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Adipose

RBCs D
o8 e )
S8 ¢ @
Orderof 1 Gjucose 1. Glucose 1. Glucose 1. Glucose 1. Glucose
preference 2. Ketone bodies 2. Fatty acids 2. Fatfty acids & 2. Fatty acids

Ketone bodies

Glucose is first-choice fuel for ALL organs
Glucose is only fuel for RBCs - need constant supply

Importance of gluconeogenesis

@ Brain & CNS, erythrocytes, testes & kidney
medulla are dependent on glucose for
continuous supply for energy.

® Human brain alone requires about 120 g of
glucose per day, out of about 160 g needed by
the entire body.

® Glucose is the only source that supplies to the

skeletal muscle, anaerobic conditions.
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a Formation and utilization of glucose
in healthy or normal conditions

Adipocytes

Nerve
system

Muscle

PMN’s

700 g/d to each gland
for lactose synthesis

1.38 kg/d lactose
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Blood Glucose Levels in Domestic

Animals?
Glucose (Reference Range and Mean * SD)
Species  mmol/liter  mg/d )
Horse 4.2-6.4 75-115
(5.3 = 0.4) (95 £8) )
Cow 2.5-4.2 ([ 45-75 )
(3.2 £ 04) (57X 7)
Sheep 2.8-4.4 50-80
(3.8 £0.3) (68 = 6)
Goat 2.8-4.2 50-75
(RSN (63 = 7))
Chicken 9.3 (1678 J

.
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DAYS AFTER BIRTH

Fig. 1 Whole blood concentration of glucose
and total reducing sugars in eight milk-fed calves.
The sE are given for weekly glucose values only;
those for reducing sugars averaged about 20%

higher,
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Table 3. The effect of varying concentrations of supplemental vitamin C (VC) on blood metabolites of steers consuming a
common high-S (0.55% S) diet

Plasma Conirast statement P-values?
metabolites CON! svcl 1ovcl 20Vt SEM CON vs. VC Linear VC Quad. VC
Ascorbate.? pg/L 1.454.0 1.186.2 1.304.2 1.436.4 64.8 0.08 0.53 0.02
Insulin.® pg/L 1.28 1.65 1.85 1.69 0.19 0.07 0.23 0.11
Glucose.? mg/dL 99.27 98.43 96.08 103.64 331 0.98 0.35 0.23
HOMA-IR* 11.09 13.86 15.14 18.74 2.76 0.17 0.09 0.88
Serum NEFA 3 uEq/L.  189.69 175.18 170.82 228.58 19.6 0.93 0.12 0.11

ITreatments: CON: control: 5VC: 5 g vitamin C-steer 1-d"1; 10VC: 10 g vitamin C-steer 1-d"1; 20V C: 20 g vitamin C-steer 1-d L,
2Contrast statements: CON vs, VC = no vitamin C vs. vitamin C; Linear VC = linear effect of vitamin C: Quad. VC = quadratic effect of vitamin C.
3Tugular blood was drawn before feeding 2 d before harvest.

4Homeostasis model assessment. insulin resistance.
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Table 5. Plasma metabolite concentrations of steers fed
diets with 0 or 4% tallow and without or with 5 g/d

abomasally infused choline®

No tallow 4% tallow

Abomasally infused choline, g/d

Plasma 0 5 0 5 SEMP®
No. of steers 6 8 8 7
Triglycerides, mg/100 mL. 9.2 7.8 14.2 12.1 2.5
Cholesterol, mg/100 mL>d 85 88 125 114 13
NEFA, pM 67 54 90 102 19
Glucose, mM 5.36 5.60 5.38 549 0.14
Urea, mM*® 1.90 1.52 2.09 210 0.15
a-amino N, mM 2.15 2.11 2.12 2.08 0.13

#Values are averages of concentrations before, and at 3 and 6 h

after feeding on d 13.
PFor n = 8.
“Effect of tallow, P < 0.05.
9Effect of implant x choline x hour, P < 0.05.



Table 4. Least squared means of rumen fermentation
parameters. chewing activity and blood metabolites
of Afshari and Lori lambs fed a high concentrate diet

(% of BW)
Breed y  P-
Hemy Afshann Lon e value
Rumen parameters
pH 6.00 643 0081 <0.01
Volatile fatty acids, mM 819 838 380 0.74
Acetate. % 439 415 236 048
Propionate. % 296 257 214 022
Butyrate, % 8.79 141 098 <0.01
Valerate, % 224 136 0255 0.03
Isovalerate, % 1.02 1.11 0.297 0.84
Acetate: propionate 1.54 1.71 0.187 0.52
Chewing activity
Eating time, min/d 213 180 13.0 0.13
Ruminating time, nun/d 38 378 30.7 0.80
Ruminating/ DMI, min'kg 281 354 B8O 0.01
Total chewing/DMI. 439 525 270 0.04
min'kg
Plasma parameters
Glucose, mg/dl 77.1 803 383 0.59
Cholesterol. mg/dl 64.2 570 324 0.3
Triglycerides. mg/dl 23.0 197 232 Q.18
Blood urea nitrogen. mg/dl  34.0 305 4.21  0.57
Total protein. g/dl 647 640 0.168 0.74
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BLOOD GLUCOSE CHART

2-3 hours
Mg/DL Fasting After Eating | after Eating

-
v
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starving time




Glveogen
Glycogen phosphorylase 3 P
N
B gloose / ° n- 1 resbilue
residue - r
I .
. ) Glucose
S: Adrenaline, glucagon
I: Insulin, ATP, G6P

Pi

4  Glucose 1-phosphate

ol 3T ol

Phosphoglucomutase

2 Glucose 6-phosphate

f__

thcnst

Pi

Glucose 6-phosphate
transporter

Glucose 6

-phosphatase
Glucose 6-phosphate

11



Epinephrine (muscle) or

gluugon (liver) 7TM

\ / receptor

-1"'"

Adenylate
l:ycla se

G protein

~ ] Cyclic
ATP ' AmP

v

Protein -~ >

kinase A

*7TM: 7 Transmembrane receptor

L Protein
kinase A

Consistency in notation
G1-P

Glycogen> G 1-P+ n-1 Glycogen

Phosphorylase .— — |Phosphorylas
kinase

kinase
inactive

https://s3.amazonaws. com/cl assconnection 281/ flashcards/2 541281 fpng Phosphorylase Phosphorylase

