
Foundations of Biochemistry –
Dental Course 

Text: Nelson & Cox-Lehninger  

         Principles of Biochemistry (5th ed 2008) 



Objectives 
1.  Recognize that cells are composed of structural and functional units: 

a.  Plasma membrane 
b.  Cytoplasm 
c.  Cytosol 
d.  Ribosomes 
e.  Small metabolites 
f.  Coenzymes 
g.  Nucleus 
h.  Genome 

 
2.  Recognize that life consists of 3 domains: 

a.  Archaebacteria 
b.  Eubacteria 
c.  Eukaryotes 

 
3.  Distinguish between components of Eukaryotes and Prokaryotes. 



4.  Classify organisms according to energy and carbon acquisition: 
a.  Phototrophs 
b.  Chemotrophs 
c.  Antotrophs 
d.  Heterotrophs 

i.  Lithotrophs 
ii.  Organotrophs 

 
5.  Identify common bonds in biomolecules and dissociation energies 
         Recognize the importance of sunlight as energy source for life. 
 
6.  Recognize common functional groups of biomolecules. 

7.  Identify molecular components in E. coli cell: 
a.  By percentage weight. 
b.  By number of different molecular species. 

 



8.  Recognize that complex molecules are often linear polymers of simple 
molecules. 

a.  3D structures 
b.  Optical activity 
 [Note Sections 1.3 Physical Foundation and Section 1.4 Genetic 
Foundation will be covered in depth at appropriate times during 
the course] 

 
9.  Recognize that heritable instructions allow evolution. 

a.  Mutations 
b.  A biotic production of biomolecules 
c.  Landmarks in the evolution of life in earth. 
 

10.  Identify organisms in which Genomes have been sequenced. 
 
11.  Recognize importance of genomic comparisons in biology and 

medicine. 
[Form a discussion of benefits and/or risks of genomic research]. 





Å    Angstrom = 10 -8       cm 

Part per million (ppm) = 1mg/L  



Comparative Sizes of Biomolecules, Viruses and Cells 









Examples of nano-
particles used in 
medicine 

N. Eng J Med 363:25 
(Dec 16, 2010)  



Electron microscope resolution  
= 0.05nm or 0.5A 



What is the Fundamental 
Source of All Life on Earth? 



 
 



ENERGY OUTPUT FROM SUN 
"  3.8 x 1023 kw-hr energy per hr 
"  170,000 TW strike earth (TW=trillion 

watts) 
"  One third of enegy reflected back into 

space 
"  Current useable energy is ca 13 TW 
"  By 2050 ca 43 TW of energy will be 

needed 













Microbes co-inhabiting our 
bodies  outnumber human 
cells by a factor of 10. 
They account for 90% of 
all protein-encoding cells 
       They protects us from 
pathogens,  synthesize  
essential vitamins,enzymes 
for digestion andcontribute 
to such human factors as 
obesity, food digestion and 
pill metabolism. 
    Imbalances of microbes 
can result in auto-immune 
diseases such as  Crohn’s 
and skin disorders like 
eczema and psoriasis.  



In the mouth, bacteria in saliva can be different from that on the teeth. 
 

In fact, bacteria on one tooth may be different from the tooth next to it. 























Six elements are 
the most 
essential for life: 
C, H, O, N, P, S 
A microbe in 
California can 
substitute As for 
P as part of DNA 





 Hg- Americans are walking around with more than 
1,000 tons of mercury in their mouths 

Chem & Eng 
News 7/28/08 



Amalgam separators are 
available for between $750 
and $3,000 which can trap 
about 95 – 99% of Hg in 
drain wash but most states 
do not require them. 



Ultimate Disposal of Mercury in Teeth 
(what happens to fillings in cremated corpses?) 

 Crematoria in Europe must filter Hg released from dental 
amalgams; In the US the EPI does not regulate Hg 
emissions from smokestacks however about 6,600 #’s 
(3.3 tons) of Hg were released into the environment in 
2005. 

This problem may last until about 2055 when Hg fillings fall 
out of use. 

 
 
 
Ref. Chem & Eng News  June 28, 2010   p 41 



"  So if there may be a problem with amalgams, 
what other options are available? 

"  Resin-based dental materials can be used but 
these commonly contain Bisphenol A (BPA) 
which can be intra-orally released from the 
biting surface of the teeth. 

"  Children with higher cumulative exposure to 
BPA derivatives demonstrated impaired 
psychosocial behavior compared to children 
treated with amalgams. (Ref. Pediatrics 2011-3374) 

"  Lesson: BE AWARE of RISK OF FILLING TYPE 

















































Introduction to “-omics” 
Def.  The term –omics represents the rigorous study of various 

collections of molecules, biological processes or physiological 
and structures such as systems, represented most prominently 
by genomics. 

 
The human genome encodes over 30,000 genes and generates 

more than 100,000 functionally distinct proteins. Most genes 
have small sequence differences (polymorphisms) that occur 
between individuals at about every 1,500 base pairs.  SNPs 
make up about 90% of all human genetic variability.  

