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Compte Rendu n°3

Mise en évidence de l'activité photosynthétique par la réaction de
Hill

Introduction et but du TP:

Dans ce TP nous allons mesurer l'activité photosynthétique des chloroplastes, extraits
des feuilles d'épinard.  Pour cela nous allons utiliser la réaction de Hill qui consiste à mesurer
la réduction d'un accepteur d'électrons, ici le DCPIP.

Principe :

On utilise l'accepteur d'électrons: le DCPIP (dichlorophénol-indophénol).  Le DCPIP
est capable de capturer les électrons excités du PSII, ce qui court-circuite les plastoquinones
dans la chaîne de transfert des électrons.  Le fait que la réaction de Hill n'utilise qu'un seul
photosystème permet de travailler même avec des chloroplastes endommagés.

Lorsqu'il est oxydé le DCPIP est bleu, sous sa forme réduite il est incolore. En captu-
rant les électrons du PSII, il se réduit. Nous pouvons donc utiliser la coloration du DCPIP
comme indicateur d'activité  photosynthétique du mélange expérimental.  Il  est  évident  que
cette observation ne sera pas effectué à l'œil nu. Pour pouvoir suivre la réaction très précisé-
ment nous allons utiliser un spectrophotomètre.

Lorsque le DCPIP est oxyde il apparaît bleu, il présente alors un pic d'absorption à
600 nm. A mesure que la réaction avance la concentration de DCPIP oxydé ( bleu ) diminue.
Comme il passe sous sa forme réduite ( incolore ), l'absorbance ( D.O. ) diminue. Elle est à
tout moment proportionnelle à la quantité du DCPIP oxydé dans la solution. Nous allons donc
suivre la variation de la D.O.

Protocoles expérimentaux et commentaires

Obtention de la suspension de chloroplastes

Milieu d'extraction

On va extraire des chloroplastes, mais ceux ci doivent rester fonctionnels. On utilise
donc un milieu d'extraction spécial contenant :
• du tampon Tris 25 mM ajusté avec HCL à pH compris entre 7 et  8. Ce pH est le pH

physiologique qui permet aux systèmes vivants de rester fonctionnels.
• du mannitol ( 0,4 M ). Permettant de maintenir l'osmomarité égale à l'osmolarité intra-

cellulaire. Ainsi on évite que les chloroplastes soient lysés.
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• du sérum albumine de boeuf (SAB) 0. 1 g/1. Il semblerait qu'elle sert de cible aux protéines
lytiques libérées des vésicules lors du broyage. Les protéines chloroplastiques sont ainsi
protégées de l'action des enzymes.

• Pendant l'extraction de le suspension de chloroplastes on travaille le plus possible a froid.
La température basse inhibe les enzymes et aussi le fonctionnement des chloroplastes. De
cette façon les chloroplastes peuvent être gardés en vie plus longtemps. 

Extraction et purification des chloroplastes

Les chloroplastes sont très denses. Ils peuvent être séparés par centrifugation.  On
élimine ainsi les réducteurs naturels endocellulaires et des enzymes de dégradation libérées au
cours du broyage.

Détermination de la concentration des chloroplastes par le dosage des
chlorophylles

Pour pouvoir doser les chlorophylles, il faut les extraire des chloroplastes.  Pour cela,
on introduit notre extrait dans de l'acétone à 80% qui détruit les chloroplastes. Ensuite on
filtre sous vide pour éliminer les débris membranaires et pour séparer que les chlorophylles1

qui restent dissoutes dans l'acétone.

A l'aide du spectrophotomètre, on mesure les DO du filtrat recueilli à 645 et 663 nm.
On règle le "0"avec le tube témoin qui contient de l'acétone à 80%..

Résultats:
DO à 645 nm: O,384
DO à663 nm : 1,063

Cchlorophylle a + Cchlorophylle b = 20.2×Do645 + 8.02×Do663

Cchlorophylle a + Cchlorophylle b = 20.2×0.384 + 8.02×1.063=16.28 mg/1

Lors de la préparation la solution initiale a été dilué 100 fois (50× puis 2×), donc la
concentration initiale en chlorophylles de la suspension A est: 1628 mg/1.

