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Protein microarrays, microbeads, and protein sensor chips play g - e CHy B

an increasingly important role for characterizing the functions and © T * o“@{
interactions of proteins.These solid-phase-based assays require + o i . (f”fji °‘/)30””‘/NH2
the immobilization of proteins in their native state. Current - NN TNH,
immobilization techniques rely either on adsorption, on direct 1
covalent immobilization of purified proteins to chemically activated N ona
surfaces, or on their expression as a fusion to a polypeptide that
mediates the immobilization on an appropriately derivatized
surface? Here, we report on a general method for immobilization
of proteins that are genetically linked to a mutant of the human
DNA repair protein G-alkylguanine-DNA alkyltransferase (hAGT).
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an attractive alternative to all currently used protocols for the H s o \NH e
immobilization of fusion proteins.
The DNA repair protein hAGT (207 residues) transfers the alkyl /1 [sutce/ [/ [/ /sutece/ [/

group from its substrate, @alkylguanine-DNA, to one of its Figure 1. Immobilization of hAGT fusion proteins. (A) hAGT-based DNA
cysteine residues (Figure 1A\We have recently shown thattO repair; (B) structure ofl; (C) covalent immobilization of hAGT fusion
benzylguanine (BG) substituted at the 4-position of the benzyl ring Proteins on surfaces displayirig

can be used to specifically label N- or C-terminal hAGT fusion HBS Protein HBS

proteins with different labels in vivo and in vitdoOn the basis of 7000 41 T y '

these observations, we reasoned that surfaces displaying BG
derivatives of the typ& should result in the selective immobilization

of hAGT fusion proteins (Figure 1B, C).

Compoundl was synthesized from readily available materials
(Supporting Information). The primary amino group bfhould
allow its immobilization on a wide variety of different surfaces
displaying activated carboxyl groups. A flexible tetraethylene glycol
was chosen as a linker between thé&W@nzylguanine and the

terminal amino group to maximize the accessibility of immobilized Figure 2. SPR data for the immobilization of GSERAGT on BG-covered
. . . . gure 2. | Hizatl SFh -COoV
1toward hAGT fusion proteins. In all of the following experiments, sensor chips. The flow rate in all experiments jsl¥min. HBS: 10 mM

a recently generated hAGT mutaREnAGT, with nearly 20-fold HEPES, pH 7.4, 150 mM NaCl, 0.005% Tween 20. (1) GSRAGT (0.1
increased activity against BG was use@ihe second-order rate  mg/mL); (2) GSTSEhAGT (0.1 mg/mL), preincubated with BG (4M);
constant for the reaction 6FFhAGT with BG derivatives of the <(335) anti-GST antibody (0.1 mg/mL) after incubation of a chip with GST-
type 1 in solution was determined to be 5000 $1-1 (Supporting hAGT as in Iane'l; (4) anti-GST antibody (0.1 mg/mL) directly on BG-
. covered sensor chip.

Information).

To demonstrate a selective immobilization of hAGT-X where
X can be any proteinl was coupled to commercially available
carboxymethylated dextran chips suitable for surface plasmon

resonance (SPR) experimeftdsing SPR, both the immobilization (Figure 2). Prior incubation of GSTERAGT with BG completely

of a protein onto the sensor chip as well as its subsequent N .
intera(F:)tions with other proteins or (F:)ompounds can be moni?ored prevented Its binding to the surface of the sensor (Figure 2). The

S G . ) i
directly. The carboxyl groups of the carboxymethylated dextran |mmoblllzat|9n O.f FNAGT on chips displaying BC.S f°"°"Y?d p_seudo

. . 7 first-order kinetics, and the rate constant for immobilization was
were transiently transformed intd-hydroxysuccinimide (NHS) PR . .

. . - measured to be 2255M~1 (Supporting Information).
esters and subsequently reacted WitDn average, immobilization . - . .
. . To demonstrate that immobilizesFhAGT fusion proteins can

of 1 led to a SPR signal of 2000 resonance units. Next, the . ) L . )
. o ; . be used for the analysis of proteiprotein interactions, anti-GST
immobilization of a fusion between glutathione S-transferase and

G o . . antibody was flown over GSPFhAGT derivatized sensor chips.
NAGT (GSTEAGT) was investigated. GSTAGT was flown A strong signal from bound antibody was detected (Figure 2),

T Institute of Molecular and Biological Chemistry, Swiss Federal Institute of Whereas no binding of the antibody was observed on BG-covered
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over a BG-covered sensor chip, and binding was followed by SPR.
Binding of GSTSFhAGT led to an increasing SPR-signal over time,
and bound protein could not be removed by washing with buffer

Technology. . . .
*Institute of Biomolecular Sciences, Swiss Federal Institute of Technology. sensor chips 'a‘?k'“g the atta(.:hed GSET}AGT. .(F'gure 2). As
§ Institute of Toxicology and Genetics. expected, the ratio of bound antibody to immobilized GSRAGT,
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Figure 3. Immobilization of hAGT fusion proteins out of cell extracts.

