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1. Enzymes etc. (Ch 2)

2. Water, Solutes, Osmosis (Ch 3)
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Housekeeping, 25 January 2008

Upcoming Readings

today: Ch 3
LAB Wed 30 Jan: Bisbal & Specker, plus two optional papers

(see website for links to papers, or get via email)
Mon 28 Jan: Ch 3&10
Wed 30 Jan: Ch 10&11

Lab discussion leaders: 30 Jan Lab discussion leaders: 06 Feb
1pm — Josh, Seth 1pm — Rittner, Whitney
3pm — Aaron, Adam 3pm — Roxanne, Maria



Enzymes, Kinetics, Pathways...
(Hill et al. Ch 2, con't)
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Figure 2.14 The approach to saturation depends on enzyme—
substrate affinity
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Figure 2.12 Reaction velocity as a function of substrate
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(a) Ligand-gated channel Membrane
Extracellular fluid Signaling

Cell membrane
Cytoplasm K*
Yt P Hill et 352004
ANIMAL PHYSIOL 1 A e
(b) G protein—coupled receptor and associated G protein system
Extracellular fluid
Activated
‘/ Ligand active site

G protein— G protein

coupled ireas, Cyclic
receptor R AMP
KEY
< Activating o g
Sfaracton Membrane Signaling
Cytoplasm

Hill et al 2004

ANTMAL e




Membrane Signaling

Membrane Signaling

(c) Enzyme/enzyme-linked receptor
Extracellular fluid

Ligand
i’

Q

Activated
active site

GMP

Cytoplasm
Hill et al 2004

ANWMAL PHYSIOLOGY, Figure 2.23 (Part 3} © 2004 Snausr Associstes. Inc.

(d) Intracellular receptor
Extracellular fluid

Ligam:l* -~
\

hY

Cytoplasm

Nuclear envelope

|

Intracellular

Nucleus

Hill et al 2004

ANWMAL PHYSIOLOGY, Figure 2.23 (Part 4] © 2004 Snausr Associates. Inc.



2nd Me

Extracellular fluid

(1] Adenylate

cyclase

® Guanylate
Y cyelase

SSengers
(3]

Cyelic Cyelic
AMP GMP Cytoplasmic (5]
_ guanylate
GTP cyclase P
Activation of Activation of & 7]
cAMP- cGMP- Ca®t
dependent dependent
protein kinases protein kinases
¢ Catmodulin
Phosphorylation  Phosphorylation Calt Calt =
of proteins of proteins Endoplasmic or
Ca® IFygated sarcoplasmic
1 CyclicAMP oo L
y Ca?*~calmodulin Lhk.:
complex

2 CyclicGMP
3NO

Cytoplasm

|

Activation of calmodulin-

dependent protein kinases or
4 DAG other enzymes
5 1P Hill et al 2004
3 ANIMAL PHYSIOLOGY, Figure 2.26 © 2004 Sinauer Associstes, Inc.
6 Calcium "
Extracellular fluid Inactive adenylate Active
Eoiteshi cyclase adenylate  Activated
bt cyclase\ active site

Receptor ~—cor
G protein
1 1 Inactive cAMP-
Amplification B i
kinase
Active cAMP-dependent

protein kinase

Inactive glycogen

phosphorylase kinase ~ Active glycogen
phosphorylase

kinase

'-pof TR

Cytoplasm Inactive glycogen Active glycogen 2o
phosphorylase phosphorylase .- 1.
KEY
*. Amplification step; multiple
% product molecules generated Glycogen @ ‘.
* per initiating molecule o @
GlUCOS il et a1 2004

ANIMAL PHYSIOLOGY, Figure 2.25 © 2004 Sinausr Associstes, inc.



Vertebrate Physioloqy 437

Membrane .|

Chapter 3
Movement of Solutes and Water

What are the different ways to get
substances across membranes?



Movement Across Membranes

1. Passive Diffusion (= simple diffusion)
2. Passive Transport (= facilitated diffusion)

3 . ACthe T rans po rt Passive diffusion Passive lr;nsport
| Iransaosﬁ?own
electrochemical

gradient

—_—
v Carrier-

7 mediated

/ passive

transport

- -—

Transport (pore or carrier)

e
may be highly selective /‘JEM\

{*
Primary active o
trangport against Secondary active
alectrochemical transport against
gradient electrochemical
gradient, driven by
ion movement down
1 racien
ts gradient 17
Active transport

4-17 Randall et al. 2002

How does a channel act selectively?



lon Channels

- lon selectivity

- Leaky channels (e.g., K+)

- Voltage-gated channels (e.g., Na+, K+, Ca+)

- Ligand-gated channels etc.

