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METHODS AND KITS FOR PURIFYING HIS-TAGGED PROTEINS

[0001] CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims benefit to U.S. Patent Application Serial No.
10/840,408, filed May 6, 2004, which claims priority to U.S. Provisional Patent
Application Serial No. 60/502,544, filed September 12, 2003, that application being

incorporated herein by reference, in its entirety.

[0003] STATEMENT REGARDING FEDERALLY SPONSOREDRESEARCH OR
DEVELOPMENT

[0004] Not applicable.
[0005] INTRODUCTION

[0006] Histidine-tagged proteins are recombinant proteins designed to include a
polyhistidine tail (his-tag) that facilitates purification of the proteins from in vitro
expression systems. The preferential binding of the his-tag to metal chelating resins
has been exploited in purifying his-tagged proteins from undesired contaminating
proteins using immobilized metal affinity chromatography (IMAC). Metal chelating

resins typically include a transition metal such as Ni or Co.

[0007] Like his-tagged proteins, heme proteins (e.g., hemoglobin or myoglobin) bind
to metal chelating resins. When both his-tagged proteins and heme proteins are

applied to a metal chelating resin, the heme proteins co-purify with his-tagged
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proteins. It is therefore difficult to separate his-tagged proteins from material
containing heme proteins to obtain a preparation of his-tagged proteins of acceptable

purity without a significant amount of contaminating heme proteins.

[0008] Rabbit reticulocyte lysate is a particularly useful expression system for
obtaining expression of eukaryotic sequences. Rabbit reticulocyte lysate-based
systems have been found to support co-translational and post-translational
modifications of expressed proteins. However, because reticulocyte lysate includes
large concentrations of hemoglobin, and because of the difficulties associated with
separating hemoglobin from his-tagged proteins, reticulocyte lysate expression

systems have not been fully exploited for expressing his-tagged proteins.

[0009] Lytton et al. (WO 02/37100 A2) discloses that removal of hemoglobin from
his-tagged proteins produced in a rabbit reticulocyte lysate may be effected by first
binding the hemoglobin and his-tagged proteins to a nickel nitrilotriacetic acid (Ni-
NTA) resin in the presence of imidazole, followed by step-wise elution of hemoglobin

and his-tagged proteins using an imidazole gradient.

[0010] There is a need in the art for simplified methods of separating heme proteins

from his-tagged proteins that are amenable for use in high throughput systems.

[0011] SUMMARY OF THE INVENTION

[0012] In one aspect, the present invention provides methods for separating heme
proteins from his-tagged protein in a starting material. The starting material is

contacted with a zinc- or cobalt-charged solid support under conditions in which the
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support preferentially binds to his-tagged protein relative to its binding to
hemoglobin. The conditions include no imidazole or imidazole in a concentration of
from about 0 mM to about 60 mM. Suitably, imidazole may be present in a

concentration of about 10 to about 40 mM, or from about 10 mM to about 20 mM.

[0013] In another aspect, the present invention provides kits for separating heme
proteins from his-tagged proteins in a starting material. The kits include a zinc- or
cobalt-charged solid support and a binding buffer that comprises no imidazole or
imidazole in a concentration of from about 10 mM to about 60 mM. Optionally, the
kits may further comprise an elution buffer comprising imidazole in a concentration
from about 100 mM to about 3 M. In an alternative embodiment, the kits comprise an
elution buffer comprising EDTA in a concentration of from about 10 mM to about 0.5
M, most suitably about 50 mM, or an elution buffer having a pH of less than about 6.
The kits may further comprise instructions for performing the method according to the

present invention.

[0014] BRIEF DESCRIPTION OF THE FIGURES

[0015] Fig. 1 shows a fluoroimage of electrophoretically separated proteins from

rabbit reticulocyte lysate.

[0016] Fig. 2 shows a fluoroimage of electrophoretically separated proteins from

rabbit reticulocyte lysate.

[0017] Fig. 3 shows proteins from rabbit reticulocyte lysate separated by SDS-PAGE

and stained with GelCode™.
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[0018] Fig. 4 shows Western blot of electrophoretically separated proteins from rabbit

reticulocyte lysate probed with anti-renilla luciferase antibody.

[0019] Fig. 5 shows a Western blot of proteins from rabbit reticulocyte lysate
electrophoretically separated by SDS-PAGE and probed with anti-hemoglobin

antibody.

[0020] Fig. 6 shows a fluorescent scan of electrophoretically separated proteins.

[0021] Fig. 7 is an image of electrophoretically separated proteins.

[0022] Fig. 8 is a Western blot of electrophoretically separated proteins.

[0023] Fig. 9 is an image of electrophoretically separated proteins.

[0024] Fig. 10 is an image of electrophoretically separated proteins.

[0025] Fig. 11 is a graph showing percent inhibition of fluorescence of rhodamine

R110 in the presence of hemoglobin.

[0026] Fig. 12 is a graph showing activity of his-tagged caspase (as measured by
fluorescence) recovered from rabbit reticulocyte using zinc or nickel charged

particles.

[0027] DETAILED DESCRIPTION OF THE INVENTION

[0028] The present invention provides methods and kits for separating a heme protein

from a target polypeptide in a sample comprising heme protein and the target
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polypeptide material using zinc- or cobalt- charged solid support. Suitably, the target

polypeptide.includes a polyhistidine tag of from five to six histidine residues.

[0029] The ability to separate heme proteins from a target protein of interest is
particularly important in applications in which there are contaminating heme proteins,
for example, when isolating proteins from reticulocyte lysate, from whole blood, or
other bodily fluids or samples containing hemoglobin. Although purification schemes
can be developed to separate virtually any proteins, such methods frequently require
many steps and numerous reagents, are time- and labor-intensive, and are, therefore,

not amenable to use in high throughput screening or assays.

