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Abstract

The mRNA cap-binding protein elF4E is the limiting factor in the elFAF translation initiation complex, which
mediates the binding of the 40S ribosome to the mRRAL relaxation studies have been used to characterize the
backbone dynamics of deuterated elF4E in a CHAPS micelle for the apoprotein/@®@Rbound form, and the
dinucleotide (MGpppA)-bound form, as well as for CHAPS-free elFAE. Large differences in overall correlation
time between the CHAPS-free form (11.8 ns) and samples containing different concentrations of CHAPS (15.9—
19.4 ns) indicate that elF4E is embedded in a large micelle in the presence of CHAPS, with a total molecular
weight in the range of 40—60 kDa. CHAPS seems to restrict the mobility of the a2—b3 and a4—b5 loops which are
thought to be embedded in the micelle. No significant changes in overall mobility were seen betwe&BEHem
bound form, the MGpppA-bound form, and the apoprotein. Amide hydrogen exchange data indicate the presence
of slowly exchanging amides in two surface-exposed helices (a2 and a4), as well as the a4-b5 loop, indicating
protection by the CHAPS micelle. The micelle covers the convex side of the protein away from the cap-binding
site.

Introduction (see Figure la). The three longhelices lie on the
convex side of thed-sheet; a stack of tryptophans

Yeast elF4E is a 213-residue protein which binds N the concave face forms the binding site for the
specifically to the mRNA 5cap structure. As the ~MRNAcap. Figure 1b shows an ensemble of structures
limiting factor in the elF4F complex, consisting of S€en from the convex side, away from the cap-binding
elF4A, 4E, and 4G (p220), elFAE plays a key role site. The N-terminal 35 residues are predominantly
in translation initiation regulation by phosphorylation unstructured (Matsuo et al., 1997). _

and interaction with the 4E-binding proteins, 4E-BP1 _ Yeast elF4E is insoluble above0.5 mM, which
and 4E-BP2 in humans, PHAS | in rat and p20 in yeast limits the sensitivity of NMR studies. Moreover,
(Merrick et al., 1996). These homologous 4E-binding €Ven at concentrations less than 0.5 mM, it precip-
proteins inhibit translation in their unphosphorylated itates over the course of several days. This can be
state by competitively binding to the elF4G binding @alleviated by the addition of non-denaturing deter-
site on elF4E (Haghighat et al., 1995). Recently, the gents. The best results fpr solu_b|I|ty and §t§b|I|ty
structures of both mouse (Marcotrigiano et al., 1997) ©f yeast elF4E were obtained with the addition of
and yeast (Matsuo et al., 1997) elF4E have been de-CHAPS (3-[(3-cholamidopropyl)dimethylammonio]-
termined in complex with fTGDP. The yeast elF4E 1-propanesulfonate hydrate)_. Th_e addition of CHAPS
structure consists of a curved, eight-stranded, antipar- €auses spectral changes primarily of surface residues

allel -sheet with three long and three sherhelices but the overall appearance of the NMR spectra is not
changed, indicating that the structure is not changed

significantly. No additional spectral changes are seen

*To whom correspondence should be addressed.



74

above ~25 mM CHAPS. Adding 25-50 mM of 99% D,O. The yield on RO was typically 5 mg/I.
CHAPS increases the solubility of yeast elF4E to ca. After cell lysis using a French Press, elF4E was bound
1 mM (Matsuo et al., 1997). The stability is also dra- to an nfGDP-affinity resin and eluted with 0.2 mM
matically increased and no precipitation is observed m’GDP (Edery et al., 1988). Samples were concen-
for over 6 months. CHAPS has a critical micelle trated to~0.5 mM in 50 mM phosphate buffer, pH
concentration of around 6 mM (Chattopadhyay and 6.5. For the samples containing CHAPS, 25-50 mM
Harikumar, 1996); hence, at the CHAPS concentra- CHAPS was added immediately after concentration.
tions used here the elF4E will be contained within Making pure apoprotein turned out to be difficult,
a CHAPS micelle. Dynamic light scattering experi- as the protein could not be eluted from the cap affinity
ments using a sample with 25 mM CHAPS indicate column with high salt only. Therefore, a different pro-
a particle size of around 50 kDa; however, large base- cedure was used. The protein was eluted wiflGBP
line parameters indicate a high level of polydispersity and then dialyzed against high salt buffer (0.5 M potas-
(Matsuo etal., 1997). The structure of yeast elF4E was sium phosphate buffer, pH 6.5, and 0.5 M KCI). In
determined in a CHAPS micelle (Matsuo et al., 1997). the next step it was dialyzed again into low salt buffer.
The region of elF4AE embedded in the micelle was This dislodged most, but not all, of the bound@DP,
initially determined from a CHAPS titration experi- based on the presence in the HSQC spectra of small
ment (Matsuo et al., 1997). The resonances that shift residual peaks at the chemical shifts for théGBDP-
with the addition of CHAPS are located in a contigu- bound form. Thus, the ‘apoprotein’ sample probably
ous surface on one face of elFAE, consisting of two retained a small fraction of residual’@DP. When-
long helices on the convex side of the protein away ever we talk about the apoprotein, we refer to protein
from the cap-binding site (a2 and a4);strands bl made in this way.
and b2, and the loops connecting a2 to b3 and a4 to  To prepare a complex of yeast elF4E with the din-
b5 (see Figures 1b and c). The cap-binding site is out ucleotide MfGpppA, the dinucleotide was added at
of the micelle, which is consistent with the observa- high concentrationx1:1) to the apoprotein prepared
tion that the binding of cap analogs is not affected by as described above.
the presence of CHAPS. The curvature of the CHAPS
micelle tends to open up the cap-binding site slightly, NMR spectroscopy

