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Introduction
Aldevron specializes in CRISPR-associated nuclease products, as well 
as custom protein development and manufacturing services supporting 
research, clinical, and commercial use. Our inventory of clinical-grade 
nucleases provides a fast, cost-effective sourcing option for your cell or 
gene therapy projects.

Aldevron’s GMP-Source™ (GMP-S) CRISPR-associated nucleases retain  
the  key  hallmarks of cGMP manufacturing while reducing costs and 
shortening development timelines. You can then transition seamlessly  
to  a cGMP product as you progress toward commercialization. As your 
manufacturing partner, Aldevron can help you save money and time without 
putting your plans at risk.

While many vendors offer research-grade CRISPR-associated nucleases, 
these are not applicable to clinical programs due to construct design and 
quality grade. Aldevron now offers nucleases designed for development 
through commercial applications.

Aldevron   offers  custom manufacturing of CRISPR-associated nucleases, 
including dCas9 (Dead Cas9), fusions and nickases. Manufacturing scale 
ranges from 10 milligram to multigram lots. Custom nucleases are available 
at Research Grade, GMP-Source™ and cGMP quality grades.

Materials and Methods
In vitro activity assay  
Each in vitro activity assay reaction contained 30 nM DNA, 0.06 pmol 
in assay; 600 nM guide, annealed to 300 nM, 0.6 pmol in assay; and 
sNLS-spCas9-sNLS, 4 pmol, 0.001 pmol in assay.  The 1x reaction buffer 
contained 20 mM HEPES, 100 mM NaCl, 5 mM MgCl2, 0.1 mM EDTA, 
pH 6.5.  The reaction components were combined in the reaction buffer 
and incubated at 37˚C for 60 minutes.  
 
The reaction was stopped using DNA loading buffer containing SDS and 
heated at 65˚C for 10 minutes. The reactions were loaded into 0.8% 
agarose gels containing 0.1 µg/mL ethidium bromide and run for 60 
minutes. The gel was imaged using Bio-Rad ImageLab software (Bio-
Rad) and the data fitted using a nonlinear regression in Prism software 
(GraphPad Software).
  
RP-HPLC 
sNLS-spCas9-sNLS was analyzed using reverse-phase HPLC by loading 
a 10 ug sample on the Zorbax 300SB-C3 column (Agilent) using mobile 
phase A = 0.1% TFA in water, mobile phase B = 0.1% TFA in acetonitrile, 
gradient = 5-100% B over 30 minutes at 1.0 mL/minute, 40°C incubation 
temperature and 214 nm detection.  
 
Analytical SEC 
sNLS-spCas9-sNLS  was analyzed using analytical  size exclusion 
chromatography by loading a 10 ug sample on the GE Superdex 200 
Increase 5/150 GL column (GE Healthcare Bio-Sciences) using mobile 
phase = 0.1 M phosphate, 0.1 M NaCl, 0.2 M L-arginine, pH 6.8 over 20 
minutes at 0.32 mL/minute, 22°C incubation temperature and 280 nm 
detection. 
 
A280 spectrophotometry  
sNLS-spCas9-sNLS concentration was determined by A280 
spectrophotometry with A330 light scattering correction using the following 
formula where e is the extinction coefficient (0.746) and L is the path 
length of the cuvette (1 cm): (A280-1.929*A330)/e*L. The measurements 
were taken using a quartz cuvette and a Shimadzu spectrophotometer 
(Shimadzu).

Next-generation sequencing 
Delivery of an EMX1-targeted RNP by nucleofection into HEK293 cells 
was compared and edits analyzed by NGS at the on-target sites as well 
as the top 9 (total top 10) edited sites as detected by GuideSEQ (Illumina).

Results and Discussion (cont.)

