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Abstract: Keywords:

In this paper, the molecular mechanism of chloroplast-like vesicle membrane Chloroplast vesicle membrane
structure optimisation for efficient photosynthesis is explored in depth. It Structure optimisation
describes the basic structure and function of chloroplast-like vesicle membrane, Photosynthesis

analyses how its structure optimization helps photosynthesis in light energy Molecular mechanism

absorption, excitation energy transfer, electron transfer and ATP synthesis,
and explores the related molecular mechanism and influencing factors, and
introduces the research progress and application prospect of chloroplast-like
vesicle engineering, etc. It aims at providing a theoretical basis to improve the
efficiency of photosynthesis, to increase the yield of crops and to promote the
production of biofuel.
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LIntroduction of the membrane structure of chloroplasts can greatly
Photosynthesis is undoubtedly one of the most crucial improve the efficiency of photosynthesis, which is of
biochemical reactions on earth, which is of great great significance to the in-depth investigation of plant
significance as it can efficiently convert solar energy into growth and development, and also has an important value
chemical energy, and this energy conversion provides the in dealing with the global food shortage and energy crisis.

material foundation and energy source for the survival
and reproduction of nearly all living organisms on earth.

Chloroplasts are the key site of photosynthesis, and the 2.0verview of the structure and function
membrane structure of the chloroplasts plays an important of chloroplast vesicle membranes
role in the whole process of photosynthesis. Optimisation As a key site of photosynthesis, the unique structure
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and function of chloroplast vesicle membranes are
closely linked to support the conversion of light energy
into chemical energy. An in-depth understanding of its
structure and function is of great significance in revealing
the efficient mechanism of photosynthesis and exploring
ways to enhance photosynthetic efficiency. In the
following, the structural and functional characteristics of
chloroplast vesicle membrane will be elaborated in detail,
showing its delicate molecular mechanism and important
role in photosynthesis.

2.1 Structural features

The chloroplasts are usually stacked together in dozens
of stacks and become basal granules, suspended in
the matrix, on which there are photosynthesis-related
pigments and electron transport systems. Cysts can be
divided into two categories: basidiomycetes and stromal
cysts. Stromal vesicles are pancake-shaped vesicles
stacked on top of each other, and their lamellae are
called stromal lamellae. Stromal vesicles are vesicles
that do not undergo stacking and their lamellae are
called stromal lamellae ). This structural design greatly
expands the surface area of the membrane, providing
an ample number of attachment sites for photosynthetic
pigments, photosystems, and electron transport chains to
meet the spatial requirements for efficient photosynthesis.
The membrane is mainly composed of a lipid bilayer,
in which a variety of proteins are embedded, including
photosynthetic pigments, various functional membrane
proteins, and electron transport carriers, etc., which
work together to ensure the key role of the cysts in
photosynthesis and promote the orderly operation of the
entire photosynthetic process.

2.2 Functional properties

In photosynthesis, the cysts are at the absolute core of
the photosynthetic system, which is the key position
for light energy capture and conversion. There are
many photosynthetic pigments such as chlorophyll a,
chlorophyll b, carotenoids and lutein, each of which
has a unique absorption spectrum, and can accurately
absorb light energy in different wavelength bands from
ultraviolet light to visible light, thus expanding the range
of light energy capture to the maximum extent . When
light energy is successfully absorbed by these pigments,
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the pigment molecules are rapidly excited, generating
excited electrons, which then follow the electron transport
chain in strict sequence, with precision at every step.

In this transfer process, the proton gradient can be
successfully established, which provides a driving force
for the synthesis of adenosine triphosphate (ATP), and
the continuous output of ATP provides a large amount
of energy for the subsequent complex biochemical
reactions of photosynthesis, such as carbon fixation, sugar
synthesis, etc., which enables photosynthesis to run stably,
efficiently and smoothly, and builds up a solid foundation
for the growth of plants as well as for the synthesis of
various kinds of substances, and plays an irreplaceable
and important role in the plant’s life activities. It plays an
irreplaceable role in plant life activities.

3. The molecular mechanism of
photosynthesis by optimising the
membrane structure of the vesicles

The high efficiency of photosynthesis depends on the
delicate optimisation of the membrane structure of
the cysts, which involves a number of key links at the
molecular level. In this chapter, we will discuss the
molecular mechanism of photosynthesis by optimising
the membrane structure of the vesicle, from enhancing
the absorption of light energy, guaranteeing the efficient
transfer of excitation energy, optimising the electron
transfer process to promoting the synthesis of ATP, and so
on, so as to reveal how the membrane of the vesicle can
synergise with each other at the microscopic level and
promote the efficient operation of photosynthesis, which
is a complex and crucial biochemical reaction.

