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Dear Researcher,

University of Copenhagen.

H o .

Sigma-Aldrich Chemie GmbH
Becki Davis

Karen L. Martinez is currently researching the development of new in vitro
and in vivo biosensors suitable for diagnostics and drug screening. As a
co-founder of two start-up companies, she bridges basic research with
applied. Her newest endeavour is to bring a new generation of nano-
sensors to the marketplace with increased sensitivity and specificity
through collaborations with several biotechnology and pharmaceutical
companies.

In this issue of Biofiles In Vitro our key focus is on the determination,
screening and profiling of proteins in human plasma and serum. Through
its superior Seppro™ depletion technology, Sigma offers a fast, robust sys-
tem for the depletion of high-abundant and moderately abundant pro-
teins in serum and plasma. In this article, Jiaxin Dong et al. developed two
multiplex immunoassays and present a preliminary application in deter-
mining protein depletion for Seppro IgY14/SuperMix columns.

Our second article describes the screening and profiling of protein
expression in human cancer serum, using antibody array technologies.
This article details how our Panorama® Antibody Arrays Technology is a
powerful tool for rapid protein expression profiling for biomarker discov-
ery and validation in diseased serum samples.

Table of contents

We are proud to release the latest In Vitro issue featuring an accomplished young
scientist, Karen L. Martinez, an Associate Professor in the Nano-Science Center of the

Also featured in this issue, we continue our collection series of classical
staining protocols for your daily laboratory work. This section includes a
short introduction to the protocol with a condensed procedure including
example images of the staining.

At the end of this issue, you will find an article about classical and new
detection methods of Cronobacter, a bacteria known to cause neonatal
infections.

Finally, the Biofiles In Vitro team would like to thank you for your input, to
make this publication applicable to life science researchers. Please con-

tinue sending feedback and scientific content.

Kind regards,

Becki Davis
Product Manager Research Biotech
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Interview with Karen L. Martinez

Associate Professor in the Nano-Science Center of the University of Copenhagen
martinez@nano.ku.dk; http://www.nano.ku.dk/bionano

CURRICULUM VITAE

Education at University Denis Diderot - Paris 7 - France
2000 Ph.D. in Molecular Biophysics — acknowledged with the highest mention
1996 Masters in Molecular Biophysics

Research Positions:

since 2008  Associate Pr. Bio-Nanotechnology Laboratory, University of Copenhagen, DK

2005-2008 Assistant Pr. Bio-Nanotechnology Laboratory, University of Copenhagen, DK

2001-2005 Senior Scientist LCPPM — Pr. H. Vogel —, ETH Lausanne, CH

1996 -2000 Ph.D. Student Lab. of Molecular Neurobiology - Pr. J.-P. Changeux — Pasteur Institute & LURE, FR

Present Research: Development of Biosensors for Nanomedicine

The understanding of the molecular basis of diseases revealed by Genomics and Proteomics, open perspectives in medicine, towards person-
alised medicine. Membrane proteins have a major potential since they are highly selective key players in cell signalling and major drug targets.
We combine various surface-sensitive techniques and novel materials (polymer, semiconductor nanowires, etc.) with the high selectivity of
membrane proteins (G protein coupled receptors and ligand gated ion channels) for the development of new in vitro biosensors suitable for
diagnostics and drug screening. The development of biosensors field effect transistors (bioFET); the surface immobilisation of membrane
proteins for reconstituted signalling platforms; and the interface of semiconductor nanowires in living cells, are our three major research axes.

Current Staff: 14 people
Funding: ~ 4 Mio. € of external funding (personal share)

Innovation and Technology - Valorisation of research activities:
Co-founder of InXell bionics ApS and Hafnia Nano Holding ApS - Biotech startup — 2009
Member of the board of directors of InXell bionics ApS
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Karen L. Martinez has made an impressive
career in research. At the age of 35, she is asso-
ciate professor at the Bionanotechnology Lab-
oratory of the University of Copenhagen. Her
present research deals with the development
of new in vitro biosensors suitable for diagnos-
tics and drug screening. The French researcher
accomplished her Ph.D. in molecular biophys-
icsinthelaboratory of Pr. Jean-Pierre Changeux
at the Pasteur Institute in Paris. After a 5-year
post-doc in the laboratory of Pr. Horst Vogel at
the ETH Lausanne in Switzerland, she was
offered the chance to set up a research group
interfacing biological samples with nanomate-
rials in Copenhagen. As a co-founder of a start-
up company, she bridges basic and applied
research. Karen L. Martinez is about to contrib-
ute to the field with a new generation of more
sensitive and specific nanosensors and collab-
orates with several biotech and pharmaceut-
ical companies.

IN VITRO: Could you please explain your
field of research?

KM: We are developing biosensing platforms,
interface proteins and cells one can find in
human bodies, with materials adapted for
highly sensitive detection. For example, elec-
tronic components present today in comput-
ers, mobile phones, etc.

