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2.6 Fette und Lipide
Stoffklassen

A. nicht hydrolysierbar

e Langkettige Alkane, Carotinoide, Vitamine
e Terpene, Steroide
e Fettalkohole >C10
e Fettsauren >C10
Lipid Soluble Vitamins
HaC CHs CHz CHs CHz
HO
WOH CHa
CHz HzC E CHo
vitamin A CHx CHz
CzoHzaQ  part of the visual pigment CzeHs00z  witamin E an antioxidant
HaC CH
HaC : "
I
: cH
A 5 ®
a) CHz CHs CHs CHz
witamin Dz calcium metabolism
CasHaaD 2 bone growth vitamin K; a blood clotting factar

CziHaeO2z

Ho™ CH2

HaC

HzC

HaC CHa

CH= CH=
CHz

p-carotene the precursor to witamin &




Monoterpenes
CH

—H H 3
® o ’ o -0zH
2 CH M
HaC T CHz
CHs
Hat CHa Hat CHz HaC CHz chryzanthemic acid
rhyrcene geraniol carwone
a CH=
HaC HaC CH= HzC CHs
(] CHz
L e 7 ©
CHa HaC CH3
nepetalactane rmenthafuran a-pinens camphar

Sesguiterpenes

HaC
HW
2H
HsC HaC
farneszaol CHz
CH=

hurnulene

CHz

CHz
e
8] HzC
0 4 CHz O CHsx
Py
ngaione HzC
caryophyllene

Diterpenes & Triterpenes

CHa H3C

CH= CH=

abietic acid Hagc CHs
HzC HsC HsC
CH=
HaC

squalens
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HaC HzC HzC HzC HaC HaC HaC HalC N

Matural Rubber
>.

CHz CHz CHz CHz CHsz CHsz

M\/&/\/&/\W

Gutta-percha

The Bf< & /D ring fusions are frans

ASR fuszion is frans

ASB ring fusion
rmay be cis or frans

HaC HzC

CH=

COzH

HzC
CH=

cholesteral w fre cholic acid
[a camrmion steral) HO CH [a bile acid)

HO

Typical Animal Steroids

HzC
HaC 2 H=C ©OH
HzlC HsC
0l 0
progesterone testosterone astradiol
Stercid Sex Hormones
CHz-0OH
HaC O\';L;JJH HzC C=0
: nioH
H
o (] cortizone

norethindrone

{an oral contraceptive) [an anti-inflamriatory hormone)

Medicinally Useful Steroids

pyrolysis
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Common Fatty Acids
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Chemical Names and Descriptions of some Common Fatty Acids

Carbon

Double

Common Name Atoms | Bonds Scientific Name Sources
Butyric acid 4 | 0 |butanoic acid butterfat
Caproic Acid 6 | 0 |hexanoic acid butterfat
Caprylic Acid 8 | 0 |octanoic acid coconut oil
Capric Acid 10 | 0 |decanoic acid coconut oil
Lauric Acid 12 | 0 | dodecanoic acid coconut oil
Myristic Acid 14 | 0 | tetradecanoic acid palm kernel oil
Palmitic Acid 16 | 0 |hexadecanoic acid palm oil
Palmitoleic Acid 16 | 1 |9-hexadecenoic acid animal fats
Stearic Acid 18 | 0 | octadecanoic acid animal fats
Oleic Acid 18 | 1 | 9-octadecenoic acid olive oil
Vaccenic Acid 18 | 1 |11-octadecenoic acid butterfat
Linoleic Acid 18 | 2 |9,12-octadecadienoic acid safflower oil
gm Linolenic Acid 18 | 3 |9,12,15-octadecatrienoic acid l;lia;xseed (linseed)
Gamma-Linolenic Acid 18 | 3 |6,9,12-octadecatrienoic acid borage oil
(GLA)

Arachidic Acid 20 | 0 |eicosanoic acid ]EJ_eanu_t oil,

ish oil
Gadoleic Acid 20 | 1 |9-eicosenoic acid fish oil
Arachidonic Acid (AA) | 20 | 4 |5,8,11,14-eicosatetraenoic acid liver fats
EPA 20 | 5 |5,8,11,14,17-eicosapentaenoic acid| fish oil
Behenic acid 22 | 0 |docosanoic acid rapeseed oil
Erucic acid 22 | 1 |13-docosenoic acid rapeseed oil
DHA 29 | 6 4,?,10,13,16,19-docosahexaenoic fish oil

acid

Lignoceric acid 24 | 0 | tetracosanoic acid small amounts

in most fats

=== A oo

Alpha-Linolenic Acid (omega-3)

1
/\/\/=\/=\/\N\/CDUH

Linoleic Acid {omega-6)




B. hydrolysierbar

o Fette (Fettsdure + Glycerin)
e Waxe (Fettsaure + Fettalkohol)
e Sterolester (Fettsaure + Cholesterin s.0.)

