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Gluconeogenesis

Blood
glucose

Other
Glycoproteins monosaccharides Sucrose

Gluconeogenesis:

. Glycogen Disaccharides Starch
Making “New” Glucose ’{ ¥ )
PrecursorS: From What Glucoses-lphosphate
compounds can glucose be made?

+ Animals can produce glucose from Animals Plants

sugars or proteins.
—sugars: pyruvate, lactate, or oxaloacetate
—protein: from amino acids that can be

converted to citric acid cycle intermediates Phosphoenol-
(or glucogenic amino acids) Bynivate
+ Animals cannot produce glucose from g
fatty acids. aci'd:
—product of fatty acid degradation is acetyl- cycle
CoA
—There is no net conversion of acetyl-CoA Pimivate Glucogenic Glycerol | 3-Phospho-

to oxaloacetate in Kreb’s Cycle

T amino T glycerate
acids

Plants, yeast, and many bacteria use the Kornberg T

Cycle to convert acetyl-CoA to oxaloacetate, thus Lactate Triacyl- co_,

producing glucose from fatty acids. glycerols fixation

Gluconeogenesis

*Blood glucose is largely The Cori Cycle
made In the I|Ver, a|th0ugh Muscle: ATP produced by

lycolysis for rapid contraction.
other organs can reverse "
glycolysis, but not deliver / ,

ATP
free glucose into the blood

Blood
«Synthesis of glucose from ez 5
simpler compounds: called — )
i § ATP /
gluconeogengms £ 9 g //
*Operates only if ATP and iver: 377 Bk sl
NADH are plentiful g o
« Other tissues deliver carbon to | -

liver from “waste” products (Ala

and Cori CyCIeS)- As you can see the two pathways operate in different Ml
tissues, but how is this controlled in a single cell?




Gluconeogenesis

Glycolysis versus

Glycolysis

semeseets (GluCONEOQENESIS
' occurs mainly in

Gluconeogenesis

Glycolysis occurs
mainly in the

compound of the other
+Seven Reversible reactions are
used by both pathways.
* Three "glycolysis-specific” steps
are reversed with Four
“gluconeogenesis-specific” steps.

(2)2-Phosphoglycerate
y

L(2) Pyruvate |

the liver and
kidney cortex.

«Irreversible reactions of
glycolysis must be

: 6
mUSCIG and braln D IS bypassed in
5 - ™ luconeogenesis.
- Opposing pathways that are both S 9 9
h dynamically favorable: (-2, ~no ATP generated
thermody y : 4 o' |[-2waor  GAPDH during gluconeogenesis;
+Glycolysis: AG =-35 kcal/mol e ;::Iwmw instead 6 ATPs and 2
3 10" lycerate
-Gluconeogenesis: AG=-9 kcalmol 5 wor [laor NADH ”.eeded per Gic.
— operate in opposite direction | R — Some different enzymes
+ end product of is the starti (2)3-Phosphoglycerate results in the different
end product or one Is the starting 2 } PGM

pathways

— differentially regulated to
prevent a futile cycle

Lets look at the
energetics of making
glucose

Gluconeogenesis

GLYCOLYSIS

]
Favorat_)lc 3 00
energetics for =
: =
Calvin Cycle ]
g =300 -
Favorable )
energetics for E
Gluconeogenesis & ~400F
g
5
=500 |

There are then 3 points that are novel for
gluconeogenesis:
1. Pyruvate->PEP (complicated)
2. Fru1,6-P2 > Fru6-P +P;

PYRUVATE
OXIDATION

CITRIC ACID
CYCLE

Acetyl CoA/‘ \ll 2

Citrate 2

Oxaloacetate

3. Gic 6-P-> glucose + P;




3
cytosolic

PEP co,
carboxykinase

Oxaloacetate

malate

dehydrogenase N— NAD*
Malate

6

Malate
5

mitochondrial /»NAD*

malate

Oxaloacetate
2 ADP +P,

pyruvate ATP
carboxylase

co,
Pyruvate
1

Pyruvate

There are two new
enzymes here.....

cytosolic 5 +
Y g NADH +H

dehydrogenase \ NADH +H’

dehydrogenase Complex

"“‘2"‘”‘"’“" 1 transported to cytosol for gluconeogenesis.
YQOSO . . L.
Pyruvate » Will discuss the decision that pyruvate must
make later.....

PEP

*There are two ways from pyruvate to PEP.

*Best place to assess whether there is
ample ATP and NADH is the mitochondria.

* The inner mitochondrial membrane is
electively permeable: Malate, PEP, and
pyruvate, while oxaloacetate cannot

itochondrial PEP
carboxykinase

itra

* Oxaloacetate can be utilized in the citric
acid cycle (Kreb’s cycle) if needed.

