Chapter 8. Metabolism of Carbohydrates
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1] Lactate fermentation (H&HER) : SE, OIUE
x Pyruvic acid + NADH + H ——» Lactic acid + NAD"
* lactic dehydrogenase - erythrocyte (tetramer)
- H form : PVA°] ]3] A 3|
- M form : ¥ PVAdlA 243}
2] Alcohol fermentation(2IS2R) : @7
1st step : Pyruvate + Mg, TPP — acetaldehyde + CO
[pyruvate decarboxylase]
2nd step : Acetaldehyde + NADH + H —» ethanol + NAD"
[alcohol dehydrogenase]
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(10 successive
reactions)
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anaerobic anaerobic
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Fig. Three possible catabolic fates of the pyruvate formed

2. Enzymes involved in glycolysis
1) Kinase : ATPol ¢]3&to] <latslyl S wt=+= §4 Mg -dependent,
=7 kg0t
(D Hexokinase
- animal (monomer), plant, yeast (dimer)s Y2 &3
- Gle, Man, Fru®] 6 positionS <14F3}
- glucose-6-@9°l 2]t} A& E wr=t}. (production inhibition)
@ Glucokinase
- A9 7o &, MAE glucose-1-®
- 79 ¢] blood glucoseE #71 —» glycogen storage (Liver)
- Production inhibition (X)



@ Phosphofructokinase (PFK-1) :
- H]7}9 2 allosteric typel Z fructose-1, 6 bis®Z A g+t
- negative effector(€4 %89 #|) : ATP, citrate
- activator : AMP, fructose-2,6-bisphosphate (in liver)
O Fructose-2,6-bisphosphate : S22 SFIAMSAO| Z&ot XA}
- intracellular indicator that the cell’s glucose concentration is high
- PFK-1& @43} AA tellA dEelE £318ta sA9 FBPase-15 9
A 3Fe] gluconeogenesis< A A A] 71t}
- FPK-2¢} FBPase-2:=  7HA 715S& 7k @l ol glucagon¥}
insulin®ll ¢]&iA =4 ¥}
2) Isomerase(©] A A3} & 4): dimer, Mg = °o]EA
- Glucose-6-® — fructose-6-®
- Glyceraldehyde-3-® ——dihydroxyacetone phosphate
3) Mutase : 2+-87]¢] 91A]7F W3}
Glucose-1-® —» glucose-6-®
Glycerate-3-® —» glycerate-2-®
4) Aldolase @ 3% a4
Fructose-1,6-® — glyceraldehyde-3-® + dihydroxyacetone—®)
5) Enolase : dehydration
Glycerate-2-® —— phosphoenolpyruvate (PEP)
6) Dehydrogenase
Glyceraldehyde-3-® —» glycerate—1,3-bisphosphate

7) Pyruvate Kinase : PEP — PVA

(active form)

Pi Dephosphopyruvate ATP
kinase
Protein Protein kinase
phosphatase
H-0O Phosphopyruvate ADP
kinase

(less active form)
- Positive effector : AMP, fructose—2,6-bisphosphate
- Negative effector : ATP, alanine, acetyl CoA

« ZHO|A AT} (Tautomerization)

Pyruvate (Enol form) — <——="  Pyruvate (Keto form)



3. Energy yield from glycolysis
1) ATP balance
[energy comsume]
@ Glucose + ATP ———>»  Glucose-6-phosphate + ADP
@ Fructose-6-® + ATP —» fructose—-1,6-bisphosphate + ADP
[energy yielding]
@ 2 1,3-Bisphosphoglycerate + 2ADP —»

2 3-phosphoglycerate + 2ATP
@ 2 Phosphoenolpyruvate + 2ADP —— 2 pyruvate + 2ATP

Net ATP = 2ATP
2) NADH balance

D 2 3-Phosphoglyceraldehyde —» 2 1,3-PGA + 2NADH
@ 2 Pyruvate + 2 NADH ——» 2 lactate + 2NAD"

2 Pyruvate —» 2 acetaldehyde + 2 NADH — 2 ethanol + NAD"

3) Energy conservation
Glucose —— 2 lactic acid (in test tube)
aG'® = 47,000 cal

Glycolysis —» 2ATP production : 7,300 x 2 = 14,000 cal
[Efficiency of energy conservation]

14,000/47,000 x 100 = 31%

4. Metabolism of other important sugars

1) Fructose + ATP —» Fructose-6-phosphate
[hexokinase]

2) Fructose + ATP ——» Fructose—1-phosphate
[fructokinase]

3) Mannose + ATP ——» Mannose-6-® ——» Fru-6-0®
[hexokinase]

4) Galactose + ATP —— Galactose—-1-phosphate
[galactokinase]

Galactose-1-® + UDP-glucose — UDP-Gal + Glucose-1-®

[Gal-1-phosphate uUridyltransferase]
UDP-galactose ——» UDP-glucose

[UDP-glucose-4-epimerase]
UDP-glucose @——»  Glucose—1-phosphate

[UDP-glucose pyrophosphorylase]



Glucose -1-® —» Glucose-6-® —» Glycolysis
[Phosphoglucomutase]

O Galactosemia(ZHEAY™ ’—él
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o] o F=9] galactose & =7} A5 81o]
=0 HH S| El -q;l