 
Allele – any one of a number of alternate forms of the same gene 
Genotype – the genetic material in the chromosome  
Phenotype – properties of an organism that are produced by 

interaction with the environment 
 
 



Genetic Variation and Dental Care JADA 140:896, 2009 
Dental care – related anxiety, fear of dental pain and 

avoidance of dental care may be influenced by genetic 
variations.  

An example is naturally red haired persons who have a 
melanocortin-1 receptor gene variant which causes 
them to be resistant to subcutaneous local anesthetics 
(ie tooth-numbing drugs like novocaine). 

Consequently, these persons experience troublesome 
episodes during  dental procedures, develop a fear of 
dental care and avoid all future checkups. 

(a possible solution is to use a relaxant such as valium during treatments)  





70-90 % of risk for 
diseases is due to 
environmental exposures. 
The term  EXPOSOME 
refers to the totality of 
environmental exposures 
from conception onward. 





Genetic Tests Available 
Abdominal aneurism               Lung cancer  
Alzheimers disease                       Lupus 
Arterial fibrulation                        Macular degeneration  
Brain aneurism                            Melanoma  
Breast cancer                              Multiple sclerosis  
Celiac disease                              Obesity 
Crohn’s disease                            Osteoarthritis  
Deep vein thrombosis                   Prostate cancer  
Diabetes type 2                            Psoriasis  
Glaucoma                                    Restless leg syndrome  
Graves’ disease                            Rheumatoid arthritis  
Heart attack                                 Sarcoidosis 
Hemochromatosis                         Stomach cancer (diffuse) 
Lactose intolerance  

                               Cost $500 (2009) 



Practice Exercises 
CHAPTER 1 



 A 1% solution of NaF equals how many ppm’s? 
a.  1  
b.  10 
c.  100 
d.  1000 
e.  10,000 
 
 1% = 1g/100 ml  = 10g/L x 1000mg/g = 10,000mg/L  

  1 ppm = 1 mg/L  so ans is 10,000 ppm (e) 

 



1.    A Eukaryotic cell is homogenized and centrifuged at 
150,000 xg for 1 hour. The pellet will contain all of 
the following EXCEPT which one? 

a.  Organelles 
b.  Ribosomes 
c.  Enzymes 
d.  Mitochondria 
e.  Endoplasmic reticulum 

c.  Enzymes 



2.  The basic difference between prokaryotes and 
eukaryotes is: 

• Presence of a nuclear envelope. 

• Bacteria have a nucleid which has no membrane. 

• Eukaryotes have a nucleus which has a 
 double membrane. 



3.  Small cells have a (large, small) surface/volume ratio 

 so O2 diffusion is (easy, difficult). 

• Small cells have a large surface/volume ratio so 
 O2 diffusion is easy. 

• Large cells have a small surface/volume ratio 

  so O2 diffusion is difficult. 



"  Anabolic activity takes place in which of 
the following?  (hint check ALL that are correct)  

   A.  Cytosol 
   B.  Lysosomes 
   C.  Mitochondria  
   D.  RER  
   E.  SER 

 



4.  An example of a level 3 supramolecular complex is: 

a.  DNA 
b.  Cellulose 

c.  Plasma membrane 

d.  The cell 

e.  Nucleotide 

c.  Plasma membrane 



5.  The plasma membrane is a barrier to free passage 
of: 

a.  Na+ 
b.  K+ 

c.  Polar molecules 

d.  Charged molecules 

e.  All of these e.  All of these 



6.  Both plant and animal cells contain: 

a.  Thylakoid membrane 
b.  Central vacuole 

c.  Glyoxysomes 

d.  Chloroplasts 

e.  Rough endoplasmic reticulum e.  Rough endoplasmic reticulum 



7.  An element essential for life with the highest molecular 
weight is: 

a.  Chromium 
b.  Copper 

c.  Iodine 

d.  Iron 

e.  Selenium 

c.   Iodine 



8.  Which of the following is characterized as an 
essential trace element? 

a.  Aluminum 

b.  Chlorine 

c.  Hydrogen 

d.  Magnesium 

e.  Sodium 

d.  Magnesium 



9.  For a chiral carbon atom which substrate has 
 (a) the highest, (b) the lowest priority? 

a.  -NH 

b.  -CHO 

c.   CH2OH 

d.  -OH 

e.  -CH3 

d.  -OH (highest) 

e.  -CH3 (lowest) 



10.  The primitive atmosphere of earth contained all the  

  following gases, EXCEPT which one? 

a.  H2O 

b.  O2 

c.  NH3 

d.  CH4 

e.  H2 

b.  O2 



11. Genome sequences have been obtained for all the 
   following species, EXCEPT which one? 

a.  Fruit fly 
b.  Roundworm 

c.  Rice 

d.  Mouse 

e.  All of these have been sequenced e.  All of these have been sequenced 




