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times greater than the true absorp-
tion changes can thus be tolerated.

Studies on Mitochondria

If we follow the absorption of
one of these cytochromes as we go
through some of the more obvious
metabolic conditions, we will see a
characteristic pattern emerge (Fig.
6). At 430 — 400 my, cytochrome
b is monitored. As the mitochondria
come out of the céntrifuge tube and
are put in a cuvette, we start the
trace. Now we add ADP, and a de-
creasing absorption at 430 mu com-
pared to 400 my, signifies that an
oxidation of cytochrome b takes
place. This is inevitable. Substrates
have not been added. The ADP-
stimulated, high rate of O, uptake
soon exhausts the endogenous sub-
strate supply of the mitochondria,
and cytochrome b goes fully oxi-
dized. At this point B-hydroxy-
butyrate is added, NAD is reduced:
we see a change towards a higher
level of reduction. A plateau is
maintained for a short while; then
another change occurs. Concom-
itant biochemical determinations
will show that at this point the ADP
that was added has now been phos-
phorylated to ATP. Electron trans-
fer slows down, and a more re-
duced state results because of the
blocking of the respiratory chain
further down, close to oxygen. Re-
ducing equivalents accumulate,
therefore, in cytochrome b. When
oxygen uptake is stimulated again
by a new addition of ADP, cyto-
chrome b returns to the previous,
more oxidized state while ATP is
being formed. After a number of
such cycles, all the oxygen is used
up, and an extremely large change
will indicate that b goes completely
reduced. Very much the same thing
occurs for NADH, as is shown in
the right-hand record of Figure 6.

These steady-state changes are
the important ones for our attempts
to measure metabolic rates in the
whole cell—especially this last
transition to full reduction when the
PO, is inadequate. It provides the
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Fig. 5—The double-beam, difference spectrophotometer. The difference in light
absorption of two beams of different wavelengths are recorded as a function of
time. The resulting graph shows the kinetics of the wavelength-specific absorp-
tion changes; for instance, after the addition of a reactant. (Reprinted with per-
mission from Methods in Enzymology, Chance, 1957.)
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Fig. 6—Oxidation-reduction levels of cytochrome b and NADH,; in suspensions.
of rat liver mitochondria in states 1 to 4. Note the reduction that occurs after
addition of NAD-dependent substrate (g-hydroxybutyrate) and the return from:
the state —4 to the state —3 level upon the last ADP addition. (Reprinted with
permission from Handbook of Physiology, Jobsis, 1964, adapted from J. Biol.
Chem., Chance and Williams, 1955.)
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focussed on the observed spot.
Emitted fluorescence, as well as re-
flected excitation light, enters the
objective lens and goes up the tube.
The latter is filtered out so that only
the fluorescence light remains.
Much of it, but certainly not all, is
that derived from NADH. A photo-
multiplier measures the light in-
tensity at the level of the ocular.

Minimal O, Requirement of the
Brain

This instrumentation enables us
to evaluate the minimal O, require-
ments of the brain. The first type
of experiment to do is the adminis-
tration to the animal of gas mixtures
low in O, The type of effect we
look for is an increase in fluores-
cence, signalling that in some parts
of the tissue the respiratory chain
is not furnished with O, and NAD*
goes to NADH. Such an experiment
on the kidney and brain of the rat
is shown in Figure 9. The animal
is switched from air to 100% N,
or to 3% O, in N,. This results in
a rise in the fluorescence, indicated
by the downward excursion of the
trace in Figure 9. I apologize sin-
cerely for the change in direction.
Dr. Chance and I have always been
opposed in our views about how to
display this, so I am afraid you will
have to switch back and forth
between the experiments that we
did together and the ones that I did
myself. In his case, an increase in
fluorescence is downward, and in
my case an increase in fluores-
cence is upward.

As expected, an increase in flu-
orescence accompanies anoxia. Ad-
dition of sulfide also increases flu-
orescence since it blocks the chain at
the level of cytochrome a,. All other
components of the chain, including
NAD, become reduced. The same
thing can be shown for cyanide and
CO; they all block at the level of as.
Amytal will also produce increased
fluorescence by blocking the chain,
this time, however, by inhibiting
the flavoproteins oxidizing NADH.
These maneuvers with anoxia (or
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Fig. 7—Steady-state changes of DPNH (NADH), cytochrome b and cytochrome
¢ in toad sartorius muscles during oxidative recovery from contractile activity.
The vertical ordinates are one minute apart. (Reprinted with permission from

J. Gen. Physiol., Jobsis, 1963.)

hypoxia) and various inhibitors
show that the instrumentation does
perform in the intact tissue as
hoped for.

Limiting Factors in O, Uptake

Now we should stop for a
moment and reflect on the exact
question of the day. We are ask-
ing: What are the parameters that

determine the level of O, neces-
sary for the tissue? It has been my
experience that most of us tend to
look immediately toward the pa-
rameters of circulation, the source
of the O,, such as hemoglobin, PO,,
blood flow, A-V differences, etc.
However, although terribly rele-
vant, there is a more basic aspect.
That is the question: What limits
the rate of O, uptake when PO,
does not?
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Fig. 8—Fluorescence cycle induced by an isometric twitch. Toad sartorius mus-
cle. A decrease in NADH concentration would be registered in a downward
direction. (Reprinted with permission from J. Gen. Physiol., Jobsis and Duffield,

1967.)
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