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CHEMISTRY, SYSTEMS AND METHODS OF

TRANSLOCATION OF A POLYMER THROUGH A NANOPORE

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH & DEVELOPMENT

[0001] Embodiments of this disclosure were made with government support under NIH
Grant RO1 HG006323, awarded by the National Institute of Health. The U.S. Government

has certain rights in inventions disclosed herein.

RELATED APPLICATIONS

[0002] This application claims benefit of U.S. provisional patent application no. 61/826,855,

filed May 23, 2013, the entire disclosure of which is incorporated herein by reference.

FIELD OF THE DISCLOSURE

[0003] Embodiments disclosed herein are directed to recognition tunneling systems, methods
and devices, and more particularly, to chemical reactions for selectively labeling N-termini of
proteins and peptides, to address problems with analyzing and sequencing unknown proteins,
as well as embodiments directed to placing a protein into, or onto a nanopore formed in a

solid support (which may otherwise be referred to as a support structure).

BACKGROUND

[0004] In PCT application no. US2014/024630 (“the ‘630 application™), entitled, “Systems,
Devices and Methods for Translocation Control,” the entire disclosure of which is
incorporated herein by reference, a general chemical approach to connecting a polyion onto
the N-terminus of any protein is disclosed. In some of the disclosed embodiments thereof,
one step of such a process is functionalizing the N-terminus of a protein with an alkyne

moiety for subsequent ligation to any azide containing group by conventional “click”
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chemistry.” In some of the disclosed embodiments of the ‘630 application, this step takes
place at the N-terminus, without any side reactions, for example, with ¢ -amino group (a

primary amine) of lysine. As disclosed in the ‘630 application, this may be achieved using 3-

(2-propynyl)succinic anhydride at pH 7.6 in a sodium acetate buffer.

SUMMARY OF THE DISCLOSED EMBODIMENTS

[0005] Some embodiments of the present disclosure are directed to improvements in
connecting a polyion onto the N-terminus of a protein, by way of chemical reaction. In some
embodiments, close to a 100% yield of the desired product may be achieved. In some
embodiments, a protein motor, specifically, an unfoldase, a protein configured to pull or
otherwise force a protein through an orifice, in some embodiments, one amino acid residue at
a time, is provided which can be used with solid-state nanopores. A solid-state nanopore, in
the disclosed embodiments, corresponds to an opening/hole fabricated in a support structure.
In some embodiments, the new reaction(s) for connecting polyion onto the N-terminus of a
protein are combined with a manner of use of a protein motor (i.e., a molecular motor) with

nanopores, to achieve single molecule protein sequencing, for example.

[0006] With respect to a protein (molecular) motor, docking a protein into a nanopore, at
times and depending upon variables, may be challenging.* For example, this can be the case
with a membrane protein pore, alpha hemolysin. Specifically, such a protein pore often self-
assembles into the hydrophobic interior of a lipid bilayer because of hydrophobic residues on
the outside of the barrel of the pore. For the similar reasons, the hydrophobic external surface
of the pore may be driven onto a surface (e.g., silicon or silicon nitride) at a water-surface
interface. Since the surface generally cannot yield like a lipid bilayer can, the protein is often
destroyed in the process. However, the situation is different when the protein in question is
soluble, with a hydrophilic exterior. To that end, it has been found that these proteins are not
denatured when in close proximity to a silicon or silicon nitride surface. Accordingly, in
some embodiments, these proteins can be threaded onto a polymer that is, in turn, threaded

into a nanopore.

[0007] In some embodiments, a method for preparing a modified protein or peptide for
enabling identification of the protein or peptide in an identification or sequencing apparatus,
the modified protein or peptide having a reactive alkyne group at the N terminus of the

protein or peptide, the method comprising one or more (and preferably all) of the following:
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dissolving a protein sample into an aqueous acetate buffer to produce a first solution,
adjusting the pH of the first solution to between about 5.0 and about 7.6, dissolving pentynoic
anhydride in acetonitrile to a concentration of between about 1 and about 100 mM to produce
a second solution, and mixing the first solution and the second solution at about 0° C and

maintaining the mixture at about 0° C for between about 10 minutes to about 5 hours.

[0008] In some embodiments, a modified protein or peptide is presented, which is prepared
by the process noted above. With the modified protein or peptide, the reactive alkyne group is
provided only at the N terminus of the protein or peptide.