3.1 Enhancement of light energy absorption

The orderly arrangement of photosynthetic pigments
in the membranes of the cysts plays a crucial role in
enhancing the efficiency of light energy absorption.
Relevant research shows that the use of genetic
engineering and other advanced means to modify the
pigment protein complex, can optimise the distance and
orientation of the pigment molecules, so that it is more
reasonable. This not only increases the capture area of
light energy, but also reduces the loss of energy in the
transmission and absorption process. For example, in
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some gene-edited plants, the arrangement of chlorophyll
molecules became more compact and ordered, and the
absorption capacity of light energy was significantly
increased by 15% to 20% ©.

In addition, the optimisation strategy for the
membrane structure of vesicles also includes the
introduction of novel photosensitive materials or targeted
modification of existing photosynthetic pigments. This
allows photosynthetic pigments to absorb light energy
from a wider spectral range. Like certain algae contain
phycobiliproteins, which can effectively absorb green
light and yellow light and other chlorophyll difficult
to fully absorb the band, thus broadening the spectral
range of photosynthesis can be used, and ultimately to
achieve the improvement of the efficiency of the use of
light energy, for the photosynthesis of plants to provide a
broader source of energy, and to promote the growth and
development of plants.

3.2 Efficient excitation energy transfer

Inside the membrane of the class cyst, there is an
extremely close and critical interaction between pigment
molecules and proteins. This close connection plays an
important role in the rapid transmission of excitation
energy between pigment molecules, like the light-
harvesting antenna complex (LHCII) in photosystem II is
tightly coupled with the reaction centre, which can rapidly
deliver the absorbed light energy to the chlorophyll
molecules in the reaction centre with more than 95%
of the high efficiency of excitation energy transfer,
which strongly guarantees the efficient advancement of
photosynthesis .

In addition, the optimisation of the membrane
structure of vesicles also has the ability to regulate the
excitation energy transfer pathway to achieve a more
efficient arrival at the reaction centre. By changing
the conformation of membrane proteins or regulating
the interactions between pigment molecules, we can
achieve a balanced distribution of excitation energy
among different photosystems, effectively preventing the
excessive accumulation of energy and unwarranted loss.
For example, under the strong light environment, plants
can adjust the degree of protein phosphorylation on the
membrane of the cystoid, change the binding status of
LHCII with photosystem II and photosystem I, allocate
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more excitation energy to photosystem I, and then
improve the overall efficiency of photosynthesis, so that
plants can better adapt to different light conditions, and

maintain their own growth and development .

3.3 Optimisation of electron transfer process
Optimisation of the membrane structure of the quasi-
vesicle can increase the activity and number of electron
transfer carriers, thereby accelerating the rate of electron
transfer. For example, the cytochrome b6f complex is
a key link in the electron transfer chain, and its redox
activity can be improved through the optimisation of its
structure and function, resulting in smoother electron
transfer . It was found that in certain transgenic plants,
the expression of cytochrome b6f complex was increased
by 30%, and the rate of electron transfer was increased by
25%, which, in turn, significantly improved the efficiency
of photosynthesis.

The high degree of folding and orderly arrangement
of the cytosolic membrane allows for relatively short
distances between components in the electron transport
chain, which facilitates the rapid transfer of electrons.
This tight structural organisation reduces the diffusion
distance and time of electrons in the transfer process,
reducing the risk of energy loss. For example, the tight
arrangement of photosystem Il and photosystem I in the
vesicle-like membrane allows electrons to be transferred
from photosystem II to photosystem I in a short time,
improving the efficiency of electron transfer.

3.4 Promotion of ATP synthesis

ATP synthase is a membrane protein complex
located in the membrane of the quasi-vesicle and
is responsible for the synthesis of ATP using the

gradient.Optimisation of the membrane
of the quasi-vesicle can affect the

conformation and activity of ATP synthase, thereby

proton
structure

increasing the efficiency of ATP synthesis. For
example, by altering the subunit composition of ATP
synthase or modulating its interaction with membrane
lipids, its proton transport capacity and catalytic
activity can be increased. It has been shown that in some
mutant plants, ATP synthase activity is increased by
40%, with a corresponding increase in the amount of
ATP synthesised, providing more sufficient energy for
the dark reaction of photosynthesis.
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The integrity and permeability of the quasi-vesicle
membrane is critical for maintaining the stability of the
proton gradient. The optimised structure of the quasi-
vesicle membrane can effectively prevent the leakage of
protons and ensure the establishment and maintenance of
the proton gradient, thus providing a stable driving force
for ATP synthesis . For example, the interaction of lipid
components and membrane proteins in the membrane of
the quasi-vesicle can regulate the membrane permeability
and reduce the non-specific leakage of protons. In some
stress-tolerant plants, their cystoid membranes have better
proton sealing properties, which can maintain a higher
proton gradient under adverse conditions and ensure the
normal synthesis of ATP, thus improving the efficiency of
photosynthesis.

