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It is the greatest dream of a bacterial cell
to become two bacterial cells

Frangois Jacob

Chapter 1
Extremely small but incredibly active

A visit to our Department of Microbiology was on the agenda of a high-ranking
politician. How to impress him? We started with the smallness of bacteria but
not in the usual way by stating that bacteria are approximately 1um long, so
1000 bacterial cells lined up end-to-end would measure just 1 mm. We tried a dif-
ferent way:

“Sir, this test tube contains nearly 6.5 billion bacterial cells in a spoonful of
water. Thus, the number of bacteria nearly equals the number of human beings
on our planet.” He took the test tube, looked at it, and could hardly recognize the
slight turbidity. One billion bacterial cells in one ml or 1000 billion cells in a liter
are barely visible. Then we pulled out a photograph the size of a letter pad and
said, “Here are two of these 6.5 billion cells (Figure 1).” The Minister was impressed
with the smallness of bacteria, which makes them barely visible even in large
numbers, and with the enormous power of the methods used to examine them,
for example, electron microscopy.

Electron microscopy? | used a light microscope when | was at school, but what is
the principle behind the electron microscope?

Let’s have the expert Frank Mayer (Goettingen, Germany) tell us about this:

“Well, the “light” required for electron microscopy is a beam of electrons.
This one is invisible to our eyes, but the pictures produced can be made
visible. Because of the shorter wavelength of electron beams, much smaller
details of biological objects can be seen than by light microscopy. Even
enzyme molecules can be made visible, for example, on photographic
paper. The disadvantage of using electrons is that a vacuum is required.
Therefore, water has to be removed from samples before they can be exam-
ined, and this may cause damage to the objects. But recent improvements
in electron microscopy make it possible to avoid damage to the objects by
removing water from the objects in the frozen state.”

Isn’t it fascinating that electron microscopy makes it possible to magnify objects
100000 times? Even light microscopy is capable of enlarging objects 1000-fold.
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Figure T Test tube with a suspension of 6.5  (long thread-like structures) provide motility
billion bacteria, of which two are shown in an  to the cells. (Source: Frank Mayer and Anne
electron micrograph. The cell on the right has  Kemmling, Goettingen, Germany.)

nearly completed cell division. The flagellae

This already impressed the plant physiologist Ferdinand Cohn (1828-1898), who
wrote,

“If one could inspect a man under a similar lens system, he would appear
as big as Mont Blanc [in the Alps] or even Mount Chimborazo [in Ecuador].
But even under these colossal magnifications, the smallest bacteria look no
larger than the periods and commas of a good print; little or nothing can
be distinguished of the inner parts and of most of them their very existence
would have remained unsuspected if it had not been for their countless
numbers.”

Ferdinand Cohn obviously exaggerated somewhat: a man two meters tall magni-
fied 1000 times would be two thousand meters (6600 feet) tall, nearly half the eleva-
tion of Mont Blanc and one third that of Mount Chimborazo.

It is difficult to imagine that clear water can actually be highly contaminated, or
that one cubic meter of air can contain one thousand microbial cells. Air, of course,
is only slightly inhabited by microorganisms, but it is different when we look at
our skin, which is densely populated by bacterial cells (see Chapter 10) with
amazing biological activities. There are many sites in nature where they are able
to multiply rapidly. Escherichia coli (E. coli, for short) resides in our intestine and
is able to divide every 20 minutes! To put it casually, if one trillion bacterial cells
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in my intestine go with me to the movies, and if they manage to grow and divide
optimally, then 16 trillion cells will leave the cinema with me 80 minutes later.

Good example, but why do bacteria multiply so astonishingly fast?

It's because bacteria have a high metabolic activity due to their high surface-to-
volume ratio. Let me give you an example: If we put a cube of sugar into a glass
of tea and, at the same time, the same amount of table sugar into a second glass,
the table sugar will dissolve faster than the cube of sugar. Its surface-to-volume
ratio is larger. A cube with an edge length of 1cm has a surface-to-volume ratio
of 6:1, between the total surface area of the sides, 6cm?, and the total volume,
1cm’. If we cut the cube into “bacteria-size” cubes with an edge length of 1um,
we would end up with 100 million cubes with an overall surface area of 60000 cm”.
The total volume would be the same but the surface-to-volume ratio would increase
by a factor of 10000.

That has its consequences. Compared to cells of higher organisms, bacteria have
a much larger surface area at their disposal, allowing the faster import of nutrients
and export of waste products. Therefore, cell constituents can be synthesized more
rapidly, a prerequisite for the rapid multiplication of cells. That’s why bacteria have
the highest multiplication rates: some species have a record of around 12 minutes,
so every 12 minutes two cells emerge from one. This, of course, cannot be general-
ized. There are also slow-growing bacteria that divide every 6 hours or even once
every few days. Bacteria living in the “land of milk and honey” grow and divide
rapidly, whereas the organisms in nutrient-deficient habitats such as oceans are
much slower when it comes to cell division.

The ability of bacterial cells to divide every 20 minutes, or even every 12 minutes, is
quite impressive. What does that mean for a bacterial population?

Let’s look at a single bacterial cell multiplying every 20 minutes under optimal
conditions. How many cells and how much cell mass would be produced after 48
hours? We have to do some simple calculations. One cell (2°) would give rise to
two cells (2') after 20 minutes; four cells (2%) after 40 minutes; and eight cells (2%)
after 60 minutes. Three divisions per hour would make a total of 144 divisions in
48 hours, resulting in a total of 2'* cells. This number probably doesn’t impress
you. Let’s do a few more calculations: Conversion into a common logarithm
(144 x 0.3010), with 10 as a base, yields 10* cells. The weight of one bacterial cell
is around 10 g, so 10* cells weigh 10*' g or 10% tons. Our planet weighs 6 x 10*'
tons, so after 48 hours the total bacterial mass would be nearly 1000 times that of
our planet.

Very impressive, but certainly not realistic.

Of course not, but the calculation is correct. However, the assumption that cells
would divide every 20 minutes for a period of 48 hours is incorrect. Nutrients
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would have become limited after a few hours, so growth would have slowed down
and stopped eventually. Perhaps the situation can be compared to that of a large
pumpkin, which after reaching a critical size will also stop growing because of
shortage of nutrients and accumulation of metabolic byproducts.

I have learned something new. | would like to know how bacteria compare with
higher organisms.

9/8/2011 5:46:24 PM