[0009] In some embodiments, a method for preparing a modified protein or peptide for
enabling identification of the protein or peptide in an identification or sequencing apparatus,
the modified protein or peptide having a reactive bromoacetyl group at the N terminus of the
protein or peptide, is provided. The method comprises one or more (and preferably all) of the
following: dissolving a protein sample into an aqueous acetate buffer to produce a first
solution, adjusting the pH of the first solution between about 5.0 and about 7.6, dissolving
bromoacetic acid in acetonitrile to a concentration of between about 1 and about 100 mM to
produce a second solution, and mixing the first solution and the second solution at about 0° C

and maintaining the mixture at about 0° C for between about 10 minutes to about 5 hours.

[0010] In some embodiments, a modified protein or peptide is provided which is prepared by

the process noted above.

[0011] In some embodiments, a modified protein or peptide is provided, produced by
employing pentynoic anhydride, or bromoacetyl anhydride to place an alkyne or a
bromoacetyl group, respectively, at the N terminus of the protein or peptide without

modifying amino acid residues in the protein or peptide.

[0012] In some embodiments, a reagent kit for modifying a protein or peptide is provided,
where the kit comprises a reagent for reacting with the N-terminus of the protein or peptide,
and a polymer containing at least one charged residue and terminated in a chemical group for
reacting with the peptide or protein after it has been modified with the reagent. In such kits,
the reagent may comprise an anhydride containing a functional group. Moreover, in such
embodiments, the ionic polymer may be a peptide sequence including one or more charged

residues.

[0013] In such reagent kits the peptide may contain a targeting motif for threading a

molecular motor.
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[0014] In some embodiments, a protein or peptide terminated in a natural N-terminus with a
peptide is provided, where the peptide is disordered and carries one or more charged residues

in the pH range of about 3 to about &, for example.

[0015] In some embodiments, a protein or peptide terminated in a natural N terminus with a
peptide is provided, where the peptide is disordered and carries one or more charged residues
in the pH range of about 3 to about 8, for example, and may be terminated in an amino acid

sequence for threading a molecular motor.

[0016] In some embodiments, a method for identifying and/or sequencing single protein or
peptide molecules is provided, where the method may comprise one or more of (and
preferably all): attaching a polymer containing one or more charged residues to one end of
the protein or peptide to be identified and/or sequenced, threading the protein or peptide into
a nanopore of an identification or sequencing apparatus, moving the protein or peptide
through the nanopore, and reading the sequence of the protein or peptide by means of
electrical signals generated as the protein or nanopore passes between a gap in a pair of
electrodes. In such embodiments, the polymer may be a peptide. To that end, the moving step

may be established at least in part via the molecular motor.

[0017] In addition, in such method embodiments, the peptide incorporates a targeting motif
for threading a molecular motor, and the peptide or protein may be pulled through the

nanopore by the molecular motor protein.

[0018] In some embodiments, an apparatus for sequencing a polymer is provided which may
comprise a support structure, a nanopore having a diameter of between about 1 to about 10
nm cut or otherwise provided into the support, a plurality of electrodes proximate to the
nanopore for effecting current flow through each residue in the polymer as it passes through
the pore, the current flow comprising one or more current signals, biasing means for applying
a voltage across the electrodes, current detecting means for detecting the current signals, and

a molecular motor arranged so as to pull the polymer through the nanopore.

[0019] In some embodiments, the threader molecule (polyionic) comprises a chemical
concatenation of one protein or peptide with another protein or peptide. For example, in one
embodiment, a polyionic threader molecule comprises a chemical concatenation of one or
more peptides, where the peptides comprise an amino acid sequence that does not fold and
contains a sufficient number of, for example, at least more than one amino acid residues that

are charged at neutral pH or at a pH compatible with recognition tunneling readout, for
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example, pH ranging from about 3.0 to about 8.0. In one embodiment, the peptides used in
chemical concatenation comprise at least 1, 2, 3, 5, 10, 15, 20, 25, 30, 40, 50, 60, or more
amino acid residues that are naturally charged at neutral pH or at a pH suitable for

recognition tunneling readout, for example, pH ranging from about 3.0 to about 8.0.

