| stEROD HORMOME BIOSYNTHESIS |

Steroid biosymthesis

oCho]esherol sulfate

Cholesterol V]

SuDihyrdro-
deoxyrorticosterone

Allotetrsh
C denrymaricosterne

-

13130

Aldosterone herniacetal
o

18-Hyedroxy- oy
coricosterone
o Hydrowy- 226-Hytroxy- s O—{ 1150w 221 1A, 21 Tribgrrouzye
cholesterol Mo Ay Aldshron {11150} 3 cuta- 50 pregnan 15-al
114153
- 21-Hydroxy-
TomE SE-preygln‘;n{Z,ll,QD-trinne
Bozzp o—{L1.150]
cholestern 2 Hytey. 11-Deaxy-
pregrenolone [ e coricosterone Corticosterone
- TrimDsw 30, 200,21 - Trihyrmoxy-
— 14154} +-0—{11.050 | w-o—|TTTH -0 LIS il Tl
- 11 Hyslrox P e & T .2l Dilorlrery
- - - - co: Osterons -] - -
114533] 9010 ami] o e [[i4min) -peguans- 2 dioze 3B pregnaie-11,20-dime
11450140
20a-H: X
e
4 Wethyl- - EERE] B-Pregnane 3 Hyrlowy
ot pmﬁg-es oy 320-chome 3f-preznave-20-one
111145 Progestrone
ek - E L1415 4—wc 11150 He-O——{ 11 1 53#C Pregranediol
- C21-Steroids
172,20¢- Diky : SuPregrane-  3g H .
11499 g snone - [114599) 30 done simydf,'g%g_m
| .11 1450 e TENET] 11.1213W-C—1.1.1.53 ™0 50 Pregnane. 3u,200-diol
2 114.15.4 So-Pregran-20o-
i . 5331 ( |U7eHydoxy 21-Deaxyrortisol ol-3-orie
ooy progesterons 11114 111217
114510
41 O—{T11 62O 1f-Hydraxytestosterone
o 170,21 4 bydrosten
D&@}{g Cortisol 11heta-ol-3,1 7-dione
h 111145
pregnenaion — *-O L4154 503 »0—{L1150}» 011153 0 Coml
11-Deoxyrortisol 11B,170g21-Tnl\Hd:pxy- Urocartisol
1.14.15.4 Sfi-pregrane-3,20-dintie
y (s
Cortisons
L7021 [533.1
Tnﬁlwmx - 115-H; xEEndrnst- 1313 11150 1.1.1.53 O Cortolone
y- p-Hyo
preghenolime dens-3,17-cone i yry -
170, 21-Dikgrdrox =56 Urncortisone
Dehyrin- o[t 1o pregnane3,1 1,20-trioms Estomn el
g Tor- Hylrox yrdehgrlro- Adrennste: e 3-sulfat
Delsipimdin. IEETETE e st i HosErone ]
Skron sulfele O = B
L2154 24117 QO Estone glucuronide
e [3eT]
IEWHS?IIU?X i 13135& Aridrostane Efinchnlan-3 Ef hc:lan3 1
--eng-d,1 J-caone - stane- hulelo - Ja- Hioc -3l
-cliome ol-17-cme 17-0ne 3-ghomoride L1114 —0 Estradiol-17x

o] EEOEo N Etmston-
_>2 o
-ghuuroride
| —TFges—-0—{L 1 150 | -=0—{Z@0ia]*o
S A ncirostane. i R a— Tidai-—wo—{2116 O 2-Wthoxyestrone
Lndrost 3,17-chicme glucuronade 2Hyorgstone {5a7 Tl o 2 Mitonyestione-
dene- -sulfate
L11145] 3 17-dinme) N Estrone ¥
SooT 'r =0 1141410 114141 I —
19-H; yandrost- 9-Oxoandrost-4-ene-
To-Hydroxs- 4-ene¥gff7-¢nne 3,1 7-chone
androstenedione
A% E—0 [Litst]rrnes] L1162 C18. Steroils
-m 3-Ox0-13,17-secoandrost-
Loy Feme-17, {3 lactome
L1115 w Testostsrone Estradinl- 175 4
= L1411 w0 > - 41410 © 16-Cheuraride-estriol
. Estriol
19-H: ~testoste 19-Crrotestosterone 2-Methoxy-estradiol-
oy stostione BATTTO Y5 5 shotmonids
) T14141]—»O—[ 2118 02 Methoxy-estradiol- 17
C19-Steroids o—{Ltis0}»0 2Byl By sl
5o Dikyeo-etosterons. Anchostan-Salpha,1 Toeta-dliol estedrliol- [76 23215013 % et e