Jeopy_of sessions 15 and 1€ glycogen_degradation 2c synthesiz and
pentose p_p - goosle slides [4)-140697 35BDE7006F 41 png

b

inactive active @
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Glycogenolysis
Utilized (Liver, muscle) Yielded
Glycogen (n)

Pi Phosphorylase  Glycogen (n-1)

S: Adrenaline, glucagon
I Insulin, ATP, G6P

GI1P

Phosphoglucomutase

G6P

N\

Phosphatase Phosphohexose

isomerase

Glucose
(Liver, kidney) F6P
Glycolysis
(Skeletal muscle)
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Gluconeogenesis

= Occurs in the liver (periportal cells)

+« NADH must be recycled (FA oxidation and
oxidation of lactate)

« Activated when liver glycogen is exhausted

+ PDH inhibited during gluconeogenesis

+ Treatment for gluconeogeneic defects:
no prolong fasting.

» FA oxidation provides reducing equiv.
and energy (ATP); coupled to gluconeo.

Glucose
G6Pase Q ) Glucokinase
In the ER
¢ 26rer 1,6-FBPase < > PFK(+) 2,6-FBP

1,6-FBP

Fructose
NAD* + P, GAP/DHAP iy

Glycerol Low IIG
!
,3-BPG

AD

Cortisol and cAMP T PEPCK levels,
Insulin inhibits production ATP
[PEPCK] peaks @ 16 hr fast 3-PG

At low I/G, liver glycolysis is inhibited
and gluconeogenic enzyme activated (TVmax)

Cortisol T muscle protein breakdown ¢
Grp G
OAA . co, ) 206G
PEPCIS @
Rate limiting PEP
Asp Malate ADP
ATP
/From FA
oxidation PK
Low IIG Lactate
Recycling
NADH NAD* /Allthe time
- Lactate
Py ru Vate RBC/Muscle/
Perivenous liver
Muscle
/ Low l/IG

Some A.A. Alanine
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[Propionate Amino acids Lactate Glycerol ]
+| / f H\x ,4/ j
Succinate —=TCA Pyruvate

intermediates

:

Malate — Oxalacetate

Phosphoenolpyruvate

Y Y
Glyceraldehyde-3-phosphate -«—— Dihydroxy-acetone phosphate

15
Glucose
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Normal muscle cell

— (_ Protein's ‘ Protein’s —_—
Catabolic stimuli breakdown synthesis Anabolic stimuli
(Cortisol, Glucagon, A {Insulin, IGF-q,

Catecholamines, others)

Cytokines, others)

Protein synthesis  ENergy production  Gluconeogenesis



(To kidney, intestine)
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1: The Glucose-Alanine Cycle

® . )
. N .
Urea’ ;major[)
Glucose Glucose
NGlutamine®™
A -NHN
: Pyruvate (of AA or BCAA)
Glutamate™ Alanine amin BCAA
transferase Glucose- Amino-
o-ketoglut. alanine transferase
Cycle Nslutamine,
ol !’yruvate N /
anm amino- N
transjerase Glutamate
Liver Alanine® lanine¥ = a-ketoglut. (To kidney,
intestine)
Blood
Showp in red are fates of_gtutamate N Muscle
(outside the glucose-alanine cycle) 19
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Glucose —— Extrahepatic tissues

T

Glycerol

Liver Adipocyte




Red blood cell
or
Skeletal muscle
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[_Coa—SH | aovicon - CO; +HO | PROPIONYL-CoA CH,

{|3H3 SYNTHETASE | 3 CARBOXYLASE i
: = = H 5= Cr T DDD_
CHs > CH,

| Mg?* I Biotin '\ |

COO0" - CO—S—CoA £ PJF CO—S—CoA

ATE AMP + PP; : ATP ADP + P e ’
Propionate | ‘ Propionyl-CoA I m:IEnE;EELA

METHYLMALONYL-CoA

RACEMASE
coo- METHYLMALONYL- G
(le CoA ISOMERASE e
Intermediates > | : < = TOOC—G—=h
of citric acid cycle CH B.. coenzyme I

= (B i CO—S—CoA
CO—S—CoA MethvE
Succinyl-CoA malonyl-CoA

Figure 19-2. Metabolism of propionate.




In non-ruminants, including humans, propionate arises from the
Beta -oxidation of odd-chain fatty acids that occur in ruminant lipids,
as well as the oxidation of isoleucine and the side-chain of
cholesterol, and is a (relatively minor) substrate for
gluconeogenesis.



Gluconeogenesis

2. Enzymes
Oxaloacetate shuttled back to cytosol: AR £ —
ﬁ ) w Y Y
PEP
evtosolie

PEP
carboexykinase

O,

Oxaloacetate

NADE + 1

cytosolic
malate
dehydrogenase
4 NAD*
Malate
Malate PEP
NAD*Y
CO,
mitochondrial PEP
) + H* carboxykinase
Oxaloacetate Oxaloacetate
pyruvate pyruvate
carboxylase CO, carboxylase CO,
P ate ate
' Mitochondrion
Cytosol
Pyruvate Pyruvate

NADB + H*
loetate
dehvdrogenase
NAD*

Lactate



Glucose-6-Phosphatase and Release of

Glucose into the Bloodstream

Plasma
CYl'OSOl I membrane
6-phosphatase
G6P Glucose Capillary
transporter—Q transporter
T
(T1) ('rz)
Glucose —— Glucose /
+P, GLUT2
|Ul'l‘|0l'l \P transporter
(T3)
Increased
blood
glucose

concentration



Hormonal regulation of gluconeogenesis

Glucose

Gluconeogenesis
Glucagon (+)
Glucocorticoids (+)
Insulin (--)

A

v

Glycolysis

(+) Insulin

Pyruvate
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Glycogenin — Tyrosyl Group

Mg 2%
Autocatalysis UDP-gilucose
i UDP
( }Or-ﬁh.msyt Unit
Autocatalysis UDP-glucose
/4: uppP
UDP-glucose

Glycogen Synthase

: upe

()