Test de l'activité des chloroplastes

Préparation de la suspension B

Pour arriver à une suspension de chloroplastes contenait environ 50 mg de chloro-
phylles/L, on dilue au 30ème.  On vérifie si la réduction se fait entre 15 et 20 mn. Comme le
DCPIP est déjà décoloré après 10 mn seulement, nous décidons de diluer la suspension A au
45ème.  

Pour ce faire 0.5 ml de la suspension A est  mélangé avec 22 ml de milieu d'ex-
traction. La solution obtenue est nommé "solution C". 

1 Comme on a vu dans le précèdent TP, on obtient un mélange de différents pigments, non seulement des
chlorophyles 
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Étude de la réaction de Hill

Cinétique de réduction du DCPIP

Cînétique de réduction du DCPIP
DO= f(t) à 600nm
Minutes tube 0 - témoin

hydrosulfite de sodium
+ solution C + milieu

tris

tube 1
solution  C  +
milieu tris

tube 2
solution  C  +  milieu  tris
( absence de la lumière )

tube 3
solution  C  bouille  +
milieu tris

0 0 0,836 0,818 0,837
7 0 0,31 0,861 0,9
9 0 0,143 0,912 0,977
13 0 0,045 0,889 0,946
17 0 0,055 0,893 0,951

Interprétation des résultats:

Le tube n°0 est le tube témoin. Le hydrosulfite de sodium (Na2S2O4 ) est un réducteur
puissant. En sa présence le DCPIP est réduit, donc incolore. Ce tube nous permet de régler le
zéro pour chaque mesure. La coloration vert claire dans cet tube est due à la présence des
chloroplastes. Il n'y a pas de changements de coloration au cours du temps dans cette cuve.

La cuve n°1 passe, au cours de temps,  de bleu-vert foncé au vert claire; Le DCPIP y a
été réduit. On en déduit un pouvoir réducteur des chloroplastes.

La cuve n°2 a été place à l'obscurité. Il n'y a presque pas de variation de la coloration
dan cette cuve. Comme elle a un contenu identique à celui de la cuve n°1 on peut déduire que
la lumière est indispensable pour le fonctionnement des chloroplastes. 

Enfin, l'observation de la cuve n°3 nous permet de affirmer que dans la photosynthèse
les enzymes jouent un rôle important. Lorsque las enzymes sont dénaturés par la chaleur la
réaction n'aboutit pas. Il n'y a pas de réduction du DCPIP.

Ces résultats sont représentes sur le graphique n°1 ( voir documents à la fin ) . On re-
marque que la courbe représentant la variation de la D.O. dans le tube n°1 et celle du tube n°2
ont exactement la même allure avec un faible décalage. Ce décalage est dû aux imprécisions
de mesures et/ou de manipulation et est non significatif. Le tube n°1 et n°2 se comportent
quasiment de la même manière. Dans les deux tubes l'activité photosynthétique est nulle.

Dans le tube n°1 la courbe représentant la quantité du DCPIP est une droite jusqu'à
t= 9 minutes. Cela veut dire que la vitesse de transformation du DCPIP est constante. Après
t= 13 minutes on observe un plateau sur la courbe, cela veut dire que la vitesse de la réaction
diminue. Cela est dû à l'épuisement du DCPIP, on constate que au delà de 13 minutes la D.O.
mesurée dans le tube n°1 est très proche de 0. 

  

Réduction du DCPIP en fonction de la quantité de
chloroplastes

NB: Lors de la préparation des tubes nous avons commis une erreur suite à la quelle nous avons du
diluer d'avantage nos solutions. Au lieu d'avoir qsp 18 mL nous avions qsp 25 mL.
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DO=f(t) à 600 nm
suspension C de chloroplastes(ml)

minute
s

0,5  mL  (  0.72
mg/L  de
chlorophylles )

1  mL  (  1.44  mg/L
de chlorophylles )

2 mL ( 2.88 mg/L
de chlorophylles

4  mL  (  5.76  mg/L
de chlorophylles )

0 0.726 0.755 0.836 0.658
4 0.653 0.616 0.245
7 0.310
9 0.143
11 0.679 0.486 0.020
13 0.045
16 0.514 0.384 0
17 0.055

Commentaires:

Les concentrations de chloroplastes sont à chaque fois doublées lorsque qu'on va de la
gauche vers la droite du tableau car pour un même volume final, on double la quantité en
suspension C à ajouter.

