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Concepts addressed: 
Molecular and Cell Biology: Chemical Basis of Life: Atoms, molecules, chemical bonds, pH, 
biologically important molecules, thermodynamics and free energy, cellular bioenergetics, 
photosynthesis, cellular respiration, enzymes  
 
 
Bonding interactions:  

• Covalent bonds - 2 atoms share one or more pairs of outer-shell electrons forming a molecule 
• Ionic bonds - attraction between ions of opposite charge. The resulting compound is 

electrically neutral e.g. Na CI  
• Hydrogen bonds - weak chemical bond formed when the partially positive hydrogen atom 

participating in a polar covalent bond in one molecule is attracted to the partially negative 
atom participating in a polar covalent bond in another molecule. This tendency of molecules 
to stick together is called cohesion, and is much stronger for water than for most other 
liquids. This property of cohesion is very important in the living world. Trees depend on 
cohesion to help transport water from their roots to their leaves.  

 
Hydrophobic interactions - interactions between water and substances that do not mix with water. 
Lipids, being mostly non-polar, are not attracted to water and this is important in cell membrane 
transportation.  
 
Bonding interactions - water and the properties of water, chemical bonding (particularly hydrogen 
bonding), levels of structure in proteins, membrane transport systems, ATP synthase, enzymes, free 
energy conversions, 1st and 2nd Laws of Thermodynamics and how these govern energy conversion 
and relationships - all as precursors to the bioenergetics story. The bioenergetics story is then looked 
at through photosynthesis (the using of light to make food), and cellular respiration (the harvesting of 
chemical energy). Parallel topics include the structure and function of the chlorophyll molecule and 
the nature of light and wavelengths (the specificity of wavelengths in terms of exciting electrons).  
 
Photosynthesis:  
Photosynthesis is the process by which autotrophic organisms use light energy to make sugar and 
oxygen gas from carbon dioxide and water.  
 
Converting Solar Energy to Chemical Energy.  
 
In most plants, photosynthesis occurs primarily in the leaves, in chloroplasts. A chloroplast contains 
stroma a fluid, and grana, stacks of thylakoids. The thylakoid membranes contain chlorophyll, the 
green pigment that captures light for photosynthesis.  
 
Certain wavelengths of visible light drive the light reactions of photosynthesis. Each of the many 
light-harvesting units of the chloroplast's thylakoid membranes, called photosystems, consists of an 
"antenna" of chlorophyll and other pigment molecules that absorb light and a primary electron 
acceptor that receives excited electrons from the reaction-center chlorophyll. Two connected 
photosystems (I and II) collect photons of light and transfer the energy to chlorophyll electrons. The 
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excited electrons are passed from the primary electron acceptor to electron transport chains. 
Electrons shuttle from photosystem II to photosystem I, and their energy ends up in ATP and 
NADPH. Photosystem II regains electrons by splitting water, leaving 02 gas as a by-product.  
 
ATP is synthesized by chemiosmosis. The electron transport chains are arranged with the 
photosystems in the thylakoid membranes and pump H+ through that membrane. The flow of H+ 
back through the membrane is harnessed by ATP synthase to make A TP (phosphorylation). In the 
stroma, the H+ ions, electrons from the electron transport chain, and NADP+ combine to form 
NADPH.  
 
Thus, photosynthesis is a redox process. Water molecules are split apart, and electrons and H+ are 
removed (oxidation), leaving 02 gas. These electrons and H+ are transferred to C02 (reduction), 
producing sugar.  
 
 
The Calvin Cycle: Converting C02 to Sugars.  
 
The NADPH and A TP produced in the light reactions are used in the Calvin Cycle, which occurs in 
the chloroplast's stroma. This is where carbon fixation takes place and sugar is manufactured.  
Using carbon from atmospheric C02, high-energy electrons and H+ from NADPH, and energy from 
ATP, enzymes of the Calvin cycle construct G3P, an energy-rich sugar. In turn, G3P is used to build 
glucose and other organic molecules.  
 
Many plants make more sugar than they need; the excess is stored in roots, tubers, and fruits and is a 
major food source for animals. Photosynthesis produces billions of tons of organic matter per year 
and thus sustains almost all life on Earth. Most plants are C3 plants, which take carbon directly from 
C02 in the air and use it in the Calvin cycle. In such plants, stomata in the leaf surface usually close 
when the weather is hot and dry. Although this mechanism saves water, it can cause a drop in C02 
and a build up of 02 in the leaf, diverting the Calvin cycle to an efficient process called 
photorespiration. Some plants have special adaptations that enable them to save water and avoid 
photorespiration. Special cells in C4 plants, such as corn and sugar cane, incorporate C02 into a four-
carbon compound that can donate C02 to the Calvin cycle in another kind of cell, compensating for 
the shortage of C02 when the stomata are closed. Pineapples, many cacti, and most succulents - the 
CAM plants - employ a different mechanism. They open their stomata at night and make a four-
carbon compound that is used as a C02 source by the same cell during the day.  
 
Cellular Respiration:  
 
Cells harvest chemical energy from sugars and other food molecules and bank them as ATP, in the 
process using 02 and releasing C02 and H20. A TP powers almost all cell and body activities.  
Basic Mechanism - Redox reaction.  
 
Glucose gives up energy as it is oxidized: enzymes remove electrons (as part of hydrogen atoms) 
from glucose molecules (an oxidation), and transfer them to a coenzyme, usually NAD+ (a 
reduction).  
 