<
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5) Glycerol
Glycerol + ATP —» glycerol-3-phosphate

[Glycerol kinasel] [dehydrogenase]

Dihydroxyacetone phosphate
Glycolysis
Glyceraldehyde-3-phosphate
6) Glycogen : glycogenolysis(Z#] 32 &3))

Glycogen — Glycogen., + Glucose—1-phosphate
[phosphorylase]

5. &3 2 Ao %4 (Regulation of carbohydrate catabolism)

1) Regulation of glucose metabolism is different in muscle and liver
- Liver : glucose is released into blood

- Muscle : glucose enters the glycolytic pathway

2) Regulation of glycogen phosphorylase(Z& Z4 7}QAAR 3] & 4 9
D In muscle : is regulated allosterically and hormonally

Zz4)
phosphorylase a phophatase
2H-0 2Pi

Phosnhorvlhosnhorﬂase b

active formwss active form

(tetramer) 2ADP Ca'~ 2ATP (dimer)

phosphorylase b kinase

~ Adenylate cyclase activator (In muscle) : Epinephrine
® In liver : i

is regulated by hormone and blood glucose
Glycogen ——» glycogen,, + Glc-1-®

[glycogen phosphorylase]
Glc-1-® —» Glc-6-® — Glucose + Pi

[glucose—-6-phosphatasel



+ Glucose-6-phosphatase : present in liver but not in muscle
« Adenylate cyclase activator (In liver] : Glucagon

3) Hexokinase is allosterically inhibited by its product
Glucokinase is inhibited not by its reaction product but by its isomer,
fructose—-6-phosphate
4) Pyruvate Kinase is inhibited by ATP, acetyl CoA
5) Phosphofructokinase-1 is regulated allosterically
* Allosteric regulator : citrate (2{Hl), fructose-2,6-bisphosphate(Z2)
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Fig. Entry of glycogen, starch, disaccharides, and hexoses into the

preparatory stage of glycolysis.



II. Pentose phosphate pathway

* Phosphogluconate pathway = Hexose monophosphate shunt
* Alternative to glycolysis
* Q8 QAAA R £X = NADP'Y F#Fo 98 =ddr
=  Glucose 6-U4He] %L NADPH, ribose 5-phosphate, ATP¢
e o0 wa AR dH.

Glucose
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pentose [ (8) ¢-mragremreamrenneneanss .
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~

N> NADPH ----s--neenee
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|
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1. HMP shunt®] A A &<l ut-&
+ 3 Glucose-6-phophate + 6NADP" + 3H,O —* BNADPH + 6H + 3CO.

+ 2 fructose-6-phosphate + GAP
1) 154H| (Oxidation reaction, A9} Hi2)
+ NADPH, ribulose-5-phosphate& & st}

= Glucose 6-phosphate dehydrogenase @ #}3}5 AEZHAFE Fz3tct

- glucose 6-phosphate —» 6-phosphoglucono-lactone

2) HIARER B JjelN e

171 O
« 3 Ribulose-5-phosphate — Ribose-5-® + Xyl-5-®
* Rib-5-® + Xyl-5-® —» 2 fructose-6-phosphate + GAP

2. SEG QIAMIHALG ‘Holety J|s

1) Ribose9 A&/ mechanism
- Riboset nucleic acid(DNA, RNA)S T+ &
- ATP, NADH, FAD<®] F44&o|th

2) NADPHE A A

* NADPH%+ glucose 6-phosphate dehydrogenase B&o A XA
* Fatty acid & sterol®] A gAe] o] &=, ZH3 IJA3A= 2&

3. Distribution(¥ )

* Microorganism, plant, animal< pentose phosphate pathway= 7}%It}.
% PPPo| #o]3dl:= o %= mamalian®] B3t m/o, planto] =t}

ex) Pseudomonas, Azotobacter —» phosphofructokinase 2 ¥

1) In mamalian
D Liver : PPPel 2]3F glucose AFsl=Fo] & %7 (skeletal muscle,
heart)ol] H|s}lo] B
@ E3] rat liverol A & glucose? 20-30%+ PPPel| ¢]3}e] A3l o},
@ LiverOlIA{ fatty acid, NADPHS| Q7 &0 &
4. NADPH g &

- ks, 2tkstE e gdE, FARER A

oFe T 9% Atst4 EHCERE MEE RS
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5. Glucose is converted to glucuronic acid and ascorbic acid
* Glucosed] 3t A =ZZAM glucose — UDP-glucose — UDP- glucuronate ——
L- ascorbic acid [ 0] BZ= HMP Z2ZXE ATPE MAHOHK| S=0 )
1) Glucuronate 9] JIs :
* QEEZ O] Sfm Bl Eno A Fa 2§
« D-glucose”} vit C (L-ascorbic acid)® #3t¥+= F7HHEolt}
2) Ascorbic acid (Vit C) : antioxidant Jls
- vit C¥ a-tocopherols EZHZ4 FHUZZHEH AHATFoZH 453

&< BA .

CH, OH

RN L-oprzEEN
eiclz

“~Loo" a-ETHE Opem=d 2o
CH, OH
HaC o._R | 0
CH, HO—CHZ—CH~§:Z=O
HO
& o
CH,

Fig. L-ascorbic acid °] €] 3% a-tocopherol®] A4
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