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Summary. The molecular properties of the human eukaryotic initiation fac-
tor 5A precursor and its site directed Lys50 — Arg variant have been inves-
tigated and compared. Structure perturbation methods were used to gain
information about the protein architecture in solution. Intrinsic and extrinsic
spectroscopic probes strategically located in the protein matrix detected the
independent unfolding of two molecular regions. Three cysteines out of four
were titrated in the native protein and the peculiar presence of a tyrosinate
band at neutral pH was detected. At alkaline pH only two tyrosines out of
three were titratable in the native protein, with an apparent pK of about 9.9.
Native protein and its Lys50 — Arg variant reacted in a similar fashion to
guanidine and to pH variation, but differently to thermal stress. The complex
thermal unfolding of both proteins indicated the presence of intermediates.
Spectroscopic data showed that these intermediates are differently structured.
Consequently, the two proteins seem to have different unfolding pathways.

Keywords: Amino acids - eIF-5A — Hypusine — Protein folding — Post-
translational modification

Abbreviations: AEDANS, acetyl-N’-(8-sulpho-1-naphthyl) ethylene-dia-
mine; CD, circular dichroism; DTNB, 5,5’-dithiobis(2-nitrobenzoic acid); &,
molar extinction coefficient; Ae, molar extinction difference; elF-5A, cu-
karyotic initiation factor 5A, namely the hypusine-containing protein;
eIF-5A precursor [or ec-eIF-5A(Lys)], eukaryotic initiation factor 5A precur-
sor, i.e., the unmodified precursor form of elF-5A produced in Escherichia
coli by expression of human eIF-5AcDNA containing Lys in position
50; GdnHCI, guanidinium chloride; I-AEDANS, N-iodo-AEDANS; N-
AcCys-AEDANS, N-acetylcysteine-AEDANS, Mr, relative molecular mass;
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ODU, optical density unit; RMS, root mean square; TrisHCl, Tris
(hydroxymethyl)amino-methane hydrochloride.

Introduction

Eukaryotic translation initiation factor SA precursor [(ec-elF-5A(Lys)] is
the only cellular protein known to contain a specific lysine residue which
is transformed into the unique amino acid hypusine [N*-(4-amino-2-
hydroxybutyl)-lysine]. This amino acid is formed by a series of post-
translational reactions starting with the transfer of the butylamine moiety
from spermidine to the e-amino group of one of the lysine residues in the elF-
SA precursor protein, thus forming peptide-bound deoxyhypusine (Park et
al., 1982). This intermediate is not accumulated in cells but is immediately
hydroxylated at C-2 of the incoming 4-aminobutyl moiety to form hypusine
(Abbruzzese et al., 1985, 1986, 1988b). More recently it was found that eIF-5A
undergoes a post-translational modification catalyzed by transglutaminase
(Beninati et al., 1995).

elF-5A promotes the formation of the first peptide bond during the initial
stage of protein synthesis (Hershey, 1991). A series of observations suggests
that eIF-5A plays a role in cell growth and differentiation. In fact, the ec-elF-
SA(Lys) modification is correlated with cell proliferation (Abbruzzese, 1988;
Abbruzzese et al., 1988a; Beninati et al., 1990; Caraglia et al., 1997) and is vital
for Saccharomyces cerevisiae growth (Schnier et al., 1991). Moreovcer, agents
that block the lys/hyp transformation (Abbruzzese et al., 1989, 1991 Jakus et
al., 1993; Park et al., 1994) inhibit the growth of mammalian cells (Park et al.,
1993).

The protein, of M.W.18-kD, is highly conserved from yeast to mammalian
cells (Gordon et al., 1987; Park et al., 1984). The human cDNA that encodes
the eIF-5A precursor has been cloned and sequenced (Smit-McBride et al.,
1989). Subsequent studies showed that the Lys50 residue is modified to
hypusine and that the Lys50 — Arg variant is unable to stimulate methionyl-
puromycin synthesis in vitro (Hershey et al., 1990; Park et al., 1991). The genes
encoding the eIF-5A precursor have been cloned in yeast (Schnier et al., 1991)
and the expression of at least one of them is required for viability. Moreover,
the Lys50 — Arg variant is inactive in vivo (Smit-McBride et al., 1989). These
data suggest that hypusine synthesis is required for the biological activity of
the protein and for interaction with the ribosome.

