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ABSTRACT:. The familial amyloidotic polyneuropathy is strictly associated with point mutations in the
coding region of the transthyretin gene. Here, we focused on the mutations in the memoamamer

and dimer-dimer interaction site of the transthyretin tetramer. The naturally occurring amyloidogenic
Tyrll4His (Y114H) and Tyrl16Ser (Y116S) variants formed more amyloid fibrils than the wild-type
transthyretin, nonamyloidogenic Tyr116Val (Y116V) variant, and other amyloidogenic variants in previous
studies. The secondary, tertiary, and quaternary structural stabilities of the Y114H and Y116S variants
were compared with those of the wild-type transthyretin and nonamyloidogenic Y116V variant. The
unfolding data indicated that the amyloidogenic Y114H and Y116S mutations reduced the stability of the
secondary, tertiary, and quaternary structure. Our results also indicated that the unfolding of Y114H and
Y116S is less cooperative than that of the wild-type transthyretin. Moreover, the tetramer of the
amyloidogenic variants dissociated to the monomer even at pH 7.0, indicating the importance of Tyr114
and Tyr116 in strengthening the contacts between monomers and/or dimers of the transthyretin molecule.

Transthyretin (TTR)is a tetrameric human plasma protein with SSA, which affects approximately 25% of the popula-
(molecular mass 55 kDa) composed of identical 127-residuetion aged over 80 yeard {, 12). Deposition of TTR-derived
subunits, each having A-sheet structurel( 2). TTR is amyloid in FAP patients is strictly associated with point
encoded by a single copy gene on chromosome 18 and ismutations in the coding region of the TTR gene. Single point
secreted by hepatocytes into the blood serum, where it playsmutations in TTR are believed to enhance the amyloidoge-
a major role in the transport of thyroxine and retinol, the nicity of TTR and lead to FAP with the accumulation of
latter via the TTR-retinol binding protein complex. In  amyloid in the peripheral nerves, kidney, spleen, heart,
addition to hepatocytes, the retina and the choroid plexus ofintestine, skin, and eyd 8). The full-length TTR polypeptide
the brain are sites of synthesis for TTBRH6). is a predominant product of the amyloid fibrils in FAP

TTR composes the amyloid fibrils found in patients patients, while fragments of TTR as well as full-length
afflicted with either familial amyloidotic polyneuropathy polypeptide are found in SSA amyloid deposil)( The
(FAP) or senile systemic amyloidosis (SSA)-10). Amy- majority of FAP patients are heterozygous and therefore
loid fibril formation refers to the deposition of an insoluble produce one copy of wild-type TTR for every copy of
crossB-sheet quaternary structure in the extracellular spaceamyloidogenic variant TTR. The TTR tetramers in FAP
which leads to degeneration of nerves and organ dysfunction.patients are composed of wild-type and variant subunits;
All experimental results in previous studies indicate that the however, the amyloid fibrils are composed predominantly
amyloid fibrils found in patients with FAP and SSA are the of variant TTR (L4).

causative agents of the diseases. The amyloid fibrils were \yhile the presence of an amyloidogenic mutation does
found to be composed of normal transthyretin in patients not always lead to FAP, all of the early-onset FAP cases are
associated with a TTR mutation, suggesting that the mutation
t This study was supported by grants from the Ministry of Education, IS necessary but not sufficient for disease onsgt16). The
Culture, Sports, Science, and Technology of Japan, by the ProgramTTR structures of wild-type TTR and approximately 10
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Forestry, and Fisheries of Japan (Rice Genome Project PR-4101). ~ structures are identical with each other and provide no
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Ficure 1: Ribbon diagrams of the tetrameric (a) and monomeric (b) TTR showing the aromatic side chains of the tyrosine residues at
positions 114 and 116. The side chains of Tyrl14 and Tyrl16 are shown by a stick model. Tyr114 was mutated to the histidine residue,
and Tyrl16 was mutated to the serine and valine residues.

