Chapter 5. Lipid and Membrane
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I. X4 (Lipid)

x X|&O] & : Triacylglycerol, Phospholipid, Sphiongolipid, Cholesterol etc
* QA : Transport, Receptor, Channel, Aquaporin (o}Fo}¥#)

* A @ (Lipoprotein) : chylomicron, VLDL, LDL, HDL

* Eicosanoid, Isoprenoid, Terpene

= Aquaporin (0}Fo}X ") : &2 Aquaporin®|2}al E2]+= water channel (proteins)&
Fa AlxEs lEo st ol A T2 FBAA E ATST HAgolA
—

B % glont 1 Wl AP, ), A 5o ARAAE 2 Aol Uojurk

O &334 A4 (Physical properties)
- 584 A EA(water in soluble biomolecule)
=4

A
- v =FA F7]8 e ¥ =1t}(soluble in nonpolar organic solvent)

© 8% HETA 7|5 (important biological function)
- ko] HZ A F(structural components of membrane)
- Al U A o] A A3 &u+d B (storage & transport forms of metabolic fuel)

- e 73 ol B3I (protective coating on the surface of many organism)
O XIZYH(Lipid forms) : fat and oil, phospholipid, steroid, carotenoid etc

1. A ¥4H(Fatty acid)
- A A g 34 (hydrocarbon)$] XA o]tk
- 4-36709 GAE o] F gs5AE VMK FFEF 42 Carboxvlic acidlo] o
- AWAAS AAY Fa AFSE o 2H Z ¥ ¥ (esterified form= =430}
- O|F AR  GLEXIAH4L 9HT 10U T Alold EXA)
078 2R A4S 128 7 16" &4 Alolo Qlt.
- A EAsE BEX3 ALY o]F AL cis-formeZ trans-form= ¥t
FHAA BAPEY.

1) Common biological fatty acids

gas d w9 gag  o|FTAEYST Common name
¥ 3} x| W AH(SFA) £ ¥ 3} X w2k (Unsaturated fatty acid)
C 12:0 lauric acid C 1611 A9 palmitoleic acid
C 14:0 myristic acid C 181 29 oleic acid

C 160 palmitic acid | G 18:2 29,12 linoleic acid [« -6)
C 18:0 stearic acid C 183 291215 linolenic acid (v -3)

C 20:0 arachidic acid | C 20:4 ~5,8,11,14 arachidonic acid [«»-6) : 02l
C 22:0 behenic acid C 20:5 A58,11,14,17 EPA (eicosapentaenoic acid)
C 24:0 lignoceric acid | C 22:6 24,7,10,13,16,19 DHA (docosahexaenoic acid)

C 26:0 cerotic acid




2) X|4aro] =™ A E(physical properties of fatty acid)

5 3 =2 FAAES THKIh

x* C-C A%e] vw3 =& rotationo % ¢ A3 ei(conformation) B3} JIs
« ZEM2 2XFE0 Wt SO mp increase with molecular mass)

« BEXIYMO mp = SEXAT Mt ZATHL

« XI&9 fSAfluidity)l2 Awate] Exslwe upe} Frgt,

* BE ol A AA™olth(all doubles bond are cis—form)

*vl_

TABLE 10-1 Some Naturally Occurring Fatty Acids: Structure, Properties, and Nomenclature

Solubility at 30 °C
m, solvent,
Carbon Common name Melting &
skeleton Structure* Systematic name® (derivation) point (°C)  Water Benzene
12:0 CH,4(CH,),,COOH n-Dodecanoic acid Lauric acid 44.2 0.063 2,600
(Latin laurus,
“laurel plant”)
14:.0 CH,4(CH,),,CO0H n-Tetradecanoic acid Myristic acid 53.9 0.024 874
(Latin Myristica,
nutmeg genus)
16:0 CH,4(CH,),,CO0H n-Hexadecanoic acid Palmitic acid 63.1 0.0083 348
(Latin palma,
“palm tree”)
18:0 CH,4(CH,),;COOH n-Octadecanoic acid Stearic acid 69.6 0.0034 124
(Greek stear,
“hard fat”)
20:0 CH,(CH,),;COOH n-Eicosanoic acid Arachidic acid 76.5

(Latin Arachis,
legume genus)

