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How has ACS Webinars benefited you?

“I teach general chemistry at
a community college near
Sierra Nevada Brewery and
after this ACS Webinar | will
definitely be incorporating
oxalate precipitation and its

importance to brewing beer

Cloudiness in

BEER

Considerations and
Chemistry

into the curriculum!” http://bit.ly/CloudyBeerVideo

Fan of the Wee
Thomas Cox

Professor of Chemistry,
Butte College

ACS
v Chemistry for Life®

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

ACS Webinars

CLICK « WATCH « LEARN -« DISCUSS

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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* Publish in top journals .
e Write grant proposals

* Findajob o .

¢ Build industry partnerships
* Effectively use research tools like SciFinder® and ACS ChemWorx

* Prepare for a changing employment landscape
* Communicate your science
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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

Nancy Jensen Joerg Schlatterer
Experts American Chemical Am?r\can Chemical
Society Society
Thursday, September 13, 2018
Bioprivileged Molecules: How We Can Create Value From Biomass
Co-produced with the ACS Green Chemistry Institute
Experts Brent Shanks Peter Keeling
CBIRC and lowa State University CBIRC
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C&en Features Steve Townsend in this free article! V égstsw for Life®

Synthesizing mothers’ milk

Scientists are seeking ways to make beneficial but elusive sugars found in breast milk
by Tien Nguyen
JULY 1, 2018 | APPEARED IN VOLUME 96, ISSUE 27

IN BRIEF

Mothers' milk contains a gold mine of
health-boosting molecules called
human milk oligosaccharides. First
discovered a century ago, these
highly complex molecules are only
beginning to be synthesized. To
tackle this task, researchers are
using a bevy of methods, from old-
school synthesis to genetically
engineered bacteria. Their efforts are
already bearing fruit: Companies are

teve Townsend's daughter was only one day old when she rebuffed a nurse’s bottle of

baby formula. Townsend's wife, unable to nurse because her daughter was in the

intensive care unit for some extra oxygen, was told to try pumping. To Townsend, a
chemist on the cusp of a career at Vanderbilt University devoted to understanding and making
molecules in breast milk, that moment was firsthand evidence of breast milk's singular value.

adding oligosaccharides to formula,
while new studies hint at broader
benefits to come.

https://cen.acs.org/synthesis/biocatalysis/Synthesizing-mothersmilk/96/i27 10
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Human Milk Oligosaccharides Exhibit Antimicrobial and Antibiofilm Properties against
Group B Streptococcus

Dorothy L. Ackerman, Ryan S. Doster, Jorn-Hendrik Weitkamp, David M. Aronoff, Jennifer A. Gaddy, and
Steven D. Tow/nsend

Publication Date (Web): June 1, 2017 (Article)

DOI: 10.1021/acsinfecdis.7b00064

Human Milk
Oligosaccharides

Biofilm Reduction &
Altered Morphology

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

pubs.acs.org/infectious ACSPublications

v Most Trusted. Most Cited. Most Read. 11
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Nature’s Elixir: Antimicrobial Properties of Human Milk

Courtney Aldrich Steve Townsend
Associate Professor, Medicinal Chemistry, Assistant PVOfe_SSOF _Of Ch.emistry,
University of Minnesota and Editor-in-Chief of Vanderbilt University

ACS Infectious Diseases

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

Co-produced with the ACS Infectious Diseases »
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> i}

of Human Milk Featuring Steve Townsend ’
v

Assistant Professor of Chemistry, Vanderbilt University | ///
N
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GENERAL INFO

Microbiome Initiative

3 w American Academy of Pediatrics @
Mother’s <&
e :

@ Guide to &

(; =
Breastfeeding

www.who.int/topics/breastfeeding/en

* 6 months exclusive

\|
bt ‘\ * 2 years and beyond w/ mixed diet

REVISED AND UPDATED THIRD EDITION

www.womenshealth.gov/Breastfeeding Www.aap.org
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CENTRAL QUESTIONS

Microbiome Initiative

Who inhabits the milk microbiome?

