Valume 278, number 3, 228-228 FEHS (wlald
& 199) Federation of Europenn Bioehemical Sovieliey 00143793.:9) /3% S0
ADONIS 0014379191000748

Examination of elongation factor Tu for aluminum fluoride binding sites
using fluorescence and *F-NMR methodologies
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Thix article reportx on u compansen of the interaction of AP* und F - with two GTR-binding proteins, clonganon factor Tu (EF-Tu) and the
hormone seamtive regulatory pratein (G pratein) G,z The methodelogies ehasen to clucidate possible interaetions between pratein and aluminum
Nuande were Nuoreseence specirossopy and nuclear magneue resenance ('YF-NMR) Balh praieins have tryptophan residues neur their pucleotide
binding sitex, the purperted site of aluminum Muonde intersetion [t his been assumed for G prateing (ineluding Gy} thut aluminum fluende,
in the presence af Mg'*, auniics the magnesium coordinated ;-phosphute group far the GDP-form of the protein und shifts the protein’s conforma-
tion taward the active GTP-form  Indecd, chianges in intnnsic Auorescence of Gux effected by aluminum Auoride are abserved The presence of
aluminum fMlueride did not uifect the intrinsic uarescence, specirn or ifeimes, of EF-Tu:GDP. YF-NMR was then uxed to dircctly test for bound
F- Fluonde alone vi i the prexence of either protein gave a single "*F-NMR peak at — 10 ppm, charactenstic of free F= With the addition
of aluminum to the pratein and F - samples a secand peak, stufted upficld from the first to =29 ppm, wux observed for G,a GDP This second
peak. which has been ussigned (o prowein-bound F . wig not abserved for EF-Tu GDP These abservations show that the intéraction of AP
and F =, in the presence of Mgi*, may be quite different betwexn the hormone-sensitive G proteins, which bind aluminum fluonide, und the GTP-
inding proteins ug u whole, which include EF-Tu Care must therefore be exercised when structural data on the elongation factor, specifically
on the nucleotide site, ure used to interpret duti or compose models intended 10 deseribe the hormone-sensitive regulatory G proteins

Elongation Factor Tu, Aluminum Fluonde, Gya, F-NMR, Fluoreseence

1. INTRODUCTION ticular event is often sited as evidence for G protein in-

teraction.

Interest in aluminum fluoride stems from early Here we have applied '’F-NMR to directly measure

reports demonstrating that a variety of enzymes are in-
fluenced by the presence of fluoride 1ons Kinases and
phosphatases are inhibited [1] while adenylyl cyclases
arc generally activated (2]. Later it was discovered, 1n
the case of adenylate cyclase activation, that fluoride
mteracted with G,, a GTP-binding regulatory protein
(G protein) which couples the membrane receptor to
adenylyl cyclase. In 1982 Sternweis and Gilman
demonstrated that the presence of trace amounts of
aluminum were required to activate adenylyl cyclase
with fluoride [3]. The working hypothesis was then ex-
pounded by Bigay et al. [4,5] that aluminum fluornde
may be a y-phosphate analogue binding to the guanmne
nucleotide site at the y-phosphate position, vacant in
the presence of GDP. Bound, the aluminium fluoride
would then confer a GTP-like conformation on the G
protein. At present, all regulatory G proteins are known
to interact with Al** and F -, in the presence of Mg?*,
and, indeed, the influence of fluoride ions on a par-
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bound and free fluoride and have applied steady-state
as well as time-resolved fluorescence techniques to
monitor changes in the local protein conformation as a
consequence of aluminum fluoride binding. Both
methods lead to complementary results toward eval-
uating possible interactions between the proteins and
the aluminum fluoride complex.

2. MATERIALS AND METHODS

Guanosine  5'-diphosphate (GDP), phenylmethanesulfony!
fluoride (PMSF), and tris(thydroaymethyl)aminomethane (Tris) were
purchased from Sigma Biochemicals [8-*H|GDP was obtained
through Amersham, and dithiothrettol (DTT) was from Pierce
Chemical Co AlCls was from Malhinkrodt MgCl; and NaF were pur-
chased from J T Baker Chemical Co