Branching Enzyme
Glycogen Synthase
and Branching Enzyme v —UDP-glucose
¢ uoP

Mature Glycogen (60,000 Glucosyl Units)
(B particle)



Eyrogen
{14 and 16 glucosyt units),

[ BRANCHING ENIVME |

(1—s4 Glucosyt undts),

insLEln
/\ LDP
OLYCOGEN 2 \
ALYCOCEN | o —— cAMP
Giyoogen t
primar
Ghrcapon
Epnepime
Ghycogenin
Urigin=a
disphospnats
Jucoss (UDPGEIc)
T Lronic SCid Free glucoss from
pathwey debranching
FrezmeRR— UDPGE FYAOPHOEFHORYLASE ENZymE

Uridina
IJ'I|:1'||:I-E-|:I'1E|!E F.'TF":I Glucoss 1'F"I'[E-F"|EE‘

Glucose 8-phosphate ——= Togiycolysis and peniose

P

et
T H,0 ADE PROSpETe pat iway
OEPHICEPHO-
oo [T | e [ | [
ATP
Fucoea



Synthesis of Lactose

« Lactose=glucose + galactose
* Only synthesized in mammary for short
periods during lactation

« Lactose synthase catalyzes transfer of
galactose from UDP-galactose to glucose
(NOT UDP-glucose) to form glycosidic bond

« Lactose synthase has 2 subunits
1. Galactosyltransferase (enzyme)
2. a-Lactalbumin (regulatory subunit)

Glucose 1-phosphate

| —utP
N> PP,
Y

UDP-glucose

Epimerase

UDP-galactose

Lactose synthase /'D'gluc?ae
(galactosyltransferase (acceptor)
+ ¢z-lactalbumin)

UDP

\ 4
Lactose

CH.OH CH,OH
HO 0 O.0H
OH O\ OH

OH OH

— Synthesized after childbirth in response to prolactin
— Lowers K, of galactosyltransferase for glucose (1200 mM — 1 mM) to increase

rate of lactose synthesis

«  Without a-lactalbumin, Galactosyltransferase normally transfers

galactosyl units to glycoproteins

+ a-Lactalbuminacts as “specifier” protein by altering substrate

specificity



] The inside of the udder has two main type of tissue:

» Connective (fibrous)
tissue or collagen
 Fatty tissue
(adipose cells)
» Secretory
(glandular) tissue:
- Milk ducts
- Lobules, lobes
- Alveoli, secretory

(epithelial) cells
- Lumen

- Myoepithelial cells,
oxytocin hormone,
capillary bed

Glucose
LD sl
wranskocamr

#@*ﬁw \

_______ﬂ__,,_:... Glucnse-l:—lll- Glucose

@ Laclo

, ,;m UDP-Galactose -(—,5—)-
\ 11 / Galactose
octive
UDP-Glucose trans port
PPj
Glucose-1
phosphate 0 48 = LACTOSE
‘hm irensiocetor I
hu:un.t
&3 p
ATP
uDp UMP — 3 UMP
ATP ADP H

-1'. .'il:."l:l;

|TJ.III'-|\_TA.'U\.

Synthase

R GE

R "'

{ NDPase
U ._-!.!.-?_*_‘ s
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KRAS/BRAF mutant DHA glucose
1 glycolysis
CH,OH

: T“z"“ %—_=@Ei®= @D
+
HOH (0] dat houH o] NADP G5H DHA "
oxidation " NADPH
l “GEPD
( o o X X oxidative PPP ' glucose

H H NADPH G556 vitamin C
OH OH IndiucRan (0] 0] A (Garon
ASCORBIC ACID DEHYDRO ASCORBIC ACID

{reduced form) (oxidised form) \

\ lactate pyruvate

1 NAD*
I DNA repair 1 AMP 1 TP x  NAC*
/ Py

-

oy
’ -‘ OXPHOS| TCA cycle
.- ) “a
“~”

’;:(;Z ADP " " NADH
Oxidized form may be further oxidized to 2,3-
diketogulonic acid.

* Diketolulonic acid is cleaved into oxalic acid and 4
or 5 carbon sugars.



superoxide, hydrogen peroxide
tocopheroxyl radical

Monodehydro
ascorbate
reductase

GSSG

Dehydroascorbate

i reductase
Dehydroascorbate
\Tartrate

_|_
Oxalate

2 GSH



o-D-glucose
Y
Y

PATHWAY OF f

UDP-D-glucuranate

VITAMIN C L j UDP-glucuronate

pyrophosphatase

BIOSYNTHESIS: "~ ™
-
coo- HO—C—H HD—Cl—H
H)<_ o " H,0 P7 WO —e—H MADPH + H* NADP* HO—C—H
(¥ | ~. o |
. 1 k ad H P H—C—OH H—C—OH
I I
Primates lac HO 0P} ol e o b n
H OH I |
the enzyme marke < CH,0H
. it-D-glucuranate D-glucuronate L-gulonate
with the ARROW ionoshace i
H =
) Aldonolactonase
H,0 =
Y
0O O O
= cl ~====, {‘i %ﬁ
o—c 0=cC : HO—C—H
Il O | ] HO0 3 | 0
HO—C HO—C—H . ] HO—C—H
| - | i |
H—C Spontaneous H—C Gulonolactone H—C
I | onidas |
HO—C—H HO - r'l ‘H HD—?—H
CH,0OH CH,OH CH,OH
L-ascorbate 2-keto-L-gulonolactone L-gulonolactons

> Wadsworth, Cengage Learning

Missing
enyzme



Ascorbate (Vitamin C)

o Active form and function:

O Active form is ascorbate
o Functions:

1-Important antioxidant, inactivates free oxygen radicals, and protects
other antioxidantvitamins A and E.

2- Essential for iron absorption , reducing F3+ to F2+.
3 - It has mild anti-histamine effect.

4- important for the immune system (antibodies and white blood cells),
strengthening resistance to infection.

5- Coenzyme in hydroxylation reactions :

- Collagen formation (essential for formation of hydroxylysine and
hydroxyproline.

