PROTEIN SYNTHESIS
THE PROCESS OF MAKING PROTEINS USING THE GENETIC CODE

Introduction:

We have learned that most cells contain genetic material in their nuclei.  This genetic material is normally in the form of chromatin (or chromosomes during the cell division).  Normal human body cells contain ___ chromosomes.  Obviously, chromosomes are important, but why?  Why do all the cells of the body contain a complete set of chromosomes?  What do they provide for the cell?  What is their chemical composition?


Each chromosome is composed of thousands of genes.  It is these genes, representing a very small section of a chromosome, that are the genetic blueprint for all organisms.  Each gene contains the instructions which direct the formation of a specific protein.  It is these proteins, in the form of enzymes, hormones, pigments, and building materials, which “make you…you.”


Chemically, chromosomes (and therefore genes) are made up of DNA (deoxyribonucleic acid).  You will learn that DNA (and its counterpart RNA) is composed of nucleotides.  The exact sequence of these nucleotides provides the “code” that will lead to the synthesis of a protein.

*In a cell, the location of the chromosomes: ________________


*In a cell, the organelle where proteins are made: ______________ (located in the _____________)


*The building blocks of protein: ______________

Purpose: 
1) to discover the structure of DNA and RNA

2) to discover the similarities and differences in DNA and RNA

3) to discover how a chromosome “copies” itself prior to cell division (mitosis or meiosis)

4) to discover how the genetic code is read in groups of 3 nucleotides

5) to discover how the genetic code is translated to mRNA, and carried to the ribosomes
6) to discover how tRNA gathers amino acids and brings them to the ribosomes
7) to discover how amino acids are bonded together in proper sequence to build a specific protein.

8) to discover how mutations can affect protein synthesis.

Procedure:
**To be performed in groups of 2

**Prior to starting activity, have all model pieces cut out and stored in an envelope or a baggie.
Part A- Structure of DNA

*Helpful Info* DNA is composed of a series of nucleotides.  Each nucleotides is made up of three main components:  
 1) sugar (deoxyribose),



 2) phosphate group



 3) base

The nucleotides are named according to which of the four bases they contain.
1.  List the three components of a DNA nucleotide.

2.  Study the DNA model pieces, then list the 4 bases which are found in DNA.
3.  Fit any six nucleotides together to form a row: list the six nucleotides in the order you chose.

4.  Using your other DNA model pieces, try hooking the bases together (with your row of 6 nucleotides) to make a double strand – like a ladder.  Which nucleotides form pairs?
5. Practice:  Assume that the following list indicates the bases on one strand of a DNA molecule.  Tell which bases would pair with them to make the complementary strand.


Cytosine__________________


Adenine __________________


Adenine __________________


Guanine __________________


Cytosine __________________


Thymine __________________


Cytosine __________________


Guanine ___________________

6.  You should have your original group of 6 nucleotides set out along with the 6 nucleotides which make up the opposite strand.  This represents a small portion of the DNA which makes up a gene.  As you can see, a DNA molecule looks somewhat like a ladder.  Name the two parts of a nucleotide which make up the sides of this ladder.

7.  What part of the nucleotide forms the rung of the ladder (the part you would step on)?

*Helpful Info* James Watson and Francis Crick discovered the structure of DNA in 1953.  They found that DNA was double stranded (one strand is known as the coding strand and the other is complementary strand).  Watson and Crick also discovered that this “double stranded ladder” of DNA was coiled like a staircase, called a “Double Helix.”
8.  You have learned that prior to cell division (mitosis or meiosis); the genetic material is replicated (copied).  Now that you have seen the structure of DNA, explain how this process takes place.
*Helpful Info* the order of the DNA bases acts as a code.  This code will eventually determine the sequencing of the amino acids that make up a protein.  Every 3 bases is a code for 1 amino acid.




Example:
TTC (thymine- thymine-cytosine) codes for the amino acid lysine.






