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lation, this confers a decided advantage to the porcine kidney 
enzyme, since binding of other metal ions does not require 
displacement of Zn2+ from this site. Hence, inhibition or 
activation would be achieved at lower concentrations of these 
metal ions, and this modulation may be more likely to have 
a physiological role. 
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Fluorescence Studies on the Lipoprotein Complex of the Fatty Acid 
Synthetase from the Insect Ceratitis capitatat 

Jose G.  Gavilanes, Maria A. Lizarbe, Angel M. Municio,* and Mercedes Oiiaderra 

ABSTRACT: The fatty acid synthetase complex from the insect 
Ceratitis capitata forms a stable lipoprotein complex. The 
intrinsic fluorescence of the complex was studied by observing 
the emission spectra with different excitation wavelengths, both 
in the native complex and after treatment with sodium cholate 
and sodium dodecyl sulfate. The excitation spectrum of the 
native form also was recorded. The fluorescence behavior of 
the native enzyme showed two families of tryptophan residues. 
Cholate influenced the fluorescence, suggesting that phos- 
pholipids are the conformational support at this level. The 
two families of fluorescing tryptophan residues were similarly 
accessible to quenching by acrylamide. Thermal changes in 
the fluorescence characteristics were observed; warming caused 

N a t i v e  fatty acid synthetase from Ceratitis capitata has 
been described as a lipoprotein (Gavilanes et al., 1979) which 
requires the lipid component for retaining its conformational 
properties (Gavilanes et al., 1978, 1979); thus, changes in the 
lipid content and composition resulted in modification of both 
secondary structure and enzymatic activity (Gavilanes et al., 
1979, 1981). Triacylglycerols are the most abundant lipid class 
whereas a specific phosphatidylethanolamine dependence of 
the enzyme activity has been demonstrated (Gavilanes et al., 
1979). An attempt to clarify the structural organization of 
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a decrease in the quantum yield as well as a red shift in the 
emission maximum. The high fluorescence remaining after 
the thermal transition suggested that the lipid-protein inter- 
action was affected but maintained shielding of the fluorophore 
by the lipids. Fluorescent probe molecules 1 ,bdiphenyl- 
hexa- 1,3,5-triene (DPH) and dansylphosphatidylethanolamine 
(DPE) also were used. DPH uptake was temperature de- 
pendent, with a middle point consistent with the thermal 
conformation transition, indicating that internal lipids are 
nonrandomly distributed within the complex. DPE uptake did 
not reach the saturation of the complex, suggesting that its 
solubilization sites would be located on the lipoprotein surface. 

the enzyme complex was carried out by a circular dichroism 
study of the native complex and after a series of sequential 
treatments with lipolytic and proteolytic enzymes; it obtained 
evidence for the shielding of certain polypeptide domains by 
the lipid environment (Gavilanes et al., 1981). Nevertheless, 
it is not clear from these experiments whether the phospholipids 
are interacting specifically with the polypeptide chains or if 
they are simply playing a structural role important for the 
complex conformation. 

Other information that may give insight as to the complex 
organization expected is from fluorescence data on this lip- 
id-protein system. The intrinsic protein fluorescence arises 
from tyrosine and tryptophan residues, which act as nonper- 
turbing hydrophobic probes of their immediate environment. 
Intrinsic fluorescence offers a sensitive tool for observing in- 
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teractions between lipids and a wide series of peptide and 
proteins (Schneider & Edelhoch, 1972; Verdery & Nichols, 
1974; Gwynne et al., 1975; Dufourq et al., 1975; Gennis et 
al., 1976; Epand et al., 1977; Dufourq & Faucon, 1977). On 
the other hand, the use of fluorescent probes has greatly fa- 
cilitated studies on the structure and function of membrane 
dynamics (Azumi & McGlynn, 1962; Azzi, 1975; Radda, 
1975; Schlessinger & Elson, 1979) and given valuable infor- 
mation on the nature of the microenvironment of the labeled 
sites and freedom of rotation of the labeling reagents (Stryer, 
1968; Turner & Brand, 1968; Radda & Vanderkooi, 1972). 

