
ME 411 / ME 511

Biological Frameworks 

for Engineers



• HW1 due today

• HW2 online

• Lab 1 – Protein Structure

– Bring to laptops to class

– Handouts provided

Class Organization



ME 411 / ME 511

Proteins  



Protein

• Greek ‘protas’  (of primary importance)

• Proteins are essential to the structure 

and function of all living cells

• Human genome contains 25,000 

genes that encode proteins*

*Alternative splicings and post-translational 

modifications can lead to 100,000 ‘distinct’ 

proteins



Form is 

Function
• Folding and 

assembly define 

function

• 3-D shape has 
enzymatic nooks and 

structural parts

• Form determined by 
non-covalent bonds 

between AAs.

• Interactions between 

local and proximal 
regions in linear 

sequence of AAs



Noncovalent interactions



Form-Function Example

GTP  GDP + P

Ras GTPase

GAP binding site



Amino Acids

• Central alpha carbon atom (Ca)

– Amino group (-NH2)

– Carboxyl group (-COOH)

– Hydrogen atom (-H) 

– Unique side chain/residue (20 in total)

Gly, G Ala, A











Recall: DNA  RNA  AA



Amino Acids to Polypeptides

• Peptide bond – carboxyl reacting with an 

amino group:  C – NO  + H2O

• Amino end is called N-terminus (starting 

end for translation)

• Carboxyl end is C-terminus



Residue Sequence for Actin

MCEEETTALV CDNGSGLCKA GFAGDDAPRA VFPSIVGRPR 

HQGVMVGMGQ KDSYVGDEAQ SKRGILTLKY PIEHGIITNW 

DDMEKIWHHS FYNELRVAPE EHPTLLTEAP INPKANREKM 

TQIMFETFNV PAMYVAIQAV LSLYASGRTT GIVLDSGDGV 

THNVPIYEGY ALPHAIMRLD LAGRDLTDYL MKILTERGYS 

FVTTAEREIV RDIKEKLCYV ALDFENEMAT AASSSSLEKS 

YELPDGQVIT IGNERFRCPE TLFQPSFIGM ESAGIHETTY 

NSIMKCDIDI RKDLYANNVL SGGTTMYPGI ADRMQKEITA 

LAPSTMKIKI       IAPPERKYSV 

WIGGSILASL       STFQQMWISK 

PEYDEAGPSI        VHRKCF 



Peptide Mass

• Protein weight is reported in Daltons
• 1.66 x 10-24 Da = 1 gram

• Average amino acid is ~113 Da

Titin Largest protein

3816 kDa

34,350 residues

(111 Da/AA)

http://upload.wikimedia.org/wikipedia/commons/2/27/1BPV.png
http://upload.wikimedia.org/wikipedia/commons/2/27/1BPV.png


Protein Structure

• Primary – amino acid sequence

• Secondary – patterned sub-structures

• Tertiary – overall shape of a single 

protein molecule or unit

• Quaternary – union of more than one 

protein units



Primary Structure

MCEEETTALV CDNGSGLCKA GFAGDDAPRA VFPSIVGRPR 

HQGVMVGMGQ KDSYVGDEAQ SKRGILTLKY PIEHGIITNW 

DDMEKIWHHS FYNELRVAPE EHPTLLTEAP INPKANREKM 

TQIMFETFNV PAMYVAIQAV LSLYASGRTT GIVLDSGDGV 

THNVPIYEGY ALPHAIMRLD LAGRDLTDYL MKILTERGYS 

FVTTAEREIV RDIKEKLCYV ALDFENEMAT AASSSSLEKS 

YELPDGQVIT IGNERFRCPE TLFQPSFIGM ESAGIHETTY 

NSIMKCDIDI RKDLYANNVL SGGTTMYPGI ADRMQKEITA 

LAPSTMKIKI IAPPERKYSV WIGGSILASL STFQQMWISK 

PEYDEAGPSI VHRKCF 



Secondary Structure

a-helix

b-sheet

Turn (g, b, a, p)

Loop



Tertiary Structure

• Hydrogen Bonds,

• Ionic Interactions

• Hydrophobic Bonds

• van der Waals

• Disulfide Bonds



Quaternary Structure

Vincentes-Manzanares, M. et al. Nat Rev – Mol Cell Biol, 10, 779-90



Protein Folding

http://upload.wikimedia.org/wikipedia/commons/a/a9/Protein_folding.png
http://upload.wikimedia.org/wikipedia/commons/a/a9/Protein_folding.png


Co-translational Folding

• Polypeptide chain can acquire its 

secondary and tertiary structure as it 

emerges from a ribosome

• N-terminus folds first



Molecular Chaperones

• Heat shock protein (hsp70)

• Chaperonin



Functional Folding Domains

• e.g., EF hand is a helix-loop-helix 

domain in Ca2+ binding proteins

• Domains are similar amongst proteins



Posttranslational Modifications

• Functional Groups

– Phosphorylation

– Acetylation

– Hydroxylation

• Proteins

– Ubiquitination

– Sumoylation

• Glycans

• Lipids

• Disulfide bonds



Worksheet

• Identify the Dictator

a. DNA sequence in a gene and amino 

acid sequence?

b. amino acid sequence and structure?

c. protein structure and protein function?

d. DNA sequence in a gene and protein 

function?
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Questions ?


