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Review of DNA; RNA 

Protein Synthesis: Transcription and Translation 

The Cell 

Anatomy and Physiology I 
 

Dr. Bruce Kahn 

 General Information 

• Who am I? 

– Greg Erianne, Ph.D. 

– Office SH 205 

– E-mail - CCM: gerianne@ccm.edu 

– Telephone; 973-328-5377 (voice mail) 

 

–  Web site: http://www.gserianne.com/science/GerianneBio101/ 

 

– **The slides I’m using tonight are taken from my slides for Lectures 6, 7, 

and 8 on the Web site. 
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Lecture Overview – Part 1 

• Review of DNA 

• DNA Replication? 

• Overview of protein synthesis 

• Transcription 

• Translation 

• The genetic code 

• The fate of cellular proteins 
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Structure of Genetic Information - Review 

• two antiparallel 

polynucleotide chains 

 

• hydrogen bonds hold 

nitrogenous bases together 

 

• bases pair specifically (A-T 

and C-G) 

 

• forms a helix 

 

• DNA wrapped about histone 

proteins forms chromosomes 

Figure from: Hole’s Human A&P, 12th edition, 2010 
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DNA Replication 

The precise, accurate replication of DNA is ESSENTIAL 

to cellular health and viability. 

DNA replication 

occurs during 

INTERPHASE of the 

cell cycle (in S phase). 

Figure from: Martini, “Human Anatomy & Physiology”, Prentice Hall, 2001 
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DNA Replication 

Figure from: Martini, “Human Anatomy & 

Physiology”, Prentice Hall, 2001 

THINGS TO NOTE: 

1. Replication fork is 

asymmetrical 

2. New strands are 

synthesized in a 5’ to 

3’ direction 

3. DNA polymerase has 

a proofreading 

function (1 mistake in 

109 nucleotides 

copied!) 

4. Semi-conservative 

replication 

5’ 

5’ 

5’ 

5’ 

3’ 

3’ 

5’ 

3’ 

3’ 

3’ 
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RNA (Ribonucleic Acid) 

RNA, like DNA, is a 

polynucleotide with a sugar, a 

phosphate, and a nitrogenous 

base. 

However, RNA has some very 

important differences: 

 - uses the pentose sugar, ribose 

 

 - uses the nitrogenous base, uracil 

(U) , in place of thymine (T) 

 - usually exists as a single-

stranded molecule 

What base do 

you think 

Uracil is 

capable of 

hydrogen 

bonding with?  

Figure from: Hole’s 

Human A&P, 12th 

edition, 2010 
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mRNA Molecules 

Messenger RNA (mRNA) - 

• delivers copy of genetic 

information from nucleus to the 

cytoplasm 

 

• single polynucleotide chain 

 

• formed beside a strand of DNA 

 

• RNA nucleotides are 

complementary to DNA 

nucleotides (but remember, no 

thymine in RNA; replaced with 

uracil)  

 

• making of mRNA from a DNA 

template is transcription 
Figure from: Hole’s Human A&P, 12th edition, 2010 
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tRNA Molecules 

Figure from: Alberts et al., 

Essential Cell Biology, Garland 

Press, 1998 

Transfer RNA (tRNA) – the adapters in translation 

• carries amino acids to mRNA 

• carries anticodon to mRNA 

• translates a codon of mRNA into an amino acid 
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rRNA Molecules 

Ribosomal RNA (rRNA) – 

• provides structure and 

enzyme activity for 

ribosomes 

 

• ribosomes are necessary 

for protein synthesis 

 

Figure from: Alberts et al., 

Essential Cell Biology, Garland 

Press, 1998 
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Transcription and Translation: Making proteins 

12 

Central Dogma of Molecular Biology 

Applicable to all cells 

from bacteria to humans. 

