BB 422

OUTLINE:

Exam-1 material

Exam-2 material

Exam-3 material

ANABOLISM I: Carbohydrates

} Know mechanism

Know pathway

Carbohydrate Biosynthesis in Animals

Know pathway

Biosynthesis of Lipids|
Fatty Acids
contrasts
location & transport
Synthesis
Regulation
Diversification
elongation
desaturation
Eicosanoids

Anaplerotic reactions End of Exam-4 material

Fatty Acid Biosynthesis

Note that malonyl-CoA and acetyl-CoA Acetyl group cu.-‘(as
have already been attached to complex (first acyl group) l') \
via thioester linkages to enzyme and have Fatty acid
shed their CoA attachments. condensation Lo synthase
<o,
Step 1: Cond ti i ttach Cf tyl ] KS
ep 1: Condensation reac |o.n attaches two rom acety! AcetoacetyI-ACP“--'é-g&—i»S
group (or longer fatty acyl chain) to two C from malonyl group. ~
- release of CO; activates malonyl group for attachment p
- creates fketo intermediate (acetoacetyl-ACP)
- Catalyzed by f+ketoacyl-ACP synthase (KS) NADPH. + H*

Step 2: First Reduction: NADPH reduces the B-keto e

intermediate to an alcohol.

— carbonyl at C-3 reduced to form D-hydroxybutyryl-ACP

— NADPH is 2e~ donor

— catalyzed by p-ketoacyl-ACP reductase (KR)

Step 3: Dehydration: OH group from C-2 and H from o 1o
neighboring CH; are eliminated, creating double bond (trans- o.._<‘.<|_é_s

alkene).

L
HS
—" OH and H removed from C-2 and C-3 of hydroxybutyryl-ACP ~ frans-A*-Butenoyl-ACP ¢

to form trans-A2-butenoyl-ACP

— catalyzed by fhydroxyacyl-ACP dehydratase (DH) &

Step 4: Second Reduction: NADPH reduces double bond to
yield saturated alkane.
— NADPH is the electron donor to reduce double bond of trans- Saturated acyl group; i ¢
A2-butenoyl-ACP to form butyryl-ACP.
— catalyzed by enoyl-ACP reductase (ER)

o, _I
Malonyl group S =G
o\

reduction o KR
m,—I—m,—!—s
on
D-g-hydroxybutyryl-ACP "¢ ¢
dehydration
ehydratio }9”'0 DH

(Crotonyl-ACP)

reduction o E R

NADP *
Butyryl-ACP ¢y, ey, m-—l—*

lengthened by two carbons




Fatty Acid Biosynthesis

Enoyl-ACP

reductase B-Ketoscyt-ACP
x| reductase
B-Hydroxyacyl-ACP
dehydratase % ’
BKetoscylACP .. @
synthase U
Malonyl/acetyl-CoA-
y ACP transferase

AT _I
“"""V' \ KR | Fatty acid synthase e L.
LY== - &
N with an acetyl and
Q 7 amalonyl group
-.-o-.—-ou:l— W i
NADe* O Reduction

o D o 4* o=
Condensation (ks) |
Oy = O —ou—!-—x 3
ey
2

L ~——
iy &

L)
A trans-a%-Butenoyl-ACP

= © Dehydration (OH)

Fatty Acid Biosynthesis

Condensatlon, reduction, dehydration, reduction, translocation, ACP-loading

(acyl-ACP) puts the growing peptide onto
the incoming AA-tRNA (malonyl-ACP)

»

