
Lecture 4:  Structure and Composition (Sept. 15)      4.1 
Reading Assignment for Lectures 3-4:  Phillips, Kondev, Theriot (PKT), Chapter 2 
Problem Set 1 (due Sept. 24) now posted on the website. 
 
Cellular materials: 
At a somewhat more sophisticated level, every branch of physics has its favorite constituent 
materials (e.g., Phys. 101: wood, air, metal,…), whose structure and properties you need to know 
to  understand what is going on.  Of course, everything is made up of atoms and molecules.  But, 
semiconductor device physics requires knowing about Si, Ge, etc.  Metallurgy: Fe, Ni, Co, etc. 
 
At the cellular level of biology, important classes of materials include: 

• Carbohydrates (starches and sugars):  Mainly (but not entirely) structural materials 
(wood, extracellular matrix)). 

• Proteins and amino acids):  Structural and functional (enzymes, motors). 
• Lipids:  Mainly phospholipids in the cell membranes, act as material barriers. 
• DNA, RNA (nucleic acids):  Information content and transfer. 

Plus, combinations of the above like lipoproteins/proteolipids (lipid+protein), 
lipopolysaccharides (lipid+carbohydrate/sugar), peptidoglycans (proteins+sugars), etc. 
Generic properties and specific examples.  Where do they come from?  How are they made in the 
cell?  What do they do?  Physical properties. 
 
Organisms: 
We will need to have some examples in mind for our spherical cows. 
 
Prokaryotes (no organelles) 

• Archaebacteria 
• Eubacteria (including E. coli) 

Eukaryotes (organelles) 
• Single cell “protists” (including yeast S. cerevisiae and protozoa) 
• Multicellular 

 Plants 
 Fungi 
 Animals   
 
See Alberts, Fig. 1-43 (below) 

 



Alberts, Fig. 1-43  Evolutionary Relationships      4.2 
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PKT use E. coli and S. cerevisiae as their generic examples:     4.3 
 
E. coli structure: 
E. coli bacterium is gram negative (they do not retain crystal violet dye in staining protocol) due 
to cell-wall structure. 
 
Image from Wikipedia 

 
Note: 

• Wall structure, including plasma membrane (lipid bilayer) 
• Flagella and pili 
• Cytosol, including proteins, DNA and ribosomes but no organelles 
• Interior is not uniform despite lack of interior compartments 
• Interior is very crowded 

  
 



Image from: http://asymptotia.com/category/books/      4.4 
E. coli 

 
 



Image from: http://www.canariculturacolor.com/colibacilosis-aves    4.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



What is molecular inventory of E. coli?        4.6 
PKT Table 2.1 

 
 
Where do these numbers come from?  
Experiments described in PKT Ch. 2.  Can estimate based on simple information. 
 
Example:  Proteins (PKT p. 33) 
 
Rules of thumb:  
1.  Dry “weight” is ~30% mass of cell. 
2.  Protein is ~50% dry weight. 
3.  Average protein has ~300 amino acids. 
4.  Average amino acid has mass ~100 Da.  (1Da=1.66x10-27 kg) 

Thus, 

! 

N protein =
total protein mass

mass per molecule
=

10
"15

0.3( )0.5

300 100( )1.66 #10"27
= 3#106 molecules. 

What is total volume of these proteins? 
About 15% of the cellular volume (since density similar to water).   
It follows that these protein molecules are quite close together: 
Suppose equally spaced.  What is volume around (and including) each protein? 

! 

V =
total protein volume

number of proteins
=
10

"18

3#10
6

= 3#10
"25

m
3,  

so distance between centers is 

! 

D = 3"10
#253

$ 7 "10
#9

m = 7 nm . 
What is space between these proteins? 

! 

Vprotein =15%V = 4.5 "10
#26

m
3,  

so 

! 

Dprotein = 4.5 "10
#263

$ 4 "10
#9

m = 4 nm . 
 
And, this is only half of the dry weight!  The bacterial cell is a very crowded place!  The interior 
of an E. coli bacterium is NOT a dilute solution but a thick soup, almost a gel.  See PKT, Fig. 2.2 
(below). 
 