Different isoforms of the protein have been isolated and structurally char-
acterized (Joao et al., 1995; Klier et al., 1995). The main form (approximately
95% of the total) has a well-defined secondary structure (i.e. a predominantly
p-sheet structure). Minor isoforms are characterized by acetylation of the
e-amino group of Lys-47. Two models of the protein have been postulated,
each constituted by f-sheet structure packed into a two-domain organization
(Joao et al., 1995; Klier et al., 1995).

Surface mutations seem to play a significant role in controlling the equilib-
rium between the native and denatured state (Dill et al., 1991; Shortle et al.,
1992) and thus are ideal tools to study the effects exerted by mutations on
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protein structure and function. We have studied the structural properties of
the eIF-5A precursor protein (and of its Lys50 — Arg variant) in an attempt
to shed light on its biochemical role. We used spectroscopic techniques to
compare the mammalian native protein with its Lys50 — Arg variant obtained
by site-directed mutagenesis. Our data strongly suggest that ec-elF-5A (Lys)
and its Lys50 — Arg variant, although structurally organized in similar folds,
have different unfolding pathways.

Material and methods
Protein preparation

elF-5A precursor(Lys) was prepared by overexpression of human elF-5A-cDNA in E.
coli. The variant form Lys30 — Arg of eIF-5A precursor was expressed in E. coli. The
variant protein does not show functional activity (Smit-McBride et al., 1989). Proteins
were homogeneous when tested by SDS-PAGE.

Site-directed mutagenesis

Standard recombinant DNA methods (Sambrook et al., 1989) were used unless stated
otherwise. Oligonucleotide-directed construction of mutations was performed with the
gapped duplex DNA method (Fritz et al., 1988) using pMa/c plasmid vectors. To obtain
mutation Lys50 — Arg, a 24-mer oligonucleotide (5'-C GTG GCC GTG CCG GCC
AGT CTT CG-3') was made complementary to the Lys50 region, thus mutating the AAG
codon for Lys to the CGG codon for Arg and creating a new Nael restriction site. To
confirm the mutation, the variant fragment was subcloned from pMa/c vectors into phages
M13 mp 18 and mp 19. Sanger’s dideoxynucleotide termination method was used for
DNA sequencing (Sequenase kit, USBA).

Preparation of I-AEDANS derivative

eIF5A precursor-AEDANS was prepared according to the method described by Kang et
al. (1979). The reaction was performed in 0.01 M phosphate buffer, pH 7.5, containing
(.1 M KCL The reaction yield was controlled by varying the molar ratio between reagents
and/or the reaction times. About 10% of the total protein molecules was labelled under
our experimental conditions. The reaction was terminated by adding an excess of 2-
mercaptoethanol. Unreacted I-AEDANS was removed by repeated dialyses against
0.05M phosphate buffer, pH 7.5, or by gel filtration.