mutations reveal the molecular mechanisms underlying the variants, which are believed to cause TTR amyloidd3ts-(
amyloid fibril formation of TTR. 38). We also studied the Tyrl16Val (Y116V) variant, which
One of the basic models for fibril formation in FAP that has been found in healthy adult individual89)Y, and
has been established thus far was developed on the basis gfompared it with the results of the Y114H and Y116S
a structural comparison of the amyloidogenic Met30 variant variants. Tyr114 is located in the loop between the G- and
with wild-type TTR (18). Terry et al. {8) formulated a model ~ H-strands and is composed of parts of both monemer
based on the formation of a linear aggregate of TTR monomer and dimerdimer interfaces (Figure 1). Tyr116
molecules linked by intermolecular disulfide bridges with in the H-strand is located in the monomenonomer
the dimer as the basic building block. Another model is based interface 84) (Figure 1). We demonstrated that the Y114H
on fibril formation from an amyloidogenic monomeric and Y116S variants were less stable and formed more
intermediate after partial acid denaturati@8{26). In in amyloid fibrils than the wild-type TTR, Y116V, and FAP
vitro studies, Kelly and Lansbur2®) demonstrated that TTR ~ variants studied previously.
could self-assemble into amyloid-like fibrils in an acidic
environment similar to that found in a lysosome. A third MATERIALS AND METHODS
hypothesis was put forward which is based on the mutational

frequency in the region of residues 458 encompassing Prot.ein Expression and PurificationThe expression
the edges of the C- and D-stran@2) Triple mutant G53S/ plasmids of Y114H, Y116S, and Y116V TTR were prepared

E54D/L55S TTR shows an altered local structure in this With the plasmid of wild-type TTR as a template using the
region and a novel protein packing arrangement, suggestingQu'kChange site-directed mutagenesis procedure from Strat-

a double helix composed of two protein helices combined 29ene (La Jolla, CA). The wild-type TTR and the variants
7. were expressed and purified as describ#d).(The concen-

Extensive data support the hypothesis that single-site pap.trations of proteins were determined by the absorbance at

- - 2 : - 280 nm, using an extinction coefficient of 71120 Mem?*
associated mutations destabilize the native protein fold, . - .
favoring dissociation and the formation of an alternatively for wild-type TTR and 66000 M cm* for TTR variants.
folded monomeric amyloidogenic intermediate under condi- ~ Fibril Formation AssayThe fibril formation was studied
tions where the wild-type tetramer is stable. The formation as described previousl¢{). A TTR stock solution contain-
of the amyloidogenic intermediate allows self-assembly and, ing 1.0 mg/mL of proteins was diluted 1:1 with 200 mM
ultimately, amyloid fibril formation 23, 28—33). However, citrate or phosphate buffer at the pH of interest. Citrate buffer
less than 10 of the TTR variants associated with FAP have Was used when a final pH below 5.4 was desired; phosphate
been studied by biophysical methods so far, although morebuffer was employed to evaluate amyloidogenesis at pH
than 80 variants associated with FAP have been reported|eve|s above 5.4. The turbidity measurements at 400 nm were
(13, 34). Therefore, it is not yet clear whether the disease- carried out on a model UV-160A UVvisible spectropho-
associated mutations generally alter secondary and tertiaryfometer (Shimadzu). Thioflavin T binding was also used to

structural stability in addition to quaternary structural stabil- €valuate the amyloid fibril formation in a pH range from
ity. 3.4 to 7.4 41). The fibril solution (40QuL) was mixed with

