
                         DNA Encodes Information 

(We know what it looks like; so how does it work) 

Ultimately, the way the nucleus controls events in the cytoplasm are by having (or 

by not having) proteins made. For example, why is a kidney cell a kidney cell and 

not a liver cell? A kidney cell produces proteins that are unique to kidney cells. 

The nucleus is telling the cytoplasm to produce enzymes and other proteins that are 

found in a kidney cell. 

So proteins are very important, especially enzymes. All of the life functions we 

studies earlier are enzyme controlled. 

At this point like all conscientious Biologists we must now digress and study a bit 

of chemistry. 

Protein Structure: 

Proteins are made from 20 building blocks called Amino Acids (AA for short). 

Amino Acids are linked one after the other like beads on a string by peptide bonds. 

(That is why they are sometimes called polypeptides.) 

Now for one of the great mysteries of life… 

Question: How can one organism make millions of different proteins each with so 

many different properties from just 20 different building blocks?  

Answer: Proteins are like Tinker Toy sets; they fold or assemble themselves into 

different shapes and structures. 

Question: Well that did not help too much. How does a protein “know” how to fold 

itself into one shape and not another? 

Answer: The orders of the Amino Acids on the polypeptide molecule determine the 

shape and function of the protein molecule. Amino Acids interact with each other 

(one example is hydrogen bonding) and depending on what Amino Acid is where 

they will assemble into a specific three dimensional structure. It is like one large 

Tinker Toy. If you change one Amino Acid you will nudge, shove or otherwise 

perturb the structure of the protein so it does not have the same structure any more.  
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So our take home message for the day is that the linear information on DNA 

“codes” for the linear information of the protein molecule. Simply said, the order 

of bases on DNA determines the linear information on the protein molecule. 

Review: DNA is replicated into DNA. 

              DNA is transcribed into RNA 

RNA is not the same as DNA 

1) RNA is a single strand of nucleotides. (actually – that is almost never true) 

2) RNA uses ribose and not deoxyribose as its sugar group.  

3) RNA uses Uracil (U) instead of Thymine (T). 

Remember Thymine is a single ringed pyrimidine. Uracil has a very similar 

structure that also can form two hydrogen bonds to the Purine Adenine (A). If you 

had trouble understanding that last sentence you had better review the last set of 

notes I gave you. 

Let‟s transcribe some RNA. 

Notice that only one strand of DNA is transcribed. 
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This RNA is transported to the cytoplasm to direct protein synthesis. That‟s why it 

is called messenger RNA (mRNA). 

The linear information of mRNA is now translated into the linear information (ie; 

the Amino Acid sequence) of the protein molecule) Remember the organelle 

involved? Why of course the ribosome! 

Historical side note:  The Fundamental Dogma 

of Genetics was first known as the Jacob-Monod 

hypothesis.  They proposed that DNA was a 

bluepint and that ribosomes were factories that 

worked according to the blueprint.  Of course 

DNA is in the nucleus and ribosomes were in the 

cytoplasm.  They were the first to suggest an 

intermediate mRNA which had not been 

discovered yet.  We will hear more of  Jacob & 

Monod later when we study gene regulation. 

http://www.bookrags.com/research/jacob-monod-hypothesis-wob/ 

Now we an intriguing problem: We have 20 different Amino Acids but we only 

have four different kinds of nucleotides on the mRNA. Obviously one nucleotide 

cannot “code “for one Amino Acid because there simply are not enough 

nucleotides. Maybe the ribosome “reads” pairs of Nucleotides together as codes for 

the different Amino Acids. For example the mRNA we constructed earlier could be 

read as follows; 

mRNA-------CG  AU  GU  GA  UU  GA  

Where CG codes for one Amino Acid; and AU for another; and GU for another 

and so on… 

Nope… that will not work because reading nucleotides in pairs only gives us 16 

different combinations. Write them out…GG, GA, GU, GC, AG, AA, AU, AC, 

UG, UA, UU, UC, CG, CA, CU, CC. 

