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The T32 training grant, Research Training in Natural Product Complementary and Alternative Medicine, in the Department of Medicinal Chemistry and Pharmacognosy supports
the education of the next generation of scientists responsible for establishing the safety and efficacy of dietary supplements and for the discovery of new therapeutic agents from natural
product sources. It currently supports six predoctoral and three postdoctoral trainees working on projects in the area of natural products research. This program emphasizes
Interdisciplinary collaborative research and incorporates our graduate programs and postdoctoral training in medicinal chemistry and pharmacognosy with a focus on natural products.

This NIH-sponsored training program is a result of a long history of natural products research in the Department of Medicinal Chemistry and Pharmacognosy. Since 1999, the
Department has been home to the UIC/NIH Center for Botanical Dietary Supplements Research, which is the longest continuously NIH-supported Botanical Center. Founded by Prof.
Farnsworth, the UIC Botanical Center is directed by Prof. van Breemen and is focused on evaluating the safety and efficacy of botanical dietary supplements used by women as alternatives
to hormone therapy at menopause. Training young scientists for careers in natural products research is a core mission of the Botanical Center, and our predoctoral and postdoctoral
trainees have assumed leadership positions in academia, industry and government in the United States and internationally. With the success of the Botanical Center, it was a natural
progression to pursue this NCCIH (formerly NCCAM) training grant. Trainees must be citizens or noncitizen nationals of the United States or have been lawfully admitted for permanent
residence at the time of appointment.

Our trainees are required to attend the EHSO 3016 Laboratory Safety and Chemical Waste Management course as well as the Graduate College GC401 Scientific Integrity and
Responsible Conduct of Research course. Additionally, all trainees attend monthly career development meetings associated with the Botanical Center. In addition to scientific discussions
related to natural products, these monthly meetings provide career development guidance, such as improving writing skills, preparing presentations and interviewing tips. All trainees are
required to present their research at least once each semester and at an annual retreat to the training faculty and the T32 Advisory Committee members.

The Advisory Committee was established to assist in the review of the training program policies and procedures, review trainee progress, review trainee candidate nominations, and
review nominations of new mentors being added to the program. The Advisory Committee meets at least once a year when trainee candidates are being considered, but they are consulted
ad hoc as necessary. The members consist of the directors of graduate studies in the College of Pharmacy 1 Prof. Pavel Petukhov (Medicinal Chemistry), Prof. Jimmy Orjala
(Pharmacognosy), Prof. Karl Larsen (Biopharmaceutical Sciences, Forensic Science), Prof. Simon Pickard (Pharmacy Systems, Outcomes & Policy); and the coordinator of the
Pharmaceutical Biotechnology predoctoral track, Michael Federle.

While complementing the educational mission of the Department of Medicinal Chemistry and Pharmacognosy, this T32 training grant supports an environment of independent and 732 Trainees and Leaders. Pictured left to right: (first row) Tareisha Dunlap (postdoctoral), Daniel May

: PRPE _ : : (predoctoral), Alyssa Sprouse (postdoctoral), Richard van Breemen (Principal Investigator), Laura Gauthier
creative thinking that enhances the graduate and post-graduate education of natural project researchers. (predoctoral). Elizabeth Ryan (Program Coordinator): (second row) Tom Speltz (predoctoral), Michael Mullowney

(predoctoral), Daniel Kulakowski (postdoctoral), Michael Rush (predoctoral), and Brian Guo (predoctoral).

POSTDOCTORAL TRAINEES

Tareisha Dunlap (Dr. Judy Bolton, mentor): Botanical modulation of P450 1B1-mediated estrogen oxidative metabolism in MCF-10A cells.