00140 12/27/10
() Hanehisa Lahoratories

O 6-Hyrdtooxy-estracdiol- 176

O 5p-Dihgdro-testosterone

O Estradiol-175-3-glucuronide

O Testosterons glurumnids
O Estradiol-175-3-sulfate




I FPAER. SIGNALING PATHWAY

VLDL

Ch{]amicron

t-————[FATCTH
|
~——— [ FATF

03320 5161
(c) Kanehiza Lahoratories

}_ FARF

—»

Liver
Skeletal muscle

Unsaturated fattracid

—  Safurated fattyacid

Ficosanoid

Fibrate dg
N3AID

O-ciz-Retinoic arid

Skeletal muscle
Adipocyte

O-cis-Fetinoic acid

Adipocyte

Urnsaturated fathy acid
Eirosanoid
Thiszolidine detfeatie
HEAID

0.cis-Fetinoie arid

Ligand

o0 000

& dipocytokine

Fatty acid metabolist

\Wﬂﬁg pathwray
FPPLE®

PPARGE

Cholesterol metabolist

Fattyracid transport

Y

BXR

Fatty acid oxidation

W
W‘

B o] |
] |
|

[PPARy |
o] CAP -1
iRl [ear]poe-i] - |
© ; UCP-1 -

Bz ——

PEPCE
o

Transcrip tion factor Target gene

———

Bile acid hinsynthesis |

Symthesis and degradation
w of ketone bD%j.ES

Glyrerophospholip
T b T

——  Lipid reetsbolist

—— e Bdipocyte differentiation

— — # Ldapinee thermogenesis
— —m Cell survival

— — > [higuitination

— — Gluconeogenesis




Portal veraons
circulation o
BL

Oy

Active transport
by ileocytes

Faercal
output -

04976 1113111
(c) Kanehisa Laboratories

HO N;r

1oL HDL Hz 0002
i l
| 1 |
[IDIR || [SEBL]l [A0F9 | |
| | | [ '
A Cod ¥
Hepatocyte ceblCoh CE gCE l o
P co
Tight junction Tight junction WHEL .
Ma
Canalicular N;
HCOs
3 —-——
»
Regulation of BA synthesis,
na:%spomanddsmxﬂcaﬁon UGDELﬁlI SULT2A1
i — —=Conjugation and Tieht functio i
— ¥ detnxification of 15l Jumzon ! Begulation of B and ATP
B rernoval from cell B -~ transport +
) (e i ¢
-
-
] L5 ]
Id .
s Cholehepatic |
i
Lumen | |
E:sn?}]ﬁar?nr:li . Cholangiocyte (S ecretion) Catinns | |
AP DRI | j
. O—w SR |—»] G5 |—=[ &C | —»O—»[ KA | I "JF
ecretin
|
o | |
¥
Bile
|
Epical l
_mep]rﬁbrane I
|
|
|
|
OO
PL I o
ol o
BL | O&

— Intestine -




I VITAMIMN DIGESTION AMND ABSORPTION

Lumen ——
C Tight junction

Iniracellular sp ace

Water-solub ke vitamins Brush horder-
— roetrbrange Tight junction
. Folate Biotin Thiarain o
binsymthesis metaholism retaholist

Pal: yl Bineytin

glu \ o)
| o] | FMNq
| bigcothic acid | FaD
| (Vitarain ) | I

| |
| WAD | oA | Ly e {ER. . &
\ [
| | I \ I
| |
[ | |
| | |
FOLH || | et

[ |
| | | -—
o T
Pl g
[ | -
| | | ——
[ l
|
‘ g ===
| Him
¥ (Miaciny
o Y-

Folic acid

Fat-solub le vitamins

Small intestinal ep ithelial cell
degradation
Chl

i

Lysosome —

Secrelury
wesicle

(exocytosis)

o o
Mired micelle  pp Cholecalsiferol Pre

B> > 0|
Chl

YYY V¥

MEFL W ———————————

|

|

|

|

|

|

|

|

|

¥
F

— O .

- ——Zor

-—

o
I
|
|
|
|
|
|
|
|

¥

Tight junction

L, h iransferred

o hbod siveam

04977 47111
(o) Kanehisa Laboratories




I FAT DIGESTION AND ABSORFTION

Lumen
Dietary fat Tight junction
& mglyrende
TR
| -
lL I Brush border-
—— O merrbrane
B ]
/o Ba

T fG- —E= %h%]_ S
@ m % N FAE <
y -« 7
Cley” | Golgi //
-
=3 e ]
CE
ApAd
| == Poac Chylondoron
o 4

—— =
s
‘« Ny e
< I. T \\“x
o 1 ST N
LP& 5, -
\\\ \\\
kY
\ ________
N,
Y
Y
A
Y,
Ay

04975 1431011
{c) Kanehisa Lahoratories

Smooth ER.