The idea behind it is to exploit, in addition to
the sensitivity of novel technologies, the intrin-
sic high sensitivity and selectivity of proteins,
since they are the natural sensors in our body
and trigger cell function, cell-cell communica-
tion, etc.

IN VITRO: For what applications can those
biosensing platforms be used?

KM: Mainly for discovery of novel molecules to
become future medicines. In this case, tools
and assays to be used by the pharmaceutical
industry at the early stage of drug discovery are
developed. The effect of libraries of molecules
on a particular protein involved in a target
pathology can be tested.

Another field of application is diagnostics, e.g.
monitoring the concentration of molecules in
physiological liquids like blood, for example.
They can then be used for clinical research, for
hospital use during brain surgery in operational
rooms, for example, for point of care measure-
ments or for a reqular check.

Our Innovation, Your Research — Shaping the Future of Life Science

IN VITRO: Why do you find biosensors for
Nanomedicine so fascinating?

KM: The new types of biosensors we are devel-
oping are meant to be more sensitive, more
specific, more informative and less invasive.
Why is itimportant? To provide treatments that
are more appropriate and have limited side
effects. For example, a biosensor for diagnos-
tics with higher sensitivity will allow earlier
detection of biomarkers. And early diagnostics
will allow more efficient treatments. In the case
of drug discovery, a more specific biosensing
platform will allow the identification of less
invasive drugs and limit side effects.

Contributing to the development of such new
tools that can impact society at some point is a
great motivation, even if we are sometimes still
at an early stage of the development process.

IN VITRO: You are developing glutamate
sensors. How can they be applied in drug
development and diagnostics?

KM: Glutamate is the most abundant neuro-
transmitter in the brain. It is involved in numer-
ous important brain functions such as learning,
memory and cognition, as well as the develop-
ment and plasticity of the central nervous sys-
tem. Alterations in glutamate levels have been
shown to be linked to several neurodegenera-
tive disorders such as Alzheimer’s, Parkinson'’s
and Huntington'’s diseases, as well as ischemic
stroke, to mention a few. Accurate measure-
ment of glutamate levels has remained chal-
lenging, and different techniques have been
developed to this end for clinical diagnostics.

Glutamate sensors exhibiting recognition ele-
ments coming from membrane proteins
present in our body can be used for the discov-
ery of new molecules interacting with the
same receptors and thus with a potential

pharmacological effect. We recently wrote a
review in The Journal of Nanoneuroscience
regarding the existing glutamate biosensors
and their performances.

IN VITRO: What new perspectives can
cells grown on nanowires open?

KM: This emerging field is very interesting.
Carbon nanotubes, nanofibres and semicon-
ductor nanowires can be interfaced in cell
cultures with limited invasiveness. They can
potentially be used for the delivery in cells of
various compounds and also biosensing of cel-
lular events. It is then possible that they impact
diagnostics and drug discovery as we recently
described in a paper.
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IN VITRO: The safety aspect of nano tech-
nology is often discussed. What is your
opinion about the potential risk involved
in using nano structures in vivo and the
environment?

KM: It is definitely a major concern at the
moment and numerous investigations are cur-
rently in progress. The exploitation of nanoma-
terials in our group is exclusively meant for in
vitro assays, with exclusive interface with cell
cultures or physiological liquids. However, the
toxicity of nanomaterials in vivo and their
impact on the environment are some parame-
ters we take into account when we manipulate
the samples and analyse our data.

i
—— TR

a
o o
- NN

IN VITRO: Why are Denmark and The
Nano-Science Center of the University of

Copenhagen the right place for you to
work?

-‘-l-.- - .;“!

KM: Four years ago, | was offered the opport-
unity by the University of Copenhagen to set
up aresearch group interfacing biological sam-
ples with nanomaterials. At that time, this
opportunity was quite unique in Europe and
very attractive for several reasons. Denmark
invests considerably in nanoscience and
bionanotechnology per se; | therefore had
extremely good conditions to start up my
activities. This includes funding from the Uni-
versity of Copenhagen, the Danish Research
Council and Lundbeckfonden, but also access
to talented students educated in Nanoscience
and having a

strong interdisciplinary

background.
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IN VITRO: It sounds like an innovative
environment.

KM: In my opinion, it is a fantastic incubator. It
gathers in a single building research groups
from different departments and faculties of the
University. For example, the Bionanotechnolo-
gy Laboratory is part of the Department of
Neuroscience and Pharmacology of the Facul-
ty of Health Science of the University. Some of
my research projects are extremely interdisci-
plinary and require constant interaction with
physicists. In this respect, the Nano-Science
Center provides the perfect facilities to cata-
lyse such synergies. I'm very grateful to the
Department of Neuroscience and Pharma-
cology for giving me the opportunity to
start up my research activities in this scientific
environment.

IN VITRO: When you started studying,
was it already your aim to stay in research
and become a professor?