[0030] As described in the Examples below, zinc- or cobalt-charged nitrilotriacetic
acid (NTA) modified siliceous-oxide coated magnetic particles contacted with a
sample comprising hemoglobin and his-tagged proteins in the absence of imidazole or
in the presence of low levels of imidazole (10 to 60 mM) were found to preferentially
bind to the his-tagged proteins, relative to binding of heme protein to the particles,
such that an increase in purity of his-tagged protein from a hemoglobin-containing
starting material was achieved. The term magnetic refers to paramagnetic particles,
magnetic particles as well as particles capable of being magnetized. As described in
the Examples, under conditions that allow preferential binding to his-tagged protein,
hemoglobin binding to zinc- or cobalt-charged solid supports is minimal, whereas his-~
tagged proteins are bound with sufficiently high efficiency relative to similar supports

charged with nickel. The methods of the invention afford an increase in purity of his-
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tagged proteins, relative to hemoglobin, of 1-fold or greater. Suitably, the increase in

purity is least 2-fold, 2.5-fold, 5-fold, 10-fold, 20-fold, 50-fold, or 100-fold.

[0031] As one of skill in the art will appreciate, no purification scheme will result in
100% recovery of the desired protein or removal of 100% of undesired contaminants.
Acceptable levels of hemoglobin contamination or recovery of target protein may
vary, depending on the application. Conditions that allow preferential binding of his-
tagged protein relative to hemoglobin suitably permit binding of less than 5% of
hemoglobin present in the starting material, and at the same time permitting binding
of at least some of the his-tagged protein. In some applications, less than 1% of the
hemoglobin present in the starting material binds to the solid support, or even as little
0.5% or 0.1% or less of the hemoglobin present in the starting material binds to the
solid support. Thus, a substantial increase in purification of his-tagged proteins can

be achieved using the zinc- or cobalt-charged solid supports.

[0032] This result is surprising in view of the teachings of the prior art, which
discloses methods for immobilizing hemoglobin on a nickel-NTA resin using 10 to 20
mM imidazole (Lytton et al., WO 02/37100). In contrast, in the method of the present
invention, the starting material containing hemoglobin and his-tagged proteins is
contacted with a zinc- or cobalt-charged solid support in the absence of imidazole or
in the presence of 10 to 60 mM imidazole, conditions that allow preferential binding

of his-tagged proteins to the resin, relative to binding of hemoglobin to the resin.

[0033] Siliceous oxide-coated magnetic particles modified with nitrilotriacetic acid

(NTA) to produce 3-[[[bis(carboxymethyl)amino]acetyllamino]-propyl magnetic
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silica particles (NTA-modified magnetic silica particles), as described in U.S.
Application No. 10/689,176, filed October 20, 2003, were used in the Examples
below. However, as one skilled in the art will appreciate, the method is not intended
to be limited to use with the particles exemplified below, but rather, is believed to
have general applicability for use with any suitable zinc- or cobalt-charged solid

support.

[0034] It is specifically envisioned that, in addition to silica magnetic particles used in
the examples, other types of solid supports may be used in the methods of the
invention, including, but not limited to, silica gel, siliceous oxide, solid silica such as
glass or diatomaceous earth, agarose, polyacrylamide, cellulose, plastic,

polysaccharide, nylon, polystyrene, or latex methacrylate.

[0035] In addition to solid supports modified to include the particular NTA linkage
used below in the Examples (i.e., 3-[[[bis(carboxymethyl)amino]acetyl]amino]-propyl
magnetic silica particles), it is envisioned that NTA may be linked to a solid support
by other means and used in the method of the invention. In addition to NTA, other
types of metal chelating ligands, including, but not limited to, iminodiacetate (IDA) or
Tris(carboxymethyl)ethylendiamin ligand (TED), for example, may be used in the

practice of the invention.

[0036] It is also envisioned that zinc or cobalt could be attached covalently or
noncovalently to a solid support without using a chelating agent. For example, a solid
support could be coated with zinc or cobalt. Any suitable method for coating the solid

supports with a metal such as zinc or cobalt may be used (e.g., see Hyun et al. Bull.
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Korean Chem. Soc. 23:1724-1728, 2002). Gupta et al. describe attaching zinc
directly to alginate beads without the use of a chelating agent (Biotechnol. Prog.
18:78-81, 2002). Another approach for attaching zinc or cobalt to the solid support is
to incorporate the metal into the matrix of the support (Jana et al. Bull. Mater. Sci.

23:263-266, 2000).

[0037] In the Examples below, immobilized his-tagged proteins were eluted from the
particles using imidazole (500 mM). As one of skill in the art will appreciate,
immobilized his-tagged proteins may be eluted using other suitable buffers
comprising imidazole in the range of from about 100 mM to about 3M imidazole. As
one skilled in the art would appreciate, the conditions selected may vary according to
the particular protein and the objective (e.g., enhancing yield or purity). Immobilized
his-tagged proteins may be eluted using a suitable buffer having a pH of less than
about 6.5 to enhance yield. To minimize imidazole inhibition in downstream
applications or background associated with high imidazole elutions, an elution buffer
of histidine (e.g., 100 mM histidine) or 500 mM potassium acetate and 50 mM EDTA
may be used. Buffers containing EDTA in a concentration of from about 10 mM to

about 0.5 M are also suitable.

[0038] A his-tagged Renilla luciferase, HGF, MAPK, calmodulin, and Id were used
to demonstrate the efficacy of the method in purifying his-tagged proteins from
hemeproteins. However, the methods of the invention have general applicability to
any his-tagged protein. His-tags may be at the carboxy or amino terminus and are

typically five or six histidine residues in length, but may be longer.
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[0039] The methods of the invention may be used for high throughput purification of
his-tagged proteins expressed in rabbit reticulocyte lysate, by expressing ¢cDNA
libraries containing his-tagged proteins followed by isolating the proteins according to

the methods of the invention.

[0040] Rabbit reticulocyte is widely used for expressing post-translationally modified
proteins, such as glycosylated proteins. Using the methods disclosed herein, one may
obtain preparations of modified protein from rabbit reticulocyte lysate with very little

hemoglobin contamination.

[0041] It is envisioned that his-tagged proteins expressed and subsequently purified
by the method of the invention are suitable for subsequent evaluation by mass

spectrometry analysis.

