This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
In the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

B1OSCIENCE T e |

Automated Preparation of Nucleic Acids from Blood

for Point-of-Care Applications
Jebrail MJ, Sinha A, Renzi RF, Van De Vreugde J, Gondhalekar C, Schoeniger JS, Patel K, Branda SS

SAND2015- 3769C

PROJECT BACKGROUND & OVERVIEW BLOOD RNA EXTRACTION/PURIFICATION MODULE cDNA SYNTHESIS MODULE

Bioweapons & emerging infectious diseases pose formidable & growing
threats to national security & public health. The key to containing & Extraction Module

M N U N D D G S D N S S S S S G S G D S S D S D

Reagent
Reservoirs

¢ )| «----Peristaltic Pump

eradicating an outbreak is rapid identification of index cases & Iinitial | Connector | I I I Connector; “~.
. Sl s ] > - 1 ™ . -
clusters of affected individuals. This depends upon establishment of a i Tube Ll Tube ¢ ‘[_T § E
] . : : ' F; = I I
biosurveillance network that effectively reaches the outbreak site, even : | ] L | o [ED | |
when located in remote, low-resource settings. ! —on o/ | ! , Bridging O .. - P \
! Chamber * Chamber | : , Electrod L NA A e - g @ PEEK
. . i Electrodes B M . > ' Tubi
We are developing a deployable sample processing platform that l | : [ I [ ua
. . ng . . . . . ' 1 I,,_..-d - ":_r g I_-i-
immediately stabilizes the RNA information content of clinical & animal : Tmffﬂ <« lransfer : - | ""‘"}:|—Fiuingﬁ %
. . . I Tubel ’ = :
specimens as cDNA products that are formatted for compatibility with PCR, | Tube 2 | 3
: : ] : : i . ’ « e u
microarray, & Next Generation Sequencing (NGS) based diagnostics. Thus front-View || Il 1.7 - J_ ,
: o o e T at
far, we have generated two fully operable platform modules enabling: \ T S ‘ommar | } e |
Thermal = — ' R T ;
1) Extraction & purification of total RNA from finger-stick quantities of Extraction—Purification 2 Zone - I~ TR | AP
j | 1N Thermoelectric
human whole blood; and ~ Modules Interface 1 _ Module
: : . : I . ) » |
2) Microscale synthesis of cDNA compatible with PCR & NGS. : Side-View . Top-View - i : -ErgundhErlfcttjde
I I op Plate | | ydrophobic Layer
. e S , | : : .
We have demonstrated that the output of the first platform module (RNA | g LrANSIET | il ] - Il Dielectric Layer .
_ . _ _ 1" \8Y " Tubes i W | Actuation Electrode (Cu/NI/Au)
extraction/purification) can serve as the starting material for the second A\ i AN Bl Printed Circuit Board
_ I ‘ " i ' Jebrail et al, Lab Chip 15:151 15
platform module (cDNA synthesis). Current efforts are focused on ! Top Plate l K
: . l : N ) Reaction IBEETherma iR [ EREEE
development of a fully integrated system that is fieldable. i | : N T e i i 2.5 60
W Air Gap iTra:rlsfer i ¥ gl e H o .
y [ | hermal—§ bl —-
| — Tubes f |zl I £l LI 5 | - 90
I |l | ‘Bl HE - H
S I P s D t t' : I t t 2 | | Botlom blate : N jjal8is/sjs|n@EneEuSEEENE S =
am e re e ec |On. n e ra e 0 ' Maenet I ! ﬁ O | 0 7 - 40 =
[ el : “ a | 1 Rl T 1.5 - ] C2
Pros Cons = Glass =mElectrode | - | f | mm | | m EE 30 23
. | _ 1 S £ ] ‘ Ll | 1 '. =L o ol e (MR
- Seamless Workflow - Inflexible Workflow | cyarophobic Layer Exposed Unexposed ¥ sEpEsusREEEEENE o o G
: : : : : ; | i 0] o | | | | . @ .
» No User Intervention » Intermediates Inaccessible \mm Dielectric Layer * Bridging Electrode —§ o o1 anal Chem 86:3856 13 us R © =
o . -1 - 1 0.5 -
* Output = Input Match * Monolithic Redesign B - - - 10
600 —0 World-to-DMF = | Pt W e
- f | 25ul 50 ul 100 uL 25ul  50ul 100 uL 1 = | [ 0 - -0
En _ C1E & 35 55 75 95
. . % oy S— | || — |——Lﬂ— 285 ‘b ;i g Temperature
Prep Of BIOOd RNA fOr POC DlagnOStICS E L as LIl (Degrees Centigrade)
. g— p=1016 —_— e [ {—.— 185 :
> OCR - ' | RNA Fragmentation
r = , | = e ety
’ Formatted | =E T Tl .
Blood - RNA—> cDNA —> . ya ——> Microarray E R 95°C for 3 min
) | ‘ = 100 -+ .
T NGs -
0 - - World-to-DMF RNA from 50 pl blood used for RT-gPCR »
I . . 25 50 100 _
» Stabilize information content of specimen Blood Volume (L) e — oo