An aliquot (0.2mg) of the AEDANS labelled protein was suspended in 0.5mL 0.1M
ammonium bicarbonate, supplemented with trypsin (molar ratio 1:100) and incubated
for 4 hours at 37°C. The precipitate obtained after the incubation was separated from
the supernatant by centrifugation. The soluble tryptic peptides were purified using a
Beckman System Gold HPLC on a reverse-phase column eluted with a linear gradient
over 0-70% acetonitrile in 0.2% (by volume) trifluoracetic acid at a flow rate of 1.5mL/
min. The elution was monitored with a Beckman 168 Diode Array Spectrophotometer (at
215 or 280nm) and with a Shimadzu RF 535 fluorescence monitor (at 335 and 480nm
for excitation and emission, respectively). Only two peaks were detected by both
fluorescence and absorption at 215nm. One contained about 93% of the total
fluorescence. The peaks were separately collected, dried under vacuum and resolubilized
in small amounts (50ul.) of 1% trifluoroacetic acid solution. When monitored for
fluorescence the two peptides showed emission bands with peaks equally centred at
495nm (excitation: 335nm). Since both peaks have similar emission properties, their
surface was proportional to the concentration of the labelled molecules. The two peptides
were put through an automated amino acid sequencer in an attempt to obtain information
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on the sequence location of the reactive cysteines. The first five residues from the N-
terminus of the major peptide are: KYEDI, while the minor peptide showed the se-
quence: MADDLDEFE. These two short sequences are present only at positions 67-71
and 1-8, respectively. Therefore, under our experimental conditions, Cys 73 appears to be
the main target of the labelling procedure.

Cysteine and pH titration

The DTNB method was used to titrate the sulphydryl group of native and denatured
protein. To measure the total content of the sulphydryl groups, the protein sample was
denatured in 5SM GdnHCI for 24h. Measurements were made spectrophotometrically
using e,, = 13,600M~'cm™! for the DTNB-sulphur adduct. Spectrophotometric measure-
ments of native and of denatured protein solutions were performed at constant intervals
(5min) after each titratant addition to avoid a time dependence of the native protein. For
pH titration, the samples were placed in a 2-mL glass cell equipped with a magnetic
micro-stirrer under a pure N, flow to avoid the effects of CO,. Temperature was kept at
20°C by a circulating water bath. Microamounts (5uL or more) of NaOH 1M were added
using an Agla syringe equipped with a micrometric control system. Tyrosine content
was determined spectrophotometrically with the formula: A, = 2330M~! X c¢m™!
(Donovan, 1969).

Spectral measurements

Fluorescence measurements were made in the range of fluorescence linearity. The ab-
sorbance of all solutions was between (.01 and 0.05 ODU at the excitation wavelength. A
thermostated bath was used to change the temperature of the solution cell. Fluorescence
and polarization measurements were made with a Perkin-Elmer MPF 66B computer-
driven spectrofluorometer. The polarization, p, was calculated by:

p= (Ivv - GlIvh)/(Ivv + G‘Ivh):

where G = I,,,/1;,,, Lis the intensity, and the first and the second subscript refer to the plane
of polarization of the excitation and emission beams, respectively, i.e. v, vertical, and h,
horizontal. The computer calculated an average intensity value by accumulating 128
intensities for each measurement. Circular dichroism measurements were made with a
Jobin Yvon Mark III spectropolarimeter equipped with a temperature-controlled cell
holder. Mean residue ellipticities were calculated by:

MRW g,
191, = 1013()“

where [0]; is the mean residue ellipticity in units of degrees centimetre squared per
decmole at a particular wavelength, g, is the observed ellipticity, MRW is the mean
residue molecular weight calculated from the sequence, 1 is the optical path length (cm),
and c is the concentration in grams per mL. Cells between 0.01 and 1c¢m were used in
the far UV and CD spectra were accumulated by computer to yield reliable tracings.
The circular dichroism spectra were analyzed in the region between 200 and 250nm to
cvaluate the amount of secondary structure. A computerized program with different
methods of analysis (Menendez-Arias et al., 1988) was used. Normal and second deriva-
tive spectra were recorded on both a Perkin Flmer Lambda Array 3840 and a Cary
219 spectrophotometer. The protein samples under spectroscopic investigation were
always dialyzed against numerous changes of buffer, which was used as a blank for the
measurements.
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Denaturation studies

Chemical denaturation studies at a high protein concentration were complicated by the
protein’s tendency to aggregate. Sample solutions were routinely left to equilibrate at
each GdnHCI concentration for at least 24 h at room temperature before measurements.
The equilibrium was confirmed by verifying that the values of the fluorescence param-
cters remained constant in time. The final protein concentration at each GdnHCI concen-
tration was 0.05mg/mL. Since unfolding by GdnHCIl was accompanied by changes of
fluorescence and polarization, the reversibility of both phenomena was monitored in each
case. During temperature measurements (between about 30 and 70°C) the protein sam-
ples under study were left at each temperature until an apparent equilibrium was reached.
The structural transition was always reversible between 30 and 70°C. At temperatures
above 70°C proteins showed a slow time-dependent tendency to aggregate.

