
The bags have sucrose solution.

e The bags sit in the water for 30 minutes. PREDICT what will happen. JUSTIFY
your prediction.



You're going to calculate % change

percent _ fma] T.Inltla| « 100
0.0M(100% H20 change initial|

20 g
70 ¢

= 0.28 X100 = 28%




Dialysis Bags with Sucrose in Water for 30 Minutes

20

% change

0.25

0.50

Molarity of sucrose




Lab # 2: Potato cores in solutions of varying molarity

1.0M
sucrose

CHES

>

0.66M 0.33M 0.0M
sucrose sucrose su

O (EEY CHS

e PREDICT: what will happen to the mass of the potato cores over time?



You're going to calculate % change (which can be
negative)

>  percent final - initial 100

> change |initiall
sat%dse

\Jé
50g-70g _ -20g

-0.28 X 100 = -28%

70 g 70 g



Potato Cores in sucrose solutions of varying molarity

40.0

20.0

0.0

% change

-20.0

-40.0

0.00

0.25

0.50

Molarity of sucrose

0.75

1.00



Diffusion




lodine
Solution

Initial Final
Color of White Black/Purple
Solution 1n
the bag
Color of Darker Lighter Red/
Solution 1n Red Clear
the cup
Fructose No Yes
Present in the
Cup?
Jodine No Yes

Present in the
bag




lodine
Solution

* lodine: @

» Fructose: { )

- Starch:

<X >°O
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Topic 6.4, Part 2: Translation/Protein Synthesis

1. Introduction

In previous tutorials in Unit 6, we learned about transcription and the genetic code. In this tutorial, we'll look at the cellular mechanisms
invehed in translation. During translation, which is also known as protein synthesis, ribesomes (10) “read”™ an mRMA message (6 and 11)
With the assistance of tRNAs (8), the ribosome translates the mRMA message into a polypeptide (9): a sequence of amino acids that makes

Interactive tutorials with readings, pedstraces
videos, flashcards, and quizzes )

teach students everything they
need to know about every topic Iin
AP Biology

1. Prateins are polymers of amine acids. As shown below, each amino acid consists of a central carbon atom, The central carbon is bonded to an H
amine group (—MH;) on one side, a carboxylic acid group (—CO0H) on the other side, and a side chain (alse known as an "R-group”). The side chains
vary in their composition and chermistry and can be polar/mydrophilic, non-polarfmedrophobec, acidic, or basic. H H
|
2. There are 20 amino acids. You can think of them as an alphabet. In the same way that English uses the 26 letters of the alphabet to create N
hundreds of thousands of words, cells use various combinations of amino acids to create hundreds of thousands of proteins. As a result, proteins H
-

mra Fhs mmck dlvarcs marrnomalarals



Multiple

choice

Unit & Multiple Choice Quiz 2
B M o4 7 L] 20 questions, 7 responses, 3 correct, 4 incorrect, 17 togow o

In the diagram below, step E directly results in the production of

DMNA

lstepE
LstepF

| abeis

messenger RNA
pre-messenger RNA

#a pulyp-iptide chain.
complementary DNA (cDNA).

Mo. Polypeptide chains are sequences of amino acids, and that has to do with proteins.,
Here, your answer is going to be some type of RNA
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Protein Synthesis Interactive Diagrams]

Q #1/3; Correctly labeled O out of 7 items v © (

Move each item to its correct §plac¢§
« amino acid « anticodon « mRNA « large ribosomal subunit « small ribosomal subunit

« polypeptide «

(=

N6) O
|

EC=PL=A

site

u)

s?te " site

=YL

THY
Az A

Click-

land-drag

diagrams




|dentify

the part

Protein Targeting

) 1 () 13 questions, 1 response, 1 correct, O incorrect, 12to go'w

In the diagram below, the signal polypeptide is shown at letter

( Bioninja.org

Terrific! “B" shows the signal polypeptide.

Next question
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Response

oeog 3 [} O questons, £ responses, 2 corredt, U incorrect, 8 o gow

Scientists are studying the effectiveness of a drug, Evernimicin, on inhibiting ribosome
function in the bacteria Escherichia coli. To do this, they measured the synthesis of
luciferase, a genetically engineered protein introduced into E. coli to make them
luminescent (glow). In their experiment, scientists tested different concentrations of
Evernimicin at both 37* Celsius (white boxes) and 25° Calsius (black boxes),

1.2
X

0.8 -
0.6 R
041 &

n]

l.'l.: . § E

Relative Luminescence

r = . 0
0 5 10 15 20
Evernimicin Concentration(pM)

PART 1: ldentify the control group in this experiment and describe the difference in
ribosome function in the control group in terms of relative luminescence at 37° and 25°
Celsius.

