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ABSTRACT

A novel methodology is developed to visualize and quantify biomol-
ecules adsorption at the cellulose film-liquid interface. Hydrogenated
cellulose (HC) films were made from cellulose acetate and deuterated
cellulose (DC) films produced using deuterated bacterial cellulose.
Deuterated bacterial cellulose was obtained by growing the Gluco-
nacetobacter xylinus strain ATCC 53524 in D,0 media. Horse
Radish Peroxidase (HRP), a robust and well know enzyme, was
selected as model functional biomacromolecule to adsorb at the cellu-
lose interface. The film thickness and quantification of adsorbed HRP
molecules were characterized by X-ray and neutron reflectivity (NR)
measurements. Reflectivity data analysis reveals the cellulose films to
be smooth (low roughness) and uniform. The HC and DC films are
206 A and 92 A thick, respectively, and both films swell in the
aqueous buffer solution. In NR measurements, it is difficult to trace
the adsorbed HRP layer on HC film due to the small scattering length
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density (SLD) difference between HC and HRP providing no
contrast. However, using deuterated cellulose (DC) film provides
sufficient SLD difference (contrast) with respect to the SLD of HRP.
The adsorbed HRP layer is 110 A thick and occupies a volume frac-
tion of 20%. Using deuterated cellulose films enabled the quantifica-
tion of thin and partial layers of proteins at the liquid interface.
Quantifying and controlling the morphology and functionality of
biomolecules at the cellulose interface enables to efficiently develop
and optimize low cost cellulose based diagnostics devices with supe-
rior functionalization.

Key words: Horse Radish Peroxidase (HRP), Deuterated cellulose,
Thin films, Neutron reflectometry, Hydrogel, Adsorption, Liquid—
solid interface, Regenerated cellulose

INTRODUCTION

Cellulose is a natural polymer which can easily be engineered into novel food
packaging and biomedical applications [1, 2]. Cellulose is widely available, low
cost and biodegradable. It has a unique glucosidic structure with three liable -OH
groups per monomer which can easily be functionalized [3, 4]. The adsorption of
functional biomacromolecules, such as enzymes, antibodies or even cells, onto
the cellulose surface plays an important role in the development of numerous
biomedical applications, especially diagnostics [5, 6]. The efficiency of paper
biodiagnostics often depends on the conformation, stability, longevity and quan-
tity of the biomolecules adsorbed onto the cellulose surface.

Sustaining antibody stability on the cellulose thin film surface is a difficult task
and a limiting factor for the shelf life of point-of-care devices. The partially
released antibodies in the lateral flow devices has caused concerns in commer-
cialisation [7].

Visualizing functional biomolecules such as enzymes and antibodies on paper
is difficult for many reasons. A first is that most functional biomolecules are
protein, glycoproteins and polysaccharides which have a polymeric chemical
composition fairly similar to cellulose. A second issue is that the critical dimen-
sion of these functional proteins typically ranges from 2 to 30 nm, which is much
smaller than the dimension of fibers, paper pore size and even the pulp fiber
roughness. Biomolecules are thus indifferent from the paper or pulp fibers
onto which they are adsorbed. Using smooth model cellulose films is a way to
alleviate the effect of paper morphology from the study. However, it is still a chal-
lenging task to quantify and visualize biomolecules on cellulose thin films. Many
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characterization methodologies can be employed to quantify the adsorption
process on cellulose such as Quartz Crystal Microbalance (QCM), Ellipsometry,
Grazing Incidence X-ray Diffraction (GI-XRD), Atomic Force Microscopy
(AFM) and X-ray (XR) and neutron reflectivity (NR) [8]. AFM probes the
surface morphology while QCM quantifies at the nano-gram the mass adsorbed
onto the thin film surface. These methods have their advantages and limitations
such as resolution and radiation damage. Reflectivity using neutrons is a low
energy non-destructive characterization method suitable to visualize and quantify
biomolecules at the solid-liquid and solid—air interface; it however requires thin
(5-100 nm) and smooth film. Biomolecules mainly consists of C, H, O and N
atoms. Neutrons are sensitive to the scattering cross section of Hydrogen (H) and
Deuterium (D), allowing selective contrast of the interphase. Exchanging H with
D at different ratios allows to make significant changes in the contrast between the
biomolecules and the background matrix, or in our case, the thin film surface. This
contrast helps to visualize and quantify the adsorbed entity onto the thin film
surface.