@
H,—C00" CH CH CH CH
i 0 I, SH—coo” @ I’ I i
=0 CH, CH, CH, CH,
CH; ? éu c=0 é é (’:u
| S o | H, - Hz 2
C= @ |_° S . <|:u »—C00 @ |
; \ aH* ? 2 Cam0 ?"1 ?‘z
= ‘ + S aH* CH, | CH, = CH,
m 4e e T + s | pasens o |
ki) B [ 1S9 1 L.‘ ) ) ) ) ‘L =0 cl"'z s ?"z
Fatty acid T W e S ‘ * ~con
synthase c}; H0 T X ? . . ‘:_ CIH: .‘Ih b <?® ?Hz
2 oy = ()7 ‘ 4e ?-O t F, = (7) ?H;
4444 Y_.‘_. 3 e CH,
Palmitate (16C) SyntheS|s v @) fourmore L,
CO3 ), 7 | | additions ? &
What is this like? EET TR
+16e CH,
Protein synthesis; where the peptidyl-tRNA 4CO» éH
|

4H:0

)
X
o

»

HS
HS ‘;‘f
it .
‘ ‘

| ]

o
N
o —,
O/ 2

7 acetyl-CoA + 7 CO + 7 ATP > 7 malonyl-CoA + 7 ADP + 7 P; .
Palmitate

acetyl-CoA + 7 malonyl-CoA + 14 NADPH + 14 H* = palmitate (16:0) + 7 CO» + 8 CoA + 14 NADP+* + 6 H,O

8 acetyl-CoA + 14 NADPH + 14 H* + 7 ATP - palmitate (16:0) + 8 CoA + 14 NADP+ + 7 ADP + P; + 6 H20
If you add in the transport (8x2=16): 23 ATP




Fatty Acid Biosynthesis

B Oxidation Q (@) Blosynthesis
1 __’ n
v CoA is acyl ACP Is acyl A
F. -C. Fatty acyl-ACP (C,, ,,)
= Fatty acyl-CoA (C, ,9) s krtor 2 Pl ty acyl n+2) TN
FAD FAD is electron 3 NADPH is NADP®
}.‘,\n"Z acceptor electron donor NADPH + H‘
Enoyl-CoA Enoyl-ACP
H,0 ﬂ }/» H,0
3 L-B-Hydroxyacyl 4 n-B-Hydroxyacyl 3-p-Hydroxyacyl-ACP
3-1-Hydroxyacyl-CoA group o ydroxyacy.
NAD’ NAD' is electron 5 NADPH Is oz N
NADH + H acceptor electron donor NADPH + H
B-Ketoacyl-CoA B-Ketoacyl-ACP
CoA C; unit product 6 C, unit donor CoA + CO,
Acetyl-CoA is acetyl-CoA is malonyl-CoA Malonyl-CoA
S Fatty acyl-CoA (C,) 8 Fatty acyl-ACP (C,) -—

Comparison of Fatty-Acid Degradation
versus

Fatty-Acid Synthesis

ANABOLISM II:
Biosynthesis of

Fatty Acids &
Lipids




ANABOLISM II: Biosynthesis
of Fatty Acids & Lipids

Biosynthesis of fatty acids
2. Regulation of fatty acid degradation and synthesis
3. Diversification of fatty acids

a. Elongation/desaturation

—

b. Eicosanoids (Prostaglandins and Thromboxane) End of Exam-4 material

4. Assembly of fatty acids into triacylglycerol and
phospholipids
5. Metabolism of isoprenes
a. Ketone bodies and Isoprene biosynthesis
b. Isoprene polymerization
i.  Cholesterol
ii. Steroids & other molecules
iii. Regulation
iv. Role of cholesterol in human disease

Fatty Acid Biosynthesis

Animal cells, yeast cells Plant cells

Mitochondria
« No fatty acid oxidation
& [FFattyacid oxidation

= « Acetyl-CoA production
« Ketone body synthesis
L+ Fatty acid elongation

Endoplasmic reticulum
« Phospholipid synthesis
« Sterol synthesis (late stages)
« Fatty acid elongation

« Fatty acid desaturation

Chloroplasts Peroxisomes

« NADPH production « NADPH, ATP production

(pentose phosphate pathway; malic enzyme) « NADPH)/[NADP*] high (—> H;0;
« [NADPH]/[NADP*] high « Fatty acid synthesis « Catalase, peroxidase:
+ Isoprenoid and sterol synthesis (early stages) H;0,—> H;0
- Fatty acid synthesis

Fatty Acid Synthesis

Cytosol for animals Chloroplast for plants

Both of these compartments are where there are ample Sources of NADPH:
pentose phosphate pathway, malic enzyme, and photosynthesis

How does cell regulate which pathway is working?




