Biopolymers Journal

Copy of e-mail Notification

Dear Author,

Your article page proofs for Biopolymers are ready for review. John Wiley & Sons has made this article available
to you online for faster, more efficient editing. Please follow the instructions below and you will be able to access a
PDF version of your article as well as relevant accompanying paperwork.

First, make sure you have a copy of Adobe Acrobat Reader software to read these files. This is free software and
is available for user downloading at (http://www.adobe.com/products/acrobat/readstep.html).

Open your web browser, and enter the following web address:
http://115.111.50.156/jw/retrieval.aspx?pwd=acfcfadc10ca

You will be prompted to log in, and asked for a password. Your login name will be your email address, and your
password will be acfcfadc10ca

Example:
Login: your e-mail address
Password: acfcfadc10ca

The site contains 1 file.

In order to speed the proofing process, we strongly encourage authors to correct proofs by annotating PDF files.

Please see the Instructions on the Annotation of PDF files included with your page proofs. Please take care to
answer all queries on the last page of the PDF proof; proofread any tables and equations carefully; and check that
any Greek characters (especially "mu") have converted correctly. Please read your figure legends carefully.

This file contains:

Author Instructions Checklist

Instructions on the Annotation of PDF Files
Reprint Order Information

Copyright Transfer Agreement

A copy of your page proofs for your article

Within 48 hours, please return your annotated PDF with corrections and comments, as
applicable, to the following email address: jrnlprodbip@cadmus.com

PLEASE ALWAYS INCLUDE YOUR ARTICLE NO. (BIP-2013-0027.R2) WITH ALL CORRESPONDENCE. Your
article will be published online via our EarlyView service after correction receipt. Your prompt attention to and



Biopolymers Journal

Copy of e-mail Notification

return of page proofs is crucial to faster publication of your work. Thank you for your cooperation.

If you have any questions, please contact:

Production Editor, BIP
Email: jrnlprodbip@cadmus.com

If you experience technical problems, please contact Balaji/Sam (e-mail: wileycs@kwglobal.com, phone: +91 (44)
4205-8888 (ext.308)). Be sure to include your article number.

This e-proof is to be used only for the purpose of returning corrections to the publisher.
Sincerely,

Production Editor, BIP
Email: jrnlprodbip@cadmus.com



WILEY

Publishers Since 1807
111 RIVER STREET, HOBOKEN, NJ 07030

**IMMEDIATE RESPONSE REQUIRED***

Your article will be published online via Wiley’s EarlyView® service (wileyonlinelibrary.com) shortly after receipt of
corrections. EarlyView® is Wiley’s online publication of individual articles in full text HTML and/or pdf format before
release of the compiled print issue of the journal. Articles posted online in EarlyView® are peer-reviewed, copy-
edited, author corrected, and fully citable via the article DOI (for further information, visit www.doi.org). EarlyView®
means you benefit from the best of two worlds—fast online availability as well as traditional, issue based archiving.

[ 1 READ PROOFS CAREFULLY
¢ This will be your only chance to review these proofs.Please note that once your corrected article is posted
onlineg, it is considered legally published, and cannot be removed from the Web site for further corrections.

* Please note that the volume and page numbers shown on the proofs are for position only.

] ANSWER ALL QUERIES ON PROOFS
* Please annotate all corrections and remember to respond to all author queries at the back of your page proofs.

[ ] CHECK FIGURES AND TABLES CAREFULLY
¢ Check size, numbering, and orientation of figures.
* Allimages in the PDF are downsampled (reduced to lower resolution and file size) to facilitate Internet delivery.
These images will appear at higher resolution and sharpness in the printed article.

RETURN [ |CORRECTED PROOFS
[]Other forms as needed

RETURN ALL RELEVANT ITEMS WITHIN 48 HOURS OF RECEIPT

The preferred method to return corrected proofs is to return the annotated PDF to
jrnlprodbip@cadmus.com.

If this is not possible you may fax to 717-738-9478 or 717-738-9479



&)WILEY-BLACKWELL

USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION

Required software to e-Annotate PDFs: Adobe Acrobat Professional or Adobe Reader (version 7.0 or
above). (Note that this document uses screenshots from Adobe Reader X)
The latest version of Acrobat Reader can be downloaded for free at: http://get.adobe.com/uk/reader/

Once you have Acrobat Reader open on your computer, click on the Comment tab at the right of the toolbar:

@ = %| ¥ |1 f2?| m) (o) | 704% |~ | | e v Tools Comment Share

* Annotations

This will open up a panel down the right side of the document. The majority of
tools you will use for annotating your proof will be in the Annotations section,
pictured opposite. We've picked out some of these tools below: @ @ @ @ &

T, & 2 I B

1. Replace (Ins) Tool — for replacing text. 2. Strikethrough (Del) Tool — for deleting text.
':'-Eh Strikes a line through text and opens up a text Strikes a red line through text that is to be
box where replacement text can be entered. deleted.
How to use it How to use it
e Highlight a word or sentence. e Highlight a word or sentence.
e Click on the Replace (Ins) icon in the Annotations e Click on the Strikethrough (Del) icon in the
section. Annotations section.

e Type the replacement text into the blue box that

appears.

1dard framework for the analysis of m there 1s no room tor extra profits ai
10 lavrore » 2O O 1 - v Y t+ '3 ¥ g o

. i ' ¥l ¢ ups are zero and the number of
ole of strategi=——————>—+—1 ;

: ; © &~ dthreshe D cet) values are not determined by -
ADCI OI COINY| 08/06/2011 15:58:17 | O yo . o
. ! : Blanchard andJXavotaks (1987),
~1s that the sf . which led of . .. it i1e
— | | rfect competition in general equilil

nain compo; b i ¢
il - ts of aggregate demand and supply

important Were—or—re—— i lassical framework assuming monoy

M hencafarth) 1 ue nanan the ‘hlaclr F OO AN OV AT TMINIC 1\111\1‘\:\1‘ {\“[;‘l“l‘l'lL'

3. Add note to text Tool —for highlighting a section 4. Add sticky note Tool — for making notes at
to be changed to bold or italic. specific points in the text.
T}?J Highlights text in yellow and opens up a text @ Marks a point in the proof where a comment
box where comments can be entered. needs to be highlighted.
How to use it How to use it
¢ Highlight the relevant section of text. e Click on the Add sticky note icon in the

e Click on the Add note to text icon in the Annotations section.