 

Genetic information flows 

from: 

DNA  RNA  Protein 

(Central Dogma) 

 

Transfer of information 

into protein is irreversible 

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998 
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Overview of Protein Synthesis 
Figure from: Hole’s Human A&P, 12th edition, 2010 
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Transcription 

Recall that the nitrogenous bases 

in nucleic acids can hydrogen 

bond to each other in a 

complementary fashion. 

A  T (U)      and        G  C 

Thus, one strand of a nucleic acid 

(a gene) can serve as a template for 

the generation of a new strand. 

Note that transcription takes place in 

the NUCLEUS of the cell. 

The generation of mRNA (nucleic acid) from DNA (nucleic acid) 

* 

Figure from: Hole’s Human A&P, 12th edition, 2010 
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Transcription 

Figure from: Martini, Human Anatomy & Physiology, Prentice Hall, 2001 
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Transcription 

Genes are directional; the template for making a protein is 

located on ONE strand (usually) of DNA 

DNA of chromosome 

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998 

REMEMBER: 

 Template  Transcribed (“Template strand is transcribed”) 

 Coding  Codon (“Coding strand LOOKS LIKE the codon”) 

Coding 

Template 
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Eucaryotic Genes Are Not Continuous 

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998 
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mRNA Modification 

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998 

Newly made eukaryotic 

mRNA molecules 

(primary transcripts) 

undergo modification in 

the nucleus prior to 

being exported to the 

cytoplasm. 

1.  Introns removed 

2.  5' guanine cap added 

3.  Poly-A tail added 
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Translation 

• How does the cell convert (translate) the 

symbols of nucleic acid into the symbols of 

amino acids? 

 

• Does this happen directly, or is there some 

intermediate, e.g., a key of some sort? 

Generation of a polypeptide (amino 

acids) from mRNA (nucleic acids) in 

the cell’s cytoplasm 

* 
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The Genetic Code 

1. There are a TOTAL of 64 possible codons… 

2. Of these 64 codons, 61 are actually used to code for amino acids 

3. Notice that more than one codon may correspond to a specific 

amino acid. 
Table from: Hole’s Human A&P, 12th edition, 2010 
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The Genetic Code 

24 

Overview of Translation 

Transfer RNAs (tRNA) function as 

‘adapters’ to allow instructions in the 

form of nucleic acid to be converted 

to amino acids. 

Figures from: 

Martini, 

Anatomy & 

Physiology, 

Prentice Hall, 

2001 
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Attachment of Amino Acids to tRNA 

How is the correct amino acid associated with its corresponding tRNA? 

Enzymes!  (aminoacyl-tRNA synthetases) 

There are 20 synthetase enzymes; one for each amino acid 

‘Charged’ 

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998 
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Translation 

Figure from: Martini, Human Anatomy & Physiology, Prentice Hall, 2001 

Ribosomes in the cytoplasm are critical to the 

generation of proteins during translation 
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Translation 

Figure from: Martini, Human Anatomy & Physiology, Prentice Hall, 2001 
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Translation 

Figure from: Martini, Human Anatomy & Physiology, Prentice Hall, 2001 

One of three possible 

STOP codons (UGA, 

UAG, UAA) 

So, what is the set of 

‘rules’, the key, by which a 

particular codon 

corresponds to a particular 

amino acid (aa) called? 
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Review of Protein Synthesis 
Figure from: Hole’s Human A&P, 12th edition, 2010 
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The Fate of Proteins in the Cell 

• Breakdown of proteins regulates the amount of a given 

protein that exists at any time. 

• Each protein has unique lifetime, but the lifetimes of 

different proteins varies tremendously. 

• Proteins with short life-spans, that are misfolded, or that 

become oxidized must be destroyed and recycled by the cell. 

Enzymes that degrade proteins are 

called proteases.  They are hydrolytic 

enzymes.   