[0042] As described in the Examples below, zinc or cobalt charged solid supports are
useful in a variety of applications in addition to isolating his-tagged proteins. For
example, his-tagged proteins purified using zinc or cobalt charged solid supports are
suitable for subsequently cietecting interactions between the his-tagged proteins and
other substances, including substrates (e.g., detecting the ability of the his-tagged
protein to function as a kinase or protease) and other proteins (e.g., detecting the
ability of his-tagged proteins to serve as a substrate for a kinase or protease). In
addition, simple protein-protein interactions and antigen-antibody binding involving
the his-tagged proteins may be detected. Such activity or interactions may be

evaluated by any suitable means.
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[0043] Contaminating hemoglobin ordinarily present in rabbit reticulocyte lysate
typically interferes with fluorescent or luminescent based assays, in part because
hemoglobin itself fluoresces and may mask the signal of a low expressing protein.
Because most of the hemoglobin present in rabbit reticulocyte lysate or blood is
removed during purification steps according to the present invention, interactions or
activity may be conveniently detected using fluorescent or luminescent means without

significant interference from hemoglobin.
[0044] The following non-limiting examples are intended to be purely illustrative.

[0045] Example 1. Preparation of zinc- or cobalt-charged nitrilotriacetic acid-
modified magnetic silica particles

[0046] Siliceous oxide-coated magnetic particles were modified with nitrilotriacetic
acid (NTA) to produce 3-[[[bis(carboxymethyl)amino]acetyl]amino]-propyl magnetic
silica particles (NTA-modified magnetic silica particles), as described in U.S.
Application No. 10/689,176, filed October 20, 2003, which is incorporated by

reference in its entirety.

[0047] Zinc-charged particles were prepared as follows. Particles in a 4-ml aliquot of
NTA-modified particles (10% w/v in water) were separated from the liquid using
magnetization and the liquid discarded. The particles were contacted with 4 ml of
ZnCl (100 mM) and rocked on a horizontal shaker (5-10 tpm) for 15 minutes. The
particles were separated from the liquid using magnetization and the liquid discarded.
The particles were contacted with a fresh 4-ml aliqout of ZnClI (100 mM), rocked on a
horizontal shaker (5-10 rpm) for 15 minutes, and the particles were separated from the

ZnCl solution using magnetization. The particles were washed with 4 ml of nanopure
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water and rocked on a horizontal shaker (5-10 rpm) for 5 minutes. The particles were
separated from the water using magnetization and the liquid discarded. The wash step
was repeated 10 times. After the final wash, 4 ml of nanopure water was added to the

particles, and the particles were stored at 4°C until use.

[0048] Cobalt-charged particles were prepared as follows. Particles in a 4-ml aliquot
of NTA-modified particles (10% w/v in water) were separated from the liquid using
magnetization and the liquid discarded. The particles were contacted with 4 ml of
CoCl, (100 mM) and rocked on a horizontal shaker (5-10 rpm) for 15 minutes. The
particles were separated from the liquid using magnetization and the liquid discarded.
The particles were contacted with d fresh 4-ml aliquot of CoCl, (100 mM) and rocked
on a horizontal shaker (5-10 rpm) for 15 minutes. The particles were separated from
the CoCl, solution using magnetization. The particles were washed with 4 ml of
nanopure water and rocked on a horizontal shaker (5-10 rpm) for 5 minutes. The
particles were separated from the water using magnetization and the liquid discarded.
The wash step was repeated 10 times. After the final wash, 4 ml of nanopure water

was added to the particles, and the particles were stored at 4°C until use.

[0049] Example 2. Expression of his-tagged proteins in rabbit reticulocyte
lysate using coupled transcription/translation

[0050] An expression vector encoding his-tagged Renilla luciferase was expressed
using TNT® T7 Quick Coupled Transcription/Translation System, Cat# L1170TNT

(Promega Corp., Madison, WI) according to the manufacturer’s instructions.
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[0051] Example 3. Purification of his-tagged proteins from rabbit reticulocyte
lysate

[0052] His-tagged Renilla luciferase, prepared as described in Example 2, was
purified from the coupled transcription/translation reaction mixture as follows. A 50-
ul aliquot of the reaction mixture was combined with 150-ul binding buffer A
(sodium phosphate buffer 100 mM, imidazole 20 mM, and NaCl 400 mM) buffered at
a pH in the range of 6.0 to 8.0, and combined with 30 pl (3 mg) of zinc charged
particles, prepared as described in Example, for 15-15 minutes at room temperature.
The particles were separated from the solution (“flowthrough solution”) using
magnetization, and the particles were washed with 200 pl binding buffer three to five
times. Proteins were eluted by thoroughly mixing the particles with 100 pl elution
buffer (HEPES 100 mM (pH 7.5) and imidazole 500 mM), separating the particles

from the elution buffer by magnetization, and collecting the eluted proteins.
[0053] Example 4. Evaluation of proteins

[0054] Proteins present in the elution prepared as described in Example 3 above were
evaluated using SDS-PAGE and fluorescence scanning or Western blot analysis.

Results are shown in Fig. 1-4, as described below.

[0055] Fig. 1 shows a fluorescent scan of electrophoretically separated proteins. Lane
1 contains fluorescently-labeled molecular weight markers; lane 2 contains proteins
in untreated lysate reaction mixture following expression of Renilla luciferase, as
described in Example 2; lane 3 contains the flowthrough solution of lysate reaction
mixture combined (1:3) with binding buffer buffered at pH 7.5, as described in

Example 3, above; and lane 4 contains the eluate from Example 3 above. Bands
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corresponding to hemoglobin, his-tagged Renilla luciferase, or the dye front are
indicated on the scan. As can be seen by comparing lanes 3 and 4, the purification

step results in a substantial increase in the purity of the his-tagged protein.

[0056] With reference to Fig. 2, which shows a fluorescent scan of proteins, lane 1
contains fluorescently-labeled molecular weight markers, lane 2 contains proteins in
untreated lysate following expression of Renilla luciferase, as described in Example 2,
and lanes 3-7 contain proteins that were first bound to the support with binding buffer
buffered at pH 6.0, 6.5, 7.0, 7.5, or 8.0, respectively, and then eluted with elution
buffer. Bands corresponding to hemoglobin, his-tagged Renilla Juciferase, or the dye
front are indicated on the scan. As can be seen from the absence of bands intense
bands corresponding in size to hemoglobin and the presence of strong bands
corresponding in size to his-tagged Renilla luciferase in lanes 3-7, a substantial

increase in the purity of the his-tagged protein was effected.