[0020] In some embodiments, the polyionic threader molecule comprises a chemical
concatenation of a peptide comprising amino acid sequence GGSSGGSGGSGSSGD. That is,
in these embodiments, the polyionic threader molecule comprises multiple, for example, 2, 3,
4,5, 6,7, 8,10, 15, or 20 repeats of the amino acid sequence GGSSGGSGGSGSSGD. In
some embodiments, the sequence of amino acids in GGSSGGSGGSGSSGD may be varied.
For example, in one embodiment, the sequence may be GGSGGSGSSGGSSGD,
GGSGGSSGGSGSSGD, ete.

[0021] In some embodiments, the polyionic threader molecule comprises a chemical
concatenation of a protein or peptide conjugated at the N terminus with a peptide through the
natural amide bond for use in a recognition tunneling apparatus is provided, where the
peptide may be disordered and carries one or more charged residues in the pH range of about
3 to about 8, and the peptide may be conjugated with an amino acid sequence for threading a

molecular motor.

[0022] For example, in some embodiments, the polyionic threader molecule comprising a
chemical concatenation of one or more peptides may comprise a special amino acid sequence
at one end where the special amino acid sequence acts as a targeting/ docking sequence or
motif for binding to a molecular motor that will pull the sequencing complex through a
nanopore. In one embodiment, the targeting sequence may comprise amino acid sequence

AANDENYALLA disclosed in Nivala et al.

[0023] In some embodiments, an apparatus for sequencing a polymer is provided and may
comprise a support structure (which may comprise a membrane), a nanopore having a
diameter of about 1 to about 10 nm cut into the structure, a plurality of electrodes proximate
to the nanopore for sensing current flow through each residue in the polymer as it passes
through the pore, and a molecular motor arranged so as to pull the polymer through the

nanopore.

[0024] Many embodiments of the present disclosure become even more clear with
reference to the figures, a brief description of which follows, and detailed description of some

embodiments below.
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BRIEF DESCRIPTION OF THE FIGURES

[0025] Figure 1 illustrates the coupling of a protein or peptide to be sequenced to a threader

molecule, according to some embodiments of the present disclosure.

[0026] Figure 2 illustrates use of a charged threader molecule to force (e.g., pull) a protein or
peptide into a nanopore (e.g., contact with) of a recognition tunneling apparatus that

incorporates reading electrodes, according to some embodiments of the present disclosure.

[0027] Figure 3 illustrates a spontancous threading of a molecular motor by a targeting

sequence on the threader molecule, according to some embodiments of the present disclosure.

[0028] Figure 4 illustrates a biasing arrangement for reading a recognition tunneling signal
from each amino acid residue in a recognition tunneling apparatus (for example), according

to some embodiments of the present disclosure.

[0029] Figure 5 illustrates the reading out of a sequence of a protein/peptide as the molecular
motor forces (e.g., pulls) a threader and protein or peptide through the nanopore, according to

some embodiments of the disclosure.

DETAILED DESCRIPTION OF SOME OF THE EMBODIMENTS

[0030] Before some embodiments of the present disclosure are described in detail, it is to be
understood that such embodiments are not limited to particular variations set forth and may,
of course, vary. Various changes may be made to embodiments described and equivalents
may be substituted without departing from the true spirit and scope of inventions disclosed
herein. In addition, many modifications may be made to adapt a particular situation, material,
composition of matter, process, process act(s) or step(s), to the objective(s), spirit or scope of
the present disclosure. All such modifications are intended to be within the scope of any and
all claims supported by the present disclosure.

[0031] Methods recited herein may be carried out in any order of the recited events which is
logically possible, as well as the recited order of events. Furthermore, where a range of values
is provided, it is understood that every intervening value, between the upper and lower limit
of that range and any other stated or intervening value in that stated range is encompassed
within embodiments of the disclosure. Also, it is contemplated that any optional feature of

one and/or another of the disclosed embodiments described herein may be set forth and
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claimed independently, or in combination with any one or more of the features described
herein.

[0032] Reference to a singular item, includes the possibility that there are plural of the same
items present. More specifically, as used herein and in the appended claims, the singular

@, 99 <
a.

forms and,” “said” and “the” include plural referents unless the context clearly dictates
otherwise. It is further noted that the claims may be drafted to exclude any optional element.
As such, this statement is intended to serve as antecedent basis for use of such exclusive

29 &C

terminology as “solely,” “only” and the like in connection with the recitation of claim
clements, or use of a “negative” limitation. Unless defined otherwise herein, all technical and
scientific terms used herein have the same meaning as commonly understood by one of

ordinary skill in the art to which this invention belongs.