This study aims to visualize and quantify bio-macromolecules adsorbed directly
onto the cellulose surface without using markers, dyes or chemical modification.
Hydrogenated cellulose (HC) and deuterated cellulose (DC) films were prepared
by spin coating. XR and NR measurements at the film—air interface were made to
probe the quality of the films. Horse Radish Peroxidase (HRP), a widely used and
well characterized enzyme, was selected as model bio-macromolecule to be
adsorbed onto the cellulose thin film surface. NR measurements were made at the
solid—liquid interface to quantify cellulose swelling and HRP adsorption. Quanti-
fication of the adsorbed HRP molecules was evaluated by model fitting the NR
curves. The effect of cellulose deuteration on improving the visualization of
adsorbed biomolecule is investigated.

EXPERIMENTS

Materials

1-Butyl-3-methylimidazolium chloride (BMIM chloride, >98.0%, HPLC), acetic
anhydride (99.5%), pyridine (anhydrous, 99.8%), hexamethyldisilazane (HMDS,
ReagentPlus, 99.9%), chloroform (PCR Reagent, containing amylenes as stabi-
lizer, >99%), toluene (anhydrous, 99.8%), ethanol and acetone (AR, >99.5%)
were all purchased from Sigma-Aldrich (St. Louis, MO, USA). Polished silicon
wafers (50.8 mm diameter and 12 mm height, n-type Si:P, [100]) were obtained
from SIL’TRONIX (Archamps Technopole, Archamps, France). As supplied
wafers were cleaned by soaking in a mixture of ammonium hydroxide, hydrogen
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peroxide and water (volume ratio = 1:1:5) at 70 °C for 15 min, allowed to air dry
in a dust-free environment and used as substrates for spin coating. Spin coating
was performed with a WS-650-23B spin coater (Laurell Technologies Co. North
Wales, PA, USA).

Hydrogenated cellulose from cellulose acetate

Hydrogenated Cellulose (HC) was obtained by dissolving the cellulose acetate in
acetone and then followed by spin coating onto the Si blocks for 30 sec at 4,000
rpm. Later, the film-coated Si blocks were kept in the sodium-methoxide solution
for 12 h to obtain hydrogenated cellulose film [9].

Deuterated cellulose from deuterated bacterial cellulose

Deuterated Cellulose (DC) films were made from deuterated bacterial cellulose
(DBC). Deuterated bacterial cellulose was obtained by growing the Gluconaceto-
bacter xylinus strain ATCC 53524 in deuterated glycerol carbon sources dissolved
in growth media containing D,0O. Deuterated cellulose soluble derivatives were
obtained by cellulose trimethylsilylation in ionic liquid followed by solution in
toluene and spin coated on polished silicon blocks to produced thin films [10, 11].
Final cellulose film was obtained by regeneration of cellulose derivative films
with HCL acid vapours (Figure 1).

X-ray and neutron reflectivity

X-ray reflectivity (XR) measurements were performed at the solid—air interface
on a Panalytical X’Pert Pro instrument with Cu K, X-ray source (A = 1.54 A).
Neutron reflectometry (NR) measurements were performed at the PLATYPUS
beamline of the Australian Nuclear Science and Technology Organization
(ANSTO, Sydney, Australia) nuclear facility. Measurements were performed at
three different angles (0.5, 0.85 and 3.8 degree). The theory of the NR is given
elsewhere [12]. Measurements were made both at the air—film and liquid—film
interface. Data reduction and analysis was performed by using the Igor Based
macro MOTOFit [13].