Data analysis

Data analysis was performed with computer programs specifically designed for non linear
curve fitting. GraphPad, version 4.0, by Harvey Motulsky (GraphPad Software) and
FitAll, version 4.0, by MTR Software were extensively used for the statistical analysis of
curve fitting to experimental data.

Chemicals and solutions

Spectroscopic grade guanidinium chloride was from Schwarz-Mann. All chemicals were
reagent grade and were purchased from BDH (British Drug Houses, Great Britain). In
denaturation experiments the protein was added to buffered solutions of GdnHCI; 0.15M
KCl was present in all solutions. The spectroscopic measurements were then monitored
until an apparent equilibrium was reached. pH measurements were carried out by using
combination electrodes with a pH meter.

Results
Absorbance, derivative spectra, circular dichroism and SH- residues titration

The spectrum of the eIF-5A precursor protein at 25°C was dominated by the
absorption of the three tyrosines; the maximum was centred at 275nm be-
cause the protein lacks tryptophan (data not shown). The shoulder at 286.6 nm
can be attributed to the 0-0 transition band of tyrosine (Donovan, 1973;
Sears and Beychock, 1973). It was clearly detectable as a derivative peak
centred at 286.6nm (Ragone et al., 1984, 1987). The ripples over 250-260nm
can be attributed to phenylalanines (Donovan, 1973) and their contribution
was clearly evident in the second derivative spectrum (Ragone et al., 1984,
1987).

We have analysed the far-ultraviolet CD spectra of the native protein at 25
and 70°C. The spectrum at 25°C had a pronounced minimum centred at about
205nm, and an evident shoulder at 215-216nm (data not shown). The latter
feature suggested the presence of S-sheet structure that was characterized by
a dichroic band with a minimum at 216nm. The spectrum at 70°C did not show
any appreciable temperature effect (data not shown). This result suggested
that temperature had a limited effect on the protein structure. The titration of
the sulphydryl group of the wild type protein by DTNB has been also per-
formed. Only three SH groups out of four were detected in the native protein
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suggesting that one cysteine residue was too deeply embedded in the protein
structure to be available to solvent (data not shown). Moreover, mapping data
indicated that Cys 73 was the main target of the labelling reaction (data not
shown).

ec-elF-5A(Lys) fluorescence and GdnHCI effect

ec-e[F-5A(Lys) fluorescence is the result of tyrosine excitation by UV radia-
tion. We used this technique to probe the structural effects produced by the
structure perturbing agents, guanidinium hydrochloride, pH and temperature.
Figure 1 shows the fluorescence emission band of native and denatured pro-
tein. The maximum of the native protein was centred at about 304nm, while
that of the denatured protein was at about 305-306 nm. The two spectra at pH
7.5 showed a significant difference when their fluorescence peaks were nor-
malized by maxima. The fluorescence intensity at longer wavelengths was
higher for the native protein. The protein lost this feature when denatured in
6M GdnHCI suggesting that the spectral effect may be related to a structural
feature in the native protein that involves the tyrosine residue. We found that
the difference spectrum between the fluorescence of the native and denatured
protein had a maximum at 337-338nm (Fig. 1, inset). Because tryptophan is
absent, the spectrum coincided with that of the tyrosinate emission band
(Lakovicz, 1983).