[0033] In some embodiments, the following reaction is provided for enabling recognition

tunneling to achieve sequencing of one or more unknown proteins.

[0034] First, Pentynoic Anhydride (see Scheme 1, below) is dissolved in acetonitrile to a
concentration of 1 mM, and a peptide to be sequenced is dissolved in acetate buffer. The pH
of the peptide/acetate solution is adjusted to between about 5.0 and about 7.6. In some
embodiments, the pH for the peptide/acetate solution is adjusted to about 5.5. The two
solutions are preferably held at about 0° C, where they are mixed and maintained at about 0°
C for, in some embodiments, about 10 minutes to about 5 hours. In some embodiments, the

two solutions are mixed and maintained at about 0° C for about two (2) hours.

[0035] In some embodiments, the starting peptide is converted to a peptide modified with
alkyne at its N-terminus as shown in Scheme 1 without any modifications on the primary

amines of the lysine side chains.

[0036] Scheme 1:
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[0037] Alkynylation of the N terminus of a peptide (i.e., the wavy line on product at right —

the terminal unmodified lysine is shown) may be completed, for example, by reacting with
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pentynoic anhydride (above arrow, 2 in Figure 1). The chemistry was tested on the peptide

shown on the left.

[0038] In some embodiments, a faster reaction can occur if bromoacetic acid is used rather
than pentynoic anhydride (see Scheme 2, below). The product is a peptide with a bromo-
acetylated -N terminus, which may be readily coupled to a polyionic threader molecule by
reaction with a thiol. In such embodiments, the reaction can be completed in about 20

minutes, using (for example) the conditions described above.

[0039] Scheme 2:

Br/\n/o\n/\ Br 0
O O HNV WA
B Y N OH
Tyr-Leu-Gly-Glu-Glu-Tyr-Val-Asn ——— o

0 NH,

[0040] Bromo acetylation of the N terminus of any peptide (i.e., the wavy line on product
at right — the terminal unmodified lysine is shown) may be completed, for example, by

reacting with bromoacetyl anhydride (above arrow).

[0041] A protein or peptide to be sequenced, once modified as described above, can be
attached or linked to a polyionic threader molecule. In some embodiments, it may be
advantageous to use a charged peptide as the polyionic threader molecule (see Nivala et al.).!
In particular, in some embodiments, the threader molecule can be synthesized to contain a
reactive group (e.g., such as an azide or thiol) at one end to bind to the protein/peptide to be
sequenced, and a targeting motif, such as a peptide sequence, designed to bind a molecular
motor (protein motor, for example) that can be used to pull the protein through a nanopore
(see Id., Nivala et al.). In some embodiments, in the case of the ClpX motor used by Nivala
et al., the targeting motif for threading the molecular motor is AANDENYALLA, for
example. The polyionic component of the threader molecule can be any non-folding sequence
that contains a number of charged residues. For example, the sequence used by Nivala et al.

was:

GGSSGGSGGSGSSGDGGSSGGSGGSGSSG
DGGSSGGSGGDGSSGDGGSDGDSDGSDGD
GDSDGDD
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The 10 aspartic acid residues are negatively charged at neutral pH and provide the charge that

can be used to drag this tail into the nanopore.

[0042] In some embodiments, the threader molecule comprises the following sequence

comprising the polyionic component and the targeting motif shown above:

GGSSGGSGGSGSSGDGGSSGGSGGSGSSG
DGGSSGGSGGDGSSGDGGSDGDSDGSDGD
GDSDGDDAANDENYALAA

[0043] In some embodiments, a standard solid phase peptide synthesis can be used to place
an azide at the end of GGSSGGSGGSGSSGDGGSSGGSGGSGSS
GDGGSSGGSGGDGSSGDGGSDGDSDGSDGDGDSDGDDAANDENYALAA 3 (Figure
1) to form a standard (I) reagent, such as a polyionic threader molecule, for binding to a
protein containing a reactive group, such as an alkyne or a bromoacetyl group, using the click
chemistry described above (for example). Note that, because the threader molecule (I) does
not contain any lysines, no special reaction conditions are required to produce this threader

molecule (according to some embodiments).