One of the widely used fluorescent probes is 1,6-di- 
phenyl-l,3,5-hexatriene (DPH);' it incorporates spontaneously 
into the lipid components of the system and is a highly efficient 
fluidity probe of the lipid environment (Fuchs et al., 1975; 
Chen et al., 1977; Shinitzky & Barenholz, 1978; Rosenthal 
et al., 1978; Parola et al., 1979). Also, the use of fluorescence 
analogues of lipids has taken advantage of the high reactivity 
of the amino group of phosphatidylethanolamine (PE) to 
conjugate the dansyl residue to this natural phospholipid. 

To gain further information on the internal structure of the 
fatty acid synthetase complex of the insect Ceratitis capitata, 
we have now examined the intrinsic fluorescence of the native 
enzyme as well as the fluorescence response of DPH and 
dansyl-PE under a series of conditions. 

Materials and Methods 
Fatty Acid Synthetase Complex. The enzyme complex was 

purified from the larval stage of the insect Ceratitis capitata 
as previously described (Municio et al., 1977). Protein ho- 
mogeneity and conformation were checked by acrylamide gel 
electrophoresis, amino acid analysis, and circular dichroism 
studies; enzymatic activity was also verified. Lipid composition 
was determined in all enzyme preparations. All these results 
were coincident with those previously reported (Municio et 
al., 1977; Municio & Gavilanes, 1981). 
Dansylphosphatidylethanolamine. Phosphatidylethanol- 

amine was obtained from C.  cupitata larvae. Insects were 
homogenized in 0.1 M potassium buffer, pH 7.5, containing 
2 mM EDTA and 1 mM 2-mercaptoethanol. The homogenate 
was centrifuged at 27000g for 15 min, and the clear super- 
natant was extracted according to the method of Bligh & Dyer 
(1959). The lipid fraction (100 mg) was chromatographed 
on 1-mm silica gel plates (20 X 20 cm) with chloroform/ 
methanol/water (60:25:4 v/v/v) as the developing solvent. 
Identification of PE was done by comparison with a standard 
sample and through the positive reaction by spraying with the 
ninhydrin and Dittmer reagent (Dittmer & Lester, 1964). The 
PE band was eluted from the silica gel with 2: 1 (v/v), 1 : 1, and 
1 :9 chloroform/methanol and finally with absolute methanol. 
Samples were concentrated under vacuum, and PE appeared 
as a single spot on the two-dimensional system chloroform/ 
methanol/water (65:25:4 v/v) and butanol/acetic acid/water 
(60:20:20 v/v). 

Dansylation of PE was carried out according to the general 
method of Grey (1967). To 1 mg of PE in 200 pL of 0.2 M 
sodium bicarbonate was added 200 pL of dansyl chloride (2.5 
mg/mL) in acetone, and the reaction mixture was incubated 
at 45 OC for 30 min. The dansylation reaction was controlled 
by polyamide thin-layer chromatography with formic acid 

G A V I L A N E S  ET A L .  

I Abbreviations used: EDTA, ethylenediaminetetraacetic acid; PE, 
phosphatidylethanolamine; dansyl-PE (DPE), dansylphosphatidyl- 
ethanolamine; dansyl (DAS), 5-(dimethylamino)naphthalene 1 -sulfonyl; 
DPH, 1,6-diphenyl-l,3,5-hexatriene; NaDodS04, sodium dodecyl sulfate; 
P, fluorescence polarization. 

(1.5% v/v) as the solvent. Purification of dansyl-PE was 
performed by the silica gel procedure used for the phospholipid 
purification. Dansyl-PE was eluted from the silica gel with 
ethanol. 

DPH was purchased from Aldrich 
(Belgium). Acrylamide, electrophoresis grade (Merck, West 
Germany), was recrystallized twice from chloroform. Dansyl 
chloride and sodium dodecyl sulfate (NaDodSO,) were from 
Sigma (St. Louis, MO); NaDodSO, was recrystallized from 
ethanol. Thin-layer chromatography polyamide layers were 
obtained from Cheng-Chin Trading Co. (Taipei, Taiwan). 
Other products and solvents were of analytical grade. 