[0057] Fig. 3 shows a SDS-PAGE gel stained with GelCode™ Blue Stain Reagent,
product No. 24592 (Pierce Chemicals, Rockford, IL), including molecular weight
markers (lane 1), untreated lysate reaction mixture (lane 2), and proteins eluted with
elution buffer following binding to the solid support with binding buffer buffered at
pH 6.0, 6.5, 7.0, 7.5, or 8.0 (lanes 3-7, respectively). This gel demonstrates that the
amount of his-tagged Renilla luciferase and hemoglobin contaminant in the eluate

(lanes 3-7) is below the limits of detection of this system.

[0058] Fig. 4 shows a Western blot of electrophoretically separated proteins probed

with anti-Renilla luciferase antibody, including molecular weight markers (lane 1),
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lysate (lane 2), and proteins eluted with elution buffer following binding to a solid
support with binding buffer buffered at pH 6.0, 6.5, 7.0, 7.5, or 8.0 (lanes 3-7,
respectively). Non-specific binding of the antibody to proteins in the lysate, as well as
specific binding to his-tagged Renilla luciferase, can be seen in the lysate in lane 2. In
contrast, binding of the anti-Renilla Iuciferase antibody in lanes 3-7 is limited to a

protein having a size consistent with that of his-tagged Renilla luciferase.

[0059] Fig. 5 shows a Western blot of proteins found in rabbit reticulocyte lysate
treated as described below and probed with anti-hemoglobin antibody. Lane 1: A 50
pl aliquot of rabbit reticulocyte lysate was mixed with 100 pl of binding/wash buffer
B as described below in Example 5 (20 mM sodium phosphate buffer (pH 7.5) and
500 mM NaCl) and incubated with 60 pl zinc particles (5% w/v) for 15 min on orbital
rocker. The particles were washed 4 times with 200 pl of binding/wash buffer and
eluted with 100 pl of elution buffer (1M imidazole). Lane 2: A 50 pl aliquot of rabbit
reticulocyte lysate was mixed with 100 pl of binding/wash buffer B, mixed by
pipeting with incubated with 30 pl MagneHis™ nickel particles (10% w/v) (Catalog #
V8500, Promega Corp.). The particles were washed 3 times with 150 pl of
binding/wash buffer and eluted with 100 pl of elution buffer (500 mM imidazole).
Lanes 3-8 contain lysate not contacted with particles and diluted to from 0-5% of the
original lysate concentration. Lanes 3-8 contain 0, 0.15, 0.6, 1.25, 2.5, 5 percent
lysate, respectively. Sheep anti-human hemoglobin-AP 1:1000 was used to probe the
Western blot, and binding of the sheep anti-human hemoglobin-AP 1:1000 was

detected Western blue stabilized substrate for alkaline phosphatase (S3841).
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[0060] Example5  Differential binding of His-tagged proteins in the absence of
imidazole

[0061] The ability of his-tagged proteins to preferentially bind to a zinc charged solid
support in the absence of imidazole was evaluated in an experiment parallel to that
described in Example 3. His-tagged proteins (His-calmodulin, His-MAPK, his-HGF)
were expressed using TNT® T7 Quick Coupled Transcription/Translation System,
Cat# L1170TNT (Promega Corp., Madison, WI), 1 ug DNA, and 2 pl FluoroTect™
Greenyys in vitro Translation Labeling System (Cat. # L5001). A 50-pl aliquot of the
reaction mixture was combined with 100-ul binding buffer B (20 mM sodium
phosphate buffer (pH 7.5) and 500 mM NaCl), transferred to a 0.5 or 1.5 ml tube with
a 60 pl (6 mg) of zinc charged particles (prepared as described in Example 1), and
gently mixed for 15 minutes at room temperature. The particles were separated from
the solution using magnetization, and the particles were washed with 200 pl of binding
buffer three to five times. Proteins were eluted by thoroughly mixing the particles with
100 pl elution buffer (1 M imidazole (pH 7.5)), separating the particles from the

elution buffer by magnetization, and collecting the eluate.

[0062] Proteins present in the eluate prepared as described above were evaluated
using SDS-PAGE and fluorescence scanning or Western blot analysis. Fig. 6 shows a
fluorescent scan of electrophoretically separated proteins. Lane 1 contains
fluorescently-labeled molecular weight markers; lane 2 contains proteins in 2 pl
untreated lysate reaction mixture following expression of His-MAPK; lane 3 contains
6 pl the flowthrough solution of lysate reaction mixture combined (1:2) with binding

buffer; and lane 4 contains 8 pl the eluate, as described above; lane 5 contains
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proteins in 2 pl untreated lysate reaction mixture following expression of His-HGF;
lane 6 contains 6 pl the flowthrough solution of lysate reaction mixture combined
(1:2) with binding buffer; lane 7 contains 8 pl the eluate; lane 8 contains proteins in 2
ul untreated lysate reaction mixture following expression of His-calmodulin; lane 9
contains 6 pl the flowthrough solution of lysate reaction mixture combined (1:2) with

binding buffer; and lane 10 contains 8§ pl the eluate.

[0063] Example 6. Detecting protein-protein interactions using protein pull
down assays.

[0064] The zinc-charged solid support system described above was evaluated for the

ability isolate an untagged polypeptide of interest (“prey”) from other non-target

molecules using a his-tagged protein (“bait”) using MyoD as the prey protein and Id

as the bait protein as described below. MyoD and Id are members of the helix- loop-

helix family of nuclear proteins. MyoD is a myogenic regulatory protein expressed in

skeletal muscle, and Id protein is a negative regulator of myogenic differentiation that

interacts with MyoD.

[0065] Untagged MyoD prey protein was expressed in TnT T7 coupled
transcription/translation lysate (Cat#L.1170, Promega Corp.), 1ug of MyoD DNA and
2ul of **S methionine as recommended in the Technical Bulletin (Cat#L1170,

Promega Corp.).

[0066] His-tagged Id was expressed in an E.coli expression system according to
standard protocols. Following expression, the cultured bacteria were pelleted,

resuspended at a 10x concentration, and sonicated to form a bacterial lysate. The His-
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Id was also expressed in a TnT T7 coupled transcription/translation lysate

(Cat#L1170, Promega Corp., Madison, WI).

