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Zusammenfassung

Blockierungsreagenzien stellen zwar eine unentioblerl Komponente eines

Festphasenassays dar, sind daftir jedoch verglegtds\gchlecht erforscht. Die Entwicklung
neuer Blockierungsreagenzien war daher das zerfrdiegen dieser Arbeit. Daher wurden
Poly(ethylenglycol)-konjugierte Alkylamine, eine d&dse von Tensiden, die bislang
hauptséachlich in der Industrie Verwendung findestreals beziglich ihrer Eignung als
Blockingreagenzien fir Immunoassays studiert. Istegr Schritt wurde eine Reihe von
Poly(ethylenglycol)-konjugierten Alkylaminen darge#t, und im zweiten Schritt wurden die

synthetisierten Tenside mit Hilfe von Festphasemgsauf ihre Blockierungseigenschaften
untersucht.

Es wurde eine modulare Baukasten-Synthese entwarfeHilfe deren Poly(ethylenglycol)-
konjugierte Alkylamine verschiedenster Struktunzéint dargestellt werden konnten. Diese
Synthese ermdoglichte die Herstellung von Tensidert jaweils einer oder zwei
Poly(ethylenglycol)-Gruppe(n) und Alkylkette(n) engéchiedlicher Lange, die Uber eine
kurze Brucke miteinander verbunden sind. Die Sysehw&ategie erlaubte weiterhin den
Einbau von einer oder zwei Aminogruppe(n) zwiscken Poly(ethylenglycol)-Gruppe und
der Brucke und/oder am Ende der Alkylkette. Die tghisierten Substanzen wurden
erfolgreich charakterisiert, dabei wurden untereaach Ldslichkeit und kritische mizellare
Konzentration bestimmt.

Die synthetisierten kationischen Tenside wurdenHiife unterschiedlicher Festphasenassays
untersucht. In einer Reihe von Voruntersuchungerdengezeigt, dass kationische Tenside
optimal unter tblichen Assaybedingungen, wie zd&itralem pH-Wert oder physiologischen
lonenkonzentrationen, arbeiten. Drei unterschiddli€LISA-Formate wurden angewandt,
um die Blockierungseigenschaften der kationischeanside mit denen kommerziell
erhaltlicher Blockierungsreagenzien zu vergleichgabei stellte sich heraus, dass keines der
kommerziell erhaltlichen Reagenzien sowohl gutez8ipé als auch gute Sensitivitat bieten
konnte. Hingegen waren viele der synthetisiertemg®azien in der Lage, angemessene
Blockierungseigenschaften sowohl in Hinsicht densitevitat als auch der Spezifitat zu
gewahrleisten. Einige der kationischen Tenside temnin dieser Hinsicht sehr gute
Ergebnisse in allen drei ELISA-Formaten erzielen.

Zusammenfassend lasst sich sagen, dass die bestéret® der synthetisierten Tenside
kommerziell erhaltliche Blockierungsreagenzienhiren Blockierungsfahigkeiten Gbertreffen.
Synthetische Blockierungsreagenzien auf Basis Biblylenglycol)-konjugierter Alkylamine
schlieBen des Weiteren viele Nachteile aus, diepbsteinhaltigen Blockierungsreagenzien
auftreten, wie z.B. Kreuzreaktivitat, Heterogenit&rderblichkeit, Chargenunterschiede, etc.
Die vielversprechenden Ergebnisse dieser Arbeselagine baldige Kommerzialisierung der
neuartigen Blockierungsreagenzien erhoffen. Auchrweveitergehende Untersuchungen
sicherlich nétig sind, sollte eine industrielle @u&tion der Kkationischen Tenside
kostengiinstig moglich sein.
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Abstract

Blocking reagents represent an essential albeit widely studied part of solid phase
supported immunoassays. The development of nowekinlg reagents was the main purpose
of this thesis. In this regard, poly(ethylene glyamnjugated alkyl amines, which are typical
surfactants with up to now mainly industrial apgtions, were studied as candidates for novel
blocking reagents in immunoassays for the firsetifdrst, a variety of poly(ethylene glycol)-
conjugated alkyl amines was synthesised. Second, blocking performance of the
synthesised surfactants was investigated in asgagrienents.

A modular synthesis was designed that permittedeffieient preparation of poly(ethylene
glycol)-conjugated alkyl amines of different stues. Notably, one or two poly(ethylene
glycol)-groups could be linked to one or two alkiains, both of variable length, via a short
and simple bridge. Moreover, one or two amine gsocquld be inserted between the bridge
and the poly(ethylene glycol)-group and/or ternminappended on the hydrophobic side. The
synthesised substances were successfully chassttewhich included the determination of
the solubility and the critical micelle concentoati

The synthesised surfactants were subjected to abewumf different assay experiments.
Preliminary assays showed that cationic surfactg@igorm best under standard assay
conditions such as neutral pH value and physiolgen concentrations. In three distinct
ELISA formats the blocking performance of the sysiBed surfactants was compared to that
of commercially available blocking reagents. It wlasind that no single commercially
available blocking reagent was able to achieve lgoitd specificity and sensitivity. On the
other hand, many of the PEG-conjugated alkylamiwese able to combine acceptable
specificity and sensitivity and some yielded vepod results in both respects in all assay
experiments.

In conclusion, the best synthesised surfactantpeoiasirm the blocking reagents that are
commercially available to date. In addition, they kot exhibit any of the drawbacks of
proteinaceous blocking reagents, such as crossvigac heterogeneity and lot-to-lot
variability. Since these novel blocking reagentshiemed very promising results, a
commercialisation is hoped for in the near futuf@ough further research is obviously
needed, industrial preparation of the compoundslgdhue feasible and enable a cost-efficient
production.
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1. INTRODUCTION

1. Introduction

1.1 Immunoassays

The immune system of an organism uses antiboditmdet foreign objects. The recognition
of an antigen by its antibody must be highly specifhis specificity is provided by an exact
three-dimensional match of the epitope (the stratfpart of the antigen interacting with the
antibody) to its counterpart, the paratope. Theratdtion between epitope and paratope
involves a variety of synergistic forces. Hences tinding of an antibody to its antigen is
very strong (affinity constants of about®10 10° m™)!'! despite being non-covalent.
Immunoassays are analytical tests which employethesjue properties of antibody-antigen
pairs to investigate a sample. The analyte ususilfn antigen and is detected by a labelled
antibody. A signal is produced by the label and lbarused to interpret the test result, since
the signal strength correlates with the analyteceantration. This basic principle of an
immunoassay is implemented in a variety of setwpsch differ in assay design and type of
label and can be used for qualitative as well antjtative determinations.

Solid Phases are Needed for Purification Steps

Immunoassays usually are supported by a so-cabliéd ghase. It is prepared in such a way
that biomolecules of interest, such as an antigeamaantibody, adsorb and bind firmly to its
surface. Once the antibody or antigen is immolilisgl subsequently added reagents which
specifically bind to the immobilised component baeoattached to the solid phase surface as
part of the antibody-antigen complex. The advantafehis procedure is that all non-
specifically bound molecules can be removed by waskhe solid phase after each step.
Thus, a solid phase facilitates purification of teacting partners. Many different materials
and formats are used as solid phases, but polystyrand polypropylene-based microtitre
plates as well as nitrocellulose-, poly(vinyliderieioride)- (PVDF) and nylon-based
membranes are the most common.

Pros and Cons of Different Assay Designs

The simplest design of an immunoassay is a digsdya In this setup, an antigen is adsorbed
to the surface of the solid phase and is detectea $econd incubation step by a labelled
antibody (Fig. 1A). The direct assay is a time-sgvand robust system, but it is not very
sensitive. In an indirect assay, the antigen i®aetl by an unlabelled primary antibody,
which in turn is recognised by a labelled secondanybody (Fig. 1B). The indirect system is
highly versatile, because labelled species-speaifitbodies can be used to target any primary
antibody created in members of the respective epedihe time-consuming and expensive
labelling process of antibodies can be omitted bseaalmost any anti-species antibody
conjugate is commercially available nowadays. Farrtiore, primary antibodies with
multiple epitopes for a secondary antibody can teagignal amplification in an indirect setup
and increase the sensitivity of the assay this Walglitional enhancement in sensitivity can
be achieved with a triple-step indirect assay, by.including a biotin-streptavidin pair
(Fig. 1C).
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Fig. 1. Different setups for immunoassays. direct assayB: indirect assayC: three-step indirect assay,
D: indirect sandwich assay.

A third assay setup with good sensitivity is thecatted sandwich assay. A capture antibody
is immobilised to the solid phase instead of thtggan and binds the antigen of interest out of
a solution. The captured antigen then can be dstamther directly or indirectly as described
before (Fig. 1D). This double recognition of theigen by both, the capture and the detection
antibody, enhances the specificity of this assde $andwich format is limited to antigens
with more than one epitope, because both captutedatection antibodies must bind to the
antigen.

Finally, the competitive or inhibition assay is assay type that is often applied for quanti-
tative analysis if the antigen possesses only pitepee or if the antigen is very small, so that
the epitopes overlap. This method requires a @brassay system with known quantitative
outcomes. The analyte is inhibiting or competinghwone of the reagents of the calibrated
system so that the signal is reduced correlativéhéoamount of analyte contained in the
sample (Fig. 25!
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Fig. 22 Direct competitive assay for the determinatioranfantibodyA: Pre-titrated system with known
quantities of reagent3: Antibody in the sample is competing with the ld detection
antibodies and causes a decrease in signal.

Various Labels and Assay Technologies are Used fonmunoassays

The signal in an immunoassay is produced by a lafledd to one of the detection reagents.
Numerous labels are available. Radioactive labpfdied in the radioimmunoassay (RIA)
used to be very popular due to their high sensgivbut they implicate health risks and
disposal problems inherent to radionuclides. Nowagdaptically detectable labels, such as
fluorescent, luminescent or phosphorescent dyegnare common. The most important class
of labels, however, are enzymes that are ablettdysa a reaction of a chromogenic substrate.
They are used in an enzyme-linked assay (EIA) ayme-linked immunosorbent assay
(ELISA, to emphasise the use of a solid phase). HIHSA is probably the most frequently
used assay next to immunoblots, which are carrigcbn different types of membranes and
apply mainly dye-labelled detection molecules. Audbed high-throughput assay techniques
are often based on the ELISA or on some other tfpenmunoassay concept, but utilise
special kinds of solid phases (e.g. particles).hSaatomated systems, as well as more
elaborately designed assays e.g. ELISPOT (a metbodirect analysis of cells), are
predominantly used in clinical diagnostics. A lat€tow assay is a qualitative immunoassay
with an additional chromatographic separation stépch is often used in over-the counter
products, e.g. pregnancy tests.

Reagents and Analytes Used in an Immunoassay: a Teinological Question

Although immunoassays were originally developedtlom basis of antigen-antibody pairs,

many other combinations of specifically and strgrighding biomolecules are known today.

Therefore, assays can be conducted analogous tanoassays without using any antibody-
antigen pairs. Referring to such assays as an imnassay often is considered inappropriate



1. INTRODUCTION

because the word “immuno” indicates the presen@naintibody and an antigen. A termino-
logically correct solution, e.g. “solid phase assatya “bioassay” is used instead of the term
“immunoassay” in such a case, but the differenecwtsessential for this thesis.

1.2 Blocking Reagents

While in principle an immunoassay can be conduetedescribed above, each assay needs to
be optimised with regard to its sensitivity and@pety. In a quantitative immunoassay, the
sensitivity is determined by the proportion of #ignal strength in relation to the amount of
signal-inducing analyte. E.g., a highly sensitigsay will produce sufficient signal strength
even for low analyte concentrations. The speciioitan assay on the other hand states how
much signal is produced by unintended reactiong, @.highly specific assay will only
produce signals derived from the intended antigdibady interaction. In terms of statistical
analysis, the sensitivity equals the ability toede¢tirue positives (exclusion of type Il error)
and the specificity equals the ability to deteaetnegatives (exclusion of type | error). Both
abilities are essential requirements for a goodaitp-noise ratio (S/N) of an assay.

The Specificity of an Assay Is Decreased by Non-Spfc Binding

In a first step of an immunoassay, an assay commposeadsorbed onto the solid phase
surface. This adsorption process is referred tth@asoating step. Since an excess of coating
reagents leads to instabilities in the binding led toated material to the surface, the solid
phase cannot be fully covered by the coating compbrAs a consequence, all components
present in subsequent assay steps may encountecuped spots of the solid phase surface
and adhere in an unintended manner. This non-spédifding (NSBY! is a major cause of
false-positive detection (observable as backgroand)thus decreases specificity and signal-
to-noise ratio. In most cases, the overall sigoatdise ratio cannot be enhanced by using
higher amounts of sample and detection reagentbjsawill usually increase both signal and
background. Besides that, the amount of sampleimged in many situations. As a
consequence, the reduction of NSB is of utmost mapae in order to improve an assay.

How Blocking Reagents Work

A very common procedure for the prevention of NSBthe saturation of the solid phase
surface with a blocking reagent. For this purpasmting is followed by a blocking step,
where remaining free spots on the solid phase sairéae covered with blocking reagent
molecules. Requirements for a good blocking reageat very strict. An ideal blocking
reagent must saturate the solid phase surface dalliyhas to bind tightly to the solid phase
surface. The blocking reagent is furthermore remlio repel any subsequently added assay
components and must not interfere with the interat®ody-antigen recognition process in
any way (Fig.3A). Any shortcoming regarding these requirementsemd up in either lower
sensitivity or lower specificity. If blocking reage molecules cover or replace coating
material, the outcome in signal is reduced andstresitivity is decreased (FigB). On the
other hand, prevention of NSB will be insufficighthe blocking reagent is not covering all
remaining unoccupied spots on the solid phase ayrfar if the blocking reagent is only
loosely bound and is easily replaced by subsequewiiied reagents. (Fi§C). If blocking

4
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reagents are not acting repulsively or if they bittaross-reactive properties, NSB still takes
place but the location of NSB events is shiftedr(frsolid phase surface to blocking reagents,
Fig. 3C).

From a physicochemical point of view, the treatmaind solid phase surface with a blocking
reagent is an adsorption process which can beideddny the equation:

[BR],, +[S*] == [S-BR] (Eq. 1-1)

Here, [BR]q is the concentration of the dissolved blockinggesd, [S*] represents free spots
and [S-BR] represents spots occupied by a blockeagent on the solid phase surface. Both
sides of the equation are in equilibrium as indidaby the right- over leftward arrows. This
means that the adsorption is a reversible proceBelf we assume here since it is true for
many adsorption processes). Although this simpligguation does not accurately reflect a
real adsorption process of heterogeneous blocki#agents on a solid phase with a (on
molecular scale) very irregular surfd@eit still provides useful information. The equilibm
constant kysfor the adsorption, a ratio of the concentratiamslescribed as follows:

_ [s-BR]

e = Ty Eq. 1-2
BRI (Fa-1-2)

Good blocking reagents exhibit high values fogdand the blocking reagent concentration
[BR]aq needs to be high enough in order to keep the cdrat®n of free spots on the surface
[S*] near zero. The reversibility of the adsorptiprocess also demands that all subsequent
solutions applied to the saturated surface mustagonthe blocking reagent, because
otherwise desorption will occur to reach equilibmionce again.
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Fig. 3: Possible flaws of a blocking reagert: ideal situation. The blocking reagent preventsBNS
completely without disturbing the detectioB: The blocking reagent is covering or replacing
coating material and the sensitivity is therefoeer@asedC: NSB occurs if the blocking reagent
1. does not saturate the solid phase completelis @anly weakly adsorbed, 3. has insufficient
repulsion properties, or 4. is cross-reactive. Aasequence, false-positive signals and/or high
background are induced and the specificity (and,tthe signal-to-noise ratio, too) is decreased.
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State of the Art Blocking Reagents and their Drawbeaks

The majority of commercially available blocking geats is derived from biological sources
and includes materials such as animal sera, geJaskimmed milk, treated or non-treated
proteins and protein fractions like bovine serurbuadin (BSA).®! casein or casein
hydrolysate. Detergents and polymers like Tween2Bdly (vinyl pyrrolidone) (PVPY are
commonly used protein-free blocking reagents.

Existing blocking reagents provide a sufficientusian for many NSB problems, but they
exhibit serious disadvantages. Due to their biaalgorigin, proteinaceous blocking reagents
are not only heterogeneous, lot-to-lot variable dadomposable but may also be subject to
import and export restrictions (e.g. materials ofibe origin). These reagents furthermore
tend to cross readt'® and may even interfere with important recognitimocesses like
streptavidin-biotin bindin§’! Problems with cross reactivity have led to theefiewment of
reagents like fish sef¥! which show less cross reactivity with reagentsiafmmalian origin.
Some biologically derived blocking reagents e.gmsked milk are known to possess very
good NSB reducing abilities, but they may also dase the sensitivity of the assay by
covering or replacing the coating matertal:*? Synthetic blocking reagents do not share
these disadvantages, but they often are insufficreneducing NSB and could therefore not
establish a solid market shaf&.

In conclusion, blocking reagents are normally adtiogy in a solid phase based immunoassay,
but determination of the most appropriate reagenafspecific application is a difficult task.
Many experimental assays are still not used inimeuapplications, because of the above
mentioned issues. Despite that, investigations lmtking reagent performance or even
developments of new reagents are rare. A commesalier of blocking reagents describes
this problem as follows: For true optimization of the blocking step for arfpaular
immunoassay, empirical testing is essential. ...[Ja.shkhgle blocking agent is ideal for every
occasion because each antibody-antigen pair haguentharacteristics.** This statement
reflects a demand for an optimised, versatile blugkreagent. Because of the above
mentioned intrinsic shortcomings of reagents froiwldgical sources, the development of
novel blocking reagents derived from a class oftlstic molecules such as surfactants is
highly desirable.

1.3 Poly(ethylene glycol)-Based Surfactants as Ppective Blocking Reagents

Surfactants, sometimes also termed tensides, aphighilic substances which are able to
lower the surface tension of a liquid. The etymglag the word already expresses this
property: surfactant is a contraction of “surfacgtivee agent”. The word is also used
commonly as a name for the pulmonary surfactarst medical context, but this meaning is
not of interest for this thesis. Like all amphiphinolecules, surfactants possess a hydrophilic
and a hydrophobic part, and they often show a métehstructure. This is why the
hydrophilic and hydrophobic groups sometimes aferred to as head and tail group. While
the hydrophobic part of the molecule is always cosegal of mostly linear alkyl, or more
generally, hydrocarbon groups, the hydrophilic rmpoiean be made of many different

7
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functional groups. Based on the net charge of ydrdphilic head group, surfactants are
classified into neutral, anionic, cationic or amign (Fig. 4).

Term Hydrophilic group Head Hydrophobic tail

neutral -OH, ether, carbohydrates CONNNANNN
anionic -COQ, -S0y, -0SQ; ONNNNNN
cationic ammonium derivatives @‘fVW\N\
amphoteric often -COGand ammonium group @ @V\/\/\N\/\

Fig. 4. Surfactant classification based on the charghehead group.

Surfactants are found in a wide range of diffegglications. They can be used as detergents,
in personal care products and cosmetics, as weadhadgsifiers, foaming agents, defoamers,
adhesives and as additives in paints and otheruptedThe amphiphilic structure of the
molecules facilitates a self-organising process khads to aggregations of various stages.
A similar process permits emulsification of immidei phases (Fig. 5A). The lowest concen-
tration of the surfactant at which the moleculeartsto form micelles is an important
characteristic and is called critical micelle camication (CMC) (Fig. 5B).

A B

aqueous
solution

oil droplet

100 % [Surfactant] CMC OI%

Fig. 5. Schematic illustrations o&: surfactant molecules emulsifying an oil dropletaiqueous solution,
B: aggregation behaviour of an aqueous surfactaduatiso at different concentratidit’

Poly(ethylene glycol) as a Surfactant Head Group

Being a poly-ether, poly(ethylene glycol) (PEG)m&times also named poly(ethylene oxide)
(PEO) or poly(oxyethylene) (POE), can be used lasaal group for neutral surfactants (if no
further ionic groups are added). PEGs contain #yeeating unit -CHCH,O- and are
produced in large-scale by acidic or basic polysation of ethylene oxide. Thus, they
normally are polydisperse, i.e. they show a distidn of molecular masses. The masses of
the oligomers are separated by a factor of appratdiy 44 Da, the mass of the repeating unit.
Exceptions, i.e. monodisperse PEGs, are knownHortar chains. The synthesis of mono-
disperse PEGs is possible on lab-scale, but theeftwe is very compleéX! The chain length
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furthermore is very limited so that many would retie@ these molecules as to oligo(ethylene
glycol)s rather than PEGs. The polydispersity, tie range of the distribution, depends on
the polymerisation method and can be describetidpolydispersity index PI:

M
P|= —W Eqg. 1-3
M, (Eg. 1-3)

. 1
with M, ==>'mM, (Eq. 1-4)

m-=

1

and M, =N2Ni|\/|i (Eg. 1-5)

Here, m is the total mass of the sampleisnthe mass of a particular molecule with the inde
i and M is the corresponding molecular mass so thatidMthe weight average molecular
mass (Eg. 1-4). Similarly, N is the total numbemnaflecules present and I8 the number of
molecules with the indek thus M is the number average molecular mass (Eq. 1-5. Th
parameter Pl is always greater than 1 for polydspenaterials, but the smaller PI, the
narrower the distribution. Although physical prapes of PEGs vary greatly with the average
molecular mass, PEGs do not differ too much in abahaspects. They are quite inert, tend
to react only at the end groups, and a slight @eserén reactivity can be seen for PEGs with
higher My. Short PEGs are liquid at room temperature amghtyi better soluble in less polar
solvents, but most PEGs are solid at room temperasmd soluble in several different
solvents, notably in water, dichloromethane, methahHF and DMF. PEGs are extensively
investigated due to their utility in research arsloaclinical applications, where they are
valued for their low toxicity and the good solutyilin water. Many applications are known
for PEGs in pure form (use as laxative, lubricadfitive in cosmetics etc.) but also for PEG-
bound molecules, which can be prepared by a cotqugaeaction. Quite often, this
PEGylation reaction is used to improve the soltipihf a substance in water. It is moreover
known that modification of a substance surface WtREG layer generates a bio-repulsive
structure. The modified surface repels biologicddssances from adsorption onto the surface
more or less effectively’*® So far, this characteristic of PEGs has mostlyhktadied with
the intention to create anti-fouling coatings ovides for medical applications. However, this
bio-repulsive property of PEG-modified surfacesegp highly useful for blocking reagents,
because it matches the main purpose of a blocleagent closely: a blocked solid phase
surface must act bio-repulsively in order to preveasorption of further (mostly biological)
material.

Why PEG-Based Surfactants Are Well Suited as Blockig Reagents

Given that PEGs are bio-repulsive, why then is Tvi2€e a PEGylated sorbitan, able to serve
as a blocking reagent, while pure PEG is not? €hasan lies in the fact that most solid phase
materials, for instance PVDF, polypropylene, polyaste etc., are hydrophobic. PEG, as a
very hydrophilic group, is highly unlikely to binightly to such hydrophobic surfaces. In
contrast, Tween20 is not only PEGylated but algeriéied with a fatty acid (Fig. 6), so that
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the hydrocarbon part can interact with the solidgghsurface via hydrophobic forces. This
suggests a possible mechanism how surfactantsasW®BG head group are able to serve as a
blocking reagent. The hydrophobic tail of a sudattnteracts with the solid phase, while the
hydrophilic PEG group is o

' io- Sorbit
respor.15|ble for thg bio Sorbitan 0\/%0)1\/\/\/\/\/\
repulsive property. This way W

. ) O OH N
the basic requirements of o hydrophobic tail
blocking reagent, namel;Ho\é/\o O/\a,oH‘

- J

J

y

stable adsorption and repulsic X+y+2z=20
of biological material, are me PEG-based head
by this class of surfactants. Fig. 6. Surfactant structure of Tween20.

1.4 Purpose of the Thesis

The blocking performance of Tween20 is known tosbiepassed by many proteinaceous
blocking reagents. It is essential for the develeptof prospective novel reagents to consider
how this performance can be improved. As the bpdsve properties of PEGs are quite
pronounced and well investigatéd:>*2Yit may be assumed that in particular the surfactant
tail group, which is responsible for a tight binglito the solid phase surface, has room for
improvement. It was observed some time ago thabregich peptides seemed to bind much
stronger to polystyrene-based solid phases thaer gibptide$??! This is believed to be
caused by an electrostatic interaction betweenomati parts of the peptides with
electronegative groups present on the solid phadace. Carboxylate groups are known to
exist on commercially available polystyrene-basedids phases and may serve as a
counterpart for electrostatic interactions. Anotpessible explanation is the so-called cation-
einteraction’?® This phenomenon is very characteristic for a lsigdif a cation to aromatic
molecules, which are exposed on polystyrene swsfatkerefore it appears reasonable to
assume that the blocking ability of PEG contairsagfactants can be enhanced by equipping
the molecules with cationic groups at their hydph part.

The outline so far has clarified the existing pesblof a lack of optimal blocking reagents for
immunoassays and implicated a possible solutior.fhin aim of this thesis therefore lies in
the development of novel synthetic blocking reagemth improved blocking performance.
This will be achieved in the course of the thesis b

1. synthesis of PEG-conjugated surfactants contaicatignic groups,
2. investigation of the synthesised surfactants raggrheir blocking behaviour, and
3. interpretation of the results and final evaluatdithe novel blocking reagents.

The synthesis is designed in a way that the stralcproperties of the surfactants, e.g. length
and number of hydrophobic / hydrophilic chains éochtion of humber of cationic groups,
can be set systematically.

10
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The blocking performance of the novel blocking esatg shall be investigated in relation to
state of the art blocking reagents. The influenfcdifferent assay conditions on the blocking
behaviour as well as the effect of the structurapprties of the novel blocking reagents shall
be determined in particular. The results shall helpclarify which structural aspects are
needed for a surfactant with ideal blocking alati

A final assessment of the surfactants shall expfaand why the novel blocking reagents
outperform conventional blocking reagents.

11
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2. Synthesis

2.1 Known Substances and Synthesis Procedures

PEG containing surfactants are well studied sulsst&f! with a broad range of applications.
They are used commonly in research as well as mswuoer products and in industry.

Cationic derivatives almost A ﬁOH
: . R-NH, + 2 O
always contain amines and ar YA r-Non
usually synthesised in
OH
industry by reacting fatty N(\OH + (+m) O base, A N(\fo/\’yn on
amines with ethylene oxide R” ~"0H = R’ V\60/\/&

thus providing ethoxylated
alkyl amines (Fig. 7}

Fig. 72 Two-step ethoxylation process of an alkyl amine.

Comparable to pure PEGs, PEG-conjugated alkyl asmgoasist of a polydisperse mixture of
oligomers. Ethoxylated derivatives of coco-, lauryallow-, oleyl- and stearyl amines are
commercially produced and typically contain 2-5W@igglents of ethylene oxide per alkyl
amine on averadé®! Amine ethoxylates with structures derived from yhllpropane
diamined?”! diamidoamingé® and dialkylamines are also available (Fig. 8).

a b c
R (\Lo/\%yOH Me-0SOj" (\4 o0 ~JOH
X
QN\/\/N\/\&O/\%ZOH HN/\/'Tf\/\NH

R
I
X X

Fig. 8 a: an ethoxylated alkyl propane diamir®e;an ethoxylated diamidoamine quaternary ammonium
methosulfatec: an ethoxylated dialkylamine

These substances are used in many different améah range from industrial applications
like use as emulsifying agents, aids in road caettn>” additives for plasti€® corrosion
inhibitors and defoamef&®) to consumer products such as fabric softéffems personal care
products.

Synthesis in Research Relies on End Group Reactiohsstead of Ethoxylation

The synthesis of PEG conjugates on laboratory suadmally is completely different from
industrial production, as the polymerisation withyéene oxide demands technically sophisti-
cated equipment. End group functionalisation of wcwrcially available PEGs, which
requires less technical effort, is favoured ovewnacaling the ethoxylation process and is a
widely accepted method in scientific resedféhSynthetic pathways for substituted PEG-
amines are also known. Such procedures are e.gctreel amination of PEG-amines with
aldehydes or of PEG-aldehydes with amines (Fi§'D):

13
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0
ot %, ¢ L NaCNBHS; \O/(\/O%AH/\R
H

R

\oj(\/oﬁ/\[('-' + H,NR _NaCNBHg \OJ(\/O%‘/\HAR

)
Fig. 9: Synthesis of substituted PEG-amines by reduetiaeation with NaCNBH

Another suitable method is nucleophilic substitatiof modified PEGs that bear a suitable
leaving group with amines (Fig. 16§:*?

ot Ok Nores * RN NaCOs \OJ(\/O%/\HAMTG

Fig. 10 Nucleophilic substitution of PEG-Bromide and PESylate with amines.

PEG-conjugated cationic surfactants are a spegf@ f substituted PEG-amines. The
reactions presented above are thus useful metbodsef synthetic work of this thesis.

2.2 Building Block Synthesis

The synthesis of individual PEG-conjugated alkyla@si seems to be easily realisable with
the literature procedures at hand. However, asadyrdriefly pointed out in the previous
chapter, the synthesis needs to fulfil further megquents. It is, for instance, important to
understand how certain structural features affessible blocking abilities of the synthesised
surfactants. Detailed knowledge about this relatgm will not only help to clarify what kind
of interactions and forces are involved on the ke scale during blocking but will also
facilitate the identification of preferred struatsr of the surfactants necessary for ideal
blocking performance.

For these reasons, it was essential to designtaesia that allows the preparation of a series
of PEG-conjugated alkylamines which differ from leather systematically in only distinct
structural variables. The variables were carefaligsen with respect to a potential effect on
the blocking behaviour of the surfactants.

Basic Structural Variables of the Surfactants Relat to PEG, Alkyl or Amine Group

The overall assembly of the PEG, the alkyl andaimene groups will be discussed first. To
simplify synthesis, a bridge is used to link thedtophilic with the hydrophobic part. The
bridge will also allow attaching of up to two chaiaf each group. The number of chains was
restricted because molecules with complex strustame more difficult to synthesise, and
they unnecessarily complicate evaluation of thecstiral variables in regard to the blocking
behaviour. Amines were linked to the alkyl grouprtmally or inserted between PEG chain
and bridge. With this positioning the amine wasédto be close enough to the hydrophobic
group to create a synergistic effect as mentioexve without affecting hydrophobic inter-

14
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actions considerably. Candidate surfactants withaalular structural design were devised
with these settings (Fig. 11).

The chain length of the hydrophilic, anc

) ) chain length number of chain length
also of the hydrophobic group is \ __ substituents
crucial parameter. Both variables ar N o
. P . . . ‘ HO\(\/\ON/‘\-*' i N
directly associated with the solubility o o Bridge
the molecule and the hydrophilic: = (e O) i A N
lipophilic balance (HLB), an importantL'j(?:___*_V_____@:__j‘i\!\f’)" e
characteristic of a surfactant. The alky \ /

location / number

chain enhances the adsorption to of amine groups

hydrophobic solid phase surface, but th~
solubility of the surfactant (in buffers)
will be insufficient for blocking if the
alkyl chain is too long. PEG chains on the othendchancrease buffer-solubility of the
molecule and they are responsible for the repustt®n of the blocked surface. Longer PEG
chains may exhibit steric disadvantages and distaydrophobic interactions of the
adsorption process due to their highly hydrophiicoportions. Amines were already
mentioned to be introduced because cationic grem@sassumed to enhance the adsorption
process of the surfactants on polystyrene surfagitsough it seems beneficial to add as
many amines as possible, their high hydrophilisitpuld be taken into consideration. Since
the amines ought to be placed close to the alkglgrto create a synergistic effect for
adsorption improvement, they will partly counteragdrophobic forces between the alkyl
chain and the solid phase surface. Considerin@blowe adjustments, the target structure is
well defined and the variables are limited to dinal aspects essential for an investigation of
the surfactants as novel blocking reagents (Fiy. 11

Fig. 11: Basic configuration and variables of the ta
structure.

