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ABSTRACT. Zn-oz-glycoprotein (ZAG) is a soluble lipid-mobilizing factor associated with cancer cachexia

and is a novel adipokine. Its X-ray crystal structure reveals a poly(ethylene glycol) molecule, presumably
substituting for a higher affinity natural ligand, occupying an apolar groove betweenatsdo, domain

helices that corresponds to the peptide binding groove in class | MHC proteins. We previously provided
evidence that the groove is a binding site for hydrophobic ligands that may relate to the protein’s signaling
function and that the natural ligands are probably (polyunsaturated) fatty acid-like. Using fluorescence-
based binding assays and site-directed mutagenesis, we how demonstrate formally that the groove is indeed
the binding site for hydrophobic ligands. We also identify amino acid positions that are involved in ligand
binding and those that control the shape and exposure to solvent of the binding site itself. Some of the

mutants showed minimal effects on their binding

potential, one showed enhanced binding, and several

were completely nonbinding. Particularly notable is Arg-73, which projects into one end of the binding
groove and is the sole charged amino acid adjacent to the ligand. Replacing this amino acid with alanine
abolished ligand binding and closed the groove to solvent. Arg-73 may therefore have an unexpected
dual role in binding site access and anchor for an amphiphilic ligand. These data add weight to the
distinctiveness of ZAG among MHC class I-like proteins in addition to providing defined binding-altered
mutants for cellular signaling studies and potential medical applications.

Zn-a,-glycoprotein (ZAG} is found in body fluids such
as serum, sweat, and seminal and breast cyst fldie8)(
It is identical in amino acid sequence to tumor-derived lipid
mobilizing factor (LMF), a protein associated with the

and may act in a local autocrine fashion in the reduction of
adiposity in cachexia8—10).

Controlling ZAG/LMF’s activity could be life-saving in
the management of certain cancers and other cachexia-

dramatic loss of adipose body stores in cancer cachexia, andnducing conditions, and its possible normal role in body
has been shown to stimulate lipolysis by adipocytes in vivo fat store homeostasis is deserving of understanding in its own

and in vitro @, 5). A role for ZAG has been proposed in the

right. ZAG exhibits a class | major histocompatibility

regulation of body weight, and age-dependent changes incomplex (MHC) fold but is a soluble protein rather than

genetically influenced obesity6), and also it regulates

being anchored to plasma membranes and does not associate

melanin production by normal and malignant melanocytes with S,-microglobulin in humans (1, 12). Like antigen-
(7). It has also recently been classified as a novel adipokine presenting MHC class | proteins, ZAG has an open apical

in that it is produced by both white and brown fat adipocytes
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groove, and X-ray crystallography of human-derived ZAG
revealed an unidentifiable electron density in a similar
position to that occupied by antigenic peptides in classical
MHC proteins and glycolipids in isoforms of CD13, 14).
This presumptive ligand is not a peptide, and the groove is
too small to hold a glycolipid such as is presented by CD1
isoforms.

