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(57) Abstract: The invention pertains to a method for chemically activating activatable molecules oh a ‘substrate comprising the
& steps: providing an activation or protective agent to a stamp; bringing the stamp containing the activation agent into contact with at
least part of the activatable molecules or the stamp comprising the protective agent into contact with part of the active molecules;
and activating the at least partly contacted group of activatable molecules with the activation agent to obtain activated molecules or
protecting the at least partly contacted active molecule with the protective agent to obtain protected molecules. The invention further
relates to a method for obtaining more than one molecular layer on a substrate .
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Method for chemically activating molecules or protecting active molecules

The present invention relates to a method for chemically activating activatable
molecules or protecting active molecules on a substrate. The invention further relates to a
method for obtaining molecular layers on a substrate.

In molecular diagnostics use is made of arrays, also called biochips. Arrays are
substrates that contain a high number of probes on a relatively small area, currently in the
order of 1x3 inch x inch, which is the size of a microscope plate that is often used in array-
based genomics and proteomics. Gene sequences can be placed and synthesized on the
substrate using lithographic techniques or inkjet printing techniques. These production
techniques as well as the biological samples are expensive. Proteins (protein arrays) are
usually placed using spotting robots. Circular spots can be formed with a typical diameter of
about 150 pm. A minimum spot diameter of about 60 pm was reported so far on relative
hydrophobic surfaces (contact angle above 20 degrees). Lithographic techniques such as used
in the production of DNA arrays may be suitable for small peptide arrays (up to 20 mers) but
cannot be used for protein arrays as protein peptide sequences are usually largely exceeding
20.

Diagnostic cartridges will, apart from a detection part also contain channels
for transportation of fluids and most likely also separation, heating, cooling, mixing and
filtering modules/chambers. These cartridges are of about the same size as the bio-arrays
currently available. Because diagnostic cartridges require a much higher level of integration,
the detection part will be much smaller than the total cartridge. The area where the sensor
bioprobes should be placed is often typically below 1x1 cm?” which is much smaller than a
microscope slide.

Moreover, miniaturization of the detection part is also driven by cost
reduction. First, because the detection part of the cartridge may well be made in silicon, the
size of this part should be as small as possible. Second, the bioprobes are highly expensive
molecules and the quantities used should be minimized as much as possible. Multi-analyte
detection protocols for molecular diagnostics will need the ability of measuring typically
between 3 — 10000 and preferably 10-1000 biological compounds (DNA/RNA, proteins,

sugars, metabolites, cells) on a single cartridge.
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An important aspect of the fabrication of biosensors is the immobilization of
bio-molecules (the bioprobes) on inorganic (glass), organic, polymeric, metallic or silicon
surfaces. Especially, when covalent immobilization of a bio-molecule is desired, activation of
the surface is needed before the bio-molecule can efficiently be attached. For example, for
covalent immobilization of bioprobes to carboxylic acid groups a standard method is to dip
the substrate in an aqueous solution of activation agent, such as (1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide, or a mixture thereof with N-hydroxysuccinimide, and to wash and
optionally dry the substrate thereafter. This method has the drawback that it takes a
considerable amount of time to achieve maximum activation. Further the whole activatable
substrate will react with the same activation molecules, thus patterning of the substrate
cannot be done in this way. Finally, this is a wet process wherein a considerable volume of
activation solution is used. After activation, the substrate must be washed and dried to
remove (excess) activation molecules from positions of the substrate.

It is an object of present invention to provide a method that is devoid of the
disadvantages of the activation methods of the prior art, i.e. to provide a method, which
reduces the amount of time which is necessary for obtaining activated molecules, which
allows activating a smaller area than is possible using the methods of the prior art, and which
reduces the required amount of activation agent solution.

To this end the invention relates to a method for chemically activating
activatable molecules or protecting active molecules on a substrate comprising the steps:

- providing an activation or protective agent to a stamp;

- bringing the stamp containing the activation agent into contact with at least
part of the activatable molecules or the stamp comprising the protective agent into contact
with part of the active molecules; and

- activating the at least partly contacted activatable molecules with the
activation agent to obtain activated molecules or protecting the at least partly contacted active
molecule with the protective agent to obtain protected molecules.