Most large cytosolic proteins in 

eukaryotes are degraded by enzyme 

complexes called proteasomes. 
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Find the AMINO ACID SEQUENCE that corresponds to the 

following gene region on the DNA: 

Template ->  G A T T G A A T C 

Coding    ->  C T A A C T T A G 

32 

ATP – An Activated Carrier Molecule 

• each ATP molecule has three parts: 

• an adenine molecule 

• a ribose molecule 

• three phosphate molecules in a chain 

High-energy bonds 

Figure from: Hole’s Human 

A&P, 12th edition, 2010 

• ATP is a readily interchangeable form 

of energy for cellular reactions 

(“common currency”) 

 

Figure  From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson 

Be able to 

explain or 

diagram this 

ATP carries its energy in the form 

of P (phosphate) 
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• Cell Membranes 

• Movement across cell membranes 

• Specialization and differentiation of cells 

• General characteristics of cells 

• Cellular Organelles 

• The Cell Cycle 

• Mitosis 

• Cell Death 

• Stem Cells and Progenitor Cells 

Lecture Overview – Part 2 
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Cell Membrane 

• outer limit of cell; isolates cell 

• controls what moves in and out of cell - 

selectively permeable 

•phospholipid bilayer  
• water-soluble “heads” form outer surfaces 

• water-insoluble “tails” form interior 

• permeable to lipid-soluble substances only 

 
• cholesterol stabilizes the membrane 

• proteins 
• receptors 

• pores, channels, carriers 

• enzymes 

• CAMS 

• self-markers 

• self-sealing 
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Cell Membranes 

Figure from: Martini, Anatomy & Physiology, Prentice Hall, 2001 
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A Transmembrane Protein 

Membrane 

Lipids 

Hydrophilic 

channel 

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998 
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Cells Are Specialized 

• vary in size 

• vary in shape 

• vary in function 

• measured in micrometers 

Figure from: Martini & Ober, Visual Anatomy & 

Physiology, Human A&P, 1st edition, 2010 

Differentiated = Specialized 

38 

A Composite Cell 

• hypothetical cell 

• major parts 

• nucleus 

• cytoplasm 

• cell membrane 

Figure From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson 
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Cytoplasmic Organelles 

Endoplasmic Reticulum 
Figure from: Hole’s Human A&P, 12th edition, 2010 
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Cell Nucleus 

• control center of cell 

• nuclear envelope 

(membrane) 
• porous double membrane 

• separates nucleoplasm from 

cytoplasm (*eukaryotes only) 

• nucleolus 
• dense collection of RNA and 

proteins 

• site of ribosome production 

• chromatin 
• fibers of DNA and proteins 

• stores information for synthesis 

of proteins 
Figure From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson 
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Cytoplasmic Organelles - Endoplasmic Reticulum 

Ribosomes 

• free floating or connected to ER 

• site of protein synthesis 

Endoplasmic Reticulum 

• connected, membrane-bound 

sacs, canals, and vesicles 

• transport system 

•smooth ER 
• lipid and cholesterol synthesis 

• breakdown of drugs 

•rough ER 
• studded with ribosomes 

• protein and lipid synthesis 

 Figure From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson 
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Cytoplasmic Organelles 

Mitochondria and Golgi Apparatus 
Figure from: Hole’s Human A&P, 12th edition, 2010 
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A Closer Look at Mitochondria 

Strategically 

placed in cell 

where ATP 

demand is high 

Concentration of enzymes in the matrix is so high that there is 

virtually no hydrating water.  Enzyme-linked reactions and 

pathways are so crowded that normal rules of diffusion do not apply! 

