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Abstract: The apolipoprotein E family contains three major isoforms (ApoE4, E3, and E2) that are
directly involved with lipoprotein metabolism and cholesterol transport. ApoE3 and apoE4 differ in
only a single amino acid with an arginine in apoE4 changed to a cysteine at position 112 in apoE3.
Yet only apoE4 is recognized as a risk factor for Alzheimer’s disease. Here we used '°F NMR to
examine structural differences between apoE4 and apoE3 and the effect of the C-terminal domain
on the N-terminal domain. After incorporation of 5-'°F-tryptophan the 1D '°F NMR spectra were
compared for the N-terminal domain and for the full length proteins. The NMR spectra of the
N-terminal region (residues 1-191) are reasonably well resolved while those of the full length
wild-type proteins are broad and ill-defined suggesting considerable conformational heterogeneity.
At least four of the seven tryptophan residues in the wild type protein appear to be solvent
exposed. NMR spectra of the wild-type proteins were compared to apoE containing four mutations
in the C-terminal region that gives rise to a monomeric form either of apoE3 under native
conditions (Zhang et al., Biochemistry 2007; 46: 10722-10732) or apoE4 in the presence of 1 M
urea. For either wild-type or mutant proteins the differences in tryptophan resonances in the N-
terminal region of the protein suggest structural differences between apoE3 and apoE4. We
conclude that these differences occur both as a consequence of the Arg158Cys mutation

and as a consequence of the interaction with the C-terminal domain.
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Introduction

The family of the apolipoproteinE proteins are mul-
timers consisting of monomers of a 34 kDa, 299
amino acid, protein. Epidemiological studies have
indicated that apolipoprotein E4 (apoE4) is a genetic
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risk factor for late onset Alzheimer’s disease. ApoE3,
which is the most common isoform in humans, has a
single mutation of an arginine to a cysteine at posi-
tion 112. Lipid-free apoE is known to exist primarily
as tetramers of the 34 kDa monomer at low pM con-
centrations while particles of higher molecular
weights are observed at higher concentrations.'™
The complexities due to the presence of multiple,
high molecular weight species have made structural
determination of the full length protein difficult and
currently no such structure exists. The apoE protein
consists of a C- and N-terminal domain and the
structure of an N-terminal fragment (residues 1-
191), which does not self-associate, has been solved
by X-ray crystallography® and more recently by
NMR.” This domain is believed to be responsible for
binding to the LDL receptor while regions of the C-
terminal domain (192-277) are believed to be
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responsible for apoE self association.® This domain is
postulated to be o-helical from CD measurements®
but its complete structure is unknown. A structure of
the full length protein has been proposed based on
distance constraints obtained from electron paramag-
netic resonance measurements of the whole protein®
and the known structure of the N-terminal domain.
The N-terminal domain is a four helix bundle linked
to the C-terminal domain through a long hinge
region. For apoE4 a salt bridge that is lacking in
apoE3 is proposed to form between Arg6l and
Glu255 resulting in an interaction between the two
domains® although other interactions have also been
proposed.” Recently two mutants involving four to
five mutations in the C-terminal domain of apoE3
have been described which result in a protein that
remains monomeric even at 25 mg/mL.!° Using this
mutation, Zhang et al. have reported the complete
NMR backbone assignment of monomeric apoE3.!!
Provided that these mutants are structurally similar
to wild-type, they would be useful systems to examine
the properties of the monomeric forms of these
proteins.