AGC (adenine- guanine- cytosine) codes for the amino acid serine

Three of the codes do not code for amino acids.  These are “STOP “  codes and indicate the end of the gene.
Table I:  Genetic Codes for the 20 Amino Acids

Amino Acid 


DNA code 


Amino Acid

DNA code
Alanine (ala)

CGA, CGG, CGT, CGC


lysine (lys)

TTT, TTC
Arginine (arg)

GCA, GCG, GCT, GCC, TCT, TCC
methionine (met)
TAC
Asparagine (asn)
TTA, TTG



phenylalanine (phe)
AAA, AAG
Aspartic acid (asp)
CTA, CTG



proline (pro)

GGA, GGG, GGT, GGC
Cysteine (cys)

ACA, ACG



serine (ser)
     TCA, TCG, AGA, AGG, AGT, AGC
Glutamine (gln)

 GTT, GTC



threonine (thr)

TGA, TGG, TGT, TGC
Glutamic acid (glu)
CTT, CTC



tryptophan (try)

ACC
Glycine (gly)

CCA, CCG, CCT, CCC


tyrosine (tyr)

ATA, ATG
Histidine (his)

GTA, GTG



valine (val)

CAA, CAG, CAT, CAC
Isoleucine (iso)

TAA, TAG, TAT


STOP


ATT, ATC, ACT
Leucine (leu)

GAA, GAG, GAT, GAC, AAT, AAC

9.  Using Table 1 found above, determine which two amino acids you coded for with the six nucleotides you chose in question 3.  Make sure you are looking at your original 6 nucleotides (the coding strand) and not the complementary strand.  List these two amino acids in order, reading the coding strand from left to right.
10.  Notice, that there is often more than 1 sequence of 3 bases which code for the same amino acid.  Using Table 1, choose another base sequence that would code for the same two amino acids that you listed in question 9.

11.  Give a DNA base sequence which would code for the following amino acid sequences:


glutamine – cysteine – methionine – lysine – serine - - - ( _____________________________


valine – glycine – glycine – histidine – STOP - - - -(__________________________________


proline – glutamine – alanine – alanine – proline – STOP - - - -(________________________

Part B: Making a portion of the Globin Gene
12.  Globin is the red blood cell protein which when combined with iron forms hemoglobin.  It plays a role in oxygen transport.  You will be making a part of the gene which codes for the production of globin.

The amino acid sequence for a portion of the globin protein is:



…proline—glutamic acid—glutamic acid—lysine…


How many nucleotides would it take to code for these four amino acids? 

13.  Use Table II to write the nucleotide sequence which codes for theses four amino acids.  Write the code from left to right.  Directly below this coding strand sequence indicate the bases which would for the other half of the DNA ladder.











TABLE II










Amino Acid

DNA Code










Glutamic acid

CTC










Lysine


TTC










Proline


GGA

Coding strand

 ___  ___  ___ ___  ___  ___   ___ ___  ___  ___  ___  ___
Complementary

___  ___  ___  ___  ___  ___  ___  ___  ___  ___  ___  ___

Strand
**use your model DNA pieces to construct both the coding strand and the complementary strand for this portion of the globin gene.  Once your teacher has checked your sequence, tape the nucleotides together.  DO NOT tape the 2 strands together.  Save your extra pieces. 

14.  The entire globin protein molecule is certainly longer than 4 amino acids (remember you are only trying to build a portion of this protein).  The globin protein is actually made up of 146 amino acids.  How many nucleotides would it take to construct the coding strand of the globin gene?  Don’t forget the STOP code.  Show your work.
15.  How many nucleotides would it take to construct the entire globin gene?

(remember that DNA is double – stranded). Show your work.

16.  Do you think this represents a complete DNA molecule (a chromosome) or part on one? Explain.

*Helpful info* DNA does not code directly for amino acids, for it remains in the nucleus.  Therefore, the DNA must send its “coded message” in the form of mRNA (messenger RNA).  mRNA is formed in the nucleus and carries the “coded message” into the cytoplasm, where it will be used to link up amino acids at the ribosomes.  Another type of RNA,  transfer RNA (tRNA),will also play an important role in protein synthesis.  tRNA temporarily bonds with specific amino acids and carries them to the ribosomes, where the amino acids will be hooked together according to the “coded message” of the mRNA.

17.  Observe the RNA nucleotides and compare them with the DNA nucleotides.  List the two differences.


1)






2)

17a.  Which DNA base is not present in RNA?_______________________________What is the RNA base that replaces 

that DNA base___________________________?

As the DNA unzips  the coding strand makes mRNA.  Match up your mRNA to your coding strand. Tape your mRNA strand.
18.  List the sequence of this RNA strand.



___  ___  ___  ___  ___  ___  ___  ___  ___  ___  ___  ___
19.  What do you think happens to the other strand of the DNA molecule while the coding strand is making RNA?

20.  What combinations of nucleotides form an RNA – DNA pair?

DNA



   RNA






__________________   and    ____________________






​​​​​​​__________________   and    ​​​​​​____________________





​​​​​__________________   and    ____________________

**Remove the mRNA from the DNA and reclose the two halves of the DNA model. 
*Helpful Info* This single RNA strand now contains the DNA message.  It is called messenger RNA (mRNA).  In the cell, the mRNA moves from the nucleus into the cytoplasm.  The mRNA is used as the pattern for protein synthesis.