By analogy with all other MHC class I-related proteins
that have an open apical groove [some do ridg, (L6)],
occupancy by a ligand is probably crucial to ZAG's
biological function. Despite all of the structural and bio-
chemical evidence that ZAG binds a ligand, none has so far
been found by extraction from protein isolated from biologi-
cal fluids (L1, 12). This difficulty could be because the ligand
is labile, heterogeneous, or readily lost during purification
procedures. Knowing more about how ZAG interacts with
the compounds it has been found to bind, both natural and
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artificial, will inform searches for the elusive ligand(s) and Protein Purification.An E. coli clone producing ZAG (or
its/their role in ZAG's signaling function. a mutant form) as a His-tag fusion protein was purified to
The shape and nature of ZAG’s groove are indicative of apparent homogeneity by nickel affinity chromatography
occupancy by a small hydrophobic molecule, and further using a Novagen (San Diego, CA) His-bind kit. The
work revealed that the unidentified electron density in the purification was carried out under denaturing conditions (8
original crystal structure was probably poly(ethylene glycol) M guanidine hydrochloride) to release recombinant ZAG
from the crystallization liquorX7). But, our fluorescence- from inclusion bodies. Natively folded proteins were pro-
and microcalorimetry-based experiments have shown thatduced using a hyperdilution method whereby unfolded
ZAG binds hydrophobic ligands in solution, particularly protein was progressively added to refolding buffer (0.1 M
polyunsaturated fatty acids (PUFAS), and there were indirect Tris, pH 8, 2 mM EDTA, pH 8, 0.4 M.-arginine hydro-
indications that the binding site for these ligands was in the chloride, 0.5 mM oxidized glutathione, 5 mM reduced
position suspected1g). Moreover, human-derived and glutathione) and left at 4C overnight to equilibrate. Proteins
bacterial recombinant ZAG proteins behaved identically in were concentrated and dialyzed into 50 mM sodium phos-
the ligand binding assays, although the latter unfolds at a phate, pH 7. Before use in analytical experiments, all proteins
slightly lower temperature than the former, presumably due were passed down an Extracti-Gel D column (Pierce,
to the absence of glycosylations in the bacterial recombinantrockford, IL) to deplete any intrinsically bound fatty acids
protein. acquired during the purification process and subsequently
ZAG's putative ligand binding site is lined predominately stored at—20 °C. Protein concentrations were determined
by apolar amino acid side chains, and all but one of those spectrophotmetrically using theoreticak, values (68650
within 4.5 A of the presumptive ligand are apolar. The M-t cm ! for ZAG, R73A, R73E, 176A, and F77A: 62870
exception is a prominent arginine (Arg-73) that projects from M~1 cm for W115A, W134A, and W148A: 67280 M

the side of the groove and could act as a strut to hold the cm for Y14A, Y117A, Y154A, and Y161A) calculated
groove open. It could also anchor the charged headgroup offrom the amino acid conten4).

an amphiphilic ligand, as do arginines in cytosolic lipid
binding proteins 19, 20), prostaglandin synthas@1), and
human serum albumin2g, 23). We now find, using site-
directed mutagensis, that these amino acid positions fall into
two groups, those whose substitution modifies ligand binding
to a greater or lesser extent and those that are essential t
binding. This new information provides a framework for
further investigation of ZAG’s natural ligand, how the ZAG
ligand complex interacts with a putative cell surface signaling ~ Fluorescence Spectrofluorometfjuorescence measure-
receptor, and how ligand occupancy is controlled in this ments were recorded at 2& in a Spex FluorMax fluoro-

Circular Dichroism (CD).CD spectra were recorded at
20 °C in a JASCO J-600 spectropolarimeter using quartz
cells of path length 0.02 cm. Protein concentrations were in
the range 0.£0.5 mg mL! as estimated by absorbance at
380 nm. Mean residue weights for each recombinant protein
were calculated from their amino acid sequence, and these
were in turn used to calculate molar ellipticity values.

unusual member of the MHC class I-like proteins. meter (Jobin Yvon Horiba, Edison, NJ) using 2 mL samples
in phosphate-buffered saline (PBS; 171 mM NacCl, 3.3 mM
MATERIALS AND METHODS KCI, 17 mM NaHPQy, 1.8 mM KH,PQy, pH 7.2) in a silica

cuvette. Intrinsic tryptophan fluorescence emission spectra
were recorded atexc = 290 nm of 0.5/M protein solutions.
Raman scattering by solvent was corrected where necessary
by subtraction of spectra obtained using appropriate buffer
olutions. The dansyl-labeled fatty acid 11-[[[5-(dimethy-
amino)-1-naphthalenyl]sulfonyllaminolundecanoic acid (DAU-
DA; Molecular Probes, Eugene, OR) was stored as a stock
solution of 1 mg mL? in ethanol in the dark at20 °C.
Titration involved nine successive additions of QuM