causing the cap analog to associate more tightly with All experiments were recorded on a Varian Unity
Trp'®than with Trp® (Matsuo et al., 1997). 500 spectrometer at 2&. Sensitivity-enhanced pulse
To understand how the CHAPS micelle affects sequences were used as described in Farrow et
the internal and overall mobility of elFAE, we used ga|. (1994). HeteronucleatH-®N NOE enhance-
two-dimensional heteronuclear relaxation techniques ments (XNOEs) were measured by taking the ra-
(Nirmala and Wagner, 1988,1989; Kay et al., 1989) tio of peak intensities in spectra recorded with
and reduced spectral density mapping (Peng and Wag-(1,) and without () 5 seconds of presaturation
ner, 1992a,b,1995; Ishima and Nagayama, 1995a,b)(x|\|OE: (Isat— 10)/10). lo and kat were measured

to characterize the backbone dynamics with varying with a 6 s recycle delay. The presaturation delay of
concentrations of CHAPS. We compared the backbone 5 s js approximately 5 T1 for most, but not all}*N
dynamics of the fiGDP-bound form, the ABpppA-  nuclei of the protein, and the steady-state heteronu-
bound form, and the apoprotein. We also performed clear NOE may be slightly underestimated for some
amide hydrogen exchange experiments to character-residues. However, for reasons of protein stability and
ize the solvent accessibility of eIF4E in the CHAPS oyerall length of the experiment(L1 sec per scan) the
micelle. irradiation time was not chosen longer.
Relaxation delays for R(Nz) experiments on
the CHAPS-free MGDP—elF4E complex were 22.2,

Materials and Methods 88.8, 333, 610, 944, 1276, 1610, and 1887 ms. De-
lays for Ry(N;) experiments on the ABEDP complex
Expression and purification of elF4E with 25 mM CHAPS and the apoprotein with 50 mM

The yeast elF4E was subcloned into the pGEM.2 vec- CHAPS were 22.2, 111, 333, 555, 833, 1110, 1498,
tor (Promega) and transformed into the BI21 (DE3) and 1887 ms. Delays for thenJdN;) experiments on
E. coli strain (Novagen). Transformed cells were the nGpppA complex with 50 mM CHAPS were
grown in minimal media with!®NH4ClI (1 g/l) and 22.2, 88.8, 333, 610, 777, 999, 1610, and 1887 ms.
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Delays for R;(Nx,y) experiments on the CHAPS-free Assignments for elF4E within the CHAPS micelle
m’GDP complex were 8.32, 16.64, 33.28,49.92, 83.2, were obtained in Matsuo et al. (1997). Assignments
116.7, and 133.1 ms. Delays fornRNy,y) experi- for CHAPS-free elF4AE were obtained from an HSQC
ments on all CHAPS-containing complexes were 8.32, titration with increasing CHAPS concentrations, and
16.64, 33.28, 49.92, 66.56, 83.2, 99.8, and 133.1 ms.from a comparison of NOESY-HSQCs taken with and
The second time point in eachyNz) and Ry(Ny.y) without added CHAPS.
series was repeated for error estimation.
HD exchange experiments
) ) Since yeast elF4E cannot be lyophilized to obtain a

Analysis of relaxation data 100% DO sample, NH exchange experiments were
Spectra were processed using the FELIX software performed by observing the decay of peak intensities
package (MSI/Biosym Inc.) and analyzed using in a 50% O sample. A sample of ABDP-bound
XEASY (Bartels et al., 1995) on Silicon Graph- elF4E containing 25 mM CHAPS was divided into
ics workstations. For sensitivity-enhanced relaxation two equal halves. This sample was prepared from me-
data, the echo/antiecho pairs were added and sub-dia containing 99% BRO. However, the sample was
tracted to form complex points before processing (Ca- not used for HD exchange experiments until several
vanagh et al., 1991; Palmer et al., 1991; Kay et weeks after the sample was made, allowing time for
al., 1992; Cavanagh and Rance, 1993; Schleucher etslowly exchanging amides to completely exchange
al., 1994). The volume of each peak was determined back tolH before starting the experiments. One half
by rectangular integration within XEASY. Extremely of this sample was diluted to twice the original vol-
overlapped peaks were ignored. ume with O buffer containing 25 mM CHAPS to

