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Abstract—The zinc and iron environments in different growth Recently the chemical form of Zn in the leaf tissaenples

stages have been studied with EXAFS and XANES Ritiokhaven
Synchrotron Light Source. Tissue samples includeshtmorgan,
vegetable, leaf, and yeast. The project studied BX&FS and
XANES of tissue samples using Zn and Fe K-edgeackEmbryo
samples show that brain and intestine would corghorter EXFAS
determined Zn-N/O bond; as with the cases of frgshst versus
reconstituted live yeast and green leaf versusoyelleaf. The

has been reported using Zn K-edge EXAFS spectrgsabp
European Synchrotron Radiation Facility, France [1] was
reported that Zn-O and Zn-C interatomic distanaesthe
studied leaf samples span the range of 203 to aDam 292
to 298pm respectively. Zn metalloprotein pathways
important in growth processes and it is expected tissue

XANES Fourier transform characteristic-length woblel useful as a samples at different growth stage would carry défe zinc

functionality index for selected types of tissuenpkes in various
physical states. The extension to the developroénfunctional
synchrotron imaging for tissue engineering applicatbased on
spectroscopic technique is discussed.
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|. INTRODUCTION

Z|Nc and iron are important in metalloproteins that are

involved in biological pathways with zinc metallopein
being also implicated in neuro pathways [1]. &ywotron X-
ray based absorption spectroscopic technique hes tmed by
various researchers to investigate the local enments of
iron and zinc in metalloproteins [2]. It was rejgaf that Fe-O
and Fe-S have EXAFS bond lengths of 182 pm andf24
respectively in cytochrome 450 using the Advancédtéh
Source at Argonne National Lab, USA [3]. They dlisted
the range of other reported Fe-O EXAFS bond lengiitis a
span from 164 to 193 pm, Fe-N EXAFS bond length i
span from 199 to 203 pm, Fe-S EXAFS bond lengthhk @i
span from 221 to 248pm in Fe metalloproteins.
synchrotron X-ray based spectroscopy investigationkide
the study of the efficiency of Rubisco, arguablye thost
abundance protein on Earth [4].
technique has been well accepted for bond
determination, radiation damage was reported
responsible for the gradual increase of Fe(IV)-@dtength
from 173 pm to 190 pm in peroxidase ferryl interiaés
involved in the metalloenzyme pathway [5]. The efed
difference would be consistent with the iron-oxygeond
being a double bond at 173 pm and single bond @tphd as
the high-intensity synchrotron x-ray sources conttlice rapid
reduction of metal centers, particularly high-péEnmetal
centers such as Fe(lV) [6].
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environment information. Fe metalloprotein pathsvagre

important in metabolism and the Fe environmentrimfttion

would vary in different growth related metabolichpsays.
The zinc and iron environments in different growthges

metalloproteins, Nave been studied with EXAFS and XANES with Brooléma

Synchrotron Light Source. The results of EXAFSd an
XANES tissue samples of meat, organ, vegetabld, al
yeast are presented.

Il. MATERIALS AND METHODS

The EXAFS and XANES data were collected at beamline

X10C of National Synchrotron Light Source at Broakén
national Laboratory. Rhodium coated cylindricalrnmi is
used to focus the beam on the sample. A doublstairy
Si(220) mono-chromator was used for energy selectiton
chambers were used to measure beam intensity béifere
hutch, 10 (before sample), ant transmission intgnsiA 7-
element Si drift detector was used to measure demEnce
intensity. Piezoelectric driver using A/C feedbasystem
locks the beam. Beam size on the sample was 1& hmm.

Othdeamline and data collection was controlled by miex Il

computer running on VMS. The tissue samples weéteaioned
from consumer sources, the calibration samples gt Fe

Although X-ray dehs foils, Fe203, zinc oxalate, and ZnS) used for catibn were
lengthurchased from Sigma Aldrich. The data analysis dane
to beith EXAFSPAK and WIN-XAS packages.