KM: No, ever since the beginning of my career
I have had the chance to meet great people
who contributed to catalysing my curiosity for
novel scientific questions, while supporting
me in most of my initiatives. It still remains a
pleasure to meet my mentors and discuss with
them my current research activities. Today, my
continuous source of motivation comes from
very enthusiastic members from my group, in
addition to support from my colleagues and

collaborators.

IN VITRO: In addition to your academic
position at the University of Copenhagen,
this year you became a co-founder and
member of the board of directors of a bio-
tech startup. Why is working in these two
very different environments beneficial
for you?

KM: Turning some of our fundamental results
into products with a potential impact on drug
discovery — and thus on society at a later stage
—is an exciting, unigue opportunity.

These two very different environments are
quite complementary, and help provide me
with a global picture of the impact of the
research activities of my group: how to make
our research useful for society, while exploring
some visionary aspects.

IN VITRO: Fewer women choose academic
or entrepreneurial careers than men. Why
do you think this is, and how do you think
it could be changed?

KM: | recognise this gender issue but can't
really explain it. Indeed, my research group is
composed of more than 60% female research-
ers. | guess it is partly a cultural issue, and that
society has to evolve. For example, | often
notice that women have to demonstrate that
they have the qualifications to do the job,
whereas men are assumed to have them.
I hope that the situation will change, but don't
have any real suggestions besides training
women in leadership and management.

INVITRO: How importantis Sigma-Aldrich
with its products and services to your
work?

KM: We are regular users of Sigma-Aldrich
products for life science and material science.
We also always keep an eye on new products,
especially for surface chemistry and fluores-
cence labelling.
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Certified Stains & SIGMA
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@ 55 dyes with guaranteed
Hematoxylin (Mat. No. H3136) performance

Methylene blue (Mat. No. M9140) Certified by the independent Biological
Stain Commission (BSC)
Alizarin Red S (Mat. No. A5533) . o
® Commision certification is
Alcian Blue 8GX (Mat. No. A3157) reliability
Sudan Black B (Mat. No. 199664) Only those passing minimum assay
Congo Red (Mat. No. 860956) limits, and who work in specified routine
. staining procedures, are certified
Cresyl Violet acetate (Mat. No. C5042)
@ Commission certification is cost-
Eosin Y disodium salt (Mat. No. E4382) )
effective
chStaI Violet (Mat. No. C0775) Commission certified stains are often less
expensive than non-certified
To order, please contact your local sales office and quote Promo Code: Y42 Promotion is valid until January 315 2010.
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Screening and Profiling Protein Expression in Human

Cancer Serum using Antibody Array Technologies

By Angela S. Crawford, Beth K. Radwanski, Dian Er Chen

W Abstract

There is a growing need for technologies that enable discovery and
validation of protein biomarkers in human serum/plasma. Antibody
microarrays have been used successfully to rapidly identify and charac-
terise protein expression in a targeted approach. In this study, antibody
arrays were used to interrogate proteome differences in whole serum
and in serum that had been depleted of twenty high-abundance pro-
teins. The depletion technology enhanced the identification of the low-
er abundance tissue leakage proteins, as compared to non-depleted
serum samples. Antibody arrays were also used to profile differential
protein expression between serum from normal and diseased patients.
Proteins were identified which displayed significantly different expres-
sion levels between the samples. Results were validated with ELISA
analysis. This study showed that antibody arrays are a powerful tool for
rapid expression profiling of proteins and may potentially be applied to
biomarker discovery and validation in diseased serum samples.

@ Introduction

Antibody arrays have been a promising and inexpensive tool for bulk ana-
lysis of protein level changes in human plasma and serum. These analyses
have led to proteomic profiling of a number of disease states, as well as
biomarker discovery. Here, we show the value of using a series of Panorama®
antibody microarrays comparing normal and cancer serum samples to
identify potential disease biomarkers. The arrays chosen for this work con-
tained antibodies for proteins with known significance in intracellular pro-
cesses. These arrays were used because it is believed that biomarkers exist
in the low abundance tissue leakage proteins that make up approximately
one-third to one-half of the thousands of proteins found in blood. In our
study, we have also highlighted the contribution that depletion gives to the
discovery/validation of the low abundance tissue leakage proteins on the
antibody microarrays.

Figure 1: Microarray Analysis Workflow

Serum samples were first depleted of twenty of the high-abundance proteins. The
depleted samples were then labelled with either Cy3 or Cy5 (Amersham) and mixed
at equal protein amounts to allow for parallel analysis. The labelled serum samples
were incubated on both the Panorama Antibody Array - p53 Pathways (PPAA4)
and the Panorama Antibody Array - Cell Signalling (CSAAT1) for 30 minutes. Follow-
ing incubation, the slides were scanned using a ScanArray Express (Perkin Elmer)
and analysed using ImaGene 7.0 software (BioDiscovery).
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® Materials and Methods

Serum Samples Serum samples were obtained through Genomics
Collaborative. Cancer samples were from either hepatocellular carcino-
ma (36-year-old Vietnamese male) or renal cell carcinoma (66-year-old
Caucasian male) patients. Normal samples were from a 51-year-old Cau-
casian male.

