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Intro

* Question: How do antimicrobial polymer coatings affect microbial
colonization?

« Goals:

— Develop procedures for performing bacteria adhesion assays,
which is the main focus for my efforts this summer and final
presentation

— Write a review paper about previous ISS biofilm research




Background

* Dr. Bernards and polyampholyte polymers
* SPOCS box 1

Multifunctional Polyampholyte Hydrogels with Fouling Resistance
and Protein Conjugation Capacity

Megan E. Schroeder," Kevin M. Zurick,” Daniel E. McGrath," and Matthew T. Bernar
TDepartmenls of Chemical Engineering and +Biologic.\l Engineering, Columbia, Missouri 65211, United States

© Supporting Information

ABSTRACT: Materials that are resistant to nonspecific
protein adsorption are critical in the biomedical community.
Specifically, nonfouling implantable biomaterials are necessary
to reduce the undesirable, but natural foreign body response.
The focus of this investigation is to demonstrate that k=

polyampholyte hydrogels prepared with equimolar quantities 00~ = COOH J‘ oo

of positively charged [2-(acryloyloxy)ethyl] trimethylammo- 2

nium chloride (TMA) and negatively charged 2-carboxyethyl

acrylate (CAA) monomers are a viable solution to this

problem. TMA/CAA hydrogels were prepared and their

physical and chemical properties were characterized. The

fouling resistance of the TMA/CAA hydrogels were assessed linker densities using enzyme-linked
immunosorbant assays (ELISAs). The results clearly demonstrate that TMA/C hydrogels are resistant to nonspecific
protein adsorption. A unique advantage of the fouling resistant TMA/CAA system is that bioactive proteins can be covalently
attached to these materials using standard conjugation chemistry. Th s demonstrated in this study through a combination of
ELISA investigations and short-term cell adhesion assays. The multifunctional properties of the TMA/CAA polyampholyte
hydrogels shown in this work clearly demonstrate the potential for these materials for use as tissue regeneration scaffolds for
many biomedical applications.
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Scroeder et al, 2013, Biomacromolecules




* Prevent biofouling
2 types of coatings
- Water layer

« Changes in the
hydrophilicity of the
aluminum surface also
indicates polymer
adhesion

* Potential applications

—High touch
surfaces

—ISS water system
—Medical tools

TMA/CAA:

0

[2-(acryloyloxy)ethyl] trimethylammonium chloride (TMA)

TMA/SA:

[2-(acryloyloxy)ethyl] trimethylammonium chloride (TMA)

0
2-carboxyethyl acrylate (CAA)

3-sulfopropyl methacrylate (SA)
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Background

« What’s next for Vandal —Stainless steel

Voyagers 1? —Co-culture (R. picketti and B.
cepacia)

— Additional levels of containment
—Improved coating techniques
— More than microscopy

—Second payload has been
approved, senior design project

—Water system focus

Uncoated aluminum (control) TMA/SA coating TMA/CAA coating



Relevance

* International Space Station water treatment system
* Where the new bacteria came from

of biofilms'>. Changes that occur to the microbial ecosystem and
the water-system integrity or function can impact the balance and
population dynamics of resident microbiota, resulting in the

release of pathogens or toxic materials to users and the

environment. In addition to the health risks associated with
microbial contaminants and their by-products, biofouling can
cause materials degradation and systems’ failure®.

J. Yang et al.

63.25% Burkholderiales

13.68% Rhizobiales

7.69% Sphingomonadales

3.42% Bacillales

2.56% Tremellales

1.71% Flavobacteriales

1.71% Sphingobacteriales

0.85% Pseudomonadales

0.85% Actinomycetales Yang et al, 2021, Nature
4.27% Others
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Methods

* Ralstonia picketti
* Difco nutrient broth

 Incubator at 30C
* Growth curve using optical density

* Goals:
—Make a growth curve

—Correlate CFU to OD
—Do an adhesion experiment

LAUTION
NOSPOTABLE
WATER
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Methods

Resuscitating bacteria [See https://www.atcc.org/products/14990 , “Handling Information”)




e Unusual conditions
* Not shaken
* In sealed centrifuge
tubes

\\  New organism, no one
| knew what to expect

Ralstonia picketti growth curve Ralstonia picketti growth curve 2

OD difference

0D difference

0.001 @ .t

0.0001
10
12
Time Elapsed (hours) Time elapsed (hours)

doubling time

doubling time
Td=(t2-t1)*[In(2) /In (g2 / q1) ] Td=(t2-t1)*[In(2) /In(g2/q1) ]

4.881318 2.825712




Plans
1) Correlate CFU to OD

* Dilutions and plating

Measuring cell viability
Serial dilution and plating onto permissive medium

2) Coupons and sonicate
experiment

* Incubate coupons with Ralstonia

» Assay bacterial adhesion
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' Impact

« Standardized lab methods around microbiology
— Consolidated documentation
— Freezer stock for future experiments in this lab
— Organized the lab and improved lab processes

—Ralstonia does form colonies, it also grows fast and spreads making
colony counting difficult

 Assisted with surface chemistry work
—Finalizing SPOCS 1 analysis (contact angle, ellipsometry)
— Ruled out unpolished substrates
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" What | Learned

 How to use(and troubleshoot) the
autoclave, spin coater, incubator,
plate reader, cryofreezer,
microscope, sonicator

* How to dispose of solid and
liquid biohazard waste

* How to make freezer stock
 How to make growth curves

 How to resuscitate freeze-dried
bacteria, culture bacteria in
general

How to make and streak
onto agar plates

Practiced sterile technique
Professional emails
Project management

Work computer/VPN setup

Learned about NASA
careers

Creative problem solving
Working independently
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Review Paper

* Biofilms

« Comparison of several coating types
—N-halamine
— Zwitterions
— Silver
— Cations
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