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Proteus NoEndo Resin

Protocol

Introduction

NoEnddM resin is supplied as loose in 25arid 100ml pack size<Proteuskits are designed
for simple,rapid removalof endotoxinfrom a wide rangeof protein solutions.Proteusspin columns
replacelengthy and expensivechromatographicmethods suchas phase separation afPLC®.

Thereare four versionsof the Proteuskits; the ProteusNoEndd" u (Micro), the ProteusNoEnddM
M (Mini), the Proteus NoEnd¥ S (Standard) and NoENdHC (High Capacity) spin colukits which
are suitable for different endotoxin loads. The Proteus NoEndd™ p columns are ideal for low
endotoxin loads (300500 EU/mI) where the sample volumesare lessthan 600 pl. The Proteus
NoEnddM pu columns incorporate a proprietary SelfS&ahembrane technology that combingbe
benefits of batch incubation with the speed of a spahumn.

Largenumbersof samplescan be processedat the sametime. Thereis negligiblehold-up volume;
ensuring high solute recovery with minimal nepecific absorptive losses. Protein sampjmsified
using Proteus spin columns may be used for a wide range of laboratory proceduresasuch
biopharmaceutical preparations for prdtes, antibodies andaccines.

Unique Features of Proteus NoEndb

1 Endotoxin levels as low as 0.03 EU/mI with typical protein recove8886>

1 Proteus NoEndd kits are designed to eliminate tedious chromatographic stepsmally
associated with otheaffinity chromatographynethods.

1 Loose resin is marketed towards the traditional chromatographyket.

NoEnddM Resin:

NoEndoresin is specifically designed with a polyamine chemical synthetic ligand which has high
selectivity for endotoxin. This ligand is immobilized on to nearly moigperse 6% agarose beads
using established chemical methods. It is highly effective in binding and removing endotoxin from a
variety of fluids such as water, aqueous solutions and biopharmaadupreparations such as
proteins,vaccines anantibiotics.
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StorageConditions:

Removethe Proteus NoEnddM resin vial from the kit and store it at 2-y ¢ Théreis no needto
placethe rest of the kit in a refrigeratoror cold room. Do not freezethe resinvialsor store them at

room temperature. Freezing the suspension will damage the agarose beads. The pesiavi®llen

and defined. Proteus NoEnBéresinis stable forugo 2 yearsaty ¢/ F NRofmankaStur® | G S
The expiration date is recorded clearly on the outside of the pack. All resin is &a26866 v/v ethanol
containing 0.1MNacCl.

ChemicalCompatibility:

Compatiblewith Incompatiblewith

0.5M NaOH Oxidisingagents
PBSouffers Strongacids
Detergents, Urea, guanidiniuainloride All Trisbuffers
Stable between pi3-13 All Glycineébuffers
10 MMETDA Most buffers with amingroups
Stabletoxnn e/ X NBO2YYS8R
OperationalFlow Rates : 20€m/hr
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Background:

membrane of gram negative bacteria. We know thsiib-
nanogram levels of endotoxin can trigger immune responses
and alter the function of many differentell types and that
removal of endotoxin is one of the most difficult downstream
processes during protein or antibody purification. Gram
negative bacteria are widely used as vectors for the
manufacture of recombinant peptides and proteins. Much work
has leen spent over theyears optimizing E. coli as an
expressiorhost for proteinsfrom higher organisms. As a result,

it is generally recognized that thfirst attempt to express a ‘
recombinant protein usek. colias the expression host. Phage & Lipid A
display, whichutilizes Gram negative bacteria, is increasingly
used for the manufacture of monoclonal antibodies.
Recombinant viruses and viral vectors alsocurrently being
developed for therapeutic applications treat

conditions such as heart disease, diabetagscular dystrophy and cancer. These final produes
generally contaminated with endotoxin. Contaminating endotoxins sucHipagolysaccharides
present in gram negative bacteria need to be removed from protein, antibody and viral vettoss.
makes tle final product suitable for animal studies, cell cultures and cell bassai/s.