[0067] Zinc charged solid support with bound his-tagged Id was prepared as follows.
A 100 pl aliquot of 10x concentrated lysate containing the his-tagged Id bait was
added to 30 pl zinc-charged NTA-modified magnetic silica particles and incubated for
15 minutes on a shaker 1100 rpm. The particles were washed three times with 200ul
of 20 mM sodium phosphate, pH 7.4. The particles were resuspended in 30 pl of
buffer, and 5pl aliquots of the particles were transferred to new tubes. One set of
samples was washed twice with 20mM sodium phosphate + 40mM imidazole and a
second set was washed twice with 20mM sodium phosphate. The particles were
resuspended in the wash buffer (175ul) and incubated at 30°C for 60 minutes with

gentle rocking.

[0068] A 20pl aliquot of TnT lysate containing MyoD was combined with the zinc
solid support-bound his-Id and incubated for at room temperature for 60 minutes with
gentle agitation. The particles were washed three times in the same final wash buffer
used during preparation of the immobilized his-tagged Id, followed by a washing with
20mM sodium phosphate and an additional wash of 40 or 500mM imidazole. 20ul of
SDS buffer (0.24 M Tris-HCl (pH 6.8), 2% SDS, 3 mM bromophenol blue, 50.4%
glycerol, and 0.4 M dithiothreitol) was added to the particles, incubated for 5 minutes
with shaking and the sample was collected. The elution sample was diluted 1:10 in

SDS buffer, heated at 95°C, and loaded onto 4-20% tris-glycine gel. The gel was
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transferred to PVDF membrane, exposed to phosphorimager plate overnight, and read

on a Storm™ Phosphorimager (Amersham Biosciences, Piscataway, NJ).

[0069] Isolation of a “prey” protein co-expressed with the bait protein was compared
with isolation of a prey protein expressed separately from the bait protein. Both his-
tagged Id and untagged MyoD proteins expressed in two different TnT reactions or
co-expressed in the same TnT lysate. When the his-Id and MyoD were expressed in
separate reactions, equal volumes of his-Id expressing lysate and MyoD expressing
lysate were mixed. Zinc-charged NTA-modified magnetic silica particles were added

and processed as described above.

[0070] With reference to the image shown in Fig. 7, lanes 1 and 5 include the lysate
of a TnT expression system expressing >°S labeled MyoD; lanes 2 and 6 include his-Id
bound to zinc-charged solid sﬁpport and MyoD; 3 and 7 include his-RNaseH bound to
zinc charged NTA-modified magnetic silica particles and MyoD; and lanes 4 and 8
include MyoD eluted from zinc charged NTA-modified magnetic silica particles in
the absence of his-ID. Prior to elution, protein in lanes 1-4 was washed with 500 mM

imidazole, and protein in lanes 5-8 was washed with 40 mM imidazole.

[0071] The results indicate that his-tagged proteins associated with zinc charged
NTA-modified magnetic silica particles can be used to isolate a second protein that
interacts with the his-tagged protein. Efficiency of recovery of MyoD is greatly
enhanced by the presence of his-Id. Washing with imidazole at concentrations of 40
mM or greater was found to give acceptable results, with increasing concentrations of

imidazole in the wash reducing the background.
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[0072] The results were verified using Western analysis, with anti-MyoD antibody
(Fig. 8). Lane 1 includes a rabbit reticulocyte lysate expressing untagged *>S MyoD;
lane 2 shows the proteins isolated using zinc charged silica magnetic particles; lane 3
shows protein isolated using His-RNaseHI associated zinc charged silica magnetic
particles; and lane 4 shows proteins isolated using His-Id associated zinc charged

silica magnetic particles.

[0073] Example 7. Detecting protein-protein interactions of co-expressed
proteins.

[0074] His-tagged bait protein (his-Id) and prey protein (MyoD) were co-expressed in
TnT T7 coupled transcription/translation lysate (Cat#L1170, Promega Corp.,
Madison, WI) and radiolabeled with *°S. A 60pl aliquot of zinc particles (5% w/v) or
30pl of nickel MagneHis resin (10% w/v) (Promega Cat# V8500) was added to a 1.5
ml tube wash with 200 pl of 20mM sodium phosphate buffer pH 7.4 and resuspended
in 60 pl of 20 mM sodium phosphate buffer. A 5 pl aliquot of resin was mixed with
145 pl of 20mM sodium phosphate in a 1.5 ml tube. 50ul of TnT reaction was added
to resin and incubated for 1 hr at room temperature on orbital rocker. The supernatant
was removed, and the resin was washed 4 times with 200ul of 20mM sodium
phosphate + 40mM imidazole, pH 7.4. The proteins were eluted by mixing the resin
with 20 pl 4x SDS buffer for 5 min. The elution was collected elution and a 2 pl
aliquot was mixed with 18 pl 4x SDS buffer and run a SDS-PAGE gel. The
electrophoretically separated proteins were transferred to PVDF and exposed to

phosphorimager plates overnight (Fig. 9).
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[0075] With reference to Fig. 9, lane 1 includes MyoD control (0.5 pg DNA); lane 2
contains MyoD control 1.0 pg DNA; lane 3 includes MyoD and his-Id from
reticulocyte lysate programmed with 1.0 pg DNA isolated using zinc particles; lane 4
includes MyoD and his-Id from reticulocyte lysate programmed with 1.0 pg DNA
isolated dsing nickel particles; lane 5 includes MyoD and his-Id from reticulocyte
lysate programmed with 0.5 pg DNA isolated using zinc particles; lane 6 includes
MyoD and his-Id from reticulocyte lysate programmed with 0.5 pg DNA isolated

using nickel particles.