Using this method, only the activatable molecules that are contacted, will be
activated and only the contacted active molecules will be protected. Furthermore, this method
permits activating or protecting areas with a surface area smaller than 100 pm?.

It is to be stressed that the term ‘activating’ refers to chemical reactions
between the activatable molecules on the substrate and the molecule(s), the activation agent,
on the stamp to make an inreactive group reactive, or to make a less reactive group more

reactive towards the substrate.
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‘Protecting’ refers to chemical reactions between the active molecules on the
substrate and the protective agent on the stamp providing a protective group onto the active
moiety. The result of the chemical reaction is that protective groups are incorporated to the
substrate. Protective groups, such as frequently used in peptide chemistry, serve the purpose
of making active groups temporarily inreactive towards a second (incubation) step. The
unprotected active molecules can be attached to a second molecule.

Deprotection, i.e. the cleavage of protective groups is encompassed in the
definition of the expression ‘activating’.

A suitable name for this method of micro-contact printing is micro-contact
chemistry as the activation or protective agent reacts only locally, i.e. on the contact interface
between the stamp and the molecules, with the activatable molecules, or with the active
molecules, respectively. It is a ‘dry’ method: viz. dipping of the substrate in a solution is not
necessary. Therefore, micro-contact chemistry is much faster because washing and drying
steps to remove the activation agent or the protective agent from undesired positions on the
substrate are not necessary.

Preferably, the activatable molecules or the active molecules are contained in a
molecular monolayer. Virtually all molecules in such a monolayer can be accessed easily by
the activation or the protective agent.

According to a preferred embodiment, a stamp having a patterned surface
containing an activation or a protective agent is contacted with activatable or active
molecules, respectively, on a substrate. This embodiment has the advantage that the
activatable molecules can be activated, or the active molecules can be protected in a
patterned manner after which bio-molecules can be patterned and immobilized on the
surface. It is stressed that protection and deprotection of molecules is an alternative for
activating activatable molecules. By activating part of the activatable molecules, a part of the
molecules is prone to further reaction, and another part not. By protection-deprotection the
same situation can be obtained, viz. a part of the molecules is protected, after which a part of
the molecules is (still) prone to further reaction, and another part not.

When successively two or more stamps are used having different patterned
surfaces, the activatable molecules can be activated successively at different positions. An
advantage thereof is that to a layer of the same activatable molecules different bio-molecules
can be attached. For example, a first stamp containing an activation agent can be used to
activate a part of the layer having activatable molecules to obtain a certain activated pattern,

after which bio-molecules can be attached to the activated molecules. Then a stamp having
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another pattern containing an activation agent, which may be different or the same as the
activation agent contained in the first stamp, is used to activate another part of layer
containing the activatable molecules, followed by attaching other bio-molecules to the
activated part.

Activatable molecules are molecules having a chemical group that is able to
react with an activation agent. The reaction between the chemical group and the activation
agent results in molecules having the chemical group activated and apt to further reaction or
having temporarily protective group cleaved to obtain a de-protected molecule, which is
active.

Active molecules are molecules having an active group, which can be
protected by a protective agent.

Examples of activatable groups are: carboxylic acid, sulfurhydryl, hydroxyl,
aldehyde, carbohydrate, primary and secondary amine, methylketon, epoxide, lactone (such
as caprolactone and lactide), cyclic carbonate, unsaturated compounds (such as in
(meth)acrylate, vinylether, ketene, etc.).

Carboxylic acids are preferred as activatable groups. The advantage of a
carboxylic acid group-containing molecule is their easy conversion to an activated ester
group-containing molecule or to a hydrazide by reaction with a variety of activation agents.
An activated ester can easily react with primary or secondary amine containing molecules.
This coupling procedure is often used in bio-conjugate chemistry. Hydrazides can react with
aldehyde containing molecules to give a hydrazone.

The materials to make the stamp are preferably suitable to permit the
activation or the protective agent diffusing into the stamp. The choice of stamp material
depends on the solvent, in which the activation agent is dissolved.

Stamps as used in this method can be made of common thermoplastics,
(hydro)gels, or thermosets.

