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Eukaryotes differ from their prokaryote counterparts in a number of ways, not the least of which is size. Along with an increase is size is an increase in cellular complexity including an elaborate internal membranes – the endomembrane system. Cells exchange materials with their external environment bringing in nutrients and carbon dioxide if they are plants, or oxygen of they are animals or fungi, across their plasma membrane the interface with the external environment. They also remove wastes across the same surface. Cellular function occurs in the volume of the cell and the relationship between supply (surface) and function (volume) is referred to the surface:volume ratio for the cell. Very small cells have large surface areas and small volumes and have no supply problems. Large cells don’t have such an advantageous ratio between the two and the exchange across the surface may not be rapid enough to supply the volume of the cell. A solution to this problem is to increase the surface area by folding the plasma membrane inwards. There are examples of this in the larger bacteria and it is the origins of the endomembrane system found in the eukaryote cells.
Until the infolded membrane surrounds something to create a new contained environment, which it doesn’t in the bacteria, we’ve only got folded membranes and an increase in the surface area. For the eukaryotes the first material to be wrapped inside an endomembrane system was the genetic material of the cell. The result is the nucleus surrounded by its nuclear envelope and because it is formed from invaginated membrane it has an inner and outer component and two bilipid layers. Special openings, nuclear pores, in the envelope allow RNA produced in the nucleus outside to the cytoplasm where it is processed into final products which could include ribosomal RNA, transfer RNA or proteins if it takes the form of messenger RNA. Unlike the prokaryotes where transcription and translation both happened in the cytosol (cytoplasm) the nuclear envelope separated transcription inside the nucleus and translation outside. In eukaryotes this meant that as mRNA was produced it wasn’t immediately available for translation because the translation machinery wasn’t present inside the eukaryote nucleus. Over time this probably explains why in eukaryotes the original transcript from the DNA is often modified or altered before it’s released from the nucleus. There is more to the endomembrane system than just the nuclear envelope and it also includes endoplasmic reticulum which can be either rough with ribosomes or smooth if there are no ribosomes present. Other components of the endomembrane system include the golgi complex, vesicles and lysosomes.
The second major event on the evolution of eukaryote cells is the origin of the cell’s power plant; the mitochondria. Our primitive eukaryote cell was only capable of anaerobic metabolism to generate ATP (fermentation) and consumed other small cells, notably bacteria, as a food source. Normally they would destroy the bacterium but some where along the line the bacterium survived and a symbosis developed between it and the cell that surrounded it. As we saw in our discussion on bacterial diversity, one type of bacterium includes chemoorganoheterotrophs that use existing organic carbon molecules as a source for the carbon molecule and, as it breaks the bonds to release the carbon molecules, the bacterium captures the high energy potential in ATP. This is exactly what mitochondria do; taking three-carbon pyruvate and turning it along with high energy electron carriers like NADH into ATP and carbon dioxide. Because of the symbiotic relationship the cell benefited from being able to shunt pyruvate to the symbiont rather than using it for anaerobic respiration. The bacterium provided ATP to its host and the host the three-carbon organic molecule for it to use to produce ATP for itself and its host.
The end result of all of this is the eukaryote cell with a nucleus separated from the cytoplasm by the nuclear envelope formed from the endomembrane system, mitochondria and organelles that carry out a variety of different specialized functions by the cell.
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