Mutagenesis and Recombinant Protein Productiliu-
tagenesis was carried out on the ZAG pET23a clone using
a Stratagene (La Jolla, CA) QuikChange Il site-directed
mutagenesis kit. Two primers (complementary to opposite
strands of the vector) were designed to encode the intende
mutation, and mutated DNA was synthesized following the
manufacturer’s instructions. Briefly, amplification of mutated
DNA was carried out by PCR; parental DNA was removed
by incubation of the combined plasmid pool with the S C
restriction enzymé®pnl, followed by transformation of the protein aliquots to a 0.5M DAUDA solution in buffer._ Data
mutated DNA into XL1-Blue supercompetent cells. The Arg- collected allexc = 345 nm were corrected for dilution and
73 — Ala (R73A) mutant was prepared using a Clontech fitted by sta.n_dard .nor_1llnear regression tech_n!ques to a§|ngle
(Mountain View, CA) transformer site-directed mutagenesis "oncompetitive binding modeb6—27) providing an esti-
kit. Two mutagenic primers were designed to anneal to the Mate of the dissociation constant for DAUDA bindirig).
same DNA strand: one primer containing the desired A 104M solution of ANS (8-anilino-1-naphthalenesulfonic
mutation and the other altering a unique restriction enzyme acid) was excited at 390 nm and the change in fluorescence
site (Poull — Sad). Mutated DNA was transformed into ~ emission recorded upon the addition of @14 protein. To
strain mutSEscherichia coli The success of the mutagenesis assess whether the ANS and fatty acid binding sites were
reactions was confirmed by sequencing individual inserts coincident or at least interactive, 0.15, 1.5, and ;44
using the T7 promoter primer, and mutated plasmids were additions of docosahexaenoic acid (DHA; Sigma-Aldrich,
transformed into BL21(DE3)pLysE for expression of re- Poole, Dorset, U.K.) were made to the ANfrotein
combinant proteins. All mutants are named with the original complex, and changes in ANS fluorescence emission inten-
amino acid, the amino acid position, and the new amino acid, sity were recorded. A control experiment revealed that
using the single letter codes as exemplified; thus, Tyr-117 addition of DHA to ANS alone did not alter the probe’s
mutated to Ala is designated Y117A. fluorescence emission properties.
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Ficure 1: Amino acid sequence alignment of human ZAG with that of rat, mouse, dog, and cow (GenBank Accession Codes BC005306,
BC105822, NM013478, XM536867, and NM001034331, respectively). Conserved positions are in red and nonidentical but similar amino
acids also in red using the groupings defined by the Dayhoff evolutionary substitution matrix, indicated by the symbols $ for L or M, %

for F or Y, and # for anyone of N, D, Q, or E. Positions of intermediate consensus are indicated in blue, and black indicates no discernible
similarities. The positions of amino acids whose side chains lie within 4.5 A of the unidentified electron density in the crystal structure of
ZAG (11), and where the site-directed mutagenesis was carried out, are indicated in the boxes. Leader/signal peptide sequences have been
removed, as have short C-terminal sequences that are highly divergent and variable in length. Alignment was carried out using the MultAlin
program set for the Dayhoff substitution matrix.

RESULTS AND DISCUSSION whose side chains lie within 4.5 A of the unidentified electron
density in the crystal structure of human ZAGL(17) were
changed to alanine, and the prominent Arg-73 was addition-
ally changed to an amino acid of similar size but opposite
charge, glutamic acid. All of the mutant proteins gave circular

Sichroism spectra similar to that of the wild-type protein,
with the notable exception of the Arg-73 Glu (R73E)