What are the key factors influencing its activity?

15

HUMAN MILK MICROBIOME

/ Microbiome

Modulators

Planned C-section  Planned Vaginal Birth

( Human Milk \

Flora

Staphylococcus
Pseudomonas
Edwardsiella
Streptococcus
Treponema
Pantoea
Campylobacter

Lactobacillus

Microbiome Initiative

Infant Gut Microbial
Flora }dysbiosis Balance
Low Diversity Health
High Counts
Bifidobacterium &
Lactobacillus Unbalanced
Microbiota
Infant Gut Allergy
Flora li Bacteroides
) Lactobacillus

High Diversity M

High Counts
Bacteroides, li Obesity

I idil E. Coli
Clostridium, E. Coli Bifidobacteria
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Audience Challenge Question \.%

ANSWERTHE QUESTION ON BLUE SCREEN IN ONE MOMENT

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

* About one-tenth

* About one-quarter
* About half

* About two-thirds

* About three-fourths

17

HUMAN MILK MICROBIOME Microbiome Initiotive

Physiological changes during preg y Potential routes

RREE. Retrograde
Bras s Flux
Increased meman 04
Permeability Sie
- Yo Transported
s ekl eg] Via Immune
Cells

Increased permeabilty?
Hormonal changes?

PV. Jeurink. Beneficial Microbes, 2013, 4, 17-30.



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

STAGES OF LACTATION Microbiome Initiative

Colostrum (< 5 days)

Immunological
Secretory IgA
Lactoferrin

Transitional (5 — 14 days)

Leukocytes Na/K ratio declines
Lactose production increases
Developmental Immunological

Epidermal Growth Factor
Minimal Lactose
Mature (@ 4 — 6 weeks)
Minerals
Na, Mg = High
K, Ca = Low

Immunologic instead of nutritional
Morrow, A. Pediatr. Clin. North Am. 2013, 60, 49.

BIOACTIVE FACTORS Microbiome Initiative

Cells Function
Infection
Macroohage protection
phag Immunoglobulins Function Others Function
T-cell activation
- IgA Inhibition of Lactoferrin Anti-bacterial
" Regeneration and athogen bindin
Stem Cells Repair slgA pathoe & Lactadherin Anti-viral
Antimicrobial Anti-
1gG Activation of Gangliosides infectious
Cytokines Function phagocytes
IgM Agglutination Block
B-cell Mucins pathogen
IL-6 L -
activation adhesion
Neutrophil
IL-8 rop
recruitment
Antibod
IL-10 AnHbody
induction
Immune
TNF-a L
activation Morrow, A. Pediatr. Clin. North Am. 2013, 60, 49.




Audience Challenge Question/\_%

ANSWERTHE QUESTION ON BLUE SCREEN IN ONE MOMENT

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

* Porcine (pig)
* Bovine
* Gorilla
* Chimpanzee

¢ Feline

21

HUMAN vs. BOVINE Microbiome Initiotive

Human Milk Cow’s Milk

HMOs 8%
Protein
6%
BMOs
<1%
HMO = human milk oligosaccharides - 200 unique oligosaccharides Bode, L. Glycobiology 2012, 22, 1147.

BMO = bovine milk oligosaccharides - 30 unique oligosaccharides Sischo, J. Dairy Sci. 2017, 100, 3883. 16.

