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Low molecular-weight fatty acid binding protein (L-FABP) was purified from rat liver by a combination 
of gel filtration and affinity chromatography. The purified protein had a molecular weight of 14,000 
Daltons as determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and fast protein liquid 
chromatography (FPLC) gel filtration chromatography. Isoelectric focusing of delipidated preparations 
gave a major protein band with a pl  of 7.5. Delipidated L-FABP was used to determine binding constants 
for individual saturated, monounsaturated, and polyunsaturated fatty acids. For fatty acids of chain length 
greater than C14 there was no apparent selectivity based on chain length or degree of unsaturation. When 
delipidated L-FABP was incubated with an equimolar (0.3 mmol/L) mixture of fatty acids; 16:0, 18:1(n- 
9), 18:2(n-6), 20:3(n-6), 20:4(n-6), and 22:6(n-3) were bound at equivalent levels (0.18 mol/mol L-FABP). 
However, stearic acid was bound to a greater extent (approximately two fold) and 18:3(n-6) and 18:3(n- 
3) were bound to a lesser extent (50%). 12:0, 14:0, and 20:5(n-3) bound poorly to L-FABP. Thus, under 
these conditions fatty acid binding protein exhibits a selectivity that is not apparent from individual binding 
constants. When rats were maintained on different diets for 6 weeks, the concentration of L-FABP was 
reduced only in animals maintained on a fat-free diet. The apparent binding capacity of L-FABP (0.71 
mol fatty acid per mol L-FABP) was the same for all diets. However, the endogenous fatty acid composition 
of L-FABP was strongly influenced by dietary fatty acid composition. 
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Introduction 

Liver fatty acid binding proteins (L-FABP) are small 
(12-15 kDa) cytosolic proteins responsible for the intra- 
cellular storage and transport of fatty acids and other 
lipophilic molecules. 1 The physiological role of these 
proteins remains unclear. However, purified L-FABP 
binds long-chain saturated and unsaturated fatty acids, 
acyl-coA esters, retinol, and some prostaglandins. 1 3 Di- 
rect comparison of the binding constants for different 
ligands has been complicated by the various assay meth- 
ods employed and the degree of delipidation of the 
FABP sample.4 Also, the multiple bands of purified L- 
FABP seen on isoelectric focusing gels are thought to 
arise either from multiple isoforms or as a result of li- 
gand binding. 5.6 The concentration of L-FABP is known 
to be affected by low fat diets and peroxisome prolifera- 
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tors. 7~8 It is not known, however, how the pattern of en- 
dogenous fatty acids may respond to short-term dietary 
manipulation. 

The purpose of the present study was to investigate 
the specificity of purified delipidated L-FABP for a 
range of saturated (C12:0, C14:0, C16:0, C18:0), mo- 
nounsaturated (C18:1), and polyunsaturated fatty acids 
of the n-3 (C18:3, C20:5, C22:6) and n-6 (C18:2, C18:3, 
C20:3, C20:4) series in competitive binding assays. We 
also investigated the pattern of fatty acids bound to de- 
lipidated L-FABP after incubation with an equimolar 
mixture of free fatty acids. These results were compared 
with the endogenous pattern of fatty acids bound to L- 
FABP isolated from rats fed diets of different fatty acid 
composition. 

Methods and materials 

Chemica ls  and  reagents 

[14C]-fatty acids (18:0, 58.0 mCi/mmol; 18:1(n-9), 58.0 mCi/ 
mmol; 18:2(n-6), 51.7 mCi/mmol; 18:3(n-6), 52.0 mCi/mmol; 
18:3(n-3), 54.8 mCi/mmol; 20:3(n-6), 54.9 mCi/mmol; 20:4 
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(n-6), 52.8 mCi/mmol; and 20:5(n-3), 52.2 mCi/mmol were 
purchased from DuPont Canada (Mississauga, Ontario, Can- 
ada) and unlabeled fatty acids were from Nu-Chek Prep (Ely- 
sian, MN USA).  Lipidex-1000 was obtained from Packard 
Instrument Co. (Downers Grove, IL USA).  Sephadex G-50 
resin, the Superdex 75 HR 10/30 prepacked column, PhastGel 
IEF, homogenous gels, and sodium dodecyl sulfate (SDS) 
buffer strips were purchased from Pharmacia Canada (Mon- 
treal, Quebec Canada). Ultrafiltration membranes and micro- 
separation devices were from Amicon (Danvers, MA USA),  
and ¢o-aminodecylagarose and naphthylchloride were ob- 
tained from Sigma Chemical Co. (St. Louis, MO USA). All 
other chemicals were of analar (AR) purity or better. 