In the present study, we focus on the mutations in the 2-75 mL of a buffer (50 mM Tris, 100 mM KCl, and 1 mM
monomer-monomer and dimerdimer interaction site ofthe ~ EDTA at pH 8.0), together with 3@L of a thioflavin T
TTR molecule and report the secondary, tertiary, and Stock solution (2.0 mM).
quaternary structural stabilities of the naturally occurring  Monitoring pH-Induced Tetramer Dissociation of Wild-
amyloidogenic Tyr114His (Y114H) and Tyr116Ser (Y116S) Type TTR and the Variants by SBBAGE. The TTR
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solutions (0.2 mg/mL) at various pHs were incubated at 4 3
°C for 40 h. Ten microliters of the TTR solution was mixed
with 5 uL of a gel-loading buffer containing 0.1% SDS and
13% glycerol. The samples were loaded on a 15% SDS
acrylamide gel without boiling. The fractions of monomer,
dimer, and tetramer were quantified by densitometry using
the program NIH IMAGE 42).

Urea-Induced Unfolding Monitored by Far-UV CD and
Tryptophan Fluorescenc& he protein solutions at pH 7.0
(0.4 mg/mL TTR) containing various concentrations of urea 4 38 42 46 5 54 58 62 66 o 4
were incubated at 28C for 96 h before data collectiod (). pH
Concentrations of urea were determined by refractive index 2500
measurementsi8, 44). The temperature was maintained at ~ (b)
25°C for all measurements. The far-UV CD and fluorescence _ 2000
spectra were recorded on a J-805 spectrometer (Jasco) anz
a F-4500 fluorescence spectrophotometer (Hitachi), respec-= 5%
tively. Thelssdl33s ratio of the fluorescence intensity at 355
(exposed Trp) and 335 nm (buried Trp) was used to study £
the urea-induced unfoldingly).

Monitoring pH-Induced Unfolding of Wild-Type TTR and
the Variants by Circular DichroisnT TR solutions (100 mM 0
phosphate or acetate, 200 mM KCI) at a protein concentration
of 0.2 mg/mL and various pH levels were prepared ac0 »
and incubated at 4C for 48 h, since TTR does not aggregate
at temperatures belOW 2’5: (45) e

Size Exclusion Chromatograph$ize exclusion chroma-
tography was performed as describéf)( The column was
cleaned with 0.5 M NaOH and was equilibrated with 50 mM
phosphate buffer (pH 7.0) containing 100 mM KCI and 1
mM EDTA before a protein solution was injected.

RESULTS 0 ﬂ[ﬁI:L B ow o we.own

7.2 1.6 7
Extent of Wild-Type and Variant TTR Amyloid Fibril e '
Formation as a Function of pHLhe extent of wild-type TTR 6
and variant amyloid fibril formation at 37C as a function
of pH was monitored by turbidity at 400 nm between pH
3.4 and 7.4 (Figure 2a). The pH-dependent amyloidogenici-
ties of wild-type TTR and the amyloidogenic variants
(Y114H and Y116S) were not identical, with the Y114H
and Y116S variants being able to self-assemble at higher
pH values and over a broader range. The extent of wild-
type and variant TTR amyloid fibril formation at 3T as
a function of pH was also monitored by quantitative 0
thioflavin T binding of the amyloid suspension (Figure 2b).
Although the wild-type TTR and the variants did not exhibit . i i _
Ficure 2: Fibril formation of wild-type TTR and the variants as

_turbldlty atpH 3.4 (400 n_m), Squesmg the abse.ncg of Iargea function of pH. The amount of amyloid fibril formed was
insoluble aggregates (F|9U".e 2a), th!OflaV'n T binding was eyaluated by turbidity at 400 nm (a) and fluorescence intensity at
observed after the incubation of wild-type TTR and the 482 nm in thioflavin T binding assay (b). Samples were incubated
variants at pH 3.4 (Figure 2b). The apparent discrepancy at 37°C for 72 h before the assay. White, black, dotted, and hatched
between the thioflavin T binding and the turbidity assays at Pars represent wild-type, Y114H, Y116S, and Y116V TTR,

