Glycogen metabolism

* Glycogen review - QL 1,4 and 1,6 Q. -glycosidic links

~ every 10 sugars are branched - open helix with many
non-reducing ends. Effective storage of glucose

* Glucose storage (b)

Nonreducing )
— Liver glycogen 40% 72¢ e 3
— Muscle glycogen 07% 245¢ 0y 3"
— Blood Glucose 0.1% 10g e 1 )
® o ¢ v 2
Large amount of water associated with glycogea S;?,:}Ch Heduaing
- 0.5% of total weight S ° v “

Glycogen stored in granules in cytosol w/pFoteins;:
for synthesis, degradation and control

The function of glycogen is to
store metabolic glucose
-Efficient release of glc from
glycogen polymer requires
many non-reducing ends for
enzyme attack

*Must store largest amount of
glycogen in smallest volume
*Chain length and branches
support the “glucose
bioavailability”
*G=glycogenin core with two
branches, each continues to
branch.

*Each layer (tier) of branches
increase ends for enzymatic
release of glucose

Box 16-3 part 1
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Glycogen biosynthetic and
degradative cycle

There are very different means of control of glycogen
metabolism between liver and muscle

Two different pathways - do not share enzymes like
glycolysis and gluconeogenesis
glucose -> glycogen glycogenesis - biosynthetic
glycogen -> glucose 1-P glycogenolysis - breakdown

Evidence for two paths
— Patients lacking phosphorylase can still synthesize glycogen
— hormonal regulation of both directions
— mass action

wnching enzyme
UDP

debranching enzyme

glycogen synthase

UDP-glucose

inorganic
pyrophosphatase
PP,' 2 P,'
UDP-glucose pyrophosphorylase

glycogen phosphorylase

phosphoglucomutase/‘ L

Figure 16-6
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Glycogenolysis (glycogen breakdown)-
Glycogen Phosphorylase
glycogen (n) + Pi -> glucose 1-p + glycogen (n-1)
e Enzyme binds and cleaves glycogen into monomers at the
end of the polymer (reducing ends of glycogen)
e Dimmer interacting at the N-terminus.
e ratfe limiting - controlled step in glycogen breakdown

e glycogen phosphorylase - cleavage of 1,4 a glycosidic
bond by Pi NOT H,O

e Energy of phosphorolysis vs. hydrolysis
-low standard state free energy change -transfer potential
-driven by Pi concentration
-Hydrolysis would require additional step s/ cost of ATP

- Think of the difference between adding a phosphate
group with hydrolysis

Glycogen Phosphorylase

e phosphorylation locks glucose in cell
(imp. for muscle)

e Phosphorylase binds glycogen at storage
site and the catalytic site is 4 fo 5 glucose
residues away from the catalyfic site.

e Phosphorylase removes 1 residue at a
time from glycogen until 4 glucose
residues away on either side of 1,6 branch
point — stericaly hindered by glycogen
storage site

e Cleaves without releasing at storage site
e general acid/base catalysts




Glycogen Phosphorylase

e Can only react until
4 or 5 glucoses
away from
branching enzyme.

e Glucose is held in
place at a site away
from catalytic site
(more efficient than
diffusion)

* Active site is a small
crevice - too big for
branched glycogen
to fit - PLP is close in
proximity. This results
in keeping water out
of the active site.

Glycogen Phosphorylase

e Inorganic phosphate |
attacks the terminal N

P’

intermediate.

o cofactor PLP pyridoxal }[‘g
5" -phosphate
- Covaliently bound by

shiff base
- Phosphate functional 07
group of PLP actsaan "« )
acid/base catalyst Hou,
- Allows the exclusion of water . j

- replaced by Pi

E

(1 —=4) linkage

glucose residue passmg 5 l/

cHyoH, " e

IIO

(IIO!I( I;,,I

OH CH,0H
0.