Remember when I said that Biologists have to be Mathematicians. Let‟s calculate 

the number of combinations without writing them out. Nucleotides read as pairs 

means that for any given pair, there are four possible nucleotides that can occupy 

spot number one and similarly four possible nucleotides can occupy spot number 

two. That leaves us with 4X4 which equals 16. Unfortunately 16 are too few to 

code for 20 Amino Acids. 
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I can hear you all straining with anticipation. Yes of course, the mRNA can be read 

in a triplet which generates 4X4X4 possible combinations which is equal to 64 

possible codes for the 20 Amino Acids. The 3 Nucleotide unit coding for a single 

Amino Acid is called a Codon. 

Let us construct a simple analogy. We have a four letter alphabet (the nucleotides) 

which are always read in three letter words (codons) and a 64 word vocabulary. As 

you may have noticed some Amino Acids get more than one word. This is what we 

mean when we say that the code is degenerative or redundant. A similar example 

occurswhen we translate the French word “grand” which can be translated as 

“big”, “large”, or “huge” etc…three ways of saying the same thing. 

 The Ribosome can “read” the mRNA code… Can we crack the code?  The work 

was started at NIH my Marshal Nirenberg and finished here in Canada by a 

scientist named Khorana working at UBC in Vancouver. 

 Khorana took a cell lysate (All the cytoplasmic 

machinery including ribosomes) into a test tube. 

He added artificial mRNA‟s to the mix. 

He recovered newly synthesized proteins. 

He sequenced the proteins and using logic calculated 

backwards to determine the code. 

For example the mRNA …CCCCCCCCCCCCCCCCCCCCCCCCCCCC…. 

Has to read in triplets and the only triplet possible is CCC. 

The protein produced was  …Pro-Pro-Pro-Pro-Pro-Pro-Pro… 

Life was not always so simple. Another example I did not give you in class was: 

…AGAGAGAGAGAGAGAGAGAGAGAG…. 

In this artificial situation the ribosome can read this mRNA two different ways.  

AGA GAG AGA GAG AGA GAG AGA GAG     or  

GAG AGA GAG AGA GAG AGA GAG AGA 

As you can see it does not make much difference how the ribosome started reading 

the artificial message. The resulting protein was; 

…Arg Glu Arg Glu Arg Glu Arg Glu Arg Glu 



We now have two codons coding for two Amino Acids but which codes for which. 

We have to come up with other combinations. 

Do not fret if you find Khorana‟s work a bit too complicated. I only included it for 

the enthusiasts among you for interest‟s sake alone 
 

Let‟s get back to work.  We already know how to use the Genetic Code.  

Remember the genetic code is “universal”.  That means that all living things use 

the same code (implying that life originated only once on this planet and ultimately 

all living things are related!) 

 

mRNA----- CGA   UGU  GAU   UGA … 

  Arg---Cys---Asp---„‟STOP‟‟… 

 

The so-called « stop » codon tells the ribosome that it has come to the end of the 

coding sequence.  The Protein is now complete. 

 

We have no come full circle:  the linear information of DNA (the sequence of 

nucleotides) has ultimately determined the linear information of the protein (the 

sequence of the Amino Acids) which gives the protein its structure and function. 
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Question:  So what happens when we live near a toxic waste dump?   

 

Answer:  Since DNA is a chemical it is subject to chemical reactions or alterations.  

If we are unlucky enough to be exposed to the wrong kinds of chemicals or 

radiation; changes can occur to DNA resulting in nucleotide changes and changes 

to the protein sequence.  These changes are called mutations. 

 

An example of one nucleotide change resulting in 

a single Amino Acid change is „‟Sickle Cell‟‟ 

anaemia.  These victims have abnormal 

Haemoglobin in their red blood cells of the Red 

Blood Cell itself. It is also of note that certain 

mutations lead to cancer.   

 

 
 

 

 

Cancer occurs when many mutations (at least 5 „‟hits‟‟) of a certain kind 

accumulate in one cell which then grows out of control like a weed in a garden 

interfering with the life functions of neighbouring cells. 
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