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Introduction:  

Deoxyribonucleic acid (DNA) is a nucleic acid which carries genetic instructions for the biological development of all cellular forms of life and many viruses.  DNA is referred to as the molecule of hereditary.  It is used to propagate traits.  During reproduction, it is replicated and transmitted to offspring. 
The following are a few facts about DNA: 

· A strand of DNA contains genes, areas that regulate genes, and areas that either have no function, or a function we don't know; 

· DNA is organized as two complementary strands, head-to-toe, with bonds between them that can be "unzipped" like a zipper, separating the strands; 

· DNA is encoded with four interchangeable "building blocks", called "bases", which can be abbreviated A, T, C, and G; each base "pairs up" with only one other base: A+T, T+A, C+G and G+C; that is, an "A" on one strand of double-stranded DNA will "mate" properly only with a "T" on the other, complementary strand; 

· The order does matter: A+T is not the same with T+A, just as C+G is not the same with G+C;  the A-T pair requires two hydrogen bonds while the C-G pair  requires three H bonds
· However, since there are just four possible combinations, naming only one base on the conventionally chosen side of the strand is enough to describe the sequence; 

· The order of the bases along the length of the DNA is what it's all about, the sequence itself is the description for genes; 

· Replication is performed by splitting (unzipping) the double strand down the middle via relatively trivial chemical reactions, and recreating the "other half" of each new single strand by drowning each half in a "soup" made of the four bases. Since each of the "bases" can only combine with one other base, the base on the old strand dictates which base will be on the new strand. This way, each split half of the strand plus the bases it collects from the soup will ideally end up as a complete replica of the original, unless a mutation occurs; 

Mutations are simply chemical imperfections in this process: a base is accidentally skipped, inserted, or incorrectly copied, or the chain is trimmed, or added to; all other basic mutations can be described as combinations of these accidental "operations.”
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Pieces of DNA, as people typically think of them, are not single

 molecules.  Rather, they are pairs of molecules, which

 entwine like vines to form a double helix.

Each vine-like molecule is a strand of DNA: a chemically 

linked chain of nucleotides, each of which consists of a 

sugar, a phosphate and one of four kinds of aromatic 

"bases". Because DNA strands are composed of these

 nucleotide subunits, they are polymers. 

The diversity of the bases means that there are four kinds of nucleotides, which are commonly referred to by the identity of their bases. These are
 adenine (A), thymine (T), cytosine (C), and guanine (G). 

DNA consists of four components:
1) A phosphate group (phosphodiester bond)
2) A deoxyrobose sugar molecule

3) A nitrogen containing base

4) Bonded together with hydrogen. 

There are two types of bases:

· Purines which are the adenine (A) and guanine (G)

· Pyrimidines which are cytosine (C), thymine (T), uracil (u) (RNA only)

Using the DNA K’NEX kit students can perform any number of lessons dealing with the following subjects:  the structure of the DNA molecule, replication and transcription, coding, translation and mutations. 

Objectives: 
Objectives for this lesson will vary depending on the age and development of the students and the school curriculum.  This lesson is adaptable for use with students in elementary school to student in college.  Therefore the objects may seem a bit vague.
Lesson 1: Building the DNA Ladder

Students will
· Construct a correct molecule of DNA in a double Helix form using various K’NEX pieces. 

· Students will identify component parts of the DNA molecule (bonds, nitrogen bases, deoxyrobose sugar, and phosphate).

· Identify a nucleotide

· Understand the concept of base paring in a double-stranded DNA molecule. 

Lesson 2:  Forming the Double Helix Structure

Students will
· Form he right-handed double helixes with ten base pairs per turn using the DNA ladder from lesson 1.
· Form and identify the right-handed and left-handed helixes. 

· Identify the basic structural features of the double helix: rise, pitch and grooves.

Understand how double-helical DNA exists in bacteria and humans. 

Lesson 3:  The Basic Replication Process

Students will: 

· Understand the DNA replication process

· Identify reasons for the replication of DNA

· Understand the need for an exact copy of DNA. 

· Understand the function of the complementary base-pairing. 