Enzyme Activity. Fatty acid synthetase activity was de- 
termined as described (Gavilanes et al., 1979; Municio & 
Gavilanes, 1981). 

M DPH solution 
was prepared in tetrahydrofuran, and immediately prior to use, 
it was diluted 1:lOO with vigorous mixing with 0.25 M po- 
tassium phosphate buffer, pH 7.5, containing 2 mM EDTA. 
Stirring was continued for 10 min at room temperature, and 
a clear and stable aqueous dispersion of 2 X M DPH, void 
of fluorescence, was obtained. One volume of fatty acid 
synthetase complex solution (0.1 mg/mL) in the same phos- 
phate buffer was incubated with 1 volume of the DPH dis- 
persion with gentle shaking, at various temperatures and time 
intervals. The same procedure was used for the labeling of 
the fatty acid synthetase with dansyl-PE except that a 2 X 
M dansyl-PE solution in ethanol was employed. 

Ultraviolet Absorption. Spectra were recorded on a Cary 
118 spectrophotometer, at 20 "C, in 1-cm optical path cells. 
Fatty acid synthetase samples were previously centrifuged at 
27000g for 20 min and filtered through Millipore (0.45 pm). 
Residual light scattering was corrected by means of a linear 
plot of optical density vs. l/X4 in the 310-360-nm range. 

Fluorescence. Measurements were made at different tem- 
peratures on a Fica 55 MK I1 spectrofluorometer fitted with 
a 450-W xenon lamp, with 2.5- and 7.5-nm slit widths for 
either excitation or emission beam, respectively. Excitation 
and emission spectra were corrected for both detector response 
and light source. Spectra were registered on a XY Ohnigrafic 
200 at 10 nm/min. Spectra were obtained at least 3 times, 
with two or more enzyme preparations. Protein concentration 
was in the 30-50 pg/mL range as determined from the ab- 
sorbance at 280 nm, a Z$g of 1.0 (Municio & Gavilanes, 
1981) was used. Optical densities were below 0.05 at the 
exciting wavelength. Samples with higher absorbance were 
corrected for the inner-filter effect. The effective optical path 
for the instrument and cells used is 0.5 cm. 

The excitation wavelength for the protein was 280 nm. The 
excitation and emission wavelengths for the fluorescent probes 
were respectively 365 and 425 nm. 

Polarization measurements were performed with small 
Glan-Thompson prisms. The polarization of fluorescence was 
expressed as P = ( I ,  -j&-,)/(zw +f7vh), where I, and I,, are 
the relative fluorescence intensities with the excitation and 
emission polarizers in parallel and perpendicular orientations, 
respectively, andfis the correction factor for photomultiplier 
sensitivity (Azumi & McGlynn, 1962). 

Results 
Fluorescence of the Native Fatty Acid Synthetase Complex. 

Intrinsic fluorescence of proteins has been extensively used to 
study structure-function relationships of these macromolecules. 
Generally, proteins have this type of fluorescence endowed by 
their tryptophan and tyrosine residues. The fluorescence 
emission spectrum of fatty acid synthetase from Ceratitis 

Other Materials. 

Fluorescence Labeling. Stock 2 X 



F L U O R E S C E N C E  O F  F A T T Y  A C I D  S Y N T H E T A S E  VOL. 2 0 ,  NO. 2 0 ,  1 9 8 1  5691 

FIGURE 1 : Fluorescence spectra of native fatty acid synthetase complex 
from C. capitata. Emission for excitation at 280 (A) and 295 nm 
(B) and their difference after normalization (C). Spectra were re- 
corded in both 0.25 M sodium phosphate and 0.1 M sodium borate 
buffer, pH 7.5. Protein concentration 50 pg/mL; temperature 20 OC. 