Les résultats du tableau précèdent sont présentés dans le graphique n°2. On note que
lorsqu'on augmente la quantité de chloroplastes dans la solution finale la pente de la droite
augmente2 par conséquent, on peut dire que lorsqu'on augmente la quantité de chloroplastes
dans la solution la vitesse de réduction du DCPIP augmente. 

Nous avons fait un calcul  d'estimation de la vitesse de cette réaction. On a obtenu: 

Évolution de la vitesse initiale de la réduction du DCPIP
en fonction de la quantité q testée de chlorophylles

dDO/dt en DO par mn
0.5 m 0.027
1 ml 0.04
2 ml 0.077
4 ml 0.118

A partir de ces résultats nous avons tracé un graphique. Nous avons représenté la va-
riation de la vitesse initiale ( Vi ) de la réduction du DCPIP en fonction de la quantité de chlo-
rophylles.  On obtient  quasiment  une  droite.  On peut  dire  que  la  vitesse  de  réduction  du
DCPIP ( # activité photosynthétique ) est proportionnelle à la quantité de chloroplastes dans la
solution.

Conclusion: 
L'activité photosynthétique dépends directement de la quantité et de l'état des chloro-

plastes.  Cette expérience est  la  démonstration que  ce  sont  bien las  chloroplastes  qui  sont
responsables de la photosynthèse.

2 ce graphique représente la quantité de DCPIP dans le cuve.
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Evolution de la Vi de la réduction du DCPIP en fonction de la 
quantitée q testée de chlorophylles
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mesure de la D O à 600 nm en fonction du temps
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0. PREAMBLE
 
The purpose of this License is to make a manual, textbook, or other
functional and useful document "free" in the sense of freedom: to
assure everyone the effective freedom to copy and redistribute it,
with or without modifying it, either commercially or noncommercially.
Secondarily, this License preserves for the author and publisher a way
to get credit for their work, while not being considered responsible
for modifications made by others.
 
This License is a kind of "copyleft", which means that derivative
works of the document must themselves be free in the same sense.  It
complements the GNU General Public License, which is a copyleft
license designed for free software.
 
We have designed this License in order to use it for manuals for free
software, because free software needs free documentation: a free
program should come with manuals providing the same freedoms that the
software does.  But this License is not limited to software manuals;
it can be used for any textual work, regardless of subject matter or
whether it is published as a printed book.  We recommend this License
principally for works whose purpose is instruction or reference.
 
 
1. APPLICABILITY AND DEFINITIONS
 
This License applies to any manual or other work, in any medium, that
contains a notice placed by the copyright holder saying it can be
distributed under the terms of this License.  Such a notice grants a
world-wide, royalty-free license, unlimited in duration, to use that
work under the conditions stated herein.  The "Document", below,
refers to any such manual or work.  Any member of the public is a
licensee, and is addressed as "you".  You accept the license if you
copy, modify or distribute the work in a way requiring permission
under copyright law.
 



A "Modified Version" of the Document means any work containing the
Document or a portion of it, either copied verbatim, or with
modifications and/or translated into another language.
 
A "Secondary Section" is a named appendix or a front-matter section of
the Document that deals exclusively with the relationship of the
publishers or authors of the Document to the Document's overall subject
(or to related matters) and contains nothing that could fall directly
within that overall subject.  (Thus, if the Document is in part a
textbook of mathematics, a Secondary Section may not explain any
mathematics.)  The relationship could be a matter of historical
connection with the subject or with related matters, or of legal,
commercial, philosophical, ethical or political position regarding
them.
 
