10/6/13

Topics Membrane transport
MTransport v '.'.TI'MT N y Oq
.ACtive o || y Carvier protee T T agi el

Dhyyer

P profoen

mBulk Transport Lo AL 2000000007 | A
. Ty £
HCellular Respiration p $o090>4
| SRR L_uw|

HRedox reactions o I \ ATP . | v e

o Fackanee aftson
() Savgeo ¥usor !

H e Active T
HGlycolysis S i et
Passive Transpont
WS CONCAND MO O adewrT)
Lyvghme
Facilitated Diffusion Review Membrane transport
Passive transport Active transport
» Passive form of carrier-mediated transport r & \
* Moves molecules down their concentration gradient only J’o’)og 59
Q@ 9 . %o 9
» Aids the transport of small, polar or charged substances 999 :0 ;
« Does not use energy (ROREE (EeRREE I[ \;‘: e \ '
i | \
+ Can become saturated _".\ g,
 Carrier proteins are regulated by cellular and body processes S N
+ Carriers are often highly specific in what molecules they ® %—"/
transport Diftusion Facilitated ditfusion




p
. o (o] o
Active Transport e o o o
o) (o] o °
(Uses energy, can move molecules C
against a concentration gradient) ° o
L o

Is directional: Moves a substance in or out of the cell against
its concentration gradient

2 basic types, both requiring energy and a carrier:
Primary active transport: involves the direct hydrolysis of ATP
Secondary active transport: indirectly uses ATP to create an ionic or
electrical concentration gradient to aid transport

Gradients

Potential Energy

Molecules want to move
from an area of high
concentration to one of
lower concentration

The concentration gradient for glucose creates potential
energy in the cell and is a chemical gradient

Primary active transport: Na* / K* pump

The Sodium/Potassium pump is active carrier-mediated transport
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Primary active transport: Na* / K* pump
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The Na* / K* pump

The Sodium/Potassium pump creates opposing
chemical gradients of Na* and K*
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The Na+/K pump creates an electrochemical gradient for Na* ions

There is a separation of charge along cell membranes
Creates a membrane potential
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At physiological pH “most” proteins
are negatively charged.

Proton Pump

* Generates voltage across cell membrane
* Usually powered by ATP (important later)

“Secondary” Active Transport

Indirectly uses energy to transport a molecule against its
concentration gradient. Often referred to as Cotransport
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Facilitated Diffusion vs. “Secondary”Active Transport B
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Bulk Transport- Endocytosis

PINOCYTOSIS

ICEFTORAMEDM THD ENDOCTTONS
v a *

Prrm—

4

Cowns
‘ g -t
oo PN ’
| » ¥ N 2
2 Vesiclo R >
3 A Comes MW
f L g = J
- »
EXTRACELLULAR CYTOPLASM
U0 e Pesudoposium
n: ~ (\,_ PP~
(s ' - o
b “Food" o ,o(
other partice
o Food -
» voacuole Food vacucle

AN amoets eaguiting a bacterium via
phagocytoas (TEM)

 Vesicle budding and fusion can occur on any membrane

* Receptor proteins guide the process in most cases

Signal
Transduction
Pathways

Anrre Parmree

Step 1: the signal

Receptor-mediated endocytosis: responsible for cholesterol uptake
LDL/HDL is “low/high density lipoprotein”, particles that carries cholesterol and fat

LDL PARTICLE

Protein’

Cholesterol

Plasma membrane
CYTOPLASM

Harmful levels of cholesterol can
accumulate in the blood if
membranes lack HDL receptors

Signal Transduction Pathways
Step 1: the signal

Signal
molecule\
Ligand: signal that binds receptor Q
Receptor \
Induces conformational change \
Exposes active site on intracellular end e
R+L = RL
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Signal Transduction Pathways

Step 2: transduction Step 3: response

Signal Transduction Pathways

Growth tactor
Receptor

Recepton

Growth Factors stimulate
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Energy and human life
‘ - Chemical waste
& « Carbon dioxide
= - Water
Chemical energy
- Carbohydrates ;
-Fats ATP » Heat
- Others s ncy”
Heat

Ilsm -

Enzymes catalyze metabolic reactions and maintain homeostasis

How do cells create this balance?
= regulation of enzyme expression levels
= regulation of enzyme activity
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Review- Exergonic vs Endergonic

Endergonic reaction

Exergonic reaction

What do cells use for energy?
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LATP }(Adenosine triphosphate)