Deutera.ted DJ.Ssﬂlut.lﬂn Derivatization of Dissolution Spin Regenerated
Bacterial in lonic cellulose into ¥ toluen coating on into HCl
Cellulose liquid TMSC wane si block e

Figure 1. Synthesis process of deuterated cellulose film spin coated from deuterated cellu-
lose bacteria.
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RESULTS

X-ray reflectivity (XR) measurements were made on the hydrogenated cellulose
(HC) film at the air—film interface to monitor the quality of the cellulose film with
respect to film thickness, smoothness and roughness. Figure 2 shows the meas-
ured XR profile from the HC film spin coated onto the Si-block. The multiple
fringes observed in the profile reveal that the film thickness is uniform. Further
characterization is evaluated by fitting the XR profile using the software
MOTOFit [13]. A single layer model was used to fit the cellulose layer followed
by a layer of pre-formed SiO, onto the Si block. The thickness, X-ray SLD and
roughness were the fitting variables. The solid line in Figure 2 reveals the quality
of the fit and the respective X-ray SLD profile is plotted in the inset. The evalu-
ated parameters are given in Table 1. The thickness of the SiO, layer is 10 =3 A
and the HC layer is 206 + 10 A thick with a roughness of 18 A.
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Figure 2. X-ray reflectivity profile of the hydrogenated cellulose film (from cellulose
acetate) measured at the air—film interface. The solid line shows the single layer model fit.
Inset: SLD profile of HC film with respect to the thickness calculated from curve fitting.
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A solution of horseradish peroxidase (HRP) molecules dispersed in a
0.9%NaCl-D,0 saline buffer at a concentration of 1mg/mL was passed over the
cellulose surface. The HRP molecules adsorbed onto the HC film surface via
physio sorption to form a thin layer. Non-destructive NR measurements were
made at the film—liquid interface on the HC film with and without adsorbed HRP
layer. NR measurement allows to quantify the HC film behaviour in the buffer,
HRP layer thickness, roughness and the volume fraction of HRP molecules
adsorbed. Measurements were also performed in the saline buffer solution of
#.9%NaCl-70%D,0-30%H,0 for additional contrast. The measured NR profiles
of the HC and HC/HRP films are shown in Figure 3(a). No significant differences
are observed in the NR profile of the HC and the HC/HRP film; cellulose and
HRP have similar SLDs. It is therefore difficult to segregate and characterize the
adsorbed HRP layer. Both reflectivity profiles can be fitted with the single layer
model, as shown in Figure 3(b). The solid line represents the fit and the respective
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Figure 3. (a) Neutron reflectivity profile of the Hydrogenated cellulose (HC) film and

HC/HRP film measured at film-liquid interface. Measurement performed in 0.9%NaCl in

70%D,0-30%H,0. (b) The solid line shows the single layer model fit for the HC/HRP

curve. Inset: SLD profile of HC/HRP film with respect to the thickness calculated from
fitting.
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SLD profile obtained from fitting is given the inset of Figure 3(b). The single
layer model fitting reveals the HC film at the liquid interface to be 493 + 10 A
thick; this is 2.4 times the thickness of the dry film measured by XR at the air—film
interface.

To enhance the contrast between cellulose surface and HRP molecules, deuter-
ated cellulose (DC) films were made from deuterated bacterial cellulose
(Figure 1). The NR profile of the DC film measured at air—film interface is shown
in Figure 4. A single layer model fits well the experimental data; the solid line
represents the fit and the evaluated SLD variation profile with respect to thickness
is shown in inset. The DC film is 92 + 5 A thick with a roughness of 18 A and a
SLD of the DC film in air is 5.45 x 10° A2,

Figure 5 shows the neutron reflectivity curves of the DC film without and with
the HRP adsorbed layer measured at the liquid interface. The measurements were
performed in the ¢.9%NaCl-70%D,0-30%H,0 saline buffered solution. The
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Figure 4. Neutron reflectivity profile of the DC film measured at the air—film interface.
The solid line shows the single layer model fit. Inset: SLD variation profile of DC film
with respect to film thickness.
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Figure 5. Neutron reflectivity curves for deuterated cellulose (DC) film and with HRP

adsorbed at the film-liquid interface. NR measurement performed in 0.9%NaCl in

70%D,0-30%H,0. The solid line shows the single layer model fit for cellulose and an

addition layer model for HRP. Inset: SLD profile of DC film and HRP layer with respect
to film thickness (from curve fitting).

