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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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What are your ?s

Enzyme structure & function
Enzymes & their environment
Enzyme regulation

ATP and Cell Energy
Cellular Respiration: Big
Picture (NADH, etc.)

6. Glycolysis

7. Link reaction and Krebs

8. Electron Transport Chain
9.
1

O~ wbh =

Thermogenesis
0.Anaerobic
respiration/fermentation
11.Photosynthesis overview

12.Light Reactions

13.The Calvin Cycle

14.Cell Signaling Overview

15.G-Protein Receptor Systems

16.Homeostasis

17.Feedback Loops

18.Blood Glucose Regulation &
Diabetes

19.Positive Feedback

20.Cell Cycle/Mitosis

21.Cell Cycle Regulation

22.Cancer and Apoptosis



LEARN-BIOLOGY.com

The AP Biology Study Platform That Guarantees Success

Topic 3.1: Enzyme
Structure and
Function



Describe the key properties of enzymes.

Energy

3 Enzyme
J

o
>No ¢
enzyme

o
5

B

\/

Progress of reaction

Proteins
(sometimes
RNAS) that
catalyze
reactions in cells.
Lower activation
energy

Increase the rate
of reactions



Fnzvmes interact with shecific siithstrateg
Active site

@
=) —)
Substrate .

Products

Their active site complements the shape and charge of their substrate (the substance
that an enzyme acts upon).
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Enzyme substrate specificity is like a key and a lock
(complementarity)




Enzyme specificity looks like this
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Induced-fit model of enzyme action

il
¢

1. Active site before binding with substrate (2)
3. Active site with altered shape (induced fit)
4. Product
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Topic 3.2: Enzymes
and their Environment



Enzymes have a narrow set of conditions where they can function at or
near their optimum.,

Active site
3

e @1

» © °
- Substrate
o0~

e Enzymes are proteins
» e Their secondary, tertiary, and
guaternary level structures
Involve, hydrogen bonds, ionic
bonds, and hydrophobic
clustering.

e Changing pH, temperature, or
lon concentration interferes with
these bonds, changing the
shape of the active site, keeping
the enzyme from binding with its
Substrate.

Products




What is denaturation?

Denatured
1Substrate enzyme

ctive site

Environmental change that changes
the enzyme’s shape in a way that
lowers (or completely negates)
enzyme function.



How is enzyme activity a~~*~~ brr nbhnmmnn i dhn wll ~f ln ~nsddvninnn ~ it

e
"

Substrate
1

ctive site

Rate of Enzyme Activity
0, produced/minute

-?E"--l Optimum—>

e Most enzymes have a pH optimum where they operate at peak
efficiency.

e As the pH moves above or below the optimum, the enzyme
denatures, and enzyme performance drops.



Describe how enzyme activity is affected by ch~nrne in tha tnmnaratirn af tha

anzvma'e anvirnnmant

A

4

Enzyme activity
Optimum—

temperature

1Substrate

1

ctive site / aﬁw
\ e OGe

Up to a certain point, enzyme activity
increases with temperature: more kinetic
energy increases molecular motion and
increases the chance that the enzyme
will bind with its substrate.

At a certain temperature (beyond 2 in the
graph), the enzyme denatures, reducing
the enzyme’s catalytic abilities.



What's the difference between reversibln ~rnd irvaviareihla danatiivatinng

1Substrate
o 'y
£
T 2 1 ctive site
2 E
s :
w e 1
5 £ o
s | | |
e e Reversible denaturation: restoration of

5 7 o optimal conditions restores the enzyme’s
function as it regains its optimal shape.

e Irreversible denaturation: enzyme’s
shape is permanently changed, and its
catalytic ability is destroyed.



Example: irreversible denaturation of a egg white protein (albumin)
A

o

18ubstrate

Enzyme activity
Optimum—

temperature




Reaction rate

Explain how enzyme activity is affected by substrate concentration.

Credit: Ben Himme via Pathway Z

Low [S]

Medium [S)

Maximum rate

Enzyme

Substrate

Substrate concentration [S)

High [S]

e Low substrate concentrations:
o Probability of the enzyme
meeting the substrate is low
o Product will be produced at a
low rate.
e Medium substrate concentration
o Collision and the reaction rate
Increase.
e High Substrate Concentration
o Saturation point
o All active sites are interacting
with substrates.
o Rate peaks (and curve flattens)



You can easily experiment with these variables

Credit: Ben Himme via Pathway Z

N Low [S] Medium [S) High [S]
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Change the Change the Change the

pH temperature substrate
concentration



Competitive Inhibition

e
@ C—@ @

Enzyme Substrate Enzyme-substrate Enzyme Product

complex
0 e A competitive inhibitor blocks
‘ % O\ 0 the enzyme’s active site
Enzyme Inhibitor Enzyme-inhibitor e This keeps the substrate

complex (inactive) ¢ pinding, inhibiting the

rate of the reaction.



Competitive Inhibition Application
Treating methanol poisoning  @H+O —*@ — &P+’

Enzyme Substrate Enzyme-substrate Enzyme Product

Wlth ethaﬂOl bIOCkS aﬂ complex
enzyme that creates ) @
formaldehyde o S,
H N H
I? | Inhibits |
H (l.‘, C|3 OH H (|3 OH
H H H

Ethanol Methanol



Noncompetitive Inhibition

Active site
/ Substrate

7"

Allosteric
binding site

Active site

/ Inhibitor

Enzyme-substrate
complex

@,

+' T

Allosteric
binding site

Inhibitor

Altered
active site

Allosteric
binding site

-G — @

Enzyme Product

e Noncompetitive inhibitor binds
away from the active site at an
allosteric site.

e Binding at the allosteric site has a
ripple effect throughout the protein

e Change in the shape of the active
site diminishes or blocks enzyme
activity.



Noncompetitive Inhibition Example
Cyanide Inhibits Cytochrome c

PRIV ORCCOICZOIDOOR ] N EEE -

mbrane . . . .
POOOOOOORVOOCOVOROOVOVBO. . v rvrrrreprrrrrrw e e d ‘ B |OC kS

— aerobic

| respiration
e Prevents ATP

POOOOROONO (I XX 1111 .

o formation
PEOBOSCSDOQ FOCHe

NADH NAD® Succinate Fumarate )
I e s [2H +1/20,+ —oH,o]xz

Electron Transport Chain
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Topic 3.3: Enzyme
Regulation



Many enzymes are parts of metabolic pathways

S %’ e,

:> .
Glucose  Glucose-6 Fructose- 1 % 0 — ) >X

Phosphate Bisphosphate /'\

G3P nAD* NADH DP Pyruvate

Each arrow Is a different enzyme.




Metabolic pathways
’3-Q-1-9-1-0
e

e A: 1st reactant/substrate
e 1, 2 and 3 are enzymes
e B and C: intermediates
e D: final product



Metabolic pathways can be controlled by feedback
f
/ e F: allosteric
e*--"'cd “_3 b site on
enzyme 1
3-¢1-0-1-B
© o

e: Initial active
site

e’: altered
active site

Adaptive rule: When the concentration of “d” is
sufficient, then shut down the pathway that makes “d.”



Feedback can inhibit

Allosteric Inhibition

1
=y
\

'E

. enzyme
. active site

. Allosteric site

. Allosteric inhibitor

: Substrate

. modified active site (no
longer binds the substrate)

O oO1Ths, WDN B




Feedback inhibition looks like noncompetitive inhibition

Allosteric Inhibition Noncompetitive Inhibition
1 O atered
Active site - ere
2_‘/ 3 / Inhibitor - \/ active site
N 9 <
| (Enome

4 Allosteric Inhibitor \Allosteric

binding site binding site

The difference is the context.

e Allosteric inhibition is a form of regulation

e Non-competitive inhibition is about an
enzyme’s molecular environment.



Feedback can activate

Allosteric Activation

e 1. enzyme

1 e 2': active site (can’t bind
2,_( substrate)
f e 7: Allosteric activator
l 7 e 5: Substrate
e 6: modified active site

(can bind with the
substrate)

) ]
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Topic 3.4: ATP and Cell
Energy






Carbohydrate/
‘@*’ biomas 4

Almost all _\l

Carbon
energy dioxide & ] oxygen
pathways start -
with

ohotosynthesis



Gibbs Free Energy O

©)
B o
©)

O

.

Reaction ©

notosynthesis Is an endergonic reaction

e Requires energy and decreases entropy.