Figure from: Martini, Anatomy & Physiology, Prentice Hall, 2001 

(Impermeable to charged or polar molecules) 

Mitochondria 

• membranous sacs with 

inner partitions 

• contain their own DNA 

• generate energy 
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Golgi Apparatus 
Golgi apparatus 

• group of flattened, membranous sacs (cisternae) 

• modifies, packages, and transports proteins 

Figure From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson 
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Cytoplasmic Organelles 

 Transport from Nucleus  Membrane 

Figure From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson 
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Lysosomes 

Lysosomes 

  - Spherical membranous sacs 

containing digestive enzymes 

(proteins) 

  - "suicide sacs" which safely 

destroy anything the cell no 

longer wants or needs 

  - Autolysis is the process by 

which worn cell parts are 

digested by autophagy 

TEM (falsely colored) 

14,100x 

Figure from: Hole’s Human A&P, 12th edition, 2010 
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Peroxisomes 

Peroxisomes: 

  - Membranous sacs containing oxidase enzymes; 

  - Function = detoxification of harmful or toxic substances (i.e.     

          alcohol, formaldehyde, oxygen free radicals); 

  - H2O2 (hydrogen peroxide) ----> water. 

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998 
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Centrosomes 

Centrosome 

• two rod-like centrioles 

 

• used to produce cilia 

and flagella 

 

• forms mitotic spindle 

that distributes 

chromosomes during cell 

division 

Figures From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson 
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Microfilaments and microtubules – form cytoskeleton of cell 

• thin rods and tubules 

• support cytoplasm 

• allows for movement of organelles 

Microfilaments/Microtubules 

Figures From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson 
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Microfilaments/Microtubules 
Figure from: Hole’s Human A&P, 12th edition, 2010 
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The Cell Cycle 

• series of changes a cell 

undergoes from the time it 

forms until the time it divides 

 

• stages  

• interphase 

• mitosis 

• cytoplasmic division 

• differentiation 

Differentiated cells may spend all their time in ‘G0’ (neurons, skeletal muscle, red 

blood cells).   Stem cells may never enter G0 

Figure From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson 

Why the Cell Cycle Must Have Controls 

1. DNA/Cell replication must not proceed unless a ‘signal to 
proceed’ is received 

 

2. DNA must be completely and correctly replicate before 
mitosis takes place otherwise it should not occur. 

 

3. Chromosomes must be correctly positioned during mitosis 
so they are separated correctly 
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Five Controls of the Cell Cycle 

• cell division capacities vary greatly among cell types 
• skin and bone marrow cells divide often 

• liver cells divide a specific number of times then cease 

1. chromosome tips (telomeres) that shorten with each mitosis 

provide a mitotic clock (cell senescence) 

2. cells divide to provide a more favorable surface area to 

volume relationship 

3. growth factors and hormones stimulate cell division 
• hormones stimulate mitosis of smooth muscle cells in uterus 

• epidermal growth factor stimulates growth of new skin 

Tumors are the consequence of a loss of cell cycle control 

4. contact inhibition 

5. Cyclins and Cyclin-dependent kinases provide central control 

54 

Mitosis and Meiosis 
Figures from: Martini, Anatomy & Physiology, Prentice Hall, 2001 

Mitosis – production of two identical diploid daughter cells 

Meiosis – production of four genetically varied, haploid gametes 
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Cell Death 

• Two mechanisms of cell death 

– Necrosis 

– Programmed cell death (PCD or apoptosis) 

• Necrosis 

– Tissue degeneration following cellular injury or 
destruction 

– Cellular contents released into the environment 
causing an inflammatory response 

• Programmed Cell Death (Apoptosis) 

– Orderly, contained cell disintegration 

– Cellular contents are contained and cell is 
immediately phagocytosed  
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Necrosis vs. Apoptosis 

Necrosis 

Apoptosis Figure from: Alberts et al., Essential Cell Biology, Garland Press, 1998 



28 

57 

Cellular 

Pathways 

of 

Apoptosis 

Figure from: 

http://www.ambion.

com/tools/pathway/p

athway.php?pathwa

y=Cellular%20Apo

ptosis%20Pathway 
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Failure of Apoptosis - Syndactyly 

Photo from: http://en.wikipedia.org/wiki/Apoptosis 
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Review 

 

