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SciTECH Briefs
Snake Sampling
When the environment becomes contami-
nated with waste chemicals, animals often
show the first symptoms. With this in mind,
researchers are spending
more time looking to wildlife
for signs of ecotoxicological
damage. Traditionally, this
type of study has relied on
the capture and sacrifice of
animals to analyze toxin
concentrations, but this
method is not always
tenable, especially when
dealing with endangered
species. Thus, researchers
have started to use minimally destructive
techniques, relying on smaller tissue samples
rather than the whole organism.

In 2001, Brian Jackson and colleagues
at the Savannah River Ecology Laborato-
ry (www.srel.edu) described their efforts to
perform acid digestion and ICP-MS on snake
blood and tail clips to look for evidence
of Se, As, and Sr contamination. This
method, however, proved problematic
because bone matrix contained high salt
concentrations that interfered with the MS
signal. Furthermore, the method required
large samples (up to 100 mg) for analyte
detection. To address this problem, the
researchers recently decided to test the
effectiveness of the microsampling tech-
nique laser ablation (LA) ICP-MS (Envi-
ron. Sci. Technol. 2003, 37, 2511–2515).

Over a two-year period, the researchers
fed banded water snakes a diet of fish
collected from a control site or a site
contaminated with a coal-burning byprod-
uct called fly ash, or a combination of these
two sources. They then took tail clips from
each of the snakes and mounted 1-mg
samples on glass slides for LA-ICP-MS.

The researchers found that the ablated-
tissue concentrations of trace elements
increased as the dietary metal intake of the
snakes increased. There also appeared to
be a gender bias, because Se concentrations
were consistently higher and Sr levels were
generally higher in males than in females.
The researchers performed statistical analy-

ses on the results, and they found that they
could consistently predict exposure to Se
(4% chance of misclassification) but were
less consistent with As (17% misclassifica-
tion) and Sr (>25% misclassification). They
believe that the errors were caused by the

samples being too near the
limits of detection for the
metals.

Despite the uncertainty,
the researchers are confi-
dent that LA-ICP-MS of
microdissected tissues will
be a powerful tool for assess-
ing ecological contamina-
tion. They conclude, “Future
studies that address the effi-
cacy of LA-ICP-MS for tissue

analysis of animals collected from the field
will be a significant step toward further
development of this more conservation-
minded approach.”

—Randall C. Willis ◆

Losin’ Lignin
It is ironic that although trees are the major
source of fiber for the $6 billion paper
and pulp industry, the classic wood compo-
nent that makes a tree a tree—lignin—is
actually a detriment to paper production.
Under normal circumstances, lignin must
be removed from wood pulp using a vari-
ety of methods, including heat and harsh
alkali conditions that chemically alter lignin
so that it becomes soluble in water and
can be removed from the cellulose slurry.
Lignin’s solubility under these conditions
is in part controlled by the ratio of its
syringyl (derived from sinapyl alcohol) to

guaiacyl (derived from coniferyl alcohol)
monolignol components (S/G). Wood-pulp-
ing kinetics for lignin solubility are such
that for every unit increase in the S/G
ratio, the amount of lignin removed
doubles, primarily because of increased
reactivity with chemical additives. 

Genetic engineering is one of the most
recent methods being investigated to reduce
overall lignin content in fast-growing
tree crop species such as aspen (Populus
tremuloides) that are valuable for pulping.
This reduction has been accomplished by
inhibiting the monolignol pathway genes
4-coumerate-CoA ligase (4CL) or caffeoyl
CoA O-methyltransferase. 

To use genetic engineering to achieve
a more complete reduction of lignin
throughout the normal pulping and bleach-
ing process, Laigeng Li and colleagues from
Michigan Technological University (www.
mtu.edu) and the University of Wisconsin
at Madison (www.wisc.edu) took a two-
pronged approach—simultaneously reduc-
ing the total amount of lignin in the initial
wood while increasing the solubility of the
lignin still present (Proc. Natl. Acad. Sci.
U.S.A. 2003, 100, 4939–4944). 

The researchers used an Agrobacteri-
um-mediated multigene cotransformation
system to transfer antisense 4CL and sense
coniferaldehyde 5-hydroxylase (CAld5H)
genes into aspen trees. The purpose of the
antisense 4CL was to inhibit overall lignin
production; the sense CAld5H was added
to enhance syringyl monolignol biosyn-
thesis and thus increase the S/G ratio.

In the anti-4CL-only plants, lignin
was reduced up to 40%, cellulose was
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augmented by 14%, and no change was
observed in S/G ratios. S/G ratios in the
enhanced CAld5H-transformed plants were
up to threefold higher, but overall lignin
amounts were the same. The cotransformed
aspen plants showed that these results
were both independent and additive. Plants
expressing both genes showed up to 52%
less lignin with a 64% higher S/G ratio and
30% more cellulose. 

