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Figure 5: Mean values for amyloid in GrDG regions. 
All values are for Tg

 

mice grouped by water type.

Method
Tg(APPSWE)2576 mice expressing AD pathology and their wild-type (Wt)

 
 

littermates were raised pre-
 
and post-natally

 
on either lab water (tap water; 

N=7), lab water enhanced with zinc carbonate (10ppm ZnCO; N=123

 

), or lab 
water enhanced with iron (II) nitrate (5ppm Fe(NO3

 

)2

 

; N=4).  Lab water was 
regularly tested to determine the concentrations of a suite of ions, as well as 
pH level; metal ion levels were found to be negligible, and no significant 
difference was found in water consumption across water groups.  At 10 months 
of age, animals were tested in behavioral paradigms, including Morris water 
maze and fear conditioning.  Animals were sacrificed at 12 months of age and 
their brains were fresh frozen.  Coronal sections of 20μ

 
thick-ness were taken 

with a Sakura Tissue-Tek
 
Cryo3 cryostat and mounted on silver-coated low-e 

MirrIR
 
slides (Kevley

 
Technologies).

IR
 
analyses were conducted using a high-powered ultraviolet synchrotron light-

 source at Brookhaven National Laboratory (Marinkovic
 
et al., 2002). Fourier 

transform infrared microscopy (FTIRM) was used to collect IR
 

spectra.  
Spectra were taken from blank areas of each slide prior to tissue analysis to 
allow subtraction of background noise from the tissue spectra.  Protein 
conformation was detected with OMNIC

 
soft-ware (Thermo-Nicolet) based on 

peak-height intensity within the amide I band: α-helix = 1650cm-1, β-pleated 
sheet = 1630cm-1 (Fig. 2).  OMNIC

 
also generated false-color intensity maps, 

which allowed quantification of data using Image J software (National Institutes 
of Health) (Fig. 8).

Introduction
The progressive neurodegenerative disorder Alzheimer’s disease (AD) is 
characterized by the pathological accumulation of the β-amyloid (Aβ) protein, 
which is naturally found in both soluble and insoluble forms.  In its insoluble 
form, Aβ

 
may exist in either an α-helix or a β-pleated sheet conformation; 

certain metals have been shown to alter the conformation of Aβ
 
in vitro (House 

et al., 2004).  Previous work with microprobe synchrotron X-ray fluorescence 
(μXSRF) indicated high concentrations of certain metals in the dorsa

 
l 

hippocampal
 
region of mice raised on metal-enhanced water (Linkous

 
et al., 

DATE; Fig. 1).  The present study examined the effects of dietary trace metals 
on amyloid conformation in the brains of transgenic (Tg) and wild type (Wt) 
APP2576 mice, which develop Aβ

 
neuropathology mimicking that seen in AD.

Results
Significant differences were found in amyloid levels and conformation in areas of the dentate gyrus, with noticeable differentiation in the granule cell layer of the dentate gyrus

 (GrDG), which is comprised of several distinct cellular regions (Fig.
 
3, Fig. 4).  In the hilus, zinc-treated Tg

 
mice had significantly more α-helical Aβ

 
than mice raised on  lab 

water (t(17)=1.72, p<.05).  There was also significantly more α-helical Aβ
 
in the GrDG

 
somas of zinc-treated Tg

 
mice than in the GrDG

 
somas of lab-water Tg

 
mice 

(t(17)=1.87, p=.03).  A  trend was found in iron-treated mice, which displayed more β-pleated sheet amyloid in the hilus
 
than did lab-water mice (t(9)=0.9, p<.10).  ANOVA 

revealed differences in amyloid distribution and conformation between the GrDG
 
and the adjacent molecular layer and hilar

 
regions (F(1,20)=30.4, p<.05).  Overall, α-helical 

Aβ
 
was significantly more abundant than the β-pleated sheet form in the GrDG, including somas, apical dendrites (ApD) and axons (F(1,25)=11.58, p<.01), although GrDG

 somas had less amyloid overall than GrDG
 
ApD

 
or axons.  Within the GrDG, somas of zinc-treated Tg

 
mice had significantly less α-helical Aβ

 
than either the ApD

 
or axons, 

while lab-water Tg
 
mice had significantly less α-helical Aβ

 
in somas than in axons.