Examples of materials suitable for stamps that allow an activation agent
soluble in water to diffuse into the stamp include, but are not restricted to: hydrophilic
thermoplastic elastomers (TPE’s) and hydrogels. Examples of TPE’s are poly(ether-block-
ester)s, such as multiblock polymers comprising blocks of poly(ethylene glycol) (PEG) or
poly(tetramethylene glycol) (PMTG) and poly(butylene terephthalate) (PBT).

Examples of materials suitable for stamps, for applying an activation agent

soluble in organic solvents such as ethanol or dichloromethane, are polysiloxane, like
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polydimethylsiloxane, which is for instance commercially available as Sylgard® 184 from
DOW Corning (UK).

The substrate on which the activatable or active molecules are provided, is not
critical and can be made of silicon, polymer, glass, gold, aluminium-oxide or any other
suitable material, provided that there is good adhesion between the substrate and the
activatable molecules. Substrate preference depends on the chosen application. For example,
when a biosensor that optically detects captured bio-molecules is being developed, one wants
to use transparent or reflective substrates. Or, when electrochemical or impedimetric
detection is preferred the substrate preferably consists of (semi-) conducting material, such as
gold, platinum, copper, alumina, indium tin oxide, (doped) silicon, etc. Substrates that have
excellent adhesion between activatable molecules and the substrate’s surface are gold or
silver, especially when the activatable molecules contain a sulfurhydryl group.

The activatable molecules are activated by applying a stamp provided with
activation agent. The activation agent can be provided to the stamp by soaking the stamp in a
liquid containing the activation agent, followed by removing adhered liquid from the stamp.

The same applies for protecting active molecules. Active molecules can be
protected by applying a stamp provided with protective agent. The protective agent can be
provided to the stamp by soaking the stamp in a liquid containing the protective agent,
followed by removing adhered liquid from the stamp.

The liquid containing the activation or protective agent preferably is an
aqueous solution comprising the activation or protective agent.

For some activation procedures it is necessary to make use of a combination of
different molecules in order to activate the activatable molecules. One of the molecules may
act as a catalyst or may be consumed during the activation procedure, where the other
molecule is bonded to the activatable molecule to form the activated molecule. This has been
illustrated in the example.

Optionally, a stimulus-sensitive activation agent is used and the activating step
¢) is triggered by a stimulus, such as heat, pH, UV, and visible light.

After being activated with a stimulus-sensitive activation agent, the activated
molecules may be stimulus-sensitive (photoactive, etc.) themselves. The stimuli can be used
to either further activate or de-active the activated molecules.

Examples of conventional activation agents are: carbodiimides, such as 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, mixtures
of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide with N-hydroxysuccinimide or with
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sulfo-N-hydroxysuccinimide, mixtures of a base or acid with iodine (I,) or with bromine
(preferably acidic conditions to stop the reaction after one activation step), hydrazine,
periodates, nitric acid, hydroxypentafluorobenzene, 1,1’-carbonyldiimidazol (CDI), tert-butyl
esters, maleimide derivatives, anhydrides, pyridylthio-erythritol, tosylates (such as p-
toluenesulfonylchloride and sulfonylchloride SO,Cl), acylchlorides, isocyanates,
isothiocyanates, (epi-)chlorohydrins, azides, psoralen, epoxide, lactone (such as caprolactone
and lactide), cyclic carbonate, unsaturated compounds (such as in (meth)acrylate, vinylether,
ketene, etc.), dithioesters, 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) and derivatives
thereof.

Preferably, (1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, or a mixture of
(1-(3-dimethylaminopropyl)-3-ethylcarbodiimide and N-hydroxysuccinimide, dissolved in
water is used. These activation agents are particularly useful because they are frequently used
for the conjugation of bio-molecules and cells. Bio-molecules include, but are not restricted
to: peptides, proteins (including antibodies, F,, fragments, single chain antibodies, enzymes),
oligonucleotides (DNA and RNA), aptamers, amino acids, dATP, dCTP, UTP, dGTP, and
dTTP.

Protective agents are well known in the art and commonly used for protecting
active groups such as hydroxy, thiol, amine, carboxylic groups, and the like.

The present invention also relates to method for obtaining n molecular layers
on a substrate, wherein n is an integer of at least 2, by applying one of the previously
mentioned methods, followed by a step d) comprising bonding a next molecule to the
activated molecules or the active molecules to obtain a further layer, which molecules may be
activatable and activated or which molecules are active and may be partially protected, step
d) being repeated (n-2) times to obtain n molecular layers.

