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ABSTRACT. Although native rat liver fatty acid binding protein (L-FABP) is composed of isoforms differing

in isoelectric point, their comparative structure and function are unknown. These properties of apo- and
holo-L-FABP isoforms were resolved by circular dichroism, time-resolved fluorescence spectroscopy,
and binding/displacement of fluorescent ligands. Both apo-isoforms had similar hydrodynamic radii of
18.5 A, but apo-isofornh had a greates-helical content and exhibited a longer Tyr lifetime, indicative

of secondary and tertiary structural differences from isofdirm Isoformsl| andIl both had two fatty

acid or fatty acyl CoA binding sites. Ligand binding decreased the isoform hydrodynamic radiidy 3

A and increased Tyr rotational motions in a more restricted range. Fatty acyl CoAs were more effective
than fatty acids in altering the isoform structures. Scatchard analysis showed that both isoforms bound
cis- parinaric acid with high affinity K4 values 41 and 60 nM, respectively) and bourahs{parinaric

acid with 2- and 7-fold, respectively, higher affinity than fds-parinaric acid. In contrast, isoforin

had higher affinity forcis- andtrans{parinaroyl CoAs K4 values of 33 and 14 nM) than did isoforth

(Kq4 values of 110 and 97 nM), thereby resulting in biphasic plots of parinaroyl-CoA binding to native
L-FABP. Finally, displacement studies indicated that each isoform displayed distinct specificities for
fatty acid/fatty acyl CoA chain length and unsaturation. Thus, rat L-FABP isoforms differ markedly in
both structure and ligand binding function.

Liver fatty acid binding protein (L-FABP) is one of nearly abnormalities have been implicated in cardiac hypertropy
twenty 14-15 kDa fatty acid binding proteins [reviewed in  (Burton et al., 1994), myocardial ischemia (Das et al., 1991),
Veerkamp and Maatman (1995), Banaszak et al. (1994),chronic and acute alcoholism (Pignon et al., 1987; Myers-
Borchers and Spener (1994), and Matarese et al. (1989)].Payne et al., 1996a,b), diabetes (Baier et al. 1995, 1996),
Many of these FABPs have been identified as distinct types and cancer (Davidson et al., 1993; Sorof, 1994).

in a variety of tissues including liver, heart, intestine 5 intriguing feature of most FABPs, except adipocyte

[reviewed in Borchers and Spener (1994), and Paulussen ang-pgp (Matarese et al., 1989), is additional heterogeneity
Veerkamp (1990)], adipose tissue (Dutta-Roy et al., 1993; 4o, natrated by the presence of isoforms such as those

Matarese et al., 1989), and brain (Myers-Payne et al., 1996;observed with fatt P . .
. y acid binding proteins from liver (Dor-
Kurtz et al., 1994; Feng et al., 1994). Despite the absencemann etal., 1993; Das et al., 1989; Haunerland et al., 1984;

of conclusive evidence for the physiological role of FABPs, Ketterer et al., 1976; Matarese et al., 1989), heart (Bartetzko

much information has been reported over the last 30 years ) -
. , . . . et al. 1993; Unterberg et al., 1990), adipocyte (Matarese et
suggesting potential FABP functions [reviewed in Clarke and al., 1989), myelin [revgi]ewed in Mat;resepet gl. (£989)] fetal

Armstrong (1989), Bass (1988), Glatz et al. (1993), Ockner lung (Sa et al., 1993), and placenta (Das et al., 1988).
\e/teaelﬂ((;qupZ)(,l\égg;kaBrggr)cite?Q g:f?pfﬁg:n(alggg a;n(jggja’_However, the molecular basis of this heterogeneity (bound
lussen and Veerké\mp (1990)]. Postulated roles i,nclude the"gan.d' multiple mRNAs, deamlidation, . Qecgrboxylation,
uptake and metabolism of fatty acids and fatty acyl CoAs tyrosine phosphorylation or cysteine modification, etc.) does
' not appear to be resolved conclusively in the literature

intracellular trafficking of these substrates, peroxisome . . . ;
proliferation, and regulation of lipid synthetic and oxidative [rewewe@ in Matarese e.t al. (1989)]. There is ewdencg
gSuggesting that L-FABP isoforms were not due to deami-

enzymes through the binding of substrates, effectors, an 4 : i .
y g g dation, multiple MRNAs, decarboxylation, or tyrosine phos-

potential inhibitors. Interestingly, it has also been suggested . .
that FABPs may modulate cell growth and differentiation phorylation but instead may result from the presence of non-

[reviewed in Ockner et al. (1993), Carroll et al. (1990), covalently bound ligands (fatty acid) (Spener et al., 1990;

Davidson et al. (1993), Sorof (1994), Bass (1993), Clarke Bass, 1985, Trulzsch & Arias, 1981), interactions with
and Armstrong (1989), and Glatz et al. (1993)]. FABP isoelectric focusing ampholytes (Ketterer et al., 1976), or
cysteine modification (Sato et al., 1996; Dormann et al.,
* This work was supported in part by a grant from the USPHS, 1993; Hitomi et al., 1990).
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coenzyme A; 9,11E,13E,157-octadecatetraenoic acidjs-parinaric ography, fluorescence, and circular dichroism [reviewed