In previous publications, we have incorporated
19F_]abeled amino acids into proteins followed by °F
NMR measurements.'>'7 The °F nucleus is very sen-
sitive to its surroundings and small changes in the
structure can be detected by chemical shifts. Addition-
ally, the use of a *F cryoprobe allows spectra to be col-
lected at reasonably low protein concentrations and, in
general, the 1D spectra are relatively uncomplicated.
In this article we have incorporated 5-'°F-tryptophan
into both apoE3 and apoE4 to address the issue of dif-
ferences between these proteins. Experimental results
were obtained for the N-terminal region, for the wild-
type and for the protein containing C-terminal muta-
tions. The data show that differences exist in the
tryptophan NMR spectrum of N-terminal domain com-
pared to the full length protein suggesting conforma-
tional changes as a consequence of the presence of the
C-terminal domain as well as the arginine to cysteine
mutation at position 112. Such conformational changes
appear in both apoE4 and apoE3. In addition the tryp-
tophans in C-terminal domain appear to be solvent
exposed. We conclude that there is considerable confor-
mational heterogeneity in the whole protein as a con-
sequence of the C-terminal region interacting with the
N-terminal region of the protein.

Results

SF NMR spectra of the N-terminal domain of
apoE4 and apoE3

Figure 1 shows the F NMR spectra for the N-ter-
minal fragment (residues 1-191) of apoE4 [Fig. 1(A)]
and apoE3 [Fig. 1(B)] in 20 mM HEPES, pH 7.4
buffer containing 80 mM NaCl and 0.1% B-mercapto-
ethanol. This domain contains 4 tryptophan residues
and 4 NMR peaks can be seen in both spectra. The
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Figure 1. '°F NMR spectrum of N-terminal domain

(residues 1-191) of (A) wt-apoE4 and (B) wt-apoE3. Data

collected at 22°C in 20 mM HEPES, 80 mM NaCl, 0.1%

BME at pH 7.4. The protein concentrations were 30 M.

The peaks at —48.4 ppm in A and —48.9 ppm in B are

assigned to Trp39 [see Supporting Information Fig. 1(A)].

peak at —49.5 ppm is the same as that of free 5-1°F-
tryptophan, suggesting that this tryptophan is sol-
vent exposed and most likely represents Trp20
which appears to be solvent exposed in the NMR
structure of the N-terminal domain.” The remaining
tryptophan residues are Trp26, Trp34 and Trp39. Of
these, the mutation Trp39Phe clearly removed the
resonance at —48.9 ppm in both the apoE3-C-termi-
nal mutated protein and the N-terminal domain
[Supporting Information Fig. 1(A)]l. A similar muta-
tion at Trp34 was ambiguous and the assignment is
tentative at this time [Supporting Information Fig.
1(B)]. This ambiguity may arise due to small chemi-
cal shift difference between Trp26 and Trp34 or due
to conformational heterogeneity in the N-terminal
domain surrounding these residues. There are clear
differences between spectra of the N-terminal do-
main between apoE4 and apoE3, suggesting that the
mutation Argll2Cys induces structural changes.
The tryptophan residue which seems to differ most
is Trp39 which, as shown later, is also affected due
to interactions between the N- and the C-terminal
domains of the apoE proteins.

SF NMR spectra of wild type apoE4 and apoE3

Figure 2 shows the NMR spectra of wt-apoE4 (blue)
and wt-apoE3 (red) in 20 mM Hepes buffer contain-
ing 80 mM NaCl and 0.1% B-mercaptoethanol at pH
7.4. In contrast to the spectra of the N-terminal do-
main, the peaks are broad and ill-defined for the
both apoE3 and apoE4. The spectra of apoE3 and
apoE4 are similar but not identical and show that
all the chemical shifts of °F-tryptophan appear
within a region of —47 to —50 ppm. There is a large
peak at —49.6 ppm that has the same chemical shift
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Figure 2. 'F NMR spectrum of wt-apoE4 (blue) and wt-
apoE3 (red). Data collected at 22°C in 20 mM HEPES,

80 mM NaCl, 0.1% BME at pH 7.4. The protein
concentration was 50 pM. For comparison the spectra were
normalized to the same total intensity under the peaks.

as free 5-"°F-tryptophan. The area under the peak
at this chemical shift corresponds to about 50% per-
cent of the total area suggesting that 3-4 of the 7
tryptophan residues are solvent exposed rather than
the single solvent exposed tryptophan in the N-ter-
minal domain. The differences between these spectra
and the corresponding spectra of the N-terminal
domains may arise either from the interaction of C-
terminal and N-terminal domains or from oligomer
formation.