Buffer composition The various buffers used in this study were 
as follows. Buffer A - 0.10 M Na*phosphate pH 7.4. Buffer 
B - 0,05 M Na+phosphate pH 7.4, containing 0.25 M sucrose, 
1 mmol/L dithiothreitol (DTT), 1 mmol/L phenylmethylsulfo- 
nylfluoride (PMSF), and 5 mmol/L ethylene-diaminetetra- 
acetic acid (EDTA).  Buffer C - 0.05 M Na+phosphate pH 6.0 
containing 5 mmol/L EDTA.  Buffer D - 0.075 M Na+phos - 
phate pH 6.0, 25 % ethanol. 

Diets and animals Adult  female Sprague-Dawley rats (200- 
250 g) were obtained from Charles River (St. Constant, Que- 
bec Canada) and maintained on standard lab rodent chow 
from Scotia Farm Services (Steam Mill, Nova Scotia Can- 
ada). Diets, with the exception of fat free, were prepared by 
the addition of 5 g of fat per 95 g of regular chow (final fat 
content 9.5%). The fat sources used were evening primrose 
oil, fish oil, and hydrogenated coconut oil. The final fatty acid 
composition of the diets is shown in Table 1. Fat-deficient 
basal mix powder was obtained from Teklad Diets (Madison, 
WI USA). 

P r o c e d u r e s  

Fatty acid binding protein isolation Preparation of high speed 
supernatant. L-FABP was isolated at 4 ° C as reported pre- 

viously." Livers were homogenized in two volumes (wt/vol) 
of Buffer B and the homogenate was centrifuged at 20,000g 
for 30 min. The supernatant was carefully removed from the 
pellet and recentrifuged at 105,000g for 90 min. The clear 
high speed supernatant (cytosol) was assayed for L-FABP 
activity. 

Concentration and sephadex chromatography. The cytosol 
extract was concentrated in an Amicon centrifugal ultrafiltra- 
tion filter unit with a 10,000 molecular weight cutoff. When 
the volume was less than 5 mL, the extract was dialyzed against 
several changes of Buffer C. The dialyzed concentrate was 
centrifuged at 300g for 10 min to remove any insoluble material 
before being applied to a Sephadex G-50 column (2.5 x 100 
cm) equilibrated in Buffer C. Fractions (2.5 mL) were eluted 
at 1 mL/min and tested for oleate binding activity (see below). 
Fractions showing oleate binding were combined and concen- 
trated as before. 

Lipidex 1000 chromatography. Lipidex 1000 has been re- 
ported to bind only free fatty acids at 4 ° C and to bind both free 
and protein dissociated fatty acids at 37 ° C. t" Concentrated 
samples of oleate binding material from Sephadex chromatog- 
raphy were passed through a Lipidex 1000 column (1.5 × 30 
cm) equilibrated in Buffer C at 37 ° C. The eluate was moni- 
tored at 280 nm and fractions containing delipidated L-FABP 
were collected and concentrated as above. 

Affinity chromatography. An affinity column (1.5 x 30 
cm) of naphthoyl aminodecyl-agarose was prepared as de- 
scribed by Wilton" and equilibrated in Buffer A. The delipi- 
dated L-FABP was applied to the column and washed with 
Buffer A at 0.5 mL/min until all unbound material was re- 
moved. The bound L-FABP was eluted with Buffer D, concen- 
trated as before, and samples stored at - 2 0  ° C until use. 

Fast protein liquid chromatography (FPLC) Quantitation of 
L-FABP in liver cytosol was accomplished by separating the 
protein by FPLC gel filtration chromatography and per- 
forming an oleate binding assay. A 100 I~L sample of cytosol, 
approximately 1-2 mg of protein, was separated on a Phar- 
macia Superdex 75 HR 10/30 column with Buffer A as the 

Table 1 Diet fatty acid composition* 

DieP 

Fatty acid a RC FF EPO F© HCO 

12:0 tr tr c tr tr 24.3 
14:0 1.8 tr 0.9 4.4 10.9 
16:0 19.6 tr 12.5 17.5 15.5 
16:1n-7 2.7 tr 1.5 5.7 1.5 
18:0 7.9 4.2 4.7 5.6 11.6 
18:1n-9 30.5 2.1 19.3 21.0 16.8 
18:2n-6 29.3 4.1 51.8 15.5 15.3 
18:3n-6 tr tr 4 7  01 tr 
18:3n-3 2.8 3.2 1.6 1.9 1.5 
20.3n-9 0.7 2.5 0.5 1.9 0.4 
20:3n-6 0.3 2.7 0.2 1.1 0.2 
20:4n-6 0.5 76.2 0.2 1 9 0.1 
20:5n-3 1.2 tr 0.6 9.5 0 7  
22:4n-6 0.2 tr 0.1 0.5 0.1 
22:5n-6 0.1 tr 0.1 0.6 tr 
22:5n-3 0.2 tr 0.1 1.3 0.1 
22:6n-3 0.9 tr 0.4 6.7 0.5 

