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Background
[bookmark: _GoBack]This 20-30min teachable tidbit aims to teach students about the chemical structure of DNA. The main learning objectives are for students to identify and draw covalent bonds and hydrogen bonds, assemble DNA base pairs using only hydrogen bonding as a guide, and polymerize a strand of DNA. Students will use paper cutouts of nucleotides to make a single DNA strand, and then polymerize a complementary strand of DNA. This activity is very hands on, and focuses on the chemical principles underlying DNA structure and not the rote memorization of base pairs.
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Figure 1. Completed activity.

Supplies:
· Tape dispensers (1 per group)
· Scissors (1 per group)
· Colored Sharpie (red ultra-fine tip works well; 1 per group)
· Notecards for assessment
· Printouts (see section below)
· Part 1, each group receives:
· 1 background
· 2 of each nucleotide monophosphate
· Part 2, each group receives:
· 1 primer
· 2 of each nucleotide triphosphate
Printouts:
· Printout 1. Background
· Print 1 copy (2 pages) for each group.
· Attach page 2 to page 1 with a couple pieces of tape on the front along dotted line.
· You can fold the backgrounds closed to make transport easier.
· Printout 2. dNMPs (monophosphates) 
· Print 2 copies for every 3 groups (round up).
· Cut along dotted lines.
· Each group gets 2 of each nucleotide.
· Printout 3. Primers
· Print 1 copy for every 3 groups.
· Cut along dotted lines.
· Each group gets 1 primer.
· Printout 4. dNTPs (triphosphates)
· Print 2 copies for every 3 groups.
· Cut along dotted lines.
· Each group gets 2 of each nucleotide.
· Cutting
· Cut on grey dotted lines.
· Use a guillotine-style paper cutter for best results.
· Layer copies of the same page for faster cutting.
· Do not layer pages of purines with pyrimidines when cutting, as they are different sizes.
· All nucleotides on a single page (ex. 2A: dNMP purines) have the same internal, diagonal cut lines (ex. you can layer dAMP with dGMP).
· Note that Printout 4 (dNTPs) has additional cut lines along the nucleotide edges.
Lesson Plan:
· Powerpoint (5min)
· Learning objectives
· Brief review of covalent bonds and nucleotide structure
· Part 1 instructions, hold up materials (background and dNMPs) to demonstrate
· Part 1: Create a DNA strand (5min)
· We recommend providing students with the background at the beginning of class and distributing the dNMPs after reading Part 1 instructions. Alternatively, sealed envelopes for part 1 and part 2 might work well.
· Note: when making covalent bonds, the incoming 5’ phosphate nucleotide must be placed below the 3’ OH nucleotide, otherwise the base will be obscured.
· Powerpoint (5min)
· Review of hydrogen bonds
· Description of DNA polymerase function
· Part 2 instructions, hold up new materials (primer and dNTPs) to demonstrate
· Part 2: Polymerize a complimentary strand (10-15min)
· There are many instructions for part 2, so periodically remind students of the next steps.
· Rapid-fire Assessment (1min)
· Students will respond individually, on notecards, to 4 questions in 60 seconds.
· Answers can be provided to the students immediately following, but it may be more effective to go over the questions at the beginning of the following class to have students review and recall.
Scalability, Alternatives, and Suggestions
· This teachable tidbit is scalable to various classroom sizes and environments. There are a number of cutouts and handouts, but these can be prepared early and sealed in envelopes for group work in all but a stadium-style lecture hall. In very large classes, the materials can be blown up and student representatives can come up from different sections to place their respective nucleotides.
· The level of detail on the printouts allows you to go into a lot more depth about base structure and identity, as well as primer function.
· Pre-sort materials into sealed envelopes for Part 1 and Part 2.
· Make up a review sheet with information on covalent bonds, hydrogen bonds, nucleotide structure, and polymerase function. Alternatively, hand out a review sheet with missing information (blanks), and have students complete it before the next class. Be sure to review their answers, so students are not using wrong information to study from.
Diversity and Inclusivity
· All students are put into the shoes of scientists working on this problem with a certain level of background knowledge. By the end, they have created a 2D model of DNA base pairing, complete with covalent and hydrogen bonds. At the end of the activity, the problem is revisited and students see that real scientists used very similar metal plates to propose a structure of DNA.
· The hands-on nature of this activity promotes the participation of all students. Groups can be assigned or self-selected, and rules can be made that each student must place and tape down at least one nucleotide.
· All necessary background information is included in the powerpoint presentation, meaning students with all backgrounds can work together on the same level.


Thank you for using our Teachable Tidbit “Exploring the Mystery of DNA.” Please contact us with any suggestions:
patrick.ellis@yale.edu, patrickellis42@gmail.com
michael.grome@yale.edu
yang.yang.yy365@yale.edu, yangyanglamb@gmail.com

Nucleotide models were made in ChemDraw and altered in Adobe Illustrator.
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