The "Invariant Sections" are certain Secondary Sections whose titles
are designated, as being those of Invariant Sections, in the notice
that says that the Document is released under this License.  If a
section does not fit the above definition of Secondary then it is not
allowed to be designated as Invariant.  The Document may contain zero
Invariant Sections.  If the Document does not identify any Invariant
Sections then there are none.
 
The "Cover Texts" are certain short passages of text that are listed,
as Front-Cover Texts or Back-Cover Texts, in the notice that says that
the Document is released under this License.  A Front-Cover Text may
be at most 5 words, and a Back-Cover Text may be at most 25 words.
 
A "Transparent" copy of the Document means a machine-readable copy,
represented in a format whose specification is available to the
general public, that is suitable for revising the document
straightforwardly with generic text editors or (for images composed of
pixels) generic paint programs or (for drawings) some widely available
drawing editor, and that is suitable for input to text formatters or
for automatic translation to a variety of formats suitable for input
to text formatters.  A copy made in an otherwise Transparent file
format whose markup, or absence of markup, has been arranged to thwart
or discourage subsequent modification by readers is not Transparent.
An image format is not Transparent if used for any substantial amount
of text.  A copy that is not "Transparent" is called "Opaque".
 
Examples of suitable formats for Transparent copies include plain
ASCII without markup, Texinfo input format, LaTeX input format, SGML
or XML using a publicly available DTD, and standard-conforming simple
HTML, PostScript or PDF designed for human modification.  Examples of
transparent image formats include PNG, XCF and JPG.  Opaque formats



include proprietary formats that can be read and edited only by
proprietary word processors, SGML or XML for which the DTD and/or
processing tools are not generally available, and the
machine-generated HTML, PostScript or PDF produced by some word
processors for output purposes only.
 
The "Title Page" means, for a printed book, the title page itself,
plus such following pages as are needed to hold, legibly, the material
this License requires to appear in the title page.  For works in
formats which do not have any title page as such, "Title Page" means
the text near the most prominent appearance of the work's title,
preceding the beginning of the body of the text.
 
A section "Entitled XYZ" means a named subunit of the Document whose
title either is precisely XYZ or contains XYZ in parentheses following
text that translates XYZ in another language.  (Here XYZ stands for a
specific section name mentioned below, such as "Acknowledgements",
"Dedications", "Endorsements", or "History".)  To "Preserve the Title"
of such a section when you modify the Document means that it remains a
section "Entitled XYZ" according to this definition.
 
The Document may include Warranty Disclaimers next to the notice which
states that this License applies to the Document.  These Warranty
Disclaimers are considered to be included by reference in this
License, but only as regards disclaiming warranties: any other
implication that these Warranty Disclaimers may have is void and has
no effect on the meaning of this License.
 
 
2. VERBATIM COPYING
 
You may copy and distribute the Document in any medium, either
commercially or noncommercially, provided that this License, the
copyright notices, and the license notice saying this License applies
to the Document are reproduced in all copies, and that you add no other
conditions whatsoever to those of this License.  You may not use
technical measures to obstruct or control the reading or further
copying of the copies you make or distribute.  However, you may accept
compensation in exchange for copies.  If you distribute a large enough
number of copies you must also follow the conditions in section 3.
 
You may also lend copies, under the same conditions stated above, and
you may publicly display copies.
 
 
3. COPYING IN QUANTITY



 
If you publish printed copies (or copies in media that commonly have
printed covers) of the Document, numbering more than 100, and the
Document's license notice requires Cover Texts, you must enclose the
copies in covers that carry, clearly and legibly, all these Cover
Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on
the back cover.  Both covers must also clearly and legibly identify
you as the publisher of these copies.  The front cover must present
the full title with all words of the title equally prominent and
visible.  You may add other material on the covers in addition.
Copying with changes limited to the covers, as long as they preserve
the title of the Document and satisfy these conditions, can be treated
as verbatim copying in other respects.
 
If the required texts for either cover are too voluminous to fit
legibly, you should put the first ones listed (as many as fit
reasonably) on the actual cover, and continue the rest onto adjacent
pages.
 
If you publish or distribute Opaque copies of the Document numbering
more than 100, you must either include a machine-readable Transparent
copy along with each Opaque copy, or state in or with each Opaque copy
a computer-network location from which the general network-using
public has access to download using public-standard network protocols
a complete Transparent copy of the Document, free of added material.
If you use the latter option, you must take reasonably prudent steps,
when you begin distribution of Opaque copies in quantity, to ensure
that this Transparent copy will remain thus accessible at the stated
location until at least one year after the last time you distribute an
Opaque copy (directly or through your agents or retailers) of that
edition to the public.
 
It is requested, but not required, that you contact the authors of the
Document well before redistributing any large number of copies, to give
them a chance to provide you with an updated version of the Document.
 
 
4. MODIFICATIONS
 
You may copy and distribute a Modified Version of the Document under
the conditions of sections 2 and 3 above, provided that you release
the Modified Version under precisely this License, with the Modified
Version filling the role of the Document, thus licensing distribution
and modification of the Modified Version to whoever possesses a copy
of it.  In addition, you must do these things in the Modified Version:
 



A. Use in the Title Page (and on the covers, if any) a title distinct
   from that of the Document, and from those of previous versions
   (which should, if there were any, be listed in the History section
   of the Document).  You may use the same title as a previous version
   if the original publisher of that version gives permission.
B. List on the Title Page, as authors, one or more persons or entities
   responsible for authorship of the modifications in the Modified
   Version, together with at least five of the principal authors of the
   Document (all of its principal authors, if it has fewer than five),
   unless they release you from this requirement.
C. State on the Title page the name of the publisher of the
   Modified Version, as the publisher.
D. Preserve all the copyright notices of the Document.
E. Add an appropriate copyright notice for your modifications
   adjacent to the other copyright notices.
F. Include, immediately after the copyright notices, a license notice
   giving the public permission to use the Modified Version under the
   terms of this License, in the form shown in the Addendum below.
G. Preserve in that license notice the full lists of Invariant Sections
   and required Cover Texts given in the Document's license notice.
H. Include an unaltered copy of this License.
I. Preserve the section Entitled "History", Preserve its Title, and add
   to it an item stating at least the title, year, new authors, and
   publisher of the Modified Version as given on the Title Page.  If
   there is no section Entitled "History" in the Document, create one
   stating the title, year, authors, and publisher of the Document as
   given on its Title Page, then add an item describing the Modified
   Version as stated in the previous sentence.
J. Preserve the network location, if any, given in the Document for
   public access to a Transparent copy of the Document, and likewise
   the network locations given in the Document for previous versions
   it was based on.  These may be placed in the "History" section.
   You may omit a network location for a work that was published at
   least four years before the Document itself, or if the original
   publisher of the version it refers to gives permission.
K. For any section Entitled "Acknowledgements" or "Dedications",
   Preserve the Title of the section, and preserve in the section all
   the substance and tone of each of the contributor acknowledgements
   and/or dedications given therein.
L. Preserve all the Invariant Sections of the Document,
   unaltered in their text and in their titles.  Section numbers
   or the equivalent are not considered part of the section titles.
M. Delete any section Entitled "Endorsements".  Such a section
   may not be included in the Modified Version.
N. Do not retitle any existing section to be Entitled "Endorsements"
   or to conflict in title with any Invariant Section.



O. Preserve any Warranty Disclaimers.
 
If the Modified Version includes new front-matter sections or
appendices that qualify as Secondary Sections and contain no material
copied from the Document, you may at your option designate some or all
of these sections as invariant.  To do this, add their titles to the
list of Invariant Sections in the Modified Version's license notice.
These titles must be distinct from any other section titles.
 
You may add a section Entitled "Endorsements", provided it contains
nothing but endorsements of your Modified Version by various
parties--for example, statements of peer review or that the text has
been approved by an organization as the authoritative definition of a
standard.
 
You may add a passage of up to five words as a Front-Cover Text, and a
passage of up to 25 words as a Back-Cover Text, to the end of the list
of Cover Texts in the Modified Version.  Only one passage of
Front-Cover Text and one of Back-Cover Text may be added by (or
through arrangements made by) any one entity.  If the Document already
includes a cover text for the same cover, previously added by you or
by arrangement made by the same entity you are acting on behalf of,
you may not add another; but you may replace the old one, on explicit
permission from the previous publisher that added the old one.
 
