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Introduction 

While most dictionaries and textbooks assert that nervous systems are exclusive to animals, 

thereby excluding plants, a growing body of botanical research over the past 25 years has begun to 

challenge this traditional paradigm. Studies have demonstrated that many plants transmit electrical 

signals between their various parts in response to environmental stimuli. Researchers from diverse 

scientific disciplines have proposed the concept of plant neurobiology and the existence of plant 

nervous systems. However, this perspective remains contentious and has elicited substantial criticism. 

So, Plants generate electrical signals, such as action potentials (APs) and variation potentials (VPs), to 

facilitate information transmission across their tissues. These signals primarily travel through the 

plant’s vascular system, particularly the phloem, enabling effective communication and coordination. 

Functions of Electrical Signaling in Plants 

Electrical signals serve several critical roles in plants, including: 

1. Environmental Response: Reacting to external stimuli such as light, touch, wounding, or 

changes in temperature. 

2. Defense Activation: Initiating protective mechanisms, such as the release of defensive 

chemicals in response to herbivory or pathogen attacks. 

3. Physiological Regulation: Controlling essential processes like stomatal movement, leaf 

folding, and nutrient transport. 

Comparison with Animal Nervous Systems 

Similarities: Both plant and animal systems rely on the movement of ions (e.g., potassium, 

calcium, chloride) across cell membranes to generate and propagate electrical signals. 

Voltage At the Cellular Level: Bridging Biology and 

Biophysics 
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Differences: Unlike animals, plants lack neurons, synapses, and centralized structures like a brain. 

Instead, their signaling system is decentralized and slower, utilizing networks of specialized cells such 

as plasmodesmata and vascular tissues. 

The existence of membrane potentials is indispensable for human life. All living cells maintain 

a potential difference across their membranes, which is fundamental to their function. In essence, 

membrane potential arises from disparities in the concentration and permeability of critical ions across 

the membrane. This unequal distribution of ions results in an electrical charge across the membrane, 

enabling a range of cellular activities. 

Changes in membrane potential generate action potentials, the electrical signals that facilitate 

communication within the body. These signals transmit efferent messages to the central nervous 

system (CNS) for processing and dispatch afferent messages from the CNS to initiate specific 

reactions or movements. The generation and maintenance of membrane potentials rely on the 

coordinated action of various active transport mechanisms embedded within the cellular membrane 

and the structural integrity of the lipid bilayer. 

The concept of membrane potential spans multiple scientific disciplines. From a chemical 

perspective, it involves principles such as molarity, ion concentration, electrochemistry, and the 

Nernst equation. Physiologically, membrane potentials are integral to neural communication, 

enabling the bidirectional flow of information between the CNS and the body. Additionally, in cellular 

biology, membrane potentials illustrate the intrinsic connection between cell structure, electrochemical 

processes, and physiological functions, highlighting the interdisciplinary nature of this phenomenon. 

History 

Walther H. Nernst, renowned for his formulation of the Nernst equation and recipient of the 

1920 Nobel Prize in Chemistry, made significant contributions to the understanding of membrane 

potentials. He developed the Nernst equation to determine the equilibrium potential for a specific ion 

across a membrane. Building upon Nernst's work, Goldman, Hodgkin, and Katz advanced the field 

by deriving the Goldman-Hodgkin-Katz equation, which accounts for the contributions of multiple 

ions permeating the membrane and their collective influence on membrane potential. 

The study of membrane potentials seamlessly integrates electrochemistry and physiology, 

providing a comprehensive framework to understand how electrical charges are separated and 

maintained across cellular membranes. This interdisciplinary approach has been pivotal in elucidating 

the mechanisms underlying cellular communication and function. 
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Membrane Potential and Its Contribution to Cellular Homeostasis 

The lipid bilayer structure of the cellular membrane, composed of lipid-phosphate heads and 

fatty acid tails, forms an ideal framework with both hydrophobic and hydrophilic regions. This unique 

arrangement allows the membrane to function as a selective barrier, often described as the fluid mosaic 

model, due to its semi-permeable nature and its ability to restrict certain substances from entering the 

cell. Small molecules like water diffuse through the membrane along concentration gradients, while 

larger molecules such as glucose or nucleotides require specialized transport channels. 

The lipid bilayer also hosts essential components like the Na+/K+ pump, ATPase pump, ion 

transporters, and voltage-gated channels, and serves as the site of vesicular transport. These features 

collectively regulate the movement of ions into and out of the cell, maintaining specific ion 

concentrations critical for cellular processes. 

Understanding Membrane Potential 

The interplay between electrical gradients and chemical gradients forms the basis of membrane 

potential. These two forces can oppose each other and work together to influence ion movement across 

the membrane. 

Electrical Gradient 

Reflects the difference in electrical charge across the cell membrane. 

Typically opposes the chemical gradient to maintain equilibrium. 

Drives ions based on their charge, attracting opposite charges and repelling similar ones. 

Chemical Gradient 

Refers to the difference in ion concentration across the membrane. 

Functions independently of the ion's charge, focusing on concentration disparities. 

Acts as a driving force for ions to diffuse from areas of higher concentration to lower 

concentration. 

Example: Potassium (K⁺) 

Permeability: The membrane is highly permeable to K+, allowing it to move freely. 

Chemical Gradient: Since intracellular [K+] is high, K+ diffuses out of the cell, reducing its internal 

concentration. 

Electrical Gradient: As positively charged K+ exits, the intracellular environment becomes more 

electronegative. This creates an electrical gradient that attracts K+ back into the cell. 

