
Viral nanosensor
Recently, scientists at the Mas-
sachusetts General Hospital
Center for Molecular Imaging
Research (www.mgh-cmir.org)
took advantage of the fact that
virus particles are essentially
biological nanoparticles. They
used herpes simplex virus
(HSV) and adenovirus (ADV)
to trigger the assembly of mag-
netic nanobeads ( J. Am. Chem.
Soc. 2003, 125, 10192–10193)
as a sensitive nanosensor for
the clinically relevant viruses.

The nanobeads had a super-
paramagnetic iron oxide core
coated with dextran. Protein G
was attached to serve as a
binding partner for the anti-
virus antibodies. Using light
scattering, the group tested
whether incubation of ADV
particles with anti-ADV nano-
beads in saline would result in
a nanoassembly. Initially, the
researchers detected two sizes
of particle that corresponded
to the nanobeads (46 nm) and
virus particles (100 nm). After
a 30-min incubation, the viral
particle population had been
totally replaced with a larger
(~494 nm) nanoassembly par-
ticle population.

Because the nanoparticles
act as magnetic relaxation
switches, changing the spin-
spin relaxation times (T2) of
the surrounding water mole-

cules, the researchers exam-
ined the effect of nano-
assembly formation using a
tabletop relaxometer at 0.47 T.

In a 250-µL assay, they were
able to detect 2500 virus parti-
cles, but when they reduced
the sample size to 100 µL,
they could detect as few as
100 particles.

The researchers then test-
ed how well their assay work-
ed with virus particles found
in biological fluids. By conju-
gating anti-HSV antibodies
directly to the nanobeads
using a bifunctional linker to
avoid nonspecific interactions
between medium components

and protein G and using a
higher magnetic field (1.5 T),
they detected as few as 50
viral particles in a 100 µL
serum sample and as few 
as 5 particles in 10 µL.

Perez and his team suggest
that their system is more sen-
sitive than ELISA-based meth-
ods and is an improvement
over PCR-based detection
because it is faster, less prone
to artifacts, and does not
require protein removal.

—RANDALL C.  WILLIS
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Liquid assets 
Proteomics research is likely to provide the
greatest impetus to sustaining future growth in
the automated liquid-handling market, accord-
ing to a recent research analysis report
released by the international marketing consult-
ing company Frost & Sullivan (www.frost.com).

Frost & Sullivan reports that the total mar-
ket revenue for automated liquid-han-
dling companies in 2002 was
$555 million, and it estimates
annual growth rates of 10–14%
over the next 7 years to a
level of $1.2 billion in 2009. 

Diagnostic laboratories
by far account for the
largest segment of the mar-
ket, with $249 million in rev-
enue. But the need for higher
throughput in the many newly
launched proteomics initiatives is
expected to stimulate the largest growth
rates—up to 20% annual growth by 2009 in a
proteomics sector that generated $88 million 
of revenue in 2002. 

The blossoming protein applications are
apparently attracting new companies to the
automation sector. “Players from other markets
are recognizing the potential within the seg-
ment and applying expertise and technology
already established in the market to proteins,”
said Sinead Igoe, a research analyst, in a Frost
& Sullivan press release. 

Another important trend in the robotic liquid-

handling market that is highly relevant to 
proteomics, genomics, and the drug discovery
endeavor in general, is miniaturization.
Combining high-speed automation with lab-on-a-
chip analysis is increasingly sought to acceler-
ate research; but it is not straightforward. “The
actual process of transferring samples from the

traditional 96-well plates to the miniaturized
microfluidic chips has been a chal-

lenge experienced by researchers
working with the technology,”

wrote Igoe in a Frost &
Sullivan Market Insight.

A recent illustration of
this trend was the midyear
acquisition of Zymark
Corp. (www.zymark.com) by

Caliper Technologies (www.
calipertech.com). This deal

was designed to target drug dis-
covery companies with products

that integrate the low-volume liquid-han-
dling capability of Zymark’s laboratory robotics
with Caliper’s microfluidics expertise. 

Overall, the Frost analysis reports that
researcher dependence on automated liquid
handlers is increasing in an array of biological
applications. However, researchers are insisting
that complex features offered on higher-priced
instruments be made available on lower-priced
products. The response of manufacturers to
these demands will play an important role in
maintaining and improving profit margins.