A: reactants
B: products
C: energy difference
D: activation energy

e Examples

Photosynthesis
m 6CO, + 6H,0 + light energy —> CzH,,04 + 60,

o Dehydration synthesis reactions

Polymer

*’ \
._——--"""“'--_.—__‘
i1 Mnnmeﬂ&\u + @_ —x\ —-L)- Mﬂnomer Munumerz
—— —-:"' nu-—— o ""JJ\\_ —-—



Cellular respiration Is exergonic

A: energy of the reactants
B: energy of the products
C. energy difference

D: Activation energy
Examples

B o Combustion

o Cellular respiration
[ | C6H1206 + 602 — GCOZ + 6H20 + enel‘gy/ATP

Exergonic reactions © Most hydrolysis reactions
release energy and _ Poymer

increase entropy .\ /. = @rone) - @ened

Gibbs Free Energy

Reaction



A kev nrorecq in livinn thinng i anearnv Pnup|ing_

= Energy source

E Product
& Exergonic .
= reaction | EP de:: -
T~ reaction

2| Exhaust product

O Reactant

. Linking an exergonic reaction to an endergonic one
« The exergonic reaction provides the energy to drive the endergonic

roartinn fana/ard



Exergonic nuclear fusion powers photosynthesis

\,_Carbohydrate/

4("H) Energy source %@ biomass
Product Ny

Exergonic d ; Gionde  ax] _ oxygen

reaction | Endergonic ag i @

reaction
Exhaust product Vo
2He + 2(e+) + 2(v) Reactant

Nuclear fusion Photosynthesis



Exergonic cellular respiration powers ATP formation

CeH,,0f + 60, —  Energy source e "

o ATP (N eee

Exergonic '

reaction | Endergonic

reaction
6CO, + 6H,0  Exhaust product

o Reactant

Cellular respiration ® + ADPY Hyo®

ATP formation



Exergonic breakdown of ATP to ADP and P, powers

muscle contraction...
‘. Energy source
reaction Ender.gonic /
.. reaction
Exhaust product
o ADP o Reactant
Muscle

ATP . O-O-® Product
ATP — ADP + P, Contraction

Exergonic




... and active transport

‘. Energy source

ATP . T Product

Exergonic . & &
reaction Endergonic vembrane

‘. reaction At
Exhaust product 286
° + ADPee Reactant

ATP — ADP + P,

Active
Transport



...Dehydration synthesis

‘. Energy source — ﬂ"ﬂfr____‘
ATP (Qyeoe Product @enomer)
o

Exergonic :
reaction Ender.g ik T
. . reaction '
Exhaust product
® + ADPQN o0 Reactant +

ATP — ADP + P, S
Dehydration

Synthesis




...Cell division

‘. Energy source
ATP (ee® Product

Exergonic
reaction

.. reaction
Exhaust product
® + ADP e Reactant

ATP — ADP + P,

Endergonic

Cell division,
Growth



ATP is how living things get work done

(0

ATP . 02080

Energy (for
work)
@ + ADP PHP

Energy



Describe the structure and function of ATP.

caamne g e STRUCTURE:
(mtrogenou 2
base) - o 5-carbon sugar

o 0 ribose
O_p_o_p_o_p_o o the nitrogenous base

O‘ O' Rlbose adenine, and
w (Sugar)

Phosphate . o 3 phosphate

Groups groups.

e FUNCTION: ATP is
used to power work
ATP within cells.



Every cell makes its
own ATP, and
there's no sharing of
ATP between cells.



Describe the ATP/ADP cycle

o8

Energy (for
work)
@ + ADP PP

e TO STORE ENERGY: cells take energy from food (during cellular respiration) or
light (during photosynthesis) and use it to make ATP from ADP and P..

e TO RELEASE ENERGY FOR WORK: cells remove a phosphate group from
ATP, creating ADP and P;

Energy
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Cellular Respiration:
the Big Picture and
Glycolysis



Cellular respiratiorvis how living things make ATP

_——
'——

Electron

Glycolysis = ~ -
Link transport

Reaction, - __Chain_




Cellular respiration is a REDOX reaction:

Glucose (C4H{,Og ) Is oxidized to CO,, and oxygen Is
reduced to water

oxidation
| v
CcH,,0 + 60, —> 6CO, + 6H,0 + energy
| 1) (ATP)
reduction

e Oxidation: loss of electrons (and hydrogen atoms)
e Reduction: gain of electrons (and hydrogens)



Along the way, there are intermediate REDOX reactions that

reduce mobile electron carriers: NAD* and FAD
NADH

e NADT' is reduced REDUCTION OXIDATION
to NADH Electrons
from Electrons for
e FAD Isreduced  food Q Powering

to FADH,

FADH
REDUCTION OXIDATION

Electrons
from Electrons for

food powering

FAD the ETC



Cellular respiration: the whole sheb_@_g
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"-

e 2C0O, ~

|
KREBS |\ 3(NaoH)
ruv o||Acetyl-Con (
== 4 x E -

./
o, 21 o
P(\ ﬁ ﬁGJCEH
O H ~2C0,
ii I 3‘“ ik LI
= \ m M (Reeyicen mmf)
*
caz
. Glycolyms ~d0_ E%.._ __~- Electron
Link Krebs transport
_Reaction, Cycle . Chain

e Glucose and its byproducts are progressively oxidized as NAD* and
FAD are reduced to NADH and FADH,

e Inthe last phase, oxidation of NADH and FADH, powers ATP creation



H
i/ 0. 9H
OH 'c-C-G-H
o-¢
@%

Glucnn

GWconsis ~ - T’__x:: E%*_ _ - -*" Electron
Link Krebs transport

_Reaction, Cycle . Chain

Glycolysis: Energy in glucose generates ATP and NADH. End product: 3-
carbon pyruvate (AKA pyruvic acid)



ro--

Glucnn

Electron

' Link Krebs transgort
_Reaction, | Cycle . _Chain

Glycolys'

-—..—*-—-"

Link reaction: brings pyruvic acid into the mitochondria; converts it to
Acetyl CoA; generates NADH, releases one CO,



— — =

¢ o
OH C-C-C-H
{ g
@% -

Glucan

+
co

Glycolysm T~

Electron

.*
' Link | Krebs | transport
~Reaction Cycle __Chain _

Krebs cycle: oxidizes Acetyl CoA to produce 3 NADH, 1 ATP,
and 1 FADH, ; releases two CO,s.
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o
_____ * ’; m T q, N
P(\ ‘ ; H H
Q‘C gH Mo ~*2CO0,
o _H H-C-C~8-CoA
\ \ m H  [AcetyiConl KHEES
caz A
. Glycolyms ~d0_ E%.._ __~-] Electron
Link Krebs transgort
_Reaction, Cycle Chain

Electron transport chain (ETC): NADH and FADH, are oxidized to
create electron flow which powers phosphorylation of ADP to ATP



Where in elikarvotic cells do the stanes of cellillar resniration hannen?

Inner Outer Membrane
Membrane

Intermembrane
space

Mitochondrion

Glycolysis: cytoplasm



Where in elikarvotic cells do the stanes of cellillar resniration hannen?

Inner Outer Membrane
Membrane

Intermembrane
space

Mitochondrion

Link Reaction: as pyruvate crosses the mitochondrial membranes and enters the
mitochondrial matrix



Where in elikarvotic cells do the stanes of cellillar resniration hannen?

Inner Outer Membrane
Membrane

Intermembrane
space

Mitochondrion

Krebs cycle: mitochondrial matrix



Where in elikarvotic cells do the stanes of cellillar resniration hannen?

Inner Outer Membrane
Membrane

Intermembrane
space

Mitochondrion

ETC and oxidative phosphorylation: inner mitochondrial membrane and

.
|r\+t\vmnm|nv'nnn el aVleVWaVal



Topic 3.6, part 1.

GLYCOLYSIS

. (P NADJDH ZAD Pyruvate
f:i;"'é%f %3 Yy CoE

G3P NaD*  NADH  2ADP Pyruvate
INVESTMENT :> CI.EAVAGE:> ENERGY HARVEST >




Glycolysis: Energy in glucose generates ATP and NADH. End product: 3-
carbon pyruvate (AKA pyruvic acid)

H H
Glucose

Glycolysis ~ ~ 2 Electron
Link Krebs transport
_Reaction, _Cycle ~ Chain




Glycolysis involves three phases

NAD* NADH ZADP Pyruvate
A A
% ﬁgl = S

Glu:ase Glucose-6 Fructose- 1 > > > >I >K
Phosphate Bisphosphate
G3P pNAD* N ADH % Pyruvate
INVESTMENT > CLEAVAGE[I> ENERGY HARVEST >




INVESTMENT: Enzymes phosphorylate glucose. This costs 2

ATPs. . .
. NADJDH ZAD Pyruvate
Ry ﬂ ;= 23
e Guoet  rumsie ”f 2 L
G3P NAD*  NADH  2ADP % Pyruvate
INVESTMENT [\ CLEAVAGE[\ ENERGY HARVEST
Py )




CLEAVAGE: the intermediate compound fructose-1-6
bisphosphate is split into two G3Ps (glyceraldehyde-3-phosphate).

