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Temporal changes in Shiga-Toxin prc>ducin$I Escherichia coli (STEC) 0121

transcriptome during storage in bleached flour

lan S. Hines?, Emily Nguyen?, Ellie Meeks?, Sultana Solaiman?, Elizabeth Reed!, Maria Hoffmanni, Jie Zheng!
1: U.S. Food and Drug Administration — Center for Food Safety and Applied Nutrition, College Park, MD; 2: Joint Institute of Food Safety and Applied Nutrition, College Park, MD

Introduction: Persistence of Shiga-toxin producing Escherichia coli (STEC) within low-moisture foods, such as FIour maintenance

flour, has led to several STEC-related outbreaks associated with consumption of raw or undercooked flour . Formate
products once considered microbiologically safe. The molecular mechanisms by which STEC can survive in * All-purpose bleached flour used as food matrix hvdrogeplvase system
flour are not well understood. * Flour acclimation in a glove box set to 50% relative humidity Anaerobic metabolism

* E.coli0121:H19 used to inoculate flour at 10 log CFU/g flour

Purpose: This study sought to develop an effective sample treatment and RNA extraction method for pathogen
contaminated polysaccharide-based matrices like flour; and to profile STEC transcriptome changes during Sa mp“ng p|a N
desiccation and storage in flour.

* 3trials (1 week each)

cad operon
Methods: All-purpose bleached flour was inoculated with STEC 0121 (CFSAN051458) at 101° CFU/g flour. Flour * Pure inoculum and pure inoculum subjected to filtration gg:irci:t'i(I)‘;‘ggaed‘;ff?:';‘;ﬁgy';?g:g“:gt%“g;’gg;l X low pH
samples were collected at nine time points within the first 48 hours post inoculation and treated with different e Point of inoculation (O hr) humidity. e : response
centrifugation-filtration schemes. The RNA extraction method was optimized, and, after total RNA extraction . . .
L . . . 0.5-, 1-, 2-, 3-, 4-, 8-, and 48-hour post inoculation
of all samples, libraries were prepared using the lllumina Stranded Total RNA Prep kit and sequenced on the
lllumina NextSeq2000 platform. The raw reads were quantified using salmon and analyzed with DESeq2 to * 60 samples total (n = 6)
identify temporal changes in the transcriptome profile upon flour inoculation and storage. . . Loa2 Fold
Filtration methods bro operon Change

: : : L . . . : o 10
Results: Cellular loss and residual flour in the filtrates were successfully minimized by electing to utilize a 5 um * Flour resuspension in cold (4 C) 15% EtOH Osmolarity stress
pore-size membrane filter following quick centrifugation, which consistently led to isolation of high-quality e Spin resuspension at 5,000 x g for 1 min at 4 °C response
RNA. Preliminary analysis revealed several genes were differentially expressed in all flour samples relative to a . R g let i dH’ 0 and I s for RNA isolati
pure culture control. Approximately 1700 genes were expressed significantly differently (P,4 < 0.05) between esuspend pellet in 20 ana pellet cells Tor Isolation hypothetical protein
culture control and flour inoculation. Expression levels for temporally associated genes, mainly stress response rnpA
and metabolic genes, had a major spike in the rate of expression change at 30 minutes post inoculation. ) membrane protein

5

However, the levels appeared to stabilize within an hour of storage at which point few genes were differentially
expressed relative to the prior timepoint.