The relaxation data were analyzed as described by record reference spectra. The other half was diluted to
Peng and Wagner (1992a,b). Decay curves were fittedtwice the original volume with BO buffer containing
to a single exponential function using the Levenburg— CHAPS at time = 0, resulting in a 50% BO sample.
Marquadt nonlinear least-squares method. The result-HSQC spectra were acquired on the 50%03ample
ing fits were graphed in PLOT (New Unit Inc., Ithaca, at time t=0, 8, 16, and 24 h. Reference spectra of
NY). Uncertainties in the R(Nz) and Ry(Nyx,y) rates the same length were taken on the 100%©Hsample.
were estimated using Monte Carlo simulations us- The ratio of each peak volume in the 50%Msample
ing one repeated time point as described by Pengto the corresponding peak volume in the 100%CH
and Wagner (1992a,b). The reduced spectral den-reference sample was computed after each time point.
sity was mapped using \RNyy), Rn(Nz) and the The peak volume for a fully exchanged proton in the
heteronuclear NOE as described (Peng and Wagner,50% D,O sample will be half that of the corresponding
1992a,b,1995; Ishima and Nagayama, 1995a,b). In peak volume in the reference spectrum. Decay curves
the limit of fast internal motions, which is the case were fit to the equation(t)/lo = 0.5e"YR + 0.5 us-
for amides locked into regular secondary structure, ing the Levenburg—Marquadt nonlinear least-squares
the Ry(Nyx,y)/Rn(Ny) ratio depends only on. (Kay method. § is the peak volume in the reference spec-
et al., 1989). Anisotropic effects were not taken into trum, I(t) is the peak volume after exchanging in 50%
account here because the conformation of the overall D20 for time t, and R is the HD exchange rate.
elFAE/CHAPS complex is unknown, and the structure
of elF4E itself in the presence of CHAPS is fairly
close to spherical (Matsuo et al., 1997). The quality Results
of the CHAPS-free data is not very high, was cal-
culated by fitting the R(Nx,y)/Rn(N;) ratio via the Relaxation parameters of the’@DP-bound elF4E
Levenburg—Marquadt nonlinear least-squares method.within the CHAPS micelle
The heteronuclear NOE experimentwas recorded only We measured the longitudinal (/N;)) and trans-
once because of the limited stability of the protein un- verse(Rn(Nyxy)) relaxation rates, as well as the het-
der conditions of rf irradiation and the long duration of eronucleatH-1"N NOE (XNOE) to characterize the
the experiment£11 s per scan). Thus, no error lim- orientational dynamics of eactH-1°N bond and to
its were determined for the heteronuclear NOE and, map the spectral density functions, using uniformly
consequently, no error limits are given for the spectral 1°N-labeled, 99% deuterated elF4E. Figure 2 (panel
density functions. 1) shows the longitudinal and transverse relaxation
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rates and the heteronuclear NOE enhancements for theresolved peaks for the a4—b5 loop in the CHAPS-free
m’GDP-bound elF4E with 25 mM CHAPS. Figure 3 sample to determine if the flexibility of this loop is also
(panel 1) shows the results of reduced spectral densityrestored in the absence of CHAPS. These restrained
apping for this sample. loops are colored red in Figures 1a and b. Both loops
The first 35 residues at the N-terminus of the are near helices a2 and a4, which are also thought to
protein are flexible and thus have slower transverse be embedded in the micelle.
relaxation (see panel al of Figure 2), faster longitudi-
nal relaxation (panel b1), and increased heteronuclearEffects of different CHAPS concentrations on the
NOEs (panel c1) relative to the secondary structure el- relaxation parameters
ements of the protein. This increased flexibility leads To investigate how the detergent affects the mobility
to a greater proportion of high-frequency motions, re- e performed experiments at three different CHAPS
flected in the small values foe(0) and high values  concentrations: 0, 25, and 50 mM. Figure 2 (panel 2)
for J(wn) (see Figure 3, panel 1). The flexibility of  shows R(Nx ), Ru(N;), and XNOE enhancements
the N-terminal region is evident in all three CHAPS-  for CHAPS-free elF4E with bound fGDP. Figure 3
containing elF4E complexes (see Figure 2, panels 1, (panel 2) shows the reduced spectral density mapping
3,and 4). for this CHAPS-free elF4E. Notice the difference in
Certain loops have increased mobility relative to the average rates and overall correlation timg be-
the surrounding secondary structure elements, includ-tween the CHAPS-containing and CHAPS-free sam-
ing the loops between bl and al, b3 and a3, b4 andples (see Table 1). The "@DP-bound sample with
a4, a5 and b7, and a6 and b8. These flexible loops arep5 mM CHAPS is identical to the CHAPS-free sample
colored white in Figures 1a and b. These loop regions except for its CHAPS concentration. The CHAPS-