Regional Consemtion within Mammalian ZAG Se-
quencesFigure 1 shows an amino acid alignment of five
mammalian ZAG proteins drawn from species in four major
clades of placental mammals, using sequences from the do
and cow only very recently available from genome projects.
This clearly identifies regions of the proteins that are highly . o . !
conserved across the mammals and those that are divergen thant, ;Vh'Ch exhibited a substantial change in CD spectrum
It is particulary notable that the amino acids immediately igure 2).
adjacent to the putative ligand (boxed) in crystal structures  The intrinsic (tryptophan) fluorescence emission spectra
(11, 17) are absolutely conserved among the mammals Of the proteins were also recorded (Figure 3). The mutants
sampled. All of these lie in highly conserved regions of the showing the greatest changes in emission characteristics were
protein that map to the immediate region of the putative those in which tryptophans had been replaced, each of which
binding pocket to one end of the space between the helicesgave a significant drop in peak emission intensity attributable
in the structure (not shown), and regions away from this to the loss of a Trp fluorophore. Also, the alteration in
immediate area show substantial relative diversity. This is wavelength of peak fluorescence emission intensity by the
strongly indicative of the functional importance of the groove Trp substitutions appears to reflect the degree of exposure
in ZAG’s biological function and evolutionary constraints to solvent of the respective deleted Trp side chains in the
on this region of the protein that does not apply elsewhere. wild-type protein (1, 28). The other mutants varied in the
ZAG's ligand binding activity, like that of the peptide extentto which they differed from the wild-type protein with
(classical class 1) and glycolipid (CD1) binding MHC respect to peak wavelength and emission intensities, indica-
immunity proteins, is likely to be closely linked to biological tive of consequent alterations to the environments of their
activity, although ZAG'’s groove is clearly distinct in terms  Trp side chains. Surprisingly, in light of the changes in CD
of its apparent affinity for small amphiphilic ligands and spectra, neither of the Arg-73 mutants showed substantial
greater exposure to solvent. changes in their fluorescence emission spectra. Overall,

Mutant Proteins and Their Structural Integritgingle site- changes in the fluorescence characteristics of the mutants
directed mutant forms of human ZAG were produced as were not predictive of changes in their ligand binding
described in Materials and Methods. Each of the amino acidscharacteristics (see below).
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Ficure 2: Far-UV circular dichroism analysis of wild-type ZAG and R73E mutant. Spectra were collected using a 0.02 cm path length cell
with protein solutions in 50 mM sodium phosphate buffer, pH 7. The proteins were measured at a concentration rarge Dyl
mL~%, and the spectra were corrected for protein concentration.

forms such as docosahexaenoic acid (DHA) and eicosapen-
taenoic acid (EPA). DAUDA can therefore reasonably be
used as a probe for a specific ligand binding site, despite
the addition of the dansyl fluorescence reporter group.

The mutant ZAG proteins fell into two distinct groups with
respect to DAUDA binding: those in which binding was
relatively unaffected or even enhanced and those in which
binding was ablated or virtually so (Figure 4, Table 1). DHA
displaced DAUDA efficiently in all mutants that retained
DAUDA binding (data not shown), indicating that the
specificity of binding had not been affected.

Those mutants in which binding was only slightly reduced
300 | 30 340 | 30 380 400 420 were W115A, W134A, and W148A, and binding by Y117A

Wavelength of emission (nm) was notably enhanced in comparison to the control ZAG
FiGURE 3: Intrinsic tryptophan fluorescence of wild-type and mutant Wild-type protein. The former three were all substitutions

ZAG proteins. Intrinsic fluorescence emission spectra were recordedOf Trps that contribute to a nest of apolar side chains to one
atdexe = 290 nm using wild-type ZAG and mutant proteins at 0.5 end of the binding cleftl(1), and replacement with the small

#M protein in phosphate-buffered saline, pH 7.3. Wild-type ZAG  gliphatic Ala was seemingly relatively inconsequential to the

contains eight tryptophans, the collective emission spectra for which ; ; :
peaks at 342 nm, and which is altered slightly upon addition of immediate apolar environment. The Y117A mutant showed

fatty acid ligands18). The spectra in descending order of emission €nhanced DAUDA binding that might be due to an increase
intensity recorded at 342 nm are Y14AR73E> F101A~ ZAG in the volume or accessibility of the binding site, without

wild type ~ R73A >Y154A > F77TA~ I7T6A > Y161A >Y117A the loss of binding specificity. Such a conclusion is supported
> WI134A > WL15A > W148A. All spectra were corrected for by the results of similar experiments with a nonspecific
dilution and Raman scatter. probe, ANS (see below), and by the fact that Y117A