1 M DTT to prevent RNase

S4izla88 ¢ NorGen Biotek total RNA

Significance: Transcriptomic profiling of STEC persistence within flour will increase the understanding of STEC total RNA )
survival in low-moisture environments and help develop new mitigation strategies.
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Back groun d ) Figure 5. Image of filtration system. 5um 0
. PVDF filter added within Swinnex holder and
° ”IU mind Netheq 2000 autoclave-sterilized prior to use.
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Figure 1. Image of raw flour formed into dough °] dand |yS IS / Figure 6. Image of Illumina NextSeq2000 platform. hemP
| | | | | Total RNA library prepared using the Illlumina emrK
0 10 20 30 40 Stranded Total RNA Library Preparation Kit. _ _
Days post inoculation hypothetical protein
(B) Desiccation period Storage pericd rpB
N hypothetical protein
cydH
Results — Temporal DEG i
21 FI_OU:Nheat hypothetical protein
= _ Bleached antitermination protein
Z O hr 0.5 hr 1 hr 2 hr 3 hr 4 hr 8 hr 48 hr
= Unbleached 1 - s 1. E+1
A — Bread 000 - 615 DEG . O0E+13 Figure 8. Heatmap representing the top 50 DEG of STEC 0121 within flour. All-purpose bleached flour was inoculated with STEC 0121 and
— Self-Risin i - sampled at several time points within 48 hours. Following DESeq2 analysis, the top 50 most differentially abundant genes relative to a pure
g
- il culture control were identified and represented as the above heatmap. Brighter yellow color represents higher increased fold changes and darker
© - E 1.00E+12 blue represents higher decreased fold changes.
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https://my.clevelandclinic.org/health/diseases/16638-e- Figure 3. STEC survival in different flours during long-term storage. Three 0 - -
;?;::Ecztlol-r\lrtist rendering of pathogenic E. coli samples of each flour (differentiated by color as per the figure legend), inoculated with g - Z . . el e . . . .
' ' cither (A) STEC 0121 or (B) STEC 0157, were sampled and enumerated. The log = - | %  Establishment of STEC RNA extraction method within fine, high polysaccharide food matrix
reduction of STEC populations (logS(t), wherein S(t) = N./N,) is plotted against the C . 7 1.00E+10 2 : : : L
time. Error represents the mean + standard deviation ofthreg samples. é } . O * ACCI Imation Of STEC to ﬂOU renvironment may be Wlth in1 hOU r
e Raw/undercooked wheat flour consumption associated with ER| 'RNA-encoding genes | * Several groups of stress-related genes upregulated during storage
multiple outbreaks : Transporter decreases 2 * Toxin/virulence factors downregulated during storage
o . . . . . . ) ] - . .
Shiga toxin-producing Escherichia coli (STEC) 0121:H19 l | 100E+08 Future Directions
outperforms 0157:H7 during desiccation in wheat flour ' I :
e 0121 isolated from 2016 all-purpose flour-associated outbreak 1 1.00E+07 Examine STEC interaction with flour microbiome | o |
: : L . . 1 o0 05 1 2 3 4 8 48  Evaluation of genes essential for persistence in low moisture foods via integration of
* Functional genomics studies improve understanding of survival . | . . .
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Figure 7. Temporally-associated transcriptome of STEC 0121 in bleached flour. All-purpose bleached flour was inoculated with
STEC 0121 and sampled at several time points within 48 hours. Following DESeq2 analysis between each time point relative to the AC k n OWl e d ge m e nts
i . . . ) prior one, the number of differentially expressed genes (DEG) were calculated and represented above. The number of significant (P
HypOthESIS: W h IC h ge n Et I C n EtWO rkS a I IOW O 1 2 1 to pe rS I St I n < 0.05) DEG between the timepoint on the x-ax.ls relative to .th(.e prior tlme-pomt are represented by th? blue c.olu-mns and This project was supported in part by an appointment to the Research Participation Program at the Food and Drug Administration (FDA), administered by the Oak Ridge Institute for Science
represented on the left side. The average population of 0121 within the flour is represented by the orange line and indicated on and Education (ORISE).
t h e d es i CcatEd fl our e nVi ronme nt? the right side. This poster is supported by the Food and Drug Administration (FDA) of the U.S. Department of Health and Human Services (HHS) as part of a financial assistance
award UO1FD001418 totaling $16,809,649 with 100 percent funded by FDA/HHS.
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