F 'm t [ || | I 'm nm | | World-to-DN Conventiona

Volume (uL) 25 50 100 25 50 100

» =0.09
« Automate & contain sample processing f : f w p =026 |
Aseo/Asgy 165 £0.04 194012 1.99+021 198017 1.89 £0.03 1.70 = 0.14 1 ! : _ )
- Protect user from sample (safety), and sample from user (quality) f h First Strand cDNA Synthesis
RIN 6.8+ 0.5 6.9+ 0.7 6.2 £ 0.5 7.1 £ 0.4 6.5+ 09 6.7 0.3 | ;
- - T | Twl Add P1 @ ' .

Threshold Cycle (C))
W
-

25
65°C for 2 min

* Field-forward compatible B2M GAPDH PPIB i@

4°C for 2 min

- Low power, no cold chain, small, rugged, cheap hardware & reagents = 5 o
[FU] 5 World-to-DMF Blood RNA cDNA Library | Raw Reads |Passed Qfilter | Mapped toHuman | .| | RNA from 50 pl blood used for NGS | - : 4°C for 1 min Sowepationl
f \ Specimen | Preparation | Yield (ng) (Millions) (% of Raw) (% of Qfilter) K R2=0.89 . ; .‘@“@"@"@“@"@' ____________ E | igZC ;or ? m?n
20— | I]]', ‘ | | 2.8 95.9 99.0 | - _-_.."_ T T T 1T T | é-d--F-1-1 4: AddCP gr min #
A H“Lﬂ__ﬁx_ﬂu L 4 World-to-DVF 2 2.8 95.9 59.0 0.89 ) -~F-1--F-t-171--F-1-1--f ' & 42°C for 60 min Now
m e N | > | | | | 70°C for 5 mi
De SI n Of Fu " Inte rated S stem > MTTT T T 1177 11711 Conventional | 89.6 > ?5'5 - I oo o Conventons
g y g y 35 200 400 700 10380  [bp] 20 2 2.0 Buter, DT,
World-to-DMF|  110.0 2 00 P4 "dNTPs, RNAP
[FU] — " 2.3 96.0 99.4 0.84
— M Conventional 34 95.1 98.9 0.8
: j Conventional 816 |
Sample Prep 1 LIF Detection - | ‘, l& |‘ 3.4 95.2 33.9
Cuip ' — e 8" x12" x5’ i J |,I World-to-DMF|  72.0 iz jij 2‘:2 -
Reagent 0 — L e | 3 a i ' ;
Cartridge NG ' Chip Carrier . 8 hrS on Iapt()p battery LR R LN Conventional 816 = . oo v . F UTU RE DI RECTIO N S
| , _ 35 200 400 700 10380  [bp] 24 95.6 99.2 .
P =y, e » Disposable prep cassette Conventional
. ' =y : uid Routing . ]
il N | valve - 8-plex processing _ Back View R » Produce & test fully-integrated system
. , Injection-molded features _ e o o Path iked human & animal blood
| | f | ] ) I B R t, Wast D @ Be t - Pathogen-spiked human & animal bloo
Electronics \/ N - ¢ Syringe Pump - PCB DMF board o Cziwg;;rtmestsse e - InfectSd hurrr)1an & animal blood
_ -and- Currently testin i § i (1mlcapacity) . L .
(P:'r‘]‘g i &73’ Selnin(EEE second }éneratign L ¥ » Deploy locally to detect known pathogens directly and/or indirectly (via host response)
= [eap (~5o/prap) 9 - LLNL BSL-3 & animal facilities (collaborator: Sahar EI-Etr)
satteries module - UC Davis POC Testing Center for Teaching & Research (collaborator: Nam Tran)

* Deploy further afield for rapid on-site diagnosis of infection by unknown pathogens
- ICU, mobile clinic, & field-forward settings
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