The advantage of this method for obtaining a specific number (n) of molecular
layers on a substrate is that the method is very flexible. If desired, only the method using a
stamp (called micro-contact chemistry) is used for activating the activatable molecules or
protecting active molecules on the surface as well as for applying other molecular layers onto
the activated molecules or the active molecules, which are not protected. The method also
permits applying molecular layers using other deposition techniques such as inkjet printing or
electro spraying in combination with micro-contact chemistry. The inkjet printing technique,
for example, implies the use of a printer head for dispensing a liquid comprising molecules,

which will form a molecular monolayer.
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In following two paragraphs, as a non-limitive example, application of a stack
of four molecular layers is described via activation of an activatable molecule using an
activation agent. It will be clear that a similar or the same stack can be obtained via
protection of part of active molecules on a substrate using a protective agent, and
subsequently applying a molecular layer on the active molecules, which were not protected.

To obtain a stack of, for instance, four molecular layers on a substrate, n is 4.
According to steps a, b and ¢ of the previously mentioned methods activated molecules on
the substrate are obtained. In step d, a next (2") molecule is bonded to the activated
molecules to obtain a 2" molecular layer. The 2™ molecules should be activatable, otherwise
activation of the 2" molecular layer and bonding of a 3™ molecular layer to the 2" molecular
layer is impossible. The application and activation of the 2™ molecular layer can be
performed using a stamp, but also other deposition methods (such as inkjet, electro-spraying,
etc.) can be used. Step d is repeated n-2 times, thus (n is 4) 2 times more. The first time, a 3™
molecule is bonded to the activated 2™ molecules to obtain a 3" molecular layer, which is
activated. The second time, a 4™ molecule is bonded to the 3™ molecular layer. Optionally, a
washing step and/or drying step are performed between the applications of two molecular
layers.

Thus each layer, to which a following layer of molecules should be bonded,
must be activatable. The final layer may be activatable, but this is no longer a requirement.

This method can be used to obtain any desired number n molecular layers on
the either activated or active molecules. It is possible that two or more molecular layers
contain the same type of molecules. It is also possible that the layer of molecules is a layer of
activatable or active bio-molecules.

Preferably at least one, more preferably each of the layers, is a molecular
monolayer. Monolayers have the advantage that virtually all activatable molecules are easily
accessible by the activation agent and that all active molecules are easily accessible by the

protective agent.

The invention is illustrated by the Figs. 1A-1C and by the example. The
embodiments of the figures and example are illustrative only, and should not be considered
as limitative.

The figures and the example illustrate the activation of activatable molecules
using an activation agent. The person skilled in the art will immediately understand that

active molecules can be protected using a protective agent.
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Figs. 1A-C show a schematic scheme of a procedure for chemically activating
a group of activatable molecules on a substrate using a stamp, i.e. micro-contact chemistry.

Fig. 1A shows a patterned surface 1 of a stamp 2 and a solvent, in which an
activation agent is dissolved (3). The stamp 2 is preferably made of a hydrophilic gel when
the solution is aqueous. In this example, the solvent is water and the activation agent is 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide (EDC).

To provide the hydrophilic gel of the stamp 2 with activation agent, the
patterned surface 1 is dipped into the aqueous solution. EDC 3 diffuses through the patterned
surface 1 into the hydrophilic gel 2. When the gel 2 contains sufficient EDC, the gel 2 is
removed from the solution and the wetted surface 1 of the stamp 2 is blotted to remove the
adhered solution.

Fig. 1B shows a stamp made of hydrophilic gel 2 containing EDC 3 and a
group of activatable molecules 4 provided onto a substrate 5. The activatable molecules 4 are
preferably carboxylic group-containing compounds. Substrate 5 is preferably made of gold.
The carboxylic group-containing activatable molecules 4 are patterned (for illustration
purposes; the activatable molecules do not have to be patterned) and arranged in a
monolayer. The activation agent EDC can easily access virtually all group-containing
activatable molecules due to their arrangement in the monolayer.