24:.0 CH,4(CH,),,CO0H n-Tetracosanoic acid Lignoceric acid 86.0
(Latin lignum,
“wood” + cera,
“wax")
16:1(A%) CH,4(CH,);CH=CH(CH,),CO0OH  cis-9-Hexadecenoic acid Palmitoleic acid 1-0.5
18:1(A%) CH,(CH,),CH=CH(CH,),CO0H  cis-9-Octadecenoic acid Oleic acid 13.4
(Latin oleum, “oil”)
18:2(A%12) CH,(CH.),CH=CHCH,CH= cis-,cis-9,12-Octadecadienoic  Linoleic acid 1-5
3\bTo)y b
CH(CH,),COOH acid (Greek linon, “flax”)
18:3(A%1215)  CH,CH,CH=CHCH,CH= cis-,cis-,cis-9,12,15- a-Linolenic acid -11
CHCH,CH==CH(CH,),CO0H Octadecatrienoic acid
20:4(A581114y  CH_,(CH,),CH=CHCH,CH= Cis-,Cis-,Cis-,cis-5,8,11,14- Arachidonic acid —49.5
3\l 2
CHCH,CH==CHCH,CH= Icosatetraenoic acid
CH(CH,),CO0H

*All acids are shown in their nonionized form. At pH 7, all free fatty acids have an ionized carboxylate. Note that numbering of carbon atoms begins at the car-
boxyl carbon.

3) Classification(2&)

Storage M Py
o embrane lipids (polar
lipids pids fp ’l
(neutral) | |
Phospholipids Glycolipids | Archaebacterial ether lipids l
Triacylglycerolsl lGcherophospholipidsl | Sphingolipids | | Sphingolipids | |Ga|acto|ipids(sulfolipids)l

Fatty acidl

o y
= £ c 4
2 E ' ]
i IE‘ .E’ Fatty acid | Fatty acidl &
v} ke = ]
o a Mono- or Mono-or i
T “ [Noligosaccharide] dicaceharida (—ether linkage)

Fig. Some common types of storage and membrane lipids
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D Simple lipid : fatty acid + alcohol
* Z/J A" (Neutral fat) : fatty acid + glycerol
* Wax : fatty acid + alcohol (C16 - 30)
* Plankton : waxes are the chief storage form of metabolic fuel
@ Complex or compound lipid(E-&=]2)
fatty acid, alcohol €] phosphoric acid, organic acids %] FAAdEo = A%
* Phospholipid : phosphatidylcholine (lecithin)
phosphatidylethanolamine (cephalin)
phosphatidylserine, phosphatidylinositol
phosphatidylglycerol, cardiolipin, plasmalogen
* Sphingolipid : sphingomyelin(¢14F7] &)
glycosphingolipid (cerebrosides)
gangliosides
@ Derived lipid(-f-=%]4)
* Fatty acid, steroid, monoglycerides simple lipid, ¥ compound lipid¢]

ThE ) AR EA obH Aate] 4ES JHAE AL

4) Essential fatty acid (2XI'4L, EFA)
* Mammalian : saturated fatty acid & monounsaturated fatty acid<
AR AA & AFAZRE Aol 7hHs
O WEXIWAHIJANM 22) : Linoleic acid, linolenic acid, arachidonic acid
® EFA function : prostaglandins A% <¢ AFA 7|%

5) Eicosanoid : A7}FEH|ZH A} (autocrine regulator)
- a5 met vHeR JhA ZAEEe Aol oy ZEZE0| HEH FHA
QIZMIZEONS XE20l= E&=AM Prostaglandin derivatives OILL.
@ Prostaglandins (E2AEIS&Y) :
- 5 carbon ring & &3 XM 8J|AHlipid soluble organic acid)°]t}.
- arachidonic acid=+-¢5 i, A3 W ¥ (prostate gland)ell A 4
O Physiological effect :
- CAMP &S XH (adenylate cyclase? gdE SIhst
- BEZ (I, SFI) LS 2det
- HI2E Sd1(2g) GSHSh 52 0PI
© Prostaglandin synthetase (PHS) = Cyclooxygenase (COX)
- important biological mediators (prostaglandins, prostacyclin and thromboxane)
Aol polshs maolh
- H] ~HRolx &A= k& (aspirin and ibuprofen) S-S COXe AJgA=E =

d AT &A=

rr

ftlo
e

A4

o},

= Aspirin : prostaglandin synthetase® inhibitor24] 3d A E7|%5<& 3t}



@ Thromboxane A : SATHIA S, US| i
- doo] SuE FAR Y 7S AAATE Vles T
- blood platelete] &S =4
@ Leukotriene @ W&ol A A& &, HFFPdoR dAER Fa
[e)

