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y identifying the change in vis-
cosity of a solution upon addi-
tion of a protein, a parameter
known as the intrinsic viscosity

can be determined for that protein. The
intrinsic viscosity of a protein is a value
partially dependent on protein confor-
mation. From the intrinsic viscosity
value, a viscosity increment value can be
determined, which is a size-independent
value dependent solely upon the shape of
a protein. The higher the viscosity incre-
ment, the more extended is the protein
that it represents.

Antibody molecules are proteins,
which play vital roles in the body’s
immune system. They can be split into
five classes: IgM, IgG, IgA, IgD and IgE
which, although they each have unique
structural and functional properties, all
have the same basic structure. Some of
these classes of antibodies can be further
sub-divided into subclasses. The IgG
class, for example, consists of four sub-
classes: IgG1, IgG2, IgG3 and IgG4.

The subclass IgG3 antibodies were
investigated in this study because of their
unusually long “hinge” region that gives
this antibody the extra flexibility that is
vital for its function.

The two chimeric IgG3 molecules
investigated in this study were a wild
type IgG3 with the full length 62 amino

acid hinge [Figure 1(a)], and a hinge-
deleted mutant IgG3 with a 15 amino
acid hinge [Figure 1(b)], developed by
Michaelsen and coworkers (1). 

These antibodies were developed to
aid understanding of the functional sig-
nificance of the extended IgG3 hinge.
This study aimed to identify the confor-
mational differences caused by this hinge
elongation, and relate these differences to
their differing abilities to activate the
complement cascade.

High-resolution techniques such as x-
ray crystallography and nuclear magnetic
resonance (NMR) are commonly used
for protein structure determination.
Studies of the solution conformations of
antibodies have proved complicated,
however, with NMR having an upper
molecular weight cut off of � 50000
Da, whilst IgG3 has a molecular weight
of �160000 Da. Additionally, crystallo-
graphic structures of intact IgG mole-
cules tend to have poorly characterized
diffraction patterns around the hinge and
Fc region of the molecule because of the
flexibility of the molecules. 

An alternative approach to studying
antibody conformation is to look at
hydrodynamic parameters. The intrinsic
viscosity parameter was chosen to investi-
gate the solution conformations of IgG3
molecules in this study. It was hoped that
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conformations of two chimeric IgG3 antibodies were studied using this
coupled triple detection technique. Conclusions indicate that the results
allow hydrodynamic modeling of the antibody structures.
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by obtaining the intrinsic viscosity values
of the two antibodies and subsequently
creating models based on this shape
information, conclusions could be drawn
on the differences in their solution con-
formations. An advantage of using a
solution technique is that models repre-
sent the structure of the protein in a
dilute solution, which is more likely to
relate to its conformation in vivo.

Background
Combining size exclusion chromatogra-
phy (SEC) with light-scattering (LS), vis-
cometer and refractive index (RI) detec-
tors is a powerful tool for protein
characterization. This approach provides
not only molecular weights (M) and the
intrinsic viscosity ([�]) but also quanti-
fies aggregates, determines hydrodynamic
radii (Rh) and provides conformation
information from a single SEC run. The
advantage of this combination of detec-
tors is that the sample properties can be
derived directly from the detector signals.
The signals of the individual detectors
correspond to

[�] � intrinsic viscosity
c � concentration
dn/dc � refractive index increment,

kRI, Visc, LS � detector constants
The refractive index detector deter-

mines the refractive index increment,
which is necessary for the calculation of
the molecular weight from the LS signal.
The intrinsic viscosity is obtained from
the viscometer signal after the concentra-
tion is appropriately taken into consider-
ation (2) 

The intrinsic viscosity of a protein is a
function of shape, hydration and flexibil-
ity. If it is assumed that the hydration of
an antibody is known, the shape infor-
mation that can be derived from an
intrinsic viscosity value can be used to
model the solution conformation of a
protein.

An intrinsic viscosity value ([�]) can
be converted to a shape factor known as
the viscosity increment (v)3, once the

hydration (�) and the partial specific vol-
ume (V_) of the protein have been taken
into account in the following equation
(2,4).

v � viscosity increment
� � hydration (g/g)
�� � density of solvent
V � partial specific volume (�0.73

mL/g for proteins).

