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Abstract

Results & Discussion

Determining sonication time for FCM analysis DNA extraction

capture sufficient biomass. Filter media type, age, and R ATRE R
operational status at sample collection impact yield of intact
cells and DNA.

When studying biofilter microbial communities, it is crucial to % SOUTHERN NEVADA  T7f7
WATE Tlorida

The highest intact and total cell counts were 4 T FRRACNT HRAR Bead beating modifications:

observed at sonication durations of o . oafililaes . * < | | 1. Follow the kit (top speed, 10 min), (“none”)
10 minutes (23.5 Ws/mL) and 15 minutes WA R B "y 2. Vortex for less time, (“reduce duration”)
(35.2 Ws/mL), respectively (Table 3). Beyond = 3. Vortex at slower speed, (“reduce speed”)
10-15 minutes, intact and total cell counts y 4. Invert the bead tube, (“invert”)

This study evaluated modifications to commercial DNA O\ N
extraction kit procedures to maximize DNA recovery, as well Biofilter
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as reduced duration of low frequency sonication (40 kHz) to A Nomacteredoon  Sllggtts Carbon (GAC) either plateaued or demonstrated ¢ Yl B 4 iamil rn? ) (b ”
. . considerable variability between samples Pro Kit (“soil pro”), and QIAGEN DNeasy PowerMax Soil (“soil max”).
maximize recovery of viable cells for flow cytometry (FCM). y pies, Fi 2 Mi hs of F3 GAC (< 1 ) aft — SPTT R TP - ’ 2
t likelv due to the vi I t igure Icrograpns o (< 1 year old) after No bead-beating protocol is specified in the fecal/soil kit product guide. [ |
most i e_y ue 10 the visla y_ apparen _ nine minutes of sonication, showing representative ‘
degradatlon Of GAC for duratIOnS 21 5 manteS grams 2_4 (A) and gram 5 (B) Wlth dlmenSIOnS C1: Anthracite (10+ years old) C2: GAC (20+ years old) F4: GAC (<1)Sarold) A B
Shown in mm. N new old new old
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Accurate microbial characterization depends on collecting bacterial cells at sufficient concentrations without 800 2 4o H = ” < -
compromising sample integrity. Techniques such as flow cytometry require well-dispersed, intact cells, while molecular 8 o e famin16min § | O 8 o E B R @ 10000 B 0 K
analyses (qQPCR, sequencing, metagenomics, gSIP) rely on high-quality nucleic acids. However, incomplete biofilm o | %// n % Z o L : 18 L - 2 -
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Figure 1. Intact and total (intact + lysed) cell counts via 3 ".fw , é%é% U %Aé ; o s £ extracted pre- and post-backwash from filter F3 (new
.EI;()A\NCCytO;netfry Wltfr]ltlntaF%t/z}'llsed Cel:ds)ta(IRI)ng for IneW I ’ 0 23 47 70 94 117 141 164 188 211 235 258 282 305 329 352 01 @ <.> gr Q o 8 8- <u> 9 media’ 23 hour runtime) and filter F1 (Old media! 28
, media rorm Hiet year oid). () Visual Sampie SERRRE) F&FEE TS L FEE hour runtime) using the QIAGEN Dneasy PowerSoil
gléagtyoa:g (B) cell counts s_re S:(hogvgf\s/v a/fU[Ctlon of Figure 3. Comparison of intact cell counts per 50 L @boozb @%& &60%6 & @y"@b & Pro kit without protocol modification. Replicates are
Deion(iz-ed (rSII;],\/vCa?[rerre ;pﬁlréll:ggedoas-a baci nl‘]OL)J.nd control of GAC eluate for different filter ages as a function of o IR e shown for each filter and status.
RESEARCH AIM: RESEARCH AIM: J " SED. (A) Older (20+ years old) GAC from filter F1 at O ToMed peoteel. [ o mediieation
" : : : : 28 h runti d (B 1 Id) GAC f Figure 4. Resulting DNA concentrations when extracting from 1 gram (wet weight) of biofilter media using (A)
Janti : TR . . Production of carbon fines during longer (=15 runtime and (B) newer (1 year old) rom
To identify the optimal sonication time to detach To evaluate different DNA extraction methods for _ A - filter F3 at 26 h runtime. Duplicate media samples various extraction kits without modification and (B) with various modifications. Squares represent results without
biofilms from GAC for downstream microbial analysis. maximum recovery of DNA minutes) sonication of GAC has also been were analyzed for each minute of sonication, with modification to the kit protocol, while diamonds represent results of modifications. Kits tested included QIAGEN
observed in other work and was shown to bars representing the average of replicates. DNeasy PowerBiofilm Kit ("biofilm”), %yrr.]o Re”search Quick-DNA Fecal/Soil Microbe I_\/Ii(jiPrep (“f?caI/soiI”),
increase linearly for a range of SEDs (O to 400 QIA(_SEN DNeasY PowerSoH_Pro Kit (“soll pro.), and QIAG_EN DNeasy PowerMax Soil (“soil max™). No bead-
Ws/mL) while recovery of DNA was strongly CED — M beating protocol is specified in the fecal/soil kit product guide.
’ - v Result Discussion:
reduced at SEDs >67 Ws/mL (Kim et al., 2014). - |
’ * SED : sonication energy density [Ws/mL] . ] ] ] .
L. : Py i i * GAC breakage (Figure 2) creates new adsorption sites for dissolved organic molecules
Key parameters of focus for maximizing biomass Table 1: Methods Overview . - Py : ultrasonic power delivered [W] _ | M _
recovery from filter media o N sonication duration, and corresponding sonication energy density (SED)  *V : volume of water in the sonication . . . ..
. Sonication duration at low frequency | £ « Carbon fines (Figure 2) are also known to reduce DNA extraction efficiency, and
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. DNA extraction kit selection (QIAGEN DNeasy 7 Description T SED Tested e Py o D¢ rgsearchgrs specul_ate thg main mechanism responsible is adsorption of DNA to carbon
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PowerSoil Pro Kit. and QIA éEN DNeasy PowerMax Methods = / - &y Newer 5 0-40 117 117940 10 235 15 235 20 47.0 sonication times. The lower DNA concentrations observed in older biofilter GAC could be
. ] g en . i i Newer | | a result of the carbon breaking apart during the bead-beating process and exposing
Soil) bead-beating modification (as prescribed, GAC., F3 1 0-15 2.3 2.3-35.2 8 18.8 8 18.8 9 21.1 . . .
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Conclusions & Ongoing Work
Methods: Flow Cytometry PURPOSE: to maximize intact cell and DNA yields. Biofilter media included ——————
) ) anthracite and GAC of varying age (<1 year old, 10+ years old, or 20+ years old). - ST L Harvesting biomass: T TE——— Key takeaway:
I HNAA N == . ' y gn. « Sonication duration exceeding 10 minutes (23.5 Ws/mL) at 40 kHz resulted in visual
T Media type, age, and  EUTHNIET TR TN GAC breakage

