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Type them into questions box!

“Why am I muted?”
Don’t worry. Everyone is muted 
except the presenter and host. 
Thank you and enjoy the show. 

Contact ACS Webinars ® at acswebinars@acs.org 

Have Questions?
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Find the many benefits of ACS membership!

http://bit.ly/ACSmembership 

Join a global community of over 150,000 chemistry professionals
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Benefits of ACS Membership 

http://bit.ly/ACSmembership

Chemical & Engineering News (C&EN) 
The preeminent weekly digital and print news source. 

NEW! ACS SciFinder 
ACS Members receive 25 complimentary SciFinder® research 
activities per year. 

NEW! ACS Career Navigator 
Your source for leadership development, professional 
education, career services, and much more.
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Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

@AmericanChemicalSociety

https://www.linkedin.com/company/american-chemical-society
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Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 
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“I teach general chemistry at 
a community college near 
Sierra Nevada Brewery and 
after this ACS Webinar I will 
definitely be incorporating 
oxalate precipitation and its 
importance to brewing beer 
into the curriculum!”

Thomas Cox 
Professor of Chemistry, 
Butte College

http://bit.ly/CloudyBeerVideo
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Learn from the best and brightest minds in chemistry! Hundreds of webinars on 
diverse topics presented by experts in the chemical sciences and enterprise.

Recordings are an exclusive ACS member benefit and are made available to 
registrants via an email invitation once the recording has been edited and posted.

Live Broadcasts of ACS Webinars  continue to be available to the general public 
every Thursday from 2-3pm ET!

®

www.acs.org/acswebinars
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ChemIDP.org

An individual development 
planning tool for you! 
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8http://acsoncampus.acs.org

What is ACS on Campus?

ACS visits campuses across the world offering FREE seminars on how to get published, find a job, network and use 
essential tools like SciFinder. ACS on Campus presents seminars and workshops focused on how to:
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Upcoming ACS Webinars
www.acs.org/acswebinars

9

Contact ACS Webinars ® at acswebinars@acs.org 

Thursday, September 6, 2018

The Proposal Writing Process: Practical Tips
Co-produced with the ACS Graduate & Postdoctoral Scholars Office and the ACS Office of Research Grants

Thursday, September 13, 2018

Bioprivileged Molecules: How We Can Create Value From Biomass
Co-produced with the ACS Green Chemistry Institute

Brent Shanks

CBiRC and Iowa State University

Peter Keeling

CBiRC

10https://cen.acs.org/synthesis/biocatalysis/Synthesizing-mothersmilk/96/i27

Features Steve Townsend in this free article! 
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https://pubs.acs.org/doi/abs/10.1021/acsinfecdis.7b00064

Co-produced with the ACS Infectious Diseases 
12

www.acs.org/acswebinars
Slides available now and an invitation to view the recording will be sent when available.

Nature’s Elixir: Antimicrobial Properties of Human Milk

Steve Townsend
Assistant Professor of Chemistry, 

Vanderbilt University

Courtney Aldrich
Associate Professor, Medicinal Chemistry, 

University of Minnesota and Editor-in-Chief of 
ACS Infectious Diseases
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GENERAL INFO

• 6 months exclusive

• 2 years and beyond w/ mixed diet 

www.who.int/topics/breastfeeding/en

www.womenshealth.gov/Breastfeeding www.aap.org 14

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiXoc7-jN3cAhUPJt8KHbL2ADMQjRx6BAgBEAU&url=https://www.womenshealth.gov/Breastfeeding/&psig=AOvVaw10w1-b7tZ4qGHQF_qUlcz1&ust=1533805520852561
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwibzJS1jd3cAhWumOAKHYseDC8QjRx6BAgBEAU&url=https://shop.aap.org/New-Mothers-Guide-to-Breastfeeding-3rd-Edition-Paperback&psig=AOvVaw2zQYh6L9_UVOysBxGEsb9Y&ust=1533805621270246
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CENTRAL QUESTIONS

Who inhabits the milk microbiome?

What are the key factors influencing its activity?