The partial specific volume is the
anhydrous volume per unit mass of a
molecule dissolved in a solution. The vis-
cosity increment is a “universal shape
parameter” (4,5) meaning its value is
dependent solely on shape.

Additionally from molecular weight
and intrinsic viscosity, the hydrodynamic
radius Rh of the protein can be obtained.
This parameter is determined using Ein-
stein’s equation for hard spheres (6, 7)
which states that hydrodynamic volume
(Vh) is proportional to the product of
molecular weight and intrinsic viscosity
(Equation 5). The hydrodynamic radius
is obtained from a combination of Vh
and Equation 5, as shown in Equation 6
(9).

NA � Avogadro’s number
Rh depends strongly on shape and this

parameter can be used to differentiate
between spherical or compact proteins
and more elongated proteins.

Modeling of Antibody Structure
Universal shape parameters such as the
viscosity increment can be used to model
the conformation parameters. Previous
studies (8, 9) have determined solution
conformations of antibodies using a uni-
versal shape parameter obtained from the
sedimentation coefficient — the Perrin
function. By representing the Fab and Fc
domains as ellipsoids and altering the
antibody inter-domain angles, agreement
was found between the experimental Per-
rin functions of the proteins and the the-

RI signal ~ kRI � dn/dc � c                         [1]

Viscometer signal ~ kVisc � [   ] � c            [2]�

LS signal ~ kLS � (dn/dc)2 � M � c           [3]

v �                                          [4]
[    ]

V � 0/ � �

�
	

[   ] Mw � 2.5 � NA � Vh                       [5]�

[   ] Mw � 2.5 � NA � (4/3 � 
 � Rh
3)       [6]�
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oretical Perrin functions from the mod-
els.

The same approach can be applied to
modeling based on the viscosity incre-
ment, to find the solution conformations
of the two IgG3 antibodies. 

Materials and Methods
The chromatographic system consisted of
a Viscotek GPCmax (degasser, pump and
automatic sampler with 100 �L sample
loop) and a Viscotek TDA 302 (contain-
ing differential refractive index, light
scattering and viscometer detectors). Fig-
ure 2 shows how the output of the GPC-
max is connected to the inlet of the light
scattering detector, refractive index detec-
tor (RI) and a four-capillary differential
viscometer detector. The series configura-
tion is important as it yields the maxi-
mum signals on all three detectors.

The separation of the IgG samples
were performed on two Tosoh columns
(G3000SWxl and G4000SWxl; 7.8 mm

� 30 cm) using phosphate buffered
saline (PBS) buffer as mobile phase at a
flow rate of 0.7 mL/min. The detector
and columns were equilibrated at a tem-
perature of 26 °C. The PBS buffer was
filtered with a 0.2 �m nylon membrane
filter. The IgG samples were also pre-
pared in PBS buffer. 

For the Viscotek triple detector cali-
bration a pullulan Standard of known
concentration, molecular weight, intrin-
sic viscosity and refractive index incre-
ment (dn/dc) was used for determining
the instrument constants of the three
detectors. The method was subsequently
validated with a second reference stan-
dard (Dextran T70).

The instrument control, data acquisi-
tion and all calculations were performed
using OmniSEC software (Viscotek, ver-
sion 2.0). 

Results and Discussion
The objective of this study was to inves-

tigate the conformations of the two IgG3
proteins. 

The chromatograms for the two pro-
teins IgG3m15 (mutant type) and IgGwt
(wild type) are shown in Figures 3 and 4
respectively. Both antibodies give clear
monomer peaks, IgG3m15 at a 19.5 mL
retention volume and IgG3wt at
18.5 mL. The presence of dimer was
detected in the IgG3wt sample at a
retention volume of 16.5 mL. This result
was consistent with results from sedi-
mentation velocity experiments (data not
shown). The presence of dimer and
higher aggregates were detected by light
scattering in the IgG3m15 sample at
retention volumes of 17.5 mL and 11
mL respectively. These results reveal the
power of LS measurements in the detec-
tion of trace amounts of aggregate in
protein samples.