Annotations section. e Click at the point in the proof where the comment

e Type instruction on what should be changed should be inserted.

regarding the text into the yellow box that e Type the comment into the yellow box that
appears. appears.

namic responses of mark ups
Lellltll allul hlll)l)l} DIIVCKD. lVIUDL UL

ent with the VAR evidence g - -
alOhmir— : eti
Feve & - dthreshe =
I = numbe|| os/06/2011 15:18:08 it
sation| ® T~ dthreshe ith ——
08/06/2011 15:31:38 dard fr; 518
v Maj ell s .
: : cy. Ney ) ¢
| an e( : :
y | le of st Wi
on n her P,

NN /
1 ] JET ( )[ Corrx PP CIToTS arrek o o rrrl [.)

an Y, .
o a — - jon 1s that the structure of the sectae

ctont alen unth the demando




&)WILEY-BLACKWELL

USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION

5. Attach File Tool — for inserting large amounts of 6. Add stamp Tool —for approving a proof if no
text or replacement figures. corrections are required.
é} Inserts an icon linking to the attached file in the & - Inserts a selected stamp onto an appropriate
appropriate pace in the text. place in the proof.
How to use it How to use.it
e Click on the Attach File icon in the Annotations e Click on the Add stamp icon in the Annotations
section. section.
e Click on the proof to where you'd like the attached e Select the stamp you want to use. (The Approved
file to be linked. stamp is usually available directly in the menu that
e Select the file to be attached from your computer appears).
or network. e Click on the proof where you'd like the stamp to
e Select the colour and type of icon that will appear appear. (Where a proof is to be approved as it is,
in the proof. Click OK. this would normally be on the first page).
END

I TNE DUsSINCess cycle, starung witn e

B 020 on perfect competition, constant ret
0.15}

0.101 otaki (1987), has introduced produc

_ _ general equilibrium models with nomin:

NnNnsL: A : : el el secuaalBoils anilin "Wlsmanlalls e

* Drawing Markups

7. Drawing Markups Tools —for drawing shapes, lines and freeform
annotations on proofs and commenting on these marks.

T | —
E@ = O D Allows shapes, lines and freeform annotations to be drawn on proofs and for

— Y, comment to be made on these marks..
OO 72 g

~0.001 -ty o o N —|
2 4 6 8 1012 1416 18 20 2 4 6 8 1012 14 16 18 20

Mark Up - New Incorporations
0.016

How to use it

e Click on one of the shapes in the Drawing 012
Markups section. 1.008 4
e Click on the proof at the relevant point and foosd ™
draw the selected shape with the cursor. 000y || @ dthreshe =
' 08/06/2011 16:23:54

e To add a comment to the drawn shape,
move the cursor over the shape until an

2 || Move to the bottom of the left
column of panels.

arrowhead appears. 0.03 = =
e Double click on the shape and type any il 0006\ 1 y
text in the red box that appears. AN =1

For further information on how to annotate proofs, click on the Help menu to reveal a list of further options:

@ eco)_2384 CrxRev2_EV_19-Jul-10.pdf - Adobe Reader l‘=' (=] ﬁ
File Edit View Window RgEls] *
@ =2 % ‘ (#) (4 7 Adobe Reader X Help... F1 FI 2 Tools | Comment . Share

characterised by |1|; 5bDUt Adobe Reader X... -
different degree, & Ahoyt Adobe Plug-Ins...

prices (Berrand cf
costs allow us o er

* Annotations

B & @ &-
T. % 2 I B

Improvement Program Options...

sector. Therefore, if

on the form of com I )
nmumber of firms. D|g|ta| Editions

|

In the long run, |
of the economy: th Online Support ’
productiviry level, 4 = - -
the costs of enty. | WEP@IF AdObe Reader Installation » Drawing Markups
prcauseaf e tend Check for Updates... v Comments List (14)
Moreover, since sal
novel form of dyvng = AL =
BCv model). 1n 5 Purchase Adobe Acrobat [ Find A- 2. -

high enough, the number of firms is abowe the ‘golden rule’” mmber that would
maximise steady s@te utility: when consumers are extremely patient they save too

;" dthreshe ~



FWILEY-BLACKWELL

Additional reprint purchases

Should you wish to purchase additional copies of your article, please
click on the link and follow the instructions provided:
https://caesar.sheridan.com/reprints/redir.php?pub=10089&acro=BIP

Corresponding authors are invited to inform their co-authors of the
reprint options available.

Please note that regardless of the form in which they are acquired,
reprints should not be resold, nor further disseminated in electronic form,
nor deployed in part or in whole in any marketing, promotional or
educational contexts without authorization from Wiley. Permissions
requests should be directed to mail to: permissionsus@wiley.com

For information about ‘Pay-Per-View and Article Select’ click on the
following link: wileyonlinelibrary.com/aboutus/ppv-articleselect.html



mailto:permissionsus@wiley.com
http://www.wileyonlinelibrary.com/aboutus/ppv-articleselect.html

COPYRIGHT TRANSFER AGREEMENT

Date: Contributor name:

WILEY-
BLACKWELL

Contributor address:

Manuscript number (Editorial office only):

Re: Manuscript entitled

(the “Contribution”)

for publication in

(the “Journal”)

published by

Dear Contributor(s):

("Wiley-Blackwell").

Thank you for submitting your Contribution for publication. In order to expedite the editing and publishing process and enable Wiley-Blackwell to
disseminate your Contribution to the fullest extent, we need to have this Copyright Transfer Agreement signed and returned as directed in the Journal’s
instructions for authors as soon as possible. If the Contribution is not accepted for publication, or if the Contribution is subsequently rejected, this
Agreement shall be null and void. Publication cannot proceed without a signed copy of this Agreement.

A. COPYRIGHT

1. The Contributor assigns to Wiley-Blackwell, during the full term of copy-
right and any extensions or renewals, all copyright in and to the Contribution,
and all rights therein, including but not limited to the right to publish, repub-
lish, transmit, sell, distribute and otherwise use the Contribution in whole or in
part in electronic and print editions of the Journal and in derivative works
throughout the world, in all languages and in all media of expression now
known or later developed, and to license or permit others to do so.

