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California approach- One Water

* EVERY DROP COUNTS

* Stormwater capture
* Expanding green areas and controlling flow

* High quality water
* Sea level rise- mobilization of legacy mercury

» Storage capacity- Reliable source
* Almaden Lake

 Groundwater wells
e SF- deeper

* Recycled water- Advanced water treatment
* “Fit for purpose”

» City of San Francisco Recycled Water
Ordinance




Recycled water supply

» Water and wastewater supplies

e United States

* 7-8% water recycled
e (California leads with planned reuse projects

* Valley Water
e By 2025, 10% of supply will be recycled water

* SFPUC
* By 2025, 2 MGD delivered



Recycled water quality

e Water quality standards for infectious ¢ TDS standards

disease
Total Dissolved Solids (mg/L)
o Non‘pOtable FEUSES 100000 35,000

* No fecal coliform detected /ml over 7 day median 10000 +
. 800

unrestricted use 1000 + 950 500

* 200 fecal coliform detected/ml over 7 day median N\
. 10 —+
restricted use
o Purified Water Santa Clara County U.S. EPA max level® S]/SC Regional Seawater
Tap Water (avg.) Wastewater Facility

*U.S. Environmental Protection Agency secondary standard as recommended maximum TDS level for
drinking water.

https://beheard.valleywater.org/purifiedwaterproject/widgets/34076/fags



Water regulations

e Clean Water Act
* Discharge into navigable waters
* USEPAECHO
* Sewage

e Safe Drinking Water Act
» Sets safe drinking water standards
* MCL

* Viruses = 99.99% removal/inactivation
 California: reported via CCR
* Enhanced Surface Water Treatment Rule- promulgated for states to set standards

» Title 22 California- Recycled water
e 12-log reduction (99.9999999999%) of viruses for Indirect Potable Reuse
e 1:10000 risk of viral infection



Viruses in Sewage

 AiV- Aichi virus

* PMMV- Pepper mild mottle virus
* EV — Enterovirus

* HAV- Hepatitis A

* NoV — Norovirus

* RoV- Rotavirus

Virus nucleic acid stable and
present in effluent

B Influent (virus copies/L)

I Effluent (virus copies/L)
B Sludge (virus copies/kg)

e I === e e
- =55 < e s s SR e S s R e PR
SARS-CoV-2 - e
e S S SRR S R SR ST S S . __________________________________

REOVIPUS =1~ ----=--—=mmmomnes R
e I - == =oies s bt e

L I = = = oo e s e

e ce s e e

BK Polyomavirus: —f------==-===wn e o com cmn e
o B =~ o e e o 200 S s
SaAPOVIFS —J-= === s smsmmmss s s T === = = s samons swmmm e v S S
i SR S S R S ST e i i e T - ,,,,,,,,,,,,,,,,,,,,,,

e I - o= coecta cxrincters accomerm

HPYY e s s e mnsimsnss moe sie osmenmsions soires sen oo [ = e o sren s o s
e N~ -~ ~—— e e

PYIMV e e o st e oo i e e o e Y~ - - v

oo e e e e e B - - e e e

0 A -~ ==~
ottt e -

I SRty N == s s

BN e s em s i s e 0 e 5t e S8 e £ - o s

i mumie o SRR T Dl A l _______________________________________
e R S ———

o e I =i s s st e s i ot s s
R S -~

B I -

NEY Bl o wn e ommsss s p s ssmmmnins ——8

B A - == < 5 s

AV G = - o oot s s o o it o o e o -

S R -~ ===~

oee s e e e L

T — e

L R —

L I -~ == == =

1 [ e

RoV

1010 1011 1012
(Corpuz, 2020)

10' 10% 10° 10* 10° 10° 10" 10® 10°

10°

Virus Concentration



US EPA direction

Viral surrogates- needed in water reuse as supplies come online

Viral surrogates Virus/100 ml sewage m

F specific bacteriophage 10~ -107 PFU +sSRNA or dsDNA
Somatic bacteriophage 10°-10° PFU dsDNA
CrAssphage 10%-10° gc dsDNA
Tomato mosaic virus ~10° gc +sSRNA
PMMoV- Pepper mild mottle 10° gc +ssRNA

Virus



Monitoring methods for viruses in water and wastewater

Method Time to results Infrastructure/reagents
US EPA 1615 >2 days High

US EPA 1645 >2 days High

Cell culture >1 day High

ICC-PCR >1 day High

RT-qPCR >2 hours Moderate

PCR >2 hours Low
Riboswitch 15-60 minutes Low




Biosecurity preparedness findings

* GHSI findings
* No county fully prepared
* ~7% prevention
* ~19% detection
* “5% rapid response