©P  NAD*  NADH ZADP Pyruvate

. A (D S
m. Y o4
“}f’ :>’” %@)’

Glucose Glucose-6 Fructose-1 '\:; | > > > >I >v

Phosphate Bisphosphate
G3P NAD* NADH ZA Pyruvate
INVESTMENT > CLEAVAGE:> ENERGY HARVEST >




HARVEST: In parallel (happens twice) G3P is oxidized as NAD* is
reduced to NADH. Enzymes phosphorylate two ADPs to create 2 ATPs

y ey, m— m—

3
AN
of

Glucose Glucose-6 Fructose-1-6
Phosphate Bisphosphate

G3P Aﬂnnn mt{i?’/%zi Pyruvate
INVESTMENT > CLEAVAG E> ENERGY HARVEST >




Gross and net yield of glycolysis Gross Yield of

o me Glycolysis

@P N, 4
SRS Saon | e e 4ATPs
K S u%ﬁﬁé‘ A ADHS
hz—fwl—>b;)—-g E>:>

Glucose  Glucose-6 mesuN%’ > p — > >:-\$ e Two

Phosphate Bisphosphate pyruvates

GEP Pyruvate
- NADH n Net yield of

INVESTMENT > cLEAvAGE:> ENERGY HARVEST > Glycolysis

o 2 ATPs

e 2 NADHSs

e Two
pyruvates



Gchons:s Rap

NADH ZADP

Pyruvate

P :>'3Z2‘ o0’
v U
Glucose Glucose-6 Fructose-1-6

Phosphate Bisphosphate

INVESTMENT >
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Topic 3.6: The Link
Reaction and the
Krebs Cycle



The link reaction links glycolysis and the Krebs cycle

-AG
) 26 or 28%
-AG

j-ﬂG

Electron
transport
Chain

Krebs
Reaction Cycle




Cytoplasm

. .
: &> 2 we | N€ liNk reaction

matrix
H
?fc-‘“?-‘::‘“ H-2-8~s-m
I]" d " CDES
1 Co,
he———— — 3

STEP 1: Pyruvic acid (from glycolysis, at A) is transported from the

cytoplasm across the outer and inner mitochondrial membranes (B)
into the mitochondrial matrix Fnzvme< remove a CO -



H
O, 1 | HO
_C-C-C-H | H-¢-é~s-m
[I]O - HCD )

STEP 2: Other enzymes oxidize the resulting two-carbon molecule
(an acetyl group), powering the reduction of NAD* to NADH (2).



H
O, 1 | HO
_C-C-C-H H-¢-é~s-m
[I]O - HCD )

STEP 3: Enzymes attach the two-carbon acetyl group to coenzyme A,
generating Acetyl-CoA (at "D"), the starting point for the Krebs cycle.



The Krebs cycle completes the oxidation of glucose byproducts,

powering production of 1 ATP, 1 FADH,, and 3 NADH

————— ’—?_ —

-
-

OH %c-C-G-
(o)
GTucose * %%
N
___Glycolysis tﬂi:t;g?t

Chain




H 1 OHH
The Krebs Cycle  pééescon  oc-¢-¢-cQ
H (Acenicon) O H N, H
START:
oo OH o @ Q
E 1) CC-¢C =1 2°
* Enzymes(atl) ¢~ "0 o
transfer the two-
(NADH) A .
carbon acetyl group ¥ 3§
from Acetyl-CoA to (4-carbons co,
oxalic acid, a four- 7
5-carbons)
- v 6 2
. . .
carbon citric acid. (FADH; >
7N
FAD 3#;
+P,



The Krebs Cycle  ,.d-8-s-coa _*cr¢-¢-3 co
MIDDLE H [Acenrcon) © H O
o. 9H o 2 G
e Enzymes (2-8) _C-C-G-Cy. =1 2°
oxidize citric acid O H (6-carbons)
and its byproducts. m > ]
e lts electrons are %8 3K
used to reduce NAD*
to NADH and FAD to e €0,
and FADH,. (4 l37 } ——
e Other enzymes -carbons —
power a substrate- 26 4 Q +¢;:4:::.2
level phosphorylation FADH., v, 5 _ (4-carbons)
of ADP and P; into FAD Z M
ATP. ADP m;



Substrate level
phosphorylation

Adenosine

Adenosine

Oxidative phosphorylation

1 Food energy(glucose)

ﬁ
2 NADH and FADH,

»

Free Energy




The Krebs Cycle

PRODUCTS

e Foreach acetyl-CoA
that enters the cycle,
one ATP, one
FADH,, and three
NADHs are
generated.

e 2 CO,s are released
as a waste product

e Oxaloacetate is the
starting and ending
compound

o,

—

0

(NADH)+—
pe

H il o PR H QO
H_é._c.-usw—m 'O’C'E'_q-q C\O-
H [ Acetyl-CoA cH
cetyl-Co ‘OCQU
OH 3 <
C-G-Cly, 1 2
H (6-carbons)

3 &
|
(4-carbons CO,

‘[ 7 5-carbons)
(4-carbons) 7

48 WAD)

FADHY S 5 C

FAD 7



Malic acid

o
g
s
=2
g

1
o
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Topic 3.6: The
Electron Transport
Chalin



Electron transport chain (ETC): oxidizes NADH and FADH, to create
electron flow which powers phosphorylation of ADP to ATP

Electron
transport

Llnk




| Explain how the mitochondrial electron transport chain
cytopl generates ATP.
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Vit 1

2OEEOEECX XL XCX XX
XA IR IRERAEN

e Electrons from NADH and FADH, (1 and 4) are oxidized by

nroteine within the electron tran<snort chain



| Explain how the mitochondrial electron transport chain
cytopl generates ATP.
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® The electron transport chain (2) is a series of membrane-embedded
proteins in the mitochondrial inner membrane.
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Explain how the mitochondrial electron transport chain
cytopl generates ATP.
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® Some ETC proteins are proton pumps (3) that pump protons from the
maitrix to the intermembrane space, creating an electrochemical gradient.
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Explain how the mitochondrial electron transport chain
cytopl generates ATP.
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e O, (95) acts as the final electron acceptor, “pulling” electrons down ETC,
increasing the proton gradient between the matrix and intermembrane space.



Intermembrane Protons trapped In
space the intermembrane

space create an

Trapped electrochemical
Protons gradient.




The trapped protons are potential energy, like water
trapped behind a dam

Transmisslon Lines




ATP synthase converts ADP and P; into ATP
&E@

el Sllinner,

N {\/ !‘./i'

by Donald ADP + P, >> ATPS
Nicholson '7 /\R\
e A channel

e An ATP-synthesizing enzyme
e The only way for protons to leave the intermembrane
space



| Explain how the mitochondrial electron transport chain
cytopl generates ATP.
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Facilitated diffusion through the ATP synthase channel (6) back to the
the maitrix powers formation of ATP from ADP and P..



ATP synthase
IS basic to life

Various
Bacterial
clades




Electron Transport Chain
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ADP + P; ATP
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http://drive.google.com/file/d/1ZJnFBHhzLgEIbVdotJdlulRM7qbmQEf7/view

Topic 3.6: Thermogeneisis: Cellular respiration can be used to generate
heat instead of ATP. Explain.

N

H#

¥ Intermembrane

TIYTYY

Respiratory Chain

‘A»»

A Citric Acid
"\ |(Krebs) Cycle

-

Mitochondrion

1. Newborn and hibernating mammals have brown fat cells, which are dense with
mitochondria



Cellular respiration can be used to generate heat instead of ATP. Explain.
\

Hf

¥ Intermembrane

Cltnc ACId
(Krebs) Cycle

Mitochondrion

Y,

2. When body heat is needed, hormones induce a proton channel called thermogenin
or UCP (for uncoupling channel) to form in the inner mitochondrial membrane.



Cellular respiration can be used to generate heat instead of ATP. Explain.
\

H#

¥ Intermembrane

A Citric Acid
" |(Krebs) Cycle

-

Mitochondrion

3. Protons diffuse back to the matrix from the intermembrane space through the UCP,
without passing through ATP synthase.