. . respectively. The intensity ratio between wild-type TTR and the
pH 3.4 may be explained by the presence of small Ollgomersvariants at various pHs derived from the data of turbidity (¢) and

at pH 3.4, at least some of which have an amyloid-like thioflavin T fluorescence (d). Black, dotted, and hatched bars
structure. To compare the relative amount of amyloid fibril represent the intensity ratio of Y114H, Y116S, and Y116V to wild-

formation between wild-type TTR and the variants, the ratio type TTR, respectively.

of OD at 400 nm for the variants to OD at 400 nm for wild-

type TTR is represented in Figure 2c. The intensity ratio of The Y114H and Y116S variants formed more amyloid fibrils
thioflavin T fluorescence between wild-type TTR and the than wild-type TTR, while the extent of the fibril formation
variants at various pHs is also shown in Figure 2d. As of the Y116V variant was similar to that of wild-type TTR
expected, good agreement is observed when comparing(Figure 2c,d).

turbidity measurements and the thioflavin T binding as a  Quaternary Structural Stabilities of Wild-Type TTR and
measure of the relative amounts of amyloid fibril formation. Variants Monitored by SDSPAGE. Wild-type TTR is
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Ficure 3: Photograph of SDSPAGE gels showing tetramer-to- § oe ¢
monomer transitions of wild-type TTR and variants. The samples §’ o
at various pHs were incubated at'@ for 40 h and subjected to = .
SDS-PAGE. 0+ o Sal .
° 00 %o
o o ? %

known to retain the tetrameric or dimeric structure after

denaturation with SDS and run as the tetramer or dimer on 0 ; ; ; (', ;
an SDS-PAGE gel @5, 28, 29, 45—-48). The samples at

pH 7.0 for wild-type and Y116V TTR showed the band 5o
corresponding to the tetramer, while the bands corresponding ‘ '
to the tetramer, dimer, and monomer were observed for ©

Y114H and Y116S variants at pH 7.0 (Figure 3). These
results are consistent with the data of analytical size exclusion+
chromatography at pH 7.0 (see below). Previous studies have g % o
shown that the acid-induced tetramer-to-monomer equilib- ¢ 5 | P i
rium can be monitored by SDPAGE @5, 28, 29, 45—

47). The Y114H and Y116S variants showed the strong band
corresponding to the monomer at all pH values studied, © o | J
whereas the wild-type and Y116V TTR showed the mono- o

meric band below pH 4.9 (Figure 3). These data indicate o "0 %9,

that the substitution of Tyrl16 with Val does not perturb -50 : : : : :
the stability of the quaternary structure and that the tetramers
of the amyloidogenic variants (Y114H and Y116S) are

destabilized relative to wild-type TTR under these experi- FIGURE 4: Acid denaturation of wild-type TTR and the variants
mental conditions. monitored by changes in the CD ellipticities at 291 nm. All samples

L . . (0.2 mg/mL) at various pHs were incubated &Cifor 48 h before
Monitoring pH-Induced Unfolding of Wild-Type TTR and  measurement. Filled symbols designate the data of the Y114H (a),
Variants by Circular DichroismTo evaluate the conforma-  Y116S (b), and Y116V (c) variants. The data of wild-type TTR

tional changes occurring in TTR as a function of pH, near- are represented by open symbols for comparison.

UV CD studies were employed to probe the tertiary structural

changes. The CD ellipticity at 291 nm, resulting from the almost disappeared, which indicates a rearranged and poorly
asymmetric packing of the tryptophan side chains, revealsdefined tertiary structure of wild-type TTR and amy-
significant pH-dependent tertiary structure changes (Figure loidogenic variants. The tertiary structures of the amy-
4). The CD signal of wild-type TTR from pH 7.0 to pH 5.5 loidogenic variants (Y114H and Y116S) are more sensitive
exhibited little change, showing a largely unchanged tertiary to acidic conditions than is wild-type TTR, and the non-
structure over this pH range. The signal became less intensgé@myloidogenic variant (Y116V) is the most stable among
over the amyloid-forming pH range of 5-@.2, implyinga  the four proteins at the pH range studied.