2. Reproduction, posting, transmission or other distribution or use of the final
Contribution in whole or in part in any medium by the Contributor as permit-
ted by this Agreement requires a citation to the Journal and an appropriate
credit to Wiley-Blackwell as Publisher, and/or the Society if applicable, suitable
in form and content as follows: (Title of Article, Author, Journal Title and
Volume/Issue, Copyright © [year], copyright owner as specified in the Journal).
Links to the final article on Wiley-Blackwell's website are encouraged where
appropriate.

B. RETAINED RIGHTS

Notwithstanding the above, the Contributor or, if applicable, the Contributor’s
Employer, retains all proprietary rights other than copyright, such as patent
rights, in any process, procedure or article of manufacture described in the
Contribution.

C. PERMITTED USES BY CONTRIBUTOR

1. Submitted Version. Wiley-Blackwell licenses back the following rights to
the Contributor in the version of the Contribution as originally submitted for
publication:

a. After publication of the final article, the right to self-archive on the Con-
tributor’s personal website or in the Contributor’s institution’s/femployer’s
institutional repository or archive. This right extends to both intranets and
the Internet. The Contributor may not update the submission version or
replace it with the published Contribution. The version posted must contain
a legend as follows: This is the pre-peer reviewed version of the following
article: FULL CITE, which has been published in final form at [Link to final
article].

b. The right to transmit, print and share copies with colleagues.

2. Accepted Version. Re-use of the accepted and peer-reviewed (but not
final) version of the Contribution shall be by separate agreement with Wiley-
Blackwell. Wiley-Blackwell has agreements with certain funding agencies
governing reuse of this version. The details of those relationships, and other
offerings allowing open web use, are set forth at the following website:
http:/Avww.wiley.com/go/funderstatement. NIH grantees should check the
box at the bottom of this document.

3. Final Published Version. Wiley-Blackwell hereby licenses back to the
Contributor the following rights with respect to the final published version of
the Contribution:

a. Copies for colleagues. The personal right of the Contributor only to send
or transmit individual copies of the final published version in any format to
colleagues upon their specific request provided no fee is charged, and
further-provided that there is no systematic distribution of the Contribu-
tion, e.g. posting on a listserve, website or automated delivery.

b. Re-use in other publications. The right to re-use the final Contribution or
parts thereof for any publication authored or edited by the Contributor
(excluding journal articles) where such re-used material constitutes less
than half of the total material in such publication. In such case, any modifi-
cations should be accurately noted.

c. Teaching duties. The right to include the Contribution in teaching or
training duties at the Contributor’s institution/place of employment includ-
ing in course packs, e-reserves, presentation at professional conferences,
in-house training, or distance learning. The Contribution may not be used
in seminars outside of normal teaching obligations (e.g. commercial semi-
nars). Electronic posting of the final published version in connection with
teaching/training at the Contributor’s institution/place of employment is
permitted subject to the implementation of reasonable access control
mechanisms, such as user name and password. Posting the final published
version on the open Internet is not permitted.

d. Oral presentations. The right to make oral presentations based on the
Contribution.

4. Article Abstracts, Figures, Tables, Data Sets, Artwork and Selected
Text (up to 250 words).

a. Contributors may re-use unmodified abstracts for any non-commercial
purpose. For on-line uses of the abstracts, Wiley-Blackwell encourages but
does not require linking back to the final published versions.

b. Contributors may re-use figures, tables, data sets, artwork, and selected
text up to 250 words from their Contributions, provided the following
conditions are met:

(i) Full and accurate credit must be given to the Contribution.

(i) Modifications to the figures, tables and data must be noted.
Otherwise, no changes may be made.

(iii) The reuse may not be made for direct commercial purposes, or for
financial consideration to the Contributor.

(iv) Nothing herein shall permit dual publication in violation of journal
ethical practices.

CTA-A



D. CONTRIBUTIONS OWNED BY EMPLOYER

1. If the Contribution was written by the Contributor in the course of the
Contributor’s employment (as a “work-made-for-hire” in the course of
employment), the Contribution is owned by the company/employer which
must sign this Agreement (in addition to the Contributor’s signature) in the
space provided below. In such case, the company/employer hereby assigns to
Wiley-Blackwell, during the full term of copyright, all copyright in and to the
Contribution for the full term of copyright throughout the world as specified in
paragraph A above.

2. In addition to the rights specified as retained in paragraph B above and the
rights granted back to the Contributor pursuant to paragraph C above, Wiley-
Blackwell hereby grants back, without charge, to such company/employer, its
subsidiaries and divisions, the right to make copies of and distribute the final
published Contribution internally in print format or electronically on the Com-
pany’sinternal network. Copies so used may not be resold or distributed externally.
However the company/employer may include information and text from the
Contribution as part of an information package included with software or
other products offered for sale or license or included in patent applications.
Posting of the final published Contribution by the institution on a public access
website may only be done with Wiley-Blackwell’s written permission, and payment
of any applicable fee(s). Also, upon payment of Wiley-Blackwell’s reprint fee,
the institution may distribute print copies of the published Contribution externally.

E. GOVERNMENT CONTRACTS

In the case of a Contribution prepared under U.S. Government contract or
grant, the U.S. Government may reproduce, without charge, all or portions of
the Contribution and may authorize others to do so, for official U.S. Govern-

ment purposes only, if the U.S. Government contract or grant so requires. (U.S.
Government, U.K. Government, and other government employees: see notes
atend)

F. COPYRIGHT NOTICE

The Contributor and the company/employer agree that any and all copies of
the final published version of the Contribution or any part thereof distributed
or posted by them in print or electronic format as permitted herein will include
the notice of copyright as stipulated in the Journal and a full citation to the
Journal as published by Wiley-Blackwell.

G. CONTRIBUTOR'S REPRESENTATIONS

The Contributor represents that the Contribution is the Contributor’s original
work, all individuals identified as Contributors actually contributed to the Con-
tribution, and all individuals who contributed are included. If the Contribution
was prepared jointly, the Contributor agrees to inform the co-Contributors of
the terms of this Agreement and to obtain their signature to this Agreement or
their written permission to sign on their behalf. The Contribution is submitted
only to this Journal and has not been published before. (If excerpts from copy-
righted works owned by third parties are included, the Contributor will obtain
written permission from the copyright owners for all uses as set forth in Wiley-
Blackwell’s permissions form or in the Journal’s Instructions for Contributors,
and show credit to the sources in the Contribution.) The Contributor also
warrants that the Contribution contains no libelous or unlawful statements,
does not infringe upon the rights (including without limitation the copyright,
patent or trademark rights) or the privacy of others, or contain material or
instructions that might cause harm or injury.