—DAVID FILMORE

Virus

Magnetic viral
nanosensor

Viral-induced
nanoassembly

Coming to order. When magnetic nanoparticles are coated with antivirus anti-
bodies, the addition of virus particles triggers nanoassembly. (Adapted with
permission from Perez, J. M.; et al. J. Am. Chem. Soc. 2003, 125, 10192–10193.)PH
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The glycan can
Distinguishing the positions of
different carbohydrate side-
chain functions is one of the
most important ways of
uniquely identifying proteins
and complex carbohydrates.
The structural uniqueness of
glycan side groups allows
them to serve as individualiz-
ing assay markers that can be
monitored using monoclonal
antibodies. This property

makes
them
ideal tools
in the
search for
potential thera-
peutic targets—
antibodies that respond
to certain glycan side groups
may be targeting invading
antigens, such as bacteria,
viruses, and non-self cells (as
in transfusions or trans-
plants)—or self-compounds,
which may be a function of
the development of autoim-
mune disease.

To sample the diversity of
human glycan-binding anti-
bodies, researchers from
Glycominds (www.glycominds.
com), a biotechnology com-
pany in Israel, developed a
carbohydrate array—the
GlycoChip—that can be used
as a rapid screen (Glycobiology
2003, 13, 749–754). 

Typically, glycans have
been attached to arrays by
noncovalent bonds, creating a
nonspecific, random orienta-

tion. But the Glycominds sci-
entists attached mono- and
oligosaccharides to a flexible
linker covalently bound to the
surface of the array. This
allowed a more biologically
relevant and uniform presen-
tation of the glycans as poten-
tial binding sites, with the
nonreducing end exposed to
solution. This design
enhances carbohydrate acces-
sibility to protein binding
while minimizing nonspecific
binding. The resulting array
was calibrated using glycan-
specific lectins.

Using affinity techniques,
the researchers isolated anti-
bodies from a human IgG pool
that reacted to physiologically

important monosaccha-
rides (such as those

commonly occur-
ring in bacterial

polysaccha-
rides,
includ-

ing N-acetyl-
glucosamine and

rhamnose). In the
GlycoChip screen, a novel

human cellulose-binding pro-
tein, which binds specifically
to �4-linked saccharides with
a preference for glucopyra-
nose over galactopyranose
residues, was detected. In
addition, various previously
known antiglycan antibodies
were found that act against
mono- and oligosaccharide
constituents of commonly
occurring bacterial polysac-
charides.

The scientists conclude
that their method can sort
glycan-binding proteins with a
high degree of specificity and
will be an important tool for
developing antiglycan anti-
bodies into effective disease
biomarkers for personalized
medicine. 

—MARK S.  LESNEY
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Shifting priorities. When researchers added a ligand, only the NMR peaks of
Target A (red) shifted to a new position (magenta). (Reproduced with permis-
sion from Zartler, E. R.; et al. J. Am. Chem. Soc. 2003, 125, 10941–10946.) 

Ramped-up screening
NMR has proven a very useful high-throughput method for char-
acterizing the binding properties of large numbers of small mole-
cules to a single protein, but it has not proven amenable to the
analysis of multiple proteins in a single sample. Michael Shapiro
and colleagues at Eli Lilly & Co. (www.lilly.com) and The Roche
Protein Expression Group (RPEG, www.roche-diagnostics.com)
recently developed a method called RAMPED-UP NMR (Rapid
Analysis and Multiplexing of Experimentally Discriminated
Uniquely Labeled Proteins using NMR) that addresses this prob-
lem ( J. Am. Chem. Soc. 2003, 125, 10941–10946).

In typical NMR screening experiments, researchers look for
changes in backbone or side-chain amide (15N–1H) peaks in
labeled proteins to indicate ligand binding. With a mixture of pro-
teins, however, the sheer number of peaks adds spectral com-
plexity that makes analysis difficult. The Lilly and Roche
researchers selectively labeled proteins by producing them with
a different isotopically labeled amino acid for each protein and
combining the purified products for NMR analysis.

In a proof-of-concept experiment, the researchers labeled one
protein in vivo by producing it in E. coli grown in the presence of
15N-Trpε. Two other proteins were produced in vitro using the
RPEG cell-free protein expression system and 15N-Ile and 15N-
Ala. They found that the NMR spectrum of the three mixed pro-
teins was identical to the overlapped spectra of each individual
protein, suggesting that the three proteins were stable. And the
selective labeling resulted in only 27 amide peaks rather than the
possible 729 that might confound further experimentation.

The researchers then added compounds that were known to in-
teract with one of the three proteins. They found that the ligand per-
turbed only the spectral peaks that represented its known target.

Although RAMPED-UP NMR has limitations—each of the pro-
teins must be stable in the same buffer, and the labeled amino
acid should be near or at the site of protein–ligand interaction—
the researchers believe that the technique will be useful for quick
identification of binding events in solution.