NBA rEe 99127

0
e
2 NSAIDs )~ i
CH 4 o CH3
12 Z 3 Su _ I —
OH OH 0 C—o- Leukotriene A4
. CH
Prostaglandin E 0 NS 3

(PGE4) OH
Thromboxane A,

Eicosanoids

2. Triglyceride (triacylglycerol, 54 X 4)
- simple triacylglycerol : tristearin, triolein
- mixed triacylglycerol :

- fats and oil : complex mixture of simple and mixed triacylglycerol

1) Triacylglycerol function
- fuel storage (adipose tissue, seed)
- fatsE FE dHE A @F3E 6X

- fat layer : thermal insulation (%2<14))

*

fat content of normal human : man(21%), woman(26%)

2) Properties of fatty acid and triglyceride
@O &3 =(Solubility)
- Na, K salt . very soluble (5=84)
- Ca, Mg, Fe salt : insoluble (&-84)
« A} (Saponification) : hydrolysis of lipid by alkali (NaOH, KOH)
- HOE : triacylglycerol, phosphoglyceride, sphingolipid
- 8&8YE : terpene, steroid(cholesterol), prostaglandins
* Saponification number (A 3}7}) : 1g fatE AZIA|71d] B 23 KOH mgF
2 Halogenation & hydrogenation(& = 2 3} 9+&-3} 4= 3} ukS-)
- unsaturated fatty acid — dibromosaturated fatty acid

- unsaturated fatty acid ——» saturated fatty acid

© lodine number [RLEIH : 100g2] fat ol EFH= Lo g F

- drying oil © 130 o] (oFmtelfr)
- semidrying oil : 100 - 130 (H5F+
- nondrying oil : 100 ©]3} (peanut)



@ Oxidation & rancidity (A2} 2 AHIH)
Unsaturated fatty acid —— free radical (R°) ———— reactive peroxy
- A9 O, free radical (RO2°)
- 84, metal etc
————> hydroperoxide (ROOH) : aldehyde, ketone, alcohol etc
(off-flavor)
@ Autooxidation of lipid (%] ¢] A543}

R--H -———— R° + H [ Initiation |
R° + O -———— RO’ (peroxy free) [ propagation]
RO, + RH -——— ROOH + R° [ " ]
R° + R’ -———— R-R [ termination |
R’ + ROy” ---—— ROOR

© LBl (antioxidant)
* Natural antioxidant : vit E (tocopherol), vit C (ascorbic acid)
+ Synthetic antioxidants(2132HAHoLHI)
- BHA (butyrated hydroxyanisole), BHT (butyrated hydroxytoluene)
- PG (propyl gallate), BHQ : tertiary butyl hydroquinone

3. Glycerophospholipid or phosphoglyceride(21 %] 3)
- WE90| =7 bilaver ¥E
1) The common class of glycerophospholipids
- Amphipathic (¥Zw}4]) : nonpolar aliphatic tails (hydrophobic),
polar phosphoryl X-head, carboxyl group (hydrophilic group)

Glycerophospholipid Saturated fatty acid

(general structure) cl, (e.g., palmitic acid)

1':Hz_o_c\/\/\/\/\/\/\/\

o
I

ZCH_O_C\/\/\/\/=\/\/\/\/

(o}

Unsaturated fatty acid

3 I
CH;—O0—P—0— X ea’
(e.g., oleic acid)

o Head-group
substituent

2) Some phopholipids have ether-linked fatty acid
@ plasmalogens (heart phospholipide] Auto] EgiANIE Aot}
- Q1A A # 3l & 4 (phospholipase) ol tsle] AgAd S =t}
 platelet-activating factor : water soluble
- Mo A BEH} (basophils, £H 714 W)
- 43 ¢3S =Hsta A% O0 2 HE serotoning W&k
(stimulate platelet aggregation and release of serotonin from platelets)
- A5 dHETINGAN FTag Vs s gk

(play an important role inflammation and allergic response)



