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AIzheimer’s_ disea_se (AD) is char_acterized by the _aggr_ega'_[ion 0G38 AB(1-40) 0G38 AB(1-40) + Cu* |
of the AS peptide as insoluble amyloid plaques (amyloidosis), rich it o G2
in crossf-sheet structuré The AS peptide is a normally secreted :GG;S o 0G5 L1120
and soluble physiological component, ubiquitous in biological fluids. |g ¢ L&:‘“S:ﬂ ° 063 b s
The biological function, if any, of the Apeptide remains unknown, |7 et &7 N7
even though concentrations vary with inflammation, trauma, and 0526 9526
disease state. Increased concentrations occur with head injuries an o
oxidative stress, suggesting that th8 peptide may be neuropro- £ Eifngse Y10 62 -
tective2 whereas other age-related microenvironmental changes in ”"f()’% 9. g@n N7 28'3¥V24 1200
the AD brain promote amyloidosis that leads to cell injury and 5\23%“ Lyis :;Z;,o o
death. The amyloid deposits contain high concentrations of redox| &’ 1'\\‘f&zo on}’ A0
active metals, such as copper, zinc, and frptys the in vitro bind- “7{F§R5 A30 oF19
ing of the A3 peptide with the metal ions (€4, Zr?*, and F&") 132 @0 A1 132 @421
can promot&® or hinder amyloidosi§-8 Accordingly, it is thought ovao ovo 1280
that these binding events in vivo could trigger or prevent amyloi- — s 82 78 74 D 82 78 7a
dosis in the AD braif,which is supported by encouraging results H(ppm)
from clinical trials of drugs with metal chelating propertiéDe- Figure 1. The'H—13N HSQC spectra of the #(1—40) peptide (13@M)

tailed knowledge of the metalA8 coordination environment could ' @4ueous solution containing potassium phosphate buffer (5 mM, pH 7.3,
5 °C). The NMR assignments and sample preparation protocol were

aid in the development of compounds with more effective and gescribed previousi§t and the A3(1—40) was monomeric at the start of

specific metal chelating properties as eventual treatments in AD. each experiment. The two samples were taken from an identical peptide
Here, we report that NMR uncovers unique binding properties Stfott)lkﬁsoluti_?r?, irtl WhitCT thﬁ'fo?rt]rd ?ﬁlmple (rlﬁft) cotnt_aingd attlea:@quo:

betieen copper and theiipepide n soluion at pH 7.3. Shown £ DU Wou! el e e ouer (070 Sonaned sidalauel

In Flgure lare HSQ_C spectra of un_lforrﬁRN-IabeIed A5(1-40) correspond to those that were not detected with th&" Cu

peptide alone and with 1 molar equiv of CuThe HSQC spectra,

which detectH atoms attached t&N,* show that with C&"™ many and not from its proximity to the Cd. Additional experiments

AB(1-40) signals are too weak for detection. The missing NH using native/PAGE gel, Thioflavin-T, and atomic force microscopy

signals correspond to the backbone atoms of E3-V18 and the sidedemonstrate that, under the experimental conditions, the metals bind

chain atoms of R5 and Q15. Further inspection at lower contour to monomeric 4(1—40) and prevenis-sheet aggregation and

levels established that the missing signals were buried in the noise.amyloid fibril formation (Supporting Information), in accordance

The signals for F19 and F20 became weaker but were still detectablewith previous studie$-8 The NMR peak loss for Arg5, Val12, and

in the contour plot (Figure 1, right). The lack of chemical shift or Leul7 yielded a binding constanK{) of 1.6 uM (Supporting

line width changes for M35 demonstrates that reported M35 Information), identical to a previously report&d value’ that was
M35°% oxidation together with concomitant €uto Cut* reduction based on a 1:1 binding stoichiometry and fluorescence intensity
and HO, production did not take place under the conditions of changes.