—RANDALL C.  WILLIS



Fewer pills with
prodrugs?
The combination of protease
inhibitors (PIs) and highly
active antiretroviral therapy
has become the standard
treatment for HIV. However, it
is well known that the regi-
men is not easy for patients to
handle. Not the least of their
difficulties is the high pill bur-
den, which can lead to poor
therapy adherence and under-
dosing, especially in regions
with maladapted health care
systems. A major reason for
the high pill burden, accord-
ing to Yoshiaki Kiso and
colleagues from Kyoto
Pharmaceutical University
(www.kyoto-phu.ac.jp), is the
large amount of additives
needed to supplement the
only sparingly water-soluble
PIs to afford reasonable oral
availability. These scientists
are seeking to reduce the
additives by increasing PI
water solubility.

Recently, Kiso and his team
synthesized prodrugs of the
HIV-1 PI, KNI-727. For sev-
eral of the analogs, they
reported better gastrointesti-
nal absorption of the PI than
of the parent drug ( J. Med.

Chem. 2003, 46, 4124–4135).
Specifically, the researchers

synthesized 10 prodrugs con-
sisting of a self-cleavable
spacer group connecting a
water-solubilizing moiety (an
amine · HCl group) to the
KNI-727 structure. In vitro
analysis of the water solubility
of the prodrugs showed that
all of them had significantly
higher solubility than the par-
ent drug—5500–17,000-fold
higher—and conversion times
to the parent drug in solution
ranging from 4 min to 34 h.

The researchers also per-
formed in vivo studies of the

parent drug and eight of the
prodrugs by injecting the
compounds into rats. Blood
analysis showed that all the
prodrugs converted to the
parent drug in vivo. And three
of the prodrugs exceeded the
gastrointestinal absorption of
the parent drug when injected
in its underived form—with
bioavailability values 1.5–1.9-
fold higher.

These compounds, say
the researchers, are the first
successful water-soluble pro-
drugs that show better bio-
availability than the parent
drug in HIV-1 PIs. A key find-

ing was that the three most
effective prodrugs had in
vitro conversion times of
around 35 min—indicating
the importance of particular
conversion times, in addition
to sufficient water solubility,
for absorption improvement. 

Furthermore, the scientists
showed that they could con-
trol conversion times by syn-
thetically varying the
auxiliary structures. This,
they suggest, will be gener-
ally helpful for the future
design of practical water-
soluble prodrugs.

—KIMBERLY S.  CLEAVES
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Soluble strategy. Prodrug produced
from the sparingly soluble protease
inhibitor KNI-727. (Adapted with per-
mission from Sohama, Y.; et al. J.
Med. Chem. 2003, 46, 4124–4135.)

Microbicide trials
Topical microbial treatments such as gels,
creams, foams, and suppositories are moving
toward being the next significant market
entries in the battle to slow the global spread of
HIV. According to the FDA, about 20 topical
vaginal microbicides for the prevention of HIV
transmission are currently in human testing.

This class of therapeutics, however, brings
unique regulatory challenges to the clinical tri-
als process.

A major issue for the design of microbicide
trials is, ironically, that HIV is
not rampant enough. Even
among populations with the
highest prevalence of HIV
infection, there is statistically
a low incidence of seroconversion. For example,
studies have shown the seroconversion rate
among sex workers in Cameroon to be 7 per
100 person-years (i.e., the number of persons
multiplied by the years of observation), accord-
ing to a recent memo provided to the Antiviral
Drugs FDA Advisory Committee (www.fdaadvi
sorycommittee.com). But the only end point that
has been deemed meaningful for microbicide
efficacy trials is HIV incidence. Therefore, to
detect a statistically significant effect of a micro-
bicide, a large sample size—several thousand
patients—is necessary.

This reality has led the FDA to propose
replacing the conventional approach of proof-of-
concept/safety monitoring Phase II trials fol-
lowed by larger Phase III trials. Since the
smaller proof-of-concept tests are unlikely to

yield usable efficacy results, the agency has
instead suggested conducting a Phase II “run-
in” part of a Phase III trail, in which the Phase
II portion emphasizes safety monitoring but
includes patients who will be part of the overall
Phase III statistics. However, in an August
meeting, members of the Antiviral Drugs
Advisory Committee were split on the appropri-
ateness of this design.

Also contributing to the need for a large num-
ber of patients are condoms. These must be
provided to trial participants along with safe sex

counseling, which will further
lower seroconversion inci-
dence. And this points to
another controversy in pro-
posed trial designs for topical

microbicides. The FDA has proposed a three-
arm trial, including an active drug group, a
placebo group (excipient mixture), and a con-
dom-only group.

At the August meeting, some said that this
would be a favorable strategy for determining
whether the placebo excipient mixture has any
effect on HIV transmission. However, others
said that a condom-only group would be confus-
ing and costly.

A final consensus on these and other issues
will require more discussion, but with Carra-
guard, a vaginal gel being developed by the
nonprofit Population Council (www.popcouncil.
org), and Savvy, a gel in the Biosyn (www.bio
syn-inc.com) pipeline, both positioned to enter
Phase III trials in the near future, time is short.