HzQ—DCD(CHz)mCHa HaC—0CO{CHal 1 e CH

|
HtIZ—OCDIiCHzIImCHa HIIC—OCD(Cszlg.CHg
HzC—O0CO{CHz)10CHs HeC—OCO(CH2)16CH
trilaurin tristearin
mp 45 C mp 71° C

spermaceti: CH3(CH2)14CO2-(CH2)15CH3
beeswax: CH3(CH2)24C0O2-(CH2)29CH3

carnuba wax: CHs3(CH2)30CO2-(CH2)33CHs3

C. Phospholipide
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H2C—OCO(CH2)7CH=CH(CH2)7CHa
HliT"—CJCO(CHQ]I-,.-CHE%SCHI{CHQII?CHg
HaC—0OCO{CH)7CH=CH(CH,)7CHS

triclein
mp -4% C

e Phosphatidsauren (Fettsaure + Glycerin + Phosphat)

e Phosphatide (Fettsaure + Glycerin + Cholin)

Phospholipid Components

HD/‘\[ADH Fatty Acids

HeC—0OH OH saturated 2

1 unzaturated
HC—MH2 glycerol

' 0. OH
HC—OH S

"

HC=CH-{CH2) 1 2CH3 HO oM
sphingosine phiosphoric acid

HD’/\‘V’NHE

ethanolamine

i =
M{CH
Ho (CHz)s OH

chaline hydroxide



- 3 NH
| | T

Hzc—o—ﬁ—o’ ch
0 coo-

Phosphatidylserin

OH
| T
H,C=0-P—0
|
0

OH

Phosphatidylinositol

i 0-
| |
b, HgC—O—ﬁ—D—(I:H;_
CHs 0 HO o B
+i Il NH 0 HO=C=H CI)
H3C~I|W—CH2"CH2—0—J|=‘— 0—-CH: H,C=0—P—0—CH;
CH3 0" ICIJ
Sphingomyelin ?&ﬁ;r;:m;:d}ylgﬁyceml

Phosphatidylcholin (Lecithin)

H H
. Se=c’
A SIS AN
1 HLL—0
NMANINN TN IS - H
0~C=H O 2
I | /O« /NH3
HC-0-P-0" C

H2

Plasmalogen, Plasmenylethanolamin
[1-(1-Alkenyl)-2-acyl-sn-glycerol-3-
phospho -ethanolamin]
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D. Prostaglandine, Tromboxane, Leukotriene

o]
NSNS T L0 = 02 s o2
S-lipoxygenase —
arachidonic acid
2 0 leukotriene A
cyclooxygenase HOQC

iy

) TN NP
Cl) CosH
e o kk“-.‘ &
PGH2 &

Qi

HO
l PGIz H
SO
OH
Txhio
E. Glycolipide
[ ]

Cerebroside (Fettsaure + Sphingosin s.0. + Zucker)
e Ganglioside (Fettsaure + Sphingosin s.0. + Zucker + Neuraminsaure)

N

S

> €

5 &

"G

>

2

HO ch,0H $ S

gty HO-_<‘/ —0

HO 0 P

CHon N 7 — 2
H

H-0 O0-CH:
OH 101_

Cerebrosid Sulfatid

HO chon  HO

; -00C k CH,0H

! tq, k
| A
e B N i i
HOHZC—E—C=7~0 0 - 5 \ S
HO ., OH Hgt‘—(%-—NH

HN ¥ CH:0H
¢=o0 o H H o coo 0
| HOHzC—C—C 0 CH;0H
CHa Ry W & 0 Mo o
HOHN OH NH
1 _ OH HO o- CH2
ﬁ=0 OH
CHs
Fettsaure
Galactose —— N-Acetylgalactosamin Galactose Glucose Sphingosin