CHECK ONE BOX:

|:| Contributor-owned work
ATTACH ADDITIONAL SIGNATURE

PAGES AS NECESSARY Contributor’s signature Date
Type or print name and title
Co-contributor’s signature Date
Type or print name and title

D Company/Institution-owned work

(made-for-hire in the o ]

course of employment) Company or Institution (Employer-for-Hire) Date
Authorized signature of Employer Date

D U.S. Government work Note to U.S. Government Employees

A contribution prepared by a U.S. federal government employee as part of the employee’s official duties, or
which is an official U.S. Government publication, is called a “U.S. Government work,” and is in the public
domain in the United States. In such case, the employee may cross out Paragraph A.1 but must sign (in the
Contributor’s signature line) and return this Agreement. If the Contribution was not prepared as part of the
employee’s duties or is not an official U.S. Government publication, itis not a U.S. Government work.

|_| U.K. Government work
(Crown Copyright)

Note to U.K. Government Employees

The rights in a Contribution prepared by an employee of a U.K. government department, agency or other

Crown body as part of his/her official duties, or which is an official government publication, belong to the
Crown. U.K. government authors should submit a signed declaration form together with this Agreement.
The form can be obtained via http://www.opsi.gov.uk/advice/crown-copyright/copyright-guidance/
publication-of-articles-written-by-ministers-and-civil-servants.htm

|_| Other Government work

Note to Non-U.S., Non-U.K. Government Employees

If your status as a government employee legally prevents you from signing this Agreement, please contact

the editorial office.

|_| NIH Grantees Note to NIH Grantees

Pursuant to NIH mandate, Wiley-Blackwell will post the accepted version of Contributions authored by NIH
grant-holders to PubMed Central upon acceptance. This accepted version will be made publicly available
12 months after publication. For further information, see www.wiley.com/go/nihmandate.

CTA-A



AQ2
AQ3

AQII

Circular Dichroism and Electron Microscopy Studies In Vitro of 33-mer

Gliadin Peptide Revealed Secondary Structure Transition and
Supramolecular Organization

’ 1 ~ 2 2 . 3 . 4
Maria G. Herrera,” Fernando Zamarreno,” Marcelo Costabel,” Hernan Ritacco,” Andreas Hiitten,

Norbert Sewald,’ Verénica I. Dodero,!**

' Department of Chemistry, INQUISUR, National University of South, CONICET, Bahia Blanca, Av. Alem 1253 (8000),

Argentina

* Department of Physics, National University of South, Bahia Blanca, Av. Alem 1253 (8000), Argentina
> Department of Physics, IFISUR, National University of South, CONICET, Bahia Blanca, Av. Alem 1253 (8000), Argentina

* Department of Physics, Bielefeld University, Bielefeld, Germany

> Department of Chemistry, Bielefeld University, Bielefeld, Germany

Received 29 January 2013; revised 7 May 2013; accepted 9 May 2013
Published online 00 Month 2013 in Wiley Online Library (wileyonlinelibrary.com). DOI 10.1002/bip.22288

ABSTRACT:

Gliadin, a protein present in wheat, rye, and barley,
undergoes incomplete enzymatic degradation during
digestion, producing an immunogenic 33-mer peptide,
LQLQPF(PQPQLPY);PQPQPE. The special features of
33-mer that provoke a break in its tolerance leading to
gliadin sensitivity and celiac disease remains elusive.
Herein, it is reported that 33-mer gliadin peptide was not
only able to fold into polyproline II secondary structure
but also depending on concentration resulted in confor-
mational transition and self-assembly under aqueous
condition, pH 7.0. A 33-mer dimer is presented as one
initial possible step in the self-assembling process
obtained by partial electrostatics charge distribution cal-

culation and molecular dynamics. In addition, electron

Additional Supporting Information may be found in the online version of this
article.
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microscopy experiments revealed supramolecular organi-
zation of 33-mer into colloidal nanospheres. In the pres-
ence of 1 mM sodium citrate, I mM sodium borate, 1
mM sodium phosphate buffer, 15 mM NaCl, the nano-
spheres were stabilized, whereas in water, a linear organi-
zation and formation of fibrils were observed. It is
hypothesized that the self-assembling process could be the
result of the combination of hydrophobic effect, intramo-
lecular hydrogen bonding, and electrostatic complemen-
tarity due to 33-mer’s high content of proline and
glutamine amino acids and its calculated nonionic
amphiphilic character. Although, performed in vitro,
these experiments have revealed new features of the
33-mer gliadin peptide that could represent an
important and unprecedented event in the early stage of
33-mer interaction with the gut mucosa prior to onset of
inflammation. Moreover, these findings may open new
perspectives for the understanding and treatment of
gliadin intolerance disorders. © 2013 Wiley Periodicals,
Inc. Biopolymers 00: 000—000, 2013.

Keywords: 33-mer gliadin peptide; circular dichroism;
electron microscopy; supramolecular organization; glia-

din intolerance
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INTRODUCTION
rom biomolecules to complex biological systems,
nature reveals to us as a complex and sophisticated
machinery governed by recognition and supramolec-
ular organization characterized by an exquisite spatial
and temporal control. In this context, proteins carry
out numerous functions playing a crucial role in the growth,
repair, and metabolism of cells." In the postgenomic® era,
genetic encoding of proteins and linear sequencing of amino
acids are well-established areas of understanding. However,
the mechanism by which these chains of amino acids become
preprogrammed to fold into their correct protein structure
remains one of the mysteries of life.” There is a fine balance
between the processes of protein folding that leads to proper
biological function and misfolding, which may result in cel-
lular pathology, such as Alzheimer’s and Parkinson’s* dis-
eases and more recently with respect to cancer.” Critical to
our understanding are the noncovalent interactions involved
in the folding processes such as electrostatic attractions, van
der Waals attractions, hydrogen bonds, and hydrophobic
interactions. In addition to folding events, further under-
standing of molecular recognition can be attained because
the same noncovalent interactions that enable a protein to
fold into a specific conformation also allow proteins to bind
to each other to produce larger structures such as enzyme
complexes, ribosomes, protein filaments, viruses, and
membranes.®
Inspired by the importance of protein folding in the balance
between health and disease, we embarked on a project to shed
light on the early stages of celiac disease, a complex immuno-
logical disorder with a prevalence of 1% among the healthy
population triggered by the protein gliadin.” Gliadin is a pro-
tein present in wheat, rye, and barley, and the only treatment
of this pathology is a life-long gliadin-free diet.” Early evidence
for gliadin was shown by Khosla and coworkers®’ who studied
in vitro gliadin and brush border membranes from rats and
humans and demonstrated that a proteolysis-resistant peptide
of 33 amino acids (33-mer) remained intact after 15 h of incu-
bation. This unusual proteolytic resistance of 33-mer,
LQLQPF(PQPQLPY);PQPQPE was confirmed in vivo by a
perfusion protocol in intact adult rats.® Structurally, the 33-
mer gliadin fragment contains six partially overlapping copies
of three distinct DQ2-restricted T-cell epitopes and is highly

