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Nanopore Reader ¥ elements

The miniaturized flow cell hosts round or squared nanopore chips
Features
@ Open input (RMS) noise: 100 fA rms @ 1kHz; 380 fA rms @ 10 kHz;

3.2 pArms @ 100 kHz
€ Max sampling rate: 200 ksps
@ Voltage control stimulus range of + 2000 mV
@ Auto electrodes voltage offset fine compensation
Continuous C-membrane and R-seal estimation
@ Zap pulse
® Digital filters: cutoff frequencies in the range between 62,5 Hz and
100 KHz
@ USB powered
Current ranges: +200pA (Gain 2.25GQ), £2nA (Gain 225MQ), £20nA
(Gain 22.5MQ), £200nA (Gain 2.25MQ)
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Flow Cells
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PCB (chlorinate electrodes)
Nanopore chip secured with O-
ring
Low volume

e 60 pL top solution

e 30 pL bottom solution

Rapidly change nanopore chip
Load multiple flow cells for a
series of experiments
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Silicon substrate

Low noise glass substrate
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* Fused-silica supported silicon
nitride membranes |
* Chip capacitance < 2 pF G
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Detecting signs of extraterrestrial life

Is there life on other bodies of our solar
system?
* Liquid water
* Look for molecules of life
* Amino acids

8ONSSC18K1545

HOW THE SOLAR SYSTEM'S LARGEST OCEAN WORLDS COMPARE IN SIZE

/ T Earth has a surprisingly small amont of water compared to
other worlds in the Solar System. Each measurement is the
spherical radius of the world and its water (including ice):

* Proteins
o H 124
* “Benner-like molecules ) ® ‘ @ @
ENCELADUS DIONE EARTH EUROPA PLUTO TRITON CALLISTO GANYMEDE
. Water radius: Water radius: Water radius: Water radius: Water radius: Water radius: Water radius: Water radius: Water radius:
Can d | d ate wo r| d S 140 mi./ 300 mi./ 430 mi./ 550 mi./ 630 mi./ 730 mi./ 1,120 mi./ 1,180mi/ 1,460 mi./
220 km. 480 km. 690 km. 880 km. 1010 km. 1170 km. 1,800 km. 1,890 km. 2,350 km.
b E nce | a d us (Sat urn ) World radius:  World radius:  World radius:  World radius:  World radius:  World radius:  Worldradius:  World radius:  World radius:
157 :ﬂ.l 349 :u./ 3,959 Lni./ 972 mi./ 738 m:;:n 840 m:;/ 1,498 mi./ 1,601 z:;/ 1,635 :(nl./
H 252 km. 561 km. 6,371 km. 1,565 km. 1,187 km. 1,352 km. 2,410 km. 2,576 km. 2,631 km.
e Europa (Jupiter)
. .
Tltan (Saturn) SOURCE: Steve Vance: NASA/JPL-Caltech BUSINESS INSIDER

* Mars




Motivation for using solid state

nanopores
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Single molecule detector

DNA or DNA like molecules (Benner-like)
molecules are long, charged, contain
different subregions

Can we use it for space flight?
o Radiation damage

o Temperature extremes
o Survive for many months
o Decontamination (sterilization)

Nanopore made in 20 nm
thick low stress Silicon nitride
by a TEM ablation technique.
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Above: 15 kbp ds DNA translocating through a 15 nm
diameter nanopore. 1M KCl, 10 mM Tris buffer, 1ImM
EDTA. 200 mV applied voltage.

100kHz bandwidth
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Questions for this Phase |l contract

1) Quality control and performance Technical Objectives of the Contract

> What is the cost? Quality testing. 1,2.,3: Or.)timi;e ne?r.wpor(? fz.abrication procedures in the low-
noise chips with silicon nitride membrane.

° How do we make them last a long time? 4: Establish optimal pore cleaning, storage, and wetting

> How do we make them perform at specification? procedure
Success rate? 5: Measure translocations through nanopores of pure analyte
samples.
. _ 6: Establish optimal environmental sample preparation
2) Specifications for DNA extraction from samples procedures.
o test commercial kits on analogue earth 7: Measure translocations through nanopores of environmental
samples to extract DNA samples.

8: Create a database of all the above measurements including
all parameters (pore parameters, sample type, conditions,
translocation data).

9: Specify flight readiness parameters (pressure, temperature,
radiation, vibration, etc.) needed for upcoming NASA missions

> do different soil types require different
treatments?

o feed DNA forward to nanopores for
detection
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Quality control of low noise chips

Technical Objectives 1,2, & 3:
Optimize nanopore fabrication
procedures in the low-noise
chips with silicon nitride
membrane.