Taken together, these data indicate that, with the particular,eXhibited the greatest decrease in intrinsic (Trp) fluorescence

exception of R73E, the mutant proteins did not depart mtensity among thg .non—Trp substitutiqns, consistent with
substantially from the structure of the wild-type ZAG, quenchlng of remaining sqlvent-acceg&ble Trps because of
although this requires confirmation with more definitive increased exposure of their side chains to water.
structural analysis. All of the remaining mutations (Y14A, F101A, F77A,
Effects of Mutations on Ligand Bindinwild-type ZAG I76A, Y154A, Y161A, R73A, R73E) exhibited near or
has been shown to bind the fluorophore-tagged fatty acid, complete loss of binding. Most of these substituted positions
DAUDA, which undergoes a substantial increase in emission are at the opposite end of the binding groove from the group
intensity, plus a blue shift in peak wavelength of emission, of Trps, and three are close to Arg-73. This points to a central
upon binding to either human-derived or recombinant wild- role for this arginine, or adjacent side chains in ligand
type ZAG (18). The degree of blue shift is less than that binding, in which an interacting network of amino acids may
found when DAUDA is fully enclosed in the binding sites coordinate with a charged headgroup of an amphiphilic
of specialized lipid transporter protein85 27, 29) but is  ligand.
consistent with occupancy of a binding site that is not fully ~ The disruptive effect of replacing Tyr-154 is more difficult
segregated from the solvent water. DAUDA is displaced by to explain given that its side chain projects at an angle from
a range of fatty acids, most efficiently by polyunsaturated the inside of helix2, but upward and away from the ligand’s
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Ficure 4: Fluorescent fatty acid binding by wild-type ZAG and
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Table 1: Effects of Mutations on Ligand Binding by ZAG

protein+  protein+
DAUDA ANS
DAUDA relative relative  displacement
binding emission  emission of ANS
proteit  Kgq(uM™Y)® intensity intensity by DHA®
Y117A 0.19+ 0.05 142 668 +
ZAGWT 0.73+0.08 100 100 +
W115A 0.92+0.15 88 203 +
W134A 1.23+0.14 70 191 +
W148A 3.05+ 1.72 57 216 +
Y14A - 30 22 -
F101A - 24 52 +
F77A - 20 246 +
Y154A - 17 42 +
176A - 13 22 -
Y161A - 13 82 +
R73A - 4 0 -
R73E - 0 17 -

a2 The mutant and wild-type (WT) forms of ZAG are listed in order
of maximal emission intensities produced in the titration experiments
shown in Figure 4BP Dissociation constantK{) estimates from
fluorescence titration curves (Figure 4B), corrected and calculated as
described in Materials and Methods. Cases where the binding function
had been compromised to such a degree that no religplalue was
obtainable are indicated-). ¢ Fluorescence emission intensities of 1
uM DAUDA with 2 uM each of the mutant proteins, expressed as a
percentage of intensity with wild-type ZAG. Data were taken from the
spectra given in Figure 4A, corrected for dilution and Raman scatter,
and subtracted for emission intensity of DAUDA in buffer alone. All
values used were taken at the wavelength of peak fluorescence emission
by the wild-type ZAG-DAUDA mixture (514 nm) corrected as above.
d As for footnotec but with 10uM ANS, and the values used were
taken at a fluorescence emission wavelength of 480°Displacement
of ANS from the binding site of protetnrANS complexes by subsequent

12 mutant forms. (A) Fluorescence emission spectra obtained uponaddition of 15uM DHA, classified as displacement observee)(no

addition of 1uM ZAG wild-type or mutant protein to 0.xM
DAUDA in PBS (fexc = 345 nm). Wild-type ZAG produces a shift
from 542 nm (DAUDA in buffer) to 519 nm upon addition of
protein. R76A and R76E failed to bind DAUDA while the
remaining mutants showed diverse binding activities. At an emission
wavelength of 519 nm, the intensities for DAUDA in complex with
equivalent amounts of each protein were Y11¥&AG wild type

