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PFK (requlated by ATF, PEK, citrue, fruchse 25 bisphosphote)

2 Interconvertable pool of trioses (3PG, 2PG, PEP)

2 How many ATPs produced? 2 ATP

w Gluconeogenesis

3 Making glucose from non carbohydrate precursor
3 Bacteriacan grow on most carbon media (for example grow on succinate through utilizing gluconeogenesis)

3 Mammals:
A liver has stored glycogen and
needs constant supply of gluc

adipose tissue that it breaks down for energy. Liver has finite amounts of glycogen a
ose via gluconeogenesis and breakdown of protein (muscle) and fats.

A Cori cycle recycling of components
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2 Why can't reverse of glycolysis work?

glucose + ZADPLZP; 2 loctate +2ATP +2H,0 AL = =32 keal fnsl

2loctate +ZATP

Y

+ZH,_0'__93|UC,05<_ *ZAPP +2P; oG = +32 Ac«.’/m/

A Look akG” (kcal/mol) stepwise of reverse reaction of glycolysis

kG (kcal/mol)| Step

+15 Step1l

[+34 ['step2 |
.+4 [ Step 3 [
[+22.4 [Total |

Reaction Notes

2 pyruvate + 2ATR PEP + 2 ADF
F1,6BisP + ADB £6-P + ADP
G6P +ADP>G + ATP

Overall reaction

A Look akG” (kcal/mol) stepwise of actual gluconeogenesis

k@ (kcal/mol) | Step

+0.4 Step1

'-4.0 .Step2 .
[33 ['step3 |
-6.9 | Total |

A Thermodynamic gain

Reaction Notes

2 pyruvate + 2ATP + 2GTP2PEP + 2ADP + 2GDP + Sum of two enzyme activities (pyruvate carboxylase and PEP carboxylld
F1,6BP + ED-> F6-P + Pi F1,6bisphosphatase
G-6-P + HO-> glucose + Pi Glucose6-phosphatase

| Overall reaction
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I -6.9-(22.4) =29.3 kcal/mol

1 Replacingirreversible reactions of glycolysis

2 See handout pg 103 for energy difference glycolysis and gluconeogenesis
A Pyruvate to phosphoenolpyruvate

| Biotin is C@carrying cofactor

3 Summary Equation of hypothetical reversal of glycolysis

2 pyruvate + 21,0 + 2(NADH +H') *ZATP—> glucase +2ADP42 P +ZNAD?  +32 kealfrnl

3 Summery Equation of gluconeogenesis .
2 pyruvede + HATP +26TP +6H,0 2(NADH + H? T ?glucose t FADP+ 2GDP*6F + ZNAD +2 keal /el
A Energyjk@ (kcal/mol) calculatiortlow many ATP equivalents are used? 6 (4ATP + 2GTP)
6 kG (kcal/mol)=+32kcal/mol 4ATP{7.5kcal/mol) = +2kcal/mol

6 Compare to previously calculate2d.3 kcal/mol and this30kcal/mol from 4ATP
Ina liver cell, gluconeogenesis is more favorable than +2kcal/mol
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w Gluconeogenesis
2 Kidney can also do gluconeogenesis
2 Most of gluconeogenesis occurs in cytosol of liver cells

g

Shgnle system (see handout)

A Oxaloacetate from mitochondrion shuttled to cytosol
I Reduced to malate or oxidized to aspartate for shuttle into cytosol
I Conversionto PEP by PEP carboxykinase to for shuttle into cytosol

A What dictates if

I Ifamino acid is primary source of carbon then goes by aspartate/malate shuttle
I If have lactate as carbon source then goes by PEP
I Cytosol doesn't have alot of NADH, so NADH concentration in cytosol drives the

difference of PEP versus aspartat
T High NADH in cytosole caus

e/malate shuttle
es malate aspartate pathway to cytosol to back up

A kG°=0 in shuttle system and is driven by concentration

3 Whatelse can serve as carbon source for gluconeogenesis?
A Citricacid cycle intermediates and amino acids that feed into citric acid cycle because they

