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Biodelete.

Knockout genes in the way of your research.

CompoZr® Zinc Finger Nuclease (ZFN) technology gives you the ability to
permanently knockout a gene of interest. Allowing the creation of cell lines and
model organisms with precise and heritable genome modifications. CompoZr ZFN
technology, a breakthrough that enables simple and efficient genome editing, gives
you the power to add, delete, swap your gene of interest.
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GENOME BY DESIGN

In any area of scientific research, asking the right question has always

been paramount to advancing knowledge.
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Without a robust understanding of what is being observed, no conclusions can
be drawn. In biology, the multifaceted nature of even basic in vitro systems makes
this a complex task, requiring not just stringent control of as many variables as
possible, but also an appreciation of the likely impact of those variables that

cannot be influenced.

This is especially true in drug discovery, where a candidate
compound that appears highly effective in biochemical trials may
prove ineffectual, or even harmful, at a cellular or physiological
level due to a wide variety of factors. Adverse drug reactions

(ADRs) in particular can be highly detrimental for pharmaceutical
manufacturers, either in terms of lost revenue or negative publicity,
and generally stem from the inherent flaws in the traditional models
routinely used for investigation of candidate drugs. Despite the
wealth of knowledge gained from studying immortalized cell lines,
for example, these only provide an approximation of the biology of
the target organism.

To improve the accuracy of cell- and animal-based models,
Sigma® Life Science is focused on development of innovative
technologies — such as zinc finger nucleases - to allow highly
accurate genetic manipulation of model cell lines and organisms,
enabling researchers to answer specific biological questions.

Zinc finger nucleases (ZFNs) offer a unique solution for mammalian
genome editing, and can be designed to generate site-specific
double-strand breaks (DSBs) at virtually any point in the genome.
These breaks can then be repaired by either non-homologous

end joining (NHEJ), leading to gene knockout, or homologous

recombination (HR), achieving precise gene insertion, deletion or
replacement. This technique allows genes to be altered virtually at
will, and has already been accomplished at multiple loci using ZFNs
in conjunction with donor DNA containing the desired mutation.
ZFNs also enable delicate, specific mutagenesis of single-base sites in
the native context of the gene, lending more biological relevance to
the resulting data. The ability to make such mutations enables a more
rigorous investigation of single nucleotide polymorphisms (SNPs)
associated with disease states. Application of ZFN technology to
existing immortalized cell lines potentially offers several advantages
for current cell-based assays, both in terms of introducing new
genetic variations and eliminating erroneous mutations, however
the advent of induced pluripotent stem cells (iPS cells) raises the
possibility of developing bespoke cell lines which truly reflect genetic
make-up of a given disease.

To truly understand the impact of editing the genome, and the
subsequent effect of a candidate compound on negating this
genetic change, it is necessary to go beyond basic cellular systems
and investigate animal models. In the last 20 years, the availability
of knockout mouse technology has established the mouse as the
most widely used model system in biomedical research. The key to
the success of this technology lies in the ease with which mouse
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Biowire Breakthroughs in Biology

“To move forward our understanding
of the potential physiological effects of

candidate drugs, we need to embrace
the complexity of living systems and
develop new tools to deal with the
immense quantities of information these
models are able to generate.”

embryonic stem (MES) cells can be cultured, genetically modified,
cloned, and implanted into blastocysts to derive chimeric animals.

Although this technology provides an excellent mechanism for the
study of basic mammalian genetics, it cannot be used to generate
clinically-relevant data for drug discovery. However, in 2009, the

first targeted knockout rats exploiting ZFNs were created via
microinjection of ZFN mRNA into single cell embryos. Screening of
the resulting animals was surprisingly rapid and efficient, enabling the
production of founders in as little as two months post-microinjection,
and involving screening of less than 100 animals. Such speed of
targeted mutations in animals is virtually unprecedented, and both
Sigma Advanced Genetic Engineering (SAGE™) Labs and Medical
College of Wisconsin have been able to rapidly establish libraries

of knockout mice and rats for the research community. Most
importantly, the ease of ZFN-mediated knockout rat generation
indicates the suitability of the technique for targeted gene knockout
in other species. Because the technique does not require ES cell lines
for the species of interest, existing embryo isolation, injection and

implantation protocols for creation of transgenic animals can be
employed. As robust embryo manipulation methods already exist for
a variety of species — including mice, rats, rabbits, chickens, sheep,
goats, cows and pigs - this offers a straightforward route to efficiently
delivering ZFNs and deriving knockout animals.

The advent of ZFN technology highlights the potential for such
techniques to be used in development of new model systems

to answer specific biological questions. To move forward our
understanding of the potential physiological effects of candidate
drugs, we need to embrace the complexity of living systems and
develop new tools to deal with the immense quantities of information
these models are able to generate. Greater throughput, coupled

with the ability to collect more data per sample, will offer a more
comprehensive look at how individual molecular interactions fit into
the complex biochemical pathways of the living cell. The future is still
dependent on scientists asking the right questions, but the ability to
design and control new biological systems is an important step along
the path to answering those questions. i
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ZFN TECHNOLOGY

Have your genomic work cut out for you

The genomes of several organisms,
including humans, have been
sequenced, yet we have a limited
understanding of the functional

implications of the identified genes.

Extensive analysis is required to understand the function of each gene
and put that into the systemic context. This has led to an increased
focus on functional genomics. Traditional approaches to understand
gene function in mammalian systems have been limited to the use of
RNAI or genetically modified mice, due to the lack of requisite tools

for targeted genome editing in other systems. The discovery of the
modularity of zinc finger proteins and subsequent development of
Zinc Finger Nuclease (ZFN) technology has trampled these technologi-
cal barriers, giving scientists the ability to manipulate the genome of
any organism in a highly targeted manner. The applications of ZFNs are
broad and far-reaching, enabling scientists to answer technologically
challenging questions with unparalleled ease.
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What are Zinc Finger Nucleases?

Zinc Finger Nucleases are a class of engineered proteins that create

a highly targeted double-strand break (DSB) within the genome

and enable the manipulation of the genome with unprecedented
ease and precision. ZFNs consist of two domains, a zinc finger DNA
binding domain and a catalytic nuclease domain (Figure 1). The zinc
finger domains used here are derived from the Cys(2)-His(2) zinc
finger proteins that each recognize 3 bases of DNA. These zinc finger
proteins can be engineered to recognize most 3 base pair sequences,
allowing targeting to almost any sequence in the genome. The
modularity of each zinc finger permits us to link together 4-6 zinc fin-
ger proteins creating 12-18 base pair specificity within the genome.

Fewer fingers can also be used but specificity is reduced. To complete

the engineered ZFN, we add a modular nuclease domain from Fokl,

a Type lIs restriction endonuclease (which has a separate DNA-
binding domain and nuclease domain), to the zinc finger domain.
The nuclease domain from Fokl functions as a dimer, requiring that a
second ZFN binds adjacent to the first one. The requirement of a pair
of zinc finger nucleases to create a double-strand break gives the

site 24-36 base pair specificity. The target sites of the two ZFNs must
be separated by 5-7 base pairs to allow formation of the catalytically
active Fokl dimer (Figure 1).

Figure 1.

Each Zinc Finger Nuclease (ZFN) consists of two
functional domains: A DNA-binding domain
comprised of a chain of zinc finger modules, each
recognizing a unique triplet (3 bp) sequence of
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together to form a Zinc Finger Protein (ZFP), with

NG OOE006E006606 < - < « - - 00000600GEEG0,

ZFNs

7

' N
“ N\
extrachromosomal template repair
N 4

Targeted Mutagenesis

Repair off
sister chromatid

SIGMA-ALDRICH*

<\

specificity of >12 bp. A DNA-cleaving domain
comprised of the nuclease domain of Fokl is at-
tached to the ZFPs. When the DNA-binding and
DNA-cleaving domains are fused together, a highly
specific pair of genomic scissors'is created that
binds with 24-36 bp specificity of the ZFPs and
cleaves the DNA.

Figure 2.

The addition of zinc finger nucleases to the cell
results in creation of a double-strand break at the
target site. This double-strand break is repaired by
one of two endogenous repair pathways, either
the non-homologous end joining (NHEJ) or the
homologous recombination (HR) pathway. NHEJ is
used to create gene knockouts while HR is utilized
for targeted integration.

Error-free

repair
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How do Zinc Finger Nucleases work?

Zinc Finger Nucleases can be designed to target any gene in any ge-
nome. These can then be delivered to the cell as DNA or RNA. The ZFN
proteins are expressed, then translocate to the nucleus and bind their
target sites with high specificity. Upon binding the target sites, the Fokl
nuclease forms its catalytically active dimer and creates a single, specific
double-strand break at the user-defined locus. Living cells have evolved
several methods to repair double-strand breaks, and these well-studied,
endogenous processes can be harnessed to create gene knockouts or
knock-ins (Figure 2). Following the creation of a double-strand break,
the cell chooses to repair it either via non-homologous end joining
(NHEJ) or via homologous recombination (HR). NHEJ is an imperfect
repair system, and can lead to insertions or deletions of base pairs at the

Figure 3A.

wt AGGAAGTCCAATGTCCAGCCCATGATGGTTCTGATCAGTTCCGGCACCTTGGTGCACAGGGCCTGTGG
-2 AGGAAGTCCAATGTCCAGCCCATGATGGT--TGATCAGTTCCGGCACCTTGGTGCACAGGGCCTGTGG
-4 AGGAAGTCCAATGTCCAGCCCATGATGGTT----TCAGTTCCGGCACCTTGGTGCACAGGGCCTGTGG
-7 AGGAAGTCCAATGTCCAGCCCATGATG-—-—-—— TCAGTTCCGGCACCTTGGTGCACAGGGCCTGTGG
-19 AGGAAGTCCAATGTCCAG-——=————————————————— TCCGGCACCTTGGTGCACAGGGCCTGTGG

Figure 3B.

A549 - BAX
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site of the double-strand break. The mutation leads to the creation of a
frameshift within the coding sequence of the gene, an in-frame deletion
or exon skipping that may disrupt gene translation and knockout gene
function. If the cell is provided with a donor plasmid that has a sequence
homologous to regions immediately flanking the double-strand break,
the cell may use the donor for homology directed repair or HR. The donor
plasmid can be designed to include transgenes for targeted integration,
create specific mutations at the endogenous locus, or tag endogenous
genes. Here we describe an example of a ZFN-induced gene knockout
in a human lung cancer cell line, a ZFN-induced targeted integration of
a miRNA at the AAVST locus in the human genome, and a ZFN-induced
tagging of human tubulin with green fluorescent protein.

Figure 3.