Fatty Acid Biosynthesis
Control of Fatty-Acid Synthesis

+ Acetyl CoA carboxylase (ACC) catalyzes the
committal step.
+ Allosteric Control

—Inhibited when energy is needed, fatty acids are acylated for
degradation, and inhibit ACC.
+ ACC is feedback-inhibited by palmitoyl-CoA.

—ACC is activated by citrate. §rocn -{ Citrate

- Citrate is made from acetyl-CoA in mitochondria (acetyl-CoA™). I’ "
+ High [Citrate] signals excess energy to be converted to fat. 1 cvltra(e
. . . ase
—When [acetyl-CoA]™ 1 [citrate] ™ 1 ..... citrate is exported to cytosol | y
T e
*Hormonal Control ! \ AcetyI-CoA

—Glucagon and epinephrine: leads to activation of AMP-dependent \__) @
Protein Kinase (AMPK)

+ Phosphorylation inactivates ACC c::s;{(l_lc;i <--glucagon,
+ Phosphorylation reverses the polymerization - monomers (inactive) ’y epinephrine
—Insulin: leads to activation of Protein Phosphatase 2A o _ trigger phos
+ Dephosphorylation activates ACC : Malonyl-CoA | Inactivation
* When dephosphorylated, ACC polymerizes into long filaments (active) 1 l
. . I
- Changes in gene expression |
— example: excess of certain polyunsaturated fatty acids (eicosanoids) bind to I l
transcription factors called peroxisome proliferator-activated receptors (PPARS) '\

>~ Paimitoyl-CoA|

Fatty Acid Biosynthesis

Recall how B-oxidation starts: Acyl-Carnitine/Carnitine Transport:

Outer i Inner

+ B oxidation of fatty acids occurs in membrane ....}..,.,...
mitochondria. S, Cytosol Intermembrane Matlx Camitine
\ P space /acynunshnuz
« If fatty acyl-CoAs are not 5 ( ) e
transported in, they cannot be /- Carnitine c.,........ Vscon
degraded ) \<; »° \
i i . . "'“"" R=C_ CoA-SH ’
» Transport is via carnitine = /m:: 5 Ma.o..,,.c.m mw:...m. W
transporter. scyttranstensse 1~y B-oxidation
« Blocking £ oxidation with initial - e R o Control of
committed product of fatty-acid st e Fatty Acid
synthesis: malonyl-CoA w‘:"“‘:":m* A Metabolism
Reciprocal Control of Fatty- L" oox 3
Acid Degradation |peaen |
Maloayt CoA
versus (o)
Fatty-Acid Synthesis ,
Pty ki == g T Inhibition
ensures that fat synthesis and e o
oxidation don’t occur simultaneously Scoon




ANABOLISM II: Biosynthesis
of Fatty Acids & Lipids

Biosynthesis of fatty acids

2. Regulation of fatty acid degradation and synthesis
3. Diversification of fatty acids

a. Elongation/desaturation

—

b. Eicosanoids (Prostaglandins and Thromboxane) End of Exam-4 material
4. Assembly of fatty acids into triacylglycerol and
phospholipids
5. Metabolism of isoprenes

a. Ketone bodies and Isoprene biosynthesis
b. Isoprene polymerization

i. Cholesterol

ii. Steroids & other molecules

iii. Regulation

iv. Role of cholesterol in human disease

Fatty Acid Biosynthesis

Animal cells, yeast cells

Mitochondria Plant cells
« No fatty acid oxidation
« Fatty acid oxidation g A
« Acetyl-CoA production 7
« Ketone body synthesis \ .

