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An Emerging Crisis

2Antibiotic Resistance Threats in the United States, 2013. Centers for Disease Control and Prevention.
Anonymous. 2017. WHO publishes list of bacteria for which new antibiotics are urgently needed. World Health Organization.

“The world is heading towards a post-antibiotic era, in which many 
common infections will no longer have a cure and, once again, kill 

unabated.”

WHO Director General 
Dr. Margaret Chan

NEW TREATMENTS ARE OF 
IMMEDIATE CONCERN!



Slowed Development

3Frontiers in pharmacology 4 (2014): 177
https://phys.org/news/2017-05-uk-survey-species-medical.html (2017)
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Sulfonamides
(prontosil)

Chloramphenicol
(chloramphenicol)

Glycopeptides
(vancomycin)

Trimethoprim
(trimethoprim)

Glycylcylines
(tigecycline)

Arsenicals
(salvarsan)

Macrolides
(erythromycin)

Tetracyclines
(doxycycline)

Streptogramins
(pristinamycin)

β-lactams
(amoxicillin, cefalexin)

Aminoglycosides
(streptomycin)

Quinolones
(ciprofloxacin)

Ansamycins
(rifamycin)

Nitroimidazoles
(azanidazole)

Lipopeptides
(daptomycin)

Pleuromutilins
(retapamulin)

Oxazolidinones
(linezolid)

Natural product derived

Synthetic

Discovery Void



‘Neglected’ Tropical Diseases

Helminth NTDs
Taeniasis/Cystiacercosis
Guinea worm disease

Echinococcosis
Foodborne trematodiases

Lymphatic filariasis
Soil-transmitted helminthiases

Schistosomiasis
Onchocerciasis

Viral NTDs
Rabies

Dengue
Chikungunya

Bacterial NTDs
Leprosy

Trachoma
Yaws

Buruli Ulcer

Fungal NTDs
Mycetoma

Chomoblastomycosis
Others..

Protozoan NTDs
Chagas disease
Leishmaniasis

Human African 
trypanosomiasis

Ectoparasitic NTDs
Scabies
Others…



Analytical Metabolomics
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Synergy Natural Product Discovery

Ethnobotany

Broad 
Research 
Themes 

(thus far…)



Biochemometric 
Modeling

Biochemometrics
Biological 

Assays

Untargeted 
metabolomics

Molecular 
networking

Putative bioactive 
identification

Annotation & 
dereplication

Isolation and 
Structural 

Elucidation

Predicted vs Measured,(3 Comp), RMSECV = 0.11

Measured (Bioactivity)
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Slope =
   0.654
Interc. =
   0.040
Bias =
   -0.000
R =
   0.809
R2 =
   0.654
Adj. Corr. =
   0.624

Selectivity Ratio Plot (Bioactivity) - Significance Threshold 1.738 (p=0.050)
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Artemisia – more than just malaria

7
https://fineartamerica.com/featured/sweet-annie-
artemisia-annua-gregory-g-dimijian-
md.html?product=poster

https://elifesciences.org/digests/41129/tuberculosis
-bacteria-thrive-on-a-nitrogen-source-buffet

https://www.medicaldevice-network.com/news/tuberculosis-
blood-test/



Bioactive Ligands from TCM Sources
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crow-dipper skullcap Licorice rootginger ginseng

jujubee Dang shen Astracyylodes
roots

Ban Xia Xie Xin Tang
Liu Jun Zi Tang
Shao Yao Gan Cao Tang
Gui Zhi Jia Shao Yao Tang
Yi Zi Tang
Ma Zi Ren Wan

Poria
mushroom

peony cinnamon angelicabupleurum Chinese 
rhubarb

Black 
cohosh

Hemp seed Magnolia bark Orange 

Ban Xia Xie Xin Tang
Liu Jun Zi Tang
Shao Yao Gan Cao Tang
Gui Zhi Jia Shao Yao Tang
Yi Zi Tang
Ma Zi Ren Wan

Ban Xia Xie Xin Tang
Liu Jun Zi Tang
Shao Yao Gan Cao Tang
Gui Zhi Jia Shao Yao Tang
Yi Zi Tang
Ma Zi Ren Wan

Ban Xia Xie Xin Tang
Liu Jun Zi Tang
Shao Yao Gan Cao Tang
Gui Zhi Jia Shao Yao Tang
Yi Zi Tang
Ma Zi Ren Wan