H(

lecogen
syl units)

through an oxonium ion /%

OHYH_

e
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CH,OH

« linkage
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Formation of an
B 1) E-P-glycogen
ternary complex.
Nonreducing end
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Ho&ﬁ con (n glucosyl units)
o
I

Reaction of P, with the oxonium ion with
overall retention of configuration about
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than before, cycles back to step 1.
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Transferase/debranching enzyme

* Finishes what phosphorylase
cannot

e Two activities on same enzyme
1st- transferase - move 3/~

another

- exposes 1,6 branched sugar
* 2nd - debranching - specific
cleavage (hydrolysis) of 1,6
branched glucose - giving free
glucose

available for

further phosphorolysis
Copyright 1999 John Wilay and Sons, Inc. All rights reserved.
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Phosphoglucomutase

glucose 1-P -> glucose 6-P
* mechanism involves phosphoryl shuttle from serine in
active site to glucose hydroxyls

* no additional energy required - equilibrium far to the
right

Ser Ser Ser
O O
[ [
CHz;—0 Il’—() 1,0H (H}‘—(%#T_()
B, / 0)
20,POCH, 20,POCH, = HOCH,
I O H
H
, OH H ,
0OPO3 HO 0OPO35
H OH H OH H OH
Glucose-6- Glucose-1,6- Glucose-1-
phosphate bisphosphate phosphate
(G6P) (G1.6P) (G1P)
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Glucose 6-phosphatase (G-6-Pase)

glucose 6P -> glucose + Pi
¢ Found mostly in Liver and Kidney NOT Muscle or Brain

¢ Allows gluconeogenic fissue to supply and glucose for body
while muscle and brain keep it for glycolysis

.

Li
|
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Glycogenesis - synthesis HN)j

UDP glucose transferase e e N 0 0Py

B ¥ = poY o !

Glucose 1 P + UTP ->UDPglucose + O O IOTILOoNy _©

PPi T0) 0 o] H o H
H H

e UTP acts as a high energy o HQ OH
handle for many sugar Ho ) 5 VIE
polymers HO on J_I_

e Thisreactionis Gr o S
thermodynamically neutral — | Attack on the UTP pyratios.
phosphoester fransfer a-phosphorus atom PIEE o om,

e PPi hydrolysis - pulls reaction to o

right of reaction (catalyzed by

r ) CH,OH HN
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HO OH “7 I

O—P—O—P—OH,C O
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H H
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Glycogen synthase
UDPglucose -> 1.4 glycogen + UDP
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CH,OH
2s OH 4 0,

HQ==

CH,0H
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HO
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Glycogen synthase

* Highly regulated enzyme of this path
* requires a preexisting primer of glycogen
— primer is glycogenin enzyme/protein
— glycogenin glycosylates itself
- glycogen “core”
* 1,4 glycogen addition until glycogen synthase looses
contact with glycogenin core
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Branching enzyme

14 glycogen > 1,6 /14 glycogen
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Nucleoside Diphosphate Kinase (NDPK)
e Responsible for the regeneration of UTP,
but at the cost of an ATP

e This is the same enzyme discussed
before, there are several forms of NDPK
with varying substrate specificity

Adenosine

Ping Pong
‘50‘0 llls
Ademulne

’\I)P
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Energy cost of Glycogen synthesis

glucose é6-phosphate -> glucose 1 phosphate
glucose 1-phosphate + UTP -> UDP-Glucose + PPi
PPi + H20 -> 2 Pi
UDP-glucose + glycogen (n) -> glycogen (n+1) + UDP
ADP + ATP -> UTP + ADP
1 ATP cost / glycogen residue added

* The cost of storage of glucose in the form of
glycogen is very small as compared to the
production of ATP from glucose
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Glycogen Metabolism Regulation Chpt 12 3B

Brain, liver muscle isoforms. — we will focus on muscle.
Three dimensional structure of glycogen phosphorylase
- 2 x 2 (heterotetramer)

- separate binding sites for each of the regulators, and
glycogen particle site

- need to exclude water / active site (pyridoxal
phosphate) interior of homoenzyme

- glycogen binding site distal (away) from the active site
- permits several reactions before release of glycogen
polymer

- concerted change to R active form through rotation of
subunit and re-arraignment of active site

22



Phosphorylase regulation

- phosphorylase a — phosphorylated at Ser 14 near
N Terminus

- phosphorylase b - is not —-phosphorylated

* R form active / T form inactive

* Shifting between R and T forms alters activity.

T state malformed active site with surface loop
blocking binding site access.

- N term has basic residues binding near
active site acidic residues.

R state has Arg to bind substrate phospho —ion ey
position to bind (notin T state) and active site  «
loop coveris moved away when Ser 14 is phosp

* phosphorylation state defines a or b but
equilibrium between forms is also set by allosteric
regulation
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Five sites of regulation

Ser14 phosphate-recognition site
AMP activation / Glc-6-P inhibition site.
Catalytic site that binds glycogen, Glc-1-P

A W N =

Inhibitor site, 12A from catalytic site,
binds caffeine and related compounds.

