10 STEPS OF GLYCOLYSIS

4 N\
For each step, the part of the molecule that actually changes is highlighted in blue. Enzymes that catalyze the reaction are highlighted in green.
Although we recognize that sugars exist in a ring form within the cell, sugars are shown in brackets in their open chain form to assist visualization of the
numbered carbons. Finally, note that the first 5 steps are “energy requiring”. Energy will not be harvested until the steps on the next page. y
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| Step1J || .
o 1 L,
Glucose enters the cell and ATP H—2C—OH . i
is used to phophorylate it. H H o3¢y Hexokinase H(H) E*OH
This fist step requires energy in g + —¢H + -
OH C—OH Ny —— _d
the form of ATP. The polar 5 OH H—S(IZ—OH - H—C—OH
nature of the phosphate group D= H—¢—OH
prevents passage of the H OH I H OH H*f o——FP
\ Glucose back out of the cell. Glucose L H — Glucose 6-phosphate [ H _J )
{ Stepz] = —
A rearrangement of the ¢—H Phosphoglucose == P—oO , _OH
chemical structure occurs. H—C—OH isomerase Z(I;:o sCH, o. HC
This is called isomerization HO—C—H _— HO—C—H 5(|:/ \é .
and results in the movement H—t—oH H 4$ OH | \Fli Hcl)/ |
of the carbonyl oxygen (C=0) H—C—0H HfstlifOH H CmmmmmC® OH
from carbon 1 to carbon 2. Heb o HJ? o—FP (l)H Ill
. . . . ‘
\ This reaction is reversible. Glucose 6-phosphate L H _ H Fructose 6-phosphate )
m P— P—O 0-—P \
The hydroxyl group (OH) on O\ | | /OH Ph hof ki — \(l:Hz (0] HZ(I:
osphofructokinase =
carbon 1 of oH / \ (1) C/H kcl:
fructose 6-phosphate H—=C—H | | —_— H—C—H | | |
factse 6 phosp e INE |/ + o INL o
is phosphorylated by ATP. Ho—b | ol | |
- —C— HO—C—H
This makes H—C—OH OH H—C—0H OH H
fructose 1,6-biphosphate. H—C—OH H—C—oH
This is another step that Het— - Fructose 6-phosphate H—%—O—P Fructose 1,6-biphosphate
requires energy in the form ,L L +
of ATP )
{ S F; T
— — —C= O
The six-carbon sugar called " 2 " i O\ O > H—C=0 [
furctose that has been e | l H—C—OH H—C—H
phosphorylated twice is (I::o / \ Aldolase | N |
cleaved to produce two 3 HO— G | \| |/ l _— H—C—O—P [or—1¢)
carbon molecules. Only H—C—OH C—C [ |
Glyceraldehyde 3-phosphate H—?—OH OH H H HO—(i:—H
remaining steps of gvcaysis T ructose 16 iphosphat Shieidchyies H
. — - ructose 1,6-biphosphate
H phophate Dihydroxyacetone
\ phosphate /
{ Steps] i )
I
The other product from step 4 is called (|) H—C=0
Dihydroxyacetone phosphate. H—C—H
| Triose phosphate isomerase H—C—OH
An isomerization reaction occurs to — >
rearrange the chemical structure and create <& H—C—O—P
Glyeraldehyde 3-phosphate. Because of step HO—C—H [
5, each of the products from step 4 | H
ultimately continue through glycolysis as H

Glyceraldehyde 3 phosphate .

.

Dihydroxyacetone

phosphate

Glyceraldehyde 3-
phosphate




10 STEPS OF GLYCOLYSIS... CONT

**Don’t forget that steps 6-10 happen TWICE. Once for each 3 carbon molecule generated in step 5**

The aldehyde group of
Glyceraldehyde 3-phosphate is

\make 1,3 -bisphosphoglycerate.

dehydrogenated. The hydrogen with
2 electrons becomes part of NAD+
(becoming NADH). A phosphate is
bonded at the number 1 carbon to

(0]

I

(|3—H
g+
H—cI:—o—P

H

Glyceraldehyde 3-phosphate

Glyceraldehyde o)
3-phosphate 2_0_.:
+ P dehydrogenase |
< h—c—o-p
i

1,3 - bisphosphoglycerate

+ m High energy electrons

** Note that this is \
the first step where
energy is captured.

with a hydrogen atom
are captured onto
NADH.

J

\_

( Step 7 ﬁ Phosphoglycerate ﬁ ** Note that energ)
C—0—P Kinase C—0O is also captured
H——onH | here as ATP is
A high energy phosphate from carbon 1 is —C— I ADP I > H—C—OH ISt manufactured
transferred to ADP to form ATP. This is the H—c—olp + < | + - directly. Thisis
first example of “substrate level | H_?_O_P called substrate
phosphorylation”. H H level
1,3 - bisphosphoglycerate 3-phosphoglycerate phosphorylation.j
{1 Step 8 i o )
c—o .
In preparation for step 09, the | Phosphoglycerate mutase (l:_o
phosphate ester linkage at carbon 3 is H—C-—0H ~ H—C-20—p
removed and relocated at the number 2 | P [ |
carbon. H_?_O_P < H_(I:_OH
H H
\ 3-phosphoglycerate 2-phosphoglycerate )
| Step9_ : 0
o I
A water molecule is removed from 2- c—o0 cC—O
phophoglycerate and as a result a H—C—0— Phosphoglycerate mutase |
double bond is formed between carbon P phogly C—O—P + Hzo
2 and 3. This creates a higher energy H—C—OH >
phosphate linkage. l_|| < H—C—H
\ 2-phosphoglycerate phosphoenolpyruvate /
w ° _ e Note thatenergy
[l A Pvruvate Kin (0] is also captured
A phosphate group is transferred from cl:_o PR e é o here as ATP is
the carbon 2 of phophenolpyrvate to S = manufactured
ADP. This is another example of C—O0—P 4 + H+ | pll ATP directly. Thisis
substrate level phosphorylation. The H—l:l—H C|::O called substrate
result is the final product of glycolysis CH level
called Pyruvate. phosphoenolpyruvate 3 phosphorylation.
\ Pyruvate )
Net Result of Glycolysis \/ X/ \/ > (|3 \
H,COH (|3-O
o C o) [ NADH] ATP ATP c=0
h \I .
Glucose | OH H c 3
AY | )
I
H OH > -
) ) ) =0
**S0, alth h “ d” fi two ATP in 4 ATP C|::O
0, although we “spend” energy from two ATP, we gain
(So, a net gain of 2 ATP). We also gain 2 -NADH in this process of m il Gk CH3
mitochondria. This is discussed next. 2- Pyruvate

Qcolysis. Pyruvate has more energy that can be harvested in the

/




