Benchmarks

A Microplate Assay for
the Determination of
Protein Deglycosylation

A common requirement for studying
the effects of glycosylation on proteins,
or when aglycosy! proteins are required
for crystallization, is the ability to de-
termine rapidly whether or not the pro-
tein under study is deglycosylated.
Concanavalin A (Con A), a lectin that is
capable of binding to the sugar moie-
ties of glycosylated proteins, is used
widely to probe protein glycosylation
(1). The lack of binding to Con A is
considered as indicative of a protein
being non-glycosylated. However, the
procedures currently available are
largely based upon (lectin-) blotting
methodologies, which can be time-con-
suming. We reasoned that since Con A
is itself a protein, it should be possible
to coat a 96-well microplate with Con
A or other lectins using standard en-
zyme-linked immunosorbent assay
(ELISA) procedures and use it to assess
the glycosylation status of proteins as a
function of their ability to bind to
lectin-coated microplates.

To test the validity of this idea, we
devised a micro-assay employing in-
sect juvenile hormone esterase (JHE), a
glycosylated and secreted enzyme im-
portant in insect metabolism, as a
model glycoprotein. We used two dif-
ferent preparations of recombinant
(baculovirus-expressed) JHE proteins,
one fully glycosylated (2) and another
rendered glycosylation-free by site-di-
rected mutagenesis of the four putative
N-linked glycosylation sites (3).

In a typical assay, Con A (Type 1V,
Sigma Chemical, St. Louis, MO, USA)
was resuspended in 50 mM carbonate-
bicarbonate buffer pH 9.6 at a final
- concentration of 10 mg/mL and dis-
pensed in 175-pL aliquots in the wells
of a 96-well microplate. After over-
night incubation of the plate at 4°C to
allow coating of the wells with Con A,
the wells were washed three times with
0.1x phosphate-buffered saline (PBS)
containing 0.05% Tween® 20. Then,
100 pL of either PBS, insect cell cul-
ture medium containing glycosylated
wild-type JHE or insect cell culture
medium containing non-glycosylated

(Gly") mutant JHE were added in tripli-
cate to the wells of the Con A-deriva-
tized microplate. Samples of both wild-
type JHE and Gly- JHE were
normalized to contain the same total
enzyme activity. Similar aliquots of
PBS, JHE and Gly- JHE samples were
added to wells that were not coated
with Con A to serve as negative con-
trols. Five-tenths microliters of 50 mM
MnSO, and 0.5 pL of 50 mM CaCl,
were then added to each well, and the
assay plates were incubated for | h at
37°C before washing each well three
times with 0.1x PBS containing 0.05%
Tween 20.

To determine the enzyme activity of
the test protein bound to the plate by
Con A, a chromogenic substrate for
JHE was added to each well (6), and
the plates were incubated at room tem-
perature for 90 min in the dark. The
plates were then read at 405 nm in a
Vmax® microplate reader (Molecular
Devices, Menlo Park, CA, USA), and
the results are shown in Figure 1. Al-
though the assay was started using the
same levels of enzyme activity in both
wild-type and mutant samples (Figure
la), the enzyme activities varied sig-
nificantly at the end of the assay. Sam-
ples incubated in Con A-coated wells
showed distinctly high levels of en-
zyme activity (Figure 1b). This is in
sharp contrast to the samples incubated
in the wells that were not coated with
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Figure 1. Concanavalin A binding of JHE and
aglycosyl JHE using a microplatc-bascd for-
mat. a. Catalytic activity of a 20 pL-aliquot of
the JHE samples tested. b, Catalytic activity of
JHE samples bound to concanavalin A, after sub-
traction of assay background.
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Con A, which failed to show any en-
zyme activity, indicating the inability
of the aglycosyl protein to bind to the
Con A-coated microplate. The stability
of the catalytic activity of glycosylated
JHE samples throughout the procedure
indicated that the observed loss of en-
zyme activity of the Gly- JHE was not
due to inactivation caused by any of the
steps of the assay procedure, but rather
due to its inability to bind the Con A-
coated microplate matrix and thus be
retained during the washing steps. JHE,
deglycosylated completely by enzy-
matic means, had been shown to not
bind Con A in previous studies using
blotting procedures (4,5).

In its present format, our assay rec-
ognizes a protein as glycosylated as
long as it has any glysyl moieties on it.
This feature is an advantage when one
is attempting to find out, as an all-or-
none answer, whether or not a protein
is glycosylated, rather than the extent
of glycosylation. From the results pre-
sented here, it is evident that the assay
clearly distinguishes the aglycosylated
form of a protein from its glycosylated
form. The assay is simple to perform
relative to blotting procedures, and
once a plate is coated with Con A, the
time required to carry out the assay is
minimal. The use of automated plate
readers and plate washing systems sim-
plifies this procedure further. In the ex-
ample used in this study, since the pro-
tein being assayed is an enzyme, it
could be assayed directly using its en-
zymatic activity. However, since the
technique relies on a microplate-based
format, the assay can be readily applied
to assay any protein to which antibod-
ies are available, even if it lacks a func-
tional activity that can be assayed spec-
troscopically.
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