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In [2]: import matplotlib.pyplot as plt
import numpy as np

Volumes

In the previous notebook we explored the range of linear dimensions of chemical or
biological entities. Linear dimensions are important for some problems, for example
transport, but for other aspects volumes and concentrations are what matters.
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Volumes vary even more dramatically then linear dimensions:

In [13]: diameters = { # in meters

def

for

"H20": 2.45e-10,
"glucose": 9e-10,
"ribosome": 2.5e-8,
"RNA virus": le-7,
"bacterium": le-6,
"budding yeast": 5e-6,
"mammalian cell": 1le-5,
"human ooctyte": le-4,
"fruit fly egg": 5e-4,
"chicken egg":5e-2,

sphere_volume(d):
return 4*np.pi/3*(d/2)**3

k,r in diameters.items():
v = sphere volume(r)
print(f"Approximate volume of {k} {v:1.2e}

mA3 n )
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In [14]:
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Approximate volume of H20 7.70e-30 m"3
Approximate volume of glucose 3.82e-28 m"3
Approximate volume of ribosome 8.18e-24 m"3
Approximate volume of RNA virus 5.24e-22 m™3
Approximate volume of bacterium 5.24e-19 m"3
Approximate volume of budding yeast 6.54e-17 m"3
Approximate volume of mammalian cell 5.24e-16 m"3
Approximate volume of human ooctyte 5.24e-13 m"3
Approximate volume of fruit fly egg 6.54e-11 m"3
Approximate volume of chicken egg 6.54e-05 m"3

Cubic meter is not the most intuitive unit, so lets convert this to liters:

# define a new dictionary with volumes in liters
volumes liters = {k:sphere volume(r)*1000 for k,r in diameters.items()}

for k,v in volumes liters.items():
print(f"Volume of {k} {v:1.2e} liters")
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H20 7.70e-27 liters

glucose 3.82e-25 liters
ribosome 8.18e-21 liters

RNA virus 5.24e-19 liters
bacterium 5.24e-16 liters
budding yeast 6.54e-14 liters
mammalian cell 5.24e-13 liters
human ooctyte 5.24e-10 liters
fruit fly egg 6.54e-08 liters
chicken egg 6.54e-02 liters

From viruses to eggs, these volumes range from 10718 liters (one atto-liter) to 0.06 liters.

Concentrations

Chemistry depends on concentrations and concentrations are have units "stuff/volume".

Typically the unit we use in chemistry is "molar", this is number of moles per liter.

23
1M - N ymolecules 6 x 10“°molecules

liter a liter

Important concentration in biological systems are:

total protein

one molecule in an ribosomes in
E. colivolume [signaling proteins—l [E co/i—l ATP l total metabolites
-9 -6 -3
107 (nM) 107 (uM) 107 (mM) concentration (molar)

source: Biology by the Numbers.
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One nM is roughly 1 molecule per E. Coli

« bacterial volume: 10~ ] = 11
o one nM: 6 x 10**molecules/liter

o multiply: 6 x 1014molecules/liter x 10~ Bliter ~ 0.6molecules

Concentrations in the nM range therefore correspond to small absolute numbers of
molecules. This is critical since when numbers are small, the dynamics starts to be
inherently stochastic. This is particularly important for signaling molecules and we will
discuss these stochastic effects at greater length below.

The power of simple "Guestimation”

Having a rough idea of how big things are, allows us to estimate some important
quantities at least to an order of magnitude. For example...

Number of cells in the human body

¢ Volume of a human: 80 liter = 100 liters for simplicity
o Volume of a human cell: 5 x 10713 liters

« Rough estimates of the number of cells: 2 x 10

This answer is a little bit two high (3 x 10'% is what is often given), probably because the
average human cell is a little bigger. But not so terrible!

Number of bacteria in a human

most bacteria live in your gut.

the gut content is about 1-2kg, a few percent of which are bacteria
a bacterium is 1 fI = 10~ Bliters.
Rough guess: ().1l/10_15l — 10 bacterial cells.

Again, this is correct within a factor of 10.

Burst sizes of bacterial vs mammalian viruses

e bacterial viruses (phages) and mammalian viruses have roughly the same size:
10 liters

¢ The volume ratio of phage to bacteria is roughly 10000

e The volume ratio of virus to mammalian is roughly 106

e Hence we expect phage burst sizes to be small (not larger than 100) and those of
mammalian viruses around a factor of 100 larger.

This again is roughly correct.
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In [ ]:

Knowing when things don't add up

While fun and useful to guess numbers, it is often much more important to know when
something just doesn't make any sense. Such claims are surpringly common

o Markus Meister points out that individual proteins claimed to sense magnetic fields

just can't work.
¢ A claim that mitochondria run at 50C should probably not be taken to seriously.

Additional resources:

¢ Biology by the Numbers by Milo and Phillips, Chapter 2
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