Ban Xia Xie Xin Tang
Liu Jun Zi Tang
Shao Yao Gan Cao Tang
Gui Zhi Jia Shao Yao Tang
Yi Zi Tang
Ma Zi Ren Wan

Ban Xia Xie Xin Tang
Liu Jun Zi Tang
Shao Yao Gan Cao Tang
Gui Zhi Jia Shao Yao Tang
Yi Zi Tang
Ma Zi Ren Wan

Ban Xia Xie Xin Tang
Liu Jun Zi Tang
Shao Yao Gan Cao Tang
Gui Zhi Jia Shao Yao Tang
Yi Zi Tang
Ma Zi Ren Wan



Mining the Network
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Combination Modeling for Synergists

10



Where will 
the next 

generation of 
bioactive 
molecules 

come from?
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The Promise of Natural Products
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Journal of Natural Products (2016) 79(3): 629-661.

ca. 55%
All small 

molecule drugs

Small Molecule Anticancer drugs, 1981-2020

Natural Products
Natural Product Mimics
Synthetic with NP pharmacophore
Synthetic

Small Molecule Anticancer drugs, 1981-2020

Natural Products
Natural Product Mimics
Synthetic with NP pharmacophore
Synthetic

Small Molecule Anticancer drugs, 1981-2020

Natural Products
Natural Product Mimics
Synthetic with NP pharmacophore
Synthetic

Small Molecule Anticancer drugs, 1981-2020

Natural Products
Natural Product Mimics
Synthetic with NP pharmacophore
Synthetic

https://doi.org/10.1021/acs.jnatprod.9b01285

>80%

Antibacterial drugs, 1981-2020

Natural Products
Synthetic with NP pharmacophore
Biological Macromolecule
Synthetic
Vaccines

Antibacterial drugs, 1981-2020

Natural Products
Synthetic with NP pharmacophore
Biological Macromolecule
Synthetic
Vaccines

Antibacterial drugs, 1981-2020

Natural Products
Synthetic with NP pharmacophore
Biological Macromolecule
Synthetic
Vaccines

Antibacterial drugs, 1981-2020

Natural Products
Synthetic with NP pharmacophore
Biological Macromolecule
Synthetic
Vaccines

Antibacterial drugs, 1981-2020

Natural Products
Synthetic with NP pharmacophore
Biological Macromolecule
Synthetic
Vaccines

>60%



Ethnobotany Discovery
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> 28,000 plant species in use as 
medicine in 90 countries

<10% have been checked for active 
molecules

Frontiers in pharmacology 4 (2014): 177
https://phys.org/news/2017-05-uk-survey-species-
medical.html (2017)

Lewisia rediviva

Aralie nudicaluis

Arbutus menziesii

Cirsium ochrocentrum

Opuntia spp.
Peniocereus greggii

Anenopsis californica

https://phys.org/news/2017-05-uk-survey-species-medical.html


NA Ethnobotanical Leads
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Fallugia paradoxa
“Apache plume”

Diplicaucus aurantiacus
“Monkey flower”

Adenostoma sparsifolium
“Red shanks”

Ericameria nauseosa
“Rubber rabbitbrush”
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Appalachian Plants

15

Pilea pumila

Asarum canadense

Gnaphalium uliginosum

Arisaema triphyllum

Anaphalis margaritacea



Ethnobotanical Collaborations

16



Microbial Natural Products

Fungi, Lichens, & Endosymbiotic 
Organisms

17



Environmental Microbiomes as new NP Sources



A Hostile Environment, An Opportunity for Adaptation

19

• limited nutrient availability
• exposure to ultraviolet 

radiation
• oxidative stress
• drought
• rapidly-changing abiotic 

conditions. 

antibiotics

surfactants
quorum-sensing

molecules

plant 
signaling 

hormones

pigments

EPS

intercellular 
proteins

flagella

efflux pump

nutrient uptake
and

metabolic recycling/
adaptation



Antibacterial phyllosphere from Larrea tridentata

20



Exploring Environmental Microbiomes at SURF



Acknowledgements
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American Society of 
Pharmacognosy



Thank you!
Questions?
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Josh Kellogg

jjk6146@psu.edu

www.sites.psu.edu/kellogglab

@jkellogg916

mailto:jjk6146@psu.edu
http://www.sites.psu.edu/kellogglab
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