Lipid
bilayer

&

Integral
protein

4-29 Randall et al. 2002

Movement Across Membranes

-charge
-ease of dehydration
-size

1. Passive Diffusion (= simple diffusion)

- nonpolar/nonelectrolyte

- lipid soluble (steroid hormones)
- few H bonds

- ~smaller size

-rate depends on
[ ] gradient

-No saturation

Passive diffusion Passive transport
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Diffusion

Fick Equation:

C-G

J = net rate of diffusion

D = diffusion coefficient (depends on permeability and Temp)
C,-C, = [gradient]

X = distance separating C1 from C2

21

TABLE 3.1 The time required for diffusion through water to halve a concentration
difference Values are calculated for small solutes such as O, or Na*. For each distance between
solutions, the time listed is the time that will be required for diffusion to transport half the solute
molecules that must move to reach concentration equilibrium. It is assumed that no electrical
effects exist, and thus only diffusion based on concentration effects is occurring.

Time required to halve A biological dimension

a concentration Distance between that exemplifies the

difference by diffusion solutions distance specified

100 nanoseconds 10 nanometers Thickness of a cell membrane

100 milliseconds 10 micrometers Radius of a small mammalian cell

17 minutes 1 millimeter Half-thickness of a frog sartorius muscle
1.1 hours 2 millimeters Half-thickness of a human eye lens

4.6 days 2 centimeters Thickness of the human heart muscle
32 years 1 meter Length of a long human nerve cell

Source: After Weiss 1996,

Hill et al 2004

ANTMAL PHYSIOLOGY, Tabile 3.1 © Snauar Associates, Inc
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Movement Across Membranes

1. Passive Diffusion (= simple diffusion)

2. Passive Transport (= facilitated diffusion)

Down
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- pores show
some saturation,
but not as much as carriers
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1. Passive Diffusion (= simple diffusion)

2. Passive Transport (= facilitated diffusion)

3. Active Transport (1°, 2°)
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Fernandina

Martin Wikelski, Princeton
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Galapagos Marine Iguana (lguanidae)
El Nino - lack of food

Starvation high cost of salt excretion

Animals may lose 15% body length
-bone absorption

Only adult vertebrate known to regularly shrink
(astronauts?)

Largest animals die
- natural selection vs.
- sexual selection

(Most efficient

salt glands
known in reptiles)

Amblyrhynchus cristatus

28
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Hill et al 2004
ANIMAL PHYSIOLOGY. Figure 3.14 © 2004 Sinauer Associates. Inc
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ANMAL PHYSIOLOGY. Box 3.1, Figure A (Part 2} © 2004 Sinauer Associstes. Inc
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Membrane Selectivity (Channels)

Charge, ease of dehydration, size

Diffusion
Passive diffusion Passive transport
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Movement Across Membranes (a) Passive diffusion through membrane

Rate of influx

Facitated diffusion (b) Passive transport through channels

Rate of glucose uptake
Rate of influx

Passive diffusion (c) Carrier-mediated transport (passive or active)

External glucose concentration (mM) x
K, £
4-23 Randall et al. 2002 :g All carrier
pr e
. . occupie
How is this related to the early p—

test for diabetes?? concentration
32
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Movement Across Membranes

Extracellular fluid

Q
« ) !
Cytosol
Q
Uniporter Symporter Antiporter
Facilitated transport
4-22 Randall et al. 2002 Coupted transport
33
Movement Across Membranes
Organic
4-26 Randall et al. 2002 substrate

How would you
describe this
movement across
membrane?

Cotransport with Na* renders
substrate transport against its
concentration gradient
energetically favorable.

34
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3 Na* o ‘3 4-24 Randall et al. 2002
Extracellular fluid O 2K+
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35

Na+/K+ ATPase Pump

Movement Across Membranes

How does glucose cross membranes?

Most tissues:
-Passive transport down [ ] gradient via carrier proteins

In gut:
-2° active to move Glu against [ ] gradient into blood
from “food”

36
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(c) Na'-glucose cotransporter in apical membrane
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ANWMAL PHYSIOLOGY, Figure 3.12 (Part 3} © 2004 Snausr Associstes. Inc.

Leinhard et al. 1992

n outwardly projecting part of
the insulin receptor binds in-
sulin (1), causing the recep-
tor's inwardly projecting part to
transfer a phosphoryl group from
adenosine triphosphate (ATP) to one
of more target proteins, creating

INSULIN D

How Insulin Helps Cells Recruit Transporters

ADF (D). A current hypothesis is that 2 target protain
bearing phosphate signals the redistribution of glucose
transporters (3) through the

imvagination (7) and fission (8) fuse with larger endo-
somes (9), where the transporter segregates into tubular
that pinch off to ferm new vesicles (10). As

of
containing vesicles to the membrane (4). The vesicles
fuse with the membrane (%), accelerating the transport
of glucose (6). The transporters are retrieved 1o the
interior when small vesicles formed through membrane

CELL MEMBRANE ~__
e

long as insulin remains, the vesicles will continue 1o
fuse with the cell membrane, but a lowered level of
insulin breaks the cycle, and the glucose transporters
accumulate in intracellular vesicles.
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Osmotic Properties of Cells and Relative lon Concentrations

K+

Ca+ Cl-

Ca+ Cl-

4-12 Randall et al. 2002
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[a1=molarequivalentof A~ (includes proteins, phosphate groups, etc.)

negative charges carried
by other molecules and ions.