As well as proving successful in its lignin
reduction and chemical transformation
goals, this research is the first demon-
stration of effective multigene cotrans-
formation of a tree species. It is also a fasci-
nating example of using genetic engineering
to alter a natural product’s chemical
properties in vivo for the purpose of
enhanced industrial processing.

—Mark S. Lesney ◆

Putting It MILDly
Until now, protein researchers could only
look on in envy at the functionalized
substrates that gene expression researchers
rely on to capture and immobilize specif-
ic genes for further analysis. Small-mole-
cule and peptide arrays have been limit-
ed to model systems that capture
prepurified proteins, and often the captured
biomolecules are present at low concen-
trations on the surface of the substrate.
Researchers from the Stanford University
School of Medicine (www.med.stanford.edu)
recently reported the first functionalized
polymeric thin films that are amenable for
use in MALDI-MS analysis (Bioconjugate
Chem. 2003, 14, 526–531). 

The self-assembled films are stable under
the laser intensities used in MALDI-MS,
and their surfaces are functionalized with
ligands that capture specific protein mole-
cules, concentrating them at the surface

for better detection. The authors claim that
these films, materials for immobilized ligand
display (MILD), are easy to construct, high-

ly selective to specific proteins in complex
mixtures, and well suited to high-through-
put data acquisition. Similar films are
already in use for enzymatic reaction stud-
ies, as model systems for studying cell adhe-
sion, and as detection systems for
protein–ligand binding.

Streptavidin–biotin was used as a test
system because of the remarkably strong
interaction between biotin and strepta-
vidin’s four biotin-binding subunits. A poly-
merizable lipid, N-(2-hydroxyethyl)-10,12-
pentacosadiyanamide, was deposited
from solution onto aluminum oxide
substrates and polymerized using UV light,
then functionalized with various concen-
trations of biotin. The surfaces were incu-
bated with streptavidin and then washed
with phosphate-buffered saline solution to
remove the unbound proteins. MALDI-MS
analysis detected streptavidin concentra-
tions corresponding to the concentra-
tions of the biotin ligands. No streptavidin
was detected on the surface of a control
sample without biotin ligands, and the best
signal intensity was observed for a film
containing 10 mol% biotin. The system was
tested again using a cellular lysate contain-
ing a mixture of proteins to which strep-
tavidin was added. Streptavidin could be
detected at concentrations as low as 0.02%
of the total protein, with no significant
signal from other proteins.

Further tests using a MILD surface func-
tionalized with an integrin antagonist to
capture integrins (transmembrane recep-
tors that regulate cell adhesion, growth,
and migration) from solution produced
detection levels comparable with those of
other protein detection methods, such as
silver staining, even when the integrins
were part of a protein mixture.

—Nancy K. McGuire ◆
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Science Bits
Inject Less. Researchers at Texas Tech
University (www.ttu.edu) developed a new
miniature injection device that can be
used for the introduction of nanoliter
sample volumes in microfluidic systems.
In the present form of the device, 2- to
40-nL samples can be introduced by a
single injection (Anal. Chem. 2003, 
in press).
Scandium Squeeze. Researchers at the
University of Arkansas (www.uark.edu)
and the College of William and Mary

(www.wm.edu) demonstrated that putting
strain on scandium nitride at the atom-
ic level induces changes in the optical,
electromechanical, and polar properties
of the semiconductor material (Phys. Rev.
Lett. 2003, 90, 257602).
Stabilization Negation. Based on
G3(MP2) energetic calculations, scien-
tists at Long Island University (www.
liu.edu) and the University of Maryland,
Baltimore County (www.umbc.edu), assert
that 1,3-butadiyne is not at all stabi-
lized by the conjugated configuration of
its triple bonds, in contrast to 1,3-

butadiene, a textbook standard for
“conjugation stabilization” (Org. Lett.
2003, 5, 2373–2375).
Lanthanide Acceleration. Researchers
from Queen’s University (www.queensu.ca)
reported that addition of as little as 10–3

M of a lanthanide complex promoted the
methanolysis reaction of the pesticide
paraoxon by 109-fold. They suggest that
this is the largest reported acceleration
for any synthetic catalyst capable of
promoting the solvolysis of a phosphate
triester (J. Amer. Chem. Soc. 2003, 125,
7602–7607).
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Method for constructing polymeric thin
films. (Adapted with permission from
Hobbs, S. K.; Shi, G.; Bednarski, M. D.
Bioconjugate Chem. 2003, 14, 526–531.)