Table I: Tryptophan and Tyrosine Content of the Fatty Acid 
Synthetase Complex from Ceratitis capitafa 

method MTyr/'Trp 

Beaven & Holiday (1 95 2) 2.87 
Edelhoch (1967) 3.05 
Bencze & Schmid (1957) 2.91 

capitata excited at 280 and 295 nm is shown in Figure 1. The 
emission spectrum of the enzyme upon excitation at 280 nm 
shows two maxima, at 340 and 325 nm (Figure 1, spectrum 
A), in accordance with the predominance of indole fluores- 
cence, Although the resolution of protein emission into the 
contributions from distinctly emitting species remains an in- 
triguing problem, the existence of these maxima may be related 
at least with two well-defined tryptophan populations. The 
tryptophan emission maxima at 340 and 325 nm in the 
synthetase complex is considerably blue shifted when compared 
to the emission maxima of free tryptophan in aqueous solution 
(A,,, 352 nm). One of these maxima (325 nm) is also sig- 
nificantly more blue shifted than the proposed maximum 
(330-332 nm) for tryptophan fluorescence in a model for the 
intrinsic fluorescence of water-soluble proteins (Burnstein et 
al., 1973). Thus, although the position of the emission max- 
imum is not always a reliable measure of the environmental 
exposure, the fluorescence of the native synthetase appears 
characteristic of two groups of trypotphan residues in a buried, 
hydrophobic environment. On excitation at 295 nm, in which 
absorption due to tyrosine is less than 10% (Teale, 1960), the 
emission band is not resolved, showing only a broad maximum 
band centered at 335 nm (Figure 1, spectrum B). Taking into 
account that fluorescence above 380 nm is only due to tryp- 
tophan residues, both spectra, excitation at 280 and 295 nm, 
are normalized on the basis of the fluorescence value in the 
range 380-400 nm. The difference spectrum (Figure 1, 
spectrum C) calculated after normalization reveals a weak 
contribution of tyrosine centered at 3 10 nm and tryptophan 
residues in multiple environments. Thus, fluorescence in the 
fatty acid synthetase molecule is dominated by the tryptophan 
emission, although the spectrophotometric determihations of 
the tyrosine/tryptophan ratio give a value of 2.9, based on the 
methods outlined in Table I. 

The quenching of the intrinsic fluorescence of the fatty acid 
synthetase complex by acrylamide was studied in an attempt 
to resolve the heterogeneity in the tryptophan fluorescence. 
Acrylamide is an efficient collisional quencher of indole de- 
rivatives, and it is able to permeate a protein matrix to interact 
with tryptophan residues (Eftink & Ghiron, 1975, 1976). 
Native fatty acid synthetase has been titrated with acrylamide 

FIGURE 2: Stern-Volmer plot for acrylamide quenching of fluorescence 
in the fatty acid synthetase at 20 O C .  Points are the experimental 
intensities at 340 nm with excitation at 280 nm. The straight line 
is the best-fit curve by the least-squares method. 

to a final concentration of 0.6 M. For consideration of only 
tryptophan emission, samples were excited at 295 nm. In all 
cases, an inner filter correction was applied, as described under 
Materials and Methods. Figure 2 is a Stern-Volmer plot for 
acrylamide quenching of tryptophan fluorescence in the 
synthetase complex. Data were analyzed in terms of the 
Stern-Volmer law for collisional quenching: 

Fo/F = 1 + K d Q )  (1) 

where Fo and F a r e  the fluorescence intensities at 340 nm in 
the absence and the presence of acrylamide, respectively, at 
concentration Q and Kq is the quenching constant. The value 
of Kq calculated according to eq 1 is 2.19 M-l. This result 
is consistent with the presence of tryptophan residues buried 
in nonpolar environments (Eftink & Ghiron, 1976). The 
acrylamide quenching is accompanied by a blue shift in the 
emission band and the absence of resolution of the spectrum 
into the tryptophan contributions in the presence of 0.6 M 
acrylamide, showing only one maximum at 325 nm. This blue 
shift is interpreted as due to the less quenched tryptophan 
residues located in more buried environments (contribution 
at 325 nm) than those contributing to the 340-nm maximum 
band. These quenching data support the view that the observed 
fluorescence from fatty acid synthetase arises from at least 
two different populations of tryptophan residues, located in 
environments of different polarity. The absence of a red shift 
provides evidence that acrylamide does not denature the protein 
since denaturation results in higher exposure of tryptophan 
residues. 