Name of Net charge

glycerophospholipid Name of X Formula of X (at pH 7)
Phosphatidic acid —_ —H -1

+
Phosphatidylethanolamine Ethanolamine — CH;—CH2>—NH3 ]

+
Phosphatidylcholine Choline — CH>—CH2>—N(CH3)3 0

+
Phosphatidylserine Serine —CHZ—?H—N H3 -1

coo”

Phosphatidylglycerol Glycerol — CHz—‘l:H —CH>—OH -1

Phosphatidylinositol myo-Inositol 4,5-
4,5-bisphosphate bisphosphate

Cardiolipin Phosphatidyl-  — CH2 -2
glycerol CHOH o

ether-linked alkene ether-linked alkane
P B NN ALV V2 T . arrr T Vi VA VA VA VA VAN

2 N
H _o_ﬁ/\/\/\/\/\/\/\/ CH—O0—C—CHs
3CH, o] CH, (o]

I (|) acetyl ester

0
+
0=II’—O—CH2—CH27N (CH3)3 0=r|>—o—CH2—CH2—ﬁ(CH3)3
-0 choline & choline
Plasmalogen Platelet-activating factor

3] Polar lipid form micelles, monolayer, bilayers
Single-tailed lipid tend to form micelles (spherical micelles)

*

cmc (critical micelle concentration)

- Bilayer : phospholipid bilayer (¢1#] 2 o]%=)

- Liposome : very stable

- Polar lipid bilayer and neutral membrane : %< A 7|4 &S 7FA L Atk

water {7 B}, Fo]e Lol EFAF,

4. Sphingolipids
- second large class of membrane

- have a polar head and two nonpolar tails and N0 glycerol
* Structure @ 37F4 544 <1 building blocks  7}3
@D long chain fatty acid

@ long chain amino alcohol [Sphingosine) or its derivatives
@ polar head alcohol



* Sphingolipids are derivatives of sphingosine
* Sphingolipids are sites of biological recognition
(ATUXIES WESHA 014 site)t &N

* Phospholipid and sphingolipids are degraded in lysosomes

Sphingosine
HO —3CH— CH=CH— (CH2)12—CH; Fatty acid
i
ZCH_T_C\/\/\/\/\/\/\/\/\/\/\/\
| H
1CH,—0—X
Sphingolipid
(general
structure)
Name of sphingolipid Name of X Formula of X
Ceramide - —H
. . . I +
Sphingomyelin Phosphocholine — P—0— CH,—CH,—N(CH3)3
o
CH,OH
O,
Neutral glycolipids H/H
Glucosylcerebroside Glucose OH H
H
OH
H OH
Lactosylceramide Di-, tri-, or
(a globoside) tetrasaccharide
Ganglioside GM2 Complex
oligosaccharide @ @ @

1) Ceramide(A|&tvu}lo] =)
- BE 233 Ao A FFAQ EHSFE G9rt "o

(fundamental structural unit common to all sphingolipids)

2) Sphingomyelins (2= 11vjo] A )
- JI& S0l 8t sphingolipid, 2173 Al £ F99¢] myelin sheath(5=%)ol &4
- head group : phosphocholine, phosphoethanolamine
- phosphorus& #-3ti glo] AAAZE EFFH7E S}
— Myelin sheath(+X) - HFFE9 AAQAFAT EAsH AZHAF FH
EYRTL e JHo g HAA 74 I

i



3) Glycosphingolipid
* head group : sugarg w3k, uncharged, no phosphorus
@ Cerebroside (MAIEZAI0IE) : SYSXIE (neutral glycolipid)
- ceramide°l] & 7Ho] Fo] AHH A
- galactocerebroside : 9] A7 ZA A A
- glucocerebroside : nonneuronal tissue (H] A7 ZZ)o| A 27
- GlucocerebrosidaseZ ! : Gaucher disease(glucocerebroside®] H| A4 ¢l =7])
@ Gangliosides Z=cl2AI0I=: acid glycosphingolipid
- 7} 5%t sphingolipid2 34 2| 220 T2 &R
- several sugar unit® T7+A4%¥ vl & polar heads s+
- Terminal sugar unit®] gk 7] o]%re] N-acetylneuraminic acid (Sialic acid)

l

[negative charge at pH 7]