have a dip in R(Nxy) and/or a rise in R(N2), ac-
companied by a dip ineg¢(0) and/or a rise ingk(wH)
and Js(wn), indicating a greater proportion of high-

free sample has & of 11.8 ns, whereas the sample
with 25 mM CHAPS has ac of 15.9 ns. The large
difference in overall correlation time indicates either

frequency motions (see Figure 2 (panel 1) and Figure 3 the presence of a large CHAPS micelle or increased
(panel 1)). The loop between b4 and a4 shows an yiscosity due to CHAPS in solution. In the CHAPS
unusually large degree of flexibility. These flexible titration experiments, the changes in amide proton
loops include the loops preceding the two key trypto- chemical shifts saturate at a CHAPS concentration of
phan residues (TA3 and Trg9), which are primarily ~ ~20-25 mM. Those residues showing chemical shift
responsible for binding AGDP. Tr® is located at  changes were mapped onto a contiguous region on one
the N-terminus of al, close to the bl-al loop, and face of the elF4E structure, indicating that this face is
Trp'%is located within the b3-a3 loop, close to the jmmersed in the CHAPS micelle (see Figures 1b and
N-terminus of a3. al and a3 are situated roughly per- ¢),
pendicular to theﬁ—sheet in the concave inner face of The presence or absence of the mononucleotide
elF4E. The ﬂEXIblhty of these |00pS is consistent with or dinucleotide has no effect on the overall mob|||ty
the claim that the cap-binding site is not immersed of the protein. The sample used for measurements
in the CHAPS micelle, as |n|t|aIIy indicated from the on the apoprotein and then for measurements on the
CHAPS titration experiments (Matsuo et al., 1997).  m’GpppA complex had a CHAPS concentration of
The loops between a2 and b3, and a4 and b5, which50 mM. There was no difference in average rates or
were predicted from the CHAPS titration to be em- overall correlation time between the apoprotein and
bedded in the CHAPS micelle, do not show altered the nYGpppA complex, both in 50 mM CHAPS. Thus,
Rn(Nz) or Ru(Nxy) relative to the surrounding sec- the presence or absence of a bound cap analog has
ondary structure regions, indicating either restricted no significant effect onc. As expected, comparison
flexibility due to contact with CHAPS, or some prop-  of the nYGpppA complex in 50 mM CHAPS to the
erty of the protein itself which restricts mobility, such  m?’GDP complexes in 0 and 25 mM CHAPS revealed
as hydrogen bonding. However, for the CHAPS-free |arge differences in overall correlation time (see Table
m’GDP complex, a prominent dip in\RNx,y) for the 1). The 50 mM MGpppA complex has & of 19.4 ns,
loop between a2 and b3 confirms that the restricted which is substantially longer thar, for the 25 mM
flexibility seen for this loop in the CHAPS-containing  m’GDP complex (15.9 ns).
complexes is due to the presence of the micelle (see  Only residues in the loop region between 199 and
Figure 2, panel a2). There were not enough clearly 206 show significant chemical shift changes between
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Figure 1. The elF4E structure. (a) Molscript ribbon diagram of a representative strugtsteeets are shown in blue and labeled b1-b8.
a-helices are colored in yellow and labeled al-a6. Loops that are flexible, based on relaxation data, are colored white, and loops that are rigid
due to contact with the CHAPS micelle or due to interactions within the protein are colored red. Residues 1-37 are not shown as they are
unstructured. (b) Ensemble of 20 backbone structures of yeast elF4E viewed from the convex side of elF4E away from the cap-binding site,
containing the CHAPS-binding surface and the three tohglices. The same coloring scheme as in part (a) is used here. (¢) GRASP (Nicholls

et al., 1991) surface representation of the region affected by the addition of CHAPS. Residues for which thEldid®H resonances

shift by more than 0.5 or 0.1 ppm., respectively, are colored in yellow. Arrows indicate the three long helices. elF4E is viewed from the same

orientation as (b).

