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  Abstract 
Aquaporin is a type of protein that efficiently transports water molecules and 
has found extensive applications in the biomedical field. This article reviews 
the advantages and potential applications of water channel proteins in biomed-
icine. Firstly, the distribution and function of water channel proteins on the cell 
membrane play an important role in maintaining water balance inside and out-
side the cell, as well as regulating the cellular and extracellular environments. 
Secondly, the applications of aquaporins in biomedicine include drug delivery, 
water molecule transport imaging, and other aspects. Finally, the future devel-
opment direction of aquaporins in biomedicine was discussed, including the re-
search and development of new drugs based on aquaporins, as well as the ap-
plication of aquaporins in disease diagnosis and treatment. In summary, water 
channel proteins have broad applications in the biomedical field, which will 
bring new opportunities and challenges for their development. 
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Introduction 

Aquaporin is a highly selective transmembrane protein that promotes the transmembrane transport of water mole-
cules while excluding the passage of other molecules. This protein is widely present in organisms, including plants, 
animals, and microorganisms, and has important physiological functions. In recent years, with in-depth research on 
the structure and function of water channel proteins, people have gradually realized their potential application value 
in the field of biomedicine. The advantages of water channel proteins in biomedicine are mainly reflected in their 
high selectivity and high-throughput characteristics. Due to their unique structure and function, water channel pro-
teins can efficiently promote the transmembrane transport of water molecules while excluding the passage of other 
molecules, thereby maintaining the balance and stability of water molecules in the organism. This highly selective 
and high-throughput characteristic provides broad space for the application of water molecular channel proteins in 
the biomedical field. Therefore, this article will focus on exploring the advantages and application prospects of water 
channel proteins in biomedicine, providing references and reference for research in related fields [1]. 

1. Overview of Water Molecular Channel Proteins 

1.1 Structure and Function of Water Channel Proteins 

Water channel protein is a transmembrane protein that consists of four identical subunits, each containing six trans-
membrane helices. These spirals form a central water molecule channel that allows water molecules to pass through 
but does not allow other ions or molecules to pass through. The structure of water channel proteins enables them to 
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efficiently transport water molecules, thereby maintaining water balance inside and outside the cell. The main func-
tion of water channel proteins is to regulate water balance inside and outside cells. They can form water channels on 
the cell membrane, allowing water molecules to quickly pass through the cell membrane, thereby maintaining the 
water pressure difference inside and outside the cell. In addition, water channel proteins can also play an important 
role in the kidneys and other organs, helping to regulate the balance of water in the body. In some cases, water channel 
proteins can also serve as drug targets for the treatment of water balance-related diseases [2]. 

1.2 Classification and characteristics of water channel proteins 

Water channel proteins are a type of transmembrane proteins that can form water channels and promote transmem-
brane transport of water molecules. According to their structure and function, water channel proteins can be divided 
into the following categories: (1) Calcium ion-activated water channel proteins (aquaporin-0): mainly present in the 
eye lens, they can promote the transmembrane transport of water molecules and other small molecules. (2) Aqua-
porin-1: Mainly present in red blood cells, kidneys, and brain tissues, it can promote the transmembrane transport of 
water molecules. (3) Aquaporin-2, a transporter protein, is mainly present in the kidneys and can regulate the con-
centration and dilution of urine. (4) Regulatory water channel proteins (aquaporin-3, aquaporin-4, aquaporin-5): 
mainly present in tissues such as skin, lungs, and eyes, and can regulate the balance of intracellular and extracellular 
water molecules. 

The characteristics of water channel proteins include selectivity: Water channel proteins can selectively promote 
the transmembrane transport of water molecules without affecting the transport of other molecules. Efficiency: Water 
channel proteins can efficiently promote the transmembrane transport of water molecules, much faster than the dif-
fusion through the cell membrane. Regulatory: The expression and activity of water channel proteins can be regulated 
by various factors, such as temperature, pressure, hormones, etc. Importance: Water channel proteins play an im-
portant role in maintaining the balance of intracellular and extracellular water molecules, regulating urine concentra-
tion, and maintaining eye crystal transparency. 