5. Glycogen storage site.

24



The active site in the T (b)
form is hidden. AMP (NOT
CAMP) binding moves Ser 14
similar to that seen when the
Ser is phosphorylated.

AMP leads to the opening of
the active site without the
requisite phosphrylation,
thus the conversion from b
to a form of phosphorylase.
(a and b mean active and
less active, it does not
discuss the phosphorylation
state)
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ATP binds to the same
site but does NOT
cause the same shifts,
rather it tends to
stabilize the T form,
and is thus an inhibitor.

Thinks of the logic of the
energy state and how
AMP and ATP relate to
the results of
glycogenolysis

26



ATP, ADP & AMP
GlLucose

\ At resting/ well fed state

- AMP is low conc
ATP -> ADP
During exercise and starvation

- AMP increases as ADP->ATP

2ADP -> AMP + ATP
Adentylate kinase

ATP is ONE of the “high energy signals”
AMP is ONE of the "low energy signals"
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Phosphorylation of Ser 14
leadstoaTtoR
conformation shift as the
negative charges of the
phospho group interacts
with positive charged
Arg.

This is similar to the changes
in conformation found
with AMP.

Thus the very low energy
state of the cell can
overcome covalent
modification of the
enzymes activity

KNOW the structural
mechanics of this

enzyme €Sp 12-3B!!!

28



There are two levels of control of phosphorylase allosteric and
covalent. Both are required for full activation
— Covalent - Phosphorylation by PKA
— Allosteric -Phosphorylase activator - AMP

— Allosteric - Phosphorylase inhibitor - ATP, G6P and glucose
2ATP 2ADP

phosphorylase
T form kinase
(inactive)
phosphoprotein
phosphatase

2P; 2H,0
R form
(active)

Phosphorylase b Phosphorylase a

ATP
and/or
G6P
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Two proteins modulate activity by covalent modification — phosphorylation

1 phosphorylase kinase
-phosphorylates 1 Ser / subunit
- activated by cAMP/PKA pathway (glucagon and epinephrine) and Calcium
2 protein phosphatase 1

¢ - general phosphatase under control of insulin
2ATP 2ADP

phosphorylase
T form kinase
(inactive)
phosphoprotein
phosphatase

2P 2H,0

ATP
and/or
G6P

R form
(active)

Phosphorylase b Phosphorylase a

30



Differences between muscle and liver
Muscle phosphorylase

- inactive b form activated by low energy signal AMP
(leads to increased glucose for muscular activity)

- gglucose 6-P and ATP (high energy signals) reverse b
orm activation

Liver phosphorylase

- active a form is converted to the b form by glucose
(not muscle form)

- Therefore even with covalent modification when
enough glucose is present in the liver cell,
glycogenolysis stops, but not in the liver. You must
remember that it is not easy to build up liver glucose
levels due to GéPase.

Allosteric and covalent modification regulation of both
muscle and liver leads to use of glycogen glucose for
muscle and liver glucose for export

31

2ATP 2ADP

)lll)\])ll()l ylase
T form | inase
(inactive)
)ho\])lmpm[( in
])ll()splnt ase
2H,0
Phosphorylase b Phosphorylase a

ATP
and/or

G6P

R form
(active)
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Glycogen Synthase Regulation

Glycogen synthase -

e phosphorylated at C and N terminals
increases net charge from -13 to -31.

e active (a)form is dephosphorylated
e inactive (b) form is phosphorylated
e phosphorylation controlled via cAMP by PKA

33

Glycogen pin vy
Synthase =
Regulatory
prOtei ns - . >—<,:hospholyla|<i
| kinase -~ 3

(more active)

e Protein Kinase A - % k’ﬂ ®

regulates the B -
activity of both el
phosphorylase

and synthase. o1 ho

phosphoprotein
phosphatase-1

Copyright 1999 John Wiley and Scns, Inc, All rights resarved,
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Phosphorylase kinase -

phosphorylates phosphorylase

e Duel controlled enzyme

e Exact regulation is still not totally clear, but there are
four different subunits some in different amounts. «, B,
y and 9.

e Both the o and the B subunits are phosphorylated by
PKA - this leads to a highly active phosphorylase
kinase when Ca*2is also present.