The Range of Structural Variables is Devised on thBasis of Reference Structures

The presence of both PEG and alkyl group in s@fitiamounts is necessary for effective
blocking, but either group is expected to show dirsatages if employed excessively. For
this reason, it is expected that the amount of bgtirophilic and hydrophobic group have an
optimum range with respect to a good blocking pennce of the surfactant. Obviously, it is
desirable to set the chain length of PEG and ajkylip in a way so that this optimum range
is covered.

Two different commercially available surfactaidtend?2 (Fig. 12) were thoroughly investi-
gated in the course of preliminary assay studi@sceSthe surfactants showed promising
results, their structures were used as a refengoice for the chain length. Surfactahis an
ethoxylated oleyl amine with approximately 20 ea@liwnts of ethylene oxide. Surfactahis

an ethoxylated di-coco amine with about 30 equival®f ethylene oxide. The alkyl groups
of 2 show a distribution of the alkyl chain length, vihe average chain length being roughly
14 C atoms.

15
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l.e. 1 has one alkyl group

HO 12 (N + M)ayerage = ~20
HO V\Om P ? with a chain length of 18 C
(\/\Ofn\/ atoms, while 2 possesses
two alkyl groups with a
K\(\f 2: Naverage = ~30, Xaverage = =11 chain length of roughly
HO{\/\O){W\/NM 2x14 C atoms. Moreover,

surfactant2 has only one
Fig. 12 Commercially available surfactants (ethoxylated oley pEG group with an average

amine) an@® (ethoxylated di-coco amine) molecular mass around

1300 g/mol, butl possesses two PEG groups with a total averagecolatemass of about
900 g/mol. The chain lengths of prospective novetking reagents were chosen in such a
way as to cover the range of chain lengths of éfierence surfactants. Precursors for the alkyl
group were assigned to bear either 12 or 20 C atemthat surfactants which possess one or
two of either short or long chains, i.e. alkyl gosuwith 12, 20, 2x12 or 2x20 C atoms, could
be investigated. Similarly, PEG precursors withaaarage molecular mass of approximately
550 g/mol or 2000 g/mol were used. Investigatiorswffactants which exhibit PEG groups
with average molecular masses of about 550, 11@@) &r 4000 g/mol is possible this way.

Efficient Synthesis of the Target Structures Is Acteved by a Building Block Approach

At this point, almost all parameters of the OR
candidate surfactants are defined and a synthe . © Alkyl
design can be prepared. In what follows, tr 0
structure of the bridge is described. Th, OR OR
surfactants are intended to be model compoun 1 + Br—Alkyl

that allow the investigation of specific structure© oR OR
activity relationships. Hence, further o O Alkyl
unpredictable structural influences on th o Alkyl
blocking behaviour should be avoided. Th OR
bridging unit was therefore kept as short ar g 13 Malonic ester synthesis with
simple as possible and no additional function: mono- (top) and di- (bottom)
groups are used. substitution shown.

Malonic ester synthesis is a highly versatile aaliable C-C bond forming reaction with
usually good vyields, which are obtained under mathiéd conditions. This reaction type was
used to connect the bridging unit with the alkykqursors. Evidently, monosubstituted
malonic esters were prepared to introduce only alkg group while incorporation of two

alkyl groups was achieved by disubstitution (Fig).1

The 1,3-propane dicarboxylic function was useddonect the alkylated bridge to PEG pre-
cursors. To insert an amine between the bridge taedPEG group, the malonic ester
derivative was hydrolysed to the corresponding malacid, coupled with a PEG-amine to
an amide and reduced to a secondary amine. Theninaoid was decarboxylated prior to the
linkage to PEG moieties if only one PEG group wdsended to be attached. The carboxylic

16
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OR PEG

O R" NH n

OR PEG

acids prepared by decarboxy-
lation of the malonic acid
derivatives were also reduced to
a hydroxyl group and directly

linked to a PEG via Williamson
+ PEG-NH, : :
ether synthesis. (Fig. 14).
The development of an ideal
o R R’ synthesis route for each molecule
HOj iR.. PEG-NH R" !s very tllme-consumlng and
ineffective if a large group of
\ R R similar compounds is synthesised.
/—< + PEG-OH ——~= In contrast, the building block
HO R PEG-O  R"  approach as outlined so far uses a
Fig. 14 Connecting options of PEG precursors to alkylatedvery limited set of reaction types.
malonic acid derivatives. R = -Alkyl or -H, The synthesis design is

R=-Alkyl, R" = -Alkyl or -H. convergent for the most part to

improve the yield. Many intermediate compoundswsed for several different target struc-

tures and the overall amount of reaction stepsis kept small. These reasons strongly
suggest that the building block synthesis is wellesl and very efficient for the preparation

of the series of target structures.

Detailed Structure of Building Blocks

The alkyl building blocks are linear alkyl bromid@s) or w-phthalimido alkyl bromides3().

A bromide is an appropriate leaving group for thuelaophilic substitution of the malonic
ester synthesis. The phthalimido group is a protgdroup for amines that is stable to many
reaction condition§™ It was used here to enable an optional introdnatioa terminal amino
group in the target structure. These alkyl preagrsloen were converted to a group of alkyl-
bridge building blocks. Mono- and di (alkyl- @o-phthalimidoalkyl-) substituted malonic
acids fa, 6b and 6c), 2-substituted alkanoic acidégf as well asw-phthalimidoalkanoic
acids 6f) and w-phthalimidoalkanols@g) are alkyl-bridge building blocks. A regiosele&iv
reaction at only one end of a linear PEG is delrédr the connection of PEG building
blocks to alkyl-bridge building blocks. Hence, neetii PEGs 4a) and methoxy PEG amines
(4d) were used as mono-functional PEG building bldoésause methoxy groups are inert for
most reaction conditions (Fig. 15).
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a c
Br ™ OH OH OH
3a o) 0 o)
m N
o) o) "0 . 0 m
OH OH OH
Br/\Mr/n\N;:Q 6a 6b 6c
3c 0] 0 (0]
) HOW HO m
b
o OH 6d "
- ‘e/\oj;\/ 6e
4a
o o) o)
HOWN HO/\/\M/\N
/OMOX\/NHZ m >;/:© m 5’]@
o) o)
4d 6f 6g

Fig. 15 alkyl- (@), PEG- b) and alkyl-bridge €) building blocks

2.3 Preparational Details

For a simplified identification, all compounds witire same core structure but different alkyl
or PEG chain length were tagged with a unique coatlin of a number and a letter. The
chain length of alkyl and PEG moieties is indicadbgchumbers in parenthesis, separated by a
comma if both PEG and alkyl chain are present. Bajl2) represents dodecylbromide,
3a(20) eicosylbromide andd(550) PEG amine with an average molecular mashePEG
chain of approximately 550 g/mol.

Alkyl Building Blocks

The alkyl bromideg8a(12) and3a(20) as well as dodecan-1,12-diol were purchaseduaed
without further purification. Eicosane-1,20-diol svarepared by conversion of the eicosane
dioic acid into the diacid chloride with neat thybrchloride, followed by a reduction with
LiAIH 4 with quantitative yields. A direct reduction ofetldioic acid was avoided due to low
solubility of eicosane dioic acid in conventionadh&nts. Thea,w-diols were mono-
brominated tow-bromoalcanols3b with good yields by a modified procedure of arbtere
protocol!®*! The w-phthalimido alkyl bromides3c(12) and 3c(20) were prepared by a
Mitsunobu reaction ofo-bromoalcanol8b(12) and3b(20) with diisopropyl azodicarboxylate
(DIAD), PPh; and phthalimide with very good yields (Fig. 16).
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HB;-aq, DIAD, PPhs, ?

48%, RT Phthalimide. RT

HoO ™ Son 22T, g oH B N
m Tol m THF m

quant. (m =18) 3b(12): 67 % 0

3b(20): 48 % sc(1o) 93¢
1. SOCly, reflux Sotroy o8 %
2. LIAIH, reflux / Et,0
O O
HO OH

18

Fig. 16 Synthesis of Alkyl Building Blocks. m = 10 forZ) derivatives, m = 18 for (20) derivatives.

PEG Building Blocks

Mono-methoxylated PEG4a(550) and4a(2000) (mPEG) were purchased and used without
further purification. Numerous possible pathway$ G amines are known to daté,*? but
many of them exhibit drawbacks, such as the useenf inconvenient reagents e.g. gaseous
ammonid®! low purity of the product due to incomplete corsiert*’! or formation of
secondary amine by-produét¥. The product purity and the yields of the procedused by
Menger et al®® and Zych et df® appeared very promising and the method was ustd wi
slight modifications. First methoxy PEG tosylay550) and4b(2000) were prepared by
reacting mPEGla with tosylchloride. Nucleophilic substitution b with sodium azide gave
MPEG azidegl(550) and4c(2000). The crudéc was then converted to the mPEG amine
4d(550) or4d(2000) via Staudinger reduction. This syntheticrapph resulted in excellent
overall yields (Fig. 17).

0 OH o NH
- {\/\Oj;\/ - (\/\Ozyn\/ 2

4a 4d(550): 86 %
4d(2000): 96 %

TosCl, Et3N, 0 °C ™ RT

/ MC 1. PPhs, 0°C—™RT
2. H,0O, RT
/| THF
NaN,, reflux—= RT
0] OTos 3 (0] N5
~ *e/\oj;\/ OME - V\Oj;\/
4b(550): 63 % 4¢(550): 95 %
4b(2000): 84 % 4¢(2000): quant.

Fig. 17. Synthesis of PEG Building Blocksa/fage= approximately 11 for (550) derivativeS.dhge =
approximately 44 for (2000) derivatives.

Alkyl-Bridge Building Blocks

The alkyl building block8a and3c were linked to the bridge by malonic ester synthekhe
disubstituted malonic estéb was synthesised by separating the reaction mixtsa in two
equal portions and repeating the substitutrositu for one half of the portions. The malonic
ester syntheses gave good total yields for all tdubien reactions. Basic hydrolysis of the
diethyl malonic ester$a and 5b was uncomplicated and gave excellent yields ex&apt
6b(20). The extremely low solubility of this molecukd to a loss of product upon workup.
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Decarboxylation of malonic acidéb(12) and6b(20) led to the carboxylic acidsg12) and
6€(20) with quantitative yield as no workup was reqdi(Fig. 18). Linear alkanoic aciésl

were obtainable the same way by decarboxylatiomalonic acids6a, but commercially
available material was used instead to reduceiogasteps and to save on reagents.

1. NaH, RT 1. NaH, RT
2. 3a(12), reflux 2. 3a(12), reflux
or or
OEt 1. NaOEt, reflux OEt 1. Na, reflux OEt
o 2.3a(20), reflux O 2.3a(20), reflux O .
o (12): 1./2. DMF o m  (12): 1./2. DMF o
opt  (20): 1./2. EtOH OEt (20): 1./2. EtOH oEt ™
5a(12)*: 35 % 5b(12)*: 35 %
5a(20)*: 28 % 5b(20)*: 37 %
KOH, reflux
/ EtOH + H,Q KOH, reflux
/ EtOH + H,0
OH OH
neat, ~160 °C
O Q atm— ~ 100 mbar © .
OH m OoH "

6a(12): 98 %
6a(20): 90 %

6e(12): quant.
6e(20): quant.

6b(12): 97 %
6b(20): 56 %

Fig. 18 Synthesis of alkyl-bridge building blocks based alkyl group3a. m = 10 for (12) derivatives,
m = 18 for (20) derivatives. * Yields with respeot100 % of the unmodified malonic ester. The
reaction mixture of the monosubstitution reacticaswgeparated in two equal portions, which were
subjected to either workup or to a disubstitutieaation.

The monosubstituted malonic estdis were prepared similarly tda but a ditert-butyl
malonate was employed becatse-butyl esters can be safely hydrolysed without hagna
phthalimide group. It should be noted that theldie¢ster analogues 6t were also prepared
and that attempts were made to selectively hydeollgese esters without affecting the amine
protecting group. Some evidence is found in therdiure that a basf€ or harsh acidic
hydrolysis*" *? or a modification of the phthalimi##d group is promising for this reaction,
but several experiments remained unsuccessful anel gnly crude material with a complex
mixture of by—products. In contrast, acidic hydedyof the di-butyl malonic esterSc could
be performed without difficulty, leading to pureoduct with quantitative yields after removal
of all by—products and excess reagent. Prolongadtiom times (up to three days) were
needed for a full conversion of the ester to malamiids6c. Carboxylic acids6f were
obtained by decarboxylation 6€ with again quantitative yields (Fig. 19).
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1. NaH, RT
Ot-Bu 2.3c(12), RTor Ot-Bu o
3c(20),
O 75°C>=RT O y
o o) DMF o) m
W/\ Ot-Bu Ot-Bu 0]
HO m N 5c(12)*: 36 %
4 5c(20): 76 %
1. SOCly, reflux
69(12): 76 % 2. Li(t-BuO),AlH TFA, RT
. . 3AIN, / MC
6g(20): 70 % 0°C— RT,
/| THF
o % neat, ~160 °C o oH 2
W atm— ~ 100 mbar
HO . N - N
0
(0] OH 0]
6f(12): quant. 6c(12): quant.
6f(20): quant. 6¢(20): quant.

Fig. 19 Synthesis of alkyl-bridge building blocks basead alkyl group3c. m = 10 for (12) derivatives,
m = 18 for (20) derivatives. * Yields with respe¢ot100 % of the unmodified malonic ester. The
reaction mixture of the monosubstitution reacticaswgeparated in two equal portions, which were
subjected to either workup or to a disubstitutieaation.

The w-phthalimidoalcanol$g were obtained by reduction afphthalimidoacid$f (Fig. 19).

A direct and selective reduction of the acids ustiter the NaBHI,/**! or DCC/LiBH,**!
system failed, although the former method was tteplonot to harm methyl esters and the
latter was observed to retain amides. Both attemept$o a complex mixture of products and
a decomposition of the phthalimide group was olesthwy thin layer chromatography (TLC).
It appears that an acyloxyborohydride was interatety formed (as proposed for
NaBHy/1,*"), which was more reactive than the original redgagerit® and interfered with
the phthalimide group. The reduction of the acitbietie of acids6f (the acid chlorides were
initially prepared for coupling with PEG aminéd later on) on the other hand was
successfully performed with the sterically very @emling reducing agent tBuO)AIH %"
with very good yields.

Assembly of Building Blocks and Preparation of Targt Structures

The preparation of the target structures that dis@ direct link between PEG and bridge
without an amine is presented first. The Williamsther synthesis of phthalimidoalcartgl
with the PEG tosylatéb was performed under different conditions (e.g.derature, reaction
time, deprotonating base etc.), but the preparatias not successful. Nucleophile/
electrophile roles were therefore switched and ttiiioromethane sulfonates &g were
synthesised. The triflates 6fy were then reacteith situ with a deprotonated mPE&a.*®
Hydrazinolyis of the phthalimide group provided amisurfactant§g with moderate yields
(Fig. 20). The yields were almost the same Tg(550,12) and for7g(2000,12). This is
striking, because conversion rates for reactiomsluing PEGs tend to be higher the shorter
and the more reactive the participating PEGs ane. a&celeration effect of PEGs for
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nucleophilic substitution reactions involving orgaalkali metal compounds is discussed in
the literaturd®®! In terms of the present case, a self-catalytitviggtof the PEG is well
imaginable to be stronger for the longer PEG claaith this might have compensated the loss
of general reactivity caused by the larger sizégf2000,12).

o)
HO S N;\\Aﬁj
m
Gg 0

l Tf,0, K,COj3, 0 °C / MC

Q 1.NaH + 4a, RT
2. HoNNH,, reflux
10" >N 22 S oL o
m 1. DME m
2. EtOH
0 79(550,12): 23 %

79(550,20): 14 %
79(2000,12): 25 %

Fig. 20 Williamson ether synthesis @f. m = 10 for (12) derivatives, m = 18 for (20) detives. Qyerage=
approximately 11 for (550) derivatives,&l.ge= approximately 44 for (2000) derivatives.

Target structures which possess an amine betweéndPB bridge are prepared as described
in the following part. The malonic acid and carblaxycid derivativesba, 6b, 6d and 6e
were converted to the corresponding (malonic) ahidrides using thionyl chloride. The acid
chlorides were then coupled with mPEG amifidsand amide derivativega, 7b, 7d and7e
were obtained with good to excellent yields. Théhphmides6f were coupled ta@d in the
same way and the resulting product was deprotewidd hydrazine to afford aminesf
(Fig. 21). Peptide coupling reagents e.g. HEHUvere also used for this conversion, but
tedious purification steps were necessary for dmoval of by-products, thereby decreasing
the yields dramatically. Coupling yields via acilllarides in contrast were satisfying to
excellent.

In general, yields in the synthesis of PEG basethsiants seem to be mainly controlled by
difficulties in purification and workup. MoreoveREGs are rather inreactive compared to
analogous smaller molecules with the same fundtigraup, and they are quite robust. This
may be a reason why simple reactions with verytieasubstances (e.g. coupling with acid
chlorides) work better than sophisticated and cempdactions.
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Fig. 21: Coupling of PEG building blocks with alkyl-briddmiilding blocks. m = 10 for (12) derivatives,
m= 18 for (20) derivatives. sfirage = approximately 11 for (550) derivativesgdhge =
approximately 44 for (2000) derivatives.

Several attempts to reduce the PEG—amides withHjAhowed that this reduction agent
leads to unreliable conversion rates and side ioges;t e.g. amide fracturing to primary
amines. An alternative reduction method using BH; in THF supplied the secondary
amines more reliably and with fewer by—productse Téduction rate itself seemed to be quite
efficient as indicated by TLC, but complicationgtim workup procedure were decreasing the
yield. BH; was also preferable as an alternative reductiemtadgecause it normally generates
only by-products that can easily be separated bgoareous workup. But even an aqueous
workup procedure caused trouble in this case du¢héoamphiphilic behaviour of the
molecules. Most often phase separation only ocduore saturating the aqueous phase with
salt, on changing the pH or on gentle heating. Blien the phase separation frequently took
a lot of time to be completed. A stable emulsionlichloromethane and water was formed by
the surfactants during workup although dichlororaathis known to be highly preferred to
water as a solvent for PEGS. Further purification of the surfactants was simlalifficult.

In some cases, i.e. if no side—products with sinmlalecular mass as the product itself were
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present, it was possible to purify crude produ@scolumn chromatography using Sephadex
LH20 as the stationary phase but aggregate formatithe (organic) solvent that was used as
eluent sometimes prevented successful purificammventional column chromatography on
silica as stationary phase was used for most ofyhéhesised substances. Purification of the
crude products was successful with this method, lbsg of product material to impure
fractions was inevitable due to tailing issues agpifor materials with a molecular mass
distribution. Under the prevailing circumstanceas)ds for target surfactan8s, 8d, 8e and8f
were good to very good whikb was obtained quantitatively as the purificaticgpstould be
omitted (Fig. 22).

o)
ot ‘%/NH

D

0]
\O%\/O\)R/NHW .
o) NH "

(0] NH

Fig. 22 Reduction of amides with borane. m =
tives. Nyerage™

T BH3, reflux\J
/ THF

derivatives.

2.4 Characterisation

Analysis of the synthesised surfactants neededfutaselection of the characterisation
methods due to the unique features of polydisperdttg., elemental analysis is often
routinely performed to provide proofs of the identof organic compounds. However,
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elemental analysis is not a suitable characteoisatchnique in this case, because an exact
determination of the molecular mass distributiorther average molecular mass is necessary
to calculate a precise CHN composition. Polydispersacromolecules are also not easily
analysed by X-ray diffraction techniques. TypicalNMR measurements were performed to
clarify the identity of the products, but the sihaf the PEG- and alkyl chains were
disturbing the interpretation by covering othemsilg and also by distorting integral relations.
Detection of most end groups still was possiblehwiMR techniques, and especially
3¢ measurements proved to be valuable for the ffiteatton of certain functional group®’

The most important tool next to NMR spectroscopy ¢onfirmation of the molecular
structure of the surfactants was mass spectronigi®). First experiments with the ESI-MS
technique were unsuccessful and because MALDI-TCE-vixs reported by other groups to
be an important tool for the characterisation dfperd®™ and even ethoxylated fatty amines,
the MALDI-TOF MS method was used instéad.Spectra obtained with the MALDI-TOF
MS technique showed peaks referring to [MEHM+Na]" or sometimes [M+K] for each
oligomer, resulting in a typically bell-shaped distition of oligomers (Fig. 23).
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Fig. 23 A MALDI-TOF spectrum typical for the PEG-basedrfagtants synthesised in this thesis. The
spectrum of the substan@g(2000,12) is shown. A bell-shaped distribution t§@mer masses
for [M+H] " and [M+Na[ is distinguishable.
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Solubility in Buffer

The solubility of the surfactants is most likely anportant parameter for the blocking
performance. As the blocking abilities of the satéamts were investigated using a solution of
the substances in Dulbecco’s phosphate bufferades@D-PBS) by default, the solubility in
D-PBS was roughly determined. Saturated D-PBS isoisitof the surfactants were prepared
if enough material was available, and a defineduw@ of these solutions was extracted
repeatedly with dichloromethane. The solvent wasoneed from the extracts and the residues
were dried thoroughly. The solubility of a compoumds calculated as the ratio of the mass
of the extract residue to the volume of the exédcsaturated solution (Table 1). Although
the method is rather simple, the results refleotlationship between structural aspects and
solubility as expected. E.g. an increase in thglakoup is decreasing solubilit¢550,12)
against8g550,20) or8a(550,12) againsBa(550,20) etc.) but the longer the PEG chains, the
better the solubility becomes (e.8a(550,20) againsBd(550,20) or8d(2000,20) against
8d(550,20) etc.).

Critical Micelle Concentration (CMC)

As briefly discussed in the introduction, the CM&an important characteristic of amphi-
philic molecules like surfactants. CMC values oé tiarget structures were determined via
tensiometry. This method is based on the fact shdtctant molecules are able to decrease
the surface tension of an aqueous solution. As &mthe surfactant concentratiofyrgetantiS

in the range below the CMC, the surface tensiate@easing with the concentration, because
surfactant molecules are able to occupy positidrikealiquid surface. The correlation of the
surface tension for this concentration range isdimto 109 (Eurfactan). ONCE Eurtactantreaches
the CMC value, the surfactant molecules in the temiustart to form micelles and other
aggregates, and thereby indicate that the liquithse is saturated with surfactant molecules.
The surface tension therefore should not changeeathe CMC in an ideal system. In reality,
the surface tension often continues to decreasaritbmically with Guractant bUt not as
rapidly as below the CMC. The CMC value can theeefoe determined as the intersection
point between two linear correlations of surfagesten against 109 ractan) (Fig. 24).

The Du Notly ring methdtf** was used to experimentally investigate surfacsioms of
surfactant solutions for a series of different @ntcations. A platinum ring was dipped into a
surfactant solution and the solution surface wageted slowly. A liquid film is then formed
and stretched between the ring and the surfacdeofsolution. The pull on the ring was
recorded at the moment the liquid film teared o# ting. This force is approximately the
same as the maximum pull on the ring.{Jr applied during the measuring process. With the
assumption that the weight of the liquid volume dsgh the ring (f) is constant for all
concentration rangesmkkis correlated linearly to the surface tension (&q):

Foo—F

— _ Mmax

= L :wettedlength, &:contactangle,0° for max.pull (Eq. 2-1)
L Ccosl
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Fig. 24 Schematic illustration of the relationship betwesirface tension and concentration of surfactant
molecules. Concentration numbers are arbitraryy exemplary specifications to represent the
logarithmic notation of the x-axisl: No surfactant molecules presenit, Low surfactant
concentration, no aggregatioltl, : surfactant molecules form a monolayer at theidicgurface,

IV : Surfactant molecules additionally aggregate ahes at concentrations above the CMC.

Correction factors are known for the precise deteation of surface tensions. However, they
cannot be used here since the density of the iigatst liquids (which is unknown) is needed
to apply the adjustment. Errors regarding the sertansion are estimated to be negligible in
this case. Furthermore, the intersection pointhefsurface tension functions would be only
slightly affected by the corrections, because theection factor relates quite evenly and is
relatively independent from the surfactant conaditn. Separate linear regressions were
carried out for both of the two visually distingliédble concentration regions below and above
the CMC for the function of the recorded pull foe@proximately Fay) against 109 Suractant

As surface tension andnkx are linearly correlated, the concentration atitiersection points
remains unchanged. CMC values were then obtainethloylating the intersection point of
the two fit functions (Table 1).

Table ' CMC and solubility data of cationic surfactants

Substance CMC?![g/mL] CMC [MM] Solubility Solubility

[g/mL] [mM]
Tween20  0.0000767 0.0625 n.d. n.d.
7(550,12)  0.0013077 1.6983 0.158 204.8
7f(550,20)  0.0000716 0.0804 0.184 206.6
7f(2000,12) >0.0033060 n.d.? 0.173 78.1
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7(2000,20)  0.0001010 0.0432 0.151 64.4
7¢(550,12)  0.0002903 0.3976 0.456 624.7
79(550,20) n.& n.d3 0.171 196.6
79(2000,12) >0.0033060 n.d? 0.240 110.1
8a(550,12)  0.0003447 0.2632 0.253 193.1
8a(550,20)  0.0001808 0.1273 0.171 120.4
8b(550,20)  0.0001091 0.0642 0.044 25.8
8d(550,12)  0.0003812 0.5083 n.d. n.d.
8d(550,20)  0.0000698 0.0831 0.036 43.3
8d(2000,12) 0.0014124 0.6420 n.d. n.d.
8d(2000,20) 0.0000994 0.0430 0.213 92.4
8¢550,12)  0.0000971 0.1067 0.071 78.6
8¢(550,20)  0.0000421 0.0369 0.028 24.6
8¢(2000,20) 0.0007274 0.2809 0.092 35.5
8f(550,12)  0.0022099 2.9077 0.128 168.4
8f(550,20)  0.0001020 0.1159 0.229 260.2
8f(2000,12) >0.0033060 n.d.? 0.255 115.2

1 0.0000275 0.0239 0.173 150.6
2 0.0001115 0.0664 0.196 116.7

! CMC values are uncorrected, i.e., correction facfor the surface tension due to temperature, géym
and/or density influences have not been used fdtulegion. n.d.:? CMC not determined in the
concentration range observed, assumably higher higinest measured dilution (0.0033 g/mE)not
determined

Although some of the surfactants exhibit a quighhCMC, many others show CMC values
in the usual range of surfactant molecules (Tapld-dr micelles in an aqueous solution, the
hydrophilic group of a surfactant forms an outeela which shields the hydrophobic core of
the micelles from the surrounding solution. The efiar structure suggests that surfactants
with small hydrophobic fractions start to form niles at low concentrations, because only
few molecules are needed to form a micelle. Infacthe relationship seems to be the other
way round, i.e. surfactants with long alkyl chaexdibit particularly low CMC values (e.g.
the CMC 0f8¢550,20) is 0.0369 m while the CMC 0f8¢550,12) is 0.1067 M, etc.). It
appears that the low solubility of compounds widitigularly high hydrophobic proportions
is the reason for this aggregation behaviour at ¢mmcentrations, and that this solubility
effect is more pronounced than the structural arflte on micelle formation.
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3. Immunoassays

3.1 Preliminary Studies

As discussed in the previous chapter, the comnibreaailable surfactant$ and2, both of
which belong to the class of PEG-conjugated alkyings, serve as a reference against which
the performance of all other surfactants is meaksurecontrast to the synthesised surfactants,
substanced& and2 were available in sufficient amounts so that thenber of immunoassay
experiments with these substances was not limitegractical terms. Therefore many
preliminary investigations were conducted only vathfactantd and2.

NSB Prevention Is Studied with Foetal Bovine Seruras Reference Material

A model-assay for the determination of NSB as aicator for the blocking performance of a
substance was developed and used for most prelynéxgeriments. The ability of blocking
reagents to prevent NSB is basically independemh fthe coating material, so the assay was
started by blocking an uncoated polystyrene mitmtplate. Biological samples usually
contain a variety of biological components besite analyte and provoke the main part of
NSB. Samples may be e.g. sputum, faeces, urinébodpamong a range of other examples,
but sera are routinely analysed with ELISAs. Fobtaline serum (FBS) was obtainable in
large quantities of one specific lot and used agfarence sample. The influence of the
amount of potentially non-specifically binding neaton the blocking behaviour was studied
by varying the concentration of FBS, which was sggphs a serial dilution (unless otherwise
noted). Non-specifically bound serum componentsewiatermined by use of Concanavalin
A (ConA). This lectin was thought to be able toadttas many serum components as possible,
as most proteins, including immunoglobulins anduseralbumin, are at least partly
glycosylated and ConA recognises a very commonoglylation pattefi® (internal non-
reducing terminal mannose groups). The ConA wadiBaonjugated and allowed the
indirect detection with a horseradish peroxidasatagated streptavidin (SA-HRP). 3,3’-5,5'-
tetramethylbenzidine (TMB) is a sensitive chromagesubstrate for horseradish peroxidase
(HRP) and was used to visualise the detection geavby the Biotin-ConA / SA-HRP system.
Spectrophotometrical intensities were measuredexpdessed as optical density (OD). With
this general setup, the signal strength of OD imiis the degree of NSB. Negative controls
were conducted by stepwise replacement of eachbatmn solution by pure blocking
solution. l.e. blocking solution was used insteathoubation solution ford) FBS incubation,
(b) both FBS and ConA incubation steps af)dBS, ConA and SA-HRP incubations.

If the concentration of the variable parameter.(EBS in the model assay) was applied in a
serial dilution, a four parameter logistic functigbgq 3-1) was fitted to the raw data to
describe the sigmoidal correlation between OD &eddgarithm of the concentration.

A : Bottom,B: Slope
f(x) =A;DB+ D C: Inflexionpoint,D: Top (Eq. 3-1)
1+ (éj X : concentrabn, f(x) : signal(OD)
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An analytical software (Prism 4) was used for tihehd initial values were set to A =0.1,
B =1.0, C =10.0 and D = 4.0. The results wereraansed by plotting both OD as well as fit
function against the concentration. A logarithngals was used for the concentration.

Neutral pH Values Are Ideal for the Blocking Performance of a Reference Surfactant

The pH value of blocking solutions is mainly detered by the buffer in which the blocking
reagent is dissolved, because the pH range in whiétering agents are able to keep a pH
value relatively constant is narrow (pK 1; pK; is the negative common logarithm of the
acid dissociation constant of the buffering ageMpst immunoassays are conducted at
neutral pH values, but some reagents demand basaridic conditions due to stability
aspects. Moreover, amine-containing surfactantsbeapresent in an aqueous solution as an
amine derivative or as the protonated form of annaman ammonium compound. The
concentration ratio of the two possible forms iged®mined by the pH value and will be 1 at a
pH value of the pKof the ammonium derivative:

[Amineform] Henderson- Hasselbale equation
[Ammoniumform] appliedfor amines

pH=pK, +log,, (Eq. 3-2)
The pkK, of ammonium compounds is typically about 10, s® photonated form prevails at
neutral or acidic conditions, while a consideradmeount of the amine form is found in basic
solutions. Assuming that the two possible forms ehalifferent blocking abilities, then
different results for the blocking performance ddobe obtained for one and the same
surfactant at different pH values.