change in tertiary structure over this pH range. Whereas the Urea-Induced Unfolding of Wild-Type TTR and the Vari-
tryptophan near-UV CD signals of the Y114H and Y116S ants Monitored by Far-UV CD and Trp Fluorescentkea-
variants gradually decreased over the pH range of-%.2 induced equilibrium unfolding of wild-type TTR and the
(Figure 4a,b), only a slight decrease in intensity of the CD variants was investigated by Trp fluorescence spectroscopy
signal for the Y116V variant was detected in the same pH and by the CD at 215 nm. The apparent fractional extent of
range (Figure 4c). Below pH 4.0, the CD signal at 291 nm unfolding, f.pp Was calculated from the values of the CD at

°8s
8 o ¢

d
.

(deg cm

pH
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Ficure 5: Apparent fractional extent of unfoldind,,, of wild-type TTR (a) and the Y114H (b), Y116S (c), and Y116V (d) variants
calculated from the ellipticity values at 215 nm (open symbols) lagfl 335 (filled symbols). The baselines of the posttransition zone for
Y116V are assumed to be the same as those for wild-type TTR.

Table 1: Stability Parameters of Wild-Type TTR and the Variants was in the tetrameric form, but small amounts of the

Calculated from the Data on Urea-Induced Unfolding monomer were observed at 1-Q mg/mL (Figure 6c). For the
P (kcal nf (keal Y114H variant at 1.0 mg_/mL (Figure 6b), a broa}d peak was

C’(M)  molIMY)  Cy(M) moliM-? observed with an exclusion volume corresponding to a level

wildtype 350+ 002 250023 350:001 284018  Detween the tetrameric form and the monomeric form,
Y114H 219+ 001 1.36+002 2.76+£001 1.16+0.02 indicating rapid equilibrium between the different molecular
Y116S 2.3740.03 1.10+£0.05 2.99+0.01 1.06+0.02 species or a range of conformations with different exclusion
Y116V~ ND* ND? ND? ND¢ volumes. Thus, two amyloidogenic mutations Y114H and

aThe Cn values represent the denaturant concentrations at the Y116S lead to dissociation of the tetramer at pH 7.0.
midpoint of the urea-induced unfolding curves shown in Figure 5. The Additionally, the dilution leads to dissociation of the tetramer
mvalues represent the cooperativity indices of the unfoldiierived to monomer for the Y116S variant, since the fraction of
from the unfolding curves monitored by CD ellipticities at 215 nm. . - .
¢ Derived from the unfolding curves monitored by the fluorescence monomer increased as the protein concentration (_jecreased
intensity ratio (ss¢1339. ¢ Not determined. (Figure 6c). However, in the case of the Y114H variant, the
broad peak was observed in a wide range of protein
concentrations (Figure 6b). There was no monomeric form
of wild-type TTR or the Y116V variant in the protein
concentration range studied (Figure 6a,d). Therefore, the
wild-type TTR and the Y116V tetramer are more stable to
dissociation than the two amyloidogenic TTR variants at pH

215 nm and théssdl33s ratio by the equatiofupy = (Aobs —
A)I(A2 — Aq), whereA; and A, represent the baselines for
the pre- and posttransition zone, respectively, Agdis the
observed CD value dgsd/l33s ratio (Figure 5). Table 1 shows
the denaturant concentration at the midpoint of the unfolding
(C) and the cooperativity index of the unfolding (apparent
m value) obtained from the curves in Figure 5. DISCUSSION