e The gamma subunit is similar to a protein kinase and
acts as a psuedosubstrate (kind of like the regulatory
subunits of PKA) for phosphorylase kinase -key
glutamate

¢ highly active form when phosphorylated by PKC
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e Increased Ca*? |evels partially activate kinase
(low active form) via nervous activity/muscle
contraction/epinephrine

- Ca*2 activates by non-covalent
interaction with a subunit of the
phosphorylase kinase (calmodulin;
CaM)

-CaM is a ubiquitous Ca*? binding
protein that interacts with many
other proteins. Cytosolic Ca*? levels
are tightly controlled and only
transiently increase.

-Most Ca*?is stored in mitochondria
and endoplasmic reticulum.
-Calmodulin is also a subunit of
phosphorylase kinase (3)

36



- Calmodulin binds Ca*2in
a central loop (EF hand)
that causes the central
helix fo alter its
conformation.

E helix

-F helix

~ EF hand

37

- When Ca*? levels
increase, calmodulin
pulls the gamma
subunit of
phosphorylase away
from the active site of
phosphorylase kinase,
allowing activation of
the enzyme.




cAMP-dependent
protein kinase

ATP | ADP
>*—<«
phosphorylase
(more active) :
‘>_< ATP v ADP
3
. N >—<‘ QP
glycogen
phosphorylase a
(more active)

P, i H0

phosphoprotein
phosphatase-1

Copyright 1999 John Wiley and Sens Inc Al rights tesarved
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Protein phosphatase 1 (PP1) multiple

phosphorylation sites

There are several protein phosphatases - most
are many times more active (think about what
that means) than the protein kinases.
Generally these are not specific PPases and
are not highly regulated. Except for...

PP1 increases glycogen synthesis and inhibits
glycogen phosphorylase

PP1 removes the phosphoryl groups from
phosphorylase kinase (o and  subunit)

PP1 also removes the phosphoryl group from
glycogen synthase (think of this consequence)

40




Regulation of PP1

- There are two subunits of PP1, the G protein
(glycogen binding) and the catalytic domain.

Insulin

\J
Insulin-stimulated
protein kinase

| ADP @
Glycogen w ——» Decreased phosphorylation
leading to increased
glycogen synthesis
Epinephrine
Glycogen w PP ' :.""’
cAMP-dependent

(less active)
protein kinase (cAPK)
Glycogen @ + @ — Increased phosphorylation
\ leading to increased
glycogen breakdown

@ (inactive)

{more active)

\

ADP
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Regulafion of PP1

- PP1, G protein and glycogen must be in a
complex for phosphatase activity to occur.

Insulin
Glycogen w !! —— Decreased phosphorylation
leading to increased
glycogen synthesis

(more active)

A\l
Insulin-stimulated
protein kinase

| ADP

Epinephrine

v ;
cAMP-dependent
protein kinase (cAPK)

(less active)

\

@ + @ —— Increased phosphorylation
\ leading to increased
(inactive) glycogen breakdown

&)

ADP
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- G protein binds glycogen and acts to recruit PPI to glycogen

complex

Increases PPI/G protein interactions result when the G protein is
phosphorylated at 1 residue (controlled by insulin)

PKA also phosphorylates the G protein at a different site and

inhibits the G protein - PP1 from binding. The phosphatase is
then inactive.

Insulin-stimulated
protein kinase

ADP
ATP ¥
it @; ——— Decreased phosphorylation
leading to increased
{more active) glycogen synthesis
Epinephrine
: -
A

cAMP-dependent -
protein kinase (cAPK)

(less active)

+ — Increased phosphorylation
leading to increased

(inactive) glycogen breakdown
ADP
RoC2 2C
cAMP-dependent| _cAMP _ |cAMP-dependent| _ & anp) PHOSPHORYLATION
protein kinase | =——— | protein kinase % & SYSTEM
(inactive) {active)

ATP ADP @@
@Brdy e (aB1ds
phosphorylase phosphorylase S

kinase b >_< kinase a Kinases

i
P

i AI'JP ATP | ADP ®
E glycogen glycogen glycogen >_<\ glycogen

' phosphorylase b phosphorylase a synthase a synthase b
; ‘>—< TS

1

P

+ A
1 H0 P; 1 H0
"\ l;
hoprotein | phosph phosphoprotein
o h o R
inhibitor-1 a (inactive) {active)
ATP ADP @
phosphoprotein phosphoprotein
phosphatase phosphatase
inhibitor-1 b inhibitor-1 a
i H 2
\
DEPHOSPHORYLATION