acid; @,11E,13E, 157_octadecatetraenoyl coenzyme dis-parinaroyl Sacchettini and Qordon (1993) and Matarese et al. (1989)].
COA. In contrast, while the primary structure of apo-FABP
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isoforms has been obtained by protein amino acid sequencingvere >98% and>99%, respectively. Protein purity was
(Sato et al., 1996; Hitomi et al., 1990; Dormann et al., 1993; determined using sodium dodecyl sulfate polyacrylamide gel
Haunerland et al., 1984) or cDNA characterization (Bartetzko electrophoresis with silver staining. Protein identity was
et al., 1993), very little is known about the secondary and confirmed by Western blotting and by mass spectral analysis.
the tertiary structure of either FABPs resolved into isoforms Purified isoformsl and Il were delipidated as described
(Li & Ishibashi, 1992; Schulenberg-Schell et al., 1988). previously (Nemecz et al. 1991a,b; Glatz & Veerkamp,
Only recently have differential functions of some FABP 1983b). L-FABP protein concentration was determined by
isoforms begun to be examined. Although differences in Bradford assay (Bradford, 1976) and corrected according to
types of ligands bound have been reported, detailed com-amino acid analysis (Lowe et al., 1984). The Bradford assay
parisons of FABP isoforms specificity in binding fatty acids Overestimates the L-FABP concentration 1.69-fold.
of different chain length and unsaturation have not been Steady-State and Time-Regal Fluorescence Spectros-
reported. While fatty acyl CoAs were recognized as FABP copy. Steady-state fluorescence spectra were measured on
isoform ligands more than twenty years ago [reviewed in a PC1 photon counting spectrofluorometer (ISS Inc., Cham-
Gossett et al. (1996b)], detailed comparisons of FABP paign, IL) using 1 cm quartz cuvettes. Sample temperature
isoform affinities for fatty acyl CoAs differing in carbon was kept at 25C (+0.1 °C) in a thermostated cell holder.
number or unsaturation have not been reported. Fatty acylExcitation and emission bandwidths were 4 and 8 nm,
CoAs are extremely important in view of their involvement respectively.
not only in the intermediary metabolism of fatty acids, but  Time-resabed fluorescence measurementse performed
also in the regulation (at nM levels) of many intracellular as described earlier (Stolowich et al., 1997; Frolov &
functions including signal transduction and gene transcription Schroeder, 1997; Frolov et al., 1996) using a GREG 250
[reviewed in Raman and DiRusso (1995), Dedukhova et al. subnanosecond multifrequency cross-correlation and modula-
(1991), Nikawa et al. (1979), Oram et al. (1975), and Gossett tion fluorometer equipped with KOALA automatic sample
et al. (1996)]. Finally, there is evidence suggesting that compartment (ISS Inc., Champaign, IL). Excitation was with
FABP isoforms may have physiological roles related to the an Innova-Sabre argon ion laser (Coherent Laser Group, Palo
redox status of the cell (Sato et al., 1996; Dormann et al., Alto, CA) with automatic wavelength selection of single
1993), intracellular targeting (Unterberg et al., 1990), ligand selectable lines at = 275.4, 300.2, 302.4, and 305.5 nm
binding (Sha et al., 1993), and regulation of enzyme activity (power output 340, 630, 800, and 460 mW, respectively).
(Miyozawa & Hashimoto, 1979; Buhr et al., 1994; Sa et al., Sample absorbance at the excitation wavelengths@e@5.
1989; Das et al., 1989). All data were obtained in 25 mM phosphate buffer, pH 7.4,
The present study was designed to structurally and at 25°C.
functionally characterize two native liver L-FABP isoforms. Fluorescence Lifetime Data Analysikifetime data were
The secondary and tertiary structures of both the apo- andanalyzed by ISS-187 Software (ISS Inc., Champaign, IL) as
holo-L-FABP isoforms were examined by circular dichroic a sum of exponentialsi(t) = > oifi exp(—t/z;), wherel is
and time resolved fluorescence spectroscopy. Direct bindingfluorescencer; is lifetime, andy o; = 1. Fractional intensity,
and displacement assays were used to resolve L-FABPfi, wasfi = an/yari. Mean lifetime was}fz.. The
isoform specificity for fatty acid and fatty acyl CoA chain minimized y? parameter was the criterion for goodness of
length and unsaturation. In summary, we report for the first fit with y? < 3 considered acceptable (Parasassi et al. 1984).
time both structural and functional differences between rat  Anisotropy Decay AnalysisAnisotropy decay was mod-

apo-L-FABP isoforms. eled by a sum of exponentials g$) = r(0)> g exp(—t/6y),
wherer(0) is anisotropy of a fluorophore in the absence of
MATERIALS AND METHODS rotational diffusiong; is the rotational correlation time, and

g is fractional anisotropy. The “goodness” of fit to the
applied model was determine as described above using ISS-
187 Software (ISS Inc., Champaign, IL). The equivalent
hydrodynamic radius of the protein was calculated as

Materials Thecis- andtrans{parinaric acids were from
Molecular Probes, Eugene, OR, while this- and trans-
parinaroyl CoAs were synthesized and purified as described
earlier (Hubbell et al., 1994). Coenzyme A (CoASH), acyl-
coenzyme A synthase, adenosirrphosphate (ATP), and
p-terphenyl as well as saturated and unsaturated fatty acyl

CoAs were from Sigma Chemical Co., St. Louis, MO. ) ) )
where 7 is solvent viscosity. The value of the same

Saturated and unsaturated fatty acids were obtained from ) )
NuChek Prep Inc., Elysian, MN. All other chemicals were palrameter can be estimated from the hydrated protein
volume:

reagent grade or better.

Methods. Native rat liver L-FABP, isoform (pl 7.55), 13
and isoformil (pl 7.35) were provided by Dr. Eric Murphy. R = [(3/47)(MINg)(V, + ,V))] 2
These proteins were isolated using established methods (Das
et al., 1988, 1989; Sa et al., 1993; Matarese et al., 1989;whereM is molecular weightNo is Avogadro’s numberd,
Bartetzko et al., 1993; Unterberg et al., 1990; Dormann et is the fraction of hydrationy; is the volume of bound water;
al., 1993; Haunerland et al., 1984; Ketterer et al., 1976) with V: is protein specific partial volumed; = 0.4 g of HO/g
sequential standard column chromatographic techniquesprotein;V, = 0.72 cm® g~* for an average protein (Cantor
[anion exchange with QAE-Sephadex (Pharmacia, Piscat-& Schimmel, 1980), an&/; = 1 cn® g~* for water in eq 2.
away, NJ); gel filtration by G-50 Sephadex; cation exchange Circular Dichroism. Spectra of L-FABP isoforms (2M,
with Macro-S (Bio-Rad, Hercules, CA); and gel filtration 25 mM phosphate buffer) were recordeda 1 mmcircular
with G-50 Sephadex]. Protein purities of isoforinandll cuvette with 1 nm resolution on a J-710 spectropolarimeter

R = (3KTO/4mn)" (1)
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(JASCO, Easton, MD) as described (Stolowich et al., 1997,
Frolov et al., 1996). 45000 -|

Fluorescent Fatty Acid and Fatty Acyl-CoA Bindinghe
binding affinities of L-FABP isoforms focis-parinaric acid,
transparinaric acidgisparinaroyl CoA, andrans-parinaroyl
CoA were determined as previously described (Stolowich
et al.,, 1997; Schroeder et al., 1995) with the following
modifications: a 2 mL sample of 0.Q8M L-FABP in PBS
was titrated with small increments of fatty acid (61L0uL)
dissolved in 10 mM NaOH. The concentrations of the fatty
acid stock solutions were 2AB00uM. Alternately, fatty
acyl CoAs were added from a 27fM stock solution in
phosphate buffer, pH 7.4. Each sample and blank (without
L-FABP) were thoroughly mixed and allowed to equilibrate
for 1—2 min before the maximal fluorescence signal was
obtained. All measurements were performed af@4