I1l.  RESULTSAND DISCUSSION

A typical EXAFS scan of a duck embryo tissue sangid
its Fourier transform are shown in Figures 1 and
respectively. The results of tissue samples fronduak
embryo are listed below in Table I.
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TABLE Il
4.00E+00 SUMMARY OF CHICKEN TISSUESAMPLE DATA
3.50E+00 — %
3.00E+00 Animal Tissue Fourier Transform First Peak pm
2.50E+00 -
2.00E+00 Chicken breas . 234.¢
1.50E+00 drumstick 217.4
1.00E+00 neckl 237.¢
5.00E-01 neck2 247.1
0.00E+00 ‘ ‘ ‘ ‘ liverl 222.¢
9400 9600 9800 10000 10200 10400 .
liver2 214.¢
Fig. 1 The Zn EXFAS data of duck embryo thigh sanplhe x-axis breast 234.9
energy scale is in eV
duck embryo balut 6.00E+00
0.07 ~
0.06 4 5.00E+00
0.05 1
poll [—e— Series1] oo
0.03 -
0.02 - .
0.01 - 8.00E+00
o1 ‘ ‘ \
0.5 15 2.5 3.5 2.00E+00
Fig. 2 The Fourier transform of duck embryo (bathtyh k-cubed-
weighted Zn EXAFS of Figure 1. The x-axis is ingstrom (100 1008+00
pm)
0.00E+00
9400 9600 9800 10000 10200 10400
The first peak in the Fourier transform k-cubedghééd

EXAFS data was ascribed to Zn-O or Zn-N contribusince Fig. 3 The Zn EXFAS data of chicken breast samfte. x-axis
N/O and S have different scattering amplitudesfitise-shell energy scale is in eV
analysis can usually discriminate between the pisef N/O
or S atoms [8]. chicken
TABLE | 0.09
SUMMARY OF DUCK EMBRYO TISSUE SAMPLE DATA 8‘83
. . ) ) 0.06
Animal Tissue Fourier Transform First Peak g:gi
Duck thigh 237.4 oo
stomacl| 222.¢ 00 ] ‘ ‘ ‘
liver 217.4 0.5 15 25 3.5
.heart. 18,7'4 Fig. 4 The Fourier transform of chicken breast kext-weighted Zn
|nte§t|n( 157.2 EXAFS of Figure 3. The x-axis is in Angstrom (10@)
brain 142.4

A coarse separation of the duck embryo data into tW The chicken tissue sample data suggests a sampion
groups would suggest that the brain and intestneptes have ot Jpout 15 pm.
short Zn-N/O bond lengths as compared to the athatied The results of yeast samples (baking yeast) aedliselow

samples.  Furthermore continuous scan of a bramplea i, Tapje |11, A typical EXAFS scan of yeast sampied its
suggested the Zn-N/O bond length would increasalmut 7 £qrier transform are shown in Figures 5 and 6eetyely.
pm after 2 hours, perhaps related to some formadiation

damage.
The results of regular chicken tissue samples mted
below in Table Il. A typical EXAFS scan of chickéissue

TABLE Il
SUMMARY OF YEAST SAMPLE DATA

sample and its Fourier transform are shown in Eg@® and 4  Yeast Sample Type Fourier Transform First Peak pm
respectively.
P Y fresh yeast 215
reconstituted yea 237
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Fig. 5 The Zn EXFAS data of fresh yeast sample. agis energy
scale is in eV

Zn yeast
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Fig. 6 The Fourier transform of fresh yeast k-cubgdighted Zn
EXAFS of Figure 3. The x-axis is in Angstrom (1)

The fresh yeast EXAFS data suggests that shorté¥/@n
bond length could be associated with efficacy, kngwthat
the reconstituted yeast from dry powder packageequhshe
sugar growing test after the X-ray bombardmentis Tvould
suggest that the chicken drumstick (Table
metalloproteins carry higher efficacy, not to mentthat the
shortest Zn-N/O distance was observed in the embramn
samples (Table I). Fresh green kale leaf sampta dBso
suggest a shorter Zn-N/O bond length of 237pm aspeoed
to yellow kale sample of 302pm. Protein folding ratsdthat
treat all zinc motif as 220-pm first neighbor dista would be
applicable to analyze such data for the modelinthefprotein
unfolding in decaying samples [9]. Future EXAFSdéts may
be able to confirm whether Zn-N/O bond length carve as a
functionality biomarker in tissue samples. The iadn
damage could be avoided by using fast pulse sda¥&FS
[10] or short XANES scans. The project is interdsia
developing a bond length associated functionalitmiarker
with reference to EXAFS-Fourier methodology; thanstard
XANES analysis method of using a linear combinatiin
XANES standard spectra would not be effective. daot fthe
actual bond length information for Fe-O has beeraeted by
the Fourier transform of the Fe K-edge XANES fskell data
(k = [0.2623« (E — 7092.7)*1/2], that is, 3.9 to 5.8'A using
model fitting in inorganic samples [11]. The Znekge