Serum Depletion Depletion was completed using the ProteoPrep® 20
Immunoaffinity Depletion Kit (PROT20) and following the supplied
protocol.

ELISA Analysis Serum samples were coated onto 96-well ELISA plates.
Plates were incubated with purified primary antibodies corresponding
to those on the arrays. Plates were washed and incubated with HRP-
conjugated secondary antibodies. After a final wash, the plates were
visualised using TMB substrate, and stopped with 1 M HCI. The absorb-
ance was measured at 450 nm.

Control Test
| |
L Step 1: ol 'y
] Deplete high- ]
l‘ abundance proteins l'*

Step 2:
Label samples with
Cy3/Cy5 and mix

Step 3:
Incubate on the array

Y,

Step 4:
Scan the array

N

>
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Figure 2: Benefits of Depletion by Comparison of Whole and Depleted
Normal Human Sera Using Panorama p53 (A) and Cell Signalling (B) Arrays. Each
Panorama p53 array was incubated with 100 pg of both depleted and whole (non-
depleted) serum conjugated with either Cy3 or Cy5. A dye swap was performed to
confirm results. In the comparisons, the whole serum is green and the depleted
serum is red. Select proteins are identified. Note that only the top half of the Cell
Signalling array slide is shown. As seen in the comparisons above, more proteins
are visible in the depleted serum than in the whole serum. The depletion has made
the less abundant proteins visible.
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Figure 3: Differential Expression Levels of Various Tissue Leakage
Normal Human Sera Using Panorama p53 (A) and Cell Signalling (B) Arrays
Following depletion, each Panorama p53 array was simultaneously incubated with
a mixture containing equal amounts of normal and cancer serums (Renal cancer
sample for slide A, Liver cancer for slide B) conjugated with either Cy3 or Cy5. A dye
swap was performed to validate results. As seen in the slides, a number of spots
were differentially expressed with the cancer samples when compared to the nor-
mal control. In both comparisons above, the normal serums are labelled red and
the cancer serums are labelled green. Therefore, a red spot would indicate down-
regulation in the cancer sample, and a green spot would indicate up-regulation in
the cancer sample. Select proteins are identified.

Similar results were seen using the Cell Signalling array. Additional proteins found
to be significantly different using the Cell Signalling array include, but are not lim-
ited to: alpha Catenin (up-regulated in both cancer samples), MAP Kinase (Erk1
+ Erk2) (up-regulated in both cancer samples), Calmodulin (up-regulated in the
liver cancer sample), Cyclin D1 (down-regulated in the liver cancer sample), DOPA
Decarboxylase (down-regulated in both cancer samples), and Synculein (down-
regulated in the renal cancer sample). Data not shown.

Learn more about the Panorama Antibody Array Technology at sigma.com/arrays
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Figure 4: Validation of Results by ELISA Analysis

Changes in the expression of various tissue leakage proteins between the cancer
and normal serum samples were validated by ELISA analysis. The proteins analysed
were significantly different in the depleted vs. non-depleted and/or in the cancer
vs. normal samples. An example of the results is illustrated above.

@ Conclusions

Depletion allows for greater visibility of otherwise difficult to detect
proteins on the antibody arrays.

Multiplexed array assays (using two dyes on the same array) allow for a
quick, direct, and inexpensive comparison of normal and diseased
serum samples.

As expected with the number of tissue leakage proteins present in
blood serum, microarrays containing antibodies important to intracel-
lular pathways are useful in the detection of potential biomarkers.

This work shows proof-of-principle that the Panorama antibody micro-
arrays can enable disease-state protein profiling.

.

Due to the variability between individuals, future work would include
the analysis of a large cancer sample population to determine protein
profiles and validate biomarkers for a select type of cancer.
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ACCUSTAIN® Giemsa Stain

® Introduction @ Reagents

Giemsa stain is a Romanowsky-type stain that was first used in hematology and ~ Giemsa Stain Catalogue No. GS, modified, 0.4% w/v,
protozoology for staining Plasmodium malariae. The original formulation containeda  in a buffered methanol solution, pH 6.9, with stabilizers.
blend of Eosin Y, Methylene Blue and its oxidation products, the methylene azures. ® Optional Reagents

Giemsa stain is considered a polychromatic stain in that the dyes produce multiple May-Griinwald Stain Catalogue No. MG, 0.25% wv,

colours when applied to cells and cellular components. Sigma-Aldrich Giemsa stainis .
in methanol.

a buffered thiazine-eosinate solution designed to provide cytoplasmic (pink) staining
with nuclear (blue) staining similar to the original product described by Giemsa. It ® Reagent Preparation

may be used separately or in combination with May-Griinwald stain, also available ~ Giemsa stain comes ready to use for the quick stain proce-
from Sigma-Aldrich. dure. Follow stain procedure instructions for standard

Giemsa and May-Griinwald stain preparation.