4.Factors affecting the optimisation of
the membrane structure of the vesicles

The optimisation of the membrane structure of the
cysts does not occur in isolation, but is influenced by a
combination of factors. In this section, we will focus on
the key factors that influence the direction of optimisation
of the membrane structure. From the sophisticated
regulation at the gene level, to the dynamic effects of
external environmental conditions, to the intrinsic drive of
metabolic processes in plants, these factors are intertwined
to shape the dynamic changes of the membrane structure
of the cysts, and their in-depth investigation will help
us to grasp the complexity and possibilities of the
regulation of the efficiency of photosynthesis in a more
comprehensive way.

4.1 Regulation of gene expression

In the process of complex and orderly life activities of
plants, many genes play an indispensable role in the
coding and regulation of proteins related to the structure
and function of the membrane of cysts, which is an
important basis for maintaining normal photosynthesis in
plants. Among them, specific transcription factors play a
crucial role in regulating the expression of photosynthetic
pigment synthases, membrane proteins and electron
transport carriers with high precision. Such regulation not
only changes the composition of the membrane, such as
adjusting the ratio of different proteins to pigments, but

31-

also shapes its unique structure, such as the stacking of
basal granules and the degree of membrane curvature.
Through in-depth and systematic study of the
intrinsic mechanism of the regulation of these genes, we
can, on the one hand, gain a thorough insight into the
hidden molecular logic behind the optimisation of the
membrane structure of the cyst-like body, and reveal the
mysteries of photosynthesis at the microscopic level ™
on the other hand, it also points out the potential direction
of the action and the goal for the enhancement of
photosynthesis efficiency by using the genetic engineering
technology, whether it be to improve the yield of the crops
in the agricultural production or to expand the potential
role in the related fields of botanical research. On the
other hand, it also clearly indicates the potential direction
and goal for the use of genetic engineering technology
to enhance the efficiency of photosynthesis, whether it
is to improve crop yield in agricultural production, or to
expand the boundary of knowledge in the related field
of botanical research, all of which are of great value,
and it can powerfully promote the sound development of
agriculture and related fields, and provide new ideas and
methods for solving the global food and energy problems.

4.2 Environmental factors

Environmental factors such as light intensity, temperature,
and carbon dioxide concentration are closely linked to
photosynthesis in plants, and have an important influence
on the structure and function of cystoid membranes. When
the light intensity is in a high light intensity state, plants
will actively regulate the cystoid membrane, through the
enhancement of the heat dissipation mechanism as well
as the flexible regulation of the activity of photosystem
II, etc., to cleverly cope with the situation of excess
light energy, effectively avoiding the occurrence of light
damage . As for the temperature, both too high and too
low will interfere with the normal fluidity of membrane
lipids as well as the active state of membrane proteins,
so that the structure and function of the vesicle-like
membrane will be affected. Changes in carbon dioxide
concentration will first act on the dark reaction of
photosynthesis, and then act on the membrane of the cyst-
like body through the mechanism of feedback regulation
to make adaptive changes in its structure and function, so
as to maintain the overall balance of photosynthesis.
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Not only do environmental factors play a role, but
also the metabolic processes in the plant will also affect
the structure of the membrane. The balance of carbon and
nitrogen metabolism is directly related to the synthesis of
photosynthetic pigments and membrane proteins, which
in turn affects the structure and function of the membrane
1% In addition, hormones and other signalling molecules
can also be involved, through the regulation of the
metabolic process, indirectly achieve the optimization of
the structure of the membrane of the cysts, to ensure that

optimisation of the electron transfer process, and
promotion of ATP synthesis, etc. The optimisation of the
membrane structure of chloroplasts is also a key factor
in the development of photosynthesis. Gene expression
regulation, environmental factors and metabolic
regulation are all factors that affect the optimisation of
the membrane structure of the vesicle. As an emerging
technological tool, the engineering of the quasi-vesicle
provides a strong support to further improve the efficiency
of photosynthesis. In the future, with the in-depth study

the plant photosynthesis is carried out efficiently. of the structure and function of the membrane of the

cyst-like organisms and the continuous development

of cyst-like organism engineering technology, it is

S. Conclusion expected to make greater breakthroughs in the fields

Optimisation of the chloroplast membrane structure of agriculture, energy and the environment, and make

helps photosynthesis through a variety of molecular important contributions to solving the food, energy and

mechanisms, including enhancement of light energy environmental problems faced by the world.

absorption, efficient excitation energy transfer,
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