@yy < SERVICEg
O

On-Demand Chemically Reconfigurable Biofilm Microball Hydrogels
for Antibiotic Assay

Le Hoang Phu Pham?, Khanh Ly*, Hao Wang?, Sang Won Lee?, Yi Wang?, K. Scott Phillips?, and Xiaolong Luo‘
1School of Engineering, The Catholic University of America. ?Division of Biology, Chemistry and Materials Science, Office of Science and
Engineering Laboratories, Center for Devices and Radiological Health, US Food and Drug Administration

Abstract Materials and Methods

o
%

(C FUA

o
o
&
—
g
oS!
o

‘%%
YWy aqq

Results and Discussion

« Device-associated 1nfect19ns are responsible fqr more than 50,000 . Bacterial strains (Table 1) inoculated into 2% w/v alginate + 2x Mueller . Cor}focal microscopy shows the forrpatlon of b10f1.lm.balls. (Fig. 2d-e) . F}g. 34, 1ncon31sten(:§{ betweeg the high fluorescence signal and the no
deaths per year and are linked to Center for Disease Control and :  Stains show biofilm matrix enveloping the cells within (Fig. 2f- g) viability at day three is of particular concern
: .. e L. . . : . Hinton (MHB) broth (5x105 CFU per hydrogel) . : : . . . : . )
Prevention (CDC) priority antibiotic-resistant bacteria. These infections . . . . . « MIC testing was performed to obtain a baseline for the interaction of « Fig. 3b — ¢, in bleach treatment, vital signs were detected on day 1
involve bacterial biofilms, which are difficult to treat with ‘ Bacterlalo alginate hydrogel was formed using spraying technique ot each strain with antibiotics (Table 2) suggesting the strong persistent nature of biofilm in the healthcare
antimicrobials, in some cases exceeding 10,000 times the minimal CaCl2 (Fig. 2A) « Fig. 3a-c, fluorescence signals from hydrogels cultured with MHB, environment and thus the need for rigorous cleaning with extended
inhibitory concentration (MIC) +  Viability assessment using 1000x antibiotics was quantified by confirmed with plating viability, showed the bacterial biofilms stayed exposure times

Fig. 3¢, fluorescence signal detected with biofilms treated with
ciprofloxacin on day 3, suggests there is a lag between loss of bacterial
culturability and the loss of fluorescent signal. This could be due to slow

microplate reader and verified by dissolving the gel for agar plating viable over 3 days

« Most pharmaceutical interventions do not take into account the impact
and role of biofilm, biomaterials colonization or necrotic tissue in their