15

HUMAN MILK MICROBIOME

Microbiome

Modulators

Human Milk

Flora

Staphylococcus
Pseudomonas
Edwardsiella
Streptococcus

Treponema
Pantoea

Campylobacter
Lactobacillus

Infant Gut

Flora

Low Diversity
High Counts 

Bifidobacterium &
Lactobacillus

Infant Gut

Flora

High Diversity
High Counts 
Bacteroides, 

Clostridium, E. Coli

Microbial 

Balance

Health

Unbalanced

Microbiota

Allergy
Bacteroides
Lactobacillus

Obesity
Bifidobacteria

dysbiosis

dysbiosis
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https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiD8vKX8drcAhWCvFMKHU_kA-MQjRx6BAgBEAU&url=https://www.youtube.com/watch?v%3DAQjx4l2mMac&psig=AOvVaw17p3tWAm-ti0AyomD1NsJW&ust=1533729333387610
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwijk-vs8drcAhUHoVMKHfU_D-MQjRx6BAgBEAU&url=https://www.health.harvard.edu/blog/the-trouble-with-antibiotics-201607209986&psig=AOvVaw3ASSG2D0T_bgSAVx21c16o&ust=1533729488601697
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwi318uZ8trcAhUEu1MKHQ4rA-AQjRx6BAgBEAU&url=http://pateohotel.com/alarm-clock-analog/alarm-clock-analog-amazing-7-great-clocks-to-replace-your-smartphone-gear-patrol-within-8/&psig=AOvVaw1i0P78471957WfA_bXKxXa&ust=1533729605743660
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwimlsbk8trcAhXEtFMKHYWVCu4QjRx6BAgBEAU&url=https://www.foodinsight.org/blogs/usda-launches-new-food-icon-myplate&psig=AOvVaw1e0dJEZ4fE1PcEPLcNlWtg&ust=1533729730676856
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• About one-tenth

• About one-quarter

• About half 

• About two-thirds 

• About three-fourths

Dysbiosis: What percentage of women receive antibiotics during labor and delivery?

P.V. Jeurink. Beneficial Microbes, 2013, 4, 17-30.

Increased 

Permeability

Retrograde

Flux

Transported

Via Immune 

Cells

18

HUMAN MILK MICROBIOME

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjj7r7Yjd3cAhXGneAKHQJWA2sQjRx6BAgBEAU&url=https://www.researchgate.net/figure/Potential-mechanisms-of-the-human-milk-microbiome-establishment-Physiological-changes_fig1_233999262&psig=AOvVaw1_yOdv2rRi7ECN5XRRyKH2&ust=1533805712537181
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STAGES OF LACTATION

Colostrum (< 5 days)

Immunologic instead of nutritional

Immunological
Secretory IgA 

Lactoferrin 
Leukocytes

Developmental
Epidermal Growth Factor

Minimal Lactose

Minerals
Na, Mg = High

K, Ca = Low

Transitional (5 – 14 days)

Na/K ratio declines
Lactose production increases

Immunological

Mature (@ 4 – 6 weeks) 

Morrow, A. Pediatr. Clin. North Am. 2013, 60, 49. 19

BIOACTIVE FACTORS

Cells Function

Macrophage

Infection 
protection

T-cell activation

Stem Cells
Regeneration and 

Repair

Immunoglobulins Function

IgA Inhibition of 
pathogen bindingsIgA

IgG
Antimicrobial
Activation of 
phagocytes

IgM Agglutination

Cytokines Function

IL-6
B-cell 

activation

IL-8
Neutrophil 

recruitment

IL-10
Antibody 
induction

TNF-a
Immune 

activation

Others Function

Lactoferrin Anti-bacterial

Lactadherin Anti-viral

Gangliosides
Anti-

infectious

Mucins
Block 

pathogen 
adhesion

Morrow, A. Pediatr. Clin. North Am. 2013, 60, 49. 20
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• Porcine (pig)

• Bovine

• Gorilla

• Chimpanzee

• Feline

Sugars: Human milk contains > 200 unique oligosaccharides. Which animal produces 
milk with equivalent oligosaccharide diversity?

