The Embden-Meyerhof pathway is undoubtedly the most common pathway for
glucose degradation to pyruvate in stage two of aerobic respiration. It is found in
all major groups of microorganisms and functions in the presence or absence of Oa.

e It is also an important amphibolic pathway and provides several precursor
metabolites. The Embden-Meyerhof pathway occurs in the cytoplasmic matrix
of procaryotes and eucaryotes.

e The pathway as a whole may be divided into two parts . In the initial six-
carbon phase, energy is consumed as glucose is phosphorylated twice, and is
convertedto fructose 1,6-bisphosphate.

e This preliminary phase consumes two ATP molecules for each glucose and
“primes the pump” by adding phosphates to each end of the sugar. In
essence, the organism invests some of its ATP so that more can be made
later in the pathway.

e The three-carbon, energy-conserving phase begins when the enzyme fructose
1,6-bisphosphate aldolase catalyzes the cleavage of fructose 1,6-bisphosphate
into two halves, each with a phosphate group.

e One of the products, dihydroxyacetone phosphate, is immediately converted to
glyceraldehyde 3-phosphate. This yields two molecules of glyceraldhyde 3-
phosphate, which are then converted to pyruvate in a five-step process.

o Because dihydroxyacetone phosphate can be easily changed to glyceraldehyde
3-phosphate, both halves of fructose 1,6-bisphosphate are used in the three-
carbon phase.

o First, glyceraldehyde 3-phosphate is oxidized with NAD* as the electron
acceptor (to form NADH), and a phosphate (Pi) is simultaneously
incorporated to give a high energy molecule called 1,3-bisphosphoglycerate.

e The high-energy phosphate on carbon one is subsequently donated to ADP to
produce ATP. This synthesis of ATP is called substrate-level
phosphorylation because ADP phosphorylation is coupled with the exergonic
breakdown of a high-energy bond.

e A somewhat similar process generates a second ATP by substrate-level
phosphorylation. The phosphate group on 3-phosphoglycerate shifts to carbon
two, and 2-phosphoglycerate is dehydrated to form a second high-energy
molecule, phosphoenolpyruvate.

e This molecule donates its phosphate to ADP forming a second ATP and
pyruvate, the final product of the pathway. The Embden-Meyerhof pathway
degrades one glucose to two pyruvates by the sequence of reactions. ATP
and NADH are also produced. The yields of ATP and NADH may be
calculated by considering the two phases separately.

e In the six-carbon phase, two ATPs are used to form fructose 1,6-bisphosphate.
For each glyceraldehyde 3-phosphate transformed into pyruvate, one NADH
and two ATPs are formed.

e Because two glyceraldehyde 3-phosphates arise from a single glucose (one by
way of dihydroxyacetone phosphate), the three carbon phase generates four
ATPs and two NADHSs per glucose. Subtraction of the ATP used in the six-
carbon phase from that produced by substrate-level phosphorylation in the
three-carbon phase gives a net yield of two ATPs per glucose. Thus the
catabolism of glucose to pyruvate can be represented by this simple equation.

Glucose +2ADP +2Pi + 2NAD" --> 2 pyruvate + 2ATP +2NADH + 2H"
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Figure Embden-Meyerhof Pathway. This is one of three glycolytic pathways used to catabolize glucose to pyruvate, and it can

function during aerobic respiration, anaerobic respiration, and fermentation. When used during a respiratory process, the electrons
accepted by NAD® are transferred to an electron transport chain and are ultimately accepted by an exogenous electron acceptor. When
used during fermentation, the electrons accepted by NAD™ are donated to an endegenous electron acceptor (e.g., pyruvate). The Embden-
Meyerhof pathway is also an important amphibolic pathway, as it generates several precursor metabolites (shown in blue).