Displacement of L-FABP-Bound cis-Parinaroyl CoA by

Fatty Acyl CoAs or Fatty AcidsL-FABP (0.05uM) in Ficure 1: Circular dichroism spectra of rat L-FABP isoforms. Solid
phosphate buffer (pH 7.4) was incubated watsrparinaroy| line, ZyM isoform| in phosphate buffer; dotted line M isoform

CoA (0.15uM) for 5 min at 24°C to obtain maximal || in phosphate buffer, pH 7.4. For more details see Materials and
fluorescence. L-FABP-bounds-parinaroyl CoA was dis-  Methods.

placed by 1.5:M CoASH, fatty acyl CoAs with fatty acyl
chain length ranging from 2 to 20 carbons, or fatty acids
with acyl chain length ranging from 2 to 20 carbons. All
displacing fatty acyl CoAs were dissolved in double distilled
water. The critical micellar concentration of long chain fatty
acids is in the micromolar range (Matarese et al., 1989;
Pryde, 1979). In contrast, the critical micellar concentration
for the salts of long chain free fatty acids (C1018) is
1000-fold higher, approximately several millimolar (Small,
1986). Therefore, all displacing fatty acids were used as
their sodium salts which were prepared by dissolving free structure as compared to apo-isoformstructure. Addition
fatty acids in 10 mM NaOH. By using fatty acid salts we ¢ up to 10 molar equiv of oleic acid to apo-isoforth

avoided complications due to differential solubility of the yocreased the-helical proportion from 37% to 33% and
displacing fatty acids. Measurements were corrected forthedecreasedﬁ’-sheet from 23% to 22%. but increased the

30000 | |,

Molar Ellipticity (deg cm? dmol ™)

-15000

T T
210 240

Wavelength (nm)

the same concentration, displayed a maximum at 193 nm
and a minimum at 225 nm (Figure 1). However, the circular
dichroism spectrum of apo-isoforth had significantly lower
positive intensity at 193 nm and a smaller negative intensity
at 225 nm (Figure 1). Consequent spectrum analysis showed
37%a-helix, 23%p-sheet, 2098-turns, and 20% unordered
structure. Thus, apo-isoforth had lessu-helix and more
proportions of other secondary structure characteristics than
did apo-isoforml. Ligands such as oleic acid and oleoyl
CoA exhibited markedly different effects on apo-isofaiim

blank (ligand or protein only) and photobleaching. proportion of 3-turns from 20% to 23% and random coil
fraction from 20% to 22%. The presence of 10 molar excess
RESULTS of oleoyl CoA elicited almost no effect on isoforri

secondary structure:a-helix and g-turns remained un-
changedf-sheet decreased from 23% to 21%, and random
coil increased from 20% to 22%.

In summary, two apo-L-FABP isoforms appeared to differ

Secondary Structure of Apo- and Holo-Isoforms: Circular
Dichroism. The circular dichroism spectrum of the apo-
isoform| exhibited a minimum at 220 nm and one maximum

at %}96 nm, conS|sten.t W;;[h the préesenceoehehca::gnd 1 significantly in secondary structure and in the response of
f-sheet components in the secondary structure (Figure 1).i,o50 respective structures to ligand binding. Apo-isoform

Spectrum analysis using the self-consistent method of | aq primarily characterized as beinghelical (46%) with
Sreerama and Woody (1993) predicted 46%elix, 20%  gjgnificant contribution from3-sheetf-turn (38%). Com-
B-sheet, 18%3-turns, and 16% unordered structure in apo- pared to apo-isofornh, apo-isoformil was predominantly
|soform_l. Addmon_ of up to 10 molar equiv of oleic acid B-sheetB-turn (43%) with a slightly smallea-helical fraction

to apo-isoforml slightly altered the L-FABP secondary (3794). Despite the general structural similarity between the
structure by increasing the proportionsoshelix from 46% apo- and holo-isoforms, apo-isoforhnand apo-isofornil

to 49%, increasing the proportions fsheet from 20% to  responded differently to the presence of the bound ligand.
22%, decreasing the proportiong/bfurns from 18% to 13%,  For apo-isoformi, binding of fatty acid or fatty acyl CoA
and leaving random coil proportions unchanged at 16%. modestly increased the-helical contentwhile the percent-
Likewise, addition of 10-fold molar excess of oleoyl COA  age ofa-helix in isoformll was substantially decreased after
led to the enhancement afhelix from 46% to 49% but, in  addition of fatty acid and remained unaltered after addition
contrast to effects of fatty acids, fatty acyl CoA decreased of fatty acyl CoA.

[-sheet from 20% to 14%B-turns remained unchanged, and

the unordered random fraction increased from 16% to 18%. Tertiary Structural Properties of Apo- and Holo-L-FABP

