Journal of Visualized Experiments

Chloroplast research methods: probing the targeting, localization and interactions of

chloroplast proteins
--Manuscript Draft--

Article Type: Invited Editorial Article
Manuscript Number: JoVE59935
Full Title: Chloroplast research methods: probing the targeting, localization and interactions of

chloroplast proteins

Corresponding Author: Paul Jarvis
University of Oxford
Oxford, Oxfordshire UNITED KINGDOM

Corresponding Author's Institution: University of Oxford
Corresponding Author E-Mail: paul.jarvis@plants.ox.ac.uk
Order of Authors: Paul Jarvis

Additional Information:

Question Response

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to access/download;Manuscript;59935_R0.docx %

1  TITLE:

2 Chloroplast Research Methods: Probing the Targeting, Localization and Interactions of

3 Chloroplast Proteins

4

5 AUTHORS:

6 Jarvis, R. Paul

7  Department of Plant Sciences, University of Oxford, Oxford, UK

8  paul.jarvis@plants.ox.ac.uk

9
10 CORRESPONDING AUTHOR:
11  Jarvis, R. Paul
12
13  EDITORIAL:
14  Chloroplasts are the organelles that define plants’. Along with many other metabolic,
15 developmental and signaling functions, chloroplasts are responsible for photosynthesis — the
16  process whereby sunlight energy is harnessed to power the cellular activities of life.
17  Consequently, chloroplasts are essential, not only for plants but also for the myriad of
18  ecosystems that depend on plants, and for agriculture. Chloroplasts are composed of thousands
19  of different proteins, most of which are nucleus-encoded and imported from the cytosol before
20  being routed internally to one of a number of clearly-distinct intraorganellar compartments®. To
21  achieve a more complete understanding of chloroplast development and functions, and to
22 enable biotechnological strategies involving chloroplast manipulation that address global
23 challenges linked to food security or bioenergy, it will be essential to determine the targeting,
24 localization and interactions of important chloroplast proteins. This method collection describes
25  a set of critically important and complementary techniques that may be used to accomplish
26  these goals. The collection mostly focuses on the widely-used model plant Arabidopsis thaliana
27  (thale cress), but the methods may also be adapted and applied to other organisms.
28
29  The collection includes descriptions of two different techniques for analyzing the import of
30 nucleus-encoded proteins into chloroplasts across the double-membrane envelope. The article
31 by Ling and Jarvis? describes an in vitro method in which isolated chloroplasts are incubated
32  with a radioactively-labelled precursor protein. The extent to which the chloroplasts take up
33  the precursor protein is determined by monitoring the protein size change that occurs as a
34  result of transit peptide (targeting leader sequence) cleavage, using SDS-PAGE and phosphor-
35 imaging. The presented method is a development of an approach that has been used to study
36  chloroplast protein import in vitro for several decades3#, and incorporates additional steps that
37 enable assessment of the responsiveness of the import machinery to stress conditions
38  experienced by the plant®. On the other hand, the article by Lee et al.® describes an in vivo
39 method based on the transient expression of a chimeric precursor protein, carrying a
40 fluorescent protein domain, in intact cells (protoplasts). In this assay, the extent of chloroplast
41  protein import can be followed in two different ways: by monitoring the localization and
42  intensity of the fluorescence signal using fluorescence microscopy; and, by analyzing the
43  protein size change that occurs as a result of transit peptide cleavage using immunoblotting.
44  These two methods are highly complementary, and can deliver compelling results when used
45  together in parallel®.
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Once a protein has been imported across the envelope into the chloroplast, and its transit
peptide has been removed, it may either take on its final conformation in the stroma (the main
internal aqueous compartment of the organelle), or engage one of a number of internal sorting
pathways!. As the site of the highly-abundant photosynthetic complexes, the thylakoid
membranes are a major destination for such internal sorting; in fact, thylakoid protein targeting
involves multiple, mechanistically-distinct pathways. The article by Asher et al.” describes a
range of in vitro methods that enable different thylakoid protein translocation pathways to be
studied. These methods involve the incubation of isolated thylakoids with radioactively-labelled
precursor protein and, in some cases, a concentrated stromal extract. The extent to which the
protein is taken up by the thylakoids is monitored by assessing cleavage of the targeting signal,
and protection of the protein from exogenously-applied thermolysin protease, using SDS-PAGE
and phosphor-imaging. Of course, the thylakoids are not the only subcompartment of the
chloroplast, and it is often desirable to have the ability to assess other compartments as well. In
this regard, the article by Bouchnak et al.? is particularly important, as it describes methods for
the subfractionation of chloroplasts to produce highly-pure samples corresponding to the
envelope membranes, the stroma, and the thylakoids. Once prepared, these fractions may be
analyzed by immunoblotting and/or mass spectrometry, in order to provide a wealth of
information on the suborganellar localization of chloroplast proteins®.

With regard to the analysis of protein-protein interactions and multiprotein complex
assemblies, two different methodologies are described in the collection. The article by
Shanmugabalaji et al.’® presents a method for the affinity purification of chloroplast
multiprotein complexes. This technique involves the analysis of transgenic plants expressing a
component of the complex of interest that has been engineered to carry an affinity tag (the so-
called tandem affinity purification tag, or TAP tag). The ability of this tag to bind strongly to an
otherwise inert matrix is exploited as part of the purification strategy. The presented method
focuses specifically on purification of the chloroplast protein import machinery (this comprises
multiprotein complexes called TOC and TIC embedded in the envelope membranes?), but in
principle it can be adapted to study any of the other multiprotein assemblies that exist in
chloroplasts'!. The article by Rantala et al.}? describes a complementary approach to complex
characterization based on electrophoresis under native conditions. The technique, as presented
here, involves the liberation of photosynthetic complexes from purified thylakoids using mild,
non-ionic detergent, followed by their separation using blue native (BN)-PAGE. Primary
resolution of the complexes may be followed by a second dimension of electrophoresis under
denaturing conditions, and this enables visualization of the individual components of each
complex identified in the first dimension. As with the TAP method, this native PAGE approach
can be successfully adapted to study other protein complexes within the organelle!®!4. With
either approach, the purified complexes may be analyzed in a variety of ways, including by
immunoblotting and mass spectrometry.

Together, the articles included in this methods collection present a powerful set of
complementary techniques that, in conjunction with existing resources>'¢, may be employed
to greatly improve our understanding of diverse aspects of chloroplast biogenesis and function,
particularly those closely linked to the organellar proteome. Because chloroplasts are
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responsible for the bulk of terrestrial photosynthetic primary production, and furthermore have
vital roles in the responses of plants to the environment (including both biotic and abiotic
stresses), these remarkable organelles will inevitably remain a major focus of fundamental and
applied research across the globe for years to come.
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ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access

Item 2: Please select one of the following items:

Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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