]
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ACCUSTAIN® Giemsa Stain , SIGMA
Procedure Life Science
STANDARD GIEMSA

1. Fixslides in methanol 5-7 minutes.

2. Dilute Giemsa Stain 1:20 with deionised water. Colour can be varied
by diluting in buffer.

3. Stain film for 15— 60 minutes.

4. Rinse in deionised water.

5. Airdry and evaluate.

QUICK STAIN GIEMSA

1. Place dried blood film in undiluted Giemsa Stain for 1-2 minutes.

2. Place in deionised water for 2—4 minutes depending upon colour preference.

3. Rinse in deionised water.

4. Airdry and evaluate.

GIEMSA MAY-GRUNWALD Chromatin of white blood cells  Purple
1. Dilute Giemsa Stain 1:20 with deionised water. For bluer coloration, Nuclei of parasitic protozoa Red
water buffered at pH 7.2 may be used in place of deionised water. Lymphoqfte cytoplasm B.Iue .
) ) B . . Neutrophil cytoplsam Light pink
2. Place slides in May-Grinwald Stain for 5 minutes. Eosinophilic granules Pink
3. Place slides in phosphate or tris buffer (20-70 mmol/L). pH 7.2, Neutrophilic granules Lilac-purple
for 1-5 minutes. Red blood cells Pink to orange
Place slides in dilute Giemsa solution from step 1 for 15-20 minutes.
5. Rinse slides briefly in deionised water.
Air dry and evaluate.
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Alkaline Phosphatase Stain

® Introduction ® Reagents

Alkaline phosphatases are widely distributed enzymes found in kidney, jejunum, Naphthol AS-BI Alkaline Solution Catalogue No. 86-1,
blood and bone marrow, bladder, adrenal glands, breast, ovary and liver cells.  Naphthol AS-Bl phosphate, 4 mg/mL in AMPD buffer,
Intensely positive staining has been reported in certain bone cancers. The optimal 2 mol/L, pH 9.5

pH for their activity lies between 9.0 and 9.6. In hematopoietic tissue, alkaline phos-  FRV-Alkaline Solution Catalogue No. 86-2 Fast red violet
phatase appears restricted to band and segmented neutrophils. Its demonstration | B base, 5 mg/mL, in hydrochloric acid, 0.4 mol/L with sta-
by simultaneous capture using substituted naphthols and diazonium salts is, per-  bilizer.

haps, the earliest example of a cytochemical enzyme test with clinical significance.  pgg-Alkaline Solution Catalogue No. 86-3, Fast blue BB

Most procedures, including those provided by Sigma-Aldrich, employ stable diazo-  5¢e 5 mg/mL in hydrochloric acid, 0.4 mol/L with stabilizer

nium salts. These are formed by reacting an arylamine with sodium nitrite in an acid Sodium Nitrite Solution Catalogue No. 91-4, Sodium

medium. The resulting diazonium chloride (usually unstable) can then be treated nitrite, 0.1 mol/L.

ith h inc chlori i Iph hthalene-1,6-disulpho-
with compounds such as zinc chloride, zinc sulphate or naphthalene-1,6-disulpho Citrate Solution Catalogue No. 91-5, Citric acid,

18 mmol/L, sodium citrate, 9 mmol/L, sodium chloride,
12 mmol/L with surfactant pH 3.6.

nate, forming stable salts. These stabilizers may exert marked inhibition on some
enzymatic systems whereas the diazonium chlorides are less inhibitory. For this rea-

son, Sigma-Aldrich now provides stable solutions of fast red violet LB base, fast blue X X X
Hematoxylin Solution Gill. No. 3 Catalogue No. GHS-3,

Hematoxylin, certified, 6.0 g/L, sodium iodate, 0.6 g/L and
aluminum sulphate, 52.8 g/L with stabilizers.

Neutral Red Solution Catalogue No. N6264, Neutral red,
certified, 0.5% w/v, in acetate buffer, pH 5.2

BB base, and sodium nitrite for alkaline phosphatase cytochemistry. To further sim-
plify these methods, a stable solution of naphthol AS-BI phosphate is included. To
perform the test, fixed blood films are incubated at room temperature (18-26 °C) in a
solution containing naphthol AS-BI phosphate and freshly prepared fast red violet LB
salt or fast blue BB salt buffered at pH 9.5 with 2-amino- 2-methyl-1,3-propanediol
(AMPD). Sites of activity are either red or blue depending upon choice of diazonium @ Reagent Preparation

salt. The procedure incorporating fast red violet LB is similar to a proposed NCCLS Reagents are provided ready for use. Fixative: Take 25 mL

reference method. Citrate solution and add 65 mL Acetone, and 8 mL

formaldehyde.
Alkaline Phosphatase Stain , SIGMA
Procedure Results e
1. Add 1 mL Sodium Nitrite solution to T mL FRV-Alkaline solution OR add Sites of alkaline phosphatase activity will
1 mL Sodium Nitrite solution to T mL FBBAIlkaline solution. appear as blue or red granular staining.