- Formation of corticosteroid hormonesin the adrenal gland.
-It is important for formation of adrenaline and noradrenaline.
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fatty acyl-CoA (C,,) fatty acyl-ACP (C,.,)

FAD A

FADH, 1
enoyl-CoA Enoyl-ACP
A &
cn cn+2

hydroxyacyl-CoA hydroxyacyl-ACP

NAD 4 G

NADH+H* 1

ketoacyl-CoA ketoacyl-ACP

CoA
acetyl-CoA 1

fatty acyl-CoA (C,.,) fatty acyl-ACP (C,)
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(H

(

()

(2 (8

g
Hy-C~S-ACP

{5 Ketoacy-ACP

L il
synthase »  (H3— (= CHp-(~S-

OH

0
( Molonyl / Acetyl 5
@- (=3-bh = iransferase = (H3-(~S§
H 0 m
’ 3Hydroxyacyl-ACP
@— 4— (Hy-C~5-ACP — CHy— E i

H []
(- (s e
H

0
Enoyl-Cod :
e —— (H3— CHy — CHg- (~$§ @

0
" i
Hy — (- CHy- C~S-ACP

H 0

Ketoacy-ACP (
s, s cHa—f—Uirf"S'“D"'-
reduclose l!'ll'l -

Palmitayl (Cie)~S - ACP

S Palmitoyl (1) ~OH + ACP
(Palmitic acid)
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’ Acetyl COA PRECURSAORS
* Glucose (through pyruvate) glucose

amino acids
in non ruminant }wate /

* Amino acids

 Acetate in ruminant - fatty acids ------------ Acetyl CoA oot ketone bodigs ------------

// chaolesterol
triglycerides

* Acetyl CoA carboxylase pnospholipids NS steroid hertmenes

©  _wge " eicosanoids bile salts
 Rate-limiting reaction ¥

* Acetyl CoA + HCO3" + ATP -
> malonyl CoA + ADP + Pi PRODUCTS

* Biotin Acetyl CoA is a central intermediate in lipid metabolism.

CO,+HD + energy (ATP)
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[ Glucose J
[ Citrate lyase ]
MITOCHONDRION CYTOPLASM
Acetyl CoA E Acetyl CoA
Citrate > Citrate
E Oxaloacetate
; NADH
Oxaloacetate .
E Malate
Pyruvate Pyruvate
NADPH
Figure 22.29

Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company
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CoA MITOCHONDRIAL MATRIX
OAA Acetyl CoA
citrate oxaloacetate + acetyl CoA
Citrate synthase
ATP ADP + Pi CoA

citrate
lyase

*in non-ruminants

* Absence of citrate lyase in
ruminants means that little
glucose carbons end up
being used for FA synthesis “"“\At:w

ATP-gilrate lyase

OAA € >




NADPH
Gl1P +—G6P
F268p  PFK1
F16EP
Glyceraldehyde-3-P e S "
NAD* *)t Phosphatidic acid
3-Phosphoglycerate
t Mono-unsaturated fatly acids
&
- o B
PKM2 #i.. & X, e
Malate
Pyruvate ME1 Saturated fatty acids

PDHK1*

NADP* A
i L S

) ACLY | -

Citrate = Acetyl-CoA AC_E.- Malonyl-CoA

» Mevalonate

HMGCR
t Farnesyl-PP

Cholesteral

e \ .
DH2mt'y i mut @KG
k| _.-_-"

2-HG
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* Cytosolic synthesis of fatty acid
synthesis
* Combining 8 two-carbon fragments mitachondria
#acetyl groups from acetyl CoA) to

orm a 16-carbon saturated fatty Gytasol
acid, palmitate.

OAA Acetyl CoA

citrate

* Chain elongation 7%
* Endoplasmic reticulum uses malonyl OAA Acetyl CoA
CO.A . . Acetyl CoA carboxylase + C02
* Mitochondrial elongation uses
acetyl CoA

Malonyl CoA

. Fatty Acid Synth +NADPH
* Desaturation l i

* In endoplasmic reticulum Falmitate (16:0)

* Desaturases for carbon 9, 6, 5 and 4. li;””?’j?fff”ﬁ in
afd mMeononaria

* Double bonds cannot be added

from C10 to omega end of the chain
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Acetyl-CoA
W Acc Glycerol Glycerol-3-Phosphate
Acetyl-CoA + Malonyl-CoA Pgosl‘,qphate
b SUCE  FA CoA— | EEE
3-ketoacyl-ACP/CoA {
KR
3-hydroxyacyl-ACP/CoA Lysophosphatidate
OH
2,3-trans-enoyl-ACP/CoA  Glycerol FA CoA—~_| = =
¢ ER ¢ GUT '
Acyl(C..;)-ACP/CoA +  Glycerol-3-phosphate .
J o ’ Phosphatidate
e
Lisophosphatidate Pathway AT
.y FA CoA *
ospha
\ Monoacylglycerol - —» Diacylglycerol
Diacylglycerol VGA | |
DGAT ' '
Triacylglycerol
CDP-Ethanol amin FA CoA DGAT
CDP-Choline

Triacylglycerol

Phospholipids (lecitine)
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* Cholestrol is an indispensable for all cells (for plasma
membranes, steroid hormones and vit. D)

* Sources of CH
* (1) diet
* (2) endogenous (from acetyl-CoA)
* (3) re-absorbed from bile (enterohepatal circulation)
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& o 0 0
1
CH;—C—SCoA CH;=C—=CH,—=C—SCoA (;)—O— Bhyd
ydroxy-
AeeLlicRA 0 Acetoacetyl CoA CH2 B-methyl-
s CH C OH glutaryl CoA
—_C - (@] 3 g yl Co
CHy~ C=5C0A HMG-CoA T CH,  (HMG-CoA)
CoA-SH synthase CH;=C —SCoA I
i I Con-SH J “scoa
CH;—C—=CH,—C—SCoA
A 1 CoA 0 2NADPH + 2H+*
cetoacetyl Co C—0- .o AP
(!)H S-hydroxy- reductase
2 | B-methyl- CoA-SH
CHj— (|3 OH glutaryl CoA o
HMG-CoA Il
CH, ) E-o
( ]
oo —— > Proteolysis, /C\ CH,
jeductasg degradation O/ SCoA ]
@ ’ CH;=C—=0OH
Sterols :
CH,
CH,OH

Mevalonate

ER membrane



Acetoacetyl-CoA <= Acetyl-CoA

HMG-CoA

Isopentenyl
adenine
(tRNA)

HMG-CoA —
Reductase

Mevalonate

Y
{

<4— |sopentenyl-PP

5

Geranyl-PP

%

Farnesyl-PP

Steroid Hormones
Vitamin D
Lipoproteins

Lipid rafts

I =
{

<4— Cholesterol

Isoprenylation
(Ras, Rho, etc.)