Endotoxins are the predominant lipids found in theuter |i

y
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Core oligo-
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Cell exterior
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Endotoxinsare of great concernin the medical device and pharmaceuticaindustries.If the final
product is not certified to be free of endotoxin, many experiments may Edflcient andcost
effective removal of endotoxin from R & D preparations is extremely challenging. Endetmonal
for researchinto animalstudies,transplantation,genetherapy, stem cell technologies cell sorting
and other mammalian ceffeatments is vital. Endotoxin concentrations as low as®4EU/mlcan
induce pyrogenic shock mammals.

Many commercially available products are unable to remove endotoxin satisfactorilyeagurire
time-consuming incubation steps. It is well documeshthat there is widespread dissatisfactiaith

all known commercial methods to remove endotoxin. Typically, the target protein binds as efficiently
to the matrix as the endotoxin and cannot be recovered easily, or both endotoxin and protein elute
in the flow-through fractions.

Incumbent technologies include:
1. Affinity-based methods e.g. Polymyxiragaroseresin.

Weaknesses: Poor binding capacity. Very expensive resin. Unreliable. Known to bincptatgets
non-specifically.
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2. Nonaffinity-basedmethods e.g. lon exchange chromatography ahicfiltration.

WeaknessesEmpiricaldesign of experimentsand prior knowledge of key physical properties of
target proteins e.g. isoelectricpoint, molecularweight is required and often difficult to ascertain.
Also requires access to both anion and cation exchgeweologies.

3. Detergentbased methods e.g. Phase separation using Ttbh4.

Weaknesses: Resultant TritonlX4 resides in the sample. It is very difficult to removelTX Also
requires instrumentationto heatto n H @id for subsequentdetergent removal (with inevitable
protein losses).Methodology is longwinded and unreliable. The detergent is relatively expensive
and would add a significantcost to a manufacturingprocess.lt may also affect the activity of the

target protein.

The diversity in the number of methodsto remove endotoxin indicatesa dilemma in endotoxin
removal. Often, endotoxin removal requires more than 1 of the above methodologies imsed
combination. Each of the above procedures address the problems associate@émdtitoxinremoval

in completely different ways. However, none of them has broad applicability. é&@mple,
ultrafiltration can remove endotoxinsbut will generallyretain proteins as well. For small proteins,
such as myoglobirMr ~ 18,000), ultrafiltration can be useful to remove large endotaggregates,
but not monomericendotoxin which has a molecularweight between 10 and 20 kDa. With large
proteins, such as immunoglobulins,ultrafiltration would not be effective for removing endotoxin
aggregateslUsually,the proceduresemployedfor endotoxin removal are unsatisfactorywhen you
assess the following criteria: selectivity, adsorption capacity and recovéng tdirgetspecies.

High cost hasalso severelylimited widespreaduse of current endotoxin capture methods.In many
cases, complete endotoxin removal is only achieved with large losses in protein Nédds.
importantly, strong selectivity is requirexb protein samples are often concentrated to betwee30
mg/ml, and there is significant evidence showing that endotoxins do bingrteins. Consequently,
reduction or removal of endotoxin to less than 0.3 EU/ml sample (1 nghfigzU/mg)is a very
challengingtask. Note that the term EU describesthe biological activity of an endotoxin. For
example, 100 pg of the standard endotoxinf&nd 120 pg of endotoxin froi. coliO111:B4 have
activity of 1EU.

New fields in science increasingly demandt tieeir raw ingredients are certified endotoxin freas
dictated by EuropeanPharmacopoeiaand FDAregulations(Gorbetand Sefton,2005; Petschet al,
2000).Many laboratoriesare forced to allocate resourcesto run parallel production lines that are
endotoxinfree. Successful exploitation of an effective endotoxin removal kit will freeviipl
resources. Anything that reduces laboratory costs and inconvenience will, there&dtect
considerablenterest.
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Endotoxin RemovaProtocol
PREEQUILIBRATION
1. For a gravity column, allow the resin to settle theespquilibrate theNoEndd™ with 5xlow
endotoxinequilibration buffer.Repeat this stepne more timewith a further 5xlow
endotoxinequilibration buffer.

SAMPLE LOADING

2. Loadyour required volume of 0.2 um filtered sample. Leave sample to completely pass
through resin.

PURIFIED SAMPLE

3. The elute contains the target protein, largely depleted of Endotoxin, and is now ready for
further downstream analysis.