Figure 2 shows the dependence of emission maximum (upper panel) and
quantum yield (lower panel) on GdnHCI concentrations at 25°C of a 0.02mg/
mL concentration of eIF-5A precursor. At about 2M GdnHCl the protein was
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Fig. 1. Fluorescence emission of the eIF-5A precursor (excitation at 276nm). The spec-

trum of the native protein was obtained at pH 7.5 in 0.01 M phosphate containing 0.15M

KCIL The spectrum of the denaturated protein was obtained using the same buffer plus

6M GdnHCI. Protein concentration was 0.05mg/mL for both experiments. The inset
shows the fluorescence difference spectrum between 0 and 6 M GdnHCl
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unfolded. In fact, the band width at that denaturant concentration was about
34nm, a value typical of free tyrosine in neutral aqueous solution. The over-
lapping transition curves confirmed that the protein was indeed unfolded. We
analysed the tyrosine fluorescence to obtain information about unfolding in
the C-terminal region of the elF-5A precursor, where these residues are
prevalently located. We also used an extrinsic fluorophore, -AEDANS, as a
structural probe that indicated that Cys 73 should be located in a hinge
segment between two structured regions, while Cys 22 is in an unordered
segment. Therefore, perturbation of the microenvironments of these residues
may provide structural information. We used a low (probe:protein) molar
ratio to selectively label exposed and reactive cysteine(s). Cys 73 was the
preferred target, while Cys 22 was only marginally labelled. Far UV CD
spectra of the protein derivative did not show any appreciable difference as
compared to the spectrum of the native protein. The effect of the denaturant
concentration on the emission maximum shift of the labelled protein is re-
ported in Fig. 2 (upper panel). The inset shows the fluorescence spectrum of
the protein derivative. I-AEDANS reacted specifically with the cysteine.
Table 1 shows the fluorescence properties of the labelled protein and of the
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Fig. 2. Effect of GAnHCI on the fluorescence of the elF-5A precursor. Upper panel: the
maximum shift dependence of the elF-5A precursor (M) (excitation at 276 nm, slits of
1nm) and on its AEDANS-labeled derivative (#) (excitation at 335nm) in 0.01 M phos-
phate, 0.15M KCI, pH 7.5. Protein concentration was 0.02mg/mL. The inset shows the
fluorescence emission of the elF-5A precursor-AEDANS in the same solution (excitation
at 335nm). Lower panel: the quantum yield of the elF-5A precursor in the same experi-
mental conditions as reported for the upper panel. Bars on experimental points indicate
error determined from four experiments
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Table 1. Fluorescence properties of N-AcCysAEDANS and elF-5A precursor-
AEDANS in five solvents

Compound Solvent Max (nm) Quantum yield
N-AcCys AEDANS Phosphate pH 7 495 0.26 = 0.02
N-AcCys AEDANS 6M GdnHCI® 495 0.26 = 0.03
N-AcCys AEDANS Ethanol 460 0.70 = 0.02
elF-5A-AEDANS Phosphate pH 7 478 0.55 = 0.03
elF-5SA-AEDANS 6M GdnHCl? 495 0.28 = 0.04

¢ GdnHCI solutions were buffered by phosphate at pH 7.

model compound N-acetyl-cysteine-AEDANS monitored under our experi-
mental conditions. The fluorescence maximum of the protein derivative was
at 478 nm and its quantum yield was 0.55. These values, compared with those
of the model compound, suggested that the probe was located partially in an
apolar environment. Fluorescence polarization of the fluorophore was con-
stantly around 0.185 # 0.005 suggesting that the fluorophore was bound
within a rigidly structured protein matrix. The transition curve (Fig. 2, upper
panel) obtained with the labelled protein was different from that obtained
with tyrosyl fluorescence. Transition started when the other was almost com-
pleted and the midpoint was at 2.2 = 0.1 M GdnHCI. The fluorescence maxi-
mum at 3M GdnHCI was shifted to 495 nm with a quantum yield of 0.28, thus
indicating that the probe was normalized to the aqueous solvent consequent
to a structural transition. Moreover, the steep transition curve suggested that
the labelled Cys 22 had little effect on the fluorescence of the main probe. In
fact, the steep transition intrinsically suggested that both cysteines followed
the same structural event, i.e., their fluorescence emission trends were
superimposable.