Bode, L. Glycobiology 2012, 22, 1147. 

Sischo, J. Dairy Sci. 2017, 100, 3883. 16.

Lactose

41%

Fat

32%Protein

27%

BMOs

<1%

Human Milk

Lactose

54%

Fat

32%

Protein  

6%

HMOs 8%

Cow’s Milk

HMO = human milk oligosaccharides - 200 unique oligosaccharides

BMO = bovine milk oligosaccharides - 30 unique oligosaccharides

HUMAN vs. BOVINE

22
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CURDS AND WHEY

Non-protein nitrogenated compounds (25%)

urea/uric acid
creatine/creatinine

amino acids
nucleotides

Abundant proteins

casein 
a-lactalbumin

lactoferrin
secretory IgA 

lysozyme
serum albumin

Take Home: protein decreases between weeks 4-6

Morrow, A. Pediatr. Clin. North Am. 2013, 60, 49. 
23

LIPIDS

Abundant Fats
palmitic acid

oleic acid

Fat is cool…
Foremilk: Low fat

Hindmilk: High fat

Night/Morning: Low fat

Afternoon/Evening: High fat

Fat is antimicrobial…
Lypolytic activity

Morrow, A. Pediatr. Clin. North Am. 2013, 60, 49. 24

Colostrum 

Foremilk

Hindmilk

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiNt6fUhd7cAhUMv1MKHW_EDT4QjRx6BAgBEAU&url=https://naturellindia.com/Blog/whey-vs-casein-the-protein-war/&psig=AOvVaw1sf901h1pO6F9WPwi11iJn&ust=1533837905639606
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Bode, L.; Jantscher-Krenn, E. Adv. Nutr. 2012, 3, 383S. Newburg, D., Biochemistry (Mosc). 2013, 78, 771.

LACTOSE & HMO 

Lactose
Least variable component in milk

But…women who produce more milk 
produce more lactose

25

Structure of beta-D-Lactose

w/ Craft. ACS Infect. Dis. 2018, 4, 77-83.

HMO EFFECTS

26
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w/ Ackerman#, Craft#. ACS Infect. Dis., 2018, 4, 315-324.

HMOs from 14 donors

1. Biofilm inhibition up to 80%

 2. Growth inhibition up to 89%

1. Biofilm inhibition up to 60%

2. No growth inhibition

A. baumanii

1. Growth inhibition up to 11%

2. No biofilm inhibition

S. aureus (MRSA)S. agalactiae (3 strains)

HMOs from 5 donors

1. Growth inhibition up to 58%

2. Biofilm inhibition up to 26%

3. Alteration of biofilm architecture

S. agalactiae (1 strain)

w/ Ackerman. ACS Infect. Dis., 2017, 3, 595-605.

SEMINAL RESULTS

27

FOLLOW-UP STUDY

w/ Knippel and Huseman. Unpublished.
28
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Antibiotic Fold Reduction Classification

Ampicillin 2 β-lactam

Penicillin 2 β-lactam

Cefazolin 2 β-lactam

Vancomycin 2 glycopeptide

Clindamycin 2 lincomycin

Gentamicin 8 aminoglycoside

Erythromycin 8 macrolide

Linezolid 2 oxazolidinone

Minocycline 32 tetracycline

Antibiotic Fold Reduction Classification

Ampicillin 0 β-lactam

Penicillin 0 β-lactam

Cefazolin 2 β-lactam

Vancomycin 2 glycopeptide

Clindamycin 2 lincomycin

Gentamicin 16 aminoglycoside

Erythromycin 32 macrolide

Linezolid 2 oxazolidinone

Minocycline 8 tetracycline

Strain GB590Strain CNCTC 10/84

w/ Craft. ACS Chem. Bio., 2018. ASAP.