Resistance of the TTR Variants to Dissociation into
Monomers at pH 7.0To characterize in detail the equilibrium The amyloidogenic potential of certain amino acid sub-
in solution for wild-type TTR and the variants (Y114H, stitutions in TTR is not predictable, and the severity and onset
Y116S, and Y116V), we ran gel filtration experiments at of symptomatic TTR amyloidosis remain an empirical
various protein concentrations. Figure 6 shows the gel clinical observation. Therefore, it is important to understand
filtration elution profiles of four different proteins at pH 7.0 the precise causes and mechanisms responsible for aberrant
at four different protein concentrations between 0.2 and 1.0 TTR subunit assembly or misassembly into amyloid fibrils.
mg/mL. Peaks corresponding to different molecular species Comparative studies of the native fold and abnormal
in solution were observed with apparent molecular massesconformations of TTR are expected to be useful in develop-
in the following order: 60 kDa for the tetramer (elution ing therapeutic strategies for intervention in amyloid disease.
volume= 10.4 mL) and 15 kDa for the monomer (elution We studied naturally occurring amyloidogenic variants,
volume= 13.1 mL). For wild-type TTR (Figure 6a), most the Y114H and Y116S variants, in which the Tyr114 and
of the protein was in the tetrameric form at 1.0 mg/mL. A Tyr116 residues were substituted with His and Ser, respec-
similar behavior was observed for the Y116V variant (Figure tively. The patient who had the Y114H variant was clinically
6d). In the case of the Y116S variant, most of the protein characterized by generalized cutaneous amyloid deposits and



15058 Biochemistry, Vol. 42, No. 51, 2003 Shinohara et al.

0.2 T TETT and the patient who had the Y116S variant presented with
® rgikmllsfm’ axonal sensory neuropathy and a bilateral carpal tunnel
syndrome 86, 37). We also studied the structure and stability
of the nonamyloidogenic Y116V variant, found in healthy
adult individuals, in which Tyr116 was substituted with Val
(39). Our results showed that the amino acid substitutions
of Tyrl14 to His and Tyrll6 to Ser result in substantial
destabilization of the TTR molecule and make the TTR
molecule more amyloidogenic. On the other hand, the amino
e R\ e acid substitution of Y116 to Val stabilized the secondary
T e T T oy o o and tertiary structure, although the quaternary structure was
Elution volume (ml) nOt affected (Figures _26)
008 To compare the relative amyloidogenicity of the Y114H,
0) Y116S, and Y116V variants with wild-type TTR and with
the variants studied previously, we followed the experimental
006 - methods used in previous investigatioBs, @1, 45, 46, 49—
51). Wild-type TTR is converted into amyloid by pH-
mediated tetramer dissociation coupled with tertiary structural
changes, resulting in the formation of a so-called monomeric
amyloidogenic intermediate that self-assembles into amyloid
fibrils (45). Previous study has demonstrated that the V122I
variant forms 1.2- and 1.7-fold more amyloid fibrils than
wild-type TTR at pH 4.2 as judged by turbidity and thioflavin
T binding, respectively46). The L55P variant has been
shown to form approximately 1.5-fold more amyloid fibrils
© than wild-type TTR, whereas the extent of amyloid formation
o1 L of the V30M variant is equivalent to that of wild-type TTR
as judged by turbidity 25, 49). Our results show that the
Y114H variant forms 10-fold more fibrils than wild-type
TTR as judged by turbidity and 4.5-fold more fibrils as
judged by thioflavin T binding (Figure 2c,d). The Y116S
TTR forms 6-fold more fibrils than wild-type TTR as judged
by turbidity and 2.5-fold more as judged by thioflavin T
binding (Figure 2c,d). Therefore, the Y114H and Y116S
L variants are more amyloidogenic than the V30M, L55P, and
16 18 20 V122] variants studied in previous studi@$,(46, 49). These
Elution volume (m) characteristics can be explained by the destabilization of the
0.14 tetramer of Y114H and Y116S, since these variants readily
@ dissociate to monomer in the presence of a low concentration
of SDS at pH 7.0 (Figure 3). The tetramenonomer
equilibrium analyzed by SDSPAGE in previous studies
indicated that the V30M, L55P, and V122I variants can form
tetramers at pH 6:67.0 in the presence of a low concentra-
tion of SDS @5, 29, 46). The instability of the tetramer for
the Y114H and Y116S variants is also evident from the data
of analytical size exclusion chromatography (Figure 6b,c).
At 4 °C and pH 7.0, the Y114H and Y116S variants (1.0
T T mg/mL) seem to exist as a mixture of tetramer, dimer, and
monomer, since the Y114H variant shows a broad peak and

