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Recent progress in NMR spectroscopy
has delivered important capabilities to
drug discovery researchers. One of the
most notable is the development of cryo-
genically cooled NMR probes, which have
delivered the single largest increase in sen-
sitivity in NMR spectroscopy in the last few
decades. These sensitivity enhancements
enable pharmaceutical researchers to
observe samples that were con-
sidered too small just a few
years ago and to increase sam-
ple throughput up to 16-fold.

Cryogenic 
mechanics
Cryogenically cooled probe
technology takes advantage of
the inverse relationship of the
signal-to-noise ratio (S/N) to
the temperature of the radio
frequency (RF) electronics. By
reducing the temperature of
the NMR coil assembly and
the preamplifier, researchers
can achieve up to a fourfold
S/N enhancement. The coil
assembly and preamplifier are
cooled using cold helium gas in either an
open- or a closed-loop cooling system. In
the open-loop system, cold helium gas is
produced from boil-off of liquid helium.
Open-loop systems are less common in
commercial products because of the need
for frequent liquid-helium replenishing,
which typically limits experiment times to
a few days and is therefore not suitable for
many NMR applications.

Commercial vendors commonly use the
closed-loop cooling system (Figure 1),
where helium gas is compressed in one
chamber and then allowed to expand in a
second chamber, relying on the ideal gas
law (PV = nRT, where P is pressure, V is

volume, n is the number of moles of gas,
R is the gas constant, and T is temperature)
to produce cold helium gas. Vacuum-insu-
lated parts in the cooling system allow the
coil assembly to reach very low tempera-
tures (approaching 25 K), which sub-
stantially decreases noise. Thermal
isolation in the probe is critical to allow
nearly room-temperature samples to be

measured a few millimeters from the cold
coil assembly.

High-throughput screening
An ideal application of cryogenically cooled
probe technology is the screening of large
numbers of potentially bioactive molecules
against protein targets, where the probes
can dramatically improve sample through-
put. A leader in the use of NMR for screen-
ing is Abbott Laboratories (http://abbott.
com), where Steve Fesik, vice president of

cancer research, and Philip Hajduk, group
leader for NMR-based screening, developed
the method of “SAR (structure–activity
relationship) by NMR” and other NMR-
based screening strategies for drug dis-
covery and design (1).

“Our laboratory utilizes a fragment-
based approach to build and optimize new
ligands for protein targets,” explains
Hajduk. “This fragment-based approach
allows the scientist to determine the func-
tion, shape, and size characteristics of
fragments that can improve the potency and
pharmacokinetic properties of lead com-
pounds.” Their laboratory was the first in
the pharmaceutical industry to use Bruker

BioSpin’s CryoProbe technol-
ogy (www.bruker-biospin.com)
and discovered several lead
compounds using the SAR by
NMR method. The increased
sensitivity of the CryoProbe
enabled the researchers to
examine proteins that could not
be evaluated using conventional
NMR probes because of lim-
ited protein solubility.

Similarly, Jonathan Moore,
head of structural biology, and
colleagues at Vertex Pharma-
ceuticals (www.vrtx.com) use
cryogenically cooled probe tech-
nology with Moore’s SHAPES
method of NMR screening (2).
According to Moore, “The

SHAPES strategy combines nuclear mag-
netic resonance (NMR) screening of a
library of small druglike molecules with a
variety of complementary methods, such
as virtual screening, high-throughput enzy-
matic assays, combinatorial chemistry, X-
ray crystallography, and molecular
modeling, in a directed search for new
medicinal chemistry leads.” This improves
the quality of leads determined by high-
throughput screening and increases the hit
rate of potential drug targets.
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Ultracool NMR technology
Cryogenically cooled probes allow significant inroads 
into drug discovery and characterization.
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Figure 1. Keeping your cool. The Bruker BioSpin CryoProbe Accessory is a
closed-loop cooling system. The helium cylinder is used for system purges
during probe changes and provides makeup gas. Helium compressors gen-
erate substantial heat and are therefore cooled with air or water. (Image cour-
tesy of the author.)
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By studying the ligand rather than the
protein using the SHAPES method, Vertex
researchers can explore protein targets
too large for other methods such as SAR
by NMR. By combining SHAPES with the
increased sensitivity of CryoProbe tech-
nology, Vertex has increased its hit rate 10-
fold and reduced data acquisition time
16-fold compared with a conventional NMR
probe, substantially increasing productivity.

Metabolite analysis
Cryogenically cooled probe
technology can also be used to
analyze drug metabolites,
which provide important insight
into the biological activity and
toxicity of potential drug tar-
gets. Traditionally, metabolites
have been dif ficult to study
because they are typically iso-
lated only in small quantities.
With the increased sensitivity
available with the new tech-
nology, however, studies on
metabolites are providing new
structural information not avail-
able just a few years ago. The
new information will assist phar-
maceutical companies in devel-
oping drugs with improved
biological and toxicological
profiles.

According to Frank Koehn,
associate director of natural
products and structural chem-
istry at Wyeth Ayerst (www.
wyeth.com), “CryoProbe technology has
had a significant impact in the way almost
all problems are approached. We routinely
utilize the technology to elucidate the struc-
tures of complex biologically active natu-
ral products and drug metabolites that are
often available only in microgram quanti-
ties. In addition to the obvious advantages
of enabling our group to analyze smaller and
smaller samples, the CryoProbe has also
affected the way we approach other types
of problems. For example, with the added
sensitivity provided by the CryoProbe, we
can now routinely acquire long-range
1H–15N correlation data in minutes rather
than hours or days (3). This difference in
experiment time moves this experiment
from something that would only be invoked

to answer special problems to a routine
experiment that can be used to very eas-
ily answer a wide variety of structural
problems.”