• A gene is a stretch of DNA that contains the 
information to make protein 

 

• A genome contains all the genes of an 
organism 

 
 

• The Genetic Code is the method used to 
translate a sequence of nucleotides of DNA 
into a sequence of amino acids 
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Review 

• The genetic information of the cell is 
contained in its nuclear DNA 

– DNA is packaged in the nucleus into chromatin 
(DNA plus histone proteins) 

– DNA is a anti-parallel, double-stranded helical 
polynucleotide containing deoxyribose 

– Four bases are used in DNA:  

• Purines (double ring): Adenine (A), Guanine (G) 

• Pyrimidines (single ring): Cytosine (C), Thymine (T) 

– A pairs with T using two (2) hydrogen bonds 

– G pairs with C using three (3) hydrogen bonds 
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Review 

• RNA is a polynucleotide with important 

differences from DNA 

– Uses Uridine (U) rather than Thymine (T) 

– Uses the pentose sugar, ribose 

– Usually single-stranded 

• There are three important types of RNA 

– mRNA (carries code for proteins) 

– tRNA (the adapter for translation) 

– rRNA (forms ribosomes, for protein synthesis) 
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Review 

• DNA replication 

– During interphase 

– Creates an identical copy of the genetic information 

– Semi-conservative replication (one old, one new 

strand) 

– Uses DNA polymerase 

• Matches complementary bases with template 

• Replication forks 

• Error-correcting capability 



31 

63 

Review 

• Mutations are errors in the genetic material 

(DNA) 

– May affect the end-product, i.e., the protein 

– Vary in type and severity 

– Must become ‘fixed’ in the cell to be passed to 

future generations (sickle cell disease) 

• Mutations at the chromosomal level may be 

caused by 

– Deletions 

– Translocations 

– Extra copies of chromosomes 
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Review 

• Genetic information flow in the cell is from  
  DNA  RNA  Protein   
 (Central dogma of molecular biology) 

• Transcription generates mRNA from DNA 

• Translation generates polypeptides (proteins) from 
mRNA using tRNA and ribosomes 

• The genetic code is the set of specific instructions 
for translating nucleic acid information into 
proteins 

• The life-span of proteins in the cell is limited by 
degradation by proteases in complexes called 
proteasomes. 
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• The cell is 

– The structural and functional unit of all living matter 

– Smallest body structure that can perform the functions of 
‘life’ 

• Cells must specialize and differentiate, e.g., neurons 
(nerve cells) and muscle cells 

• All eukaryotic cells have four major components in 
common 

– Nucleus 

– Cell membrane 

– Cytosol 

– Organelles 

– Inclusions 

Lecture Review 
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Lecture Review 

TRANSPORT 

PROCESS   

IS 

ENERGY 

NEEDED? 

CONCEN- 

TRATION 

GRADIENT 

GENERAL 

DESCRIPTION 

EXAMPLE 

IN  

HUMANS 

 

SIGNIFICANCE 

SIMPLE 

DIFFUSION 

NO [HIGH] 

TO 

[LOW] 

spreading out of 

molecules to 

equilibrium 

O2 into cells; CO2 

out of cells. 

Cellular  

Respiration 

FACILITATED 

DIFFUSION 

NO [HIGH] 

TO 

[LOW] 

Using a special 

cm carrier protein 

to move 

something 

through the cell 

membrane (cm) 

Process by which 

glucose enters 

cells 

OSMOSIS NO [HIGH] 

TO 

[LOW] 

water moving 

through the cm to 

dilute a solute 

maintenance  

of osmotic 

pressure of 0.9%. 

Same 

FILTRATION NO [HIGH] 

TO 

[LOW] 

using pressure to 

push something 

through a cm 

(sprinkler hose) 

manner in which 

the kidney filters 

things from blood 

removal of 

metabolic wastes 
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Lecture Review 

TRANSPORT 

PROCESS   

IS 

ENERGY 

NEEDED? 