[0076] The results indicate co-expressed proteins can be used for the pull down
experiments using a zinc-charged solid support, and that zinc charged solid support

affords greater yield than nickel charged resin (Fig. 9).
[0077] Example 8. High throughput purification of his-tagged proteins

[0078] A cDNA library coding for his-tagged proteins is expressed using Gold TNT®
SP6 Express 96 System (Promega Cat#L.5800) or Gold TNT® T7 Express 96 System
(Promega Cat#L.5600) for expressing the his-tagged proteins as recommended by the
manufacture. Expressed his-tagged protein are purified using a zinc or cobalt charged
solid support in conjunction with a robotic system, including a suitable robot such as
Kingfisher, Biomek 2000 or FX. An automated purification of his-tagged proteins in

general are described in Technical Manual #TMO060 (Promega Corporation).
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[0079] Example 9. Mass spectrometry analysis of his-tagged proteins

[0080] His-tagged proteins expressed in rabbit reticulocyte are purified as essentially
as described in Example 3 or 5, except that, following the final wash, the his-tagged
proteins are eluted with an elution buffer containing 0.1% TFA in water or in 50%
acetonitrile. Following elution, protein samples are dried in a Speed Vac™ and

analyzed in MALDI-TOF mass spectrometer.

[0081] Example 10. Expression and purification of his-tagged membrane
Proteins

[0082] His-tagged human cytochrome P450, subfamily IIIA, polypeptide 7
(CYP3A7) (Cat# E01046, Stratagene, Lalolla, CA) is expressed in Rabbit
Recticulocyte TNT with Canine Pancreatic Microsomal Membrane (Promega Cat#
Y40141) according to manufacture’s protocol. The his-tagged protein is purified
directly from the lysate as described in Example 3 or 5. The expressed protein is also
purified after solubilizing the expressed membrane protein in presence of a non-ionic
detergent like 1,2-Dihexanoyl-sn-Glycero-3-Phosphocholine (DHPC, Cat# 850305C,
Avanti Polar Lipids, Alabaster, LA). Functional analysis of the expressed and
purified his-human cytochrome P450, subfamily IIIA, polypeptide 7 is performed by

P450-Glo™ CYP3A7 Assay (Promega Cat# V8811).

[0083] Zinc-charged solid supports may be used to purify other membrane proteins
expressed in rabbit reticulocyte lysate. For example, G-protein coupled receptors
(GPCR) are expressed in TNT with canine microsomal membranes or phospholipids.
The GCPR is purified on zinc-charged solid supports using non-ionic detergents for

use in ligand binding assays.
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[0084] For proof of concept, a his-tagged GPCR (formyl peptide receptor) was
selected. The protein was expressed in TnT T7 coupled transcription/translation
lysate (Cat#L.1170, Promega Corp., Madison, WI) using *°S labeling as described
above, and purified essentially according to Example 5. The lysate was contacted
with 60 or 180 pl zinc charged magnetic silica particles (5% w/v), the particles
washed, and the proteins eluted and analyzed by SDS-PAGE (Fig. 10). With
reference to Fig. 10, lane 1 contains TNT lysate expressing the his-GPCR; lane 2
contains flow through of 60 ul particles; lane 3 contains flow through of 180yl resin;
lane 4 contains eulution from 60pl particles; and lane 5 contains elution from 180pl

resin.

[0085] Example 11. Expression, purification and analysis of glycosylated
his-tagged proteins

[0086] His-tagged glycoprotein is expressed in rabbit reticulocyte TNT with Canine
Pancreatic Microsomal Membrane (Promega Cat# Y40141) according to
manufacture’s protocol, purified as described above, and analyzed by SDS-PAGE, by -

Western blot, or by mass spectrometry to determine N-linked glycosylation.
[0087] Example 12. Functional screening for kinases and kinase substrates

[0088] A his-tagged cDNA library is expressed in Gold TnT (Promega Cat. # 1.5800)
or in ProteoLink™ In Vitro Expression Cloning System (adult human brain cDNA)
(Promega, Cat# L6500). The his-tagged proteins are purified from heme proteins by
contacting with a zinc-charged solid support (e.g., NTA-modified silica magnetic
particles), followed by washing, as described above. Kinase activity is assayed with

the his-tagged proteins bound to the solid support or after eluting the proteins.
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Because the bound or eluted his-tagged proteins are essentially free of heme proteins,
a fluorescence based assay may be used to detect kinase activity using either eluted
his-tagged proteins or his-tagged proteins bound to the resin. Kinase assay may also
be performed using the Kinase-Glo™ Luminescent Kinase Assay (Promega, Cat#
V6711). Other protein kinase substrates may be used to detect kinase activity are

available from EMD Biosciences, Inc. (Madison, Wisconsin)

[0089] The kinases or kinase substrates identified as described above may be cloned

as described in the manufacturer’s protocol.

[0090] Example 13. Characterization of genes and proteins by tandem mass
Spectrometry

[0091] A ¢cDNA library encoding his-tagged proteins is expressed as described in
above and the his-tagged proteins are purified by the methods described in Examples
3, 5, or 7. Purified proteins are digested with Trypsin Gold, Mass Spectrometry
Grade (Promega, Cat# V5280) and the peptides are characterized by tandem mass
spectrometry. Polynucleotides encoding the proteins are identified by the methods
described in ProteoLink™ In Vitro ExpressionVCIOning System kit (Promega, Cat#

L6500).
[0092] Example 14. Protease assay

[0093] To detect proteases present in human blood or in a reticulocyte lysate
expression system, a his-tagged protein that is a substrate for a protease is bound to
zinc- or cobalt-charged solid support (e.g., a solid support prepared as described

above in Example 1).  The particle-bound his-tagged protein is incubated with
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reticulocyte lysate or human blood samples under the conditions described in
Example 3 or 5 for a specific period of time. The solid support is washed and the his-
tagged proteins are eluted as described above in Example 3, 5, or 7. Proteins are

analyzed by SDS-PAGE, Western blot, or mass spectrometry.

[0094] In a separate experiment, his-tagged protein substrate is added directly to the
rabbit reticulocyte lysate or human blood sample and incubated for specific period of
time. His-tagged proteins are then purified as described in Example 3, 5, or 7.

Protease activity is analyzed by SDS-PAGE, Western blot, or mass spectrometry.