ID: kothandamk Time: 20:55 |
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stimulatory toward T lymphocytes.® The immunological
response in susceptible individuals associated with gliadin is
well known; however, the initial stages before inflammation are
still obscure.'™"" It has been hypothesized that increased intes-
tinal permeability is an early event in celiac disease pathogene-
sis; however, it is completely unknown what endows gliadin,
especially such 33-mer fragment features as resistance to prote-
olysis, passage across membranes, and activity as stress triggers
to the epithelium.'?

To shed light on the molecular features of 33-mer gliadin
peptide, we present circular dichroism (CD) spectra of 33-mer
in aqueous solution at pH 7.0 and electron microscopy (EM)
experiments in combination with partial charge electrostatics
distribution (PCED) calculation and molecular dynamics
(MD) simulation.

RESULTS AND DISCUSSION

CD Studies of 33-mer Peptide Show a
Conformational Transition and Self-Assembling
Capabilities

CD experiments were carried out because it is a very sensitive
technique to monitor changes of protein secondary struc-
1% A single CD experiment of 33-mer gliadin peptide
has been reported® showing a polyproline II (PPII) conforma-

tures.

tion, but unfortunately, the authors did not state the concentra-
tion of the peptide solution. However, concentration is one of
the important parameters in the study of protein secondary
structure by CD.">""” In addition, simple inspection of 33-mer
sequence showed that ~65% of the amino acids are proline
and glutamine. It is known that fragments with high percentage
content of proline and/or glutamine are able to self-associate,
which are governed mainly by hydrophobic effect.'®=° More-
over, glutamine can also interact strongly in water presumably
via complementary hydrogen bonding interaction in addition
to the aforementioned hydrophobic effect.*"-**

Therefore, we decided to pursue an initial concentration-
dependent experiment using as medium a previously reported
buffer® as well as water (pH 7.0) in the concentration range
from 10 to 613 uM at 5°C. Similar results were obtained under
both conditions (water experiments are presented in the Sup-
porting Information Figure S1). CD spectra showed marked
dependence on peptide concentration above 46 uM, detecting
a red-shift displacement of the negative band from 203 to 215
nm and hypochromic behavior of the molar ellipticity of the
band from —18.000 to around —2000 deg cm” dmol~' on
increasing peptide concentration from 46 to 613 pM (Figures
1A and 1B). The observed trend is characteristic of a confor-
mational transition from an unordered or extended structure
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CD spectra of 33-mer in 1 mM sodium citrate, 1 mM sodium borate, ] mM sodium

phosphate buffer, 15 mM NaCl, pH 7.0 at 5°C. Concentration-dependent experiment: (A) 46 (O),
122 (O), and 197 uM (@) and (B) 197 (@), 418 (0J), and 613 uM (O).

to a more folded one due to self-assembly.>*® The process
was completely reversible because the same band shifts were
observed for both concentration and dilution experiments. At
5°C, the negative band in the range of 203-215 nm (46 and
613 pM, respectively) can be initially associated to a m—n* tran-
sition of a highly populated PPII structure in equilibrium with
other conformations (Figures 1A and 1B).2'>17%” From 197 to
613 M, a new small positive band at 228 nm was observed
only at low temperature (Figures 2A and 2B). The 228 nm
band could be associated to the n—n* transition of PPII struc-
ture.'” It has been reported that PPII conformation is always in
equilibrium with other structures like ff-turns, f-strands, and

unordered conformations due to the close proximity of the
respective dihedral angle values.'> Conformational equilibrium
can be evaluated by temperature-dependent experiments. At
197 uM (Figure 2A), increasing the temperature from —10 to
37°C showed one isodichroic point at 211 nm. This trend is
indicative of a conformational equilibrium where PPII was the
dominant conformer population in equilibrium with more
folded structures. PPII conformation was maximum at the
lowest temperature (—10°C), as evidenced by the strong nega-
tive band at 206 nm and the positive band at 228 nm,"”
whereas increasing the temperature to 37°C led to a small red
shift of the negative band to 209 nm and the loss of the positive
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FIGURE 2 CD spectra of 33-mer in 1 mM sodium citrate, ] mM sodium borate, 1 mM sodium
phosphate buffer, 15 mM NaCl, pH 7.0. Temperature-dependent experiment at (A) 197 uM: 37
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FIGURE 3 Conformational equilibrium modulation of (A) 33-mer peptide in a water solution of
Gdn.HCI (8M) at 197 uM (O) and 613 uM (@) peptide concentration, 25°C. (B) Addition of TFE
to 33-mer peptide solution at 418 uM, 5°C: 0 (H), 5 (1), 20 (O), and 46 (@) of TFE.

band at 228 nm (Figure 2A). A previous evidence showing that
Pro-Xaa model peptides are able to form turns**° and the
obtained CD spectra led us to hypothesize a Type II f-turn
structure,*®?12