 
The mean values for amyloid distribution in the GrDG

 
are presented in Table 1 and Fig. 5.  

Analyses of β-pleated sheet conformation data are ongoing.  Due to time limitations at the National Synchrotron Light Source, few iron Tg
 
mice have been examined to date.

Conclusions
Previous data has shown that the administration of zinc in drinking water can impair spatial memory in rats and both Wt and Tg

 
mice (Flinn et al., 2005).  The current results 

show that chronic administration of enhanced dietary zinc can also change amyloid conformation, which may affect the efficacy of Aβ
 
clearance therapies.  Additionally, the 

differences in amyloid distribution in the tissue suggest that conformational changes in amyloid may occur preferentially in certain brain regions.
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Figure 6: False-color intensity 
maps produced using OMNIC

 software during IR

 

analysis. Each 
map shows an IR

 

scan of the 
dentate gyrus

 

region of a mouse 
hippocampus. The top image for 
each group is a map of α-helix 
intensity. The bottom image is a 
map of β-pleated sheet intensity. 
Shown are scans from a Tg

 

zinc 
female (6a), a Tg

 

zinc male (6b), 
and a Tg

 

lab-water female (6c). 
The scale-bar is a 0-3 scale 
showing amyloid intensity based 
on IR

 

spectral values; this scale is 
constant across images.

Figure 1: Dorsal hippocampus in coronal sections from a Wt mouse raised on lab water. 
The XSRF images show zinc concentrated in the hilus

 

(left) and iron concentrated in the 
CA1 region (center) of the same sample, while the cresyl

 

violet-stain reveals structure in 
the adjacent tissue section (right).

Figure 3: Dentate gyrus stained with cresyl violet. 
Labels show granule cell layer apical dendrites 
(ApD), somas, and axons.
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Alpha      Lab (N = 7)      Zinc (N = 12)     Iron (N = 4) 
GrDG ApD 1.48 ± 1.12 1.89 ± 0.85 * 1.19 ± 0.49  
GrDG Somas 0.83 ± 0.48 1.20 ± 0.37  0.94 ± 0.26  
GrDG Axons 1.47 ± 0.80 1.58 ± 0.63 ^ 1.59 ± 1.04  
    
Beta      Lab (N = 7)      Zinc (N = 12)     Iron (N = 4) 
GrDG ApD 0.96 ± 0.55 1.28 ± 0.59 * 1.31 ± 1.17  
GrDG Somas 1.01 ± 0.68 1.02 ± 0.31 0.52 ± 0.32  
GrDG Axons 1.00 ± 0.47 0.93 ± 0.36 ^ 1.01 ± 0.49  

*,  Significant at p < 0.05; ^ Significant at p < 0.01 

Table 1: Mean values for amyloid in GrDG regions. 
All values are for Tg

 

mice grouped by water type. 

6a. IR maps of Tg zinc female. 6b. IR maps of Tg zinc male. 6c. IR map of Tg lab female.

Figure 4: Cytoarchitecture of the hippocampus (adapted 
from Amaral & Winter, 1995). The dentate gyrus

 

is 
divided into three distinct regions: the molecular layer 
(ML), the granule cell layer (GCL) and the hilus

 

(H).
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Figure 2. False-color IR maps of an amyloid plaque in a Tg mouse raised on lab water. 
The maps show IR spectra for the point indicated by the crosshairs on the maps.  You can 
see intensity of the α-helix peak (top left) and the β-pleated sheet peak (top right), and the 
spectrum shows a line at each peak (bottom right).  The plaque can be seen in the brightfield

 image of the tissue (bottom left).  The black spot in the α-helix map indicates very low 
intensity at that point; a glitch in the software causes the surrounding area to be blacked out 
in the image.
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