EF-Tu was punified from Escherichia colt MRE600 paste (Grain
Processing, Inc ) by the method of Leberman et al {6} GDP-binding
activity of the EF-Tu was determined using the filter assay as describ-
ed by Miller and Weissbach {7), and the total EF-Tu GDP concentra-
tion was determined using an extinction coefficien: at 280 nm of
29 200M ' em~ ' [8] Preparations were routinely stored at -80°C 1n
50 mM Tris pH 7 6, 10 mM MgCla, 1 mM NaN,, 0 5 mM DTT, 10
uM GDP, and 10 xM PMSF All measurements were performed at
20°C The EF-Tu NMR samples were put into buffer containming 80%
D;0O
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Bovine brain Cuer was purified as reported previously [9,10) In the
presence of aluminum Mueride. Aluminum Muoride-frey Cue wan
prepared, av reported, by copvecutive chromatography with hydrox.
viapalite and (.25 Gorr waat stored (11 30 mM HEPES (pEL 8), | mM
EDTA, | mM DTT, 0.1% Lubral and kepi at =807C untll nevded
(1),

Technical Nuorescence specira were taken at 20°C an eliher a
SPEX Fluorclog fluorometer or an SLM B000C vpecirafluoremeter,
The excitation wavelength was set 16 Y00 nim, 4 nm band-payy, to
avold excutation of tyrosine residues for EF-Tu, and sel ta 290 nm,
4 nm band-pass, for Coer 1n all ¢ases a buffer blank was subtracted
from the sample spectra thaugh these valués were less than 2% af the
rotal sample intensity for EF-Tu and less than [0%e for Cuer

The time-resolved Nuorescence measurements were performed
using time correlated single photon counting with laser/microchannel
plate mytrumentation deseribed in detall élsewhere (12). The excltu.
tion wavelength was set (o 300 am and the emission was monitered at
340 nm with a bandpass of 4 nm. The channel width was 20.5 ps and
the daia werc collected in 1024 ¢hannels, in cach case a sample blank
wis counted for Lhe same accumulation time and subtracted from the
sample decay curve

WE.NMR experiments were performed on a Varnian VXR-800 ("¢
resonance frequency is 470 27 MHz) at 20°C  Chemical shifts were
measured relative to 0% triflueraucetic acid in DyO under the same
experimental conditions as the EF-Tu GDP protein sample An
average of 256 FID's (free induction of decays) each after n 40° pulse
were accumulated m an interval of 3 8¢

3. RESULTS AND DISCUSSION

G protcins as a group show much homology 1n their
physiological characteristics (for reviews see ref. 13 and
14). The underlying common feature among the G pro-
teins relevant to this work 1s the conformational dif-
ference between the GTP and GDP forms. The GTP
form has an increased affinity for the respective effec-
tor while the GDP form binds to the receptor. The exact
nature of the resulting conformational change 1s not
presently known for any of the G proteins under study.
Of the GTP-binding proteins being investigated, EF-Tu
is probably the best understood with data on the crystal
structure for the GDP form having been reported
[20,21]. Other G proteins, with the exception of the ras
p21 proteins [15-17], have yet to be crystallized and lit-
tle 1s known about their overall structure,

The fluorescence results on Gy [9] demonstrate a
60% increase 1n the protein’s intrinsic fluorescence
upon binding of aluminum fluoride (Fig. 1). Hence one
or more of the Gy tryptophans is markedly influenced
by the presence of aluminum fluoride, a result consis-
tent with the idea that aluminum fluoride binds to the
protein with a resultant conformational change. From
previous work it is evident that 1 mo! of aluminum
binds per mole of protein with the site in the -
phosphate local of the nucleotide binding domain ([4,5]
and Higashijima et al., in preparation). Since the
presence of the salt complex has been shown to rever-
sibly modify the behavior of several G pioteins toward
their effectors, one can assume that the association is
not denaturing. Indeed, the association appears to ac-
tivate the G protein. This conclusion 1s also supported
by the further observation that the binding of GTP+S,
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Fig. 1 The intnnsic fluorescence spectrum of Goer (300 nm) 15 record-

ed with {(——) and without (----) AP* {20 xM), I (10 mM), and

Mg!® (6 mM). Excuation wavelength was 290 nm and the specira
were recorded at 20°C

a non-hydrolyzable GTP analogue, to Gor induces
similar fluorescence changes as well as activates the pro-
tein [18].