Table 1. Average relaxation parameters

Parametefs No CHAPS 25 mM CHAPS 50 mM CHAPS
(m’GDP complex)  (MGDP complex)  MGppA complexy

¢ (nsf 11.8 15.9 19.4

Ru(Nxy) (571 13.7 19.5 25.9

RN(N) (s71) 1.3 1.0 0.9

RN(Nxy)/RN(Ny) 103 19.3 29.4

a These values were computed for the central structured core of elF4E, excluding the first

35 unstructured residues at the N-terminus.

b The 50 mM sample was used for measurements on the apoprotein, followed by the
addition of nf GppA. Overall parameters for the 50 mM sample were approximately the
same for the apoprotein and for thé @pppA-bound forms.

c 1cis the overall correlation time.
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Figure 1. Continued.
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m’GDP, 25 mM CHAPS m’GDP, 0 mM CHAPS
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Figure 2. Relaxation rates and heteronuclear NOE enhancements for the four situations studied, measured at 500 ®)Hz5 28V, and

pH 6.5. (a) Relaxation rates for nitrogen transverse magnetizatiQiN,;R). (b) Relaxation rates for nitrogen longitudinal magnetization,
RN (Nz). (c) The negative of the heteronuclear enhancement (XNOE) is platted—(Isat—Ig)/lg- €lF4E secondary structure elements are
diagrammed across the bottom of the figure. Panel 1 shows relaxation data fofGiPrcomplex with 25 mM CHAPS, panel 2 shows data
for the n GDP CHAPS-free complex, panel 3 shows data for tﬂ@pppA complex with 50 mM CHAPS, and panel 4 shows data for the
apoprotein with 50 mM CHAPS. Uncertainties ifyRBNx,y) and Ry (Nz) were estimated using Monte Carlo simulations with one repeated time
point as described by Peng and Wagner (1992a,b).

the M’ GDP- and miGpppA-bound forms, and the sec- that the differences in overall correlation time between
ondary structure elements in the @pppA complex the nYGDP- and MGpppA-bound elF4E are due to

seem to have the same relative dynamic properties asthe presence of either a larger micelle with 50 mM
in the mGDP-bound form (see Figure 2 (panel 3) CHAPS than with 25 mM CHAPS, or increased vis-
and Figure 3 (panel 3)). Therefore, we can conclude cosity due to an increased amount of CHAPS in solu-
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m7GpppA, 50 mM CHAPS apoprotein, 50 mM CHAPS
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Figure 2. Continued.

tion. Thus, varying the concentration of CHAPS over Because the yeast elF4E is less soluble in the ab-
the range of 25-50 mM has a substantial effect on the sence of CHAPS, relaxation measurements on elF4E
overall correlation time. Based on our dynamic light without added CHAPS were taken at lower concentra-
scattering data and a compilation of all experimentally tion (<0.5 mM). In addition to this, gradual accumu-
determined correlation times for proteins of different lation of unfolded protein led to substantial overlap in
sizes (Dayie et al., 1996; Wagner, 1997), we can esti- the center of the spectrum. Data from many residues
mate that the molecular weight of the CHAPS micelle in the central part of the spectruny7.7—8.6 ppm for
found containing the protein at 25 mM CHAPS must 'H and ~118-128 ppm fo®N) could not be used
be around 40-60 kDa. due to overlap with unfolded protein. This included
most of the amides in the unstructured N-terminus of
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m’GDP, 25 mM CHAPS m’GDP, 0 mM CHAPS
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Figure 3. Reduced spectral density mapping for the four situations studied, calculated frony thig {3, Rn(Nz), and XNOEs shown in
Figure 2. (a) di(0). (b) Jon)-(c) JwR)- Panel 1 shows the results of reduced spectral density mapping for7ﬂalﬁ1(:omplex with 25 mM
CHAPS, panel 2 shows the mapping for thé@DP CHAPS-free complex, panel 3 shows the mapping for tF@pppA complex with 50 mM
CHAPS, and panel 4 shows the mapping for the apoprotein with 50 mM CHAPS.

the protein (residues 1-35), as well as other residuesthese four residues were no longer resolved (see Fig-
throughout the protein, especially in the loop regions ure 2, panel 2¢) and the signal-to-noise was substan-
(see Figure 2, panel 2). Relaxation rates were cal- tially reduced. This is also due to the lower sensitivity
culated for only a few residues in the unstructured of the XNOE experiments. Because of lower signal-
N-terminus. The R(N;) spectra were recorded first to-noise in the CHAPS-free sample and the resulting
and the rates for four residues in this region could be error in the rates, it is difficult to draw conclusions
calculated (see Figure 2, panel 2b). By the time the aboutindividual residues from these data.