Endoplasmic reticulum
« Phospholipid synthesis

- Sterol synthesis (late stages)
« Fatty acid elongation
« Fatty acid desaturation

Cytosol Chloroplasts Peroxisomes

« NADPH production « NADPH, ATP production  « Fatty acid oxidation
(pentose phosphate pathway; malic enzyme) « INADPH)/[NADP *] high (—> H0)

« [NADPH]/[NADP*] high |+ Fatty acid synthesis | « Catalase, peroxidase:

+ Isoprenoid and sterol synthesis (early stages) H;0,—> H;0

Elongation and Desaturation




Fatty Acid Biosynthesis

)
} elongation

)

Eicosapentaenoic acid
(EPA; 20 S(ASATUD))

Series 3 TX !
Scnc-s 3PG

ongation

.
Series SLT

Docosahexaenoic acid

| Resoves

Palmitate

Palmitoleate

16:1(A%
YN Fatty Acid Elongation Systems
l * Elongation systems in the endoplasmic reticulum and
P T - mitochondria create longer fatty acids.
Pants can procuce: ‘s‘rq) « Use CoA derivatives
—j:l:ii(oAI::a)te Ry e l « As in palmitate synthesis, each step adds units of 2 C.
O l Use malonyl-CoA.
lnciesta|  Omega6 « Stearate (18:0) is the most common product.
9 18:2(4%2) — * Plants make linoleate (Q6) and a-linolenate (Q3), animals
e ’°"” can't; But they can elongate these ingested essential FA
O / « These fatty acids are “essential” to humans.
T;}-?;mgi FUncyusts —Polyunsaturated fatty acids (PUFAs) help

|

Eicosatrienoate
20:3(A%"%)

Arachidonate
20:4(A%81)

Diversification of Palmitate:
Elongation

control membrane fluidity.
—PUFAs are precursors to eicosanoids
* The ratio of omega-6 to omega-3 fatty acids
in the diet, if too high, can lead to

cardiovascular disease . .
Eicosanoids
PG = Prostaglandins

|
Series 2 TX

(DHA; 22:6(A*71013161%)) R e el TX = Thromboxanes
Resolvins Mavesins i LT = Leukotrienes
Fatty Acid Biosynthesis
Diversification of Palmitate:
"%oT ____ Fatty Acyl-CoA Desaturase Desaturation
" l P et + Looks like a mixed-function oxidase: OXIDASE
st e - Humans have A%, A5, A8, and A? desaturases but
1 \ cannot desaturate beyond A®
Longer saturated
omie FOR EXAMPLE: for a 4%-desaturation
Palmitate(16:0) > palmitoleate(16:1, A9)
0, + 2H* + e Stearate (18:0) - oleate (18:1, A9)

catalyzed by fatty acyl-CoA desaturase in animals

red

CHy—(CH,), —CHZ—CHZ—(CHZ),,,—C

5 CoA . X X 0X re
Saturated 0% 2Cytbg 0\ ,“\ Cyt bs reductase \”\ red NADPH
fatty acyl-CoA /() (FAD) "
m=17,4,32 tH
(89, 5, 25, A%) \
N\ +
2H20 A O f red 2(;:?,};5 red red Cyt(t;;r;t:iuzc)taSe red ox NARF
Hy—(CH,),—CH=CH—(CH,),, —c o O~ 2H;0

Monounsaturated S CoA

requires NADPH; enzyme uses cytochrome bs and
fatty acyl-CoA

cytochrome bs reductase

_ Both donate electrons to O. (total of 4)
In plants & bacteria the desaturases work on PL, not

fatty-acyl CoA; needed for rapid changes in fluidity




Fatty Acid Biosynthesis

Palmitate Animals can do, plants can do
16:0 v
s Eicosanoids: Synthesis and Classes
almitoleate
16:1(A% - Linoleate (18:2(A%12) gets desaturated on both sides =
Stearate . .
18:0 v-linolenate (18:3(A89:12) & a-linolenate (18:3(A%1215),