COMBINATION THERAPIES

Add 1% glucose 
Clindamycin = 16 fold reduction

29

MECHANISTIC ANALYSIS

w/ Craft. ACS Chem. Bio., 2018. ASAP.

v

v

SYTO®9
Passive

Diffusion PI
Permeabilize
Membrane

vv

PI quenches SYTO 9
Ratio of SYTO 9 to PI = live/dead

30
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MECHANISTIC ANALYSIS

w/ Craft. ACS Chem. Bio., 2018. ASAP.

Conclusions

• THB: significant perturbation at ≥ 2.56 
mM HMO

• THB + 1% glc: significant perturbation 
at ≥ 10.25 mg/mL HMO

• Strain specificity, growth specificity, 
dose dependent

31

• California 

• Idaho 

• Hawaii 

• Utah 

• Minnesota

According to the most recent CDC breastfeeding report card, which state in the U.S. 
had the highest percentage of babies that were breastfeed? 

https://www.cdc.gov/breastfeeding/pdf/2016breastfeedingreportcard.pdf
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THE FUTURE OF 

ANTIMICROBIALS 

• Novel sources

• Physiologically relevant growth conditions

• Harnessing the power of chemical synthesis
“Any structure the mind can conceive is a candidate for 
total synthesis” - Danishefsky

33

https://www.townsendchemistry.org/publications.html 34

THANK YOU! 
Discover more Townsend Research Group Publications.
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Co-produced with the ACS Infectious Diseases 
35

www.acs.org/acswebinars
Slides available now and an invitation to view the recording will be sent when available.

Nature’s Elixir: Antimicrobial Properties of Human Milk

Steve Townsend
Assistant Professor of Chemistry, 

Vanderbilt University

Courtney Aldrich
Associate Professor, Medicinal Chemistry, 

University of Minnesota and Editor-in-Chief of 
ACS Infectious Diseases

Upcoming ACS Webinars
www.acs.org/acswebinars
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Contact ACS Webinars ® at acswebinars@acs.org 

Thursday, September 6, 2018

The Proposal Writing Process: Practical Tips
Co-produced with the ACS Graduate & Postdoctoral Scholars Office and the ACS Office of Research Grants

Thursday, September 13, 2018

Bioprivileged Molecules: How We Can Create Value From Biomass
Co-produced with the ACS Green Chemistry Institute

Brent Shanks

CBiRC and Iowa State University

Peter Keeling

CBiRC
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https://pubs.acs.org/doi/abs/10.1021/acsinfecdis.7b00064

Co-produced with the ACS Infectious Diseases 
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www.acs.org/acswebinars
Slides available now and an invitation to view the recording will be sent when available.

Nature’s Elixir: Antimicrobial Properties of Human Milk

Steve Townsend
Assistant Professor of Chemistry, 

Vanderbilt University

Courtney Aldrich
Associate Professor, Medicinal Chemistry, 

University of Minnesota and Editor-in-Chief of 
ACS Infectious Diseases
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39https://cen.acs.org/synthesis/biocatalysis/Synthesizing-mothersmilk/96/i27

Features Steve Townsend in this free article! 

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 
40

“I teach general chemistry at 
a community college near 
Sierra Nevada Brewery and 
after this ACS Webinar I will 
definitely be incorporating 
oxalate precipitation and its 
importance to brewing beer 
into the curriculum!”

Thomas Cox 
Professor of Chemistry, 
Butte College

http://bit.ly/CloudyBeerVideo
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Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

@AmericanChemicalSociety

https://www.linkedin.com/company/american-chemical-society
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Benefits of ACS Membership 

http://bit.ly/ACSmembership

Chemical & Engineering News (C&EN) 
The preeminent weekly digital and print news source. 

NEW! ACS SciFinder 
ACS Members receive 25 complimentary SciFinder® research 
activities per year. 

NEW! ACS Career Navigator 
Your source for leadership development, professional 
education, career services, and much more.
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ACS Webinars  does not endorse any products or services. The views 
expressed in this presentation are those of the presenter and do not 
necessarily reflect the views or policies of the American Chemical Society.

®

Contact ACS Webinars ® at acswebinars@acs.org 

Upcoming ACS Webinars
www.acs.org/acswebinars
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