Performance specifition table using Proteus NoEndo kits:

Spin Columns NoEndo p NoEndo M Nokndo S NoEndo HC
Typical in situ binding capacity per column 300-500 EU 3,000 EU 30,000 EU 500,000-1,000,000 EU
Typical endotoxin binding capacity per ml 500-800 EU/ml 300 EU/ml 1,500 EU/ml 30,000 EU/ml
Minimum endotoxin levels tested post-column <0.03 EU/ml <0.03 EU/ml <0.05 EU/ml <0.05 EU/ml
Typical endotoxin clearance after 1 pass S = 3 log reduction 3 log reduction
Typical endotoxin clearance after 2 passes o % 4 log reduction 4 log reduction
}ypical endot(;x}n clearance after 1 hour ingubation 7 7 3 Io;; :et;u;tion 7 2 log reduction R a 7 T
Typical endotoxin clearance after 3 hour incubation 4 log reduction 3 log reduction

Maximum sample load volume 0.6 ml 20 ml 20 ml 20ml

Bed volume 0.01-0.1 ml loose 0.25 ml loose 1 ml pre-packed 1.7 ml pre-packed
Resin NoEndoTM resin NoEndoTM resin NoEndoTM resin NoEndoTM resin
Bead size range 100 pm 100 pm 100 pm 100 pm
Proteus matrix Cross-linked 6 % agarose Cross-linked 6 % agarose Cross-linked 6 % agarose Cross-linked 6 % agarose
Recommended working pH 4-8 4-8 4-8 4-8

Colour coded end-caps Supplied in vials Supplied in vials Light green Dark green
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Product Performance of the NoEndaqu spin columns

Working with 50 ul and 100 pl NoEndo Resin Béaumes
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Figure 1: The Proteus NoEndo '™ K spin columns were challenged with rabbit IgG (1mg/ml) spiked with E.coli

lysate. The Proteus NoEndoTNI M spin columns were loaded with 50 pl and 100 pl NoEndoTNI resin. Endotoxin data
was generated using the Charles River Endosafe-PTS assay. Protein recoveries in excess of 90% and 4 log
reductions in endotoxin were observed.

Adjusting the Sample Volume/Resin Bed VoluiRatio
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Figure2: TheProteusNoEndc;WI K spincolumnscontaining50 pl resinwere challengedwith rabbit IgG

(Img/ml)spiked withE.colilysate. Endotoxin data was generated using @fearles River EndosaRfT S assay.

Proteinrecoveries in excess of 90% and 4 log reductions in endotoxinolvsesved.

6

ProteusNoEncb™

Protein Recovery (%)



Protein \rk

70 100
- 90
60
80
50 - L 70 g
@ 60 E == Pre Column
e 40 2
'5 - 50 5
. == Post Column
g 30 40 £
§ g
20 | F30 2 y
o == Protein Recovery
20
10
10
0+ @ & & £ ‘ G= ® -0

100 200 300 400 500 600
Sample Volume (ul)

Figure 3The Proteus NoEnd¥u spin columns containing 100 pl resin were challenged with rédpBitLmg/ml)
spikedwith E.colilysate.Endotoxindatawasgeneratedusingthe CharleRiverEndosafeP T SassayProtein
recoveriesn exces®f 90%and4 logreductionsin endotoxinwere observed.

ProductPerformance of the NoEndo Mini:

The NoEnddM resin exhibits low protein binding and a wide range of proteins can be processed
regardless of their iselectricpoints.

Figure 1: Protein recovery is largely unaffected by NoBhglarification.
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The Proteus NoEnd¥ M, Proteus NoEndd S and Proteus NoEnBbHC spin columns exhibibw
protein binding. The data representsa wide range of proteins that were loaded on to the columns
regardless of their iselectricpoints (pl). Typical protein recoveries close to 90% wbtained.
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Figure 2: Protein recovery between pH 4.0 an®fH
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The following proteins were tested in acidic to neutral conditions (pH 4.0 to pH 7.2) using the
ProteusNoENndd“ M, ProteusNoEndd™ S and ProteusNoEndd™ HC spin columns. The data here
showsthat the NoEnddM resin can operate in these conditionswithout a reduction in endotoxin
removal and maintaining >85% recovery of various proteins (up to 5 mg/mL). At gddh @ndotoxin
and target protein cebind to the NoEndB" adsorbent.