Knockout of tetraploid BAX in A549 cells using
ZFNs. (A) Following treatment with a ZFN specific
for BAX, a clone was isolated that contained a
unique disruption in all four alleles of BAX. The DNA
sequences of the wildtype and four disrupted alle-
les are shown above. (B) BAX protein concentration
was measured in wild type and knockout cell lines
using an enzyme immunometric assay specific for
BAX. Quantification of BAX protein levels was ob-
tained through comparison of BAX protein levels in
the cell lysate to a standard curve of recombinant
BAX protein. Clones having 1, 2 or 3 out of 4 alleles

wild type 229 disrupted produce less BAX protein. For three
unique clones, each with all 4 alleles disrupted,
4 of 4 (clone C4) the measurement was below the lower limit of
detection demonstrating that no BAX protein is
4 of 4 (clone F6) produced when 4 out of 4 alleles are disrupted.
Clones with 1, 2 or 3 of 4 alleles disrupted produce
4 of 4 (clone G6) less BAX protein (The \inear'detection limit for Fhe
assay is at 15 pg). Data provided by Suzanne Hibbs
30f4 and Gregory Wemhoff, Ph.D., at Sigma Life Science.
20f4
1of4
I T
0 50 100 150 200 250
pg BAX / ug TOTAL PROTEIN

I SIGMA Where bio begins™

Life Science


http://www.sigma.com/
http://www.sigma.com/
http://www.sigma.com
http://www.wherebiobegins.com
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Targeted Knockout of BAX in Human Lung Cancer

Previously, mammalian cell line engineering techniques to disrupt spe-
cific genes was limited to time consuming homologous recombination
and screening approaches. The advent of ZFN technology now enables
simple, rapid and permanent disruption of specific gene loci. Sequence
specific nuclease cleavage, followed by imperfect DNA repair, gives rise
to permanent gene mutations. ZFNs introduced against a particular
gene create a single, specific double-strand break at the target genomic
locus. This activates the NHEJ repair pathway that is referred to as “non-
homologous”because the break ends are directly ligated without the
need for a large homologous template. NHEJ usually repairs the break
accurately, but sometimes the broken DNA is acted upon by nucleases
and polymerases that can lead to the insertion and/or deletion of bases.
This insertion or deletion of bases leads to disruption of the coding
sequence and functional loss of the protein. It is this less frequent out-
come of incorrect repair that enables the targeted DSBs from the ZFNs
to result in the specific loss of gene product and function.

Here, we demonstrate an example of the rapid construction of genetically
defined cell lines using ZFNs (The protocol used here is in the technical
bulletin for CSTZFN). The pro-apoptotic Bcl-2—associated X protein, BAX,
was targeted for deletion in three human cancer cell lines: A549, DLD-1,
and SW48. In all cases, even in A549 cells where BAX is tetraploid, knock-
out lines were successfully generated. An immunometric assay was used
to confirm that BAX protein is not produced in the complete knockout

Figure 4A.

120

Figure 4C.

celllines, and protein production was decreased in partial knockout cell
lines. In addition to multi-allelic disruptions, cell lines with monoallelic
disruptions were also isolated. DNA sequence alterations were verified by
sequencing, and the absence of BAX protein was confirmed by enzyme
immunometric assay (Figure 3). The straightforward approach coupled
with the power of ZFN technology to address both diploid as well as
polyploid targets, makes this an ideal tool in the generation of these cell
lines. Targeted gene editing provides a critical tool that enables the study
of genes involved in cancer and other processes.

Targeted Integration of a miRNA at the AAVS] locus

The targeting power of the ZFN technology allows placement of trans-
genes precisely into user-specified sites in the genome with high-efficiency.
Traditional use of random insertion to introduce a DNA construct into

the human genome may lead to gene disruption, variable epigenetic
effects on transgene expression and presence of an unknown number

of integrants in each cell, making comparisons difficult between isolated
single cell clones. ZFN-induced targeted integration of a transgene into a
specific locus in the human genome enables stable transgene expression,
regulation of copy number and site of integration, without the need to
engineer cell lines with randomly integrated transgene landing pads, e.g,
the insertion of recombinase sites within the genome. The specificity of
targeting comes not only from the homology arms in the donor, but also
from the site of the DSB created by site-specific ZFNs. Upon creation of this
DSB the cell may use HR for repair using a homologous template, typically

Figure 4.

(A) Schematic showing the construction of A549

ZFNs +
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Figure 4B.

O miR373 @ miR520c

CDA44 expression
in MCF7 cells

and MCF7 cells with ZFNs and pZDonor plasmid
containing a microRNA (miRNA) gene. The pZDo-
nor plasmid containing the miRNA was co-nucleo-
fected into A549 and MCF7 cells with mRNAs that
express AAVS1-specific ZFNs. These ZFNs cut at the
AAVST locus within the human genome (binding
site in red). The miRNA gene is integrated into the
genome through homologous recombination
using the homology arms on the pZDonor plas-
mid. The miRNA is driven by a PGK (phosphoglycer-
ate kinase) promoter and has a synthetic poly(A)
signal. (B) The miRNA is expressed and proc-

essed correctly in A549 and MCF7 cells. Human
mMiRNA-373, miRNA-520c and tandem (cluster) miR-

MCF7 3731 3732

1000000

NA520c-373 were cloned into the pZDonor vector.
All three combinations were used in A549 cells

100000

and only miR-373 was used in MCF7 cells. Values

10000

are expressed on a log scale as percent expression

compared to the wild type. (C) Endogenous CD44
mRNA levels are reduced in MCF7 cells. CD44 is a

1000

100

Percent Expression

10 +—

1

known target for human miRNA-373. Endogenous
levels of CD44 mRNA were reduced upon expres-
sion of MiRNA-373. Values are expressed as percent
expression compared to the wild type. Data provid-

A549 373 520c 520c-373 MCF7

miRNA Expression in Different Cell Types
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the sister chromatid. We usurp this natural process by flooding the cell with
a donor DNA template bearing homologous sequences to the site of the
genetic lesion and any additional genetic information the user wants to
insert at that locus between the homology arms (Figure 4). The cell uses
the donor as the repair template and subsequently integrates the desired
transgene into the locus. This form of repair can be thought of as a“copy
and paste”mechanism having a higher fidelity than NHEJ, but requiring a
longer region of homology.

Here we demonstrate an example of the use of a safe harbor site, a genomic
locus that maintains transcriptional competence and has no known adverse
effect on the cell from its disruption, for the expression of miRNA genes

in metastatic cancer cells. Earlier studies have demonstrated the function

of MIRNA genes in metastatic cancer cells using lentiviral introduction of
the miRNAs. The lentiviral introduction of the miRNAs will lead to random
integration of the construct into the human genome with the risk of delete-
rious effects on the integration site. The use of a safe harbor locus (such as
Rosa26 in mice) will allow expression of a construct from a known genetic
and epigenetic locus. We used the AAVST site, which has been character-
ized as a safe harbor locus. We were able to express one or multiple miRNAs
from a single locus and successfully demonstrate the knockdown of CD44, a
known target of the expressed miRNA. This method demonstrates that the
successful use of the AAVS1 safe harbor locus for the creation of transgenic
human cell lines expressing miRNA genes as individuals or as clusters.
Recent work has also demonstrated that CCR5 can also be used as an
additional safe harbor locus to create transgenic human cells.

Figure 5A.
ATG ATG

1K mj 700b

\ intact splice signal

O coding region

@ untranslated region

ZFNTechnology  Fall2010  wherebiobegins.com 11

Tagging Endogenous Tubulin with GFP

As discussed earlier, ZFN technology is a fast and reliable way to manipu-
late the genome in a targeted fashion. In the majority of cases ZFNs have
been used to create gene knockouts utilizing non-homologous end
joining (NHEJ) — one of the main pathways of double-strand break (DSB)
repair in somatic cells. Here we relied on the second DSB repair pathway —
homologous recombination (HR) to tag cytoskeletal genes by integrating
a fluorescent reporter sequence into the desired location in the genome.
The integration resulted in endogenous expression of the corresponding
cytoskeletal protein fused to a fluorescent protein. These fusion proteins
have the advantage of easy and quick detection at their native expres-
sion level and characteristic localization pattern in the cell. Three gene
loci were tagged: LMNBT (lamin B1, nuclear envelope), TUBA1B (a-tubulin
Tb, microtubules: Figure 5), & ACT( (3-actin, actin fibers). Green and red
fluorescent proteins were used as reporters. Post transfection into U20S
cells, fluorescent cells were isolated using fluorescence activated cell
sorting (FACS) to identify single cells with gene integration at the endog-
enous locus. These cells were further characterized for gene expression
via southern blotting and western blotting to determine integration
specificity and protein expression levels. Moreover, we were also able to
isolate cells that had received dual treatment with ZFNs and donor, and
were double integrated for fluorescent protein fusions of Lamin B1 and
B-Actin. This demonstrates the ability to stack different traits in a single
cell line. The details of the donor design method and protocols associated
with the creation, isolation and characterization of the cell lines can be
found on page 39. &

Figure 5.

U20S cell lines with TUBA1B tagged with green flu-
orescent protein (GFP) and red fluorescent protein
(RFP) at the endogenous locus. (A) Schematic of
the TUBA1B loci and donor including the length of
the homology arms, the position of the fluorescent
protein at the genomic locus and the preservation

—&l) CHO—

of the splice site on the first exon of the gene.

Figure 5B. Figure 5C.

clones

(B) DIC & fluorescence microscopy images of
endogenously labeled TUBA1B with GFP and
RFP in U20S cells. (C) Southern hybridizations
were performed on DNA isolated from wild-type
U20S and nine single cell clones positive for red

P

p—

HLvEN1-d49

Tubulin probe
Hurrrmm
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tubulin fluorescence. Using the tubulin probe,
the ~1900bp band represents the RFP-fused
tubulin genomic locus while the ~1200bp band
represents wildtype (wt) tubulin genomic locus.
Targeted integration (Tl) in these cells occurred in
a heterozygous manner as seen by the presence
of both bands in the lanes 1-9. Lane 4 also has a
random integration event aside from the targeted
integration. Data provided by Hongyi Zhang and
Nathan Zenser, Ph.D., and Dmitry Malkov, Ph.D,, at
Sigma Life Science.
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Professor of Biochemistry Dana Carroll, Ph.D,, one of the originators of Zinc
Finger Nuclease technology for genome editing at the University of Utah
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An Interview with DI‘. Dana C&I‘I‘OH

University of Utah

In each issue of Biowire, we will bring you a spotlight of a
thought leader who has paved the way for technologies that
benefit scientists everywhere.

CompoZr® Zinc Finger Nucleases (ZFNs) are the newest, most
efficient, method for genome editing, and are now available from
Sigma® Life Science. One of the researchers who made this tech-
nology possible is Dr. Dana Carroll of the University of Utah. His
lab demonstrated that ZFNs have the capability to make targeted
double-strand breaks on chromosomes within living cells.

Strangely enough, Dr. Carroll’s early science studies were focused
on chemistry, physics and mathematics. It was not until he started
graduate school that he began to attend seminars in biology.

Dana Carroll:

(At first) I didn't know the vocabulary. After a while | learned
to speak the language, and | decided | was more interested
in biology and the applications of biochemistry than | was in
straight chemistry.

From the time Dr. Carroll started in biology, site-specific DNA breaks
were of high interest to him. In the early to mid-1990s, his lab was
working with triplex forming oligos, which bind in the major groove
of duplex DNA with high specificity and affinity. Therefore, when the
lab of Dr. Srinivasan Chandrasegaran demonstrated that site-specific
DNA cleavage could be achieved by attaching Fokl to novel DNA
binding proteins, Dana saw the potential for collaboration.

Dana Carroll:

In the early 1990s we were already trying to develop reagents
that could make site specific breaks in DNA. We knew that
double-strand breaks could be recombinogenic, and so

we were playing around with triplex forming oligos. When

Dr. Chandrasegaran’s paper appeared in 1996, we were already
primed to understand the potential of these hybrid enzymes. |
called Chandra right after his paper came out. I had never met
him before, but | called him and suggested we collaborate to
study whether these hybrid proteins could stimulate recom-
bination. And that's how we got started. We already knew about
double-strand breaks in DNA stimulating recombination, and we
knew there was potential to manipulate the DNA binding
modules of zinc fingers. So, when that paper came out,

we were ready.

Dr. Carroll is quick to give credit to those who have come be-
fore him in the field, making his accomplishments possible. We
asked him who some of his inspirations were. The list is long and
impressive, and shows how several scientists have contributed to
illuminating the complexities of biology.