[0095] Example 15. Identification of specific protein markers from human
blood samples

[0096] Specific protein modifications or protease assays may be used to screen for
protein markers from human blood samples. For example, serum proteins may be
analyzed to identify specific protein markers for prostate cancer (Lehrer et al
“Putative protein markers in the sera of men with prostatic neoplasms” BJU Int. 2003
Aug;92(3):223-5). Similarly, human blood samples could be analyzed by purified
his-tagged proteins for the up or down regulation of specific kinases, proteases or
protein modification systems. For example, a his-tagged kinase will be incubated with
blood samples from a person with cancer and a person without cancer. After specific
period of incubation, his-tagged proteins will be purified from the blood samples as
described in Example 3 or 6. Purified proteins are then analyzed by mass

spectrometry or gel analysis for studying the protein modifications.
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[0097] Example 16. Protein-ligand interaction studies

[0098] His-tagged proteins purified as described in the preceding Examples are
suitable for studying protein-ligand interaction. His-tagged proteins from a ¢cDNA
library or a specific his-tagged coding sequence of interest are expressed in rabbit
recticulocyte lysate and interaction between an expressed protein and a ligand is
detected using fluorescently labeled ligand. For example, an inhibitor for caspase
protein méy be identified by expressing his-tagged caspase protein in rabbit
reticulocyte lysate and purifying the caspase proteins using a zinc charged solid
support, such as zinc-charged NTA-modified silica magnetic particles. For screening
a plurality of potential ligands, a multi-well method such as a 96-well plate is used.
Prior to elution, the bound his-caspase is contacted with a fluorescently labeled
inhibitor. The solid support is washed the proteins are eluted, and the eluted proteins
analyzed using a fluorometer. A similar approach may be used for any protein or

ligand, as well as in directed evolution studies.
[0099] Example 17. Analyzing post-translational modifications of proteins

Zinc-charged metal chelating resins are used to isolate proteins expressed in
rabbit reticulocyte lysate from a ¢cDNA library or a single protein coding sequence,
which are then evaluated for post-translational modifications. A his-tagged cDNA
library is expressed in rabbit reticulocyte lysate, the tagged proteins are bound to a
zinc charged solid support, washed, and contacted with a fluorescently labeled
antibody that recognizes a particular post-translational modification (e.g., acetylation

or phosphorylation). Alternatively, a non-labeled primary antibody is used and its
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interaction with a his-tagged protein is detected using a fluorescently labeled
secondary-antibody. The antibody-labeled his-tagged protein may be subsequently

recovered as described above, and analyzed in fluorometer.

[00100] Zinc-charged solid supports may be used to isolate particular his-
tagged protein substrates. For example, brain ¢cDNA library encoding untagged
proteins is expressed in Gold TNT® SP6 Express 96 System (Promega Cat#L.5800) or
Gold TNT® T7 Express 96 System (Promega Cat#1.5600) as recommended by the
manufacture.. The lysate is contacted with a zinc-charged solid support to which a
his-tagged protein or proteins is bound. The his-tagged protein is evaluated for
modifications. The cDNA clone expressing the protein responsible for modifying the

his-tagged protein is identified.

[00101] Example 18. Antibody based detection of proteins from rabbit
reticulocyte lysate

[00102] Fluorescent labeled antibodies can be used to detect his-tagged
proteins expressed in rabbit reticulocyte lysate. This could be achieved by expressing
and attaching the his-tagged proteins to a zinc charged solid support, followed by
contacting with fluorescently labeled antibodies, washing, and detecting bound

antibodies fluorescently.

[00103] Example 19 Screening of his-tagged antibodies using
fluorescently-labeled antigen

[00104] Rabbit reticulocyte-based cell free protein expression system is used to
express antibody coding sequences and subsequent screening using fluorescently

labeled antigens. In vitro antibody libraries are generated by directed evolution
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methods such as DNA shuffling, phage display, ribosome display, covalent display,
mRNA display, or any other suitable method. Full length antibodies or antibody
fragments including the antigen binding region are expressed with polyhistidine tags
in a rabbit reticulocyte lysate expression system. The his-tagged antibody or antibody
fragment is allowed to interact with a zinc charged solid support as described above
for his-tagged proteins generally. Fluorescently labeled antigen is used to select the
antibodies capable of interacting with the antigen to form an antigen-antibody pair.
The method permits screening of large numbers of antibodies or antibody fragments

in a high throughput manner.

[00105] Example 20. Detection of fluorescent dyes following removal of
hemoglobin from rabbit reticulocyte lysate.

[00106] Fluorescent compounds have been widely used for developing various
functional assays such as kinase or caspase assays, for example. However,
contaminating hemoglobin inhibits fluorescence of certain fluorescent compounds.
The suitability of the zinc based purification system for use in assays employing

fluorescent labels was evaluated using rhodamine 110 (R110) as follows.

[00107] Various dilutions of rabbit reticulocyte lysate (TnT T7 coupled
transcription/translation lysate (Cat#L1170, Promega Corp., Madison, WI)) with were
mixed with rhodamine 110 (R110) and the fluorescence was measured using a
fluorometer (excitation 485; emission 530). In parallel, zinc or nickel charged
particles were mixed with rabbit reticulocyte, without any his-tag protein. The
particles were washed and treating with elution buffer as described above. The

elution was mixed with R110 and the fluorescence measured using a fluorometer.
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The results are shown in Fig. 11. It is evident from this experiment that hemoglobin

inhibits R110. Zinc charged resin removes hemoglobin from rabbit reticulocyte lysate

so that the purified samples do not inhibit R110.

[00108] Example 21. Evaluation of fluorescence based caspase assay
following removal of hemoglobin by zinc charged solid
support.

[00109] The suitability of a using a fluorescence based caspase assay to detect

activity isolated from rabbit reticulocyte lysate was evaluatedas described below.

