AEROBIC OXIDATION OF FUELS FOR ENERGY
PYRUVATE DEHYDROGENASE & THE CITRIC ACID (KREBS) CYCLE

\B(Lm\ WSS \\X oL € ”’U\u) ol e \WAUL\:\&\\M a_Se C\u* LLL\*S Lj\u( J>L—

QY \v\\/\v e
Oy \\§

///// GO 2 S
vidvoemondyidl  Qlseuges \\\u ku)d\x o ok 0o \Q‘@“}—
Stroke S\N\oeR LY “ o \\\\.)\V N oy C
Glucose
Guycoursis
% Lactate / \
e A pcodunE . dehydrogenase wehr solyble yitreun UV] &\ \@c\té\s s Ofabai woil ale
f k@?\w_‘wkd” liHctater) ¥ tacsiainaizis Pyruvate- & W rodoo\ e e \>¢r ANRY el vy v ASS WS B
Wi og Y Pyruvate
i gt “’\3"& \s CVvac dehydrogenase =———f  Requires 5 cofactors/coenzymes Vitamins
Qvtwn Dsie) (PDH) * 1. Tff_,ﬁhgr%ﬂg pyrophosphate) i 1. Thiamine (. )
Fatty Acids 2. lipoicacid — 2. None
—_—
reeals & Ketones Acetyl CoA 3. Coenzyme A (CoASH) 3. Pantothenatd %)
4. FAD 4. Riboflavin (g,
5. NAD S. Nlacm(_n-
Citrate
Synthase
Oxaloacefate: Citrate
Malate Aconitase
Dehydrogéﬁ??e NADH |
Isocitrate
NAD
Malate (TCH) i Isocitrate
CITRIC ACID Dehydrogenase
YCLE
. | NADH+" [ CO,
Fumarase a-Ketoglutarate
NAD CoA
T a-Ketoglutarate
et ’,:.A_[?ﬁ%j NAD Dehydrogenase \r
Requires 5 cofactors/coenzymes Vitamins
Succinate FAD Succinyl CoA 1. TPP (thiamine pyrophosphate) 1. Thiamine
peaeaiiial CO, pyropnosp
Dgﬁzdrogenase ] GTP GDP +Pj 2. Lipoic acid 2. None
(Complex If) ~ Succinate 3. Coenzyme A (CoASH) 3. Pantothenate
4. FAD 4. Riboflavin
owd . \m\‘f«\\fz Succinyl CoA 5. NAD 5. Niacin
PAOh,. So sy Synthetase
AV 28 US| \%\>
\r\\au\m\u MgV T TIT SRS R ————
Citrate (o T Fek@ | THIAMINE DEFICIENCY -\ oW \Y Syw ]
IS g»g\\\\/ SCV \ o :? E
Krebs W L\J“Ua— « Wernicke-Korsakoff Syndrome :
Starting VASNREAT — © * peripheral neuropathy, ataxia
Substrate /A 1 . * nystagmus, ophthalmoplegia '
For \)‘&i\)w@@ AN\ ’ * amnesia, confabulation
Making 5:‘ _____ i * disorientation, psychosis