XNOE spectra were recorded 5 days later, three of
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m’GpppA, 50 mM CHAPS apoprotein, 50 mM CHAPS
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Figure 3. Continued.
Comparison of apoprotein, fGpppA-, and relaxation data for the apoprotein. Figure 3 (panels 3
m’GDP-bound elF4E in the CHAPS micelle and 4) shows the reduced spectral density mapping for

these two situations. Comparison of relative relaxation
rates for the different secondary structure elements in-
dicates that the same dynamic properties are presentin
both the apoprotein and the’@pppA-bound forms.
Because the CHAPS concentration was identical in
the dinucleotide complex and the apoprotein, all data
points in a plot of a dinucleotide relaxation parameter
(Rn(Nx.y), Rn(N2), or XNOE) versus the correspond-
ing parameter in the apoprotein should lie on the line

To investigate the effects of different cap analogs on
the mobility of elF4E in the CHAPS micelle, we
compared relaxation rates for the apoprotein and for
the mGDP and mMGpppA elF4E complexes. Since
the apoprotein and the 1&pppA complex contain
the same CHAPS concentration, mobility differences
upon binding of the cap analog can be compared.
Figure 2 (panel 3) shows the relaxation data for the
m’GpppA complex, and Figure 2 (panel 4) shows the
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y = X, except for those residues with locally altered no significant changes in the relaxation rates which
mobility due to the presence of the bound cap analog are not accounted for by the difference in CHAPS
(see Figure 4, panel 1). For all three parameters, the concentration.
least squares fit for the datapoints in these plotsis close  Resonance shifts upon the addition of GpppA
to the line y= x, with x2 > 0.93. There are no signif-  were mostly confined to the loop-containing region
icant outliers, and there are no significant anomalies from 199 to 206. While Hi¥°, Sef%%, Asr?%3, and
in the rates of those residues known to be involved in Lys!* remain unassigned in the ‘@pppA-bound
the interaction with the dinucleotide. Figure 4 (panel protein, Se#°° and Al&£%2 shift but can be followed.
2) shows plots of the relaxation parameters for the For these residues, there is no substantial change in
m’GDP-bound elF4E versus the corresponding pa- the relaxation rates between the apoprotein and the
rameter for the apoprotein. These two samples have m’GpppA-bound form. In addition, the new peaks
different CHAPS concentrations; hence, the best fits which appear in the spectrum of the dinucleotide-
to these points do not have a slope of 1 or a y-intercept bound form, although unassigned, have relaxation
of 0. This shows the ‘scaling’ of the rates due to the rates similar to typical values in this loop region in the
presence of the CHAPS micelle. apoprotein form.

No significant anomalies were seen in the relax-
ation rates of the three forms bound in the CHAPS Amide hydrogen exchange experiments
micelle. The same general features are present in theThe amide hydrogen exchange data are also consistent
relaxation data for all three forms (see Figure 2, pan- with the presence of a CHAPS micelle. Figures 5a
els 1, 3, and 4); the results are simply ‘scaled’ by and b show the ratios of HSQC peak volumes of a
the difference in correlation time due to the differ- 5004 D,0 sample to an pO sample with the same
ence in CHAPS concentration. The dips iR (Rix,y), protein concentration at two different time points (8
corresponding to flexible loops with greater internal and 24 h). A value of 1.0 indicates no exchange, and
mobility, show up in the same locations in the eIFAE 3 value of 0.5 indicates full exchange. Amide hydro-
sequence in all three data sets, but the magnitudes ofgen exchange rates could be calculated for 34 residues.
the rates in each data set are scaled by the difference inFigure 5c plots these rates as a function of sequence.
correlation time, which is due to the difference in the Fast exchanging amides which were completely ex-
CHAPS concentration. In addition, comparing the re- changed in the first experiment are indicated by a dot
laxation parameters of the side-chaigH\cross peaks  on the line at y= 0 h. Amides exchanging too slowly
for the eight tryptophan side chains also shows no sig- for their rates to be measured in our experiments (rates
nificant changes which cannot be accounted for by the > 60 h) are plotted as dots on the line aty60 h.
difference in CHAPS concentration. Hydrogen exchange was measured at pH 6.5 and

