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Introduction to Biochemistry



Macromolecules

• Unit 3: Macromolecules – Proteins; Carbohydrates; 

Lipids; Nucleic acids – DNA and RNA.



Nanopore sequencing and assembly of a 

human genome with ultra-long reads
Jain et al., (29 Jan 2018); Nature Biotechnology



Peptide Bond



Proteins – Primary Structure



Amino Acids



Secondary Structure



α Helix



β - Sheets



Tertiary Structure



Quaternary Structure



Hemoglobin
http://pdb101.rcsb.org/motm/41

Hemoglobin, with hemes in red.



Deoxy and Oxy States of 

Hemoglobin
http://pdb101.rcsb.org/motm/41



Deoxy and Oxy States of 

Hemoglobin
http://pdb101.rcsb.org/motm/41



Porin

Porins are found in the outer 

membranes of Gram-negative 

bacteria, mitochondria and 

chloroplasts, where they form 

ion-selective channels for small 

hydrophilic molecules (up to 

~600 D).



Bacterial Porin



Mitochondrial Porin



TAL Effector

• TAL (transcription activator like) effector is a modular 

protein that can read the sequence of nucleotides in DNA. 

Structural understanding of this protein opens the door to 

all manner of applications in medicine and biotechnology. 

• We can now customize a protein to read any DNA 

sequence that we desire, and thus target the protein to 

specific places in a genome. Already, these sequence-

reading proteins are being used to create the tools for 

genome editing, as a possible way to correct genetic 

diseases.

https://pdb101.rcsb.org/motm/180



TAL Effector DNA-reading domains of a TAL effector 

(blue) wrapped around DNA (orange).

https://pdb101.rcsb.org/motm/180



TAL Effector



TALENs

• In the few short years since their discovery, researchers 

have put these DNA-reading proteins to good use. For 

instance, they have engineered TALE nucleases (TALEN) 

by attaching the DNA-cutting domain of FokI nuclease to 

one end of a TAL effector. 

• This can be used to knock out a specific gene, or to 

stimulate the natural DNA repair methods that are present 

in cells, which may be coaxed into inserting a new 

engineered gene while they are making the repair. 

https://pdb101.rcsb.org/motm/180



TALENs

Model of an engineered TALE nuclease with the nuclease 

domain in green and the DNA-reading domains in blue.



PDBs Visualized

• Beta sheets – 2JOX

• Hemoglobin – 2DHB

• Porin - 1PHO

• TAL Protein – 3UGM





Suggested Reading

• http://www.ncbi.nlm.nih.gov/books/NBK26883/

• http://www.ncbi.nlm.nih.gov/books/NBK26911/


