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Metabolic Pathways

[Step 1: Hexokinase transfers a phosphate
group to glucose from ATP, forming
glucose 6-phosphate.

Stage 1
Confine substrate

(glucosg) inside
the cell and form

phosphorylated
six-carbon units Steps 2 & 3: The glucose molecule
(fructose is rearranged to form fructose

6-phosphate, and a second

phosphate group is added to give

fructose 1,6-diphosphate.
Phosphofructokinase {an allosteric enzyme)
carries out this third step.

1,6-diphosphate)

(Step 4: The six-carbon sugar
fructose is split into two

different three-carbon sugar-phosphates
by aldolase.

Step 5: Dihydroxyacetone
phosphate is rearranged to
form a second molecule of
glyceraldehyde 3-phosphate.

Phosphoglucoisomerase; (
Phosphofructokinase

Triose phosphate
isomerase

B —(P) Clyceraldehyde

Hexokinase ||

o sty Y SR B B Fruct
ﬁ _® 1 ,BAdE;t;riooss;hate
Adolase

Dihydroxyacetone
phosphate

Glyceraldehyde -

ﬁ@_@ 3-phosphate

3-phosphate

Stage 2 N N ]
e A (B Enz ] A \ ' ®{Enz]
unit is split into D ) D \ﬁ
two three- Oxidized NAD Oxidized NAD |
carbon units, Step 6: Another phosphate ) Glyceraldehyde }
and two ATP group is acded, and two // 3-phosphate
molecules are fydrogen atoms, with their N M dehydrogenase N
producad. Two electrons, are transferred A. A
NAD molecules to NAD. D D

are reduced. Reduced NAD ¥

Step 7: Phosphoglycerate
Kinase catalyzes the transfer
of a phosphate group to ADP,
forming ATP.

\

[Steps 8 & 9: The remaining
phosphate group is moved from the
end to the middle carbon atom by

10 ¢
¥

Stage 3 phosphoglycerate mutase, and a
: molecule of water is removed by v
Pyruvic acid is enolase.
formed, and two P
more ATP
molecules are
produced.

Step 10: The phosphate group is
transferred to ADP by pyruvate kinase,
Kf()rmir\g another ATP molecule. :

3C

wou 1,3-Diphosphoglyceric
C-EEE-@ O

/
P>6-ee0

. 3-Phosphoglyceric
EE_@ acid

Phosphoenolpyruvic

Reduced NAD 1,3-Diphosphogiyceric

O-BEE®
/
Noa-eee

EEE-E

3-Phosphoglyceric
H,0 «’//

acid
4

Phosphoglycerate
kinase

Phosphoglycerate
mutase; Enolase

Phosphoenolpyruvic

acid

acid

E—EE :
EEO® (

Pyruvate kinase
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Glycolysis (Embden-Meyerhol pathway). Each of the 10 steps of glycolysis is catalyzed by a specific enzyme, which is

indicated in a purple oval. (Refer to Chapter 5 {or an explanation; Figure 5.11 shows a simplified version of the process. € p. 116)
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loicicicicichic

ATP -

ADP

fciciciclclcmG)
Glucose 6-phosphate
NADP*

To anabolic
, reactions that
-H*+ 4 NADPH}; ————> require electron
: i donors

>

s/ CEEEEE-E

-% 6-Phosphogluconic acid

2 NADP*

X

©)
H" + NADPH}
COy

To dark reactions

_® »| Of photosynthesis

: s (Calvin—-Benson
Ribulose 5 lphosphate cycle)

To synthesis of

EBEEEE-¢ EEEER—P) — nucleotides and

[ Xylulose 5-phosphate ~ Ribose 5-phosphate nucleic acids

s |

]

EEEEEEE-E EEE-G — T dycoss
Sedoheptulose 7-phosphate Glyceraldehyde 3-phosphate B |

~—]

®

o)

: . )

i To synthesis = : :

2 Ol oHjcHE s —® "@ —™  Toglucose

= amino acids | Erythrose 4-phosphate Fructose 6-phosphate 6-phosphate,

9 + which can then

3 1 : | enter the pentose

s I : : : phosphat_e

Z pathway again or
¢ To can enter
: ; - lycolysis (step 2

BEE-® —oyoohss|  HEEEEER) — 9 6
Glyceraldehyde 3-phosphate (step 6) Fructose 6-phosphate