11



CURDS AND WHEY Microbiome Initiative

Non-protein nitrogenated compounds (25%)

urea/uric acid

proT—— creatine/creatinine
lactoferrin

amino acids
secretory IgA nucleotides
lysozyme

serum albumin

Take Home: protein decreases between weeks 4-6

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

LIPIDS Microbiome Initiative

Abundant Fats 0
palmitic acid Ao A,
oleic acid S e e
Fat is cool... Foremilk
Foremilk: Low fat i ] i ] ﬂ ]

Hindmilk: High fat ‘ |

Night/Morning: Low fat J

Afternoon/Evening: High fat L__ L__J L_J

Fat is antimicrobial... Colostrum Al ILE

Lypolytic activity
Morrow, A. Pediatr. Clin. North Am. 2013, 60, 49.
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LACTOSE & HMO

OH OH OH
0 HO OH
HO 0 o
OH
OH
Structure of beta-D-Lactose
Lactose

Least variable component in milk
But...women who produce more milk
produce more lactose

Bode, L.; Jantscher-Krenn, E. Adv. Nutr. 2012, 3, 383S. Newburg, D., Biochemistry (Mosc). 2013, 78, 771.

Microbiome Initiotive

- Ca. 200 different HMOs observed
» Vary from mom to mom
+ MW ranging from 500 to ca. 4000
+ 25-125 HMOs present
» HMOs change over lactation
- Not metabolized

- Resist digestive enzymes and pH

HMO EFFECTS

Brealiing ) own HM(s

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

Microbiome Initiotive

Prebiotics (promote growth of symbiotes)
+ Bifidobacterium — metabolize “short” HMOs

+ Bacteroides — metabolize “long” HMOs

Anti-adhesive antimicrobial agents
+ E. Coli, H. Pylori — bind to sialylated HMOs

+ C. jejuni - bind to fucosylated HMOs

13



SEMINAL RESULTS Microbiome Initiative

Infection o
ACS | Diseases e

HMOs from 5 donors
S. agalactiae (1 strain)

1. Growth inhibition up to 58%
2. Biofilm inhibition up to 26%
3. Alteration of biofilm architecture

HMOs from 14 donors
S. agalactiae (3 strains) S. aureus (MRSA) A. baumanii
1. Biofilm inhibition up to 80% 1. Biofilm inhibition up to 60% 1, Growth inhibition up to 11%
2. Growth inhibition up to 89% 2. No growth inhibition 2. No biofilm inhibition
w/ Ackerman. ACS Infect. Dis., 2017, 3, 595-605. w/ Ackerman®, Craft?. ACS Infect. Dis., 2018, 4, 315-324.

« Anaerobic Gram-positive

@ 14,000 + Cause of infectious diarrhea
N DEATHS
+ Infection is triggered by antibiotic use

1.5

-+ untreated

=+ 002
’E 1.0 - 003 Ec."
= ~- 004 3
e - 006 )
[m] J
o 0.5

0.0 A
0 4 8 12 16 20 24

time (hours)

w/ Knippel and Huseman. Unpublished.




COMBINATION THERAPIES Microbiome Initiotive

Strain CNCTC 10/84 Strain GB590
Antibiotic Fold Reduction Classification Antibiotic Fold Reduction Classification
Ampicillin 2 B-lactam Ampicillin 0 B-lactam
Penicillin 2 B-lactam Penicillin 0 B-lactam
Cefazolin 2 B-lactam Cefazolin 2 B-lactam
Vancomycin 2 glycopeptide Vancomycin 2 glycopeptide
Clindamycin 2 lincomycin Clindamycin 2 lincomycin
Gentamicin 8 aminoglycoside Gentamicin 16 aminoglycoside
Erythromycin 8 macrolide Erythromycin 32 macrolide
Linezolid 2 oxazolidinone Linezolid 2 oxazolidinone
Minocycline 32 tetracycline Minocycline 8 tetracycline
Add 1% glucose
Clindamycin = 16 fold reduction
w/ Craft. ACS Chem. Bio., 2018. ASAP. 29

MECHANISTIC ANALYSIS Microbiome Initiative

SYTO®9
Passive

V l

Diffusion Permeabilize S
Membrane
Pl quenches SYTO 9

Ratio of SYTO 9 to PI = live/dead

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



Ratio of Percent Green Fluorescence to

MECHANISTIC ANALYSIS Microbiome Initiotive

100

90
280 Conclusions
§70 * THB: significant perturbation at > 2.56
g mM HMO
=60
5 &
550 - * ——GB390 THB * THB + 1% glc: significant perturbation
= & --@--GB590 THB + 1% glucose at>10.25m /mL HMO
840 - —m—10/84 THB = g
61_‘3 - @ -10/84 THB + 1% glucose