To investigate the influence of different pH valukkcking solutions with distinct pH values
were tested with the model-assay as described éoeb% (w/v) blocking solutions of
surfactantl were prepared withaf a piperazine-1,4-bis-2-ethanesulfonic acid (PIP&Sfer
with pH values of 5.8, 6.3, 6.8 or 7.3) (@ phosphate-buffer with pH values of 6.3, 6.8, 7.
7.8 or 8.3 andd) a tris(hydroxymethyl)aminomethane (Tris) buffathwpH values of 7.3, 7.8,
8.3 or 8.8. The selected pH values are within deali buffer range of each buffering agent as
stated above (pivalues are 6.76 for PIPES, 7.20 foid, and 8.06 for Tris®).

The results for PIPES-buffers do not differ substdlly for the four pH values investigated
(Fig. 25). Signal strength deviations of the fitiwalves seem to be statistical irregularities
rather than tendencies for worse or better blockiglgaviour at certain pH values. Contrary to
these findings, the fitted curves of the data olgtdiwith the phosphate-buffers clearly show a
preference for neutral pH values. Signal increds¢éhe fit functions indicative for higher
NSB starts at lower FBS concentrations for sligthdhyer or slightly higher pH values than
7.3. A similar yet much more explicit result is aioted with the Tris-buffers. A huge shift in
the slope of the fitted curve to lower FBS concatiins, i.e. higher NSB, is seen from pH 7.8
to 8.3, and especially to 8.8 (Fig. 25).
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Fig. 25 Influence of pH values on the blocking behavio@irsurfactantl. OD data points are given as
mean * range (N=2). The signals are false-positnereflect the degree of NSB caused by FBS.

To sum up, basic conditions led to a very poor kilag performance of surfactatitas seen
by Tris- and Phosphate-based blocking solutionsth@rother hand, an acidic pH value either
resulted in a moderate decrease of the blockintitiabiof surfactantl (phosphate-buffer
results) or showed insignificant overall influe{@@PES results). However, it should be noted
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that a difference in the buffering agent may al§eca the blocking performance, so that any
conclusion that depends only on the pH value néedse weighed carefully. Nevertheless,
the striking agreement of the logistic curves obgphate- and Tris-based blocking solutions
at the pH values that were common to both buffetesys (7.3, 7.8 and 8.3) suggest that the
influence of different buffering agents on the liog performance is negligible at least for
these two buffers. This, in turn, indicates that biest blocking performance of surfactamng
achieved at neutral pH values.

lonic Strength of Common Buffers is Adequate for Bbcking with a Reference Surfactant
lons play an important role in the simulation ofypiological conditions in buffers. Normal
saline is a solution of 0.9% (w/v) or 154vivsodium chloride. Although the physiological
nature is questioned in literatUré normal saline is routinely used in medicine (da.
intravenous infusions) and the sodium chloride eatration of normal saline provides a
basis for many buffer compositions used in immusagsexperiments (e.g. D-PBS). The
aggregation behaviour of surfactants, howeverjkslyl to be related to the presence and
concentration of ions like sodium or chloride, hesmions may affect the hydrophilic forces
of the surfactant molecules. Hydrophilic interansoof the amines and the polystyrene
surface (e.g. catiom-or electrostatic interactions) might be affecteailarly, e.g. cations
could compete with the amine/ammonium groups.

The blocking behaviour of surfactabhtwas investigated with the model-assay for blocking
solutions with specific amounts of ions. In a fisinple approach, 0.5 % (w/v) blocking
solutions of surfactart were prepared with 2- to 0.2-fold concentrated E5Psolution and
with 1- or 0.5-fold concentrated lite-PBS (L-PB®)wion (Fig. 26). The ion concentrations
of these solutions were as follows (Table 2):

Table 2 Concentration of ions in different blocking sadurts

solution | C(H2PO:) +c(HPO®)  c(Na)  c(K”)  c(Ch)

[mM] [nM]  [mM]  [mM]
D-PBS 2x 19.2 306.4 8.4 139.7
D-PBS 1x 9.6 153.2 4.2 139.7
D-PBS 0.5x 4.8 76.6 2.1 69.9
D-PBS 0.2x 1.9 30.6 0.84 27.9
L-PBS 1x 10.0 20.0 0 10.0
L-PBS 0.5x 5.0 10.0 0 5.0

The blocking solutions contain 0.5% (w/v) surfa¢tanThe ionic strength is indicated as nx for an n-fold
concentrated solution. The factor n refers to i@mcentrations of buffers (D-PBS and L-PBS) used
elsewhere in this thesis.

The results of this study revealed a very obviomsetation between the ionic strength and
the blocking performance. At high ion concentrasioa relatively normal blocking behaviour
is achieved. Decreasing the concentration fromld 4w 0.5-fold and to 0.2-fold concentrated
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D-PBS improved the blocking behaviour strongly. Btieven lower ion concentrations, i.e.
1-fold and 0.5-fold L-PBS the blocking ability wksst completely (Fig. 26). L-PBS does not
contain any potassium ions in contrast to D-PBS thedproportion of the other ions also
differs between L-PBS and D-PBS, so the loss ofloig ability might have been caused by
a different ion composition instead of the ioniesegth too.
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Fig. 26 Influence of ionic strength on the blocking beiloav of surfactanti.. OD data points are given as
mean * range (N=2). The four parameter logisticcfiom was not applied for data without a
recognisable logistic relationship between OD af#B6&) (L-PBS 1x and 0.5x).

A second experiment was designed in order to sotigta the findings that low ionic strength
lead to a breakdown of the blocking performancetieumore, it was investigated whether
specific ions have an influence on the blockingawebur. Three series of blocking solutions
(0.5% (w/v) surfactant) were prepared, which varied in only two ion cartcations for each
solution series and contained only one cation {{yesides protons/hydronium ions which are
inherent to aqueous solutions). The concentratodr(a) sodium and chloride, (b) potassium
and chloride or (c) ammonium and chloride ions weredified in each series, while the
concentration of other ions was kept constant. Bloeking solutions were designated
according to the cation present in the buffer apd bumber indicating the ionic strength. E.g.
Na" 2x refers to a blocking solution with a 2-fold &od concentration. A cation

concentration of 150 m was defined to be 1-fold for the blocking solusoand the
concentration of the buffering agent ,@0/HPO:*) was kept constant at 10Mn in
reference to concentrations used in 1-fold D-PB&b(d 3).

Table 3= Concentration of ions in different blocking saturts

Solution  ¢(Na") [mM] c(K*) [MM] c(NH4) [mM] ¢(CI) [mM]

Na" 5x 750 0 0 734.5
Na" 2x 300 0 0 284.5
Na" 1x 150 0 0 134.5
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Na" 0.5x 75 0 0 59.5
Na" 0.2x 30 0 0 14.5
Na" 0.1x 15.5 0 0 0
K" 5x 0 750 0 734.5
K™ 2x 0 300 0 284.5
K" 1x 0 150 0 134.5
K" 0.5x 0 75 0 59.5
K" 0.2x 0 30 0 14.5
K" 0.1x 0 15.5 0 0
NH4" 5x 0 0 750 734.5
NH4" 2x 0 0 300 284.5
NH4" 1x 0 0 150 134.5
NH4" 0.5x 0 0 75 59.5
NH4" 0.2x 0 0 30 14.5
NH4" 0.1x 0 0 15.5 0
D-PBS 153.2 4.2 0 139.7

The blocking solutions contain 0.5% (w/v) surfa¢tdn For comparison the last entry shows the ion
concentrations of D-PBS.

The inability of surfactanf. to block at very low ion strength was confirmed dy three
series of blocking solutions. Even the limit foliable blocking was the same. For the 0.1-
fold blocking solution the blocking occurred, if all, in a sporadic manner and random
background signals showed up already at very lo8 E&ncentrations. This was consistently
the case in all three series (Fig. 27). For the& b8 concentration a certain threshold appears
to be exceeded and a moderate, even backgroural aigng with a good blocking behaviour
is observed. A further increase in ionic strengiihwever, did not improve blocking. On the
contrary, the logistic curves shift substantialhdastepwise from 0.2- to 5-fold ion concen-
tration, showing a decline in the blocking perfonoa for each step. Most interestingly, the
series reveal different effects of specific ionstba blocking behaviour df for higher ion
concentrations. The N&.2x blocking solution for instance is superioNa’ 5x by roughly
one order of magnitude of FBS concentration, wherd@ blocking solutions containing
ammonium ions do not differ considerably in theckiag performance for all concentrations,
with the exception of the 0.1-fold solution (Figi)2Blocking solutions containing potassium
ions range in between."K0.2x shows much better blocking abilities than3%, but the effect

IS not as strong as in solutions containing sodions (Fig. 27). If results of the three
blocking solution series are related to each otlhegn be suspected that the influence of ion
concentrations on the blocking behaviour dependthersize of the cations, as the radius of
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the ions decreases in the order of ammonium, gatassodium. But since buffers seldom
contain large quantities of cations other than e¢hows/estigated in this experiment, this
discussion is of rather theoretical interest.
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Fig. 27 Influence of specific ion concentrations on thecking behaviour of surfactadt OD data points
are given for a single measurement. The four paemhegistic function was not applied for data
without a recognisable logistic relationship betw&D and c¢(FBS) (Na0.1x, K 0.1x and NH'

0.1x).
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In conclusion, it was shown that the ionic strengftlthe blocking solution has a pronounced
impact on the blocking behaviour of surfactanAn ion concentration of roughly the same as
a 0.2-fold D-PBS concentration was determined tadbal for the blocking behaviour. Since
an ionic strength below 30wvnhcation and/or 14.5 m anion is quickly leading to a complete
loss of the blocking ability, concentrations of ¥59 mM monovalent cation and 59.5-
134.5 M monovalent anion, which is equivalent to about- @& 1-fold D-PBS, can be
considered safe for assay purpose.

The Presence of Blocking Reagent in All Incubatiosteps Is Essential

Once the solid phase is blocked, all subsequenbaton steps needs to be conducted with
reagents dissolved in blocking solution. Otherwstial desorption of the blocking reagent
will occur as the adsorption process of the bloghkimagent to the solid phase appears to be at
least partially reversible. As a consequence, wnmed spots are created, which can be
affected by NSB of the incubated reagent. The ingmme of using blocking solutions for all
incubation steps is demonstrated by the followixgegiment, in which the blocking reagents
were omitted from the incubation solutions.

The model-assay was used and the incubation sofufar each of the four incubations, i.e.
blocking, FBS incubation, ConA incubation, and SR incubation, were prepared with
either a blocking solution of 0.5% (w/v) surfactdnin D-PBS or D-PBS without blocking
reagent. This setup led to 16 (two possible sedtfiog four incubations, i.e.*2experiments
with a unique combination of different incubatioaligions. The OD was recorded for a
dilution series of FBS concentration as usual. Haxeonly 4 experiments showed data
analysable with a logistic function, and the difiece of these experiments was well reflected
by the heights of the lower plateau of the respedtit functions. To summarise the results
concisely, instead of the fitted curves, only tHe &f the negative controls as well as the OD
at a low FBS concentration of about 0.1% (w/v) i@ating either high background signals
due to insufficient blocking for the whole FBS centration range or, differences in the
height of the lower plateau of the fit functiond)ave applicable) is shown (Fig. 28).

Omitting the blocking reagent in the blocking stgxperiments 9-16) obviously leads to
elevated background signals, but this can onlydsa sf most of the other incubation steps
contain the blocking reagent and as long as FBSomA were present in their corresponding
incubation step (red and blue bars, see experithantd 10 compared to 1 and 2). The signals
increase similarly if the FBS incubation step does contain the blocking reagent. This
behaviour can be observed as long as the ConA aticubstep contains the blocking reagent
and FBS was incubated (red bars, see experimeftsl3,and 14 compared to 1, 2, 9 and 10).
This shows that the presence of blocking reagetitanncubation solution of ConA is crucial.
If we compare the experiments in which both Cond hlocking reagent were present in the
ConA incubation step (blue bars, experiments 1526, 9, 10, 13 and 14) with the
corresponding experiments without blocking reaganthe incubation solution (blue bars,
experiments 3, 4, 7, 8, 11, 12, 15 and 16), theease in false-positive signals is dramatic. A
similar trend but less dramatic differences wereepbed for the SA-HRP incubation step
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(green bars, experiments with odd numbers were aosdpto experiments with even
numbers), from which it can be deduced that SA-HREBs not generate as much NSB as
ConA or FBS.
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Fig. 28 Results of the model-assay for different comboret of two possible incubation solutions
(“+": 0.5% (w/v) surfactantl in D-PBS; “-“: D-PBS without blocking reagent). §igive controls
contained (1) no FBS or (2) neither FBS nor ConAhim corresponding incubation solution. Bars
refer to a single measurement for an approximd@ely FBS concentration, and the OD data are
given as mean * standard error for negative can{id2).

To sum up, it was shown that omitting the blockneggent in any of the incubation steps
leads to a considerable increase of false-posgigeals. Results obtained by studying the
negative controls indicate that different reagecasise different degrees of NSB, i.e. in
general SA-HRP generates less background sigreatsGbnA.

Blocking Reagents Are Able to Enhance TMB OxidatiorCatalysed by HRP

Literature datg®® suggest that certain tenside molecules can inttibigctivity of important
enzymes such as horseradish peroxidase (HRP).igha strength of all signals, regardless
whether true- or false-positive, would be decredsgduch inhibition. In regard to false-
positive signals, this means that detection of N&B1 the model-assay setup would be
disturbed. A decrease of true-positive signals waimulate a lower sensitivity of the assay
in general.

A new assay setup was used to investigate theeimélel of different blocking solutions on the
kinetic behaviour of horseradish peroxidase. F@s furpose, polystyrene microtitre plates
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were coated with an HRP-conjugated anti-mouse adyiband incubated with different
blocking solutions, i.e. D-PBS solutions of suréats1 (0.5 % (v/v)) and® (1 % (v/v)), as
well as Tween20 (0.5 % (v/v)), skimmed milk (5 %vy, casein (1 % (v/v)), and with pure
D-PBS as a negative control. TMB substrate solutias added subsequently and the OD
was measured immediately thereafter every 5 s famir3 without addition of a stopping
solution, since a kinetic observation of the sigwak intended. The adsorption spectrum of
tetramethylbenzidine is different before and afteidition of a stopping solutidf®! The
intermediate reaction product, a charge-transfenptex of the educt diamine and the final
oxidation product diimine, prevails before additioh the stopping solution and has two
different adsorption maxima at 370 nm and 655th©On the other hand, the final oxidation
product generated by stopping the substrate dewmop shows only one adsorption
maximum at 450 nm. This is why the OD is usuallyaswred at 450 nm if an ELISA uses a
TMB substrate. Since no stopping reagent was autditils experiment, the OD was recorded
at 370 nm and at 655 nm (Fig. 29).
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oxidation by HRP at 370 nm and 655 nm. OD dataivergas mean * range (N=3). Ric
Structure of molecules generated by TMB oxidafidn.
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No inhibition effects were observable with this exmental setup. On the contrary, all
investigated blocking solutions increased the kigetof the TMB oxidation reaction
compared to the negative control.

This rather short-time determination was suppleegemiith a further experiment of the same
design, but this time the OD was recorded afteritimehd of a stopping solution. The

experiment was repeated for several different periof TMB development time, ranging
from 0-20 min (Fig. 30).
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Fig. 30 Influence of different blocking solutions on tA&IB oxidation reaction by HRP after different
periods of development time. OD is measured afiditian of stopping solution and is shown for
single measurements.

This experiment again clearly showed an enhancewfetite oxidation reaction rather than
inhibition compared to the negative control. Thie r@f enhancement was surprisingly similar
for all blocking reagents tested, both in shord Bomg-time determination. While it cannot be
concluded with certainty that this improvement &k tTMB reaction kinetics by all
investigated blocking solutions is due to an enbarent of the catalytic activity of HRP, the
effect for the assay setups used in this theg®s#tive nonetheless. The assay sensitivity is
increased as a consequence of the TMB reactiomeaheent, regardless of the cause.

3.2 Specificity-ELISA

The quantification of antibody titres in human ser(HS) is a standard application of solid
phase based immunoassays. It is therefore essémtia blocking reagent to be able to
prevent NSB of antibodies from a serum sample.mbdel-assay was modified to an ELISA
setup that allowed the determination of the degfeBlSB arising from IgG antibodies in

human serum. The conditions for each assay weresechaarefully to keep sample
consumption low as the amount of human serum froegpecific lot was limited. In general,

polystyrene microtitre plates were incubated wiifiedent concentrations of human serum
instead of FBS after blocking. For a negative aantthe human serum incubation solution
was replaced by blocking solution without serumG Igdsorbed on the plate then was
detected with a combination of Biotin-labelled amiiman 1gG antibody and SA-HRP. TMB
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substrate was used again to visualise the deteamhfalse-positive signals caused by non-
specifically bound human IgG were recorded as GB. #1).

blocking reagent...

A ideal blocking B loosely bound not repulsive cross-reactive
reagent .
\ incomplete
saturation of

surface
Z Z ZH 2

human antibody
binding non specifically

human sw / \
W/ 7.

false-positive signal
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anti-human IgG Jer A%
/ secondary antibody
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\% Substrate

S

Fig. 31 Schematic illustration of the Specificity-ELISA\: an ideal blocking reagent prevents NSB
completely B: different flaws of a blocking reagent lead testapositive signals.

In what follows, the assay setup is referred t8pescificity-ELISA, because the main purpose
of this design is the determination of NSB whicleréases the specificity of an assay.

The Blocking Behaviour of a Surfactant Strongly Depnds on its Concentration

The concentration of a blocking solution is a bgsarameter that needs to be adjusted
appropriately. Although it is an obvious assumpttbat the adsorption rate of a blocking
reagent increases with its concentration in thelhg solution, concentrations higher than a
value sufficient to induce saturation of the sqilthse surface are not only unnecessary, but
were also found to counteract an optimal blockiagdviour. Blocking solutions of surfactant

2 in D-PBS with concentrations ranging from 5% td%. (w/v) were tested with the
Specificity-ELISA. The incubation with human serwas performed as a serial dilution.

In the experiment, an optimum range of blockinggesd concentration was observed
(Fig. 32). The blocking ability of surfactaBtis very good at a concentration of 1% (w/v) as
indicated by a slope of the fitted curve at higilmlan serum concentrations, but the blocking
declines for lower concentrations, i.e. 0.5%, 0.2%d 0.1% (w/v), and in this order.

Strikingly, a similar decrease in blocking performoa is seen for increasing surfactant
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concentrations, and the effect is dramatic for rceatration of 5% (w/v). An explanation for
this result, although rather hypothetical, may e the adsorption process of added reagents
is somehow enhanced by high surfactant concenatidhis could be the case if e.g. a
detection molecule forms an aggregate with excadacant molecules and the aggregate
then adsorbs onto a blocked surface or exchandgkesadsorbed surfactant molecules.
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Fig. 32 Blocking performance of surfactatat different blocking solution concentrations. @Bta are
shown for single measurements and serve as a necfasiNSB arising from human IgG.

For the time being, an important conclusion of #mperiment is that surfactaBtpossesses
the best blocking ability if used in a concentratad roughly 1% (w/v).

Synthesised Surfactants Perform as Well as Referemd&eagents in the Specificity-ELISA
All synthesised PEGylated alkylamines, and alsornte-reduced amidesf were tested in
various assay setups. The blocking solutions pespavith these compounds, as well as
blocking solutions of commercially available bloogireagents and of surfactardtsand 2
were given an entry number (BS1-30), to be abledsily refer to one specific blocking
solution (Table 4). On account of the results @ pinevious experiment, a 1% (v/v) concen-
tration was chosen for most of the cationic sudats.

Table 4 Overview and concentrations of investigated biloglsolutions

gl(c))?kril:]ercially SEILels Synthetic surfactants as novel blocking reagents

g reagents

Egtry Reagent [(;(/)r?]i] Egtry Reagent [(;(/)r?]i] Egtry Reagent [(;(/)r?]i]
BS1 BSA 1% BS9 7f(550,12) 1% BS20 8d(550,20) 1%
BS2 | Fish gelatine 1% BS107f(550,20) | 1% BS21 8d(2000,12) 1%
BS3 | Tween20 0.5% BS117f(2000,12) | 1% BS22 | 8d(2000,20) 1%
BS4  Casein 1% BS12 7f(2000,20) 1% BS23 8e(50,12) 1%
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oes | Casein o BS13 7¢(550,12) 1% BS24 8¢(550,20) 0.2 %
hydrolysate BS14 7¢(550,20) 1% BS25 8¢(2000,20) 1%
o6 aﬁi&nmed o BS15 7¢(2000,12) = 1% BS26 8f(550,12) @ 1%
BS16 8a(550,12) | 1% BS27 | 8f(550,20) | 1%
BS7 AquaBlock Nedt |BS17 8a(550,20) @ 1% BS28 8f(2000,12) @ 1%
BS8  RotiBlock = 10¥ | BS18 8b(550,20) 0.5% | BS29 1 0.5 %
BS19 8d(550,12) 1% BS30 2 1%

The solutions were prepared in D-PBS if not otheenstated" ready to use solutiod.10 fold diluted in
doubly distilled water (ddyD). * The pH of the blocking solutions was adjustedgpraximately 7.2 with
32% (w/v) hydrochloric acid before diluting to tfieal concentration in case of the novel reagents.

The basic assay design of the Specificity-ELISA west but half-area polystyrene microtitre
plates were used to save on materials. The NSB vetee determined at 20% and 2% human
serum concentration, as well as with the correspgndlocking solution without human
serum for a negative control. Results were recoede@Ds for NSB-induced signals (Fig. 33).

High signals correlate to high NSB, resulting frggoor blocking ability of the blocking
reagent, and low signals indicate low NSB, due ffient blocking. Because of a hook
effect®! signals at 20% (v/v) human serum are mostly lothan respective signals at
2% (v/v) human serum (Fig. 33). The commerciallgikable blocking reagents, which served
as a reference for blocking performance, diffemthfically in their ability to prevent NSB.
BSA, although widely used and approved as a blackeagent, has the worst blocking
performance (Fig. 33). Fish gelatine and Tween2€b adhow a very poor blocking
performance as indicated by an OD > 2 for 2% (Wwjnan serum. A much better blocking
performance is observed for casein and casein lygdite with 1.5 > OD > 0.5 for 2% (v/v)
human serum. Skimmed milk prevents NSB very effittie and AquaBlock (a fish plasma-
based blocking solution) and RotiBlock (a commédigiaavailable blocking reagent
containing PVP) show NSB-induced signals which ardy slightly higher than the
background signal as given by the negative conffble blocking performance of the
synthesised surfactants varies highly, too (Fig. SBbjected to 2% (v/v) human serum, some
of the surfactant-based blocking solutions (BSH),24, 25 and 27) block as poorly as fish
gelatine or Tween20 with an OD > 2, while othersvglyood blocking performances similar
to casein or casein hydrolysate with 1.5 > OD >(@S12, 15, 18, 19, 21 and 29). Most of
the surfactants (BS9, 11, 13, 16, 17, 20, 22, 83’ 30) prevent NSB very effectively (OD
< 0.5), comparable to skimmed milk, AquaBlock ottiRtmck. BS17 (compoun8a(550,20))
has the lowest NSB-derived signal of all testeatkilog solutions.

All in all, the majority of surfactants which wetsed as novel blocking reagents shows a
blocking performance that is comparable to the kbmsnhmercially available reference
blocking reagents. Many of the surfactants outperfooutinely used reference reagents such
as BSA or casein significantly as novel blockinggents (Fig. 33).
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Fig. 33 Test results of synthesised surfactants compsrembmmercially available blocking reagents in
the Specificity-ELISA. OD is given for 20% (v/v) 2% (v/v) human serum. Bars indicate mean
+/- standard error. Signals at 2% human serum rdankih a blue asterisk are significantly lower
(Oneway ANOVA, Bonferroni post hoc test, p<0.05,4\fer BS1-8 and BS29-30, N=2 for BS9-
28) than the signal of casein at 2 % human seriume @otted line).
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3.3 Prion-ELISA

A good NSB reduction ability is a necessary yet swfficient criterion for a prospective
blocking reagent. To achieve high sensitivity, acking reagent also must not disturb the
antigen-antibody interaction necessary for detactithis happens, for instance, if a blocking
reagent covers or replaces the coating materiah bb which will lead to false-negative
signals (Fig. 34)

To investigate the effect of different blocking geats on the sensitivity, an ELISA for the
detection of prion protein (PrP) in reference sasphas designed. The reference samples
contained 50 and 3 ng/mL of a recombinant prioriginofragment (PrP90-23% and were
prepared in lite-PBS (L-PBS). Polystyrene micretiplates were coated with these reference
samples as well as with L-PBS as a negative cqorarad blocked with different blocking
solutions. Detection was carried out with a monoaloanti-PrP antibody and an HRP-
labelled secondary antibody (Fig. 34).

A Prion protein B
fragment

7.
blocking reagent

covered or replaced
coating material

e \ §

ideal blocking reagent 0

monoclonal anti-Prion
protein antibody

X
2. Decreased sensitivity
k— Substrate /

\HRP-Iabe{ed
secondary antibody

7. 7

Fig. 34 Schematic illustration of the Prion-ELISA: ideal blocking reagentB: different flaws of a
blocking reagent lead to false-negative signals.

The results of the experiment show clearly thabkdtking reagents except BSA are able to
sufficiently prevent NSB in this setup as seen égyvow signals of the negative control (Fig.
35). For BSA, the OD of the negative control is a@étnas high as the signal generated by the

44



3. IMMUNOASSAYS

reference sample containing 50 ng/mL PrP90-231.tieorelatively high signals of the
reference samples caused by blocking with BSA shoat be mistaken for high sensitivity.

For all remaining blocking solutions the signalesgyth of the reference samples correlates
with the sensitivity of the assay. A very poor t@diocre sensitivity is observed for the
commercially available blocking reagents (excepABS8s stated above). Only Tween20 is
able to produce a slightly elevated signal compaoeitie negative control at a concentration
of 3 ng/mL PrP90-231 in the reference sample, wdsetbe other reference reagents show
ODs very close to the negative control at this eot@tion (Fig. 35). At a PrP90-231
concentration of 50 ng/mL, blocking with Tween2@uks in an OD of about 0.5, while
blocking with fish gelatine, casein and skimmedknhlad to ODs of roughly 0.2 to 0.3. The
assay failed to detect PrP90-231 in the referermmpkes completely even with a
concentration of 50 ng/mL if casein hydrolysate,uABlock or RotiBlock was used as
blocking reagent (Fig. 35).

The blocking solutions based on the surfactanttherother hand, perform very well also in
regard to the assay sensitivity. At a referencepdamoncentration of 50 ng/mL PrP90-231,
all of the tested surfactants led to elevated $&grfa very high signal, significantly higher
than the signal generated by Tween20, the bestypeirig reference reagent, is achieved with
many of the blocking solutions prepared with thatBgsised surfactants (BS14, 16-21 and
23-25). Even at a PrP90-231 concentration of 3 hgfonsiderably increased signals can be
seen for many blocking solutions based on surfést@s14, 16-20, 23) (Fig. 35).

To conclude, this experiment proved that with rdgear the assay sensitivity in the Prion-
ELISA, almost all of the cationic surfactants agua or better than the best-performing
reference blocking reagent, Tween20. Many referepegents, especially AquaBlock and
RotiBlock, showed a very poor sensitivity in thigperimental setup.
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Fig. 35 Test results of synthesised surfactants compsresbmmercially available blocking reagents in
the Prion-ELISA. OD for 50 and 3 ng/ml PrP90-234iigen. Signals marked with a blue asterisk
are significantly higher (Oneway ANOVA, Bonferropost hoc test, p<0.05, N=4 for BS1-8 and
BS29-30, N=2 for BS9-28) than the signal of Tweea280 ng/mL PrP90-231 (blue dotted line).
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3.4 Hepatitis B-ELISA

In some cases it is important that a test yieldsgh sensitivity not only at certain analyte
concentrations but over a whole concentration raftgeras intended to investigate such a
relationship, preferably with clinical relevanceorFthis purpose, an assay for the
determination of hepatitis B surface antigen (HBpAg used in diagnostic test kits was
chosen. As most diagnostic kits are supplied wigreacoated and -blocked solid phase, the
assay was developed in-house. Following a standatdp for direct sandwich ELISAS,
polystyrene microtitre plates were first coated hwan anti-HBsAg antibody and then
subjected to different blocking solutions. In a nhetep, HBsSAg reference samples were
applied in a serial dilution and detected with &RRHlabelled anti-HBsAg antibody (Fig. 36).
Negative controls were conducted by replacing eithe HBsAg-sample incubation or both,
the coating and the sample incubation, with puoceldhg solution. After visualisation with a
TMB substrate solution the OD was determined. Fpanameter logistic functions were fitted
to the raw data, and both OD as well as the fitfiom were plotted against the (logarithmic)
HBsAg concentration, as usual.

Anti-HBsAg
capture antibody

blocking reagent
replaced or covered
J coatlng material \

7. 7.

ideal blocking reagent

HBsAg

v

(" )
4

2. decreased sensitivity
k Substrate /

HRP-labelled
anti-HBsAg antibody

Fig. 36 Schematic illustration of the Hepatitis B-ELISA: ideal blocking reagenB: different flaws of a
blocking reagent lead to false-negative signals.

The findings of the previous experiment could baficmed with respect to the reference
reagents. Overall, the reference reagents led teladively poor sensitivity of the assay.
Indeed, for blocking solutions based on caseirgiodsydrolysate, skimmed milk, AquaBlock
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3. IMMUNOASSAYS

or RotiBlock no signals above background could bleieved with this assay. A promising
signal increase at high HBsAg concentrations waeigded if BSA or fish gelatine were used
as blocking reagent, but a complete sigmoidal cwitle lower and upper plateau could only
be obtained for Tween20 (Fig. 37).
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Fig. 37 Test results of synthesised surfactants compsrembmmercially available blocking reagents in
the Hepatitis B-ELISA. Top: reference blocking reats, Bottom: synthesised surfactants and
surfactantsl and2. Results of synthesised surfactants with no diganit signal increase are not
shown. OD data of single measurements are given.
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In contrast to the majority of the commercially gafale blocking reagents, the application of
surfactants as a blocking reagent resulted for riiae half of the cases in increased signals,
i.e. almost complete sigmoidal curves were achielrgdrestingly, in some cases the labelled
anti-HBsAg antibody recognised the coating antihodfich can be deduced from an
elevated lower plateau of the corresponding fittedves. This behaviour was confirmed by
negative controls without coating antibody (Fig.).3lh conclusion, most of the cationic
surfactants proved to generate better sensitivitged as a blocking reagent than all reference
reagents except Twen20 in this assay setup.

Moreover, the fit functions were analysed to yiglgantitative data. The limit of detection
(LOD) was determined by t-statistics (95% confiderevel, calculations executed with
Prism 4) using the lower plateau of the logisticfinctions as background letfél. The
inflexion point and the signal-to-noise ratio S/éiefined here as the ratio of the maximum
OD to the minimum OD of the four parameter curverevalso calculated. All results are
summarised in Table 5.

