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INSTRUMENTS &
APPLICATIONS

Few people think of sizing as
a metabolic tool. But one of
the most important changes

in many biological macromolecules
undergoing transformation in a cell
is one of size. Whether through
polymerization, multimerization,
aggregation, or catabolic break-
down, change in molecular weight
is a frequent occurrence in meta-
bolic processes. This makes the
study of metabolic interactions one
of the most important applications
of gel permeation chromatography
(GPC), also referred to as size-
exclusion chromatography (SEC).

GPC has several advantages
over competing techniques for
conducting detailed studies. In
particular, GPC can show a high-
er resolution than gradient centrifu-
gation, and its techniques do not
require conflicting electrical
currents that may interfere with
electrostatic interactions, as in the
case of electrophoretic separations.

Assisting Biotech
With the development of genetic
engineering methods for overex-
pression of proteins of metabolic
interest comes the need to ensure
that such proteins are physiologi-
cally and structurally identical to the natu-
ral variety. In their native environment,
proteins may be actively folded and
processed by ancillary effector molecules
to create a physiologically active confor-
mation. Absent these helpers—as is typi-
cal when a protein is genetically engineered
in bacteria or yeast and then purified—
the resultant product can be aberrant in
folding, metal associations, and aggrega-
tion levels. A good example of this is the
case of a genetically engineered version of
the zinc-binding human papillomavirus

(HPV)-16 oncoprotein known as E6.
HPVs are well known as causal agents of
cervical cancer. The E6 protein is one of
two oncoproteins produced by the virus
that are consistently expressed in cervical
carcinomas. E6 has two putative zinc-bind-
ing domains and functions to target the
natural tumor-suppressor protein, p53, for
degradation in human cells. E6 is a partic-
ularly difficult protein to produce and puri-
fy in its natural physiological three-dimen-
sional monomeric structure, despite the
fact that it undergoes no post-transla-

tional covalent bond formation.
As discussed in a recent paper on
genetically engineered E6 protein
by Roland Degenkolbe and
colleagues at the Institute of Mole-
cular and Cell Biology, Singapore,
despite “careful purification, and
painstaking mutation of poten-
tially problematic amino acid
residues, a large proportion of
E6 protein is, even when soluble,
unfolded and aggregated” (1).

SEC was the method chosen
by these researchers for moni-
toring the results of attempts to
impose structural fidelity on
preparations of the E6 protein by
varying production and purifi-
cation conditions. Not only could
the monomers be chromato-
graphically separated and identi-
fied with respect to a variety of
agglomeration forms, but quan-
titative analysis also indicated the
effectiveness of varied experi-
mental parameters on shifting the
multimer-to-monomer ratio. The
results of their investigations on
the influence of added zinc and
a variety of chelators on the appro-
priate structural formation of
dispersed monomers are present-
ed in Figure 1. The requirement

of particular chelators and the presence of
zinc for proper monodispersity of E6 were
considered evidence for a cellular metallo-
chaperone that escorts the zinc to its appro-
priate binding domain—a perfect exam-
ple of how sizing studies can elucidate
metabolic processes as well as serve a high-
ly practical role in producing functional
biologicals.
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Figure 1. Differences in the proportion of multimeric to monomeric E6
after dialysis in the presence of various chelating agents. Purified E6 was
dialyzed and analyzed with size-exclusion chromatography. The dialysis
buffer contained (A) no chelating agent and no zinc, (B) no chelating
agent and ZnCl2, (C) 1,10-phenanthroline and ZnCl2, (D) EDTA and
ZnCl2, (E) EGTA and ZnCl2, (F) L-penicillamine and ZnCl2, and 
(G) L-carnosine and ZnCl2. (Adapted with permission from Ref. 1.)
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Polymerization Ploys
Polymers (such as proteins, DNA, and poly-
saccharides) are critically important in
normal metabolism and have become a
mainstay of the organic chemical industry.
Obviously, monitoring of appropriate sizing
is critical for calibrating polymer produc-
tion. Therefore, much research has been
conducted to develop GPC detectors capa-
ble of discerning degrees of polymerization
and branching. Researchers at the Nation-
al Institute of Chemistry, Slovenia, report-
ed on their use of a size-exclusion multi-
angle light-scattering detector (SEC-MALS;
see box, “RALS, MALS, and LALS”) to
determine the absolute molar mass aver-
age (MMA), molar mass distribution
(MMD), and radius of gyration of the
microbial-produced biodegradable poly-
mers poly(3-hydroxybutyric acid) and
poly(3-hydroxybutyric-co-valeric acid) (2).