Dihydroxyacetone phosphate ®
4

| c-EEEEEE-® /ﬁ, -EEEEEE-E —

Fructose 6-diphosphate Fructose 6-phosphate

FIGURE E2 Pentose phosphate pathway (phosphogluconate pathway). This metabolic pathway occurs with glycolysis. It provides
an alternative pathway for the breakdown of glucose as well as pentoses (five-carbon sugars). This pathway plays three important roles: (1) It
provides intermediate pentoses, especially ribose, that the bacterial cell must use to synthesize nucleic acids. (2) This pathway’s intermediates
can be used to synthesize some amino acids. (3) The pentose phosphate pathway reduced NADP to NADPH. This coenzyme, like NADH, is an
electron carrier and thus is a source of reducing power. The fates of several intermediates are indicated. For clarity, the specific enzymes catalyz-
ing these reactions and the structural formulas of substrates have been omitted. (Refer to Chapter 5 for an explanation of this pathway. < p. 117)
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}M
Pyruvate SEl e oo r b e s e e s 5
dehydrogenase ! Acetyl-CoA Al
4 iy : - y : Stage A
: 'Pyr‘uvic st 5 : Cnr.late syhthagz J(Olrfls ace’F\t/Il—CoAdand
(from glycolysis) : + oxaloacetic acid to form citric aci
e Rk st I ' and coenzyme A (step 1).
! Citrate h
I ihae SRl e synthase E
Stage F - Oxaloacetic g ‘ ' 0o Clt.r‘dc:- ------------------ . Stage B
2 ; 2 acid ' @ asithe Ba - 1
The last stage of the Krebs MEbr ' Feb? ﬁ’g + Further oxidation
cycle involves three steps " ganvdrogenase : + requires that citric
to regenerate oxaloacstic ,/ ’ i ! acid be rearranged
acid by the oxidation of H E ‘b\/ a'CQnitaslg :nto .
succinic acid. First, | : \ isocitric acid (step 2).
succinate dehydro- ' May"C E This rearrangement
genase generates an ! acid E ; 2| S involves two reactions,
oxidation reaction, " Ealelel | : i FSOC!’MC: poth catalyzed by
converting succinic acid s : ! m acid » aconitase.
to fumaric acid (step 6). ! ! 1“"“'-'"'""“'“"""“"\
The hydrogen acceptor | : ; Isocitrate E
for this reaction is FAD, m : ' dehydrogenase! Stage C
which is reduced to : ! E \Isocitrate
FADHo. S(Iecond, awater! oo ] : ® 'dehydrogenase
molecule is added to | @ i To electron ' 'brings about the
fumaric acid by the : : transport chain : ' oxidative
enzyme fumarase, : H,0 : ' idecarboxylation
forming malic acid ‘ : : ‘(loss of COp) to
(step 7). Third, malic ; GO E ' form c—ketoglutaric
acid participates in B C ; 'acid (step 3). In this
another oxidation . 7 | reaction NAD is
reaction, catalyzed by s Ereduced. The rate
malate dehydrogenase; | Sxestnid ! of this reaction is
oxaloacetic acid is : Fumgrtc limportant in
reformed (step 8). : | determining the 9y
In this reaction NAD is L overall rate of the i
; roverall ]
the hydrogen acceptor, | 'Krebs cycle. il
being reduced i e L o
to NADH . ; B 3
; o—Ketoglutarate '
; ’ dehydrogenase ,
: Succinate complex ,
i dehydrogenase = i
: Succinic i b
; i COOH :
: 2k i . Stage D
"""""""""""" uccinyl-Co. ! }
Stage E synthétase | A second oxidative decarboxylation,

Succinyi-CoA synthetase couples the cleavage of
coenzyme A, which forms succinic acid (step 5),
with the phosphorylation of guanosine
triphosphate (GTP) from guanosine diphosphate
(GDP). The terminal phosphate group of GTP can
be transferred by nucleoside diphosphokinase

to ADP, forming ATP.

N '; of u—ketoglutaric acid, forms
2 227 ' succinyl-CoA (step 4). In this reaction
ee B e afs ® Succinyl-CoA E NAD is reduced. The a—ketoglgtarate
4 | dehydrogenase complex consists of
GTP GDP ! three enzymes and works much like

"""""""""""" Ssoossess-o-sooon--soso st ccosne e ke pyruvate dehydrogenase
complex that forms acetyl-CoA.

FIGURE E3 Krebs cycle (also called the citric acid cycle'and the tricarboxylic acid cycle). The reaction that converts pyruvicacid
to acetyl-CoA precedes the Krebs cycle (see Figure 5.16). This reaction is catalyzed by a pyruvate dehydrogenase complex, which contains three
enzymes. Each of the eight steps of the Krebs cycle is also catalyzed by a specific enzyme, as indicated in a purple oval. (Refer to Chapter 5 foran
explanation; Figure 5.17 shows a simplified version of the process. < p.121)
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Ribulose 1, 5-diphosphate

(6 molecules)
®
o

icicicicicmG)
Ribulose 5-phosphate
(6 molecules)

Series of ®
enzyme-catalyzed
reactions

BEE-C

Ribulose
diphosphate
carboxylase - -
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3-Phosphoglyceric acid

12
(12 molecules)( 0 Qee s

: : ‘V‘N@Am
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1,3-Diphosphoglyceric acid
; (12 molecules)

ciclc @)
Glyceraldehyde
3-phosphate

/ (12 molecules)

Dyhydroxyacetone
phosphate
(10 molecules) ®_EE _@
Fructose
1,6-diphosphate
(1 molecule)

®

Glucoser = @

@
EEEEEE-C

Glucose 1 Fructose
(1 molecule) 6-phosphate 6-phosphate
(1 molecule) (1 molecule)

FIGURE

E.4 Calvin-Benson cycle (dark reactions of photosymhésis). Each step of the Calvin-Benson cycle is catalyzed by a specific

enzyme, which for simplicity is not shown. Steps 1 through 3 produce 12 three-carbon intermediates. These three steps are dependent on pho-
tophosphorylation products (ATP and NADPH). Two of every 12 three-carbon molecules undergo chemical reactions (steps 1 through V) to
produce a six-carbon glucose molecule. The other 10 three-carbon molecules are recycled (steps 4 through 6), forming 6 five-carbon mole-
cules. These are phosphorylated by ATP to ribulose-1,5- -diphosphate . Each of these five-carbon molecules then combines with a CO, molecule,
starting the process once again. The enzyme catalyzmg this step is ribulose diphosphate carboxy ase, the most prevalent enzyme in the biological
world. (Refer to Chapter 5 for an explanation of the process. 4 pp. 127 178)