*Results are mean percentage of fatty acids extracted in triplicate from diet. 
aNumber of carbon atoms:number of double bonds (omega notation). 
bRegular chow (RC), fat-free (FF), RC + evening primrose oil (EPO), RC + fish oil (FO), RC + hydrogenated coconut oil (HCO). 
otr (trace) <- 1 l~g of a fatty acid. 
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eluant at a flow rate of 0.5 mL/min. The fraction containing 
L-FABP was identified by SDS-polyacrylamide gel electro- 
phoresis (PAGE) using affinity purified L-FABP as a stan- 
dard, and was assayed using the oleate binding assay (see 
below). 

to 4 ° C then passed through a 2-mL column of Lipidex 1000 
previously equilibrated in 0,01 M Na+phosphate pH 7.4. Free 
ligand remained bound to the Lipidex 1000 while fatty acid- 
bound L-FABP was eluted. L-FABP bound fatty acids were 
extracted and analyzed by gas liquid chromatography (GLC). 

Electrophoresis SDS-PAGE (20% gels) and isoelectric focus- 
ing (IEF) (pI range 3-9) were performed on precast gels in 
a Pharmacia PhastGel system. Following electrophoresis, gels 
were stained with Coomassie Brilliant Blue R-250 (0 .1% 
Coomassie blue in 45 % methanol and 10 % acetic acid). Gels 
were destained in the same solution without Coomassie blue 
and preserved prior to drying in 5% glycerol in 10% acetic 
acid. 

Lipidex 1000 fatty acid binding assay Standard assay. Oleate 
binding to L-FABP was determined using the method of Glatz 
and Veerkamp 1° with slight modification. To reduce non- 
specific binding of fatty acids, Triton X-100 (0.03 %) was used 
to maintain the ligand in solution and reduce protein binding 
to the assay tubes. J2 For the standard fatty acid binding assay, 
samples were incubated in 1.5 mL polyallomer tubes in 0.01 M 
Na+phosphate pH 7.4 containing 3 mmol/L MgCI: and 0.03 % 
Triton with 10 p.mol/L [1-14C]oleate in a total volume of 0.4 
mL. After a 15 min incubation at 30 ° C, the tubes were placed 
on ice for 10 min and then mixed with 200 ILL of cold Lipidex 
1000 suspension in 0.01 M Na+phosphate buffer pH 7.4 (1:1). 
The tubes were then centrifuged at 12,000g for 10 rain, and a 
100 p.L sample of supernatant was taken for liquid scintillation 
counting. The assay was standardized by comparing oleate 
binding by bovine serum albumin (BSA) under our experi- 
mental conditions. Oleate binding by BSA was reported pre- 
viously by Glatz? ° 

Unlabeled fatty acid binding. To determine if L-FABP 
preferentially bound certain fatty acids, delipidated L-FABP 
(1 rag) was incubated with an equimolar mixture of cold fatty 
acids (0.3 txmol of each fatty acid listed in Table 2) in 1 mL of 
the standard assay buffer and incubated for 1 hour at 30 ° C. 
To separate free and bound fatty acids, the mixture was cooled 

Table 2 L-FABP binding constants* 

Fatty acid a Kd, l~mol/L B .. . .  mol/mol 

18:0 2.4 _+ 1.5 b 1.5 +_ 0.6 
(0.82) ° 

18:1n-9 3.2 _+ 0.6 2.9 _+ 0.1 
(1.59) 

18:2n-6 7.6 _+ 0.9 3.1 _+ 0.1 
(1.70) 

18:3n-6 2.7 + 0.7 b 1.8 _+ 0.2 
(0.98) 

18:3n-3 6.0 +_ 1.6 2.2 -+ 0.2 
(1.20) 

20:3n-6 2.1 _+ 0.5 2.0 _+ 0.1 
(1.09) 

20:4n-6 10.4 _+ 1.4 4.1 _+ 0.2 
(2.24) 

20:5n-3 7.5 _+ 3.3 1.2 -+ 0.1 
(0.66) 

*Values are mean + sd (n = 3). 
aNumber of carbon atoms:number of double bonds (omega nota- 
tion). 
bData fitted to two-site model, only high affinity site presented. 
cCalculated binding capacit ies assuming overestimation of actual 
protein concentration. TM See Methods and materials. 