(a) The action of the Na*-K* pump
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ANIMAL PHYSIOLOGY. Figure 3.10 © 2004 Sinauer Associates, inc.
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lon Gradients as an Energy Source

CET examme- Inner mitochondrial ATP
. membrane synthase

-Metabolism

-Electron Transport Chain

-ATP creation
energy currency

4-27 Randall et al. 2002

Mitochondrion

1 Move molecules
2 Electrical Signalling
3 Chemiosmotic Energy Transduction

3-42 Randall et al

Just add water...

How does water move across membranes?

aquaporins

L)

21



Movement Across Membranes

Iso
Hypo osmotic
Hyper

In specific tissues and cells:

Iso
Hypo tonic
Hyper

4-14 Randall et al. 2002

(a) Isotonic solution

L) L] a @ L] ]
s o @ 0‘9 ®a,.90 voe

Osmotic movement of water
(b) Hypotonic solution

Osmotic Properties of Cells and Relative lon Concentrations

K+

Exterior
120 mM
25
20
Muscle cell 120
interior

[A"] = molar equivalent of
negative charges carried
by other molecules and ions.

- Na* pumped
/ ot MNormally, Na* leveis are
|

Na* maintained at aquilibrium

s as lon passively enters
~ PassivenNa+ hecelland is pumped
influx back out.

‘Whan inhibitor blocks active
transport of Na* outward, tha
intracellular concentration of
Ma“ rises, and water enters

Na*  osmotically, increasing cell
volume.

Hypertonic Cell Contents

Eventually, increasing cell
volume causes cell 1o burst,

4-16 Randall et al. 2002
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Colligative Properties

- Osmotic Pressure
- Freezing Point

- Water Vapor Pressure (boiling point; evaporation)
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K* ~ — entities 3
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Na* K* their chemical Glu PO Na'
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= = - Glu
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° ° i (e e ©
.. [ ® Dif:(lalvcd e ® ®
entities
® ® @ | identified just< L @i
[ ] ® by presence e © [ ]
or absence ® o
(]
® ® ) 4 o
Solution 1 Solution 2

Hill et al 2004
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/Semipermeable membrane

Solution A || Pure water

A

Solution B || Pure water

h

Measurements on two solutions separated from pure water

Solution A

Solution B

—
/ P

Osmosis when the two solutions are separated from each other

Hill et al 2004

ANIMAL PHYSIOLOGY. Figure 3.17 © 2004 Sinause Associstes, Inc
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6x 1073

Osmolarity

1 osmolar solution (Osm)

has 1 Avogadro’s number of dissolved particles/liter solvent

1 milliosmolar solution (mOsm)
has 0.001 Avogadro’s number of dissolved particles/liter solvent

47

What osmolarity do you get if you add 6 x 10?* molecules of
glucose to a liter of water?

What osmolarity do you get if you add 6 x 10?* molecules of
table salt to a liter of water?

NaCl (strong electrolyte)

48
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Osmotic Pressure
(a) A piston device for direct measurement of osmotic pressure
Semi ble memb Vs.
/ permeable membrane

/Pure water Hydrostatic Pressure
T

[
\

(b) The consequence if the piston is free to move

(c) The consequence if the solution is placed under pressure
that exactly opposes osmosis

Solution\

[ ) Foree

\J  \J

—-——— (Osmotic water movement

—> Water movement caused
by hydrostatic pressure

Hill et al 2004 49

ANIMAL PHYSIOLOGY, Figare .16 © 7008 Sraer Assocunes. i

Difference in osmotic potential

/

I, -0,
Rate of Osmosis= K————
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(~ permeability between
and temp) solutions

50
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Electrochemical equilibrium

(a) Reinforcing concentration and electrical effects (b) Opposing concentration and electrical effects
Membrane

High Na* —T7,
concentration

Low Na™
concentration

~ Low Na*

High Na*— Vol
HE: concentration

concentration

Concentration gradient Concentration gradient

I —— |
Electrical gradient

Electrical gradient

Diffusion (fast) Diffusion (slow)

AMAL PATSOLOGY, Figes 18 Far

Fig 3.6, Hill et al 2004
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Movement Across Membranes

Electrochemical Gradient

Electrical gradient

Concentration gradient

Electrochemical

equilibrium Na+ /- '

Equilibrium potential (£, in mV)

when [X] gradient = electrical gradient

52
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Equilibrium potential (£, in mV)

“Every ion’s goal in life is to make
the membrane potential equal its
own equilibrium potential (£, in mV)”

53

p. 214, Silverthorn
2001. 2" ed.

Human Physiology.
Prentice Hall

Vesicles filled with neuretransmitter (green) cluster near

neuron as it synapses on its target. 54
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