XANES data embedded in the EXAFS data revealed that

Fourier transform is an acceptable method for obigi a
characteristic length (char-length) for comparisomrpose.
The XANES char-length resolution would be differehain

that of the EXAFS bond length data because the X8NE

spectra would contain information from Zn-N/O, ard-C,
Zn-S bonds. In the event that the Zn XANES spegpao
9800eV have major Zn-N/O contribution, correlatiohZn

II) zinc

length was observed. For example, the XANES chagth
for the duck embryo brain sample would be about @@2and
the thigh would be 174 pm; with zinc oxalate samgiel60
pm (EXAFS bond length 200pm). An adjusted R-sqwaiae
would be 0.95 N =3. A tissue sample with relatMelss Zn-S
bond would be most suitable for XANES Fourier asily In
other words, the Zn-S (233 pm) in Cys2His2-likeQys4-like
zinc finger motif in Transcription Initiation FactdlB would

have contribution to the Zn-N/O XANES energy rarigea

tissue sample [12].

Similar procedures were carried out for the stufithe Fe
EXAFS and XANES data. The EXAFS data of a Spanish
tissue sample is shown in Figure 7 and its Fodniansform is
shown in Figure 8.
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Fig. 7 The Fe EXFAS data of spinach tissue sanijle.x-axis
energy scale is in eV

Fe spinach

0.4
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0
1 2 3 4

Fig. 8 The Fourier transform of spinach k-cubedighted Fe
EXAFS of Figure 7. The x-axis is in Angstrom (10)

The determined first neighbor was about 190 pmesfFO.
The above-noise level peak at 220pm could be corinomg
Fe-S. Interestingly the Zn EXAFS spinach dataltg§igure
9) also exhibits two peaks in its Fourier Transfoffaigure
10).

2.50E+00
2.00E+00 fﬁ l!
1.50E+00

1.00E+00

5.00E-01

0.00E+00 T T T T
9400 9600 9800 10000 10200 10400

Fig. 9 The Zn EXFAS data of Figure-7 spinach samflee x-axis
energy scale is in eV

XANES Fourier transform char-length and EXAFS bond
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Fig. 10 The Fourier transform of spinach k-cubeeighited Zn
EXAFS of Figure7 the x-axis is in Angstrom (100 pm)

The determined first neighbor distance was abo&tf of
Zn-N/O. The above noise level peak at 240pm cbela Zn-

S signature. .

functionality index, for example, in pathologicasue sample
imaging, genetic engineered tissue imaging, ete. fiiloposed
automated black-box approach for biological EXAF&tad
analysis would be welcomed [13]. The microbial
metalloproteomics prediction [14] and high through-ray
absorption data with Brookhaven X3B beamline onresped
microbial metalloproteins [15] would offer valualdeidance
to the development of a functional synchrotron imggfor
biotechnological applications based on spectroscopi
technique.

IV. CONCLUSION

The project studied the EXAFS and XANES of tissue
samples using Zn and Fe K-edges. Embryo sampbes ttat

The Fe XANES Fourier transform shows that cookdfl cabrain and intestine would contain shorter EXFASedsined

liver tissue sample has longer char-length as cosept raw

calf liver tissue sample by about 60 pm.

EXAFS data : raw calf liver (1) & cooked calf
liver (2)
10.35 -
10.3 A
10.25 -
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10 4
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9.85 T T T !
7050 7100 7150 7200 7250

Fig. 11 The Fe XANES data of cooked calf liver s&r(fower) and

raw calf liver sample (upper). The x-axis energgls is in eV

FFT char-length raw calf liver (1) &
cooked calf liver (2)

0.04
0.03
Series1
0.02 .
—— Series2
0.01
0+ . . )
0 2 4 6

Fig. 12 The XANES Fourier transform of calf liveattd (upper

curve: cooked and raw lower curve: raw). The »sasiin Angstrom

(100 pm)

The XANES Fourier transform char-length could seagea
functionality index for selected type of tissue gés in
Future studies would eedad to
develop the XANES Fourier transform char-length as

various physical states.

Zn-N/O bond; as with the case of fresh yeast versus
reconstituted live yeast and green leaf versuowyeléaf. The
XANES Fourier transform char-length would be usedsl a
functionality index for selected types of tissuempées in
various physical states. Future studies couldudgel the
correlation study of EXAFS determined bond lengthihw
XANES Fourier transform characteristic length; dnel use of
the EXAFS technique to track metalloprotein folding
mechanism in genetic engineered tissue samples.
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