The NADH formed then delivers the electrons to a series of electron carriers in an electron transport 
chain. As electrons move "downhill" from carrier to carrier, their energy is released in small 
quantities. Cells use the energy released by "falling" electrons to pump H+ ions across a membrane, 
creating a H+ gradient. The energy of the gradient is harnessed to make ATP from ADP and 
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phosphate by the process of chemiosmosis. Transferring phosphate groups from organic molecules to 
ADP - substrate-level phosphorylation, can also make ATP.  
 
Stages of Cellular Respiration and Fermentation.  
 
Cellular respiration oxidizes sugar and produces ATP in three main stages: glycolysis in the 
cytoplasm, and the Krebs cycle and the electron transport chain in the mitochondria. In the first phase 
of glycolysis, A TP energy is used to split a glucose molecule in two. In the second phase, these parts 
give up some of their energy, yielding some ATP and giving up hydrogens (electrons and H+) to 
NAD+. Glycolysis converts each original glucose into two molecules of pyruvic acid. Each pyruvic 
acid molecule then breaks down to form C02 and a two-carbon acetyl group, which enters the Krebs 
cycle. The Krebs cycle is a series of reactions in which enzymes strip away electrons and H+ from 
each acetyl group. The carbons are completely oxidized and are released as C02. Two ATP molecules 
are produced directly, but most of the glucose energy is captured in NADH and FADH2, which carry 
electrons and H+ to the electron transport chain. The electrons from NADH and FADH2 travel down 
the electron transport chain to oxygen, which combines with the electrons and H+ to form water. 
Energy released by the electrons' journey is used to pump H+ into the space between the membranes 
of the mitochondrion. In chemiosmosis, the H+ diffuse back across the inner membrane (down their 
concentration gradient) by passing through ATP synthase complexes, which capture their energy to 
make ATP. Various poisons can block the movement of electrons, block the flow of H+ through ATP 
synthase, or allow H+ to leak through the membrane. Chemiosmosis produces up to about 38  
 
A TP molecules for every glucose molecule that enters cellular respiration.  
 
Under anaerobic conditions, many kinds of cells, including those of yeasts and certain bacteria, can 
use glycolysis alone to produce small amounts of ATP from each glucose molecule. The pyruvic acid 
produced may be converted to other substances, such as alcohol and C02 (alcoholic fermentation), or 
lactic acid (lactic acid fermentation), recycling the NAD+ needed to keep glycolysis working. Human 
muscle cells use lactic acid fermentation to make A TO for short periods when oxygen is in short 
supply.  
 
Molecules other then glucose can fuel cellular respiration. Polysaccharides can be hydrolyzed to 
monosaccharides and then converted to glucose for glycolysis. Proteins can be digested to amino 
acids, their amino groups disposed of in urine, and their remains oxidized in the Krebs cycle. Fats, 
rich in hydrogen, electrons, and energy, are broken up and fed into glycolysis and the Krebs cycle.  
 
In addition to energy, cells need raw materials for growth and repair. Some are obtained directly 
from food. Others are made from intermediates in glycolysis and the Krebs cycle. Biosynthesis 
consumes ATP. All organisms have the ability to harvest energy from organic molecules. Plants (but 
not animals) can also make these molecules from inorganic sources by the process of photosynthesis.  
 
The chemical basis of life as it relates to larger environmental issues.  
 

• The structure of atoms, molecules, bonds in relationship to carbon, which leads to Global 
Warming. Because of the increased burning of fossil fuels, the atmospheric C02 is 
increasing. C02 warms Earth's surface by trapping heat in the atmosphere the greenhouse 
effect. Excess C02 and other greenhouse gases are contributing to global warming. 
Because photosynthesis removes C02 from the atmosphere, it moderates the greenhouse 
effect; unfortunately, deforestation may cause a decline in global photosynthesis. The 02 
in the atmosphere results from photosynthesis. Solar radiation converts 02 high in the 
atmosphere to ozone (03), which shields organisms on earth's surface from the damaging 



Development of this review sheet was made possible by funding from the US Department of Education 
through South Dakota’s EveryTeacher Teacher Quality Enhancement grant. 

effects of UV radiation. Industrial chemicals called CFCs have hasten ozone breakdown, 
causing dangerous thinning of the ozone layer, but international restrictions in these 
chemicals are allowing recovery 

• Chemistry behind pH in relationship to acid rain  
 

The molecular basis of energy - photosynthesis and energy generation, and the energy generation of 
cellular respiration and the energy used to store carbon. A detailed picture of the biological structure 
of important molecules - proteins, carbohydrates, lipids, glucose, aerobic metabolites - is developed, 
and how these different compounds can be used for energy generation. Thermodynamics and free 
energy are expanded upon as a background for understanding metabolism - Krebs cycle and 
glycolysis, and the pathways associated with oxidative phosphorylation.  
 
BIOL 354 expands the concepts developed in BIOL 234 to build a more biochemical understanding 
of the structures and processes. An integral part of this biochemical understanding is enzyme 
structure and function, including catalysis mechanisms and regulations.  
 
BIOL 225 builds on 2 semesters of chemistry and expands this to an examination of pH 
measurement and how chemical buffers function in the regulation of the physiological process. 
Respiration is closely discussed at the system level, as is the bioenergetics of metabolism, 
glucose, lipids, and proteins. Also discussed in detail, and investigated in lab, is measurement of 
the amount of molecules in physiological systems e.g. hemoglobin analysis.  