Cellular respiration can be used to generate heat instead of ATP. Explain.
)

H#

¥ Intermembrane

TV
A Cltnc Acid
'\ |(Krebs) Cycle

-

Mitochondrion

4. Electron flow along the ETC generates heat (but not ATP).
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Compare aerobic and anaerobic respiration.
Cytoplasm Ethanol or
anaerobic _ lactic acid
) <77 |__ fermentation
"o 234
oL =20 ol gy P wvata
o Y ¢ e
Glucose T

aerobic  *

30 to 32

1. Aerobic respiration:
a. Oxygen is required
b. Glycolysis + Link + Krebs + ETC
generate about 32 ATPs

c. Most ATP is created in the
mitochondria

2. Anaerobic respiration

a. Occurs when oxygen
IS lacking or
iInsufficient.

b. Glycolysis followed by
fermentation:
generates 2 ATPs.

c. Occurs inthe
cvtoplasm



What is fermentation, and why does it,occur?

_ 2%&2
. 5_:\1 Glycolysis 2.{;‘,6-5-3*
/O
2@ Bl\chm
OH
He N oY :
i 2000+ 2% o 2f, 2T C 2o e Fermentation:
1% N S < (Enenel) (pcotaidony :
Kon p c|Glycolysis D, glycolysis followed by
OH #—f/oln 2@/‘5@ _fc-c':-z::-n .
i on . reactions that
"‘F‘" 2#*{1‘_72 .
N [Clocats >2°~c.a-?;.., regenerate NAD*
W‘" ycolysis %
T /\ e WHY:
| @D 26w o Glycolysis requires
2 g NAD+
= B o 2 ATP are better

than none!



K i | Glycolysis 2 oo
)

Alcohol fermentation o 2W+FIA2%
I [Eveeis R

(ethanol 2w 2

Le_r_mentation)
- ' ] H H v ?
f . | ]
- 2 H-C-C-OH < 2 H-C-C-H

OH
fermentation
B 2C0,

Fleischmanns

I
LT C :

e Occurs in yeast
e Enzymesremove a CO, from pyruvate.
e Acetaldehyde is reduced to ethanol as NADH is oxidized to NAD*



Lactic acid fermentation A
2 ADP + P, 2%

O H

" \ni \-* O, »
;i‘&‘ ey L(k{_{, Glycolysis >2.ﬂ,¢-0rg-ﬂ
Pyruvate
/N B
2@  2(wor)
’ H

B Lactic acid

fermentation

e QOccurs Iin muscle tissue under anaerobic conditions.
e Pyruvate is reduced to lactic acid as NADH is oxidized to NAD*



How is ATP generation in mitochondria and

Both use an ETC to pump
protons to an enclosed space,
creating an H* gradient

o PSN: thylakoid space

o CR:intermembrane space
Both use chemiosmosis and ATP
synthase to generate ATP
Unit 7 Preview: The similarities
indicate that these processes
evolved in a common ancestor
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What happens during photosynthe 't%?bohydrate/
k. . biomass
e Powered by light

e Performed by photoautotrophs
(self-feeders using light) Sl
e Inputs: carbon dioxide and
water
e Outputs
o Carbohydrates
o Oxygen (waste product)

- oxygen



Photoautotrophs]

SF—‘4

.« YN Y T N

LSS Purple sulft
\\ bacteria

Cno bacteria «



What's the chemical equation for photosynthesis? Is it endergonic or
exergonic?

Equation: 6CO, + 6H,0 + light energy — C;H,O4 + 60,
It's endergonic.

e Two low-energy inputs (CO, and H,O) are
converted into a high-energy product
(glucose, C4H1,0¢).

e Reduces entropy:

o 12 reactant molecules — 7 product
molecules

o Highly diffuse, unorganized CO, is
organized into carbohydrates Reaction

Gibbs Free Energy




When did photosynthe

3.5 bya microfossls of
photosynthetic bacteria

e Based on fossil and chemical evidence,
about 3.5 bya (relatively close to the
emergence of life 3.8 bya)

e Early photosynthesizers included
cyanobacteria, which performed oxygen-
producing photosynthesis.




What are some consequences of photosynthesis?

Chesapeake Bay Waterbird Food Web

e Oxygen (O,) rich
atmosphere
e Protective ozone (O

e b

Ve S
Producers: Phytoplankion Submerged Aquatic Vegetation (SAY)  Vegetation

e Food webs:
Photoautotrophs are
ecological producers




All food can be traced to photosynthesis

(o StarKist gﬁ-

AL Solid Whits.,




Where, in plants, does nhatosvnthesis hanr)en’P

Carbohydrate/ B,
biomass - =
\ TS N

Carbon
dioxide

ysejdoiojyd

Chloroplast

Water

e Mostly in photosynthetic cells in leaves, in chloroplasts



What are the two phases of photosynthesis?

I: The Light Reactions

e Converts light energy into
chemical energy

o ATP

o NADPH (electron carrier)

Il. The Calvin Cycle

e Converts the chemical energy in NADPH and ATP into carbohydrate.
e “Fixes” carbon dioxide, converting it from a low energy gas into high
energy sugars.
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Four energy transformations occur
during photosynthesis

3. Short term
chemical energy 4. Long term CH,OH
: H 5O oH
o ATP chemical energy {:;<D d H>¢
HO “Cumm(’ H

e NADPH R

H OH



Light Is electromagnetic energy

Electromagnetic

Radiation Type Gamma ray X-ray  Ultraviolet Visible Infrared Microwave Radio
Wavelangth (m) 10712 10710 1078 0.5x10 % 107% 1072 10°
Frequency (Hz)

Visible
light

wavelength (nm) 400 nm 700 nm

e Made of photons
e Blue light: shorter waves (more energy)
e Red: longer waves (less energy)



Pigments absorb certain wavelengths of light
(and reflect others)

Light Reflected
Chloroplast — LW’

||/ e Green leatf:
| o Absorbs red and
light Transmitted blue light

lig o Reflects green

Y.*':Absorbed



Chlorophyll is the key light- caoturlng pigment In

photosynthesis.
Purphyrln

electron energy

e Light energy boosts electron energy (photoexcitation)
e Two forms: a and b that differ by one functional group.
e Hydrocarbon tail embeds chlorophyll in the P-L bilayer.



Explain the absorption spectrum of chlorophyll (and other

~ 100
: 2
pigments) 4™ Chiorophyll b
o [ |
] ‘.--.—‘" 71 ‘,"\
2 W 2 AN -
< PP o4 kY N
= 50 & 1Carcrterm|ds 7
= o g ¥ ﬂ g ! ’ i
=1 o 3 . 0
- )
o 1 B [ ] Fil |
- 1 ) I s |
Chlorophyll a!‘ -l ‘ Le 1
A e AN N
*-Mﬂﬂ..}_r“ S

400 Eﬂﬂ' EDD 700 TE'D‘
Wavelength (nanometers)

e Absorption spectrum: the amount of light absorbed at different light
wavelengths.
o Chlorophyll has two forms (a and b) that absorb most in blue and red, least
In green.
o Other pigments (e.g. carotenoids) absorb other wavelengths.



What is the action spectrum of nhotnsvnthesis?
100 5 T

e Action spectrum: Shows how various light
wavelengths drive photosynthesis

e Engelmann experiment:
o Grew algae under light from a prism
o Aerobic bacteria grew best in blue and
red part of the spectrum.



Chloroplast structure

1. Outer membrane
2. Inner membrane
3. DNA

4. Ribosomes

5. Thylakoids:

Membrane-bound sacs.

Contain the membrane-bound
photosystems and chlorophyll for
light reactions of photosynthesis.
Organized into stacks called
grana.

6.Stroma (the cytoplasm of the
chloroplast):

(@)

O

Contains DNA, ribosomes
Where Calvin cvele occurs.

1

3




What do the light reactions produce? Where do these reactions occur? What are the
inputs and outputs?

Light reactions: convert the
energy in light into the chemical
energy of NADPH and ATP.

e WHERE: Occurs in the thylakoids

Outputs:

o NADPH

o ATP

o O, (waste product),
Inputs:

o Light and water

o NADP*, ADP + P, (from the

Calvin Cycle)



actions: overview and key structures s @*
stroma + ' 'ﬁ*

\w = ()
‘ “mmmlmlmm !45

awoupou()

4 .
Thylakoid space 2

....... SOURRRRRRRUSRON, VR, 1 -
« “m:” chloroplast e Electron pathway (“I", “b,” “e,” “f.”)
« “n”and “o:” grana and thylakoid membrane e Proton pumps (°c’)
« Photosystems: proteins with embedded e ATP Synthase

chlorophyll molecules
o Convert light energy (“a” and “d”) into a
flow of electrons
o Split water molecules (Photosystem 2

only)



Photosystem 2 comes before Photosystem 1!

