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2. Clinical Case: 15 y.o. female Hemolytic anemia diagnosed at
age 3 mo. Recurrent episodes of pallor, jaundice, leg ulcer
Enlarged spleen, low Hb, low RBC count, elevated reticulocyte count
Abnormal RBC shape, short RBC life, elevated total and indirect
bilirubin RBC with elevated 2,3-BPG and low ATP Following
spleenectomy clinical and hematological symptoms improved. 3.
Glycolysis: The Central Pathway of Glucose Degradation 4.
Glycolysis: Embden-Myerhof Pathway Oxidation of glucose Products: 2
Pyruvate 2 ATP 2 NADH Cytosolic 5. Glycolysis- Structural
Representation 6. Glycolysis: General Functions Provide ATP energy
Generate intermediates for other pathways Hexose monophosphate
pathway Glycogen synthesis Pyruvate dehydrogenase Fatty acid
synthesis Krebs Cycle Glycerol-phosphate (TG synthesis) 7.
Glycolysis: Specific tissue functions RBCs Rely exclusively for
energy Skeletal muscle Source of energy during exercise,
particularly high intensity exercise Adipose tissue Source of
glycerol-P for TG synthesis Source of acetyl-CoA for FA synthesis
Liver Source of acetyl-CoA for FA synthesis Source of glycerol-P
for TG synthesis 8. Regulation of Cellular Glucose Uptake Brain
& RBC: GLUT-1 has high affinity (low Km)for glucose and are
always saturated. Insures that brain and RBC always have glucose.
Liver: GLUT-2 has low affinity (hi Km) and high capacity. Uses
glucose when fed at rate proportional to glucose concentration
Muscle & Adipose: GLUT-4 is sensitive to insulin 9. Glucose
Utilization Phosphorylation of glucose Commits glucose for use by
that cell Energy consuming Hexokinase: muscle and other tissues
Glucokinase: liver 10. Properties of Glucokinase and Hexokinase
Table 11-1 11. Regulation of Cellular Glucose Utilization in the
Liver Feeding Blood glucose concentration high GLUT-2 taking up
glucose Glucokinase induced by insulin High cell glucose allows GK
to phosphorylate glucose for use by liver Post-absorptive state
Blood & cell glucose low GLUT-2 not taking up glucose
Glucokinase not phophorylating glucose Liver not utilizing glucose
during post-absorptive state 12. Regulation of Cellular Glucose
Utilization in the Liver Starvation Blood & cell glucose
concentration low GLUT-2 not taking up glucose GK synthesis
repressed Glucose not used by liver during starvation 13.
Regulation of Cellular Glucose Utilization in the Muscle Feeding
and at rest High blood glucose, high insulin GLUT-4 taking up
glucose HK phosphorylating glucose If glycogen stores are filled,
high G6P inhibits HK, decreasing glucose utilization Starving and
at rest Low blood glucose, low insulin GLUT-4 activity low HK
constitutive If glycogen stores are filled, high G6P inhibits HK,
decreasing glucose utilization 14. Regulation of Cellular Glucose
Utilization in the Muscle Exercising Muscle (fed or starved) Low
G6P (being used in glycolysis) No inhibition of HK High glycolysis
from glycogen or blood glucose 15. Regulation of Glycolysis
Regulation of 3 irreversible steps PFK-1 is rate limiting enzyme
and primary site of regulation. 16. Regulation of PFK-1 in Muscle
Relatively constitutive Allosterically stimulated by AMP High
glycolysis during exercise Allosterically inhibited by ATP High
energy, resting or low exercise Citrate Build up from Krebs cycle
May be from high FA beta-oxidation -> hi acetyl-CoA Energy needs
low and met by fat oxidation 17. Regulation of PFK-1 in Liver
Inducible enzyme Induced in feeding by insulin Repressed in
starvation by glucagon Allosteric regulation Like muscle w/ AMP,
ATP, Citrate Activated by Fructose-2,6-bisphosphate 18. Role of
F2,6P2 in Regulation of PFK-1 PFK-2 catalyzes F6P + ATP ->
F2,6P2 + ADP PFK-2 allosterically activated by F6P F6P high only
during feeding (hi glu, hi GK activity) PFK-2 activated by
dephophorylation Insulin induced protein phosphatase Glucagon/cAMP
activates protein kinase to inactivate Therefore, during feeding Hi
glu + hi GK -> hi F6P Insulin induces prot. Ptase and activates
PFK-2 Activates PFK-2 > hi F2,6P2 Activates PFK-1 -> hi
glycolysis for fat synthesis 19. Coordinated Regulation of PFK-1
and FBPase-1 Both are inducible, by opposite hormones Both are
affected by F2,6P2, in opposite directions 20. Pyruvate
Dehydrogenase: The enzyme that links glycolysis with other pathways
Pyruvate + CoA + NAD -> AcetylCoA + CO2 + NADH 21. The PDH
Complex Multi-enzyme complex Three enzymes 5 co-enzymes Allows for
efficient direct transfer of product from one enzyme to the next
22. The PDH Reaction E1: pyruvate dehydrogenase Oxidative
decarboxylation of pyruvate E2: dihydrolipoyl transacetylase
Transfers acetyl group from TPP to lipoic acid E3: dihydrolipoyl
dehydrogenase Transfers acetly group to CoA, transfers electrons
from reduced lipoic acid to produce NADH 23. Regulation of PDH
Muscle Resting (dont need) Hi energy state Hi NADH & AcCoA
Inactivates PDH Hi ATP & NADH & AcCoA Inhibits PDH
Exercising (need) Low NADH, ATP, AcCoA 24. Regulation of PDH Liver
Fed (need to make FA) Hi energy Insulin activates PDH Starved (dont
need) Hi energy No insulin PDH inactive 25. Clinical Case: Pyruvate
Kinase Deficiency 15 y.o. female Hemolytic anemia diagnosed at age
3 mo. Recurrent episodes of pallor, jaundice, leg ulcer Enlarged
spleen, low Hb, low RBC count, elevated reticulocyte count Abnormal
RBC shape, short RBC life, elevated total and indirect bilirubin
RBC with elevated 2,3-BPG and low ATP Following spleenectomy
clinical and hematological symptoms improved. 26. Clinical Case:
Pyruvate Kinase Deficiency RBC dependent on glycolysis for energy
Sodium/potassium ion pumps require ATP Abnormal RBC shape a result
of inadequate ion pumping Excessive RBC destruction in spleen
Hemolysis Jaundice (elevated bilirubin, fecal urobilinogens)
Increased reticulocyte count 27. Clinical Case: Pyruvate Kinase
Deficiency
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