
 
 Chapter 1 - Introduction 
 
             Biochemistry is biology at the molecular level, and therefore involves several 

disciplines.  In this course we will study the composition and three-dimensional structure, as well 

as structure-function relationships, of the four major classes of biomolecules (nucleic acids, 

proteins, carbohydrates and lipids, including membranes).   

Origin of Life 

The vast majority of the dry weight (70% water) of cells consists of a relatively small 

amount of elements, C, H, O, N, K, Ca, P and S.  Various trace elements, such as B, Se, Cr, Mn 

and Zn (see Table 1) constitute only about 2% of the dry weight of a cell.   

Although the earth=s crust contains primarily O, Si, Al, Fe and Ca (only two of which are 

abundant in cells), the primordial atmosphere was a mix of H2O, N2, CO2, NH3, SO2, and 

possibly H2.  Note that this atmosphere contained all but two of the most abundant elements of 

cells.  Experiments indicate that mixtures of some of these gases when subjected to electrical 

discharges (simulating lightning) resulted in the formation of a variety of water-soluble organic 

compounds, including several amino acids, such as glycine, alanine, aspartic acid, and glutamic 

acid.  Others (naturally) have suggested that the first biomolecules were generated under water in 

the dark.  In any case, these early organic molecules served as the precursors for an enormous 

variety of biological molecules. 

These early biomolecules contained many of the critical functional groups in modern 

biochemicals which are responsible for their reactivity, including the ability to polymerize to 

form biopolymers such as proteins (see Table 1 - 2). 

 



 

 

These functional groups allowed early biomolecules to evolve chemically, an important example 

being polymerization to form polymers.  Such polymers, typically containing multiple functional 

groups, were more versatile than their monomeric counterparts.  Eventually, such polymers 

likely formed (noncovalent) complexes which allowed even greater chemical versatility.   

A critical functionality that such early molecules must have acquired was the ability to replicate 

themselves, which required structural complementarity 

 

 
 

See also Figure 5.   Such complementarity is evident in DNA where A is complementary to T, 



etc.  It is important to note that a process of natural selection would have developed subsequent 

to self-replication, resulting in an enrichment of those molecules best able to survive and 

multiply. 

Although functions such as the ability to replicate were critical to the development of 

life, the formation of boundaries around a self-replicating system to form the first primitive cells 

would have been a large advantage, in that the system would no longer be at the mercy of its 

environment. 

Cellular Architecture 

The formation of compartments with boundaries would not only have protected early 

cells from their environment, but they would have also allowed the cells to develop and maintain 

different compositions, with higher (or lower) concentrations of certain substances.  Metal or 

clay catalysts (rather than proteins) may have been used by early cells, and these could have 

been acquired and concentrated by compartmentalized systems.   

Although energy-rich substances may have been available in the primordial soup, 

eventually organisms had to develop means of extracting energy from fuels via the development 

of metabolic pathways.  Such metabolic pathways would include biosynthetic as well as energy-

extracting reactions.   

The cell is the fundamental unit of all modern organisms, and they belong to one of two 

major classifications, eukaryotes and prokaryotes.  Whereas prokaryotes, such as bacteria, lack a 

nucleus, eukaryotes have a membrane-enclosed nucleus, as well as a variety of membrane-

enclosed organelles, and include multiple as well as single cell (algae) organisms.  Organelles 

which we=ll have occasion to mention include the endoplasmic reticulum, the site of protein 

synthesis (rough) and modification (smooth), the Golgi apparatus, also involved in protein 

modification, mitochondria, sites of aerobic metabolism, and chloroplasts, sites of energy 

extraction from sunlight, as well as various other metabolic processes in photosynthetic 

organisms.  Also, the cytoskeleton is an extensive array of protein filaments that organizes the 

cytosol and gives the cell its shape and ability to move.   

Evolution of the Organism 

Classification of cells (i.e., taxonomy) as either prokaryotes or eukaryotes is based on 

morphology (i.e., form and structure, without regard to function), and is inadequate to develop 

phylogenetic relationships between organisms (i.e., relationships revealed by their evolutionary 



history). 