Other analytical procedures Protein was determined using the 
modified Lowry procedure.13 Other methods of protein deter- 
mination viz. 280/260 nm, 280 nm, Biorad modified Coomassie 
blue assay gave similar results to the Lowry procedure. Other 
work TM suggests that the Lowry technique may overestimate 
the L-FABP content by almost twofold. Data presented in 
Table 2 were calculated using the value from the Lowry estima- 
tion and were also corrected for this apparent overestimation. 
Unless otherwise stated in the text, L-FABP protein concen- 
tration was determined by the Lowry method and is uncor- 
rected. Fatty acids were extracted from samples of liver and 
L-FABP by the method of Folch et al.~5 Fatty acid methyl 
esters (FAME) were prepared by transmethylation with BF 3 
in methanoF ~ and separated by GLC on either a glass column 
packed with SP2330 on Chromasorb WAW 100/120 or a Su- 
pelcowax 10 capillary column in a Hewlett Packard 5880 gas 
chromatograph equipped with a flame ionisation detector. 
Samples were quantified by comparison with heptadecanoic 
acid (17:0) used as an internal standard. 

Statistical methods Statistical comparisons were made by Stu- 
dent t test. Data from binding studies were analysed using the 
Elsevier Enzfitter program. All data were analysed as both 
"one-site" or "two-site" models and results presented in Table 
2 are taken from the better of the two "fits." 

Results 

Binding experiments with purified L-FABP 

The presence of L-FABP in rat liver extracts and at 
different stages of preparat ion was confirmed using the 
oleate binding assay and by SDS-PAGE.  Delipidation 
by Lipidex chromatography was judged by G L C  analy- 
sis of F A M E  from chloroform/methanol  extracts of L- 
FABP. The delipidated rat liver FABP was then used 
to determine the binding constants for other fatty acids 
and the effect of the binding of these fatty acids on its 
electrophoretic mobility. 

Electrophoretic mobility of L-FABP Purity of L-FABP 
at various stages of isolation was analyzed by SDS- 
P A G E  in 20% homogeneous  gels (Figure 1A). High 
molecular-weight protein bands are reduced as the sam- 
ple is passed through different stages of the procedure 
(Figure 1A lanes B-E) .  Lipidex 1000 chromatography 
of the Sephadex G-50 samples (lane E) did not sub- 
stantially alter their protein composition (lane G). Fol- 
lowing FPLC gel filtration (lane F), or affinity chroma- 
tography (lane H),  only a single low molecular weight 
band of 14,000 Daltons was seen. L-FABP,  following 
delipidation by Lipidex chromatography at 37 ° C, gave 
a major  band at pI  7-7.5 and minor bands at pI 5.9, 
5.2, and 5.0 (Figure 1B lane B). Following incubation 
of the same delipidated L-FABP with oleate (lane C), 
the major  band had a pI of 6 .8-7.4 and appeared 
broader ,  the minor band at pI 5.9 was more obvious, 
and two new bands appeared near pI 5.5. 
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Figure 1 Electrophoretic analysis of L-FABP. A. SDS-PAGE of dif- 
ferent stages of purification. Lanes are identified as follows: A, molec- 
ular weight markers; B, liver extract following low speed 
centrifugation; C, high speed supernatant cytosol; D, concentrated 
cytosol; E, combined low molecular fractions from Sephadex G-5O 
chromatography; F, FPLC fraction containing low molecular weight 
oleate binding activity; G, UFABP preparation following Lipidex chro- 
matography of material shown in lane E; H, affinity chromatography 
purified L-FABP following FPLC separation (lane F). B. Isoelectric 
focusing of Lipidex-stripped FABP before and after incubation with 
10 tzmol/L oleate. A, pl markers: B, delipidated L-FABP; c, oleate- 
bound L-FABP. 

Lipidex 1000 binding assay with labeled fatty acids 
Under the conditions employed, the oleate binding was 
saturable, linear with protein concentration, and equi- 
librium was reached within 5 rain (data not shown). 
Bmax and Kd for oleate were 2.9 ~mol/~mol and 3.2 
~mol/L, respectively. 

A comparison of the binding affinity and capacity of 
L-FABP for a number of fatty acids was undertaken 
using the Lipidex 1000 binding assay and the same prep- 
aration of delipidated FABP. Figure 2 shows the satura- 
tion binding curves for different fatty acids of the n-6 
series (18:2, 18:3, 20:3, 20:4). There were substantial 
differences in both the binding affinity and capacity of 
FABP for fatty acids with differing chain lengths and 
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unsaturation. Table 2 gives the binding constants and 
binding capacity for the fatty acids used in these experi- 
ments. Only fatty acids of chain length equal to or 
greater than 16 carbons were bound. The high affinity 
binding capacity for stearic acid (1.5 mol/mol L-FABP) 
was less than that found for any other fatty acid except 
20:5(n-3). Binding capacity for mono- and polyunsatu- 
rated fatty acids ranged from 1-4 tool/tool L-FABP. 
The capacity for fatty acids of the n-3 series (1-2 mol/ 
mol L-FABP) was lower than the capacity measured 
for n-6 fatty acids (1.8-4 mol/mol L-FABP). Binding 
affinities ranged between 10 ~mol/L for 20:4(n-6) and 
2 ~mol/L for 20:3(n-6). Correcting the binding capacity 
of L-FABP for the overestimation of the protein content 
reduced the capacities for different fatty acids to 0.6-1.7 
mol/mol L-FABP. There did not appear to be any rela- 
tionship between binding constant and chain length or 
degree of unsaturation. 