'F NMR of the C-terminal mutants of

apoE3 and apoE4

Since the wild-type proteins are oligomers of the 34
kDa monomer, the monomeric forms of apoE were
prepared following the procedure of Zhang et al.’
who showed that by making four to five mutations
in the C-terminal region a monomeric form of apoE3
could be obtained. Figure 3 shows the NMR spectra
of both mutated apoE3 and mutated apoE4. Since
one of the mutations used by Zhang et al. was a
tryptophan to arginine mutation, these proteins con-
tain only 6 tryptophan residues. As with the wild-
type proteins, there are differences in the NMR
spectra between C-terminal mutated apoE4 and C-
terminal mutated apoE3 but the spectra remain ill-
defined. While the presence of oligomers does com-
plicate the spectrum, a comparison of Figures 1-3
would indicate the interaction of the N- and C-termi-
nal domains is a more important factor in affecting
the structure of the N-terminal domain.

Denaturation of apoE isoforms using CD

To determine the relative stability of the apoE-C-ter-
minal mutants, urea denaturation studies of the
apoE isoforms were performed using the CD signal
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Figure 3. "°F NMR spectrum of apoE4-C-terminal mutant
(blue) and apoE3-C-terminal mutant (red). Experiments
performed using 60 pM apoE mutants in 20 mM HEPES,
80 mM NaCl, 0.1% BME and pH 7.4. For comparison, the
spectra were normalized to the same total intensity under
the peaks.

at 222 nm. Figure 4 shows the urea denaturation of
the wild-type and the apoE-C-terminal mutants. The
denaturation profiles of wt-apoE4 (solid squares)
and wt-apoE3 (solid stars) appear similar while the
denaturation profiles of apoE-C-terminal mutants
(solid triangles and solid circles for apoE4 and
apoE3 mutants, respectively) are shifted to the right
suggesting that the C-terminal mutants are more
stable as well as differing from each other. The data
were fit using a two state model for illustration
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Figure 4. Urea denaturation of apoE mutants measured by
circular dichroism at 222 nm. The normalized unfolded
fraction of apoE has been plotted as a function of urea
concentrations for wt-apoE4 (M), the C-terminal mutant of
apoE4 (A), wt-apoE3 (%) and the C-terminal mutant of
apoE3 (@). The solid lines are fits of the data with a two
state model.'® Experiments performed with 2-3 uM of apoE
in 20 mM phosphate, 0.1% BME at pH 7.4 and 22°C at
each urea concentration.

Structural Differences Between apoE3 and apoE4



= 160+
£ 100 €
= =5
5 . 1204
s 5] oM £ 1M
8 ~ 80
® 504 3
e =]
2 £ 404
E‘ 254 g
< 04 < 0
-46 47 -48 .49 .50 -51 46 -47 48 -49 -50 .51
chemical shift (ppm) chemical shift (ppm)
2004 200
S =
S 1604 =
g 2 150+
5 1201 2M s 3M
° = 100
o L
3 804 -g
= £ 504
£ 404 g
< < 0-
04
-46 _‘{7 .‘{3 .ig .éo .5'1 -46 -17 -A{S -4:9 -5'0 -5'1
chemical shift (ppm) chemical shift (ppm)
2404
.‘é
S 1804
£
o
= 120- 4M
-]
=
£ 604
o
£
< 04
46 -47 48 -49 -50 -51

chemical shift (ppm)

Figure 5. Urea denaturation of the apoE4-C-terminal mutant. Experiments performed in 20 mM HEPES, 80 mM NaCl,
0.1% BME at pH 7.4 and 22 °C. A 10 M stock urea solution in 20 mM Hepes buffer, pH 7.4 was added to the solution in
appropriate amounts to make 1, 2, 3, 4, and 5 M urea solutions. The protein concentration at 0 M urea was 60 pM.