Table 5. Quantitative analysis of the Hepatitis B ELISAfinctions

Limit of detection Inflexion point  Signal-to-noise ratio

Bl Sl Rt [wug/mL HBsAg] [pug/mL HBsAg] at maximum OD

BS1 BSA n.d? n.d.2 n.d.?
BS2 Fish gelatine 0.569 nd. n.d.?
BS3  Tween20 0.041 0.210 4.329
BS4 Casein n.d. n.d. n.d.
BS5 Casein hydrolysate nd. n.d.! n.d.!
BS6 Skimmed milk n.d. nd.! nd.!
BS7 AquaBlock n.d: n.d.! n.d.
BS8 RotiBlock n.d? n.d.! n.d.!
BS9  7f(550,12) n.d? n.d.? n.d.?
BS10  7f(550,20) n.d? n.d.? n.d.?
BS11  7f(2000,12) n.d? n.d.? n.d.?
BS12  7f(2000,20) n.d n.d. n.d.!
BS13  7¢(550,12) 0.063 1.332 7.796
BS14  7¢(550,20) 0.282 2.191 4.394
BS15  7g(2000,12) 0.271 n.d. n.d.?
BS16  8a(550,12) 0.052 1.299 53.094
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BS17  8a(550,20) 0.032 8.408 15.603
BS18  8b(550,20) 0.061 1.159 4.043
BS19  8d(550,12) 0.032 7.378 14.119
BS20  8d(550,20) 0.162 3.612 4.525
BS21  8d(2000,12) n.d n.d. n.d.!
BS22  8d(2000,20) n.d n.d.! n.d.
BS23  8¢550,12) 0.092 9.878 22.119
BS24  8¢550,20) n.d* n.d.! n.d.
BS25  8g2000,20) n.d n.d.! n.d.
BS26  8f(550,12) 0.070 5.433 8.615
BS27  8f(550,20) 0.329 1.568 2.450
BS28  8f(2000,12) n.d n.d.! n.d.
BS29 1 0.035 1.270 11.738
BS30 2 0.018 0.771 9.164

n.d.: ' No significant sigmoidal curve distinguishabfeBackground problems (negative control gave
signals), fit curve accuracy too low#.95); inflexion point > 20 pg/mL HBsAg

Mostly due to lack of a distinguishable sigmoidahe, but also due to background signals or
due to low curve accuracy, the above mentionedegalvere not determined (n.d.) for many
reagents, including almost all of the commerciadlyailable reagents. If the calculated
inflexion point of the fit function exceeded the xmaum HBsAg concentration employed in
the assay (2Qig/mL), both inflexion point and signal-to-noiseicatvere listed as n.d. While
among the commercially available reagents only d@eshowed a satisfactory sensitivity as
indicated by a completely evaluable fitted curverenthan half of the surfactants used as
novel blocking reagents led to an analysable ficfion. Although the LOD is convincingly
low for Tween20, some of the cationic surfactah®ssimilar (BS13, 16, 18 and 26) or even
lower (BS17, 19, 29 and 30) LOD values. The sigoatoise ratio furthermore is equal
(BS14, 18, and 20) or 2-12 times higher (BS13,116,18, 19, 26, 29, and 30) for the cationic
surfactants. The low inflexion point for Tween2@®®es to point to a dose-response at low
concentrations, but may also be a result of theively low maximum OD of the fit curve.

To summarise the results, many of the novel blagkieagents led to equal or better
sensitivity in a Hepatitis B-ELISA over a wide rangf analyte concentrations compared to
Tween20, the best-performing commercially availablgent.
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3.5 Immunoblots

A polystyrene-based solid phase appears advantageouthe blocking performance of
cationic surfactants, since they feature aromate electronegative groups, which might lead
to an enhanced adsorption of the surfactantswesréited in the introduction. For this reason,
in the experiments described so far only polystgrerade microtitre plates were used.
Polystyrene plates are wide-spread and used venynomly, but on the other hand, many
immunoassays use other solid phase formats and othaterials and require a blocking
reagent as well. Therefore, the performance ofctinic surfactants was also investigated
with typical immunoblot membranes as solid phasd®re enough synthesised material was
available. Nitrocellulose (NC) and Poly(vinyliderfeuoride) (PVDF) membranes were
blocked either with different blocking solutions with pure D-PBS as negative control and
incubated with an anti-mouse antibody labelled vaitthuorescing dye (AlexaFluor680). The
amount of fluorescence caused by the non-spedifidainding labelled antibody was
determined on a fluorescence imager. The fluorescanensity was normalised linearly to
the intensity of the negative control containinghbtocking reagent defined as 0% and to the
lowest measured intensity defined as 100% blockffert.

Almost all of the commercially available referengecking reagents blocked non-specific
adsorption of the labelled antibody very effectyyelvith a blocking effect of near 100%
achieved for both the PVDF and the nitrocellulosamhrane. Exceptions were BSA and fish
gelatine, which showed blocking effects of about/8nd 50% for the PVDF membrane and
both about 90% for the nitrocellulose membraneyel as RotiBlock with a blocking effect
of about 70% for the PVDF membrane. The blockingaveur of the synthesised surfactants
varied as expected. While some of them exhibitegiite poor blocking performance, some
(BS11, 12, 22, 30) were able to block PVDF memlsaag good as reference blocking
reagents, i.e. a blocking effect of > 80%, and ewame of them showed a blocking effect
near 100 % for NC membranes (BS18, 22, 23, 2522830).

In conclusion, some of the surfactants are ablegrevent NSB on a PVDF and on a
nitrocellulose membrane in an immunoblot experin@ngood as reference reagents.
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Fig. 38 Results of an Immunoblot. The fluorescence inilieafor non-specific antibody binding was
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normalised linearly by defining the fluorescenceahaf negative control (no blocking reagent used)
as 0% blocking effect and the lowest measured dlsmence as 100% blocking effect. Bars
indicate mean * standard error (N=2 for all blogksolutions). Top: Blocking effect of different
blocking solutions on PVDF membranes. Bottdiocking effect of different blocking solutions
on nitrocellulose membranes.
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4. Discussion and Conclusion

The two main achievements of this thesis are dewisl First, a large number of different

PEG-conjugated alkylamines were synthesised. These deemed to be promising

candidates for novel blocking reagents. Second, saries of assay experiments the blocking
performance of the cationic surfactants was ingestid and compared with commercially
available blocking reagents.

A modular so-called building block synthesis wasigieed and it was shown in theoretical
and practical terms that this approach allowed cessful preparation of a series of PEG-
conjugated alkylamines. These cationic surfactpassessed one or two PEG- and one or two
Alkyl-chains of variable length, which were conresttby a simple and short bridge. The
bridge had no further functional groups except amda as a precursor in some cases and
amine groups were possibly present between the ¢gtB@ and the bridge or terminally on
the hydrophobic side, or at both locations. In pin&ctical work several synthetic challenges
had to be overcome, which, in some cases, lededalitcovery of interesting properties of
PEG-containing molecules. For instance, it was dotlvat simple, more traditional reactions
are better suited than elaborate complex ones. d&ere a solubility and CMC
characterisation was successfully conducted foc#tenic surfactants (both, the synthesised
ones and the reference surfactahtnd2), and the obtained data provide a useful basis for
the interpretation of the assay experiments.

In order to determine the degree of NSB that affisea serum components of FBS, a model-
assay was designed. The model-assay permitted, serias of preliminary studies, to
investigate the influence of various assay conaétion the blocking behaviour of reference
surfactants. These experiments clearly showedhb#t pH value and ionic strength of the
blocking solution are important factors which aftfebe blocking performance of the
surfactant. A neutral pH value and an ion concéptraequal to or somewhat lower than
concentrations of commonly used buffers were faanide ideal. It was demonstrated that all
incubation steps have to be conducted with thekioigcreagents present in the incubation
solution in order to prevent NSB. Furthermore, kiveetics of the TMB oxidation catalysed
by HRP were found to be enhanced, rather than itekib by many blocking reagents,
including the reference surfactants and some cowgiallgr available blocking reagents. Too
high or too low concentrations of the blocking resaigin a blocking solution were found to
decrease the blocking ability of a reference stafsic The blocking performance of the
synthesised cationic surfactants was investigaiddavSpecificity-ELISA, which determined
the degree of NSB caused by human IgG, and withienPand a Hepatitis B-ELISA that
revealed the influence of the blocking reagentstims sensitivity of the assay at certain
concentrations (PrP90-231) or for a whole diluteeries (HBsSAQ) of reference samples.
While the majority of cationic surfactants performisout as good as the best commercial
blocking reagents in the Specificity-ELISA, bothdPr and Hepatitis B-ELISA demonstrated
clearly that most of the surfactants are supenderms of sensitivity. Finally, an immunoblot
experiment was conducted wherein some of the darfescwere shown to be able to prevent
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NSB on solid phases other than a polystyrene-bawsdrial, i.e. a PVDF and a nitrocellulose
membrane, as good as the reference reagents.

4.1 Discussion of Experimental Results

Size Matters: Why Sensitivity Is Low for Many Commercial Blocking Reagents

The most salient result of the assay experimerttsais with respect to sensitivity, most of the
cationic surfactants are clearly superior to manyhe commercially available blocking
reagents. A probable reason lies in the fact tir does matter, only sometimes large is
simply too large.

Most of the molecules involved in an assay, i.e.dhalytes, the detection molecules etc., are
proteins, which, while highly variable in size, ambnost never smaller than several ten
thousands of Daltons. Now, most of the commerciallgilable blocking reagents are either
proteins, too (casein, fish gelatine, BSA), or east protein-based (casein hydrolysate,
skimmed milk, AquaBlock). Consequently, these biogkeagents are at least of similar size
and possibly even larger than the analyte and &tectlon reagents. IgGs for instance are
relatively large with a mass of about 150 kDa cgponding to a hydrodynamic diameter of
about 10 nn¥® Yet, casein micelles as present in skimmed mitleer even this size by far
with their diameters ranging from about 20 nm tareniian 100 nrff® Even if the blocking
reagents only develop a uniform monolayer on thdasa, a sterical effect of adsorbed
blocking reagents on adjacent coating reagentdgisiyhlikely. Such a sterical influence
might affect the specific binding between an amtigatibody offered in the solution and the
coated material (Fig. 39). In practical use, blagkisolutions contain a huge excess of
blocking reagent, several thousand times more Wiaat is needed to saturate the solid phase
surface with a monolayer. In such high concentrgtica protein-protein based secondary
adsorption on the protein monolayer is probable laasl been proposed to explain experi-
mental results in the literatuf€! In this respect, too, protein-based blocking ressjare like-

ly to cover coated reagents partly or in whole,cihmay lead to the diminished sensitivity
that was observed in this thesis for assays utgiproteinaceous blocking reagents (Fig. 39).

A B
specific
protein-protein binding is

adsorption '] Vd disturbed

\ _sterical \ relatively

Iargte_ 4) interaction small
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free-standing
coated material

I surfactant

7.

Fig. 39 Schematic illustration of how the blocking reagsize might affect the sensitivity of an assay.
A: Large proteins as blocking reagents may distimd gpecific antigen-antibody recognition
process by sterical interaction and protein-progeisorption. B: Surfactants are far smaller and do
not exhibit pronounced influences on the specifittigen-antibody binding.
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Tween20 was the only commercially available blogkiragent that led to a sensitivity that
was as good as some of the novel blocking reageristh, the Prion- and the Hepatitis B-
ELISA. Strikingly, Tween20 is, with a molecular nsasf about 1.2 kDa, by far the smallest
of the commercially available blocking reagentdded, its size is in the same order of
magnitude as the cationic surfactants, which haekecalar masses of about 0.7 to 3 kDa. It
should be noted that there was no data availaletahe molecular mass of PVP used in
RotiBlock. Nevertheless, this polymer seems to ldely used with an average molecular
mass of about 40 k54 and mord® which is close to the size of proteins. To sumthp,
fact that Tween20 and the cationic surfactants estemall size and good blocking
performance in terms of sensitivity should be seervidence for the discussion above.

Also within the tested cationic surfactants smatk sof the blocking reagent seems to be
correlated with high sensitivity of the assay. &atf while cationic surfactants based on PEG
groups with a molecular mass of 550 Da are abjgraduce elevated signals for a reference
sample concentration of 3 ng/mL in the Prion-ELISIAgse surfactants with a 2 kDa PEG
group only lead to mediocre signal strengths. Tdmaesis true for the Hepatitis B-ELISA:
evaluation of the fitted curves was only possibiehvgurfactants with a 550 Da PEG-head
group.

In conclusion, all results obtained within this gteindicate that smaller molecules of about
< 3 kDa weight are much better suited as blockeagents for improved sensitivity of an
assay than large molecules such as proteins.

Finally, suggestions were matfé that too large blocking reagent molecules suctBa4
would, because of sterical effects, not be abledeer a solid phase surface completely
without leaving gaps. This could explain the pgquedficity obtained with BSA as a blocking
reagent. On the other hand, other smaller protesg, casein hydrolysate, are able to
sufficiently prevent NSB in our experiments. Theref it seems reasonable that an influence
of the blocking reagent size on the specificityanf assay only exists for large molecules
(> 50 kDa) and that other features of the molesulgh as shape and chemical properties may
play a more important role for the specificity.

NSB Prevention Requires Unexpectedly High Blockineagent Concentrations

It was mentioned briefly in the last section thia¢ tblocking reagents are used in a large
excess in blocking solutions. Plate dimensionstypaal microtitre plate are a liquid volume
of 200 uL and a covered area of 1.54 Tmer well (Fig. 40). Now, if a Stokes radius of
3.5 nm is assumed for BSA, the area covered byB&#e molecule istx P =t x (3.5 x 10/
cm) = ~3.85x 10° cnf, and the mass for one molecule is about 66,0000lg/m
6.022 x 16 mol™* = 1.10 x 10° g. This means that a mass per area of 1.10™% g0/
3.85 x 10" cnf = 286 ng/crfiis needed to cover the solid phase with a monolayleich is
about 440 ng for the well described above. Relaidbe volume of 20QL, the concentration
needed for a monolayer of BSA on the solid phaséase lies at only 2.2 x 10g/mL.
Experiments described in literature have suggesitatl protein monolayer formation via

55



4. DIscussiON AND CONCLUSION

protein-to-polystyrene adsorptior monolayer of
occurs down to a concentratiol a;js?(r_bed
calculated above, and that blocking reagent
rotein-to-protein adsorption or

P P P covered

such a layer is probable for higheg g 1 54 cm? V =200 uL
concentration&’!

A similar calculation for surfac- Z/%/ \ ggﬁtg‘r? / /////%

tantl (PEGylated oleylamine) is

conducted. For a rough estimate \/ / \
the somewhat unrealistic assumi / r=3.5nm H H

tion is made that the alkyl part i Aesa = nr*=3.85x 10" cm’ I— (IJ—(IJ—
lying flatly spread on the surface Ill ll—l

so that all atoms of the alkyl groug '/_'

are touching the surface. The are I'=154 pm
covered by the molecule then ca h=2x110 pm
be calculated by multiplying a Asi=hx18x1=6.10x 10" cm’
length of 18 spsp® C-C bonds of Fig. 40 Dimensions of a typical well of a microtitre ple
154 pm each (assuming the doub Left side: Calculatio of the area covered by ¢
bond is negligible) with a width of BSA molecule. Right side: Calculation of the ¢
2 C-H bonds of 110 pm each covered by one molecule of surfactantllustratior

. is not true to scale.
which leads to an area o©

6.10 x 10" cn? (Fig. 40). With a molecular mass of about 1.15 kib& amount per area
needed for a monolayer dfon a solid phase surface is 313 ndicor a concentration of
2.41 x 1¢° g/mL for a well with dimensions as stated abovhe TTMC of the cationic
surfactants in contrast lies in the range of 1@ 10° g/mL as shown in chapter 2. Although
the CMC therefore is in a concentration range anénd order of magnitudes higher than
what is needed for a dense saturation of the seirfdee adsorption rate of surfactants to
hydrophobic surfaces seems to increase with tHacant concentration until it is stabilised
around the CME'™H

In the experiments conducted in this thesis, it wasved that blocking solution
concentrations far beyond the CMC, about 0.01 gané needed for an effective NSB
prevention if cationic surfactants are used as acKihg reagent. The same is true for
commercially available proteinaceous blocking redggiewhich need far more concentrated
blocking solutions (0.01 — 0.05 g/mL) than a contgpleaturation of the surface with a protein
monolayer actually requires. This observation ¢yeahows that the blocking reagent must
serve another purpose besides the saturation sbiltephase surface.

A possible explanation is the non-specific inta@ciof the blocking reagent with incubated
materials, which might compete with the NSB of ibated reagents to the solid phase surface.
The far stronger specific antibody-antigen recagnitwould not be disturbed by such a
competition, but the weaker NSB can be hinderetivo ways, because blocking reagent
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molecules are attracted non-specifically both te #volid phase surface as well as to
components in the incubation solution (Fig. 41)isTexplanation is substantiated by the
finding that the presence of blocking reagent sdeel in all incubation steps.
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each other strong

&7 specific
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Fig. 41 How blocking reagent molecules present in theiidigphase might reduce NSB. A detection
antibody is non-specifically interacting (red arg)wwith both surface and coated material.
Blocking reagent molecules interact in the same, way also with the molecules of the detection
system (blue arrows), and thus generate compefitiothe NSB-inducing interactions. Since the
antigen-antibody binding is specific and stronge€gr arrow), it is not disturbed by the non-
specific forces of the blocking reagent.

Such a support in the discrimination between strapgcific and weak non-specific
interaction in an assay can be especially effedoveéhe cationic surfactants because of their
aggregation behaviour. As already mentioned, tkalidoncentrations of blocking solutions
are far beyond the CMC, so micelles and other aggien forms are found in surfactant
based blocking solutions, which might lead to mieg@regation forms with components of
the incubation solutions.

The Aggregation and Biorepulsivity of Surfactants @ the Solid Phase Surface

It is hypothesised in this thesis that the biorspitly of the cationic surfactants is mainly due
to the PEG head group. For this mechanism to wthr&, surfactant molecules need to
aggregate in a way so that the surface is denssigred by PEG groups but whether or not
this might be the case is not yet clear. The agdreg state of surfactants on a surface is still
controversially discussed and appears to deperttieotype of the surfactant, as well as the
surface characteristi€s!

Adsorption studies of ionic surfactants onto noystalline hydrophobic surfaces are rare. In
the few studies available monolayer type structdiles hemi-cylindrical aggregates are
assumed® ! In a monolayer structure the surface would be @y PEG groups as
required for a good repulsive action. The actug@regation state of cationic surfactants on
polystyrene microtitre plates, however, is diffictd determine. Solid phase surfaces that are
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intended for immunoassays are far from being smolethalone homogeneous. Scanning
force microscopy studies have even shown volatfdrdcarbon contaminants to be present
on polystyrene microtitre well§. Many analytical techniques, which are usually used
surface chemistry, such as light scattetifgor reflectometry,”™ require the use of artificial
model surfaces such as particles, coated phasesrysmooth materials. Even if the model
surfaces are of the same material as the solidepitais far from clear whether conclusions
drawn from studies on such surfaces may be appdicb solid phase surfaces used for
immunoassays. On the other hand, it is very unjikblat any hydrophobic part of the
adsorbed surfactant is not oriented towards thiaseirbut sticks out into an aqueous solution.
Therefore, it appears reasonable that the solidgbarface is mainly covered by a PEG-layer,
which provides the repulsive behaviour of the bextkurface towards NSB.

In chapter 3, it was seen that the best blockinmgppmance is achieved for a certain range of
ionic strength of the surfactant solution. Both ésvand higher ionic strength on the other
hand, are correlated with worse blocking perfornreand possible explanation of this
phenomenon is based on the relationship betweerotie strength of a surfactant solution
and the aggregation state on a hydrophobic suracdiscussed in the literatdf@. Two
effects are mentioned, of which the first is aré@ase in aggregate curvature and the second
is a decrease in aggregate separation, both ohvanea consequence of an interaction of the
ionic components in the solution with the hydroghileadgroup of the surfactant. While the
first effect, an increase in aggregate curvatur@,ld inhibit a flat, lamellar arrangement of
the molecules and prefer curved aggregates sudtems-cylinders or hemi-micelles, the
converse is true for a decrease in aggregate sepafaecond effect). Since curved aggre-
gates are likely to leave gaps on the surfacefitsieeffect is likely to inhibit effective NSB
prevention, while the second effect is likely tdance it. Moreover, a decrease in aggregate
separation induces a higher surface density oP#B@& groups, which is preferred for a good
biorepulsivity of PEGE® Possibly, the second effect might prevail at lovestic strength,
whereas the first effect might outbalance the sé@irhigher ion concentrations. This seems
a probable explanation of why an ideal ionic sttbng found for the blocking behaviour of a
surfactant. This explanation also suggests thastince is mainly covered by a PEG-layer,
as such an aggregation state is required for theeaimentioned effects to take place.

Adsorptive Forces of Cationic Surfactants on Polysrene Surfaces

So far, the adsorption of the novel blocking reagewas reviewed and compared to
commercial blocking reagents in terms of conceiutnadf the blocking solution, as well as
the aggregation behaviour of surfactants and theepulsivity of PEGs. One further reason
for the better performance of cationic surfactanight be the particularly strong interaction
between these surfactants and a polystyrene suriéitéle the proteinaceous blocking
reagents mainly bind through non-specific hydrophabteractions, three adsorptive forces
are thought to exist for cationic surfactants.

The long, hydrophobic alkyl chain interacts via anyder-Waals force with the likewise
hydrophobic polystyrene surface. The linear chaibdlieved to support a higher ordered, and
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therefore denser packing of the adsorbed molecalesdditional hydrophobic interaction
may occur between two flatly adsorbed alkyl chaynsg side by side. Now, the surfactants
bear an amine group at either end of the alkylrcifignoring the short, hydrocarbon-based
bridge), or at both ends. High-binding polystyresuefaces, which are most commonly used
for immunoassays, exhibit carboxylate groups on s$heface due to a mild oxidative
treatment in the production process. These nedgatore@rged groups are highly attractive to
the amines as a counterion for electrostatic iotemas. Furthermore, cationic functional
groups, especially ammonium derivatives have béems to be attracted to electron-rich
groups with Teorbitals. This phenomenon is called catimimteraction and the binding
strength is comparably high as hydrogen bonds uceréain circumstancé®: "1 A cationTe
interaction is very characteristic for aromatic swlles with a doughnut-shapeeelectron
ring (where the cationic group fits very well), 8@ cationic groups of the surfactants are
thought to interact with aromatic rings of the @tilyene via strong catiorHbonds.

cation-nt
interaction

hydrophobic

: ! electrostatic
interaction

interaction

Fig. 42 Schematic illustration of the three main adsemtforces proposed for a cationic surfactant
adsorbed on a polystyrene surface. The alkyl chailying flatly on the surface and interacts
hydrophobically with the polystyrene surface, adl a® with other alkyl chains from neighbouring
surfactant molecules. The cationic groups are @#tdheither electrostatically to a carboxylate
group or via a cation-p-interaction to a benzeng.ri

In total, these three forces, a weak hydrophobieraction, as well as the somewhat more
pronounced electrostatic and catimmteraction, are thought to sum up synergisticéda
tight bond of cationic surfactants to polystyrengaces.
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4.2 Conclusion and Outlook

In this chapter a number of arguments and congidasawere reviewed in order to explain
why cationic surfactants are so well-suited as hblezking reagents in an immunoassay. For
a final evaluation of the assay experiments, thevamt data is presented in a concise way in
Table 6.

Table 6 Summarised results of Specificity-, Prion-, angpHititis B-ELISA

Blocking solution/ 1 Spec. 2 Prion S/IN 3 Prion SIN 4 HepB 5 HepB 6 HepB
reagent 2% HS 3 ng/mL 50 ng/mL LOD Inflex.P. S/IN

BS1 BSA

BS2 Fish gelatine

BS3 Tween20

BS4 Casein

Casein

BSS hydrolysate

BS6 Skimmed milk

BS7 AquaBlock

BS8 RotiBlock

BS9 7f(550,12)

BS10 7f(550,20)

BS11 7f(2000,12)

BS12 7f(2000,20)

BS13 7¢(550,12)

BS14 7¢(550,20)

BS15 7¢(2000,12)

BS16 8a(550,12)

BS17 8a(550,20)

BS18 8b(550,20)

BS19 8d(550,12)

BS20 8d(550,20)

BS21 8d(2000,12)

BS22 8d(2000,20)

BS23 8¢(550,12)

BS24 8¢(550,20)

oszs v4200020) AR NSSIN 2242, R
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BS26 8f(550,12) 0,07 5,43 8,62

BS27 8f(550,20) 0,33 1,57

BS28 8f(2000,12) 0,44

BS29 1 0,64 2,33

o 0 R . Il

Columns indicate the followingt Mean of OD values obtained at 2% human serum énSpecificity-
ELISA is given. The OD values are either signifitametter (green), better but not significantlygoge),

or worse than OD values of Casein (One-Way ANOVAnf&rroni post hoc test, p<0.05, N=4 for BS1-8
and BS29-30, N=2 for BS9-282. and3: Signal-to-noise ratio of OD values obtained atr@l 50 ng/mL
PrP90-231 are given. The OD values of the signaleaither significantly better than the noise (gjeen
better but not significantly (orange), or the S/ues are worse than the S/N value of Tween20 (@ag-
ANOVA, Bonferroni post hoc test, p<0.05, N=4 for B8 and BS29-30, N=2 for BS9-28), 5 and6:
quantitative analysis of fit functions for the Hépa B-ELISA as presented in Chapter 3. The valaes
either better (green) or worse (orange) than th@evabtained for Tween20, or were not determined)(r

The table shows very clearly that no single comma#ycavailable blocking reagent was able
to achieve both good specificity and sensitivityweEn20 leads to reasonable sensitivity for
both, the Prion- and the Hepatitis B-ELISA, but #pecificity is very low. Casein, casein
hydrolysate, skimmed milk, AquaBlock and RotiBloake able to efficiently prevent NSB,
but the sensitivity is inacceptable both in theoR+iand in the Hepatitis B-ELISA. Moreover,
AquaBlock and RotiBlock show an extremely good kiog behaviour in terms of specificity,
but a signal-to-noise ratio of about 1 in the P#itidiSA suggests that these blocking reagents
are simply preventing any signal, regardless whdtise or true.

On the other hand, many of the PEG-conjugated athiyles are able to combine acceptable
specificity and sensitivity (i.e. BS13, 15, 18, P2, 29 and 30) and some perform very good
in all assay experiments (i.e. BS16, 17, 20 and 23)

In summary, PEG-conjugated alkylamine were sucudgsfynthesised and tested as novel
blocking reagents. These cationic surfactants afte # outperform commercial blocking
reagents, they are appropriate for the usual assagitions such as neutral pH and ionic
strength of common buffers, and they do not extahy of the drawbacks of proteinaceous
blocking reagents mentioned in the introductiorghsas cross-reactivity, heterogeneity and
lot-to-lot differences.

Since these novel blocking reagents achieved veaniging results, a commercialisation is
hoped for in the near futub&®! Though further research is obviously needed, itmidus
preparation of the compounds should be feasiblecaatlle a cost-efficient production.
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5. Experimental Part

5.1 Materials

Equipment and Consumables

Educational tensiometer K6 Kriss, Hamburg

Handheld UV lamp (254 / 366 nm) Carl Roth, Karlsuh

Microplate reader VersaMax Molecular Devices, Ismgn
Microplate washer Columbus Tecan, Crailsheim

Odyssey Infrared Imaging System LI-COR Bioscien&zs] Homburg
SpeedVac-Concentrator SPD121P ThermoElectron, frank

Water purification system Purelab Ultra  ELGA LaberaHigh Wycombe, UK
96-well polystyrene microtitre plates

high-binding, flat bottom Corning, Wiesbaden

high-binding, flat bottom, half area  Corning
Microcentrifuge tubes, 2.0 and 0.5 mL Sarstedt, Nigoht

Microcentrifuge tubes, 1.5 mL Eppendorf, Hamburg

Nitrocellulose transfer membrane Schleicher & SéieScience, Dassel
PVDF transfer membrane Whatman, Sanford, ME, USA

Silica gel 60, 0.04 — 0.063 mm Carl Roth

Sephadex LH-20 GE Healthcare Europe, Freiburg
TLC plates, Alugram, U¥s,4 Carl Roth

Software

Adobe Photoshop 7 Adobe Systems, San Jose, CA, USA
CorelDraw 10 Corel Corporation, Ottawa, Canada

CS ChemDraw Std 9 CambridgeSoft, Cambridge, MAAUS

Odyssey Application Software 2.1  LI-COR Biosciences

Prism 4 GraphPad Software, San Diego, CA, USA
INMR 0.7 Mestrelab Research, Santiago de Compos$elain
Microsoft Office 2004 Microsoft, Red Wood City, OBSA

SciFinder Scholar 2007 CAS, Columbus, OH, USA

SoftMax Pro 4.8 Molecular Devices
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Chemicals

All standard stockroom reagents were purchased 8mma-Aldrich, Taufkirchen (including
the brands Fluka, Aldrich, Sigma-Aldrich and Riedel Haén) or Carl Roth, and are not
explicitly listed. All reagents were of at leasapgrade purity, unless otherwise noted.

Reagents

Borane, 11 in tetrahydrofuran Sigma-Aldrich
1-Bromoeicosane Sigma-Aldrich
1-Bromododecane Sigma-Aldrich
Diisopropyl azodicarboxylate Merck, Darmstadt
Docosanoic acid TCI Europe, Zwijndrecht, Belgium
1,12-Dodecanediol Sigma-Aldrich
Eicosanedioic acid TCI Europe
Hydrazine monohydrate Sigma-Aldrich
Hydrobromic acid, 48% (w/v) aqueous solution Sighidrich
Lithium aluminium hydride Sigma-Aldrich
Lithium tri-tert-butoxyaluminium hydride, 97% Sigma-Aldrich
Malonic acid diethyl ester Sigma-Aldrich
Malonic acid ditert-butyl ester Merck

2-(a-methoxy[poly(ethylene oxy)]) ethanol, 550 Da  SigAldrich
2-(a-methoxy[poly(ethylene oxy)]) ethanol, 2 kDa Sigrlahich

Molecular sieves, 4 A, beads Sigma-Aldrich
Ninhydrin Sigma-Aldrich
Phosphomolybdic acid hydrate Sigma-Aldrich
Phthalimide Sigma-Aldrich
PiperazineN,N’-bis(2-ethanesulfonic acid) (PIPES)  Sigma-Aldrich
Potassium carbonate, anhydrous Sigma-Aldrich
Sodium, pieces stored in heavy mineral oll Sigmdrigh
Sodium azide Sigma-Aldrich
Sodium hydride, 60 % dispersion in mineral oil SagAddrich
Tetrabutyl ammonium borohydride (TBABH) Sigma-Algi
Tetradecanoic acid TCI Europe
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3,3',5,5'-tetramethylbenzidine Sigma-Aldrich

Thionyl chloride Merck

para-Toluenesulfonyl chloride Merck

Triethylamine Sigma-Aldrich

Trifluoroacetic acid Sigma-Aldrich
Trifluoromethane sulfonic acid anhydride Alfa Aeddarlsruhe
Triphenylphosphine Acros Organics, Geel, Belgium
Tris(hydroxymethyl)aminomethane (Tris) Sigma-Aldiric

Tween20 Sigma-Aldrich

Solvents

All anhydrous solvents were purchased from Signa@righ. All other solvents were of at
least p.a. grade purity.