N3GGSSGGSGGSGSSGDGGSSGGSGGSGSS
GDGGSSGGSGGDGSSGDGGSDGDSDGSDG
DGDSDGDDAANDENYALAA

I —an azide containing threading peptide

[0044] In some embodiments of the present disclosure, the azide (N3) containing peptide I
is coupled to the alkyne terminated “unknown” protein or peptide as modified with an alkyne

(e.g., Scheme 1).

[0045] Alternatively, in some embodiments, the peptide can be synthesized with a cysteine

residue at the N terminus (IT):

CGGSSGGSGGSGSSGDGGSSGGSGGSGSS
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GDGGSSGGSGGDGSSGDGGSDGDSDGSDG
DGDSDGDDAANDENYALAA

IT — a cysteine terminated threading peptide

[0046] This peptide (II), in some embodiments, can be readily coupled to the bromine

terminated “unknown” protein or peptide (e.g., Scheme 2).

[0047] Thus, according to some embodiments, a charged polyionic tail is readily ligated to
an unknown protein. In particular, peptides carrying charge and sequences that assemble
onto a molecular motor may be readily coupled to the N terminus of any protein or peptide

that has an exposed N terminus.
Example: Sequencing a protein of unknown composition

[0048] Referring to Figures 1-5, the workflow for a single-molecule protein sequencing
run, according to some embodiments, is described. For example, in Figure 1, an unknown
protein 1 is dissolved into aqueous acetate buffer, adjusted to a pH of between about 5.0 and
about 7.6, but preferably, in some embodiments, to a pH of about 5.5. Pentynoic Anhydride
(e.g., see Scheme 1 and inset in Figure 1) is dissolved in acetonitrile to a concentration of
about 1 mM, in some embodiments, but this can be between about 10 nM and about 100 mM
(for example). The two solutions, held at about 0° C, for example, are mixed and maintained
at about 0° C for about 10 minutes to about 5 hours, but preferably, in some embodiments, to
about 2 hours. The result, in some embodiments, is the addition of a reactive alkyne group
(symbolized by the arrow head comprising 2 at the N terminus of the protein but not at other
sites. It will be appreciated by one of skill in the art, that, according to some embodiments,
the same process can be carried out using peptides obtained from the unknown protein by a
Trypsin digest. Such a digest may be essential in cases where the N-terminus of the protein is
buried in the body of the protein, thereby making it unaccessible to the Pentynoic Anhydride
without a digest. The protein, 1, thus modified may then be coupled to reactive end of a
threader molecule 3. This reactive end may be an azide group or a thiol. The result is the

coupled system of unknown protein and threader molecule 6.

[0049] In some embodiments, the threader molecule can consist of two parts. For example,
the first part 4 (polyionic component) is a charged peptide that does not fold into a fixed

secondary structure, for example the sequence:
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GGSSGGSGGSGSSGDGGSSGGSGGSGSSG
DGGSSGGSGGDGSSGDGGSDGDSDGSDGD
GDSDGDD

Note, the N terminus of the sequence shown is modified (for example) to contain an azide or

a thiol.

[0050] The second part 5 may be a sequence (targeting motif) designed to thread the
molecular motor. In the case of ClpX, this may be an 11 aa ClpX targeting motif:
AANDENYALAA. It will be appreciated by one of skill in the art that the same ends can be

achieved using the thiol-bromo reaction described in Scheme 2 (for example).

[0051] Once the complex 6 is formed, it can be dissolved into a suitable salt solution, e.g.,
KCI, NaCl or any other mono or divalent salt such as MgCl, included in the solution if
required for the operation of a molecular motor, at concentrations from about 1 mM to about
IM. Accordingly, once in the salt solution, molecules can then be drawn into a nanopore 20
(provided on e.g., substrate 21) using electrophoresis as shown in the recognition tunneling
apparatus shown in Figure 2. For example, if the charges on the threader molecule are
negative, then the molecules will be pulled into the pore by using a bias applied between a
positive reference electrode 25 on the input side of the pore 20 and the negative reference
electrode 24. If the protein or peptide 6 is folded, it will stop at the entrance to the pore, so
long as, in some embodiments, the applied bias V is small. Suitable values may include 5

mV to 500 mV.