Binding assay with a mixture of unlabeled fatty acids 
To determine if individual binding constants played a 
role in determining the composition of the fatty acids 
bound to L-FABP, delipidated L-FABP was incubated 
with an equimolar mixture of 12 fatty acids. Following 
the removal of unbound ligand, on a Lipidex 1000 col- 
umn at 4 ° C, the L-FABP pattern of bound fatty acid 
was analyzed. Table 3 shows the percent binding and 
the molar ratio of bound fatty acids. 12:0 and 14:0 were 
not bound. Individually the saturates, 18:0 and 16:0, 
and monounsaturated fatty acid 18:1(n-9) were bound 
to the greatest extent, but polyunsaturated fatty acids 
accounted for almost 50% of the accumulated fatty 
acids. Both 18:3 isomers, of the n-3 or n-6 series, were 
poorly bound, and 20:5(n-3) was bound to the least 
extent of all the fatty acids tested in this competitive 
assay. The total fatty acid bound per tool of L-FABP 
was 1.58 mol. The true value for the total bound fatty 
acid may be approximately 0.9 mol, applying the pre- 
viously published correction factor.~4 

L-FABP from dietary manipulation experiments 

L-FABP concentration versus diet The concentration of 
L-FABP was determined in high speed supernatants of 
liver extracts, following the separation of L-FABP from 
albumin by FPLC gel filtration chromatography (Table 
4). Oleate binding to the fraction containing L-FABP 
was compared with the binding to purified L-FABP, 
and the concentration was extrapolated. The concentra- 
tion of L-FABP was 3-5% of the cytosolic protein in 
all five diets. The dietary fat source did not alter the 
liver FABP content (Table 4), but L-FABP was slightly 
decreased in animals fed a fat-free diet. 

L-FABP fatty acid composition from rats fed various 
diets Preparative Sephadex (3-50 gel filtration was used 
to isolate enough L-FABP to perform endogenous fatty 
acid analysis. The fatty acid composition of L-FABP 
isolated from animals maintained on regular chow is 
shown in Table 5. 18:1(n-9), 18:2(n-6), and 20:4(n-6) 
were the major constituents bound to L-FABP. Four- 



4 

~ 3 '  

"6 
E 
c~2 
" o  
c 

0 
¢0 

1 

~ 3  
e 
0 
E 
=~2 
13 
C 
- i  

0 
m 

1 

Fatty acid binding profile of liver fatty acid binding protein: DeMarco et al. 

A.18:2n.6 

' I f  

f 
f 

/ 
I l L 

C. 20:3n-6 

r ~ i , I , I * 

0 20 40 60 80 
Free (nmol/ml) 

B.18 3n 6 

J 

I I 1 , 

D . 2 o : 4 n - 6 ~ _ ~ .  

0 20 40 60 80 
Free (nmol/ml) 

Figure 2 Comparison of in vitro binding of L-FABP to various fatty acids of the n-6 series. The concentration of bound fatty 
acid (mean _+ SE (n = 3)) was determined using the Lipidex binding assay as detailed in Methods and materials. 

Table 3 Competit ive binding of L-FABP 

Fatty acid* Bound concentration 

12:0 tr ab tr ° 
14:0 tr tr 
16:0 12.6 0.22 
18:0 21.8 0.35 
18:1n-9 17.5 0.28 
18:2n-6 9.5 0.16 
18:3n-6 3.4 0.06 
18:3n-3 4.6 0.08 
20:3n-6 10.4 0.16 
20:4n-6 11.7 0.18 
20:5n-3 0.3 0.01 
22:6n-3 7.7 0.11 
Total 99.5 1.58 

*Number of carbon atoms:number of double bonds (omega nota- 
tion). 
aResults are expressed as mean percentage of bound fatty acids 
after incubation with an equimolar mixture of the above free fatty 
acids (n = 3). 
btr (trace) < 0.1%. The difference between the sum of the percent- 
ages and 100 represents minor and unidentified fatty acids. 
cValues are expressed as ixmol of a particular fatty acid per ixmol 
L-FABP (n = 3). Values are uncorrected for overestimation of protein 
content. See Methods and materials. 