Cyclohexane Carl Roth
Dichloromethane (MC) Carl Roth
Diethyl ether Merck
N,N-Dimethylformamide (DMF) Sigma-Aldrich
Ethanol Carl Roth
Ethyl acetate Carl Roth
Methanol Merck
Toluene Carl Roth

Stains for thin layer chromatography (TLC)

Phosphomolybdic acid dip-solution
20 g Phosphomolybdic acid hydrate in 100 mL ethastired in the dark. This stain
produced blue-black spots on yellow-green backgitamheating for almost all compounds.

Ninhydrin spray-solution
0.2 g Ninhydrin and 5 mL acetic acid in 100 mL etbla This stain produced red spots for
amines on heating.

lodine
Development was conducted by storing the TLC fdiatseveral minutes in a jar with a few
crystals of iodine. This stain produced non-perman@own spots of sublimated and
adsorbed iodine for almost all compounds.

UV-light:
UV-active spots were visualised with a handheld laivip.
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Conditions and Commonly Used Abbreviations
Room temperature 25°C (£5°C)

o/n: over night (approximately 17 h)
ddH,O: double distilled water ASTM Grade 1, obtainedwrurelab Ultra

Reagents for Assay Experiments

Sera

Human serum (HS)
Human serum was prepared from a freshly collecteddosample drawn from a healthy
adult blood donor (the sampling of blood for thisrgse was approved by the Ethics
Committee of the Medical University of Libeck). 260 blood was drawn and incubated
o/n at room temperature. The clotted blood was theubated on ice for 1 h and centrifuged
for 10 min at an rcf of 1,800 x g. The supernataas divided sterilely in 1.5 mL portions.
The aliquots were snap-frozen in liquid nitroged atored at -80 °C.

Pooled normal human serum
Pooled normal human (mixed blood types) serum washased from Innovative Research,
Novi, Ml, USA.

Foetal Bovine serum (FBS)
FBS was purchased from Allgédu Biotech, Kempten.

Antibodies and detection reagents
Concanavalin A (ConA), biotin-labelled Vector Labtwries, Burlingame, CA, USA

Goat anti-Hepatitis B surface Antigen antibody AS$Brotec, Kidlington, Oxford, UK

Goat anti-Hepatitis B surface Antigen antibody
horseradish peroxidase (HRP)-labelled AbD Serotec

Goat anti-human IgG antibody, biotin-labelled  SeuthBiotech, Birmingham, AL, USA

Goat anti-mouse IgG antibody,
AlexaFluor680-labelled Invitrogen, Carlsbad, CA, US

Goat anti-mouse IgG antibody, HRP-labelled SoutlBaotech

Hepatitis B surface Antigen (HBsAQ),
recombinant AbD Serotec

Mouse anti-Prion Protein antibody clone 6H4 Prisnischlieren, Switzerland

Prion protein fragment consisting of

amino acids 90-231 of murine prion protein, prodidy Dr. Steffen Bade,
his6-tagged (PrP90-23% Forschungszentrum Borstel
Streptavidin, HRP-labelled Vector Laboratories
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Other proteins and protein-containing materials

Bovine serum albumine (BSA), fraction V MP Biomeal&; Solon, OH, USA
Casein, Hammarsten grade VWR International, Damibsta

Fish gelatine, HiPure Liquid Gelatine Norland Proy Cranbury, NJ, USA
Skimmed milk, powder Lactoland, Dilmen

TMB Substrate solutions
Solution A

205 mM citric acid, pH adjusted with KOH to 4.0, 3.07%nH,0,. Solution A was stored at
4°C.
Solution B

41 mM TMB and 8.1 nv TBABH, dissolved in anhydrous, neat dimethylacetsEn
Solution B was stored in microcentrifuge tubes &€4n the dark.

Buffers
The volume of the following buffers was adjustedhndouble distilled water.

D-PBS (10x) Dulbecco’s phosphate buffered saline
Per litre: 80 g NaCl, 11.5 g MdPOy, 2 g KCI, 2 g KHPO,.

D-PBS (1x, 1.47 m KH,POy, 8.10 n NagHPO,4, 137 nv NaCl, 2.68 v KClI, pH 7.4)
Per litre: 100 mL D-PBS (10x).

PBST (D-PBS with 0.05% (w/v) Tween20 )
1L D-PBS (1x), 5 mL 10% (w/v) Tween20.

L-PBS (Lite PBS, 10.0mNaH,PO, and 10.0 mt NaCl, pH 7.0)
Per litre: 0.584 g NacCl, 1.38 g NaPO, x H,O, pH adjusted with 1 NaOH to 7.0.

Phosphate-Buffer (4x)
Per 50 mL: 107.2 mg NaROy, 157.1 mg NgHP Oy, 420uL 2 M KCI, 6 mL 5M NacCl.

Phosphate-Buffer (1x, pH 6.3, 6.8, 7.3, 7.8, 8.3)
Per 40 mL: 10 mL Phosphate-Buffer (4x), pH adjustéth 1 M HCI or 1M NaOH to each
of the above mentioned values.

PIPES-Buffer (2x)
Per 100 mL: 604.7 mg PIPES, 4@0 2 M KCI, 6 mL 5M NaCl, pH adjusted with @ HCI
to 5.8.

PIPES-Buffer (1x, pH 5.8, 6.3, 6.8, 7.3)
Per 40 mL: 20 mL PIPES-Buffer (2x), pH adjustedhwitm HCI or 1M NaOH to each of
the above mentioned values.
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Tris-Buffer (4x)
Per 50 mL: 242.3 mg Tris, 430. 2 M KCI, 6 mL 5M NacCl.

Tris-Buffer (1x, pH 7.3, 7.8, 8.3, 8.8)

Per 40 mL: 10 mL Tris-Buffer (4x), pH adjusted witiv HCI or 1M NaOH to each of the
above mentioned values.

Na’-Buffer (0.1x to 5x)
Per 200 mL: 107.2 mg NaRQy, 157.1 mg NgHPO,, and one of the following amounts of
NaCl: 0 mg for 0.1x, 169.1 mg for 0.2x, 695.1 mg @b5x, 1.572 g for 1x, 3.325 g for 2x
and 8.585 g for 5x, pH adjusted wittMINaOH to 7.2.

K*-Buffer (0.1x to 5x)
Per 200 mL: 121.6 mg KiIPO,, 192.7 mg KHPO,, and one of the following amounts of
KCI: 0 mg for 0.1x, 215.7 mg for 0.2x, 886.7 mg @bx, 2.005 g for 1x, 4.242 g for 2x and
10.95 g for 5%, pH adjusted withM. KOH to 7.2.

NH,"-Buffer (0.1x to 5x)
Per 200 mL: 2 mL M H3PO,, 3.04 mL 1M NH,OH, and one of the following amounts of
NH4CI: 0 mg for 0.1x, 155.1 mg for 0.2x, 636.5 mg @%x, 1.439 g for 1x, 3.044 g for 2x
and 7.858 g for 5x, pH adjusted wittMINH,OH or 1M HCl to 7.2.

Blocking Solutions
Blocking solutions BS1-8 were prepared with comnadiscavailable blocking reagents:

BS1: BSA, 1% (w/v) in D-PBS

BS2: Fish gelatine, 1% (w/v) in D-PBS
BS3: Tween20, 0.5% (v/v) in D-PBS
BS4: Casein, 1% (w/v) in D-PBS

BS5: Casein hydrolysate, 1% (w/v) in D-PBS
1 g casein was dissolved in 80 mL of 03aqueous NaOH at 37 °C and allowed to
hydrolyse for several hours. Then 10 mL of D-PB&jlwere added, the pH was set to 8 by
addition of diluted HCI and the volume was adjustatth double distilled water to 100 mL.

BS6: Skimmed milk, 5% (w/v) in D-PBS

BS7: AquaBlock (fish plasma-based blocking reagent)
Ready to use solution, purchased from EastCoashich Berwick, ME, USA.

BS8: Rotiblock (PVP containing blocking reagent)
Purchased from Carl Roth, 10 fold diluted in doutikilled water.

Blocking solutions BS9-30 were prepared with cdtiosurfactants as novel blocking
reagents:
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BS9:

BS10:
BS11:
BS12:
BS13:
BS14:
BS15:
BS16:
BS17:
BS18:
BS19:
BS20:
BS21:
BS22:
BS23:
BS24:
BS25:
BS26:
BS27:
BS28:
BS29:
BS30:

7f(550,12), 1% (w/v) in D-PB$H adjusted with M HCl or 1M NaOH to 7.2
7f(550,20), 1% (w/v) in D-PB$H adjusted with M HCl or 1M NaOH to 7.2
7f(2000,12), 1% (w/v) in D-PB$H adjusted with M HCl or 1M NaOH to 7.2
7f(2000,20), 1% (w/v) in D-PB$H adjusted with M HCl or 1M NaOH to 7.2
79(550,12), 1% (w/v) in D-PB®H adjusted with M HCI or 1M NaOH to 7.2
79(550,20), 1% (w/v) in D-PB®H adjusted with M HCI or 1M NaOH to 7.2
79(2000,12), 1% (w/v) in D-PB$H adjusted with M HC| or 1M NaOH to 7.2
8a(550,12), 1% (w/v) in D-PB®H adjusted with M HCI or 1M NaOH to 7.2
8a(550,20), 1% (w/v) in D-PBPH adjusted with M HCl or 1M NaOH to 7.2
80(550,20), 0.5% (w/v) in D-PB$H adjusted with M HCl or 1M NaOH to 7.2
8d(550,12), 1% (w/v) in D-PB®H adjusted with M HCI or 1M NaOH to 7.2
8d(550,20), 1% (w/v) in D-PB®H adjusted with M HCI or 1M NaOH to 7.2
8d(2000,12), 1% (w/v) in D-PB®H adjusted with M HCl or 1M NaOH to 7.2
8d(2000,20), 1% (w/v) in D-PB$H adjusted with M HCl or 1M NaOH to 7.2
8¢(550,12), 1% (w/v) in D-PB$H adjusted with M HCl or 1M NaOH to 7.2
8¢(550,20), 0.2% (w/v) in D-PB$H adjusted with M HCI or 1M NaOH to 7.2
8€(2000,20), 1% (w/v) in D-PB$H adjusted with M HCl or 1M NaOH to 7.2
8f(550,12), 1% (w/v) in D-PB$H adjusted with M HCl or 1M NaOH to 7.2
8f(550,20), 1% (w/v) in D-PB$H adjusted with M HCI or 1M NaOH to 7.2
8f(2000,12), 1% (w/v) in D-PB$H adjusted with M HCI or 1M NaOH to 7.2
1, 0.5% (w/v) in D-PBS

2, 1% (w/v) in D-PBS
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5.2 Syntheses

Column chromatography was performed on silica @eifénot stated otherwise. MALDI-
TOF spectrometry was used to characterise derastontaining polydisperse polymer units.
As the molecular mass of the repetitive unit ofypethylene glycol) is approximately 44 Da,
signals separated by a multiple of 44 Da belongthe same distribution. For each
distinguishable distribution in one spectrum theta signal of the top three most abundant
signals is given and the range of the (approxingabell-shaped) distribution is indicated
(considering signals with at least an 0.1-fold doohthe maximum signal) in parenthesis.
'H and**C NMR spectra were measured in chloroforprifchot otherwise indicated. Spectra
of amine containing compounds were described bytigeical shifts of either the amine- or
the protonated form, whichever prevailed. A remads added to the spectrum if the shifts
given belonged to the protonated form.

General Procedures

Mitsunobu reaction of alcohols to phthalimides (geeral procedure A):

The respective alcohol and a 1.1-fold molar amoeath of triphenylphosphine and
phthalimide were dissolved in anhydrous THF. A fbltk molar amount of diisopropyl azo
dicarboxylate was added slowly while stirring andeging the temperature at room
temperature. The cooling was removed and the mrantixture stirred for 2.5 h - 1 d at room
temperature. The reaction process was monitorethindayer chromatography. The solvent
was removed and the crude product was purifiedoliynen chromatography.

Malonic ester synthesis (general procedure B):

The respective malonic ester was deprotonatedthgredissolving it in ethanol and dropping
the solution into a carefully prepared sodium ethaie solution containing an equimolar
amount of sodium in ethandB{) or dissolving it in an appropriate solvent (THFRMVF)
and adding the solution to an equimolar amountodiwsn hydride in the respective solvent
(B2) and subsequently stirring at room temperaturendeu reflux for 10 min - 5 h until
hydrogen formation ceased. Then an equimolar amolatkyloromide was added and the
reaction mixture was stirred at room temperaturender reflux for 3 h - 1 d. The reaction
progress was monitored by thin layer chromatographg solvent was removéaad vacuoand
the residue was taken up in diethyl ether or effogtate. The organic fractions were washed
once with ddHO, dried over MgS@and concentrated. The crude product was purified b
column chromatography.

Hydrolysis of substituted malonic acid diethyl estes (general procedure C):

The respective malonic acid diethyl ester wasestirat reflux for 4.5 - 6 h with a freshly
prepared solution of an approximately four-fold ess of potassium hydroxide dissolved in a
1:2 mixture of ddHO and ethanol. The solvent was evaporated andeidue was taken up
in ddH,O. Concentrated hydrochloric acid (32% (w/v)) wakled until the pH reached
approximately 1. The agueous phase was extractedifoes with diethyl ether. The organic
fractions were combined, dried over MgSahd concentrated.
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Hydrolysis of substituted malonic acid di-tert-butyl esters (general procedure D):

The respective malonic acid trt-butyl ester was dissolved in dichloromethane and a
approximately ten fold molar excess of trifluorcéceacid was added. The solution was
stirred at room temperature for 3 d and the reactimgress was monitored by thin layer
chromatography. The solvent and any remainingutiitbacetic acid and ester were removed
in vacuo

Decarboxylation of substituted malonic acids (genat procedure E):

The respective malonic acid was stirred at 150 0 X6 and at atmospheric pressure for
70 min - 5 h and for further 1 - 5 h at reducedspuee (approximately 100 mbar) until gas
formation ceased.

Preparation of carboxylic or malonic acid chlorides(general procedure F):

The respective carboxylic acid or malonic acid wtsed at reflux with an eight- to twenty-
fold molar excess of thionyl chloride for 1.5 - h5The volatiles were removéu vacuoand
the residue was co-distilled with toluene. The erymoduct was used for the next step
without further purification.

Reduction of carboxylic acid chlorides to alcohol¢general procedure G):

The respective carboxylic acid chlorides were dissbin anhydrous THF and cooled to 0 °C.
An approximately 2.4 fold molar amount of lithium(tert-butoxy) aluminium hydride was
added under argon atmosphere and vigorous stiamugthe reaction mixture was stirred at
0 °C for 1 h and for further 80 min - 2 h at rooemperature. The reaction mixture then was
poured into an excess of OML hydrochloric acid and the aqueous phase was éattdour
times with ethyl acetate. The organic fractions eveombined, dried over MgQQand
concentrated. The residue was purified by columorolatography.

Condensation of carboxylic or malonic acid chloride with mPEG-amine to the
respective amide (general procedure H):

The respective carboxylic acid chloride and an mglar amount of8 / 3’ or the respective
malonic acid chlorides and a 2.0-fold molar amaooin8 / 3° were dissolved in toluene and
stirred at room temperature for 5 - 30 min. An egplar amount of triethylamine was added
and the reaction mixture was stirred at 75 °C kathperature for o/n - 4 d. The reaction
mixture was cooled to room temperature and theigitate was filtered off and washed with
toluene. The filtrate and the washing solutionsemesmbined and washed once with ®1.2
HCl and once with saturated sodium bicarbonate tisolu The organic fractions were
combined, dried over MgS(and concentrated.

Williamson ether synthesis of w-phthalimido alkan-1-ols with mPEGs (general
procedure I):

The respectivao-phthalimido alkan-1-ol was dissolved in anhydralishloromethane and
cooled to 0 °C. A 1.2-fold molar amount of trifl@mnethane sulfonic acid anhydride was
added dropwise under an argon atmosphere and dbgore mixture was stirred at 0 °C for
35- 90 min. Concurrently, a 1.1-fold molar amount 2-(a-methoxy[poly(ethylene
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oxy)])ethanol was dissolved in anhydrous dimethtixgee and freshly dried molecular
sieves 4 A and a 1.05-fold molar amount of sodiuydride were added. The
dimethoxyethane solution was stirred at room teatpee for 50 - 90 min. Meanwhile the
dichloromethane solution was filtered and the pmiéaie was washed with ice cold
dichloromethane. The filtrate and the washing sotutvere combined and washed once with
ice cold saturated sodium bicarbonate solution. ditganic fractions were combined, dried
over MgSQ and the solvent was removiedvacuoat a temperature not exceeding 30 °C. The
residue was dissolved in anhydrous dimethoxyethamel added to the 2K
methoxy[poly(ethylene oxy)]) ethanol solution. Theaction mixture was stirred at room
temperature o/n - 5 d, then it was filtered andfiliate was concentrated. The residue was
purified by column chromatography.

Hydrazinolysis of phthalimides (general procedure }i

The respective phthalimide was dissolved in ethantil an approximately eight-fold molar
excess of hydrazine monohydrate. The solution wasd at reflux o/n - 1 d. The solvent was
evaporated and the residue was dissolved imOhy/drochloric acid. The agueous phase was
washed twice with ethyl acetate and then treatdd neat sodium hydroxide until the pH
reached 14. The aqueous phase was then extraatedirftes with dichloromethane. The
organic fractions were combined, dried over Mg@@d concentrated.

Reduction of carboxylic or malonic acid amides to mines (general procedure K):

The respective carboxylic acid amide or malonid @asnide was dissolved in anhydrous THF
and added slowly under an argon atmosphere attd & 2.4- to 5.1-fold molar amount of
1M borane in THF. The solution was allowed to warmaom temperature and then stirred
at reflux o/n - 4 d. The reaction was stopped bgiragl a 0.9-fold molar amount of &
hydrochloric acid. The solvent was removed andrdsdue was dissolved in M hydro-
chloric acid. The pH was adjusted to 14 using sedtum hydroxide. The aqueous phase was
extracted four times with dichloromethane. The argdractions were combined, dried over
MgSQO, and concentrated.

Synthesis of Alkyl Building Blocks

Eicosane-1,20-diol:

Eicosanedioic acid (50.1 g, 146 mmol) was stirredefiux with thionyl chloride (85.5 mL,
1.17 mol) for 2.5 h. The volatiles were remowedacuoand the residue was co-distilled with
toluene twice. The crude diacid chloride was desolin anhydrous diethyl ether (100 mL)
and the solution was added slowly to a suspensiohiAlH4 (6.66 g, 175 mmol) in
anhydrous diethyl ether (250 mL) while stirring akekping the temperature at 0 °C. The
reaction mixture was stirred at room temperatureasid at reflux for 90 min. The mixture
was cooled to 0 °C and dd@ (50 mL), as well as 10% (v/v),HO, were added slowly while
keeping the temperature at 0 °C. The mixture wiasvald to warm to room temperature and
stirred o/n. The resulting emulsion was repeatedyacted with hot toluene. The toluene
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phases were combined, washed once with saturatidnsdicarbonate solution and once
with ddHO, dried over MgS@®and were concentrated.

Yield: 45.5 g (145 mmol), 99% of a colourless cajlgte solid.

'H NMR (360 MHz, CDC{+DMSO-d;, 25 °C):5 1.05 (m, 32H, H-3), Ho VZ\MNOH
1.33 (m, 4H, H-2), 3.36 (t, 48}y = 6.7 Hz, H-1). 1 3%e

12-Bromododecan-1-ol [3b(12)]:

Dodecane-1,12-diol (20.2 g, 100 mmol) was suspendé&aluene (200 mL) and hydrobromic
acid (48% (w/v), 12.5 mL, 110 mmol) was added t® shispension. The mixture was stirred
at reflux for 1 d at a Dean-Stark apparatus, atmvad to cool to room temperature. The
resulting mixture was decanted and the residue washed three times with toluene. The
decanted supernatant and the washing solutions wambined, and washed once with
saturated bicarbonate solution and once with s&dirsodium chloride solution. The organic
fractions were combined, dried over MgsSé&nd were concentrated. The crude product was
purified by column chromatography (cyclohexanehieacetate 9:1» cyclohexane / acetone
9:1).

Yield: 17.7 g (66.6 mmol), 67% of a colourless taji;e solid.

'H NMR (360 MHz, CDC}, 25 °C):d 1.28 (m, 14H, H-3), 1.42 (m, ..
2H, H-4), 1.57 (m, 2H, H-2), 1.85 (tt, 2.y = 7.1 Hz,3}qy = 7.1 HOWBr
Hz, H-5), 3.41 (t, 2H3J4.4 = 6.8 Hz, H-6), 3.64 (t, 2HJy.4 = 6.7 Hz, !

H-1).

20-Bromoeicosan-1-ol [3b(20)]:

Eicosane-1,20-diol (45.5 g, 145 mmol) was suspemiéodluene (270 mL) and hydrobromic
acid (48% (w/v), 19.7 mL, 174 mmol) was added ® shispension. The mixture was stirred
at reflux for 1 d at a Dean-Stark apparatus, anowald to cool to room temperature.
Cyclohexane (300 mL) was added and the resultingum@ was washed once with saturated
bicarbonate solution and once with ddH The organic fractions were combined, dried over
MgSO, and were concentrated. The crude product wasigairify column chromatography
(cyclohexane— cyclohexane / acetone 9:1).

Yield: 26.6 g (69.4 mmol), 48% of a colourless taji;e solid.

'H NMR (360 MHz, CDG}, 25 °C):5 1.26 (m, 30H, H-3, H-4, . s s 7
2

H-5), 1.42 (m, 2H, H-6), 1.57 (m, 2H, H-2), 1.8§ @H, 3} = HOW&
7.1 Hz,33y = 7.1 Hz, H-7), 3.40 (t, 2HJ4.u = 6.8 Hz, H-8),
3.64 (t, 2H23y.n = 6.7 Hz, H-1).

13C NMR (90 MHz, CDC}, 25 °C):5 25.9 (C-3), 28.3 (C-6), 28.9 (C-5), 29.5-29.8 (C-4
33.0 (C-7), 34.2 (C-8), 63.3 (C-1).
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N-(12-Bromododecyl) phthalimide [3c(12)]:

Following general procedure ARb(12) (18.6 g, 70.0 mmol), triphenylphosphine (20.2 g,
77.0 mmol), phthalimide (11.3 g, 77.0 mmol) andaigropyl azo dicarboxylate (16.1 mL,
77.0 mmol) were reacted in THF (350 mL) for 2.5 ihdathe mixture was processed
accordingly. The crude product was purified by amtuchromatography (cyclohexane / ethyl
acetate 9:1).

Yield: 25.7 g (65.2 mmol), 93 % of a colourlessstajline solid.

IH NMR (360 MHz, CDC}, 25 °C):5 1.26 (m, 14H, H-3), 0

1.41 (m, 2H, H-4), 1.67 (m, 2H, H-2), 1.85 (M, 2H5), . 24 s
3.40 (1, 2H % = 6.8 Hz, H-6), 3.67 (t, 2Hdun = 7.4 Hz, ~5 % T &% % 8
H-1), 7.70 (m, 2H, H-1"), 7.84 (m, 2H, H-2). 20

13C NMR (90 MHz, CDC}, 25 °C):5 27.0 (C-3), 28.3 (C-4), 28.8 (C-2), 28.9-29.6 (C-3
33.0 (C-5), 34.2 (C-6), 38.2 (C-1), 123.3 (C-23214 (C-3’), 134.0 (C-1), 168.6 (C-4").
N-(20-Bromoeicosyl) phthalimide [3c(20)]:

Following general procedure ARb(20) (26.2 g, 69.4 mmol), triphenylphosphine (20.0 g,
76.3 mmol), phthalimide (11.2 g, 76.3 mmol) andaigropyl azo dicarboxylate (15.5 mL,
76.3 mmol) were reacted in THF (300 mL) for 1 d #mel mixture was processed accordingly.
The crude product was purified by column chromadpgy (toluene).

Yield: 11.5 g (22.7 mmol), 66 % of a colourlessstajline solid.

'H NMR (360 MHz, CDC}, 25 °C):3 1.24 (m, 14H, H-3), 0

1.42 (m, 2H, H-4), 1.67 (m, 2H, H-2), 1.85 (m, 2H5), N 2, 4
3.40 (t, 2H3Jun = 7.0 Hz, H-6), 3.67 (t, 2H}un = 7.2 Hz, .~ Y OGT% Br
H-1), 7.70 (m, 2H, H-1’), 7.84 (m, 2H, H-2). 0

13C NMR (90 MHz, CDC}, 25 °C):5 27.0 (C-3), 28.3 (C-4), 28.8 (C-2), 28.9-29.8 (C-3
33.0 (C-5), 34.2 (C-6), 38.3 (C-1), 123.3 (C-2'3214 (C-3"), 133.9 (C-1"), 168.6 (C-4)).

Synthesis of PEG Building Blocks

a-methoxy[poly(ethylene oxy)] paratoluene sulfonate (average molecular mass ~0.70
kDa) [4b(550)]:

2-(a-methoxy[poly(ethylene oxy)]) ethanol (average mnealar mass ~550 Da, 55.0 g,
100 mmol) was dissolved in anhydrous dichlorometh@®0 mL). Freshly dried molecular
sieves 4A and triethylamine (35.0 mL, 250 mmol) evadded and the solution was cooled to
0 °C. Paratoluene sulfonylchloride (47.7 g, 250 mmol) wasled under exclusion of humi-
dity. The mixture was stirred at 0 °C for 60 mimarmed to room temperature and stirred for
another 80 min. The solvent was removed and thielueswas taken up in toluene. The
mixture was filtered and the residue was washet tailuene. The filtrate and the washing
solution were combined and concentrated. The resias dissolved in toluene and purified
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twice by column chromatography (1. toluere dichloromethane— dichloromethane /
triethylamine 19:1; 2. toluene> acetonitril).

Yield: 44.4 g (63.1 mmol), 63% of a light-brown.oil
'H NMR (360 MHz, CDC}, 25 °C):3 2.44 (s, o

3H, H-1"), 3.37 (s, 3H, H-1), 3.62 (m, polymer i /2\/0\<\/\ )f\/o—é?.@zﬁ.
O (@) 1
backbone), 4.15 (m, 2H, H-4), 7.33 (d, 2B n4 O 4 3

= 7.9 Hz, H-4"), 7.79 (d, 2H}4.4 = 8.3 Hz, H-3").

13C NMR (90 MHz, CDCJ, 25 °C):5 21.8 (C-1'), 59.2 (C-1), 68.8 (C-4), 69.4 (C-3).0—
71.0 (polymer backbone), 72.1 (C-2), 128.1 (C-829.9 (C-4"), 133.2 (C-2), 144.9 (C-5").

MALDI-TOF: 671.3 (451.3-891.7) [M+H] 693.4 (473.2-913.6) [M+N%] 709.4 (489.2—
929.6) [M+K]'

a-methoxy[poly(ethylene oxy)] paratoluene sulfonate (average molecular mass
~2.15 kDa) [4b(2000)]:

2-(a-methoxy[poly(ethylene oxy)]) ethanol (average mcalar mass ~2 kDa, 100 g,
50.0 mmol) was dissolved in anhydrous dichlorome¢hé800 mL). Freshly dried molecular
sieves 4 A and triethylamine (17.4 mL, 125 mmolyevadded and the solution was cooled to
0 °C. Paratoluene sulfonylchloride (23.8 g, 125 mmol) wasded under exclusion of
humidity. The mixture was stirred at 0 °C for 40nmivarmed to room temperature and
further stirred o/n. The solvent was removed aredréssidue was taken up in toluene. The
precipitate was filtered off and washed with toleefihe filtrate and the washing solution
were combined and concentrated. The residue was tag in dichloromethane and filtered
over a small amount (approximately 50 g) of silgal. The silica gel was washed with
dichloromethane. The filtrate and the washing sotuivere again combined and concentrated.
The residue was precipitated by addition of dietitiler. The precipitate was filtered, washed
with diethyl ether and dissolved in dichloromethaibe precipitation and washing steps
were repeated, and the precipitate was driadcuo

Yield: 90.5 g (42.0 mmol), 84 % of a colourlessigol
'H NMR (360 MHz, CDC}, 25 °C):3 2.44 (s, 0

3H, H-1'), 3.37 (s, 3H, H-1), 3.63 (m, polymeri~ . ~_0 3 o—:s:©,—,
o) \6/\0?;\4/ i 5 ' ‘2 g
backbone), 4.15 (m, 2H, H-4), 7.33 (d, 2B 4 3

= 8.0 Hz, H-4"), 7.79 (d, 2H}4.4 = 8.3 Hz, H-3").

13C NMR (90 MHz, CDC}, 25 °C):5 21.8 (C-1'), 59.1 (C-1), 68.8 (C-4), 69.3 (C-3).0—
71.5 (polymer backbone), 72.1 (C-2), 128.1 (C-829.9 (C-4"), 133.2 (C-2), 144.9 (C-5").

2-(a-methoxy[poly(ethylene oxy)]) ethyl azide (averagemolecular mass ~575 Da)
[4c(550)]:

4b(550) (29.5 g, 41.9 mmol) and sodium azide (4.09 g, 68r@ol) were suspended in
anhydrous DMF (80mL) and stirred at reflux for Zhd at room temperature for 1 d. The
reaction mixture was cooled and the solvent wasowethin vacuo The residue was co-
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distilled twice with toluene and then taken up id:& solution of toluene and diethyl ether.
The precipitate was filtered off and rinsed witlueme. The filtrate and the washing solutions
were combined, concentrated and taken up in dietthgr. The precipitate was filtered off
and rinsed with diethyl ether. The filtrate and thvashing solutions were combined,

concentrated and dried vacuo o N
NATN 3
Yield: 23.0 g (39.8 mmol), 95% of a light-brown.oil © {\/\O’Z\/
The crude product was used in the following stefovit further purification.
2-(a-methoxy[poly(ethylene oxy)]) ethyl amine (averagemolecular mass ~550 Da)
[4d(550)]:
A solution of 4¢(550)(23.0 g, 40.0 mmol) in anhydrous THF (100 mL) wasled to O °C.
Triphenylphosphine (22.0 g, 83.0 mmol) was addedl the mixture was stirred at 0 °C for
45 min. The mixture was allowed to warm to room penature and stirred o/n. The reaction
progress was followed by thin layer chromatograplaf,,0 (2.27 mL, 126 mmol) was added
and the reaction mixture was further stirred fdr. I¥he reaction mixture was concentraited
vacuoand the residue was diluted with ddH20. The agsiqthase was acidified to pH 1
using 2M HCI and washed once with toluene. The aqueousephas adjusted to pH 13

using neat sodium hydroxide and extracted threeedimvith dichloromethane. The
dichloromethane fractions were combined, dried dwgsQO, and concentrateid vacuo

Yield: 18.9 g (34.4 mmol), 86% of a light-yellow.oi

'H NMR (360 MHz, CDC4, 25 °C): 3 2.89 (m, 2H, H-4),
3.37 (s, 3H, H-1), 3.63 (m, polymer backbone).

2 3
1\0/\/0\6/\()?;\4/ NH,

3C NMR (90 MHz, CDC}, 25 °C):d 41.8 (C-4), 59.1 (C-1), 70.0-71.5 (polymer bacldjon
72.1 (C-2), 72.7 (C-3).