[0052] In some embodiments, the nanopore may be modified to have a pair of electrodes 22
accessible to the amino acid residues. In some embodiments, these electrodes may be Pd or
Pt with a gap of between about 2 to about 4 nm, as described in pending PCT application no.
PCT/US2013/032240, the entire disclosure of which is herein incorporated by reference. The
electrodes may be functionalized with reader molecules 23 that strongly bind to the metal and
form transient, non-covalent contacts with the target amino acid residues. In some
embodiments, the molecule may be the imidazole carboxamide shown inset in Figure 2 (for

example).

[0053] Accordingly, with the protein or peptide 6 stalled in this position, and about 1 nM to
about 1 mM (but in some embodiments about 100 nM) ClpX (or other motor protein) 30
introduced into the output side of the nanopore (Figure 3), the motor protein threads the

motor targeting motif (5 in Figure 1).
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[0054] Referring to Figure 4, a bias V applied via biasing means 41 may be applied across
the junction while the current through the molecular complex in the junction is
read/determined by current monitor 42. This current signal may be used to identify the amino
acid residue in the gap, e.g., as described in PCT application no. PCT/US2013/024130,
entitled, “Systems, Apparatuses and Methods for Reading an Amino Acid Sequence,” the

entire disclosure of which is herein incorporated by reference.

[0055] In some embodiments, when ATP (for example) is added to the solution on the
output side (e.g., at a concentration of about 1 nM to about 100 mM, but preferably about 1
mM) the motor begins to pull the protein or peptide through the tunnel gap, one residue at a
time (for example), as shown in Figure 5, resulting is a readout/determination of the
sequence by means of a computer 43, for example, that determines the characteristic current
signals detected by current monitor 42, generated as each residue in turn is trapped in the gap,
by, for example, comparing the detected signals against a database of polymer signal
signatures (bias means 41, as well as other sensors, devices, databases, and the like, may be

in communication or otherwise connected to computer 43).

[0056] Any and all references to publications or other documents, including but not limited
to, patents, patent applications, articles, webpages, books, etc., presented in the present
application, are herein incorporated by reference in their entirety, except insofar as the
subject matter may conflict with that of the embodiments of the present disclosure (in which
case what is present herein shall prevail). The referenced items are provided solely for their
disclosure prior to the filing date of the present application. Nothing herein is to be construed
as an admission that any invention disclosed herein is not entitled to antedate such material

by virtue of prior invention.

[0057] Although example embodiments of the devices, systems and methods have been
described herein, other modifications are possible. As noted elsewhere, these embodiments
have been described for illustrative purposes only and are not limiting. Other embodiments
are possible and are covered by the disclosure, which will be apparent from the teachings
contained herein. Thus, the breadth and scope of the disclosure should not be limited by any
of the above-described embodiments but should be defined only in accordance with claims
supported by the present disclosure and their equivalents. In addition, any logic flow depicted
in the above disclosure and/or accompanying figures may not require the particular order
shown, or sequential order, to achieve desirable results. Moreover, embodiments of the

subject disclosure may include methods, systems and devices which may further include any
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and all elements from any other disclosed methods, systems, and devices, including any and
all elements corresponding to polymer translocation. In other words, elements from one
and/or another disclosed embodiment may be interchangeable with elements from other
disclosed embodiments. In addition, one or more features/elements of disclosed embodiments
may be removed and still result in patentable subject matter (and thus, resulting in yet more
embodiments of the subject disclosure). In addition, some embodiments of the present
disclosure are distinguishable from the prior art for expressly not requiring one and/or
another features disclosed in the prior art (e.g., some embodiments may include negative
limitations). Other implementations of some of the embodiments disclosed herein are within
the scope of at least some of the following claims of the numerous claims which are

supported by the present disclosure which may be presented.

References (herein incorporated by reference in their entireties):
1 Nivala, J., Marks, D. B. & Akeson, M. Unfoldase-mediated protein translocation
though an alpha-hemolysin pore. Nature Biotechnol. doi: 10.138/nbt.2503 (2013).

2 Rodriguez-Larrea, D. & Bayley, H. Multistep protein unfolding during nanopore
translocation. Nature Nanotechnology 8, 288-295 (2013).