\ X

+ Elongation to C20, and further desaturation of y-linolenate
Longer saturated (18:3(A%9.12) gives Arachidonate, 20:4(A5811.14)

" fatty acids
., + Elongation to G20, and TWO further desaturation of a-linolenate
l (18:3(A9:12.15) gives EPA, 20:5(A5811.1417)  More of the same
g | gets DHA, 22:6(A%710.13.16.19)
orly) + These desaturations are all going closer to the carboxylate and
l can be accomplished by animals.
Linoleate Omega 6 . H 1 1
18:2(A%12) llyunsaturated fatty acids (PUFAs)) bioactive paracrine
nplants only) /- st :
- ; . PG = Prostaglandins
. / TX = Thromboxanes
-Linol -Linolenate .
PR Taraess LT = Leukotrienes
'

4

Eicosatrienoate

Eicosapentaenoic acid 20:3(A1 ) * Created from the arachidonate or EPA, which are
AT [ st incorporated into membranes phospholipids.
Arachidonate * In response to stimuli (hormone, etc.), phospholipase A;

!
Series 3TX | J Resolvins
Series 3 PG

20:4(A58118)

clongation |  SeriesSLT | | is activated
AL Series 2TX } lpoxins * The unsaturated C-2 fatty acid is released
1 Series 2 PG
Series 4 LT
Resolvins Maresins
Ll - -
Fatty Acid Biosynthesis
Omega 3 “;;?‘;g“g) Omega 6 Animals can do, plants can do
olinomas A% & Eicosanoids: Synthesis and Classes
b dongation” « Linoleate (18:2(A%12) gets desaturated on both sides =
} desaturation Eicosatriencate  (EET) v-linolenate (18:3(A8912) & a-linolenate (18:3(A%1215).
Ei ic aci 20:3(A%"Y) . . .
(ééi”z%f?ii’ﬁfv'fff& l W « Elongation to C20, and further desaturation of y-linolenate
7 Fdroxyiation

Resolvins

(18:3(A%912) gives Arachidonate, 20:4(A58.11.14)

Arachid

Grriv DD 2040 | (ARA) . Elongation to C20, and TWO further desaturation of a-linolenate

deSeamates {icrogation (18:3(A912.15) gives EPA, 20:5(A5811.1417) More of the same
OV 2268 Ry Lipoxins gets DHA, 22:6(A%7.1013.16.19)

iation] @ . : f
iy T These desaturatlops are all gglng closer to the carboxylate and
can be accomplished by animals.

From these Eicosanoids (20C Polyunsaturated fatty acids (PUFAs)) bioactive paracrine
signaling molecules are made:

Fydr

PG = Prostaglandins

Beonnsa Wi s Bl comtes TX = Thromboxanes
PGD,  maiosls  proleon and yephoori mpssun and serebon i s LT = Leukotrienes

TBALPHA; and IL-2. Induces vasodiation and production of CAMP

incroases vasodiation and SAMP producion, enhancomont of the
offects of Bradykinin and histaming, iduction of ulorine

gl ot o contr acts o e reasas o . .
T e e o s v « Created from the arachidonate or EPA, which are
Parag Moty s, rcreeses asoconaieson, bronehossmskicion wd ol macle incorporated into membranes phospholipids.
mayana  Shon et ocicr o tomtodne A, @98, eackonc + In response to stimuli (hormone, etc.), phospholipase A
T ——- is activated
PG, encurhelial oo POH0@S00 and ymphocyle migration and secration of IL.