2-(a-methoxy[poly(ethylene oxy)]) ethyl azide (averagemolecular mass ~2.03 kDa)
[4c(2000)]:

4b(2000) (43.1 g, 20.0 mmol) and sodium azide (1.95 g, 3@r@ol) were suspended in
anhydrous DMF (80 mL) and stirred at reflux formih. The reaction mixture was cooled to
room temperature and stirred o/n. The solvent weasovedin vacuoand the residue was
taken up in toluene. Insoluble components were weadoy centrifugation (15 - 30 min;
1,700 rcf) and the supernatant was carefully temsél into a flask. The centrifugation pellet
was resuspended in toluene and the above mentisteps were repeated 3 times. The
combined supernatants were concentrated and idriextuo

(0] N
Yield: 40.5 g (20.0 mmol), 100% of a light-browrlido o TN o

The crude product was used in the following stefovit further purification.
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2-(a-methoxy[poly(ethylene oxy)]) ethyl amine (averagemolecular mass ~2.00 kDa)
[4d(2000)]:

A solution 0of4¢(2000)(40.5 g, 20.0 mmol) in anhydrous THF (85 mL) wasled to 0 °C.
Triphenylphosphine (10.5 g, 40.0 mmol) was addedl the mixture was stirred at 0 °C for
20 min. The mixture was allowed to warm to room penature and stirred for 3 d. The
reaction progress was monitored by thin layer clatography. ddbD (1.08 mL, 60.0 mmol)
was added and the reaction mixture was stirreddafH,O was added and the aqueous phase
was washed with toluene once and extracted witthlaiomethane three times. The
dichloromethane fractions were combined, dried dwgs0O, and concentrateid vacuo

Yield: 38.4 g (19.2 mmol) 96% of a light yellow &bl

'H NMR (360 MHz, CDCY, 25 °C):8 3.17 (m, 2H, H-4), | 2 3 NH
2
3.37 (s, 3H, H-1), 3.63 (m, polymer backbone). 0T Mo’fn\(

13C NMR (90 MHz, CDC}, 25 °C):5 41.0 (C-4), 59.2 (C-1), 70.0-71.5 (polymer bacldon
72.1 (C-2).

MALDI-TOF: 2189.6 (1792.6-2717.7) [M+H]2211.6 (1814.6-2739.7) [M+Na]

Synthesis of Alkyl-Bridge Building Blocks

2-dodecyl propane dioic acid diethyl ester [5a(12)and 2,2’-bisdodecyl propane dioic
acid diethyl ester [5b(12)]:

Sodium hydride in mineral oil (60% (w/w), 1.60 d).@ mmol) was washed with anhydrous
hexane and reacted with malonic acid diethyl &€7 mL, 40.0 mmol) in anhydrous THF
(50 mL) for 10 min at room temperature accordingéoeral procedure B2. The mixture then
was reacted with dodecylbromide (9.6 mL, 40 mmolanhydrous THF (50 mL) for 7 h at
reflux and o/n at room temperature according toeganprocedure B. The reaction mixture
was separated into two equal portions.

One portion was worked up with ethyl acetate ari®sd (general procedure B). Column
chromatography (cyclohexane / ethyl acetate 1%¥e§a(12)

Sodium hydride in mineral oil (60% w/w, 1.10 g, 2fmmol) was washed with anhydrous
hexane and reacted with the other portion for 10 atiroom temperature according to gene-
ral procedure B2 (in deviation from this proceduh& mixture was used as provided without
further dilution). The mixture then was reactedhwatodecylbromide (4.5 mL, 19 mmol) for
6 h at reflux and o/n at room temperature. The warkvas performed as described (general
procedure B) with ethyl acetate. Column chromatplgya(cyclohexane— cyclohexane /
ethyl acetate 19:1) gai(12)
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5a(12)
Yield: 4.60 g (14.0 mmol), 35% of a colourless oil.

'H NMR (360 MHz, CDCY, 25 °C):5 0.88 (t, 3H 3.1 = 6.8 Hz, H-1), r
1.25 (m, 26H, H-2, H-3, H-4, H-1"), 1.88 (m, 2H, 3); 3.30 (t, 1H, 2(
34 = 7.5 Hz, H-4"), 4.19 (q, 4HJ.h = 7.2 Hz, H-2)). oX

13C NMR (90 MHz, CDC}, 25 °C):5 14.2 (C-1, C-1'), 22.8 (C-2), 27.5 ¢ 5085 Y
(C-5), 28.9-29.8 (C-4), 32.0 (C-3), 52.3 (C-4),.461C-2"), 169.8 <>
(C-3).

5b(12)
Yield: 6.96 g (14.0 mmol), 35% of a colourless oil.

'H NMR (360 MHz, CDC}, 25 °C):5 0.88 (t, 6H,°}.4 = 6.8 Hz, 2,(1'
H-1), 1.14 (m, 4H, H-2), 1.25 (m, 42H, H-3, H-4,34H-1"), 1.85 (m, o
4H, H-6), 4.17 (q, 4H34. = 7.1 Hz, H-2). o)

13C NMR (90 MHz, CDC}, 25 °C):d 14.3 (C-1, C-1'), 22.8 (C-2), O
24.1 (C-6), 29.5-29.9 (C-4), 32.1 (C-3), 32.3 (CH&).7 (C-4"), 61.0 <’
(C-2), 172.2 (C-3)).

2-eicosyl propane dioic acid diethyl ester [5a(208nd 2,2’-biseicosyl propane dioic acid
diethyl ester [5b(20)]:

A solution of malonic acid diethyl ester (10.6 m1Q.0 mmol) in ethanol (10 mL) and a
solution of sodium ethanolate (1.63 g sodium, #@rAol) in ethanol (60 mL) were reacted
for 30 min at reflux according to general procedBfe The mixture then was reacted with
eicosylbromide (25.4 g, 70.3 mmol) for 3 h at refaccording to general procedure B. The
reaction mixture was separated into two equal posti

One portion was worked up with diethyl ether ascdbed (general procedure B). Column
chromatography (cyclohexare cyclohexane / ethyl acetate 19:1) gaa€20)

Sodium (810 mg, 35.2 mmol) was added to the otletiqn and the reaction mixture was
stirred at reflux for 20 min. Eicosylbromide (1237 35.0 mmol) was added and the reaction
mixture was stirred at reflux o/n. The work-up vpesformed as described (general procedure
B) with diethyl ether. Column chromatography (cywaane / ethyl acetate 19:1) gdlg20).

5a(20)
Yield: 8.56 g (19.4 mmol), 28% of a colourless oil.
'H NMR (360 MHz, CDC}, 25 °C):5 0.88 (t, 3H, }..4 = 6.8 Hz, H-1), (1'

1.25 (m, 42H, H-2, H-3, H-4, H-1’), 1.88 (m, 2H,%); 3.31 (t, 1HJ.n
= 7.5 Hz, H-4'), 4.19 (q, 4H}y.4 = 7.2 Hz, H-2). o=X

13C NMR (90 MHz, CDGC}, 25 °C):5 14.3 (C-1, C-1'), 22.9 (C-2), 27.to 5 16
(C-5), 28.9-29.8 (C-4), 32.1 (C-3), 52.3 (C-4'),46{C-2"), 169.8 (C-3)). <0

-

78



5. EXPERIMENTAL PART

5b(20}
Yield: 18.7 g (25.9 mmol), 37% of a colourless oil.

'H NMR (360 MHz, CDC}, 25 °C):5 0.88 (t, 6H 3.4 = 6.8 Hz, H-1), ,(1‘
1.25 (m, 78H, H-2, H-3, H-4, H-5, H-1"), 1.85 (mHA4H-6), 4.17 (q,
4H, %34 = 7.1 Hz, H-2). oX 8 3

13C NMR (90 MHz, CDC}, 25 °C):d 14.3 (C-1, C-1'), 22.8 (C-2),0
24.1 (C-6), 29.5-29.9 (C-4), 32.1 (C-3), 32.3 (C&®}.7 (C-4), 61.0 DO
(C-2), 172.2 (C-3)). <

2-(12-phthalimido dodecyl) propane dioic acid ditert-butyl ester [5¢(12)]:

Malonic acid ditert-butyl ester (10.0 mL, 43.8 mmol) and sodium hydrid mineral oil
(55 % w/w) (1.91 g, 43.8 mmol) were reacted in altbys DMF (70 mL ) for 5 h at room
temperature according to general procedure3g1l2)(17.3 g, 43.8 mmol) was added to the
mixture and the reaction was stirred at room tewrdpee o/n according to procedure B. The
reaction mixture was separated into two equal posti

One portion was worked up with diethyl ether ascdbed (general procedure B). Column
chromatography (cyclohexane / acetone 19:1 + 0\9} {fiethylamine) gavéc(12)

Yield: 8.45 g (16.0 mmol), 36% of a colourless oil.
'H NMR (360 MHz, CDC}, 25 °C):d 1.24 (m, 18H, H-3), A(S

1.45 (s, 18 H, H-8), 1.65 (m, 2H, H-2), 1.78 (m,, 2t#4), o

3.10 (t, 1H3)un = 7.6 Hz, H-5), 3.67 (t, 2HJyy = 7.4 Hz, 0= o Q

H-1), 7.70 (m, 2H, H-1'), 7.83 (m, 2H, H-2). ol b N;:]i)
3 1

13C NMR (90 MHz, CDC}, 25 °C):5 27.0 (C-2), 27.4 (C-4), 7{’ o 2

28.1 (C-8), 28.8-29.7 (C-3), 38.2 (C-1), 54.2 (C-BL.2
(C-7), 123.3 (C-2)), 132.4 (C-3"), 133.9 (C-1"), 46 (C-4), 169.2 (C-6).

2-(20-phthalimido eicosyl) propane dioic acid diert-butyl ester [5¢(20)]:

Malonic acid ditert-butyl ester (6.56 mL, 29.3 mmol) and sodium hyerid mineral oil
(55 % w/w) (1.28 g, 29.3 mmol) were reacted in altbys DMF (120 mL) for 50 min at
room temperature according to general procedure3820) (23.0 g, 45.4 mmol) was added
to the mixture and the reaction mixture was stirfi@dl h at 75 °C bath temperature and at
room temperature o/n. Additional sodium hydridenmneral oil (55 % (w/w), 708 mg,
16.2 mmol) was added and the reaction mixture weabedr stirred at room temperature for
7 h. The work-up was performed with diethyl ether described (general procedure B).
Column chromatography (cyclohexarecyclohexane / acetone 9:1) gébat20)

Yield: 12.5 g (19.5 mmol), 67% of a colourless oil.
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'H NMR (360 MHz, CDC}, 25 °C):& 1.24 (m, 34H, H-3), A(S

1.45 (s, 18 H, H-8), 1.65 (m, 2H, H-2), 1.78 (m,, 4), g

3.10 (t, 1H,%3 = 7.6 Hz, H-5), 3.67 (t, 2HJyy = 7.2 Hz, 0= e 2

H-1), 7.70 (m, 2H, H-1"), 7.84 (m, 2H, H-2). o=l 0% N;:]i)
3 1

13C NMR (90 MHz, CDC}, 25 °C):5 27.0 (C-2), 27.4 (C-4), o o 2

28.1 (C-8), 28.8-29.9 (C-3), 38.3 (C-1), 54.2 (C-8).3

(C-7),123.3 (C-2'), 132.3 (C-3), 134.0 (C-1"),86 (C-4"), 169.2 (C-6).

2-dodecyl propane dioic acid [6a(12)]:

Following general procedure C, a solutionpuftassium hydroxide (4.93 g, 87.8 mmol) in

ddH,O (6 mL) and ethanol (12 mL) was reacted v&#{12)(4.12 g, 12.6 mmol) for 6 h and
the mixture was processed accordingly.

Yield: 3.35 g (12.3 mmol), 98 % of a colourlessstajline solid.

OH
'H NMR (360 MHz, CDC{+DMSO-t, 25 °C):5 0.83 (t, 3H,2}n = oL
6.7 Hz, H-1), 1.20 (m, 20H, H-2, H-3, H-4), 1.86, (@M, H-5), 3.25 (t, A \ 2
3 1
1H,%)4 = 7.2 Hz, H-6). OH5

13C NMR (90 MHz, CDC+DMSO-a;, 25 °C):d 14.1 (C-1), 22.7 (C-2), 27.4 (C-5), 29.4—
29.7 (C-4), 31.9 (C-3), 51.7 (C-6), 172.3 (C-7).

2,2’-bisdodecyl propane dioic acid [6b(12)]:

Following general procedure C, a solution of patasshydroxide (0.82 g, 15 mmol) in
ddH,O (1 mL) and ethanol (2 mL) was reacted viti{12) (1.81 g, 3.64 mmol) for 5.5 h and
the mixture was processed accordingly.

Yield: 1.56 g (3.54 mmol), 97 % of a colourlessstajline solid.

'H NMR (360 MHz, CDC}, 25 °C):8 0.88 (t, 6H,°J.n = 7.0 Hz, 8
6 73

H-1), 1.25 (m, 40H, H-2, H-3, H-4, H-5), 1.93 (nH4H-6). X ® !
(0]
3C NMR (90 MHz, CDGC}, 25 °C): 6 14.3 (C-1), 22.8 (C-2), 249  OH 7

(C-6), 29.4-29.8 (C-4), 32.1 (C-3), 35.6 (C-5),&(C-7), 177.3 (C-8).

OH 4 2

2-eicosyl propane dioic acid [6a(20)]:

Following general procedure C, a solutioh potassium hydroxide (7.62 g, 136 mmol) in
ddH,O (10 mL) and ethanol (20 mL) was reacted vi&#{20) (8.56 g, 19.4 mmol) for 5.5 h
and the mixture was processed accordingly.

Yield: 6.68 g (17.4 mmol), 90 % of a colourlessstajline solid.

'H NMR (360 MHz, CDC{#+DMSO-t, 25 °C):8 0.76 (t, 3H,°Jun = oL
6.8 Hz, H-1), 1.14 (m, 36H, H-2, H-3, H-4), 1.76,(@H, H-5), 3.15 (t, e A3 A
1H,%) = 7.4 Hz, H-6). ©

OH

OH
13C NMR (90 MHz, CDC+DMSO-d;, 25 °C):5 14.0 (C-1), 22.5 (C-2), 27.3 (C-5), 28.9—
29.5 (C-4), 31.7 (C-3), 51.8 (C-6), 171.9 (C-7).
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2,2’-biseicosyl propane dioic acid [6b(20)]:

Following general procedure C, a solution of patasshydroxide (10.2 g, 182 mmol) in
ddH,O (13 mL) and ethanol (26 mL) was reacted vibi{20) (18.7 g, 26.0 mmol) for 4.5 h
and the mixture was processed accordingly.

Yield: 9.66 g (14.5 mmol), 56 % of a colourlessstajline solid.

OH
'H NMR (360 MHz, CDC}#+DMSO-a;, 25 °C):5 0.79 (t, 6H3n = o= s A

6.7 Hz, H-1), 1.17 (m, 72H, H-2, H-3, H-4, H-5)8Q.(m, 4H, H-6). X° s 18T
o]

13C NMR (90 MHz, CDC{+DMSO-d;, 25 °C):d 14.1 (C-1), 22.6 OH 15

(C-2), 24.9 (C-6), 29.3-29.8 (C-4), 31.9 (C-3),8&-5), 57.3 (C-7), 176.2 (C-8).

2-(12-phthalimido dodecyl) propane dioic acid [6¢(2)]:

Following general procedure B¢(12)(8.45 g, 16.0 mmol) and trifluoroacetic acid (1n8,

160 mmol) were reacted in dichloromethane (12 ntlLjoam temperature and the mixture
was processed accordingly.

Yield: 6.66 g (15.9 mmol), 100% of a colourlessdol

H NMR (360 MHz, CDC}, 25 °C):5 1.25 (m, 18H, H-3), o 6, °H 0

1.66 (m, 2H, H-2), 1.96 (m, 2H, H-4), 3.45 (t, 1B,y = 7.4 }W

Hz, H-5), 3.68 (t, 2H%hn = 7.4 Hz, H-1), 7.70 (m, 2H, 0= * 92 Ne I J
H-1%), 7.85 (m, 2H, H-2"). OH o 2

13C NMR (90 MHz, CDC}, 25 °C):5 26.9 (C-4), 27.2 (C-2), 28.7-29.6 (C-3), 38.3 (C-1
51.3 (C-5), 123.4 (C-2"), 132.3 (C-3’), 134.1 (0:1168.9 (C-4’), 174.1 (C-6).

2-(20-phthalimido eicosyl) propane dioic acid [6¢c@)]:

Following general procedure B¢(20)(12.5 g, 19.5 mmol) and trifluoroacetic acid (1g,
195 mmol) were reacted in dichloromethane (15 ntlLjoam temperature and the mixture
was processed accordingly.

Yield: 10.3 g (19.5 mmol), 100% of a colourless apmous solid.

'H NMR (360 MHz, CDC}, 25 °C):5 1.25 (m, 18H, H-3), OH

1.67 (m, 2H, H-2), 1.96 (m, 2H, H-4), 3.45 (t, By = 7.4 0= C e 2

Hz, H-5), 3.68 (t, 2H3J4.y = 7.2 Hz, H-1), 7.70 (m, 2H, o JOR2 N;]@
H-1), 7.85 (m, 2H, H-2)). OH / e

13C NMR (90 MHz, CDC}, 25 °C):5 27.0 (C-4), 27.4 (C-2), 28.8-29.8 (C-3), 38.3 (C-1
51.2 (C-5), 123.4 (C-2"), 132.3 (C-3"), 134.1 (0:;1168.8 (C-4’), 173.9 (C-6).

2-dodecyl tetradecanoic acid [6e(12)]:
6b(12)(3.09 g, 7.01 mmol) was allowed to decarboxylatesftn at atmospheric pressure and
2.5 h at reduced pressure according to generaéguve E.

Yield: 2.75 g (6.94 mmol), 99% of a colourless taji;e solid.

81
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'H NMR (360 MHz, CDC}, 25 °C):5 0.88 (t, 6H,*J4. = 6.8 Hz,
H-1), 1.26 (m, 40H, H-2, H-3, H-4, H-5), 1.46 (mH 2H-6), 1.61
(m, 2H, H-6"), 2.35 (m, 1H, H-7). HO™® X e

13C NMR (90 MHz, CDGC}, 25 °C):d 14.3 (C-1), 22.8 (C-2), 27.5
(C-5), 29.4-29.8 (C-4), 32.1 (C-3), 32.3 (C-6/@%,.5 (C-7), 181.8 (C-8).
2-eicosyl docosanoic acid [6e(20)]:

6b(20) (3.99 g, 6.00 mmol) was allowed to decarboxylaref h at atmospheric pressure and
2 h at reduced pressure according to general puoedtl

Yield: 3.73 g (6.00 mmol), 100% of a colourlessstajline solid.

0]
'H NMR (360 MHz, CDC{+DMSO-t, 25 °C):5 0.70 (t, 6H, I+ 53 4153 2 1
= 6.8 Hz, H-1), 1.08 (m, 40H, H-2, H-3, H-4, H-8)24 (m, 2H, ™9 ° %
H-6), 1.40 (m, 2H, H-6"), 2.08 (m, 1H, H-7). 15

13C NMR (90 MHz, CDC+DMSO-a;, 25 °C):5 13.8 (C-1), 22.3 (C-2), 27.1 (C-5), 29.0—
29.3 (C-4), 31.6 (C-3), 32.1 (C-6/6"), 45.3 (C-1}8.3 (C-8).

14-phthalimido tetradecanoic acid [6f(12)]:
6c(12)(4.18 g, 10.0 mmol) was allowed to decarboxylate3f h at atmospheric pressure and
5 h at reduced pressure according to general puoedtl

Yield: 3.66 g (9.79 mmol), 98% of a colourless goli

'H NMR (360 MHz, CDC{+DMSO-d, 25 °C):5 1.05 (m, o 0

18H, H-3), 1.40 (m, 2H, H-4), 1.47 (m, 2H, H-2)P&.(t, WVN

2H, °Jun = 7.6 Hz, H-5), 3.47 (t, 2Hn = 7.2 Hz, H-1), FO° 5 U 7 s
7.53 (m, 2H, H-1"), 7.64 (m, 2H, H-2). o

13C NMR (90 MHz, CDC+DMSO-a;, 25 °C):d 24.6 (C-4), 26.5 (C-2), 28.2—29.2 (C-3),
33.9 (C-5), 37.7 (C-1), 122.8 (C-2’), 131.8 (C-ZB3.6 (C-1"), 168.0 (C-4"), 175.6 (C-6).

22-phthalimido docosanoic acid [6f(20)]:
6c(20)(4.77 g, 9.00 mmol) was allowed to decarboxylate/l0 min at atmospheric pressure
and 1 h at reduced pressure and processed acctodjegeral procedure E.

Yield: 4.32 g (8.89 mmol), 99% of a colourless goli
'H NMR (360 MHz, CDGC}, 25 °C):5 1.24 (m, 34H, H-3), o)
1.67 (M, 4H, H-2, H-4), 2.35 (t, 2H}. = 7.4 Hz, H-5), WN
3 .
3.67 (t, 2H,3}4.n = 7.4 Hz, H-1), 7.70 (m, 2H, H-1"), 7.84 HO"6 e - ~
(m, 2H, H-2"). o

13C NMR (90 MHz, CDC}, 25 °C):5 24.8 (C-4), 27.0 (C-2), 28.8-29.8 (C-3), 34.0 (C-5
38.3 (C-1), 123.3 (C-2"), 132.4 (C-3"), 134.0 (0:1168.6 (C-4’), 178.9 (C-6).
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N-(14-hydroxy tetradecyl) phthalimide [6g(12)]:
Following general procedure Bf(12) (2.90 g, 7.76 mmol) and thionyl chloride (11.3 mL,
155 mmol) were reacted for 5 h and the mixture prasessed accordingly.

Following general procedure G, a solution of theder acid chloride (2.26 g, 5.76 mmol) in
anhydrous THF (50 mL) and lithium tft-butoxy) aluminium hydride (3.46 g, 13.6 mmol)
were reacted at 0 °C and for 80 min at room tentperaand the mixture was processed
accordingly. Column chromatography (cyclohexaneet@ne 3:1) gavég(12)

Yield: 1.46 g (4.40 mmol), 76% (over two stepspafolourless crystalline solid.
'H NMR (360 MHz, CDC}, 25 °C):5 1.25 (m, 20H, H-3,

(@)
H-4), 1.56 (m, 2H, H-5), 1.67 (m, 2H, H-2), 3.64 2H, & 4,2 N
3341 = 6.7 Hz, H-6), 3.67 (t, 2HJ4y = 7.2 Hz, H-1), 7.70 HO" 3 o 1 Y3 S
(m, 2H, H-1'), 7.84 (m, 2H, H-2). 0

13C NMR (90 MHz, CDC}, 25 °C):5 25.9 (C-4), 27.0 (C-2), 28.8-29.7 (C-3), 33.0 (C-5
38.3 (C-1), 63.3 (C-6), 123.3 (C-2"), 132.4 (C-3R4.0 (C-1'), 168.6 (C-4).

N-(22-hydroxy docosyl) phthalimide [6g(20)]:
Following general procedure Bf(20) (4.32 g, 8.89 mmol) and thionyl chloride (13.2 mL,
180 mmol) were reacted for 7 h and the mixture prasessed accordingly.

Following general procedure G, a solution of theder acid chloride (2.46 g, 4.88 mmol) in
anhydrous THF (50 mL) and lithium t&ft-butoxy) aluminium hydride (2.93 g, 11.5 mmol)
were reacted at 0 °C and for 2 h at room temperaturd the mixture was processed
accordingly. Column chromatography (dichloromethamethanol 95:5) gaveg(20)

Yield: 1.62 g (3.43 mmol), 70% (over two stepspafolourless crystalline solid.

'H NMR (360 MHz, CDC}, 25 °C):d 1.25 (m, 20H, H-3, o)

H-4), 1.56 (m, 2H, H-5), 1.67 (m, 2H, H-2), 3.64 2H, & 42 N

33411 = 6.5 Hz, H-6), 3.67 (t, 2Ky = 7.2 Hz, H-1), 7.70 HO" A
(m, 2H, H-1'), 7.84 (m, 2H, H-2). o

Assembly of Building Blocks and Synthesis of Targe$tructures

14-(a-methoxy[poly(ethylene oxy)] tetradecane-1-amine {(g&erage molecular mass ~760
Da) [79(550,12)]:

According to general procedure Bg(12) (663 mg, 2.00 mmol) was reacted with
trifluoromethane sulfonic acid anhydride (0.45 n2.Y mmol) in dichloromethane (10 mL)
for 35 min. At the same time 2«{methoxy[poly(ethylene oxy)]) ethanol (average ncalar
mass ~550 Da, 1.21 g, 2.20 mmol) was reacted witlydrous potassium carbonate (335 mg,
2.42 mmol) and with sodium hydride in mineral dd5(% w/w, 94 mg, 2.2 mmol) in
anhydrous dimethoxyethane (10 mL) for 50 min. Thehldromethane solution was worked
up, the resulting residue was dissolved in anhysldimethoxyethane (10 mL), added to the
2-(a-methoxy[poly(ethylene oxy)]) ethanolate solutiamd the mixture was reacted o/n and
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processed, all according to general proceduiéhe crude product was purified by column
chromatography (dichloromethane/methanol 95:5).

The resulting product was treated with hydrazinenoiydrate (0.23 mL, 4.7 mmol) for 1 d,
and the reaction mixture was processed, both airgptd general procedure J.

Yield: 354 mg (0.465 mmol), 23% of a light-yellow.o
'H-NMR (360 MHz, CDC)): & 1.25 (m,

3 7 5 3 1
20H, H-3, H-4, H-5), 1.56 (m, 4H, H-2, 1./0\2./\0/(\/0%/\0WNH2
H-6), 2.79 (m, 2H, H-1), 3.37 (s, 3H,

H-1), 3.44 (m, 2H, H-7), 3.64 (m, polymer backbhne

13C-NMR (90 MHz, CDCJ): 5 26.2 (C-5), 26.9 (C-3), 28.8 - 29.7 (C-4, C-6),8B(C-2), 41.3
(C-1), 59.2 (C-1'), 70.2 (C-3"), 70.4 - 70.8 (polgmbackbone), 71.6 (C-7), 72.1 (C-2)).

MALDI-TOF: 772.3 (596.3 - 948.4) [M+H]

22-(a-methoxy[poly(ethylene oxy)] docosane-1-amine (av&ge molecular mass ~870 Da)
[79(550,20)]:

According to general procedure £g(20) (943 mg, 2.00 mmol) was reacted with
trifluoromethane sulfonic acid anhydride (0.40 n2.4 mmol) in dichloromethane (25 mL)
for 1.5 h. At the same time 2«methoxy[poly(ethylene oxy)]) ethanol (average ncalar
mass ~550 Da, 1.16 g, 2.10 mmol) was reacted witlydrous potassium carbonate (498 mg,
3.60 mmol) and with sodium hydride in mineral dd5(% w/w, 60 mg, 1.4 mmol) in
anhydrous dimethoxyethane (15 mL) for 1.5 h. Thehldromethane solution was worked up,
the resulting residue was dissolved in anhydroumsethoxyethane (10 mL), added to the
2-(a-methoxy[poly(ethylene oxy)]) ethanolate soluti@amd the mixture was reacted for 4 d
and processed, all according to general procetluiéhe crude product was purified by
column chromatography (dichloromethane/methandl 9:1

The resulting product was treated with hydrazinenainydrate (0.49 mL, 9.9 mmol) o/n, and
the reaction mixture was processed, both accotdiggneral procedure J.

Yield: 249 mg (0.285 mmol), 14% of a light-yellow.o
'H-NMR (360 MHz, CDC}4, protonated

3 7 5 3 1
form): & 1.25 (m, 36H, H-3, H-4, H-5), 1z0\2/\o«‘\/09;/\oWNHz
1.57 (m, 2H, H-6), 1.70 (m, 2H, H-2),

2.94 (m, 2H, H-1), 3.38 (s, 3H, H-1"), 3.45 (m, 2##7), 3.65 (m, polymer backbone).

3C-NMR (90 MHz, CDC}, protonated form)> 26.2 (C-5), 26.8 (C-3), 27.7 (C-2), 28.8 -
29.7 (C-4, C-6), 40.3 (C-1), 59.1 (C-1"), 70.1 (§;F0.6 - 70.7 (polymer backbone), 71.7
(C-7), 72.0 (C-2).

MALDI-TOF: 884.9 (620.8 - 1149.0) [M+H] 906.9 (686.8 - 1171.0) [M+N&]
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14-(a-methoxy[poly(ethylene oxy)] tetradecane-1-amine (@rage molecular mass ~2.21
kDa) [7g(2000,12)]:

According to general proceduredg(12) (663 mg, 2.00 mmol) was reacted with trifluoro-
methane sulfonic acid anhydride (0.42 mL, 2.5 mmotichloromethane (10 mL) for 70 min.
At the same time Z2el-methoxy[poly(ethylene oxy)]) ethanol (average nealar mass
~2.0 kDa, 4.40 g, 2.20 mmol) was reacted with antysl potassium carbonate (338 mg,
2.45 mmol) and with sodium hydride in mineral od5(% w/w, 94 mg, 2.2 mmol) in
dimethoxyethane (15 mL) for 50 min. The dichloronaete solution was worked up, the
resulting residue was dissolved in anhydrous dimetethane (10 mL), added to the @(
methoxy[poly(ethylene oxy)]) ethanolate solutiondahe mixture was reacted for 5 d and
processed, all according to general proceduiéhe crude product was purified by column
chromatography (dichloromethane/methanol 9:1).

The resulting product was treated with hydrazinenamydrate (0.79 mL, 16 mmol) o/n, and
the reaction mixture was processed, both accotdiggneral procedure J.

Yield: 1.10 g (0.497 mmol), 25% of a light-yellowystalline solid.
'H-NMR (360 MHz, CDC}, protonated

3 7 5 3 1
form): & 1.26 (m, 20H, H-3, H-4, H-5), ~O 0Ok o A,
1.56 (m, 2H, H-6), 1.67 (m, 2H, H-2),
2.91 (m, 2H, H-1), 3.37 (s, 3H, H-1"), 3.45 (m, 2##7), 3.63 (m, polymer backbone).

3C-NMR (90 MHz, CDC}, protonated form)> 26.1 (C-5), 26.8 (C-3), 27.7 (C-2), 29.1 -
29.7 (C-4, C-6), 40.3 (C-1), 59.2 (C-1"), 70.2 (§-30.4 - 70.7 (polymer backbone), 71.6
(C-7), 72.1 (C-2)).

MALDI-TOF: 2138.0 (1608.7 - 2666.4) [M+H]2160.0 (1762.7 - 2688.4) [M+Na]

N,N’-di( a-methoxy[poly(ethylene oxy)] ethyl)-2-dodecyl propae-1,3-diamide (average
molecular mass ~1.33 kDa) [7a(550,12)]:

Following general procedure Ba(12) (1.09 g, 4.00 mmol) and thionyl chloride (11.7 mL,
160 mmol) were reacted for 5 h and the mixture prasessed accordingly.

Following general procedure H, the crude malonid atloride was reacted withd(550)
(4.39 g, 8.01 mmol) in toluene (20 mL) for 30 mimdawith triethylamine (1.1 mL, 7.9 mmol)
for 1 d and the mixture was processed accordingly.