Lipid-Protein Interactions and the Intrinsic Fluorescence 
of Fatty Acid Synthetase Complex. It is known that the 
enzymatic activity of the purified synthetase from Ceratitis 
capitata is highly dependent on its lipid content (Gavilanes 
et al., 1979, 1981). The effect of sodium cholate and sodium 
dodecyl sulfate was investigated to gain more information on 
the nature of the tryptophan and tyrosine environments in this 
lipid-protein system. The emission spectra of the enzyme were 
registered at a series of NaDodS04 and sodium cholate con- 
centrations. The NaDodS04-treated protein at 0.1% (w/v) 
detergent concentration shows maxima at 365, 345, and 310 
nm (Figure 3, spectrum A). The cholate-treated protein at 
2% (w/v) detergent concentration shows band maxima at 360 
and 345 nm as well as a shoulder at 310 nm (Figure 3, 
spectrum B). In both cases, the two populations of tryptophan 
residues were mainfest. However, the red-shift emission ex- 
hibited by the detergent-treated enzyme complex indicates a 
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FIGURE 3: Fluorescence emission spectra of the native fatty acid 
synthetase and in the presence of 0.1% (w/v) NaDodSOl (A) and 
2% (w/v) sodium cholate (B). Excitation at 280 nm. Spectra were 
recorded at 20 OC and 50 pg/mL protein concentration in 0.25 M 
sodium phosphate buffer, pH 7.5. 

local increase in polarity for both families, higher for the 
NaDodSO, than for the cholate treatment. 

Sodium cholate does not affect the quaternary structure of 
the enzyme (Gavilanes et al., 1979); however, NaDodSO, 
dissociates the complex. It is known from previous circular 
dichroism studies that the enzyme in the presence of 0.1% 
NaDodSO, (w/v) has the same a-helical content as the native 
synthetase. This has been attributed to the conformational 
transitions 6 -+ aperiodic - a (Gavilanes et al., 1978). The 
midpoint of this process takes place at 0.001% NaDodS04 
(w/v). Plots of either F3Lo/F360 or F3@/Fjm values vs. Na- 
DodS04 concentration show the existence of a conformational 
transition at that detergent concentration. Thus, all of the 
NaDodSO,-induced transitions at the different structural levels 
are concomitant processes, and the structural quenching ob- 
served for tryptophan residues in the detergent-treated protein 
could be related to the exposure of those residues in the dis- 
sociated polypeptide chains. In the presence of sodium cholate, 
an exchange between detergent and phospholipids has been 
observed (Gavilanes et al., 1979). Fluorescence data at in- 
creasing concentrations of cholate show a conformational 
transition with a midpoint at 0.5% (w/v) concentration in 
coincidence with that for the decrease of the enzymatic activity 
induced by cholate (Gavilanes et al., 1979). On the basis of 
the observed red-shift emission, phospholipids provide a more 
hydrophobic environment for tryptophan residues than cholate 
(Figure 3). Although the overall secondary structure is not 
modified by cholate (Gavilanes et al., 1979), the exchange of 
detergent-phospholipids results in a modification of the tertiary 
structure of the complex. These data support the view that 
phospholipids are essential for the native conformation, cre- 
ating specific hydrophobic interactions which could not be 
substituted in this lipid-protein system even by molecules with 
similar hydrophobicity. 