Fluorescence enhancement of the EF-Tu tryptophan
has been observed in the cases of EF-Tu denaturation in
6 M guanine HCI (Hazlett and Jameson, unpublished)
or SDS [19] and for the GTP-form of the protein [19].
Information from the crystal structure {20,21] and se-
quence data [22] have assigned the single tryptophan to
residue 184 within the GDP-binding domain and near
the nucleotide site Fluorescence quenching data have
described the tryptophan environment as relatively in-
accessible to the solvent [23] suggesting an interior fac-
ing orientation. This interpretation 1s reasonable since
the tryptophan emission in EF-Tu GDP [19,23] is
highly quenched, a state which is often due to interac-
tion with nearby amino acid residues Thus, one would
expect the tryptophan to be ideally situated to monitor
aluminum binding to the nucleotide site through the
resuiting changes in the relative position of tryptophan
with nearby residues and the solvent. However, in the
presence of aluminum and fluoride the tryptophan
fluorescence of EF-Tu' GDP showed little change (Fig
2), The 3% decrease 1s most likely due to a small
amount of denatured EF-Tu: GDP, presumably due to
the temporary, local high ionic strength upon the addi-
tion of a smali velume of concentrated aluminum
chloride. A transient observable increase in the solution
scattering immediately after AICl; addition supporis
this contention.

Fluorescence hfetime data on EF-Tu, 1n the presence
or absence of aluminum fluoride, were best fit to a
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Fig. 2. Techuleal emission spectra of EF-Tu (2 uM), exéatation at 300

nm, 1n the presence (--- ) and absence (—=) of aluminum (100 uM)

and fluoride (10 mM) are presented. The buffer also contained § mM
Mg** amd 10 4M GDP,
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model of three exponential decays (with aluminum
fluoride: 3.6 ns, 1.3 ns and 0.4 ns; without aluminum
fluoride: 3.5 ns, 1.2 ns, and 0.37 ns) and a 0.0 ns delta
function indicating a trace of a scatiering component.
The reduced x*, was 1.04 for both data sets, indicating
a good fit. Interaction of EF-Tu-GDP and aluminum
fluoride was not indicated.

Fluorine NMR results on both proteins reconfirmed
our conclusions with Gaee (this report and Higashijima
et al., in preparation) and further supported our con-
clusions for EF-Tu'GDP based on the fluorescence.
Aluminum fluoride in solution gives a single peak at -10
ppm from trifluoroacetic acid, as does free fluoride,
which remains unchanged in the presence of aluminum.
Fluoride bound to the protein, presumably with
aluminum and complexed with the appropriate protein
side chains would be expected to have a shifted '*F-
NMR peak. This shift was learly observed for Gea in
the presence of aluminum fluoride where peaks for
both free fluoride, -10 ppm, and bound fluoride, -29
ppm, were observed (Fig. 3).

19F-NMR

(b) EF-Tu+F-+ Al

() Goo+ F"+ Al3r

AR LiATy. g prrnd v s pripfne T omels g

-10

-20

Chemical Shift (ppm)

Fig 3 '"F-NMR spectra in the presence of Mg?* on Fluonde (a), EF-Tu (540 uM) 1n the presence of F~ (5 mM) and AlP* (500 uM) (b), and Goc
(700 uM) 1n the presence of Al** (700 uM) and F~ (5 mM) (c)
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Again In contrast 10 the Guee data, only the free
fluoride peak at -10 ppm was observed for the EF-
Tu-GDP sample. Additionally, a fast exchange be-
tween free F~ and protein-bound F~ is unlikely since
there was no shilt in the free F = signal. The nucleotide
site, then, appears to be sufficiently different from the
Cioce site to not recognize the aluminum fluoride as a «-
phosphate analogue, Our data and conelusion are in
complete agreement with a recent report by Kraal and
co-workers who, by examining the intrinsic GTPase ac-
tivity and applying limited tryptic digeshon methods,
found no evidence of an aluminum fuoride induced
GTP-form of the elongation factor [24]

This study and that of Kraal and co-workers [24]
clearly demonstrate that aluminum fluoride does not
act as a y-phosphate analogue for EF-Tu- GDP. Conse-
quently, the structural characteristics of the EF-Tu
nucleotide site, despite the reported homologies among
the GTP-binding proteins, must differ from the
hormone-sensitive regulatory G proteins It should also
be noted that ARF, another well-studied GTP-binding
protein, does not appear to bind aluminum fluoride
{25]. Just what these structural differences are and how
the various GTP-binding proteins are related are ques-
tions which have yet to be answered, One must,
therefore, take care 1n applying structural data across
the family of GTP-binding proteins since differences in
the physical structure of their nucleotde sites are in
evidence
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