> W115A > W134A > W148A > Y14A > F101A > F77A >
Y154A > 176A > Y161A > R73A ~ R73E. (B) Progressive
additions of 0.JuM protein were made to 04V DAUDA solution,

and the fluorescence emission intensity was measured at the

maximum wavelength of fluorescence emission for DAUDA bound
to wild-type ZAG (519 nm). The resulting fluorescence titration
curves were corrected for dilution and fitted using standard
nonlinear regression techniques to a single noncompetitive binding
model as previously described5 26), providing an estimate of
the dissociation constant for DAUDA binding({; Table 1). The
rank order of fluorescence maximum emission achieved for each
protein in the experiment was as for (A) above.

position. The substitution for Ala may alter the disposition
of the a; helix, or Tyr-154’s aromatic ring may play a role

in ligand binding by packing against and shielding it from
solvent in the wild-type protein.

Effects of Mutations on Conformation of the Binding Site.
The mutations may either corrupt the gross structure of the
binding site or leave it intact but without an amino acid side
chain that directly controls its ligand specificity. We therefore

displacement observed-§, or slight or questionable displacement
observed £).

ZAG wild type
064 typ

ANS in buffer
alone

0.4 1
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=
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Ficure 5: Binding of ANS by wild-type ZAG and mutated proteins.
Proteins were added to a final concentration of\bin a cuvette
containing 1QuM ANS solution in PBS, pH 7.3, and fluorescence
emission spectra recorded with,. = 390 nm. The rank order of
decreasing peak fluorescence intensity recorded at 478 nm upon
addition of equivalent amounts of each protein was Y1E7R77A
> W148A ~ W115A > W134A > ZAG wild type > Y161A >
F101A > Y154A > Y14A, =~ I76A > R73E> R73A.

T
450 700

also examined interactions between ZAG mutants and the(Y117A, W115A, W134A, W148A), ANS’s emission was

nonspecific hydrophobic probe ANS (Figure 5, Table 1),
which is widely used to detect exposed hydrophobic regions
of misfolded proteins and will also bind to hydrophobic
ligand binding sites of correctly folded proteins. In complex
with all of the mutants that retained fatty acid binding

enhanced over that with unmutated ZAG, particularly so for
Y117A. In each of these cases, ANS was displaceable with
DHA (as was DAUDA), so the specificity of the binding
sites was retained. The increased binding by ANS, therefore,
could be due to a proportion of misfolded protein, or an
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as human serum albumin, prostaglandin synthase, and several
types of cytosolic fatty acid binding proteinl%—23).
Moreover, the charge interaction and hydrogen-bonding
networks involved in this tethering frequently involve
tyrosines, two of which are close to Arg-73 in ZAG, and
the substitution of which ablates ZAG’s ligand binding. It
would be interesting to replace Arg-73 with an amino acid
of similar charge and size, Lys, given that this amino acid
can also act to tether fatty acids and other small hydrophobic
compounds in binding proteing3, 30).

The first major implication of our findings is that the
binding site for fatty acid ligands has been correctly identified
as that occupied by the unidentified electron density in the
crystal structure of ZAG,; it is unlikely that another site or
sites exist that would have been affected by the mutations
we created. While it is now known that poly(ethylene glycol)
artifactually cocrystallizes in the apolar groovg7), the
FiGure 6: Structure of the binding site region of wild-type ZAG shape and volume of the groove so delineated are consistent

as derived by X-ray crystallography and effects of mutation of with OCCUPam_:y lf_)y a fatty acid-like molecule. Our previoug
ligand-proximal side chaind.(, 17). The side chains of only those ~ and present findings using a fluorophore-tagged fatty acid
amino acid positions that were mutated are shown and are indicatedand competitive displacement by natural lipids point strongly
according to whether the changes abrogated (red), enhanced (greenjg 5 polyunsaturated fatty acid being a natural ligand for