T

Geranylgeranyl-PP

Protein anchorage
Cytoskeletal structure
Differentiation
Proliferation

Migration

Factor secretion
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* Adipose tissue
* TAG stored in cytosol © .

Disposition of hepatic TG
in normal states

*Liver
* Very little stored.
* Exported out of liver in VLDL

* Mammary glands
* Apocrine secretion

!
capilary M: ry Epithelial Cell




* Liver form VLDLs from N B
* TAG (surplus of saccharides after RIS
replenishing the liver glycogen)
* remaining dietary TAGs CH, FFA

e de novo synthesized CH

« Chylomicrons contain apo B (B-48) \\
that is synthesized in the intestine

Bile

3o R : s '_ : canaliculus
) o"‘:: y
. uy
e®\ o
’o.‘o
[ ] L ] i
ol & Endothelial
oo e cell
L] [ ] [ ]
E

Lumen of blood sinusoid



There are many types of apolipoproteins

Apoprotein | Lipoproteins Function(s)

Apo B-100 | VLDL, IDL, LDL 1) Secretion of VLDL from liver
2) Structural protein of VLDL, IDL, and HDL
3) Ligand for LDL receptor (LDLR)

Apo B-48 Chylomicrons, Secretion of chylomicrons from intestine

remnants

Apo E Chylomicrons, VLDL, |Ligand for binding of IDL & remnants to
IDL, HDL LDLR
Apo A-l HDL, chylomicrons 1) Major structural protein of HDL
2) Activator of LCAT
Apo A-ll HDL, chylomicrons Unknown
Apo C-l Chylomicrons, VLDL, | Activation of LCAT
IDL, HDL
Apo C-li Chylomicrons, VLDL, | Activator of LPL
IDL, HDL
Apo C-lll Chylomicrons, VLDL, Inhibitor of LPL activity

IDL, HDL




* VLDLs circulate

and are - similarly K FA—>TG —> VLDL
. Cholesterol o~ Lysosomes
to chylomicrons - | Aness(, ="

FA oo

source of TAG for e ‘*@\

peripheral tissues
(LPL), gradually

transforming into
IDL and LDL

Ami

i

Pi
Glycerol ) Lysosomes

Cholesterol
no acids (’4)\4/ \
FA )4«< LD

Peripheral cells

,__—Capillary—__

Muscle
FA — CO, + H50

Adipose tissue
FA —» TG Stores

:§° ‘o. Foam cell

Intima of
blood vessel



* Heart lipoprotein lipase has a
low Km for triacylglycerol,

Triacylglycerol

about one te nth Of that for in core Chylomicron (or VLDL)
- o o To Liver _ A G
the enzyme in adipose tissue ~ - 7Yy o ook N
Free fatty acids

@+ Polysaccharide
®  Chain

Endothelial

Capillary
Surface of cell

* During lactation, A similar

In cellulo (muscle & adipose)

rEdirECtion tO the mammary Free fatty acids

glar,‘d occurs.. allc?wmg uPtake Adipose, heart, and skeletal
of lipoprotein triacylglycerol muscle tissue, as well as in
fatty acid for milk fat lactating mammary glands

synthesis



* Representing a final
stage in the catabolism of
VLDL

* The main apolipoprotein
of LDL (B-lipoprotein) is
apolipoprotein B (B-100)

* Approximately 30% of
LDL is degraded in
extrahepatic tissues and
70% in the liver

LDL



Fate of LDL

LDL are taken into cell by endocytosis
through receptor recognition

The presence of LDL receptor on the

cell surface is important for uptake of
LDL

LDL is hydrolysed to aa, cholesterol
and fa

Free cholesterol — membrane
component and inhibit the
production of HMG-CoA reductase-
suppressed synthesis of cholesterol —
and also inhibit the synthesis of
receptors — reduce intake of LDL. LDL
level in blood increase — deposit as
plaques
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e HDL is synthesized and
secreted from both liver
and Intestine

Bile C and
T S bile acids
g f;‘_'_-' - ) Synthesis

Kidney

* Involved in VLDL and
chylomicron metabolism

| HEPATIC
.| LIPASE |,

Phospholipid
bilayer

* Cholesterol transport

* The major apolipoproteins
of HDL ia-lipoprotein) are
designated A



Blood

Bile
salts HDL ——
Lysosome \ Cholesterol

Nascent
i chylomicron
action \
O . ApcB ApoCII
Chylomicron
\ ApoE
Cholesterol ester
transfer protein
Nascent
LCAT VLDL
ApoB-100
ApoA;
IDL—»LDL e
\ e Aoncn
C Cell
C membrane
C

Cell
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Cell membrane

NS ‘.'.'.g:: PV N
vwmm\ /

Unesterified Cholesterol Cholesteryl Ester (CE)

T3 LCAT
h‘;‘:.-;‘—-"" >
', .\' 'Y
Discoidal HDL

Phosphatidylcholine Lvsophosphatldylcholme Spherical HDL

Albumm



Forward & reverse transport of cholesterol

“‘Bad”
Cholesterol
deposit

Liver —» VLDL—» LDL

"Good"
cholesterol
(Excretion)

HOL ¢




b (g yomd ClalS

Lipid Profile Test

Unit
Total Cholesterol | mg/dL
 LDL Cholesterol mg/dL
HDL Cholesterol mg/dL
Triglycerides mg/dL
Non-HDL-C mg/dL
TG to HDL ratio mgz/dL

Intermediate
200 - 239

130 - 159
40 - 60
150 - 199
130 - 159
3.1-3.8
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Measure Units Cow Horse Sheep Goat
Cholesterol mg/dL  70-200 75-150 52-76 80-130
Acetoacetate mg/dL 0-1.1

B-hydroxybutyrate mg/dL 1-9 0.67 5.73
NEFA mEq/L 0.03-0.52

58



Diacylglycerols
Monoacylglycerols
NEFAs
Phospholipids
Cholesterol







(Preformed) ww o 3 (st

* 40 to 60% of milk fatty
acids come from blood

* Mostly from very low
density lipoproteins
(VLDL)

* Triglycerides in the VLDL
are hydrolyzed in the
mammary capillaries by
lipoprotein lipase (LPL)

(from liver and
intestine)

* Synthesized on the Fpopsossacba

smooth endoplasmic Free fatty acids
reticu|um an form Mammary, muscle, or adipose tissue
small droplets



(DE NOVO SYNTHESIS) gwr o 32 (5!