The data shown are corrected for dilution.

purpose (solid lines). While the fits are reasonable,
some fits are poor, indicating a more complex dena-
turation model. To determine the cause of these dif-
ferences, we performed NMR experiments as a func-
tion of urea using the apoE-C-terminal mutants.

Urea denaturation of apoE isoforms

using 'F NMR

19F NMR spectra of mutated apoE4 and apoE3 as a
function of the urea concentration are shown in Fig-
ures 5 and 6 respectively. In Figure 5, it can be seen
that the spectra for C-terminal mutant of apoE4 are
almost the same between 0 and 1 M urea. Above
1 M urea there is increasing intensity at —49.6 ppm
as the protein denatures with denaturation appear-
ing to be complete by 4 M urea. The appearance of
peaks at the chemical shift of free °F-tryptophan is
typical of a denatured protein.'®!® Those peaks asso-
ciated with the N-terminal domain (from —47.5 to
—49 ppm) all appear to decrease equally as the pro-
tein denatures. Similar denaturation experiments
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with the C-terminal mutant of apoE3 are shown in
Figure 6. In this case, denaturation of the apoE3-C-
terminal mutant is not complete even at 5 M urea.
In contrast to the data for apoE4, a peak at —48.8
ppm which is broad in the absence of urea persists
and appears to become progressively sharper at urea
concentrations up to 4 M. This peak then almost dis-
appears at 5 M urea. This peak which is clear and
distinct in the spectrum of the N-terminal domain of
apoE3 [Fig. 1(B)] is assigned, by mutagenesis, to
Trp39. However, the same peak is broadened and ill-
defined in the spectrum of the C-terminal mutant of
apoE3, most likely due to the interaction of the C-
terminal domain with the N-terminal domain.
Denaturation of the C-terminal region in presence of
2-4 M urea appears to sharpen this peak by reduc-
ing the domain—domain interaction.

For a monomeric protein, the total intensity
under the NMR peaks should be constant as a func-
tion of denaturant concentration. Table I shows that
this is true for the C-terminal mutant of apoE3
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Figure 6. Urea denaturation of the apoE3-C-terminal mutant. Experiments performed in 20 mM HEPES, 80 mM NaCl, 0.1%
BME at pH 7.4 and 22°C. A 10 M stock urea solution in 20 mM Hepes buffer, pH 7.4 was added to the solution in appropriate
amounts to make 1, 2, 3, and 4 M urea solutions. The protein concentration at 0 M urea was 60 uM. The data shown are

corrected for dilution.

described by Zhang et al. It is not true, however ei-
ther for wild type or for the C-terminal mutant of
apoE4, suggesting that the mutations in the case
of apoE4 are not sufficient to make the protein
monomeric. Instead 1-2 M urea is required to dis-
sociate the oligomeric wild type apoE4 to the
monomeric form. For the dissociation of the C-ter-
minal mutant of apoE4 addition of 1 M wurea
appears to be required. It should be noted, how-
ever, from Figure 5 that the NMR spectrum of the
C-terminal mutant of apoE4 is essentially the
same at 0 and 1 M urea.

Discussion

It is well established that apoE4 is a risk factor for
Alzheimer’s Disease while the other members of the
family, apoE3 and apoE2, are not.2>2® Yet the only
difference is a single amino acid change, an arginine
to cysteine mutation at position 112, in the N-termi-
nal domain of apoE3. In the discussion below we will
compare and contrast the differences between apoE4,
apoE3 and their N-terminal domains.
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Assignment of the NMR peaks of the

N-terminal Domain

Of the 4 tryptophan residues in the N-terminal do-
main, the NMR structure shows Trp20 appears to be
solvent exposed while the others are buried to differ-
ent extents.” Based on our previous studies, we
would conclude that Trp20 would be expected to