The circular dichroism spectrum of apo-isofolindiffered Isoforms: Tyrosine Fluorescence
significantly from that of isoformi. The circular dichroism Intrinsic Fluorescence Spectral Properties of L-FABP
spectrum of apo-isoforrhand apo-isoforml , measured at  Tyrosine. L-FABP possesses rather unique fluorescence
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1.00 tyrosine lifetime components from 2.86 to 2.28 ns (25%)
and from 1.19 to 0.56 ns (53%), respectively. The fraction
of the long component increased from 0.64 to 0.88. The
overall effect of oleic acid binding to isoforih was a small
decrease in the average tyrosine fluorescence lifetime from
2.2410 2.08 ns (Table 1). Similar to isofoimthe effect of
fatty acyl CoA binding to isofornil was more dramatic as
compared to fatty acid. Addition of 10 molar excess of
oleoyl CoA decreased both the long and the short lifetimes
from 2.86 to 1.79 ns (60%) and from 1.19 to 0.39 ns (67%)
(Table 1), respectively. The fraction of the long lifetime
component was raised from 0.64 to 0.7920%). Taken
0.00 1 I — together, oleoyl CoA reduced the average tyrosine fluores-
315 350 385 420 cence lifetime of apo-isofor by approximately 33%, from
Wavelength (nm) 2.24 to 1.5 ns (Table 1).
FIGURE 2: Fluorescence emission spectra of rat L-FABP isoforms. I[N summary, the two L-FABP isoforms differed signifi-
Spectra were obtained at 2& as in Methods. Solid line, &M cantly in their tyrosine fluorescence decay kinetics and in
isoform | in phosphate buffer upon excitation at 275 nm; dotted the responsiveness of these decay kinetics to ligand binding,
'r"rr‘ﬁ' gu/;f'\é'r'spﬂo;ﬂ_” in phosphate buffer upon excitation at 275 ggacig|ly oleoyl CoA. This is consistent with significant
' structural differences between L-FABP isoformand |l .
characteristics because it has three tyrosine residues and no Time-Resaled Anisotropy of Apo- and Holo-L-FABP
tryptophans (Paulussen & Veerkamp, 1990). Upon excitation Isoforms. The measurement of L-FABP time-resolved
at 275 nm the corrected fluorescence spectrum of apo-fluorescence anisotropy provides additional information on
isoform| showed a single peak with a maximum at 304 nm protein molecular dynamics in solution, as well as on the
and a bandwidth of 44 nm (Figure 2). The fluorescence local structural mobility of the aromatic amino acid residues
spectrum of apo-isoforri was slightly red-shifted (emission inside the protein. The latter was previously reported to be
maximum of 306 nm) and broadened (bandwidth of 56 nm) a sensitive indicator of structural changes induced by fatty
as compared to that of isoform (Figure 2). Since no  acid and fatty acyl CoA binding to the recombinant rat
contaminant proteins were detected in either isoform prepa-L-FABP (Frolov & Schroeder, 1997).
ration (see Materials and Methods), the red shift and the Apo-isoforml exhibited a biexponential anisotropy decay
broadening of the isoformll emission spectrum was kinetics with a longf; = 5.58 ns, and fasf), = 0.072 ns,
consistent with the tyrosines in isoforiinbeing exposed to  component (Table 2). The long and short components
more hydrophilic and heterogeneous environment than thatreflected overall protein motion and the average internal
of isoform|. motions of L-FABP tyrosine residues, respectively. The
Tyrosine Fluorescence Lifetime in Apo- and Holo-L-FABP hydrodynamic radius of apo-isofornh, experimentally
Isoforms. The fluorescence decay of tyrosine in apo-isoform determined from the data in Table 2, was 18.5 A. The
| exhibited biexponential decay with a long component, theoretical radius derived from eq 2 was the same value,
= 3.39 ns (fraction 0.49), and a short components 1.44 18.5 A. These results were consistent with a nearly spherical
ns, resulting in an average lifetime of 2.39 ns (Table 1). shape. The estimated “wobbling” cone angle for tyrosine
Addition of 10 molar equiv of oleic acid decreased the long segmental rotations in apo-isoforihrwas ¢ = 27° (Table
lifetime from 3.39 to 2.29 and the short lifetime from 1.44 2). These data suggested a remarkable rotational freedom
to 0.6 ns, while almost doubling the fraction of the long of tyrosine residues in the apo-isofordnprotein.
lifetime component, from 0.49 to 0.87. Consequently, the  Addition of 10 molar equiv of oleic acid decreased the
average lifetime decreased by approximately 20%, from 2.39long correlation time of isofornl from 5.58 to 4.51 ns
to 2.07 ns (Table 1). Addition of 10 molar excess of oleoyl (~20%; Table 2). Under the same conditions, the short
CoA exhibited similar, but even more pronounced, effects component was no longer resolvable, possibly due to even
as compared to addition of fatty acid. Both tyrosine lifetime faster rotational motions of tyrosine in the holo-isofolm
values in apo-isofornh were reduced by almost 60%, from The decrease of L-FABP tyr maximal anisotropy(equal
3.39t0 2.18 ns and from 1.44 to 0.90 ns, respectively (Tableto rog; + rog2) from 0.320 to 0.237 (Table 2) was ac-
1). This decrease of isoforirtyrosine fluorescence lifetimes companied by the loss of the short rotational component,
was accompanied by a significant redistribution of their indicative of fast depolarizing rotational motions. It should
fractions with the fraction of the long component being be noted, however, that the increased rotational motions of
increased from 0.49 to 0.69. Consequently, the averagethe tyrosine residues was accompanied by spatial restrictions
lifetime value was reduced-25% from 2.39 to 1.79 ns  on such motions as indicated by the highgg;, 0.237 vs
(Table 1). 0.224, and lower “wobbling” cone angle, 25 vs°ATable
Apo-isoform Il tyrosine also displayed biexponential 2). The addition of 10 molar excess of oleoyl CoA to the
fluorescence decay. However, these lifetime values and theirapo-isoforml revealed the same pattern as did oleic acid
fractions differed significantly as compared to isofotm addition: 6; decreased from 5.58 to 4.54 ns and the fast
long lifetime component, 2.86 ns (fraction 0.64); short component vanished followed by a reductionrinvalue,
lifetime component, 0.64 ns (Table 1). The average lifetime from 0.320 to 0.249 (Table 2). Again, oleoyl CoA elicited
of apo-isoform tyrosine was calculated as 2.24 ns, signifi- even more spatial restrictions on isofoltyrosine segmental
cantly shorter than that of apo-isoforin Addition of 10 rotations as indicated by highegg;, 0.249 vs 0.224, and
molar equiv of oleic acid to apo-isoforth reduced both lower wobbling cone angle, 23 vs 2{Table 2). Addition

0.75

0.25

Fluorescence Intensity (a. u.)
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Table 1: Fluorescence Decay of L-FABP Isofofms

protein ligand 71(NS) 72(Ns) f fo °(ns)
isoforml| none 3.39+ 0.05 1.444+0.03 0.49+0.01 0.51+ 0.01 2.394+0.03
oleic acid 2.29+ 0.06 0.60+ 0.09 0.87+0.03 0.13+0.03 2.07+£0.03
oleoyl CoA 2.18+£0.1Z 0.90+£0.1Z 0.69+ 0.0Z 0.31+0.0Z 1.794+0.1F
isoformlI none 2.86+ 0.06 1.19+ 0.03 0.64+ 0.01 0.35+0.01 2.24+ 0.03
oleic acid 2.28+ 0.03 0.56+ 0.07 0.88+ 0.0Z 0.12+ 0.0Z 2.084+0.01°
oleoyl CoA 1.79+ 0.04 0.39+£0.0r° 0.79+£0.0r° 0.214+0.0r° 1.504 0.0

aThe fluorescence of rat L-FABP isoforms g®1) with or without 10-fold excess of ligand was analyzed by a sum of exponenti&{§) as Y a;
exp(—t/t)), wherey o = 1 andfi = aizi/Yai7i. All measurements were made in phosphate buffer (pH 7.4) &€25The excitation and emission
wavelengths were 275 and 313 nm, respectively. Values representam8&nn = 3—9). ® Mean fluorescence lifetime was calculated as =
>fiti . ©P < 0.05 as compared to no ligand.