A

\Knu

It’s a fact to memorize, just get it done!



The light reactions begin by converting light energy
into IStroma, JAntennalcomplex;

AN
electron
flow Ay

Photosystem |2

(dissociation|of water.

hot shown) ‘a i,



Stroma AR tennalcomplex;
N\

oJPhotosystem 2

(dissociation|of \water.

not,shown) ‘ I



http://drive.google.com/file/d/16OGPwZ-s5iyRdMk563J58PlCkyyaal-A/view

How the light reactions create ATP

stroma

d

Photosystem 1

NADP*
FD Reductase

1 l Photosystemz
_ ( .."

lv '4‘ O

awonpou()

e Photoexcitation of chlorophyll in PS Il — flow of electrons (b) along an
electron transport chain in the thylakoid membrane

e ETC powers proton pumping from the stroma (1) to the thylakoid space (2)



maryjElectron|
Acceptor,

1

Photosystem;2 |{’
dissociationiofawater=" @ am _»‘ A
AT

notlshown)

Thylakoid|
Space

awoaﬁsouj
2 4

PC
Proton Pumping
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http://drive.google.com/file/d/1Lr8U5NXigmjEU62N19OJgDSvwF2wo0RL/view

proton

e Protons are trapped in the thylakoid space
e Protons “want” to diffuse back to the stroma
e \Water splitting (“k”) enhances the proton aradient



The trapped protons in the thylakoid space are potential
energy, like water trapped behind a dam

Transmisslon Lines




Proton diffusion through ATP synthase creates
ATP

®: @ ek
ATP synthase ,, o
e A proton channel
e An enzyme Stoma
e The only way for 268388830300
protons to diffuse
DOoCCHRGBOORY
back to the stroma . O thyioid

space



72N

ATP Synthase:
Animation
by
Donald
Nicholson


http://drive.google.com/file/d/1hY4ArV671XNhff2tgdlEaFB6qIxKI3gq/view
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Light Reactions 2:
How non-cyclic electron

ﬁ flow makes ATP g
() \,,.I
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Light Reactions, Part 2

(How Non-Cyclic Electron Flow Makes ATP)
A musical lecture
by
Glenn Wolkenfeld

www.sciencemusicvideos.com


http://drive.google.com/file/d/1MRvLcwGx5wWLYzpfzgCeyZdGtj0wzqj1/view

egtmg NADPH

stroma hotosystem 1
l Photosystem 2 FD R:‘:u‘::’; R
OO IR ,‘ ." OO

|

\&

-v v“

awonpou()

“ )

" Photoexcitation of chlorophylls in Photosystem | (which follows
Photosystem 1)

e “f.” Electron flow along the electron transport chain of PS |

11 )

g:” Electrons flow to the enzyme NADP* reductase, which reduces
NADP* into NADPH



NADPH
provides
reducing
power for
the Calvin
cycle



Primary
+ ,

Primary
acceptor

—

The Z-
scheme

Cytochrome <
Complex

ADb %\ﬁ

Electron energy

PS1
PS1I

e Light drives electron boosting from PS II; water gets split into O,, H*, and electrons.
e flow powers proton pumping — ATP Synthesis

°
e Light boosts electrons in PSI.
e 6 flow nowere NADPT rediiction to NADPH
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Complete the tutorials about the Light Reactions on
Learn-Biology.com
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The Calvin Cycle follows the light reactions
* (cop

I: The Light Reactions

e Converts light energy into
chemical energy
o ATP
o NADPH

Il. The Calvin Cycle

e Converts the chemical energy in NADPH and ATP into carbohydrate.
e “Fixes” carbon dioxide, converting it from a low energy gas into high energy
sugars.



What are the three nhases of the Calvin Cycle?

® oxygen 3

g it /_\At
s s e Carbon fixation
3n0r m ﬁ){ b o Energy

3*/{ yé* investment and

o o ([ ror
g%g‘f ggfgr narvest
R ° o

Regeneration of
N . (> 6INADPH _
s +i ;d [ ﬁw"' RUBP (starting

G3P; o~ T8 6:.:
;rga\‘ compound)




Carbon fixation phase¢o

oxygen 3 “ . . .
Esg;y’fggen e CO, Iis combined with
® phosphorus R U B P .

e 3y 2 'b e Reaction is catalyzed
3341 ‘ - kﬁ by the enzyme

,\ 1 i 6ADP RuBisCo.

). éi :?ﬁ’ck e Six-carbon product

Yo 6
N\ : . .
N5 01‘&6 Immediately
W +!§d! GNADP* dissociates into two 3
%9 o carbon molecules.
y 1°1d



Energy investment agd harvest phase

® oxygen

o hydrogen
® carbon

® phosphorus

J3c§£i o

N* VIS s e
g
. o X : 6ADP
C \ 3
N5 8 ey 6INADRH
o P or :
w7
y 1°1d

I 11

The three-carbon products
(b) of carbon fixation are
reduced and phosphorylated
Into glyceraldehyde-3-
phosphate (d): AKA G3P or
PGAL).

The energy comes from the
ATP and NADPH from the
light reactions.

One G3P is harvested (to
become glucose, other
molecules)



| act nhaca' rananaratinn nf P11IRD

® oxygen

o hydrogen
® carbon

® phosphorus

e The remaining five
G3Ps are rearranged
Into three 5-carbon
RuBPs

z 6ADP
o | 6 OCCUrsS
3 o ve C .
~ : e RUBP is one of the

substrates during
carbon fixation (the
other one is CQO,).




® oxygen
carbons

o hydrogen
® carbon

@ phosphorus
18 carbons

3A0p m :
N fo 1 6}!% ;
| ok

337 |

. = ﬁl | 6ADP
6

3 \e o 5:8 carbons

15 carbons 15 carbons
k. Sy ey (- 6N

3 carbons

Calvin
Cycle recap
with carbon

accounting
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Cells are constantly communicating with one another

e Direct, cell to cell
cell communication
e Communication via

Direct
Signaling ’
cell

signals (ligands)

o Hormones (long
distance)

o Local regulators

Via signalg
Signaling
cell

bloodstream

(short distance)



Direct contact communication in plants and animals

adapted from 1 2
openstax

\ . “é
Vacuole »—J Vacuole

Plants have plasmodesmata Animals have gap junctions
e Bridges involving the cell wall and e Built from protein channels (2)
membr_ane. | e Allow substances — including
e Allow signaling molecules, water signaling molecules (1) —to
and other substances to diffuse move from the cytoplasm of one

from cell to cell. cell to the next.




| iInanAdc ara cinnalinn Mmanlariilac

. Ligand e Many ligands are

: Receptor ’ hormones
q e Bind with
m receptors based
TARGET 2 on complementary
CELL 7)) shape

C e S e Binding — cellular
Before binding After binding response



A source: British Society B
o — ~, forimmunology —N

Explain qguorum
sensing in bacteria

e Bacteria change their behavior based on their
density.

a <ecan in hinfilm faormatinn in hartaria (A 2 B)

source: British Society for Inmunology Bacterial biofilms
Dental plaque produce acid, which
Healthy tooth (biofilm) dissolves tooth enamel
<« Enamel \

~

Pul
P Dentin

Inflamed
& gums

Infected
pulp

''''''
e d



Explain guorum sensing

Low Cell Density

High Cell Density

Adapted from OpenStax

e Bacteriarelease
signaling molecules
(2), that bind to
cytoplasmic
receptors (3 and 5)

e At a certain signal
density (a quorum),
genes (4) are
activated that lead to
biofilm formation (6).

TAKEAWAY: all cells
communicate (even
bacteria)



Cell signaling involveg 3 key phases.

=
)
g. - Relay
o = Molecules
ngand B Messenger
Q ’ _}._}‘_ﬁ._} Cellular
Response
Receptor L ]
I Cytoplasm III

1) Reception of a ligand
II) Signal transduction (often with signal amplification)
HD Cellular resnonse



\AWhat hannean<g diirinn the recpnfin% nhace nf rell Qinna"ng?

Extra-

cellular
fluid

- Relay
ngﬂl'ld g Mnssmgw Molecules

’ ___. - ‘ . . _,| cellular
Response

Cytoplasm

—

e Signal molecule (the ligand),
binds with a receptor molecule
embedded in the cell
membrane

This binding is based on
complementary shape.