Confocal microscopy to assess the formation of biofilm balls
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performance testing methodology. Currently there are no established R - . : . : 60000 : , , ,
: : : : . uby Biofilm Stain to verify the biofilm matrix | , i} B}
methods to study the difference between genetic resistance of bacteria Y fy = 50000 1 (a) E. coll RP437/pRSH103 (1000x MIC) ?eglilada.tmn of ﬂl{OTOPhOTGS 0&" due to viable but non-culturable bacteria
to antibiotics and phenotypic resistance of bacteria living in biofilm A < ] . urther investigation 1s needed , S
communities to antibioties (A) Z a0000 1 » Fig. 3d, persistent bacteria in biofilm may be metabolically inactive,
1] & (b) (e oo W 2 | = resulting in poor expression of the luciferin-luciferase system; this raises
. Tn this work we devel thod to study biofilm in alginate hydrogel - - aroves A || w7 S30000 3 fee | l S s i
1 th1S WOTK we develop a MEthod 10 study bIOHIM 111 alzinate hydrogets Spray  Wait |5pray  Wait Microbes 1 R 8 | N concerns about the reliability of bioluminescence for quantification of
that can be dissolved, allowing for measurement of both resistance and 1min|15min [imin| 1h % 20000 . | \ culturable bacteria
persistence to antibiotics, with the goal of developing more effective OmMRds 7 | ZHPHGHE, S 10000 | N § \ I | o | | |
interventions for device associated infections " g = T L % y % I Table 2. MIC obtained antlblotlc§ tested with bacterial strains a_md the
0 1= m— — N[ N\ = reference range for each drug with related ATCC bacterial strains
T el P Pacng abity |+ |+ |+ L] Ll+]-] 1] -] =
d - — * MHB Bleach Ampicillin Ciprofloxacin Chloramphenicol .§
I n t r O U Ctl O n o Microplate Reader $ R Fluorescencsg/ Lulminescence 60000 * _ .§ E, . g
3|2 igna _ i | (b) P. aeruginosa PAO1/pTdK-GFP 2 .= X E‘ é ?
« Antibiotic resistance threatens to usher in a return to the pre-penicillin ME IDissolve " compare 2 20000 ¢ (1000x MIC) _% ) 3 : : :
era of unchecked infections ! for » With Z 40000 1 £ g £ = % E
, , . , Antibiotic Treatment Agar Plat | . Bacterial viabilit g : —
« Carbapenem-resistant Enterobacteriaceae, Methicillin-resistant with 1000xMIc T gar rlating acterial viabllity < 30000 } RP437/pRSH103 (hg/mL) 4 0.035 4 128 128
Staphylococcus aureus, drug-resistant Streptococcus pneumoniae, and e ] s MIC
. . . o 20000 + O XEN14 128 0.035 2 0.5 128
multidrug-resistant Pseudomonas aeruginosa, all are CDC urgent or : ; = (hg/mL)
serious threats, are found in infections associated with medical device 2 10000 : ATCC25922! ﬁg}%ﬁb 8-32 025-1 8-32  4-16 N/A
use ] S — N T
. . . . ey oo F"ﬂ*iﬂsn'-fiﬂhiliw me - | - | - - | - | § PAO1/pTdK-GFP MIC 512 1 >512 128 >512
* Current testing is based on planktonic bacterial susceptibility models T Corofioxacn " § glfrf HelL)
60000 - § ATCC278561 (ng/%nL) N/A 0.5—2 N/A N/A N/A
] ( Y A — : (c) S. aureus AH2547 /pCM29
Protective Dormant I Persistent 2 50000 3 (1000x MIC) s AH2547/pCM20 ?fllg?mL) o 0195 64 o .
Barrler - J - J E 40000 " | B | i ATCC29213! ﬁz}%ﬁ IL) N/A 1—4 8—-32 4 — 16 2 —16
g A Limited E 30000 T ' [ ' _ T Information of reference strains and MIC ranges obtained from CLSI M10oo0, 29th,
Limits JCRE : ] S| | N [T = N/A: the antibiotic is not considered for treatment
Diffusion —  Cellular — Not Dividing % 20000 1 % % :
ACt'Vlty E 1 =x= PR L N R n-- "
\_ J -
2 10000 + N § AN COﬂClUSIOn
cl + 4. 1 [! 1 \\% | - . %
! p 1 Surface Antibiotic Block 0 \ N ' \ .
DehI}.fe(ifreaI{i[OIl —  will not — Targets of Plating viabity [ + | + [ + | e -]-] [+]+]+] [+ [+ NN e+ ] « Developed and characterized a hydrogel assay that was able to form a
k ) work Antibiotics MHB Bleach Ampicillin Ciprofloxacin Tetracycline Vancomycin I'ObllSt bacterial blOfllm
150000 :
~ : : . . : N - : .
Increasing CDC described antibiotic-resistant | - ] (d) E. coli Xen 14 Found several anomahes between the culture results (gold standard)
. : : . Matrix < 120000 1 *°° (1000x MIC) and the spectroscopic results
Resistance to ‘ bacteria and fungi as urgent, serious, < 120000 1
_ Antibiotics il and concerning y / E 50000 ] « Future works will focus on DNA sequencing and gene expression with
| | __ L | & = ] wes in-depth antibiotic resistance studies
Figure 1. Schematics of several characteristics of biofilm’s protective S oo ] -
barrier and the embedded microbes leading to resistance to antibiotics 2 1
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RP437/pRSH103 Red Fluorescence Plating viability | + | + | + | |- [ o]+ +] KK [+« made the project possible
E h . h. l. MHB Bleach Ciprofloxacin Chloramphenicol Tetracycline
scherichia coli , , : :
XEN14 Bioluminescence , _ _ _ o Figure 3. Fluorescence/Bioluminescence signals of (a) E. coli RP437/pRSH103, D| SC I alimer
Figure 2. (A) Schematics of formation of alginate biofilm gel and

(b) E. coli Xenl14, (c) P. aeruginosa PAO1/pTdK-GFP, (c) S. aureus
AH2547/pCM29, and (d) E. coli Xen14 treated with MHB (negative control),
bleach (positive control), and different antibiotics from day O to day 3. Plating
viability i1s presented as (+) for live and (-) for dead

Pseudomonas aeruginosa |[PAO1/pTdK-GFP Green Fluorescence

experiment setup. (B) Molecular structure of alginate polysaccharide chains
crosslinked by calcium ions. (d) — (e) Confocal images of biofilm balls and
3D reconstruction in alginate gel. (f) — (g) Biomatrix and cell staining

The findings and conclusions in this poster have not been formally disseminated by the US FDA and
should not be constructed to represent any agency determination or policy. The mention of commercial
products, their sources, or their use in connection with material reported herein is not to be construed as
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