3 Kolb, H. C., Finn, M. G. & Sharpless, K. B. Click Chemistry: Diverse Chemical
Function from a Few Good Reactions. Angew. Chem. Int. Ed. 40, 2004-2021 (2001).

4 Hall, A. R. et al. Hybrid pore formation by directed insertion of alpha hemolysin into
solid-state nanopores. Nature Nanotechnology 5, 874-877 (2010).
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What is currently claimed:

L.

A method for preparing a modified protein or peptide for enabling identification of
the protein or peptide in an identification or sequencing apparatus, the modified
protein or peptide having a reactive alkyne group at the N terminus of the protein or

peptide, the method comprising:
dissolving a protein sample into an aqueous acetate buffer to produce a first solution;
adjusting the pH of the first solution to between about 5.0 and about 7.6;

dissolving pentynoic anhydride in acetonitrile to a concentration of between about 1

and about 100 mM to produce a second solution; and

mixing the first solution and the second solution at about 0° C and maintaining the

mixture at about 0° C for between about 10 minutes to about 5 hours.

A modified protein or peptide prepared by the process of claim 1.

The modified protein or peptide according to claim 2, wherein the reactive alkyne

group is provided only at the N terminus of the protein or peptide.

A method for preparing a modified protein or peptide for enabling identification of
the protein or peptide in an identification or sequencing apparatus, the modified
protein or peptide having a reactive bromoacetyl group at the N terminus of the

protein or peptide, the method comprising:
dissolving a protein sample into an aqueous acetate buffer to produce a first solution;
adjusting the pH of the first solution between about 5.0 and about 7.6;

dissolving bromoacetic acid in acetonitrile to a concentration of between about 1 and

about 100 mM to produce a second solution; and

mixing the first solution and the second solution at about 0° C and maintaining the

mixture at about 0° C for between about 10 minutes to about 5 hours.
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10.

11.

12.
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A modified protein or peptide prepared by the process of claim 4.

A modified protein or peptide produced by employing pentynoic anhydride, or
bromoacetyl anhydride to place an alkyne or a bromoacetyl group, respectively, at the
N terminus of the protein or peptide without modifying amino acid residues in the

protein or peptide.

A reagent kit for modifying a protein or peptide, the kit comprising a reagent for
reacting with the N-terminus of the protein or peptide, and a polymer containing at
least one charged residue and terminated in a chemical group for reacting with the

peptide or protein after it has been modified with the reagent.

The reagent kit of claim 7, wherein the reagent comprises an anhydride containing a

functional group.

The reagent kit of claim 7, wherein the ionic polymer is a peptide sequence including

one or more charged residues.

The reagent kit of claim 9, wherein the peptide contains a targeting motif for

threading a molecular motor.

A protein or peptide terminated in a natural N-terminus with a peptide, wherein the
peptide is disordered and carries one or more charged residues in the pH range of

about 3 to about 8.

A protein or peptide terminated in a natural N terminus with a peptide, wherein the
peptide is disordered and carries one or more charged residues in the pH range of
about 3 to about 8 and is terminated in an amino acid sequence for threading a

molecular motor.
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13.

14.

15.

16.

17.
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A method for identifying and/or sequencing single protein or peptide molecules, the

method comprising:

attaching a polymer containing one or more charged residues to one end of the protein

or peptide to be identified and/or sequenced;

threading the protein or peptide into a nanopore of an identification or sequencing

apparatus;
moving the protein or peptide through the nanopore; and

reading the sequence of the protein or peptide by means of electrical signals generated

as the protein or nanopore passes between a gap in a pair of electrodes.

The method of claim 13, wherein the polymer is a peptide.

The method of claim 13, wherein moving is established at least in part via a molecular

motor.

The method of claim 14, wherein the peptide incorporates a targeting motif for

threading a molecular motor.

An apparatus for sequencing a polymer comprising:
a support structure;

a nanopore having a diameter of between about 1 to about 10 nm cut or otherwise

provided into the support;

a plurality of electrodes proximate to the nanopore for effecting current flow through
cach residue in the polymer as it passes through the pore, the current flow

comprising one or more current signals;
biasing means for applying a voltage across the electrodes;

current detecting means for detecting the current signals; and
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a molecular motor configured so as to pull the polymer through the nanopore.
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