multiple fringes observed in both curves reveal uniform and smooth films. A
noticeable difference emerges between the curve for HRP/DC (filled stars) and
pure DC (filled box). Quantification by modelling the NR curves reveals good fit
with a single layer model for the DC film and with an additional layer model for
the DC film with the HRP layer. The solid line in Figure 5 shows the fits; the
respective SLD profiles with respect to the thickness are presented in the inset.
The structural parameters are presented in Table 1. The thickness of DC film in
buffer is 242 + 10 A with a roughness 19 A; the thickness of the adsorbed HRP
layer on cellulose is 110 + 8 A with a roughness of 18 A. The volume fraction of
deuterated cellulose ranges between 30 and 40% and that for the HRP layer is
between 15 and 20%. The SLD value for the DC is 6.3 x 10° A2 and 3.2 x 10°°
A for the HRP layer. The difference in SLD value between DC and HRP is
much larger than that between HC and HRP, clearly showing the benefits of
deuterating the cellulose substrate layer.
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Table 1. Parameters obtained after fitting of the NR and XR curves at air—film and liquid—
film interface. Film thickness, SLD, solvent fraction and film roughness were the fitting
variables. Saline in the sample name represents the ¢.9%NaCl-70%D,0-30%H,0 saline
buffered solution.

Sample Thickness SLD Roughness Fraction of

A) (10° A?) A) solvent (%)
HC_Air XR 206 — 20 —
HC_Saline NR 493 2.9 12 76
DC_Air NR 92 5.45 18 62
DC_Saline NR 242 6.27 19 64
HRP_Saline NR 110 32 19 80
DISCUSSION

Uniform and smooth hydrogenated and deuterated cellulose films (HC and DC)
were prepared to visualize and quantify the adsorption of Horse Radish Peroxidase
(HRP) at the cellulose-liquid interface. Both cellulose films swell in saline buffer
solution. The thickness of the HC film is 493 A in 0.9% NaCl-7¢% D,0-30%H,0,
which is about 2.4 times the original dry film thickness (206 A). However, in the
same solution, the thickness of the deuterated cellulose (DC) is 242 A, swelling by
a factor of 2.6 (92 A). Water molecules diffuse into the cellulose chains of the thin
film which relax to ease the thermodynamically unstable structure locked in during
the spin coating/fast drying process; this gain in mobility results in the important
cellulose film swelling [14, 15]. Deuteration of the cellulose backbone did not
affect swelling. This swelling means that the regenerated cellulose films essentially
forms hydrogel layers in water.

XR and NR measurements show both HC and DC films to be uniform, smooth
and suitable to characterize biomolecules adsorption layers. There was basically
no difference between the NR curves of HC and HC/HRP due to the near iden-
tical SLD of cellulose and HRP providing no contrast. The cellulose SLD of
composition C4H,,O5is 1.7 x 10°° A2; cellulose has three liable hydrogens identi-
fied by the dotted circle in Figure 6. In 70%D,0-30%H,O0, these three liable H’s
are replaced with D’s which increase the HC SLD to 2.9 x 10° A2 The SLD of
the HRP evaluated from fitting the NR curve (Figure 5) in D,0is 3.2 x 10° A2,
close to the SLD of cellulose. This small SLD difference between cellulose and
HRP enzyme provides a very low contrast between the phases/layers, which
renders differentiation difficult.

Two methodologies can be employed to increase the SLD difference between
adsorbed HRP and cellulose surface: deuterate either the HRP molecules or
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cellulose. To deuterated an enzyme biochemically is difficult, and so is the deter-
mination of the liable protons exchangeable into deuterium (D). However, deuter-
ation of cellulose is easier and now much better understood [10, 11]. Cellulose
contains only 10 H per monomer with three liable H’s (Figure 6). It is easy to trace
the exchangeable Hs or Ds in neutrons experiments thanks to the large scattering
cross section difference between H and D characterized by neutrons.