Table 1. Area Under the Total ’F NMR Spectrum as a
Function of Urea Concentration for Wild Type apoE4
and for the C-terminal Mutants of apoE4 and apoE3

oM M 2M 3M aM 5M
Wt-apoE4 0.55 0.69 089 093 1.0 0.90
Mutant-apoE4 0.64 091 099 1.0 0.93 -
Mutant-apoE3  0.86 0.89 094 1.0 091 0.86

Experiments performed in 20 mM HEPES, 80 mM NacCl,
0.1% BME at pH 7.4 and 22°C. A 10 M stock urea solution
in 20 mM Hepes buffer, pH 7.4 was added to the solution
in appropriate amounts to make 1, 2, 3, 4, and 5 M
urea solutions. The starting protein concentration for the
wt-apoE4 is 50 uM and for C-terminal mutants of apoE is
60 pM. The data shown are normalized.

Structural Differences Between apoE3 and apoE4



have F chemical shift located at the position of
free 5-1%F-tryptophan. Site directed mutagenesis, a
Trp39Phe mutation in the C-terminal mutant of
apoE3 clearly shows that the peak at —48.8 ppm cor-
responds to Trp39 [Supporting Information Fig.
1(A)]. Similar mutations could not distinguish
between Trp26 and Trp34.

F NMR Spectra of wt-apoE4 and E3

As noted earlier, Figure 2 shows that the NMR spec-
tra for both wt-apoE4 and wt-apoE3 are broad and
ill-defined. Compared to data with other proteins'®!?
and with that of the N-terminal fragment in Figure
1, the spectra suggest that there is considerable con-
formational heterogeneity in the whole protein pre-
sumably induced by the presence of the C-terminal
domain as discussed below. This conclusion is
strengthened by the observation of a large peak at
the resonance of free 5'°F-tryptophan suggesting
that in the whole protein at least three to four of the
seven tryptophan residues are solvent exposed and
some may be located in disordered regions.

Comparison of the apoE-C-terminal mutants
with Wild Type apoE
ApoE proteins are known to form oligomers which
range from dimers to tetramers and higher molecu-
lar weight forms.'™ Because oligomerization could
make interpretation of the NMR spectra difficult, we
investigated the monomeric form of the protein. Fig-
ure 3 shows that the NMR spectra for the mono-
meric apoE3 is still broad and poorly resolved sug-
gesting that the nature of the spectrum is not an
issue related to oligomerization. As noted earlier, the
spectrum of the N-terminal fragment is considerably
cleaner than that of the whole protein. It should be
noted, however, that although these mutations yield
the monomeric form of apoE3, the data of Table I
shows that 1 M urea, in addition to the mutations,
is required to yield the monomeric form of apoE4.
Previous structural studies have focused primar-
ily on the structure of the N-terminal domain as in-
dicative of that structure within the whole protein.
Two x-ray structures of the N-terminal domain of
apoE4 and apoE3 (PDB:1B68 and PDB:1INFN,
respectively) show a four-helical bundle with little or
no difference in the backbone or the tryptophan side
chains. On the other hand, an NMR structure of the
N-terminal domain of apoE3, shown in Figure 7,7
does differ from the x-ray structure of the apoE4 N-
terminal domain but that difference may be due to
the fact that the NMR structure includes the first
N-terminal 23 residues and the x-ray structures do
not. Differences between the N-terminal domain of
apoE3 and apoE4 presumably arise from arginine
being replaced by cysteine in apoE3, but it is clear
that interaction of the C- and N-terminal domains
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Figure 7. NMR structure of the N-terminal domain of wt-
ApoE37 (PDB: 2KC3). Distances from the Cys112 to the 5
position of Trp20, 26, 34, and 39 are shown in A Figure
made using Pymol (DeLano, W.L. The PyMOL Molecular
Graphics System, 2002, http://www.pymol.org).