N-Acetylneuraminsaure N-Acetylneuraminsaure
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2.6.1 Aufbau und Abbau von Fetten und Lipiden

e Abbau: Hydrolyse, 3-Oxidation

0
Il 5
+
IC‘) HO—(|3H2
\/\/\/z\/\/\/\/c_o_?H
HO—CH;
2-Monoacylglycerol
2-Monoacyl-
glycerol-Lipase
0

1
\/\/\/=\/\/\/\/C_O_
+
HO— ?Hz
J HO— CH
|
HO—CH;



R = H(CH,—CH,),

Synthese von Lipiden (mehrere Wege)

Vergleich (Laborsynthese / Biosynthese)

Claisen condensation

HzC—C
’ ‘OR @Clj;) = -’9 ;H H
H3C—IIC(—_E)R -RO H3C—C\ JP 1) MaBHg4 H3C—C‘\ ;,O 2 o 3 fxo
o0 HzC._ .0 * c—c, 2) -Hz0O c—C catalyst c—C
o ¢ Hz “op H bR Hz or
HQC—C\ OR
OR
R = small alkyl group
thioester condensation
Lo
WO o 4 oH ;g e
Sg -RS H3C—C‘ fxo [H] H3C—C\H ,r,O-HQO H3C—C\\ & [H] HaC C‘ P
H -COz ERe = ST z
Hac_cf €Oz 2’ Hz ‘g HzC“SR H  sR Hz “gp
‘SR BENZYMmes o:c‘ SR
Tog

R = Coenzyme & or a carrier protein
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2.6.2 Phospholipide, Glycolipide, Membranen

H3C_ . CH
3 \N'/ 3
+ HZC\ CH; a
CH, ©
of Bl
N
Phosphat /P\
N
O\ O/H
Glycerol HgC—(Ij—CHz
hydrophil 0 0 0 0
hydrophob } ‘%C/ \C//
Fett- =
sauren =
CD-‘
i
Phosphatidylcholin

water

retermstetetmeenaetntony
steeuisssennissssernsesisies

e water
planar hilayer

aggregation
in water

e aqueous @
il interior ey W

)

i _ o P .
hospholipid iposome & "g Qﬁ Ty

D RS

agquecus exterior
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Folar head groups Hydrophobic interior Polar head groups
-
LIS

Hydrogen —————==" "

Carben

> .
o 7
Nitrogen L .,_.

- — K
= -
Y |
g | |
e )
oy
PP~y
-

Cxygen

-
Leaflet
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2.6.3 Isoprenoidlipide, Steroide, Carotinoide

Biosynthese

8]
1) HaC—4
S_

| 0 o o HzC. OH COs CHz
Mevalonate H=l CoA -
Pathway = - HaC’JL‘C)LS—CDA H2C><CAOH HZCA\C’A“OPP
! S-CoA = 2) NADPH I H ATP =8
HO2C
acetyl-Coh 2 mevalonic acid isopentenyl
pyrophosphate
P = phosphate
0 PP = pyrophosphate
H3C'-JJ\C02H OH H HaC OHH CH
D¥F or MEP + -COy OWC? NADPH RQ(C? — /\3/22
Pathw ay OH oF reductive ap R M]s]=!
ln] CHz CH rearrangernent OH OH
qu 1-deoxyxylulose- 2-rnethylerythrital- isopentenyl
oF H S-phosphate 4-phosphate pyrophosphate
head-to-tail bondin
d CHz CH3 CHz CHaz
hppd = =
= — = — — HaC —
H
CHs THC oPp - Hat
HaC™ “CHs =T,
geranyl HsC. ,CHz Hot CH
pyrophosphate HaC & Cag
]
e-pinene carmphar
non head-to-tail bonding
PPO-HzC CHz PPO-HziC CH CHa-0H COzH
CHa ., CHs f@ @ CH3 CHg
Hao—{ P HaC tHs T o CH: — | o CHa
CHQ-C?FP H 3 CHs CHz
H

chrysanthemic acid

Biosynthesis of Lanosterol

CH= CH=o
o ~CHz o " : o
CHy sdualene oxide HzC™ CHg
H®

HzC
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