Yield: 3.42 g (2.56 mmol) 64% of a light-yellow ambous o)
solid. o ) o R

10
The crude product was used in the following stethouit /O(\/\oﬁ;\/NHé/\&f

further purification.
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N,N’-di( a-methoxy[poly(ethylene oxy)] ethyl)-2-eicosyl propae-1,3-diamide (average
molecular mass ~1.45 kDa) [7a(550,20)]:

Following general procedure Ba(20)(1.15 g, 2.99 mmol) and thionyl chloride (8.75 mL,
120 mmol) were reacted for 5 h and the mixture prasessed accordingly.

Following general procedure H, the crude malonid atloride was reacted withd(550)
(3.30 g, 6.0 mmol) in toluene (15 mL) for 30 mirdamith triethylamine (0.84 mL, 6.0 mmol)
o/n and the mixture was processed accordingly.

Al : 0
YIT-E. 3.19 g (2.21 mmol), 74% of a light-yellow amphous \O%\/o;}/\NHw
solid.
18

0 NH
The crude product was used in the following stefhouit ~ \L/\Oﬁx o)
further purification.

N,N’-di( a-methoxy[poly(ethylene oxy)] ethyl)-2,2’-dieicosylpropane-1,3-diamide (ave-
rage molecular mass ~1.73 kDa) [7b(550,20)]:

Following general procedure Bp(20) (1.33 g, 2.03 mmol) and thionyl chloride (5.8 mL,
80 mmol) were reacted for 5 h and the mixture wasgssed accordingly.

Following general procedure H, the crude malonid atloride was reacted withd(550)
(2.20 g, 4.01 mmol) in toluene (20 mL) for 5 mirdanmith triethylamine (0.56 mL, 4.0 mmol)
o/n and the mixture was processed accordingly.

ield: 0 (0]
Yield: 2.71 g (1.57 mol), 78% of a colourless antarps \O%\/Og\n/\NHm
18

solid.

The crude product was used in the following stefhouit /Of\/\o’fn\/NH ST
further purification.

N-(a-methoxy[poly(ethylene oxy)] ethyl) tetradecanamidéaverage molecular mass ~760
Da) [7d(550,12)]:

Following general procedure F, myrisitic acid (94%®, 4.00 mmol) and thionyl chloride
(5.8 mL, 80 mmol) were reacted for 3.5 h and thetume was processed accordingly.

Following general procedure H, the crude acid a¢tiéo(0.49 g, 2.0 mmol) was reacted with
4d(550)(1.10 g, 2.00 mmol) in toluene (15 mL) for 40 naimd with triethylamine (0.28 mL,
2.0 mmol) for 2 d and the mixture was processedraaagly.

Yield: 1.36 g (1.79 mmol), 89% (over two steps) af

0
colourless solid. J\/\(\/f
R

The crude product was used in the following stefhouit
further purification.

N-(a-methoxy[poly(ethylene oxy)] ethyl) docosanamidéaverage molecular mass ~870
Da) [7d(550,20)]:

Following general procedure F, behenic acid (1.083.§1 mmol) and thionyl chloride
(4.4 mL, 60 mmol) were reacted for 5 h and the orixtwas processed accordingly.
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Following general procedure H, the crude acid ¢tiéorwas reacted withdf550) (1.6 g,
3.0 mmol) in toluene (5 mL) for 30 min and withethiylamine (0.42 mL, 3.0 mmol) for 4 d
and the mixture was processed accordingly.

Yield: 2.05 g (2.40 mmol), 80% of a colourless goli

o]
o]
The crude product was used in the following stefhout \O“L\/ JRAH)W;

further purification.

N-(a-methoxy[poly(ethylene oxy)] ethyl) tetradecanamide(average molecular mass
~2.21 kDa) [7d(2000,12)]:

Following general procedure F, myrisitic acid (94@, 4.00 mmol) and thionyl chloride
(5.8 mL, 80 mmol) were reacted for 3.5 h and thetume was processed accordingly.

Following general procedure H, the crude acid a¢tiéo(0.49 g, 2.0 mmol) was reacted with
4d(2000)(4.00 g, 2.00 mmol) in toluene (15 mL) for 40 naimd with triethylamine (0.28 mL,
2.0 mmol) for 2 d and the mixture was processedraatgly.

Yield: 3.828 g (1.73 mmol), 87% (over two steps) aof

0
colourless solid. )W
\ONO%/\H g

The crude product was used in the following stefhovit
further purification.

N-(a-methoxy[poly(ethylene oxy)] ethyl) docosanamidéaverage molecular mass ~2.32
kDa) [7d(2000,20)]:

Following general procedure F, behenic acid (1.4441 mmol) and thionyl chloride
(5.8 mL, 80 mmol) were reacted for 1.5 h and thetane was processed accordingly.

Following general procedure H, the crude acid ¢tiof0.72 g, 2.0 mmol) was reacted with
4d(2000)(4.00 g, 2.00 mmol) in toluene (10 mL) for 40 naimd with triethylamine (0.28 mL,
2.0 mmol) for 1 d and the mixture was processedraaagly.

Yield: 2.45 g (1.05 mmol), 52% (over two steps) af

o)
colourless solid. \ONOQ\/\N)W/
n
H 18

The crude product was used in the following stefhouit
further purification.

N-(a-methoxy[poly(ethylene oxy)] ethyl)-2-dodecyl tetrdecanamide(average molecular
mass ~930 Da) [7e(550,12)]:

Following general procedure Bg(12)(793 mg, 2.00 mmol) and thionyl chloride (2.95 mL,
40.4 mmol) were reacted for 5 h and the mixture prasessed accordingly.

Following general procedure H, the crude acid dtiowas reacted witdd(550) (1.10 g,
2.00 mmol) in toluene (7 mL) for 20 min and witrethylamine (0.28 mL, 2.0 mmol) for 1 d
and the mixture was processed accordingly.
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Yield: 1.66 g (1.79 mmol), 90% of a colourless apimus

. o)
solid. \ONO%/\N%O
The crude product was used in the following stephovit H ~

further purification.

N-(a-methoxy[poly(ethylene oxy)] ethyl)-2-eicosyl docesmamide (average molecular
mass ~1.15 kDa) [7e(550,20)]:

Following general procedure Bg(20)(1.25 g, 2.01 mmol) and thionyl chloride (2.95 mL,
40.4 mmol) were reacted for 5 h and the mixture prasessed accordingly.

Following general procedure H, the crude acid dtiowas reacted witdd(550) (1.10 g,
2.00 mmol) in toluene (5 mL) for 1 h and with thglamine (0.28 mL, 2.0 mmol) for 1 d and
the mixture was processed accordingly.

Yi?-f: 2.06 g (1.79 mmol), 89% of a colourless apaus \o(/\/o%/\N
solid.

The crude product was used in the following stefhovit further purification.

N-(a-methoxy[poly(ethylene oxy)] ethyl)-2-eicosyl docesmamide (average molecular
mass ~2.60 kDa) [7e(2000,20)]:

Following general procedure Bg(20)(1.25 g, 2.00 mmol) and thionyl chloride (2.92 mL,
40.0 mmol) were reacted for 6.5 h and the mixtuas wrocessed accordingly.

Following general procedure H, the crude acid ¢tiéowas reacted withd(2000)(4.00 g,
2.00 mmol) in toluene (10 mL) for 30 min and witlkethylamine (0.28 mL, 2.0 mmol) for 2 d
and the mixture was processed accordingly.

o]
Yield: 3.97 g (1.53 mmol), 76% of a colourless apimus \O,Q\/ogﬁ/\NJ\qs
H

solid.
The crude product was used in the following stefovit further purification.

N-(a-methoxy[poly(ethylene oxy)] ethyl)-14-amino tetradcanamide(average molecular
mass ~770 Da) [7f(550,12)]:

Following general procedure Bf(12) (750 mg, 2.01 mmol) and thionyl chloride (2.95 mL,
40.4 mmol) were reacted for 7.5 h the mixture was processed accordingly.

Following general procedure H, the crude acid dtiowas reacted witdd(550) (1.10 g,
2.00 mmol) in toluene (10 mL) for 20 min and witlkethylamine (0.28 mL, 2.0 mmol) for 2 d
and the mixture was processed accordingly. Thdtnegyproduct was treated with hydrazine
monohydrate (0.72 mL, 15 mmol) for 1 d, and thectiea mixture was processed, both
according to general procedure J.

Yield: 1.12 g (1.45 mmol), 72% of a light-yellow anphous solid.
1H-NMR (360 MHz, CDCJ): 8 1.26 (m,

18H, H-3, H-4), 1.54 (m, 2H, H-2), 1.60 /OM\ONOMNW
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(m, 2H, H-5), 2.16 (t, 2H., = 7.6 Hz, H-6), 2.77 (t, 2H}4.s = 7.6 Hz, H-1), 3.36 (s, 3H),
3.43 (m, 2H, H-3’), 3.64 (m, polymer backbone).

13C-NMR (90 MHz, CDGJ): 8 25.8 (C-5), 26.9 (C-3), 29.4 - 29.5 (C-4), 36.8G)C 39.2
(C-3),41.3 (C-1),59.1 (C-1"), 70.1 - 70.6 (polgmbackbone), 72.0 (C-2"), 173.5 (C-7).

MALDI-TOF: 785.6 (564.8 - 961.7) [M+H]

N-(a-methoxy[poly(ethylene oxy)] ethyl)-22-amino docosemide (average molecular
mass ~890 Da) [7(550,20)]:

Following general procedure Bf(20) (4.32 g, 8.89 mmol) and thionyl chloride (13.2 mL,
180 mmol) were reacted for 7 h and the mixture prasessed accordingly.

Following general procedure H, the crude acid ¢téo(1.01 g, 2.00 mmol) was reacted with
4d(550)(1.10 g, 2.00 mmol) in toluene (10 mL) for 10 naind with triethylamine (0.28 mL,
2.0 mmol) for 4 d and the mixture was processedraatgly. The resulting product was
treated with hydrazine monohydrate (0.71 mL, 15 myrfar 1 d, and the reaction mixture
was processed, both according to general procedure

Yield: 1.25 g (1.40 mmol), 70% (over two stepspdight-yellow amorphous solid.
1H-NMR (360 MHz, CDC, protonated

form): & 1.24 (m, 34H, H-3, H-4), 1.61 /O\/\O(”\/OQ\/\N%K/\W
(m, 2H, H-5), 1.68 (M, 2H, H-2), 217(m
2H, H-6), 2.89 (m, 2H, H-1), 3.37 (s, 3H), 3.44 @K, H-3"), 3.65 (M, polymer backbone).

13C-NMR (90 MHz, CDd, protonated form)d 25.9 (C-5), 26.8 (C-3), 27.1 (C-2), 29.3 —
30.4 (C-4), 36.8 (C-6), 39.3 (C-3'), 40.3 (C-1),.59C-1"), 70.1 - 70.7 (polymer backbone),
72.1 (C-2), 173.6 (C-7).

MALDI-TOF: 897.7 (677.7 - 1073.8) [M+H]

N-(a-methoxy[poly(ethylene oxy)] ethyl)-14-amino tetradcanamide(average molecular
mass ~2.22 kDa) [7(2000,12)]:

Following general procedure Bf(12) (2.90 g, 7.76 mmol) and thionyl chloride (11.3 mL,
155 mmol) were reacted for 5 h and the mixture prasessed accordingly.

Following general procedure H, the crude acid e¢tio(785 mg, 2.00 mmol) was reacted
with 4d(2000) (4.00 g, 2.00 mmol) in toluene (10 mL) for 40 nand with triethylamine
(0.28 mL, 2.0 mmol) for 4 d and the mixture was gassed accordingly. The resulting
product was treated with hydrazine monohydrate3(@n€&, 13 mmol) for 1 d, and the reaction
mixture was processed, both according to genecalgoiure J.

Yield: 2.87 g (1.29 mmol), 64% (over two stepspdight-yellow amorphous solid.
1H-NMR (360 MHz, CDGJ): & 1.24 (m,

(0]
18H, H-3, H-4), 1.48 (m, 2H, H-2), 1.60 o\/\o/e\/og\/@\N 5 a3 1NH
7
n H 6 g8 2

(m, 2H, H-5), 2.16 (t, 2H}4y = 7.6 Hz,
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H-6), 2.72 (t, 2H3Ju.n = 7.4 Hz, H-1), 3.36 (s, 3H), 3.43 (m, 2H, H-RB)63 (M, polymer
backbone).

13C-NMR (90 MHz, CDGJ): & 25.8 (C-5), 27.0 (C-3), 29.3 - 29.6 (C-4), 36.86)¢ 39.3
(C-3),41.8 (C-1),59.1 (C-1"), 69.7 - 70.7 (polgmbackbone), 72.1 (C-2"), 173.3 (C-7).

MALDI-TOF: 2371.4 (2063.2 - 2856.1) [M+H]

N-(a-methoxy[poly(ethylene oxy)] ethyl)-22-amino docosemide (average molecular
mass ~2.34 kDa) [7f(2000,20)]:

Following general procedure Bf(20) (4.32 g, 8.89 mmol) and thionyl chloride (13.2 mL,
180 mmol) were reacted for 7 h and the mixture prasessed accordingly.

Following general procedure H, the crude acid ¢téo(1.01 g, 2.00 mmol) was reacted with
4d(2000)(4.00 g, 2.00 mmol) in toluene (10 mL) for 10 naimd with triethylamine (0.28 mL,
2.0 mmol) for 4 d and the mixture was processedraatgly. The resulting product was
treated with hydrazine monohydrate (0.67 mL, 14 Mirfar 1 d, and the reaction mixture
was processed, both according to general procedure

Yield: 2.69 g (1.15 mmol), 58% (over two stepspdight-yellow amorphous solid.
1H-NMR (360 MHz, CD{, protonated

form): & 1.24 (m, 34H, H-3, H-4), 1.60 /O\AO%\/O;/\NW
(m, 2H, H-5), 1.70 (m, 2H, H-2), 2.16 (m,
2H, H-6), 2.90 (m, 2H, H-1), 3.36 (s, 3H), 3.43 @K, H-3"), 3.63 (m, polymer backbone).

13C-NMR (90 MHz, CDd, protonated form)d 25.9 (C-5), 26.6 (C-3), 27.7 (C-2), 29.1 —
29.8 (C-4), 36.8 (C-6), 39.3 (C-3’), 40.3 (C-1),.59C-1"), 70.1 - 70.7 (polymer backbone),
72.1 (C-2), 173.5 (C-7).

MALDI-TOF: 2439.2 (2219.2 - 2880.4) [M+F]]

N,N’-di(a-methoxy[poly(ethylene oxy)] ethyl)-2-dodecyl propae-1,3-diamine (average
molecular mass ~1.31 kDa) [8a(550,12)]:

A solution of 7a(550,12)(3.42g, 2.56 mmol) in anhydrous THES mL) and a M solution

of borane in THF (12.0 mL, 12.0 mmol) were reaaédand the mixture was processed, both
according to general procedufe The crude product was purified by column chrargaaphy
(Sephadex LH20, ethanol).

Yield: 1.50 g (1.15 mmol), 45% of a light-yellow anphous solid.
'H-NMR (360 MHz, CDC4, protonated

4'b
form): 8 0.87 (t, 3H, H-1), 1.25 (m, 22H, H-2 /O\/\OJ(\/OVNH NP g
H-3, H-4, H-5, H-6), 2.63 (m, 2H, H-8a), 1_ Z_0 W
2.85 (m, 2H, H-8b), 3.02 (m, 2H, H-4'a), O +o

3.10 (m, 2H, H-4’b), 3.37 (s, 6H, H-1"), 3.64 (mglpmer backbone).
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3C-NMR (90 MHz, CDC}, protonated form)d 14.3 (C-1), 22.8 (C-2), 26.9 (C-5), 29.5 -
29.9 (C-4), 31.5 (C-6), 32.1 (C-3), 33.8 (C-7),48C-4"), 55.1 (C-8), 59.2 (C-1"), 68.0
(C-3), 70.4 - 70.7 (polymer backbone), 72.1 (C-2’)

MALDI-TOF: 1371.8 (1195.7-1591.9) [M+H]

N,N’-di( a-methoxy[poly(ethylene oxy)] ethyl)-2-eicosyl propae-1,3-diamine (average
molecular mass ~1.42 kDa) [8a(550,20)]:

A solutionof 7a(550,20)(3.19 g, 2.20 mmol) in anhydrous THEO mL) and a M solution

of borane in THF (10.3 mL, 10.3 mmol) were reaaiédand the mixture was processed, both
according to general procedufe The crude product was purified by column chrargaaphy
(Sephadex LH20, ethanol).

Yield: 1.98 g (1.40 mmol), 63% of a light-yellow anphous solid.

1
H-NMR (360 MHz, CDC{, protonated 4
(ONGF N o 8b
form): & 0.88 (t, 3H, H-1), 1.25 (m, 38H, H-2 ~ o> %/NHW
H-3, H-4, H-5, H-6), 2.64 (m, 2H, H-8a),"_ 2 o A

N 8a
2.86 (m, 2H, H-8b), 3.02 (m, 2H, H-4'a), ©° ol

3.12 (m, 2H, H-4’b), 3.37 (s, 6H, H-1"), 3.63 (nglpmer backbone).

13C-NMR (90 MHz, CDC}, protonated form)d 14.3 (C-1), 22.8 (C-2), 26.9 (C-5), 29.4 —
30.0 (C-4), 31.5 (C-6), 32.1 (C-3), 33.8 (C-7), 4§C-4"), 55.1 (C-8), 59.2 (C-1'), 68.0
(C-3"), 70.4 - 70.7 (polymer backbone), 72.1 (C-2")

MALDI-TOF: 1351.8 (1087.8 - 1660.0) [M+Fi]

N,N’-di( a-methoxy[poly(ethylene oxy)] ethyl)-2,2’-dieicosylpropane-1,3-diamine (ave-
rage molecular mass ~1.70 kDa) [8b(550,20)]:

A solution of7b(550,20)(2.71 g, 1.57 mmol) in anhydrous THEO mL) and a M solution

of borane in THF (8.0 mL, 8.0 mmol) were reacted fod and the mixture was processed,
both according to general proced#eThe product was obtained in sufficient purity.

Yield: 2.63 g (1.55 mmol), 99% of a colourless apimus solid.
'H-NMR (360 MHz, CDC}, protonated

0] (0] pAY 8b 4 2
form): & 0.87 (t, 3H, H-1), 1.25 (m, 76H, H-2, ~ ot VNH}&E\A;
H-3, H-4, H-5, H-6), 2.83 (m, 2H, H-8a), 2.93"_ 2 3

) ( ) \O/\/O,e/\oj/\/NH o

(m, 2H, H-8b), 3.05 (m, 2H, H-4'a), 3.22 (m, s 15
2H, H-4'b), 3.37 (s, 6H, H-1’), 3.64 (m, polymerdidone).

13C-NMR (90 MHz, CDC}, protonated form)d 14.3 (C-1), 22.7 (C-2), 29.5 — 30.1 (C-4),
32.1 (C-3), 33.4 (C-5), 37.8 (C-6), 39.4 (C-7), §C-4"), 56.6 (C-8), 59.2 (C-1'), 68.0
(C-3"), 70.4 - 70.7 (polymer backbone), 72.1 (C-2")
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N-(a-methoxy[poly(ethylene oxy)] ethyl) tetradecane-1+ine (average molecular mass
~750 Da) [8d(550,12)]:

A solutionof 7d(550,12)(1.36 g, 1.79 mmol) in anhydrous THE5 mL) and a M solution

of borane in THF (5.1 mL, 5.1 mmol) were reactedZod and the mixture was processed,
both according to general proceduke The crude product was purified by column
chromatography (dichloromethane dichloromethane/methanol 9:1).

Yield: 427 mg (0.573 mmol), 32% of a colourlessdol
'H-NMR (360 MHz, CDC}): & 0.88 (t, 3H,

0 0)a 4" 7 5 3 1
3344 = 6.8 Hz, H-1), 1.25 (m, 22H, H-2, H-3, 1~ ot W\QW
H-4, H-5), 1.67 (m, 2H, H-6), 2.83 (m, 2H,
H-7), 3.02 (m, 2H, H-4’), 3.37 (s, 3H, H-1'), 3.6, polymer backbone), 3.79 (m, 2H, H-3").

BBC-NMR (90 MHz, CDCY): 6 14.3 (C-1), 22.8 (C-2), 27.2 (C-5), 29.4 - 29.84QC-6), 32.1
(C-3), 48.3 (C-7), 49.0 (C-4’), 59.2 (C-1"), 67.8-@"), 70.3 - 70.7 (polymer backbone), 72.1
(C-2).

MALDI-TOF: 756.8 (536.8 - 932.8) [M+H] 778.8 (602.8 - 954.7) [M+N&]

N-(a-methoxy[poly(ethylene oxy)] ethyl) docosane-l-amé (average molecular mass
~860 Da) [8d(550,20)]:

A solution of7d(550,20)(1.96 g, 2.25 mmol) in anhydrous THE5 mL) and a M solution

of borane in THF (5.4 mL, 5.4 mmol) were reacted3ad and the mixture was processed,
both according to general proceduke The crude product was purified by column
chromatography (dichloromethane dichloromethane/methanol 9:1).

Yield: 468 mg (0.546 mmol), 24% of a colourlessdol
'H-NMR (360 MHz, CDC4, protonated

form): 5 0.87 (t, 3H33u = 6.7 Hz, H-1), 1.25 1/0\/\01(\/°>\/\NW/\/

(m, 38H, H-2, H-3, H-4, H-5), 1.81 (m, 2H,

H-6), 2.94 (m, 2H, H-7), 3.12 (m, 2H, H-4"), 3.3, BH, H-1"), 3.64 (m, polymer backbone),
3.89 (m, 2H, H-3").

3C-NMR (90 MHz, CDC}, protonated form)d 14.3 (C-1), 22.8 (C-2), 26.5 (C-6), 27.0 (C-5),
29.3 - 29.9 (C-4, C-6), 32.1 (C-3), 47.6 (C-7),%48C-4"), 59.2 (C-1"), 66.5 (C-3’), 70.3 -
70.7 (polymer backbone), 72.1 (C-2").

MALDI-TOF: 868.7 (648.6 - 1044.8) [M+H]

N-(a-methoxy[poly(ethylene oxy)] ethyl) tetradecane-1+aine (average molecular mass
~2.20 kDa) [8d(2000,12)]:

A solution 0f7d(2000,12)3.83 g, 1.73 mmol) in anhydrous THZO mL) and a M solution

of borane in THF (4.9 mL, 4.9 mmol) were reacted Zad and the mixture was processed,
both according to general proceduke The crude product was purified by column
chromatography (dichloromethane dichloromethane/methanol 9:1).
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Yield: 135 mg (0.0615 mmol), 4% of a colourlessdol
'H-NMR (360 MHz, CDC}, protonated

form): 5 0.88 (t, 3H J.n = 6.8 Hz, H-1), 1.26 1/0\/\01(\/0%/\(\/\&%“/

(m, 22H, H-2, H-3, H-4, H-5), 1.84 (m, 2H,

H-6), 2.96 (m, 2H, H-7), 3.15 (m, 2H, H-4’), 3.38 @H, H-1'), 3.64 (m, polymer backbone),
3.93 (M, 2H, H-3)).

13C-NMR (90 MHz, CDC}, protonated form)s 14.3 (C-1), 22.8 (C-2), 26.1 (C-6), 26.9 (C-5),
29.2 - 29.8 (C-4, C-6), 32.1 (C-3), 47.7 (C-7),348C-4"), 59.2 (C-1), 65.9 (C-3'), 70.1 -
70.7 (polymer backbone), 72.1 (C-2).

MALDI-TOF: 2342.7 (1990.2 - 2783.1) [M+F1] 2364.8 (2100.2 - 2761.1) [M+Na]

N-(a-methoxy[poly(ethylene oxy)] ethyl) docosane-1-amé (average molecular mass
~2.31 kDa) [8d(2000,20)]:

A solution of7d(2000,20)2.32 g, 1.00 mmol) in anhydrous THEO mL) and a M solution

of borane in THF (2.8 mL, 2.8 mmol) were reacted4ad and the mixture was processed,
both according to general proceduke The crude product was purified by column
chromatography (dichloromethane dichloromethane/methanol 9:1).

Yield: 519 mg (0.225 mmol), 22% of a colourlessdol
'H-NMR (360 MHz, CDC4, protonated

form): 5 0.87 (t, 3H 3.y = 6.8 Hz, H-1), 1.25 1/0\/\01(\/O>\/\NW/\/

(m, 38H, H-2, H-3, H-4, H-5), 1.84 (m, 2H,

H-6), 2.97 (m, 2H, H-7), 3.16 (m, 2H, H-4"), 3.3, @BH, H-1"), 3.64 (m, polymer backbone),
3.92 (m, 2H, H-3).

3C-NMR (90 MHz, CDC}, protonated form)d 14.3 (C-1), 22.8 (C-2), 26.1 (C-6), 26.9 (C-5),
29.3 - 29.8 (C-4, C-6), 32.1 (C-3), 47.6 (C-7),348C-4"), 59.2 (C-1"), 65.9 (C-3’), 70.1 -
70.7 (polymer backbone), 72.1 (C-2).

MALDI-TOF: 2278.2 (1750.1 - 2807.6) [M+F1] 2364.8 (2100.2 - 2761.1) [M+Na]

N-(a-methoxy[poly(ethylene oxy)] ethyl)-2-dodecyl tetrdecane-1-amineg(average mole-
cular mass ~910 Da) [8e(550,12)]:

A solution of7e(550,12)1.66 g, 1.79 mmol) in anhydrous THE7 mL) and a M solution

of borane in THF (5.0 mL, 5.0 mmol) were reacted fod and the mixture was processed,
both according to general proceduke The crude product was purified by column
chromatography (dichloromethane dichloromethane/methanol 9:1).

Yield: 687 mg (0.752 mmol), 42% of a colourless oll

'H-NMR (360 MHz, CDC}): & 0.88 (t, 6H, 4 2
334t = 6.8 Hz, H-1), 1.26 (m, 44H, H-2, HS(O\z/\O(/\/OJ\/\N 5 7 1
H-4, H-5, H-6), 1.70 (m, 1H, H-7), 2.71 (m,

2H, H-8), 2.99 (m, 2H, H-4"), 3.38 (s, 3H,
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H-1'), 3.64 (m, polymer backbone), 3.77 (H-3").

13C-NMR (90 MHz, CDC}): & 14.3 (C-1), 22.8 (C-2), 26.5 (C-5), 29.5 - 30.:4)C 31.8
(C-6), 32.1 (C-3), 36.6 (C-5), 48.8 (C-4"), 52.8-8% 59.2 (C-1’), 70.4 - 70.8 (polymer
backbone), 72.1 (C-2).

MALDI-TOF: 924.9 (792.8 - 1056.9) [M+H] 946.9 (858.9 - 1078.9) [M+N&]

N-(a-methoxy[poly(ethylene oxy)] ethyl)-2-eicosyl docaesme-1-amine(average molecular
mass ~1.14 kDa) [8e(550,20)]:

A solution of7¢(550,20)X2.06 g, 1.79 mmol) in anhydrous THE5 mL) and a M solution

of borane in THF (5.0 mL, 5.0 mmol) were reacted afnd the mixture was processed, both
according to general procedufe The crude product was purified by column chrargaaphy
(dichloromethane~ dichloromethane/methanol 9:1).

Yield: 1.53 g (1.35 mmol), 75% of a colourless &oli

'H-NMR (360 MHz, CDC{): & 0.88 (t, 6H, 4, 2
*Jun = 6.8 Hz, H-1), 1.25 (m, 76H, H-2, H31/°\2/\o/(\/°3»/\N 5 15 1
H-4, H-5, H-6), 1.92 (m, 1H, H-7), 2.90 (m, H

15

2H, H-8), 3.19 (m, 2H, H-4’), 3.38 (s, 3H,
H-1'), 3.64 (m, polymer backbone), 3.94 (H-3").

3C-NMR (90 MHz, CDC}): 5 14.3 (C-1), 22.8 (C-2), 26.2 (C-5), 29.5 - 30.24C 31.3
(C-6), 32.1 (C-3), 35.1 (C-5), 48.0 (C-4’), 51.8-8%; 59.2 (C-1'), 65.6 (C-3'), 70.3 - 70.7
(polymer backbone), 72.1 (C-2).

MALDI-TOF: 1148.6 (972.6 - 1324.6) [M+H] 1214.6 (1038.6 - 1390.6) [M+Na]

N-(a-methoxy[poly(ethylene oxy)] ethyl)-2-eicosyl docase-1-amine(average molecular
mass ~2.59 kDa) [8e(2000,20)]:

A solution of7e(2000,20)3.77 g, 1.45 mmol) in anhydrous THEO mL) and a M solution

of borane in THF (5.5 mL, 5.5 mmol) were reacted3ad and the mixture was processed,
both according to general proceduke The crude product was purified by column
chromatography (dichloromethane dichloromethane/methanol 9:1).

Yield: 873 mg (0.337 mmol), 23% of a colourlessaol
'H-NMR (360 MHz, CDC}): 5 0.88 (t, 6H, s
3
Jun = 6.8 Hz, H-1), 1.25 (m, 76H, H-2, H-3, o~ o 3
15 1
H-4, H-5, H-6), 1.92 (m, 1H, H-7), 2.90 (m,* ¥ J(\/V\N
2H, H-8), 3.19 (m, 2H, H-4’), 3.38 (s, 3H, 15
H-1'), 3.64 (m, polymer backbone), 3.94 (H-3").

3C-NMR (90 MHz, CDC}): 5 14.3 (C-1), 22.8 (C-2), 26.2 (C-5), 29.5 - 30.14)C 31.3
(C-6), 32.1 (C-3), 35.1 (C-5), 48.1 (C-4’), 51.8-8%; 59.2 (C-1'), 65.6 (C-3'), 70.2 - 70.7
(polymer backbone), 72.1 (C-2).
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MALDI-TOF: 2690.6 (2426.5 - 3131.4) [M+F1] 2756.6 (2492.5 - 3197.9) [M+Na]

N-(a-methoxy[poly(ethylene oxy)] ethyl)-14-amino tetradcane-1l-amine (average
molecular mass ~760 Da) [8f(550,12)]:

A solution of 7f(550,12)(1.00 g, 1.30 mmol) in anhydrous THE3 mL) and a M solution

of borane in THF (4.8 mL, 4.8 mmol) were reacted3ad and the mixture was processed,
both according to general procedlteThe crude product was purified by column chramnat
graphy (dichloromethane/methanol 9:%» dichloromethane/methanol 9:1 + 0.1% (v/v)
triethylamine).

Yield: 305 mg, (0.401 mol), 31% of a light-yellow.o
'H-NMR (360 MHz, CDCJ): & 1.26 (m,

4' 7 5 3 1
20H, H-3, H-4, H-5), 1.54 (m, 2H, H-2), 1,/0\2,/\01(\/0%3'/\”/\%98«2/\,%
1.59 (m, 2H, H-6), 2.69 (t, 2HJun = 7.6
Hz, H-1), 2.77 (t, 2H3Jun = 7.4 Hz, H-7), 2.87 (t, 2HJun = 5.2 Hz, H-4"), 3.38 (s, 3H,
H-1'), 3.64 (m, polymer backbone), 3.84 (H-3").

13C-NMR (90 MHz, CDC})): 5 26.9 (C-3), 27.2 (C-5), 28.8 - 29.7 (C-4, C-6),8(C-2), 41.6
(C-1), 48.8 (C-7), 49.7 (C-4’), 59.2 (C-1"), 69.3-@"), 70.4 - 70.8 (polymer backbone), 72.1
(C-2).