Ligand-receptor binding is specific, and based on
comnlementary shape

Extra-

cellular L

fluid T '9e,,°,
Receptor D

Membrane

Cytoplasm

W3 ® Receptor



Relay
2nd Molecules

Ligand Messenger  mmmNumm—

ueiquiap

Cellular
Response

O -©-0-n
Receptow.

Cytoplasm

What happens
during the
transduction
and response
phases of cell
signaling?

e Receptor interacts with membrane proteins to produce a second

messenger

e Second messenger (and other relay molecules) brings the message to

o The cytoplasm (activating enzymes)
o The nucleus (activating genes)



2nd Molecules

Polar hormones !I
l— Relay

Messenger N

> IR R BT
aptor 1 )

Cytoplasm III

e Bind at the membrane
e Activate 2nd messengers



Steroid hormones

e Diffuse through lipid bilayer

\
I E e Bind with cytoplasmic
receptors
e Diffuse into nucleus

\ / e Activate genes

. Protein

~lh

Steroid ho

4




Polar hormones can also
activate genes

Example: Growth Hormone

o~ WP PP

~N O

. Gland

. Hormone

. Bloodstream

. Receptor

. Signal transduction

pathway

. Transcription factor
. DNA/Genes

@ sciencemusicvideos L.L.C
Created with BioRender.com
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Receptor

Cytoplasm

Complete the tutorials about Cellular communication
on Learn-Biology.com
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Context: The Fight or Flight Response

Nervous system + )
Hormones

AT TN

BRAIN t ');_’ / \ y EYES

ignals Adrenal Glands T | Pupils Dilate
GS 3 oy

S
LUN HEART
Fast Breathing > 7 Acceleration
uce s
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Epinephrine: a key hormone in the fight or flight response

e —

—————prain e Epinephrine:
(pcrenaline) AKA adrenaline
HOD)\/HK _ e Polar/water
o S\ 'l soluble
Adrenal | \| ® Released from
Gangs » I\ adrenal glands
Kidney \



Epinephrine’s effects are widespread, but tissue-specific.

Bronchiole
dilation

v

Conversion
of glycogen to
glucose

v

1 7w
. < P
Epinephrine
| HO \

Increased
heart rate

Pupil
dilation

N

igestion

Decreadsed
oes
.

Through the
blood,
epinephrine
goes
everywhere
Only tissues
with receptors
respond.
Response
differs based
on tissue-type




Epinephrine’s effect on the liver

_» ——Epinephrine

0o e Induces liver cells to
hydrolyze glycogen (a
polysaccharide) into

glucose
Glycogen e Glucose diffuses into
blood
Glucose Glucose o provides energy to
fight or flee

¥ Bloodstream



Glucose

.o —— Epinephrine

9

Glycogen

Glucose

Bloodstream

HOW does
epinephrine
iInduce the
glycogen-to-
glucose
conversion?



Extra-
cellular
fluid

Membrane Through a G'

PROTEIN semen PFOteiN coupled
s receptor
system...

Phosphorylation
Cascade

0
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Extra-

e

vembrane | - - - 1 NAt INAuces a
PROTEIN oenen | PHOSPhOrYlation
S cascade

Phosphorylation iy
Cascade
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G-protein coupled

- J
Liver cells !

“cells: “resting state”

e Receptor is unbound

e Nearby G-protein is
Extra' 1 t})
cellular off
fuic e Nearby Adenylyl
Membrane cyclase (a membrane
_______ | - -(PRonE|N)- . embedded enzyme) is
Cytoplasm GDF. “off”

e 2nd messenger is not
activated

“Off”




Reception induces a change in the receptor

Extra- Epinephrine

cellular .

fluid

Membrane =

"""""" PROTEIN

Cytoplasm GDP ﬂ
Induces ofodo (X7
change N4

GDP, structural formula

e Epinephrine binds
with G-protein
coupled receptor

e The receptor
changes shape on
Its cytoplasmic side

e The nearby G-
protein is still
dormant (bound to
GDP)



G-Protein coupled receptor: detailed structure

) sciencemusicvideos L.L.C

3

Representation I Representation II

1. Ligand-binding site 2a-2g: Alpha helices (7) 3. Extension into cytoplasm



Extra-
cellular
fluid

Membrane

Cytoplasm

Epinephrine

After epinephrine binds,
changes in the receptor
activate the G-Protein
The G-protein
e Interacts with
receptor
e Discharges GDP and
binds with GTP
e Becomes activated

JNH + P 1 P~ NH
«{ \
o\ N v\ ™,




Extra- Activated G-protein

cellular
fluid
e Drifts in the
Membrane
membrane
4444444 e Binds with
Cytoplasm

Adenylyl cyclase
e Adenylyl cyclase
converts ATP —

cyclic AMP
Lugnd? ,...,,.;... ,_‘"1_":‘_'..., — e Cyclic AMP is the
A ©-0-8-. 2nd messenger

Cytoplasm



Cyclic AMP
(CAMP)

Adenylyl cyclase




Extra-
cellular
fluid

REVIEW

O -ojo-u ]

Cellular
Response
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Extra-

“wa Iransduction and
vembane @M plification

PROTEIN
. Cytoplasm
&0 Cyclic |V é\g
ATP @ 599 AMP o & messenger)
(PK1~ \ activates a chain of

PKZ/?'\‘ relay molecules

pK37“\ , e These are kinases

e Activation involves
a phosphorylation
cascade

Phosphorylation
Cascade

Cellular
QA -©-o-u- .




5 .. Cyclic)_ (2nd Transduction and
ATP @ = —B0® AMP [ Messenger) . .
amplification

e Kinases are activated
by phosphorylation
(gaining a phosphate)

e Activated kinases
phosphorylate the next
kinase in the chain —
phosphorylation
cascade

asuodsay
de|nj|a



Extracellular Epinephrine

space Georoteinll Transduction
Coupled<
Membrane Receptor and
1 Adenyly amplification
Cytoplasm Cyclase

Cyclic AMPS. / wl \

Protein Kinases{, /1\ 5 '\ b,
e W A e N\\.\
(G20

Glycogen ph\c/)sphorylase
(terminal enzyme)

e Each step involves multiple activations
e Result: SIGNAL AMPLIFICATION

a ODOOnNne antnanhrinea aectin/atace Millinne nf an-vvmMmaoac



Response: Molecular view

o0 .. ~ Cyclic | (2nd
ATP @ = B8 AMP f Messenger)
PK1 "\4°
Psz i (GP)
Glycogen
hosphorylase
PKB/;N 3/ p Ectlvatyed

Inactivated

asuodsay
de|nj|so

Activation of
terminal
enzyme

(glycogen
phosphorylase)



Response (2)

% Epinephrine

e Glycogen
phosphorylase
converts glycogen
Into glucose

Glycogen

Glucose

¥ Bloodstream



| ¢
Cyclic | " Q
ATP & — 509 AMP ‘}

Extra-
cellular
fluid

Membrane

Cytoplasm

N [mases
2nd uﬂ"m
us-nds e _ (pxz’?\
0:!"—-.-—0+I-hm. v, ale J(PKY
cpoptun sz/?\ L
Phosphorylation T K3/

Cascade




Turninn tha rasponse off (1)

Extra-
cellular
fluid

Membrane

Cytoplasm

Extra-
cellular
fluid ®
Membrane
G.
PROTEIN
DP

Phosphate
group

e End of threat — end of epinephrine secretion
e Epinephrine diffuses away from receptor.

G protein converts GTP to
GDP and deactivates.
Adenylyl cyclase
deactivates

Conversion of ATP to cAMP
ceases

RESULT: no more 2nd



Turning the response off (2)
Protein

Phosphatases e Protein

phosphatases
deactivate
Kinases

e Cytoplasmic
signal
transmission
ends

e Glycogen
hydrolysis ends




Phosphorylation

e Cancer
e Metabolic disorders
o Type | diabetes
o Type Il diabetes
o Graves disease
(hyperthyroidism)
e Cholera




@Cellular Communication

RESPONSE
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TOPIC 4.5, part 1.
HOMEOSTASIS
(Conformers and Regulators)



What is homeostasis?

T g ¥
- Fﬁ'-" -1:!. ":..r--'*“’"_ T
== \. P o Ho.r_neostag.s. the
y,..:""r ability of a living
%’ ) system to maintain
its internal

conditions at a
relatively constant,
optimal level.