“Technologies which are now commonplace
in laboratories across the world had to be
discovered, then optimized for all to use.
This is true for DNA isolation and
purification, PCR, etc.” — Dr. Carroll
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Dana Carroll:

I have a huge amount of admiration for a lot of people in
science. One is Don Brown, who | did a postdoc with back

in the early 1970s. He was somebody who worked in the lab
throughout his career, and was a very serious scientist, not
interested in promoting himself. He was the one who charac-
terized the first eukaryotic transcription factor, TF3A, and this
is actually where zinc fingers were first identified. Aaron Klug's
group found that these repetitive modules bind zinc and are
involved in DNA recognition.

And another person (I admire) is Joe Gall. He's the same gen-
eration as Don Brown, and if you look back over his career, he
developed in situ hybridization and was the first to isolate and
sequence telomeres. He knows so much about biology that,
when he has a particular problem, he can choose the organ-
ism that he thinks is best suited to solving that problem.

Not able to stop at just two people, Dr. Carroll added Mario
Capecchi, 2007 Nobel Prize winner in Physiology or Medicine for
developing gene targeting in mouse ES cells.

Dana Carroll:

I have a huge amount of admiration for Mario. He doesn't let
himself get distracted by irrelevant things. He went after the
problem of doing recombination in mammalian cells, despite
people thinking that they would never work. He developed
the technique that people are using all over the world now.

In talking with Dr. Carroll, and looking at his website (www.bio-
chem.utah.edu/carroll/), it's clear that collaborations play a large
part in his research. We asked him to comment on the role that
collaboration plays in his work.

Dana Carroll:

Collaboration is a way to enhance a single lab’s capabilities.
In my recent experience, working with others has allowed us
to try the ZFN gene targeting technology in quite a number of
different organisms. My scientific outlook has been broadened
enormously, as | learn about the particular features of these
various systems. In some cases, these collaborations have led
to publications with people who were already friends, and in
others they have led to the development of valuable and en-
joyable new friendships. | am particularly grateful to the many
people who have been willing to share their knowledge, and to
devote their time to projects | find interesting.

The discovery that ZFNs can be used to make such specific muta-
tions has a huge impact for the overall genetics research com-
munity. We asked Dr. Carroll how ZFNs are affecting the world of
science now, and implications for the future.

Dana Carroll:

People can now contemplate making very specific mutations
in their genes of interest, which was only previously possible
in yeast and some simple organisms, and in mice. With ZFN
technology, this targeting capability is available for lots of dif-
ferent organisms. So that's been a big change for geneticists,
but the field is still expanding. The number of applications is
still increasing as we learn more about how we can use them.
And so it's still in the growth phase, which is very exciting.

As we discussed the possible applications for zinc fingers, Dr. Carroll
told us that he talks to ZFN users across the world, and commented
on some of the work that has been done in the different organisms.
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“People can now contemplate making very
specific mutations in their genes of interest,
which was only previously possible in yeast
and some simple organisms, and in mice.”

— Dr. Carroll

Dana Carroll:

People are starting to work on larger agricultural animals like
pigs and cows, to study disease and to make genetic modi-
fications. For example, pigs are used as a source of organs
for human transplantation, and work is now being done to
engineer transplant organs to make them more compatible
with humans. These organs have cell surface products that
are immunogenic in humans, and so (the) knockout of these
markers could reduce the frequency of organ rejection.

Gene therapy is another area where ZFNs are undergoing initial
testing. Right now, the only practical way to use the ZFNs for hu-
man therapy is to treat cells outside the body, then put them back.
Sangamo Biosciences Inc. has a clinical trial in the wings for treat-
ment of T-cell precursors that can be reintroduced to the body after
they've had the CCR5 gene knocked out, making them resistant

to infection by HIV. Until such clinical trials have really been done
extensively, we just don't know what the unexpected effects really
are.I'm sure that the people at Sangamo are holding their breath.

Sigma® Life Science acquired a license from Sangamo Biosciences to
develop and distribute ZFNs in 2007. We had to ask ... what does
Dr. Carroll feel is Sigma’s role in the use of the ZFN technology?
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Dana Carroll:

I recently spoke at a Sigma Life Science-sponsored Targeted
Genome Editing workshop, and | was impressed with a few
things, including the number of people at the workshop, and
the way that Sigma gave people the chance to try things out
in the lab, doing real experiments.

Sigma'’s commitment to ZFN technology has also amazed me;
the quality of the scientists who were working on it, and the
way they have adapted the Sangamo technology by keeping in
constant contact and finding the best way to make zinc finger
sets. | was also impressed with their ambition to stay ahead

of the curve ... making cell lines and animals that people will
want. By the time the ability to make a knockout rat using ZFNs
had been published, Sigma had already created a facility to cre-
ate rats for people who want them (SAGE™ Labs).

Until Sigma got into the game, the only way to get access to
Sangamo’s databases and assays was to collaborate with them.
As a result, they were overwhelmed with requests, and had to
be selective in whom they collaborate with. Sigma Life Science
making ZFNs available to everybody really is a great contribu-
tion to the field. &

To listen to Dr. Dana Carroll and his lab speak about their work,
visit wherebiobegins.com/biounity.
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Your Favorite Gene powered by Ingenuity has always allowed you to make
connections to your biology through dynamic interaction networks and pathways.

Based on your feedback, Your Favorite Gene now includes a biologically relevant literature search, new

gene regulation viewers, expression study results, clinical trials, and identifies biochemical compounds

related to your gene.

Save time searching biological content

Find products and information of interest via user-friendly queries

on gene names or IDs, disease, function, species, tissue, pathways, or
other contextual information. Use our unique gene regulation viewer
to see promoter, conservation, CpG island, methylation, transcription
factor, protein-protein interaction, and miRNA data all in one spot.
With our latest update, you can access comprehensive data from
across the Web in one location.

Effectively design your experiments

Use the interactive, up-to-date pathways and biological and chemical
network diagrams to understand upstream and downstream relation-
ships to optimize your experimental design. You can quickly under-
stand alternative product and experimental design options without
having to search multiple sites.

Dynamic biological pathways

and interaction networks

Gain insight on your gene’s interactions by viewing detailed biological
pathways and molecular networks curated from the scientific litera-

ture occurring between molecules belonging to different biochemical
families such as proteins, nucleic acids, lipids, and carbohydrates.

- Search for your gene of interest (i.e, EGFR) and view its interactors.

- View relationships between chemicals or drugs, groups or com-
plexes, along with growth factors, ion channels, kinases, and more.

- Identify different relationships based on interaction types, bindings,
inhibitors, and many more.

- Identify products relevant to your gene of interest by simply click-
ing on one of the many associations.

Filtering by biological relevance

In our latest update you can apply ontological filters to search
literature, clinical trials and expression results by relevancy to your
own unique set of terms. The tag clouds provide a view of how
your set of terms connects to terms in other published work and
allow you to uncover associations to other work.

Your product in context to your gene of interest

The Product List tab organizes all of the products available to study
your gene in one spot for quick identification. Easily find what you
need to realize your research. You can also use the filters embedded
within both the interaction networks and biological pathways to find
products in the context of the relationship you are investigating. The
Literature tab also lists products cited in materials and methods.

Your Favorite Gene powered by Ingenuity provides easy access
to comprehensive information and thousands of research

products associated with your gene of interest.

Spend less time searching multiple sites and find it all on
Your Favorite Gene, and best of all, it’s free. ¥

Research your favorite gene at
wherebiobegins.com/yfg

Your Favorite Gene searcr

INGENUITYete
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DEVELOPMENT OF TWO
MULTIPLEX IMMUNOASSAYS

Jiaxin Dong, Chris Melm, Holly Chapman, Farrah Fan,
Dian Er Chen and Henry Duewel

Protein Technology and Assay, Research Biotechnology,
Sigma-Aldrich Corporation

SIGMA-ALDRICH

Abstract

Depletion of Highly Abundant Protein (HAP)
and Moderately Abundant Protein (MAP)
from plasma or serum samples can be

achieved through Sigma Seppro® Tandem
IgY14/ SuperMix columns.

A range of 77-129 MAPs has been identified
from the bound fraction of Seppro SuperMix
resin by LC/MS-MS method. However, the
efficiency and lot-to-lot consistency of MAP
depletion using SuperMix resin has not been
determined and requires a robust method to
monitor. By taking advantage of the Luminex®
technology, we have developed two multiplex
ilmmunoassays to monitor protein targets

of depletion or retention. The MAP-10PLEX

assay can simultaneously quantify 10 MAPs
(Ceruloplasmin, C4, Plasminogen, IgD, Clq,
Antithrombin Ill, Hemopexin, a-Antichymo-
trypsin, CRP and Prealbumin) from plasma

or serum samples depleted utilizing IgY14/
SuperMix columns. The LAP4PLEX assay, which
is used to track loss of low abundant proteins
(LAP) during depletion, is able to simultane-
ously quantify Adiponectin, soluble L-selectin,
soluble ICAM-1 and TIMP-1.The preliminary
assay data from the R & D, Operations and

QC departments on Seppro IgY-SuperMix de-
pleted samples has suggested the two assays
to be accurate, fast and cost-saving methods
to monitor depletion consistency from lot-to-
lot of the SuperMix resin.
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Introduction

An avian IgY based immunodepletion technol-
ogy is used for Sigma Seppro depletion prod-
ucts. The Human IgY14 Columns can remove 14
highly abundant proteins (HAP) and the unique
Human SuperMix System is used to remove
moderately abundant proteins (VAP). The
combination of IgY14/SuperMix columns can
deplete approximately 96-99% of total protein
mass from human serum or plasma (Figure 1).

While the depletion of 14 HAPs has been well
established, the further removal of MAPs is less
well characterized. Previously, a range of 77-129
MAPs has been identified from the bound
fraction of Seppro SuperMix resin by LC/MS-MS.
However, the degree of specific depletion of
MAPs as well as the non-specific impact on low
abundant proteins (LAP) is still unclear. This also
makes tracking the lot-to-lot depletion consis-
tency of SuperMix products a challenge.

Regular ELISA methods are time-consuming
and commercial ELISA kits are costly. There-
fore, finding a fast and economical alternative
analysis has appeared to be important. Luminex
XMAP technology is a widely used multiplex
platform to quantify multiple analytes from
biological fluid samples. It combines the ac-
curacy of ELISA and muiltiplicity of antibody

Figure 1. Seppro SuperMix Depletion System
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arrays through protein-antibody interaction on
the surface of microspheres and is character-
ized by speed and minimal consumption of
samples (Figure 2). In order to evaluate Seppro
SuperMix resins in the R & D department and to
monitor the lot-to-lot consistency of materials
produced by Operations in the QC department,
we developed two Luminex immunoassays to
simultaneously quantify 10 representative MAPs
(Ceruloplasmin, C4, Plasminogen, IgD, C1g, An-
tithrombin [l Hemopexin, a-Antichymotrypsin,
CRP and Prealbumin) and 4 representative LAPs
(Adiponectin, soluble L-selectin, soluble ICAM-1
and TIMP-1) from depleted plasma via Seppro
SuperMix columns.

Materials and Methods

1. Instrument: Luminex® 100 (Figure 2),
Luminex Corp., Austin, Texas, USA

2. Vacuum pump, 96-well microtiter
filter plates and filtration manifold
(Millipore Corp.)

3. Capture antibodies were immobilized
on Luminex® beads, detection
antibodies were biotinylated before use,
streptavidin-phycoerythrin conjugate
(Sigma Cat. No. E4011)

Figure 2. Principle of Luminex Multiplexing Assay
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Data were calculated using STATLIA®
software with a 5-parameter logistic curve-
fitting method (Brendan Scientific, CA).