SYSTEM
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Glycogen storage disorders

Hereditary Glycogen Storage Diseases

Type Enzyme Deficiency Tissue Common Name Glycogen Structure

v

\'
Vi
vi
Vil

Glucose-6-phosphatase
a-1,4-Glucosidase

Amylo-1,6-glucosidase
(debranching enzyme)

Amylo-(1,4 —1,6)-transglycosylase
(branching enzyme)

Glycogen phosphorylase
Glycogen phosphorylase
Phosphofructokinase

Phosphorylase kinase

Phosphorylase kinase

Glycogen synthase

Liver
Alllysosomes

All organs

Liver, probably
all organs

Muscle
Liver
Muscle

Liver

All organs

Liver

von Gierke's disease
Pompe’s disease

Cori’s disease
Andersen’s disease

McArdle’s disease
Hers’ disease
Tarui’s disease

X-Linked phosphorylase
kinase deficiency

Normal
Normal

Outer chains missing
or very short

Very long unbranched
chains

Normal
Normal
Normal

Normal

Normal, deficient
in quantity

Box 16-2 table
©2013 John Wiley & Sons, Inc. All rights reserved.
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Glycogen storage disorders

* clinical manifestations is fatty liver -> distended
abdomen

* many different kinds depending on mutated
enzyme

* Von Gierke’ s Disease - G 6-Pase or transporters
missing

* normal glycogen but high levels of trapped
phospho-sugars

» surgery to liver and controlled feedings treat
this disease. One of the patients was
discovered in Fargo. Dr. Nordlie at UNDSM s
the leader in the study of this disease.
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McArdle’ s disease - Found after cramps at
onset of exercise

* ADP concentrations increase initially and
decrease w/ more exercise

* phosphorylase kinase missing in muscle but
liver present (isozymes) - what is happeninge
Muscle glycogen is NOT available. The
muscles are probably damaged due to lack
of ATP. With lower levels of activity, glucose
(exported from liver) can enter and take the
place of glycogenesis.
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Pompe's Disease - Missing glucosidase activity,
usually found in lysosomes.

Leads to large increases in glycogen found in
lysosomes in nearly every ftissue in the body.
Once the glycogen particles are in the
lysosome it can no longer function normally,
although extralysosomal glycogene acts as
normal. The reason for this is not known, but
results in cardiomegaly and death occurs at
an early age from heart failure.
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Gluconeogenesis - Generation of glucose from pyruvate

* The principle noncarbohydrate precursors of glucose are lactate,
pyruvate, and amino acids. Lactate and amino acids can be
converted to glucose by this pathway (glucogenic) - NOT Fatty acids

* Most amino acids (except leucine and lysine) are converted into
oxalacetate and then metabolized to glucose.

e This is only in part a reversal of glycolysis.
Remember the irreversible reactions of
glycolysis.

¢ Liver and kidney are only real gluconeogenic tissues

e This is how liver can provide most of glucose during fasting
state - i.e. after the glycogen is gone.
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Pathway and Tissues of
gluconeogenesis

ONLY Liver and Kidney have
all gluconeogenic enzymes
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Gluconeogenesis

Reactions of gluconeogenesis.

* Gluconeogenesis differs from glycolysis by
four different reactions (three steps).

* Pyruvate is converted to oxaloacetate by
pyruvate carboxylase.

* Phosphoenolpyruvate is formed from
oxaloacetate by phosphoenolpyruvate
carboxykinase (PEPCK).

* The steps of glycolysis now proceed in the
reverse direction until fructose-1,6-
bisphosphate is synthesized.