P S 280 o3t specific receptor #-&

o

- Sialic acids= €4 ¥

Sphingomyelin
Phosphatidylcholine

Sphingosine
e Fatty acid

Phospholipase A,

1 \ u
RSNV ANVS VAVAVAVAVAN

2cH—0—C —_—

O Antigen

Phospholipase A,
0  Phospholipase C

| H o—@
(l)'\H )
H H

Phospholipase D

Fig. Glycosphinogolipids as Fig. The specificities of phospholipase

determinants of food



9. Sterol

* Zoosterol  : cholesterol

* Phytosterol : stigmasterol, sitosterol, campesterol

* Mycosterol : ergosterol

1) Cholesterol

- synthesized from Simple five carbon isoprene subunits
animal plasma membrane? HY&Fo|r}
- steroid=0IM 7k S5, solid alcohol, E&42t=
amphipathic(%z v} A) : head group (the hydroxyl group at C-3), =4
hydrocarbon body (R]=43)

- metabolic precursor of steroid hormone

(D Sex hormone - testosterone(androgen), estradiol(estrogen)

@ Adrenal cortex hormone - cortisol, aldosterone

OH OH
HsC H3C
A
| H3C
a0 25c||-|3
[ = 25CH —27CH, o HO

24?42 Alkyl Testosterone Estradiol
2CH, side
22cIH2 chain ?HZOH ” (|:H20H
29CH—?'CH C=0 Ol €=0
3 H3C \ ,OH ¢
HO HO
H3C H3C
:oladr HO nucleus o . o
e Cortisol Aldosterone
Fig. Steroids derived from cholesterol
@ Vit D

HsC
H3C CH;

UV light
6
HO™3 5 N7 5 Hz ——
4 6 —_—— p CH, 4 1 step in the liver
7-Dehydrocholesterol 2 steps (in skin) s i "o 1 step in the kidney
3
HO
2 o Cholecalciferol (vitamin D3) 1,25-Dihydroxycholecalciferol
Cholecalciferol (vitamin D3) (1,25-dihydroxyvitamin D3)

2] Bile acid (E&21
- act as detergents in the intestine(2F A F3A= FE)
- lipaseA7} Ao HA HIE & AEE Ao P& A .

ex) Glycocholate, Taurocholate (F54+)



6. Terpene(HIZ=HI)
« Haae A& "HEJ|E(essential oilllll S50 S0 A= 2Xteltt
* Terpene< O|AI# ZJ|O] £ whe} F7F51, Sl OIAFE o= AL,
1) Sesquiterpene (MIAJFIHIZH) : Ml JHC] OlAZEH g =9} v)Fd ALE
2) Squalene(A3A ) : 1 7He| o|A= &fF
- 2B Fe} A ol 1Hfol T, SUAHE WM 2t ME
3) Carotenoid(ZIZHI'=0IE) : 8JHC] O|AZH HRAZE P (VitaminAo]l A))
- Vitamin A(retinol) : S 207 28 A|Z}AM AR 2

oxidation
ofaldehyde _ Retinoic acid —> Hormonal

to acid signal to
epithelial
cells
CH3
CH3

visible CH3
light /

CH Neuronal

/ i ~ ’ signal
oxidation of 9 .
alcohol to I i n to brain
aldehyde 12 12

CH3 CH3
g
) C
H (o] H/ \o
Vltan:nn A, 1'1-as-l_?etlnal all- trans -Retinal
(retinol) (visual pigment)

1
B-Carotene

7. X124 (Lipoprotein) [p 261 &=X)
1) 715 (function)
- &%l A triacylglycerols #t cholesterol® 2YHl= =83t}
2) T-Z(structure)
- % A S v A FARgE 4AkE A sk
- WA A (triacylglycerols and cholesteryl ester)xlélol %l Ad & A (protein,
phospholipid, and cholesterol)®ll ¢]&lo] E&{Anto] <
@ Chylomicron : Intestinedl A tissues©. & A ¢S %‘?lf‘éEH
- 9] FAA I cholesterol S +-Hb
@ VLDL, LDL, IDL : liveroll A tissues& @ X e &
- W9 FAA W cholesterol s 4k
@ HDL : Tissueol Al liverzto.2 2-1kE] o]
- W4 cholesterol®] 27F El
% Atherosclerosis (Z&SMAIS)O A2
- VLDL : high plasma level
- HDL : low level
- wWE Yol vit C % A3t
— LDL receptor Ao 2ajA F2

=]
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e