DNA - - - - - - - -(  mRNA

*Helpful Info* Another type of RNA is found in the cytoplasm. Transfer RNA (tRNA). A tRNA molecule has two important regions:  one pairs with mRNA and the other combines with a specific amino acid.  A tRNA molecule can only pick up one kind of amino acid (tRNA is like an “amino acid taxi”)


DNA---------(
mRNA - - - - (tRNA - - - -( amino acids - - - - -( protein


**Place the correct amino acid with its tRNA.  Set your strand of mRNA in the middle of the table.  Bring in the appropriate tRNA pieces (carrying their specific amino acid) to the mRNA.  As temporary bonds form between the mRNA and tRNA, the amino acids are “positioned” and will bond together.  This bonding of amino acids in a specific sequence (originally determined by the order of DNA nucleotides on genes) is protein synthesis.

21. Fill in the blanks for your model (one example is given).  See table II.

mRNA



tRNA



amino acid 

Example
C C U



G G A



proline


______



______



__________



______



______



__________



______



______



__________

**Tape the amino acids together to form the globin protein segment.  Remove the mRNA and tRNA strands.

22. List the sequence of amino acids you have constructed:

______________
______________
______________
______________

23. Why is mRNA an appropriate name for its function?

24. Why is tRNA an appropriate name for its function?

25. Outline the series of steps it takes to make a protein (such as globin).  Be sure to include the following terms: chromosome, gene, DNA, mRNA, tRNA, coding, complimentary, nucleus, cytoplasm, ribosome, protein.  (Be very specific and put steps in correct order.)
A red blood cell can synthesize a globin protein chain (assemble the 146 amino acids) in 90 seconds.

Could you?
Part D-The Effect of Mutations on Protein Synthesis

26. You have just hooked 4 amino acids together in the process of protein synthesis.  This was done using the “DNA code” found on the genes.  Hopefully, you have discovered how important the exact sequence of nucleotides is to this process.  For example: The DNA code on the portion of the globin gene which caused those 4 amino acids to be hooked together was: GGACTCCTCTTC

a) But, what would be the result if the 3rd nucleotide was changed to a G (guanine) instead of the A (adenine)?  Would you get the same 4 amino acids hooked together? (use table I)

b) What if the 2nd nucleotide was changed to a T (thymine) instead of G (guanine)?
*Helpful info* A change in the order of DNA nucleotides of a gene is called a mutation.  Such changes in an organism’s DNA are rare, but they do happen.  The effects of a mutation vary.  As you saw above, sometimes the change has no effect.  But, other times, the change will cause a different amino acid to be put into the protein.  The effect also depends in what cell the mutation takes place.  A mutation in body cells only affects the individual in which they occur, but a mutation in a gamete (sperm or egg) can be passed on to the offspring.
Types of Mutations 
27. The mutations which you saw above are known as substitution mutations (where 1 nucleotide is substituted for another).  Other mutations, such as insertion or deletion mutations, can be even more devastating.  For example, suppose that a T (thymine) is inserted between the 4th and 5th nucleotides of your sequence above.  What would be the result?
28. What if the 2nd nucleotides G (guanine) were deleted from that portion of the globin  gene?  What would be the result?

Causes of Mutations

( Some mutations are due to spontaneous chemical mishaps, but many mutations are due to exposure to environmental agents called mutagens.  These include such things as radiation, UV light, and carcinogens (chemicals like asbestos, benzene and nicotine).
Effects of Mutations
29. Can 1 different amino acid really make that big a difference in the performance of the protein?  Consider what would happen if the globin gene were changed such that the 5th nucleotide was A (adenine) instead of T (thymine).  Which amino acid would be coded for?_______________ Which amino acid should be there? _______________ This small change in 1 amino acid will alter the entire globin protein (and the hemoglobin it becomes a part of).  It will no longer be able to transport oxygen normally, and will crystallize under low oxygen levels.  This will occur in all the red blood cells of the body and cause the disease known as Sickle Cell Anemia.

30. If the mutation occurs in a gene which regulates cell growth, the result could be terrible.  The mutation might cause the cell to skip interphase and continually undergo mitosis.  A mass of cells, characterized by abnormal cell growth, might develop. Such a mass of cells is known as a ____________ and is a result of the disease commonly referred to as ____________.  