“Another experiment that has also come
into more routine use is the 1H-detected
ACCORD-ADEQUATE experiment (4).
This experiment, which yields valuable
information on 13C–13C connectivity while
taking advantage of detection through the
more sensitive 1H nucleus, was in the past
only reserved for extremely soluble small-

molecular-weight samples [100–300 Da]
due to its inherent low sensitivity. However,
with the new CryoProbe, this experiment
can routinely be performed on 10 mg of
moderate-molecular-weight compounds
(500–600 Da) in an overnight acquisition.
This powerful experiment can now be reg-
ularly used to answer some of the most dif-
ficult structural problems, especially in
1H-deficient systems.”

Key to the biological activity of many
pharmaceutical agents is the relative
stereochemistry of the 1H atoms or the
substituents in the molecule. NMR
spectroscopy can be used to determine
the relative stereochemistry through the
analysis of 1H–1H or 1H–13C coupling
constants (5). An extremely useful exper-

iment for determining the coupling con-
stants within the molecule is the phase-
sensitive heteronuclear multiple-bond
correlation (HMBC) experiment (6). This
experiment, however, is not widely applied
to pharmaceutical drugs because of its
inherently low sensitivity. Koehn reports
that the high sensitivity of cold probes has
revolutionized the use of this experiment
so that it can be widely applied to phar-
maceutical agents. Using CryoProbes,
Koehn’s laboratory routinely applies this

method to samples available
in quantities as low as 100 µg
to gain complete relative stere-
ochemical information.

Koehn continues: “High-res-
olution CryoProbes are a valu-
able adjunct to LC-NMR. When
working on mass-limited mul-
tiple-component mixtures from
drug metabolism, natural prod-
ucts, or combinatorial synthe-
sis, conventional LC-NMR-MS
is used to obtain individual one-
dimensional spectra of each
component of the mixture.
Once the subspectra are iden-
tified, we use the CryoProbes
to measure 2-D experiments
on the remaining mixture. This
enables the structure determi-
nation of mixture components
(often minor) without full
chromatographic separation of
the entire mixture.”

Likewise, researchers at
Wyeth Ayerst use cryogenically cooled
probes for pharmaceutical profiling, per-
forming diffusion-based NMR experiments
that measure physical and biochemical
properties of drug candidates at low con-
centration. These experiments “are exten-
sively used to study drug–protein
interactions where either the drug or pro-
tein target is limited in mass or solubility,”
according to Koehn.

Structural studies
Another prominent pharmaceutical com-
pany has been using a cryogenically cooled
probe for three primary applications: NMR-
based screening using saturation transfer
difference (STD) spectroscopy; protein
construct screening; and confirming hits
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Figure 2. Metabolic profiling. Researchers used a 5-mm 500-MHz Bruker TXI
z-gradient CryoProbe to acquire a 1H-NMR spectrum of rat urine collected 24 h
after dosing with pharmaceutical agent. The concentration of the metabolites
is calculated using the internal standard TSP added at a concentration of 1 mM.
(Image courtesy of the author.)



d

JULY 2003 MODERN DRUG DISCOVERY 51

thetoolbox

from high-throughput biological screening
or STD NMR-based screening (7 ). Using
the cryogenically cooled probe, researchers
can screen individual samples in as little
as 10 min, study proteins that are difficult
to crystallize, and establish the binding sites
of small molecules on proteins in a couple
of hours rather than overnight. The
increased S/N of the spectra is especially
important in the analysis of complex spec-
tra such as those obtained from urine,
which is composed of many important
metabolites (Figure 2). Therefore, to this
company, the cryogenically cooled probe
provides rapid turnaround time, which
results in faster decision-making and lets
researchers study low-abundance mole-
cules that were previously too difficult to
analyze.

Although most pharmaceutical research-
ers use cryogenically cooled probe tech-
nology exclusively for the detection of 1H
nuclei, Srinivasan Rajan, a senior fellow at

Novartis (www.novartis.com), finds that
using it for 13C detection is also invaluable.
With a 13C-optimized CryoProbe, Rajan can
rapidly acquire data on typical synthetic
samples in drug development to verify
the chemical structure. Such information
is used to determine whether inconsis-
tencies in biological assays are the result
of an unstable compound or an ambiguity
in the structure. Complete 13C and 1H
chemical shift information allows proper
interpretation of the NMR data and pro-
vides accurate chemical structure infor-
mation for the project team to assess the
correlation of the structure with biologi-
cal activity.

The bottom line
Cryogenically cooled probe technology
has been widely and rapidly adopted by the
pharmaceutical industry as an essential
tool. Of the CryoProbes delivered to date
by Bruker BioSpin, 54% are used in the

pharmaceutical industry. Although still in
its infancy, this product has had a major
impact in the past three years and will
continue to play a role in revolutionary new
methods of drug discovery research for
many years to come.
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Kimberly L. Colson is national CryoProbe
product manager at Bruker BioSpin Corp.
(www.bruker-biospin.com). Send your com-
ments or questions about this article to
mdd@acs.org or to the Editorial Office address
on page 3. o