30 A <>~ GB2 THB * Strain specificity, growth specificity,

<--GB2 THB + 1% glucose dose dependent
20 T T T T "
0 5 10 15 20 25
HMO [mg/ml]

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

Audience Challenge Question %

ANSWERTHE QUESTION ON BLUE SCREEN IN ONE MOMENT

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

* California

* Idaho

* Hawaii

* Utah

* Minnesota

https://www.cdc.gov/breastfeeding/pdf/2016breastfeedingreportcard. pdf 32
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THE FUTURE OF

ANTIMICROBIALS Microbiome Initiative

o

Prebiotics ' -
m Bifidus | =

growth

Nutrient \
ftorl - Anti-adheslve“\‘
neonatal brain |
developmen Health Benefits o microbia‘!¢

Fucosyllactoses - 7' Sialyllactoses
Y i Human milk - / y

Oligosaccharides

ﬁnodulator

( of intestinal Immune

| epithelial cell | modulators .
responses /

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

&

D) 9

5 AR D, |
*" b e

- THANK YOUI

https://www. townsendchemlstly org/publlcat|ons html
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Assistant Professor of Chemistry,
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Courtney Aldrich
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University of Minnesota and Editor-in-Chief of
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Human Milk Oligosaccharides Exhibit Antimicrobial and Antibiofilm Properties against
Group B Streptococcus

Dorothy L. Ackerman, Ryan S. Doster, Jorn-Hendrik Weitkamp, David M. Aronoff, Jennifer A. Gaddy, and
Steven D. Tow/nsend

Publication Date (Web): June 1, 2017 (Article)

DOI: 10.1021/acsinfecdis.7b00064

Human Milk
Oligosaccharides

Biofilm Reduction &
Altered Morphology

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

pubs.acs.org/infectious ACSPublications

v Most Trusted. Most Cited. Most Read. 37

(§)ACS Webinars ACS
CUCK + WATCH » LEARN - DISCUSS v Chemistry for Life

Nature’s Elixir: Antimicrobial Properties of Human Milk

Courtney Aldrich Steve Townsend
Associate Professor, Medicinal Chemistry, Assistant PVOfe_SSOF _Of Ch.emistry,
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c&en Features Steve Townsend in this free article! v ﬁe gstsry for Life®

Synthesizing mothers’ milk

Scientists are seeking ways to make beneficial but elusive sugars found in breast milk
by Tien Nguyen
JULY 1, 2018 | APPEARED IN VOLUME 96, ISSUE 27

- ‘ \ 3 IN BRIEF

Mothers' milk contains a gold mine of
health-boosting molecules called
human milk oligosaccharides. First
discovered a century ago, these
highly complex molecules are only
beginning to be synthesized. To
tackle this task, researchers are

using a bevy of methods, from old-

school synthesis to genetically
engineered bacteria. Their efforts are

teve Townsend's daughter was only one day old when she rebuffed a nurse’s bottle of

baby formula. Townsend's wife, unable to nurse because her daughter was in the

intensive care unit for some extra oxygen, was told to try pumping. To Townsend, a
chemist on the cusp of a career at Vanderbilt University devoted to understanding and making
molecules in breast milk, that moment was firsthand evidence of breast milk's singular value.

already bearing fruit: Companies are
adding oligosaccharides to formula,
while new studies hint at broader

benefits to come.

https://cen.acs.org/synthesis/biocatalysis/Synthesizing-mothersmilk/96/i27 39
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after this ACS Webinar | will
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importance to brewing beer
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v

Fan of the Week

Thomas Cox
Professor of Chemistry,
Butte College
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