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The Role of Membranes and Intracellular Binding Proteins in Cytoplasmic
Transport of Hydrophobic Molecules : Fatty Acid Binding
 Proteins and Long Chain Fatty Acids

Kim, Hye-Kyung

Department of Food and Biotechnology, Hanseo University, Seosan, Chungnam, Korea

ABSTRACT

Path of a small hydrophobic molecule through the aqueous cytoplasm is not linear. Partition
may favor membrane binding by several orders of magnitude ; thus significant membrane
association will markedly decrease the cytosolic transport rate. The presence of high
concentration of soluble binding proteins for these hydrophoblc molecules would compete
with membrane association and thereby increase transport ratc/For long chain fatty acid
molecules, a family of cytosolic binding proteins collectively known as the fatty acid binding
proteins(FABP), are thought to act as intracellular transport proteins,/This paper examines the
mechanism of transfer of fluorescent anthroyloxy-labeled fatty aéids(AOFA) from purified
FABPs to phospholipid membranes. With the exception of the liver FABP, AOFA is transferred
from FABP by collisional interaction of the protein with an acceptor membrane. The rate of
transfer increased markedly when membranes contain anionic phospholipids. This suggests that
positively charged residues on the suface of the FABP may interact with the membranes.
Neutralization of the surface lysine residues of adipocyte FABP decreased fatty acid transfer rate,
and transfer was found to proceed via aqueous diffusion rather than collisional interaction. Site-
specific mutagenesis has further shown that the helix-turn-helix domain of the FABP is critical
for interaction with anionic acceptor membranes. Thus cytosolic FABP may function in
intracellular transport of fatty acids to decrease their membranes association as well as to target
fatty acids to specific subcellular sites of utilization. (Korean J Nutrition 30(6) : 658~668, 1997)

KEY WORDS : anionic phospholipids - fatty acid binding proteins - long chain fatty acids -
fluorescent lipids - lipid transport - membranes.
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o] 4% AA o)Fu elx e FAA diffusion 2 ol 23 AElE A FH(Fig. 1).
Seljalel EelE ofg] agle] Wakg njHit) aH A EZo| AxuloA o]F | o]&7
AL 739 vhell didt partition coefficient A §3tE A% Wil (cytoplasmic binding protein)

* = Hydrophilic * =Hydrophobic

Fig. 1. Intracellular membranes and cytoplasmic transport of hydrophobic or hydrophylic molecule.
(N : nucleus)

L

Fig. 2. Mechanism of binding protein(BP)-mediated ligand(*) transfer between membranes.

A 1 Aqueous diffusion where * dissociates from the donor membranes, associates with a BP during intracellular
movement, and dissociates prior to associating with the acceptor membrane. -
B : Collisional transfer, where * is transferred from the donor membrane to BP in the course of a collision. The
BP-* compex then interacts with the acceptor membrane, and * leaves the BP and binds to the membrane.
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357} L-FABPO i3] 20ul o4 Z7] w]Eof?® o]
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o Be TR Ho} QA Ha Ao }
457} webdh FABP 23 A ukat
£ Yool Fike] o] ol AZFE el lateral
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A Agchadoe] AlFEfe) while] - & &
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B) %&(collision)dl] 93 ¥o=z ZHF chalzo]
Ay A $£2HHQ) 252 319 ligand(&FA 24,
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£ SR/2A0 2471 559 FABP/I = &3t} &
A& heart FABP(H-FABP)YF &A15}3L )&
L-FABP, AW Zell= adipocyte FABP(A-FABP)
7} F2 2ARYP gt 2gdE L-FABPS} in-
testinal FABP(I-FABP)7} A9 22 ko g ZAjgt
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1. MM

