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Starch Analysis
Synthesized by plants to store
energy, starch is one of the
most abundant biopolymers
in nature. Starch granules—
composed largely of two poly-
saccharides, amylose and
amylopectin—range in size
from 1 to 100 µm in dia-
meter. Within the granules,
arrays of amylopectin clusters
stack as crystalline lamellae
(CL) interspersed with amor-
phous lamellae (AL), and gaps
between the stacks are filled
with amylose or amylose–lipid
(AV) complexes.

Starch has been adapted for
a variety of functions including
adhesives, biodegradable plas-
tics, and drug-delivery vehicles,
and it is generally believed
that two key factors in starch
function are the dynamic
and structural properties of
the polysaccharides. Thus, to
expand the repertoire of starch
applications, it is critical that
researchers understand basic

concepts of granule structure
and behavior. To that end,
Huiri Tang, now at Imperial
College London (www.ic.ac.
uk), and Brian Hills of the
Institute of Food Research
(www.ifr.bbsrc.ac.uk) studied
these properties using high-
resolution solid-state 13C
NMR (Biomacromolecules
2003, 4, 1269–1276).

The researchers performed
three methods of NMR—
cross-polarization magic-
angle spinning (CPMAS),
single-pulse-excitation
magic-angle spinning
(SPEMAS), and proton-

relaxation-induced
spectral editing
(PRISE)—on
starch samples
isolated from pea,
potato, and corn.
CPMAS exam-
ines signals from
carbon atoms
with strong H–C
dipoles and thus
identifies those
atoms that are in a
rigid conforma-
tion. Complemen-

tarily, SPEMAS looks at
signals from carbon atoms
that have short T1 relaxation
times, indicating a high
degree of mobility. And
methods like PRISE add
the dynamic element to
structural information.

Using the three methods,
the researchers determined
that all three of the starch
samples contained two distinct
sets of ordered polysaccha-
rides, although to varying
degrees. The addition of
water to the samples increased
carbon chain mobility in the

amorphous regions and the
gap-filling amylose mole-
cules, but had little effect
on the more crystalline
regions. Unfortunately, the
researchers did not indicate
how these behaviors related
to the various structures and
their possible uses. They did
suggest, however, that these
methods would prove useful
in determining the effects of
processing on these structural
domains.

Randall C. Willis

Golly GMO
The polymerase chain reac-
tion (PCR) is the ideal tool
for cloning and identifying
unique DNA segments in
extremely low concentra-
tions. The method relies on
the selection of appropriate
primers (left- and right-hand
small pieces of DNA that
bracket the gene segment
of choice). If matches to the
primers are present in the
sample being tested, the
gene segment between the
primers is massively ampli-
fied through the sequential
PCR reactions, causing it to
become visible in the assay
system. Although there are
innumerable biomedical
applications for PCR, as a
technology it is uniquely
adapted to what is becom-
ing an important biolegal
need—detecting the pres-
ence of genetically modified
organism (GMO) DNA in
food cargo destined for coun-
tries with restrictive GMO
regulations. 

In a recent paper, Delano
James and colleagues at the

Canadian Food Inspection
Agency (www.inspection.gc.ca)
in British Columbia, report-
ed on a multiplex PCR pro-
cedure they developed for
simultaneously identifying
multiple target sequences
that reveal the presence of
mixtures of GMO varieties
in three key crops—canola,
maize, and soybeans ( J. Agric.
Food Chem. 2003, 51, 5829–
5834). Such a multiplex tech-
nique is necessary because of
the multiple varieties of each
GMO-type crop available—
generally produced by differ-
ent manufacturers—all of
which can be mixed when
brought by individual farmers
to grain silos where they are
stored after harvest. As export
codes and labeling laws seek
to restrict and/or identify
the flow of GMO crops,
such technologies become
imperative.

To create variety-specific
primers, the researchers used
their knowledge of the spe-
cific sequence of the DNA
commercially transferred
into the GMOs, selecting
segments that were unique
to each gene of interest.
This is a more sophisticated
method for detecting parti-
cular GMOs compared with
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Polysaccharide performance. Starch granules
are composed of amylopectin clusters interspersed
with amylose molecules. (Reproduced with permis-
sion from Tang, H.; Hills, B. P. Biomacromolecules
2003, 4, 1269–1276.)



other procedures that detect
more generalized promoter
and vector sequences. These
other assays can determine
that GMO DNA is present,
but not which GMO or
GMOs are represented.
Delano and colleagues found
that their multiplex PCR
methods could detect mix-
tures of maize, soybeans,
and canola transgenics at
DNA concentrations down
to 3 ng/µL, making it a
potentially valuable method
for augmenting possible
new regulations on labeling
and export.