Dynamic Balance: The balance between K+’s chemical gradient driving it outward and the electrical 

gradient pulling it inward establishes the equilibrium potential for potassium (EK
+). 

Resulting Membrane Potential 
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The resting membrane potential is primarily influenced by K+ because of its high permeability. 

Other ions like sodium (Na⁺) and chloride (Cl⁻) also contribute but to a lesser extent due to their lower 

permeabilities at rest. 

This delicate interplay of electrical and chemical gradients is vital for cellular processes like nerve 

impulse conduction, muscle contraction, and maintaining homeostasis. 

How to calculate membrane potential? 

The Nernst equation determines the equilibrium potential for a specific ion, which is the membrane 

potential at which there is no net movement of that ion across the membrane.  

The equation is: 

 

Where: 

• VEq.: Equilibrium potential for the ion (in volts). 

• R: Universal gas constant (8.314 J/mol/K) 

• T: Absolute temperature of body (in kelvin, K = Celsius + 273.15). 

• z: Valence (charge) of the ion (e.g., +1 for K⁺, -1 for Cl⁻). 

• F: Faraday constant (96,485 C/mol). 

• [X]out: Ion concentration outside the cell. For example the molarity outside of a cell. 

• [X]in: Ion concentration inside the cell. For example, the molarity inside of a cell. 

(You got –ve sign when ln[[X]out / [X]in] become ln[[X]in / [X]out] bcoz, log(a/b) = -log(b/a)) 

 

The resting membrane potential is not determined by a single ion but is a weighted average of the 

equilibrium potentials of all ions, primarily K⁺, Na⁺, and Cl⁻. This is calculated using the Goldman-

Hodgkin-Katz (GHK) equation, which incorporates the permeability of each ion: 

 

Where, 

Vm represents membrane potential (in volts). 

 Pion represents the permeability of each ion. 

[ion]out/in represents concentration outside / inside the cell. For example, the molarity of that ion outside 

/ inside of cell. 
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The relative permeabilities of ions such as PK+, PNa+ and PCl- are not derived from a single formula 

but are typically experimentally determined values. These values depend on the specific properties 

of the ion channels in the cell membrane, such as their open probabilities, conductance, and density.  

However, certain principles and equations can provide insight into these permeabilities: 

Hodgkin-Huxley Model for Permeability 

In electrophysiology, the Hodgkin-Huxley model describes the ionic conductance of cell membranes. 

The permeability of an ion is related to its conductance (gion) as follows: 

 

Pion ∝ gion 

 

Where gion represents the ion's membrane conductance, which depends on: 

             1. The number of ion channels for that specific ion. 

             2. The probability that the ion channels are open. 

             3. The single-channel conductance of each ion channel. 

The relationship between permeability and conductance is proportional but not directly equal, as 

permeability also depends on the ion's diffusivity and the thickness of the membrane. 

 

Ion Flux Equations and Permeability 

The permeability of an ion (Pion) can sometimes be estimated using ion flux data derived from the 

constant field equation (a derivation of the Goldman-Hodgkin-Katz equation).  

For a single ion, permeability can be expressed as: 

 

Pion = (Jion x z x F) / ΔC 

Where, 

Jion: Ion flux across the membrane (measured experimentally). 

z: Charge of the ion. 

F: Faraday constant (96,485 C/mol). 

ΔC: Concentration gradient of the ion across the membrane. 

This equation links experimental ion fluxes to permeability. 

For most cells, PK+ and PNa+ are determined through patch-clamp techniques and other 

electrophysiological methods. These methods measure: 

1. Ion currents through specific channels. 

2. The relative contributions of each ion to the overall membrane potential. 

http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com


 

 

6272                                                              

   

Teja and Bhargavi 
 

Feb, 2025 Vol.5(2), 6267-6272 

Published 25/02/2025 
Official Website 

www.thescienceworld.net  

thescienceworldmagazine@gmail.com  

Example Problem: 

Q) A cell membrane has the following ion concentrations: 

Ion Inside Concentration (mM) Outside Concentration (mM) 

K+ 140 5 

Na+ 15 145 

Cl− 10 120 

     The relative permeabilities of the membrane to these ions are as follows: 

PK
+ PNa

+ PCl
− 

1.0 0.05 0.45 

  At body temperature (37∘C, T=310 K), calculate the membrane potential (Vm) using the GHK 

equation. 

Sol:-  

Vm  =  [(8.314 * 310) / 96485] * ln[(1*5 + 0.05*145 + 0.45*10) / (1*140 + 0.05*15 + 0.45*120)] 

 

         =  [26.7 * 10-3 ] * ln[(16.75) / (194.75)] 

 

         =  [26.7 * 10-3 ] * ln[0.086] 

 

         =  [26.7 * 10-3 ] * ln[0.086] 

 

         =  − 65.03 * 10-3 J C-1 or − 65.03 mV. 

Conclusion 

Membrane potentials are fundamental to life, bridging the realms of biology and biophysics. 

They arise from the intricate interplay of ion gradients, selective permeability, and electrical charges 

across the cell membrane. These potentials enable a vast array of physiological functions, from nerve 

impulses and muscle contractions to cellular communication and energy production. Understanding 

membrane potentials not only deepens our knowledge of cellular behavior but also highlights their 

universality across biological systems, from neurons in humans to signaling mechanisms in plants. 

This intersection of biology and biophysics underscores how physical principles, such as 

electrochemical gradients, shape biological complexity and functionality. By demystifying membrane 

potentials, we unravel the molecular mechanisms that underpin the vitality of life. 
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