The author(s) and publisher(s) of the Document do not by this License
give permission to use their names for publicity for or to assert or
imply endorsement of any Modified Version.
 
 
5. COMBINING DOCUMENTS
 
You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified
versions, provided that you include in the combination all of the
Invariant Sections of all of the original documents, unmodified, and
list them all as Invariant Sections of your combined work in its
license notice, and that you preserve all their Warranty Disclaimers.
 
The combined work need only contain one copy of this License, and
multiple identical Invariant Sections may be replaced with a single
copy.  If there are multiple Invariant Sections with the same name but
different contents, make the title of each such section unique by
adding at the end of it, in parentheses, the name of the original
author or publisher of that section if known, or else a unique number.
Make the same adjustment to the section titles in the list of



Invariant Sections in the license notice of the combined work.
 
In the combination, you must combine any sections Entitled "History"
in the various original documents, forming one section Entitled
"History"; likewise combine any sections Entitled "Acknowledgements",
and any sections Entitled "Dedications".  You must delete all sections
Entitled "Endorsements".
 
 
6. COLLECTIONS OF DOCUMENTS
 
You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this
License in the various documents with a single copy that is included in
the collection, provided that you follow the rules of this License for
verbatim copying of each of the documents in all other respects.
 
You may extract a single document from such a collection, and distribute
it individually under this License, provided you insert a copy of this
License into the extracted document, and follow this License in all
other respects regarding verbatim copying of that document.
 
 
7. AGGREGATION WITH INDEPENDENT WORKS
 
A compilation of the Document or its derivatives with other separate
and independent documents or works, in or on a volume of a storage or
distribution medium, is called an "aggregate" if the copyright
resulting from the compilation is not used to limit the legal rights
of the compilation's users beyond what the individual works permit.
When the Document is included in an aggregate, this License does not
apply to the other works in the aggregate which are not themselves
derivative works of the Document.
 
If the Cover Text requirement of section 3 is applicable to these
copies of the Document, then if the Document is less than one half of
the entire aggregate, the Document's Cover Texts may be placed on
covers that bracket the Document within the aggregate, or the
electronic equivalent of covers if the Document is in electronic form.
Otherwise they must appear on printed covers that bracket the whole
aggregate.
 
 
8. TRANSLATION
 
Translation is considered a kind of modification, so you may



distribute translations of the Document under the terms of section 4.
Replacing Invariant Sections with translations requires special
permission from their copyright holders, but you may include
translations of some or all Invariant Sections in addition to the
original versions of these Invariant Sections.  You may include a
translation of this License, and all the license notices in the
Document, and any Warranty Disclaimers, provided that you also include
the original English version of this License and the original versions
of those notices and disclaimers.  In case of a disagreement between
the translation and the original version of this License or a notice
or disclaimer, the original version will prevail.
 
If a section in the Document is Entitled "Acknowledgements",
"Dedications", or "History", the requirement (section 4) to Preserve
its Title (section 1) will typically require changing the actual
title.
 
 
9. TERMINATION
 
You may not copy, modify, sublicense, or distribute the Document except
as expressly provided for under this License.  Any other attempt to
copy, modify, sublicense or distribute the Document is void, and will
automatically terminate your rights under this License.  However,
parties who have received copies, or rights, from you under this
License will not have their licenses terminated so long as such
parties remain in full compliance.
 
 
10. FUTURE REVISIONS OF THIS LICENSE
 
The Free Software Foundation may publish new, revised versions
of the GNU Free Documentation License from time to time.  Such new
versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns.  See
http://www.gnu.org/copyleft/.
 
Each version of the License is given a distinguishing version number.
If the Document specifies that a particular numbered version of this
License "or any later version" applies to it, you have the option of
following the terms and conditions either of that specified version or
of any later version that has been published (not as a draft) by the
Free Software Foundation.  If the Document does not specify a version
number of this License, you may choose any version ever published (not
as a draft) by the Free Software Foundation.