Depletion procedure: 50 or 100 uL
human plasma (Sigma P9523) was
loaded to Seppro IgY14-LC5/SuperMix-
LC2 columns with tandem connection
(Figure 3). Depletion was run in Waters
2695 HPLC System (Alliance). After
collection of flowthrough from combined
columns (SuperMix depleted sample),
bound proteins were eluted from IgY14-
LC5 and SuperMix LC2 column separately.

Multiplex assay protocol: 50 plL standards
or samples are mixed with 25 plL
antibody conjugated bead mixture in
96-well filter plate. Shake 2 hr at RT or
overnight at 4°C and wash plate twice.
Add 50 ul/well detection mixture, shake
Thr at RT and wash plate once. Add

50 uL/well SAPE, shake 30 min at RT

and wash plate twice. Add 100 pL/well
sheath fluid and shake 2-5 min at RT.
Read plate on Luminex Instrumentation.

Go-_, @okCo¥
0o oM@k

+ SAPE

|
Sample readin
. ; p! 9

A
=

Bead I.D. and
signal sorting

(MAP or Immunoreactive Proteins) (LAP or Non-Immunoreactive Proteins)
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Protein Mass Dynamic Range of Human Plasma Assay and Testing Targets Results and Ref.
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Figure 3. Flowchart of Seppro® SuperMix Depletion Process and the Targets to Test

The top 14 HAPs (plasma level ranges in 0.5-50 mg/ml) compose 95% of total plasma proteins. The 10 targets to test for SuperMix depleted plasma cover a wide range
concentration (2.3 pg/ml for CRP, 0.5 mg/ml for Ceruloplasmin) of MAPs. The 4 LAP targets in normal human plasma ranges in 0.2-10 pg/ml.

MAP10PLEX

Final dilution of plasma (folds) Ceruloplasmin ~ C4 Plasminogen  IgD Clq Antithrombin Il Hemopexin al-antichymo-trypsin  CRP Prealbumin

512000 103.73 7421 153.77 11298 12517 127.80 104.88 115.24 8650 9599

256000 105.03 6944 137.89 99.57 11.08 109.75 97.32 99.54 102.85 8993

128000 105.01 68.59 120.09 114.09 103.57 101.52 104.10 93.74 11009  92.18

64000 (start) 100.00 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

AVG 104.59 70.74 137.25 108.88 113.27 113.02 102.10 102.84 99.81 92.70

Table 1. Assay Accuracy—Dilution Linearity for Plasma Samples

Final dilution of plasma (folds) Adiponectin  L-Selectin ICAM-1  TIMP-1 Dilution linearity is commonly used to evaluate assay accuracy that is one of the most

2000 140.59 9895 10732 8711 important requirements for immunoassays. A serial dilution of a pooled plasma was

1000 12767 0697 11863 9645 tested with MAPTOPLEX and LAP4PLEX assay. The numbers in the table represent

500 1149 93.20 10845 9948 percentage of concentrations at each dilution point' againstv start point. Both assays

250 Gord) 100,00 10000 100,00 100,00 perform well. For normal human plasma samples, dilutions in the range from 5 x 10*
to 5x 10° for MAPTOPLEX assay or 250 to 2000 for LAP4PLEX assay are suggested.

AVG 127.74 96.37 11147 9435
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MAP10PLEX Standard Curves
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Figure 4. MAP10PLEX and LAP4PLEX assays

Performed with protocol described above and
standard curves are plotted for each assay.

Conclusion

1. The MAPTOPLEX and LAP4PLEX assays are
able to simultaneously measure 10 MAPs
or 4 LAPs from human plasma or serum
samples within 4 hours.

2. These two multiplex assays can be
used to replace regular ELISA methods
to determine MAP depletion and LAP
retention from Seppro® IgY-14/SuperMix
depleted samples.

Article Spotlight

Loading wlume (100 @ 50 ul

Depletion (%)

Figure 5. Depletion Efficiency of Seppro SuperMix
Columns Tested by Luminex MAP10PLEX Assay

Depletion efficiency of 10 representative MAPs is
related to loading volume of plasma samples.
>90% of all 10 MAPs can be depleted from 50 pL
human plasma.

ORun#1  @Run#2 © Run#3
100

Depletion (%)

Figure 7. Run-to-Run Depletion Consistency
of SuperMix Columns

Three depletion runs were performed with 100 L
plasma utilizing Seppro IgY14 LC5/SuperMix LC2
columns and the depletion efficiency was
determined by Luminex MAP10PLEX assay.
Depletion of all 10 targets is consistent (CV9%<15%)

3. The preliminary test indicated that
depletion of 10 MAPs from human
plasma through the tandem IgY14/
SuperMix columns were reproducible
and is consistent with Dr. Smith’s result
based on spectral count data (Ref. 3).

4. In order to remove > 90% of MAPs from
plasma, columns with equal volume of
IgY14 and SuperMix resins (IgY14/SuperMix

ratio = 1:1) should be combined.
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Figure 6. Depletion Efficiency of Seppro
SuperMix Columns Tested by Indirect ELISA
(for 6 targets only)

The same set of SuperMix depleted samples were
tested by indirect ELISA and displayed a comparable
result as Luminex MAP10PLEX assay.
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Figure 8. Impact of SuperMix Depletion
Process on LAPs

Four representative LAPs were tested by Luminex
LAP4PLEX assay to monitor the loss of LAPs during
SuperMix depletion process. Depending on different
biological properties of the individual target,
approximately 1-40% loss has been observed from
SuperMix depleted plasma (Note: some proteins in
bound fraction are unstable).

Summary

The newly developed MAP10OPLEX and LAP-
4PLEX assays using Luminex technology have
been proven to be both time-and cost-saving
solutions to monitor the robustness of protein
depletions from lot-to-lot and sample-to-sample.
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MAPPING THE
HUMAN PROTEOME

Prestige Antibodies and the Human Protein Atlas

For the first time ever, a comprehensive
localization analysis has been performed on
8,000+ human proteins in a standardized set-
up manner'?. The analysis has been performed

in several levels using different methodologies.

All results are presented on www.proteinatlas.
org, a portal run by the "Human Protein
Atlas” (HPA) project. The HPA project is an
international 10-year research effort that aims
to map the full human proteome and present
the data on a public web portal to researchers
all over the world. The Human Protein Atlas
portal contains expression profiles for proteins
corresponding to over 40% of the human
proteome. Each year characterization data of

SIGMA-ALDRICH®

~2,500 new proteins are added. By the end of
2014, a first draft of the localization of the full
human proteome will be available.

The HPA project involves over 100 researchers
working full time on developing and character-
izing HPA antibodies for protein expression and
localization studies'. Late 2010, the project will
have mapped 50% of all human proteins by the
use of HPA antibodies. About 20 new HPA anti-
bodies are generated each day, and successfully
validated antibodies are made available to the
research community under the brand name
Prestige Antibodies.

Prestige Antibodies’
Powergd by "' ATLAS

The results presented on the HPA portal can be
used to study and compare tissue distribution of
proteins from immunohistochemistry (IHC) imag-
esin human normal, as well as diseased, tissues
and cells. In addition, subcellular localization in-
formation from immunofluorescence (IF) analysis
of 3,500+ proteins can be viewed and compared.
For example, IHC images from over 8,000 proteins
revealed a highly ubiquitous expression of most
proteins with a minority of the proteins detected
in a single cell type®. These cell- or tissue-specific
proteins may be interesting starting points for
further studies, facilitated by the publicly available
annotation results and the underlying original
images on the Human Protein Atlas.
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By studying protein expression profiles of
tissues and organs, the unique characteristics
of the various cell types in the human body
can be elucidated.

Protein expression profiles for 4,842 proteins
in 48 human tissues and 45 human cell lines
have recently been defined and investigat-
ed?®. More than 2 million high resolution IHC
images have manually been annotated by
certified pathologists who have determined
the relative level of expression for each
specific protein.

A hierarchical clustering analysis was carried
out based on the protein levels in 65 normal
cell types. The analysis showed that cells clus-
ter into groups that could be expected on
the basis of traditional embryology, histology
and anatomy, and most of the cells cluster
into the six major groups shown in Figure 1.

central nervous

system

hematopoietic
system

squamous
epithelia

endocrine cells

transitional epithelia

ectodermal
endodermal
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|
s glandular and

Figure 1.

mesenchymal cells

Global protein expression profiling in

65 normal human cell types using 5,934
antibodies corresponding to 4,842 proteins.
The dendrogram was constructed by
hierarchical clustering; the inset shows the
original heatmap. Dendrogram bars are
colored according to embryonic origin,
ectoderm (blue), mesoderm (red) and
endoderm (green). The cell types were
classified into six categories according to

the color code in the figure.
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Tissue speciﬁc protein expression

The results from an analysis of the fraction of
cell types expressing each protein is shown in
Figure 2A. The analysis indicated that a high
fraction of the proteome is expressed in most
cell types and tissues and very few proteins are
expressed in a single cell type. Figure 2B shows
the fraction of proteins that are expressed

in a specific cell type. An average of 68% of
all proteins expressed were present in any
given cell type. Figure 2C shows an example
of a previously non-characterized cell-type
specific protein, angiomoitin-like protein

1 (AMOTL1). Immunohistochemical stain-

ing using anti-AMOTL1 (Prestige Antibody
HPA001196) in placental tissue shows distinct

Figure 2A.
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Figure 2.

expression in basal cytotrophoblasts and
in the brush-border membrane overlying
syncytiotrophoblasts.

Global protein expression analysis
using confocal microscopy

Subcellular analysis on 466 proteins in three
human cell lines has been performed using
Prestige Antibodies® and confocal micros-
copy*. Similarly as for the IHC analysis, the re-
sults showed a ubiquitous expression pattern
of the proteins with more than 70% of the
analyzed proteins detected in the three cell
lines. Figure 3A, B, C show the distribution

Figure 2B.
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of localization in three major compartments
for the three cell lines and a more detailed
overview of the subcellular localizations. In
Figure 3D, only antibodies specific to one
organelle are included. Out of the 466 pro-
teins investigated, about 200 showed a strict
localization, 200 were present in multiple
cellular compartments, and about 70 were
considered unspecific (or negative).

Discover more at
wherebiobegins.com/prestige

Figure 2C.

Immunohistochemistry

Tissue specific protein expression. Expression intensity is color-coded as follows: red=strong, orange=medium, yellow=weak. (A) The fraction (%) of cells in which a

particular protein was expressed. Cell-type specific proteins are arranged to the left and "housekeeping proteins”to the right. (B) The fraction (%) of proteins expressed
in a specific cell type. The bar at the bottom display the six major categories of cell types described in Figure 1 (black represents missing data). (C) Immunohistochem-
istry staining of angiomoitin-like protein 1 (anti-AMOTL1, HPAOO1196) in human placental tissue.
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Summary

- The analysis revealed a highly ubiquitous
expression of the majority of the proteins
with very few proteins detected in a
single cell type.

- These studies suggest that tissue and cell
specificity is achieved by precise regulation
of protein levels in space and time and not
by whether proteins are expressed or not.

- The Human Protein Atlas portal can
be used for global protein expression
analyses.

Figure 3A. Figure 3B.

Figure 3D.
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All Prestige Antibody annotation results
and the underlying original images are
available as a public resource in the
Human Protein Atlas portal at
www.proteinatlas.org.

- The Human Protein Atlas portal has an
advanced search function to allow complex
queries, including combined searches
based on protein classes, chromosomal
location and/or tissue profiles.
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Figure 3.