3349 Anthroyl-oxy A¥4AF =4 (AOFA)Q!
2-(9-anthroyloxy) palmitic acid(2AP), 2-(9-an-
throyloxy) stearic acid(2AS), 12-(9-anthroyloxy)
stearic acid(12AS), 12-(9-anthroyloxy) oleic acid
(12A0) & Molecular Probes, Inc.(Eugene, OR)ell
Al F4std Tt AR model 2He] 49 Egg pho-
sphatidylcholine(EPC), NBD-Phosphatidyl etha-
nolamine(NBD-PE), brain phosphatidyl-serine
(PS), phosphatidylinositol(PI), phosphatidylgly-
cerol(PG), cardiolipin(CL), stearylamine(SA)<
Avanti Polar Lipids(Birmingham, AL)A] <8}
A, BE Ak A4 7|AIS} chloroformell4] —20C
of Hksloint

2. FABP 22 ¥ BH|

H-FABP, L-FABP. I-FABP ¥ A-FABPE Re-
combinant plasmidg ©|&-3gF systemollA z}7] #-e
ZA = At

Ampicilin(50pg /ml)°] £33 YT mediac]*] Es-
cherichia coli(E. coli)& &% vl 3 1/1250] =
Y2 A media® M3tz 447 E 0.4mm isop-
ropyl-B-D-thiogalactoside(TPTG) 2 induction@}.
ATt F cellZ 331 sonication®Z @A S &
271t} Z}712] FABPE= sephadex G509 DE5S29
213t gel filtration A Lidex-1000 columE AMH-S
o delipidation A]Z1t}H2,



Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis(SDS-PAGE)Pdl| 2|8} Ezl¥ FABPY
SFES 28R dA B Lowryd el o3
Tt

3. H-FABPY acetyl®t

H-FABPellA (+)A3}E 7H lysine?| & F8A17]
7] 98t acetic anhydridests] ¥He-5 o] &3t
2" FABPEYE 0.2N NaOHE AMgste] pHo.
0c2 3l lysined 508F ol AF3sl= ace-
tic anhydride 2914 108l vro] 15~30%1 2]
A7FskAt. Acetic anhydride 37+ NH,OH-HCl&
FHZ¥% INo| §%=& Arheti 5N NaOHZ pHIO.
002 Folth oA 60~90% wlFAZl ¥ 10mM
HEPES, pHT7.5014 &54t dialyzerl# cen-tricon
10 microconcentrator(Amicon) &2 F&AI A}

4. ANE model™

Axdz F+4E model T AyHECZ 90mol%
EPC® 10mol% NBD-PE(8# quencher)& 74
3L sonication® ultracentrifugation®] <13} small
unilamellar vesicle(SUV)Z 9HEo] o] &3t

(-)A3+E 7} membrane 65mol% EPC,
25mol% PS((+= PI, CL) ¥ 10mol% NBD-PEZ
TRt (H)ASE 7F membrane2 65mol%
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EPC, 25mol% SA ¥ 10mol% NBD-PEZ F45
At :

7z R0l Bo] 9y QAAFEL TBS buffer
(40mM Tris, 100mM NaCl, pH7.4)ell o] 4583
sonicationdta 40,000gE 4CA 4587 FA8g]
ala] AgEdd e SUVHE AHESIA T

5. AIgN ol £ W

4] anthroyloxy?|& 71 AAHAOFA)©]
FABPIA 21 model 2o & o|FH e §58 &
A38}7] 98l Fluorescence Resonance Energy Tran-
sfer(FRET) assayE ©l-&3th?. Fig. 3o vehd
ube} o] % Syringeol= 1M AOFA %A
(2AP, 2AS, 12A0, 12A8)7} 5] & 151M9]
FABP£92 ¥ 3 g2 % Syringedl& 7} 319 5=
9] Q1A & Yol stopped-flow spectrofiuorime-
ter(Applied Photophysics, UK)& AMH-sttt. 22
volume? F syringe £-0] 4Jo|% FABPel A3H
o] 99l #3 Auhito] FABPolA HolA e} 4%
quencher(NBD-PE)7} E0l9l& QA4 2oz o]F
A 1 ool wel AOFAS 3ol ZHagr) o
1S A17HL g3z tisl plotale] Ak o5 £%
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Fig. 3. The fluorescence resonance energy transfer(FRET).
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6. H-FABP< Mutation