) ultimately form oxaloacetate
A Exception AcetyCoA cannot be used to
via 2x C@in citricacid cycle

w Fatty Acid Metabolism

ES
é

W (W (W (W

g

Different types of fatty acids (don't memorize

net synthesize glucose because its carbons are lost

all fatty acids on handout)

Trans fatty acids don't occur in nature. Enzymes cannot metabolize

A Esterified to adipose tissue, clip off and
Dietary fatis triacylglycerol
Body stores fatty acids as triacylglycerol

gointo lipoproteins.

CNS doesn'tdo betaxidation, most other tissue types do

AcytCoA synthetase

A ATP + Fatty Acidt Acyladenylase intermediate + pyrophosphatefatty-acyl CoA + AMP
A 3differentversions of acyCoA synthetase
I 1forlong chain fatty acids, 1 for medium, 1 for short

acety G~ o
‘§|1/l“"['1\l’s§'€_ "

R=c. ‘AP * (ASH — RC-scA tAMPt PP AGT g2

s phos
PP+ WO PEPE— 20, AG: -9

Z /Cll\ T ATP ¢ CoASH

Carnitine shuttle system (see handout)

Mz"\,’ FCoft synthust o

4 Mfophogplw‘v\se n 2y
> RCSC.A Y AMPazP; AG: =71

A Betaoxidation is in inner mitochondrial membrane
A Phosphatase is outside the inner matrix. Inner membrane in impermeable oG
A (don't have to know structure of carnitine)

A Important things:
1. Nofree energy change involved.
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2. Carnetine acyltransferase | is very regulatéittates decision in cell to oxidize a fatty
acid or synthesize afatty acid

3 Oxidation of fatty acidd (-oxidation)
A Oxidation occurs oh-carbon

2 = ] / |
R- CH,~CH,-Coo” — 'R-Coo™ + ' CHycoo™
ﬁ‘c%/‘vg, G\CC"LﬁJ&

A Oxidation clips off 2 carbons at a time as ace®glA (see handout)
A Notice succinate to oxaloacetate is a very similar pathway (FAD to FADH2 to trans double boi
Hydrate with HO, NADto NADH + H+ to make keto)
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w Fatty Acid Metabolism ?
Cy ‘Fa#ﬂ acyl Cofl Cu faj‘fj acyl CoA* CH.C SGA
FAD Lpodaton L ERDH,
NAD* +NADH+H*
CASH, 1.0
Cl(. Fa:f'l‘:jac:leoA ool ﬁ—om(aﬁmg CH; c?sc,,fl
TFAD  TCASH| ——— = 7FADH, |
2N+ 2,0 2lupdrh)
How much Wg‘{?o ATpP c?.dva.]m'f'S
- CH; C SGA = ¥xlz A
TFADH, 12 +4
TNADHH ) =73 2
+13]
cofactors —2Z
+129

3 Thermodynamics of palmitic acid

Equation of palmitic acid oxidation [ k G* kcal/mol [ Notes

| GeHbz02+ 230 -> 16C@+ 16HO [-1308 [

| 131ADP + 131P> 131 ATP + 1316 | +083

[ATP + 20D > AMP + 2P |15

[ Total: paimiti cacid + 23G- 131ADP + 131P> 16CQ+ [-430 | Why 130 ATP vs 131 ATP? Each are actually
145H0 + 130ATP + AMP + 2P . | ATP equivalents

A i -oxidation of fats creates lots of water as byproduct. Useful for camels, whales, hibernating animal:

3 Unsaturated fatty acids (double bondspe handout figure 17.5and 17.6 though don't need to memorize
A EnoytCoA isomerase, isomerases fraftis tok? trans k2 trans is an intermediate df-oxidation)
A k*cis changed te2trans tok3-trans tok? trans
A Overlap between catabolic and anabolic pathway.
A Wheni -oxidation is occurring, when it generates intermediate that has a cis double bond that is too
close to the business end where the chemistry is being done, dh&itiary enzymesnust be present
to create a substrate that thie-oxidation enzymes can deal with.