* Removal of the last two phosphates to
yield glucose is accomplished by fructose

P,
glucose-6-
phosphatase

10
Pi
g
3] phosphofructokinase
frct PF)
bisphosphatase 0P
HO Fructose-1,6-bisphosphate
1,6-bP)

Glycolysis

[1] hexokinase (HK)

o
Glucose-6-phosphate (G6P)
[2] prosphoglucose

(P

Fructose-6-phosphate (F6P)

(F-
H @] aldotase
Glyceratdehyde 3 phosphate

Dihydroxyacetone phosphate

(2) Glyceraldehyde
3-phosphate

P+ NAD®
NADH +H'

(2)1,3-bisphosphoglycerate
(1,3-bPG)

[e] e
oh

ATP
(2) 3-phosphoglycerate (3PG)

[8] phosphoglycerate
(o)

(2) 2-phosphoglyc )

8] enolase
o

GDP4CO;  (2) Phosphoenolpyruvate
pep)

. GTP_PEPCK, {BEE)
bisphosphatase and glucose-6-phosphatase. me [

58




Gluconeogenesis

Glucose-6-phosphate

Glycerol —~ ——> NADH, ATP

s1sA102A19

ATP ——

Gluconeogenesis

Lactate — Pyruvate
—> NADH

Acetyl-CoA

Citric
acid
cycle

NADH
FADH,

Glucogenic
amino acids

Pathways that flow through gluconeogenesis. Glucogenic precursors include
lactate, pyruvate, glycerol, and glucogenic amino acids.
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phosphme
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There are three steps and four enzymes involved.
Step 1 Pyruvate to Phosphoenolpyruvate (2 enzymes)
1. Pyruvate carboxylase (PC)

e pyruvate + CO, + ATP-> oxaloacetate + ADP +Pi
e Pyruvate is carboxylated in the mitochondria and the

reaction is driven by ATP hydrolysis

T pyruvate
I carboxylase l |

CH;—C—C—0 / \ —C—CH,—C—C—0

Oxaloacetate

Pyruvate :
HCO; + ATP ADP + P;

Copyright 1999 John Wiley and Sens, Inc. All rights reserved.
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CO2+ GDP ATP Pyruvate Kinase
PEPCK C
—_—

Lactate

Pyruvate tight
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— x
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w2 Transport of OAA
| || ! -inner mito membran

Malate has to be

o




[\°)

. Phosphoenolpyruvate kinase (PEPCK)
2 isozymes cytosolic/mitochondrial

Found in liver, kidney and adipose

OAA + GTP -> PEP + GDP + Pi

Potential involvement in SIDS

In adipose (fat cells) glycerol is produce rather
than glucose (via - glycerol 3-phosphate). Used
for glycerol backbone of triacylglycerol

In kidney PEPCK is responsible for decrease

ammonia produced via the krebs cycle.
Ultimately responsible for acid base regulation,)

PO?
|
g 0
I [l PEPCK [l
O0—C—CH,—C—C—0 / 3 \ > CH,=C—C—O0
Oxaloacetate S 5 Phosphoenol-
GTl GDP + CO, pyruvate (PEP)
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Glucose
G‘““’*" . _
phosphmose Glucose 6-
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G\ycoger\
Fruc?ese 6-P

Frucfose 1.6- _
Blsphosphcﬂose Fructose

1,6 Bis P

|

r Phosphoenolpyruvate
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Lactate
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E e glucose 6 phosphatase (GéPase)
¢ 5 subunit enzyme found in endoplasmic reticulum
Only in liver and kidney
Hydrolysis of 6-phosphate
requires transport in and out of ER
Von Gierkie’ s Disease - missing G6Pase

l NS

Oxaloacetate ( l I | I I I I l %
Step 3 Glucose 6-phosphate to glucose
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Step Regulator
The regulation of gluconeogenesis iucose
is in many ways the reciprocal of e I son Covotey i
glycolysis. In addition, the first lucose sphosphate
two reactions of gluconeogenesis racosesphophate
are compartmentalized to the i) ST V Fructose 2. bisphosphate
. . bisphosphatase
mitochondria. e Ve
Fructose-1,6-bisphosphate
*  Occurs through { Fye—
compartmentalization ¥ nhibis
phospmenm pyruvate

* Allosteric regulation siep2

PEPCK

Oxaloaceka!e »
C( o ]

Compartmentalized
in mitochondria

*  Phosphorylation

* Changes in gene expression

A Acetyl-Con

pyruvate \Step 1
carboxylase

Pyruvate
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Control of Gluconeogenesis

Several common factors that increase one pathway will shut off
the other.

— High energy state -> ATP, citrate

— Low energy state -> ADP, AMP

— Fructose 2,6 bisphosphate -> increase blood [glucose]
— Starvation increases gluconeogenesis

— High carbo reduces gluconeogenesis while low carbo diet
increases.
In general, the well feed state decreases gluconeogenesis and
increases glycolysis
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