1BALPHA nd .2 mase sesimon s e e The unsaturated C-2 fatty acid is released

Induces planele? B EQASON, VASOCONSCION, hmprocylo
prosonson and tronchoconsinction
Indu,ces vasoconstriction




Fatty Acid Biosynthesis

Arachidonate,
20:4(A5811.14)

ccC

cyclooxgenase | ~ 20;

activity of COX ®.. ~ - aspirin, ibuprofen, naproxen

o
€00
PGG,
.
@ OOH
peroxidase
activity
of COX
o
00~
o

OH

PGH; synthase is a

2 O, to form PGGo.

Bengt Samuelsson
Nobel Prize 1982

+ PGH, synthase (cyclooxygenase, or COX) has isozymes

cyclooxygenase/peroxidase enzyme
that functions in the smooth ER.
«Step 1: PGHy’s cyclooxygenase activity adds

*Step 2: PGHy'’s peroxidase activity converts
peroxide to alcohol, creates PGHa.

Eicosanoids: Cyclic Pathway

+ COX-1 is ubiquitous and catalyzes synthesis of

prostaglandins that regulate gastric mucin secretion and
other smooth muscle functions

COX-2 is inducible (except in brain) by immune response
and acts at the sites of inflammation. It catalyzes
synthesis of prostaglandins that mediate pain,
inflammation, and fever.

Nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit
COX isozymes

-——o/

- wes + ASpIrin (acetylsalicylate) ig|
o can an irreversible inhibitor.
. o

— acetylates a Ser in active

o C Y .
J G site
—— ez —blocks active site in both
e o T COX isozymes
5 P
=5 L + lbuprofen, naproxen, and
J @ indomethacin are
L T o competitive inhibitors.
v

—resemble substrate; also
block active site in both
isozymes

+ Celebrex and Vioxin are
Indomethacin  specific for COX-2

Celebrex

Fatty Acid Biosynthesis

EET (3)

Different Serles 2114 Ecoumenoc Acd
/ coon

PGE|

c,. 81114

W'

/ ”‘11\\,/\/\0«,
M G\/y\/v Different Classes
e ;G:h o Series 1 Series 2
s EPA (5) € .
oot |
CHy
H “1
/ P _N &,
oSO o 0 0
d\/y\—/\ O..\N\N ; o —/\/\I“’"
PGE; PGFsa wo” M R = wo’ A R o
PG = Prostaglandins/T B=Thromboxane e, roc,
—letters-after are for number and oxidation *3/' Z—ou L /o
state of oxygens and ring (Classes) mm o
—subscript is the number of double bonds M Yo no’ WM n’m
PGF,, -

(Series)

Prostaglandin & Thromboxane:
Synthesis and Classes

) p x
DN o o &0
Jh

WO~ P & o HOT o
PGG,H PGI PGJ PGK TXA TXB




Fatty Acid Biosynthesis

peseeriarpressnole Thromboxane: Synthesis and
Phospho- Phospho-
lipase C lipase A, Classes
Arachidonic acid @ @ @ Q G O
PGH, synthase e
(cox-1or -2 and o oH
dﬁ & O (OO
1
PGD ° o OQ I "o
synthase__ - prostaglandin H, (PG PGG. H PaI PGy PeK e
% ° S COOH
synthase € £ B Arschidonie acid
? = CooH
§ oY o N i
PeE g 3 ST @N\N
S NN
b 2 Pesatacyelin - O
I3 £ o COOR oH
PGF, o E  (unstable ~o T S oA (sntable)

'
i
6-keto- Prostacy®n  Thromboxane Thromboxane OOYJJ oR Coou
-—
PGF1a endothelium (PGIN(TXA,) platelets (TXA,) w POH, Thromboxases M
A,
TB=Thromboxane o | Ve e
SexoPOF, o 1 ™8,

and oxidation state of
oxygens and ring (Classes)
—subscript is the number of
[ double bonds (Series)

—letters-after are for number Oj::/:/"" Wanan r,vvm'