occur in both apoE3 and apoE4. Thus the spectra of
the N-terminal domains show clear differences from
that of the whole protein especially for Trp39. These
results suggest, as indicated above, that the struc-
ture of the N-terminal domain is affected by the
presence of the C-terminal domain in both apoE3
and apoE4. Figure 7 also shows the location of the 4
tryptophan residues in the N-terminal domain as
well as that of the cysteine at position 112. It should
be noted that all four tryptophan residues are 13 A
or more distant from the cysteine residue. Therefore
the observed spectrum changes in the N-terminal
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domain of the full length proteins suggest that struc-
tural changes are propagated throughout the N-ter-
minal domain as a consequence of interaction with
the C-terminal domain.

The Nature of the C-terminal Domain

The C-terminal domain has been proposed to be pri-
marily an a-helical structure.®> A comparison of the
NMR data of the N-terminal region to that of the
whole apoE3 or apoE4 protein shows more intensity
at the chemical shift of free 5-°F-tryptophan in the
whole protein suggesting that the tryptophan resi-
dues in the C-terminal domain are solvent exposed
and could be located in disordered regions rather
than in defined structures. This conclusion is sup-
ported by recent NMR data in which the backbone
resonances of apoE3 have been assigned and struc-
tural predictions made on the basis of chemical
shifts.!* The data suggest helical regions in the C-
terminal domain (residues approximately 200—299)
between 210-233 and 238-260 while the tryptophan
residues in the C-terminal domain are located at
positions 210, 264, and 276.

The NMR Spectra of Wt and C-terminal mutants
as a Function of Urea

Figure 4 shows the denaturation of wild-type and C-
terminal mutants of apoE as measured by CD changes
at 222 nm. These data show that the mutant proteins
appear more stable than the wild-type proteins. This
apparent increase in stability and the inability to oli-
gomerize may be correlated if one assumes that the
mutations increase the stability of the C-terminal do-
main as well as preventing some protein—protein inter-
action. It has been suggested that low urea concentra-
tions result in loss of structure in the C-terminal
domain while higher urea concentrations represents
loss of structure in the N-terminal domain.?® It has
also been postulated that the C-terminal domain of
apoE is involved in apoE self association. The require-
ment of 1 M urea to dissociate the apoE4-C-terminal
mutant may be due to more extensive interactions
between the N- and C-terminal domains postulated for
apoE4.® The differences in the CD urea denaturation
curves between the apoE-C-terminal mutants pro-
mpted a comparison of the urea dependence of the
NMR structures. Figures 5 and 6 shows the urea de-
pendence of 1°F NMR spectra of mutated apoE4 (Fig.
5) and mutated apoE3 (Fig. 6). It is clear that the two
isoforms differ in stability since 4 M urea completely
denatures apoE4 but not apoE3. Comparison of the
data of Figures 5 and 6 indicate a difference in reso-
nance assigned to Trp39 at —48.8 ppm (see Supporting
Information and Fig. 7). While these results suggest
differences in the interaction of the N- and C-terminal
domains of apoE3 and apoE4 it is important to note
that such interactions occur in both apoE3 and apoE4.
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The data of Table I reinforce this notion show-
ing that mutations in the C-terminal domain did not
make a completely monomeric form of apoE4 but
required the addition of 1 M urea.

In summary, while the arginine to cysteine
mutation in the N-terminal domain of apoE3 leads
to some structural changes, we show that there are
structural differences in the N-terminal region as a
consequence of the interaction with the C-terminal
domain. We conclude that there is considerable con-
formational heterogeneity in the full length proteins
which arises from this interaction of the C- and N-
terminal domains in both apoE3 and apoE4.