Lesson 4:  mRNA Production

Students will: 

· Create mRNA from a DNA template
· Compare/contrast DNA and RNA

· Understand the genetic code and know how to read and interpret the codons

· Understand the function of mRNA

Lesson 5: Coding Glucagon: A Small Protein (Advanced Lesson) 

Students will:

· Create a piece of double stranded DNA that encoded for a known protein

· Clearly distinguish between coding and template strands of DNA

· Understand the relationship of mRNA to the coding and template strands of DNA.

Lesson 6: Translation of an mRNA Transcript

Students will:

· Recognize and discuss the tRNA structure

· Compare/contrast tRNA and mRNA

· Understand how the genetic code translates into a protein

· Understand the function of mRNA
Lesson 7: DNA Mutations

Students will:

· Recognize basic types of errors in DNA replication

· Predict altered gene products resulting from errors in replication

· Understand how and when errors in replication may lead to permanent mutations. 

Materials:
· K’NEX DNA kits complete with all pieces necessary to build the structures

· K’NEX DNA, Replication and Transcription,  instruction booklet

· DNA, Replication and Transcription Teacher’s Manual

· Lab Notebook or Journal

Procedure: 
Students will follow the procedure in the full-color book K’NEX DNA, Replication and Transcription booklet, supplied with the K’NEX DNA kits.  Because of copyright concerns this book can not be reproduced.  There is a step by step, easy to follow procedure for each lesson. The teacher’s guide supplies additional background material and questions for each lesson. 

Assessment:

1. Physically build the various DNA molecules using the K’NEX kits.

2. The mobile educator and teacher will examine the structures when finished for correctness. 

3. Answer the questions in the Teacher’s Guide. 
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Teacher’s Pages
PA Standards:

3.1 Unifying Themes
3.1.7
A. Identify patterns as repeated processes or recurring elements in science and technology.

· Identify different forms of patterns and use them to group and classify specific objects.

· Identify repeating structure patterns.

· Identify and describe patterns that occur in physical systems 

     (e.g., construction, manufacturing, transportation), informational  

      systems and biochemical-related systems.

B. Explain scale as a way of relating concepts and ideas to one another by some measure.

· Apply various applications of size and dimensions of scale to scientific, mathematical, and technological applications.

· Describe scale as a form of ratio and apply to a life situation.

C. Identify change as a variable in describing natural and physical systems.

· Describe the effect of making a change in one part of a system on the system as a whole.

3.2 Inquiry and Design

3.2.7

A. Explain and apply scientific and technological knowledge.

· Distinguish between a scientific theory and a belief.

· Answer “What if” questions based on observation, inference or prior knowledge or experience.

· Explain how skepticism about an accepted scientific explanation led to a new understanding.

·  Explain how new information may change existing theories and practice
3.3 Biological Sciences
3.3.7C. Know that every organism has a set of genetic instructions that determines its inherited traits.

· Identify and explain inheritable characteristics.

· Identify that the gene is the basic unit of inheritance.

· Describe how traits are inherited.

· recognize that mutations can alter a gene.

3.3.10C Describe how genetic information is inherited and expressed.

· Describe mutations’ effects on a trait’s expression.

· Explain the relationship among DNA, genes and chromosomes.

· Describe the role of DNA in protein synthesis as it relates to gene expression.

Prep: 
Very little prep is needed for this lab.  

All materials are contained in the DNA K’NEX kit.

Lab Time: 
All activities can be preformed in one 40 minute class period.  
Considerations:
The teacher should introduce the lab and the specific K’NEX pieces.  A brief explanation of various topics related to the specific DNA lesson should be presented prior to the lesson. 
Students Should Already Know: 

Students should be familiar with the related terms/vocabulary dealing the lesson and the mechanisms dealing with DNA concepts that will be preformed using the K’NEX kit.  
�





� HYPERLINK "http://explanation-guide.info/meaning/?image=180px-DNA-structure-and-bases.png" �� INCLUDEPICTURE "http://ens.explanation-guide.info/thumb/d/d1/180px-DNA-structure-and-bases.png" \* MERGEFORMATINET ����





�





�








