Cell Size is Limited by Surface Area
To maintain homeostasis, cells must have enough surface area to exchange materials. However, as cells grow the surface area to volume ratio changes. As a result, there is a limit to cell growth because if a cell becomes too large there is not enough surface area for the exchange of materials and homeostasis cannot be maintained. When a cell reaches a critical surface area to volume ratio, it stops growing or is signaled to divide. 
To establish the relationship between surface area and volume use the Formula sheet (shown below) to calculate the surface area and volume of the cubes. Then, divide the surface area by the volume to get the surface area to volume ratio (SA/V ratio). Finally, graph the length of side (cm) vs. the surface area to volume ratios. Note that the surface area to volume ratio does not have a unit since surface area is measured in cm3 and volume is measured in mL (same as cm3).
Surface Area and Volume –Formula Sheet
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Part A Directions: Each of the questions or incomplete statements below is followed by four suggested answers or
completions. Select the answer that is best in each case and enter the appropriate letter in the corresponding space on
the answer sheet. When you have completed part A, you should continue on to part B.

1. Membrane-bound organelles have been an 3. Simple cuboidal epithelial cells line the ducts of

important component in the evolution of complex,
multicellular organisms. Which of the following
best summarizes an advantage of eukaryotic cells
having internal membranes?

(A) Eukaryotic cells are able to reproduce faster
because of the presence of organelles.

(B) Some organelles, such as mitochondria and
chloroplasts, are similar to prokaryotic cells
in structure.

(C) Organelles isolate specific reactions,
increasing metabolic efficiency.

(D) Compartmentalization leads to a higher
mutation rate in DNA, which leads to more
new species.

. By discharging electric sparks into a laboratory
chamber atmosphere that consisted of water
vapor, hydrogen gas, methane, and ammonia,
Stanley Miller obtained data that showed that a
number of organic molecules, including many
amino acids, could be synthesized. Miller was
attempting to model early Earth conditions as
understood in the 1950s. The results of Miller’s
experiments best support which of the following
hypotheses?

(A) The molecules essential to life today did not
exist at the time Earth was first formed.

(B) The molecules essential to life today could
not have been carried to the primordial
Earth by a comet or meteorite.

(C) The molecules essential to life today could
have formed under early Earth conditions.

(D) The molecules essential to life today were
initially self-replicating proteins that were
synthesized approximately four billion
years ago.

certain human exocrine glands. Various materials
are transported into or out of the cells by
diffusion. (The formula for the surface area of a
cube is 6 x S, and the formula for the volume of
a cube is S%, where S = the length of a side of the
cube.)

Which of the following cube-shaped cells would
be most efficient in removing waste by diffusion?

(A)

10 pm
(B)
20 pm
©)
30 pm
(D)
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Data Analysis



Conclusion

What is the relationship between size and surface area of a cube?

Problems
1. Use the Formula sheet to calculate the following data values for the cells shown below.

· Surface area of the large cell.

· Surface area of a single small cell.

· Total surface area of all the small cells together.

· Surface area to volume ratio (SA/V) of the large cell.

· Surface area to volume ratio (SA/V) of one small cell.
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2. Justify or refute the following statement based on the data values obtained for the cells above.

“Numerous small cells are evolutionarily advantageous in regard to maintaining homeostasis in multi-cellular organisms”

3. 
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4. Which of the following cells has the greatest efficiency?




[image: image6.png]




5. The outer layer of a plant root may contain elongated cells called root hair cells. Explain why this is an evolutionary advantage or disadvantage in terms of maintaining cellular homeostasis. In doing so, discuss how surface area to volume differs in root hair cells verses normal epithelial cells.
Symbols





r = radius


l = length


h = height


w = width


A = surface area


V = volume


Σ = Sum of all


a = surface area of 


one side of the cube








Volume of a Sphere


V = 4/3 π r3





Volume of a Cube (or Square Column)


V = l w h





Volume of a Column


V = π r2 h








Surface Area of a Sphere


A = 4 π r2





Surface Area of a Cube


A = 6 a





Surface Area of a Rectangular Solid


A = Σ (surface area of each side)





Cube 3  





l = 3 cm


w = 3 cm


h = 3 cm





Cube 2  





l = 2 cm


w = 2 cm


h = 2 cm





Cube 1  





l = 1cm


w = 1 cm


h = 1 cm





Cube 4  





l = 4 cm


w = 4 cm


h = 4 cm





Cube 5  





l = 5 cm


w = 5 cm


h = 5 cm





Cube 6  





l = 6 cm


w = 6 cm


h = 6 cm
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Cell 2


Brush Border Epithelium Cell with Microvilli





Cell 3 


Mucosal Epithelial Cell





Cell 1


Intestinal Endocrine Cell





Section of a Villus – an extension of the small intestinal wall
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