Activity and reproducibility
Our Cas9 in vitro activity assay measures specific nuclease activity 
using guide RNA designed to cut a linearized plasmid. We titrate the 
enzyme while keeping other components of the assay constant. The 
titration allows us to calculate a unit definition for every lot that we make. 
Aldevron’s definition of one unit is that it has to cut 50% of the linearized 
plasmid in 60 min at 37˚C. On the left is an agarose gel analyzing cleavage 
products of a Cas9 activity assay. The largest bands are uncut DNA 
while the smaller bands represent the cleavage products.  These bands 
are analyzed using gel densitometry to determine the cutting efficiency 
of each concentration of Cas9. These values are plotted to calculate the 
amount of Cas9 that equals 1 unit, which in this case is 0.09 pmol.  
It’s essential that every lot of Cas9 we produce is of high quality, but it’s 
also important that the variability between lots is low. As evidenced by 
our QC data, we developed a robust purification method that results in 
consistent Cas9 lot-to-lot. This slide shows the results of three QC tests 
performed on three different lots of Cas9. Note is that these lots were 
purified on different days and at different scales. Here, we see that the 
activity and the purity are very consistent between the three lots.

Stability 
Nothing is a substitute for a real-time study. Currently Aldevron has an 
ongoing 3-year stability study to more thoroughly analyze the effects of 
storage temperature on Cas9. In this study, we expose the protein to 
three temperatures: -20 Celsius, which is our recommended storage 
temperature, 4˚C and 22˚C.  
 
We take samples every three months and analyze them with our quality 
tests. Displayed on this slide are a portion of results from the first 9 
months of the study, specifically activity and purity by reverse phase. The 
samples stored at the recommended temperature of -20˚C pass all QC 
tests after 9 months. While the 4˚C and RT samples decrease in quality 
over time, their decline is not so dramatic that all activity is lost, indicating 
that our Cas9 is pretty stable.  
 

SpyFi off target
Aldevron’s gene editing enzymes consistently demonstrate high activity 
and quality. The Cas9 purification method designed by Aldevron has high 
lot-to-lot reproducibility, as demonstrated by activity (using an in vitro) 
cleavage assay, aSEC, and RP-HPLC performed on three different lots of 
SpCas9. Purified Cas9 was also tested for stability in a 2-year study. The 
results of the stability study indicate that when stored at the recommended 
temperature (-20˚C), the SpCas9 does not lose activity or purity from to 
the date of manufacture. In vivo editing data from academic collaborators 
show successful editing using Aldevron SpCas9 in two model systems. In 
addition to wild type SpCas9, Aldevron offers SpyFiCas9, a high fidelity 
construct that dramatically reduces off target effects compared to the 
wild type.

 
 

Materials and Methods (cont.)
In vivo activity assay – mCherry system  
Aldevron collaborated with Dr. Krishanu Saha, University of Wisconsin-
Madison, to test the in vivo activity of several SpCas9 protein variants. 

The Saha lab created a HEK293T cell line that constitutively expresses 
mCherry. Using Aldevron’s Cas9 proteins complexed to a guide RNA 
designed to disrupt the mCherry gene, successful editing was measured 
by loss of fluorescence.   
 
Greater than 95% of untreated, control cells were positive for mCherry 
fluorescence. The percentage of mCherry positive cells dropped to less 
than 20% when cells are treated with the SpCas9 RNP.    
 
The Saha lab used their mCherry model system to test the efficacy of 
other SpCas9 proteins produced by Aldevron.  Multiple constructs edited 
cells at rates greater than 70%. 

In vivo activity assay – hematopoietic cell system  
Aldevron collaborated with Dr. Mark Osborn, University of Minnesota 
Department of Pediatrics, to test the editing efficiency of Aldevron’s sNLS-
SpCas9-sNLS protein in hematopoietic cells.
 
Primary T cells were isolated from peripheral blood and treated with an 
sNLS-SpCas9-sNLS-RNP, where the guide RNA targets the TRC-alpha 
gene. Successful editing resulted in loss of a functional T-cell receptor. 
 
Editing efficiency was measured using flow cytometry and an antibody 
against the T-cell receptor.  Aldevron’s sNLS-SpCas9-sNLS knocked out 
expression of the T-cell receptor in 78% of cells vs. 40% using SpCas9 
supplied by a different vendor. 

Forced degradation studies 
To show that quality tests can detect damaged Cas9, Aldevron completed 
a forced degradation study.   
 
Elevated temperature, H2O2 and low pH caused sNLS-SpCas9-sNLS 
to precipitate within 50 hours. (orange = control, blue = H2O2, red = pH 
green = 40˚C) 
 
Coincident with the loss of soluble protein is a loss of in vitro activity.  
 