Here, DC thin films are produced from deuterated bacterial cellulose grown in
D,O media. Earlier reported work on ATR-FTIR measurements on the deuter-
ated cellulose in D,0 gave evidence that bacteria grown in D,O medium contains
C-D and O-D bonds but no C—H or O—H bonds proving high deuteration level
[10]. AFM characterization revealed that after regeneration in acid vapours, the
deuterated cellulose films are smooth with a decreased roughness (around 10 A)
[10]. The SLD value of DC (C,D,,05) in D,O buffer is 7.2 x 10 A2 while in the
70%D,0-30%H,0 it decreases to 6.3 x 10 A2 The reason behind this differ-
ence is due to the three liable Ds of the fully deuterated cellulose which can
exchange with the Hs of the buffer (Figure 6). The SLD of the adsorbed HRP
layer (3.2 x 10°° A~?) shows a large SLD difference compared to the DC film (6.3
x 10° A2). This large SLD difference allows to differentiate and quantify the
HRP molecules adsorbed onto the DC film (Figure 5).

HRP is a robust enzyme widely used for catalysis, bio sensors, biotechnology,
diagnostics and biomedical applications [16-20]. The average size of HRP is
about 52 x 34 x 30 A® with a molecular weight of 44 kDa. Good fitting of the
experimental NR results was achieved during modelling of the layer formed by
adsorbed HRP molecules onto cellulose (Figure 5). A film thickness of 110 A
with a HRP volume fraction of 20% were measured, corresponding to an average
surface coverage of 3.8 mg/m* This HRP layer thickness twice as high as the
longest dimension of the molecule combined with the high surface coverage
suggests the aggregation of HRP onto cellulose (Figure 7). The SLD profile
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H,0 —
/b 0\g\ by 05 \N

NN G N
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Figure 6. Exchangeable Ds in deuterated cellulose films in Hs in H,O and reverse in Ds
in D,O
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Figure 7. Schematic of the adsorption of Horse Radish Peroxidase (HRP) onto the cellu-
lose surface.

between the interface of DC and HRP is not sharp which reveals diffusion of
HRP into the cellulose layer. This is plausible as the cellulose film forms an
hydrogel layer once swollen in water.

CONCLUSION

Smooth and uniform films of hydrogenated cellulose (HC) and deuterated cellu-
lose (DC) were prepared from cellulose acetate and deuterated bacterial cellulose
by spin coating. Both films swells by factor of about 2.5 in the saline buffer solu-
tion (0.9% NaCl-70%D,0-30%H,0), forming in essence a thin layer of hydrogel.
A widely used and well characterized enzyme, Horse Radish Peroxidase (HRP),
was selected as model biomolecule. The adsorption of HRP at the solid—liquid
interface was measured by neutron reflectometry onto both the HC and DC
films. HRP adsorption onto HC surfaces shows no contrast, and therefore no
detection, by neutron reflectivity; this is due to the minute difference in scattering
length density (SLD) between cellulose (2.9 x 10° A?) and HRP enzyme (3.2 x
10° A2), providing no contrast. However, for sensitive and accurate measure-
ments the cellulose layer be deuterated. With a SLD of 6.3 x 10° A2, DC films
provide the contrast to visualize HRP molecules adsorbed at the solid—liquid
interface. A HRP enzyme layer 110 A thick with a volume fraction of 20%
and corresponding to a surface coverage of 3.8 mg/m? are calculated. These
results reveal that the HRP preferentially adsorbed as aggregates, and not-
individual molecules, forming a partial layer onto cellulose. Further, the meas-
ured SLD profile suggests some diffusion of the HRP enzyme within the cellulose
hydrogel layer. Deuteration of cellulose combined with neutron reflectometry of
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the liquid—solid interface provides a new methodology to study the structure of
cellulose layers and to better understand the effect of crystallinity and interaction
with water. The ability to precisely measure the conformation of biomolecules
at the cellulose interface, especially functional proteins such as enzymes and
antibodies, empowers the engineering of efficient and low-cost paper/ cellulosic
biodiagnostics.
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Roger Gaudreault University of Montreal

Beautiful work Gil, congratulations. I also want to congratulate you on bringing
your blood test to the commercial stage, which is an outstanding achievement. |
have one question. Can we look at the QCM slides? So, QCM is a great method
and a negative frequency shift of about —80 Hz is significant, meaning that mole-
cules adsorb on the thin film surface. Did you use the Sauerbrey equation to calcu-
late the adsorption of 4 mg/m>?