Taxonomic schemes based on reproductive or developmental strategies, or more 

importantly, based on nucleic acid or protein content, more accurately reflect evolutionary 

history.  For example, the grouping of all organisms into the three domains, archaea, bacteria, 

and eukarya (see Figure 9) is based on RNA comparisons.   

The sharing of certain characteristics by all organisms implies a common ancestor, 

represented by the first branch in the phylogenetic tree represented by figure 9.  Because of the 

immense differences between prokaryotes and eukaryotes, eukaryotes very likely did not 

descend from a highly developed prokaryote.   

The existence of variety in present day organisms is a reflection of the development of 

mechanisms for sexual reproduction.  The exchange of genetic material was advantageous in 

increasing the adaptability to changing environmental conditions.   

It is of interest to note that modern mitochondria and chloroplasts, which each contain 

their own genetic material and protein synthesizing capability, likely resulted from symbiotic 

relationships between free-living aerobic bacteria that took up residence in primordial 

eukaryotes.   

Natural selection directs evolution, as it did in prebiotic evolution.  Small mutations in 

genetic material, which occur randomly, occasionally increase the chances of survival, and will 

be passed on to the next generation.   

Thermodynamics 

A very brief survey of thermodynamics is necessary to better understand biology at the 

molecular level.  It will help us better understand topics such as the structure of biomolecules 

and the extraction and utilization of energy by cells.  Therymodynamics is built largely on two 

laws of observation. 

First Law: 

The universe, the size of which depends on the process under consideration, consists of 

the system of interest and the system=s surroundings.  For our sake, we will consider that all 

systems of interest are at rest (hence have no kinetic energy) and are not subject to external fields 

(hence no potential energy).  The energy of such a system consists of internal energy, U. 

The first law states that the internal energy, U, of a system consists of heat (q) and work 

(w), which can be interconverted, but is conserved: 



 ∆U = q + w 

(note the difference in convention with respect to equation 1, p. 12).  Heat is a result of 

molecular motion, whereas work is due to the application of force, d, through a distance x.  For a 

constant force,  w = fx.  The first law also states that U is a function of state, which means that in 

determining ∆U, the change in U, one need not consider the path by which the change takes 

place, but only the initial and final states, Uinitial and Ufinal.  Evaluation of either q or w 

individually, however, in general require knowledge of the path.   

It is easy to see that work can be expressed as pressure times volume.  If A is the surface 

area over which a constant force is being exerted, w = fx = f/A (Ax) = P.  For a constant pressure 

process, w = - P∆V, where ∆V is the volume change for the process.  Since most biological 

processes occur under (approximately) constant pressure conditions, it is advantageous to define 

a new state function, related to U, the enthalpy, H 

 H = U + PV 

The usefulness can be seen in determining ∆H for a constant-pressure process: 

 ∆H = ∆U + ∆(PV) = qP + w + ∆(PV) 

 = qP  - P∆V + P∆V = qP 

In other words, the heat absorbed or evolved in a constant-pressure process is equivalent to ∆H 

for that process.  The advantage here is that it is often easier to determine ∆H than it is q.  

Further, H is a function of state, whereas q is not.  Thus, one need not consider path when 

calculating ∆H.  Finally, note that for a biological (constant-pressure) process, ∆H = ∆U + P∆V. 

 Volume changes (∆V) for condensed phases are usually small, so for most biological processes 

in which only PV work occurs (there are other kinds, such as electrical), ∆U is approximately 

equal to ∆H.   

The first law is useful to determine the interchange of various kinds of energy, but is 

useless in determining the spontaneity of a given process.  The energy changes associated with a 

swimmer diving into a pool, as well as those associated with the swimmer coming back out of 

the water on to the diving board, both satisfy the first law.  We know, however, that the latter 

process will not occur.  We need the second law to determine the spontaneity, or directionality, 

of  processes, including chemical reactions.  Consequently, as we=ll see, the second law will 

allow us to relate the position of chemical equilibrium to second-law properties, which is much 

more useful than the determination of first-law properties. 