CONCEN- 

TRATION 

GRADIENT 

GENERAL 

DESCRIPTION 

EXAMPLE 

IN  

HUMANS 

 

SIGNIFICANCE 

ACTIVE 

TRANSPORT 

YES [LOW] 

TO 

[HIGH] 

opposite of 

diffusion at 

the expense 

of energy 

K+-Na+-ATPase 

pump 

maintenance of the 

resting 

membrane 

potential 

ENDOCYTOSIS YES [LOW] 

TO 

[HIGH] 

bringing a 

substance  

into the cell 

that is too 

large to 

enter by 

any of the 

above 

ways; 

Phagocytosi: cell 

eating; 

Pinocytosis: cell 

drinking. 

Phagocytosed 

(foreign) 

particles 

fuse with 

lysosomes 

to be 

destroyed 

help fight infection 

EXOCYTOSIS YES [LOW] 

TO 

[HIGH] 

expelling a 

substance 

from the 

cell into 

ECF 

Exporting  

proteins; 

dumping 

waste 

Same 

68 

Cellular Organelles 

CELL COMPONENT DESCRIPTION/ 

STRUCTURE 

FUNCTION(S) 

CELL MEMBRANE Bilayer of phospholipids with proteins 

dispersed throughout 

cell boundary; selectively permeable 

(i.e. controls what enters and 

leaves the cell; membrane 

transport) 

CYTOPLASM jelly-like fluid (70% water) suspends organelles in cell 

NUCLEOLUS dense spherical body(ies) within 

nucleus; RNA & protein 

Ribosome synthesis 

RIBOSOMES RNA & protein; dispersed throughout 

cytoplasm or studded on ER 

protein synthesis 

ROUGH ER Membranous network studded with 

ribosomes 

protein synthesis 

SMOOTH ER Membranous network lacking 

ribosomes 

lipid & cholesterol synthesis 

GOLGI “Stack of Pancakes”; cisternae modification, transport, and packaging 

of proteins 

Table 1 of 2 
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Cellular Organelles 

CELL COMPONENT DESCRIPTION/ 

STRUCTURE 

FUNCTION(S) 

LYSOSOMES Membranous sac of digestive enzymes destruction of worn cell parts 

(“autolysis) and foreign particles 

PEROXISOMES Membranous sacs filled with oxidase 

enzymes (catalase) 

detoxification of harmful substances 

(i.e. ethanol, drugs, etc.) 

FLAGELLA long, tail-like extension; human sperm locomotion 

CILIA short, eyelash extensions; 

human trachea & fallopian tube 

to allow for passage of substances 

through passageways 

MICROVILLI microscopic ruffling of cell membrane increase surface area 

CENTRIOLES paired cylinders of microtubules at 

right angles near nucleus 

aid in chromosome movement during 

mitosis 

Table 2 of 2 

Review 
• The Cell Cycle 

– series of changes a cell undergoes from the time it 

forms until the time it divides 

–  stages can include 

•  interphase  (G1, S, G2) 

•  mitosis (PMAT) 

•  cytoplasmic division (cytokinesis) 

•  differentiation (G0; exit from cell cycle) 

70 
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Review 

• Cell Death occurs by two processes 

– Necrosis 

• Sudden insult to cell causing rapid death 

• Causes inflammation in surrounding tissues 

– Programmed Cell Death (apoptosis) 

• Planned, orderly shutdown of cell 

• Ubiquitous in normal cellular processes 

• Does not cause inflammation of surrounding tissues 
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Review 
• Mitosis 

– Identical daughter cells 

– Diploid number of chomosomes 

• Meiosis 

– Used by sex cells 

– Genetically varied daughter cells 

– Haploid number of chomosomes 

• Stem cells – can produce many, if not all, other 

cell types 

• Progenitor cells – can produce only a limited 

number of cell types  

 72 