Table 2: Fluorescence Anisotropy Decay of L-FABP Isofdrms

protein ligand 01 (nsy 02 (ns) rogs? rod2 ¢ (degy
isoform| none 5.58+ 0.06 0.072£ 0.012 0.224+ 0.001 0.096+ 0.001 27
oleic acid 4514 0.1T 0.2374 0.001 25
oleoyl CoA 4.5440.23 0.249+ 0.002 23
isoformll none 6.19+ 0.30 0.070+ 0.005 0.229+ 0.001 0.0914 0.001 25
oleic acid 5.24+ 0.19 0.049+ 0.012 0.237A: 0.002 0.083+ 0.002 25
oleoyl CoA 4.14+0.03 0.256+ 0.004 21

aThe anisotropy of tyrosine in L-FABP isoforms 421) with or without 10-fold molar excess of ligand was analyzed by a sum of exponentials
asr(t) = r(0) = g expt/6;). ® The excitation and emission wavelengths were 275 and 313 nm, respectiValy.wobbling cone angle was
calculated for the L-FABP tyrosine on the basis of time-resolved anisotropy data presented in the table and by using the following equation:

rir(0) = (3 cos ¢ — 1)/2,

wherer is the residual (limiting) anisotropy ando) is the sum of(0)g; + r(0)g2. The sum ofg; + g, = 1. Values represent mean SE (h =
3-5). 9 An asterisk refers t& < 0.05 as compared to no ligand.

of fatty acid and fatty acyl CoA slightly affected the apo- L-FABP Isoform Affinity for Fluorescent Fatty Acid and
isoform| overall tertiary structure by reducing its hydrody- Fatty Acyl CoA
namic radius from 18.5 to 17.0 A.

Compared to isofornh, apo-isoformll displayed similar
fluorescence anisotropy kinetic: long component, 6.19 ns,
and short component, 0.07 ns (Table 2). The value of the > ; ) T .
long rotational correlation time corresponded to a hydrody- trans-parinaric "?‘C'd’ respe_ctlvely. The parinaric acids are
namic radius of 19.0 A. However, the value of the wobbling naturally occurring fc_atty acids oriented to fO”T‘ elthgr an 18-
cone angle was 25Table 2). The presence of oleic acid carbon, klnked.-chaln, fluorescent an.alogtm'-()arlnarlc
led to the reduction of the long component, from 6.19 to acid) of oleic acid or an.l8-c_arbon, stra|ght-cha|n, fluoresqent
5.24 ns (20%), but did not affect the protein hydrodynamic analogue tfans-parinaric acid) of stearic acid. Both pari-
radius, 18.5 vs 18.0 A. Remarkably, oleic acid did not affect narate conformers fluoresce poorly in aqueous, possibly due
either the value of the short component, nor the amplitude to strong electrostatic interactions of these fluorophores with

of tyrosine rotational motions (Table 2). In contrast, addition the molecules of water. Upon titration of L-FABP isoform
of oleoyl CoA drastically decreased the value of the apo- | OF Il with cis-or transparinaric acid saturation curves were
isoform I long rotational component by almost 34%, from ©Observed for botltis- and trans-parinaric acid binding as
6.19 to 4.14 ns, resulting in reduction of the respective Shown in Figure 3A-D, respectively. The analysis of the
hydrodynamic radius from 18.5 to 16.6 A. As was observed binding curves (Stolowich et al., 1997; Schroeder et al., 1995)
with isoforml, the short rotational component was no longer allowed determination of the respective binding parameters,
detectable upon addition of oleoyl CoA. The overall effect Ka @and Bma, as shown by representative Scatchard plots
on isoformll tyrosine segmental rotations was a reduction (Figure 3A-D, inset). The results on binding afs- and

in rotational freedom, as judged by the decrease in the transparinaric acids to L-FABP isoforms are summarized
respecti\/e Wobb“ng cone ang|e, from 25 t0°ZIab|e 2) in Table 3. Each L-FABP isoform showed the presence of
two binding sites with similar affinities for eithesis- or
trans-parinaric acid per L-FABP molecule. However, it
appears that the binding affinity of a straigtafs) fatty

Fatty Acid Binding. The relative affinity of L-FABP
isoforms for kinked chain fatty acids vs straight chain fatty
acids was examined using fluoresceistparinaric acid and

In summary, although both apo isoforms were character-
ized by similar rotational dynamics in solution, the segmental
rotations of tyrosine residues in isoforth were more , _
restricted than those of isoform Moreover, both the overall ~ 2€id was a several fold highep (< 0.05) than that of a
protein rotation and the internal tyrosine motions were Kinked Cis) fatty acid in both isoforms. However, no major

significantly altered when the ligand, especially fatty acyl Vvariations in affinities were observed when the same

CoA, was bound to the protein. In general, the two isoforms fluorescent parinarate was compared between the L-FABP
responded differentially to the binding of both oleic acid and 1Soforms.

oleoyl CoA. The most striking distinction between isoform Fatty Acyl CoA Binding. Fatty acyl CoA binding was

| and isoformll was observed upon their interaction with examined to determine if the structural specificities of the

fatty acyl CoA. L-FABP isoforms would affect their ability to bind fatty acyl
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Ficure 3: Titration of rat L-FABP isoforms with parinaric acids. (A) Titration of isofofr(0.18uM) with cis-parinaric acid (6-0.45uM)

as followed by the increase in fluorescence intensity. Excitation at 310, emission at 416 nm. Inset: Scatchard plot of the titration of isoform
I with cis-parinaric acid. (B) Titration of isofornh (0.18 «M) with transparinaric acid (6-0.4 uM). Aex = 310, Aem = 416 nm. Inset:
Scatchard plot of the titration of isoforinwith trans-parinaric acid. (C) Titration of isoforri (0.18uM) with cisparinaric acid (6-0.45

UM). Aex = 310,4em = 416 nm. Inset: Scatchard plot of the titration of isofolimwith cis-parinaric acid. (D) titration of isofornil (0.18

uM) with transparinaric acid (6-0.4 uM). iex = 310, lem = 416 nm. Inset: Scatchard plot of the titration of isofotmwith trans

parinaric acid.