Effect of pH

The effect of pH on the fluorescence emission of the elF-5A precursor is
shown in Fig. 3A. At alkaline pH, the emission band was quenched but
remained centred at 304-305nm. At pH > 10, the emission peak was red-
shifted to 345nm and the emission intensity was significantly lowered. The
maximum shift to 345nm and the fluorescence intensity decrease can be
explained by the ionization of tyrosine residues in alkaline solution, analogous
to the ionization of the model compound (Lakovicz, 1983). Concomitantly to
the ionization of titratable tyrosines the protein showed a pronounced shoul-
der at 306-307nm on the blue side of the spectrum. The shoulder was prob-
ably due to tyrosyl residue(s) that were not ionized. The spectrophotometric
titration of the native protein at alkaline pH is shown in Fig. 3B. The titration
showed that only two residues (2.3 = (.2) were available in the native protein
suggesting that one of tyrosines was not available to the titratant. The appar-
ent pK of titratable tyrosines was about 9.9. Figure 4 illustrates the effect of
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Fig. 3. A Fluorescence emission spectra of the eIF-5A precursor at various pH in Tris/
phosphate 0.05M, 0.15M KCI. The spectrum at pH 11 has been enlarged 6 fold, to reveal
specific spectral features. Excitation was at 276 nm. Protein concentration was 0.03mg/
mL. B Spectrophotometric titration of elF-5A precursor tyrosines. The titration was
followed by absorbance at 295nm. Protein concentration was about (.8 mg/mL

pH on the protein structure. A transition centred at about pH 10.5-10.6 was
revealed by fluorescence polarization at 305nm. The fluorescence polariza-
tion is a measure of the rotational freedom of a fluorophore (Lakovicz, 1983).
The polarization decrease from 0.18 to 0.10, in a pH range where the
fluorescence decrease is marginal, probably reflected a pH-dependent change
in the structural microenvironment of the tyrosines. Tyrosine polarization still
reflected structural constriction being its value far from that characteristic of
the tyrosine in a fully unfolded polypeptide, i.e. 0.05 (Lakovicz, 1983). The
non-titratable tyrosine residue might be trapped in an apolar environment of
the compact residual structure. However, the alkaline transition was revers-
ible only from pH 10.2-10.3. Above those pH values, the transition was
irreversible because of the presence of aggregated proteins. The inset of Fig.
4 shows the effect of pH on the fluorescence emission at 305nm. The
fluorescence was quenched and the transition curve was similar to that ob-
tained with spectrophotometry. Neither fluorescence quenching nor the
spectrophotometric titration of tyrosines overlapped the polarization transi-
tion. This confirms that two out of three tyrosines were available to the
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Fig. 4. pH effect on the fluorescence polarization of elF-5A precursor at 305nm (@) by

excitation at 276 nm. Protein concentration was 0.05mg/mL and experimental conditions

are the same reported in the legend to Fig. 3. The inset shows the same experiment
with fluorescence emission at 305nm

titratant before denaturation and, therefore, they were probably more ex-
posed to solvent in the native protein.

Structural comparison between wild-type and the Lys50 — Arg variant
of the elF-5A precursor

Lys 50 is a functionally important residue because of its post-translational
modification into the unique amino acid hypusine. The site-directed variant
Lys50 — Arg was obtained and purified. The Lys — Arg mutation is frequent
in proteins from extreme thermophilic micro-organisms. Thus, it is a prime
candidate for the molecular basis of thermostability of these unique proteins
(Argos et al., 1983; Fontana, 1988), and could be involved in enhancing
protein thermostability (Argos et al., 1983; Fontana, 1988; Mrabet et al.,
1992). Furthermore, arginine is chemically and structurally similar to lysine.
Far UV CD, fluorescence and absorption data showed that the Lys50 — Arg
variant and the wild type protein were structurally indistinguishable. Struc-
tural perturbation curves obtained by using GdnHCI and various pH values
were also similar. Thus, the general structural properties of the wild type
protein and its behaviour in solution seemed to be retained by the site-
directed variant. Nevertheless, we found that the two proteins reacted differ-
ently to thermal denaturation.