H-FABPS] point mutation® phosphothiorate
screening protocol(Amersham, Inc)< AH&-31 L,
c¢DNAS] mutatione di-deoxy sequence analysis

2 Flakgint.
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1. 3t FABPOIN 9| AYM OlF S

47}A FABPeliAd EPC 24 9o go] Akl o]
&= Table 13} 2t}

Oleic acid FFR=A9 12A09] o]% £x&= 4
FABPritt 2 ztol & B 1000817141 2] zhel7h 9
th At o)lF Exe A 28goE d 5 gl
=8 heart ¢ adipocyte®} Zo| WZ 729} livers}
intestine®] AN =¥ 70|t} Heart9} adipocyte
32 FABP member £l 718 §A16t2.(67% ©}
u]:=4t Sequence homology), Matarese 5"l 2]3}
H o] F FABPE 29 43 vhd Aol 22 genecl 2
B oy 1 &% FABPE Aglo| A th2 brancholl

&3tin B HAct 2828 FABP) ok x| WAt

olF £&w 159 23} FAME B e & sl

=gt H-FABP9 L-FABP:E 7224 Ao7} 9JoiA L-
FABP9] Adhat A3 290 H-FABP 4% H9juth
A Y &4 4EE /A3 A bale) A8 o]
7= F8)F). 1B A kilo] FABPelA &
olx s} <A mtoz o|gd w H-FABP/} L-
FABPET} W5 7 02 AlgH)

2. A% L NYNE FABPIMS| ANt OfF T

1) Ngare) 2oz o BY
77) ThE FABPoIA 2|44 o) % £} 27 Aol

Table 1. Transfer of oleic acid from FABP to phospholipid
model membranes at pH 7.4, 24C and 1:10
molar ratio of FABP : phospholipid

FABP Oleic acid transfer rate, sec”
A-FABP 335
H-FABP 10.1
I-FABP 0.5
L-FABP 0.035

Table 2. Effect of fatty acid structure on fatty acid transf-
er from H-and A-FABP

Fatty acid(AOFA) H-FABP A-FABP
2AS5(18 - 0) 1.78+0.18 155+1.0
2AP(16 : 0) 1.11£0.18 9.6+0.1

12AS5(18 : 0) 16.9 2.7 245+1.0
12A0(18 : 1) 152 421 25.1+0.8

27 o Fol A a4z AP g

UE 2ol o]F WM E zte]7} Sl E vlms) B
Utk AgAE o] Fo] F2 Fitel] o7 ol x|upbat
o] dol& &A AU o]FATS A A A itel
BHEE F/MIIIH ole& ot GgS g Aoju},
a2y vk FABPS) g Alo]e] Z5d| 23t o]Fo]
FH 7]Ho]¥, FABP 3= 23A7) 31 o] 555
7t AAE FE b 89U SUME D o] BEE
gt old] H|# 3l 712 Zolt} Table 2] vehd u}
s} o] §AMJo] ¥ H-FABPS A-FABP 2% %]
WHte] 88]=71 2 palmitic acid(2AP, C16: 0)9]
O B& T} stearic acid(2AS, C18:0)Ht} ol
7‘]‘3“}4 SN =S} o] 5ot vlEsA] ¥z, 49
E7F %2 oleic acid®t 8317} S stearic acid®]
ol F& ol Ato] 7t glolth. =g o] NaCl &
A7¥ste A ‘ﬂ“bl 4358 24272 9 A-FABP

oA AHhat o] FL JgkS Wx] ksl H-FABPeIA
o] AWt ol F &= 932 SIS tH(Fig. 4). ol
o] Anoll A H-9F A-FABPoA9 A|HbAE o]F2
a9} TAIGle] dojut Bikel 23k Who] ofd
St 3 [I-FABPS} A-FABP+= 2359 Ui
A L-FABPEC} A% o] okslz B Fo| T8
9] 84 A3 Hal 7] wEol At ‘iﬁﬂE"ﬂ