Mix by gentle inversion and allow to stand for 2 minutes.
2. Add solution from step 1 to 45 mL of room temperature deionised water.
3. Add 1T mL Naphthol AS-BI Alkaline solution to diazonium salt solution
(step 2). Mix thoroughly and pour into a Coplin jar.
Fix slides Citrate/Acetone fixative at room temperature for 30 seconds.
5. Rinse gently in deionised water.
Place slides in Naphthol/diazonium salt solution and incubate for 15 minutes
protected from direct light.
7. Rinse slides for 2 minutes in deionised water.
8. Counterstain for 2 minutes.
If using FRV-Alkaline solution counterstain with Hematoxylin solution.
If using FBB-Alkaline solution counterstain with Neutral Red solution.
9. Rinse slides thoroughly in tap water and air dry.
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Development of Two Multiplex Inmunoassays and Pre-
liminary Application in Determining Protein Depletion
for Seppro IgY14/SuperMix Depletion Columns

Jiaxin Dong, Chris Melm, Holly Chapman, Farrah Fan, Dian Er Chen and Henry Duewel
Protein Technology and Assay, Research Biotechnology, Sigma-Aldrich Corporation

W Abstract

Depletion of Highly Abundant Protein (HAP) and Moderately Abundant
Protein (MAP) from plasma or serum samples can be achieved through
Sigma Seppro Tandem 1gY14/ 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 con-
sistency of MAP depletion using SuperMix resin has not been deter-
mined and requires a robust method to monitor. By taking advantage of
the Luminex technology, we have developed two multiplex immu-
noassays to monitor protein targets of depletion or retention. The MAP-
10PLEX assay can simultaneously quantify 10 MAPs (Ceruloplasmin, C4,
Plasminogen, IgD, Clg, Antithrombin Ill, Hemopexin, a-Antichymo-
trypsin, CRP and Prealbumin) from plasma or serum samples depleted
utilizing 1gY14/Supermix columns. The LAP4PLEX assay, which is used to
track loss of low-abundant proteins (LAP) during depletion, is able to
simultaneously quantify Adiponectin, soluble L-selectin, soluble ICAM-1
and TIMP-1. The preliminary assay data on Seppro IgY-SuperMix deplet-
ed 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 in the R & D, Operations and QC departments.

@ Introduction

An avian IgY based immunodepletion technology is used for Sigma Sep-
pro depletion products. The Human IgY14 Columns can remove 14 high-
ly-abundant proteins (HAP) and the unique Human SuperMix System is
to remove moderately-abundant proteins (MIAP). The combination of
IgY14/Supermix columns can deplete approximately 96-99% of total
protein mass from human serum or plasma (Figure 3). While the deple-
tion 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 consistency of SuperMix
products a challenge. Regular ELISA methods are time-consuming and
commercial ELISA kits are costly. Therefore, finding a fast and economi-
cal alternative analysis has appeared to be important.

Our Innovation, Your Research — Shaping the Future of Life Science

Luminex XMAP technology is a widely used multiplex platform to quan-
tify multiple analytes from biological fluid samples. It combines the
accuracy of ELISA and multiplicity of antibody arrays through protein-
antibody interaction on the surface of microspheres and is characterized
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 simultane-
ously quantify 10 representative MAPs (Ceruloplasmin, C4, Plasminogen,
IgD, Clqg, Antithrombin Ill, 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 (Luminex
Corp., Austin, Texas, USA), detection antibodies were biotinylated
before use, streptavidin-phycoerythrin conjugate (Sigma E4011)

4. Data were calculated using STATLIA® software with a 5-parameter
logistic curve-fitting method (Brendan Scientific, CA)

5. Depletion procedure: 50 or 100 pL 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 com-
bined columns (SuperMix depleted sample), bound proteins were
eluted from IgY14-LC5 and SuperMix LC2 column separately.

6. Multiplex assay protocol: 50 pL 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 pL/well detection mixture, shake Thr at RT and wash plate once.
Add 50 pL/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.
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ranges in 0.2-10 pg/ml.

Figure 4: MAPTOPLEX and LAP4PLEX assays are per-
formed with protocol described above and standard
curves are plotted for each assay.



MAP10PLEX
Final diution of plasma (folds) c4 c4 Plasminogen IgD Clq Antithrombin Il Hemo- al-antichymo- CRP
pexin trypsin
512000 103.73 74.21 153.77 11298 12517 127.80 104.88 115.24 86.50
256000 105.03 69.44 137.89 99.57 11.08 109.75 97.32 99.54 102.85
128000 105.01 68.59 120.09 114.09 103.57 101.52 104.10 93.74 110.09
64000 (start) 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
LAP4PLEX
Table 1: Assay Accuracy - Dilution Linearity for Plasma Samples Final diution of plasma (folds) Adipo- L-Selectin ICAM-1 TIMP-1
Dilution linearity is commonly used to evaluate assay accuracy that is nectin
one of the most important requirements for immunoassays. A serial 2000 140.59 98.95 107.32 87.11
dilution of a pooled plasma was tested with MAP10PLEX and LAP4PLEX 1000 12707 26 IlE63 S
Th b in the tabl ¢ ¢ ¢ trati 500 114.96 93.20 108.45 9948
assay. The numbers in the table represent percentage of concentrations .0 o0 o0 00 00
at each dilution point against start point. Both assays perform well. For  ayg 127.74 96.37 11.47 94.35
normal human plasma samples, dilutions in the range from 5 x 10* to
5 x 10° for MAP10PLEX assay or 250 to 2000 for LAP4PLEX assay are sug-
gested.
Depletion of MAPs from Plasma by Seppro® IgY-14 Depletion of MAPs from Plasma by Seppro® IgY-14 @ Conclusions