Cartoon of E. coli         4.7 
 
PKT, Fig. 2.2 

 
 
 
Another useful number which we will need in Chapter 5:   
How many carbon atoms in one E. coli? 
Typical organic molecule roughly half mass is C.   
Since 50% dry mass is protein, just look at typical amino acid. 
Also, e.g., glucose C6H12O6 typical carbohydrate. 
Thus, number of C atoms/cell is: 

! 

NC =
total carbon mass

mass per atom
=

0.5 0.3( )10"15 g

12 1.66#10
"24( ) g /C atom

= 0.75 #1010 ~ 1010  C atoms/cell 

(see Lect.??) 



Eukaryotic cell:            4.8 
Generic animal cell (plants are similar but with important characteristic differences) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
                     black lines represent lipid bilayers;  
                    the lipid bilayer surrounding the cell is the plasma membrane or pm 
 
                      mitochondria (ATP manufacture) 
 
 
                lysosomes and peroxyzomes (digestion) 
 
              transport vesicles (from Golgi) 
 
              channels, pumps, etc. (functional proteins) 
 
er and Golgi are a set of flattened sack-like membranes which attach to the nuclear membrane 
 
         ribosomes are connected to protein synthesis                                    
 
                          filaments of various kinds (protein) extend throughout cytosol  
                         (structure and tracks for transport of material) 
 
see also Alberts, pp. 16-17 (attached) 
 
Structure and Function:  Themes of Cellular Organization:      
 
1.  Everything takes place in an aqueous solution, thus, we will have to spend time discussing 
what happens when molecules dissolve in water and how this affects their interactions with one 
another. 
 
2.  Membranes:  Encapsulation/compartmentalization provides the possibility of specialized   
environments for chemical processing (e.g., extreme pH’s). 
Membranes are NOT waterproof!!!!  Indeed, they are quite permeable to water. 
What they inhibit is transport of molecules which are (a) large and/or (b) charged. 
 
 

Golgi 

endoplasmic 
reticulum (er) 

Golgi 



            4.9 
They also provide a “substrate” for many functional proteins (factory floor).  Important examples 
are the specialized channels and pumps which (often actively) transport of the molecules 
required to prepare the required environments. 
Membranes are osmotic barriers:  even though the chemical environment may be different on the 
two sides, the “osmolarity” must balance; otherwise, water will flow.  If this balance is not 
maintained, then the osmotic pressures can easily lead to lysis. 
 
3.  Processing is done by protein enzymes, designed to function in these specific environments. 
(machines)  Number of proteins in genome (enzymes):  500—30,000, depending on organism. 
Some are structural (e.g., filaments); most are functional (i.e., enzymes) 
 
4.  Distribution of materials:  Active vs passive transport 
Across membranes:  pores, channels, transporters 
In membranes 
In cytosol: vesicles, motor, filaments 
The message is that, except at the shortest distances, passive transport (diffusion down chemical 
gradients) is too slow to work, so nature uses active (protein-based) machines that “burn” ATP. 
We will study diffusion in Chapter 13.  But, let me jump ahead: 

Let 

! 

r
2  be the rms distance traveled by a solute particle in time t.  The rule is that the rms 

displacement in 3D goes as the square root of time with

! 

r
2

= 6Dt , where the “diffusion 

constant” D [m2/s] depends on solvent and solute.   
A typical D for a lipid or protein in aqueous solution is 

! 

D ~ 10
"12

m
2
/s . 

(we’ll see later how to estimate this) 
For a prokaryote with size 1 micron, this means that the time to diffuse across the cell 

is:

! 

10
"6( )

2

= 6 #10"12 t , i.e., t~0.2 s. 

For a eukaryotic cell with size 10 microns, this means that the time to diffuse across the cell 

is:

! 

10
"5( )

2

= 6 #10"12 t , i.e., t=20 s. 

But, the typical timescale for processes in cells is 1 ms, so even for the bacterium this is slow.  
And, for the eukaryote it is hopeless. 
 
5.  Control: 
DNA read (“transcribed”) by m-RNA, which takes information to ribosomes where proteins are 
built according to specs provided with the help of t-RNA.  (“central dogma”) 
There is a complex system of feed-back regulating which genes are read and when. 
Up-stream non-coding DNA can block or promote transcription. 
 



Alberts et al., Molecular Biology of the Cell, pp. 16—17       4.10 
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