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Introduction and Motivation Assay Design Criteria
The facile, programmable nature of genome editing afforded by CRISPR/Cas9 has led

to a multitude of in-vitro and in-vivo applications with basic science and clinical * Clinically relevant detection limits (fM- pM)
applications. Quantification of the Cas9 protein levels and activity is needed for |) * Compatibility with complex sample matrices
optimizing genome editing methods, while minimizing the potential for off target or * Inexpensive

other deleterious effects and 2) assessing successful clearing of editor components for
clinical applications. Traditional biochemical-based detection methods (VVestern blot,
ELISA), while effective, are time-consuming and are only semi-quantitative, giving rise to
the need for improved rapid and precise analytical methods for detection of Cas9.

* Potential for multiplexed detection
* Flexibility: different species and orthologs of Cas9

Electrochemical-based Detection of Centrifugal, Microfluidics Platform
Cas9 Protein & RNP for Detection of Cas9 Activity

_ detection zone Cas9 pr9tein Cas9 ac?ivity
PSR detection detection
‘. /_/.,j-_:’_ —F /:___:%/- chamber pu A - A -
I Anti-Cas9 Ab \ o v (o N EIE 59k HRP quencher
(c-term) - Cas9 or Wiy ' | WA fluorophore @
" RNP ’ S °,‘S//c/ detection | :6'_ o
I (4) Anti-Cas9 g i« ;| A _: ' antibody 4k
N* NO, NH; (©) - 0 : O “ - /
I . Sulfo-ECMS > B N\S TS
> N +6e P e X3
Glassy carbon =P — > A /)
(GCE) -N, EtOH / H,0 (3) , /¥
> A A silica
(1) (2) Anti-Cas9 S Casli i e N Sl e microparticle
[—— RNP W%
P' ] _’ g ° ° b
0 e Platform Description Detection Zone
(6) T * 3-layer disc, cast acrylic sheets flanking a * Protein detection accomplished with
pressure sensitive adhesive layer of channels commercial antibodies
Antibody Capture Surface Platform DeSCI”IPtIOn * Centrifugal force transports microparticles * Activity assay based on modification of a
Detection Limits in Buffer +  Glassy Carbon Electrodes (GCE) functionalized enriched in signaling molecules from center recently published solution-phase activity
: : : to detection zone
with Cas9 antibody or Anti-CRISPR AcrllA4 , , _ iy (paime 2010E) |
| ocas @ RNP o = (Rausch, 2017) for Cas9/Cas9-RNP capture . Optltca.l detec];cllon. chemllun;;nsescence . Requn*.es =5 WL of sample @ 30 min
: . ’ : . wpe rotein) or tiuorescence nm
so% | Detection limit B * HRP conjugated detection antibody facilitates (P o ) e ( assay time
" = a © . ; . . eXxcitation, activi
0% | Cas9 =235 pM °® quantitative electrochemical analysis Y)
- 60% | Cas9-RNP =715 PM @ . . . A D I f C 9 P o
D e | o * Electrochemical output measured via cyclic . evelopment of Cas9 Protein and
" oao% | voltammetry (Harper, 2012) | 2 hole Blood Activity Detection Assays
30% v = | ¢ Plosma A. Detection of spCas9 protein by capture and detection antibodies
20% T e . % T is relatively unchanged in different sample matrices. B.
10% | q © Antibody & AcrllA4 Capture Surface RNP = Microparticle-immobilized fluorescence-based detection of S,
0%(’).‘*6% . 881 6 | ' '""'I"o " 100 1000 Detection in Whole Cell Extracts g ] pyogenes Cas9 nuclease activity in the presence of the substrate-
Protein concentration (nM) 0% 5 specific AAVS1 guide RNA. Error bars represent standard deviation
IF: of four replicates C. Simultaneous Cas9 protein and nuclease
AcrllAd Capture Surface c0% L mAb 10_@ activity detection for wild type, the DI10A and H840A nickase
Detection Limits in Buffer m AcrllA4 fmo mutants with one active site disrupted,and DI10A/H840A dead
20% Concentration (pg/mL) Cas9 (dcaS9)'
100% | ®
ol O Cas9 ® RNP (MQ e . &% B ] C
son | Detection limit e 2 - 10000 -
70% | saEs? = 460 pi S 9o 10000 4 ] =) :
* | Cas9-RNP = 840 pM = ] 4
- 60% | L S 1000 4
< s50% | o 20% | < g :
" oa0% | - 3 *,f?
30% | 10% r T g 2 1004
20% | . o 1000 -
" o s ] '
0% | O Lysis Whole WCE+ WCE+ WCE+ WCE+ ; 10
0% & A east Lt buffer cell extract 1 nM 10 nM 50 nM 100 nM ‘ 1 ‘ ol10/l ol10l o0 l10!l o |10l o [10] o |10]| o |10| 0 |10
001 IO’.:(I)tei:l.lconc'entral:ion (I::OM) 1000 only (WCE) RNP RNP RNP RNP ) ] T T ChemiN,tActivity Che:(i:a:;:tivity Cher;iﬂf\:tivity Che:{img\;tivity
Error bars represent standard deviation of three replicate experiments. Concentration (nk)
_ . Rauch BJ, Silvis MR, Hultquist JF Waters CS, McGregor MJ, Krogan NJ, ° - : :
* Demonstrated sensitive detection of Cas9 and Bondy-Denomy J, Cell, 2017, 168: 150-158.¢10, Multiplexed detection: Both platforms can
. — DOI:10.1016/j.cell.2016.12.009 I I
protein, Cas9-RNP complex, and Cas9 activity E accommodate multiplexed detection
.. . .. Harper JC, Edwards TL, Savage T, Harbaugh S, Kelley-Loughnane N, Stone ° : :
* Clinically relevant detection limits MO, Brinker CJ and Brozik SM, Small, 2012 8:2743-2751. Multiple channels on each disc
« Realistic sample matrices DOI:10.1002/smll.201200343 * Electrically addressable arrays
Seamon K], Light YK, Saada EA, Schoeniger ]S, and Harmon B, Anal Chem °

201890 (11),6913-6921,DOI:10.1021/acs.analchem.8b01 155 EXtend to addlthnaI SPeCIQS and OrthOIOgS

ER vz oo iil‘ii;ﬁ';ﬁlﬁiﬁﬁ;ﬁﬁiiZgayrl”EL”;.'SZ';’Qn'gaZZﬁfJZS";?"siifﬂfﬁc Acknowledgements: This work was partially supported by the Laboratory Directed Research and Development, Grants 204977 (Electrochemical assay development, Cas9 activity assay Sandia

WENERGY a wholly owned subsidiary of Honeywell International Inc, for the USS. development) and 200186 (Cas9 activity assay demonstration in cells); National Institute of Allergy and Infectious Diseases, National Institutes of Health, under award number RO|AI098853 Naﬁonal
AJVCH E’oenlﬁztc’:‘E;‘E_ﬂfgg;%;?a“”a' Mipclear Security £dninistration anter (chemiluminescent detection assay development), the Department of Homeland Security, HSARPA-Chemical Biological Division under Agreement HSHQPM-13-X-00222 (centrifugal platform x
TVA <24 SAND No. integration and interface), the DARPA Safe Genes program under contract HROOI I-17-2-0043 (Acr production and characterization) I-aborato“es