Oxaloacetate

telle o Yo Conugt NADH/PADEY, > i
NALLN UY\/’\B\(\O\S

‘ Wet Beri-Beri 1
‘f‘ * WKS + congestive heart failure (edema,j

"W*’Whﬂm« e

AR R R & Nk



OXIDATIVE PHOSPHORYLATION - Qi¥ okt ¢ Nesuls

MITOCHONDRIAL INNER CYTOPLASM SIDE
MATRIX MEMBRANE (INTERMEMBRANE SPACE)
. NADH ’ Barbiturates
» = . NADH @ Rotenone
—— Dehydrogenase S ————
(Complex ) \
NAD
PRDW,. Sends Yoo 5
¢” Yo Co Q « j SZECgfggenaSG )
Qe Qi\\sw \ﬂl\g(&g" § {FAB{:{Z / Glycerol-P
N womrrrseriadie, I \Av:.( Shutﬂe
- . (Complex I1) | PR
(L\Vv\{‘\ix \ e \( Complex il { FADH,:
' L/ s oo —f\ J' V
Frebs QLSQ/K( Dehydrogena$e R e LKy s € Mt
A : T : ) _(. ) J =
EX\?“}H\L i‘:"iDﬁz (ubiquinone) | Hrom \Yo 5 Brotony, JIF HY
'Gradient H+
p HY  HF
{ HY e CYlOL D/ L b ] o — 5 i b H*
- (Complex Il il Sk
k i ; C.Uv\\v@s L Ao
l %’t 1 fyomn 2w ; }
Vv oine 0 /
7‘\\:\ ¥ = 4 :
, N Creamicn) oy
[* N Complex IV) I
e Cytochrome e i
H,0 « Oxidase J O« Ccyaxizd.g it 5 {
< Aeice eing eyt
HF Prgronne :
————— m%m (Fo)chawed P
[ 0 W R o @<———— Oligomycin
P/ (_ATP Synthas&
ADP ATP
; |
| N — ATP/ADP e =% ATP
| Translocase 4)\}
B e — — — ADP Pi
o o 'Y ads BT¥s L) ey €
. - oD Ssipade QY adi-enit .,
H* + 2, 4-DNP e declal s WP prodatthien V.
L e e m— NI ey ode. N X
S douwon Oreeess: | APV - Energy Lost as Aspirin (High Doses) CBL T o
. — L O.Z tm‘\%\x\w\'{\\cﬁ . AH%%YTP;Z‘;:S Thermogenin (Brown Adipose)

(D\.(L(AQA\» of C),)\

Q@ \oad ‘W\X\GC‘,\\U\C\\ (J8 N
@ waco uplecs
ASNN de /CO

Mitochondrial Diseases
« Leber hereditary optic
neuropathy

» MELAS: mitochondrial

encephalomyopathy, lactic

acdosis, and stroke-like
episodes

« Myoclonic epilepsy with
ragged red muscle fibers

[MELRF]

+* w\'\m\«\gv\dv \a=> padar n o\
Waney KN Le .
ol T ev ethan

Cvannde v GO cener aked v
'Y\\'Sg\x‘sﬁ "\T\vfe':S :

Qs ave \a\\\xt) \ov e

S8 Wi \oiver
ol wd g

CO 3 olwryyy ved YWALOUS

‘,-'\72‘1\/\&\4& ane §

Q\sw\\ & =

ST 0pY usel Al > Lo dut S
Hoxtc WY odanes y
D osudake 15 and dod To LAWY



GLYCOLYSIS & GLUCONEOGENESIS
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PYRUVATE KINASE DEFICIENCY
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GLUCONEOGENIC ENZYME DEFICIENCY
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g\wtom

‘ Lactate

agoALc
<ulbSiraded

N\
Jﬁ@\/\,\ ovrexr o <
C]\xj('-;lg,jé\%

e fasting hypoglycemia with lactic acidosis

. alanlne mfusmn does not xncrease plasma glucose

g

i D/'fferen tial Diagnosis

. Glycerol or fructose infusion increases blood glucose

pyruvate carboxy/ase or PEP carboxykinase deficiency

s

fructose 1,6 bisphosphatase or glucose 6-phosphatase deficiency

Glucogenic and Ketogenic Amino Acids

¢ JoOnC ac QA OHS  WNEY Sy es (,L)[
EXQXK’Y\DV\ o U\ ¢ acik Nro~—
e \g\\/u\s @{d3%% \.\\\;5 CBDU&

Gl s

J

converted to

e daer

Ketogenic Ketogenic and Glucogenic Glucogenic

Leucine Phenyl All others

Lysine Tyrosine tSpec \CU»\\Q
CANNOT b O\ CANAY

\V

B
|




| RECIPROCAL REGULATION OF HEPATIC GLYCOLYSIS & GLUCONEOGENESIS

FED STATE FASTING, IDDM

Glycolysis ‘ 7\ Gluconeogenesisg Glycolysis - h

= LGluconeogenes '
Glucose

Glucose
lucokinase i
s uhngh K. < >9ucose 6-phosphatase glu“cw?;r:n,a(se) glucose 6-phosphatase
m