At 613 uM, an equilibrium between two conformations was
observed in the temperature variation experiment (Figure 2B).
Meanwhile at 5°C, the CD signature was characteristic of PPII
conformation, and at 37°C, the spectrum revealed a red-
shifted negative band centered at 220 nm and a strong positive
band at 195 nm, which are CD signatures of -structure. Fur-
thermore, the most important spectral finding is the onset of a
strong positive band below 200 nm, indicating a dominant
folded conformation at 37°C. PPII conformation unlike other
secondary structures does not depend on intramolecular
hydrogen bonding."” Thus, to confirm PPII conformation at
197 and 613 uM, we decided to dissolve 33-mer in a chaotropic
agent such as guanidinium chloride (8M). At both peptide
concentrations, CD spectra showed a similar increase of the
positive band at 228 nm (Figure 3A). The decrease of the mag-
nitude of the bands on increasing temperature and the
responses of the CD of the sample to guanidinium chloride
treatment support the hypothesis of the existence of PPII sec-
ondary structure, as previously reported.®

With the aim to reproduce the red shift observed at high
concentration, a well-known structure induced cosolvent
(TFE)*>** was added to a 33-mer solution at 418 uM. The
choice of TEE is reasonable considering that this solvent favors
intramolecular hydrogen bonding, promoting folded confor-
mations such as helices and f-turns.”> As it is presented in
Figure 3B, the use of 46% TFE as cosolvent afforded reproduc-
tion not only of the red shift of the negative band from 210 to

ID: kothandamk Time: 20:57 |

220 nm and the strong positive band at 195 nm but also a
strong negative band at 230 nm appeared, probably due to the
arrangement of the Tyr side chains accompanying the increase
in f-turn conformation in TFE-rich solvents.>

Similar spectral changes were obtained increasing the tem-
perature or decreasing the dielectric constant of the solvent at
high concentration. These trends confirm 33-mer capability of
conformational transition from an extended PPII to a more
folded structure of Type II f-turn depending on environmental
conditions.”®*” Both types of regular secondary structure could
be stabilized by interactions with target molecules in an
induced fit." -Turns are certainly involved in protein recogni-
tion processes, for example, as sites of protein phosphorylation
and glycosylation®® and in fiber structures of short prion pep-
tides and amyloid fiber aggregates.”””” On the other hand,
there are many more precedents for the involvement of PPII in
protein—protein interactions. PPII helices are recognized by
Class II major histocompatibility complexes*’ and two wide-
spread protein domains: SH3*' and WW.** Our CD data
showed that the conformation equilibrium was shifted toward
more ordered structures by probably a self-aggregation pro-
cess.”®?”?® This structural transition could represent an
unprecedented molecular trigger in gliadin intolerance
disorders.

Partial Electrostatic Charge Distribution and MD
Calculation of 33-mer Revealed Nonionic
Amphiphilic Behavior Allowing Dimer Formation
Due To Electrostatic Complementary

The PCED calculation is a well-known computational tool
used in biophysical studies* given that electrostatics

Biopolymers
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FIGURE 4

interactions influence or even dominate initial biochemical
reactions. PCED and MD calculations of 33-mer fragment
were performed to visualize the molecular nature of 33-mer
self-assembling process. By this procedure, the 33-mer con-
struct revealed a regular pattern of partial charge distribution
along the peptide backbone, showing an amphiphilic nature
even though in the absence of ionic amino acids (Figure 4A).
Consistent with 33-mer high PPII propensity and previously
established nuclear magnetic resonance and CD results of the
short repeated fragment,** PQPQLPY, we propose a peptide
model obtained by energy minimization and MD (Figure 4A).
Based on the stability of the resulting conformation and partial
charge distribution, it was possible to construct a dimer. The
final model was structurally inspected and shown to maintain
a high degree of PPII structure following MD simulation,
which is in agreement with our CD results (Figures 4B
and 4C).

PPII secondary structure is not only a protein motif impor-
tant for protein—protein interaction® but is also implicated in
structural stability, for example, the collagen triplex helix.* In
several other cases, such as amelogenin,23 lamprin,24 and tro-
poelastin,47 PPII leads to well-defined molecular recognition
processes with formation of supramolecular assemblies, such
as fibrils and nanospheres. In this context, it has been reported
that o-gliadin protein*® and some wheat gluten peptides*’ con-
taining the 33-mer sequence are able to form fibrils in water
under certain conditions. Based on our results, a first supra-
molecular evaluation of 33-mer is needed.

Supramolecular Organization of 33-mer Detected by
Transmission Electron Microscopy and Scanning
Electron Microscopy

Transmission electron microscopic (TEM) image of a nega-
tively stained preparation of 33-mer solution provided suffi-
cient structural details for general characterization. Colloidal

Biopolymers

ID: kothandamk Time: 20:57 |

(A) Electrostatic profile of the PPII peptide model after molecular dynamics simula-
tion. Partial charges were assigned with PARSE field force implemented in PDB2PQR software (see
Materials and Methods section). Color represents only the positive (blue) or negative (red) partial
charge distribution. (B) Model of a plausible dimer of the 33-mer showing electrostatic comple-
mentarity after molecular dynamics simulations. (C) Tilted view of the 33-mer dimer.

nanospheres of around 35 and 66 nm of diameter and amor-
phous aggregates were detected (Figure 5A). Statistical evalua-
tion of the nanospheres showed two families, one around 35
nm and the second around 66 nm. According to the relative
size, the larger spheres could be formed by coalescence of the
smaller spheres (Figure 5B). The amorphous aggregates could
be agglomerates of the nanospheres or artifacts probably
because of the presence of different salts™
control of TEM and scanning electron microscopic (SEM)
experiments; Supporting Information Figure S2]. To avoid the
possible artifacts and because CD experiments showed no sig-

[compare buffer

nificant differences depending on the presence or absence of
salts, 33-mer in water at pH 7.0 was evaluated. Under this con-
dition, nanospheres, filaments, and fibrils were detected
depending on the observation field. Filaments and fibrils
appeared curvilinear and were complex with adjacent filaments
and fibrils which organized into higher order structures,
ranging from fibrils of 58 nm in diameter to clusters from
200 to 800 nm in width (Figure 6A). A field populated mainly
by nanospheres of 25 nm in diameter was also found
(Figure 6B).

At a higher magnification, we observed that the thickest
fibrils arose from the product of a lateral association of thin
fibrils and filaments (Figure 7A, see arrows). A few single fila-
ments of 28 nm in width were also detected (Figure 7B). The
internal structure of the filaments and fibrils were difficult to
define; however, it seemed to be composed by small nano-
spheres (Figure 7C). Contact among nanospheres was also
observed (Figure 7D).

