DIFFUSION

1. Entropy isameasure of disorder.

2. The (empirica) Second Principle of Thermodynamics says that the entropy of the
universe, or of any isolated system, always increases.

3. A nonzero concentration gradient is alow-entropy Stuation.

4. Thedriveto higher entropy requires that the solute have the same concentration
on both sdes of the membrane. Thus, materid diffuses from the high
concentration Sde to the low concentration side.

BIOLOGICAL MEMBRANES

1. Cdl membranes are about 10 nm thick.

2. Thethin outer surface of the membrane is water-soluble protein and the bulk of
the interior is water-insoluble protein and lipid (fat).

3. Materid can move across the membrane by the passve mechanisms of smple
diffuson and protein-facilitated transfer. The former is nonselective and the
latter is highly sdective, but both require a concentration gradient.

4. Materia can move across the membrane by an active mechanism - which
requires energy and which can move materia againgt a concentration gradient.

GASTRANSPORT IN BLOOD

1. Inhded oxygenis carried from the lungs to the metabolizing tissues by
hemoglobin (Hb) inred blood cdlls:
O, +Hb— OyHb
Thisreaction is reversed at the metabolizing tissues.
2. Most CO; iscaried from the metabolizing tissues back to the lungs as HCOs',
the bicarbonate ion, dissolved in the aqueous part of the blood:
CO; +H,O —p HCO3 + H*
This reaction isreversed at the lungs and the CO, is exhaed.

SITESOF GASEXCHANGE

1. Arteries branch into capillaries about the diameter of blood cdlls. This generates

high resistance to blood flow. Heart must be very strong to overcome this

The large surface area of capillaries alows high gas exchange rates.

3. Gas exchange surfaces of lungs, kidneys and placenta are extensively folded to
give large surface aress.

N



INTERPLACENTAL TRANSFER OF O,

1. Fetd hemoglobin has a different structure than does adult/materna hemoglobin.
A greater fraction of fetal hemoglobin (Hbreta) than materna hemoglobin
(HbPmaternaly is bound to oxygen for agiven partia pressure of oxygen. Thus, Hbseta
has ahigher affinity for O, than does Hbmaternal -
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2. Oxygenated (and nutrient-rich) blood from the mother goes to her side of the
placenta.

3. O, diffuses across the placenta. The net movement of O, istoward the fetal sde
of the membranes because of the higher O, concentration on the maternd side and
because of the higher O, dfinity of Hbyetq, compared to Hbmaternal .-

Oz Hbmaternal < > Oz + Hbmaternal

02+ Hbreta > Oz Hbeta

Placenta

4. Fetd blood and materna blood do not mix. Fetal blood is shunted past the feta
lungs because the fetus gets its O, from its mother, not from its own lungs.

5. Mogt fetd CO; iscarried in adissolved form as the bicarbonate ion and thus
hemoglobin is less involved than for oxygen movement. However, the exchange
of CO» isaso across the placenta membranes and, as expected, is driven by the
greater partial pressure of CO, on thefetd sde.