(A) SPR data for the immobilization of GSIFhAGT on BG-covered sensor
chips out of cell extracts. HBS: 10 mM HEPES, pH 7.4, 150 mM NacCl,
1% Tween 20. (1) Lysate (10 mg/mL total protein); (2) lysate (10 mg/mL
total protein) preincubated with BG (100M); (3) anti-GST antibody (0.1
mg/mL) after incubation of a chip with cell extract as in lane 1. (B) Lane
1: SDS-PAGE of cell extract of XI1-Blue expressing GSThAGT used

in (A) and subsequent staining with Coomassie Blue.

steadily increased over a time period of 35 min (Figure 3A). The
immobilized species was identified as GSTRAGT as it was
recognized by anti-GST antibody on the chip (Figure 3A). Im-
mobilization was specific because preincubation of Ehecoli
extract with BG (10Q«M) decreased the SPR signal by a factor of
50 (Figure 3A). Furthermore, no signal was observed from extracts
of E. coli expressing only GST without the attached hATG
(Supporting Information).

The results demonstrate a number of major advantages of the
hAGT-mediated immobilization procedure. (1) The attachment to
the surface is very gentle, and the fusion protein is exclusively
coupled via the hAGT moiety, leaving the protein of interest
accessible for interactions with other molecules. (2) The attachment
to the surface is covalent. This ensures that the protein remains
linked to the solid phase under a variety of different conditions.
(3) The immobilization on BG-covered surfaces is specific, enabling
the immobilization of hAGT fusion proteins without time-consum-
ing purification steps. BG shows no significant reactivity against
proteins other than hAGT. This makes it superior to the suicide

as calculated from the measured resonance units, decreased witimhibitor 4-nitrophenyl phosphonate as an immobilization device,

increasing surface density of immobilized GSTRAGT. GST-
CEhAGT densities as low as 0.7 ng/rAgave a 1:1 ratio of antibody
bound per GSTEhAGT, whereas the ratio decreased to 1:6 at
densities of 17 ng/mfn The density of the immobilized hAGT
fusion protein can be readily adjusted by controlling the reaction
time on the chip. Furthermore, chips covered with GSHAGT

and anti-GST antibody were flushed with 10 mM HCI to remove
any noncovalently bound protein. Subsequent application of new
anti-GST antibody to this chip resulted again in a specific binding
signal, indicating that most of the immobilized GSThAGT is
indeed covalently bound (Supporting Information). The intensity
of this signal was decreased by 30% as compared to the first
incubation with antibody. The observed decrease in the binding of
antibody after the HCI washing can be explained in two ways: (i)
GST forms a dimer, and not necessarily both halves of a GST-
CEWAGT dimer are covalently bound to the sensor chip; (i) the
treatment with 10 mM HCI might denature a fraction of the GST,
thereby reducing the subsequent binding of the antibody.

To demonstrate that the hAGT-based immobilization does not
interfere with the biological activity of the protein of interest, we
measured the GST activity of GSFhAGT after its immobilization.
GSTCEhAGT was immobilized on agarose beads displayipgnd
GST activity was measured by incubating the beads with glutathione
and 1-chloro-2,4-dinitrobenzene (CDNB). GST catalyzes the ad-
dition of glutathione to CDNB, a reaction that can be followed at
345 nm’ Incubating agarose beads displaying immobilized GST-
CEhAGT with a solution of glutathione and CDNB led to rapid
product formation, while agarose beads displaying no GSIRGT
showed no such activity, demonstrating that GSHAGT at least
partially retains its activity after immobilization (Supporting
Information).

hAGT possesses a high activity against a substrate that is
otherwise chemically inert. To demonstrate that this feature can be
exploited to specifically immobilize hAGT fusion proteins directly
from crude protein preparations, GSTRAGT was immobilized
directly out of cell extracts oE. coli XL1-Blue expressing GST-
CEhAGT (Figure 3).

E. colilysates were applied to a BG-covered sensor chip, and a
strong signal from irreversibly bound protein was observed that

because 4-nitrophenyl phosphonates are known to react with a
variety of proteases, lipases, and esterése@l) hAGT as a fusion

tag can be used both for the covalent immobilization and the
attachment of a variety of chemical or spectroscopic préféss
versatility makes possible the use of once constructed hAGT fusion
proteins for very different investigations. All features combined
should establish hAGT fusions as unique tools in functional
proteomics.
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