LC5/SuperMix LC2 Columns - Tested by multiplex assay LC5/SuperMix LC2 Columns - Tested by indirect ELISA
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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 50uL human plasma.

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.

n Depletion Consisitency of Seppro® IgY-14/SuperMix
LC Columns - Tested by Multiplex Assay
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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 (CV% < 15%)

References

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 deple-
tion process. Depending on different biological properties
of the individual target, approximately 1-40% loss has been
observed from SuperMix depleted plasma (Note: some pro-
teins in bound fraction are unstable).

1] Seppro® Depletion Product Info: https://www.sigmaaldrich.com

2]  Technical Bulletin, May 2001, Luminex Corp. http://www.luminexcorp.com

3]  Qian WIJ et. Al., Mol Cell Proteomics. 2008 Oct; 7(10):1963-73
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1. The MAP10PLEX 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

3. The preliminary test indicated
that depletion of T0MAPs
from human plasma through
the tandem IgY14/SuperMix
columns were reproducible
and is consistent with Dr.
Smith's result based on spec-
tral count data (Ref. 3)

4. Inorder to remove > 90% of
MAPs from plasma, columns
with equal volume of IgY14
and SuperMix resins (IgY14/
SuperMix ratio=1:1) are
suggest to be combined

@ Summary

The newly developed MAPT0PLEX
and LAP4PLEX assays using
Luminex technology have been
proved 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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Cronobacter spp. Classic and New Detection Methods

Jvo Siegrist, Product Manager Microbiology ivo.siegrist@sial.com

Enterobacter sakazakii, now reclassified as a novel genus called Cronobacter, is known to cause neo-
natal infections.

Cronobacter is a rod-shaped, motile and facultatively anaerobic bacteria of the family Enterobacte-
riaceae. Originally Cronobacter spp. were listed as yellow-pigmented Enterobacter cloacae (see
Table 1). The bacteria was then later on called Enterobacter sakazakii. Taxonomic studies have deter-
mined that E. sakazakii comprises a high genetic heterogeneity and should be reclassified as a novel
genus,“Cronobacter”!

Kingdom:  Bacteria
Phylum:  Proteobacteria

Class: Gamma Proteobacteria
Order: Enterobacteriales
Family: Enterobacteriaceae
Genus: Cronobacter

Figure 1: Drinking baby

Cronobacter spp. are ubiquitous; frequently found on vegetables, meat, fermented bread, dairy
products and especially in baby food. Consumption of contaminated powdered infant formula
milk (IFM) can result in sepsis, infant meningitis and necrotising enterocolitis. In most cases the
victims are pre-term, low birth weight infants or immunocompromised infants in the first weeks.
Mechanisms are not fully understand but it is assumed that endotoxins are produced. The bacte-
rium can adhere to and penetrate into various types of cells (e.g. endothelial cells). It also survives
in macrophages.

As Enterobacteriaceae are susceptible to heat they do not survive production processes and it is
most likely that confirmation happens after the process. The post process contamination can
come from the addition of heat-sensitive additives such as vitamins or other micronutirents or
incorrect handling while reconstituting or storage. It has been shown that stationary phase Crono-
bacter spp. are remarkably resistant to osmotic and dry stress compared with other species of the
Enterobacteriacae group. It is difficult to isolate Cronobacter spp. from samples as they are most
likely stressed, unevenly distributed throughout the batch and also numbers will probably be
fairly low, often lower than 1 CFU per g.

For the classical microbiological tests a pre-enrichment is used to recover the stressed cells
followed by a selective enrichment step. The FDA method recommends Enterobacteriaceae
enrichment (EE or Mossel) broth which is then streaked onto VRBG agar, and suspect colonies are
subcultured onto TSA agar where the yellow pigmented colonies are confirmed by an oxidase test
and other biochemical tests. See also Table 1 with all kinds of biochemical reactions of
Cronobacter spp. species (not only from FDA).

Our Innovation, Your Research — Shaping the Future of Life Science

@ Did you know ...

the name Cronobacter comes from Cro-
nus, leader of the Titans in greek mytho-
logy, who swallowed each of his children
as soon as they were born. As Cronobacter

spp. is harmful to neonates the name was
thought to be appropriate.