A few homeostatic variables

Body temperature

Blood glucose level

Blood pH

Blood pressure

Blood calcium level

Oxygen and carbon dioxide levels
Water and electrolyte balance




Regulators and Conformers

e Mammals and birds are
body temperature
regulators

e Regulators are
endotherms (warm-
blooded)

e Reptiles, amphibians, fish,
most invertebrates, plants,
fungi, protists, bacteria,
archaea are body
temperature conformers

e Conformers are
ectotherms (cold-blooded)

Title

Body Temperature °C

10 20 30 40
Ambient Temperature °C



for osmolarity
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Crabs and eels are conformers for oxygen levels




Other environmental variables for conformers

e DH
e |on concentration
e Nitrogenous waste levels

ACID The pH Scale ALKALINE

| - ) Jcean | |
Hydrochloric Gmal Urir Ammonia
Acid i Lye
Bleach

Lead-acid
«— SUPERACIDS SUPERBASES —
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Topic 4.5, part 2:
FEEDBACK



What are feedback mechanisms, and how do they connect to

homeostasis? e FEEDBACK: when the
output of a system is also an
Input.

e Negative feedback: Allows
organisms to maintain
homeostasis as they
respond to internal and
external changes (negative
feedback)

Feedback e Positive feedback: can

accelerate internal changes
and drive a process forward




Set point
. 3 @ Output
. E “ HF Set point is (;?} — heat)
o3 M= _______f'_ﬁ‘B'E'—‘ above room  je—yp-
. g m 66°F temperature ttt
33 m/ Furnace =2\
£T Temperature Feedback) I

e Above: the set point for the thermostat is 68°F
e Negative feedback:
o Output feeds back to the system in a way that decreases the system’s
output.
o Promotes homeostasis, returning a system to its set point.



Set point

5
= ) eBF Set point is
qu O W= | |.----- P | above room
cENEx66 F temperature
L= @7 -5
U

i -

)

— Furna

e Biological examples

o Body temperature in humans: 37°C
o Blood glucose: 70 to 100 mg/dL
o Blood CO, partial pressure: 35—-45 mmHg



Sensor

Homeostasis Is often controlled by paired antagonistic negative

fomAbmnttamms Feedback) - e One negative

_ Fu rnace ttt feedback system
x>t point responds when
g —

3 1; P /' ﬁégtjt conditions are
S m"f" /0°F: R above the set
S Temperature signa — anditioner point.
SSS\ % e A second system
LS responds when
Feedback j———
0ut#put conditions are
(coolth) below the set

point.
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TOPIC 4.5, part 3:

Thermoregulation



Body Temperature °C

Thermoregulation
IS mostly carried
out by
endotherms

10 20 30
Ambient Temperature °C

40



Endotherms

Partial

Complete

Leatherback
sea turtle

=4

Mammals Birds




Dinosaurs: probably endothermic!




Insulation: Fur and fat

Epidermis
Dermis

Blubber

Connective
tissue

Muscle

uswhales.org




Evaporative Cooling

e i s & & s 53
[— i —
1
Sweat glands (1) release

Sweat (3) onto the
Skin (2)
Evaporation lowers
temperature




Surface area evolutionary modifications

-
a

B 8 8 & & 8

o

Surface Area: Volume

0.1 5 10

Wlth COld Length ofsme[cm]

stress, A
selection Wlth healt stress
' evoilve
agalnst : appendages like
small size: With cold stress, huge ears:
lots of surface evolve large size: Increase surface arsa for
area: volume relatively little surface area: radiation

volume



Vasodilation releases heat; vasoconstriction reduces heat loss

1. Dilated capillaries 4. Constricted capillaries
2. More heat released 5. Less heat released
3. Skin



Countercurrent exchange minimizes heat loss

American Avocet b

] Rivclits R Adapted from
ames Auaoobon = All About Birds,
\- Cornell University
1 2
37°C
P
b/ / -27°C
22°C
X J-16°C
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TOPIC 4.5, part 4: Blood
Glucose Regulation



N Insulin and glucagon maintain blood

glucose homeostasis

pal}gégs fat ;ells '
T \ l e Blood glucose set point : about 90

Above set \. Glucose m g/ dL
point @rbed -
AT e Above set point
I_H pgﬂ"r — o Pancreas releases insulin
pE— v o Liver, fat (and muscle) cells absorb
pCaSE Below set
released point glucose
T | e Below set point

Pa}m?as o Pancreas releases glucagon
Y \ &

" o Liver converts glycogen to glucose



Which . Nood Glucose
| . ncentration

hormone Is =
? 120 4 .
glucggop. g ®] Insulin
Wthh 1S = |/ Hormone 1
insulin? T
; Ifwwlucagon

60 0 60 120 180 240
Minutes



The underlying

anatomy

e Cells in the pancreas
control blood glucose
e Beta cells secrete
insulin (| blood glucose)
e Alpha cells secrete
glucagon (1 blood
glucose)

‘- ‘ . ‘-.' .’.v "’ O) % A
i 2050 e Delta cell
‘v, | LN, )«—red blood cell
? : exocrine cell

Beta Alpha

Langerhans  cell  cell



I‘kS e NEGATIVE FEEDBACK

Pancreas SYSTEM
/ e High blood glucose levels —
Winsulin pancreas releases insulin.
glucose O ' e Insulin binds at receptors in
Co © .
oo liver cells
O 00 . 1
alucos Blood \ - e Signaling cascade —
Membrane receptor glucose transport channel to
transporter Liver cell p
4 open
»«.\;.“_\ cytoplasm
e Glucose
O Q ‘ o Diffuses into liver cells
~— f\
glycogen A o Gets converted to

glycogen and fat for
storage.



Insulin Action: Checking Understanding

a
d OOO

Co ©

C o

O

LA
%{% $29° ﬁbﬁ/y

source: Wikipedia ("i"has 3 carbons)



Glucagon Action

G-protein coupled
receptor system

A: Glucagon

B: Receptor

C:. G-protein (inactive)
D: G-protein (activated)
E: Adenylyl cyclase

F. 2nd Messenger

Inactive Protein — Active Protein g
Kinase A Kinase A

............ K ';ase/h“'“ase (CAMP)
Phosphorylas b——»Phosphorylasea A G: Phosphorylation
Ty cascade
.f "\ i/’ ‘o' .
Bt & e VS H: Terminal enzyme
S e o e OFQ*K'_}O ’ I-J: Glycogen — Glucose

K: Glucose secretion

Inactive Phosphorylase —> Active Phosphorylase



Metformin N N
<A

I~
P Muscle 8
! |

e | Glycogen breakdown  ® T Glucose absorption

e | Glucose production e 1 Glycogen synthesis
e 1 Fatty acid oxidation




Qgﬁ%” Control of Insulin Action in the Pancreas

CH2OH
H T VDCC * TGlucose -
llu> \:l:” lII/C<()11 K ° T ATP -
;'._:';n AT(’;:sh:r:nel ¢ CIOSing a K+
(Glucose) channel —
e Depolarization
®|c= o

e Opening a
Ca*t* Channel

. @ e 7Ca —
C  Metabolism - AATP:ADP A [ca?, Pagi:e:tic ° VeS|cI_es
@ O = releasing

From Wang and Thurmond, Journal of Cell Science, 2009 122: 893-903

insulin



Hnderstanding Type 2 Diabeles (Baperes oo
e Insulin (1) binds

A with insulin
receptor

e Signal cascade

e Glucose
channel opens

e Glucose
absorbed into
cells

e Blood glucose

falls.

A signaling
cascade

) 12




Type 2
| Diabetes (2)

Normal
Insulin
Response

Cells become
Insulin resistant.
Insulin binding
DOES NOT lead to
signaling cascade
Glucose channel
remains closed
Blood glucose
stays high

High blood glucose
damages organs
and tissues



Compare and contrast Type 1 and Type 2 Diabetes

Healthy Type | Diabetes Type |l Diabetes Ij/pe 1 (IAL<A
. ~ insuli Insulin uveniie
®= Insulin o = No insulin :
S Glucose secretion resistance _
_ —————— F——— Autoimmune
o o ol |o ) isorder
o © ©» » o) o L is © o > 0 : o ¥ o e disorde
d o o o 2 © © ©o0 o @ o o 4 e Pancreas
doesn’t

produce insulin

LS ':: X Type 2 (AKA Adult
a— “""fl

''''' Glucose Desensitized-X¢ " Onset)
transporter insulin _

(GLUT4 receptor o | nSU| 18
resistance
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TOPIC 4.5, part 5:
Positive Feedback



Positive feedbhg

Positive feedback

< amplifies system activity
Outputs

Drives a biological
process (such as
childbirth) to a
conclusion, after
which the system
shuts down.



