Water and Solute Metabolism

lonic and Osmotic Regulation

In order to understand how organisms

we must understand how:

e Water moves
e solutes (ions) move




Water movement:

e Filtration

e OsSmosIs

n Movement

eDiffusion

*Active Transport




Simple diffusion

Concentration: 1 M 0 M (Pure water)
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Concentration: .75 M

(b)

Concentration: 0.5 M
(net flux = 0)

(c)




Particles move by diffusion

®Cl ®Na
Lower entropy / Permeable membrane
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0.01 M NaCl
Higher entropy

0.065 M NaCl 0.055 M NaCl
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Features of Simple Diffusion

More rapid over short distances

Directly related to temperature

Inversely related to molecular size

Can take place in open site or across membrane




Some Definitions
mole = gmwt of element or compd (= 6.023 x 10

M IUICbUICD}

concentration = moles/liter or mmol/liter

(e.g., 0.5 mol/l = 500 mmol/l)

1 molar solution =1 mol/l =1 gmtw/I

1 mol of particles = 1 osmol

1 osmolel-1=10sm (losmolar)

1 Osm = 1000 mOsm




Non-electrolyte (e.g., sugar, urea):

osmolarity = molar concentration

Electrolyte (NaCl) = dissociates In solution

(e.g .1M NaCl =100 mmol NaCl)

PN

100 mmol ¢ | -1 Na* 100 mmol ¢ | -1 CI-

=200 mosmol ¢ | -1 = 200 mOsm or
.2 Osm NaCl




OsmosiIs

Movement of water across semi-permeable membr
IN response to a concentration gradient

Water moves from area of high water concentration

Water moves from an area of less concentrated solu
an area of more concentrated solute




. . .
/ A @ \

membrane




100mM | 200mM 100mM | 200mM
NaCl _  NaCl NacCl sucrose

200 ' 400 200 ¥ 200

mOsm [ mOsm mOsm I mOsm

100mM | 100mM
CacCl, : NaCl

300 200
mOsm [ mOsm

hyperosmotic hypo-osmotic




Positively
charged area

=

Cations (positively charged ions) _

attracted toward negative area

®

Anions (negatively charged ions) —
attracted toward positive area

o .

Negatively
charged area

+




Chemical Driving Forces

| Chemical drlvmg
L force

/}Chemucal drlvmg .-
force




Electrical Driving Forces

| Electrical driving force




Gibbs-Donnan Equilibrium

mM

I I
Na* =150 . Na*= 150 = Na* =145 = Na* =155

cr=150 | I =130 cr=145 | cr=135
I Pr =20 I Pr- =20

electroneutrality - same # of + and - charges in

a compartment.




Equilibrium potential
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Equilibrium potential for K * =

Chemical driving force




Equilibrium Potential of K*

+25mV Cy°




Equilibrium potential for K* = E, =

S \Chemical driving force

|
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Facilitated Diffusion

 Means by which many “polar organic compds”
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« Still obey favorable concentration gradients
 Hydrophilic—cannot dissolve In lipid interior

ely on proteins er
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Active Transport

that is directly linked to metabolic energy.

Characteristics:

» Requires source of chemical energy

e Sensitive to metabolic poisons (e.g. CN)

e Sensitive to specific inhibitors (e.g., ouabain)
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