It was impossible to measure the relaxation rates at 25°C. Under these conditions, random coil pep-
of certain residues surrounding the cap-binding site tides have exchange rates in the range of4 $hus,
of the apoprotein because these residues disappeag|| residues that have a valu€.5 in Figure 5a have
or remain unassigned in the apoprotein. NH cross amide protons protected from solvent access. Most of
peaks for Hi8%, GIU'%3, GIU!%, Val'>3 Leu'®® as  the loops show rapid exchange before the first time
well as the side chain ## of Trp'®® disappear inthe  point, whereas most secondary structural elements
apoprotein. These residues are all known to form NOE show little exchange when the final experiment was
contacts with, or be adjacent to, residues which con- completed after 32 h. There is some additional ex-
tact m GDP. If these resonances are unobservable duechange that occurs between the 8 h time point and the
to broadening in the apoprotein, this could indicate mi- 32 h time point, for instance in b2 and the b3-a3 and
crosecond to millisecond motion near the intermediate a4—b5 loops. The rates for these residues are plotted in
exchange regime. However, it is likely that these reso- Figure 5c. The regions that are the most structured or
nances simply shift position in the apoprotein spectra protected by CHAPS retairn80—90% of their signal
and we do not yet have all the assignments for the intensity after 32 h (see Figure 5b). These residues are
apoprotein. Cross peaks which shift less dramatically, indicated in Figure 5c with dots on the line aty60 h.
for which we were able to measure the relaxation Sijgnificant intensity in these regions remained after
rates, include the amides of THr Trp®8, Lelf?, several days.
Lys'®8, Trp'®, and Trg%, and the side-chain i The two surface-exposedhelices predicted from
crosspeak of TriP*. For these residues, there were the CHAPS ftitration to be immersed in the CHAPS
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Figure 5. Amide hydrogen exchange and CHAPS titration chemical shift changes plotted versus protein sequence. Ratios of HSQC peak
volumes between a reference® sample and a sample exchanging in 504%0XI/1p) after (a) 0-8 h and (b) after 24 h. A value of 1.0
corresponds to no exchange; a value of 0.5 corresponds to full exchange. (A line is drawn to indicate a value of 0.5.) (c) HD exchange rates as a
function of sequence . Residues with rates too fast to be measured (amides that are completely exchanged after 8 h) and residues that exchange
rapidly but gave poor fits are plotted on the line at. Residues with exchange rates too slow to be mease@@llf) are plotted on the line

at y= 60 h. Uncertainties in the rates are obtained from the Levenburg—Marquadt nonlinear least-squares fits. (d) Chemical shift changes in
the CHAPS titration. ThéH chemical shift change added to 20% of #% chemical shift change is plotted as a function of sequence. The