 Factors for preparedness
* Prevention
* Detection
e Rapid Response
Health system
* [nternational norms
e Risk environment

GLOBAL HEALTH
SECURITY INDEX

Building Collective Action and Accountability
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Alternative Detection

* Need for New Technology without the Technology



Riboswitch detection of +ssRNA viruses

RBS
Develop a to assess the
secondary structure of iterative changes to the
trigger sequence on riboswitches
| START CoDON
TRIGGER SEQUENCE |
RRRRRERRERRE R LINKER | REPORTER GENE
3 LI 5
CVB3 (+ss RNA)
30-40 bp ‘ 40 bp ‘ 20 bp

TRIGGER SEQUENCE ‘ RBS ‘ LINKER | REPORTER GENE



Approach

* Coxsackievirus B3= model organism
* Trigger sequence development

* Published riboswitch sequences

* Three open access platforms

* Modified with alternative code specific for nucleic acid/nucleic acid interactions
* Prediction of Minimum Free energy

* Interface development



Ribologic

* Predicts the correct secondary structure with associated ligand

* Limitation- does not predict secondary structure when a random point
mutation occurs

 Limitation- Does not always produce the exact base pairing when point
mutations or changes in the sequence are produced.

* Change one base and the exact base pairing will not be produced.

* Salinity- could possibly be incorporated if base pairing is resolved

Wu et.al., 2019 ACS Synthetic Biology 2019 8 (8), 1838-1846



Vienna RNA

* Predicts secondary structure of nucleic acids
* Code is C++- We are working in Python.

* Does salinity (added 2023)

http://rna.tbi.univie.ac.at/



Nu Pack

e Open source code

Predicts correct secondary structure with introduction of mutations

Easy to use but not represent different different levels of salinity- Only 1M NaCl
Output variables for analysis

* How likely the secondary structure available for binding or trigger sequence for annealing
* 1 all unpaired bp;
* 0 all paired bp (secondary structure)

— how far secondary structure away from true secondary structure
* low number for high ensemble (true secondary structure; proper bp matching)

promoter to gene to express
* <-9.5free energy for stable structure
* Results thus far
» 70% predicted accuracy for the secondary structure
» Develop suite of riboswitch/trigger sequence combination and test in the lab

* Code developed to reduce time when iterative trigger sequences are introduced
* 32 hours to 4 seconds

https://www.nupack.org/



Example of output

ngoswnch Trcljgger Riboswitch |30bp Trigger switch [Riboswitch [Trigger Riboswitch (Trigger Riboswitch/trigger Free Energy score
Inaex In
CVB3 single-strand |single_strand |ensemble |ensemble |/target ensemble ensemble (MFE)

GGGGAAGAGUCUAUUG AGGACTACCAACTAGCTCAATAGACTCTTC
AGCUAGUUGGUAGUCCU

AUACAGAAACAGAGGAG

AUAUAGGAUGACCAACT

AGAACCUGGCGGCAGCG

CAAAAGAUGCGUAAA

0.55 0.29

0 1 GGGGUUUCAUUUUAUU TAAGCAGCCAGTATAGGAATAAAATGAAAC
CCUAUACUGGCUGCUUA

AUACAGAAACAGAGGAG

Sl e el - 0 ° 69 - - -
AAACCUGGCGGCAGCGC

AAAAGAUGCGUAAA

0 2 GGGGAAGAGUCUAUUG ATAAGCAGCCAGTATAGGAATAAAATGAAA
AGCUAGUUGGUAGUCCU

AUACAGAAACAGAGGAG
AGAACCUGGCGGCAGCG
CAAAAGAUGCGUAAA

0 3 GGGGAAGAGUCUAUUG GTATAAACCCAACAAAGGGATATATAATAG
AGCUAGUUGGUAGUCCU

A 0.69 - - 0.40 -
AGAACCUGGCGGCAGCG

CAAAAGAUGCGUAAA

When we change the trigger sequence, the parameters for single-strandedness, ensemble defects and free energy vary

Changing the trigger sequence changes the structure and stability of the Riboswitch/trigger sequence and the
Riboswitch/trigger sequence complex.



