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SIR: W. Wieser asserts (TIBS, Nov. 1980, 
284) that: (a) water has to be split by the 
citrate cycle to provide electrons for the 
electron transport chain; (b) thus the citrate 
cycle resembles photosynthesis; (c) it is 
difficult for a student to understand how one 
molecule of glucose could supply 12 pairs 
of H; and (d) electrons from six molecules 
of water are raised to the level of NADH2 by 
means of the chemical potential of acetyl-
CoA. 

None of these assertions are true in any 
sense, and all will be seriously misleading to 
any student who encounters them. The only 
‘splitting’ of water that occurs in connection 
with oxidative metabolism is ionization 
(2HOH ⇋ H3O+ + OH–), and this has no 
relation to oxidation or reduction. Oxidation 
is the loss, and reduction the gain, of 
electrons. 

To comment on Wieser’s assertions 
individually: 

a) As noted above, ionization of water 
neither yields nor consumes electrons, and 
could not possibly provide electrons for 
anything. 

b) In photosynthesis, water loses elec-
trons, being oxidized to O2; in respiration O2 
gains electrons, being reduced to water. 
Textbooks are not in error in making these 
points, and of course the roles of the water–  

oxygen system in photosynthesis and in 
respiration are oppositely directed, not 
similar as Wieser says. 

c) This assertion is simply meaningless. 
Oxidation is loss of electrons, and a student 
will have no difficulty in seeing that 24 elec-
trons are lost in the conversion of one 
molecule of glucose to 6CO2. (Formally, 
each of the six carbon atoms may be said to 
change its oxidation level (or valence 
number) from 0 to +4.) When electrons are 
transferred, protons will be gained from or 
lost to solvent or buffers as necessary, but 
they have no direct role in oxidation or 
reduction. (The facts that H+ is lost when an 
organic compound reduces an electron-
transfer compound containing an iron-sulfur 
center or a cytochrome and that H+ must be 
taken up when one of these iron-containing 
compounds reduces an organic electron 
carrier are major bases for Peter Mitchell’s 
chemiosmotic hypothesis. The H+ move-
ments are driven by electron transfer, but 
they are not net participants in the 
stoichiometry of, for example, the transfer 
of electrons from NADH to O2.) 

d) Electrons cannot be tagged and traced, 
but the stoichiometry is clear: in the 
oxidation of an acetyl group to 2CO2, eight 
electrons are lost. Of these, six are used in 
the reduction of NAD+ to NADH and two in  

the reduction of the flavin of succinate 
dehydrogenase. Water is not oxidized; thus 
no electrons are supplied from water to be: 
‘raised to the level of NADH2’ or for any 
other role. When water ionizes, the elec- 
trons all remain associated with the OH–

ion; whatever the proton may do, it cannot 
reduce anything. 

Wieser's statement that hydrogen balance 
(this should really be proton balance) is not 
presented rigorously in many text books is 
true but trivial, since proton balance has 
nothing to do with oxidation. I have found it 
a useful pedagogical device to ask students 
to work through respiration (glycolysis plus 
the citrate cycle), keeping careful account of 
water and proton so that their equations will 
sum to the proper balanced overall equation. 
I hope that students have gained some 
insight by this drill; I hope and am nearly 
certain that none of them have confused 
ionization of water or protonation of 
metabolic intermediates with oxidation or 
reduction, or have believed that entry of 
water into the cycle provides reducing 
equivalents (electrons) for the reduction of 
NAD+ without leaving some oxidized 
product of water behind. Donation of 
electrons by water, with the water remaining 
unchanged, would appear to supply an 
inexhaustible source of electricity. 
Unfortunately, the world’s energy problems 
will not be solved as easily as that. 
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SIR: The proposal made by W. Wieser that 
more emphasis should be given in the text-
books of biochemistry to the role of water 
as a donor of reducing equivalents in the 
tricarboxylic acid (TCA) cycle adds to the 
previous confusion on this point1. 

As pointed out by Losada2 the carbon 
compounds themselves are the only source 
of reducing power in the TCA cycle, not 
water. The difficulty in realizing it arises 
from the contabilization of the reducing 
equivalents as pairs of H rather than as 
electron pairs. It is true that one molecule of 
glucose can not supply 12 pairs of H, but it 
can certainly supply 12 pairs of electrons. 

A clarifying concept is to consider oxida-
tion processes as a shift of electrons from 
atoms between which they are equally 
shared (C–C or C–H bonds) towards more 
electronegative atoms (O, N or S in biolog-
ical systems). The converse process takes 
place  in  photosynthesis  where  radiant 

energy is transformed into chemical energy 
by ‘raising’ electrons away from the highly 
electronegative O of water and placing them 
between less electronegative species such as 
C and H. 

In the TCA cycle, the electrons shared in 
the C–C and the C–H bonds are the source 
of reducing power; they are transfered first 
to pyridine nucleotide (and flavin nu-
cleotide) and then to the vicinity of oxygen 
through the respiratory chain. With this 
viewpoint there is no difficulty in balancing 
the reducing power entering and leaving the 
cycle: 

 
This simplified, equation of a turn of the 

cycle shows clearly that the number of 
‘high’ and ‘low’-energy electron pairs 
(shown as open and closed circles) are the 
same in both parts of the equation and, of 

course, that the four pairs of ‘high’-energy 
electrons produced enter the cycle with the 
acetyl-CoA molecule, not with water. 

However, it should be noted that the 
above equation does not imply that all four 
‘high’-energy electron pairs leaving the 
cycle come from the same acetyl-CoA 
molecule, as is also the case with the two C 
atoms leaving as CO2. 
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