Glucose 6-phosphate

U g

Fructose 6-phosphate

Glucose 6-phosphate
F26BP \ I

Fructose 6—phosphate \L

%
phosphofructokinase-1

Fructose 1,6—-bisphosphate

fructose 1,6-bisphosphatase phosphofructokinase-1

S o

fructose 1 ,6-bisphosphatase
— 2O

@

Fructose 1,6- bisphosphate

Dihydroxyacetone <———» Glyceraldehyde

Dihydroxyacetone 4———» Glyceraldehyde
phosphate 3—-phosphate W

phosphate 3-phosphate
P Aerea !
Phosphoenolpyruvate

phosphoenolpyruvate Phosphoenolpyruvate

carboxykinase phosphoenolpyruvate

carboxykinase

pyruvate pyruvate
kinase ;EI:;;?;: Oxaloacetate kinase Lactate Oxaloacetate
i Sk L8
N7 Caboxy, J carboxylase
y Pyruvate Pyruvate )
. \AYAR & \ \
. PDH KPDH
= (00N 3 acids
Acetyl CoA —»—% Fatty Fatty acids — —>» Acetyl CoA
ATP < ATP <"
&N D=
X WMSWin A Wwh\e o, © Q\CYX'? va e AN A

cwnsulin S nulades o) Lu\ S\S Vo vk
to conwev gl yecse }cus ¥ \—O)

= PP s ued o conpint @xeess Cavlo
o ok



GLYCOGENESIS & GLYCOGENOLYSIS
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TRIGLYCERIDE DEGRADATION & FATTY ACID OXIDATION
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KETONE BODY SYNTHESIS & DEGRADATION
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CHOLESTEROL SYNTHESIS & SPHINGOLIPID STORAGE DISEASES
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ESSENTIAL AMINO ACIDS & NITROGEN BALANCE

Essential Amino Acids Phe ~—> T\y oSine
o S Val
*
/Arginine Methionine Trp
Histidine Phenylalanine Thr
Isoleucine Threonine lle
Met
Leucine Tryptophan _
His
Lysine Valine Arg
Leu
*Essential only during periods of positive Lys

nitrogen balance.

Nive = Ngud Nitrogen Balance
Nitrogen balance is the (normal) condition in which the amount of nitrogen incorporated into
the body each day exactly equals the amount excreted.

Nin< N'C\.\i' . Negative nitrogen balance occurs when nitrogen loss exceeds incorporation and is associated
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Uncontrolled diabetes

» Infection

Positive nitrogen balance occurs when the amount of nitrogen incorporated exceeds the
amount excreted and is associated with:

Growth
+ Pregnancy
Recovery phase of injury or surgery
+ Recovery from condition associated with negative nitrogen balance

Products of Amino Acids
Amino Acid Products
X | Tyrosine i Thyroid hormones T, and T,
il \/s\«a\c\. Melanin
Catecholamines Adopa-> ner £ -> €pi
Tryptophan Serotonin
NAD, NADP
Arginine Nitric oxide (NO)
Glutamate Y-Aminobutyric acid (GABA) !
Histidine Histamine ;
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ANIINO ACID DEGRADATION - IMPORTANT AMINOACIDEMIAS/A IDURIAS

Phenylalanine 5

Phenylalanine

hydroxylase

© = Tyrosine

'
'

C(NU\.\V

o elevated phe g o
Qowx\)\cmb‘v\

¢ mental retardation
* musty odor-
Treatment
* diet low in phe,
Isupplement with tyrk e ssenhal vy
%avoid aspartame . YEW o
(asp-phe)

Acetyl CoA
* elevated homogentisate OAA’—(

S — R "

i
i Leucme Valine iy
Isoleucxnai

=
o

\’f (.\.V\(/\f\'—“ "k
C\V oL o &
o \o v e A
G \QL}\ [e)5 8 (A&5

Branched Chain
Ketoacid
Dehydrogenase

¢ elevated BCAAs & BC( BCKAs

* branched chain _a-ketoacidosis
"Kmental retardation

Homogentisic Acid ¢ black urine Citrate ® seizures, coma, death: @h‘g‘éffu
. oc':hronosiég{ﬁ‘\‘{;% Treatment
Homogentisate e arthritis e diet low in leu, ile, val
oxidase Treatment Malate
e :
R S SURRotive e
Maleylacetoacetate > Fumarate /
Fp replacemend ¥ nohees '\sicﬂny; CoA
dakined cax Nledg Methyimaionyl CoA i ;
" Methylmalonyl CoA | IOURLA
Mutase
¢@\2 { Can \ead ™ O\\&
g&f\\\?\% Bz e ok Yoy e eol v loveglitn
way U Wadl el t>
Met lmalon ICoA WL
kil €12 Aol
. = Veaons (nar sugplemented
Propionyl CoA ) for eux<s) P
Carboxylase = malawsov phien (oum
'?C\V\{‘\C«d’\’ Cells o+ gastr
Propionyl CoA ~4———— Valine YWAMAC Csan ety wndv s
Isoleucine \ )
4 %“\ LA\B" ) ANV -€TT g)
aPJV\\L\Q WS o evviial=
Guako vvnnoung di ey
v i < ATAL
a-Ketobutyrate ot e i
FPONICY eds Y RVIOVES | €
. vdur\ frow~ B2
LoV oud oF
. Yonnudin :
Cystathlomne ) * CF ov Garolns Can glss
" ook Thas
A A (mstivonia <ynrose) (Bt ytatonia syniase (R L
« elevated homocysteine Homocystein, Mot elevated homocysteine