2. Advantages of water channel proteins in biomedicine 

2.1 The role of water channel proteins at the cellular level 

Water channel proteins are transmembrane proteins that primarily regulate the transport and balance of water mol-
ecules both inside and outside the cell at the cellular level. The details are as follows: Adjust the water balance inside 
and outside the cell: Water molecular channel proteins can adjust the water balance inside and outside the cell, main-
tain the stable osmotic pressure inside the cell and cell morphology. Promote cell metabolism: Water channel proteins 
can promote the exchange of substances inside and outside cells, accelerating the process of cell metabolism [3]. 
Involvement in cellular signaling: Water channel proteins can participate in intracellular and extracellular signaling, 
regulating cellular function. (4) Protecting cells from stress and damage: Water channel proteins can protect cells 
from stress and damage, maintaining normal cell function. 

2.2 Application of Water Molecular Channel Proteins in Physiology and Pathology 

(1) Treatment of edema: Water molecule channel proteins play an important role in organs such as the kidneys and 
lungs, and can be used to treat diseases such as edema. (2) Promoting cancer treatment: Water molecule channel 
proteins are highly expressed in cancer cells, which can promote therapeutic effects. (3) Treatment of nervous system 
disease: Water molecular channel proteins play an important role in the nervous system and can be used to treat a 
variety of nervous system diseases, such as brain edema, stroke, etc. (4) Drug delivery: Water channel proteins can 
be used for drug delivery, improving drug efficiency and reducing side effects. (5) Biosensors: Water channel proteins 
can be used to manufacture biosensors that can detect the concentration of water molecules in the environment, ena-
bling applications such as environmental monitoring and biological diagnosis. 

3. The Application Prospects of Water Molecular Channel Proteins in Biomedical Sciences 

3.1 Application of Water Molecular Channel Proteins in Drug Development 

(1) Drug delivery system: Water molecule channel proteins can be used as part of the drug delivery system to help 
drugs enter cells more effectively, thereby improving drug efficacy. (2) Drug screening: Water channel proteins can 
be used for drug screening, helping researchers quickly screen drugs with therapeutic effects. (3) Disease treatment: 
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Water channel proteins also have great application prospects in disease treatment. For example, in tumor treatment, 
water channel proteins can be used to help drugs better enter the interior of tumor cells, thereby improving treatment 
effectiveness. (4) Drug metabolism: Water channel proteins can help drugs metabolize more quickly, thereby reducing 
the retention time of drugs in the body and reducing their toxic side effects. 

3.2 Application of water channel proteins in disease diagnosis and treatment 

(1) Tumor treatment: Water channel proteins are highly expressed in tumor cells, making them a target for tumor 
treatment. Some drugs can enter tumor cells through water channel proteins, thereby achieving therapeutic effects. 
(2) Brain edema treatment: Brain edema is a serious disease, and water molecule channel proteins play an important 
regulatory role in brain cells. Some drugs can treat brain edema by regulating the expression and function of water 
channel proteins. (3) Genetic disease diagnosis: Some genetic diseases are related to the abnormal expression and 
function of water channel proteins, so these diseases can be diagnosed by detecting the expression and function of 
water channel proteins. (4) Drug delivery: Water channel proteins can serve as channels for drug delivery, and some 
drugs can enter the interior of cells through water channel proteins, thereby improving the effectiveness of drugs. 

3.3 Application of Water Molecular Channel Protein in biomedical engineering 

(1) Drug delivery: Water molecule channel proteins can be used for drug delivery, delivering drugs to specific cells 
or tissues through channel proteins, thereby improving drug efficacy and reducing side effects. (2) Water molecule 
filtration: Water molecule channel proteins can be used for water molecule filtration to filter out impurities and harm-
ful substances in water, thereby improving the purity and safety of water. (3) Biosensors: Water channel proteins can 
be used as biosensors to monitor biological activities within cells by detecting the flow of water molecules in the 
channel proteins, thereby achieving monitoring and control of biological processes. (4) Cell therapy: Water molecule 
channel proteins can be used for cell therapy, delivering therapeutic cells to patients through channel proteins, thereby 
achieving the treatment and repair of diseases. (5) Biotransmission: Water molecule channel proteins can be used for 
biological transmission, transferring biological molecules to specific cells or tissues through channel proteins, thereby 
achieving control and regulation of biological processes [4]. 