Mark S. Lesney

Diamonds Detect Iron
Iron fortification is known to
lower the incidence of
premature birth related to
anemia as well as lower the
incidence of maternal
complications. This necessary
component of hemoglobin
production is also an impor-
tant factor in human growth.
Thus, iron is an important
component in vitamins as
well as a key clinical analyte.
To quantitatively determine
the amount of Fe(II) in vita-
mins, researchers recently
developed a diamond-paste-
based electrode that exhibits

low background current, has
a wide range potential, and is
easy to use. 

The chemical and ther-
mal characteristics of
diamond make it a desirable
material for use in various
electronic devices. Advances
in single-crystal diamond
applications have enabled the
development of products
that are especially ideal for
use as sensors. Recently,
Raluca-Ioana Stefan and
Semere Bairu at the Univer-
sity of Pretoria, South Africa
(www.up.ac.za), developed
a sensor that combines an
electrochemical electrode
with monocrystalline natural
diamond and two different
synthetic diamond pastes
(Anal. Chem. 2003 75,
5394–5398). To assess if
there are differences in natu-
ral and synthetic electrodes,
the researchers determined
the effect of particle size on
response by differential pulse
voltammetry (DPV). The
effects of iron absorption by
ions that are found in the
vitamin and Fe(II) recovery
in pharmaceutical products
were also measured.

The researchers found
that the responses of various
Fe(II) concentrations were
linear for both the natural

diamond and synthetic
diamond pastes, between
10–7 and 10–3 mol/L, respec-
tively, for each application.
The amperometric selectivity
of the ions was less than 10–5,
indicating no interference of
the ions in the determination
of iron. The researchers also
measured the response of
iron in four pharmaceutical
products. The recovery was
>98% with an RSD <1%
to meet USP specifications

for Fe(II) determination. 
In each of the experiments,

the researchers determined
that it was possible to detect
iron and that there were no
statistically significant differ-
ences between the uniformi-
ty results using the various
diamond paste electrodes. The
researchers propose further
application in vivo and for
the determination of Fe(II) in
biological fluids and liquids.

Kimberly S. Cleaves ◆
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Machine-learning for MS.
Using genetic, or evolutionary,
search methods, researchers
from the University of Manches-
ter Institute of Science and
Technology (www.umist.ac.uk)
and the University of Wales
(www.aber.ac.uk) determined,
in less than 500 experiments,
optimized electrospray ionization
mass spectral settings from a
possible number of combina-
tions of 1014 for protein analy-
sis. According to the scientists,
the settings would not have

been found by optimizing each
variable alone (Anal.Chem
2003, 75, 6679–6686).

Nanotube tuning. Theoret-
ical calculations by researchers
at the Korean Advanced Institute
of Science and Technology (www.
kaist.edu) and SungKyunKwan
University (http://eng.skku.edu/z_
dept_sub/3122.html) indicate
that selective etching with
carbon dioxide can be used to
tune the chirality of single-wall
carbon nanotubes (J. Am. Chem.
Soc. 2003, 125, 13946–13947).

Bioremediation discovery.
Cornell University (www.cornell.
edu) microbiologists discovered
a new bacterium that biode-
grades naphthalene in coal tar
contamination in the first field
test of a technique called stable
isotope probing (SIP), in which
13C-labeled naphthalene was
released into coal tar waste and
microbes were tested for the
presence of the isotope in their
nucleic acids and respiration
process (Proc. Natl. Acad. Sci.
U.S.A. 2003, 100, 13591–13596).

Metal deposits. Harvard
(www.harvard.edu) chemists
extended the atomic layer depo-
sition (ALD) process to pure
transition metals including
copper and nickel, achieving
highly uniform thickness and
conformal coating of long,
narrow holes. According to
the scientists, these processes
should lead to improved produc-
tion of many devices for which
ALD has previously not been
applicable (Nat. Mater. 2003,
2, 749–754).

Science Bits 

Content uniformity of Fe(II) vitamins. Recovery of Fe(II) in pharma-
ceutical products. (Adapted with permission from Anal. Chem. 2003, 75,
5394–5498.)

Uniformity Content Test for Vitamins*
Sample mg Fe(II)/tablet av recovery, Fe(II) mg/tablet

Electrode Based on Natural Diamond

1 13.0 12.94 ± 0.12
2 18.0 17.82 ± 0.22
3 7.5 7.18 ± 0.08
4 5.0 4.87 ± 0.04

Electrode Based on Synthetic-1

1 13.0 12.93 ± 0.14
2 18.0 17.83 ± 0.21
3 7.5 7.17 ± 0.08
4 5.0 4.86 ± 0.05

Electrode Based on Synthetic-2

1 13.0 12.94 ± 0.13
2 18.0 17.84 ± 0.21
3 7.5 7.18 ± 0.08
4 5.0 4.86 ± 0.04

*All measurements were made at 25 °C; all values are the average of 10 determinations.