Table 1: Endotoxin removal and protein recovery using the Proteus N&Espia column with BSA
spike withE.coliysate.

Endotoxin remova(EU) Endotoxinremoval Protein Recovery%)
efficiency(%)

The Proteus NoEndd“ S spin column was usedto clear endotoxin from a 1 mg/ml BSAsample
spikedwith Ecoli lysate. The columnwas pre-equilibrated with PBS(pH 7.5). After loading 20 ml
sample, the column was centrifuged at 100 g for 30 min. The flow through was loaded dresh a
column and centrifuged using the saroenditions. The data represents a typical 4 log reduction
endotoxin load. The protein recoverieswere determined separatelywith the Proteus NoEndd
spincolumns.
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Figure 3: Endotoxin removal and protein recovery using Proteus NOENdspin columns
challenged with rabbit IgG or BSA spiked itltollysate.

Rabbit ImmunoglobulinG Bovine
SerumAlbumin
10 10 9 9 - 1000 10 10 9 9 - 1000
0 0 ]
9 9
° 1002 | | ° - 1000
w S
> 8 o | | X8 3
7] = S0 ©
>0 3 o >
S =118 0 £
- c -
g7 10 .g & 7 §
g S [ 2
g 6 o o 6 o
0 1 g & o L, £
=
5 =
0 S 0 53
S 1 -
. 1 L
Sample 1 hour 3 Sample 1 hour 3
hour hour

Figure 2: The Proteus NoEAYM spin columns effectively removes endotoxin from BSA and rabbit
IgGsamples (1mg/ml) spiked with.colilysate. The Proteus NoEndtM spin columns were loaded
with 0.25 mINoEndd" resinandwashedat 500g for 5 min to removethe resinstoragebuffer. The
columnresinswerethenwashed with 15 ml equilibration buffer twice. 20 ml protein sample was
batch incubated with the washed resin for t@p3 hours on a standard tube roller. Tbelumns were
centrifuged at 700 g for 10 min. Endotoxin dats generated using the kinetic chromogenic LAL
assay (Charles River Endosafe plate reader). Typiclltyréduction in endotoxin werebserved.
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Questions andAnswers

Do | need to filterhte buffers prepared in nigboratory?

It is good laboratory practice to filter &lliffers.

Do | need to prdilter my sample before loading it on to NoERfcesin?

All samplesshouldbe filtered through a final 0.2 um pre filter or a Proteusmini clarificationspin
column (GEMMSF500) just before the sample loaditep.

What are the typical binding capacities of NoErt®sin?

The endotoxin binding capacity will critically depend on the resin bed volume. For Begimiolume,

the typical endotoxin binding capacityis 300500 EU if the desired final target endotoxin load is
<0.03 EU/mI (after 1 houncubation).For the High Capacity column, the typical endotoxin binding
capacity is 450,000 EU/mI of resin and the Standard columns havedatogm binding capacity of
30,000 EU/m.

How should | prepare my sample for the NoEM@do

Many chromatographic procedures demand that the sample iscpraditioned prior to loading. lis
recommended that all samples are giikered down to a 0.2 pnporesize.

What is the recommended loadibgffer?

It isrecommendedhat low-endotoxinPBQouffer be used.Extracareshouldbe takenwith buffers

containing amines asthedey 0 SNF SNB & 6AGK ( Kepdotddna Ay Qa | oAt AGER

How can | deteatndotoxin levels in nsample?

There are many commerciallyavailableendotoxin detection instruments availablein the market.
However, based on test data reliability, use of kinetic chromogenic, turbidometric LAL assthyeand
EndosafeéPTSassayfrom CharlesRiverLaboratoriesWilmington,MA, USjsrecommended.

Should | be concerned if the resin dry out during the centriftiejas?

The NoEndB resin is robust and partially dried resin rehydrate rapidly. There are no adverse
effects upon theperformance of theesin.

Can | reuse the NoEnd¥ resin?

These are disposable resins. Discard the resin afterwesath
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How do | determine the proterecovery?

Proteinrecoverycan be determined by measuringthe absorbanceof the samplebefore and after
using the Proteus NoEndb.

My protein sample contains glycerol. Will this affect the performance of the N6¥hdo

Glycerol does not impact upon the performance of the NoEMdesin.