Riboswitch structure optimization

RBS- available for expression
‘  Complex ensemble (Trigger sequence and
F £y riboswitch to target sequence)

&

Complex O

Cyan + Orange + Red= trigger sequence

Cyan + Orange + Blue= target sequence (CVB3)
Magenta + Blue = Ribosomal Binding Site
Magenta= start codon

Green= first 10 nt of reporter gene

Yellow= filler sequence Complex 3-CVB3

&



Riboswitch structure optimization platform

* Single strandedness for trigger sequence-
* Probability of the sequence free to anneal

Free to anneal to

ACGAG,
U
A
G
5 ' target sequence
A
A
G
A
U

%
% A Cyan + Orange= trigger sequence
G.UA a8
A’ %6  on?
G 53 Magenta + Blue = RBS
p- Magenta= star n
{o’ Complex 2 agenta= start codo

Green= first 9 nt of reporter gene

Yellow= filler sequence



Data interface

Linker Row: 1 Riboswitch Row: 71
arget Sequence: AATAATTAATATTTGTGTAGTGAATGATGGAATTG
equence: TTTGAAGAGGCTATATTTTCCAAGTATATAGGAAA
AACCTGGCGGCAGCGCAAAAG
Description of Riboswitch: 144 orthoganal first gen
Letters of Riboswitch: GGGAUGGAGAUUGAUUAUGAUUGGAUGUGCUUAAACAGAGGAGAUAAGCAAUGCCAAUCAUAAACCUGGCGGCAGCGCAAAAGAUGCGUAAA
Linker Row: 1 Riboswitch Row: 72
Target Sequence: AATAATTAATATTTGTGTAGTGAATGATGGAATTG
equence: TTTGAAGAGGCTATATTTTCCAAGTATATAGGAAA
AACCTGGCGGCAGCGCAAAAG

M N
L
. Deve | O ed SCrI t Description of Riboswitch: 144 orthoganal first gen
* iboswitch: GGGAGUAAGAAUUGUGAUAAAGUAAUGUGCGUGAACAGAGGAGACACGCAAUGUACUUUAUCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

Linker Row: 1 Riboswitch Row: 73

quence: AATAATTAATATTTGTGTAGTGAATGATGGAATTG

Sequence: TTTGAAGAGGCTATATTTTCCAAGTATATAGGAAA

. k t . t . d t i : AACCTGGCGGCAGCGCAAAAG
L4 u IC Ca ego rIZa IO n a n S O ra ge Description of Riboswitch: 144 orthoganal first gen
tiboswitch: GGGUAAGAUGAUAAGAGUAUAGAUAUGUUGAUGGACAGAGGAGACAUCAAAUGAUCUAUACUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA
P Linker Row: 1 Riboswitch Row: 74
Of d ata Of R N A Se q u e n Ces quence: AATAATTAATATTTGTGTAGTGAATGATGGAATTG
Trigger Sequence: TTTGAAGAGGCTATATTTTCCAAGTATATAGGAAA
AACCTGGCGGCAGCGCAAAAG

. :
u IO a d e d t h ro u h EXCe I F I Ies Description of Riboswitch: 144 orthoganal first gen
boswitch: GGGAUAUGAUGAUGAACCUUUGAUAUGGAUUUGGACAGAGGAGACAAAUCAUGAUCAAAGGUAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

Linker Row: 1 Riboswitch Row: 75
AATAATTAATATTTGTGTAGTGAATGATGGAATTG
TTTGAAGAGGCTATATTTTCCAAGTATATAGGAAA

Description of Riboswitch: 144 orthoganal first gen
Letters of Riboswitch: GGGAAUAGUAAAUGUCGAUGUGCUGUGUAGUUAAACAGAGGAGAUAACUAAUGAGCACAUCGAACCUGGCGGCAGCGCAAAAGAUGCGUAAA
: 82 Link Row: 1 Riboswitch Row: 76
quence: AATAATTAATATTTGTGTAGTGAATGATGGAATTG
Trigger Sequence: TTTGAAGAGGCTATATTTTCCAAGTATATAGGAAA
Linker: AACCTGGCGGCAGCGCAAAAG
Description of Riboswitch: 144 orthoganal first gen

.
" . T GGGUCAAGAUGUAUAGAUUAGUGUAUGUUAGUGAACAGAGGAGACACUAAAUGACACUAAUCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA
e NeXt Step. bevelop Script1or. Ribomwisen Rows 77

TTGTGTAGTGAATGATGGAATTG
TATTTTCCAAGTATATAGGAAA

~thoganal first gen

. I N p ut— U p I 0Oa d i ng fi Ies Wit h ta rget’ [ 2 J e L S S S R A S
; . i Y. % T TTCOAGTATATAGGARA
trigger sequence, linker, and File upload 1 -GN g
riboswitch sequence

thoganal first gen
CGAAAGCUAAGUGUAUGUGUCGGGACAGAGGAGACCGACAAUGACACUUAGCAACCUGGCGGCAGCGCAAAAGAUGCGUAAA

- Output- free energy calculations File upload 2

File upload 3

Courtesy of Jonathan Auyong



Conclusions

* Platform can predict proper base pairing.

* Predictive platform generates free energy prediction based on the
riboswitch/trigger sequence.

* [terative changes initially were at 32 hours
* New code= predictions made in 4 seconds

* Free energy varies with iterative changes of the trigger sequence.
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