The patterned surface 1 of the hydrophilic gel 2 is brought into contact with
the patterned monolayer of carboxylic group-containing activatable molecules 4 provided on
the gold substrate 5. When brought in contact with EDC-containing hydrophilic gel, the
carboxylic group-containing activatable molecules on the gold substrate react with EDC to
give activated molecules.

Fig. 1C shows the group of activated molecules 6. The activated molecules 6
are the result of the reaction between the EDC and the carboxylic group-containing
activatable molecules.

The invention is further illustrated by the following non-limitative example.

Example
A molecular monolayer of mercapto undecanoic succinimide ester was

provided onto a gold substrate as follows.
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An aqueous solution of activation agent was prepared by mixing 400 mM of 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC) and 200 mM of N-hydroxysuccinimide
(NHS) in 1 ml of demineralized water.

Stamps were made of a polymer hydrogel prepared by polymerizing 7.20 g of
hydroxyethylacrylate, 1.80 g of polyethyleneglycoldiacrylate, 1.00 g of water and 0.5 % by
weight of photo-initiator Darocure® 1173 (2-hydroxy-2-methyl-1-phenyl-1-propanone). The
preparation of these stamps are described in more detail in earlier International patent
application IB2004/052528 of the Applicant, titled “Molecular stamp for printing
biomolecules onto a substrate’. The surface of the stamp and the molecular monolayer were
either patterned or flat.

To provide the stamps with activation agent, the stamps were dipped in the
aqueous solution of EDC and NHS for 15 minutes, and EDC and NHS diffused into the
stamps.

The stamps were subsequently blotted with a tissue to remove adhered
solution.

Then the stamps were brought into contact with the mercapto undecanoic acid
monolayers. The period of contact was set at 5 minutes or 30 minutes.

The contacted monolayers were analyzed by grazing angle Attenuated Total
Reflectance Fourier Transform Infrared (ATR-FTIR) spectrometry. Resonance peaks were
found at 1744 cm™, 1785 cm™, and 1817 cm’, which are characteristic for succinimide ester,
which was formed by reaction of NHS and mercapto undecanoic acid. These peaks are not
present in spectra of untreated monolayers, and show that the activation reaction with NHS

was successful. The activated monolayers had a surface area smaller than 100 pm®.
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CLAIMS:

1. A method for chemically activating activatable molecules or protecting active
molecules on a substrate comprising the steps:

- providing an activation or protective agent to a stamp;

- bringing the stamp containing the activation agent into contact with at least
part of the activatable molecules or the stamp comprising the protective agent into contact
with part of the active molecules; and

- activating the at least partly contacted activatable molecules with the
activation agent to obtain activated molecules or protecting the at least partly contacted active

molecule with the protective agent to obtain protected molecules.

2. The method according to claim 1 wherein the activatable molecules or the

active molecules are contained in a molecular monolayer or as a part of a (structured)

monolayer.

3. The method according to claim 1 or 2, wherein the stamp has a patterned
surface.

4, The method according to any one of claims 1-3, wherein at least two stamps

are used each having another pattern.

5. The method according to any one of claims 1-4 wherein the activatable

molecule is a carboxylic acid group-containing molecule.

6. The method according to any one of claims 1-5 wherein the stamp is a
hydrophylic gel.
7. The method according to any one of claims 1-6 wherein step a) is performed

by soaking the stamp in a liquid containing the activation agent or the protective agent,
followed by removing adhered liquid from the stamp.
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8. The method according to any one of claims 1-7 wherein 1-(3-dimethylamino-
propyl)-3-ethylcarbodiimide or a mixture thereof with N-hydroxysuccinimide is used as the

activation agent.

9. The method according to claim 1-7 wherein the activation agent is stimulus-

sensitive and activating step c) is triggered by a stimulus.

10. The method according to claim 9, wherein the obtained activated molecules

are stimulus-sensitive.

11. A method for obtaining n molecular layers on a substrate, wherein n is an
integer of at least 2, by applying the method of any one of claims 1-10, followed by a step d)
comprising bonding a next molecule to the activated molecules or active molecules to obtain
a further layer, which molecules may be activatable and activated or which molecules are
active and may be partially protected, step d) being repeated (n-2) times to obtain n molecular

layers.

12. The method according to claim 11 wherein at least one of the molecular layers

is a monolayer.
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