MALDI-TOF: 771.6 (551.5 - 996.7) [M+H]

N-(a-methoxy[poly(ethylene oxy)] ethyl)-22-amino docosee-1-amine (average molecu-
lar mass ~870 Da) [8f(550,20)]:

A solution of 7f(550,20)(1.11 g, 1.25 mmol) in anhydrous THE5 mL) and a M solution

of borane in THF (3.75 mL, 3.75 mmol) were readtad4 d and the mixture was processed,
both according to general procedilteThe crude product was purified by column chramnat
graphy (dichloromethane/methanol 9:%» dichloromethane/methanol 9:1 + 0.1% (v/v)
triethylamine).

Yield: 184 mg (0.211 mmol), 17% of a colourless gohous solid.
'H-NMR (360 MHz, CDCJ): & 1.25 (m,

4' 7 5 3 1
36H, H-3, H-4, H-5), 1.80 (m, 4H, H-2, 1/03/\0N0%V\HWNH2
H-6), 3.00 (m, 4H, H-1, H-7), 3.14 (m,
2H, H-4’), 3.38 (s, 3H, H-1), 3.64 (m, polymer tkhone), 3.95 (H-3").
BC-NMR (90 MHz, CDCY): & 26.1 (C-6), 26.9 (C-5), 27.0 (C-3), 27.7 (C-2),28 29.8
(C-4), 40.5 (C-1), 47.3 (C-7), 48.9 (C-4), 59.2-1G, 66.3 (C-3), 70.2 - 70.8 (polymer
backbone), 72.1 (C-2).

MALDI-TOF: 839.6 (663.5 - 1015.7) [M+H]
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N-(a-methoxy[poly(ethylene oxy)] ethyl)-14-amino tetraécane-1l-amine(average mole-
cular mass ~2.21 kDa) [8f(2000,12)]:

A solution of7f(2000,12)(2.67 g, 1.20 mmol) in anhydrous THE3 mL) and a M solution

of borane in THF (4.5 mL, 4.5 mmol) were reacted3ad and the mixture was processed,
both according to general proceduke The crude product was purified by column
chromatography (Sephadex LH20, ethanol).

Yield: 1.59 g (0.719 mmol), 60% of a light-yellownarphous solid.
'H-NMR (360 MHz, CDC}): & 1.27 (m,

4' 7 5 3 1
20H, H-3, H-4, H-5), 1.70 (m, 2H, H-2), 1/°Y\ONO%V\HWNH2
1.77 (m, 2H, H-6), 2.82 (m, 2H, H-1),
2.88 (m, 2H, H-7), 3.00 (m, 2H, H-4’), 3.37 (s, 3H1’), 3.64 (m, polymer backbone), 3.83
(H-3).

13C-NMR (90 MHz, CDC}): 5 26.5 (C-3), 26.7 (C-5), 28.3 - 29.6 (C-4, C-6),74(C-1), 48.1
(C-7), 49.2 (C-4’), 59.2 (C-1"), 70.3 - 70.8 (polgmbackbone), 72.1 (C-2).

'H-NMR (360 MHz, CDC}): 5 1.27 (m, 16H), 1.70 (m, 2H), 1.77 (m, 2H), 2.82 @), 2.88
(m, 2H), 3.00 (m, 2H), 3.37 (s, 3H), 3.64 (m, pogmbackbone).

%C-NMR (90 MHz, CDC}): 8 26.5, 26.7, 28.3 - 29.6, 40.7, 48.1, 49.2, 59023 7 70.8, 72.1.
MALDI-TOF: 2400.4 (2136.5 - 2841.2) [M+H]

5.3 CMC- and Solubility Measurements

CMC Determination

The surface tension of 3 mL of a specific blockisglution (BS3 and BS9-30) was
determined four times each for different concermdrst The highest concentration was
0.0033 g/mL and second highest 0.0025 g/mL blocke&zgent in D-PBS. The latter solution
(0.0025 g/mL) was 2 fold serially diluted (e.g. centrations measured were 0.0033 g/mL,
0.0025 g/mL, 0.00125 g/mL, 0.000625 g/mL, 0.0003@28L and so on), resulting in 8-13
different concentrations. The (uncorrected) surfear@sion was measured with a manual
tensiometer and plotted against the logarithmicceatration. CMC was determined (via
linear regression) as the intersection of the twedr parts on the surface tension versus log-
transformed concentration curve. In some caseshaoge was seen in the rate of surface
tension decrease although the solutions were hidiflyed and the surface tension already
approached the value for D-PBS. In these casesassumed that the CMC is higher than
0.0033 g/mL.

Solubility Experiment

To prepare saturated solutions, an excess amoumspécific blocking reagent (all cationic
surfactants exce@d(550,12) and8d(2000,12)) was dissolved in D-PBS (150 pL — 1.5 mL)
at 40 °C. The mixture was allowed to cool to ro@mperature, and the pH of the mixture
was adjusted with concentrated hydrochloric acid%3(w/v)) to 7.2. The mixture was
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centrifuged at an rcf of 16,100 x g until the exxcasiount of blocking reagent formed a pellet
(5 to 20 min). A defined volume of the supernataat transferred to a microcentrifuge tube
and the volume was recorded. The solvent of thesteared supernatant was removed
vacuowith a SpeedVac concentrator and the residue e&sspended in 100L of ddHO.
This suspension was extracted three times with BO®f dichloromethane. The organic
fractions were combined and the dichloromethane nea®vedin vacuowith a SpeedVac
concentrator. The weight of the residue was reahrded the solubility was calculated as the
ratio of extract weight to the volume of the exteacD-PBS solution.

The procedure was carried out once for all blockespents.

5.4 Assay Experiments

Model-Assay for the Determination of NSB as an Indiator of Blocking Performance
High-binding polystyrene microtitre plates were dded with 250 puL/well of a specific
blocking solution (0.5% (v/v) of Surfactahtin different buffers, see below) for 7 h at room
temperature. After washing the plates four timeth 800 pL/well of D-PBS, 75 pL/well of a
FBS solution (two-fold serially diluted over 16 Wli.e. 50%, 25%, 12.5%, ..., 0.0015%,
0.0008% (v/v) FBS, in the corresponding blockinduson) were added to each well.
75 pl/well of the blocking solution alone were adde two wells for each blocking reagent as
a negative control, and the plates were incubatecab4 °C. The plates were washed four
times with 300 uL/well of D-PBS and incubated foh &t room temperature with 75 pl/well
of a solution of biotin-labelled ConA (1.0 pg/mL the corresponding blocking solution).
One of the two wells reserved for negative contws incubated with 75 pl/well of the
blocking solution alone (also for 3 h at room tenapre). The plates were washed six times
with 300 upL/well of PBST, and 75 puL/well of a sobnt of HRP-labelled streptavidin
(1 pg/mL in the corresponding blocking solution)rev@dded. The plates were incubated for
90 min at room temperature. After washing the glate times with 300 pL/well of PBST,
75 pL/well of a freshly prepared TMB substrate solu (8 mL solution A + 200 pL
solution B) were added and allowed to develop aolouthe dark for 10 min at room
temperature. The reaction was stopped by addingu125&f 1M sulphuric acid to each well.
Optical densities at 450 nm and 405 nm were medswith a microplate reader.

The procedure was carried out for blocking solugiprepared with the following buffers:
* D-PBS 2x, 1x, 0.5x and 0.2x, L-PBS 1x and 0.5xhaaduplicate
« Na 5xto 0.1x, K 5x to 0.1x, NH' 5x to 0.1x, as single measurement each

* PIPES-buffer (1x, pH 5.8 to 7.3), Phosphate-buffer, pH 6.3 to 8.3), Tris-buffer (1x,
pH 7.3 to 8.8), each in duplicate

The procedure was also carried out for a blockmigt®n of 0.5% (v/v) of Surfactart in
D-PBS (1x) with the difference that all incubatisteps were conducted either in blocking
solution (as described above) or in D-PBS. Thisafel6 (two possible settings for four
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incubations, i.e. ¥ experiments was conducted once for each unigmbirmtion of different
incubation solutions.

Assay for the Investigation of the Kinetics of HRPCatalysed TMB Oxidation

High-binding polystyrene microtitre plates were teshwith 75 puL/well of a solution of a
HRP-labelled goat anti-mouse IgG antibody (1:10,800ted in D-PBS) o/n at 4 °C. After
washing the plates six times with 300 pL/well of ¥ Bhe plates were incubated with
75 uL/well of D-PBS or of a specific blocking sotrt (BS3, 4, 6, 29 and 30) for 90 min at
room temperature. After washing the plates thneedgi with 300 pL/well of PBS, 75 pL/well
of a freshly prepared TMB substrate solution (8 solution A + 200 pL solution B) were
added to each well.

In a first experiment, no stopping solution wasextidOptical densities at 655 nm and 370 nm
were measured immediately after addition of the TMBstrate solution with a microplate

reader. The measurement was repeated every 5rsadifoe span of 3 min. The experiment
was conducted three times for each combinatiorawking solution and wave length.

In a second experiment, the TMB substrate solutias allowed to develop colour in the dark
at room temperature but the reaction was stoppeatlding 125 uL of M sulphuric acid to
each well immediately after TMB addition, or affer2, 3, 4, 6, 8, 10, 15, or 20 min. Optical
densities at 450 nm and 405 nm were measured wiiltieplate reader. The procedure was
carried out once for each blocking solution.

ELISA for the Determination of NSB for Different Bl ocking Solution Concentrations
High-binding polystyrene microtitre plates were dded with 250 puL/well of a specific
blocking solution of surfactarit in D-PBS (5%, 2%, 1%, 0.5%, 0.2%, 0.1% (w/v) scidat

2) for 7 h at room temperature. After washing thatgd four times with 300 pL/well of
D-PBS, 75 pL/well of a pooled normal human serutatgmn (two-fold serially diluted over
16 wells, i.e. 50%, 25%, 12.5%, ..., 0.0015%, 0.0008%6) pooled human serum, in the
corresponding blocking solution) were added to eaelh 75 pl/well of the blocking solution
alone were added to two wells for each blockingitsmh as a negative control, and the plates
were incubated o/n at 4 °C. The plates were wastadtimes with 300 pL/well of D-PBS
and incubated for 3 h at room temperature with [Avgll of a solution of a goat anti-human
IgG antibody (0.25 pug/mL in the corresponding blagksolution). One of the two wells
reserved for negative controls was incubated wihu¥Wwell of the blocking solution alone
(also for 3 h at room temperature). The plates weashed six times with 300 pL/well of
PBST, and 75 pL/well of a solution of HRP-labellstleptavidin (1 pg/mL in the corre-
sponding blocking solution) were added. The platese incubated for 90 min at room
temperature. After washing the plates six time$\8®0 pL/well of PBST, 75 pL/well of a
freshly prepared TMB substrate solution (8 mL golutA + 200 pL solution B) were added
and allowed to develop colour in the dark for 10rai room temperature. The reaction was
stopped by adding 125 pL of\ sulphuric acid to each well. Optical densitieds® nm and
405 nm were measured with a microplate reader.
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The assay was carried out once for each blockihgisn.

Specificity-ELISA

High-binding half-area polystyrene microtitre pktevere blocked with 150 pL/well of a
specific blocking solution (BS1-30) for 7 h at rooemperature. After washing the plates four
times with 150 pL/well of D-PBS, 45 uL/well of afnan serum solution (either 20% (v/v) or
2% (v/v) of a human serum sample in the correspan@iocking solution) or the blocking
solution alone as a negative control were addeshtd well and the plates were incubated o/n
at 4 °C. The plates were washed four times with 1BQvell of D-PBS and incubated for 3 h
at room temperature with 45 pl/well of a solutidnaobiotin-labelled goat anti-human IgG
antibody (0.25 pg/mL in the corresponding blocksajution). The plates were washed six
times with 150 pL/well of PBST and 45 pL/well ofsalution of HRP-labelled streptavidin
(1 pg/mL in the corresponding blocking solution)rev@dded. The plates were incubated for
90 min at room temperature. After washing the glatie times with 150 pL/well of PBST,
45 ul/well of a freshly prepared TMB substrate solu (5 mL solution A + 125 pL
solution B) were added and allowed to develop aolouthe dark for 10 min at room
temperature. The reaction was stopped by addinglL76f 1M sulphuric acid to each well.
Optical densities at 450 nm and 405 nm were medswith a microplate reader.

The procedure was carried out independently inidaig for BS9-28 and in quadruplicate for
BS1-8 and BS29-30.

Prion-ELISA

For each blocking reagent six wells of high-bindimgjf-area polystyrene microtitre plates
were coated with 45 plL/well of a solution of a nedmnant prion protein fragment
(PrP90-231, 50 ng/mL or 3 ng/mL, in L-PBS), or witfPBS alone as a negative control o/n
at 4 °C. After washing the plates three times wilif® uL/well of PBST, the plates were
blocked with 150 uL/well of a specific blocking atbn (BS1-30) for 7 h at room
temperature. The plates were washed four times 1&thuL/well of PBST and incubated o/n
at 4 °C with 45 pL/well of a solution of a monocédranti-PrP antibody (0.25 ng/mL in the
corresponding blocking solution containing addieib@.1% (v/v) Tween20). The plates were
washed four times with 150 uL/well of PBST and 43well of a solution of a HRP-labelled
goat anti-mouse IgG antibody (1:2,000 diluted ia torresponding blocking solution) were
added. The plates were incubated for 90 min at rtemperature. After washing the plates
six times with 150 pL/well of PBST, 45 pL/well offeeshly prepared TMB substrate solution
(5 mL solution A + 125 uL solution B) were addeddach well and allowed to develop
colour in the dark for 10 min at room temperatufbe reaction was stopped by adding
75 pL/well of 1M sulphuric acid. Optical densities at 450 nm an8 Afth were measured
with a microplate reader.

The procedure was carried out independently inidatg for BS9-28 and in quadruplicate for
BS1-8 and BS29-30.
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Hepatitis B-ELISA

High-binding half-area polystyrene microtitre pkatevere coated with 45 pL/well of a
solution of a goat anti-HBsAg antibody (0.5 pg/mlLD-PBS) o/n at 4 °C. After washing the
plates four times with 150 pL/well of D-PBS, platesre blocked for 3 h at room temperature
with 150 pL/well of a specific blocking solution $8-30). The plates were washed four times
with 150 pL/well of D-PBS and incubated for 2 hrabm temperature with 45 pL/well of a
solution of a recombinant Hepatitis B surface Aatigserial dilution, 20,000, 8,000, 3,200,
1,280, 512, 205, 82, 33, 13 and 5 ng/mL, in theesmonding blocking solution). The plates
were washed four times with 150 uL/well of D-PB3dwed by addition of 45 pL/well of a
solution of a HRP-labelled goat anti-HBsAg antibo@ pg/mL in the corresponding
blocking solution). The plates were incubated fdm@in at room temperature. After washing
the plates six times with 150 pL/well of PBST, 4b/well of a freshly prepared TMB
substrate solution (5 mL solution A + 125 pL salutB) were added and allowed to develop
colour in the dark for 30 min at room temperatufbe reaction was stopped by adding
75 pL/well of 1M sulphuric acid. Optical densities at 450 nm an@ Ath were measured
with a microplate reader.

The assay was carried out once for BS9-28 andpiicite for BS1-8 and BS29-30.

Immunoblots

In the following experiment, the nitrocellulose maenes were used without any pre-
treatment. The PVDF membranes were wetted with [TB0®f ethanol (1.63 mL/chy for

1 min at room temperature before blocking.

Membranes (11.5 mm x 4 mm) were blocked in 500 JulL (nL/cnf) of a specific blocking
solution (BS1-30) or of D-PBS as negative contiai 60 min at room temperature. The
membranes were subsequently incubated for 60 mim@in temperature with 500 pL
(1.1 mL/cnf) of a solution of an AlexaFluor680-labelled goattianouse IgG antibody
(0.8 ug/mL, in the corresponding blocking solutionin D-PBS in case of the negative
control). After incubation the membranes were wessig times with 750 pL (1.6 mL /cth

of D-PBS for 10 min at room temperature. Fluoreseewas quantitated on a Odyssey
infrared imager using appropriate software.

The procedure was carried out in duplicate for gaelmbrane and blocking solution.

100



6. REFERENCES

6. References

(20]

(11]

(12]

(23]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

D. J. Winzor, J. de Jerse};, Chromatogr., B989 492, pp. 377-430.
C. Davies inThe immunoassay handbogd.: D. Wild), Elsevier Ltd., Oxford2005

J. R. Crowther inThe ELISA GuidebookSeries Ed.: J. M. Walker), Humana Press,
Totowa, 2001, pp. 61-63.

S. Allen, S. D. A. Connell, X. Chen, J. Davies, M. Davies, A. C. Dawkes, C. J.
Roberts, S. J. B. Tendler, P. M. Williands,Colloid Interface Sci2001, 242 pp. 470—
476.

W. Y. Craig, S. E. Poulin, C. P. Nelsong, R. RcRie, Clin. Chem.1994 40, pp. 882-
888.

Y. Y. Studentsov, M. Schiffman, H. D. Strickler, &. F. Ho, Y. S. Pang, J. Schiller,
R. Herrero, R. D. Burk]. Clin. Microbiol.2002 40, pp. 1755-1760.

S. Waga, E. M. Tan, R. L. RubiBjochem. J1987, 244, pp. 675-682.

S. SugiiJ. Vet. Med. Scil994 56, pp. 787-790.

W. L. Hoffman, A. A. JumpAnal. Biochem1989 181, pp. 318-320.

E. S. Sawyer, P. J. Sawy&g97, US Paten6602041.

N. DenHollander, D. Befud, Immunol. Method$989 122 pp. 129-135.

S. M. Spinola, J. G. Cannah, Immunol. Method$985 81, pp. 161-165.

M. Steinitz,Anal. Biochem200Q 282, pp. 232-238.

Thermo Scientific PiercAssay Development Technical Handh®008 pp. 24-25.

D. Blunk, K. Praefcke, V. Vill inHandbook of liquid crystal§Ed.: D. Demus, J.
Goodby, G. W. Gray, H.-W. Spiess, V. Vill), WILEYGH, Weinheim,1998 pp. 305-
340.

Y. Chen, G. L. Baker]. Org. Chem1999 64, pp. 6870-6873.
K. L. Prime, G. M. Whitesided, Am. Chem. So&993 115 pp. 10714-10721.
I. Szleifer,Biophys. J1997, 72, pp. 595-612.

C.-G. Golander, J. N. Herron, K. Lim, P. ClaessBn,Stenius, J. D. Andrade in
Poly(Ethylene Glycol) Chemistry: Biotechnical andmedical ApplicationgEd.: J. M.
Harris), Plenum Press, New York992 pp. 221-245.

S. 1. Jeon, J. H. Lee, J. D. Andrade, P. G. dené€gd. Colloid Interface Scil991, 142,
pp. 149-158.

S. 1. Jeon, J. D. Andradg, Colloid Interface Scil99], 142, pp. 159-166.
H.-H. Gorris,PhD thesis (in GermanVniversitat zu Libeclk005 pp. 87-88.

101



6. REFERENCES

(231 3. C. Ma, D. A. Doughertyhem. Rev1997,97, pp. 1303-1324.

24 p. Hepworth inChemistry and Technology of Surfacta¢isl.: R.J. Farn), Blackwell

Publishing Ltd., Oxford2006 pp. 133-152.
5 R. Reck inCationic Surfactant¢Ed.: J. Richmond), Surfactant Science Series, barc
Dekker Inc., New York199Q 34, p. 163.
6] R.F. Lang, D. Parra-Diaz, D. JacobsSurfactants Deterd.999 2, pp. 503-513.

271 L. Oldenhove de Guertechin idandbook of DetergentéEd.: G. Broze), Surfactant
Science Series, Marcel Dekker Inc., New YdAr@99 82, pp. 26-27.

28] M. I. Levinson,J. Surfactants Deterdg.999 2, pp. 223-235.
2 T Enge2008 WO Paten2008034716
B0 5. Zalipsky,Bioconj. Chem1995 6, pp. 150-165.

B 3. M. Harris, E. C. Struck, M. G. Case, M. S. PaM. Yalpani, J. M. van Alstine, D. E.
Brooks,J. Polym. Sci.: Polym. Chem. EkB84 22, 341-352.

32 A. F. Biickmann, M. Morr, G. Johanssdfiakromol. Chem1981, 182, 1379-1384.
B3 T.W. Green, P. G. M. Wuts iRrotective groups in organic synthesis - 3rd, eihhn
Wiley & Sons, Inc., New Yorkl1999 pp. 564-566.

B4 s.-K. Kang, W.-S. Kim, B.-H. Moor§ynthesid 985 pp. 1161-1162.

BS1 3. M. Harris,J. Macromol. Sci. Rev. Macromol. Chem. PH@85 C25, 325-373.

B¢ A. Buckmann, M. Morr, G. Johanssdviakromol. Chem1981, 182, pp. 1379-1384.

B V. N. R. Pillai, M. Mutter, E. Bayer, |. Gatfield, Org. Chem198Q 45, pp. 5364 —
5370.

8 F. M. Menger, H. Zhangl. Am. Chem. So2006 128, pp. 1414-1415.
B9 A. J. zych, B. L. Iverson). Am. Chem. So200Q 122, pp. 8898-8909.

40l R. C. Howell, S. H. Edwards, A. S. Gajadhar-PlumrheéA. Kahwa, G. L. Mcpherson,
J. T. Mague, A. J. P. White, D. J. WillianMplecules2003 8, pp. 565-592.

44 p. P. Tschudy, A. Collins]. Org. Chem1959 24, pp. 556-557.

421 K. Smith, I. K. Morris, P. G. Owen, R. J. BagsChem. Soc. Perkin Trans1988§ 1,
pp. 77-83.

43 B. Astleford, L. O. WeigelTetrahedron Lett1991 32, pp. 3301-3304.

44 J.V. B. Kanth, M. Periasamy, Org. Chem1991, 56, pp. 5964-5965.

481 3. M. Herbert, A. T. Hewson, J. E. Pea®gnth. Commuri998 28, pp. 823—-832.
461 'N. Umino, T. Iwakuma, N. Itoietrahedron Lett1976 10, pp. 763—766.

102



6. REFERENCES

[47]

(48]

[49]

(50]

(51]
(52]
(53]
(54]
(58]

[56]

[57]
(58]
(59]

(60]

[61]
[62]
[63]
[64]

(65]

(66]
(67]
(68]
(69]

[70]

[71]

A. Balsamo, G. Cercignani, D. Gentili, A. Lapucti. Macchia, E. Orlandini, S.
Rapposelli, A. Rossell&ur. J. Med. ChenR001, 36, pp. 185-193.

R. Adamo, R. Saksena, P. Kay&elv. Chim. Act&2006 89, pp. 1075-1089.

A. Hirao, S. Nakahama, M. Takahashi, N. Yamaz&kikromol. Chem1978 179
1735-1741.

S. Ceretti, G. Luppi, S. De Pol, F. Formaggio, Gtisma, C. Toniolo, C, Tomasini,
Eur. J. Org. Chen2004 pp. 4188-4196.

K. J. Wu, R. W. OdomAnal. Chem1998 70, pp. 456A-461A.

R. F. Lang, D. Parra-Diaz, D. JacobsSurfactants Deterd.999 2, pp. 503-513.
W. D. Harkins, H. F. Jordad, Colloid Interface Scil93Q 52, pp. 1751-1772.
B. B. Freud, H. Z. Freud, Colloid Interface Scil93Q 52, pp. 1773-1783.

L. Stryer inBiochemie Spektrum, Akad. Verl., Heidelberg999 p. 296.

R.M.C. Dawson, D.C. Elliot, W.H. Elliot, K.M. Jomein Data for Biochemical
ResearchOxford Science Publ1986

S. Awad, S.P. Allison, D.N. Lob&lin. Nutr.2008 27, pp. 179-188.
A.l. Davletshin, V.V. EgoroviRuss. J. Bioorg. Cher200Q 26, pp. 543-545.
T.A. Anikeeva, V.V. EgorovRuss. J. Bioorg. Cheri00Q 26, pp. 546-549.

E.S. Bos, A.A. van der Doelen, N. van Rooy, A.HW.Schuurs,J. Immunoassay
Immunocheml981, 2, pp. 187-204.

P.D. Josephy, T. Eling, R.P. MasdnBiol. Chem1982 257, pp. 3669-3675.

A. W. Butch,Clin. Chem200Q 46, pp. 1719-1720.

S. Bade, M. Baier, T. Boetel, A. Freyaccine2006 24, pp. 1242-1253.

A. Frey,J. Di Canzio, D. Zurakowski, Immunol. Method$998 221, pp. 35-41.

M. Sukumar, B.L. Doyle, J.L. Combs, A.H. PekBharm. Res2004 21, pp. 1087-
1093.

C. Urban, P. Schurtenberg@hys. Chem. Chem. Phyi®99 1, pp. 3911-3915.
L.A. Cantarero, J.E. Butler, J.W. OsborAeal. Biochem198Q 105, pp. 375-382.
P. Porschewski, K. SteineB007, WO Paten2007077238.

J.W. HaycockAnal. Biochem1993 208, pp. 397-399.

P.Rauch, H.-P. Wiesmann, A. Fischer, S. Siewert,S@echt,Bioforum 2005 10,
pp. 2-24 (in German, not peer-reviewed).

F. Tiberg, J. Brinck, L. Gran€urr. Opin. Colloid Interface ScR00Q 4, pp. 411-419.

103



6. REFERENCES

[l E.J. Wanless, W.A. Ducke}, Phys. Chenl996 100, pp. 3207-3214.
[731 7. Kiraly, G.H. Findenegg]. Phys. Chem. B998 102, pp. 1203-1211.
("4 3. Zhao, W. Brown]. Phys. Chen996 100, pp. 3775-3782.

[81 . Geffroy, M.A. Cohen Stuart, K. Wong, B. CabavieBergeronLangmuir200Q 16,
pp. 6422-6430.

[/l p. C. Kearney, L. S. Mizoue, R. A. Kumpf, J. E.rfRan, A. McCurdy, D. A.
Dougherty,J. Am. Chem. Sot993 115, pp. 9907-99109.

[’ 3. P. Gallivan, D. A. Dougherty, Am. Chem. So200Q 122, pp. 870-874.

[’ 'N. Fujimoto, N. Rockendorf, S. Bade, K. Ramaker, Brey, EU Patent 2009
09007701.7.

104



6. REFERENCES

105



7. APPENDIX

7. Appendix

7.1 Abbreviations

BSA Bovine serum albumin

CMC Critical micelle concentration

ConA Concanavalin A

D-PBS Dulbecco’s phosphate buffered saline

DCC Dicyclohexyl carbodiimide

DIAD Diisopropyl azodicarboxylate

DME Dimethoxyethane

DMF N,N-Dimethylformamide

EIA Enzyme-linked immunoassay

ELISA Enzyme-linked immunosorbent assay

ESI-MS Electrospray ionisation mass spectrometry

FBS Foetal bovine serum

HBsAg Hepatitis B surface antigen

HCTU 2-(6-Chloro-1-H-benzotriazole-1-yl)-1,1,3,3reamethyluronium
hexafluorophosphate

HRP Horseradish peroxidase

HS Human serum

IgG Immunoglobulin G

L-PBS Lite-PBS

LOD Limit of detection

MALDI-TOF MS  Matrix-assisted laser desorption/icaion time of flight mass
spectrometry

MC Methylene chloride

NC Nitrocellulose

NMR Nuclear magnetic resonance

NSB Non-specific binding

oD Optical density

PEG Poly(ethylene glycol)
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PIPES Piperazine-1,4-bis-2-ethanesulfonic acid
POE Poly(oxyethylene)

PrP Prion protein

PVDF Poly(vinylidene fluoride)

PVP Poly(vinyl pyrrolidone)

RIA Radioimmunoassay

RT Room temperature

S/N Signal-to-noise ratio

SA Streptavidin

TBABH Tetrabutyl ammonium borohydride

Tf,0 Trifluoromethane sulfonic acid anhydride
TFA Trifluoroacetic acid

THF Tetrahydrofuran

TLC Thin layer chromatography

TMB 3,3,5,5'-tetramethylbenzidine

TosCl Para-Toluenesulfonyl chloride

Tol Toluene

Tris Tris(hydroxymethyl)aminomethane

107



7. APPENDIX

7.2 Hazardous Reagents

Listed below are all reagents and chemicals usdairwihis work along with the respective
hazard code(s) and the risk (R-) and safety (S99#{s).

Table 7. List of hazardous reagents

Name '::;:(r:) R-phrase(s) S-phrase(s)
Borane 1.M in THF F, Xn 14/15-19-22-36/37/38  16-33-36/37/39-7/9
1-Bromoeicosane - - 22-24/25
1-Bromododecane Xi 36/37/38 26-36
Cyclohexane F, Xn, N 11-38-50/53-65-67 2'216'25'33'60'61'
Dichloromethane Xn 40 23-24/25-36/37
Diethyl ether F+, Xn  12-19-22-66-67 9-16-29-33
Dimethoxyethane F, T 60-61-11-19-20 53-45
N,N-Dimethylformamide T 61-20/21-36 53-45
Diisopropyl azodicarboxylate Xn 36/37/38-40-48/20/2 36
Docosanoic acid - - -
1,12-Dodecanediol - - -
Eicosanedioic acid Xi 36/37/38 26-37/39
Ethanol F 11 7-16
Ethyl acetate
Hexane E Xn. N 11-38-48/20-51/53-62- 9-16-29-33-36/37-
7 65-67 61-62
Hydrazine monohydrate T, N 28;22_23/24/25_34_43_ 53-45-60-61
Hydrobromic acid, 48% (w/v) C 35-37 26-45-7/9
Lithium aluminium hydride F 15 24/25-43-7/8
t';g': dne] tri-tertbutoxyaluminium 11 1434 16-26-36/37/39-45
Malonic acid ditheyl ester - - -
Malonic acid ditert-butyl ester - - 23-24/25
Methanol F, Xi 11-36-66-67 16-26-33
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2-(a-methoxy[poly(ethylene
oxy)]) ethanol, 550 Da

2-(a-methoxy[poly(ethylene
oxy)]) ethanol, 2kDa

Molecular Sieves, 4 A Xi 36/37
Ninhydrin Xn 22-36/37/38
Phosphomolybdic acid hydrate O,C 8-34

Sodium, pieces stored in hea\{:yC

. . 14/15-34
mineral oil
Sodium azide T+, N 28-32-50/53
Sodium hydride, 60% dispersioE 15
in mineral oil
Tetrr?\butyl ammonium boroxi 36/37/38
hydride
Tetradecanoic acid - -
Tetrahydrofuran F, Xi 11-19-36/37
3,3',5,5-tetramethylbenzidine Xi 36/37/38

Thionyl chloride C 14-20/22-29-35
Toluene F, Xn 11-38-48/20-63-65-67
Para-Toluenesulfonyl chloride C 34

Triethylamine F,C 11-20/21/22-35
Trifluoroacetic acid C 20-35-52/53

Trifluoromethane sulfonic aci% 20/21/22-34

anhydride
Triphenylphosphine Xn 22-43-53
Tris(hydroxymethyl)methylamineXi 36/37/38

Tween20 - -

26
26
17-26-3G3A45

8-43-45

28-45-60-61

7-24/25-43

26-36
16-29-33
26-36
26-36/37/39-45
36/37-46-62

26-36/37/39-45

3-16-26-29-
36/37/39-45

9-26-27-28-45-61

26-27-28-36/37/39-
45

36/37-60
26-36
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