Heat did not affect dichroic activity at 220nm between 35 and 65°C.
Dichroic trends were similar although the variant protein seemed to show
a more sloping temperature curve (data not shown). On the contrary,
tyrosine polarization was temperature-dependent between 30 and 65°C.
Figure 5 shows that the two proteins reacted differently to change in tem-
perature. The wild-type elF-5A showed a structural transition centred
between 35 and 50°C, while the variant showed a deeper transition between
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Fig. 5. Effect of temperature on fluorescence polarization of the elF-5A precursor (O)
and its Lys50 — Arg variant (@) detected at 305nm (excitation at 276nm) in 0.01M
phosphate, 0.15M KCI, pH 7.5. Protein concentration was 0.05mg/mL

35 and 60°C. The magnitude of the two polarizations was significantly
different. Higher temperatures increased the mobility of tyrosines of the
wild-type protein indicating a conformational change, but fluorophores still
reflected structural rigidity at 60°C. In fact, polarization was only 0.10 upon
completion of transition suggesting the presence of partially unfolded inter-
mediate forms and/or aggregation. The polarization of the variant protein,
instead, decreased to 0.05 at 60°C, thereby indicating freely rotating
fluorophores and unfolding of the tyrosine microenvironments. However,
quite constant CD signals at 220nm still indicated the presence of organized
structure. The only explanation of these observations is that in solution both
proteins contained partially unfolded molecules, i.e., intermediate forms,
even though the proteins seemed to reach their final states through different
pathways. This fact indirectly suggests that the microenvironment of at least
one of the tyrosines was influenced in some way by the mutation. Such a
structural difference coincides with the finding that the wild-type protein
polarization at pH 7 was 0.161 = 0.002, a value which was significantly
lower than that of the variant form and indicates that the tyrosine
microenvironments in the native protein were unlike those of the variant
form. The enhanced fluorescence polarization of the variant form of elF-5A
(0.198 = 0.003) indicates a decrease in fluorophore mobility or an enhance-
ment of structural rigidity of the molecular regions containing the tyrosine
residue(s).

Because rigidity and tyrosine burial are closely related, we performed
fluorescence-quenching studies with acrylamide and KI. An unchanged
quenching constant (Ks,) with an increased accessibility fraction (f,) for
acrylamide (Table 2) accounted for a major accessibility to the quencher of
the inner tyrosine residues in the native protein. Differently, the unchanged
K,, and f, values for the polar quencher, KI, demonstrated that the tyrosine
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Table 2. Fluorescence quenching by acrylamide and iodide

st (Mil) fa
elF-5A Acrylamide KI Acrylamide KI
Native 2.4 (%=0.1) 1.4 (x0.1) 0.4 (+0.1) 0.2 (=0.1)
Variant 2.5 (x0.1) 1.3 (£0.1) 0.9 (x0.1) 0.3 (=0.1)

(Lys50 — Arg)

Stern-Volmer constants, K,,, and accessibility fractions, f,, for tyrosine residues in native
and variant form of elF-5A. Results are means of four separate experiments performed in
triplicate. K, was measured as described by Eftink and Ghiron (1976); f, was measured as
described by Lehrer (1971).

residues located close to the protein surface are not modified. These results
clearly demonstrated that the Lys50 — Arg mutation perturbed the structural
organization of the tyrosine(s). Because tyrosines are clustered in the C-
terminal part of the molecule, it seemed that temperature perturbs locally that
domain. These intermediates were probably responsible for aggregation as a
consequence of hydrophobic patches exposed on their surface.

Discussion

Our study on the human eukaryotic initiation factor 5SA precursor has re-
vealed various features of its structural organization and behaviour in solu-
tion. The protein possessed only three tyrosines and lacks tryptophan as an
intrinsic structural probe. The protein had a complex structure, and our data
confirm the two independent folding domains that were predicted on theoreti-
cal grounds (Joao et al., 1995; Klier et al., 1995).