Table 3: Binding of Fatty Acids and Fatty Acyl CoAs to L-FABP parinaroyl CoA on the same L-FABP isoform (Figure 4A
and Its Isoformd D, inset). However, unlike the higher affinity for thens

vs cis-parinaric acid, neither isoform displayed a significant

protein ligand Kg (NM) Bmax ; Lo . . .
- ———— difference in binding affinity fotrans vs cis-parinaroyl CoA
L-FABP fr'gnps"i‘ggﬁr:grﬁf;%id 11& 36 i_ggi 8:8; (Table 3). However, isoformt had 3- and 7-fold higher
cis-parinaroyl CoR 8+3 1.0 binding affinity than isofornil for cis- andtrans-parinaroyl
_ 97+ 42 1.0 CoAs, respectively (Table 3).
transparinaroyl Coa légi %3 i'g Binding Affinities of Rat L-FABP for Fluorescent Fatty
isoform| cis-parinaric acid 4110 1.91+ 0.1 Acids and Fatty Acyl CoAsThe large difference in binding
trans-parinaric acid 18t 6 2.1+0.13 affinity for cis- andtrans-parinaroyl CoAs between the two
ggnpsarg‘ﬁr:?r’éﬁfé N 31341 151 115511 %1120 L-FABP isoforms suggested that for native rat liver L-FABP
isoformll Cis-p;?inaric a)clid 60t 17 1.77+0.18 (comprised Of b_Oth _iSOforms ar.]d Il) one might (_expec_:t
trans-parinaric acid 8k 2 1.74+ 0.05 multiple equilibria, i.e., the existence of two dissimilar
cis-parinaroyl CoA 116t 34  1.77+£0.10 binding sites for fatty acyl CoAs characterized by different
trans-parinaroyl CoA 9720  1.82+40.04 Kq values. As expected, binding of eitheis- or trans

2Values represent meah SE (1 = 3—5). P¢Data were treated for ~ parinaroyl CoA to native L-FABP showed highly nonlinear,
multiple equilibria as described (Schulenberg-Schell et al., 1988). For two-phase Scatchard plots which were consistent with the
more details see Methods. existence of multiple equilibria (Figure 5A and B, inset).
The analysis of binding isotherms (Schulenberg-Schell et al.,
1988) resulted irky values of 84+ 3 and 97+ 42 nM and

CoAs. When L-FABP isoforms were t|tr§1ted withs- Of 1041 and 180k 23 nM for cis- andtrans-parinaroyl CoA,
transparinaroyl CoA, fluorescence intensity at the emission respectively (Table 3). Interestingly, in the case of rat

maximum (420 nm).increased without altering thg position | .FABP individual Kq values for both fatty acyl CoAs

of the emission maximum (data not shown). Binding curves gisplayed a resemblance to those in the individual isoforms,
for fluorescent fatty acyl CoAs were constructed as describedisoform | and the isoformll (Table 3). In contrast,
above and bothis- andtrans-parinaroyl CoAs showed clear  individual binding sites for fatty acids in native L-FABP were
saturation curves (Figure 4AD). The data obtained for  not resolvable, as shown by the data in the Figure 5C and
fluorescent parinaroyl CoAs were consistent with the pres- D. This fact could be due to the much more similar affinities
ence of two binding sites with similar affinities for the same for each fatty acid noted for isoformsandlIl (Table 3).
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Ficure 4: Titration of rat L-FABP isoforms with parinaroyl CoAs. (A) titration of isofoin{0.18 M) with cis-parinaroyl CoA (6-0.25

uM) as followed by the increase in fluorescence intensity. Excitation at 310, emission at 416 nm. Inset: Scatchard plot of the titration of
isoform| with cis-parinaroyl CoA. (B) titration of isofornh (0.18uM) with transparinaroyl CoA (6-0.3 uM). Aex = 310,Aem= 416 Nm.

Inset: Scatchard plot of the titration of isofolnwith trans-parinaroyl CoA. (C) Titration of isofornfii (0.18uM) with cisparinaroyl CoA
(0—0.5uM). Aex = 310,1em = 416 nm. Inset: Scatchard plot of the titration of isofdinwith cis-parinaroyl CoA. (D) Titration of isoform

Il (0.18 M) with trans-parinaroyl CoA (6-1.6 uM). Aex = 310, Aem = 416 nm. Inset: Scatchard plot of the titration of isofolmwith

trans-parinaroyl CoA.

Fatty Acyl CoA Binding Site Specificities of L-FABP

Isoforms

different chain length. Both saturated (C2012) and
unsaturated (C20:3C14:1) fatty acyl CoAs were highly
efficient displacers with the efficiency ranging from 90% to

In order to further investigate the relative specificities of 400 (Table 5). Again, several trends were evident. First,

L-FABP isoform fatty acyl CoA binding site(s), two types

of displacement experiments were performed.

Displacement of cis-Parinaroyl CoA by Fatty Acidghe
two L-FABP isoforms exhibited distinct differences dis-

this displacement was not due to the presence of the CoA
moiety. CO0ASH did not displacecisparinaroyl CoA.
Second, a comparison of Tables 5 and 4 indicates that the
fatty acyl CoAs were more efficient displacers of bouist

parinaroyl CoA displacement specificity by fatty acids. As parinaroyl CoA than were the fatty acids. Third, the fatty
shown in Table 4, the C20:0 arachidic acid and C12:0 lauric acyl CoAs were effective over a broader range of fatty acyl
acid did not displaceisparinaroyl CoA bound to isoforrh CoA than fatty acid chain lengths. Fourth, in both isoforms
but were able to displaceisparinaroyl CoA bound to  the displacement efficiency of saturated fatty acyl CoAs
isoformIl by 13% and 16% displacement, respectively. As gradually decreased from 90% to 40% as the fatty acyl chain
compared to unsaturated fatty acids, the saturated C18:0ength decreased from 20 (arachidoyl CoA) to 12 (lauroyl
stearic acid and C16:0 palmitic acid were more effective CoA) carbon atoms. No such gradual decrease was observed
displacers {2-fold) of cisparinaroyl CoA from isoformil with unsaturated fatty acyl CoAs. The highest displacement
than from isoforml (Table 4). Finally, the C20 polyun- efficiency (~80%) was detected for the C20:4 arachidonoyl
saturated arachidonic acid (but not the saturated C20CoA, the C20:3 11,14,17-eicosatrienoyl CoA, and the C18:2
arachidic acid) was a more efficient diplacerc@d-parinaroyl linoleoyl CoA. The C18:3 linolenoyl CoA and the C14:1
CoA from isoformll than from isoforml. In summary, of myristoyl CoA were less potent displacers60% and
the two L-FABP isoforms, isofornil appeared to have a ~40%, respectively (Table 5).
higher overall affinity and range of affinities for saturated  With one exception (11,14,17-eicosatrienoyl CoA), both
(C20-C12) fatty acids. L-FABP isoforms showed very similar affinity for both
Displacement of cis-Parinaroyl CoA by Fatty Acyl CoAs. saturated and unsaturated fatty acyl CoAs.
The specificities of L-FABP isoforms for binding fatty acyl
CoAs were determined in experiments wheigparinaroyl DISCUSSION
CoA bound to isoform or to isoformll was displaced by The intracellular fatty acid binding proteins are a diverse
a series of saturated and unsaturated fatty acyl CoAs ofgroup of proteins as exemplified not only by the existence
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Ficure 5: Titration of rat L-FABP with parinaric acids and parinaroyl CoAs. (A) Titration rat L-FABP (@8 with cis-parinaric acid