Table 4 Effect of diet on L-FABP concentration a 

L-FABP concentration 

Diet nmol/mg protein txmol/liver % sol protein 

Reg chow 2.91 _+ 0.37 2.10 _+ 0.19 4.08 _+ 0.51 
Fat free 2.59 _+ 0.36* 1.61 _+ 0.08** 3.63 _+ 0.51 
5% EPO 3.15 _+ 0.60 1.73 _+ 0.23* 4.41 _+ 0.84 
5% Fish oil 2.86 _+ 0.45 2.03 _+ 0.17 4.01 _+ 0.62 
5% HCQ 2.85 _+ 0.40 2.01 _+ 0.28 3.98 _+ 0.56 

aValues are mean ± sd (n = 8). Values are uncorrected for overesti- 
mation of protein content. See Methods and materials. 
*P < 0.05 when compared with reg chow value. 
**P < 0.01 when compared with reg chow value. 

teen percent of the bound fatty acids were saturated, 
and 86% were unsaturated. The bound fatty acid con- 
tent of L-FABP from regular chow-fed animals was 0.71 
;xmol of fatty acid per ixmol L-FABP. 

The fatty acid content of L-FABP isolated from rats 
fed different diets is shown in Table 5. Diet had n o  

significant effect on the total amount of fatty acid bound 
to L-FABP (mean fatty acid content of 0.71 mol fatty 
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Table 5 L-FABP fatty acid composition a 

Diet c 

Fatty acid b RC FF EP© FO HCO 

16:0 0.08 (9.1) 0.11 (11.1)* 0.08 (12.0) 0.10 (12.8)** 0.07 (9.3) 
16:1n-7 0.02 (2.1) 0.13 (12.4)** 0.01 (1.6) 0.03 (3.7) 0.02 (2.0) 
18:0 0.02 (3.4) 0.03 (3.9) 0.04 (6.8)** 0.05 (7.5)** 0.04 (5.2)** 
18:1 n-9 0.21 (27.8) 0.35 (40.3)** 0.10 (16.3)** 0.11 (15.4)** 0.19 (26.9) 
18:2n-6 0.13 (16.8) 0.06 (6.6)** 0.18 (28.8)** 0.10 (13.1)* 0.12 (16.6) 
18:3n-6 tr e (0.1) tr (0.3) 0.01 (0.8)** tr (0.1) tr (0.1) 
18:3n-3 0.01 (0.7) tr (0.5) tr (0.5) 0.01 (0.9) 0.01 (0.7) 
20:3n-9 tr (tr) 0.02 (3.0) tr (tr) tr (tr) tr (tr) 
20:3n-6 0.01 (0.8) 0.01 (0.6) 0.01 (1.8) 0.01 (1.1) 0.01 (1.4) 
20:4n-6 0.15 (22.3) 0.10 (12.5)** 0.12 (20.7) 0.09 (12.6)** 0.13 (20.4) 
20:5n-3 0.02 (2.4) tr (0.4) 0.01 (0.9)** 0.07 (10.7)** 0.02 (2.5) 
22:4n-6 tr (tr) 0.01 (0.7) tr (0.5) tr (0.3) tr (0.4) 
22:5n-6 tr (tr) tr (0.2) tr (0.1) tr (0.4) tr (0.4) 
22:5n-3 0.01 (1.2) tr (tr) tr (0.3) 0.02 (2.6)** 0.01 (1.2) 
22:6n-3 0.06 (10.2) 0.04 (4.9)** 0.02 (3.9)** 0.10 (15.4)** 0.06 (10.8) 
Total 0.71 0.87 0.60 0.69 0.68 
Saturates d 14.4 17,3" 21.3** 22.9** 16.2* 
Monounsaturates 31.7 54.8** 19.0** 20.7** 30.2 
Polyunsaturates 54.0 28.0"* 59.7" 56.4 53.6 

aResults are expressed as mol fatty acid bound per mol L-FABP. Values in parentheses are mean percentage of fatty acids bound to L-FABP 
(n 8). 
bNumber of carbon atoms:number of double bonds (omega notation). 
cRegular chow (RC), fat-free (FF), RC + evening primrose oil (EPO), RC + fish oil (FO), RC + hydrogenated coconut oil (HCO). 
~Saturates, monounsaturates, and polyunsaturates are calculated from the percent distribution and expressed as percent total. 
etr (trace) <-10 mmol or 0.1% of a fatty acid per tool L-FABP. 
*P < 0.05 when compared with RC. 
**P < 0.01 when compared with RC. 

acid per mol L-FABP, range 0.60-0.87). The profile of 
these fatty acids shows that the individual fatty acids 
bound to L-FABP could be related directly to the di- 
etary fatty acid composition. Animals fed regular chow 
supplemented with evening primrose oil (EPO) had in- 
creased amounts of bound 18:2(n-6), 18:3(n-6), 20:3(n- 
6), and 20:4(n-6) as compared with L-FABP from regu- 
lar chow controls. Likewise, the fish oil-supplemented 
group had increased levels of bound 18:3(n-3), 20:5(n- 
3), 22:5(n-3) and 22:6(n-3). The animals fed a fat-free 
diet had increased levels of the monounsaturates and a 
significant amount of 20:3(n-9). Table 5 also shows a 
comparison of the recovery of saturated and unsatu- 
rated fatty acids from L-FABP from the various diet 
groups. In the fat-free group there was an increase in 
bound monounsaturates relative to polyunsaturated 
fatty acids when compared with control animals. Both 
EPO- and fish oil-fed animals showed a decrease in 
monounsaturates and an increase in saturate content. 
Polyunsaturate binding remained the same as in con- 
trois. The fatty acid profile of L-FABP from the hydro- 
genated coconut oil (HCO) group was similar to the 
regular chow-fed animals. 