Topographical information about the supramolecular struc-
tures was obtained by SEM experiments. Observation of 33-
mer in 1 mM sodium citrate, ] mM sodium borate, 1 mM
sodium phosphate buffer, 15 mM NaCl, pH 7.0, showed ran-
dom colloidal nanoparticles (Figure 8A). Meanwhile in water
at pH 7.0 (Figures 8B and 8C and Supporting Information
Figure S3), it was possible to observe random nanospheres in
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FIGURE 5 (A) TEM micrographs of 33-mer solution in 1 mM sodium citrate, 1 mM sodium
borate, 1 mM sodium phosphate buffer, 15 mM NaCl, pH 7.0. (B) Statistical evaluation of the

nanospheres.
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FIGURE 6 TEM micrographs of 33-mer solution in water, pH 7.0. (A) Field populated by fila-
ments and fibrils with its statistical evaluation. (B) Field mainly populated by nanospheres and sta-

tistical diameter distribution.
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FIGURE 7 TEM micrographs of 33-mer in water, pH 7.0, showing the different quaternary nano-
structures in detail. (A) The arrows show that lateral association of filaments contributes to the for-
mation of fibrils. (B) In this micrograph, it is possible to distinguish the background full of
nanospheres, a filament and the internal structure of the fibril. (C) The arrows show that the fila-
ments seem to be composed by small nanospheres. (D) Micrograph showing that the nanospheres
tend to interact between each other.

the background and linear supramolecular assemblies com-
posed of interacting nanospheres. The morphological pattern
was similar to those observed by TEM. It seems that the pres-
ence of 1 mM sodium citrate, 1 mM sodium borate, 1 mM
sodium phosphate buffer, 15 mM NaCl stabilized the spherical
aggregates, probably through electrostatic forces, inhibiting
further interaction toward fibrils.”"

On the basis of our results, we have proposed an initial
supramolecular organization mechanism that was previously
assumed for zein and related peptides,”* spider silk proteins,”
and also for amelogenins molecules, which are associated with
the dental enamel biomineralization.”* In general, spherical
colloidal assemblies are forced into contact when the respective
streamlines of the solvent get closer than the diameter of the
particles, such behavior has been shown to be the dominant
cause for aggregation of particles in the micrometer range.’>>*
We proposed that the calculated 33-mer dimer is engaged in
one plausible initial step in the self-assembling process. Once

Biopolymers
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the colloidal nanoparticles are formed, their intrinsic character-
istics and the medium condition contribute to random assem-
bly, as it would be expected for globular particles or
spontaneous linear organization and formation of fibrils (Fig-
ure 9).””>° This mechanism is consistent with a recent study
wherein colloidal nanoparticles of -synuclein protein involved
in Parkinson’s disease were reported to be able to linearly
organize leading to the formation of fibrils.®>¢'

Considering that gut environment is highly dynamic,** the
feasibility of the 33-mer to form colloidal nanospheres which
can further organize into linear aggregates depending on envi-
ronmental conditions would be relevant; however, in vivo
studies are required to validate the real relevance.

CONCLUSION
By a combination of biophysical techniques, we have shown
that 33-mer is able to self-assemble in a concentration-
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A

FIGURE 8 SEM micrographs of 33-mer solution metalized with
gold: (A) in 1 mM sodium citrate, ]| mM sodium borate, | mM
sodium phosphate buffer, 15 mM NaCl, pH 7.0 and (B) in water,
pH 7.0. Statistical evaluation is presented in the Supporting Infor-
mation Figure S3. (C) A higher magnification micrograph of 33-
mer in water showing that interacting nanospheres composed the
fibrils.

dependent manner through structural transition. Initially, PPII
structure was dominant enabling further intermolecular inter-
action toward a more folded conformation, such as Type II f5-
turn, on increasing peptide concentration. The same structural
transition at constant concentration was observed in TFE,
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a solvent known to provide a membrane mimicking environ-
ment.®> As mentioned, both secondary structures are known
to be important in protein—protein interaction, thus the struc-
tural transition could serve as a signaling command at the
molecular level.

The 33-mer high percentage of proline and glutamine
amino acids and the nonionic amphiphilic character detected
by the PCED calculation could be a determining factor in the
self-assembling process. Furthermore, a molecular model of
33-mer dimer is presented as one possible initial step in the
interaction.

Finally, supramolecular organization was observed by EM
experiments showing formation of colloidal nanospheres. The
spherical aggregates were randomly distributed in 1 mM
sodium citrate, 1 mM sodium borate, 1 mM sodium phos-
phate buffer, 15 mM NaCl, pH 7.0. However, linear organiza-
tion of the nanospheres occurred in water pH 7.0, leading to
the formation of fibrils.

Owing to the importance of protein aggregates®®* and
nanoparticle well-known immunological role®® in the balance
between health and disease, the only existence of 33 mer nano-
spheres and fibrils allow us to think some new hypothesis
related to the early steps of gliadin intolerance disorders medi-
ated by 33-mer peptide. First, the unusual proteolytic resist-
ance of 33-mer could be due to the structurally robust core
within 33-mer nanospheres unable enzymatic degradation, as
previously reported in other protein aggregates such as lyso-
zyme fibrils.*® Second, once 33-mer small nanospheres (14-35
nm) were formed, they could be transported across the epithe-
lium cells due to its size probably by endocytosis pathway
(enter) and budding (exit) by a similar mechanism observed
by virus and other bionanoparticles.67 Third, the multivalent
surface display of the epitope on the nanospheres/fibrils would
be the source of the strong immunomodulator activity and the
subsequent break of the balance between tolerance and dis-
ease.%® Finally, accumulation of 33-mer aggregates on epithe-
lium surface could lead to the formation of 33-mer fibrils and
clusters bigger than 0.5 um. This event could be a supramolec-
ular signal to start phagocytosis, the principal component of
the body’s innate immunity machinery. Recently, it has been
reported that the overall process of phagocytosis is a result of
the complex interplay between shape and size.*” After recogni-
tion, the phagocytic cells start the internalization process; how-
ever, if the phagocytosis is frustrated due to the size and
geometry of the particle, the toxic agents of the macrophages
can be released into the environment. As these agents are also
toxic to host cells, they can cause extensive damage to healthy
cells and tissues,”® as those observed in celiac disease intestinal
lesion. After withdraw of gliadin from diet, the epithelium
health is restored, showing the direct or indirect importance of
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FIGURE 9 Schematic representation of the hypothetical mechanism of 33-mer supramolecular

organization.

this protein and probably of 33-mer in the pathological process
of microvilli destruction and celiac disease.”