ESTROGEN CHEMICAL

The risk of developing breast cancer increases with cumulative exposure to estrogens. Estrogens stimulate cell proliferation (hormonal carcinogenesis) and are metabolized by CYP1B1 to 4-OH metabolites that form genotoxic quinones (chemical carcinogenesis), CARCINOGENESIS
both contributing to breast cancer risk. Inflammation potentiates estrogen oxidative metabolism and CYP1B1 expression (inflammation-stimulated estrogen carcinogenesis). In normal breast cells, TNF-U and IFN-2 up-regulate CYP1B1 mRNA expression, and NF-kB Fxee R © fona
Inhibitors or aryl hydrocarbon receptor (AhR) antagonists have the opposite effect. Botanicals used for w 0 me rh@&bkh can modulate multiple key steps in estrogen chemical carcinogenesis, we have compared three licorice species, Glycyrrhiza glabra (GG), inflata =3 AR ”?;
(GI), and uralensis (GU), to determine their effects on inflammation and CYP1B1-mediated estrogen metabolism. In inflammation assays using macrophage cells; Gl more significantly inhibited iNOS activity than GG or GU. A constituent in all three licorice species @@ pasoreil T
Isoliguiritigenin (LigC) and the marker compound from Gl licochalcone A (LicA) inhibited INOS activity also. We then investigated the effect of licorice on inflammatory-driven CYP1B1 expression; GG, GU, and LigC in combination with cytokines additively increased ™ e | +-OHE, (E2) Ho,@
expression, yet Gl and its marker compound LicA reduced CYP1B1 expression. Similarly, GG, GU, and LigC increased estrogen metabolism to 4-OH metabolites, yet Gl and LicA reduced estrogen oxidative metabolism. LicA also inhibited XRE-luciferase reporter ¢” ﬂg@{ cour _ 4meorey
activity in the presence of TCDD, indicating that it is an antagonist of AhR. Our data strongly suggest that Gl and LicA inhibit inflammation and CYP1B1-mediated estrogen oxidative metabolism, and may protect women against estrogen carcinogenesis. INFLAMMATORY-STIMULATED
Alyssa Sprouse (Dr. Richard van Breemen, mentor): Drug-botanical interactions. Daniel Kulakowski (Dr. Guido Pauli, mentor): K-targeted isolation of C-glycosylflavones from Vitex agnus-castus by countercurrent
Postdoctoral fellow, Alyssa Sprouse, joined the laboratory of Dr. Richard van Breemen in September 2014 to methodology.

Investigate the potential of botanical extracts to interact with prescription drugs. Botanical extracts of interest
are first tested in a drug permeability assay utilizing Caco-2 cells, a model of the human intestinal epithelium,
to predict the oral absorption of compounds in the extract. Specific compounds of interest from the extract will
also be tested for binding to plasma proteins to determine levels of free compound in the blood. If compounds
In the extract are predicted to be absorbed and have significant free serum concentrations, UHPLC-MS/MS
and gPCR are then used to measure the enzyme activities and gene expression, respectively, of important
drug-metabolizing CYP450 enzymes in primary human hepatocytes after treatment with the botanical extract.
In this manner, the potential for harmful drug-botanical interactions, which can lead to drug overdose (CYP
Induction) or lack of drug efficacy (CYP inhibition), may be predicted and prevented.

The partition coefficient, or K-value, is the ratio of the concentration of a compound in

each phase of a biphasic solvent mixture and is a physicochemical property of a

particular compound in a particular solvent system. The K-value can be determined

(HPLC, TLC or gNMR) and exploited to predict the separation behavior of compounds

during countercurrent separations, including centrifugal partition chromatography

(CPC) and high-speed countercurrent chromatography (CCC). The K-values of C-

glycosylflavones, such as vitexin and orientin, biologically significant constituents of fruit extracts of Vitex agnus-castus (a botanical supplement
used to treat PMS), was determined using liquid chromatography-mass spectrometry (LC-MS). These K-values are being used to develop
efficient, preparative scale methods to isolate C-glycosides for in vitro and in vivo testing in Botanical Center assays.

PREDOCTORAL TRAINEES

Laura Gauthier: A DESIGNER extract: Selective depletion of glabridin and congeneric metabolites from Glycyrrhiza glabra (L.).

Botanical extracts are widely used as a form of complementary and alternative medicine. They are highly complex chemical entities containing thousands of metabolites that originate from complex interactive biosynthetic pathways. Despite this
complexity, the majority of research on natural health products focuses on one of just a few priority constituents which may fail to explain observed biological activity. Countercurrent separation technology enables a targeted method to Deplete and
Enrich Select Ingredients to Generate Normalized Extract Resources, giving rise to DESIGNER extracts for biological and chemical characterization. Glycyrrhiza glabra (L.), or European licorice, is one of the most common botanical products on the
US market. Both licorice extract and its botanical marker, glabridin, are associated with many biological properties including estrogenic, antioxidant, anti-inflammatory activity, and the regulation of energy metabolism. Targeted depletion of glabridin
and congeneric metabolites enabled by countercurrent separation methodology is facilitating the production of a DESIGNER extract for the direct study of their biological contribution to the overall activity of complete licorice extract.

Daniel May:_ Isolation and structure elucidation of Merocyclophane C from the -cultured Michael Rush: Magnetic microbead affinity selection natural product screening