(0—1.5 uM) as followed by the increase in fluorescence intensity. Excitation at 310, emission at 416 nm. Inset: Scatchard plot of the
titration of rat L-FABP withcis-parinaric acid. (B) Titration of rat L-FABP (0.18M) with transparinaric acid (6-1.5 uM). 1ex = 310,

Aem = 416 nm. Inset: Scatchard plot of the titration of rat L-FABP withns-parinaric acid. (C) Titration of rat L-FABP (0.18M) with
cisparinaroyl CoA (0-0.5uM). Aex = 310,1em = 416 nm. Inset: Scatchard plot of the titration of rat L-FABP wdik-parinaroyl CoA.

(D) Titration of rat L-FABP (0.18:M) with transparinaroyl CoA (6-0.6 uM). dex = 310, lem = 416 nm. Inset: Scatchard plot of the
titration of rat L-FABP withtrans-parinaroyl CoA.

Table 4: Displacement dfis-Parinaroyl CoA by Fatty Acids Table 5: Displacement dfis-Parinaroyl CoA by Fatty Acyl Co/s

displacement (%) displacement (%)

chain double chain double

displacing ligand length bonds isoform isoformli displacing ligand length bonds isoform isoformll
arachidic acid C20 0 0 135 arachidoyl CoA C20 0 9% 3 83+ 3
stearic acid C18 0 16 6 33+8 stearoyl CoA C18 0 8% 3 78+ 1
palmitic acid C1l6 0 165 23+ 9 palmitoyl CoA Cl6 0 80t 4 76+ 1
myristic acid C14 0 221 18+ 7 myristoyl CoA Cl4 0 64+ 2 60+ 5
lauric acid C12 0 0 16-2 lauroyl CoA C12 0 43+ 1 4+1
n-decanoic acid C10 0 0 0 n-decanoyl CoA C10 0 0 0
n-octanoic acid Cc8 0 0 0 n-octanoyl CoA C8 0 0 0
n-hexanoic acid C6 0 0 0 n-hexanoyl CoA C6 0 0 0
n-butyric acid C4 0 0 0 n-butyryl CoA Cc4 0 0 0
acetic acid Cc2 0 0 0 acetyl CoA Cc2 0 0 0
CoA co 0 0 0 CoA co 0 0 0
docosohexanoic acid Cc22 6 52 4248 arachidonoyl CoA C20 4 8g 1 T4+ 7
arachidonic acid Cc20 4 6% 6 49+ 4 11,14,17-eicosatrienoyl CoA C20 3 831 69+ 3
11,14,17-eicosatrienoic acid  C20 3 563 50+ 15 linolenoyl CoA C18 3 63t 2 59+ 5
linolenic acid C18 3 458 41+2 linoleoyl CoA Cc18 2 85+ 1 80+ 2
linoleic acid C18 2 60t 3 54+ 8 myristoleoyl CoA Cl4 1 395 43+ 5
O|EIC' acu_j . ci8 L 332 2647 aProteins (0.05«M) were pre-incubated witltis-parinaroyl CoA
pamitoleic acid ci6 1 4&1 4743 (0.154M), followed by addition of displacing fatty acyl CoA (L
myristoleic acid Cl14 1 2% 6 21+ 3 o y p g fatty acyl CoA (1/8M)

aProteins (0.05«M) were pre-incubated witktisparinaroyl CoA
(0.15uM), followed by addition of displacing fatty acid (1/M) as
described in Methods. Values present the mga8E ( = 3—6).

as described in Methods. Values represent the me8& ( = 3—6).

protein, phospholipid exchange proteins, and cellular retinol
binding protein. While many significant advances have been

of unique types of FABPs (e.g., liver, heart, intestine, made toward both structural and functional characterization
adipose, brain) but also by their expression as multiple of the native FABPs [reviewed in Hubbell et al. (1994),