or had only slight effects (blue) on ligand (DAUDA and fatty acids . .
by competition) binding. The shape, volume, and position of the ZAG. However, no ligand has yet been successfully isolated

space occupied by the presumptive ligand is indicated, as definedand identified from human-derived ZAG, leaving open the
by occupancy of poly(ethylene glycol) in crystals of ZAG. possibility that other classes of small amphiphilic compounds

are pertinent. Other such molecules include retinoids and
increase in accessibility or volume of the binding site due steroids, although we have found no evidence for their
to loss of bulky side chains, without apparent loss of pinding to ZAG (19). It is possible, however, that ZAG’s
specificity. This applied particularly to the Y114A mutant, natural ligands are heterogeneous, and the balance of them
in which the binding site was of enhanced accessibility by modulates ZAG's natural regulatory function; DHA and
the criteria of increased ANS binding and decreased tryp- Epa, for instance, both bind but can have different effects
tophan emission. in other physiological context8{, 32).

abIrT)g;:t)esé ?;;?ﬁ;i @iﬁf}gti'&y Ah I(I:;]GIZA\l{JlDE:Z /_l\D |r;2d7|r319AV\$% Given ZAG/LMFs’ dramatic effects in inducing adipolysis
’ ) ’ ’ ¥ ! | in certain pathological states, it is probable that it operates

R73E), ANS binding was reduced or lost, indicative of partia by | X it I surf hat i d
or complete closure of the binding site. In F77A and Y161A, PY Interaction with a cell surface receptor that s connecte
to an intracellular signaling pathway. Currently, the only

however, ANS binding was either increased or only slightly X . .
reduced, and these were the only mutants in this group in candidate for such a receptor for which ZAG-associated cell

which ANS was displaceable with DHA, consistent with activation has been found is /&adrenergic receptor on
partial retention of binding specificity. Interestingly, any 2dipocytes &3). If the ligands bound to ZAG are physi-
substitution of Arg-73 had the greatest negative effect on ologically significant, then it would be expected that pre-
ANS (and DAUDA) binding, in a manner supportive of the l0oading the protein homogeneously with selected natural
idea that this amino acid acts as a strut to hold the binding ligands or drugs should modulate ZAG’s biological activity.
site open. Similarly, the availability of mutants that are binding
Overall, the effects of the mutations are consistent with negative, enhanced, or modified in specificity could be used
the binding site being designed for a small amphiphilic experimentally to test whether ligand occupancy is a require-
molecule whose hydrophobic end would fit into a space ment for induction of adipolysis in vivo or in vitro. Finally,
surrounded by apolar amino acid side chains and a polarbinding-defective or modified mutant ZAGs may compete
headgroup that would occupy a more charged region adjacentvith endogenous ZAG for activation of a cell surface
to Arg-73 (Figure 6). Arg-73 has an unexpectedly central receptor, even in the context of the postulated local autocrine
role in the structure of the binding site, its substitution pathway 8—10). This could in turn open up opportunities
resulting in the apparent closure of the binding site, such asfor the application of ZAG mutants in clinical use to control
is the case for other members of the MHC class | protein ZAG-associated adipose loss in cancers or other pathological
family (15, 16). We also speculate that Arg-73 has the states or to correct inborn or otherwise caused imbalances
additional role of acting as an anchor for the ligand, by in body adipose stores.
interacting with the negatively charged headgroup of, for
instance, a fatty acid. We were, however, unable directly to ACKNOWLEDGMENT
test such an anchoring role since any modification of Arg-
73 abrogated both ligand binding and accessibility to the = We are indebted to Alan Cooper for insightful advice and
binding site. But, arginines are found to act as anchors of discussions and to Thomas Jess, Sharon Kelly, and Nick
fatty acids or their metabolites in a number of proteins, such Price for invaluable help in the CD analysis.
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