Figure 2: Statue of Cronos

ISO/TS 22964:2008 method recommends buff-
ered peptone water (BPW) as a pre-enrichment
medium and modified lauryl sulphate broth
with vancomycin (mLST) incubated at 44 °C for
the secondary selective enrichment step. The
next is a chromogenic agar isolation and iden-
tification (see Table 2).

There are various chromogenic agars available,
which help to save work and time to result and
are more reliable than traditional media. The
detection principle is based on the alpha-
glucosidase possessed by Cronobacter spp. (not
by most other Enterobacteriaceae) which
cleaves the 5-bromo-4-chloro-3-indolyl-a-D-
glucopyranoside or similar substrates. The
resultis a plate with, for example, blue colonies
in the case of Cronobacter spp. (see Figure 3
and 4) but biochemical confirmation is still
required.
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Today there are also studies which show that not all Cronobacter spp.
give yellow pigmented colonies on tryptic soy agar, and it was shown
that some types of strains did not grow at 44— 45 °C. Also some selective
media may be too selective to recover all the Cronobacter species. There
is still some work to do to improve the official methods.

Biochemical Test Reaction of Cronobacter spp.
Gram =
Oxidase =
Catalase +
H2S production =
Nitrate reduction -
Citrate utilisation +
Esculin hydrolysation +
Arginine hydolysation +
Lysine =
L-ornithine decarboxylation +
Urease =
Indole =
ONPG +
D-adonitol =
L-arabinose +
D-arabitol =
D-cellobiose +
Dulcitol =
D-fructose +

Figure 3: HiCrome™ Cronobacter spp. Agar (Fluka 92324); Cronobacter spp. (blue),

E. aerogenes (green) K. pneumoniae (yellow) Laglucoss -
D-galactose +
Galacturonate +
Inositol + (75%)/-
Inulin +
Lactose +
Malonate +/-
D-maltose +
D-mannitol +
D-mannose +
D-melibiose +
X-methyl-D-glucoside +
D-raffinose +
L-rhamnose +
Salicin +
Sorbitol =
D-sucrose +
D-trehalose ks
Xylose +
Acetoin production (VP test) +

Methyl red test

Figure 4: HiCrome™ Cronobacter spp. Agar, Modified (Fluka 14703), with Crono-  Table 1: Biochemical reactions of Cronobacter spp.
bacter spp. colonies

Tryptic soy agar at 25 °C
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Brand Cat. no. Medium Description

Fluka 92324 HiCrome™ Cronobacter spp. Agar chromogenic media

Fluka 14703 HiCrome™ Cronobacter spp. Agar, Modified chromogenic media according ISO
Fluka 69965 Mossel Broth (E.E. broth) for pre-enrichment

Fluka 77187 Peptone Water, phosphate-buffered for pre-enrichment

Fluka 22091 Tryptic Soy Agar for isolation and differentiation
Fluka 79872 Tryptic Soy Agar, ready to use for isolation and differentiation

Table 2: Media for detection of Cronobacter spp.

U A New Molecular Biology Method

Rapid detection and identification of Cronobacter spp. is required, since
even low cell numbers have been reported to cause a disease.
HybriScan®D Cronobacter spp. is a new rapid molecular test system for
detection of bacteria of the genus Cronobacter in food, especially in
dried infant formula milk and its production environment. It is based on
the detection of rRNA by sandwich hybridisation and so no PCR is need-
ed. Itis a 96 well microplate format and the workflow is very similar to an
ELISA test.

Figure 5 shows the specificity of HybriScan®-Cronobacter spp. Different
cellamounts and related Enterobacteriaceae were tested within a valida-
tion study. No signals were observed using 2,3 x 108 Enterobacter cloacae
cells or 7 x 108 Citrobacter freundii cells per assay, whereas clear specific
signals were detectable using 2.6 x 10°, 1.3 x 10% and 2.6 x 10* cells of
Cronobacter spp, respectively. These results demonstrate that the
HybriScan® system is highly specific for Cronobacter spp.

Specificity

A 450 nm

Figure 5: Specificity of HybriScan®-Cronobacter spp.

Different cell numbers of Cronobacter spp. and related Enterobacteriaceae like
E. cloacae and Citrobacter freundii were tested. Measurement data for HybriScan®
analyses represent absorption at 450 nm.

Our Innovation, Your Research — Shaping the Future of Life Science

A validation study of HybriScan®-Cronobacter spp. was performed using
two different enrichment procedures: (1) single-step enrichment for
24-26 hours at 37 °C in ESSB broth (Enterobacter spp. selective broth) and
(2) two-step enrichment starting with a pre-enrichment for 18-20 hours
at 37 °C in buffered peptone water and followed by a selective enrich-
ment for 24 —26 hours at 45 °C in mLST selective broth. The results of the
above-mentioned validation study are presented in Figure 5.

Brand Cat.no. Name Description

Fluka 12838 HybriScan® Cronobacter spp. 96

Table 3: Ordering Information
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