Platelet aggregation and wound healing

Fatty Acid Biosynthesis

Diacylglycerol or phospholipid

Eicosanoids: Linear Pathway
Synthesis of Leukotrienes

Phospho- | Phospho-
lipase C | lipase A,

HPETE
eicosatetraenoic acid)
Lipooxygenase

(FLAP, Alox5)
HO

Ar i ic acid

PGH, synthase
(cox-1or -2and

wwanygensse /o, o, /peroxidase (LOX)
peroxidase) LTB, ..Z Leukotriene A, e /
PeD Glutathione Glutathione- NSNS\ \
ynihase__ - prostaglandin H, (PGH.,) S-transferase alcasst o O o
i perens 5
4 oee 2 p Leukotriene G, 12-HPETE) VAVAVER VD VeV Vavd
£ 8 3l 5 Hydroperox tetraencate
S e | ] 5B pdropemmrsmunenaste
2 f Glutamic acid _ oH a []
£ ° H
PGE, 2 § Leukotriene D, © ) o PN OH
8 H
4 3 Qe
£ K=

PGF, eukotriene E,

6-keto-
% | — o —> . .
PGF1a gndothelium ~ (PGl2)  (TXA) platelets (TXA2) Psoriasis

+O, added to arachidonate via lipoxygenases ( mlxed- —
function oxidases) (LOX)
+Creates species that differ in the position of the OOH grouI
+LOX enzymes are found in leukocytes and in heart, brain,
lung, and spleen, are mixed-function oxidases of the
cytochrome P-450 family.
+Inflammatory chemicals released after contact with an

allergen; airways constrict, excess mucus and fluid

produced (e.g., asthma; difficult to breathe). —=’ \x

10



T (1848-1904)

KK

There are no mutations in the
transkefolase gene, which are | LA/
likely embryonically lethal.

Clinical Correlations

Transketolase Deficiency gl 9 . W SR 1
* HO—C—H 4+ H-C—OH —o=2% 4 COH  + H—C—OM
H—C—OH H—C—OH CH,0PO,*"  H—C—OH

'*; Wernicke- Korsakoff Hior0;* OHorCsy TPP s T

r\ syndrome Xylulose Ribose Glyceraidehyde m&guﬂ

* AM Report 5-phosphate 5.phosphate 3-phosphate 7-phosphate
Apeil 18,2003 (ketose) (aldose) (aldose)  (ketose)

\ Nam D. Vo, MD

> 3 * This is called Wernicke-Korsakoff

* R. CARL WERNICKE Syndrome

It presents as a mental disorder: memory
loss and partial paralysis
ics with poor nutrition

Often seen in alcohol

Symptoms of

Wernicke-Korsakoff Syndrome

Brain

Diabetes Mellitus

Test.
» Two types:

(T2D)

that the pancreas fails to
produce a substance that

« Chronic disease of metabolism

+ Diagnosed with Glucose Tolerance

Clinical Cor‘r'elafions Cells think

they are
TYPE 2 DIABETES starving
Nucleus Colt Nucleus Cell
R — v
o the cell

Anopen honnel Insulin receptors lose.

« Lacking Insulin-Type |

* Lacking insulin response-Type 2

* Over 220 million people have T2D

* Discovery by Oskar Minkowsky
and Josef von Mering in 1889

Tor ghocose their sensitivity
O other blocks,
in insulin
response
Insulin Ghucosecannot  Imsulin

A

penetrate the cell
TYPE 2 DIABETES
SYMPTOMS OF
DIABETES
e e e
Aways bomgry  Always thristy Weskness

Diabetes
=4

11



Clinical Correlations

Diabetes Mel I |tus ‘ Regulation of Triacylglycerol Synthesis by Insulin

ydrates |

* In muscle and many other tissues, Fatty
Acids will block glucose metabolism.
Presumable to spare glucose for the
brain and replenishing glycogen stores.

i
—i
2]

» Within hours after a meal, there is a AcetylCon > —» — | Ketone bodies
switch to ketone bodies MconJ(| indisbetes Ctoncetate
o o bydn
® FA |nh|b|t PDHC and PFK'2 [[Eattyacids) Diabetics prone to

metabolic ketosis
and acidosis

» Advantages for survival, but is a
disadvantage during obesity.

* The effect of high [FA] in the blood,

Triacylglycerols |

End of Material for
Exam 4