Within 90 minutes, trypsin cut SpCas9 into three distinct proteolytic 
fragments, visible using RP-HPLC. 
 
Over the course of 168 hours, H2O2 resulted in a loss of monomeric 
SpCas9 and accumulation of aggregates, detectable by aSEC. 

Results and Discussion
In vivo assays
Forced Degradation
Rigorous quality tests and stringent specifications aren’t meaningful if the 
tests are not capable of detecting low quality Cas9. So Aldevron designed 
a forced degradation study to show that our assays can detect damaged 
protein. In this study, purified Cas9 was exposed to extreme conditions 
– elevated temperature, low pH, a highly oxidizing environment and an 
active protease. Our standard tests were used to assess the quality of 
Cas9 in each condition over the course of a week. The graphs at the right 
show that elevated temperature, hydrogen peroxide and low pH cause 
Cas9 to aggregate and precipitate within 50 hours. Along with the loss of 
soluble protein is a loss of enzymatic activity which is shown in the lower 
right-hand graph. 

Abstract
Gene editing using CRISPR-associated nucleases, including SpCas9, offers a novel approach to treat many diseases. SpCas9 
now is being evaluated in multiple preclinical and clinical programs. While many vendors offer research-grade SpCas9, these 
nucleases are not applicable to clinical trials due to construct design and quality grade. Aldevron offers SpCas9 and AsCpf1 
nucleases optimized for development and clinical applications. 

In addition to wild-type SpCas9, Aldevron now offers SpyFi™ Cas9 which supports gene editing with significantly reduced off-
target effects. Aldevron's gene editing proteins are supported by a robust, scalable manufacturing protocol and an extensive 
quality package. These proteins are available in a range of quality grades from research grade to GMP, allowing for a seamless 
transition from research applications to the clinic.

Aldevron’s CRISPR-associated Nucleases

SpyFiTM Cas9 Nuclease

PRODUCT NAME CONSTRUCT DESIGN

sNLS-SpCas9-sNLS

sNLS-AsCpf1-sNLS (Cas12a)

sv40 NLS sv40 NLSSpyFiTM Cas9

sv40 NLS sv40 NLSwt SpCas9

sv40 NLS sv40 NLSAsCpf1

sNLS-SaCas9-SNLS sv40 NLS sv40 NLSSaCas9

A Well-Defined Process Consistently Yields High-Quality SpCas9

High-quality, reproducible manufacturing. SpCas9 batches were expressed and purified over the course of several
months at different scales. Quality test results show that Aldevron’s manufacturing process consistently yields high
quality SpCas9.
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SpyFi Cas9 Has Reduced Off-Target Activity Compared to wt SpCas9

Aldevron SpyFiTM Cas9 has reduced off target effects. SpyFi Cas9 has measurably lower frequency of off-target editing compared to wt
SpCas9. Aldevron’s SpyFi Cas9 Nuclease is sold under license of patents and/or patents pending from Integrated DNA Technologies,
Inc.(IDT). Data shown above was generated in collaboration with IDT.
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Forced Degradation Demonstrates Utility of Quality Control Tests
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Aldevron SpCas9 is stable for 24 months in a DTT-free formulations. SpCas9 was formulated at 10.0 mg/mL in 25 mM Tris,
0.3M NaCl,0.1 mM EDTA, 50% glycerol, pH 7.4. Quality tests show no loss of protein activity or purity when the nuclease is
stored at -20˚C.

SpCas9 is Stable for 24 Months When Stored at -20˚C

Plasmid  │  RNA │  Protein │  Antibodies     12

RG wt SpCas9 Stability

• Three year study in progress (3, 6, 9, 12, 15, 18, 24 and 36 months)
• -20 ˚C (recommended storage), 4 ˚C and 22 ˚C

• Note:  Testing concluded for 4 ˚C and 22 ˚C at 18 month timepoint
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• Three year study in progress (3, 6, 9, 12, 15, 18, 24 and 36 months)
• -20 ˚C (recommended storage), 4 ˚C and 22 ˚C
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Contact  Andrew Olsen  •  Manager, Marketing & Client Development
   andrew.olsen@aldevron.com