Materials and methods

Protein expression and purification

The plasmid for the thioredoxin fusion protein of the
wt-apoE4 was a kind gift from Dr. Karl Weisgraber
(Gladstone Institute, San Francisco). Mutations
were introduced into the c-DNA of apoE4-wt using
the QuikChange site-directed mutagenesis kit (Stra-
tagene). All sequences were verified using DNA
sequencing. Escherichia coli (strain DL41) was
grown in defined media to ODgyo = 0.6. To incorpo-
rate labeled tryptophan the cells were harvested and
resuspended in fresh defined media containing 0.2
mM 5-°F-tryptophan. After 30 minutes protein pro-
duction was induced with 1 mM Isopropyl B-p-1-thio-
galactopyranoside for 2 hours. The rest of the purifi-
cation protocol is essentially same as described by
Hatters et al.?” One to 4 mg of pure apoE was
obtained from 1 L culture. To obtain the N-terminal
fragment (22kDa) the full length apoE was cleaved
with bovine alpha-thrombin and then purified by
size exclusion chromatography using a Superdex 200
column in 4 M GdnCl and 0.1% B-mercaptoethanol.
Protein concentrations were calculated from the
extinction coefficient at 280 nm of the denatured
protein. The &950 used are 4.495 x 10* M 'em ! for
the wild type apoE, 3.936 x 10* M 'em ' for the
apoE-C-terminal mutants and 2.51 M 'em™! for the
N-terminal fragment.?®

Materials
5-19F-tryptophan was obtained from Sigma Aldrich.
All other chemicals were reagent grade.

Fluorine NMR

19F NMR spectra were acquired on a Varian Unity-
Plus 500MHz spectrometer operating at 470.3 MHz
with a Varian Cryo-Q open cycle cryogenic system.
The 1D spectra were recorded with 1024 scans for
the monomeric mutants. For the wild type mutants
4096 scans were recorded. The data were processed
using VNMR software. Buffers contained 10% (v/v)
D,0. There was no correction to the pH value due to
D>0. ApoE stock solutions were kept in 4 M GdnCl,

Structural Differences Between apoE3 and apoE4



dialyzed against Hepes buffer (20 mM Hepes, 80
mM NaCl, pH 7.4, containing 0.1% B-mercaptoetha-
nol) and concentrated to 50-60 pM using Vivaspin
(10 kD MW cutoff) centrifugal concentrators before
use. Data were referenced to —40.3 ppm of free
4-1F-Phe which was present in 100 pM in all the
solutions.

Denaturation of apoE Using Fluorine NMR

A urea stock solution of 10 M was prepared in 20
mM Hepes buffer, pH 7.4 containing 10% D,O. NMR
spectra were recorded using 50-60 pM apoE in
buffer containing 100 pM free 4-'°F-Phe as a refer-
ence. The appropriate volume of 10 M urea solution
was added to this solution to obtain a final urea con-
centration of 1 M. The apoE was allowed to equili-
brate for 2 hrs before the NMR spectrum was
recorded. The same procedure was followed for
experiments at 2, 3, 4, and 5 M urea. The area
under the 4-'°F-Phe was used to correct for dilution
due to urea addition. The spectra of Figures 5 and 6
were corrected for the effect of urea based on the
chemical shift changes of 4-'°F-Phe in urea.

Circular Dichroism

For urea denaturation studies with CD an apoE
stock solution (20-30 pM) in Hepes buffer was
diluted 10-fold into 20 mM phosphate, pH 7.4 buffer
containing 0 to 8 M urea. CD spectra were recorded
using a Jasco J-715 spectropolarimeter. Twelve scans
from 225 to 220 nm with speed of 20 nm/minute
were averaged for all samples. The fraction (F) of
unfolded population was calculated from

00y

F=—__"Y
Oy — 6y

(D)

where 6 is the CD signal at 222 nm and U and N
indicating unfolded and native state, respectively.
Nonlinear least squares fit is performed using Ori-
gin 7.0 (Origin Labs) with a two state model using
the six-term equation adapted from Santoro and
Bolen.'®
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