Liver fatty acid composition The total fatty acid compo- 
sition of livers from animals maintained on prescribed 
diets was also determined (Table 6). The dietary fatty 
acid composition is reflected in the liver fatty acid pro- 
file. The typical fatty acid pattern of the regular chow- 
fed animals showed 40% saturated fatty acids, 14% 
monounsaturated, and 46% polyunsaturated fatty 

acids. This profile was modified by the type of dietary 
fat supplementation. EPO-fed animals had increased 
18:2(n-6) and 18:3(n-6) levels, whereas fish oil-fed ani- 
mals showed an increased level of n-3 fatty acids. The 
fat-free group had increased amounts of n-7 and n-9 
fatty acids, with a corresponding decrease in 18:2(n-6). 
The levels of saturates, monounsaturates, and polyun- 
saturates in livers from the HCO group were identical 
to those of the regular chow animals. 

Discussion 

A number of different methods have been used to iso- 
late L-FABP, and it has been characterized by SDS- 
PAGE, native PAGE, and IEF.17,18 The appearance of 
multiple bands may represent isoforms of L-FABP, 5,6 
but may also arise from changes in the surface charge 
of the protein as a result of ligand binding.19.:° In Figure 
1B it can be seen that L-FABP, prepared by exclusion 
and affinity chromatography, may show significant vari- 
ations in the amount of five protein species, depending 
on the degree of fatty acid loading. 

Binding constants for individual fatty acids have been 
determined by various methods and are generally in the 
~mol/L range (0.5-12 i.Lmol/L). 6,1~ Slight differences 
between the values reported (0.5-1.0 ~xmol/L) 4 and our 
results (2.1-10.4 ixmol/L) probably reflect differences 
in the degree of delipidation, the different solubilities 
of the ligands, and associated problems with the deter- 
mination of free or bound ligand concentration in the 
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Table 6 Liver fatty acid compostition a 

Diet ° 

Fatty acid b RC FF EPQ FO HCO 

14:0 0.4 (0.0) 0.8 (0.0)** 0.2 (0.0)** 0.4 (0.0) 1.2 (0.0)** 
16:0 17.7 (0.51) 22.3 (0.50)** 13.7 (0.88)** 16.4 (0.78) 17.1 (0.54) 
16:1n-7 1.8 (1.14) 7.4 (1.68)** 0.9 (1.85)** 1.3 (2.97)* 1.5 (1.29) 
18:0 21.4 (0.16) 15.6 (0.25)** 20.1 (0.34) 18.8 (0.40)** 22.0 (0.24) 
18:1n-9 12.6 (2.21) 28.8 (1.40)** 8.6 (1.90)** 10.2 (1.51)* 12.6 (2.14) 
18:2n-6 14.5 (1.16) 2.6 (2.53)** 20.8 (1.38)** 13.6 (0.96) 15.2 (1.09) 
18:3n-6 0.2 (0.67) 0.1 (4.29)* 0.6 (1.42)** tr (0.0)* 0.1 (0.73)* 
18:3n-3 0.3 (2.55) tr (0.0)* 0.3 (1.66) 0.5 (1.69)* 0.4 (1.95)* 
20:3n-9 tr o (0.0) 3.4 (0.88)** tr (0.0) tr (0.0) tr (0.0) 
20:3n-6 1.5 (0.55) 0.9 (0.74)** 1.6 (1.15) 0.7 (1.58)** 1.2 (1.16)* 
20:4n-6 17.2 (1.30) 10.7 (1.18)** 22.6 (0.91)** 12.0 (1.05)** 16.3 (1.25) 
20:5n-3 1.6 (1.54) 0.3 (1.33)** 0.2 (3.76)** 8.0 (1.35)** 1.3 (1.86) 
22:4n-6 0.5 (0.08) 0.3 (2.61)** 1.2 (0.43)** 0.5 (0.55) 0.5 (0.72) 
22:5n-6 0.2 (0.48) 1.0 (0.16)** 0.4 (0.22)** 0.2 (2.00) 0.2 (1.91) 
22:5n-3 1.3 (0.91) tr (0.0)** 0.8 (0.39)* 2.9 (0.91)** 1.2 (1.03) 
22:6n-3 7.2 (1.40) 5.1 (0.95)** 6.1 (0.64)* 13.5 (1.14)** 7.5 (1.45) 
Sat u rates d 39,5 38.7 34. O* * 35.6** 40.3 
Monounsaturates 14.4 36.2** 9.5** 11.5** 14.1 
Polyu n satu rates 46.1 25.1 * * 56.5* * 52.9 * * 45.6 