—DAVID FILMORE



NC biotech from
tobacco funds
In the hope of spreading the
economic boost of biotechnol-
ogy well beyond the borders
of Research Triangle Park
(www.rtp.org), North Carolina
organizations have committed
$64.5 million to training pro-
grams in biomanufacturing
statewide.

Most of the money—
$60 million—will come from a
grant by the Golden LEAF
Foundation (www.goldenleaf.
org), a nonprofit corporation
that administers money
received by North Carolina
from its settlement with ciga-
rette manufacturers. The
foundation was established to
help fund the state’s transition
toward a non-tobacco-based
economy. In addition, the
North Carolina Biosciences
Organization (www.biospace.
com/ncbio) pledged $4.5 mil-
lion worth of equipment, pro-

fessional services, and other
resources from the industry
trade group’s member
companies.

In 2002, the nonprofit
North Carolina Biotechnology
Center (www.ncbiotech.org)
surveyed biotech companies
throughout the state to deter-
mine their future training and
employment needs, and then
tailored this new initiative to
their findings.

“We are determined that
North Carolina will have the
world’s best-trained workforce
for biomanufacturing,” said
Leslie Alexandre, president
and CEO of the center.

And according to Lawrence
Davenport, chair of the
Golden LEAF board, this pro-
gram should be a “model for
the nation.” 

Specifically, the initiative
will provide $36 million to
North Carolina State Univer-
sity (www.ncsu.edu) to build

and equip a central biomanu-
facturing training facility that
will allow hands-on experi-
ence in a commercial-scale,
GMP (Good Manufacturing
Practices) environment. In

addition, $19.1 million will
establish graduate and under-
graduate degree programs at
North Carolina Central Uni-
versity (www.nccu.edu). The
remaining $9.4 million will go
to the North Carolina Com-
munity College System (www.
ncccs.cc.nc.us) to recruit and
train workers in local commu-
nities and to serve as a feeder
for the programs at the four-
year universities. 

“This action by Golden
LEAF puts us on top of the
wave of biotechnology,” said
North Carolina Governor
Mike Easly. 

Currently, the state has
more than 180 biotechnology
companies with 14 biomanu-
facturing operations.

—DAVID FILMORE

Inducible gene vectors
Improved gene therapy—not to mention the generalized study
of gene expression—will rely on the development of more and
better gene vector systems that can be selectively inducible in
a manner not likely to upset normal
genetic controls. One approach to this
goal includes work recently reported
by researchers Peter Vaillancourt and
Katherine Felts at Stratagene Cloning
Systems (www.stratagene.com), who
looked to the well-known ecdysone-
regulated gene expression system for
designing vectors (Biotechnol. Prog.
2003, ASAP).

Ecdysone is one of the most studied
insect hormones (it helps induce molt-
ing). It normally has no effect on gene
regulation or cell viability when taken
up by noninsect cells; this is due to the lack of an appropriate
receptor for the hormone or genes responsive to its presence in
most cell lines. To demonstrate the potential of ecdysone in study-
ing gene expression, Vaillancourt and Felts designed a dual-vector
system using a modified Moloney murine leukemia virus
(MoMLV) for transforming two mammalian cell lines (HEK293T
and ER-CHO). The first vector, pFB-ERV, consisted of a tricistron-

ic CMV expression cassette containing the ecdysone receptor pro-
teins RXR and VgEcR—which is a fusion of the Drosophila mela-
nogaster (fruit fly) gene for the ecdysone receptor protein with a
strong transcriptional activation domain known as VP16, and the

glucocorticoid receptor DNA-binding
domain—and the neoresistance
marker. The second inducible vector
(pCFB-EGSH) contained the firefly
luciferase reporter gene. 

Added hormone (or, more particu-
larly, the analog ponasterone A, or
ponA) greatly induced gene expres-
sion, over 1000-fold. PonA is a short-
lived, lipophilic compound that has
good penetration ability, allowing it to
migrate into most tissues, including
the brain. It has no effect on tissues
lacking the ecdysone receptor. In the

absence of the ponA inducer, the heterodimer formed by RXR
and VgEcR acted as a powerful repressor of the inducible gene.

Thus, this system may have great potential for safely and effi-
ciently studying gene expression in human cells and animal mod-
els. The researchers next hope to develop a streamlined
single-vector system that retains these valuable qualities.

—MARK S.  LESNEY
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KEY TERMS: automation (p 9), clinical (p 13), drug delivery (pp
13, 14), genomics (p 9), high throughput (pp 9, 10), medicinal
chemistry (p 13), process (p 14), proteomics (pp 9,10)
regulations (p 13), screening (pp 9, 10), technique (pp 9, 10)