Table I shows the results obtained for
the two IgG3 antibodies. Since the
objective in this study was to compare

Figure 1: Schematic diagram of (a) IgG3wt and (b) IgG3m15. Two 15 amino acid segments and one 17 amino acid segment, present in the
hinge of IgG3wt, are absent in the hinge of IgG3m15.  

Table I: Results determined through triple detection of lgG3wt and lgG3m15 antibodies.

Antibody Molecular weight Experimental Intrinsic viscosity Viscosity Hydrodynamic

from literature (Da) molecular weight (da)      (ML/g) Increment radius (nm)

lgG3wt 160 000 170 300 9.9 7.5 6.4
lgG3m15 150 000 149 700 5.7 4.3 5.1
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the relative changes in molecular proper-
ties a typical protein dn/dc value of
0.185 mL/g for IgG was used in all cal-
culations. The determination of
“absolute” molecular weight requires a
precise knowledge of the dn/dc or an
accurate concentration of the protein,
with no artefacts caused by interaction of
protein with column matrix. In this work
it can clearly be seen from the chro-
matograms that there is some interaction
of the antibodies with the column

matrix, causing tailing of the detector
signals. Of course optimizing run condi-
tions could minimize the column inter-
action.

A very significant difference is
observed between the viscosity values
obtained for the two IgG3 proteins. The
extended wild-type IgG3, IgG3wt, has
an intrinsic viscosity of 9.9 mL/g com-
pared with the much lower value of 5.7
mL/g for the hinge-deleted mutant,
IgG3m15. The value for IgG3m15 is
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Figure 3: Triple detection chromatogram of IgG3m15 (mutant type).
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Figure 2: Diagram of the GPCmax and the triple detection array.
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similar to the value of 6.2 mL/g obtained
previously by Kilar and coworkers (10)
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Figure 4: Triple detection chromatogram of IgG3wt (wild type).

for an IgG1 antibody with a similar
length hinge. A value for hydration of

0.59 mL/g was used, as determined by
Carassco et al.8 These intrinsic viscosity
values, when converted to viscosity incre-
ments, give values of 7.5 and 4.3 for the
IgG3wt and IgG3m15 respectively. 

A high viscosity increment is an indi-
cation of an extended molecule and,
therefore, the higher value for the
IgG3wt protein reveals that this antibody
is more elongated than IgG3m15. This is
also indicated by the IgG3wt antibody
having a higher Rh of 6.4 nm, relative to
the value of 5.1 nm for IgG3m15.

Figures 5 and 6 show examples of size-
independent models which are hydrody-
namically equivalent to the IgG3wt and
IgG3m15 antibodies, on the basis of
their viscosity increment values. It is clear
that the model representing the potential
conformation of IgG3wt is significantly
more extended than the model for
IgG3m15. 

Conclusions
Triple detection has been shown to be
highly effective for the analysis of the
solution properties of the antibodies.
This approach has not only provided
quantitative information on self-associa-
tion present in the samples, but also pro-
vided conformation information of suffi-
cient resolution to allow hydrodynamic
modeling of protein conformation. On
the basis of this information it was possi-
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ble to deduce that the partial deletion of
the hinge of an IgG3 antibody (IgG3wt)
to produce the hinge deleted mutant
(IgG3m15), resulted in an antibody with

a significantly more compact solution
conformation. For the wild type IgG3
antibody, IgG3wt, with an extended
hinge region, a viscosity increment value

of 7.5 was obtained. The less extended
hinge-deleted mutant IgG3 antibody,
IgG3m15, gave a viscosity increment of
4.3, consistent with this being a more
compact protein. 
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Figure 5: Hydrodynamic model representing the conformation of IgG3wt (wild type). Fab
and Fc domains are represented by hydrodynamically equivalent ellipsoids. The hinge is
represented by frictionless connectors.

Figure 6: Hydrodynamic model representing the conformation of IgG3m15 (mutant type).
Fab and Fc domains are represented by hydrodynamically equivalent ellipsoids. The hinge
is represented by frictionless connectors.