Localization distribution into broad compart-
ments for U-20S (A), U-25TMG (B) and A-431

(C) celllines. (D) More detailed subcellular distribu-
tion in U-20S, U-25TMG and A-431. (ER, endoplas-
mic reticulum; ECM, extracellular matrix).
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PHOSPHATASE INHIBITOR

lan Gleiser, Pnina Yaish, Efrat Barnea-Gedalyahu, Dorit Zharhary
Research & Development Dept., Sigma-Aldrich Israel

Introduction

Phosphorylation is a reversible protein post-translational modifica-
tion. Protein kinases catalyze the transfer of the negatively charged
y-phosphate group from ATP to a hydroxyl side chain of serine,
threonine or tyrosine residues of the protein, changing the protein’s
conformation and activity. The reverse reaction, phosphate removal
from the protein, or dephosphorylation, is performed by protein
phosphatases. Three to four percent of mammalian proteins are
kinases and phosphatases,’? some being specific for a few target
proteins while others act broadly on many proteins.

Protein phosphorylation is a key regulatory mechanism that

controls protein activity, interactions, localization and degradation.

It controls processes of signal transduction, cell cycle, apoptosis,
metabolism and others. About one-third of the proteins present
in a typical mammalian cell are phosphorylated, many of them

on multiple sites. Serine phosphorylation accounts for 86% of the
phosphoproteome, while threonine and tyrosine phosphorylation

SIGMA-ALDRICH*

are 12% and 2% respectively. Numerous human diseases are
associated with abnormal phosphorylation of cellular proteins.®

There are many advantages for a cell to utilize phosphorylation/
dephosphorylation of a protein as a control mechanism. It is rapid,
does not require the synthesis of new proteins or degradation of
proteins, and is a reversible reaction.

When studying cellular processes involving protein phosphoryla-
tion such as signaling cascades and protein-protein interactions, or
analysis of phosphorylated sites on a protein and phosphoprotein
purification, it is essential to inhibit cellular protein phosphatases
by phosphatase inhibitors. This allows freezing of the phosphor-
ylation state of the target protein/s at an elected time point. The
phosphorylation database www.phosphosite.org reports 80,000
phospho-sites. The detection of most of them would not have been
possible without the use of phosphatase inhibitors.
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Protein Phosphatases

Protein phosphatases are divided to subcategories based on their
substrate specificity (see Table 1).

1. Alkaline phosphatase®® — A family of non-specific phosphatases,
responsible for removing phosphate groups from many types of
molecules, including proteins, nucleotides and alkaloids. Mammalian
alkaline phosphatase isoenzymes are inhibited by homoarginine and
levamisole analogs. However, the intestinal and placental isoenzymes
are not inhibited by levamisole but are inhibited by imidazole.

2. Protein Serine/Threonine phosphatase *'° - This class of phos-
phoprotein phosphatases accounts for the majority of Ser/Thr
phosphatase activity in vivo. It includes two major subclasses,

PP1 and PP2.The latter is further subdivided based on metal-ion
requirement: PP2A that does not require metal ion; PP2B which

is calcium stimulated; and PP2C that is Mg?* dependent. Ser/Thr
phosphatases are inhibited by many small molecules from marine
sponges, soil streptomyces and others. The best known are okadaic
acid, calyculin A, microcystin-LR, tautomycin, fostriecin and can-
tharidin. The activities of these compounds have different specifici-
ties towards various Ser/Thr phosphatases.

3. Protein Tyrosine phosphatase'? — A group of enzymes that remove
phosphate groups from phosphorylated tyrosine residues on
proteins, using a cysteinyl-phosphate enzyme intermediate. These
enzymes are key regulatory components in signal transduction
pathways. Tyrosine phosphatases are inhibited by orthovanadate
and related compounds and by sodium fluoride.

4. Dual specificity (Tyr and Ser/Thr) phosphatases® — Dual-Specificity
phosphatases are a subclass of protein tyrosine phosphatases that
are also able to dephosphorylate both serine and threonine residues.
They are involved in the regulation of key cell signaling pathways.
Specific examples of these inhibitors can be found in reference.™
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Table 1. Types of phosphatases present in animal tissues
and cell cultures

Phosphatase pH spectrum Inhibitors

Alkaline 8-11 Bromotetramisole}*

phosphatases®® levamisole, vanadate}®
imidazole'®

Ser/Thr

phosphatases?® 28 Okadaic acid}” Micro-

(e, PP1 and PP2A) cystin LR Cantharidin,
Inhibitor-2

Ser/Thr

9,10

phosphatases . EDTA, Okadaic acid,

-lon dependent cyclosporin, FK-506'8

(i.e.,PP2B and PP2C)

Tyrosine 78 Vanadate]® peroxovana-

phosphatases® dium compounds'

Dual specificity Vanadate'®

phosphatases?

“When studying cellular processes involving
protein phosphorylation such as signaling
cascades and protein-protein interactions, or
analysis of phosphorylated sites on a protein
and phosphoprotein purification, it is essential
to inhibit cellular protein phosphatases by
phosphatase inhibitors.”
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Phosphatase Inhibitor Cocktails

The use of phosphatase inhibitors is critical for all types of phospho-
rylation studies. Sigma® Life Science provides a line of phosphatase
inhibitor cocktails that cover the widest range of phosphatases to
ensure protection of proteins from dephosphorylation. The line con-
tains 2 cocktails: Phosphatase Inhibitor Cocktail 2 (Cat. No. P5726) and
Phosphatase Inhibitor Cocktail 3 (Cat. No. P0044). Phosphatase Inhibitor
Cocktail 3, Sigma’s new phosphatase inhibitor cocktalil, is a mixture

of phosphatase inhibitors directed towards Ser/Thr phosphatases.
Phosphatase Inhibitor Cocktail 3 replaces Phosphatase Inhibitor Cocktail
1 (Cat. No. P2850). The difference between the two cocktails is that the
new Phosphatase Inhibitor Cocktail 3 contains Calyculin A instead of
microcystin-LR in Phosphatase Inhibitor Cocktail 1. Table 2 provides the
list of inhibitors in each cocktail.

Table 2. Phosphatase Inhibitor Cocktail components

Phosphatase

Phosphatase
Inhibitor Cocktail 2
Cat.No. P5726

Phosphatase
Inhibitor Cocktail 3
Cat.No. P0044

Inhibitor Cocktail 1
Cat.No. P2850

Cantharidin Sodium orthovanadate  Cantharidin
(-)-p-Bromotetram-  Sodium molybdate (-)-p-Bromotetram-
isole Sodium tartrate isole

Microcystin LR Imidazole Calyculin A

Experimental results

The following experimental data compares the inhibitory effect of
the new Phosphatase Inhibitor Cocktail 3 and Phosphatase Inhibitor
Cocktail 1 (Cat. No. P2850) which it replaces. The data shows that the
activity of the two cocktails is equivalent.

Itis important to mention that in order to inhibit a wide range of
phosphatases and to effectively reduce total phosphatase activity, it is
recommended to use both of Sigma's phosphatase inhibitor cocktails,
Phosphatase Inhibitor Cocktail 2 (Cat. No. P5726) and Phosphatase
Inhibitor Cocktail 3 (Cat. No. P0044).

@no addition mP0044 mP2850

percent activity

bovine liver A431

source of tissue

human placenta CHO U937

Figure 1. Inhibition of PP1a-like activity in cell and tissue extracts

Endogenous PP1a-like activity in various cell and tissue extracts was measured
using the radioactive substrate 32P-Ser phosphorylase A at pH 7.5, 30°C.%°
Phosphatase Inhibitor Cocktail 1 (Cat. No. P2850) or Phosphatase Inhibitor
Cocktail 3 (Cat. No. P0044) were added to the extracts at a final concentration
of 1% at 30°C, 5 minutes prior to assaying PP1a-like activity. The activities
shown in Figure 1 are relative and not absolute. The smaller the activity
remaining, the greater the degree of inhibition by the cocktail that was
placed in the reaction.

*The value observed for these samples is too low to be seen in the diagram
and is very close to zero.

Inhibition of Protein Phosphatase 1a-like activity

Phosphatase Inhibitor Cocktail 3 (Cat. No. P0044) is an effective inhibitor
of Protein phosphatase 1a-like activity in cells and tissues. The following
experiments demonstrate its inhibition efficiency and compare it to
that of the former Phosphatase Inhibitor Cocktail 1 (Cat. No. P2850).

SIGMA-ALDRICH’
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Figure 2. Dose dependent inhibition of

PP1a-like activity in human placenta liver extract

Human placenta shows 10-20 folds more
PP1o-like activity per mg protein than other
tissue extracts. Therefore, it was chosen to
demonstrate the inhibition efficiency of
Phosphatase Inhibitor Cocktails.

Endogenous PP1a-like activity in human placenta
extract was measured using the radioactive
substrate *’P-Ser phosphorylase A at pH 7.5,
30°C.% Different amounts of Phosphatase Inhibitor
Cocktail 1 (Cat. No. P2850) or Phosphatase
Inhibitor Cocktail 3 (Cat. No. P0044) were added

to the extract at 30°C, 5 minutes prior to assaying
PP1o-like activity.

Inhibition of Alkaline Phosphatase (AP) like activity

As mentioned above, different alkaline phosphatase isoenzymes are
inhibited by different inhibitors. Phosphatase Inhibitor Cocktail 3
(Cat. No. P0044) strongly inhibits the L-isoforms of alkaline phos-
phatase present in extracts from bovine liver, and shows a synergistic
effect when applied with Phosphatase Inhibitor Cocktail 2

(Cat. No. P5726) (see Figure 3A).

Phosphatase Inhibitor Cocktail 3 (Cat. No. P0044) has little effect

on the inhibition of the P-isoforms of alkaline phosphatase activity,
which are abundant in human placental extracts, and thus inhibition
is achieved by the use of Phosphatase Inhibitor Cocktail 2 (Cat. No.
P5726 (see Figure 3B).

Figures 3A & B. Dose dependent Inhibition of Alkaline Phosphatase (AP) like activity in bovine

Endogenous AP-like activity in bovine liver extract was measured in a colorimetric assay using pNPP as a
substrate at pH 10.4, 37°C. Inhibition was performed by incubating the extract with Phosphatase Inhibitor
Cocktail 3 (Cat. No. P0044) alone or in tandem with Phosphatase Inhibitor Cocktail 2 (Cat. No. P5726), for 3
minutes at 37°C prior to assaying AP-like activity.
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TRANSPLEX  WHOLE
TRANSCRIPTOME AMPLIFICATION

TransPlex® Whole Transcriptome Amplification of RNA from
Low Cell-Number Stem Cell Samples

Ken Heuermann and Brian Ward
Sigma-Aldrich Corporation

Abstract

The efficacy of amplification of small quantities of total RNA with the was used as microarray target. This study confirms that the TransPlex
TransPlex® Complete Whole Transcriptome Amplification Kit (WTA2) was ~ Complete Whole Transcriptome Amplification Kit can effectively amplify
examined in this study. Total RNA extracted from decreasing numbers of ~ low input quantities of RNA, approaching the single cell level.
FACS-isolated bone marrow stem cells (10-, 100-, and 1000-cells samples)
was amplified with the TransPlex WTA2 kit. A call rate of 58.8% of unique
biological array features was observed for the 10-cell vs. 100-cell microar-
ray analysis, with a similar call rate of 61.46% for 10-cells vs. 1000-cells. The TransPlex Complete WTAZ kit was initially developed for enhanced
Greater than 90% commonality existed between the intersecting data amplication of damaged RNA, described at sigma.com/wia2,
sets for the two analyses. "Detection of Prostate Cancer Biomarkers by Expression Microarray
Analysis of TransPlex® WTA2-Amplified FFPE Tissue RNA"

Introduction

After a more stringent screening (p = 0.0001), the 10-cell vs. 100-cell

comparison revealed 5568 intersecting features. The comparable analysis Moreover, efficient amplification of small reaction input quantities of
for 10 cells vs. 1000 cells resulted in 4977 features, with 3862 features RNA, approaching the single cell level, has been demonstrated using
common to both comparisons. In addition, the effect of decreasing RNA the TransPlex Complete WTA2 kit. RNA isolated from as few as 10
input on amplification efficiency was examined. Results indicated that fluorescence-activated sorted cells (FACS) is amplified, maintaining
an adjustment to the library synthesis primer concentration allowed for expression patterns observed for 10-and 100-fold larger cell samples.
maintenance of linear amplification and representative gPCR at low RNA Challenges unique to exponential amplification of small RNA input
input quantities. This adjustment proved to be critical for downstream quantities are discussed and effectively addressed for downstream
gPCR applications, but not for the case where the amplification product 9PCRand microarray applications.