. Glucose.is-the carboq source for FA
synthesis in non-ruminants

* In ruminants, the carbon sources used
for FA synthesis are acetate and BHBA

 Fatty acids are built 2 carbons at a time
and 16 carbon limit (short and medium
chain fatty acids)

1-Acetyl CoA carboxylase
e Acetyl-CoA + HCO3- + ATP - malonyl-CoA +
ADP + Pi
2-Fatty acid synthase

* Acetyl-CoA + 7 malonyl-CoA + 14 (NADPH +
H+) - Palmitic acid (16 carbons) + 7 CO2 +
14 NADP + 8 CoA + 6 H20

* Acylthioesterases cleave off the growing
FA chain from the acyl carrier protein

* Occurs in the cytoplasm of the mammary
epithelial cell

rate limiting step

Acetyl-CoA ¥ Malony+CoA

Cco
CH3-C-OH ATP CHa-(I.‘l.-CoA ATP (I;Hz.c.m
Acetyl-CoA
Carboxylase coo
onyl P
Acetyl-CoA i

1
|
?H}C—CDA

1
CH3-C-CoA
CoO Cycle
repeats
Butryl-ACP

Acetoacetyl-ACP o2
B “amoncnt
CHa-C- CH2-C-ACP CH3-CH2-CH2-C-ACP

NADPH
NADP ™ n Hydracybutryl-ACP Crotonyl-ACP ;

i i
CH3-CH -CH2-C-ACP CH3-CH =CH2-C-ACP

BHB H20

*ACP = acyl Carrier Protein
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% of FA from % of FA from

e De novo synthesis VLDL Fatty Acid




Nutrient partionning Acetate

Blood B-hydroxybutyrate

Triglycerides
TN Mammary

Medium and

short-chain FA gland
C4to C16
SCD
- - PUFA Ur'tSatL{rBd FA
Lipomobilisation LPL == |ong-chain FA (cis9)
(C16:0, C18:0,
Adipose tissue C18:1trans1 1{ :
TG

PUFA : PolyUnsaturated FA ACC : AcetylCoA Carboxylase
NEFA : Non Esterified FA FAS : Fatty Acid Synthase
TG : Triglycerides LPL: LipoProtein Lipase

SCD : Stearoyl-CoA Desaturase




NON-RUMINANTS

Gm::Lnr-ﬁ--‘ - o N _—NaDP®
\ PENTOSE '\ . Prr——p—
‘- PHOSPHATE | - FATTY ACIDS
{ CYCLE o i ——
Fructose-6-7 |
5 ol | 1 1
Tr-ct-t":---"_'—:";-‘ o -Glyceiol-P I z - .‘n}p.‘ }E
L.,_Nncl". NLDH ‘h.':" e— l‘*[:“'" i . 1 . I.- NADP matate
L { | nace care? NADPH
- . s | dehydrogenase
[ ' : \
* & --Tﬂu — Pyruvate - | 2 *
Pyruvcre VOV MaLaTe vosmoa—" | = 2 Citrate lyase

TRANSHYDROGE NATION

CYCLE e o [Primer
" r_,u = 3.Acetyl-CoA
carboxylase

= 4 Fatty acid synthase

MITOCHONDRLA CYTOSOL



GLUCOSE i
.1
- b -

Gucose-6-P < N\ S
— “ wSierate | s it FATTY ACIDS
CYCLE WL "

£ -
j g
2 L .

P
:Ilfl" ;
C i
[r" :%-—-
|
+

4

BN\

& |
o A ol T R .
g
2

: [aceTate €
: ase
" 1Ill. % = cows can't use
S citrate via

this pathway.
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Figure 1 - Feed, nutrient flow from the rumen
and milk components.

Feed Crude Sugar, Fermentable Fat
protein starch fiber
DIP
\J ¢ Y Y \J
UIP Microbial growth and fermentation

}

Microbial protein

¢ A\ Y A4
Amino Propionic Acetic, Fatty
PNUTHENGS acids (glucose) butyric acids
Mirk Milk Milk Milk
COMPONENTS protein lactose fat

UIP = undergradable intake protein; DIP = degradable intake protein
Source: Sniffen C/J. and H.H. Herdt. The Veterinary Clinics of North America:
Food Animal Practice Vol 7, No2. Philedelphia, Pa: W.B. Saunders, 1991.
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Udder synthesis of fatty acids from acetate and other VFAs account for about
nalf of the fatty acids in milk tighycerides. About 40% comes from
lipoprotiens and chylomicrons, mostly as absorbed from the mtestine. Only
abour 10% (in peak lactation and later) comes from body reserved. More may
come from stored adipose tissue in early lactation, when there 15 a considerable
energy deficit
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Mammary epithelial cell
Glutamine
Alanina
Glutamate
@
o-KGE
Pyruvate N
a-Glycerol-P
. \ ﬁ @ Citrate
Triose-P :
s Ribose @) @
I@) | Acetyl-Coh —= (Primer)
I
Nucleic acids ®] iy
Fructose-6-P Malonyl-CoA !
UDP-galactose Pentose NADPH s
" phosphate !
shunt @, lr
Glucose-1-P «2— Glucose-6-P NADP* 5
Fatty acids
Glucose . @
+ I =S u-EEryt:errul-F-..._?/. -
Milk lipid
FTYGLUT
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D‘inamm\r

blood secretory lumen

stream cell
water |   —_—
minerals & /; R0 »;"-.'-1:..9' ’minerals&
vitamines S ., . vitamines " 4
immune- T S, y immune- _=
globulines 5 .~ *  globulines
3} . = ‘. .
amino 2 J o S L
, ~—} caseinst —
acids s / AR
13- Iactoglobuhn : 5 whey
-ﬂ-lactalbumln . proteins
O = vL SO
.r": )
glucose lactose ¥
3 -._-‘I %{ff J‘ *
(EI?EEEQI_ Y Ol .
-'-\l.ﬂ‘ __-I 2
L