Extrinsic Fluorescence Studies. Fatty acid synthetase from 
C. cupitata has a lipid/protein ratio of 1.0 (w/w), with 80% 
of triacylglycerols as the main component and 2% of phos- 
phatidylethanolamine as the essential lipid class for the cat- 
alytic activity (Gavilanes et al., 1979, 1981). 1,6-Diphenyl- 
hexa-l,3,5-triene (DPH) is a hydrophobic fluorescent probe 
commonly used in the studies of the nonpolar regions of lipid 
structures. Schroeder & Goh (1979) found that 80% of DPH 
was located in the lipid core of serum VLDL and triacyl- 
glycerols are the main component (92%) of this lipid core. 
Similar results were obtained by Sklar et al. (1 980) from 
resonance energy transfer data for that serum lipoprotein. 
Thus, DPH could be a good extrinsic fluorescent probe es- 
sentially for the triacylglycerols of the fatty acid synthetase 

1 380 400 nm 

:8oc f 
i /  

FIGURE 4: DPH (0) and DPE (W) uptake by the fatty acid synthetase. 
Fluorescence was measured at 20 'C after 37 OC/3O-min incubation. 
Fluorescence intensity values are obtained for emission at 425 nm 
and excitation at 365 nm. (A) Fluorescence vs. protein concentration 
at 10 pM probe concentration and (B) fluorescence vs. probe con- 
centration at 30 pg/mL protein concentration. 
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Table 11: Incorporation Rates for DPH and DPE to the Fatty Acid 
Synthetase Complex of Ceratitis capitata at 
Different Temperatures 

temp 0 DPH (s-') DPE (s-') 

31 5.5 x 10-3 6.3 x 10-3 
45 8 . 2 ~  10-3 6 . 2 ~  10-3 
60 10.0 x 10-3 6.3 x 10-3 

temperature. Thus, when a given amount of probe and 
synthetase complex was mixed, the probe uptake increased 
with the temperature of the incubation mixture. The incor- 
poration rate values a t  different temperatures are given in 
Table 11. However, from 20 to 60 OC incubation temperature, 
the DPH and DPE incorporations increase respectively 2.4 and 
1.7 times. At 20 OC the probe uptake, for both DPH and DPE, 
is independent of time. The hydrophobic character of the lipid 
components of the complex diminishes the quenching effect 
for probe fluorophores, and it accounts for the fluorescence 
intensity a t  this temperature. Lentz et al. (1976) did also 
obtain an increase of the DPH uptake by phosphatidylcholine 
liposomes. They observed, however, that DPH incorporation 
does not follow first-order kinetics, detecting at least two 
processes. 

Thermal denaturation studies showed a decrease in both 
a-helical content and enzymatic activity over the 20-60 OC 
temperature range (Gavilanes et al., 198 1). When fluorescence 
intensity, as an index of the probe uptake at each temperature, 
vs. temperature (Figure 5B) is plotted, a thermal transition 
can be observed for the probe incorporation. Changes in the 
DPH incorporation in phosphatidylcholine liposomes with 
temperature have been attributed to the gel to liquid crystalline 
phase transition (Lentz et al., 1976). Thus, thermai denatu- 
ration of the synthetase and phase transition for the lipid bulk 
solubilizing DPH in the complex could occur at the same 
temperature range. 

Excitation at 280 and 295 nm for the DPH-synthetase 
system shows an emission maximum centered at 445 nm. This 
maximum corresponds to the emission band of DPH. These 
results indicate the existence of energy transfer between indole 
donors and DPH. Similar studies on the DPE-synthetase 
complex do not reveal the existence of any emission band at 
this wavelength range. Jonas (1974) has estimated a range 
of distances from 23 to 66 A for the energy transfer between 
indole donors and DPH in serum lipoproteins. Thus the above 
results indicate that the distance between tryptophan residues 
in the synthetase complex and DPH molecules is less than 66 
A for many of the mentioned chromophoric pairs. On the basis 
of the absence of energy transfer for the DPE-synthetase 
system, the results can be interpreted in terms of a closer 
proximity between DPH and indole donors than between DPE 
and the same kind of residues. 

From fluorescence polarization studies, at saturating con- 
centration of DPH, an intrinsic microviscosity (7) value of 5.4 
P is obtained at 20 OC according to the equation q = 2p/(0.46 
- p ) ,  where p is the degree of polarization of fluorescence 
(Rossenen et al., 1979; Hildebrand & Nicolau, 1979). How- 
ever, the polarization of the DPE emission was insignificant 
under the conditions of assay. These results reflect higher 
motional freedom for DPE in its solubilization sites than for 
DPH. 