SIGMA-ALDRICH*
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Materials and Methods

FACS-isolated bone marrow stem cells were provided by Albert Donnen-
berg, University of Pittsburgh. Cells were sorted directly into GenElute™
Mammalian RNA Extraction Kit Lysis Buffer (Cat. No. RTN10, component
No. L.8265), frozen and stored at -70°C until extraction. Total RNA was
extracted from 10-, 100-, and 1000-cell samples using the GenElute Mam-
malian RNA Isolation kit. Sample RNA was eluted at a reduced volume of
40 pl with nuclease-free water, and subjected to a scaled-up (5X) RNase-
free DNase digestion (Cat. No. AMP-D1), for a final volume of 97 pl. Each
RNA sample was amplified in its entirety using the TransPlex Complete
WTA2 kit: the entire heat-attenuated DNase digestion was directly added
to the recommended bulk amplification reaction volume of 375 ,
compensating by subtraction of water volume. As per kit instructions, the
375 ul volume was split into five 75 ul reactions for amplification. Each
reaction was carried through two cycles beyond stationary amplification
(“plateau”). Unincorporated primers and other reaction components were
removed from the amplification product using the GenElute PCR Cleanup
kit (Cat. No. NA1020). Quantitative PCR was performed using SYBR® Green
JumpStart™ Tag ReadyMix™ (Cat. No. $4438), with 250 nM primer concen-
tration. Primer pairs, with the exception of the 185 rRNA set, are specific for
cDNA detection.

Amplified RNA (double-stranded cDNA) was labeled with cy3 or cy5
following the Agilent Genomic DNA Labeling Kit Plus procedure (Cat.

No. 5188-5309). Two amplified, differentially-labeled cDNA targets were
combined, heat-denatured, applied to Agilent Whole Genome™ arrays
(G4112F), and incubated at 65°C for 40 hours. Hybridization and sub-
sequent wash procedures for the Agilent Oligonucleotide Array-Based
CGH for Genomic DNA Analysis were followed, except for the omission

of COT-1 DNA block during hybridization. Array were scanned (Agilent
scanner model G2505B) and features extracted. Intensities representing
non-uniform features or associated with local non-uniform background, in
addition to"absent”and saturated array feature intensities, were removed
using Microsoft Excel™. All intensities less than 100 were removed.
Intensities were then subjected to median normalization, Welch's t-test,
Benjamini-Hochberg false discovery rate correction, and a +1.5-fold dif-
ferential threshold using Genesifter pair-wise comparison, except where
only median normalization was performed, as indicated. Normalized-only
intensities and intensities subjected to Genesifter™ (Geospiza) pair-
wise analysis were further analyzed using the Genesifter Intersector
software and Spotfire™ (TIBCO).

For the study of the effect of reduced library synthesis primer concen-
tration on amplification of decreasing quantities of RNA input, mRNA
levels for high- and medium-copy transcripts in the amplification
products, plus a “rare”transcript, were evaluated by real-time gPCR.
Preparation of the lowered concentrations of library synthesis primers
was accomplished by dilution of the kit Library Synthesis Solution
(component# 1L9293) with 5 mM dNTPs (a 2-fold dilution of 10 mM
dNTPs, Cat. No. D7295).
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WTA Procedure
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Figure 1. TransPlex WTA Methodology.'

Total RNA is combined with Library Synthesis Solution and heat denatured.
This is followed with the addition of Reaction Buffer and the strand-displacing
Library Synthesis Enzyme, for “single-tube” reverse-transcription and second-
strand cDNA synthesis (OmniPlex™ Library). The 3'end of the Library Synthesis
Primer is “quasi-random”and substantially non-self-complementary, while the
5'end is a single, constant non-self-complementary sequence that serves as
the annealing site for the universal amplification primer.

1000-cell 100-cell

10-cell

Fluorescence

Cycle

Figure 2. RNA Amplification Profiles.

Total RNA was extracted from cell samples as described in Materials and Methods.
RNA amplification was allowed to proceed through 2 cycles of stationary
amplification (observed by real time PCR using SYBR Green dye). One thousand-
cell reactions were stopped at 19 cycles; 100- and 10-cell samples at 23 cycles.
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Results and Discussion

Amplification of Cellular RNA.

Total RNA was extracted from FACS-isolated human bone marrow
stem cells as described in the Materials and Methods. Amplification

for all samples was allowed to proceed through 2 cycles of “pla-

teau’, or stationary amplification (Figure 1). Amplification product

was pre-evaluated by gPCR and agarose gel electrophoresis prior to
microarray analysis (Figure 2). An intense low molecular weight band
is observed for the “No RNA" control reaction. This banding pattern is
occasionally observed for very low input quantities of RNA, though not
in the case presented here. This fragment has not been sequence-
characterized, though it is likely to be a multimer of the TransPlex
WTAZ2 library synthesis primer sequence. The 3'region of TransPlex
WTA “quasi-random” primers are non-self-complementary, providing
a vast improvement in the efficiency of amplification over poly-N
priming. However, the primer for the Transplex WTA2 kit has been
re-engineered for amplification of fragmented RNA. In so doing,
concatemerization of the primer could occur in the absence of tem-
plate. An alternative explanation will be discussed below.
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Figure 3. Amplification Qualitative Test.

Prior to microarray analysis, amplification reaction
products were evaluated by real-time gPCR using
primer pairs for 18S, GAPDH, and -actin transcripts
(A, B). gPCR amplicons were further checked by
1% agarose electrophoresis (C).
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Microarray Analysis of Whole Cell Samples

A strong concordance between the three stem cell samples is ob-
served for detection of microarray features, in this case, normalized
intensities (> 100) (Figure 3). Greater than 85% of features detected in
the 10-cell sample are also detected for the 100-cell sample, while

> 90% of 10-cell features are also detected in the 1000-cell sample.
Considering the total number of unique biological probes (41,000)
on the array, detected features for the 10-cell and 100-cell compari-
son account for 59% of total features, with 48% of features shared
between the data sets. Similarly, the 10-cell and 1000-cell sample
comparison, 61% of total array features are detected, with 52% of fea-
tures shared. It is noteworthy that exclusion of the data less than 100
denotes a conservative measure, since the Agilent feature extraction
software removes calculated background.

Application of statistical tests provides additional confidence to the
normalized data (Figure 4). An excess of 55,000 features were com-
mon for the 10-cell and 100-cell samples at a p = 0.0001. (This strin-
gency reflects the analysis of an n = 4 for each data point). Moreover,
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Figure 4.

Microarray analysis revealed a strong concordance between the cell samples.
Overlapping regions represent median-normalized intensities (>100). Greater
than 85% of detected features represented in the 10-cell sample are detected
for the 100-cell sample, while >90% of 10-cell features are also detected in the
1000-cell sample. In addition, the overlapping regions are highly concordant,
with greater than 98% of 10-cell/100-cell overlapping intensities detected in
the 10-cell/1000-cell intersection.

70% of features common to the two data sets (the 10-cell/100-cell
comparison) were also detected in the 10-cell/1000-cell intersection.
Similar percent values of commonality are observed in other studies,
such as comparing dilutions of intact RNA, matched FFPE and frozen
tissue sample RNA, or amplified versus unamplified RNA (not shown).
Testing is underway to determine whether amplified transcripts rep-
resented in a“unique” data set are present in the unamplified sample.
We hypothesize that the TransPlex WTA2 amplification method is
sufficiently sensitive to detect basal expression. Such highly stochastic
signal should, however, be able to eliminate with sufficient replication
and stringent statistical testing.

Amplification of Low RNA Input:
Effect of Banding Pattern on qPCR Analyses.

The low molecular weight banding pattern, observed for the No RNA
Control in Figure 2, has been observed in some 10-cell amplifications,
and occasionally in the 100-cell amplification (not shown). It was sug-
gested above that the phenomenon might be reasonably explained
by concatemerization of the library synthesis (LS) primer. An alterna-
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Figure 5.

A substantial number of statistically significant microarray features (>5500)
are detected, with concordance between the two overlapping regions of the
cell sample data sets maintained following stringent statistical analysis and
corrections of the data presented in Figure 3 (see Materials and Methods).
Seventy percent of 10-cell/100-cell overlapping intensities are detected in the
10-cell/1000-cell intersection.

tive hypothesis is that the relatively high concentration of the LS
primer results in over-priming, and ultimately, a diminutive amplifica-
tion product. This is possible since library synthesis (first and second
strand cDNA synthesis) occurs in a single tube, driven by an enzyme
with strand-displacement capability. To test this idea, decreasing
human prostate RNA input quantities were matched with similarly
decreasing LS primer concentration during the library synthesis step.
Two-fold serial dilutions of each component allowed for evaluation
of twelve RNA input values ranging from 25 ng to 12.2 pg, and LS con-
centration starting at 1X kit concentration, to 0.0078X, on a 96-well
plate. A marked loss in linearity of amplification efficiency is observed
when using the 1X LS primer concentration, at RNA input quantities
less than ~800 pg (Figure 6A). Linearity returns for lower RNA input
quantities as the concentration of the 1X LS primer concentration is
reduced by 2-fold increments (data not shown), corresponding to
the reduction of the low molecular weight banding pattern

(Figure 5). Quantitative PCR results using primer sets for high- (185
rRNA), medium- (beta-actin, GAPDH), and low-copy TRCC2 transcripts
corroborate these observations (Figures 7A-D). Interestingly, detec-
tion of TRCC2, presumably a low copy transcript in prostate,
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Figure 6.

The effect of library synthesis primer concentration on amplification of small
quantities of input RNA was examined. Two-fold serial dilutions of human
prostate total RNA were added to reactions, with input quantities ranging from
25ngto 12.2 pg. In addition, decreasing concentrations of library synthesis
primer were evaluated: the 1X Transplex WTA2 Kit concentration and three
additional 2-fold serial dilutions. C(t) values measured at early exponential
growth (threshold, 0.025) for each amplification reaction are plotted against
the input quantity of RNA for each library synthesis primer concentration

Figure 6B.
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tested. The results for the kit concentration primer (1X) and a 2-, 4-, and 8-fold
dilution of primer are shown. These results suggest that RNA input quantities
less than ~800 pg are not efficiently amplified in the presence of 1X library
synthesis primer concentration. Intermediate primer concentrations (0.5X
and 0.25X) show increasing improvement of amplification efficiency. Overall
efficiency appears to be maintained when the 8-fold dilution of library
synthesis primer is used.
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Figure 7A.
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Figure 7.