Elution volume (ml)

FicURE 6: Analytical size exclusion chromatograms of wild-type € Y116S variant shows two peaks corresponding to the
TTR (a) and the Y114H (b), Y116S (c), and Y116V (d) variants. teétramer and the monomer. In contrast, the wild-type TTR
The samples at various protein concentrations were incubated at 4and the Y116V variant (1.0 mg/mL) showed only a single

°C for 12 h and subjected to size exclusion chromatography. All and symmetrical peak at the position corresponding to the
chromatograms were run at a flow rate of 0.4 mL/min &Gt ai-amer. The amyloidogenic Y116S variant showed that the

Solid, broken, broken dash, and dotted lines represent the gel . ic f di : . -
filtration chromatograms at protein concentrations of 1.0, 0.6, 0.4, Native tetrameric form dissociates to monomeric species

and 0.2 mg/mL, respectively. The protein standards used to calibratedepending on protein concentration at pH 7.0 (Figure 6c).
the molecular masses are albumin (69.8 kDa), ovalbumin (49.4 The tetramer of wild-type TTR and the nonamyloidogenic

kDa), chymotrypsinogen A (21.2 kDa), and ribonuclease A (15.8 TTR variant (Y116V) never dissociated to monomer upon
kDa). dilution in the range of 0.21.0 mg/mL, indicating higher

late-onset carpal tunnel syndrome (CTS) with a lack of overt stability of the tetramer. Our results showed that two forms
polyneuropathy and autonomic dysfunctid®b,(38). The of Y116S coexisted in solution at a 1.0 mg/mL protein
Y116S mutations were detected in patients with amyloidosis, concentration. Eighty-five percent of the molecules were in
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the tetrameric form and 15% in the monomeric form at a species may play a crucial role in the self-assembly and
protein concentration of 1.0 mg/mL (Figure 6¢). When the amyloidogenesis of TTR.

Y116S solution is diluted 4-fold, the fractions of tetramer

and monomer were altered to 60% and 40%, respectively. REFERENCES

When a hydrophilic amino acid is introduced at the position
of Tyr116, the GH loop may become looser and disconnected
from the body of the tetramer. The substitution of Tyr114
to His resulted in the destabilization of the tetramer at-0.2
1.0 mg/mL, since the broad peak was observed in gel
filtration chromatography (Figure 6b). The Tyr114 residue,
deep in the hydrophobic core of the tetramer, is located in
the monomermonomer interface (Figure 1a). The substitu-
tion of Tyr114 with a charged histidine residue may disrupt
or affect a number of noncovalent bonds. Therefore, the GH
loop seems to represent one of the key structural elements
for stabilizing the tetramer, since the amino acid substitution
affects the stability of the tetramer, leading to dissociation
into monomers. These results, with regard to the susceptibil-
ity of the amyloidogenic variants to dissociate, indicate the
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contacts between monomers and/or dimers.
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showed a urea-induced unfolding transition, but the Y116V
variant was not induced to unfold by urea, showing that the
Y116V substitution substantially stabilizes the TTR molecule
(Figure 5). TheC, values measured by CD at 215 nm and
Trp fluorescence for wild-type TTR are identical, showing
the cooperative unfolding of wild-type TTR. However, the
noncoincidence o, values measured by different methods
is apparent for the amyloidogenic Y114H and Y116S variants
(Table 1). This may indicate the noncooperative unfolding
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