TroubleshootingAssistant
The recovery of target proteinl@sv

1 Some proteins have high affinity fendotoxin.

1  There may be interactions between the resin and the protein. If the pragephosphorylated or
acidic, pl of the target protein and the buffer pH needs todmnsidered. Ideallythe pH of the
buffer should be 1 pH unit below the pl of the protein to ensurethat the protein has a net
positive charge.Datais presentedbelow to showthat recoveryof an acidic and phosphorylated
protein e.g. RBP can be improved by changingtthifer composition.

Riboflavin-Binding Protein with different pH buffers &
£ concentrations
100
90
80 6
g 70 6.1 d 7.5
g—? 60
8 50
x 40
o 7.5
B 30
o
20
10 7.5
0
Citrate MES MES Hepes Hepes PBS
(100mm)  (50mM)  (100mM)  (50mM) (100mMm)

1 TheNoEndd"resinhasa cationicfunctional group which may act as a very weak anionic
exchangemat pH valuesabovethe pl of the protein. Thiscouldleadto slightbindingof the
target protein which canbe minimisedby increasinghe ionic strength of the buffer up to
0.5MNacCl.

1 Avoid Tris as Tris can cause lower protecovery.

1 The addition of EDTA (up to 20 mM) can enhance protein recovery without
affecting endotoxirremoval.
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Poor resolution of the targgitrotein

1 Thesamplevolume or concentrationmay be too large for the capacityof the resin. In this
case, reduce the sample load or samabume.
1 The sample may also need to be filteatefully.

High levels of endotoxin in mgmple

i Avoid freezethawing as this increasesthe formation of endotoxin micelles
which can be more difficult toremove.
0.1M glycine can cause minor reductions in endotogmoval.

=

The presenceof metal ions (C£+, Mg2+ and CL12+) in the samplecan
hinder the removal of endotoxin.
1 Up to 0.3 M NaCl isompatible with endotoximemoval.

=
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Disclaimer:

This product is for research use only and is not intended for use in clinical diagnosi@inio
beyond replacement of unacceptable material or refund of purchase price shalbled.

Technicakupport:

Contact Protein Arkechnical support foassistance:
Tel: +44(0)114224-2235

Fax: +44(0)114-224-2235

Email: info@proteinark.con

Web:  www.proteinark.can

Mail: Protein Ark Ltd, The Innovation Centre, 217 Portobello, Sheffield, S1 4DP, UK
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Glossary

Affinity Chromatography, Chromatographic separation based on a specific interadigween an
immobilised ligand and a binding site omacromolecule.

Bed volume The total volume occupied by the chromatographic packed bed. It isefised to as
the column volume o€V.

Endotoxin¢ A heatstable pyrogenic toxin present in the intact bacterial cell. Endotoxans
lipopolysaccharide complexes thatcur in the celvall.

EU/mI¢ A quantification of endotoxin levels relative to a specific quantityedérence endotoxin. 1
EU/ml is approximately equal to Cagy/ml.

EU- The unit EU (endotoxin unit) describes the biological activityP&.

Freezehawing¢ A method that is sometimes used to break open cells by successive pefisidsy
freezingand thawing. Ice crystalsare generatedduring the freezingstage,which disrupt the cells
when they melt during thawing. The method, however, is slow and releasesa limited amount of
subcellularomponents.

Isoelectric point The pH at which the protein has no reiarge.

LAL- Limulusamebocytelysate (LAL)s an aqueousextract of blood cells (amoebocyte¥ from the
horseshoe cral, imulus polyphemud AL reacts with bacteriahdotoxin

Micellesg These are lipid molecules that arrange themselves in a spherical faqu#ous solutions.

Monoclonal Antibodie€ Monoclonal antibodies arenonospecificantibodiesthat are the same
because they are made by identic@mune cellghat are allclonesof a unique parentell.

Recombinant ProteinProteins that result from the expression of recombinant DWAIn living
cells are termed recombinampiroteins.

Turbidometric assayA method for determining the concentration of a substance isadution by
measuringthe loss in intensity of a light beam through a solution that contains suspended
particulatematter.

Viral Vectors Viral vectors are agents commonly used by molecular biologists to dgkwnetic
material intocells
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