Amplification products were subjected to gPCR evaluation using primer sets
for 18S rRNA (A), B-actin (B), GAPDH (C), and TMCC2 (D). Inserts show the
melt curves for amplification product at the decreasing RNA reaction input
quantities, and for the 1X and 0.125X primer concentrations. A-C represent
high-copy rRNA and medium-copy and house-keeping transcripts; TMCC2,
human transmembrane and coiled-coil domain family 2 transcript, was noted
to be inconsistently detectable in previous studies, with C(t)s in the mid-30s.
Interestingly, a pattern of biphasic inefficient amplification is observed for 185
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Figure 7B.
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rRNA, at highest and lowest input quantities for both library synthesis primer
concentrations. Generally consistent C(t) values are observed for 3-actin

and GAPDH at the 0.125X primer concentration, while a gradual decrease

in efficiency is observed as input quantities decrease at the 1X primer
concentration. At the 1X primer concentration, no amplification product is
detected for TMCC2. Only a spurious signal at 75 degrees (primer-dimer, gel
data not shown) is observed. However, at the low library synthesis primer
concentration, TMCC2 amplicon is detectable at all input quantities.
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Figure 8.
Amplification product generated from 6.25 ng, 390 pg, or 48 pg input quantities, reaction intensities are plotted versus 48 pg reaction intensities (3). Statistically
prepared with 1X or 0.125X library synthesis primer, was labeled for microarray analyzed and normalized intensities are shown in Panel C: 6.25 ng reaction
analysis as described in Materials and Methods. Results are shown in Panels A intensities versus 390 pg reaction intensities (1), 6.25 ng reaction intensities versus
through C (log intensities vs. log2 intensities). Panel A shows reproducibility for 48-pg reaction intensities (2), and 390 pg reaction intensities versus 48 pg reaction
duplicate 6.25 ng reactions (1), 390 pg reactions (2), and 50 pg reactions (3). In intensities (3). The positive effect of lowered library synthesis primer concentration
Panel B, 6.25 ng reaction intensities are plotted versus 390 pg reaction intensities observed for quantitative PCR is not evident in microarray results.

(1), 6.25-ng reaction intensities versus 48-pg reaction intensities (2), and 390 pg
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is problematic at the 1X concentration, with only a background signal
observed for an intermediated RNA input quantity. TRCC2 amplicon

is detected for all RNA input quantities at an 8-fold LS primer dilution,

indicating an 8-fold dilution of the WTA2 LS primer optimal for TRCC2

for downstream gPCR.

Amplification of Low RNA Input:
Effect of Banding Pattern on Microarray Analyses

To determine whether the use of a reduced LS primer concentration is
appropriate for microarray anaysis of low RNA input quantities, amplifi-
cation product from three input quantities was tested (Figure 8): 6.25
ng (similar to the kit-equivalent of 5 ng per 75 ul reaction) (1), 391 pg
(just less than the 800 pg demarcation observed for reduced amplifica-
tion efficiency for 1X LS primer concentration in Figure 6A) (2), and 48.8
pg (approximately the RNA mass equivalent of a ‘single’cell) (3). Ampli-
fication products were labeled and subjected to microarray analyses

as described in Materials and Methods. In Figure 8A (non-normalized
intensities) reproducibility between same-dye duplicate data for each
original RNA input quantity is shown. Figure 8B (also non-normalized
intensities) shows a similar comparison of duplicates for each input
quantity (n = 4). Each comparison shows an increase in variance be-
tween the two sets of data (see Results and Discussion section on pg.
32). However, one would postulate that there is a considerably less loss
of quantitative and qualitative correspondence between the duplicates
generated in 1X LS primer than those prepared with the 8-fold dilution.
This observation is extended to Figure 8C, where the data sets have
been statistically tested (t-test, false discovery rate correction, and +1.5
threshold). Unquestionably, the 1X library synthesis primer concentra-
tion performs better for microarray analysis.

Conclusions

These observations indicate that reduced library synthesis primer
concentration enhances detection of low-copy transcripts when
performing downsteam gPCR application. At 1X LS primer concentra-
tion, medium-copy transcripts can be reliably detected. However, at this
concentration, low-copy transcripts may be overprimed, resulting in
template too short for both qPCR primers of a set to find their respec-
tive annealing sites. This would not appear be a problem for microarray
amplifications, where such size reduction of the amplification product
would be essentially equivalent to target fragmentation. However, re-
duced primer concentration decreases the probability of the LS primer
to annealing to all potential templates during library synthesis, thus
preventing uniform amplification of the transcriptome. This is

not to suggest that the observed effect of higher LS primer concentra-
tion on amplification efficiency (Figure 6) is not affecting microarray
results. This effect manifests itself in predictable and manageable
small increases in expression differentials for low-copy transcripts,
and a similar minor compression of those of high-copy transcripts.
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Therefore, the low library synthesis primer concentration is optimal for
detection of low-copy transcripts by gPCR, and the standard kit concen-
tration for representative amplification for all RNA input quantities when
following with microarray analysis.

For the investigator utilizing TransPlex WTA2 amplification product for
gPCR, it should be noted that the 8-fold dilution of the LS primer was
shown here to be optimal for TRCC2. This could vary with individual
amplicons. It is suggested that an investigator test serial dilutions of
the LS primer to find the concentration optimal for a given amplicon,
as described in this presentation. (Directions for LS primer dilution are
provided in Materials and Methods.)

In conclusion, the TransPlex Complete WTA2 kit provides a robust,
sensitive method for amplifying RNA quantities approaching the single
cell level, while maintaining the representative pattern of expression of
higher quantities of RNA input.
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Codon and Single Base Genome
Editing Using Zinc Finger Nucleases

A guide for the design of targeting donors for creating point
mutations, codon changes, SNP corrections, and other small
site-directed genomic modifications

Gregory D. Davis,, Ph.D., and Shondra M. Pruett-Miller, Ph.D.
Sigma Life ce

ZFN Design and Positioning Relative to the Desired Mutation Site

Homologous recombination (HR) is a proc-
ess by which double-stranded breaks (DSBs)
are repaired in cells. In the context of normal
cellular function, HR is a “copy and paste”
mechanism by which a DSB is repaired using
the information contained in a homologous
sister chromatid. However, a user-defined
mutation can be introduced by transfecting
a donor plasmid that contains both the user-
specified mutation and sequence homolo-
gous to the regions flanking the desired site
of modification. In mammalian cells, the
spontaneous rate of HR between a user-
defined donor plasmid and a homologous
locus is very low (10° to 10~) and is often
outside the range for practical experimenta-
tion, even when using antibiotic selection.
However, several groups have shown that
the creation of a DSB at or near the site of
desired mutation can increase the rate of HR
by several orders of magnitude (Rouet, et al,,
1994). Until recently, the creation of a DSB at
a desired locus was not feasible. Zinc finger
nucleases (ZFNs) are engineered endonu-
cleases that can now be rapidly designed

to create DSBs in the vicinity of a desired

SIGMA Where bio be
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mutation site with routine success (Urnov,
etal, 2005). Following successful design and
manufacturing of a site-specific ZFN, the
next key step to create targeted mutations
via HR is to design and construct a targeting
donor plasmid.

An overall workflow for donor plasmid
design is shown in Figure 1. If the goal is

to create a point mutation, the ZFN should
be designed to cut within 200 bp of the
desired mutation site. Existing literature (and
unpublished data) shows that the penalty
for moving the point mutation 100 bp away
from the cut site is an approximate 4X drop
in mutation frequency (Elliot, et al., 1998).
These authors documented a point muta-
tion 511 bp from a nuclease cut site, how-
ever, it occurred at a frequency that would
likely require screening of >1,000 clones to
isolate a mutant in the absence of selection.
So, whenever possible, it is advisable to use
a ZFN that is located <200 bp away from the
cut site to maintain high efficiency and thus
minimize clone screening. Using selection
methods, it is certainly reasonable to expect
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Figure 1.

Design a ZFN within +/- 200 bp of the desired mutation.

Design the single base or codon mutation as desired.

Place silent ZFN-blocking mutations (ZBMs) at the ZFN cut site.

YES

(most likely)

Locate a nearby silent mutation that creates a unique restriction site.

Construct your

donor plasmid.

Construct your
donor plasmid.

Figure 1. Workflow for designing plasmids to create small mutations near ZFN cut sites.

that mutations can be incorporated >500

bp from the cut site, but these applications
require position-restricted integration of large
selectable gene cassettes that complicate
ZFN design and risk affecting gene expres-
sion and regulation.

Length of Homology Arms and
Plasmid Backbone

When designing donor plasmids for mak-

ing small mutations, it is recommended to

use ~400-800 bp of homology in each arm
centered close to the ZFN cut site (Figure 2).
Donor plasmids with 800 bp of homology in
each arm have been shown to work robustly
in different applications requiring point

mutations. Donor plasmids with shorter
arm lengths (50-100 bp) have been shown
to work (Orlando, et al., 2010), but are gen-
erally less effective than 400-800 bp across
a broad range of cell types. It is reasonable
to assume that selection methods might
enable use of 50 bp homology arms in a
broader range of cell types, but this has yet
to be explored.

For plasmid backbones, it is recommended
to use small pUC-based plasmids (<2,600
bp) to limit the mass of DNA that is trans-
fected to cells. To date, multiple variations
of pUC based backbones have been used
to successfully execute ZFN-based gene
targeting experiments. Total gene synthesis

companies (that can be used for donor syn-
thesis) generally prefer plasmid backbones
which minimize the cost of their cloning

and sequencing operations. It is perfectly
fine to use whatever standard cloning vector
vendors offer as long as the plasmid is small,
lacks common restriction sites, and lacks
significant sequence homology to the target
region of interest.

Detecting desired mutations in
pooled and clonal cell populations

Prior to investing the effort to derive and
screen a clonal cell population, it is use-

ful to estimate the mutation frequency at
the pooled cell level immediately following
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Figure 2.

ZFN Donor Design
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TCC GCC
400-800 bp Homology Left
Silent \E]
BamHI

, 0-200 bp ,

Tyr v/

TAC ZFN-L .

Figure 2. Example donor plasmid for creating a codon change near a ZFN cut site.
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400-800 bp Homology Right

<

ZBMs

Three key mutations need to be considered: (A) a silent mutation that allows detection and quantification via PCR and restriction enzyme cleavage (RFLP),
(B) the desired mutation for the biological experiment, and (C) mutations (ZBMs) within the ZFN binding site that disrupt intracellular ZFN cleavage of the
plasmid or cleavage of the chromosome post-integration of the donor plasmid. Note: the desired mutation (B) should be flanked by the detection muta-

tion (A) and the ZFN cut site. In rare cases, the desired mutation will create a new unique restriction site.

transfection of the ZFN and donor plasmid.
Addition of a silent restriction site somewhere
in the donor will facilitate easy detection of
mutant clones (e.g. an RFLP site). The RFLP site
should be as close as possible to the desired
mutation and always positioned so that the
desired mutation is flanked by the RFLP site and
the ZFN cut site (see Figure 2A). Homologous
recombination inserts new sequence direc-
tionally in relation to the ZFN cut site, and this
method of positioning the RFLP site will help
ensure that when analyzing clones the desired
mutation is present in all RFLP positive clones.
In rare cases, the desired mutation may actually
create a unique restriction site. An excellent
resource for finding silent mutations quickly is
WatCut: (http://watcut.uwaterloo.ca/watcut/
watcut/template.php).