2 0Odd chain fatty acid
A Final catalytic step of thiolitic cleavage from fatty acid to create a primary metabolic intermediate

(@)
o ] CoASH CH ”5594 iy | carborylase
7 ZC Perl l/_ (ﬁif Afoglﬂ 60561")

0
CHyCH, & -, C SCoA 5 o 7= H @
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CHEM 153C Page 5



| CA M«;M!,/ malony] GA
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A Concepts in odd chain fatty acid metabolism
| 'Anaplerotic- replenishment reaction

Odd chain fatty acids can replenish TCA intermediates
Even chain fatty acids cannot replenish TCA intermediates & glucose due to

1 Cofactors

Covalently bound to enzymes (ie propionyl carboxylaseg handout
Cofactors have complicated structures and participate in complicated reaction mechanisms. Do not need to know mechanisms
First question in exam: 5 pictures of cofactors

0 Identify them (name)

6 TheirFunction (1C carrier)

6 1Enzyme that contains them

6 1Reactionthatusesthem

0 Whatare the reactive atoms (circle them)
Biotin

0 Biotinis an activated carbon carrier
Vitamin B12

6 Tetraporol structure type (heme, chlorophyl, vitaminB

6 Coiscentral atom in tetraporol
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w Vitamin B12 (cont 08/07)
3 2typesofreactions
1. Freeradical exchange H

H ),< I ] mej/l /ma,/urly/'c"A
,-lél—?Z" _— ’—!C(_{CZ_ goes éy this process

2. Vitamin B12transfers methyl groups from 1 group to another
w Ketone bodies

CH, Cc H,c00~ acetoacetate (pqrad com Pounof)

oH

CHyC~cH-coo™  B-hydrosybutyrde  (major circolating farm)

o
CH, C“CHs Acetone

2 Ketone bodies form under fasting conditions or diabetes and synthesized in the liver
2 Source of carbon is acetg@loA from -oxidation

. . O ,SCh
2 Anabolism of -hydroxybutyrate- Mechanism: \\C
acetyl CoA-acely| ]
1) ? +ransfernse O o ) CH;
1 —_— 1
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this lase + HSCA =
fwo acedy FCA Ak Shislase o:IC'-—C/-/_?
ot Hhermodynanicaly CH,
favorable, driven by (':
HMG CJ} S|, n’”\ as O// \Sco/]
All enzymes mitochondrial matrix of liver /13;’_{7 ﬁ:“:’“‘: \ HMG CA Sym‘}m.sz
rives rx
H Vv
Chs _ 1
é‘ O\\c /O m}/ SéoA
e A o =
o I [ /{SC’A H, O y
oyl CA HMG-CA CHe - CHe
lyase  -Rr— HB~C - Hs UMG-CA Ho-C—CHz
B} = cu ha ‘
ICOO é z S‘qrnl Se C"HZ
CH, +7 S C
: o oA 4N Sc,
”C‘ il L ° A
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2 Catabolism of -hydroxybutyrate (see handout 17.11)
A How many ATP?

oH o ATP
CH,C - CH,-Coo™ 2 CHCSCoh 74
H
Q _
CoAS C-CH, CH,Co0™ OOC-CHCH,Coo ™ -
NAD* NADHAH* 3
CoASH +tal 27

2 Liverdoes not havie-oxoacidCoA transferase so it cannot perform catabolism-&fydroxybutyrate
3 Fatty acids are insoluble and hard to transport shydroxybutyrate (soluble) allows for easy circulation

w Big Picture Metabolic Pathways
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