[00110] Rabbit reticulocyte lysate (TnT T7 coupled transcription/translation
lysate (Cat#L.1170, Promega Corp., Madison, WI)) or water (40 pl) was combined
with 100ul 50 mM sodium phosphate containing 500mM NaCl and 10 pg purified his-
tagged caspase3 (Upstate, Cat#14-264). The mixture was incubated in a tube
containing with 3 mg of zinc or nickel charged magnetic particles for 15 min on a
rotary shaker at room temperature. The flow through was removed by magnetizatioﬁ.
The particles were washed four times with 50 mM sodium phosphate + 500 mM
NaCl, and the caspase eluted with 100 pl 1 M imidazole. The eluted material was
serially diluted (1:5, 1:10, 1:20, 1:40, 1:80, 1:160, and 1:320) with phosphate buffered
saline to give a final volume of 100 pl. Caspase activity was dected using Apo-One
substrate diluted in Apo-One buffer ( Apo-ONE® Homogeneous Caspase-3/7 Assay,
Cat# G7792, Promega Corporation). The absorbance (A=530) of each sample was
measured was using a Cytofluor® II (CytoFluor (Bio Research, Bedfordm MA)). In this

assay, the As3g correlates with caspase activity.
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[00111] With reference to Fig. 12, the As3o for each sample, which correlates
with the amount of active caspase present in the sample, was plotted as a function of
the dilution factor: Absorbance of caspase purified from TNT using zinc particles
(diamonds); absorbance for caspase purified from water using zinc particles (squares);
and absorbance for caspase purified from TNT using nickel particles (triangles). As
expected, samples containing only TNT (no caspase) isolated on zinc or nickel

particles had aborbances that did not exceed baseline.

[00112] The results show that zinc particles are useful for isolating his-tagged
proteins from hemoglobin-containing starting materials (e.g., rabbit reticulocyte lysate
or blood) for subsequent analysis in a fluorescence based caspase assay. This
approach is suitable for in vitro screening of his-tagged caspases expressed in rabbit

reticulocyte lysate expressed from a cDNA/mRNA library.

[00113] It is also envisioned that the caspase assay could be performed
essentially as described above but using a luminiscence based assays (e.g., Caspase-

Glo™ 9 Assay, Cat# G8210, Promega Corporation).

[00114] Each of the publications or patent applications cited herein is

incorporated by reference in its entirety.
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CLAIMS

1. A method of isolating a his-tagged protein from a starting material

comprising a heme protein comprising:

(a) contacting the starting material with a zinc or cobalt charged solid
support under conditions that allow his-tagged protein to preferentially bind to

the solid support, relative to binding to heme protein.
2. The method of claim 1, further comprising:
(b) removing the bound his-tagged proteins from the solid support.

3. The method of claim 1, wherein the conditions of (a) include the

presence of imidazole in a concentration of from about 10 mM to about 60 mM.

4, The method of claim 3, wherein the conditions of (a) include the

presence of imidazole in a concentration of from 10 mM to about 20 mM.

5. The method of claim 1, wherein a binding buffer is combined with the

sample prior to contacting the sample with the solid support.

6. The method of claim 5, wherein the binding buffer comprises
imidazole.
7. The method of claim 1, wherein the sample and a binding buffer are

contacted with the solid support at essentially the same time.
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8. The method of claim 1, wherein the solid support is washed or
equilibrated with a binding buffer prior to contacting the sample with the solid

support.

9. The method of claim 1, wherein the solid support comprises zinc.

10.  The method of claim 1, wherein the solid support comprises cobalt.

11.  The method of claim 2, wherein the his-tagged protein is removed by
eluting with an elution buffer comprising imidazole in a concentration of at

least 100 mM.

12. The method of claim 11, wherein the elution buffer comprises

imidazole in a concentration of from 100 mM to about 3 M.

13. The method of claim 2, wherein the his-tagged protein is removed by
eluting with an elution buffer comprising EDTA in a concentration of from about 10

mM to about 0.5M.

14.  The method of claim 2, wherein the his-tagged protein is removed by

eluting with an elution buffer having a pH of about 6.0 or lower.

15.  The method of claim 1, wherein the starting material comprises rabbit

reticulocyte lysate.

16.  The method of claim 1, wherein the heme protein is hemoglobin.
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17.  The method of claim 1, wherein the conditions comprise sodium

chloride present in a concentration about 0 to about 0.5 M.

18.  The method of claim 1, wherein the solid support are magnetic silica

particles.

19. A method of characterizing a his-tagged protein isolated according to

claim 1 further comprising:

(b) washing the solid support;

(c) contacting the his-tagged protein with a substrate or a second protein; and

(d) detecting interaction between the his-tagged protein and the second protein

or substrate.

20.  The method of claim 19, wherein after step (b), the his-tagged protein

is eluted from the solid support.

21.  The method of claim 19, wherein the interaction is detected by

detecting an increase or decrease in fluorescence.

22. A method of separating a target polypeptide from a sample comprising

the target polypeptide comprising:

contacting a his-tagged polypeptide having the ability to interact with the
target polypeptide with a sample comprising the target polypeptide in the

presence of a zinc or cobalt charged solid support under conditions that permit
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the his-tagged protein to bind to the solid support and to interact with the

target polypeptide.

23.  The method of claim 22, wherein the his-tagged polypeptide is bound
to the solid support prior to contacting the his-tagged polypeptide with the

sample.

24.  The method of claim 22, wherein at least one of the his-tagged
polypeptide and the target polypeptide is expressed in a rabbit reticulocyte

lysate.

25.  The method of claim 24, wherein the his-tagged polypeptide and the

target polypeptide are co-expressed in a rabbit reticulocyte lysate.

26.  The method of claim 22, wherein the sample comprising the target

material comprises heme protein.

27.  The method of claim 22, further comprising detecting interaction

between the his-tagged polypeptide and the target polypeptide.

28. A kit for separating heme proteins from a his-tagged protein in a

starting material comprising:

a first container comprising a metal charged solid support .

29.  The kit of claim 28, further comprising a solution of zinc or cobalt for

charging the solid support.
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30.  The kit of claim 28, wherein the solid support is charged with zinc or
cobalt.

31.  The kit of claim 28, further comprising a second container comprising

a binding buffer.
32. The kit of claim 31, wherein the binding buffer comprises imidazole.
33.  The kit of claim 28 further comprising an elution buffer.

34,  The kit of claim 28 further comprising instructions for use according to

the method of claim 1.
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1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. IZl As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this International Search Reportis
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCTASA/ 21(

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-21, 26

Methods of isolating or separating a his-tagged protein from
a starting material comprising a heme group and methods of
characterizing a his-tagged protein using said method and
contacting the his-tagged protein with a second protein or
substrate.

2. claims: 22-25,27

Method of separating a his-tagged protein from a sample.

3. claims: 28-34

Kits comprising a metla charged solid support for separating

his-tagged protein from a starting material comprising heme
protein.
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