Oxaloacetate can be converted to PEP or
Malate in the mitochondria, then

pyruvate
carboxylase

pyruvate

Pyru

lactate |—> NADH + H*
dehydrogenase .\

Lactate




Gluconeogenesis

Pyruvate to Phosphoenolpyruvate, ““",

C—CHy—C—C

~
Bicarbonate Pyruvate o \‘/‘g No-
0 g 0 +
Ho—/ + cn,—t—cy ) i ? tll’ cl>
No- No- [Guanosine]-0—f—0—p—0F—0-
ATD oo o o &P
@ carbonylase | biotin @ pep| > S0P
ADP + P, carboxykinase o
Oxaloacetate AG? =-0.5 kcal/mol o_po- AG? =+0.7 keal/mo
_—ty
* Requires two energy-consuming steps CH,=C—C00"

Phosphoenolpyruvate

* The first step, pyruvate carboxylase (PC) converts pyruvate to oxaloacetate.
— carboxylation using a biotin cofactor

— This enzyme is only in the mitochondria; requires transport of pyruvate

* The second step, phosphoenolpyruvate carboxykinase (PEPCK) converts
oxaloacetate to PEP.

— phosphorylation from GTP and decarboxylation
— occurs in mitochondria or cytosol depending on the organism

- During this 2-step conversion, the same carbon from CO, is -©!S 100k atthe PC
. . mechanism more
added and immediately removed from the structure.

closely.....
Gluconeogenesis
e T BRI 1EEE Biotin is a CO, Carrier
{ \b i mﬁ” 2 1 fe %
o:é, ’ Blotinyt Aoe Carbooyphermhate i *
Iysine
Cl‘::t‘\k :Im C‘mn l“m
Pym;t‘- 7
carboxylase

©| COosreactswith
biotin to form

w+/| carboxyblotin.
Pyruvate Carboxylase = r
Mechanism “;
(.Mxybi:i‘nylmm
| G R

2

|
Pyrwvate Pynwateenolste (5 ¢Lo
K bl .t

¢ ,{mlm 8p ':h'm m/%;u\q d

Oxaloacetate % )

is released. 5 %/-g,, LN
> \

.

e i
e o




Gluconeogenesis
Biological Lipoate e
l o' H /ﬂ— Dihydrolipoyl
Tethel"s A"OW MN/\/\/C\N transacetylase
g ugs = (E3)
Flexibility s—s ' ___H ’
Lys residue
Biotin
[ o 1
" i
w <
C
N~ NN N carboxylase
S H
I Lys residue I
B-Mercapto-
ethylamine Pantothenate
| o oty cH, '
L~ )l\/\N )‘\'></0—P—o—5er— Acyl
H H (|)_ carrier
OH protein
Gluconeogenesis
Oxaloacetate to Phosphoenolpyruvate pog-
0 0 0 o 0
é}@@ﬂ?o—i—o—i— 00— Guanosine PEP%‘ CH,=£—C/<:_
Oxaloacetate GTP GEP Phosphoenol-
Co2 pyruvate

(PEP)

Phosphoenolpyruvate Carboxykinase (PEPCK)
Phosphoenolpyruvate to Fru 6-P
[PEP492PGA(23PGA_?1,SBPGAoéGASP_?DHAP?Fru 1,6P,] i

Fructose 1,6-bisphosphatase

AG? =-4 kcal/mol

20,POCH, CH,0P0,? wo 20,POCH, CH,0H o= .
: @‘ + _o-F~oy *Catalyze reverse reaction of
r OH - OH PFK in glycolysis
fructose 1,6-bisphosphate fructose 6-bisphosphate ° Fru.Ctose 1 ,6-bISphOSphate >

fructose 6-phosphate

Glucose 6-phosphatase
AG? =-3.3 kcal/mol
Glucose 6-phosphate = glucose
— Water hydrolyzes the His-P;
— DOES NOT generate ATP

— by fructose 1,6-bisphosphatase-1

— coordinately/oppositely regulated with PFK
— cleaves phosphate with water

— DOES NOT generate ATP




Gluconeogenesis

Why do we need glucose?

TABLE 14-4  Glucogenic Amino Acids, Grouped by Site of Entry

RECALL: Pyruvate Succinyl-CoA
NADH Alanine Isoleucine®
Cysteine Methionine
Pynnete Acetyl-CoA oo Glycine Threonine
€0, Serine Valine
—_— .
Citrate Threonine : Fumarate
Tryptophan Phenylalanine?
< Oxaloacetate ine2
Isocitrate a-Ketoglutarate Tyrosine
o Citric ¢ NADH Arginine Oxaloacetate
acid Glutamate Asparagine
Malate cycle  a-Ketoglutarate —— Glutamine Aspartate
o 0 Histidine
Fumarate NADH Proline
Succinyl-CoA Note: All these amino acids are precursors of blood glucose or liver glycogen, because
FADH; they can be converted to pyruvate or citric acid cycle intermediates. Of the 20 common
Succinate G1P amino acids, only leucine and lysine are unable to furnish carbon for net glucose synthesis.
(ATP) aThese amino acids are also ic (see Fig. 18-15).