Positive feedback works during childbirth

e Growth of baby
activates uterine
A — stretch receptors —
(‘6 from brain ) e Oxytocin release from
| pituitary gland —
| \L \\ e Uterine contraction —
[ ' } \‘ | e Stretch receptors—

/ e More oxytocin release
( Stretch ) ( Uterme )
receptor actlvatlon \ contractlon

Growth of baby Contractions
within uterus cause childbirth




H H
Pncitive feaadhack in frint rinnninq_ \ o /
Ethylene ' /C_C Ethylene

produced in Ethylene gas detected \

one fruit by nearby fruit H H

e Fruit ripening — release of

ethylene gas (a hormone)
e Ethylene receptors in nearby
Nt el Bagica fruit bind with the ethylene,
toripenand iInducing ripening and
release ethylene i

ethylene production.
e Increased concentration of

Ethy st ethylene accelerates the
production _ . . .
increases ripening process in all fruit —

a Mora ethviene

More fruit
ripens




®= Insulin © = Glucose < Noinsulin Insulin
e e m O re eeeee ton = resis tance
ﬁ ——
o 0] ‘ (o) Q o < = Q O © o o ‘ (] ' [0 9 .
P 4 > f Q® o o @& -

support? T T T

transporter insulin

Complete the tutorials about Feedback and
Homeostasis on Learn-Biology.com
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TOPIC 4.6: The Cell
Cycle



On a big picture level, what does mitosis do? List three

of its key functions in living things. For this question,
‘mitosis” is synonymous with “eukaryotic cell d/V/S/on

ce @2l

Parent Cell

e In multicellular organisms, mitosis is

e Mitosis duplicates the
how an organism grows and repairs

chromosomes of a

eukaryotic cell, transmitting itself.
that cell's entire genome to @ In unicellular eukaryotes, mitosis is how

te darniahter calle reproduction occurs.



Describe what happens during the cell cycle?
®

Interphase

e G, (growth phase
1): the cell
increases in size.
‘J e S: (synthesis): DNA
replication/chromosome duplication
e G, (growth phase 2): growth of
structures for cell division

e Interphase (I) M: Phase

e Mitosis (Mphase: M) o \itosis: separation of chromosomes

e Cytokinesis: Division of the cell



X,
y
L\
&* /

Interphase Prophase Metaphase

Interphase: cell grows and replicates its
DNA

Prophase: chromosomes (3) condense,
the nuclear membrane (2) disintegrates,
and a spindle apparatus begins to grow
from each centrosome (1).

e During metaphase, the
spindle fibers pull each
chromosome to the cell
equator. Each
chromosome is doubled,
consisting of two sister
chromatids.



Describe the nhases of mitosis (2 of 2)

Anaphase Telophase Cytokinesis

e Anaphase: sister chromatids are pulled
apart (3), and dragged to opposite ends
of the cell. Non-kinetochore microtubules
cause the cell to elongate.

e Telophase: a new nuclear membrane (2)
forms around each set of chromosomes.
The chromosomes spread out, and a
nucleolus (4) appears in each nucleus.

e Cytokinesis: cell splits
apart into two daughter
cells.



Explain the importance of the G, phase of the cell
cycle.

/ @ WhSpecialization
o

e

M>Te A

\, e "-""\(nerve cell)
/ \ 7| \ Go e Not all cells go through the entire cell
[ \ no active division
| | o cycle.
\ / 5' e Specialized cells (muscle cells and

<,
oo nerve cells, for example) leave the
4 cell cycle and enters into G,,.
INTERPHAS®

— e Cells in Gy no longer divide.
Certain stimuli, however, can induce
a cell in G, to reenter the cell cycle.
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TOPIC 4.7: Regulation of
the Cell Cycle



Describe the role that checkpoints play in regulating the

cell cycée. e Cell cycle checkpoints:

' moments when the cell
"checks" its internal conditions
and "decides" whether to
progress to the next phase of
the cell cycle.

e |[f certain molecules are in the right concentration:
cell continues through the cell cycle.

e If not: cell moves into G, or might initiate apoptosis
(programmed cell death).

e The primary checkpoints occur during G,, G,, and
M. (“1,” “2,” and “3”).




\AMhat ic annntncic?

e Apoptosis is programmed cell death.
It's highly regulated (unlike cell death which results from traumatic
Injury)

e Cells are broken down into cytoplasmic fragments called blebs (at "b"
and "c")

e Blebs are consumed by cells of the immune system, preventing
cellular debris and enzymes from damaging nearby cells.



What are cyclins and cyclin-dependent kinases?

Concentration

E=n — g

G, Phase S Phase G, Phase Mitosis

Cyclins and cyclin-dependent
Kinases are important internal
regulators of the cell cycle

e Cyclins: molecules whose

concentration rises and falls
throitiaohoi it the cell evele

Kinases: molecules that activate
other molecules, often by
phosphorylating them.
Cyclin-dependent kinases, or
CDKs, are kinases that respond to
rising and falling cyclin levels.



Explain how interactions between cyclins and cyclin-

VAR W W NP NN

el Y VS Aa-ml-»-ol the Ce” CyC|e

e When cyclin levels

> 9 are high, cyclin binds
) +  with CDK to form a
f,,gﬁ’eiiii‘ checkpom . complex called MPF
‘: . G? M} (maturation
treskdomn @\ &4’ é— promoting factor).
e MPF allows the cell to pass through the G,
checkpoint and divide.
e CDKs are present at a constant . .
e During M phase, cyclin is broken down,
level throughout the cell cycle. ) .
_ allowing the process to repeat in each
e By contrast, the level of cyclins

daughter cell.
(of which there are several) J

rises and falls.



What’s the connection between cell division and cancer?
What are the two types of genetic mutations that are

AAarnnAntAad A AAanAArD)

time , & Mutations in
A B C E F proto-oncogenes
S increase cell division by creating
too many growth factors.

e Mutations in tumor suppressor genes

S DR SR E

lp Cancer Cells

In Normal Cells

L )
L

\
W\ O
\‘\é-f—'i '|_rII_TI N x\l:?\:'“l‘:---.
. LI =
e Cancer is caused by WL
... \——4
unregulated cell division.
Tumor Growth factors Mutated tumor Growth factors
SUppressors act at SUpPressors promote
control appropriate can't prevent unneeded

cell division times cell division cell division



Describe how a mutation in the RAS proto-oncogene can

inA It h
N ||r\al-lg::n(|?/ag1wtt~h::sgrr‘;|nrnuc rall tn harnme cancerous (1)

e This causes
RAS to bind
with GTP — signaling cascade —

)”Oo w T transcription factor that results in a
Ui cal growth factor that promotes cell

( >
- -
B o

s - : : . . .
J : : ®
o 0000000080000 00000000000000000 0000000000800 0000000> 2000000000000 00000 soew ¢

o

Bl

e RAS s a G protein.

e As a proto-oncogene (above), RAS only becomes
active when an outside growth-factor ligand binds
with RAS's coupled receptor.



Describe how a mutation in the RAS proto-oncogene can
induce a noncancerous cell to become cancerous (2).

;‘l’. ‘* ....... S888240 .constiiu.ﬁve|ya.‘.:ﬁve ............................ a:
,m;‘s-proteln im
2 S o i _
P . - e Because RAS Is

always active, the

growth factor is overproduced,

resulting in too much cell division.

P00 000000l e0IIcetItttticattttcettceteitcitesdiitesteetsttesesssesssssess

o >
R e R T T R R T

e When RAS mutates into an oncogene (Image
I), it becomes constitutively active.

e Mutant RAS binds GTP even in the
absence of a growth signal



Describe how a mutation in a tumor suppressor gene such as
the p53 gene can contribute to the development of cancer. (1)

signaling cascade Cell cycle G,

[ ’J\ " ] arrest %‘ies

Sl e

—> I S s I
MG — or  DNA Repair
DNA damage
det ectiong transcription factor \ # ., Self-destruct
and transcription 3. (apoptosis)
»'¢ signal

e P53 is atumor suppressor gene.
e When cells experience DNA damage,
a signaling cascade activates p53.

If the DNA can be
repaired, p53 halts the cell
cycle while DNA repair
enzymes fix the damage

If the damage is too
great, p53 will signal the
cell to initiate apoptosis.



Describe how a mutation in in a tumor suppressor gene such as
the n53 aene can contribute to the develooment of cancer. (2)

signaling cascade
A
PAN

|' N | Cell cycle
continues
Gy . .

T.: 1 | e That will increase the
RSN (GG - - - - - - - X"@ N
DNAdatpage mutated Weir S Chance Of the Ce” aCQUII’Ing

detection p53

further mutations that can
lead it to become
cancerous.
e If mutations lead p53 to become non-

functional then the cell will continue

to divide, even with damaged DNA.
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