
Trait Conventional VHH

Solubility moderate high

Tissue
Access

surface access
higher

penetration

Stability moderate high

Half Life days
minutes to

hours
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VHH

Conventional
Isotype: IgG1

Mass: ~150kDa

Heavy Chain Only (HCAbs)
Isotype: IgG2 and IgG3

Mass: ~90kDa

Nanobody
Mass: ~15kDa

Antibody Structures

Mouse       Rabbit Llama- G2 Human   

Median CDR3 length:
Mouse: 11 amino acids
Rabbit: 13 amino acids 
Human: 14 amino acids 
Llama: 16-17 amino acids

Hydrophilic substitution's
found in VHHs

Canonical Disulfide Bonds

Additional Disulfide Bond
in Camels

Additional Disulfide Bond
in Llamas

VHH Structure 

Variable                                              Diversity            Joining
73 genes                            17 genes                      8 genes             6 genes

CDR3
Length

Hydrophobicity

LLama VHH 

Human Heavy Chain

In conventional antibodies a hydrophobic patch is necessary
for a complementary interaction with the light chain.

In VHHs there are many hydrophilic residue substitutions in
FW2. This results in improved solubility and stability.

IgG1 vs. IgG2/IgG3

CH1CH1

VH VH
VLVL

CH2 + CH3 CH2 + CH3

*loss of CH1- V
region attaches
directly to hinge
region. 

Total IgG 
Response

(%) 

IgG2/ IgG3
25-50%

IgG2/ IgG3
50-80%

IgG1
50-75%

IgG1
20-50%

The abundance of conventional versus heavy chain only
IgG’s in serum differs between the camel and llama/ alpaca 

immune response. 
 

G2/G3 
Variation



Antibody Fragments

Trait ScFV VHH

Flexibility High Due to flexible linker
Low due to canonical S-S

bond linking FW2 and FW4.

Solubility

Low. Maintains the
Hydrophobic patch which

encourages protein
coagulation. 

High. Mutated FW2 region
eliminates hydrophobic

patch. 

Stability 
Low to moderate. Highly
affected by temp, pH and

solvent contents.
High

Half Life

Engineered from the
conventional Abs.
Requires precise

accurately paired heavy
and light chains. 

Naturally produced as a
part of the camelids
immune response. 

Conserved Cys for
disulfide bonding

   IgG3
   IgG2

   IgG3
   IgG2

                               FW1                                                  FW2                                                    FW3
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Mutation Rate

Common Mutations in VHHs 

Protein A/G Affinity
Species         Immunoglobulin           Protein A             Protein G

IgG1
IgG2
IgG3

+
+
+

+
-
+

Protein G lacks affinity to the G2 subclass of HCAbs due to
differences in the Fc region of the antibody. The Hinge region
of the IgG3 subclass is 11 amino acids while the hinge region

of the IgG2 subclass is 35 amino acids. 

VHH’s tend to be more mutated than other species

ScFv
VH + VL

30-35 kDa

Nanobody
VHH

15kDa

Flexible linker joins the VH and VL
portions of the ScFv

VH
VL

Gly8 and Gly9 are
crucial for VHH flexibility

Hydrophobic →
Hydrophilic substitutions 

Conserved Cys for
disulfide bonding

Alpaca/
Llama

   CDR1                          CDR2

G2 mutation rate
vs.

G3 mutation rate

G3 is more divergent
than G2

Mouse        Rabbit   Llama- G2 Human   

IgG2                                             IgG3

Hinge (35 AA) Hinge (11 AA)