FFE T 20T0] At o)Fd] & YT 74
%s FUE AR U Aotk =g 7}?2&@
e NaCl:% 718l jonic strength® Z7HA719

QA% §54(fuid phase)l Eel4 Ae)E Wt
A5, ol FABPAAS) A4 o|5o] 3561
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Fig. 4. Ejffect of NaCl on palmitic acid transfer from H-or
A-FABP.
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7} o} Alole] ZEd| 23 ZolW FABPSH &=
Atole] AMate] FIFS wg ok 1= 7Y 9
S wsu AR AL FAo HEE e
Phosphatidylcholine(PC)dA (-)d3tE 74
phos-phatidyl serine(PS), cardiolipin(CL), phos-
phatidyl inositol(PD) 0.2 H&(+)43sHE 71 UA
#2) stearylamine(SA) 2.2 W3} AJA Byttt

25mol%<] PS, CL, PI o] &8 o g9 ol F
2 PC of uja) 208 74A] 7k 2 (Fig. 6), (+)Ast
2 71 2xA9 stearylamineo] THH Foz9| o
Eo kol v el ZAHAHFig. 7.
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Fig. 5. Cffect of membrane concentration on fatty acid

transfer from H-and A-FABP.
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Fig. 7. Fatty acid transfer from FABP to membrane with a
net positve charge.
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Fig. 6. Fatty acid transfer from FABP to membrane with a net negative charge.
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3. 03 AT FABPAIN S Aot ol M

Table 1014 Wepd vle} o] -3} [-FABPE #|
WAL ol% 4% H- Y A-FABPd Bla) 24 g
oh =3 g 247 g &%= - 2 -FABP =
T Bewo] &A%t 18]9 o)|E FABP/} 22 %
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Fig. 8. Effect of membrane concentration on fatty acid
transfer from L-or I-FABP.
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Yol ZASR] 2L 7152 7 E AQA ohe of

2o EAfsAIR th2 FABP? 1-3 [-FABPE Hlm
3lo] Bt} Fig. 8o vehd wuls) ko] 1-FABPIA
9] Apak o] 52 FABPS} & Afolo] &Eof ¢]& o]
ol th, & FABP : QIx 2] H]go] el 25
Ve84t 2710l L-FABPOIX ] oleic acid ©]
EEET 9T ¥R gt a8y F-FABPAA €]
oleic acid °|'¥ £5& A-1} H-FABPo|A 9} o] Bt
o] F=7} 715kl HlEEe] Fokelict. vl gol Q1X]
7 vl YR8 3l A1Z-& u) L-FABPo| A} x]akat
o]F& P ¥ ggtoy} [-FABPY ALE(—)A
2 712 QIAA mhe] o)F &7t AA Fotett)
(Fig. 9).

9] AnE 3kl W L-FABPAA 9 Akt
o5& FHitel| 23 Al ksl -FABPE o 7ol
5 o At o]Fe] dojdtis AL U4 9l
o} 523 FFABPeA 9] Xt o] $E& fAM 0]
2 L-FABP9 52 31R1%H(Table 1) At o] 57
e A- U H-FABPY 2t} 28{ng 4% ATl
Zo] #Alele -3} 1L-FABP7} 7153 oz th2 dg
= & F S-E ANARY. EE0] L-FABPY A%
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Fig. 9. Effect acid transfer from FABP to membrane with a net negative charge.