« Physiologically necessary: Brain, nervous system, and red blood cells generate ATP ONLY from
glucose.
* When we can't get it from pyruvate, amino acids are utilized, which allows generation of glucose
when glycogen stores are depleted:
— during starvation
— during vigorous exercise
— can generate glucose from amino acids, but not fatty acids

- Costs 4 ATP, 2 GTP, and 2 NADH. Net reaction: AG*® = -9 kcal/mol
2 Pyruvate + 4 ATP + 2 GTP + 2 NADH + 2 H* + 4 H,0 >

Glucose + 4 ADP + 2 GDP + 6 P; + 2 NAD*

Glycogen
ynthesis

Storing a ready-reserve of
carbohydrate




Glycogen Synthesis

» Synthesis of glycogen requires two enzymes, whereas
glycogen degradation, only used phosphorylase. Both
pathways use a-phosphoglucomutase; the start and end

junction is Glc 1-P. o o O\
Sugar-0—p—0”+ “0~F—0-p—g\p—Ofibese- e
0~ o~ O O
* Blood glucose must be: Sugar phosphate NTP
— Phosphorylated: Glc > Glc-6-P
- Then converted: Glc 6-P > Glc 1-P ..
— Activated with UDP (UDP-Gic is the precursor)
— Added to glycogen ? 9 7 9
-0—p—0—p—0- [sugar}—0—P—0—P—0Ribosel[Base|
0-Glucosyl group o- é_ é é_
SHaoH Pyrophosphate (PP;) Sugar nucleotide
H " inorganic ‘NDP'SUQ!,)
H OH H Uridine pyrophosphatase
H H it "ij bt
0—P—0—P—0" 2 “0—P—OH
5 o ot I
Phosphate (P)
H H
UDP-glucose " H

(a sugar nucleotide) OH OH Net reaction: Sugar phosphate + NTP—> NDP-sugar + 2P;

Glycogen Synthesis
Glycogen Is Synthesized by

s

¥+ N, Glycogen Synthase

OH H
HO

3 2
H HO ‘I>
“0—P—0—P—0"

d d—en, m;on CH,OH
[Uracil — —o0,
o NI VBN
UDP-glucose r/ N1 5 p
H H OH H OH H
" n \.—/\"0*’/ \—/ —o0—/
H OH H OH
Nonrlcduclng‘;m;l of Glycogenin Starts a
a glycogen chain i
‘withn vasidués New Glycogen Chain
(n>4) O
W g —
b
cn,ou CH,OH CH,0H v
| on g g
= /)  Jg -~"EJ

-0, p -0,

H H |:1 N H

New nonredudng o af W|
end OH H OH H INOH H )
—0 — J | ! , o 0~ =

! 1
H H OH
Elongated gly:ogen

with n + 1 residues

Takes 2 “ATPs” to put Glc into polymer (Glc1P & UDP-GIc), but
get 33 ATP of potential energy.




Glycogen Synthesis

Each chain has

1210 14 glucose General Structure of a
o wn | Glycogen Particle

w— primer

s second tier
e third tier

wee fourth tier

fifth — 12 t Calculate the number of Glc residues in a glycogen
{lagt ter i d) molecule:

29 — 212 x 12-14 = 6,000-57,000 Glc per glycogen
Rimber of (MW = 108 — 107)

Synthesis of Branches in Glycogen

..........................

Qﬂﬁu&ﬂﬂﬂﬁuﬂﬂﬂ

ooooo (@1—>4) glycogen b h 9

Nonveducing, () MMQ,Q
end M=o (a1->6) Branch
point

core

Pentose
Phosphate
Pathway

Providing reduced electrons
and ribose




Pentose Phosphate Pathway

/v Fatty acid synthesis

Glucose i
2 NADP* ¢z--{--# Glutathione reduction
" Other reactions. such
Glucose Oxidative as detoxification
6-phosphate irreverSi ble Pentose Phosphate
(oxidative) Ribulose Pathway,

sometimes called
the pentose-
phosphate shunt, is
linked to Glycolysis

5-phosphate

W

Xylulose
5-phosphate

Fructose
6-phosphate

.

Glyceraldehyde
3-phosphate

Non-oxidative
reversible
(Non-oxidative)

Ribose
5-phosphate

Because it provides
for essential
components of
these
biomolecules, we
will consider it part
of

Nucleotide
biosynthesis

Pyruvate

]

=

T T
Glycolysis The pentose phosphate pathway

Pentose Phosphate Pathwa

10