The second law can be expressed in many ways.  Recall from freshman chemistry that  

∆S universe $ 0, where S is defined as the entropy, and ∆S is a measure of the change in 

randomness.  The A > A sign applies for a spontaneous process, the A = A sign applies at 

equilibrium.  Since the universe consists of system + surroundings, determination of whether a 

process will occur spontaneously or not requires inowledge of  ∆S surroundings.  An alternate form 

of the second law is more useful, namely 

 ∆S $q/T 

 where T is the absolute temperature in Kelvin (The second law, contrary to what the text says, 

had its origins in determining the efficiency of heat engines, and led to the association of ∆S 

with q/T).  This form of the second law is somewhat restrictive in that it requires that 

temperature be constant, but has the advantage that only ∆S system (= ∆S) need be evaluated.  

Biological systems of interest to us can be considered to be at constant pressure as well as 

temperature.  Recall from above that qP = ∆H, giving ∆S $∆H/T.  Multiplying through by T and 

rearranging gives 

∆H - T∆S < 0 as our alternate form of the second law.  Defining G = H - TS as the Gibbs free 

energy, we can rewrite the second law in the much more useful form 

 ∆G # 0 

keeping in mind that both T and P must be held constant for equation to apply.  It is the 

inequality in this expression that gives one the sought-after criterion for determining the 

spontaneity of a reaction.   This equation says that a reaction will proceed spontaneously in a 

direction that results in a lowering of the free energy (exergonic reactions) of the system.  

Equilibrium is attained when ∆G is minimized and there is no longer any change in G, i.e., ∆G = 

0 at equilibrium.  The driving force behind reaction spontaneity is thus the minimization of G. 

The relationship between free energy and equilibrium constants is difficult to develop 

(and in my opinion should not have been attempted by your text). What we need to appreciate is 

that ∆G, a second-law property, but not ∆U, is related to chemical equilibrium.  It turns out for a 

chemical reaction, 

 aA + bB W cC + dD 

the free energy change depends on concentrations according to  

 ∆G = ∆G0 + RT ln Q 

where R is the gas constant, and where Q = [C]c[D]d/[A]a[B]b.  Although Q has the appearance of 



the familiar equilibrium constant, K, it is not, because Q does not necessarily contain equilibrium 

concentrations.  ∆G0 is the so-called standard-state ∆G, where P = 1 atm and all reactants and 

products are present initially at 1 M.   At equilibrium, as noted above, ∆G = 0, so we have 

 0 = ∆G0 + RT ln Qeq = ∆G0 + RT ln Keq 

since at equilibrium Q = K..  Two useful equations that we need to know are 

 ∆G0 = -RT ln Keq 

and its equivalent 

 Keq = exp[-∆G0/RT] 

Note again that ∆G0, but not ∆G, appears in these equations.  The former quantity is a constant, 

but ∆G varies with concentration. 

All living systems obey the laws of thermodynamics.  For example the second law must 

be obeyed.  The entropy of the universe is always increasing.  We have learned that an increase 

in entropy is associated with an increase in randomness.  Obviously, our entropy content does 

not change on a day-to-day basis.  In order to satisfy the second law, our interaction with our 

surroundings must involve an increase in entropy of our surroundings.  We do this by taking in 

food in a low entropy condition and returning CO2 and H2O, high entropy products of our 

cellular combustion.  Note that since we can exchange matter, as well as energy, with our 

surroundings, we are open (as opposed to closed) systems in a thermodynamic sense.  Also, note 

that since we do not change our appearance on a day-to-day basis, a criterion for equilibrium, we 

would appear to be at equilibrium.  However, we=ll be dead when we=re at equilibrium.  Instead, 

we exist in a steady-state condition, such that our apparent equilibrium condition is possible only 

at the expense of our environment (we increase its entropy).   

Finally, note that although thermodynamics is very useful in determining the position of 

equilibrium, it can tell us nothing about the rate at which equilibrium is achieved.  This is the 

realm of kinetics, which we=ll study in Chapter 11. 

 

Problems: 1, 5, 6, 9, 10, 13 