29] targetingol) #AE F Utk
4. FABPS 39| AlY{ o|5M FABP2(+) T3t O

Dl qt F|9) o

1) Acetylation®l 28t ¥
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Fig. 10. Palmitic acid (2AP) transfer from native and ace-

tylated H-FABP.
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FABP &34 EAsh(+)AsHE 713 27150 =%
9] FEAd Fojstes AS AARIGG 2E2R H-
FABP F¥ol(+)dslE 7K Lysine A71E a-
cetylation A1A F43F AlAT. Circular dichroic
spectra 23} acetylation ¥Hg-2 FABP @94 7%
H3ly} glSo| A w EE acetylationo 2 HE
# FABPS}H x¥bite] A affinityel = Aol7t gl
o] BuEAH Fig. 109] Z¥= Palmitic acid ¥
B 259 2AP o]¥ £ x U] H-FABPY Y
watd acetyldHe H-FABP7) 30d] ¢ »=g)x o] &
o] H-FABP2(+)A3}& 7} Lysine 718 F/43F
AFE g FEE STMAR At ol F 20 F
7¥skA] o} At o 7)Ho] FEol o7 W]
obd Fhildl ot Wi os W3td AYS JrEY.
A-FABP 7%z Hsg 2342 Vehigict. 222
2 9o} A= H-FABP oA FEo 23t 2uit o
& FABP B9 &Al3l=(+)A3ME 71 Lysine
A77F £23% IS 3= AL AXE A H- 2
I-FABPS} 1A 2 Ale]9] {onic interaction®] 4132

o AR ol B F8E TS e RS FHU,

2) Site directed mutagenesis

H-FABPY lysine(Lys) 2718 &5 4
o o] FEE ¥ o} o) F 71HE S5 9
A ghato sigleong FEd ofgt AHHE o]

K113

Fig. 11. The portal domain of H-FABP.
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FABPel| EAsh=(+)A5HE 713 ol Lys 2
AHE 53] " (Lys) 2717F BASh=AE site di-
rected mutagenesisE ©]83dfe] AW HSITH Fig
11914 Ei= vke} Zo] Lys 22(K22)= H-FABPS
a-] helix regiondl| $ior x|whalo] FABPY) A%tet
o A3 F9o &3} Lys22Z isoleucine®| HK
221) glutamic acid(K22E)2 W3AA(+)Hs2 =
dolVH(—)Ast2 WEAFIH palmitic acid o]|BE%E
7} 2~3 ZAHAHFig. 12). w3 2wkt A 19
2 F3HE Lys 59(C D B-strandE dAsh=p-

4 24 o) Bl 43t Az Agehn e oy

2turnel] ZA&hH (Fig. 118 249 isoleucinC.&
ABsPA(K59D) ol 5deeE 2lE & =9 Fig. 12).
K229 K598 2% ¥3A7] mutant(K59, 22D)=
wild type®t ¥]2:5193cH(Fig. 12). K591 M@ 9] o]
FEE 28 FUheh K22l Al 2~38) Zraanst
dH o] 4 FABPS} ¥]£@ o] 5425 Uehi A
o2 Foldr},

B-strand Il Lys 113 &7)¢} B-strand A9 Lys
10 #71% isoleucine & FA43AZ] Az= Pao
H-FABP$ v|2:3 Z3E vehjiqich.
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Fig. 12. Effect of FABP mutation on fatty acid transfer.



o]|E BT mutationd|A] AWt o] F 742 Hhel
ot E7Kg vlEete] ol E&=rt ke S5
o] o8t Aol BE o|E mutation®] o] F& == I

S FU olgNAelE 9F¢E FA E2S ¢ F U
o}, o~ I strand®) threonines lysine & AIA[A
(HATE o 7S W(T28K) APt olF S8
4w o)F
K59, T28 region? mutation®] ©|% &= A
S mx| a2 H-FABPY helical “cap” F471 2%
chla ) ok Alo]9] jonic interactionol] FQ3F ¢

& dtm @ % gt

-
2 E

A A% AL dubR o7 A APRAE o]
=2 galol] 83 S & Aog F55o g}
ay A olF &% 2 JHdle Y] tE
FABP vt} &xolzt gleh. APt ol &es °olE
chelA o] Rshake] fAMdR o] glor [-FABP
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