"energyr_" i
acetate & ===

butyrat = h‘trlglycerldes I
TR \ %/ =5 lshurt chain FA!-.—)
>

fatty acids \ \ long chaln FA|
&7 ”.‘ﬁﬁw* _ f‘n : amount
LR T of milk
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e Signaling molecules (Prostaglandins, Thromboxanes,
Leukotrienes, Lipoxins) made of polyunsaturated fatty
acids with 20 carbon units in length

* As local (Paracrine) hormones functioning through G-
p#)tein-linked receptors to elicit their biochemical
effects

* In a variety of processes important in human health or
disease
* Reproductive function
 Inflammation
* Fever and pain
* The formation of blood clots
* The regulation of blood pressure
 Gastric acid secretion

7



Site of
Activity

OMEGA-3
FATTY ACIDS

OMEGA-6
FATTY ACIDS

Endoplasmic

Linoleic acid
Reticulum

(LA)
18:2n-6

Y

Alpha-linolenic acid
(ALA)
18:3n-3

Y

AB-desaturase

Loos 99139591 3w o

Stearidonic acid Gamma-linolenic acid

18:4n-3 (GLA)
18:3n-6
* elongase +
Dihomo-gamma-
20:4n-3 linolenic acid (DGLA)

20:3n-6
AB-desaturase

Arachidonic acid
(AA)
20:4n-6

Eicosapentaenoic acid
(EPA)

Docosapentaenoic acid

(DPA) 22:4n-6
22:5n-3
* elongase +
24:5n-3 24:4n-6
* AB-desaturase +
24:6n-3 24:5n-6

i p-oxidation

Docosahexaenoic acid) Docosapentaenoic acid
(DHA) (DPA)
22:6n-3 22:5n-6

Peroxisome

* derived from the
essential fatty acids

linoleate and a-
linolenate

* Or directly from
dietary arachidonate
and
eicosapentaenoate
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O
I W
* Prostaglandins Q/\\“—;:/\m“
. . / . 55411
* Five-carbon ring oH Prostaglandin A,
* PGE: ether-soluble, and PGF, 0
for: phosphate buffer—soluble @\//\/\/ oo
o & CsHy,
* Each group contains numerous ® 7Y o
subtypes .
S N

A CH,
HO 2"

EJ'H Prostaglandin F3,

73
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Arachidonate *

CYCLOOXYGENASE

COOH m COOH

PGl, OOH o
PROSTACYCLIN
0 4 SYNTHASE PGG2 orroxiDASE ﬁ)
0 y l I T S

’ g COOH < NS COOH

/ ﬁ_H ==
OH 0 c'JH 0 OH
/ PGH Malondialdehyde + HHT

COOH 'SOMEFMSE THROMBOXANE | == Imidazole

J/\/\/ SYNTHASE S
' I NI
O /
OH TXA,
E-Keto PGF1r£ PGE
ISOMERASE
(,)H FIEDUGTASEJ {,:'H
Y
“S—"">""cooH "\ COOH
= HOA g
OH OH OH
PGF,, TXB,




Type

PG,

Receptor
1P
EP,
EP,
EP,
Unspecified
FP

Receptor type

Function

evasodilation
*inhibit platelet aggregation
ebronchodilation

*bronchoconstriction
*Gl tract smooth muscle contraction

*bronchodilation
*Gl tract smooth muscle relaxation
evasodilation

*J, gastric acid secretion

/M gastric mucus secretion

suterus contraction (when pregnant)
*Gl tract smooth muscle contraction
elipolysis inhibition

*/ autonomic neurotransmitters 121
M platelet response to their

agonists (13l and 4 atherothrombosis in
vivo [14]

*hyperalgesial!?
*pyrogenic

euterus contraction
*bronchoconstriction
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* Thromboxanes
* Six-membered ring

 Thromboxanes are synthesized
in platelets and upon release
cause vasoconstriction and
platelet aggregation
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* Leukotrienes is synthesized in leukocytes, mast cells,
platelets, and macrophages by the lipoxygenase
pathway in response to both immunologic and
nonimmunologic stimuli

* Contain three conjugated double bonds

 anaphylactic shock (Overproduction of leukotrienes causes
asthmatic attacks, hypersensitive to bee stings, penicillin)

Leukotriene B,

77



o e | S gl 5T

° PGZI TXZ Series Membrane phospholipid
(prostanoids) by the
cyclooxygenase pathway
PHOSPHOLIPASE | == ==-x Angiotensin Il
* Cyclooxygenase and A; ®  Bradykinin
peroxidase (prostaglandin H Thrombin
synthase PGHS)
* Aspirin, a nonsteroidal anti- Dt cloox Henaes el
inflammatory drug (NSAID), l pathway  FGD,
inhibits cyclooxygenase | oo SRR

* Transcription of PGHS is - m ™,

completely inhibited by anti- il \Li"ﬁ!gf"ﬂs Hpodos
inflammatory corticosteroids. Eicosatetraencate ~ (2) ™ LTB, X8,
lipoxygenase t%; ﬁ&

. Arachidonat th 4 4

* LT4 and LX4 series by the ——— " e O

lipoxygenase pathway
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* PG3, TX3 series
(prostanoids) by the
cyclooxygenase
pathway

* inhibit the release of
arachidonate from
phospholipids and
the formation of PG2
and TX2

*LT4 and LX4 series
by the lipoxygenase

pathway

GROUP 3

Prostanoids
PGD4
PGE

COOH——-—-—""“"PGF3

PGl
Eicosatetraenoate —b— TXA

+2C

Octadecatetraenoate

—2H

o-Linolenate

I

Diet

5,8,11,14,17-
Elcosapentaenoate

T

Diet

Leukotrienes
\ |_‘|'A5
(2 LTB,

LTC,
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* Docosahexaenoic acid (DHA; w3, 22:6), which is
synthesized from a-linolenic acid or obtained directly
from fish oils.