When creating point mutations to create
RFLP sites and amino acid changes, it is
recommended to check the codon usage
in the gene of interest and to use the most
frequently used codons in that gene where
feasible. In rare cases, even silent mutations
can have drastic effects on functional gene
expression (Kimchi-Sarfaty, et al, 2007). A
good site for determining codon usage
frequency is: http://www.ebioinfogen.com/
biotools/codon-usage.htm. After finding a
good RFLP site, check that it is not located at
another site within the donor, since this will
complicate downstream analysis.

Preventing unwanted NHE]
mutations when creating precise
point mutations

If the ZFN cut site is present within an open
reading frame (ORF) and the goal is to make
a nearby codon change or SNP correction,
itis possible that the ZFN will also cause
undesirable secondary mutations at the cut
site via misrepair arising from non-homol-
ogous end joining (NHEJ). In our work with
donor plasmids, some configurations resulted
in 30-40% of the correctly modified clones
also having secondary mutations at the ZFN
cut site, while other applications had >90%
secondary mutations. The level of secondary
mutations appears to be higher when the de-
sired mutation is located further away from the
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Figure 3.

Exogenous DNA Delivered via Plasmid Donor
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cut site. As a general practice, we recommend
incorporating silent mutations in the ZFN
binding site to prevent ZFN cleavage of the
donor plasmid and/or recleavage of the target
site post-integration of the plasmid. At least
two ZFN-blocking mutations (ZBMs) should
be incorporated into the ZFN binding site -
separated by at least 3 bp if they are within
the same ZFN arm, or one placed in each arm
(Figure 2C). The 3 bp spacing ensures each
ZBM lies in the binding sequence of a different
zinc finger, thereby maximizing the chances
for disruption of binding. These mutations
should be selected in a way that minimizes
changes in codon usage frequency. This can
be done by placing the ZBMs at amino acids
with highly degenerate codons, such as Ala,
Val, Thr, Pro, Ser, Leu, Gly, and Arg. This will give
more options for preserving codon usage
frequency since they all have approximately
four different codons to select from.
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3=Donor only
4=Donor + ZFN mRNA
5=Donor + ZFN DNA
6=GFP control

0=No loading

Detecting mutations at the pooled
and clonal cell level

Following transfection of the ZFN and donor
construct, the next step is to assess the rate of
mutation in the pooled cell population prior
to diluting (or FACS sorting) the cells for single
cell cloning. Two different methods maybe
used to detect mutations: (1) RFLP, using a
silent restriction site (Figure 3), and/or (2)
mutation-specific junction PCR (Figures 4A
and 4B). Because both assays are based on
PCR, it is essential to always include a “donor
only”transfected sample to control for PCR
artifacts, especially at the pooled level when
copy number of the donor plasmid will be
high. For analyzing a pool of cells, the RFLP
approach is the most quantitative method
and best predicts success in follow-up single
cell cloning efforts. For RFLP detection, two
PCR primers should be designed that prime
outside the region of homology present on

Figure 3. Detection of modified alleles by RFLP
(e.g,, out-out PCR) at 2 days post-transfection of
ZFNs and donor plasmid.

the donor plasmid (out-out PCR; Figure 3).
Genomic DNA is isolated 2-3 days post-
transfection and used as a PCR template.
The PCR product is then digested with

the RFLP restriction enzyme (in this case
BamHlI) and resolved by electrophoresis on
an agarose or polyacrylamide gel. The rate
of targeted integration can be estimated by
performing densitometry on the gel and
comparing the intensity of the fragments
released by restriction digestion against
the intensity of the parental band. If the
mass of the parental PCR band is in excess
of 700 ng, then the signal from the band is
likely saturated and out of the linear range
required for accurate quantitation. In our
experience, RFLP signals that are visually
observable by EtBr staining, regardless of
parental band intensity, have high chances
of success. Figure 3 shows a good example
of overloading of the parental PCR product,


http://www.sigma.com/
http://www.sigma.com/
http://www.sigma.com/

Figure 4A.

ZFN Donor Design

Exogenous DNA Delivered via Plasmid Donor
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Modified Chromosomal Locus

Figure 4B.

Figure 4A-B. Detection of modified alleles by
junction PCR using a mutation specific primer
(e.g., out-in PCR).

with observable RFLP fragments. Despite
overloading, this experiment yielded cor-
rectly targeted biallelic K562 clones at a rate
of 6 of 112 clones screened.

When screening clones, either the RFLP

or junction PCR approach may be used.
Figures 3-5 outline an experiment in which
RFLP was performed on the transfected

cells (Figure 3), then “out-in"junction PCR
was used to screen clones to identify those
with the ZBM mutation introduced at the
cleavage site (Figure 4A and 4B). A subset of
these ZBM-positive clones will also contain
the desired mutation. Finally, RFLP was

used (Figure 5) to assess whether selected
clones were monoallelic or biallelic for the
BamHI conversion. When screening clones,
the RFLP assay becomes more stochastic

in that a small defined number of modified
alleles will contribute to the RFLP signal (2 to

Figure 5.
A4 B7 B10 D8 D11 E5 E9 F2

{ I 1

Homology Right | chromosome

F9 F10 F11 G2 G4 G8 G9 F5

Biallelic BamHI conversions (sequence confirmed)

Figure 5. Detection of modified alleles by RFLP (e.g., out-out PCR) of individual clones at 3-weeks

post-transfection of ZFNs and donor plasmid.

6 alleles, depending on ploidy). The typi-

cal experimental goal is to find a clone that
completely lacks wildtype sequence, result-
ing in complete digestion of the parental PCR
product (Figure 5, e.g., clone B7), though
heterozygous mutations maybe biologically
relevant depending on circumstances. Fol-
lowing confirmation of biallelic (or complete)
conversion by RFLP, the fidelity of the muta-
tion should be confirmed via DNA sequenc-
ing of all alleles. DNA sequencing of clones
showing biallelic BamHI conversions revealed
that all alleles containing a BamHI conversion
also contained the desired codon mutation.
This result provides further justification for
always flanking the desired mutation by a
silent RFLP and the ZFN cut site as illustrated
in Figure 2.
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DeSigned to Help you Grow Technical Courses

Our team of skilled facilitators and scientists make it their mission to
At Sigma's Biouniversity we are passionate about learning. Our goalis  deliver technical courses that provide both "hands-on” experiences

to equip researchers with the essential tools for unraveling complex with state-of-the-art technologies and a forum for scientific discus-
biomolecular interactions. This is accomplished using a variety sion. Our courses have trained scientists from around the world on the
of educational resources, including technical courses, symposia, latest technologies, and the global reach of our workshops continues
seminars, webinars, and e-learning materials. to expand.
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The EMBL Advanced Training Centre, Heidelberg, Germany

Sigma Life Science recently entered into a corporate partnership with
the European Molecular Biology Laboratory (EMBL) Advanced Train-
ing Centre, based in Heidelberg, Germany. This partnership provides
scientists with the unique opportunity of training in key Sigma Life
Science technology areas in EMBLs state-of-the-art teaching laborato-
ries. The collaboration features custom-designed technical workshops
and training courses focused on pertinent technologies. The inaugural
workshop, Targeted Genome Editing using Zinc Finger Nucleases (ZFNs),
was attended by 16 scientists from around Europe and, by all accounts,
was a complete success. Through participation in this course, attendees
became proficient in ZFN fundamentals, various techniques associated
with the workflow, and applications for the technology.

For more information or to register for future workshops,
go to sigma.com/workshops

Seminars and Symposia

Sigma offers a wide range of seminars and webinars to enhance
your understanding of the latest technologies. We provide focused,
technical presentations on the latest applications including targeted
genome editing, transgenics, RNAI, regenerative medicine, and bio-
marker discovery.

The seminar program has been expanded to include the Understanding
Biology Symposia Series. These events highlight a research area and fea-
ture a series of technical presentations delivered by thought-leaders and
Sigma scientists. This symposia series covers topics such as reprogram-
ming strategies, screening and target validation, and targeted genome
editing, and are delivered globally in Asia, Europe, and North America.

Global Education Program
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Upcoming Symposia
Gene Regulation Symposium and Zinc Finger Nuclease
Users Group Meeting

This event is being held on November 2, 2010 at the Boston Cam-
bridge Marriott. The morning symposium will highlight technologies
including gene silencing and epigenetics. The afternoon session will
be the Zinc Finger Nuclease Users Group Meeting, and will feature
presentations on the uses of zinc fingers in cell lines and animal mod-
els, and will also include roundtable discussions. For more information
or to register go to wherebiobegins.com/biosymposia.

The goal of Sigma Life Science is to provide researchers with
leading technologies and the educational resources requisite for
enhancing the understanding of all biological disciplines. We invite
you to come learn with us by taking part in one of our technical
workshops or symposia. &
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. Social Media and its place in science
communications is a hotly debated
topic. People on the social media
‘ side tout its usage as a way to simplify
complex collaborative communications.
Detractors say that social media is a bit

of a time waster, and the value isn’t quite
there for them.

Skeptical?
Please weigh in with our poll,“What's your opinion on scien-
tists using social media?” at wherebiobegins.com/biounity.
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Biowire extended online!

In this issue of Biowire, we highlighted Dana Carroll of the University of
Utah, one of the originators of the Zinc Finger Nuclease technology. What is your opinion on scientists

using social media?

His lab works in C. Elegans and Drosophila, and is constantly refining
their use of ZFN technology.

Find more information on Dr. Carroll's work on our blog at
sigmabioblogs.com, and on wherebiobegins.com/biounity.

Watch a video as Dr. Carroll describes his views on where the ZFN
technology is today, and where it is headed in the future. Also learn from
members of his lab as they talk through the ZFN projects that make up
their day.

Participate

Please weigh in with our poll at wherebiobegins.com/biounity.

Interesting Blogs!

We'd like to let you know who we are reading. Weblogs can be a
great way to see a new point of view, or to argue your point of view!

BayBlab - “Interesting news in science from a bunch of ) ) ) L
degenerate grad students” We bring our favorite social media tid bits to you

bayblab.blogspot.com #scienceconfessions on Twitter. Scientists share their secret confes-
sions (It's a great way to crack each other up!)

A Blog around the Clock — Rockin’ Around the Circadian Clock

blog.coturnix.org

The smell of an overnight culture of E. coli makes me feel at home.

Bitesize Bio - Brainfood for Biologists #scienceconfessions
bitesi 7o bIO com by JATetro (Jason Anthony Tetro)
’ The smell of an overnight culture of E. coli makes me feel at home. #scienceconfessions

“You know you've worked too long in a lab when...”

A Facebook group in which scientists have fun completing the

SEENGE. .. YU oYy yeuve tel et ieo (ong) (1@ D GiiE... RT @drisis: | secretly judge you when you misapply linear regression

#scienceconfessions @
... when your scariest story deals with a walking ultracentrifuge that by Canageek (Danforth Inferno)
destroys walls and eats through thermocyclers. RT @drisis: | secretly judge you when you misapply linear regression #scienceconfessions

... when you get more excited with a significant difference than with
an invitation for dinner...
To follow #scienceconfessions and more:
To find this and follow it, just go to Facebook.com and search Go to search.twitter.com and search for #scienceconfessions
"You know you've worked too long in a lab when.. "
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bioengineering

Bioabsolutely.

Create knockout rats and mice
in as few as 5 months with

Sigma’s exclusive CompoZr

ZFN technology.

Utilize Sigma's SAGEspeed™ process to produce a

custom knockout animal according to your
! ~ specifications or make knockout animals in your
own lab by using CompoZr ZFN reagents.

Create the knockout of your dreams

b I_ A BS with Sigma® Life Science.

by Sigma Advanced ) )
— Genetic Engineering sigma.com/transgenics

Look for the next issue of -
Biowire featuring SAGE" Labs
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