The SEC columns were calibrated using
polymer standards, and a variety of sample
preparation methods were examined to
determine their effects on the parameters
assayed using the columns. As might be
expected, different sample preparation
methods yielded different results for MMA
and MMD based on their degree of modi-
fication of the polymers during purifica-
tion. This shows the importance of an SEC
approach for evaluating not only the struc-
ture of polymers but also the potential
effects of different isolation and purifica-
tion techniques.

An additional application of SEC can
be found in its ability to do direct meta-
bolic studies, including studies of envi-
ronmentally important processes such as
those related to pollution control. For exam-
ple, researchers at the U.S. Department
of Energy’s Ames Laboratory reported on
their study of the uptake of uranium by
bacterial cells to develop a method for rapid
analysis of different species’ abilities to act
as potential bioremediation agents for clean-
ing up the toxic heavy metal (3).

The method used is a variant of SEC
that they developed called “pore exclusion”
SEC. In this technique, bacteria pass
through the beads without being retained,
while macromolecules and small molecules
elute thereafter, slowed by their ability to
intercalate into the smaller pores within
the beads. The chromatography system
consisted of a biocompatible pump, a high-
pressure Teflon injection valve, a polycar-
bonate column, and a UV absorbance

detector. Column effluent was split with
a PEEK [(poly(ether ether ketone)]
microflow splitter, with 90% of the flow
going to the UV detector and 10% to
the nebulizer of an ICP-MS (used to

determine the presence of metals in each
fraction). The sizing beads were
poly(styrene–divinylbenzene) with a cross-
linked polyhydroxylated polymer coating.
These beads have two kinds of pores: “large
pores (~0.5-µm diameter) that pass
completely through the beads and small
pores (~400-Å diameter) within the
through pores”(3). In their proof-of-
concept experiment, the researchers showed
that uranium present in the growth medi-
um of the bacteria would be bound and
eluted from the column with the bacteria.
To a lesser degree, bacteria added to urani-
um-contaminated solutions were able to
bind the uranium rapidly (though to a
much lesser extent than if the bacteria were
grown in its presence). The researchers
believe that this method can be used to

rapidly screen microbes for enhanced biore-
mediation capabilities for this and other
toxic metals and metabolites.

Coping with Change
Enzymatic reactions both synthesize and
break down natural polymers—often
changing branches and side chains. Follow-
ing such changes can be extremely diffi-
cult with standard GPC analysis performed
with simple light-scattering detection. More
sophisticated detectors coupled to comput-
erized techniques utilizing ever-more-
sophisticated software have been devel-
oped by a number of companies to handle
this issue.

For example, in one application, as
reported by Paul Clarke, a researcher at
Viscotek Europe, Ltd., the size and branch-
ing patterns of maltodextrins produced by
the enzymatic degradation of starch were
examined. The experiment was performed
using a triple-detector GPC system
combining refractive index, viscosity, and
LALS measurements of maltodextrin (4).
Structural information was obtained using
a Mark–Houwink plot, a log–log plot of
intrinsic viscosity versus molecular weight
obtained from the combined data from
the triple detector. Slope changes in the
plot for the various samples examined
demonstrated that the maltodextrin struc-
ture changed from less branched to more
branched as molecular weight increased.
A high light-scattering signal indicated a
high molecular weight, while a low viscos-
ity signal indicted a compact structure.

Ultimately, the biological applications
of GPC/SEC will continue to expand as
sizing gains importance as a life sciences
tool. The need to study native conforma-
tions of natural molecules interacting with
one another puts a boundary on what struc-
tural determination information is accept-
able, limiting the utility of destructive tech-
niques. GPC columns, resins, systems, and
software will continue to improve as more
and more researchers address this need for
rapid, nondestructive, and accurate deter-
minations of shape and size.
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One of the most important uses of GPC/SEC
is the determination of the absolute molec-
ular weight of macromolecules in solution.To
determine this, light-scattering detectors make
use of the Raleigh equation, which states that
the intensity of light scattered by molecules
in solution is a function of molecular concen-
tration, molecular weight, and an optical
constant. Ideally, the intensity of the scattered
light should be measured at zero angle—a
highly impractical requirement. Instead, the
intensity is estimated in one of three ways,
using right-angle light scattering (RALS), multi-
angle light scattering (MALS), and low-
angle light scattering (LALS). According to
Viscotek in a discussion of the LALS technique
for molecular weight determination using
GPC/SEC,“The RALS method usually requires
a viscometric correction of the data, while the
MALS method always requires an extrapola-
tion of the data. LALS . . . is the most theo-
retically pure method of determining molec-
ular weight. . . . In the LALS approach, the
intensity of the scattered light is measured at
the lowest possible angle (7o), eliminating any
major errors” (5). Current LALS designs elimi-
nate the noise previously associated with low-
angle readings, thereby expanding the use of
this form of detection.

RALS, MALS, and LALS