aResults are mean percentage of fatty acids extracted in triplicate from rat liver. Values in parentheses are the ratio of the percentage of a 
particular fatty acid bound to L-FABP to the percentage in liver (n = 8). 
bNumber of carbon atoms:number of double bonds (omega notation). 
cRegular chow (RC), fat-free (FF), RC + evening primrose oil (EPO), RC + fish oil (FO), RC + hydrogenated coconut oil (HCO). 
dSaturates, monounsaturates, and polyunsaturates are calculated from the percent distribution and expressed as percent total. 
etr (trace) -< 0.1% of a fatty acid. 
*P < 0.05 when compared with RC. 
**P < 0.01 when compared with RC. 

various assays used. Because our binding constants were 
all determined with a single preparation of delipidated 
L-FABP, they can be considered to reflect the relative 
binding affinities. 

Fatty acid binding capacities have been reported to 
be in the range 0.5-2 mol per mol of L-FABP. 2~ This 
variation may result from difficulty in accurately de- 
termining the L-FABP protein concentration or bound 
ligand concentration. Because the measurements pre- 
sented in Table 2 are of the same preparation of L- 
FABP, the relative capacity for individual fatty acids is 
more apparent (1.2-4.1 mol per mol of L-FABP). If 
these data are corrected for the overestimation of L- 
FABP by the Lowry method, then they are similar to 
previously published data. 2~ It is also possible that the 
higher binding capacities reflect some low affinity bind- 
ing, although the formation of multimeric forms of L- 
FABP, as seen for heart-FABP (H-FABP), = cannot be 
ruled out. 

The binding by L-FABP of a particular ligand is de- 
termined by a combination of its affinity for that ligand 
and the capacity or number of sites on the L-FABP 
molecule for that ligand. As reported previously 4 and 
confirmed in a competitive binding experiment, 12:0 
and 14:0 did not bind. L-FABP had a high capacity 
for binding specific saturate (18:0) and monounsaturate 
(18:1) fatty acids (21.5 and 17.5%, respectively) com- 
pared with individual polyunsaturates (<12%) (Table 
3). This has been shown to be true for endogenous 
binding 23 (Table 5), although Ockner et al. TM showed 
that L-FABP carried a high proportion of saturated 

fatty acids (47%) in their preparation. These data are, 
however, not in direct agreement with the Kd values 
measured with individual fatty acids, suggesting that 
endogenous fatty acid binding by L-FABP reflects more 
than the binding affinities of L-FABP. 

This phenomenon was further explored in the experi- 
ments in which animals were fed diets of different fatty 
acid content. Although the concentration of L-FABP 
in the fat-free group was lower than in the other groups 
(Table 4), the concentration of bound ligands was great- 
est for this group. The range of 0.6-0.9 ixmol fatty acid 
per ixmol L-FABP is consistent with reported binding 
capacities 24 but is lower than the binding capacities de- 
termined in vitro (Table 2). The increased fatty acid 
content of L-FABP from animals fed fat-free diets could 
be the result of the type of fatty acids found in the 
liver because L-FABP in vitro has a higher affinity for 
saturated and monounsaturated fatty acids than many 
of the polyunsaturated fatty acids (Table 2). 

Table 5 compares the type of fatty acids bound to L- 
FABP from the animals fed the five diets. It appears 
that the bound fatty acids of L-FABP may be modulated 
by dietary fatty acids. However, the ensuing pattern 
does not directly reflect either the dietary fatty acid 
pattern or the overall fatty acid pattern of the liver 
(Tables 5 and 6). Polyunsaturated fatty acids were 
bound by L-FABP to approximately the same extent 
as their liver content. However, no such relationship 
existed for saturated and monounsaturated fatty acids. 
Such a result might be predicted from the competitive 
binding data presented in Table 3. Because L-FABP 
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may be involved in many facets of the metabolism and 
intracellular transport of fatty acids, the pattern of fatty 
acids carried by this protein probably responds to the 
relative rate of each of these processes and the liver 
free fatty acid pool. 

In summary, rat liver FABP appears to be a single 
protein that displays different isoforms depending on 
the degree or type of fatty acid binding. The range of 
fatty acids bound in vivo does not appear to be conse- 
quent on the binding constants measured with delipi- 
dated FABP in vitro. The fatty acid composition of the 
diet and the liver appear to be important factors in 
controlling the fatty acid composition but not content 
of L-FABP. 
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