filter operational status collect media; sample

Total and Viable _
are important site selection

Cell Counts

* Newer biofilter GAC yields higher intact cell counts and higher concentrations of DNA
compared to old GAC.

W N\
% \ R | TR

e L. i \% > * When working with older GAC, less-aggressive bead-beating (e.g., decreasing vortex
BiDNA e Table 4: Summary of DNA extraction results for QIAGEN Dneasy PowerSoil Pro kit without modification. A speed and duration or avoiding vortexing altogether) improves DNA yields, and shorter
runtime of 0 hours represents samples collected immediately after backwashing. Triplicate 0.25 g GAC samples sonication times (i.e., lower sonication energy densities) improve cell yields.
ead cel * ® T H H H H H . . . . . . . .
& s Dead cell N i ':;é;*?. - were extracted for each filter and runtime. Data from filters F1 and F3 are also included in Figure 5B. « Microbial DNA removal from anthracite biofilter media and from new GAC requires little
| Sa— i Runtime at Media Age at Time modification to DNA extraction kits typically used in soil applications.
T gwet-weight  ggnicated the tubes Stained supernatant Filter description Media Type Collection [DNA] (ng/uL)
GAC in 5 mL : : - ’ of Study
oni atdifferent durations  then analyzed with FCM (hours)* Ongoing Research: Investigating GAC Breakage, Biofilm Structure, and
deionized (DI) to detach cells for cell counts _ : g _g = : g g ge. :
water Water reuse column C1  Anthracite 0 (post) 10 + years 25.1 + 3.1 Microbial Community Shifts
Methods: DNA Extraction for Molecular Applications Water reuse column C2 GAC 0 (post) 20 + years 0.043 + 0.008 . Explore the exac.t mecha_nism_s of (_BAC breakag_e and.interna_l pore gccessibility
o « Pair DNA extraction studies with microscopy to investigate biofilm thickness and coverage
6 Spin/Wash DNA @Quantify DNA | | Drinking water F1 GAC 28 (pre) 20 + years 0.089 + 0.005 - Characterize microbial communities in pre- and post-backwash samples
&ﬁ ® Red_ucmg GAC breakage is Drinking water F1 GAC 0 (post) 20 + years 204 +1.6
f crucial because GAC _ o _ S
¥ (@) decomposition induced by Drinking water F3 GAC 23 (pre) 12 months 28.1+ 11.4 The results from both studies highlight the importance of considering
\7 -. ;g 52;::/“L sonication might interfere with Drinking water F3 GAC 0 (post) 12 months 56.0 + 12.5 media type, age, and filter runtime when conducting microbial analyses.

aIndicates whether sample was collected pre-backwash or post-backwash

T rely on optical properties
and/or reliable separation of
target analytes.

gPCR
sﬁ?e.g. 100 gc/pL

subsequent analyses that \
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