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1. How can I distinguish whether the carbon atom in an 
aldehyde group is neutral, positively or negatively charged?
The carbonyl carbon can be neutral or carry a partial positive 
charge due to the presence of a more electronegative oxygen atom

The carbonyl carbon in aldehyde has two resonance structures.

chem.libretexts.org



2. What are alpha and beta anomers?
In alpha anomers, the hydroxyl group bonded to the anomeric 
carbon is pointing downwards whereas in beta anomers, it is 
pointing upwards.



20 amino acid
● Hydrophobic amino acids
● Polar amino acids
● -> +ve charged
● -> -ve charged



hydrophobic amino acid
1. R group have similar eletronegativity -> 

hydrophobic
2. L & I have same chemical component
3. P aliphatic ring restrict in peptide angle
4. M is code for start codon (AUG)

A V L I P MG



Aromatic amino acid
aromatic ring on the side chain of each of these three amino acids

aromatic

hydrophobic polar

F W Y



Polar (nerutal) amino acid

common phosphorylation site of protein Nitrogen carrier

Disulfur bond formation

Intra-Inter bond

S T Y QN C



Polar (-ve charged) amino acid

pI < pH(7.4) pI >pH(7.4)

3.7 4 10.512.5 6

Polar (+ve charged) amino acid

D E
R K H



Pka value

Recall 
Water 
Chapter



PKA Value



Isoelectric point
pK1 + pK2 /2

pK1 + pKR /2

pKR + pK2 /2



Isolectric point (Definitions)
The characteristic pH at which the net charge of the molecule 
is zero.

Given by the average of the pKas that involve the zwitterion.

The pH at which the amino acid does NOT migrate in an 
electric field.  (Laboratory applications)

source: BCHE3030

Recall zwitterion: able to 
act as either an acid or a 
base (lecture slide 27)



Isoelectric point
(pk1+ pk2) /2 (pk1+ pkR) /2 (pkR+ pk2) /2



Secondary structure of protein
● conformation of a region of 

a peptide → Secondary 
(e.g.alpha helix)

● conformation of a peptide as 
one entity → Tertiary 

(e.g. myoglobin)

● conformation of multiple 
peptide → Quaternary 

(e.g. hemoglobin)

Zhang, Longhe & Zhong, Jing & Ren, Xiaofeng. (2017). Natural Fiber-Based 
Biocomposites. 10.1007/978-3-319-46610-1_3. 



Peptide angle
● peptide bond (HN-CO) = semi-planar, no rotation
● Usually, peptide bond adapt trans conformation
● Cis is seldomly allowed (except when Proline involved)



RAmachandran plot
● Phi ϕ :C(O)-N-C(α)-C(O) bonds
● Psi ψ :N-C(α)-C(O)-N bonds
● clockwise: positive 
● anticlockwise: negative 

reverse -> negative 
when clockwise



Alpha helix
● bury peptide backbone
● side chains pointing 

outside
● Hydrogen bond between CO 

and NH among backbone
● Interaction between n and 

n+3/4 residue (facing 
same direction)

● compact



Beta strand
● Parallel or 

antiparallel(anti more 
stable)

● side chain pointing 
alternating direction

● more extended
● zig-zag, not a flat 

strand



deduce secondary structure from sequence
● NOT GUARANTEED!!! (might have exception)
● Consider globular protein only (membrane and fibrous 

excluded) → amphipathic secondary structure
● Consider distribution of amino acids, not singular AA



Tertiary and quaternary structure
● Secondary structures groups together -> forming motif

● One protein can have more than 1 motifs

beta 
hairpin

beta-alpha-beta
motif



Tertiary and quaternary structure
● covalent (S-S) and non-covalent interaction

○ disulphide bond, hydrophobic interaction, charge interaction, 
Hydrogen bond between side chains

● Mostly related to side chains, not backbone
● May involved other groups (heme, FAD, lipoate …)

membrane 
protein
(contact 
with 
hydrophobic 
fatty acid)

globular protein
(contact with 
hydrophilic 
environment)



Quiz 1 
Which of the following amino acids would you expect to see 
in a protein present in the transmembrane region?

a) Arginine

b) Leucine

c) Glutamine

d) Histidine



Quiz 1 
Which of the following amino acids would you expect to see 
in a protein present in the transmembrane region?

a) Arginine (positively charged polar amino acid)

b) Leucine (non-polar amino acid)

c) Glutamine (neutral and polar amino acid)

d) Histidine (positively charged polar amino acid)



peptide example
What is the charge of the following peptide chain at 
physiological pH (pH = 7.4)?