4. Research progress in water channel proteins 

4.1 Structural Study of Water Channel Proteins 

The study of the structure of water channel proteins is one of the important aspects of water channel protein re-
search. With the continuous development of technology, people's research on the structure of water molecular channel 
proteins is becoming more and more in-depth. The earliest research on the structure of water channel proteins was 
based on the X-ray crystallography technology. In 1999, the high-resolution crystal structure of water molecule chan-
nel protein AQP1 was first analyzed, revealing that it consists of six transmembrane structures α A quadruple sym-
metric structure composed of spirals. This discovery lays the foundation for the study of water molecular channel 
proteins. Subsequently, the structure of water channel proteins was studied through methods such as cryoelectron 
microscopy and nuclear magnetic resonance. Among them, the development of cryoelectron microscopy technology 
enables people to directly observe the structure of water channel proteins under physiological conditions, thereby 
gaining a deeper understanding of their functions and regulatory mechanisms. In addition, people have also studied 
the structure of water channel proteins through methods such as structural biology and computer simulation. These 
studies not only reveal the structural details of water channel proteins but also provide a theoretical basis for the 
design and development of new water channel protein drugs. In summary, the study of the structure of water channel 
proteins is one of the important aspects of water channel protein research, which is of great significance for an in-
depth understanding of their functions and regulatory mechanisms, designing and developing new water channel 
protein drugs [5]. 

4.2 Functional Study of Water Channel Proteins 

Water channel proteins are a type of transmembrane protein that can promote the rapid transport of water molecules 
inside and outside cells. In recent years, there have been many advances in the study of water channel proteins, 
including functional studies on the following aspects: (1) Regulating cellular water balance: Water channel proteins 
can regulate the balance of water molecules inside and outside cells, maintaining the stability of the internal and 
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external environment. (2) Regulation of cell osmotic pressure: Water molecule channel protein can regulate the os-
motic pressure inside and outside the cell, and maintain the stability of the environment inside and outside the cell. 
(3) Participation in cell differentiation and proliferation: Water channel proteins can participate in cell differentiation 
and proliferation, playing an important role in cell growth and development. (4) Participation in cellular signal trans-
duction: Water channel proteins can participate in cellular signal transduction, regulate changes in the internal and 
external environment of cells, and affect the physiological functions of cells. (5) Participating in the occurrence and 
development of diseases: Water channel proteins play an important role in the occurrence and development of various 
diseases, such as tumors, edema, kidney diseases, etc. The study of water channel proteins can provide new ideas and 
methods for the treatment of these diseases. 

4.3 Application Research of Water Molecular Channel Proteins 

In the research progress of water channel proteins, their application research mainly includes the following aspects: 
(1) Drug research and development: Water channel proteins regulate the transportation and distribution of water mol-
ecules inside and outside cells, thus having important application value in drug research and development. Research-
ers can gain a deeper understanding of the structure and function of water channel proteins to design more precise 
drug targets, thereby improving the efficacy and safety of drugs. (2) Biosensors: Water channel proteins can be an 
important component of biosensors, used to detect information such as water molecule concentration and flow rate 
in the environment. This type of sensor can be applied in fields such as environmental monitoring and water quality 
detection and has broad application prospects. (3) Water resource management: Water molecular channel proteins 
play an important regulatory role in plants and microorganisms, which can affect plant growth and microbial metab-
olism. Therefore, studying water molecular channel proteins can help us better understand the utilization and man-
agement of water resources, thereby improving the efficiency of water resource utilization and the ability to protect 
water resources. (4) Bioengineering: Water molecule channel proteins can be an important component of bioengi-
neering, used to construct biomaterials such as artificial cells and tissues. This material can be applied in fields such 
as medicine and biopharmaceuticals and has broad application prospects. 

5. Conclusion 

In summary, water channel proteins have broad application prospects in the field of biomedicine. Its superior water 
channel function and highly selective characteristics make it a potential target for treating various diseases. Future 
research will further explore the structure and function of water channel proteins, as well as their mechanisms of 
action in disease treatment, providing a theoretical basis and practical guidance for developing more effective treat-
ment methods. We believe that with the continuous development and innovation of science and technology, water 
channel proteins will play a more important role in the field of biomedicine and make greater contributions to human 
health. 
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