The different location of tyrosines and cysteines identified in this study
demonstrated that the unfolding of the two structural regions was independ-
ent. It is feasible that the two perturbation curves obtained with tyrosine and
I[-AEDANS fluorescence reflected the independent unfolding of different
structural regions of the protein. In fact, since two tyrosines were prevalently
clustered in the C-terminal region and their transition was not superimposable
to that of the I-AEDANS derivative, we can conclude that the extrinsic
fluorophore followed the structural fate of a different structural region.
Consequently, the less stable folding centre was probably located in the C-
terminal region.

Circular dichroism (not shown) was uninformative in this study because
it monitored a broad transition (Klier et al., 1995). At 3M GdnHCl the struc-
ture was completely lost. However, broad transition curves (and not
superimposable denaturation curves) generally indicate that such overlapping
structural phenomena result from the denaturation of multiple domains. De-
naturation transitions of the native eIF-5A precursor and its labelled deriva-
tive were not reversible under our experimental conditions.



Solution structure of human elF-5A precursor 103

Another unique feature of this protein was the presence of a fluorescence
band at neutral pH, attributable to the presence of a tyrosinate. The weak
tyrosinate band obtained at neutral pH was visible because this protein
contains only tyrosine. In fact, in the proteins that contain tryptophan
this peculiar feature of tyrosine fluorescence is masked by the strong
tryptophan fluorescence. However, this phenomenon is rare because tyrosine
proteins are scarcely represented and because the presence of tyrosinate at
neutral pH is generally a rare occurrence. Viewed in the light of the spectral
features of the native and denatured protein at neutral pH (i.e., only two
tyrosines residues were on average spectrophotometrically titratable at alka-
line pH, and the third residue was available only in 6M GdnHCI when the
protein can be considered totally unfolded), it is conceivable that one of the
elF-5A precursor tyrosines might form a hydrogen bond with a close acceptor
at neutral pH. X-ray or NMR studies will be able to shed light on this
intriguing point.

The comparative structural analysis of ec-eIF-5A(Lys) and of its site-
directed Lys50 — Arg variant has clarified some aspects of the structural role
played by lysine 50. This lysine is important because it is modified into
hypusine as a consequence of several post-translational modifications. The
two proteins compared in this study had a similar structural organization.
This is not surprising because the change of a single surface residue is not
expected to alter greatly the general structural properties of a protein (Alber,
1989). Thermal stress revealed local individual differences between the two
structures.

The general structural response of the two proteins to temperature was
similar. Neither protein unfolded according to a two-state process. In fact, far
UV CD did not reveal an appreciable unfolding, while the fluorescence po-
larization showed only local changes. The C-terminal region seemed to be
structurally less thermo-resistant and, thus, unfolded locally, while the N-
terminal region appeared to be more stable. However, none of the probes we
used yielded direct structural data on thermal unfolding of the N-terminal
region. Tyrosine polarization indicated the presence of rigidity in the ther-
mally unfolded wild-type protein, while the same fluorophores were more
freely rotating in the variant. It is feasible that the single residue change
causes lysine to interact differently with the surrounding protein matrix
thus altering the behaviour of local tyrosine(s). The different structural
intermediates detected during thermal unfolding of the two proteins reflected
structural differences. These structural differences were indirect evidence
that the unfolding of the native protein and its variant followed different
pathways.

In conclusion, the stability and structural properties of the variant protein
were similar to those of ec-elF-5A(lys), but the two proteins had a different
unfolding transition and thus a different conformation. This means that
the polypeptide chain had several energy minima, probably of similar
magnitudes, on the protein energy surface. These minima were separated by
energy barriers. Therefore, our data suggest that we are dealing with a
kinetically controlled process rather than a thermodynamically controlled
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reaction. Lastly, we suggest that the structural organization of the elF-5A
precursor protein governs its function possibly by regulating the interaction
with other macromolecular components.
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