* Present in high concentrations in retina, cerebral cortex,
testis, and sperm.

* DHA is particularly needed for development of the brain
and retina

* In essential fatty acid deficiency, polyenoic acids of the
w9 family (A5,8,11-eicosatrienoic acid) replace or
triene:tetraene ratio in plasma lipids increase
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* Maintaining the nervous system

* ALA is a precursor of EPA, which is tend not to
promote inflammation.

* interferes with the conversion of LA to AA and blocks
the formation of cytokines and blood levels of C-
reactive protein (CRP)

* have biologic effects that make them useful in preventing and
managing chronic conditions such as type 2 diabetes, kidney
disease, rheumatoid arthritis, high blood pressure, coronary
heart disease, stroke, Alzheimer disease, alcoholism and
certain types of cancer.

81
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* Increased blood levels of LDL (bad cholesterol) and
decreased HDL (good cholesterol)
* French fries, doughnuts, and cookies
* during hydrogenation, or “hardening,” of natural oils

18
CH,

* Improved health
* Dairy products and meat

1
CoOo™ CoO™
82



(Fat Mobilization) & sl (s ¥ pwsd 9GS

Glucagon Adenylyl
cyclase
®
—s
ATP  |[cAMP

©

I
I
I
W
T Fatty acid
9 @ transporter
| ©

Hormone-

sensitive @
B oxidation,
citric acid cycle,

Triacylglycerol m respiratory chain

Diacylglycerol v TATP

co,
Lipid droplet
Serum

/ albumin
OL/ Adipocyte Myocyte

Monoacylglycerol

Bloodstream

Figure 17-3
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company
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TRANSPORT
AND UPTAKE

@,
IN THE BLOOD: ALBUMIN \
v
COOH CO.CoA
G

AT
FREE FATTY AGID ACYL-CoA

METABOLIZING CELL:

MITOCHONDRION

QDSDL




i
H,C — C—S-CoA

O

It
H,C—C—S-CoA

Acetyl CoA Acetyl CoA

14

P

HS-CoA %iolme

o] o]
I

il
H,C—C — CH,— C—S-CoA

Acetyl CoA Acetoacetyl CoA

H,0

HMG-CoA
synthase

H® + CoA-SH

OH O

o I I
OOC - CHz_(I: — CHZ_ C _S-COA

CH,4
3-Hydroxy-3-methylglutary! CoA (HMG CoA)

O
. HMG-CoA Il
lyase H,C—C—5-CoA
Acetyl CoA

i
©00¢ — CH,—C—CH,

Aceloacetate

NADH + H® {
B-Hydroxybutyrate

dehydrogenase
NAD®

OH
©00C —CH,— e— CH,
H
B-Hydroxybutyrate

H®
nonenzymalic

O

H,C—C—CH;
Acetone

S Pl g ¥

CH-j—’-']"',—CHE
8
Acetone
0
a
CHE—C—CHE—C\H
I o
Acetopacetate
OH
| P
CHE—C—CHE—C‘H‘
i

n-B-Hydroxybutyrate
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Fattyamds : 0 e
B-Omdatlon l Teae L s

Acetyl CQA ;_ Ca
i ®l Acetyl CoA
' ,:_Acetoacetyl CoA _‘::

_ @lwAcetyt corn L
ﬁ‘ Hydr oxybutyrate *—‘/—Acetoacetate s

: X ‘ :
- p-Hydroxybutyrate —{(-5)—> Acetoacetate \

'NAD? Succinyl CoA
®f succinyl-CoA-acetoacetate CoA transferase
: , % Succmate
Acetyl CoA«—T Acetoacetyl CoA

CoASH

i )
| i
H i
i i
\ i

Extrahepatic tissues




A_rg'l
His

lle
Val

Phe

Trp

7

6

6

5 (4 shared)

8

8 (6 shared)

6 (all shared)

7 (5 shared)
10

5 (8 shared)
59

Tyr’

17

aa el

'From Glu, *From Asp, *From Lys, *From Pro, *From Ser, ®*From Ser plus 5*-, "From Phe.
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Biosynthesis of Non Essential‘Amino. ACTa




1.
2.

4.1
4.2

4.3

 Metabolism of A.A. precursors

AA's act as precursors to synthesis of physiological ly important amines that show potent bioactivity.

Examples: Polyamines, creatine, carnitine, neurotransmitters, melanin, betaine, bile salts, haem, purines,

choline, glycosamine, purines and pyrimidines, pharmacological amines and hormones

e darvatve | procumr | Pylogiaims

Polyamines
Creatine

Carnitine
Meurotransmitters

y-aminobutyrate (GABA)

Histamine

Acetylcholine

Ornithine

Gly + Arg

Lys [-Protein)

Glu
His

S5er+ Met

Putrescine, spermine, and spermidine are chromatin associated

Phosphocreatine  in muscle  undergoes  spontaneous

dephosphorylation and is excreted as creatinine

Shuttles fatty acids across the mitochondrial membrane

Inhibits synaptic transmission

Expands capillaries and constricts veins, resulting in increased

local blood volume, and edema, with low b.p. during allergies

Induces muscular activity



|m Physiological effect

Serotonin Induces sleep (W-rich diet)
Catecholamines Tyr Increase cardiac output and
(L-dopa, dopamine, cellular metabolism during
epinephrine, and stress

norepinephring)

Melanin Tyr Pigmentation

Purines Gly + Glu Nucleic acid biosynthesis
Glutathione Gly + Glu Reducing environment

Mitric oxide Arg Signalling

Porphyrins Gly or Glu Mucleus of haem proteins like

cytochromes and hemoglobin



Histamine

1 Products from
ALA. precursors

NO

Polyamines

Carnitine

Creatine

Bile salts <—
—* Purines

Haem =—

—* Glutathione <—

Serotonin
Melatonin

=
%In-p "I?an Nicotinamide (B;)

Catecholamines

Melanin

T3 Ty
Glutamate

¥-Aminobutyric Acid

— Hippuric acid