the experiment?~15 At low Cu?™ concentrations (5%, 0.05 molar equiv), careful

Because the signal disappearance could be from the paramagnetiimspection of HSQC spectra showed an approximat8% drop
properties of C&", NMR studies were conducted with the in signal intensity for the NH backbone of R5, S8, K16, and L17,
diamagnetic ZA". Nearly identical NMR results were seen with ~ while 1D 'H NMR showed upfield shift movements for the side
Zn?*, suggesting that the signal loss is not from paramagnetic line chain aromatic signals of the three histidines (H6, H13, and H14)
broadening, but possibly metal-induced amide deprotonation. (Figure 2B). The lack ofH NMR chemical shift movements of
Supplementing the AICU or AB/Zn%* solutions with 2.0 molar the N-terminus D1 and the Y10 side chains demonstrates that they
equiv of EDTA resulted in the reappearance of the missing signals. are not involved in C& binding. Thus, the Y10 does not undergo
These results establish that the signal disappearance is the direcbxidative modification1°consistent with other biophysical studies
result of metal binding. of the A3(1—40)85-820.21

The binding process was further explored by conducting titration ~ The present NMR studies reveal unique features about fiie A
experiments, which involved repeated HSQC measurements aftermetal coordination environment, notably that a large peptide region
incremental C&" additions. The amide NH peak intensities (after is affected by the binding. Previous structural models implied a
normalization to a control sample without €)i decreased during more precise binding mode and were based on NMR data from
the titration ¢4 h total), with the NHs belonging to R5-L17  smaller peptide fragments, such as thg(’-16) and AS(1—
showing the most pronounced intensity reduction (Figure 2A). The 28)22-26 The present NMR data with the native (longerpa—
hydrophobic region encompassing G29-V40 showed significantly 40) support a revised interpretation, in which the metal binding is
less intensity loss, which is due to an overall loss in signal/noise less precise and does not induce formation of typical amyloid
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Figure 2. (A) Ratios of NH peak intensities obtained from HSQC spectra
with and without different amounts of €u Higher ratios or peak intensities
indicate less effect by Cti, whereas lower values are larger effects. The
percents in the legend correspond to molar equivalents relative tothe A
(1—40) concentration (130M); that is, 20% is 26:M Cu?*. The intensities

for D1, H6, D7, H13, H14, D23, N27, K28, and V36 are omitted due to
spectral overlap or rapid exchange with solvent. For the sample preparation,
a single peptide solution was split into two equal parts: one sample was
used for the C#" titration studies, and the other kept as a control sample.
Both samples were aged under identical conditions (4 PC$ and the
peak intensities were divided by those of the fresh control sample. For each
Cw" addition, the signal loss remained constant over 24 h, suggesting that
the samples come to equilibrium after each addition of metal ion. Modest
intensity reductions (less than 5%) were seen with the control sample after
4 h aging (black trace), consistent with previous studie@) One-
dimensionalH NMR spectra of the &(1—40) peptide with 5% C# (0.05
molar equiv) (upper) and without €t (lower). The upfield shifts of the
His6, His13, and His14 are indicated by the dashed lines. The Y10 signals
(labeled withx) do not move with Ca&'.

76 74 7.2 7.0 6.8 ppm

aggregates or folding into a well-defined conformation amenable
to NMR structure determination. In our revised model, the histidine
side chains first anchor €t binding to the A8 monomer (fast
exchange rate), followed by deprotonation and/or severe line
broadening of the backbone amide NH for E3-V18 (intermediate
exchange rate)® With Raman spectroscopy, comparable binding
was proposed earlier for the1—40)/Ci#*,6 along with NMR
studies of3,-microglobulir?” and other peptide®$.By contrast, C&"
binding to soluble & aggregates leads to rapid aggregation and
nonfibrillar amorphous structurés. Without metal, the & can

undergo the normal time-dependent aggregation, eventually produc-

ing more ordered, late stage-paralfekheet structure®. These

anomalous (rare) binding events may account for some of the unique

properties associated with theggAsuch as its proposed “dual role”,
where sequestration of metal ions by the monomer is neuropro-
tective, while that by3-aggregates generates oxygen radicals and
causes neuronal death.
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