
Biochemistry Literacy for Kids, Daniel Fried

Lesson 7 outline 

Preparation:
Hand out worksheet, 20 amino acid sheet.
Hand out molecular model kits.
Obtain an MSG (monosodium glutamate) container, available in the grocery store spice section.

Overview:

Chirality: molecular handedness
Amino acids are handed, so every drawn amino acid structure must reflect that fact. 
Familiarizing students with this advanced concept can be challenging. In the introductory 
section, students use the “doggy molecule” ethanol to learn handedness in a special way.

Amino acid chirality
Students apply the knowledge from the introductory section to build and draw left and right 
handed amino acids. With knowledge of the solid and dashed wedges, students gain command 
of another critical nomenclature.

Side chain identification
Students are introduced to the 20 amino acids, practice building them, and identify amino acids 
within 3D protein structures.

Molecules derived from amino acids
We introduce some amino acids and derivatives from everyday life.

Lecture sequence:

*All sections can incorporate molecular building—there is really no way of teaching chirality 
without physical models. Have the students hold the “lowest priority” atom as the steering 
column of a steering wheel and rotate the three high-priority groups to determine “which way the 
car turns”. Basically, they just have to arrange the molecules the way they appear in the 
presentations. I included rotation animations to show them exactly how the molecule ranking 
works. It is important to tell them that chiral molecules do not actually spin in any one direction. 
The ranking is a human-imposed classification scheme only. Younger students may also think 
that whether a person is left or right handed is determined by chirality of molecules. Tell them 
that this is not true either. Many biomolecules, not just proteins, have handedness.

Chirality: molecular handedness
After a quick review of amino acid charge and protonation, students begin to learn the concept 
of chirality. Chirality can be determined for carbons that have 4 different atoms or chains of 
atoms attached. A carbon with only 3 different atoms attached is not chiral because it has no 
non-superimposable mirror image—there is not alternate arrangement for such a molecule that 
can change what it is. Chirality is important because molecules with different handedness can 



have completely different properties, especially when it comes to biological activity. I have 
created a hypothetical molecule—a fluorinated ethanol—which allows students to actually see a 
right and left hand in a molecule. The “doggie’s” handedness is determined by the location of 
the hydrogen; a white hydrogen left hand means it has left handed chirality. Students begin the 
exercise by ranking the 4 groups attached to each chiral carbon, based on atomic number, as 
shown in the slides. It turns out that whether this molecule is left- or right- handed is the same 
as the hand containing the hydrogen. (This is obviously not true for many other molecules, since 
only ethanol looks like it actually has hands.)

*Also, some students will be confused about the solid and dashed wedges nomenclature. The 
solid wedges are meant to show bonds pointing toward the viewer, while the dashes are meant 
to show an atom pointing away from the viewer into the paper or board. The only way to make 
them understand is to have them build models or view the pdb files and correlate the written 
nomenclature with the structures.

Acid base chemistry
Students apply their knowledge from this simplified example to determine the chirality of amino 
acids. (Students may have noticed that on the 20 amino acid sheet, and in the flavor molecule 
sheets, solid and dashed wedges sometimes appeared for bonds—now students will 
understand what this nomenclature means.) Follow along with the animations to teach students 
how to determine whether an amino acid is left handed (virtually all amino acids contained in 
proteins are left handed) or right handed. Notice that even though the chiral carbon is attached 
to two of the same atom—carbon—they constitute different chains. To “break the tie” between 
the two carbons, simply rank the atoms immediately bonded to the tied atoms. For most amino 
acids, the double- and single- bonded oxygens are heavier than the atoms that appear on 
immediately farther out on the other chain. This makes the amino acids “L” or left handed.

Have students notice that left and right handed molecules are mirror images of each other, but 
that they are definitely not at all the same molecule. I’ve included pdb files where you can show 
them that there is no way of making an L amino acid become an R. Have them think of left and 
right handed gloves. These are similar objects but can not be used in exactly the same way.

Side chain identification
To introduce students to amino acids, I have them repeat the names as a class. They then can 
look at either a pdb structure or the slides to find amino acids that are part of proteins. Have 
students notice the subtle connectivity differences between the amino acid side chains. For 
example, many students will not notice the two rings of tryptophan, and will misidentify it as 
histidine. Students will improve their identification skills by later lessons and after building some 
amino acids. Since amino acids are so important, I do ask them to try memorizing at least some 
them. Depending on what you want to do with the program, this may or may not be important. 
You can always give them access to the 20 amino acid sheet in future classes for their 
reference. Students may need to build amino acids as pairs because you may run out of atoms 
if they chose to build large amino acids. Instructing students to only build certain amino acids, 
such as alanine, serine, cysteine, valine, can help.



Common amino acids
The lesson ends with some facts about common amino acids and derivatives that students may 
have heard of. I sometimes let the class smell the MSG sample so that they can see that some 
amino acids give flavor to their food, in addition to providing the protein component of our diets.