Discussion 
From these results it can be concluded that the fluorescence 

properties of the fatty acid synthetase complex are consistent 
with the presence of two families of tryptophan residues in 
environments buried within the complex matrix. This behavior 
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has been exhibited by all spectra carried out under different 
conditions, even in the dissociated enzyme, suggesting the 
existence of two different polypeptide domains in the complex. 
Since the enzyme complex contains abundant residues of 
tryptophan (1.28 molar percentage), the constancy in the 
difference between both degrees of exposure for tryptophan 
fluorophores could be related to the presence in the complex 
of two types of subunits. On the basis of this idea and con- 
sidering that the subunits of the complex have similar mo- 
lecular weights (Municio et al., 1977), the different fluores- 
cence properties for both subunits would indicate either two 
different polypeptide chains or different lipid environments 
for each subunit. In view of these facts, the fatty acid 
synthetase from C. capitata should be a nonsymmetrical 
structure. 

Fatty acid synthetase from the insect larvae is a soluble 
lipoprotein with a specific and constant lipid composition that 
is essential not only for the enzymatic activity but also for the 
tertiary organization of the complex (Gavilanes et al., 1979). 
From the detergent-treated protein, it is possible to conclude 
a specific role for phospholipids in the conformational support 
of the enzyme through their polar and hydrophobic interac- 
tions, Phospholipid exchange by detergent results in the 
tertiary structure modification, even in the presence of cholate, 
which does not affect either the secondary or the quaternary 
structures. 

Extrinsic fluorescence studies indicate that for each DPH 
concentration a saturating value is achieved, indicating the 
existence of specific sites for the solubilization of DPH de- 
pendent on a size factor. This is in agreement with the hy- 
pothesis of Shinitzky & Inbar (1974) on the DPH-biological 
membrane system. When the lipid composition of the 
synthetase complex is taken into account, a concentration of 
15 pg/mL, which accomplishes saturation for 10 pM DPH, 
implies an acyl chain concentration of 27 pM; thus, the sat- 
uration of the system at 20 OC accomplished an acyl 
chain/DPH ratio of about 2-3. 

When the different results obtained on the uptake of DPH 
and DPE as well as their difference in shape and hydropho- 
bicity are considered, we can conclude that lipids are non- 
randomly distributed within the enzyme complex matrix. The 
buried character of tryptophan residues in the enzyme complex 
and the energy transfer between indole groups and DPH 
suggest a buried location for the solubilization sites of this 
probe. Since DPH is mainly distributed within the triacyl- 
glycerols, these molecules would constitute a lipid core in the 
synthetase complex. On the other hand, the nonobserved 
energy transfer between indole donors and DPE, the buried 
character of tryptophan residues, and the polar heads of DPE 
would suggest a main surface location for the solubilization 
sites of this probe. The specific role of phosphatidyl- 
ethanolamine on the enzymatic activity (Gavilanes et al., 1979) 
indicates that phospholipids are nonrandomly distributed in 
the complex, with phosphatidylethanolamine being involved 
in the conformation of the active site, which according to the 
above reasoning would have a surface location. 

Since the dispersions of DPH are practically void of 
fluorescence, the increase of fluorescence intensity in the la- 
beled synthetase is ascribed to a process of solubilization of 
the fluorophore. The temperature-dependent rates of DPH 
incorporation into the enzyme are higher than those obtained 
for the uptake of adipocyte membranes that also follows ap- 
parent first-order kinetics (Hubbart & Garratt, 1979). Thus, 
the increase in solubilization which occurs over the same 
temperature range of thermal denaturation of the protein could 
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be related to this process but at higher rates than in mem- 
branes. The phase transition for the lipid-solubilizing DPH 
and thermal denaturation of the enzyme could then be con- 
comitant processes. 

The intrinsic microviscosity value obtained from the DPH- 
labeled synthetase in native conditions is similar to those ob- 
tained for serum HDL and LDL (Jonas, 1977), despite the 
higher triacylglycerol ratio in the synthetase. This fact would 
indicate an important order for the lipid core of the enzyme 
complex independent of its high content in triacylglycerols. 
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