Developed a new protocol for
low-noise chip manufacture
with better success rate, fewer
defects, and lower cost

Developed automated
characterization tool using
Imagel software to reliably
sort chips by quality




Testing and optimizing nanopores for
¢ ‘¥elements
long term use (2000 nanopores)

Technical Objective #4
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H 124 4‘t 1
“Wetting treatment Gy = 0|=— — _]

. : 2d? d
o Oxygen plasma vs. piranha vs. isopropanol

We assume the open
conductance, Go, can be
modeled by the above

Coatings for better performance/robustness equation, where o is the

> Chemical modification solution conductivity, t is
- APTS & SA the membrane thickness,

. PEG and d is the nanopore
diameter

Storage conditions
> Vacuum, air, isopropanol, 1M KClI

o Atomic Layer Deposition

o Aluminum oxide, Hafnium oxide, silicon oxide



Nanopore stability

. . Percentage of nanopore size change
Oxygen Plasma vs. Piranha cleaning

100

Total of 176 nanopores tested (some at NASA)

80

56 surviving nanopores piranha treated

° 30% break rate with 10 minute heated piranha °0
40 surviving nanopores 02 “0
° 3% break rate at 25W forward power O2 plasma .
° 100% break rate with plasma wand treatment
(n=13) 0 L ——
Small pores}S nm (N=9) Small pores 4 5 nm (N=10) Large porjs>10 nm Large poresilo nm (N=9)
(N15)

-20
piranha 02 plasma piranha * 02 plasma**

-40



Does Modification .

EO_  (APTS)
E0= Ql {H, 0
OH e L 0 (SA v H

of surface help? o L?S"’“’W"“i

Prelim i na ry Resu |ts #3, TEM 4.8 nm, +300 mV, estimated diameter 4.54 nm, 25 nM 400bp dsDNA

i |C] | 65.7302] [w ch1
An APTS-SA modification improves the ability - I “
of nanopores to translocate DNA up to s o v
several weeks after first treatment § i,

. - ‘ . ‘ 0 10 20 30" ol 40" Ty €0
Atomlc Layer DEpOSlthﬂ Wlth Hafnlum OXIde Current traces during the translocation of 25 nM 400bp dsDNA through one SiN nanopores as a
inhibits nanopore expa nsion both during function of time at Day=15 after cleaning. The pore was non-coated and stored in IPA. The

. . measurement was performed in 1 M KCI, 10 mM Trisand 1 mM EDTA, pH 7.5 at +300 mV.
piranha treatment and with prolonged
soaking in 1M KCI. #14, TEM 10.6 nm, +300 mV, estimated diameter 14.3 nm, 25 nM 400bp dsDNA _
e

. P . . 21_=ﬁ 36.4902] |m Chl

Atomic Layer Deposition with Aluminum )

I [nA]

Oxide temporarily improves probability of
good translocation data, but later has no 5% 1 I 4 AL O AL S LA O
effect. et |

Current traces during the translocation of 25 nM 400bp dsDNA through one SiN nanopores as a
function of time at Day=15 after cleaning. The pore was surface modified and stored in air. The
measurement was performed in 1 M KCI, 10 mM Tris and 1 mM EDTA, pH 7.5 at +300 mV.




Extracting DNA from
environmental analogues &7 elements
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Commercial Kit Extraction Analogue samples

Qiagen DNeasy Powersoil Kit Atacama Hyperarid

Qiagen DNeasy Powersoil Pro Kit Mars Simulant JSC1

Zymo Research Quick DNA Fecal/ Soil Linnaeus Terrace Antarctic Dry Valley

Microbe Microprep Kit Pacific Sea water (TBT)

Zymo Research ZymoBiomics Microprep Kit ~ * i || s || geseun ||

Ladder B 1 2 3 ladder B 1 2 ladder B 1 2 3 ladder

DNA Quantitation Results
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Normal DNA/RMA  Normal DNA/RNA  Mormal  DNAY RNA ) o ] ] ) )
Protocol  shield | Protocol  Shield | Protocol PShiteld | Agarose gel electrophoresis depiction of samples extracted using Qiagen DNeasy Powersoil Pro Kt. Soil
. Protoco __Protoce oo samples from Linnaeus Terrace, Antarctic Dry Valley, Mars Simulant JSC1 soil, and Lake Salda, Turkey were
Linnaeus Terrace Mars Simulant J5C1 Atacama Hyperarid

spiked with 100 pL of a liquid culture of (A) E.coli and (B) B. subtillus.

Antarctic Dry Valley



Measuring DNA Translocations «;#elements
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(@) e T Measure translocations through Measure trar;slocatlons throlugh
e = S| H
v 'l g 4001 |_|-|lk nanopores of pure analyte nanopores of environmenta
AL st R samples. (Technical Objective #5) samples. (Technical Objective #7)
(b) 2000 A
e '51000_ 1000bp dsDNA |f:s:ay7, 25nM 400bp dsDNA an ]
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g 0 D. Day 21, 25 nM 400bp dsDNA ]
§|T 400bp dsDNA 0 Ti%g‘}ms?-% N ' . 154
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3: O 400bp dsDNA o2 ‘% Pore 5 ) 15
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'gg_ O 15 kbp dsDNA ) : Ea&gg — .
Eg] iy DNA purified by ZymolLST kit. Event

] e s eama Same Nanopore measured two rate <1 per minute

_1-_5 T p - weeks apart. 1M KCI, 10mM Tris 1M KCl. 10mM Tris +300mV.
Current Amplitude (nA) +300mV ’




Future work «,7elements

We have tested approximately 200 at this
time. 1800 more to go.

Use DNA from extraction kits in our
nanopores (started).

Testing Sea water samples
Long-term function of nanopores
Continue measuring modified nanopores

Exploring alternative polymers
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