isoforms. In contrast, macroheterogeneity as isoforms hasFrolov and Schroeder (1997); Schroeder et al. (1993, 1996,
not been observed with other cytosolic lipid binding protein Paulussen and Veerkamp (1990), Matarese et al. (1989), and
families, i.e., sterol carrier protein-2, acyl CoA binding Sacchettini and Gordon (1993)], almost all of these studies
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utilized FABPs that had not been resolved into isoforms. rat L-FABP with oleic acid (Li & Ishibashi, 1992). The
Thus, isoform heterogeneity may complicate interpretation conclusion that ligand binding alters L-FABP Isoform
of structural and functional properties of native FABPs. conformation is in agreement with the results of two-
Almost nothing is known regarding the structure, ligand dimensionalH-NMR study on the ligand-induced confor-
specificity, or other functions of FABP isoforms [reviewed mational changes in native rat L-FABP (Li & Ishibashi,
in Matarese et al. (1989) and Sacchettini and Gordon (1993)].1992) and in native bovine L-FABP (Schulenberg-Schell et
One potential approach to resolving some of these issues isal., 1988) upon fatty acid binding.
the direct comparison of isoform structures and ligand The data presented herein provide a detailed analysis of
binding properties. the ligand specificity of rat liver L-FABP isoforms. These
In the present work, rat liver L-FABP was resolved into findings are especially important in view of the presence of
two isoforms by standard anion exchange chromatographictwo fatty acid binding sites in L-FABP. In fact, in some
techniques: 25% isoforml and 75% isoformll. As reports of L-FABP binding fatty acids twky values have
indicated in Methods, both isoforms appeared as single bandsbeen resolved (Fukai et al., 1989; Miller & Cistola, 1993;
on SDS polyacrylamide gels and Western blots. In addition, Schulenberg-Schell et al., 1988). However, it was not known
Western blotting with specific antisera against other cytosolic whether the twd{y values in the native L-FABP protein may
lipid binding proteins in the same molecular weight range be due to the presence of isoforms or to binding site
did not detect contamination in the L-FABP isoforinand heterogeneity within the same. The present data show that
II. While these data were consistent with the isoforms being rat liver L-FABP isoformsl and |l differ significantly in
pure L-FABP, this did not preclude the possibility that the affinity for straight chain vs kinked chain fatty acyl CoAs,
two isoforms might have been cross-contaminated with eachsuggesting that this difference might account for the observa-
other. However, if extensive cross-contamination of the two tion of two Ky values in fatty acyl CoA binding to native rat
isoforms had occurred, then little difference would have been L-FABP. Limited earlier studies of rat liver isoform fatty
observed in isoelectric focusing patterns, structure, or ligand acid binding specificity are contradictory. One study sug-
binding specificity between the isoforms. Instead, the two gested that S-thiolation of rat liver L-FABIR vivo did not
isoforms differed significantly in all three properties. affect fatty acid binding (Sato et al., 1996). In contrast,
While the present report does not provide primary another study suggested that S-thiolation of rat liver L-FABP
sequence data for the two rat liver L-FABP isoforms, recent in »itro decreased th&y values for unsaturated, but not
data of others shed light on this issue. The primary amino saturated, fatty acids (Hitomi et al., 1990). The present data
acid sequence of the two L-FABP isoforms from bovine show distinct differences in ligand binding by the two
(Dormann et al., 1993) and rat (Sato et al., 1996) liver were isoforms: isoformd and Il had 2.3- and 7.5-fold higher
recently resolved. The bovine L-FABP isoform heterogene- affinity for kinked chain (unsaturated) vs straight chain
ity was due primarily to amino acid exchange (two different (saturated) fatty acids, respectively. The saturated fatty acids
mMRNAS). In addition, a small portion of the lowel Ipovine were able to displace bound fatty acyl CoA over a wider
L-FABP was actually due to S-thiolation (glutathionylation) range of acyl chain length from isoforfh than isoforml
of the higher p L-FABP. In contrast, the rat liver L-FABP  (Table 4). Fatty acyl CoAs were better displacers than fatty
isoforms did not display amino acid exchange, but had acids for isoform-bound fatty acyl CoAs. Finally, the two
identical primary amino acid sequence. However, the lower isoforms differed significantly in their affinity for straight
pl L-FABP isoform from rat liver was S-thiolated with  chain, but not kinked chain, fatty acyl CoAs. These data
cysteine. It was suggested that the extent of the S-thiolationsuggest that rat liver L-FABP isoforms differ significantly
might be dependent on the redox state of the liver hepatocytesn function with regard to ligand binding specificity.

(Sato et al., 1996). The very high affinities of L-FABP and its isoforms for
With regard to secondary or tertiary structure of the rat fatty acids Kq values as low as 8 nM) obtained using the
liver L-FABP isoforms, the circular dichroism and fluores- fluorescent parinaric acid binding assay were essentially the
cence data presented herein show for the first time that same as that determined by ADIFAB competition assays for
isoformsl andll differ significantly in their secondary and stearic and oleic acids (Richieri et al., 1994). To our

tertiary structure/conformation. Consistent with these struc- knowledge, these are the lowé&tvalues ever reported for
tural differences detected by fluorescence and circular L-FABPs binding fatty acids (Peeters et al., 1989; Storch et
dichroism, it was recently observed that the cysteinylated al., 1989; Miller & Cistola, 1993; Rolf et al., 1995; Banaszak
rat liver L-FABP isoform displayed increased susceptibility et al., 1994; DeMarco et al., 1993; Nemecz et al., 1991a,b;
to proteolysis by cathepsin B and cathepsin D (Sato et al., Paulussen & Veerkamp, 1990). Moreover, within the family
1996). Finally, the binding of ligands such as oleic acid or of fatty acid binding proteins only the brain FABPs showed
oleoyl CoA to either Isoform led to a significant redistribu- a comparable affinity K4 values of~10—20 nM) for the
tion of their secondary structure components. This was NBD-labeled stearic acid (Myers-Payne et al., 1996a,b). It
consistent with both the isofornh and the isoformli should be noted that in an earlier study with recombinant
undergoing conformational changes upon the ligand binding. rat L-FABP more than 10-fold higheKy values for the
Yet, the two isoforms differed in conformational res- fluorescent parinarates were reported,2860 nM (Nemecz
ponsiveness: isoforinresponded to the presence of a bound et al., 1991a), as compared to the present stuehpBnM.
fatty acid and fatty acyl CoA by increasing tlehelical The reason for this discrepancy is in the former study free
content at the expense of tBestructure, while in the isoform  fatty acids were used instead of the sodium salts of fatty
Il thea-helical fraction significantly declined after addition acids. As pointed out by Materese et al. (1989), the low
of fatty acid and remained unchanged in the presence of fattysolubility of the free fatty acids complicates the measurement
acyl CoA. A similar decrease of-helical content was also  of FABP affinities for fatty acids. For example, it is well
observed upon relipidation of the acidic isoform of native known that the fatty acid salts have much higher solubility
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in aqueous solution as compared to the free acids as showrBuhr, M. M., Curtis, E. F., & Kakuda, N. S. (1994rycbiology

by almost a 1000-fold difference in the respective values of
the critical micellar concentration (Small, 1986; Pryde, 1979).
In the present study, the maximal fatty acid concentration
during the parinarate binding assay never exceedei2

far below the 2 mM critical micellar concentration for the
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Finally, it should be noted that the absoll{g values
measured for the fatty acyl CoAs and isoforr83 for cis-
parinaroyl CoA and 14 nM fotrans-parinaroyl CoA) were
the lowest reported for the fatty acid binding proteins
(Paulussen & Veerkamp, 1990). Furthermore, thKge
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cell [reviewed in Gossett et al. (1996)], both of these ligands
may effectively compete for L-FABP binding sites. The fact,
that the liver fatty acid binding protein and its isoforms have
such a high affinity for fatty acyl CoAs is very important
since it implicates a potential role of L-FABP in fatty acyl
CoA metabolism. Indeed, L-FABP stimulates microsomal
glycerol-3-phosphate acyltransferase to form phosphatidic
acid as much as 18-fold (McCormack & Brecher, 1987;
Burrier et al., 1987; Ockner et al., 1972; Bordewick et al.,
1989; Hubbell et al., 1994; Jolly et al., 1997).
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