cyanobacteria Nostoc sp. (UIC 10110) Natural products are an ideal source of diverse and biologically active compounds. As the standard approach in this field, bioassay-
Cyanobacteria are prolific producers of biologically active natural products. guided fractionation is labor-intensive and slow, often requiring several weeks of effort. Therefore, more efficient methods are needed to
Initial screening of the extract of UIC 10110, a Nostoc sp. based on 16S identify pharmacologically-active natural products in botanical and microbial extracts. Since mass spectrometry can provide the
rRNA phylogenetic analysis, found it to be cytotoxic against MDA-MB-435 required selectivity, sensitivity and speed, our research is focused on developing high-throughput drug discovery screening assays
cells and HT-29 cells in an anti-proliferation assay. Dereplication by mass based on UHPLC-mass spectrometry. Michael Rush is focused on screening natural product extracts to find novel nonsteroidal anti-
spectrometry and NMR indicated the presence of potentially novel inflammatory agents. In addition to serving as lead compounds for drug discovery, identification of anti-inflammatory agents in botanical
constituents. An active constituent was isolated using semi-preparative dietary supplements also contributes to the understanding of their mechanisms of action. Previously in this laboratory, Pulsed Ultra
reversed-phase HPLC. High resolution mass spectrometry facilitated the Filtration Mass Spectrometry (PUFMS) was invented, developed and found to be effective (several hours vs. several weeks, although
determination of the molecular formula, and proton NMR showed the MMASS natural product screening  Still not automated and high-throughput) for screening combinatorial libraries and natural product extracts. Aiming to improve upon the
structure of the active compound to be similar to Merocyclophane A, a A Step 1: Incubate paramagnetic bead bound speed of PUFMS at least 100-fold, a higher-throughput MS-based approach is being developed, Magnetic Microbead Affinity Selective
compound recently discovered by our lab. Comparison of the spectra, as protein with extract Screening (MMASS). Beginning with anti-inflammation targets such as the nuclear receptor retinoic acid X receptor (RXR) and 15-
well as additional 2-D NMR experiments, confirmed the structure of A Step 2: Wash protein-ligand complexes lipoxygenase (which oxidizes fatty acids and contributes to a variety of inflammatory disorders such as atherosclerosis), MMASS
Merocyclophane C. The absolute configuration of the compound was using a magnet to draw down tethered assays have been developed and are being applied to the testing of Botanical Center plant extracts. A summary of how MMASS is
determined by using circular dichroism spectroscopy. proteins used for isolating compounds with affinity for a protein target is shown in the illustration.

A Step 3: Collect binders for LC-MS analysis.

Michael Mullowney: Development of anti-TB antibiotics from aquatic-derived actinomycetes

Focused on the discovery of drug-leads from aquatic actinomycete bacteria that inhibit M. tuberculosis (TB), Michael Mullowney has isolated the new metabolites diazaquinomycins E, F, and G in addition to diazaquinomycins A (DAQA) and C from a marine-derived
Streptomyces sp. He has also discovered novel diazaquinomycins H (DAQH) and J (DAQJ) from a Micromonospora sp. collected in Lake Michigan. These are among the first secondary metabolites to be described from a freshwater-derived actinomycete. This
antibiotic class displayed an in vitro activity profile similar or superior to clinically used anti-TB agents and maintained this potency against a panel of drug-resistant TB strains. In vitro profiling against a broad panel of bacteria indicated that this antibiotic class
selectively targets TB. Although DAQA had been reported to inhibit thymidylate synthase (Thy) in Enterococcus faecium, when screening DAQA in a TB Thy enzyme activity assay and against TB thy over-expression mutants, we did not observe the same effect.
Current research involves using a TB cell lysate for target identification of this class of antibiotics in the 0 d r affigity responsive target s t a b (DARTE)yassay. Confirmatory target identification studies being undertaken by several collaborators aim to help
conclusively define the mechanism of action. This class of antibiotics is poised for preclinical development including studies of pharmacokinetics and synthetic analog generation to determine structure-activity relationships (SAR).

Thomas Speltz: Engineering natural functional groups from leucine and isoleucine into 3VW D S QiniQd acids

The solvent-exposed structure on the surface of proteins consists of unique conformations, such as alpha-helices, which are capable of stabilizing protein-protein interactions by binding to specific grooves on the surface of partner <
proteins. Peptides mimicking the secondary structure of interacting regions can be used for therapeutic purposes when they are designed to bind at the interface where two proteins interact and disrupt important pathways of signal
transduction. One well developed approach for constraining peptides into alpha-helical conformations is to chemically install an all hydrocarbon i s t avmlrireg @losing metathesis of two non-natural alkene-containing amino acids. A common

implication when incorporating a chemical staple is that the introduced alkyl chaind meant to be just a constraintd can itself interact with hydrophobic regions on the targetp r o t surfac®and augment the affinity and selectivity characteristic

with the amino acid residues from the natural sequence. A specific example of this has been shown in a crystal structure of a stapled peptide derived from steroid receptor coactivator 3 that binds to the estrogen receptor. In this example, the
hydrocarbon staple interacts with the receptor in place of isoleucine and leucine residues. We hypothesize that enhanced selectivity and potency can be achieved by better reproducing the natural binding surface of SRC3, and we are <>
preparing novel stapling amino acids that incorporate functionality from isoleucine and leucine for use in developing peptides that inhibit the estrogen receptor/steroid receptor coactivator interaction. A representation of the TR-FRET assay we

use to measure the potency of our peptides is shown. We hypothesize that potent inhibitors of the estrogen receptor/coactivator interaction will selectively kill breast cancer cells that overexpress the estrogen receptor.



