Belofsky Lab - Plant Natural Products Research
Natural products chemistry involves the isolation, characterization, and biological testing of organic compounds
from natural sources such as plants, fungi, bacteria, insects, and other organisms.
Philosophy
There are unifying principles of natural products research:


Bioactive natural products bind to specific biochemical receptors as a result of natural selection.



Having evolved in close association with nature, human biosynthetic pathways have likely conserved large
structural portions of the same or similar receptors. These may therefore be subject to pharmacological effects
upon exposure to bioactive natural products (e.g. nicotine below).



Biological and chemical screening of natural product extracts, using widely available methods of isolation and
characterization, will result in the discovery of compounds that exhibit unique properties.



Natural product-based pharmaceuticals are complementary to synthetic drugs. Whether simple or complex in
structure, they typically do not contain problematic chemical functionalities that can lead to short- or long-term
adverse effects.

The naturally-selected role of the toxin nicotine, from
Nicotiana tabacum (tobacco) is to deter insect herbivores
from feeding on the plant. The compound exerts
different pharmacological effects on the human brain
and nervous system.

General Research Interests
We are currently interested in studying the activity of plant compounds for antiparasitic activity. We have also
published work on compounds having antibacterial, antifungal, and antiinsectan activity.
This work entails the…

Dalea species collected in southeastern Arizona

 Field collection of wild plants for study.
 Interdisciplinary collaborations with researchers
in biology and pharmacology for testing
of natural product isolates.
 Use of classical chromatographic and
state-of-the-art spectroscopic techniques
to isolate and characterize compounds
of interest.
 Use of biological assays to evaluate
interactions of compounds with
macromolecular biological targets.

Natural products chemistry educates students in transferable, high-demand skills of chromatography and spectroscopy.

Biological Testing
Biological testing of crude extracts, chromatographic fractions, and isolated compounds is a critical component of
natural products research that requires extensive knowledge in complementary fields such as biology and
pharmacology. Testing may be accomplished through collaborations with researchers in academic, government,
and private facilities.

Selection of Organisms for Study
Plant sources offer the advantages of relative abundance of material, ease of collection and subsequent extraction,
and a track record of success for medicinal applications. Plant natural products research is well suited to the
timeframe of student projects at all levels. Collection of plants in the US offers the additional advantage of lower
travel costs, avoids the difficulties associated with international collecting, and to some extent, may serve
conservation efforts in the region.
Of consideration in choosing plant sources:
Ecological – Species exhibiting chemical defenses or communication.
Geographic – Plants from biologically diverse regions.
Taxonomic - Infrequently or never before studied species.
Ethnographic – Species with documented traditional uses.
Informatic – Based on prior knowledge, and by analogy to known natural or synthetic substances.
There are numerous plants of potential interest that meet at least two or more of the above criteria. Many were
used in Native American traditional medicine or in folk medicine of various regions, and have never been chemicallyinvestigated in detail. An example of a valid taxonomic/informatics approach would be when a plant extract of a
particular species is found to be active in biological testing. In this case, it is reasonable to seek other species of the
same genus that likely contain natural analogs of those found in the first species.

Methods of Isolation and Characterization
There are many options for extraction and chromatographic
purification of natural products on a preparative scale.
Traditional methods, like solvent partition and open-column
silica gel chromatography are still extremely effective.
Methods that utilize polymer gel stationary phases like
lipophilic Sephadex have proven invaluable in modern
natural products. Preparative high performance liquid
chromatography (HPLC), although typically
more labor intensive, is useful in cases where higher
resolution is sought. Gas chromatography (GC) and analytical
scale HPLC, in tandem use with ultraviolet (UV) spectroscopy
and/or mass spectrometry (MS), are powerful tools for the
identification of known compounds.

Schematic of a custom-made
linear, continuous gradient setup for column chromatography

Characterization of Natural Products
Techniques of high resolution nuclear magnetic resonance (NMR) spectroscopy and MS have advanced rapidly in
recent years and can be applied to previously unsolvable problems in natural product structure elucidation. A twodimensional heteronuclear multiple bond correlation (HMBC) NMR spectrum is a standard tool for the structure
determination of natural products. The example below shows how HMBC was used to establish part of the
structure of a new compound, malheuran B.
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This portion of an HMBC
NMR spectrum shows
four clear correlations
from hydrogen 2 to
carbons 4, 1', 2', and 6',
thereby establishing the
connectivity between the
two rings involved.
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Current Area of Focus
We are currently engaged in a three year funded
project (NIH, NCCIH award #R15AT008546) to
investigate plant natural products for activity
against hookworm disease. This is a collaborative
project with the research group of Dr. Blaise Dondji
in the Department of Biological Sciences, CWU. The
hookworm Ancylostoma ceylanicum serves as our
model organism for an ex vivo assay for this
anthelmintic activity.
The aims of the project follow from strong preliminary test results for extracts of the plant Dalea ornata (Fabaceae):
1.

Isolation, characterization, and biological testing of the active components present in our best current lead
extracts (e.g. D. ornata and others).
2: Expansion of our ex vivo screening to other rationally-selected plants.
3: Evaluation and characterization of ex vivo-active compounds in our in vivo hamster model with A. ceylanicum.

Scientific Society
“Pharmacognosy” derives from two Greek words,
“pharmakon” or drug, and “gnosis” or knowledge. Like many
contemporary fields of science, Pharmacognosy has
undergone significant change in recent years and today
represents a highly interdisciplinary science that is one of five
major areas of pharmaceutical education.
The American Society of Pharmacognosy (ASP) is international in scope and brings together those dedicated to the
promotion, growth, and development not only of pharmacognosy but all aspects of those sciences related to and
dealing in natural products. The Society currently has over 1,100 active and associate members. Approximately 40
percent of the active members of the Society reside outside of the U.S. and Canada, and represent more than 60
countries throughout the world. The ASP co-publishes its flagship journal, the Journal of Natural Products, with the
American Chemical Society.
Pharmacognosy is the study of natural product molecules (typically secondary metabolites) that are useful for their
medicinal and other functional properties. The sources of compounds of interest span all biological kingdoms, most
notably marine invertebrates, plants, fungi, and bacteria. Natural products chemistry is steadily refreshed with
techniques and new findings from associated scientific fields. This is one reason why studying pharmacognosy is a
good choice for those who like to work at the interface of many different, but complementary, areas of science that
relate to the natural world.
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