Gill Garnier Monash University

I believe so, I said I believe because I should really turn this question to Vikram.
Am I correct, Vikram?

Vikram Singh Raghuwanshi Monash University
Af,

Yes, we used the Sauerbrey equation Am=C (where C is approximately

n
—0.177 mg/m?.Hz for the 4.95 MHz gold-coated quartz sensors used. Usually the
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change in frequency for a specific overtone, Afn, is divided by the overtone
number, n, to determine the normalised frequency shift), and equation

10 M, oT

I'= (where M, is the molecular weight, ¢ is the volume fraction, 7 is

the thickness, N, is the Avogadro number and /" in the molecular volume of an
IgG molecule). By taking parameters from the neutron reflectivity data analysis
and putting them in above equations we obtained these coverage values.

Roger Gaudreault

Okay, so on one occasion you adsorbed 2.5 mg/m? and another one you adsorbed
4 mg/m? on surfaces. My point is regarding the challenge with QCM where you
need a rigid molecular system in justifying the use of the Sauerbrey equation to
calculate the adsorbed mass.

Gill Garnier

Yes, this is.

Roger Gaudreault

And my concern is that you mentioned having a soft gel-like surface. Although
you may have a rigid molecule, it is adsorbing on a gel-like surface. So can you
comment on the accuracy of the calculated adsorbed mass?

Gill Garnier

Well, there are two considerations in our analysis. The first is accuracy; I was
stunned to see, that we found 2.5 mg IgG /m? coverage by neutron reflectivity
experiments, and 4 mg IgG/m? with this QCM technique. These techniques rely
on completely different principles and to get similar results is truly amazing. The
second consideration analyses the system. We basically have a big ball (IgG
molecules) suspended on a spring (Cellulose hydrogel). We are well aware of that
and we used the conventional technique and I think we now need to refine it a
bit to understand more about how much of a spring the cellulose is. Is it really a
hydrogel? What are its visco-elastic properties? It is very different working on
cellulose hydrogels, and we saw yesterday with our Japanese friend from Oji, that
these gels can be very viscous at only 2%; here we have 40%. Can I assume that
the cellulose hydrogel behaves like a solid surface? This is our initial hypothesis
used in the work present. However, as you commented, this has to be verified.
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Vikram Singh Raghuwanshi

I would like to make one more comment, which is that the cellulose film we used
for neutron reflectivity is regenerated from bacterial cellulose and the cellulose
film coated sensor we used for QCM-D was from supplier which was regenerated
from microfibrillated cellulose. Both are cellulose material but have a different
morphology.

Gill Garnier

And if I may comment on that. What we didn’t show is that we spent 2 years just
to learn how to properly dissolve deuterated bacterial cellulose in organic solvents
for proper film preparation by spin coating. We investigated many deuterated
cellulose derivatives and discovered the mechanisms are very poorly understood.
We were hoping to simply rely on a well-established recipe and that is what we
initially tried. However, we found a lot of surprises with partial and no solubility
at all. For example, if you select cellulose acetate, you must achieve a DS of 2 for
solubility in acetone, because if you reach a DS higher than 2.5 it is no longer
soluble in acetone. But how do you interrupt a reaction mid-step to reach a DS of
2?7 And what does an average DS of 2 really means? These are interesting issues.
There are a few possibilities to reach cellulose acetate of DS 2. You can either
have all cellulose chains having 2 hydroxy groups derivatized for each glucose, or
you can have a mixture with half of the cellulose chains with the 3 hydroxyl
groups fully substituted (DS 3) and half with only 1 Hydroxyl substituted (DS 1).
The way these cellulose derivatives would dissolve in solvent is completely
different, and therefore the films you obtain are also completely different. So what
we found is that it is much easier to reach a full DS of 3. I give credit to Bank and
team for the TMSC in toluene method. With complete substitution of all hydroxyl
on all chains to DS of 3 you are sure all will be soluble. However, there is a lot of
subtlety possible to achieve cellulose films of different morphology. This is an
unexplored and promising field of research for our community.

16th Fundamental Research Symposium, Oxford, September 2017




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (ISO Coated v2 \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 't&f_Press Quality\(Black & White\)'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