e atherosclerosis

¢ thrombolytic occlusions

o dislocated lenses

* mental retardation

e reduced methionine

. mega!oblastnc anemia
Treatment

¢ diet high in met,

supplement with folate

*m\\{\ YN X ec‘m« \V\% e\ode

Ve = pyridoxine

* \/\OY\/\OQ v),,Y Yalke %w' b\l 3&‘0\(,@@/ X KL\ \&N
e VTHE \&xm\q\%

Methy/ Trans/erase

" Homocysteine A

¥

NS-meth | THF

— ,.,._‘...u;s. THF (f‘D\Q-\:?%

wethlonme Y A

—folade CIHE ) S o¢<
VYM\W\L\ o) WA

¥ equuiy e (O( e

So W ol

%%\9 &&UQ\M W = \%}\CQQC | “\U’U\L;\j \'_\ C\&\_\J\/\,\ o
e 3 ’\( (25 e SN
oS ol Y ¢ buk alco Nas

NN C

TNV PY Coleng

S-Adenosylhomocysteine

Tm‘d\n\o\&r\em

\\-} S- Adenosylmethlomne

&t(&_&

\\)\QIC\\Q

* atheraosclerosis

¢ thrombolytic occlusions
» dislocated lenses

* mental retardation

* elevated methionine

® N0 anemia

Treatment

e diet low in met,

sugplement with BG
(V\E* \\u)M oo e

¥ Bl duhr aney will ClxAs e
o0 Loy nenvia
(see S Anree buh ol
WQins e s\ ocanse .
UKLl v Jgkcw»&- )

alconcl = e b H\2 Lu‘(.)e



GENETIC DISORDERS OF THE UREA CYCLE Lo & \NF)

General Features \X\M\\ );\i\fg -
Clinical Symptoms Lab Results daleel W Uxen yelt
« lethargy, vomiting, irritability e hyperammonemia
« hyperventilation, respiratory alkalosis e elevated plasma and urinary glutamine
« convulsions, cerebral edema, coma « abnormally-low blood urea nitrogen (BUN)
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ENZYME DEFECT
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Carbamoy/ -P synthetase / hyperammonemia Type | Carbamoyl
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* no orotic aciduria BT |
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_ Citrulline
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Argininosuccinate l

L. . 3 . ) transcarbamoylase synthetase
3. Argininosuccinate synthetase - citrullinemia otC.
e very high citrulline Ornithine (fvemw © v C ) Argininosuccinate

e low argininosuccinate Argininosuccinate

Arginase lyase

4. Argininosuccinate lyase - argininosuccinic acidemia
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Severe Hyperammonemia
e exchange transfusion
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Disease Management
. lo Qrotem high carb diet supplemented with argmme (except argininemia)
e “oral phenylbutyrate, a pro- drug which is converted to ‘phenylacetate



PYRIMIDINE NUCLEOTIDE BIGSYNTHESIS
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" | Adenosine deaminase (ADA) deficiency N

PURINE NUCLEOTIDE SYNTHESIS, DEGRADATION & SALVAGE
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Ribose 5-phosphate

PRPP synthetase

N
Ay PRPP
Cime Glutamine-PRPP |
My amidotransferase |

¥

5-Phosphoribosylamine

A bunch of steps requiring:
glutamine, aspartate, GLYCINE
and|FOLATE | )

¥

HGPRT deficiency (Lesch-
* Spastic cerebral palsy

-Nyhan syndrome) LY

ke Self-mutilation (hands, lips)

* Hyperuricemia
» Early death
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Adenosine
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« Severe combined immunodeficiency
» Autosomal recess:ve
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