secondary structure shown at the bottom.
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micelle, a2 and a4, show very little exchange in 32 h. Glul® and GI#%. The side chains of GI$®> and
Phe'4, Trp’®, and AlZ® in a2 have exchange rates of GIul%3 are known to form hydrogen bonds with the
45.1, 39.6, and 37.0 h, respectively./fland 11€'8 in amino group of the fG of the cap analog and:sN of
a2 have exchange rates longer than the range of ourTrp>8, respectively.
measurements>60 h). Led3l, Thr'33 Alal36 and It would be interesting to compare our amide hy-
Val'3’in a4 also have very slow rates @0 h). drogen exchange data recorded in the presence of
All of the other surface-exposed helices in elF4E CHAPS to the corresponding experiments performed
are fully exchanged after 32 h. The presence of a using CHAPS-free elF4E. This would be much more
CHAPS micelle coating this side of the protein and difficult, however, due to the fact that CHAPS-free
protecting helices a2 and a4 from solvent exchange elF4E precipitates at high concentration. In addition
could explain the difference in amide hydrogen ex- to starting from a substantially lower concentration,
change rates between these two helices and the othethe original sample must be diluted twofold with©O
four helices in the protein. Another possibility is the before recording the data, reducing the sensitivity even
presence of a stabilizing intraprotein interaction in further.
these two helices; however, we know from the CHAPS
titration that these two helices show some of the largest
chemical shift changes in the protein. Thus, the solvent Discussion and Conclusions
protection is more likely a result of immersion in the
CHAPS micelle. The four rapidly exchanging helices We have studied the dynamics and amide hydrogen
include al and a3, which contain or are close to the exchange of yeast elF4E immersed in a CHAPS mi-
two key cap-binding tryptophan residues, T@nd celle, with two different concentrations of CHAPS,
Trp'%4, because the cap binding site is not immersed as well as in the CHAPS-free form. The overall cor-
in the micelle. Figure 5d shows the chemical shift relation times of the CHAPS-free protein and the
changes observed in the CHAPS titration. protein—micelle complexes with two different CHAPS
The a4—-b5 loop, which is predicted to be immersed concentrations are very different. We conclude that
in the CHAPS micelle based on the relaxation data and in the presence of 25-50 mM CHAPS, elF4E is part
the CHAPS titration, does contain slowly exchanging of a large CHAPS micelle whose size depends on the
residues. After 8 h, there is still some intensity for CHAPS concentration. Because of the low critical mi-
Thrl4l Asp!43 and GId44 but these residues are fully  celle concentration for CHAPS (6 mM), dynamic light
exchanged after 32 h. These residues did not give goodscattering data, and comparison of our measured cor-
enough fits to calculate exchange rates. This regionrelation times to other published protein correlation
also shows significant chemical shift changes in the times, we estimate that the size of the micelle is some-
CHAPS titration (see Figure 5d). The a2-b3 loop is where in the range of 40—60 kDa at the CHAPS con-
also predicted to be immersed in the micelle; how- centrations used in these experiments. Since the mole-
ever, this loop does not show dramatically increased cular weight of yeast elF4E itself is only 24.3 kDa, this
protection on the time scale of these experiments. implies that the elFAE-CHAPS micelle contains be-
The b3—a3loop and the adjacent helix a3 also seemtween 25 and 60 molecules of CHAPS (the molecular
to have several relatively slowly exchanging residues; weight of CHAPS is 0.612 kDa).
there is still some intensity remaining after 8 h in Our data support a model in which the convex
residues ArgPl Aspl% Asnl® and Ald19 but surface of elF4AE is immersed in the CHAPS micelle,
these residues are completely exchanged after 32 h.including helices a2 and ag;strands b1l and b2, and
Exchange rates for Af§%, Asp!%® and Asi% are  the a2-b3 and a4-b5 loops. The concave surface of
9.8, 9.3, and 99 h, respectively. The loop consists elF4E, including the cap-binding site, does not seem
of residues 97-105, including T¥¥, which together  to be in contact with the micelle. Helices a2 and a4
with Trp°8 sandwiches the methylated cap analog in show substantial chemical shift changes in the CHAPS
the structure. Thus, the slowly exchanging residue titration experiments. These helices have very slowly
Argl® s contained within this loop, and it is likely —exchanging amide protons compared to all the other
that Argt%is involved in a hydrogen bonding interac-  helices in the protein, consistent with protection due
tion. Unfortunately, there was overlap or not enough to immersion in a micelle. Approximately 80-90%
signal intensity to measure the HD exchange ratio for of the original signal intensity of the most protected
other residues in this flexible loop region, including secondary structure elements remains after 24 h, and
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some amide signal intensity remains after several days.50 mM CHAPS samples (see Figure 2, panels 3 and
The relaxation and amide hydrogen exchange experi- 4). The rise in the magnitude of the XNOE is evident
ments provide additional evidence for the a2-b3 and in all four samples. In addition, there is abnormally
a4—b5 loops being in contact with the micelle. These increased mobility in the center of the adjacent he-
two loops show reduced mobility relative to the other lix a4. The mobility of this loop region seems to be
loops in the structure for the CHAPS-containing sam- unaffected by the presence of the CHAPS micelle.
ples. However, the a2—-b3 loop appears to be flexible From the CHAPS titration data, this loop seems to
in the absence of CHAPS, indicating that the reduced be relatively unaffected by CHAPS binding; however,
mobility is due to the CHAPS micelle and not some the adjacent helix a4 shows very large chemical shift
internal feature of the protein itself. The a4-b5 loop changes, starting with A$p’, which is very close to
shows increased protection from solvent on the time this loop.
scale of 8 h. The apparent increased mobility for this loop re-
Our data support the idea that the cap-binding site gion is surprising, given that this is a rather short
is situated outside of the micelle. Residues surround- loop, encompassing residues 120-125. It shows even
ing the cap-binding site do not show large chemical greater mobility than the b1-al loop, which is twice as
shift changes in the CHAPS titration, and the bind- long. Inthe elF4E structure in the presence of CHAPS,
ing of cap analogs is unaffected by the presence of this loop appears to be restricted because of its short
CHAPS. In addition, the loops preceding the two crit- length. However, there are mafhi-1H side-chain to
ical tryptophan residues, Ttpand Trg%4 appear to amide NOEs between helix a4 and fheheet between
be flexible, both in the apoprotein and with bound cap residues 130 and 138, but few NOEs in the region
analog. adjacent to this loop, between 126 and 129. Surpris-
In addition, our data suggest a mode of cap ana- ingly, Leut?® and 11€'25, which both point towards
log binding which does not cause substantial change the interior of the molecule, do not have any NOEs
in the mobility of binding site residues. The gen- to the p-sheet. Perhaps this end of the helix is not
eral dynamic features of the binding-site loops re- held as rigidly against th&-sheet, allowing for greater
mained unchanged in the apoprotein/@DP-, and flexibility in this short loop.
m’GpppA-bound forms. In the AGpppA titration, Our data suggest that there is no dramatic change
chemical shift changes were confined to the region in the structure or relative mobilities of secondary
between residues 199 and 206. The flexible loop structural elements of elF4E between the CHAPS-free
within this region does not seem to become more protein and the protein immersed in the CHAPS mi-
structured upon binding AGpppA. The overall cor-  celle. Other than mobility changes in several surface-
relation times were different in the samples used due exposed loops, the overall structure remains essen-
to different CHAPS concentrations; however, general tially unchanged, as indicated by small changes in the
features of the internal dynamics were unchanged de-NMR spectra upon the addition of CHAPS. Addition
spite the significantly different correlation times. The of the non-denaturing detergent CHAPS could be a
overall magnitudes of the relaxation rates scale with promising technique for increasing the solubility and
the overall correlation time, but the relative mobilities  stability of other difficult proteins.
of secondary structure elements within each sample
remain the same. We were unable to draw conclu-
sions about those residues within the cap-binding site Acknowledgements
which disappear or shift substantially in the apopro-
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