Small intestinal ep ithelial cell

(exocytosis)

Glymerolip
mejgboh's%d

¢
BTN Y
o EpEa*
oTas
— mo_ gl OCE Apod IV
Prechylomdcron

\ Reabgorption info
the enhe%%?rhes

Tight junction

Intracellular space
_ __ Basolateral
membrang
! Chyloricron
poB-44
o} o
TAG Aty | — | 2O [Epaw
Ocg Oce
ApodT Apok
m
|
|
|
|
|
|
|
|
|
|
X |
PL CL AlA I |
C—{&BCAL |—>--| |
|
|
¥ |
Bpok I
HMascent |
DL |
|
| |
| |
¥ ¥
Bhood Lymph transferred
1o hlbod stream




Prolaryoti-iype ABC iransporters
Mineraland organic ion fransporters
Cysll
e
Tungetts o~ Tuph

Sulfate? O

Bicarbonate O
Sulfonats / Nitate ] Taurize
iolgbdate O
hox 1II) O

Thann ©

Specraine / Patzsioe
"

Putrescine O

IlndC

E A0

Pox

Fhall
2-Awinoethydphosphonate O gL

Glyeizw betaine | Proline ©

Osmoprotctmt O OpiE:

Oligosaccharide and polyol transporiers

Maltose f Maliodextrin O

Maltooligosaccharide O

Multiple suge
sn-Cilyverol 3-phosphate
Lactose [L-arsbinose
Sorbitol § Maraitol

e-Ghicoside

Glucose [ Axbinose
Trehaloss { Wilioss
N-Acetyiglucosanine

Cellobinse

Iiultiple sugar?

Momnosaccharide transp orters
Ribose O

L-furdoinase

Methyl-galactoside
D-Xyloss
D-Aillose

Fructose O FwB [ FreC Frh

Autninducer 2

02010 32511
{c) Kanelisa Laboratories

Phosphate and amino acil transporiers

Phosghate

[ FsC |
FPhni

O— PheD [ PhuE

Phnl [P+

Lysine | furgining | Orvithine
Histidine
Glutanine

Glutaraine?
Argine

Glutiuats | Aspariate
Ortopine / Hopaline

General L-Aming acid
Glutacats

Cystine

Arginine | Omithine
Eranched-chain aming acid
Henutral arvitio acid f Histidine

Ures

D-Msthionine

Peptile and nickel transporiers
Di i Here [

2 R e

Peptide I Nickel

Glutathione

Whicrorin C

sl

hkl
104

(et oo )
Hisvl

o
[ ai |
(o |

fa |

:
g

F
O Hi
s
is]
O WP | G
O P | G
o

=

H
=
&

H
@
E

O
S T e
Aothl
H ] 1o |
LwM
Cr

Nat® | Nath
af at

°
o
ome |

o

@

Metalli cation, iron-sideroph
[ron complex

Y itarein B122

Mangansse

Tine

Trom (I, 1) 14 § Fine

=

iH Misk | BltsB | MitsC I—P

ppds
T
tuF

d vitamin B12
Ei

Tzon (11} / Manganese

Zine i Mangaese | o (1)

Cohalt

Hickel

Peruease protein

(E coli, BoFCD)

Sith
Chid

o GXd

O TroB
Chi

g

w*

AT Substrate

Substrate-binding ®

ATP binding profein

Euaryvtc-iype ABC iransporiers

ABC-2 and other transp oriers ABCA Subfamily

Antbitios [ VadH | Vads |
FrE
T

Lipopolysaccharide
Teichoiz acid O

e —
M o

Hoi

-

-LnlC

s

Cellerason

Lipopolgscharts ©

Hemolysin

KpeT

Capsular p ide O

ABCB Subfamily

Lipopotein O

ABCC Subfamily

ABCD Sub family

ABCG Sub family

Macrolide exporiers

Otherputative ABC transporiers

Substrate

Mezabrane:
omain (MED)

protsin

T~ Nucleatide binding
doram (VED)