Currently, our research efforts are directed toward under-
standing the supramolecular mechanism involved in solution
and on surface and the role of 33-mer nanospheres in vivo in
order to test our hypothesis. Meanwhile, considering the
importance of protein assemblies in disease,”"””* our findings
may open new perspectives for the understanding and treat-
ment of gliadin intolerance disorders.

MATERIALS AND METHODS

Materials

To obtain reproducible results, three synthetic samples of 33-mer pep-
tide LQLQPF(PQPQLPY);PQPQPF (3911 Da) with more than 95%
purity were purchased from Biochem Shanghai in a lyophilized form
at different periods of time. Peptide synthesis protocol was completed
according to the protocol reported in the Supporting Information.
Purity and mass integrity were reexamined before and after experi-
ments to ensure no chemical modification occurred during handling.
Reverse-phase HPLC analysis was performed using a Venusil XBP C18
250 X 4.6. Binary gradients of solvents A (CH3CN 0.1% TFA) and B
(H,0 0.1%) were used at a flow rate of 1.0 mL min™~". The injection
volume was 10 pL. HPLC peaks were detected by monitoring the UV
absorbance at 4 =220 nm and the identity were confirmed by MS.
The retention time of 12.023 min was obtained under the following
experimental conditions: CH;CN/H,O with 0.1% TFA, 28-100%
A at 25min. HPLC-MS: m/z 1958.61 (M' +2H)*", 1305.16
(M™ 4 3H)’". Accurate mass determination was performed by ESI
nano-MS: measured ion mass: 978.26472 (deviation 0.10) and calcu-
lated ion mass: 978.26463 (deviation 0.11); molecular formula
obtained (C,9oH,73N,3047)H, ™ (Supporting Information Figures S4,
S5, and S6).

Biopolymers
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Solutions for all determinations were prepared by complete disso-
lution of the peptide in Milli-Q water or 1 mM sodium citrate, 1 mM
sodium borate, 1 mM sodium phosphate buffer, 15 mM NaCl with
the pH adjusted at 7.0. Buffer selection was made in order to compare
our results with previous studies with this peptide.***> The pH
adjustment was done with a solution of HCI or NaOH (0.1M) until
the pH 7.0 was attained. Then the solution was filtered through a 0.2-
um Nylon membrane prior to use.

Methods

Circular Dichroism. CD spectra of peptide solutions at different
concentrations were recorded on a Jasco J-810 CD spectrometer using
a Peltier system as temperature controller. Usually, three scans were
acquired in the range of 190-250 nm at a selected temperature
(between —10 and 37°C with an incubation time of 5 min). A scan-
ning speed of 50 nm min~' was applied, and 1-mm and 0.1-mm
quartz cuvettes were used. Water and buffer solutions were analyzed
under the same conditions and subtracted from the spectra. Smooth
noise reduction was applied eventually when it was necessary using a
binomial method. The data were expressed as the mean residue molar
ellipticity in deg cm® dmol™'. Monitoring the samples at different
concentration in solution from 1 h to 1 month was completed to
show the absence of time-dependent evolution of results.

Graphics were represented using the program Kaleidagraph (v 3.5
by Synergy Software).

Model Building. Initial peptide was built using AVALONE free soft-
ware, adding amino acids one by one in a perfect PPII helix structure
(®=-75°"Y =160°).

Electrostatic modeling was performed using PARSE force field
implemented in PDB2PQR software. All MD simulations were per-
formed with GROMACS using the OPLS/AA/L force field. They were
run in explicit water using the SPC model. Monomeric and dimeric
peptides were solvated in a cubic box of 15 nm X 15 nm X 15 nm.
Periodic boundary conditions were applied, and a 0.9-nm cutoft was
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used for Lennard-Jones interactions. All-bonds constraint was used.
Long-range electrostatic interactions were handled using the Particle-
Mesh Ewald summation method with a Fourier spacing of 0.12 and a
fourth-order interpolation. All simulations were performed in the
NVT ensemble at 310 K. Peptide and solvent were coupled to the
same reference temperature bath with a time constant of 2 ps using
the Berendsen method. An integration step size of 2 fs was used, and
coordinates were stored every 10 ps.

With a single peptide, a 5-ns simulation was run in explicit water
in order to reach a less energetic structure. Then, a dimer was built
with two relaxed peptides, considering charge complementarity, mini-
mizing energy, and followed by another 5-ns simulation that shows a
stable structure. The final model was structurally checked, and it
maintains a high degree of PPII structure.

Electron Microscopy. Experiments were performed in Milli-Q
water or 1 mM sodium citrate, 1 mM sodium borate, 1 mM sodium
phosphate buffer, 15 mM NaCl with the pH adjusted at 7.0. The same
nanostructures were observed without dependence of concentration,
but the most abundant leading to the best results were obtained at
613 uM (2.4mg mL™"). Specimen was prepared in duplicate, and
grids were thoroughly examined to get an overall statistical evaluation
of the structures present in the sample. Control experiments of water
and buffer alone were performed showing no fibrils or spheres. Moni-
toring the samples at different concentration from 1 h to 5 months
was performed to obtain good reproducibility and to demonstrate the
absence of time-dependent evolution of results.
Statistical evaluation was completed using Image J software.

TEM Experiments. A 33-mer peptide aliquot (5uL, 613 pM,
2.4mg mL™") was deposited onto the copper grid (200 mesh) coated
with Formvar. After 5 min of interaction, the excess fluid was
removed. The sample was negatively stained with 2% of uranyl acetate
in water. After 2 min, excess fluid was removed, let dry, and observed
in a JEOL 100CX II microscope operating at 100 kV.

SEM Experiments. A 33-mer peptide aliquot (20 uL, 613 pM,
2.4mg mL™") was deposited on uncoated cover slips. After 5 min of
interaction, the excess of fluid was removed and let dry in a Petri dish.
The resulting specimens were metalized with Au(0) using sputter
coater Pelco 91000 and observed via a JSM-35 CF equipped with sec-
ondary electron detector (EVO 40).
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