TMWEGKAD



peptide example
What is the charge of the following peptide chain at 
physiological pH (pH = 7.4)?



amino acid sequence
Protein sequence presented using the abbreviations of the 
20 amino acids

● It is directional!
○ (N-end)TMWEGKAD(C-end) is different from 

(N-end)DAKGEWMT(C-end)
○ One example about “end-specificity”: N-end rule

● We can BLAST the sequence of a protein to find 
other proteins with similar primary structure (and 
very often, they will be its homologous proteins)



Directional: n-end rule (NO NEED TO KNOW DETAILS; it’s in CMBI4001)

Take-away message: N 
terminus and C 
terminus has their 
own function 
respectively. 

So (N-end) TMWEGKAD 
(C-end) is definitely 
different from 
(N-end) DAKGEWMT 
(C-end).



BLASTP 
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_TYPE=B
lastSearch&LINK_LOC=blasthome

to blast for protein sequence!

BLAST = basic local alignment search tool

Do you know what protein “mkalivlglv llsvtvqgkv fercelartl 
krlgmdgyrg islanwmcla kwesgyntra tnynagdrst dygifqinsr ywcndgktpg 
avnachlscs allqdniada vacakrvvrd pqgirawvaw rnrcqnrdvr qyvqgcgv” 
is? What proteins have similar sequence to it?

Blast it!

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome


BLASTP 
Answer: That 
sequence is 
human’s 
lysozyme C 
precursor! 
You can also 
see that in 
the result 
list, some 
homologous 
proteins have 
good match to 
it.



Homologous proteins share similar sequence
Residues:

● invariant (totally conserved): the amino acid residue is 
identical for ALL species

● variant: the amino acid residue is NOT totally identical
○ conservative substitutions: residues are replaced by amino acids of 

similar chemical properties



What determines protein tertiary structure?
Protein’s primary structure has enough information dictating 
its folding (you will learn a lot about this in CMBI4002) 

Stabilizing factors:

hydrophobic effect

hydrogen bond

electrostatic interaction

(these weak interactions 
make protein fold properly; 
urea can disrupt some of 
these interactions)



SOME FEATURES OF PROTEIN FOLDING
● stepwise process, NOT random 

trial-and-error
● intramolecular interactions drive 

proteins towards its functional native 
state (thermodynamically favourable)

● partially folded intermediates may 
either: 1) turn to aggregates (often 
disease-causing) due to intermolecular 
interactions, or 2) assisted by 
chaperones, fold back to the native 
conformation



Quiz 2
Which statement best explains why antiparallel beta strands 
are more stable? 

a) Antiparallel beta strands are highly packed 

b) Parallel beta strands form fewer hydrogen bonds between 
adjacent strands

c) Antiparallel beta strands form stronger hydrogen bonds 
between adjacent strands 

d) Parallel beta strands experience greater steric hindrance 
due to the orientation of R groups.  



Quiz 2 
Which statement best explains why antiparallel beta strands are more stable? 

a) Antiparallel beta strands are highly packed 

b) Parallel beta strands form fewer hydrogen bonds between adjacent strands

c) Antiparallel beta strands form stronger hydrogen bonds between adjacent 
strands (because the C=O and NH group of peptide bonds in adjacent strands are 
closer)

d) Parallel beta strands experience greater steric hindrance due to the 
orientation of R groups. (R groups extend from sheet and point on 
alternatively on opposite sides)