(Ecol, Meb&) ATP




L INOLEMNIC ACID MWETABOLISM

Phosphatidyicholine

3.1.1.32

e-Linolendc acid O FaDEl O Stearidondc acid

Wolicitin
O IT-Hj?dI‘DXY- 5 -HOTE ]
O 0 HFL1 O Q- Oxononanois acid
HE)-HOTE
spontanenys Colnelerde acid
Heptadecatrienal QI0-EOTHEC O 10-0OFDA
13(5-HOT:E 3-Hexenal
L
%_}%3,113,142}-
eptadecatriencic acid 13(37- 12.0o-9{ F)-
Hlel'rE dodecenoic acid
1151112 O
Traumatin Traurnatic acid
OPCE-Cok
12,13-EOTEC
Ol trans-2-Enovl-
OFC4-Cok Srce Shta-cos
)
i 3-Cho- trans-2-Enoyl-
COPCS-Cod OFCS Co ERe i
B-Oridation
(+)-7-Iso-
Jasmaonate (-)-Tasrnomate
> ()
trans-2-Enoyl- 3-Oxo-
opc.q_c.;.gj’d QP4 Cok 1.141
&
(+)-7-Tsomethyl- {-3-Ilethyl-
Jastmonate Jasraona
Q0592 3722511

(o) Fanehiza Laboratories




I BIOSYNTHERIZ OF UNSATURATED FATTY ACIDS

1]
n-3 family
16 &)
18 o—*
¥
20 o
¥
22 o
¥
b1 o
n-6 family
16 o
18 o AQ
¥
20 o
¥
22 o
¥
24 o

01040 12428010
(c) Flanehisa Laboratories

Eo<eeeE0

o%%o%

£
[

0
i

A15

Al o
A9.12

412 o
A9.12

o
411,14

o]
A13,16

Al5 3 Af

o] * 0
AR 1215 AG91215

A5

L8 oO——0
AB111417  ASE11,1417

o]
A11,14.17

A4

Oo———>»0
AT10,13,16,19 A4.7,10,15,16,19

o Af
4912151821

&6 o
A6,9,12

B o 8,
A2,1114  ASE]1L14

o—2 »o
ATI006 447101316

[-oxidation
a6 7

o] 0
AR1215,18  A69,13,1512

[-oxidation

]
MBS 12151821

45,12,15 O—{ 312 | *O o-Linolenic acid
Icosatrienoic
11,1417 0 O aid (ETh)
453,11,1417 o[ B123 | w0 Lospnencic

AT10,13,16,19 O O SRR

oy Docosshexaenoic
avid (DHA)

£47,10,13,16,19 0— 3122
£11,14 © O Ieosadisnoic acid

A13,16 O

£6,9,120— 3122 O v-Linolerde acid

A2,11,140— 3122 O Dihimo-y-linolenic acid 415 O

£52,11,14 0— 3122

O Arachidonic acid

AT10,13,16 ©

O Adrenic acid

O Docosadienoic arid

3122 | Tesh
Cl60 0 ——#0O Palmitic acid
TesB || Vet
C1300—mt]__pos il
: fearic ack
caooo—{3122 O Arachidic acid
2200 O Behenic arid

C2400 O Lignoeeric acid

A9 o Oled acid
AI1O O Icosennic acid
4130 O Enucic acid

O Hervoniz azid
4912 O O Linoleic acid




EETINOL METABOLIENM M ANINALS

-1 0-cis-Betinoate

O all-trame-
o A Oxoretinoic acid

—_—n

i Fetolo DHESA 9-cis-Refinal 12311
'S RDH o 12136
12311 a
all-trans-13,14 >
s Cce—{13993 cwzigol—h_ol — ”
woreting —
all-trams-Retinol
(W itarmine &) ADH
- ;
8] .-'—O Ix-'IehthodDI:sm I
PHPLES
311231164 i etarhndopsin I
DoAT o
(u] 1T
¥ v, i _ .
— Retinyl ster Lurrirhodopsin
[5217] RFESS 5213] Bathorhodopein
11-cis-Retinol v
ol .
— - -RDH O—®0 Rhodapein
11-cis Retinal
3116331164
DGAT
L ]
— 0

11-cis-Betiny ester

00230 152711 .
(o) Kanehisa Laboratores

CYP26][CYPLA] CYP26 [CVPLA
CVERC| CVF3A| alluars-  |CHEZRED) CYE3A
A Hywlrozsr

CYVE2a retinoic arid
CUPIAUCYEMRE] | ) s 18- Hyhoy-
CYPaL|CrPas retinnic arid

LU gy lltrans-5, 6-Epory-

OV PaA 5 b-dihydroretmoic acid

UGTZE7 olLirars Ritaogl
ot O B-glururonide