Chemical Energy in Biology

Adenine /" A\\
Phosphate l
groups =
- Hydrolysis N o
EHEAD Albose —_— P+ PP + Energy

Adenosine triphosphate

Adenosine diphosphate
(ADP)

ATP
ATP
Energy from Energy for
exergonic endergonic
reactions —~ reactions
ADP +(P)

Chemical Energy in Biology

ATP hydrolysis
ATP + H20 = ADP + Pi + free energy

AG = the change in free energy of products — reactants
=-7.3 kcal/mol .
PN LN
ATP | [
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Adenosine Triphosphate
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Free energy is released because: -

1) Free energy of P-O bond is much higher than O-H bond

2) Phosphate groups are negatively charged and repel each other
Takes a lot of energy to get these groups in close proximity
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Chemical Energy in Biology

Endergonic reaction: AG is positive, reaction
is not spontaneous

4 (NI — =43,
/[Glu), 2 3 Glu AG = +3.4 kcal/mol
Glutamic Ammonia Glutamine

acid

Exergonic reaction: AG is negative, reaction
is spontaneous

™
>3 ;;:} + H0 —>» ADP + (P AG = ~7.3 keal/mol
AR o

Coupled reactions: Overall AG is negative;

together, reactions are spontaneous AG = -3.9 keal/mol

@
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Reactants: Giwtamic acid  Product (glutamine)
ond ammonia made

(<) Chemical work: ATP phosphorylates key reactants

Chemical Energy in Biology

Mitochondria,
sites of cellular respiration
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Another mechanism for energy transfer: transfer of electrons
Oxidation and Reduction

Oxidation is the process of losing an electron
(often a whole H atom)

Reduction is the process of gaining an electron
(often a whole H atom)

LEO the lion says GERRRR!

Lose electrons = oxidation
Gain electrons = reduction

Oxidation / Reduction
Always “coupled”

Na + Gl > Nat + CAl_

becomes reduced

Reactants Products
[— becomes oxidized ﬁ
CH, + 20, ——» CO, + Energy + 2H,0
H ;— becomes reduced -—’
u—.‘—— 0=—=+—0 O3+ —C—=+0 H—FO0+—H
H
Methane Oxygen Carbon dioxide Water
(reducing (oxidizing
agent) agent)

Redox Reactions

*Redox is short for Reduction/Oxidation
*Oxidizing/Reducing agents
Can also think in terms of gain or loss of H+

(H=H+ + e-)

(Glucose is oxidized)

|— Loss of hydrogen atoms —l

CgH 0, + 60, —————>» 6CO, + 6H,0 + Energy
Glucose (ATP)

Gain of hydrogen atoms
(Oxygen is reduced)
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Electron carriers

NAD is a coenzyme that holds electrons

! i Reduction Reduced W w o
NAD* C—NH; + Ht 4 260 —— NADH 2_““‘
Oxidation {Electron carrier)

T T’

NAD can easily pick up and release electrons (a carrier).
Is reduced to form NADH, a molecule containing much chemical energy

Coenzymes

NAD FAD Coenzyme B12

Many coenzymes are members of the water-soluble B vitamin family

Cellular Metabolism

Structural,

= == = =
1 t |
v v v

Cellular Respiration
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Cellular Respiration

Chemical energy is released and partially captured in the form of ATP.

Carbohydrates, fats, and proteins can all be used as fuel
glucose is most commonly used

|— Loss of hydrogen atoms—l

CH,06 + 60, > 6 CO, + 6H,0 +energy (ATP)
glucose

Gain of hydrogen atoms

Photosynthesis

6 CO, + 6 H,0 (+ light energy) & CgH,,05 + 60,

Glycolysis =

Energy Investment Phase e
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Glycolysis -

Energy Payoff Phase

anoe ||

Pyruvate Kinase
S2ATP -

Cc-0

CH,
Pyruvate

Glycolysis
Energy Investment Phase

Energy investment phase

Glucose
. W,
2 ADP + 2§ 52 AT used
Energy payolf phase v s
4ADP + 4P ) 54 ATR. formed
I v AR
L B
ZNAD" + 4o + 4 " > |2 NADH |+ 2 H*
> 2 Pyruvate + 2H,0
Net
Glucose - » 2 Pyruvate + 2H,0
4 ATP formed - 2 ATP used = 2ATP

2ZNAD" 4 4 ¢ 4 4H" > 2NADH « 2H"
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