PART 2: Explain the relationship between ribosome function and luciferase production in
E. cofi.

PART 3: A scientist proposes that Evernimicin’s effect is mostly on the cell membrane of E.

coli. Identify one part of the plasma membrane that could be affected by an elevated dose
of Evernimicin in E. cofi




Positive
Feedback
for Correct
Responses

Quiz: Transcription

(3 4 (" 30 questions, 4 responses, 4 correct, 0 incorrect, 26 to g0V gf)

« 4 <«

In a gene, the strand which gets transcribed into RNA is called the

templiate strand
transcription unit
promoter

Yes. The DNA strand that gets transcribed into RNA is called the template
strand.

Next question




Hints and
repetition

for Incorrect
responses

Unit & Multiple Choice Qul

S o4 7 r’_‘ 20 questions, T responses, 3 correct, 4 incarrect, 17 o gow o }

In the diagram below, step E directly results in the production of

istepE

|stepF

| abels

messenger RNA,
pre-messenger RMNA.

“a pulypﬂ:tlde chain.

Mo, Polypeptide chains are sequences of amino acids, and that has to do with proteins.

Here, your answer is going to be some type of RMA,




Student
Learning
Guides tell

students

exactly what to
do

MNarme:

Period: Data:

Topics 7.6 - 7.8, Evidence for Evolution: Student Learning Guide (AP Bio v2.0)

Gatting started:

. Gﬂtﬂlﬂﬂlﬂ.ﬁlﬂmmm MAFEIG\QU.M Unr!? Nmmﬁdactmu‘&mlmmn

»  Start with

*  Ifyou're submrﬂm ﬂ'us mmryta;mun plea.setypem a.-ms in biue, md or anynlhuaolwfuur

instructor suggests.
= As you go, click on this O to change it to @

Topics 7.6 = 7.8, Part 1: What Constitutes Evidence

for Evolution? Historical Observations

[ 1 -4. Read the introduction, section 2 (*A Theory is much
mare than a hypathesis™), and complete the “Theary vs.
Hypothesis” flashcards and quiz.

[J 5. Read “To prove evolution true. "

CHECKING UNDERSTAMDIMNG: In your own words, explain

how the scientific meaning of the word theory is different from

the word hypothesis,

SUMMARIZE: In the space below, describe the claims that
evolution makes.

[J 8. Read “The Evolution of SARS-CoV-2 Variants.
[ 7. Read, “Evolution of antibictic-resistant bacteria,..”
[ & Camplate the fasheards: SARS-Col-2 Variants and

b. Explain how bacteria hawe evohed antiblotic resistance,

A B C M
! ! I
A AT AT R R
L | - a ] * J.-J o
r'\ *;x‘ \

Adapied From the Conters for I'.rmaul.nun-l.udlh-wm-q i)

[] 9. Read about *The Evalution of Pasticide Resistance in
Mosquitoas”

[ 10. Read the “Evalution of new phanotypes .. in the
Soapberry bug”

[0 1. Read “More Examples of Historlcally Observed
Evolution.” Follow at least one link to leam mone $0 you
can summarize that example below.

[ 12 - 13. Complete the “Historical Examples of Evalution
Flashcards and Quiz.

CHECKING UNDERSTAMDING
TASK 1: Explaln Pesticide resistance in Mosquitoes

e -




Everything you need to crush it

on the AP Bio exam

AP BIO Exam Preparation System

Collece Binlooy
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1. AP Biology FRO Review: more than 135 interactive free-response questions.

2. AP Biology Review Flashcards: more than 400 flashcards.

3. AP Biology Multiple Choice Review: more than 450 interactive M.C. Questions.

4. AP Bio Review Cumulative Click-on Challenges: the most fun way to master AP Bio diagrams.
Get to the top of the leaderboard!

s. AP Bio Speed Review Video. A great way to start ramping up toward AP Bio success. You'll
review the entire course in 55 minutes.
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